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YK 510.662

TFTEOMETPUYECKASd MHTEPIIPETAIINUA ITPOITO3UIINOHAJIBHBIX ©OPMY.JI
B.B. Cysopos!

Wanaraercs MeTo[] JOTHYECKOTIO aHAMN3A, OCHOBBIBAIOIIMHACA HA TEOMETPUYECKON HHTEPIIPETAINH
TIPOTIO3UIINOHANLHBIX dopmya. Jlorudeckasa dpopMmyaa TpeJcTaBisdeTCa B BUe eINHUIHOTO THIED-
Kyba B OpTOroHAJIBLHOM 6a3lce ¢ Pa3MePHOCTBIO, paBHOW MecTHOCTH (popmydbl. [lokazeiBaeTcs, 1TO
aHaJM3 ceveHul KybHa MO MPOCTHIM BH3YaJbHBIM KPHTEPHUSM MO3BOJSET JOCTOBEPHO BBHIIEAATH JO-
rudeckne akcuoMbl. O6Cy XK 1aeTcsa BO3BMOXKHOCTD TIOCTPOEHUS B BEIYUCANTENBHON Cpefle WHCTPYMEH-
TaJAbHBIX CPEICTB /A BBIIOJHEHUA UCTUHHOCTHBIX ONEHOK (hOPMYJ 11O 3PUTENbHBIM KPUTEPUAM.

1. Beegenme. PazpaboTka MaTeMaTHIEeCKUX METOJOB A CO3AAHUA CUCTEM WCKYCCTBEHHOT'O WHTEN-
JeKTa Ha 6aze BBICOKONPOU3BOUTEIbHBIX BEIYUCIUTEIBHBIX YCTPOUCTB ABAACTCA aKTYATILHON W, BMECTE C TeM,
TPYAHOOCYIIECTBUMON 3anaden. MoXHO KOHCTATHPOBATE, 9TO UCMOAb3OBAHNE CYMEPKOMIBIOTEPOB A pelile-
HHUA 3a/1a9 TPOEKTUPOBAHNA, METEOPOJOTHH, PacHinppOBKH M'eHOMa WeJOBeKa W APYTHUX MPOEKTOB, MaciiTab-
HBIX TI0 COJIePKATEIHLHON TIOCTAHOBKE W TPeGyeMBIM BHITHCINTEILHBIM PECYpPCcaM, CBA3AHO, TIABHBIM 06pa3oM,
C BBHITIOJAHEHIEM OT'POMHOTO O06BeMa PYTHHHBIX BBIYUCAUTENBHBIX gedcTBUE. Hapsaay ¢ oTuM cieayeT oTwe-
THTH, 9T0 5 PEKTHBHOCTH KOMIBIOTEPHBIX CPEICTB MACCOBOTO PACTPOCTPAHEHHA JUIA PEIleHNA 3a1ad (Hay THO-
TeXHUYIECKNX, B c(pepe OU3Heca U B MOBCEJHEBHON KU3HH) 06eCednBAcTCA B HANOOMBIIEN CTEMEHN CPeJCTBAMMI
BU3yaU3AUuN WHPOPMAIUN W OCTEHCHUBHOT'O COCO6a MAHUIIYANPOBAHUA OOHLEKTAME, T.e. MyTeM Hemocpe-
CTBEHHOT'O MEJOCTHOTO BOCIPUATHA KaPTHHBI W BHIGOpa albTePHATHBHOIO BapuaHTa JEeHCTBHA.

