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B 3T0li cTaThe M3N0kKEHBI HEKOTOPBIE MaTepHUasbl MO OCHOBaM MO3ULMOHHOMN
anreOpsl noruku (ITAJI). UccnenoBanus B AaHHON 00nacTH OblIM HayaThl Gonee JBCHA-
nuatu et Hazan B Muacruryre Kocmuueckux Uccnenosanuiit PAH Muponom MBanoBuuem
Tenasnuzom [1]. Lens 3T10it cTaten u3noxute ocHoBHbIe OHTHS [TAJ] Gosee monyIsapHBIM |
HWHXCHEPHBIM SI3BIKOM, OMYCTHB HEKOTOPBIC CTPOTHE MATEMATHUECKHE JOKA3aTEIbCTBA, HO
OCTaBHUB CCBHLIKH HA HHUX JUIS 3aHHTEPECOBABLINXCS UUTATEICH.

Kpome Toro, B 310l CTaThE M3MOXKEHA TOJIBKO Ta YACTh MO3ULHOHHON anreOpsl JIOTH-
KH, KOTOpas MPEACTABIICT MPAKTUICCKUI HHTEPEC ISl PEIICHHS 3a1a4 BepUpHUKALNN U ANC-
KpPETHOU onrumusanui. HeIMU ClI0BaMu, B CTaThe CAEIaH yrmop Ha OyieBy amreOpy, 0azo-
BBIC 3JIEMECHTHI KOTOPOU UMEIOT aNMapaTHYIO PEaTH3aLHI0

Crneayer OTMETHTB, UTO CHCTEMa OO03HAUCHHUN B 3TOHM CTATBE OTIWYACTCS OT OPUTH-
HaJbHOW. DTO CHETAHO MOTOMY, YTO BO MHOrux pabdorax M.M. Tensmu3a, MCHONBIVIOTCS
pas3THYUHBIC CHMBOJIBI, HE BXOAsAmue B Hadop mpudTos MS Word. Oanako moHsaTh U paso-
OpaThCs, UTO YEMY COOTBETCTBYET, HE COCTABHT TPYAA.

51 BBENM PsIN NOTIOMHHUTENBHEIX TMOHITHH, AN TOTO, YTOOBI YIPOCTHTH MPOLIECC H3TO-
JKCHHS MaTepHana, u CAENaTh ero 0omee MOHATHBIM AT He MPOECCHOHATBHOTO MAaTEMATHKA.

Beeaenne

TTo3UIMOHHBIN MOAXOA K TpeAcTaBiIeHn0 GyHKIui anredpsl soruku (OAJI),
OCHOBBI KOTOPOTO MPHUBENEHBI HUKE, AT BO3MOXKHOCTh Pa3padoTaTh CTPOHHYIO CHC-
TeMy 0003Ha4YeHUH s 3TUX (QYHKIHHA, ONPEAeTUTh MPaBUIa BBITIOJIHEHUS ONepannii
W CYIIECTBEHHO YMPOCTHTH HeWCTBUS Han HUMH. OCOOEHHO BaXHBIM CBOWCTBOM
ITAJI siBnsieTcst TO, YTO OHA TIO3BOJISIET CO3/aTh ammapat s 3GGeKTUBHOW paboThl
Haj cyneprniozunueit pynknuii. E€ HacTosimee Ha3BaHUe OOYCIOBJIEHO TEM, UYTO UMe-
€TCsl OTpeNeNnEHHasl AaHAJIOTUsl B TOM, KaK 3aMMCBIBAIOTCS YNCIA B MO3UIIMOHHON CHUC-
TeMe cumcnenus u omnepatopsl B ITAJl. MHeIMH croBaMu, B TIO3WLMOHHOW anredpe
JIOTUKH UCTIONB3YeTCs s3bIK npenacTaBieHuss @AJl, B KOTOPOM CMBICT CUMBOJIA B CJIO-
BE MPEACTaBISIIOIEM HeKOTOpyro DAJI 3aBUCUT HE TOJBKO OT ero 0003HaUeHUs, HO
OT MeCTa TMOJIOXKEHHUS 3TOr0 CUMBOJIOB B CJIOBE, TO €CTh OT €ro MO3UIHH. DTOT MOJI-
XOJI TIO3BOJIMJI IOKA3aTh U3BECTHYIO TeopeMy KommbroTepHO# anredpsl: NP=P. B Ha-
mei pOopMyJNHpOBKe 3Ta TeopeMa BBITISANUT Tak: «Jlist moboi NP-monmHoOH 3amaun
BCErja MO>XHO MOCTPOUTH SKBUBAJIEHTHYIO €1 3a71a4y MOJMHOMHUAIBHON CIOKHOCTIY

1.ITo3u1IHOHHBIE ONEPANIHH U NPOCThIE 0NEPATOPbI

ITosunnonHas onepanust — 3TO Takasi ONepPaLnsi, CMBICI KOTOPOHU 3aBUCHUT OT
TIOJIOKEHHsI CHMBOJIa omepanuu B oneparope. OnepaTtop mpeacrasisier U3 ceds we-
MOYKY U3 CUMBOJIOB OTIEPALINI U SIBJISIETCS CIIOBOM B MO3ULIMOHHOM SI3bIKE MPEACTAB-
nenust ®AJL Tlo3unHMOHHBIN A3bIK TO3BOJIsIET 3anucbiBaTh DAJl popmynamu, rpo-
MO3/IKOCTh KOTOPBIX 3HAYUTENBFHO YCTYMaeT IPOMO3JKOCTH 3aMHCH TeX ke (HopMyd
KJIACCHYECKHUM SI3BIKOM ajreOphl JIOTHKH, COCTOSIINM M3 CHMBOJIOB OWHAPHBIX OTle-
pauuii 1 yHapHOH onepanny MHBEPTUPOBAHUSI.

ITo3uIMOHHBIN OomepaTop — 3TO Ha0OP MO3WIHMOHHBIX ONEpaLUi, MpUMEHse-
MBIX K HEKOTOPOMY HaOOpy apryMeHTOB. BBeneHHe COBOKYITHOCTH OMepaluii B BUIE
MO3ULIMOHHOTO OMEPATOpa MO3BOJISIET U3y4aTh TAKUE OMEPATOPBI HE3ABUCUMO OT Ha-
OOpOB apryMEHTOB, a 3TO YIPOIIAET HcclenoBanue cBoicTs @AJL



Crnenys npemnoxkenusim, caenanabivu MU, Tenpnuzom [1], 060o0mum 6u-
HapHble omnepannn PAJl ¢ MOMOIIBIO TMO3WUIIHMOHHOW N-apHOU Omepanuy, KOTOPYIO
OyneM Ha3bIBaTh FOHKLHEH U AJIsT KOTOPOH BBEAEM 3HAK OTIEpaIlU: CUMBOJ <:> - 3HaK
IOHKIIMH. JTa omeparusi BBOOUTCS Ha nBonuHOM Habope X,. Habop X, onpenensiercs
cnenyomuM o6pasom: BekTop (X1, X2, ..., Xp) KOOPAHHATBI KOTOPOTO MPUHHUMAOT
sHavenusi u3 MHoxkectea E={0,1}, Ha3piBaeTCst TBOMYHBIM BEKTOPOM Wi HAGOPOM U
obo3Hauaetcs yepe3 Xp. Uncno N Ha3wpiBaeTcst AnuHOW BekTopa. Ha Habope X, Oynem
paccmatpuBaTh N+1 Mo3uLuio0, HyJeBasi MO3ULHUS MPEIIIECTBYET MEPBOMY SJIEMEHTY,
I-51 MO3ULINSI — 3TO MPOMEXKYTOK Mekay I-M u (i+1)-M anemeHTaMu, N-s1 IO3ULHUS Clie-
OyeT 3a MOCIEeTHUM 3JIeMeHTOM. B 1ro00# M3 3THX MO3UIMIA MOYKET OBITh YKa3aH MIIH
OTYIIEH 3HAK FOHKIUHU. TakuM 0Opa3oM Mbl ompenenumM Habop Spi1, COCTOSIMNA W3
3HakoB onepanuii. Ecim B kakoi 1nO0 MO3WIMM yKa3aH 3HAK IOHKIUH, TO HA 3TO Me-
cTO B Habope OyneM 3anuchiBath 1, ecnu onymeH — 0. Cuét 3neMeHTOB B Habope Spi1
HAUMHAETCS C HYJIS.

ITo ompenenenuto, ecinu Ha Habope X, 3HAK FOHKIWU YKa3aH B MO3UIUSIX Ki,
Ko, .. Ks TO 3THM omucaHo BbICKasbiBaHHe: HaOOp Xp comepkut Ky wmn Ko, ... , wmu Ks
enuHuL. Ecnu 3TO BBICKa3bIBAHHE UCTMHHO, TO 3HAUEHHWE FOHKIUH Ha 3TOM Habope
paBHO |, ecnu OKHO, TO 3HaYeHUe FHKUMUK paBHO 0. Ecnu HU B OZIHOM MO3ULINKU Ha-
Oopa X, 3HaKa FOHKIHUU HET, TO TIO OMpEeAeNIeHHI0 OyIeM CUMTaTh, YTO 3aJaHa FOHK-
LU, 3Ha4Y€HUe KOTOpoi paBHO 0. YHAPHYIO ONEPALNIO OTPULIAHUSI MOXKHO BBIPA3UTh
uepes roukumio Tak; X = (0 X). Tonytao ormerum, uto X=(X:),(: X:) =1(X) =0. Ca-
Mble BHEIIHHE CKOOKM, KOTAa 3TO HE MOXKET NMPHBECTH K HENOpa3yMeHHo, Oyaem
onyckarb, T.e. (:@)=:a wnu (:(:ab))=:(:ab). Pasymeercs, ecnu HET HM OMHOTO 3HAKa
oTiepaluu, TO CKOOKH 00sI3aTENbHBI.

HekoTopsie OuHapHBIE Omepanny anreOpbl JJOTHKH BBIPAXKAKOTCS Yepe3 ore-
paLny FOHKIUH TaK:

allb=ab: alb=a:b:

allb=a:b alb=ab (1.1)

a-b=ab: alb=a:b

Ecnm Ha HekoTOpoM Habope BBeAEHA FOHKIHS, TO 3TO O3HAYAET, YTO B HEKO-
TOPBIX TO3MLHAX (MPOMEKYTKAX MEXKAY dJIeMeHTaMH Habopa) pacCTaBlieHbl 3HAKH
IOHKLIUH. PaccMOTpuM HabOpBI, COCTOSIINE TOJBKO M3 3HAKOB OMEpaIdii, yKa3bIBas
3HaKoM <_> (mpoOe) Ha MPOMEXKYTOK, Iie HET 3Haka <!>, TaKOW Habop M3 3HAKOB
< >, <!> u OyneT NO3UIHOHHBIM OMEPATOPOM.
BBenem GoJiee CTPOTOE MOHSITHE MPOCTOTO MO3MLHOHHOTO OTepaTopa: oneparop §'" —
3TO TakOW OomepaTop, B KOTOPOM COAEPkKHUTCS N1 CUMBOJIOB TakuX, YTO €CJIU 3aMe-
HUTh <> Ha 1, a mpoOenbl Ha 0, TO TOJyYHBINEECS B pPe3yJbTaTe ABOWYHOE N-
paspsimHOe yucao u Oyzaet | (MpU 3TOM HAIO Y4eCTh, YTO CUET CHMBOJIOB HAET CJieBa
Ha MPaBO, HAUYMHAS C HYJEBOW MO3ULMH). JeficTBHe MPOCTOro MO3ULHOHHOTO Omepa-
TOpa Ha HaOOP MaHHBIX (POPMAJTIBHO OTIPEAEIISIETCS CIEAYIOMUM 00pPa30oM:

S (X)=s, e i:i X S"=(s0,51... ) (12)

Jlrobast uz onepaumii (J,00, 0,0, < ,1 ) MokeT ObITh MpEACTaBlI€HA COOT-
BETCTBYIOIINM MO3ULIMOHHBIM OTIEPATOPOM CJIENYIOIHUM 00pa3oM:

0=(001)=S,* 0=(011)=S¢*

0 =(010=S,* 0=(110=S° (1.3

= =(107)=S* 1 =(100=S,°



W3 onpeneneHuss N-apHOW IOHKLUMU W TPOCTOTO TO3MIIMOHHOTO Oreparopa
BHUJTHO, YTO MPOCTOU MO3ULIMOHHBIN OMepaTop MO3BOJSIET MPEACTABUTH JIFOOYIO CUM-
MeTtpuueckyro ©AJL

Ecnu MBI UCTIONIB3yeM OZTMH U TOT ke andaBuT AJisl IPENCTaBISHNS JaHHBIX U
OTIEPATOPOB, TO MBI MOKEM BBITIOJIHITL HE TOJBKO OMEPATOPbI HAA JAHHBIMH, HO U
omepaTopbl Haa omepatopamu. OnepaTop Haa OMEPATOPAMH BBITIOHSIETCS CIEIYIO-
UM 00pasom:

IIpexne BCero, OTMETUM, YTO Pa3MEPHOCTh OrMepaTopa MPUMEHSIEMOTO K Ore-
paTtopam noJKHa ObITh COTJIACOBAHA. JTO 3HAUUT, UTO JIOJIPKHO BBITIOJHSATHCS YCIOBUE
Sn(&&) HMHaue roBOpS, YUCIIO TIO3UIHI B CTPOKE apryMEHTOB JOJI’KHO OBITh paB-
HO JUTMHE MPUMEHSEMOTO K HUM OTIepaTopa, a 3Ta JUIMHA paBHa N+1, Tak Kak CUET mo-
3uNui HaunHaeTcs ¢ 0.

