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BBenenne

Kypc «OcHoBbl kubepHeTnKn» (paHee «DJeMEHTHl Kubep-
HETUKN» ), CO3/[aTeJeM M OCHOBHBIM JIEKTOPDOM KOTOPOTO ObLI
an.-kopp. PAH C. B. {d6momckuit, antaercs Ha dakyabrere
BMuK MI'V ¢ nepsbIx JieT ero cyiecTBoBanus. B HacTosIee
BpeMs OH YuTaercs B 6-8 ceMecTpax U SBJISETCH 00432 T ILHBIM
JJIsT BCEX CTYJIEHTOB, obydaroruxcs 1o crernuaabaoctr 01.02 —
[IpUKJIaJHAs MaTeMaThuKa u MHMOPMATHKA, & TaKxKe DakaJias-
poB onHonMennoro Hanpasienns 510200 u nanpasaenus 010400
nadopMaImoHHbie Texuogoruu. [Ipu sTom 06beM u, B HEKOTO-
poit crenenu, nporpamma Kypca «OCHOBbI KHOEPHETUKU» Ba-
PBUPYIOTCS B 3aBUCUMOCTH OT CIEIIUAJIN3AIUIN U HAIIPABICHUSI.

Kypc «OcHOBbI KNGEPHETHKM» TMOCBAIIEH H3JIOKEHUIO TEO-
PUU IUCKPETHBIX YIIPABJISIONINX CUCTEM, KOTOPas MPEICTaABIIA-
eT coboil JacThb AMCKPETHON MATEMATHKH W MATeMaTUIeCKOM
kubepHeTuKHU. B Hell pa3pabaThiBAIOTC U U3y IaOTCs JTUCKPET-
Hble MaTEMATHIECKUE MOJIEJIM, OMUCHIBAIONINE (PYHKITHOHIPO-
BaHUE U CTPYKTYPY CJIOKHBIX CHCTEM IpeobpaszoBaHust nHMOP-
Marnuy (MHTerpasbHBIX CXeM, IIPOrpaMM U T. 11.). B ocHoBe 311X
MOJIeJIel JIeXKAT PA3JInIHbIE CIIOCODBI 3a/laHust (DYHKIIMOHUPOBA-
HUS YIIPABJSIONIUX CUCTEM C TOMOIIBIO TUCKPETHBIX (DYyHKITMT
U UX CTPYKTYDHAs peaJin3aliys B TeX WM WHBIX KJaccax Ipa-
dbos (knaccax cxem). [lpu uccsie0BaHUN YIPABJISIIONIIX CUCTEM
CTaBATCS W PEIIAIOTCs JIBe OCHOBHBIE 3aJIa4d: 33/a4a aHAJII3a
U 3aJa4a CUHTE3A.

Bajavua aHaIN3a COCTOUT B HAXOXKIEHWH (DPYHKIIMOHUPOBA-
HUs JJAHHON CXEMBbI, & 3aJla9a CHHTE3a — B I[IOCTPOCHUH CXEMBI,
umerorteii (peasnusyroreit) 3agantoe GyHknornposanne. Kax-
Jlasd M3 9TUX 3aJa9 MOXKET PACCMaTPUBATHCH JUOO KaK WHJIM-
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4 Bgenerne

BHUJlyaJIbHAA 3aJiada, U TOLa €€ PelIeHueM SABJISIeTCsl KOHKPET-
Hoe dyHKIMOHUpOBaHUe (cxema), JnbO Kak MaccoBas 3ajada,
U TOIJa €€ PEIleHrueM JOJ2KEH ObITh aJI'OPUTM HAXOXKIEHUSI
dbyHKIOHNpoBaHus (cxeMbl). 3aaua CUHTE3a UMeeT, KakK IIpa-
BHIJIO, MHOKECTBO PEIEHU, U3 KOTOPLIX BLIOMPAIOT PEIleHue,
ONTUMAJIBHOE 10 KAKOMY-JINOO KPUTEpHUio. aiie BCero B Ka-
9eCTBE TAKOTO KPUTEPHS BBICTYIAET CJIOXKHOCTH CXEMBbI, ITOHU-
MaeMas KaK CyMMa, CJIO?KHOCTEH COCTABJISIIONINX €€ 3JIEMEHTOB
WA 33JIePXKKa CXEeMbl, [TOHUMaeMasi KaK MaKCHMAaJIbHAasl CyM-
Ma 3aJepKeK I TOCJIeIOBATEIbHO COSIMHEHHBIX 3JIEMEHTOB
CXEMBI.

C comepKaTeIbHON TOYKN 3PEHNS Pa3InYHble KPUTEPUN OIl-
TUMAaJbHOCTH OTPAYKAIOT Pa3UYHbIE IapaMeTPhl MOJIETUPYe-
MBIX 9JIEKTPOHHBIX CXEeM MJIM IIporpaMM. Tak, HAIpUMep, CJI0XK-
HOCTh MOXKET XapaKTepPHU30BaTh CTOMMOCTD, Pas3Mephbl WJIU II0-
Tpebisiemyio MorHoctb CBUC, a Takske BpeMsl BBIIOJIHEHHS
IIpOrpaMMBbl Ha OJHOM Irporieccope. IIpu aToMm 3amepKKa CXeMbl
xapakrepudyer Bpemsi cpabarbiBanuss CBUC win BpeMs Bbl-
MIOJTHEHUS IIPOTPAMMBI Ha MTapaJslJIeIbHBIX IPOIEeCcCopax U T. II.

