MockoBckum ['ocyaapCTBEeHHbIM YHUBEpPCUTET
nmenu M.B. JlomoHocoBa

Poccunckas Akagemunsa Hayk
MexayHapoaHas Akagemusi TexHornorndeckux Hayk
Poccuinckasa Akagemus EctecTtBeHHbIX Hayk

UHTennekTyanbHble
Cucrtemsl.

Teopusa U NpUNOXeHus

TOM 28 BbINYCK 4 x 2024

MOCKBA



VK 519.95; 007:159.955 ISSN 2411-4448
BBK 32.81 sz naércs ¢ 1996 r.

T'naBubIil pemsakTop: 1.¢.-M.H., npodeccop D.9.T'acanos

PeﬂaKH,I/IOHHaS[ KoJijiermus:

K.p.-M.H., c.H.c. A.B. lNasarenko (3aM. rilaBHOrO pemakrTopa)
a.cp.-m.H., mor. A.A. HacoBckux (3am. rilaBHOrO pemaxkropa)

a.d.-m.H., npod. B.B. Anekcannposn, a.¢.-m.u., npod. C.B. Anemwun, x.d.-m.H., npod.
A.E. Augpees, a.¢d.-m.H., npod. I.H. Babun, npod. K. Bammuk, npod. . Jlemerposud,
akagemuk PAH, n.d.-m.u., npod. FO.JI.Epmos, npod. I Kummbapna, x.d.-m.H., npod.
B.H. Koazios, k.d.-M.H., B.H.c. B.A. Hocos, g.d.-m.H., npod. A.C. Ilogkonsun, a.¢.-m.H.,
npod. FO.II. [IeiTheB, a.1T.H., mpod. A.Il. Peixxos, akagemuk PAH, a.1.H., npod. A.C. Cu-
roB, K.(p.-M.H., goi. A.C. Crporasos, npod. b. Tampxaiim, npod. . Ymraymmnd, ma.d.-
M.H., npod. A.B. Yeuknn, k.¢p.-m.u. [II.H. Illepanues, k.d.-m.H. P. [ITyenanosuy.

Cekperapu penakiun: 11.0. Beprep, E.B. Kyzuerosa

B xypnane «MuresiekTyabHble CUCTEMBI. Teopust U IPUJIOXKEHUST» TyOJIUKYIOTCS Ha-
VUHBbIE JOCTUXKEHUs B 00JIACTH TEOPUN U IPHUJIOXKEHUN MHTEJUIEKTYAIbHBIX CHCTEM, HOBBIX
WHMOPMAITMOHHBIX TEXHOJIOTUI U KOMIIBIOTEPHBIX HAYK.

W3z nanue xxypHasta ocymecTsisgercs nof sruaoit MI'Y umenn M.B. Jlomonocosa, Hayunoro
Cosera no komitekcHoit mpobisieme «Kubepuernkay» PAH, Otnesrenns «Maremaruieckoe
MOJIEJIMPOBAHUE TEXHOJIOTHIecKuX mporeccosy MATH.

VYupenureins xxypuana: OO0 «HTeseKTyaJIbHble CUCTEMbI>.

2Kypnan Bxonur B crmcok usnanuii, BkimodeHHbIXx BAK P® B peecrp mybiukaruii mare-
PHAJIOB IO KAHAWIATCKUM U JOKTOPCKUAM JIMCCEPTAIUSIM IO MATEMATHKE U MEXAHUKE.

Nnnekc mognucku Ha xKypHat: 64559 B karamore HTU «Pocneuartns.

Anpec penakmum: 119991, Mocksa, I'CII-1, Jlenunckue Toper, x. 1, MexaHuko-ma-
TeMaTudeckuii pakyabrer, Komu. 12-01.

Anpec uzparens: 115230, Poccusi, Mocksa, Xiriebo3aBoackuii npoesmu, ia. 7, cTp. 9,
oduc 9. Ten. +7 (495) 939-46-37, e-mail: mail@intsysjournal.org

*) TIpexkHee HazBaHUe KypHasa: «/HTe/IeKTya IbHbIE CHCTEMBI».

© OO0OO «MuresuekTyaabHble cUCTEMBI», 2024.



OI'VIABJIEHUE

Yactp 1. O61mue npobJyieMbl TEOPUN MHTEJJIEKTYaJbHbIX CUCTEM
Anmonos A.Il., Agorun C.A., Kosuuywn A.C., Cmaposepos B.M., Cmynaxosa
A.B., Cycaosa A.A., Basvanrosa A.Il., Yynaxuna B.B., Caymxun P.C. Asroma-
TU3UPOBAHHOE MMOCTPOEHNE PEaJMCTUIHBIX JUTOMAIUATBHBIX KAPT METOJAMUA KOM-
OMHATOPHOM OITUMUBAIIHTL .« « « . vt eve ettt ettt ettt et et e et e et et e e e )
Bonunosa E.B., Kproukosa E.H. MeTonpl 1 aJropuTMbl aBTOMATHIECKOTO U3BJIE-
qeHrst THPOPMAINK U3 HAYIHBIX TEKCTOB JJIs CO3/IaHUs Te3aypyca HayJIHON Tepu-
00120012 (0) 17 (PP 21
Yactp 2. CoenmpajbHbIe BOIPOCHI TEOPUU MHTEJIJIEKTYAJIBHBIX CUCTEM

Lpobwviuwes A.C. O mpemesbHBIX IUKJIaX B OJHOPOIHBIX HEHPOHHBIX CETX .. ... 33

Kueanes P.A. O B3anMocBsi3u KpUNTOrpadbUIecK BarXKHBIX CBOWCTB KOHEYHBIX
S 230 ) 0% 00 46

Yacts 3. MaremaTundeckue MoOJeJn

Kanycmun FO.C. O dyHKIIMOHAIBHON cuCcTeMe, ITOJIy 9€HHOM 13 ajareOpbl MHOYKECTB
TODABTIEHNEM WHIUKATOPOB MOTITHOCTIT .+« v e e vttt e e eettee e eeeee e eaeeeennns 62

Kysneuyosa E.B. Kiaccbl nByHAIIPABIEHHOIO JIBUXKEHUS HA JIyde, peanu3yeMble
ABTOMATAMU C 4 COCTOSTHIITMIL . .« e et ttee ettt e e ee e e e e et e e e 78

Hocos M.B. Ilpencrasienne cxeM u3 OyHKIUOHAILHBIX JIEMEHTOB . ... ...... 109



Yactp 1
O6mue pobjieMbl TEOPUU
MHTELJIEKTYaJbHbIX CHICTEM



ABTOMATN3MPOBAHHOE IIOCTPOEHNUE
peaTMCTUIHbIX JUTOdAIUAJIbHBIX KapT
MeToJaMi KOMOMHATOPHO ONTHMU3AINN

A.TII. Anronos! C. A. Aponun® A.C. Kozumem® B. M. Craposepos?
A.B. Crynakosa® A. A. Cycnosa® A.II. 3asbanosa’ B. B. Yynaxuna®
P.C. Cayrxun® C.B. Ocumnos'®

L Anmonos Asexceti Ilemposun — morent Kad. MATEMATHYIECKOTO AHAIA3A MEX.-MAT.
d-ra MI'Y, e-mail: alexey.p.antonov@gmail.com.

Antonov Alexei Petrovich — assoc. prof., Lomonosov Moscow State University, Faculty
of Mechanics and Mathematics, Chair of Mathematical Analysis.

2 Agpornun Cepeeti Aaexcarndposuy, — BeLyIUi HAYIHBIH COTPYIHAK J1a6. ABTOMATH3ALIMI
3KCIepuMeHTaIbHbIX ucciaeaosanniit HUU mexanuku MI'Y, e-mail: serg@msu.ru

Afonin Sergey Aleksandrovich — leading researcher, Lomonosov Moscow State University,
Institute of Mechanics, Experimental research automation Laboratory.

3 Kosuuywim Anexcandp Cepeeeeuw, — Bemyl il HAYUHBIH COTPYIHIK J1a0. aBTOMATH3AIII
sKcrepuMeHTaIbHbIX ncciaemoBanmiit HUU mexanuku MI'Y, e-mail: alexanderkz@mail.ru

Kozitsyn Alexander Sergeevich — leading researcher, Lomonosov Moscow State
University, Institute of Mechanics, Experimental research automation Laboratory.

4Craposepos Biagumup Muxaiiiosud, — J0IeHT Kad. BHIYUCANTENIHHOR MATEMATHKHA
Mex.-MaT. d-ta MI'Y, e-mail: staroverovvl@Qyandex.ru

Staroverov Vladimir Mihailovich — assoc. prof., Lomonosov Moscow State University,
Faculty of Mechanics and Mathematics, Chair of Numerical Mathematics.

5 Cmynaxosa Anwmonurna Bacunvesna — 3aB. Kadeapsl Kad. NeoJOrHA U TeOXHMUM
rOpIOYNX MCKOMAeMbIX reojiorndeckoro d-ra MI'Y, e-mail: a.stoupakova@oilmsu.ru

Stupakova Antonina Vasilievna — head of the department, Lomonosov Moscow State
University, Faculty of Geology, Chair of Geology and Geochemistry of Oil and Gas.

6 Cycrosa Anmna Anamonvesna — BeyIuii HayJHbIH COTPYIHUK Kad. TEOJOIMH ¥ TeOXH-
MWV TOPIOYNX MCKOMAEMBIX reosiormdeckoro ¢d-ra MI'Y, e-mail: a.suslova@oilmsu.ru

Suslova Anna Anatolievna — leading researcher, Lomonosov Moscow State University,
Faculty of Geology, Chair of Geology and Geochemistry of Oil and Gas.

" Basvanosa Awna ITempoena — HayIHbI COTPYIHAK KA. P€OOTMH I F€OXUMHI FOPIOYHX
MCKOIIaeMbIX reosiorndeckoro d-ta MI'Y, e-mail: a.zavyalovaQoilmsu.ru

Zavyalova, Anna Petrovna — researcher, Lomonosov Moscow State University, Faculty
of Geology, Chair of Geology and Geochemistry of Oil and Gas.

8 Yynazumna Bumanaus Barepvesna — UHKeHEp Kad. MeOJOTHHA U M€OXHMEH TOPIOYHX
HCKomaeMbIx reojjorundeckoro d-ta MI'Y, e-mail: v.chupakhina@oilmsu.ru

Chupakhina Vitalia Valerievna — engeneer, Lomonosov Moscow State University, Faculty
of Geology, Chair of Geology and Geochemistry of Oil and Gas.

9 Caymxun Poman Cepzeesun — crTaprimii HAyYHBIH COTPYIHUK Kad. TEOJOTHE U TEOXH-
MWV TOPIOYNX HCKOMAEMBIX reosiormdeckoro ¢d-ra MI'Y, e-mail: r.sautkin@oilmsu.ru

Sautkin Roman Sergeevich — senior researcher, Lomonosov Moscow State University,
Faculty of Geology, Chair of Geology and Geochemistry of Oil and Gas.

Y 0cunos Cepeeti Baadumuposuw — menemxep JJHTPull, TIAO «HK «Pocuedrsb>
s_osipov@rosneft.ru




JlurodanuanapHbie KAPTHI 0TOOPAKAIOT IPOCTPAHCTBEHHOE N3MEHE-
HUE JINTOJIOTHIECKOTO COCTaBa MOPOJI U HAIIPABJIEHNE XapaKTepa UX 3a-
MeIIeHHsT JIJIsl OIIPEIEJIEHHOT'O Me0JIOTMYECKOT0 BPEMEH! B 3aBUCUMOCTH
oT pusHKO-reorpaduIecKux ycaoBuit ux ceaumentanun. [locrpoenue
JsmTodanraaIbHBIX KaPT IPOBOJAUTCSA HA OCHOBAHUU AHAJIN3a KOMILICK-
COB M€HETUYIECKN CBSI3aHHBIX OTJIOKEHUH, 00JIaIAI0NMNX XaPAKTEPHBIMA
BEIECTBEHHBIMU TTpU3HAKaMu JuTodarmii. VIcXoMHbBIMI JAHHBIM MOTYT
6bITb KaK 1mMoAbK0 TOYKHN Ha IIJIOCKOCTU — KOOP/IMHATBhlI CKBa2KUH, B KOTO-
PBIX BCTPEYAIOTCS OIIPEJIICHHBIE JTUTOMAIINN, — TaK U JONOAHUMENDHO
KapTa CKopocTeil HakolieHust ocaJikos. [Ipesronaraercs, 9To oguHa-
KOBBI€ (haruu JOKHBI UMETh OJIM3KHE CKOPOCTH OCATKOHAKOILICHUS.
3ajiaua mocTpoenus JUTOMAIMATLHON KAPThI 3aKII0UAETCs B OIIpeIese-
Huu rpanut obacteit pacupoctpanenus danuii. B pabore mpearaercs
CBeJICHUE 3a/[a9l [TOCTPOEHUs KapThl K 3aja9e pacKpacku rpados, KOTo-
pasi, B CBOIO OY€pe/ib, PEIIAETCs] METOJAMU [EJIOTUCIACHHOTO JIMHEHHOTO
porpaMMupoBaHus. Takoil MoIX0/1 TO3BOJIIET ABTOMATUIECKHA CTPOUTD
PEATNCTUIHBIE KADTHI — TO €CTh KAPTHI, YAOBIETBOPSIONIEH SKCIEPTHBIM
OTPAHUYIEHUSAM U ITPABHUIIAM.

KirogyeBble ciioBa: KapTornocTpoeHue; JTUTo-harnuaJbHbIi aHAJIN3;
MaJIEPEKOHCTPYKIIUA; OIITUMUI3AINA; IIEJIOYUCJIEHHOE ITpOrpaMMUupOBa-
HUe

1. BBegenue

B macrosimee Bpemsi uTOSIOrO-QallMaJIbHBI aHAJIN3 ABJISAETCST OJHUM W3
HanboJiee IMUPOKO PACIIPOCTPAHEHHBIX U BAXKHBIX METOJIOB I'€OJIOTHIECKOTO
aHasu3a B Hedrerazonoit reosioruu. IIpakTrdeckoe n TeopeTnieckoe 3HAUCHHIE
JuTodalnaabHbIX KAPT OUY€Hb BEJINKO, ¢ UX ITOMOIIBI0 MOXKHO CIIPOTHO3UPO-
BaTh 3aKOHOMEPHOCTH paciipeiesienns alnii B MEKCKBAXKUHHOM ITPOCTPAH-
CTBe, OIPENEIUTh 00JIACTH OTCYTCTBUS OCAAKOHAKOILIEHUsI, BOCCTAHOBUTD
MCTOPHUIO N€OJIOTUIECKOr0 PA3BUTHUS HCCJIELYEMOIO PEruoHa, a MOHUMaHUe
pacupeeaeHust JUToMaIuil Mo IO IN O3BOJIAET BLIACIUTH PaioHbl, OJ1a-
TOIIPUSITHBIE [JIsT HAKOILIEHNSI HepTera3oMaTePUHCKUX TOJII, KOJIJIEKTOPOB
u duronoymnopos |1, 2|. UcnonbzoBanue jurodarymajlbHbIX KAPT COBMECTHO
C IPYTUMU JAHHBIMU [TO3BOJISIET OCYIIECTBJIATH IIPOTHO3 U MOUCKU 3aJIe2Kei
Hed T U raza. ABroMaTH3anus paboUero MpoLecca CO34aHusI KapT IO3BOJIUT
COKOHOMUTH BpeMsi Ha 00paboTKe OOJIBIIIOTO KOJIMYIECTBA JAHHBIX, 3aMEHUB
«PYYHOU TPYJ» Ha MAIIUHHBIA, ¥ UCKIIOYATH CUCTEMHDIE OITIOKM.

ITox TepMuHOM «JIITOMDAIUST> TOHUMAETCSI KOMILIEKC NeHETUIECKN CBSI-
3aHHBIX OTJIOXKEHU, 0018 IAI0MNX XapaAKTEePHBIME BEIIeCTBEHHBIMU IIPU3HA-
kamu [3]. Tlo cyTu jaHHbIi TEPMUH BKJIIOUAET B €Ol JIBA TIOHATUST — <JIATO-»
u «dalus-», TO eCTh JUTOMhAINS XapaKTePU3yeT, BO-IIEPBLIX, BEIIECTBEHHbIM

Osipov Sergey Vladimirovich — manager, Rosneft, Department of Scientific and Technical
Development and Innovation.



COCTaB aCCOIMAIINK MOPHBIX OPOJ, KOTOpas 0bJIaIaeT ompeaeeHHbIMA ITPH-
3HaKaM#, OTJIMYalONIUMU UX OT COCEJHUX MNJIN aCCONUUPYIOIUX C HUMU ITOPO/I,
1, BO-BTOPBIX, YCJIOBHUS X OOPa30BAHUSI.

[TocTpoenne murodanuaabHbIX KAPT — 9TO CHOCOO 0TOOPAKEHIS COBPEMEH-
HOTO PACIIPOCTPAHEHUSI TOPOJI, CO CXOJHBIMU BEIIECTBEHHBIMU U CTPYKTYPHO-
TEKCTYPHBIMU OCOOEHHOCTSIMU, U YCJIOBUS UX (POPMUPOBAHUS B IIPEIELIAX
OIIPEIEJIEHHOTO CTPATUTPADUIECKOr0 YPOBHs. B ero ocHOBe JIEXKUT 3HAHUE
O B3aMMOCBSI3HU JIATOJIOIMYECKUX OCODEHHOCTEH OTJIOXKEHUI, XapaKTepa MX
PaCIPOCTPAHEHNsI, B3aUMOIIEPEXO/I0B 1 00CTAHOBOK OCAJKOHAKOILIEHUs [4].

WcxonabIMu TaHHBIMEI JJIsT KAPTOIOCTPOEHUS SIBSIIOTCS TOYKU Ha ILJI0C-
KOCTHU C y2Ke OIIpeJIeJIEHHbIMN HHTO(baHHHMH JJIA Ka2KJ10I'0 BO3pPpaCTHOI'O MH-
TepBaJia B paspe3e ckBaxkuH. Ompemesienne JATOMAIUNE OCYIIECTBISIETCS
[e0JIOTOM TIO JIUTOJIOTHIECKOMY OIHCAHWIO KEPHOBOI'O MaTepHhaJia, W BhISIB-
JICHWIO B HEM JIMArHOCTUYIECKUX MPHU3HAKOB (COCTaB, CTPYKTYpPa, TEKCTYpA,
BKJIIOYE€HU A, IIBET, FpaHI/II_[bI). ZLOIIO.HHI/ITG.HI)HBII\H/I JaHHBIMU MOI'YyT BBICTYIIaTb
KapThl C M30JIMHUSAM — MOIIHOCTEH ¥ /MM CKOPOCTE OCaIKOHAKOIIICHUS.
[Tpennmaraembie aaropuTMbl TOCTPOECHUST PEAJIMCTUIHBIX JIMTOMAIAATBHBIX
KapT MeTOJaMM KOMOMHUPOBAHHON ONTUMHU3AINHU ITO3BOJIAIOT aBTOMATUIECKH,
6e3 pydYHOIo TPYa I'e0JIora, MOIyYaTh PeAJUCTUYHbIE U JOCTATOYHO IIOAPO0-
HBIE€ KapThl, ¢ YIeTOM TaKUX 0COOEHHOCTEl, KaK HAIlpaBJIeHue yIJIyOJIeHnsT
bacceiiHa, cCOXpaHeHHe OC/IEI0BATEIbHOCTH CMEHDI JTUTOMAIIHIA, OrpaHnIeHIe
pacrpocTpaHeHnii HEKOTOPBIX JUTOMAINM U OCOOEHHOCTH KOHQUIYPAIUN
OCaIOYHBIX TeJT.

COBpeMeHHbIe MEeTOAbI aBTOMATUYIECKOI'O IIOCTPOCHUA JIMTOJIOTUICCKUX U
JuTodalnaabHbIX KAPT OCHOBAHBI Ha IPUMEHEHUN AJITOPUTMOB MAITHHHOTO
0OyUIeHUsT JIJISI OIIPeJIeIeHNs] JTUTOJIOTUH JIMOO B CKBaXKWHE I10 JTaHHBIM Ka-
porazka u m300parkeHnil KepHa, Ju00 B 33 IaHHONW TOYKE IMPOCTPAHCTBA IO
M3BECTHBIM 3HAUYEHUsIM NeOpU3nIecKuX WJIN BU3YAJBHBIX IapaMeTpoB. Ha-
upumep, B [5] surosorust oupejessiercs mo 16 reodusnueckuM napamMeTpam
U JIAHHBIM 30HJIMPOBAHUS IIOBEPXHOCTH METOJIOM CJIydaiiHoro jeca. B [6]
paccMaTpUBaeTCs 3a/a4a CErMEHTUPOBAHUSA a3POMOTOCHUMKOB ITOBEPXHOCTH.
[IpakTuyeckass BaXKHOCTb TaKMX pabOT CBsI3aHa C OTHOCHUTEIBHON IIPOCTOTOM
TIMoJIy4dYeHnd MCXOJHBbIX JaHHbIX, B TOM YHUCJIC, [JId TPYAHOJOCTYITHBIX paﬁOHOB.
O630p MeTOIOB aHAJIN3a JTAHHBIX 30HAUPOBAHUS MOXKHO Haiitu B [7]. MeTompr
KJIaCCUYECKOI'O MAIIIMHHOI'O O6yquI/IH He TeCTOBbLIX JaHHBIX IIOKa3bIBaIOT TOY-
HOCTB NopsiKa 75%, 0JHaKO B GOJIBITUHCTBE paboT pedb WIET 06 OIpe e IeH N
JINTOJIOTUU Ha ITOBEPXHOCTH.

B mamnoit pabore MBI mpejmoiaraeM, 9To JUTO(AINN yKe ObLIN OIpeie-
JIEHBI KAKUM-JTH00 METOJOM M TPeOyeTCs OlpeIe/IuTh 00JIaCTH PacIIpoCTpa-
HEHUS STHUX JUTOQMALMil B MEXKCKBaXXHOM IpocTpaHcTBe. OTIMINTEILHON
0CODEHHOCTEI TIPEJJIAraeMOro MoJIX0/1a SIBJISIETCsl UCIIOJIb30BaHUe JOIYCTUMBIX
ITOCJIETOBATEILHOCTEN CMEHBI JTUTOMhaImii.



2. IlocranoBka 3aga4un

Bajiaua COCTOUT B MOCTPOEHUM KAPTHI PACIPOCTPaHEeHUs JTUTOMAIHi B 38 1aH-
HO¥ obstacTu. VIcXOHBIMU JAHHBIMU SBJISIIOTCS:

MHOXKECTBO BO3MOXKHBIH harmit F;
MHO>KECTBO BO3MOXKHBIX JIMTOJIOI'UIA L,
obJsiacTh (mosmuron) pactpocrpatnerust P C R X R koneuHoit mtomau;

KOOPJIMHATBI CKBasKUH W ¢ Olpeie/IeHHbIMU B HUX (pallueil 1 JIMTOJI0-
rueit, 1o ectb W = {(x;, y N\, f W = F, 1: W — L;

1=1>

KapTa CKopocTeil ocajiKoHakoreHus 2 : R X R — R, onpenenennast B
obJtacTu pacrpocTpanenns P;

JoTyCTHMBbIe TIocTeoBaTebHocTH damuit F = {(fF, ... ,’,fk) Zifl, fke
F;

JIOTyCTUMBIE Moc/TeoBarebrocTn arostoruii £ = {(I¥, .. lﬁk> nel |
lf €L

poryctumbie jirrojtornu g damuit VL C F x L.

[TocnenoBarenpHOCTH haluit OIpenaesIsdaioT, Kakue (paluu MOTYT COCE/I-
cTBOBaTh Ha Kapre. IlociieoBaTe/ IbHOCTH JIMTOJIOTHI, COOTBETCTBEHHO, OIIpe-
JIEJISIIOT BOBMOXKHBIE T'PAHUIIBI MEKJTY 00JIACTIME PACIPOCTPAHEHUs] TUIIOB

IOpPO/T,.
[Tpu mmocTpoeHnn KapThl UCIIOIB3YIOTCS CJEIYIOIINEe TPUHITAIIHL:

CKBa2KMHbI CIUTAIOTCA IIOATBEP2KICHHBIMA JTaHHBIMU]

e rpaHuIlbl 00JIacTell pacipocTpanenus Galyii BBIPABHUBAIOTCS 110 JIHHSM

YPOBHS KapThbl CKOPOCTEH Z2;

® 3alperaeTcs Hajmdue ooIeil TpaHulbl y obJracTeil pacipocTpaHeHUs

dammit fi u fo, ecotm mapa fi, fo He BcTpedaeTcst XoTsl ObI B OJHOI
OC/IeI0BATETLHOCTH U3 JF.

OCcobEHHOCTBIO 3a1aU1 ABJISETCS BO3MOYXKHOE OTCYTCTBUE B MCXOAHBIX JIaH-
HeIx W ckBaxkuH c darumeil, koTopasl JOJKHA ObITH Ha PEe3yJIbTUPYIOMIeit
kapre. Hampumep, eciin B F ecTh mocae1oBaTeIbHOCTD f1, fo, f3 (1 HeT TO-
ciiesioBaTesIbHOCTEl, comepRaux f1, f3), a B W ecTb TOJILKO CKBaXKUHBI C
damusvu f1 1 f3, TO MeKIy 00JIACTSIME pacpocTpaneHust fi u f3 HOJKHA
MOSIBUTHCST 0OJTacTh daruu fo.



TpeboBaHne BBITOJIHEHNUS] KOPPEKTHOCTU ITONAPHBIX I'PAHUIL SIBJISETCS
O6H3aTeﬂbeIM. HpI/I IIOCTPOCHHUU KapThI IMPEAIIOYTEHUA OTHAI0TCA TaKUM
KapTaM, B KOTOPBIX BO3HUKAIOT JJIMHHBIE ITOC/IEI0BATEILHOCTH U3 JF.

PesynabraToMm paboThl aJIrOpUTMa, SIBJIAIOTCA (paluaibHas U JTUTOMAIaIb-
Hble KapThl (31ech Poly 0603HaMaeT MHOKECTBO BCEX IIOJIMTOHOB, a oPoly
MHOYKECTBO BCEX HAOOPOB IOJIUTOHOB )

Mp : F — 2Py (1)
M F x L — 2P (2)

YAOBJIETBOPAIONINE CJIEAYIONINM yCIOBUAAM:

® IIOJIUTOHBI (PAITHAIBLHON KapThl M He ImepeceKaroTcst:
Vi, f2 € F fi # fa = Mp(f1) N M(f2) = @; (3)

® [I0JIUIOHBI (baluaabHON KapThl M g HOKPBIBAIOT BCIO 00/1aCTh PaCIIpPO-
crpaHenus P:

U Mp(f) = P; (4)

fer

e jurodarmasibiast Kapra M siBjisieTcst pazdbueHneM (aruaJIbHON KapThl
Mp:
vfeF Mp(f) =MD (5)

leL

® Co0JIIO/IaeTC KOPPEKTHOCTD Ipanull dhaluajibHoi KapTel M p:

Vfl eF, fg e F dist(/\/lF(fl),MF(fz)) =0—=dch e F <f1,f2> € ch;
(6)

® COIVIACOBAHHOCTH KAPT € UCXOJHBIMU JAHHBIME — CKBasKMHA W [IPUHAJI-
aexxut mosurony damuu f(w) u noaurony aurodanuaabHoil KapThl
qst mapet f(w), (w):

YweW we Mp(f(w)) (7)
VweW we M(f(w),l(w)). (8)

Bnech obbenuHeHne, nepecedenne u paccrogaue dist MexkIy IIoIuroHamm
€CTECTBEHHBIM 00PA30M PACIIMPSETCS Ha HAOOPBI TIOJUTOHOB (MYJIBTUIIONUTO-
ubl). Boipaxkenue (f1, fo) € ch o3nadaer, 4o nenouke ch = (xy,xa, ..., )
HaliJleTcst MHIEKC 4, TaKoil aTo aubo fi = x; u fo = x441, b0 fo = x; u
f1 =21



3. AjroputMm noctpoenust My

Ha Bepxuem ypoBHe ajropuTMa HOCTPOeHUs (haIualbHON KAPTHI PA3/Ie/IsIeTCs
HA CJIEJYIOIIIX JTAIIBI.

CHavaja JJist Kaxk10il ckpaxkuabl w € W Haxomurest mojuron P, orpa-
HUYEHHBIA JTUHUSIME YPOBHS KapThl CKOPOCTEN z, B KOTOPbIA HE IO ai0T
CKBasKHMHBI ¢ Jpyrumn danusvu. Eciu nonuron P, colepKuT cKBaxKuny w'’
Toii xke bamuu f(w) = f(w'), ro nonuronst P, u Py 06beIMHAIOTCS, 1 O/HA U3
CKBaxKiH w n w' BHIOMpaeTcs B KadecTBe 6a30BOil (CKBaXKUHA-TIPEJICTABUTEID)
Jutst Toro nojurona. [lomuron P, MoxXKeT ObITH OrpaHUYEH JIBYMs JIMHUSIMU
YPOBHSI Zpin, Zmaz («110710Ca» ), b0 0OJHOM JimHUEl («ocTpoB» ). Bo Bropom
cJlydae CUUTaeM, 9TO OJTHO U3 3HAUYEHUN GECKOHETHO («XOJIM» MMEeET TDaHUI-
HbIE 3HAYCHUST Zpin, +00). JIMHUST yPOBHSI, pa3/ieIsiomiast HOJUTOHbI CKBAYKIH
w1 U we Pa3HbIX darmil, BHIOMPAETCs U3 YCJIOBUS Zg; = (2(w1) + z(w2))/2.

Haisee nojiuronsl P, pa30duBatoTcs Ha JiBe UM TPU YacTU: «Anpo» PP u
0bJIaCcTH HEOIpeIeIEHHOCTH P,fu‘h u Pﬁfl. dAnpo ompemensier Ty 9actb P, mjs
koropoii danus f(w) cunraercs mocropeproit. O6IACTH HEOPEIETEHHOCTH —
9TH jJonoaHenune sigpa. Ecan P, sIBIsteTCs TOJIOCOM, TO BO3HUKaET 00JIaCTh
HEOIIPe/IeJIEHHOCTA Pfjh y BEpXHEIl IPAHUIBL Zynqq, B 00JIACTE Py y HUKHEN
PAHMUIIBL.

[Ipumep mOIUTOHOB NpUBEEH Ha puc. 1. BumaHo, 9T0 €O CTOPOHBI OGJIBITIX
3HaYeHUil z 00JIACTh OrpaHUYEHa CKBAXKWHOW B MPABOM BEPXHEM YTJIY, CO
CTOPOHBI MEHBINNX — CKBakKUMHAMH B HUKHEH JACTH PUCYHKA.

Stripe area for base POINT Z (-2464218.73474 2982209.77784 131.8281622523515); [72.7, 151.7]

3.125 {

(/‘\H\\\I T v T

3.100 1

3.075 4

3.050

3.025 4

3.000 4

29751

2.950 1

2.925 4

-2.55 -2.50 —2.45 —2.40 —2.35 —-2.30 -2.25

Puc. 1. Ilpumep P, Py,. Ba3soBas ckBazkuHa BblJIeJIeHA KPAacHBIM. f1po 00-
JIACTU OTMeYeHO 1BeTOM 3.1.2, BepxHsist 00/1aCTh HEOIIPeIe/ IEHHOCTH P{jh —
nBeToM 2.2.2, HUXKHSssI 001aCTh P&jl — 1useroM 0.0.0. Vzomumuuu moss cKopo-
cTeil 7 HApUCOBAHBI B I'PAHUIAX HOJHUIOHA PACHPOCTPAHEHUSA P.
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U3 nosmronos PS, P, PU cooTBeTCTBYIONIX BCEM CKBAsKIHAM-IIPE]I-
craBuUTeNIsSIM W, crpoutcs rpad G. Bepmmaa — mosiuron, pebpo — Hajmune
obreit rpanurpl. Hekoropbim BeprmHaMm rpada npuimcan et (Ha3BaHue
danum). Jro BepumHbl, coorBeTcTByIONHE sipaM PS. OcrajibHble BEpIINHBI
[BeTa HEe UMEIOT. 3aJlava MOCTPOEHUsT KapThl CBOJUTCS K BHIOOPY IIBETa JIIst
BCeX BepInH rpada.

Hayimame ob1acTu HEONpeIe/IEHHOCTH TI03BOJISIET TIOCTABUTH Ha IPAHUILY
MeXKy JIByMsl 00JIACTSIMU JI0 JIBYX JIONOJHUTEIBHBIX (Paluil, KOToOpble MOIJIN
OTCYTCTBOBATH B UCXOJHDBIX JAHHDBIX.

Packpacka rpada genaercs myTeM perieHnst 3a1a9i CMEIIAHHOTO 1eJI0InC-
JIEHHOI'O IIporpaMMupoBaHust [9]: HafiTH KOPPEKTHYIO PACKpPacKy (BBILIOJIHsIET-
cst yeosue (6)), 1iist KOTOPOii (bYHKITHS KA4eCTBa, OKAXKETCsl MAKCUMAJIbHOI.
DyHKIUST KAIeCTBA CTAPAETCsl MUHIMHU3UPOBATH KOJIUYIECTBO CMEH IBETOB,
HAXOJIUTh JIJIMHHBIE TIOC/IEI0BATENLHOCTH (Dalmil, MPUHAJJIEKAIINX OJIHOMN
nernovke JF, OKpalluBaThb BEPIIMHBI B OJWH IBET IIPH YCJIOBUU OJIM30CTH
3HaYeHu 2.

3.1. Ilocrpoenune nonauronos P,, P

CumraeM, 4T0 1O KapTe CKOPOCTEil 2z, CKBasKMHE W B TOUKE (I, Y) U 3HAYCHUSIM
Zminy #mazs TAKAM 9TO Zmin < 2(2,Y) < Zmaz, MOXKHO HalTH 00J1ACTD (T1OJIH-
I'OH), O'PAHUYEHHYIO JINHUSAMU YPOBHEN Zpmin, Zmaz, U COIEPIKAILYIO TOUKY
(x,y). O6o3HAUNM 3Ty 061aCTH Sy (Zmin, Zmaz ), WIA IPOCTO Sy

ITycThb BEIOpaHa OmOpHas CKBayKUHA W, J1JIs KOTOPOil TpeOyeTcs MOCTPOUTh
nosron Py, u ero pasouenne na PS, PY u PY. Bee ckBaskunb Apyrux darmii
pasbUBAIOTCS Ha J[Ba MHOXKECTBA (C MEHBIIUME 1 OOJIBITMMI 3HAYCHUSAME 2 ):

( 9)

W= ={w eW: f(w')# f(w) A z(w') < z(w)}
N> z(w)} (10)

W ={w' eW: f(uw) # f(w) Az(w)

[To muOXKECTBY W™ CcTpOUTCS MHOXKECTBO 3HAUEHUIT Z, U3 KOTOPBIX BBIOW-
PaeTcd Zmin, /18 KOTOPOT'O BBIIIOJIHAIOTCS CJIEAYIONINE YCJIOBUSI:

e 110510ca Sy (Zmin, 2(W)) HE CONEPKUT CKBAXKUH JIPYTrux daruii;

® ISl MEHBINNX 3HAYEHUI TIpEIbIIyIee yCIOBUE HAPYIIIAETCS.

Z- = {W}qew U {—oo} (11)
Zmin =min{z € Z7:Yg e W f(q) # f(w) = q ¢ Su(z,2(w))}.  (12)

AHaJIOrMYHO BBIOMPAETCH 3HAYCHUE Zymqz-
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7t = {Z(M);Z(q)}qew U {400} (13)

Zmaz = max{z ezt VgeW f(q) # f(w> —q ¢ Sw<z(w)?z)} : (14)

Takum obpasom, noaurod Py, = Sy (Zmin, Zmaexr) EMEET MaKCUMAJBHO
BO3MOKHYIO IIUPUHY IO Z, IPH YCJIOBUH, YTO YPOBHU BBIOUPAIOTCST U3 OCTPO-
€HHBIX MHOYKECTB. 3aMETUM, 9TO Sy, CTPOUTCS C YIETOM CTPYKTYPhI KAPTHI
CKOPOCTEif, M09TOMY Ha KapTe MOI'YT HafiTHCh CKBAasKHUHBI ¢; JAPYIUX halluii,
JIsl KOTOPBIX Zmin < 2(¢i) < Zmaz, HO KOTOPBIE T€OMETPUIECKH HAXOJATCS B
JIpyroit 0baacTn.

B ciyuae, korjia B 0651aCTh Sy, TONAIA0T Apyrue cKBaxkuubl damun f(w),
Borancienns (11)-(14) moBropsitorest ¢ 3amenoit 3Hadenus z(w) B dopmy-
gax (11) u (13) Ha MEUHHMAJIBHOE ¥ MaKCHMAaJIbHOE 3HAUYEHHE CKOPOCTHU II0
sruMm ckBazkuHaM. Ilycts Q = {g € W : f(q) = f(w) A ¢ € Sw(Zmin, Zmaz)}-
Tornma B (11) snauenue z(w) 3ameHsiercsl Ha mingeg 2(q), a B (13) — Ha
maxqeq 2(q)-

Anpo P§ orpanmdeno z5,.., 25 .. TIE Zmin < 25, = (Zmin + 2(w))/2, a
Zmaz 2 Zoar = (Zmaz + 2(w))/2. Ilponopuust, B KOTOPOii Juama3oH CKOpo-
creii pasjessieTcss Ha 06/1aCTh siipa ¥ 00JIACTH HEOUPEIeJICHHOCTH, & TaK»kKe
KOJIMIECTBO 00J1acTeil HEOIPEIeJIEHHOCTH C KaXKJI0M CTOPOHBI, MOT'YT OLITDH
[IPOM3BOJIbHBIMU.

3.2. OnTuMus3annoHHas 3aJa4a

Bajaay o packpacke rpada MOKHO c(hOPMYIUPOBATH B TEPMUHAX CMEIITAHHOIO
nesouncsierroro nporpamvuposanust (MILP). Tlyers Tpebyercst packpacursb
rpad G = (V, E) ueramu K, To ecrb Haiitn orobpaxkenune C' : V — K, ¢
cO0JII0/IeHNEM OI'DAHMYEHUN KOPPEKTHOCTU. PAcCMOTPUM JIjIsi HAIVISTHOCTU
cJIydaii, KOrja 3aJlaHbl TOJBKO Haphbl HekKoppeKTHbIX 1BeToB I C K X K. B
rpace He MOZKeT OBITh CMEZKHBIX BEPIINH U 1 v, 17151 KoTopbix (C'(u), C(v)) € 1.
Tpebyercst HAITH KOPPEKTHYIO PACKPACKY C MUHUMAJIBHBIM KOJIMIECTBOM
UCIIOJIB3YEMBIX 1IBETOB.

Beejiem ciienytommue GuHapHbie TIepeMeHHbIE, OIPEIeIeHHbIE JJist U, U € V,

ke K:

® I, IPUHUMAET 3HadeHne 1 ecjiu BepIuHA U MOKpalieHa B useT k, u 0
nHaJe;

® 2,yk: IPUHUMAET 3HaYeHne 1 Torja u TOJIbKO Torja, Korjaa (u,v) € F,
BepINUHA ¥ MTOKpAIlleHa B IBET k, a v MOKpaIlleHa B JPYroil MBeT;

e wy: paBHad 1, ecau 1Ber k ncnosb3yercs, u 0 nHadge.
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Torya nckomast pacKpacka MOXKeT ObITh HalijieHa KaK PeIleHue CJIeIyIo-
el ONTUMU3AITMOHHON 3a/a491, /e MUHUMYM HITETCS 110 BCEM 3HAYEHUSIMU
IIEPEMEHHDBIX Tyk, Zyvk 1 Wk.

minimize Y wp+ Y Zuwk (15)

keK u,veV,keK
IpH yCJI. Z T = 1 YveV
keK
(16)
Tyi + Tyj <1 V(u,v) € E, (i,5) € 1
(17)
Zuvk = Z Tok! — Z Tyk! V(U,’U) (S E, ke K
K €K k' #k K €K k' #k
(18)
Tk < Wk VoeV ke K
(19)
Toky Zuvk € {0,1} VveV,ke K,u,ve E
(20)

Yenosue (16) o3Hauaer, 4To KaxK/iasi BEPIINHA JIOJZKHA OBITH HOKpAIeHa
B KaKOW-TO o/inH 1BeT. KOppeKTHOCTD pacKpacku OGeCIeTnBAETCsT YCIOBU-
eMm (17): ecsin cMeKHBIe BepIIMHBI Oy [yT IIOKPAIIEHbl B HECOBMECTUMBIE 11BETA,
TO CyMMa TIEPEMEHHBIX B JIEBOW YaCTH COOTHOIIEHUS O6yIeT paBHA JIBYM.

Yenopust (18) sazatorest Jyuist Kaxioro pebpa. [lepemennast B 1eBoii uacru
JTOJIZKHa, OBITH paBHa 1, eciu BepIuHa v mMokpareHa B et k. [lepsas cymma
B IIpaBoil 1acTu obparnaercsa B 1 TOJBLKO B TOM CJIydae, KOTJa ¥ MOKPAIeHa B
IBET, OTINIHBIN OT k. Bropast cymma paBHA HYJIIO TOJBKO TP YCJIOBUHU, 9ITO
u TIoOKpalena B 1Ber k. Takum 06pasoM, BbIpaskeHUe CIpaBa UMEeT 3HAYEHUE
1 Torga m TOJILKO TOTJa, KOTAa U MOKpalleHa B k, a v — B J000# apyToii
nBer. B atoM ciaydae zyr 00sizaTesbHO OyeT paBHO enunuie. 3bexarn
TOXKECTBEHHOTO PABEHCTBA €INHUIE BCEX MEPEMEHHBIX Z — B 9TOM CJIydae
orpanuuenus (18) BBIIOIHSAIOTCS — MO3BOJISET BTOPOE CJIaraeMoe IMeJIeBoil
dbyuxiun (15).