OmnepaTopsl, SIBISIOMINECS apryMEHTaMHU 00pa3yroT MaTPHULLy CIEAYIOIIEro

BHUOA
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r7ie B BEPXHEH CTPOKE yKa3aHbl OTIEPATOPHI, a MO HUMHU COOTBETCTBYIOIHE UM Ha0O-
pb1. CamMu omiepaTopbl B 3Ty MaTPHILy HE BXOIST.

Ha crnenyromiem mare CyMMHPyeM BEPTHKAJIBHO TIO pa3psiiaM TBOWYHbIE YHC-
Jia, TIPECTaBJISIIOLINE OMepaTophl, MX CyMMa Moka3aHa B (OpMyJie MO MaTPHULIEH,
CUMBOJHI @, b,..., C.

Kaxxaslii paspsin pe3yapTHPYIOMIETO OnepaTtopa BbliOupaeTcst u3 Habopa mpu-
MEHSIEMOTO orfepaTopa (IBOMYHOrO uducnia). HomepoMm paspsina siBisieTCsi 3Ha4YEHHE
MOPa3PsAHONM CYMMBI MOJyY€HHON Ha TIPEBIAYIIEM LIIare.

IIpu 3ToM mpoBepsieTcsi BTOpOoe TpaBwio. Ecnu mosiydeHHas mopaspsiaHast
CyMMa WM HOMep paspsiia pe3yJbTUPYIOLIEro ornepaTtopa OOJblie ero [IMHHBIL, TO
3Ta omepalus He omnpereieHa. MHade roBopsi, OHa BBIXOAUT M3 OONACTH Ompenene-
HUSL.

PesynbTat 3T0i# Onepanyu OyaeT BHITISAETh TaK:

S'(S,S,,-»,S) =S 20e k =@’ +he2 +.. 4+ ce2"

TTpoIeMOHCTPHpPYEM Ha MPHUMepax BHIMOJHEHHE OnepaTopos S, P, S Han
2
oneparopamu Ssu S%.
Brruucnum nopaspsigHyro Cymmy:

2 =101

S? =001
* (15)

=102



Tenepb, UMest MOPa3PSIAHYIO CYMMY » , 110 MPABUIY NPUMEHEHHs POCTOTO OMNepaTo-
pa k HaOOpy MaHHBIX BBIYHCISIEM 3HAUEHUS PA3PSA0OB PE3YIBTHPYIOMINX OTIEPaTOPOB.
y‘-II/ITbIBaSI, YTO BCE BBIYUCIICHUSA I‘IpOBOI[SITCSI B KaAXXIOM BepTI/IKaJIbHOM paSpﬂI[HOM
cpese. Pe3yapTUpYIOIIUME OnepaTopaMu OyAyT:

S%( S, S2)=(101)= S%

% ( %, S2)=(010)= S% (1.6)

S%5( S%, S2)=(110)= S%

Bonee cymectBeHHBIH 3(QdekT MOKHO MONYYHTh, Tepexons OT OHMHAPHBIX
omepanuii kK onepauusm Oonbliei apHocTH. Hampumep, J1erko mpoBepHTh, YTO
§3(S49, 5412, 8428):54191 §5(S49, 5412, 8428):5461 §12(S49,S412, 5428)=S412-

PaccmoTpumM Ha mpuMepe MOJIe3HOCTh MPOCTOrO MO3ULHOHHOTO ornepatopa S.
Boruncnum 3Hauenue dopmynsl f=(X1 0 Xz) (Xg OXp) kmaccuveckum cnocobom u ¢
TIOMOIIBIO OTepaluii HaJl MO3ULIMOHHBIMH OTIEPATOPAMHU.

B knaccudeckom BapwaHTe Mbl JOJDKHBI TiepeOpaTh BCe MHOMKECTBO 3HAYEHHIH
s Habopa Xo=(X1,Xp) U OISl KaKOOro 3HaveHus: Habopa X BBIYHUCIUTH 3HAUYEHHE
(dbopmynbl. PesynbTaT BeIMUCTEHUI TpuBeneH B Tabmuie 1.1.

Tabnuua 1.1

ROl |o|X

[
SL=I=]ks
=l

B omnepaTtopHoM moaxosne Mbl ipeodpazyem opmyny f=(x1 [ xp) O(Xg UX2) B
OTIEPATOPHBIN BUJ SZG(SZZ(XLXZ), 824(X1,X2)). 3ateM MBI OTOpachiBaeM apryMEHTHI U
nonyuaem cenyromee Beipaxenne; Se(S, S%). Ipumensis onepatop S k omepa-
TOpaM, HAXOIAIINMCS B CKOOKe, MOJydnM CIeAYIOImmii pesyiastar: S%. To ecTh, ero
K€ CaMOro, 3TO TOBOPHUT 00 M30OBITOYHOCTH (opMyJbl f. DTOT pe3ynbTaT IeMOHCTPHU-
pyet mpouecc npusenernst ®AJI k MUHIMaNbHOH hopme.

Ecnm MbI Tenepb MpUMEHUM pe3yIbTHPYIOLIUI onepaTop kK Habopy Xy, TO mo-
Jy4UM TOT K€ CaAMBIi pe3yNbTar.

Tabnuna 1.2
Xy | X2 > f
0 |0 0 0
1 |0 1 1
0 |1 1 1
1 |1 2 1

Kak BunHO TabMUIBl HCTUHHOCTH WAEHTHYHBL

OpnHako TOT (akT, UYTO C MOMOLIBI MPOCTOTO MO3UIMOHHOTO ONepaTopa Mo-
ryT OBITb MpeACTaBIeHBI TONBKO cUMMeTprueckre @AJl, CHIIBHO OrpaHHUYMBAET €ro
MoJIe3HOCTh. J{71s1 TOro, UTOOBI pacMpUTh Kiacc PYHKUUH, MPEACTaBIsIeMbIX MO3HU-
LIHOHHBIMU OTIEPATOPAMH, BBOJAWTCS IPyrue MO3ULIHOHHBIE omepatopel R,W,0,Qu
IpyTHe, OHU OTHcaHbl B paboTax [2,3,4,5,6,7]. Kaxknplit U3 3THX OMepaToOpoB OIMUCHI-
BaeT onpeneneHHbii Tun @AJl. HampumMep, ¢ MOMOIIBI0 0 ONepaTopoB OMUCHIBAIOT-
csl apupMeTHIeCKre OTepalni, CIOKEHHUsT U YMHOXKEHHSI ABOUYHBIX YHCEL.



B cnenyromeit rinaBe OyayT paccMoTpeHbl FS omepaTopbl, KOTOpbIE OMHCHI-
BaroT Bc€ MHOkecTBO DAJI Ha 3ananHOM Habope X.

2.MMo3nunonubIe FS onepaTopsbi
OO0o3HaueHHe 3TOTO THUMA OMEPATOPOB C TMOMOIIBI CHMBOJIOB FS cBsizano ¢
TEM, YTO 3TH OMNepaTopbl 00pasyrT GYHKIHOHAIBHO MOJHYIO W 3aMKHYTYIO CHCTEMY,
JI0Ka3aTeNbCTBO ATOTO npuBeaeHo B padote M.U. Tenbnuza [7].
st paboTel ¢ FS oneparopamu HaMm mpexae BCEro HeOOXOAMMO BBECTH TIO-

HSITHE coBepineHHoro Habopa. Jlnst Habopa Xp=(X1, X2, ..., Xn) COBEPIIEHHBIM Ha3bI-
BAeTCsl TAaKOW JBOWYHBIN HAOOP Xns=(X1,X2,X2,X3,X3,X3,X3,...,Xn,xn,..., Xn), B KOTOPOM
mpu i=1,2, ...,N aprymeHT X; comepxkuTcs 2 - pas, T.e. HAOOp X,® HMeeT WIHHY

N=2"! CrnenoaTensHO, IPOCTOIi OMEPATOP, COTTACOBAHHBII C COBEPIICHHBIM HAGO-
pom Xp°, nomxken conepxath N+1 cumBonos. Takue onepaTtopsl M Has3biBaroTcsa FS
oTIepaToOpamMHu.

Ipu 3anmcu FS onepaTtopoB Mbl OyzieM MOJIB30BATHCS CIEAYIOIIHM MPABHIIOM:
eciu alJE(0,1), To &-a...aaa...a, rae B mpasoii yactu a Bxomut He K pas, a 2% pasa.
Kpowme Toro, ¢urypubie ckoOku {} 03HAuUarOT, YTO BBIpAKEHHE 3aKJIFOUEHHOE B HUX
OyZeT MOBTOPEHO CTOJILKO pa3, CKOJIBKO 3TO HeoOXOauMOo Ais cornacoBanus FS ore-
patopa ¢ HaGopom X,". Hanpumep, ecnu N=3, To

{0*1%=0011001.

IIpu u3yd4eHUU PEKYPCUBHBIX (QYHKLHUI HMCMOJB3YIOTCS YHCIIOBbIE (YHKIIHUU

MPOEKTUPOBAHUS, KOTOPbIE OMPENENsIOTCS CIeAyrmuM odpasom: mas 1<i<n,
pri(Xn)=X;. Hucnosble GyHKUHH MPOEKTUPOBAHUSI HAMU OYIyT MCTOJB3OBAHbBI C JIO-
TIOJTHUTENBbHBIM TpeboBanueM X, — ABOMYHBIN HaOop. Ecnu 3HaueHwWe JOTH4eckoro
BbIpakeHUs1 E coBnmanmaer co 3Hauennem noszunuonHoro FS omepatopa R Ha Habope
Xp®, T.e. E=R(X}), To 6ynem roBoputh, 4To BhIpaxkeHue E umeer onepartop R.
B »3tOoM cnywae gns  koopauHaT Habopa X, HWMeeT MeCTO COOTHOIICHHE
pri(Xn)={0" 1"} (X)), 1<i<n. DTo COOTHOWIEHNE ¥ SIBISETCS SKBHBATIEHTOM (yHK-
LIUU TIPOEKTUPOBAHUS, MbI OyZIeM Ha3bIBATh 3TO COOTHOIIEHHE CENeKTOPHOM QyHKIIH-
eii 1 0003HaYaTh CUMBOJIOM S.

PaccmoTpuM Ha mpuMepe AeWCTBHE CeNeKTOPHBIX (yHKIMi Ha Habop Xnp.
Bo3sbmém, Hanpumep, Habop X3°=( X1,X2,X2 X3 X3 X3 X3), Il apTYMEHTA X1 CEJIEKTOPHAsl
dyskums Gyner umers crenyrommii Bux $={01}, mis aprymenta X, — $={0'1}, a
st X3 — $5={0%1%} . B Tabnuie 3 npHUBEIEHB! PE3YIILTATE PHMEHEHHS CEIEKTOPHBIX
ynkuuit k Habopy X3°

Tabmuna 2.1
X1 X2 X2 X3 X3 X3 X3 > S S S
0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 1 1 0 0
0 1 1 0 0 0 0 2 0 1 0
1 1 1 0 0 0 0 3 1 1 0
0 0 0 1 1 1 1 4 0 0 1
1 0 0 1 1 1 1 5 1 0 1
0 1 1 1 1 1 1 6 0 1 1
1 1 1 1 1 1 1 7 1 1 1

Kaxk BugHO U3 TaONuUlIbl, CeJeKTOPHBIE (DYHKIIUH B KAYECTBE CBOETO Pe3yibTa-
Ta Jar0T 3HAYCHUSA TOJIBKO TOT'O apryMEHTa, AJisd KOTOPOTO OHU NPEAHA3HAYUCHBI.




Hcnons3ys cenekTopHble QYHKIIHH MOKHO TIOCTPOUTh FS-onepartops! st
KJIACCHYECKUX OTiepanunii anreOpbl JOTMKU, KOTOPbIe PHUBEIEHBI HUKE
(BO Bcex mpexacTaBieHusX | ¥ K yIOBIETBOPSIOT yenoBusiM: 1<7<n, 1<k <n):
Xi:{ Oi—lli—l}
4 X:{ 1i—10|—1}
X; Dxi+k:{ Oi+k—1(oi—11i—l)k} (21)
X; Dxi+k:{ (Oi—lli—l)k1i+k—l}

Onnako Takoi crocod mpexacraenenusi FS-onepatopos He ynobeH mns pabo-
ThI, TIO3TOMY B CJIEAYIOLIEM pasnene BBOOUTCS mpencraBienne FS-omepatopos ¢ mo-
MOIIIBIO CHCTEMBI B3aMMOCBSI3aHHBIX ali()aBUTOB.

3.IlpencraBiaenue FS-oneparopos ¢ noMombio
CHCTEMBbI B3AMMOCBSI3AHHBIX AJ(PAaBHTOB

PaccMoTpum ynopsimodeHHy0 cHCTeMy anaBUTOB, TAKYIO, YTO KaXKIbIH Clie-
Oy andasuT OyIeT COCTOSITh M3 KOHKaTEHAIIMH CUMBOJIOB Mpenbiaymero anda-
BUTA, MPUUYEM JUIMHA ero OynmeT BaBOe OOJbINE JUIMHBI CHMBOJIA TPUHAIEKAIIETO
npensiaymemMy andasuty. [Ton minmHO#M cMMBONa Mbl OyaeM TOHHMATh KOJUYECTBO
JIBOWYHBIX Pa3psiioB, HEOOXOAUMBIX Uil TIPEACTABJICHUS STOTO CUMBOJa. Hanpuwmep,
JUITMHA CUMBOJIA U3 andaBuTa & paBHa 1, a narHa cUMBOJIA andasuTta & paBHa 2.

