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MaTtemaTuka BHYTPM KOMNbIOTEpPA

Jns Toro, 4ToOBI BHIBECTH W3 HUYTOXKECTBA BCE,
JIOCTATOYHO €JMHHIIBL.
T'otdpun Bunsrenasm JleiOHwmI

KoMInboTeps NOMOTART pellaTh MaTeMaTMUueCKMe 3aladM- STO OfOWeu3BecTHO. MHOTHMe
OyMalT, 4YTO MaTeMaTuka 0e3 KOMIBITEPOB MNPaKTUUECKU yXe He OOXOOUTCS, a HeKOTOpHe
oaxe 1oJiaralT, UYTO CO BPEMEHEeM KOMIBITEPH BOOOmE 3aMeHSAT MaTeMaTUMKOB (M He
TOJBKO MX), KOT'Ia HNOSBMTCH MCKYCCTBEHHBM pa3yM. Ha caMOM HOejie B 5STMX MHEHUIX
3HaUeHMEe KOMILITEPOB IJIS MaTeMaTUKM CUJIBHO IpeyBeJIMUeHO (XOTS, BO3MOXHO, €CTb B
HMX M palMOHaJIbHOe 3epHOo). Ha camomMm Ieje MHOI'ME MaTeMaTUKM MCIOJIb3YIT KOMIIBITEP
TOJIBKO KaK I[IedYaTHYl MallMHKYy (IOJid TOoI'o, UYTOOB NMCAaTb TeKCTH C QopMyJamu) ,
y3penkKa IOJIb3YITCsa T'OTOBEMM OpoTpaMMamyu (Mathematica, Maple, Mathcad, Mathlab u
IOp.) OJs BCIOOMOTATEJIBHBEIX BBUMCIIEHMM, M PEIKO CaMM OMIIYT OPOIPaMMEl OJIS KaKUX—TO
CBOMX LeJieM (ecyiM MX He yCTpauBalT IOCTYIHEE NIPOT'PaMMbl, HalMCaHHBE OPYITUMM) .

Ho MBI He OyneM najiee OOCyXIDaTb 3aTPOHYTEL TEMHB, a PacCMOTPUM COBCEM IPYIYIO
- KakK I[IpMMeHSeTCs MaTeMaTMKa B CaMOM KOMIIBITepe, T.e. He B HalMCaHUM IpoT'paMM
OJI4a HeTOo, a HEIIOCPpeOCTBEHHO BHYTPU HeTOo, a TaKXe npn IIPOEKTMPOBaAHUN n
IPOMBBOLACTBE KOMIIBIOTEPOB (M IOPYyTOM BJIEKTPOHHOM LUMOpoBOM TexHUkKM). C BTOM TeMon
TakXe CBSB3aHBL pasl3jiMuHEHEe 3abilyxaeHus. UYacTo [nojlarailnT, UYTO yKa3aHHEE BOIPOCH
OTHOCATCSH CKOpee K TexXHMKe, WM Ha KpauHuM ciaydal K Qusmuxe (M HEMHOTO XUMMM) , HO
He k MaTeMaTuke. Mel 1ocTapaeMcsa Ha I[IPOCTHX I[IpuMepax IIoKa3aThb, UYTO BHYTPU
KOMIBIOTEPOB (M BoOOOmWe B J0OOOM UMOPOBOM TEexXHMKE) XMBeT U paboTaeT OUYeHb
MHTEpPEeCHasa  MaTeMaTuka, KOTOpasa aKTMBHO  pasBMBaeTCHa BMecCTe C  pasBUTHEM
BJIEKTPOHHOM TEXHUKU

Anzebpa 102uUKku U KOMNbLOMepHasl apugpMmemuka

VBoi! To, 4TO HEKOT/1a BO3BHIIIAIOCH
KaKk MOHYMEHT MOHOTEH3MY,
OYYTHJIOCH B YPEBE KOMITBIOTEPA

T.Januur

B mnociienHee BpeMsa I[IOUTKM BCS TexHMUKa, CBA3aHHasg C IeperZaduell u oOpaboTKOM
vHbOOPMaLMM, crana undpoBOM. InbdporeMM cTanm aynuo 1Z8 BUIOEOMAaT'HUTOQOHEL,
NpeBpaTUBIMCEL B DVD-mJjeyepsl ¥ aMnonel, TeJIEBM30pPH, GQoToamnmnapaTe, a BCe BUIL

BJIEKTPOHHO-BEUUCIUTEJIEHOM TEXHUKM UM MOOWMJIbHEIE TeJlebOHBl OBNIM LMOPOBEIMM M3HAUAJIBHO
9To o3HadaeT, dYTO MHOOpMaLMsa, LUUPKYJIMPpyNas B 3TUX YCTPOMCTBaxX, IIPEeINCTaBJIgeTCH
(kommupyeTcs) B UMPPOBOM BUIE, T.E. KakK IpaBuUIIoO, B BUIOe CTPOK
(mocyiegoBaTeJIbHOCTEN) , COCTOSAMMX M3 HYJIeM U eOUHUII. 3TMM CTPOKaM  MOXHO
COIOCTaBUTh I[IO HEKOTOPEIM [IpaBuilaM LeJBle uYMKcia, MOJI8 Yero OOBUHO MCIOJNb3YyeTCS
IOIBOMUYHASA [O3ULMOHHASA CMHCTEMa MX 3allCU.

TakuM o0OpasoM, C ONPEenOeJIEHHOM TOYKM 3peHHus, BcCe UMOPOBEE YCTPOMCTBA
TEeHEePUPYIT HOTOKM  LEJBX  dMKcedl, IO HEKOTOPEIM IpaBujlaM MxX [IpeobpasywnT,
obpabaTEBaKnT, KOIMPYKT M HOEeKOOMPYKRT M T.O. M T.I. U [NepelanT IPYyI'MM LUQPOBBM
YCTPOMCTBAM.

CymeCTBEHHYD pPOJIb B 3TOM MIPalT aJIlOPUTMMUECKME IIPOLelyphl, BHIIOJHSOIME
apudMeTHdecKre M JIOTMYEeCKMe Oolepauuy C PasjMYHBIMM = TUIaMM 4YMCJIOBBIX  HOAHHBIX .
[IpOeKTUPOBAHMEM MNOIOOHHX aJTOPUTMOB M YCTPOMCTB, WMX peaJlu3ylolMx, 3aHMMaeTCcs
KOMIIBIOTEPHAaA apupMeTMka. Ee MaTeMaTMdeCKOM OCHOBOM HABJIS€TCH TeOopusd CJIOXHOCTHU
GyHKUMM aJiTe®pBl JIOTUKH .

B Bonbuen CBOEM YacCTM  KOMIbITEepHas apubmeTHKa aBysgeTcs IOIBOWYHOM
apudpmMeTrKoM. OTOMy €CTb OBe I[IPUUMHEI. BO-NEPBHX, aJTOPUTME apudMeTUIeCKUX
onepaumuy OBOMYHOM apudMeTUKM (apudMeTMKM, MCIOJNb3yolel OBOUYHY [NO3MLMOHHYIO
CUCTeMy) OUYeHb IMPOCTH M ABJIAKNTCA B OIPEeIeJIEHHOM CMBCJIE MNPOCTEeMIIMMM Cpenn
IOOOOHEIX aJITOPMTMOB IJIS BCEX INO3MLMOHHBIX UMCJIOBBIX CUCTEM. BO—-BTOPEIX, OUCKPETHHE
3JIEKTPOHHBIE CXEMBl, KkakK CaMee COBPEMeHHEEe, TaK MCIOJIb30BaHHEE MHOT'O JieT Haskan,
VMET B OIpeleJIeHHOM CMBICJIE IOBOMUHYI IPMPONY M JIeT'KO ONMCHEIBAIOTCHA Ha A3BIKE
anreOpsl JIOTUKUA . Anrebpa JIOTUKU IpVMeHHAeTCH Kak Ois MOIeJMPOBaHMUA
OYHKUMOHMPOBAHUA BTUX CXEeM, TaK UM IJid UX [OPOEeKTUMPOBAaHMSA (CHMHTe3a) .



Byneeb! pyHKyuU U f1o2uYvecKue hyHKYUOHasIbHbIe 3/IeMeHMbl

JxoH bynb yCTaHOBUJI HCTUHHYIO CBSI3b
anreOpbl U JOTHKH.
Asryct e Mopras.

CoBpeMeHHEIe DJIEKTPOHHBIE CXEMEl, COCTOAT M3 DJIEMEHTOB, HAas3bBAeMEIX TakKXe
dderkaMM, KOTOPHE MMeT MUKPOCKONMUECKMEe pa3Mephl M IPpelCTaBJgiT K3 cebda ocobwue
YYaCTKM KPEMHMEBOTO kpMucTaiia. OM3Mka M XMMMA NPOTEeKaolMxX B HMX [NPOLECCOB BeCbMa
CJIOXHa, M He OyneT 3ImecChb oOCyxHmaTbcsa. Takke CJIOXKHa M TEeXHOJIOTMS MX IPOU3BOICTBA.
Ho Jsiormka paboTEH 5STMX DJIEMEHTOB HOOBOJIBHO [IPOCTa, KaxXIBM M3 HUX pealusyerT
ONpenesIEeHHYK JIOI'MYEeCKYl OollepallMo.

MaTeMaTHU4YeCKOM MOOEJIbI0 MNpoCcTeMmuMx (OOHOTAKTHEIX) SJIEKTPOHHEIX CXEM SABJISOTCH
Jormyeckye OQyHKUMOHAJIbHEIE DBJIEMEHTEH.

OYyHKUMOHAJILHE BJIEMEHT - 2T0 abCTpakTHOE YCTPOMCTBO C OOHVM WJIMU
HECKOJIbKMMM BXOIaMM, Ha KOTOpPHE IozaeTcsa uHbopMauud, U ONHVMM WJIM HECKOJbKUMU
BEIXOOaMM, MHOOpMalLMsa C KOTOPBIX [IOINAeTCS Ha BXOIB IOPYI'MX BJIEMEHTOB WMJIM Ha BHXOX
BCero OOJbLIOTO YCTPOMCTBA, COOepXaWero HSTOT »SJIEMEHT. YIOoMAHyTasa uHbopMaumsa
COOEPXUTCH B COCTOSHMAX BXONOB MJIM BEXONOB 3JIEMEHTa. OTUX COCTOSHMM Yy KaxXIoI'o
IoJioca BJIeMeHTa (®TO COBOKYINHOE HasBaHME €er'0 BXOIOB M BHXOIOB) HOBa, M OHU
oD03HAUAKNTCa HYJIEeM MM eOuHuIel. EcCIM COCTOSHMS BXOHOB BJIEMEeHTa OolpeleJieHHl (T.e
MB3BECTHE COIIOCTAaBJIeHHEEe UM 3HadeHusa 0 miam 1), TO 3HAaueHMS Ha BHEXOIAX D3JIEMeHTa
TOXE OINHO3HAUYHO OIpPEeneJIeHE, T.e. ABJAKTCA QYHKUMAMM BHAUEeHMM BXOHOB.

STy QYHKUUM MMET aplyMeHTH, KOTOPpHE MOTYT OHTbL paBHEMM ToJjbko 0 mimm 1, u
caMy 2TM OYHKUMM OPUHMMAKT TOJIbKO 3HaueHua 0 wmiam 1. Taxre OQYHKLUMM HA3BIBATCH
byHxUMAMM aJIreOpbl JIOTMKM, WAV OyJieBeIMM QYHKUMAMM. [locyienHee HasBaHME IAaHO B
YeCTb OIOHOT'O M3 IIEPBONPOXOILER MaTeMaTUUeCKOM JIOTMKM, aHIJIMMCKOI'O MaTeMaTuKa
Ibxopmxa Eynﬂa

T'opopAT, UYTO DJEMEeHT peajiu3yeT (Ha CBOMX BHXOHAaX) YIOMAHYTHE OYJIEeBEL
byHKUMM, OIOHOB3HAUHO OIpeleJIeHHBEE CaMMM STUM DJIEMEHTOM.

[IpocTeNmMM OPMMEPOM JIOTMUYECKOT'O QYHKIMOHAJIBHOTO DBJIEMEHTa SBJISETCS DJIEMEHT
C OOHMM BXOIOM M OIHMM BBIXOIOM, SBHaUeHME KOTOPOI'O BCeIla IIPOTUBOIIOJIOXHO 3HAUEHUIO
BXOHa. OJTO 3HA4uT, 4yTO OH peajinsyeT OyieBy oyHkumno f(x), olnpenessaeMyio
paBencTtBamu f (0)=1, £ (1)=0. Taxkyow OGyHKUMIO HA3BEBAKT JIOI'MUECKUM OTPUIIAHVEM, OOBUHO
0D03HAYAT CUMBOJIOM —X WM 4YepTOo¥ HaX CMMBOJIOM II€PEeMEHHOM, a pealusylumi ee
3JIEMEHT HAaB3HBAlT MHOT'IA MHBEPTOPOM.

IpuMepaMM B3JIEMEHTOB C IOBYyMsS BXOIaMM M ONHMM BBIXOIOM SBJIAITCS DJIEMEHTH,
HaseBaeMble MHOIINA KOHBIOHKTOPOM UM IOM3BIOHKTOPOM. IlepBBIM M3 HUX pealm3syeT QyHKLMO,
Ha3bBaeMylo B ajrebpe JIOTMKM KOHBIOHKLUMEeM. OHa NPMHMMAEeT eOMHMUHOE 3BHAUeHMEe TOJIBKO
TOTHa, Korzma ofa ee apryMeHTa pPaBHE enOMHMIE (B OCTaJIbHEIX CJlydasax OHa paBHa HYJID)
[Io cymecTBy OHa COBINamaeT C OOBUYHOM oOllepalMel YMHOXEHMS LeJIEX UYuCceJl, eCcJu ee
IPUMMEHATE TOJIBKO K UYMCJIaM, PAaBHEIM HYJIO MM eIuHUIe. [IoaToOMy ee MHOT'Ia Ha3BBaT
JIOTUMUYECKMM YMHOXEHMEeM ¥ o0003HauvamlT TOUYKOM, KOTOPYKH dYacTo B 3anucu Gopmys
onyckanT. OOHAKO BO MHOI'MX CJIydasxX I[I0JIE3HO IIONUEPKHYTH JIOTMUECKYK IIPUPOLOY D3TON
OYHKLUMM ¥ €e TEeCHYI CBS3b C JIOTMUECKOM CBS3KOM, TakxXe HasbBBaeMOM KOHBIOHKLMENM, U
ToTma InJg ee OBOO3HAUEHUS MCIOJIL3YIT CHMMBOJ &, KOTOPHIM MIMIYT MEXIYy CHMMBOJIAMU €€

APT'yMEHTOR, HampuMep kKak @ x&y, a He &(x,v), Kak cJjenoBajyio Ov  OejaThb,
IPUOEPXMBAasACE GYHKUMOHAJBHOTO crnocoba 3anmMcu. B MCUMCIIeHUMM BEHCKASBHBAHWM (pasmelie

1 Jxopmx Byns(1815 - 1864) — mpodeccop yuusepcutera B Kopke (Mpnanmus). OTen miectd mouepeid, oaHa U3
KOTOPBIX CTajla MaTEMaTHKOM, OJJHA ---TIEPBOH KEHIIMHON-TPO(EccOpoM XUMHUH B AHIIINH, & OJJHA ---TMCATEIILHULIEH,
M3BeCTHOHU noa umeHeM Otens Jlunuan Bolinud, aBTopoM pomana <<OBom>>.



MaTeMaTU4YeCKOM JIOTUKM) CUMBOJI KOHBIOHKLIUM, IIOCTaBJICHHEM MeXIoy OByMs
BEICKAS3EBAHMAMY, MHTEPIPETUPYETCsa KakK cowo3 <<u>>, IO3TOMY B aHTJIOASBLUHBIX CTpaHax
VHXEHEePs O0O03HAWAalT KOHBIOHKTOP CUMBOJOM AND.

IpyI'uM HOPMMEPOM B3JIEMEHTa C IOBYMS BXOIaMM SBJISETCHA OUIBIOHKTOP, pPeajin3yoWMi
OyeBy OQYHKLUMIO, HaASBBAEMYD IUIBOHKLUMEN. 3Ta OYyHKLMS SBJISEeTCS IBOMCTBEHHOM K
KOHBIOHKLMM, U ONpenesyiseTcsa IOBOMCTBEHHHM 00pa3oM, T.e. NOJNOOHO KOHBIOHKLUM, HO C
3ameHor O Ha 1 um HaobopoT. Bojlee HABHO ONpelesyieHMe IOUI3BIOHKLUM MOXHO HaThb
crenyomyM ofpasoM: IM3BIOHKLMS paBHA HYJIO ToT'la M TOJIBKO Torna, Korma oba ee
apryMeHTa Hyamr. Jna oO0O03HadeHMe IOM3BOHKLUMM MCIOJB3yeTCHaA CUMMBOJ V (ee wMHOTOa
Ha3BIBalT JIOTUMYECKMM CJIOXEHMEM, HO HYXHO I[IOMHUTB, UYTO B OTJMUME OT OOBHUHOTO

crnoxeHus 1 v 1 paBHO 1, a He 2), a B AHIJIOABBIYUHHIX CTpaHax IU3BIOHKTOP OO003HAYAaKT
cuMBoJioM OR, Tak KakK QYHKUMS »OUIBIOHKIMA CBS3aHa C JIOI'MUYECKOM CBS3KOM, TakKxe
Ha3BIBAEMOM IOMIBIOHKLMENV, KOTOpas MHTEPIPpeTUPYeTCsa KakK Ccown3 <<uam>>. B pycckoum,

Kak m B aHI‘J’IVIVICKOM, con3 <<uam>> OOBUHO I[IOHMMAaeTCHd B rasnmeJsinTeJIbHOM CMEICTIE,
KOTOprI}J[ orTJiMdyeH, OT TOI'O, KakK IIOHMMaeTCd 32TOT COI3 B JIOT'UKE.

JdeouyHas cucmema u s102u4eckue onepauuu

JleByImIkam HaJlo JIMIIb YMETh OTJINYATh
€IVHUITY OT HYJHA [...]
Hun Crusencon <<Cuctema mupa>>, 2011

[IpOM3BOJIBHOE HATypaJIbHOE UYMCJIO MOXHO EIMHCTBEHHBIM CIOCOOOM NIpelCTaBUTL B
BuUIe CyMMBl CTeNeHeM »OBOMKM, HanpuMmep 23 = 16+4+2+1. O6o3Hauasg BXOIANMEe B OTY
CyMMy CTeIeHM eIMHMUIIaMM, a He BXOoIdulMe B ee CTeleHM HyJsSMM, MOXHO KpaTkKo
0003HAUUTE BTy CyMMy OyJieBeIM HabopoMm (B IpyToMl TEepMMHOJIOTMM - BEKTOPOM)
(10111),. MHmexc 2 HAIOMMHAEeT O TOM, UTO UMCJIO B3alMCAHO B IBOUYHOM CHCTEME.
EaouHuna, cTosdulas B MIaAmeM (caMoM JIeBOM) paszpsale, O3HauaeT cjaraemoe 1, enmHMa
BO BTOPOM CJlIeBa paspsalle O3HauaeT cjlaraeMoe 2, eIMHMUIIa B TPpeTheM pas3psale O3HadaeT
4, a HyJb B UeTBEepPTOM pas3pdale O03HauaeT OTCYTCTBMe cJjlaraeMoro 8, enuHHUIa B
yeTBEPTOM (CcTapumeMm) pas3pslme O3HavaeT I[IPUCYTCTBUE cjlaraeMoro 16 (B OOJBUIMHCTBE
CcllydyaeB PpasyMHO pacCMaTpMBATBL TOJBKO TaKMe 3alMCM YMCeJl B IBOUYHOM CHUCTEME, B
KOTOPHIX B CTaplleM paslpgne CTOUT eIMHMUIA) .

