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N P-miostHOTa, CynepupuBe/ieHNe U MpobjeMa YeThIPEX KPACOK

B noranuu, ocnoBaHHO#l Ha MPUHITUIIE TTO3UIUOHHOCTH, TPOJOJI?KEHHOM C YUCesT Ha (PYHK-
IMH, MOKa3aHo, 49To KJacc /N P-ToJHBIX 3a/a4 cOBNaaeT ¢ Kjaaccom 3agad P. Vcnosb3ye-
MBI€ TIPH 9TOM IIPeoOpPa30BaHUs MO3BOJSIOT 3AIMCHIBATD 334Ul BBHIOJTHIMOCTH B CYII€pIIPHU-
BenéuHoi (opme. ITokazano OIHO M3 TEOPETHUECKUX NPUJIOKEHHUIl HIeN CyIeplIpHBeIeHns B
MOJIOKUTETHLHOM PelleHuH IPOOJIeMbI YeTHIPEX KPACOK.

Bubmmorpadusa: 7 HauMeHOBaHMIA.

¢ 1. Bsenenune

B sToit pabore paccMmarpuBaeTcs 3ajada BBIIOJTHUMOCTH B €€ KJIACCHYECKOH (hOpMY.IU-
poBke [2], Tpebyromieil OTBETUTH: CYIIECTBYeT i HAGOD 3HAYEHUIT MepeMEHHBIX, HA3bIBAEMBIil
BBITIOJTHSIIOIINM, KOTOPBIi ipeparnaer gannyio KH® B uctunnoe BoickaspiBanne? (Popma Ha-
spiBaeTcst KH®, ecsin oHa siBJIsieTcst KOHBIOHKIINEH OJTHOTO WK 00Jiee KOHBIOHKTUBHBIX 4JI€HOB,
KarKJblil W3 KOTOPBIX SIBJISETCS JAU3BIOHKIMEH JuTepason. JIlurepags — 310 obimee uMs st
nepeMeHHOit 2; u eé orpunanue ;). [Ipn monoxunrensnom orsere KH® nasbiBaeTcs: BHIIOIHE-
MOif, TIPH OTPUIATETHEHOM — HEBBIOJHUMOMN (IIPOTUBOPEUUBOIL); el KpOMe PACIO3HABAHHUSI
BBITIOJITHEMOCTH TPeOyeTcsl elé MpebsIBUTh BLIMOJTHSIONNNE HAOOP, TO 337a4y Ha3BIBAIOT BbI-
MOJTHUMOI ¢ TTpeTbABIeHIEM, KOTOPYIO Oy/IeM UMeTh BBU/IY B JIaJbHEiIIeM, KpaTKO 3aluChIBast
BHBIII.

Banaay BBIII, paszymeercs, MOXKHO peliaTh mepebopoM, HO mepebop TpeObyeT SKCIOHEH-
UaJIbHOE BpeMsl Ha ero peanu3anuio. [losromy ciemyer Bectu pedb O MPUHIUNHATLHON BO3-
MOKHOCTH HaiiTH HY’KHOE pelleHne, He mepebupast BCeX WM TMOYTH BCEX BAPUAHTOB B 3aJa4e.
CraJo obmmenpuHATHIM [2] cauTaTh nepebopHyIo 3aj1ady, peraeMoii 3bdeKTHBHO, ecin nMeeTcst
AJITCOPUTM, PeIaroNinii €€ 3a BpeMsi, OrPAaHUYIeHHOEe TIOJIMHOMOM OT PAa3MEPHOCTH 33 Ia9H.

Takum 06pa3omM, MOKHO TOBOPUTEH 0O Kjacce NP Bcex mepeOOpPHBIX 3aa4, PEIIaeMbIX 3a
nouHOMHuATbHOe BpeMs. OTHOcUTeNbHO KaaccoB P u NP umeercda psija UCCAeIOBaHMI, HO
3/eCh OCHOBOTIOJIATAOIIEH sBisiercss pabora [3], B koropoii C.Kyk mokasan, uro mpobJeMa
BBITIOJTHUMOCTH TIOJTHA B KJacce N P OTHOCUTE/bHO TOJUHOMHAIBHON PEIYKIINN, I KOpoUe,
N P-nonna. I'py6o rosopsi, N P—niojinbie npobJjieMbl UMEIOT MaKCUMAJIbHYIO TPYJIHOCTH Cpe-
am Beex mpobsiem mepebopa. OTcroga cieayer, 9To ecan mpod/ieMa BBITIOJHUMOCTH JIerKa, TO
nr0b6ast mpobsiema mepebopa Jierka (To ecTh NpuHAIeKUT K Kaaccy P). V13 6osiee Tounoit dbop-
MyJIUpPOBKH TeopeMbl Kyka BbITeKaeT gazke 0ojiee CHILHOE YTBEPIKIEHWE, a MMEHHO TaKOe:
OBICTPBIT AJTOPUTM [IJIsT PENIeHnsi MPOOJeMbl BBIMIOJHUMOCTH BIIOJIHE MEXaHHUIECKHM CIIOCO-
O60M TpUBOAMI OBl K OBICTPOil paspemarorieii mporeaype s J1000it 3hdeKTUBHO 3aTaHHOM
npobJieMe mepedbopa. Takoit aJlropuTM CIyzKuI ObI OTMBIUKOiT K IpobJyieMaM mepedbopa u3 Beex
obnacTeil MaTeMaTHKM.

Crenyer OTMETUTH, UTO OOJTBIIMHCTBO CIIEIIHAJIUCTOB TI0JIAraloT, XOTs 3TO HUKTO JOKa3aTh
He cvor, uTo [N P-mo/THbIe 33/1a91 HEJIb3sl PeliaTh 3a moJnHoMuaIbHoe BpeMsi. Coobparkenust
takne. FEcan xorss Obr juist ogHoit N P-1ioHO# 3a1a9u CyHIeCTBYeT Pelrarolinii e€ MmoJImHO-
MUAJIbHBI aaropuT™, TO U A Becex N P—TOMHBIX 3aJad Takue aJrOPUTMbI CYIIECTBYIOT. B
HACTOSIIIEe BPeMsi U3BECTHO odeHb MHOTO N P-monHbix 3aja4d. Bee monbITKY HAWTH I HUX
HOTHHOMHUAJIBHBIE AJTOPUTMBI OKa3aauch Oe3ycuerrabiMu. [lo-BuamMomy, TaKUX aJrOPUTMOB
BOBCE HET, M0JIaraloT OHHU.

U tem HEe MeHee, IMEIOTCA BCe OCHOBAHUS YTBEPK/IATh, UTO /s TOTO, YTOOBI /N P—II0/THBIE
3a/Ia90 UMeJTH pelleHne TOTHHOMHUATbHBIM aJITOPUTMOM, HEOOXOIUMO UCHOTb3YeMbIil B 3aIIHCH



quCcesT TTPUHITAT TIO3UIUOHHOCTH PACIPOCTPAHNTH U HA MPEICTaBIeHUs (DYHKIUH, C TTOMOIIHIO
KOTOPBIX 3aluchiBaiOTCs ycaoBust N P—tmoninoit 3aga4un. B ciayuae 3agaun BBIII, k kotopbiM
CBOJIATCS TPY/IHOPEIIAaeMble 33/a9H, 9TO 3HAYNAT, YTO MPUHIUI TO3UIUOHHOCTH JTOJI7KEH ObIThH
pacImpocTpaHéH Ha IpejcTaBIeHus (pYHKIHT aaredpsl JJOIUKH.

Apudmernsanus ¢GpyHKIHA anredpsl JOIMKH HAa 0a3e TPUHIUIA TO3UIHOHHOCTH, TO €CTh
pa3paboTKa MO3UIMOHHOTO CUUCIeHUs (DYHKIUH U CHCTeMbl UCYUCEHUs (CHCTEMBI OTePUpPO-
BaHus ¢ GYHKIUAME) B MO3UIMOHHOM WX MPEJICTABJIEHNH, HAYATIOCH B epBoiil mosoute 1978
roJia U OTpazkeHo B psije mybankanuii (cm., Hanpumep, [4] — [6]). Pesyabrarsr Becex nccsenoba-
HUil OyyT mpejcTaB/ieHbl B KHUTe ~[[pUHIMI TO3UIITMOHHOCTH JIJI CUNC/ICHUS] W UCUHUCJIEHUS
dbyuknmii” (cokpaménno [[1I1], nepssiit Tom KoTopoit 3akonuen B Havase 2001 roma). 3agzada
BBIII 8 kuure [[1I1] nccienoBana goBobHO moApo6GHO. B 9T0ii pabore mpeacraBieHO T0Ka-
3aTeJILCTBO TEOPEeMbl O COBIIAJIEHHH KJaccoB 3ajgad NP u P B ToM ero BapuaHTe, KOTOPBIi
OBLT TIepBOHAYATIBLHO TOJYUYeH 0OoJjiee JBYX JieT Ha3ald, ToOuHee, B cepeaue aprycra 2000 ro-
na. Kuaura emmé He BbIIILIA, TOSTOMY HEOOXOJMMBIN BCIIOMOTraTeIbHBIN MaTepuaa U3BJICYEH U3
Hee U MPEJCTaBIeH B TOM 00béMe, KOTOPBIi JoCTaTOYeH JIj1s1 MOHUMAaHU BCEX PACCYZKICHUN 1
BBIBOJIOB.

st aToit paborsl addexkTuBHOe pemenne 3agaun BBIIT — sro raBnas mesab. Ho Mox-
HO TOJIaraTh, 9TO UCIOJIb3yeMOe MpH ITOM Tpeodpa30BaHue, HA3BAHHOE CyTEePIPUBEICHUEM,
BO3MOKHO OoJsiee mHTEpecHo, yem N P-monnora. YT1oObl oTpa3uTh ero mjem 00jee BHIYKJIO,
BhIOpaHa nmpobJyieMa 4eThIPEX KPacoK.

¢ 2. HexkoTopsie 0003HaAYEHUS U COTJIANICHUSA

Byzaem paccmarpuBarh JBOMYHBIE N—MEPHBIE YIOPsIOUYeHHBIE HAOOPHI (BEKTOPHI Pa3Mep-
HOCTH N)
X, = (xla Loy - vv s xn)a

KOTOPBIE COCTABJISIIOT 00JIACTh ONpejiesieHus Jijisd (DyHKIni

Yy = f(Xn)a

3HAYEHUsI KOTOPHIX TAKKe JBOMYHBI, TO €CTh T1, Lo, ..., Tn, y € {0, 1}.
bBunapuble cBI3KH W3 MHOYXKECTBa

OP = {i,@, /ﬂ]ﬂéal}

Oy/lyT MCIOJIb30BaThCs JIjIsi 00pa3oBaHus (DYyHKIIMI, HA3bIBAEMbIE COOTBETCTBEHHO: (DYHKIIUS
Be60a, cioxkenue no moay.o 2, gynkuus Hleddepa, KonbloHKINS, SKBUBAJIEHTHOCTDL U JIU3b-
foHKIHs, TO ecth |/ = & (Kowbromkuus), @ =~ (IKBUBATEHTHOCTD), | & V (IU3BIOHK-
Hst), TJe = O3HAYAET PABEHCTBO IO OMPEIEJICHHUIO.

Jlnsa 3anucu byHKIME agaredphl JIOTUKA B BEKTOPHOIT bopme Oy1eM UCIOTb30BaTh CHCTe-
My OMHADPHBIX TPOAYKIHi (00pa3yIONMX MPABUI) U3 MHOXKECTBA:

Ql - {T7 Ta T*a T*a M’ M}

HeiicTBue Kaxk10i n3 mpoayKnmit MHOKecTBa () Ha 33JJaHHBINH BEKTOD (v MpeBparaer
€ro B KOHKATeHAlUI0 JABYX BEKTOPOB, TaAK YTO Pa3MEPHOCTH UCXOJHOI'0 BEKTOPa yABaWBaeTCA:

(;T) = (a;6;), (a;T) = (a;0;), 0
(o T*) = (0505), (o T*) = (Bj05).
(a; M) = (aja;), (M) = (aja;). (2)



B onpenenennax (1) n (2) npeanosnaraercs, 9TO BeKTOP (@ ) ABJIALTCS BEKTOPOM C JBO-
WYHBIMHA KOOPJAMHATAMU TOPSIKA J, TO eCTh pa3MepHOCTH 27 m Bce 27 KOOpAWHATH BEKTOPOB
(0;) m (f;) cyTb COOTBETCTBEHHO HyJIEBbIE U €IMHUYHbIE.

Huke, Kak mpaBmio, B KadecTBe HAYATHHBIX BEKTOPOB, K KOTOPBIM IPHMEHSIOTCS MPO-

JIYKITAU U3 MHOYKeCTBA ()1, OYAYT MCIOTB30BATHCSA BEKTODLI

(1) = (0;0;), (1) = (0;0;), (v;) = (0;0;), (p;) = (0;0;), (3)
HO qame 6yﬂyT NCIIOJIH30BATHCA HepBbIe rILB& BeKTOpa.
O6parum BHEMaHWE, YTO TOCKOJIbKY KarKJI0€ U3 BbIparKeHuil
105,
i),
(a; M) = (a;a;), (; M) = (aja;)

ABJISIETCS] MHBEPTUPOBAHHBIM K KazKJI0My UX Bbipazkenuit (1) u (2), To TeM caMbiM jl0OKa3aHA
CJIEJIYIONIAsl TeopeMa

(a;T) = (a;0;), (q;T) = |

(T*) = (b;05), (a;T*) = (

1 Qi

Teopema 1. Ecnu B — oiHa 3 IpOoayKIuii mepBoii 4eTBEpKH, a C' — ojTHA U3 ABYX OCTATb-
HBIX TPOJAYKINI MHOXKeCTBa ()1, TO MHBEPTUPOBAHHBIMH BEKTOPAMHU K KaXKJIOMY M3 33 JaHHBIX

BekTOpoB (v B) 1 (a;C) sBasorcst Bextopsl (@; B) n (@;C), npn 9TOM [ABOjiHAS Omepamus
HHBEPTHPOBAHUS BEIET K CHATHIO STON ONEPAINH.

§ 3. Cuunciaenus QyHKIUN aareOpbl JJOTUKI

Ecnn sunadenns dyuxuuii anre6pst noruku f(X;) mpeacTaBEMbl BEKTOPOM ((j), TO 9TOT
daxT Oy/1eM 3aMuchiBaTh TaK:

FX5) = (o).
Ecau npussith, 910 B (3) MUHHMATIBHBIM WHIEKCOM SIBJISIETCS] HYJIEBOH, I
(1) = () =(00), (7)== (%)= (00),

TO OYEBUHON SIBJIACTCS CJIAYIONIAs JIEMMA.

Jlemma 1. [lnst cenektopHbix (hyHKIHI (MPOEKIHMii) BEPHBI COOTHOIIEHMUSI

Tivt 5 AT T S (7).

st 3anucu (pyHKIME aareOpbl JIOTHKH C UCIOJIb30BAHNEM KJIACCHIECKNX OMHAPHBIX OITe-

paumit n3 MHOXKecTBa O, OyJeM IPUMEHATH CJIELYIONIYI0 TeopeMy.

Teopema 2. Ecim dyuxunst aare6psr sorukn f(X;) mpeacraBuma BeKTOPoM (), TO
TOT/Ia CJleAyTonre Huzke QYHKINH ¢ 00IaCThIO onpeneenns: X1 MPeICTABUMBI TaK:

f(Xj) = [(X;) 5 (g M),

FX5) 4 @ > (T), FX5) 4 T 5 (T,
(X)) @& zjm = (M), f(X5) @ 2 = (a;M),
fX5) [ oz o (a1, fX5) /[ zim 5 AT,
X)) w5 (T, X)) T 5 {aT),
(X)) & x4 = (M), J(X5) & 20 & (M),
F(X5) 1 oz o {oyT), FX5) 1z 3 {aT).



JokazareabrcTBO. BepHOCTH 1IEPBOr0 COOTHOIIEHUS CJIEJIyE€T U3 TOTO, YTO MOCKOJIBKY
00J1aCTh ONpeieIeHns YBeJIMYMIACh BJIBOE, TO OUTOBYIO JJIMHY BEKTOPA CJEIyeT MUKJINIECKN
MOBTOPUTD, YTO U 3AMUCAHO B MPaBoil yacTu. OcTajbHbie COOTHOIIEHHS TOJIYIAI0TCS B PE3Y./Ib-
TaTe BBIMOJTHEHUS MPSMBIX BBIKJIAIOK, KOTOPbIe MOTYT OBITH 0e3 Tpyja MOBTOPEHBI TakK, Kak
9TO CJIeJIAHO HA TPHUMepe TMePBOTO U TOCIeTHEr0 COOTHOIICHNTI:

FOX5) L a3 (ajag) L (00) = (a0;) = (aT),
FXG) bz = Ayay) L (0;0;) = (0j05) = (a;T7).
Hcnoan3ya geMMy 1 u TeopeMy 2, MOXKHO CTPOUTL BEKTOPBI, KOTOPBIMH IIPE/ICTABJICHEI

dyukimn aaredps jioruku. Hampumep, moJiarasi, 4To onepaiyuy BBITIOJHAIOTCS B MOPsJ/IKEe WX
CJIeJOBAHNS, HAXOIUM:

Tolzslwgloy, o~ (mT*MMTT),
T4/ x5/ T (s T*MMT),
x5 | Ts | x6 | T (ry MT*TT*),
xy /w3 Ty /g = (TMT*T*MT*).

