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BBenenmne

Kypc «OcroBbl kubepueruku» (panee «DJeMEeHTBl KHOEP-
HETHUKW» ), CO3JATeJIEM M OCHOBHBIM JIEKTOPOM KOTOPOIO ObLI
wr.-kopp. PAH C.B. dA6yonckuii, unraercss Ha ¢akyibreTe
BMK MI'Y c nepBbix JieT ero cyiectBoBanusg. B HacTosiIee
BpeMs OH yuTaercs B 6-8 cemMecTpax U ABJISETCH 00432 T ILHBIM
JUIst BeeX 6akasiaBpoB (MHTEIPUPOBAHHBIX MATUCTPOB) HAIPAB-
sgenust 01400 — «IIpukiagnas maTeMaTuka u UHOOPMATHKAY.
[Ipu sTOM 06bEM U, B HEKOTOPOI CTEIeHH, IIPOrpaMMa Kypca
«OCHOBBI KHOEPHETUKI» BAPBUPYIOTCS B 3aBUCUMOCTH OT IIPO-
dus.

Kypc «OcHOBBI KHOEDHETUKI» TTOCBSIIEH W3JIOXKEHUIO TEO-
pUU JUCKPETHBIX YIIPABJIAIONIAX CUCTEM, KOTOPas IIPEICTaBIIsA-
erT coDOHl YacTh JMCKPETHON MATEMATUKH U MaTEeMATHIECKON
kubepueruku. B Heit pazpabaTbIiBAIOTCS U U3YYIAIOTCS JTUCKPET-
HBIE MaTEeMaTUIeCKUE MOJEJIH, OIUCHIBAIOIIIE (PYHKINOHIPO-
BaHUE W CTPYKTYPY CJIOXKHBIX CHCTEM MPeobpa3soBaHust WHEPOP-
Maruu (MHTerpaJibHbIX CXeM, IIPOrpaMM U T.11.). B ocHoBe 911X
MoJIeJIei JIeYKaT Pa3/InIHbIe CIIOCOOBI 3a1aHusT (PYHKITHOHUPOBA-
HUs YIPABJISIONIUX CUCTEM C TOMOIIBIO JUCKPETHBIX (DYHKIUI
U UX CTPYKTYPHAs PEAJIM3allis B TeX WM WHBIX KJjiaccax I'pa-
dos (rmaccax cxem). Ilpu mcereoBaHIN YIPABIISIONIX CHCTEM
CTaBATCS U PEIIAIOTCs JBE OCHOBHBIE 3aJIa4uM: 3aJa4a aHaJI3a
" 3a/lava CUHTE3A.

Bajiata aHajn3a COCTOUT B HAXOXKJICHUM (DYHKIIMOHUPOBA-
HUsI TAaHHOW CXEMBI, a 3a/la9a CHHTe3a — B IOCTPOEHUU CXEMHBI,
numerorneit (peasm3yioreii) 3aanaoe dyHKIoHnpoBanue. Kaxk-
Jlasi U3 9TUX 3aJ1a9 MOXKET PACCMaTPUBATHCsST JIUOO KaK WHJIM-
BUJIyaJIbHAs 3aJ/ia9a, U TOTJA €€ PellleHUeM sBJIsIeTCS KOHKPeT-
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Hoe (DyHKIMOHMpOBaHue (cxema), Jimbo Kak MaccoBas 3ajada,
U TOTJa ee PelIeHuEM JOJI>KEH OBITh AJITOPUTM HAXOXKIEHUSI
dbyuknmonnposanus (cxembl). 3aja4a CHHTE3a UMEET, KaK IIpa-
BHUJIO, MHOYKECTBO DeIleHNi, U3 KOTOPBIX BBIOUPAIOT pPeIleHue,
ONTHUMAJILHOE II0 KAKOMYy-JnOo Kpurepuio. Jalne Bcero B Ka-
YeCTBE TAKOIO KPUTEPHUsI BBICTYIIAET CJIOXKHOCTb CXEMbI, TTOHU-
MaeMasl KaK CyMMa CJIOXKHOCTEH COCTABJISIONINX €€ 3JIEMEHTOB
WA 3aJep>KKa CXeMbl, TTOHUMaeMasi KaK MaKCUMAJIbHAsT CyM-
Ma 3aJIepXKeK JJIsl TOCIeI0OBATEIbHO COEMHEHHBIX 3JIEMEHTOB
CXEMBL.

C conmeprkaTe/IbHON TOYKHU 3PEHUs PA3JINIHbIE KPUTEPUH OIl-
TUMAJIBHOCTH OTPAXKAIOT Pa3UIHbIE MapaMeTPhl MOJEIUpYe-
MBIX 9JIEKTPOHHBIX CXEM HJIM IIporpaMM. Tax, HalpuMep, CJI0K-
HOCTb MOXKET XapaKTepPU30BaTh CTOMMOCTb, PAa3Mepbl UJIU II0-
Tpebisiemyto momuocTs CBUC, a Takyke BpeMsi BBIIOJHEHUS
IIporpaMMBbl Ha, OIHOM IIporeccope. Ilpu aToM 3a1epKKa cXeMbl
xapakTepusyer Bpemsi cpabareiBanus CBUC uan Bpemst BbI-
MTOJTHEHUST TPOTPAMMBI Ha, TapaJsIe/IbHBIX MPOIeccopax ! T. 1.

