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Agexcanap Hoxaposuu

AXBJIeIUAHUA

B nannoi padore Ha 0a3e «OCHOBHOIO NMPUHIIKAIA
A3IHCKOM  JIOTMKM»  BbIIAKOIIErocss SIMOHCKOIO
¢uanocoda, noxkropa Haiicony Tarirapo Cyasyku ,
¢popmynupyroress u  AokasbiBawTcea  «Bocemb
NPUHLUIOB AHAJMTHYECKON /A3HCKOM JIOTHMKU».
/loka3aTeabCcTBO YIOMSIHYTHIX NPUHIUIIOB
OCYLIECTBJIACTC  Ha  OCHOBE  KJIaCCHYeCKOu
(popMasIbHON  JIOTMKH  HYJIEBOIO HOps#AKa €
HCIOJIb30BAHNEM BbIYUCIUTENbHON JIOTHYECKOM
nporpammbl Matematudeckoro makera MATCAD.
Ha ocHoBaHMH KJjaccu4eckoro ¢GopmMajbHOIo
HCYHUCJIeHUs] BbicKa3biBaHuii ['mib0epra mokazaHo
KOHCTPYKTHBHOE CYLIeCTBOBAHME JIOKAJbHBIX J33H-
JIOTHYECKUX IMPOCTPAHCTB.



BOCEMb IIPUHIIUIIOB
AHAJIMTUYECKOM JI39HCKOM JIOTUKU

A.H. AXxBJ1eauanu

alexanderakhvlediany @yvandex.ru

AHHOTAIUA

B nannoit pabore Ha 0aze «OCHOBHOrO NPUHLIMNA JI3IHCKOH JIOTHKH» BbIIAIOIIET0CS
snoHckoro ¢uiaocoda, nmokropa Haiicony Trirapo Cym3ykm ¢opmyaupyroress |
A0Ka3bIBAKOTCA «BoceMb NPUHUMIIOB AHAJIMTHYECKOH JA39HCKOM JOTHKN». JloKa3aTe/bCTBO
YINOMSIHYTBHIX IPUHIMIIOB OCYIECTBJISIETCS] HA OCHOBE KJaccuyeckoil (popMasibHOM JTOTHKH
HYJIEBOTO MOPSIAKA € MCHOJb30BAHHEM BbIYMCIUTEJIbHONH JIOTHYECKOH NPOrpaMmbl
maTtematudyeckoro makera MATCAD. Ha ocHoBaHMH KJjaccHueckoro (popmMajabHOro
HCYHUCJIEHHs BbICKa3biBaHMil ['miab0epra mnoka3aHO KOHCTPYKTHBHOE CYIeCTBOBaHHUE
JIOKAJIbHBIX I39H-JIOTHYECKUX MPOCTPAHCTB.

B paGote /1/ Ob110 MpencTaBIeHO OMMCAHUE BHIABHHYTOTO BBIJAIOIIMMCS HACTABHUKOM (POCH)
yuenusi JI33H oOokmopom Jaiicoyy Trumapo Cyo3yku CIEQyIOUIET0 MapagoKCaIbHOTO
«OCHOBHOIO MPHUHIMIA J39HCKOW JIOTMKW», KOTOPBIM IO CYTH Jeia SBISETCS OCHOBHBIM
apXeTUIIOM J39HCKOT0 00pa3a MbIIIICHUS:

OCHOBHONM NPUHIMI I3)HCKOM JOTHKH

«Z ecmb He - Z», u ecneocmeue yimozo «Z ecmov Z».

PaccmoTpum 6a3oBbIe onpeneneHus, CBsi3aHHbIe ¢ «OCHOBHBIM TPUHITUIIOM JI39HCKOW JIOTHKH»
nokropa JI.T. Cyn3yku.

Onpeaesaenue A39H-JOTHYeCKOro 00LeKTa M A33H-J0rnuecKkux hopmyJa

,ZI33H-J102M'!€CKHM 00BbEKMOM HA3bIBACMCA MAKOI J102UKO-AHATUMUYUECKUTL 061;e1<m, onsa
Komopozo éblnojinaemca OOHO U3 cnedylomux COOMHOULCHUIL:

Z==Z (1)
7 o7 (2)

Coomnowenusa (1) u (2) nazvigaromcesa 03In-102udecKumMu hopmynamu.



OnpenesieHue A33H-J0THYECKOr0 KJIAacca UM MHOKECTBA

Knacc unu muoxcecmeo ZL Hazvliéaromcsa 03IH-102UHECKUMU, e€CIU 6 OMHOWIEHUU HUX
cyuecmeyrom 03IH-n0zuueckue gopmynot euoa (1) unu (2).

B pabore /1/ moka3aHo CyliecTBOBaHME B paMKax KJIACCMYECKOW TEOPUH MHOXKECTB J39H-
JIOTHUYECKUX KJIACCOB U JI33H-JIOTHYECKUX 00BEKTOB. IMEHHO TakuM J39H-JTOIMUECKUM KJIACCOM
apnsercd R - kiacc Paccena, KOTOpOMy COTBETCTBYET A39H-JOIMUECKHII OOBEKT, BhIpayKaeMblil
«ITapagoxcom Paccemna».