Yeaosue (19) Tpebyer, uToObI IepeMeHHast Wy ObLIA PABHA €MHUIE, €CJII
[[BET IPUCYTCTBYET B packpacke. Ciydail TOXKIeCTBEHHOI'O PABEHCTBA €IMHUIIE
BCEX TIEPEMEHHBIX W UCKTIOYACTCS TIEPBBIM CJIATAEMBIM TIEJIEBO (DYHKITAM.

QuKcHpOBaHHBIE [[BETA BEPIINH (BEPIIMH, COOTBETCTBYIONUX MOJTUIOHAM
P¢) moryT ObITH 3a/1aHbl OTPAHUYICHUSIME BUIA

Ty =1 V(v,k) € Fix CV x K, (21)

rjae Fiz — nagasnbhas (uacTudHast) packpacka rpada.
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HampaBinenusi yriry6senusi 6acceiina. Hexkoropble BepIImHBI MOTYT
6bITb O6’])€,ZLI/IH€HI)I B IIOCJIeJ0BATCJIbHOCTH, COOTBETCTBYIOIIINE HaIllpaBJICHUAM
yriybsienus 6acceiina. Borauciienue sTux HalpaBJ/IeHU OMUCAHO B pas/eiie 3.3.

Kpurepun kauecrBa. 3amava (15)-(20) mosBossier HaXouTh KOPPEKTHBIE
packpackyd ¢ MUHUMAJIBHBIM KOJMIeCTBOM I1BeToB. MHOKecTBa, K u I MoryT
OBITH MOCTPOEHDBI U3 IEHOYEK JF:

K — Bce (baHI/H/LI: {(f17f2) € K x KIVCh€f<f17f2> ¢Ch’}7

10 ecThb I cocTout u3 nap daruii, KOTOpble He BCTPEIAIOTCS B MEMOYKAX [TOJIPSII.
Cpe MHOXKECTBA KOPPEKTHBIX PaCKPacoK TpedyeTcsl BBIOPATH «XOPOIIYO».
Ucnonp3yioTes caemayionue KPpUTEPUU KadecTBA.

[ ] MI/IHI/IMI/I?)aU,I/IH KoJjindecTBa CMEH IIBETOB.

o MuHnMu3amusa KOJIMIecTBa IEeN0vYeK, IIBETa KOTOPBIX NCIOIb3YIOTCS IS
packpacKu BJIOJIb HalpaB/ienus yriaybJenus 6acceitna.

o CoxpaHeHue IUIOIIA/N, 3aHATON HEKOTOPBIM IBeTaMu (darusimu-
UCKJTIOUCHUSIMHA ).

e BriGop I[BETOB BEPIIMHBI U3 HEKOTOPOI'O MHOXKECTBA (<«II0JICKA30K» ).

Cremyer oTMETUTD, 9TO (DOPMAJIHHOI'O OIPEJIEIEHIS «XOPOIIeity pacKpac-
ku Her. OIeHKa KadecTBa OIPEIEISieTCsT SKCIIEPTOM, W BO3MOXKHBIN CIIEHAPUI
WCIIOJIb30BAHUST aJITOPUTMa MOCTPOEHUS KapThl MIPEJIIIOIATaeT e€ JTaTbHel-
Iyt MouduKaIuio mojib3oBaresieM. [lepeunciieranie (hopMasibHbIE KPUTEPUN
JyIst Habopa TECTOBBIX MPUMEPOB IIPUBOIAT K ITOCTPOEHHUIO KapT, TPEOYIONnxX
MHUHUAMAJIbHON KOPPEKIINH.

CrpyKrypa 1ejseBoii dyukiun. g onruMusanun ¢ yuopsj09eHHbIM
10 BAXKHOCTH HaODOPOM KPUTEPUEB (1, - . . , §i TeaeBasg QYHKIUS MOXKET OBbITD
3ajlaHa B BHUJE C1g1 + C2g2 + ... CLgE, T/Ie BECOBbIe KO PUIMEHTHI BLIOpa-
HBI TAKAM 00pPa30M, UTO ONTUMAJILHOE perreHne OyaeT nMeTb MHHUMAJIHHOE
3HadeHue gi. Ecim ¢ TakuM 3HAYEHHEM CYIIECTBYET HECKOJIBKO KOPPEKTHBIX
PacKpacok, TO U3 HuX OyIeT BhIOpaHa pacKpacka ¢ MUHUMAJILHBIM 3HAYCHUEM
g2, U TaK JaJiee.

3.3. HanpasiieHus yriryoJsieHusi 6acceitHa

[TociietoBaTeIBHOCTH CKBaYKUH, CBUIETEIHCTBYIONINE O MIPE/IIT0IaracMoOM Ha-
IIpaBJIeHuN yriyOsieHust bacceifHa, crpodTcs ciaeayomuM oopasom. 1o mc-
XoIHBIM ckBaxkuHaM W crpoutcs rpad Gy, BEpIIMHAMHA KOTOPOI'O CJIyKaT
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CKBaXKUHBI, U KayKJasi BEpIHa coefuHena ¢ h = 3 oimkaiimmu. Becom pebd-
pa SIBJISeTCS TeOMEeTPUIEeCKOe PACCTOSTHIE MeXK Ty BeprinHaMmu. V3 MHOXKeCTBa
CKBaXXWH BBIJIEISIIOTCS (DAIHATbHbIE METKH C HAMMEHBITIMHA U HANOOJIBIIH-
MU 3HAYEHUSIMU CKOPOCTHU OCAIKOHAKOIIEHUs (B Pean3alui UCIIOJIb3YeTC sl
uKCcHpoBaHHAS TOCTIEOBATETLHOCTD YITyOIeH!sI, OT METOK C MEHBITIMMHI HO-
Mepamu K MeTKaM ¢ GosbiuMu Homepamn). Jlasee B rpade Gy, BbIOUPAIOTCSE
apbl BePIINH (U, V), st KOTOPBIX BBIIOTHAIOTCS CJIEAYIONIHE YCAOBUSI:

® BCpIINHA U UMEET METKY HanOOJIbIIEeH CKOPOCTHU OCaJAKOHAKOIIJICHUA;

e reomerputdeckoe paccrosiue dist(w(u), w(v)) «Mano oraHYaeTCs» OT
JUIAHBL KpaTdaiiniero mytu len(sp(u,v));

e reomerpuyeckoe paccrosiane dist(w(u), w(v)) «cpaBHUMO» € EAMETPOM
rpada.

To ecTb Hampasjenne yriydjienue npeicrapiger coboit T0CTaTOYHO JITUHHYIO
1 TMIPSMYIO TIETIOYKY CKBAYKIH.

YcnoBus Ha PACCTOSHUSA OIPEIENIAIOTC HOPOroBbIM 3HadenueM g Mepn
(8 = 2) Mexy OTKJIOHEHHEM JJIMHBI IIyTH OT PACCTOSHUS U OTHOIICHS
JUIMHBL IIyTH K MaKCUMAJIbHOMY PACCTOSTHUIO MEXKJy BepIIMHaMu Ipada:

_ len(sp(u,v))

t= 22
N dist(u,v) (22)
dist(u, v)

d= 23

max, ey dist(u',v") (23)
(1+8%)st-d

=" 24

fo B2st +d (24)

Ha kapry mobasnsiercst k = 5 syumux (1o 3HaueHuro fa) myTeil, KOTOpbIe
00pa3yIoT MOTEHIINAIbLHBIE HAITPABJIEHUsT yIIyOaeHnst bacceiiHa.

4. Iloctpoenne jsmrodanuajabHbIX KapT M

Kapra M nosygaerca pazouennem Kaptbl M p. [Ipumep aurodarmaabHoi
KapThl IPUBEJIEH Ha puC. 2.

[To ckBakuHAM C JINTOJIOTHENl METOJOM PaIHAJIbHBIX OA3UCHBIX (PYHK-
Uil CTPOUTCS KapTa pacipocrpanenus jmrojoruit My : L — 2P D1a
KapTa JaeT pasbieHne MOoJNroHa pacupocTpanenus P. Jlanee TIpon3BoanTCs
u3MeJIbdeHne KapThl M p, TO €CTh BBIYHCJIAIOTCS BCE HMOJUIOHBL, JJIsi KOTOPBIX
OJTHOBHATHO 3a/1aHa, (DAIUS U JIMTOJIOTHA:

Py ={P € Poly | 3f € F,1 € L, P; € Mp(f),PL e My(l) P=P;NPA},
(25)
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106 10 To-pauvansias Kapra

(a) Kaprsr pacupocrpanenus damuii. (b) Kapra pacupocTpaHeH:sl JUTOJIOTHUIA.

Puc. 2. IIpumep mmrodarnmanbaoit KapThl (OTPayKeHbl 00IACTH PACIIPOCTPAHE-
HUsI JIATOJIOTUH).

TO €CTh BCE MOJIUTOHBI JINTOJIOTUHN TIEPECEKAIOTCS ¢ BCEM MTOJTUTOHAMU (DAITHiA.
HO IIOCTPOEHHNIO, B KazKJ/IOM IOJIUTOHE 3TOI'0O MHOZKECTBa MOT'YT BCTPEYIATHCA
CKBaKUHBI TOJIBKO C OJHON KOMOUMHAIMEH (hanus-IuToorusi, mosromy P
OymeM Ha3BIBATD [ f-TIOJTUTOHOM.

Kaxknomy nurodanuansuomy [ f-nomrony P € Py Tpebyercst comocra-
BUTB JINTOJIOTUYECKYIO METKY — CKOPPEKTUPOBATH I'PAHUIIBI PACIIPOCTPAHEHU S
sgurosoruit. Vcmomb3ytoTes ciieytorine KpUTepun:

e eciu B P ecTb CKBaXXMHA C METKOH [, TO 3Ta METKa MPHUIUCHIBAETCS
IIOJINT'OHY;

e eciu B P HeT CKBaXKWH, HO OH I'PDAHUYUT C IIOJTUTOHOM, KOTOPOMY IIPH-
ucaHa MeTKa [, U JUTOJIOTHS | ABJIsieTcs JomycTuMoil misa damum f,
TO MeTKa [ «IIpojJjieBaercsy Ha P

® B OCTAJIbHBIX CJIy4dasiX [OJIUTOHY HPUIIMCHIBAETCs 3HAYEHHUE JINTOJIOTHN
u3 Gunkaiimeil cKBazKUHBI halualbHOro MoNurona Py, comepzxariero
P (B obosmavenusx (25)).

Haszmauenue meTox IPOU3BOUTCA B TPU IIPOCMOTPA IIOJIUTI'OHOB U3 Plf

5. TexHndeckasa peajm3aliusi

s pertenus 33719 CMENTAHHOTO IIEJ0YUCIEHHOTO TPOTPAMMUPOBAHUS CY-
IECTBYeT HEJIbIi Psiji IPOrPAMMHBIX CHCTEM, KaK KOMMEPUYEeCKuX (HarpuMmep,
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Gurobi u CPLEX), tak u cBobomHO pacrnpocrpansieMbix. st peanmsarmm
UCIIOJIb30BaJicd A3bIK Python u ciiemyroriee nmporpammMuoe obecrieueHue:

e contourpy: 6ubMOTEKa TOCTPOCHUST M30IUHII;

e shaply: 6ubsmoreka Jijisi pabOTHI C TOJUTOHAMU W JPYTUMHU F€OMEeTpUIe-
CKUMI OOBEKTAMIU;

® Dyomo: cpejia aJredpanecKoro MOJASTHPOBAHNUS, TO3BOJIAIONAT (POPMY-
JINPOBATD 33Ia49M EJI0YHNCIEHHOTO IPOIPaMMIPOBaHus 0e3 MPUBA3KH K
KOHKPETHOMY TIAKETy WX PeIleHNs;

e highs: makeT 1Jjisi pereHus 3aJiad CMEIIaHHOTO MEeJOYUC/IEHHOTO ITPO-
TPaMMUPOBaHUSI.

TectupoBanue IPOBOJIUIOCH HA JIAHHBIX HECKOJBKHUX PEAJHLHBIX 00bHEK-
TOB, JJIsI KOTOPLIX U3BECTHBI JINTOMAINAIbHbIE KAPTHI, MOATOTOBJICHHbBIE
sKcrepraMu-reosioramMu. KaxkJiblit 00beKT COJIEPKAJ HECKOJIBKO JIECATKOB
CKBaXKWH, 9TO, B CBOIO OYEpE/ib, IPUBOJIUT K rpadamM ¢ HECKOJbKUMHU Jie-
caTkamMu BepiuH. [Ipyu perennn onTUMHU3AIMOHHOM 33/1a9K UCIIOJIB30BAJIOCH
OorpaHHYeHue 110 BpeMeHHu paBHoe 60 ceKyHJ/IaM — II0 UCTE€UYEHUH STOrO Bpe-
menu rmaker Highs BoszBparmaer Jiydmee perrenne, koTopoe Ob110 Halineno. B
paccMaTpUBaeMbIX IIpUMepax 3a OTBEJIEHHBIN MHTEPBAJI BpEMEHH Ha IIepPCO-
HaJIbHOM KOMIIBIOTEPE MOJIL30BATEIbCKOI'O YPOBHA YIaBaJIOCh HANTHU ONITH-
MaJibHOe pemnierue 3aa4qu. Orpannydenue B 60 CeKyHJ [ CIUTAECTCS JOIYCTUMBIM
C IIPUKJIAJIHON TOYKU 3PCHUSL.

6. 3akJroyeHUne

SBajaua mocrpoeHust JUTodaluaabHbIX KapT CBOIUTC K 3a/a49e PacKpPacKu
rpada, KoTopasi B JAHHON paboTe perraeTcss MEeTOJAaMU IeTOUNCIEHHOTO
nporpamMMmupoBanus. [Ipy mocTpoeHnu KapT MO peajbHBIM JaHHBIM 3TOT
ITOJIXO/T OKa3aJI BBICOKYIO 3 dEeKTUBHOCTL. B cirydae, Koria 0COOEHHOCTD
KapThl CKOPOCTEH IPUBOAMT K OOJILITOMY YHC/IY HOJUIOHOB P, W CIOXKHOI
TOIOJIOTHIECKO CTPyKType rpada, 6osiee 3pHEeKTUBHBIMUA MOT'YT OKA3aThCS
MeTOJIbl PACKPACKH Ha OCHOBE OTJIOKEHHOI reHeparuu cTosonos [8].

Cretyer OTMETHTH, 9TO TPEJIOYKEHHBIN TTOIX0/ UMEeT Psiji OrPAHUIEHMIA,
Cpeln KOTOPBIX MOYKHO OTAEJNBHO BBIIEJIUTH IOJHOTY W KadeCTBO MCXOJI-
HBIX JQHHBIX, MACIITad KAPTOIMOCTPOEHUS U PEKOHCTPYKIIUUA B CKJIQIIATO-
HaJIBUTOBBIX O0JracTax. /laHHOE OrpaHUYEHNs CBSI3aHO C 3aJIO?KEHHBIM B aJI-
TOPUTM IIPUHIIAIIOM PacIpejie/ieHns JTuTodanuii BIoJib HAIPABICHUS YIJIy0O-
Jiernsi bacceiina. B ckJiamgaaro-HaIBUTOBBIX 30HAX ITPOUCXOANT TePOPMAIIU-
OHHBIE IIPOIECCHI, KOTOPBIE U3MEHSIIOT IIEPBUYHOE IIOJIOXKEHHUE IIOPOJI B IIPO-
CTPaHCTBE W HAPYIIAIOT X B3ANMHOE PACIIOJIOKEHNE, 3AJI02KEHHOE B IIPOIIECCe
0CaIKOHAKOILICHUSI.
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[Tostyuenubie pe3yabTaThl MOTYT OBITH MCIIOJb30BAHbI JJIs TAJI€0Te0rPa-

dbuUecKuX peKOHCTPYKIINI, IPOrHO3UPOBAHUS PACIIPOCTPAHEHUS PATHIHBIX
31eMeHTOB Y B-cucreM, B KadecTBe BXOJHBIX [TAPAMETPOM Jjisd 0ACCEHHHOIO
MOJIEJIUPOBAaHMs, a TaKKe JIJIsl OIpesesIeHNsl TOMCKOBBIX IIPU3HAKOB.
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Metoabl 1 aJITOPUTMbl ABTOMATUYECKOT'O
n3BJiedueHns THGOPMAIINU U3 HAYYHBIX
TEKCTOB JIJIsd CO3JaHUs Te3aypyca Hay4dHON
TEPMUHOJIOT N

E. B. Bormosa! E. H. Kproukosa?

B crarwhe mpesgaraercst MeTos aBTOMATHYIECKOTO TTOCTPOEHUS TE3ay-
pyca HayJHOU TEPMUHOJIOTMH, OCHOBAHHBIH Ha AJITOPUTMAX M3BJICUCHUS
MHOTOCJIOBHBIX TEPMUHOB U3 CIENUAJIBHBIX SHIINKJIONE NI U Hay THBIX
ITyOTUKAITHA.

IIpencrasiiensr pe3yabTaThl PAOOTHI AJTOPUTMOB CO3IAHUS U MTOTIOJI-
HEHUS Te3aypyca Ha mpuMepe 00pabOTKH MATEMATHICCKUX TEKCTOB.

IIpensoxken asropuT™ CpaBHUTEIHHOTO CEMAHTHIECKOTO AHAJINA3A
HAyYIHBIX yOauKaImii, a Tak»Ke CrrocoObl KOJIMIeCTBEHHOM OIEHKN UX
CEMAHTUIECKOTO CXOJICTBA.

KiroueBbie cji0Ba: acleKTHO-OPUEHTUPOBAHHBIN AHAJINS, HAY IHBII
JIEKCUKOH, CEMAHTUIeCKUil rpad, KIaCCUMOUKAINS HAYIHBIX TEKCTOB,
aBTOMATHYECKAs 00PabOTKa HECTPYKTYPUPOBAHHBIX TEKCTOB.

1. BBegenue

Paspaborka HHCTPYMEHTOB JjIsI aBTOMATHIECKO 06pabOTKN TEKCTOB HAY IHOA
TEMATUKHU SIBJISCTCS OJIHUM U3 AKTYaJbHLIX HAIPABICHUN HCCIICIOBAHMI B
obiactu NLP u Brinogaer 3ajaun pedepupoBanus u anHoruposanus [1],
KJIacCH(UKAINN I acleKTHOTO aHAIN3a |2, nHdopManuoHHoro moucka [3|.
[Ipu npoekTupoBaHy aJropuTMOB 00PAOOTKU TEKCTOB B KOMIIBIOTEPHON JIMHT -
BUCTHKE HCIIOJIb3YIOTCsI BEPOSITHOCTHO-CTATUCTHYECKIE MeTOJIbl [4], Helipoce-
TeBble Mojiesu [5], B HOC/Ie/IHEe BpeMsl IMPOKOe PACIPOCTPAHEHNE HOJIy IHIIHI
6osbme s3pikoBble Mogean (LLM) [6].

Hammame agekBaTHOM ceMaHTUYIECKOM MOJIEIN MPEIMETHON 00IaCTH SIBJISI-
eTcst HeOOXOUMBIM YCJI0BUEM 1Jisi 9 (DEKTUBHOTO PEIICHUS 3a[a"U TeMaTHIe-
ckoro aHajm3a. B pabore [7| npemiozkena GpopmasbHas MOJIEIb JIUHIBACTHYE-
CKOIl OHTOJIOIMH, COJIEPKAIasi YHUBEPCAJBHBIE JJIS PA3JIMIHBIX [PEIMETHBIX

! Bonunosa Eaena Baadumuposna — acompadT Kad. OPUKIATHON MATEMATHKHE ()-Ta
nH®. TexHosioruit Antl'TV, e-mail: vopilova.elena@gmail.com.

Vopilova Elena Vladimirovna — graduate student, Polzunov Altai State Technical
University, Faculty of Information Technology, Chair of Applied Mathematics.

2 Kprowkosa Eaena Hukoraesna — K.d.M.H., mpodeccop Kad. TPUKIAIHON MATEMATHKHI
d-ta und. rexnosoruit Antl'TY, e-mail: kruchkova elena@mail.ru.

Kryuchkova Elena Nikolaevna — PhD in Physics and Mathematics, Professor, Polzunov
Altai State Technical University, Faculty of Information Technology, Chair of Applied
Mathematics.
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obJracrell THIBI ceMaHTHIecKuX oTHommeHui. [IImpoko pacrnpocTpaneHb! rpa-
doBBIe MOJIEN, AKKYMYJIUPYIONINE CEMaHTHICCKUE CBI3U MEXKYy CJIOBAMU U
CTATHCTHKY YacToTHOCTH cJIoB [10].

B mammoit pabore paccMaTpUBAIOTCA METOIbI U AJITOPUTMBI aBTOMATHU-
YEeCKOI'0 IIOCTPOECHUA MOJEN Te3aypyca IIPeJIMETHON TepMUHOJOIUM, II03BO-
JAIONIEeH BBIIOJIHATH CEMaHTUYECKUN aHaju3 HAy4YHOI'0 TEKCTa Ha OCHOBE
00 beTUHEHNSI CEMAHTUKN OTHOIEHUN MEXKIy TEPMUHAMH CO CTATHCTHKOM
HCIIOJIb30BaHMSI TEPMUHOB B HaydHOU mmybsmkaruu. IIpeaioxen aaropurm
ITOTIOTHEHUST TIpeJIyTaraeMoil MOIe/IN TIPeICTaBIeHNsT 3HAHUN wHpOpMaInei n3
HayIHBIX MybsmKamuii. [locTpoerHast MoaeIb MOXKET OBITH HCIIOJIb30BAHA, IS
ACIICKTHOI'O aHAJIN3a Y3KOCIECINAIU3NPOBAHHBIX TEKCTOB, B TOM YHUCJE KOJIU-
YeCTBEHHON OIEHKH CXOJICTBA TEMaTHUKN IIyOJUKAINN B TEKCTOBON KOJIJIEKIIHH.
A JIeKBATHOCTD TIpejIaraeMoil MOJIe N IPOAEMOHCTPUPOBAHA Ha IIPUMEPE CPaB-
HEHUsI MaTeMaTHYeCKUX IIyOauKannii. ABToOMaTHIeCKN CO3JAHHbBINA Te3aypyc
MaTEeMaTUYeCKAX TEPMUHOB, UCTOYHUKOM JAHHBIX KOTOPOI'O fABJISETCA MaTe-
MaTHYeCKasl SHIMKIoneust [11], pasmelen B OTKPBITOM JIOCTYIIE IO aJIpecy
evvopilova.pythonanywhere.com. CepBucabie (pyHKIIMH TPOCMOTpPA TEPMU-
HOJIOI'MHU II03BOJIAIOT IEPEXOAUTH 110 CEMAHTUYECCKUM CBA3AM IIOCTPOCHHOI'O
Te3aypyca.

2. MHorocJ/ioBHble TEPMUHBI KaAK OCHOBA HAaYy4YHOTO
JIEKCUKOHA

TekcTbl HAYIHBIX MTyOJIUKAIII OTIMIAIOTCS OT OCTAJILHBIX 0C000 MOPgOI0rHU-
eil 1 JIEKCUKOIl, a TaKxKe OIPEIeIEHHBIMU CUHTAKCUYECKUMU 1 CEMAHTUIECKH-
Mu cTpyKTypamu. Hayunast Tepmunoiorust 061a1aeT psaaIoM 0COOEHHOCTEI,
U3 KOTOPBIX HauboJIbIee BJIUSHUE Ha IIOCTPOEHUE TOMEHHONH CeMaHTHIECKON
MOJIeJIN OKa3bIBa€T MHOI'OC/JIOBHOCTH HaYYHbBIX T€PMUWHOB. B ,ELa,HHOfI pa60Te
HCIIOJIb3YeTCs MOJIE/Ib HAayIHOIO JIEKCHKOHA, IIOCTPOEHHAs B PE3YJILTATE ABTO-
MaTH4IeCKOil 06paboTKN MaTeMaTHYeCKONR SHITUKJIOIEIMI U [IPEICTABIISIOMIAST
coboit OpMEHTUPOBAHHBIN ceMauTuIecKuil Tpad G iomain, CBI3BIBAIOIINIL CITe-
ruduueckre JJOMEHHbIE TEPMUHBI CEMAHTUYECKUME OTHOIeHusiMu  [12]. Ana-
JIN3 AJITOPUTMA, IIOCTPOEHUS 3TOr0 I'pada BLIXOIUT 38 PAMKHU JAHHON CTaTbU,
B JaHHOH paboTe MbI OyIeM HCIOJIb30BaTh y2Ke HOCTPOCHHLIH CeMaHTUIeCKUH
rpad Ggomain, BEPIITHBI KOTOPOTO COOTBETCTBYIOT TEPMUHAM JIOMEHA, a B3Be-
[IEHHLIE JIYTU IPEICTABJISIOT CEMaHTUUIeCKIe OTHOLIEHUS PA3JIMIHOIO THIIA,
Me}K,[[y TepMHUHaMM. Bec Ayrm COOTBeTCTByeT SHAYNMOCTHU CEMAHTHUYECKOI'O
OTHOILIEHUsI MEXKIY TepMUHAMU. B mpolecce pazpaboTKy MOJEIN Te3aypyca
OCHOBHO€ BHUMAaHUE 6yILGT y,ILeJIeHO aCCOIIMATUBHBLIM CBA3AM Me)K,Z[y TepMU-
HaMU, KOTOPbIE OTPAarkaloT Haumbojee CYyIIeCTBEHHBIE B3aUMOCBI3U MEXKIY
cymHOCTSAMHE | 7.
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3. CpaBHUTEJIbHBINI cCeMaHTUYeCKUil aHAJIN3 ITyOJInKa-
Uil Ha OCHOBE HAYYHOI'O JIEKCMKOHA

W3 axTUBHO pa3BUBAIONIUXC BETBEH aBTOMATHYECKOI0 KOHTEHT-aHAJIN3a B
COBpelVIeHHOfI MaTeMaTU4YeCKON JMHIBUCTUKE MOXKHO BBIJCJIUTDH JBa HalIpaB-
JIEHHS: KATeropu3aliisl TEKCTOB MJIN OTIAEIbHBIX (PParMEeHTOB — OIIPEIe/ICHIe
IPUHAJIJIE2KHOCTH TEKCTa K HeKOTOpOMy Kﬂaccy BHyTpI/I BaﬂaHHOﬁ opeameT-
HOIt 061acTH [8] U ACHEeKTHO-OPHEHTHPOBAHHLIN aHaxu3 |9, mpeamosaraommii
paboTy ¢ TEKCTOM Ha YPOBHE OTJIEIHHBIX ACIEKTOB/(DYHKIMH HeJIeBOro 00b-
exTa. OCHOBHAS IleJIb aCIIEKTHOIO aHAJI3a COCTOUT B M3BJIEUEHUH ACIEKTOB —
CYIIHOCTEH, MO3BOJISIFOIIINX 00bEIMHUTE OJHOTUITHBIE 110 (DYHKITMOHAJIBHOCTH
9JIeMeHTBI. B Hay4HO# TEpMUHOJIOTUN TAKUMU CYIIHOCTSIMU SIBJIIOSITCSI TEPMU-
HbI, OObEUHSIIONIIE B €JUHYIO IPYIILY CBA3AHHBIE C BBIJIEJIEHHBIM ACIEKTHBIM
TepMUHOM ApPYrue TEPMUHBL. B JaHHON paboTe 9Ta 3aa1a PemaeTcs METOI0M
KJIACTEPU3aIl TEPMUHOJIOTUH, CBSI3aHHON ¢ TEKCTOM Hay4IHOH ITyOIMKAINH,
B pe3yﬂbTaTe 3a1a9a N3BJICYCHUsI aCIIEKTHBIX TePMHUHOB HY6J'II/IK8J_LI/II/I paccmar-
pUBaeTCca KakK 3ajada BLIIEJIEHHS IEHTPOB ITOCTPOEHHBIX KJIACTEPOB.

CTpyKTypHO HAyIHBIH TEKCT MOYKET OBITH TMPEJICTABIICH KaK MTOCIEI0OBA~
TeJIbHOCTD OOIIEyIOTPEOUTEILHBIX CJIOB U CIIENUAILHBIX TEPMUHOB, IPUIEM
CeMaHTI/I“IeCKyIO HanySKy HecyT TOJIBKO Hay‘leIe TE€PMUHBI. CpaBHeHI/Ie TEeMa-
TUKH ABYX IIyOJMKAIU B IpoCTeilIeM BapuaHTe MOXKHO IIPOBECTH Ha YPOBHE
CpaBHEHHsI YaCTOTHOCTEl UCIOJIb3yeMbIX B TE€KCTaX TEPMUHOB, HO TaKOM IO/JI-
XOJI HE YUHUTHIBAET KOHTEKCTHOE OKPYKEHIe UCIIOIb30BAHHON TEPMIHOIOI MY U,
CJIe/I0BATE/IbHO, HEIIPUTOJIEH JIJIs OIEHKH CeMAHTUIECKOTO CXOJCTBA TEKCTOB.
[ocrponm cemantmaeckuit rpad Giert(T) Tekcra T, Boiaenss 3 Giomain
HE TOJILKO BEPIIUHBI, COOTBETCTBYIOIINE UCIIOJIb3yeMbIM B 1’ TepMUHAM, HO
U CBSI3aHHBIE C HUMH BEPIIUHBI U3 HEKOTOPOII OKPECTHOCTU, COXPAHSIS TIPHU
9TOM IJIsI KayKJIOi CBSI3BbIBAIOIIEH Jyru He TOJILKO €€ BeC, HO U THUII CBA3U. B
IIpoIiecce MOCTPOCHUS 110 B3BEIIEHHBIM JyraM rpada Ha TePMUHBI U3 OKPECT-
HOCTH PACIPOCTPAHUM YACTOTHOCTDH SIBHO HCIOJIB3YEMOI'O TEPMUHA C YIeTOM
IIPOCTPAHCTBEHHOT'O 3aTyXaHUsI.

IIycrs Y — BbIIEJIEHHBIA U3 TEKCTa AHAJIU3UPYEMOR IIyOJIUKAILMH Tep-
MHH, JJIs KOTOpPOro B 6a30BoM rpade Giomain AMEETCS OJHOUMEHHAsT BEp-
mmHa, Y; — BepmuHa G iomqin 13 HEKOTOPOi okpectHOCTH W(Y') Tepmuna Y,
finit(Y;) — wacrorHOCTH TEpMUHA Y; B aHAJIU3UPYEMOM TeKcTe, Y — Koadbduu-
€HT IIPOCTPAHCTBEHHOTO 3aTyXaHusi. Torga B pe3yjbrare paboThl aJropuTMa
pacipocTpaHeHnsl BeCOB BepinnHa rpada Y;, CBs3aHHasl ¢ BEPIIHHON Y ¢
gacrorHocThiO f(Y'), Gy/ZleT uMeTh UTOrOBYIO XapaKTepUCTUKY YaCTOTHOCTU

) = finie(Ys) + F(Y) - m(Y,Y;) - /7Y (1)

rue [(Y,Y;) — qucsio ayr Ha 9TOM IIyTH,

23



m(Y,Y;) — mpousBeieHne BECOB JIyT Ha OPUEHTHPOBAHHOM IyTH OT Y K Y
C HAUMEHBIIINM KOJIMYEeCTBOM IYT.

[Ipu kaxk oM mocsenyrommeM obrosaennn 3uadenus f(Y;) mo dopmyse (1)
B KauecTse finit(Y;) Oyzer ucnonbzosarbes rekyiiee suaderne f(Y;). B pesyiib-
TaTe KOHTEKCT JIOMEHA, MTPeICTaBIeHHbINH rpadoM G gomain, OYIET 00beIMHEH
CO CTATUCTUKON MCIOJb30BAaHUsI TEPMUHOJIOINH B cTaThe. Kiracrepusarus
ocTpoeHHOro rpada Gieyt (1) NO3BOJIUT BBIIEIUTH TEMATHIECKUE ACHEKTHI
HAy4IHOI yOJIMKAIMK, & MEHTPhI KJIaCTEPOB MOXKHO PacCMaTPUBAThH KaK IVIaB-
HbI€ aCIIEKTHBbI€ TE€PpMHNWHbI CTaTbH. ILJI?I KiiacTepu3aliumn 6BI.H HNCIIOJIB3OBAaH
agroput™ k-medoids, KOTOPBIH IPUTOIEH JJis KJIACTEPU3AIMK BEPIINH rpada
TaK KaK IIpeJHa3HavdYeH JJigd pellleHnsd TeX 3a/Ja4d, B KOTOPBIX IIEHTPOM KJlaCTe-
pa MOXKeT OBITh TOJIBKO TOYKa U3 Habopa 0bo3HAYEHHBIX. Ecau /s KaXKaoro
kiacrepa C; BeraucanTh ero Bec p(Cj) KaK CyMMy BECOB IPHHAJIEIKAIIIX
KJIACTEPY BEPIINH, TO OTHOCUTEIbHBIN BEC KJIacTepa MOXKHO PacCMATPUBATD
KaK OTHOCHUTEJIbHYIO 3HAUYUMOCTH COOTBETCTBYIOIIETO KJIACTEPY ACIEKTHOI'O
TepMHUHA. 371eCh U Jajee B KadeCTBe OTHOCUTEILHOIO Beca KjacTepa OyaeM
HCII0JIB30BaTh OTHOIIIEHUE Beca KJIAacTepa K CyMMe BECOB BCEX KJIACTEPOB.

Paccmorpum cpaBHUTEIBbHBIN ceMaHTHIeCKni aHa 3 myoaukanuii. [Tycts
T n Ty — cpaBHUBaeMble TeKCThI, 119 — KoukaTeHarusa 11 u Th. IToctpoum
rpadsl Giext(T1), Grext(T2) 1 Giert(T12), UPEICTABISIONE CTATUCTUKY KOH-
TEKCTHOI'O OKPY2KEHHUsI B COOTBETCTBYIOIIUX TeKcTaX. IlocTponM MHOXKECTBO
kiacrepoB C = {C1,Cy,...,C} minst Giegt(T12), B kaxkgom kiacrepe C;
BBIJEJINM MEJIOU — IeHTpaabHbIil Tepmun M;. ['pad cemanTHIecKoro cxos-
ctBa Gempr (T1,T2) onpenensier motok u3 11 B Th U COMEPIKHUT BEPIINHBI
ncTouHnKa u croka 17 m Th, a Takxke mpomexkyrounble BepmuHbl (1, Co,
..o, Cp. Bepmmmawr C1, Cy, ..., C) UMEOT IPOIIyCKHYIO CIOCOOHOCTH, PaB-
HYI0 OTHOCHUTEJILHOMY BECY KJIACTePa B Giext(7T12), PEOpa Mexky 1 (uiam 2)
u C; UMEIT MPOIYCKHYIO CIIOCOOHOCTH, PABHYIO OTHOCUTEIBHOMY CyMMAap-
oMy Becy BepiiuH Giert(T1) (coorBercTBEHHO Giegt(T2)), NPUCY TCTBYIONIMX
B kiacrepe C; rpada Giert(T12). Koaddunuenr ceManTUIECKOro €X01CTBa
TeKcTOB 11 m T paBeH MOTOKY W3 UCTOKA 1] B ¢TOK 15 B TPAHCIOPTHON ceTH
Gcmpr (Th TZ)

[Ipu npoBeeHnN SKCIIEPUMEHTOB TEKCT ITyOmKauu 1] CpaBHUBAJICS C
rekcroM T7: msnadasnsno T = T}, 3areM B KadecTBe «Gesoro myma» B 17
[IOCTEIIEHHO JIO0ABJISAIICS TEKCT U3 MATEMATHUYECKOH Hay4YHOH IyOsmKarmu 15
apyroit remaruku. Ha pucynke 1 mpeicraBieHbl pPe3yJbTaThl CPaBHEHUS
trekcros T u T7. Ilpu HemocpencTBeHHOM cpaBHeHUn TekcToB 1) u Th mx
CeEMaHTHIECKOe CXOJICTBO TeKCTOB pasBHO 0.26.
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CXOICTBO

CEMAHTHUYIECKOE

0 01 02 03 04 05 06 07 08 09 1
JoJisi «6esIoro mymay

Puc. 1. Pesysbrarsl cpasrenns rexkcros 1) n T

4. AaropmTMbl OOHOBJIEHUSI TEPMUHOJIOT UM

B mportecce 9BOIIOIMOHHOTO pa3BUTHSA HAYKU MOSIBJISIIOTCS HOBBIE Pa3Ie/Ibl
Y Hay4YHbIEe HAIpPaBJICHUS, YTO IPUBOJUT K IOSBJIEHUIO HE TOJHLKO HOBOI
TEePMUHOJIOTUHN, HO ¥ K JaCTHIHOMY HU3MEHEHUIO CEMAHTHUKH CYIIEeCTBYIOIIEH
YCTOSABIIENCS TEPMUHOJIOIMU: BOZHUKAIOT HOBBIE CEMAHTUYECKHE CBSI3U MEXK-
Jly TeEpMUHAME, TPaHCPHOPMUPYIOTCSI HEKOTOPBIE CYIIECTBYIOIIIE CBSI3U. DTO
IPUBOJUT K HEOOXOAUMOCTH IIOIIOJIHEHNST Oa3bl 3HAHUI HaydHOU obJiacTH, a,
CJIEIOBATEJILHO, U K BBIOOPY HAJIEXKHBIX UCTOYHUKOB OOYUAIONINX TAHHBIX.
WcrouynnkoMm HageKHON MHMOPMAIIUN JIjIsI CUCTEM aBTOMATHIECKOro OOHOBJIE-
HUs 6a3 3HAHUI MOI'YT CJIY?KUTH ITyOJIMKAIMK U3 PEIEeH3UPYEeMbIX U3JaHUN B
PAHKHAPYEMBIX HAYYHBIX U3aTEILCTBAX.

Paccvorpum cHavasia 3a/1a9y BBISIBJIEHUsT HOBBIX ITPEJIMETHBIX TEPMUHOB.
HecMorpst Ha TO, 9TO ¢ TOYKM 3peHUsT CEMAHTHIECKON pa3sMeTKd TEeKCT Ha-
VUHONM CTaThU SBJISETCS] HECTPYKTYPUPOBAHHBIM, HAJIMYNAE B TEKCTE CTATHHU
pasneia «KirodeBble ctoBa» MOXKHO pacCMaTPUBATDH KaK HAJIUINE HEKOTOPOIL
c1a00M CTPYKTYPUPOBAHHOCTH 9TOTO TEKCTa B 1esioM. OIpene/nM crenuduKy
nonotHeHus rpada HayIHON 0071aCTh (Gyomain IPUA CEMAHTUIECKOH 00paboT-
K€ JOCTATOYHO OOIIUPHOIO TEKCTa HAYIHON IIyOJIMKAIMN, HEKOTOPas 9aCTh
KOTOPOI'O CBsI3aHAa C OIMUCAHUEM HOBOIO HMOHSITHSI, B KaUeCTBE KOTOPBHIX MBI
OyIeM paccMaTpUBATDh [IEPEUYHUC/IEHHBIE B CTAThE KJIIOYEBLIE CJIOBA.

[Iycts Y — abco/ioTHO HOBBIM TEPMUH, TOT/A B CEMAHTUYECKUHN rpad
G domain J00aBISIETCsT TEPMUH Y, & TaKKe TEPMHUHBI, COCTABJICHHBIE U3 IO~
MHOXKECTBa CJIOB Te€pMHUHa Y, CBA3aHHBLIE ¢ Y CEMAHTUYECKUMU CBSI3SIMU
THIIA «9aCTh — I1eJI0€» IPU YCJIOBHUH, 9TO HOBBI TEPMUH UMEET KOPPEKTHYIO
CHHTAKCUIECKYIO CTPYKTYPY. POpMUPOBaHME CBSI3U TUIA «JIACThb - IEJI0E»
COOTBETCTBYET MPHUHITAITY (POPMUPOBAHUS MHOTOCTOBHBIX TEPMUHOB, COCTAB-
JICHHBIX U3 yTOodHdgomuX cjaoB. Kak mpaBuso, Jjiroboe yraajgeHune Xorsa Obl
OJTHOTO CJIOBA M3 TEPMHUHA IPUBOIUT K OIPEIEIEHNI0 OoJiee OOIIEro MOHITH.
Hamnpumep, «MapkoBa Ienb cIoyKHasi» sIBISIETCS 4acThbIo Bcex «ieneit Map-
KOBay» MJIM BCEX «CJIOKHBIX Ieneit». J[jia co3manns accoruaTuBHBIX CBA3E
TepMHUHa Y , BO-IIEPBBIX, HAJIO BBIACIUTD B TEKCTE CTATbU (PPArMEHTHI, UMe-
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IONIMX HEIIOCPEACTBEHHOE OTHOIIIEHNE K HOBOMY TE€PMUHY, BO-BTOPBIX, Ha/10
BBIUUCJIUTH 3HAYUMOCTD CBsI3eil HOBOTO TepMuHa Y ¢ APYTrUMU TEPMUHAMU,
KOTODBIE OIPEJIEIIHAIOT [JIABHYIO TEMATHKY CTAThHU. B CHIIy TOro, 4TO KJIIOYEBOE
CJIOBO JIOCTATOYHO PEJIKO IEJIMKOM UCIIOJIb3yeTCsl B TEKCTe CTAaThH, IIOIBIT-
Ka BbLJIEJNTh (usndeckuil pparMeHT TEKCTa, UMEIONIEr0 HEIOCPEICTBEHHOE
OTHOITIEHUE K Y, B OOJIBIIIUHCTBE CIy4YaeB 3apaHee oOpeveHa Ha HeyIady.
Ho ocraercst Bo3aMoKHOCTH cBsI3aTh Y ¢ TeMaTwkoil cratou B mesom. Ce-
MaHTuKa crarbu 1 dhopmupyercs: B nporecce nocrpoerusi rpada Giegt(T).
Takum 06pazoM, BOZHUKAET 3a/1a9a BBIIEJIEHUsT B IOCTPOEHHBIX KJIacTepax
11st rpada Gieqrt (1) nadopMaImm, KOHTEKCTHO CBSI3AHHON ¢ HOBBIM TEPMUHOM.
Bec acconmaTuBHBIX CBsI3eil MEXK/Iy KJIIOUEBBIM CJI0BOM Y u TepMuHoM M;,
KOTODBI sIBJIsieTCs 1eHTpoM Kjacrepa Cf, olpejiesisieTcss Kak

p(Ci)

Z(Y, M;) = S ()

2)

rue p(C;) — Bec kinacrepa C;.