Ecin 3amada cunaTe3a pelleHa B OIHON MOIENIN, MOXKHO ITbI-
TaTLCs [IEPEHECTU 3TO PELICHUEe B APYTHe MOIEIU C IIOMOILILIO
CTPYKTYPHOI'O MOJIeJIupoBaHusi. Kpome TOro, MOJIyIeHHOe pe-
[IEHHEe MOXKHO <«VJIYUIIATL» C IOMOIIBIO SKBUBAJEHTHLIX IIpe-
obpaszoBanwuii. C Ipyroif CTOPOHBI, ec/in 3a/1a9a CHHTe3a PeIlieHa
JUIsT OHUX (DYHKITHI, MOYKHO MBITATHCS «Pa3buThy (JEKOMITO3H-
POBaTh) HOBYIO (DYHKIIMIO HA Y2KE PACCMOTPEHHBIE U TIOCTPOUTH
13 CUHTE3UPOBAHHBIX JIJIsT HUX CXEM CXEeMY IJIsl HOBOI (DYHKIII
C TIOMOIIIBIO OMEPAIMY CYyTIEPIO3UIUH.

VKazaHHBIE BBIILE 330891 PACCMATPUBAIOTCS B JIEKIUSIX [1JIsT
BCEX OCHOBHBIX KJIACCOB CXeM (JIM3bIOHKTHBHBIE HOPMAJIbHBIE
dopmbI, HGOPMYJIBI U CX€MbI U3 (PYHKIMOHAJBHBIX JIEMEHTOB,
KOHTAKTHBIE CXEMbI), a TAK¥kKe JJIi HEKOTOPbIX MOJubUKAImit
9THUX KJIACCOB.

ITeppast riaBa MOCBSIIIEHA PA3TUIHBIM BOIIPOCAM IIPEJICTAB-
JIeHUsT PYHKITAHI aareOpbl JJOTUKH C ITOMOIIBIO TAOJIUIL U U3 HIOH-
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KTUBHBIX HOPMAJIbHBIX (hOpM (MUHUMU3AIIUST U3 bIOHK THBHBIX
HOPMAaJIbHBIX (GOPM).

Bropast rmaBa comepkut onucanue CTpyKTypbl U OyHKITHO-
HUPOBAHUS CXEM U3 OCHOBHBIX KJIACCOB YIIPABJISIONINX CUCTEM,
a TaKyKe M3 HEKOTOPBIX KJIACCOB, IIPEJICTABJISIONIUX CODON MX
obobienus wim Mogudukanun. B Heil ycTaHaBINBAIOTCS BEPX-
HUe OIeHKW YNCJIa CXEM PA3JIMIHBIX THUIIOB, PACCMATPUBAIOTCS
HEKOTOPBIE BOIIPOCHI UX CTPYKTYPHOI'O MOJIEIMPOBAHMUSI.

Bo Bropoii ryiaBe n3yvalorcs TakkKe SKBUBAJEHTHbBIE ITPE0D-
pa30BaHus CXEM Ha OCHOBE TOXKJIECTB BO BCEX OCHOBHBIX KJIAC-
cax yHPaBJILIONUX cucTeM. /[ KaXK10ro U3 HUX MPUBOJUTCS
CUCTEMa <«OCHOBHBIX» TOXKIECTB, JOKA3bIBAETCS IIOJIHOTA ITOM
CHCTEMBI U U3YJAIOTCH BOIIPOCHI €€ M30bITOIHOCTH.

B tperbeit ryraBe moapobHO paccMaTpUBaeTCH 3a/iada CHH-
Te3a YIPAaBJISIONINX CUCTEM, & TAKXKe U3yJaloTCs 0CODEHHOCTH
MIpUMeHEHNs OIEePAlNy CYIMEPIIO3UINNA B Pa3JINIHBIX KJAccax
cxeM. B Helt MpuBOANTCST TEJIBIH CIIEKTP METOM0B CHHTE3a CXeM
(oT mpoCTEHIIX JI0 ACUMIITOTUIECKH ONTUMAJIBHBIX ), YCTAHAB-
JIMBAIOTCSI HUYKHUE MOIIHOCTHBIE orleHku pyuknuii [Tlennona u
OTIEHKH CJIO2KHOCTHU PsAIa KOHKPETHBIX (PYHKIINHN, JIOKA3bIBAETCS
MUHUMAJILHOCTb HEKOTOPBIX CXEM.

B derBepToil riaBe npejicTaBieHbl HEKOTOPbIE BOIIPOCHI Ha-
JIEZKHOCTH U KOHTPOJIsi €XeM (IIOCTPOEHUe TeCTB JIjis TabJINII,
CHHTE3 CAMOKOPPEKTHPYIONIUXCS KOHTAKTHBIX CXEM).
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Ha,Z[e}KHOCTb 1N KOHTPOJIb YIIPABJIAIOIIINX
cucremM

§1 3amadya KOHTPOJISI CXEM M TeCThl JJisd TabJIUIL.
ITocTpoeHne Bcex TYNUKOBBIX TE€CTOB, OIEHKH
JUINHBI TUATHOCTUYECKOTO TecTa

