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AHHOTanUs

PaccmaTpuBaeMasi B CTaThbe TEOPUsI OTHOCUTCS K TEOPUH GYHKIIMOHAJIBHBIX CUCTEM. ITOT pasest Ma-
TeMaTUKH uccaefyeT QyHKLHUH, KOTOpble ONpe/iesIeHbl Ha KOHEUYHbIX MHOKeCTBAX, a TaKXe KOMII03H-
1y 3TuX GyHKUui. Takue GYHKIMU UCOJIB3YIOTCSA B MaTeMaTUYeCKOH JIOTHKe U B YHUBePCaJbHON
anre6pe, B YaCTHOCTH, B TEOPUHU KJIOHOB. TpaJuLIHOHHBIMH 06'beKTaMHU MCC/Iel0BAaHUSA B yHUBEpCalb-
HOU anrebpe SIBJISIOTCA aare6psbl onepanuid U MysnbTuonepanuit. OJHOHW U3 OCHOBHBIX 33/ia4 B Te€O-
puu My/nbTHONlepalui sBAseTc Kaaccubukanus aare6p. [ pelieHus sTod 3afiayd He06X0AUMO
MOCTPOUTBH pelleTKy aire6p. B craTbe npescTaB/ieH aJirOpUTM NMOCTPOEHUS pelleTOK MyJIbTHONEpa-
LJMI Ha OCHOBe HepasJOoKHUMBbIX anre6p. /s peasnsalnyy JaHHOTO aJropuTMa OblIM HalZeHbl Bce
HepasJIoKUMble a/ire6pbl YHAPHBIX MyJIbTHONepaLMi paHra 3, KOTopble GbIIN Mpe/iCTaB/IeHbl B BUJE
rpada mo BKJIIOYeHHUIO. BepuiuHbl rpada npeAcTaBasiT co60il HepasJ/oKUMble aare6pel, a pebpa
rpada oTpaxkaloT CBA3b Mex/Ay ajrebpamu no BK/IO4YeHHI0. Eciu Mexay AByMs BepliMHaMu rpada
CyILeCTBYeT Ny Tb, 3HAYUT, OZiHA a/ire6pa AB/AeTCs nojane6poi A Jpyroi. Mcrosib3ys nosyyeHHbIH
rpad, 6611 peasM30BaH aJrOPUTM NOCTPOEHUS pellleTKH YHapHbIX MysibTHONepauuid panra 3. [losy-
YeHHble pe3y/bTaThbl COIVIACYIOTCSA C pe3y/bTaTaMU, KOTOpble OoNMcaHbl B cTaTbe Kasumupona A. C,
[lepsizeBa H. A. «Anre6pbl yHAPHBIX MyJIbTHONIEPALU». [JTAHHBIN aJIFTOPUTM MOXET ObITh MPUMEHEH
JUJIS IOCTPOEHUS PeIETOK MyJIbTHONEPaLi 60Jiee BBICOKUX PAHTOB JIN60 GOJIBIIUX MECTHOCTEH.

KiiroueBble€ C/I0Ba: onepanuu, MyIbTHOTIEPALMH, PEIIeTKa anre6p MyJbTHONepaLUi, HepasJIoXKH1-
Mble aJre6psl oneparnuu.
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Abstract

The theory discussed in the article refers to the theory of functional systems. This branch of mathemat-
ics explores functions defined on finite sets, as well as the composition of these functions. Such func-
tions are used in mathematical logic and in universal algebra, and in particular, in the clone theory. The
traditional research objects in universal algebra are the algebras of operations and multioperations.
One of the main problems in the theory of multioperations is the classification of algebras. To solve this
problem, it is necessary to construct a lattice of algebras. The article presents an algorithm for con-
structing lattices of multioperations based on indecomposable algebras. To implement this algorithm,
all indecomposable algebras of unary multioperations of rank 3 were found; they were presented in
the form of an inclusion graph. The vertices of the graph are indecomposable algebras, and the edges of
the graph reflect the connection between the inclusion algebras. If there is a path between two vertices
of the graph, then one algebra is a subalgebra for the other. Using the resulting graph, an algorithm for
constructing a lattice of unary multioperations of rank 3 was implemented. The results obtained agree
with the results described in the article Kazimirov A.S., Peryazev N.A. “Algebras of unary multiopera-
tions”. This algorithm can be used to construct lattices of multioperations of higher ranks or large areas.

Keywords: operations, multioperations, lattice of algebras of multioperations, indecomposable
algebras of operations.
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26 TEOPETUYECKME BOMPOCHI HDOPMATYK, MPUKMALHOV MATEMATUKM, it
KOMMBIOTEPHbIX HAYK U KOTHUTUBHO-MH®OPMALMOHHbBIX TEXHONOT WA A A Epemetiko
BBeﬂeHl/le Ta6nuna l. HepasnoxuMbie ajire6pbl yHapHBIX My/IbTHONEpalMii panra 3

Table 1. Indecomposable algebras of unary multioperations of rank 3
W3yyeHHne CBOMCTB onepanuii Ha GMHAPHBIX OTHOLIEHUSIX BeJIeTCS
JOCTAaTOYHO JIaBHO. B CBA3M € 3TUM c/leflyeT OTMETHUTb HEKOTOpbIe

MyabTn-
ny6sinkanuit [13-17]. PaccMOTpeHHI0 6MHAPHBIX OTHOLIEHUH KaK onepanus 3ambiKanue
YHApHBIX MyJIbTHONEPAUMH M HCCIeJOBAaHHUIO aIre0p yHApPHBIX
MyJIBTHOTIEPALMH MOCBSAILEeHbI paboThl [18-23]. [(1, 6, 6)] [(1, 6, 6)]
OzfiHOM M3 OCHOBHBIX 33a/lay B TEOPUHU MyJIbTHONEpaLUi sIBJsET- [(3,3,4)] [(3,3,4)]
Csl IOCTPOEHUE pelleToK anrebp [24-26]. Panee Takue peméTku [(3,7, 6)] [(3,7, 6)]
CTPOWJIMCh TOCPEACTBOM Ilepe6Gopa BCeX YHApPHONOPOXKJEHHBIX
anreGp onepanuit/mMysbTronepanuil. Y aToro noaxoga ectb Cy- [(5,2,5)] [(5,2,5)]
IleCTBEHHbIE HEJJOCTATKU: 3TO HeaPeKTUBHBIN Iepe6op yHapHO- [(5,6,7)] [(5,6,7)]
MOPOXK/IEHHBIX a/1re6p NPH KOHCTPYUPOBAHUH aare6p onepaunui/ .5 3 6.5.3
MyJIBTHOTIEPALMH, 2 TAaK)XKe 60JIbLIION 06'beM XPAHALMXCSA JAHHBIX [(6. 5, 3)] [(6.5,3)]
Ha KaX/I0M Li1are paGoThl aJITOPUTMa. [(7,3,9)] [(7,3,9)]
C HOMOILI0 nepe60pz‘al BCEX YHapHOIIOPOX/IeHHBIX ajare6p onepa- [(1,3,7)] [(7,6,4), (1,3, 7)]
LI /MyJIbTHOIEPALU GblyIa TIOCTPOEHA pellleTKa YHAPHBIX MYJIb-
THoNepanuil paHra 3. O4eBUJHO, YTO NpPH Nepexofe K 6OJbIINM [(1,7,5)] [(7,2,6), (1,7, 5)]
PasMepHOCTAM MyJbTHONepauuii (Hanpumep, K panram Goiee |[(2,4, 1)] [(2,4,1),(4,1,2)]
TpeX WJIK NP [lepexo/ie OT YHAPHBIX K GMHAPHBIM U 60JIee pa3Mep-
HOCTSIM) BO3HHMKAIOT MPO6JIEMBI, U TOCTPOEHHE JAHHBIX PELIETOK [@.5,2)] [@.5,2), 5,2, 5)]
GyZeT HEBO3MOXKHO BBH/Yy MX BO3pacTalollel BBIYMCIUTEIbHON [(3,2,7)] [(3,2,7),(5,7,4)]
CJI0)KHOCTH. HBIMH CJI0BaMU, TPe6YeTCst IPeIJIOKUTD HOBBIH aJ- [(3,6,5)] [(3,6,5), (5,3, 6)]
TOPUTM IOCTPOEHHUS PELIETOK.
B cTaTbe pa3paboTaH aJrOPUTM NOCTPOEHHUS PELIETKH MYJIbTHO- [(4,4,3)] [(4,4,3), 3,3, 4)]
repanuii Ha 0OCHOBe HEPA3JIOXKHUMBbIX a/ITebp MyJIbTHOTIEPALUN. AJl- [(6, 1, 1)] [(6, 1, 1), (1, 6, 6)]
TOPUTM HATHCAH HA A3bIKE Python 3}4 HIPUMEHEH sl HOCTPOEHUS [0, 0, 4)] [0, 0, 4), (4, 4, 4), (0,0, 7)]
PeIEéTKY YHAPHBIX MyJIbTHONIEpAlUK paHra 3.