JLnst masibHERIero, KpoMe MHOYKEeCTBaA, IMPOAYKINi ()1, HEOOXOANMO BBIIEINTE CJIELY O
€ro IOJIMHO2KeCTBa

Q? = {T’ T7 T*a T*a M}a Q3 = {T7 T*a M}a Q4 = {Ta T*a M}

[Tockousbky B cBsizu ¢ 3agaqdeit BBIII ocoowrit nuatepec cocrapasiior KH®, 1o cauciennio
1uX (bop™m npugauM TadbaAngHbIi BuA. st 3TOr0 mpeacTaBuM BEKTOPOM B CUCTEMeE TTPOLY KITH i
Q3 xaxkayio au3bionknnio KH® u pazmecTuMm Takoit BEKTOP B OT/ETbHON CTPOKe TaOJIUIIHI.
Yucno cTosiOnoB TaOMUNBI COBHAIAET C YHCJIOM MEpPeMEHHBIX, a YHCJI0 CTPOK COBIAIAEeT C
YUCJIOM JU3BIOHKIHI. 3amoTHeHne TaOIUIbl OCYIIECTBISIETCS TaK.

JIns KaxkKa0i# M3 BIOHKIUN JTUTEPaTy ¢ MUHEMAJIbHBIM HHIEKCOM i CTABUTCSA B COOTBET-
CTBHE T; 1, €CJU — 3TO Tj, U T; 1 JJisl T;. DTH Havasa 3anuchBaiorcs B (i — 1)—om croabie. B
OCTAJIBHBIX cTONIONAX npasee (i — 1)-ro u 3anuceiBaem T’ B j—0M CTOJIONE, €CJIH B U3 BIOHKIHHI
BXOJIUT Tj11 ¥ 3anuceiBaemM 1" 1y1s Tj4. Ecim B insblonkuun urepasia ¢ unjgexcom j + 1 e,
cJie[lyeT mojpasymeBarh Mpoaykiuio M, xors dakTudeckn eé 3anuchiBarh He OyaeM (3amuch
npoayknuu M OyIeT oCyIIecTBAATHCS JIUIIbL B TEX CJAyYasx, IJie MOZKeT BO3HUKHYThH HeI0pa-
symenue). [IpuHIMAaeM, 4TO BEKTOPHI, 3aHUMAIOTIHE KAZK bl 10 CTPOKe B TAOJIUIE, COETNHEHDI
KOHDBIOHKTHBHO. B cTpokax TaOJUIbI MHJIEKC Y T WIH 7 ONYIIeH, HO OH IIPEJNO/araeTcs paB-
HBIM HOMepy cToJiona. Takoit criocod 3amoHeHns TabJIUIIBl BHITOIHEH B IOJTHOM COOTBETCTBUU
¢ jJeMMoit 1 m Teopemoii 2.

it BeKTOpOB TaO/IuIlbl OyaeM HCIO0JIh30BaTh MOHATHS: JIJINHA CTPOKH W PAHT CTPOKH.
Jlnuna crpokn Tadbsmnel ¢ n croabmavu 0,1,2,...,n-1 u ¢ Ha9aJIOM 7, | WU T, | paBHA
n—i+ 1, a panr pased n — i — k + 1, rme k — cymma npoaykuuii M (3anucaHHBIX WK MOJ-
pasyMeBaeMbIX) B CTPOKe, TO €CTh PAHT CTPOKU COBIAJAET € YHCJIOM JINTE€PAJIOB, BXOJISIINX B
I3 BIOHKITAIO.

Ecnn  BekTopaMm (7;) win (7;) OPEMEHATH IPOAYKINH U3 HEKOTOPOii 33/ JaHHON CHCTEMbI
(2, TO mOTyYeHHBbIEe TAKUM 0OPa30M BEKTOPHBI OYIyT Ha3bIBaTbcda F S—BeKTopaMu B cucteme ().
Korma cucrema mpojayKiuii He YIIOMUHAETCs, TO OHA MOJIPA3yMeBaeTCs U MOHATHA U3 KOHTEK-
cra.

Tabsmma HazbiBaeTcs aBoiicTBeHHoi K Tabsuie 3aa4un BBIIL, ecain B Heit mpousBeaeHa
3amena 7 Ha 7, 7 Ha 7, T na T u T* ma T* u, KpoMe TOro, IPUHUMACTCS, 9TO FS—BEKTOPHI,
3aHUMAOIINe KaXK/Iblil 110 CTPOKe B TabJINIe, COeANHEHBI U3 bIOHKTHBHO.



§ 4. DparmMeHTHI ucducjgeHus F S—BeKTOpPOB B cucreme (o

Jlna 3agaa BBIIT B niepByto odepenb MpeACTaBISIOT WHTEPEC KOHBIOHKIWH Hazd F.S—
BEKTOpaM# B cucTeMe ()3, HO TMOCKOJBKY BO3HHKAET HEOOXOIMMOCTH B MPEOOPA30BAHUAX HaL
BEKTOPaM#, TO MOSIBJISAETCS HAAO00HOCTh B AM3BIOHKIHWSAX HaJ FS—BekTopamu B cucreme ()y.
O6benunenne cucteM Q3 u Q4 JaéT cucteMy (Jo, a MO3ITOMY MBI pacCMaTpPUBaeM KOHbIOHKITUN
U IU3bIOHKIUN HaJ F'S—BekTopaMu B cucrteme (Qs.

Bce paBencTBa, KOTOpBIE 3allCaHbl HUXKE, MOJTYIAIOTCS TPIMBIME BBIK./IQIKAMH.

(0, Ty ] (BT) = (((a)) ] (B) T)
(M) ] (BM) = (((ag) ] (8)) M) (@)
(0,1 ] (BT) = (({ay) ] (8)) T")
(0, Ty ] (BT) = (((ay) ] (8) T),
(0, Ty ] (BT) = (((a) ] (8) T), 5
(T ] (BT) = (({a) ] (8)) T")
(0T ] (BT) = (((ag) [ (8)) T')

~
~

(o T)/(B;T*) = (Oj11). (8)
Tabauma 1
/ ;T | o;T* | ;T | ;T | oy M
illeyT| 75 |oT| vy | T
7 7 OzJT v; a]T ajT*
(a;T) L (BT) = (({ay) L (B;)) T)
(a; M) | (B;M) (((ag) L (B5)) M), (9)
(a;T*) 1 (BT = (({ay) 1 (B;)) T).

(10)
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(o; T) % <ﬁjTj> = (o;T), (12)
(o T*) L (BT) = (o5T7).
(o T)L(B;T") = (B41). (13)
Tabauma 2
1 Oij ajT* a; T | a; T | a; M
T || 7 a; T vj a; T
Tj T | T vy o T | o T

O6parum BHIMan#e Ha TO, 9TO paBencTsa (9) — (13) u Tabinna 2 COOTBETCTBYIOT PABEH-
crBam (4) — (8) u Tabsmue 1. Kpome Toro, paBercrsa (4) m cOOTBETCTBYIOIINE UM PABEHCTBA
(9) cyTp paBencrBa B cucreMax Q3 u ()4 COOTBETCTBEHHO, HO OHU HE COCTABJISIOT IIOJHOTO
CITHCKA JIJIst 9TUX CHCTEM, T.e. JIJIsl MOJIHOTO CIUCKA CJIeLyeT JOOABUTH CJICAYIONINE DABEHCTBA:

(a;TY/{(B; MY = (({ay) [(B))T) /(B M) =
) <(<04j>z<5j>)T>7_<5jT*>a (14)
(a; T") [(B; M) ((Cay) /(B))T*) /(B M) =
= (({ag) /{B))T*) /(B T),
(a; TYL(B M) = (({a)I(B))TY(BM) =
o = (((%)}(5;‘”7?)17(5]'7?*); (15)
(a; T*)L(B; M) ((Cag)L(B;)) T ) L(B; M) =
= (({ag)I(B))T*)I(B;T)
n paBeHCTBO, ycTaHaBﬂI/IBaIOHIee CB4d3b Me}K,ZLy KOHDBIOHKIHUEHU U JU3BIOHKIINEU
(aT)/(BT*) = (ayT)L(BT"). (16)

Byzaem rosoputh, uto B cucreme () naa F'S—BekTopa cBopaunBaioTcs (B 3aJaHHOIl JOTH-
qeckoil omepannn  © € O,, KOTOpast MOKET 3a1aBAThCS WIH MOIPA3yMeBAThCs) B OJUH, €CIIN
Pe3yIbTHPYIONIHHA BEKTOD sABJsieTcst F'S—BeKTOpOM B cucreme (). B

Huxe pacemotpuM cBépTki F'S—BekTopoB cuctembl mpoaykmmit Qa 8 O € {/, 1}

4.1. KoubroHkiudga. Paccmorpum Bompoc 0 CBEPTKE B KOHBIOHKINO F.S—BEKTOPOB HA
cucreme mpoayknuii (Js. B 3101 cucreme nmpomayknumii Oyiem roBopuTh, 9To jiBa F'S-BekTOpa B
KOH'BIOHKIIMH COTJIACOBAHBI, €CJIM Y HUX HET TaKOro CTOJIOIA, B KOTOPOM OJiHa NPOAyKIius 1, a
npyras — T%. KouboHKnus Ha 1 coryiacoBanubiMu F'S—BekTopamu B cucteme (Jo OXBaTHIBAETCS
paserctBamu (4) — (8), (14) u Tabauneit 1.

W3 mepeuncieHHBIX PABEHCTB BUIHO, YTO MPOOJIeMa CBEPTKH BO3ZHUKAET JIUIIL B CJIydae
BBIXOJIa HA PaBeHCTBO (14), TO eCTh KOTJA UMEKTCs CTOJIONBI, B KOTOPBIX OJHA MPOLYKIIUS
M, a npyras T wiu T* (37€Ch U 9yTh BbIIIe TOBOPUM O CTOJIONAX, TOAPA3yMeBasi TAOTHIHYO
3amnCh BEKTOPOB, MpuHATYI0 B §3). Ecam taknx crosabrosB HeT, TO mpobJeMbl CBEPTKU HET,
" KOH'BIOHKINS HaJl Tapoit F'S—BeKTOPOB BBHITIOIHSIETCS 10 HUYKECIEIYIONEMY yITPOIEHHOMY
[PABUILY, SIBJISIIOLIEMYCsI cyiecTBreM paBeHCTB (4) — (8) u Tabuuupr 1.



VYpomiéHHoe MpaBUJI0 KOHBIOHKIIUNA. Pe3yIbTupyIOnnii BEKTOP Maphl COTJIACOBAH-
HBIX BEKTOPOB CTPOMTCS CIIpaBa HaJIeBO 1O cToJibnaM Tak. Ecau obe mpogayKimu B CTOJIONE
COBIAJAIOT, TO 3Ta MPOAYKIMS COXPAHSAETCS W B PE3YJbTHPYIOMEM BEKTOPE, a €CJIH TOJIHKO
OJIHA TPOIYKIMS HMeeT 3HAK HWHBEPTUPOBAHHUs, TO OHA CO CBOMM 3HAKOM HHBEPTHPOBAHUSA U
MEePEHOCUTCS B Pe3yIbTHPYIONmii BekTop. 11 310 ciemyer mpomozKaTh IO TeX MOp, MOKa He
O0OHApPYKUTCA, 9TO B HEKOTOPOM 7—OM CTOJIOIE HMeeM:

1) B ogHOM BekTOpe npoaykuuio 1, a B apyrom — 1%
2) Hauasa 000MX BEKTOPOB U TH HAYAJA PA3HbIE;
3) nHadasa 000MX BEKTOPOB M 3TH HAYAJA COBIAJIAOT;

4) HAYAJIO TOJBKO OJHOTO BEKTODA.

Torga B ciydasx 1) u 2) B i—0M cTOJIOIE 3aNUCHIBAEM ¥ W TIPUMEHsIEM K HEMY 3aliCaHHbIe
crpaBa TPOAYKIMK [0 TeX MOp, MOKa He MOJYYuM T Wiau 7 (pasdyMeercs, 9TO MPOU30iiaér
B CT0JI0IE, PACIOJIOKEHHOM MpaBee §-T0, MHAYe MPOCTO DPe3yIbTUPYIONHl BEKTOD ecThb f).
B ciyuae 3) Hauasio pe3yibTHPYIONIETO COBIALAET ¢ HAYATIOM HCXOJHBIX BEKTOPOB. B ciry-
vae 4) BBINOIHsIEM KOHBIOHKIHNIO MO Tabsuie 1 Haji HAYaaoM OJHOTO BEKTOPA U MOJBEKTOPOM
JIPYroro (371ech UMeeTCsl BBHIY YaCTh BEKTOPA OT HAYAJA JIO i—TO CTOJIONA BKIIOYHTENHHO) W
HOJIy9eHHBIHl pe3yJbTaT CTAHOBUTCS COOTBETCTBYIONIUM IIOJIBEKTOPOM pe3yabTupyomuiero. [Ipu
9TOM, €CJIM TAKOH MOJBEKTOD €CTh ( V), TO MOCTyIaeM TakK Ke, Kak U B 1) u 2).

NnrocTpanymossbie mpuMepsl. [IpuMenerne yIpomenHoro mpaBujia KOHbIOHKIHH (110
IpUMEepPY Ha MepBble TPH CJIydasi COOTBETCTBEHHO W JIBA MPHMepa Ha Y9eTBePTHIil cirydaii):

1) B (r M T+ M T M T*)
D e oMo T
( vw M T T T*)=(nTT)
2) (s, M T T T )

M T
(/s T* T T+ T M T)
(vs T* T T* T M T

=
=
)
N~
K
J =
NN
e I
TR
55

5
N
~
N
N
N
3
3



5 (6 T* T T T* M T*)
ey n T M M T
< Vg T T* M T*> = <T12>.

4.2. Jusnrouknus. Cpasnusas pasencrsa (9) — (13), (15) u rabumiy 2 ¢ COOTBETCTBY-
formu paBerctBamu (4) — (8), (14) u rabauneii 1, HabI0aeM UX JIBOWCTBEHHOCTH, TIOITOMY
BCE, YTO Oy/IeT TPUBEICHO HUKE, SIBISAETCS OTPAYKeHHeM 3TOH JTBOHCTBEHHOCTH.

Byzaem rosoputh, uro aa F'S-BekTOpa B JAM3BIOHKINH COIJIACOBAHDI, €CIH Y HUAX HET
TAKOTO CTOJIONA, B KOTOPOM ofHa Tipoaykmus T, a apyrasg — T*.

JIM3BIOHKINS HAJ COTJIACOBAHHBIME F'S—BeKTOpaMu B cHcTeMe ()9 OXBATHIBAETCS DABEH-
crBamu (9) — (13), (15) u tabauueii 2. VI3 nepedncjeHHBIX PABEHCTB BHIHO, Y4TO Mpobiema
CBEPTKM BO3HUKAET JIMIIb B CJIyYasiX BbIXOga Ha paBeHcTBa (15), TO ecTh KOrjJa MMEIOTCS
CTOJIONBI, B KOTOPHIX ojHa npoaykmusa M, a apyras T wan T*. Ecam Taknx cTOIOIOB HET, TO
npo06JieMbl CBEPTKH JIJIsT TU3BIOHKIMN HeT, W JU3BIOHKINS HAJ napoit F'S—BeKTOPOB BBIOJ-
HSETCST [0 HUZKeCJeIYIOIeMy YIPOIEHHOMY MPABUILY, SIBISIONEMYCS CJIEJICTBHEM DABEHCTB
(9) — (13) u Tabauuer 2.

YiupoménHoe IpaBuUiIo AU3BIOHKIMU. Pe3y bTupyionmili BeKTOp Maphl COrIacOBaH-
HBIX BEKTOPOB CTDPOHTCSI CIIpaBa HAJIEBO MO CTOJIONAM Tak. Eciam obe mpoaykumm B CTOJIOMIE
COBNAIAIOT, TO 3TA MPOAYKIHMA COXPAHIETCS W B PE3YJIBTHPYIOIEM BEKTOPE, & €CJIH TOJHKO
onHa u3 npoaykuuii ecth T (nam T*), a apyrast — npom3BoJibHAsL, TO Ta npoAyKuusa 1 (uau
T*) nepeHoCHUTCsT B Pe3yJbTUPYIOIINi BeKTOP. U1 910 ciieyer mpomozKarh 10 Tex Mop, MOoKa
He OOHAPYIKUTCSI, YTO B HEKOTOPOM 7—OM CTOJIOIE MMeeM:

1) B ogHOM BekTOpe mpoaykuuio 1, a B apyrom — T%;
2) mauajga 060UX BEKTOPOB M 5TH HAYAJA PA3HbIE;

3) Haugaja 060MX BEKTOPOB M 9TH HAYaJa COBIAJIAOT;
4) HAYAJIO TOJBKO OJJHOTO BEKTODA.

Torga B ciydasx 1) u 2) B i—0M cTOIOIE 3aNUCHIBAEM ¥ 1 TIPUMEHsIEM K HEMY 3aliCaHHbIe
crpaBa MPOAYKIMA JO TeX MOp, MOKa He MOJYYuM T Wiau T (pasdyMeercsi, 9TO MpOH30iiIér
B CTOJIOTE, PACTIONOYKEHHOM TIpaBee i-TO, MHatue MPOCTO PesyIbTHPYIONHH BEeKTOp ecTh f).
B cayuae 3) HAuano pe3yJbTHPYIONIETO COBIAIET € HAYAIOM HCXOJHBIX BEKTOPOB. B ciy-
vae 4) BBINOJIHIEM TU3IBIOHKIHIO O TABIHIe 2 HAJT HAYAJIOM OJHOTO BEKTOPA U MPOJI0JIZKeHIEM
JPYToro (371ech UMeeTCsl BBHIY YaCTh BEKTOPA OT HAYAJA JIO i—TO CTOJIONA BKIIOYHTENHHO) W
HOJIy9eHHBIHl pe3yJbTaT CTAHOBUTCS COOTBETCTBYIONIUM NIOJIBEKTOPOM pesyibTupyomuiero. [Ipu
9TOM, €CJIM TAKOW MOJBEKTOD e€CTh ( I/ ), TO MOCTyNaeM TakK Ke, Kak u B 1) u 2).