Nexonmetit tpad Gaomain TOCTPOEH MO UCKJIIOYATEILHO ABTOPUTETHOMY
UCTOYHUKY MHGOPMAIUY — HAy9IHOI SHIUKJ/IONEIUN. DHINKIONEIUs — COB-
MECTHBIN TPY/I 3aC/Iy?KEHHBIX aBTOPOB, AKKYMYJIUPYET YCTOSBIINEC TAHHBIE
110 GOJIBIIUHCTBY pas3jesios Hayku. [osromy Bbrauciaenubiii o dgpopmyie (2)
Ha OCHOBaAHUU ﬂaHHbIX, MN3BJICYCHHDbIX U3 €¢/IMHCTBCHHOI'O I/ICTOqHI/IKa, Cﬂeﬂy—
eT YMHOXKUTH Ha HEKOTOPbIil KO3 MUIMEHT yPOBHS JIOBepUsl K UCTOUHUKY

§(E<1):

Z2(Y,M;) =& Z(Y, M;) (3)

B rabimue 1 npejicraBienbl pe3yIbTaThl BbIJIEIEHHsT HOBBIX TEPMUHOB IIPH
06paboTKe KOJUIEKIUU IyOJInKaluii HayIHbIX KypHaJsoB [13, 14].

Tabsmia 1. PesysnbraTh! nmomnojHeHns 6a30BOT0 ceMaHTUYECKOro rpada UH-
dopmanmeit 13 TEKCTOBOTO KOPITyCa

YucJto cymecTBYIONNX BePITNH-KaHIHIATOB, 36
IepeBeIeHHBIX B CcTATyC 6a30BOr0 TEPMUHA,

Yuco HOBBIX BEpIIUH 107
Yucao HOBBIX CBSI3€i 4345
— U3 HUX CBSA3€H «4acTb-1IeJI0€» 2818
— U3 HUX CBs3ei-accorualmii 1527
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5. IloBbiieHne BecoBbIX KO3 @DUIIMEHTOB accomua-
TUBHBIX CBd3eil

Kazkmast HoBast cTaThbs MOXKET COAEpyKaTh MH(MOPMAINIO U3 HOBBIX Pa3Je/ioB
HAyKU WJIM HOBBIX HAYUYHBIX HAIIPABJIEHUIl, JTaHHBIE O KOTOPBIX OTCYTCTBYIOT
WJIN IJIOXO IpeacTaBiieHbl B rpadeGaomain. CleaoBaTebHo, 06paboTKa HOBOIA
CTaTbd MOXKET JIOIOJIHUTH HAIIU 3HAHUS KaK HOBLIMM TEPMUHAMU, TaK U
HOBBIMM CEMAaHTHYECKHUMU CBSA3SIME MEXKIY TEPMUHAMU — KaK HOBBIMH, TaK
1 yrKe UMeromuMucs B redaypyce. CeMaHTHKa CTAThbU MOXKET YKa3bIBATh Ha
6oJjiee CHJIbHBIE 3aBUCUMOCTH MeXK1y TepMuHaMu. PaKTHIeCKH 3TO O3HAUYAET,
4TO 00pabOTKa CTAThU U3 JIOBEPEHHBIX MCTOYHUKOB MOYKET IIPOU3BOIUTLCS B
JIBYX PEKUMAX:

1) B peKMUMeE IIOIIOJIHEHNA HOBBIMU TE€PMHUHAMMNU U HOBbBIMHW CBA3AMU,

2) B pexxnme MOUQUKAIINA BECOB CYIIECTBYOIIX CEMAHTHICCKUX CBsI3ei
C TOJIEPKKOiT pexknma (1).

Bolaenennble u3 TekcTa myGIuKaul KII09eBble CJI0Ba MOI'YT ObITH KaK HO-
BBIMU TEPMUHAMM, TaK U yzKe cymecTByiommmu B rpade Gaomain. HOBBIE
TePMUHBI JOOABIAIOTCS BMECTE ¢ HOBBIMU CBSA3SIMHI, BECA KOTOPBIX PACCIYUTAHLI
no dopmyiie (3). Ecin ke cemanTuvIecKast CBA3b yKe CyIIECTBYET, TO BO3HU-
KaeT BOIPOC 00 M3MEHEHHH €€ Beca. Y2Ke CyIIeCTBYIOIINE CBA3H IOCTPOCHBI
HA OCHOBE JOBEPEHHLIX MCTOYHMKOB MH(MOPMALNU, U OJHA CTaTbs HE MOXKET
[peTeH, 10BaTh Ha KapJ/MHaIbHOEe U3MEeHeHHUe BeCcOB, HO MOXKeT IIPUBECTH K
HEKOTOPOIt nxX MoIu(UKAIIY.

ycrs Z (Y1,Y3) — Bec myru B rpade Gaomain, Zl(Yl, Y5) — BbIUHCIICHHBILH
1o dopmyie (3) Bec sroit nyrm. Beim Z(Y1,Ys) > Z1(Y1, Ya), T0 HOBBIii TekeT
He YBEJUYNBAET aCCONMATUBHYIO CBA3bL MEXKIY TEPMUHAMM, BEC CYIIECTBY-
[OLIel CBSI3M He m3MeHsteTcs. B cayuae Z (1,Y2) < Z~1(Y1, Y5) HOBBIIT TEKCT
JIOJIZKEH YCUJIUTD 3TY aCCOIMATUBHYIO CBA3L M HEOOXOJNM IIepepacdeT Beca
COOTBETCTBYIOIIEH JIyTH.

BeruucamM oTHOCUTEIbHOE CpeJHeKBa paTUdHOe OTKJIOHEHUE

g 1200,Ys) = Z1(N, V)|
Z(Yl, Yg) + Zl(Yl, Yg)
IIpousseneM KOPPEKTUPOBKY BECa JyTH:

Znew(Y1,Y2) = g(Z(Y1,Ya), Z1(Y1,Y2))

riue
9(Z(N,Ya), Z1(V1,Y2)) = Z(V1,Y2) + Z1 (Y1, Ya) - f(d) (4)

Bui6op dbyukmun f(d) u, cregosarensuo, g(Z(Y1,Ys), Z1(Y1,Ys)) onpese-
JISIETCST CJIEJLYIOIMMU KPUTEPHSIMU:
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e 1pu ofHokpaTHOM mosiBiaennn Z1(Y1,Y2), 3HAYUTETHHO TPEBBIIIAONIEM
Z(Y1,Y2), He jiojpKeH HABIIONATbCs Pe3KUil pocT Znew (Y1, Y2);

® [IpU [IOCTOSIHHOM II0sIB/JIeHNH GoJibiioro 3uavenust Z1(Y1,Ys) Bbraucien-
Hoe 110 hopmyie (4) 3HaueHUE Zpeq (Y1, Y2) IOIZKHO 38 HEKOTOPOE YHCIIO
urepanuii cxoaurbes K Z1(Yq, Ya).

B mannoit paboTe UCIOIB3yeTCS

d  |ZW,Ys) — Z1(Y1,Ys)]

fd) = V2 V2 (Z(Y1,Ye) + Z1(Y1, Y5))

PaccMoTpruM cXOOMMOCTD Znew(Yl, Ys) 7 (Y1,Y5). Beraucinm KosmmdecTBo
UTEpanuil 1, Ipru KOTOPOM ]Z(Yl, Ys) — Zl(Yl, Ys)| < e. Ilpu € = 0.001 norpe-
byercst or 10 1o 14 maros, a npu € = (0.0001 Kosm4yecTBO UTEpAIHiT JIEXKUT B
nuanazone oT 14 1o 19. @akTudecku 9TO 03HAYALT, UTO JTayKe IPU HEOOIBIITIOM
HaYaJIbHOM Bece Iyru Haamdne 14-19 TeKCTOB ¢ BBICOKAM YPOBHEM aCCOITHA-
TUBHBIX OTHOIIEHUN TPUBOJIUT K BBIUUCIEHUIO BECA JAYT'U, COOTBETCTBYIONIIEMY
JIAHHBIM M3 HOBBIX MCTOYHUKOB. C Jpyroil CTOPOHBI, UCXOIHBIN BeC Jyru
[IOCTEIIEHHO YBEJIUINBAETCS TOJIBKO IMPU HAJUYUH JIOCTATOYHOIO KOJTUIECTBA
JIOBEPEHHBIX UCTOYHUKOB, YTO FOBOPUT O COAJIAHCUPOBAHHOM TPeOOBAHUU K
HAOOpY cTareil Jyist yCTONINBOTO (DOPMUPOBAHUSI HOBOT'O BECa Znew(Yl, Y3).

Ha pucynke 2 mpescraBiieHbl pe3yJIbTAThI IEpepacieTa Beca CymIeCTBYIO-
1ieit JIyr'v Ipu MHOTOKPATHO# 00paboTKe OHON U TOM 2Ke HAyIHOH mybJImKa-
AU,

0.25
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Puc. 2. Hsmenenne Beca nyru «auddepeHnnanbias UTPpay — «CTPATETHSI»
rpada Giomain IPU 00PabOTKE TEKCTa, HAYIHON ITyOIMKAIIT

6. 3akJrodeHUue

B craTbe paccMmorpenbl mpobsieMbl aBTOMATHIECKOTO (DOPMUPOBAHUS TE3ay-
pyca Hay4dHOI obsiacTu. ABToMaTHIecKn cPOPMUPOBAH Te3aypyC MaTeMaTh-
YecKon TEPMUHOJIOTHUHN, ITPEAJIOZKEHDBI aJITOPUTMBI ITOIIOJTHEHUA ITOCTPOEHHOI'O
Tezaypyca. PaccMaTpuBaioTcst BOMPOCHI BBIJIEJICHUST TEMATUIECKUX ACIIEKTOB
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HAYYIHON yOJIMKAIINY, [IPEJIJIOKEHHBIE aJITOPUTMbI DA3UPYIOTCS HA AJTOPUT-
Max KJacTepusaruu rpados.
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YHacrp 2
CrennaJjibHBIE BOIIPOCHI TE€OPUN
MHTEJJIEKTYaJbHbBIX CHUCTEM



O mpeaenbHBIX ITUKJIAX B OJHOPOAHBIX
HEPOHHBIX CETAX

A. C. Ipo6uimes!

B pabore paccmarpuBaercss (popMasibHAST MOJETH HEHPOHHBIX CETEt,
B KOTOPO KaxKJI0il HEHpOH IIpeJICTaBJICH B BUJE aBTOMAaTa, COCTOAIIEIO
U3 MOpOroBoit OyseBoil pyHKIMN U 3a1epxkKu. JlokazbiBaeTcss Kpure-
puii TPUHAJIEXKHOCTH CTAPTOBON KOHMUTYPAIINN TTPEICTBHOMY ITHKILY.
Kio4deBble cjioBa: HEPOHHBIE CETU, IOPOTOBbIE (DYHKITHH, CXEMBI U3

d)yHKHI/IOHa.HbeIX 9JIEMCHTOB, IIpeAEJIbHbIC ITUKJIbI.

1. BBenenne

Ceroaust uccjaegoBaHMIO Hefipocereil yaessiercs: bobioe BHUMaHue. 1lepBast
dopMasibHaAsT MaTeMaTHIeCKas MOJIeIb HelipoHa ObLIa mpeacTaBiaeHa B 1943
rogy Y. C. Mak-Kasutokom u B. Tlurrcom [5], moznuee B 1956 romy C. K.
Kimuan [6] IIOKa3aJl, 9TO KaKJIbIii KOHEYHBII aBTOMAaT MOZIEJIMPYeTCd Heil-
POHHOI CeTBIO C 3aJepP:KKOil B JIBa TaKTa. B JIaHHOW CTAThe MCIOJIb3yeTCHd
MO/IeJIb HefipOHa, BIIEpBbIe Ipe/cTaBjieHHasi B pabore [1| u mosyunsmias gaib-
Helilllee pa3BuTHE B paborax |2, 3|, rje HelipOH MpeICTaBISeTCS B KAYECTBE
aBTOMATa, COCTOSIIEro U3 MOPOroBoil pyHKINK U 3ajepxkku. Heifponnast ceThb
npejicraBisier coboil rpad cBa3eil Takux HeHpoHOB. OCHOBHBIM PE3YJILTATOM
paboThI SIBIIAETCA KPUTEPHUH, AU yCIOBUs, IIPU KOTOPBIX CTAPTOBas
KOH(UTypaIust HeHPOHHOM CeTH MPUHAJICKUT €€ MPEIeIbHOMY ITHKITY.

2. OcHOBHBbIE IIOHATUS U pPeE3yJIbTaThbl

Orobpaxkenue f :{0,1}™ — {0, 1} HazoBéM nopozosotll dyrkyued, ecan cy-

mecTByer 6ecocoti Bektop w = (w', ..., w™) € Z u Takoe h € 7, Ha3bIBaEMOE

noporom, uto st Beex x = (zb, ..., 2™) € {0,1}™ umeer MecTo paBeHCTBO:

f(z) = sign(w' - 2! + - +w™ - 2™ — h), Te

. 1, z=>0;
sign(z) = 0 <0

Ornomenne R C {0,1}™ Gyiem Ha3bIBaTh 1n0po206uim, ecan R — obiacTb
MCTUHHOCTH HEKOTOPOit moporosoii dyaknun. O6oznaanm N (m) := {3.xr |

! Tpo6wiwes Aaexcandp Cepeeesuy — aciupanT Kad. MATEMATHIECKOH TEOPHN MHTEJ-
JIEKTyaJIbHBIX cucreM Mex.-mar. d-ta MI'Y, e-mail: drobyshev.sanya@yandex.ru.

Drobyshev Alexander Sergeevich — graduate student, Lomonosov Moscow State
University, Faculty of Mechanics and Mathematics, Chair of Mathematical Theory of
Intellectual Systems.
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R C{0,1}™}, rme xr(x) — xapakrepuctudeckas QyHKIUs, OMPE/IeIEHHAS
“+o00o

kak Xr(z) = 1 < 2 € R. Daementsl MmHoxkectBa N = |J N (m) Gynem
m=0

Ha3bIBATb HEUPOHAMU.

IIycts fi,..., fn — moporosbie (byHKIIMM OT N + M IepeMeHHbIX. Hed-
POHHOT CcEMBI0 HABOBEM BCSIKYIO CXeMy U3 (DYHKIIMOHAJIBHBIX JIEMEHTOB C
3adepxKoit X(f1,. .., fn), 3agaHHyI0 cucTeMOil ypaBHeHUIT BuIa

Y1 = 361f1(y17 . e '7yn>7

Yn = Scnfn(yla cee ayn)7

riae ¢; € {0,1} mus Beex @ = 1,...,n. UHorga Gynem mnucarh Y BMECTO
Y(f1,---, fn), kOrHa dysxIMU f1,..., f, GUKCHPOBAHDL.

B nammoit pabore paccMaTpuBaOTCs HEHPOHHBIE CETU, B KOTOPBIX KAXKIOMY
HelWpoHy MpUMHCcaHa OHA W Ta e moporosast dyukims f. Takne HelpoHHBIE
cetu OyjieM Ha3bIBATH 00HOPOOHbIMU U 0003HAaYATH 2( f).

Kaxnas weiiponnas cetb X(f1,...,fn,) omnpeiensier oTobpazkeHue
oy {0,1}" — {0,1}", samamnoe yciaoBuem: P(yi,...,yn) =
(Ber 11, -+ Yn),s -+ 5 Ben fu(y1s - - - yn)). Habop a(t) = (a1(t),...,an(t)) €
{0,1}"™ 6yznem nasbiBaTh Kondueypayuet ceru B MomenT Bpemenu t € N U {0}.
OtmernMm, 9TO KOHMUTYpann HeHPOHHON ceTn Y. B MOMEHTBHI BpEMEHH t 1
t + 1 cBszanbl coorrHommennsiMu a(t + 1) = Ox(a(t)).

IIpedesvrovim yukxsom HEHAPOHHOI ceTn Y OylieM Ha3bIBATh IOC/IEI0Ba-
TeJILHOCTh KOoHbUrypamuit o, ...,a € {0,1}" rakux, 9ro o+ = P(ay)
Jutst gioboro i = 1,... .k — 1 u oy = ®(ay). Bysem HasbiBaTh HelipocereBoe
oTobpazkenne ¢ cmabuAUSUPOBAHHLM, €CITH CYITIECTBYET MOMEHT BPEMEHU
LEN, 110 (11(E), - 4 () = (11(0), - ., yn(0)).

Kazoit meiiponnoii cern ¥ conocrasum rpad Gy = (V, E), BeprmmHbl
KOTOPOI'O IIPEICTABJIAIOT cOO0il HEHPOHDBI V1, ...,VU, C HPUIUCAHHLIMUA UM
BHAYEHUAME (v, = I, fi(a1, ..., ap), Tae fi — bOYHKIMS, COOTBETCTBYIOMIAS
Heifipony v;. Bynem roBopuThb, 4To HEHPOH v; PABEH ¢ B MOMEHT BPEMEHW t,
ecn oy, (t) = ¢, ¢ € {0,1}.

B rpade G moryT ObITH pEOpa, Beaylue u3 HelfpoHa v; B Vj, IPH 9TOM
dbyuknna f;, TpunmECcanHas v; HECYIMECTBEHHO 3aBUCHT OT ¥;. B TakoM cirydae
5T0 pebpo HU Ha 9TO HE BJIMSET W €ro MOKHO cTepeTh. He orpanmdnBast
obutHOCTH, OyJIeM CUNTaTh, YTO U3 BEPIIMHbI v; BeJeT pedpo B BepIINHY U;
& fj CyIIECTBEHHO 3aBHCHT OT ;.

B sT0it paboTe paccMaTpUBAIOTCS OTHOPOIHBIE HEHPOHHBIE CETU JIJISI TIO0-
poroBbix dyHKIUi KoHboHKINN (f = o A y) u qusboskiun (f =z V y).

Teopema 1. Ilycmo Gy, = (V, E) — ceasnviti epagh 001opodnots netiporrot
cemu X(f), ede f = x Ay. Toeda xonyueypayus (0) npunadaesrcum npedens-
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Homy yuray cemu N(f) < cywecmseyrom makue nodmMHoNCecmen epuiut
U,..., U CV,umo Uy U---UU; =V, u 86otnosHeHst Ycrosus:

1) Jas moboir i =1,...,1 u (u,v) € E svinoaneno

a) ecau v € U, mou € Uj_y;

6) ecauu € U, mov € Ujyq;
npuvem Uy = Up;

2) Ecau cywecmsyrom eepuwunst u,v € U; makue, wmo ay,(0) = 0, a,(0) =
1, mo ne cywecmsyem nymu 6 epage G u3 sepwuHbL U 6 SEPULUHY
v. Jas moboti sepuunve v € U; makoti, wmo oy, (0) = 0, cywecmeyem
nenycmoti, nymov 6 epage G us u 6 sepwuny v € U; makyro, 4mo

ay,(0) = 0.
U3 npuamuna asoiicreennoctu u Teopembl 1 BepHO ciieyomee.

Teopema 2. [lycmov Gy, = (V, E) — ceasnviti epagh 001opodnots netiportot
cemu X(f), ede f = xVy. Toeda xonyueypayus o(0) npuradaescum npedesv-
Homy yuray cemu N(f) < cywecmsayrom marue nodmMHoNcecmen epuiut
U,.... U CV,umo Uy U---UU; =V, u soinosrens, Yycarosus:

1) Ans mobvx i =1,...,1 u (u,v) € E evinoaneno

a) ecau v € U, mou € Uj_y;

6) ecauu € U, mo v € Ujtq;
npuvem Uy = Up;

2) Ecau cywecmsyrom eepwunst u,v € U; makue, umo ay,(0) = 1, a,(0) =
0, mo ne cywecmsyem nymu 6 2pade G u3 6epuLuMbL U 6 GEPULUHY
v. Jas moboti sepuurve v € U; makoti, wmo oy, (0) = 1, cywecmeyem

nenycmot nymov 6 epagde G u3 u 6 sepwuny v € U; maxyro, wmo
a,(0) = 1.

3. llokazareabcTtBo Teopembr 1

Cravasia JI0KayKeM HEeCKOJIBKO BeroMorareabueix jemM. [lycrs Gy = (V, E) —
cBsi3HBII rpad oxHOpOIHOI Helipounoit cetu X(f), e f = xAy. Beromy nasee,
ecim S — cuJIBHO CBsI3HAs KoMmmoHeHnTa rpada Gy, To depe3 Eg, Vg Oyaem
0003HaYaTL OFPAHUYEHUs] Ha 3Ty KOMIIOHEHTY MHOXKECTB PEOEp M BEpITUH
COOTBETCTBEHHO.

OrpejiesinM OTHOIIIEHUE g, TOJIArast

po = {(v1,v2) € Vg x Vg | Fuz(v1,v3) € Vs : (v2,v3) € Eg} U {(v,v) € Vg}
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n
pi = {(Ul,Ug) S VS X VS ’ 31}3,114 S VS : (Ul,v3), (UQ,U4) € E, (Ug,v4) € ,01;1}

o
s Beex @ € N. Ilyers ps = | pi

i=0
Jlemma 1. Ilyemv S — cuavno ceasnas womnonenma epage Gyx. Ecau
(a1,b1) € ps, Mo dan mobwx az, by € Vs, marux, wmo (a1, as2) € Eg, (b1,bs) €
Eg, svinoaneno (az,b2) € pg

Jlokazamenvcmeo. Ilycts (ag,bs) ¢ ps, Torma st mo0bIX asz, by € Vg Takux,
aro (ag,a3) € E, (by,bs) € E, semonneno (as, bs) ¢ ps. Tak kak S — cuiibHO
CBsI3HAs KOMIIOHEHTA, TO Yepe3 JII00ble JiBe ee BepIIMHbI IIPOXOJUT 110 KpaiiHeit
Mepe OJIUH IUKJI. PaccMOTpuM JiBa IUKJIA:

1) Huks S| MUHEMAIBHON JJIMHBI 1M, TPOXOJIAIIUIT Ye€Pe3 BEPIIUHBL 41, 42;
2) Huks Sy MUHUMAJIBHON JITTMHBL 70, TPOXOJISIIIHIL Yepe3 BEePIIUHBL by, ba.

Bes orpannyenus obmHocTH cynTaeM, 910 m < 1. Torma 1jist 9THX IUKJIOB
OyIeT BBIIOJIHEHO CJIeTyIOIIee:

(a27b2) ¢ PS, (a3,b3) ¢ PSy -, (amabm) ¢ PSs-

C npyroit croponsl, (a1,b1) € pg, cien0BaTeNbHO, (An, by) € ps. A 3HAUNT
(an—1,bm—1) € ps, (an—2,bm—2) € ps u T.1. Torma, mepebupast BEPIUTHHBI STHX
[IUKJIOB B 0OPATHOM MOPSJIKE HE TO3/HEe, YeM Yepe3 NI IPOXOI0B 110 IUKJIaM,
HOJIy9MM, 9TO KaK MUHUMYM OjiHa U3 1ap (a;,b;),7 > 2, IPpUHAIJIEKAT pg.
[TporuBopedne ¢ M3HAYATHLHBIM IIPEIIOTIOMKEHUEM. O

Jlemma 2. FEcau S — cuavro ceasnas komnonenma epaga Gy, mo pg —
OMHOWEHUE IKBUBAAECHMHOCTIU Ha MHOdICEcme sepuut V.

ﬂonasameﬂbcmeo.

e PeduiekcuBHoCTb clelyeT U3 TOro, 4TO BKIOUYeHME (V,v) € py BEPHO
1 BceX BepiuH v € Vg.

o CUMMETPUYHOCTD CJIEYET U3 IIOCTPOECHHUS.

e Tpansurusuocrs: [lycrs (vi,v2) € pg, (v2,v3) € pg. VI3 nocrpoenus
CJIEJIyeT, 9TO CyMIeCTBYIOT BEPIIMHLI U1, Uy € Vg, JOCTUXKUAMBIEC U3 Bep-
HINH V1, V9 U V3, V4. IlycTh §1 — JJIMHA KpaTdaiiliero myTH u3 vy, v2 B U1,
a $9 — JUIMHA KpaTyaillero IyTH U3 U9, V3 B U. Be3 orpanuyenus oo1l-
HOCTHU Oy/IeM CYUTATh, 9TO S1 > S9. OOO3HAYMM 3TH IYTH CJICAYIONIUM
06pasoM:

a=ajay...Qa5 — OyTh U3 U] B U1,
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B=p31P2...0s, —UyTb U3 U3 B Uy,
Y =Y1Y2-..Ys, — IyTh U3 U2 B U2,
0 =10102...0s, — IyTHb U3 U3 B U2,

rae ap = Ulaﬁl = V2,05, = le =ui,MN = U2751 = U3, Vsy = 582 = U2.
TOI‘,ZLa NMEIOT MEeCTO BKJIIOUYECHUA

(a1, B1), (B1;71), (11,01) € ps,

cJIeJIoBaTeNIbHO, 110 Jlemme 1

(052752)7 (52a72)a (72752) € ps,---, (aszaﬁsz)v (ﬁ52>752)7 (7827682) € ps-

Tak kak u3 (as,,ds,) € pg caemyer, 910 (Qs,,0s,) € pPg, TO, UPOIiIs
0BpaTHO OT (g, ds, 11O MyTAM ¢, §, TOIydUM, 9TO (V1,v3) € pg. JHAUUT,
(v1,v2) € p= (u1,u2) € py, — cienyer u3 HocrpoeHust p, n (ui, ug) €
p = (v1,v2) € py, — CJIEIyeT U3 JOKA3AHHOTO PaHee.

O]

Jlemma 3. FEcau S — cuavho ceasznas xomnonenma epaga Gy, mo na eep-
WUHAT IMOT CUADHO CEAZHOT KOMNOHEHMDL MONHCHO NOCTPOUMD MAKOE Pa3-
buenue Ha Kaaccv, sxsusasernmmuocmuy Uy, ..., Uy, umo daa mobozo pebpa
(v1,v2) € Eg 6winoaneno

1) Ecau vy € U;, mo vy € Ujyq;
2) Ecau vg € U;, mo vy € Uj—q.

Hoxazameavcmeo. llycts Uy, ..., U, — KJIacChl SKBUBAJEHTHOCTH, OIIpee-
JIeHHBIe OTHOIIeHneM pg. VI3 Jlemmsbr 1 ciesyer, uro jyist siro6oro pebpa (v1, va)
Takoro, aro v; € Uy, Oymer BuInosiHeHO vo € U; Hj1s1 HEKOTOpOro 4. be3 orpa-
HUYEHHUs OOIHOCTH OyleM cuuTaTh 410 310 Us. AHAIOrm4HO, st J11060ro
pebpa (v1,vy) Takoro, uro vy € Uy, Gyaer BbimosneHo ve € Us u T.1. [lycrs
cymiectByer takoe k, uro jisi 060ro pebpa (vi,v) Takoro, uro vy € Uy,
Oyaer BeInoJHEHO vo € Uy u k # m. PacemorpuMm npousBoJibHbBIE v € Uy 1
vy € Ugy1. Tak xak n3 Uy Bce pebpa BenayT B U, TO He CyIIecTBYyeT IIyTH
m = 7(v1,v2), CBA3BIBAIOIIETO 9TU J(BE BEPIIUNHBI — IIPOTHBOPEYHUE C TE€M, UTO
S — CHJIbHO CBsI3Hasi KOMIIOHEHTA. O

Jlemma 4. Ilycmv S — cuavho ceaznan xomnonenma epaga Gy, p — ommo-
weHue axsusarenmuocmu ud Jlemmor 2 u omobpascenue ® cmaburusuposaro.
Tozda das a10600 napv, (V1,v2) € p PABERCMBO Quy, (1) = Cuy, (t) sBINOANHERO
oas mobozo t = 0.
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Jlokasameavcmeo. JlokazkeM, 4TO yTBEPXK/IEHHUE JIEMMbI BEPHO JIJIsT KAXK0TO
pi, © = 0. g sToro mokaxkem cHadaJia, ITO JJI JIOObIX U1, V2 TAKUX, UTO
(v1,v2) € po, BBIIOIHEHO (i, (1) = iy, (t) murst 0600 t > 0. Pacemorpum
IPOU3BOJILHYIO TPOIKY BEPIIUH V1, V2, V3 € Vg Takux, 4o (v1,v3), (ve,v3) €
Eg. Ilycrs G — npoussonbeti moarpad rpada G, Toraa 0603Hadmm O (t) =
{v eVy | v(t) = 0} B cuny crabumusuposannoctu ® 0c(t) = const
1t ioboro nukia C, npoxogsiinero depes Bepiusbl Gy. IIpemosnoxum,
qT0 cymecrByer ¢ takoe, 4To v1(t) = 0,va(t) = 1. B makom ciyuae, vs(t +
1) = 0 u KoIM4YeCcTBO HyJI€eil B IUKJIE, IIPOXOJISIIEM YePe3 Vg, U3 YBETHMIUTCSL.
IIpoTruBopeune.

[Iycre miust p; u jyst 06bix (v1,v2) €  p; BBIIOIHEHO (1) =
Quy, (t) mitst moboro t. TTokaxkeM, 9To TOrua TO ¥Ke OyJeT BBIIOJHEHO JIJIs
pi+1. Jokaxkem, 4T0 BEpHO JIsi U1, V2, V3, V4 TAKUX, 9TO (v1,v3), (Va,v4) €
E, (vs,v4) € p; u v3,v4 — paziuanbie. [1o Mpe/IIOIOKEHUIO 3HAUEHUST B HIUX
coBnaaoT st jiroboro t. Ho Torga ecim ay, (1) # au, (t) s kakoro-to t,
TO B MOMEHT BpeMeHu ¢ + 1 3HaueHus B v3 u v4 OyAyT ormaarbest. IIpoTuso-
peune. Takum o6pas3oM, Jiist JTHOOBIX V1, V2 € PS BBIIOTHEHO (i, () = vy, (1)
st oboro t 2> 0. ]

Jlemma 5. Ecau epag Gy cocmoum u3 00HOT CUABHO CBAZAHHOT KOMNOHEH-
mMol, MO OAH HE20 GBINOANEHDL HeobToduMble Ycaosus Teopemo 1.

Loxazamesvcmeo. Ilycts S — 3Ta cuibHO cBsizHAsA KOMIIOHEHTa, & U1, ..., Uy,
— KJIACCHI 9KBUBAJICHTHOCTH, OIIPeJIeJIEHHBIE Ha 9TOH CUJIBHO CBSI3HON KOMIIO-
HEHTEe OTHOIIEHUEM 3KBUBAJIEHTHOCTH pg. PaccMoTpuM mpons3BoJibHOE pebpo
(u,v) € FE, 6e3 orpanudenusi oOIHOCTH OyJieM CUUTaTh, 4rT0 u € U; 1jist
nekoroporo ¢. Torma uz Jlemmnr 3 cienyer, uro v € Uj41, rie ¢ + 1 Gepercs
mo Mojystio m. 13 Jlemmbr 4 st i00BIX BEPIIWH U1, e € U; BBITOJTHEHO
oy, (t) = au,(t), a Tak Kak S — CHJIBHO CBsI3HASI KOMIIOHEHTA, TO MEXKJLy
JIIOOBIME €€ JIByMsI BEPITHHAMHU CYIIECTBYET My Th. TakuMm 06pa3oM, JJIst 9TOM
CHJILHO CBSI3HOII KOMIIOHEHTHI BBIIIOJTHEHBI HeO6XOILI/IMbIe ycjaoBud TeOpeMbI

1. O

Bynem ropoputs, 9To nocaenosBaresbHOCTh U, . . ., U, MHOXKECTB BepIINH
u3 V — oxeamuwsarowutds yuka (obosnauum vepes C'), ecyu Jjisi JIIOOBIX JIBYX
BepiuH u, v € V takux, 4ro (u,v) € E, BbloaHeHO

1) Ecim u € U;, To v € U1,
2) Ecm v € U;, o u € U;—q,

npuyYeM Bce WHJIEKChI OepyTest o momayito m. Eeom C = (Uy,...,U,) —
oxBaThIBaIOMMi UK/, TO 4epe3 Vo = U; U ... U U, 6ygem obo3HAIATDH
MHO2KECTBO BEPIIIUH 3TOI0 OXBATHIBAIOIIETO IUKJIA.
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Jlemma 6. I'pagp G, mooicro pazbums ma nocaedo8amesbHoOCmMs 0L6aAMbLEa-
rowur yukaoe C1, ..., Cy, ydoeaemeopaouyto cAcOyouUUM YCAOGUAM:

1) Vo, NV, =0 dan scex i # j;
2) Ve, U---UVg, =V;
3) as mobozo C; = (Uq,...,Up) 6vinoaneno

o Fcau cywecmeyrom eepwunst u,v € U; makue, wmo oy, (0) =1 u
ay,(0) = 0, mo ne cywecmeyem nymu 6 2page G u3 sepuunv, U 6
BEPULUHY V.

o Jlaa a0b6ot sepuunse v € U; makot, wmo a,(0) = 0, cywecmsyem
nymo 6 epage G us u 6 sepwuny v € U; makyro, wmo oy, (0) = 0.

oxazameavcmeo. N3 JlemMbl 5 cienyer, 9TO KaXKIyIO0 CUJIBHO CBI3HYIO
KoMIIoHeHTY Gy MOXKHO pas3burth Ha Kjaaccel Uq,...,U,, Takue, aro C =
(Uy,...,Uy) — oxBarbiBatonmii 1ukJ1, u jyisi C' BBIIOJHEHO yCJIOBHE 3 U3
YTBEPXKIEHNsT JJeMMbI. 1OT/Ia COIMOCTABUM KayKJION CHJIBHO CBSI3HON KOMIIOHEH-
Te ee OXBATBHIBAIOIINI UKJI, TOJIYIUM IIOCIEI0BATEIBHOCTD OXBATHIBAIOIITIX
mukjoB C1, ..., Cy. Tak Kak MHOXKECTBa BEPIINH ABYX PA3JUIHBIX CHUJILHO
CBSI3HBIX KOMIIOHEHT He MePeCceKaroTcsi, TO OyJIeT BBIMIOJHEHO yCjoBue 1, a Tak
KaK KaxKasl BepIInHa rpada IPUHAIICKUT XOTs Obl OMHON CHIBHO CBSI3HOM
KOMIIOHEHTE, TO Oy/IeT BLIITOJIHEHO YCIOBUE 2. O

Beesem ormepaTtop KOIUpPOBaHUST 0XBATHIBAIOIETO ukJa Py. [lycrs C =
<U1,... , Un>, torma Cy = @, C1, eciin Cy = <U1,... JUR UL Uy, U, Un>
1 2 k
IIpu stom Cy Takke OyIeT SIBIATHCS OXBATBHIBAIOIINM ITUKJIOM II0 OIIpeJIee-
HUIO.

Bsemem omeparop CKiefikyd OXBaTBHIBAIOMINX IIUKJIOB (O U ITOKAXKEM, ITO B
pesyJibTare MPUMEHEHHs 3TOr0 OIEPATOPa TaKKe OYAET MOIydaThCs OXBAThI-
BAIOIIWIT ITUKJI:

1) Ilycrs C; = ({v}), C; = (Ui,...,Up) u B v BeJieT pebpo U3 HEKOTO-
poro Uj, pébep u3 v B U; Her Hu mist kakoro i. Torma ©(C;, Cj) =
U;,...,U,), tne U, = U; U {v}. Hokaxewm, aro aua &(C;, C;) Gymer
BBITIOJIHEHO OIIPEJIe/IeHNe OXBATHIBAIONIETO IUKJIa. PaccMOTpUM Mpouns-
BOJIbHOE PeOpo (u1,u2) n3 ®(C;, C;). BosmoxkHBI ciefyronye cirydan:

a) up € Uj,uy € Ujy1 myist HeKoTOporo i. B makoMm ciydae Takzxke
! !
Boinosneno uy € Uy, ug € Uy 4.
! /
6) u1 € Uj,ug =v. Torma uy € U, a us € U 110 OCTPOEHHIO.

/ ! .
B) up = up = v. Torma u; € Uy, a ug € U; | ana moboro i mo
IIOCTPOEHUIO.
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Takum obpaszom st O(Cy, Cj) OyieT BBIIOIHEHO OIPEEIEHIe OXBATEI-
BAIOIIIEro IUKJIA.

Hycrs C; = (UL, ..., UL),C; = (U, ..., U). llycrs v € U2 1714 HeKo-

Toporo a, au € U} must nexoroporo b u (u,v) € E. Pé6ep (v/,v) Takux,

aro u' € Ui,v eU; 119 HeKoTOpBIX i1, j1 He cymecTryer. Torma, eciu
/ ! /

s = HOK(m, 1), To @(Ci,Cj) = (Uy,...,Uy), tne U, = U}, UUZ,,_|, a

b+t ua+t—1 6epyrcs 110 MoJIy/II0 M 1 | cooTBeTCTBeHHO. PaccMoTpum

POU3BOJIbHOE Pebpo (u1,u2) 13 O(Cj, C;) u mokaxkeM, aro O(Cy, Cj)

Oy/IeT SIBISATHCS OXBATHIBAIOIIIM TTHKJIOM.

a) Ilycrs u; € U, ,3, ug € U, kl; 41, bae k Geperca o mogymo m. B rakom
caygae miast O(Cj, C;) BBIIOIHEHO U1 € U,;fb,ug € Ul/cfb+1v rie
k—b,k— b+ 1 6epyTca 1o MOIYITIO M.

6) Ilycrs uy € U, ,3, ug € U,f 11, T7ie k Geperca o moysmo [. B rakom
caygae jyisg O(C;, Cj) BBIIOIHEHO Uy € Ué7b+1,u2 € U,;fb”, rie
k—b+1,k— b+ 2 6epyrcs 1m0 MOIYJIIO [.

B) Ilycts uy € UL, ug € U2, Torna uy € Uy, up € Uj.

Takum obpasom st ©(Cj, Cj) Gymer BBIIOIHEHO OIpee/IeHne OXBATBI-
BAIOIIEro IUKJIA.

IMycts Cf, = <{v}> = (U{,...,U}),C; = (U},...,U?). Ilycrs
up € UL ug € U ! (ul, v), (ug,v) € E. Torma, ecim t — jymHa
IPEAeIBLHOTO IIUKJIA, TO C’i = @aCZ-,C; = ®pC}, npuuem a,b € Z —
TaKie, Yo am = bl = t. B rakom ciydae, ©(Cy, Cj, Cy) = <U{, ce Ut/),
rie Uy = U,y UUZ, ympus # 1uU = UUU?U{v}, a
i+s—1wuj+s— 1 06epyrcs 10 MOJYJIIO M U | COOTBETCTBEHHO,
npuaem UL € O, U2 € C’;-,s =1,t u |6(C;, Cj,Cy)| = t. Paccmorpum
npousBoJsibHOE pebpo (v1,v2) u3 O(C;, Cj, Cf) 1 HMOKayKkeM, 4TO st
®(C4, Cj, Cy) Gyner BBIIOJIHEHO OIIPEIeJIEHAE OXBATHIBAIOIIETO IUKJIA.

a) Iycrb vy € U , U2 € U+1, B TAaKOM cJiydae vy € U i1 V2 €

U;_Z-JFQ, rme g —t+ 1,9 — ¢ + 2 GepyTcs 110 MOJYJIIO t.

6) Ilycrs vy € Ug2,’l)2 € Ug+1> B TaKOM Cjydae v7 € U _j+1:02 €
U;_j+2, rne g—j+1,9— 7+ 2 6epyrcs 10 MOJLYJIIO t.
B) Ilycrs v; = uy,v9 = v, Torma vy € Uy, vy € U,
r) Ilycrb v1 = ug, vy = v, TOrHA V1 € U,;,vz € U{
Takum obpasom gt O(Cj, Cj, Ck) OyaeT BBIIOIHEHO OIpeieJieHne OXBa-
TBIBAIOIIErO ITUKJIA.
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Ipyrux ciydaeB ObITh HE MOXKET, TAK KAK UX MOYXKHO OyJIeT Pa3JIoKUTh
Ha 0o0Jiee YaCTHBIE OJIHOTO U3 ITUX TPEX THUIIOB.

