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Yactp 1
OO6m1ue mpobjieMbl Teopun
MHTEJIEKTYaJbHbIX CHUCTEM



MaremaTudeckme OCHOBBI T€OPETUIECKOIi
nHdpopMmaTuku. Teopuss HeIETKOI
ceMaHTU9ecKoii mH(popManum o TOUKe.
CeMaHTHKa €CTEeCTBEHHOI'O A3BIKA

A.B. Yeukun!

Ileawv. UccenoBarh cCeMaHTUKY €CTECTBEHHOIO SI3BIKA.

Memodw.. Matemarudeckoe mojiesiupoBanne. CUCTEMHBIA U yIbTpa-
CHUCTEMHBIIl aHAJIN3 U CHHTES.

Pesyavmamoi. CTpontcst MaTeMaTHIecKasi MOJEIh CEMAHTUKY sI3bI-
KOBBIX KOHCTPYKIIUH, IIOHATHH €CTECTBEHHOTO SI3bIKA, MATEMATHIECKAs
ocHOBa Teopetnyeckoil nadopmaTuku. OnpeesseTcs KOJMnIeCTBeHHAS
Mepa ceMaHnTudecKkoit nuudopmarun o Touke. Jlemaiorcs obimme ceMan-
THUYECKUE BBIBOJIBI.

KirouyeBble ciioBa: eCTECTBEHHBIN SI3BIK M HEYETKAsl CeMaHTUYe-
CKad I/IH(bOpMaIlI/IH O TOYKE, CEeMaHTHUKa €CTECTBECHHOI'O A3bIKa.

1. BBeaenue

Nudopmaruka — Hayka 006 nHpoOpMaImm, METOJax U rporeccax eé cbopa, Xpa-
HEHUsI, aHaJIN3a, CHHTe3a, IepeIadn, U UCITOJIb30BAHNS B PA3IMIHBIX IEJISIX.
Tepmun “undopmaliyst’ TPOUCXOIUT OT JIATHHCKOrO cjioBa “informatio”, aro
O03HAYAET CBEJEHUE WM COODITeHne 0 1eM-aub0 min o koM-aubo. g gerose-
Ka nHMOpMaIys CBI3aHa C €r0 €CTECTBEHHBIM S3BIKOM U, CJIEJOBATEIHLHO, C €r0
nHTe/IeKTOM. KnbepHeTnka ToXKe - Hayka o0 mHpopMmalnnu. PasHuma 371ech B
npeaHasHadeHnn nHgopMmanuu. B xubepremuke nmeroT nesio ¢ nadopMau-
el JJis yIpaBJieHUs OJTHUM OOBEKTOM, TO €CTh ¢ WH(OPMAIUEli, OTHOCSIIENHCs
TOJILKO K OJIHO# TOYKe, KOTOpasi B CUJIY €JIMHCTBEHHOCTH He TpedyeT cebe yHU-
KaJIbHOTO CEMAHTUYECKOTO yKazaress. Kubepueruka o0CIyKUBAET CUCTEMBI
aBTOMATHUYIECKOTO peryauposanus. MHpopmamura ncnoab3yer nudopma-
U0 TPUHIUITNAIBHO O PA3HBIX TOYKAX, YTO TpedyeT MPUHIIUINAJIBHO PA3HBIX,
ABTOHOMHBIX YHUKAJBHBIX CEMAHTUIECKUX yKasaTeseil 3Tux Todek. ¥ dejo-
BeKa KuOepHeTHKa OTBedaeT 3a 6e3ycoBHbIe pedJIeKChl IEPBO#l CUTHAJIBHON
CHCTEMBI, 3 ITOJICO3HATEIbHOE PEryJINpOBaHne OHOMEXaHU3MAME YKU3HE0DeC-
neveHnus desoBeka. NudopMaTnka y dejoBeKka OTBEYAET 33 CO3ZHATEIbHOE

YYeurun Anexcarndp Bumanvesuyw — moxkTop dus.-Mar. Hayk, npodeccop, Boennas
akagemuss PBCH umenn [lerpa Benukoro, @uHAHCOBBIN YHUBEPCUTET IIPHU MIPABUTETHLCTBE
Poccuiickoit @eneparuu, e-mail: a.chechkin@mail.ru.

Chechkin Alexander Vitalievich — Doctor of Phys.-Math. Sci., Professor, Strategic
Missile Forces Military Academy named after Peter the Great, Financial University under
the Government of the Russian Federation.



KOTHUTHBHOE TIOBEJICHIE YeJIOBEKA, 3a YCJIOBHBIE (IPUOOPETEéHHBIE) PedIIeKChI,
CBsI3aHHBIE B IIEPBYIO OYEPE/ b C €CTECTBEHHBIM sI3BIKOM, C OOYYEeHUEM U CO
BTOPOIi CUTHAJIbHOI crcTeMoil JesioBeka (¢ si3bikoM), [1-2]. Mudopmarnka
UMEET JIeJI0 C MHTEJJIEKTYaIbHBIMI CHCTEMAMHE, UCIIOJIh3YIOIIHe THMOOPMAIIAIO
O Pa3/IMIHBIX TOYKAX.

[Tousitre ‘“9éTKoi ceMaHTHUIECKON MHMOpPMAIINU O TOYKe’ OBLIO BBEJIE-
HO U u3y4eHo B [3-4]. Dro nousTue crpourcs Ha 6Gase Teopun (HPUILTPOB U
yiibrpaduisrpoB A. Kaprana u TOJBKO B paMKaX TEOPUU KJIACCUIECKUX TET-
KUX MHOXKecTB. Torma Kak MOHATHE “HEUIETKON ceMaHTHIeCKOH mHMOpMAITNN
0 Touke” TpebyeT crenuaabHOl (hopMan3aInm, 0 KOTOPO HoiAeT pedb B
HACTOSIIEN CTaThe.

2. Aarebpa ge Moprana HEYETKIX MHOX>KECTB — OC-
HOBA CEMaHTUKU €CTECTBEHHOI'O sI3bIKa

Onpegennm neuémrue mroocecmea o LA . Zade [5-6].
Onpegenenne 2.1. Heuérkoe MHOXKECTBO A omnpejesisiercs: gyrkyuet
NPUHAONEHCHOCTIU:

pa: X — [0;1] (1)

Baecs X onoproe Wy YHUGEPCANDHOE MHOXKECTBO, U3 3JIEMEHTOB KOTOPOI'O
oupeensiercss Heuérkoe MHOXKeCTBO A = {z : pa(z) > 0,2 € X}. Oyuxnus
HPHUHA/IEsKHOCTH 33/1a€T SKCIEPTHYIO OIEHKY HPHHAIIEKHOCTH K HEYeTKO-
My MHOKecTBY A Touek X. Ha npuKIamIHOM S3BIKE HEUETKOE MHOMKECTBO
A onpejienisieTcss HEKOTOPLIM HEYETKUM CBOHCTBOM, KOTOPLIM BCEe TOYKH A
obuiaiatoT, HO B pa3Hoii crenenn. Toukn ¢ pa(x) = 0,2 € X He upunajye-
JKAT HeYeTKOMY MHOKeCTBY. OHU noanocmvio (e0uH02AACHO ¢ MOYKU 3PEHUA
aKcnepmnol epynno,) He obsagaior cBoiictBom A. Touku cumrarorcst HpUHAJL-
JIeXKAIIMMI HeYeTKOMY MHOYKECTBY B MaKCHMAJILHOI CTENeHM, eCIH JJId HAX
ua(z) =1,z € X. Ilpo rakue TOYKU FOBOPSIT, YTO OHU NOAHOCTLIO UAU O€3-
02060pouro npunadasesicam A. B 3ToM cirydae nmogpasyMeBaeTcs eIuHOTIACHOe
OIlEHVBAaHUE BUPTYAJIbHON IKCIEPTHON IpyIoil Touek n3 X Ha HAJUYUE y
HUX HEKOTOPOI'O HEYETKOro cpoiictBa A. Eme mpo Takme TOYKH rOBOPAT, 9TO
onun obpasyior adpo A u numyr KerA = {x : pa(x) = 1,2 € X} Hanuune
AIpa HEIETKOTO MHOYKECTBA SBJIAETCS BAsKHBIM CBOIICTBOM HEYIETKOTO MHOKE-
crBa. Ecm B A nmeerca memycroe aapo KerA # () To HeuéTKOe MHOXKECTBO
A Ha3BIBAIOT HOPMAALHBLM. B IPOTUBHOM Clydae HEIETKOE MHOYKECTBO Ha-
3LIBACTCS HEHOPMAALHbLM. HaKoHell, Ipo TOYKHU ¢ JAPOOHLIMHU 3HAYCHUSIME
dbyukuun npunasgiexxaoct, y koropeix 0 < pa(x) < 1,2 € X, rosopsr,
YTO TOYKM IPHHAJJIC’KAT HEYETKOMY MHOXKECTBY A wacmuumno u obpasiyrom
PASMBIMYIO 2DAHULY HEUEMKO20 MHOJICECTNGA. JIpyTUMuU CJI0BAMU, 9TH TOUKH



0061a1a10T CBOHCTBOM A, HO ¢ 02060pKaMuU, HECOUHOZAGCHO C TOYKY 3PEHUA
axenepmuolt epynnov. Ha npakTuke pasMbiTas I'DaHUIIA HEYETKOTO MHOYXKECTBA,
YaCTO BBI3BAHA OOBEKTUBHBIM HAJUIUEM HEKOTOPOTO M02PaHuuH020 sfderma
HEIETKOrO cBoiicTBa A.

Bce ToukM HEYETKOTO MHOXKECTBa 00PA3YIOT HOCUMEND HEUEMKO20 MHO-
orcecmea n iyt SuppA = {x : pa(z) >0,z € X}

Cornacuo onpejesnennto 2.1. 0ObIYHBIE KJIACCHYECKHE YETKUE TIOJIMHOXKE-
cTBa X Tak K€ OTHOCSATCS K HEIETKUM ITOJIMHOXKECTBAM U COCTABJISIIOT nodce-
METUCMBO YEMKUT NOOMHOHCECNE B CEMENCTBE BCEX HEUETKUX TOJAMHOYKECTB
X. g kiraccuiecKuX YETKUX MOJIMHOXKECTB BBITIOJIHAETCS ONPEeesIoNniee
nx paBeHcTBO KerA = SuppA, ellle OHU He UMEIOT Pa3MBITON I'PAHUIIHI.

Onpepaenenne 2.2. B onpenenennn 2.1 HEIETKOrO MHOXKECTBA MOYKHO
BMECTO 9KCIEPTHOM omeHKH (1) HepeiiTi K BEepOSTHOCTHOM OIEHKE BBIIOJI-
HEHUsI y TOYEK HEUETKOrO CBOMCTBA A, COTMIACOBAHHOM ¢ JaHHON (DyHKIMEH
upuHaieskHoctu (1), T.e. mepefiTu K HOPMUPOBAHHOI BEPOSITHOCTHON Mepe
HEKOTOPOIl BOOOparKaeMoil CIyvIaifHON BeINIMHBI, OTParKAIoIIe CyObeKTHB-
HYIO CTATUCTUKY SKCIIEPTHON IPYTIIIBI OIleHUBaHUs CBOicTBa A. 3aMeTuM, 9T0
B MaTeMATUYECKON CTATUCTUKE OCODO BBIJEJSAIOT MayCCOBCKHUE IIPOIECCHI C
BbICOKUMHE (6osbInmmm) BeIGpocamu [7].

st citydasi KOHEYHOTO MJIM CIETHOTO OMOPHOIO MHOXKeCTBa X HCXOJIOB
JUCKpeTHOe paclpejie/leHue IIJIOTHOCTH BEPOATHOCTH, COOTBETCTBYIOIIee JaH-
HOil dyHKIMN npuHaIe)kHocTH 3ae (1), onpenensiercss hopmytoit

_ palz)
pa(z) = 2 €X, ) pa(z)=1 (2)
ZIGX :uA( e X
ZLHH Cﬂyqaﬂ KOHTI/IHyaJIbHOFO U3MEPUMOI'0 OITIOPHOI'O MHO2KECTBa MCXOI0B
X BEpOSITHOCTHAA Mepa, COOTBETCTBYIOIIAA U3MEPUMOil (PyHKIUU IIPUHA-
nexkrocru (1), onpenensiercst popmysioi

MA( )
pale) = LA e X, [ pa(ayiz =1 (3)
Jx pa(z)dz’
ITpumep 2.1. PaccMoTpuM yCTORYMBOE CIOBOCOYETAHUE €CTECTBEHHOTO
a3pika A = “Havwano nedean”. Cemarnmura 3T0ro JUHIBUCTUIECKOIO I10-

HATUS SIBJISIETCS HEYETKOE IIOJMHOMXKECTBO A TOYEK OIOPHOrO MHOXKeCTBa, X
ceMHu JHel Heen

X = {IIu, Br, Cp, Yr, IIr, C6, Bc}

Heuérkoe MHOXKecTBO A orpeiesisier 00bEM JIMTHTBUCTUYIECKOT'O TTOHSITHUSI
“Hauano nedeau”, KOTOPBIN, B CBOIO OYepeb olpejiessercs DyHKIUel Ipu-
Ha yrexkHocTu g : X — [0;1]. ITycrs, nanpumep, dyHKIWS IPUHATIEXKHOCTH
3a/laHa B TAOJIMIHOM BHJIE



108 0 0 0 0 O

pa(x)
palx rxe X} = 4
(){:p }{HBCquHTC6BC} (4)
st KOHEIHOTO MM CYETHOIO HEYETKOTO MHOXKeCTBa (4) IPHUHSITA NoAb-
cKaa 3anuct B opMe cyMMbl (hOPMAJIBHBIX JIpODE, OTPAXKAIOIIEH TabJIMIHOE
3asanne ee PYHKIUU TPUHAIEZKHOCTH (4) [Tpu sTOoM B cymMMme WIeHBI C
HYJIEBBIME 3HAYCHUSIMU (DYHKIMU TPUHAJJIEXKHOCTH [IPUHSITO OIyCKATh (MX

ABHO HE IMHUCATh, CIUTad IO YMOJTIaHUIO UX HpI/ICyTCTBI/Ie)

A 1 0.8 0 0 0 0 0 1 0.8 5
_HH+Bf+qﬁWh+ 1 C6 Be I Br (5)
Konkpernoe 3uaudenne (yHkiun npuHasexuoctu p4(Br) = 0.8 mis
BTOPHUKA, 3/16Ch OTPAYKAET, HAIIPUMED, HEKOTOPYIO YaCTHYIO CTATHCTUKY OTIPO-
ca: “ZIBystercst iu BTOPHUK HadajioM Hexenn?!”. B maHHOM IpuMepe U3 KaK-
JIBIX JIECATH OMPOIIEHHBIX BOCEMb CINTAIOT BTOPHUK HAYAJIOM HEJETH, & JIBOE
ner. Ilepeiisiém or dbynknnu npunaiexxsocru (5) K corsiacoBanHoii ¢ (5)
BEPOSATHOCTHOI (HOpMupoBaHHOi) Mepe (2). Torma or sKcmepTHON ONEeHKN
IIPUHAIIEKHOCTH TOYEK K HEUYETKOMY MHOYKECTBY IEepeiIEM K CIIydailHOMY
mporieccy oTbopa JHel, OTHOCAIINXCS K HAYATY HEIETN TICHAME SKCIEPT-
Hoil rpymmet. [loyunm pacipeesieHre BepOSTHOCTEN YACTHONW CTATUCTUKH,
COrIacoBaHHOIL ¢ (5)

1 5 08 4
1+08 9P T 1408 9

3/1ech BEPOSITHOCTH YOBJIETBOPSIOT MOJTHON IpyTine cOBBITHH U COOTBET-
CTBYIOT HEKOTODOIl yacTHOil craructuke. Hanpumep, resredorromy ompocy
Jiogieit, or Koropbix npocuin: “IlozBonnTe 00s13aTe/IbHO B HaYAJIE HEJIE/TH .
Koneuno, sra craTucTHKa YacTHAsE U OTParXKaeT 0COOEHHOCTD IPYIIIIBI OIPAIITH-
BaeMbIx. CeMaHTHKa ycTOWYMBOrO cjioBa coderanus ‘Hauasio nenenu” saBis-
ercsi HeIETKOIl 1 1pejicTaBisier coboil HewéTkoe MHOXKecTBO (5). 3j1ech nveem

Pria = ,Pllu + PBr = 1

SIIPO M HOCUTENb HEYETKOTO MHOYKECTBA,

KerA = {Ilua}, SuppA = {Iln, Br} Pasumbrroii rpanureii 5Toro He9eTKOro
MHOKECTBA sIBJIsIeTCsl MHOXKecTBO { BT}

Bamerum, uro B npumepe 2.1. onopHoe MHOXKeCTBO X SBJISETCS YETKUM U
3as1aéTcs cruckoM nHeil. OHO MOYKET pacCMaTpUBATHCS KAK HEYETKOE MHOYKe-
CTBO ¢ (DYHKIMEl IPUHA/JIC?KHOCTH, COBIIQIAIONIEH ¢ XapaKTePUCTUIECKOI
dbyuknueit maozkecTBa X, T.€. paBHON 1 BO BCEX TOYKAX YETKOIO MHOYKECTBA
(6) waM paBHOMEDPHBIM PACIPE/IEIEHUEM BEPOSITHOCTEH COOTBETCTBYIOIIErO

caydaiiHoro nporecca px (x) = %

A= 1+1+1+1+1+1+1 (6)
[Ia Br Cp UYr Co



YV 49éTKuUX MHOXKECTB crpaBeummBo paBeHcTBo KerX = SuppX u mer
Pa3MBITBIX IDAHMUII.

VYrBepxkaenue 2.1. Eciu HekoTopoe cBOWCTBO A TpOosiBIsSIETCST JIJIst
TOYEK OMMOPHOTO0 MHOXKECTBA MCXO/IOB X C 3apaHee M3BECTHON MIOTHOCTHIO
pacupe/iesieHust BeposiTHOCTH p4(x) > 0,2 € X 3amaiomieil BepoSTHOCTHYIO
Mepy Ha X TO CYIECTBYET IKCIIEpTHAsI OIEHKA, JIJIsi BUPTYAJbHOI SKCIIEPTHON
IPYIIIbBI, COTJIACOBAHHAS C JAHHBIM PACIpEIesIEHUEM IJIOTHOCTU BEPOATHOCTH,
B dopme dyukunu npunasyrexkuoctu (1) pa @ X — [0;1] caeayromero Buja:

pae) = 240 e x (7)
sup4 pa(z)

Jloxasamenvcmeo. Pyukimst npuHaiexkHOCTH (7) 6e3yCcI0BHO (0UeBHI-
HO) OTparkaeT IKCIIEPTHYIO OIEHKY HEeYeTKOro CBoiicTBa A COOTBETCTBYIO-
IIYIO JaHHOI CTATUCTHKE C IJIOTHOCTBIO pacipenenenus pa(x) > 0,z € X
Onpenesaenue 2.3. [lycrs umerorcst Tpu HeUéTKUX MHOXKecTBaA, B u C
sajianHble QyHKIUAMU npuHaggiexxtoctu pg : X — [0;1], pp: X — [0;1] u
e : X — [0;1]. Torma 6yseM roBopuTh U MUCATH CJIEIYIOIIEE.

1. Ompuyaruem wim donoaHeHuem HEIETKOrO MHOKecTBa A 10 X Has3bI-
BaeTCs HEIETKOEe MHOXKECTBO A ¢ byHKImel IpHHAIICKHOCTH BUIA

pa(r) =1—pa(z),r € X (8)
2. Heuérkoe muoxkecrso C' Ha3blBaeTca 006e0uHEeHUEM HEIETKUX MHO-

JKECTB
A, B unumyr AU B = C ecin

nelx) = sup {na(x); pp(r)} 9)

3. Heuérkoe MmuOkecTBO C' HA3BIBALTCS NEpecedeHuem HETETKUX MHOXKECTB
A, Bu mummyt AN B = C ecrm

pe(z) = Iig)f({uA(:r); ps(z)} (10)

4. HeuéTkoe MHOXKeCTBO A HA3BIBACTCA HAOMHOMCECTNEOM IJIs HEIETKOIO
MHOXKECTBa B MM HEYETKOE MHOXKECTBO B Ha3BIBAETCS MOOMHONCECTLEOM
HEYETKOro MHOXKecTBa A u iyt A O B eciun

pa(z) = pp(z),z € X (11)

Samevarue. B ciiydae ¢Tpororo BKJIFOUEHUs] HEUETKUX IIOJIMHOYKECTB,
korma A D B, pa > pup n SuppA = SuppB, Bomonnsiercst AU B = A,
ANB=B8B.

IIpumep 2.2. [lycTh HEUETKOE MHOXKECTBO A U OIIOPHOE YETKOE MHOMKE-
crBo X OymyT Te xke cambie, 9To B npumepe 2.1. Torma umeem, coracuo (11)



A C X 9TO COOTBETCTYET CeMaHTHUKE MOHUMAHUS CMbIcaa: “Hedean” = X
SABJIETCS HAJIMHOXKECTBOM Jist A = “navano nedeau’. Halinem orpunanne
A = “ne nauano nedeaw’. Cormacuo (5) u (8) mveem meudTroe (HeHOPMATBLHOE)
MHOZKECTBO

- 0 0.2 1 1 1 1 1
A= —+ =+ —F+ =t —+ =+ = 12
Mg Br Cp HYr IIr C6 Be (12)
311ech HEUETKOE MHOMKECTBO SIBJISIETCSI CEMAHTUKON HEIETKOIO JIMHIBUCTHU-
YeCKOIr'o yCTONInBOTO cjioBocoderanus “ He nauano wedeau”. Haiimem Tenepnb
obbeunenne JByx HeaéTkux MuHoxkects A, A. Cormacuo (5), (9) n (12) 6y-
JIeM MMETh CEMAHTHUKY YCTOYUBOIO CJIOBOCOYETAHMS €CTECTBEHHOIO SI3bIKA

“HauaJjio niau He Ha4Yaa0 Hexean’:

Juq_ L0811 1 11
U —E—Fg—i-cip‘i‘ﬁ‘Fm"F&‘Fch,
rae pa,4(Br) = sup{pa(Br); pa(Br)} = sgp{(), 8;0,2} =0,8.
Haitnem nepecedenne neuérknx mMuoxkectBs A; A Cormacuo (5), (10) u (12)
OyJleM UMEeTb CeMAHTHKY YCTOMYUBOIO CJIOBOCOYETAHMSI €CTECTBEHHOI'O SI3bIKa
“HagaJjio 1 He Ha4aJ0 HEICIN

BrecbAUA # X (13)

0 02 0 0 0 0 0
ANA= — + 2 — 4 — + —;

Il Br Cp HYr IIr C6 BC’BQGCBAHA#@ (14)

BruiBox. Qopmyiist (13) u (14) niutocTpupyor HapyleHue “3aKOoHa MC-
KJIIOYEHHOTO TPEThHEero”’, KOTOPbIit B Jjioruke Moprana HeUI6TKUX MHOYKECTB
He uMeeT MecTo. 1orja Kak B OyJeBoil ajqredpe YETKMX MHOXKECTB “‘3aKOH
UCKJTFOUEHHOTO TPEThero” CIIpaBeJINB, TaM UMEIOT MEeCTO PaBEHCTBA

AUA=XuANnA=1 (15)

ozuavarorue: “I'perbero ne mano”’. B anredbpe me Moprana meuéTKHX
MHOYKECTB 9TOT 3aKOH He BbIIOJHseTCsd. VIHTepecHo, 4To 3aKOH HAPYIIAETCS B
TOUYKAX Pa3MbITOl Tpanuibl HeudTkux Muoxects A; A, (5), (12), (13), (14).

VrBepxkaenaue 2.2. O6 ajrebpe u pernérke HEUYETKUX MHOXKECTB.

ITyctes X — uérkoe omopHOe MHOYXKeCTBO. PaccMoTpuM ceMeiicTBO Beex
HeuéTKuxX mogMuoxKecTB A C X, KOTOpOe OIpee/sieTcs CeMeNCTBOM BCeX
dyukmit npunagnexxuaoctu g X — [0;1]. B cemeiicrBe Bcex HeUETKHX
TOJMHOYKECTB PACCMOTPUM TpH ajiredpamveckue ornepamuu. /IBe bunapubie
onepanun, obsedunenue oAMHOXKeCTB (9) n nepeceuenue noamuokects (10),
a TaK 2Ke OJIHY YHAPHYIO OIEPAIIo, OMPuyaHue Win Jdonosnenue HeITETKOTO
nogmuOoKecTBa 10 X (8). B sTOM cemeiicTBe BeeX HEUETKUX MMOIMHOXKECTB
pPacCMOTPUM YaCTHIHbIH mopsiziok (11).
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Torma cemeiicTBO HEUETKUX TOAMHOKECTB Gy/IeT 0O6pa3oBLIBATD a.42€0-
py Mopzana, B KOTOPOII BBITTOJIHSIFOTCS BCE 3aKOHBI aaredbpbl Bysist 4éTKux
ITOJIMHOYXKECTB KPOMe OJTHOrO, “3aKOHA UCKJIIOYEHHOTO TpeTbero”, T.e. Oyer

AUA# XuAnNA#0) (16)

CeMeitcTBO HEUETKIUX TTOJMHOXKECTB SIBJISETCS JTUCTPUOYTUBHON PENETKON
YaCTHIHOTO Topsiika (11).