4.3. KoHDBbIOHKINOHHAA pe30Jionus. Kak Mbl 3HaeM, npobdjemMa CBEPTKU B KOHb-
FOHKITIO JIJIsT IBYX COTJIACOBAHHBIX F'S—BEKTOPOB BO3HWKAET, KOI 1A UMEIOTCST TaKue CTOJIOIbI,
B KOTOPBIX OjHA mpoaykius M, a apyras T wiu T*. Byaem Ha3piBaTh TakKue CTOJIONBI TPO-
OJIeMHBIMHE JIJT1 KOHBIOHKITAH.

Ecnu y 3aganHoil mapbl cOrIacOBaHHBIX F S—BEKTOPOB UMEIOTCA MpOOJIeMHBIE /I KOHb-
IOHKITUU CTOJIONBI, TO JJIs TAKUX BEKTOPOB BMECTO KOHBIOHKIIMH MOXKHO CTPOUTH KOHBIOHKITH-
OHHYIO PE30JIIONHI0, KOTOPYIO ONPEJIETUM HUZKE.

PacemorpuM cHadasia, Kak CTPOUTH TaKylo pesoJionuio s aByx FS—sektopos (A) u
(B), KaxKIplil 13 KOTOPBIX 3aJlaH B CHCTeMe MPOAYKIii ()3 W NepBbIii ceBa HAIPABO NPOOJIEM-
HBII CTOJIOEI] Y HUX €CTh CTOJIOeI] ¢ HOMEPOM k.



Sanumem Kax il 3 paccMarpuBaeMbix F'S—BeKTOPOB B BUJE U3 bIOHKINN:

(A) = (a)l(a), (B) =(B)(b), (17)

rae (a) u () cytb F'S-BeKTOPHI, COBIAIAIONINE COOTBETCTBEHHO OT HAYasa U J0 K—T0 CTOJIO-
na (MCKII0YUTEIbHO) ¢ 3a1anabiMu BekTopamu ( A) u ( B), a ¢ k—1o cTos6ua u 10 nocaeaHero
y HUX BCe MPOJAYKIMH 3aMeHeHbl Ha npoaykmuio M. Yro kacaercs F'S—Bektopos (a) u (b),
TO — 39TO T€ BEKTOPbI, KOTOPHIE IMOJYYalOTCA B pe3yJjbTaTe yIdaJIeHUA BCEX HpO,ZLyKHI/Iﬁ OT Ha~
qaja " 10 k—To ¢Toabia.

Teneps no F'S—sektopam (17) ¢TpouM BEKTOP KOHBIOHKIIMOHHON PE30JIIOIUY, ONPEICTUB

ero TaK: B
(R) = (a)/(B)L({a)l(b). (18)
[Tpobuiem co cBEpTKOil F'S—BeKTOPOB MpaBoii uacTu paBeHCTBA (18) BOSHUKHYTH HE MOYKeT
B CHJIy UX ONpEJIEJIeHUsI, HO BEKTOD KOHBIOHKTUBHOIN pe3omonuu ( R) He obsa3an ObiTh FS—
BEKTOPOM B cucteMe (J3: OH MoxKeT ObITh m F'S—BekTopoMm B cucreme (). VmocTpamueir k
CKA3aHHOMY MOZKET CJIYKHUTh TaKOH mpumep.
[Tycte 3amanbr F'S—BeKTOPHI

(A) = (, T M T* M T M T M),

(B) = { Tiye T M M T* T T%),
B KOH'BIOHKIIMU KOTOPBIX MEPBBIM MPOOJEMHBIM CTOJIOIOM ¢ HOMEpOM k = j + 5, a o3TOMY
(a) = (r; T M T M M M M M), (a) = (Fjus M T M),
(8) = (  me T M M M M M), () = ( 1 T T

(a)

~I

(B) = TTT*MMMMM), (a)l(b) = (7T TT"),
(R) = (r; TTT*MTT*TT*).

Paszymeercsi, aro mo Bekropam (17) KOHBIOHKIMOHHYIO pe30Jiionuio (18) MOKHO CTPOUTH,
HE BBITIOJIHAST BCEX MPOMEYKYTOYHBIX BBIKJIAI0K, KOTOPBIE TPEJACTABICHBI B IPUMEPE, TOHAB, ITO
JIOCTATOMHO TIPHUJIEPKUBATHCA CJICYIOIEr0 OUEBHIHOTO MPABUJIA, SBJISIONIETOCS CIEICTBAECM
BCEX ONMUCAHHBIX KOHCTPYKIIHUIL.

F S—BeKTOp KOHBIOHKIUOHHOI pe3osonun (R) MOXKHO TOJYYUTDb, €CTH HaJl 33 aHHBIMU
BekTopamu (A) u (B) cnpaBa HajeBO MO CTOJOIAM OT KOHIA H JI0 k—T0 cTosOna (BKIIOYH-
TEJIHO) BBINOJTHATH YIPOIIEHHYIO JU3bIOHKINIO, a ¢ (k — 1)-T0 u 10 HAvYaia — YIpOUEHHY O
KOHBIOHKITHIO.

Mcrunnas poab KOHBIOHKIMOHHOI pe3o/ionun 6y1eT pacKpbiTa HUZKe, HO 3/1eCh OTMETUM
JIeMMOT cJIeIyIoniee eé CBOMCTRO.

Jlemma 2. Eciu 3aaHbl J1Ba COIJIACOBAHHBIX B KOHBIOHKINH F'S—Bektopa (A) u (B), a
[0 HUM TOCTPOeH F'S—BEKTOp KOHBIOHKIMOHHOf pe3osonuu (R), TO BEPHO PaBEHCTBO:

(A)/(B) = (A)/(B)/(R). (19)

BepHOCTD 3T0ii JIeMMbI TOJIy9a€TCsl TPOCTBIME BBIK/IAAKAMI HAJl IIPABOii U JIeBOii JacTs-
mu paBeHctBa (19), mves mpu stom BBuay (17) u (18).

Teneps paccmMorpum 00HMi cayvaii KOHBIOHKIHOHHOI pe3osonun F'S—Bektopos (A) u
(B), KazKJplil U3 KOTOPBIX yzKe 3aJiaH B cucTeMe NpoiyKuuii Q. Kak Hu crpanHo, HO B 9TOM
cJlydae TIPaBUIIO TOCTpoeHust F'S—BekTopa KOHBIOHKIMOHHOI pe3osonnu (R) mporie.
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O061mee TpaBMJI0 KOH'bIOHKITMOHHOM pe30oiomuu. /s 3a/laHHBIX COIJIACOBAHHBIX B
KoHbIOHKIMK F'S—BekTopoB (A) n (B) B cucreme npoaykunii (Qy F'S—BeKTOp KOHBIOHKIIMOHHOI
pesosonnu (R) cTpouTCsi OT KOHIA CHPaBa HAJIEBO MO CTOJIOIAM, TIPH 9TOM BBIIOJIHSAETCSI
YIPOIIEHHAS U3 BIOHKIMA TOJTHKO HAJL IIPOOJEMHBIMA B KOHBIOHKIIUA CTOJIOIAMHE, & HaJI BCeMU
OCTAIbHBIMU BBIIOTHAETCS YIIPOIMIEHHASA KOHbBIOHKIIU.

PaccMOTpUM HLTIOCTPAIMOHHBIA ITpUMeD.

(Ay = (; T M T+ M T T+ T M M T T* T M),
(B) = {( Tiwo T* M M T* M T T T M T T*),

(RY = (r;, T T* T* M T T* T T T* T T* T T*).

B sTom mpumepe BekTOp (R) MOCTpOEH B COOTBETCTBUH C OBIIUM TPABUJIOM: CTOJIOIAMH,
MpOOJIEMHBIMU JIJT1 KOHBIOHKITNH, ABJISIOTCS CTOJIOIBI ¢ HOMepaMu j + 5, j + 8 u j + 13. B atux
CTOIOIAX BBIMOJTHEHA JU3IBIOHKINA HAJ HNPOAYKIUSIMHU, TpuBeamas K mpoayknumam 1,71, T
COOTBETCTBEHHO. BO BCEX OCTAIBHBIX BBIMOJHEHA KOHBIOHKIUS 0 YIPOIIEHHOMY MPaBHILY.

s obocroBaHus pesybTara 9TOr0 npuMmepa, Haiijgém npasee k-ro crosbua (B Hamem
caydae npasee (j + 5)-ro croabia) npobeMHbIe st I3 bIOHKIUN ¢TOJIOIb. TaKOBBIME SIBJIsI-
F0TCsT CTOJIONBI ¢ HOMepamu j + 7, 7 + 9u j + 11. D1 cTo01bl 1 HavaIbHBIE CTOJIOIBI BEKTOPOB
(A) u (B), 10 ecTh ¢ HOMepaMu j U j + 2, YKa3bIBAIOT HA HA4YAJIa T€X BEKTOPOB, KOTOPbIE B
KOHBIOHKITUU JIOJIZKHBI JaTh BeKTOphl (A) u (B). Ntak, nmeem:

() =(r, T M T M T T* M M M T M T M)
(by = { Tjgoo T M M T+ M T M T M T T,
(ay) ( Tiagr M M T M T M),
(b1) ( T T M T T%),
(az) = Tien T M),
e MPHHATO CJEJIOBAHUE BEKTOPOB 1o yommammio ux jymuer u (A) = (a) /{(a;) / {aa),

(B) = (b) / {(b1).

Ecnu Tenepb HAXOAUTH KOHBIOHKIMOHHYIO PE3OJIIONUI0 (M0 YACTHOMY, HO y2Ke 00O0CHO-
BAHHOMY BBIllle MPABUIY) HaJ KarKJI0il mapoii BEKTOPOB, HAYAB C MEPBBIX JIBYX, a 3aTeM Ha/l
PE3YJILTUPYIOMINM U TOCTIEAYIOIINM, TO B KOHEUHOM pe3yJIbTare MoIydnM TOT BeKTop (R), Ko-
TOPBIN TOJIYYUJIN, UCTOJIB3Ys 00IIee MPaBUI0 KOHBIOHKIMOHHON pe3osonuu. V1 xors 3ech
NpuBeIeHO 000CHOBaHWE YaCTHOTO TMPUMeEpPA, Jerko MOHSITh, YTO TaKoe 000CHOBaHME HOCHT 00-
HII/IfI XapaKTep U €0 U3JIOKEHHE B IIPpUHIUIIEC HE OTINYAeTCA OT y2Ke HpI/IBe,ZLéHHOFO.

Ecim pyKoBoICcTBOBaTHCS MPUHIIUIIOM CHMMETDPHH, TO CJA€I0BAI0 OBl jaJjiee OmpeIenThb
JU3BIOHKIIMOHHYIO PE30JTIONH0 (TeM GoJiee, YTO TPUHIUI TBORCTBEHHOCTH MOJICKA3BIBACT, KAK
9TO CJIEJyeT Jiearh), HO MOCKOJIbKY OJmkaiimeil menbio asiagercst 3agada BBIIIL, o sToro
37eCh JeaaTh He OyaeM.

B nanpmeiiem, roBopsi 0 pe30JONNAH, TI0 YMOTIAHUIO Oy/IeM MOoApa3yMeBaTh KOHBHIOHK-
HOHHYIO PE30JIIOIHIO.
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¢ 5. Amnaaus3 Tabaunsl 3amaun BbITI

B §3 ckaszano, kak moxkuo 3agade BBITI npugars Tabanunsiii Bug. [losromy B ganbheii-
IIIeM BMeCTO TOr0, 9T00BI TOBOPUTH ~“mabiuya 3adavwu BBITL” mis kparkoctu OyaemM roBOpUThH
npocto mabauya BBIII win emé kopoue — "mabauya”. Nrtax, nonaraem, aro tabsuuna BBITT
uMeeT 7 CTOJIONOB W m CTpOK. JInss Hymepamuu cToOIOB OYIyT HMCIOJb30BAaThCs JBE CJIY-
xkebuble crpoku: oaua (I) ¢ memsmenubiMu HOMepamu oT 0 710 7 — 1, yKa3bIBawOIIash HA HOMED
crosibia B aHaimu3upyeMoit Tabaune, a apyras (II), pacnonoxkennas ua Heil, ¢ COOCTBEHHBI-
MH HOMEpDAMH CTOJIOIOB, TO €CTh IPHU IEPECTAHOBKE CTOJIONOB (BCErJa MEPeCTABISIeTCs BeCh
crosiGen TabIuIbl) MePecTaBIsIOTCS U HOMepa B 9Toii crpoke. Haj sTumu AByMs CJIyKeGHBI-
MU CTPOKAMH PACIIoJaraeTcsi Tpethbst ciayxkebnas crpoka (III), B koropoit OymayT ykasbiBarTbest
UCXOJIbl aHAJIN3a TAOJUIBI, O YeM OyJIeT TOBOPUTHCS HUKE.

O6pamaem Banmanune, 9to IIT caykebrast cTpoka moBTOpsIeTCS B TAOJIUIE CTOJIBKO Pas,
CKOJIbKO BapMAHTOB aHAJM3a MPOBOAUTCS HaJ TaOIWIEH, a B TeX CJIydasx, KOrja B TabJmile
CTOIONBI He mepectaBadioTces, 11 cayzxKeOHas cTpoKa MOXKET OIYCKaTbCA.

CymHocTh aHa/M3a, TabJHUIBI 3aKII0YAeTCS B BBIICICHUN BEIYIIEro CTOJI0NA, U3yUeHUs:
€ro cojieprKaHus, BbIJIEIECHUs MOATA0IUIbI, HAJ KOTOPOH Mpojo/KaeM aHaan3. HadanabHbIM
BEJIYIIIUM CTOJIONOM $BJISIETCSI BECh CAMBI MpaBblii cTOJIOEI] TabJIHUIBI, TO €CTh CTOJ0EI ¢ HO-
Mepom n — 1.

Xorsa B ucxomuoit Tadbuie BBIIT Bce crpokn comepxkar F'S—BekTopbl B cucreme ()3, HO
MMOCKOJIBKY HaJ, BEKTOPaMU TaOJHIBI OY/IyT BBIMOIHATHCS IPE0OPA30BaHUsl, KOTOPHIE BBIBOISAT
3a YKas3aHHYI0 CHUCTEMY W YKJAJIBIBAIOTCS B cHCTeMy (o, TO aHagm3 OyaerT kacarbcs FS—
BEKTOPOB B cucTeMe (Js.

[Ipu ananm3e Beaymiero crojbdna (pukcupyeM OJWH U3 IIECTH BO3MOYKHBIX HCXOJIOB, 3a-
BHUCAIIHUX OT MEpPeYHs MPOIYKIUi, COCTABISIONUX STOT cTos0en. [IpoBepka Jo/KHA OCyTIe-
CTBJATHCS B YKa3aHHOI HUKe TOCIeI0BATETbHOCTH JI0 TIEPBOTO OTBeTa “/1a” Ha BOIIPOCHI:

COIEpXUTCHA JIM B BenymeM CToybie Cc HoMepoM K

1) xorst GBI IO OHO¥ KJIETKE €

a a T;

) T
)7_' u T;
)

(=)

u T
)T u T

B

2) TOJIBKO KJIETKHU C
a) T n T;
6) T;
3) TOJBKO KJIETKHU €
a) T u T%
6) T%;
4) xoTs OBl OJJHA KJIeTKA C

a) 7, HO mMerorcs Kjaerku ¢ 1% wmm () M;
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IPU 9TOM B MOAUCXOJaX &) u 6) MOryT ObITh WIH He ObITh NpoayKunu 71’

5) xoTs1 ObI OJJHA KJIETKA C

a) 7, HO mMmerorca Kiaerku ¢ T wan (u) M;
6) T;
IPH 9TOM B MOJUCXOAAX a) U 6) MOryT OBITh WK He ObITH TpoxyKunu 1™*;

6) BO BCEX KJI€TKAX

a) UMEIOTCsl TOJIBKO TpopyKiun M

6) He MMeeT MeCTO HU OJIMH U3 MPEIbIYIUX UCXOJO0B H TOUCXOJIOB.

Pesyabrarer ananmsa (Homepa ucxonoB) sanuchiBaiorcss B 1T ciayxkebHyIO ¢TpOKY,
ecsim 9T0T HOMep He 6. B Tom cayuae, korja umeercst ucxon 6 a) 8 IIT  ciykebHyIO ¢TPOKY
sanuceiBaeM M, aBcaydae 6 6) samuceiBaem T wiam T*  (cTporo roBopsi, BEIOOD sIBJISIETCSI
IPOU3BOJILHBIM, HO CJIEJyeT ero yKa3arTh B aJlOPUTME).

[Tepes Tem Kak mepeiiTi K aHAIN3Y BEIYIIEro ¢Tos0na ¢ HoMepoM k — 1 (K Takomy aHa-
JIM3Y MEePEeXOJUM JIHIIb B TOM CJIydae, KOrJa HOMep MCXO/a /s k—To cTosiona Gobiie 3), mpo-
U3BEIEM Pa3bUBKY TaGIHIBI, YCIOBHO HCKJIOUUB U3 HEE CTPOKH (CTPOKA CUUTAETCS YCJIOBHO
UCKTIOYEHHON, €CTM B OTBEJIEHHOM C TPABOl CTOPOHBI TAOJHIBI CIYKEeOHOM CTOJIOIE MPOTUB
Heé yKaszaH HOMep Bejaymiero crosbna u3 I ciaykeGHOIT ¢TPOKH) B COOTBETCTBHU C HOMEDPOM
HCX0/Ia, & MMEHHO, /IS HUCXO/I0B C HOMEPOM:

4) MCKJIIOYAIOTCS CTPOKH ¢ mpoayKuusvMu 7 u T,
5) MCKIII0YAIOTCSl CTPOKU ¢ NpojyKuusimu 7 u 1™,

6) B ciaydae a) HUKAKUX CTPOK He MCKJIOYAETCsl, a B CIydae 0) MCKIIOYAIOTCS CTPOKH C TOM
OpOLyKIHeil, KoTopas BLIOpaHa B CIyKeOHOI CTPOKe, COOTBETCTBYIONIEH 3TOMY HCXOJLY.