[(0,2,0)] [(0,2,0),(2,2,2),(0,7,0)]
llesm> pa6oTsi (1,000 |10,0,0,(7,0,0.0, 1, 1]
llenbto paGoThl sABIsSETCS pa3paboTKa M peaausalusl aJropuT- [(1,2,5)] [(1,2,5),(5,2,5), (5.2, 4)]
Ma MOCTPOEHHUs] PEeIIeTOK YHAPHbIX MyJbTHOIEpAlKi paHra 3 Ha [(1,2,6)] [(1,6,4),(1,2,6),(1,6,06)]
OCHOBE HepasJIOXKHUMBbIX aare6p. [ BbINOJHEHUs JAHHOU Iiesn [(1,2,7)] [5,6,4), (1,2,7), (5,6, 7)]
OBbLIM IIOCTABJIEHBI C/IeyIOLe 3a/JauH:
. HaHTH BCe HEPA3JI0KHUMble alre6Gpbl YHAPHBIX MYJIbTHO- [(1,3,4)] [(1,3,4),(3,2,4),(3,3,4)]
nepannfi panra 3; (1,3, 5)] [(7,2,4),(1,3,5), (7,3, 9)]
. MIOCTPOUTD HA UX OCHOBE rpad;
3 Ha OCHOBe ZIaHHOTO rpada pa3paboTaTh U peajn30BaTh (.7, 9] [3.2,6),(,7.4).6,7,6)]
QJITOPUTM MOCTPOEHHUsI PEIIeTKH aJredp yHapHbIX MyJbTHONEpa- [(1,7,7)] [(1,6,6),(7,6,6),(1,7,7)]
R panra s. 3,3, 7)] (7,7, 4), 3,3,4), 3,3, 7)]
HaxoxaeHue Bcex HepasJI0oKHUMBIX a/Ireop (3,7, 7] [(7,7,6),3,7,6), 3,7, 7]
YHapHBIX My/IbTHOIIepanuy paHra 3 [(5,7,5)] [(5,2,5),(7,2,7),(57,5)]
Hepassioxumoit anre6poil MysbTHONEpAMi HA3bIBAIOT aare6py (65,7, 7] [(5.7,7),(7,6,7),(5,6,7)]
MyJIbTHOIIEpALNH, KOTOpash He NPeJCTaBUMa B BU/Je PA3JIOKEHUS [(7,3,7)] [(7.7,5),(7,3,5),(7,3,7)]
Ha CBOU HOL[aJII‘erbI. [l HaxoXieHUs HepasJIoKUMbIX aJIre6p [(0’ 2, 4)] [(O, 2, 4), (0, 6, 6), (6, 6, 6), (0, 7, 7)]
MyJIbTHOINEpALi ObLIM PACCMOTPEHBI BCe YHAPHOIIOPOXKJEHHBIE
ajare6pbl MyJbTHONEPAlUK. Bcero yHapHONOPOXKAEHHBIX aare6p [, 0,4)] [1,0,4),5,0,5),(7,0,7), 5,5, 5)]
MyJIbTHOTIEpALUi 265. [l/1s KaX/101 U3 HUX GbLIM HalJEeHbI COOT- [(1,2,0)] [(1,2,0),(7,7,0),(3,3,3),(3,3,0)]
BETCTBYHOLINeE N0oJaAre6phl. Jlanee Kax/jasi U3 HUX 6blya IpoBepe-

1,4,2 1 1,4,2 1, 1,1

Ha Ha HepasJIOKUMOCTh. B pe3ysibraTe Bcero 6ula0 HaieHo 196 (1, 4, 2)] [(1,0,0),(1,4,2),(7,0,0), 1, 1, ]
HepasNoKUMBIX a/ire6p YHapHBLIX MyJbTHONepanuii panra 3. Bece | [(2, 1, 4)] [(0,0,4),(4,4,4),(0,0,7), (2, 1,4)]

Haﬁ,{[eHHbIe HepasJIoKHNMble aJ]I‘e6pr npruBeEHbI B Ta6]Il/Il.le 1.