Hoxazameavcmeo. JlokaxkeMm 1epsblil 3akoH je Moprana, jijist JI0ObIX JBYX
HeudTkux nogMuoxkects AUB = ANB. TlepeiizeM K GyKIMAM IPHHAIIEKHO-
cru. st mobeix AByX meficTBuTesbHBIX dnces, pa(x); up(x),r € X nmeem
OYEBU/THO

pacp(x) =1—pavp =1 —sup{ua(x); up(z)} =
= inf{l — pa(x);1 - pp(2)} = pinp (17)
AHaJIOrMYHO MOXKHO JIOKa3aTh BCe JPyrue 3aKOoHbI ajrebpbl Moprana
JIJI HEUETKUX MHOXKeCTB. JlokazkeM HucTpuOyTUBHOCTH PEIIeTKH HEIETKUX

MHOKeCTB. Jljisi I00bIx Tpex geiicTBuTebHbIX unces pa(x); pp(); po(x),
x € X JIerko npoBepsieTcst 11epebopoOM PABEHCTBO

tausne () = sup{pa(z); inf{up(z); pc(z)}} =
= inf{sup{pa(z); up(x)};sup{pa(z); uc(r)}} =
= inf{paup(v); pavc(®)} = paus)naue) (@), z € XO

3. Heuérkue cBeneHnst 1 HedETKad MHMOPMAIAA O
TOYKE

Cdopmynupyem ¢ HHGOPMAIIMOHHON TOUKN 3peHust (DaKT IPUHAJIEXKHOCTH
Touku ro9 € X HeubrkoMy MHOXKecTBY A C X, T.e. onpeie/iuM HEIETKOE
cenenne o Touke g € A C X.

Omnpepesienne 3.1. [lycrs 3a1aH0 Heverkoe MHOXKecTBO A C X omopHOro
mHOKecTBa X ¢ dynKImeil npunarexxaocta py : X — [0;1]. Pacemorpum
daxt npunasexxuoctu rg € A C X. Bynem ator dhakT HA3BIBATE HEWEMKUM
ceedenuem o mouke xo € X W 3AMUCHIBATD JIOOOM M3 IBYX PABHOCHILHBIX

dbopmy.

(na)A(zo) = (pa)A(x0), 10 € X (19)
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Baech GyHKIUS TPUHATIEXKHOCTH [14(Z0) BBIPAXKAET SKCIEPTHYIO OIEHKY
cBejleHust, a (DYHKIMsI IJIOTHOCTH BEPOSITHOCTHU PA(Zo) BEPOSITHOCTD (J10CTO-
BEPHOCTH) CBeJieHus!, npeauKkaTHbiii cumsoi A B (19) coBnasgaer ¢ ob6o3nade-
HUEM HEYETKOIO MHOXKECTBa A U, CJIeoBaTeIbHO, COBIAIAET ¢ 0003HAUEHIEM
HEYETKOTO CBOMCTBA A TOUEK 9TOTO MHOMKECTBA.

VYreepxkaeaue 3.1. KoppekTHocTu onpeaejseHUs HEIYETKOTO CBe-
JI€EHUs O TOYKE U ero HeYETKOIl CEMaHTUKM.

Oupegenenue 3.1 u popmysia (17) KOPPEKTHO OLPEJIEISIIOT HOHITHE HETET-
KOTO CBEJIEHUsT 0 TOUKe g € X U CeMaHTHKHU CJIOBOCOYETAHMS “TOUKa Xy € X
obJialaeT HeYEeTKUM cBoiicTrBoM A”

Jloxasameavcmeo. Conocrasum (19) ¢ dbopmasnmsaiueii 06bIIHOIO IETKOIO
cBegaust 0 Touke xg € 6 = A C X Buma (1)d(x) = 0(xp), tne 6 = A —
4éTKOe ToIMHOXKeCTBO [3-4|. Tak Kak 4éTKoe CBeJIeHUe SIBJISIeTCS] IaCTHBIM
caydaeM HeUIETKOro CBeJieHus ¢ (DyHKIUEH MPUHAJIC?KHOCTH, COBIIAIAIONIEH
¢ XapaKTepUCTUIeCKON (pyHKIHEN I6TKOro MHOXKeCTBa A, TO mMeem

pa(z) = xa(@) = xs(x); (pa)A(zo) = (D) A(zo) = d(20), 20 € X (20)

D710 MOJHOCTBIO coriacyer onpejeserue 2.4 u dbopmyiy (19) ¢ onpenese-
HEeM JéTKoro ceejierust [3-4]. O

Omnpenenenne 3.2. CeMelicTBO HEYETKUX CBEIEHUN 0 mouke g € X
OITIOPHOTO MHOXKecTBa X Ha30BEM HEUETKOM mHMOpMalueil o Touke xg € X u
OyZileM 9TO 3allMCBHIBATH B JIIOOOI U3 ABYX PABHOCHILHBIX (POPMYJI

{(na)A(zo) = {(pa)A}(zo) = I(0), € X, ecrm (21)

J={(pa)A} = {(pa)A} — bunbTp HEUETKUX MOJMHOKECTB, COIEPIKAIINX
Touky xg € X. IIpu srom 6asuc dunbrpa, nojgcemeiicteo B C J | ompeesisier
Hocuresb B(xg) nadopmaryu J(xg).

IIpumep 3.1. Paccmorpum ycToOfYUBbIE CJIOBOCOYETAHUS €CTECTBEHHOIO
sI3BIKA, OTHOCSIIITHECS K OMHAPHON MEePApPXUIECKON KJIACCH(PUKAIINN YKUBBIX
CHCTEM IIBEJICKOTO ecTecTBOUCIIbITaTe si Kapia JIunnes wim e ycroiiuuBble
CJIOBOCOYETAHUS SI3bIKA, OTHOCAIIUECS K MEPUOJUICCKOMY 3aKOHY XUMUIECKUX
3JIEMEHTOB pycckoro xumuka Imurpusa Msanosuyua Menneneesa. Hampumep,
TaKue YCTONYIUBBIE CJIOBOCOYETAHUS KaK “‘MeJiBe/ib OyphIil’, “desloBeK pa3yM-
ubiii Homo Sapiens)” win “Gepésa Gesast” umeror o0IIeNpU3HAHHYIO MUPOBYIO
HAYYIHYIO CEMAHTHKY (OIMCATEbHBIE OMOJOIMIECKIE OCOOEHHOCTH CTPOCHMSI
i HayaHO noapobubie [THK-kozp1). AHAJIOMMYHO, YCTORYUBBIE CJIOBOCOYETA-
Hust “3akon MeHmeneeBa 0 3aBUCHMOCTH CBOMCTB BEIECTB OT UX aTOMHOTO
Beca’, “Biraropogmbie raspr’. CeMaHTHKa 3TUX ODIIEIPUHSITHIX BO BCEM MHUPE
HayYHBIX CJIOBOCOYETAHUN U3BECTHA, JIOCTYIIHA U BCErJa OYeHb MHTEPECHA.
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4. 3akKJjo4deHune

YTouHuM 6a30BbIE IJIT TEOPETUIECKON HHPOPMATUKI OIpeeneHns “uabrpa’

u ‘“6asuca puiIbTpa’ IId HEIETKUX MOAMHOXKECTB X . OUIbTPOM HEIETKUX
ITOJMHOYKECTB HA3BIBAETCS TAKOE CEeMENCTBO HEUETKHUX ITOIMHOXKECTB, JIJIsi
KOTOPOTO BBITIOTHSAIOTCST TPU aKCHOMBI:

1) Kaoicdoe noommosicecmeo duavmpa nenycmoe A = ()

2) Iepeceuwenue 1066 06YT NOOMHONCECNE HUALMPA NPUHAOAEAHCUM
dpuavmpy ANBeT

3) Kaotcdoe nadmmoorcecmeo B D A 1106010 HEYETKOrO MOJIMHOKECTBA,
A € J npunagyexur duabrpy B € J

Haxoney, 6azucom B  duasvmpa J HaspiBaercs dactb dusabrpa B C J, B
KOTOPOIi 10 JII060My TmoAMHOXKeCTBY A € J Haiinércst nmojaMHoxkecTBo B € B
takoe, uto B C A. Jhobot 6asuc gursvmpa 00Hoznauwno onpedeasem €60t
Ppuromp.

CrenaeMm obIIIMe ceMaHTHIECKHE BBIBOJIBI.

YTOYHUM MOHSTHE ‘CEeMaHTHKa €CTECTBEHHOTO si3bika . B dumocoduu, B
CEMUOTHKE, B paMKaxX KOHIenIuu “rpeyroibauka Opere” ceMaHTUKON CI0Ba
(3HAKA) HA3BIBAIOT KOHTEHT (CUIHUMUKAT, CMBICJI) ¥ IPOTUBOIIOCTABIISIIOT €6
nenoranTy (pedepenry). B Teopernueckoii nudopmMaTiKe 110]] CEeMaHTHUKO
CBeJeHNS O TOYKE MOHUMAIOT MPUHECEHHYIO 3TUM CBEIEHUEM MHQOPMAIIIO
0 TouKe. BbIesmM JiBa METOIOJIOTHIECKUX [TPUHITAIIA ONUCAHUS CEMAHTUKU
cyioBapHbIX cyoB-nioHaTuil. [Ipuanun neeuacreentocrn ommcanust (Ceman-
TUKa, B3sATasi U3 PA3HBIX CJIOBApeil) U IPUHIUI JOIOJHATEIbHBIX OIIUCAHUI
(CemanTtuka JHomoHeHAIT 13 pasHbIX ciaoBapeii). TepMuns! “yeroitanBoe cI0Bo-
CcOYeTaHUE UM YCTOWIUBOE CJIOBO-TIOHATHE  MOTIEPKUBAIOT TOJBKO ITUPOKYIO,
MMEHHO BCEMH IPU3HAHHYIO X CEMAHTHKY. 3aMETHUM, UTO y UYeJIOBEKA B IEH-
TPaJIbHOI HEPBHOI cHUCTEMe UMEIOTCS JB€ CUTHAJBHBIE CUCTEMbBI CEHCOPUYMA.
[IepBast cucrema — 3TO KOra €ro penenTopbl OPraHOB IyBCTB BOCIIPUHUMA-
FOT CUTHAJIBI OT €CTECTBEHHBIX OObEKTOB WJIN IIPOIECCOB TPUPOIBI U JaJiee
MIPOUCXO/IUT MO/ICO3HATE/IFHOE PEAKTUBHOE KU3HE0DECIIEINBAIONTIEe TOBEICHIE
JejioBeKa. Bropast cucreMa — 3TO KOIJla €ro perenTopbl OPraHOB IyBCTB BOC-
MPUHUMAIOT CUTHAJIBI OT UCKYCCTBEHHBIX CHUMBOJIOB, SI3BIKOBBIX W ITPOUCXOIUT
BOCIPUATHAE CEMAHTUKH STHX SI3LIKOBBIX CHMBOJIOB KaK ITOJCO3HATETHHOIO
CEHCOPHOro 0o0paza TOYKM MePBUYIHON CUTHAJIBHON CHUCTEMBI U jlajiee KOTHU-
THUBHOE IIeJICHAIIPABIEHHOE [TOBEIEHNE UeI0OBEKA, TPEOYIOIIee UCIOTb30BAHMS
Pa3HOOOPA3HbBIX CBEJICHNI 1 3HAHUIT O PA3HBIX TOUKaX (0ObEKTaxX U IPOIEccax).
[Ipu sTOM BeyIIIei B ceMaHTUKE CJIOB M CJIOBOCOYETAHUN €CTECTBEHHOTO S3bIKA
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BBICTYIIAIOT TI0/ICO3HATE/IbHBIE 00pa3bl MEPBOii CUTHAJILHON cuCTeMbI ([IepBIY-
HOT'O CEHCOPUYMA), JIJIsl OIUCAHUS KOTOPOii MCII0JIb3yeTcs: O0IIelpU3HAHHAS
qETKasl WM HEIETKAsT CEMAHTUKA YCTOMIUBBIX CJIOB-IIOHATUN M YCTOMIMBBIX
CJIOBOCOYETAHMIT €CTECTBEHHOTO S3bIKA, HAIIPUMED, TacTHAsI OTHOCUTETBHO IKC-
HEePTHOM TPYIIbI (sIBHOM 1Ii BooOparkaeMoii). B 0b6enx curHaJbHBIX cucTeMax
YeJI0BEKA BEJIYIIYIO POJIb UTPAIOT CIeluUICCKIe HEHPOHBI — aTTPAKTOPHI
(cOoprukn) cBeeHuit TOIBKO 00 oiHOi Touke. Hampumep, Tak HasbiBaeMbIe,
ueiiponnl “Moeit 6abymku”, “Moero jgoma” u T.a. [1-2]. OTMeTnM BaXKHYIO
0co0yI0 POJIb B KOTHUTUBHBIX CBOMCTBAX €CTECTBEHHOTO sI3bIKA CEMAHTUIE-
CKOIO yKaszaress TOYKH WU yHUKAJIHLHOTO COOCTBEHHOIO UMEHU TOYKH (Z().
Nwmenno, Giarogapst yKa3aTel0 TOYKH, TPOUCXOIUT MPOIIECC BbIJIEIEHUS I1e-
JIOCTHOT'O BOCIPUSITUSI TOI MM MHON CYIIHOCTU (HEKOTOPOro O0beKTa MJIN
HeKoTOporo mporecca). [Iporcxoaur cbopka JacTHOCTEl B €IUHOE Te10e. DTO
MTOAYEPKUBAET OOBEKTUBHYIO CHCTEMHYIO CTPYKTYPY MHPa IIPUPOILIL.
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A.V. Chechkin

Introduction.

In cybernetics, they deal with information for managing a single
object, that is, with information related to only one point, which, due to
its uniqueness, does not require a unique semantic pointer. Cybernetics
serves automatic control systems. Computer science(Informatics)
uses information about fundamentally different points, which requires
fundamentally different, autonomous, unique semantic pointers for these
points. In humans, cybernetics is responsible for the unconditioned
reflexes of the first signaling system, for the subconscious regulation
of human life support biomechanisms. Computer science in humans is
responsible for conscious cognitive behavior of humans, for conditioned
(acquired) reflexes associated primarily with natural language, with
learning and with the second human signaling system (with language), [1-
2|. Computer science deals with intelligent systems that use information
about various points. The concept of “clear semantic information about
a point” was introduced and studied in [3-4]. This concept is based
on the theory of filters and ultrafilters by A. Cartan and only within
the framework of the theory of classical distinct sets. Whereas the
concept of “fuzzy semantic information about a point” requires special
formalization, which will be discussed in this article.

Conclusion.

Let’s draw general semantic conclusions. Let us clarify the
concept of “natural language semantics”. In philosophy, in semiotics,
within the framework of the concept of the “Frege triangle”, the
semantics of a word (sign) is called content (signification, meaning)
and is opposed to its denotation (the referent). In theoretical computer
science, the semantics of information about a point is understood as
the information about a point brought by this information. Let us
single out two methodological principles for describing the semantics
of dictionary words-concepts. The principle of non-uniqueness of
descriptions (Semantics taken from different dictionaries) and the
principle of additional descriptions (Semantics of additions from
different dictionaries). The terms “stable phrase or stable word-concept”
emphasize only their broad, universally recognized semantics. Note that
humans have two sensory signaling systems in their central nervous
system. The first system is when his sensory receptors perceive signals
from natural objects or natural processes, and then subconscious reactive
life-sustaining behavior occurs. The second system is when his sensory
receptors perceive signals from artificial symbols, language symbols, and
the semantics of these language symbols are perceived as a subconscious
sensory image of a point in the primary signaling system, followed
by cognitive purposeful human behavior that requires the use of a
variety of information and knowledge about different points (objects
and processes). At the same time, the subconscious images of the
first signaling system (primary sensorium) are the leading ones in the
semantics of words and phrases of natural language, for which the
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[1]

2]

3]

4]

[5]
6]

7]

generally recognized clear or fuzzy semantics of stable words-concepts
and stable phrases of natural language is used, for example, a private
relative to an expert group (explicit or imaginary). In both human
signaling systems, specific neurons play a leading role - attractors
(collectors) of information about only one point. For example, the so-
called neurons of “My grandmother”, “My house”, etc. [1-2]. Note the
important special role of the semantic pointer of a point or the unique
proper name of a point (z() in the cognitive properties of natural
language. It is thanks to the dot pointer that the process of highlighting
the holistic perception of an entity (some object or some process) takes
place. The details are assembled into a single whole. This highlights the
objective systemic structure of the natural world.

Keywords: almost complete predicting, predicting machine,
prediction of superwords by a machine, criterion for predicting.
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YHacTp 2
CnenmaJjibHBIE BOIIPOCHI TE€OPUN
MHTEJJIeKTyaJbHBIX CHCTEM



CorsaacoBanue dpopmysa Buibcona u
ypaBHEHUsI COCTOsIHUS Jijid pacdeTa (pa30BOro
paBHOBecusi HedpTU 1 ra3a

E.B. Konmo6a'

IIpu pacdere $a30Boro paBHOBECHs] MHOTOKOMITOHEHTHBIX YTJIEBOJIO-
POJHBIX PACcTBOPAaX MUCIOJIb3YIOTCS UTEPAINOHHbIE MeTOAbI. JIj1s1 BBIYnC-
JIEHUsI HaYaJIbHBIX MPUOJINKeHnT mpuMeHsieTcst (popmMysia Bubcona, a
IIPU BBIYUCJIEHUN XUMUYIECKUX [MOTEHINAJIOB UJIU JIETYIECTel UCIOIb3Y-
eTcst ypaBHeHHe cocTosAnus. B pabore mpesgaraercs crnocod HACTPOWKA
dopmynsr Bunbcona Ha ucmoab3yeMoe ypaBHeHue coctosaus. [lokasza-
HO, ITO KO3(PPUITNEHTHI PACCOTTIACOBAHUS JIJIsI TSKEIBIX KOMIIOHEHT
6oJbIte, YeM Jist Jierkuit. 11oxo/1 mo3BoJIsieT MoCTPOUTh TEPMOIMHAMI-
YECKH COIJIACOBAHHYIO CHCTEMY, I YCTPAHUTH HEKOTOPbIE HeDU3MIecKue
peIleHns U YUCJICHHbIE HEYCTONIMBOCTH.

KuroueBbie ciioBa: ypaBHeHUe cocTostHUS, popMysia Buiibcona,
dazoBoe paBHOBECHE, MHOIOKOMIIOHEHTHBIE PACTBOPBI, HEPTh, YUCTICH-
HOE MOJIeJINPOBAHUE.

1. BBenenne

st mporHo3mpoBaHus paspadboOTKN HEPTIHBIX U TA30BBIX MECTOPOXKICHUH
IIXPOKO IIPUMEHSIIOTCSI METOIbI YNCJIEHHOI0 MOIAEINPOBaHusi. PacdeTsl Mo-
YT UATH OT HECKOJBKUX YACOB 0 HECKOJbKUX MECHAIEB B 3aBUCUMOCTU OT
CJIOXKHOCTH 33JIa9i M 3HAYUTEJHLHYIO 9aCTh 9TOT0 BPEMEHU 3aHUMAET Pac-
1eT (pa30BOro paBHOBecHs. MHOTHE YHCIEHHBIE TPOOIEMBI, BOSHUKAOIIE Ha
cUeTe TaK:Ke CBSI3aHBbI C TEPMOJIMHAMUIECKON JACTHIO 3aIa9H.

[Tpupoaubie ra3bl 1 HEPTH — ITO MHOIOKOMIIOHEHTHBIE pacTBOpbl. Da-
30BbI€ MIEPEXOJIBI B HUX NMEIOT PsiJi 0CODEHHOCTEN: epexo/ HAUNHAETCs PH
OJTHOM JABJIEHUH, & 3aKaHIUBAETCS IIPU JPYTOM, U B IPOIECCe HEIPEPhIB-
HO MEHsIeTCA KOMIIOHEHTHBIN cocTaB ¢a3. JTa 0COOEHHOCTH 3HATUTEIHHO
YCIIOXKHSET pacdeThl (pa30BOro paBHOBECHUsI PACTBOPOB, 8 MMEHHO: KOHCTAHTHI
azosoro pasHoBecust K; uian K-values (orHOIIEHNEe KOHIIEHTpAIUiT JIJIsT KazK-
JION KOMIIOHEHTBI B Ta3e U YKUJKOCTU) MPEBPAIAIOTCS B CJIOXKHBIE (DYHKIUN
JAaBJIEHUsI, TEMIIEPATYPBI U cocTaBa. Jljisi KarK10i KOMIIOHEHTHI MHOTOKOM-
[IOHEHTHOT'O PACTBOPA 10 YPABHEHUIO COCTOAHUSI BHIUYUCIAIOTCS XUMUIECKHE

' Kondoba Enena Barenmunosha — DOLEHT Kad. BLIUHCIUTENbLHAS MEXAHIKA MEX.-MAT.
d-ta MI'Y, e-mail: elenakoldoba@mail.ru.

Koldoba Elena Valentinovna — Associate Professor, Lomonosov Moscow State University,
Faculty of Mechanics and Mathematics, Chair of Computational Mechanics.

18



MOTEHIMAIBl (MJIM JIETYYeCTH) B Ta3e W YKUJKOCTH, 3AlUCBIBACTCS UX Pa-
BeHCTBO. [losryunBInytocst cucreMy HeJIMHEHHBIX aredpanviecKux ypaBHEHUH
PeIalT UTEPAIMOHHBIMI METOJaMU, HampuMmep, MetojoM Hprorona [1-3],
CXOJIMIMOCTB KOTOPBIX MHOIJIA IIPOOIEeMATHIHA.

WccnemoBanns 9uCI€HHBIX HEYCTOMIUBOCTEN TTOKA3aJIM, 9TO BO3MOXKHBI
caydad, B KOTOPBIX ypaBHEHUE cocTosiHus 1 hyHKImK K;, 3ajaomme Hadallb-
Hble KOHIIEHTPAIMH B (pa3ax, OKa3bIBAIOTCA PaCCOTIACOBAHBI HACTOJIBKO, 9TO
9TO IPUBOIUT K YHUCJIEHHBIM HEYCTONYMBOCTSIM Ha, cYeTe U HEePUIUIECKUM
pemenusivm. Tak, HanmpuMmep, TszKesast HeTh IPU HOPMAJIBLHBIX YCIOBUSIX
MOYKET IPU pacdeTe BCsl OKA3aThCs B ITa30BOM COCTOSIHUU U T.JI.

Jj1sT TOBBIIIEHNsT HAMEXKHOCTU PACYIETOB (Da30BOT0 PABHOBECHUsT OOBIU-
HO TIpeJijIaratoTcst pasuble Bubl GyHknuii K; [4-5], ncrnosb3yrorcs pasubie
ypaBHeHusi coctosinusi [6-7|. Ho 910 MOXKET 1IOMOUYb B OJHOM JHala30He
TEepMODAPUIECKUX YCIOBUI M yXYAIINTH CUTYaIMIo B ApyroM. B manHoi pa-
OoTe obparaeTcs BHUMAHUE Ha HEOOXOIUMOCTD corjacoBanus yuxmuit K;
C UCIOJb3YEMbIM YPaBHEHNEM COCTOSIHUS, IIPEIIaraeTcs Clocod HaCTPOMKMH,
JEeMOHCTPUPYIOTCsT 9P PEKThI paccoriacoBaHHOCTU. B KatecTBe npuMepa BhI-
IIOJIHEHO COTJIACOBaHMe ypaBHeHUs cocrosuust Pemmmxa-KBonra n ¢popmysib
Buiibcona, KOTOpble YacTO HCIOJIb3YIOTCA B COBPEMEHHBIX TI'MIPOIMHAMU-
9eCKUX CHUMYJISITOpax mpu pacdere (a30BOro paBHOBeCHS Ha HEMDTAHBIX U
ra30BbIX MECTOPOXKJICHUSX.

2. IloctaHoBKka 3aga4n

[TycTs N-KOMIOHEHTHBIN PACTBOP € MOJHOIN MOJISIpHOIN KOHIIEHTparueii (Mo-
JSIpHOIL nogteit) {z;} HaxomuTest B 1ByXasHOM COCTOSIHUHU, Pa3/IeJIUBIINCD
Ha ra3 ¢ KOHIEHTpAImel {y;} W »KUJIKOCTh ¢ KOHIeHTparmeii {xz;}, rue i—
HoMep KOMIOHEHTHI, ¢ = 1,2...N. Jljist cMecu u KaxkJ10il dpasbl B OTJACILHOCTH
JIUIST MOJISIDHBIX KOHIIEHTpAnuil (MOJISIDHBIX J10JI€i) JIOJIKHBI BBILIOJIHSITHCS
CJIEJLYIONINE YCJIOBHUSI:

N

N N
Zzizl, inzl, Zyizl
i i

i
KoaddurmenTsr pacupeesieHns Wil KOHCTAHTHI (pa30BOTO PABHOBECHUST
(K—values) CBS3aHBI C KOHIIEHTPAIIISAMHE -0if KOMIIOHEHTHI B Ta30BO# U YKUIKON
daszax ceyrImM 00pa3oM:

K; =yi/z;
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3. Ypasuenmne cocrosinusi Peummxa-Ksonra (PK)

qaCTO HCIIOJIb3YyETCA B COBPEMEHHBIX I'MAPOMHAMNYICCKUX CUMYJIATOPaX IJIsd
pacdera $a3zoBoro paBHoBecHsi N-KOMIOHEHTHBIX YTIEBOJIOPOIHBIX PACTBOPOB.
VYpasuenue PK, zagaroree cBa3b Temnepatypbl T, nasienus P, MossipHOro
obbema V', nmeer BuI;

p_ RT a (1)
V—=b VTV(V +b)

e R — razosas nocrosinHas; a,b — napaMerpbl, 3aBUCHIINE OT KPUTUYECKON

TeMIrepaTypbl 1g;, KpUTHIECKOTO P,; , arleHTpudeckoro GpakTopa w; KarxKIoil i-

off KOMITOHEHTHI U uX KoHrenTpanuii. [Iponenypsr pacuera a, b 119 pacTBOpOB
XOpOIIO u3BecTHHI [1].