Huns yupasnsonieit cucrembl (cxeMmbl) 6e3 maMsTu, QyHKITO-
HUPOBaHUE KOTOPO# OIMHUCHIBAETCS JUCKPETHOU (DYHKIIMEH UJn,
B 00IIeM ciiydae, BeKTOP-DyHKIIMEH, MOXKET ObITh CHOPMY/IU-
pOBaHa CJIeJIyIONias MOJe/ib, B paAMKaxX KOTOPON OOBITHO pac-
CMaTPHUBAIOTCs BOIIPOCHI €€ HAJIEXKHOCTH U KOHTPOJs (cM. |29,
27, 30]). Ilpenmomnaraercst, ITO NMEETCsT HEKOTOPBII «BHEIIHHIT»
UCTOYHUK HeucnpaBHOCTel (ncTounuk nomex) U, o jaeiicTsu-
€M KOTOPOI'0 paccMaTpHUBaeMas CXeMa Y, MOYKET MEPEXO/IUTh B
OJIHO U3 CBOUX <«HEMCIPABHBIX COCTOSIHUIT» (CXeM), olpejerisie-
MBIX 9THM HCTOYHHUKOM. IlycTh cxeme ¥ = Xp, peasumsyrorieit
dbyukuuo f = fi 0T BXOIHBIX IIEPEMEHHBIX T = (Z1,...,Ty), U
UCTOYHUKY HeucupasHocTell 1l cooTBETCTBYIOT «HEHUCIIPpABHBIE

cocrostHust (CXeMbI) Yo, ..., 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)

pasbuBaroTcsi Ha KJIAcChl (PYHKIMOHAIBHO) HEOTJIMYNMBIX CO-
CTOAHNH, TO €CTh KJIACCHI 9KBUBAJICHTHOCTH II0 OTHOIICHUIO Pa-
BEHCTBa peasin3yeMbIX (DYHKINN, U PACCMATPUBAIOTCS JAJIee C
TOYHOCTBIO JI0 HEOTJIMYUMOCTU. B fnasbHeiiem, roBopst 0 HeHa-
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JIexKHOI cxeme Y., Oyzgem umersb B Buiy napy (X,U1) u (um)
COOTBETCTBYIOIIEE eil MHOXKECTBO CXeM BMeCTe C TeMH (DYHK-
IUSIMU, KOTOpbIE OHU peaju3yioT. st mpocToThl paccMoTpe-
Hus OyJieM CYUTATh, 9TO BCE IEPEMEHHbIE U (DYHKIMN SBJISTIOTCA
Oy/IEBCKUMHU, XOTsI MHOTHE M3JaraeMble Jajee pe3yabTaThl De3
CYIIECTBEHHBIX M3MEHEHUIT TIEPEHOCSTCS Ha, CJTyYail MHOIO3HAM-
HBIX QYHKIUH, caydail BeKTop-GyHKINN 1 apyrue 60J1ee obIme
CIIyIan.

[Tycts (3, ) — yka3anHast BBIIIe MOJICJb HEHAIEXKHON CXEMBI
>} ¢ BOBMOXKHBIME COCTOSTHUSIMU 2 = X1, X9, ..., 2g, B KOTOPBIX
peammsytorcss PAJL f = f1, fa,..., fs coorBercTBerHO OoT BII
X (n), onpeznenenHble Ha MHOXKecTBe HabopoB A =
= {a1,...,a,} C B". Paccmorpum marpury M, M € BP*,

M<Za.7> = fj (Oéi),
cauTasi, 9T0 i-ii cTpoke (j-My C€TOJOILY) TON TabIMIBI COOT-
BeTCTBYeT HabOp «; (COOTBETCTBEHHO (QYHKIHUA fj U COCTOSI-
Hue Y;). Marpuna, cocTosiias u3 pasanIHbIX CTOIO0B (CTPOK)
HA3BIBAETCST 0MOeAUMOT NO cMoabyam (COOTBETCTBEHHO CIMPO-
Kam) MaTpUIeir. 3aMeTuM, 9T0 KazKIOMY KJIACCY HEOTIMIMMbIX
cocrostauit Mogeu (X, 1) cooTBeTcTBYeT IpyIa OJUHAKOBBIX
CTOJIOIOB MaTPUILBI M u paccMOTPHUM OTIEUMYIO IO CTOJIOIAM
Marpuity M, cOCTOSIIIYIO U3 BCEX PA3JIMYHBIX CTOJIOIOB MATPU-
b1 ]\//{ . Ilpu aTOM OyIeM cauTaTh, 9TO KAXKIBIH CTOI0EI] MAaTpU-
upl M cBsA3aH C COOTBETCTBYIONMM KJIACCOM HEOTIHIMMOCTH CO-
crostauit mozenun (X, 11), u 6ynem HaswiBarh M mabauyels KoH-
mpoas JaHHOI Mmomenu. st mpocToTsl OyaeM, Kak IPaBUIIO,
IpeJosaraTh, YTo Bee cocTosinust Mogesu (3, 1) nonapHo or-

rue

JIMIUMBI, TO €CTb, M = M. DT0 IpeIosoKeHne, 0UYEBUIHO, HE
OrpaHUIUBaeT OONTHOCTH PACCY XK JICHMUIA.

Ilycrs, masee, momumo Tabuibl KOHTpOJst M njist mome-
mu (X, 1) sagana 1eab KOHTPOJIsL, TO €CTh YKA3aHO MHOYKECTBO
N, cocrostinee U3 TeX HEYHOPSAJTOYEHHBIX TTap PA3IUIHBIX YUCE]T
orpeska [1, s], 71st KOTOPBIX MAPBI COCTOAHUIT (CTOIOIIOB MATPH-



8 Bgegenue

el M) ¢ COOTBETCTBYIOIMIMMEI HOMEPAMU HEOOXOIMMO OTJINYATH
JIpYT OT JApyTa, CpaBHUBAs 3HAYCHUs, PACIOJOKEHHBIE B TEX
WM MHBIX CTPOKAX JaHHOl mapbl cTo161oB. B acTHOCTH, eciu
N cocTouT U3 BCex map yKazaHHOIO BHJIA, TO IEJIbI0 KOHTPOJIS
sBysieTcst duaznocmuka cxemol, a ecoim N = {(1,2),...,(1,t)},
TO — NPOBEPKA UCIPAGHOCTU crembl. MHOKECTBO CTPOK MaT-
punst M ¢ momepamu uz T, T C [1,p|, nassiBaercss mecmom
ona mampuys, M ommocumenvro mmoocecmsa N, win, nnade,
mecmom das (M, N), ecin mnsa moboit mapst (i,7) u3 N cy-
mecrsyer t, t € T, takoe, uro M (t,i) # M (t,j). Momuocrs
TecTa HA3bIBAETCSI TAK¥Ke ero dAuHOU.