Ecin sagada cunresa perreHa B OAHON MOIEIN, MOXKHO IIbI-
TaThCS [IEPEHECTU TO PEIeHue B JIPYTrue MOJEIH C HOMOIIHIO
CTPYKTYPHOI'O MOJe/JNpOBaHusA. KpomMe TOro, MmojydeHHoe pe-
[IEHUEe MOXKHO <«V/IYUIIATB» C HOMOIIBI0 SKBUBAJEHTHBIX IIpe-
obpazopanuii. C Apyroit CTOPOHBI, €CJIN 3312498 CHHTE3a PeIleHa
JUTst OJTHUX (DYHKIIUIT, MOYKHO IIBITATHCST «Pa30UThy (J€KOMIIO3H-
POBaTh) HOBYIO (DYHKIMIO HA YK€ PACCMOTPEHHBIE U TIOCTPOUTH
13 CUHTE3UPOBAHHBIX JIJISI HUX CXEM CXEMY JIJIsI HOBOI (byHKIMHI
C TIOMOIIBIO OIIEPAIliN CyIEePIIO3UIINN.

VKazaHHBIE BBIIIE 38Ia91 PACCMATPUBAIOTCA B JIEKITUSIX JIJTsT
BCEX OCHOBHBIX KJIACCOB CXeM (JIM3bIOHKTHBHBIE HOPMAJIbHBIE
dopMbl, HOPMYJIBI U CXeMbl 13 (DYHKITMOHAJIBHBIX 3JIEMEHTOB,
KOHTAKTHBIE CXEMBI), a TaKKe JJI1 HEKOTOPLIX MO/ IMbUKAIM
9TUX KJIACCOB.

IlepBas riaBa mocBsIeHa pa3aIndHBIM BOIIPOCAM IIPEICTAB-
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JieHust (PYHKIMIT aJIreOpbl JIOTUKH C TIOMOIIIBIO TaOJIUIL U JIN3HIOH-
KTHBHBIX HOPMaJIbHBIX (hOpM (MUHUMU3AIMS N3 bIOHK TUBHBIX
HOPMaJIbHBIX (hOpM).

Bropas riiaBa comepKuT omucanue CTPyKTypbl 1 DYHKIIIO-
HUPOBAHUS CXEM U3 OCHOBHBIX KJIACCOB YIIPABJIAIONINX CHCTEM,
a TaKyKe M3 HEKOTOPBIX KJIACCOB, IIPEJICTABJISIIONIUX CODON mX
06061ennsa mim MoauduKannu. B Heil ycTaHaBINBAIOTCS BEPX-
HUEe OICHKHN YHCJIa CXEeM Pa3/IMYHBIX TUIIOB, pacCMaTPpUBAIOTCA
0COOEHHOCTH TPUMEHEHNUsI OTEPAIINN CYTIEPIIO3UIINN B PA3JIHI-
HBIX KJIACCAX CXE€M U HEKOTOPBIE BOIIPOCHI UX CTPYKTYPHOI'O MO-
JIeTNPOBAHHUSI.

Bo BTopoit riiaBe nu3ydarnTcsi TaKyKe SKBUBAJEHTHBIE IPE0D-
pPa30BaHUs CXeM Ha OCHOBE TOXKJIECTB BO BCEX OCHOBHBIX KJIac-
cax yHpaBJIsSiommx cucreM. Jljist KaxKJI0ro u3 HUX HPUBOIUTCS
CUCTEMa <«OCHOBHBIX» TOXKIECTB, J0Ka3bIBa€TCdA IIOJIHOTaA 3TOM
CHCTEMBI ¥ U3YYaiOTCsT BOTPOCHI €€ U3OBITOTHOCTH.

B Tperbeit rmaBe moapobHO paccMaTpUBAETCs 3aJ1ada CHH-
Te3a yIPaBJSIONNUX CUCTeM. B Hell TpuBOAUTCS TENIBIH CIIEKTD
METOJIOB CHHTEe3a cxeM (0T HPOCTENINNX JI0 ACHMITOTHIECKHU OIl-
TUMAJIBHBIX ), YCTAHABJIUBAIOTCS HUKHUE MOIIHOCTHBIE OIEHKI
dyuknuii [lleHHOHA U OIEHKHU CJIOKHOCTH Psifia KOHKPETHBIX
QYHKIHI, JOKA3BIBAETCS MUHIMAIBHOCTH HEKOTOPBIX CXEM.

B uerBepToil riaBe mpejcTaBeHbl HEKOTOPBIE BOIIPOCHI HAa-
JIEKHOCTH U KOHTPOJISL CXeM (IIOCTPOCHUE TECTB JJIst TabJINUII,
CHHTE3 CAMOKOPPEKTUPYIOIIUXCsE KOHTAKTHBIX CXEM ).
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Ha,,Z[e}KHOCTL 1N KOHTPOJIb YIIPABJIAIOIIINX
CUCTEM

§1 3agada KOHTPOJIA CXe€M M TECTbhI AJis TaOJINII.
ITocTpoenmne Bcex TYyNMKOBBIX TECTOB, OIIEHKU
JJINHBI JIMarHOCTUYECKOT'0 TecTa