T'JlaBHOE HOOCTOMHCTBO IOBOMYUHOM CUCTEMH - MCKJIOUMTEeJIbHAS IPOCTOTa aJIlOPUTMOB
apudMeTHMUeCcKMx olepaumurt B HelM. Tabiauila YMHOXEHMS B HeM COBCeM He Tpebyer
3aloMyHaHMg : Jioboe UMCJIO, YMHOXEHHOE Ha HYJIb HaeT HYJIb, a YyMHOXEHHOEe Ha eIMHUILY
paBHO camomy cefe. I[IpaBuJIO IeJieHus CBOIOMTCHS K OByM pasenctesam 0/1 = 0, 1/1 =1,
Braromapsa dYeMy IeJjieHMe CTOJOMKOM B IBOMUHOM CMCTEMEe »ejlaeTcsa [Opolle, UYeM B
OeCAaTUYHOM, U II0 CYHWLEeCTBY CBOAMUTCHS K MHOT'OKPATHOMY BHUMTaHMIO. Tabimia CJIOXEeHUS B

OBOMYHOM CUCTEeMe UYyTb CJIOXHee TabJiule yYyMHOXEeHMs (B OTJAMYMEe OT IeCATUUHON
cucTeMel) , Tak kak 1+1 = (10), M BOBHMKAET I[IepPeHOC B CJEenNy MM paspsal.

B ofumeMm BuOe OIepalMio CJIOXEHMS OIHOOMTOBEIX UMCEJI MOXHO 3anucaTb B
cremyomeM Bume x+y =2w+v, TOe w,v--- OUTH pes3yJjibTaTa. BHMMATEJBHO [IOCMOTPEB Ha
TabaMLy CJIOXEeHMS, MOXHO 3aMeTUThL, UYTO OUT [NepeHocCa W —-- 2TO IPOCTO NPOM3BEeNeHUe
Xy, INOTOMYy UTO OH PaBeH eIMHMUIE JIMIb KOTIa X M Yy PaBHH eInuHulle. SCHO Takxe, UTo
ouT Vv paBeH Xx+y, 3a MCKJIOUeHMeM cJydas x=y=1, Kor'Za OH paBeH He 2, a 0.

Onepaumio, C IIOMOWBI KOTOPOM IO OMTaM X,y BBEUMCIST OMT V, HABHEBAKT II0-PAa3HOMY.

Mer BymeM MCIOJIb30BAThH IJIS HEe Ha3BaHME CJIOKeHMEe [0 MOOyJio 2 u cumBos @ . Takum
oBpasomMm, CJoOXeHre OUTOB BHIIOJHSAETCS baKTMUecKM He OIHOM, a OBYMS OlepalusMu.

JNlornyeckune Toxxgecrtea

YKaszaHHBE Olepauuy CBA3aHH MEeXIy COBOM MHOXECTBOM TOXISCTB, W3 KOTOPHIX MH
npMBeneM 3I0eChb TOJIBKO CJleIayllme :
XVy = = (=xAy), xy = a(-xvay), x@y = x—y v y=x, x v y = x@y® xvy,
(xvy)z = xzvyz, (x®y)z = xy®xz, xyvz= (xvz) (yvz), —x = x®1
Banmada. [IlpoBepbTe 3TM TOXIECTBA.
MHorma ymnoOHee SanuCHBATBL OTPUIAHME IJIMHHOM GOPMYJIEl B BMIE UYEPTH CBEPXY,

HanpuMep BMECTO —(Xyz) IMCaThb XYZ . MoxHO BHPA3UThL YyKas3aHHEE OIepauun,

HasbBaeMble JIOTMUYECKMMM, dYepes OObuHEE apudMeTmyeckme ornepaumm. KOHBIOHKLMUA,
HalpuMep, IMNIPOCTO CcoBlamaeT C OOBYHHM YMHOXEHMEM, I[IO3TOMYy e€ee IpM 3alMcK UYacTo
0D0O3HAYaKnT TOUKOM, MM BOOOWEe NpOonycKamnT. CHpaBelJiMBEl TAaKXe pPaBEHCTBA

x@®y = x+y-2xXy, X V Yy = X+y -Xy.
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MoXHO BBEIPA3SUTH KOHBIOHKIMIIO n OV 3BIOHKIINMIO TakKxe uepes oriepaumm B34THUA
MakKCrvMyMa WJIM MVMHJMYyMa :

XVy = max(x,y) = 1l-min(l-x,1-y), x y =min(x,y) = l1-\max(l-x,1-y).

Nornyeckune onepauvn n ncHucineHume BbICKa3bIiBaHUN

[loueMy BBeIleHHBIE BHIIE OlepaluM Ha3BBAT JIOIMUYeCKMMM? I[loTOMy, UWTO eCciu
COMOCTAaBUTL KaXIOMy BEICKA3BBaAHUILD A ero <<UCTMHOCTHOe>> s3HaueHue t (A)=0, ecawu
BEICKABEBIBAHME A JIOXHO, M IMOJIOXMTEL t(A)=1, ecam BeCKasl’BBaHMe A MCTUMHHO, TO
MCTUHHOCTHOE 3HaAuYeHMe COCTAaBHOI'O BHCKABHBaHMA A ¥ B MOXHO BHUUCIUTL Uepes3
MCTUHHOCTHEE SHAUYeHMsS BHICKA3BBaHuM A,B mo dopmyne t(A m B ) = t(A) & t(B) wu,
anaygormuHo, t (A mim B) = t (A)vt(B).

B nocnenHey OdopMyJe Mbl Ipennojarajy, UYTO BHCKa3bBaHuMe A uau B Oynet
VMCTVMHHBEIM M TOI'Ila, KOI'Ia ofa BHICKASZBIBAHMSA A M B MCTMHHE. MHOI‘,Ha COB3 WMJIM IIOHMMAKT
B HECKOJIbKO IPpyI'OM, PpPa3OeJIMTEJIbHOM, CMEBICJIe: COCTaBHOEe BHICKAa3BIBaHME A WU B
CuyTaeTCsa MCTMHHBEIM TOJIBKO B CJllydae, €CJIM POBHO OIOHO M3 BEICKAa3bIBaHMUM A,B MCTUHHO,
HO He of0a cpas3y. Ho Jsiormueckas CBA3Ka, COOTBETCTRYIA S pas3nesnTelIbHON
OV3BIOHKIMYM, B JIOTMKE TOXe eCTb, M COOTBeTCTBywumasd el OyJjieBa QYHKLUMA IpMHMUMAET
SOVMHVYHOE 3HauUeHMe TOoI'Ja M TOJIBKO TOoIr'ma, KOoI'oa OIMH M3 €€ apl'yMeHTOB eIMHMIa, a
BTOPOM HYJIb. B ajnrebpe JIOTMKM €€ YacTo OOO03HAUaKnT CUMBOJIOM @ U HASHBALT CYyMMOM
IO MOZIYJI0 IBa, TakK KakK OHa HOeMCTBUTEJIBHO COBIlalaeT C D2TOM aJlrebpandeckoM
onepauuen. B aHIUIOS3BUHBIX CTpaHax pealuayllul ee 3JIeMeHT 0003HaudaklnT CHMBOJIOM
XOR (eXclusive OR).

STy QYHKLUMIO MOXHO BEPA3UTh dYepes OCTajJibHele TpM QyHKUMM, HaIPpMMep CJeIyoLlM
obpaszsom: x@y = (x&y) Vv (—x&y) .

B anrebpe JIOTMKM YacCTO IMIPUXOIUTCHS BHPaxaTb OIHM OyJIeBH OQYHKUUM UYepes
opyrme, IHIpmMdYeM BO MHOI'MX CJIydadX 9TO MOXHO CcrneJiaTb MHOXeCTBOM CHOCOGOB, KOTOPEIE
IIOPOXIOAKT MHOXECTBO JIOTMUECKUX TOXIECTB. HaanMep, ClipaBeOJIMBO TOXIOECTBO

x®y = (xvy) —(x&y) .

Kpamkasi ucmopus an2ebpbi 102UKU U 8bI4UC/IUMENIbHOU MeXHUKU

—A s cmory? Heyxenu 3T0 IeBYIIKe MO CHITy?

—Tws1 cnpixana npo nenu Any baiipon? — pacemestics

Muxk. — JIoub IpeMbep-MUHHUCTPA U KOPOJIEBA MAIIKH!

Ana Baiipon, yuenuna camoro beooumxkal

Jlopna be66mka, oTIia pa3HOCTHOM MAIIUHbI 1

Hrrorona coBpemenHOCTH!

Yunesam ['n6con u bproc CrepiuHr,

<<MamwHa pazmamit>>, 2002

lmeo O BO3BMOXHOCTU MOCTPOUTH <<JIOTMYECKYHD MAallMHYy>> BIEPBLHE B IOCTATOYHO

yeTkoM GopMe BHICKAB3HBAaJl SHAMEHMTEIM HEMeUKMI MaTeMaTuk wu  o¢uiocod Tordpun
BunbrensM JIemGHuL . 2

OH xe npenjarajl MCIOJbF30BAaTh B HEM IOBOMUYHYI cUcTeMy. OIHAKO IO peajamM3alun
3TOM MIey y Hero PyKM He HOOWJM 10 [OHSATHBIM INPpMUMHAaM. AJITeOpPH JIOTMKM B TO BpPEMS
KOHEUYHO elle He ObUiO, HO JIelOHMI, BEHIOBMI'AJl MIEM M B 2TOM HalpaBJieHuM. Hamnpmmep, OH

2 JleiiOHu1L siBIIsSIETCSL OJJHUM M3 TepoeB cepuu (anTactuueckux pomanoB Humna CruBeHcoHa <<<bapouHbIi LUK >>,
HEIaBHO OIMyOJMKOBAHHOW B PyCCKOM mepeBoje. [epoit 3tux pomanoB JlpHuen Yorepxays, oOIIHMHA 3HAKOMBIN
Jleiibanna 1 HproToHa (KOTOpBI TOXE HEOJHOKPATHO TMOSBISETCS B ITHX pPOMaHax), MBITAETCS HOCTPOUTH
Jornyeckyro mMamuny JleiiOHuna (yqacTBys IOIYTHO B Pa3IMYHBIX aBAHTIOPaX).
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nmucaj, dYTO KOorma—-HuOyIOb JIOOM BMECTO TOIO, dYWTOOH CHOPUTE O TOM, NPaBMIBHO
paccyxneHue WM HeT, IIPOCTO CAOYyT 3a BHYMCJIEHUHA, KOTOPEIE M pelaT CIOopP.
[IONEITKY peanms30BaTh ureu JlelbOHMIIA NPEeINPMHSJ B II€pPBOM NOJIOBMHe 19-10 Beka
QHTJIMVICKMM MaTeMaTUK M M300peTaTesib Yapsb3 BebOumx.
w i L .

[ =<

e |

OH 2TM uIeMm HLCcHO obopMMII U pPas3zBujl, IoOaBMB K HMM MHOT'O HOBOI'O, U Iaxe
IOCTPOWMJI II€PBHIM BaPMAaHT S3TOM MallMHE.

OmHaxkoO B TO BpeMda OQOu3MKa DIEKTPUUECKMX HABJIeHMM OBJla B HEeOOCTATOUHO
Pa3BUTOM COCTOSHMM (XOTS COBPEMEHHMK M COOTEeUeCTBEHHUMK bBe®Obumka Marki dapanem
yXe cmejiajl CBOM 3aMeudaTeJIbHBIM OTKPHTMSA B 00JIacTM DBJeKTpoMarHeTu3Ma) U BebOumx
pemmi CTPOUTH CBOI  MallMHy U3 MexXaHMUeCKUxX  HOeTallel. IIoHAaTHO, uTo ee
OBICTPONEMCTBME He MOIJIO OBITh BEICOKMM. Ho npobJsieMa Obljla eume B TOM, YTO 2TU IeTalll
Hano OBLJIO MBTOTOBRJATH BPYUYHYIO C BBEICOKOM TOYHOCTHBIO, pa6OTe MallVMHBEI MellaJIO TPpEeHME U’
npouye HEeNPUATHBEE MexaHudeckume s30dbexTel. [IpeomojieTs 3TM TpyIHOCTM Bebbuimx He cMmoT,
UTO COBEPUWEHHO He YIMBUTEJIBHO. ETO HNpOeKT ABHO OllepexalJl CBOe BpeMs Ha COTHI JeT,
1 OBl pealiM30BaH (Ha IOPyI'oM TexHMUYeCKOoM 0Oase) B COpoOKoBhHe ronsl 20-ro Beka B CIA,
rOe ObBUI IIOCTPOEH IIEPBEM 3JIEKTPO-MEXaHMYECKUM KOMIBITEP, a I[NOTOM M KOMIBITEp Ha
BJIEKTPOHHEIX JlaMnax. JIIoOONBITHO, WYWTO IBa 4YeJiOBeka, MMEeHa KOTOPBIX CKOpee BCero
BCIIOMMHAT B CBSA3M C MCTOPMEN PAa3BUTUS KOMIBITEPOB — Bynb u BebOux- Xujim B
OHOV CTpaHe M B OIHO BpPEeMs, 3HaJM O CYyLIEeCTBOBAHMM AOPyT Ipyra, HO COBEPUEHHO He
nopeznnojiaranu, 4YTo cbephl MX »OedaTeJIbHOCTKM OyOyT IepecekaTbcsa B OyOymeM M UX
OOCTWXeHMA OynyT YyIOMMHATBCH pPaIoM, TeM ©Oojee uTo Bebbumx, x0T M Opennojiarall
MCHOJIb30BATE B CBOEM MallMHE IBOMUHYID CUCTEMYy, COBEPUEHHO He [0Imo3peBall o
BOBMOXHOCTM MCIOJIb30BAaHMUA aJreOpsl JIOTMKM IOJs ONMCaHua ee paboTe, TakK KaK B
ropasno OOJbIIEM CTEeNeHM OJIS 3TOor'O0 Obljla HyXHa TOouHasd MexaHMKa.

[locse Byna k MCCIeOOBaHUAM B 00JacTM aJreOpsl JIOTUKM [IPUCOSOMHUIIUCE U
opyrue ydeHele (yBH, BeOOUIX He 3aMHTEPeCOBAaJICA JIOTMKOM) . CpeaM HMX MOXHO Ha3BaThb
ABrycTa ne MopraHa u Yapnb3a J[JomxcoHa, 600Jiee M3BECTHOI'O II0J I[ICEeBIOHMMOM JIbIOMC
Kapposr.

Poccusa Takxe MMeeT »OaBHME TpalMUUM MCCJEeNOBaHMM o00JjlacTU ajireOpHl JIOTUKM.
CymeCTBEHHHM BKJIal B €€ pas3BUTMEe BHEC KasaHCKuM acTpoHoM IlnaTton CepreeBud
lMopeuxurt (1846-1907) .

3 Wurepecno, uyro beOOumk, a Tarkke ero cBeTckas 3Hakomas Azna Asrycra JlaBneiic, HamucaBlasi CTaTbhio,
HOMYJIAPU3UPOBaBIIyI0 padoTsl beGOumka, B KOTOpOil OHa OOBACHANA, KaK MOXKHO HCIIOJB30BAaTh €r0 MAllIHHY,
Onaroziapst Yemy ¥ BOLLIA B UCTOPHUIO Kak <<mepBasl HPOrpaMMHUCTKa>>, U €€ OTell, 3HAMEHHUThIN 1o3T Jop, baiipoH,
CTajM TeposiMu pomana <<MaiiHa pa3nuuuit>>, HanucanHoro Y. ['mbconom u b. CTepauHrom B MOJHOM >KaHpe
aNbTepHATUBHOM (paHTACTHKH (M OJHOBPEMEHHO KuOepranka). B 3ToM pomane omnucaH MHp, B KOTOPOM Hay4HO-
TEXHUYECKash PCBOJIIOIMS Havaiach B AHIJIMK B B JBajauatsie roael 19-ro Beka. Jlopa BaiipoH, BMecTo TOro, 4ro0bI
MOJ/IepXKUBATh pa3pylIUTeNneil MallMH — JIyJJWTOB, a IIOTOM yexaTh BOeBaTh 3a ocBoOokaeHuwe ['penmu, crain
MIPEMbEP-MHUHUCTPOM, @ MO3TOBBIM LIEHTPOM 3TOW PEBOJIIOLMM CTall, €CTECTBEHHO, Jopa beOOnmk (B Hacrosmien
peasbHOCTH OH JiopaoM He Obur). He oTcraBanu u GpaHily3sl — B pOMaHe YIOMHHACTCS “ MOLIHEHIINI BHIYHCIUTENb
¢paniy3ckort akagemunu << Hwmmeparop Hamomeom>>”. Bmpodem, OCHOBHas HWHTpPHUTa 3aKpyYHBAETCS BOKPYT
BBIMBIIIJICHHBIX TEPCOHAXKEH, N MammHbl beOOumKa UrparoT B HEll HE3HAUUTENbHYIO PONb, XOTS U IajdH Ha3BaHHE
pomaHny, mo-aHriuiicku 3Bydaiiemy kak <<The Difference Engine>> - pasnocTHas mammnHa (Tak M Ha3bIBaJICS B
peaNbHOCTH TEepBBI BapuaHT MamuHbl beOOumxka). TpynHO ckasaTh, TO 1M INEPEeBOJYMK HE 3HAI 00 ITOM, U
HEINIPaBUJIBHO MIepeBel Ha3BaHUE POMaHa, TO JIM BBIOpal Takol MEepeBOJ] YMBILUICHHO, KaK COAEPXKAIIUA TOHKYIO UTpPY
CMBICJIOB.

* Kerarn, Kapposm KpoMe BCEMHPHO H3BECTHBIX CKA30K HATMCAT H HECKOJIBKO 3aMEUaTeNbHBIX HAyUHO-TIOMYIAPHBIX
KHHUT, Hanpumep <<Hcropuio ¢ y3enkamu>>, KOTOPYI0 HEOJHOKPAaTHO M3/IaBAIM B PyCCKOM IepeBoje. B 3Toii kHure
ecTb OOJBLION pa3zier, MOCBAIICHHBI JOTMYECKHM 3ajadaM M TOJOBOJIOMKaM, B KoTopoM Kappomn passui cBoi
COOCTBEHHBIH ammapar, OpUEeHTHPOBAHHBIN Ha pEIICHNE MTOI00HBIX 3a/1ad.
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B ero paborax, HanpuMmMep, OGakTHUUECKM BIIEPBEE M[IOSBUJIMCH IOUIBIOHKTUBHEE U
KOHBIOHKTMBHEIE HOPMAaJIbHEIE QOPMEl OyJIE€BEIX GyHKLMIA. ° OH MX MCHOOJL30BAJ IJIS peueHmsa
OyJIeBHX YypPaBHEHUN.

