Cepusi «Maremarukas N3BECTNAHA
2013. T. 6, Ne 2. C. 8490 Wprymeroeo

2ocy6upcmee+moao

" . YyHusepcumema
OnIafiH-gOCTyI K 2KyPHAIY:

http://isu.ru/izvestia

VIK 519.7
Twuner 6a31CcoOB CyIIepKJIOHOB paHra 2 *

n. A. dxoBuyk

Bocmouro-Cubupckasn eocydapcmeennas axademus 06pa3osamnus,

Awnnoranusi. B crarbe npejcrasiiena KiaaccuduKayus MyJIBTHONEPAIII HA OCHOBE UX
BXOXKJICHUS] B MAKCUMAJIbHBIE CYIIEPKJIOHBI U TIEPEYNCICHBI BCE TUIBI OA3MCOB CYMEPKIIO-
HOB paHTa 2.

KuroueBble cjioBa: CyNepKJIOH; MYJIbTAOIEPAINs; Oa3UC; MAKCUMAJIBHBIA CYITEPKJIOH.

1. Bsenenue

[Tpobiaema GyHKIMOHATBLHON IOJHOTHI CHCTEMBI SIBJISETCS OJHUM U3
BaKHEHIINX BOIIPOCOB aJIreOpbl JIOTUKHU. DOJIBIION BKJIa/ B peIleHre JIaH-
Horo Bompoca Buec J. Ilocr. B wacrHOCTH, OH IIOKa3aj, 94TO B MHOMXKECTBE
Oy/1eBBIX (DYHKINN CYIIECTBYET TOYHO 5 MaKCHMAJIbHBIX KJIACCOB. M3BecTHO,
9TO B 3aBUCHUMOCTU OT BXOXKJCHUS B MAKCHMAJIbHBIE KJIACCHI BCe (DYHKIUN
MOXKHO KJIACCU(PUIIUPOBATH B KJIACCHI SKBUBAJEHTHOCTH, UTO IPUBOIUT K
ecrecTBeHHOl Kiaccudukanuu 6asucos. Tak, B crarbe [3] npepcrasienst 15
KJIACCOB OYJIeBbIX (DYHKIWIA U IEPEIUCTICHBI BCe TUIIBI 6a3nucoB. Beero rakmx
TunoB 42: oguu Tun panra 1, 17 Tunos pamra 2, 22 Ttuna panra 3, 2 Tuma
bas3ncoB panra 4.

B nocieaee Bpemst uceseayroTest Takue pyHKIIMOHAIBHBIE CUCTEMBI KaK
CyTepKJIOHBL. B pabore mpecTaB/ieHbl CBOWCTBA MAKCUMAJIBHBIX CYIIEPKJIO-
HOB paHra 2, Ha OCHOBE KOTOPBIX JIAHBI KJIACCU(PUKAIMS MYJIBTHONEPAIIAN
U ONKCAHME BCEX TUIOB 0A3MCOB OYJIEBBIX CyNEPKJIOHOB.

2. OcHoBHbIE TIOHSATUA U orpeaeJeHusd

[Iycts B(A) — MHOXKeCTBO Beex moaMHOKecTB A, B ToM uncie &. O1o6-
paxenue u3 A" B B(A) HasbiBaeTcst n-MeCTHOI MysibTHONIepanueil Ha A, rie
A = {1,2}. MuoxecrBo Becex myabruonepanuii na A = {1,2} oboznaunm F.

* Pabota BBIMOTHEHA TP (GUHAHCOBOH mogep:kke PO®U, rpant 12-01-00351.
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Myabruonepanuu f € F npeacTtaBuM Kak 0TOOparKeHUsI
f:41,2}" = {0,1,2,3},
[OJIy9aeMbIX U3 f IPU KOJUPOBKE
{1} = 1;{2} —» 2, o —0; {1,2} — 3.

KionoMm GyeM Ha3bIBATL MHOMKECTBO OIlepalliii, 3aMKHYTOE OTHOCUTE I b-
HO CYIIEPIIO3UINN, CojleprKallee Bee npoekimn [1].

