Pemtenne 3agagy cemmaapa Ne 7 mo Kypcy “OcHoOBbI KnbepHeTHKMT”’
AJid rpynn 3-ro nmotoka 3-ro Kypca ¢gpakyabrera BMK MTIYY.
Tema: “TecTbl ajig TabGJaUI], TECTHI OJisT KOHTAKTHBIX CXeM’’

Ha sToM 3aHATHE pedb HOHAET O MOCTPOCHUH TECTOB JJd TaOJIHUIl U KOHTAKTHBIX
cxem (KC). HamommuMm TeopeTndeckuii MaTepuaT B COOTBETCTBHH C YaCThIo 4 MeTommIe-
CKOil pa3paboTKu 1o Kypcy «OCHOBBI KHOEPHETHKH ».

s yupasasiomei cucrembl (cxeMbl) 6e3 mamsaru, byHKIHOHUPOBAHEE KOTOPOW
OIKCHIBACTCS JUCKPETHO! (yHKImel wiu, B 00IeM cjaydae, BeKTOP-DyHKIMEH, MOKeT
OBITH cHOPMYIUPOBAHA CJIEIYIONIAS MOJIE/Tb, B PAMKaX KOTOPO# OOBIYHO pAaCCMATPUBAIOTCS
BOIIPOCHI ee HAJeYKHOCTH W KOHTpoJid. [Ipenmonaraercs, 9To mMeeTcs HEKOTOPBIN «BHEIII-
HUil» HCTOYHWK HEHCIPABHOCTEH (MCTOYHUK nomex) U, Mo JeficTBHeM KOTOPOTO PaccMaT-
puBaeMasi CXeMa Y. MOYKET TMePeXOJIUTh B OJTHO U3 CBOUX «HEHCIIPABHBIX COCTOAHUI» (CXeM),
OTpeIeIsIeMbIX 3TUM HCTOYHUKOM. [lycTh cxeme Y = 3y, peanusywomeit ¢pyuknuo f = f;
OT BXOJHBIX TepeMeHHbIX X (n) = (z1,...,2,), 1 HCTOIHUKY HeucnpasHocreil U coorser-
CTBYIOT «HEHCIIPABHBIEY COCTOSHUSI (CXEMBI) Mo, ..., Y, TJE CXeMa Y, 1 = 2, ..., S, peaJn3yer
dbyukimo f; ot nepementubix X (n). [Ipu 910M Bee cocTosiHust (KaK UCIpaBHOe Y = Yq, Tak
M HEHUCIPABHbIE Yo, ..., Yg) PazbUBaOTCs Ha KIacchl ((BYHKIMOHATIBHO) HEOTIUIUMBIX CO-
CTOSIHUH, TO €CTh KJIACCH IKBUBAJEHTHOCTH 110 OTHOIIEHUIO PABEHCTBA PEAJN3YEMbIX (DY HK-
Ui, ¥ PACCMaTPUBAKTCS Jlajiee ¢ TOTHOCTHIO 10 HEOTJIMINMOCTH. B manbHeiiem, roBopst
0 HeHaJIeXKHOi cxeme Y, GynaeMm umMerh B Buay napy (X,U) u (min) coorBercrBytoliee eii
MHOYKECTBO CXeM BMecTe ¢ TeMH (DYHKIWSME, KOTOPble OHH Peaau3yioT. [ljas mpocToThI
paccMOTpeHus OyIeM CYUTATh, UYTO BCe TepeMeHHble W (DYHKIUU ABISIOTCS OYIeBCKUMU,
XOTsl MHOT'HE M3/IaraeMbie jlajiee pe3y/bTraTbl 0e3 CYIIEeCTBEHHBIX U3MEHEHUN HepeHOCHAT-
cd Ha cjiydail MHOrO3HAYHBIX (PYHKIMI, ciaydail BekTop-byHKIMA u apyrue 6ojee odIue
CJydau.

[Iycts (X,U) — ykasaHnas BbIIIE MOJEIb HEHATEKHON CXeMBI X € BO3MOKHBIME
COCTOSHUSME X = X1, Yo, ..., 2g, B KOTOPBIX peanusyiorca b® f = fi, fo, ..., fs cooTBet-
creenno or BIT X(n), oupenenennsie na muoxecrse nabopos A = {ay,...,a,} C B™
Pacemorpum marpuiy M, M € BP® rue