Vlmes O IIpMMEeHEHUM aJiTedphl JIOTMKM IJiS MOIEJNIMPOBaHMSA pPabOOTHE DBJIIEKTPUUECKUX
WM DBJIeKTPO-MexXaHUUeCKMX CXeM BIIepBhe Obla BECKaszsaHa B Hauajle I[IPOoJIOTO BeKa
M3BECTHEIM TI'OJUIAHOCKMM OU3uKoM IllayjieMm BpeHQeCTOM6. PasBuBaTE 5Ty MIOEK »Oajiblle OH
He cTajl, ¥ ee 3abwvyiM OO KOHLIA TPMIOLATHEX I'OJO0B, KOI'Ia OHa OBJIa OOHOBPEMEHHO U

HEe3aBUCUMO ONyOJMKOBAaHA B CCCP HaydYHBIM COTpPpyIOHMKOM Omsdpaxka MIY B. U.
llecTakoBemM ', B CIA VHXEHEepOM M MaTeMaTUKOM K. lleHHOHOM M B ANOHMM MHXESHEPOM-—
3JIeKTPUKOM A. HakxacuMmou. [lo-BunomMoMy InepBeEM Obvll llecTakos, HO eI'0 OMCCepTaLmusa

Obrla ONnyOJNMKOBAHA CIYCTs HECKOJIbKO JIeT II0CJie €e HaOMCaHMS M 3auuTe, ¥ leHHOH
onyoOJIMKOBaJl CBOK CTATbIO PaHbIe.

lleHHOH paccMaTpupBaljl 3ajady MOIeNMPOBaHMS paboTH  BJIeKTPpOMexXaHUYeCKUX
YCTPOMCTB, IIOCTPOEHHHX U3 peJjyie, UM IPEIJIOXMII B KadeCTBe MOIEeJM INOHSTME KOHTAKTHOM
CXEMEHI.

Ecnu pejle npomnyckajlo TOK, TO COOTBETCTBYOUMIM €My KOHTAKT SABJIAJICA BaMKHYTEIM,
U €er0 COCTOSHME OIMCHBAaJIoOCh CMMBOJIOM 1, a ecJM HeT, TO KOHTAKT CTaHOBUJICSHA
Pa30OMKHYTEM, M €TI0 COCTOSHME ONMcChEBajiock cuMBoJioM 0. C Tex BpeMeH B3JIeMEHTHasd
fa3a DBJIEeKTPOHHO-BHUMCIIMTEJIBHOM TEXHMKM I[NOJIHOCTBI CMEHMJIaCh HECKOJIBKO pas, Npounsa
OyTh OT OSJIEKTPOHHBIX JIaMI JOBOJIBHO OOJIBIIMX PasMEpPOB OO MMHMATIOPHEX TPAaH3UCTOPOB,
NpenCcTaBJAnIUX U3 cebda SBOHEl KPEeMHMEBOI'O KpUCTajljla, pa3Meph KOTOPBIX WM3MEPHAnTCH
HaHOMETpaMMy, M KOTOPEIX Ha KPpMUCTaJlJle MOXeT pPacCHojlaraTbCsa HECKOJIBKO MMJIJIMOHOB.
Taxme SJIEKTPOHHBIE CXEMEl B Hadajle MX I[OABJIEHMA Ha3BBaJIMCh MHTETPAJIbHBEIMM CXEMaMu,
IOTOM OOJBWMMM MHTEIPaJIbHEIMM CxXeMaMM (aHTJuMickas abbpeBuaTypa LSI), M HaKOHeL
CBepxOOJIbIMMY MHTEeI'PaJIbHEIMM CcxeMaMmu (abbpeBmatypa VLSI) .

dusMKa M XMMMS [OIPOUCXOIANMX B DSJIEKTPOHHEIX CXeMax SABJIEHMM TaKXe MeHAJach
BMEeCTE C M3MEHEHMEM IIPMHIUIIOB "X pa@OTBI, HO IIO IIpeXHeMy OJi4d MX MaTeMaTU4deCKOI'O
MOOEeJIMPOBAaHMA MUCIOJIb3yEeTCsa annapaT ajlreOpsl JIOTMKM, TOJIBKO BMECTO KOHTAKTHHIX CXEM
(KOTOPEIE B OINpPENEJIEHHEX CUTyalMax TakKXe MCIOJb3YITCHa) I[IPUMEHATCA JIOTHUYeCKHUe
cxeMel U3 (QYHKLUMOHAJIBHEIX OSJIEMEHTOB. PasyMeeTcsa, IOJI8 WU3YYEHMs TOHKUX AaCIEeKTOB
IIOBENEeHUsI pPeasjlbHEIX DBJIEKTPOHHEIX CXeM (HaopuMep, HOJsa BBUMCIEHMSA MX PasJIMUHBIX
UM CJIOBBIX XapakKkTepmucTrmk, CKaxeM CUJIBL IIpoTeKamnIMx B HUX TOKOB, I10 TpGGHHeMOIZ
MOIHOCTM, TeMIepPaTypPE Pa3JIMYHEIX SBOH) MNPMXOAMTCA MCIOJB30BAaTh CJIOXHEE (QU3MUeCKMe
Momesu, MCIIOJIb 3ylune, B  YaCTHOCTH, oubdbepeHUMAaIbHEIE  yPaBHEHMA, HO  OJnd
MOOEIMPOBaHMA IPOLEeCCOB OOpabOoTKM MHPOPMALMM, NPOMCXOOAUMX B CXeMe, NPMMEeHseTCs
anrebpa JormkM. KOHeUHO, C ONpeIeJIEeHHOM TOUKM 3peHMA ajiredbpo-jormdeckas MOIelb
OYHKUMOHMPOBAHMA BIIEKTPOHHOM CXeMBl ABJIAETCHA TpyOBIM  NPUOIMXEHUEM (HM3KUI

5 Awmepukaner] Bk, 3aHIMaBIIHANACS TU3BIOHKTHBHBIME HOPMAJILHBIMU (POPMaMH B TPHILATHIC TOBI IBAIIIATOTO
BEKa, B CBOEH JMCCePTAIMU CcChiiayics Ha paboTsl [loperkoro.

6 Kcratu, nonroe Bpems >xusiiuM B Poccun. Ero sxenoit 0buta MmaremaTuk TaThsiHa AdanackeBa. Y HHUX ObLIa J0Yb,
Toxke TaThbsiHa M TOXKE€ MaTeMaTHK.

7 Buxtop MBanosuu Illecraxos (1907-1987) — coBeTCKuMii IOTHK M TEOPETUK-2EKTPOTEXHUK. K coxaseHuio, ero
¢dororpaduu, Takxke Kak u hoTorpaduii HEKOTOPBIX IPYTUX YIIOMHHAEMBIX 3/I€Ch YICHBIX, HAM OOHAPYKUTh HE
YAaJI0Ch.



noTeHUMaJy o0O0O3HAaualT HYJIEM, BBICOKUM - eIMHUIEN), HO D3TO NPpUOIMXEeHMNE aIXeKBaTHO
ONMCEHIBaeT paboTy cxeMel M 06e3 ero IOIPpUMMEHeHUS HM aHajlM3, HU CHUHTEe3 CKOJib Jubo
CJIOXHBIX CxeM OblI OBl HEBO3MOXEH .

Jloeuyeckue cxeMbl KOMMNbLIOMEPHOU apugMemuKku

B rslaBe, mnocBAmEeHHOM I[IyHUILJIAHCKOMY MHCTUTYTY, S
omnmcajl JoImMdueckyln cxemy V- HE, kKoToOpas MCIOJIb3yeTCHd
B IYHMIJIAHCKMX KOMIIBIOTEpax, HO He pacckasajl O TOM,
Kak OHa MOXeT IIPMMEHSATHCS B KadeCTBEe COCTaBHOM YacTu
foJiee CJIIOXHEIX CXEM.

AnexcaHmp HOeonHu, <<I[jaunueepcym>>, 2010.

Ecmm y Hac Her B pacnopsaxeHunm sjemMeHTa XOR, HO ecTp ssiemMeHTHl OR, AND m
NAND (Tax 4acTo 0003HAYAT BJIEMEHT, peanm3yommn OoTpHUL.aHME KOHBIOHKLIUM,
NCIIOJIb3YyeTCsa TakXe aHajloTuuHoe o6os3HaueHre NOR), TO MOXHO I[IOCTPOUTH JIOTMUECKYI
cxeMy M3 OYHKIMOHAJIBHEIX DBJIEMEHTOB, peanmsyoumyio oyHkumo XOR. 2Ta cxemMa COCTOUT
13 Tpex DJIEMEHTOB, COEIMHEHHHIX OPYyI' C IOPYyI'OM, KakK I[IOKasaHO Ha CJlenyllleM PUCYHKEe.

CuMmBoJiel X M Y B 2TOM cxemMe o0003HAUawT €e BXOIbl, TEMM Xe& CUMBOJIAMM YyIOOOHO
oBo3HaUATL OYJIEBH II€pPeMeHHEE (T.e. IIepeMeHHBe, IpuMHMMaommue 3HadenHmsa 0 wuim 1),
3HAUeHUsa KOTOPEIX OINpelesidioT COCTOSHMSA O2TUX BXOINOB B pacCCMaTpUBAaEeMHM MOMEHT.
CuMBOJI Z oOO03HauaeT €e BHXOI. ECIM COCTOSHMS BXOINOB CXEMbl ONMCHBAKLTCH 3HAUEHUSIMU
X m Y (MHOTHa T'OBOPSAT, Ha BXOIH IOHAHH 3HaueHus X u Y), TO Ha BEIXOIe sJjiemMeHTa OR
noaeyigeTca 3HaueHue X (Y, Ha BHxXoge sjyiemeHTa NAND - 3HaueHue —(XY),a Ha BeIXONE
ayemMeHTa AND (OH Xe saBJjsgeTCcs BEIXOIIOM BCEM CXeMhBl) — 3HaudeHue (X v Y) (=XY).
CorJjlacHO yKas3aHHOMYy BHIIE TOXIESCTBY 3TO SHaueHMe coBnamaeT c X@OY. INosToMy maHHAS
cxeMa peanmusyeT oyukumo f (x,y) = x@y.

HedopmanbHO TroBOpsS, cCcxeMa M3 OYHKUMOHAJIBHEX D3JIEMEHTOB €CTb I[IPOM3BOJIbLHEBIN
crioco® CoenOMHEeHMS BHXOIOB HEKOTOPHIX DBJIEMEHTOB C BXOIHaMM IPYI'MX BSJIEMEHTOB, B
KOTOPOM He TOABJAKNTCH BaMKHYTBE LMKJEBEI. Hajamume TakKMxX LMKIOB B PeaJIbHOM
MMKPOCXEME IIpPMBEINEeT K €& HeyCTOMUMBOM paboTe B HEKOTOPHIX CUTyalMdx, a  Hajuuue
LUMKJIOB B JIOTMUYECKOM CXeMe CcHOeJjlaeT HeBO3MOXHEM KOPPEKTHOe OllpeIelileHue ee
GYHKUMOHMPOBAHMS M B YaCTHOCTM OllpenejieHMe OyJIEBHX OQYHKIMM, pPeajin3yeMblX BEIXOIaMMU
CXEMHI.

CxeMBl M3 QYHKIMOHAJIBHEIX DJIEMEHTORBR MMEIT Takoe IOJIMHHOEe HasBaHue, UTOOBl UX
OTIMYaThL OT IPYyI'MX BUIOB CXEM, TakxXe I[IpeIHa3HAUYeHHBEX OJS peanu3auuu OyJIeBBIX
byHKUMIM, HaOpuMep, KOHTAKTHEX cxeM. Tak kak JIpyI'Me BMIEL CXeM Jajlee He
paccMaTpuBamnTCcsd, TO IOJS KpaTKOCTM OyZeM Has3bBaTb CXeMbBl M3 OYHKUMOHAJIbHEIX
BJIEMEHTOB IIPOCTO CxXeMaMM (B TEOPeTUUYECKOM MNPOI'PAMMMPOBAHUM MB3BECTHO PABHOCUJIIBHOE
IIOHATHKE, HABEIBAEMOE HEBETBAUENCS NPOTPaMMON) .

YT10 Takoe CNOXHOCTb CXeMbl

PasMepoM (MM CJIOXKHOCTBIO) CXEeMbl Haz3blBaAeTCHa UYMCJIO COCTAaBJIAKIMX €€ DJIEMEHTOB
B paccMOTpPEHHOM MNpUMEepe CJIOXHOCTL paBHa 3.

B OpakTUUeCKMX [IPUJIOXKEHUSX  pPeajlbHEe CXEeMbBl pa3MelleHE Ha  KpPeMHUEeBOM
KpucTajjle, U IIOI pa3MepoOM CXeMbl €CTEeCTBEHHO IIOHMMAaThb ee IJjiomanb. [IJomalb CXEeMBL
onpemesyigseTcsa CYyMMAapHOM ILJIOWAIbI COCTAaBJISKIMX €& BJIEMEeHTOB U IIJIoWanbil, 3aHMMaeMOW
IpOoBOIaMM, COEIVHANIYMM 3SJIEMEeHTH. 3amada MMHMMMB3alUuy IIJIoWany CXEMEl SABJISeTCs
BaXHOM MNPMKJIAOHOM 3aladel (B [IOocJelHee BpeMsa €e aKTyaJIbHOCTb CHM3MJIACh, Tak Kak
COBpPEMEHHEIE TEXHOJIOTUM II03BOJIAIT yKJIAIOHBATbH Ha KPUCTAJJI CXEMH M3 OI'POMHOIO uMCIa
DJIEMEHTOR) .

OLUeHMTL IOJI0 IJIoWAanM, 3BaHMMaeMOV IIPOBOINaMM IOBOJIBHO CJIOXHO (OHa CMJIBHO
3aBUCUT OT MCIOJIB3YEeMOT'O aJIToOPpMTMa YyKJIAaOKM DJIEMEeHTOB CXeMbl, HasbBaeMoI'o B
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AHTJIOASHUHOM JIMTepaType placement, ¥ OT ajropMTMa pPas3BOOKM WIM TPaCCUPOBKU
IPOBOMNOB, IMNO-aHTJIMMCKM Ha3BBaeMoro routing), ™M XOTsS y CJIOXHEIX CXeM OHa MOXeT
OBITE IOOBOJIBHO BEJIMKA, rpy60O ee MOXHO OLEHMTH Kak CyMMy IJiomanel COCTaBJISOIMX
cxeMy SJIeMeHTOB. Ilo®ToOMy MHOTIOA MCIOJb3yeTcsa cjenyoimee oOoOmeHMe MNOHATUS
CJIOXKHOCTM CXEMH : CJIOXHOCTH CXEMEl — 5TO CyMMa Pa3MEpPOB (MJIM BECOB) COCTAaBJISOIMX
ee 3JIEMEHTOB (npennosaraetTcs, uTo KaxigoMy  DBJIEMEeHTY  COIOCTAaBJIEHO  UMCJIO,
HasHBaeMOe BECOM MJIM pasMepoM 3JIEMEHTA) .
Kax mpaBwmiio, uYueM OoOJiblie CJIOXKHOCTHL, TeM OoJiblie IJIomanb .

qJOpMYﬂbI KaK YaCTHbIN BUA CXeM

B Pa2CCMOTPEHHOM IIpMMepe BHXOL KaXIOI'O DJIeMeHTa I[IPMCOEeAMHSIEeTCS K BXOLYy
TOJIBKO OHOHOTO IPyI'OI'0 DJIeMeHTa (I'OBOPAT, UYTO BJIEMEHTHE CXEMH He MMEKT BeTBJIEHUN)
¥ CXeMa MMEeEeT TOJIBKO OIOMH BBEIXOI, M TeM CaMbM, pealMi3yeT TOJbKO OIOHY OYHKLMIIO.
Takye CxXeMbl YacCTO Ha3EBalnT QopMyJjlaMM. BXOIEl CXEMEl B PAaCCMOTPEHHOM IIPUMEpe MMET
BeTBJIEHUS (KaxIBlM M3 HUX I[IPUCOeIMHIeTCs K BXOIaM IBYyX 3JIeMeHTOB). JopMyJE, VY
KOTOPEIX M  BXOIBL He MMEKT BeTBJIEHUN, Has3bBaloT OeCHOBTOPHBIMM  QOpPMYyJiaMM.
Bo3MOXHOCTM Takmux GOopMyJl OJia peajm3aumuy OyJIeBHX QYHKLMM BeCbMa OI'PaHUUEHEH.

Ba3ucbl n TexHonoruyeckana omonmoTeka

PaccMmoTpeHHas cxeMa I[OCTpoOeHa M3 s3JjieMeHTOoB OR, AND, NAND. Kpyxoxk npu
syeMeHTe NAND m3006paxaeT MHBepTOp (oOO03HauvaeMbl¥d B AHIJIOABBUHOM JuTepaType NOT),
HO Ha CcaMOM [eJjle TeXHOJIOTMA TakobBa, 4YTOo 3JjeMeHT NAND cocTaBidgeTcsa M3 OTIOEeJIbHEIX
yacTel, HasHBaeMHX B aHIJIOA3BIUHOM JIMTepaType gate maxe 0OoJjiee NPOCTO, UeM BJIEMEHT

AND, n  uMeeT MEeHbIIY  IJIoWAanb bZ8 Ba0epXKy  IIpu CpaBHMMEBIX SJIEKTPUUECKUX
XapaKTepucTmKax.

Habop pas3iM4YHEIX 3JIEMEHTOB, MCIOJIB30OBAHHBIX IIPM IIOCTPOEHMM CXEMBl, Ha3BBaeTCH
ee tasucom. B TeopeTUudYeCKNX MCCJIeNOBaHUAX OOBIUHO VCIIOJIb3YyEeTCH 0asmCH

{OR,AND,NOT}, {OR,XOR,AND,NOT} wmnm 6a3mc u3 BCEeX IOBYXBXOIOBHX D3JIeMeHTOB. Ha
npakTuke 6as3UcC, KOTOPBIM MOXHO MCIIOJIB30OBATH IIPY [NOCTPOEHUM CXeM, OOBUHO OIpeleieH
3apaHee U M3BECTeH pas3paboTumky. B MHXEHEPHOM TEePpMUHOJIOTMM OH Has3bBaETCH
TEXHOJIOTUYECKON OMOJIMOTEKOM.

CoBpeMeHHbBe OUOIMOTEKM COINEPXaT COTHM 3BJIEMEHTOB (B aHIVIOA3BUHOM JIMUTepaType
BMECTO TEepMMHAa 3JIEMEHT MUCIOJb3YIT TepMMH cell, UTO B INepeBOOMTCA Kak <<gueuka>>),
SJIEMEHTEI MOIT'YT MeThb e, dJeTreIipe, a MHOT'IIa )8 BoJiee BXOIOOB, MHOT'IIa IBa JZupeZs
HECKOJIBKO BBIXOIOOB, JIOTMUECKM OIOVMHAKOBEIE 3JBJIEMEHTEI MOT'YT MMETH PAa3HEIE MO,HMQ)MKaLU/H/I,
VMEeK e Pas3Hble 3HAaUYeHMS IJIowallM, 3aIePXKM M Pa3HBEE BJIEKTPUYUYECKM XapPaKTePUCTUKH.

