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BBEJAEHUE

JI71s1 COBPEMEHHOI0 3Tana pa3BUTHS BBIUUCIUTENBHOW TEXHUKH XapaKTEPHbIM
SBJISIETCSI TO, YTO B OCHOBE NOCTPOEHUS 3JEKTPOHHBIX BBIYMCIUTENIBHBIX CPEICTB
(OBC) nexuT CpaBHUTEIBHO HEOOJIBIIOE YUCIIO MPUHIMIIOB, a HAa MIPAKTUKE MpUMeE-
HSETCA OOJIBIIIOE YHCIIO PA3IMYHBIX TEXHUYECKUX PEIICHUH, pazHooOpa3Has 3Jie-
MEHTHas 0a3a, UMeErollas 3HAYUTEJIbHOE YHCIO MAapaMeTPOB M XapaKTEpUCTHK. B
ATUX YCIIOBHSIX CHPOECKTUPOBATh YCTPOMCTBO C 33JIaHHBIMU XAPAKTEPUCTUKAMU CIIO-
co0€H TOJIbKO KBATU(UIUPOBaHHBIN cieraincT. C OHONW CTOPOHBI, OH JIOJKEH XO-
pOIIIO 3HATH JIEMEHTHYIO 0a3y — MUKPOCXEMbI Pa3JIMUHbIX TUIIOB M YPOBHEH MHTE-
rpaluy, a TAKXKE METOAbl JJOTHYECKOTO MPOEKTHUPOBAHUS, C JIPYTOW CTOPOHBI, Bila-
JI€Th METOIaMH M aJITOPUTMAMHM BBIMIOJTHEHUSI OCHOBHBIX aprU(METUUECKUX OTepalinii
B BBIUHCIIUTEIIbHBIX YCTPONCTBAX.

[TocoOue comepXUT MaTepuas MO MPEICTaBICHUIO YUCIOBOM MH(POpMALMKA B
OBC, BBINOIHEHUIO ONepauui JBOMYHOW apuPMETHUKUA ¢ (PUKCUPOBAHHOW M TiaBa-
IOLIEN 3amsToOl, AecCATUYHON apudMeTuku. Hapsany ¢ TpaaulMOHHBIMU crioco0aMu
BBINIOJIHEHUS apU(PMETUUECKUX ONEepalnuidl MPUBOJIATCA TaAKKE aIrOPUTMbI, UCIIOIb30-
BaHHUE KOTOPBIX MPUBOJUT K YCKOPEHHUIO BEIYHCIICHUN.

Kaxnasa tema COIEpKUT TEOPETUUECKUN MAaTEPHUal, a TAKXKE NMpUMepsl. B teo-
PETUYECKOM MaTepuajie NPHUBOJIATCS HEOOXOAUMBIE CBENCHHS IO MPEICTABICHUIO
yucen ¢ (UKCUPOBAHHOM M IUIABAIOIIEH 3aIsiTOM, MOTPELIHOCTAM MpPECTaBICHUS
qucesl, KOJUPOBAHUIO JBOMYHBIX YHMCEN CO 3HAKOM, pacCMaTpUBAIOTCSI OCOOEHHOCTH
BBIIIOJIHEHHS OIIEpalMil CIIOKEHUS, BBIYUTAHMSI, YMHOXKECHUS U JIEJICHUS JBOUYHBIX
yucen B opMe ¢ (PUKCUPOBAHHOW M IJIaBAIOLICH 3amATol, onepanuil ClIoXKeHUs U
BBIUMTAHMUS B JBOMYHO-AECATUYHOM Koxe. Clieryer OTMETHTh, YTO Marepuai IIo
JBOMYHON apu(MeTHKe SIBISIETCS TOCTATOYHO MOJIHBIM JJIsl TOTO, YTOOBI U3y4aTh €ro
0e3 oOpareHus: K JOMOJHUTEIbHBIM UCTOYHUKAM. UTO KacaeTcsi JeCATUIHOU apu -
METUKH, TO B MOCOOMH HE pAacCMAaTPUBAETCA BBIMOJHEHUE OINEpaluil YMHOXEHHS U
JEJIEHNS B JBOUYHO-AECATUYHOM KOJIE, TaK KaK yKa3aHHBIE ONEpaliyd B HACTOSAIIEE
BpEMsI HE UCITOJIB3YIOTCS Ha MPAaKTUKE. PaccMaTpuBaeMblii TEOPETUUECKUI MaTepHAIl
COMPOBOXKAAETCS TOCTATOUYHBIM KOJIMYECTBOM MPUMEPOB, UTO AENAET ero Oosee mo-
HSTHBIM JIJIs1 U3YUYEHUSI.

OcHOBHas LeIb TOCOOUS — MOMOYb CTYAEHTaM CHEUATBHOCTU «DJIEKTPOHHbBIE
BBIYMCIIUTEIBHBIE CPEICTBA», U3YUYAIOIINUM JUCIMIUIMHY «OCHOBBI IPOEKTUPOBAHHUS
AJIEKTPOHHBIX BBIUMCIUTEIBHBIX CPENICTB», IPUOOPECTH TEOPETUUECKHE U MpaKTHYe-
CKH€ HaBBIKM BBIIIOJIHEHUS! OCHOBHBIX apu(pMETHUECKHX orepaiuil. MeToauueckoe
nocoOue, MocBsleHHoe aprudpmeTndeckuM ocHoBaM DBC, Obu10 BBIMyIIEHO Kade-
poit noctaroydo aaBHo (1992 r.), Mmatepuan 1o BHIOJHEHUIO apU(METUYECKUX OTle-
panuii B HEM paccMaTpUBAJICA B TOCTATOYHO CKAaTOM BUJIE.



1 MPEACTABJIEHUE YUCJIOBOM NH®OPMAIIUU B 3BC

1.1 IlpencraBieHue ymces ¢ PUKCHPOBAHHON U IUIABAKOLIEH 3aIATOM

B OBC uncna u HeuucnoBas uHQOpMAIHs TPEICTABISIIOTCS COBOKYITHOCTHIO
JIBOWYHBIX pa3psaoB. COBOKYMHOCTh JIBOMYHBIX Pa3psiioB, MPEAHA3HAYEHHBIX IS
MPEJCTaBIICHHUS (3alIUCH) TaHHBIX, HA3BIBACTCS PA3PAOHOU CEMKOLL.

B OBC npumensitor aBe Gpopmbl mpeAcTaBIeHUsI dynucend — ¢ (UKCUPOBAHHOMN
3amsAToON (TOYKOM) M C IJIaBarolel 3arsiTol (TOYKOM) W Ha3bIBAIOT COOTBETCTBEHHO
ecmecmeeHHOU U HOPMAIbHOU.

1.1.1 Ilpeocmasnenue uucen ¢ ukcupo8arnHoU 3ansamoti

[Ipu ecmecmeennou ¢hopme 4UCIO 3aMUCHIBAETCS B €CTECTBEHHOM, HATypajib-
HOM BHUJIE C BBIJICJICHHEM B OOIIIEM cllydae CIEIYIONIMX KOMIOHEHT YMciia: 3HaKa, 3a-
nsaToil v uudp yucna. sk cokpamieHus JJIMHbBI pa3psaIHON CETKU U YIPOILEHUs 00-
paboTKN NaHHBIX B KOHKpeTHhIX DOBC nonoxenue 3anaroil pUKCUpyeTcst cXeMoTeX-
HUYECKH, T. €. allapaTHbIMU CPEACTBAMU. DTa (opMa MPEACTABICHUS YUCIa Ha3bl-
Baercs GopMoli ¢ ghuxcuposannot 3ansmou. Takoe Ha3BaHUE CBSI3aHO C TEM, YTO 3a-
nsATas, OTACIAIoNas APOOHYIO YacTh OT LEI0U, PUKCUPYETCS B ONPEAEICHHOM MECTE
OTHOCUTEJIBHO pa3pA0B yKcia. [Ipu 3TOM B clI0BE JaHHBIX COXPAHSAIOTCS TOJIBKO JBa
CTPYKTYPHBIX KOMIIOHEHTA: OJUH 3HAKOBBIM pa3psia U N pa3psaoB A NpecTaBie-
Hust uudp uucna. g koma 3HaKa OOBIYHO BBIFENSETCA KpalHUM ciieBa pa3psa. B
3HAaKOBOM pa3psane 1 cooTBeTcTByeT MHUHYCY, a 0 — mtocy. OOBIYHO MOJIOKEHUE 3a-
nsaToi ¢ukcupyercs nubo nocie miaamero paspsaa (0 paspsna), 1ubo nepex crap-
muM paspsiom (N — 1 paspsgom). B nmepBoM ciydae ymcia MpencTaBlIeHBI Kak Iie-
Jble, BO BTOPOM — Kak IpaBWiIbHbIE 1po0u. [lpu aTom 3ansTas HUKak HE 0003HAYaeT-
Csl, HO B QITOPUTMAaX BBINOJIHEHUS onepaluil (yMHOKEHHUE, JIEJICHUE) €€ MECTO yuTe-
HO 3apaHee OJJHMM U3 YKa3aHHbIX criocobos [1, 5].

B ciyuae menbix yrcen (pUCyHOK 1) MUHUMAIIBHBIM 110 MOJYJIIO OTJIUYHBIM OT
HyJsl yuciioM Oynetr Apin = 00...01,=1, a MakcumanabHBIM, KOTOPOMY COOTBET-
CTBYIOT CIIMHUIIBI BO BCeX N paspsinax, — Apax = 11...11,= 2" — 1, T. e. 1uana3ox
IpeICTaBICHUs Yicel B 3ToM cirydae 1 < |A| < 2™ — 1.

n n-1 n-2 1 0
+ an_l an_z - a]_ ao ’
2n-l 2['1-2 21 20

Pucynok 1 — Pa3psiqnas cetka Jyist mpeACTaBACHUS EJIbIX YHCE

B cnydae mpaBuibHBIX Apo0eii (PUCYHOK 2) MHHHMMAJIbHBIM [0 MOJIYJIIO OT-
JUYHBIM OT HYJSI 4UCIOM OyneT Api, = ,00..01 =27", a MakcHMaabHBIM —
Apax = ,11..11 =1 — 27", 1. ¢. quana3oH NPEACTaBICHUS YKHCE B STOM CiIydae
27" |Al 1 -27m



n n-1 n-2 1 0

H+

a1 a.o e ad-(n-1) a.n
21 272 L. 20 o

Pucynox 2 — Pa3psiiHas ceTka Ijis IpeICTaBICHHsI MPABIIIBHBIX TPoOei

JIOCTOMHCTBO (PUKCUPOBAHHOM 3amsTOi: MMEETCs BO3MOKHOCTb IOCTPOUTH
CPaBHUTEIBHO HECIOXKHbIE apU(PMETHUYECKHUE YCTPOMCTBA C BBICOKHM OBICTPOACH-
CTBHEM.

1.1.2 Ilpeocmasnenue uucen c niagaouel 3ansamotl

Jlns pacmmpeHus auana3zoHa MPeACTABICHHS YHCEN U YMEHBIIEHUS MOIrpel-
HOCTH HX 3aJIaHUs HCIIOJIb3YeTCsS HoOpMasibHas popma 3ammci [1, 5].

B o0mem cimydae HopManbHast popMa 3alIUCH YUCIa MOKET ObITh MpeCcTaBie-
Ha B Bune A = +MrEP, rne M — ManTHCCa 4nCla; I — OCHOBAHHE CHCTEMBI CUHCIIC-
HUSE, P — mopsiiok yncna. Manrtucca |M| < 1, T. e. sSBIsieTCsS IPaBUIIBHON JIpOOBIO, a
NOPSAJIOK p — LEJI0€ YUCIIO.

[Topsinok (c yueTom 3HaKa) MOKAa3bIBAET, HA CKOJIBKO Pa3psoB U B KaKylO CTO-
POHY CABHHYTA 3aIsATas Mpu 3aMeHe (hOpPMbI 3alMCH YUCIA C €CTECTBEHHOW Ha HOP-
MasbHyto. [Tonoxenue 3ansToil B Mantucce M onpenensiercs BeIMUYUHOM MOpsIAKaA .
C u3MeHeHreM nopsiaka B OOJIBIIYIO WIIM MEHBIIYIO CTOPOHY 3aIisTas nepeMeniaercs
BJIEBO WJIM BIPABO, T. €. «IJIABA€T» B M300pakeHuH uucia. [loaromy takyro dopmy
3aMUCH HAa3bIBAIOT NpeoCcmasieHueM 4ucei ¢ naasaowell 3anamoti.

dopmart uKcna ¢ niasarowei 3ansimotl (pPUCYHOK 3) BKIIIOYACT: OJMH pa3psia
JUISL TIPEJCTAaBJICHUS 3HAKa IOPsSAKa, ( pa3psAaoB Ui NPEACTaBICHUS NOpAIKa p,
OJIMH pa3psj U1 MPEACTABICHUS 3HaKa MAHTHCCHI, M pa3psiioB AJI MIPEACTABICHHUS
MaHTUCChI M.

n n-1 n-2 m+2 m+l m 1 m-2 1 0

+ 20t | o9 2! 20 + 2t | 27 oML | om
3HakK nopadokK p 3HakK mMaHTucca M
nopsiaka g paspsgoB MaHTUCCbl m pa3psaoB

Pucynok 3 — Pa3psimHas ceTka juist IpeACTaBICHUS YUCeN C IUIaBaloIei 3ansToi

B ycnoBusx orpaHuueHust pas3psaHON CETKM MaKCHMaJIbHO BO3MOXKHYIO TOY-
HOCTh TIPEJICTABIICHUS YHUCENl UMEEeT HopMasbHash popMa 3aIUCH YUCIIA, IPU KOTOPO
crapmas 1udpa MaHTHCCHI ABISCTCS 3Havaiei, T. ¢. 1/r < |[M| < 1. Takue uucna
HA3BIBAIOTCS HOPMANUZ08AHHbIMY. {711 NBOMYHOM CHUCTEMBI CUHUCICHHS I = 2 U
0,5 <|M| <1, T.e. crapmmii paspsa MaHTHCChI IOJDKEH OBITH PaBEH €IUHHIIE.
Hampumep: 0,10101100-2° — nopmarmisoBanHoe umcio, a 0,00101011-2* — nenop-
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Manu3oBaHHoe. HopManu3oBaHHOE MpECTAaBICHUE YHUCEN C IUIABAIOIICH 3amsiToi
MO3BOJISIET COXPAHUTh B MaHTHUCCE OOJIbIIIEE YUCIIO Pa3psAoB C €IUHUIIAMU, YTO TO-
BBIIIAET TOYHOCTh BBIYUCIICHUI.

[Ipu BBINIOJIHEHWM AEHUCTBUM HAJl YMCIAMHU C TUIABAIOIICH 3aATON ONPENCIICH-
HbIE OIEpalMH BBINOJHAKOTCA KAaK HaJ MAHTUCCAMM, TaK U HaJ mnopsaakamu. s
YIOPOILECHHS ONEpaluil HaJl MOPSAJKaAMU WX CBOIAT K JEHWCTBUSM HaJ LEIBIMHU IOJIO-
KUTEIBHBIMA YHUCIaMH (YUCIaMHu 0Oe3 3Haka), MPUMEHSs MPEACTaBICHUE YUCEIN C
TJIABAONIEN 3aIIATOM CO CMEIIEHHBIM MOPSIAKOM. B ciydae mpeacraBieHust yucia ¢
MJIABAIONIEH 3aMsTON CO CMEIICHHBIM MOPSAKOM K €ro MOpSAKY P nmpubaBisieTcs 1e-
J0e 4ncio — cMmerienne 29, rae  — 4Uciio JBOMYHBIX Pa3psIOB, UCIOIB3YEMBIX IS
HPEACTABICHUS MOIYJIS TIOPSIIKA, Py = P + 29. CMeleHHbIH mopsIok OyIeT Beera
MOJIOKUTENIbHBIM. JJI1 ero mpescTaBlieHus HEOOXOJUMO TaKoe K€ YHMCIIO Pa3psiioB,
Kak ¥ JUIsl MOJyJi M 3HaKa nopsiaka — g+1 pa3psaaoB. BaxHas 0cCOOEHHOCTh CMEILICH-
HBIX TOPSIZIKOB COCTOMT B TOM, YTO €CJIM JJISI IOPSIAKOB P; U P, MPEICTABISIONIUX
co0o¥i 11eJIble YMCia CO 3HAKAMU, BBIMOIHIETCS COOTHOILIIEHUE P > Py, TO U IS TIO-
JIOKUTENBHBIX LEIbIX YHCEN, COOTBETCTBYIOIINX CMEIICHHBIX MOPAIKOB Doy U Pemz s
Tak)Xe OYyJIE€T BBIOIHATHCS COOTHOMIEHUE Dey1 = Pem2 -

JIns ycTpaHeHUs HEOJHO3HAYHOCTH CMEILCHHBIE MOPSAJIKU HA3bIBAIOT XApaK-
MmepucmuKamu.

HanmeHbliiee mo MOAyJr0 YKCIIO C TJIAaBAOLIEH 3alsATON C HEHYJIEBOM HOpMa-
JM30BAHHOW MAHTHCCOW MOXET OBITh MPEJCTABICHO SAMHUIICH B CTApIIEM pa3psijie C
BecoM 2~ ! ¥ HanGOJIBIIMM 1O a6COTIOTHOM BEIUYMHE OTPULIATEIBLHBIM ITOPSAIKOM:

- - —(29— —2q
Amin = Mypin2 Pmax = 271272171 = 2727,
a HauOoJIbIIIee IO MOJTYJIIO YUCIIO C IJIaBaIOLIEH 3ansTon
- q_
Amax = ]\/ImaxzpmaX = (1 -2 m)22 L

CpaBHMM JMara3oH MPEACTABJICHUS Yncel ¢ (PUKCHPOBAHHOW U TIIaBaIOIIEH
samsitoid. [lycrs, Hanpumep, N = 31 (pa3psaHas cetka coctouT u3 32 paspsinos). B
ATOM ClIy4ae MaKCHUMAaJIbHOE 11eJI0€ YUCo ¢ (PMKCUPOBAHHOM 3amsTON MO abCOIIOT-

HOMY 3Ha4eHuto paBHo 231 — 1 = 2 147 483 647.

Jlns yucna ¢ mmaBaromieit 3amstoit (N = 31, m = 24, g = 6 u ABa paspsjaa uc-
MOJIB3YIOTCS JIJI1 KOJUPOBAHMS 3HAKOB MAHTHCCHI M MOPsJIKa) MAaKCUMaIbHOE 3HAYE-
Hue unciaa paBHo (1 — 2724)26471 ~ 1 x 263 ~ 1019,

N3 cpaBHEHMS ATUX ABYX 3HAUYECHHUM BBITEKAET, UTO MPU OJMHAKOBOM YHUCIIC
paspsiioB N gopma c TUIaBaroIIeil 3ansaToil od0ecneunBaeT Honee WuUpoKuti OUanas3oH
npeocmaeiieHust Yucel.

B To xe Bpems ornepanuu HaJl YuciIaMu ¢ (PUKCUPOBAHHOM 3amsITON BBITIOJIHS-
I0TCs1 OBICTpPEE, UeM OTEepallK HaJl YUCIaMU ¢ TUIaBarolien 3amsatoil. [loaTomy BeIOOD
TOW WM MHOW (POPMBI MPEJCTABICHUS YUCEN YacTO AUKTYETCS KJIacCOM 3ajad, Bpe-
MEHEM, HEOOXOIUMBIM JIJIsI UX PEIICHUS, TOYHOCTHIO BBHIYMCIICHUHN, TUANIa30HOM H3-
MEHEHHUS UCXO/IHBIX JIAaHHBIX U PE3yJIbTaTa.



1.1.3 Ioepewnocmu npedcmasnenus yucei

[IpencraBnenne uncinoBoit nHpopManuu B DBC, kak mpaBuiio, BICYET 3a CO-
0O MOSIBJICHUE TMOTPEIIHOCTEeH (OIIMOO0K), BEMYNHA KOTOPBIX 3aBHUCUT OT (hOPMBI
NPEeCTaBICHUS YUCEN U OT JJIMHBI pa3psaaHoit ceTku [1, 5].

Abcontomnas nocpewHocms TPEICTABICHUS — PAa3HOCTh MEXKAY HCTHHHBIM
3HAYEHUEM HMCXOJIHOW BEIUYHMHBI A W €€ 3HAUCHHUEM, MOJYYCHHBIM W3 MAIIuHHOTO

u3obpakenust Ay, T. e. A[A] = A — Ay,
A[A]

Omuocumenvhas no2peunocms IpeAcTaBieHns — Beanuuna §[A] = o

Bce uyuncna uenoro tuma nepeBOAsSTCA U3 OJHON CUCTEMbI CUUCIICHHS B IPYTYIO
TOYHO (0e3 morpemnrHocTeit). Onepaiuu ClIOoKEeHHS, BEBIUUTAHUS U YMHOXKCHUST YUCET
LEJIOTO THUIAa TAKXXE BBIMOJHSIIOTCS TOYHO. Pe3ynbTaT AelieHust yucen 1eoro TUma
JIAET 11eJI0€ YACTHOE U LENbI OCTATOK.

[IpaBunbHBIE APOOH TEPEBOIATCS M3 OAHOM CHCTEMBbI CUMUCIEHUS B JAPYTYIO
HETOYHO — C MOTpPEHIHOCThI0. HekoTopas BennyumHa B OJHOM CHCTEME CUMCIICHHS
MO>KET UMETh KOHEYHOE 3HAaUeHUE, a B IPYroil CUCTEME CUUCIICHHS] CTaHOBUTCA Oec-
KOHEYHOM BEJIIMYMHOM, HampuMmep, poOb 1/10 nmMeeT KOHEYHOE NEeCATUYHOE Tpe/l-
CTaBJICHUE, HO, OyJy4yHu MepeBe/ieHa B JBOMYHYIO CUCTEMY CUUCIICHHS, CTAaHOBUTCSA
oeckoneunor apo6rto 0,0001100110011... Opnako 3Ty HOTPENIHOCTh HETPYIHO
OLICHUTD, €CIIM U3BECTHBI NCTUHHBIC 3HAYEHHUS UCXOHBIX YHCEIL.

[TosTomy 11t yucen ¢ GUKCUPOBAHHOM 3aISITOM MOTPEUIHOCTh MPEICTABICHUS
UMEET MECTO TOJIBKO B CIIy4Yae MPaBUIbHBIX APOOEH.

AOcCoI0THas! MOTPEUIHOCTh NMEPEBO/IA JAECITUYHOM TpOOM B CUCTEMY C OCHO-
BaHHUEM I IPU UCIOJIB30BAaHUU YCEUCHUS (MJIare Iudphl cripaBa 0TOPaCcChIBAIOTCS)
OTIPEICIISIETCS CIACAYIOIIUM BBIPAXKEHUEM:

A[A] = a_(n+1)7'_(n+1) + a—(n+2)r_(n+2) t+ = z airi-
i=—(n+1)

JIisi IBOMYHO#M CHUCTEMbI CUMCICHHUS I = 2, 1 MaKCHMMAaJIbHOE 3HA4YC€HHE JTOM
MOTPENTHOCTHU TToTyvaeTcs pu a; = 1:

— 00

A[A]max = Z 1-2t=2T" z 2t =271,

i=—(n+1) i=—1

T. €. MAKCUMaJibHasl a0COJIIOTHAS OLIMOKA PaBHA 3HAYEHUIO MIIAIIETO pa3psia.
[Ipn wcmonp30BaHMM OKPYTJICHUS MaKCHUMasibHas aOCoNroTHas omulKa He
MPEBBIIAET MOJIOBUHBI 3HAYEHUSI MIIAIILIETO pa3psiaa:

A[A)pay = 27D = 0,527,

Jlist mpencraBienus ynucen B popme ¢ pUKCHpPOBAHHOM 3amsaTON aOCOIIOTHOE
3HAYEHHE MAIIMHHOTO W300paKeHUSI MPABWIILHON APOOH HAXOAUTCS B IUAMA30HE
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2 < |Alg<1-27"

CJ'ICI[OB&TCJILHO, OTHOCHUTCIIbHAA IIOIPCINHOCTDL IIPCACTABJIICHUA OJIs1 MAKCH-
MaJIBHOT'O 3HAYCHUA YUCJId paBHA

Al[A]  05-27"
|A|CDmax 1-21n"

5 [A]QJmin =

B coBpemennbix IBC, kak npasuiio, N = 16...64, moatomy 1 > 27", oTkyna
6[A]lomin = 0,5-27",
AHaNOTU4YHO, JIJI MUHUMAJILHOTO 3HAYCHUSL:

A[A] 05-27" 05
|A|CDmin 2" w

) [A]cbmax =

OTKYJ1a BUJIHO, YTO MOTPEUTHOCTH MPEACTABICHUS MaJIbIX YUCEN B opMe ¢ PUKCUPO-
BAHHOM 3aISITOX MOTYT OBITh OUE€Hb 3HAYUTEIIbHBIMHU.
Bce yncna ¢ maBaronied 3amATOd IPEACTABISAIOT HEKOTOPBIE JTaHHBIE IPU-

OJIMKEHHO.
Jlns nmpencraBieHus yucel B (JopMe ¢ IJIaBarollel 3amsTod abCOMI0THOE 3HA-

YEHUE MAHTUCCHI HAXOAUTCS B UAIIa30HE
05<|M|<1-27",

MIO3TOMY €€ MOTPEUTHOCTH OMPEAEIIAIOTCS TaK K€, KaK W JUIsl YhCcell ¢ (PUKCUpOBaH-
HOM 3amsTOM.

JInsi HaxoJIeHUs MOTPENIHOCTEN MpencTaBlIeHUus yucen B (opMe ¢ IUIaBaro-
IeH 3aMsATON BEJIMYMHY dTOW MOTPEUTHOCTH HA/I0 YMHOXHUTH HA BETMYUHY 2PA:

A[A]g = 0,5 2"™ - 2Pa,
05-27m-2P4 0,5-27™

6[A]Hm1n = (1 — Z—m) : ZpA = 1 — Z—m =~ 0,5 . Z_m’
0,5:27M.2pP4 m
6[A]imax = 05 - 2pa =27

W3 nomy4yeHHBIX BbIpaXEHH ClieyeT, YTO MaKCUMallbHasi a0COJIIOTHAS OIIHO-
Ka HE MPEBBIIIAET MMOJOBUHBI 3HAYEHUSI MIIAJIILIETO pa3psiia MaHTUCCHI C YYETOM TO-
psiAKa, a OTHOCUTENIbHASL TOYHOCTh IIPEICTABICHUS Yncen B (JopMeE C IIaBarouien 3a-
ISATOM MTOYTH HE 3aBUCUT OT BEJIMYMHBI YHCIIA.