CyliecTBEHHO TO, 9TO 3pPeHNe ABAAeTCA He TOJABKO allapaToM BOCIPHUATHA HHQOPMAINH, HE TOJBKO TTPO-
U3BOAUT OPeABAPUTEIbHYI0 06paboTKY I KOoAUpoBaHUe HHPOPMAINH, MTOCHLIAEMON B OT/IeJBI MO3Ta, HO U 06ec-
neduBaeT NpuHATHE >PPEKTUBHBIX PEIIeHNN B pealbHoM MaciiiTabe BpeMenu. [IpamMoli, He 0mocpeIcTBOBAHHBIH
JOTUKON AOCTYT K WHMOPMAINH U aKTyalbHOe HAXOXK JeHNe B €IHHOM TOJe 3PEHUA MHOTUX KOMIOHEHTOB TIPH-
BOJAT K >()eKTHBHOMY CHHTE3Y pelileHna B popMe “yapeHus’ pesyabrara. [71a3, TouHee ceTdaTKa (TaTHHCKOE
HasBaHWe — retina), Mo cBoeMy CTPOEHHIO — BBICOKOOPIaHM30BaHHAA HEPBHAA TKaHb, KOTOPAd, [0 BEIPAKEHIIO
leapMrodabna, sBASETCS 9aCTHIO MO3Ta, BHIHECEHHON Ha Tepu(eprio. 3peHne 3T0 He TOIBKO ONTHKO-HENPOHHBIH
mpeobpazoaTrens (“mepienTpor”), HO W WHCTPYMEHT IS BEIIOJHEHNA HHTEMLIEKTYAJbHBIX TeACTBHH, (PopMNI-
DPYIOITHHCA B MPOIECcaX PEATbHON JeATEIBHOCTH CYOBEeKTa B CAOKHOOPraHU30BAHHON cpefle BHEIITHET O MUpA.

Hacrosmas pab6ora mpegcTaBiseT pe3yabTaT B 001acTu MaTeMaTnvdeckKon jorukn. OHa TeMOHCTPHUPYET,
BMecTe ¢ TeM, >(pdeKTUBHOCTH BU3YATHHOIO METO/IA PEIIeHNs 3a1ad He TOABKO A COOCTBEHHO 3peHus, HO U
JVIA Peaqu3aliy B BEUUCAUTEABLHON CPejle TaKuX Ga30BHIX CBONCTB 3peHHA, KaK a) PAMOH JOCTYI K BHICOKO-
HHOPMATHBHBIM OOBEKTaM € Pa3HOH CTENEHBIO WX [eTalu3alnni, 6) e JHHOBPEMEHHOE NPEJCTaBIeHHE B MOJe
3PEHNA COBOKYIMHOCTH CJOKHBIX KOMIIOHEHTOB, 13 KOTOPHIX JOMKHO CJEJOBATH PellleHNe, B) HEMOCPENCTBEHHOE
NpUIOKEHNE K CJAOKHBIM HHPOPMATMOHHBIM 06heKTaM HHTErPATbHBIX KPUTEPUHEB CONEPKATENLHON OIEHKH.
[MpoBoguMoe HUXKE pAcCMOTpeHHE AeMOHCTPUPYET >(MPEKTHBHOCTH BU3YATHHOT'O METO/A DEIEHN CAOKHBIX
JOTHYIECKUX 3aj7a9 Ha KOHKPETHOM MaTeMaTHYecKOM cojepykanuu. B ofmem miaHe 3jech pazpaGaTbiBaeTcs
MOAXOM K TIOCTPOEHIIO HHTENIEKTY ATBHBIX HHCTPYMEHTAIBHBIX CPEJCTB BHICOKOTO YPOBHSA Ha 6aze BHICOKOIPO-
U3BOAUTENBHBIX BEIYUCIUTEIHHBIX YCTPOUCTB.

leoMeTputeckas MHTEPHPETANUA CTPYKTYPHI (POPMYJI MaTeMaTHIECKOW JOTHKN OCHOBBIBAETCA Ha BBee-
HUU TPOCTPAHCTBEHHBIX KOODAUHAT [MIA Kaxkaoro aprymenTa dopmyasl. [Ipu sToMm pemtaeTcs 3ajgada mpu-
MeHeHUA K WHPOPMAIMOHHOMY OOBEKTY HHTErDATBHOTO KPUTEPHUS, KOTOPBIH B OOBITHOM MPEJACTABICHUN €CTh
HETIOCPENCTBEHHOE BUAEHNE B PEATHLHOCTH OMPENEIeHHOT O TPOCTPAHCTBEHHOT'O PACTIONOKEHHA OOHEKTOB — aKT
“yapennsa”. IlpuMepaMu TaKnux TeHCTBUN ABIAIOTCA BH3YaJbHOE pa3JHTeHIe CKPENNBAIONINXCA 60 Iepece-
KAOIMUXCA MPAMBIX WIH, ITO UMEeT MPAMOoe OTHOIIEHNe K pelllaeMoi 3agatie, dukcanua ¢pakTa TPOXOK JeHUA
CEeKYIIeH TWIOCKOCTH depe3 MOMeMeHHBIE BEPITHHBEI TPOCTPAHCTBEHHON pellleTKN. BBoANTCA MHOTOMEPHBINT OPTO-
rOHAJXBHBIN 6a3nc. PazMepHOCTh TPOCTPAHCTBA paBHA KOJUIECTBY apryMEHTOB B (popMyJie, TOMHee, MECTHOCTH
dopmyasl. Mzobpaxenne Mif ecCTeCTBEHHOTO 3PEHUSA OTPAHUYEHO TPEMA H3MEPEHUAMI (PUIMIECKOTO TTPOCTPAH-
CTBa, 9TO COOTBETCTBYET JOTHIECKON popMyJie ¢ TpeMsa apryMeHTaMu. UHTerpaibHBIN KPUTEPUH TPUMEHUM,
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OJHAKO, N K GOJBIIEMY 9HCITY M3MePEeHNN — N (pOPMYJ € 9eTHIPbMs 1 Gosee apryMeHTaMu. BaxHo mpu 5ToM
TO, ITO