CyIIepK/IOH — MHOXKECTBO MyJILTHONEPAInii, 3aMKHYTOe OTHOCHTEILHO
CYTIEPIIO3UIMN U OTIEPATOPa PA3PENTMMOCTH, CoJepKaliee Bee npoeknun [1].

Cucrema MyJIbTHOIEpaAUil HA3LIBACTCS HOIHOM B F', eciiu JI00YI0 MyJlb-
THONEPAIMI0 MOXKHO IIPEACTABUTL B BHUJAE CYIEPIOZUIUH MY/ILTHOIEpa-
muit gapHoil cucrembl. Ilo/iHAs M He3aBHCHMAsl CHCTEMa MyJILTHOIEPAIUil
HazbIBaeTcs 6asucoM B F.

3. OcHoBHBIE PE3YyJIbTATHI

s HaxXOXKIeHWsT BCceX 0a3MCOB MHOXKECTBA MYJIBTHOIEPALA BOC-
[TOJTB3YEeMCsI CBOMCTBOM AHTUU30MOP(MHOCTH pEIIeTK: KJIOHOB M PEIIeTKH
CYIEPKJIOHOB  [1], coracHO KOTOPOMY MAaKCHMAJIbHBIME CyIIEPKJIOHAMU
SIBJIAFOTCST MUHUMAaJIbHBIE KJIOHBI S, Fy, Fo, My, Ms, L, R. Oupenenum >ru
CYTIEPKJIOHBI Y€pe3 MOPOKIAIONINE UX MYJIbTUOIEPAIIHH.

R = (31), (21)
= ((2112), (1))
— ((2331)

= ((2),(3332), (31))
M2:<< ), (1333), (23))
= ((31), (1333)>
= ((23), (3332))

[Iycrs g € F. Oupenenum dyukuuio ¢(g) = (ay...ar), a; = 0, ecom
g€EHina;=1,ecmg ¢ Hj,rne Hy =5, Hy = F|, Hy = I, Hy = M;,
Hs — My, H; = L, H; — R.

O4eBUIHO, YTO B 3aBUCHMOCTH OT IPHHAJJIC?KHOCTH K MAaKCHMAJILHBIM
CYIIEPKJIOHAM BCE MHOYKECTBO MYJIBTHOIEPAIi Pa3Je/uTcs Ha KJacChl
9KBUBAJICHTHOCTHU, Xapakrepusyemble (yHkimei ¢(g).

Oyuknus ¢(g) He MOXKET IPUHUMATD JHOObIe U3 128 BO3MOXKHBIX 3HAUeE-
nuit. JlaHHBIE OrpaHMYEHUS OIMCBHIBAIOTCS CJICLYIOIIUM PEIOZKECHUEM.

)
3
1

IIpennoxkenue 1. B F cnpasedausvl cACOYIOUUE 6A0NCEHUA
1. SN C Fy;
2. 5N Fy, C Fy;
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3.5N M C Ms;
4..SN My C My;
5. SNRCL;

6. RNFy C My;

7. RN Fy C Mo;

8. MiN M, CR;

9. LN My C Mo,
10. LN My C My,
11. LN NF, CS;
12. SN M; C Fy.

Hoxazamenvcmeo. it nokazaTeabcTBa JAHHOIO TPEJIOXKEHUS UCIIOJIB3Y-
ercd CBsA3b lasiya MeXJy KJIOHAMHU W CYIEPKJIOHAMH, COIVIACHO KOTODPOM
MOXKHO OIPEIEeIUTh MAaKCUMAaJbHbIE CYNMEPKJIOHLI Yepe3 TOHATHUE IOJIyIIe-
PECTAHOBOYHOCTH OIEPAIU ¥ MyJIbTHOmepanuu [2].
Ecnu jyist 1106b1X 9/716MEHTOB a%, al ay,...,a,