Jlemma 7. Ecau cywecmsyem nocaedosamesbHocms 0T6ambl8aIoUUL UUKA0G
epaga Gs; daunw k, ydosaemsopsarowan yeaosuam Jlemmvr 6, mo cywecmeyem
N0CcACJOBAMEABHOCTID 0OTEAMBLBAIOUUL UuKA06 epada Gy daunv, e 6oaee
k — 1, ydosaemsopsrousasn yeaosusam Jlemmol 6.

Zloxazameavcmeo. BeenéMm Tomosiorndeckniit mopsiIoK CUIBHO CBA3HBIX KOM-
nonent rpada Gy. Ilycre W — BecoBast dbyHKIMSA, YIOBIETBOPAIONIAS YCIO0-
BUSIM:

1) CymecrsytoT uy,v1 Takue, aro u1 € Vs, v1 € Vg, 1 cymecTyer myTh
u3 u; B v1, He CyIIecTByIOoT ug, vy Takue, UTO Uz € ng,vg € Vs, m
CYIIEeCTBYeT IMyThb U3 ug B vg. Torma W (S;) > W (S;)

2) st srobeix pazmuanbix S; u S W(S;) # W(S;).

Taxkast BecoBasg MyHKIHA OYIET 38/1aBATh TOIMOJOTTIECKII MTOPSII0K HA CUIBHO
CBSIBHBIX KOMIIOHEHTAX.

Beejém noHsiTHe IIyOMHBI CHJIBHO CBSI3HON KOMIIOHUHETHI S U 00603HAINM
eé 1epe3 L(S):

1) Ecan S; - Takasi CHIIBHO CBsI3HAsI KOMIIOHEHTA, YUTO HE CYIIECTBYET pebEp
(u,v) Takux, aro v € Vg,,u ¢ Vg,, To L(S;) = 0.

2) Ecm S;,, ..., S;, — makme, 4TO CymiecTBYIOT pebpa (uj,v),u; € Sj,v €
S; IJ1sI BCex j € {il, .. ,ik}, TO L(SZ) = maw(L(Sil), .. ,L(Szk)) +1

[ToHsITHST TOTOJIOTUYIECKOTO TOPSIJIKA U TJIyOUHBI JIJIsT CUJIBHO CBSISHBIX
KOMIIOHEHT €CTECTBEHHBIM 0OPa30M MEPEHOCITCS Ha OXBATBHIBAIOIINE ITUKJIBI.
Bosemém B ynopsapouennoii nocienosarensnocru C1,. .., Cy Taxoit Cj, 1To
L(Cj) = 1 n uposenem ero ckieiiky ¢ takumu Cj, uro u3 C; B C; Begér
pebpo. Kak ObL10 MoOKaszaHO paHee, B TAKOM CJIydae MOJIyIUTCs MOCIeT0Ba-
TEJILHOCTh OXBATBIBAIOIINX ITUKJIOB JINHEI He 6osee k — 1. Ilokarkem, aro
JIJISE 9TOM TOCJIEIOBATEILHOCTA OYIyT BBITOJTHEHBI yeiioBust Jlemmbr 6. Tak
Kak IpU CKJIeHKe JIBA WU TPH OXBATBHIBAOIIIX IUKJIA O0bEINHSIIOTCS B OJMH,
a Jpyrue He MEHSIOTCs, TO ycjaoBue 1 BoimosHeHo. Tak Kak npu o0beMHEeHNN
B HOBOM OXBATBIBAIOIIEM ITHKJIE COJEPKATCSI BCe BEPIIUHBI, COMEPIKAIINECS B
CKJIEMBAEMbBIX IHKJIAX, & TAK¥KEe UX KOIHUHU, TO YCJIOBUE 2 OYJIET BBIIIOJIHEHO.
[Tokazkem, uTo Oymer BbInoJiHEeHO ycioBue 3. Hu oqun u3 mukIoB, n3 KOTOPBIX
ectb pebpa B Cj HE MOKET COCTOATDH U3 OJIHON BEpIINHLI, TAaK KaK TOIJa B Hee
He BeJio Obl Hu onHOrO pebpa. Paccmorpum 3 ciiytvast, aHAJIOTUIHBIE CITyYIasiM
3 Jlemmbl 6:
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)

Ecmu u,v € U, To ycaoBue 3 BBIIOJHEHO, TAK KAK OHO OBLIO BLIIOJTHEHO
st Cy. Ilyers v — Bepmmna u3 Cj. Ecin o,y (0) = 0, 1o @y (t) = 0 ptst
m06oro t u Torna u = v u yciaosue 3 BoinosHeno. Ecin o, (0) = 1 n
CYIIECTBYET IyTh 7 Takoii, uro m = w(u,v) u |r| = s, a u,v € U;. Ho
Tora oy (t) = 0 muis aoboro t > s. [IporuBopetne ¢ Tem, 9To cTrapToBast
KOH(DUTYpaIUs TPUHAJJIEIKUT IPeIeJbHOMY 1Ky, To ecThb ycnosue 3
BBIIIOJTHEHO.

Ecmn ycnosue 3 6b110 Bomosneno jig C; u C), To eIUHCTBeHHAs CH-
Tyalusi, KOTJIa MOYKET BOSHUKHYTH MPOTUBOPEYNE — €CJIN CYIECTBYET
v E sz,u € U},i # j rakue, uro:

a) u,v € U,
6) av(o) = 1aau(0) =0

B) cymiecTByeT nyth m = 7(u,v), |w| = s

PaccmorpuM myTh m 1 orpe3ok (u1,v) Takoit, uro u; € Cj, a v € Cj.
[Tycts ug — Takas, aro up € Cj u (uz,v) € E, aw\ (u1,v) = {m,m} u
|T1| = s1. Torma aw, (s1) = 0 mecom vy, (s1) # 0, 10 05, (s1+1) = 0¢; (51)
— nporusopeune ¢ TeM, uto Oc; () = const npu t > 0. Taxmm obpazom
’
_ 2 _

ay,(s1) = 0, a smadnr, cymecrsyer u € Us Taxoe, uto a,,(0) = 0.
IIporusopeune ¢ TeMm, uro yciosue 3 Jlemmer 6 Bemosmeno ps Cj. A
3HAYUT, TaKUX U U VU 6]:)1Tb HE MOZKET.

Ecmu ycnosue 3 6p110 BBRinosmeno s C; u Cj, To oHO TakzKke OyneT
BBITIOJTHEHO JIJTA C,; u C;. Tak kak pebep, seaymux n3 C; B C; ner,
TO ecsin cymecTByerT m = m(u1,Uz) TAKOM, 9T0 yy, (0) = 0, ay, (0) =
1,up,us € U,;, TO Uy = v, a u1 € C; mm vy € C;. He orpannmansas
obmocTH cumraeM, uro u; € Ul uw h = |n|. Ecrm a,,(0) = 1, o0
ay(pt) = 1 s moboro p € NU{0}. Ho h = ¢ *t, tne ¢ € NU {0}, a
BHAYUT, eC/l ay, (0) = 0, 10 ay(h) = 0. IIporusopeune.

Ecmu Cy, = (U3,...,U3), C; = (U{,...,U}),C; = (U%,...,U?), To upo-

BojuTca ckieiika ¢ C; mmm Cj cornacuo myHKTY 2. Taxum 006pasoM MOy Iu/IHn
[IOCJIEJOBATEILHOCTD JJIMHBI Ha 1 MeHbIIE, YIOBJIETBOPSIONLYIO YCJIOBUSIM
Jlemmbr 6. O

Teneps MBI MO2KeM J0Ka3aTh Teopemy 1. Tak kak u3 Jlemm 6 u 7 caemyer,

9T0 cyuiecTByeT oguH oxBarbiBaommil mukia = (Uy, ..., Up), Ui KOTOPO-
IO BBIMIOJTHEHBI yCJIoBuUS JleMMbl 6, TO HeobxoauMOCTh ycsoBuii Teopembr 1
JnokazaHa. Terepb J0KaXkKeM JOCTATOYHOCTH ycjoBuit Teopembr 1.

[Iycrs cymecrBytor Uy, ..., U, — mHOXkecTBa BepinuH rpada Gy, yiao-

BaeTBOpsttoiue yeaopusiMm 1 u 2 Teopemsr 1. Pazobbem Kaxkmoe U3 MHOKECTB
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U=U0U}L e U? = {v e U; | a,(0) =0}, aU} = {v € U; | ay(0) =1}.
Bsegem muoxkecrso Beprmi U. ]O(k)

U0) =UY n UY(k+1) = {v €U} k41| Fu € U (k) : (u,v) € E} nnat seex k > 0.

[Ipemmosioxkum, IT0 v € U]Q(m). JlokaxkeM 110 MHIyKIUU, 9TO TOIA
cymecTByer myTh Jymanbl m u3 w € UP(0) B v. Jlns m = 0 510 0veBn;IHO.
PaceMoTpuM BepIuHy v, J10 KOTOPOH CYIIECTBYeT Iy Th JyIUHBL m+ 1 u3 UJQ(O),
TOIVIA TIO0 HPEITOJIOKEHNIO HH/IYKINH, ecau (w,v) — mocse/Hee pebpo 9Toro
nyr, 10 w € UP(m). Ho rorga v € UJ (m + 1) 10 onpe/iesieHuio 9T0ro Kiiacca.
Tak Kak cymecrsyer nyTh u3 u € U ]Q (0)BveU JQ (m), TO U3 yCIOBUSI TEOPEMBI
cieyer, 9to oy, (0) = 0, a 3HauuT v € UJQ(O). Takum ob6pazom U]Q(m) - U]Q(O).

Iycts v € U ]Q(O), TO eCThb ,y(0) = 0, Torga U3 ycI0BHSI TEOPEMBI CyIIIe-
cTByeT 1yTh 13 HekoTopoii u € U (0) B v. Tak kak kaxi0e pe6po (u1, ug) € E
3TOrO Iy TH JIEXKUT MeXKITy coceaunmu Kiaaccamu Uy u Uy, tne l € 1,...,m,
TO JIJIs1 JII06OTO Iy TH T = 7r(u v), re u,v € Uj, aiumnna myTH 7| = km. HyCTb
k>2, TOI/IA ACCMOTPHM u e U; rakyto, aro m = 71 (u, u ) |m1| = (k—=1)m
amy =my(u,v) i |me| =m. Hpe,ZLHOHO}KI/IM, aro o,/ (0) = 1, Torma m — HyTb
s u e U) s u €U | — npoTuBOpeuHe ¢ YCIOBHSAME TEOPEMBI, & 3HAYUT
o = 0u Ty — MyTh IUTHHBL T U3 U € UJQ(O) BUE U]Q(O). Hokarkem nH-
nyknueit mo k, aro ecom u € U JQ (0) u cymecrByer nyth B Gy, jutiHbL k U3 u
Bv, T0v €U JQ (k). Jna k = 0 sro oueBngno. Paccmorpum Beprmny v, 110
KOTOpOii cymectsyer myTh aunbl k + 1 13 U(0), Torja 10 npemoozxKenuo
MHJYKIUK, ey (w,v) — IocjeHee pebpo 3Toro myTu, To w € UJQ (k). Ho
rorjga v € U JQ (k + 1) 1o oupenesnenuto sroro Kiacca. TakuM o6pasom, Tak
KakK U € U]Q(O) ¥ CyIIECTBYET IIyTh JJIHHBL M U3 U B U, TO U € U]Q(m), TO
ecThb U]Q(O) C U]Q(m).

Torua UJQ(m) = U]Q(O), a 3HauuT au(m) = 0 & a,(0) = 0. Tak kak
Uj1 =U;\ UJQ, 10 ay(m) = 1 & a,(0) = 1. CiresioBaTesibHO, B CHILYy IPOU3-
BOJIBHOCTH J, 0y, (0) = ayy(m) jutst smoboit v, a 3naunt a(m) = «(0), To ecTb
CILyCTsI 1 TAKTOB TIONA/IEM B HAYAJIbHYI0 KOH(MUIYPAIUIO, & 3HAYKT, OHa Oyier
IPUHAJIEKATD [PEJIEIBHOMY IIHKILY.
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O B3amMocBs3U KpuliTorpadpudeckn
BayKHBIX CBOMCTB KOHEYHBIX KBAa3UTPYII

P. A. XKurnsies!

B nannoit pabore ycTaHaBIMBAETCS B3AUMOCBI3b MEXKJY HEKOTOPBI-
MU CBOHCTBaMU KOHEUHBIX KBAa3UIpyIIl. /loKa3biBaeTcs, 9ToO B Cayvae
KBA3UT'PYIII IPOCTOTO HOPsijiKa 13 6ecOPMEHHOCTH CJIELYET MTOJTUHO-
MUAJIbHAS TOJIHOTA. J{aHbI IpUMEpPHI, TOKA3BIBAIOININE, 9TO 00paTHOE
yTBepzK/leHne 1 000DIIeHNe 10 COCTABHBIX MTOPSIJIKOB HE SIBJIAIOTCH BEP-
HBIMU.

KuroueBbie ciioBa: KoHeUHasT KBA3UTPYIIIA, TIOTMHOMHUAJIbHAS TI0JI-
HoTa, 6€cPOPMEHHOCTD.

1. BBenenne

HexkoMMyTaTuBHBIE U HEaCCOIMATUBHbBIE aJredpantiecKne CTPYKTYPbl UI'PAIOT
BayKHYIO POJIb B NOCTpoeHHN Kpuirrorpadudeckux aaroputrmos [1]. Opun
U3 TMPUMEPOB TAKWX CTPYKTYp — KBasurpymnbel. B amropurmax GAGE un
InGAGE |[2], yuacrsoBasumx B koukypce Lightweight Cryptography or NIST,
UCIIOJIB3YIOTCH e-TIpeobpa3oBaHus U d-1ipeoOpa30BaHusi, OCHOBaAHHbIE HA O]I-
HOI w3 KBasurpym mopsiyika 4. B koukypce SHA-3 ObLin KBa3urpyImoBble
karanaTel Edon-R’ 3] m NaSHA [4]. OcnoBanmoe na KBa3urpyImax Tab/Imtd-
HOe raMMupoBaHEe 00J1a/1aeT CBOCTBOM COBEpIIEHHON cekpeTHocTH [5]. B
pabore [6] npuBouTCst 0630p NPUMEHEHHsI KBA3UTPYIII B IIOCTPOEHUN OJIHOHA~
[paBJIeHHbIX (DYHKIWH, A-KOJI0B, 1 MeTO/0B Indposanus. B 7| npeacrasien
boJtee IUPOKHUiT 0030p MPUMEHEHNsT KBA3UTPYIIT B KPUITOIpadun.

Y KaxKJ0ro KpunrorpauIeckoro ajropurMa MOryT ObITh CBOU TPeOOBa-
HUsI K MCIIOJIb3yeMbIM KBasurpymmaM. Cpean HanboJjiee 1acTo BCTPeIaeMbIX
TpebOBaHUN MOXKHO BBIJIEIUTH CJIEIYIOINIUE: TTOJUHOMUAJBHAS [TOJIHOTA, OT-
cyTcTBHE COOCTBEHHBIX MOJAKBA3UTPyIL, 6ecopMeHHOCTS [8, 9].

[TonunomuasibHas nosiHOTa rapanTupyer NP-1miosiHOTY 3a/iauu IpoBepKu
paspenmMocTy ypaBHeHuil u cucreM ypasaenuii [10, 11]. Panee ynomsiayTbiii
amroput™m NaSHA tpebyer kBasurpynnbl OOIBIIX pa3Mepos. Hammane mos-
KBa3UTPYIIIT MOXKET CHU3UTH CTOMKOCTh TAKUX aJiropuTMoB. TpeboBaHme K
OTCYTCTBHIO COOCTBEHHBIX MOJKBA3UTDYIII TAKXKE SBJISETCS YacCTbiO OoJiee
obriero Habopa TpeboBaHMIt, HA3BIBAEMOTO Oec(POPMEHHOCTHIO. AKKypaTHBIE
OIIPEJIeJIEHNsT BCEX ITUX IOHATHI OYIYT JaHbl B pasjeie 2.

L XKuernes Poduon Anexceesun — acmpanT Kad. MATEMATHYECKON TE€OPHHI HHTEJLIEKTY-
aJIbHBIX cucTeM Mex.-MaT. -ta MI'Y, e-mail: rzhiglyaev@mail.ru.

Zhigliaev Rodion Alekseevich — graduate student, Lomonosov Moscow State University,
Faculty of Mechanics and Mathematics, Chair of Mathematical Theory of Intellectual
Systems.
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B nannoit paboTe ycTaHaBIMBaeTCA B3aHUMOCBA3b MEXK/Ly HOHATHAME Oec-
dopMeHHOCTH U OJTMHOMHAJIBHO IOJTHOTHL.

Bce skcnepuMeHTB B paMKaxX JaHHOI PaOOTHI IIPOBOMIINCH C HCIIOJIL30Ba-
HUeM IIporpaMMsl https://github.com/Gerror/Quasigroup.

ApTop BbIpazkaer OiaromaprocTsb A.B. ['ajlaTeHKO 3a MOCTAHOBKY 3318491
U IIOMOIIbL B paboTe.

2. OcHoBHBIE olrpeeJjieHnA

Beexem ocHOBHBIE OIIpeIeIeHNsT.

Omnpenenenne 1. Konewnoe mmooicecmso @, 1a Komopom 3adana 6uHGPHAA
onepayus ymmooicenus f: Q X Q — Q, maxas, 4mo 0is MOOBLT INEMEHTNOE
a,b € Q ypasnenus f(a,x) = b u f(y,a) = b odnosnauwro paspewumo.
6 @, nazvsaemcs kKoneunol xeazuepynnot. Onepayuto f 6ydem nazvieams
K6a3u2pynnosot.

Jasee cioBo “koneunast” OyneM OIyCKAaTh, IIPEJIOJIaras, ITO Pedb BCETIa
HJIeT O KOHEYHBIX KBAa3UrpyIax. Bmecto cumBosia f mHOTIA J11s1 yaI0O6CTBa
OyaeM 0003HAYATH KBA3UIPYIIIOBYIO OIIEPAIIAI0 CUMBOJIOM YMHOXKEHUST *.

Onpepesienne 2. [lycmv 3adana xeasuepynna (Q,f) u Q@ C Q,
1<1Q| < |Q|. FEcau Oasn awobwx saemenmos a,b € Q eepro, wmo
f(a,b) € Q, mo 6ydem zoeopumn, wmo xeazuzpynna (Q, f) codeporcum cob-
cmeennyro nodxsasuzpynny (Q', for), 2de for — oepanuvenue onepayuu f
na Q' x Q.

Oupenenenne 3. Kesasuepynna (Q, f) nasweaemcsa apdurnnot, ecau na
mHootcecmee (Q mootcHo esecmu cmpykmypy abesesot epynnovs (Q, +), makyro,
wmo cywecmeyrom asmomoppusmo, o, [ epynnot (Q,+) u snemenm ¢ € Q,
ONA KOMOPOIT BHINOAHENO MOHCIECTNEO

f(z,y) = a(z) + Bly) +c.

PaccMoTpuM MHOXKECTBO 3jieMeHTOB KBasurpynnsl @ = {qi1, ...,qn }, N > 2
U HEKOTOPOE pasbueHne o MHOKECTBA () B 00BEAMHEHUE HEIIEPECEKAIONTIXCS
noaMuoxkecTB Q@ = Ay U ... U Ay,. Byjnem HaseiBath pazbuenne o HeTpUBUAIIb-
HBIM, ecir m > 1, A; # 0, 1 = 1,...,m, u cymecrsyer ungexc j, 1 < j < m,
takoit, uro |A;| > 1. B ciayuae ecim [Aq] = ... = |Ap,|, Takoe HeTpUBHAIbHOE
pa3buenne OyaeM Ha3bIBATH PABHOMEPHBIM. DJIEMEHTHI @, b, KOTOpbIE IIPU-
HAJIJIEXKAT OJHOMY MHOXKECTBY A;, jajiee HA30BEM SKBUBAJECHTHBIME U OyeM
KCIIOJIb30BaTh 3aIUCh @ ~ b.

Bymem roBoputs, uto f coxpansier pasbuenue <, €Cau s 000 mapbl
nabopos (ag,b1), (az,b2) € Q?, Takux, uro a; ~ b;, i = 1,2, BbIIOIHE-
Ho f(a1,as) ~ f(b1,bs). Kak MOXKHO 3aMeTUTh, KBA3UTPYIIIOBBIE OMEPAIIUH
MOI'YT COXPaHSAThH TOJHKO PABHOMEPHbBIE Pa3OUeHus.
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Oupenenenne 4. Keazuzpynna (Q, f) nasvieaemes npocmot, ecau onepayus
f me coxpanaem nwuxaxoe Hempusuasvroe pazdbuerue Q).

st dukcnposarnoro (koneunoro) muoxkecrsa A obosnaunm epes O, (A)
COBOKYITHOCTb BCexX n-apHbix oneparmii Ha A (n > 0). o 0-apabiMu ore-
panusaMu GyzueM mojapasyMeBarb KoncrauTsl Ilycrs O(A) = (U2, On(A4).
Jastee 11011 MHOKECTBOM A [OHUMAETCSI MHOYKECTBO 9JIEMEHTOB KBA3UIPYIIIIBL,
O9TOMY Oy/IeM HCIIOJIb30BaTh yrpoménuyio 3amuck: O, u O.

Cran/iapTHBIM 00pa30M BBEJIEM OIEPAIUK CYHEePHO3UIMA U 3aMbIKa-
uust [12]. O6o3nanM 3aMbIkanne MHOKecTBa F' wepes [F).

Onpenenenne 5. Keasuepynna ) HA3BEAEMCA NOAUHOMUAALHO NOAHOU,

ecau [{f} U0y = 0.

M3BecTHO, 9TO TOJMHOMUAJbHAS TIOJIHOTA SKBUBAJIECHTHA OJHOBPEMEHHOM
upocrore u Heabduunocru [13].

Oupenenienne 6. Keasuepynna (Q,*) nopadka N wasvsaemcs becdopmen-
Hol, ecau:

e xsa3upynna He udemnomenmua, m.e. 3x € QQ, Mm.u. T * T # x;
® K6a3UPYNNA HE KOMMYMAMUEH, Mm.c. X,y € Q, m.u. T*y # Yy * ;

® K6a3UPYNNA HE ACCOUUAMUEHA, Mm.e. T, Y,z € Q, m.u. (x *y) *x z #*
zx (y*z);

® K6a3ULPYNNGA HE COOePHCUM HU AEB0U, HU NPasoli eQUHUYDL, M.€. HE
CYULECMBYEM, INEMEHMOS €1, €2 € QQ, M.4. VT € () e1%x = X, Txegx = T;

® K68a3uzpynna He co0epaHcum cobcmaeHHvir noodKeasuepynm;

o ne cywecmsyem k < 2N, npu K0mopom SbNOAHANOMCA MOHCIECTNEE

xx(x..x(xxy) =y, y=((y*z)*...x)xx Vr,y € Q.
k k

Omnpenenenune 7. Asmomoppusm epynnvt G HA3bIBAEMCA PELYAADHBIM, ECAU
OMH 0CNABAAET, HENODBUNCHBIM TMOALKO MPUBUANOHBLT daemerm u3 G.
3. CJ10>)KHOCTb MPOBEPKH CBOICTB

B mammom pasmese mpu moicueTe CJIOXKHOCTH OyIeM Ipearojiararb, UTo
KBa3UTPYIIIbI 38/IaHbI TAOJNIHO, & BBIUNC/IEHNE YMHOXKEHHUsI B KBA3UTPYIIIe —
9TO dJIeEMeHTapHasd ONePaITns.
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CroXXHOCTb IPOBEPKH H6eCPOPMEHHOCTH 3aBUCUT OT CAMOTO CJIOKHOTO U3
IpoOBEPACMbIX CBOICTB. O‘{GBI/I,ZLHO, NAEMIIOTEHTHOCTDL JICTKO IIPOBEPUTH CO
cioxkaoctbio O (N), mepebpas Bce 37eMeHThl KBa3urpysl. s mpoBepku
KOMMYTATUBHOCTHU JIOCTATOYHO IepebpaTh BCE TMaphl 3JIEMEHTOB KBA3UTDYIIIIHL.
Crenarh 9TO MOXKHO CO CJIOZKHOCTBIO O (N 2) . JL1st IpOBEepKM acCONMaTUBHOCTH
MOXKHO BOCITOJIb30BAThCS MIPOTIELyPOii, Ha3biBaeMoil TecTom JlaiiTa.

Teopema 1 ([14]). ITycmv G — mmoorcecmso ¢ 3adannoti onepayuets YmHo-
orcenua x, u y G ecms nopoocdarowee mrooicecmso S. Toeda das nposepku
ACCOYUAMUBHOCTU ONEPALUL * DOCTMATMOYHO NPOSEPUND Modcdecmea Tx(g*y)
u(z*xg)*y dan ecexx,y € GugeSs.

Teopema 2 (|15]). ITycmv G — wsasuepynna nopadka N. Tozda 6 G mooicro
svideaums noposrcdarouee mnoxcecmso S pasmepom ne boavwe |logy N | + 1.

I/I3 ATUX yTBep}KILeHHfI HETPYAHO YCTaHOBUTDL, 9YTO aCCONUATUBHOCTDL IIPO-
BEpSIeTCS CO CJ0XKHOCTBIO O (N 2logy N )

[TpoBepuTh YTO KAKOW-TO IJIEMEHT KBa3UTPYIIILI SIBJISICTCS JIEBOH Wu
npaBoii exuHuIEH MOXKHO co caokHOCcThIO O (V). Takum obpasom, i KBa-
SUTPYIIBLI TOpsaka N aJrOpUTM HAXOXKJICHUS JIEBOW WJIN ITPABON € TUHUIIBI
MO2KHO peasn3oBarh 3a O (N 2), [IPOBEPUB KAXKJIBIN 9JIEMEHT KBA3UT'PYIIIIHI.

st morcka COOCTBEHHBIX TTOAKBA3UTPYIIT MOXKHO UCIIOJb30BATH CJIEJYIO-
mee yTBepKICHIE.

Teopema 3 ([16]). Cywecmeyem aszopumm, KOmMopwil YCMAHABAUBAEM, HA-
AumMue cobCmeennblir nodkeasuzpynn 6 xeasuzpynne nopadka N ¢ epemen-

1ot croocrocmoro O (N /3. (log N )2/ 3) U NPOCMPAHCMBEHHOT CAOHCHOCTIIDIO
O (N?), N = oo.

B pabore [17| 6b1710 aHOHCHPOBAHO, YTO BPEMEHHYIO CJIOXKHOCTH HOMCKA
MTOKBA3UTPYIIIT MOXKHO MOHU3UTH 710 O (N 7/ 3).

[TpoBepky TOXKIeCTB U3 OoIpeeeHns: 6ecOPMEHHOCTA MOXKHO ITPOU3BE-
cTH sIBHO. JJ1sT BBIYMCIIEHNST OJTHOTO PABEHCTBA C 171 OMEPAIUSMHI Y MHOKEHIST
Tpebyercst m aelicTBuit. YToOBI IPOBEPUTH OJHO TOXKJIECTBO C 1M yMHOXKEHUSI-
MU HEOOX0oauMO mepedpaTh Bce HMapbl JIEMEHTOB KBa3UI'PYIINIBI U JJI KaXK IO
apbl BEIYUCIUTH IPOU3BEICHNE JINHBL M. B XymimeM ciydae npuaeTcs mpo-
BEPHUTH BCE TOXKJECTBA, T.e. BHITOIHUTH N2 + 2N2 4+ 3N?2 + ... + 2N % N2
nmeticrBuii. Takum 06pa3oM, CJIOZKHOCTD MPOBEPKH TOXKIECTB U3 OIIPEIeICHEHST
KBas3UIpyIbl cocrapiisier O (N 4). TTockosibKy 9TOT IIar sSBJIsTETCS HAaubOJIEee
CJIOKHBIM, MBI TIOJIy9aeM CJIEIYIONIee yTBEP XK ICHNE.

Teopema 4. Caoorcrocmov npouedypu, nposepky dechopmernocmu O (N4),
2de N — nopadox xkeazuepynnol.
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OTMmeTnM, 9TO TOXKIECTBA MOXKHO IIPOBEPATH 60Jiee ONTUMAIbHBIM 00pa-
30M. EC.HI/I JJIgd KazKJI0I'0 TOXKJIeCTBa C 1M olepaliusiMi YMHOXKEHUA XPaHUTb
pPe3YALTATHI BLITUCIEHUST TOXKIECTBA ¢ m — 1 omeparueil yMHOKEHUST, TO
BPEMEHHYIO CJIOXKHOCTH aJITOPUTMa MOYKHO HOHU3UTH 70 O (N 5) 9T0 Tax-
2K€ TIOBBICUT MPOCTPAHCTBEHHYIO CJIOKHOCTH 10 O (N 2). Ojimako, B cydae
TabJIMIHOTO 33 IaHUsT KBaJ[pATUIHAs [TaMsITh TpebyeTcs Ha 3aJlaHue olepa-
IIUH, TTO9TOMY TaKas MPOCTPAHCTBEHHAST CJIOKHOCTD AJTOPUTMA HE SIBJISIETCST
cymecTBeHHON. Takum 00pazoM, MOXKHO CPOPMYIUPOBATE CJIEIYIOIIEE YTBEP-
JKJIEHHUeE.

Teopema 5. Cyuiecmeyem npouedypa nposepku 6ecHOPMEHHOCTU, UMEIOULAL
gpemernyo caodcrocms O (N 3) u mpocmparcmeeHHyo caodcHocms O (N 2).
3decv N — nopsadok keasuzpynnot.

Teopema 6 ([18]). Caoorcrocms npouedypu. nposepru addurmnocmu O (N3),
2de N — nopadox xsasuzpynnot.

OrMeTnM, 9T0 HAUOOJIBIINYIO CJIOXKHOCTD B aJIlOPUTME MIPOBEpKH addu-
HOCTU MMEET 3TAIl ITPOBEPKU ACCOIUATUBHOCTU. BOCIOJIB30BABIINCH PaHee
YHOMSHYTBIM TecToM JlaliTa MOXKHO TOHU3UTH CJIOKHOCTL NpOoBepKu adduH-

HocTH 70 O (N2 log, N).

Teopema 7 ([18, 19]). Caoorcrocmv npouedypv nposepku npocmomu, O (N 3),
2de N — nopadox xeazuepynnol.

Takum 06pazoM, MOJMHOMUAIBHYIO [TOJTHOTY MOYKHO IIPOBEPUTH CO CJIOXK-
HocTbio O (N 3).

4. BzamMocBga3b KpunrorpaduniecKn BayKHbIX CBOIICTB

Teopema 8. ITycmov (Q,*) k6asuzpynna nopadka p, 2de p — NPOCMOE HUCAO,
p > 5. Ecau (Q, %) becopmerna, mo oHa NOAUHOMUAALHO NOANG.

Joxazamenvcmeo. Tpenmnosnoxum nporusroe. Toraa cyiecTByer GHeKTHBHOE
orobpazkenue ¢ : Q — Zp, Takoe 410 @(z * y) = ap(x) + bp(y) + ¢, rue
a,b € Z,\{0}, a ciokeHne u yMHOXKEHUE HA CKAJISIPBI BEJLYTCs 10 MOJLYIIIO
p [20]. HecsioxkHo npoBeputh, 410

@ * (... x (xxy))) = ap(e) + ¢+ 315 b(ap(@) + o) +Fe(y).
k

Bosbmewm k = p — 1. ITo masoit Teopeme @epma b¥ = 1 (mod p). O6osHaumm
alz) = ap(e) + c+ X5 V(ap(@) + o).

[epenumenm ap(x) + ¢ xax b*(ap(z) 4 ¢) u Bomecem b 3a ckobku. Torma
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a(z) = ba(x).

Orcroma 60 b = 1, 6o a(x) = 0. Paccmorpum oba cirydast.

1) Ilycts b = 1. Ilockombky (Q, *) GecdopmenHa, TO OHA HE CONEPIKUT
JIEBOH eIMHUIIbI. SHAYUT JIJIsi JIFOOOr0 & MOKHO HAWTH ¥, TaKoii, 4T0 X * Y # Y.
T.e. p(z xy) = ap(z) + ¢(y) + ¢ # ¢(y). Buaaur auist THOGOTO T BEPHO, ITO
ap(x) + ¢ # 0. Ho mockonbKy ¢ OGuekiysi, TAKON & BCerja MOXKHO HailTu.
Takum o6paszom, ecsim b = 1, 10 (@, *) COAEPKUT JIEBYIO €JAUHUILY U HE MOXKET
OBITH OecOPMEHHOIA.

2) Ilycrs Teneps ax) = 0. Torma p(x * (z... x (z*y))) = ¢(y). Ho sro

p—1
3HAYUT, 9TO T * (X... * (x*y)) = y. Jnuna sroro npoussenenus p — 1 < 2p.
p—1
CreoBare/ibHO, KBA3UTpyIIa He OyaerT 6ecOpMeHHOI.

Awnajiornano jokasbiBaercs, 9To Jubo a = 1 1 Torjga KBasurpyIna cojaep-

JKUT [PABYIO eJIMHUILY, MO0 BepHO TOXkKIecTBO Yy = ((y * x) * ...x) * x. Ciemo-
—_——

k
BaTeJIbHO, KBAa3UTI'PDYIIIIa HE MOXKET HE OBITH IIOJIMHOMHUAJIBLHO ITOJIHOI. ]

3ameuanme 1. [Ipu p = 2,3 6ce K6a3uzpynnvL HE NOAUHOMUGADHO TLOAHBLE
u ne bechopmennvie. Tloamomy, dopmanrvro, meopema epHa npu A1000M
npocmom nopsadxe.

[Tokaxkem, 9TO B 0OpATHYIO CTOPOHY TEOpeMa He BEpHA.
Pacemorpum kBasurpymmy (@, *) mopsiaka 5, tae Q = {0,1,2,3,4}, a
YMHOXKEeHIe 3aJaH0 Tab el

*

S B W | o
N WO =
N O =W N

Wk O N =W
=W N = O

=W N = O

OueBuIHO, 9Ta KBA3UI'PYIIIA [IPOCTast, MOCKOJIbKY €€ MOPSIIOK IIPOCTOe
aucsio. Bocrosbayemest asropurMom 1posepku addunoct u3 paborst [18] u
[OKazKeM, 4TO 3Ta KBasurpyiia Headduuna. ITocrpoum naTuHCKui KBajpar
L', B KoTopoMm npu KaxkJjioM ¢ = 1,2,3,4,5 cTpoka ¢ HOMEPOM i COJEPKUT
NePECTAHOBKY 0 - 07 |, TJIe 0 — IePECTAHOBKA, COOTBETCTBYIOMAs! i-il CTPOKE
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HCXOJIHOTO JIATHHCKOTO KBaJpara. Torma L':

O oW NN
N O = oW W
N WO |

= w N R oo
Wk O N =

= w N = O

CilemyromuM marom HeoOXOAUMO IIOCTPOUThL Marpuily L’ w3 marpunsr L/
HepecTaHOBKOH CTPOK, TaKoil, 4To nepsblit cronben L” coBnagaeT ¢ neppoi
crpokoit. Ho B Mmarpunie L’ y»ke nepBast CTpoKa COBIIQJIAeT ¢ HEPBBIM CTOJIONOM.
ITosTromy maTpunbl L' u L” n 3amaBaemble IMU OIlepaliuyl COBIAIAIOT. DTa
marpuna He cummerpuuna: 1 %" 2 # 2 % 1. CrnenoBaresbno, KBasurpyuia
(Q, %) neaddunna. ITockosnbKy KBasurpyumna mpocrast u ze adduHHas, TO OHA
SABJISETCS MMOJIMHOMUAJIBHO 1oJiHOM. [Ipu 9TOM oHa He ymoBjeTBOpsSeT cpa3y
HECKOJILKUM CBOMCTBaM U3 onpeieseHust 6echopMEeHHOCTH:

e 4 gpjisieTcs JIeBOI U ITPaBOMl eIMHUIIEIL;
e BepHo ToxIAecTBO ((((((y* @) * ) * x) *x x) x ) * ) = ¥;
o 4x4 =4 re. {4} aBisiercs MOIKBA3UIPYIIION.

AHaJIOTUIHO MOXKHO IIPUBECTHU IIPUMED MOJUHOMHAJIBHO ITOJTHONW UIEMIIO-
TEHTHOI KBa3UI'PYIIIIbL:

*lo 1 2 3 4
00 4 3 1 2
112 1 4 0 3
213 0 2 4 1
314 2 1 3 0
411 3 0 2 4

U IIpUMeEP IMOJMHOMUAJIBHO IIOJHON KOMMYTATUBHON KBa3UI'DYIIIILL:

W N = O

_ o N WO
N R O B W
=W O NN
W N = O W
O W~ N

[Tpu momomu pamee yHOMSHYTOR ITPOIPAMMHON PEAU3AIUN AJITOPUTMa,
IIPOBEPKHU TTOJUHOMUIBHOMN MOJTHOTHI OBLJIO BBISIBJIEHO, YTO 3HAKOIIEPEMEHHAsT
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rpynmna As saBaseTcss mogmHOMHUAIBLHO TosHo#. [lpm sTtom, As, odeBmmmHoO,
ACCOIMATHBHA. DKCIEPUMEHT OCYIIECTBIISIIICSA C UCIOIBL30BAHIEM DaHee yIo-
MAHYTBIX aJrOPUTMOB ITPOBEPKH adpOUHOCTH, TPOCTOTHI U 6€cPOPMEHHOCTH.

[Tokaxxem, 4TO B cilydae COCTABHOI'O IOPSJIKA MOXKHO ITOCTPOUTH Hecdop-
MEHHYIO KBa3UT'PYIIILY, He sIBJIAIONTYIOCS TOJTMHOMUAIBLHO 1oTHOM. PaceMmoTpum
CJIETYIONIYIO0 KBA3UTPYIILY MOpsSaKa 4:

*

N = O

O = NN |O
W N O
_— O W N
N W = | W

313 1 2 0

BosbMmeMm 4 BcriomoraTebHBIX KBA3UTPYIIIBI TOPsiaKa 4:

¥ |01 2 3 *1 14 5 67 %0 [ 8 9 1011 || %3 | 121314 15
011320 4 |7 56 4 8 19 8 1011 || 12| 13151214
112031 516457 9 |10119 8 13114121315
210213 6 (|4 675 108 1011 9 14 112141513
31310 2 7|57 46 11119 8 10 || 15| 15131412

Hecioxkuo 1ipoBepuTh, 94TO Bee H KBA3UTPYIIIT SABJSIOTCH 0€CHOPMEHHBIMU.
SaMeHNM B MCXOJHOM Tab/uIe yMHOXKeHusT 3jieMeHT O Ha TabJnIy yMHOXKe-
HUS *q, 97eMeHT 1 Ha TabJIuILy *1, JIEMEHT 2 Ha TabJIUILy %9, SJIEMEHT 3 Ha

Tabsuity *3. [logyauMm cieyrontyo KBa3urpyuiy mopsaka 16:

10123456789 101112131415
019 810111 3 2 0 131512147 5 6 4
1110119 8 2 0 3 1 141213156 4 5 7
21810119 0 2 1 3 121415134 6 7 5
31119 8 103 1 0 2 151314125 7 4 6
4 |75 649810111 3 2 0 13151214
516 4 5 7 10119 8 2 0 3 1 14121315
6 |4 6 7 5 810119 0 2 1 3 12141513
715746119 81031 0 2 15131412
8 11 3 2 0 131512147 5 6 4 9 8 1011
912 031 141213156 4 5 7 10119 8
100({0 21 3 121415134 6 7 5 8 1011 9
1113 1 0 2 151314125 7 4 6 119 8 10
121131512147 5 6 4 9 8 10111 3 2 O
131141213156 4 5 7 10119 8 2 0 3 1
141121415134 6 7 5 8 10119 0 2 1 3
15151314125 7 4 6 119 8 103 1 0 2
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DTa KBa3UrpyImna He OyJeT MPOCTOH, TaK KAK KBa3UTPYIIIOBas OMEPaIlis
coxpanster pasbuenue {0,1,2,3} U{4,5,6,7}U{8,9,10,11} U {12,13,14, 15}.
Opnaako, ona coctouT u3 6echOpMEeHHBIX OJIOKOB, & 3HAYUT HEKOMMYTaTUB-
Ha, HeacCOIMATUBHA, HE COJEPYKUT JIEBBIX U IMPABBIX EIWHUI] U HEUJIEM-
moTeHTHa. HecsioXKHO TpOBEpUTH, YUTO OHA TAKXKE HE COMEPIKUT TTOIKBA-

BUIPYIIl ¥ B HEl HEe BBINOJHSAIOTCA TOXKJIECTBA T * (T...* (rxy)) = vy,
—_———
k
y=((y*z)*..x) xx Yk < 32. CiestoBaresibHo, 310 6GecopMeHHas, HO He
~—_———

k
IIOJIMHOMMUAJIBHO ITIOJIHAaA KBa3UI'DYIIIIa.

OpnHako, B C/Iydae COCTABHOTO TOPSIIKA MOXKHO CHOPMYIUPOBATEL DL
YTBEPXKJIEHNI, KOIIa OTCYTCTBUE ITOJTMHOMUAIBLHON MTOJTHOTRI BJIeYeT 3a CODOM
oTcyTcTBHEe OechOPMEHHOCTH.