— HMMeeTCs BO3MOXKHOCTH CTPOUTH peaibHOe H306paXeHne, MO3BOJSAIOIIEe BHITOJIHATH WHTEPAKTHBHBIN
BU3YaJbHBIN aHaan3 (POPMYJI C YeTHIPbMSA-TISTHIO apryMeHTaMI; 3TO UMeeT 3HadeHme [id meiell oOydeHns 1
[T WCCae0BATENBCKON PabOTHI;

— IIPHU IPOTPAMMHON 3MYJIANNN HHTEM PATLHOT O KPUTEPUA YaCTHBIE KPDUTEPUH, CAEAYIOIINE U3 T€OMETPH-
“eCKOU MHTEPIPETAINH, MO3BOAAIOT CIETATh MPOIece peleHns Gomaee >PPEeKTUBHBIM, YeM MPU e JyKTHBHOM
MWW MOJEeNBHOM aHaJIN3e;

— YacTUYHAS Pealn3alis HHTEr PAJbHOTO KPUTEPHUS OCYIIECTBIMA HAa OCHOBE HEHPOCETEBBIX TEXHOJOTHH;

— NaJbHEHIIne NCCIeOBAHMA MOTYT TMOKAa3aTh YKOHOMHUYECKYO edeco0bpazHOCTh CO3MaAHNUS CIEITATN3T-
POBaHHBIX MUKPOCXeM, 6ojiee aJeKBATHBIX PEIacMBIM 3ajadaM, YeM HEHPOCETEBBIE CTPYKTYPHI.

Tl'eomeTputveckasd WHTePNpeTANNA TPUIOKAMA K MHOTOMEDHBIM W HEKJTACCHIECKNM JOTHWKaM. BozHuKaer,
TIpeXle BCeT'o, HATIANHAA WHTEPIPETANNA Id WHTYWUINOHUCTCKUK JOTHWK. PasanvdHble aKCHOMATHKW TTPUBO-
QAT K PasiHygaiolinMCcs 3aloTHEHIAM KOOPAHHATHOT O IPOCTPAHCTBA eHHUIAME (HCTHHA) 1 HYJAAME (JI0XKb) B
y3Jax TPOCTPAHCTBEHHBIX PelleToK. PellleTKn MOTUK, MOCTPOEHHBIE IO KPUTEPHIO CpaBHEHNA MHOXKeCTBA BHI-
BONUMBIX (DOPMYJ, T.€. B PE3YJIbTATE 3aMBIKAHUS CHCTEM AKCHOM IIYTeM TPUCOEMHEHNA CJAeCTBIN, TTOXY9ai0T
3MeCh MPENCTABICHIE B BH/e TUMEPIPOCTPAHCTBEHHBIX PEIETOK MCTHHHOCTHHIX 3HadeHnn. [locieaamne we To-
MeOMOP(HBI PeleTKaM JOT UK BBUAY Pa3JITHsa TOMOJOTUN, HO OHU W30MOP(HBI BBHUIY B3aWMHO OJHO3HATHOLO
COOTBETCTBUA KaXKIOI'0 MPEACTABICHUA OHOMY U TOMY YKe MHOXECTBY JOTMYIECKUX (DOPMY.I.