! JpJiarosibckas TeTpa/b. U36paHHbIe OTKPBITHIE BONIPOCHI 10 a/ireGpe 1 TEOPHH MOJe/Iel, HOCTaBIeHHble y4aCTHUKAMU JPJIaro/IbCKUX LIKOJI-KoHepeHI Ui / coCT.:
A.T. Tunyc, E. H. llopowenko, C. B. CynonnaTos. HoBocu6upck: Uza-so HI'TY, 2018. 40 c.
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1(:;[11;2;’;[ 3ambIkanne OMH?II,;]T;:I;I 3ambikanue
[2.7,2)] [(0. 2,0, (2. 2,2),(0,7,0), (2,7, 2)] [(1,0,4).(5,0,5).(7,0,5).(7,0,7). (7. 1. 5).
[(4,2, 1)] [(0,2,0), (4,2, 1), (2,2, 2), (0,7, 0)] (7.1 91 G.19.6.35)
[(7.3.0). (7.3, 1).(1,2,0). (7. 7,0). 3. 3, 1),
[(4,4,7)] [(0,0,4),(4,4,4),(4,4,7),(0,0,7)] [(7,3, 1] (3,3,3),(3,3,0)]
[(6,5,7)] [(0,0,4),(4,4,4),(0,0,7), (6,5, 7)] [(4, 6,4), (0, 6,6),(0,2,7), (6, 6, 6), (0,2, 4),
673 10,200, 2.2.2),0.7.0), 6.7, 9] [0, 2, 7)] (0, 6,4), (0,2, 6), (0,7, 7)]
[(6. 6, 4), (6. 6, 6). (0. 6, 6), (0. 2, 4), (0. 6, 4),
(7,1, 1)] [(1,0,0),(7,0,0), (1, 1, 1), (7, 1, 1)] (0,37 ©.2 600,30 D
[(7, 5, 3)] [(1,0,0),(7,0,0), (1, 1, 1), (7, 5, 3)] [(0, 2, 4), (0, 6, 6), (2,2, 6), (6, 6, 6), (0, 2, 6),
[(0, 4,2)] [0, 4, 2),(0,2,4), (6, 6, 6), (0, 6, 6), (0, 7, 7)] [0, 7, 4)] (0,6,4),(0,7,4),(0,7,7)]
[(2,1,0)] [(2,1,0),(1,2,0),(7,7,0),(3,3,3),(3,3,0)] [(0, 2, 4), (6,2, 6), (0, 6, 6), (6, 6, 6), (0, 2, 6),
[(4,0, 1)] [(4,0,1),(1,0,4),(5,0,5),(7,0,7),(5,5,5] | L0731 0.6,4, 07,077
[(5.4.4). (5,0, 5).(1,0,4), (1,0, 7). (7.0, 7).
(6.7, 7)] (6.7, (0,2,4).(6,6,6).(0,6.6), (0. 7. 11 | |10, 7 (5.0.4).(1.0.5).(5. 5. 9)]
[(7,5,7)] [(1,0,4),(5,0,5),(7,0,7),(5,5,5), (7,5, 7)] [(7,0,4),(5,0,5),(1,0,4),(7,0,7),(1,0,5),
[(7,7,3)] [(1,2,0),(7,7,3),(7,7,0),(3,3,3),(3,3,0)] [(1, 1, 5)] (5,0,4), (1, 1,5),(5,5,5)]
[0.6.9).(0.6.6).(0.2.6).(6.6.6), (0.2.4), [(3.3.3).(1,2,0). (7, 2,0). (3,2, 0). (7.7, 0),
0.2, 6)] 0.7, 7] [(1,3, 1)] (1,3, 1),(1,3,0), (3, 3, 0)]
[0.2.4).(4.6.6).0.6.7.(6.6.6).0.6.6). [(1.3.3). (3. 3.3). (7, 6,0). (1,2, 0). (3, 2, 0),
0.6, 7)] 0.7 [(1,3,3)] (7,7,0),(1,3,0), (3, 3, 0)]
[0.2.4).(6.6.6).2.6.6.0.6.6.0.7.6) [(1,4,4).(1,0,4), (1,4,6), (1,0, 6), (7,0, 7).
(0.7, 6)] 0.7 [(1,4,6)] (5,0,5),(5.5,5), (1, 6, 6)]
(5.0.4).6.0.5.(L0.5. .07 (L0, [(1,0,4). (5,0,5).(7,0,6). (7,0, 7). (1, 0, 5),
(1.0, 9] 5.5, 5] [(1,5,5)] (5,0,4),(1,5,5), (5,5, 5)]
(5.3.3.0.20.6.20. 070030, [(1,2,0). (1, 6,0). (1, 6,2). (1, 2,2). (1 6, 6),
(13,0 3 30 [(1,6.2)] (7.7.0). (3.3, 3). (3.3, 0)]
[(0,2,0), (6,7.2), (2,2,2), (0,7, 0), (2,7, 2), [3,3,3), (1,2, 0), 3,2,0),3,2,2), (7,7, 0),
(.7.3) 2.7 3 [(1,7,0)] (1,3.0). (1,7, 0). (3.3, 0)]
(7.3.0.0.20.0.7.0.6.30.6.3.3, [(0. 3, 4), (2. 3,4). (0, 2, 4), (2, 2, 4), (6. 6, 6),
(G.3.1) G 30l (2.3, 4)] (0.6, 6), (3,3, 4).(0,7,7)]
[(3.7.0), (1,2, 0). (7.7, 0). (3. 3, 2). (3. 3. 3), [(1, 0. 4). (5. 0. 5). (5, 0. 4), (3, 0. 7). (7. 0, 7),
6.3, 2)] 33,00 (3.0, 7)] (1,0.5), (5. 5. 4). (5.5, 5)]
[(0,0,4), (4, 4, 4), (4,4,7), (6,4, 7), (0,0,7), [3,0,4), (1,0, 4), (5,0, 5), (7,0,7), 3, 1, 4),
(@.5.7) @ 57 (3. 1,4)] (1, 1,4), (5.5, ). (3.3, 4)]
[(1,0,4), (5,0, 5),(5,4,5),(7,0,7), (5,0, 7), [(5,7.0), 3,3, 3),(1,2,0),3,2,0),3,23),
(5.0.7) 5.5 5 [3.2.3)] (7.7.0). (1,3, 0). (3,3, 0)]
(1.0.4).0.0.5.6.0.5.0.0.7.6.5.5, [(1,0,4), (5,0,5).(3,0,6), (7,0, 7). (1, 5, 4),
(5.1, 9] 5.1 5] (3,5, 6)] (5.5,5),(3,5,6), (3,7, 6)]
[(1,0,0),(7,0,0), (7,5, 1), (7, 1, 1), (7, 1, 3), (0.2, 4). (4,2, 5). (5, 2. 5). 0. 2, 5). (4. 2, 4)
(1.3 @ 1D (4,2, 5)] (6.6, 6). (0, 6, 6). (0,7, 7)]
[(0. 2, 4), (6. 6, 6), (2.6, 6), 0, 6,6), (2.7, 6), [(1.2.0). 5,2, 1). (1, 2. 1). (5, 2, 0). (5. 2. 5).
(. 7.0 0.7.6.0.7. )] (5.2, 1)] (7.7.0). (3.3, 3). (3.3, 0)]
[3,7,0), (3,7, 2),(1,2,0), (7, 7,0), 3, 3, 2), [(1,2,0), (5,6, 0), (5,6, 3),(1,2,3), (5,6, 7),
(.7, 2] (333,33, 0) (5, 6,3)] (7,7,0), (3, 3,3), 3, 3, 0)]
[0.2.4).0.6.7).(4.6.7.(4.6.6).(6.6.6). [(7.3.5). (0. 2, 4), (6, 2, 4), (6, 6, 6), (0. 6, 6),
4.6, 7)] ©.6.6).00. 7. 7] (6, 3,5)] ©,3,5),(6,3,5),(0,7,7)]
(1.0.4).5.0.5.6.45. G.47.6.0.7, [(2.7.7). (6.7, 6). (0,2, 4), (2,6, 6), (6, 6, 6),
(5.4.7) 7.0.9).(5.5,5)] (2.7, 7)] (0.6, 6). (2. 7.6). (0,7, 7). (0. 7, 6)]
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28 TEOPETUYECKVE BOMPOCHI MHDOPMATUKM, MPUKAALHON MATEMATUKM
KOMMBIOTEPHbIX HAYK U KOFTHUTUBHO-MHOOPMALMOHHBIX TEXHOMOT A A A Epemeriko
MyabTa- 3aMbIKaHHEe MybTn- 3aMbIKaHHe
onepauus onepanusi
[(3,7,0),(3,7,2),(3,7,3), (1,2, 0), (7,7, 2), [(2, 4,4),(0,0,4), (4,4, 4),(0,0,7), (0,0, 6),
[(3,7,3)] (7,7,0), (3,3,2),(3,3,3), (3,3, 0)] (0,4, 4),(0, 1, 6), 0,2, 4), (6, 6, 6), (1, 6, 6), (0,
[(4,7,7), (0,2,4), (46,6),(6,6,7),0,6,7), | [LOLO] 6,6, (0,7, 7]
[(4,7,7)] (6, 6, 6), (0, 6, 6), (4, 6,7), (0,7, 7)] [(0, 0, 4), (0, 4, 4), (4, 4, 6), (0, 4, 7), (0, 4, 6),
[(1.0.4).(5.0.5).(5.4.5). (7. 4.7). (5. 4.7), (4,4, 4),(0,0,6),(0,0,7), (0,2, 4), (0, 6, 6), (6,
(5,5, 7)] (7,0,7),(5,0,7), (5,5, 5), (55, 7] [(0, 4, 7)] 6,6, (0,7, 7]
[(1,0,4), (5.0, 5, (7.0,5), (7.0,7). (7, 5, 5), [(0, 0, 4), (0, 4, 4), (0, 4, 6), (6, 4, 6), (4 4, 4),
(0,0, 6), (0,0, 7), (0,5, 7), 0, 2, 4), (0, 6, 6), (6,
— (;}1ESE;Z;1;7T;i}I}5?;135;52)(7 3,3) 0.3 Dl 6.0.(0.7. 71
2 Dl e M D B e e B R 2 ) [(0,2,0), (0,6, 1), (2,2,2), (4,2,2), (0, 2, 4),
[, 3, 3)1 (7,7,0,3,3,1),3,3,3), 3, 3, 0)] (1,6, 6), (6,6, 6), (0,7, 0), (0,2, 2), (0, 6, 0), (0,
[(0,0,4), (4,4, 4), (0,4, 6),(0,4,4), (0, 0, 6), [(0, 6, 1)] 6, 6), (0,7, 7]
[(0, 4, 6)] (0,0, 7), (0,2, 4), (0, 6, 6), (6, 6, 6), (0, 7, 7)] 10.7.2).0.2.0).0.6.0.2.62.0.62,
[(0, 2, 0), (0, 6, 0), (0, 2, 2), (0, 6, 2), (2, 2, 2), (0,2,2), (0, 6, 6), (6, 6, 6), (0,7, 0), (2,2, 2), (0,
[(0, 6, 2)] (6, 6,6), (0,6, 6),(0,7,0), (0, 2,4), (0, 7, 7)] [(0,7,2)] 2,4),(0,7,7)]
[(2,2,0),(0,2,0),(2,2,2),(1,2,0),(7,7,0), [(0, 2, 0), (0, 6, 0), (0, 6, 2), (6, 6, 2), (0, 2, 2),
[2,3,0)] (0,3,0),(0,7,0),(3,3,3),(2,3,0), (3, 3,0)] (0, 6, 6), (6, 6, 6), (2,2,2), (0,2, 4), (0,7, 0), (0,
[(1,0,0),(7,0,0),(3,0,0), (3, 1,0), (1, 1, 0), [(0,7,3)] 7,3),(0,7,7)]
[(3,1,0)] (1,1, 1),(1,2,0),(7,7,0), (3,3, 3), (3, 3, 0)] [(3,4,0),(1,0,0),(3,0,0),(7,0,0),(1, 1, 0),
[0, 0, 4), (4,0,5),(5,0,5),(7,0,7), (4, 4, 4), (L, 1,1),(1,1,2),(7,7,0),(1,2,0), (3, 3,0), (3,
[(4,0,5)] (4,0,4),(0,0,5),(0,0,7), (1,0, 4), (5,5, 5)] [, 1,2)] 3,3). 6,3, 9]
[(5,0,1),(1,0,0), (5,0,0), (1,0, 1), (5,0,5), [(1,4,1),(5,0,2),(7,0,0),(1,0,4),(1,0,0),
[(5,0, D] (7,0, 0),(7,0,7),(1,0,4), (1, 1, 1), (5,5, 5)] La gfiggfﬂlﬂﬁJLUJJlﬁﬁJ%@
[(6, 4, 4), (0, 0, 4), (4, 4,4), (0,0,7), (0,0, 6), (.4, D1 5. 6,2, 5]
(0,4, 4),(0,1,7),(0,2,4), (6,6, 6), 0, 6, 6), [(1,0,4), 2,0, 5), (4,4, 4), (0,0, 7). (7,0, 7),
[(0, 1,7)] 0,7, 7)] 0,0,4),(5,0,5),(0,0,5),(4,1,4),(5,5,5), (5,
[(2,0,5)] 2,5), (4,0, 4)]
[0, 2, 0), (0, 6, 0), (6,2,2), (2,2,2), (0, 2, 2),
(6, 6, 6), (0, 6,6), (0,7, 0), (0, 7, 1), (0, 2, 4), [(4, 3, 0), (1,2, 0), (2,2, 1), (2,2,2), (0,2, 0),
[(0,7, )] 0,7, 7] (2,2,0),(7,7,0),(0,3,0),(0,7,0), (3, 3, 3), (3,
(2,2, 1)] 3,4), (3,3, 0)]
[(7,4,0),(1,0,0), (3,0,0),(7,0,0), (1, 1, 0),
(1,1, 1),(1,1,3),(1,2,0),(7,7,0), 3, 3, 3), [(2,3,2),(2,2,0),(0,2,0),(2,2,2), (1,2, 0),
[(1,1,3)] (3,3,0)] (7,7,0),(0,3,0),(0,7,0), (3, 3, 3), (2, 3,0), (2,
[(2,3,2)] 7,0), (3, 3, 0)]
[(1,0,1),(7,0,2),(1,0,0),(7,0,0),(5,0,5),
(5,0,0),(7,0,7),(1,0,4), (1, 1, 1), (1,5, 1), [(6,7,0),(2,3,3),(2,2,0),(0,2,0),(2,2,2),
(1,5, 1)] 5.5. 9)] (1,2,0),(7,7,0),(0,3,0),(0,7,0), (3, 3, 3), (2
[(2,3,3)] 3,0), (3,3, 0)]
[0, 0, 4), (4, 4, 4), (5,0,5),(2,0,7), (0,0, 7),
(7,0,7), (4,0,4),(0,0,5),(4,5,4),(5,5,5), [(1,0,0),3,0,0),(7,0,0),(7,1,0), G, L 1),
[(2,0,7)] (1,0,4)] (3,1,0),(1,1,0),(1,1,1),(1,2,0),(7,7,0), (3,
(3,1, 1)] 3,3), (3,3, 0)]
[(4,7,0),(2,2,0),(0,2,0),(2,2,2),(2,2,3),
(1,2,0),(7,7,0),(0,3,0),(0,7,0), (3, 3, 3), [(1,0,0), 3,0,0),(7,0,0), (7,5, 0), G, 1, 0),
[2,2,3)] (3,3,0)] (1,1,0),(3,1,3),(1, 1, 1), (1, 2,0), (7, 7, 0), (3,
(3, 1,3)] 3,3), (3,3, 0)]
[(4,7,6),(0,2,4), (0,6, 6),(2,6,7), (6, 6, 6),
(0, 6,7), (2, 6,6), (4,6,6),0,7,7), (0,7, 6), [(0,0,4),(5,0,5), (4, 4,5).(7,0,7), (4,0, 7),
[(2,6,7)] 6,7,7)] (4,0,5),(4,0,4),(4,4,4),(0,0,5),(5,5,5), (0,
[(4,0,7)] 0,7), (1,0, 4)]
[(3,7,1),(7,3,0),(7,7,0), (1,2, 0),(7,3,2),
(7,7,3),(3,7,0), (3,3, 1), (3,3,2), (3, 3, 3), [(0,0,4), (4,0,5),(5,0,5),(6,0,7),(7,0,7),
(3,7, 1)] (3,3,0)] 4,0,4),(4,4,4),(0,0,5),(0,0,7), (5,5,5), (4,
[(4,5,5)] 5,5), (1,0,4)]
[(1,0,4),(7,0,5),(5,0,5),(7,4,5),(7,0,7),
(5,0,7),(5,4,5),(5,5,5), (5, 1,5), (5, 1, 7), [(7,0,1),(1,0,0),(5,0,1),(7,0,0),(5,0,5),
5, 1,7] (7,5, 7)] (5,0,0),(7,0,7),(1,0,1), (5,1, 1), (1, 1, 1), (1,
[(5,1, 1)] 0,4), (5,5, 5)]
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MyabTH-
onepauus