BameTnM, 9T0 MHOXKECTBO, COCTOSIINIEE U3 BCEX CTPOK TabJIu-
bl KOHTPOJIsA, Beerjia obpasyeT Tect. Tect, KOTopblii iepecraer
OBITH TECTOM IIPU yJIaJeHuu JI000H CBOel CTPOKH, HA3bI-
BaeTCs MYNUKOSbLM, & TECT, KOTOPbI MMeeT MUHUMAJIbHYTO
MOIIIHOCTD, — MUHUMAAbHM. B TOM CiIydae, Korja Mejibio KOH-
TPOJISE SIBJISIETCS IMAPHOCTUKA CXeMbl (IPOBEPKA MCIPABHOCTH
CXEMBI), TeCT Ha3bIBACTCH JUAZHOCMUYECKUM (COOTBETCTBEHHO
NPOGEPAIOULUM).

Bynem rosoputhb, uTo MHOXKECTBO Habopos 7, T C A, obpa-
syer mecm das modeau (3, 1) ommuocumenvro ueau Konmpo-
aa N, nmn, unage, mecm das (5,1, N), ecim coorBercTBYyIO-
mue HabopaM u3 7 cTpoku MaTpuibl M obpa3yroT TecT Ay
(M,N). Bce BBeieHHbIE BBIIIIE TIOHATHS, KOTOPBIE KACAIOTCS Te-
CTOB JiJIst TabJsuI, 6€3 U3MEHEHUIl NepeHoCcaTCs Ha ciiydail Te-
CTOB JIJIs1 HEHAJIEXKHBIX CXEM.

Juist onucaHust TECTOB MOXKHO BBECTH (DYHKIIUIO, AHAJIOT Y-
Hyto dyukiun nokpbitus u3 §6 rasel 1. [lycrs M, M € BP®,
— oTjlesIUMast 1Mo CTOJIONAaM MaTpuia, a N — CBsI3aHHAsl C Heil
nesib Koutpostsi. ConocraBuM i-it crpoke, ¢ € [1,p|, Marpuibt
M BII y;, a kaxxgomy Habopy [, B € BP, sHadeHuit sTux Ie-
peMeHHBIX Y = (Y1,...,Yp) — MHOXKECTBO CTPOK MaTpuisl M ¢
HoMmepamu u3 MuoxkectBa I = I (B) C [1,p], tae @ € I(B) ro-
IJia 1 TOJaBKO Torna, korga [ (i) = 1. Pacemorpum @AJL F (y),
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Jist koropoit F' () = 1 Torja m TOJIBKO TOTja, KOTJa CHCTe-
Ma cTpok Marpuibl M ¢ Homepamu u3 I () obpasyer rect Jijist
(M,N), u 6ynem nazeiBarh 31y PAJI dynryuett mecma ns
(M, N). Conocrasum nape (M,N) marpuiy M u3 MHOXKecTBa
BPS S = |N|, cron6ipl KOTOPOii MPOHYMepOBAHbI IAPAMHI H3
N, a ee crosber; ¢ HomepoM (i, j) € N mosrydaercs: B pe3yJibrare
TTOPAa3PSITHOTO CJIOYKEHHUST TTO MOJTYJITIO 2 CTOJIOIIOB C HOMEPAaMU § 1
j marpunnst M. 3amerum, 9T0 CTpOKKM MaTpuilbl M ¢ HoMepaMmu
u3 muoxecrsa T, T C [1, p], o6pasyior Tect (TyIUKOBbI TecT,
MUHUMaJIBHBI TecT) st napsl (M, N) Torja n ToJbKO TOrjIa,
KOT/1a CTPOKH MaTpuilbl M ¢ HOMepamu u3 1T’ 00pa3yoT MOKPbI-
Tue (TyIMKOBOE MOKPBITHE, HMOKPHITHE MUHUMAJBLHON JIJINHBI)
marpunbsl M. Orciona BeiTekaer, B yactHocTu, 4o OAJI Tecra
F nns napst (M, N) sasasercst ogaospemenno @A JI mokpeiTust
Jutst Mmarpuibl M 1 o6paTHO, a 3HAYUT JJISI HEE, B CUJLY JIEMMbI
6.1 rytaBeI 1, cupaBeINBO CJIeyIONIee YyTBEPXKICHUE.

JIemma 1.1. Qynruyus mecma f(yi,...,Yp) 0aa omdeaumots
no cmoabuam mampuyve M, M € BP® u uyeau xowmpoas N
Mooicem 0vimsd 3adara ¢ nomowpro KHO

Fynyp) = /\( \/ yt), (1.1)

(i,j)EN 1<t<p
M (t,5)#M{(t,5)

CaencrBue. Kaotcdas snemenmapras KORBIORKUUA 6U0G Yy, - - - Yt
coxpawernoti THD gyrruyuu f(y1,...,Yp), NOAYHAIOWAACA U3
KH® (1.1) 6 pesyavmame packpoimusa ckobok u npusedenus

nodobHBLT, COOMBEMCMEYEM MYNUKOGOMY MECTNY, CEAZAHHOMY
¢ mmoorcecmeom T = {t1,...,t,} u obpammno.