M, j) = filai),

cauTasi, 9ro -l crpoke (j-my croJbiyy) 9Toi TabaMIBl cooTBeTCTBYeT Habop «; (cooT-
BeTCTBeHHO (QyHKIUs f; u cocrogume ¥;). Marpuna, COCTOSAIAs U3 PA3IMIHBIX CTOIOIOB
(cTPOK) Ha3BIBAECTCS OTJAEIUMOI 110 CTOAOIAM (COOTBETCTBEHHO CTPOKAM) MaTpureii. 3ame-
THM, UTO KAXKJIOMY KJACCY HEOTIHIMMBIX cocTosnuit Mogean (3, U) cooTBETCTBYeT TpyIi-
& OJMHAKOBBIX CTOJIOIOB MATPHUILI M, U PACCMOTPUM OTIEJUMYIO IO CTOJOIAM MATPHUILY
M , COCTOSIIYIO U3 BCEX pa3Ju4HbIX cTOoJONOB Marpuipl M. IIpu srom Oyaem cuuTarh,
9TO KasKABIH cTosGer MaTpuipl M CBSI3aH ¢ COOTBETCTBYIONMM KJIACCOM HEOTIHIHMOCTH
cocrogamii Mmogesaun (3, U), u GymeM Ha3biBaTh M Tabauneil KOHTPOJIs (Tabuneit Hemc-
npaBHocTeil) maHHol Mogenu. Iist mpocToThl 6y1eM, Kak MPABUIIO, MPEIOJAraTh, YTO BCe
cocrostanst Mogenu (3, U) momapHO OTJIMYUMBI, TO ecTb, M = M. 10 TPeJITOI0OKeHIE,
OYEBHU/HO, HE OIPAHUINBALT OOIMHOCTU PACCYZK/ICHUI.

[Tycrs, nanee, momumo Tabmauibl KouTpoas M s momean (X,U) 3amana 1esb
KOHTPOJISI, TO €CTh YKa3aHO MHOKeCTBO N, cocTosImIee U3 TexX HeyNnopsAI0YeHHBIX nap pas-
JUYHBIX TEJIBIX THce] oTpe3Ka |1, S|, st KOTOPBIX Hapbl COCTOSTHUIT (CTOIOIOB MATPHUIIBI
M) ¢ cCOOTBETCTBYIONMME HOMEPAMHU HEOOXOMMO OTJIMYATE JIPYT OT JIPYTa, CPABHUBAS 3HA-
YeHUsI, PACIIOJIOKEHHBIE B TE€X UJIM MHBIX CTPOKAX JIAHHOW mapbl cTos01oB. B gacrHocTy,



ecsin N cocrouT u3 Beex Lap yKa3aHHOI'O BHA, TO LE/IbI0 KOHTPO/Is AB/IAeTCS JMarHOCTH-
ka cxembl, a ecm N = {(1,2), ..., (1, )}, To — npoBepka ncnpaBHocTu cxembl. MHOKECTBO
crpok mMarputbl M ¢ Homepavu w3 T, T' C [1, p|, HazsiBaercsa trecrom st MaTpuisl M or-
HOCUTENbHO MHOKecTBa N, mim, unade, recrom s (M, N'), eciu niag o6oit napsr (7, 7)
u3 N cymecrsyer t, t € T, takoe, uro M(t,i) # M/(t,j). MomHOCTh TecTa HA3BIBAETCH
TaKKe ero JJUHOM.

BaMeTuM, 9TO MHOYKECTBO, COCTOSIIEE U3 BCeX CTPOK TabJIMIBI KOHTPOJIsI, BCeraa 00-
pasyet TecT. TecT, KOTOphIil nepectaeT OBITH TECTOM NPHU yIaJeHUN JII000i CBOEll CTPOKH,
HA3BIBAETCS TYIIMKOBBIM, & TECT, KOTOPBIHA MMeeT MUHUMAIBHYIO MOIIHOCTh, — MHUHHAMAJIb-
HBIM. B TOM ciiydae, KOTJIa 1eJIb0 KOHTPOJIS SIBJISIETCS JTUArHOCTHKA CXeMbl ([IPOBEpKa UC-
IPABHOCTU CXEMBI ), TECT HA3BIBACTCS JUATHOCTHUYECKUM (COOTBETCTBEHHO MPOBEPSIIOIINM ).

Bynem rosoputh, uro MHOXkKecTBO HabO0poB 7, 7 C A, obpa3yer Tect isi MOJE/H
(3,U) ornocuresbho nesn koutposast N, win, nnade, recr st (3, U, N), ecau coorBer-
crBytone HabopaM u3 T crpoku Marpuisl M obpasytor Tect aist (M, N'). Bee BBegennbie
BBIIIIE IIOHSATHS, KOTOPHIE KACAIOTCA TECTOB I/ TaOJIHIl, 6e3 M3MeHEeHUH MepeHOCaTCsT Ha,
cJIy4ail TeCTOB 1 HeHaJexKHBIX cxeM. OTMeTHM, 4To, eCJId HCTOYHUK HencnpaBHocTeir U
JIOIYCKAET TOJOMKY He 6oJiee OJIMHOr0 dJjieMeHTa (KOHTAKTa) CXeMbl S, TO TeCT JJIs MOJEJIHN
(33, U) HasbIBaeTCst e AMHIIHBIM; €CJIN YK€ HCTOYHUK HencrpaBHocTed U T0mycKaeT moJOMKY
A1060r0 YuCIa TeMEHTOB (KOHTAKTOB) CXeMbI S, TO TecT 1 Mozenn (3, U) HasbiBaeTcs
HOJTHBIM.