PaccmoTpenue BonpocoB, cBsi3aHHBIX ¢ «OCHOBHBIM MPUHIUIIOM JI39HCKOW JIOTUKH» TIOKTOpA
HN.T.Cym3yku Oyaem BeCTH B paMKax TJIOOQJIbHO HEMPOTHUBOPEYMBON  KJIACCHYECKOM
dbopMaIbHONM JIOTMKKA HYJIEBOTO Topsiaka. IlpuBenmeM OCHOBHBIE TIpaBUJia YHOMSHYTOU
JIOTUYECKOU CUCTEMBI B COTBETCTBUH.

B knaccudeckoit ¢opManbHON JIOTHKE HYJIEBOTO MOPSIKA JOTUYECKasi CTPyKTypa GhopMys Ha
MHO>KECTBE YHAPHBIX JIOTUYECKUX ONEpaLUii UMEET CIAeAYIOUINI BU:

YHapHble JIOTHYeCKHE ONlepaunu

X gl=() | g2xE(=) | g3 E (1) | g40)= (0) 3)
1 0 1 0
0 1 1 0

B Ttabnune (3) yHapHBIX onepauuii MPUHATH CIEAYIOIIME OOO3HAYEHHS: X — JIOTUYECKas
nepemenHas, gl(x) — ¢yHkuus orpumanus (Herauuu), g2(x) — ¢yHkuus toxkaecrsa, g3(1) —
TOXKJIeCTBEHHAs! (YHKIUS Jorudeckoi equHuilbl, g4(0) — ToxxaecTBeHHAs! PYHKITHS JIOTHYECKOTO
Hy1s. 0 u 1 — jorudeckue, TOXXJECTBEHHBIE HYNb U €IMHULIA COOTBETCTBEHHO.

OcnosHoul 3a0aueti J102UKU HY1e6020 NOPAOKA AGNAEMCS YCMAHOGNEHUEe UCMUHHOCIHO20
3HaAYeHUs: hopmybl, eciu onpeodenenbl UCUHHOCIHbIE 3HAYEHUSL BX00AUUX 8 Hee NePeMEHHbIX.
HctunHOCcTHOE 3HAaueHWe (OpMYyNbl B TaKOM cllydyae Ompenessercs MHAYKTUBHO, C Illaram,
KOTOpBIE HCIIONb30BAINUCH MPU MOCTPOCHUU (POPMYIIBI C UCIOJIB30BAHUEM TaOJIHIl UCTUHHOCTH
CBSI30K.



Kpurepuii npoTHBOPEYHBOCTH M HENPOTHBOPEYUBOCTH  (GopMyJa KJIACCHYECKOIO
MCUYUCJICHNS BLICKA3LIBAHMI

ITycte A — HekoTopas ¢opMylia KIACCHYECKOTO MCYHUCICHUS BBICKA3BIBAHUU, A X|,X2,...,Xy —
MepeueHb BXOSAIINX B HE€ MEPEMEHHBIX. Bbranucianm R, .. an(A) Ha MHOXECTBE BceX HAOOPOB
3HA4YE€HHUH 2, a,...,a, BXOAAIIUX B Hee nepeMeHHbIX. Ecau npu 3ToM Ry, .. an(A)=0, Ha Bcex
Habopax aj, a,...,a,, TO QopMyna A — npusHaemcs MmMoONCOECMEEHHO JIONCHOU UIU
MOHCOeCmEeHHO NPOMUBOPEUUBOU.

Ecnu xe cymectByeT HaOOp 3HAUCHUH MEPEMEHHBIX TaKOW, YTO YCIOBUE Ryjao. an(A)=1
BBITIONTHSIETCS XOTSI ObI B OJIHOM CIIy4ae M3 paccMaTpUBaeMbIX, TO Gopmyrna A — npusHaemcs
8bINOHUMOU U HENPOMUBOPEHUBOLI.

Kpurepuii 10xa3zyeMOCTH M HeAOKa3yeMocTH (opMyJa KjJaccHyeckoro ¢(opMaabLHOIro
MCYHMCJICHNS BHICKA3HIBAHMI

[Tycts A — HekoTOpas GopMyia KJIaCCHYECKOTO0 MCYUCIICHUS BBICKA3BIBAHUM, & X1,X2,...,Xp —
nepeyeHb BXOAIIUX B Hee MepeMeHHbIX. Bbruncianm R, .. an(A) Ha MHOXeECTBe Bcex HaOOpOB
3HA4YE€HHUH 2, a,...,3, BXOAAIIMX B Hee nepeMeHHbIX. Ecau npu 3toM R, .. an(A)=1, Ha Bcex
Habopax aj, as,...,a,, TO GopMyna A — TOXKIECTBEHHO WUCTHUHHA, MAaKdAs (opmyia npusHaemcs
00Ka3yeMoll.