3aMbIKaHHE

MyabTH-
onepanust

3amMbIKaHue

(5,5, D]

[(5,0,1),(1,0,0),(7,0,3),(5,0,0),(5,0,5),
(1,0,1),(7,0,7),(7,0,0), (5,5, 1), (1,1, 1), (1,
0,4), (5,5, 5)]

[0, 5, 6)]

[(0, 0, 4), (0,0, 6),(0,0,7),(0,2,4),(0,4,4),
(4,4,4),(2,4,6),(0,4,0),(0, 5, 6), (0, 6, 6), (4,
6,7),(0,6,7),(6,6,6),(4,6,6),(0,7,7), (6,7,
7), (5,6, 7)]

[3,5,7)]

[(3,7,7),(1,0,4),(5,0,5),(7,0,6),3,0,7),
(3,0,6),(7,0,7),(5,0,4),(1,0,5),(1,5,4), (5,
5,4),(7,5,6),(3,5,7),3,5,6),(1,5,5), (5,5,
5),(3,7,6),(7,7,06)]

[(0, 6, 3)]

[(0,2,0),(0,2,2),(2,2,2),(0,2,4),(0,6,0),
4,6,2),(0,6,3), (0,6, 2), (0, 6, 6), (6, 6, 6), (0,
7,0),(2,6,6),(0,7,6),(2,7,6),(0,7,7), (6,7,
7),(3,7,6)]

[(4,6,3)]

[(0,2,0),(2,2,2),(0,2,2),(0,2,4),(0,6,0),
0,6,2),(4,6,3),(0,6,3), (4, 6,2), (6, 6, 6), (0,
6,6),(0,7,0),(2,6,6),(0,7,6),(0,7,7), (2,7,
6),(6,7,7),(3,7,6)]

(2,3, 1]

[(0,2,0),(2,2,0),(2,2,2), (6, 3,0), (0, 3,0),
(2,3,1),(2,3,0),(0,7,0),(1,2,0), (3, 3,0), (3,
3,2),(3,3,3),(7,7,0),(3,7,0),(3,7,2), (7,7,
3),(3,7,6)]

[(4,7,5)]

[(0,2,4),(4,2,5),(0,2,6),(6,2,7),(0,2,7),
4,2,4),(6,2,6),(0,2,5),(0,6,4), (4,6,4), (0,
6, 6),(6,06,6),(4,7,5),(0,7,5),(0,7,7), (5, 2,
5),(7,2,7),(5,7,5)]

(G, 1,2)]

[(1,0,0),(3,0,0),(7,0,0),(3,1,0),(1,1,0),
3,1,2),(1,1,1),(1,2,0),(7,3,0),(7,3, 1), (3,
3,1),(3,3,3),3,3,0),(7,3,5),(3,5,0), (7,7,
0), (7,7, 3)]

[(5,4,3)]

[(5,0,0),(1,0,0),(1,0,1),(7,0,0),(5,0, 1),
(5,0,5),(7,0,5),(7,0,7),(1,0,4), (1,1, 1), (5,
0,3),(5,1,5),(7,1,5),(7,3,5), (5,4, 1), (5, 4,
3),(5,5,5),(7,5,7)]

(4, 1,5)]

[(4,0,4),4,0,5),(0,0,4),(6,0,5),(0,0,7),
0,0,5),(4,1,5),(4,4,4), (1,0, 4), (5,0, 5), (5,
0,7),(7,0,7),(5,4,5),(5,4,7),(5,5,5), (7,5,
7),(5,6,7)]

(5,7, D]

[(5,2,0),(1,2,0),(5,2,1),(7,2,0),(3,2,0),
1,2,1),(7,2,3),(7,2,7),(1,3,0),3,2,3), (1,
3,1),(52,5),(3,3,3),(3,3,0),(7,7,0), (5, 7,
0),(5,7,1),(5,7, 9]

[(5,0,3)]

[(1,0,0),(5,0,1),(5,0,0), (5,0, 3),(1,0,1),
(5,0,5),(7,0,5),(7,0,7),(1,0,4), (1,1, 1), (5,
1,5),(7,1,5),(7,0,0),(7,3,5), (5,4, 1), (5, 5,
5),(7,5,7)]

[(5,7,3)]

[(1,2,0),(3,2,0),(1,2,3),(3,2,3),(1,3,0),
(3,3,0),(,3,3),(1,3,3),(7,6,7),(7,7,0), (7,
6,0),(5,6,0),(7,6,3),(5,6,3),(5,6,7), (5,7,
0), (5,7,3),(5,7,7)]

[(1,5,7)]

[(1,0,4),(5,0,4),(1,0,6),(7,0,6),(1,0,7),
(7,0,7),(1,0,5),(5,0,5), (1,4, 4), (5,4, 4), (7,
4,6),(1,4,6),(1,5,5),(5,5,5),(1,5,7), (7, 6,
6), (1, 6,6),(1,7,7)]

[, 1, 5)]

[(4,0,4),(0,0,4),(0,0,5),(0,0,7), (4,0,5),
(6,0,5),(6,1,5),(4,1,5),(4,4,4),(1,0,4), (5,
0,5),(7,0,7),(5,0,7),(5,4,5),(5,4,7), (5,5,
5),(7,5,7),(5,6,7)]

[,7,3)]

[(1,2,0),(3,2,0),(3,2,2),(1,2,2),(3,3,0),
(1,3,0),(1,3,3),(1,7,0), (3, 3, 3),(7,6,0), (1,
6,0),(7,6,2),(1,6,2),(7,6,6),(1,6,6),(7,7,
0),(1,7,3),(1,7,7)]

(6, 3, D]

[(0,2,0),(2,2,0),(2,2,2),(6,3,0),(2,3, 1),
0,3,0),(6,3,1),(2,3,0),(0,7,0), (1,2, 0), (3,
3,0),3.,3,2),(,3,3),(7,7,0),(3,7,0), (3,7,
2),(7,7,3),(3,7,6)]

[2,3,7)]

[(2,2,4),(0,2,4),(2,2,6),(0,2,6), (2,3, 4),
0,3,4),(2,3,7),(0,3,7), (6, 6,4), (0,6, 4), (6,
6, 6), (0, 6,6),(6,7,4),(0,7,4),(0,7,7), (3,3,
4),(3,3,7),(7,7,4)]

(6, 3, 1]

[(6,2,4),(0,2,4),(0,2,6), (6, 2,6),(0, 3, 5),
(6,3,5),(6,3,7),(0,3,7), (6, 6,4), (0, 6,4), (6,
6, 6), (0, 6, 6),(0,7,5),(6,7,5),(0,7,7), (7,3,
5),(7,3,7),(7,7,5)]

[2,5,06)]

[(0,0, 4), (0,0, 6),(0,0,7),(0,2,4),4,4,4),
(0,4,4),(0,4,6),(2,4,6),(2,5,6), (0,5, 6), (6,
6, 6), (0, 6, 7), (0, 6, 6), (4, 6, 6), (4,6, 7), (0,7,
7),(6,7,7),(5,6,7)]

(O, 1, 4)]