1.2 KoaupoBaHue IBOUYHBIX YHCEJ CO 3HAKOM

JIJiss MalIMHHOTO MPEACTABICHUS YHUCENT CO 3HAKOM HCTIOIB3YIOTCS TPH CIIOCO-
0a: npsamotl, donornumenvhwlili u oopamuwlli koowt [1, 5]. Ilpu paccMoTpeHHH KOIOB
OyaeM cuuTaTh, 9TO pa3psIHas CeTKa COACPKUT N + 1 TBOUYHBIX Pa3psIOB, U3 KOTO-
PBIX N MITAIIIAX Pa3ps0B UCIOIB3YIOTCS IS 3aaHus 3HaueHus uncia. [Ipu n300-
PaKCHHUHU IIETBIX YUCEN TOYKOW YCIOBHO OTIEIISIFOT 3HAKOBBINA paspsi OT YUCIOBOU
JaCTH.

1.2.1 Ilpsamoii koo

IIpsamoti ko0 4ncia ecTh MpeACTaBICHUE YUCIa B BUI€ a0COTIOTHOTO 3HAUYCHUS
C KOJIOM 3Haka. 3HaK IUIIOC KOJAUpyeTcs: ABOMYHbIM (), a MuHyc — 1.
[IpaBuio oOpa3oBaHUs IPSIMOrO KOJA LIEJTOr0 YHUCIIA 3aHCHIBAETCS B BUAC

(4] = {A, ecii A = 0;
mp 2" 4+ Al =2"— A, ecin A < 0,

re N — KOJIUYECTBO Pa3psI0B, UCIOIb3YEMBIX ISl IPEACTABICHUS 3HAYEHUS YHCIIA.
3HAKOBBII Pa3psl 3aHUMAET IIO3UIHKIO ¢ BecoM 2"
[Ipumep 1. 3anucats npsMoin KOJI EJI0ro Yucia npu N = 4.

Ay = +1011; [4;],, = 0.1011.

Ay = —1011; [4,],, = 1.1011.

[IpaBmino o00pa3oBaHus TPSAMOro Koja MNPaBUILHOM JpoOM 3amuChIBACTCS
B BUJIC

(4] = {A, ecini A = 0;
1+ |Al=1—A4,ecin A < 0.

. 0
3HAKOBBIN pa3psi/i 3aHUMAET MO3ULUIO C BECOM 2.

[Tpumep 2. 3anmcaTh IPSAMON KOJI 1IEJIOT0 Yucia mpu N = 4.

Ay = +0,1011; [4;],,, = 0,1011.
Ay = —0,1011; [A,],p = 1,1011.

W3 onpeneneHus mpsSMoro Kojaa ClieyeT, 4To HyJIb B IPSIMOM KOJIe HUMEET J[Ba
U300paKEeHHUS:

A = +00...00; [A], = 0.00 ... 00.
A= —00...00; [A],, = 1.00 ... 00.

JIOCTOMHCTBOM TIPSIMOTO KOJa SIBISICTCS YA0OCTBO BBITIOJIHEHUS OTEpaIvil
YMHOXKEHUA U JeyieHud. K HelocTaTky npeACcTaBiIeHus YUCcel B MPSIMOM KOJIE CIEAY-
€T OTHECTU CJIOKHOCTH IPABUJ BBITIOJHEHUS CIIOKEHUS UM BBIYUTAHUS TIPU pa3Iny-

HBIX KOM6I/IH8.L[I/I$[X 3HAKOB YHCCIJI.
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Onepanuu CIOXKEHHS U BBIYUTAHUS YUCEN C pa3HbIMU 3HaKamMu B DBC cBoaAT-
Csl K OIepaluu clokeHus. st 3Toro UCoJb3yrTCs JTOMOJTHUTEIBHBIN U 0OpaTHBIMI
KO/JIbI IIPEJICTABJICHUS YUCEI CO 3HAKOM.

JIonOJTHUTENBHBIM U OOpaTHBIN KOBI MTOJOKUTEIIBHBIX YUCENI COBIIAJIAIOT C UX
MPSMBIM KOJIOM.

OCHOBOM JOMOJIHUTEIBHOTO U OOPAaTHOTO KOJIOB OTPHUIIATEIIbHBIX YHCEN SIBJISI-
FOTCS JOITOJIHEHMS YHCeI 10:

— IS LENBIX YHCcell JormoaaeHus 10 2™ i 10 2™ — 1 COOTBETCTBEHHO;

— I TIPaBWIBHBIX ApoOel jomonHeHus qo0 1 wimm go 1 — 27" coorBer-
CTBEHHO.

Jlns nydiiiero mOHUMaHUs 3aMEHBI ONEpAIlMd BbIUUTAHUS OIEpaIuend CIoXke-
HUSI pAaCCMOTPUM TIPUMEDP.

[Mpumep 3. Berancauts paznocts 4 — B, jus A =111, B =110 (n = 3).
[IpencraBum B B Buie 10MONTHEHUS 10 2™

B’ =23 —B =1000-110 = 010.

3aMeHuM AaJICC OIICPAlIO BEIYUTAHUA onepauﬂeﬁ CJIOKCHUA !

A—B=A+B’=111+010001.

omdpacstboemcs

PesynpTaT Kak N-paspsaHas pa3HOCTh MOMydWiIcs BepHbIM. OIHAKO TTOSBHB-
IIYFOCS AMHMUILY C BECOM 2° HEOOXOMMMO OTOPOCHTb, TAK KAK BMECTO BHIYHTAHMS W3
yuciaa A yucna B = 6 k yucay A Ob110 go0aBieHo B' = 2. Takum 06pa3zom, cymma mno-
nydeHa ¢ u3bbTkom 2" = 8,

1.2.2 Jlononnumenvhwiili KOO

B ocHOBe MOMOJHUTEIHLHOTO KOJa N-pa3psIHOTO OTPHIATEIIBHOTO JTIBOWYHOTO
yucia A JeXHUT TOTOTHEHHUE:

— JquIs 1enoro ymcna go 2™ A" = 2™ — |A|;

— JUTs TipaBUIIbHOM podu o 1: A" = 1 — |A].

JIONOJIHUTENBHBIN KOJ ye1020 OTPULATEILHOTO N-pa3psiAHOrO yuciaa A mpen-
crapisgeT coboii nononnenue 1o 2"t u onpenenserca caemyromum o6pazoMm:

[Aljon = 2™+ A=2""1 — A =2"+ 2" — |A| = 2"+ 2" —1— |A| + 1.

KOO 3IHAKA
0ONONHEHAL urbepcus

dopMaIbHO EPEXO0/1 K JOTIOTHUTETHHOMY KOJIy OCYIIECTBIISETCS CIAEAYIOMNUM
obOpazom:
1) B 3HAKOBBIN pa3ps/l 3aMKMCHIBACTCS SIUHUIIA,

11



2) B 3HAYANIUX pa3psliaX HYJIW 3aMEHSIOTCS SAWHHUIIAMU, a SAUHUIIBI — HYJIS-

MU, T. €. 3HaYaIue pa3psiibl UTHBEPTUPYIOTCS;
3) K MIajameMy paspsay NpuOaBiIsAeTCs SAMHULIA.

[Ipumep 4. 3anucaTh JONOJHUTENIBHBIN KO uncia A = — 101101, n = 6.

10.000000

- 101101

1.010011

2]’)+l

| Al
[A] IOIT

+
Rl o

1.
101101
.010011
.000000
.010011

000000

2n
| Al
Al
2n
[A] zon

1.000000
1

0.111111

101101

0.010010

1

010011

0.

1.
.010011

1

000000

21’1

| Al
MHBEPCUA

A/
2]’1
[A] non

| Al

JIOTIOTHUTENBHBIA KOJ[ OTPHUIATENIbHON N-pas3psAHON npasunbHoli Opoou A
MPEICTABIIAECT COOOM JOMOTHEHUE 10 2 U ONPENIEISAETCS CACAYIOIUM 00pa3oM:

[Alon =2+A=2—|A|=14+1—|A|=14+1-2"—|A| + 2™
pit

KOO IHAKA |
00NnoONHEHAE

[Tpumep 5. 3anucars monoaHuTebHBIA Ko yucia A = —0,101101, n = 6.

10,000000 2 1,000000 1,000000
- 0,101101 |A] - 0,101101 [|A]| 0,000001 27"
1,010011 [A]zon 0,010011 A’ 0,111111
+ 1,000000 0,101101 |A]
1,010011 [A]gon 0,010010 wmuHBepcusa |A]

+ 0,000001 27"
0,010011 A’
+ 1,000000
1,010011

[A] non

dopmalIbHO TIEPexo/1 K JTOTOJHUTEIILHOMY KOy OCYIIECTBIISICTCS CICAYIONUM
obOpazom:

1) B 3HAKOBBIN pPa3psiI 3aAMUCHIBACTCS CIUHUIIA,

2) B 3HAYAIUX pa3psaaax HYJIU 3aMCHSIOTCS CAMHUIAMH, a SIMHUIIBI — HYJIS-
MU, T. €. 3HAYAIINE Pa3psabl HHBEPTUPYIOTCS;

3) K MiajameMy paspsay MpuOaBIsAeTCs SAMHUIIA.

Hyne 6 0ononnumenvrnom xooe umeem oono npeocmasnenue: 0.00...00.

1.2.3 Obpammnuwiii k0O

B ocHOBe 00paTHOro KoJia N-pa3psiTHOrO OTPUIIATEIBHOTO JBOUYHOTO Yrcia A
JIXKHT JOTIOJTHCHHUE!

— s mesoro yucaa qo 2" — 1: A” = 2™ — 1 — |A| (uaBepcus |A));

— Ui mpaBHIIbHOM qpobu 10 1 — 27 A" =1 — 27" — | A| (unBepcus |A|).
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OOpaTHBIN KO Ye020 OTPUIIATEIILHOTO N-pa3psaIHOTO Ynciia A MpeACTaBiIseT
coboii mononmenune m0 2™ 6e3 eqMHMIBI MIIAIIIETO paspsiia U OmnpeaesieTcs cie-
TYIOITAM 00pa3oM:

[Algsp = 2™ —1+A=2™1—1— |4 = 2"+ 2" — 1 |4A].

KO0 3HAKA
dononrerme (unbepeind)

[Tpumep 6. 3ammcars oOpatHbIi koA uncna A = — 101101, n = 6.

10.000000 27*1 1.000000 27
- 1 - 1
1.111111 0.111111
- 101101 | A - 101101 | A
1.010010 [A] oep 0.010010 A” = wmHBepcus |A|
+ 1.000000 2"
1.010010 [A]oep

OOpatHbIN KOJ OTPHUIIATEIBHONU N-pa3psiAHON npasuibHol Opobu A mpencTas-
JsieT coboM TomosHeHre 10 2 6€3 eUHUIBI MIIAJIIIEr0 pa3psaa U ONpeeNsieTcs cie-
JTYIOIIHUM 00pa3oMm:

[Algy =2—-2"+A=2-2"—|A|=1+1-2""—|A].

KOO 3IHAKA l
dononmerume (urbepciud)

[Ipumep 7. 3anucats 0O6patHbIi koa unciaa A =—0,101101, n = 6.

10,000000 2 1,000000
- 0,000001 27" - 0,000001 27"
1,111111 0,111111
- 0,101101 |A] - 0,101101 |A]
1,010010 [A] oep 0,010010 A” = umHBepcusa |A]|
+ 1,000000
1,010010 [Alcep

dopmanibHO TMepexoa K 0OpaTHOMY KOJAY OCYIIECTBIISCTCS — CICAYIO-
UM 00pa3oM:

1) B 3HAKOBBIN pa3psil 3aMKMCHIBACTCS CIUHUIIA,

2) B 3HAYALIUX pa3psiax HYJIH 3aMCHSIOTCS CAMHHUIIAMH, a STUHHULIBI — HYJIS-
MU, T. €. 3HAYAITUE pa3psabl HHBEPTUPYIOTCA.

Hynv 6 06pamnom kode umeem 08a npedcmasnienust.

A = +00 ... 00; [A] 45, = 0.00 ... 00.
A= —00...00; [A]osp = 1.11.. 11,
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1.3 I[BOH‘IHO-KOI[HPOB&HHOG NnNpeacTaBJACHHE TCCATUYHBIX YUCEJI

JIist coueraHus TPOCTOTHI JIBOMYHOM CUCTEMBI C YAOOCTBaMHU JECSITHUUHON
MPUMEHSIOT CXEMbI, B KOTOPBIX HU(PBI AECATUYHOTO YUCIa KOAUPYIOTCS TPyIIaMu
JMBOMYHBIX pa3psanoB. [Ipu 3ToM Kaxkjas Takas rpylnna pacCMaTpuBaeTcs Kak OJHO
nenoe. CxemMa KOJIMPOBAHUS, IPU KOTOPOM Kaxkaasi ecaTudHas nudpa mnpeacrasis-
€TCsl TBOMYHO-KOJUPOBAHHOW TPYMIOW, HA3BIBACTCS OB0UYHO-KOOUPOBAHHOU Oecsi-
muunou cxemoti [1].

Hawnbonee 4acTo uCnonab3yeTcsi TAKOE 080UUHO-KOOUPOBAHHOE NPEOCMABIeHUE
0ecAMUHHO20 YUCia, B KOTOPOM KakJas AecaTuyHas nudpa nsoOpaxkaercs: rpymnmnoi
U3 YETHIPEX JIBOUYHBIX Pa3psaoB (TETpagon):

— —_ fyn—-1_n-1_n-1_,,n-1 1,.,1,.,1,.1 0,.,0,.,0,0
Ap=an_4 g ={ay ay e g o e {lazazaiagh{azazal aglo,

re a; — j-a gecatudHas mudpa, ai] — i-1i pa3psn J-o¥ TeTpambl, N — KOJIUYECTBO JIECs-
TUYHBIX TUP.

KonndecTBO pa3nuuHbIX KOAOB MPH JBOMYHO-KOIUPOBAHHOM TMPEICTaBICHUN
JIECSITMHHOTO YMCJIA OMPEAEISETCS KOJTNIECTBOM BO3MOKHBIX coueTanuii mo 10 u3 16
KOMOHMHAIINN, KOTOPBIE AOMyCKaeT TeTpaa.

[Ipu 1BOMYHO-KOIUPOBAHHOM TIPEJICTABICHWN MECATUHHOTO YHCIA CIEAyeT
UCXOJUTH U3 00IMHMX TPeOOBaHUMN, IPEIBIBIIEMBIX K CHCTEMAaM CUUCIICHHS:

1) pasauYHBIM JCCITHYHBIM IH(pPaM JIOJDKHBI COOTBETCTBOBATH Pa3IHUYHBIC
TETPAJIBL;

2) Oombinas gecATHYHas nudpa J0DKHA M300pakaThesi OOJBIICH TETPaIoi,
€CJIM pa3psbl TETPaJbl UMEIOT Beca MO JBOMYHOU CUCTEME CUUCIICHUS;

3) s aByx gecaTHuHbIX mudp a = {aza,a a0} u b = {B36,61L0}, cBA3aH-
HBIX COOTHOIICHUEM a + b = 9, MOHKHO yIOBIETBOPATHCS YCIOBHE

_(0,ecmna; = 1;

bi _{1,ecn1/1ai 0; i=0,1,2,3.
Koapl, obmagaroniye TakuM CBOMCTBOM, Ha3bIBAIOT camodononnumenvivimu. OHU
OPUMEHSIOTCSI MPHU BBIOJHEHUU apu(MeTHdecKux IeHCTBUM HajJ NeCATUYHBIMU
YHUCJIaMH, PEACTABICHHBIMA B OOPATHOM WJIM JIONOJIHUTEIEHOM KOJE;

4) nas OHO3HAYHOCTH TMEPEBOJIA YUCEIT JKEIATEBHO, YTOOBI Pa3psabl TETPaT
UMENHU ompeAeseHHbld Bec. Torga 3HaueHue AeCITUYHOM LU(GPBI & COOTBETCTBYET
BBIPAKEHUIO

a= a30-3 + a,0- + 104 + aoo-o,

IJi€ 03, 0y, 01, Og — BECA COOTBETCTBYIOLIUX Pa3psI0B TETPAIBI.

CymiecTByeT HECKOJBKO CIIOCOOOB KOAUPOBAHUS AECATUUHBIX LUPp. B Tabnu-
e 1 npuBeneHo KOJUPOBaHUE JECATUYHBIX LU(P B Pa3IMYHBIX CXEMax IMpecTaBie-
HUS JECATUYHBIX YHCEIL.
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Hau6Gomnee u3BectHa cxema 8421 BCD (8421 Binary-Coded Decimal) — dsouu-
Ho-Oecamuynbiii ko0. B xone 8421 pa3perieHHble KOMOWHAIIMM COOTBETCTBYIOT JABO-
WYHBIM DKBHBAJIEHTaM JECATHYHBIX TP C BecamMu pa3psoB, pPaBHBIMU CTEIICHIM
ocHoBaHus 2. Kaxxmas nudpa A1eCITUUHOTO YKCIa MPEACTABIACTCS B ABOMYHOMN (Dop-
Me M HM300pakaeTcsi COOTBETCTBYIOIIUM 4-pa3psaHbIM JBOUYHBIM YHUCIOM (TeTpa-
noit). Koxg 8421 siBisercss B3BEIICHHBIM KOAOM. I 3TOro Koja HE BBINOJIHSACTCS
ycioBHue 3, Tak Kak UQPBHI, SABISIONIAECS TOMOTHEHUEM JI0 9, HE MOJydaroTCs Mpo-
CTBIM MHBEPTUPOBAHUEM TETPA/I.

Tabmuma 1
JlecaTuunas JIBOMYHBIE KOJbI
udpa 8421 2421 8421+3 7421 2u3 5
0 0000 0000 0011 0000 11000
1 0001 0001 0100 0001 01100
2 0010 0010 0101 0010 00110
3 0011 0011 0110 0011 00011
4 0100 0100 0111 0100 10001
5 0101 1011 1000 0101 10100
6 0110 1100 1001 0110 01010
7 0111 1101 1010 1000 00101
8 1000 1110 1011 1001 10010
9 1001 1111 1100 1010 01001

BaxHO NOHUMATh, YTO ABOWYHO-AECITUYHBINA KOJ HE SBISETCS €IIE OJTHOU CH-
CTEMOU CUUCIICHUS, TAKOM, KaK JBOUYHAsl, BOCBMEPUYHAs, IECATUYHAS U LIECTHALA-
TEPUYHAs] CUCTEMBI. JTO (DAKTUYECKU Ta K€ JCCATUYHAS CUCTEMa, B KOTOPOW Kaxk-
JIbIA JECATUYHBIN pa3psijl NPEACTABICH IBOUYHBIM SKBUBAJICHTOM. TaKKe Ba)KHO IO-
HUMAaTh, YTO JIBOMYHO-JECSITHYHOE YUCIIO — HE TO K€ CaMOe, YTO OOBIYHOE TBOMYHOE
gucino. OOBIYHBIN TBOUYHBIN KOJ TMPEACTABISIET B JBOMYHON CHUCTEME KaKOe-JIHOO
JECATUYHOE YHUCJIO TOJIHOCTHIO, a JBOMYHO-ACCATUYHBIA KOJ MPeoOpa3OBBIBACT B
JBOMYHYIO CUCTEMY KaXJbIi JECATUYHBIN pa3psig MO OTAEIbHOCTH.

Kon 8421 sBnsieTcsi eCTeCTBEHHBIM NPEJCTABIECHUEM JAECSITHUYHBIX LU(Dp B
JIBOUYHOM CUCTEME U YI00€H JjIsl BBO/Ia/BbIBOIA B ITU(POBHIX YCTPOUCTBAX JAECATUY-
HbIX yncen. OJHAKO MCIOIb30BAHME ITOTO KOJA CBSI3aHO CO CIOMKHOCTHIO BBITOJIHE-
HUS apu(PMETUUECKUX OTepalvii HaJl IECATUYHBIMU YUCITIaMHU.

Hnst kooa 2421 Beca pa3psiioB TETpagbl COOTBETCTBEHHO paBHBI 2, 4, 2, 1.
Tabnuia koaUupoBaHUS JETUTCA Ha JBE YacTH: OT 0 10 4 — TeTpajibl MOBTOPSIOT JBO-
WYHBIE SKBUBAJICHTHI, OT 5 /10 9 — MO CPaBHEHUIO C IBOMYHOW CUCTEMOW KaxKJ1as TeT-
pana coaepkuT u30bIToK +0110 (+6). DTO maeT BOZMOXKHOCTH JTHO0YI0 IU(PPY OTHOM
Y4acTH TaOJIUIIBI TIPEBPATUTh B €€ JOTMOJIHEHHE 0 9 MPOCTHIM MHBEPTUPOBAHUEM pa3-
PAIOB, T. €. Ko 2421 sBusgercs camooonornumenvruvim. Kog 2421 npumensercs ais
BBITIOJIHEHUS apu(METUUECKUX JCHCTBUN HAJ NECATUYHBIMU YHUCIAMHU, TIPE/ICTaB-
JICHHBIMHU B OOpPaTHOM WJIU JOTIOJTHUTEIILHOM KOJIE.
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Koo 8421+3 nazeiBator BCD komom ¢ u30bITkoM 3. B 3TOM KOJie BCe TeTpaibl
MMEIOT 3HAYCHUS HAa TPU EIUHMIIBI OOJbIIME, YeM TeTpaabl koma 8421 (orcrona
Ha3BaHME Koja). JIJist Hero He CyIecTBYeT IEJIOYHCICHHBIX 3HAaUeHUH Beca, KOTOPhIE
YAOBJIETBOPSIM ObI YCIOBHUIO 4, T. €. Ko1 8421+3 He sBIIsIeTCS B3BEIIEHHBIM. B Ko/
¢ U30BITKOM 3 KOMOHMHAIIUSI, COOTBETCTBYIOIIAs 000N M3 ACCATUYHBIX LUQP, MIPeI-
CTaBJIIET COOOM MHBEPCHIO KOJIOBOM KOMOMHAITMH, COOTBETCTBYIOIICH €€ JOIOJIHE-
HUIO JIO JIEBATH, T. €. KoJ 8421+3 Takke SIBIAETCI CAMOOONOIHUMENbHBIM.

Oco0eHHOCTE K00a 7421 3akiodyaeTcs B TOM, UTO JIFOOAs KOJIoBas KOMOHMHA-
IIUST COEPXKUT He Ooiee NBYX CIMHMII.

Koo 2 uz 5 mpencraBnsier coO0l Heg3seuienHblll KO ¢ 5 OUTaMU B KaXKIOU
rpynne. B xone 2 u3 5 Bce KOJOBbIE KOMOMHAIIMK COAEPHKAT TOJIBKO JBE €IMHHUIIBI.
3TO CBOMCTBO MCIIONB3YyETCs AJis1 OOHAPYKEHHS OIMTHOOYHBIX KOMOMHAIIHA.

2 JBOUYHASA APUPMETUKA C ®PUKCUPOBAHHOM 3AIIATOM

2.1 dopmajbHble IPABUJIA IBOUYHON apuMeTHKH

[IpaBuna BBHINOJHEHUS apU(PMETUUYECKUX JCHCTBUH B JABOMYHOM CHUCTEME
CUMCIICHUS TpeICTaBlIeHbI B Ta0ymie 2 [1].

Tabmuma 2
Onepanus
Crnoxenue Beruuranue YMHOXEHUE
0+ 0 = 0 0 -0 0 0 x 0 0
0O+ 1 = 1 1 -0 = 1 0 x 1 =20
1 + 0 = 1 1 -1 = 0 1 x 0 =20
1 +1 = (1)0 0O -1= (1)1 1 x 1 1
ﬂe,puwc/(SJ 3aw4/ng—/
CMAPUAL cmapuneso-
pazpad pagpada

[IpaBuna nopa3psAaHbIX ACUCTBHM NPU CIO0KEHUM [BYX JBOWYHBIX YHUCET
A + B npencraBiieHbl B Tabauie 3, rae a;_; ¥ b;_; — I-ii pa3psig COOTBETCTBCHHO
yucia A u B; ¢;_; — mepenoc u3 (i — 1)-ro paspsina, ¢; — nepenoc B (i + 1)-ii pa3psn,
s; — I-i1 pa3psi CyMMBI.

[IpaBuna mopa3psAHBIX IEHCTBUNM MPU BBIUUTAHUM JBYX JIBOUYHBIX UUCET
A — B npezcraBiensl B Tabnuie 4, rae z; — 3aeM U3 I-ro paspsia, Z;., — 3a€M H3
(i + 1)-ro paspsina, 1; — i-ii pa3ps1 pa3HOCTH.

3aeM paBHOCWIJICH BBIYMTAHUIO CAWHHIIBI M3 CTapIIero pas3psaa, MO3TOMY B
Tabnuie 4 3aeM MoKazaH CO 3HAKOM MHUHYC.
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Taomuna 3

ai bl Ci-1 Si Ci
0 0 0 0 0
0 1 0 1 0
1 0 0 1 0
1 1 0 0 1
0 0 1 1 0
0 1 1 0 1
1 0 1 0 1
1 1 1 1 1
Tabnuna 4
ai bl Zi I Ziv1
0 0 0 0 0
1 0 0 1 0
1 1 0 0 0
0 1 0 1 -1
0 0 -1 1 -1
1 0 -1 0 0
1 1 -1 1 -1
0 1 -1 0 -1

2.2 CiokeHue U BBIYUTAHUE YHCEJ
€O 3HAKOM B (popMe ¢ PUKCUPOBAHHOM 3aNIATOH

2.2.1 Cnoocenue 6 npsamvix Ko0ax

[Ipu cnoxeHuHn B npsaMblx KOOax OTCYTCTBYET LIeNb MOPa3psAHOro MepeHoca
MEXK]ly CTapIIMM 3Ha4YalliM M 3HAKOBBIM pazpsaaMu. B mpsaMbIx KoJaX MOXKHO CKJIa-
JLIBATh TOJBKO YKCJIA, UMEIOIINE OJIMHAKOBBIC 3HAKH, T. €. IPSIMOM KOJI HE TTOAXOIUT
JUISl BBITIOJTHEHUS Olepaluu anredpandeckoro cioxxenus. [Ipu 3Tom cymma yucen
MMEET 3HaK JI000r0 U3 cllaraeéMbIX, a 3Havyallas 4acTh pe3yJbTaTa MoJy4aeTcs MyTeM
CJIO’KEHMS 3HAYAIINX YaCTEN CIaracMbIX.

