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CBOMCTBA KOMMYTAITMOHHBIX STYEEK,
NCIIOJIB3YEMbIX B CUCTEMAX
ABTOMATHU3NPOBAHHOI'O KOHTPOJIA

Paccmompenwt ocnosnvie ceoticmea kommy-
MAYUOHHBIX AUEeK C NPOU3BONbHbIM HUC-
JIOM 861860008, HA OCHOBE KOMOPBIX CMPO-
AMcA pe2yiapHble KOMMYMAYUOHHbLE
cmpykmypul. [Iposeden cpasnumenvHulii
aHaIu3 U36€CMHLIX KOMMYMAYUOHHBLX

CMpYKmyp.

OnHUM 13 OCHOBHBIX Y3JI0B CHCTEM aBTOMATH3HPO-
BAaHHOTO KOHTPOJISI M IMaTHOCTUKU PDA sBIsIeTCS KOM-
MyTaTOp CUTHAJIOB, OCYIIECTBISIOUIUI CBI3b MEXIY
HCTOYHHKAMH TECTOBBIX CUTHAJIOB, 00BEKTOM KOHTPOJIS
Y CTaHIapTHBIMHU U3MEPHUTEIbHBIMU IPHOOPAMHU.

YHHUBEPCATBHOCTh CHCTEMBI aBTOMATH3HPOBAHHOTO
koHTpOIs (CAK), BO3MOXKHOCTH €€ THOKOH TiepecTpoi-
KU IO/ Pa3JInYHbIE OOBEKTHI KOHTPOJISI B 3HAYUTEIIbHOM
CTEIIEHH OIPEACIIIETCS CTPYKTYpOoil komMyTaTopa. Jis
oOecrieueHus 3TUX kauecTB KoMMyTaTopsl B CAK cTpo-
ATCS TI0 PETrySIPHOMY IPUHIMITY Ha OCHOBE OTHOPOI-
HOH CTPYKTYPBI, COCTOSIIICH U3 OIPEICIICHHOTO KOIIe-
CTBa B3aMMOCBSI3aHHBIX KOMMYTAIIMOHHBIX staeek (K51)
[1, 2]. [Ipon3BOAUTENHHOCTH TAKOTO KOMMYTATOpA, T. €.
KOJINYECTBO BCEBO3MOXKHBIX COAMHEHUH ITPU 3a1aHHOM
YIHCITe He3aBUCHMBIX CBSI3eH MEXKy HCTOUHHKAMH U ITPH-
€MHHKaMH CUTHAJIOB, 3aBUCUT OT BHYTPEHHEH CTPYKTY-
bl OTAETHHON KOMMYTAIIMOHHOM STYEHKH.

Crioco0BI MOCTPOCHUS KOMMYTAIIMOHHBIX STIEEK Pa3-
JTMYHON KOH(UTYPAIIMK OCBEIICHBI B psiie padoT, HarpH-
Mep [2—4]. Ongnako mpenenbHbIe BO3MOKHOCTH K5 ¢
3aJ]aHHBIM YHCJIOM BBIBOJIOB, T. €. UHCJIO HE3aBHCUMBIX
CBSI3€H M1 MAKCHMAJILHO BO3MOYKHOE KOJTMIECTBO COC/TU-
HEHUI IpY 3aJaHHBIX CBSI35X, B INTEPATYype HE paccMmar-
puBannck. OnieHKa npeaenbHbIX Xapakrepuctuk K naet
BO3MOYKHOCTb ITPOBECTH CPABHUTEIBHBIN aHAIH3 U3BECT-
HBIX CTPYKTYD, & TaKX€ OCYIIECTBUTh ONTHMAJIbHBIN
BeIOOD THIa K51, McX0Ist 13 KOHKPETHBIX 3a/1a4 TIOCTPOe-
Hust CAK.
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B nannoii pabote uccneaytoTcsi HEKOTOpbIe CBOCTBA
JIByHarpaBieHHO! runotetudeckoit srueviku (I'KSI) ¢ mpo-
M3BOJILHBIM YMCJIOM BHEITHHUX BBIBOJOB (O, KOKIBIA 13
KOTOPBIX MOYKET BBITIONHATH (DYHKITUH JINOO BXO/Ia, THO0
BBIX0/1a. BHYTpeHH:s CTpYyKTypa Takol A4eUKU He olpe-
JieJieHa, 32 KCKIIF0YEHUEeM TOTO, YTO YUCIIO KOMMYTHpYe-
MbIX 3rieMeHTOB (KJ) B Aueiike u crnocol ux coeanHe-
HUSI 00€CTICUYMBAET BCE BOZMOYKHBIC COCTMHEHSI MEKITY
BBIBOJIAMH.