[(4,0,4),(2,0,4),(0,0,4),(6,0,06), (0,0, 7),
0,0,5),(0,0,6),(0,1,4),(0,2,4), (0, 4,4), (4,
4,4),(0,5,5),(6,6,06),(0,6,6),(0,7,7), (1,0,
4),(5,0,5),(7,0,7), (5,5, 5)]

(G, L 7]

[(3,0,4),(7,0,4),(1,0,4),(3,0,7),(7,0,7),
(5,0,4),(5,0,5),(1,0,5),(3,1,4),(1,1,4), (1,
1,5),3,1,7),3,3,4),(3,3,7),(7,5,4), (5, 5,
4),(5,5,5),(7,7,4)]

[, 1, 5)]

[(0,0,4),(0,0,5),(6,0,4), (4,0,4), (0,0, 6),
(6,0,6),(0,0,7),(0,1,5),(0,2,4), (0,4, 4), (4,
4,4),(0,5,5), (6, 6,06),(0,6,6),(0,7,7), (1,0,
4),(5,0,5),(7,0,7), (5, 5,5)]

[3.5,2)]

[(1,0,0),(7,0,0),(3,0,0), (1, 1,0), (1,1, 1),
(3,1,0),(3,1,2),(1,2,0),(7,3,0), 3,3, 1), (7,
3,1),(3,3,3),(3,3,0),(7,3,5),(3,5,0), (3,5,

(0,2, D]

[(0,2,0),(4,2,0),(0,2,2),(0,2,1),(0,2,4),
(2,2,2),(2,2,0),(0, 3, 0), (0, 3, 3), (0, 6, 0), (6,
6, 0), (6, 6, 6), (0, 6, 6), (0,7,0),(0,7,7), (1,2,
0),(3,3,0),(3,3,3),(7,7,0)]

2),(7,7,0),(7,7,3)]
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[0,2,3)]

[(0,2,0),(2,2,0),(0,2,2),(0,2,3),(2,2,2),
(0,2, 4),(0,3,0), (0, 3, 3), (0, 6, 0), (4, 6, 0), (6,
6,0), (6, 6, 6), (0, 6, 6),(0,7,0),(0,7,7), (1, 2,
0),(3,3,0),(3,3,3),(7,7,0)]
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KOMMbIOTEPHBIX HAYK 11 KOTHUTUBHO-UH®OPMALIVMOHHbIX TEXHOMOT U A A Epemenko

Myas1u- 3ambIkanue MyatoTu- 3ambIKkanue

onepauus onepanusi
[0, 2,0), (2,2,0), (6,2,0), (2,2,2), (0, 2, 2), [(4,0,4), (0,0,5), (0,0,4), (4,0,5), (0,0, 7),
(0,2, 4), (0,3, 0), (0,3, 1), (0, 3, 3), (0, 6, 0), (6, (4,0,7),(6,0,5), (4, 1,5), (4, 1,7), (4,4, 4), (4]
6,0), (6, 6, 6), (0, 6, 6), (0, 7,0), (0,7,7), (1,2, 4,5),(6,4,5),(1,0,4),(5,0,5), (5,0,7), (7,0,

[(0,3, )] 0, (3,3,0), (3,3,3), (7,7, 0)] 7,5, 4,5),(7,4,7),(5,4,7),(5,5,5),(5,5,7),
[(0,2,0), (2,2,0),(0,2,2),(2,2,2),0,2,4), | [[&L7] (7.57.6,6,7]

(0, 3, 0), (0, 3, 2), (0, 3, 3), (0, 6, 0), (6, 6, 0), (2, [(1,0,0), (5,0, 1),(5,0,0),(7,0,0), (1,0, 1),
6,0), (0, 6, 6), (6, 6, 6), (0, 7, 0), (0,7, 7), (1, 2, (5,0,5),(7,0,5),(7,0,7), (7,0, 1), (1, 1, 1), (5,
[0, 3,2)] 0), (3,3,0), (3,3, 3), (7,7, 0)] 1,1), (5 1,3),(1,0,4), (5, 1,5),(7,1,5), (7, 1,
7,(5,0,3),(7,3,5), (7,4, 1), (5,4, 1), (7,5, 5),
[0, 0, 4), (4, 0, 4), (6,0, 6), (4,0, 6), (0, 0, 6),
0,0, 5), 0,0,7), 0,2, 4), (0, 4, 4), (0, 4, 5), (4] 151,31 6,55).(7.5 7]
4, 4), (0, 5, 5), (0, 6, 6), (6, 6,6), 0,7, 7), (1,0, [(1,0,4),(5,0,5),(5,0,6),(1,0,7),(1,0,6),

[(0, 4, 5)] 4),(5,0,5),(7,0,7), (5,5, 5)] (7,0,6),(5,0,7),(7,0,7), (5,0,4), (1,0,5), (1
(099, 6.0.0,0.00.6,0 0,059 YEEVIEVIEI LI 0O
(6,0, 6),(0,0,7), (0,2, 4), (0, 4, 4), (4, 4, 4), (0, )(1,4,6),(5,4,3),(1,4,5), (1,5, 5), 5,5,
5,4). (0,5, 5). (0, 6,6), (6,6, 6), (0,7, 7). (1,0, 2, (7,6,6),(7,6,7), (5,6, 6), (1,6,6), (1,7,

[0, 5, 4)] 4),(5,0,5),(7,0,7), (5,5, 5] [, 4, 7)] .6, 7.7

[(1,2,0),(3,2,0),(1,2,2),(3,2,2), 3,7, 6),
1 1,0,1),(1,0,2 1,0,4
(510050 9,600, 7.0, 70 (1 00 (o . . 6.50.0,3.0.(1,3.2). 01,336,530,
0.0, (5.0,0). (1.2.0). (3. 3,00 (3.3.3). (1.4 3,2),(1,7,0),(1,7,6),(7,7,0), 3, 6,0), (1,6,
[(1.0.2)] 0). (5.5.0). (5.5.5). (7. 7. 0} 0), (3, 6,2),(1,6,2),(7,6,0), (7,6, 6), (3, 6,
6),(3,7,0),(1,6,6),(1,7,2),(1,7,7), (7,7,
50,5, 0,03, 6. L O et ) (2L 1067 D)
0,4, 7,000, 12,00 0,300 (.8,3) (54, o, 7. 6) 2,2 4), 0, 2., (2, 2, 6), (0, 2, 6)

(1,0, 3)] 0). (5.5.00. (5.5.5). (7. 7. 0} (2,3, 4),(0,3,4),(0,3,6), 0,3,7), (2,3, 6), (6,

6,4),(2,6,4),(2,6,6),(6,6,6), (0, 6,4), (0, 6,
[(1,0,0),(3,0,0),(3,0,2),(3,0,3),(1,0,1), 6), (2,7, 4),(0,7,4),(0,7,6),(0,7,7), (3, 3,
(5,0,5),(5,0,0),(7,0,7), (1, 1,0), (1, 1, 1), (1, 4),(3,3,6),(3,3,7),(3,7,4),(7,7,4), (3,7,
0,4),(7,0,0),(1,2,0),(3,3,0),3,3,3), (1,5, | |[(2,3,6)] 6), 3,7, 7]

1, 5, 0)] 0.6,5,0,6,5,5, 7,7, 0] [(7,0,4),(1,0,4),(3,0,5),(3,0,7), (3,0, 4),
[(1,0,0),(3,0,1),(3,0,0),(3,0,3), (1,0, 1), (7,0,5),(7,0,7),(5,0,5),(7,1,4), (3, 1, 5), (3,
(5,0,5),(5,0,0),(7,0,7),(5,1,0), (1, 1,0), (1, 1,4),(1,1,4),(5,1,5),(1,1,5), (5, 1,4), (3, 3,
1,1),(1,0,4),(7,0,0), (1, 2,0),(3,3,0), 3, 3, 4),(3,3,5),(7,3,5),(3,3,7),(7,3,7), (7, 3,

[(3,0, 1] 3), (5,5,0),(5,5,5),(7,7,0)] 4),(5,0,4),(1,0,5),(5,5,4),(5,5,5), (7,7,
[0, 0, 4), (0, 0, 6), (0, 0, 7), (0, 2, 4), (4, 4, 4), (G, 1. 35)] 4, (7,7, 35)]
(0,4,4),(0,4,6),(2,4,7),(0,4,7), (4,4, 6), (2, [(4,2,4),(4,2,5),(0,2,4),(4,2,7),(0,2,7),
4,6), (4,5, 6), (0,5, 6), (6, 6, 6), (0,6, 7), (4, 6, (6,2, 6),(0,2,5), (4,2, 6), (0,2, 6), (4, 6, 4), (4,
7),(6,6,7), (0, 6,6),(4,6,6),(6,7,7),(0,7,7), 6,5), (4, 6, 6), (0, 6,7), (0,6, 5), (6, 6, 6), (0, 6,

[(2,4,7)] 4,7,7),(5,6,7)] 4), (0, 6, 6), (0,7, 5),(0,7,7),(5,2,5), (7,2,
[(0,2,0),(0,2,2),(2,2,2), (0,2, 4), (0,6, 0), 7, (5,2,7),(5,6,7), (5, 6,5),(7,6,7), (5,7,
(2,6,2), (4,6,2),(0,6,2),(2,6,3),(0,6,3), 0 [[(427)] 5), (5,7, 7]
6,6),(0,7,0), (6, 6,6),(0,7,2),(2,6,06), (4,7, [(1,2,1),(3,2,3),(52,5),(52,0),(3,2,0),
2),(6,7,6),(6,7,7),(2,7,6),(0,7,7), (0,7, 6), (3,2, 1),(7,2,0),(1,2,0), (7,2, 1),(7,2,5), (7,