YrBepxkaenune 1. [Tycmo (Q, *) apdunnan keasuepynna nad abeaesot epyn-
noti (Q,+). Toeda (Q, x) codeporcum npasyro edunuyy mozda u Mosvko Mo2da,
K020a @ MPUBUANLHBLT ABMOMOPPUSM.

Jloxasameavcmeo. Ksasurpynmna (Q, *) COIEPKUT MPABYIO €MHUILY TOT/A U
TOJILKO TOTJIa, KOTJIa CYIIECTBYET 3JIEMEHT €, TAKOi, uTo = * e = x VI € Q.
[Mockonpky kBazurpymmna addunna, 9vo 3Ha4nT, 9t0 () 4+ fe) + ¢ = x
Vz € Q. B "acTHOCTH, 9TO BEpPHO Il HEATPAJILHOIO 3jeMeHTa € I'PYIIILI
(Q,+). Cnenosaresnbro, f(e) = —c u a(x) = x. Takum obpaszom, u3 cyire-
CTBOBAHUS IIPAaBOil eNMHUILI, CJIELYeT, YTO (¢ TOXKICCTBEHHBIIA aBTOMOP(MU3M.
A eciu a TOXJIeCTBeHHBIH aBTOMOPdU3M, To 3aeMeHT 31 (—c) aBsercs
IIpaBoil e TMHUIIEH. OJ

YrBepxkaenue 2. [lycmo (Q, *) apdunnan keasuepynna nad abeaesot epyn-
noti (Q,+). Toeda (Q,*) codeporcum aesyiro eduruyy mozda u Mosvko mozda,
xo02da 8 MpusuaAvHbIl a8MOMOPHUIM.

Zoxaszamensvemeo. AHAJIOITIHO TPEIBIYIIEMY YTBEPXKICHUO. O

VrBepxkaenune 3. I[Iyemo (Q, ) addunnan xeasuepynna nad aberesots epyn-
not (Q,+). Toeda (Q, *) accouuamuena mozda u Moavko moezda, k020a & U
B mootcdecmeentvie a8mMomopPu3mot.

Hoxazameavcmeo. VI3BeCTHO, 9TO KBA3UTPYIIIA ACCONUATUBHA, TOIIA U TOJIb-
KO TOrJIa, Korja oHa rpyuma [21]. B wacrHocTH, 910 3HAUUT, 4TO B accorma-
THBHOI KBa3UIPyIIle €CTh ¢AUHHUNA. 110 IpeaplayIuM yTBEPXKICHAAM 3TO
BO3MOYKHO TOJILKO B TOM CJIydae, KOrjia o U 3 TOXKJIECTBEHHBIE aBTOMOP(U3-
Mmbl. Y Hao6opoT, ecim o U 3, TO, OYEBUIHO, SJIEMEHT —C SABJISCTCA eINHUIICH
B KBa3UI'DYIIIIE. O
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YrBepxkaenue 4. [lycemo (Q, *) apdunnan xeasuepynna nad abeaesot epyn-
not (Q,+). Tozda (Q,*) Kommymamuera moz0a u Moavko moezda, xoz2da

a=f.

Jlokasamenvcmeo. Addunnas kpasurpynna ((Q, *) KOMMyTaATHBHA TOTJA U
ToJibKO Torga, Korjua a(z) + B(y) + ¢ = a(y) + f(x) + ¢ Yo,y € Q. Orciona
ciepyer, uro oz —y) = B(x — y) Yo,y € Q. JIooboii siemenT u3 ) MOXKHO
IPEJICTAaBUTh KAK PA3HOCTh HEKOTOPBIX 3JIeMeHTOB I,y u3 (). CiiejoBaTebHO,
« ¥ 3 3TO OJINH U TOT K€ aBTOMOPQU3M. O

YrBepxkaeuue 5. [Tycmo (Q, *) apdunnan keasuzpynna nad abeaesoti 2pyn-
not (Q,+). Toeda (Q,*) udemnomenmmna mozda u Moavko mozda, Kozda
a(r) =z — p(x), a c — edunuua epynnv (Q,+).

Joxasamenvemeso. Addunnas ksazurpymia (@, *) HUIEMIOTEHTHA TOIA U
TOJIBKO Torna, Korga a(x) + f(z) + ¢ = x. IlogcraBus B 9TO TOXKIECTBO
e/JMHUYHBIN 3/1eMeHT e rpymbl (@, +) nosmydum, aro ¢ = e. Takum obpa-
30M, KBa3uUIrpylilla UAEMIIOTEHTHa TOJIBKO B TeX CJIy4dadX, KorJla ¢ = € U

a(z) + f(z) = =. O

Teopema 9. ITycmov (Q, *) addunnan keazuepynna nad aberesoti epynnoti
(Q,+) nopadka N, a o u  — peeyaapnvie asmomoppusmo.. Tozda (Q, )
HebechopmerHa.

oxazameavcmeo. 1lo MHIYKIINNM HECTIOXKHO MOKA3ATh, YTO

(v % (zxy)) = a@) + e+ 1,5 (B9 (a(z) + ¢)) + BH) ().
k
Bosemem k = |, rae |8 — nopsmox asromopdusma (. Torma ) (y) = y.
O6o3naanm
y(x) = ale) + e+ 375 (B9 (ale) + o).
Bamamem o) + ¢ kak %) (a(z) 4 ¢) u Bocmonb3yemcst Tem, aTo f roMo-

mopdusm. Torma y(x) = S(y(x)). [Tockoabky [ peryiaspHblii aBToMOpdU3M,
Tto v(x) = 0. CirenoBaresbHO, T * (Z... % (T *y)) = y. AHAJIOIMYHO MOXKHO
—_————

k
[OKa3aTh, 9TO Ipu k = || BepHO TokIecTBO Yy = ((y * ) * ...x) * x. 31ech
—_——

k
|a| — nopsinok asromopdusma «. ITockonsky |af, [B] < N —1 < 2N [22]
KBa3WUrpyIa HebechopMeHHa. O

C nouckom 6ecOpMEHHBIX HE TOJIMHOMHUAIBHO HOJHBIX KBA3UTIPYIII TAKKE
6b11 1poBejieH FKcrepuMenT. AsropurmoM JIxkeitkobcona-Marbioza [23] 66110
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crerepupoBano o 1000000 caygaitHpIx KBa3urpynn nopsakos 6, 8 m 10. Bee
becopMeHHBIE KBA3UTPYIIIIBI CPEIN HUX OBLIN MTOJMHOMUAIBHO TOJHBIMA.

CymiectByer Bcero 576 kBaszurpyin nopsjka 4. B xojue skcnepumenTa
OBLIO YCTAHOBJIEHO, UTO CPeU HUX 384 MOJMHOMUAIHLHO IMOJTHBIX KBA3UTPYIIIIEI
u 48 6ecOopMEHHBIX KBA3UTIPYII. Bojiee moapobHas Kimaccudukaus:

48 6echopMEHHBIX TTOJIMHOMUAIBHO MTOJTHBIX;

0 6echopMeHHBIX HE TOJUHOMUAJIBHO MOJIHBIX;

336 He 6ecchOpMEHHBIX MMOJMHOMUAJIBHO OJHBIX;

192 He GecoOpMEHHBIX HE MOJTMHOMHUAIBHO TMOJTHBIX.

Ha ocnoBanun PEIYJIBTATOB IKCIIEPUMEHTOB MO2KHO IIPEAIIOJIO?KUTD, ITO
3Ha4YMuTe/IbHasd 9aCThb 6eCCbOpMeHHbIX KBa3UT'PYUII ABJIAIOTCHA IIOJIMHOMUAJIBHO
nonuabivu. O6oCHOBaHTE 3TOTO BBIBO/Ia JJId KBA3UI'PDYIII COCTaBHOI'O ITOPsAIKa
ABJIFAETCA HallpaBJICHUEM ,HaJIbHefIHIHX I/ICCHG,ZLOBaHI/IfI.

5. 3akJroueHue

B pabote 0b110 ycTaHOBIEHO, ITO BCe OecOPMEHHDBIE KBA3UTPYIIILI ITPOCTOTO
MOPSIJIKA, ABJISTIOTCST TOJIMHOMUAJIBHO TTOJTHBIMU. BhLI IPUBEJIEH IPUMED, 10~
Ka3bIBAIOIIMIl, 9TO 0O60DIIEHNE STOr0 yTBEPKIECHNST HA COCTABHBIE MMOPSIIKN
HeBO3MOXKHO. OIHAKO, SKCIIEPUMEHTHI IIOKA3BIBAIOT, 9TO TaKHUE IPUMEPHI 110
BCen BUAUMOCTHU fABJIAIOTCA NCKJIIOYUTEIbHBIMU CUTYAIIUAMU U 3HAYUTEJIb-
HO€e 9nCJI0 O6ecpOPMEHHBIX KBA3UIPYIII SIBJISIIOTCS TOJMHOMUAIBHO IIOJIHBIMH.
Kpome Toro, 6bL10 MOKa3aHO, UTO CYIIECTBYIOT ITOJMHOMHUAJIBLHO ITOJIHBIC
KBa3UT'PYIIIbI, He sBJsifoluecs becdopMeHHbIME. [T KarKI0ro CBOWCTBA
u3 ompeeaenust 6echopMeHHOCTH ObLI MIPUBEIEH IPUMED TOJTUHOMUAIHLHO
[IOJIHOM KBa3UI'PYIIILI, KOTOPas 3THM CBOWCTBOM He 00JIaJaer.
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Yactp 3
MaTremaTndecKmue MoJIeJIn



O dbyHKIMmoHaJ BHOII cucTeMe, MOJIy YeHHOI
13 aJredpbl MHOXKECTB JobaB/IeHHEM
MHANKATOPOB MOIITHOCTU

I0. C. Kanycrun'

B nmannoit pabore ncciieyorcs cBoicTBa (PYHKIMOHAJIBHON CHCTe-
Mot C,, ¢ HocuTesreM 2%, HOpPOKAGHHOM TeOPeTHKO-MHOYKECTBEHHBIMI
dyukumavu u uaaukaropamu Moruoctu cardg(x) . . . card, (x).

KiroueBbie ciioBa: GyHKIIMOHAJIBHAS CUCTEMA, TPEIIOJIHBINA KJIacc,
ajiredpa MHOYKECTB, KDUTEPUIl TTOJTHOTHI.

1. BBegenue

B pa6ote [1| nzyuanach anrebpamdeckas cucrema ¢ mocuresnem Z| J 2%, o6-
pa30BaHHAasl OTHOIIEHUAMU U OIEPAIUSAMHU, BBIPA3SUMBIMH C IIOMOIIBIO JIO-
TMYeCKUX CBSI30K, ONHCATeNel I KBAHTOPOB epe3 OTHOIIeHNe TPIHAIJIEXK-
HOCTHU. BBLIIO yCcTaHOBJIEHO, 4TO JII0Oast KBAHTOPHO OlpejiesinMast (OyHKINA
HaJ| MHOYKECTBAMHU B 9TOI CHCTEME MOXKET OBITh BbIpakeHa depe3 OObIYHbIE
TEOPETUKO-MHOXKECTBEHHBIE (DYHKIUU M MHIUKATOPBI MomHocTr card;(x),
[MPUHUMAIOIINE 3HAYEHNe Z, €CJIM MHOYXKECTBO T COJIEPXKUT POBHO ¢ 3JIEMEHTOB,
U 3HAUEHUe & WHade.

DTO MPUBJIEKIO BHUMAHUE K U3YUICHUIO (DYHKITHOHATILHON cucTeMbr Cf,
¢ HocuresteM 2% IOPOKIBHHON TEOPETHKO-MHOKECTBEHHBIMU (DYHKIUAMI 1
uHKaTopamu mMomHocT cardy(x) ... card, (x).

[Tonyden psist BasKHBIX CBOMCTB 9TOH pyHKIIMOHAIBHON cucreMbl. HaiigeHo
4ncsio MYHKINI B CUCTEME, IIPEJJIOYKEH aJFOPUTM PeIleHns] YDaBHEHUN B
cucreme. MaTepecuo, aro uncso GpyHKIHUH OT 3aJJaHHOIO YHCJIa TEPEMEHHBIX
B C),, UMeeT CYIIeCTBEHHO OOJILIINIA OPSII0K POCcTa, Y4eM Jijist PYHKIMH KO-
HEYHO3HAYHBIX JIOTUK P m Pj, B CBA3W C UeM e€ m3ydeHNe He CBOJIUTCS K
N3yYEHNIO YKA3aHHBIX (DYHKITMOHATIBHBIX CHCTEM.

2. OCHOBHBIE ITOHATHUS

IycTs 7 — MHOMKECTBO IEJIBIX YHcesl. B KadecTe yHHBEpCyMa BO3bMEM 2% —
MHOXKECTBO €r'0 TI0JIMHOXKECTB.

! Kanyemun FOputi Cepeeeuy — acrmpanT Kad. MATEMATHYECKOH TEOPUH MHTEILIEKTY-
aJIbHBIX cucTeM Mex.-MaT. d-ta MI'Y, e-mail: kapustin.iu@yandex.ru

Kapustin Iurii Sergeevich — graduate student, Lomonosov Moscow State University,
Faculty of Mechanics and Mathematics, Chair of Mathematical Theory of Intellectual
Systems.
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Ha muoxkectBe 2% ecTecTBeHHBIM 0OPA30M OIIPEIEIEHB! [[BYXMECTHDIE
dbyuxin a ()b, alJb,a\b n HynbmecTHast QyHKIUSA-KOHCTAHTA Z.

Bammch |z| 06o3HavAET IUCIIO ITIEMEHTOB B T.

OtpejiesiiM Ha 9TOM MHOXKECTBE TaKzKe c4éTHOe yucio Gyuknuii cardy(a)
(k — neJiblit HEOTPUIIATENILHBIN [TAPAMETD) CJIEJLYIONIUM 06Pa30M:

Z, ecmu |a| =k

cardy(a) =
w(@) @, ecnu |a| # k.

Ob6ozHaunM S;,, — MHOXKECTBO (PYHKIINIA

{aNb,alJb,a\b,Z,cardy(a),...,card,(a)}, onpeneéHHBIX Ha MHOXKe-
cree 27,

O603naunm uepes C,, BYHKIMOHATLHYIO CHCTEMY ¢ HocuTeaeM 27, mopozk-
JEHHYIO (DYHKIUAMEA U3 Sy, TO €CTh COJEPKAINYIO BCe (DYHKIMHU, BHIPA3UMbIE
HATT S, TIPY TIOMOITY CYTIEPIO3UINHT, U TOJIBKO uX. Ompe/ie/ieHue Cynepno3niimm
MOXKHO II0CMOTPeTh B KHHTE [3].

O6oznaunm S¢ — muoxkecrBo byukuuit {a(b,alJb,a\b,Z}. Oyuxuumo-
HAJILHYIO CHCTeMy ¢ HocurenaeM 27, mopoxaéunyio dbyHknusaMu u3 S, 060-
snagnMm depe3 C. Kak Oymer mokazano mgajee, ona msoMopdHa Ps.

Bynem HasbiBaTh jBa T€pMa PABHOCHJIBHBIMHE, €CJIH OHU BBIPAZKAIOT OJTHY
U Ty ke (QyHKIHIO.

Yepes x7 OymeM obo3HaYaTh TEPM I, €CAU 0 — OyleBa KOHCTaHTa 1,
u (Z\z), ecim o — Gynesa xoucranra 0. O6osnadenue z{'...z7™ Oyaer
HCIIOJIb30BAThCs [Ist TepMa 7' (-« (2.

[Iycrs pacemarpupatorcst pyakmuu u3 Cp OT M MEPEMEHHBIX X1 . . . Ly,
rje n, m — PUKCHPOBAHHBIE HATYPAJIbHBIE YCTa. ATOMAPHBIM MHIAKATOPOM
HA3BIBAETCS TEPM BUJA

card(z{"...zom)

g 0 < k < n nan

Z\(cardo(z§* ... x0m) U - Ucardn(x‘l’l 2Tm)).

Hnst npocrorsl Gysem oboznadars Z\(cardg(z)J---Jcard,(z)) xak
cards, (). 3HaueHne TOro BbIPAXKEHUs] PABHO Z, €CJIM MHOXKECTBO X CO-
JePKUT GOoJIee N JIeMEHTOB, U & nHAYe.

Baech u nasee, korma ynomunaercst dyuxums card,(z), rae | > n, mog
Heil ogpasymesaercst GyHkiwms cards,(z) () cards, (Z\z).

Hanpuwmep, eciin paceMaTpuBaroTcst GyHKIUU OT IEPEMEHHBIX 21, To B Co,
TepM

card; (z; m(Z\l‘Q))

— aTOMAapHBI!l UHJUKATOP, & TepM

cardg(z2)
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— HeT, TaK KaK He€ COAEepPzKUT HepeNIeHHOfI X.
CocraBHBIM NHANKATOPOM Ha3bIBa€TCdA TEPM

ﬂ cardy, (z]'...zpm),
ce{0,1}™
rie cardg, MokeT o3Hadarh cardg,cardy,...,card, wm cards,,.
Hamnpumep, eciin paccmarpuBatorcst (pyHKIuu oT repemerHoit x1 B Co,
TepM

card;(z1) ﬂ cardy(Z\x1)
~— COCTABHOI MHIMKATOD, & TepM
cardy(z1)

— HeT, TaK KakK He COIEP:KUT aTOMapHOro mHankaropa s Z\(x1) (To ectb
st xY).

Jamnee GymeT moKa3aHO, UTO €CJIN COCTABHON MHANKATOP A; He COIEpKUT
card-.,, TO ero 3HaYeHNe — KOHCTAHTa & (IIOCKOJIbKY O0beIMHEHIE KOHETHOIO
YHCI0 KOHEIHBIX MHOXKECTB HE MOYKET OBITH OECKOHEYHBIM MHOXKECTBOM 7).

Crangapraoit popmoit pyrknmy u3 C' OT IepeMeHHBIX 1, . . . , Ty, HA30BEM
repm Buga By |- - -|J Bj, rae kaxmgoe B; umeer Bug z7' ... xJ". Dra dhopma
sipyisiercst anajiorom JJH®. Jlns byHKIUU-KOHCTAHTBL & CTaHIAPTHON hopMoit
Ha30BéM TepM Z\Z. B nasbHeiinem sToT TepMm GyjierT 0603HAYATHCS KAK .

Hopwmauibnoit dpopmoit m-mectaoit dyuknuu u3 C), HaA3bIBACTCS TEPM
suga J;(Ai(D;), rme A; — cocraBHON HHIUKATOD, B T€PMe yIaCTBYIOT
BCE BO3MOXKHBIE COCTABHBIE HUHJIMKATOPBI OT M IePeMEeHHbIX, D; — TepM,
BoeIpaxkeHHblit B C. Ecau Bce TepMbl D; SIBJISIFOTCSI CTaHIAPTHON (HPOPMOIL,
Ha30BEM TAaKyI0 HOPMAJIbHYIO (POPMY CTaHIAPTHON HOPMAJILHON (POPMOI.

[Tpumep: Ilycrs paccmarpuaercss (DyHKIUST OT OHON [TEPEMEHHON T B

Cy. Torma Tepm
(cardy(z ﬂ cardy(Z\(x ﬂ Z) U

(cardy(z) [|(Z\(cardo(Z\(x)) (=) |
((Z\(cardo(z))) ﬂ(Z\(cardo z\@)(2)UJ
((Z\(cardo(z))) | cardo(Z\(z)) () @)
SIBJISCTCS. HOPMAIBHOI bOPMOii, a TepM
(cardy(x) () cardy(Z\(2)) () Z) | J
(cardy(z) [|(Z\(cardo(Z\(x)) (=) |
((Z\(cardy(x))) [ )(Z\(cardy(Z\(x)) () Z))

— HET, TaK KaK COHAEP>KUT HE€ BCE COCTaBHbIC MH/INKATOPDLI.
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3. OcHoBHBIE PE3YyJIbTaThbl

B nannoii ctaTbe MOKA3bIBAIOTCS CJICIYIOIINE TEOPEMbI:

Teopema 1. Jhooyro gynryuro ud Cp, MONHCHO 8VPAZUMS MEPMOM 6 CIMAH-
dapmmot HOPpMarLHOUT Popme.

Teopema 2. /Jlse cmandapmmvie nopmanrvhoe gopmo, | J(A; () Di) u

U(A4; N DY) sadarom o0dny u my orce dynryuro mozda u moavko mozoa,
Ko2da daa Kaokcdozo i (2de underc i napamempusyem 6¢é MHoAHCECMBO CO-
CABHHLT UHOUKAMOPOS) 8EPHO 00HO U3 CACOYIOUWUT YMEeprHcIeHuls:

1) A; me codeporcum cards,.

— !/

2) D; = D;
3) Bce mepmo, 6uda x7* ... xo™, 2de npucymemeyom 6ce Ty,, kKomopoie
codeporcames 6 moavko odnom uz mepmos D; u D), npucymemeyrom 6 D; 6

amomaprom unduramope cardo(x{* ... zom).

Teopema 3. Yucio dynkyuii om m nepemernusls T, ...,Ty, 6 Cp pasho
2(n+1)~2’”-(n+2)2m*1—n~2m~(n+1)2m*1

Mycts O1(x,y1,..-Ym), O2(x,y1,...Ym) — Tepmbl B C,. Boipaxkenune
O1(x,7) = Oz(x,7) HA30BEM ypaBHEHHEM OTHOCHUTEIHHO BHIODAHHON II€peMeH-
HOW x ¢ mapamerpamu . [lyctb SP — HEKOTOpOe MHOXKECTBO MPEJIMKATOB.
Byaem rosoputs, uro ypasuerue O1(z,7) = O2(x,y) uMeer pereHue B MHO-
)kectBe SP ornocuresnbHO nepemennoit x, ecan npeaukar O (z,7Y) = O2(x,7)
BBIPA3UM HEKOTOPO# dopmysioit Haj npequkaramu u3 SP. 91y dopmyity
HazoséM pernenneM ypasuerns O1(z,y) = Oz(z,y) B muoxecrse SP ornocn-
TEJILHO NEPEMEHHOI .

Teopema 4. Jloboe ypasnenue 6 C, 0OMHOCUMEALYHO NEPEMENRHOT T € NAPG-
MEMPAMY T, . . . Ty UMEEM, PEUWEHUE 8 MHOICECMEE NPEJUKAMO8 U

card,, (a:ﬂFj(xl i) =7

card,, (Fj(z1...2p)\7) = Z,

ede F; — dynwyua us C. Ipu asmom cywecmeyem an20pumm, no3eoroujut
HATMU 9MO pewerue.

4. Ywmcno dysknuii or m nepeMeHHbIX B (),

Yro0bI onpeaeuTh Yuca0 PYHKINA OT 1M MEePpEeMEHHBIX, HafigéM CTaHIapTYIO
dopMy, B KOTOPOil BhIparkaeTcsd Kaxkiaas pyakina u3 C, 1 HOPMaJbHYIO
dopMy, B KOTOpOI Bbipaxkaercda jobass dpyakuus u3 C,. Takxke Haiigém
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HEOOXO/IMMOE U JIOCTATOYHOE YCJIOBUE, IPU KOTOPOM JIBE CTAHIAPTHBIE POPMBI
3aJ1aI0T OJIHY U TY K€ (DYHKIIHIO.
Bo-1iepBbix, 3amMeTnM, 4TO MPOCKOJIBKY

a\b = a[ \(Z\b),

dyuknun cucreMbl C' TOPOXKIAIOTCS TaK>Ke CUCTEMON (DyHKITHIT

{aNb,alJb,Z\b, Z}. Paccmorpum dbopMyIibl ajredpbl JOTUKHE HaJl HADO-
poM pyHKITHL:

a&b, alb, b, 1

Paccmorpum oneparop G(f), comocrapisiioniuii 10 UHIKIWUH (HDOPMY-
Jie asrebper Joruku Ha Habopom dyuknuit {a&bd, a|b, =b, 1} Tepm u3 C),
Hayt cucremoii onepanuit {a ()b, alJb, Z\b,Z}. Onpenenum ero (u obparHoe
orobpazkeHue) 10 UHJYKIUK 110 JIJTHHE (DOPMYJIBL:

G(x;) = x5, G Y(x;) = z;, ecim x — TepeMeHHAas.

G)=2,G"YZ)=1.

Ecnu a, b — dopmysst anrebpst jgoruku Han {a&b, alb, —b, 1}, ¢, d —
repmbl HaJ {a ()b, alJb,Z\b,Z}, TO

Glalb) = G(a) UGE), G (cUd) = G~ (9]G(d),

G(a&b) = G(a) N G(b),G HcNd) = G Hc)&G1(d),

G(=a) = Z\G(a), G (Z\c) = -G~ (c).

Jlemma 1. Omobpasicenue G mmnoostcecmea Pynkuuli anrzebpovr L02UKU HG
Mmuootcecmeo gynxuuti 6 cucmeme C, xoppexmmo onpedesero u obpammoe
omobpasicerue maxorce Koppexkmmo onpedeaero. To ecmu ecau dse popmysvs
f1 u fa 3adarom o0dny u my owce Pynryuto arzebpu. soeuru, mo mepmuvr G(f1)
u G(f2) 3adarom odny u my orce Pynryuro. U naobopom, ecau dséa mepma gi u
go 6 Cyp, 3adarom odny u my gice GYHKUUIO, MO MEPMDL Ggfl)(gl) U Ggfl)(gg)
3a0a0m 00HY U My sce PYHKUUW GA2EOPBL NO2UKU.

JlokazaTebCTBO JIEMMBI.

Pacemorpum nponsBosibhyio dopmyity airedpnt goruku f1(xy ... xy,) Hag
{&, 1,1, Y. Jokaxkem unyKnueii 0o Jymme repMa, 9to € € Z IPUHAJJIEKUT pe-
syabrary GyHKImU, Bbipaxaemoii repmom G(f1(21 ... xy)) IPH T€X U TOJBKO
Tex 3HAYeHUsiX HAOOPA I7 . .. Ty, IIPH KOTOPHIX UCTHHEH Pe3y/braT (hOpMyJIbl
fi(yr---yn), Tae y; = (e € x1).

Baza unnyknnn — (e € x;) <= e € (r;) — OYEBUHO BBIMOJIHAECTCS.

Mlar uigyknun. [Tycers a,b — nsa repma wag {(), |, \, Z}. Torxna:

e€ (alJb) < (e€a)l(e€b);

e€ (ab) < (e€a)&(e€b);

e€l = 1,

e € (Z\b) <= —(e € b) — 3Tu yTBePKJIEHNs TAKIKE BbIIIOJIHEHBIL.

CureioBaTeIbHO, € NPUHAJIEIKUT pe3ysbrary (MyHKIMH, BbIPAKaeMoii
repmoM G(f1(x1...2p)) IPU TEX U TOJIBKO TEX 3HAYCHUAX HAOOPA T1 . .. Ty,
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P KOTOPBIX UCTUHEH pe3ysbrar GpopMymbl fi(yy ... Yn), ae y; = (e € x1).
[Tepeiiném K JOKa3aTEIbCTBY CAMOli JIEMMBI.

—) Homycrum, aro ase dopmyasl f1 u fo 3aJa10T OTHY U Ty Ke (DYHKIHIO.
Pesynbrar dbyukimn, 3agasaemoit repmom G( f1) 10 I0OKa3aHHOMY paHee paBeH
MHOYKECTBY TeX 9JIEMEHTOB € € Z, Jjisi KOTOPbIX UCTUHHO 3HAaYeHne (DOPMYJIbI
filyr...yn), upu y; = (e € x1), YTO MOJHOCTHIO OUPEIETaeT Ty (DYHKIHUIO.
Pesynbrar dynkunu, 3agaBaemoii repmom G(fa) paBeH MHOXKECTBY TeX € U3
Z, 1Jist KOTOPBIX UCTUHHO 3HadYeHne hopMysbl fo(y1 ... yn) upu y; = (e € 7).
[Mockonbky dhopmynst f1 1 fo 331a10T OHY U TY Ke (DYHKIUIO, TO MHOYKECTBA €
u3 Z, it KOTOpbIX 3HaueHust fo(yi ... Yn) ¥ f1(Y1 . . . Ypn) HCTUHHBI, COBIIAJIAIOT.
Caenosarensto, repmbl G(f1) u G(f2) 3amat0r onHy u Ty 2Ke DYHKIHIO.

<) Homycrum, aro nBa Tepma g3 u go B C), 3aJal0T OJHY U Ty XKe
dbyukuuio, e — sement Z. st moboro Habopa (x1, ..., z,) € {0,1}" MoxHO
paccMoTperh Habop (Y1, ..., yn) € (22)™

{e},ecom x1 = 1
Yi =
g,ecmn 1 = 0.

Torma G~ Hgi(z1...2,)) = € € g1(y1-..yn) = € € Go(y1...yn) =
GiQ(gl(Jfl .. J?n))

Orcrona n3 paBeHcTBa (DYHKIMH, 3a]aBAEMBIX TEDMAMU ¢ U ¢ CJIEJYeT
paBeHCTBO 3HaucHuil byHKImii, 3a1aBaeMbrx dopmytamu G 1(g1) u G~ 1(go),
Ha Jsiobom Habope (z1,...,2,) € {0,1}". CaenoBarensuo, stu dyHKIMHA
PaBHBI, 1.T.]I.

m [
Caencrsue 1. B cucmeme C 22" paszauunor m-mecmmois @ymxuudi.

B moeii crarbe [1] mpu Jokasarenberse eMMbL 4 13 TeopeM GBLIO TOKa3aHO
caejylomiee yTBepzK/JIeHue:

JIemma 2. (O pasaoorcenuu) JTas 1106020 mepma T om nepemennuix T, . . . Ty,
6 C' mooicno natimu maxot nabop N(T') mepmos euda x7* ... x5m, wmo npu
M000M 3HAMEHUL HABOPA NEPEMEHHDIT L1, . . ., Ty 3HauEHUA mepmos u3 N (T')
— HENEPECEKAOUUCCs MHOHCECTNEA U SHAYEHUE UL 06BEOUHENHUA PAGHO 3HAYUE-

nuro T,

1) Hnsa mobbIX ai,...an, € 2MathbbZ m ABYyX pa3iIMdHbIX TEPMOB

/

o o
T =o' .20 uT = z'...x," 3HAUEHNS STUX JIBYX TEPMOB - Helle-
PECEKAIONIIECs: MHOYKECTBA.

JeiicTBuTe/bHO, 1yCTh, 6e3 orpaHnyeHust OOIHOCTH, 0} # 05, o) = 1,04 =

/ !

o g,
0. Torma T(ay,...,a,) = af*...a%" € Z\a; T'(a1,...,an) = a;' ...ap" €
a;. Tax kak a; u Z\a; e nepecekaworcst, T"(a,...,a,) u T(a1,...,a,) He

IepeceKkaroTcHd.
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2) ITycrs T —Tepm B Hax Sc. K HEMY MOXKHO 1I0CI€0BATEIHHO TPUMEHHUTH
clieyromnne mpeodbpa3oBaHUs:

— 3aMEHUTH BCe MOATEPMBI Buja a\b, TJe a, b - TepMbl, a # 7 Ha HOITEPMbI
a((Z\b).

— 3ameHuTh Bee noarepmbl Buga Z\(alJb) va (Z\a)((Z\b) u Bce noxu-
repmbl Buga Z\(a()b) wa (Z\a)|J(Z\b). IloBropsitb npore/ypy, noka He
ocraHercs omeparuii 7\, BHEIIHKUX 110 oTHOIIeHHO K [ ), |J.

— 3ameHuTbh Bee noarepmsl Buya Z ((alJb) va (ZJa) ((ZUb). Ilosro-
PSITH [IPOLE/LYPY, II0OKA HE OCTAHETCsl OlepaIuii (|, BHEIIHUX 110 OTHOIIEHUIO K
J. Homyuum repm Buna By |J B, (wiu Bi), rae B; umeer BuJI epecevueHust
Tepmos T, 00w Z\Z.

— Ecim nepeceuenue B; conepxut Z\7Z, T0 OH PABHOCHJIEH & U €10 MOKHO
ybpaTh u3 mepecedenus. Ecau npu 3ToM B; €IMHCTBEHHBIN, TO MCXOTHBIH
TEPM TOXKJECTBEHHO PABEH IIyCTOMY OObEINHEHUIO.

— Ecim mepecedenne B; He COTEPXKUT ;' , 3aMEHATH €0 Ha

(Bi i) U(Bi (Z\x:)).

B pesysbrare moydnM TepM-00beANHEHNe TEPMOB BIa 7' ... x". 3Ha-
YeHHue ero Ha JIIO60M HabOpe 3HAMEHUN IMepEMEHHBIX PABHO O0'bEINHEHUIO UX
sHaveHuit. JleMma mokazaHa.

JlemMa mokaszaHa.

Terneps HaiinéM Takyo popMy, 9TO it Kaxkaoit pyukimu B Cy,, HalAETCSI
TEpM B 9TOi dopMe.

O6ozHauenne x° OyIeT UCIOIb30BATHCS JIJIsT TEPMa.;

T, ecom 0 = 1;

(Z\x, ecim o = 0.

O6oznauenne x7' ... zJ™ OyIeT UCIOIBL30BATHCS I TEPMa

o1 o2 o
ol (Nag [ Nair

Jlemma 3. Jlas waotcdoti hynxuuu ud Cp 0m NEPEMEHHBIL X1 . . . Ly, HGUIEM-
cA evipasicarouwul e€ mepm 1ad Sy, 6 Komopom onepauyus card npumenaemcs
moavko K mepmam euda 7' ... xIm.

JlokazaTeabCTBo.

Jomycrum, HeKoTopasi GpyHKIsI BeIpaxkaeTcs TepMoM g B C. TTokaxkenm,
9TO €€ MOXKHO BBIPA3UTh TEPMOM, B KOTOPOM HET BJIOYKEHHBIX card.

eiicTBuTenbHO, ecim B TepM g Bxoaut tepM card;(g’), To Tepm g 3amaér
Ty ke (PYHKIINIO, ITO U TEPM

(Cardl (g,) ﬂ g|cardl(g’):Z) U(g|cardl(g’):®\cardl (g,))>
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re Jepes
g ‘ card,; (g’ )=Z

0603HaYeH TepM, TI0JIyJatonuiics u3 g iwyTém 3amensl card;(g') Ha Z; KoHCcTaH-
Ta & BhIpaxkaercs Kak Z\Z. Ha3oBém 3aMeHy 9TOro THIIA 3aMEHON BbIHECEHMUSI
card,;(¢’). Dra 3ameHa He MeHsET BHIPAZKAEMYIO TePMOM (DYHKIIUIO, OCKOJIb-
Ky JJIs T€X 3HAYeHUH IepeMEeHHBIX, /IS KOTOPBIX 3HAYeHUe TepMa g PaBHO
Z, 3nadenue 06OHX TEPMOB PABHO 3HAYCHUIO TEPMA J|card, (¢")=7> & WIS TexX
3HAYEHUI TIEPEMEHHBIX, JIJIsi KOTOPBIX 3HAUEHUE TepMa ¢ PABHO &, 3HAUYECHUE
06OMX TEPMOB PABHO 3HAYEHHIO TEPMA J|card,(¢/)=o-

[TycTs MakcuMaJsibHas BJIOYKEHHOCTD onepariuit card B Tepme 1’ paBHa k,
k > 1. Torma ecyu moc/ieioBaTe/IbHO IPUMEHUTD K TepMy 1 3aMeHy BbIHECe-
nusi card;(g’) st kaxkzoro nogarepma suga card;(g’), rue g He comepKuT
omepanuit card, MOJIyIUM TEPM ¢ MaKCUMAJBHON BJIOXKEHHOCTBIO OIEpAaIiuii
card, pasnoii k — 1. IToBropsist 9Ty mporeypy, HoxyIuM TepM (0003HATIM
ero ¢"), B koropom onepanus card GyeT IPUMEHSITHCSI TOJIBKO K T€PMaM
HaIT SC.

Hamnpuwmep,

cardg(x; U(card1 (z2))) = (card;(x2) ﬂ cardy(zy U 7)) U

(cardg(x1 | ) @)\card, (x2)).

[Tycrs Tepm g” comepzxut noarepm card;(g”). Tlo semme o paszsoxkenun,
cymecrByer muoxkectso N (g") repmos Buga 7' ... 297, 3HAUEHUS KOTOPBIX
npu J000M 3HAYEHMHU IIe€PEeMEeHHBIX — HellepeceKalolluecss MHOXKeCTBa U B
obbepunennn fgaor suadenue ¢, Ilycrs N(g”') comepxur k TepMoB gj.
ITycrs (li1, ... ,l;;x) — BCe BO3BMOMKHBIE HAOOPBI HEIBIX HEOTPUIATEIbLHBIX
4quces, CyMMa KOTOPBIX paBHa [.

Torna repm card;(g”’) paBrocuien repmy

((cardy, (90) |- | cardy, (90)).

i

Takum obpaszom repm card;(g”’) paBHOCHIEH TepMy, BBIDA3UMOMY 4Yepe3
tepmbl cardy, (g;), rae Bee g; umetor Bug x7' ... 2% u npunagiexar N(g"),
a BCce n; He OoJbIe [.

Hanpumep,

carda(z2) = (cardy(z2 ﬂ x1) ﬂ carda(zo\z1)) U(card1 (22 ﬂ x1)

() card; (z2\x1)) | J(cardy(zs[)z1) () cardo(za\x1)).
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Takum obpazom Kaxayio GyHKImo B Cy MOXKHO BBIPA3UTH TEPMOM HAJ, Sy,

B KOTOpOM orrepaiiusi card IMpUMeHsSIeTCsT TOJIBKO K TepMaM BHUIA x‘fl coexgm.
JlemMa J0Ka3aHa.

Yro6b! HaiiTu TouHOE Yncyao GyHknuil B C), OT m IepeMeHHBIX, HaiaEM
CTaHJIAPTHYIO (POPMY JIJId TAKUX TEPMOB.

Hasosém repm cardy(z]" ... z9m) win Z\(cardo(z]' ... z9m)J. ..

m m
Ucard, (z7" ... zJ")) aTroMapHbIM HHIUKATOPOM, €CIH Z1 . . . Ly, — BCE Hepe-
mennbte. st npocrorst 6yaem obosnadars Z\ (cardo(z]" ... x9m ). ..
Ucard, (z7"...29m)) kak cards,(z7'...z%"). IlockoibKy cyimecTByeT
2™ BO3MOXKHBIX 3HAYECHUH sl 0] ...0pm U N + 2 DPa3JInIHBIX Ollepanuii
cardy, ..., cardy, card~y, Bcero cymecrsyer (n + 2) - (2™) aroMapHbIX UH-

JUKATOPOB OT M JaHHBLIX IepeMeHHLIX B Ci,.

CocTaBHBIM HH/MKATOPOM HA30BEM TepM [,¢( 13m cardy, (27" ... a7m),
B KOTOPOM (DYHKIHE (| COeMHEHBI ATOMAaPHBIE HHIANKATOPBI JJIsi BCEX 3HAYE-
uuit mapamerpos o € {0,1}"; {0,1}" — 6yseB Ky6; cardy, MOXKer 0O3HAYATH
cardy, ..., card, miu cards,. IIpu 3ToM Oymem cauTaTh PABHBIMUA COCTaB-
HBIE€ UHJIMKATOPBI,KOTOPhIE PA3JINIalOTCs JIUIIb TOPSIIKOM MHOXKHUTEJIEH BO
BHEIIHelT orepanun nepecedenns. Beero cymecrsyer (n + 2)(2m) PA3JIMIHBIX
COCTaBHBLIX MHJINKATOPOB, IOCKOJILKY KasKILIA MHINKATOP onperesdercs 2™
mapamMerpaMu k,, KaXKJIblii 13 KOTOPBIX MOYKET IMPUHUMATH OIHO U3 1 + 2
3HadeHuit — jmbo gucsao or 0 g0 n, audbo "> n’.

Tak>Ke 3aMeTUM, UTO aTOMapHbIE U COCTABHBIE WHIMKATOPHI MOT'YT IIPU-
HUMAaTDL TOJLKO 3HaYeHus: Z uian J.

[IycTs cocTaBHBIE MHIMKATOPHI TAPAMETPU3YIOTCSI UHIEKCOM i. Hopmaiib-
Hoit dpopmoit dynximn n3 C, naspBaercsa TepM Buga | J;(A; () D), rue A;
— COCTaBHON MHIMKATOP, COOTBETCTBYIOMUI mapameTpy ¢, D; — dopmyia,
BhIpakeHHast B C, B TepMe HCIIOJIb3YIOTCsI BCe BO3ZMOXKHBIE COCTABHBIE HH-
nukaTopbl. Eciin Bce D; BbIparkeHbl B CTAHIAPTHON dopme, Ha30BEM TaKyIO
HOPMaJIbHYIO (pOPMY CTaHIAPTHON HOPMAaJILHON (HOPMOii.

Jlemma 4. Jhobyro dymnryuio uz Cyp, MOACHO GHIPA3UMH MEPMOM 8 HOPMAND-
1ot opme.