[Ipesx e Bcero paccMOTPUM BOIIPOC O MAKCHUMATBHO
BO3MOKHOM KOJIMYECTBE HE3aBHCHUMBIX CBsi3ed M, Ko-
TOpBIE MOTYT OBITh Opranu3oBansl Ha K5 ¢ O BeiBoMA-
mu. [log He3aBHCHMBIMEU OyeM TOHMMATh TaKHe IBEC
CBSI3H, Y KOTOPBIX HU OAWH AJIEMEHT MOAMHO)KECTBA BEI-
BOJIOB OJTHOM CBSI3M HE BXOJHT B MOJMHOKECTBO BBIBO-
JIOB APYTOH.

Uucno HE3aBUCHMBIX CBsI3€il MaKCHMaJbHO B TOM
Cllydae, KoTJa KaXK/Iasi U3 CBs3eil BKIIOYaeT B ceOs aBa
BbIBO/IA (cM. puc. 1), T. e.

§, eciu Q yeTHOE (Q > 2),
M e = 02 1 (1)
é%. eciau Q HeueTHOE (Q > 2)_
Ecnn o603naunts wepes L, (i=1, 2, ..., M) uucno

BBIBOJIOB, BXOJISIIIIUX B i-FO CBSI3b, TO MAKCUMAJILHO BO3-
MO>KHO€ YHCJIO BBEIBOJOB B OJIHOM CBSI3HU

_HR-2(M-1),
e EQ_ 2(M =1)-1, ecin Q HeuetHoe.

ecnu Q 4eTHOeE,

(2)

Ornpenenum 4nciao BO3MOXKHBIX coefuHenuit B ['KS
C Q BBIBOAaMH HpI/I 3aJaHHOM KOJIMYECTBC HE3aBUCHU-
MBIX CBsi3ed M.

[Ipenmonoxum, 4to B i-0 CBSI3b BXOIUT L, BBIBOJIOB,
npudem 2<L <O-2(M-1).
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OueBuHO, YTO IPU OpraHU3ALNN OJTHOM HE3aBUCHU-
MOW CBSI3M, BKIIOYAIOIIEH B ceOs Ll BBIBOJIOB, YHCJIO
BO3MOJKHBIX COCTUHEHUHN OMpeAesieTcs YUCIOM coue-
tanuit C51 13 O anemMeHToB 110 L. O6liee KOIHIecTBo
Croco0O0B TOCTPOCHHUSI OJTHON HE3aBUCHUMOM CBSI3H C L1
BBIBOIaMH (2<L Q)

Q
S(Q=) G+1 (3)
=]
npuyeM S, (Q)=1 COOTBETCTBYET MOJHOCTBIO PA30MKHY-
ToMy cocrostHuio KA.

[Tpu opranuzanum 1ByX HE3aBUCUMBIX CBs3el (M=2)
OJIHA M3 HUX COJEPKHT L, BBIBOJIOB, IPUYEM L, MOXKET
M3MEHSATHCS OT 2 110 O/2, a BTOpast MOXKET ObITh 00pa3o-
BaHa U3 OCTAaBIIMXCS (J—L, BHIBOJOB M U3MEHATLCS B
npenenax L <L,<Q-L,.