Ecnmu xe cymectByer HaOOp 3HAYCHHMI MEPEMEHHBIX TaKOW, 4TO ycloBUE Ryj.o. an(A)=1 He
BBITIOJIHSIETCS , TO dopMmyna A — HE TOXIECCTBEHHO WCTHUHHAsS, makas (hopmyia npusHaemcs
HeooKa3yemoll.

[Iponiecc mokazarenbcTBa IpelaraeéMbIX HIDKE «BOCbMH TNPUHIMIIOB aHAIUTHYECKOM
I39HCKOM  JIOTHKH»  COMNPOBOXKJIACTCS  JIEMOHCTpallMed  JOKa3aTelnbCTBA  CPEICTBAMHU
BBIUUCIIUTENILHON JTIOrHYecKoil mporpaMmel MatremMatudeckoro nakera MATCAD.

IlepBbIii HPUHINT AHAJTUTHYECKON A3YHCKOH JOTHKH

OcHo6HOII NPUHYUR 03IHCKOIUL J102UKU «A ecmb He -A», u eciedcmeue Imozo «A ecmv A» 6
dopmynuposxke ooxmopa laiicouyy Tramapo Cyosyku saensemcsa 00Ka3yemoil 102Uu4ecKoil
dopmynoii 6 pamkax co8peMeHHOIl KNACCUUECKOU OPMATbHOIL 102UKU HY1€6020 NOPAOKA.

JlokazaTenbCTBO

B coorBeTcTBHE C npaBujiaMu, OHNPCACICHHBIMU Ha MHOXCCTBC YHAPHBIX JIOTUYCCKUX
oTepaInii KI1acCHueckoi popMaabHOM JIOTHKU HYJIEBOTO MOPSIKA UMEEM:



. 0
W O )

1
=[(A=—=A), (A= A)] :(1) @)

@opmyiisl (4) 1 (5) 10Ka3bIBAIOT C(HOPMYITUPOBAHHOE HAMH YTBEPIKICHHE.

«[lepBpIif MPUHIUTT AaHATUTUYESCKOW JI39HCKOW JIOTHKW» U aHamuTH4ecKas Gopmyna (5) maroT
BO3MOXXHOCTh  C(hOpMYIHpOBaTH  CICAYIONIYIO, TpeiaraeMyl0 HIKE HHTEPIPETAILUIO
«OCHOBHOTI'O IPUHLIMMA A39HCKOMN JIOTUKHU»:

BTopoii npyuHIMO aHAJIUTHYECKON A3IHCKOH JOTHKH

«OCHOBHOU NPUHYUR 03IHCKOU JIOZUKU» UMEEm CeOYIOuYI0, AHATUMUYECKU 00KA3YeMYI0
UHmMepnpemayuio:

«/[39H-102uveckan (opmyna eneuem 3a coooil «3aKoH MOIHCOECMEA» KIACCUUECKOU
dopmanvroi nozuxku».

ChopmynupyeM U JOKaKEM TPETUM MPUHIIUAT aHATUTHIECKON A39HCKON JIOTUKH.

TpeTHnii IPUHINI AHAJTATHYECKON A3IHCKOH JOTHKHU

«OCHOGHOUI npuHYUn O03IHCKOU J102UKU» RO  UCMUHHOCMU J102UYECKU pPA6eH «3AKOHY
moosicoecmea» Knaccuueckoul opmanbHol 102UKU.

Jloka3aTenbCTBO

B coorBercTBHM ¢ MpaBWJIaMH, OMNpEAENEHHBIMH Ha MHOXXECTBE YHApPHBIX JIOTHYECKHX
oTepanuii KI1acCHuecko popMaabHOM JIOTHKU HYJIEBOTO MOPSIKA UMEEM:

a=(3)
=, (©)

1
[[=[(A=—A),(A= A)]] = (A= A)] =® (7

YeTBepThlii TPUHINI AHAJTHATHYECCKONH A3DHCKOH JOTHKH

Ompuyanue «OcHo8HO20 NPUHUURA O3IHCKOUL I02UKU» IKGUGATIEHIMHO OMPUUAHUIO «3AKOHA
mMoXc0ecmea» Kaaccuieckoi popmanbHoil 102UKU.



Jloka3aTenbCTBO

B coorBeTcTBHH C npaBujiaMu, OHNPCACICHHBIMU Ha MHOXCCTBC YHAPHBIX JIOTUYCCKUX
oTepanuii KI1acCHuecko opMaabHOM JIOTHKU HYJIEBOTO MOPSIKA UMEEM:

a=() ®)
1

1
S[=[(A=-A),(A=A)],~(A=A)] = (J 9)

Jns pganbHEHIIero W3JI0KEHHsS HaM HEeOoOXOJMMO pacCMOTPETh MOHSTHUS H3oMopdu3Ma u
aBTOMOp(HU3Ma KJIACCOB U MHOKECTB.