Jnsa obo3HaueHust andasuta OyneM HCTONB30BAThH 3arjiaBHYO OykBy Ay, rme
HIDKHUI WHOEKC oOo3Hadaer mopsipok andasuta. Takum obpasom  Ap=(0,1),
A;=(00,01,10,11), A,=(0000, 0001, 0010, 0011, 0100, 0101, 0110, 0111, 1000, 1001,
1010, 1011, 1100, 1101, 1100, 1101, 1110, 1111). B kaxxmom ajndaBuTe ATHHA CHM-
BOJIa paBHA 2% a 9mCIIO CHMBOJIOB BXOSIINX B andaBUT paBHO 2 B CTENEHU 2,

Beeném oOo3zHauenue Oy 1isi CHMBOJIOB COCTOSIIIUX TOJIBKO W3 HYJIEH, a Jis
CHMBOJIOB COCTOSILIIMX TOJIBKO U3 €AMHHI — 1, TIe K MeeT TOT jke CMBICH, YTO U TPH
o0o3HaueHnu angasuta. Torma CeNekTOpHbIE (PYHKIMH MOXKHO BBIPA3UTh CIENYIO-
UM 00pasom:

$1={ Oolo}, ={ 0111}, S={ 0111} . (3.2)

Kak BuaHO U3 omnpenesieH st CUCTeMbI anaBUTOB, KaX/Iblii CHMBOJ TIopsiaka K
COCTOMT M3 JBYX CHMBOJIOB mopsinka K-1. PaccMoTpum Ha mpuMepe, MpUMEHEHHE
BBEJICHHBIX OTPEeNIeHUI 1 IOHATHI K BBIYHCIICHUIO BBIMOJIHUMOCTH (POPMYJTBI
F=(x2 Ox2 Ox3) O(X1 Ox2 0 = X3), TO €cTh pemum Takoi BOTIPOC. «CYIIECTBYET JIK Ta-
KOH Habop B X3, MPH MOJACTaHOBKE KOTOPOro F=1».
3anuineM ceneKTopHbIe QYHKIUH JUTS X1, X, X3

X1= $1={ Oplo}, Xo= $={ 0111}, X3= S5={ 021} .
3aTeM BBIUMCIMM 3HAU€HHE AM3BIOHKTOB: (YHCIO Tepen CeJeKTOpHOH (yHKuMeit
yKa3bIBaeT KOJIMYECTBO MIOBTOPEHUN)

1) 431:4{ 00 10} 2) 431:4{ 00 10}
252:2{ 0111} 252:2{ 0111}
Ss= {0215} -~ 5= {105}
------------------------------- 3.2)
s1:1 1,51,
TMocre 3TOro BEIYUCIUM KOHBIOHKIMIO ONEPaTOPOB:
sl
1si1,
------- (33)
sshisily

DTOT pe3yABTUPYIOMINI OonepaTop U OyIeT peleHueM MOCTaBIeHHOH 3anaun. Kpome
TOTO, 4TO 1O HEMY Cpa3y BUAHO, F BBITIOJIHMMA, OH Ja€T BCE BBITIOJIHAKOIINE Ha60pbl.



Ecnu sTtoT oneparop passepHyTh, monyuuM $1:51,=01110111. 3ta crpoka siBnsieTcs
HaOOPOM TIPeNCTaBISIIOIKUM cOo00# Tabnmuiy uCTHHHOCTU st popmydsl F. Jns npo-
BEPKHU 3TOTrO (DaKkTa BBIYMCIUM 3HAYeHHs HopMyIibl F kiaccudeckuM crnocoooM:

Tabnuua 3.1

Rlo|k|o|r|o|k|oX
Rk |o|o|k|k|o|oX
RlR|k(R|o|lo|o|o|X
R EE =

IIpn BBIUMCIEHWUHN AM3BIOHKIMHM M KOHBIOHKLHH OMEPaTOPOB CTAHOBHTCS 3aMETEH
a¢dext nornomenust: 0 1Ist TM3BIOHKIWN U | 17151 KOHBIOHKIUH. MBI MOkeM n300pa-
3UTh TO TPaPUUECKH:

1. mnst cumBona Og 6YI[6M HUCIOJIL30BaTh 11306pa>I<eHHe —

2. s cumBogia 1o OyieM UCTIONb30BaTh U300paKEHNE -

3. nns cumBona 0; OyaeM HCMoJb30BaTh H300pakKeHHe I

4. nnst cumBona 11 OyaeM HCrob30BaTh N300pAIKEHUE  I——

U Tak nanee. crone3ys 3TH parMeHTsl, Mbl MOJKEM CTPOUTH CENIEKTOPHBIE (PYHKIIUH
CIenyImuM 00pazom:

1. cenextopHas QyHKIHS S; OyAeT CTPOUTHCS U3 PparMeHTOR T

2. cenektopHas QyHKUUS - S; OyaeT CTPOUThCS U3 PparMEeHTOR M

3. cenexktopHas QyHKUUs S OyaeT CTPOUTHCS U3 PParMEeHTOB 11 I —
4. cenextopHas QyHKIHA - S OyIeT CTPOUTHCS U3 (PPArMEHTOB I —— 1]
u Tak nanee. [Ipu Tpex MepeMeHHBIX X1, X2, X3 CENIEKTOPHBbIE (PYHKUUU OyayT UMEThH
BUI:

St | T I T I T | —

- SCI. I ] I [ ] I ] I | ]

S ]| ) | |
- SQ | [y | | " —

%) [ 11 11 11 ] I N N

-3 1 1 | W Il ] 1L 1

Torna Beipaskenue (X1 Xo [X3) MOXKHO M300pa3uTh Tak:

X1 [ ] I | ] I | il [e——] |
X2 COC—— I 1 |
X3 [ 10 10 1L ] I N N

X1 UXo UX3 i — 1| T 1 | ]

A Boipakenue (X1 Xz [ = X3) BOT Tak:

| ] I ] I I [e—]

X2 —— T T — ] |

-1 X3 1 1 | N ] 1 [ ]

X1 Oxo O = X3 T T T P |



Tenepp MBI MOXeM JnaThb rpaduueckoe TpencTaBieHHE JJsl  BBIPAKEHHS
F=(x1 Ox2 Ox3) O(Xy X200 = X3) 1 cooTBercTByrOIIEro emy omnepatopa §1:51; oHO
6yz[eT BBITJIAOETH TAK:

X1 DXZDXS i | ___§ | | | |

X1 DXZD -1 X3 1 ] | pesm) | | |

F=(x1 Ox2 Ox3) O(Xq OX2 0 = X3) 1 O — — ] I — —

I'padudeckoe mpencraBieHune mporecca nocrpoeHust oneparopa S1:51; nossomnsier
OoJee HarJISITHO MPENCTaBUTh BECh Mpoliecc (GOPMHUPOBAHUS PE3YIBTUPYIOIIErO Ore-
paTopa ¥ Mo3BOJUT OoJiee MOJHO MOHATH albHEHIINE BBIKIAIKH.

4. Tlo3uuuonHas 3anuchk FS onepatopos
Ipexne Bcero, 3amMeTHM, 4TO 3anuch oneparopa $11:51; unu 2(s111) He siBAsIETCs TIO-
3unroHHoi. HecMoTpst Ha To, uTO 1uist mocTpoeHusi FS omeparopa UCmons30BaHbI MO-
HSTHUS TIO3ULIMOHHOCTH, B TAKOH €ro 3amicH 3HAYeHHe CUMBOJIA HE OTIPEENIeTCsl ero
MO3UIIMEH, a OTIPEAENIIETCS €r0 UHAEKCOM U K03(D(PHUIIHEeHTOM MOBTOPEHUSI.
Jlns BBenmeHMsl MO3UIIMOHHOCTH 3aruck FS onepaTopos onpenenum clenyriiie mo-
HSATUS
1. B mo3WUMOHHO¥ 3anucu OyaeM HCTIONB30BaTh CTPOUHBIE OYKBBI;

2. cenektopHble pyHKIMH SU — SOyneM 0003HAYaTh CUMBOJIAMH S U S COOTBETCT-
BEHHO, B KpaiiHeil seBoii mosunmu S umeer 3Hadenue S=(01), B crienyrommeii
S=(0011), B i-oii cnesa — S=(071"Y), (panee mb1 onpenennny, uto d‘=aaa..a rae
a nosTopsiercst 2° pas);

3. BBeném cumsoa E, koTopslil Oyznem ucnosb30BaTe A1 0003Ha4e€HHs €AUHIYHOTO
BEKTOpa JJIMHOM 2', Tie | HoMep MOo3WIMK, B KOTOPOI HaxXoauTcs cuMBoa E, 3Ha-
yeHHe cumBosia E B kpaiiHeli neBoil mo3unuu paBHO E=(11), B cnenyromei
E=(1111)uTtn;

4. BBeneM myctoi cumBon O, KOTOpBIH OyAeT UCTOIB30BaH ANl 00O3HAYEHHUs TyC-
TBIX TIO3ULUIA B MO3UIIMOHHON 3anucu FS onepaTopos, GpakTHUecKH, 3TOT CUMBOI
OyzeT BBIMOJHATE POJIb HYJIS; TIPU 3aMTHUCH OTIEPaTOPOB,

5. BBeneM clenyrole peKypCHBHbBIE OMPEeTIeHHS:

ZM=22,,ZWN=2,7,,2T =Z,E.,ZT =ZE,,
ZM=22,ZW=22,,Z.F =EZ.Z,F=EzZ, (4.1)
O0,S=EE.QS=EE,

3anuch BUAa Z, O3HauaeT Mepe3anuch Habopa B 0OpaTHOM MOpSIIKe, TO eCTh

Z. =(2.,24,--»2,) . DTa oNepalyisi Ha3bIBAETCS OOPAIIEHUEM.

CwmbIcn 3TuX (OPMYJ CTAHET sICEH M3 JaJbHEHIIEro U3JI0KEHHSI.
PaccmoTpum Ha mpuMepe, IO3MLMOHHBINH criocod 3anmcu FS oneparopa nnst popmy-
JIbI f:(Xl DXz) D(Xl DX3) D( X1 DX4) D(Xz DX3) D( X2 DX4) D(X3 DX4). Cnavana mno-
CTPOUM TaOJUIy HCTUHHOCTH I 3TOH (POpMyJIBL.



Tabnuua 4.1

(x10xz) | (xalxs) | (xaUxa) | (xelxg) | (xolIxs) | (xs[Ixa)

x
s
X
<
X
@
x
i<

o

0 0

o
o
o

[l Ll Ll (=l d (el [l e} ol o] (o] o] (o] (o] (o] (e L

Rlo||olr|o|r|lo|r|o|r|o|r|o|r|o
Rlr|lo|olk|r|lo|lo|k|r|o|o|r|r|lolo
Rlr|k|r|lo|lo|o|lo|k|k|rk|r|lo|lololo
RlRR|Rk(k|kr|r|~|o|lo|o|o|lo|o|o]o
RlRk|olk|kr|k|lo|kr|k|k|o|k|k|~
RlRk|r(r|lo|k|lo|lkr|k|kr|k|k|o|~
NN R R RN ERERE
RlRk|r[r|r|o|lo|lkr|k|kr|k|k|k|o
RlRk|Rr[kr|rkr|k|r|r|lo|o|rk|r|o
NN R R RN ===

3aTeM, HUCIIOJIb3Ys BBEIEHHBIE HAMU OTpeNieNIeH s, 3aHIlIeM MO3UIMOHHbIE OTIepaTo-
PBI JIs1 BBIPAKEHU:

(Xl DXZ) —STMM

(x10%3) =SMTM

(X, 0%x;) =SMMT (4.2

(x,Ox3) — OSTM

(X, 0x,) —OSMT

(XsOx,) —OOST

Teneps MbI MOKEM CPABHUTH TaOJMHUIBI HCTUHHOCTH, TIOJYUYE€HHBIE KJIACCHYECKUM U
oTepaTopHBIM criocoOoM. Pa3BepHEM MO3ULIMOHHBIE OTIEPATOPBI, UCTIONB3YS BBEACH-
Hble HaAMH OTIpeieNIeHusI:

(cuMBOJIBHAS 3aMUCH MOCTIE 3HAKA PABHO “=" He SIBNISIETCS TIO3ULIMOHHOM )
STMM=SEMM=SESEM=SESESESE=(0111011101110131
SMTM=SSITM=SEEM=SEESSEE=(010111110101111)
SMMT=SSMT=SSSI=SSSSEEEE=(0101010111111131 (4.3

OSTM=E ETM=E EEEM=E EEE E EEE=(0011111100111111)
OSMT=EEMT=E EE ET=E EE EEEEE=(0011001111111111)

6. OOST=OEET=E EEET=E E EEEEEE=(0000111111111111)
B pabote M.U. Tenbnusa [ 7] npuBeneHo 10Ka3aTENbCTBA MOJHOTHI 3TOH CUCTEMBI
0003HaueHMIA.

JInsi BBITIOJIHEHUsI OTIepaliii KOHBIOHKIIUU HaM TIOTpeOyeTcs BBECTH s J0-
MOJIHUTENIBHBIX TIOHATHI W ompeneneHuii. Ho mpesxkne, Oojiee AeTambHO, MOSICHUM
CMBLI BBEJIEHHBIX PEKYPCUBHBIX OMpENEIeHUi, UCTIONB3ys rpaduueckue mpencTas-
JIEHUSI.