7

Ha mammboit jteMMe OCHOBaH CJIEAYIOMIMIT aJITOPUTM ITOCTPO-
€HHs BCEX TYNHUKOBBIX TECTOB JIJisi MATPHUILI M OTHOCHUTETHHO
e KOHTpoJist N:

1. BeimmceiBaeM st dyuknnn tecta KH® suga (1.1);
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2. packpbIBas B Hell CKOOKHU 1 IPUBO/IS [10JIO0HBIE, IOy IaeM
cokpamennyo JIHO dyuxkmuu Tecra;

3. comocTaBiIsIeM KazK/I0# 3jIeMeHTapHONH KOHBIOHKITUHN 3TOM
cokpariennoii JIH® rynukosslit Tect.

Tak, HapuMep, /s TOCTPOEHUST BCEX TYIMHUKOBBIX JIMATHOCTH-
9eCKUX TeCTOB MaTpuilbl M BuIa
010
0 1 1
M =
1 0 1
1 10

BhInuIreM coorsercrByfomntyio eit KHD (1.1):

F(y1,y2,93,94) = (11 Vy2 Vy3) - (Y2 Vya) - (y1 Vys Vya).

PackpoiBast B aToit KH® ckobKu m mpuBois MOMO0OHBIE, MTOJIY-
qumM cokpariernyio JH® s dyuxiuum Tecra:

F (y1,92,Y3,Y4) = y1y2 V Y1ya V y2y3 V y2ys V y3ya.

CJre10BaTe/IbHO, TYIIUKOBBIMU JUATHOCTHYECKIMHU TECTAMK MaT-
punibl M ABIATOTCS MHOXKECTBA €€ CTPOK C HOMepaMu

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

Jlist ymportnenust mpeodbpa3oBaHuil, CBA3aHHBIX C IIPUMEHE-
HHUEM OITMCAHHOTO aJI'OPUTMAa, BMECTO HCXOMHON MaTpuilbl M
MOXKHO pacCMaTpuBaTh OTACIMMYIO IO CTPOKaAM MATPUILY M ,
roJryJafoIytocsi u3 M yjiajieHueM IMOBTOPHBIX BXOXKJICHUN OJIH-
HaKOBBIX CTPOK. IIpu sToM, oueBUHO, /1000 TYIUKOBBIN TECT
maTpuilbl M 1osydaeTcs U3 TYIUKOBOI'O TECTa TOM Ke JITUHBI
MAaTPUILBI M B pe3yabraTre 3aMeHbl KarKJI0i ero CTpOKN paBHOMN
eit crpokoit marpunsl M u 06paTHO.

Paccmorpum, maee, HeKOTOpbBIE ONEHKH JIJTUHBI TUATHOCTH-

9EeCKUX TECTOB JJIsl MATPUIIL C 38 IaHHBIM 9HCJIOM CTOJIOIOB.
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JIemma 1.2. Jlauna 2106020 mynuko6020 QuazHOCMUYECKO20
mecma 0As OmOeAUMOT MO CMOAOYAM MAMPUUDL U3 MHOIICE-
cmea BP® zaxaouena 6 npedesax om [logs] do (s —1).

Joxazamenvcmeo. Ilycts M € BP® m mycTb, a1 onpejesicH-
HOCTH, TIepBbIe ¢ CTPOK Marpuiibl M o0pa3yoT ee TYIUKOBBIH
Amarnocruaeckuil recr. OUeBHAHO, ITO B 3TOM Clyvae BCe
cTOoIOBI MaTpuIibl M, COCTOSIINEN U3 IEPBBIX ¢ CTPOK MATPHUITHI
M, pasnmanbl 1, cienoBaTenbio, s < 28 To ects t > [logs],
[TOCKOJIBKY 9HCJIO PA3JIUIHBIX OYJIEBBIX CTOJIOIIOB BBICOTHI ¢ paB-
Ho 2¢. Tpebyemas HUKHSA OIEHKA JJIMHBEI JTHATHOCTHYIECKOTO
TecTa yCTAHOBJICHA.

Hoxkaxkem Tenepb, uro ¢ < (s — 1). s sroro Ha MHOXKe-
CcTBE CTOJIOLOB MATPHUILbI M upu jwobom ¢, q € [1,t], oupee-

JIUM OTHOIIIEHUe 3KBHUBAJEHTHOCTU ~ Tak, uro m' ~ m' Torna
q q

U TOJILKO TOrZa, Korma crosonsl m’ m m” marpumbt M cosma-
JIAIOT B CTPOKAX ¢ HOMepaMu u3 orpeska [1,¢g|. Byaem cuurars,
10 ONPEJIEIICHHIO, TO ~ — TPHBHAJILHOE OTHOIICHHE C OIHHM
KJIaCCOM 3KBUBAJEHTHOCTH, & YUCJIO KJIACCOB SKBUBAJICHTHOCTU
110 OTHOWENMIO ~, Tlie ¢ € [1,t], 6ynem obosnauars depes 6 (q).