Onepeneaenne nzomophuszMa KiaaccoB (MHOMKECTB)

Ilycmpo oanwvl 0ea knacca(muoixcecmea) A u Al u ¢ Kaxcoom u3z 3mux Kiaccoe (MHoOICeECmas)
onpeoeneno no 00HOU (He o00a3amenbHO O00HOUMEHHOU) Ounapnoi onepayuu. Knaccot
(mnoxcecmea) A u Al Hazviearomcsa u3OMOp@PHBLIMU, eCIU MeHCOY IIEMEHMAMU IMUX
Kaccog (MHOMCECME) MOMCHO YCMAHOBUMb 63AUMHO OOHO3ZHAYHOe omodpadcenue f,
coxpauaouiee OuUHAPHYIO onepauulo, a UMeHHo: ecau Inemenmul al,bl w3 kKnacca
(mnoxcecmea) Al, agnaomcea oopazamu rnemenmos a u b uz knacca (munorxcecmea) A, mo
albl ecmwb oopa3z snemenma ab.

N3BecTHO, uTO M30MOp(]HBIEC KIIACCHI HEOTIUYUMBI ¢ TOYKH 3PEHUSI CBOMCTB OIepaluii — BCe,
YTO MOXET OBITh JOKa3aHO JUIsl OJHOTO Kjacca ¢ HEKOTOpOW OWHAapHOHW orepanued Ha
OCHOBaHUU CBOWCTB OTOH omepamnuu, HO 0€3 WCIOJIB30BAHUS NPHUPOILI ITOTO Kiacca,
aBTOMAaTHYECKH MOKET OBITh NMEPEHECeHO Ha M30MOp(hHBIE KiIacchl. BenmeacTBue 3Toro moHsTHe
n3oMop(u3mMa MO3BONISIET OTBIEYLCS OT MPUPOILI IIIEMEHTOB KIIACCOB, o0paias OCHOBHOE
BHUMaHHE Ha U3y4YE€HUE CaMUX OMHAPHBIX ONEpaLuii.

Omnepenenenne aBToMop¢u3Ma KIaccoB (MHOKECTB)

Aemomopghusmom knacca (muoxcecmea) A Hazvieaemcsa u3zomMopgusm, omoopaxcarouiuii
Knacc (muoscecmeo) A na ceos.



PaccmoTpeHHble BbIlIe MOHATUS H30MOp(H3Ma U aBTOMOpPGHU3MA KJIACCOB WM MHOXECTB
MO3BOJIsIET CHOPMYIUPOBATh W JOKA3aTh CIEAYIONUNA aHAIMTHYCCKUN JI33H-JIOTHUECKHUI
TIPUHIIUII.

IIaTLIi NPUHIUAT AaHAJIUTHYECKON A3DHCKON JOTHKH

Koncmpykmueno cyuiecmeyem MHOMCECHE0 YHAPHBIX O03IH-102UYECKUX onepavuil,
ABMOMOPPHBIX MHOICECMEY YHAPHDBIX J102UHECKUX ONepauuil Kiaccuveckoil hopmanvHoil
JI02UKU HYN1e6020 nopaoka. Kayxcoaa nocuueckasa popmyna knaccuueckoii (opmanvhnoii
JI02UKU H)J1€6020 NOPAOKA HA MHOMCECMEE YHAPHBIX J102UYECKUX Onepayuil, moixcem 0bvimo
UHMEPNPEMUPOBAHA 8 MEPMUHAX 03IHCKOU JI02UKU RPU YC/I08UU COXPAHEHUA OMHOWEHUA
asmomopusma.

Jloka3zaTejbCTBO

Jns  nokaszarenbcTBa C(HOPMYIMPOBAHHOM BBIIIE TEOPEMBI JOCTATOYHO IPEoOpazoBaTh
(opManbHO JTOTHYECKU SKBUBAIEHTHBIM 00pa3oM Taduauuy (3) yHapHBIX JIOTHYECKUX ONEpPaIHii
KJIaCCUYECKOH (pOpPMaTIbHOM JIOTUKU HYJIEBOTO MOPSJIKA CICAYIOIINM 00pa3oM:

J(33H-JI0THYeCKHe YHAPHBbIE JTOTHYeCKHe ONepannu

X glx)=(0) | g2xE(=) | g3 = () | g40)= (0)
Z=—Z 1 0 1 0 (10)
Z=7 0 1 1 0

U3 comocrasienus Taomaunel (10) ¢ Tadoaumeii (3) , MBI BHAUM, YTO MHOXKECTBO J33H-
JIOTUYECKUX YHApHBIX oOmepanuil aBTOMOP(HO MHOXKECTBY YHApPHBIX JIOTUYECKUX OTNepanuit
KJIacCUYeCKOU (popManbHOM JIOTHKK HYJIEBOTO MOPSAAKA. A 3TO B CHIIy ONPEACIICHUS U CBOMCTB
OTHONICHUH u30oMophu3Ma U aBTOMOp(H3Ma KIACCOB M MHOXKECTB O3HA4aeT, YTO KaKIas
norudeckas GopMylia KIacCU4Ieckol popMallbHOM JIOTHUKU HYJIEBOTO MOPSIKA, ONpeIeTIeHHAs Ha
MHOXKECTBE YHApPHBIX JIOTMYECKHX ONepaluidi KJIACCHYeCKOW (OpMaIbHOH JIOTMKH HYJIEBOTO
MOPSAZIKA, MOXET OBITh MPOUHTEPIPETUPOBAHA B TEPMHUHAX A3IHCKOW JIOTHUKU, TPU YCIOBHH
COXPAaHEHHUS OTHOILIEHUS aBTOMOpdHU3Ma MEXIy CaMHUMH JOTHYeCKMMH GopMylaMu U HX
COOTBETCTBEHHBIMM 3JIEMEHTAMH. Teopema JTI0Ka3aHa.



HlecToii NPUHINI AHAJTUTHYECKON A3IHCKOH JOTHKHU

Koncmpykmueno  cywecmeyem MHOMCECHME0 OUHAPHBIX O03IH-T02UYECKUX ONnepayuil,
ABMOMOPPHBIX MHOMHCECMEY OUHAPHBIX J102UYECKUX ONEPaAyull Kaaccuieckoil hopmanvhoil
JI02UKU HYN1e6020 nopaoka. Kayxcoaa nocuueckasa opmyna knaccuueckoii (opmanvhnoii
JI02UKU HY1€8020 NOPAOKA HA MHOMCECMEE OUHAPHBIX 102UYECKUX Onepayuil, - Moxcem Obimb
UHMEPNPEMUpPOana 6 MepMUHax 03IHCKOI J102UKU NPU YCI06UU COXPAHEHUA OMHOUWEHUA

asmomopusma.

Jloka3aTejbCTBO

Jlis mokaszarenscTBa CHOPMYITMPOBAHHON BBIIIE TEOPEMBl HEOOXOAMMO PAaCCMOTPETH CIIepBa
MHOECTBO OWHAPHBIX JIOTHYECKUX OMNeparuii KIacCHuecKol (HOpMaJbHOW JIOTHKH HYJIEBOTO
TOPSIIKA B COOTBETCTBUY C MPUBEACHHOM HIKE TAOJIHUIICH.

bunapHble Jiornyeckmne onepanumn

x|y| [F,&n [ Exy | By | F&y | Fay | F &y | Fxy) | Fxy)
0 0 1 0 1 1 1 1
0 1 0 1 0 1 0 1
0 1 0 1 1 0 0 1
1 1 1 0 1 1 0 0

F,)) | F(6y) | F0)) | Fo(0)) | Futy) | Fu(y) | Faxy) | Fi(xy)
0 0 1 1 0 0 1 0
0 1 1 0 0 1 1 0
1 0 0 1 1 0 1 0
0 0 0 0 1 1 1 0

X Uy — JIOTUICCKHUC IICPCMCHHBLIC,

(11



0 u 1 — noruyeckue ,TOKIECTBEHHBIC HYJIb U €IMHULIA COOTBETCTBEHHO,
Fi(x, y) — xoubronknus (F (X, y) = x&y = x/\y = min(x, y)),

F,(x, y) — mussronknusd (F (X, y) = xVy = max(x, y)),

F 3(x, y) — skBuBaneHTHOCTD (F 3(X, y) = Xrwy = X=y = X+—Yy),

F 4(x, y) — cymma o monyimio 1Ba (F 4(x, y) = X'EB'y),

F 5(x, y) — ummikanus ot y k X (F 5(x, y) = xe—y = x(y),

F (X, y) — ummmikanus or X K y (F (X, y) = x—y = x_y),

F 7(x, y) — crpenka ITupca = dyukuus Jlarrepa = Gyukuus Be66a

(«anTuaU3bIOHKIUS») (F 7(X, y) = le).
F s(x, y) — mrpux Ileddepa («antukonbionkmms») (F g(x, y) = X|y),
Fo(x,y), F 10(X, y) — unBepcuu umrukauuii Fs u Fg,

F 11— F 14 — GyHKIIUM TOJNBKO OJHOTO apTyMEHTa,

F15(x, y), F16(X, y) — ToXmecTBa

Tenepr mnpeobOpazyeM ¢GoOpMaTbHO JIOTHYECKH SKBUBaJEHTHBIM oOpaszom Tabaumy (11)
VHApHBIX JIOTHYECKHX OIEpaIfii KIaCCUYECKOW (OpMAbHOW JIOTUKK HYJIEBOTO TOPSIKA C

COXpaHEHHEM aBTOMOpP(HU3Ma JIOTHUECKUX (POPMYII CISAYIOMUM 00pa3oM:

J33H-j10rHYecKHe OMHAPHBIE JIOTHYeCKHe ONepanun

X y F, F; F; F4 Fs Fe F7 Fg
Z=—Z | Z=—Z 0 0 1 0 1 1 1 1
Z=—Z | Z=27 0 1 0 1 0 1 0 1

Z=7Z |Z=—Z 0 1 0 1 1 0 0 1
Z=7 Z=Z7Z 1 1 1 0 1 1 0 0

X y Fo | Fuo Fn Fi2 Fi3 Fiq Fis Fi6

Z=—Z | Z=—Z 0 0 1 1 0 0 1 0

(12)



Z=—Z | Z=Z 0 1 1 0 0 1 1 0

U3 comocraBiaenns Tadomauubl (11) ¢ Tadaumei (12) , MBI BUIMM, YTO MHOMKECTBO JI33H-
JIOTHYECKUX OMHAPHBIX OMepanuii aBTOMOP(PHO MHOXKECTBY OMHAPHBIX JIOTHUECKUX OIEpaLnit
KJIaCCUYECKON (pOpPMaJIbHOM JIOTUKU HYJIEBOTO MOPSAIKA. A 3TO B CHIIy ONpEAETICHUS U CBOMCTB
OTHOLICHUH Hu30MOp(pH3Ma M aBTOMOp(GHU3Ma KJIACCOB M MHOYKECTB O3HAYaeT, 4TO Kaxjaas
joruueckas Gopmyna KIacCuueckoi (popManbHOM JIOTMKK HYJIEBOIO MOpsAKa, ONpeeIeHHAs Ha
MHOXECTBE OMHApHBIX JIOTMUYECKUX OIepaluil Kiaccudeckod (hOpMalbHOM JIOTMKHM HYJEBOTO
Nopsika, MOXET OBbIThb HMHTEPNPETHPOBAHA B TEPMHHAX [J39HCKOM JIOTMKH, IPU YCIOBHH
COXpaHEHHs OTHOUICHUS aBTOMOpP(U3MA MEXKIy CAMHUMH JIOTMYECKUMH (GOpPMYJIaMH U UX
COOTBETCTBEHHBIMM JIEMEHTaMHU. Teopema J0Ka3aHa.

Jlst manmbHEHIIero u3I0KEHUs HaM TTOHAT00STCsI CIEAYIOIINE ONPEACIICHHS.

OnpenesaeHyue IBHOM JOrnuecko hopmMyJibl

Aenoii nozuueckoit opmynoit Ha MHOMCECMGe M - APHBIX JIOZUYECKUX Onepayuil
Klaccuueckoil popmanvHoil 102uKu Hy1€6020 NOPAOKA HA3bI6AemMCA (hopmyna euoa:

G<xj> = g<x1,...,xj,...xj> (13)

B OO0IIEM ciiyyae BbIpAXKaolasi JIOTHUECKYI0 (DYHKIIMOHAIBHYIO CBS3b MEXKIY JIOTMYECKHUMH

apryMeHTaMHU <x ].> u ¢GyHKIUEH G<x ].> Ha OCHOBE NPHUHSATHIX B KJIACCHYECKOW (popMalibHOMN

JIOTUKC MPaBUII IPUMCHCHUS JIOTUUCCKHUX OIICPATOPOB.

Onpenenenue HesIBHOM Jornyeckoi Gopmy bl

Heagnvimu nozuueckumu opmynamu Ha MHOMCeCmEe M - APHBHIX JNO2UYECKUX ONeEpavuil
Klaccuueckoul (popmanvHoil 102UKU HY1€6020 NOPAOKA HA3bIEAIOMCA (hopmynbl euoa:

g<x1,...,xj,...xj>=1 (14)

g<x1,...,xj,...xj>=O (15)
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N3 paccmotpenust hopmyn (13)-(15) MOXHO cenaTh BBIBOJ, UYTO CYIIECTBYIOT ONpeIeIeHHBIE
pasnuuus MEXIy SBHBIMH M HESIBHBIMM JIOTMYECKMMH (GopMylnaMH. A HMMEHHO, IIpHU
OIpEJICJICHUN SIBHOU JIOrHuYeckoi (hopMysibl ObLI MPUMEHEH JIOTMUYECKUI OnepaTop TOXKJECTBa,
TOTJa Kak MpHU ONpeeNieHH HESIBHOM JIorndyeckoi (opMysbl NMPUMEHEH ONEepaTop pPaBeHCTBA
3HaYeHUH MCTUHHOCTH, a 3TO O3HAYaeT, YTO paccMaTpuBaeMasi HEsBHas JIOTMUYecKas ()yHKIIHS
OIpeieNIieT MHOXECTBO KOMOWHAIMHA JIOTHYECKUX apryMEHTOB, YIOBJIETBOPSIONIUX JAaHHOMY
paBeHcTBY. B wactHoM ciydae gpopmynsl (14) u (15) MOTyT IpUHUMATH CIIEAYIOIIUNA BU:

g<x1,...,xj,...xj>sl (16)

g<x1,...,xj,...xj> =0 a7

Onpenesenue JOrndecku HHBepcHoi GopMyJILI

Jna ¢popmynwt (13) nocuuecku ungepcuoil agaaemces hopmyna

ﬂg<x1,...,xj,...xj> (18)

Jlozuueckue popmynnt (14) u (15) aenaomca e3aumno no2uvecku uneepcuvimu. Jlocuueckue
dopmynvt (16) u (17) maksice a61a10mca 63auUMHO J102UYECKU UHBEPCHBIMU.