Jlig onmcaHus TECTOB MOXKHO BBECTH (DYHKIIMIO, AHAJOTHUYHYIO (DYHKIIMH TOKPBI-
tus. [lycte M, M € BP*, — orpenumasi 110 croadnam marpuna, a N — cBazannag ¢ Heil
nestb KouTpostst. ConocraBum i-it cTpoke, i € [1, p|, marpurel M GyneBy mepeMeHHYIO Y, a
KaKI0My Habopy 5 = (B1,...,0p), B € BP, 3nadennii 3Tux mepeMeHunx y = (Y1, ..., Yp) —
MHOKECTBO ¢TPOK Matputibl M ¢ Homepamu u3 muoxkecrsa I = I(5) C [1,p], tae i € 1(5)
TOTJIa ¥ TOJIBKO Toraa, Korma [3; = 1. Pacemorpum B F(y), ana kotopoit F/(f) = 1 Torma
¥ TOJILKO TOIJA, KOrJa cucrema crpok marpuibl M ¢ womepamu u3 () obpasyer recr
st (M, N), n 6ynem naseiBars 31y B® dbynknueit recra naa (M, N). ConocraBum nape
(M, N) marpuny M u3 muoxkecrsa BPS, S = |N|, cTonbmm KOTopoii npoHyMepoBaHb!
ndpamu u3 N, a ee crosber ¢ HomepoM (i, j) € N nosnydaercs B pesyabTare mopaspsIHOTO
CJIOYKEHHUs 110 MOIYJIIO 2 CTOJOIOB ¢ HOMEpaMu ¢ U j MaTpuubl M. 3amMeTHM, 94TO CTPOKH
marpunsl M ¢ momepavn u3 muoxkectBa T, T C [1, p], 06pasyior TecT (TyMUKOBHI TECT,
MuHAMAJIBHBIH Tect) g napbt (M, N) Torga u ToabKO TOTIA, KOrAa CTPOKH Marpuibl M
¢ HoMepamu u3 T 06pasyrorT MoKpbITHE (TYMHKOBOE MOKPHITHE, TIOKPHITHE MHHUMAJIbHOI
nymabl) Matpunsl M. OTcroa BHITEKaeT, B 4acTHOCTH, 9T0 BD tecta F g napst (M, N)
SABJISIETCA OIHOBpPeMeHHO B® mokpeITHs 11 MaTpuilbl M 1 o6paTHO, a 3HAYUT JIJId Hee, B
crty JeMMbl 6.1 mmaBwl 1, cipaBelyIMBO CJIeVIONIee YTBEPKIEHHE.

Jlemma 1.1. Qynruyua mecma F(yi,...,y,) 0aa omdeaumots no cmosbuyam mam-
puyvt M, M € BP*, u yeau xoumpoaa N mooicem boimo 3adana ¢ nomouwvro KHO

Fly o) = N\ ( \Y; yt)- (1)

(1,5)EN 1<t<p
M<ti>#M<t,j>

CaexncrBue. Kaswcdaa anemenmapHas KOHBOHKUUA 6U0G Y, - - Ui, COKPAUEHHOU
AHD dynxyuu F(yr,...,yp), noaywarowasca us KHO (1) e pesyavmame packpumus
ck000% U npusedenun NodoOHBIT, COOMBEMCMBYEM MYNUKOBOMY MECMY, CEAZGHHOMY C
mroncecmeom T = {ty,...,t.}, u obpamno.

Ha nmammoit j1leMMe OCHOBaH CJIEAVIOMIME AJTOPUTM IIOCTPOEHUS BCEX TYIHKOBBIX
TeCTOB JId MaTpurpl M OTHOCHTEILHO 1esn KoHTposd N



1) BoimmchiBaeM st byukiun recra KHO suga (1);

2) packpbiBas B Heil CKOOKH W TIPUBOJIsI TOI00HBIE, TTogydaeM cokparennyo JTHO
dyHKINN TecTa;

3) comocrapisieM KayKJIOH 3JeMEeHTApHON KOHBIOHKIMH TOH cokpamernoil JTHD
TYIHUKOBBII TECT.

Jlemma 1.2. Jlauna 106020 mynuko6o2o duazroCmMusecko20 mecma 0Aa 0moesu-
MOT MO CMOABYAM MAMPUYLL U3 MHodcecmea BP® saxaouena 6 npedeaax om [logs]| do
(s —1).

5.1(1) Tlocrpourhb BCE TYNHUKOBBIE AMATHOCTHYECKHE TECThI i TaOUIbl (MaTpH-
1L )

11
01
M= 0 0

—_= O O
O~ = O

10

Pemenne. Ileas konrpoas N aid 3a1aun JMarHOCTUKU MaTpuinl M uMeeT BH
N =NV ={(i,7) | 1 <i < j < 4}. Conocrasum Kazioii cTpoke marpunibl M cBoio
HEePEMEHHY IO

0110 n
1100 Ya

u nocrpoum marpuiy M = M (M, N2) nna naper (M, N), cocrosinyto u3 noKoopuHaT-
HBIX CyMM (IO MOJY/It0 2) map ¢roabuos, Bxoasmmx B N

110011 n
o1 1110 Yo
M=1110011 Us

011110 Ya

[Moctponn KH® dyrknnn auarnoctTudeckoro recra Marpunbl M (nam, 910 TO Ke camoe,
KH® dynkuun moKpbITHs MATpHIbl M) B COOTBETCTBHE € JIeMMO# 1.1:

F(y1,y2,93,94) = 1 Vys) (e Vya Vys Vya) (2 V ya) (e V ya) (1 Ve V ys V ya) (v V ys).