[Ipumep 8. Cnoxuth IBa uyucia B mpsMbIx komax: A = +1011, B = +100
(n=4).
Pewenue. [A],, = 0.1011; [B],, = 0.0100

1011 | Al
+ 0100 | B
1111 |A + B]

[A + B]Hp =0.1111.
Omeem. A+ B = +1111.
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2.2.2 Cnooicerue 6 0ONOIHUMENbHBIX KOOAX

CHoXeHUe B OONOJHUMENbHBIX KOOAX XapaKTepU3yeTcs HaJIMdueM IenH Io-
paspsAHOTO TIEPEeHOCa U3 CTAPIIEeTO pa3psiia 3HaYaIIed YacTH B 3HAKOBBIN pa3psl.

Omnpenenum MpaBuiia CIOKEHHS YUCEI B TOMOJHUTEILHOM Koje [1].

Teopema. Cymma dononnumenbHvlx KOO08 Hucen echv 0ONOJHUMENbHbIU KOO
CYMMbL Hucei.

Jloka3zaTteabcTBO. [IpeAmnonoxum, 4To Yucia mpeacTaBiIeHbl B popMe ¢ PuK-
CHPOBAHHOM 3aIISITOM, CTOSAIIECH MOCIE MIIAJIIIETO Pa3psiaa, T. €. CIAracMbIe SABISIOTCA
IeIBIMA YUCIaMH. PaccMOTpUM BO3MOKHBIE CITydaH.

1. A>0, B>0, A+ B < 2™

Tax xak [A]on = A, [Blyon = B, 10 [A]jon + [Blyon = A + B = [A + B]on-

T

NONONCUMWNENOHOE LUCNO-
2. A<0, B>0, |A| >B.

Tax kaKk [A]yn = 2" + A, [Blyon = B, 10 [Algon + [Blyon =21+ (A+B) =

= [A + Bl on
CINPUUAMNENHOE LALAO-

3. A<0, B>0, |A| <B.

Tak, KaK ¥ B IpEeAbIIYIIEM CIIy4ae, 31€Ch

[Aljon = 2" + A, [Blyon = B, [Alyon + [Blion = 2" + (A + B).
OnHako B 3ToM citydae (4 + B) 4uCIIo MOJI0XKHUTEIBLHOE, U TIO3TOMY

2" + (A + B) > 2nt1,

. 1

Tak kak 3Ha4YeHUEe TOH cymMbl 6onbiue 2", To MOABIAETCA eIUHHUIA MIEPEHOCA U3
1

3HAKOBOT'O Pa3pA/ia, YTO PABHOCHUIILHO H3BATHIO U3 CyMMbI 2" eaunul. Eciau otopo-

CUTB 3Ty €MHUILY IIEPEHOCA U3 3HAKOBOTO pa3psiaa, TO MOJyYUM

[A]on + [Blyon = 2™+ (A+ B) = A+ B = [A + Bl on.
LOUMHAMLA NEPRHOCA
W%Wm oG~ NONOHAMEAHO LULAO-
P00, KOWNOPOA
omdpacstbaemcda

4, A<0, B<O, |[A+B| < 2™

Tax kak [A] ;o = 2"*! + A, [Bljon = 2" + B, 10
[A]on + [Blyon = 2™ + 2™ + (A+ B) =21 4+ (A4 B) = [A + Bl jon-

LOUHAUML A NEPEHOCO
w3 3raroBoeo- pas - OMPUUAANNENOHOE LULANO-

paodn, KOMopad
omdpacstboemcs
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B 3TOM citydae nmosy4aeTcsi OTpULATEIbHbIN PE3yJIbTaT, U TAKXKE MOSBISAECTCA €IHHU-
11a IEPEeHOca U3 3HAaKOBOT'O pa3psiaa, KoTopas 0OTOpachiBaeTcs.

Takum 00pa3oM, TeopeMa CrpaBeaIuBa JJis BCEX CIIy4aeB, B KOTOPbIX HE BO3-
HUKAET IEPENOJIHEHUE pa3psIHON CETKH, YTO MO3BOJIAET CKIIAJbIBAaTh YKCIa B JO-
MOJIHUTETFHOM KOJI€ 110 MpaBUiiaM JIBOUYHOUN apu(pMETUKH, HE pa3enss 3HaK U 3Ha-
Yalryro 4acTh KOJa.

Lpu crnoorcenuu yucen ¢ UCnoIb308aHUEM OONOTHUMENLHO20 KOOAd 8bINOIHAEH -
cA apugmemuieckoe cloxcenue K0008 Clazaemblx, 8KI0UAs UX 3HAKO8ble pa3pslobl, C
VUEMOM 803MOIHCHO20 NEPEHOCA 8 3HAKOBbIU PA3Ps0 U3 CMAapuie2o 3Havaue2o pasps-
oa cymmul. [lpu 803HUKHOBEHUU NepeHOCa U3 3HAKOB020 pa3psaoda CYMMbl eOUuHuyd
nepenoca omopacwigaemcs. llpu cnodxcenuu ko0 3Haxa pe3yibmama Noay4aemcs
a8mMoMamu4ecKu.

[Mpumep 9. CnoxuTh nBa 4ucCiIa B JOMOJHUTENBHBIX Komax: A = +1001,
=-101 (n =4).
Pewenue. [A] o, = 0.1001; [B] o, = 1.1011

0.1001  [A].om

+ 1.1011 [B] zon
1§0.0100  [A + Blam = [A + Bl
ed @ NepPeHOCA W3
OMM/WMW) KO-—
mopasi omopacsbaemmca

Omeem. A + B = +100.

2.2.3 Cnoocenue 6 0OpamHvix KOOax

Cnoxenue B 0OpaTHBIX KOJAX XapaKTEPU3YETCs HATMYHUEM IIETH TIOpa3psIHO-
ro NMepPeHOCca U3 CTapIIero pa3psaa 3HadaIle 9acTy B 3HAKOBBIN pa3psill, a TaKxKe I1e-
U KPY208020, WA YUKIULECKO20, TIEPEHOCa M3 3HAKOBOTO pa3psiia B MIIAIIINN pas-
psiA 3HAYAIIEH YacTH.

Omnpenenum mpaBuiia CIOKCHHS Yrce] B o0paTHoM koje [1].

Teopema. Cymma obpammuwix k0008 uuces ecmb 0OPAMHBIL KOO CYMMbL YUCEL.

Joka3aTeabcTBO. [Ipennonoxum, 4To yucia npeacTaBieHsl B popme ¢ Ppuk-
CHPOBAHHOM 3aIISITOM, CTOSAIIECH MOCIE MIIAJIIIETO Pa3psiaa, T. €. CIAaraéMbIe SBIISFOTCS
LEJIBIMU YHCIaMH. PaccMOTpUM BO3MOKHBIC CIyYaH.

1. A>0,B>0, A+ B < 2™

Tak kax [A]o6p =4, [B]o6p = B, 10 [A]o6p + [B]o6p =A+B=[A+ B]06p'

NONONAMNLAHOE UUUCANO-

2. A<0, B>0, |A| >B.
Tak kak [A],6p = 2" — 1+ A, [B]os, = B, 10
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[A]o6p + [B]o6p =2t -1+ (A+B)=[A+ B]o6p'

1

OMPUMUINNENLHOY LUCANO-

3. A<0, B>0, |A| <B.

Tak, Kak U B IPEIBIIYIIEM CIIydae, 3/1eCh
[Alosp = 2" =1+ A, [Blogp = B, [Alogp + [Blogp = 2™ — 1+ (4 + B).
OnHako B 3ToM citydae (4 + B) 9uCIIO MOJI0XKHUTEIBLHOE, U TIO3TOMY
21— 1+ (4+B) > 2",

Tak kak 3Hau€HHE ITOMU CYMMBI OoubIIIe 2n+1’ TO ITOABJIACTCA CAWMHHUIIA IICPCHOCA U3
3HAKOBOI'O pa3psiaaa, YTO paBHOCHIIBHO U3BATUIO U3 CYMMBI 2n+1 CAHNHUII. KpOMe TOTIO,
CyMMa II0Jdy4acTCA YMGHBIHGHHOI‘/JI Ha CAUHUITY. Ecan OT6POCI/ITI> CANHHLY IICPCHOCA
N3 3HAKOBOT'O pa3psida U ,Z[O6aBI/ITB cC B MJ'IaI[HII/H?I pa3piaa CYMMBI, TO IIOJIYUYHUM

[Alosp + [Blosp = 2™ =1+ (A+B) = A+ B = [A + Blygp

A NepPEHOCA W3
m 020~ PABZPAOL, NONLOWANNEIHOE LAACAO-

KOMOPAAL U UK~
ki npudobaaemcdr ko

MAAOULIMAY PAZA0Y

4. A<0, B<O0, |A+B| < 2™
Tak kak [A]ogp = 2" — 1+ A, [Blogp = 2™ =1+ B, 10

[A]o6p + [B]o6p = 2"t — 1 +2™M -1+ (A + B) =21 — 1+ (A + B) =

=[A+ B]o6p- L N :
NePEHOCA W
W WWM“’ ¥ OMNPUU AL HOE

foomo;%wv U UK AL~ weao-
abaraemea ko
me,g a3y

B sTOM cnydae nonydaeTcsi OTpULIATENIbHBIN PE3YIbTAT U TAKKE MOSBISIETCS €IUHHU-
11a TIEPEHOCa U3 3HAKOBOTO pa3psiyia, KOTopas T00aBISIETCS B MIIAJIIIUN pa3psii CyM-
MBI.

5, A<0, B>0, |A|l =
B atom ciyuae [Alygp, = 271 — 1 + A, [Bl,s, = B, mosromy

[Alosp + [Blogp = 2" =1+ (A+B) = 2" —1=1.11...11 = [A + Blgp,
pabro- Hyato nt1

20



T. €. CyMMa paBHa HyJIO (TI0JIy4aeM OJHO U3 U300pakeHUil HyJisi B 0OpaTHOM KOJIE).

Taxum oOpa3oM, Teopema cripaBeAMBa IJIsi BCEX CIy4aeB, B KOTOPBIX HE BO3-
HHUKAeT MePEeroIHeHHE Pa3psIHON CEeTKH, UTO MO3BOJISIET CKJIAJIbIBATh YMCIIa B 00paT-
HOM KOJIe 1O IpaBWJaM JABOMYHON apuMETHKH, HE pasfelisisi 3HaK M 3HAYallylo
4acTh KOJa.

Ilpu cnodxcenuu uucen ¢ UCNOIBL3IOBAHUEM O0OPAMHO20 KOOA BbINOIHAEMCS
apugmemuueckoe CcrodxiceHue KOO008 ClazaembvlX, GKII0Uds UX 3HAKO8ble pazpsobl.
IIpu 603HUKHOGEHUU NepeHOCca U3 3HAKOB020 pa3psA0d CYMMbl eOUHUYa NnepeHocd
npubasnsiemcs K Maaouiemy paspsaoy cymmol. Takoii nepeHoc Ha3vleaemcs Kpy2oebim
unu yuxkauveckum. Ilpu cnoocenuu ko0 3HaKa pesynbmama HOLYYAemcs asmo-
MamuyecKu.

[Tpumep 10. Cnoxkuth aBa umcia B oOparHbix komax: A = +1001, B = -101
(n=4).
Pewenue. [A],gp, = 0.1001; [B]os, = 1.1010

0.1001  [Alosp
+ 1.1010  [Blosp

qo.0011 .
I# UK NMMLLAKA
. w, neperHoC
0.0100 [A + Blosp = [A + Bl
Omeem. A+ B = +100.

Takum 00pa3om, CIOXKEHUE C UCIOJIb30BAHUEM OOPATHBIX KOJOB BBINMOIHSET-
csl, Kak U B CiIy4ae JIONOJHUTENIbHBIX KOJOB, 10 OOBIYHBIM IIPABUJIAM CIOXKEHHS ABO-
WYHBIX yncell. [Ipu 3ToM 3HAaKOBBIN pa3psj paccMaTpUBAETCS HApaBHE CO 3HaYalllu-
MU paspsgamMu. OJHAKO B OTIMYME OT CIOKEHMS C UCIOJIb30BAHUEM JIONIOJIHUTEIb-
HOTO KOJia €IMHHUIA IIEpeHoca U3 3HAKOBOTO pa3psja He oTOpachiBaeTcs, a mpuoaBs-
JeTCs K MIIaJIIEMY pa3psay CyMMBI.

CrnenyeT MOMHUTD, YTO TPU CIIOKEHUHU JIBYX OJMHAKOBBIX 110 a0COJIOTHOU Be-
JMYMHE YHCET C Pa3HBIMU 3HAKaMHU B Cllydae NPUMEHEHHUs OOpaTHOTO KoJla MoJryya-
erca orpunarensHeii Hynb 1.11...11. Ognako orpunarensHeii Hyns B OBC, kak
MpaBUJI0, aBBTOMATUYECKU MPeoOpaszyeTcs K MOJI0KUTEIbHOMY, T. €. K Buay 0.00...00.

CrnoxeHHne NMpaBUIIBHBIX ApOOEH HUYEM HE OTJIMYAETCS OT CIIOKEHMS ILIEeJIbIX
quced.

Onepanusa BeiunTanus uncena B OBC CBOOMTCSA K ONepaiuy CIO0XKEHHS C HC-
MOJIb30BAHUEM JIOTIOJIHUTEIBHOIO U 0OPAaTHOTO KOJOB.

2.2.4 [lepenonneHnue npu crodxceHuu yucei ¢ uKCupoB8anHol 3ansamoti

[Ipu ciio)keHun ABYX YMCEINl ¢ OAUHAKOBBIMU 3HAKAMU MOKET MOJIYYUTHCS pe-
3yJIbTaT, TPEBOCXOISIINMI TT0 a0COTIOTHON BETMYMHE MaKCUMATIBLHO JOMYCTUMOE JJISI
naHHOTO (hopMara YuCio, T. €. IJIs TPEACTABICHHS aOCOTIOTHOTO 3HAYCHUS PEe3Yib-
TaTta nmotpedyercst N + 1 aBowuHbIN pa3psa. Takol pe3ynbTaT 03HAYAET, YTO MPOU30-
IIJIO nepenoiHeHue pa3psaoOHoU cemKu, Ha3bIBAEMO€ YacTO MIPOCTO NePenoHeHUEM.

21



[Ipu cioxeHnn NPaBIIIBHBIX ApoOei MepenoIHeHNe 03HAYAET, YTO Pe3ybTaT
1o a0COMIOTHOM BEIMYMHE MOTYYUIICS OOJBIIMM WIM PABHBIM €IUHUIIE, a TPU CIO-
KEHUH LEJIbIX yrced — 2",

Ecnu nipu cnoskenun uucen ¢ (PUKCUPOBAHHOM 3aMsATON MPOUCXOAUT MEPENoJi-
HEHHUE, TO pe3yJbTaT HE MOKET ObITh MCIOJIb30BaH B NAJbHEUIINX BBIUUCICHUSX.
Cnyuau nepenosinenus B 9BM pukcupyroTcsi ¢ HOMOUIBIO ClIeUaIbHOTO (hara.

[Ipu ciokeHuu yucen B MPSIMOM KOJIe MPU3HAKOM MEPENOTHEHUST Pa3psIHOM
CETKH SIBJIAECTCS MOSBICHUE €IMHMIIBI IEPEHOCA U3 CTApILIEro pa3psia 3Havallend Ja-
CTH YHCIIa.

Tak kak nepenojgHeHne BOSHUKAET JIMIIb MPU CIOXKEHUHU YUCEI C OJJUHAKOBDI-
MU 3HAKaMU, TO MPU3HAKOM NIEPENOJIHEHUS MIPU CI0KEHUU YUCEN B JOMOJHUTEIBHOM
U 00paTHOM KOJIaX MOXET CIY>KUTh MPOTHBOIOJIOKHOCTh 3HAKa PE3yJibTaTa 3HAKaM
claraeMbIX.

[Mpumep 11. COOXHUTH ABa OTPULATENBHBIX YHCIA B JOMOJHUTEIBHBIX KOMAX:
=-1011, B=-1101 (n = 4).
Pewenue. [A] o, = 1.0101; [B] oy = 1.0011.

1.0101 [A] 1on
+ 1.0011 [ B] non
O.lOOO [A + Bl]go; INEepEenoJiIHEeHUE
omdpacstbaemca

Omeem. llepenosiHeHUE.

B mpumepe pe3yapTaT CyMMUPOBaHHUS OKa3ajCsl HEBEPHBIM KaK MO BEIUYHHE,
TaK U MO 3HAKY, MOCKOJBbKY 3HAKOBBIA pa3psij 3aHAT CTAPIINM Pa3psAIoM 3Haualien
YacTH CyMMBI.

B OBC ny1st oOHapyx’eHHs epenoIHEeHNs aHAIM3UPYIOTCSI IEPEHOCH! B 3HAKO-
BB pa3psa U U3 3HAKOBOTro paspsna. Eciu 3Tu mepeHocsl a10o 00a OTCYTCTBYIOT,
1100 oba UMEIOTCs, TO MepenoiaHeHus HeT. Hanuuue ke nepeHoca TOJIbKO B 3HAKO-
BbII pa3ps MO0 TOJBKO U3 3HAKOBOIO pa3psijia SABISETCS NPU3HAKOM TOTO, UTO UMe-
€T MECTO MNepenoyHeHne. B paccMOTpeHHOM BbIlIe MpUMEpPE MPHU CIOKEHUH OTCYT-
CTBOBAJI MEPEHOC B 3HAKOBBINA pa3psl, HO ObUI MEPEHOC U3 3HAKOBOIO paspsia, Mmo-
TOMY HMMEJIO MECTO IepernoyiHeHne. B paccMOTpeHHbIX paHee mpumepax CIO0KEHHUs
qrcea B JOMOJHUTEILHOM M 00OpaTHOM KoJax o6a mepeHoca MpUCYTCTBOBAJH, T. €.
NePEenoHEHUS HE ObLIO.

CymecTByeT, 0JIHaKO, OJMH CIIy4aid, KOTJAa MpH CyMMHPOBAHUH YHCEN B JO-
MIOJTHUTEIILHOM KOJI€ TIPUBEJCHHOE MPABWIIO HE OOHAPY)KMBACT MEPETOTHEHUS. DTO
MIPOUCXOANT, KOTJla CyMMa MOJYJIEH NBYX OTPHUIIATEIbHBIX IPOOHBIX YKCET paBHA
eIMHUIIE.

[pumep 12. CnoxkuTh aBa APOOHBIX OTPHIATEIBHBIX YKCIIA B JOIOJHHUTEIb-
ueIx komax: A =-0,1011, B =-0,0101 (n = 4).
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Pewenue. [A] o = 1,0101; [B] o, = 1,1011.

1,0101 [A] zon
+ 1,1011 [ B] son

!1,0000 [A + B]gon NEPErnoJIHEHME
omdpacitboeimes

Omeem. llepenonuenue.

B mpumepe 3HaKk pe3yipTaTa COBMAIaeT CO 3HAKOM ClIaraeéMbIX, UMEIOTCS Iie-
PEHOCHI B 3HAKOBBIN pa3psa M U3 3HAKOBOTO pa3psana. OMHAKO BO3HUKAET IMEpernoJi-
Henue. [ oOHapyKeHUs TaKoro MEPEOIHEHUsI TpeOyeTCsl cXxema aHaiuu3a Ha HYJb
3HAYaIIUX Pa3psIoB.

2.2.5 Moouguyuposanuvle ko0l

UtoObI 0OHAPYKUTH MEPETIOTHEHUE PA3PSIHON CETKH, MOKHO BBECTH B 3HAKO-
BYIO YacTh U300paKEHUSI YMCJIa BCIIOMOTATEIbHBIN pa3psij, KOTOPbIN Ha3bIBAIOT pas-
psAoM nepenonnenus. Takoe MPeACTaBICHUE YKCIA HA3BIBACTCS MOOUDUYUPOBAH-
HbIM, @ COOTBETCTBYIOIINE KOJBI — MOOUDUYUPOBAHHBIM NPAMBIM, OONOJHUMENbHIM
U 0OpamHbIM KOOAMU.

C dbopmabHON TOYKH 3pEHHUS, MOAM(PHUKALNS MPSMOTO, JTOMOJIHUTEIHLHOTO H
00paTHOTO KOAOB 3aKJII0YAETCs B TOM, YTO JIsl KOJWPOBAHUS 3HAKA YHCIIA OTBOJAUTCS
HE OJIMH, a JBa 3HAKOBBIX pa3psjaa.

[Tpumep 13. 3anmucats B MOAUGUIIUPOBAHHOM KOJIE:
a) moJioxkuTeapHoe unciao A = +1011;

0) orpumarensHoe unciio 4 = —-1011.

Pewenue

a) [Alnp = [Alon = [Algesp, = 00.1011;
6) [AI}, = 11.1011; [A]Y, = 11.0101; [A]%, = 11.0100.

CrnoxxeHue yucesl B MOAU(PUIIMPOBAHHBIX KOJAX CBOAMTCS TakkKe K UX apud-
METUYECKOMY CJIOKEHHIO, TPU 3TOM 00a 3HAKOBBIX pa3psla YYacTBYIOT B CI0KEHHH
HapaBHE CO 3HAYallUMM pa3paaaMud. B 1onosHUTEIsHOM MOIU(UIIMPOBAHHOM KOJE
€AMHUIIA IEPEHOCA U3 CTAPUIEro 3HAKOBOI'O pa3psjia CYMMBI TepsETCs, a B 00OpaTHOM
MOAU(PUIMPOBAHHOM — IPUOABIIAETCS K MIIAJIIIEMY Pa3psily CyMMBI.

[Ipu3HakoM MepenosHeHHs] NpU UCIOJIb30BAHUU MOAU(PUIMPOBAHHBIX KOIOB
aBisieTcst komOuHanus 10 (mpu crnoskeHuu AByX oTpuiarenbHbix uncen) win 01 (mpu
CJIOKEHUU JABYX IMOJIOKUTENBHBIX YHCEIT) B 3HAKOBBIX PA3PsAaxX CyMMBI.

[Tpumep 14. CaoxuTh JBa OTPUIIATEIBLHBIX YKCTIa B MOAU(PUITMPOBAHHBIX J0-
MOJHUTENBHBIX Kogax: A =-1010, B =-1101 (n = 4).
Pewenue. [A] o, = 11.0110; [B] o, = 11.0011.
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11.0110  [A] 0n

+ 11.0011 [ B] non
ﬂlO.lOOl [A + Bl]gon xoMOmHaumsa 10 ykaseBaeT
Ha IIeperoJIHEHME
omdpacitboeimes

Omeem. llepenonuenue.

2.3 YMHO:KeHHe YuceJl ¢ PUKCHPOBAHHOM 3anATOMH
2.3.1 Memoowi ymHOICEHUS 080UUHBIX YlUCEN Oe3 3HAKA

Hcnons3yemas B OBC cxema yMHOKEHUS MOX0Ka HA U3BECTHYIO U3 MIKOJIBHO-
r'0 Kypca Mpoleaypy YMHOXKCHHS «CTOJIOMKOMY [2].
[Ipumep Ha yMHOKEHHE «CTOJIOUKOM» MOKa3aH Ha pUCyHKeE 4, a.

54 MHOXMUMOE
x 14 MHOXUTEJIb

216
+ 54
756 IlpousBemeHUe
a
54
X 4
216 IleppOe UYaACTHUUHOE INPOMBBEIEHUE
0
54
x 10

540 BTopoe UacTHUUHOE MIPOM3BEIEHUE
B
216 llepBOe YaCTUUHOE MNPOUIBEINEHME

+ 540 BTopoe UYacTMUHOE NIPOU3BEIEHME
756 [lpomsBeOeHMUE

r
a — penieHue npumMepa; 6 — BEIYUCICHUE MTEPBOTO YACTHYHOTO MTPOU3BEICHUS;

B — BBIYHUCJICHHUC BTOPOI'O YaCTHUYHOI'O IIPONU3BCACHUAI
I' — BBIYUCJICHUC ITPOU3BCACHUA

Pucynok 4 — [Ipumep Ha yMHOKEHHUE I€CATUYHBIX YUCEN
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BepxHee 4nciio Ha3bIBAETCS MHONCUMBIM, HIDKHEE — MHOMCUMeENeM, a Pe3yib-
TaT YMHOXEHUS — NPOU3BEOCHUEM.

[To cyTu, yMHOKEHHE — MPOCTO MHOTOKPATHO MMOBTOPEHHAS OIepaIus Cloxke-
Husl. Boluucienre npou3BeeHUs] COCTOUT B HAXOXKJIEHHE CYMMBbI OJIMHAKOBBIX Clia-
raeMbIX, B POJIM KOTOPBIX BBICTYIaeT MHOKUMOE. [Ipr 3TOM KOJIMYECTBO cliaraeMbIx
PaBHO 3HAYECHUIO MHOXXHTEIA. B HaieM npumepe, st TOTO 4TOOBI MOTYYUTh MPOU3-
BenieHne 54 % 14 = 756, mpunuioch Obl HAXOAUTh CYMMY YETHIPHAIIIATH ClIaraeMbIX,
Ka)XJ10€ U3 KOTOPBIX paBHO MHOXUMOMY 54. [Ipu 3TOM npornecc 3anucu U BbIUKCIIE-
HUSI COOTBETCTBYIONIEH CYMMBI 3aHsI Obl CIUMIIKOM MHOTO BpeMeHu. Iloatomy st
MOJTYYCHUST TIPOU3BEICHUS HCIIOIB3YETCS CIOCO0 YMHOXKEHHS «CTOJIOMKOMY. J[ms
pemienus npumepa 54 % 14 mbl cHauana ymHoO)kaeM MHOkuMoe 54 Ha 4. B pe3ynbra-
Te monydaeM 216 — nepgoe wacmuunoe npouszsedenue (pucyHoxk 4, 0). 3aTeM MbI
YMHOaeM MHOKUMOE 54 Ha 1. B AeiicTBUTENBHOCTH MHOKUMOE YMHOKaeTcs Ha 10,
KaK MOKa3aHO Ha pUCYHKE 4, B. Bmopoe uacmuunoe npoussedenue papHo 540. Ilep-
BOE€ U BTOPOE YacTU4yHBIEe MpousBenieHus (216 u 540) cknaapiBatoTcst (pUCYHOK 4, 1).
B pesynbrare Mbl monydaeMm IOJHOE MNpousBelneHne 756. Bo BTOpoM dacTUYHOM
npousBeeHuH nocieaHuit 0 00bIYHO OMYCKAIOT, KaK MMOKa3aHO Ha PUCYHKE 4, a.