3Hast ypaBHEHNE COCTOSHUS, MOXKHO BBIYUCIUTD XUMUIECKHIE TOTEHITHATIBI

[4; WU JIETYYECTH 1-0f KOMIIOHEHTa B KaKJI0i n3 (a3, 3aimcars uX paBeHCTBO

JJIsl KaXKJ0M KOMIIOHEHTHI B Tra3e W YKUJIKOCTH U MOJIYIUTh cucTtemy u3 N

HEJIMHEWHBIX aJredpandecKux ypaBHEHHUil Jijid pacueTa (pa3soBOro paBHOBECHUS:

wi,c(T, PAyi}) = wi, (T, P, {x:}) i=1,2..N,
e uagekcaMu G 1 L oTMedeHbl BeJIMIUHBI, OTHOCSIIINECS K Ta30BOH U 2KUJIKON
dazam.
st mpakTU9IecKuX MPUMEHEHNH OOBITHO UCIOIB3YIOT PABEHCTBO JIETY-
JecTell, 3aUCaHHBIX Yepe3 KO PUITNEHTHI JieTydecTn @; U dpyuxkmuu K;, u
PEIIAIOT CJIEYIONIYIO CUCTEMY:

pin(T, P {xi})

' ¥i,G (T’ Pv {yl})

st pacuera dazoBoro paBHOBecHsI N-KOMIIOHEHTHOIO PacTBOpa IIpH

3aJIAHHBIX JABJIEHUU U TeMIIEpaType HeoOXOIUMO PEIIUTh CUCTEMY YPaBHEHUH

(2) u ypasuenne Psudopna-Paiica mis onpesenennst Fy—MoJsipHOii 1o
ra3oBoii ¢asbil8]:

i=1,2..N (2)

N

(KZ — 1)21' _
Zl+(Ki—1)FV_0 (3)

7
YpasHeHue (3) peraercst YUCICHHO UTEPAIMOHHBIME MeToamu |1-3]: Ha
[IEPBOM IIIare MCIOJIb3YIOTCsl HavdabHble Ipub/mKenus K, 3aTeM Ha KaxKI0ii
UTEPAINK HAXOJANUTCs 3HadeHne Fy/, IOTOM 110 M3BECTHBIM (DOPMYyJIaM BBITHC-
JISIIOTCSI PABHOBECHBIE KOHIIEHTPAIMI B Ta3€ Y; U B KUJKOCTU X;, HAXOJATCS
HOBBIe 3HadeHust K;, KOTOpbIe MOJICTABIISIOTCS B ypaBHEHHE (3), U Tak Jajee
JIO BBINIOJIHEHUSI HEKOTOPBIX yciaoBuil cxomumoctu. Kak u jiist jii00bIX nrepa-
[IMOHHBIX METOJIOB, PE3YJIbTAT U CXOJAUMOCTH aJIlOPUTMa 3aBUCUT OT BBIGOPA
HAYAJIBHOIO IPUOJINKEHUS.
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4. ®opmysa Buabcona

B coBpeMEHHBIX THAPOIMHAMUICCKAX CUMYJIATOPAX JJIsl PElleHus ypaBHeHUs
(3) magasnbuble npubiamzkenus K; dacro 3amaiorcs mo dhopmyse Busibcona [7):

K; = %exp <5.31(1 + wi) <1 - 7;)) (4)

Cormnacuo s1oit hopmyiie Kaxkast GyHKIus K; 3aBUCAT TOJBKO OT Xapak-
TEPUCTHUK i-Olf KOMIIOHEHTBI: KPUTHIECKON TeMIrepaTyphl 1 ;, KpUTTIECKOTO
naBiernst P , alleHTpUYecKoro (pakTopa w; U He 3aBUCUAT OT KOHIICHTPAII
U CBOMCTB JIPYTUX KOMIIOHEHT. DTO CBA3AHO C TEM, UTO IPHU BBIBOIE (DOPMYJIBI
HCIIOJIb30BAJIACH CBOMCTBA HeaIbHBIX PacTBOpOB. IloHsSITHO, 9TO 9TO MIPUO/IN-
JKeHue Jrydirne padboTaer i JerKnX KOMIIOHEHT, MOJIy9YeHHbIE Pe3y/IbTaTh
noATBepK AT 510. Hanpumep, npu BoiBoje (hopmydibl (4) UCIIOIB30BAIOCH
upubJMyKeHue Jijisl UIeadbHbIX PACTBOPOB, CJejyomiero suja [7):

P..

rie Py — naBjienne Hachinenus (gasienne hbasoBoro mnepexojia KujakocThb-
ra3) 4ucroii i-oif kommonenTol. T.e ucmoab3yst dopmysy (5), MBI TEM caMbIM
3aj1aeM 3Hadenue Pg;. DTo ke JaBJIeHue JIJIsl KayKI0H YMCTO KOMIIOHEeHTDI
MOXKHO HaiTH U3 ypaBHeHus cocrostaust PK, Ho mosiyuenHoe sHadenue Pg;
OyJsteT HeCKOTBKO JipyruM. [lycts Py — 9T0 fmaBjeHne HACBIIEHUsT -0 KOM-
LIOHEHTBI, paccuuTannoe u3 ypasuenus PK 1o npasuiny Makcseiua, a Pl —
JIaBJIEHUE HACBIIEHUsI, [OJIydeHHoe 110 (opMmye (4), uX OTHOIIEHHE Yepes

ko duruenr ~y; = Py; /Pl

5. PaccormacoBaHHOCTb 3HaUYeHUi JaBjaeHNS pa30BO-
ro nepexoaa

[To ypasuenuto cocrosinus PK Boraucisiaucey Psg; st psia yrieBoIOPOIHBIX
KOMIIOHEHT (MeTaH, 9TaH... JleKaH) ¥ CPABHUBAJIUCH CO 3HAUYEHHUEM Ps/i' IIpo-
BeJICHHBIE BBIYUCICHUST TIOKA3AJIM, UTO JJI MeTaHa 3HAYEHUs COBIIAIAIOT C
XOpOIIe#l TOYHOCTHIO, I0ITOMY coryiacoBanue He Tpedyercs. s Gosee TsKe-
JIBIX KOMITOHEHT PaccOT/IacOBaHNE CTAHOBUJIOCH BCE 3HAUUTENLHEE IO Mepe
YBEJIMYEHUsI YIJIEPOJHOTO YUCJIa MOJIEKYJIbI (JJIsl JleKaHa PacCcoriacoBaHue
makcnMasibhoe). Tak st nekana npu ¢ = 0°C' BeIMIUHBI OTIHIAIOTCS HA
736% (cm. Tabuuiy 1).
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6. IIponeaypa coryiacoBaHUs

PaccmarpuBasca cienyromuii criocob nacrpoiiku dyukiuit K; na ypasHe-
e PK: koaddurmenr paccormacoBanus y; nobasisiercst B opmyiy (4).
Crocob KOppeKTUPOBKH OKa3aJiCst 3(pPEeKTUBHBIM BO Beeil 001acTH (pa30BbIX
[IEPEXOJIOB,.

Crnetyer moIMepKHYTh, 9TO JIJIst U30TEPMUYIECKOTO CJIydast KO3 DUIMEeHTHI
~; HY?KHO PacCYUTBIBATD TOJBKO OJMH pa3, T.K. OHU He 3aBUCAT OT JABJIEHU
U KOHIIEHTPAIWIA, & 3aBUCAT TOJBKO OT UCIOJIB3YEMOI0 YPABHEHUs] COCTOSTHUS
U TEMIIEPATYPHI.

71(C1) | %2(C6) | v3(C10)
1.0 2.2 7.36

Tabmuna 1. Kosdbduimentsr 7; st merana (C1), rekcana (C6) u gexana(C10)
upu Temueparype t = 0°C.

B Tabaune 1. nmpeacTaBieHbl pacCInTaHHBIE KOI(MDMUIINEHTHI PACCOTIACO-
Banus y; Juist Mmerana (C1), rekcana (C6) u nekana(C10) npu Temueparype
t = 0°C. IlpeacraBiaeHnble JaHHbIE TOKA3BIBAIOT, ITO COTVIACOBAHUE HEODXO-
JIIMO TIPOBOJIATE IIPU HAJUYUNAU CPETHUX U TSIYKEJIbIX KOMIIOHEHT B PACTBOPE
(ueM TsiKesiee, TeM GOJIbIIE MONPABOYHBIH KO3(hMUIMEHT), U He HYXKHO PO~
BOJUTH Jijist MeTaHa. Takum obpazom dpopmysa Bumabcona, coryiacoBanHast ¢
YpaBHEHUEM COCTOAHUA, UMEET BU/I:

Pci Tci
K; = %ip €TP <5.31(1 + w;) <1 - T>> (6)

Cietyer 3aMeTUTh, YTO CYIIECTBYIOT Pa3Hble KOPPEKTUPOBKU (POPMYJIBI
Bunbcona, nampumep, geatoriye eé 6ojiee TOUHON I ONUCAHUsT CBOUCTB
peaibHBIX, & He HJIeaJbHbIX pacTBOpoB. Ho B maHHO#l paboTe mMOIpaBOYHbBIE
K03 DUIINEHTHI yCTPAHSIIOT IMEHHO PaCcCOrIacOBAHHOCTEL popMyJ1 Buibcona u
HCIIO/Ib3YEMOTO YPABHEHUSI COCTOSTHUS, ITO HEOOXOAMMO IjisI paciera ha3zoBOro
PaBHOBECHS UTEPAITMOHHBIMI METOJIAMU.

7. ®da3oBble AuarpaMmbl «JJdaBJIeHne-coCcTraB»

Ussecrro, uro 3uas dyukiuu {K;} MOKHO mocTpouTh (Ga3oBble Iuarpam-
mbl. Ha Puc.1 npeacrasiens: Tpu ha3oBbie JuarpaMMbl «IaBJICHUE-COCTABY
AByxkoMmIioneHTHOTo pacrBopa C6—C10 it n30TepMUYECKOro Caydasi, Ha
KOTOPBIX MOXKHO HAIVISTHO MIPOJAEMOHCTPUPOBATH 3(PDEKTHI pacCcoOriacoBaHus.
Tax ma Puc.1 aymst myskrupusivu muausyu (W, W/,) obosnadena quarpam-
Ma, ocTpoeHHas 110 (opmysie Buibcona; Toueanbivu juausivu (Wp, We) —
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o dopmyie Bunbcona ¢ nonpaskoii; a crutomubivu guausiMu (Cr, Ca) —
«TOYHOE» UHCJIEHHOE pelleHne. XOPOIIo BUIHO, UTO (ha3oBasi AuarpamMma,
OCTPOEHHasI 10 (POpPMyJIe C IOIPABKO 3HAUUTEILHO OIUKE K «TOUHOMY»
PEIIeHnIo, TIO3TOMY MOYXKHO CEJIATh BBIBOM, UTO (PpOPMyJIa C TOIPABKOI 1a-
eT Jiydlllee HauaJbHOEe IMPUOINKEHNE JIJIsI UTEPAIMOHHBIX METOI0B Pacuera
$da30BOro paBHOBECHUS.

Puc. 1. ¢daszoBble guarpaMMbl «JIaBJIEHUE-COCTABY JIBYXKOMIIOHEHTHOI'O PAC-
TBOpa C6—C10 11 N30TEPMUIECKOTO CJIydast.

8. 3akJroyeHune

Taxum 06pa3oM, JJjIsl 9UCIEHHOTO pacdeTa (pa3soBOTO PaBHOBECHSI MHOI'OKOM-
[IOHEHTHOI'O PacTBOPa C IIOMOIIbLIO YPABHEHHSI COCTOAHUSI MTEPAIMOHHBIM
MeToIoM opmysta BuibcoHa T0KHA OBITH COIVIACOBAHA C 9TUM YpaBHEHHUEM.
st paccMaTpuBaeMbIX IPUMEPOB MoauduImpoBanHas gopMyiaa Buibcona
HACTOJILKO XOpoIo npubsmkaer Gpyakimu K; K TOYHBIM 3HAYMEHUSM, UTO
B HEKOTOPBIX C/Iydasx He Tpebyercda JasbHellee nTepalrnoHHOe YyTOIYHEHNE
K;. IlpenmaraemMsIii 1oaxo/ aKTyaJeH JJIsi pacdera (pa30BOr0 PABHOBECHSI
PacTBOPOB, COMEPIKAIMNX CPEIHUE U TAXKEJIble YIJIEBOIOPOIHBIE KOMIIOHEHTEI
(TsizKesiee rekcaHa), T.K. YeM TsKejiee KOMIIOHEHTa, TeM GOJIbINe MOMPABOYHbIIH
Koaddurinent. BrimosnenHoe coryracoBanne pOpMyJ U YPABHEHHUS COCTOSI-
HHsI IOMOIaeT yCTPAHUTH HEKOTOPLIE YHUCJIEHHBIE HEYCTONIMBOCTH HA CUYETE U
HepU3nIeCKne PeIeHns.
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Reconciliation of Wilson formulas and the equation of state for

calculating the phase equilibrium of oil and gas
Koldoba E.V.

Iterative methods are used to compute phase equilibrium in
multicomponent hydrocarbon solutions. Wilson’s formula is taken to
calculate initial approximations, and the equation of state is taken
to calculate chemical potentials or volatility. The paper proposes a
method for adjusting Wilson’s formula to the equation of state used.
It is shown that the consistent coefficients for heavy components are
greater than for light ones. The approach allows one to construct a
thermodynamically consistent system and eliminate some non-physical
solutions and numerical instabilities.

Keywords: equations of state, Wilson’s formula, compution of phase
equilibrium, multicomponent solutions, oil, numerical modeling.
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Empirical study of manifold learning
techniques on forecasting stock price trend

Xinghao Niu!

In this work, five popular manifold learning techniques, PCA,
ISOMAP, Locally Linear Embedding, Laplacian Figenmaps and t-
SNE, are examined on improving prediction accuracy of stock price
trend. Effect of examined manifold learning techniques on classification
and clustering task is proved to be different. Examined techniques
tend to often worsen performance in clustering task. In classification
task, observed improvement by all methods is slight, usually less
than 1 percent. And only Laplacian Eigenmaps can more often stably
improve classification accuracy at all number of components while
other methods can’t. Experiment results also suggest that there
is no general effective technique for different stock price data set.
Keywords: dimension reduction, manifold learning, stock price trend,

classification, clustering, neural network, k-means

1. Introduction

Real-world data usually has high dimensionality. In order to handle such real-
world data adequately, its dimensionality needs to be reduced [3]. Manifold
learning techniques are used to project original higher dimensional data to
lower dimensional manifold by keeping structure of original dataset. It’s also
reasonable to represent financial market data as high-dimensional data. So,
reducing high dimensionality of financial market data can be important for
improving prediction accuracy.

State of the art manifold learning techniques include PCA (Principal
Component Analysis), Locally Linear Embedding, multidimensional scaling
(MDS) [11], diffusion maps, ISOMAP, Laplacian Eigenmaps, Maximum
Variance Unfolding, t-SNE and autoencoder. Principal Component Analysis
([8, 7]) is aimed to project original high dimensional data to lower dimensional
manifold based on main directions of datapoints. ISOMAP [10] determines
neighborhood information on the manifold to obtain a weighted graph for
data points based on certain distance measurement. Graph is then updated
by calculating geodesic distances among data points. Lower-dimensional
embedding is determined by solving optimization problem. Disadvantage
of ISOMAP and MDS is higher computation requirement. Locally Linear
Embedding [12]| generally consists of three steps. First step is selecting

Niu Xinghao — Ph.D. student, Department of economic informatics, Faculty of
Economics, Lomonosov Moscow State University
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neighbors, from which reconstruction occurs and weights are computed by
solving optimization problem in second step. In final step, lower dimensional
embedding is determined by minimizing error of reconstructing from weights.
Laplacian Eigenmaps [13]| also generally consists of three steps. In first
step, adjacency matrix is constructed for determining whether data points
are connected. In second step, weights among connected data points are
calculated (other weights are set zero). In third step, Laplacian matrix is
calculated and solving related eigenvector problem is needed for determining
low dimensional manifold. Spectral clustering ([14, 15]) incorporating k-
means usually uses Laplacian Eigenmaps as dimension reduction method.
How Laplacian matrix needs to be derived from data set remains a question
because structure of data set can be various. Diffusion maps was firstly
proposed in [17]. And diffusion semigroups are used to generate multiscale
geometries in order to organize and represent complex structures. Later, in
([18, 19]), the proposed diffusion map is integrated into one framework with
the eigenmaps and random walk. Stiefel manifold from Grassmannian is used
to project data to lower-dimensional space in the work of proposing visClust
[16], which is a newly proposed clustering algorithm. Effectiveness of this
novel clustering algorithm tends to decrease with rising of dimension while
good result can be achieved on low dimensional data. Stochastic Neighbor
Embedding (SNE) was initially proposed in [27]. SNE uses conditional
probabilities to represent similarities. Final low dimensional embedding is a
result of updating initialized low dimensional embedding by using gradient of
sum of Kullback-Leibler divergences. For solving certain problems including
difficulty of optimization in original SNE, t-SNE [26] is proposed with simpler
gradient and computing the similarity by student-t distribution rather than a
Gaussian distribution. Autoencoder (|20, 28|) is a multilayer neural network
with a small central layer for reconstructing high-dimensional input vectors.
Thus, by training the neural network, it’s assumed that high-dimensional
data can be effectively converted to low-dimensional representation. The
idea of maximizing the trace of the inner product matrix has the effect
of maximizing the variance of the low dimensional representation [23]
was originally proposed as “semidefinite embedding” in ([25, 22|). Later
“semidefinite embedding” is described as “maximum variance unfolding” [24].

There are works for comparing different manifold learning techniques.
In the work [3], a comprehensive experiment for comparing twelve manifold
learning techniques is conducted. In experiment manifold learning techniques
are tested on five artificial datasets and five natural datasets. Main conclusion
is that nonlinear techniques for dimensionality reduction are often not
capable of outperforming traditional linear techniques such as PCA. In
another work [5], PCA is examined on clustering gene expression data.

27



Experiment shows that clustering with the PCs does not necessarily improve,
and often degrades, clustering quality.

So far, few works have focused on investigating effectiveness of manifold
learning techniques on financial market data, especially stock price data.
In [1], experiment is carried out on examining PCA, kernel PCA (KPCA)
[31] and FRPCA [4]. Main reached conclusion is that three PCAs do not
give significantly different results in average and standard PCA performs
slightly better than FRPCA, and FRPCA performs slightly better than
KPCA in average based on the P-values. One advantage of the work is
the idea for construction of feature space. Limitation of the work is that
only methods relating with PCA are examined. And in experiment there is
no comparison for result obtained without dimension reduction. In work of
[2], principal component analysis (PCA), autoencoder, deep belief network
[28] are examined on stock selection. Authors argue that except for fitting
nonlinear relations, autoencoder, deep belief network show no superiority
to principal component analysis on Sharpe ratio and the advantage of
dimensionality reduction is mainly reflected in trend situations (trend of
moving up or down). Limitation of the work is related with the fact that risk
free rate is not considered and only limited methods are examined.

It’s very difficult to make any sufficient conclusion based on conducted
researches on financial market data. Effect of manifold learning techniques
on reducing dimensionality of financial market data is very unclear.

In this work, five popular manifold learning techniques, PCA, ISOMAP,
Locally Linear Embedding, Laplacian Eigenmaps and t-SNE are compared
for stock price trend clustering and classification task. The idea in [1] for
construction of feature space is also used in this work. Manifold learning
techniques are tested on datasets consisting of stock prices of five companies
and high dimensional feature spaces including important macroeconomic
indicators (for example, non-farm payroll, CPI, M1, M2, etc.) and other
important indicators. Original datasets (without dimension reduction) and
projected datasets are set as input for fully connected neural network and
k-means to reveal effect of five popular manifold learning techniques.

The paper is organized into four sections. Section 1 is introduction
part of total work. Section 2 reviews mathematical formulation of five
manifold learning techniques. Section 3 presents experiment for comparison
and discussion of experiment result. Section 4 is conclusion.
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2. Manifold learning techniques

2.1. PCA

Goal of Principal Component Analysis [9] is to extract the important
information from the original high dimensional data set and to express this
information based on main directions of datapoints. It is likely to be the
oldest manifold learning technique.

High dimensional data set with N datapoints is denoted as X, with

X = [:cl ar:N] € RP*N Vector W x is the central point of all data
points:
LN
Kx=% Zwu px € RPX (1)
i=1
Matrix M from py, with M = [NX ‘e ,uX] € RP*N g built. Original

high dimensional data X needs to be centered firstly:
X =X-M (2)

Based on centered data X., main directions need to be found through
Singular Value Decomposition (SVD):

X.=USvVT (3)

Low dimensional representation D is obtained through:

D=U"X, (4)
2.2. ISOMAP
Original high dimensional data set X, with X = [a:l a:N] €
RP*N  Dimension of low dimensional manifold is denoted as d. Initially

neighborhood relations of data points are represented as a weighted graph
G, with distances dx (i,7) between pairs of points 7, j in the input space X.

G = (dg (i,)) = (lzi — =) (5)

By sorting every column of G, if distance between pairs of points 4, j is
smaller than certain threshold, then two points are considered as neighbors.
On the contrary, two points are not considered as neighbors. Next step for
updating weight is conducted based on:

d(;'('L,]):{dX(Z’])’Zf le_mJH <€ (6)

oo, if |lzi —mjl| > e
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For k € {1,2,..., N}, geodesic distances are calculated as followings:
dCG (17]) :mln{dG (zaj)a dg (ka)+dG (ka])} (7)

For finding the shortest path between every two nodes, Floyd’s algorithm
can be used ([29, 30]). Apply MDS to Dg = {da(i,j)} , Y = {y,;},y; € R?
and minimize the cost function by setting the coordinates y; to the top d
eigenvectors of the matrix 7 (Dg).

E=|7(Dg) = 7(Dy)||r> (8)
,g'H

where: 7 (Dg) = —&

S = (sy) = (¢ (1,9))
H = (hij), hij =0 —
p-th eigenvalue: A,,.

p-th eigenvector: v,
p-th component of coordinate of y,, with y, = vpy/A,. Low dimensional
T

manifold is then: ¥ = [yl e yd]

2.3. Locally Linear Embedding

High dimensional input data, N samples with dimensionality D is denoted
1
as X, with X = |---| € RV*D,
TN
For first step in Locally Linear Embedding, the set of neighbors for
each data point can be determined by: choosing the K nearest neighbors
by Euclidean distance, or choosing points within a fixed radius, or using
prior knowledge [12].
For second step in Locally Linear Embedding, thus reconstruction with
weights, matrix of weights W is calculated by minimizing reconstruction

error:
2

(W)=Y |zi—> Wy (9)
( J
Each data point is reconstructed from its neighbors and sum of each row of
the weight matrix is one:
> wy=1 (10)
J

In the final step of Locally Linear Embedding, low dimensional manifold Y
is determined by minimizing the embedding cost function:
2

oY) =) |yi— > Wiy, (11)
J

i
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2.4. Laplacian Eigenmaps

Data in high dimensional space is denoted as X, with X = [a:l e :I)k] €
R™¥E After constructing adjacency graph, a weight matrix is needed and
denoted as Wy, with Wiy = (W;;).Weight between two points can be
calculated either by a heat kernel or simple rule. By heat kernel, weight is
calculated as:

_lwi—wgl? 9
0 if [l —ayf|” > e

By simple rule, weight is calculated as:

Lyif [la — ;) <
Wij:{ if o — a5’ < e

0,if ||lzi — ;|| > €

(13)
Diagonal weight matrix is denoted as Dy« and:

Dii = Wj (14)
j

Laplacian matrix is obtained by following way:
Lixk = Dixk — Wixk (15)

Eigenvectors vy, ..., v;_1 (corresponding eigenvalues \g < A; < ... < A\p_q
) are solutions of equation 15, ordered according to their eigenvalues:

Lv = \Dv (16)

Where v € RF*!. By removing vy corresponding to A\g = 0, next m
eigenvectors are used for embedding. Then dimensionality of k& datapoints
is reduced to m and Fgxm, = (£1),A € {1,2,...,m}.

2.5. t-SNE

As mentioned above, t-SNE is proposed based on SNE. For solving certain
problems, such as difficulty of optimization in original SNE, t-SNE is
proposed with computing the similarity by student-t distribution bot not
Gaussian distribution. And a simpler gradient is used for minimizing sum of
Kullback-leibler divergences.

Data in high dimensional space is denoted as X, with X =
[:cl . wn] € R Low dimensional representation at step ¢ is denoted
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as Y(t), with Y = [ygt) y,(f)} € R¥" The similarity of datapoint
x; to datapoint x; in high dimensional space is defined as:

12
eXP(_ HEZQU?J ” )

_ ezl

Zk;ﬁi exp( T)

(17)

Djli =

Where o; is the variance of the distribution that is centered on datapoint ;.
Further:

i = Jllzn il (18)
The perplexity is defined as:
Perp (P;) = 2H(F) (19)
Shannon entropy is:
H(P)=— ij\i10g2pj|i (20)
J

The similarity of y; to y; in manifold:
O+ lly -yl
dij = 2
Pora(L+ lye —yill)

The sum of Kullback-leibler divergences over all datapoints is:

C=3 KL(PIQ) =33 pjlog?” (22)

qij

(21)

Gradient for minimizing C' is then:

acC .
oy~ 4 2. — )i —y;) (14 llys — y; )™ (23)
j

(2

For first step in t-SNE, compute p;; of datapoint x; to datapoint x;, and
initiate Y ¥ randomly from A(0,1074I). Then for t € {1,2,...,T}, at every

iteration, firstly, compute g;;, then result is used for computing C' and %,
following update is then made on Yy ®.
0 — yt-1 ., 9¢ (1) _ y(t-2)
YV=Y +n——= +a(t)(Y -Y ) (24)

oY ()

Where:

7n: learning rate,

T: number of iterations,
a(t): momentum.
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3. Experiment

3.1. Methodology
3.1.1. Data sets

Stock prices of five companies, Amazon (AMZN), CME Group (CME),
Microsoft (MSFT), Netflix (NFLX), Texas Instruments Incorporated (TXN)
are chosen to build data sets. Totally, 5 datasets are used for conducting
experiment. Raw data from 2021.05.26 to 2023.12.29, is obtained from

following sources:

Raw data

Source

Stock price:
Stock high prices
Stock low prices

https://finance.yahoo.com/

Stock index:
Dow Jones Industrial Average

NASDAQ Composite

https://finance.yahoo.com/

Monetary and interest rate data:
Federal Funds Effective Rate

Monetary Base

Bank Prime Loan Rate
M1

M2

90-Day AA Financial Commercial Paper
Interest Rate

30-Day, 60-Day Nonfinancial Commercial
Paper Interest Rate

4-Week, 3-Month, 6-Month, 1-Year
Treasury Bill Secondary Market Rate,
Discount Basis

Market Yield on U.S. Treasury Securities
at 1-Month, 3-Month, 6-Month, 1-Year, 2-
Year, 3-Year, 5-Year, 7-Year, 10- Year, 30-
Year Constant Maturity
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Market Yield on U.S. Treasury Securities
at 5-Year, 7-Year, 10-Year, 20-Year, 30-
Year Constant Maturity, Quoted on an
Investment Basis, Inflation-Indexed

Inflation, labor data:
Consumer Price Index
Unemployment Rate

All Employees, Total Nonfarm

https://fred.stlouisfed.org/series

Exchange rate:
EUR/USD
GBP/USD
USD/JPY
USD/CNY

https://finance.yahoo.com/

Commodities:
Gold Dec 24 (future)
Crude Oil Dec 24 (future)

https://finance.yahoo.com/

Net income and Earnings per share

https://www.sec.gov /submit-
filings

Table 1: Raw data and sources.