Beimoanm yipormienue 31oit KH® (u36aBsisich 0T OBTOPOB 9KBUBAJIEHTHBIX MHOYKHUTEJIEl
M OCYIIECTBJIsIsl KOHBIOHKTUBHBIE HOMIOMEeHNs Ha ocHoBanuu Toxkaecrsa K'(K'V K") =
K'):

F(y1,42,y3,94) = (1 V ys3) (Y2 V ya).
[Toctpoum cokparmiennyio JAH® dbyuknun F o merony Hesbcona, pacKpbiB CKOOKH | IIPH-
BeJIsl MOJO0HBIE (C YUETOM BBINOJHEHUS! U3 HIOHKTUBHBIX MOTIONIEHUH HA OCHOBAHUN TOK-

necrea K'V K'K" = K'):

F(y1,92, Y3, Y1) = y1y2 V y1ya V Y2y3 V Y3Ys.

Kaxkioe ciaraemoe nocrpoennoii cokpaiennoit JIH® dbynkiun F' 3a/1aet ¢BoOil TYITUKOBBIi
JUATHOCTUIECKHU TecT Jyisi Tabauisl M, TIpu 9TOM BCe TAaKWe TECThl yYTeHbl (HU OJUH He
IIPOILYIIEH ).

OTBer. Bce TynuKoBbIe IHMArHOCTUYECKHUE TECTHI JJIst Ta0anIbl M COOTBETCTBYIOT
CJIEIYIOIIAM MHOYKECTBaM HOMepoB cTpok Marpuisl M: {1,2}, {1,4}, {2,3}, {3,4}.



5.1(2) IMocrpouTh Bee TYNHKOBBIE THATHOCTHYECKHE TECTHI JJIst TaOIuIpl (MaTpH-

BT )
1 11000
1 00 1 00
M = 01 0O01PO0
001001

Pemtenne. Lleas koutpoad N i 3aaud JUATHOCTUKA MaTpuibl M uMeeT BHI
N =N ={(,7) | 1 <i< j <6} ConocraBuMm KazKkmoii cTpoke MaTpunibl M cBOIO
epeMeHHY 10

S O = =
- o= O F
_ o O =
O O = O
O = O O

0

0

0

1
1 noctpouM mMarpuiny M = M (M, NA) nna napst (M, N), cocTosnyto u3 NoKoOpIMHAT-
HBIX CyMM (10 MO0 2) map ¢roabuos, sxoasmmx B N:

06011101111 11O000 Y1
M — 1101101001O0O01T1O0 Yo
10010110101O010O0T1 Y3
01 001100111O00T171 Y4

[Moctponv KH® dyrknnum auarsoctTudeckoro recra Marpunbl M (nam, 910 TO Ke camoe,
KH® ¢dyukimy noKpeiTus MAaTpuiisl M) B cooTBETCTBIM ¢ IeMMoit 1.1, cpa3y n3baBJisisach
OT MOBTOPOB IKBUBAJEHTHBIX MHOXKHUTeEJIeH:

F(yr,y2,93.91) = (2 V ys) (W2 Vya)yi(yi VY2 Vy3) (v V Y2 V ya) (Y3 V ya) (Y1 V Y3 V Ya).

Beimoaum yopormierue 310t KH® (ocyrmecTsiisisi KOHbIOHKTHBHbBIE TOMJIONIEHNsT Ha OCHO-
Bannu Toxkaecrsa K'(K'V K") = K'):

F(y1,92,Y3,y4) = y1(y2 V y3) (Y2 V Y1) (Y3 V ya).

[Toctpoum cokparennyio JTH® dbyukmun F no meroxy Henbcona, pacKpbiB CKOOKH | TIPH-
Beasd HO,ZLO6HbIe (C y4eTOM BbINOJIHEHUA JU3BbIOHKTUBHbBIX HOI‘J’IOH.[GHI/IfI Ha OCHOBaHUU TOZK-

necrea K'V K'K" = K'):

F(y1,Y2, Y3, y4) = y1y2ys V Y1y2Ys V Y1Y3Ya.

Kazxioe ciaraemoe nocrpoennoii cokpaiennoit JIH® dbyunkmuu F' 3a/1aet ¢Boil TYITUKOBBI
JUATHOCTUIECKUI TecT 1yt Tabauiibl M, Ipu 5TOM BCe TaKWe TECThl yYTeHbl (HU OJUH He
IPOILYIIEH ).

Orser. Bece TynnKoBble THAIHOCTUYECKHE TECTHI JJId Tabauibl M COOTBETCTBYIOT
CJIELYTOIUM MHOXKeCTBaM HOMepoB crpok marpunsl M: {1,2,3}, {1,2,4}, {1, 3,4}.