Mot ynpasasiomeit cucreMbl (cxembr) 6e3 mamsTa, GyHKIHO-
HUPOBaHUE KOTOPO# OIUCHIBAETCs JUCKPETHON (DYHKIIMEH UJn,
B 00mIieM cirydae, BeKTOP-DyHKIIMEH, MOXKeT OBbITh CHOPMY/IH-
poBaHa cjedyIolasd MOJE/]b, B paMKaxX KOTOPOl OOBIYHO pac-
CMaTPHUBAIOTCSI BOIIPOCHI €€ HAJIe’KHOCTH U KOHTpOJs (cM. [28,
26, 29]). Ilpeamonaraercsi, 4T0 UMEETCsT HEKOTOPBIN « BHEIITHUH»
UCTOYHUK HencnpaBHoCTel (nctounuk nomex) U, mox peficrsu-
€M KOTOpPOI'O paccMaTpUBaeMasi cXeMa i MOYKET IMepeXOIUTh B
OJIHO U3 CBOUX <«HEWCIPABHBIX COCTOSTHUIT» (CXeM), olpejerisie-
MBIX 3THM HUCTOYHHUKOM. llycThb cxeme X = ¥;, peajmsyiomiei
dbyukuuio f = fi 0T BXOIHBIX IEPEMEHHBIX & = (T1,...,Ty), U
UCTOYHUKY HencrnpaBHOCTed I coOOTBETCTBYIOT «HEUCIIPABHBIE»

cocrostHust (CXeMbl) Mo, ..., Xg, TJe cxeMa %, i = 2,..., 8, pe-
ajm3yeT PYHKINIO f; OT mepeMeHHBIX x. IIpu sTOM BCe cocto-
stHust (KaK MCIpaBHOE Y = Y1, TaK U HEMCIPABHbIE Yo, . . ., 2g)

pasbuBaroTcs Ha KJIACCHl (PYHKIMOHAIBHO) HEOTJIMYUMBIX CO-
CTOAHNM, TO €CTh KJIACCHI 9KBAUBAJIEHTHOCTH II0 OTHOIIEHUIO Pa-
BEHCTBa peayin3yeMbIx (DYHKINNH, U PACCMATPUBAIOTCS Jlajiee C
TOYHOCTBIO 0 HEOTJIMINMOCTH. B masibHeleM, ToBOps 0 HEHa-
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§1. 3asaga KOHTPOJIST CXeM H TECThI JIJIsT TaOJIUI] 7

JexkHOil cxeme Y., Oyzgem umersb B Bugy napy (X,U1) u (um)
COOTBETCTBYIOIIEE eff MHOKECTBO CXeM BMECTe C TeMH (DYHK-
IUSIMHA, KOTOpbIE OHU peau3yioT. J[jist mpocToThl paccMoTpe-
Hust OyJieM CYUTATh, 9TO BCE IEPEMEHHbIE U (DYHKIUN SABJISTIOTCA
OyJIEBCKUMHU, XOTsI MHOTHE M3JIaraeMble Jlajiee pe3yabTaThl Oe3
CYIIIECTBEHHBIX M3MEHEHUIT IEPEHOCATCST Ha, CJIydail MHOTO3HA-
HBIX QYHKIUH, cIyvdail BeKTop-yHKINN 1 apyrue 6os1ee obIme
cJIygam.

[Tycrs (3, ) — yka3anHast BBIIe MOJIEJIb HEHAIEXKHOMN CXEMBI
>} ¢ BOBMOYXKHBIMU COCTOSTHUSAMU 2 = X1, D9, . .., Jg, B KOTOPBIX
peamuzytorcsas ®AJL f = fi, fa,..., fs coorBercTBenmo ot BII
X (n), onpejeneHHble Ha MHOXKecTBe Habopo A =
= {ai,...,a,} € B". Paccmorpum marpury M, M € BP®,

rie
M (Zvj> = fj (Oéi),
cuuTasi, 4T0 i-ii cTpoke (j-My c€TOJOIY) ITON TAbIMIBI COOT-
BETCTBYeT HabOp «; (COOTBETCTBEHHO (QYHKIHUA fj U COCTOSI-
Hre ¥;). Marpuna, cocTosimas u3 pasanIHbIX CTOIO0B (CTPOK)
HA3BIBAETCST 0MOeAUMOT No cmoabyam (COOTBETCTBEHHO CIMPO-
Kam) MATpUIEH. 3aMETHM, 9TO KaXKIOMY KJIacCy HEOTTMINMBIX
cocrostuuit Moziesn (X, 1) coorBeTCTBYET TPy OJMHAKOBBIX
cToa610B MaTpulpl M 1 paccMOTPHM OTAENMYIO 10 CTOJIOIAM
marpuity M, COCTOSIIIYIO U3 BCEX Pa3IUIHBIX CTOJIOIOB MaTPHU-
b1 ]\//{ . Ilpu aTOM OyI€M CIMTATD, ITO KaXKIbIH CTOI0EI] MaTpU-
bt M CBSI3aH € COOTBETCTBYIOMIMM K/IACCOM HEOTIMIHMOCTH CO-
crostauii Mmojeu (X, 1), u 6yjnem HasbiBaTh M mabauuet xom-
mpoas NaHHOU Mojenn. Jlst mpocToThl OyieM, Kak IpPaBHIIO,
[peJosaraTh, YTo Bee cocTosinust Mojesn (3, 1) momapHo or-
JIMIUMBI, TO €CTh, M = M. Dro [IPEJIIIOJIOXKEHIE, OUEBUTHO, HE
OIPAaHIMYIUBAET OOIITHOCTH PaCCyKICHUIA.