2. IIpeacTapiaeHue Jormiecknx GyHKINNA B KOOpPAMHATHOM ILIOCKOCTH. Jlornvdeckne GpyHKInm B
TpaIuINOHHBIX 0003HAYEHUAX TPEACTABIAIOT CONEPKATENbHYIO HHTePIpeTalno Tabaull HCTUHHOCTH.

(al,a2)| fi | fo [ S| fa | S5 | fo | o | fs | fo | fro] fuu| fiz] fis| fra| fis | fis

00 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1

10 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1

01 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1

11 0 0 0 0 0 0 0 0 1 1 1 1 1 1
Lt | > | na2 < | —all # || ANl lad |« a2 |V | T
0 1

Ha Tabautie B teBoM cToabIIe TOMEIEHB KOMOWHAIINN 3HAYMEHNH apTyMeHTOB GMHAPHBIX JOTMYECKIX (PYHK-
Ui, a MpaBee MPEACTABIEHBI MOCTeA0BaTENRHO 16 byHkUmUA f1, ..., f16, COOTBETCTBYIOIINE PACTIPENETCHISAM
HCTUHHOCTHBIX 3HAYEHWH (DYHKUWH /s BCEBO3ZMOKHBIX KOMOWHAIMH 3HAMEHUN apTyMEHTOB B MOPAIKE BO3pa-
CcTaHUA KOJOB. B HuXHel cTpoke mpuBefeHBl 0003HAYEHNA, COOTBETCTBYIOIINE CONEPKATEILHON WHTEPIPETA-
unn aorudeckux GyHkuui (3geck ‘|° — mrpnx Mleddepa, 4" — crpenka MMupca). Ha puc. 1 moxkasana reo-
MeTpuYecKasd WHTePIpeTannd s 6a3ucHbIX Jormdecknx (pyakumi. Ha kaxgon muarpamme m306paxeHbl OCH
xoopauHaT al U a2 cOOTBETCTBEHHO [IJIS TIEPBOTO M BTOPOT'O apryMeHTOB (pyHKImH. JeThIpe TOYKN B BEPIINHAX
KBaJpaTa COOTBETCTBYIOT 3HadeHusM koopauuar {00, 10, 10, 11}. 3auepHeHHBIE TOYKH O3HAYAIOT, YTO DU
JAHHBIX 3HAYEHUAX apryMeHTOB (KOODAWHAT) 3HadeHne PYHKINN PABHO |, HesadepHeHHEIE TOYKH — 3HAYEHIE
dyuxnum pasuo (.

OT gmarpaMm Ha puc. | MOXHO TMEPENTH K T'eOMETPHYECKON WHTeprpeTanun (opmya Ha puc. 2. [lycts
fa(al,a2) — obuiee obosHadenne n-in pyakunu. Torga, HanpuMep, 114 n = 14 (AMIVIHKALNA) MOXHO yKa3aTh
HECKOJIBKO KOHKPETHBIX (POPMYJT, HEKOTOPHIE M3 KOTOPHIX TPUBHATBHHI:

— ToJHad Y9eTHIpEXToYedHaA guarpaMmma peaanszyet fi4 B popme (al — a2);

— mumaroHaJb a2 = al o3HAYAET MPAMYIO 3aBHCHMOCTH BTODPOT'O apryMeHTa OT TePBOTO; MMOACTAHOBKA
a2 = al B ucxonuyo dopmyry gaer (al — al);

— auaroHaJb ¢2 = —al o3HaYaeT HHBEPCHYIO 3aBHCHMOCTE BTOPOT'O apryMeHTa OT IEPBOTO; IO ACTAHOBKA
a2 = —al B ucxoauyio dopmyay gaet (al — —al);

— cropoHa kBaapara a2 = 0 coorBercTByeT (al — 0);

— Ba3sATHe Toukn rpadpmuka al = 1, a2 = 0 coorBercTByeT (0 — 1).

AHaJOTUIHBIM 06Pa3zoM CTPOATCA (POPMYJILI, COOTBETCTBYIOIINE APYT UM CTOPOHAM U BEPIITMHAM KBapaTa.
[IpumMephl, maIIOCTPUPYIOIIHe BEIGPAHHBIE 3aBUCAMOCTH, MOKa3aHbl Ha puc. 2. 6olee TEMHBIM I[BETOM.