5.1(3) IlocTrpourh Bce TYNUKOBbIE TPOBEPSIONIHE TECThI JiJist TaOIUIbI (MATPHILHI )

11110000001 1T171
001111001T1T1T1Q02®0
M=|11000111100110
11111110000O0O0O0
00o000O0O0O1T1T1T1TT1TT171

Pemmenne. /I1a mavgasa m3baBuMcsa OT MOBTOPOB OJMHAKOBBIX CTOJIOIOB B MaTpH-
ne M, nocTpouB OTJAEJUMYIO 110 CToJIOnamM Marpuiy M, COCTOSILYIO U3 BCEX Pa3/JIMYHbIX
cTo010B MaTpuibl M, conocraBuM KazKJioit cTpoke Marpuiibl M CBOIO ITepeMeHHYIO

110000001111 n
011100111100 s
M=l100111100110 Us
111110000000 m
0000011111171 v

(mpeBapUTeIBHO BCe CTPOKY ObLIN Pa36UThl HA KJIACCH 9KBUBAJIEHTHOCTH TaK, YTO B OJHH
KJIACC BXOJUJIN TTOMAPHO PaBHBIE WJIN TOTAPHO MPOTUBOMOJIOXKHE CTPOKHU, HA3BAHUS Tepe-
MEHHBIX JIJISI CTPOK M3 OJIHOTO KJIACCa OTJIHYAITCS JUITh 9uCI0M mTpuxos). [leas KonTpo-
ng N 1 3312491 IPOBEPKH MaTPHUILBL M nmeer BH/T

N=N"={(1,5)]2<j<12}.

[Toctponm matpuny M’ = M'(M, N1 ana naper (M, N), cocTosmiyio u3 ToKoOpIuHAT-
HBIX CyMM (10 MOJy/Ii0 2) map crosionos, Bxogsaumx B N, Ipu 5TOM U3 KaxKJI0r0 KJAacca
SKBUBAJEHTHOCTH CTPOK Oepsl 110 OJHOH CTpOKe:

01111110000 n
Mo| 11100111100 Ys
11000011001 Us
00001111111 U

[Tocrponm KH® dyukiun mokpbiTusg MaTpuinr M':

F(yi1,y2,y3,94) = (12 V y3) (01 Vy2 Vys) (v V y2)ya (v V ya) (v V vz V ya)&
& VY2 Vs Vya) (s Vya) (W2 VsV ya) (Y V ya)ya(ys V ya).

Beimoaum yopormierue 310it KH® (ocyrmecTsisisi KOHbIOHKTUBHbBIE TOMJIOMEHNsT Ha OCHO-
Baunu Toxaecrea K'(K'v K") = K'):

F(y1,y2,y3, Y1) = 1194(y2 V y3).

[Toctpoum cokparniennyio JAH® dyukmnun F o merony Hesbcona, pacKpbiB CKOOKH | IIPH-
BeJIsl MOIOOHBIE (¢ YYeTOM BBINOJHEHHs! U3 bIOHKTUBHBIX MOTJIOIEHIH HA OCHOBAHUH TOXK-
necrsa K'V K'K" = K'):

F(y1,Y2, Y3, Ya) = y1y2Ys V Y1Y3Ya.

Kazkoe ciaraemoe nocrpoentoii cokpaimennoit JIH® ¢yuknun F' 3a1aeT cBoil TYIIUKOBBII
npoBepsionuit rect s Tabaunsl M. YTobbl 0OXBAaTHTh BCE TYHMUKOBBIE ITPOBEPSIOIINE Te-
CTbI OJIs Ta6JH/II_[bI ]\47 ciaeayer B KazkKJ10M IIOCTPOCHHOM TeCTe OCYyINEeCTBUTh BCEBO3MOZKHDBIC
3aMeHbl CTPOK HA CTPOKH M3 TOTO K€ KJACCa SKBUBAJEHTHOCTH.

OTtBert. Bee TynukoBbie poBepsioniue TecThl A Tabauiibl M cOOTBETCTBYIOT CJie-
JIYIOTIM MHOZKecTBaM HOMepoB crpok marpurst M: {1,2 4}, {1,2,5}, {1,3,4}, {1,3,5}.



6.2. [TocTpouTsb BCe TYNMHKOBBIE &) IPOBEPSIONIHE, 0) AUAPHOCTHIECKHE TECThI JJIst
KOHTAKTHOI CXeMBbI Ha pUC. 1. B MCTOYHUKA HEHCIPABHOCTEH, TOMYCKAONIEr0 Pa3MbIKAHIE
KOHTAKTOB BHJIA Z, Z, & TaKKe 3aMbIKAHNE KOHTAKTA BUJA ¥y, TpUUIeM 00Ilee InCaI0 HEnC-
IpPaBHBIX KOHTAKTOB He MOxKeT ObITH GoJbiie 1.

T z T
a ] Y b
T z T
Puc. 1.