NMonycymmaTrop -cxema ansa cnoxeHums aByx outos

IJIg  BHIIOJIHEHMSA  CJIOXEHMS IOBYX OIOHOOMTOBEIX UMCeEJ JejlaldT OOBYHO  Jaxe
CIlelMaJIbHEIM JIOTMYECKMM BJIEMEHT C IOByMS BXOoIaMM X,y M IOBYMsS BEXOHaMM U,V, Kak OB
COCTAaBJIEHHB M3 D2JIEMEHTa KOHBIOHKUMM M D3JIeMeHTa CJIOXeHUS I[IO0 MONYJIo XOBa. J9ITOT
3JIEMEHT YaCTO HABHEBAT [NOJIyCyMMaTopoM (nmo—aHrummcky half adder) m obozHauawT HA
(mnmm F2) . Peanuaywomas eI'0 CXeMa BHIVISIUT CllelyolrM o0paz30oM.

) ”

< X

AND

Monycymmarop (cxema Ans CNoXeHus AByX 61ToB)

Bamaua. llocTpolTe B Oaszmce {AND,OR, NOT} cxeMmy IJd IOJyCyMMaTopa CJIOXHOCTM 4.
YkasaHue: BOCHOJb3yUTeCch dbopMmysion x®y = (xvy)& —(x&y) .



Fny6uHa cxemMbl 1 ee 3aaepKKa

IpyToll BaXHOM XapaKTEPMUMCTUKOM CXEMHl ABJSETCS ee IJyOuHa. I['TIyOMHOM CXEMH
Has3BIBAETCA MaKCHMMaJIbHOE UYMCJIO €€ DBJIEMEHTOB, of0pas’syolMx lLelb, COeIMHALIY KaKOoM-—
anbo BXOXI CXEMBl C OIHMM M3 €€ BHXOIOB. HamnpuMmep, y NEepPBOM M3 PaCCMOTPEHHEIX  BHIIE
cxeM TJIyOMHa paBHa enOuHMIEe, a y BTOPOM ——-- IBYM.

3anepXxKoM CXeMEl Ha3HBaeTCs BpeMs, [Ipolefnee OT MOMEHTa I[IOABJIEHMS CUI'Hala
Ha BXOIaxX CXeMel (KakK IMpaBMJIO, 3Ha4YeHMs BXOIOB CXEMBl CTabuIM3UPYITCsa B pPas3HEE
MOMEHT BPEMEeHM, U TOorIa OTCYeT HaduMHaeTCsa C TOTo, UYbe BHadeHUe CTabuImM3MpOoBaJIiOCh
IIOCJIeOHMM) OO MOMEHTa I[OABJIEHMS CMI'Hajla Ha €€ BEXOIE.

T'ny®uHa CXeMeBl — He MeHee BaxHasg XapaKTepUCTMKa CXEMBl, YeM ee CJOXHOCTE.
CJIOXHOCTBb JIOTMYEeCKOM cxXeMsH B 3HAUUTEJIbHOM CTelneHu onpenesieT nJjomanb
COOTBETCTBYKIEN pPeaJIbHOM CXEMBl, PaCIOJIOKEHHO)M Ha KPEeMHMEBOM KpucTaJule. I[JyOmHa
Xe JIOTMYECKOM CXEeMs B 3HAauUMTEJIbHOM Mepe onpenesseT 3aOepPXKy peaJibHOM cxeMel. Kak
opaBsuiio, uYeMm OoJblie TJIyOMHa, TeM OoJiblie 3alepXKa.

CJIOXHOCTBL CXeMbl YacTO He MMeeT CyHIeCTBEeHHOTO  3HaudeHusd, Tak Kak
COBPEMEHHEE TeXHOJIOTMM I[103BOJIAIT pasMeCcTMTb Ha KpMcTajljle OuyeHb OoJibliMe CXeMbl. A
MMHMMMBalUMsa 3aIepXKyM CXeMb OdYeHb BaxHa, Tak Kak 3aJepkka KOMOMHAUMOHHOM dYacTu
MHOTOTaKTHOM CXEMEl ONpenejigeT ee TaKTOBYK YacTOTy —4eM MeHblIe 3alepXKa, TEeM BHIIe
JacToTa.

TeopeTUYEeCKM BHUMCIMTL 3aIepXKy peaJibHOM CXeMbH OueHb CJIOXHO. lenen
BJIEMEHTOB CXEMbl, COeIOMHAKIMX €€ BXOIH C BHEXOIaMM (2TK LedM TaKxe Has3bBBanT
IyTsaMM) , OOBIMHO IOBOJIBHO MHOTO M 3allepXKa CXEMHl OllpelesseTcsd 3aIePXKOol II0 CaMOMy
IJIOXOMY B OIpPEeHeJIEHHOM CMEICJIe NYyTM, KOTOPEIM Ha3HBaeTCS KPUTUMUECKMM. 3aIepxkKa II0
OaHHOMY IIyTM OINpeIesiseTcs He TOJIbKO CyMMOM 3BaIepXek BCexX DJIEMEHTOB, JIexallMx Ha
sTOM NnyTu. CJlenyeT Yy4UYMTHBATbH TakXe 3alepXKy COeOMHSIIMX STY D3JIEMEHTH IIPOBONOB.
BanepxkKa »JIeMeHTa 3aBUCUT OT TOI'0, MexXIy KakMM eI'o BXOIOM M KaKMUM eI'0 BBIXOIOM
OHa Wu3MepsAeTcs, a Takxe OT 3JIEKTPUYECKMX XaPaKTEePMCTMK CcaMoT'o BJIEMeHTa U
5JIEMEHTOB HEINOCPEOCTBEHHO C HMM CBABaHHEIX B pacCMaTpMBaeMOM CXeMe, OHa 3aBUCUT
OT TeMIepaTypel CXeMbl U Haxe OT TOTO, Kakue JOTMYeCKMe 3BHadeHUs I[IOoHalnTCa B
paccMaTpMBaeMel MOMEHT Ha BXOIBL 2TOI'O BSJIeMeHTa U M3MeH#AeTca JM (M B  Kakyo
CTOPOHY) 3HAaueHMe Ha er'o BEIXOIE.

TeM He MeHee, XOTHA M He OUeHb TOYHO, 3aIePXKy IIyTM MOXHO OLEHMTbH Kak CyMMYy
3aIepXeK ero 3JIEMEHTOB. ECiM 3alepXKM BCEeX DJIEMEHTOB PaBHH, TO 3Ta BeJMUMHa, Kak
OpaBuWJIO, OmpemesfeTcs TJIyOMHOM CXEMH. ° PasyMeeTcs, [OHATHME TUIyGMHB CXEMEl MOXHO
pacumMpmuThb, LOOIIYyCTUB, YuTo 3JIEMEHTH fasuca MOTYT VIMEeTb IIPOM3BOJIbL HEIE
HeoTpHUllaTEJIbHEIE BalepXky, a IJIyOMHY Lenu BSJIEMeHTOB OIpelelIMTh kak CyMMy UX
3aIepXeK.

Cxema onsa cnoxeHus Tpex 6mTos

Hmxe mnpueommuTcd OoOJiee CJOXHEM IIPMMEP CXEMB, B KOTOPOM €eCTb U BETBJIEHUA
5JIEMEHTOB M OBa BEIXOIA, KOTOPHE HEe MNIPUCOEIMHAKTCA HM K KakKMM BXOZaM IOPYTIUX
BJIEMEHTOB (HO BHIXOH 3JIEMEeHTa, KOTOPHM MIPUCOEIMHAETCS K BXOOYy IPYyToro 3JIeMeHTa
IPM XeJIaHUM TOXe MOXeT OHTb OOBABJIEH BHIXOILOM CXEMEHI) .

»

¥ Nmeercs 3ameuenroe B. M. XpamueHko TOHKOE pa3inune Mex /Ty FyOUHOM ¥ 3a1epiKKOil 1akKe B IIPEANOT0KEHHH,
YTO 33JIEP’KKU BCEX DJIEMEHTOB PaBHBI EIMHUIIE, a 33aIeP>KKOH IPOBOJIOB M pounMu 3dexTamu peHedperaem. Ho
3[1ECh MBI HE MOKEM KacaThCsl 3TOT0 BOIIPOCA.
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B »TOolM cxeMe BXOIH OOO3HAUYEHH COOTBETCTBYRUMMM MM CUMBOJIAMU OYJIEBBIX
nepeMeHHsx X,Y,Z, a Ha OBYX €e BHXOIax peaymayonTrca oyHkumu 1 (x,y,z)= x®y® z -
CyMMa Tpex I[IepPeMeHHEIX I[10 MOOYJI0 IBa (Has3pBaeMasd Takxe JMHEeMHOM OQyHKUMEeV Tpex
[IEPEMEHHEIX WMJIM CUEeTUMKOM HEUeTHOCTM C TpPpeMsa IIepPeMeHHBEMM), U OyHKUMa m(x,YVy, Z)
XYVXZVYZ , Has3bBaeMas byHKLUMEN  I'OJIOCOBAHUSA KoMMTETa U3 Tpex  4JeJIOBeK,
MaXOPUTAPHOM OQYHKLIMEN MM KOpode — MeIOMaHOM.

[lepBas M3 >TUX QYHKUMI MOXET OBTB OINpelejleHa CJIEeOYKRIMM CJIOBECHBM OIMCAaHUEM.
Ee 3HaueHMe NHO apryMeHTaM X,Yy,Z BEUMCISAETCH KakK OCTATOK OT OeJIeHMS OOBYHOM CyMMBI
X+y+z Ha 2. PaBHOCWJIBHEIM OOpPa30M MOXHO OINpelesuTh 3Ty obyHkumo bopmyJsion (x@y)@z .

MenmaHy MOXHO OINPeIeJIMTh CJeIyo MM CJIOBECHBIM onmcaHmem. OHa paBHaA enOuHMULE
TOr'Da M TOJIBKO TOI'moa, KOI'Ia He MeHee IBYX U3 €€ aApT'yMEeHTOB €IOVHMIIBL. PaBHOCWMJIILHEIM
obpasoM ee MOXHO OIpelelMUTb QopMyJIoN (XyVxz)Vyz VZnpeZi uyTb 0Oo0Jiee KOPOTKOMU
bopmysion x(yvz)vyz . He Taxk OUYeBMOHO, UYTO Ty Xe QYHKLUMIO MOXHO OIpelesIUuTh
bopmysamn xy® (xz®@yz) = x(yPz)Pyz.

PaccMoTpeHHas cxeMma (ee B aHIJIOAB3BIUHOM JMTepaType Haz3pBawowT Full Adder u
oBo3HauawT FA3) HasEHBaAEeTCSa CXEeMOM CJIOXeHMS Tpex OUTOB [IOTOMY, 4TO  OHa
,HeﬁC'I‘BM'I‘eJ'H::HO BEI[IOJIHAET CJIOXEHUM TpeX OIOHOPAa3PAIOHEIX UMCEJI B ,]IBOME{HO?I cucreMe II0
crenywouyM QopMyJiaMm

x+y+z = 2u+v, u = m(x,y,z) = (x®y)z®xy, v = 1(xX,y,2z) = (x®y)Dz

Iy HEeNnoCpeICTBEHHOM MIPOBEPKM 3TUX GOPMYyJI HYXHO HepebpaTb BCe 8 BHAUEHUM
OyJIeBOT'O TPEeXMepHOr'o BekToOpa (X,y,z) or (0,0,0) mo (1,1,1). Ho ecim yuyecTb, UYUTO
byuxumm 1 (x,vy,2) n m(x,y,z) CUMMEeTpUUeCcKHue, T.CE. He 3aBMUCAT OT IopAlka

[IEPEMEHHEIX, TO IIepebop CoKpallaeTCsa IO UYeTHPEeX CJeIy IMX BapMaHTOB: Cpelu uMucCeJl
X,V,2Z HEeT eIuHUl], €CTb POBHO OIHAa eIMHMIA, POBHO IOBE EIMHMLE, POBHO TPM EIMHMUILIEL.
[Ipy 2TOM cCJlenyeT BaMeTUTh, UYTO Pe3yJibTaT CJIOXKeHUS Tpex OUTOB B IBOMUHOM CHUCTEMe
B paccMaTpMBaeMBIX CJIydasx HaXOIUTCH CJelyolyM o0pasoM:

0+0+0 = 0 = (00),, 1+0+0 =1 = (01),, 1+1+0 = 2 = (10),, 1+1+1=3 = (11),.

Banaua. IllocrpouTsr B ©Oasuce {AND,OR, NOT} cxemy cyMMaTopa Tpex OMTOB
cyoxHocTy 10.

YxaszaHMe: BOCIOJb3yMUTeCh bopMyJiaMu

x@y=(xvy)—(xy),1(x,y,2) = (x@y)®z = ((x@y)vz)—=((x@y)z),
m(x,y,z)= (xVvy)zvxy.

D,BOVI‘IHI:IG CyMMaTOpPbI -CXeMbl AnA CrioXXeHusAa ABOUYHbIX Ynucen

CjoxeHMe IBYX N-Pa3pPsSOHEX UYMcell (Xp,...,X1)2 U (Vnr+e--rY1)2, Kaxk ¥ B
OeCATUYHOY CHUCTeMe, IIPUMBOIMUT K IIOABJIEHUIO II€PEeHOCOB B CJedyllul pas3psal, KOTOphe
H@O@XO,HMMO YUYUTEIBATE B BEIUMCIIEHUN. STU IIEPEHOCEl TakKXe PaBHBEI HYJIIO WIM €eOMHNMIEe
(ecny nepeHOC paBeH HYJIO, TO B PYYHOM BHUMCJIEHMM OH O(QaKTMUECKM He BHIIOJIHAETCH,
HO JioTrmMyeckas cxeMma o6sg3aHa OpaBuibHO paboTaTe M B DTOM Cilyyae, BeIb OHa He
3HaeT, KakoM [IepeHOC IIpHMllesl M3 Npembnylero pa3s3psna). O003HauuMM IIepeHOC U3 (i-
1) -To paspsana B cremyommii 1i-1 paspan depes wi (w;=0, DOTOMy UYTO NpenHIymero
paspsna B DTOM CJjiydae INpocTO HeT). Torma IJjsa BHUMCIEHUs z; (1-T7o OuTa pesyybTaTa)
HYXHO CJIOXUTB OUTH X; M y; ¥ OUT IIepeHOoCa wi. ITO CJIOXEHMe BHIIOJIHSEeM 10 bopMyiam

Xy + y; twi= 2vy tuy, vitm(xy S, y: o Wi), wi=l(Xg ,yio W)

c nowmomeio cxemel FA3. Torma z;=u;=1(x; ,y; ,Wi), a clemoyoumy OUT IepeHOCa Wiy =
Vi=m (X ,Yi Wi) .

[Ipy CJIOXeHUM nN-pa3pSOHEIX UYKCEeJI IIoJlydaeTcs Boofme ToBOpsa n+l-paspsnHoe
uycyio. Ero crapumit OUT Zp1= Wy PABEH IIOCJIeOHEMY IIePeHOCY.

Banauva. J[JokaxmuTe, UYTO II€PEHOCH IEeVWCTBUTEJIBHO BHUMCISIOTCS I[I0 YyKa3aHHBM
dbopMmyIIaM.

CxeMa CJIOXeHMS TpexXpaspsalHBIX UYMCceJl IIpuBeleHa Ha CcjledyllleM PUCYHKe.
AHAJIOI'MYUHEIM o6pa30M BEITJIAOMT M CXeMa CJIOXEHMA N—-Pa3pAIHBIX UYMCEJl.
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X1 —
HA

2 z Z1

X2

Y2 Z2
Z4

X3

Y3 Z3

[NocnepoBaTenbHbIN CyMMaTOop Tpexpa3pAaaHbIX Yncen

Banaua JokaxmuTe, UYTO CJIOXKHOCTH YKasz3aHHOTO nN-pas3psalHOoTO CcyMMaTopa B 0Oasuce
{AND, OR,NOT, XOR} pamBHa 5n-3, a B 0Oasmce {AND,OR,NOT} - paBHa 10n-6.

H.II.Penbxuu ° mokasal, yTo CyMMaTOpPOB MeHbIIen CJIOXHOCTM B Basuce
{AND, OR, XOR, NOT} He CylecTByeT. [IOCTPOEHHEM CyMMaTop aBJIgSeTCcs O3 TOMY
MMHMMAJILHOM CXEeMOU. Ho y »TOM CXeMB €CTb CYUEeCTBEeHHBM HEeIOCTATOK — OHa M’MeeT

Sonbwyio TIIyOMHY. Ee 1DinydmHa B 0Oasmuce {AND,OR, XOR}paBHa 2n-1 mnpm HOOAOXOIALIEM
BEIOOPE CXeM, peanusynumx monmyau FA3.
Banaua IlpoBepbTe, YTO BTO HOEMCTBUTEJIBHO Tak.

Opyrue cxembl gnsi cyMMaTopoB

/I3BECTHO OTPOMHOE UMCJIO PAaBJIMUHEIX CXEeM OJs CYyMMaToOpOoB. Ml pacCMOTPMM Ha
IpyMepe Tpexpal’psaIHOTO CyMMaTopa CXEeMy, MWMENIYK CYIEeCTBEHHO MEHBIYKD TJIYyOMHY, UeM
cxeMa ¥3 NpelHOymero pas3nelia. llpexne ueM ee NOCTPOUTL, BHBeOEeM SBHYD GOpMyJly IJid
BEIUMCJIEHUS [IE€PEeHOCOB IIPM CJIOXEHMM N-PaspsalHHX YMCeJl. B npemuaymeM pa3sneje ObLio

[IOKAasaHO, 4YTO IIPM CJIOXKEHUM N-PaspPaOHBIX uucesl (X,, ...,X1)y U (Yns o+ -sY1)2 IEPEHOCH
BEIUMCJISIOTCS I[IOCJIeHOBATEJIbHO IO  QopMyJlaM Wiy, = Vi=m(xX; ,VY; ,Wi), TIOe wo=0.
BcrnomMuuas ¢opMysly m(x,y,z) = (XVy)z VvXy, IIojydaeM, UYTO

W1= X1Y1, Win= (XiVVi) WiVRiVi.
Ina ynobcrBa oOO3HAUMM X;Vy; depes Vi, a X;y; — 4Yepes u;. Torma npenenymyme QOpMyJiE
nepenuueTcsa B BUIOE W;1=Viw;VvU;, w;=0. /3 HUX OOCJemoBaTeJIbHO I[IOoJlydyaeM, UTO
wy= vi&0VU;, =Uj, W3= VoWV Upy=v,ouiVv U,,
Ws= V3W3V U3z = V3 (VoUui1V Uz)V Uz= ViVoUuiVv ViUV Us.
3apmava. JokaxmTe, UYTO
Wpe1= Vp &V &. .. &v, &u; v v, &V &. . . &vs &u, Vv vv, &y &upovv, &unoVoug.
(B dopmMyJsile MCHOOJIB30BAHE 3HaAKM KOHBIOHKLUMM, a He OpobeJiel, Kak paHee, YTOOH
HAIOMHUTH, UYTO Npofesl y Hac OBl BCEI'O JIMUIb COKPAlleHHBEM OOO3HAUEeHMEM KOHBIOHKIIMN;
CckOoOku B OGopMyJie ONylleHB, TaK KakK I[IpenmnojlaraeTcsda, dYTO olepaursa KOHBIHKLIUN
CBA3EIBAET CUJIbHee, ueM IOM3BIOHKLINMA, nomobHO TOMY, KakK B WKOJIbHOM ajrebpe
cuyTaeTcsa, UYTO YMHOXEHMEe CBA3BBAaeT CUJIbHee, UYeM CJIOXeHME UM COOTBEeTCTBYIME
CKOBOKM ONyCcKawnTCcd) .