Hokazaresnscrso. st Kaxkaoro Habopa 3HadYeHnii nepeMeHHbIX T . . . 2]

m
/ /
KaK/Ibli U3 TepMoB x,”'...x,™ UMeeT OJHO 3HAYEHHE — MHOXKE-
CTBO, HMEIOIee ONPEIEIEHHOe KOHEYHOE WM CUYETHOE YUHCJIO 3JIeMeH-
/ ’
toB |z,""...z,0™|. Kaxknomy nabopy smadeHmil HepeMeHHBIX I ...z, Ta-

KM 00pa30M MOXKHO COIOCTABUTH POBHO OJIMH COCTABHON WHIUKATOP

moe{o,l}m c::u'd‘x/(,l Z/Um‘(x‘lﬁ ...x9m)  3HAaYeHne KOTOPOro Ha ITOM Habope
1 Tm

pasuo Z (31ech card, / / CUUTAETCS TPUHUMAIONIM 3HAUEeHNe WIH JI0 1

|z, ™|
Win 3Hadyenue > n)) SHaquHe OCTaJIbHBIX COCTaBHBIX MHAWUKATOPOB Ha 3TOM
Habope papuo @. Cire0BaTeIbHO, ABA PA3JIMIHBIX COCTABHBIX UHIMKATOPA
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He MOTyT NPUHAMAThL 3HadYeHHue, He paBHOe &, Ha OJHOM Habope 3HaYeHUit
ITepeMeHHbBIX.

ITpumep. Habopy smauenmii nepemenunix ) = {1},2, = {1,2} B (4
COOTBETCTBYET COCTABHOI MHIUKATOD

cardy(x; ﬂ(Z\azg)) ﬂ card; (z1 ﬂ x2) ﬂ cards1((Z\x1)
((Z\22)) [ )card:((Z\z1) [ ) z2)

CocTaBHOIT HHANKATOP — HepeceveHne aTOMAPHBIX HHIMKATOPOB, KOTOPBIE
(nockousbKy Jiyist aux card — BHentHsig DYHKIUS) MOIYT IPUHUMATH TOJBKO
snadenus Z win &. Ecim aromapusiii nugukarop card; (7' ... xm) Bxoaut
B cocraBHO{l uHuKaTop I, To Ha Habope 3HadYeHHUil nepeMeHHbIX (2], ..., 7)),
Ha KOTOPOM COCTaBHOH MHIMKATOP HPUHUMAET 3HaueHue Z, aTOMAapHLI MH-
IUKATOP NPUHUMAET 3HaYeHue 7Z.

Ecnu e 3TOT aToMapHBIl MHIMKATOpP He BXOAUT B I, TO B HEro BXO-
aur apyroit unaukarop card, (7' ...z%m), l; # 1. Ilockombky x{*...xJ"
HEe MOKeT MMeTh Pa3/IMYHOe YUCJIO 3JIeMEHTOB IIPU OJHOM U TOM ¥Ke 3Haue-
HUH I ...ZTpm, TO Ha HAOOpEe 3HAYCHUI MEePEMEHHBIX, Ha KOTOPOM COCTABHOM
UHIMKATOD IIPUHUMAaeT 3HaueHue Z, aTOMapHbIl UHAMKATOD 3HaYeHue <.

CreoBaTebHO, I KayKI0r0 COCTABHOIO MHAMKATOPA M KAarKJI0TO aTo-
MapHOIro MHIUKATOPA Ha BeeX Habopax 3HaUeHUil HepeMEeHHBIX, Ha KOTOPDLIX
COCTaBHOI MHMKATOP NPUHUMAET 3HaUeHUe Z, aTOMapHbIil HHINKATOD IPUHH-
MaeT OJHO U TO ¥Ke 3HadeHue. To 3HaYeHue — Z, eCJIM aTOMAPHDII HHITKATOD

BXOJUT B COCTABHOW, n & mHadge.

Pacemorpum  dyukimio O(x1,...,2y,). Ilo npenbuaymeit semme 6e3
OrpaHUYEeHUs] OOIIHOCTH MOYKHO CYUTATh, YTO OHA BBIPAXKEHA TEPMOM
O'(z1,...,%m), B KoTOpoM 107, card HAXOASTCSA TOIBKO TePMBI 7' ... zom.

To ectb BCe BxOXkeHus card B 9TOT T€PM — aTOMapHbIE UHJAUKATOPBI. st
KazKJI0r0 COCTAaBHOIO MHUKaTopa A; obosHaduMm 3a D; TepM, KOTOPBIii 110-
aygaercst u3 O'(x1, ..., Ty,) IMyTEM 3aMEHbI COJEPIKAIUXCST B A; aTOMapHBIX
MHINKATOPOB Ha Z, a He cojep:Kamuxcs — Ha J. B sToMm ciiydae Kaxkmaoe
D; Bbipazkeno TobKo yepe3 dbyukuuu u3 Sc, u | J(A; [ D;) — HOpMabHAasT
dopma. IMokaxkem, uro | J(4; () D;) — vHopmaubHas dopma st O, To ecTb
BbipaxkaeT O.

JeficTBUTEIBHO, PACCMOTPUM HAOOD 3HAUEHUI N ITEPEMEHBIX X1, . . ., Lym-
ITycrs A — TOT €JIMHCTBEHHBIH COCTABHOM WHIMKATOD, KOTOPBIH Ha JIaH-
HOM Habope npuHuMmaer 3Hadenue Z. Torma suauenme (A;()D;)(N) pas-
HO & upu i me paBHOM k, a 3Hadenue |J(Ar()Dg) pasuo Dyg(N). Us
oupegenernst Dy, Di(N) = O(N). CiuenoBarenbHo, Ha j000M Habope N
O(N) = U(AiN D;)(N). To ects nopmanbuas dopma |J(A; () D;) 3amaér
dyuknuo O, 4.1.1.
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Byzem naseBars ase Hopmasbibsie dbopmst |J(A4; () D;) u |J(Ai () D) pas-
HbIMH, eci TepMbl D; 1 D BbIpaKaioT ojiHy U Ty ke (DYHKIUIO JJIsl KazKI0r0
i. B mpoTusHOM cyuae OymeM Ha3bIBATh WX pasamdabivu. CTaHIapTHONH HOP-
MaJIbHOI (bopMoil Ha30BEM Takyto opMy, e Kaxkoe [); BbIpaykeHO B BHUJIE,
anasormaaom JJH®, To ects B Buze | J(z7*, ..., 27"). Hecinoxmo ybeaurnes,
9TO ISt JTFOO0I HOpMaJIbHONW (DOPMBI CYIIECTBYET paBHAasl eil CTaHIapTHAs
HOpMaJIbHast popMa.

3ameTuM, 9TO JiBe Pa3IMYHbIe HOpMAaJbHbBIE (DOPMBI MOTYT 38/1aBATh OJHY
u Ty ke dynkiuo. Hampumep, B Cy

U(Ai Ue)
(cards(z) (eard-o(z\e) (o) U(UJ(4; U 2)
(cardp(x ﬂ cardy(Z\x) ﬂZ U U(Ak U 2))

3a7a10T O/iHy U Ty ke dyHkino. Ho MokHO 1mMoKa3aTh, 9TO MOA00HbIE AP
dopM — eIMHCTBEHHBbIE Pa3uYHbIe (DOPMBbI, BBHIPAXKAIONINE OJHY U Ty 2Ke
bYHKITHIO.

0'1 o —
JIemMma 5. U(Ul om)e{0,13m (T1 - a0) = Z dan moboz0 snarenua nepemens-
HOLE 7 - . . Ty

JokarkeM WHIYKIMEH 10 YUCIYy M IepeMeHHbix. Eciu m = 1
(Z\x1)\Jz1 = Z — yTBepKaeHHE JIEMMbI BEPHO.
Ecin yTBep:KieHne JJeMMbl BEpHO i m, To 1iasd m' = m + 1

)

N
|

(01..0,.1)€{0,1} (x(fl e x;”,“) =
U(crl ..om)€{0,1}m (xil s I?nm)
Uor...om)efo,13m 3«"11 g
U(gl om)€{0,1}m it apr)
(Uor..omefoym (@7 . 27)) = Z. Jlemma noxasana.

~

Jlemma 6. Ecau cocmasnoti unduxamop A; we codeporcum cards,, mo
A, =0

HoxkazarenbcTBo. I[TockoMbKY MO TpeablIyIei JeMMe 00beInHEeHne KO-
HEYHOTO YHCJIa MHOXKECTB Z]'...ZJ" PaBHO GECKOHEYHOMY MHOXKECTBY Z.

o1 T
CanenoBarebHO, XOTs OBI OJIHO U3 HUX — IIyCTb 3TO OyJeT ;' ...Zn" 6ecko-

! /

o o g g
ueuno. Torna coorBercrBylomuil aroMapublil nuaukarop card;(x;" ... zn")
[IpUHAMAET 3Ha4eHne &, U BECh COCTABHON UHINKATOD A; IPUHAMAET 3HAYCHHE
.
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JIemma 7. Jlse cmandapmmvie nopmanvhve gopmo, | J(A; () Di) u

U(A4; N DY) sadarom odny u my orce dynkyuro mozda u moavko mozoa,
Ko2da das Kaokcdozo i (2de underc i napamempusyem 6c¢é MHONHCECMEO CO-
CTNABHBLT UHOUKAMOPOS) 8EPHO 00HO U3 CACOYIOUWUT YMEepHcIeHuls:

1) A; ne codeporcum cards,,.

2) D; = D;,

3) Bce mepmo, suda x7* ... x", 2de NPUCYMCMEYom 6ce Ty, KOMopbie
codeporcames 6 moavko odnom uz mepmos D u DY, npucymemeyrom 6 D; 6

amomaprom unduramope cardo(x{* ... zom).

JHokasaresnbcrso. <) Iycrs ase dopmer | J(A; () D;) u | J(A; () D;) Takoss,
9TO 7T KAXKJI0T0 ¢ O/HO u3 yTBep:kaenuii (1) — (3) Bepro. Paccmorpum nabop
3HAYEHUN HepeMeHHbIX N 1 COOTBETCTBYIOIIMI €My COCTaBHON MHIMKATOP Aj;,
KOTODBIii TIpPUHUMAET Ha HEM 3HadeHue Z.

st aroro Habopa COTIACHO MPEJIbIAYINEH JJeMMe He MOYKET BBITOJHATHCS

1).
Eciut jy1st Hero BbinosHstercst 2), T0, HOCKOAbKY D; = D), BEDHO PaBEHCTBO
. A — A /
4i(N) DN = 4i(N) ( DL(N).

Eciu nist mero somonustercst 3), To (A;(\D;)(N) = (A; (" D;)(N), no-
CKOJIBKY 00€ YaCTH ABJIAIOTCA OObEINHEHUEM OJHUX U TeX K€ HEILyCTbIX
MHOZKECTB I HEKOTOPOI'O KOJIMYECTBA, IIyCThIX.

Cuepnosarensro, | J(A; () D;) u J(A; () D)) npuHIMAIOT 0JHO U TO JKe 3Ha-
YeHME Ha JII0OOM 3HAYCHUHU IIEPEMEHHBLIX [N, U BBIpaskKaeMble STHMH T€PMaMU
GYHKIUN COBIAIAIOT.

—) Ot uporusnoro. IlycTs nBe craHmapTHBIE HOpPMAJbHBIE (OPMBI
UA; N Di) u U(A;i N D)) sanator oguy u ty xe dynxnuio. Ilycrs cyrme-
CTBYeT 1, JiJIsI KOTOpOro A; comepKut cards,,, u, 6e3 orpaHudeHnsi OOIIHOCTH,
B TepMme D; comepkutTcs repM ]! ... x9m, KOTOpBIl He cogepxkurcs B D) un
npucyrcrByeT B A; B aromapuoM nuukarope cardy(x]' ... xzJm), rue k me
pasHo 0.

IIycre 1 ... 2, — HAOOP 3HAUEHUIT TIEPEMEHHBIX, COOTBETCTBYOIHII A;
(o ectb ToT, HA KOTOpoM A; = Z). Takoit HABOP CyNIECTBYET, HOCKOJIBKY MOK-
HO HaiiTh 2" HemepeceKaloIuXcsd MHOYKECTB C 3aJIaHHBIM YHCIOM 3JIeMEHTOB
y KayKJ0ro (XoTst O6bI OIHO M3 KOTOPBIX OECKOHEYHO), OObeIMHEHNE KOTO-
poix pasuo Z. (A; () D;)(N) comepKuT /aeMeHT U3 MHOXKeCTBa 7' ... xJ7m,
(A; N D})(N) ne conepzxur smement u3 z7* ...z, Ilpu sT0M HuKaKne Apy-
rue A; He comepxat snement u3 x7' ... x7m. Cuenosarensuo, | J(A; () D;) u
U(A4; N D}) sanator pasusle dynxnnn. Jlemma gokasama.

C yuérom 310 jleMMbl Haiiém ducio dyukiuii 8 C,, OT m epeMeHHbIX.

Teopema 1. YHucao dynxuyui om m nepemenHus xi,...,T, 6 Cp pasgno
9(n+1)-2m-(n+2)2" ~1—n.2m (n41)2" ~1
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JlokazaTeabCTBO.

Kaxk 656110 ykasaHo pamee, Bcero cymecrsyer (n + 2)2™) pazmmrambix
COCTABHBIX WHINKATOPOB.

Badukcupyem A; n Haiiném kommdecrso dyuknuii Tuna (A; () D). Obozna-
quMm ero F'(i). Ecim A; se compepxur cards,,, To 3uadenne A; Bcerma paBHO
@, (Ai(1D) — xoucranra &, F(i) = 1. Eciim A; conepxkur cards,, u j —
ancyio cardg B A;, To F(i) = 2877 (nockonbky masmmaune wim orcyrcrsue B D
noarepma xi' ... x9m, nyst Koroporo A; numeer noxrepm cardg(z]! ... z9m),
He BJusieT Ha 3HadeHue dbyukuun), u k — j = loga(F(7)).

Kommaecrso ke Bcex m-mectbix yukiuit N(n,m) pasno 1L F(i) =
2¥iloga(F(1)) (%)

O6oznadnm [ = n + 2 — 9KUCJI0 pa3IUIHBIX UHIEKCOB Jjisi card, BKJIIOYas
>n.

ITockombKy B cocTapHOM HHAEKaTOpe A; pn (bUKCHPOBAHHBIX j U Kk €CTh:

— (Y pasIuuHBIX BADHAHTOB, IJ€ PACIOIOKEHBI j PA3JIMUHBIX HyJICBBIX
card,

— (I = 1)¥J papuanra ;151 3HAaUCHNs HEHyJIeBBIX napaMeTpos card,

— (I — 2)*J Bapuamnra s 3Havenus HeHyJeBbIX napaMerpos card, B
KOTOPBIX HET cards,,

— (1—1)*7 — (1 — 2)*J papuanTa JyIs 3HAYCHNA HEHYJIEBBIX TAPAMETPOB
card, cpein KOTOPBIX €CTh XOTsI Obl 01HO cards,,,

TIOJIy Y1M: ,
N(n,m) = 9Xiloga(F(i)) — ZEé?:Oci.((l—l)k—j_(1_2)k—j)‘(k—j) _
OO (1)~ (=2 )e(k—j) _ g=h_yCF (=17 ~(1=2)")-(5") *)

Yro6b! HANTH 3TY cymMMy, HailéM 3Hauenne cyMMbl L7 o(Ch - 2t - ) s
[IPOU3BOJIBHOIO HATYPAJIbHOIO i ¥ BEIeCTBEHHOro x. JIjist 3TOro BOCHOJIb-
3yeMcst PaKTOM U3 MaTeMaTHYeCKOTO aHaIu3a, U9TO IIPOU3BOIHAS CyMMbI
muddepernupyeMbix PYHKIUH paBHA CyMMe UX ITPOU3BOIHBIX:

n % T\ n % i—1 .\ n % AV n %
, io(Chy-at 1) = z- Lo (G- 2" 1) N z- N7 (O (2')3) = @+ (B Oy -
2\ _— n\ __ n— kok
(@) =z - (z+1)") =z n-(x+1)" (*)
Takum 06paszom, 3HavYeHNe Bbiparkenust (*) paBHO
9(I=1)xkrlF =1 —(1=2)kx(I=1)*~1 _ o(n+1)-27(n+2)2" ~1—n.-2m(n41)2" 1

Teopema nokazana.

5. ¥YpaBaenud B (),

Oycrs O1(x,y1,-.-Ym), O2(x,y1,...ym) — tepmbl B C,. Boipaxkenue
O1(z,7) = Oz(x,y) HAB0BEM ypaBHEHHEM OTHOCHTEJILHO BBIODAHHOII [IepeMeH-
HOil x ¢ napamerpamu 3. Ilycrs SP — HEKOTOpOEe MHOYXKECTBO MPEIUKATOR.
Bynem rosopurs, uro ypasuenne O1(x,y) = Oz(x,y) uMeer pelnieHre B MHO-
skecTBe S P orHOCHTENIbHO TepeMenHoit x, ecym npegukar O (z,y) = Oz(x,y)

74



BBIPA3UM HEKOTOPO# dopmysioit Haj npenukaramu u3 SP. 91y dopmysty
HazoBéM pemenreM ypasuerust O1(z,7) = Oz(x,y) B MHOXKecTBe S P oTHOCH-
TEJIbHO IIEPEeMEHHON X.

Teopema 2. Jlwboe ypasrenue 6 C,, 0OMHOCUMEALHO NEPEMEHHOT T € NAPG-
MEMPAMU X1, . . . Ty UMEET, PEULEHUE 6 MHOHCECTNEE NPEJUKATOE UG

card,, (xﬂFj(xl i) =7

card,, (Fj(z1...2n)\7) = Z,

ede F; — dynwyua us C. Ipu smom cywecmeyem ar20pumm, no3eoroujut
HATMU 9MO pewerue.

JoxkazarenbcTBo. CHadasa MOKaXKEM JIEMMY

Jlemma 8. Cywecmeyem anzopumm, ¢ NOMOULDLIO KOMOPO20 A1000T Mmepm
T(x,x1,...,2,) MO2CHO NPUBECTRIU K cMandapmmol dopme (mo ecmv nwatimu
mepm 6 cmandapmmoti gopme, supasicarowul my srce GyHKUUI0).

O/vH U3 BO3MOXKHBIX AJITOPUTMOB BBITISIUT CJIEIYIOITIM 00Pa30M:

1) Paccmorperb Bce cocTaBHBIE HHAWKATOPHI A; OT IIE€pEMEHHBIX
x,T1,...,%,. Samucars Tepm |J,(A; (N T).

2) Ipeobpazosars Kaxkplii Tepm A; (71; caemyomum obpazom (repm T;
MOZKET MEHSIThCsI MEXKJIy [IaraMi aJrOpUTMa):

— Iloka B paccmarpuBaembiit Tepm 1; Bxonur card:

—— Haiitu B uém xoxenne suja card(7”), rae 8 T He BXOAUT HUKAKON
npyroit card (ro ecrb T” Beipazkaercst Haz {Z\,(), U})

—— Haiirn, o6beunennem Kakux nepecedennit suga 7' ()« - (| zJm sB-
nsiercss T (u3 msomopduzma C' u Py 3T0 ge1aeTcss aHaIOTUYHO TPUBEICHHIO
dbopmyser u3 Py k CKH®), npocyMMHpOBATE O j MHIEKCHI Kjj U3 BXOJISIINX
B A; Tepmon cardy, (a;).

—— Ecsmn pesynbrar pasen nnmekcy k (uam > n, ecaun k — ungekc "> n’),
3aMeHuTb B paccmarpusaeMom tepme cardy(7”) na Z. Nnade 3aMeHUTD €ro
Ha J.

B pesynbrare nosyanm pasaocmibibtii T repum | J;(A; () T}) B HOpMaIbHOl
dopme.

3) AHaJIOTMYHO aJIrOPUTMy [pPHUBEEHNs] (DYHKIMHA aareOpbl JIOTUKH K
CKH®, npusecru T; k¥ Buiy, anajornaaomy CKHO.

B pesynbrare mosyanTcs TepM, PaBHOCUIbHBIN T 1 UMEIONHUI cTaH apT-
HYIO HOpMaJIbHYIO bopMy, 4.T.1. Jlemma mokazaHa.

Kak cimeayer n3 jseMMbl, 6e3 orpaHUYeHns OOIIHOCTH MOYKHO CUUTATh,
qro B BbIpaxkenuu O1(x, 1,...Ty) = Oz, z1,...Ty) 06a Tepma O1 u Oy
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3anmcanbl B cTanaapTHoi ¢popme. To ecThb HOCTATOYHO pemiaTh ypaBHEHUST
suta U(Ai N Ds) = U(Ai N Dj).

Kaxk 6110 mokazano pamee, 910061 HAOOP X1, . . . , Ly, HA KOTOPOM BBITIOJTHE-
o Aj(z1,...,x,) = Z, ynosuersopsut pasencrsy | J(A; ( D;) = J(Ai (N Dj),
HEOOXOJMMO U JIOCTATOYHO, ITOOBI 11000 aToOMapHBIl TepMm x7',...,xJ",
KoTOpbIi BXOAUT B D;, HO He B D), mum naobopor, Bxoqun B A; B Buje
cardg(z7',...,z7"). Paccmorpum B — MHOXKeCTBO BcexX Aj;, JJIsi KOTOPBIX
mo6oit aromapHelii Tepm 7', ..., x7", Koropslii Bxoautr B D;, Ho He B D), nimn
raobopot, Bxoqut B A; B Buge cardo(z]',...,z").

Ecaun wa wmabope (zf,...,x)) upuaumaer suadenue Z Takoit A,

10 UM D)@ at) = 82U UaUND)E . al) =
Di(xh, ... xy,) = Di(xy, ..., 2y) = UA; N D)) (2, ..., 27,).

Eciun ke wa wHabope (z],..., x;l) NpUHUMaeT 3Hadenue 7 A,
He ypoBieTBopstionmii sromy csoitctBy, To |J(A;(Dj)(zh,...,x,) =
sUe --UgUAND) (&, ....z,)) = Di(x), ... z)) # Di(z,...,z]) =
U N\ D)) (... ).

CireioBaTesIbHO, PABEHCTBO UCTUHHO Ha Habope (z,. .., ) ecau u Tosb-
ko ecom (2,...,2)) € A; m A; € B. Pemenune paBHOCHIBLHO bopMyIte
VA eB( Z)

SaMeHMB V(N(Lij) = Z) na \/(&(1;; = Z)), tae I;; — aromapHble nH/H-
HATODBI, OJLYYUM DEIlleHne yPABHEHHUSI.

6. 3akJrodeHUne

B crnenyromux crarbsax OyayT omucaHnbl cBOHCTBA (PyHKIIMOHAJIHHON CACTEMBI
C, npezcrasiena meddeposa byHknun B Heil. Byner npecrasiena cepus
IIPEJIIOIHBIX KJIACCOB, IO3BOJIAIONAA ITOJYYUTh KPUTEPUA OTHOCUTEILHON
TTOJTHOTHI.

ABTtop BbIpazkaer 6sarogapHocTh mpodeccopy A.C. Ilonkonsuny 3a mo-
CTAHOBKY 3849l U TIOMOIIE B paboTe.
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On algebraic system created from set algebra by adding the set
power indicator
Kapustin I.S.

This paper concerns the properties of the functional system C,.
This system has the domain 2%, and is generated by functions
22\z, x| Jy, z ()  and power indicators cardy(z)...card,(z).

Keywords: functional system, precomplete class, set algebra, com-
pletion criteria.

References

[1] Kapustin I. S., “On the elementary expressibility in predicate logic”,
Intelligent Systems. Theory and Applications, 23:2 (2019), 135-158

[2] Yablonsky S.V., Introduction to discrete mathematics, «Vysshaya shkolay,
M, 2003, 384 c.

[3] Yablonsky S.V., Gavrilov G.P., Kudryavtsev V. B., Functions of the
Algebra of Logic and the Post Classes, «Naukas, M, 1966, 120 c.

7



Kinacchl nByHaIIpaB/IeHHOTO JABUXKEHUS HA
Jyde, peajgudyeMbie apTomMaTamMu C 4
COCTOSTHUAMMU

E. B. Kysnenosa'

B pabore [1] nokazano, 4ro cyniecTByeT yHHUBEPCAIbHBIA 9KPaH C
O COCTOAHHMSAMU [JI KJIACCa BCEX 3aKOHOB JIBHUIKEHHUS CO CKOPOCTDLIO
JIBUKEeHUsI BIepé He Gostee, ueM 1/2) Ipu 9TOM He CyIIEeCTByeT yHUBED-
CaJIBHOT'O 9KPaHa ¢ 4 COCTOSHUAMU JIJIsI STOIO KJIacca 3aKOHOB JIBUKEHUS.
B nannoit pabore npuBeenbl 3 KJjacca 3aKOKOHOB J[BY HAIIPABJIEHHOTO
JBUKEHNA Ha JIyde, KOTOPble MOXKHO Peajin30BaTh KJIETOTHBIM aBTOMa-
TOM C 4 COCTOSHUSMU.

KiroueBbie ciioBa: KJIeTOYHBI ABTOMAT, YUCJIO COCTOSTHUI, HECKO-
HEYHBIN 9KPAaH, JIBYHAIPABIEHHOE JBIKEHNE, KOHCTPYUPOBAHNE U300~
pazKeHuii.

1. BBenenne

B pabore uccienyercss KOHCTPYUPOBAHUE JABUXKYIITUXCST M300parKeHuil KJre-
TOYHBIMHU aBTOMATaMU. PaccMaTpuBaeTCcs KOHEUHBII aBTOMAT U OECKOHEYHAs
CIIpaBa II0JI0Ca BBICOTON B OJHY KJIETKY. K KaxKmoil KJeTKe IOJIOChI IpPU-
KPEILIEH CBOI 9K3eMILJIAP KOHEYHOr0 aBToMara. B majbHeleM cocTosHue
aBTOMATa, IPUKPEIJICHHOTO K KJIeTKe, Oy/lIeM Ha3bIBATh COCTOSHUEM KJIETKH.
MHo2KecTBO aBTOMATOB, NPUKPEINIEHHBIX K KJIETKAM HOJIYOECKOHETHOMN IIPsi-
MO, SIBJISIETCSI PACCMATPUBAEMbBIM B JIAHHON paboOTe KJIETOUHBIM ABTOMATOM.

CocTostHIEe aBTOMATA, TPUKPEIJIEHHOTO K KJIETKE, 3aBUCUAT OT COCTOSTHS
9TOr0 aBTOMATA U JIBYX €r0 BXOJIOB (JIEBOTO U IPABOTO) B IPEIbIILY AN MOMEHT
Bpemenu. [lox Bxomamu Oy/1eM IOHUMATH COCTOSIHUSI ABTOMATOB, IIPUKPEILICH-
HBIX K COCEJIHUM KJIeTKaM (MMEIOTCsI B BUJY JIBe KJIETKU: OJIKaiilnas cjaesa
u Gymzkaiimast cupasa). CoCTOSTHMEM MMOKOsI CUMTAETCS HYJIEBOE 3HAYEHUE
COCTOsIHUS aBTOMAaTa, U aBTOMAaT B COCTOSHHUU IIOKOS OCTAETCA TaKOBBIM, €CJIN
€ro COCe/IN TOXKE HAXOJATCA B COCTOSAHUN IIOKO.

JleBbIii BXOJ1, caMoii JIeBOi KJIETKHU MOJIyOECKOHEYHOH MMOI0Chl OyieM Ha3bl-
BaThb YyIIpaBJIAOIWM BXOJI0M U 6y,ZLeM II0/1aBaTh Ha HEro IIpou3BOJIbHBIEC, HO
OIIpEe/IeJIEHHDBIC YIIPABJISIONINE CUI'HAJIBI.

! Kysneyosa Examepuna BuxmoposHa — M.H.C. Kad. MATEMATHYECKOIl TEOPHH HHTEJI-
JIEKTyaJIbHBIX cucTeM MexX.-MaT. ¢d-ta MI'Y, e-mail: kuz.net.sova@mail.ru.

Kuznetsova Ekaterina Viktorovna — junior researcher of Lomonosov Moscow State
University, Faculty of Mechanics and Mathematics, Chair of Mathematical Theory of
Intellectual Systems.
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Bce kieTku mosrybeckoHeUHOM M0JIOCH OyaeM Ha3bIBaTh 3KpaHoM. Kondu-
rypanuio u3s COCTOIHUI KJIETOYHBIX aBTOMAaTOB B ,ILaHHI)H'?‘I MOMEHT BPEMEHU
OyaeM Ha3bIBATDL M300paKeHWEM Ha IKPAHE.

OTmMeTHM, 9TO COCTOSTHUST KJIETKH WHTEPIPETUPYIOTCST HE OJMHAKOBO. 1aK
HEKOTOpOE 3apanee (PUKCUPOBAHHOE TTOJMHOKECTBO COCTOSTHUN KJIETKHU, Ha-
3BIBAEMBIX METKAMU, HHTEPIIPETUPYIOTCS KAK KJIETKH YEPHOrO I[BETA, a BCe
OCTaJIbHBbIE COCTOSTHUSI, BKIIOYAsT COCTOSIHIE TTOKOsI, MHTEPIPETUPYIOTCI KaK
KJIETKU Oesioro msera. B pesysbrare Ha 3KpaHe IMOJydaeTcs IEpHO-Oesoe
n3o0parkeHue.

B pabore HakjaampIBacTCsl OTpaHUYEHUE Ha BO3MOYKHBIE M300paryKEHMUsI.
Tak, IByxX METOK Ha KpaHe ObIThb HE MOXKET, T.€. JIBé Pa3Hble KJIETKH HE
MOTYT TPUHUMATEL COCTOSTHUSI, COJIEPIKAIINECST B TIOIMHOYKECTBE COCTOSHMUIA,
CUUTAIONIUXCS METKaMU. EIUHCTBEHHAS MeTKa Ha SKPAHE UHTEPIPETUPYETCS
HAMJ KaK TOYKA.

3aKOHOM JBUKEHUSI TOUKN HA SKPAHE HA30BEM II0CJIEI0OBATEIBHOCTD, CO-
crosiityio u3 cumBosios f, s, b (f — forward, s — stop, b — back), konupyromux
[epeMelrenre TOYKU 110 9KpaHy B KaXKJIbIii MOMEHT BpemeHu. Tak, ecjin B
MOMEHT BpPEMEHU t TOUKA CMECTHJIACH HA OJHY KJIETKY BIIPABO, TO t-BIif WIeH
[IOCJIEIOBATEILHOCTU 3aKOHA JIBUXKEHUsT IPUMET 3HadeHue f, ecjini CMecTu-
Jlach BJIEBO, TO t-bIil YJIE€H ITOCJIE0BATE/ILHOCTH IMPUMET 3HaUYeHue b, ecin
HUKY/]a He CMECTHJIACh, TO {-bIil YWIEH IOCJIEeI0BATEIHHOCTU IIPUMET 3HAUCHIE
s. 31ech BpeMs t OTCUUTBHIBAETCA OT TOI'O MOMEHTa, KOIJa B CaMOIl JieBOi
KJIETKE TIOSIBJISIETCST METKA.

Tema KoHCTPyUpOBaHMS CTAIMOHAPHBIX M300paYKEHMI KJI€TOIHBIMU aBTO-
maTamu paccmarpusasiack E. E. Turosoii B ee paborax [2, 3, 4. Tak, B pabore
[2] nccnenoBasach 3a/1aua KOHCTPYUPOBAHUsT N300paKeHUH KII€TOYHBIMU aB-
TOMATaMU Ha MIPAMOYTOJBHOM dKpaHe. B pabore ObLIO ITOKA3aHO, 9TO JIJId
KOHCTPYUPOBAHUS JTIOOOTO M300parkeHusT HeOOXOIMMO U JIOCTATOYHO, IYTOOBI
KJIETOYHBII aBTOMAT UMEJ 3 COCTOSIHUS.

B pa6ore [3| npogoskaioch paccMOTpeHHe KOHCTPYUPOBaHUs U300pa-
JKEHUI KJIeTOYHBIM aBTOMaTOM Ha IPSIMOYTOJILHOM dKpaHe. B pabore ObLin
JIQHBI ONEHKN BpeMeHU (pOPMUPOBAHUS KJIETOUHBIM ABTOMATOM U300parKeHMii
JUUTST PA3HOTO YMCJIa COCTOSIHUI JITAHHOTNO aBTOMATA.

B pa6ore [4] 661710 101pOOHO PACCMOTPEHO UCCIIEOBAHNE JIBUKEHUS TOUKH
Ha OecKOHEeYHOM 3KpaHe. B paboTe onucan ajropuTM peajin3aliui Ha SKpPaHe
IITITPOKOTO KJIACCa 3aKOHOB JIBUYKEHUsI U MCCIIeI0OBaHa Mepa Beprysin mHo-
2KeCTBa peaJIn3yeMbIX 3aKOHOB JIBU2KCHU. r[OKaBaHO7 YTO IIOYTU BCE 3aKOHBI
JIBUKEHUST SIBJISIOTCST PeAN3yeMbIMU. Takske MOKA3aHO, YTO OTHOCUTEh-
HO THUXOHOBCKOI TOIOJIOIUU MHOYKECTBO DPEAJTU3YEMbBIX 3aKOHOB JIBUKEHUST
OTHOCHUTCS K TIEepBOit KaTeropun bBapa, T.e. 0YeHb MaJio.

B paborax 9.9. T'acanosa |5, 6, 7| BBOAUTCS MOJIe/Ib KJIETOYHOTO ABTO-
MaTa ¢ jJokaropamu. OH TosyIaeTcs M00aBIeHNEM K KJIETOIHBIM aBTOMATY

79



HOBO# BO3MOXKHOCTH — IIOCBLIATH CUTHAJBI B “a¢dup”’ n moaydarsb u3 “s¢pupa’
CyMMaprIfI CUT'HaJI BCEX dJIEMEHTAPHbBIX aBTOMATOB. HpI/IBO,ELI/ITCH penieHne
HEKOTOPBIX KJIACCHIECKUX M HOBBIX 3a/ad C IIOMOIIBIO CTAHIaAPTHLIX KJIe-
TOYHBIX ABTOMATOB, a 3aTE€M IOKA3bIBAETCHA, UTO ITH 2Ke 3aJIa4YU C IIOMOIIHIO
KJIETOYHBIX ABTOMATOB C JIOKATOPAMH PEIIaloTCs 3HAYUTEIbLHO Jierde. B gact-
HOCTH, OIMCAH KJETOYHBI aBTOMAT C JIOKATOPAMU, KOTOPLIH periaer 3a1ady
OJTHOHAIIPABJIEHHOI'O IBUXKEeHHs TOYKU Ha Jiyde. C IOMOIIBIO KJIETOUHBIX
aBTOMATOB C JIOKATOpaMM MOYKHO pelllaTh U Jpyrue 3ajadu. Hanpumep, B
pabore [8] 1HoKazaHO, UTO C IOMOIIBIO JIBYMEPHBIX KJIETOUHBIX ABTOMATOB C
JIOKATOPpaMHU MOKHO PeIUTh 3a1a4dy YMHOYKEHHUSI U JIEJICHUSI N-Pas3psaTHbIX
qucesT 33 BPEMs MOPSIKA M.

B pa6ore [9] E. E. Turosoii 66171 paccMOTPEH KJIACC 3aKOHOB [[BHKEHUS, B
KOTOPBIX HET JIBYX CHUMBOJIOB f IIOAPAd, a TaKzKe HET JABU2KEHUA Ha3a/l (TO
ecTh HEeT CUMBOJIOB b), Takue KJIACChl Oy/IeM Ha3bIBATH KJIACCAMH 3aKOHOB
JIBUZKEHHUSI CO CKOPOCTBIO JIBUYKEHUs BIEPEN Ha Gosiee, uem 1/2. Bout mosyuen
pe3y/IbTaT, 9TO TaKWe KJIACCHI JBUKEHUsT HEBO3MOYKHO PEaIM30BaTh C IIOMO-
IIBI0 KJIETOYHOT'O aBTOMATa C TPEeMs COCTOSHUSIMY, HO MOYKHO PeajU30BaTh C
ITOMOIIIHIO KJIETOTHOTO aBTOMATA C I€THIPbMsI COCTOSTHUSIMHU.

B pa6ore [1] paccmarpuBasicst olpeiesieHHbIi Kaace S 3aKOHOB J[BUYKE-
HUf, B KOTOPBIX HET ABYX CHUMBOJIOB f IIOAPsAT, ABU2KEHNE Ha3a/ BO3MOXKHO.
OcHOBHOII 11€JIbI0 PADOTHI SIBJISAJIOCH OIIPEIe/IeHNe HAUMEHbIIIEr0 Y1CJIa COCTO-
AHUN KJIETOYHBIX aBTOMATOB, IIPX KOTOPOM MOXKHO PEaJIM30BaTh BCE 3aKOHBI
JBI2KEHUsT U3 KJjacca S, MPU 9TOM BBIOOD YIIPABJISIIONUX CHUTHAJIOB Yepe3
VIPABJISIONIII BXOJ 9KPaHa 3aBHUCe/ OT 3aKOHA JIBIKeHus. B pabore ObL10 110-
Ka3aHO, YTO MEHIMAJIHHOE KOJIMIECTBO COCTOSTHNAN KJIETOIHOT'O aBTOMATA, IIPH
KOTOPOM MOYKHO Peajn30BaTh JIIob0oe JIBUKEHUE U3 JIAHHOT'O KJIAcCa, PABHO
IISTH.

OHAKO HEKOTOPBIE 3aKOHBI JIBUXKEHUsT U3 KJlacca S C MOMOIIBI0 aBTO-
MaTa ¢ YeThIPbMsS COCTOSTHUSIMU Pean30BaTh BO3MOXKHO. B mamnoit pabore
paccMaTpUBAIOTCS TOIKIACCHI KJIacca S: 3aKOHBI IBUKEHHSI CO CKOPOCTHIO
JIBUKeHUsI BIePE 1/4 1 CKOPOCTBIO JIBUKEeHUsI Ha3a l 1 /2, 3aKOHBI JIBUKEHHUSI
CO CKOPOCTBIO JIBU2KEHMsI BIEPEN 1/4 1 CKOPOCTBIO JIBUXKEeHUsT Hazaz 1, a
TaKKe 3aKOHbI JIBUKEHUsI CO CKOPOCTBIO JIBUYKEHUs BIIEPE 1/3, CKOPOCTBHIO
JBUXKEHUS Ha3al 1 1 9ETHBIM KOJMYECTBOM OCTAHOBOK. Ilokazano, 94T0 3TH
IIOIKJIACChI MO2KHO peaJin30BaThb C Y€TbIPbMA COCTOAHUAMM. HaCKOJH)KO IIOJTHO
9TO MHOKECTBO KJIACCOB, KOTOPbIEe BO3MOXKHO PEATU30BATH C ITOMOIIBIO KJle-
TOYHOI'O aBTOMAaTa C Y€TbIPbMA COCTOAHUAMMU, ABJIACTCHA TeMOIT ,ZLaﬂbHefILHHX
NCCJIeJOBAHUMA.

ABTOp BBIpazkaeT 0J1aroJapHOCTh mpodeccopy D.9. ['acaHoBY 3a HaydHOE
PYKOBOJICTBO U IIOCTAHOBKY 3a/Ia9H.
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2. OcHoBHBbIEe IOHATHA U (POPMYJINPOBKA pPe3yJIbTaTa

OrpejtesiuM OCHOBHBIE TTOHSITHSI, UCTIOJIb3yeMble B JIAHHON paboTe.

[Tyctb S — MHOMKECTBO KOHEUHBIX M GECKOHETHBIX MOC/IEI0BATETHLHOCTEN,
COCTOSIIIUX U3 JIEMEHTOB ov, € {Sf, s,b}, B mpedukce 1060il JIMHBI KOTOPHIX
KOJIMYECTBO CUMBOJIOB b HE TPEBBIMAET KOJIUIECTBA CUMBOJIOB f, 3TO MPABUIIO
TaK>Ke BEPHO I BCEX HMOJIMHOXKECTB S, paccMaTpUBaeMbIX B JIaHHOI pabore.
DJIeMEHTBI MHOXKECTBa, S Oy/IeM HA3BIBAThH 3akonamu deusicenun. CumBom f
HOJPasyMeBaeT JBHKCHNE Ha OJHY KJIETKY BIPaBO, S — OCTAaThCA Ha MecTe, b
— Ha OJIHY KJIETKY BJIEBO.

Oxparom GyneM Ha3bIBATDH CJIEILYIONIYI0 KOHCTPYKIIUIO.

[Tycth uMmeeTcst GECKOHEUHas B IIPABYI0 CTOPOHY I10JIOCA BBICOTOI B OJIHY
KJIETKY. B KazK/[yI0 KJIeTKY HOJIOCHI IOMECTUM TI0 OJHOMY SK3EMILISPY OJHOIO
" TOI'O K€ KOHEYHOI'O aBTOMAaTa. K BXOJIaM 9TOI'O aBTOMAaTa IITPHUCOCIMHUM
BBIXOJIbI ABTOMATOB, CTOAINIMX B JBYX COCEJHUX C HUM KJIETKaX, TO €CTh Y
aBTOMaTa UMEEeTCsl Ae6bil BXOJ, NPasbill BXOJ U TEKYIee COCTOSIHUE aBTOMATA.
Brixosom aBTOoMaTa B 3aJJaHHBII MOMEHT BDEMEHU SIBJISIETCA €r0 COCTOSTHUE
B 9TOT MOMEHT BpeMeHH. J[1s aBTOMAaTa, CTOSIIEro B caMoil JIeBOi KJIeTKe
MOJIOCHI JIEBBIH BXOJ HE ONpPENEIEH. By/eM Ha3bIBATD €r0 YnpasAAtouyuM
6000M W TIOJABATh HA HETO YIPABJIAIOIINE CUTHAJILL.