Ilycts, manee, momumo TabuIbl KOHTpOJss M ajist mome-
mu (X, 1) zagana 1eb KOHTPOJIsI, TO €CTh YKA3aHO MHOYKECTBO
N, cocrosiiee u3 Tex HEYIOPSIIOYEHHBIX [TaP PA3JIUIHBIX TUCETT
orpeska [1, s], 71s1 KOTOPBIX MAPBI COCTOAHUIT (CTOTIOIIOB MATPH-
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1l M) ¢ COOTBETCTBYOIIMMEI HOMEPAMU HEOOXOIUMO OTJINIATH
JIDYT OT JIpyTa, CpaBHUBAsl 3HAYEHUsI, PACIOJIOKEHHBIE B TEX
WM MHBIX CTPOKaX JAaHHOM mapbl cToi61oB. B yactHocTH, eciu
N cocTouT U3 BCex map yKazaHHOIO BHJIA, TO IEJIBI0 KOHTPOJIS
sBisiercst duazrnocmuka cxemu, a ecir N = {(1,2),...,(1,1)},
TO — NPoOBEPKA UCIPAGHOCTU crembl. MHOKECTBO CTPOK MaT-
punbt M ¢ vomepavu uz T, T C [1,p|, nassiBaercss mecmom
ons mampuys, M omuocumenvro mmoocecmsa N, win, nHade,
mecmom das (M, N), ecin mns mo6oit mapst (i,7) u3 N cy-
mecrsyer t, t € T, takoe, uro M (t,i) # M (t,j). Momuocrs
TecTa Ha3bIBAETCsI TaK¥kKe ero dAuHOU.

3aMeTnM, YTO MHOYKECTBO, COCTOLAIIEE U3 BCEX CTPOK TabJIH-
IIbI KOHTPOJIsSA, BCETa obpasyeT TecT. Tect, KOTOPBIH TiepecTaeT
OBITH TECTOM IIPU yJaJeHUM JIO0OH CBOEH CTPOKH, HA3bI-
BaeTCs MYNUKOSHIM, & TECT, KOTOPbI MMeeT MUHUMAJIbHYIO
MOIIIHOCTD, — MUHUMAALHOM. B TOM CiTydae, Korja Mejibio KOH-
TPOJISL SIBJISIETCSl IMAPHOCTUKA CXeMbl (POBEPKA MCIPABHOCTU
CXeMbl), TeCT HasbIBaeTcsi duazhocmuyueckum (COOTBETCTBEHHO
NPOGEPANOULUM).

Byjem roBoputb, 9T0 MHOXKECTBO HabopoB 7, 7 C A, obpa-
syer mecm das modeau (X,11) ommocumervno yeau Kowmpo-
aa N, nmm, nnage, mecm das (3, U, N), ecim coorBercTByIO-
mue HabopaM u3 7 cTpoku marpuiibl M o0pasyoT TecT Ajs
(M, N). Bce BBeieHHBIE BBIIIIE MOHSATHsI, KOTOPbIE KACAIOTCS Te-
CTOB i TabJsuIl, 6€3 M3MEHEHUil epeHOCITCsl Ha Cirydail Te-
CTOB JIJIsl HEHAJIEIKHBIX CXEM.

Jlyist onucanusi TECTOB MOXKHO BBECTH (DYHKIIMIO, AHAJIOT Y-
Hyto dyukiun nokpbitus u3 §6 rasel 1. [lycrs M, M € BP®,
— oTjlesIUMast 1Mo CToJIOnaM MaTpuia, a N — CBs3aHHasl ¢ Heil
nesib KouTposisi. ConocraBum i-it crpoke, ¢ € [1,p|, Marpuibt
M BII y;, a kaxxmomy Habopy [, B € BP, sHaueHuit stux Ie-
peMeHHBIX Y = (Y1,...,Yp) — MHOXKECTBO CTPOK MaTpuisl M ¢
Homepamu u3 muoxkectsa I = I (B) C [1,p], tae @ € I(B) ro-
IJla 1 TOJaBKO Torna, korga [ (i) = 1. Paccmorpum @AJL F (y),
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st kKoropoit F' () = 1 Torga m TOJIBKO TOTja, KOTJa CHCTe-
Ma cTpok marpursl M ¢ nomepamu u3 [ () obpasyer rect st
(M,N), u 6ynem nazwviBarh 31y PAJI dynryuetc mecma s
(M, N). Conocrasum nape (M,N) marpuiy M u3 MHOXKecTBa
BPS S = |N|, crosbipl KOTOPOii MPOHYMepOBAHbI IAPAMHI H3
N, a ee crosber; ¢ HomepoM (i, j) € N 1osrydaercs: B pe3yJibrare
TTOPAa3PSITHOTO CJIOYKEHHUST TTO MOJTYJTIO 2 CTOJIOIIOB C HOMEPaMH § 1
j marpunel M. 3aMerum, 9TO CTPOKU MaTpuiibl M ¢ HOMepaMmu
u3 muokectBa T, T C [1,p], 06pa3yior TecT (TYHMKOBBINA TECT,
MUHUMAJBHBIH Tect) s mapbl (M, N) Torma u TOJIBKO TOrJA,
KOT/Ia CTpoKN MaTpuisl M ¢ HoMepamu u3 T 06pa3yioT MOKPHI-
Tue (TYIMKOBOE MOKPBITHE, HMOKPbITHE MUHUMAJBLHON JIJINHbI)
marpunbsl M. Orciona BeiTekaer, B yactnocru, 4o OAJI Tecra
F s napst (M, N) ssasiercst ogaospemenno @A JI nokpeiTust
st MaTpunisl M 1 00paTHO, a 3HAYUT JJjIsl Hee, B CUJLY JIEMMBI
6.1 raBel 1, cripaBe/UIMBO cilejiyIoniee yTBEPKICHUE.