Pertenue. Boraucium TabIuiy KOHTPOJIS JIJIs 33 JAHHBIX CXEMbl B HCTOYHUKA HEHC-
upasnocreil (3xech fi = f — dyHkuus, peajgusyemas MCXOIHON CXeMO# B OTCYTCTBHE
HeucrnpasHocreii, fo = fF — dyHKIUA, peaqnzyeMas CXeMOl NPH Pa3MBIKAHUE KOHTAKTA
Z, fs = [P — dynkuus, peamnsyemas cXeMoil Iph pasMbIKaHWU KOHTaKTa z, fy = fo —
dbyHKIHS, peanu3yeMasl CXeMO MpY 3aMbIKAHUH KOHTAKTA Y ):

vy 2|\ h=flh=F]fsi=/F f4:fy3

0 00 0 0 0 1 Y1
0 01 1 1 0 1 Yo
010 1 0 1 1 Us
011 0 0 0 0 Ya
1 00 1 0 1 1 Y5
1 01 0 0 0 1 U1
1 10 0 0 0 0 Yy
1 11 1 1 0 1 A

QOYHKIMOHAJIBHYIO YacTh 3TOM Tabaunbl OyjgeMm cuutarh Mmarpuneit M. Kaxkmoit cTrpoke
MaTpuibl M comocraBiieHa CBOsl lepeMeHHast; IpeiBapuTebHO Bee cTpoku M (1 coorBeT-
CTBYIOLIME UM BXOJHbIe HAOODPHI) OblIM PasdUThl HA KJIACCHI SKBUBAJICHTHOCTH TaK, YTO B
OJINH KJIACC BXOJMJIN TMOTAPHO PaBHBIE WM MOMAPHO MPOTHBOIMOJIOXKHE CTPOKH, HA3BaAHUSI
nepeMeHHBIX JJI CTPOK W3 OJHOTO KJIACCa OTJIMYAIOTCS JIUITH YUCJIOM TTPHXOB.

a) Llesb xourposs N jyist 3a1a9u 1poBepKu Marpuisl M umeer Bu

N=N"={(1,))|2<j<4}.

[Tocrpoum marpuny M’ = M'(M,N) ana napot (M, N™), cocrogniyio u3 noKoopuuaT-
HBIX cyMM (110 MoJy.Io 2) map cToa6uos, sxoagmux B N npu sToM 13 Kazxmzoro Kiacca
SKBHBAJIEHTHOCTH CTPOK Geps 110 OIHON CTPOKe (3aMeTHM: CTPOKH MATpPHIBI M, He coaep-
JKalllie HeOJNHAKOBBIX 9JIEMEHTOB, MOKHO ObLIO Obl He BKI4YaTh B M'):

0 0 1 U1
o110 w
M_100 Y3

000 Ya

[Tocrponm KH® dyukIimun mokpbiTus MaTpuisr M':

F(?h, Y2, y37y4) = Y1Y2Y3.

fdcHO. YTO B mpaBoil YacTH ITOr0 paBeHcTBa Haxoautcd cokpamnennas IH® ¢dynk-
mun  F. Kaxkmgoe ciaraemoe moctpoennoii cokpamiennoit JIH® dyuknun F 3a1a-
eT CBOMl TYyNHMKOBBIN npoBepsiiomuit Tecr s tadaunbt M. Yrobbl oxBaTuTh BCe



TYIMKOBbIE 1POBEPLIONIUE TecTbl g Tabjuipl M, cienyer B KayKJIOM IOCTPOEH-
HOM TeCTe OCYIIeCTBUTH BCEBO3MOXKHBIEC 3aMeEHBbl BXOJIHBIX Ha60pOB Ha BXOJHBIC Ha-
Oopbl W3 TOTO Ke KJjiacCa ASKBHBAJEHTHOCTH. Bce TyNUKOBBIE TIPOBEPSIONINE Te-
cror: {(000), (001), (010)}, {(000), (001), (100)}, {(000), (111), (010)}, {(000), (111), (100)},
{(101), (001), (010)}, {(101), (001), (100)}, {(101), (111), (010)}, {(101), (111), (100)}.

6) Llens KOHTPOJIA N JJI 3aJ1a9N JUATHOCTUKU MaTpuilbl M uMeeT BHI,
N=Nr={@G7)]1<i<j<4}.

[Toctpoum maTpuny M” = M” (M, N?) nna naper (M, N?), cocroamntyio u3 mokoopaunaT-
HbIX cymM (110 Moo 2) nap crosbuos, xoasmux B N7 npu sTom u3 Kax10ro Kjacca
9KBUBAJIEHTHOCTH CTPOK Oepsi 10 OJHOM CTPOKe (3aMeThM: CTPOKH MaTpuiisl M, He comep-
JKalllie HeOJNHAKOBBIX 3JIEMEHTOB, MOKHO ObLIO Obl He BKAO4aTh B M”):

001011 n
, [0 10101 n
M=1100110 s
000000 Ya

[Tocrpoum KH® ¢yukimn mokpbirust marpuiier M

F(y1,y2,y3, Y1) = ysay1 (Y2 V y3) (1 V y3) (Y1 V Y2) = y192Ys.