Memwxamu GyieM Ha3BIBATD 3HAYEHUS COCTOSHHUI KJIETOYHOIO aBTOMATA,
IPH KOTOPBIX CYUTAETCS, YTO KJIETKa, HAXOAAIIAACA B JAHHOM COCTOSIHHH,
BujnMa (4épHas).

Byzem roBopuTh, 9TO Ha aKpane peasusyemcs dsudicenue no axony A € S,
€CJIM BBITIOJIHAIOTCS CJIEYIONIHAE YCIOBUS:

1) B HEKOTODBII MOMEHT BPEMEHH B CaMoii JIeBOii KJIeTKe SKpaHa HOsBJIs-
ercst MeTKa (710 9TOro Ha 9KpaHe HET METOK) — 9TOT MOMEHT OyieM
HA3bIBATH MOMEHMOM HAYAAL OBUNCEHUA TITT HAYAAOM OBUNCEHUA;

2) M3MEHEeHUe MO3UIUK METKHU HA 9KPAHE B i-ii MOMEHT OT HAUAJIa JIBHKCHUST
COOTBETCTBYET i-if OyKBe B CJIOBE HJIM CBEPXCJIOBE A, & MMEHHO, €CJIH
A(i) = s, To B (i + 1)-it MOMEHT MeTKa OCTaeTCsl B TOW ¥Ke KJIeTKe,
rjie ObL1a B Tekymuii Moment, ecau A(i) = f, To B (i + 1)-it MOMeHT
MeTKa CJBUHETCS Ha OJHY sf4eiiky Bupaso, eciau A(i) = b, to B (i + 1)-ii
MOMEHT METKa CJIBUHETCSI HA OJ[HY KJIETKY BJIEBO, [0 CDABHEHUIO CO
CBOUM TEKYIIUM IIOJIOKEHUEM;

3) B KaxK/plii MOMEHT BPEMEHHU I10CJIe HAuaJla, J[BUZKEHUs] HA SKPaHe eCTh
POBHO OJTHA METKA.

DkpaH Oy/eM Ha3bIBATb YHUGEPCANbHBLM JIJIT MHOXKECTBA 3aKOHOB JIBU-
JKeHus S, ecyin Jist JIFoO0TO 3aKOHA JIBUYKEHUs U3 S CyIIecTBYyeT TaKasl 0-
CJIEIOBATEILHOCTD YIIPABJISIONINX CUTHAJIOB, UTO Ha SKpaHe (popMupyercs
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Takoe M300paykeHne, 9To MeTKa JBuKercs mo 3akoHy S. Yepes Q(S) obo-
3HAYUM MUHUMAJBHOE YHCJIO COCTOSTHU, JIOCTATOYHOE, YTOOBI PeaTn30BaTh
YHUBEPCAIbHBIN 9KpaH JjIs MHOXKeCTBa S.

VzHavaibHO B JAHHOM KJIETOYHOM aBTOMATE OJIHU HYJIU. 3aTeM yIPaBJIs-
IOIllee YCTPONRCTBO HAYMHAET M0JIABATh €My Ha BXOJ[ YIIPABJISIONE CUIHAIIbI
(yIpaBJISIONIYIO [IOC/IEI0BATEIBHOCTS). B KaKO#-TO MOMEHT B CAMOi JIeBO
KJIeTKe 9KpaHa IMOsIBUTCSI MeTKa, KOTOpas MHTEPIPETUPYETCsS KaK TOYKa,
JIBUYKEHUE KOTOPOI MbI U U3ydYaeM.

Taxum 06paszoM, O/ MOABICHIHEM TOYKHU Ha SKpaHe OyJIeM MMoIpa3yMeBaTh
HepeKJIIoYeHe KJIETKH aBTOMAaTa, COOTBETCTBYIONEH caMoii JIeBOil KieTke
9KpaHa, B COCTOSIHNE, COOTBETCTBYIOIIEE COCTOSTHUIO METKH.

[Tocsie Toro, Kak TouKa (METKa) MOSIBUJIACH Ha SKPaHEe, TO OHA HUKY/A He
ucyesaeT U JAByX TO4YeK (METOK) Ha SKpaHe ObITh He MOXKeT (II09TOMY, eCJIn
MeTKa JIBUKETCsI, HAIPUMeED, BIPABO, TO KJETKa, B KOTOPOil OblLIa MeTKa,
JIOJIZKHA TIEePefiTH B COCTOsIHUE, HE COOTBETCTBYIOIIEE METKE).

B manHO# cTaThe pacCMaTpUBAETCsT BOIIPOC O TOM, KaKUe 3aKOHbBI JIBUIKe-
HUsT 13 S BOBMOXKHO Peain30BaTh ¢ 4 COCTOSIHUSIMU KJIETOYHOI'O aBTOMATA.
[TostydeHbl ciieyomnme pe3yibTaThl.

Teopema 1. ITycmv S' — mmnooicecmeo saxonos deusicenus, coCmMOAUUT U3
anemenmos muoocecmsa {ssfs,s,sb}. Toeda Q (5’1) =4.

Teopema 2. ITycmv S? — m1ooicecmso 3ax0106 0GUINCEHUA, COCTOAUUT U3
anemenmos muootcecmea {sfss, s, b} u navunarowuzces ¢ anemenma s. Toeda

Q(5?) = 4.

Teopema 3. ITycmv S3 — mmooicecmso 3ax0106 06UIICEHUSA, COCTNOAUUT U3
anemenmos mmooicecmea {ssf,ss,b}. Toeda Q (53) =4.

3. BcrnomorarespHBIE olrpeeJjieHnA

[Tepen moKa3aTEILCTBOM OCHOBHBIX YTBEPKJICHUH BBEJEM DSl BCIIOMOTATE -
HBIX OIIpee/IeHniT U 0003HAYEHUI.

[Mycrs M = {f,s,b} — andasur 6a30Bbx OyKB JBHzKeHus. Ecim a —
csioBo B asidasure M, 10 yepes |a| 0603HAUNM YUCIO OYKB B CJIOBE G.

O6osnaunm FW = {ssfs,sfss,ssf} — MHOXKeCTBO CJIOB JIBUKEHHUsI BIIe-
pén, BC = {sb,b} — mmuoxkecrBo cjoB jBrkenust Hazan, ST = {s,ss} —
MHOXKECTBO CJIOB OCTAHOBKH Ha MeCTe.

I[Iycts @, = ajasg...qp € S — 3aKOH JIBUXKEHUs, TIe o; € 4 =
{fw,st,bc}, fw € FW,st € ST,bc € BC, i = 1,2,...,n. U3 kaxjoro
mHOXKecTBa ciaoB FW, ST, BC' BeibupaeM MO OIHOMY, BCETO MOJIydIaeM TPHU
¢JI0Ba, 0OPA3YIOIINX MHOYXKECTBO Z, U3 HUX U OYJIET COCTOSITH 3aKOH JIBUKCHUSI.
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IIycts a € FW U BC U ST. Oupenenum GyHKIHO, HaeHTHMUIUDYIOILY IO
CJIOBO B (-0l MTOBUIMY 3aKOHA JBUMKEHUST:

1 ecm a; = a,

0 ecam oy # a.

Tenepb HMCHOMB3yeM €€ IS IIOJACYETa KOJIMIECTBA CIOB o € 2 =
{fw, st,bc} B upedukce 3aKoHa JABUMKEHUsI JUIMHBL 1 ([OIPA3yMEBAETCsI, YTO
B npeduKce n CJIOB, a He OYKB):

Irw @) = Y I(o=fuw),
i=1

n

Ipc (@) = Y I(ai=be),
i=1

Isr (@) = Y I(a;=st).

=1

OTcro/1a MOXKEM OIIPEAEIUTD HO3UIUIO METKHU Ha SKPaAHE

d(am) = Irw (a) — Ipc (a) 2 0

1 KOJIMYECTBO TaKTOB C Ha4daJia ,ILBI/I}KGHI/IH
t(an) = Lst (a) - |st| + Ipc (an) - |be| + Trw (om) - | fw

JJIsI TpeUKCa 3aKOHA, JIBUXKEHUSI JAJIUHBL 1. 3/1€Ch CYUTAETCs, YTO ITO3UIINS
caMoii JieBoii KjaeTku pasHa 0.

4. HuxHsIA OIleHKa

JIemma 1. IIycmo S' — mmoosicecmeo saxonos deusicenus, coCmoAUMUT U3
aaemenmoe mmosicecmea {ssfs, s, sby, S? — mmoorcecmeo saxonos deusicenus,
COCTNOAWUT U3 2AEMENMO6 MHuodicecmsa {sfss, s,b} u S — wmmosicecmeso
3aK0HO6 J8UNHCENUS, COCTMOAULUT U3 INEMEHMO8 MHodcecmsa {ssf, ss,b}.

Mowrocmb muoscecmea cocmosnuli KAEMOUH020 GEMOMAMEA, PEAAU3YIO-
wezo saxonv, deusicenua SY, S% u S3 Q| > 3.

Jloxasamenvemeo. Tlpennomnoxum, uro |Q| = 3, Q = {0,1,2}.

0€Q\L, 1€ L, nusa 2 BO3MOXKHBI JiBa BAPHAHTA:

1)2e€ L (L=1{1,2}).

To ecTh y HAC ecThb JABe METKU W HU OJHOIO CHUT'HaJja. B j0060if MOMEHT
ocJIe HadaJjia M JI0 KOHIA JBUYKEHHUs Ha SKPaHe HaXOIUTCs POBHO OJIHA METKA.
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Paccmorpum ipon3BosibHBIIT MOMEHT Bpemenu. [lycTb Ha 9KpaHe HAXOIUT-
cst MeTKa 1, B CJIEJIYIONUIT MOMEHT BPEMEHU OHA MOYKET: OCTAThCS HA MECTe,
[IEPEMECTUTHCS BIIPABO UJIU BJIEBO, B TO K€ BPEMs OHA MOYKET OCTAThCS MET-
Koit 1, mim crath meTkoit 2. Takum obpazom, gyt MeTku 1 ecTb 6 BApHaHTOB
Pa3BUTHUsI COOBITUN B CJIEIYIONUIT MOMEHT.

To xe camoe BepHO u Jjist MeTKH 2. T0 ecTh, uMest JBe METKU U HU OIHOI'O
CHTHAJIA, BO3MOYKHO PEaIn30BaTh He Oojee 62 3aKOHOB JIBHIKCHHS, a HAM
TpebyeTcs peasn30BaTh KOHTHHYYM, MOCKOILKY B S, S2 u S konTunyym
3aKOHOB JIBUKEHUSI.

2)2e Q\L (L=A{1}).

IIycts F!' C S' — MHOMKECTBO 32KOHOB JIBHKEHHUS, COCTOSIIINX W3 JIe-
MEeHTOB MHO¥KecTBa {ssfs,s}, F?2 C S? — MHOXKECTBO 3aKOHOB JIBIIKEHHSI,
COCTOATINX W3 3JIeMEeHTOB MHO¥kKecTBa {sfss, s}, F? C S% — mHoxkecTBO 3a-
KOHOB JIBHYKECHUsI, COCTOSIIIINX M3 9JIEMEHTOB MHOXKecTBa {ssf, ss}. To ecrp
JIBUYKEHIe Ha3a,| HaMu ucksodeno. Ilonpobyem peammsosars F1, F2 u F3.

Mertka Bcero ojuna. Bee nBukenus Bepes; MOXKHO OCYIIECTBATH TOJIHKO
u3 ¢ (1,a,b) =1, a,b € {0,2}, r.e. u3 upemodbpadborku. [Tox mpenobpaboTKoii
3/1eCh TOHUMAETCH KOHEYHOE MHOXKECTBO CUI'HAJIOB, HOJIAHHBIX HA BXOJ /0
[OsIBJICHUST METKH HA SKPAHE.

K MoMeHTy mosiB/IeHHsI METKI Ha SKpaHe TaM yrKe HaXOIUTCs KaKasi-TO
KoHMUryparysi, COCTosimas u3 sjemenTo Mmuoxkecrsa {0,2}. Takux koudu-
rypaiuii CI€THOE YUCJI0, & 3aKOHOB JIBUKEHIST KOHTHHYYM.

O

5. 3aKOHBI JBUXKCHUS CO CKOPOCTBLIO JBUXKCHUS BIIe-
pén 1/4 u ckopocTbio JiBMKeHUsT Ha3ad 1/2

Paccmorpum kiterounbiit apromar K. MHOXKECTBO COCTOSHUI aBTOMATA UMEET
Bug @ = {0,1,2,3}, muoxkectBo metok — L = {1,2}. OyuKnus mepexo1os
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Oyaer ciemyromas:

©(0,0,a) = 0, rme a € Q,

¢(0,1,a) = 1, tme a € Q\L,
¢(0,2,0) = 2,

¢(0,2,3) = 0,

¢(0,3,a) = 0, tmea € Q\L,
¢(0,3,1) = 0,

©(0,3,2) = 1,

v(l,a,b) = 0, tnea € Q\L,b € Q\L,
¢(2,0,a) = 3, tmea€ Q\L,
©(2,3,a) = 1, tne a € Q\L,
©(3,0,a) = 3, rmea € Q,

v(3,1,a) = 2, tmea€ Q\L,
¢(3,2,0) = 0,

¢(3,2,3) = 3,

©(3,3,a) = 3, rmea € Q,

v(a,b,c) = 0, tae a,b, nm b, ¢, nm a,c € L.

Jpuzxenne Toukn (1 u 2, BbIIeI€HHBIE KUPHBIM MIPUQTOM) Ha SKpaHe
BIIEPEN M300pakeHo Ha PUCYHKe la, JABMKEHME Ha3aJ — Ha pUCyHKe 16.
Crpokn — momenTsl BpeMenu. CripaBa OT BEPTUKAJILHOM 4epThl — KapTUH-
Ka, KOTOpas TOJIyvYaeTcs Ha SKpaHe, CJIeBa — CHUMBOJ, KOTOPBIN MOJIaércs
Ha YIPaBJISIONINN BXOJ; COOTBETCTBEHHO, CHMBOJIBI CJIeEBA OT BEPTUKATIBHOM
YepThI, TPOYUTAHHBIE CBEPXY BHU3 — YIPABJILAIONIAs OCIEI0BATETLHOCTD.

DTa PYHKINS IEPeXoI0B MO3BOJISIET OCYINECTBIISTh JIBUKEHNE TOYKU Ha
9KpaHe BIEePE]] co CKOPOCThio 1 /4, Haza — co ckopocTbio 1/2 ¢ 4 cocTostHusIMU
KJIETOYHOro aBTromaTa. JlokakeM 3TO CTpOoro.

JIemMma 2. ITycmv S' — wmmooicecmeo 3a%0106 dsusicerus, COCMOAUUT U3
anemenmos mmoocecmsa {ssfs, s, sby. U nycmo darno caoso o = aq...ap,... €
S, conocmasum emy ynpasasoOwI0 NOCALIOBAMEALHOCTD — CA0GO 3 =
2201...0n..., 2de

0, ecau oy = S,

Bi = ¢ 330, ecau a; = sb,

300, ecau a; = ssfs.
Tozda, ecau wa ynpasasowuli 600 Kiemounozo asmomama Ki nodasams
nocAedo6amesbHOCd B, MO CNPaBedAUss: CALOYIOULUE YMBEPHCICHUM!
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310001

313001
311000 013301
012000 310331
012300 31303 2
310130 013310
0/13103 310320
00200 313103
310230 013200
0|13013 311030
00310 31200 3

a 6

Puc. 1.

1) 6 momenm epemeriu t(ap—1) 6 nosuyuu d(tp—1)—1 6ydem nazodumoca
cumeon 3}, 2de
0, ecauany=s,
By =143, ecau a, = sb,
3, ecau an = ssfs,

2) 6 momenm epemenu t(0,) memra na sxpare 6ydem 6 nosuyuu d(any,).

Hoxazameavcmeo. JlokazaTenbcTBO Oy/ieM BECTH MHAYKIIAEH IO JJIMHE N
npeduKca 3aKOHA JIBUKEHUSI.

Basuc naaykmuu: n = 1 u n = 2. Bo3MOXKXHBI C/IeyoIe Cayvdan.

l.n=1.a] = a; = sb — naHHDI 3aKOH JIBIKEHHs He n3 Kjacca ST,
n = 2 paccMaTpuBaTh He HYKHO.

2.n=1a3=a; =s,t(ar) =1, d(ar) =0.

IMogamum Ha Bxox mocaenoBareabHOCTh 220. CoracHo (byHKIMK I1epexo-
J10B OyeM HabJIIOMATh KAPTUHY, N300pakKEHHYIO Ha PUCYHKE 2a. B manbHeil-
meM CUMBOJIOM * OyzeM 0603HaYaTh IPOU3BOJILHDLA CUMBOJI U3 MHOYXKECTBA
Q\L.

B momenT Bpemenn ¢ = () (MOMEHT ITOSIBJICHVsI METKY Ha 9KPaHe) B O3UIUH
d = —1, To ecrb Ha BXOZE, Oyler HaxoguThcd 7 = 0. B MoMeHT BpemeHn
t(a1) = 1 merka Ha skpane OyeT HaxoauThest B mosuiun d(ay) = 0. Bepro.

21. n=2. a3 = ajag = ssb — maHHDBII 3aKOH JBUXKEHUSI HE U3 KJIACCa
St

22.n=2. a3 = ajas = ss, t(az) =2, d(az) = 0.

[Tomaum Ha BxO mocaenoBarenbHOCTh 2200. CoracHo GpyHKIINN Tepexo-
0B OyzeM HabJrogaTh KapTUHY, N300pakKEHHYIO Ha PUCYHKE 20.
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21000
21300
0130
21000 3103
21000 21300 0200
21300 0130 02 30
0130 0103 *1010
*11 0 3 *1 00 10
a 1) B
Puc. 2.
210000
213000
21000 311300
21300 21000 012030
21000 31130 21300 02303
2300 0203 31130 30130
31130 0/230 0|2 03 0(3103
0|2 03 31013 0/230 00200
01230 31310 0013 *10230
*1013 01320 *1010 *I*013
*1*1 0 *110 3 %10 K10
a 1) B T
Puc. 3.
B moment Bpemenn t(ay) = 1 B mosumunu d(ag) — 1 = —1, 1o ecTtb Ha

Bxo/Jle, Oyaer Haxoaurbest (3 = 0. B moment Bpemenu t(az) = 2 Merka Ha
sKpaHe OyzieT HaxoauThes B nmo3unuu d(agz) = 0. Bepmo.

23.n=2. a3 = ajag = sssfs, t(az) =5, d(ag) = 1.

[Momaaum Ha BXOX mocsenoBaresbHOCTh 220300. CorytacHo PyHKIUE IEpe-
XOHOB OyIeM HabJIIoIaTh KapTUHY, N300parkKEHHyIO Ha PUCYHKE 26.

B moment Bpemenu t(ay) = 1 B nosunuu d(ay) — 1 = —1, 1o ectb Ha
BxoJle, Oyaer Haxoguthest (5 = 3. B moment Bpemenu t(az) = 5 Merka Ha
sKpaHe OyjieT HaxouThcst B nosunun d(az) = 1. BepHo.

3.n=1 a1 =a1 =ssfs, t(ar) =4, d(ag) = 1.

IMonamum Ha Bxox nocienopareabHocTh 22300. CoracHo (byHKIMK H1epe-
XOJI0B Oy/ieM HabJIIOaTh KapTUHY, n300pakKEHHYIO Ha PUCYHKE 3.
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B momenT Bpemenn ¢ = () (MOMEHT ITOSIBJICHHsI METKH Ha 9KPaHe) B HO3UIUH
d = —1, To ecTb Ha BXOJe, Oyaer HaxonuTbcs 7 = 3. B MomeHnT Bpemenu
t(a1) = 4 merka Ha KpaHe OyeT HaxoAuThCs B osurun d(ay) = 1. Bepro.

3.1.n=2. a3 = ayas = ssfssb, t(az) =6, d(az) = 0.

[Tomagnm wa BxOa mociegoBareabHOCTDL 22300330. Cortacuo dyHKITUN
epexosioB OyjeM HAOJIOIATE KAPTUHY, N300PaKEHHYI0 HA PUCYHKE 30.

B mowment Bpemenu t(aq) = 4 B nosunuu d(@y) — 1 = 0, Oymer HAXOIUTHCS
B5 = 3. B moment Bpemenn t(az) = 6 MeTKa Ha SKpaHe Oy/JeT HAXOUTHCS B
nosunun d(az) = 0. Bepno.

3.2.n=2. az = ajag = ssfss, t(az) =5, d(ag) = 1.

[Momaaum Ha BXOK nocsenoBaresbHOCTh 223000. CorytacHo (PyHKIUH TTEpe-
XOJI0B OyJieM HabJIIOaTh KapTUHY, n300pakKEHHYIO Ha PUCYHKE 36.

B moment Bpemenu t(aq) = 4 B nosunuu d(ar) — 1 = 0, 6yuer HAXOUTHCS
B35 = 0. B moment Bpemenn t(az) = 5 MeTKa Ha 9Kpame OyJeT HAXOAUTLCH B
nosunuu d(az) = 1. Bepho.

3.3. n=2. a3 = ajay = ssfsssfs, t(ag) =8, d(az) = 2.

ITomagum Ha Bxox mociaemoBareabHocTh 2300300. Corytacuo dyHKIUU
epexo 0B OyIeM HaOJII0IaTh KapTUHY, H300PaKEHHYIO Ha PUCYHKE Je.

B moment Bpemenn t(aq) = 4 B nosurun d(ag) — 1 = 0, 6yaer HAXOAUTHCsT
B3 = 3. B moment Bpemenn t(az) = 8 MeTka Ha 9KpaHe OyeT HAXOJAUTHCS B
nosuruu d(ag) = 2. Bepro.

OTMeTrM, 9TO B KOHIE PEAJM3AIMU CJIOB IBUXKCHUS BIEPEN, HA3amd 1
OCTAHOBKH Ha SKpaHe HAXOIUTCA MeTKa 1.

NunaykruBHbI nepexoxn. [lycrs npu n = k — 1 yTBep2KieHre BBIIOTHE-
HO.

Torma B MomeHT Bpemenu t(ax_z) B nosunuu d(ag_z) — 1 Oyuer HaxXO-
JMThCA cuMBOJI 35_;. A B MOMeHT BpeMeHH BpeMeHn t(0_1) MeTKa 1 Oyjer
HAXOAUTbC B no3uiuu d(ag_1).

JlokazkeM, 9TO Ipu N = k yTBEPKIACHAE TAKKE BBIIIOJTHSIETCS.

1) ITokazkem, 9T0 B MOMEHT BpeMmeHH (1) B nosurmu d(a;_1) — 1 Gyzer
HaXOJUTBCS CUMBOJ 3.

Curnast (0 nm 3) 10 BCTpeun ¢ METKOM JIBUZKETCsI CO CKOPOCTBIO 1 — 310
CJIEIyET U3 PACCMATPUBAEMON (DYHKIUY 11€PEX0N0B. TO eCTh, 3Hast MOJIOKEHNE
KAKOI'O-TO OIIPEJIEJICHHOTO CUTHAJIA B KAKOH-TO MOMEHT BPEMEHH, MOXKHO
OJTHOZHAYHO OIPEJIEUTh, TJIe OH ObLI HECKOJILKO TAKTOB HA3aJl, WU IjIe OyIeT
HECKOJIBKO TAKTOB BIEDPEL.

Paccmorpum MomenT Bpemenn t(ag_1). Eqununa saxonurest B mosunuu
d(@g—1) (mpeanosoKeHe HHIYKIIH ).

1. Eciin nocsiesiHuM B 3aKOHe JIBUZKEHUs OBLIO JIBUYKEHUE BIPaBo (SSf$),
3HAYNT, B MOMEHT BpeMenn (1) — 4 Tpoiika crosuia B mosunun d(ag_1) — 2,
Hyan — B nosuuax d(og_1) —3 n d(ap_1) — 4, a B — B d(ag—1) — 5. To
ects B t(ag—_1) Bf Oyzmer B d(ap—_1) — 1 (pucynox 4a).
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*520031*****
**61:0020****
***/3]:0230*** *520331***
****520100** **ﬁ,’50320** *ﬁ,’;Ol**
*****@:1000* ***5’:1030* **5/:10*
a o B
Puc. 4.

2. Ecim nocsie M B 3aKOHE JIBUYKCHUST OBLIO JBHXKEHHE BJIEBO (sb),
3HAYNUT, B MOMEHT BpeMeHH (1) — 2 TPOiiKu crosin B no3urusx d(dg_1)
u d(ag—1) — 1,0 — B nosumun d(ax—1) — 2, a f; — B d(@—1) — 3. To ecTb B
t(a—1) By 6yner B d(og—1) — 1 (pucynox 40).

3. Ecsn mocsieiHeit B 3aKOHe JIBUKeHUsI ObLiIa OCTAHOBKA (S), 3HAYUT, B
MOMeHT BpeMenu t(ag_1) — 1 HOIb crosn B nosunmu d(ay—1) — 1, a f; — B
d(ag—1) — 2. To ects B t(a)_1) B Oyaer B d(ar_1) — 1 (pucyHok 46).

2) Tlokazkem, 9TO B MOMEHT BpeMeHHU ¢(Qf) MeTKa 1 Oy/ieT HAXOAUThCS B
nosunun d(ag).

B momenT Bpemenm Bpemenu t(aj_1) MeTKa 1 HAXOJUTCS B MO3HUIINH
d(@x_1) (npeanosoKeHre HHITyKIUN ).

B nosumun d(ag_1) — 1 6yjer naxomurbesa cumsoul [ (CoraacHo yTsep-
JKJICHUIO TIYHKTA 1 JIEMMBI).

OT/1eJIbHO PACCMOTPUM TPU CJIyUast JIJIs KazKJI0I0 BO3MOXKHOTO 3HAYEHMUSI
Q.

1. a = s. B aTom cityyae BBITOJTHEHBI COOTHOIIIEHNUS:

Ist(ag) = Ist(ap—1)+1,

Irw(@x) = Irw(a1),

Ipc(@r) = Ipc(ar—1),
tlag) = tlag—1)+1,
d(og) = d(ag=1).

CormacHo GYHKIUN II€PEXOJOB MOJIydNM KapTHHY, H300DaKEHHYIO Ha
PUCYHKE da.

B moment Bpemenu t(ag_1) = t(ag) — 1 B nosunuu d(oy) = d(ag_1)
Haxoxurcs Merka 1, B nmosurn d(ag_1) — 1 = d(ax) — 1 HAXOUTCST CHUMBOIT
By = 0.

O6osnaunm ¢(d) cumsos B nosunuu d. B MomenT Bpemenn t(ay) CHMBOI
B nosuruu d(ay) Gyuer paBeH

q(d(ar)) = ¢(B;1,a) = ¢(0,1,a) =1, e a € Q\L.
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2. . — sb. B saToMm CJIyda€ BbIIIOJIHECHbI COOTHOIIICHNA:

CorytacHo DYHKIIUN IEPEXOJIOB MOJyYUM KAPTUHY, M300PaKEHHYIO Ha

pucyHke 56.

B moment Bpemenn t(ag_1) = t(ag) — 2 B nosurun d(ag_1) = d(ag) + 1
HaXo[uTCsl MeTKa 1, B mosunun d(ag_1)—1 = d(ay;) naxoxurcs cumso B = 3.
B moment Bpemenn t(ax—1) + 1 = t(ax) — 1 B mosurmn d(ax—1) = d(ag) + 1

HaXoAuTCd METKa 2:

EE
* ¥ ¥ *x O
* % ¥ O O

Puc. 5.

Ipc(ag—1) + 1,
Ipw (ak—1),
Tsr(ax=1),
t(ax—1) + 2,
d(ag—1) — 1.

31**
020 *
0230
£013
£ %10

q(d(@k) +1) = ¢ (3,1,a) = 2, e a € Q\L.

W O * % ¥

B momenT Bpemenu ¢(a) cumsost B nosunuu d(ag) Oyaer paBex

Q(d(OTk)) = QO(O’& 2) =L

3. a = ssfs. B 9ToM ciiyvae BBITIOJTHEHBI COOTHOIICHMUST:

Irw (o)
Ipc(ak)
Isr (o)

t(ax)
d(ay,)

CortacHO PYHKIIUN ITEPEXOJI0B MOJyIUM KApTHUHY, M300PaskEéHHYIO Ha

PUCYHKE D6.
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Irw (ag—1) + 1,
Ipc(ar—1),
Isr(Qk—1),
t(@h—1) + 4,
d(ay=1) + 1.

S % ¥k X ¥

* Kk X X X



B moment Bpemenn t(ag_1) = t(ag) — 4 B nosurnun d(ag_1) = d(ag) — 1
HaxouTcst Merka 1, B nosuin d(ag_1) — 1 = d(ax) — 2 HaXOUTCsT CUMBOJI
By = 3.

B moment Bpemenn t(a_1) + 1 = t(@) — 3 cumBou B nosurmn d(ag_1) =
d(ag) — 1 6yaer paBen

q(d(ar) —1) =9 (3,1,a) =2, rye a € Q\L.

B moment Bpemenu t(ag_1)+2 = t(ay)—2 cumsos B nosunuu d(ag_1)+1 =
d(ay;) 6yuner paBen

Q(d(aik)) = (Q,O,CL) =3, rrea € Q\L

B momentT Bpemenn t(ag_1)+3 = t(@)—1 cumBos B nosurmu d(ag_1)+1 =
d(ag) 6yner pasen

qd(@g)) = ¢(2,3,a) =1, tae a € Q\L.

B moment Bpemenn t(a_1) + 4 = t(@) cumpos B nosunuu d(ag_1)+ 1 =
d(ay) 6yner pasen

Q(d(@)) =@ (Ov 170’) =1, rneac Q\L

Mbl sokazasu, 910 B MOMEHT BpeMenu t(ay) Merka 1 Gyjer HaXoauTh-
cs1 B mosunuu d(a) st BCeX BO3MOXKHBIX BAPUAHTOB JIBUYKEHUsI. SHAYMNT,
yTBEpKJIeHUE 2 JIeMMbI BEPHO.

O]

DakTUIECKU B JIeMMe 2 IPUBEIEH aBTOMAT C 4 COCTOSIHUSIMU, KOTOPBIi
06pasyeT YHUBEPCAIbHBIA SKPAH JJIs MHOYKECTBA 3aKOHOB fpurKenus S1. C
JPYTOii CTOPOHBI JieMMa 1 IOKa3bIBaeT, YTO TPEX COCTOSAHHUI HE JOCTATOIHO
IS IOCTPOEHNs YHUBEPCAIBHOTO 3KpaHa /st S'. TeM caMbIM MbI J0Ka3aJIH
CIIPaBE/JIMBOCTD YTBEP:KICHHUSI TeOPEMBI 1.

6. 3aKOHBI ABU>KEHUS CO CKOPOCTBIO JIBUXKEHUsI BIle-
pén 1/4 u ckopocThiO JBMXKeHUs Ha3a1d 1

Paccmorpum kiterounbiit aBromar Ko. MHOXKECTBO COCTOSTHUI aBTOMATA UMEET
Bug QQ = {0,1,2,3}, muoxkecrso merok — L = {1,2}. Oyuknus nepexoios
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Oyaer ciemyromas:

¢ (0,a,b) = 0, tnea € Q\L,b € {0,1,3},
v (3,a,b) = 3, tnea € Q\L,be {0,1,3},
©(2,0,a) = 3, taea € Q\L,

©(2,3,a) = 1, tnea € Q\L,

v(l,a,b) = 0, tne a € Q\L,b € Q\L,
¢(0,1,a) = 1, tmea € Q\L,

v(3,1,a) = 2, tnea€ Q\L,

¢(0,0,2) = 1,

©(3,0,2) = 2

©(0,2,a) = 0, toe a € Q\L,

©(3,2,3) = 0,

¢(0,3,2) = 0,

v (3,3,2) = 3,

¢(3,2,0) = 2,

v (a,b,c) = 0, tae xors Obl 1Ba U3 TPEX: a u byuau b u ¢, wm a u ¢ € L.

Jpuzkenne Toukn (1 u 2, BbIIeJIEHHBIE KUPHBIM MIPU(TOM) HA SKpaHEe
BIIEPEN, n300parkeHo Ha pucyHke 6a, JABMKEHUE HA3aJ — Ha PUCyHKe 6O.
Crpokn — momenTsl BpeMenu. CripaBa OT BEPTUKAJIHLHON 4epThl — KapTUH-
Ka, KOTOpas MOJIyIaeTcs Ha 9KpaHe, CJieBa — CUMBOJI, KOTOPBIH MOJAETCS
Ha YIIPABJISIONIIH BXO/T; COOTBETCTBEHHO, CHMBOJIBI CJIEBA OT BEPTUKAILHOMN
YepTHI, TPOUYUTAHHBIE CBEPXY BHU3 — VIIPABJISIIOIIAs TOCIEI0BATEIBHOCTb.

OTa QYHKIHUS TePEXO0B MO3BOJSIET OCYIECTBIATH JBUKEHUE TOUKN
BIEPE]] cO CKOpocThio 1/4, Hazas — co ckopocTbio 1 Ha 9KpaHe ¢ 4 COCTOsTHU-
AMHI KJIETOYHOI'O aBTOMAaTa, C OJHUM JIMINL OrpaHUuYCeHHuEeM: 3aKOH JIBU2KCHUNA
JIOJIPKEH HAUYMHATBCS ¢ S. JJoKaxkem 9TO cTporo.

JIemma 3. ITycmv S? — MmH00ICECTNBO 30K0HO6 DBUICEHUA, COCTNOAUWNUL U3
anemenmos mmooicecmaa {sfss,s, b} u navunarowuzxcs ¢ anemenma s. M
nycms 0ano CA060 O = SQ11...0... € S?, conocmasum emy YnpasaAOULYI0
nocaedosamenvrocms — ca060 3 = 2251...0,..., 2de

0, ecal (y; = S,
Bi =430, ecaua;=b,

333, ecau a; = sfss.

Tozda, ecau wa ynpagasowuli 6200 Kiemounozo asmomama Ko nodasams
nocAedo6amesbHoCd B, MO CNPABedAUBD: CALOYIOULUE YMBEPIHCICHUM!
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20000000
23000000
311300000
312030000
312303000
310130300 30000100
313103030 03000100
313200303 310300100
313230030 03030100
313013003 310303100
313310300 013030200
313320030 310302030
313323003 013020303
313301300 310203030
a §

Puc. 6.

1) 6 momenm epemenu t(t,—1) — 1 6 nosuyuu d(ap—1) — 1 6ydem nazo-
dumucsa cumeon B, 2de

,  ECAU Oy = S,

,  ecau oy, = b,

=
Il
w w O

,  ecau oy, = Sfss,
2) 6 momenm epemenu t(0,) memra na sxpare 6ydem 6 nosuyuu d(any,).

Zoxazameavcmeo. JokazaTenbcTBO Oy/ieM BeCTH WHIYKIIAEH IO JJIMHE 7
npeduKca 3aKOHA, JIBUKEHUS.

Baszuc naayknmu: n =1 u n = 2. BO3MOXHBI CJIeAyIOMNEe CIyIan.

1.n=1. a7 = a; = b — JaHHBI 3aKOH JBMKEHUSI He 13 KJIacca 52, n =2
paccMaTpUBaTh He HYKHO.

22n=1a1=a1=s, t(ar) =2, d(ar) =0.

IMonamum Ha Bxo nocienoBareabHocTh 220. CoracHo (byHKIMK [1epexo-
JI0B OyzieM HabJIIOIATh KapTHHY, W300paskEeHHYI0 Ha pucyHke 7a. Cumsosn * —
IPOU3BOJIBHBI cuMBOJI n3 MHOXKecTBa Q\L, a |l € L = {1,2}.

B moment Bpemenn ¢ = 0 (MOMEHT ITOSIBJICHWST METKH Ha 9KPaHe) B HO3UIUH
d = —1, To ecTb Ha BxOJe, Oyner Haxonutbcs 7 = 0. B MomenT Bpemenu
t(a1) = 2 merka Ha 9Kpane Oyger HaxoauTbes B nosunun d(ay) = 0. BepHo.

2.1.n=2. a3 = ajas = sb — JAHHBII 3aKOH JBUKCHHS HE U3 Kiacca S2.
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210000

213000

0j1300

210000 311030

210000 213000 31200 3

213000 0j1300 312300

0j1300 0j1030 *I0130

*11 030 1003 1103

*I1 003 *IL 00O 1L 00

a 1) B

Puc. 7.

22.n=2. a3 = qpay = ss, t(ag) = 3, d(az) = 0.

[Tomaaum Ha BxO mocaenoBarensbHOCTh 2200. CoracHo GyHKIINN TEepexo-
OB OyzeM HabJIIOIATh KAapTUHY, N300PaXKEHHYIO HA PUCYHKE 70.

B mowment Bpemenn t(ag) — 1 = 1 B mosurun d(ag) — 1 = —1, 10 ecTb Ha
BxoJie, Oyser Haxomaurbest (5 = 0. B moment Bpemenu t(az) = 3 Merka Ha
SKpaHe OyzeT HaxoauThest B nmo3unuu d(az) = 0. Bepho.

23.n=2. a3 = ajag = ssfss, t(az) =6, d(ag) = 1.

[Momaaum Ha BXOK HocenoBaresbHOCTh 220333, CoryracHO (PYHKIUH IEpe-
XOJ/I0B OyJieM HabJII0IaTh KapTUHY, N300paKEHHYIO Ha PUCYHKE 76.

B moment Bpemenu t(aq) — 1 =1 B nosunun d(ag) — 1 = —1, To ectsb Ha
Bxo/Jle, Oyaer Haxoauthest (5 = 3. B moment Bpemenu t(az) = 6 Merka Ha
sKpaHe OyjieT HaxouThcst B nosunun d(az) = 1. BepHo.

3.n=1 a1 =a1 =sfss, t(ar) =5, d(ag) = 1.

IMonamum Ha BxoO mocaenoBareabHocTh 22333, CoriacHo (byHKIMK I1epe-
XOJI0B OyjieM HaOII0aTh KapTUHY, N300paskeHHy0 Ha pucyHke 8a. Cumpos *
— IIPOM3BOJIBHBIN cMBOJI U3 MHOXKectBa Q\L, a l € L = {1,2}.

B momenT Bpemenn ¢ = 0 (MOMEHT ITOSIBJICHWSI METKH Ha 9KPaHe) B HO3UIUH
d = —1, To ecTb Ha BXOJe, Oyzer HaxonuTbcsa 7 = 3. B MoMeHT BpemeHn
t(a1) = 5 Merka Ha 9Kpane Oyger HaxonuTbes B nosunun d(@y) = 1. Bepwo.

3.1.n=2. a3 = ajas = sfssh, t(az) =6, d(az) = 0.

[Momamum Ha BxOI mocsemoBarebHOCTD 2233330. CorytacHo GyHKITIN
epexosioB OyyeM HAOJIOIATH KAPTUHY, N300PaKEHHYIO HA PUCYHKE 80.

B momenT Bpemenu t(ay) — 1 = 4 B nosunuu d(ap) — 1 = 0 Gyuer
HaxoAuThCs B35 = 3. B MomenT Bpemenn t(az) = 6 MeTKa Ha SKpaHe Oyzer
Haxo/WThcs B nosunun d(az) = 0. Bepro.

3.2.n=2. a3 = ajag = sfsss, t(az) =6, d(ag) = 1.

94



210000

213000
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a 1) B T

Puc. 8.

[Momaaum Ha BXOX HocenoBaresbHOCTE 223330. CorytacHO (PYHKIUE IIEepe-
X0moB OyJeM HabIIonaTh KapTUHY, H300pakKEéHHyI0 Ha PUCYHKE 86.

B momenT Bpemenu t(ay) — 1 = 4 B nosunun d(ay) — 1 = 0 Gyuer
Haxoautbest S5 = 0. B momenT Bpemenn t(az) = 6 MeTKa Ha SKpaHe Oyzer
HaXo/WUThcsd B nosunun d(az) = 1. Bepho.

3.3.n=2. a3 = ajag = sfsssfss, t(ag) =9, d(az) = 2.

[Tomaaum Ha Bxoa mociaegoBareabHocTh 22333333, CortacHo dyHKIUU
epexoI0B OyIeM HaOJII0IaTh KapTHHY, H300PaKEHHYIO Ha PUCYHKe Se.

B moment Bpemenu t(ay) — 1 = 4 B nosunuu d(ag) — 1 = 0 6yzer
HaxoAuThCs B35 = 3. B MomenT Bpemenn t(az) = 9 MeTKa Ha SKpaHe Oyzer
HaxoAuThes B nosuruu d(az) = 2. Bepwo.

NuaykTuBHbIi nepexoxa. [lycrs mpu n = k — 1 yTBepK ieHne BHIIOTHE-
HO.

To ectb B MOoMeHT BpemeHnu t(a;_3) — 1 B nosunun d(ag_3) — 1 Gyuer
HAXOJUThCsE CUMBOJI (7 _;. A B MOMeHT BpeMeHn BpeMeHn t(ay_1) MeTKa Oy/eT
HAXOAUTHCS B no3uun d(ag_1).

JlokazkeM, 94TO Ipu 1 = k yTBEPXKACHNAE TAKKE BBIIIOJTHACTCS.

1) ITokaxkem, uro B MOMeHT BpeMmenn t(ag_1) — 1 B nosunuu d(ag_7) — 1
OyzieT HaXOIUThCA CUMBOI [3};.