B ITAJI B nro60oM omepaTope BCerzia AOJKHBI MPUCYTCTBOBATH CEJIEKTOPHBIE
(YHKIIUU 7151 BCEX MEPEMEHHBIX, TOTOMY, YTO €T0 3aMUCh IO3UIIMOHHO 3aBUCHMA.
Hnaue rOBOps,, AOJKHBI OBITH CUMBOJIBI TIOKA3BIBAKOINE BXOIUT JIM JIaHHAs TiEpe-
MEHHAasl B COOTBETCTBYIOINYIO onepaTopy Oynery dopmyny unu Het. Hanpumep, s
dopmyner X, X, =ST, mouemy 3TO Tak, JIerko MOHSATH, €CIH MPEACTaBUTL cebe Tab-

Uiy UCTHHHOCTH. M300pa3um 3710 rpaduuecku

oA~ wWNE

a s wheE

C T .
[(——) | |

| ]




Kak BHUOHO U3 PUCYHKA, B PE3YJIBTATC NU3BIHOHKINU X1 u X2 MbI TIPUINTUCBIBAEM €11~

HUYHBIH BEKTOP K CENeKTOpHOI QyHkunu S cnpasa. s popmynsl X Dg =SF kap-
THHKA U3MEHUTCS CIIEAYIOIINM 00pa3oM

I T |

L L — | —
I .

To ecTb MBI IPUTHCHIBAEM €MHUYHBINA BEKTOP ClieBa. B TOM ciy4ae, koraa Mbl MMe-
eM (pyHKIHIO OT Tpex MepeMeHHbIX, HarpuMmep Takyr X X, =SMT, e¢ nzobpaxenue
Oynetr uMeTh CIENyIOIHA BU

I T | | I [ ]

[N I N D D

Kak BUOHO M3 KapTUHKH, CeNeKTOpHAast QyHKIUS S; MOBTOPSETCS ABAKIbI B PE3YJib-
TUPYIOIIEM BeKTOpe. B 3TOM 1 €CTh cMBICH CMMBOJIa M, OH O3HAYaeT, YTO MPEAIeCcT-
BYIOIIMI eMy BekTOp OyneT moBTopeH. B Tabnuie 4.2 mpuBeneH MOJHBIN NepevYeHb
UCTIOJIb3YEMBIX CUMBOJIOB U COOTBETCTBYIOIIME UM OTMepaluy Haja TaOnuieid UCTUH-
HOCTH.

Tabnnua 4.2

ITpunuceiBaeT eAMHUYHBIN BEKTOP CIIpaBa

IIpunuceiBaeT HyneBOI BEKTOP CIIpaBa

IIpunuceiBaeT €NMHUYHBIN BEKTOP ClEBA

IIpunuceiBaeT Hy1€BON BEKTOp ClE€Ba

Jybnupyer BekTOpa

IIpunuceiBaeT HTHBEPTUPOBAHHBIN BEKTOP CIIPaBa

IIpunwuceiBaeT 0OpaleHHbIH BEKTOP CripaBa

S| 22|20 T =1

[IpunuceiBaeT 0OpalneHHbIH 1 HHBEPTHPOBAHHBIN BEKTOP ClieBa

OtmeTum, uto onepaunu 1 u F sBnstorest oopatabiMu. C momornsio cumBosioB T, T,

F, F u M moxHo 3anuceiBaTh byneBbl popMyIbl, OCTalbHBIE CHMBOJIBI HCTIOJB3YOT-
cs1 st 3anucu popmyat anredpsl JTOTUKH.

KOH’bIOHKLII/ISI U JU3BKOHKIINUA HanQ FS-onepaTopaMI/I MOTYT BBITIOJTHATBHCA I'[O6I/ITOBO,
HO ynoOHeilt ncnonb3oBath Tabmuny 4.3. OfHAKO HAIO MOMHHUTH, YTO cama TabiuIa
MOJIy4eHa B pe3ysibTaTe MOOWTOBOTO BBHITIONHEHHUS! YKa3aHHBIX omnepauunii. Tabmuma
COZIEPKUT HEKOTOPYIO MePeonpeaeNéHHOCTh, KOTOpas MO3BOJISIET UMeTh OoJiee ynoo-
HOE€ €€ MPEeNCTaBJIEHUE.

Jlemma 4.1. KonbroHkuusi U qu3blOHKIMS Haa FS-omepatopamu onpenensiercs: Tad-
nuneit 4.3. B Tabnunax npuHSTHI clieayomue 0003HAYEHUS

C=A0B C=A OB
D=A0B D=A OB (4.4)
L=A OB L=A0B
K=A OB K=AOB
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Tabnuua 4.3

O BT IBF |BM |BM [BE [BT

AT |pT |BF |cB |CB [AB [CT [i{t [AT
AF BT |DF |BD |[BC |CF |1F |EE |AF
AM DT |DF |CD |CM I [m |LF |LT |AM
AM |DT |LF |CL LC |LD |DF |LT |AM
AF |EE |LF |CF |BC |BD |DF |BT |AF
AT |LT |CT |AB |DB |DB |BF |DT |AT

BT BF BM BM BF BT O

B BepHOCTH 3TO¥ JIeMMBI MOKHO YOETUTBCSI, BHITIOJHUB TIOJTHBIH MepeueHb
Bcex onepaunit. Hanpumep,

AT OBT = AEBE =(AUB)E=CE=CT
AT OBT = AEOBE =(AOB)E=LE=LT

Hwke Oyner mokazaHo, Kak 1ist IOTHYECKUX BBIPAXKEHUI MOXKHO CTPOUTH
FS-onepaTopsl, onpeneneHHbIe PEKYPCHBHO.

(4.5)

5. HHBepTHPOBAHO-CONMPSI’KEHHAS] YeTBEPKA BEKTOPOB
IMoctpoenune S u FS onepaTopos, X NpUMEHEHHs U UX CBOWCTBA, 0a3upyroTCs
Ha CBOWCTBAaX JBOMYHBIX BEKTOPOB PasMepPHOCTH N (N-MEPHBIX BEKTOPOB), OCHOBAH-
HBIX Ha JIBYX MPOCTEHITNX MpeoOpa3oBaHUAX: HHBEPTHPOBAHUE U compsipkeHne. Dop-
MAJIbHO 3TO OTPEAEeNIeTCsl TaK:

numeercst Bektop R, =(r,r,,...,I,), MHBEPTHPOBAHHBIM M COTPSUKEHHBIM K HEMY SIB-
nstotes Bektopa R, = (1,10 T) R =(1,,1, 4,15, 1), cOOTBeTCTBEHHO. UHBEp-
THPOBAHHO-COTPSKEHHBIM K BekTopy R, Gymer Bextop R.'=(F,T._,...,T;,T;). Uer-
Bepka BexTopoB (R,R,R ,R”) u cocTaBnser MHBEPTHPOBAHHO-COMPSIKEHHYIO YeT-

" L o o
Bépky (MCY). ITapa BextopoB R, R, Ha3bBaeTcs camonBOHCTBeHHOH. JlocTaTowHO

3HaTh onuH U3 BekTopoB MCY, u Toraa ocranbHble TPU BEKTOPA CTPOSITCS COOTBETCT-
BYIOIIUMH TpeoOpazoBanusivu. Hanpumep,

R R R R

R‘D R, R, l:_<” (5.1

R R R R

R R R R
Hwmes nepsyro ctpouky R, F\’?, Ifﬁn, F_f, OCTaJIbHbIE TOJyuyaeM MyTeM MOCJIeA0BaTENb-
HOTO TIPUMEHEHUsi K Hell omnepauui: 7. obOparenusl, - VHBEPTUPOBAHUS,
_D-nBoﬁCTBeHHOCTI/I.

Ecmu Bektop R, =R, 10 R =R, Torma UCY npespamaercs B camocomnpsi-
xennyro napy (CCII): {F\,’1 , F_ﬁn} Tak kak KaXAbld U3 3TUX BEKTOPOB — CaMOCOTIpSi-

. =) ) u i
xennpiit. Ecu R =R, 10 R, =R, Torna UCY npespainaercs B caMOIBOHCTBEH-

myro mapy (CAT): {R,, R} .
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CtpykTypa caMOCONpPSKEHHOTO U CaAMOABONCTBEHHOTO BEKTOPOB OIpesess-
I0TCSl IBYMs] CIIEAYIOIIUMU JIEMMaMHU.
Jlemma 5.1. HeoOX0oaMMBbIM M IOCTATOYHBIM YCJIOBHEM CaMOCOTPSKEHHOCTH

BEKTOpa 4é€THOMN pasMepHocTH (N=2K) siBNIsieTCs BUA BEKTOpa <ak,akD > (3anmch BUIa

(ab) osHauaer KOHKAaTEHALMIO BEKTOPOB a1 b), a HeuéTHOI pasmepHocTr (N=2K+1)

O O
BHI BEKTOPA <ak1ak> WIH <ak0ak>
JloxkazarenbcTBo. COrnacHO OMpeneNeHuto, Al CAMOCOMPSKEHHOCTH BEKTO-
pa R, HEoOXOAMMO W OCTAaTOYHO, YTOOBI I} =y, l, =l q,uen fy =4y, @ 3TO 3HAYHUT

Ry = (1, ey s My ooy I, 1) . ECTIM 2k€ BEKTOpP HEUETHOH pasMepHOCTH, TO eCTh R, ,;,
TO Uil €r0 CaMOCOMPSDKEHHOCTH JIOCTATOYHO, YTOOBI BBITIONHSJIOCH COOTBETCTBHE
= Uit To = Fogreees Tesg = Teaq» @ 3TO 3HAUHT, 9TO Ry = (1,1, My Nags Fereees 25 1) -
OueBunHO, 9TO I, ,; MOXET paBHATHCS 1100 0, b0 1.

Jlemma 5.2. HeoOXOAMMBIM M AOCTATOYHBIM YCJIOBHEM CaMOABOWCTBEHHOCTH
BEKTOpa 4ETHOM pazmepHOCcTH (N=2K) siBNIsieTCst BUI BEKTOpa <ak , ﬁkD> , @ CaMOJIBOWCT-

BEHHBIX BEKTOPOB HEYETHOH pa3MepHOCTH He ObIBaeT.
JoxazatenbcTBo. CornacHo onpeneneHno CaMOIBONCTBEHHOCTH BeKTOpa R,

HEOOXOMMO U JOCTATOUHO, YTOOBI I} = Ty, I, = T q,eeeens f = Fyq, @ 9TO 3HAUUT, UTO
Ry = (sl ey s Ty e I, 1) . TIOCKOMIBKY I, ,, HE MOKET PABHSATHCA T, ,;, TO CAMO-
IBONCTBEHHOTrO omneparopa R, ,, ObITb HE MOXKeT.

OTH onpeneneHus U IEeMMbl TIO3BOJISIIOT HaM J1aTh (JOpMaIbHOE OTpeneieHne
BBeIeHHbIX paHee cumBojioB (M, W, T, F) u onepauuii Han coBepiieHHbIM Habopam

X, KOTOpBIE 3TH CHMBOJIBI OTTHCHIBAIOT.

MHOK€eCTBO CHUMBOJIOB Q:{T,'F,F,IE,M ,M,W,VV} Ha CaMOM JieJie TIpen-
CTaBJISIFOT COOOM CHUCTEMy OWHApPHBIX MPOAYKLHM, COCTOSIIYIO U3 JBYX WHBEPTHPO-
BAHHO-COTIPSDKEHHBIX YETBEPOK. ITO MOJIMHOMKECTBA {T,'F, F, If} u {M , M,W,VV} .
Hcnonw3yst obo3Hauenus, BBenéHHbie M. M. TenbnuzoM, 3TH MHOXKECTBA MOKHO Tie-
penmcaTh CIEIYIOMUM 06pa3oM: {T,'F,TD,'FD} " {M,M,MD,MD}. OueBHUIHOCTD
3TOro cienyer U3 onpeaenenus 4.1. JlefictBue kaxaoi NpoAyKIUU U3 MHOXeCTBa Q

Ha 3aI[aHHbII>i BEKTOP ] npeBpamacT €ro KOHKAaTEHAWKO ABYX BEKTOPOB, 3TO BbITJISA-
IUT CIEYIOLUINM 00pa3oM:

aT=aE al 23k
aF =2 Ea aF 2Eq
aM=aa aMz=aa
aWz3aa’ aWeaa’

BcraBuThs 0 OWHAPHBIX OmepaTopax

(5.2)

6.FOHKTBI M HX onepaTopbl
Jlns nBOMYHON MepeMeHHON X; 1 e€ oTpumanusi X, Oynem HCIoNb30BaTh 00-
ee HaUMEHOBAHUE — JIUTEPAJ, a JUIBIOHKIHIO PA3JIUYHBIX JIUTEPAJIOB — TH3BIOHK-
ToMm. Hapsiny ¢ nu3brOHKTOM OyleM HCMOJIb30BaTh TOHSTHE IOHKT. DTO TO3BOJUT
HaM OTpeNeUTh HOBbIE 3HAYEHUs], 3aMKChIBasi COOTBETCTBYIOIIHE 3HAKH OTepaluil
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(0,0, =,0,1,0) u gepe3 uéptouky — cnoBo HKT. Hanpumep: [-toHkT, [J-FOHKT,
O -roukT u T.4. [lox BceMu 3TUMHU FOHKTaMK OyJeM MOHUMATDb OTMEPALMI0 HaJl JIUTe-
panamu. QOqHONUTEPAbHbIE FOHKTHI OyyT Ha3bIBAThCS €AMHUYHBIMHU FOHKTaMu. [1yc-
Thle FOHKTHI (FOHKTBHI 0e3 nuTepanoB) paccmarpusatbess He OynyT. FOHKT, comepka-
Ui [-JUTEPANiOB, Ha3bIBaeTCs I-muTepaibHbiM. CenekTopHble QYHKIUH — 3TO eau-
HUYHbBIE FOHKTBI.