? Huxonait [Tetposuu Pepkun — npodeccop kadeapsl TUCKpETHOM MaTeMaTHKi MexMata MI'Y, u3BecTHbIH
CHELMAIMCT B 00JIACTH CHHTE3a U TECTHPOBAHUS JIOTHYECKUX CXEM.
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Samaua Ecau onpenenuTb v; kKak x;@y;, TO CIOpaBeIJiMBO PABEHCTBO

Wps1= V, &V &. .. &v, &u; @ v, &v&. . . &v; &u, @ ®v, &V, &u,,®v, &u,. D u,,
Bcriommuas ¢opMmysiel z; = x;®@y; @Ow;, BUOMM, UTO CxeMy IJIS CJIOXEHMS MOXHO

COCTaBUTL M3 Tpex OJOKOB (MOOyJiel), M300paXeHHHX Ha CIeOyllleM PUCYHKE.

v V V¥V 4 \ 2 /

Vol

Monmysne UV peanusyeT OYHKUUM W3=X;Vi, Vi=x; @y; M COCTOUT U3 MaApPaJIJIEJIbHO
PAaCIIOJIOXEHHEIX I[IOJIYyCYMMaTOPOB, KakK I[I0KasaHO Ha CJllenyoleM PUCYHKe

<

X1 yi X2 Y2 X3 Y3
HA HA HA

ug Vi u V2 u3 V3

MonyJsib 7 peanmusyeT oyHkuuu z;=x;@y;®w; = v;@w; M cocToMT U3 napasiesbHO
PACIIOJIOKEeHHEX 2JieMeHToB XOR, Kak [IOKa3aHO Ha CledyKleM PUCYHKEe

vl w1l v2w2 v2w3
z1 z2 z3

Monmyne W peasm3yeT INEePEeHOCH W; M M300paxeH Ha CJenyllleM PUCYHKE
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v2 ul u2 v3 u3

w4
Bamaua. IlIpoBepbTe, uTOo B 0Oasuce {AND,OR,XOR} CJOXHOCTbL IIOCTPOEHHOM CXEMEL
paBHa 15, a mnybuHa paBHa 5. B Gaswuce {AND,OR,NOT} CJIOXHOCTbL BTOM CXEMH paBHa
42, (Tak KaK CJIOXHOCTB CXeMel, peanusyiomer XOR, paBHa 4), a r1iaybuHa B 6Oasuce

{AND, NAND, OR} paBHa 9.
MOXHO MNOCTPOUTH JIYUIIYID CXeMy, €CiaM B Momynax UV m W 3aMeHUTb BCEe 3JIEMEHTEH

XOR Ha »yeMeHTH OR. Ho Torma npumeTrcda B MOoOyJle Z 3aMeHUTb BcCe 3JieMeHTH XOR Ha
MOmyJsiv, peanusaywomme oyHkuyu 1(x,y,z) = x@Oy®z. OueBMOHO, KaAXILI TaKOM MOIYJIb
peanms3yeTcsa CcxeMoM M3 OByx 3JjieMeHTOB XOR.

Bamayva. IIpoBepbTe, UYTO HOBHIM BapMaHT CxXeMbl B 0Oasuce {AND,OR,NOT} wnmeeT
CJIOXHOCTBL paBHa 33 (Tak Kak DJIEMEHTH, peajusyllMe X; V y; MOXHO MCIOJIbB30BaTh IPU
peanmzaumy QyHKLIUN x; @ y; B MmMomyme 7)), a TyOmHa B ©Oazmce {AND,NAND, OR}
paBHa 6.

MapannenbHble cymMmMaTopbl C MOYTU MUHUMaNbLHOMN rNyoOMHON

Tory®muHa YKAa3aHHOM BHIIE CXEMbBl I[IOCJIENOBATEJIBHOTO N-paspsSOHOTO CcyMMaTopa
paBHa 2n-1. 3TO OdYeHb MHOT'O M IIOCTPOEHHas TakuM oOOpasoM peajibHasg cxeMma OyIerT
VMeTb OOJIbIIYyI 3alepXky. Ha OpakTuke MCHOJBb3YITCHS CXEMH, MMellle OOHOBPEMEHHO
MaJiyld CJIOXHOCTbL, He mnpepocxomaumyiow Cn (rme C — HeboJsibllasg KOHCTAHTA) M Malyk
TIyOuHYy, OPUONMBUTENIBHO paBHY©O 2l1o0g, n. B.M. Xpanuenxko 10 B 1970 1. mnocTpowmn
CxXeMy MaJIOM CJIOXHOCTM M TJIyOMHE, aCMMITOTMUYECKM pPaBHOM logn (T.e. PpPaBHYD
(l+o((n))log, n, rTme o(n) - HekoToOpasa BeJMUMHA, KOTopas CTPeMUTCS K HYJIO, T.e.
MOXEeT CTaTb CKOJIb YIOINHO MaJioM Opu JocTaTouHo OoJjsbmoM n) 11 . OH Xxe HeZaBHO
ookasajl, uTo IJiybrHa cyMMaTopa He MOXeT OBITb MeHbIe

logzn + log,(log;(logzn)) .

[IosTOMy IOCTPOEHHAas MM CXeMa MWMeeT aCUMITOTHMYECKM MMHMMAJIbHYID ITUIyOMHY .
OOHaAKO €erI'0 CxXeMa MMeeT MeHbUyln IJIyOMHY II0 CpaBHEeHMI0 C OOBUHBIMM CXeMaMM TOJIBKO
opy n nopsaika TecauM. TeM He MeHee CyleCTByeT HeKoTopas MoIudmMkalusa €TI0 CXEMH C

TyGuHOM NpUEIM3MTesNbHO paBHOM log, n, rTme ¢ = (5'°+1)/2, u sTa cxema wuMeer

' Banepuii Muxaiinosuu Xparmuenko, Hayusbiii coTpyaauk UM PAH, u3BecTHbII ClIENHATICT B 06/1ACTH TEOPHH
CJIO’KHOCTH OyJIeBBIX (QYHKIIMH.

" JlBonumnsiii norapum log,x oGnanaer ciemyromumM cBoiictBom: pu 2" < x <2™' cipaBeIBO HEPAaBEHCTBO N <X
<n+1. JInst noHMMaHus AaibHEeHIIero O0oJble HUYEero 0 HeM 3HaTh HE HYKHO.
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TIyOMHY MEeHBIIyI, uYeM CTaHOapTHBE CXeMB, YyXe HaumHas ¢ n = 8. B 2008 .
M.M.TpuHuykl2 HOOCTPOMII CXeMy TJIyOMHE He OoJbllen

log;n + log;(logyn) +6,
KOTOpad yXe IIpM MaJlbEIX N VMMeeT MEHBIUYIO I‘J'Iy@I/IHy, ueM BCe M3BECTHBIE CXEMEI.

CxeMbl Ansi YMHOXEHUA - MyTibTUNepbl

Sanaqa IIOCTPOEHMA OIITVMAaJIbHBIX cXeM OJ1da YMHOXEHMA N—-paspAangHbeX yrceJgI
okazajlach elle TpyIloHee, UYeM 13amada O IOCTPOEHMM OITMMAJIbHEIX CyMMaTOpPOB. JleTrko
INOCTPOMUTE CXeMy IJid yMHOXEHNA n-paspanHelx umcen B 0Oasmuce {OR,AND, XOR,NOT}
CJIOXHOCTM NPUBIMBUTENILHO PaBHOM 6n° .

Banaua. lonpobyNTe HNOCTPOUTE TAaKyK CXEMY.

IJI9 3TOTO MOXHO MCIIOJIB30BATh YKA3aHHYK BHIIE CXeMy IJid cyMMaTopa. OOHakKo ee
rnybuHa ©Oyner BeJuka. B Hauasie 60-x TOHOOB HECKOJbKO wuccjaemorpareynem (B CCCP
CronapoB u OdmaH, B CHIA ABHUIEHMC M YOJUJIeC) He3aBUCKMO I[IOCTPOMIIM CXeMy IJisd
YMHOXEHMSA CJIOXKHOCTM IIOopAIKa n? n TJyOuMHH HNopsanka 1log, n. B cMBCIEe TJIyOMHEH 3TU
CxXeMbl IO MNOPANKY OINTMMAaJIbHBI, HO OO CMX I[IOP OCTAaEeTCsa HEepPelleHHOM 3alada I[IOCTPOEHUS
CXeMbl IOJIS YMHOXEHMS aCUMITOTHMUYECKM MUHMMAJIbHOM TJIyOMHEI. B CMHBICJIE CJOXHOCTUM 3TU
CXeMbl OKa3aJiMCh HaJlIeKM OINTMMAaJIbHBIX .

Majsio KTO 3HaeT, UYTO OTHOCUTEJIbHO HeIOaBHO OBUJIM OTKPEITEL I'Opasno 0OoJee
OBICTPEIE AJITOPMTMBEl YMHOXEHMS M JeJIeHMA MHOTO3HAaYHEX 4YMCeJI M MHOTOWYJIEHOB. IlepBrll
TAKOM aJIropMTM HnpuayMas B 1962 1., oTBeuas Ha BOIpPOC akazemmka A. H.
Konmoroposa, acnmupaHT MexmaTta MIY A. A. Kapauy6a13. AnropmutMm KapanyOe yMHOXaeT

1,6 . log, 3 o
n-paspsamHee OBOMUHEE umMcia 3a C n''® omepaumit (Tounee, za CN onepaumyt, rme C -
HeKOoTOpas KOHCTAaHTa, He BaBucAmas OT N, a OBOMYHEI Jiorapubm Tpex paBeH 1,58496..).
Vlcrionb3yss €Tr'0, MOXHO I[OCTPOMTH CXEeMy IOJIsS yYMHOXEHMS N Pas3pPsaIHBIX UYMCEeJI CJOXHOCTMU

log, 3
He 6osbme Cn%7 .

Vmero MeTonma  Kapauy®el MOXHO  IOSCHUTH Ha CJenyoleM [IpUMepe. IIycThb
IEPEeMHOXalTCsI BOCBMMB3HAUHEE UYMCJIa B OOBUYHONM NEeCSATUUYHOM CUCTEeMe
U = (U1U2...U8)10 n v = (V1V2...V8)10.
[IlpencTaBMM MX Kak IBY3HAUHBEIE UMKCJla B CUCTEME CUMCIJIEHMS IO OCHOBAHUIO 10%=10000:
U = (U102) 10000, V = (V1iV3) 10000-

Torma ¥xX NPOMBBEIEeHMEe MOXHO MNPEeINCTaBUTL B CJEeOylleM BUIE:

UV = UyV; 10% +((Uy — Uy) (V, — Vi) + Up Vit U,V,) 10*  + U, V,.
OTa ¢opMyJia CBOOUT yMHOXEeHMEe 8-3HauHBIX UMCEeJI K TpeM ollepaluaM YMHOXEHUI
M mecCTrM oliepalraM CJIOXEHMA M BBEIUMTAHMA 4 —-3HAaUHBIX urcesI (C ydJ4eToM IIEepPeHOCOB B
crenypomMe pas3psanel) . OOBUHEI CIIOCOO TpebyeT UYeTHpexX YMHOXEHUM M TPpeX CJIOXEHMUM—
BEUMTAHMM, HO Tak Kak TpM pasa CJOXMUTb 4-3HAUHHE UMCJla MOXHO OBICTpee, uUeM
OIOVH Ppa3 IepeMHOXUThL, TO MeTon KapaluyOu yxe 8-3HauHEEe UYMCJla [IepeMHOXaeT
OricTpee, uYeM OOBIUHEIM WMKOJILHEIM MEeTOI.

'2 Muxaun MBaHoBHY I'puHuyK, TOLEHT Kad. TUCKpeTHON MaTeMaThku MexmaTa MI'Y, BriocieacTBUM COTPYJHUK
¢upmbl LSI Logic, n3BecTHBII criennanict B 001acTH TEOPHH CIIOXKHOCTH OyneBbiX (yHkiuid. Okonunn OMIII (HbiHe
CYHII) MI'Y. 3010T0if MeJaIUCT MEXTyHAPOAHON MaTeMaTuyeckoi onummuaasl 1981 r.

" Beiiarouiics: CHELHANKCT 10 TeOpUH urcen npodeccop Anatonmii Anexceesuu Kapairy6a ckoruancs B korie 2008
T.
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BrnocsiencTBum, B 1963 ©. crymeHToM Mexmara MI'Y A.JI. Tomom'*, a B 1970 .
HeMelLKMMM MaTeMaTukamu  dojkepoM lTpacceHOM M APHONbLOOM lleHxare OBUIM [IOCTPOEHH
eme 6GoJylee OLICTPHIE ANITOPMUTMEL IJIS YMHOXEHMS uuces. AJropurM TooMa MMEET OLEHKY
cnoxHocTm nttott)

CymecTBeHHO YMEeHBUIMTBb B DTOMV OlEeHKe IoKasaTeJlb CTeleHM YyXe HeJb3s, Tak
KaK OUEeBMIHO, UYTO CJIOKHOCTH YMHOXEHMUS N-pa3psSalHBIX YMCeJl He MOXeT OBTh MeHblle n.
CxeMa 1nJjia yMHOXeHMsA, IIOCTpoeHHasa MeTonmoM llenxare-llrpacceHa, MMeeT CJIOKHOCTb He
OoJible
Cn log (log n),
rge C- KOHCTaHTa, He 3aBucdmas oOT n.

°Ir§(’t|_rjfk.l}
: \
24|

I

B 2007 1. aMepuKaHCKMM MaTeMaTUK MapTuH Odopep IpelJIOXNII uyTh OoJiee
OBICTPEIM aJITOPUTM YyMHOXeHMrs, udeM ajropmTMm lleuxare-liTpacceHa.
e

=y

B ouLeHkKe CJIOXHOCTM ero aJjIr'opuTMa BMEeCTO I[IOBTOPHOTO JoTrapudMma CTOUT

byHKLMSA, KOTOpas C POCTOM N pacTeT MeIJleHHee, dYeM K—-KpPaTHEM I[IOBTOPHEIM JorapudM

opu JoooM k. Oznunakxo anropurMmel O®wopepa un llenxare-llTrpacceHa MMEOT MEHBUYIO

CJIOXHOCTBL, 4YeM ajiropuTM Kapauy©Ovl, TOJBKO IIPM OIPOMHEIX 3HAUEHUAX N, M [NO3TOMYy Ha
NpaKTUKe I[IOKa He I[IPUMEHAKTCH.

Cxembl Ans aeneHus

AMEPMKAHCKMI MaTeMaTuk CTuBeH Kyk '° B cBoell AMcCepTaluM IOCTPOMII CXEMY

IJIs OeJIeHMS 2N-pas3psOHoro uYMclla Ha N-paspsanHoe, Yy KOTOPOM CJIOXHOCTBL IO MHIOPAIKY
HE MNPEeBOCXOIUT CJIOKHOCTL YMHOXEHMS N-pas3psOHBIX UYMCEeJl.

1 Amnppeit JleonoBud ToOM , U3BECTHBIH CIICIMATIKMCT B 00JIACTH TCOPUHU CIIOKHOCTH OYJICBBIX QYHKIMNA U
9ProINYecKor Teopuu, HeiHE paboTaeT B Amepuke. [loGeurens MexIyHapoJHOI MaTeMaTnieckol onmmnuasl 1959
L.

' V3BecTHbIi aMEpUKAHCKHIT MATEMATHK, JlaypeaT IPeMHH UMeHH ThIopHHTa.
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/I3BeCTHO TakKXe, UYTO HMXHSAS OLEeHKA CJIOKHOCTM CXEMBl IJis HOeJIEHUS 10 [NOPAIKY
He MeHblle HWXHEM OLeHKM CJIOXHOCTM YMHOXeHMS. [IO02TOMYy B CMEICJIE OLIEHOK CJIOXHOCTH
IeJIeHUEe He IMPEeNCTaBJISEeT HUYETO HOBOI'O B CPABHEHUM C YMHOXEHMEM.

OmHakKO HOOJITOE BpPEeMS HauJlyudlley BEepXHeM OLIEHKOM IJIyOMHE CXeM OJia IOeJIeHUS I10
nopanKy Oblla C(logﬂUZ. B mocrnencTBuUmM OBUIM HaAMIEHH CXEeMbl IJIS IOeJIeHMS C TJIyOMHOU

He Oomnbumey Clog,n, HO MX CJIOXHOCTbL OKasajlaCb OUYEeHb BeJIMKa. AmepukaHUE Pend u
TellT I[NOCTPOMJIM CXEeMbl IOJid HOeJleHUd riy©OuHE He OoJbumey Clog,n log,(log,n) u
CJIOXHOCTM He Oosibme¥ Cn log,n log,(logyn), OOHAKO M DTU CXEMbl, KaK U CXEeMbl

lleuxare-llTpacceHna u dopepa [IOKA He HaUUIM IPaKTUUYECKUX I[IPUMMEHEeHMM, TaK Kak
HA4UMHAOT [IPEeBOCXOIUTE MCIIOJIb3yeMBle Ha [PpakKTUKe CXeMbl [IPYM OTPOMHBIX 3HAUYEHMAX 1.

B PaCcCMOTPEHHEBIX BBIIE npmuMepax cxeMm o1 apudpMeTHUEe CKUX onepauumn
npennojiarajiach uTo OInepaHIsL (umcna, Hal KOTOPEIMM  BHIIOJIHAITCA onepauumn)
MOJIOXUMTEJIBHE. MOXHO KOHEUHO IIOCTPOMTE CXEMEI IJIAd BBHIIOJIHEHWA OHepaLLMﬁ n C 4duciiaMmu,
KOTOPEIE MOTYT OBITH KakK I[IOJIOXMTEJIBHEIMM, TaK M OTPMLATEJIbHBIMN.

Kak npedcmaenmomcn ompuyamelJibHble 4ucsia 8 KOMIbromepe

Kor,ua 6])1.]'[0 BBCJICHO NOHATUC OTPULATECIbHBIX YUCCII,
MEHBIINX HYJIs, MATEMATUKY, KaK HayKy, B KOTOPOil
CaMbIM Ba)KHBIM SIBJII€TCS SICHOCTb M OUEBUAHOCTb,
HaKpbIJIO HEPOHHUIIAEMBIM 00JIAKOM M BBEPIJIO B
JaOMPHUHT MapagoKCOB, OANH 3araflouHeH APYTroro.
Jlazaps Kapno

BrrunTaHue B HOUIMHHOM CMBICTIE CTIOBa
MIPOUCXOAUT IPH BHIYUCICHUU PA3HOCTH
JBYX YHCEJl OMHAKOBOTO 3HAKa.

b. ITapnert, 1980

OOBIYUHEIM IMKOJIBHHEM CIIOCOD 3alMCK OTPMLATEJIbHEIX UYMCeJI COCTOMT B IIOCTaHOBKE
3Haka MMHYC I[epen B3anMchbi MOIYJIS DSTOTO UYMcCjla. JOTOT CHOCOO B KOMIBITEPHOM
apubmMeTrKe Has3BIBAETCHS NPSAMEM KONOM. B CJllyyae MCHOJIB30BAHMS B KOMIIBIOTEPE, Yy HETO
€CTh OUEeBUIHEI HEIOCTATOK, a MMEHHO HEOIDHOBHAUHOCTL 3BalMCKM HYJIS B 3TOM CUCTeMe

(<<mpobJyeMa MMHYC HYJa>>). [Ijd KOMIbIOTEpa, KaK IpaBUIO, YyHOOHee HOOIOJIHUTEJIbHBIN
KOI, B KOTOPOM, HamnpmMep, umcyo -(123456789),, 3anuceBaeTCsa Kak
-10°+1+(987654321);, =(1987654322)1,.