Curnast (0 um 3) 10 BCTpeUun ¢ METKOMH JIBUZKETCsI CO CKOPOCTBIO 1 — 310
CIIEIYEeT U3 PACCMATPUBAECMON (DyHKIUH II€PEXom0B. T0O eCTh, 3Has MOJIOKEHNE
KAKOI'0-TO OIPEIEIEHHOI0 CUTHAJIA B KAKOW-TO MOMEHT BPEMEHM, MOXKHO
OJIHOZHAYHO OIIPEIEIATD, IIe OH ObLI HECKOJILKO TAKTOB HA3a, WA Ije OyaeT
HECKOJILKO TAKTOB BIEPEL.
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**523320*****
***523230****
****ﬂ;0130*** *5]:031*** *5/:01***
*****5’:1030** **/3]:020** **51:10**
X ox ok ok k X ] )30 % xx k1 ()30 % Xk ok 1o *
a o B
Puc. 9.

Pacemorpum MomenT Bpemenu t(ag_1). MeTka HaXOAUTCs B IIO3UIAH
d(a—7) (upe/o/i0XKe e UHLYKIAN ).

1. Eciin nocsiesiHuM B 3aKOHe JIBUZKEHUs OBLIO JIBUYKEHME BIIPaBo (Sfss),
3HAYUT, B MOMEHT BpeMeHH ¢ (1) —5 Tpoiiku crosiiin B no3uiusx d(ag_1)—2,
d(@—1) =3 m d(o—1) — 4, a B — B d(@k—1) — 5. To ectb B t(0h—1) — 1 B
6yner B d(a_1) — 1 (pucynok 9a). CumBos * — IpoOU3BOJIBLHBLI CHUMBOJI U3
muoxkectsa Q\L, al € L = {1,2}.

2. Ecim mocsieiauM B 3aK0He JIBUKeHUsI ObLIO JiBHUKeHre Bi1eBo (b), 3HAYHT,
B MOMEHT BpeMmeHn t(ax_1) — 2 Tpoiika crosiia B nosunun d(ag_1), 0 — B
nosuin d(og—1) — 1, a B — B d(ag—1) — 2. To ecrs B t(o—1) — 1 B} Oyzner
B d(ax—1) — 1 (pucynox 96).

3. Eciin mocnenneii B 3aKkoHe JBUYKeHUsT Oblla OCTAHOBKA (S), 3HAYUT, B
MOMeHT BpeMenH t(q_1) — 2 Hosb cTosisT B mosuiun d(o—1) — 1, a B — B
d(az—1) — 2. To ectn B t(ap_1) — 1 B} 6yaer B d(ap—1) — 1 (pucynok 96).

2) TlokazkeM, 9TO B MOMEHT BpeMeHH t(a;) MeTKa Oyjer HaXOJAUTbCs B
nosuryn d(ag).

B MomeHT BpemeHu BpeMenn t(a_1) MeTKa HaxXoAuTcs B 11o3unuu d(ag_1)
(IIpe/IIOIOKEHIE WHTYKITUH ).

B MomenT Bpemenn Bpemenn t(a—1) — 1 cumBoaI 3} Gy/eT HAXOIUTHCS B
nosurun d(agx—1) — 1 (coracHO yTBEpXKIEHUIO IyHKTa 1 JIEMMBI).

OTae/bHO PACCMOTPHUM TPH CJIydast JJisi KaxKJI0r0 BO3MOYXKHOI'O 3HAYCHMSI
Q.

1. ap = s. B 3TOM cj1y4ae BBIIOJHEHbI COOTHOIIEHUS:

Ist(ag) = Ist(ap—1)+1,

Irw(@x) = Irw(a-1),

Ipc(@r) = Ipc(ar—1),
tlag) = tlag—1)+1,
d(og) = d(ag=1).
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Puc. 10.

Ectb n1Ba cocrosiaust, mHTEpIpETUPYyEMbIe KAK METKH, U (DYHKIHUS Tepe-
XOJIOB OIpE/IeJIeHa TaK, ITO MOCJIe OJHOTO W TOrO YK€ JBUZKCHUs COCTOSTHUE,
OTBEUAIOIIee 38 METKY, MOXKET ObITh PA3JIUIHBIM B 3aBUCUMOCTH OT CJIEJLy-
IOIIX CHMBOJIOB B 3aKOHE JBHKeHHUs. 1109TOMY paccCMOTpHUM TPH CIIydast
BHAYCHUST Ol_1:

1.1. A1 = b.

CornacHo yHKIUU MEPEXOJIOB MOJyUINM KapTUHY, N300pPayKEHHYIO Ha
pucynke 10a. CumBos * — npousBosbHBL cuMBoOsI U3 MHOXKecTBa Q\L, a
le L={1,2}.

B moment Bpemenu t(ar) = t(ax—_1) + 1 cumBos B nosunuu d(oy) =
d(ag—1). Bepno.

1.2. A1 = S.

CoracHo (QYHKIUN MIEPEXOI0B MOJIYIUM KapTUHy, X300paKEHHYIO Ha
pucyake 106.

B moment Bpemenu t(ar) = t(ag_1) + 1 cumBos B nosunuu d(oy) =
d(a;—1). Bepno.

1.3. ap_1 = sfss.

CornacHo (byHKIUU MEPEXOJIOB MOJyUIUM KapTUHY, N300pDayKEHHYIO Ha
pucyske 10s.

B moment Bpemenn t(ar) = t(ax—_1) + 1 cumBosn B nosunuun d(ay) =
d(ax_1). Bepno.

2. a = b. B aTOM CiIydae BBINOJHEHBI COOTHOITEHUSA:

Ipc(ar) = Ipc(on—1)+1,

Irw(az) = Irw(ok—1),

Ist(ax) = Ist(an—1),
tlag) = t(a—1) +1,
d@r) = d@T) - 1.

Kak u B npenpiayiieM IyHKTEe, PACCMOTPUM TPHU CJIydasl 3HAUEHUT (Vf_1:
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2.1.ak_1:b.

CortacHO (PYHKIIUN ITEPEXOJIOB MOJyYUM KApTHUHY, M300PaskEéHHYIO Ha

* — mpou3BOJIbHBII cuMBOJI U3 MHOXKecTBa Q\L, a

pucyuke 1la. CumBos
le L={1,2}.

B moment Bpemenn t(ar) = t(ax—_1) + 1 cumBosn B nosunuun d(ay) =
d(a;—1) — 1. BepHo.

2.2. ap_1 = s.

CorytacHO YHKIMH II€PEXOJIOB MOJIyYUM KapTHHY, M300PayKEHHYIO Ha
pucynke 116.

B moment Bpemenu t(ar) = t(@r—_1) + 1 cumBos B nosununu d(oy) =
d(ag—1) — 1. Bepmno.

2.3. ap_1 = sfss.

CorytacHO bYHKIMH TI€PEXOJIOB MOJIyYUM KapTHHY, M300PayKEHHYIO Ha
pucynke 11s.

B moment Bpemenn t(ar) = t(ag_1) + 1 cumsos B nosunuu d(ay) =
d(ag—1) — 1. Bepmno.

3. aj = ssfs. B arom ciiyuae BBIIOJIHEHBI COOTHOIIEHMSI:

Irw (ax) Irw (o—1) + 1,

Ipc(ag) = Ipc(ar—1),
Is(ar) = Is(@x—1),
t(ar) = tlag—1)+4,
d(ag) = d(ag—1)+ 1.

Kak u B npenpiaymux myHKTax, PACCMOTPUM TPU CAydasl 3HAUCHUSA (Vf_1:

3.1. (077 b.

CorjtacHO (DYHKIUN IEPEXOJIOB MOJIyIUM KAPTUHY, M300PaKEHHYIO Ha
pucysake 12a. CumBos * — mpon3BobHBIN cuMBOJ n3 MHOXKecTBa Q\L, a
le L={12}
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B moment Bpemenu t(ar) = t(ar—_1) + 4 cumBos B nosunuu d(ay) =
d(ax—1) + 1. Bepno.

3.2. a1 = s.

CornacHo GyHKINHU NIEPEXOJIOB MOJIyYUM KapTHHY, N300paykKEHHYIO Ha
pucynke 126.

B moment Bpemenn t(ar) = t(ag_1) + 4 cumsos B nosunuu d(ay) =
d(ag—1) + 1. Bepmo.

3.3. ap_1 = sfss.

CorytacHo DYHKIUN IEPEXOJIOB MOJIyYUM KAPTUHY, M300Pa’KEHHYIO Ha
pucyske 12e6.

B moment Bpemenn t(ar) = t(ax—_1) + 4 cumBosn B nosunuun d(ay) =
d(ag_1) + 1. Bepmo.

Ms1 mokazasin, 9T0 B MOMEHT BpeMeHn t(a) MeTKa Oy/eT HaXOJUThCs B
nosunuu d(ag) JUIst BCeX BO3MOXKHBIX BADUAHTOB JIBUKEHUSI. SHAUNT, yTBEP-
2KJIeHre 2 JIEeMMbI BEPHO.

O]

DakTUIeCKN B JIeMMe 3 IIPUBEIEH aBTOMAT C 4 COCTOSTHUSIMH, KOTOPBIit
0bpazyeT yHUBEPCAJIBHbIA SKPAH JJIs MHOYKECTBA 3aKOHOB jpuxKenus S2. C
JIPYroil CTOPOHBI JieMMa 1 IIOKa3bIBAET, YTO TPEX COCTOSIHUN HE JOCTATOTHO
JJIsT TIOCTPOEHNST YHUBEPCAJIBHOrO SKpaHa jiytst S2. TeM caMbIM Mbl JOKA3aJIH
CIPABEIJINBOCTD YTBEPIKIEHUS TEOPEMBI 2.
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7. 3aKOHBI ABU2KEHHN A CO CKOPOCTBIO JBU2KECHMNA BIIC-
pén 1/3, cKOpoCThIO ABUKeHUsT HA3a] 1 U YETHBIM
KOJINMIE€CTBOM OCTAaHOBOK

Paccmorpum knerounsiit aBromar K3. MHOXKECTBO COCTOSHUN aBTOMATa IMEET

sBuz QQ = {0,1,2,3}, muoxkecrBo merok — L = {1,2}. OyHKIuS 11€pexo/10B
OyzeT ciemyronas:

v (a,0,b) = a, tnea € Q\L,b € Q,
©(0,1,a) = 2, tnea € Q\L,

v(0,2,0) = 2

¢(0,2,3) = 0,

v (a,3,b) = a, rmeac Q\L,be{0,2,3},
¢(a,3,1) = 1, tnea € Q\L,

¢(l,a,b) = 0, tnea € Q\L,b e Q,
©(2,0,a) = 3, tuea € Q\L,

©(2,3,a) = 1, tne a € Q\L,

v(3,1,a) = 0, tue a € Q\L,

v (3,2,0) = 1,

¢(3,2,3) = 3,

v(a,b,c) = 0, tne nBa w3 Tpéx: au b, wm bu ¢, wim a u ¢ € L.

Jpuzkenne Toukn (1 u 2, BbIIeJIEHHBIE KUPHBIM MIPUQTOM) Ha SKpaHEe
BIIEpET M300parkeHo Ha pUCyHKe 13a, IBUKeHHUEe Ha3aJ — Ha pucyHke 136,
octaHoBKa — Ha pucyHke 136. Ctpokum — momeHnTbl BpeMenu. CrpaBa OT
BEPTUKAJIBHON YepThl — KAPTUHKA, KOTOPAasi MOJyJIaeTcs Ha SKpaHe, CJIeBa —
CHMBOJI, KOTOPBIH MOIAETCA HA YITPABJIAIONINN BXO; COOTBETCTBEHHO, CHMBOJIBI
CJIEBa, OT BEPTUKAJILHON Y€pPThI, IPOYNTAHHBLIE CBEPXY BHU3 — YIPABJISIOMIAS
[TOCJIEIOBATETHLHOCTD.

Ora (QYHKIMSA TEPEXOOB IMO3BOJISIET OCYIIECTBIIATH JIBUXKEHHE TOYKHU
BIIEPE] CO CKOPOCTDHIO 1/3, Ha3a — €O CKOPOCTHIO 1 M OCTAHABIMBATLCS HA
9ETHOE KOJIMYIECTBO TAKTOB Ha IKpaHe ¢ 4 COCTOSHUSIMU KJIETOYHOIO aBTOMATA.
JlokarkeM 3TO CTPOTO.

Jlemma 4. ITycmv S? — mrooicecmeo 3ax0m06 06UIICENUA, COCTNOAUNT U3
anemenmos mmoocecmsa {ssf,ss,b}. H nyemv daro cao60 o = ay...u,... €
S3, conocmasum emy ynpasasmousyr0 nocaedocamesvHocmy — €060 3 =
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Puc. 13.

22081...0n-.., ede

03, ecau a; = ss,
Bi =433, ecau a; =D,
00, ecau a; = ssf.

Tozda, ecau wa ynpasasowuti 6x0d Kiemounozo asmomama Ks nodasams
nocaedosamenvHocms 3, mo cnpasediussv CAedyoUUE YMEEPHCICHUS:
1) 6 momenm epemenu t(an—1) 6 nosuyuu d(ap_1)—1 6ydem naxodumuvca

cumeon B, 20e

0, ecau a, = ss,

*
Br =143, ecaua,=>h,
0, ecau a, = ssf,

2) 6 momenm epemeru () memka na sxpane 6ydem 6 nosuyuu d(Qn,).

oxazameavcmeo. JokazaTenbcTBO OyIeM BeCTH WHIYKIIAEH IO JIMHE 7
npeduKca 3aKOHa JIBUKEHUSI.

Basuc naayknmuu: n =1 u n = 2. BO3MOXHBI CJIeIyOIMNEe CIyIan.

l.n=1.a7 = oy = b — JaHHbLII 3aKOH IBMKEHUSI He M3 KJIacca 53, n =2
paccMaTpuBaTb HE HYKHO.

2.n=1.a1=a1 =ss, t(ar) =2, d(ay) =0.

[Momaaum Ha BXOX HocaenoBaresbHOCTE 2203. CorytacHo (DYHKIINU TT€PEX0-
JI0B OymeM HabJIIOIaTh KApTUHY, N300pakEHHYI0 Ha pucyHKe 14a. B mambmeii-
[IeM CHUMBOJIOM * OyjieM 0003HaYaTh IIPOU3BOJILHBIN CUMBOJI U3 MHOXKECTBA
Q\L.

B momenT Bpemenn t = () (MOMEHT IOSIBJIEHUsI METKY Ha 9KPaHE) B HO3UIUH
d = —1, To ecTb Ha BXOzE, OyJeT HaxoguThcsd 7 = 0. B MoMeHT BpemeHnu
t(aq) = 2 merka Ha skpaHe OyjeT HaxoauThes B nosunuu d(ay) = 0. Bepro.
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21. n=2. a3 = ajag = ssb — MaHHDBII 3aKOH JBUXKEHUSI HE U3 KJIAaCCa,
S3.

2.2.n=2. a3 = ajag = ssss, t(az) =4, d(az) = 0.

[Momaaum Ha BXOX mocenoBaresbHOCTh 220303, CorytacHo PYHKIMH HIEpe-
X0JI0B OyaeM HabJIo1aTh KapTHHY, H300paKEHHYIO Ha pucyHke 146.

B moment Bpemenu t(ay) = 2 B nogunuu d(ay) — 1 = —1, 1o ecthb Ha
BxoJle, Oyaer Haxoaurbest (5 = 0. B moment Bpemenu t(az) = 4 Merka Ha
sKpaHe OyzieT HaxoauThes B nosunuu d(az) = 0. Bepmo.

23.n=2. a3 = ajag = ssssf, t(az) =5, d(ag) = 1.

[Momaaum Ha BXOX mocaenoBaresbHOCTh 220300. CorytacHo yHKIUH TIEpe-
XOJI0B OyaeM HaOJIIoIaTh KapTUHY, N300paKEHHYIO Ha pucyHke 146.

B moment Bpemenu t(ay) = 2 B nosunuu d(ay) — 1 = —1, 1o ectb Ha
BxoJle, Oyaer naxoguroest 5 = 0. B moment Bpemenu t(az) = 5 Merka Ha
sKpane Oyjer HaxonuThest B nosunuu d(az) = 1. Bepwo.

3.n=1 a1 = =ssf, t(ar) =3, d(ay) = 1.

[Momaaum Ha BxOJ nocaenosareabHocTh 2200. CoracHo GyHKINN IEepexo-
0B OymeM HabJIIOMaTh KapTUHY, N300pakKEHHYIO Ha pucyHKe 15a.

B momenT Bpemenn t = () (MOMEHT IOsIBJIEHHsI METKY Ha 9KPaHe) B HO3UIUH
d = —1, To ecrb Ha BXOzE, Oyler HaxoguThcd 7 = 0. B MoMeHT BpemeHn
t(aq) = 3 Merka Ha KkpaHe OyzeT HaxoAuThcs B nosunuu d(ay) = 1. Bepro.

3.1.n=2. a3 = aqay = ssfb, t(az) =4, d(az) = 0.

[Momaaum Ha BxOI mocaenoBarensbHoCcTh 220033, CortacHo dyHKIUN TIepe-
X0JI0B OyIeM HaOJII0IaTh KapTUHY, H300PaKEHHYIO Ha pucyHke 156.

B moment Bpemenu t(a@y) = 3 B nosurun d(ay) — 1 = 0 6yeT HAXOAUTHCS
B% = 3. B MmomenT Bpemenn t(az) = 4 MeTKa Ha SKpaHe OyJeT HAXOUTHCS B
nosunun d(az) = 0. Bepmo.

3.2.n=2. a3 = a1 = ssfss, t(az) =5, d(ag) = 1.
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[Momaaum Ha BXOX mocaenoBaresbHOCTh 220003. CortacHo (yHKIUH TIEpe-
XOJI0B Oy/ieM HabJII0/IaTh KapTHHY, N300paKEHHYI0 Ha pUCYHKe 156.

B moment Bpemenn t(a@1) = 3 B nosunuu d(aj) — 1 = 0 Gyaer HAXOUTHCS
B35 = 0. B momenT Bpemenn t(az) = 5 MeTKa Ha 9KpamHe OyeT HAXOAUTHCH B
nosunuu d(az) = 1. Bepro.

3.3.n=2. a3 = ajag = ssfssf, t(az) =6, d(ag) = 2.

[Momaaum Ha Bxoa mocaenosareabHocTh 220000, CortacHo dhyHKIUN IIepe-
X0J10B OyIeM HaOJII0/1aTh KAPTUHY, H300PaKEHHYIO Ha pucyHke 15e.

B moment Bpemenu t(a@y) = 3 B nosuruu d(ay) — 1 = 0 GyaeT HAXOAUTHCSE
B3 = 0. B moment Bpemenn t(@z) = 6 MeTka Ha 9KpaHe Oy1eT HAXOAUTHCA B
nosuruu d(ag) = 2. Bepro.

OTMeTrM, 9TO B KOHIE PEAJIM3AIMU CJIOB JBUXKEHUS BIEPEN, HA3a[ 1
OCTaHOBKH Ha 3KpaHe HAXOIUTCS METKa 1.

NunykruBHabI nepexoxn. [lycrs npu n = k — 1 yTBepKieHre BLIIOJIHE-
HO.

To ectb B MOMeHT BpemeHH ¢(Q;_3) B nosunuu d(ax_z) — 1 Gyaer Haxo-
JTBCs CUMBOJI 37_;. A B MOMEHT BpeMeHH BpeMenu t(a_1) MeTKa Oyner
HAXOAUTHCS B no3uiuu d(ag_1).

JlokaxkeM, 9TO pu N = k YTBEPKIEHUE TaK»Ke BBIITOIHSIETCS.

1) IMokazkem, 910 B MOMEHT BpemeHu t(qg_1) B nozuiyu d(ag_1) — 1 Oymer
HaXOJUTBCS CUMBOJ 3.

Curnas (0 mim 3) 10 BCTpedn ¢ METKOM JIBUZKETCsI CO CKOPOCTBIO 1 — 310
CJIEIyeT U3 PacCMaTpUBAEMOil (PyHKIUY 11epexo1oB. To ecTh, 3Hast MOJIOKEHNE
KAKOI'0-TO OIPEIEJEHHOIO CUI'HAJIa B KAKOHW-TO MOMEHT BPEMEHM, MOXKHO
OJTHOZHAYHO OIPEJIETUTh, TJIe OH ObIT HECKOJILKO TAKTOB HA3aJl, WU IJie OyIeT
HECKOJILKO TaKTOB BIEPE.
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Puc. 16.

Paccmorpum MomenT Bpemenn t(ag_1). Equnnna naxonnres B mosunnu
d(@g_1) (npeaooKeHe UHITYKIUN ).

1. Ecim mocsretanM B 3aKOHE JBUXKEHUsT OBLIO JBUZKEHUE BIPaBo (Ssf),
3HAYUT, B MOMEHT BpeMeHu t(Qx_1) — 3 Hy/u cTosiin B no3uiusix d(@g_1) — 2
u d(ap_1)—3, a B — B d(ar_1)—4. To ecrs B t(0r_1) B} Oyner B d(op—_1) —1
(pucyHox 16a).

2. Eciiu mocsieiHuM B 3aK0He JIBUKeHMsI ObLIO JBUKeHre BieBo (b), 3Ha4YuT,
B MOMeHT BpeMeHH t(ag_1)—1 Tpoiiku crosiu B no3urmsx d(ag_1) n d(ag—1)—
1, a f; — B mosmmu d(ai_1) — 2. To ecrs B t(ap_1) Bj Oyner B d(ag—1) — 1
(pucymok 166).

3. Eciu nocieueit B 3aKoHe JBHKeHUs Oblila OCTAHOBKa (SS), 3HAYUT, B
MOMEHT BpeMeHn t(@;_1) — 2 HOJIb cTosian B mosurmu d(agx—1) — 1, Tpoiika —
B nosurun d(o,—1) — 2, a B — B d(ap_1) — 3. To ectb B t(a_1) B} Oyaer B
d(a—1) — 1 (pucynok 16s).

2) IlokazkeM, 9TO B MOMEHT BpeMeHH t(@;) MeTKa Oy1eT HaXOJUTbCS B
nosuryn d(ag).

B mMomeHT BpemeHu BpeMeHU t(@_1) MeTKa HAXOAUTCs B 103U d(Qg_1)
(IpeIooKeHne MHIYKIIHN ).

B momenT Bpemenu Bpemenu t(ag_1) cuMBoJ [ OyJeT HAXOIUTbCA B
nosunun d(ax_1) — 1 (coryiacHo yTBEpXKIEHUIO IIyHKTa 1 JIeMMBb).

OT/1e/1bHO PACCMOTPUM TPU CJIydast JIJIsd KazKJI0r0 BOSMOXKHOTO 3HAYEHHUSI
Q.

1. a = ss. B 9T0M cityvae BBIIOJIHEHBI COOTHOIIEHHS:

Ist(ag) = Isr(ag—1)+1,

Irw(ax) = Irw(a%-1),

Ipc(ar) = Ipc(ar—1),
tlag) = tlag—1)+2,
d(ay) = d(ax=).

CorytacHo DYHKIUN 1€PEXOJIOB MOJyYUM KAaPTUHY, M300Pa’KEHHYIO Ha
pucyuke 17a.
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B moment Bpemenn t(ax_1) = t(@)) — 2 B nosunun d(ag) = d(agx_1)
HaxoxuTcs Merka 1, B mosuin d(ag—1) — 1 = d(ax) — 1 HAXOIUTCST CHUMBOIT

By = 0.
B moment Bpemenu t(ag—1) + 1 = t(ag) — 1 cumsoa B nosuruu d(ay)
OyzmeT paBeH

q(d(ag)) = v(B;,1,a) = ¢(0,1,a) = 2, tie a € Q\L.

B momenT Bpemenu t(a) cumsost B nosunuu d(ag) Oyaer paBex

Q(d(OTk)) = 90(37270) =1

2. a = b. B aTOM CiIydae BBIIOJIHEHBI COOTHOITEHUSA:

Ipc(ay) = Ipc(ar—1) +1,

Irw(ar) = Irw(@k—1),

Ist(ax) = Ist(h—1),
tloar) = tlag—1)+1,

dlay) = d(a—)—1.

CorytacHo (bYHKIUE IIEPEXOIOB IOJIYUINM KapTHHY, N300PaKEHHYI0 Ha
pucyuke 176.

B moment Bpemenn t(ag_1) = t(a) — 1 B nosunun d(ag_1) = d(ag) + 1
HaxoauTest MeTka 1, B mosurum d(ag_1) — 1 = d(@y) HAXOAUTCA CHUMBOJI
By = 3.

B moment Bpemenn (@) cumBos B nosurwn d(ay) Oymer paBeH

Q(d(@)) = (/81);737 1) = (3737 1) =1.

3. . — SSf. B sTrom CJIy4dae BBIIIOJIHECHBI COOTHOIICHUA:

Irw(ag) = Irw(og—1)+1,

Ipc(ay) = Ipc(ar—1),

Isr(ag) = Isr(on—1),
tlag) = t(ag=1) +3,
dlay) = d(@e—1)+1.
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CorytacHo DYHKIIUN IEPEXOJIOB MOJyYUM KAapPTUHY, M300PaKEHHYIO Ha
pucynke 17a.

B mowment Bpemenn t(ag_1) = t(ax) — 3 B nozumun d(ag_1) = d(ag) — 1
HaxojuTcs MeTka 1, B nosunun d(ag_1) — 1 = d(a)) — 2 HaXOAUTCsI CUMBOJT
By = 0.

B moment Bpemenu t(a;_1) + 1 = (@) — 2 cumBou B nosurmn d(ag_1) =
d(ay) — 1 6yzner pasen

q(d(ar)) = ¢ (B;, 1,a) = ©(0,1,a) = 2, rae a € Q\L.

B moment Bpemenn t(ag_1) + 2 = t(ay) — 1 cumBoa B nosurun d(ag_1) =
d(ay) — 1 6yzner pasen

Q(d(@)) =¥ (Oa 2, 0) =2

B moment Bpementu t(ag_1)+2 = t(ay)—1 cumson B nosunuu d(ag_1)+1 =
d(ay;) 6ymer paBen

q(d(@)) = ¢(2,0,a) = 3, tae a € Q\L.

B moment Bpemenn t(a_1) + 3 = t(@) cumBosn B nosunmn d(ag_1)+1 =
d(ag) 6yner pasen

qd(@g)) = ¢(2,3,a) =1, tae a € Q\L.

Mpbr fokazann, 970 B MOMEHT BpeMenn t(ay) MeTka 1 6yeT HaXOAUTh-
csi B nosunuu d(Q) sl BCeX BO3MOYKHBIX BAPUAHTOB JIBUYKEHUS. 3HAUUT,
YTBepXKJIeHNEe 2 JIEMMbI BEPHO.

O

DakTUIeCKN B JieMMe 4 IpUBEJIeH aBTOMAT C 4 COCTOSTHUSIMU, KOTOPBIH
0bpasyeT YHUBEPCAIbHbIA SKPAH JJIs MHOYKECTBA 3aKOHOB apuzKenus S°. C
JAPYTo#l CTOPOHBI JieMMa | MOKA3bIBAET, UTO TPEX COCTOSTHUM HE JOCTATOYHO
IS HOCTPOEHNS YHUBEPCAIBHOTO 3KpaHa /st S°. TeM caMbIM MbI J10Ka3aJIH
CITPaBEJJINBOCTD YTBEPXKJIEHUST TEOPEMBI 3.
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Classes of bidirectional motion on a beam implemented by 4-state
automata
Kuznetsova E.V.

In [1] it is shown that there is a universal screen with 5 states for
the class of all laws of motion with a forward speed of no more than
1/2, while there is no universal screen with 4 states for this class of
laws of motion. This paper presents 3 classes of bidirectional motion
cocoons on a ray that can be implemented by a cellular automaton with
4 states.

Keywords: cellular automaton, number of states, infinite screen,
bidirectional motion, image construction.
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IIpeacraBiaenune CPD

M. B. Hocos!

B pabore nonmydeno mpejcrapienne Bcex cxeM u3 pyHKIIMOHATIBHBIX
3JIEMEHTOB C OJMHAKOBBIM YHCJIOM 3JIEMEHTOB B 0a3uce M3 IITPUXA
ITeddepa mus OysneBckoit dYHKIINKM B BUJE HATYPAJbHOIO UHUCTIA.
PacmudpoBka 3TOro 4mc/ia mo3BoJsieT MOCTPOUTH BCE CXEMBbI.

KaroueBbie ciioBa: OysieBcKast GyHKINSI, cxeMa 13 PyHKIHOHATIBHBIX
3JIEMEHTOB.

B nmannoit pabore wucnosbsyiorcs onucanus CPD u  3amaBaeMoit
OyJIeBCcKO#l (DYyHKIIMM, KOTOPBIE JTaHbI B cTaThe aBropa "O6 aHAIUTHIECKOM
MPEJICTABTICHUN (PYHKIINNA CJIOXKHOCTH MHUHUMAJILHON CXeMbl B Oasmce
u3 mrpuxa leddepa" (Muremnekryanbible cucreMbl. Teopusi u
nputoxkennst.21:2 (2017), 193-196).

Paccmorpum COD B 6asuce u3 [llrpuxa [lleddepa, cxema mosrkHa
3a71aBaTh OyIeBCKy0 GYHKIUO f(y1,...,Yy). DIeMeHTOB B cxeme L, onn
pOHyMepOBaHbl unucjaaMu N + 1,...,n + L; k-blif 3J/eMeHT CXeMBbl UMEeT
BXOJaM¥ U (MJIM) BXOJbI CXeMbl, U (WJIN) BBIXOJbI 9JIEMEHTOB C MEHBIIUMU
HOMEpaMHU, TAKUM 00pa30M, HOSBJISIOTC ABOHKU (i, Jk), 1 <ip <k —1,1<
Jjr < k — 1. Ilycrs Y- marpuna 2" x (n + L), y KOTOpOil miepBbie N
CTOJIOIOB €CTh BeKTopa FY, a ocTalbHbIE 9IEMEHTHI — CBOOOIHBIE IIepEMEHHbIE,
npuanMaroniue 3aadenust 0 wiau 1. Oupegenum QyHKITUIO

E((in+17jn+l)a ey (in+L7jn+L)a f) -
;9((@'n+17jn+1), ooy Gty g ), 1, Y),

rie
g((in+l7jn+1)) ey (inJer.jnJrL)) f’ Y) =
2" n+4+L 9 2" 9
H H (1_(ymk_(1_ymikymjk)) ) H (1_(ymn+L_f(ymlw--aymn)) )
m=1k=n+1 m=1

Oyukuust g(+) paBHa 1, ecju BBIXOJBI KaxKJIOIO 3JIEMEHTA COBIIAJIAIOT
C COOTBETCTBYIONIUMHU 3HAYEHUSIMHU DJIEMEHTOB MAaTPUIBl Y ¥ TOCJeTHUi
CTOJIOET] MATPUITBI €CTh cToJI0er (byHKIMHU f, B IIPOTUBHOM CJIy4dae, paBHA
0.Tak Kak TO 3aJAHHON CXeMe BBIXO/bI OIPEIESIIOTCS OIHO3HATHO, TO
dyukius = paBHa 1, ecau cxema peasmsyeT f u (), B IDOTUBHOM cJiydae, T.e.
TOJIBKO Ha OJIHON MaTpurle Y (byHKIusS g MoxkeT paBHsAThCs 1. Onpenennm
YHCJIO0

! Hocos Muzaun Bacuavesus — c.H.c. Kad. MATEMATHICCKOH TEOPHH HHTEIICKTYATbHBIX
cucrem Mex.-mar. d-ra MI'Y, e-mail: mvnosov@rambler.ru.

Nosov Michail Vasilevich-senior researcher, Lomonosov Moscow State University, Faculty
of Mechanics and Mathematics, Chair of Mathematical Theory of Intellectual Systems.
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N(f,L) = 3 oM ((in+1,0n+1) - (fn+LoJn+1)) . 2(+),

(in+15dn+1) 52 (int L Jn+L)

rie
M (bt 1s Jnt1)s - - - s (it Ly b L)) =
L
> (ingk(n 4+ L)*FD 4 j g (n + L)2E-DH)
k=1
Yucno N(f,L) — uckomoe. 3Hasi 9TO YHCJIO, HAJO DPA3JIOKUTL €ro

[0 CTEIeHsIM 2, KayKJIyI CTelleHb PAa3JIoKUTh 1O ocHoBaHuIO (n + L),
K03 PUIMEHTHI pa3JIOKeHNusT OYIyT 33/1aBaTh COOTBETCTBYIOIIYIO CXEMY.
[Tpouseeném mpeobpazoBaHmsT

2™ n+L 9
[T IT (= (ymk — (1= Ymi¥msi))”) =
m=1 k=n+1
2" n+L
[T II Wik + YminYmjn — 2YmkYmizYmijy,) =
m=1k=n+1
2" n+L
IT IT Wmk + (1 = 20mk) Ymip Ymjy,) =
m=1k=n+1
n+L
> T yse - TTQV = 2yu)yei vej) =
k=n+1 S,SC{1,....2n} s€S t¢S
n+L
H ( Z H Ysk H (_1)ytkytikytjk) =
k=n+1 S,SC{1,...,27} s€S t¢S
n+L > Ytk
H ( Z H Ysk - (_1)tés : H ytikytjk) =
k=n+1 S,SC{1,...,2n} s€S t¢S
+L § 5]
n ymk+
IT ( > IT ysk - (—=1)m=2 T veinyise) =
k=n+1 S,SC{1,...,2n} s€S t¢S
n+L v, S
(> ()M ()T g - TT weig ) =
k=n+1 S,SC{1,...,2n} s€S t¢S
v n+L g
DM ¢ > (=D TT g - TT weivtie)
k=n+1 S,SC{1,...,2"} seS t¢S
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rae || Yy || — ancio enunui B k-om croabie marpurst Y, || Y || — auciao
eJIMHUIL B MaTpurie Y (YHCIIO eJMHUI] B IEPBBIX 1 CTOJIONAX YETHOE).
st ymoberBa BBEIEM 00O3HATMEHUS

Uin+k = 2in+k(n+L)2(kil)a vjn+k = 2jn+k‘(n+L)2(k71)+l
Torna
N(f, L) = Z Z (_1)Hyl|uin+1vjn+17 s Wiy Vg
Y (int1,0n+41)se5(int LoJin+ L)
((_1)|Sn+l| I wse- 11 ytikytjk) R ((_1)|Sn+L| .
Sn+1r~~7sn+Lg{11“w2n} SES"+1 t¢Sn+1
271/
H Ysk - H ytikytjk) : H (1 - (ymn—i-L - f(ym17 ce »ymn))Q) =
SESp+L t¢Sn+L m=1
v n+L s
SEDFETE (2 32 (=) wgvg, T sk TT veinte)-
Y k=n+1 Sg ix,Jk SESk t& Sk
AL 9
H (1 - (ymn+L - f(ymla v aymn)) ) -
m=1
v n+L S k—1 k—1
ST S0 T wer - (X wy, TT v )X v TT wa,)-
Y k=n+1 Sg sESk lp=1 t¢Sk lp=1 t&Sk

2m 9

Hl(l = Ymn+L = fWUm1, -+ Ymn))?)

m=

[Tpeobpasyem mocieqHee MPOU3BEIeHNE

271
1__[1(1 — (Ymn+r — f(ymla e 7ymn))2) =
277,
1__[1<(1 - ymn-i-L) + (2ymn+L - 1)f(ym1= e 7ymn)) =
H (1 — Ymn+L) - H (2ymn+L - 1) ) H f(ymla o Ymn) =
UUCAL,....2"} mym¢gU melU meU
Z Ymn+L
Z ((_1)|U| H (1_ymn+L)'(_1)m€U ) H f(ymb---»ymn)
UUC{1,...,.27} m,m¢U meU
OkoH4aTeJILHO
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N(f D)= > (D

UUC{L,..2n} Y

n+L k—1 k—1
H ( Z (_1)|Sk‘ : H Ysk * ( Z ulk H Z/tlk)( Z vlk H ytlk))'
k=n+1 Si,SpC{1,...,2"} SESK =1 t¢ Sk lx=1 t¢ Sk
Z Ymn+L
(*1)|U| [T (= Ymntr)  (—1)mev ) 11 fWmas s Ymn)
m,m¢U meU

Hawumenniee L, maumnasg ¢ KOTOPOTO MMEET CMBICJ UCKATH CXEMBI, —
MUHHMAaJbHAsT CJIOYKHOCTb CXeMbl, peajusyiomias f, B Oa3uce U3 MITpPUXa
Teddepa, monck MUHUMAIBHOIN CJIO2KHOCTU OIKUCAH B YKA3AHHON cTaTbe.

Beranciienne koaddunuentos upu [ f(Ymi, - - -, Ymn) HATATIKHBACTCS
meU
Ha 1mpobiemy "OoJibImoil pasmepaocTu".

Representation of the SFE
Nosov M.V.

In this paper, we obtain a representation of all schemes of functional
elements with the same number of elements in the basis from the
Schaeffer stroke for a Boolean function in the form of a natural number.
Decoding this number allows you to build all the schemes.

Keywords: Boolean function, a scheme of functional elements.
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K cBenenuio aBTopoB myOJimKanmii B >KypHae
«VIHTeNnIeKTYyasIbHBbIE cCUCTEMBI. Teopus 1 NPUJIOXKEHUS »

B coorBercrBun ¢ tpeboBanusmu BAK P® k usmanusiM, BXOJSIIIAM
B IlepevYeHb BeJyIIUX DPeleH3UPYyEeMbIX HAYUYHBIX KYPHAJOB M W3JIAHUII,
B KOTOPBIX MOTYT OBITH OIyOJIMKOBAHBI OCHOBHBIE HAYUHBIE PE3YJIBTATHI
JINCCEPTAIMIT HA COMCKAHUE YYEHOH CTeleHn JIOKTOPa U KaH1aTa HayK,
cTaThu B XKypHaJI <«VHTEIEKTyalbHbIE CUCTEMBI. 1€0pust U IIPUIO¥Ke-
HUs» IIPEJIOCTABIISIOTCS aBTOPaAMU B CJIeJyIolei hopme:
1. Crarbu, nHabpaunnbie B makere KWIEX, IpegocTaBiasgioTCs K 3arpy3Ke ue-
pe3s WEB-dopmy http://intsysmagazine.ru/generator form .
2. K crarbe npunaratorcst dailiibl, cojepKaliie Ha3BaHue CTATbU Ha PYC-
CKOM W aHTJIMICKOM SI3bIKAX, aHHOTAIIUIO HA PYCCKOM U aHTJIMICKOM SI3bI-
kax (He Gosee 50 CJIOB), CIUCOK KJIIOYEBBIX CJIOB HA PYCCKOM U AHTJIHi-
cKkoM si3blKax (He 6ostee 20 ciioB), nadopmanus 06 apropax: ®.1.0. nos-
HOCTBIO, MECTO PAbOTHI, JIOJIZKHOCTD, YIeHast CTeleHb U /Wi 3Banue (eciu
umeercst), st acnupanToB PUO HaydIHOro pyKOBOJMTES, KOHTAKTHBIE
TestechoHb! (¢ KOOM TOPO/ia M CTPaHbI), e-mail, MOYTOBbIIT aIpec ¢ MHIeK-
COM TOpOJia (JIOMAIIHWIT WU CJIy 2KEOHBbIIT ).
3. Crmcok aureparypbl 0hOPMISETCS B €TUHOM (hOPMATE, YCTAHOBJIEH-
HOM cucTeMmoit Poccuiickoro nnjiekca HayaHOro nutupoBanusi. CIucok Ha
PYCCKOM sI3bIKE IIPUBOJIUTCS B KOHIIE (Daiijia ¢ TEKCTOM CTATbH, B TO BPEMSsI
KaK CIIMCOK, IEPEBE/ICHHBIN Ha AHTJIUHCKUI S3bIK, MPUIATaeTCS OTIEb-
HBIM (DaitIoM.
4. 3a nybsmmkaruio crareii B kypHasie «VHTe/uIeKTyaJbHbIe CHCTEMBI.
Teopusi U NPUIOKEHHsI» C ABTOPOB (B TOM YHCJIE ACIUPAHTOB BBICIINX
yueOHBIX 3aBe/leHnil) craTeil, PEKOMEHIOBAHHBIX K MyO/IMKaIum, maTa
He B3UMaeTcs. ABTopaM OeCIIATHO MPEIOCTABJISETCsT HOMED KypHAaJIa,
B KOTODOM BBIIILIA CTaTbsd. 2KypHaJ PACIPOCTPAHSETCS IO IOJIIINCKE,
SK3EeMILISIPBI YKYPHAJIA PACCHLIAIOTCS MOJIMCINKAM HAJIOYKEHHBIM T11aTe-
2KOM. YcaoBus noanucku mybsmkyrores B kartamore HTU «Pocmeuarsy,
MHAEKC KypHaaa 64559.
5. JlocTym K 9J€KTPOHHON BEPCHUU ITOCJIEIHENO BBIIIEIIEr0 HOMEPa OCY-
mecTsiisiercs depes HOB «Poccniickuit nHieke HAyIHOTO MUTUPOBAHUST ».
Howmepa, Boimeninme pamee, pa3MerniaoTcs Ha caiiTe

http://intsysmagazine.ru,

U JOCTYII K HUM OecryiaTHBIN. TaM 2ke Oy/IyT pa3MeleHbl IOJIHbIe TEKCTHI
BCEX IIYOJIMKYEMBIX CTaTell.
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