O6pamiaeM BHUMAaHHE, 9TO B EPeYHE UCXOJ0B UMEIOTCS JIUTEPHI, HO B CJIY2KeOHOH CTPO-
ke ITI 5Ty nuTepbl MOTYT JHUINL IOAPA3yMEBATLCS, HO OHH HE YKA3LIBAIOTCS, 9TO HE MOXKET
OPHUBECTH HA K KAKHM HEJOPA3yMEHHAM.

Anasu3 HaunHaeTcs co croabua ¢ HomepoMm n—1, a 3aKaHunBaeTCst (MM IPEPHIBAETCS ) 110
JOCTHZKEHHIO CTOJIONA ¢ HOMEPOM UCX0/a 2) min 3), KOT/Ia UMEeTCsl BHIIOJHUMOCTh PENIaeMOit
3agaun. B ciaydae Bbixoga Ha uexox 1) HaJ mapoil COrIACOBAHHBIX BEKTOPOB, 00ECIEUUBIINHE
ucxos 1), BeinosHsieTcst npeobpa3oBanue, KOTOPOe MPUBOJIUT:

1) 60 K mepexojy Ha CTOJGel, PACIOJOKEeHHbIN TTpaBee BeIyIero, i ¢ KOTOPOro Mpo-
JIOJIZKACTCA AHAJIH3;

2) 60 K oneparopy (v), 03HaYaOIuii TpoTuBOpednBocTh 3aga4uu BBIIL, npeacrasien-
HOII B TabJuIe.

B ciydae BBIIOJHUMOCTH BBITIOJHSAONMA HAOOp (Habopwl) crpoutcs (crpositest) mo ITI
ca1yKe6GHOil ¢TpoKe, HO MOAPOOHOCTH B aJIrOPUTME HUZKE.

VYupouéunsrii anamu3. Takoil anamus coBoajaer ¢ o6muM (U3JI0KEHHBIM BBIIIE) TI0-
9TH BO BCEM, HO €T0 YIPOMIEHHOCTH JOCTUTAETCS 3a CIET TOTO, 9YTO B HEM HAKJIAIBIBAIOTCS JTBA
JIOMOJIHUTEILHBIX TpeboBanus. [lepBoe TpeboBaHme OTHOCHTCS K UCXOMHONM Tab/uIe 3a1adn
BBIII: crpoku B ucxoanoit Tabuie J0IKHBI CJIeIOBAaTh OJHA 3a JIPYTOi B MOPsIAKe HEyObIBa-
HUs UX JUIHHBL. Bropoe TpeboBaHme: Te H0TMOJTHUTEIbHbIE BEKTOPHI, KOTOPHIE OY/LyT MOy YaThCs
B pe3yJibTare HeKOTOPOil BHIKJIAIKU, TUKTYEMOil aJropUuTMOM, JIOJIZKHBI BHOCUTHCST B JIOTOJIHE-
HU€e K MCXOIHON Tab/uie. A 970 3HAYUT, 9TO B aHAIN3E MUCXOMAHONH TaOJINIBI CJIeIyeT HCXOANTH
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u3 Toro, uro F'S—BekTophl 3amanbl B cucreme npoayknmii (3. Ilocsiennee o3nadaer, 9To me-
pedeHb U3 mMeCTu BO3MO2KHbBIX MCXOJ0B B O6meM aHaJIn3€ COXpaHdeTCd, HO U3 CaMHUX IIYHKTOB
nepedHs JOKHO OBITH HCKIIOYEHO yoMuHanne o npoaykuusx T u T*, To ecth B ucxomax 1),
4) u 5) coxpaHsieTcsl JIUIIb MYHKT a), UCXobl 2), 3) u 6) octaorcs 6e3 M3MeHeHus.

§ 6. Amaroputm penienusd 3anadu BbIII

Huzke Gyem roBopuTh: Tabuuna BhimosHIMa (Koraa 3anucannas B Heii KH® nveer BbI-
MOJIHSAIONIIE HAOOPHI) WK Tabauia mpoTuBopednsa (ecyu nporuBopeunsa KH®, npeacrasiien-
Hag B Tabsurne, To ecthb KH® He mMeeT BBIMOJHAOINX HAGOPOB).

Croco0, ycTaHaBIUBAIONINI BRIMTOJTHUMOCTD TAOIUIILI WA €€ TPOTHBOPEUYNBOCTD, & B CITY-
Yae BBIMOJHAMOCTH, MO3BOJISIIONINIT TOCTPOUTH BBHITOJHAIONMHA HA60p (X0Ts Obl OuH), Oyaem
Ha3bIBATH ajaroputMom perntenns 3aauun BBIIT win kopode: asropurmom BBITI.

Cdhopmynupyem ocuoBuble myHkThl ajroputvma BBITI, 3arem mosicHuMm ux u npoOWJLIIO-
CTPUPYEM TPUMEPAMHU.

I. Bekropnl B tabaune BBIIT gojik#abl ObITH OTCOPTUPOBAHBI B COOTBETCTBUU € MEPBBIM
TpeboBaHUEM YIPOIIEHHOIO aHAIU3A.

II. BoimoHsiercst i—blii BapuaHT aHaan3a (HauuHas ¢ ¢ = 1), B pe3yJbTare KOTOPOTO
YCJIOBHO UCKJIIOYAIOTCS (3aIUCHI0 yKasareseii) cToJOUbl (CIpaBa HAJIEBO) W HEKOTODBIE W3
HEUCKTIOYEHHBIX CTPOK, OTBEYAIONINe BHIOPAHHBIM YKA3aTeIsIM CTOJIOMA.

III. Ecnm w1t BapumaHT aHann3a NpuBesT K UCXOAY 1, TO CTPOUM JOTMOJTHATETbHBIE BEKTO-
Pl (BEKTOPBI MOJIyYa0T HOMEPA CO IITPUXOM H 3aIUCHIBAIOTCS IO/ 9ePTOil OCHOBHOMN TaGJIHIIbI,
cocTaBJIsist €€ JOTOJIHEeHNe) W mepexo M K (i + 1)-oMy BapuaHTy, ecjid 3T0 TOJBKO BO3MOKHO,
nHAYe aHAIN3 3aKOHYEH.

IV. Ecan i—wiit BapuanT anajan3a TPUBEJT K UCXOAY 2 Wid 3, TO TaOJIUIA BBHIIOJTHUMA U
BBITIOJTHSIIOIIAsT KOHbIOHKIH (1in Habop) crpoutcst no IIT cayke6HOl ¢TpoKe i—T0 BapuaHTA.

Tenepb HEKOTOpBIE TOSICHEHUS.

TpeboBanme, 9TOOBI BEKTOPHI B HCXOAHOM TaOIUIE CJIEIOBAIN B TOPSIKe HEYObIBAHUA UX
JUTHHBI, TPOJUKTOBAHBI CTPEMJIEHHEM JIETKO W OBLICTPO HAXOAUTH COOTBETCTBYIONINE HCXOIbI,
OTIpeIeIEHHBIE CTpaTerueil aHaJan3a u yCJI0BHOTO UCKIoUeHnsd. CTparerns »Ke TpUHATA TaKasd
(oHa Mora GBITH U JAPYTOii) U COCTOUT U3 CJIEAYIOMINX JBYX TpeOOBaHUIL.

1) Ilpunopurer Ha TpoYTEHHE NPU AHAJIN3E UMEIT BEKTODHI JOTOJHEHWs, IPUIEM CHU-
3y BBEPX, & €CJAU TaKOe UYTEeHHe K OMPEJe/JeHUI0 MCXO0Ja He TPUBEJIO, TO WJAET JaJibHeiiree
YTEeHNEe CBePXY BHU3 MCXOAHON Tabsmibl. V3 ckaszaHHOTO Cjieayer, 94ToO MO MCXOIHOI Tad/uIe
OyIyT OmpenensaThcsd HOMepa UCXOJ0B MOKA JIOTIOTHEHUS Yy TaOIUIbI HEeT, W OHO €CTh, HO €r0
BEKTODBI YCJIOBHO UCKTIOYEHBI.

2) B BapmanTax aHaamsa Jisg caydas ucxoja 66 HajaraeM Takoe TpeOOBaHHe: yKa3a-
TeJIb JOJIZKeH OBITh TaKUM, YTOOBI OH HE MPUBOIAMI (JIs JOTIOJHEHHs TAOJUIbI) U TTPHBO/IHLI
(1UTst MCXOTHOM TAabJINIBI) K YCJIOBHOMY WMCKJIIOYEHHUIO TEPBOTO M3 YCJIOBHO HEMCKJIIOYEHHBIX
BEKTOPOB.

st Toro, 9TOOBI MOYKHO OBIJIO CTPOUTH JIOTIOJIHUTE/IFHBIE BEKTOPBI, KOT/A i—biil BAPUAHT
aHaJIM3a MPUBE K MCXOLY 1, CIeIyeT NMeTh HEKOTOPOe KOJIMIEeCTBO BEKTOPOB, TOMEYEHHBIX B
cJyzKeOHOM cTOJI0Ie yKa3aTeasiMu co 3Be31049Koi. [Ipn Kark10oM BbIX0/Ie B BEAYIIEM CTOJIOIE
k ma nexom 4 w5 MepBbIil U3 MPOYUTAHHBIX BEKTOPOB ¢ HAYAJIOM T WJIH T CJIEIyeT TOMeTHTD
ykazaresem k*. Kpome Toro, mepsas (B MOpsiIKe UT€HHsI) Mapa COLIACOBAHHBIX BEKTOPOB,
NPUBEIIIAsA K UCXOLY 1, JIOMKHA TOJYUATH YKA3ATEJN CO 3BE3M0UKOIl (3aMeTuM, 4T0 BEKTOPDI
TAKOH Mapbl MOIYT OBITh U U3 PA3HBIX YACTeil TAGIUIbI).

[TocTpoum moc/Ie/10BATEIBHOCTD TIAP, KAaZK1asi U3 KOTOPHIX B PE30JIONNN TACT HAM JIOTIO/I-
HUTE/ILHBI BEKTOP, KOTOPBIH MOYKET COCTABUTH COTVIACOBAHHYIO MAPY C BEKTOPOM, MMEIOIINM
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yKazareJsb cO 3BE3/109KOi 1 Tak jajiee. Ha1 3TuMu 10MOJTHUTEILHBIMU PE30JIIOIMOHHBIMA BEK-
TOpaMH JOJIZKHA OBITH OCYIIECTBIEHA MponoJKa (BekTop A “mpomanbiBaer” BekTop B, eciu
KOH'BIOHKI[HsT BEKTOPOB A 1 B 1aét BekTOp A), ecjii TakoBasi BO3MOKHA.

OcTaBimuecs 1oc/e IPONOJIKI PE30JIIOIUOHHBIE BEKTOPHI MOJYYAI0T HOMepa €O IMTpPHUXa-
MH U Pa3MEIATCs B JIONOTHeHHe TaOIUIbI 0 YOBIBAHUIO UX JIIHHBL (Ge3 TepecTaHOBKU Tex
BEKTOPOB, KOTOPbIE YK€ 3alUCAHBI B JOTNOJHEHHEe TabIHIbI).

Hazopém Tabiuiy c¢ gomonHenneM HaaTabJIAIIeH.

[Tox sxkBuBasenTHOCTHIO TaOaunbl 3ajgaun BBIII Oyjgem nonuMarh Takue TabJIMIBI, KO-
TOphIe UMEIOT OJIHU U T€ YK€ BBITTOJIHAIONNE HAOOPHI.

JIlemma 3. Vcxomuas Tabanma u HaITaOJINIa — SKBUBAJICHTHEL.
OTa JieMMa BepHa, TaK KakK OHa €CTh IIPOCTOE CJIEJICTBHE JIEMMBI 2.

Nimoctpanueit k yxke paccMorpenubiM myaktam [ — IIT anropurtva mMoxkeT CiIyKuTh
tabsmia 1 ¢ BeiKIagKamMu B Tabaune 2 (rjae croabipl B, H,3 YKa3blBAIOT COOTBETCTBEHHO Ha
BADHAHT, HOMED BEKTODA ¥ 3HAK MPOTUB BEKTOPA PE3OJIIONNH, YKAa3bIBaOMuii (+) Ha mepeHoc
ero B jionoHenne Tabauibl u (-), ecan oH nponosotr). CaenaeM HEKOTOPBIE TIOSICHEHNUS.

Vexonnas tabiuna — 3TO BEKTOPBI ¢ HoMepamu 1 — 18, a BekTopsl 1’ — 12/ cyrh jgomo-
Henug. CTporo roBopsi, HeOOXOJAUMOCTH B HyMepallud HeT, HO OHA BBINOJIHEHA I y100CTBa
NOACHEHUMN.

Bapuanter anasmza: 1 — 10. 3amerum, aro dpakTudeckn HEOOXOIUMBI CIyKeOHasi CTPO-
ka III u ciayxkeOubIl cTOIOEN B OJHOM SK3EMILISPE, HO JJIs 9TOr0 HEOOXOJIUMO CTHPATh U
3aIMCHhIBATH, YTO U JOJKHO BBINIOJHITHCS B MaMATH KOMIBIOTEpa, HO HAa OymMare — 3TO TPO-
0J1eMaTHIHO.

B nepsom Bapuante ykazarenu B IIT ciyxkeOHOl cTpoKe (B COOTBETCTBUE ¢ TPeOOBAHNUS-
ME TYHKTOB 1 1 2 ¢hOpMyIMpOBAHHOI BBIIIE CTpATEruu) NPOJUKTOBAHBI cTpokamu 1, 3, 4, 10,
6, 16 u 17. Ykazareau ctpok 6, 16 u 17 mosyunin *, 9410 NPUBEIO K BBIKJIAIKaM (CM. TabJ1.2),
pe3yJIbTaT KOTOPHIX — Pe30JIIOIMHOHHBIE BeKTOPL 1’ 1 2/, nepenecénuble B JI0IOTHEHTE Ta0IH-
upl. Bektop 2/ ykaspiBaer Ha TO, 9TO BO BTOPOM BapHaHTE NPOJOJIKEHHE AHAIM3a JOJKHO
HA4YaThCst €O 2-T0 croJba (10 2-T0 cToabIa aHAIN3 BTOPOr0 BapHAHTA COBIAJIAET C MEPBHIM).
Takum o6pasom, crpoku 2',6,10 u 11 mpoaukToBa N yKasaTeau BTOPOrO BapuaHTa (BCe 3TH
CTPOKH MOMeYeHBl yKa3aTeJsiMi CO *). Pe3ybTar BHIK/IAI0K: PE30JIIONHOHHBIE BEKTOPHI 3’ 1
4"

JlanbHeiiniee J012KHO OBITH TOHATHO U3 MPEACTAaBIEHHBIX BBHIKIaI0K. OOpaTuM JIUIIh BHHA-
MaHWe Ha TO, YTO Ha MPOIOJIKY JIOMKEeH MPOBEPATHCA KarK/IbIil 13 BEKTOPOB JIOMOJTHEHHS, YIa-
CTBYIOIIUX B BBIKJIAIKAX BapuanTa (M. BapuanTsl 3, 6 u 8). 1, HAKOHEIl, BEKTOPBI, MOJTY YUBIITe
B JIECATOM BapHaHTe YKa3aTeId CO *, TO ecThb ¢ HoMepamu 17,13,12',3',1,11’,9" B pesyabrare
pesostonuii garor BekTop (0), o3HaUaOMmKii: TAbJUIIA TTPOTHBOPEYNBA.

Tenepn cocpenorounmest na nyukre IV ajropurma.

[To IIT coay»ke6GHOl cTpOKe, HAYWHATOMIEHCsT ¢ MCXOIOB 2) WK 3) W 3aM0THEHHOI CHMBOJIA-
mu w3 MHOKecTBa {4, 5, T, T*, M}, cTpouTcsi BEKTOD, COMOCTABIIsIS EPEYNCIEHHBIM CHMBOJIAM
HavYaIbHBIE MPOAYKIUA T U T U npoaykmun 17, T w M Tak:

2, 3, 4, 5 T, T, M

(20)
7, 7, T T, T, T, M
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Tabauma 2
B| H |0 1 2 3 4 5 3
17| 7| T | T
16 | 7| T T* T*
1’ T T | T* ™ | +
6 T T | T
2/ FAT*| T | T | +
2|11 | 7 T T
10 | 7 T* T
3 T T +
2! T\ T | T
4 T | T | T | +
3| 5 T T T*
4 T T T
5 T T | +
4 T | T |T*| —
6’ T | +
4112 | 7 T T
9 T T | T
7 T | T | T +
5116 | 7| T T* T*
9 T T | T
8 T T | T* | T* | +
6| 14 | 7| T* T*
9 | T T | T*
T T | T*
8 T T |\ T* | T* | —
T |\ T | T | —
5 T T | —
T | T | —
6’ FT* | -
9 T |+
T 7 T |T* | T*
2 T T | T
10’ T | T T | +
81| 3 T | T | T*
2 T T | T
AT | T | -
10’ T | T | T | —
11 T | T |+
9| 8|7 |T*| T | T
13 | 7 T T
12 T T | T +

16

[TocTpoenHbIit TAKUM 00pPa30M BEKTOP sSIBJISETCS BEKTOPOM HCKOMOW JTU3BIOHKINU. Bek-
TOpP KOHBIOHKINH, BRITOJHUMBIH Ha TaOauie BBIII, MoXKHO MOJYYUTh U3 HCKOMOTO BEKTOPA
JU3BIOHKIIUN B Pe3y/IbTaTe HHBEPTUPOBAHUSA MOCJEIHEr0, TO €CTh B Pe3yJibTaTe HHBEPTHPOBA-
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HUsI BCEX NPOJYKINIT BEKTOpa MCKOMON I3 bIOHKIMN, Kpome npoaykmun M (cm. Teopemy 1).
DTOT BEKTOP KOHBIOHKIINY U JAET BBITOIHSIONINE HAOOPHI.