JIBOMYHOE YMHO>KE€HHE HAaMHOTO MPONIE YMHOXEHHUS JNECATHYHBIX 4ucesl. B
JIBOMYHOM CHUCTEME CUUCIICHHS UCTOIB3YIOTCS TOJIbKO ABe 1udpsl (0 u 1), mosTomy
IpaBujia YMHOXKEHHUS UCKIIOYUTENBHO MPOCTH (cM. Tabmuity 2). [Ipouecc ymHOMX e-
HUSI IBOMYHBIX YHCEN MOJHOCTHIO aHAJOTUUYEH MPOIECCY YMHOXKEHUS JIECATUUHBIX
yucen. Ha pucyHke 5 noapoOHO WILTIOCTPUPYETCS PELICHUE PUMEpPa Ha YMHOKEHHUE
nBongHbIX unces 111 u 101.

HlecaTrnuHble IBOMUHEIE UMCJIa
upcia
yi 111 MuOxXMMOe
x 5 x101 MHOXMUTEJb
35 111 TIlepBOe UaCTUUHOE IIPOM3BEINEHUE
+ 000 BTopoe uUacTMUHOE NPOM3BEIeHUE
111 TpeTbe YaCcTUUHOE I[IPOM3BEeIeHUe

100011 TlonHOe npou3BeIeHMUE

Pucynok 5 — [Ipumep Ha yMHOKEHHE TBOMYHBIX YHCEIl

Cnauana mHoxkuMoe 111 yMHOXKaeTcsl Ha 3HaUY€HUE pa3psifia €AUHUL] MHOKH-
Tens. B pesynbrate mosy4yaercs IepBoe YacTUYHOE Mpou3BelneHue, paHoe 111. 3a-
TEM MHOXMMOE YMHOXAE€TCAd Ha 3HAYeHUE paspsaa ABOEK MHoxuTens. [lomydaem
BTOpoe yactuyHoe npoussenenre 000. OOpature BHUMaHUE, YTO HYJIb B MIIAJIILIEM
paspsiie BTOPOro YacTUYHOIO MpOu3BeAeHHs oTOpackiBaeTcsi. Ha Tperbem stame
MHOXXMMOE€ YMHOJKAa€TCsl Ha 3HAYEHHE pas3psga 4YETBEpOK MHOxuUTens. [lomydaem
TpeTbe yacTuyHoe npousseneHue. Gaxkrnuecku oo paBHo 11100, HO 3anuckIBaeTcs
kak 111 (Hynu B IByX Miaamux paspsaax onyckatorces). M HakoHell, mepBoe, BTOPoe

25



U TPETh€ YACTUYHBIC MPOMU3BEACHUS CKIAAbIBAIOTCA. VX cyMMa paBHa JBOUYHOMY
gucay 100011. DTo u ecTh nmosiHOE TIpou3BeaeHUE. [l yno0cTBa clieBa Ha PUCYHKE
S mpuBeNEeHO pelnieHre JaHHOTO MpUMEpa B JECATUYHONW cUCTeMe cuucieHus. J[Bo-
nyHoe npousseaeHue 100011 paBHO AecATUYHOMY TPOU3BEICHUIO 35.

B o6mem cinydae [3] Beruucnenue mpousBenaeHus P (Pyp—1Pan—2 - P1Po)
JIBYX  N-pa3psiAHBIX  JIBOMYHBIX  4yucen 0e3 3Haka  MHOxuMoro (MH)
A(ay_1ay_5 ... a;ay) u Muoxutens (Mt) B (b,_1b,_, ... byby) cBoguTCs K (hop-
MUPOBaHHIO wacmuunvix npouzsedenuti (UI1) W, mo omHoMmy Ha Kaxaywo udpy
MHOKUTENS, C TOCHEAYIOMNM cyMMupoBanueM nonydeHHbix Yl Ilepen cymmupo-
BaHUEM Ka)X/10€ YaCTUYHOE MPOU3BEACHHUE JOHKHO OBITh CIBUHYTO Ha OJMH Pa3psi
OTHOCHUTENIFHO TPEBIIYIIEr0 COTJIACHO BeCy HMU(PBI MHOXUTENS, KoTopoi 310 UII
COOTBETCTBYET (PUCYHOK 6). IlepeMHOXEeHHE NBYX N-pa3psIHBIX JIBOUYHBIX YUCEN
P = A X B npuBOJHUT K MOJYYEHUIO PE3YIIbTATA, COAEPKAIIETO 2N pa3psIOB.

ds dp ai ao A
xbs by by by B
Wo3Wo2Wo1 Woo Wy = Aby x 2°
+ W13W12 W11 W10 w, = Ab, x 2°
W23 Wo2 W21 W2 W, = Ab, x 2°
W33 W32 W31 W30 Wy = Abs x 2°
P71 Ps Ps Pa P3 P2 P1 Po P

Pucynok 6 — O0mias cxema yMHOXeHuUs 1j1s1 N = 4

[TOCKOJIBKY COMHOXKHTEJISIMU SIBJISIIOTCSL JIBOMYHBIC uuciia, BbluucieHue YII
ympornaeTcs — eciu mudpa MHoXkuTens b;, pasHa 0, To W, Ttoxe paBao 0, a mpu
b; = 1 yactTuuHOE POM3BEACHUE paBHO MHOKUMOMY W; = A.

TakuMm 00pa3oM, aITOPUTM YMHOKEHHS MPE/IoaraeT nocjaeaoBaTeIbHOE BhI-
MOJIHEHUE JABYX omepanuii — cinoxeHus u casura. Cymmuponanue Ul oObryHO mpo-
M3BOJIUTCS HE HA 3aBEPIIAIOIIEM JTAIle, a IO MEPE UX MOTYyUYEHU. ITO MO3BOJIAET U3-
o0exaTh HeoOxoauMocTu xpaHeHus Bcex UlI, T. e. cokparmiaeT anmapaTHbIe 3aTpaThl.
[Ipouiecc mosiyyeHusi MPOU3BEACHUS BKIIFOYAECT YMHOKEHUE MHOXHUMOTO A Ha Kax-
Il paspsin b; muoxurens B. [lomydaemble mpu 3TOM YacTHUYHBIC MPOU3BEICHUS
W; = Ab; mocnenoBaTeabHO CKIAIBIBAIOTCS (HAKAITUBAIOTCS), 00pasys cymmsl ua-
cmuunbix npouszsedenuil (dactuunbie cymmbl) CUIIL. Tlocnennsisi cyMMa 4acTHYHBIX
MPOU3BEICHUIN paBHA MMOJTHOMY MPOU3BEICHHUIO.

Takum oOpa3om, mpolecc YMHOKEHHUST N-Pa3psiIHOTO JIBOUYHOTO MHOXHUMOTO
A Ha N-pa3psIHBIA JTBOMYHBINA MHOXHUTENIL B COCTOUT M3 MOBTOPSIOIICICSA N pa3 Mo-
CJIe0BATEILHOCTH YMHOXKEHUS A Ha Kaxayro ouepennyto nudpy B. Takas mocieno-
BATEJIBHOCTh HA3bIBACTCS YUKIOM YMHOdCeHus. Ha KaxaoM LIMKIIE YMHOXKEHHS CHa-
yaia onpenensiercs ouepeanoe Ull;, nanee YIl;, nmpubasnsercs k CUII;_;, B pe3ymb-
TaTe€ 4YEro OMpeAemsaeTCsl ouepeaHas cyMma 4yacTuuHbiXx npousBedaeHuit CUII;, u Tak
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no momydenusi CHIL,,, koropoe u mpencraBisieT co00il MOTHOE MPOU3BEIACHUE, KaK
ATO MOKAa3aHO Ha PUCYHKE 7.

111 MHOXUMOE
x101 MHOXUTEJIb
0 HyJneras uyacTMUHas CyMMma
+111 IlepBOEe YaAaCTUUYHOE IIPOMBBEINEHUE
111 [leppad yacTMUHasa CyMMa

+000 BTopoe uwacTuUUHOE MNpPOM3BEIEHNE
0111 Bropas yacTu4UHad CyMMa
+111 TpeTbe YacCTMUHOE [NPOU3BEIEHME

100011 TIIojHOe MHNpOU3BEeIeHUE

Pucynox 7 — [Ipumep TBOMYHOrO YMHOXEHUS ¢ 00pa30BaHUEM YACTUUHBIX CYMM

Bo Bcex PAaCCMOTPCHHLBIX IIPUMEPAX YMHOXKCHHUC HAYUMHAJIIOCh C MJIaJIIINUX PaA3-
PAOIOB MHOXKUTCIIA. B O6IH€M ClIydaC YMHOKCHHC MOXHO HAYMHATH KaK C MJIAAIINX
pa3psaAaI0B MHOKHTCIEI, TaK U CO CTAPIINX. Ha PUCYHKC 8 l'IOI[pO6HO HIITIOCTPUPYCTCA
MMpoueCC YMHOKCHHUA JBONMYHBIX YHUCCJI CO CTApIINX Pa3psaa0B MHOXKHUTCIIA.

111 MHOXMMOE
x101 MHOXMTEb
0 Hysnerasd yacTuduHasd CyMMa
+111 [leppOoe UacTUUHOE MNPOMUIBEINEHUE
111 [lepBad wacTuUUHasa CcyMMma
+ 000 BTopoe uacTuUUYHOE MIPOM3BEIEHUE
1110 BTopasa wacTuuyHasa cyMmMa

+ 111 TpeTbe UYaACTUUYHOE IMIPOMBBEINEHUE
100011 TIlosHOe mHnpomM3BeHOeHUE

Pucynok 8 — [Ipumep yMHOKEHUS TBOMYHBIX YHCET
CO CTapIINX Pa3psI0B MHOKHUTEIIS

JIJis TipaBHJILHOTO HAKOIUIEHWS CYMM YaCTUYHBIX TMPOU3BEACHUN B KaXKIOM
[IUKJIE YMHOKEHUSI MHOKUMOE (04epeHOe YACTUYHOE MTPOU3BEICHUE) TOKHO CIIBU-
ratbcsl BJ€BO (MPU YMHOXKEHUH C MJIAAIIUX Pa3psI0B MHOKUTEINSI) WK BIpaBo (Ipu
YMHOXEHHH CO CTapUIMX Pa3psiioB MHOXKUTEJNS), IPU 3TOM CyMMa YaCTUYHBIX IMPO-
M3BEJICHUH JO0JDKHA OBbITh HemoJBHKHA. [IpaBUIbHOE HAKOIUIEHHE CYMM YaCTHYHBIX
MpPOU3BENCHUN OyAeT MPOUCXOIUTh TAKXKE B CIydyae, €Clid MHOXUMOE (OuepenHoe
YaCTUYHOE MPOU3BEACHNE) Ha KaXI0M IIUKJIC YMHOXKEHUS TOOABIATH B OJTHU U TE K€
paspsaIbl, T. €. CleNaTh ero HeMOABMKHBIM, a MOCIe KaKJ0ro 0YepeHOT0 CyMMUPO-
BaHUS CABUTATh OYEPEIHYIO CYMMY YaCTUUYHBIX MPOW3BEACHUN BMpaBo (TIpU YMHO-
KEHHUH C MIIAAIINX Pa3psiioB MHOXKHUTENS1) UM BIIEBO (IIPU YMHOKEHHH CO CTapIINX
pa3psI0B MHOXKHUTEJISA).
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Taxum 00pa3om, BO3MOXKHBI YETHIPE BapuaHTa peaan3allii CXeMbl YMHOKEHUS
(MeToJ1a yMHOKEHHS ), KOTOpPbIE MPECTABIEHBI HA pUCYHKE 9.

MeTton 4

.| Cymma YacTu4HbIX NPOU3BEAEHWUI CABUraeTCcsl BNpaBo,
MHOXXUMO€ HEMNoABWXHO

YMHOX€EeHUe ¢ MnagLumx
pa3psaoB MHOXUTENS

MeTtog 1

MHoxumoe caosuraeTcs Bneso,
CyMMa YacTUYHbIX NPOM3BEAEHUIA HENOABWXKHA

. 4

MeTopg 2

Cymma YaCTUYHbIX I'IpOI/I3Beﬂ,eHVIIZ cOoBUraeTcA BIeBO,
MHOX1MO€E HEeENMOABUMXHO

YMHOXeHMe co cTapLumx
pas3psgoB MHOXUTENS

MeTtopg 3

MHoXnmoe caBuraeTcs BMnpaeo,
CyMMa 4acCTUYHbIX HpOI/ISBGLI,GHI/IVI HenoaBwXHa

Pucynok 9 — MeTop1 yMHOXKEHHS IBOUYHBIX O€33HAKOBBIX YHCEI

MeToabl yMHOMCEHUS 080UUHBIX DE33HAKOSbIX Yuce]l OCHOBAHBI HA MPEACTaB-
JICHUW TIPOM3BEICHUS B BH/IE momHoMa [1, 6].

1. Vmnooicenue, nauumnas ¢ maaowux paspsoo8 MHONCUMENS, NpU cosuce
MHONCUMO20 8]1€80 U HENOOBUIICHOL CYMMe YACMUYHBIX NPOU3BEOCHUIL.

P = A X B = A(bn_lzn_l + -4 b121 + bozo) =
- AZn_lbn_l + -+ A21b1 + AZObO.

ANTOPUTM YMHOKEHUS BKJITFOYACT CIICAYIOIINEC IIIaru:

1) obuynenue CHII;

2) aHaNIM3 MIIAJIIErO paspsjia MHOXKHUTEIA: eclu b, = 1, BBIMOIHIETCS CIIO-
xenue Ull, = A ¢ CUIl, u mepexon k mary 3; ecnu by = 0, cpazy nmepexoj K mary 3;

3) COBHI MHOYKHMOTO BIIEBO;

4) aHaaM3 MEPBOTO paspsga MHOKHUTENA: eClid b; = 1, BBINOJHIETCS CIIOXKE-
nue UIl; = A2 ¢ CUIl; u nepexox k mary 5; ecnmu b; = 0, HENOCPEACTBEHHO MEpe-
XO0J1 K 1mary 5;

5) caBUT MHOXKHUMOTO BJICBO;
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6) anamm3 ouepenHoro b; paspsaa MHOXKHTENS U T. 1. [locne ananu3a crapiie-
ro b,_q1 paspsga MHOXUTENIS OCYIIECTBIseTCs nocieanee cioxenue Yll, | =
A2™1 ¢ cymmoit wacTuuneix npoussenenuii CUIl,_; (ecnmu b,_; = 1), u npouecc
npekpamaercs. Pesynerupyromas CHII,, sBisgeTcs nCKOMBIM POXU3BEICHUEM.

2. VYmmnoorcenue, navunas co cmapuwiux pasps006 MHOMCUMENS, NPU cO8Uce
CYMMbl YACMUYHBIX NPOU3BEOEHULL 871€60 U HENOOBUNCHOM MHONCUMOM.

[IpumenuB cxemy ['opHepa, BblpakeHHE Ui TPOU3BEICHUS MOYKHO 3alKCaTh
CJIEYIOIINUM 00pa3oM:

P = (..(((0)2" + Aby_y)2" + Ab,,_,) 21 + -+ Aby ) 21 + Ab,.

Bripaxkenus: B ckoOkax B (hopMmyJie MpeacTaBisioT coO00M mocieaoBaTelbHbIe 3HaYe-
uus CUII;, onpenensieMbie peKyppeHTHOM (POpMYJIOii:

CYIl; = CUII;_;2 + Ab,_;, C4Ml, =0, i =1,...,n.

AJITOPUTM YMHOKEHHS BKJIIOYAET CIAEAYIONIUE IIaru:

1) o6uynenune CHII;

2) casur CUII, BieBo;

3) aHamM3 cTapiiero paspsiga MHOXKUTENIA: eclu b,_; = 1, BBINOJHICTCA
cnoxenne Yll, = A ¢ CUIly2! n nepexon x mary 4; ecnu b,,_; = 0, cpa3y nepexon K
mary 4,

4) cnsur CYUII; BaeBo;

5) amamu3 ouepemHoro b,_, paspsma MHOXHUTeNIs W T. 1. [locie aHamu3a
maamero by paspsiga MHOKUTENS BBITIOIHETCS nocienHee cinoxkenue YUll,,_; = A c
CYIl,,_, 2% (ecnu by = 1), 1 npoliecc NpeKpanaeTcs.

3. Vmmoowcenue, nauunas co cmapwux paspsaoo8 MHONCUMENS, CO COBULOM
MHOMCUMO20 8NPABO U NPU HENOOBUICHOU CYMMe YACMUYHBIX NPOU3EE0EHULL.

P=A2"2"1b,_; + -+ A2"2-"Vp + A2"27"p, =
=V27 b, 1 + -+ V2 @ Dp V2 "p,,

rae V = A2™ — MHOXHMMOE, CIBUHYTOE BJIIEBO Ha N Pa3psIOB.

AJITOPUTM YMHOKEHHS BKJIKOYAET CIAEAYIONIUE IIaru:

1) oOnynenue CUIly;

2) CIBHT MHOYKHMOTO BIIPABO;

3) aHamu3 crTapiiero paspsiga MHOXKHUTENIS: eclu b,_; = 1, BBINOJHIETCS
cnoxenne Yll, = V271 ¢ CUIl, u nepexon k wary 4; eciu b,_; = 0, cpasy nepexos
K mary 4;

4) CcOBUT MHOYKHMOTO BIIPABO;

5) aHanmu3 ouepeAHOro paspsaa b,_, MHOXHTENS W T. 1. Ilocie aHanu3a
MJIQJIIETO pa3psfia by MHOXKHUTENS OCYIIECTBIsIETCs nocieaHee cinoxkenue Yll,,_; =
V27" ¢ CUIl,,_; (ectm by = 1), 1 mpoIiecc npeKpamaercs.
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4. VmmuooiceHue, HAUUHASL C MAAOUIUX DA3PAOOE MHOICUMENS, CO COBUSOM
CYMMblL YACMUYHBIX NPOU3BEOEHULL 6NPABO U NPU HENOOBUNCHOM MHONCUMOM.

[IpumenuB cxemy ['opHepa k MeTOy 3, BhIpaKE€HUE JJIsI POU3BEICHUS MOYKHO
3anucaTh CJIeIyIOIMM 00pa3oM:

P =271 (Vbyoy + 27 (Vbyoy + -+ 271 (Vby + 271 (Vby + 0)) ..) )

CUIl; = CUM;_,2 1+ Vb,_,, CUlly =0, i=1,...,n.

ANTOpUTM YMHOKCHHS BKJTFOYAET CJICTYIOIINE IIIary:

1) o6uynenne CYIl;

2) aHaW3 MIIAJIIICTO pa3psijia MHOXKUTEIS: eciiu by = 1, coxkenne Ull, =V
¢ CUIl, m mepexon k mary 3; ecinu by = 0, HEMOCPEICTBEHHO TIEPEXOJI K Iary 3;

3) capur CYII; Brpaso;

4) aHanu3 ouepeqHOro paspsga b; MHOkuTens u T. A. [locie aHanm3a crap-
mrero paspsna b,_, MHOXHUTEIS OCYIIECTBISIOTCS mociennee ciaoxenue Ull,_; =V
¢ CUIl,,_; 271 (ecmu b,,_; = 1) u nocneauuii capur CYIL, Bpaso, mocie 4ero npo-
IIECC MpEeKpaIaeTcs.

[Ipumep 15. YMHOXUTh MO NEPBOMY METOJY JABa LENbIX yucia 0e3 3Haka:
A=1111,B =101 (n=4).

Pewenue. YMHOXKEHNE ¢ MITaIIUX pa3psaoB MT co cnBurom MH BieBo.

Mar MT Mu m CUIl IemcTBUE
0 0101 00000000 CUIlo=0
1 010[] 00001111 Ull=Ab,=A
00001111 CYII,=CUlIl,+4II,
00011110 a2t (coBur MH BJIERBRO)
2 01jo 00000000 Ul =A2"'b,=0
00001111 CUII,=CUII, +4II,
00111100 Aa2? (coBur MH BJIEBRO)
3 Ojo1 00111100 Ull,=A2°b,=A2°
01001011 CUIIs=CUII,+UYII,
01111000 a2°3 (coBmur MH BJIEBO)
4 0101 00000000 Ull;=A2"b3=0
01001011 P=CUII,=CUII;+Ull;
11110000 A2% (cmBur MH BJIEBO)

[Ipumep 16. YMHOXKUTH MO BTOPOMY METOJy JiBa LIEJIBIX yucia Oe3 3Haka:
A=1111,B=101 (n=4).
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Pewenue. YMuoxenue co crapmux paspsinoB Mt co casurom CUII Bieso.

Mar MT M m CUIl IencrTrue
0 0101 00000000 CUll,=0
1 00000000 CUll,2' (cmeur CUIl BjEBO)
o101 0000 Ully=Ab3=0
00000000 CUIl,=CUll,2"+UIl,
2 00000000 CUll;2' (cmeur CUIl BIEBO)
0[1/01 1111 Ull;=Ab,=A
00001111 CUIl,=CUll, 2 +4Il;
3 00011110 Cull,2' (cmemr CUIl BJEBO)
0101 0000 Yll,=Ab;=0
00011110 CUIl,=CUIl,2'+Ull,
4 00111100 CUll;2' (cmeur CUIl BJIEBO)
010[1] 1111 Ull;=Ab,=A
01001011 P=CUIl,=CUll;2 +Ull,

[Ipumep 17. YMHOXUTH MO TPETHEMY METOJIY JBa LIEJBIX YKCiIa 0€3 3Haka:

A=1111, B = 101 (n = 4).

Pewenue. YMHOXEHHE cO crapmmx paspsaoB Mt co casuroM MH BIpaso:

V = A2* =11110000.

Mar MT Mu m CUIl IevicTBUE
0 0101 00000000 CUIl,=0
1 01111000 v2~' (coBur Mu BIIPABO)
o101 00000000 Ully=V2""b;3=0
00000000 CUIl,=CUll,+Ull,
2 00111100 V27? (coBur MH BIIPABO)
O[jo1 00111100 Ul =V2 ?b,=V2~?
00111100 CUIl,=CUIl; +4Il,
3 00011110 V27 (coBur Mu BIIPABO)
01[o[1 00000000 Ull,=V2">b;=0
00111100 CUIl,=CUIl,+UIl,
4 00001111 V2™* (cmBur MH BOPaBo)
010[] 00001111 Ull,=V2 *by=v2""*
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[Ipumep 18. YMHOXKUTH 1O YETBEPTOMY METOIY JBa IENbIX YHCla O3 3HaKa:
A=111,B =101 (n=3).

Pewenue. YMuoxenue ¢ muaammx paspsiioB Mt co casurom CUII Bmpaso:
V = A2* = 111000.

Iar MT MuH m CUIl IencrTrUE
0 101 000000 CUIIy=0
1 10[1] 111 Ully=Vbo=V

111000 CUIl,=CUll,+4lII,
011100 CUll;2”' (cmewmr CUIl BIIPaBO)

2 1o 000 Yl =Vb;=0
011100 | CUll,=CUIl,2 '+4Ill,
001110 C111'122_l (coBur CUIl BOpaso)

3 o1 111 Ull,=Vb,=V
1000110 CUIl,=CUIl,2 '+UIl,
100011 P=qu'l32_l (coBur CUIl BOpaso)

PaccMoTpuM opraHM3anuio yCTpOHCTBA, pealli3yroIIero YMHOXKCHHE 0 JaH-
HOMY MeTony (pucyHok 10) [2].

Pernctp MHOXUMOro

(211}
OcBegomMuTENbHbIV CUrHan
1 X2
2> t
4 CYeTYUK LIMKIoB
.8 3
0" ——» MapannesnbHbIn
! 5| cymmarop
2
4 »
8 ,
A 4 \ 4 \ 4 A 4
Peructp CUIl Pernctp mHoXxutens
LofJoJofJofr[lr]o] 1]

le
OCBe,EI,OMI/ITeJ‘I bHbIA cuUrHan

Pucynox 10 — OnepanronHast 4acTh yCTPONCTBA YMHOKEHUS

B ucxonnom coctostHun MHoxkuMoe 111 3arpyxeHo B pecucmp MHOHMCUMO20,
MOKA3aHHbIM B JIEBOM BEpXHEW 4acTU PUCYHKA, pecucmp CYII ounilieH (yCTaHOBIIEH
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B coctosiure 0000), u muoxkutenb 101 3arpyxeH B pecucmp mMHodicumens, NoKa3aH-
HbI B HIDKHEW mpaBoil yactu pucyHka. Peructp CUII u peructp MHOXKUTENA MpU
BBIIIOJTHEHUH CJIBUTA BIIPABO PACCMATPUBAIOTCSA KAaK €IUHBINA PETUCTP. ITO OTPAKEHO
Ha PUCYHKE CTPEJIKOM, coemuHsitonieit o6a peructpa. Kpome toro, B coctaB ycTpou-
CTBA YMHOEHHUSA BXOAUT CUETUMK LIHUKJIOB, B KOTOPBI B HUCXOJHOM COCTOSIHHM 3a-
rpy’KaeTcsi Yuciao HUKIoB ymMHOxeHus 11 (mecsatuynoe uncio 3). CyeTyuk IUKIIOB
BBIJJAET OCBEJOMUTEIBHBIN CUTHAJ, KOTOPBIM yYCTaHABIMBAETCS B 1, KOrma conepxku-
MO€ CUETYMKA CTAHOBUTCS paBHbIM (0.

PaccmoTpum noznpoOHo npouenypy ymHoxkenus. Ha pucynke 11 nostanHo no-
Ka3aH NpoLEecC YMHOXEHUs ABOMYHOrO yucia 111 (MHOXUMOE) HAa IBOMYHOE YUCIIO
101 (MHOXUTETD).