Ipu moctpoerun FS-omepaTtopoB pa3nUyuHBIX FOHKTOB, BAXKHBIM SIBJISIETCS T10-
HsITHE OONAcTU OTpeneNieHus Ui PacCMaTPUBAEMOro IOHKTA. ByneM roBOpUTh, UTO
oOnacTe ompenesneHus FOHKTa eCTb X, €CIH WHIEKCHl KaXIOro M3 JINTEPANOB He
Oosblile M 1 U3y4YaeMblii FOHKT PACCMAaTPUBAETCSI HIMEHHO B 3TO 00J1acTH.

Teopema 6.1. Ecnu ¢ynkuusi anredpsi noruku f(X) umeer FS-onepatop Z, To
crenyomue Hmwke (QyHKOUH ¢ 00IacTeiO C 00NacThio ompeneneHust X, UMEIOT

FS-onepatopsr:
F (Xpa) = F(X,)) 2 ZM
F (Xpy) DXy 2 ZT
f (Xpy) 0%y 22 ZF
F (Xp) DXy 2 ZF (6.1)
F (Xpp) 0%y 2 ZT
F (Xg) 0 Xy 2 ZM
F (Xp) 0 Xy =2 2N

Joxka3atenbcTBo. B camom nene, BepHOCTh 6.1 crnenyer w3 oOnactu ompene-
nenus. Micnonb3yst onpeneneHue CenekTOpHOH (yHKIMU MOJydaeM:

f(Xper) 0%,y 2 (ZZ) O(EE) = (ZE) = ZT
f (Xus) 0%,y 2 (ZZ) O(EE) = (EZ) = ZF
f (Xopy) D%y 22 (2Z) O(EE) = (EZ ) = ZF (6.2)
f (Xpy) 0%y 22 (2Z) O(EE) = (ZE) = ZT
f (Xopy) 0 %y 2 (2Z) O (EE) = (2Z) = ZM
f (Xopy) O % 2 (2Z) O (EE) = (ZZ) = ZM

VYrinoBble CckOOKH 0003HAYAIOT COTJIACOBAHHOCTH OONACTEl OmpeneseHus.
IIpumenenne TeopeMbl 6.1 TO3BONSIET JIETKO CTPOUTH FS-omepaTopsl pa3nMyHBIX
IOHKTOB, 2 3HAaHUE TAKUX OTEePaTOPOB M MPUMEHEHHUE JIOTHUYECKUX OMepPaIHid MO3BOJIs-
€T CTpOouTh OoJiee ciokHble FS-onepaTopsl.

Hanpuwmep, nycte =10, Toraoa

X, 0%, OX; OX%, 0%, = OOSTMFMMTF

X, Ox; 0%, 0% = OSMMTMFTMM
X, 0%, 0%, 0%, 0%, = OOFMTMMFT
%, 0%, OX, 0%, =OSMMFMTFMM

(6.3)

7. 3ana4a BeinotHUMOCTH U eé FS-onepartop
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3anaua BbIMOJIHUMOCTH (cokpameHHO BBIIT) 3akmouaercss B pacro3HaBaHUU
BBITIOJITHUMOCTH KOHBIOHKTHUBHONH HOpManbHOW ¢opmel (KH®D). dopma Ha3biBaeTCs
KH®, ecnu oHa siBNIsieTCs] KOHBIOHKIIMEH OMHOTO WM OoJiee KOHBIOHKTHUBHBIX YJle-
HOB, KQ)KIbIi U3 KOTOPBIX SIBJISIETCS AU3BEOHKTOM.
ITpumepsr:

3anaua 7.1. Onpenenuts BeimogauMa i KH®

F(X7) = (x Ox; Ox, 0%;) O(x Ox; OX5) D(X, DOx 0% 0x;) D(x, 0% 0% Ux;) (7.1)
3anaua 7.2 Onpenenuts BeimojgHuMa Ju KH®

F(X7) = (& 0%, 0x) D% D% Ux) D% DX Ox, U%) U (% 0%, Ox, U%) O
0(x, 0%, 0%, O%) 0(% 0%, 0%) 0(%, 0%)

Hac wHTepecyrOT 3amauu 3TOr0 THUMA MO TOH TMPUYHMHE, YTO OHHU SIBISIFOTCS
knaccuueckuM BapuaHToM NP-monsbix 3amad. B 1971 rony C.Kyk noxaszan B cBoeii
ocHoBorosararoieit padote [8], uTo 3amava BeIMOJIHUMOCTH TIOJHA B Kiacce NP, ot-
HOCHTEJIbHO TOJIMHOMHUANBHOW penykunu, wnn kopode, NP momxa. I'pybo roBops,
NP-nonHbIe 3a1a4 IMEIOT MaKCHMaJIbHYIO CJIOJKHOCTB CpPEelr BCeX 3amad nepedopa.
OTcrona cnenyeT, 4TO 3a7ada BBITIOJHUMOCTH Jierka, TO Jrodas npodnema mepedopa
nerka (To ecTh mpuHAANEKUT K knaccy P). M3 Gonee TouHoii GopmynupoBku Teope-
Mbl Kyka BbITekaeT nake Oojiee CHIIbBHOE YTBEpIKIEHHE, a UMEHHO Takoe: OBICTpBIi
AJTOPUTM Uil perieHusi mpoOJeMbl BBITIOJHUMOCTH MEXaHUYECKU MPHUBOIUI Obl K
OBICTpOI pemaromeii mpoueaype s Jrbdoi 3¢ dekTuBHO 3anaHHON podieMe mepe-
Oopa. Takoii anropuT™m ciykuji Obl OTMBIYKOH K mpobnemam mepebopa u3 Bcex 00-
JlacTell MaTEMAaTHUKU.

B pabote [9] npuBenensl pa3nuynbie GOPMBI 3aMKUCH 3a1a4H BBITIOJHUMOCTH
(BBITT). M= Tax e BBenem st 3agauu BBIIT 3anmce, Oonee ynoOnyro ans Hac. Ha
OCHOBE BBIIIE CAEJAHHBIX OTPENETICHUH Mbl MOXXEM BBECTH OoJiee yAOOHO sl Hac
dbopmynupoBky 3anauu. Bo3eMéM 3amady (6.2) u npeodpasyeM eé K CIeAyIOEMY BU-
ny:

Ilycte 3amanst 7 [J-FOHKTOB Ha 5-TH IUTEpanax

2 = (% 0%, 0%), 2, = (% Ux U%), Z = (% 0% 0x, 0%), 2, = (% U%, Ux, 0%)
Z = (% U 0%, 0%), 7 = (% 0% 0%), 2, = (% 0%)
TpeOyetcst pacno3Hath, BbimoaHUMa i KHO

f(X )z z (7.3)

B Takoii popMynupoBKe MBI MOXKEM TIEPEHTH K OMMCAHUIO METOJa pacrio3Ha-
BaHUS B 3a71a4e BBIIOJHUMOCTH, TIOCTPOEHHOM Ha 0a3e CpeiCTB MO3UIMOHHON anred-
PBI IOTUKHA.

(7.2)

8.MeToabl pacno3HABaHMS B 3a/1a4e BbINOJHUMOCTH

Beenem mist 3anaun (7.2) HEKOTOpble 00O3HAYEHUS U TIOHSITHS, TIPUTOIHBIE B
obmem cnydae. 3anumem FS-omepatopsl [I-1OHKTOB U cBeneM 3Tu FS-omepaTopsl B
Tabnmuiy 8.1, B KOTOpOl HOMepa CTPOK COOTBETCTBYIOT MHIEKCAM Z, a HOMepa
CTONOLIOB — 3TO WHAEKCHI JINTEPAJIOB.
7, =(%, 0%, 0%) & OSFT,z, = (%, Ux, 0x) =2 OSTMT
z,=(x 0%, 0%, 0%) 2 SMFTF,z, = (X 0%, 0%, 0%) = SFMTF
z; = (%, Ux UX, %) =2 OSTFF, 7, = (x, UX, UX) = SMFMF
z, = (% 0%) =2 SMFMM

(8.1)

Tabnuua 8.1
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CoBepI1IeHHO SICHO, YTO NEPecTaHOBKA CTPOK MECTaMH He BJIMSET Ha BBINOJ-
HUMOCTh KH® (KOHBIOHKTUBHBIE COMHOKUTEIN KOMMYTATHUBHBI).

ITepectanoBka AByX CTOJNOLOB TaOJIHMIBI BEAET K MEPEHMEHOBAHHIO TIEPEMEH-
HbIx. ClieoBaTENbHO M TaKasi ONepanus He BT Ha BBIMIOJIHUMOCTD (XOTs 3Ta Ore-
pauus U3MeHsIeT BBITIOJHSOLINI Ha0Op ¢ TOYHOCTBIO A0 mepenmeHoBaHwus ). [1peod-
pazoBaHue TabJIHMIbI HAUMHAETCS, IMEHHO C MepecTaHoOBKU cToyOnoB. [lepectaHOBKA
cTonOLoB B TabnHIe AOKHA OCYIIECTBISITHCS TaK, YTOOBI CYMMapHOE YHCIIO JIUTEP
M B cTonbue He BO3pacTano clieBa HampaBo. MHBIMH ClIOBaMH M TOYHEE MOYKHO CKa-
3aTh, YTO MEPEUMEHOBAHHUE JIUTEPAJIOB JOJDKHO OCYLIECTBISTHCS TaK, YTOOBI MHIEKC
nuTepana He yObIBal, eciiu He yObiBaeT ero BxoxkaeHue B KH®. Ilpu s3tom HeoOxo-
IUMO 00s13aTeNIbHO yuecTbh, UTO CUMBOJ () TIPU MepeMeleHnH BHYTPb TaOJHUIbI Tpe-
Bpamaercs B M, u HaoOopotr. CuMBON S mpu mepeMeleHur BHYTPh TaONHIbI TIpe-
Bpamaerca B T, a cumBon S - B cumBon F, 1 cooTBeTCTBeHHO Hao60poT. Oneparuio
MEPECTAHOBKH CTOJIOIOB MO YKa3aHHOMY KPHUTEPHIO OyaeM Ha3bIBaTh MPUBEICHHUEM, A
camy TabNuIy — MPUBENEHHOM.

Pesynbrat mpuBenenuss Tabnuuel 8.1 mpuenéHn B Tabmuue 8.2, B mepBoi
CTPOKE KOTOPO#H MPUBEAEHBI CTapble HOMepa CTOJIOLOB.

Tabnuma 8.2

112|143 ]|5

/] 112]|13|14]|5
1 |O|S|F|M|T
2 |O|S|M|T|T
3|SIM|T|F|F
4 |S|F|T|M|F
5 |O0|S|F|T]|F
6 |SIM|M|F|F
7/S|IM{M|F|M

Omnepanusi HOpMaIU3aLKUK — 3TO HEKOTOPAask MOCJIENOBATENBHOCTb ONEpanuii
MIEPECTAHOBKH CTPOK B TaONHUIE U €€ MOATA0NNIaX, C HeJIbI0 YIOPSAOYNBAHHS CTPOK
MO0 HEKOTOPOMY TMPHU3HAKY, 3a/1aBa€MOMY BBIOPAHHBIM CTOJIOLIOM HIIH €r0 YacCThIO.
IT1oT cronber OyeM Ha3bIBATH BEAYIIUM.

Brigenenne CTpok Mo BeAylieMy CTOJIONY MPAaKTUYECKH O3HAYaeT TAaKOH aHa-
713 TaONHLBL, ¢ TTOMOIIBI0 KOTOPOTO MOKHO OTBETHTH: CIEAyeT U pa3OuBaTh AaH-
HYIO TaONUIly Ha ABE MOATAONMIBI, KaKHE 3TO JMOJIKHBI ObITh MOATAONHUIBI U YTO C
HUMH JeNaTh Janbiie. Beaymum cTondnoM, ¢ KOTOPOTO HAYMHAETCS] aHAIHM3 Tadnu-
Ibl, SIBJISIETCSI CaMbIH TpaBblii CTONOEN. 3aTeM CTAHOBHUTCS BENYLIUM CIETYIOLIHI
cneBa CTOJOEI, HO PacCMaTPUBAETCS TOJBKO Ta €ro 4acTh, KOTOpas MPUHAIJIECKUT
aHAIM3UPyeMON TIoATa0IUIe, U T. 1.
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3anmaueil aHanM3a BeOylIero CTOJONA sIBISIETCS OMpeneNieHHe OTHOW U3 ero
xapakTtepuctuk. Kaxnas xapakTepucTUKa OMpenessieT NalbHEWINUi XOJA aHaiu3a B
anroputMe mpocMoTpa Tabnuiel. [IpoBepka XapakKTEPUCTHK AOJIKHA OCYIIECTBIISITHCS
B YKA3aHHOW HMXKe TIOCJIENOBATENBHOCTH IO MEPBOTO OTBETA «J1a» HAa BOTMPOCHI. CO-
JEPKUTCS JIU B BEAYIIEM CTOJIONE
1. xoTs GBI IO O7THOIT KiIeTke ¢ Su S ;
2. xoTs Obl OIHA KJIeTKa ¢ S ¥ uMeroTces kinetku ¢ F wnu M, mubo F u M onHoBpe-

MEHHO;

3. xoTs Obl Of1HA KJeTKa ¢ S u umerotces kinetku ¢ 7 unu M, nubdo 7'u M omgHOBpe-
MEHHO,

XOTs1 ObI OfHA KJIETKA ¢ S a B OCTaJIbHBIX — [

XOTst GBI OZIHA KJIETKA C S, a B OCTaIbHBIX — F;

BO BCEX KJIeTKax M,

BO Bcex KieTkax I wnu M,

BO Bcex kierkax F munm M,

BO Bcex kierkax 1 wiu F;

10 BO Bcex kieTkax [, F umu M,

©ooN O~

Beenewm crnenyromue onpenenenust T(j),F(j),M(]) - aTo MHOXeCTBa CTPOK, KO-

Topbie B j-oMm ctosbie KH® umeror cumBon T, F, M — cooTBeTcTBEHHO.
Jlemma 8.1. B 0003HaueHmsIX ieMMbl 4.1 BepHBI CIENYIOIHE COOTHOLIEHHS:

(AT)DO(BT) = (CT)
(AF)O(BF) =(CF) (82)
(AM) O(BM ) =(CM)

(AT)O(BM ) =(CT)(BM)

(AF) D(BM > =<CF> D(BM >

JoxasatenbctBo. CornacHo Tabnuie 4.3 mpaBble U JieBble yacTu paBeHCTB (8.2) u
(8.3) conanator, Tak kax (A) 0(B)=(C)=(C)0(B).