JIemma 1.1. Qynruyus mecma f(yi,...,Yp) 0aa omdeaumots
no cmoabuam mampuyve M, M € BP* u uyeau xowmpoas N
Mootcem 6vimob 3adana ¢ nomowvro KHO

o= AV w) G

(i,5)EN 1<t<p
M (t,5)#M(L.5)

CaencrBue. Kaotcdas onemenmapras KORBIORKUUA 6U0Q Yy, - - - Yt
cokpawernoti JTHO gyrruyuu f(y1,...,Yp), NOAYHAIOWAACA U3
KH® (1.1) 6 pesyavmame packpoimusa ckobok u npusedenus
NOJOOHBLL, COOMBEMCMBYEM MYNUKOBOMY MECMY, CEAZAHHOMY

¢ mmooicecmeom T = {t1,...,t,} u obpammo.

T

Ha mammboit teMme OCHOBaH CJIEAYIOMMI aJITOPUTM ITOCTPO-
€HHsI BCEX TYNHUKOBBIX TECTOB Jijisi MATPHUILI M OTHOCHUTETIbHO
ey KOHTPOoJist N:

1. BeimuceiBaeM st byuknunn tecta KH® puga (1.1);
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2. packpbiBasi B Hell CKOOKM U TPUBOJIS [IOIOOHBIE, TTOJTy 9aeM
cokpamennyo JIHD dyuxkmun Tecra;
3. colocTaBjsgeM KayK0M 3JeMEeHTapHON KOHBIOHKIIUM STOM
cokpamenaoi JIH® TynmukoBbIil TecT.
Tak, nHampumep, JJjisi MOCTPOEHUsT BCEX TYIMUKOBBIX JTUArHOCTHU-
9eCKUX TecTOB MaTpuilbl M Buaa

—= -0 O
_ O~ =
O = = O

BoinuIeM coorsercrsyfomnryio eiit KHD (1.1):

F(y1,y2,93,92) = (11 Vy2 Vy3) - (Y2 Vya) - (y1 Vys Vya).

PackpoiBast B aroit KH® ckob6Ku m mpuBOIs MOAO0HBIE, MTOJIY-
qumM cokparernyio JJH® s dyuxiun Tecra:

F (y1,y2,y3,y4) = y1y2 V Y1ya V y2y3 V y2ys V y3ya.

C.)'Ie,ZLOBaTe.HbHO7 TYIINKOBBIMU JUATI'HOCTUICCKUMU TE€CTaMU MaT-
putibl M ABJISATOTCS MHOXKECTBA €€ CTPOK C HOMEpPaMU

{1,2}, {1,4}, {2,3}, {2,4}, {3,4}.

st ympoinennst mpeodbpa3oBaHuil, CBA3aHHBIX C IIPUMEHe-
HHEM OIMCAHHOTO aJI'OPUTMa, BMECTO MCXOIHON MaTpuilbl M
MOXKHO pacCMaTpuBaTh OTACJINMYIO II0 CTPOKaM MaTpPUILy M ,
nostyvarorntytocst u3d M ynajgeHneM NOBTOPHBIX BXOXKJIEHUH OJIH-
HaKOBBIX CTPOK. IIpn sTOM, 0ueBHIHO, /1000 TYIUKOBBIN TECT
maTpuilbl M 1osiydaeTcs U3 TYIUKOBOIO TECTa TOM Ke JIJTUHBI
MaTpPHUIbI M B pesyJjbTrare 3aMeHbl KaxK/0il ero CTpoKu paBHON
el crpokoit marpunsl M u 06paTHO.

Paccmorpum, najee, HEKOTOPBIE OIEHKU JJIUHBI JUATHOCTH-
9EeCKUX TECTOB JJIsl MATPUIL C 3aJaHHBIM 9HCJIOM CTOJIOIOB.
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JIemma 1.2. Jauna 1106020 mynukosozo 0uazHOCMUYECK020
mecma 0Af OMOeAUMOT MO CMOAOYAM MAMPUUDL U3 MHOIICE-
cmea BP* zaxmovena 6 npedeaax om [logs| do (s —1).

Zoxasameavcmso. Ilycte M € BP® m mycTb, Ui OlpenesieH-
HOCTH, TepBbIe ¢ cTpoK Marpuilbl M 00pa3yioT ee TYIUKOBBIi
JmarnocTuaeckuil recr. OUeBHAHO, UTO B 3TOM Clyvae BCe
cTOJIOIBI MAaTPUIlbl M, COCTOSAIIEN U3 TEPBBIX ¢ CTPOK MATPUILHI
M, paznmunbl U, cieqoBaTenbio, s < 28 To ects t > [logs],
ITOCKOJIBKY YHCJIO PA3JIUNIHBIX OYJIEBBIX CTOJIOIOB BBICOTHI { paB-
Ho 2¢. Tpebyemass HUKHSAA OIEHKA JUIMHBI JIHATHOCTHYIECKOTO
TecTa yCTAHOBJIEHA.

Hokazkem Ternepb, uro ¢ < (s —1). st 97010 Ha MHOXKE-
CTBE CTOJIOIOB MATPHILBI M upu jobom ¢q, q € [1,t], oupee-

JIMM OTHOIIIEHNE 3KBUBAJICHTHOCTH ~ TaK, 4YTO m’ ~ m” TOr' Ja
q q

U TOJILKO TOrZa, Korma crosonsl m’ u m” marpunbt M copma-
JIAIOT B CTPOKAX ¢ HOMepaMu u3 orpeska [1,g|. Byaem cuurars,
110 ONPEJIEIICHHIO, 4TO ~ — TPHBHAJILHOE OTHOIICHHE C OIHHM
KJIACCOM 3KBHBAJICHTHOCTH, 8 YUCJIO KJIACCOB SKBUBAJICHTHOCTH
IO OTHOIIEHUIO ot rie q € [1,t], 6ynem obosrauars depes 6 (q).