Onepauus OTan @DyHKUMOHanNbHbIE Y3bl
CyeTumk Pernctp Peructp
LIMKNOB cun MHOXUTENSA
OuuncTka 1 3arpyska 1 1 ‘ 1 0 ‘ 0 ‘ 0 ‘ 0 1 ‘ 0 ‘ 1
Cymmarop x;1=1 ¢
Uukn 1 ¢ i ¢ ¢
CnoxeHune 2 ‘ 1 ‘ 1 ‘ ‘ 0 ‘ 1 ‘ 1 ‘ 1 ‘ ’ 1 ‘ 0 ‘ 1 ‘
X2 = 0
Cpasur BnpaBo f
CYETUMK LMKIIOoB - 1 3 ‘ 1 ‘ 0 ‘ ‘ 0 ‘ 0 ‘ 1 ‘ 1 }—Vl 1 ‘ 1 ‘ 0 ‘
Lnkn 2 X2=0 X1—0¢
Cpasur BnpaBo f
CYETUMK LMKIIOoB - 1 4 ‘ 0 ‘ 1 ‘ ‘ 0 ‘ 0 ‘ 0 ‘ 1 ’-” 1 ‘ 1 ‘ 1 ‘
Cymmarop x;1=1 ¢
Linen 3 Vb e
CnoxeHwve 5 ‘ 0 ‘ 1 ‘ ‘ 1 ‘ 0 ‘ 0 ‘ 0 ‘ ’ 1 ‘ 1 ‘ 1 ‘
=1
Cposwur Bnpaso f
CYETUMK LWKIIOoB - 1 6 ‘ 0 ‘ 0 ‘ ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ ’ 0 ‘ 1 ‘ 1 ‘

Pucynoxk 11 — IToatanHblii poliecc BBIOJHEHNUS] YMHOKEHUS

Ha nepsom smane ocymectpisiercs ounctka perucrtpa CUII, a Takxke 3arpyska
PETUCTPOB MHOKMUMOT'0, MHOYKUTEJISI U CYETUMKA IUKJIIOB. Jlanee HaunMHaeTCs ePBBIi
LIMKJI YMHOXKEHUSA, KOTOPBIM BKIOYAET ABa 3Tana. Ha émopom smane BbINOJIHSIETCS
cinoxenue coaepxkumoro peructpa CUII 0000 u peructpa MHOKMMOIrO, TaK Kak
OCBEJIOMHUTEIIbHBIA CUTHAJ X; (MIAIIINN pa3psA] MHOXKHTEN) paBeH eauHuIe. B pe-
3yabprare B peructpe CUII nmomydaercs neppasi CyMMa 4aCTUYHBIX Iponu3BeneHuil. Ha
mpemvem smane coaepxumoe peructpa CUII u peructpa MHOXUTENS (TIPU CABUTE
BIIPABO OHU pPAacCMaTPHUBAIOTCS KaK €IMHBIA PETHCTP) CABUTAIOTCS HA OAUH pas3psij
BIpaBo. [Ipu 3TOM yXOIUT U3 pETHCTPa U TEPSIETCA €AUHULA KPAMHErO MPaBOTo pas-
pana MHOXxuUTeNA. Ha 3TOoM 3tane comepKMMoe CUeTuHMKa LIHUKJIOB CTAHOBUTCS PaB-
HbIM 10, MO3TOMY OCBEIOMUTENIbHBIA cUTHAN X, =(, W, CleA0oBaTEIbHO, MOKHO
HAaYMHATH CJIEAYIOIINI MUK YMHOXKEHHUS (T. €. MPOLIECC YMHOKEHHS €lle HE 3aKOH-
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YE€H, U €ro Hajo IMpOJ0JIKATh). BTOPON UK YMHOMXEHUS BKIIIOYAET TOJIBKO OJHMH
3Tam, Ha KoTopoM conepxumoe peructpa CHUII u peructpa MHOXKUTENS CIIBUTAIOTCS
Ha OJIMH pa3psij] BIIPaBO, a COACPKUMOE CUETUHKA ITUKIIOB YMEHBIIIACTCS HAa €IUHUILY.
[Ipu >TOM yXOAUT U3 perucTpa u Tepsercs OUT paspsaa IBOEK MHOXKUTENS. B aTom
IIMKJIE OTCYTCTBYET Omepalus cioxkeHus cojnepxkumoro perucrtpa CUIl u peructpa
MHOXHTEJA. JTO CBSI3aHO C TEM, YTO IPH MEpexoie K LHUKIY 2 OCBEIOMUTEIbHBIN
curtai X; = 0. 1o 03Hay4aer, 4To BTOPOH pa3psa MHOxuTensa paBeH 0. B atom cny-
yae, KaK 3TO JEeNaJIOCh B PACCMOTPEHHBIX BBIIIE IMPUMEPAX, K CONEPKUMOMY pPEru-
ctpa CUII Heobxomumo 6bu10 661 10OaBUTH KO 000. Ho 3Ta omeparust He MPUBOIUT
K M3MEHEHUI0 cojiepxkumMoro peructpa CUII, a 310, B CBOIO ouepellb, 03HAYAET, UTO
Ha CaMOM JIeJIe HUKAKOIro CJIOKEHUs MPOU3BOJIUTH HE HYX)HO. B 3TOM 1ukie couep-
KUMOE CUETUMKA LIUKJIOB CTAHOBUTCS paBHBIM (1, Tak 4TO OCBETOMUTENBHBINA CUTHAI
X2 = 0. IloaTOMy OCYHIECTBIIIETCA MEPEXOA K LUKIY 3, B KOTOPOM BBIITOIHSIOTCS
orepalny, aHaJIOTHYHbIE TIEpBOMY ITUKITY. Ha 3TOM 1uKIie BBINOJHEHUE YMHOKEHUS
3aKaHYMBACTCA, TAK KAK COAECPKUMOE CYETYHMKA LUKIOB CTaHOBUTCA paBHbBIM (0
(ocBegoMuTenbHbIN curHai X; = 1). [Ipu atom mnaammue tpu paspsana peructpa CUII
U PETUCTP MHOXHUTENS cojepxar mnonHoe mpousBeneHue 100011 (mecstuu-
HOe uncio 35).

BapuraHTBI cO CIBUTOM MHOKHMOI'O Ha MPAKTUKE HE HUCIIOJIB3YHOTCS, ITOCKOJIb-
Ky I UX peaM3aliy peructp MHoxuMoro, peructp CHUII m cymmaTop JOJDKHBI
UMETh Pa3psAHOCTB 2N.

2.3.2 Ymnoowcenue uucen co 3naxom

YMHOXKEHHUE YUCEI CO 3HAKOM MOKET BBINOJHATHCS KaK B MPSIMOM, TaK U B J10-
noJHUTEIBHOM Koje [3]. OHako yMHOKEHHE YHCEN B MPSIMOM KOJC BBIOTHICTCS
HECKOJIBKO MPOUIE, YEM B JOMOJIHUTEIBHOM. [Ipy yMHOKEHNH YMCe B PSIMOM KOJIE
MIEPEMHOXKAIOTCA MOAYJIA COMHOXUTENEN A U B, a 3HaK MPOU3BEICHUS ONPEIEISIETCA
IyTEM CJIOKECHUS 10 MOAYJIIO IBYX 3HAKOBBIX Pa3psI0B COMHOXKHUTEIICU U ITPUITUCHI-
BAETCS IPOU3BEICHUIO MOCIIE 3aBEPIICHUS IEPEMHOKEHUS MoayJel 4 u B.

Bo Bcex DBM o006mienpuHATO NpeACTaBiIsTh Yuciaa co 3HaKOM B ¢opme ¢ QK-
CHUPOBAHHOM 3amsITON B JOMOIHUTEIBHOM Kojie. [1o aTol npuunHe 60s1ee mpeanodTu-
TeJIbHBI BapHAHTHI, HE TPeOyIOIIe MPeoOpa3oBaHUsl COMHOXUTENEH U 0OecTieunBa-
IOIIME BBIUYKUCIIEHUS HEMOCPEACTBEHHO B JIONOJHUTENBHOM Kozae. IIpu mepeMHoxe-
HUU YWCeJ B JIOTIOJIHUTEIILHOM KOJI€ 3HAK MPOU3BEICHUST POPMHUPYETCS] aBTOMATHY -
CKH BMECTE C IPOU3BEIACHHUEM.

BrinonHeHnne onepanyu yMHOKEHUS B JOMOJHUTEIBHOM KOJE OCYLIECTBIISCT-
Cs B COOTBETCTBUU C aneopummom Pobepmcona. Anroputm PobepTcoHa aHanoruueH
PACCMOTPEHHOMY paHee aJiropuTMy JUIsl 4ucesl 0e3 3HaKa MO 4YEeTBEPTOMY METOIY
(METOa CO CABUIOM CYMMBbI YaCTHUYHBIX MPOU3BEIACHUN BIPABO), HO YUUTHIBAET JIBE
MPUHIUNHATBHBIE 0COOEHHOCTU, 00YCIIOBIICHHBIC TIOMOJHUTEIHHBIM KOJOM.

[TepBast 0cOOEHHOCTD CBSI3aHA C TEM, YTO B MPOIIECCE YMHOXKEHUS MOTYT TOJTY-
4aThCsl KaK MOJIOKUTENIbHBIC, TAK U OTPUIATEIbHBIE CYMMbl YaCTUYHBIX MPOU3BEIE-
HUW. B 3TOM ciiyuae i nojiydeHus: KOPPEKTHOTO pe3ysibTaTa JOKHA BBIMOJIHATHCS
omepanusi apu(pMETHIECKOro CABUTa BIPABO JUIsl CYMMbl YACTHUHBIX MPOU3BEICHUN
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— OCBOOOKIAIOIIASACA TIPH CABUIE MO3ULIMS CIEBA JIOJKHBI 3alI0JHATHCS HE HYJEM, a
3HAUYEHHEM 3HAKOBOro pazpsaa ciasuraemoro yucia. IIpu nomydennn CYUIT moxer
BO3HUKHYTh CHUTYallMsl, aHAJIOTMYHAS MEPETOTHEHUIO MPU CIOKEHUHM YHCEe, T. €.
CTapIIMi pa3ps]] 3HAYANICH YacTH 3aHMMAeT MO3UIMI0 3HaKa (MO3MWIHMS 2N), a 3HaK
NepPeXoAUT B MO3UIMI0 ¢ HOMepoM 2N + 1. [losToMy npu BBIMOJHEHUU ONEpAIUU
CABUTA BIIPAaBO CyMMbl YACTUYHBIX MPOU3BEIECHUN YIOOHO MOJIb30BATHCS CIEAYIO-
MM TIPABUIJIOM: B OCBOOOKIAIONIYIOCS TIPH CABUTE MO3UIIUIO cieBa (MTO3ULIMS 3HAKA)
3aHOCUTh 3HAYEHHE 3HAKOBOTO pa3psiia MHOXUMOTO, T.€. HPHU MOJOKUTEIHHOM
MHO>XMMOM — HYJIb, @ IIPX OTPHULATEIbHOM — eAUHUIY. OTHAKO CIEAYyeT YUUThIBATh,
YTO 3TO MPABUJIO HAYMHAET JEHCTBOBATh TOJIBKO C MOMEHTA, KOTJa CPEIu aHAIU3U-
PYEMBIX pa3psiIOB MHOKHUTEIS MOSABIIAETCS IEPBAst €IUHULIA.

Bropas 0coOeHHOCTh 3aKJII0UaeTcsi B TOM, YTO BBIIIOJIHEHUE OTNEpai yMHO-
KEHUS B JJOMOJHUTEIBHOM KOJIE paciajaeTcs Ha 1Ba CIydasl.

1. Muoowcumoe npouseonbH020 3HAKA, MHONCUMELL NOTOHCUMETbHBIL.

[Tpouenypa yMHOXEHMSI HPOTEKAET AHAJIOTMYHO YMHOXKEHHIO O€33HaKOBBIX
YHCeJl C YUETOM C/IeJIaHHOro 3aMeuanus 00 apupmernyeckom casure CUIL B ciyudae
OTPULIATEIILHOTO MHOYKHMMOI'O PE3YyJIbTaT YMHOXKEHUs OTPULIATEIbHBIN, ITO3TOMY OH
[I0JIy4a€eTCsl B IOIIOJIHUTEIIEHOM KOJE.

2. MHnoorcumoe npou3sonvbHO20 3HAKA, MHOMCUMEL OMPUYAMETbHBILI.

Tak KaK MHO>XMTEJIb OTPULIATENIEH, OH 3alUCHIBACTCS B TONOJHUTEIBHOM KOJE
[Blion = 2™ — |B|, u B uudpoBbIx paspsaax koia OyaeT NMPEJCTAaBICHO YHCIO
2" — |B|. [Ipu THIIOBOM YMHO>XEHUH, KaK M B CIIy4ae TMOJI0KUTEILHOTO MHOXHTEIIS
(T. €. Ipu aHaNM3€ TOJBKO 3HAYAUIUMX Pa3psA0B MHOMKUTENS), BMECTO HCTHHHOIO
npousBeaeHus: P momy4yaeM NCeBIONPOU3BEICHHE

P' = A(2" — |B|) = —A|B| + A2™.

[TceBmonpounsseieaue P’ GoJbIlie HCTHHHOTO MPOM3BEACHUS P Ha BEIMUYMHY
A2™, 94T0 1 He0OXOAMMO YUUTHIBATH MPU (OPMHUPOBAHUN OKOHYATEIHHOTO PE3yJIbTa-
Ta. JlJIg 3TOro BBITOJHATCS KOPPEKUUS PE3yNbTaTa: OCIIE MMOCIEIHETO CABUIA U3 I10-
JY4EHHOTO TICEBAONPON3BEACHNUS BEIYUTACTCS H30bITOUHAS BennyrHa A2™,

B anroputme PoGepTcoHa 3TO YYUTHIBACTCS CIECAYIOMMUM 00pa3oM. 3HAKOBBIM
pa3psi y4acTBYET B ONE€palid YMHOKEHHS Hapsay cO 3HaYalluMu paspsaaaMu. AHa-
JM3 3HAUYAINX Pa3psa0B MHOXKHTENS OT MIIAIIero b, 1o crapuiero b,_;, a TaKkxe
OOyCJIOBJICHHbIE 3TUM AaHAJIU30M CIIOKEHUS M CIBUTH BBINOJHSAIOTCA CTaHAAPTHBIM
oOpazom. Pa3psin mHOXUTENS by, COAEPAKUT 3HAK U I OTPULATEILHOTO MHOMKHUTEIS
paBeH 1. B cranmaptHoM citydyae 3To npennoiaraet npudasienue k CUII mHoxuMO-
ro, CIIBUHYTOTO BJICBO Ha N pa3psuos, — V = A2™. BMecTo 3TOTr0 Ha mIare aHaimsa
3HAaKOBOT'O pa3psiia MHO)KMMOE, CABUHYTOE BJIEBO Ha N pa3psaoB, HE MPUOABIIETCS K
CUlIl, a BeruuTaercs u3 Hee. HarmoMHuM, 4TO Takas KOPPEKLMs HY>XKHA TOJIBKO B CIy-
4ae OTPULATEIBHOTO MHOKHUTENS.

Takum oOpa3om, aIrOpUTM YMHOMXEHHS YHCET CO 3HAKOM MOXKHO CPOpPMYIHU-
POBATh CJIEIYIONTUM 00pa3oM:

1) MHOXHMOE ¥ MHOXKUTEIIb MPEICTABIISIFOTCS B JOMOJHUTEIBHOM KOJIC;
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2) WCXOMHOE 3HAYCHHE CYMMbI YaCTHUHBIX mpousBenennit CUIIl, mpuHmmaert-
Cs PaBHBIM HYIJIIO;

3) aHanM3WpyeTcs OdYepeaHOW 3HAuaIluMd paspsn MHOxutTens b; (aHamu3
HayMHaeTCs ¢ Mmiuaamero paspsnaa). Ecou b; = 1, To k CUII; mpubaBnsieTcss MHOXU-
Moe, CIBHHYTOE BJIeBO Ha N paspsaoB YIl; =V = A2™ B TOM Ko/, B KOTOPOM OHO
npencrasieno. Eciu b; = 0, To npubasieHue He mpousBoauTcs. B pesynapTaTte mo-
Jy4aeTcsl ouepeiHasi cymMma 4acTUYHbIX npousBenenui CHIL,, 4 ;

4) npou3BOAUTCS apu(PMETHUCCKUN CIBUT CYyMMbI YaCTUYHBIX MPOU3BEACHUMN
BIIPaBO Ha ofuH paspsaa CUIl,,271;

5) myHKTHI 3 ¥ 4 TOCIIEOBATEIBHO TOBTOPSIOTCS ISl BCEX 3HAYAIINX pa3psi-
noB MHoxuTenda. [locie aHanmm3a crapiiero 3Haudamiero paspsaa b,_; MHOXKUTE
ocyliecTBiIsA0TCs nocaeanee caoxkenue UYIl,,_; =V ¢ CUIl,,_;271 (ecam b,,_; = 1)
u nocinennuit casur CYII,, BrpaBo;

6) aHanMM3MpyeTCs 3HAKOBBIA pas3ps]i MHOXKHUTENSA. Eciau OH paBeH CIUHMIIC
(MHOKHTENb OTpULATENbHEIH), To 13 CUIL, 271 BerunTaerca V = A2™ (npubasnsercs
V ¢ oOpaTHBIM 3HAaKOM, HPEACTaBICHHOE B JONOJTHHUTENBHOM Kome, [—V].,, =
[—A] on2™). Eciu 3HaKOBBIH pa3psn MHOXKHTENS PaBEH HYIIO (MHOXKUTEIb MOJIOKH-
TEJIbHBIN), TO BBRIUUTAHUE HE MPOU3BOJUTCA. B pe3ynbTaTe mojydaeTcsi mpou3Beie-
HUE, IPEJICTABIIEHHOE B IOMOJIHUTEILHOM KOJE.

[Mpumep 19. YMmHOXUTH ABa Ienblx uuciaa co 3HakoM: A=-13, B=+10
(n=4).
Pewenue. [A],qorl = 1.0011; [B],aon = 0.1010;V = [A]AOHZ4 = 1.0011 - 2%,
Mar M Mu m CUIl IevicTBUE

0 1010 0.00000000 CUII,=0

1 |101)0| 0.0000 Ullo=Vbo=0
0.00000000 | CUIl;=CUll+4ll,
0.00000000 |CuUll;2™" (cmeur CUIl BOpParo)

2 | 100 | 1.0011 Ul =Vb,=V
1.00110000 CUIl,=CUIl, 2 44l
1.10011000 CL_THZZ_1 (coBur CUIl BOpaso)

3 | 1foro | 0.0000 YIl,=Vb,=0
1.10011000 CUIl;=CUIl,2 *+4Il,
1.11001100 CUll;2™" (cmeur CUll BIIPaBO)

4 |[foro| 1.0011 Ull,=Vby=V
100.11111100 | CUIl,=CUll;2 "+Ull;
1.01111110 [ P] on=CUIl,2”" (cmBur CUIl BIOpPaBoO)
omdpacsbaemca
1.10000010 [P e
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Omeem. P = —130.

O6paTI/ITe BHHUMAHHUC, YTO B COOTBCTCTBUU C IIpaBHJIaMU CJIOKCHUA B TOIIOJI-
HHUTCJIBHBIX KOJaX BO3HHKAIOHIIAA B IIPUMCPC 19 nHa mare 4 B PE3YIIbTATC CIOKCHUA
CAMHHIA IICPCHOCA U3 3HAKOBOI'O pa3psaa OT6paCBIBaCTC$I.

[Mpumep 20. YMHOXUTH ABa IENbIX uuciaa co 3Hakom: A =+13, B=-10

(n=4).

Pewenue

[A]gon = 0.1101, [B],qon = 1.0110;V = [A],uon24 =0.1101- 2%,
Besnmunna koppekunn —A2* = [-A],,,2* = 1.0011 - 2%,

Mar MT MuH m CUIl IencrrUE
0 0110 0.00000000 CUIIy=0
1 011[0] | 0.0000 Yllo=Vbo=0

0.00000000 CUIIl;=CUIl,+4II,

0.00000000 |CuUll;2™" (cmeur CUIl BHpParo)
2 011jo | 0.1101 Ull,=Vh,=V

0.11010000 CUIl,=CUIl, 2 +4Il,

0.01101000 CUll,2™' (cmeBur CUIl BIIPABO)
3 Of10 | 0.1101 Ull,=Vb,=0

1.00111000 CUIl;=CUIl,2 *+4Il,

0.10011100 an32‘1 (coBur CUIl BOpamo)
4 0110 | 0.0000 Ull;=Vb;=V

0.10011100 CUIl,=CUIl;2 '+Ull,

0.01001110 P’ =CUIl,2™' (cmeBur CUII BIIPABO)

Koppex— 1.0011 [-A] gon2*

LA 1.01111110 [ P] on

1.10000010 [ P] oo

Omeem. P = —130.

[Mpumep 21. YMHOKHTE ABa IENIbIX YKcia co 3HakoM: A = -13, B =-10 (n = 4).

Pewenue

[A] jon = 1.0011; [B] 0, = 1.0110; V = [A]AOH24 = 1.0011 - 2%
Benmunna koppekunn —A2* = [-A],,,2* = 0.1101 - 2%,




Mar M Mu m CUIl IencrTrue
0 0110 | 0.00000000 CUIl,=0
1 011[0] | 0.0000 Ully=Vby=0
0.00000000 CUIl;=CUll,+Ull,
0.00000000 |CuUll;2™" (cmeur CUIl BHOParo)
2 01f1jo | 1.0011 Ull,=Vh,=V
1.00110000 CUIl,=CUIl; 2 +4Il,
1.10011000 |CUll,2™' (cmeur CUIl BIOpaso)
3 Ofjro | 1.0011 Ull,=Vb,=0
10.11001000 | CUIl;=CUIl,2 "+UIl,
1.01100100 CL_THgZ_l (coBur CUIl BHOpPaso)
omdpacstboemcs
4 0110 | 0.0000 Ull;=Vbs=V
1.01100100 CUIl,=CUIl;2 '+Ull,
1.10110010 P’ =CUll,2"* (cmBur CUII BIIPaBO)
Koppek- 0.1101 [-A] zon2”
Lns 1/0.10000010 [ P] zon=[Plup
omdpacstboemcs

Omeem. P = +130.

2.3.3 Memoowi yckopeHust yMHOIICeHUs

MeTtobl yCKOPEHUsI YMHOKECHUSI MOXKHO YCJIOBHO Pa3/ICUTh HA JIOTHUECKUE U
armapatseie [3]. Jlornyeckre METOIBI MO3BOJISIIOT COKPATUTh BPEMS BHIYHCIICHUS 32
cyet Oosiee YPPEKTUBHBIX AITOPUTMOB YMHOKEHHUSI, O3BOJISIOIMINX YMEHBIIUTh KO-
JMYECTBO CJIOKEHUH B XOJI€ YMHOXXCHUS. ATIMapaTHbIC METOJbI HANpPAaBICHBI Ha
CXEMHOE COKpaIlleHHe BPEMEHHU BBIUMCIICHUS U CYMMHPOBAHHUS YaCTHYHBIX TIPOH3BE-
JICHUM.

Jlocuueckue memoowl yckopenusi ymuodceHusi. Jlornueckue moaxoabl K yCKo-
PEHHIO YMHOKEHHUSI MOYKHO TIOJIPa3/ICIUTh HA JBE TPYIIIIbL:

— TMPUMEHEHHUE N30BITOUYHBIX CUCTEM CUHCIICHHS;

— MPUMEHEHHUE CUCTEM CUHCIICHHSI C OCHOBAHUEM OOJIBIINM JIBYX.

PaccMoTpuM mepByIo IpyIiiny JIOTHYECKHX METOJIOB — YMHOXKEHHUE C UCTIONH30-
BaHMEM HM30BITOYHBIX CHUCTEM cuuciieHus. Hanbonee M3BECTHBIM U PAaCIpPOCTPAHEH-
HBIM TIPECTABUTEIIEM 3TOU IPYIIIbI SIBJIIETCS aaroput™ byTa.

Aneopumm Byma [3]. B ocHoBe anroputma bByra nexuTt cieayroiiee COOTHO-
HICHHUE, XapaKTEePHOE JIJIs TIOCIIeI0BATEIIbHOCTEH TBOMYHBIX ITUQD:
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2M 4 2Mm71 oo 4 2K = 2mHL ok,

riae M u K — HoMepa kpaliHUX pa3psioB B TPYIIE W3 MOCIEAOBATCIBHBIX CIUHUII.
Hampumep, 011110 = 2° — 2*. D10 03HauaeT, 4TO IPH HAIMYHE BO MHOYKHTEIE IPYIIIT
13 HecKoJbkux eauHull (komounanuii Buaa 011110), nocnenoBarenbHoe 100aBlICHHE
Kk CUII MHOXUMOTO ¢ HapacTaIOIIUM BECOM (OT 2¥ 1o 2™) MOKHO 3aMEHUTH BBEIYMTA-
areM 13 CUIl MHOKEMOTO ¢ BecoM 2 1 npudasnennem k CUII MHOXHMMOrO C Be-
com 2™,

AnroputM byTra cBomuTCA K TMEPEKOAUPOBAHUIO MHOXHUTENS M3 CHUCTEMBbI
{0, 1} B us6BITOURYIO cuctemy {1,0,1}. Takoe mepeKkOAUPOBAHHE YACTO HA3HIBAIOT
nepekoaupoBanueM byta (Booth recoding). B 3anmucu MHOXUTENS B HOBOW CHCTEME
1 o3Hauaer f06aBIEHHE MHOKUMOIO K CyMMe YaCTUYHBIX IIPOM3BECHMUI, 1 — BHIUM-
TaHue MHOKUMOTO U 0 He MpeoaaracT HUKakux JeicTBuil. Bo Bcex ciyyasix mocie
OYepEeTHON UTEepallUKi MPOU3BOJUTCA CIABUT MHOXKMMOTO BJIEBO WJIM CyMMBI 4acTHU-
HBIX TIPOU3BEICHUN BIpaBo. Peanuzanus aaropurMa npearnosiaraet rnociaeaoBaTesb-
HBI B HAIPABJICHUH CIIpaBa HAJICBO aHAIHU3 Map pa3psa0B MHOKHTEIS — TEKYIIETO D
u npenmectyromero biy (b biy). s mmagmero paspsaa maoxkutens (i = 0) cuura-
€TCSI, YTO MPEIIIeCTBYIOMUI pa3psn paBeH 0, T. €. uMeeT Mecto mapa by0. Ha xax-
aoM mare i (=0, 1,..., n — 1) aHanmu3upyeTcs Tekymas komOuHanus b; by ;.