Five data sets are created based on collected raw data. Description of

data sets is provided as the following:

Data set number of samples | dimension
Stock AMZN | 948 141
Stock CME 948 141
Stock MSFT | 948 141
Stock NFLX | 948 140
Stock TXN 948 141

Table 2. Description of data sets.

TimeSeriesSplit from sklearn is used for splitting original dataset to training
and test data. For experiment, train test data size split is 80-20.

Data set number of samples for training number of samples for test
Stock AMZN 758 190
Stock CME 758 190
Stock MSFT 758 190
Stock NFLX 758 190
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Stock TXN 758 190

Table 3: Training and test data.

Price trend label at day ¢ is determined by:

Loaif pit>ply, vl >ph_y
se=14 0, if (ph—ppy) (pi—ply) <0 (25)
=1,4if pi <P}y, P <pi_y

Where:
pl: high price at day t,
pffz low price at day t.

3.1.2. Computation

Experiment is conducted on google Colab under configuration T4 GPU with
system RAM 51.0 GB and GPU RAM 15.0 GB.

3.1.3. Sources of codes

Following Python implementations are used for conducting experiment.
PCA: Python implementation from scikit-learn is used. Assessment on
number of components for PCA : Python implementation (cross_val score,
FactorAnalysis) from scikit-learn is used. ISOMAP: Python implementation
from scikit-learn is used. Locally Linear Embedding: Python implementation
from scikit-learn is used. Laplacian Eigenmaps: Python implementation from
scikit-learn is used. T-SNE: Python implementation from developer’s site? is
used with one modification for avoiding appearance of error. In function
Hbeta, type is set as numpy.float128. When sumP is equal to zero, value is
replaced by 1071, When sumP is positive infinity, value is replaced by 10'°.
When sumP is negative infinity, value is replaced by —10'°. K-means: Python
implementation from scikit-learn is used. Fully connected neural network:
Python implementation from Keras is used.

3.1.4. Process of conducting experiment

For every original dataset, k-means and fully connected neural network are
used to conduct clustering and classification on daily trend of stock price.
Then by applying PCA, ISOMAP, Locally Linear Embedding, Laplacian
Eigenmaps and t-SNE, dimension of original dataset is reduced. And newly

*https:/ /lvdmaaten.github.io/tsne/
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projected datasets are then used as input for k-means and fully connected
neural network. Number of clusters for k-means is set as 3, because of price
trend definition above. Architecture of fully connected neural network is
configured as following:

Output: 3

Fig. 1. Architecture of fully connected neural network

Neural network is trained by using method of gradient descent. Number
of epochs for training neural network is 2000. Learning rate is 1e-06.

In experiment, dimension of manifold (n_ c) is usually configured as 2, 50,
100, 140 except for PCA. Before conducting experiment for PCA, number of
components is calculated based on two methods in 3.1.3. Calculated number
of components is marked bold and represents recommended configuration
of number of components on PCA. Choosing 2, 50, 100, 140 as dimension
of manifold is because, firstly, for most examined manifold techniques, 2 is
default configuration. This is because most manifold techniques are designed
to achieve the goal of projecting high dimensional data on a 2D plane.
Secondly, other dimension settings are used for revealing effect of manifold
techniques more comprehensively. Every result on ACC (mean + standard
deviation) in experiment is obtained through 20 independent runs.

3.1.5. Metrics

ACC is used both for clustering and classification task. For clustering task,
ACC is used instead of using ARI [6], which is a standard measurement
for performance of clustering task. But for more straightforward comparison
between clustering and classification task on prediction, ACC is used as a
common measurement for performance. For clustering, best match between
permutation of predicted labels and target labels is used for calculating ACC.
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3.2. Experiment result

3.2.1. Result of k-means

Datasets No PCA
dimension
reduction
Stock AMZN | 0.47£0.008 |n c¢=3 |n c=28 |n_c—=100 |n_c = 140
0.464+0.024 | 0.46+0.018 | 0.454+0.019 | 0.46+0.021
Stock CME 0.43%0.020 n c=3 n ¢c=29 |n_c=100 | n_c =140
0.4240.017 | 0.43+£0.017 | 0.43+0.019 | 0.43+£0.018
Stock MSFT | 0.454+0.013 |n_ c¢=3 |n_c=28 |n_c—=100 |n c = 140
0.4440.004 | 0.44+£0.009 | 0.45+0.013 | 0.45+0.012
Stock NFLX | 0.44£0.014 |n c¢=3 |n c=31|n_c=100 | n_c = 140
0.4440.012 | 0.44+£0.016 | 0.4440.012 | 0.45+0.007
Stock TXN 0.43+£0.029 |n ¢c=3 |n c¢c=29 |n_c=100 | n_c= 140
0.434+0.022 | 0.46£0.018 | 0.45+0.024 | 0.44£0.033

Table 4. Clustering result on no dimension reduction and PCA.

Datasets ISOMAP

n c=2 n c=50 |n c=100 | n_c =140
Stock AMZN | 0.4440.008 | 0.434+0.029 | 0.43+0.034 | 0.42+0.032
Stock CME 0.38£0.005 | 0.3940.014 | 0.394+0.017 | 0.38+0.016
Stock MSFT | 0.434+0.010 | 0.454+0.016 | 0.444+0.019 | 0.44+0.018
Stock NFLX | 0.454+1.110 | 0.424+0.033 | 0.42+0.027 | 0.42+0.027
Stock TXN 0.41£0.005 | 0.4240.029 | 0.434+0.025 | 0.42+0.020

Table 5. Clustering result on ISOMAP.

Datasets Locally Linear Embedding

n c=2 n c=930 |n c=100 | n c=140
Stock AMZN | 0.4440.004 | 0.434+0.011 | 0.434+0.006 | 0.43+0.005
Stock CME 0.39£1.110 | 0.4040.009 | 0.404+0.011 | 0.40+0.006
Stock MSFT | 0.414+0.001 | 0.434+0.018 | 0.434+0.011 | 0.43+0.006
Stock NFLX | 0.4140.004 | 0.414+0.011 | 0.41+0.007 | 0.41+£0.007
Stock TXN 0.41£0.002 | 0.41£0.010 | 0.4140.006 | 0.4140.004

Table 6. Clustering result on Locally Linear Embedding.
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Datasets

Laplacian Eigenmaps

n c=2 n c=50 |n c=100 | n_c=140
Stock AMZN | 0.454+0.002 | 0.43+0.014 | 0.43+0.013 | 0.43£0.011
Stock CME | 0.414£5.551 | 0.404+0.015 | 0.40+0.014 | 0.39£0.014
Stock MSFT | 0.4440.002 | 0.424+0.021 | 0.41+0.019 | 0.42+0.023
Stock NFLX | 0.4240.001 | 0.404+0.014 | 0.41+0.019 | 0.41+0.014
Stock TXN 0.45+0.002 | 0.41£0.012 | 0.41+0.012 | 0.41+£0.012

Table 7. Clustering result on Laplacian Eigenmaps.

Datasets t-SNE

n c=2 n c=950 |n c=100 | n c=140
Stock AMZN | 0.39+0.010 | 0.424+0.026 | 0.4240.023 | 0.41£0.022
Stock CME | 0.4040.004 | 0.3940.019 | 0.3940.020 | 0.3940.019
Stock MSFT | 0.364+0.013 | 0.4040.023 | 0.414+0.018 | 0.414+0.016
Stock NFLX | 0.364+0.007 | 0.4140.024 | 0.4140.022 | 0.4040.026
Stock TXN 0.39£0.014 | 0.424+0.024 | 0.43+0.029 | 0.43+£0.020

Table 8. Clustering result on t-SNE.

Stock AMZN Stock CME Stock MSFT Stock NFLX Stock TXN

aol

Fig. 2. Visualization of clustering results.

3.2.2. Results of neural network

Datasets No dimension reduction
training test

Stock AMZN | 0.702+0.007 | 0.705+0.014

Stock CME 0.677+0.005 | 0.664+0.012

Stock MSFT | 0.6884+0.006 | 0.661+0.009

Stock NFLX | 0.674+0.006 | 0.658+0.010

Stock TXN 0.684+0.007 | 0.689+0.011

Table 9: Classification result on no dimension reduction.
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3.3. Discussion
3.3.1. K-means

Clustering results obtained from PCA generally can surpass other dimension
reduction techniques. But it should be noticed that best result of PCA
doesn’t always correspondent to assessed number of components by methods
mentioned in 3.1.3. Generally speaking, experiment results have shown that
dimension reduction techniques often tend to worsen clustering performance
of k-means. For all methods, there is at least one observation for not
worsening clustering performance except Locally Linear Embedding. There
is no observation for not worsening clustering performance for Locally Linear
Embedding.

3.3.2. Neural network

For dataset AMZN, almost all methods tend to decrease neural network
performance. Only PCA slightly improves neural network performance with
number of components equal to 140. For dataset CME, most methods
tend to slightly improve neural network performance. Improvement is
generally less than 1 percent. For PCA, improvement of neural network
performance is achieved at n c¢= 29 and n ¢ = 100. For ISOMAP,
improvement of performance is achieved at n ¢ = 2. Improvement of
performance for Locally Linear Embedding is achived at n ¢ = 2 and
n_c= 50. Improved performance for Laplacian Eigenmaps is achieved at
all number of components. T-SNE improves performance of classification
at n_c = 2, 50, 100 with best improvement among all method at n ¢
= 100. ISOMAP tend to more often decrease performance than other
methods. For dataset MSFT, all methods tend to decrease classification
accuracy except Laplacian Eigenmaps. Laplacian Eigenmaps can stably
improve performance at all number of components. Other methods can
all improve performance at lowest number of components but to worsen
performance at other number of components. For dataset NFLX, all methods
can all improve performance at lowest number of components. And PCA
and Locally Linear Embedding can archive improvement correspondingly at
n_c¢ = 100 and n_c¢ = 5. Again, Laplacian Eigenmaps can stably improve
performance at all number of components. For dataset TXN, all methods
worsen performance without exceptions. Generally speaking, improvement
achieved by all methods is slight, usually less than 1 percent. For different
dataset, improved performance by different methods is different. For best
method, Laplacian Eigenmaps should be mentioned, as Laplacian Eigenmaps
can stably improve classification accuracy for three datasets at all number of
components.
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3.3.3. Total result

The conclusion on PCA from clustering results of k-means supports the
findings in [5]. Although result from PCA generally can be better than
other dimension reduction techniques, but it’s also observed that dimension
reduction techniques often tend to worsen clustering performance of k-means.
For classification task, observed improvement achieved by all methods is
slight, usually less than 1 percent. Laplacian Eigenmaps can stably improve
classification accuracy for three datasets at all number of components while
other methods aren’t able to achieve such performance. One assumption
based on experiment can be raised: structures of data sets containing different
stock prices can be very different. And there is no proof for that there exists
one effective method for different stock data sets. Even the dimensions of
data sets used in this experiment are almost same (except stock NFLX). And
macroeconomic features of data sets are largely same. Thus, performance of
examined techniques on stock data sets looks like the general performance of
machine learning algorithms on different natural data sets.

3.3.4. Advantages and limitations

This work provides a more comprehensive study on manifold leaning
techniques for financial data than previous works. Firstly, more methods
are examined. Secondly, study has appropriately organized advantages of
previous works, so conclusions are more convincing. In previous works,
disadvantage on organizing experiment exists either in methodology of
building dataset (for example, risk free rate is not considered) or type of
examined methods (for example, only methods that are related with PCA are
considered). Disadvantage also exists on the fact that only one of two tasks
(clustering and classification) has been involved on drawing conclusion, but
not both. These insufficiencies have negatively affected reached conclusions
by these works. All mentioned insufficiencies have been properly addressed in
this work. Future work can be improved further by involving more manifold
leaning techniques that haven’t been examined in this work.

4. Conclusion

In this work, effect of manifold learning techniques on predicting stock price
trend is more carefully examined than previous works. Effect of manifold
learning techniques on improving classification task result is slightly more
obvious than that on clustering task. In clustering task, manifold learning
techniques tend to often worsen clustering performance. In classification
task, observed improvement achieved by all methods is slight, usually less
than 1 percent. And only Laplacian Eigenmaps can more often stably
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improve classification accuracy at all number of components while other
methods aren’t able to achieve such performance. There is no general effective
technique for different stock data set. This result reminds about general
performance of machine learning algorithms on different natural data sets,
dimension of which can be very different.

Code and data availability

Code and data are available upon request.
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Onenka 4dmciia IIpaBUJIbHBIX CEMECTB
dbyHKIUi k-3HAYHON JIOTUKN

A. B. Tamarenko!

IIpaBuibHbBIE ceMelicTBa (DYHKITHIT SABJISTFOTCSI YI0OHBIM CPEJICTBOM
JJIsI 3aJIaHus OOJIBINNX IIApAMETPUIECKUX KJIACCOB KBA3UTPYIII U d-
kBasurpym. K. JI. Ilaperopoiessiv ObLIO YCTAHOBJIEHO, YTO B OyIeBOM
cilydae IpaBUJIbHBIE CeMeiiCTBa HAXOAATCd B €CTECTBEHHOM B3aWMHO-
OJTHO3HAYHOM COOTBETCTBHH C OJIHOCTOKOBBIMY OPUEHTAIUSIMU OyJIeBa
Ky6a. Hucmo Takux opuentaruit 610 orenerno M. Maroymekom. B
pabore mpejcTaBieHO 0000IIeHNEe HIXKHEN OleHKN MaToyIeka Ha CiIy-
qaii JIOTUKU TPOU3BOJIBHON 3HAYHOCTHU, HEKOTOPBIE CJIEJICTBUS U3 ITOrO
00001 H s, & TAKYKE ITOKA3aHO, YTO CBOMCTBO MPABUJIHHOCTH SBJISIET-
Csd PEIIKAM — JIOJIsE IIPABUJILHBIX CEMENCTB pa3mMepa n B KJIAcCe BCEX
CEMENCTB U3 N N-apHBIX MYHKIUM, /)i KOTOPHIX OJHOUMEHHAS IIepe-
MeHHas (PUKTUBHA, cTpemMuTcs K 0 mpu n — 0o.

KuarodeBrbie ciioBa: mpaBuabHBIE ceMeiicTBa (hyHKIHU, DyHKINN
k-3na4HO jloruky, rureprpad, nmapocoyeTaHue

1. BBenenne

[TpausnbabIe cemeiicTBa OysieBbix yHKIWM ObLTH BBesieHbl B. A. HocoBbim
B pabore [1]. B pa6ore [2] 6bLI10 10Ka3aHO, YTO € MOMOIIBIO IPABUJIBHBIX
cemeficTB OyJieBbIX (DYHKIUI pazMepa 1 MOXKHO 3aJ[aBaTh IMapaMeTPUIECKUe
KJIACChI KBasurpym nopsiika 2". B pabore [3] B.A. Hocos n A.E. ITan-
KpaTbheB 0O0DIIMIN TOHATHE TPABUJIBHOTO CeMeicTBa Ha, cirydail dyHKIUi
k-sHa4unoil joruku upu k > 3. . A. Iliiakcuna mokasaJia, 9TO ¢ IIOMOIIBIO
MPABUJIbHBIX CEMENCTB MOXKHO 3a/I[aBaTh HE TOJILKO KBa3UI'PYIIIbI, HO U d-
kBasurpymunsl upu d > 3 [4]. B pabore [5] koncrpykius Iliakcunoit 6buia
JONOTHUTEIHHO yeuaeHa. O630p pe3ysIbTaTOB 110 TPABUJILHBIM ceMeficTBaM
HPUBEJIEH B craThbe [6).

O6o3naunm 4gepe3 T (n) ducio MpaBUIIbHBIX CEMENHCTB pasmepa n B k-
sHauHoil oruke. Nssectno, uro Th(n) > n?", rme A — HekoTOpas HOIOKH-
TeJIbHAS BEIECTBEHHAS KOHCTAHTA. DTOT PE3YJILTAT ObLI HOIYY€eH CJIE/ Ly IOIINM
criocobom. K. J1. Ilaperopo/iiieB yCTaHOBIII, YTO MEXK/IY TPABUILHBIMU CeMeii-
cTBaMu OyJsieBbIX (DYyHKIUI pa3Mepa 1 U TaK HA3bIBAEMBIMHU OJTHOCTOKOBBIMU
OPHUEHTAIUSIME N-MEPHOTO OysieBa Kyba CyIIecTBYeT B3aUMHO OJIHOZHATHOE
coorsercrBue [7]. Takum o6pasom, B KauecTBe HUXKHElH OIEHKU HA YUCJIO

! Taramenko Anexceti Baadumuposuy — morent kad. MaTUC mex.-mar. d-ta MY,
e-mail: agalat@msu.ru.

Galatenko Alexei Vladimirovich — associate professor, Lomonosov Moscow State
University, Faculty of Mechanics and Mathematics, MaTIS chair
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[IPABWIHHBIX CEMENCTB OyJIeBhIX (DYHKIMI MOYXKHO UCIIOJIH30BATH OIEHKY HAa
YUCJIO OJIHOCTOKOBBIX opueHTanuii, nosydennyio V. Maroymekom [8]. TIpuse-
JIeHHOEe HUXKe 0000IeHne KoHcTpyKiuu Maroyieka Ha k-3HadqHbII co1y4daii
[O3BOJISIET HOJIYYUTh HUZKHIOW OleHKy Tk (n) mist npoussosbHOro k > 3.
3areM MBI [TOKaXKeM, UTO CBOHCTBO NMPABUIBHOCTH SBJIAETCS PEJIKUM — JIOJI
NIPaBUJILHBIX CEMEUCTB CPE/In BCeX ceMeiicTB MyHKI, (GDUKTUBHO 3aBUCIINX
OT OJTHOMMEHHOU TTlepeMeHHOM, cTpeMuTcs K 0.

JanbHeiinee U3102KeHUE UMeEET CJIEAYIONYI0O CTPYKTypy. B pasnerne 2
BBOJIATCS HEOOXOUMbIe olipejiesienusi. B pasese 3 mpejicTaBienbl OCHOBHbBIE
pe3yabTaThl paboThl. Pazern 4 sBiseTcs 3aKJIFOICHUEM.

2. OcHoOBHBIE oIIpeieIeHns 1 0003HAYEHUS

[Mycrs By ={0,1,...,k — 1}. MuOXXecTBO BCex n-MecTHBIX dyHKIHi Ha E},
obozHauuM 4epes P

Onpepenenne 1. [Tycmo k,n € N, k > 2. Cemeticmeo gynwruut (fi1,..., fn),
fi € PPi=1,...,n, Ha3b8aeMCA NPASUALHBIM, ECAU OAA N0OBLT HAOOPOS
a,B € EY, a=(al,...,an), B = (b1,...,by), a # B, natidemesa undexc i,
1 <i < mn, maxod wmo a; # b;, no fi(a) = fi(B).

Jlerko yBujiersb, uro eciau cemeiictBo (fi, ..., fn) SBJsSIETCS NPABUJIbHBIM,
To mepeMentas x; dbukTuBHA st GyHKIWA fi(T1,...,2,), i =1,...,n.

IIpumep 1 ([3, upumep 2|). Hycmo cemeticmeo F = (f1,. .., frn) makoso, wmo
NEPEMEHHBLE Ty, . . ., Ty, Pukmuens, oas gynkuun fi(x1,...,zy), 1 =1,...,n.
Tozda amo cemeticmeo AsaAeMCA NPasusLHoIM. i dokazamenbemea npa-
BUALHOCTNU JOCTMAMOYHO PACCMOMPEMD NEPEYIO0 NOZUUUIO, HA KOMOPOT HabO-
poL o u B omaunaromes. Pacemompum npoudsosvhyio nepecmanosky o € Sy u
npumerum ee k cemeticmey F. Pesyavmam obosnawum wepes G = (g1, ..., 9n),
9i(x1, .- 0) = fo(i)(To1)s - To(n)- /eeko yeudemn, wmo cemeticmeo G
MaKHCE ABAALMCA NPABUALHUM. Takue cemetcmsen HaA3bBaAMEA MPEY20ab-
HOLMU.

IIpumep 2 ([6, 3ameuanue 1]). Hycmov cemeticmeo F = (f1,..., fn) ydo-
BAEMBOPAEM, CACOYIOUUM Ycaosuam. Bo-nepewz, nepemennan x; Gurmus-
na Odaa gynwkyuu fi(z1,...,x,), © = 1,...,n. Bo-emopwz, cyuwecmsyem
anemernm a € Ky, maxot wmo das mobozo nabopa o € EF u aobwx i, j,
1 <i < j < n, no kpaiined mepe 0dno us snavenuts fi(a), fi(o) pasmo a.
Tozda cemeticmeo F npasusvnoe. Fcau 60 6mopom ycaosuu 6 kauecmese
anemenma a 6uopams 0, NOAYHUMCA GHAA02 YCAOBUA OPMO20HAALHOCTAL,
NOIMOMY CeMeTCmBEa maKozo 6uda Mol bydem HA3BI8GMD 0000WEHHO OPMO20-
HAAOHHLMU.
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BHauuTeIbHOE YUC/IO JIPYTUX MIPUMEPOB MOXKHO HailTh B padbore [6].
B 3aBepiierne pasesia mpuBesieM psii OIpeesiennit n3 06/1acTu TeOPUn
rpadoB, KOTOpbIe TOTPEOYIOTCS JIJIs JOKA3ATEIbCTBA YTBEPK ICHUI.

Onpepenenne 2. [unepepagom nazweaemesa napa (V, E), 2de V. — koneunoe
MHO2HCECTNBO GEPWUH, B — KOHEUHOEe MHOHCECTNBO 2uneppedep, INEMEHMAMU
KOMOP020 AGAANMCA NOOMHONCECTNEA 8EPUWUH. FCalu Mucro sepuut 60 6cex
euneppebpaxr pasro 00nol u Motl JHCe KOHCMAHME T, 2unep2pad Ha3v6aemc
7-00HOPOOHBLM UM MPOCTNO 0OHOPOOHDBIM.

Omupenenenne 3. [Tyemv H = (V, E) — nexomopuwdi eunepepad, v € V. —
sepuwuna amozo zunepepaga. Cmenenvio sepuunvt d(v) HA3BLEAENCA YUCAO
eunepppebep, codepocawur v. Ecau 0as ecex sepuwun cmenensd pasha 00Hot u
mot orce Koncmarme d, eunepepad Haszveaemcsa d-pe2yiapHoim UAU TPOCTNO
DELYAADHBIM.

Onpenenenne 4. I[apocouemanuem 6 unepzpage H = (V, E) nazweaemcs
NOOMHOIHCECTNBO NONAPHO Henepecekarowurces auneppebep M C E.

ITycrs H = (V, E) — runeprpad, u,v € V, u # v. Yepes d(u,v) 0603Ha~
UM YHUCJIO0 TUIEeppebep, ColepsKalux BepIIuHbL U 1 V.

3. OCHOBHI)Ie pPe3yJabTaThbl
Teopema 1. Cywecmeyem xoncmarwma A € R, A > 0, maxas wmo
Tr(n) > nAk".

oxazameavcmeo. CriepBa MOCTPOUM B3aUMHO OJIHO3HAYHOE COOTBETCTBHUE
MexIy cemeiicrBamu dbyukuuit F,, = (f1,..., fn), toe fi € P, upudem
mepeMeHHas x; PUKTHBHA s f;, ¢ = 1,...,n, ¥ KJIACCOM HATPY’KEHHBIX
rutieprpadoB CIEIYIONEro Bujia. B KauecTBe MHOXKECTBa BEPIIUH BhIOEpEM
muozxkecTso E'. ComepraTe/lbHO KaxK/Jasl BepIINHA COOTBETCTBYET HabOpy
3HAYEHWH TIepeMeHHbIX. Kak1oe MoJIMHOKECTBO BEPIIUH BUIA

{(al,...,ai,l,c,aiﬂ,...,an) |CEEk} (1)

obpazyem rurteppebpo. Comep:KaTe/ibHO TUIeppedpaMu COeIUHSIIOTCA BCe
HabOpbI, OTJIMYAIONINECS POBHO B OJHOW 3a/iannoii nosuiuu. JlomnosnnrebHo
KaxKj10e rureppebpo cHabyKaeTcst MOMeTKo u3 MHOXkKecTBa Ej. B 6yneBom
cydae poJib IIOMETOK UI'paJia OpHeHTalus pebep.