Pazymeercsi, uTo BeinostHsIonme Habopbl MOYXKHO CTpOUTh U HenocpeacTsenno 1o ITT ciry-
Ke6Hoil cTpoKe Tak: mom06mo (20) comoctasuM mpoayKuuam 2,4 u T cuMBoa §, a IpoayKImmsam
3,5 u T* — cumson . Paspsanst B II1 ciyxke6HON cTpOKe JieBee UCXOJ0B 2) U 3) U 3aHATHIE
npojaykiueit M (mycTb uMeercs ¢ TAKUX Pa3psIOB) ABJISIOTCS HE3ABUCHMBIMU M MOITOMY UM
MOTYT COTIOCTAaBIAThCA Kak 0, Tak 1 6 (3T0 JaéT He oamH, a 2! BEITIOTHAOMAX HAGOPOB).

CkazaHHOe B JIByX MOCJIEIHUX ab3anax siBIsSeTcst MPsSMbIM CIeACTBHeM onpenesnenuii (1)
u (2), KOTOpHIMU 1 00YCJIOBJIEHBI CAMH HCXOJIbI, ONPeIeJEHHbIe B 5.

MokHO MOHATH, YTO BEPHO Jlazke HoJIbIIee.

Jlemma 4. Te nabopbl, Ha KOTOPBIX BHIMOJHEHBI BEKTOPbHI KOHBIOHKIIUHU, SABJISIIOTCS Ha-
OopaMu, TOJBKO HA KOTOPBIX HE BHIMOJHEHBI NCKOMbIE BEKTOPBI JU3bIOHKIIUH.

Jlemma 5. Eciii BeKTOpOM MCKOMO# JIM3BIOHKIIUU TIOMOJTHUTEL TAOJIUILY ¥ TPOJIOJIKHUTD
HOWCK BBITIOJHSIONMX HAOOPOB, TO OO HaiiIéM HOBBIE BBINOJIHSIONINE HAOOPHI (ecan OHU
€CTh), JIUOO TOJIyYUM TIPOTHBOPEYNBYIO Tab/IHILY.

Jlns miumiocTpanun K ckazannomy B nynkte [V ajnropurva paccmorpum Tadauny 3 ¢
BBIKJIAJKaMu B Tabsute 4.

[lepBolii BapuanT ananamsa B TaOJIuIE 3 MOSICHEHWIT He TpeOyeT, MOCKOIbKY OH 3aKaH4U-
BaeTCs UCXOJOM 1 M aHAJOTHYEH YK€ PACCMOTDEHHBIM BbIe, B Tabsuie 1. Bropoii BapmanT
AHAJIN3a 3aKAHYUBAETCS MCXOJIOM 3, TIO9TOMY Jle/laeM 3aKJII0UYeHne: TaOIUIa BBHITTOTHIMA.

VckoMBblii BeKTOp JAU3BIOHKINH, HocTpoeHHblt 1o III cioy:keOHONH CTpoKe BTOPOTO
BapuanTta, TakoB: (TTT*T*T*T*) u BHINOJHIIOMUM BEKTOPOM KOHBIOHKIIUH SIBJISIETCST
(rTT*T*T*T*). Bemosustonmit nadop: (000000 ). K tabrunam 3 u 4 sepuémcst Huske.

§ 7. CynepnpuBenenue 3amaun BbITI

Bynem nasweiBare Tabsuny 3amauun BBIII cynepupusenénnoit B cucrteme mpomaykmmii (),
ecyi TabJinna mpeobpa3oBaHa B cucTeMe () Tak, 9TO B HEil He HAIJIETCS HU OJ[HA TTaPa BEKTOPOB,
KOTOpast B pe3yJibTaTe aHajn3a jgaBaja Obl ucxosn 1.

W3 sToro onpeenienus ciaeayer, uro ecsu 3ajgada BBIII nporuBopeunsa, To pe3yabraToMm
CYTePIpPUBEIEHNsT BCErIa Oy/IeT BBIPOXK/IEHHAs Tab/IuIa, COCTOSAMAsA U3 OJHOTO BeKTopa (f).
Ecnn ke Tabiuiia He TPOTHBOPEYNBA, TO PE3YJIHTATOM €€ CylmepnpuBeeHus OypeT TadbIuia, u3
KOTOPOil BBITIOJTHAIONINN BEKTOP Oy/IeT M3BIEKATHCA 3a JUHEiHOe BpeMs OT pa3Mepa TaOJIHIIH.

[Tpumep cynepupuBeéHHOil Tabaubl — 910 Tabauna 3 (UCXoaHas U3 BeKTOpoB 1 — 24)
¢ nonosrennem 1" — 9’ (6e3 nponosorsix BekTopos 4’ u 5').

3ameuanune 1. Tabymia 5, cojeprkaiinas JIMIIbL HEKOTOPbIE U3 BEKTOPOB TaOJUIBI 3,
SIBJISIETCS TOYKE CYNEPIPUBEIEHHON TaOIUIEil, SKBUBAJEHTHON NCXOHOI Tabuie 3.

Tenepb ocranHoBUMCsT HA TOM, KakK IOJIydYeHa CyNepIpUBeIEHHAs TaOJUIA 3, a 3aTeM |
TabJINIA D.

Ha BapuanTe 2 octaHOBH/INCH B §6, TaK KaK B 9TOM BapHaHTe MPUIILIN K BBHIBOLY O TOM,
4qTo TabHuIa 3 BhimoHUMa. Ho ecim 661 moTpeboBaIoCh y3HAThH, MMEIOTCS JI €IT€ BHITOTHSIIO-
e KOHbIOHKIINN, MOYKHO OBLTO ObI TPUMEHHUTD JiemMMy 5. [IpuMeHnenne jieMMbl 5 TpUBEIO OB
K BBIKJIAJKEe, B KOTOPOIi, KpOMe UCKOMOTO BEKTOpa U3 BIOHKIINU, TOTPEOOBATICH OBl BEKTOPHI
15, 7, 3 u 1', a pesyabTaroM Obl SBUJICS PE3OJIONUOHHBIN BekTOp (74 T*), 03HAUAIONM, YTO
aHaJIN3 B TPETheM BapHaHTe CJeAyeT IPOIOIKUTEL CO CTOIONA 4.
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Buaumarenbroe HaO/1101€HIE TTO3BOJIAIO OBl HAM 3aMETHTh, 9TO U 6€3 YKa3aHHOW BBIKJIAI-
KU MOYKHO OOOUTHCH: CJIEJIyeT MPOCTO BEPHYTHCS B MEPBOil C/IeBa HAIPABO CTOJIOEI BETBJIEHUS
(cronbriom “eemenenus” Ha3BaH CTOJNOEI, B KOTOPOM MMEET MeCTO BBIOOD yKasareJis 10 HC-
X0y 66) B COOTBETCTBHU C HAJOKEHHBIM BBIIIEe TPEOOBAHUEM) M TaM 3aMEHUTH yKazareab T
(mrmm T*) na ykazatenb 5 (nin 4) U IPOJOIKATD AHATHS.

Te cTpoku, KOTOpbIe ONpPEIeTUIN BBIXOJ HAa UCXOJ 2 WIH 3, JOJKHBI ObITh 3a(pUKCHPO-
BaHbl. PUKcAIS CTPOK, MOJYIHBIINX YKA3aTeJH CO 3BE30UKON B BapHaHTax 2 WA 3, OCYIIle-
CTBJIEHA B JIOTIOJHUTEJLHOM CJIyzKeOHOM cTosione S (3BE310UKaMK, YKa3aHHBIMA B HEM).

B mamewm ciryuae BapuanTsl 2, 4 u 7 NpUBEIN K 3BE310UYKE B CTOJI0OIE S /1T BCEX BEKTOPOB,
kpome BekTopa 9. TeM He MeHee, IPOTUB HEro yKas3aHa 3BE3704YKa M BOT 1o4emy. Eciu Obl
BekTOp 9 ObLT yzKe B Tabunne K Havya/y BapuaHTa 7, TO B CTO/I0LE 2 BapuaHTa 7 MMeJH Obl
UCXOJ 5, NPOJUKTOBAHHBIA UMEHHO BeKTOPOM 9, KOTOpPBIil 1 ObLI OB OTMEUYEH YKA3aTeIeM CO
3BE3/I0YKOI.

CoBepIleHHo sICHO, UTO YKa3aHHOE ABIeHNe HMeeT OOIIuii XapaKkTep U J0JKHO OBITH YTOU-
HEHO TaK.

3ameuanue 2. Eciu pe3yabTupyONnii pe3oI0IuOHHBIT BEKTOP UMeeT Hadasio B CTOJIO-
IIe ¢ YUCJTOBBIM YKa3aTeseM, TO TaKOi BEKTOp JI0zKeH OBITh ToOMedeH 3BE3I0UKOi B cTo1011e S.

Bce u TOJIBKO Te BEKTOPBI, KOTOPHIE MOMEYEHBI B CTOJIOIE S 3BE30YKOI, COCTABJISIIOT
CyTepPIPUBEIEHHYI0 TaOJINILY, SKBUBAJIEHTHYIO UCXO/IHOM.

BekTop HazbiBaeTcs JIMIITHUM B TaOJIUIE, €CJIH €r0 MOYKHO U3 TabJIMILI UCKJIIOYUTH 0€3
HapYIIEeHUST SKBUBAJIEHTHOCTH.

BekTopsl, He mnoJiyauBime B pe3yJbTaTe CYNepHpPUBEIeHNs 110 YKA3aHHOMY aJITOPUTMY
3BE30YKH, SBISIOTCS JUIMMHUMHA. Pe3ynbTar yjgaleHus JUITHUX BEKTOPOB U3 TaOIUIBI 3 —
9TO TabuIa 5.

Kpowme cynepnpuBeéHHON TaOJIUIBI 5 UMEIOTCA U JIPYTHE CYNepIpUBeIEHHbIE TaOIUAIBI,
KOTOpPBIe SKBUBaIEHTHBI Tabuie 3. TaKoBBIMU ABSIOTCS, HanpuMep, Tabsuinl 6 u 7. Tadau-
na 6 oryimyaeTcst OT TabJINILI 5 TE€M, YTO y HeE HEKOTOpPhle BEKTOPHI MMEIOT MEHbBIN paHT, a
B Tabuuie 7 (mo cpaBHeHuIo ¢ Tabuauieii 6) nAeT najabHeiinee yMeHbIIeHne He TOJbKO DAHTOB
HEKOTOPHIX BEKTOPOB, HO YMEHBINAETCsSI U YHCJI0 BEKTOPOB.

Paccmorpum Te peryiisipabie npeoOpa3oBaHusi, KOTOPble TPUBOJAT OT TaOJIHUIBI 5 K Ta-
Onume 6, a 3aTeM u K Tabsauie 7.

B Tabnunax 8 — 10 mpejacTaBiaeHbl BeKTOPHI U3 1-T0, 2-T0 U 3-TO BapHaHTOB, HOJIYYHB-
IIUX B pe3ysbTaTe aHAIM3a yKasaTeau CO 3BE3J0UYKOil. BeKTOpbl KakI0if M3 TakuxX TaOJIUIL
BCeT/Ia COIVIACOBAHBI, a MTOITOMY HaJl HIMH MOYKHO BBITIOJTHATH KOHBIOHKITHOHHYIO PE30JTIOIHIIO.
B tabnunax pezostonuu 1°, 2° u 3° 3aHUMAIOT Pe3YJIBTHPYIOIIHE CTPOKH.

Broinosnsisi KOHBIOHKIIMOHHBIE PE30JIIOINN, MOYKHO 3aMeTUTh, YTO €CJU B HEKOTOPOM
crosibie uveercst T (MJIH T ), TO COOTBETCTBYOIIHE TpoayKiun 1* (uau T') 3Toro ¢Tosibmna MoryT
OBITH 3aMeHeHbl HA M, 9TO He TPUBEIET K U3MEHEHUIO Pe3y/JIbTUPYIOMNUX BeKTOpoB 1°, 2° u 3°.
Do u nponsTocTpupoBano B Tabsanmax 11 — 13 (kotopsie coorBercTByoT Tabimmam 8 — 10).
Csenenne BeKTOpoB U3 Tabsui 11 — 13 B ogHy Tabauiy u Jaét tabaumy 6.

Jlanee 3amedaeM, uTO B TabuIe 6 BEKTOp 2 MPOIMAJbIBA€TCA BEKTOPOM 3, BEKTOPHI 14
u 15 B pesomonuu paot Bektop (MM MM M), kotopsiii nponansiBaer Bektop 11. Tak u3
tabyutpl 6 mosydaercs Tabdauna 7.

Sameuanme 3. Bce 3ammcn m BHIKJIAJKH HaJ BeKTOpaMu B Tabaunax 3 m 4, a Tak:Ke
BCe BEKTOPHI B Tabummax 5 — 7 3ammcaHbl B cucreme npoaykmnuii (J3. Pacmmpenne cucremsb
Q3 10 Q9 mo3BOssIeT Kaxkayo u3 tabsmn 8 — 10 (mam 11 — 13) 3aMeHHTH OJHUM BEKTOPOM, a
CBeJleHNe Pe3yJIbTUPYIONINX BEKTOPOB B OJHY Ta0UILy JaéT Tadbaumy 14 wanm jgake Tabuily
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15 (tabamma 15 nosxyvena n3 tabauupl 14: BeKTOp 4° €CTh pe3ysibTaT KOHBIOHKIMH BEKTOPOB

1° u 2°). Tabaune 14 n 15 9KBUBAJEHTHBI KayK10i 3 Tabuaun 5 — 7.

Tabauma 3

1*

0*

0*

2
3*
4*

0*

1

4

1*
3*
4*

0*

0*

3*

0*

3*

2*

1*

0*

2*

1*

2*

1*

0*

1

1*

1*

3*

3*

1*
2*

T*

T*

T*

T*

T*

T*

T*

T*

SV N

T\|T

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T\|T |T"

T*

T*

T*

10
11
12
13
14
15
16

17
18
19
20
21

22
23
24

1/

2/

3/

4/
5/
6/
7/
8/
9/




Taoauna 4 Tabauma 5
B|H |[0]1 2 3 4 5 3141 5 5 ) 3
1|6 T T | T* 3|15 4 4 4 T 2
5 T T | T* 3|15 4 4 |\ T* | T 1
Ik T Jlol1| 23] 4]35
8 T T | 5 5 | 4*
319 TIT| T 7 T T | 5 5 | 3*
7 T | T* T* 1 T T 4 | 3*| 4
2/ T T T* 3 T T |T* | 3| 4 5
2 T T | T* 2 T T |T*|2*| 4 5
3 T T | T* 3 T | T T 2 | 2| 5
9 T T T |3 | 3|2
5119 |7 | T T 7 T | T* T | 1* | 1* | 5
13 |7 T* T 6’ 7| T T 5 5 | 1*
4 T | T* T 11 |7 T | T | 0*| 4 5
4 T T T 14 |7 T T 5 5 | 0*
5 T | T T 15 | 7 T T 1 0 |0*| 5
619 |7 |T T
4|7 T T
6’ 7| T T
4’ T T T
T T T
5 T | T* T
7 T T
1 | T
8 T | T
8|17 | 7T T | T
13 |7 T* T
9 T | T T
Tabauma 6 Tabaumna 7
314155 5 5 3 314155 5 5 3
31544 4 T 2 31544 4 T 2
3|5 (414 |T*| T 1 3|5 (4|14 |T| T 1
/o123 4] 5 Jlo]1]|2[3] 4|35
8 T T | 5 5 | 4* 8 T T 5 5 | 4*
7 T T | 5 5 | 3* 7 T T 5 5 | 3*
1 T|T* 4 | 3*| 4 1 TI|T* 4 13| 4
3 T| T | T3] 4| 5 3 T T |T*| 3|45
2 T T |T*|2*]| 4 5 3 T T | 2* 2| 5
3 T T | 2 | 2| 5 9 T T 5 5 | 2*
9 T T 5 5 | 2* 7 T T | 1* | 1* | 5
7 T T | 1* | 1" | 5 6’ T T 5 5 | 1*
6’ T T | 5 5 | 1* 14" | 7 0* | 0*|0*
11 T |T*{0"| 4| 5
14 T | 5 5 | 0*
15 | 7 T 0 | 0" | 5

20
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Tabauma 8 Tabaumna 9 Tabauma 10
Jlo|1| 2|3 ]4]5 Jlo|1| 2|31 4]5 /1ol 12345
3/ | T| T 1’ | T 8 T
2 7 T | T* 3 7T T* 7! T T
7 T | T T* 7 | T T* 9’ | T T
11| 7 T | T* 15| 7 T* T* 6’ | T T
|7 |T|T|T*|T|T* 2 |7 | T|T|T*|T*|T* 14/ T T

e |r|\T*|T|T|T|T

Tabanma 11 Tabauma 12 Tabauma 13
Jlo|1]| 2|3 ]4]5 Jlo|1]| 2|31 4]5 /1ol 12345
3/ | T| T 1’ | T 8 T
2 7 T | T* 3 7 T* 7! T T
7 T T* 7 T T* 9’ T T
11| 7 T | T* 15| 7 T* 6’ 7 T
|7 |T|T|T*|T|T* 2 |7 | T|T|T*|T*|T* 14" | 1 T

e |r|\T*|T|T|T|T
Tabaumna 14 Tabaumna 15

31 5| 4| 4|54 3 3145|5515 2

31 5| 4| 4|T]| 4 2 35| 4ala|lM|T]1

3145 |5 |5 |T]1 Jlo|l 1|2 |3]4]5

/ol 1| 2]|3]|4]5 |- |T|\T | T |T|T)|5]|0
v \|\r| T |T|T*| T |T*| 5| 4|0* 4 |\ 7| T |T* | T* T* | 0* | 5
2 |\ r| T |T|T*|1T*|T*| 5 |0

|7 |T*| T | T | T |T1|0|5]|5

3ameuanue 4. Pa3zpépTka BeKTOPoB 3° u 4° u3 Tab UMbl 15, 3aIIMCAHHBIX B cHCTEME (),
B BEKTOPBI CUCTEMBI ()3, IPUBOAUT HAC K TabuIe 16, KoTopas mpore KaxKa10it u3 Tadaui H — 7,
XOTd U 9KBUBAJIEHTA WM.