dcro. wro B mpaBoil YacTu 3ITOrO paBeHcrBa Haxojurcd cokpaiienuas JIH®D ¢dynk-
mun  F. Kaxknoe cioaraemoe mocrpoennoit cokpamiennoit /JIH® dyuknuun F 3amzaer
CBOM TYIHUKOBBIM IUATHOCTUYECKHUI TecT s Tadsumsl M. YToOBI OXBAaTUTH BCE TY-
NUKOBBIEe JUATHOCTHUYECKWe TecThl s Tadbauisl M, cieayeTr B KAayKIOM ITOCTPOEH-
HOM TeCTe OCYIIECTBUTH BCEBO3MOXKHBIE 3aMEHBI BXOIHBIX HAOOPOB Ha BXOJHBIE Ha-
Oopbl U3 TOro 2Ke KJiacta SKBUBAJEHTHOCTH. Bce TYNHKOBbBIE JIUATHOCTHYECKHE Te-
croi: {(000), (001), (010)}, {(000), (001), (100)}, {(000), (111), (010)}, {(000), (111), (100)},
{(101), (001), (010)}, {(101), (001), (100)}, {(101), (111),(010)}, {(101),(111), (100)}.

OtBer. Bce tymukoBbie (Kak MPOBEDSIONIHE, TaK W JIHATHOCTUIECKHE) Te-
cror: {(000), (001), (010)}, {(000), (001), (100)}, {(000), (111), (010)}, {(000), (111), (100)},
{(101), (001), (010)}, {(101), (001), (100)}, {(101), (111), (010)}, {(101), (111), (100)}.



6.4. [TocTpouTsb BCe TYIMHKOBBIE &) IPOBEPSIONIHE, 0) AUAPHOCTHIECKHE TECThI JJIst
KOHTAKTHOM CXeMBbl Ha PUC. 2 U HCTOYHUKA HEUCIIPABHOCTE, JTOMYCKAIOMIETO OTHY U3 CJIe/1y-
IOIUX HEUCIPABHOCTEH: 0OPHIB KOHTAKTA Z, OOPBIB BBIJICJIEHHOTO KOHTAKTA, 2 U 3aMbIKAHUE
BBIJICJICHHOTO KOHTAKTa Y.

Pertenue. Boraucanm T1abIuIy KOHTPOJIST JITs 33 JAHHBIX CXeMbI B HCTOYHUKA HEWC-
npasHocreii (3mech fi = f — yHKIMs, peasu3syemasi UCXOJHON CXeMOH B OTCYyTCTBHE
HeucnpapHocTeil, fo = fF — QyHKIUA, peaqnzyemMas CXeMOil NPH Pa3sMbIKAHUE KOHTAKTA
Z, f3s = fP — dyHknug, peasusyemas cxeMoii IIpU PA3MbIKAHUU BbIJIEJI€HHOI'O KOHTAKTa 2,
fa = f; — bynxius, peammsyemas cxemoit TpH 3aMBIKAHHH BbIIEJTEHHOTO KOHTAKTa Y ):

vy 2zl h=flh=f]1fsi=[ f4:f;

0 00 1 0 1 1 Y1
0 01 0 0 0 1 Yo
010 0 0 0 0 Y3
0 11 1 1 1 1 s
100 0 0 0 0 Yy
1 01 1 1 0 1 Y4
1 10 1 0 1 1 U1
1 11 1 1 0 1 Yy

DyHKIUOHAJILHYIO YacTh 3TOH Tad/unbl Oygem cunrarh marpuneit M. Kaxioit crpoke
maTpuibl M comocraBieHa cBOsi epeMeHHas; IpeBapuTeabHo Bee crpoku M (1 coorBet-
CTBYIOIIHE UM BXOJHble HAOODBI) ObLIN Pa30UThI HA KJIACCH SKBUBAJIEHTHOCTH TaK, YTO B
OJIMH KJIACC BXOJMJIM MOTAPHO PaBHBbIE HJIH MMONAPHO MPOTHBOMOIOXKHE CTPOKM, HA3BAHUS
nepeMeHHBIX 71 CTPOK W3 OJTHOTO KJIACCa OTJIMYAIOTCS JIUIb YUCTIOM MITPHUXOB.

a) Iesb kourposns N st 3a1a4m nposepku Marpuibl M umveer Bu,

N=N={(1j)|2<5 <4}

[Tocrpoum marpuiy M’ = M’ (M, N1 nna naps (M, N1), cocrosiniyio us nokoopuuar-
HBIX cyMM (110 MO0 2) lap ¢To61oB, Bxoagux B N npu sTom u3z kaxoro kuacca
SKBUBAJICHTHOCTH CTPOK Oeps TI0 OHOMN CTPOKe (3aMeTuM: CTPOKH MaTpuisl M, He comep-
JKallye HeOJMHAKOBBIX JIEMEHTOB, MOXKHO OBbLIO ObI He BKI0OYaTh B M'):

1 00 U1
oo 1| w
M=179 0 0 Y5

010 Y

[Mocrpoum KH® dyukimu mokpbitust MaTpuiisr M':