ANTOPUTM MpeJIoiiaraeT TPpU OIMEpallid: CIABUT, CIOKEHHE W BBIUUTAHUE.
KomOunanus 10 o3HayaeT Hayanao IENOYKH IMOCJIEA0BATEIbHBIX €AUHUI], U B 3TOM
citydae mpou3BoAuTcs BelunTaHue MHoxkumoro u3z CUIL. Kom6unanus 01 cootBert-
CTBYET 3aBEPILCHUIO IIETIOYKH €JIMHUII, U B 3TOM CIIy4ae MHOXXMMOE NpUOaBIseTcs K
CUIl. Komounarus 00 cBUIETEIbCTBYET 00 OTCYTCTBUHU LIETIOUKH eAuHUIL, a 11 — o
HAXOXKJCHUU BHYTPH TakoH 1ernodyku. B oOoux ciydasx HUKakue apupMeTUYeCKue
onepauuu He npousBoaarcs. [1o 3aBepiieHnn ONMMCAHHBIX IEUCTBHUI OCYIIECTBIISIETCA
CIABUT MHOXMMOTO BJIEBO JINOO CyMMBI YaCTHYHBIX MPOU3BEIACHUHN BIPABO, M ITUKII
MOBTOPSIETCS IS CJCAYIONICH Taphl pa3psaoB MHOXUTENA. Eciu mocienHss mapa
pa3psaoB MHOXxUTENA D,q bn, paBHa komOuHammsam 10 wim 11, goKkHA OBITH BBI-
MOJTHEHA KOPPEKITUS pe3yibTaTta, KOTOpas 3aKI0YaeTCsl B 100aBICHUH MHOXKHUMOTO K
nocjaeaHel CyMMe YaCTUUHBIX TTPOU3BEICHUIA.

[Iporiecc ymMHOXKEHHUS TIO anroputMmy byTa paccMOoTpum Ha CIEAYIOMMX MPHU-
Mepax. B mpuBeeHHBIX MpuMepax MCMOIb3YETCs BapUaHT YMHOXKEHUSI CO CIABUTOM
MHOXXHMOTO BjieBO. Onepaiusi BBIUUTAHUA, KaK 3TO MPUHSITO B PeaIbHBIX YMHOKHUTE-
JISIX, BBITIONHSAETCS MyTEM CIIOKEHHUSI ¢ MHOXHUTEJIEM, B3SITHIM C TIPOTHUBOIOJIOKHBIM
3HAKOM M TIPEJICTABICHHBIM B JIOMOJHUTEILHOM Kojne. [Ipu »ToM ciokeHue ocy-
HIECTBIISIETCS TI0 MPaBUJIaM CJIOKEHHUS B JIOMIOJIHUTENBHBIX KOJIaxX, T. €. €JUHUIIA Tie-
peHoca 13 CTapliiero pa3psjaa oropacbiBaeTcs.

[Ipumep 22. YMHOXUTH JBa LIEJbIX yuciaa 0e3 3Haka mo anroputmy byra:
A=6,B=7(n=4).

Pewenue. A = 00000110, [-A],,;, = 11111010.

B = 0111. IMTocne nepexkomuposanus Mt 0111 npuobpetaer Bua 1001,
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Iar MT Mu m CUIl IencrTrue
0 0111 00000000 | CUIIE=0
1 Oll 11111010 Hauamno uenouku egmHmi, (—-MH)
-1 11111010 |cCuIl,
00001100 |CmoBur MH BJIEBO
2 Ol ———————— BHYyTpM LENOYKM e€IOVHUIL]
0 11111010 | CUIl,
00011000 |CoBur MH BJIEBO
3 Ol ———————— BHYTpM LENOYKM eIVHMNL]
0 11111010 | CUIll,
00110000 CoBur MH BJIEBO
4 | o111 00110000 |KoHew UeNmoYKM emMHML (+MH)
1 1}{00101010] | P=CUll;=6x7=42
omdpacstbagmcsa

[Ipumep 23. YMHOXUTH JIBa LIEJBIX yuciaa 0e3 3Haka 1o anroputmy byra:

A=6,B=14 (n=4).

Pewenue. A = 00000110, [-A],,, = 11111010.
B = 1110. ITocne nepexoguposanus Mt 1110 npuo6peraet sua 0010.

Mar MT Mu m CUIl IevicTBUE
0 1110 00000000 CUIIy=0
1 111 ———————— OTCcyTCTBME LIEINOUKM €IOUHMUILL
0 00000000 CuIll,
00001100 CoBur MH BJIEBO
2 ll 11110100 HauaJjso uenoukm engmHmil (—MH)
-1 11110100 CUIl,
00011000 Corur MH BJIEBO
3 lO ———————— BHYyTpM LENOUKM €IOVHULL
0 11110100 CUIls
00110000 Cormur MH BJIEBO
4 lO ———————— BHYyTpM LENOUKM €IOVHULL
0 11110100 CUIl,
01100000 Cormur MH BJIEBO
Koppek- 01100000 +MH
s 1/01010100 | P=6x14=84
omdpacstfaemcar
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[ToMUMO cOKpallleHus] Yuciaa CIOKEHUHN (BBIUYMTAHUN) ATOT aJTOPUTM HMEET
€lle OJJHO JOCTOMHCTBO: OH B PABHOM CTENEHU MPUMEHUM Kak K yuciam 0e3 3Haka,
TaK U K 4rciaM co 3HakoM. [Iponecc ymHOkeHUs no anroputMmy byrta yucen co 3Ha-
KOM OTJMYAEeTCA TEM, YTO 3HAKOBBIM pa3psi MHOXKHUTEIS Y4acTBYET B aHAJIU3E
HapaBHE CO 3HAYalIUMU pazpsaaMu. [Ipu 3ToM, TOCKOIBKY 3HAKOBBIN pa3psij y4acT-
BYET B MIPOLECCE YMHOXEHHUSI, KOPPEKIHUIO pe3yJibTaTa IPOU3BOJUTH HE HYXKHO.

[pumep 24. YMHOXKHTH JBa MEJBIX YHCIA CO 3HAKOM IO anroputmy byra: A =
—6,B =14 (n=4).
Pewenue. [Aly, = 1.00000110, [A] 6, = 1.11111010,
[—A]on = 0.00000110.
[Blup = [Blyon = 0.1110. Ilocne nepexkomuposanus Mt 0.1110 mpuobpera-
er sux 10010.

Mar M Mu m CUIl IevicTBUE
0 0.1110 0.00000000 |CUll,=0
1 O.lll —————————— OTcyTCcTBME LEeINOUKM eIMHMI]
0 0.00000000 | cCduIl,
1.11110100 Corur MH BJIEBO
0.00001100 CoBur -MH BJIEBO
2 O.ll 0.00001100 |Hauajso uenoukm enuHmMi (—MH)
-1 0.00001100 |cCuIl,
1.11101000 Corur MH BJIEBO
0.00011000 CoBur -MH BJIEBO
3 O.lO —————————— BHYTPM LENOUKM eIOVHUIL]
0 0.00001100 | CUIls
1.11010000 CoBur MH BJIEBO
0.00110000 Cormur -MH BJIEBO
4 O.lO —————————— BHYyTpPM LENOUKM EIOVHUL]
0 0.00001100 |CUIl,
1.10100000 CoBur MH BJIEBO
0.01100000 CoBur -MH BJIEBO
S Oll 1.10100000 | KoHel Lenodykm enmuami, (+MH)
1 1.10101100 | [P] om
1.01010100 [Plop=(-6)x14=-84

[Ipumep 25. YMHOXUTH JBa IEJbIX YMCIIa CO 3HAKOM 1o aiaroputMmy byra:

A=-6B=-9(n=4).

Pewenue. [Al,, = 1.00000110, [A],o, = 1.11111010,
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npuobperaer Bua 11001,

[—A]on = 0.00000110.
[Blyp = 1.1001, [B]on = 1.0111. ITocrne nepexoauposanus Mt 1.0111

Mar M Mu m CUIl IevicTBUE
0 1.0111 0.00000000 | CUIIy,=0
1 1.011 0.00000110 |Hauamso uemnoukM enguHmil (—-MH)
-1 0.00000110 |cCUIL,
1.11110100 CoBur MH BJIEBO
0.00001100 Corur -MH BJIEBO
2 1.01 —————————— BHYTpM LENOYKM e€IOVHUIL]
0 0.00000110 |cCUIl,
1.11101000 CoBur MH BJIEBRO
0.00011000 Cormur -MH BJIEBO
3 1.01 —————————— BHYTpPM LENOUYKM eIOVHUI]
0 0.00000110 | CUIl,
1.11010000 Cormur MH BJIEBO
0.00110000 Corur -MH BJIEBO
4 l.ll 1.11010000 |Konel uenouku engmHmi; (+MH)
1 1.11010110 | CUIl,
1.10100000 Corur MH BJIEBO
0.01100000 Cormur -MH BJIEBO
S) Oll 0.01100000 |Hauamno uenouxku enmHmi (-MH)
-1 0.00110110] | [P]non=[P]mp=(-6) x (-9)=54
omdpacstbaemesa

Hano moMHUTB, 4TO MpHU UCIOIB30BAaHUU BapuWaHTa YMHOXEHHUSI CO CIBUTOM
CyMMBbI YaCTUYHBIX TTPOU3BEJACHUN BIIPABO B OCBOOOKIAIOIIUIICS CIeBa pa3psij 3aHO-
CUTCSI 3HAYCHUE 3HAKOBOTO pa3psia, T.€. BBIMOJHIETCA apUMETUUYECKUM CIBUT
CUII BmpaBo.

[Ipumep 26. YMHOXUTH, UCIIOJIb3YsI BAPUAHTA YMHOKEHHUSI CO CIIBUTOM CYMMBI
YaCTUYHBIX NPOU3BEAECHUN BIIPABO, ABA LEJIBIX YHUCIA CO 3HAKOM 110 aaroputMmy byra:

=-6,B=-9(n=4).

Pewenue. [A]y, = 1.0110, [A] o = 1.1010, [=A] 0, = 0.0110.
[Blyp = 1.1001, [B],eq = 1.0111. Ilocne nepexoauposanus Mt 1.0111
npuobperaer Bua 110017.
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Iar M Mu m CUIl IencrTrue

0 1.0111 0.00000000 | CUlly,=0
1 l.Oll 0.0110 Hauamno uenoukm enguHmil, (—-MH)
-1 0.01100000 | cCuIl,

0.00110000 |Cmeur CUIl; BOpParBO

2 1. Ol —————————— BHYyTpM LENOUKM e€OMHMUI]L
0 0.00110000 |cCuIl,
0.00011000 |Cmeur CUIl, BOParBO

3 1. Ol —————————— BHYyTpM LENOYKM eIVHUL]
0 0.00011000 |CUull;
0.00001100 |Cmeur CUll; BOpPaBO

4 1.11 1.1010 KoHel uenouxkm enmHmi, (+MH)
1 1.10101100 |cCUull,
1.11010110 |CmBur CUIll, BOpaBO
> Oll 0.0110 Hauajsio uHenoukm enuHmMi (—MH)
-1 .00110110\ [P] jon=[Plop=(-6) x (-9) =54
omdpacstbaemcs

Moougpuyuposanneiii aneopumm byma [3]. Ha npaktuke Oosibliiee pacmpo-
CTpaHEHHE MOTYyYUT MOAUPUIIMPOBAHHBIN aliropuT™ byTa, B KOTOpOM MTPOU3BOAUTCS
MIEPEKOIUPOBKA MHOXKHTES U3 CTaHAapTHON aBonuHor cuctembl {0, 1} B n30bITOU-
Hy1o cucremy {2,1,0,1,2}. B »Toii cucteme Kkaxnoe 4ucio o603HaYaeT KodIPPUIHU-
EHT, Ha KOTOPbIi YMHOKaeTcsh MHOKUMoe Tiepes; fo6asneHneM k CUIT: 2 — BelunTa-
HHUE yIBOEHHOr0 MHOXumoro u3 CUII, 1 — BBIYMTAHUE MHOKHAMOTO, 2 — npuodasJe-
HUE€ YABOEHHOTO MHOXHMOro, 1 — nmpubaBienue MHOxuMoro u 0 He mpeamnosaraer
HUKaKuX JEUCTBUM. B mpouecce yMHOXEHHUS OJHOBPEMEHHO AHAIU3UPYIOTCS TPHU
paspsaa MHOXuTENs bbby — nBa Tekymux m crapmmit paspsm U3 npeablIyIei
Tpoiiku. B 3aBucumoctu ot komOuHanuu 0 u 1 B 3TUX pa3psiiax BIMOIHSAETCS TIPU-
OaBjieHHE WJIM BBIYMTAHUE MHOXHUMOTO, MIPUOABJICHUE WM BHIYMTAHUE YIBOCHHOTO
MHOXXHMOTO, JIMOO HUKAKWe JEUCTBUS HE TMPOU3BOJATCA B COOTBETCTBHH
c Tabnuuen 5.

Takass Mmonudukaius MO3BOJSET elle OOJbIIe COKPATUTh KOJIMYECTBO OMepa-
LA CJIOKEHUS, BBIMOJHIEMBIX B Mpollecce YMHOXeHHs. Hanmpumep, kak BUIHO U3
Tabauiel S5, npu komOuHaruu 010 B COOTBETCTBUU C MOJUPUIIMPOBAHHBIM aJITOPHUT-
MOM HEOOXOJMMO BBINIOJHUTH TOJIBKO OJHY OTEpAIUi0 CIOKEHHS — MPUOaBUTH K
CUIl mHO)MMOe. B TO ke BpeMsi Ipy Takoil KOMOWHALMK CTaHJIAPTHBIA aJITOPUTM
byra npennonaraer BeIONHEHUE ABYX omnepanuil: BeryecTh 3 CUII MHOXHMMOE U
rociie casura MHOKUMoro mwin CYUII 1o6aBUTh MHOKHUMOE.
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Tabmuma 5

Di+1 | bi | bis {_2_12061 12} BrinonHaseMoe aeicTBre
0O (0O 0 He BBIIOIHATE HUKAKUX JTEUCTBUNA
00| 1 1 [Tpu6aButs k CUII MHOKHMOE
01| 0 1 [Tpu6aButh k CUII MHOKIMOE
01| 1 2 [Tpu6aButh k CUII yaiBoOeHHOE MHOKUMOE
1100 -2 Brruects uz CUII yagBoeHHOE MHOKUMOE
1101 -1 Boeruects uz CUII MEHOXTMOE
11170 -1 Brruects 3 CUII MHO)KHMOE
1 (1|1 0 He BBITIOTHATE HUKAKUX AEHCTBUN

[Mpumep 27. YMHOKUTH [Ba LEIBIX YUCIA CO 3HAKOM 10 MOIU(PHIIUPOBAHHOMY
anroputmy byra: A = 26, B =-18 (n =5).

Pewenue. [Aly, = [A]n = 0.0000011010,
[—24] on = 1.1111001100.

[Blyp = 1.10010, [B],0; = 1.01110. ITocne nepexoauposanus Mt 1.01110
npuobpetaer Bua 102.

[—Alon = 1.1111100110,

Mar M Mu m CUIl IevicTBUE
0 |1.01110 0.0000000000 |CUll,=0
1 | 1.011200 1.1111001100 |-2Mu
-2 1.1111001100 |cCuI,

0.0001101000

Corur MH BJIEBO
Ha 2 paspdna

2 | 1.01110
0

1.1111001100
0.0110100000

Her memcrBUS
CuIl,

Corur MH BJIEBO
Ha 2 paspsgana

3 | [L.01110 1.
-1

1001100000
1}41.1000101100

omdpacstboemcd

-MH
CqH3: [ P] non

1.0111010100

[P]p=26x (~18) =468

Anecopumm Jlemana [3]. Eme Ooubliice COKpalleHHUE KOJIMYECTBA CIIOKEHUH
MOJKET JaTh Moaudukaius aaroputMa byra, npemioxkennas Jlemanom. CyTh MOIu-

(bHKaI_II/II/I 3aKJII0Y9acTCA B CIICAYIOICM:
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— €CJIM JIBE TPYNIBI HyJIEH pa3/ieNieHbl eNuHUICH, cTosmel B K-if mo3unuu, To
BMECTO BbIYHTAHHA B K-if mo3umwu u cioxxenus B (K+1)-i mo3unmm 1ocTaTtoyHo BbI-
TIOJTHUTH TOJIBKO CIIOKEHHE B K- mMo3unuy;

— ©CJIM JIBE TPYIIBI eJWHUII Pa3/IeeHbl HYJIeM, CTOSIUM B K-H mo3uimu, To
BMECTO CIIOKCHHUs B K-i mo3uiu u Berautanus B (K+1)-i mo3ummm 10CcTaTovuHO BBI-
TIOJTHUTH TOJIBKO BhIYUTaHKE B K- mo3unmu.

Obpabomka 08yx paspsoos muodxcumens 3a wae [3)]. I3 BTopoi rpymisl J0ru-
YECKUX METOJIOB MPUBEJAEM METOJ YMHOXKEHHUS ¢ 00pabOTKOM 3a IIar ABYX pa3psaoB
MHOUTeNs. B mpunmumne sto 6omnee 3dhdexTuBHBIN BapuaHT anroputMma byra. Ana-
JIM3 MHOXUTENS] HAYMHAETCS C MIIAJIIMX pa3psaoB. B 3aBUCMMOCTH OT BXOASLIEH
IBYXpPa3psAIHON KOMOMHAIIMY NPETyCMaTPUBAIOTCS CIAEAYIOIINE JEHCTBUL:

00 — caBur Ha /Ba pa3psiia BIPaBO CyMMbl YaCTHUHBIX MPOU3BEICHUN;

01 — x CUII npubasnsercst MHOXUMOE, rociie yero CUII cnuraetcs Ha 2 pasz-
psiza BIIPaBo;

10 — x CYII npubasnsercs ynpoennoe muoxumoe, CUII casuraercst Ha 2 pas-
psiza BIPaBo;

11 — u3 CUII Beruntaetcs muoxxkumoe, CUII casuraercst Ha 2 pa3psia BIIPaBo.
[TosyueHHBIN pe3yabTaT AOKEH ObITh CKOPPEKTUPOBAH Ha CIEAYIOLIEM IIare, 4ro
(ukcupyeTcsi CieliMaJIbHbIM IPU3HAKOM KOPPEKIIUY.

Tak kak B ciayyae napsl 11 n3 CUII BeIunTaeTcss ONMHAPHOE MHOKHMOE BMECTO
MpUOABJICHHS YTPOEHHOTO, NIl KOppeKTUpoBKH pe3ynbrara Kk CUII nepen BoinonHe-
HUEM CJIBUra HaJl0 ObLI0 Obl MPUOABUTH yueTBEpeHHOE MHOkUMoe. Ho mociie casura
Ha 1Ba paspsana sopaBo CUII ymeHnbpmaercs B 4eTbIpe pas3a, Tak YTO Ha CIEAYIOIIEM
miare JOCTaTOYHO 0OABUTh OJIMHAPHOE MHOKUMOE. DTO YUUTHIBACTCS MIPU 00paboT-
Ke CIeayroel mapbl pa3psiioB MHOXKUTENS, myTeM oOpadoTku napsl 00 kak 01, 01 —
kak 10, 10 — xak 11, a 11 — xak 00. B nocnennux aAByx ciydasx (pUKCUpyeTCs MpU-
3HAK KOPPEKLUH.

[TpaBuiia 00pa®oOTKHM map pa3psiioB MHOKUTEIS C YYETOM MIPU3HAKa KOPPEKLIUU
IpUBEJICHBI B TabuIIE 6.

Tabania 6
ITapa paspsinoB | IIpusnak koppekiuu | IIpusHak koppekuuu | BeimoHsemoe
MHOXHUTENS | U3 MPEABIAYIIEH Naphl | B CICIYIOUIYIO TTapy JICUCTBUEC

00 0 0 -

01 0 0 +MHu
10 0 0 +2Mu
11 0 1 —MH
00 1 0 +MHu
01 1 0 +2MH
10 1 1 —MH
11 1 1 —
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[Tocne okoHUaHUS MpoIEcca YMHOKEHUS TpeOyeTCsl KOPPEKTHPOBKA Pe3yIbTa-
Ta, €CJW CTapias mapa pa3psjioB MHOUTEIS paBHa 11 wim 10, U cocTosHUE TIPH-
3HaKa KOPPEKIUU eIUHUYHOE. B 3TOM cilydae K MOJTydeHHOMY IPOU3BEICHUIO JOJIK-
HO OBITH 100OABJIECHO MHOKHMOE.

JlaHHBIM METOJT MPUMEHUM M JIJII BapUaHTa YMHOXKCHHS CO CIABUTOM MHOKH-
MOTO BJIEBO (IIPX 3TOM MHOYKHMOE CABUIAETCS Ha 2 pa3psiaa).

[Tpumep 28. YMHOXKHUTH JIBa LIEIBIX Ynciia 0e3 3Haka METOJOM YMHOXKCHHS Ha
nBa paspsaa MmEOkuUTeNs . A =5, B =13 (n =4).

Pewenue. A = 00000101, [-A],,; = 11111011, B = 1101.

IMar MT Mu m CUIl IHevicTBUE
0 1101 00000000 | CUIle=0
1 ll 00000101 | +Mu

00000101 |cCuIlL,
00010100 |Cmemur MH BJIEeBO Ha 2 paszpdna

2 1101 11101100 |-Mu (coeBunyTOE)
11110001 |CUll,
01010000 |Cmeur MH BJIEBO Ha 2 pas3pdna

Koppekuus 01010000 | +Mu
(cTapmas mna- 01000001| | P=5x13=65

pa MT paBHa
11) OMWMWWM/

Annapammubie Memoobl YCKOpeHUs YMHOMCeHus. ATIapaTHble METObl YCKOpe-
HUSL YMHOKEHHUSI CBOJSATCS:

— K YMEHBILIEHHUIO BPEMEHHU PacClpOCTPAHEHUs IEPEHOCOB IPU CYMMHUPOBAHUU
YaCTUYHBIX [IPOU3BEICHMIA;

— K MapajuieJIbHOMY BBIYMCIIEHUIO YACTHYHBIX MPOU3BEICHUN.

Mertoabl IepBOil rpymibl UCMONB3YIOT 00Jee IP(HEKTUBHBIE CLIOCOOBI CYMMHU-
poBanusi Yll, uckmroyaromue 3arpaThl BPEMEHHM Ha PacHpOCTpaHEHUE MEPEHOCOB.
Hocturaercs 31o 3a cuet npeacrasieHuss YII B uzdpiTouHoi popme, Oiiaronaps yemy
CYMMHUPOBaHHE JIBYX YHCENl HE CBSI3aHO C PACIPOCTPAHEHHEM IMEPEHOCAa BIOJIb BCEX
paspsiioB uucia. Haubonee ynorpedurenbHoi ¢hopmMoit Takoro u30bBITOYHOTO KOJH-
pOBaHUS SBJISIETCS TaK Ha3bIBaeMasi popMa ¢ coxpaHeHuem nepersoca. B Helt KaxmbIi
paspsi uucia MpeicTaBiseTcss AByMsl OutamMu CS — mepeHoc (¢) u cymma (S). [lpu
CYMMHpPOBAHHUH JIBYX uucen B (opMe C COXpaHEHHMEM IepeHOoca MepeHoC pacmpo-
CTpaHsETCs HE Jajee, 4YeM Ha OJMH pa3psa. DTO JEJaeT MPOLEecC CyMMHPOBAaHUS
3HAYUTENBHO Oosiee OBICTPHIM, YEM B CiIydae CIOXKEHHs C paclpoCcTpaHeHHEM Iepe-
HOCa BJOJIb BCEX Pa3psiiOB YUCIA.
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Bropas BO3MOXHOCTh YCKOPEHMS ONEpaly YMHOXKEHUS 3aKIK0YaeTcsl B Ia-
pajsIeTbHOM BBIUMCIEHUU BCEX YACTUYHBIX MpousBeAeHuil. Eciau paccMoTpeTs 00-
IIYI0 CXEMY YMHOXXEHHSI, TO HETPYAHO 3aMETUTh, YTO OTAeNbHbIE pa3psasl Ul mpen-
CTaBIISIIOT cOOOH MPOU3BENCHUS BUIA aibj, T. €. IPOU3BEACHUE OINPE/IEIICHHOrO OUTa
MHO>XMMOTO Ha OIpPEACIICHHbIH OUT MHOXKUTEISA. ITO MO3BOJSET BHIYUCIUTH BCe OU-
ThI YACTHYHBIX [IPOM3BEICHHI OHOBPEMEHHO, C IIOMOIIBI0 N° cxeM .

Paznuuuns cxeM yMHOXKEHHS ¢ TapaJliebHbIM BeiunciaeHueM Yl nposBistoTcs
B OCHOBHOM B CIIOCO0OE€ CyMMHPOBAHUS MOJYYEHHBIX YaCTUYHBIX NpousBeneHuil. C
ATUX MO3UIMUI UCHOJIb3yEMbIE CXEMbl YMHOXKEHHS MOYKHO MOJpa3JeiuTb Ha Mam-
puunvie U ¢ Opeso8uoHol cmpykmypoti. B 000MX BapHaHTaX CyMMHPOBAHHUE OCY-
LIECTBJISETCS C TOMOIIBIO MAaCCHBa B3aMMOCBSI3aHHBIX OJHOPA3PSAIHBIX CYMMATOPOB.
B MaTpu4HBIX YMHOXHUTENSAX CyMMAaTOpPhl OPraHU30BaHbl B BHUJIE€ MAaTpPHIlbl, a B Ape-
BOBH/IHBIX OHHM PEAIM3YIOTCS B BUJE JIEPEBA TOrO WJIM MHOrO Tuma. Paznuuus B pam-
Kax KaXJIOM W3 3THX TPYIII BRIPAXKAIOTCA B KOJUYECTBE UCIIOJIB3YEMbIX CYMMATOPOB,
UX BUJE U CHOCOOE paclpOCTpPaHEHHUs MEPEHOCOB, BOZHUKAIOMIUX B IPOLECCE CYM-
MHUPOBAHUS.

2.4 Jlenenue unces ¢ GUKCUPOBAHHON 3anATOH
2.4.1 Memoowl Oenenust 080UUHBIX YUCel Oe3 3HAKA

JleneHre — HECKOJIBKO 00JIee CIIOXKHAs OTepallys, 4eM YMHOKEHHE, HO 0a3Hupy-
eTcs Ha Tex ke nmpuHiunax. OCHOBY COCTaBIISIET OOMICTIPUHSATHIA CIIOCOO JICTICHUS C
MTOMOIIBIO OTIepaIii BEIMUTAHUS WK CIIOKEHUS U ciBura [3].

3ajJ1aya CBOJAUTCS K BBIYUCICHUIO YaCTHOTO () ¥ ocTarka S

Q=int(£), S=Z-0QD, S<D,
D
rae Z — JIeIUMoe;

D — nenurens.