3ameuanme 5. Eciin Tpebyercs 3ajannyio tabinuano KH® npesparuts B TabJIMIHyIO
JH® (1n3bioHKTHBHYI0 HOpMaJbHY0 (hOpMY), TO, KaK yzKe OTMeYaJoCh BbIIle, CIeLyeT IpH
Kazk10M BbIxojie Ha ucxol 2 uian 3 1o IIT ciy»kebHOoi cTpoKe CTPOUTh BEKTOP MCKOMOIO JIM3b-
IOHKTA. VIHBepTHpOBaHNe TAaKWX BEKTOPOB W CBejeHHe WX B Tabiniy (T/e Ha TepecevdeHuu
nepBoro croatma u I cay:keGHOl CTPOKH 3amucan 3HaK (|), YKA3HIBAONMINI Ha TH3HLIOHKTHBHOE
CO€JINHEHNE BEKTOPOB TAGJIHIBI) PellaeT TOCTABJICHHYIO 3a1a4Yy.

PesynabTar mpuMeHeHus 3aMedanus 5 K Tabsuie 3 (WM K SKBUBAJEHTHON eii Tabiiu-
1e) — 310 tabsuna 17 wiu 18.
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Tabaumna 16 Tabauma 17
314|555 |5 2 ol 1] 2|3 ]|4]s5
3|5 (4|4 | M| T 1 1|7 | T |T*|T*|T*|T*

Jloj1]2]3] 4] 35 27| T |T*|T*| T | T*
1 T T 5 | 4* 3|7 | T | T T T T
2 T T | 5|3

3 T T |5 |2* Tabauma 18

4 7 T |5 |1 llol 1| 23| 4]5
5|7 0* | 0 3 T | T | T | T | T
6 7 T | 3* | 5 4|7 | T |T*|T*| M |T*
7 T T [ 2| 5

8 T T | 1* | 5

CyuepnpuBeageHue npeodbpa3zoBaHueM TabJIuIL.

Ecau Bce Boimoasionme (1 HeBbImosHsttome) Habopsl oxHoil Tabanns KH® spisiiorces
COOTBETCTBEHHO HEBBINOIHSOMUMA (1 BHITOTHsIOMMME) HaGopamu japyroit tabauins KH®,
10 Takue Tabaunsl BBIII nasbiBaoTcsa B3anmMHBIMA.

Cdhopmynupyem ciieayroime TpsiMyo u OOPATHYO 3a/1a49H.

Ecnu g uexomnoit tabaunpst KH® noctponts B3anvuyio eit tadaniny KH®, a s
HOC/e/Hel JIBORCTBEHHYIO TabauIly (CM. ompejesieHne B KOHIE §3), To oHa Oyjer Tabauiei
JAH® g ucxonnoit tabiunsr KH® (em. gemmy 4 u3 §6).

Ecnu HeoOx0uMO pemuTh 00paTHYIO 33a4y, TO eCTh 3aJaHa TabjunaHo HekoTopas JJHP
u 15 Heé Tpedyercs noctpouth Tabanunyio KH®, To cienyer noctynarh Tak. isg Tabauib
JAH® crpoum asoiictBennyio tabaniyy KH®. JIa mocieaneit naxoanm B3anmuyio. Ona Oyter
tabauneir KH® mia 3azannoii JIH®.

Teneps 3amauy cyneprnpunegenust Tabanibl KH® MokHO paccMarpuBaTh KakK JBazK bl
peméHHyio 3aja4y Ha noctpoenue 3anMuoit Tabnisl KH®, To ecth pernenne cchopmyinpo-
BAHHBIX BBIIIE NMPAMOiT U oOparHoii 3a1a4 6e3 mepexona Kk JIH® u obpatnoit or Heé. Cam 3T0T
IpoIece MOXKeT paccMaTpuBaThesd Kak npuganue 3agadn BbBIII HekoTopoil cTpyKTyphI.

OJIHAKO CJIeIyeT 3aMeTUTh, YTO BO BCEX 3TUX (DOPMYTUPOBKAX (MpsiMas 3a1a4a, 00paTHast
3a/1aa, 3a/a9a CyIepIpuBe/IeHNs) OCHOBHOI (0 TPYIO0EMKOCTH) 3a1aueil sIBISeTcs: TMOCTPO-
enne 1uia 3amaHHoil Tabaunsl KH® B3anmuoii Tabauns KH®.

AnropuT™m perrenust TakKoi 3a1a49u OBLI 110 CYyTH PaccMOTpeH Bbimre. Hamgo ckasarh, 910
B TEOPETUIECKOM IJTaHe ITOT GA30BBII AJTOPUTM SIBJISIETCS] JJOCTATOUYHBIM (OIpobHEee 00 5TOM
B cleayoliem maparpade), HO B MPAKTHIECKOM ero MPHUMEHEeHHH MOTYT ObITh HCIOIh30BAHBI
HEKOTOPBIe MOAN(MUKAINN, HA KOTOPHIX OCTAHOBUMCS HUXKE U JarKe WX MPOUIIIOCTPUPYEM Ha,
rabaunax 19 — 22.

1. IlepecTarnoBka cTo0110B. B §5 ObL710 HaJIO2KEeHO TpeOOBaHKe HA CJIeIOBAaHUE CTPOK B
tabymre. OT 5TOro TpebOBaHUS B TEOPETHIECKOM ILTaHe MOYKHO OTKA3aThCs, OJHAKO HA MpaK-
THKe JIydIlle ero npujaepKuBarbcsd. [loka HUUero He yIOMHHAJIOCH O TMEPECTAHOBKE CTOJIOIOB,
OCKOJIBKY TEOPETHYECKH TO HUKAK He HUCIOJIb3yeTCs B 0A30BOM aJTOPUTMeE, HO B MpaKTUUe-
CKOM TMPUMEHEHUU AJTOPUTMa MOKHO CKa3aTbh, YTO JIydlle, 4YTOObI CTOJIOIbLI B TaOJIUIE CJie-
JIOBAJTM CJIeBA HAIMPABO MO HEYOBIBAHUIO MX PAHTa, a €IIé JIydlle — M0 HeyOBIBAHUIO YUCIA
E=Fr - Ep<, tune Er u Ep- 3TO COOTBETCTBEHHO 4HCJI0 Mpoaykuuii T (Bkitovas u 7) u
quesio npopykiuit T (BKiIovasi 7) B paccMaTpuBaeMoM CTOJIOIE.
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Tabaumna 20

Tabauma 19
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T*

T*

T*

T
T

SIS

T*

=

I

T |T*

T*

T*

T

T|T*

10

1/

1t

14

1/

2/

13

2*

3/

2+

16

12

4/

5/

11

6/

3*

2*

1*

1*

1*

2*

3*

1*
2
)
4

1*

2

4*

2*

5*

2*

4*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

T*

10
11
12
13

14
15
16
17

18
19
20
21

22
23
24
1/

2/

3/

4/

5/

Tabauna 19 nonydena u3 Tabaunbl 3 B pe3y/abTare MepecTaHOBKU

012345)

45130 2

(

cTOJIONOB, TaK Kak B TabJmie 3 ducao F nMmeer Takue 3HAUEHUS:



24

1 O] 1|2 |3 |4]5
Er | 616819415
Er- | 8| 7|7 |5]|5 |6

E |48 142 |56 | 45| 20| 30

2. Ilpumenenne jgemmbl 5. llcnonb3oBanue JieMMBl 5 JTa€T BO3MOXKHOCTb OTKA3aTh-
Csl OT JIONOJTHUTEJIHLHOTO CTOJIONA S, HO BCerja IpeJroiaraeT, YTo0 KpoMe HCXOIHON TaOTHIIbI
CTPOUTCA W B3auMHagA TaOJMIA: KAXKJIbII BBIXOJ HA MCXOJ 2 WU 3 BEJIET K MOCTPOEHHUIO UCKO-
MOTO JIN3BIOHKTA, KOTOPBI 3aHOCHTCS BO B3aMMHYIO Tabsnily (IpW 9TOM JIydilie MPOBEPHUTH,
HeJIb3s JIM HaJl HUM W KaKUM-HUOY/Ib W3 yzKe MMEIOIINXCs B TabJnIle BEKTOPOB BBITIOJHUTH
KOHBIOHKIMIO U T€M CaMbIM M3MEHHUTh OJMH W3 UMEIOIINXCS BEKTOPOB).

Boixon Ha uexoasl 2 u 3 B BapuanTax 2 u 5 B Tabaune 19 npusén x Bekropam 17 m 27,
KOTOpPHBIE U cocTaBuau Tabuiy 21, B3aumuyto Tadbaume 19, a ananuns Haj Tadbaumeit 21 mpuBén K
tabsnte 22, KoTopag B3auMHa TaOume 21. 3HaunuT, Tabauna 22 aBasIeTCs CYIeplIpuBeIEHHO
Jast Tabmiel 19.

Taoauma 21 Tabauma 22
3121324 2 3/514 5|55 2
2123 22|71 215 [ 4 [5|T |1
/o123 4|5 /1012|345
1+ | T | T |\T|T |5 |1*| |1" |7 |T|\T*| T |T|T]|5|0"
2N F|T|T*| T |T|T|0]|5 2t FLT|T|T|T|[1*| 5

3ameuanue 6. B Tabiuie 22 BBINOJIHEH aHAIN3 C OJHOM JIUIID EJIbI0: TOKA3aTh, YTO 110
ykazarenasaMm 111 ciaykeOHOI CTpOKH BapHaHTOB 1 U 2 CTPOSTCS TaKHe K€ MCKOMBbIe BEKTOPDI
NU3BIOHKINN, 9TO U 10 Tabaune 19 B BapuanTax 2 u 5.

Sameuanme 7. AHanmm3 u paccTaHOBKa yKasaTeseil B Tabaume 21 MOXKeT BBI3BATH HEKO-
TOpBbIE BOIPOCHI, ITIOCKOJIBKY COIVIACHO TOJIBKO UTO ¢HOPMYJIUPOBAHHOMY IIYHKTY 2 K 6230BOMY
AJITOPUTMY, CJEIOBAIO ObI C KazK/IBIM BBIXOJIOM Ha UCXO/I 2 MJIH 3 COCTABIATD JTONOTHUTE THHBII
BEKTOP, BHOCHTD €r0 B JOTOJIHEHHE TaOJIHUIIBI, MTOCTe Yero CJIeI0BATIO0 OBl TPOJIOIKUTH aAHAINS.
Ho rtakoit xoa paboThl, ecin ero AefiCTBUTENIBHO BBHITIOJIHUTD, MOKA3bIBAET, 9TO TaK CJeIyeT
MOCTYTaTh I MCXOA0B 2 WK 3, UMEIOIINX MOJANYHKT a. B ciy4dae noamnyHkra 0, Takue uc-
XOAbl 2 W 3 cJeayeTr CYATATh BHYTPEHHUMH, JIJIsi HUX HE BBITIOJHATH HUCKJIOYEHUE CTPOK M
MPOJI0JIKATh aHaJn3. Kpome TOro, nMpu MOCTPOEHNH BEKTOPOB MCKOMbBIX JIU3bIOHKIIUN CTaBUTH
B COOTBETCTBHE TAKHM BHYTPEHHHM mcxoiaM 2 u 3 npoaykmuu 1 u T*.

3. HonosiHenue Tabammbl W3 OJHOTO BEKTOpA. UHC/IO BEKTOPOB JOMOJIHEHHS IO
6a30BOMY AJITOPUTMY MOYKET OBITH JOCTATOYHO OOJBIIUM. OJTHAKO MOXKHO OOXOIUTHCS BCETO
JIIIBb OJHUM JOMOJHUATETbHBIM BEKTOPOM, KOTOPBI JIOMIZKEH NMPpH KazKJIOM BapHaHTe aHaIn3a
M3MEHSATHCS U BHIPOKIATHCS B KOHIIE KOHIOB B BeKTOD (f). Takoii JOmOoJIHUTEIbHBIN BEKTOD —
9TO pe3yJIbTAT KOHbIOHKIIMOHHON Pe30JTI0NNH HAJ BEKTOPAMH, MOJTYIUBIINME B 1—OM BapHaHTe
aHAJIN3a YKA3ATEIN CO *, MPEAbILY M JOTOJHUTEIHbHBIM BEKTOPOM U BEKTOPOM, TTOCTPOEHHBIM
no IIT ciyzkebnoit cTpoke B ciydae BbIXOJ/A Ha UCXO/ 2a wiu 3a.

AHanu3 1 BHIKJIAIKU ¢ OJHUM JIONOJTHUTEIHHBIM BEKTOPOM IIPEACTaBIeHBI B TabIuax 19
u 20, KOTOpbie BPsi/I JIM TPEOYIOT KaKue-anbo MOsiCHEHUs.
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4. CermenTannda Tabanibl. HazoséMm cermenTanmeil Tabanibl gejieHne eé Ha moaTad -
nbl. CMBICTT CerMEeHTAaIWK 3aK/JII0YaeTCsd B TOM, YTO CYNePIPUBEIEHNE MOYKHO BBITIOJIHATH Ha
KarkKJIOM M3 CeIMEHTOB, a 3aTe€M BBITIOJHUTH OKOHYATE/IHHOE CYNepPIPUBEIeHNE Ha BCEX BMECTE
B34TBIX CYNEPIPHUBEJIEHHBIX cerMeHTaX. [Ipobsiema Juiib B TOM, KaK MPAaBUILHO BBIIOJTHUATH
cermenTanuio. OIHAKO, eC/IH JJaxKe OTBET Ha 3TOT BONPOC He MOJIYUeH, BCE paBHO UMEIOTCS BO3-
MOKHOCTH MCIIOJIb30BaHHUS CeIMEHTAIlnd Ha YpoBHe (hopMUpOBaHUs OOIIEil 3a/1a4n U3 KJjacca
N P—tionubix (06 5T0OM TOApOOHEe HUZKE, B 3aKTIOUYECHNHN ).

31ech JUMIb OTMETHM, 9TO NMPH KazKIOM BapHaHTe aHAJIW3a MPOUCXOIUT BbIIEIECHUE CO-
[JIACOBAHHOTO CerMeHTa (CerMeHT HAa3bIBAETCsI CONJIACOBAHHBIM, €CJIM BEKTOPA 3TOTO CEerMeHTa
HOTNAPHO COTJIACOBAHbI), CYNePIPHBEIEHNEe KOTOPOTO BBHIMOJIHSETCsI B PE3yJIbTaTe TOMOTHEeHUST
JIONOJTHEHU ST TaOJIMITBI PE3OIIOIMHOHHBIMU BEKTOPAMHU, MOy YeHHBIMHI 110 BEKTOPaM COTJIACOBaH-
HOT'O CerMeHTa.

¢ 8. MUrorossiii aaroputMm u ero 3(¢peKTuBHOCTD

Hazosém urorosbiM choOpMy/IMpOBaHHBINA BbIE OAa30BbINH aJTOPUTM € MOJIU(DUKAIMSIMU,
0 KOTOPBIX WJIET pedb B KOHIIE NMPEJbIIyInero naparpada.

B sTom onpenenennn mmeercs JIOCTATOYHO CBOOOJIBI B TOM TLJIAHE, YTO MOJAM(DUKAINT K
6a30BOMY AJITOPUTMY MOTYT OBITH BBIIIOJHEHBI B PA3TMYHBIX KOHMDUTYPAIUSX, a T09TOMY (1151
ONPEJIEIEHHOCTH) BBIIEIUM OJHY (U3 PA3JUYHBIX BO3MOYKHBIX) KOH(DUTYDAIHMIO U TOJLKO €6
Oy/J1leM UMeTb BBHJIY, TOBOPsI 00 HTOTOBOM aJITOPUTME.

MTax, #TOroBbIi aarOpuTM IpeaIHasHAYeH /I MOCTpoeHus 1o 3aaanuoil Tabauine KH®
B3anMmuoii Tabimupl KH® (koropast, B ciydae TPOTHBOPEIMBOCTH UCXOTHON BBIPOXKIAETCS B
BexkToDp (0)).

NnntoctpupoBars Oyiaem Moandukamun Ha Tabsanie 23 ¢ BbIKJIaJIKaMu B Tabsuie 24.
AHnan3 u BBIKJIAIKU TIPUBO/ISITCST B TOM 00€Me, KOTOPBIi JJOCTATOYeH /1151 TOTO, YTOOBI OTPA3UTh
BCE CYIIIeCTBEHHOE.

Teneps chopmyrupyeMm TpebOBaHUA, KOTOPBIMHE JIONOTHIETCS OA30BBIH AJITOPUTM, YTOOBI
OH MPEBPATUICSI B UTOTOBBII.

1. CTonbiupl B UCXOAHOI TaOJUIE JOJKHBI CJI€/I0BaTh CJIeBa HAIPaBO 10 HEyOBIBAHUIO
unciaa E (onpenenenue gano B 1.1 §7).

B tabsnie 23 (ucxomnast cocrout u3 ¢rpok 1 — 40) nepecraBisith cTOJIOIBI He TpeOyeTcs,
MOCKOJIbKY 3Hadenus i F takosbl: 4, 20, 54, 56, 60, 64, 65, 80, 96, 99.

2. Boixoa na ucxon 2 wiam 3 TpedyeT MPUMEHEHHEe JIEMMbI D B IOJIHOM COOTBETCTBUU C
onmcanuem 1.2 §7.

B tabaune 23 BbIXOJA Ha UCXOJ 2 mpousoirés B Bapuante 4. OH HNPUBOJUT K UCKOMOMY
qusbioukty 11 (tTTT*T*TT*TTT).