U3 o6uux cBoiicts oTHOIIEHN T 9kBUBaseHTHOCTH (cM. [, 1, §1)
BBITEKAET, UTO LU JII000M ¢, ¢ € [1,1), KazKIbIil K1acc SKBUBa-

JIEHTHOCTHU II0 OTHOIIEHHUIO ~ JINOO fABJISETCSI KJIaCCOM SKBHUBa-
q

JIEHTHOCTH II0 OTHOIIEHUIO ~ , JINOO TIpejcTaBisieT coboil 00b-
q+1

eJIMHEHNeE JIByX TAKUX KJIACCOB U, cyefoBaresibo, 0 (q) < 0 (¢ + 1).
B cuy TynmukoBocTH TecTa IOyYeHHOE HEPABEHCTBO SIBJISETCS
cTpormM, Tak Kak paseHctso 6 (¢) = 0 (g + 1) Bo3amoxkHO TorIa
U TOJIBKO TOTLJa, KOIJA KarKJblil KJIACC 3KBUBAJEHTHOCTU OTHO-

IeHUA ~ dBJIAETCAd KJIaCCOM SKBUBAJIECHTHOCTU OTHOIICHUA ~~
q q+1

u 06pATHO, TO €CTh CTPOKa ¢ HOMEpOM (g + 1) siBJIsleTcst «JIHII-
Hell» B paccMaTpuBaeMOM TecTe.
W3 pumarnocTuaHOCTH TecTa BBITEKAET, 9TO 0 (t) = s, u, Ta-
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KUM o6pa30M, BBIITOJIHAIOTCA COOTHOIIICHUA
1=0(0)<0(1) < <0(t)=s,

13 KOTOPBIX cieyer, 9to t < (s — 1).
JlemMa JoKaszaHa. O

Bameuarue. YKazaHHBIC B JIeMMe I'PAHAIBI JTOCTATAIOTCS: HIK-
HsIsT — Ha, JII00O0# OT/IeIUMOi 110 cTo ioraM MaTpuie us BP®, rie
p = [logs], a BepxHaa — wa marpure n3 B*~1% Bee cToabmpI
KOTOPOIl pas/M4Hbl U cojepxkar He 6osiee OHON eauuuipl (06e
MaTPHUILI UMEIOT €UHCTBEHHBIN IUArHOCTHIECKUI TECT, COCTO-
S U3 BCEX CTPOK ).

Crnemytoree yTBepKIEHNE XapAKTEPU3yeT «TUITHTHOE» 3HA-
YeHHe JJIMHBI JUArHOCTUYECKOI'O TeCTa, TO €CTb JJIMHY MUHU-
MaJIbHOT'O JINAIHOCTUYECKOI'O TECTA Y «IIOYTHU BCEX» TaOJIMIL KOH-
TPOJIA.

Jlemma 1.3. ITycmo @ (s), t(s) u p(s) — ueronwucaenmvie
HEOMPUUATNEADHBIE PYHKUUL HAMYPANLHOR0 APLYMEHMA S, O
KOMOPHIT

t(s)=[2logs|+¢(s), p(s)=t(s), w(s) —= 0.

Tozda y moumu 6cexr OMOICAUMBT MO CMOADUAM MAMPUY, U3
BPS)s nepewie t (s) empox obpasyrom duazrocmuveckuld mecm.

oxazamesvcmeo. 3amerum, 4To Bce MaTpuiibl u3z BP®. e
p =p(s), y KOTOpBIX 11epBble ¢ = ¢ (S) CTPOK 00PA3yIOT IHATHO-
CTUYECKUH TeCT, OTJEIUMBI 10 cTOJI0IaM. JIerko BujeTh Takke,
YTO YHMCJIO TAKUX MATPHI] PABHO

Qt(gt_l)...(gt_5+1).2(p—t)S:

:2ps<1_21t>...<1_(82—t1)>7
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a UX J0JIA CPeId BCEX OTIEINMBIX II0 CTOJIONaM MarTpull u3 BPS
He MeHbIIe, YeM

_ 2
1,l 1f(871) >1f‘i>1,2—2%@(8)’
2 2t 2t

U, CIeI0BATEILHO, CTPEMUTCS K 1 IIpH § CTpeMsIeMcs K 6ecKo-
HEYHOCTH.
JlemMma JoKazaHa. O

CaencrBue. /Jas 110601 HEOMPUUAMEALHOT U HEOZPAHUYEHHO
soapacmarowet gynrkyuy @ (S) Yy nowmu 6cex omieauMvT no
cmoabuyam mamput, us BPS dauna Munumasvrozo duaerocmu-
weckozo mecma ne boavwe, wem 21og s + ¢ (s).

§2 CamokoppeKTupymIinnecss KOHTAKTHbIE CXE€MbI
1 MeTOAbl MX MOCTOPOEHUsi. ACUMITOTHYECKH
HAWJIYYIINil MeTO[ CUHTE3a KOHTAKTHBIX CXeM,
KOPPEKTUPYOINUX OAUH OOPBHIB (OHO 3aMbIKa-
HUeE)

PaccMoTpum BOoIrpoc HOBBINIIEHUS HAJIEXKHOCTH CXEM Ha, IIPUMEDPE
T. H. camokoppekrupyomuxcsi KC. Byjnem cunrarh, 910 KOH-
TakTbl paccmaTpuBaeMbix KC MOTyT BBIXOJUTH U3 CTPOS, Iie-
pexoJisi B OHO M3 JBYX BO3MOYKHBIX HEHCITPABHLIX COCTOSTHWI:
COCTOSIHHE 00pPbL6a, KOTJIa KOHTAKT HE MPOBOJUT, U COCTOSHUE
3aMBIKAHUA, KOTJIa KOHTAKT ITPOBOIUT IIPHU JIIOOBIX 3HAYCHUSX
yupasssiorieit um BIL.