Enuuuiia B CcTapmeM pas3psale SBJSeTCS CUMMBOJIOM SBHAaka, M O3HAaYaeT, UYTO IOaHHOe
UyCcJIO OTpMulLaTesibHOe. 3anucb (apdi...ap)1o N-Pa3paOHOTO UYMCJla B IOOIOJHUTEJIBHOM
KOIle BO BCeX CJlydasax oO3HauaeT uucijo —-agl0"™+(ai;... a,)ig,rme (a;... a,)ip — OOHuUHAsN
3anuch IMOJIOXUTEJIBHOTO N-Pa3psSOHOTO UMcila. ECIM CUMMBOJ 3Haka ap=0, TO OueBMUIHO
(0ai...an)10= (@i...ay)10. JOHNOJHMUTENBHEM KOI yHmoOeH eme M TeM, UYTO IIPU BHUUTAHUNU

M3 MEeHbBIEeTO umucja OOoJbIEerOo C IIOMOWBI OOBUHOTO aJlOPUTMa BHUMTAHMS KakK pas U
IoJlyyaeTCs Pa3HOCTb, 3alMCaHHas B HOOIOJHUTEJILHOM Kome. Hanpumep, eciy BHUECTLH U3
MeHbmero umcya (089) 9 Bonbmee umcyo (098) 4y, TO NOJYUMTCS 3BaNMUCh

089

098
191

TakK KaK B CTapumMy paspsan Mbl IOJDKHEL IIOMECTUTH <<3auM>>, paBHBEM enuHuie. OIOHAKO
TAaKOM Pes3yJbTaT BHIVISOUT CTPAHHO, M IIPM MCIOJIB30BAHMUM MNIPSAMOIO KOXa B DTOM Cllydae
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4yciia IepecTaBJIglnT, ONSTh BHIIOJHAT BHUMTAHME, IIOJIy4UalT yXe IIOJIOXUTEJIbLHOE UYUCJIIO,
M IHepel HMM CTaBAT 3HaK MMHYyC. HO NOpM MCHOJIB30BAHMM HOOINOJIHUTEJIBHOTO KOHa STU
TPYOHOCTM MCUYesanT, TakK Kak IIOJIydeHHOe upcyo (191),p co BHaAKOBEM pal3psanoM 1 B
IOIIOJIHUTEJIbEHOM KoIe o3HadaeT -100+91 =-9, u 3TO BEepHHEM pPe3yJbTarT.

Ha camoMm gnejsle B KOMIBITEPE HOONOJIHUTEJIBHEI KOI, KOHEUYHO, MCIOJIb3yeTCsd IJig
OBOMYHOM CUCTEME, a He IJg IOeCATHUUHOM. I[IpMMeHeHMe IONIOJIHUTEJNbHOT'O KoIa YyIOOHO
eume M TeM, UYTO IO3BOJIAET BHIIOJIHATE CJIOXEHME uMCeJl JIOOBIX SBHAaKOB TEM Xe aJIFOPUTMOM,
KOTOPEIM OCYWECTBJIAET CJIOKEHME IIOJIOKMUTEJIbHEIX uYMuceJl. HanpuMmep, eciM KOMIBITEp OB
OFEL 8-pas3pAnHElL, TO CJIOXEHME IIOJIOKMTEJIbHOTO M OTPpMULATEJIbHOI'O uMcjla OH Ob
BBIIIOJIHAJI CJeyoulyM OBpasoMm

00111010
_|._

10011111
11011001

[lepBOe cJaraeMmoe 3OeCb PaBHO
(00111010),= (0111010), = 32+16+8+2 =58,
BTOpOe cJlaraeMoe PaBHO
(10011111),= -128+(0011111),=-128+16+8+4+2+1 = =97,
cyMMa paBHa
(11011001), = -128 + (1011001), =-128+64+16+8+1=-39,

YTO OYEBMIHO MNPaBMJILHO, Tak kak 58+ (-97) = -39.
CJIOXeHME OTPHULIATEJILHEIX UMCEJI BHIIOJHAJOCH OB, HANPMUMEP, Tak:
10111010
_l’_
11011111
10011001

[MonmyuMBUIMIMICA B pes3yJibTaTe IepeHocCa HOEBATHIM OUT NPOCTO OTOPACHBAETCH, M pes3yabTaT
OKAas3BIBAETCH PAaBHBEIM
(10011001), = -128+(0011001), = -128+16+8+1 = -103.
BrnpoueM, ecamu NOJyUMBUIMMCA OEBATHEM OMT BOCIPMHMMATBH KAaK BHAKOBEI, TO pPe3yJbTaT
OyoeT TaKuM Xe :
(110011001) ,=-256+(10011001) ,=-256+128+(0011001), =-128+(0011001), = -103.
OH, O0YeBMIHO, MNPAaBMUJILHHM, Tak kak
(10111010), = -128+4(0111010),= -128+32+16+8+2=-70,

(11011111), = -128 +(1011111), = -128+64+16+8+4+2+1 =-33,

um =70+ (-33) = -103. OmHako, ecau abCoOJIOTHAS BEeJIMUMHA CYMMHB CJIMIIKOM BeJIMKa (B
crydae 8-paspsanHbelx umces OoJipue 127), TO pe3ysbTaT CJOXeHMI OyIeT HeNpaBMJIbHEM
(bymeT mMMeThL @maxe HEeBEepHHM 3Hak), Kak B CJenyoleM IpuMepe

10111010

+

10011111

01011001
B pesysbTaTe CJOXeHUs oTpuuaresbHeix umces (10111010),= -70 m (10011111), =-97 y
Hac MNoJIiyumJiock He -167, a (01011001),= 64+ 16+8+1=89 (mpaBma, BO3HMK IIE€PEHOC B

OEeBSATEM Pas3pPsal, HO MH YCJOBUIMCH MX MIHOPUPOBATE) .

KoHeuHO, DTO HENPUATHOE sBJIEHME SABJISETCS HEOOCTATKOM HNOIOJIHMTEJILHOTO KOIa.
Ho ofpaTuMm BHMMaHMEe Ha IOBa O0OCTOATeJIbCTEBA. Bo-nepBrx, uMcjo -167 (u BooOOue
moboe umcio, Oosbliee N0 abOCOJIOTHOM BeJimumHe 128) HEBO3MOXHO M300pa3uTh B Hallel
cucTeMe 8-paspsaOHBIX SHAKOBHIX UYMCEJI B IOOIMOJIHUMTEJBHOM KOIEe, TakK KaK B BTOM CHUCTEME
3a0MCHBAITCS TOJIBKO dYMcJa M3 oTpeska [-128,127], nosToMy MHOSBJIeHMEe dYuCIa,
Bonpbmero 128 BHEBEBAET IIepeloJiHeHMEe. BO-BTOPBIX, NOUTM [NPaBUJILHEM OTBET MBI BCE Xe
IOJIyuuJiY, Tak KaK OH OTJAMYaeTCcs OT IIPaBMJILHOI'O OTBeTa Ha 256, IOpyI'MMKM CJIOBaMM,
Hall aJITOPMTM BHIIOJIHAET ciaoxenume no wmonpymo 2° =256. IlpuumHa 5STOTO SBJEHMHA,
KOHEYHO B TOM, UTO MBl OTOPOCUIIM IIOSBUBIIMIICS OeBATEI paspsn. B peaJbHBEX
KOMIIBIOTEPAxX BCEe IMNIPOMCXOOUT IIPMMEPHO TakXe, TOJIbBKO IJIMHA MaAUMHHOTO CJIOBa Yy HUX
cenuac 64 paspsana (a xorma-To OBUJIO M BOCEMB) .

Ho y IOONOJIHMTEJIBHOT'O KOoIa €CTb M HemocTaTku. CkJjaOblBaTb M BHUMTATHL B HEM
,HGIZC'I‘BMT@J’H::HO O4YeHb y,JELOGHO. A BOT YMHOXaTbk M IO&JIMTb ——— He OYEeHb. ,HJ'IH YMHOXEHUMA
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yonobHee yINOMMHABIMMCS BHIIE (M XOPOWO BCEM M3BECTHHIM) NpaMOM KoO&n. VM BHUMCIATH
abCOJIOTHYID BeJUUMHY uMKcJla B HOONOJIHUMTEJIbHOM KOJIe He COBCeM TpuBMaJIbHO. TeM He
MeHee, B HM@pOBOﬁ TEeXHMKe II0UTM IIOBCEMEeCTHO MCIIOJIBE3YyeTCHda MMEHHO HOHOHHMT@HBHHﬁ
KOI .

Bamava. JokaxmuTe, uYTO abCoJioTHas BeluuMHa uucia (ag...ai),, 23aIdaHHOTO B
OOMOJIHUTEJILHOM Kome, paBHa (a,Pag, agsPag,.., a;Pag) 2+as.

KpoMe HONOJIHMTEJIBHOTO KOHa M3pelKa MCHOJb3YyKT TaKxe OOpaTHEM KkOI, B
KOTOpOM, Hamnpumep umcyo - (123456789),, 3anmuceBaeTcsa kak (876543210),, (xaxmasa
urbdpa IJomnosiHgeTca mOo  9.) B osTOM KOIe CJIOXEHME ¥ BHUMTAHME MIPOUBBOISATCS
baxTHuecku no momyso 10° -1 (¢ TouHoCThH mO craraemoro 10°-1).

HemHO20 0 meopuu cnoxHocmu 6yneenix (hyHKyuUU

VY CI0XKHATH JTETKO — YIPOLIATh CI0KHO
JlpeBHss KuTalickasg MyapocThb

Ee OCHOBaATeJIeM ABJIAeTCHA aMepMKaHCKMﬁ VMHXEHEP )Z8 MaTeMaTUK MPJIaHOCKOTI'O
npoucxoxneHmus Kmon IlleHHOH, koTopen B 1949 1. ony®naukoBajyl CTAaThbo, T'Oe I[IOJYUNJ
CcoBNajawye [0 MNOPSIOKY OLEHKM CJIOKHOCTM peanM3aluuy Kjacca Bcex OyJeBHx OGyHKIMI
KOHTAKTHEIMM CXEMaMMu .

lleHHOH 3aMeTWuJl, YTO CJIOXHOCTBL pPasJMUHBIX QYHKLMM OT OIHOI'O M TOI'O Xe uucja

[IEPEMEHHEIX MOXET CUJIBHO PpasjiMdaThbCca Mexny coboM, U MUI3yduil B DBTOM CTaThbe
ACUMIITOTMUECKOE IOoBenmeHre OQyHKUUU Ly (n), XoTopywn ONpenesmis KakK MaKCUMaJlbHOe
3HaueHue L, (f) - CIOXHOCTM peanM3aluuM IPOUBBOJIbLHOM OyjeBoM oyHxumm £ = £ (xi,..,Xy)

OT n mnepemeHHHX. OH @okasajy, dYTo ILy(n) He npesocxomuT (4+o(n))2%/n, roe o (n)
CTpeMUTCHa K HYJIO IOpM N, CcTpeMdalmeMcsa K OeCKOHEUHOCTH.

OkasaJioCb, UYTO 2Ta OlleHKa II0 MNOPSANOKYy BEJIMUMHEl, BOOOIWEe I'OBOPS, HeyJydllaeMma,
Tak KakK OH B ToM xe paboTe Iokasajl, YTO IOUTM BCe OYyHKUMM N I[I€PEeMEHHEX MUMelT
CJIOXHOCTB He MeHblme (l1-o(n))2"/n. CrnosocodeTaHue <<IOOUYTH BCe>> YMeeT 3IOechb
CTPOTMM MaTeMaTuueCKkulr CMelcJi. OHO O3HauaeT, UYTO IHoJjigd QYHKLUMM OT N IIePeMeHHEIX Yy
KOTOPHIX CJIOXHOCTL MeHbme, ueM (l-o(n))2"%/n, cTpeMuTcs K HYJO OPpM N, CTPEMAILEMCS
kK OECKOHEUHOCTU.

HeCkKOJIbKO JIeT CINYyCTSA aMepMKAaHCKMM MaTeMmMaTuk . Majjep [epeHec pesyJsibTaTH
lleHHOHa Ha CJyd4Yall pealu3auuy OyJeBHX OQyHKLUMUM cxeMaMy M3 OYHKLUMOHAJIBHEIX 3JIEMEHTOB
B 6Gasuce{OR,AND,NOT}. Jlerxko nokasaThb, 4TO OpM Hepexonle K JIoOoOMy OPYyITOMy
KOHEUHOMY IIOJIHOMY 0a3MCy CJIOXHOCTBL JI0OOM OYHKUMM 10 NOPAOKYy He M3MeHSeTCd.

B 1958 r. O.B.JynaHoB'® ymyummn pesynbTaTel Manepa u lleHHOHa, M [OKasal
uTO IJid ODOMX BUIOOB CXEM CJIOXKHOCTBL peayiM3alMuM MMM I[I0UTK BCexX OyJIeBHEX OYyHKLUMM N
[IePEMEHHEIX ACUMIITOTUUECKM PaBHA CJOXHOCTM CaMOM CJIOXHOM QyHKLUMM N IIePEeMEeHHBIX, U

3Ta CJIOXHOCTH paBHa (l+o(n))2%/n. B TepmmHax OGyHrumiz Ly (n) n L(n) (xOTOpEE IO
npenjoxeHuio JlynaHoBa HasuHBaboTCca QyHkUMAMM lleHHOHa) €Tro pes3yJbTaTh MOXHO 3anmucaThb
Taxk: Ly(n) = (l+o(n))2"/n, L(n) = (l+o(n))2"/n.

HecmoTps Ha TO, UTO @ouTuM BCce OyJieBH OYHKUMM N [IEePEMEHHBIX MWMET

5KCIOHEHIIMAJBHO BBEICOKYIO CXEeMHYK CJIOXHOCTL, HE M3BECTHO HM OIHOTO [pyMepa
ByneBoM OQYyHKUMM N IIepeMeHHBX (a TouHee TIOBOpS, [ocjemoBaTenbHOCTM OGyHkumm {f,=
fo(xX1,..,%,) }), OIS KOTOpPOM, HalpuMep B ciydae 0Oazsmca {OR,AND,NOT}, nojydeHa XOTH

OBl HEJIMHEVHO pacTyllas HMXHSAS OLleHKa CJOXHOCTM. JObdeKTHMBHOEe (B pPas’syMHOM CMEICJIE)
IIOCTPOEHME TaKoM QYHKUUM BMeCTe C IOOKa3aTeJIbCTBOM TOIO, YWTO €e CJIOXHOCTB pacTeT
OelCTpee JOOOTO IMOJIMHOMa OT n, pewmyio ©Ob B OTPMLATEJIBHOM CMBICJIE M3BECTHYIO
npobyneMy P =? NP.

' Oner Bopucosuu JIynaunos (1932-2006) — BbIIAIOMMiics yUEHbIH B 0GIACTH MATEMAaTHIECKO KHOEPHETHKH, IeKaH
mexmara MI'Y (1981-2006). Ero yueHnkamu 0butn ynomuHaBiecs Boiue PexpknH, Xpamuenko, ['puauyk, Toom.
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B crnyuae peanmuzauuu OyJIEBHX OYHKLUMM HEKOTOPEMM IPYITMMM THIaMM CXEM, WK
cxXeMaMM C HAaJIOXEHHEIMM Ha HUX OoI'paHuYeHMAMM, 2QQeKTUBHEHE HEJIMHEMHBIE HIWKHME OLEeHKU
CJIOXHOCTM OyJIeBEHX OQYHKLMM I[IOJIydeHbl. HanpuMmep, OJd CxXeM B HenojiHOM 0Oasmuce {OR,AND}
A. A. PasBopor '’ HDONYyUMIT HWKHOO OLEHKY Buma n¢ 9 " gjgs Tak HasBHBAEMOTO
JIOTMYECKOT'O IepMaHeHTa, a A. E. AaneeB18 MOJNIyUMJI IJig CchneumajibHO (HO »0deKTMBHO)
[IOCTPOEHHOM MOHOTOHHON OyJIeBolM OGYHKLUMM N NepeMeHHHxX olenky 2"™, rtme h(n) nt/3"

°™ " o(n) crpeMMTCH K HYJO OPM N, CTPEMANEMCH K OECKOHEUWHOCTM.

Apugpmemuyeckue KoObl

B apudmernke n HaunHAIOMKE MaTEMAaTUKA U Ipodeccopa
MOTYT JIOICTUTh OIIMOKY U BBIIIOJIHUTEH HENPABUIbHBIC BEIYHUCICHUSL.
Towmac I'066¢c, <<JleBuadam>>, 1651.

MOXHO  yYyCTAHOBMTH TOUHO I[OJIOXeHMe oummbKyM ¥ OaxXe MUCIPaBUTL €€, B
IPEenoJIOXEHUM, YTO OHAa TOJILKO OHOHa. [Jsa DTOr0 HAOO MIPUMEHMTL TaK HasbBaeMble
apubmeTrueckre KOmel. l[IpuMBemeM MX HOPOCTENIMM NPUMED.

ﬂOHyCTMM, UTO IIPM YMHOXEHUM IHOECATUUHBIX UYMCeJI IIOJIYUMJIOCH IIATHaOLATM3HAaA4YHOE
UycJo C ommMbKOM B OOHOM paspsane. Oisg HaAXOXIEHUS BEJVUMHBEL OWMOKM [IPUMMEHVM
NPOBEPKY MO MomOyJw 9 w HaumeM, UYTO OHa 1o wMomyJsiw 9 paBHa a. Eciamu oumbka
mpoMs30mia B 1-0OM paspsie, TO BeJIMUMHA ONMOKM B NPOM3BEIeHMM pabHa all®  mmm

(a-9)10*,a ecom a = 0, TO WM OUMOKM HE OBIJIO, WJIM OHA paBHa +9.10%,

Iajiee NPMMEHMM IMIPOBEpKYy Mo MonyJo 31. Ilocjie Hee CTaHET M3BECTHO SHAUEHUE
ommbxu bl0' no wmomymo 31. Ecim ocTaTok IO MOIYJO 31 paBeH HyJjo, TO OmMOKM He
Ge10. IIyCTh OH HE paBeH HYJ0. BHOMIEM OCTAaTKM OT IejeHms umcen 10,10%, ..., 10%°
Ha 31. Ouu pasBus 10, 7, 8, 18, 25, 2, 20, 14, 16, 5, 19, 4, 9, 28, 1. 3BamernuM,
UTO HEBOSMOXHO PAaBEHCTBO Mo Momyio 31 umcen alOd' m  (a-9)107, raxk kak Torma mnpu
HEKOTOPHX a = 1,2,3,4 u i =0,1,..,14 ©Owm GH paBHH 00 Monmysmo 31 umcma al0® wu a-
9, a HeBO3MOXHOCTL DB3TOTO MNPOBEPSETCS HENOCPEINCTBEHHO C IIOMOMBI BBUMCIIEHHOM BHIIE
TabBIMUE OCTATKOB. TOUHO TakXe IIPOBEPSEeTCs HEBOBMOXHOCTHL COBIANEeHMsa IO MonmyJsio 31
uycen 9:10° m (=9)-107. Beumcass ocrarTku no Momyso 31 y Bcex umcen allt m(a-9)10°%,
np 1 = 1,..,15 u cpaBHMBasgs MX C HaWIOeHHBEIM pPaHEee OCTATKOM, HAXOOMM 3HAaueHue 1 u
TOUHYI0 BENIUYMHY OULMOKM a MM a-9. AHAJOTMUHO NOCTyNaeM B ciydae ommbrm +9-101.