3. Briiesienne MUHEMAJILHOTO COTJIACOBAHHOTO CETMEHTAa B Pe3y/IbTaTe OUepeIHOTO Bapu-
aHTa aHaJIN3a TaOJIUIILL.

4. Pe3ybTaThl pe30JIIOIUil HaJl BEKTOPAMU MUHUMAJIBHOTO COIJIACOBAHHOTO CErMEHTa 3a-
HOCSITCS B JIOTIO/IHeHEe TaOuibl. [Ipu 3TOM npoBepsieM: He MPONAJILIBAIOTCS JIU OJIHA BEKTOPbI
JAPYTUMH (€CJH Ja, TO MPONAJIBbIBAEM) W HeJb3sl JIM BBIMOJIHATH KOHBIOHKIUIO HAJ KAKHMU—
HUOY/Ib U3 OCTABIIUXCS MOCJIE MPOMOJIKU BEKTOPOB (€CJIH Ja, TO BHIMOJIHIEM KOHBLIOHKIIUIO).

Tenepsb nosiciuM TyHKTH 3 1 4. B pesynabrare ananmsa (KazKjaoro BapUAHTA), COTJIACHO
0a30BOMY aJTOPUTMY, P BEKTOPOB MOJIYYAIOT YKa3aTe u co *. VI3 3TuX BeKTOpOB U (HhoOpMH-
pyercqda COTJIACOBAHHBI CEeI'MEHT, XOTd He BCErJa BCE€ BEKTOPDLI, OTMEYCHHbIC *, BXOOAT B HETO.
KaKI/Ie BCKTOPBI, U3 OTMCYCHHDLIX *, BOI'_/'I,ZLYT B MUHUMAJIbHBIN COTJIaCOBAHHBINI CETMEHT, BbIsACHA-
€TCsl Ha dTale BBIYUCJIEHUs] PEe30JIIOINiA: Te U3 HUX, KOTOPhIe MOTPeOyIOTCs /s 00pa30BaHUsI
pe30JIIoNuil, TOJLKO OHU U BOMAYT. VI BOT mouemy.
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Jlemma 6. Eciin B Xo/1e anaan3a TaOJIMIILI MMEETCd BBIXO Ha MCXO0J 1 B ¢ToJIOIe ¢ HOMe-
POM ¢, TO 9TO 3HAYUT: B TAOJINIE UMEIOTCS JBa COIJIACOBAHHBIX BeKTOpa (a;) u (by), pesosomnust
HaJI KOTOPBIMH JIaéT BEKTOD (C,), TJe T > t, 3aliCh KOTOPOTrO B JOTOJIHEHHEe TabJIUIbl TPHBEIET
K TOMY, 9TO mapa u3 BeKTopoB (a;) u (b;) GosbIiie qaBaTh UCxo 1 B X0j€ aHAIN3A HE CMOKET.

JokazarenbcTBo. Ecin ananns TaGauibl IPUBOIUT K UCXOIY 1, KOTOPBI obecrnednBa-
eTCsl mapoii COrIACOBAHHBIX BEKTOPOB {(a;) u (by), TO 9TO 3HAYUT: OJMH W3 HUX MMEeT HAYATO
(T1), a apyroit — (1;), BeKTOp (¢,) — pe3yJIbTAT PE30JIONNH HaJ YKA3aHHOI mapoii mMeer Ha-
a0 B CTOJOINE 7. 3HAYUT, ecJu BeKTOD (¢,) OyJeT BKIIOUYEH B JONOTHEHHE TAOJUIbBI, TO B
cTOJIOIE 7', HAYAIO BEKTOPA (C,), U ONMPEAEJUTCS MCXOM, KOTOPHIH NMPUBEIET K YCJOBHOMY HC-
KJIIOYEHHIO XOTst OBl OJJHOTO U3 BeKTOPOB (a;) uian (b;) (He HCKII0UEHO, 9TO MOTYT OBITH yCJIOBHO
HCKJIOUeHbl 1 00a BekTopa). Jlemma jokazaHa.

Ecau 1151 pe3osiouoHHOr0 BeKTopa (¢,) HANJETCs COMIACOBAHHBIA ¢ HUM BEKTOpP (pa-
3yMeeTcsl, HaJI0 PACCMATPHBATH TOJHKO BEKTODbI, TIOMEYEHHBIE *), KOTOPbIil B CTOJIONE T JaéT
nucxo/1 1, To BHOBb MOYKHO MTPUMEHUTD JieMMy 6 U Tak jajee 10 TeX TOp, MOKA TaKas BO3MOZK-
HOCTb 3aKOHYHUTCS.

[To Tabmmmam 23 u 24 BUANM, YTO BCe BEKTOPHI, MOJIYUHUBIINE YKA3ATEJH CO * B MEPBOM
BapuanTe aHanusza (To ectb BekrTopw: 40, 37, 34, 18, 15, 10), cocTaBuau mepBbiii MEHUMATb-
HBIi coryiacoBaHHBIN cerMenT. B BapuanTax 2 m 3 — 310 yKe He Tak. Bekrop 14 (Bo BTOpOM
BapuanTe), BeKTopbl 36, 18 1 12 (B Tperbem BapuaHTe) He BOILIN COOTBETCTBEHHO BO BTODOIi
U TPeTHil MUHUMAJILHBIN COIJIACOBAHHBIE CETMEHTHI.

3ameuanue 8. B Tex ciydasix, Korja penaeTcsd 3a/Ja4da pacio3HaBaHUs BHITIOJTHUMOCTH
3aiannoit KH®, BbIX0I0M Ha MCXOJl 2 WM 3 3aKaHYMBAETCS peIIeHue 33Ja4u, MOCKOJIbKY
TaKie UCXOJbl O3HAYAIOT, UYTO MMEETCS BBIIOJHUMOCTh. B Tex ke ciydasx, KOrJa CTPOUTCS
mna 3agannoit Tabaunbl KH® B3anvuas x Heit Tabiuna KH®, cienyer cMoTpeTh Ha BeK-
TOP UCKOMOH JU3BIOHKIMA KAK HA BEKTOD, BXOJSIIMA B MCXOAHYIO TabauIly (M CYATATH €ro
TAKOBBIM ).

3ameuanue 9. [lepBag napa corjiacoBaHHBIX BEKTOPOB, BXOJSIIAs B MUHUMAJIbHBINA CO-
IJIACOBAHHBIN CEIMEHT, B TeX CJIydasiX, KOIJIa UMEEeTCs UCXOJ 2 W 3, COAEPKUT (B CHIY 3a-
MedaHus 8) BEKTOP MCKOMOIT an3bioHKImd, noctpoennoii mo ITT ciaykebHoii cTpoke, u BeKTOD,
NPUBEIINNH K UCXOY 2 Wiau 3.

B Bapuanrte 4 anaymza tabaunbl 23 nMeem ciaydail, npeaycMOTpPeHHbBI B 3aMedanuu 9
n 1o Tabsmie 24 BUANM, YTO YETBEPTHIII MHUHUMAJILHBIN COTJIACOBAHHBIH CEIMEHT COJIEPIKUT
BekTopwl: 17,38, 36,18,12,6.

3aBepIuM nosgcHeHne K Tabaunam 23 u 24, OTMETHB, 9TO B JIONOJTHEHHE TaOTUIbI YepTa
B CJIY:KeOHOM CTOJIOIE MPOTUB BEKTOPaA O3HAYaeT 0e3yCJOBHOE ero MCK/II0UeHne, a B TabJIHIe
24 4yepTa TMPOTHUB PE30JIOIUOHHOIO BEKTOPa O3HAYAET, YTO OH MPOMATBIBAETCS JAPYTHM Pe30-
JTIIOIIHOHHBIM BEKTOPOM.

Anayimm3 TabuIBl U BBIJIE/IEHNE MUHUMAJIBHOTO COTVIACOBAHHOTO CEIMEHTa C TOC/IeIYIo-
UM €ro CYTepPIPUBEIECHUEM SBJISIETCS OYE€Hb BAaKHBIM 3JIEMEHTOM BO BCEM ITPOIECCEe CyIep-
NPUBEJIEHUST U BOT IMOYEMY.

Teopema 3. OObenuHeHNE TOCIEIOBATETHHO U3BAEKAEMbBIX MO0 UTOTOBOMY AJTOPUTMY
MHUHUMAJIBHBIX COI'JIaCOBAHHBIX N CyHepHpI/IBeﬂéHHbIX CETrMEHTOB ,Z[aéT CyHepHpI/IBeﬂéHHyIO IIOI-
TabIHILy.
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okxazareabcTBo. Kaxiplit 13 MUHUMAJIBHBIX COTJIACOBAHHBIX CEI'MEHTOB IOCJIE MPU-
COe/IMHEHNS K HEMY COOTBETCTBYIOIINX JOMOJHUTENHHBIX BEKTOPOB CTAHOBUTCS CYHEPTPH-
BejIeHHBIM. Teopema BepHa JIjIsi caydasi MOATAOJIMIBI, COCTOSAIIEH W3 OJHOTO0 MHUHUMAJILHOTO
COTJIACOBAHHOTO W CYMEePIPUBEAEHHOTO cerMenTa. [Ipucoemuunenne caeayonero MUHAMATbHO-
r'0 COTJIACOBAHHOTO M CYNEPHPUBEIEHHOIO CerMeHTa K IMOJATA0IUIEe HE MOYKET MO3BOJIHUTL H3-
BJIeYb U3 TOM Ke MOATAOIHIEI ené KaAKOro—HuOY/Ib MUHUMAJBHOTO CeIMEHTa, TaK KaK BBIXO/I
Ha MCX0J 1 He BO3MOXKEH B CHJY TOTO, YTO JjiemMMa 6 (B COOTBETCTBUH ¢ MTOTOBBIM AJTOPHUT-
MOM) TIPHMEHEHA CTOJIBKO Pa3, CKOJIBKO OBLIIO BO3MOYKHO, & MPOIECC U3BJIeYEeHHsI CJIeIYONIEero
MUHHUMAJIBHOTO COTJIACOBAHHOTO CerMeHTa U3 TaOJIMIbI sIBJSIETCSI CTPOTO OJHO3HATHBIM.

Eciu B3rsguyTh Ha Tabjuily 24, TO MOXKHO YBUJETH, 4YTO OJHU W T€ YK€ BEKTOPHI U3
UCXOJIHOM TabJIMIIBI MOTYT BXOJUTH B PA3HbI€ MUHUMAJIbHBIE COTJIACOBAHHBIE CEIMEHTBI, OJIHAKO
BepHA CJEAYIOMad Teopema.

Teopema 4. B pesyJibrare mpucoeMHeHNnsT MOCAEAYIONEro MUHUMAJJILHOTO COTJIaCOBaH-
HOTO CerMeHTa K CYIepIpPHUBEIEHHOI MOATA0IUIE B Hell MOIBUTCSI XOTs OBl OJUH JO 3TOTO He
BXOJUBIINN B HEE BEKTOP U3 UCXOTHON TaOJIUIIL.

dokazareabcTBO. B cuty 0lHO3HAYHOCTH TpOTecca M3BJIeUeHnsT MUHIMATbHBIX COTJIa-
COBAHHBIX CEIMEHTOB, €CJTH B TIOATAOIHIIE He TIOSBUTCS HU OJIMH HOBLIH BEKTOP, TO YUCIO MUHU-
MaJTbHBIX COTJIACOBAHHBIX CETMEHTOB B MOATAOJINIE HE MOXKET U3MEHHTBCS, TOITOMY TeopeMa
BepHA.

Teopema 5. O0iee 9ncaI0 MUHUMAJIBHBIX COTJIACOBAHHBIX CEIMEHTOB, TOJIYYEHHBIX B
xoJie cynepnpusenenusi tTabauipl 3a1aqn BBITI (10 nepBoro nosiBiennst uexoga 2 win 3, uiu
JOTOTHATEIBHOTO BeKTOPa (6;)) He MozkeT ObITh GOoIbIINe M (MHC/Ia CTPOK MCXOTHOIT TaO I ).

JlokazaTeabCcTBO. JTa TeopeMa sABISIETCsT TPSIMbBIM CJIEICTBHEM TeOpeMbl 4.

Teopema 6. OOmee UnCJI0 MUHUMAIBHBIX COIVIACOBAHHBIX CEIMEHTOB, MOJIYYEHHBIX B
X0J1e TOJIHOTO cyneprpuBeaenns: Tadbaninl 3agaun BBIII, ve moxer 6b1Th 60s1bIIe M + ¢, /1€
¢ — THUCJI0 UCXOJI0B 2a WU 3a B XO/e aHaaIn3a TaOJIUIbL.

HokazareabcTBo. CorylacHO 3aMeYaHU0 8 KarKIbIil BBIXOJ HA HMCXOJ 2a WJIH 3a IpHU-
BOJIUT K PACHINPEHUI0 UCXOTHON TAOJHUIBI BEKTOPOM HCKOMON AU3BLIOHKINH. TakuM oOpasomM,
ecJIu MepBOHAYATBHO B MCXOHON TabnIle OBLIO M CTPOK, TO MOCJE €€ PACHIUPEHUS yKe HMe-
ercss m + ¢ ¢Tpok (Tabamia yzxe MpoTuBOpeunBa). I1o TeopemMe 5 mosyvaem, 9To 3aKIIOUEHIE
9TON TeopeMbl BEPHO.

Teopema 7. Knacc N P-nofiHbIX 33729 COBIAJAAET ¢ KJaaccom 3ajad P.

Hoxka3zareascTBo. 3Bectno (cum. [3] u [2]), ato ecan xorst 661 ogua N P-mosmast 3a1a4a
UMeeT MOJMHOMUAIBHYIO BPEMEHHYIO CJI0XKHOCTh, TO 3TO BEPHO u Jijist 11000t N P—monoit 3a-
nadgn. [To reopeme C.A.Kyka 3amaga BBIIT asiaserca N P—niosHoii, a 1o Teopeme 5 mponeaypa
nonosinenust Tabsminl 3aga4un BBIII npuBoauT b K MOJIMHOMUAJIBHOMY POCTY YHCJIA BEK-
TopoB B Tabsue 3aja4dn BBIII 1 Tem caMbiM K MOJMHOMUATIBHOMY BpeMeHH paclO3HABAHUA
BBITTOJTHUMOCTH.

§ 9. IIpobiema 4eTBIPEX KPACOK

TeopeTndeckoe IpUMeHEHHE HJeH CyIepIpUBeJeHns] paCCMOTPUM HA IPHMepe pelleHus
npobaembl deThipéx kpacok (ITYK), koropas xopomio ussectaa (cm. crp. 17 B [7]). Ona umeer
JUIMHHYIO UCTOPHIO, KOTOPYIO BPSJI JIM MOYKHO CIMTATH OKOHYEHHOl (00 3TOM HHKE, B 3aKJII0-
YeHUN ), XOTsI U3BeCTHO, uTo B 1976 roay Appel u Haken nostyuniu mosiozkurebHoe eé pelenue
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¢ omombio DBM, 3arparuB 10CTATOYHO MHOTO MAIIMHHOTO BpeMenu. Ho KakoBO ObI HU OBLIO
COCTOsIHME ITOM 1MPOo0JIeMbl HA CErOJHSIIITHNI JeHb, PeleHne, KOTopoe Oy/IeT PUBEIeHO HUXKe,
HE MOYKeT He TPEJICTABJSIThH WHTEPEC.

HeoGxoauMbie ompesesienns u noapobroctu oraocuresibuo [TUYK moxuo Haiitn B [7].
3nech sk ormeruM, uto [IUK mocrarouno paspemuTh He Ha oOINeil Kapre, a JIMIIL Ha
KyOMYeCcKOoi, /I/id KOTOPOii BEpHO, UTO

2q = 3w, s4+v=q+ 2, (21)

rje S — YUCJI0 CTPaH, ¢ — YUCJIO0 TPAHWI] U ¥ — YUCJIO BEPIITUH.

Jis rakux Kyomdeckux kapt ceegaém [[UK k 3amade BBIII.

[TonsiTHO, 9TO MpaBUIbHas 4-packpacka W HyMepalus CTPaH KapThl YeThIPpbMs Hudpa-
mMu (Tak, 9TOOBl CTPaHbl, UMeIHe OOy T'DAHWILY, UMeIH Da3Hble HOMepa) SKBUBAJIEHT-
ubl. Takyio HymMepanuio yI00HO OCYHIECTBISIThH C MMOMOIIBIO ABYXPA3PAHBIX JBOUTHBIX UHCET:
Toi_1, Toj, THE To; 1, To; € {0, 1}, i = 1,2, ...,5, TO ecTh KaxKJasi U3 CTpaH NpPUOOpPETAET
mo ogHomy u3 HoMepoB derBépku: 00; 01; 10; 11. Ecau cTpanbl, uMeroIIre OOIIYI0 TPAHUILY,
HMEIOT pa3Hble HOMepa (dTo u TpeGyeTcs Npu MpaBUILHON PACKPACKH), TO MPH MOPA3PSTHOM
CJIOKEHWH TI0 MOJTYJTI0 2 HOMEPOB CTPaH MOYKHO TOJYYUTH TOJBKO OAuH n3 Homepon: 01; 10; 11,
TO ecTh B pesyabrare 310l onmeparun HoMep 00 HEBO3MOXKeH. A 9TO 3HAYMUT, YTO €CJIU i—s U
J— CTpaHbl TPaHUYAT U MMEIOT Pa3Hble HOMePA To;_1 To; M Tgj_1 Tej, TO BHIPArKCHUE

zij = 2 V 2, (22)

re

2i = Toil1 D To, 2z = Tg; @ Toj (23)
ij 21—1 27—1» ij T 21 279
BBITIOJTHEMO. JIerKO 3aMeTUTh, UTO BbIpAKeHUIO (22) ¢ yuéroMm (23) MOXKHO IPHJIATH BHI:

Zij = (oic1 V T V Xgj_1 V Xoj) - (Tai1 V Xo V Tojq V o)) -

_ _ _ o _ (24)
(i1 V Toi V Toj1 V Tgj) « (Taic1 V Ty V Tojo1 V Tay).