Bynem rosoputs, uro KC ¥ sisiercst (p, q) - caMOKOppeK-
tupyommeitcs KC mim, mHavwe, KOppeKTUPYeT p OOPBIBOB U ¢
sambIKaHuii, e p > 0 u g > 0, ecm mobas KC Y/ koropas
MoxKeT ObITh nostyueHa u3 KC Y B pesysbrare oOpbiBa He OoJtee
9eM P, U 3aMbIKaHus He DoJiee, 9eM ¢, KOHTAKTOB, 9KBUBAJIEHTHA,

K
Y. O6oznauuM 4gepes u(pyq)

pekrupyomxcss KC n 3amerum, 9To U{g 0 = UK. Bamernm,

MHOXKECTBO Bcex (P, q) - CaMOKOp-
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TakxKe, 9ro s moboit KC ¥ KC 29 | nojnyuaiomasics uz ¥
B pe3y/IbTaTe 3aMeHbI JII0O0r0 ee KOHTaKTa BHUJA LY T-CXEMOI,
cocrosiiieit u3 (g + 1) mocsieoBaTEIbHO COEJMHEHHOTO MyYKa,
KasKJIblil U3 KOTOPBIX, BKJO4YaeT B cebs (p + 1) mapasuiesbHO

COEJINHEHHBI KOHTAKT BUJA ] , IPUHAJICIKUT U{; Q)
b

Iocrpoenne KC $(P9) | ocroanmoe Ha OCII€I0BATEIHHOM 1
(nm) napasuiesibHoM Jy6auposanun koutakToB KC X, saisier-
¢Sl TPOCTEUIIUM CIIOCODOM TIOJIYU€HUs] CAMOKOPPEKTHUPYOIIAX-
cst KC, skpuBajienTHbix 3ajanHoit KC. OH jaer ciienyrornyto
TPUBUAJLHYIO BEPXHYIO OIEHKY CJIO2KHOCTU CAMOKOPPEKTUDPY-
foruxcst KC, 5KBUBaJIEHTHBIX JTAHHOMA.

Jlemma 2.1. Jas mobvx p = 0, ¢ 2 0 u mobot KC X cywe-

cmeyem axeusasenmnan eti KCY', ¥/ € u{; Q) s Komopoti
b

LX) < (p+D(g+ LX)

PaccmorpuM, jajiee, HETPUBMJIBHBIA CIOCOH MOCTPOEHUS
(1,0)- mmm (0,1)-camoroppexrupytomuxcst KC, cBsizanublii ¢
KOPPEKIMEH OJJHOTO OOPBIBA WJIM OJHOTO 3aMBIKAHUS B T. H. OJI-
HOPOJIHBIX IIOJICXEMAX. DTOT METO/ ObLI BIEPBLIE IIPEJIOXKEH B
pabote C.B. Ab6monckoro u FO.T'. Iloramosa, a Takxke B pabore
X.A. Manarsna (cM., mHanpumep, [?]).

Bynem HaseiBarh 00H0podHotl 00yI0 cBsizayo KC ¢ Hepas-
JIEJIEHHBIMU MTOJTFOCAMHE, COCTOSIIYIO U3 KOHTAKTOB OJHOTO U TO-
ro »Ke THIa. 3aMeTuM, 9To B Jitoboi Takoii KC, cocrosimeit u3
KoHTaKTOB Buja xJ , PAJI npoBoguMocTn MeXK Ty JTIOOBIMH JIBY-
Mgl Tosfocamu pasHa 7. OTCIofa cileiyeT, B YaCTHOCTH, HUTO
mobbie e omnopogaubie KC, cocTostimme w3 KOHTAKTOB OTHOTO
THUIIa 1 UMeEIoIue OJUH 1 TOT 2Ke Ha60p IIOJIFOCOB, 9KBHUBaJICHT-
HBIL.

O6oznaunm gepes Cy, (x7) (Zy, (27 )) m-10TI0CHY 0 OTHOPO-
uyto KC, koTopast cocTOHT M3 ™M KOHTAKTOB BUJIA T U HpEJ-
cTaBJIsIeT cOOOU IUKJI, IMPOXOIAIINIA Yepe3 BCe IOJII0Ca (COOT—
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BETCBEHHO 3BE3/Yy U3 KOHTAKTOB, COCAUHSAIONIUX €€ LEeHTP C II0-
mocamu). OueBuno, uro Cp, (27) € u(l 0) 1 Zm(27) € U(O 1)

IIpencrasienne KC ¥ B Bune oO6beauHenns: ee OQHOPOIHBIX
mojicxeM 0e3 o0IUX KOHTAKTOB OyIeM Ha3bIBATH 00HOPOOHBIM
pasbueruem KC ¥, a MUHMMAJbHOE YHCIO IOACXEM B TAKHUX
paszbuennsix Gyiem obosHadaTh depes ((X). Ecmm Xy, .. - o-
Hopojuoe pasbuenne KC X, a sksusasentnas eit KC ¥/ (KC
") monygaercst uz KC X B pesysnbrare 3aMeHbl KaxKI0i MO/
cxembl Y; sxsuBasenTroii eit KC ¥ suna Cp, (COOTBeTCTBeHHo
KC X! Buga Z,,), 10 ¥’ € U{io) (COOTBeTCTBeHHo ¥e u(o 1))
3aMeTuM, 4TO IIPHU 3TOM

Lz,

7

VS L(Z) 41, LE) <L(Z) +1
u, CJ’IG,ZLOBaTe.HbHO,
LE)<SLE)+¢ LE) S LE) +¢

YKazanublii HeTpUBUAJIBbHBIH criocob nocrpoenus (0, 1)- wiu
(1, 0)-camoxoppekrupyomuxcs KC, SKBUBaJIEHTHBIX 3a/IaHHOI,
JIaeT CJICAYIONLYIO OLEHKY UX CJIOXKHOCTH.