U3 obmux cBoiicTB oTHONIEHU SKBUBajieHTHOCTH (cM. 77)
BBITEKAET, ITO IPH JTI000M ¢, ¢ € [1,1), KaXKablit KIacc SKBUBA-

JIEHTHOCTHU II0 OTHOIICHUIO ~ JIIOO SABJISETCS KJIACCOM SKBHUBa-
q

JIEHTHOCTH 110 OTHOIIEHUIO ~ , JINOO IpeacTaBisieT coboil 00b-
q+1

eJIMHEHNUE JIBYX TAKUX KJIACCOB U, CJIeJoBaTeabHo, 0 () < 0 (¢ + 1).
B cnty TynmkoBocTH TecTa MOJIYY€HHOE HEPABEHCTBO SBJISCTCS
crporuM, Tak Kak paseHcTso 6 (¢) = 0 (q + 1) Bo3aMoxkHO TorIa
U TOJIBKO TOIJIA, KOIVIA KaXK/Iblil KJIACC SKBUBAJIEHTHOCTH OTHO-

IMeHUud ~ ABJIACTCA KJIaCCOM 3KBUBAJICHTHOCTU OTHOIIICHUA -~
q q+1

u 06pATHO, TO eCTh CTPOKa ¢ HOMEpOM (g + 1) siBJisieTcst «JIuII-
Heil» B paccMATPUBAEMOM TECTE.
V3 mumarnocTudHOCTH TecTa BBITEKAET, 9TO 0 (t) = s, u, Ta-
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KM o6pa30M, BBITIIOJIHAIOTCA COOTHOIIECHNM A
1=0(0)<0(1)<---<0(t) =s,

13 KOTOPBIX ciefyer, 9to ¢ < (s — 1).
JlemMa JoKaszaHa. O

Samevarue. YKa3aHHBIE B JIEMME TPAHUIIBI JIOCTUTAIOTCST: HUXK-
HsIsST — Ha, JII000# OTIeInMOi 1o cTosionam maTpuie n3 BP® | rie
p = [logs], a Bepxuaa — ma marpune n3 B*~1% Bece cToabmpI
KOTOPO#i Pa3/MyIHbL U COJepKaT He boJiee OiHOMN eauuuIbl (06e
MaTPUIBI IMEIOT eMHCTBEHHBIN THATHOCTUIECKHI TECT, COCTO-
SIIUIE 13 BCEX CTPOK).

Crnemytotee yTBepKIeHNE XapaKTEPU3yeT «TUITHTHOE» 3HA-
YeHHue JJIMHBI JUArHOCTUYECKOI'O0 TecTa, TO €CThb JJIMHY MHUHU-
MaJILHOT'O JIMArHOCTUIECKOTO TECTA Y «IIOUTH BCEX» TAOJIUI KOH-
TPOJIS.

JIemma 1.3. Ilyemov ¢ (s), t(s) u p(s) — uearouucaenmvie
HEOMPUUATNEALHBIE PYHKUUL HAMYPAALHOR0 APZYMEHA S, O
KOMOpbIT

Hs) = [2logs] + (), pls) > t(s), o(s) — oo.

Tozda y mowmu 6cexr OMOIEAUMBL TO CMOAOUGM MAMPUY, U3
BP)s pepewie t (s) empox obpasyrom duaznocmuveckul mecm.

oxaszamenavcmeo. 3amerum, dro Bce MarTpuilbl u3 BP® rme
p =p(s), y KOTOpBIX 11€pBble ¢ = ¢ (S) CTPOK 06PA3YIOT JUATHO-
CTUYECKUI TECT, OTIEIUMBI [0 cTOJIOIaM. JIerko BUjeTh TakxKe,
YTO YHMCJIO TAKUX MATPUI] PABHO

Qt(Qt_l)...(Qt_S+1).2(p—t)S:

:2p8<1_21t>”'<1_(82_t1)>,
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a UX J0JIS CPeId BCEX OTIENUMbBIX 110 CTOJIOnaM Marpull u3 BP:S
He MEHbIIEe, IYeM

_ 2
<1_1>...<1_(81)>>1_8}1_2—280(5)
2! 2 2 ’

1, CJeI0BATEILHO, CTPEMUTCS K 1 [P § CTpeMsIeMcst K 6eCKo-
HEYHOCTH.
JlemMa J10Ka3aHa. ]

Ciaencreue. as 410601 HEOMPUUAMEALHOT U HEOZPAHUYEHHO
soapacmarowet gynrkyuy @ (S) Yy nowmu 6cex omoieauMvT no
cmoabuyam mamput, us BPS dauna Munumasbro2o duaerocmu-
weckozo mecma ne boavuwe, wem 21og s + p (s).