e, . U3 A BBIIOJIHSAETCS
BKJIIOYCHHE

f(g(al,...,al),....g(a?, ...,a™)) C g (f(al,..,at),..., f(al,,...,a"),

TO TOBOPAT, YTO JUIsd f U ¢ BEPHO TOXKJECTBO IIOJIYIIEPECTAHOBOYHOCTH.
Ecim s MynbTuonepaiuu ¢ u onepanuu f BBIIOJIHSIETCS YKa3aHHOEe
TOXKJIECTBO, TO TOBOPAT, YTO f U ¢ TOJIYHEPEeCTAHOBOYHBDI.
Taxum obpazom:
g € F1 & g nonynepecranosouna ¢ f; = (11);
g € Fy & g nonynepecranoBouna ¢ fo = (22);
g € S & g nonynepecraHoBouHa ¢ f3 = (21);
g € M, < g nonynepecranoBouna ¢ fq = (1112);
g € My < g nonynepecranoBouna ¢ f5 = (1222);
g € R < g mosynepecranosouna ¢ fg = (11121222);
g € L < g monynepecranosouna ¢ fr = (12212112).
CriefioBaTeIbHO, JIJIsI JIOKA3aTe/IbCTBa MIPEJJIOYKEHHsT JIOCTATOYHO MOKa-
3aThb BBIPA3UMOCTH COOTBETCTBYIONIMX OYJI€BBIX OIEpPAIInii:
L fo(z) = f3(f1(z));
2. fi(z) = f3(f2());
3. fs(z,y) = fs(fa(f3(x), f3(y)));
4 fa(z,y) = fs(fs(fs(2), f3(y)));
5. f7(a:,y, ) -
:fﬁ(fG(f?)(fﬁ(x Y,z )) Y, 2)7 fﬁ(xr f3(f6(x7 Y, Z))? 2)7 fe (‘Ta Y, f3(f6(x7 Y, Z)))),
6. fa(z,y) = fo(z,y, [1(2));
7. fs(z,y) = fo(z,y, fo(2));
8. fﬁ(:pvyv ) f5(f4($ y)7 4($,Z),f4(y,2));
9. f5($7y) = f7($7y7f4($ y))7
10. f4($, y) = f?(x7 Y, f5($, y))a
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11. f3(z) = fr(z, f2(), f1(2));
12. fi(z) = fa(z, f3(x)). -

Teopema. /las cynepraona F cywecmeyem 394 muna 6asucos.

Jlokasamenvcmeo. B pesynbrare ynanenus 3uadenuii byskiyu ¢(g), mpo-
THUBOPEYAINX yKA3aHHBIM B IIPEJJIOZKEHUH CBOWCTBAM CyHEPKJIOHOB, IIOJIY-
geno 34 kjacca MysbTuoneparuii. Bece onm mpericrtaBieHbl B Tabsure 1
cooTBercTByMOmMUM 3HaveHueM yukuuu ¢(g). Kpome Toro, urober moka-
3aTh, YTO JIAHHBIE KJIACCHI HE HABJISIOTCS IIYCTBIMU, B TAOJIUIIE JIJIsi Ka2XKI0T0
KJIacca MPUBEIEH IIPUMeD BXOISINeil B HEro MYJIbTHOIIEPAIUN.

Tabsmma 1
Kiaccsl Mmysnbruonepanuit
Ne o(g) MyJsibTHONEepanus | Ne o(g) MYJIBTUOIIEPALIUAS
1 | (1111111) (2321) 18 | (1010111) (3331)
2 | (1111110) (0131) 19 | (1001111) (12312322)
3 | (1111101) (02011020) 20 | (0111100) (21)
4 | (1111011) (01111111) 21 | (1110010) (20220000)
5 | (1110111) (22222220) 22 | (1101010) (23)
6 | (1101111) (0132) 23 | (1010110) (1110)
7 | (1011111) (1331) 24 | (1001011) (1222)
8 | (0111111) (2331) 25 | (1000111) (3113)
9 | (1111100) (2010) 26 | (0001111) (1332)
10 | (1111010) (0111) 27 | (1110000) (01)
11 | (1110110) (2220) 28 | (1100010) (2202)
12 | (1101101) (2112) 29 | (1010010) (1101)
13 | (1011101) (1221) 30 | (0001101) (12212112)
14 | (0111101) (21121221) 31 | (1100000) (2)
15 | (1101011) (2333) 32 | (1010000) (1)
16 | (1011011) (30202030) 33 | (1000010) (13)
17 | (1100111) (03010103) 34 | (0000000) (3)