Teopema 8.1. Tlycte paccmaTpuBaeTcsi HEKOTOpasi moaTadbnuna (CoBMaaeHHe

e€ co Bceil Tabnuiel He UCKITIOYAETCs1) C BEAYIIMM CTOJOOM, HOMep KoToporo K+1,

(8.3)

rne 1<sk<n-1. Tlycte 3TOM Tabnuue cooTBercTByeT FS-omepatop (Yk+1> . Torna
3HaveHue Y,,, 3aBUCUT HOMEpa OTBETa TaK:
DYy = Ek+1 2V = EV,
Yo = E. DY =NE,
51 = By 6)Yiiy = E&
N = & B) Yy = EVy
NYeis =MOx  10)Yoy = iV,

W) =(6)0(6) {i)=(6) 0

(e
. . . (8.4)
< > D]DM(k+1)<A£”> <’7k>: DjDT(k+1)<AEI)> <5k>: DjDF(k+1)<AEI)>
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Joxa3zatenbcTBo. HecMOTpst Ha TO, 4TO (pOPMyIHPOBKA 3TOM TEOPEMBI AOCTa-
TOYHO JJIMHHAsI, OHA SIBJISIETCS TIPOCTO clieacTBUEeM jieMMbl 8.1 u onpenenenuii (8.4).
Cornacno pasenctam (8.2) u (8.3) nonyuaem:

Uiom (ke <A£j)> = <£kM > Uior (ke <AE”> = <’7kT>
Uioe ) <AE”> :<5kF>

u3 3Tux Gopmyn B cooTBeTcTBUH (4.1) TMONydaeM CrpaBeIMBOCTb TEOPEMBI, €CITH
MOJIOKUTEBHBIN OTBET NMOJIy4eH Ha BONpoc ¢ HomepoM Ne, nnst Ne=4, No=5 n Ne=6.
Jns nHomepos Ne=2, No=3, Ne=7, Ne=8, Ne=9 u Ne=10 numeem:

>< Vo) =(EE, ) O(ES,) D{eg ) D(NE,) = (Ev,)

E)
) (Yeur) = (EEc) O(MEy) D(68) D(ES,) = (L E, )
< Yeur) = (M E) D(&EC) = (&)
8) (Vi) = (BO) D{&cei) = (i)
9 (Yew) = (MBi) O(ESy) = (1)

10) <Yk+1> = <’7k E > <Ek5k> D<gk£k > = <Uka >

Hakonen ans orsera Ne=1 nonyyaem:

D(Ye) =(S) O(S) = (EE) D(EE) =(Eer) =(Oca)

OueBUIHO, YTO B 3TOM ciy4ae noOaBjieHHe KOHBIOHKTUBHBIX COMHOKUTENEH He MO-

JKET U3MEHUTH Pe3yJIbTarT.
PesynbTar 3TOM TEOpeMbl CxeMaTHUeCKU TOKa3zaH Ha puc 8.1, roe omepatop

(Yk+1> MIPENCTaBJIeH B BUJIE KOMIO3UIIMU ABYX CHUMBOJIOB M3 aji(paBUTA Pa3MEPHOCTHU

paBHOIi K.

2 3 4 5 6 7 8 9 10

M
mi
=
=
=~
m
o
=
M
=
=~
=

m
— _;_ —
yl
m
o
o
-
<
o
<

Puc. 8.1

Ecnn B OMTOBOM TMpeACTaBIeHhn unmsuiia sus unibt paBHBI 0, TO HA CXeMe 3TO HM30-
k o
Opaxxeno nmyHkTupoM (otmerum, uto O, - 3T0 2° Hyneil), ecnu ke BCe — eTUHUYHBIE,

o ) k
TO crulomHO# muHueH (1, - 3to 2° enunnn). IITpux NMyHKTHPHBIE JTUHUN O3HAYAIOT,
YTO OWTOBYIO CTPYKTYPY HEOOXOAMMO BBISICHUTH, T.€. JJII HUX HEOOXOIMMO COBep-
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IINUTH TAKOH JKe I1ar, KOTOPbIi ObuI cienaH s aHanusa Y, ,, . Ho B 3ToMm ciydae Bep-

HO OoJiee CHIIBHOE YTBEPIKACHHE.

Jlemma 8.2. BerBnenue (pa30unenne TaOMUIBI HA JIB€ MOATAONMLBI) JOJKHO
OCYLIECTBIAThCA numb npu 9-om u 10-om ucxone. Ilpuuém nmpu 9-oM ucxone 3tu
MOATA0NNIBI HE TIEPECEKArOTCs, T.€. HE UMEIOT OOIMX CTpoUek, a mpu 20-oM nucxose
MOATA0MUIBI TIEPECeKAaOTCs] M O0IINe CTPOUKH ONPENeNsoTCs HOMEPAMH, COCTaB-
JSOIUMHU MHOXKECTBO M, .

JokazarenscTBo. Ha camom niene mpu nokaszatenbcTBe JieMMBbl TpeOyeTcs mo-
SICHUTB, TIOUYeMYy B ciydasix 7 U 8 MOkHO oOoiTHCh Oe3 BeTBieHHs. OTHOBpPEMEHHO
OTMETHUM, YTO B ciiydae 6 00e MOJIOBHHBI CXeMBbI OTIPENENIOTCS OHOW U TOH JKe Mo~
tabmunei. 3anaga BbmonHuMoctH (BBIIT) chopmynmposana TakuMm oOpaszom, UTO

TpeGyeTcsi OTBETHTH Ha BOMPOC coBnanaet nu FS-onepatop 3anaun ¢ (O, ). Bapuant

3anaun BBITT B koTOpOM HEOOXOAMMO MPEACTaBUTh peIarniie Habopbl HA3bIBAETCS
3a/avell BBIIOJHUMOCTH ¢ TipeabsiBieHneM. Hmke OyneT moka3aHO Kak TMOCTPOWTH
BCe pemaromue Habopsl, ecnu Oyner onpeneneHo, uto FS-onepatop 3ama4n He paBeH
HYJIIO.

B 7-oMm u 8-0M ciydasix AOCTaTOYHO aHAJIM3MPOBAThH JIMINb Ty MOATAONHIY,

KoTOpasi ompenensiercs onepatopom (€ ). Ecim on pasen (0,), To mockombKy

V) =(6)0{&) u ()=(&)0(n,) caenosarensro (v,)=()=(0,). B Tom
ciydae, korna (g ) He pasHo (0,), aT0 03Hauaer, uro KH®, npencrasnenHas tab-

JIUIEeH BBITIOJIHUMA.
Jlemma 8.3. Ecniu B k-oM Benyiem ctondiie ucxon ¢ HoMmepom | BbI3BaH CTPO-

kamu (A)=(S) u <I3<> = <§<>, TO B cTONONAx ¢ HOMepoM K 1 K+1 MOKHO BBINOJ-

HUTB OJTHO U3 CIENYIOIMKX MPeoOpasoBaHMUIA
(ST) D<§<T> =(Sen)
(SF)O(SF)=(Sw) (8.5)
(SM) D<§<M > =(OuM)

<
<

JHoxkazarenbctBo. Kaxnoe u paBeHCTB (8.5) 1 (8.6) SIBISIOTCS MPSIMBIM CIIEICTBHEM
paBeHCTB (8.2) u (8.3) cooTBeTCTBEHHO. [IeHCTBUTENBLHO, €CITH 3aMETHTD, YTO

(C)=(A)O(B,)=(S) O(B,) =(Oy,1), TO OTCIOAA CIEYET, 4TO
(CT) =(0T) =(0010u1) = (Sen) (CF ) =(OsF) =(0010s) = (Sian)
(CM)=(O M).
Breném cnenyromue onpenenenusi: FS-onepatop (ADO Dl...Dr> Ha3bIBAETCS
MOJIHBIM, eciii A, D{S(,g(} umia j=012,..r D, D{T, F} .(8.7)
CornacoBaHHBIM € MOJHBIM ornepaTopoM (8.7) HaseiBaeTcss FS-onepatop
(I_°a<G(,GlGZ...Gr > (8.8), ynoBieTBopsroLIHiA TpeOOBAHUSIM: <A<> D( 3<> = <Ok+1> , a ISt
j=012..r D;=TOG0{T.M} D,=F0O G,0{F,M} (89

(ST)

(8.6)
(SF)

SM > =(Sea) D<§KM>
SM

O
0(5M) =(8..)0(8M)
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W3 nemm 8.3 u 8.1 BhITEKAET CeAyIOIIee OUEBUIHOE YTBEPIKIAEHHUE.
Cnencrsue 8.1. Ecniu A, u B, ynosnersopsitot ycnosusim (8.7) u (8.8), To

(ADyD,...D, ) O{BG,GG,...G, ) =(O,,D,D;...D, ), rne

as(ﬂ} ecnu Dy=T
<OkﬂDo><ﬁ§§m> cem D= F (8.10)

Teopema 8.2. Ecniu KOHBIOHKIIUS TOJTHOTO (8.7) 1 cornacoBaHHOTO (8.8)
FS-oneparopos pasna (A D,D) 0(B,G,G) = (O,,;D,D) I(B,G,G) , T0
(AD,DT)O(BG,GT) =(0,,;D,DT) O(B,G,GT),

(AD,DF ) 0(B,G,GF ) = (O,,,D,DF ) 0(B,G,GF ),

{AD,DT) 0(BG,GM ) =(0,.sD,DT) (B.G,GM ),

(AD,DF ) O(B,G,GM ) =(O,,,D,DF ) J(B,G,GM ),

rae npuHsTo (8.9) u cneayromue 0003HaAUYEHUs
{AD,D)=(ADD;..D,),

(AGG)=(AGG,..G, ).

Joxka3atenbctBo. Mcnone3ys nemmy 8.1 1 yCinoBue TEOPEMBI, TOTYyUUM
(AD,DT) O(BG,GT) =(AT) (BT) =(CT),

rae (C) =(A) 0(B) =(AD,D) 0(B,G,G) =(O,.,D,D) 0(B,G,G) = (A’) O(B). Co-
raacHo nemme 8.1 (AT) O(BT) =(CT), cnenosarensHo
(CT)=(AD,DT)(BG,GT) =(0,.,D,DT) O(BGGT).

BTtopoe yTBep:kneHre TeopeMbl TIOTyYaeTCsl aHAIOTUYHBIM 00pa30M, MyTEM 3aMeHBI
T na F. Jnst TpeTbero yTBep>kaeHus: UMeeM

(AD,DT)(B,G,GM ) = (0,,,0,DT) I(B.G,GM ) =(CT) (BM ), rze
(C)={A)0(B) =(AD,D) D(BG,G) =(0.:1D,D) U(BG,G) = (A) I(B).-
Ho (A'T)O(BT)=(CT) cienosatensHo
(CT)O(BM ) =(0,,,D,DT) 0(B,G,GT ) 0(B,G,GM ). OKkOH4aTeBHBIN BBIBOX
TPETHEro YTBEPKACHHUS TIOJYUHUM, €CITH 3aMETHUM, YTO
(BG,GT) O{B.G,GM ) = (B,GoGM ).
YerBépToe yTBEP>KAEHHE MOTy4aeTCsl aHAIOTMYHO TPETheMy C 3aMeHo T Ha F .
3ameuanue 8.2. B nemme 8.3 roBopuTcsi 0 TOM, Kak MOKHO U3MEHHUTH OTepa-
Topbl B K-om 1 (k+1)-om cTosbrax, Monuanuso npeanoaras, uto npasee (K+1)-ro
ctonbua Het Oobire cTOIOMOB. ITO MOJIYATTUBOE MPEATIONOKEHHE CHATO B CIEACT-
Buu 8.1 u Teopeme 8.2. OnHako B Teopeme 8.2 CyIeCTBEHHO TO, YTO OJIMH U3 Orepa-
TOPOB JI0JIKEeH OBITh MOJHBIM. B camom o01mem ciryuae nosokeHue nen Oyaet oTpa-
’KEHO B CIIENYIOLIeH HUXKe Teopeme, Tae TpeOyeTcst IUIIb COrIaCOBAHHOCTD ONEPaTo-
pOB.
JIBa onepaTopa Buna (8.7) u (8.8) Ha3bIBAIOTCS COTIACOBAHHBIMH, €CJTH IS
] =0,12,...,r uckmouensl Bosmoxknoctu: D; =T UG, =F u D; =F 0OG,; =T .

I
B obocHoBaHuM crenyromeii TeopemMbl MOTPeOyeTCst Takasl IeMMa.