[(2,6,3)] (2,7,7),3,7,6)] 2,7),(7,3,0),(1,3,0),(5,2,1),(5,3,0), (3, 3,
[0, 2, 0), (2,2, 0), (2, 2,2), (6,3, 0), 0, 3, 0), 3),(3,3,0),(1,3,1),(3,3,1),(53,1),(7,3,
(2,3,2),(2,3,1),(6,3,2), (2, 3,0), (2,7, 0), (0, 5)(7,3,7),(5,3,5),(7,7,0),(5,7,5), (5,7,
7,0),(2,7,1),(1,2,0),(3,3,0),3,3,2),3,3,| [[5:3,D] 0). (7,7,5)]
3).(7,7,0),(3,7,2),(3,7,3),(3,7,0), (7,7, 2), [(0, 0, 4), (0, 0, 6), (0, 0, 7), (5,7, 7), (0,2, 4),

[(2,7,1)] (7,7,3), 3,7, 6)] (4, 4, 4),(0, 4, 4), (6,4, 6), (4, 4,6), (2,4, 7), (0,
[(1,0,0),(7,0,0),(3,0,0),(3,1,0), (1, 1, 0), 4,7),(2,4,6),(0,4,06),(6,5,6),(2,5,7), (2,5,
(7,1,2),(1,1,1),3, 1, 1),(7,1,0), 3, 1,2), (1, 6),(0,5,6),(4,5,6),(0,5,7), (6, 6, 6), (0, 6, 6),
2,0),(7,3,0), (3,3, 1),(3,3,0),(7,3,3),3, 3, 4,6,6),(6,6,7),(0,6,7),(4,6,7),(6,7,7), (0,
3),(7,3,5),(7,3,1),(3,5,0), (3,5 1),(7,7,0) [[257] 7,7, 4 7.7),(,6,7), (5,6, 7)]

(3,5, 1)] (7,7,1),(7,7,3)]
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MyabTH-
onepauus

3aMbIKaHHE

MyabTH-
onepanust

3amMbIKaHue

[3,5,3)]

[(1,0,0),(3,0,0),(7,0,0), (1, 1,0), (1,1, 1),
(3,1,0),(7,1,0),(7,1,2),(3, 1, 1), (3, 1, 3), (3,
1,2),(1,2,0),(7,3,0),(3,3,0),(3,3,1), (7,3,
3),(3,3,3),(7,3,5),(7,3,1),(7,3,7),(7, 5, 0),
(3,5,1),(7,5,2),(3,5,3),(3,5,2),(3,5,0), (7,
7,0),(7,7,1),(7,7,3),(7,7, 5)]

[(4,7,3)]

[(3,7,7),(0,2,0),(0,2,2),(2,2,2),(0,2,4),
0,6,0),(4,6,2),(2,6,3), (2, 6,2), (6,6, 2), (0,
6,6),(2,6,6),(0,7,0), (6, 6, 6), (6, 6,3), (4, 6,
3),(0,6,3),(4,7,3),(0,7,2),(4,7,2),(0,7,3),
6,7,7),(0,7,7),(0,7,6),(6,7,6),(2,7,7), (2,
7,6),(3,7,6),(0,06,2),(7,7,6)]

(3, 1,6)]

[(7,7,5),(3,7,7),(3,0,4),(1,0,4), 3,0, 6),
3,0,7),(7,0,4),(7,0,5),(7,0,7),(7,0,6), (3,
1,4),(1,1,4),(3,1,6),(5,1,5), (1, 1,5), (5, 1,
4),(7,3,4),(7,3,5),(3,3,4),3,3,7),(7,3,7),
(3,3,6),(7,3,6),(3,3,5),(5,0,4),(1,0,5), (5,
0,5),(3,0,5),(3,5,4),(5,5,4),(1,5,4), (5,5,
5),(1,5,5),(7,7,4),(3,7,6),(3,7,4), 3,7,
5),(7,7,6)]

[, 5,3)]

[(1,0,0),(1,0,1),(5,0,0),(7,0,0),(5,0,1),
(7,0,3),(7,0,1),(5,0,3),(7,0,7), (1, 1, 1), (5,
1,1),(5,1,3),(5,0,5),(5,1,5),(7,0,5), (7, 1,
7,(7,1,5),(1,0,4),(7,3,5),(7,3,7), (7,4, 1),
(5,4,1),(7,4,3),(5,4,3), (5,5, 1), (5,5, 3), (5,
5,5),(7,5,5),(7,5,7),(7,7,5)]

[(4,3,5)]

[(7,7,5),(5,7,7),(0,2,4), (4,2,5),(6,2,5),
0,2,5),(6,2,4),(4,2,4), (6, 2,6),(0,2,7), (0,
2,6),(4,3,5),(0,3,5),(0,3,7), (0, 6,4), (4, 6,
4), (4,6, 06),(0,6,7), (6, 6,6), (0,6, 6), (6, 6,4),
0,6,5),(0,7,5),(0,7,7),(5,2,5),(7,2,5), (7,
2,7),(,2,7),(7,3,5),(5,3,5),(5,3,7), (7,3,
7),(5,6,7),(7,6,7),(7,6,5),(5,6,5), (4,2,
6), (5,7, 5)]

[, 1, 7]

[(0,0, 4), (0,0, 5),(4,0,4),(0,0,7),(6,0,5),
4,0,5),(6,0,7),(4,0,7),(5,7,7), (6,1, 5), (4,
1,5),(6,1,7),(4,1,7),(4,4,4),(4,4,5), (6,4,
5),(6,5,5),(4,5,5),(1,0,4),(5,0,5),(7,0,7),
(5,0,7),(7,6,7),(5,4,5),(7,4,7),(5,4,7), (5,
5,5),(7,5,7),(5,5,7), (5,6, 7)]

[(5,2,3)]

[(1,2,3),(3,2,3),(5,2,5),(7,2,5), (1,3, 3),
(5,2,0),(3,2,0),(3,2,1),(7,2,0),(1, 2,0, (5,
2,1),(1,2,1),(7,2,7),(5,3,0),(5,2,3), (5,2,
7),(1,3,0),(3,3,0),(3,3,1),(1,3,1),(7, 3, 9),
(7,3,0),(5,3,7),(7,3,7), (3, 3,3), (5, 3,5), (7,
6,7),(5,7,0),(5,6,0),(5,6,1),(7,6,0), (5,7,
5),(5,6,5),(7,6,5),(5,6,7),(7,7,0), (7,7,
5),(5,7,7)]

[, 3,3)]

[(3,7,7),(0,2,0),(2,2,0), (2, 2,2),(0,3,0),
(6,3,1),(6,3,2),(2,3,3),(6,3,0), (2,3, 1), (2,
3,2),(6,3,3),(2,3,0),(0,7,0), (6, 7,0), (6,7,
1),(2,7,0),(2,7,1),(1,2,0),3,7,6), (3, 3, 0),
(3,3,2),(3,3,3),(7,7,0),(7,7,2), (7,7, 3), (3,
7,0),3,7,2),3,7,3),(7,7,6)]

[(1, 5, 6)]

[(7,7,6),(5,7,7),(1,0,4),(5,0,4), (3,0, 6),
(1,0,6),(7,0,6),(5,0,7),(1,0,7),(7,0,7), (3,
0,7),(5,0,5),(5,0,6),(3,7,6),(3,6,7), (1,0,
5),(5,6,7),(7,6,7),(1,4,4),(5,4,4), (3, 4, 6),
(1,4,6),(5,4,5),(1,4,5),(1,5,4),(1,5,5), (1,
5,6),(5,5,5),(5,5,4),(7,6,6),(1,6,7), (3,6,
6),(1,6,6),(1,7,6),(5,6,6),(1,7,7),(5,7,
6),(3,7,7)]

[0, 1, 2)]

[(4,0,0),(0,0,2),(0,0,1),(0,0,4),(2,0,0),
(6,0,0),(0,0,6),(0,1,0), (0, 1, 1), (0, 1, 2), (0,
0,7),(0,0,3),(0,2,0),(2,2,0),(2,2,2), (0,2,
2), (0,2, 4),(0,3,0), (0,3, 3),(2,4,0), (0, 4, 0),
(4,4,0),(4,4,4),(0,4,4), (6, 6,0), (0, 6, 0), (6,
6, 6), (0, 6, 6),(0,7,0),(0,7,7),(1,0,0), (3,0,
0), (7,0,0),(1,1,0), (1,1, 1), (1, 2,0), (3, 3, 0),
(3,3,3),(7,7,0)]

[(1, 6,3)]

[(7,7,6),(5,7,7),(1,2,0),(3,2,0),(1,2,2),
(3,2,2),(1,2,3),(3,2,3),(3,7,6), (1, 3,0), (3,
3,0),3,3,2),(1,3,3),(3,6,7),(3,3,3), (1,3,
2),(5,6,7),(3,7,0),(7,6,7),(5,7,0), (1,7, 6),
(7,7,0),(1,7,7),(3,6,0), (5, 6, 0), (1, 6, 0), (5,
6,2),(1,6,3),(1,6,2),(7,6,0),(1,6,7), (1,7,
0), (7, 6, 6), (5, 6, 06), (1, 6, 6), (3, 6, 6), (5,7,
6),(3,7,7)]