Iiist onpesiesieHnst 0TOOpParKEHUsT M3 MHOYXKECTBa ceMelcTB (DYHKIUN B
MHOXKeCTBO rutieprpadoB JIOCTaTOIHO 33/1aTh IIPABUIIO, 3a/al0liee 3Hade-
nre meToK runeppebep. CremaeM sto chaemytomnum obpazom. Ilycrs F,, —

52



Hekoropoe cemeiicrso. Torma runeppebpo (1) cHabkaercss METKOI, paBHOI
filat,...,ai—1,0,ai41,...,a,). 3amerum, uro B cuiy DUKTUBHOI 3aBUCHMO-
ctu f; oT nmepeMeHHOR x; KoHCcTaHTa () MOXKeT OBITH 3aMeHeHa Ha JII0OYIo
JPYTYIO, IPA 9TOM 3HAY€HNe METKHM He U3MEHUTCsI. JIerko yBHUIETh, 9TO II0-
CTPOEHHOE COOTBETCTBUE SABJIsIeTCsl OMeKImeil, TaK Kak pas3Hble ceMelicTBa
IIepexoJdaT B pa3Hbie runeprpadbl u odas KOMOUHAINS METOK PEaIN3yeTCs
KakK o0pa3 HEKOTOPOro cemeiicTaa.

PaccmorpumM mpaBuiibHOE CeMECTBO, TaKoe UTO Bee (DYHKIIUU TOXK/Ie-
CTBEHHO paBHBI KoHCTaHTe k — 1, u runeprpad H,,, COOTBETCTBYIOIINII STOMY
cemetictBy. MeTku Bcex runeppebep H,, paBubl k — 1. PaccMoTpum mpon3BoJib-
Hoe mapocoueranune M B H,,. IIpon3BobHBEIM 00pa30M ITOMEHsIEM 3HATEHUST
MeTOK st rutieppebep u3 M, BbIOpaB Jjisd KaxK0ro runeppebpa HOBoe 3Ha-
vyenne u3 MHOKecTBa Fy, \ {k — 1}. O6o3naunm nosyunsimiicst runeprpad
gepe3 H), a npoobpas 3Toro rumneprpada OTHOCUTEIHBHO BBEJIEHHOIO COOT-
sercreust vepes F) = (ff,..., f]). Ilokaxem, 9ro OH siBJsieTcsi 06pa3oM
paBUJILHOTO cemeficTBa MYHKITNI. BO3MOXKHBI cieayome cyvan.

1. n = 1. Torma H], uMeeT poBHO OJIHO rUIEppPeOpo ¢ MOMETKOil ¢ € Ej n
COOTBETCTBYET CEMENCTBY, COCTOSAIIEMY U3 OJIHON (PYHKITMHU, TOXKIECTBEHHO
PaBHOI ¢, TO €CTb SIBJIIETCS TTPABUIBHBIM.

2. n = 2. Torpa runeprpad H] umeer dbopmy KBajpara, a Bce Iuneppe-
6pa u3 MHOKecTBa M MIYT B OJHOM HampasjeHun (Jro0ble jiBa runeppet-
pa, WYX Pa3HBIX HAIIPABJIEHUX, TO €CTh OJHO MOPU30HTAJIHLHOE U OJHO
BEPTHUKAJIbHOE, MepeceKatoTcst). Paccmorpum mojiciyyaii, korya pebpa B M
BEPTUKAJbHBIE, UTO COOTBETCTBYET Bapualliid BTOPOU KOMIIOHEHTHI HAbopa.
Torga cemeiicrBo F), umeer sug ((k — 1), f(x1)), T0 ecThb siBisieTCst TPEYroyib-
HBIM U, KaK CJIEJICTBUE, ITPABUIbHBIM. BTOPOI moJIC/IyYaii paccMaTpuBaeTCst
[TOJTHOCTHIO AHAJIOTUIHO.

3. n > 3. B aToMm cityuae 3aBepIiiimM J10Ka3aTebCTBO HHIyKIuei o n. Pac-
CMOTPHM Mapy BXOJIHBIX HAOOPOB a = (ay,...,an), B = (b1,...,by), a # B.
FEcnu maitnerca rakoit nnpgekc ¢, 1 < ¢ < n, 4ro a; = b;, TO paccMOTpPUM
cemeiicTso F, momydennoe n3 F! TOACTAaHOBKON 3HAMEHMs a; BMECTO Tiepe-
MeHHOH x; u Bhruepkubanuem dbynximun fi. Cemeiictsy F). cooTBeTcTBYeT
runeprpad H! | spsommiica moarpadom HY, | TOPOXKIEHHBIM MHOKECTBOM
BEpIIUH, Jjisi KOTOPBIX KOMIIOHEHTa HOMEpP ¢ paBHA @;; ITOT MOATrPad MOXKET
OBITH TOJIyYeH U3 Hy,_1 U MapocoveTaHnsi, B KOTOPOE BXOJST T€ M TOJBKO Te
rutieppebpa u3 M, jutsi KOTOPBIX KOOPJMHATA HOMED ¢ (DUKCUPOBAHA U PaB-
Ha a;. [To NHIYKTHBHOMY TIPETIOJIOMKEHHIO ceMeficTBO F: IpaBuIbHOe, 3HAMNT,
HallJIeTCs UHIIEKC §, TaKoil 9To a; # bj, HO fj’(a) = fj’ (8). Ilycrs Teneps Bee
KOMITOHEHThI HabOpoB o 1 B paziu4Hbl. Tak Kak BEPIITUHBI, COOTBETCTBYIO-
e HabopaM « 3, IpuHaIeXKaT He Oojee YeM oaHoMy rureppebpy ns M,
an > 3, HaliJleTcsa TaKo MHJEKC §, ITO runeppebpa, cojepxKaiime o u 5 u
HOJIyYeHHbIe Bapualieii KOMIIOHEHTBI HOMeD 4, He siexkar B M, To ectb B H),
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oba sTux pebpa coxpassior nmomerky k — 1. 3uaunr, f;(a) = f;(8) =k — 1.
Takum 06pazoM, cemeiicTBo F), IpaBUIBHOE 1O ONPEJIEIEHHIO.

JIerko yBuieTh, 4TO CEMEICTBA, SBJILAIONINECS TPOOOpa3zaMu TUIIeprpa-
GbOB I pa3IMIHBIX MMApOCOUYeTaHuil, pa3andHbl. Takum obpa3om, UUCIIO
rmapocoveranuii B rpade H,, sBiIsleTcs HUZKHEH OIEHKON 9rc/ia MPaBUIbHBIX
ceMeicTB paszMepa n.

iist 3aBepiiienns J0Ka3aTeIbCTBA BOCIIOJIB3YEMCs OIEHKON U3 pabOThI
A. C. Acparsina u H. H. Kystopuna [9]. I[Tycrs r dukcupoBanHasi KOHCTaHTa,
H™ = (V™ E™) — , r-oquoponusiii u d(n)-perynsipuslii rumneprpad, Takoii 9o
JUTsE KazK ol mapsl w, v € V', u # v, Bbimosaeso d(u, v) = o(n), n — oo. Torma
qrcao napocoderanniit N (H"™) oneHUBaeTCs CHU3Y CJIELyIONIM 00pa3oM:

N(H™) > d(n)"=o0)/Im - p - . (2)

Bamernm, uro B runeprpade H(n) creneHb KayKIoi BEPIIUHBI DaBHA 7, KaiK-
noe pebpo cocTtouT u3 k BEPIINH, a Mapa Pa3jIudHbIX BEPITUH MTPUHAITEKAT
He 6ojiee ueM ogHoMy rumeppedpy. Takum ob6pa3oM, MOXKHO ITPUMEHUTH OIEH-
Ky (2) ¢ mapamerpamu r = k, d = n, n = n¥, u noayuurs ciemyomee

ACUMIITOTHYECKOe HEPABEHCTBO:
1 k__ k
Ti(n) > nk(" o(n*)) n — 00,
13 KOTOPOT'O BBITEKAET CIPABEIJIMBOCTD TEOPEMBI. O

Sameuanue 1. Tax xak HUHCHAA OUEHKQ NOCTIPOEHA C NOMOULLIO NAPOCOYE-
manus, 0As 1100020 6x00H020 Habopa o He boaee, wem 00Ha GYHKUUSL HOB020
cemeticmaa npumem 3uavenue, omauvnoe om k — 1, omxyda caedyem, wmo
MO CEMETICBO ABAALMCA 0000ULLHHO OPMO2OHANDHDIM.

Ncnosnp3yem MOTyIeHHYIO OIEHKY LIS JTI0Ka3aTeIbCTBa TOTO, ITO ceMeii-
CTBa M3 IPUMEPOB 1 COCTABIISAIOT OECKOHEYHO MAaJIyIO JOJI0 B MHOYKECTBE BCEX
IIPABUJIBHBIX CEMENCTB.

Teopema 2. IIycmov k € N, k > 3. Tozda doas mpeyzosvHux cemeticmes
DABMEDPA T, 8 MHOIHCECTNEE BCET NPABUALHBIT CEMETICTNE PA3MEPa 1, CTPEMUTNCA
x 0 npu n — oco.

oxaszameavcmeso. Cliepa OIEHUM CBEPXY MOITHOCTh MHOYXKECTBA TPEYTOJib-
HBIX ceMeicTB (f1, ..., fn), TAKHX 9TO MEPEMEHHBIE Tj, . . . , Ty (DUKTHBHBI JJIsT
bynxuun fi(z1,...,2,), 1 = 1,...,n. I3 npeanonoxenns na Buj GyHkmun f;
cJIeJyeT, 9YTO OHA MOYKET OBITh BBIOpaHa k¥ ciocoban. Suagur, obiee
YHCJI0 TPEYTOJIbHBIX CEMEHCTB TAKOI'O BHJIA OIEHUBAETCSI CBEPXY CJIEILYIOIIAM
00pa3oM:

"1

Y L b v R
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B pesynbrare corsacoBaHHON TepeHyMepalii MOIITHOCTEL BBIPACTET He GoJtee,
geM B n! pas. CieqoBaTeibHO, JI0JIsT TPEYTOJBHBIX CEMENCTB B MHOXKECTBE
BCEX MPABUJIbHBIX CEMEHCTB OIEHUBAETCS CBEPXY BEJTUIMHON

n! - kk"
AR (3)

Jlorapudwm 1o ocHoBauuio k orHoineHus (3) B CBOIO OYepe/ib OIEHUBACTCS
BEJIMYNHOMN

logy, (n!) + k" — AK"™ - login < n-log,n + k™ — AK" - logy n,

KOTOpasi CTPEMUTCS K —00 IPH 1 — 00. SHAYUT, UCKOMOE OTHOIIIEHUE CTPe-
mures K 0. O

CaencrBue 1. Ommuowenue wucaa mpeyzosvHuT cemelicmas pazmepa n x
YUCAY 0000UEHHO OPMOOHANLHHT CeEMETUCME pazmepa n. cmpemumca x 0
npu n — o0o.

Sameuanne 2. Ananoe meopemv, 2 0is 6Yyae8a CAYUGA ObLA YCAHOBAEH
K. JI. Ilapezopoduesvim (cm. [10, Teopema 6]). Caedemeue 1 6 byaesom cayuae
MaKIHCe uMeem Mecmo.

Tereps mmoKazkeM, ITO CBONCTBO MPABUJIBHOCTU SIBJISIETCS PEIKUM: JIOJIsT
IPaBMWJIBHBIX CEMENCTB pa3Mepa 1 CPeJIN BCeX ceMeiicTB pa3Mepa 1, B KOTOPhIX
byHKIINN GUKTUBHO 3aBUCAT OT OJHOUMEHHO repeMeHHoit, crpemurcs K 0.

Teopema 3. Ilycmv k € N, k > 3. Tozda

- Ti(n)
lim Y, 4
n00 Npo(n) (%)
2de Ni(n) — wucao cemeticms (fi,..., fn), fi € P, maxux wmo nepemen-
naA T; Purmuena das gynrkuun fi(x1, ..., Ty).

Joxazamesvemeo. OyHKINUIO OT N MEPEMEHHBIX, JJIsI KOTOPOIT 3a/TaHHAasT mTe-
pemMeHHasi (PUKTUBHA, OUEBUIHLIM 00Pa30M MOYKHO BBIOPATDH Kk CII0CO0OM,
OTKyJa ciemyer paBeHCTBO Ni(n) = gkt

Ouennm cBepxy Besmunny Tk (n). Pasaenum dbyHkimn cemeiicTBa Ha maphbi:
(f1, f2), (f3, f1), ... Eciu n gerno, nocenusisi napa umeer Buf (frn—1, fn), B
IPOTUBHOM CJIydae MOC/e/Hsis napa umeer BU (fn—2, fn—1), & TMOCIIEHSS
dyuKIMS octaercs 6e3 mapbl. OIEHUM YUCI0 BAPUAHTOB JIjIsI BHIOOpA Hapbl
(fis fi+1). Crpynnupyem BXojHbIe HAOOPBI TaK, YTO B OJHY T'PYIIILY IIONAIAI0T
BCe HAOOPBI, OTJIMYAIONIUXCSA TOJIBKO B MO3UIUAX § WK j. B KaxKjo# rpyre
oxazxercs k"2 nabopa. Ha kazkoit rpymme napy (f;, f;) MoxKHO paccmar-
pHUBaTh KaK ceMeiicTBO (DYHKIHiI OT JIByX IePeMEeHHbIX Z;, ;. Mcrosb3ys
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YTBEPKJIEHUE O COXPAHEHUN MPABUIHLHOCTH TIPU TIOJCTAHOBKE KOHCTAHTHI BMe-
CTO IIEPEMEHHOI ¢ yjlaJleHneM OJIHOMMeHHO# dbyHKImn (cM., Hanpumep, |11,
JemMma 1|) Jlerko mokasarb, UTO 9TO CeMEHCTBO IpaBuibHoe. V3BecTHO, 91O
IpaBUJIbHBIE CeMeNCTBa pa3Mepa 2 sIBJISIFOTCS. TPEYTOJIbHBIMU (CM., HAIIPHU-
mep, |11, yreepxkaenue 1]). 3nagynr, Ha paccMaTpUBaEMOii TPYIITe BXOMHBIX
HabOPOB /OO f; ABJIAETCA KOHCTAHTOM, a fj ecTh (DyHKIUS OT OJHOMI Iepe-
MEHHOH x;, 160 HaoGopoT. BHAUNT, nMeeTcs He Gosee 2 - k - kF croco6os
3a/1aTh 3HAYeHNs napel GyHKmit (f;, fj) Ha KaxK10ii rpyIe BXoI0B, a obIee
4ncIIo c11ocoboB BeIGOpa (fi, fj) OlleHUBaeTCst CBepXy BeJIMYHHOIL

(2 k. kk) k= < (kk+2) kn=2 _ pkr2Rn2

Ecau n deTHO, 4mucsio nap paBHO 1/2, HOITOMY YHCJIO IPABUIILHBIX CEMENHCTB
pa3Mepa n OIeHWBAETCS CBEPXY BEJIMINHO

(k(k+2)k"—2>n/2 )

)

€CJIM N HEeYETHO, 3aMedaeM, ITO OCTABINAsCA Oe3 mapbl PYHKIHUS f, UMeeT

GUKTUBHYIO [TEPEMEHHYIO X, W IMO3TOMY MOXeT ObITb BbIOpaHa He OoJiee,
n—1

qem kF CITOCOOOM, TIO9TOMY BEPXHsIsT OIeHKA IMIPUHUMAET BUI,

(k)2 ) "I
<kk+2)k 2)(” 2 et

[Monesnum nostyuennsie onenku Ha Ni(n) u nposorapudMupyem Mo OCHOBa-
nuto k. B nepBoM ciiydae ¢ yueToM HepaBeHCTBa k > 3 BOZHUKAET CJIEJYIONIAs
IenovKa;

k
g.(k+2)-k"*2—n-k"*1= <n2—k:n+n>k”2:
:(Z—k)g-k”72—>—oo,n—>oo.

Bo BTOPOM CJiy4dae UMeeM

n—1
2

kn  k
(k42)- k"2 ok = (2" —g -1tk n/~c> k2 =

-1
= <(2—k)n2 >k‘"_2—>—oo,n—>oo.

O6e moAmoCIeI0BATETLHOCTH CXOIATCI K —00, OTKY/A CJAEIYET, ITO UCXOIHOEe
oTHOIeHne cTpeMuTcd K 0 mpu n — 0o. O

Bameuanme 3. Cnpasedausocms dopmysve (4) s cayuas k = 2 a6aa-
emcsa ouesudnoim caedcmeuem seprreti ouenwu Ta(n) < nP2" | noayuennodi
H. Mamoywexom 6 pabome [8]; 3decv B — nexomopas noioscumenvias ee-
WECMBEHHAA KOHCTNAHMG.
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4. 3akKJjo4deHune

B GysieBom ciyuae B pabore V. Maroyrieka [8] mostydeHbl OIEHKN MOIHOCTH
MHOKECTBa OJIHOCTOKOBBIX OPHEHTAINil n-MepHOro OyseBa Kyba. V3 pe3yib-
taro K. /I. Ilaperopo/esa [7| BbITeKaer, 4T0 9TH OIEHKU OJHOBPEMEHHO
SIBJISIIOTCST OIIEHKAMM MOIITHOCTH MHOXKECTBA MMPABUJIbHBIX CEMEHCTB OYIeBbIX
dbyuknuit pazmepa n. B Hareii pabore M3ydaeTcss MOITHOCTH MHOXKECTBA
MIPaBUJILHBIX ceMeiicTB yHKINH k-3nagunoil joruku npu k > 3. B kadecTtse
HIKHEN OIEHKU MpejjiaraeTcs mpsamoe obodienue ornenkun Martoyieka. n-
TEPECHO, YTO OHA JIOCTUTAETCSI HA MHOYKECTBE ODOOIIEHHO OPTOrOHAJIbLHBIX
MPABUJIBHBIX CEMENCTB, TOJIa KaK J0JIsi TPEYTOJbHBIX CeMEHCTB pasMepa n B
KJIACCE BCeX MPABUILHBIX CEMENHCTB pa3Mmepa n crpemutcs K 0 mpu n — oo;
0oJiee TOTO, OTHOIIIEHHE MOIIHOCTH MHOXKECTBA TPEyrOJbHBIX CEMENCTB pas3-
Mepa N U MOIITHOCTH MHOYKeCTBa OOODIIEHHO OPTOTrOHAJBHBIX MTPABUIBHBIX
ceMelicTB Takzke crpeMuTcs K 0.

N3 omnpeniesiernst IpaBUIBHOCTHU CJAEIYET, UTO I KaKJI0H (DpyHKIUN Ce-
MeficTBa OTHOMMEHHAs ITepeMeHHas J0JKHa ObITh (puKTUBHON. B KadecTBe
BEepxXHEH OIEeHKU B PabOTe MOKA3aHO, YTO JIOJIS ITPABUIbLHBIX CEMEHCTB pa3Me-
pa n B Kj1acce Bcex cemeiicts (f1,..., fn), rae f; € P u x; duxTusHa s
filx1,...,xp), i = 1,...,n, crpemurcst kK 0 ipu n — 00. Ilo Beeit BumMO-
cTi, BepHO u Gosee cuitbnoe yreepxenne: Ti(n) < nP*F" nna nexoropoit
BeleCTBEeHHOU KOHCTAHTHI B. JlokazaTebcTBO 9TOH MUIOTe3bl SABISETCS Ha-
IpaBJCHUEM JaJbHEHIINX UCCICIOBAHUN.

Agrop 6naromapur K. II. Haperopomanesa u A. E. Ilankparbesa 3a 1110/10-
TBOPHbLIE O0CYKICHUs U [IOJIE3HbIE 3aMEUAHMSL.
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Bounds on the number of proper families of k-valued functions
Galatenko A.V.

Proper families of functions are a convenient apparatus for memory-
efficient specification of large parametric families of quasigroups and
d-quasigroups. K. D. Tsaregorodtsev proved that there exists a natural
one-to-one correspondence between proper families of functions and
unique sink orientations of a Boolean cube. The cardinality of such
orientations was estimated by J. Matousek. In our paper we extend
Matousek’s lower bound to the case of k-valued logics for arbitrary
k > 2, present a number of corollaries and prove that properness is a
rare property, namely, the fraction of proper families of the size n in
the class of all families of n-ary functions (fi,..., fn) such that x; is
dummy for f;(z1,...,z,) tends to 0 as n — oc.

Keywords: proper families of functions, k-valued functions,
hypergraph, matching.
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O dbysKIMmoHa/bHOII cucTeMe, MOJIy YeHHOI
13 aJiredOpbl MHOYKECTB Jo0aBJIeHUEM
MTHIMKATOPOB MOMNIHOCTH

I0. C. Kamycrun?

B nammoit pabote nccieayoTcst cBoiicTBa OyHKIIMOHAILHONW CUCTe-
MbI C,, ¢ HOcuTeeM 2%, HOPOXKIEHHON TEOPEeTHKO-MHOKECTBEHHBIMI
dysxImaMu 1 uHAEKaTopamu MomHocTH cardg(z) . .. card, (z).

KurrouyeBbie ciaoBa: (hyHKITMOHAIbHAS CUCTEMA, TPEJIITOTHBINH KJIACC,
anrebpa MHOXKECTB, KPUTEPUN TTOJTHOTHI.

1. BBegenue

B pa6ore [1| usyuasnach anrebpandeckasi cucrema ¢ Hocureaem 7 | J 22 06-
pa30oBaHHAsI OTHOIIEHUSIMHU U OIlePAlUsIMU, BBIPA3UMBIMU C ITOMOIIBIO JIO-
TUYECKUX CBA30K, ONHcaTeseil 1 KBAHTOPOB Yepe3 OTHOIIEHUE ITPUHA/IIeK-
HOCTU. BBIIIO ycTaHOBJIEHO, 4TO JiIoOast KBAHTOPHO OIpejiesinMast (DyHKIUA
HaJ[ MHOYKECTBAMHU B 9TOH CHCTEME MOXKET OBITh BbIpakeHa Uepe3 OObIYHbIe
TEOPETUKO-MHOXKECTBEHHbIEe (DYHKIMU U UHAUKATOPBI MoiHocT card,;(x),
[IPUHUMAIOIIIE 3HAYEHUE 7, €CJIM MHOYKECTBO T COJEPYKHUT POBHO % 3JIEMEHTOB,
U 3HadYeHUe & NHadJe.

DTO NPUBJIEKJIO BHUMAaHNE K U3y4deHUI0 DYHKIMOHAILHON cucteMmbl Cp,
¢ HocureseM 2%, IOPOXK IBHHON TEOPETHKO-MHOYKECTBEHHBIMU (DYHKIIHSAMI 1
nHauKaropamn Mormaoctu cardy(x) ... card, (x).

[Tosryuen psifi Ba2KHBIX CBONCTB 3T0# (DYHKIMOHAJIBHON cucTeMbl. HaiineHo
qncao MYHKIHUN B CUCTEME, MPEIOXKEH aJIfTOPUTM PEIleHus] YPABHEHUN B
cucreme. MaTEpecHo, aTo uncyo GpyHKIWI OT 3aJaHHOTO YHCJIa TEPEMEHHBIX
B C,, UMeeT CyIEeCTBEHHO OOBINNI TOPSIIOK POCTa, IeM Jjist DYHKIINH KO-
HEYHO3HAYHBIX JIOTUK P n P, B CBA3U C UeM e€ m3ydeHne He CBOJUTCS K
U3YUEHUIO YKA3aHHBIX (DYHKIINOHAJIHHBIX CHCTEM.

2. OcHOBHbBIE ITOHATUA

Iycrs 7 — MHOXKECTBO IEJIBIX 4ncesl. B KadecTse yHHBepcyMa Bo3bMéM 27 —
MHO>KECTBO €TI0 TIOJIMHOYKECTB.

! Kanyemun FOputi Cepeeesuw — acrmpanT Kad. MATEMATIYECKOH TEOPUH HHTEIICKTY-
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 muOkecTBe 2% ecTecTBEHHBIM 0GPA30M OIPEJICTICHBI JIBYXMECTHDIC
dbyuxiyn a ()b, alJb,a\b n HynbmecTHast QyHKIHMSA-KOHCTaHTA Z.

Banuch |z| obo3HaUAET YUCIIO TIEMEHTOB B .

OmpeiesinM Ha 9TOM MHOXKECTBE TakzKe cuéTHoe ynciio dbyHkiuit cardy(a)
(k — 1esiblii HEOTPUTIATEIBHBIN [TApAMETD) CIIEYIONUM 00pa3oM:

Z, ecnu |a| =k

cardy(a) =
k(@) @, ecu |a| # k.

O6ozHaunM S;,, — MHOXKECTBO (PYHKIINH

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

O603uaunmM uepes C, DyHKIMOHAIBHYIO CHCTEMY ¢ HocuTeaeM 2%, moposk-
JIEHHYI0 (DYHKIUSMUA U3 Sy, TO €CTh COJIEPKAINYIO BCe (DYHKIMHU, BHIPA3UMbIE
HaJ1 Sy, IPH HOMOIIH CYIEPIO3UIIN, U TOJIbKO uxX. OmpeiesieHue Cyneprio3uinm
MOKHO II0CMOTpeTh B KHHure [3].

O6osnaunm S¢ — muO)kecTBO dyukuuit {a ()b, al]b,a\b,Z}. Oynkmuno-
HaJILHYIO cHcTeMy ¢ HocuTejneM 27, mopoxaéunyio dbynxnusmu u3 S, 060-
suaunm 4depe3 C. Kak Oyzer nokazano jajee, ona nzomopdua Ps.

Bynem HasbiBaTh jBa T€pMa PABHOCUJIBHBIMHE, €CJIM OHH BBIPAXKAIOT OJHY
u Ty ke PYHKIHIO.