Jlemma 8.4. Ecin (A),(B),(C),(D) - FS-onepatopsi u
(A)O(B)=(A)0(B)0(C)0(D). 1o (A) O(B) =(A) O(B) 0(C).
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JlokazarenbcTBO. B caMoM nene, uCronb3ysl yCIOBHE JIEMMBbI, HUMEEM:
(A)0(B)0(C)=(A)0(B)0(C)0(D) =(A) 0(B) 0(C) (D) = (A) (B

Teopema 8.3. ecu (8.7) u (8.8) - cornacoBanuble FS-onepaTops! u st HUX
BEpHO paBeHCTBO (8.9), TO

<A<DOD> D<E3<GOG> = <A<DOD> D<3<GOG> D(OkQOQ> , (8.11)

rae npunsto (5.11), u g | =0,1 2,...,r onpeneneHo, 4To
(D, ecmu D, =G,

Q= ET ecu D, =TUG; =M wwm D,=MUOG,=T
HF ecw D, =FOG, =M wm D,=MOG,=F

Y BBEJICHBI Cleayromne 0003HaUeHUS:

(AD,D) =(AD,D,...D, ),{AG,G) = (AG,G:..G, ),{AQQ) =(AQQ..Q ).
JokazarenbcTBo. [IpiMeHHM MeTO MHAYKUHUK B OOOCHOBAHMH 3TOH Teope-

Mbl. B cnyqae r =0 BepHOCTB TeopeMbl crienyeT U3 ieMMbl 5.3. Ecnu r =1, To Heno-
CPEACTBEHHBIC BBIKJIAAKU MOKA3bIBAIOT, UTO!:

(AMT)O(BTM) = (AT) 0(BM) = (CT) (BM ), rne
(C)=(A)0(B) =(AM)O(BT) = (C,T) O(AM), snaunt
(CT)O(BM) =(CTT) O(AMT) O(BTM);

<A<MF>D<3<FM>=<AF>D<BF>:<CF>D<BM>,r;[e
<C>:<A>D<B :<A<M>D<3<F>:<CkF>D<A<M>,3Ha‘-II/IT
(CF)O(BM ) =(CFF) O(AMF)O(B.FM);

(AMT) O(BFM) = (AT) D(BM) = (CT) O(BM)), rae
<C>:<A D<B>:<A< > <3<F>=< >D<A<M>,3Ha‘-II/IT
(CF)D(BM) =(C,FT) O(AMT) (B FM).

OcHOBHBIE BO3MOXKHOCTH JUIst ciiydasi I =1 paccMOTpeHbI U JEMOHCTPHUPYIOT
BEPHOCTh T€OPEMBI JIJIsl 3TOro 3HaueHus I, Jlomyctum, uto (8.11) BepHO s Bcex
3HAUEHUH I U JOKakeM BEPHOCTh A ciydas I +1: BelpaskeHne

<A<DODT> D(&GOGT> = <AT> D(BT) = <CT>, rne <C> = <A> D(B), paBHO JIeBOM
4acTH, a 3HA4YUT U nipaBoii yactu (8.11). CnenosaTensHO
(CH > = <A<DODT> D(&GOGT> D(OkQOQT>.

AnHanorn4Ho 000CHOBaHHE M B ciiy4dae 3aMeHbl | Ha F wnn Ha M. U HakoHer,
ecnmu Z D{T, F} , TO IOJy4UM
(AD,DZ) O(B,G,GM ) = (AZ) O(BM ) = (CZ) I(BM)., rze (C) = (A) O(B) passo
Kaxo# u3 yacred (8.11). 3Hauur,
(Cz)O(BM ) =(AD,DZ) 0(B,G,GZ) 0(0,Q,QZ) I(B,G,GM ) =
=(A.D,DZ) 0(B,G,GM ) 0(0,Q,QZ)

(TmocnenHee paBEeHCTBO UCTIONB3YET JiemMMmy 8.4).
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Ecmu (A ) =(B,), To B mocnenHem uznere (8.11) smecto (O, ) Gynem nmers

<A(> , @ BCE YTBEPKAEHUSI TeOPEMBI 8.3 COXPaAHSIOT CBOK CUITY, TO MOJYYUM TaKOe

CIIE/ICTBHE.
Cnencreue 8.2. Ecnu (8.7) u (8.8) — cornacoBannbie FS-onepatopsl, TO

(AD,D) O(AG,G) = (AD,D) I(AG,G) I(AQ,Q), re mpuHsiThI Te e 0603HaUe-

HUSI, 4TO U B Teopeme 8.3.

Cxewmpbl puc. 8.1 MOKa3bIBAKOT, YTO MEPEXO OT OAHOTO BEAYIIEro CToadua K
IpyroMy (IBUKEHUE BBITIOJHSETCS CIIPAaBa HAJIEBO) 3aKAHYHUBAETCS JIUIITb UCXOIAMU C
HoMepamiu 1, 4 u 5. B Tex ciyyasx, KOT/ia aHaIu3 3aKaHYMBAETCsl UCX0AaMu 4 U S, Mbl
MoJTydaeM pemneHue 3aaauu ¢ oteerom: KH®, npencrasneHHast Tadnuieid, BbITIOTHU-
Ma. B Tex ciydasx, Korga aHalin3 3aKaHUYUBAETCS UCXOJIOM 1, OJIy4aeTcs, 4TO HEeKO-

TOPBIIT CHMBOJI, cocTaBsirommi yacte FS-oneparopa KH®, pasen E, , rne kK — Homep

BENYIIEro CTONONA. ITO O3HAYAET, YTO B COOTBETCTBUH CO cieAcTBusiMu 8.1 u 8.2
Teopemamu 8.2 u 8.3 Tabnuy KH® moskHO yripoctuts. [Tocne 3Toro Heo6xoaumo
MOBTOPUTH aHAJIM3 OCTABIIEHCS YaCcTH TaONMULBL. DTOT mpouecc OyaeT MpoaoLKaThCs
100 10 MONMy4eHUs: UCXOOB 4 Wik 5, OO0 10 TMOJHOTO BRIPOXKAEHUS TaOnuIbl. B
MOCJeHEM cllydae Mbl Tiostydaem otBeT: KH®, npencrasnenHas Tabnuuei, He BbI-
MOJIHUMA.

9. lIpumepbl NpUMEHEHHUs AJITOPUTMA NPUBEAEHHS TA0IHIL
PaccmoTpum pacrnio3HaBaHHe BBINOJHUMOCTH Ha HEKOTOPBIX MpUMepax. AHa-
JU3 HaYHeM ¢ Tabnuiel 9.1 koTopas monyueHa u3 Tabnuubl 8.1, HO B Hell 1OOaBJIEeHBI
ciyskeOHbIe CTOJIONBI M CTPOKH.

Tabnuma 9.1
516 | 8| T|F +
116 |7 | T|T]|+
112|143 ]|5
/] 112|13|14]|5
1|O|S|FIM|T|7]|5
2 |O|S|M|T|T|7]|6
3|SIM|T|F|F|5]|7
4 |[S|F|T|M|F|5|7
5|O0|S|F|T|F|6]|7
6 |SIM|IM|F|F|3]!
7|SIM|M|F|M|3]3
6 |0|O|O|S|F 7

Kaxnmoii nobaBieHHO! CTpOKe COOTBETCTBYeT NOOaBNeHHBIN cTonder (Ha ux
nepecedeHnn ykaszaH 3Hak +). CiykeOHyr CTpoKy OyneM 3amoJIHATh CIpaBa Ha JIEBO,
yKasbiBas B Hell HoMep ucxona. OnHako B ciyyae ucxona 9 u 10, UCXonoB ¢ BETBIIE-
HueM, OyneM 3anuceiBath | wian F, T.e. OyzeM ykas3piBaTh Ha TO, YTO CTPOKHU C STUMH
CUMBOJIAMH B BeAyIleM CTojOLe OyayT MCKIOUYeHbl. B COOTBETCTByIOIMEM CITyKeb-
HOM CTOJIOIE MPOTUB CTPOK YKA3BIBAETCSI HOMEP BENYLIEro CToNONa, BbI3BABIINUN HC-
KJIFOUeHHEe 3TON CTpoku. Eciu cTpoka 3aMeHsieTCst HOBOM, TO 3HAKOM «!» yKa3bIBaeTcCs
Ha TO, YTO 3Ta CTPOKA BBIUEPKHUBAETCS, a MO €€ HOMEPOM 3amHChiBaeTcst HoBas. Eciu
CTpOKa WMeeT TMPOMEKYTOUYHOEe 3HadeHue, T.e. e€ OoTOpachlBaHME HE MEHSeT
FS-onepatop, To oHa HOMepa He Toay4daeT. BO3MOKHOCTE 3aMEHSITh CTPOKH CBsI3aHA
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¢ mpuMeHeHneM CBOUCTB 8.8 u 8.9 B cnywasx, KOrjga B pe3ynbTaTe aHajlu3a Mbl MPU-
XOauM K ucxony 1.

Pacnumem 1o maram anropuTM aHanu3a TabJuI, Mocie HoMepa ucxona oy-

JIeT 3aMrcaHa MoCIea0BaATEIbHOCTD BBITIOJIHIEMBIX TEUCTBUN.

1

2.

10.

Bo3sepamaemcs Ha3zan (cieBa HaMpaBo) 0 MEPBOTO CTONOIA ¢ HOMEPOM Hcxoa 9
nnn 10 1 BBITIOJIHAEM aHAJN3 BTOPOH MOJBUHBI TaOJIHIIBIL.

OtGpackiBaeM Ty 4acTb noaTabmuisl, anst kotopoit (Y, ) =(O,) n npumensiem an-
TOPUTM aHaJIN3a K TOH 4aCcTH MOATA0NHUIIBL, Il KOTOPOIt (Yk> = <Vk> .
OtGpackiBaeM Ty 4acTb noaTabmuisl, anst kotopoit (Y, ) =(O,) n npumensiem an-
TOPUTM aHaJIN3a K TOH 4aCcTH MOATA0NHUIIBL, Il KOTOPOIt <Yk> = <uk> .
BhinonHnma, Tak kak FS-onepatop otanden ot (O, ).

BhinonHnma, Tak kak FS-onepatop otanden ot (O, ).

B sTOoM ciyuae nBe moaTadnMIbl SKBUBAJIEHTHBI U BCE KJIETKH MOATAOIHNIIBI CO-
nep:KaT CUMBOJ M, TIO3TOMY YAANSATh KaKue-TH00 CTPOKH HET HalIOOHOCTH.
B 3TOM Ccilyyae HaM IOCTaTOYHO MPOAHATU3UPOBATH TOJBKO Ty moaTadiumy, Ko-

TOpasi OTMPeeNieTCs] OrepaTopoOM <£k > T.€. OCTAKOTCsI TOJIBKO CTPOKHU ¢ M, a

ctpoku ¢ T oTOpaceiBatoTcs. B ToMm ciydae, koraa cTpok ¢ M Her, T.e. ofHa U3
I'[O)lTa6JII/II_I BBIPOXKAECHA, TO TaKoOM HUCXOA SKBUBAJIEHTCH UCXOOY 4.
B 3TOM ciyuae Ham OCTaTOYHO MPOAHAIM3UPOBATH TOJBKO Ty MOATAONHUIY, KO-

TOpasi OTMPeeNieTCs] OrepaTopoOM <£k > T.€. OCTAKOTCsI TOJIBKO CTPOKHU ¢ M, a

ctpoku ¢ F orOpaceiatotcsi. B Tom ciydae, koraa cTpok ¢ M HeT, T.€. O/iHa U3
I'[O)lTa6JII/II_I BBIPOXKAECHA, TO TaKoOM HUCXOA SKBUBAJIEHTCH UCXOOY 5.
B 3TOM ciydae MbI osrydaeM ABe MOATA0NHUIIBI, TTEPBasi ONPENeNseTCs OnepaTo-

pom (N, ), a BTopas — omepatopom (J, ). MbI 3anI0OMHHaeM TOUKY BETBIECHHUS 1

BBITIOJHSIEM aHAIN3 MOATAOMHILBL, Onpesensemoi onepatopom (1, ). Ecn B pe-

3yJbTaTe aHanu3a noay4uM ucxonsl 4 unu 5, o KH® Beimonauma. Ecnu mony-
9UM UcXoA 1, TO HEOOXOIUMO BEPHYTHCS B TOUKY BETBIJICHUS, MOATAOIHIIE <5k> "

BBITIOJIHUTE COOTBETCTBYIOIIHE TIPOLIEAYPHI aHAIH3A [Tt 3TOW TIOATAOIHUIIBI.
B 3TOM ciiyuae neicTBUs aHAJIOTUYHBI PEABIAYLIEMY MYHKTY, ¢ TON JIUIIb pas3-

HUIIEH, YTO MOATAONULIBI OTIPENENSFOTCS ONePaTOpaMu <Nk> u (Vk >

PaccmoTpuM Ha mpuMepax MPUMEHEHHUE aJrOpPUTMAa aHAJN3a Ha HECKOJBKHUX
TaONMHIAX, COOTBETCTBYIOIIHUX BBIMOJHUMBIM U HEBBIMOTHUMBbIM KH®. Haunewm ¢
tabnuusl 9.1. Eii cooTBeTcTBYeT BhinONHNMass KH®. UtoOb1 Ob110 TipoIne 00bsic-
HATH padoTy anropuTMa, M300pasuM aHamu3 Tabauubl ¢ moMomeo rpada. Bep-
muHbl rpada OyayT COOTBETCTBOBATH BEAYIIMM CTOJOLAM, OHHM H300pa’keHbI
KBaJIpaTaMu, BHYTPU KOTOPBIX YKa3aHbl HOMepa UCXOA0B. PeOpaM COOTBETCTBYIOT
MOATAONHUILIBI, HaJl KAKIBIM peOpOM yKa3aH OMepaTop, COOTBETCTBYIOIIHN JAHHOMH
noarabnune. Ha pucynke 9.1 noka3saH rpad), COOTBETCTBYIOLIHUI 3TOH TabuIIe.
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Y 52 E1 Eo
—p 10 —p 4 —p —>
E
4>
V4 s n, & E,
L » 0+—>p» 9 +—Pp 8 —Pp 5 —Pp