§2 CamokoppeKTupymlinnecss KOHTAKTHbIE CXE€MbI
U METOAbl UX MOCTOPOEeHUsI. ACUMIOTOTUYECKH
HAWJTY Y9Il MEeTOJ, CUHTE€3a KOHTAKTHBIX CXEM,
KOPPEKTUPYIOIINX OAUH OOPBIB (OJHO 3aMbIKa-
HUeE)

PaccMoTpuM BOITpOC HOBBINIIEHUST HAJIEXKHOCTH CXEM Ha, IIPUMEPE
T. H. camokoppekrupyoomuxcsi KC. Bynem cunrarh, 910 KOH-
TakTbl paccmarpuBaeMbix KC MOTyT BBIXOJUTH U3 CTPOS, Iie-
pexojisi B OJTHO U3 JBYX BO3MOXKHBIX HEHCIIPABHLIX COCTOSHWI:
COCTOSIHHE 00pPbL6a, KOT/Ia KOHTAKT HE MPOBOJUT, U COCTOSHUE
3aMBKAHUSA, KOTJA KOHTAKT ITPOBOMUT TPHU JIIOOBIX 3HAYCHUSIX
yrupassstiomieit mm BIT.

Byznem rosoputs, uro KC ¥ siBasiercst (p, q) - caMOKOppeK-
tupyromeiica KC mim, mHave, KOppeKTUPYET p OOPBIBOB U ¢
sambikaHuii, e p > 0 u g > 0, ecm mobas KC Y/ koropas
MoxKeT ObITh mostydera u3 KC X B pesysibrare o6pbiBa He HoJiee
9eM P, U 3aMbIKaHus He DoJiee, 9eM ¢, KOHTAKTOB, SKBUBAJIEHTHA,

Y. OboszHaunuM 4epes u{; 4) MHOZKECTBO BCex (p,q) - camokop-
K

pextupyomxca KC u 3amernm, 910 U(O 0 = UK. Bamernw,
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rakske, uro ust joboit KC ¥ KC P9 | nonyuaomasics u3 X
B pe3y/abTaTe 3aMeHBI JTI000T0 ee KOHTAKTa BH[A T] T-CXEMOI,
cocrosiiieit u3 (¢ + 1) mocsieloBaTeIbHO COEJIMHEHHOTO IyYKa,
KasKJplil U3 KOTOPBIX, BKJO4YaeT B cebs (p + 1) mapasuiesbHO

COEJINHEHHBI KOHTaKT BUJA ] , IPUHAJICIKUT u{; Q)
b

[ocrpoerne KC L(P9) | ocroBanHOE HA TIOCIIEI0BATEILHOM 1
(nmm) napasutesibaoM ay6auposannu kourakToB KC X, sBisier-
CsT TIPOCTEHIINM CIIOCODOM TIOJIYIEHUs] CAMOKOPPEKTHPY FOIIHAX-
ca KC, sksuBamentabix 3amannoii KC. O maer ciiemyrorryio
TPUBUAJILHYIO BEPXHYIO OIICHKY CJIOXKHOCTU CAMOKOPPEKTUPY-
foruxcst KC, 9KBUBaJIEHTHBIX JAHHOIR.

Jlemma 2.1. Jlas mobvx p = 0, ¢ 2 0 u mobot KC % cywe-

cmeyem axeusasrenmnasn eti KC Y, ¥/ € U([; ) A Komopot
b

LX) < (p+1)(g+1)L(D).

Paccmorpum, fnasiee, HeTpUBWILHBI c110c06 nocTpoenusi (1, 0)-
nn (0, 1)-camokoppektupytonmxcst KC, ¢Bs3aHHBIN ¢ KOPPEK-
npeil OIHOTrO OOPBLIBA MJIM OJHOIO 3aMBIKAHHUS B T. H. OJHOPOI-
HBIX HOJICXEMaX. ByieM Has3blBaTh 00HOPodHOT JTFOOYIO CBSI3HYTO
KC ¢ mepasmeneHHLIMU IIOJIIOCAME, COCTOSIIYIO U3 KOHTAKTOB
OJIHOI'O M TOrO K€ THUIla. 3aMeTuM, 4To B Joboii Takoii KC, co-
crogmeil n3 KoHTakToB Buga =7, PAJI mpoBoguMocTn MeKLy
JEOOBIMU JBYMsI IOJIFOCaMu pasHa 7. OTCrofa ciieyer, B 4acT-
HOCTH, ITO JII0OBIe aBe ogHopoauble KC, cocrosiye n3 KOHTaK-
TOB OJHOrO THIIA U MMEIOLINE ONUH U TOT YK€ Habop IIOJIIOCOB,
9KBUBAJIEHTHBI.

O6o3naunm gepes Cp, (x7) (Zy, (27)) m-100CHy 10 O4HOPOI-
nyio KC, KoTopas coCTONT M3 m KOHTAKTOB BHJAA T W HpeJ-
craBiisier cobOl IUKJI, TPOXOJISIIMIi Yepe3 Bce Mojroca (Coor-
BETCBEHHO 3Be3ﬂy 3 KOHTAKTOB, COCAUHAIOIIUX €€ IMEHTP C I10-
mocamu). OueBuno, 410 Cpy (27) € Ufio) u Zy(z7) € u{al).