[I[pMBEOEHHE [OIPYMEp WUINCTPUPYET OPUHLUUIMAJILBHYID BO3MOXHOCTDH IOCTPOEHUS
apudMeTMUeCcKOI0 KOIa, KaxXyllyloCsd Ha IEepBHM B3IJIAO HapaloKCaJibHOM. IlpuKIaIHOTO
3HAUEHUsS MPUM PYYHHIX BHEUMCIIEHMSIX OH HE MMeeT XOTs O IIOTOMYy, UYTO B IAaHHOM CJiydyae
Ipole eme pa3 NePeMHOXUTHL B3TU UMCIia, YeM BHIIOJHATH yKa3aHHBE BHIIE OMNEPaLMM.

Ho Taxme aJjropMTMBL MOXHO MNPMMEHMTH NJIS KOHTPOJIA MNPaBUIILHOCTM pPadoTH
apM@MeTquCKMX cxeM )28 STOT KOHTPOJIb MOXEeT OBITh OCyHmeCTBJIEH CIlleliiaJlbHBIM BJI0K
B cxeMe. B paccMaTpMBaeMOM CJlydae CJIOKHOCTb CXEMEl CO BCTPOEHHEIM apudMeTryeCcKMM
KOIIOM  PacCMOTPEHHOI'O BUIa YyBeJMuMBaeTCs He Oojee yeM B oBa paza. Ecmum
paccMoTpeTs NONOOHBEE KONH C OOJbIOM IJMHOM (p-1)/2 M NPOBEPOUHBEIM MHOXMTeJeM 9p,
rme p -- mpocToe umciyo Buma 280k + 31, Takoe, uro 10%Y/? npy memenum Ha p maer
ocraroxk 1, a 10%, rme k<(p-1)/2, npw mejeHVMM Ha P HOAEeT OCTATKM, OTJMUHEIE OT 1,
TO CJIOKHOCTBb MCIpaBJieHus ommbkyu OyneT Majla Opy OOoJIbIMX P B CPaBHEHMM CO
CJIOKHOCTBIO yMHOXeHMS (p—1)/4-paspsamoHbBx UMCEsI.

Ha camMoM [meJie 1Jid T[IOBHIUEHMA HAIEXHOCTU apM@MeTquCKMX ychOﬁCTB HYXHO
MCIIOJIE30BaThb He OeCATMYHBIE, a IOBOMYHBIE KOIBI, HO OHM YCTPOEHEL MOOOOHEIM Xe O@paSOM.

Banaua. [puMMeHMTEe YKAa3aHHBM apubdMeTMUecKMM KOI IJiS PacCUMOPOBKM
pebyca

' Anexcanmp AnexcanpoBud Pa3z6opoB, H3BECTHBII CIEMHANNCT 10 TEOPUH CJIOKHOCTH, BHITYCKHUK Kadeapsl
Maremarnieckoi Joruku mexmara MI'Y, HeiHe paboTtaer B Unkaro. 30J0TOH MEAaINCT MEKITyHAPOIHON
Maremarnieckod onumnuansl 1979 r. Oxonunn ¢puz-mat mkosny N 2 r. MOCKBBI.

18 Anexcannp EropoBuy AHIpeeB — H3BECTHBIN CICIUAIKCT 110 TEOPUH CIOXKHOCTH, npodeccop kadenpst MATUC
mexmara MI'Y, Bnocienctsun corpyanuk Gupmsl LSI Logic, celiuac 3aHuMaeTcss aBToMaTH3alueld MpoeKTHPOBaHUS
CBEpXOOJIBIINX UHTETPATBHBIX CXEM.
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MoOXHO C TMOMOIBI DBTOrO koza pacumdppoBaTb M pebyc, KOTOPOM POBHO B OIHOM
paszpsame pesyJbTaTa MuMeeTcsa ommdka, HO HEeM3BEeCTHO B KakoM. ToT Xe KOI MOXHO
MCIOJIb30BATh IJigd HOEeMOHCTpauumu apudMeTmueckoro G¢okyca: Bel npemnjaraere Bamewmy
IpyT'y 3adyMaTb IBa He CJAMIIKOM OOJIbIIMX dYMCJa, I[IEePEMHOXUTb WUX U pesyibTaT
YMHOXUTb Ha axoOBl ciryyarHoe umciyo 279, a norom coobmmTb Bam oTBeT C OIOHOM
omMrbKOM B KakoM-HUOyOb pas3pdne. Mcnojnbsysa YyKas3aHHEM Koo (ec;iu Iepen o2Tu
IpeIBapUTeJIbHO I[IONI'OTOBUTL BCe HYyXHEE TalOJMUE M HEMHOI'O IIOTPEeHUPOBATLCH), BEH
OEICTPO yKaxeTe 5Ty ommMbKy. 3aMeTbTe, UYTO [OJHEM Iepebop BApPMAHTOB TpebyeT B
cnyuae 15-paspsnHoro orBeTa 150-KpaTHOTO IeJIeHMS MNPennojiaraeMoro oreeTa Ha 279.

KoOdni, ucnpasensrouwue owubku

3osi0oTas KapTa Tenepb ObuIa B KPYTJIBIX JABIPOYKAX,

CJIOBHO HIBEHIapcKuii celp. Bece oHM pacnonaranuce B y3nax
KOOpPJIMHATHOM CETKU MChe JlekapTa, 0HAKO HE BCE Y3JIbl
ObUTH TIPOOUTHI. Pe3ynbTaT SBIST COOOM CTpAaHHOE CMEIICHUE
YIOPSAAOYEHHOTO M CIyJalHOT0; TAKUM HaBEPHOE, IIPECTACT
YETKO OTIICUATAHHBIN, HO 3amn()POBAHHBII TEKCT.

Hun Ctusencon <<Cucrtema mupa>>, 2011.

OumbKM IOABJISIOTCSH He TOJIbKO M3—-3a HEeNPaBMJIbHEIX BHUMCIJIeHMM. OHM BOB3HMKAIT
opu nepemade umHbopMaluMy KakK IO NIPOBOXAaM, Tak M C IIOMOWBI PaIMOCBS3M, a TakKxe Uu3-—
3a HeHamexXHoM paboTel yYCTPOMCTB, XPaHAWMX M CUMTHBAaLLMX BTy MHOOpMALMIO
(OIMCKOBOHOOB InJig duTeHMd DVD-IOMCKOB, XECTKMX IOMCKOB KOMIBITEPA, PAa3JIMUHBEIX BHEIHMUX
3aloMMHaIMX YCTPOMCTB M T.I.) OTM OWMOKM MOXHO HAaMUTM M MCIOPaBUTL C IIOMOUIBLIO
KONOB, MCIpPaBJSUMX OMMOKM (MX HASBBBADT TaKXe CaMOKOPPEeKTUPYRUMMUCS KOoIaMU WU
Komamiu, KOHTPOJIMPYOWLUMY  OWMUOKN) . Teopus I[IOCTPOEHMS  TakMx KOIOB (Teopus
KOOVMPOBAHMSA) ——— OIOMH M3 BaXHeMMxX pasdesioOB COBPEeMeHHOM MHOOPpMaTUKM, TECHO
CBS3aHHBY CO MHOTMMM pa3IejlaMy COBPEMEHHOM MaTeMaTuKM (anrebpoy, Teopuen umce,
KOMOMHATOPMKOM M IOp.). 3Imecb Yy HaC eCTb BO3MOXHOCTL pacckasaTb TOJBKO O
IpocTelumeM KjlacCe KOINOB, MCIPAaBJISRIMX OWMOKM — xomax XeMMMHI'a, MCIPaBJISOIMX
onHy oumbKy. JV3BEeCTHO MHOI'O Pa3JIMUHEIX CEMEMNCTB KOIOB, MCIPAaBJSKIMX MHOT'O omMOOK,
HO, K COXaJIeHMI, MX IIOCTPpOEeHMEe CJIMIKOM CJIOXHO, 4YTO OBl M3JIaTaTh €TI0 WKOJILHUKAM.

Komel XeMMmmHI'a OBJIM BIEPBBE ONyOJMKOBAHE aMEPMKAHCKMM MaTeMaTMKOM P.
XemmuHroMm'’ okoso 50 T. IOBaOUATOTO BEKa.

HemaBucuMo OT XeMMMHTa DOTM  KOIObBl OBJIM  OTKPHITEL TakXe aMepUKaHCKUM
MaTeMaTukoM M. ToseeM. UaCTHH CJydall STHX KONOB Obl ykasan’’ eme B koHie 40-x
TOOOB B 3HaMeHMTOM craTbe K. lleHHOHa, 3aJIOXKMBIIEM OCHOBH TeOpPMM MHOOPMaUMM. ITOT
YACTHBEIM CJlyda¥ MH PaCCMOTPMM Jajiee, HO Ipexne uYeM IIPUCTYIUTb K HeMy, pa3bepem
OHY MHTEPpEeCHY 3amady, ONyOJIMKOBAHHYID 3OoyapIoM Jlioka BO BTOPOM MHOJIOBMHe 19-T0
BeKka B €r'0 KHMIe II10 SBaHMMATeJIbHOM MaTeMaTuke. B »ToM 3amade Joka OPEeOBOCXUTUII

" Puuapn Vacin Xammunr (1915-1998) — u3BeCTHbIH aMepHKAHCKMIl yUEHbIH B 0GIACTH TEOPUH HHPOPMALIMH 1
BBIUUCIIUTENbHON MaTeMaTUKU. Jlaypeat npemun ThIOpUHTa U p. MOYETHBIX HArpaj.
%0 Co cchutKoii Ha XOMMHUHTA.
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OCHOBHYK MIOEK IIOCTPOEeHMA KOINOB XeMMMHIa. daxkTHMUeCcKM 3amava Jloka - 3TO
apubmeTHueckut GOKyC, KOTOPHIM OH Ha3Ball

<<Bonuweb6HbLIN Beep>>

IOisa BHIOJHEHUs GOoKyca MCIOJIHMTEJIbL 3apaHee 3aroTaBJAMBAET NOATH IIOJOCOK
OyMary, Ha KOTOPEIX HaIMCaHBE umciya oT 1 mo 31 ( Ha Kaxmoy IoJjiocke no 16 uymcern,
Ha Pas3HBEX [IOJIOCKAX HANMCAHB pasHble HAOOPH UuMcesl) . 3puUTesn npenjaraeTcsa 3anyMaThb
uycyo orT 1 pmo 31. QOKYyCHMK IpemjlaraeT eMy CKas3aTb, B KaKMX II0JIOCKax OH BUIUT
3amyMaHHOE UMCJIO, a B Kakux - HeT. [locjie 2ToTo (QOKYCHMK MI'HOBEHHO HA3BBAET 3TO
YKMCJIIO.

Koneuno, cyTp ¢oxyca - B Habopax uUMcCeJl, HaOMCAHHBIX Ha I[IOJIOCKaxX (OHM U
cocTaBJalT <<BOJEOHE Beep>>).Ha neppBol NOJIOCKe HammMcaHel umcia 1,3,.., 31 (Bce
HeueTHBEE upucia). Ha BTOpPOM nojocke- uwucia 2, 3, 6, 7, 10, 11, 14, 15, 18, 19, 22,
23, 26, 27, 30, 31 (MOXHO BaMeTUThL, UYTO KaxIas cCcjenyouas dYeTBepkKa uYMucesI
nojiyyaeTcs M3 Opensnymelr npubabBjieHrMeM 8 K KaxIoMy YMCIly 4YeTBepku) . Ha Tperben
nojiocke - uucna 4, 5, 6, 7, 12, 13, 14, 15, 20, 21, 22, 23, 28, 29, 30, 31, =Ha
yeTBEpPTOM IoOJIOCKe- umciya 8, 9, 10, 11, 12, 13, 14, 15, 24, 25, 26, 27, 28,29, 30,
31, m Ha nocyemHeyw - Bce umcja or 16 mo 31 (BCe 5TUM IIOJIOCKM M300pPaxeHB HUXE B
BUOe TabOJIMIIE) .

O(o0j0j0]1]1 0(0[0]1]0]2 0Oj0|1]0]0]4 0[1]0]0]0]8 110]0]0]0]16
000 |1(1]3 0O(0j0f1]1]3 0Oj0[1]0]1]5 oOoj1(0]0]1]°9 1100|0117
0O(0(1]0f1]5 0Oj0j1]1]0]|6 0Oj0f[1]1]0]|6 o(1(0{1{0{10|2 10|02 |0]|18
o|(of1{11]|7 ojof1(|1(11]7 ojof(1|11(1]7 ojr1(o0|j1j1|111)12j010}|2|1]19
O(1(0(0f1]9 o(r{o0fj1(0}10|j0}|2 2101022 j0(2}(1(0j0}12]2]|0|2|0|0]20
o(fr{o0f{xrj2f12|0}j2)j0|2|2y212{ofrjrjo0f{1{13j0j1|1|0j1|13(1j0fjrjo0f1]|21
o(1(12{0f(121})23|j0f1)1}{1)10(14(0}|2}1|2j0(24)0|12 2|20 24|2|0O|2|21T]|]0]22
o(1f(12|1f(212)15{o0of(1)1f{1|12(15¢0|12 (112115011 {11141 (0|2}|{21]|1]23
i1(0(0(0(212}17]12)0})J0})2)0|218(2(0j12]0]|0]20|1]1]0]0|0|24|12|1]0]0]0]24
i1r(0(o0f(1}j1(19|1|0j0|21|2119f(1j{O0j1rjO0(1|21|1]1|0|0|21|25(1|1]0|0O0]|1]25
ir{o0f(1|0f1)21{1(0)2}{1]0|22(1|0|1|1j0|22|1|1|0|1|0|26 |2 |2]|0|1]0]26
ir|{of1(|1(1|23|1(0|1f{1|1|{23(1|0|1 |11 (23|11 |Oo|1 (212|271 12|01 ]|1]27
1({1(0(0(1|25|1|1|0|1|0|26 2|11 ]0|0|28|1]|1]12]|]0]|]0|28|1|1|1]0]0]|28
irj1(of|1f(1|27{1(1)0(1|1|27(1 111012911101 |29|1|1]|1|0]1]29
ir{1(1{0f(212})29|1f(1|1}{1|j0(30¢(2|1}j1|12j0(30)2|1|12}{12(0O0|30|1|1|1(1]01]30
i(1}(14f{12}(212(31}|1}|1}|1|1|1y31f1rf{rjrj1rf{1r{31j1j1rj1ryrjr|31frjyrjrjrjo]31
YcaemaB OTBeTH, (QOKYCHMK MEICJIEHHO COCTAaBJISeT Habop M3 ISTM IOBOMUHEIX YMCe]
(as,asz,asz,ar,a) crenymmyM o0pas30M: YMCJIIO a;=1, ecnu 3amyMaHHOe UMCJIO 3alMCaHO
Ha 1-1 nojocke, u a;=0 B INPOTMBHOM CJlydae.

[locjie »TOTO OH HAXOOMUT UMCJIO C IJOBOMYUHOM 3BaNUCHLIO (as,asz,as,a, ai) o, oS

Yero CyMMUPYET CTeNeHM IBOVKU

a;+2a,+4as+8a,t+16as
(BMeC’I‘O IOBOMYHEBIX LLM(i)p aj MOXHO, KOHEYHO, 3allOMMHaTb COOTBEeTCTBYyKIMEe CTEIIeHUr
OBOVIKM ai, 2as,.., l1lb6bas ¥ MX CKJAIHBaATL B yMe, IIOKa 3PUTEJIb I'OBOPUT, €CTb YMCJIO
B OUepemHOM II0JIOCKEe, WJIM HeT) .

Pasrazka 2TOTO MNOPABUTEJIBHOT'O Ha [epBHl B3IJIAN GOKyca OueHbL HIpocTa: B 1-U
IIOJIOCKE 3BaNMCaHH BCe Yucjla, B IBOUYHHEIX S3alMCSIX KOTOPHX Ha 1-¥ nNo3uummu (cumrTas
crnpaBa HaJIEBO) CTOMT eIMHMIA. B DTOM MOXHO HaIJIAOHO YyOemuTcs, pas3lJialbelBas
crenywomyn Tabamily, B KOTOPOM BHIIMCAHE UMCJIa M3 BCEX IOJIOCOK PSAIOM C MX IOBOWUYHBIMU
3anucamMmM  (XOTsS MOXHO BCe TIOHSATH M He TJsSnsg B 2 Hee, HO INPOBEeIss HECJIOXHBEE
paccyxmenus) .llosToMy, Kakoe OB YMCJIO He 3aranbslBajl 3pUTeJib, IOBOMYHEY Habop
(as,as,as,a2,a1), KOTOPHIM BO3HMKaAeT B YyMe Yy OGOKYyCHUKA, SBJIIeTCS B TOUHOCTU
OBOMYHOM BaNMChI B3aIyMaHHOT'O YMCJa.

dokyc Jlioka JIeTKOo Npeob®pazoBaThb B CIOCOO omnpenesyieHMs (QaJiblMBOM MOHETH Cpelu
naHHeix 31. IlpemmojiaraeTcs, UYTO MOHETH 10 BUIY HEPAl’JIMUMME, HO OGajbmmBas KMMeeT
IOIpyTOoM BeC (HEeMB3BEeCTHO, JieTde OHa WM TaXejiee), M BeC HaCTOSLMX MOHET HaM
u3BecTeH. Takxe IIpennojlaraeTcsa, UYTO y HAC €CTb BeCH, Ha KOTOPBIX MBIl MOXEM TOUHO
onpenejyiIATe BeC IIOJIOXEHHEIX Ha HMX HEeCKOJIBKMX MOHET Cpa3y. 3a Kakoe HaMuMeHblee
YMCJIO B3BEMMBAHUM MOXHO HaAWTU (QaJIbIIMBYK MOHETY?