B sTOM ciywae WnciI0 pa3sIHYHBIX CIIOCOOOB TO-
CTPOCHUS ABYX HE3aBUCUMBIX CBSI3EH 6yJIeT ONpPCACIIATHCA
BBIPAXKECHHEM

[Q/Z] Q-
% Z Cél Cé L’

=2 L5

(4)

e [ | — menast 4acTh COOTHOIIICHHS.
[IpoBons aHaIOrMYHbBIE pacCy>KAEHUS ISl JPYruX
3HAYEHUM M, MOXKEM 3amucarh, 4YTO

5. ( )_[Q/M] Q- Q-L-lp Q.- Céz
” V= le=2 Lzzll Lsz[z Lm ZM 1 Cé) “
"CI(S’!IL —.—Ly-1" (5)

U, nakonerr, o0IIe€ YHCIO0 BOZMOKHBIX COEINHEHNH
(BKJIFOYAS TOBTOPSIIOIINECS ), KOTOPOE MOJKET OBITH OpTa-
Hu3oBano Ha 'K ¢ O BeiBojtaMu

Q/2][Q/M Q-4 Q--Ly
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Tax, Hanpumep, U1t =4 o0111ee YUCIIO BO3MOKHBIX
coenuHenuit ipu 1<M<2 pasno 18 (puc. 1).

U3 puc. 1, 6 cienyet, uro st M=2 umeer MecTo
IIeCTh KOMOWHAINI COSANHEHHH, N3 KOTOPBIX TOIBKO TPH
COCTMHEHUS Pa3IIIIHEI.

g npyrux 3HaueHuil Q NoBTOPAIOLIMECS COEAUHE-
HUs OyAyT UMETh MECTO B TOM CJy4ae, €CJIH JIBe U Ooee
CBSI3U COJICPIKAT OIHHAKOBOE YHCIIO BHIBOJIOB, T. €. L =L,
(i,j=1,2, ..., M u i%j), npudem 4ucio HOBTOprOH.II/IXCSI
COGI{I/IHGHI/II/I PaBHO YHCITY IEPECTaHOBOK U3 KOJIMIECTBA
CBSI3€H C OMMHAKOBBIM YHCIIOM BBIBOJIOB.

TakuM 00pa3oM, ecii YUCII0 CBS3EH ¢ OZIMHAKOBBIM KO-
JIMYECTBOM BBIBOZIOB 0003HA4YMTh 4epe3 R(L,, L L),
TO 00ILIee YHCIIO PA3TUYHBIX HETIOBTOPSIOIIMXCS COE/IU-
Heanit B ['KS ¢ 3aganasiM O MOXKET OBITH BBIPAXKCHO
CJIeTyIOIIeH 3aBUCUMOCTBIO:
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€ Prpy pyp
TOB, Tipuyem eciu L ZL,%.. %L, ,
CTBEHHO, P=1.

Tak, Hampumep, a1t O=4 UMeeT MecTo TOJNBKO 15
Pa3IHMYHBIX (HETIOBTOPSIOIINKCS ) COSANHEHUM, BKITIOUAst
MOJTHOCTBIO PA30MKHYTOE COCTOSIHHE.

Omnpenenum MUHAMAJIbHO HEOOXOIUMOE YHCIIO KOM-
MYTHPYEMBIX JIEMEHTOB B KOMMYTAallMOHHOH STUEHKe ¢
0 BBIBOAMH, IIPH KOTOPOM 00ECTIEUNBAIOTCS BCE BO3-
MO>KHBIE HEITOBTOPSIFOIIIHECS] COSANHEHUSI, OTIPECIIIEMBIC
BeIpakeHueM (7).