Teneps [TYK Oyzer umerb MOJIOXKHUTETbHOE peEIIeHHe, €CIU J0Ka3aTh CYIIeCTBOBAHUE
BuIIOTHsAOIIEro Habopa mig KH®:

[ = &z, (25)
rge z;; omnpenenaeHsl B (24) W KOHBIOHKIMSI OepEéTcs JIMIIb II0 TeM HOMepPaM CTDPaH
i,j € {1,2,..., s}, koropsle umeroT 061y rpanuny. Ciemyer uMeTh BBUJLY, 9TO I'DAHUIIBI

KapThl HyMEPYIOTCA ABYXPa3PAIHBIMA JBOWYHBIMHA YUCJIAMHA zl’-j z;;, onpeeaéHHbIME B (23).

Ecin KH® (25) npuwaars tabaudnbii Bug, 1o nomydnm tabuaumy BBITI-4 (ka-
XKJast CTpoKa TabIMIBl UMeeT DPaHr 4), Y KOTOPOH YHCIO0 CTOJNGIOB n = 2§ ¢ HOMEpPAMHU:
0,1,2,3,...,25s—2, 25 — 1. Yucao crpok tabaunsl < 4q (cormacuo (21) u (24) 107aKHO
PABHATHCSA 4q, HO HEKOTOPBIE CTPAHbI MOTYT MMeTh 110 JBe W (0Jiee TPAHUIBI ¢ OJUHAKOBBIMH
JBYX3HATHBIMH JTBOMIHBIMHA THCTAME 2;; 2,7).

Jlist mpuMepa pacCMOTPUM KapTy ¢ TAKUM ONUCAHHEM.

BuyTpu kpyra pacnojiozKeHnbl JiBa TPEyTroJbHUKA ¢ 001ei ctoponoil. Karkias u3 Bepimn
9TUX TPEYTOJILHUKOR, JIesKalas MPOTUB 00IIel CTOPOHBI, COeIMHEHA OTPE3KOM C OJHOI N3 JIBYX
TOYEK, B3ATBIX HA OKPYZKHOCTH.

Kapra ¢ Takum onumcanmem goctarovno npocra. OHa mmeer 5 CTpaH: BHENTHSAS WMeEET
JIBE TPAHUIBI (JIyTH OKPYKHOCTH), JIB€ CTPAHBI MO 3 IPAHUILI U JIBE CTPAHBI 110 5 TpaHuI] (u3
HUX — JBe 00mmux). CTpaHbl 3aHYMEPOBAHBI COOTBETCTBEHHO: T1Tg, T3L4, T5Le, L7Lg, LToX1g-

B Tabaume 25 nmeem tabsmunoe npeacrasienne KH® 3agannoit KapThl.
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Tabaumna 25 Tabaumna 26
a|NJ0[1]2|3]4[5[6]7[8]9 Ni | N, |0]1|2]3|4]|5|6]|7[8]|9
0 |7|T T|T o5 |7 T|Tr*|T
1|1 |7|T T+ T 1| 4| |7 T T|\T|T
2 | 7| T|T* 2 | 7| |7 T |T*|T*|T*
3 || T*T* 316 | |7 T*T*|T |T*
4 |7|T T|T 8 |13 F|T\T 1| T
25 |7|T T T 9 | 12 7T\ T |T|T
6 |7|T T |T* 10 | 15 7| T |T*\T*|T*
7 |r|T* T*|T™ 11 | 14 T |T*|T*| T |T*
8 F|T|T|T 8 | 17 F|T|T T T
319 7| T|T*|T 9 | 16 71| T T|T
10 7 [T*| T |T* 10 | 19 T |T|T* T*|T*
11 T [T*\T*|T* 11 | 18 T [T*|T* T|T*
12 7| T T|T 12 | 17 7 T|TT*T
413 T|T T+ T 13 | 16 7 T\ T|\T|T
14 7T T |T* 14 | 19 T T |T*|T*|T*
15 T |T* T*|T* 15 | 18 T T*T*| T |T*
16 7| T T|T 20 | 25 7|T|T|T*|T
5017 T|T T T 21 | 24 7|\r*\T|T|T
18 7|1 T|T* 22 | 27 | T |||
19 T |T* T*T* 23 | 26 T |T¥|T*| T [T
20 F|T|T|T
6 | 21 T|T|T*|T Tabauma 27
22 7 |\T*| T |T™ a | N Jof1]2]3]4]5]6]7]8]9
23 T |\T*(T*| T 01]0 0
24 7|T T|T 1|11 1
7|25 T |T T+ T 2 | 2 2
26 7| T|T* 313 3
27 T |T* T*|T* 4 0 0
28 7|T|T|T 2 |5 1 1
8|29 7 |T|T*|T 6 2 2
30 F\T*|T T 7 3 3
31 T T[T\ -1 = 1-=l-=--|- -|- -

Tabsmma 26 siBiasiercst gonoHeHneM K TabJmuie 25. B mepBbix AByX cTOI01AaX TaOJIUIIBI
26 ykazaHbl HOMEpPa BEKTOPOB M3 TAOJUIIGI 2D, PE30JIONKs HAJ KOTOPHIMU JaJ1a COOTBETCTBY-
o1t BekTop crpoku. Tabumnna 25 ¢ gonoanenneM (tabauna 26) — 5TO cyneprnpuBeIéHHAs
tabyinma. BIBOJ: OHA BBIMOJHUMA, 3HAYNT, BLIIOJTHAMA U caMa Tabauia 26, caegoBaTe/bHo,
KapTa pacKpallmBaemMa B 4 1BeTa.

[Ipexk e uem mepexoauTh OT YaCTHON KapThl K CIYYAI0 TPOU3BOIBLHON KYON1IecKoit KapThl,
OCTAHOBHUMCS eIllé Ha 9TOM IpHUMepe W OOpaTHM BHHMAaHHE Ha CTPYKTYPY Kak TabJuibl 25,
Tak 1 Tabaunbl 26. BHuMaTebHbIN B3TJIS/L TO3BOIUT HAM YBUJIETH, 9TO CTPYKTYypPa BEKTOPOB
tabyini, cosepKuT 4erbipe nementa: 0; 1;2; 3, e 0 =TT, 1 =TT, 2+ TT",
3=T*T*, upusrom 7T, 7T, TT* 71T* — 310 coorBercTBerno Te ke 0; 1; 2;3.
Kpome Toro, /18 BEKTOPOB, MMEIONUX HAYAJI0 B HEYETHOM CTOJIONE, COXpaHUM 0003HAYEHUS T
uT.
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[TpunsaTeie 0603HAYEHUS MO3BOIAIOT YTBEPZKIATh, 9TO He TOJLKO B Tabaume 25, HO U B
JIF000# MCXOTHOT TabJinIe st KaXK/I0i KyOm4eckoii KapThl BEKTOPHI UMEIOT OJIHY W3 3aINCeii:
(00), (11), (22), (33) (cm. magano Tabauubl 25, npeacraBieHHoe B tabuie 27).

BekTopsl Tabauisl 26 (TOIBKO HAYAI0 e€), B IPUHATBIX 0003HAYEHUSIX, PEJICTABIEHBI B
tabmune 28. 910 BekTophl (T01) m (723). CrTporo roBopsi, Hy?KHO GbLIO OBl YKA3aTh €Ié
BekTOpbl (T10) wu (732), HO 37€ch U jJajee, KaK NOJpa3yMeBajd B MOJTYATHBON hopme
HEKOTOpOe 48THOe (BKJII0Yasi U HyJib) uucao npoaykmuit M (mexay mudpamvu 0, 1, 2 u  3),
TakzKe OyJeM NojpasyMeBaTh W MepecTaHOBKU M3 YKa3aHHLIX Iudp, He YIOMUHAA 3TO.

Tabauma 28

N N o1 2]s]a]ls]6]7]8]o0
e 7 0 1
1| 4 7 1 0
2 | 7 . 2 3
3 6 T 3 2
8 | 13 7 0 1

9 | 12 7 1 0

10 | 15 . 2 3

1 | 14 . 3 2

g |17 7 0 1
9 | 16 7 1 0
10 | 19 . 2 3
11 | 18 . 3 2

Tenepr umeercsi TOTOBHOCTH COPMYJIUPOBATH T€ ODIIHEe OYeBHIHbBIE TTOJOXKEHNs, KOTO-
pble BepHbI i TabJIuIbl JII000i KyOudeckoit KapThl.

1) Hag ro0biMu JIBYMSI COTJIACOBAHHBIME BEKTOPAME UCXOHON TAO/IUIbI, B HAYATHHOM
CTOJIOTE JAIOIIHEe UCXO/I 1, BBIMOJTHSIETCS Pe30JIIONHUsa U OHA 3alHUCHIBA€TCSA B JOMOJHEHHUE Ta-

OJIHIILL.

2) Jliobas mapa u3 BEKTOPOB TaGJIUIBI He OYIYT COTJIACOBAHHBIMHU, €CJM Y HUX B JIHO-
O0M cTOJIONe, KOTOPBIN He SIBJIAeTCd I HAX HAYAJTbHBIM, UMeeTCs PAa3sHOUMEHHAs Mapa W3
CUMBOJIOB, OTpeJieJIEHHBIX HaMu Kak 0; 1; 2; 3.

3) ITockoabKy BEepHBI pABEHCTBA

<77'7" T> v<Tr T> = <77_7"+1>a <77—'r T*>\7<Tr T*> = <7'r+1>,
rue \/ — CHUMBOJI PEe30JIIOIUHI, TO JJsd HUX OyJIyT MOJApa3yMeBaThbCsad COOTBETCTBEHHO 3aIIMCH
O)yv(1) =(7), (2V3) = (1),

KOTOPbIe BO3MOZKHbBI JIUIIb JIJI HA9aJIbHBIX CTOJIONOB BeKTOPOB. /Ipyrux pesosonuii Ha/1 BEK-
TOpaMU, UMEIOIIMMHU B HAYAJIbHBIX CTOJIONAX cuMBOJIbLL 0; 15 2; 3 HEBO3MOKHBI.

Teopema 8. B jionosnenue tabuipl J060i KyOn4ueckoil KapThl JUOO HET BEKTOPOB
paHra MeHbIIe 9eThIPEX, JINO0 COMePKUTCs XoTst Obl oauH u3 BekTopoB (7 0), (T 1), (72), (T 3)
paHra TpH, HO BEKTOPOB MEHBINEr0 paHra ObITh HE MOKET.

JokazareabcTBo. Kak ykasbiBaJoCh BBIIIE, BEKTOPHI

(00), (11), (22), (33) (26)
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COCTABJIAIOT CITUCOK BCEX BO3MOYKHBIX BEKTOPOB MCXO/IHOW TaOJIMIIHI.

Tenepn oano obIee oveBuHOE 3amedanue. Beim Hal AByMs BeKTOpaMu TabJIMIIbI ¢ PaH-
ramu Ry n Rs, tie R > Ry, BO3MOYKHA U BBITIOJIHAETCS PE30JIFOINA, TO JIJIsi MUHUMAJIbHOTO
BO3MOXKHOT'O paHra R pe3oionun HaJ STUMH BEKTOpaMH BEPHO

R >R, — 1. (27)

JI71s1 BEpHOCTH TeOpEeMbl BayKeH 3HAK paBeHCTBA B (27).
Pesostonuu, ecim OHU BO3MOKHBI HAJl BEKTOpaMu (26), MOTYyT JaBaTh OJUH U3 BEKTOPOB

(701), (723), (28)

49TO HAOJIIO/IAIOCH B UJIJIIOCTPAIIMOHHOM TIpUMepe, IJie JIPYTUX BeKTOpOB HeT. Pazymeercsi, 4To
MOTYT GBITH GOJIee CJIOXKHBIE KAPTHI, T/ Pe30JIIOIUN BO3MOXKHBI Hajl BeKTopamu (28), u takue
pe3oJtionuu OyIyT NPUBOJAUTH K BEKTOPaM

(0123).
Ho 6OJIee BaKHBIM {ABJIAE€TCA TO, YTO HE MCKJAIOYEHbI TaKH€ PE30JIIOINN:
(0123) v (11) = (7123), (0123) Vv (33) = (7013),
(7123) v (123) = (123), (7013) v (701) = (013), )
(013) v (11) = (713), (123) v (33) = (r13),
(713) v (713) = (13),
FOBOPSIIKE O TOM, YTO BEKTOPHLI paHra 4:
(01), (02), (03), (12), (13), (23) (30)

He HCKJIIOYeHbl, X0Ts B (29) moKazaHo, KaK MOI MOJYYUThCsI JUIIb OJNH U3 HHX.
s 3aBeplienusi JOKa3aTe/IbCTBA OCTAJIOCh YBUJIETh, YTO BEKTOPHI paHra TPU MOTYT
HOJTyINATHCS JIUITb B Pe3yJabTaTe TAaKUX BBIKJIAI0K:

(01)V(00) = (70), (01)Vv(11) = (71),

. . (31)
(23)V(22) = (r2),  (23)V(33) = (r3).

MOZKHO TOBOPHTB, YTO BCE OCTAJbHBIE pe30osonuu HaJ BekTopamu (26) u (30) me Mo-
IyT JaTh BEKTOpP paHra TpH. Pe30/onun e HaJ BEKTOpaMH MpaBbX dacreii (31), ecom oHH
BO3MOZKHBI, TO JAIOT BEKTODHI, mpuHaaIexkamue copokynuoctu (30). Teopema mokazana.

W3 310it TeopeMbl U ClIe/lyeT MOJI0KUTEIHLHOE peneHne mpob/ieMbl 9eThIPEX KPaCcoK.

3akJjroueHue

B sasepuienuu 370t paboThl J0OABUM CJIeLyIONIME TPU OIPABIATEILHBIX 3aMedaHud.

1) Hekoropsie HenpuBbIdHble 0003HAUeHNsT (O3UIMOHHBIE CUMBOJIBI OTepaIliii /, l 1St
KOHBIOHKIUA U JIU3HIOHKIUE COOTBETCTBEHHO) O0bSACHSIETCS M3BIETCHHEM BCIIOMOIATEIbHOTO
marepuasa u3 [III1] ¢ MUHIMATBLHBIME U3MEHEHUSIMU.

2) Kaxk Jydiie BCEro BBIMOJTHSTH CETMEHTAIUIO MCXOJHON Tabiuubl Ha 2, 3, 4,
HOATA0TUIBI, UTOOBI BBIMOJTHUTEL CYIEpPIPHBEIEHUE MOCEIMEHTHO? DTOT BOIPOC OCTAJCS OT-
kpbIThiM. Ho He Bcerya TpeOyeTcs BBIMOJHATH CEIMEHTAIUIO, TMOCKOJIbKY BCSKOE CJI0XKHOE
YCTPOHCTBO COCTOMT W3 vacreii (arperaroB, GJIOKOB, MOJIYJedd, ...) W, TaKuM 00Opa3oM, cer-
MEeHTalUsl KakK Obl 1moJiydaercs ~ecrecTBeHHON . YTo naéT Takasi “ecrecTBeHHasi CerMeHTa-
si? — WIJTIOCTPUPYETCS Ha TpUMepe 3aJadd, MOJHBI TEeKCT KOTOPOH pasMemiéH Ha MOEM
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caitte  http://www.tarusa.ru/~mit. 3gechb OTMETHM JIHIIbL, YTO MPEACTABICHHAS TAM 334~
ga BBIIT cocrout u3 caenyomunx tpéx 6aokos (KH®D) ¢ nepemenubivu: 1 610k or 0 mo 49;
IT 6s0x or 47 go 96; IIT 610k ot 94 g0 143 (10 ecTh mMmeercs: nepekpuiTe). Biroku nmeror:
215, 214 u 215 cTpokm cooTBeTcTBeHHO. Bega 3amaua nmeer 144 mepemennsix m 644 cTpokn n
eé cynepupuBesienne BeimosHsiercs 3a 6 mun 45 cekyn (Pentium-866). Cynepnpusenenne xe
KazKJ0ro 0JI0Ka cocTaB/sgeT 3, 5 U 6 CeK U COBMECTHOe CyIepIpUBeIeHNe BCEX TPEX CYIMepIpH-
BEJIEGHHBIX OJIOKOB: 22 CeK, TO €CTh MOJHOe CYIepHpuBeIeHne (¢ IMPUMEHeHUEM CerMeHTAIHN )
36 cek u uroroas cynepnpusenénnas KH® umveer 144 nepemennnix n 281 c¢tpoky (mporus
ucxoHoi: 144 mepemennbix n 644 ¢Tpokn).

3) 3auem perrath npobJeMy YeTHIPEX KPACOK, eciin OHa yzKe pereHa? OTBeT comepKuTCs
B OTHOIIEHUH MATEMaTHUKOB K TakoMy perreHnto. OHO OIHO3HAYHO BHIPAZKEHO (DUJIICOBCKUM
naypearom 1966 roma Asekcamapom I'porempukom (cm. [1] crp. 255): 7... coscem u3 psada
60 BHILOOAULGA UCMOPUA NPOU3OWLAG ¢ ~peweHuem” makr Ha3bB8AEMOT NPOOAEMBL 4EMBIPET
kpacox. Eeo "sviuuciusu” npu nomousu KOMnwuOmepa (6 HeCkoAbKULT MUAMLOHO0E 00AAAPOS).
... aotce ecau pacuém bydem nodmeepotcoén npu nposepke Ha pyus KOMNvIOmMepax, opyumi
NPOPAMMAMU, A BCE PABHO HE COZAAULYCH NPUSHAMD NPOOAEMY YEMBPET KPACOK 3aKpumot”.

ABTOp BBIpAKaeT UCKPEHHIOI Npu3HaATEeIFHOCTH A A.QOMUHY 3a TOATOTOBKY JIEKTPOH-
HOW BepCUM 3TOW CTATHU.
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