Puc 9.1

Ha stom rpade BbineneH nyTh, KOTOPBIH MPUBOIUT K OTBETY O BBIMOJHUMOCTH
KH® (ucxon 5). OcTanpHble MyTH TOKa3aHbl AJs1 JEMOHCTPAIlMM MHOXECTBa BCEX
BO3MOJKHBIX myTeil. OHO Ham moHanoOuTtcs B manbHeimeM. OnHako, ecniu KH® Oy-
JeT He BBIMOJIHAMA, TO TPUAETCS] pa3BEepPHYThb BeCh rpad M MpOaHAIM3MPOBATH BCE
nytu. PaccMoTpum 3T0 Ha mpumepe, Tabnuue 9.2 COOTBETCTBYET HE BBIMOJHUMAS
KH®.
Tabnnna 9.2

3[3[6[3[2] [+

1 3]F[+
ij |1]2]3]4]5
1|ololols|T|e6|! ]!
2 |[olo|o|s|F|[7]6]!
3|s|M[M|[T|F[7]3
4alo|ols| T[T ]!
5|/ O0[s[M|T|F|7][5]!
6 |S|T|M|T|F|7[3]"
71sIM[M|[F[M|[5]7
4lolo|ofs]|T BN
1|o|olo]o|s| |7
6 |O|S|M|T|F !
5| 0l0o|O0|S|F
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[2]o]ofojofs| | | |

Hesbmonaanmocts KH® BugHa u3 Tabnume! 9.2. FS-onepaTtopbl HOBBIX CTPOK

¢ HoMepamul u 2 paBHBl SU S COOTBETCTBEHHO, a UX KOHBIOHKIHUs paBHa <O>.
I'pad, cooTBeTCTRYIOMMIA 3TO Tabnulle, TOKa3aH HA PUCYHKE 9.2.

,74 E3 E2
—p 3 > >
E
Y5 > 9 L 1 42>

E,
L p 3|y 63 1" »

Puc 9.2

B cnenyroomem nyHkTe s MPOBENYy aHAIM3 METONA PACMO3HABAHUSA, OLIEHKY
BO3MOJKHBIX TIyTel B rpade U BIUsIHUE MPUBENEHHs] HA WX KOJn4ecTBo. [loka oT-
Meuy, 4YTO MPUBEACHUE MOKET 3HAUUTEIBHO COKPATUTh YUCJIO BO3MOKHBIX MyTEH.

10.AHanu3 MeTOoAA PACTIO3HABAHHUS H OLIEHKA €ro CJI0KHOCTH
Merton pacno3HaBaHUs, U3JI0KEHHBIN B MPEbIAYINEM MYHKTE, CTPAagaeT ABY-
Ms1 HemocTaTkamu. [lepBblii HEIOCTATOK CBsI3aH C TEM, YTO €CIM TalyiuIa He MpUBe-
JIeHa, TO YUCIIO MyTel B rpade MOXKeT pacTH SKCTIOHEHIMAJIBHO C POCTOM YHCIA Tie-
pemenHbix (N). ToyHee MOKHO MOCTPOUTH TAONMUIy (YaCTHBIH MPUMEp MpencTaByieH
tabmuneit 10.1), B xoTopoii mMeeTcs M=nN+1 cTpok Ha N nuTepanax ¢ rpadpom,

umeromuM 2" . Tpad Tabmuuer 10.1 umeer 64 nyTy.

Tabnuua 10.1

o~ o] o] & w|N|[R =
I NN R
ZIZ| A TIZ(IZ (N
ZIZIZ| T 1 ZZ2Z | w| >
M| | Z S S| h|w
ZIZ N Z | HIZ | oo
N ZZNZNZNHZ
TZ|ZNZNZ 22|

IIpeononeHne 3TOr0 HEMOCTATKA MOKET OCYILIECTBIIATHCS MPUBEIEHUEM Tald-
munbl. Tabmuma 10.2 sBasieTcst pe3ynbTaToM npuBeneHus Tadnumer 10.1.

24



Tabnuua 10.2

1(2[4[3][5[6]7

i [1]2]3]4]5|6]7
1|sIM[M[M[T|M][|T
2 o[ s[M|M|F[M]|T
3|0|O0|S|M[M|F]|F
4 |0jo|o[sS|M|TI[F
5|olo]o|s|[M|T]|F
6 |O|O|S|M|[M|F][F
710|S[M|M[F|M[T
8| M[M|[M|[T[M[T

B npuBenénHOi TabnuIe YKCIIO MyTel pe3ko Cokpamnaercs, B rpade TaONuLIbI
10.2 ux Bcero 4. OnHaKo, MpeoaoeHne 3TOro He0CTaTKa OJJHOKPATHBIM MPUBEIEHH-
€M TaONMIbl HEAOCTATOYHO, TaK KakK TMPHUBENEHHAsh TalNWIa MOXET CONIepKaTh He
npuBeneHHble noaTadnuiel. [IpuBeneHue xe BceX mMoaTabiaMI MOXKET moTpedoBaTh
MPOTHBOPEUUBYIO MEPECTAHOBKY CTOJONOB. BTOpPO# HEHOCTATOK CBSI3aH C yXKe MpH-
BEACHHBIMH Ta0JNMLIAMH, TaK KaK B MPUBEACHHOW TaONUIE YUCIIO MyTeH MOXET OKa-
3aThCsl TOCTATOYHO OONBINUM. DTO CBS3aHO C TE€M, YTO OJIHA U Ta K€ CTPOKA, U JaKe
nonTabanna MOKeT y4acTBOBATh HEOJHOKPATHO B (POPMHUPOBAHUU PA3JTMUYHBIX Hac-
Teli myTH B rpade.

MeTton pacno3HaBaHUsT MOXHO MoauduuupoBate. Monaudukamuss merona
pacro3HaBaHMs HaNPaBJieHA HA YCTPAHEHHE YKa3aHHBIX HEAOCTATKOB MyTEM YaCTHY-
HOrO W3MeHeHWsi TaONWIbl Ha SKBUBAJCHTHYK €H, TO ecTb 0e3 H3MeHEHHus eé
FS-onepatopa. HactuyHoe m3MeHeHHe TaOIUIBI IPUBOIUT K TOMY, YTO MBI MEpexo-
UM K TaONHIaM COCTOSIIIUM U3 IOHKTOB, OTIPENIeNIeHHbIX B MyHKTe 6. Takoe o0o0ime-
Hue 3amaun BbimonHUMOcTH (BBIIT) cBsizano ¢ Tem, 4TO B mNpeoOpa3OBaHMUSX
O-rouxmos 3anaun BBIIT ynoOHO umeTh Oojiee mUPOKHUil Kiacc oOpa3oBaHMiA, Ka-
KUMH SIBIISIFOTCS FOHKTBI. FHa4Ye roBOpsi HEOOXOOUMO YMETh peInaTh 3a1ady BBINOJI-
HUMOCTH KOHBIOHKTHBHOH (opmbl (BBITI-K®) coctosimeii U3 1OHKTOB, a HE TOJBKO
u3 Ll—rwonxmos . Tloctpoenne FS-onepaTopoB i FOHKTOB BBITIOJNHSETCS 1O TPaBHU-
JaM, M3JIOKEHHBIM B TeopeMe 6.1. Anroputm mpeoOpa3oBaHus TaOMUIBI 3a7a4H
BBIIT B 3amauy BBIII-K® nHa3biBaeTcs «cynepnpuseaeHuem». B pesynbrare cynep-
MIPUBECHHS MBI TIOJYYUM TaOJNIHIy B KOTOPOH OYIyT UCKIIOUEHBI UCXO/BI C HOMEPOM
1, a cnenoBaTeNbHO M BETBJIGHHE B aliTOPUTME Pacro3HaBaHUs. MOJKHO CKa3aTh, UTO
TabJUIa CTAaHET OAHOTIPOXOIHON U CIOXKHOCTh AJITOPUTMA PACTIO3HOBaHMs OyaeT Jiu-
HEWHO 3aBUCETh OT pa3MepHOCTH 3anauu (N).

11.AnropuTm cynepnpuseaeHHs
Onucanne anropurma OyIoeT BCTaBJIEHO Cpasy TOCHE BbIXOJA KHHUTH
M .U.Tenbnuza. [IpumepHo B KOHIIE (heBpas

12.1lpumeHeHHE METOAOB MO3UIHOHHOH AJIre0phl K peleHHIo 3a1a4
BepU(PUKALNU U JUCKPETHOH ONTUMH3ALUHN
3anava TOrUUecKoil BepUPUKALNH SBISETCS OJHON M3 KJIFOYEBBIX B MPOLECCE
npoektuposanusi CBUC [Norekov] . PaccmoTpum npoctoit npumep. Mmeetcst rcxon-
Hasi cxema, Harmpumep CLA cymMMaTop M Mbl XOTHM 3aMEHHTh €r0 B CyMMaTOPOM
Jlunra [Ling], koTopslit paboTaeT ObicTpee. Kiaccuueckuii moaxoa MpPOBEPKH TOTO,
yro CLA cymMmarTop 5KBHUBajlieHTeH CyMMaTopy JIMHra OCHOBaH Ha METOaX TeCTHPO-
BaHus. Co3maércst HaOOp KIIFOYEBBIX TECTOB, a 3aTEM KaKAblid TECT MOJAAETCsl Ha BXOJ
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MOJeNel COOTBETCTBYIOLINX CYMMAaTOpoOB. IlonyueHHble pe3ynbTaTel CPABHUBAKOTCS,
W eCJIM OHHU COBIMAJAIOT, TO MOXKHO OTBETHTH, uTO A3, CLA cymmarop 3KkBHBajeHTEH
cymmaropy Jluara. O4eBuHO, UTO €CM Mbl paccMaTpuBaeM 128-pa3psaHblii cymma-
TOP, TO MepedpaTh BCe BO3MOKHBIE BXOJHbBIE JaHHBIE HET HUKAKOW BO3MOYKHOCTH, UX

6yner 2%°. TIo3TOMY MCIIONB3YIOT Pa3INYHbIE METOMBI COKPAIIEHHS TECTOBBIX HA00-
POB, HO 3TH METOABI 0 HACTOSIIIErO BPEMEHH HEe UMEIOT (POPMANIbHOTO OTMpeaeNIeHHs
st obmero cny4vasi. [103ToMy BeChbMa BEPOSITHO, UTO MOKET OBbITh AOMyIIeHa OIHO-
ka. [TonoOHas cutyanus ciaydunach ¢ komnanueit Intel, kotopast BeImycTHIA TIpOLIEC-
cop Pentium I11 ¢ omudkoii 8 FPU.

B oTnmyme OT KiIaccHUecKOTo MeTona BepU(HUKAIMH MO3WLHOHHAS anredpa
MpeyiaraeT COBEPUIEHHO APYroi moaxon. ToT ¢akT, 4To ¢ moMomb Metonos [TAJI
MOkHO 1utst r0Ooi NP-mosiHO 3a1a4un MOCTPOUTh SKBUBAJIEHTHYIO €l 3a1ady MOJIH-
HOMHMAJIBHON CJIOKHOCTH, TO3BOJISIET TOAONTH K PEIIeHUI0 3a7ayd BepUUKALUH
cnenyromuM obpazom. IIpeoOpasyem noruueckoe omnucanue cymmatopoB CLA wu
JluHra B 5KBHMBaJIEHTHblE UM cyneprpuBeneHHbsie FS-oneparopei: FS-cla u FS-ling
COOTBETCTBEHHO. A 3aTeM pernum jiorudeckoe ypasHenne FS-cla = FS-ling=1. Co-

rnacHo M.W.Tenbnuzy modasi torudeckas onepanus Haj CyneprpUBEAEHHBIMU OTIe-
paTopamMu HaéT cyneprnpuBeneHHbIN onepaTop. [TosToMy Hama 3amada BepupUKALTHH
OyzneT UMeTh TIOJMHOMHAIBHYIO CIOXHOCTh U MOXeET OBbITh pelleHa B MPaKTHYECKH
MIPUEMIIEMOE BPEMSI.

Tako# MOmXoa K peIeHuro 3aaad Bepu(UKALUU OTKPBIBAET OOJNbINNE Tep-
cnekTuBbl B mponecce npoektuposanuss CBUC. Hampumep, B Tex ciyudasx Koraa
UMEeTCsl UCXOMIHAsI CXeMa U Pa3paboTUMK PelIns BHECTH B HeE U3MEHEHHs C LIENbIO
€€ yly4lIeHusi, OH MOXeT MOJy4YUThb MOATBEPKAEHUE TOTO, YTO MOJy4EHHas CXema
SKBHUBAJICHTHA UCXOAHOW 3a CEKYH/Ibl, MUHYTHI, B KPallHEM CIllydae, 3a 4achl

3anmaun AUCKpeTHOH onTumusanuu pemarotcs Meronamu [TAJl ananorngseiM
obpazoM. YuuteiBas 10, uto npu npoektupoBannu CBUC nmpumMeHsieTcss MOyIbHBIHI
MOJIXOM, MBI BCET1a MOYKEM TOCTPOUTH CyNeprpuBeieHHbIH FS-oneparop ans kaxmo-
ro O5oka, a 3aTeM OOBEAMHUTh UX U BBITIOJHUTE CYNEepPIpUBEIeHHE PE3yIbTHPYIOLIe-
ro FS-onepatopa.
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