Yepes 27 Oymem ob603HAUYATH TEPM X, €CJIM 0 — OyJieBa KOHCTAHTa 1,
u (Z\z), ecim o — OGynesa xoucranta 0. Ob6osmadenme x7'...zJ" Oymer
HCLOJIb30BAThCs Jist Tepma 7' ()« - [ zJm.

IIycrs pacemarpuBatorcest byHknyuu u3 Cp OT M MEPEMEHHBIX X1 . .. L,
rjie n, m — PUKCUPOBAHHbBIE HATYPAJbHbIE YHCIA. ATOMAPHBIM UHIMKATOPOM
HA3BIBAETCSI TEPM BH/IA

cardg(z{" ... x™)

anst 0 < k < nommm
Z\(cardo(z$* ... x0m) U . Ucardn(:ﬂfl xTm).

st mpocrorer  Oynem obosnadars Z\(cardg(z)J---Jcard,(z)) xax
cards,(x). 3HaueHHe 9TOrO BBIPAXKEHUSI PABHO Z, €CJIi MHOXKECTBO T CO-
Jlep2KUT O0JIee N TEMEHTOB, U & HHAYE.

BJech u jasiee, Korja ynomunaercs (gyukius card;(z), rue | > n, nox
Heil noxpasymesaercst yukius cards, (z) () cards,(Z\x).

Hanpuwmep, ecim paccMaTpuBatoTcst QYHKIME OT IIEPEMEHHBIX 1, T2 B Co,
TepM

card; (z; ﬂ(Z\xg))

— aTOMAapHBINl UHIUKATOP, a TEPM

cardy(z2)
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— HET, TaK KaK HE€ COJCP2KUT HepEEMeHHOIZ xI1.
CocraBHBIM NHANKaATOPOM HAa3bIBa€TCdA TEPM

ﬂ cardg, (z]'...20m),
oe{0,1}™

rue cardy, Moxker o3HadaThb cardg,cardy,...,card, umu cards,.
Hampumep, eciin paccmarpuBaiorcst (pyHKIuE OoT mepemerHoit x1 B Co,
TepM

card;(z;) m cardy(Z\x1)

— COCTABHOI MHJIMKATOD, & T€PM
cardy(z1)

— HET, TaK KaK He COJEPKUT aToMapHOro nHjnkaropa it Z\(z1) (To ectsb
st 29).

Hamee 6ymeT moKa3aHO, YTO €CJIN COCTABHON MHANKATOP A; He COmepKUT
cards,, TO ero 3HaYeHNe — KOHCTAHTa & (II0CKOJIbKY 00'be/[MHEHIEe KOHETHOIO
HCI0 KOHEIHBIX MHOYKECTB He MOYKET OBbITh OECKOHEUIHBIM MHOYKECTBOM 7).

Crangaprroit popmoit pysrnun uz C' OT IepeMeHHbIX &1, . . . , Ty, HA30BEM
tepm Buga By |- - - Bj, rae kaxmgoe B; umeer Bug 7' ... x7". Dra dopma
sipjisiercst anajiorom JIH®. [l pyHKIMU-KOHCTAHTHI & CTaHIAPTHON (hopMoit
Ha30BEéM TepM Z\Z. B masbreiimem sToT TepMm Oy/ieT 0603HATATHC Kak &.

HopwmasibHoit dopmoit m-mectroit dyuknuu u3 C), HA3BIBACTCS TEPM
Buga |J;(A4i(D;), rme A; — cocraBHOH HHIMKATOD, B T€PMe yIaCTBYIOT
BCe BO3MOXKHbBIE COCTABHBIE WHJMKATOPBI OT M IEpPeMeHHbIX, [; — Tepm,
BeIpaskeHHblil B C. Eciau Bce TepMbl D; SIBJISIFOTCSI CTAHIAPTHONW (POPMOIL,
Ha30BEM TAKYI0 HOPMAJILHYIO (POPMY CTaHJIAPTHON HOPMAJIbHON (DOPMOI.

[Tpumep: IlycTs paccmarpuBaercs (pyHKIMS OT OIHON IEPEMEHHON T B

Cy. Torna repm
(cardg(z ﬂ cardy(Z\(z m Z) U

(cardy(z) [)(Z\(cardo(Z\ (=) () ))
((Z\(card())) ()(Z\(cardo(Z\(x)) () Z)) | ]
((Z\(cardy(x))) (| cardo(Z\(z)) ) @)
ABJIAEeTCA HOPMaJIbHOH (POPMOii, a TepM
(cardy(z) () cardy(Z\(2)) () Z) | J
(cardy(z) [|(Z\(cardy(Z\ (=) (=) |J
((Z\(cardy(x))) [ \(Z\(cardy(Z\(z)) () Z))

— HET, TaK KaK COHAEPXKUT He BCE COCTaBHbIC MHINKATOPDLI.
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3. OcHoBHBIE Pe3yabTATHI

B nannoit ctaTbe OKa3bIBAIOTCS CJIEIYIOIINE TEOPEMbI:

Teopema 1. Jobyro dynryuro us Cp MOAHCHO 6bIPASUMD MEPMOM 8 CTNAH-
dapmnoti HopmanvHol gopme.

Teopema 2. /Jlse cmandapmuvie nopmanrvhve gopmo, | J(A; () D;) u
U(A4; N DY) sadarom o0dny u my orce dyrryuro mozda v moavko mozoa,
Ko2da das Kaotcdozo i (2de underc i napamempusyem 6cé MHONHCECMBO CO-
CMABHLLT UHOUKAMOPOB) BEPHO 00HO U3 CACOYIOULUT YMEEPAHCOCHU:
1) A; ne codeporcum cards,,.
— /
2) D; = D;

3) Bce mepmol suda ' ... xq", 2de npUCYMCEmMeEYm 6ce Ty,, KOmopoie
codeporcames 6 moavko odrom us mepmos D; u D}, npucymemsyrom 6 D; 6
o1 o

amomaprom unduramope cardo(z{" ... xJ").

Teopema 3. YHucao dynxuut om m nepemeHHuls I, ..., L, 6 Cp pasHo
9(n+1)-27(n+2)2" ~1—n.2m. (n41)2" 1

[Mycrs O1(x,y1,---Ym), O2(x,y1,...ym) — Tepmbl B C),. Boipaxkenue
O1(z,7) = Oz(x,y) HA30BEM ypaBHEHHEM OTHOCUTEIBHO BHIODAHHOII 1epeMeH-
HOW = ¢ napamerpamu 3. [lyctb SP — HEKOTOpOe MHOXKECTBO IPEJINKATOB.
Bynem rosopurs, uro ypasuenue O1(x,y) = O2(x, ) uMeer peleHne B MHO-
kecTBe S P orHOCHTENBHO TIepeMentoit x, ecyn npegukar O (z,y) = O2(x,y)
BBIPA3UM HEKOTOpOi bopmysioit Haj mpeaukatamu 3 SP. D1y dopmyay
Ha30BéM pemenneM ypasuennust O1(z,y) = Oz(z,y) B MHO)KecTBe S P oTHOCH-
TEJIbHO IIEPEMEHHON X .

Teopema 4. Jlwb6oe ypasnenue 6 C, 0OMHOCUMEALHO NEPEMEHHOT T € NAPG-
MEMPAMU L1, . .. Ty UMEEM PEUEHUE 8 MHONHCECTEE NPeduKramos uda

card, (z( | Fj(z1...2m)) = Z

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

ede F; — dynwyua uz C. Ipu smom cywecmeyem an2opumm, no3eoriouut
HAUMU IMO peuweHue.

4. Ywmciao dyHKnuii or m nepeMeHHbIX B (),

YT0o06b! ompene/uTh IuCa0 (PYHKINNE OT M MEePEMEHHBIX, HAMAEM CTaHIAPTYIO
dopmy, B KOTOpOil BbIpaxkaeTcs Kaxjas GyHkiusd n3 C, ¥ HOpMaAJIbHYIO
dopMy, B KOTOpO# Bblpakaercs jobast pyakuus u3 C,. Takxke HaiigéMm
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HEOOXOJIMOe U JIOCTATOYHOE YCJIOBHUE, IIPU KOTOPOM JIBE CTAHIAPTHLIE (DOPMBI
33/1a10T OJIHY U TY Ke (DYHKIIHIO.
Bo-niepBbIX, 3aMeTUM, YTO IIPOCKOJIBKY

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

dyukun cucrembl C' TOPOXKIAIOTCS TaKKe CUCTEeMOH (DyHKIHit

{aNb,alJb,Z\b,Z}. Paccmorpum dhopMmyIibl ajarebpbl JOTUKHA HAJL HAOO-
poM byHKIHIIL:

a&b, alb, =b, 1

Paccmorpum oneparop G(f), comocTaBsionuii Mo UHIYKIUE GOPMY-
Jie ajrebpel Joruku HaJl Habopom dyuknuit {a&bd, a|b, =b, 1} Tepm u3 C),
HaJ1 cucremoii onepanuii {a ()b, al]b, Z\b,Z}. Onpenenum ero (u obparHoe
orobpazkeHnue) 1o UHJYKIUHU 110 JjiuHe (POPMYJIbL:

G(z;) = i, G~ Y(x;) = 7, ecrm & — TepeMeHHas.

G(1)=12Z,G (z)=1.

Ecin a, b — dopmyisr anrebpser sorukn Haz {a&b, alb, —b, 1}, ¢, d —
repmbl Hag {a ()b, al]b, Z\b,Z}, o

G(alp) = G(a) UG(b), G (cUd) = G(

G(a&b) = G(a) N G(b),G HcNd) = G 1

G(—a) = Z\G(a), G~ H(Z\c) = =G~ (c)

olG™ ()
(0)&G™H(d),

Jlemma 1. Omobpasicenue G mnooicecmea Gynkuut anrzedbpov. 102UKU HG
muoorcecmeo pyrxyul 6 cucmeme C, xoppekmmo onpedeseno u obpamroe
omobpasicerue maxoice Koppexkmmo onpedeaerno. To ecmo ecau dee popmyion
f1 u fa 3adarom o0dny u my orce Pynryuto areebpv. soeuru, mo mepmve G(f1)
u G(f2) 3adarom odny u my orce pynryuro. U naobopom, ecau déa mepma gi
go 6 Cpy, 3adarom odhy u my orce GyHKUUIO, MO MEPMbL Gg_l)(gl) u Gg_l)(QQ)
3a0arom 00HY U My oHce GYHKUUIW aA2E0DBL AOZUKL.

JlokazaTeabCTBO JIEMMBI.

Pacemorpum niponsBosibHyio dopmyity anreOpsl goruku fi(xy ... Ty,) HaL
{&, ], 1, Y. Jokaxkem nHyKIweii o JyIMHE TepMa, ITO € € 7 IPUHAJJICKUT pe-
3ysbTary QyHKIWH, Bhipakaemoit repmom G(fi(z ... Zy)) IPH TEX U TOIBKO
TexX 3HAYEHUAX HAOOPA I ... ZTy,, IIPU KOTOPBIX UCTHHEH PE3YJIbTAT (POPMYJIbI
filyr .. yn), e yi = (e € x1).

Baza unnyknnn — (e € x;) <= e € (r;) — 0YEBUHO BBIOJIHIETCS.

Mar waxyknuu. Iycrs a,b — asa repma wax {(), U, \, Z}. Torza:

€ (ayb) < (e€a)l(e€bd);
€ (aNb) < (e€a)&(ee€b);

eE€l <— 1,

e € (Z\b) <= —(e € b) — 5Tu yTBepXK/CHNs TAKIKE BBIIOJHEHBI.

CiteloBaTe/IbHO, € MPUHAJJIEXKUT PE3yJIbTaTy (DYHKIUU, BbIparkaeMoil
repmoM G(f1(z1...xy)) UPU TEX U TOIBKO TeX 3HAYEHUSIX HAOODA T ... Ty,
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pU KOTOPBIX UCTUHEH pe3ysbraT hopMyiibl fi(y1 ... Yn), tae y; = (e € 7).
[Tepeitném K q0Ka3ATEILCTBY CAMOI JIEMMBL.

—) Homycrum, aro ase GopMyibl f1 U fo 3aJ1a10T OJHY U Ty Ke (DYHKIHIO.
Pesynbrar dynkunun, 3amasaemoii repmom G( f1) 10 J0Ka3aHHOMY paHee paBeH
MHOKECTBY TeX 3JIEMEHTOB € € Z, JIst KOTOPBIX UCTUHHO 3HAYeHne (hOPMYJIbI
filyr .- yn), upu y; = (e € x1), 9TO MOJHOCTHIO ONPEJIEIAeT ITY (DYHKIHUIO.
Pesynbrar dyukimn, 3agaBaemoit TepmoM G(f2) paBeH MHOXKECTBY TeX € U3
Z, st KOTOPBIX UCTUHHO 3HadeHue Ghopmyibl fo(yi ... y,) npu y; = (e € x1).
[TockobKy hopMyJibl f1 U fo 3a1a10T ONHY U Ty »Ke (PYHKIUIO, TO MHOXKECTBA €
u3 Z, 1jist KOTopbiX 3HadeHust fo(y1 ... Yn) 1 f1(Y1 - .. Yn) UCTUHHBL, COBIAJIAIOT.
Crenosarensto, repmbl G(f1) u G(f2) 3anator onHy u Ty »xKe DYHKIHIO.

+) Homnycrum, 4to aBa TepMma g1 u go B Cp 3aJaI0T OJHY U Ty Ke
dbyskuuio, e — snement Z. st moboro Habopa (z1, ..., z,) € {0,1}"™ moxHO
paccMoTpeTh Habop (Y1, .. ., Yn) € (2%)™:

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

Torna G Hgi(z1...2,)) = € € g1(y1-..yn) = € € Go(y1...Yn) =
G72(g1 (.1'1 e J,'n))

Orcrona n3 pasencTsa DYHKIMM, 3aaBA€MBIX TEDMAMU ¢ U ¢ CJIEIYeT
paBeHCTBO 3HaveHuil GyHKIMi, 3a1aBaeMbrx dbopmytamu G~ 1(g1) u G~1(go),
Ha jobom mabope (x1,...,zn) € {0,1}". Cuenosarenpno, stn OyHKINHI
paBHBI, U.T.II.

m <
Cnencrue 1. B cucmeme C 22" pasavuunoir m-mecmmwis @ymxuud.

B moeit crarse 1] npu gokasareabcTse eMMbI 4 13 TeopeM ObIIIO JOKA3AHO
cieayloliee yTBEPXKICHHE:

JIemma 2. (O pasaoorcenuu) as mobozo mepma T om nepemennux 1, . . . Ty
6 C' mootcro natimu makot nabop N(T') mepmos suda x7* ... xJm", wmo npu
M0BOM 3HAMEHUU HAOOPA NEPEMENHDIT X1, . . . , Ty, 3HAUEHUA Mepmoe u3 N (T))
— HENEPECEKANULUECH MHONCECTNEA U BHAYEHUE UL 00BEOUHEHUS PAGHO 3HAYE-
nuro T

1) Jns mobbIx aq, . .. am € 2% u 1ByX pasmmaHBIX TepMoB T = ]t
nl = az:f{'i e xfn;" 3HAYEHUS STUX JIBYX TEPMOB - HEIIEPECEKAIOIIeCs MHOXKE-
CTBA.

JeficTBuTesbHO, 1ycTh, 6e3 orpaHudenust OOUHOCTH, 0 # 04, 0F = 1,04 =

o ol
0. Torma T(ai,...,a,) = af*...a%" € Z\a; T'(a1,...,a,) = a;* ...ap" €
a;. Taxk xak a; u Z\a; He nepecekatorcst, T"(aq,...,a,) u T(a1,...,a,) He

IIepeceKaroTCsd.
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2) [Tycrs T — repm B HaJ Sc. K HEMY MOXKHO 110C/I€10BATEIBHO TPUMEHHUTD
CJIeIyIoIIne peodpa30BAHUS:

— 3aMEHUTH BCe MOATEPMBI Bujia a\b, Tj1ie a, b - TepMbl, a # 7 Ha TOITEPMbI
a((Z\b).

— 3aMeHNUTH Bee moarepmbl Buga Z\(alJb) na (Z\a)((Z\b) u Bce mos-
repmbl Bugia Z\(a()b) va (Z\a) J(Z\b). loBropsits nporenypy, mMoKa He
ocTaHeTcs onepanuii Z\, BHENTHAX IO OTHOIIEHNO K [ |, |J.

— 3ameHuTb Bee noarepmsl Buya Z ((a|Jb) va (ZJa) ((ZJb). Hosro-
PSITh IIPOIIE/LYPY, [IOKa HE OCTAHeTCs onepaluil (), BHEIIHUX 110 OTHOLIEHUIO K
. Homyuum repm Buga By |J By, (uwiu By), nae B; umeer BuJ nepecevdeHust
TepmoB ;7 1 Z\Z.

— Ecisin nepeceuenne B; conepxkut Z\7Z, To OH pPABHOCUJIEH & U €r0 MOYKHO
yopaTh u3 nepecedenusi. Eciu npu sToM B; €IUHCTBEHHBIN, TO HCXOIHBINM
TEPM TOXKJIECTBEHHO PaBEH MyCTOMY O0bLETMHEHUIO.

— Ecin nepecedenue B; He CONEPAKUT ;' , 3aMEHUTH €10 Ha

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

B pesysbrare mosydnm repM-o0beuHeHne TepMoB Bujga 7' ... xm. 3Ha-
qeHre ero Ha JII0O60M HabOpe 3HAYEHUI IepeMEeHHbIX PABHO 00bEeIMHEHUIO UX
sHadennii. JlemMa mokaszaHa.

Jlemma moxkazaHa.

Teneps HaiifnéM Takyto ¢popmy, 4To jist Kaxk ol gpyukimu B Cy,, HalAETCs
TEepPM B 9TOH (opMe.

Obozuauenue % OYIET UCIOJTB30BATHCS JIJIsi TEPMA:

x, ecnu 0 = 1;

(Z\x, ecrm 0 = 0.

O6osnauenne 7' ...zo™ OyIeT UCIOIB30BATHCS IS T€pMa

o1 o2 .. om
o ()ag e (ai

JlemmMma 3. Jlaa xaorcdoti pynruuu us C, 0m NePEMEHHBLT X1 - . . Ty, HATOEM-
cAa evipasicarowuli e€ mepm 1ad Sy, 6 Komopom onepavus card npumensemcs
moavko K mepmam euda Ty ... xom.

JlokazaTeabeTBo.

Jomycrum, HeKoTopast pyHKIMsI BeIpaxkaeTcss TepMoM g B Cy. TTokaxkem,
9TO €6 MOYXKHO BBIPA3UTh TEPMOM, B KOTOPOM HET BJIOXKEHHBIX card.

IeiicTBuTesbHO, ecin B TepM g Bxoaut tepm card;(g’), To Tepm g 3amaér
Ty ke (DYHKIHIO, 9TO U TEPM

(Cardl (g/) ﬂ g’cardl (g’):Z) U(g’cardl (g’):@\cardl (g/))7

rje depes
g|cardl (¢")=2
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0603HaYeH TepM, TOJIyJaolnuiics u3 g myTém 3amensl card;(g’) na Z; koHcTan-
Ta & Bblpaxkaercs Kak Z\Z. Hazosém 3ameHy 5TOro THIa 3aMEHOI BBIHECEHMUSI
card;(g’). Dra 3amena He MeHsieT BHIPAYKAEMyIO TepMOM (DYHKIIUIO, [IOCKOJIb-
Ky Ui TeX 3HAUEeHUI ePEeMEHHBIX, /JIT KOTOPhIX 3HaYCHUE TepMa ¢ PaBHO
Z, 3Hatenne 06ouX TEPMOB PABHO 3HAYEHHIO TePMA (|card, (g)=2; & /I TeX
3HAYCHUN EePEeMEHHDIX, JJIs KOTOPLIX 3HAYEHUE TePMa ¢ PABHO &, 3HAYUCHUE
060X TePMOB PABHO 3HAMEHHIO TePMA J|card, (¢/)=2-

IIycTth MakcuMmaJibHasT BJIOXKEHHOCTH orneparuii card B Tepme T papHa k,
k > 1. Torma ecym moc/ie10BaTe/IbHO MPUMEHUTD K TepMy 1 3aMeHy BbIHece-
uus card;(g’) ns kaxgoro noarepma suga card;(g'), rue g He comepKuT
omeparuii card, MOJy9IUM T€PM C MAKCUMAJIBLHON BJIOYKEHHOCTHIO OIEPAITNil
card, pasnoii k — 1. IToBropsisi 5Ty nponeypy, mosydumM TepM (0003HATIM
ero ¢"), B kotopom onepanus card GyieT IPUMEHSITHCS TOJBKO K TEpMam
Hajz Sc.

Hampuwmep,

cardy(x; U(cardl(xg))) = (card;(z2) ﬂ cardy(z; U 7)) U

(cardg(z1 U @)\card;(z2)).

[Tycts Tepm ¢” comepzkut noarepm card;(g”). ITo semme o paszsoxenun,
cymecrsyer muozkectBo N (¢") Tepmos Buga z{' ... 29, 3HAYEHUS KOTOPBIX
upu JI000M 3HAYECHUH IIEPEMEHHBIX — HEIePeCeKaIoecs MHOKECTBA U B
obbemunenun jgator suadenue g, Ilycrs N(g") comepxur k tepmos gj.
ycrs (L1, ..., lik) — BCe BO3MOXKHBIE HAOOPBI NEJBIX HEOTPUIATETLHBIX
YHUCeI, CyMMa KOTOPBIX paBHa [.

Torya Tepm card;(g”’) paBnocunen repmy

ﬂ(cardlil (91) U T U cardy,, (9x))-

%

Takum obpasom tepm card;(¢”) pasHOCHIEH TepMy, BBIPA3UMOMY depes
tepmbl cardy,, (¢;), rie Bece g; umeror Bug 7' ... x7m u npunaexar N(g"),
a Bce n; He doJble (.

Hanpuwmep,

cardy(zg2) = (cardy(z2 ﬂ x71) ﬂ carda(z2\71)) U(cardl(:rg ﬂ x1)

m card;(x2\71)) U(cardg(:vg m x1) ﬂ cardy(z2\x1))-

Taxwmm obpazom Kaxk1yio GyHKIHIIO B C), MOKHO BRIPA3UTh TEPMOM HAJT Sy,
B KOTOPOM oteparust card IPUMEHSIeTCs TOJIbKO K TepMaM BHAA T]' ... xJm.

JlemMa oKa3aHa.
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Yro6er HaiiTh TowHOE THCI0 QyHKIUE B Cp OT M IepeMeHHbIX, Hail1éM
cTaHIAPTHYIO GOPMY JIjIsI TAKUX TEPMOB.
. o1 o o1 o
Hasosém tepm cardy (27" ... z0") win Z\(cardo(z7" ... 23m)U. ..

m
Jcard, (7" ...297)) aToMapHbIM UHIUKATOPOM, €CJIA I . . . Ly, — BCE Iepe-
mennsle. st mpocrorst 6yaem obosmatars Z\(cardg(z{" ... x7m ). ..
Ucard, (z7"...29")) kak cards,(z7'...z9"). Ilockoibky cyimecrByer
2™ BOBMOMKHBIX 3HAMEHWIl JJI 01 ...0p;, W N + 2 PasIUIHbIX ONepanmit
cardy, ..., cardy, cardsy, Bcero cymecrsyer (n + 2) - (2") aroMapHbIX UH-

JINKATOPOB OT M JIAHHBIX TlepeMeHHbIX B C,.

CocTaBHBIM HHMKATOPOM HA30BEM TePM [\,¢(q 13m Cardy, (]t ... z7m),
B KOTOpOM (byHKIHeil (| COeJIMHeHbl ATOMAPHbIE MHMKATOPBI JJIsl BCEX 3HATe-
Huit mapamerpos o € {0,1}"; {0,1}" — Gynes Ky0; cardy, MoKeT O3HAYATD
cardy, ..., card,, uau cards,. [Ipu 3Tom Oynem cuUuTaTh PABHBIMU COCTAB-
HbIE UHUKATOPBI, KOTOPBIE PA3JINYAIOTCS JIUIID TOPSIKOM MHOYXKUTEEH BO
BHeNTHell omeparun nepecedenns. Beero cymectsyer (n + 2)2™) pazmransix
COCTaBHBIX UHJIMKATOPOB, MOCKOJIbKY KarKJIbIii HHIAMKATOD onpeesiercs: 2™
napameTpaMu Ky, KaxKablii U3 KOTOPBIX MOYKET IPUHUMATL OJIHO U3 1 + 2
3HageHnit — ymbo qumcao or 0 g0 n, audo "> n’.

Tak>ke 3aMeTHM, 9YTO ATOMAPHBIE U COCTABHBIE MHIUKATOPHI MOTYT IIPH-
HUMATh TOJIKO 3HAYeHUst 7 uin <.

ITycTh cocTaBHbIE MHAMKATOPHLI HapaMeTPU3YIOTCst UHIEKCOM 4. Hopmasib-
Hoit dopmoit dynkiwn us C,, zasbBaercs tepM Buna |J,(A4; () D;), tue A;
— COCTaBHOW UHJMKATOD, COOTBETCTBYIOMMH napamerpy ¢, D; — dopmyia,
BoipazkenHas B C', B TepMe HCIOIB3YIOTCS BCE BO3MOXKHBIE COCTABHBLIEC HMH-
snukaTopbl. Ecii Bce D; BhIpasKeHbl B CTAHJIAPTHON (popMe, HA30BEM TaKyto
HOPMaJIbHYIO (DOPMY CTAaHIAPTHON HOPMAJILHOM (HOpMOii.

Jlemma 4. Jhooyo dynrkyuro ud C, MONCHO 8BPASUMD MEPMOM 6 HOPMALL-
1ot popme.