IIpennonoxum, uto B K ¢ O BeiBogamu TpeOyeTcst
COCIMHUTH |-i BBIBOJ C KAXKJBIM U3 OCTaIbHBIX (O—I
BBIBOJIOB (pHC. 2). O4eBUIHO, UTO LIS TOTO TPeOyeTCs
(O—1 KOMMYTHPYEMBIX 2JIEMEHTOB. J[111 coeimHe st BTO-
pOro BBIBOJIA C KAXKABIM U3 OCTABIINXCS (J—2 BBIBOJOB
norpebdyercs eme O—2 KO, a1t coeaAuHEHUs. TPETHETo
BBIBOJIA C KK/JbIM M3 ocTaBmuxcs — O-3 KO u T. .

2

— YHCJIO IEPECTAHOBOK U3 R 3JIeMEH-
T0 R=1 U, COOTBET-

—
[\
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Puc. 2

B o0miem citydae /st opranu3aiii BCEBO3MOKHBIX
COCIIMHEHUH 110 JIBa dIIeMeHTa TpedyeTcs

N=S(@-1)=C

KOMMYTHPYEMBIX JJIEMEHTOB.

Yucno KD, onpenensiemoe dpopmynoii (8), siBisercs
JIOCTATOYHBIM JUIS IOJTYICHHUS BCEX BO3MOXKHBIX COCIH-
HEHHH, COCTOSANIMX U3 O0Jiee 4eM JBYX BbIBOIOB. 13 (8)
TaKXKe CIENYeT, YTO KOMMYTHUpyeMbIe 31eMeHThl B K51
JIOTDKHBI OBITh BKITIOUEHBI TAKHM 00pa3oM, 4TOOBI CBA3h
MEXIly JTF00OW Mapoil BHEIITHUX BBIBOJOB MOTIIA OBITh
OCYIIECTBJICHA TOJIBKO Yepe3 oauH KD.

Ilepeiinem k aHaIM3y U3BECTHBIX CTPYKTYP KOMMY-
TAI[MOHHBIX STYEEK.

Ha puc. 3 npuBeneHs cxembl 4€ThIPEX BUOB KOM-
MYTalMOHHBIX TYCCK C OJMHAKOBBIM YHCIIOM BHEITHUX
BbIBOZIOB ((O=4): a — K/, peann3zoBaHHas Ha IIECTH KOM-
MYTHUPYEMBIX JIEMEHTaX Ha «3aMbIKaHHE» B COOTBET-
ctBui ¢ (8); 6 — K bepesosckoro [3], B koTopoH uc-
MOJIb30BaHbBI YEThIPE 3JEMEHTA Ha Mepedpoc u JBa Ha
3aMbIKaHHE; 6 — «3Be3JJ04YHas» cTpykTypa KS, koropas
ObL1a NpUMEHEHa aBTOPOM B CUCTEME aBTOMaTU3UPOBaH-
HOTO KOHTpoJist POA; 2 — marpuunas crpykrypa K51.

[TapaMeTpbl MPUBEEHHBIX CXEM IPHUBEICHBI B
Ta6a. 1 u 2.

AHanu3 NpuBeICHHBIX B TAONUIIAX TAPAMETPOB TO-
Kazall cleayroliee.