[0, 1, 3)]

[(4,0,0),(6,0,0),(0,0,1),(0,0,4), (0,0, 3),
(0,0,6),(0,0,7),(2,0,0), (0, 1, 1), (0, 0, 2), (0,
1,3),(0,1,0),(2,2,0),(0,2,0), (2, 2,2), (0,2,
2), (0,2, 4), (0, 3,0), (0, 3, 3), (6,4, 0), (4, 4,0),
(0,4,0),(4,4,4),(0,4,4), (6, 6,0), (0, 6, 0), (6,
6, 6), (0, 6, 6),(0,7,0),(0,7,7),(1,0,0), (3,0,
0), (7,0,0),(1,1,0), (1,1, 1), (1, 2,0), (3, 3, 0),
(3,3,3),(7,7,0)]

[2,3,5)]

[(7,7,5),3,7,7),(2,2,4),(0,2,4), (6,2, 4),
(2,2,6),(0,2,06),(6,2,6),(2,3,4),(6,3,4), (0,
3,6),(0,3,7),(2,3,95),(0,3,4),(0,3,5), (0,6,
4), (6, 6,4), (2,6, 6), (6, 6, 6), (0,6, 06), (2,6, 4),
0,7,4),(0,7,5),(0,7,6),(0,7,7),(3,3,4), (7,
3,5),(7,3,6),(3,3,7),(7,3,7),(3,3,95),(7,3,
4),(3,3,6),(7,7,4),(3,7,6),(3,7,4), (3,7,

[0, 4, D]

[(4,0,0),(4,0,2),(2,0,0),(0,0,1), (0,0, 2),
(6,0,6),(2,0,2),(0,1,0), (0,0, 4), (0,0,7), (0,
1, 1), (0,0, 6), (6, 0, 0), (0, 0, 5), (0, 2, 0), (2, 2,
2),(0,2,2),(0,2,4),(4,0,4), (0,4, 0), (0,4, 1),
(4,4,4),(0,4,4),(0,5,0),(0,5,5), (0, 6,0), (6,
6, 6), (0, 6, 6),(0,7,0),(0,7,7),(1,0,0), (1,0,
1),(5,0,0),(7,0,0),(1,0,4),(5,0,5),(7,0,7),
(1,1, 1),(5,5,95)]

5),(7,7,6)]
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[0, 5, D]

[(6,0,0),(6,0,2),(2,0,0),(2,0,2),(4,0,0),
(6,0,6),(0,0,2),(0,1,0), (0, 1, 1), (4, 0,4), (0,
0,4), (0,0,5), (0,0, 6),(0,0,7), (0,0, 1), (0, 2,
0), (2,2,2),(0,2,2),(0,2,4),(0,4,0), (4, 4,4),
0,4,4),(0,5,0), (0,5, 1), (0, 5,5), (0, 6, 0), (6,
6, 6), (0, 6, 6),(0,7,0),(0,7,7),(1,0,0), (1,0,
1),(5,0,0),(7,0,0),(1,0,4),(5,0,5),(7,0,7),
(1,1, 1),(5,5,95)]
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32 TEOPETUYECKWE BOMPOCHI NHOOPMATUKN, MPUKNALHOW MATEMATUKN, . At
KOMMBIOTEPHBIX HAYK 1 KOTHUTUBHO-UHOOPMALIMOHHBIX TEXHONOMMI Al A Epemetiko
Myas1u- 3ambIkanue MyatoTu- 3ambIkanue
onepauust onepanust
[(2,0,1),(0,0,2),(2,0,0),(2,0,2),(0,0,4), [(7,7,5),(1,2,1),(5,2,0),(521),(3,3,0),
(4,0,4),(0,0,1),(4,1,0), (0, 1, 0), (4, 0, 0), (0, (1,3,1),(5,3,1),(3,2,0), (7,2, 1), (3, 2, 1), (7,
0,5),(0,0,7),(0,2,0),(2,2,0),(2,2,2), (0,0, 2,0),(1,2,0),(1,2,3),(3,2,3),(7,2,7), (5,2,
3),(0,3,0),(0,4,0),(4,4,0), (4,4, 4), (0,5, 0), 3),(7,2,5),(5,2,7),(1,3,0), (5, 2,5), (5, 3, 0),
(0,7,0),(1,0,0),(7,0,0), (1,0, 1), (3, 0, 3), (1, (7,3,0),3,3,1),(5,3,3),(1,3,3),(7,3,5), 3,
0,4),(5,0,5),(3,0,0),(7,0,7),(1,1,0), (1, 1, 3,3),(7,3,7),(5,3,5),(5,3,7),(7,6,7), (7,7,
1),(5,0,0),(1,2,0),(3,3,0),(3,3,3),(5,5,0), 0), (7,6,0),(7,6,1),(5,6,0), (5,6, 1), (7, 6, 5),
[(2,0,1)] (5,5,5),(7,7,0)] [(5,3,3)] (5,6,5),(5,6,7),(5,7,0),(5,7,5), (5,7, 7)]
[(0,0, 1), (0,0,2),(2,0,3),(0,0,4),(4,0,4),
(2,0,2),(0,0,5),(0,0,7), (0,0, 3), (2, 0, 0), (4,
0,0),(0,1,0),(0,2,0).(2,2,0),(22,2),(0,3,| [loctrpoeHune rpada HePa3aA0KUMBIX aJIre6p
0), (0, 4,0), (4,4,0),(4,4,4), (4,5,0),(0, 5, 0), .
(0,7,0).(5.0,0), (1,0, 1), (1,0,0), (3,0,3), (7| YHAPHBIX My/IETHONIEPALl} paHra 3
010,312 0, (13,03, 3 3, (55,0} € rowomo naea Nebwoi Pythan G psssonan prer
2,0,3 5,5,5).(1.7,0 THPOBAHHBIN rpad, COCTOSIUN U3 HEPA3JIOKUMbIX aJre6p MyJib-
I )] ( ) ( )] TUoTepayui paHra 3. BepuuHsl rpada npeacTaBasioT co6oi He-
([6(757’6;)6()(3’27’6)7)62(757’6)6)(’6(2’224’1)4)(’2(01’524’1)4)(’0 pasJyioKUMbIe aare6phl, a pedpa rpada OTPaKAWT CBA3b MEXKAY
3 ’5)’ (6’ 3 ’6)’ (0’ 3 ’7)’ (6’ 3 ’4)’ (2’ 3 ’6)’ (0’ 3 | anrebpaMu mo BKJIIOYeHHI0. Eciin Mexy AByMsl BepIIMHAMHU Tpa-
43’ (2” 3: 53’ ((’)’ 3: 63, (2” 6: 43’ (é’ 6: 4’), (2’, 6: 63, ¢a cymecTByeT MMyTh, 3HAYUT, OJIHA a/ITe6pa SABJISETCS MoJale6poi
6,6,6), (0,6, 6), (0, 6,4), (2,7,4), (0,7, 5), (0, A/ APYroi.
(7’ 6), (3’ (7, 7), (2), (7’ 5), (3’ (7’ 4), (3)’ (3’ 4y, (;’ g, Ha pucynke 1 mnBeroM o603HayeHa M30JHUpOBaHHasi ajreépa
5),(3,3,6),(7,3,7),(3,3,7),(7,3,6),(7,3,4), (17,6)-anre6pa, koropas He COAePXHT B cebe nosanreGp 1 He As-
[(2,7,5)] (3,3,5),(3,7,4),(7,7,4),3,7,5), (3,7, 6)] JIsieTCs oAaNTre6poH 1151 KaKON-IM60 anrebpsl.
(5.7, 6), 3,7, 7). (7,7, 6), (1, 0, 4), (5, 0, 4) Ha ciepyronieM prcyHKe 0 HOMEPOM 2 IIBETOM 0603HavYeHa aJji-
a (’) ’6) (’3 (’) %) 65 (’) ,6) (’5 (’) %) (’7 (’) %) (’1 re6pa (2, 4, 7), B KOTOPYO BXOZAAT M0 BKJIKYeHHIo anre6psi (0,4,7),
0”5): (5: 0,’5): (7: 0,’6): (1: 0,’7): (3: (),’6): (3: 6,’ (4,7,7) u (0,5,6). O603HaueHHas anrebpa SABJISETCS MOAAITeOpon
7).(5,6,7),(7,6,7),(1,4,4),(5,4,5),(3,4,6), Amamedpsi (2,5,7).
(1,4,6),(3,4,7),(1,4,5),(1,4,7), (5,4, 6), (5,
49 4)9 (59 5’ 4)’ (5’ 59 5)’ (57 5’ 6)’ (17 53 5)’ (1’ 57
4),(1,5.6).(1,6,6), (1,6,7),(7.6,6), (56, 6), )
[(3.4,7)] (1,7,6),3,6,6),(1,7,7),3,7,6), (57, 7)]
[(7,7,5),(7,7,6),(3,0,4),(1,0,4),3,0,5),
(7,0,6),(7,0,5),(7,0,7), (5,0, 5), (1, 0, 5), (3,
19 4)9 (19 1’ 4)’ (7’ 19 6)7 (53 ]" 5)7 (57 13 4)’ (33 17
5),(7,1,4),(1,1,5),(3,1,6), (3,3,4), (7, 3, 5),
(7,3,4),(7,3,7),3,3,7),(5,0,4), (3, 3, 5), (7, ) © __ _
09 4)9 (79 3’ 6)’ (3’ 07 6)7 (33 37 6)7 (37 O’ 7)’ (53 57
4, (.55, (1.5.5), (5.5.5), 3, 5.4). (1, 5. 4) © e
[G.59]  [(7.7.4).6.7.4.3,7,5,(3,7,6).G.7. )] | [ I\/]
[(3> 75 7)5 (75 73 6)3 (73 65 0)5 (15 23 0)9 (33 25 0)’ y @ |
(1,2,2),3,2,3),3,2,2),(1,2,3),3,7,6), (1, O : J ; ©
39 0)9 (37 3’ 0)’ (]" 37 2)7 (35 37 2)7 (37 35 3)5 (15 37
3),(3,6,7),(5,6,7),(3,7,0), (5, 6, 6), (7, 6, 7), /
5,7,0),(1,7,2),(7,7,0), (1,7, 7), (5,7, 2), (5, !
69 0)7 (17 6’ 0)’ (5’ 67 2)7 (15 67 3)7 (37 65 0)5 (15 67
2),(3,6,3),(1,6,7),(1,7,0),(3,6,2),(1,7,6), - © >
[(3,6,3)] (1,6,6),(7,6,6),(3,6,6),(5,7,6), (5,7, 7)] — '
[(7,7.5).(5,7,7), (4,2, 4),(0,2,4), (4,2, 5), & D E- )
0,2,5),(4,2,6),(6,2,6), (0, 2,6),(0,2,7), (4, OO © e S S
‘26 7()(’) (2’ gs 5()‘1 (2’ 23 5()6’ (2’ :;3 7()(’) (g’ i’) 7()6’ (2’ 23 P u c. 1. U3onupoBaHHas anre6pa (1, 7, 6)
AT DT N 2 e AT T T AT T L A ) Fig. 1.Isolated algebra (1, 7, 6)
(4, 6,5),(0,6,6),(0,6,4),(4,6,4),(0,7,5), (0,
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AZIropyUTM NOCTPOEHMS PEIETKHU aJIre6p
YHapHBIX My/IbTHONIepanuy paHra 3