/

Jokazaresnberso. [jist Kax10oro Habopa 3HaAUeHHil epeMeHHbIX T . . .z,

/ ’
KaXKIBI W3 TEPMOB a:lal...x,gm nMeeT OJHO 3HadeHne — MHOXKe-

CTBO, HMeIOIIee OIPEJIEIEHHOe KOHEYHOEe WM CYETHOE UHCJIO SJIEMEeH-
’ /

ToB |z,"' ... x,0m|. Kaxaomy HaGopy 3HadYeHUil EPEMEHHBIX T ..., Ta-

KUM 00pa3soM MOYKHO COMNOCTABUTH POBHO OJIMH COCTABHON HHJUKATOD

Noefoym cardlmfgl x,gm|(a;‘171 ...xZm), 3HAUeHNe KOTOPOr'o Ha 3TOM Habope
R

pasuo Z (31ech card

/o.m‘
m

| 'oq CUINTaeTCA IPUHUMAIONINM 3HAYCHNEe NI 10 T
Ty ..T

WM 3HAYeHHe > n)). SHAUeHHEe OCTAJIBHBIX COCTABHBIX HH/IMKATOPOB Ha TOM
Habope pasHO &. Cile10BaTEIBLHO, ABA PA3/IMYHBIX COCTABHBIX MHIMKATOPA
He MOI'YT IIDHHHMATh 3HaUeHHe, He paBHOe &, Ha OJHOM Habope 3HAUeHUN
IIePEeMEHHBIX.
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ITpumep. Habopy smauenmii nepemennbix ) = {1},25, = {1,2} B (4
COOTBETCTBYET COCTABHON MHIMKATOD

cardg(z [ |(Z\z2)) () card;(z1 [ )a2) [ | cards:((Z\z1)
()(Z\22)) [ card: ((Z\z1) [ ) z2)

CocraBHOI HHAMKATOP — MEpeceveHrne aTOMAPHBIX WHINKATOPOB, KOTOPBIE
(mockobKy Jist Hux card — BHeNTHsis (DYHKIUs) MOTYT IPUHUMATH TOJIBKO
sHavenns Z uian &. Ecin aromapustii nnankarop card;(z{* ... xzJ") BxoguT
B cocTaBHOil nHuKaTop I, To Ha Habope 3HauYeHHMiT nepeMeHHbIX (2], ..., 2))),
Ha KOTOPOM COCTABHON MHINKATOD MPUHUMAET 3HATEHUe 7, ATOMAPHDLIN WH-
JINKATOP MPUHUMAET 3HaYeHue Z.

Eciu ke 10T aToMapHbBIi WHIMKATOD HE BXOAUT B [, TO B HEr0 BXO-
qur apyroit ungukarop card, (7' ...z%m), l; # [. Tlockombky z{*...xm
HEe MOYKeT UMEeTb PA3JIUIHOE YUCJIO JIEMEHTOB P OJHOM M TOM Ke 3Hade-
HUW T . ..Ty,, TO HA HADOpE 3HAYEHWIT IEPEMEHHBIX, HAa KOTOPOM COCTABHOMN
UHMKATOD MPUHUMAET 3HaUeHue Z, ATOMAPHbBI WHIUKATOD 3HaYeHHEe .

CrenoBaTeIbHO, JJTsT KaXKI0T0 COCTABHOTO WMHIMKATOPA W KayKJIOTO ATO-
MapHOI'O MHJIMKATOPa Ha BCeX HabOpax 3HAYEHUil IePeMEHHBIX, Ha KOTOPbIX
COCTABHOM WHIMKATOP MPUHUMAET 3HAUEHNE 7, ATOMAPHDBIN WHIMKATOD MPUHY-
MaeT OJ[HO U TO Ke 3HadYeHue. JTO 3HAUCHUE — Z, eCJIN ATOMAPHBI HHITKATOD
BXOJIUT B COCTABHON, 1 & WHAaHe.

Pacemorpum  dyukiuo O(x1,...,%,). [lo npeabiiymieit jsemme 6e3
OTPAHUYIEHUsT OOIMHOCTH MOXKHO CYNUTATH, UTO OHA BBIPAYKEHA TEPMOM
O'(z1,...,%m), B KOTOpOM 110/, card HAXOASTCH TOIBKO TepMbI x]' ... zJm.
To ectb BCe BxOKieHus1 card B 3TOT T€PM — aTOMapHble HWHIAUKATOPHI. Jlst
KazKJIOr0 COCTABHOrO MHanKaTopa A; obozHaunMm 3a [; TepM, KOTOPBIH To-
ayaaercsa u3 O (1, ..., Ty,) MYyTEM 3aMEHBI COJIEPIKAIUXCA B A; aTOMapHbBIX
UHINKATOPOB Ha Z, a He ColepKaImxcs — Ha &. B aToM ciiydae KaxKgoe
D; BeipaxkeHo Tosibko depe3 dyukuuu u3 Sc, u | J(A4; () D;) — HOopMasbHAas
dopma. ITokaxkem, aro | J(A; () D;) — vopmanbnas dopma s O, TO eCcTb
BeIpazkaer O.

JleiicTBUTEIBHO, pACCMOTPUM HAOOP 3HAUEHUN N TEPEMEHBIX 1, . . ., Ty
[Tycrs Ap — TOT €IMHCTBEHHBII COCTABHOI WHJIMKATOD, KOTOPBIA Ha JIaH-
HOM Habope npuauMaer 3Hadenue Z. Torpa suadenue (A; () D;)(N) pas-
HO @& upu ¢ He paBHoM k, a suadenue (J(Ar()Di) pasuo Di(N). Us
onpegenenust Dy, Di(N) = O(N). CuenoBaresbho, Ha jo6oMm Habope N
O(N) = J(AiND;)(N). To ecrb nopmansuas dopma |J(A; () D;) 3amaér
dyuknuo O, 4.1.1.

Byzem naseBarh ase nHopmaibibie dopmst |J(A; () D;) u |J(A; () D;) pas-
HbIMH, ecsi TepMbl D; 1 D) BbIpazKaioT ojiHy U Ty ke (DyHKIHIIO JIsl KazK [0r0
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i. B nporuBHOM ciiyuae Oyaem Ha3biBaTh X paziaundHbiMu. CTaHIapTHON HOP-
MaJIbHON (hbopMoit Ha30BEM Takyio (popMy, Tiie Kaxkoe [); BLIPAXKeHO B BUJIE,
anasormanoM JJH®, o ecrs B Buze | J(z7*, ..., 27"). Hecnoxuo ybeaurnes,
9TO JJIsd JII0OOM HOPMaJIbHOI (DOPMBI CYIIIECTBYeT paBHas €if CTaHIApTHAs
HOpMaJibHasA PopMa.

3aMeTuM, UTO JiBe pas3IMIHbIE HOpMaJbHbIe (DOPMBI MOI'YT 3a/[aBaTh OJIHY
u 1y xe dyuxnuio. Hanpumep, B Cy

(cardy(z) () cardso(Z\z) () z) U(U(Aj Ue)
(cardy(z mcardo Z\x) mZ U U(Ak U @)

3aJ1aI0T OJIHY U Ty ke pyHKIMIO. Ho MOKHO TOKa3aTh, 94TO MOJIOOHBIE MAapPhI
dopM — eIMHCTBEHHBIE pa3IUYHbIE (DOPMBI, BBHIPAXKAIOIINE OIHY U Ty YK€
GYHKITIIO.

Jdemma 5. Uy, o eqo1ym (27" - 27) = Z das mobozo snavenus nepemen-
HOLT T1 . . . Ty

JokarkeM WHIYKIUEH O 4YHUCIy M TepeMeHHbx. BEcom m = 1,
(Z\z1) Jx1 = Z — yTBepK/ICHEE JIEMMBI BEPHO.

Eciu yTBepzKieHue JieMMbl BepHO Jiist M, To jiasg m' = m + 1

U(ol...am/)G{O,l}m/ G --w;ml) =124 =

((U(ol om)€{0,1}m (xclfl apm)) (@) U
( om)e{0,1}m ok Um))ﬂ(Z Try)) =
Uoy...omyefoaym (@1 aim) N(@m U(Z\em)) =

(01...am)e{0,1}m (]t .. Q:Z;")) Z. JleMMa IOKa3aHa.

~

e

Jlemma 6. Ecau cocmashoti unduxamop A; we codeporcum cards,, mo

A =

HokazarenbcrBo. [lockosbKy 1o npeapiayeil jemme o0benHeHne KO-
HEYHOIO YHCJIA MHOXKECTB Z]'...zJ™ PaBHO GECKOHEUHOMY MHOXKECTBY Z.

& Tin
CJIe,H,OBaTeJIbHO, XOTsI ObI O/IHO U3 HUX — IIYCTb 9TO 6y,ZLeT L1 .- Tm Oecko-

. . o’ o!
ueuno. Torga coorsercrByomuit aroMapHblit uuukarop card;(z,' ... zn")
IPUHIMAET 3HaUYeHNe &, U BeCh COCTABHON NHIUKATOD A; IpUHUMAaeT 3HAYCHNE
.
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JIemma 7. Jlse cmandapmmvie nopmanrvhwe gopmos | J(A; () D;) u

U(A4; N DY) sadarom 0dny u my owce dyrryuro mozda u moavko mozoa,
Ko2da das Kaocdozo i (2de underc i napamempusyem 6cé MHONHCECMBO CO-
CMABHLLT UHOUKAMOPOB) BEPHO 00HO U3 CACOYIOULUT YMEEPAHCOCHU:

1) A; ne codeporcum cards,,.

3) Bce mepmol suda x{* ... xq", 2de npuCymemeyom 6ce Ty,, KOmopoie
codeporcames 6 moavko odrom us mepmos D; u D}, npucymemsyrom 6 D; 6

amomaprom unduxamope cardg(z{* ... xJ").

JHokasaresnbcrso. <) Iycrs ase dopmer | J(A; () D;) u | J(A; () D) Takoss,
9TO JIJIsT KAXKJI0T0 ¢ 0j1HO u3 yTBepxkaenuii (1) — (3) Bepuo. Pacemorpum nabop
3HAUYEHUI TTepeMeHHBIX [N U COOTBETCTBYIOIIMIT €My COCTaBHOW WHJIUKATOP Aj;,
KOTOPBIIl TPUHUMAET Ha HEM 3HavYeHue Z.

st aTOro Habopa COrIaCHO MPEbIIYINeil JeMMe He MOXKET BBITOTHITHCS
1).

Ecim jy1st Hero BblosHsIeTCst 2), TO, HOCKOIbKY D; = D), BepHO PaBEHCTBO
A(N)NDi(N) = A(N)  DYN).

Eciu pnst mero sbmonnsiercst 3), to (A;(\D;)(N) = (A;i (N D;)(N), no-
CKOJIbKY 00€ YaCTU SIBJAIOTCH OObEJUHEHNEM OJIHUX U TeX K€ HEIIYCTBIX
MHOXKECTB U HEKOTOPOI'O KOJIMYECTBA IIYCTHIX.

Caenoarensno, | J(A; (N D;i) u | J(A; () D}) nupunumaior oxH0 u TO 7Ke 3Ha-
JeHue Ha JII0OOM 3HAYEHWM MePeMEeHHBIX [N, U BbIPaXKaeMble ITUMHU TepMaMu
bYHKIIUN COBIAIAIOT.

—) Ot uporusnoro. Ilycrs jaBe cranmapTHbBle HOpPMAaJbHBIE (DOPMBI
UA; N Di) u U(A;i N D)) sanator oguy u 1y xe dynxnuio. Ilycrs cyrue-
CTBYeT %, JJIst KOToporo A; comepxkut cards,, u, 6e3 orpaHndenns OOIIHOCTH,
B TepMe D; cofep:KuTcs TepM 7' ... zom,
npucyrcrsyer B A; B aromapuoM nngukarope cardy(z]' ... zJm), rae k ne
pasuo 0.

Ilycrs 1 ..., — HAOOP 3HAUEHUI IEPEMEHHBIX, COOTBETCTBYOMIM A;
(o ectb ToT, HAa KOTOpoM A; = Z). Takoit HAGOp CyIIECTBYET, IOCKOJIBKY MOK-

KOTOpBIii He copepxkurcst B D} u

1o HaiiTu 2™ HemepeceKaromuXcss MHOXKECTB ¢ 33JaHHLIM YHCJIOM 3JIEMEHTOB

y KaxKJ0ro (Xorst O6bl OJIHO U3 KOTOPBIX OECKOHEYHO), 0O'beIMHEHne KOTO-

poix pasuo Z. (A;(D;)(N) comepKuT 3JeMeHT U3 MHOXKeCTBa 7' ...xJm,

A; D)) (N) me conepKuT 37eMenT 3 x5 ... zo™. [Ipn 3TOM HUKAKIE -
) i 1 m

rue A; He cogepkar vnement u3s xi' ... xm. CiuenoBarensno, | J(A; (D) u

U(A; N D}) sanator pasusle dbynxnun. Jlemma gokasama.

C yuérom 31oil teMMbl HaiiéM auciao GyHkiuil B C), 0T m epeMeHHbBIX.

Teopema 1. Hucao dynxuyut om m nepemerHur I, ...,T,m 6 Cp pasro
9(n+1)-2m(n+42)2" ~1—n-2m. (n41)2" -1

71



JlokazareabCTBO.

Kak 6bL10 yKazaHO panee, Bcero cyiiectyer (n -+ 2)(2m) Pa3IMIHbBIX
COCTABHBIX UHJIMKATOPOB.

Babukcupyem A; u Haiiném kosmvecrso dbyukiuit Tuna (A; [ D). O6o3na-
qum ero F'(i). Ecam A; we conepxur cards,, 1o 3Hadenue A; Bcerga paBHO
@, (Ai(1 D) — xoucranra &, F(i) = 1. Ecin A; conepxur cards,, u j —
ancyio cardg B A;, To F (i) = 2877 (nockonbKy mammdune mwim orcyrcrsue B D
nogrepma x7' ... x%m, st koroporo A; umeer noxrepm cardo(xf' ... z9m),
He BJMsieT Ha 3Hadenne dyHknuu), u k — j = loga(F (7).

KommaecrBo ke Bcex m-mectHbix yukimit N(n,m) pasuo ILF(i) =
9¥iloga (F(i)) (*)

Ob6oznaunm [ = n + 2 — 9KUCJIO pa3IMIHBIX HHIEKCOB JjisI card, BKIIOYast
>n.

[TockosbKy B cocraBHOM mHAMKATOpe A; IpH GUKCHPOBAHHBIX j 1 Kk ecTh:

— (Y pasjMYHBIX BAPUAHTOB, IJI¢ PACIIOJIOKEHDI j PA3IMYHBIX HYJIEBbIX
card,

— (I — 1)*J papumanra ;151 3HAUECHNA HEHYJIEBBIX mapaMeTpos card,

— (I = 2)kJ Bapuanta s 3Havenus HeHyJIEBLIX napaMeTpos card, B
KOTODPBIX HeT cards.,,

— (1—=1)kJ — (1 — 2)*7 papuanTa jI 3HAYCHNA HEHYIEBBIX HAPAMETPOB
card, cpejiu KOTOPBIX €CThb XOTsi ObI 0HO cards.,,

IOJIyIUM: )
N (. m) = 25092(P®) = 9o G-~ ) (=) _
o=k CE (1= 1)~ —(1=2)6=9)-(k—5) _ o= ,CF (=17 =(1=2)7")-(7") (%)

Y10o06bI HATH 3Ty CyMMY, Haii/IEM 3HAYEHUE CYMMBbI E?:O(C’fb xt i) aa
[IPOU3BOJILHOTO HATYPAJIBHOIO ¢ U BEIIECTBEHHOTrO x. [[jist 9TOro BOCIIOJIb-
3yeMcst (PAKTOM M3 MATEMATHYIECKOTO AHAJN3a, UTO IMPOU3BOJIHAS CYMMBI
muddepeHnmupyeMbix QYHKINNR paBHa CyMMe UX ITPOU3BOIHBIX:

n % i, — n ) i—1, 2 — n % AV n )
, Tio(Cr-at-i) = x-S (C -2 - 1) n z- X7 (Cp - (")) = @ (B O -
\\/ _ n\/ __ n— *3k
(@) =z-(+1)") =2-n-(x+1)" (*F)
Takum 06pa3oM, 3HaYeHUe Bhipaykenusi (*) paBHO
9(I—1)xkslF =1 —(1=2)skx(I=1)*~1 _ o(n+1)-27(n+2)2" ~1—n-2m(n41)2" 1

Teopema moxkazana.

5. ¥YpaBuenud B (),

ycrs O1(x,y1,---Ym), O2(x,y1,-..ym) — Tepmbl B C,. Bbipaxkenue
O1(z,y) = Oz(z,7y) Ha30BEM ypaBHEHHEM OTHOCHTEIHHO BBHIODAHHON HEpEeMeH-
Hoii x ¢ napamerpamu g. Ilycrb SP — HEKOTOPOE MHOXKECTBO IPEIUKATOB.
Bynem rosopurs, uro ypasuenue Oi(x,y) = O2(x,7y) uMeer perieHne B MHO-
x)ecrBe SP orHocuresibHO niepeMennoit x, ecau npeaukar O1(z,y) = O2(x,7)
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BBIPA3UM HEKOTOPOil hopmysioit Haj mpeaukatamu u3 SP. 91y dopmyny
Ha30BéM perenneM ypasuenus O1(z,y) = Oz(z,y) B muoxkecrse SP orHOCH-
TEJILHO TTEPEMEHHO .

Teopema 2. Jhoboe ypasrerue 6 Cy, omuocumesvho nepemennoti £ ¢ napa-
MEMPAMU L1, . .. LTy UMEEN PEUWEHUE 8 MHOIHCECTEE NPEdUKAMO8 6UJG

card,, (z ﬂ Fi(z1...2m)) =2

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

ede F; — dynwyua us C. Ipu smom cywecmeyem an2opumm, no3eoriouu
HATUMU IMO peuwerue.

HokazarenbcrBo. CHavaa JJOKAXKEM JIEMMY

Jlemma 8. Cywecmeyem aszopumm, ¢ noMOUbIO KOMOpPo2o A100600 mepm
T(z,x1,...,%y) MO2CHO NpUSECTIU K cmandapmnol gopme (mo ecmv Hwatimu
mepm 6 cmandapmmotl gopme, SuParcaOuLul my sce GYHKUUIO).

OnvH U3 BO3MOXKHBIX JINOPUTMOB BBITVISJIAT CJIEIYIONIM 00pa30M:

1) Paccmorperb Bce cocraBHBlE HWHAMKATOPBI A; OT EpEMEHHbIX
x,x1,...,%T,. Sanucars Tepm J;(4; N T).

2) IIpeobpazoBars Kaxkablii Tepm A; (75 caemyromum obpasom (tepm T
MOZKET MEHSIThCsI MEXKJIy [IaraMu aJropuTMa):

— Iloka B paccmarpuBaemblit TepMm 1; BxoauT card:

—— Haiiru B uém sxoxenue suja cardy(7”), rae 8 T He BXOAUT HUKAKOM
apyroii card (to ects T” Boipaxaercsa man {Z\,(), U})

—— Haiiru, o6bequaenneM Kakux nepecedenuit suga ' (-« [ zfm sas-
nsiercst T' (m3 msomopduszma C' u Py 9T0 e/1aeTcst aHAJIOTUIHO TIPUBEIEHHIO
dbopmyiist u3 P, k CKH®), npocyMMupoBaTh 110 j MHIEKCHI K;j U3 BXOIAIIIX
B A; Tepmos cardy, (a;).

—— Ecsu pesynbrar pasen unjekcy k (wiu > n, ecin k — unjekc "> n’),
3aMeHnuThb B paccMarpusaeMom tepme cardy(7”) na Z. nade 3aMeHnTD €ro
Ha J.

B pesysmbrare nosyaum pasaocmibibtit 7' repu | J,;(A; () T}) B HOpMaIbHOM
dopme.

3) AHaJIOTMYHO aJIrOPUTMY HPHUBEIEHNs] (DYHKIMU aareOpbl JIOTUKH K
CKH®, npusecru T; k¥ Buzay, anagornaaomy CKHO.

B pesyabrare mosgyanTcs TepM, PABHOCUIBHBIN T 1 MMEIOIIW CTaHapT-
HYIO HOpMaJbHYIO (bopMmy, 4.T.1. JlemMma mokazaHa.

Kak ciemyer uz jemmbl, 6€3 orpaHuveHusi OOITHOCTH MOYKHO CUUTATbH,
uyro B Bhipaxkenuu O1(x, 1, ...Ty) = Os(z,x1,...2y) 06a Tepma O1 u O
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3alucanbl B cTaHaapTHO dhopme. To ecTh H0CTATOYHO peliarTh ypaBHEHUsT

sujta U(Ai N Ds) = U(Ai N Dj).

Kak 6b110 oKa3ano paxee, 4ToObl HAGOP T'1, . . . , Ty, HA KOTOPOM BbIIIOJIHE-
uo Aj(x1,...,x,) = Z, ynosiersopsu pasencrsy |J(A; () D;) = U(4A:i N D;),
HEeOOXOIMMO U JIOCTATOYHO, ITOObI JI000i1 aToMapHbIi TepM (', ..., xJ",
KoTOpbIil BXOgUT B D;, HO He B D), nim naobopor, Bxoaua B A; B BUJE
cardg(z7,...,z7"). Paccmorpum B — MHOXKeCTBO BcexX Aj;, I KOTOPBIX
mo6oit aromapHblii Tepm x7', ..., x7", Koropslii Bxoautr B D;, HO He B D), nim
raobopor, Bxogut B A; B Buge cardg(x]’, ..., zJ").

Ecau na wmabope (2),...,x)) upuHumaer 3HaveHume Z Takoil Aj,
TO U(A ﬂD)(wlr"? ;L) = QU@ U@U(A mD)(xlﬁ"'v ;z)) =
Dy(h, ... 2y,) = Di(aq, ..., 7,) = UA; N DY)(a, ..., 23,).

Ecin ke wna wHaGope (2,... ,a;’n) HpUHUMaeT 3Hadenne 7 A,
He yjaoBieTBopsiomuit sromy csoiicrBy, To (J(A;(Dj)(x), ..., z),) =
2Uo- Yo Ui D)@ ) = Dilehso 1) # Dial o al) =
UA; N DY) (.- 2,).

CJ’IG,ZLOB&TG.HI)HO PaBeHCTBO UCTHHHO Ha Habope (2], ..., 2)) ecan u TosIb-
Ko ecau (2,...,2),) € A; u A; € B. Pemenue paBHOoCHIBHO bOpMyJIe
Vaep(Ai = 7).

Bamenus \/(((L;j) = Z) na \/(&(I;; = Z)), tae I;; — aromapible HHIH-
HATODBI, [OJIyIUM DEIleHne yPaBHEeHHUSI.

6. 3akJrodyeHUne

B ciemyronux craTbsix OYIyT OMUCAHBI CBOMCTBA (PYHKIMOHAJIBHON CHCTEMBI
Ch, npejcrapiena meddepoBa OyHKIME B Heil. Byser npejicraBiena cepusi
[IPEJIIIOJIHBIX KJIACCOB, ITO3BOJISIFOINASI IIOJIYIUTh KPUTEPUN OTHOCHTEILHOMI
MTOJTHOTBI.

ApTop BeIpaxkaer GsaromapHocTb podeccopy A.C. Ilogakossuny 3a 110-
CTAHOBKY 3aJ[a9M U TMOMOIIL B pabore.
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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\x,zJy,r (N x and power indicators cardy(z) ...card, (z).

Keywords: functional system, precomplete class, set algebra,
completion criteria.
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Peanmzanusa ajaropuTMoB cxemMaMu U3
b YyHKITMOHAJBHBIX 3JIEMEHTOB

M. B. Hocos!

B pabote mocTpoena cxema u3 QyHKITHOHAILHBIX IJIEMEHTOB JIJTs
MaImuHbl ThIOPUHTA ¢ COXPAHEHUEM YCJIOBUSI IOJTMHOMUAJBHOCTH, €CJIN
TaKUM CBOMCTBOM 00J1a/1aj1a MAIlWHA.

KuaroueBblie cioBa: mamunaa Teopunra, cxema u3 (pyHKITHOHAb-
HBIX 3JIEMEHTOB.

IIycrs ecThb 3aj1a4a, KOTOPas BCETJIa UMeeT Olpees€HHbIil orBeT. Ecth as-
TOPUTM PEIIeHUs TOH 3aa4du, COOTBETCTBYIONIAsl MaIuua ThIopUHTa BCeraa
OCTaHAaBJIMBAETCS B 3aKJIIOUUTEIHHOM COCTOSTHIUU U OTBET 3aJa9d — COJIED-
JKMMOE COOTBETCTBYIOIIEN ST9eKU JIEHTHI. 3a/1a4a UMEeT XapaKTePUCTUKU
7 BXOJHBIE TapaMeTpbl. Hanmpumep, BO3bMEM U3BECTHYIO 3aay: MOXKHO JIN
Ha0Op HATYPAJIBHBIX YHCEJ PA3JIe/IUTh Ha JBa HAOOpa ¢ OJMHAKOBOW CyMMOM
qpcesl. DTa 3aa4a BCEerla UMeeT ONpeJeaEHHbIA oTBeT. B Takoiil MocTaHOBKH
UMEETCH JIBE XaPAKTEPUCTUKU: KOJIMIECTBO YUCE]T B UCXOTHOM HabOpe U Bepx-
Helsl TPAHUIA YucesI. BXOHbIe TapaMeTpbl — CAME IeJIble YUC/Ia B JIUaIa30He
or 1 mo BepxHel TPaHUITHI.