Jlenenuie BBIpa)KaeTCsl Kak IMOCIENOBATENbHOCTh BhUMTaHui Aenutens (1)
cHavasia u3 aenumoro (M), a 3aTtem u3 00pa3yrolmmxcs B MpoIecce JCICHUs ua-
cmuunbix ocmamrxos (HO). lenumoe Z(Zyy—1Z2p—2 - Z1Zy) OOBIYHO TPEICTABISCTCS
IBOMHBIM cioBOoM (2N paspsaos), aenutens D(d,_,d,_, ...d;d,), YacTHOE
Q(gn-19n-2 ---q1qo) ¥ OCTaTOK S(S;;_1Sy_3 --- S1So) UMEIOT Pa3psIHOCTD N.

Omneparniysi BBITIOJIHIETCS 3a N UTEpaluii 1 MOXET ObITh OMHUCaHA CIICTYIOIIUM
o0Opazom:

i=1,..,n,

SO =28¢D —q,_,(2"D),
S0 — Z,

s = ong
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1, ecmn (25¢-Y —2mp) >0,

=710, ecru (2s¢-V —2mp) < 0.

[Tocne n urepauuit osryyaercs
s =2n5® _ g(2"D) = 2"(Z — QD) = 2"S.

YacTtHoe 0T zieneHus 2N-pa3psaHoro Yuciaa Ha N-pa3psaHoe MOXKET COAEPKaTh
Oosiee yeM N pa3psiioB, YTO O3HAYAET BOSHUKHOBEHUE MepenonHeHus. B atom cioyqae
nepe]] BBIMOJHEHNEM JIeTICHUS] He00X0AMMa MTPOBEPKA yCIOBUS

Z < (2" —=1)D+ D = 2"D.

W3 BbIpaxkeHUs CleIyeT, YTO NMEPENoSHEHUs He OYyIEeT, €ClIU YUCIo, COAepkKa-
nieecs B CTapIInuX N pa3psaax AeIUMOro, MEHBIIE ETUTEIS.

[lepen BbIMOSHEHUWEM JIeJIEHUS ¢ (PUKCUPOBAHHOM 3amsTOM MPOU3BOIUTCS
poOHOE BBIUUTAHUE JIETUTENSI U3 CTapIIMX N paspsgoB aenumoro. Eciau momydaro-
HIUICA TIPU 3TOM OCTATOK OTPULATEIbHBIN, IEIEHUE BO3MOYKHO, €CIIH KE OCTaTOK OT
IPOOHOTO BHIYMTAHUS MOJOKUTENBHBINA, TO PE3YJIBTAT MO A0COIIOTHOW BEIUYHUHE Te-
pETOHSET pa3psAIHyI0 CETKy. B 3ToM ciyuae qoibkeH GopMHpOBATHCS MPU3HAK T1e-
PETOTHEHUS U IeJICHUE MPEeKpaIacTcs.

[Tomumo 3TOrO TpeGOBaHMS TEpe] HAYaJoM Olepalur HEOOXOAUMO HCKITIO-
YUTh BO3MOKHOCTh CUTYyalluu JeneHust Ha 0.

Peann3oBath JiefieHHE MOKHO JBYMSI OCHOBHBIMH CIIOCOOaMH:

— C HEMOJBWKHBIM JIETMMbBIM U CIIBUTAEMBIM BIIPABO JETUTEIEM;

— C HEMOJBWKHBIM JIETTUTEIIEM U CIIBUTAEMBIM BJIEBO AECITUMBIM.

Henoctatkom nepBoro crocoba sBJISIETCS] TO, YTO B YCTPOMCTBE JIEJICHUS CYyM-
MaTop JOJDKEH ObITh IBOWHOM JTMHBL. BTOpOi crtoco0 mo3BoII€T CTPOUTH JIETUTEINb
C CyMMaTOpOM OJWHApHOW JIMHBI. [loATOMY Ha mpakTHKe Uil peaau3aliu orepa-
AU JISTICHUS UCTIOJIB3YETCSl BTOPOI CIIOCO0 C HenooBUICHbIM Oeumeniem.

B OBC ans neneHusi IBOMYHBIX YHCENI MOXKHO MCMOJIb30BATh JBa METOJA: Je-
JICHHE C BOCCTAaHOBJICHUEM OCTaTKa U JieJIeHHEe 0€3 BOCCTAHOBJICHUSI OCTaTKA.

1. Jlenenue c soccmanosnenuem ocmamra [3).

DTOT aITOPUTM COOTBETCTBYET OOIIECTPUHSITOMY CIIOCOOY ACICHUST YUCE, MO-
ATOMY OH SIBJISIETCA HanOOoJiee OUEBUIHBIM aJITOPUTMOM M HOCUT Ha3BAaHUE AJITOPUT-
Ma OelleHUsi C HEeNOOBUMCHLIM Oenumenem U 80CCmaHogienuem ocmamia. J{aHHbli
aJTOPUTM MOXET OBITh ONMKCAaH CIEAYIOIIUM 00pa3oMm:

1) ucxXxomHOE 3HAYEHHWE YACTUYHOTO OCTATKa IOJIAraeTCsl PaBHBIM CTapIIUM
paspsiaMm JeIUMOro;

2) YaCTUYHBIN OCTATOK CIBUTAETCS HA OJUH pa3psij BICBO;

3) w3 casuHyToro YO BhIYMTACTCS ACTUTENb, U aHATHU3UPYETCS 3HAK PE3yJib-
TaTa BIYUTAHMUS;
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4) ouepemHOW pa3ps]l YaCTHOTO PAaBEH CIUHUIIE, KOTJIAa PE3yJIbTAaT BEIYUTAHUS
MOJIOKUTEIICH, U HYJIO, €ClId OTpUllaTeNeH. B mocienHeM ciiyyae 3HaUeHHE OCTaTKa
BOCCTaHABJIMBAETCA IO TOTO 3HAUEHHUS, KOTOPOE OBLJIO 1O BRIYUTAHUS;

5) myHKTBI 2—4 MOCIJIEA0BATEIILHO BBIMOJIHAIOTCS IS TOJIYYCHUS BCEX paspsi-
JIOB YaCTHOTO.

B o6mmem ciydae juist onpenenenus (N-i)-ro paspsaa 4aCTHOTO aHATH3UPYETCS
yacTuuHbIi octaTok. Eciin Y0;_; = 0, oH caBuraeTcst BII€BO, U U3 HETO J1ajiee BbIYU-
taerca Jr, B pesynbrare dero nosryyaercs ocrarok 4Y0;. Ecom xe H0;_; < 0, To
CHayaJla BOCCTAaHABIMBAETCA NMPEAbLAYLIUN MOJOKUTEIbHBIN (CABUHYTHIN) OCTATOK,
st yero k Y0;_; npubasnsercsa [t. Jlanmee BOCCTaHOBIEHHBIA OCTATOK CABUTACTCS
BJIEBO, M3 Hero Bblumtaercs Jr, m B pesynprare nonydaercs ocratok HO;. Ilpm
40;_4 = 0 (n-i)-# pa3psix wactHOTO paBeH exunuiie, npu Y0;_; < 0 — Hys10.

[Ipumep 29. Pa3zaenuth ¢ BOCCTaHOBJIECHHWEM OcTaTKa jaenumoe A = 41 Ha Jenu-
tenb B =7 (n=4).
Pewenue. A =00101001; B = 0111; [-B] o, = 1.1001.
ity 0010 1001 | 0111  n#r

4o, {0010 | 1001 | 0101 [Yaczmoe 9
CoBur U0y Bieso 0 {0101 {0010 rae
-or 1:1001
4o, < 0 1110 {0010
+IT (BOCCTaHOBJIeHMe YO,) 0111
Boccranoriyenner U0g 0 i 0101 i 0010
CoBur U0y Bjmeso 0 {1010 :i0100
-or 1:1001
uo, > 0 [0} 0011 0100 — —
CoBur YO, Bmeso 0 {0110 {1000
-Ir 1{1001
Uo; < 0 1111 /1000 —
+IT (BOCCTaHOBJIeHMe YO,) 0111
Boccranorjyennenr 40, 010110 (1000
Cneur 40O, Bieso (0 {1101 {0000
-Ir 1{1001
4o, > 0 [0]| 01100000
0110 | Ocrarox 6 |

2. [Mlenenue be3z 6occmarnosienus ocmamka [3].

Henocratok anroputMa ¢ BOCCTaHOBJICHHEM OCTAaTKa 3aKJIHOYACTCs B HEOOXO-
JUMOCTH BBIITOJIHCHHSI Ha OTJEJbHBIX IIarax JOMOJHUTEIbHBIX ONEpalui CI0KEHUS
JUIS BOCCTAHOBJICHHMS YaCTUYHOIO OCTaTKa. DTO YBEJIMUYHMBAET BPEMs BBIMOJHCHHUS
JICIICHUS, TIPHYEM ITO BPEMS MOXKET MEHSITHCS B 3aBUCHMOCTH OT KOHKPETHOTO CoYe-
TaHUS KOJOB omepaHaoB. [103TOMy peasibHbIC JCTUTEIIM CTPOSTCS Ha OCHOBE ajro-

49



pUTMA OenieHus ¢ HenoOBUICHLIM Oenumenem 6e3 occmanognenus ocmamka. JlaH-
HBIW aJITOPUTM MOKET ObITh OIIUCAH CIEAYIOLUIMM 00pa3oM:

1) umcxoAHOE 3HAUCHHE YaCTUYHOIO OCTAaTKa IOJIaraeTcsl paBHBIM CTapIIUM
paspsaM JeIumMoro;

2) YacCTHYHBII OCTATOK CIIBUTACTCS HA OJIMH Pa3psijl BICBO;

3) W3 CABMHYTOI'O YaCTHYHOTO OCTATKA BBIYMTACTCS JCIHUTENb, €CIIH OCTATOK
IOJIOKUTENbHBIN, U K CABUHYTOMY YaCTMUHOMY OCTATKy MpPHOABISAETCS IEIIUTENb,
€CJIM OCTATOK OTPULIATENbHBIMN;

4) odYepemHOU pa3psa YaCTHOTO PABEH CIUHHIIC, KOT/IA PE3yIbTaT BHIYUTAHUS
ITOJIOKUATEIIBHBIN, U HYJIIO, €CJIM OH OTPULIATEIIbHBIN;

5) myHKTBI 2—4 MOCIIEOBATEIILHO BBIMOIHSIOTCS ISl IOTYYCHHS BCEX paspsi-
JIOB 4aCTHOTO.

[Ipumep 30. Pazmenuts 6e3 BocCTaHOBJICHHs OocTaTka nenumoe A = 41 Ha ne-
nautenb B =7 (n = 4).

Pewenue. A =00101001; B = 0111; [-B] o, = 1.1001.

I 0010 1001 | 0111 O
uo, | 0010|1001 | 0101 [Hacruoe 5
CoBur 40, Bierso 0 {0101 0010 11
-or 11001
uo; < 0 [1] 11100010
Comeur 4Y0O; Biero 1 {1100{0100
+Ir 0111
uo, > 0 [0 00110100 —
Coeur 40, Bmeso 0 (01101000
-ir 11001
uos < 0 [1] 11111000 ——
CoBur 40s Bieso 1 {1111 0000
+Ir 0111
uo, > 0 [0]} 0110, 0000
0110 OcTaTok 6

2.4.2 Jlenenue uucen co 3Hakom

JleneHue yncesn co 3HaKOM, Kak U YMHO)KEHHE, MOKET ObITh BBIMIOJIHEHO ITyTEM
nepexoja K a0COJIIOTHBIM 3HAYEHUSM JE€IMMOI0 U JEIUTENS C NOCIEAYIOUUM IpH-
CBOCHHMEM YaCTHOMY 3HAaKa ILUIIOC IPU COBMAJAIOLIUX 3HAKAX ACIUMOrO U AEIUTEINS,
a1M00 MUHYC — B MPOTUBHOM ciiydae. OcTaTok BCerja MMEEeT 3HaK JIeTMMOTO.

Jlenenue uuces, NMPEACTABICHHBIX B JOMOJHUTEIBHOM KOJI€, MOXHO OCY-
HIECTBIISATh, HE IEpeX0As K MOLYJIAM. [Ipu 3TOM anropuT™m JeneHus: BUJOU3MEHSETCS
B COOTBETCTBUU C OCOOEHHOCTSIMM HCIIOJIb30BAHMS JONOJHUTEIBHOrO Kona. Pac-
CMOTPHUM 3TU U3MEHEHUS JJI1 METOo/1a ieJieHUs] 0€3 BOCCTaHOBJIEHUS OCTATKA.
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Tak kak nenuMoe U AeNuTeNnb He0Os3aTeNbHO MMEIOT OJMHAKOBBIE 3HAKH, TO
NEUCTBUSA C YAaCTUYHBIM OCTATKOM (MpuOaBiIeHUE WM BbluMTaHue J[T) 3aBUCAT OT
3HAKOB OCTaTKa U JIEJTUTENSI U OMPENEISIOTCA COAEPKUMbIM TaOmuiel /. Eciam 3Hak
OCTaTKa COBIIAJIa€T CO 3HAKOM JEJUTENS, TO OYEPEIHON pa3psi/i YaCTHOTO paBeH 1, B
pOTUBHOM ciyyae — 0.

[locne 3aBeplieHHs] aITOPUTMA MOXKET MOTPEOOBATHCS KOPPEKIHUS YaCTHOTO,
KOTOpasi 3aKjI04YacTcsl B YBEIWYEHWHM YacTHOIO Ha eAUHUIY. Takas KOppeKuus
JOJKHA IIPOU3BOJIUTHCS B CIEIYIONIUX CIydasx:

1) Im>0u/Ir<0;

2) Im<0wu Ot > 0 npu HEHYJIEBOM OCTaTKE OT JICJICHUS;

3) JAm< 0 u [t < O ipu HyJIEBOM OCTaTKE OT JCJICHUSI.

Tabauna 7
3HaK ocTaTka 3HaK JeIUTeIIs JlerictBue
+ + Brruuranue nenurens
+ — [IpubaBiieHue nenuTens

— + ITpubaBiienne nenurens
— — Brrauranue nemurens

[Ipumep 31. Paznenuth 6e3 BOCCTaHOBIICHHS OocTaTka jaenumoe A = 41 Ha Je-
autenb B = -7 (n =4).

Pewenue. [A]y, = [A] 4o = 0.00101001;
[B]on = 1.1001; [~B] on = 0.0111.

mM 0. 0010 1001 | 1.1001 O
40, 0. 0010 1001| 1010
CoBur U0y Bimeso 0. {0101 0010 rrt Im > 0, IOr < O
UOg (+),Or(-) - +Or 1. i1001 YacTtHoe +1 = 1011
901 < 0, suax HO1 coB- g 911010010 YacrHoe < 0
rnamaeT CcO 3HakoMm T
Cneur 4O; Bmeso 1. {1100 {0100 [Qlpon = 1.1011
qol(_)lﬂT(_) - _I[T O- Olll [Q]np = 1.0101
902 > 0, smax 902 we g 17 0100 [Gacrroe -5
coBIamaeT CcO 3HakoMm [T
CoBur 4O, Bjieso 0. {0110:{1000
YO, (+) , O (=) - +Or 1. 1001
YOs; < 0, =HaAK Y03 coB-
nagaeT co 3HakoMm T ' 1111 1000
CoBur UO; Bjeso 1. {1111 :i0000
403 (-),Or(-) - -Or 0. {0111
YO, > 0, =HaAK Y04 He
coBIamaeT CO 3HaAKOM T @ 0110 0000
0. 0110 = [Slugp = | OcTarok +6 |

[Ipumep 32. Paznenuth 6€3 BOCCTAHOBIICHHS OcTaTka nenuMoe A = —41 Ha ne-
autenb B = +7 (n = 4).
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Pewenue. [A]on = 1.11010111; [B] o = 0.0111; [=B] o, = 1.1001.

mMm 1. 1101 0111 | 0.0111 =
20, 1. 1101 0111] 1010
Cmneur 4O, Bieso 1. {1010 {1110 IMm < 0, IOr > 0
U0g (=) ,Or(+) - +Or 0. 0111 OcraTok # 0
901 > U, sHax HOu g 001 1110 Yacthoe +1 = 1011
coBIlamaeT CO 3HakoMm /[T
Cmneur 40O; Bmeso 0. {0011 :1100 YacTHOoe < O
YO, (+) ,OAr(+) — -IOr 1.{1001 [Qlpon = 1.1011
402 < O, smax 50> me g 19001100 — [Q]ap = 1.0101
coBllamaeT CO 3HakoMm /[T
Coeur U0, Bieso 1. 1001|1000 | Yacrroe -5 |
40y (=), Or(+) - +Or 0. ;0111
Y03 > 0, =3HaAK UO;3 @ 0000 | 1000
coBIamaeT CcO 3HakoMm [T
Comeur U403 Bieso 0. {0001 :i0000
403 (+) , O (+) - -Or 1. 1001
U0, < 0, sHak Y04 He
COBHa4,JZLaeT co SHaKOl\i IO ’ 1010 0000
1. 1010 = [S)som
1. 0110 = [S]gp = | OcTarox -6 |

[Tpumep 33. Pazgenuts 6e3 BOoCCTaHOBIICHUSI OcTaTKa Jaenumoe A = —41 Ha ne-
mutens B =7 (n = 4).
Pewenue. [A] o, = 1.11010111, [B],,, = 1.1001; [-B] o, = 0.0111.

mM 1. 1101 0111 | 1.1001 g
20, 1. 1101 0111] 0101
Coeur 4Oy Bjero 1. {1010:i1110 IMm < 0, Ir < O
90g (=), Or(-) - -Or 0. 0111 OcraTox # 0
Y0, > 0, =HaAK Y0, He @ 0001 | 1110 Yacraoe = 0101
coBIamaeT CcO 3HakoMm [T
Coeur 4YO; Bmeso 0. 0011{1100 YacTtHoe > 0
Uoq (+) ,Or (=) - +Or 1. {1001 [Qlmp = 0.0101
902 < 0, mmax H0» coB- 49001100 — [UacThoe 5]
rnamaeT CcoO BHaxkoMm T
CoBur U0, Bieso 1. {1001:i{1000
40, (=), Or(-) - -Or 0. {0111
YyOs > 0, =BHak U0z H
COBna3J1aeT co 3Haz<o;1 I[i @ 0000 1000
CoBur UO0s; Bieso 0. {0001 :i0000
403 (+) , A7 (-) - +Or 1. 1001
Y40, < 0, BHak Y04 He . 1010 | 0000
coBllalaeT CO 3HakoMm /[T
1. 1010 = [Slaon
1. 0110 = [S]g = | OcTaTox -6 |
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2.4.3 Vcxopenue yenouucienHo2o 0eieHus

Onepatyst 1ejaeHusl MPEeJOCTABISIET OTHOCUTEIbHO HEOOJbIIOE KOJIUYECTBO
yTeH JJi CBOEro YCKopeHus. Bo3MOXKHOCTH IO YCKOPEHUIO 1IEIOUUCIIEHHOTO JieTie-
HHSI MOYKHO CBECTH K ciieayromuM [3]:

1) 3ameHa genuTens OOpaTHON BEIMUUHON C TIOCICIYIONUM ¢ YMHOXKCHUEM
Ha JIeJIMMOE;

2) COKpaIllcHHE BPEMECHHU BBIUMCIICHUS YaCTHUHBIX OCTATKOB B TPAIUIIMOHHBIX
METO/axX JeJIeHUs (C BOCCTAaHOBJIEHUEM MM 0€3 BOCCTAHOBJIEHUS OCTaTKa) 3a CUET
YCKOPEHHUSI OTlepalivii CyMMUPOBaHUsI (BRIUUTAHUS );

3) cokpaleHHe BpEMEHH BBIYHCIICHHS 32 CUET YMEHBIIICHUSI KOJHMYECTBA Olle-
pauuii cyMMUpoBaHHUs (BbluuTaHus1) npu pacuere Y0;

4) BBIYMCICHHE YACTHOTO B M30BITOYHOMN CHCTEME CUHCIICHHS.

3a MCKJIIOYEHHEM TEPBOTO M3 MEPEYUCIICHHBIX MOAXO0/0B BCe Mpouyue (akTu-
YECKU SABJIAIOTCS MOAUPUKALUSIMHI TPATUITUOHHOTO CII0C00a JIeTICHUSI.

3 JIBOMYHAS APUOMETHKA C IVIABAIOIIEHA 3ATISITON

3.1 CioxkeHue U BBIYUTAHUE YHCEJ C IJIABAIOIIECH 3aIATOM

Onepanuy CHOKEHUS W BBIUMTAHUS BBINOJHSIIOTCS OJUHAKOBO, HO B CIIy4ae
BBIYMTAHUSI HEOOXOIUMO M3MEHUTH 3HAK BTOPOTO OMEpaH/a Ha MPOTUBOIOIOKHBIM.
Takum oOpa3oM, ornepaiusi BEIUUTaHUS yncesl A U B ¢ TuiaBaroieil 3ansiaTod HaunHa-
€TCS C UBMEHEHHUS 3HAKa BBIUUTAEMOTO B Ha IPOTUBOMOJIOKHBIM, ITOCJE YETO BBINOJI-
HSICTCS TIOCTICIOBATEIbHOCTD ICHCTBUI clloskeHus uucen A u (-B).

Oco0eHHOCTHIO apu(PMETHKH C TUTABAIOIIEH 3aIsITON SIBJISAETCS TO, UTO OIepa-
MW HAaJ JBYMsI COCTaBJISIOIMMU uncen ¢ [I3 — ManTUCccaMu U mOpsKaMu OnepaH-
JIOB — BBIMIOJIHSIIOTCS pa3AeyibHO.

[Ipn cnokeHUW JBYX YHMCEN pa3psiabl MAHTUCC CJIAraeMbIX JOJIKHBI UMETh
OJIMHAKOBBIN BeC. ITO TpeOOBaHUE, B CBOIO OUYEPE/Ib, BHIMOIHIETCS TOTIa, KOT/1a Clia-
raeMble UMEIOT OJIMHAKOBBIE MOPAAKU. CIe10BaATENbHO, UmoObl CI0HCUMb 08a YUCIA
c naasarowell 3anamot, HyHCHO npedcoe 8ce20 NPou3eecmu 6blpaAGHUBAHUE UX NO-
PAOKOS.

AJITOPUTM CIIOKEHHS IBYX YUCEI C MPOU3BOJIbHBIMU 3HAKAMU CBOJIUTCS K BbI-
MOJIHEHUIO CJICIYOIICH MOCIIeI0BATeILHOCTH AeHcTBH [3]:

1) mpoM3BOIUTCS CpaBHEHHWE MOPSIAKOB py U pg cllaraeMbiX A U B MyTeM BbI-
YUTaHUS TOPSIAKA pg BTOPOTO CIIAraeMoro M3 MOpsiiKa p, MEPBOrO CIaraéMoro Wi
Ha000poT. 115t BEIUMTAHUS MOPSIKOB 3HAK pg MEHSETCS HA MMPOTHBOIOJIOKHBIN U Ja-
Jiee MOPSJKK CKJIIQJIbIBAIOTCS MO MPABHITY CI0KEHUS LIEJIbIX YHCEIl, IPU 3TOM OTpHUIla-
TEJIBHBIA MOPSIIOK BCTYIMAET B OMEPAIMIO CIOKEHHS B IOTIOJHUTEILHOM WM 00paT-
HOM Kojzie. Pa3HOCTb p = pa — pp YKa3bIBae€T, HA CKOJBKO pa3psiioOB HAJ0 CABUHYTh
BIIPABO MAHTHUCCY YMCJIA C MEHBIIUM NOPSAKOM. Ecnu p = pa—pg > 0, TO pp > pg U
JUTSI BRIPAaBHUBAHMSI TIOPSIKOB HEOOXOAMMO CABUHYTH BIIPABO MAHTHCCY Mg BTOPOTO
cnaraemoro. Ecin xe p = pa—ps < 0, TO ppo < pg ¥ I BBIPABHUBAHUS NOPSIKOB
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HEOOXOJMMO CABHHYTh BIPAaBO MAaHTUCCY M, mepBoro ciaraemoro. B ciydae
P = pa - ps = 0 cnaraemble UMEIOT paBHbBIE TIOPSJIKH;

2) MaHTHCCa YHCiIa ¢ MEHBIIIUM MOPSIKOM CBHTAcTCs BIIPABO HA p Pa3psiioB.
Ecnu B mporiecce cnpura Mantucca obOpariaercs B 0, B kKauecTBe pe3ysbTara onepa-
U 6epercs Ipyroi onepaH;

3) BBINOJHSICTCS CIOKCHUE MAHTHUCC YHCEN C PAaBHBIMU MOPSAKAMH I10 TIPABHU-
Jy CJOKEHHUS MPABUIILHBIX Ipo0eH, Mpyu 3TOM OTpHIlaTeNIbHAsI MAHTHCCA BCTYIAET B
ONEPALNIO CIOXKEHUS B JTONOJHUTEIRHOM WM OOpaTHOM Kojae. B pesynbrare BbI-
MOJIHEHHUSI OTIEPALIUU CIIOKEHUS MOXKET MOJTYYUTHCS HYJIEBOE 3HAUEHHE MAHTUCCHIL. B
3TOM CIIy4ae UMEET MECTO CUTYALUsl nomepu 3HAYUMOCMU MAHMUCCHL, U PE3YIbTAT
onepanyuy NPUHUMAETCS PAaBHBIM HYJIIO;

4) ecnu TPHU CIOKEHWH MAHTHCC MPOM3OIUIO TEPETNOIHEHUE (B 3HAKOBOM
pas3psiie oKazanach crapiuas nudpa CyMMBl, T. €. IPOU3OILIO HapyIIEHHEe HOpMallu-
3allMM BJIEBO), MPOU3BOJUTCS HOpMaJIA3AIUs IyTEM CIBUTa MAaHTUCCHI CyMMbI BMe-
CT€ CO 3HAKOBBIM pa3psiiOM BIIPaBO Ha OJMH pa3psl C YBEIMYECHHEM IOpSAIKa Ha
eauHuny. [Ipu 5TOM B 3HAKOBBIN pa3psii MAHTUCCHl CYMMBbI 3alUCBIBAETCS 3HAK pe-
3yJibTaTta, T. €. BBINOJHSAETCS apudmMeTrndyeckuil caBur. B mpouecce HopManu3anuu
BO3MOXHO nepenoiHenue nopsaoxka. B aTom cinyuae onepanus npekpamiaercs u op-
MUpPYETCsSl TPU3HAK MepenoiaHeHus. Ecnu ke mociie CloKeHHsT MaHTUCC MAaHTHCCA
cyMmmbl ctaia Menbine 0,5 (B aOCOIFOTHOM 3HaYE€HUW MaHTHCChI CYMMBI TIOCJIE 3arisi-
TON OKa3aJIUCh HYJIHU, T. €. POU30ILIO HapYIIEHNE HOPMaJIU3alUK BIIPABO), MaHTHUC-
ca CyMMBbI CABUTAETCS BJIEBO HAa KOJUYECTBO Pa3psloB, 3aHATHIX HyJsiMH. OqHOBpE-
MEHHO M3 MOPSAAKA p Pe3ysbTaTa BBIYUTAETCS YUCIIO, PABHOE 3TOMY KOJUYECTBY HY-
neii. [lpu HOpManM3amuu pe3ylibTaTa BO3MOXKHO ucuesHogenue nopsioxa (nomepsi
3HAYUMOCMU NOPAOKQ).