IIpencrasienne KC X B Buje o0beuHEHNs €€ OJHOPOSHBIX
rozcxeM 0e3 OOIMX KOHTAKTOB OylIeM Ha3bIBATH 00HOPOOHBIM
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pasoueruem KC Y, a MUHUMAJIBHOE YHCJIO TOJCXEM B TAKUX
pasbuenusx Oynem o6o3HauaTh depes ((X). Ecmm X1, .5 - o
nopojuoe pasbuenne KC X a sxsusasnentnas eit KC X' (KC
¥") nomyuaerca nz KC ¥ B pesysbrare 3aMeHbl KaxKIOH Mmoji-
cxeMbl Y; skBuBajgenTHoit eit KC E; Buga Cy, (COOTBETCTBEHHO
KC X! Buna Z,,), 10 ¥’ € ug’o) (coorsercreenno X" € U{al)).
3aMeTuM, 9TO IPU ITOM

L(s)

(2

Y L)+ 1, LZ) < LX) +1
u, CJ’Ie,ZLOBaTeIH:HO,
L)< LX)+ ¢, LEE") < L(B) +¢

YKazaHHbI HeTPUBHAJIBHBIN criocob nocrpoenus (0, 1)- wim
(1, 0)-camokoppekTupytonuxcs KC, SKBUBaJIEHTHBIX 3a/1aHHOI,
JlaeT CJIeAYIONIYIO ONEHKY MX CIOXKHOCTH.

Jlemma 2.2. Jlaa ao60t KC' Y cywecmeyrom axsuaieHMHDLE
et (1,0)- u (0, 1)-camoxoppexmupyrowuecs KC X' u X" coom-
B8EMCMBEHHO MAKUE, 4MO

L(X) < L(2) +¢(2), L(Z") < L(Z) + (). (2.1)

DTOT C110CcOb MO3BOJISIET YCTAHOBUTD ACUMIITOTUKY (DYHKITUH

lennona s ciaoxknocru KC un3 u{g}l) u U(Iio).

Hnss @AJL f up > 0, ¢ > 0 oupenesnum ee (p, q)-caMoKop-

PEKTHPYIONLYIOCsS KOHTAKTHYIO cioxkuocTh LE (f) xak Mumn-

. (p,9)
(p:a)’ peammsytomeiit f, a
3aTeM BBEJIEM COOTBETCTBYyIOINIyIo dyukiuio [1lennomna

K _ K
L(p,q) (n) = fg}?f;) L(p,q)(f)'

MajbHyI0 citoxkaOocTh KC 3, ¥ € U

OueBuIHO, YTO

LE(f) S L o (f) LR (n) <L 5 (n) (2:2)

rak kak UL . C UK,
(p,q)
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Teopema 2.1. Jlaa n = 1,2,... umeem mecmo caedyrowue
ACUMNIMOMUNECKUE PABEHCTNEA
271,

Lg,O)(n) ~ Lfgg)(”) ~o
Jloxasameavcmeso. Tpebyemble HIKHUE OIMEHKH JJist (DYHKITHIA
[HIennona L{io) (n) m L{al)(n) BBITEKAIOT U3 (2.2) ¥ MOIIHOCT-
HBIX HIDKHEX oneHok dynkumn [ennona L (n) us Teopembr
2.1 rmaBoI 3.

Jlnst mosiydeHnst COOTBETCTBYIOMUX BEPXHUX OIEHOK BO3b-
meM npousBosibHyto PAJL f, f € Pa(n), u mocrpoum st Hee
KC X 1o Teopeme 6.1 rinaset 3. 3 3amedanus K aToit Teopeme
BBITEKAET, ITO IPU YKA3AHHBIX TaM 3HAYEHUSX IIapaMeTPOB

2n
ny/n

U [I09TOMY, B COOTBETCTBHHU € jieMMoii 2.2 u (2.1), cymiecTByor
KC Z’f c Uk ) u KC E’JZ e Uk KoTopeie peammsyior PAJI

((3f) =o(—=)

(1,0 (0,1) >
n
f €O CJIOXKHOCTBIO, ACUMITOTHYECKH HE IIPEBOCXOISIIEH %
Teopema moxkazama. ]

Jnst moctpoennst HeTpuBUAJIBHBIX KC, KOppEKTHPYOMUX
boJiee OHOTO OOPBIBA WJIN 3aMBIKAHUSA, MOYKHO HCIIOJIb30BATH
caemyroryto Koacrpykimio. [ycts KC X, ¢ =1, ..., r, peau-
syer ®AJI f u koppekTupyer t; 0OPbIBOB (3aMbIKaHMUIi), TOTIA
KC X, koropasi 1ojiy4aercsi B pe3yJsbrare napaJjuiebHoro (mo-
CJIEIOBATENILHOTO) COCJIMHEHUS X1, . .., Y, peasusyer OAJI f
¢ Koppekimeii t1 + ...+ t, + r — 1 06pbiBOB (3aMbIKaHUil).

Murepecunlit npuMep HeTpUBUAILHON camokoppekunu KC
JaéT KOHTaKTHas cxema, peajusyiomasa PAJI £, u KoppekTu-
pyIolast OuH 00PBIB, KOTOPAas MOy IaeTcs u3 cxeMbl Kapio no-
bapyenneM 4 JIOIOJTHUTEIBHBIX KOHTAKTOB, IIPOBEICHHBIX CJIe-
JIYIOIIM 00pas3oM: JIjIsl KaxKJIoro o, o € B, u3 Bxoja (BbIXo/a)
9TOi CXeMbI, IPOBEIEM KOHTAKT Bua x5 (coorBercTBeHHO ¥ )
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B BEPIIUHY, COJIMHEHHYIO KOHTAKTOM BHJIa 7 (COOTBETCTBEHHO
z9) ¢ ee BBIXOMOM (COOTBETCTBEHHO BXOJIOM). YKa3aHHAS CXeMa
SIBJISIETCS. MUHUMAJIBHON B cuity JieMMbl 1.4 TyiaBel 3 1, CJ1eJ10-
BATEJIHHO, CIIPABEJINBO yTBEPKICHNUE.

JIlemma 2.3. /laan=1,2,... umerom mecmo paseHcmaea
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