OnpenejieHne 001IEro TOMOJOTHYECKOI0 MHBEPCHOIO JIOTMYECKOr0 NMPOCTPAHCTBA M_€ro
IJIEMCHTOB

Obuwiee mononozuueckoe no Xaycoopy, umneepcnoe nozuueckoe npocmpancmeo SL

onpedensiemca HaA OCHOGAHUU 66€0CHUA ONEPaAUUU 3AMBIKAHUA HA MHOJMCECHmEe 6cex
n(n=1,..,m,.N)- apHblX J102udecKuUx onepayuii Kiaccu4ecKkoi @QopmaivHoil 102UKU

HY/1€6020 NOPAOKA. YNOMAHYmMAA Onepayusn 3amMolKanus onpeoenena cieoyruiem oopazom.

a. Kayxcooui nozuueckoit ¢hopmyne na Kaxcoom MHOMCECHI8e N APHBIX JO2UYECKUX
onepayuil cmagumcsa 60 63aUMHOO0OHO3ZHAYHOE COOMEENCMEUE N102UYECKU UHBEPCHAS
el hopmyna.
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b. U3 nynkma (a) HenocpeocmeeHHO cledyem, YUMo KA}HCOOMY NOOMHOMcecmey L
Jocuueckux popmyn muoxncecmea SL ecex nozuyeckux ¢hopmyn Kaaccuueckou
opmanvHoil NozuKU HYNE6020 NOPAOKA comeemcmeyem ezo 3ambikauue L .

c. SL - Hazvieaemca o00wumM mMONONOZUYUECKUM UHGEPCHBIM  RPOCHPAHCHIBOM
Kaccuueckoul (popmanvHoil 102UKU HY1€6020 NOPAJKA.

d. Jlocuueckue ¢hopmynst npocmpancmea SL nazviearomca ezo  0000uweHHbIMU
J102UYeCKUMU MOYKAMU UTIU RO UHOMY — €20 J1I02UYECKUMU I/1IeMEHMaMU.

e. Kayxcooe noomnoncecmeo L npocmpancmea SL  Hazvlieaemca moyeuHblM
J102UYeCKUM MHONCECHIBOM.

MHuoscecmeo nozuueckux ¢0pMyJ1 L nazeigaemcsa nocuueckum 3amoikanuem L.

s

8. Jlozuueckue mouku (ll./lll umo mo sce camoe — jaozuuecKue 3JleMeHMbl) Jo2uiecKkozo

3amulkaHua L Hazvlearomces jozuuecKkumu mouxamu CORPUKOCHOBEHUA MOUECUHO20
J102UYeCcK020 MHoMHcecmea L.

BBeneHoe Hamu ompeneneHHE W TOCTPOCHHE OOIIEr0 TOIMOJOTHYECKOTO JIOTHYECKOTO
npocTpancTBa SLTO3BONIIET paccMaTpUBaTh JOCTATOYHO LIMPOKUN CHEKTP BOIPOCOB,
CBSI3aHHBIX C U3YUYEHUEM JIOTUYECKUX M TOIMOJIOTUYECKUX CBOMCTB KJIACCHUYECKOU (hopMambHOU
JIOTUKH HYJIEBOT'O TOPSIAKA.

OnpenejieHne BHYTPEHHEr0 JIOKAJbLHOI'0 JIOTHYECKOr0 NMOANPOCTPAHCTBA B MPOCTPAHCTBE
SL

Ilycmy T Hexkomopasa ucmunnas nocuueckas popmyna nozuveckozo npocmpancmea SL,
cooepycawan noogopmynvr  X1,X2,...,XN. Tozoa, ecaru enympu Gopmynor T Ha

MHOYICecmee J102u4ecKux onepayuii, onpeoenennvix noogopmynamu X1,X2,.., XN,

6blNOJIHAIOMCA npaeuJia, onpedeﬂenuble 6 npocmpancmee SL, mo T - Ha3bleaemcA
GHYMPEHHUM JIOKATbHbIM J10CUUYECKUM nodnpocmpaucmeoM npocmpancmea SL.