Jlemma 2.2. Jlas a060t KC Y cyuecmeytom sK6UuBALEHIHbLE
et (1,0)- u (0, 1)-camoxoppexmupyrowuecs KC X' u X" coom-
B8EMCMBERHO MAKUE, 4IMO

L(Z) < L(X) + (%), L(Z") < L(Z) + (D). (2.1)

DTOT €110Ccob MO3BOJIAET YCTAHOBUTD ACUMIITOTUKY (DOYHKIIMK
lennona g ciaoxknocru KC n3 u{g o U{( 0y

Hug ®AJT f up > 0, ¢ > 0 onpenenum ee (p, q)-caMOKOp-
PEKTUPYIONLYIOCS KOHTAKTHYIO CJI0XKHOCTD L(p q)( f) xak MuHU-
MaJjibHyI0 ciiokaocTh KC X, 3 € U{; a0 peanmsytomeii f, a
3aTeM BBeIEM COOTBeTcTByomyto dpyukiuio [1lennona

K —
Lip.g(n) = fggif()l’(pq)(f)
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OdgeBuIHO, 9TO

LX(f) < Lg,q)(f) n L (n) < L{;,q) (n) (2.2)

K K
TaK Kak U(qu) cus.

Teopema 2.1. Jlaa n = 1,2,... umeem mecmo ciedyroujue
ACUMNMOMUYECKUE PABEHCTNEA
K K 2"
L(I,O)(n) ~ L(0,1)(”) ~o
Zloxasamesvcmeso. Tpebyemble HUKHIE OIMEHKH st (DYHKITHIM
K K
[ITennona L(l,o)(n) u L(OJ)(n) BbITEKAIOT u3 (2.2) U MOIIHOCT-
HBIX HIZKHEX OreHoK dynkmmn Hlennona L% (n) u3 TeopeMsbl
2.1 rmaB® 3.

Jlist TIoJTydeHusi COOTBETCTBYIONINX BEPXHUX OIEHOK BO3b-
MmeMm npousBosibHyio PAJL f| f € Pa(n), u nocrpoum Jyisi Hee
KC ¥ no Teopeme 8.1 riaser 3. 13 3amedanus K 9Toil Teopeme
BBITEKAET, YTO [P yKA3AHHBIX TaM 3HAYEHUSX [apaMeTpPOB

27’L
C(Xf) =o(—=
(Ef) = o 7

U [I09TOMY, B COOTBETCTBHHU € jieMMoii 2.2 u (2.1), cymiecTByor

KC X, € ug o) 1 KC Y€ U{g 1) » KOTOPBIE PEAII3yIOT DAJT

n
f €O CI0XKHOCTBIO, ACUMIITOTHIECKH HE IIPEBOCXOJISATIEH %
Teopema nokazana. O

Hns nocrpoennsi HerpuBuasibHbiXx KC, KoppekTHpyomumx
boJiee OHOTO OOPBIBA, WU 3aMBIKAHUS, MOYKHO HUCIIOJIB30BATH
caemyroryio Koucrpykiuio. [lycts KC X5, ¢ =1, ..., r, peanu-
syer ®AJI f u koppekrupyer ¢; 0OpbIBOB (3aMblKaHuUii), TOrIa
KC X, koropast mostydaercsi B pe3ysbrare mapaJjuielbHoro (1mo-
CJIEJIOBATEJIBHOIO) COEJIMHEHUsT 21, ..., Y, peajusyer OAJI f
¢ Koppekiweii t; + ...+ t, + 7 — 1 06pbIBOB (3aMbIKaHUil).
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WaTepecHblii mpuMep HeTpUBHAJILHOI camorkoppeknnn KC
JIaéT KOHTaKTHasi cxema, peanusyomas OAJI ¢, u kKoppekTu-
pylolas oauH 0OpLIB, KOTOPas IOJIydaeTcs U3 cxeMbl Kapmo mo-
GapjienueM 4 JIOIOJHUTE/IBLHBIX KOHTAKTOB, IIPOBEICHHBIX CJIe-
JIYIOIIIM 00pa30M: JIJIsl KayKJIoro o, o € B, u3 Bxojna (BbIX0OIA)
9TOii CXeMbl, IPOBeJIeM KOHTaKT Buja xf (coorBercrBeHHO xf)
B BEPIIHHY, COCJIMHEHHYIO KOHTAKTOM BHJIa 7 (COOTBETCTBEHHO
xJ) ¢ ee BBIXOIOM (COOTBETCTBEHHO BXOJIOM ). YKa3aHHAsI CXEeMa
ABJIAETCSI MUHUMAJBLHON B cuy JieMMbI 2.1 TyiaBbl 3 U, cjemno-
BaTEIbHO, CIPABEIJINBO YTBEPIKICHHE.

Jlemma 2.3. Jlaan=1,2,... umerom mecmo paseHcmaea

L{al) (n) = L{gvl) (6,) = 4n.
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