CJI0KHOCTB AJITOPUTMa — MUHUMAJIBHOE KOJUYIECTBO ITAroB MAITHHBI
Trroputra npu onpeeeHHbIX XapaKTEePUCTUKAX U JIIOOBIX JIOIYCTHUMBIX Ha-
Oopax mapaMeTpoB; IYCTb CJIOXKHOCTDH CTPOr0 MaXKOPUPYETCH BEJIUIUHON T,
3aBucdIieil or xapakrepuctuk. [lycts marmna umeer ajadaBuT U3 M CUMBO-
JIOB, TlepeHyMepyeM ux uucjaamu 1, ..., m. [lycrs mamuna umeer k cocrosiHuii,
lepeHyMepyeM ux 4ducjaamu 1,..., k, npuuém k — HOMep 3aKJII0UYUTETHHOIO
cocrostaus. Vimeercs: Tpu aBuzkenus: 1 — BIpaBo, 2 — BJIEBO, 3 — OTCYTCTBUE
IBUKeHUs. B HadabHBI MOMEHT IOJIOBKA CTOUT HA CAMOM JIEBOM HEITYCTOM
CUMBOJIE,TOT/Ia 30HA PAOOTHI MAIIUHBI BCErTAa HAXOJIUTCH MEXKIYy SUIEHKONM,
PACIIOJIO?KEHHON OT HAYaJIbHOI Y€K Ha 7 49€€K BJICBO U Ha 7" A49€eK BIIPABO.
Taxum 06pa30M, TOJIOBKA MOXKET HAXOJUTCS TOJIBKO B sideifiKaX, PaCIOJIOXKEeH-
HBIX cpeJii 3TuX 2r + 1 gyeifkaxX, TaK U IIepEeHyMepyeM UX CJIeBa HAITPaBO
1,...,2r 4+ 1, HO rOJIOBKa HUKOIJIa HE TONMaJIET B A4elKU ¢ HOMepaMu 1 u
2r + 1 B cuity BBIOODA T

[lepBasi 3a/1a1a COCTOUT B HOCTPOEHUN CXEMBI 13 (DYHKIIMOHAIBHBIX dJIe-
MEHTOB B KJIACCHYEeCKOM 0a3uce, KOTOpas OYIeT BhIJaBaTh TAKOW YKe PE3YJIbTAT,
Kak 1 MamnHa ThiopuHra U, IJIaBHOE, €CJI AJIIOPUTM IIOJIMHOMHUAJIEH, TO

L Hocos Muzaua Bacuavesus — c.H.C. Kad. MATEMATHIECKO TEOPHU HHTEIIEKTYAIbHBIX
cucrem Mmex.-mar. d-ta 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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[IOJIMHOMUAJILHOU OyieT cxeMa. B Havase u3/10KuM 0UeHb IPydo UIEI0 OCTPO-
€HUs CXEMbI C HEKOTOPOIl BOJIBHOCTHIO B CUMBOJIAX UTOOBI HE 3arPOMOXKIATD
dbopmyibt. [Tyers mamuna Toiopunra uveer n komang (¢'aq”bd), t =1,. .. n.
B rpy6oii cxeme 6yer 2(2r 4+ 1) 4+ 5n + 2 BxomoB, Ha nepsbie 2(2r + 1) BxooB
IIOJ]AIOTCS HOMEPa COOTBETCTBYIONIUX AYE€eK U UX COJIEPXKUMOE, Ha BTOPbLIE D7
BXO/IOB TIO/TAIOTCA KOMaH/Ibl U Ha IIOCJIeJHUE JBa BXO/la IOJAI0TCS HadaJbHOE
COCTOSIHUE U HOMeD siueflki B Ha4daJIbHOM cocTosinuu.l'pybasi cxema cOCTOUT
u3 r nap paaoB. [lepsorit psn Kax10it napsl uMmeer 217 4+ 1 6J10KOB, UMeeTCs
COOTBETCTBUE MEXKIy S9elKOi 1 OJI0KOM C TeM ke nomepoM. Ha Bxo Kaxk10ro
0JI0Ka TIOCTYIIAeT CJIELYIoIee:

1. comepKUMOe COOTBETCTBYIOINIEH SIeHKN (MM BBIXO/IA COOTBETCTBYIOIIE-
ro 6Ji0Ka) Ha TEKYIIUH MOMEHT Qjy;

2. HoMeD siveiiku (6J10Ka) S;

3. TeKylllee COCTOSHUE YIIPABJIAIONIEIN0 YCTPOHRCTBA Gjin;

4. HOMep dYelKH, Ha KOTOPOil cefi1ac CTOUT TOJIOBKA ljy;

5. BCe KOMaH/Ibl IIPOrPaMMBI, T.€. 571, YUCEJI.

Brixomom xaxkoro 6Ji0ka mMEPBOro psijia Mapbl SIBJISISIETCS CJICIYIOIIee:

1. comepnUMoe COOTBETCTBYIOMIEN TUYEHKH Gyt )

2. COCTOsSIHUE YIPABJISIONIETO YCTPOMCTBA (oyt, €CJIU OHO PADOTAET B ITOI
staefik,n wian ancyao 0, ecan yrupaBisoliee yCTPORCTBO He paboTaer B 9TOM
stueiike, WJIK IUCJIO0 K, €C/IA TOMAau B 3aKJII0UNTE/IbHOE COCOTOSTHUE;

3. HOMED HOBOII siYe€HKHN HOBOI'O TOJIOYKEHUS TOJIOBKU loy¢, €CJIN TOJIOBKA,
paboTaeT B TekyIeil siueiike, naade ducyao 0 Win MOJIOXKEHUE TOJIOBKH, €CJIN
MOTAJIA B 3aKJIIOYUTEILHOE COCTOSIHUE;

Beeaém obosnatenne x (u = v) = 1, ecom u = v, nuave pasHo x(u = v) = 0.
DyHKIINA BBIXOJOB 33Ja8TCd Cieryiomieit hopMyJIoit:

Qout = azn(l - X(lm = S))(l - X(Qm = k))+

* 2 X(lin = $)x(¢in = ¢')x(ain = a)b + (1)
(¢aq"bd);,i=1,...;n

+ainX(Qin = k)

3HauuT

Ain, Qin ?é k,lin 7é S,
Qout = b, Gin 7& k,lin = s,
Qin, Qin = k.

OyHKIUS COCTOSHUS 33Ta8TCsI CIIEIYIOIei hopMyJIoit:

G = 5l = s)xam = )X = 0)g" + @)
(¢'aq""bd); i=1,...,n

+kX(qm = k)

7



Sunauur

07 Qin 7é kalzn 7é S,

Jout = C]”, qin 7é k‘, lin = S,
k7 Qin = k.

DyHKIMsT HOMepa HOBOI siueliKU [0JI0XKeH st TOJI0BKY (cBur Bupaso d = 1,
casur BiaeBo d = —1, orcyrcrue jaBukenusi d = 0) 3ajaéres ciemyroneit
dopwmyIoii:

lout = Z X(lzn = S)X(qm = q/)X(ain = a)(s + d) + (3)

(¢’aq"bd);,i=1,...,n

Sunauur

07 Qin 7é k;a lln 7é S,
lout = s +d, qin 7& k,lin = s,
= k.

lin, qin

Bropoit psi Kaxka0#t mapbl KpoMme IOC/eIHeil mpecTaBieH ogHuM 0J10-
KOM, UMeeT JiBe I'pyHibl Bx0JioB. IlepBast rpymma coctouT u3 2r + 1 BXOJIOB,
KyJa TOCTIAET oyt C KAXKIOTO OJIOKA MEPBOr0 Psifia Iapbl, BTOpas IPYIIIa
nmeerT 2r + 1 BXOHOB, KyJa IMOCTYIAET [yt C KarXKJI0I0 OJIOKa IIEPBOrO PSIIa
mapul. [Toka mamuna He monaJia B 3aKJIIOUUTE/ILHOE COCTOSHUE HA 27 BXOJIOB
nepBoil rpynmns! OyayT noctynarh 0 U TOIBKO Ha OJMH BXOJ, MOCTYNHT ¢ B
0J10Ke BBIOEPETCA MAKCUMYM, T.€. TO COCTOSIHIE, B KOTOPOM HAaXOJIUTCs ceiiuac
MarmuHa. Ha BXojgax BTOPOi I'PYIIIbI aHAJOIHYIHO TPOU30UIET BHIOOP HOBOIO
ITOJIOYKEHMsT TOJIOBKU MaruHbl. COCTOsIHIE ¥ MTOJIOYKEHUE TOJIOBKU — JIBA, BbI-
X0/Ta, BTOPOTO Psija Mmapbl. Kcan B momaiaeM B 3aKJIIOYATEILHOE COCTOSTHIE,
TO JIaJIbIlIe OHO HEe MEHAETCs, aHAJIOIMYHO HEe MEHACTCH HOMED AYelKU I10JIO0-
JKEHUsI TOJIOBKH. TaK Kak map psaoB OOJIbIe IeM TUCJIO IIAroB MAaIllHHBI, TO
[OTIaJIaHNE B 3aKJIIOUUTEILHOE COCTOsTHUE MPOU30HAET 0bsizarebro. [locen-
HUI psijl, HOC/IeAHEN aphl BBLIAET CONEPXKUMOE STYEHKHU C HOMEPOM [pqt. I TO
MOXKHO TIPEJICTABUTH CJie/ytomieil hopmyioi

Qout = Z X(lin = S)an (4)
s=1,...,2r+1

910 1 OyIET OTBETOM 3a/Ia4U B COOTBETCTBYIONIUX 3HAUYCHUSX [IAPAMETPOB.

HepeXO,[LI/IM K IIOCTPOCHUIO CXEeMBbI U3 beHKHI/IOHa.HbHI)IX 9JIEMEHTOB B

KJIACCHYIECKOM Gazuce. 3akonupyeM ajaBUT MAIIUHBI CJIEIYIONIMM 00Pa30M:
1-w1it cumBost andasura — 0...001
N——

m
2-oit cumBost asipasura — 0...011
N——

m
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m-bIii cumBosT apaBura — 1...111
—

m
AmnasornvHo 3aKoaUpyeM k COCTOSHUIL:

1-w1i1 cuMmBoJI MHOXKecTBa cocTtoaunii — 0. ..001
——

k
2-oit cuMBOJI MHOXKecTBa cocrostauiia — 0...011
N——

................. k
k-blif cuMBOJI MHOXKecTBa cocroguuii — 1...111
——

k

3aKoaupyeM CIABUIH:
casur Bupaso — 01
casur Bieso — 10
OTCYTCTBHE JABMXKeHnsd — 11
3akoaupyeM HOMepa d9eeK MaIlUHbI T bIOpUHIA:
l-as suaeiika jeaTsl — 0 ... 001
—

2r+1
2-as gueiika JjieHTBI — 0...011
N——

2r+1

(2r + 1)-as siveiixa jenter — 1... 111
——
27‘+1
lonoBka B HAaYaIBHBIH MOMEHT HaxoauTcs B (r + 1)-oit sueiike. Beeaém
obozHavdeHne Jjis KOMaHJ, IIPOrPaMMbl

{((qiv s 7q2;)7 (a17 s 7am>7 (Q1/7 s an)(bh . ~7bm); (d17d2))t;t = 17 s n}

Cxema Gyzer umeTsb m (27 4+ 1) BXOJOB — 9TO KOJBI COIEPKUMBIX sueek. /3
repBoro Bxoja cozgaém 0 m 1 1 3aTeM M3 HUX KOJIbI HOMEPOB BCEX sTYEEK,
KOJIBI BCEX KOMAH/I IIPOrPAMMBI, KOJT HOMepa (7 + 1) s9eiiki — MoJI0KeHne
IOJIOBKH B HAYAJIbHBI MOMEHT U KOJ HOMEpa HaYaJIbHOIO COCTOSIHUSI COIJIACHO
KOJIUPOBKI.

CoryiacHO OIHMCAHHONI BbIIIE I'PyOO MOJEIN Ha BXOJ OJIOKA ITOCTYIAET
1O COJEPKUMOMY siueifiku (nmim BbIXosa 6J10Ka) ain = (Qin1,- -, Ginm), TO-
ria neppoe ciaraeMoe B dopmyiie (1) JUIst Goyy peasmsyercs: cieiyoreit
dopmyIoii:

2r+1 k
pi = ainit (A (linj ~ 37)) 1A (@ing ~ 1)),
7j=1 7=1
1=1,...,m

st peanmsaiun jocrarouno m(14r + k 4 11) snemenros. Bropoe ciara-
€MOe PeaIM3yeTcst CAeIyIoneit popMyIoii:
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n  2r+1

pi= V(A Uinj~s5)-(

t=1 j=1 ]

>3

(anj q}t)) : ( (ainj ~ ajt)) “ bit,

1

7j=1

|| >

Hust peasnmsanuu jocraroano m(14rn + 7kn 4+ 7mn 4+ 10n) saemeHToB.
TpeTbe ciaraeMoe peajausyercs pOpPMYJIOi:

st peanmsanuu gocraTodno mk smemenTtoB. Torma

aout = (PN PV P30k, VP2V ply).

st peasmsarnuu jpocrarouno m(14r + 2k + 14rn + Thkn 4+ Tmn + 19n + 11)
3JIEMEHTOB.

Jlajiee aHAJIOIMYHO, COTJIACHO OIMCAHHON BbIIEe Ipy0oil MOJEIN Ha BXOZ,
6JI0Ka TIOCTYMAET [0 TEKYIIEMY COCTOSHUIO Gin, = (Qin1, - - - Gin k), TOTIA TIEP-
Boe ciiaraemoe B (hopmyiie (2) Jist Gou¢ PEATU3YETCsl coieyoniei (hbopMyIioii:

4
S
1
<3
—~
>
~—~
o
3
o
¢
V2]
o
SN—
S~—
—
|I>w
—~
<
.
3
S
S
o~
S~—
N~—
—~
>3

(aznj ~ ajt)) : qxfa
1

Host peanmsanuu jocrarouno k(14rn+7kn+7mn+10n) snementos. Bropoe
ciaraemoe peanusyercst hbOpMyIIOii:

JUtst peasiu3aIiuu JI0CTaTOIHO k2 snemenros. Toraa

Gout = (u%\/u% . 7“]19\/“%)

st peanmzanun gocrarouno k(14rn + 7kn 4+ Tmn + 10n + k + 1) siemenTos.

Hakomerr, corjiacHO OIMCAHHOMN BbIlIe rpyboil MOJIesn Ha BXOJ, 610K 110~
CTYTIAeT IO TEKyIIeMy MOJIOKeHIO TOMOBKE lin = (lin1, - - -, lin (2r41)), TOTA
nepBoe caaraemoe B dpopmyiie (3) jist Ly, CONJIACHO KOJUPOBKE CJBUTA KO-
JINPOBKYM HOMEPOB sIY€eK DPeajiM3yeTcsl MOCIeI0BATETbHOCTBIO CJIeLy FOIIIX
dopmyi:
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gi(sla--'352r+1):Siv5i+1a izl,...,QT.

92r+1(815 - - -5 82r41) = 52741
hi(sl,...,52r+1)zsi,l/\si, 1=2,...,2r+1.
hl(sl, .. .,827«4_1) = 81.

fieldi,da, s1,. .., s2r41) = (1d1¢)d2egi(s1, - - -, S2r41) V
V die(ldae)hi(s1, ..., s2041) V diedays,

1 n 2r+1 k ,
v; = V(A (linj ~$5)) - (A (@inj ~ djy))
t=1 j=1 7j=1
(A (@inj ~ ajt)) - fi(di,da, s1,. .., S2r41),
=1

i=1,...,2r+1.

Juisi peanusanuu 9Toi MOC/IeI0BATETLHOCTH (hOPMYJI JIOCTATOIHO (21 +
1)n(18r+7k+7Tm+24) snementon. Bropoe ciaraemoe peammsyercst hopMyIIoii:

k

02 =lini - N (Ginj ~ 1),
j=1
i=1,.. .2 +1.

s peamuzanuu jgocrarouno (2r + 1)k smementos. Torma

lout = (U% Vv%a cee U%r—&-l var+1)~

Host peanmusanuu pocratrodso (2r+1)(18rn+7kn+Tmn+20n+k) sinemenrtos.

Ha Bx0j1 BTOPOro 6/10Ka MOCTYIAIOT Gy = (Qony1s- -+ Qo e) € KAXKIO-
ro 6/I0Ka TEPBOTO psifia Mapbl, 37eCh w — HOMEp Ojoka, w = 1,...,2r +
1,BbIOUpaeTCcst MAKCUMYM (ot — TEKYIIEE COCTOSTHIE MAIUHBI TI0 Iy OIeit
dopwmyire:

2r+1
— w y —
QOU”_ \/ Qout is ’L_lv"-ak'
w=1
s peanuszanun gocrarodno k(2r + 1) smemeHTOB.
w — w w
AmajiornuHo, Ha BXOJ| BTOPOI0 OJI0Ka IOCTYIAIOT Ly = (10,1, 1%, 1) €
KaXKJI0T0 OJIOKA IEePBOTO Psifia Maphl, 37ech w — HOMep Ooka, w = 1,...,2r+

1,BbIOUpaeTcs MAKCUMYM Loy — TEKYIIEe MMOJIOZKEHIE TOJIOBKH 110 CJIeIyIOIIei
dopwmyie:
2r+1
— w .
Lowti= V 1%, i=1,...,2r+1.
w=1
s peamzanun gocratodno (2r + 1)? smemenTos.
Tenepb BTOPOIt psiyt oce aei napsl psiios cxembl. Popmyina (4) 11t oyt
peasim3yeTcsi caeayroIeit hopMyaoii:
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2r+12r+1
aouti = ' N\ (ling ~ 55)a3,;

CJI0)KHOCTB TIOJIyYEHHOU CXEMBbI €CTh IIOJIUHOM OT 7, M, k.

Paccmorpum BrOpyio 3amady. IlycTh ecTh ajroputm peleHus: 3a/1a4u.
[Iycrs andaBuT cooTBeTCTBYIONEH MAMUHBI T HIOPUHTA COJAEPIKUT CHMBOJIBI
0 u 1. B nagasbHbIl MOMEHT HA JIEHTE TPUCYTCTBYIOT TObKO 0, 1 u mycroit
cumBoJI. Kak ObIIO CKa3aHO B HavaJie, U3BECTHA BEPXHsIS OIIEHKA UUCJIA IIaroB.
HyCTb opn J'IIO6BIX SHAQUYEHUAX IIapaMeTpOB 3a/Ja491 Ha JIEHTE BXOJIHbIC CUMBO-
JIbI 3aHUMAIOT (PUKCUPOBAHHOE YUCIO siueeK. BribpaHa KonupoBKa ajidaBuTa
qucyamu 0 u 1 Kak B mepBoil 3a7ade. MarnHa Bcerjja OCTaHABINBACTCS B 3a-
KJIIOYUTEJIbHOM COCTOSHMU U COJEPKUMOE cOoOTBeTcTBYIomei aueiiku 0 uam 1.
9T0ﬁ MalllnHEe ITOCTaBUM B COOTBETCTBUE CXEMY U3 (byHKILI/IOHa.HbeIX JIEMEH-
TOB. BX0/10B y cxeMbI Oy/I€T CTOJIBKO, CKOJIBKO B HAYAJILHBI MOMEHT CHUMBOJIOB
0 u 1 Ha nenre. /lasiee B cxeme IIPOU3BOJIUTCS 11€PEXO/T K CXEME OITMCAHHOMN
B 11epBoii 3aj1a4e: kKopupyores 0, 1 u mycToit CUMBOJI COIVIACHO BBIOPAHHOM
KOmpoBKe. JI71s1 KOAMPOBKY BBIOMPAETCS KOJIMYECTBO A9€EK JIEHTHI MCXO/Is
U3 BepXHEHl OIleHKH 4ucja maros. Jlajgee crpourcs: cxema, Kak B IEPBOit
3ajgade. Ilocsie mosrydenus orsera — Kojia 0 mwin 1, TporCXoauT Iepexo oT
KoJla K Kojupyemomy cumBosty O wm 1. Ecaun anropurm nosmnomuasies, To u
cxema moJimHOMEIAbHA. CJI0KHOCTD 9TOi CXeMbI HE MEHBIIIE, YeM CJIOZKHOCTH
MHUHAMAJIBHON cxembl. CJieTOBATEILHO, €CJIN AJTOPUTM TOJTUHOMHUAJIEH, TO
U MUHUMAJIbHAS CXeMa MojinHoMuajbaa. O6parHo, 1o Jio0oil cxeMe MOXKHO
[IOCTPOUTHL MaIuHy ThIOpUHTA, TPUIEM, €CJAU CXeMa IOJTUHOMHUAJILHA, TO
u MarmunHaa ThIOpUHTa MOJUHOMUATIbHA. Kean MUHIMAILHBIN aJIrOpUTM He
IIOJIMHOMMAaJIEH, TO IIpU yCTaHOBHeHHOﬁ CHUCTEMbI KOJIMPOBKHN MHUHUMAJIbHAA
cxema He MOXKEeT ObITh HOJUHOMUAIBHON. OTHOCUTEIHLHO TIOCTPOEHUS 110 CXEME
MaIllMHBI MO2KHO IIOCMOTPETH [1] ITo Bompocy orpejiesieHus CJIOXKHOCTU MUHU-
MAaJILHOMN CXeMBI JIJIsl U3BECTHOM Oy/IeBCKO (DyHKIMM MOYKHO TIOCMOTDPETH [2| 1
CKOPPEKTHPOBATL HA YACTHYIHYIO OYJIEBCKYIO (DYHKINIO, KOTOPas MOABJISIETCS
IpA KOJAUPOBAHUU.
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Implementation of algorithms by schemes of functional elements
Nosov M.V.

In this paper, a scheme of functional elements for a Turing machine is
constructed while maintaining the polynomial condition, if the machine
possessed such a property.

Keywords: Turing machine, a scheme of functional elements.
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K cBenmenunro aBTOpoB ImyOamnKaluii B >KypHaJie
«HTeNnneKkTyasbHble cucTeMbl. Teopusi 1 NPUJIOXKEHUS »

B coorercrBun ¢ Tpebopanusimu BAK P® k uzganusiM, BXOASIIUIM
B IEpeYeHDb BEIYIINX PEIEH3UPYEMbIX HAYIHBIX YKYPHAJIOB W WM3IAHUI,
B KOTOPBIX MOI'YyT 6I)ITI) OHy6JII/IKOBaHbI OCHOBHbBI€ HQYYHbIC PE3YyJ/IbTaTbl
JICcepTaIyii Ha COMCKAHUE YIEHON CTENeHn JTOKTOpa M KaHIIIaTa HAyK,
CcTaTbu B 2KypHaJI <<I/IHTe.H.HeKTya.HbHI)Ie CUCTEMBI. TeOpI/Iﬂ n 1IpuJjIozKe-
HHUsT» TIPEJOCTABIISIIOTCS ABTOPAME B CJIEIYIONIeit (hopme:
1. Crarbu, Habpanrnbie B nakere WTEX, mpeocTaBiisiioTes K 3arpy3Ke ue-
pe3 WEB-dopwmy http://intsysmagazine.ru/generator form .
2. K crarbe npuiaratorcst haiijibl, cojiepKalliye Ha3BaHUe CTATbU Ha PYC-
CKOM M aHTJINHCKOM A3bIKaX, aHHOTAIIUIO Ha PYCCKOM 1 AHIJINHCKOM $I3bI-
kax (He Gosiee 50 CJIOB), CIIMCOK KJIIOUEBBIX CJIOB HA PYCCKOM U AHTJIHM-
ckoM si3bikax (He 6ostee 20 csioB), nadopmanus 06 apropax: @.11.0. nos-
HOCTBIO, MECTO PAbOTHI, JIOJIZKHOCTD, y9YeHast CTEIeHb U/ 1In 3BaHue (ecim
umeercst ), Jyuisi actiupanTo PVIO HaydHOrO pyKOBOAUTEISI, KOHTAKTHBIE
resteoHb (€ KOIOM TOpOo/ia M CTPaHbl), e-mail, MoYTOBbIIT aIpec ¢ MHIeK-
COM ropojia (JJOMaIHU{i MM CJIyKeOHBIIA ).
3. Crmcok simrepaTypbl 0OOPMIISIETCS B €IUHOM (popMaTe, YCTaHOBJIEH-
HOM cucreMoit Poccuiickoro nujekca HaydHOro rurupoBanns. CIincoK Ha
DPYCCKOM sI3BIKE TIPUBOJIUTCS B KOHIIE (haifia ¢ TEKCTOM CTATHHU, B TO BPEMsT
KaK CIIMCOK, TIePEBEICHHBIN Ha AHTMIMACKUN S3BIK, TPUIATAETCS OTIE/Ib-
HBIM (DaitioM.
4. 3a nybsukaruioo crareit B KypHase «VHTe/IeKTyabHbIE CUCTEMBI.
TeOpI/IH n IIPpUJIOXKEHUAg» C aBTOPOB (B TOM YHCJIE€ aCIIMPAaHTOB BBICIIINX
yueOHBIX 3aBejleHui) craTeil, PEKOMEH/IOBAHHBIX K IIyOJIMKAIMH, ILIaTa
He B3UMaeTcsi. ABTopaM OeCIIATHO IIPEIOCTABJISIETCsT HOMED >KypHAaJIa,
B KOTOPOM BBINIIA CcTaThs. 2KypHana pacrnpocTpaHseTcst Mo TOMIINCKE,
IK3EMILJIAPDBI 2KYPHaJIa PACChLIaIOTCA IMOAIUCINKaAM HaJIO2KEHHBIM IlJIaTe-
JKOM. YcjaoBust nofnucku mybsmkyores B karajgore HTU «Pocmeuarny,
WHJIEKC KypHaIa 64559.
5. JlocTym K 97€KTPOHHON BEPCUM TTOCIEHErO BBIMIEIIEr0 HOMEPa OCy-
mectisiercst yepes HOB «Poccuiicknit nHmeke Hay IHOTO TUTHPOBAHUST .
Howmepa, BoImeimme panee, pasMeIanTcs Ha caiite

http://intsysmagazine.ru,

U JIOCTYT K HUM OecriaTHbIn. TaMm ke OyJIyT pa3MenieHbl MOJIHbIE TEKCTHI
BCEX IYOJIMKYEMBIX CTaTell.
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