(8)
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Tabmuua 1
YucIiio OHOTUIHBIX COEIMHEHUI
Homepa coeuiiseMeIx K4 ¢ xoMmyTHpyeMbIM K4 ¢ marpuunoit K4 co 3Be3nouHoit
BBIBOJIOB K41 bepesockoro N N
3JIEMEHTOM Ha 3aMbIKAHUE CTPYKTYpOi CTPYKTYpOi
1,2 1 2 1 1
1,3 1 8 — 1
1,4 1 2 1 1
2,3 1 2 1 1
2,4 1 3 — 1
3,4 1 2 1 1
1,2,3 4 4 1 1
1,2, 4 4 4 1 1
1,3,4 4 4 1 1
2,3,4 4 4 1 1
1,2,3,4 38 4 5 1
1,2-3,4 1 2 1 —
1,3—2,4 1 12 — —
1,423 1 2 —
0 1 4 5
Tabmuna 2
Tapamerp K41 ¢ kommyTupyembsim K9 Bepesonckoro Kidc M&TpPI‘-Il;IOfI K co SBSS,HOLT’HOI\/'I
3JIEMEHTOM Ha 3aMbIKaHHE CTPYKTYpOH CTPYKTYpOil
OO1ee 9nCII0 COeTUHEHUH 64 64 16 16
Yucno HETOBTOPAIOLIMXCA 15 15 12 12
COCIMHCHUN
MaxkcumanbsHoe SHCIIO 2 5 2 1
HC3aBHCHUMBIX CBA3CH
Uucno K3 B KA 6 6 4 4
Oomiee 9rcIio CoeNUHEHUH (BKITFOYast [TOBTOPSIFOIITH- Taxum 00pa3om, B KOMMYTaTopax, IOCTPOEHHBIX Ha
ecx) ONpeACIACTCA pa3JIMYHbIMU COCTOTHUAMUN N xoM- OCHOBE PETYISIPHBIX CTPYKTYP, uenecoo6pa3Ho UCIIOJIb-
MYTHPYCMBIX 3JIEMCHTOB, T. €. SO6(Q):2N' 30BaTh KOMMYTalMOHHBIE siueiiku ¢ KO Ha 3ambikanmne
[Tepsere nBa Buma pacemoTpenHbiX KA ynoBneTso- | yyy ¢ KD Bepe3oBckoro, 06eCeUHBAIONIIE GONBIIYIO
PAIOT yCIOBUAM HNOIHOTHI COCAMHEHNH, npuieM B K3 | Ly6acrs 1 yrnsepeansiocts casiseif ¢ cuctemoit aro-
BepesoBckoro umeer mecro 6oinee PaBHOMEPHOE PAC- | 1 iy BAHHOTO KOHTPOMIA.
IpeJesIeHue OBTOPSIOLINXCS COETUHEHUH, YTO MOBbI-
naet «xkuBydecth» K. D10 00ycioBieHo TeM, 4To B HCTIONB30BAHHBIE UICTOYHUKU
K51 Bepe3oBckoro ucnonb30BaHbl KOMMYTHPYEMBIE 3J1e-
MEHTBI Ha Hepe6pOC. 1. HpOeKTI/IpOBaHI/Ie BHCIIHUX CPEACTB aBTOMAaTU3MPOBAHHOI'O
KoMMyTanmoHHbBIC TYCUKU ¢ MATPUIHOM U 3BE3[I04- | KOHTPOJIsS paanodiekTporHoro obopynosanns / Iox pen. H. H. Tlo-
HOMW CTPYKTYpaMH HE YIOBJIETBOPSIOT YCIOBUSAM HOJIHO- | Homapesa.— M.: Panuo u cassb, 1984.
Thl COEJIMHEHUM, T. K. B OJJHOM H JIPYIOM CJIy4asX HEKO- 2. Kanses A. B. OnHOpoaHbIE KOMMYTALMOHHBIE PETHCTPOBBIE
TOpbIE COS/IMHEHNS vBoo6me OTCYTCTBYIOT, a B K5 co 3Be3- crpy«ryps.— M.: Cos. pajo, 1978,
JAOYHOH CTPYKTYDPOH MOKHO 00pa30BaTh TONLKO OMHY He- 3. A. c. 1665367 CCCP. KommyTaumontsiii snement Bepesosc-
3aBUCUMYIO CBs3b. OUEBUIHO, YTO HEBBHINIOJIHEHUE YC- B
JIOBUI MOJHOTBI COEIUHEHUH 3/1eCh 00yCIOBIEHO TeM, | 00 / C. A. Bepesoscxuil.— 1989.— Bion. Ne 9.
YTO YHCIIO0 KOMMYTHUPYEMBIX SJIEMEHTOB HE YIOBIETBO- 4. HuxuTiok JI. A. Apxutextypa HH(GOKOMMYHUKAIHOHHON CeTH
PSIET YCIIOBHIO IOCTATOYHOCTH X KosndecTsa (8). // 38’130k — 2007.— Ne 5.— C. 7—13.
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