Jlist Toro, 94ToOBI CHCTeMa MYyJIbTHOIepalnii Obljaa 6a3mcoM, COIIACHO
OIIPeIeJIEHIIO, HEOOXOIIMO COOJIIOAATE YCIOBHUSI IIOJTHOTHI ¥ HE3aBUCUMOCTH.
Jlerko BueTH, ITO CHCTEMA IIOJIHA, €CJIA CyMMAPHOE 3HAUYEHIE COOTBETCTBY-
IONUX KOMIIOHEHT BEKTOPHOrO 3ajiaHusi (DyHKIWHA ¢(g) He paBHA HyJIO; U
HE3aBUCHMA, eCJIH IIPH yAaJeHun JI000i (PYHKIUKA U3 CHCTEMBI CYyMMAapHOEe
3HAYEHNEe KOMIIOHEHT MMeeT 110 KpaifHe Mepe OJHY HYJIEBYIO KOODIWHATY.

B pesynbrare npsiMoit KoMOMHATOPHO poBepKH B F' Haiimeno 394 Twuia
6as3ncoB. basuchl npecTaBiIeHbl YKa3aHHBIMU B TabJmie 1 HOPSIKOBLIMU
HOMEepaMU KJIACCOB MyJIbTHollepamuii. B 3aBucuMocTr oT panra 6asmca Bce
THUIBI PACIIPEIEICHBI CIeIYIONIM 00pa30M:
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— 1 Tun panra 1: (1);

— 187 Tunos panra 2:

(23),  (24), (25), (26), (27), (2.8), (2,12), (2,13),
(2,14), (2,15), (2,16), (2,17), (2,18), (2,19), (2,24), (2,25),
(2,26), (2,30), (3.4), (3,5), (3.6), (3,7), (3.8), (3,10),
(3,11), (3,15), (3,16), (3,17), (3,18), (3,19), (3,21), (3,22),
(3,23), (3,24), (3,25), (3,26), (3,28), (3,29), (3,33), (4.5),
(46), (47), (48), (49), (4,11), (4,12), (4,13), (4,14),
(4,17), (4,18, (4,19), (4,20), (4,23), (4,25), (4,26), (4,30),
(56), (5,7, (58), (59), (510), (5,12), (5,13), (5,14),
(5,15), (5,16), (5,19), (5,20), (5,22), (5,24), (5,26), (5,30),
6,7), (68), (69), (610), (611), (6,13), (6,14), (6,16),
(6,18), (6,20), (6,21), (6,23), (6,27), (6,29), (6,32), (7.8),
(7.9), (7,10), (7,11), (7,12), (7,14), (7,15), (7,17), (7.20),
(7.21), (7,22), (7.27), (7,28), (7,31), (8,9), (8,10), (8,11),
(8,12), (8,13), (8,15), (8,16), (8,17), (8,18), (8,19), (8,21),
(8,22), (8,23), (8,24), (8,25), (8,27), (8,28), (8,29), (8,31),
(8,32), (8,33), (9,15), (9,16), (9,17), (9,18), (9,19), (9,24),
(9,25), (9,26), (10,12), (10,13), (10,14), (10,17), (10,18), (10,19),
(10,25), (10,26), (10,30), (11,12), (11,13), (11,14), (11,15), (11,16),
(11,19), (11,24), (11,26), (11,30), (12,16), (12,18), (12,23), (12,29),
(12,21), (13,15), (13,17), (13,21), (13,22), (13,28), (14,15), (14,16),
(14,17), (14,18), (14,19), (14,21), (14,22), (14,23), (14,24), (14,25),
(14,28), (14,29), (14,33), (15,18), (15,20), (15,23), (16,17), (16,20),
(17,20), (18,20), (18,22), (19,20), (19,21), (19,27), (20,17), (20,24),
(20,25), (21,26), (21,30), (26,27);

— 199 Tunos panra 3:

(9,12,22), (9,12,28),
(9,22,30), (9,23,30),
(10,23,24), (11,17,22),
(12,13,26), (12,13,33),
(12,17,32), (12,19,32),
(12,22,27), (12,22,32),
(12,26,32), (12,27,28),
( ), ( )
( ), ( )
( ), ( )
( ), ( )

(9,12,33),

(9,28,30),

(11,22,25),
(12,14,26),
(12,20,22),
(12,24,27),
(12,27,33),
( )
( )
( )
( )

(9,13,23),

(9,29,30),

(12,13,19),
(12,15,27),
(12,20,26),
(12,24,32),
(12,28,32),
( )
( )
( )
( )

(9,13,29),

(9,30,33),

(12,13,24),
(12,15,32),
(12,20,28),
(12,25,27),
(12,32,33),
( )
( )
( )
( )

(9,13, 33),
(10,16,23),
(12,13,25),
(12,17,27),
(12,20,33),
(12,25,32),
(13,14,26),
(13,20,23),
(13,24,27),
(13,27,33),
(15,16,25),

13,16,27), (13,16,31),
13,20,26), (13,20,29),
13,24,31), (13,25,27),
13,29,31), (13,31,33),

13,18,27),
13,20,33),
13,25,31),
14,26,31),

13,18,31),
13,23,27),
13,26,31),
14,26,32),

13,19,31),
13,23,31),
13,27,29),
15,16,19),
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(15,16,26), (15,16,30), (15,17,21), (15,17,27), (15,17,29), (15,17,32),
(15,19,29), (15,19,32), (15,21,25), (15,25,27), (15,25,29), (15,25,32),
(15,26,29), (15,26,32), (15,27,30), (15,29,30), (15,30,32), (16,18,21),
(16,18,27), (16,18,28), (16,18,31), (16,19,22), (16,19,28), (16,19,31),
(16,21,23), (16,21,25), (16,22,23), (16,22,25), (16,22,26), (16,22,30),
(16,23,27), (16,23,28), (16,23,31), (16,25,27), (16,25,28), (16,25,31),
(16,26,28), (16,26,31), (16,27,30), (16,28,30), (16,30,31), (17,18,19),
(17,18,24), (17,18,26), (17,18,30), (17,19,23), (17,19,29), (17,19,32),
(17,21,22), (17,21,24), (17,22,23), (17,22,27), (17,22,29), (17,22,32),
(17,23,24), (17,23,26), (17,23,30), (17,24,27), (17,24,29), (17,24,32),
(17,26,29), (17,26,32), (17,27,30), (17,29,30), (17,30,32), (18,19,28),
(18,19,31), (18,21,24), (18,24,27), (18,24,28), (18,24,31), (18,26,28),
(18,26,31), (18,27,30), (18,28,30), (18,30,31), (19,22,23), (19,22,29),
(19,22,32), (19,23,28), (19,23,31), (19,28,29), (19,28,32), (19,29,31),
(19,31,32), (20,22,26), (20,22,30), (20,23,26), (20,23,30), (20,26,28),
(20,26,29), (20,26,31), (20,26,32), (20,26,33), (20,28,30), (20,29,30),
(20,30,33), (21,22,25), (21,23,24), (21,24,25), (22,23,24), (22,23,25),
(22,23,26), (22,23,30), (22,25,27), (22,25,29), (22,25,32), (22,26,29),
(22,26,32), (22,27,30), (22,29,30), (22,30,32), (23,24,27), (23,24,28),
(23,24,31), (23,26,28), (23,26,31), (23,27,30), (23,28,30), (23,30,31),
(24,25,27), (24,27,30), (25,27,30), (26,28,29), (26,28,32), (26,29,31),
(26,31,32), (27,28,30), (27,29,30), (27,30,33), (28,29,30), (28,30,32),
(29,30,31);

— 7 TunoB panra 4:
(24,25,28,29), (24,25,28,32), (24,25,29,31), (24,25,31,32),
(24,30,31,32), (25,30,31,32), (30,31,32,33).
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Types of rank 2 superclone bases

Abstract. This article presents classification of multioperations based on their
membership in the maximal superclones. Also, all types of rank 2 superclone bases are
enumerated.

Keywords: superclone; multiopation; base; maximal superclone.
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