AnropuTMm 3aK/oYaeTcss B KOHCTPYMPOBAHUM ajreGp uyepes He-
passiokuMble anre6pbl. Bxoasiiye B cocTaB CKOHCTPYUPOBAaHHOM
anre6pbl HepasJ/oKKUMble aare6pbl He JO/HKHBI UMeThb O6IIHX T10-
Janre6p. Ha ocHoBe nosiyyeHHOro rpada Hepasa0KUMbIX ajire6p
CTPOUTCA pellleTKa ajredp 1o caeAyoleMy alropuTMy:

1. [Tony4uTh Bce anrebpsl, cocTosimue u3 n = 1 HepasJio-
YKUMBIX ayre6p (T.e. mosyyutsb 196 anre6p, KOTOpble COBNAJAIOT C
HepasJI0KUMbIMU aredbpamMu);

2. CKOHCTPYHpPOBATh aaredpbl U3 n+1 Hepa3JOKUMBIX aJl-
re6p. [ aToro 6epeTcs KaxAas ajaredpa, nojyyeHHas Ha peJibl-
JlylLlieM 1Iare, U B e€ pasJjiokeHHe 1006aBJIseTCs HepasoKuMas al-
re6pa. [Ipu aTom Mexx1y 706aBJIEHHON HEPA3JI0KUMOU are6pou 1
HepasJ/I0KUMbIMU aJrebpaMy, BXOASAIMMHU B COCTaB UCXOAHOM, He
JLOJDKHO OBITh NMyTH Ha rpade. /laHHOe yCclI0BHe BaXKHO, TOCKOJIbKY
HOBasi CKOHCTPYMPOBaHHas ajire6pa cpeil CBOMX HepasI0KUMbIX
asre6p He JO/DKHA UMETh 06LIUX MOAaIreop;

3. [ToBTOpSATH WAr 2 Z10 TeX Mop, IOKa BO3MOXKHO A06aBJie-
HUe B pa3J/ioXKeHHe aare6pbl HOBbIX HEPa3J/I0XKUMbIX ajre6p.

Jlns peanusanuu aaropuTMa 6bu1 ucrnosb3oBaH Pythone 3.

Bcero yHapHbIX MysibTHONepauui 512, Kax/10i U3 HUX CONOCTaB-
JsieTcst HoMep. JJ1sl BBIYMCIeHUsl MeTa-onepalui Hajl MyJIbTHOIIe-
pauusMH GblIM Npe/BbIYMCIEHbl MAaTPULbl MeTa-oNepalnyi noj-
CTaHOBKHU U NepeceyeHus1 paaMepoM 512x512 3HayeHus, a TakxKe
MeTa-olepaldy HaXxox/AeHUs: 06paTHOro ¢ pasMepoM 512 3Hayve-
HUH. 3HAYeHUs B MaTpHLe - pe3yJbTaT IPUMEHEeHUs MeTa-onepa-
MU K MyJbTHONEpanusM. MHAeKcbl B MaTpHlle COOTBETCTBYIOT
HOMepaM MyJsibTHOIepalui.

B xauecTBe XpaHeHUs alre6p UCNOIb30BaJICS TUI JAHHBIX Array.
Bri6op 06ycsioBieH 3¢pDEKTUBHBIM PACXOA0M MaMSTH s Xpa-
HeHMs 3HAaYEHHUH, TaK KaK B aJIFOPUTMe HEOOX0JUMO XPaHUTh pe-
3yJIbTAThl BBIYUC/IEHUH, TOJIyYEeHHbIX HA NIPe/bIAYIeM Liare.
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B MaccuBe nepeducsieHbl HOMepa MyJIbTHONEPALUH, U3 KOTOPBIX
coctouT anre6pa. Ha BrinosiHeHHe JaHHOM 33/1a4uM ObLJIO MOTpavye-
HO 17 yacoB u 30 I'b namsaTH.

Eciu cpaBHUBaTh NpeJsoXKEHHbI MeTO/], OCHOBaHHbIA Ha KOH-
CTPYUPOBAHUM aIre6p yepe3 HepasI0KUMble alre6pbl, U Npesbl-
JYLUIUH MEeTO/i, OCHOBAHHBIM Ha KOHCTPYUPOBAHHUM ajre6p c 1mo-
MOIIIbI0 Iepe6opa 0IHONOPOXK/IEHHBIX a/iredp, TO MOXKHO C/iesIaTh
BbIBOJ, 06 3¢ PEKTUBHOCTH HOBOTO MeToja. [Ipe/siockeHHbIN Me-
TOJ, UMeeT MEHbLIYIO CJI0XHOCTb BBIYMCJIEHHUH, a TaKxKe TpebyeT
MeHblllee KOJNYeCTBO NaMATH.

IloslyyeHHBbIE pe3y/IbTaThl

B pesysnbTaTe 6blIM Hal/leHbl Hepa3J/I0XKUMble aire6pbl YHApHbIX
MyJbTHONEpanui panra 3. Bcero 6p110 HalizieHo 196 Takux anare-
6p. [losryyeHHble anrebpbl ObLIN MpeCTaB/IEHbI B BU/e Tpada mo
BKJIOYeHH10. Ha 0CHOBe Hepas/IoXKUMBbIX alre6p 6bLI NpeloKeH
QJIFOPUTM NOCTPOEHHUS PellleTOK MyJIbTHoNepanuil. JlaHHbIH aro-
pUTM GBI peai30BaH Ha si3biKke Python 3 v npuMeHeH K yHapHbIM
MyJIbTHOINepaLMsM paHra 3, B pe3y/bTaTe yero 6blja MocTpoeHa
pelieTKa ajire6p yHapHbIX MyJbTHONepaunuil paHre 3, kKoTopas
cogepxuT 2.079.040 anre6p, 4TO COIJIacyeTcs C MOJTYYEHHBIMU
paHee pesysbTaTaMu. [Ipe/iyokeHHBIN aJITOPUTM MOKasaJ cylie-
CTBEHHO JIy4lllMe pe3y/bTaThbl KaK [10 BpeMeHHU paboThl, TaK U 110
3aTpayeHHON NaMATH.

3akK/o4yeHue

[To pe3sysnbpTaTaM paboThl OblJI MPEJIOKEH aJITOPUTM TOCTPOEHUST
pelIeToK My/IbTHONepALi Ha OCHOBE HEPA3JI0KUMBIX aure6p.
JlaHHBINA ajgropuTM siBjsieTcs 6oJiee 3PpPEKTUBHBIM, MOCKOJbKY
MMeeT CyLIeCTBEHHO MEHbIUYI0 BBIYHMCIUTENBHYIO CI0XKHOCTB, a
TaK)Xe TpebyeT MeHblllee KOJIMYeCTBO NaMSITH JJIs1 XpaHEHUs Mpo-
MEXXYTOYHBIX Pe3y/IbTaTOB BBIYMCIEHUH.

B nasnbHeleM npeJJIOKeHHBIH aJIFTOPUTM MOXHO GYZAET UCIOJIb-
30BaTh /JIsl IOCTPOEHHUs PEIIETOK MyJIbTHONIEpALlUi 60Jiee BbICO-
KHX PaHT'OB JIM60 6OJIbLIIMX MECTHOCTEH.
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