F(y1, Y2, Y3, Y1) = Y1y2Ya.



fcHo. uTo B IpaBoii YacTu 3TOr0 paBeHCTBA HaxojurTcsd cokpailennad JH® dbyuknun F.
Kazxkoe cnaraemoe nocrpoennoii cokparniennoit JIH® dbyukmuun F' 3agaer cBoii TYIHKO-
BBITT mpoBepstonnit Tect g Tadbaunbl M. UToOhl OXBATHUTH BCE TYIMUKOBBIE TTPOBEPSIIO-
e TecThl A TaOaunel M, ciaeayeT B KayKJIOM HOCTPOEHHOM TeCTe OCYIIECTBUTH BCEBO3-
MOKHBIE 3aMeHbl BXOJTHBIX HAOOPOB Ha BXOJHBIE HAOOPHI W3 TOTO YKe KJIacca SKBUBAJIEHT-
soctu. Bee tynukosbie nposepsionie Tecrs: {(000), (001), (101)}, {(000), (001), (111)},

{(110), (001), (101)}, {(110), (001), (111)}.

6) [Hesb KOHTPOJISE N JIISl 331491 JIMAIHOCTUKU Marpuiibl M umeer BuL
N=Nr={@G7)]1<i<j<4}.

[Toctpoum maTpuny M” = M” (M, N?) nng naper (M, N?), cocrogntyio u3 nokoopaunaT-
HBIX cymM (110 Mozystto 2) map crosibuos, sxogamux B N7 1pu sroM n3 Kax0ro Kiacca
SKBHBAJEHTHOCTH CTPOK O€pst 110 OJHOH CTPOKe (3aMeTuMm: cTPOKM Marpuiisl M, He cogep-
JKalllie HeOJNHAKOBBIX 3JIEMEHTOB, MOYKHO ObLI0 Obl He BKAO4aTh B M”"):

100110 0
, 001011 n
M=1000000 s

010101 Ya

[Tocrponm KH® dyukiun nokpeitusg marpuns M

F(y1, 2, Y3, Y1) = y1yay2(y1 V ya) (Y1 V y2) (Y2 V ya) = Y1Y2ya.

fcHo. UTO B IpaBoii YacTH 9TOTO paBeHCTBA HaxoAuTcs cokpamennas JH® dbyuknun F.
Kazkmoe ciaraemoe moctpoentoii cokpamennoit JIH® dbyuknun F 3amaeT cBoit TYITHKOBBIf
JiMarHocTudeckuit rect st Tadaunbl M. YTobbl 0XBATUTH BCE TYIUKOBBIE JUArHOCTHYE-
CKMe TeCThI Jijisd Tabanibl M, cieayer B KayK/I0M ITOCTPOEHHOM TECTe OCYIIEeCTBUThH BCEBO3-
MOXKHbBIE 3aMEHBbI BXO/IHBIX HAOOPOB Ha BXO/IHBIE HAOOPHI U3 TOIO YK€ KJ1acCa SKBUBAJICHTHO-
cru. Bee tymukossie muarnocrudeckue tectsi: {(000), (001), (101)}, {(000), (001), (111)},
{(110), (001), (101)}, {(110), (001), (111)}.

OtrBer. Bce TymukoBbie (Kak MPOBEPSIONIWE, TAK W JHATHOCTUYIECKHE) TECTHI:

{(000), (001), (101)}, {(000), (001), (111)}, {(110), (001), (101)}, {(110), (001), (111)}.

6.11. Hafiru gimHy MUHEMAJIBHOTO €IHHUYIHOTO ITPOBEPSIONIETr0 TeCTa OTHOCUTE -
HO Pa3MBIKAHW! KOHTAKTOB B KOHTAKTHOM cXeMe Ha pPucC. 3.

T oy €T Tp—1 Tn
ac T9 T3 T; Tit1 In-1 Tn 2b
T To T; Tp—1 Tn
Puc. 3.

Pemtenne. 3ameruM: yepe3 KOHTAKTHI T1, T, U «BePTHKAJIbHBIE» KOHTAKTHI To, T3,
., Tp TPOXOIUT IO OJHON IIPOCTONU MPOBOALAIIEH HMENH, COSJTUHAIONICH TOJIOCHI CXEMbI, U
IPU 9TOM STH MU IMPOBOAAT HA MOMAPHO PA3IUUHBIX HaOOpaxX. 3HAUUT, ITOOLI OOHAPY-
KUTb OJUMHOYHBIEC PAa3MbIKaHUA YKA3aHHBIX KOHTAKTOB, B eﬂHHHquIfI HpOBepHIOLU;HfI TECT
HEOOXOUMO BKJIIOUHTH yHOMAHYTHIE 1 + 1 HAbopoB. OcTaercs 3aMeTUTD, ITO HA ITUX JKe
Habopax oOHAPYKUBAIOTCS OANHOUYHBIE PAa3MbIKAHUSI BCEX KOHTAKTOB CXEMHbI.
OtBer. n + 1.
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