OnpeaeseHne BHYTPEHHEr0 JOKAJILHOI0 HCTHHHO A39H-JOrHYEeCKOro IOANpPOCTPAHCTBA
npocrpancTea SL

Ecnu TZ aenaemca 6HYmMpPEHHUM  JOKATbHBIM  JI02UYECKUM  HOORPOCHPAHCHIEOM
npocmpancmea SL, codepycawgum noogopmynvt X1,X2,.... XN, u éHympu Hezo 6b61600umbl

Jlocuueckue gopmynst, ymeeprycoaouiue 00 UCMUHHOCMU 03)H 102U4eCKUX 00beKmoe, mo
noonpocmpancmeo TZ Hazvleaemcsa GHYMPEHHUM JIOKATbHbIM UCHMUHHO 03IH-T102UYECKUM
noonpocmpancmeom npocmpancmea SL.

Ha ocHOBaHMM NpUBEICHHBIX BHINIE OMpEAeIeHUN CHOPMYIHpPYyeM H JTOKaXKEM CIEIyIOIIee
YTBEPKIACHHUE.
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CeapMoOii NPUHINAN AHAJTHTHYECKON A3DHCKOM JOTMKH

B knaccuueckom ¢0thlJle0M ucuucienuu Fuﬂbﬁepma KOHCMPpYKmMUG6HO cyuiecmeyem
G6HympeHneee J10KaibHoeé UCHUHHO TZ 033H-n102uueCKUE nodnpocmpancmeo npocmpancmea
SL.

Jloka3zaTeabCcTBO

Jnst moxasatenbcTBa CHOPMYIMPOBAHHOM BBIIIE TEOPEMBI paccMOoTpuM Gopmyry (21),
MPUHAIJISKATYIO KJIacCHYecKoMYy (opMalibHy UCUHUCICHHIO BhIcka3biBaHui [ mibbepra. Umeem:

0
1 (19)
A =
0
1
0
0
B = (20)
1
1
=[(—A),=(A,B)] = 21

—_— =

B cooTBeTcTBMM ¢ mpaBWiaMH KJIAaCCHYECKOW (POpMaabHOM JIOTUKH HYJIEBOTO TOpsAJKA W3
conocTaBienus ¢opmyn (19)-(21) cnemyer, uro dopmyna (21) sBusercs aokazyemoil. B
COOTBETCTBHUHM C TMpaBHJIAMH KJIACCHUYECKOW (HOpPMAIIbHOM JIOTMKH HYJIEBOTO IOpSIKa
PACCMOTPCHHLIC BBIIIC (bOpMy.HBI C IMOMOIIBIO JIOTUYECCKU 3KBUBAJICHTHBIX OHepaHI/Iﬁ MOXHO
npeoOpa3oBaTh CIEAYIOIIMM 00pa3oM:

(22)

- O = O
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(23)

_— = O O

=[Z=—Z,=[Z=Z,(C=—C)=1]] = (24)

O GG

CrpykTypa nokazyemoii jorudeckoit GopmMyisl (24) IOTHOCTHIO COOTBETCTBYET ONPEIEICHUIO
BHYTPEHHEI0 JIOKAJIbHOTO HCTHHHO MI39H-JIOTUYECKOTO IMOANPOCTPAaHCTBA MpPOCTpaHCTBAa ZL .
CnenoBatenpbHO (opmyna TZ, normdecku paBHas dopmyse (24), sSBISAETCS BHYTPEHHUM
JIOKQJIbHBIM HMCTUHHO J39H-JIOTUYECKUM TMOJNPOCTPAHCTBOM TMpocTpanctBa ZL . Teopema
J0Ka3aHa.

Hoxazyemass ¢opmyna (24) mno3BossieT chOPMYIHPOBATH  CICAYIOIIEE  JIOTHYECKH
SKBHUBAJIEHTHOE i YTBEPK/ICHNE B TEPMUHAX JI33HCKOMN JIOTUKH.

BochLbMoil NPpUHINMI AHAJIUTHIECKON N39HCKOH JJOTHKH

B nokanvneix , ucmunno TZ 03IH-102UMecKUX RPOCMPANCMEax, U3 HEKOMOPOU 03IH-7102UUECKOlL
dopmyner  credyem, umo c@opmynupoGanHvlit GHYMpPU UCHIUHHO O03IH-]102UYECKOZ0
NPOCMPAHCMEA 3AKOH MOXHCOeCmea, eiedem 3a coO0ll UCHUHHOCIY OpY20il 03IH-T102UYeCKOU
dopmynel, omauunoit om nepeoil.

TakuMm o0Opa3oM, U3 MPEICTABICHHBIX BbIIIE MAaTepUAIOB CIEAYET, YTO BHYTPU KIIACCHUECKOU
(dbopManbHOW JIOTMKU HYJIEBOTO MOPsAKa, MOXKET OBITh MOCTPOCHA aHAIMTHUYECKas A3IHCKas
JIOTUKA, ¢ ©0a30BOM JIOTHYECKOH CTPYKTYypOH, aBTOMOP(HONW HCXOIHON KJIACCHYECKOM
(dbopManbHOMU JOTHKE HYJIEBOTO MOPSIKA.

Jlureparypa:
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nopraa «Opuduaammar. 2011.
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