[Tpumep 34. CnoxuTh ABa uKciia B (popme ¢ miaBarorieit 3ansaroit: A = 45,25;
B=-6,75(m=28,q=4).

Pewenue

[ToAroTOBUTEIBHBIC OTICPALIHH:

1) omnpenensieM OOIIYIO Pa3psSAHOCTh PAa3PSIIHON CETKH U MPEIACTaBICHHS
YHCEJN C IUIABAIOIIECH 3aIIsITOU N:

n=m+q+2=8+4+2=14,

rae M — pa3psAHOCTh 3HAYAIEH YaCTH MaHTHUCCHI;

g — pa3psAHOCTh 3HAYAIIECH YaCTH MOPSAKA, ABA pa3psAna JJisl MPEACTABICHUS
3HAKOB MAHTHUCCHI U MOPSJIKA;

2) 3amMchIBaeM YKCia B ABOUYHON CHCTEME CUHMCIICHUS:

A = 101101,01,
B =-110,11;

3) mpeacTaBiIIeM YKCIIA B BUAEC MAHTHUCCHI U TIOPSIKA!

A = 0,10110101-2% =0,10110101 - 2119,
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B =-0,11011-23 =-0,11011 - 21%;

4) 3ammchIBaeM YMCIIA B 33JaHHOW pa3psiIHON ceTke (MallMHHBIE W300pake-
HUS yrcen):

[MA]HD = [MA]AOH = 0,10110101, [pA],zLor[ = [PA]np = 0.0110,
[Mg]sp = 1,11011000,
[MB],qor[ =1,00101000, [pB]AOH = [pB]np = 0.0011.

BrlnonHenue onepanuu:
5) cpaBHuBaeM nopsaku. Haxonum pa3sHOCTh OPSIIKOB P = Py — Pg.

[_pB],qon = 1.1101 )

0.0110 [Pa] non
+ 1.1101 [ Pzl son
0.0011 [Plaon = [Pl = 3 > O

Pa > Pgs
6) manTHccy umciaa B caBuraeMm BmpaBo Ha P paspsAnoB (caBur apudme-
TUYECKUMN )

[Ms] . =1,11100101;

7) CKJIaAbIBA€EM MAHTHUCCHI
0,10110101  [Ma] non

+ 1,11100101 [MB]ILOH
10,10011010  [Marslaon = [Mars]mo
omdpacstboemcs

HapymieHust HopMannu3aiuy HET;
8) s3ammchIBaeM pe3yIbTaT:

[MA+B],£[OH = [MA+B]np = 0'10011010 )
[pA+B],a0n = [pA]Aon = [pA+B]np = 0.0110 ;

9) mpoBepsieM MOJYYCHHBIH Pe3yIbTaT:
A+ B = +0,1001101-2''° = +0,1001101 - 2° = +100110,1 = +38,5.

[Tpumep 35. Cioxuth nBa yucia B ¢popMe C IaBaromei 3amsroi: A = -37,25;
B=6,75(m=8,q=4).

Pewenue

[ToaroToBUTENBHBIC OTICPAIIHH:

1) ompenensieM OOIIYIO Pa3psIHOCTb PA3PAIHON CETKHM ISl MPEACTABICHUS
YHCeJl C IUIABAOLIEH 3aIISITOM N:
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n=m+q+2=8+4+2=14,

rae M — pa3psAHOCTh 3HAYAIIEH YaCTU MAHTUCCHI,

J — pa3psAAHOCTh 3HAYAIECH YacTH MOPAIKA, BA pas3psiaa Ui MPEICTABICHUS
3HAKOB MAHTHUCCHI U MOPSIIKA;

2) 3amMChIBaeM YHUCja B IBOMYHON CHCTEME CUMCIICHUS:

A = -100101,01,
B = 110,11;

3) IpeacTaB/sICM YHCIIAa B BUJIC MAHTHCCHI U IIOPSIKA.

A = —0,10010101-2°% = —0,10010101 - 2110,
B = 0,11011-2%3 =0,11011 - 211;

4) 3amuWchIBacM 4YHCIIA B 3aJaHHON pa3psIHON ceTKe (MaIIMHHBIC W300paxe-
HUS Yncen).

[Mg]np = 1,10010101,
[Mp] 00 = 1,01101011, [Palson = [Palap = 0.0110,
[MB]HP = [MB].ELOH =0,11011000, [pB],aon = [pB]np = 0.0011.

BrinonHenue onepanuu:
5) cpaBHuBaeM mopsaku. Haxoaum pa3sHOCTh MOPSIAKOB P = Py — Pp

[_pB]aon = 1.1101 )

0.0110 [Pa] non
+ 1.1101 [ P&l son
0.0011 [Plaon = [Pl = 3 > O

Pa > Pgi
6) manTHccy umciaa B casuraem BmpaBo Ha P paspsanoB (caBur apudme-
TUYECKUI)
[Mz] =0,00011011;
Jlo1

7) CKiIaapIBaeM MaHTUCCHI

1,01101011 [MA]ILOH
+ 0,00011011 [M5] non
1,10000110 [ Mass] non

Hapymenue Hopmanuzanuu BIpaBo
[Myyplnp = 1,01111010 < 0,5 ;

8) HopMamM3anus: CABHIaeM MaHTHCCY pe3ysibTara BICBO Ha OJHMH pa3psii U
yYMEHbIIIAeM MOPSIIOK Ha CHHUILY;
9) 3ammchIBaeM pe3yJibTar:
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[MA+B]np =1,1111010,
[pA+B]np = 0.0101;

10) npoBepsieM MOJTy4YCHHBINA PE3yJIbTaT:
A+B = —0,111101-2%°1 = —-0,111101- 2% = -11110,1 = —30,5 .

3.2 YMHOKeHHe YHceJI ¢ IJIaBaloei 3anaToi

[lpu ymHOxeHMH uncen A u B ¢ mnaBaromieit 3amnstoit [3] manTHCcCca ipon3Be-
aeHust Mp ompenensieTcss MyTeM MEPEeMHOXKEHHs MaHTHCC COMHOXKUTENeH
Mp = MaMp. TlopAoK POU3BEACHUS pp ONPEIAECIACTCS IyTEM CIIOKEHHS IOPSIKOB
COMHOXUTENEN pp = pa + Pp. Ecim ucnons3yercs cMemeHHbl NOpAI0K, TO B MOJIY-
YeHHON cymMMe OyZeT coAep aThCsl YABOCHHOE CMEIICHHE, TIOITOMY U3 Hee HeoOXo-
MO BBIUECTh BEJIIMYMHY CMeIlleHus. Pe3ympTaToM AEHCTBHI ¢ MOpSAKAMH MOXKET
CTaTh KaK nepenonerue nopsoxa, TaK U nomepsi 3HAUUMOCHU.

[lepeMHOXEHHE MAHTUCC COMHOXKMTEJICH BBINOIHIETCS 10 IPaBUITy YMHOXe-
HUS IPAaBWIbHBIX JpoOeil. 3HaK MPOU3BEACHUS ONPEAENIAETCs IMyTEM CYMMUPOBAHUS
IO MOJIYJIIO JIBa 3HAKOBBIX pa3psi0B MaHTHUCC.

[TockonbKy MaHTHCCHI COMHOXKHUTENIEH HOPMAajJU30BaHbl, a0COJIIOTHOE 3Haue-
HHME MAaHTHCCBHI Mp 3aKiIroueHo B ciepyromux npeaenax: 0,01y < |[Mp| < 1, T. €. Mo-
KET UMETh MECTO HapylIeHHE HOpMAaJIM3alluu BIIpaBo He Oojiee YeM Ha OJIMH pa3psij.
[Tocme mepeMHOXEHHST MAHTHCC COMHOXHUTENEH pe3yibTaT MpH HEOOXOIUMOCTU
HOpMAJIM3yeTCs MyTeM CIIBUTA 3HAYAIIMX Pa3psAoB MaHTHCCHI Mp Ha OIUH pa3psia
BJICBO M BBIYMTAHUSA €IUHUIIBI U3 MOpsaKa pp. [Ipy HOpManm3anuu pe3yiapTaTa BO3-
MOXHO UcyesHoGeHue nopaoka (nomeps snavyumocmu nopaoka).

3.3 Jlenenue umces ¢ IJIaBalounieid 3anaToi

IIpu nenenun uncen A u B ¢ miaBaromeit 3amsatoil [3] manTucca gactaoro Mo
OIIPEEIIAETCS IIyTEM JACJIEHUS MAHTHCCHI JCIMMOIO Ha MaHTUCCYy aenurens Mg =
= Mp/Mg. TIOpsiIOK 4aCTHOTO OMPECNIACTCS MYTEM BBIYUTAHHUS MOPSIKOB OMEPaH-
IOB pg = pa — Ps. Eciiu ucnonb3yercs CMEIIEHHBIN MOPSALOK, TO BBIYUTAHUE ITOPSI-
KOB MIPUBOJUT K YJAJICHUIO CMEIICHUS U3 MopsKa pe3yibrara. Clie1oBaTelbHO, I
MOJIYYEHHSI CMEIICHHOTO MOPSAKA PEe3yJibTara K pasHOCTH JOJDKHO OBITh J100aBICHO
cMmemienue. [lociie BBIMOTHEHUS 3THX JIEHCTBUN HEOOXOaMMa MPOBEpKa Ha nepenoi-
HeHue NOpsIOK08 N NOMePIo 3HAYUMOCHU.

Jlenenre MaHTHUCCHI JEIUMOTO HA MAHTHUCCY JEIUTENS BBIMOJHSAETCS MO Ipa-
BUJTY JCJICHUS MPaBWIbHBIX IpoOei. [Ipu 3TOM MOJI0OKUTENbHBIA OCTATOK B PE3YIlb-
TaTe MPOOHOr0 BBIYUTAHMS MOJYJISI MAHTUCCHI JEJUTENS U3 MOJYJISI MAaHTHUCCHI Jie-
JUMOTO JaeT €IUHUILY B pa3psjie IeJ0M 4acTH, KOTopas He BbI3bIBaeT (HhOpMHUPOBa-
HUSI TPU3HAKA MIEPETNOJIHEHUS Pa3pAIHON CETKU. 3HAK YaCTHOTO ONpPENEIISIETCA MyTeM
CYMMMPOBAHMS 110 MOJTIYJIIO JIBA 3HAKOBBIX pa3ps10B MAHTUCC ONEPAH/IOB.

[TockoJIbKy MaHTHCCHI ACTUMOTO M ACIUTENS] HOPMaIU30BaHbI, aOCOJIOTHOE
3HaYE€HUE MAHTUCCBI YacTHOro Mg 3aK/IIOYEHO B CHEIYIOIIMX Ipezeiax:
0,1 < |Mg| <10, T. €. MOXXET UMETh MECTO HAapyIICHHE HOPMAJM3ALN BIEBO HE
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O0onee yeM Ha oauH paspsan. [locne aeneHHs MaHTUCC ONEPaHAOB PE3yJbTaT MpU
HEO0OXOMMOCTH HOPMAJIU3YETCS IMMyTEM CIIBUT'a MAaHTHUCChl BMECTE CO 3HAKOBBIM pa3-
PSIOM BIIPaBO HA OAMH Pa3ps] C yBEIMUCHUEM HOpsAKa pgo HAa equHMLY. B mpouecce
HOpPMAaJIU3AIMKU BO3MOXKHO nepenoiHeHue nopsaoka.

4 JNECATHYHASA APUODMETHUKA

4.1 BplnosaHeHHe onepanuu CJI0KEHUA B IBOUNYHO-ACCATUIHOM KOJ€

Jia onpeneneHust (GopMaibHBIX IPAaBUI IMOPA3PSTHOTO CIIOKEHUS YHUCEN,
IPE/ICTABICHHBIX B TBOMYHO-IECATUYHOM Koze [1], paccMoTpuM 0COOEHHOCTH, KO-
TOpBIE MPUCYIIN 3TOMY KOAY:

1) Hanmmuume pa3pelleHHBIX W 3ampelieHHbIX KoMOuHamii. [losBienue 3ampe-
IICHHON KOMOWHAlMU IPU BBINOJHEHUM KAaKUX-TO JNCHCTBUI HAJ 4HMCIIaMU CBUJE-
TENbCTBYET O BOBHUKHOBEHUHU OMIMOKH WIIN K€ O HEOOXOJIMMOCTH BBECTU KOPPEKTH-
POBKY pe€3yJIbTaTa;

2) TIpH CIIOXKEHHUH TETpaJl BO3HUKAST MOTETPAJHBIN MepeHoc 1; = 16 BMecTo
JECATUYHOTO TOpa3psinHoro mnepenoca 7; = 10. DTO MPUBOAUT K HEOOXOAMMOCTH
KOPPEKILUU pe3yJibTara.

IIpu cioKeHuu ABYX YMCEN B IBOUYHO-IAECATUYHOM KOJIE A, = dp_q ... A1 Qg U
B, =by_1...b1by (& u bj — TeTpagpl COOTBETCTBYIOMUX YUCEN) MOTYT BO3HUKHYTh
CJIEIYIOIIHE CITy4au:

1) a;+ b; +c;_; <10, rue c;_; — nepeHoc U3 npeabLIymei Terpansl. [Ipu
CJIOKEHHM B JIaHHOW MO3UIMH JECITHUYHOrO 4ucia oOpasyercss cymma Menbie 10.
Ecnu pgeiicTBust Haz pa3psiaMH TETPaibl IPOU3BOAAT IO MpaBUjIaM JBOMYHOU apud-
METHUKH, TO MPABWIbHBIN pPE3yJIbTaT MOJIy4aeTcs: 0€3 KOPPEeKIUY;

2) a;+b; +c;_; = 10. Tlpu ciio)keHUN BO3HHKACT JECSITHYHBIA TEPEHOC B
CJIEYIOIIYIO TO3UIMIO, U CyMMa JOJDKHA ObITh paBHa a; + b; + ¢;_1 — 10. CBune-
TEIbCTBOM TOI'O, YTO PE3YyJbTaT HEMPABWIbHBIM, SBIsSETCS JUOO MOSBICHHUE 3arpe-
mieHHoi komouHanuu, ecmm 10 < a; + b; + ¢;_; < 15, 1ubo mosiBineHue noTeTpa-
HOTO repeHoca 1; = 16, 4To NpeBbIIIacT 3HAUCHHE JCCITUYHOTO TIepeHoca Ha 6, ec-
m 16 < a; + b; + ¢;_; < 19. CnenoBarensHo, TpeOyeTCs KOPPEKIUs pe3yabTaTa B
JAHHOW TETpajJe BBEACHUEM IONPABKU, paBHOU 6.

[pumep 36. Cnoxuth a8e TeTpansl: a; = 0011, b; = 0101, ¢ ; = 1.

Pewenue
0011 a;
+ 0101 b;
1000
+ 1 Ciq

1001 ai+bi‘|‘ci_1:9

k Cymua 8 darroin mem—
pade meriume 10
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Omeem. @; + b; + ¢;; = 1001.

[Mpumep 37. Cnoxutsb a8e Terpaapl: a; = 0101, b; = 1001, ¢i; = 1.

Pewenue
0101 a;
+ 1001 b;
1110
+ 1 Ci-1

1111 ai+bi+ci_1:l5lo
+ 0110 nomnpaBka +6
1/0101 umbpa 5
3anperneriad Koumdu—~
Hauud: Dometar noay -

[TomempadHsu neperot bt %‘MIOW
CL = 1. CoombemembByem CANULHBUL neperot:

Credobamesito-, HAOo-
Bespinony nepeocy gl e

Omeem. a; + b; + ¢;.4 = 10101.

[Mpumep 38. Cnoxuth a8e TeTpansl: a; = 0111, b; = 1001, ¢i; = 1.

Pewenue
0111 a;
+ 1001 b;
1/0000
+ 1 Ci-1

0001 a;tb;tci-1=171
+{0110 nomnpaBka +6
0111 umodpa 7/

DowncHar nony vt
TTOMeMpad HALL Nnerseroc wugppa 7. Credobament -
CiL= 1. &mwﬁgww Ho Hado- Bbecriw nonpalb-
DeCANMUMMHOMY NEPEHOCY ky +6

TTL = 16

Omeem. a; + b; + ¢;4, = 10111.

Takum obpasoMm, koppekTupymomee ciaaraemoe 619 = 0110 npu cioxenun
JBYX YHCEI B TBOMYHO-/IECATUIHOM KOJE TOJDKHO TOOABIATHCS K KaXKIOW TeTpaje, B
KOTOPOM B MPOLECCE CIOKEHUS
1) monydeHa HempomycTUMas 1udpa (3anperieHHas KOMOMHAINA );
2) BO3HHK MEPEHOC B CICIYIONIYIO TETPAIY.

[Ipumep 39. CioxuTh JIBa YUCiIa, IPEACTaBICHHBIC B ABOMYHO-ICCATHIHOM
kone: A =279; B =591.
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Pewenue
1) mnpejacraBisieM YKcia B IBOMYHO-IACCITUYHOM KOJE

A = 001001111001,
B = 010110010001

2) BBINOJHSEM CJIOXCHHE IO MpaBWIaM IBOUYHON apupMeTHKH, (PUKCHPYs
3arnpenieHHble KOMOMHAIMHU U IEPEHOCHl MEXAY TETpagaMu

0010 0111 1001 A
+ 0101 1001 0001 B
1000 0000 1010

3anpewernas
Meperoc uz KOMOUH AL U
mempadst

3) BBINOJHIEM KOPPEKIUIO pe3yJibTaTa

1000 0000 1010

+ 0110 0110 KOppeKuusa +6
1000 0111 0000
8 7 0

4) mpoBepsieM MOTyYeHHBIN pe3ylbTaT
A+ B =1279+591=2870.

4.2 BbInoJHeHHE onepanu BbIMUTAHUA B IBOUYHO-ACCATHYHOM KOI€

[Ipu BBIMOJIHEHUU BBIYUTAHUS B JBOUYHO-IECATUYHOM Kozie [1] Bo3MokeH 3a-
eM MeXIy TeTpanaMu. IIpy NBOMYHOM BBIYUTAHUM 3a€M DKBHUBAJIECHTEH 16(1g), B TO
BpeMsl KaK JUlsl JI€CATUYHOIO BBIYUTAHUS OH JIOJDKEH COOTBETCTBOBATH 10(10). UTOOBI
KOMIICHCHPOBATh M3JMIIEK B 3a€Me, HEOOXOUMO BBIYECTh KOPPEKTUPYIOIIEE YHCIIO
610y = 0110 13 TOH rpynmel, KOTOPas MOIYYHIa 3aEM.

Takum oOpa3om, pu BEIYUTAHWUU YHCET B IBOUYHO-ACCATUYHOM KOJIE€ BO3HH-
KaeT JHIIb OJHA CHUTyalus, TpeOyromas KOPpeKIHH, a UMEHHO CHUTyalus 3aeMa
Mex1y Terpafgamu. Koppekuus npu 3ToM CBOAMTCSA K BBIYUTAHUIO 6(10) = 0110 u3
KaXJ10¥ TeTpajbl pa3HOCTH, KOTOpAs MOIy4HIa 3aeM.

IIpumep 40. BreryecTs 1Ba 4wMclia, MPEJICTABICHHBIC B JBOMYHO-ACCATUYHOM
kone: A =617; B = 385.
Pewenue

1) mpeacTaBiseM YUCIIa B IBOMYHO-ACCITUIHOM KOJIE

A = 011000010111,
B = 001110000101
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2) BBINOJHSIEM BBIYMTAHHUE TIO MPABHJIAM JABOUYHON apuPMETHKH, PUKCHPYS
3aeMBbl MEX]ly TETPaJaMu

0110 0001 0111 A
- 0011 1000 0101 B
0010 1001 0010

B amy mempady
o6l 3aeat

3) BBIOJIHIEM KOPPEKIIMIO pe3yyIbTara
0010 1001 0010

- 0110 Koppekuusa -6
0010 0011 0010
2 3 2

4) mpoBepsieM MOJTydeHHBIN pe3yIbTaT
A—B =617 —385 =232,

4.3 Ciao:xxenmne B ABOHYHO-ACCATHYHOM KOJ€ YHUCEJ CO 3BHAKOM

Kak 1 B JBOMYHOM cHCTEME, IS MPEACTABICHUS NECATUYHBIX YUCEI CO 3Ha-
KaMH MOYXHO HCIOJIb30BaTh NPSMOW, OOpaTHBIN WM JOTONHUTEIbHBIA ko1 [4]. Tlo-
npexxHeMy ABoruHble HUGPbl 0 U 1 MOTYT CITy’KUTh yKa3aTeIsIMHU 3HaKa.

[Tpsimoli KOJ MOKHO MOJYYHUTh MPOCTHIM J00aBICHHEM 3HAKOBOrO OuTa K
IPEICTaBICHUIO a0COTIOTHOM BETMUHMHBI.

J7st 0OpaTHOro M JOMOJHUTENLHOTO KOAOB, e€ciu A, = 0, 3HaKOBBIA paspsn
J0oJbKeH conepxkath 0, a octaimbHble N ecATUYHBIX LK(dp (3Hadalas yacte) — abco-
JFOTHOE 3HAYEHHE A ;.

Hns obparHoro koxa, ecnmu A, < 0, B cTapiiem, 3HaKOBOM paspsje MOJDKHA
ObITh 1, a cneayroue N JECITUYHBIX HUPP JOJKHBI COOTBETCTBOBATH YUCITY

10" — 1 — |A,],

KOTOPO€ Ha3bIBAKOT oOpaujenuem A,.

Jnst pomonHKMTEBHOTO Koza, ecim A, < 0, To B 3HaKOBOM paspsze I0JUKHA
ObITh 1, a cneayromue N JECITUYHBIX UPP JOKHBI COOTBETCTBOBATH YUCITY

10™ — |44,

KOTOPO€ Ha3bIBAIOT JonoHeHuem Ay,

OOparieHre CBOJUTCS K BBIYMTAHUIO KaX10i Ludpel U3 9 U MHBEpCHM 3HAKA.
JlomoyiHeHue moJtydaercs myTeM qo0aBieHus 1 Kk pe3ysabTaTry oOpalleHusi, YTO SKBU-
BaJICHTHO TOMY, YTO MJIaJIas IeCITUUHAs HeHYyJeBas uudpa Beranraercs us 10.

OOpaieHue JecATUYHOTO YKCIIa MOXKHO MOJIYYUTh M APYrHUM criocobom. WNH-
BEpTHPOBAHUE TETPajbl O3HAYACT MoJTydeHue jgoromuenus 1o 2° — 1 = 15, Bmecto
nonosiHeHus 10 9. CnenoBarenbHO, HEOOXOAUMO YOpaTh pasHuIly. OJUH U3 UCIIOb-
3yE€MbIX MPU 3TOM MPUEMOB COCTOMT B TOM, YTO BO BCE TETpPAJbl 3HAYAILEW YacTH
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4HCcIa B JBOUYHO-AECATHUHOM Koze nobasisieTcs 6100 = 0110,y u nocne aroro mpo-
U3BOJUTCS WHBEPTUPOBAHHUE pa3psAnoB TeTpain. [lomyueHHoe wn3o0pakeHue mpe-
CTaBJIIET OO0 0OpallleHUE YKca.

Kak u B 1BOMYHOI cucTeMe, 0OpallieHne WU B3ATHE JOMOJHEHUS KOJIa COOT-
BETCTBYET M3MEHEHHUIO 3HAKA YMCIIa, TPEICTABISIEMOTO STHM KOJIOM.

CrnoxxeHue B JBOMYHO-JECATHYHOM KOJE YHUCEN CO 3HAKOM OCYIIECTBIISETCS
CIIeTyIOIMUM 00pa3oM. 3Havalyue YacTd KOJOB CKIIAJBIBAIOTCSA TIO0 PacCMOTPEHHBIM
IpaBUjIaM JACCATUIHON apu(METHKH, a 3HAKOBBIC Pa3psiibl — MO TPABHJIAM JIBOUYHOM
apudmeTuku. B JOMOTHUTEIEHOM KOJIe TIEPEHOC U3 3HAKOBOTO pa3psia UTHOPUPYET-
cs, a B 00paTHOM BBITIOJIHSIETCS KPYTOBOM MEPEHOC.

[Ipumep 41. BhIMOTHUTH AECATUYHOE CJIOKEHUE B JOMOJHUTEIBHOM KOJE:
A=+73; B=-42.
Pewenue

1) MNpcaACTaBICM YHCJId B ABOMYHO-ACCATHNYIHOM KOIC

A =01110011,
B =-01000010;

2) HOJ'IyqaeM JOIMTOJITHUTECIBbHBIC KOIAbBI YHNCECII
[Al,on = 0.0111 0011,

0111 0011 B
+ 0110 0110 +6 B obe TeTpalbl

1010 1000

0101 0111 VHBEPCUA pPas3pdamnoB — IIoJjlydaeM obOpalleHue
0000 0001 +1

0101 1000 rnoJjiyyaeM IOIIOJIHEeHUE

[Blon = 1.0101 1000 ;

3) BBINOJHSIEM CIIOKEHHUE 0 PACCMOTPEHHBIM BBIIIIEC PaBUIIAM

0.0111 0011 [A] non
+ 1.0101 1000 [ B] zon
1.1100 1011

Banpewmenraa N 3anpeueriads
KOMIUHOMUUS KOMIUHAMU U

4) BBIMOJHSACM KOPPEKIIUIO pe3ysbTaTa

1.1100 1011
+ 0110 0110 KOppeKkuusa +6
1/0.0011 0001 [A+Blaon = [A+Blyp
0. 3 1 +31

OmdpacstBaemca
5) mnpoBepsieM MOJy4YECHHBIN pe3yIbTar
A+ B =(+73)+(—-42) = +31.
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