OueBMIOHO, YyTO  pesyJbTaT KaxIoTo B3BEUNMBAHMUA TaeT HaM  uvHboOpMaumo,
COIEPXUTCSA JIY CPenOX B3BEUEHHEX MOHEeT baybmmBas JM HeT. Eciau B3BemMBaHMN OBJIO 1,
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TO Pa3JIMUHHX pPe3yJIbTAaTOB BCEM COBOKYIHOCTM B3BeUlMBAHUN OyIeT 2n, Ecnm 2" <
31, TO IO O2TUM pesyJjbTaTaM HauTu O(aJjbUMBYIO MOHETY, Boofule TI'OBOpS, HeJlb3d,
IoTOMY UYTO (QaJjbliMBOM MOXeT ObvlTb Jiobas us3 31 MOHEeTE, a IO pes’yJbTaTam
B3BEUMBAHMM OHa HOOJDKHA ONpelesyiAThbCHa ONHO3HAYHO. lloaToMy n > 4.

3mecbh CTOMT OIT'OBOPMTLCSH, UYUTO I[JIaH B3BEUMBAHMM MBI IOOJIXKHEL COCTaBUTL 3apaHee
¥ OH He HOOJIXeH MeHATbCS B 3aBUCHMMOCTM OT pes3yJjlbTaTa OUepeOHOI'O B3BellMBaHMA. B
IIPOTMBHOM CJlydae pedb lJja Ol 00 angalnTrBHOM, WJIIM YCJIOBHOM, aJITOPMUTME B3BEUMBAHNMA.
,HJ'IH TaKUX aJiropmnTMOB YKas3aHHOe I0Kal3aTeJIbCTBO HIXHEN OLIEeHKWU 0J1da drciia
B3BEUMBAHMM HEKOPPEKTHO.

IOisg Toro YTOOH HAaMTM MOHEeTY 3a 5 B3BelMBaHUM (HeaIalTMBHEIM aJITOpUTMOM!),
IOCTaTOYHO B 1 B3BEWMBAHMM KJIACTH Ha BECH BCE MOHETEl, HOMEepa KOTOPHX HANMCAaHE Ha
i moJsiocke. Pe3ysbTaT B3BEUMBAHUSA ONpeleligseT INBOMUHYH UMdpy a; TOUHO TakKxXe, Kak
u B bokyce Jioka. A UMCIJIO C IOBOMYUHOM 3BaMlUCHIO (as,as,az,az,a1), yKaseHBaeT HOMEP
banbumMBOM MOHEeTHl. KOHEYUHO, Ha BeCH MOXHO KJIACTb HE MOHETH C HOMEepaMu M3 i-1
[IOJIOCKM, a MOHETHE C HOMepaMlM, He 3BalMCaHHEMU Ha i-7 noJsiocke. AJTOPUTM IIOMCKA
banbmUMBOM MOHETHI OT DSTOTO0 He wuaMeHuTCcsa. CamuM B3BemMBaHMA OynoyT uUyTh Oojee
y,JIO@HBIMM, Tak Kak UUCJIIO B3BellMBaeMBIX MOHET YMEHBIIMTCHA Ha SIOVIHUILY B KaXIoM
B3BelIlMMBaHUNM .

PasyMeeTCcs, pacCMOTpeHHas 3alauda I[IoMcka OGaJjlbWMBOY MOHETH MMEeT U OpyIue
MHTEepIpeTaluuy, HEKOTOPHE M3 KOTOPHEIX NPENCTAaBJISIT M PeajibHEM IPpakKTUUECKMM MHTepec
HanpuMmep, HaOO BHACHUTH kakasd ¥3 31 B34THX IpO0 COIEPXUT OIAaCHEM MUKPOO. MOXHO
KOHEUHO aHallM3MPOBATh BCe MNPOOH IOCJIENOBATEJIBHO, HO €CJM He II0OBe3eT, 5TO OymerT
OOJITO M HOPOTO. A MOXHO (CIMBas COOEPXMMOE HECKOJIBKMX NPpOoO BMeCTe) IapaHTUPOBAHO
onpeneJsiMTh 2TO 3a 5 aHaJIM30B.

3mech YMECTHO Cka3aThb, UYTO 3ajada IIouMckKa GaJibMBOM MOHETH MMEeeT MHOTO
Pas3JIMUHEIX BapMaHTOB, CpeIM KOTOPEIX €CTb U JIeT'KMe U TpyIHbBe, U OOJIbIIMHCTBO BTUX
BapMaHTOB TpebyeT OJjis CBOEI'O pelleHMS COODpaxXeHMUM, He CBS3aHHBIX C PaCcCMOTPEHHBIMMU
BRIIE. HamnpmuMmep, €eCcTb BapMaHTH, B KOTOPHEIX pPal3pellaeTcs MCIOJB30BaTh TOJIBKO
KOPOMEICJIOBEIE BECEl, He OolpelejgolyMe BeC TOYHO, a JMib CPaBHMBAKIME Beca IPy30B,
IIOJIOXKEHHBIX Ha dYallky BecoB. MoxeT OBITH WM3BECTHO 3apaHee, uTo OQaybliMBasg MOHeTa
Jlerdye MM TaxeJlee, a MOXeT OBTb BTO UM HEM3BECTHO. Uucio O(ajblMBEIX MOHET MOXET
ObITE OOJIblle eOUMHMLEB, WIM Jaxe Booblle HEM3BECTHHM, QITOPUTM B3BEUMBAHUN MOXET
OBITH YCJIOBHEIM (amalTMBHBEIM) M T.I.

HexoTopele M3 D2TUX 3azad oOuYeHb Jerkue. Hanpumep, B Cclydae pas3pelleHus
MCIOJIb30BATEh AaIalTUMBHEE aJITOPUTMHE, (ajbUMBYI0 MOHETY MOXHO HaMTKM C IIOMOILI0
IPOCTOI'O IOBOUYHOI'O IIOMCKA.

Bamava. Kak sTO CcpmenarTb?

Eme Jierue clenyoumas 3amada. ECTb 100 mMemkoB C MOHeTamMM, B OIHOM U3
KOTOPEIX BCEe MOHETH OQaJiblMBHE. BeC HaCTOAWEeY MOHETH M3BECTEeH TOYHO. Bec danbumBoOM
TOXe. 3a CKOJIBKO B3BEIMBAHUM MOXHO HAWTM MENOK C (QalJIbIMBEIMM MOHETAaMM?

OrBeT: ecau B KaxigoMm Memke He MeHee 100 MoHeT, TO 3a OIHO.

PaccMoTpeHHas 3amada O (QaJibiMBOM MOHETEe KaXeTCs HEeCKOJIbKO MCKYCCTBEHHOM,
Tak KakK o8 ee pemeHus 0OoJjlee €CTEeCTBEHHO MCIOJIB30BATh MMEHHO alallTHBHEE
aJITOPUTME, a TOI'Ia OHa CTAHOBUTCH IOBOJIBHO IPOCTOM.

Ceyiuac MBI paccMOTpuM OGakTMUECKM BapMaHT TOM Xe 3amady, B KOTOPOM
MCIIOJIb30BaHME AIalTUMBHEX aJITOPUTMOB HEBO3MOXHO. JJONYyCTMM, UYTO Mbl XOTUM IlepelaThb
10 HEeHaIOeXHOMy KaHaJly CBS3M IOBOMUHOe umcyio u3 31 Oura (mBomuHOM uLMbprl) . Hawm
VB3BECTHO, UYTO B CpenHeM Ha 31 mnepemaHHbBM OUT NPUXOOUTCS OnOHa ommbka. HecKoJIbKO
yhnpomas cuTyaumuio, OyIeM IpennojlaraTb, 4YTO B IIOJIYUYEeHHOM CJIOBE  Xi,.., X31 MaKCUMyM
onovH OmuT ommbOouHBM. Kak ero HamTu? BcnoMHMM Opo 5 noJjiocok Jlioka. IIg KaxIoy u3
HMX BHUMCIIVMM CyMMYy OUTOB, HOMepa KOTOPHIX HAalMCAHH B 2TOM [IOJIoOCke. Ha camMoM nejie
HaM TOuUHas CcyMMa OyIeT He HYXHa, a HYXeH TOJIbKO OCTAaTOK OT ee IeJIeHMsS Ha IOBa,
T.e. OQakTHMUeCKM MHOoOpMalMsa O TOM, UYeTHas CyMMa WM HedeTHas. ECIM eCTb HEKTO,
KTO BHaeT, KakoM M3 OUMTOB HENPaBWMJIbHEIM, TO OH MOI OB IIPOCTO HaM COOOWMUTL, BXOIUT
OLMOOUHE OMT B paccMaTpMBaeMyl CyMMy, WMJIM HeT. Ilocjle 3TOT'O Mbl ONMCAaHHBM BEHIIE
crnocoboM HamaM Ol HOMep 3TOoro OmTa. HO Takoro udejioBeka HeT. Kak xe OBITH?

XeMMMHT OpuOoyMaJl TaKOM BEXOI M3 NOJIOXeHMA. OH OPpensjioXuJl IIepelaBaTb II0

KaHaJly CBSA3M TakKue 31-BuTHEIE UYMCJIa, Y KOTOPEIX BCE YKas3aHHbE BHIIE CyMME,
COOTBETCTBYyWME I0JIockaM Joka, YeTHH (PaBHE HYJIO II0 MOIYJIO HBa, Kak IIPUMHATO
TOBOPUTE B COBPEMEHHOM ajnrebpe). Torma B cCjaydae, eCAM OIOMH M3 OMTOB IaHHOM

IIOJIOCKM OKaz3aJjica OomMOOUHEIM, T.e. BMECTO HYyJIS OH CTajl eOMHMIEN WMJIM HaobopoT, TO
CyMMa IIO MOZIYJIO IBa BCex OMTOB BTOM IOJOCKM OyIeT paBHa He HYJIO, a eauHule (T.e
CTaHeT HEeUEeTHOM WM3-3a oumMbOoUuHOTO OmTa) . I[lonToMy, OIPOCTO BHUMCIAS BCe yKasaHHEE
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CYMMBI, MH TIIOJIy4YMM Ty MHOQOPMALMIO, KOTOPYKH HaM MOI' COODUMTL BCe3HaWMM HEKTO.
BHAUUT, MBI HaieM OWMOOUHBM OUT yKas3aHHBIM BHIIE CIIOCODOM.

Ho xak xe z»nobuTbcsa TOT'O, dYTOOBl BCEe YyKa3aHHBE CYMMBE OBJIM PAaBHBE HYJIO IO
MOnyJio OBa? Bemb ecnm 31 OmuT BHOpPaH NIPOM3BOJIBHO, TO STOI'O CIeJjlaTh HeJb3d. B 3TOM
ciyyae Mel OyIeM BHOMPATBH OPOM3BOJIBHO He Bce 31 OMTOB, a TOJIBKO 26, HanpuMep
OMTEL C HOMepaMM, OTJMYHBEIM OT 1,2,4,8,16 (2T OUTH CoOIepXaT IepelaBaeMylo
vHbpopMaLMI0 M IIORTOMY HABHBATCS MHYOPMALMOHHEMM) . A OUTEL C HoMepammu 1,2,4,8,16
nonbepeM Tak, dYTOOB CyMMa OMTOB KaXIOM IIOJIOCKM OBJIa YeTHa (paBHA HYJIO 10 MOIYJIO
oOBa). OTM OMTEL HA30BEM [IPOBEPOYHEMM. OIJTO MOXHO CIOejlaThb, Tak KaK B3Tu OUTH
3anMCcaHbl B PAasHBIX II0JIOCKAax (IO OOHOM B Kaxiou) . JJeMCTBUTEJIbHO, IOCTaTOYHO MOJId
KaxIO¥ IIOJIOCKM BHUMCIWTLE CyMMYy BCex ee OMTOB, KpPOMe IIPOBEPOUYHOI'O OmTa (OH B
IIOJIOCKe OnuH) . U BHOpaTh IPOBEPOUYHHM OUT Tak, UYTOOH eI'0 YeTHOCTb COBIazaljla C
YeTHOCTBIO yKasaHHoﬁ CYMMEIL (’I‘.e. OOHOBPEMEHHO OHM IOOJIXHEI OBITH WMJIM YEeTHBIMU WU
HeyeTHBIMM) . Torma cyMMa Bcex OUTOR IIOJIOCKM, BKJIOUYAsa I[IPOBEPOUYHHM, OyIeT uYeTHAa
(paBHa HYJO IO MOIOyJIO OBa). M y Takoro CJiOBa MH MOXEM HAMUTK OWMOOUHBIM OUT, WU
YCTAaHOBUTHL, 4YTO Takoro OmMTa HeT - 2T0 OyIeT ToTla, KoI'Ja BCEe CYMMH IJIS KaxIowu
IIOJIOCKM PAaBHEL HYJIO (IO MOZIYJIO OBA) .

YkKasz3aHHas BHIIE CcxXeMa KOOMpOBaHMA, Kaxk BMIVIM, IIO3BOJIAET IIepelaBaThb 26
OMTOB ¥ MCIPAaBJATHE BO3MOXHYIO €OVMHCTBEHHYyK oumbky. IlpaBma, OpM DS3TOM HaIo
nepenaBaTh eume 5 I[IPOBEPOUHBIX OMTOB, HE HEeCyWMX IIOJIE3HOM MHpoOpMauum. B Teopum
KOOMPOBaHMS B DTOM CJlydae TIOBOPSAT, UYTO I[IPOINYyCKHAas CIOCODHOCTL (MM CKOPOCTH)
Koma paBHa 26/31. XeMMMHI rokasajl, KakK [NONOBHYKHn CxXeMy KOOMPOBAHUS IPUMEHUTH IJIig
nepenaum 2"-n-1 wuHOOPMALMOHHOTO OMUTA C [IOMOUBL n npoBepouHHX. CKOPOCTH KOIa
XeMMyHTa paBHa 1-(n+l)/(2"-1) u GHICTPO CTPEMUTCS K HYJIO C POCTOM n.

CirenyeT 3aMeTUThb, UYTO yKal3aHHOE pelleHMe 3alauy KOIMPOBAHMUS C MCIPaBJIEHMEM
ONHOV OUMOKM SABJISETCS KOPPEKTHBEIM M C BEPOSATHOCTHOM TOUKM 3PEeHMSI, XOTS KOHEUHO, C
HEKOTOPOM MaJIoM BEePOSATHOCTBI0 B I[IOJIYYeHHOM cCooOfmeHMM OyIoeT HeCKOJIbKO OmMOOK U KOI
X NVCIPaBUTb HEe CMOXeET.

A BOT TakKOe OUeBMIHOE pelleHMe 3aladuy KOIOMPOBAHMSA C MCHpPaBJIEHMEM OIHOM
ouMOKM He SABJISETCSA KOPPEKTHBEM: IIOBTOPUM KaXOBM [IepelaBaeMel OUT TpU pas3a, Torla
ONHY OmMOKY MOXHO JIETKO MCIPaBUTbL, 3aMeHMB OUT, OTIMUYALIMUNICS OT »OBYX PaBHBIX
cCOoCenmHMX, Ha 3BHAUEHMEe DSTUX COCemHMUX OmMToB (mBe ommdbKM 3TOT KOI TOXe, BooOume
TOBOpPS, He ucnparjseT). [eyo @maxe He B TOM, UTO Yy KOIAa OUYEeHb Majla CKOPOCTH
(paBHa OnOHOM TpPeTH), a B TOM, UYTO IIpPM I[Ieperade CJIOBa YTPOEHHOM HOJMHEL B HEM B
cpelHeM IMIpou3oumeT Tpu owmMbKM, UM KOI MX MCIPABUTHL C BHECOKOM BEPOSATHOCTBIO HEe
CMOXET .

MpocTenwmnmn npumep Koaa, UCNpaBnNAOLLEro O4HY OLUNOKY
Knon leHHOH?' MepBLIM BHIOBMHYJ MISK [TOMEXOYCTOMUMBOIO KOOMPOBAHMS (KOOMPOBAHMUS C
UCHpapjieHueM omrOOK) UM IPUBEJI B CBOEM CTaThbe, 3aJIOXMBLIEM OCHOBH TEOPUM [epemaumn
yHOOpMaLMM, CJeOyllMM NOpMMep KOoIa, MCIPaBJANIEIO OOHY OUWMOKY (YaCTHBI Cllydan
xonma XeMMMHTA) .

[IlycTe HYXHO TIepenaTb »OBOMYHOE CJIOBO (X1, X2, X3, Xyq) IHoBbaBuM K HeMy
IPOBEPOUHLIE CUMBOJIEL X5 = X; @ X3 ©Oxy,xs = x; ©x, @ x4, %7 = x; Ox, @x3 (3Hak @ 3mechH
oDO3HAUAET CJIOXEHME 10 MOLYJIO IBa; CUMBOJEL Xi,Xp, X3, X4 SABJISOTCHS MHOOPMAIMOHHEIMH)

[Ipouenypa BHEUMCIIEHUS 110 MHOOPMALMOHHEM CHMMBOJIAM IIPOBEPOUHEIX M COCTABJIEHUSI

"3  HUX Kom, B kOTOpOM BHauajie uIyT MHOOPMALIMOHHEIE CHMMBOJIE, a B KOHIE
IPOBEPOYHEIE  CUMBOJIHL, Has3LHBAETCSH CUCTEeMaTUUECKUM . PaccMaTpuBaeMBll — IIPUMEpP
ABJISETCS TakMM KOIOM.

[lepemaeM 3BaKOIMPOBAHHOE COOOMEHME c =(X1,... X7) U ToJydaeM 3allyMJIEHHOe
coobmeHne r = c®e, Tone e = (e1,...,€7) — BekTOp omMOOK. B HameMm OpuMepe OH

vMeeT Bec 1, T.e. B HEeM TOJIbKO OIHa €IMHMIA, TaK KakK I[I0 [IPEenloJIOXEeHM oumbKa
MOXET [IPOU3OUTK (eCyM NPOU3OMIET) TOJIBKO B OIHOM IIO3ULUN.

Hanpumep, BO3MOXHO € = e3 = (0,0,1,0,0,0,0). Torma

r = c@e :(01102/(:3@1/04/05/06/(:7) = (C1,C2,C3,CqyCs,Cg,Cq) @ (0,0,1,0,0,0,0).

.Uucyno 3 Oymer B paccCMaTpMBaeMOM CJlydae NO3MuIMel ommbky. JJisa onpelesieHus
IIoO3sMLM OO KM (a 3Ha4uT, jZ8 06Hapy>KeHI/Lq caMom OU.U/I6KT/I) MOXHO BBIUMCIINTB

HPOBEPOUHEE CyMMEl Ts@r @r;®@r,, rdr ®r,®r,;, r;®r,®r,Or;

! Kron OneByx lllennon (1916-2001)— Beigatonuiicss aMepuKaHCKUNA MAaTEMATUK U MHXKEHED, OJIMH U3 OCHOBAaTENeH
TeopuH HH(POPMAIINHU, TEOPUH KOIUPOBAHUS, TCOPHH CIOKHOCTH OYIIEBBIX (PYHKIMA U TEOPETHICCKON KPUITTOIOTHH.
Bo BpeMs BOWHBI 3aHUMAJICS PACITH(PPOBKON STIOHCKUX PATUOTPAMM.
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HaryisanoHo BCce 2TM CYyMMH M300paxeHB Ha CJeOyllleM PUCYHKE.
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Kaxzmas cyMMa COHOEPXMTCS B CBOeM KpyTre. K coxaneHuo, nonobHas WMILJIOCTPaLms
IJis KOOOB XeMMMHIa OOJIbIIMX pPas3MEepPHOCTElM HEeBO3MOXHA .
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