Cyxenne f14 10 KOHKpeTHOH POPMYJIBI O3HAYMAET MEPEXO[T K IpadhuKaM B Y€ TEHIPEXTOYETHOM IPOCTPAHCTBE
3HadeHnil. B To Bpems xak GpyHKumm f1, ..., f1s ABAAIOTCA BCE MOMAPHO PABINYHBIME, PE3YIBTATEL UX CyKEHUN
MOryT coBmajgaTh. Kaxgas KOHKpeTHasd (HOpMyJaa O3HAYAET 371eCh BBHIJeJeHNE TOANPOCTPAHCTBA MYTEM BBI-
MTOMHEHNST OTIPEIEIEHHOTO BHIa CeveHns. B CBOO ovepelib, MOCTPOEHNE CeMEHUsT MPOUCXONUT MYyTEM BBEEHUA
3aBUCHMOCTH [T apTYMEHTOB, ABIAIOIMINXCA B OOIIEM CAydae HE3aBUCHMBIMA.
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al
a2 a2
p b
f11 fo
al -
al
2l 2L
a2 a2 a2 a2
L D
f3 f1a fis fi6
a2 - L 1
L l.al ) al '_>al al

Puc. 1. Izo6paxenne gorudecknx (pYHKINNA HA KOOPAUHATHON IJIOCKOCTH

a2 a2 a2

a2
/al al o 5.l al
a2=al

o
a2=-al a2=0 al=l, a2=0

Puc. 2. I'padpuxu soruvdecknx Ghopmya

3. l'eoMmeTpuiIecKu criocob MOMyTIeHUA TABTOJOTHH. [IpocTpaHCTBOM M4 CTPYKTYPHL (DOPMYJIEL C
TpeMs apryMeHTaMU ABIAETCI TPeXMePHBIN eqmHudHbBN Ky6. Ha puc. 3 mpuBemena amarpamma ais Gopmyda

(al Aa2) Va3 u (al Aa2) — a3.
AVETRAN DVEERAN
Q Q
NN RN

((@lCa2)Ca3) ((@lCa2) - al)

Puc. 3. TpexxoopanuaTHBIE JOTTYeCKTe HPOPMYIHI

Hezasucumo oT cTpYKTYPHL GOPMYIABI B CMBICTE BXOJAININK B Hee OMePaTOPOB W CIOCOGOB T'DYNIAPOBAHNIA
reoMeTpudecknin 06pa3 (GopMyaBl ¢ TpeMs aprymeHTamm nmeeT dopmy Kyba. Pazimtme oTHOCHTCA K pac-
MpeleqeHlio NCTHHHOCTHBIX 3HAYMEHNH (DYHKIWN: 3a9epHEHHbIE TOYKHN — 3HadeHne |, HezadepHeruble — (. B
hopMye Kaxk AbIH apryMeHT MOXKET a) HMeTh (PHKCHPOBaHHOE 3HadeHNe (GBITH KOHCTAHTOM) Wil 6) GBITH Tie-
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PeMeHHOl, IPUHUMAIOLIEH 3HaYeHua Ha MHOKecTBe 3Hadenull {0, 1}; B cBolo odepeb, apryMeHT-lepeMeHHAas
MOXKET B) H3MEHATHLCA HE3ABUCHMO OT APYTMX apryMeHTOB, T') HAXOMUTHCA B IPAMON 3aBIHCHMOCTH OT APYTOT'O
apryMenTa a2 = al Wi 1) HAXOAUTHCA B MHBEPCHON 3aBHCHMOCTH — a2 = —al. AIBTEpHATHBH B KaXkJOM
caydae BaauMoUCKaodatolue. [locTodannoe 3HatMeHe apryMeHTa o3HadaeT (QPUKCAIUIO MOATPOCTPAHCTBA, CO-
XPAHAIIETO CTPYKTYPY HCXONHOTO MPOCTPAHCTBA B ero 3Hadarnel (“o6beMHon”) wacTu. IIpocTpancTBo mis
[POM3BOJIBLHOIO 3HAYEHNA apTYMEHTOB (a TaKkXke M060e ero NOAIPOCTPAHCTBO) HMeeT (HPOPMY €IHHHIHOTO I'i-
nepky6a. [lo Mepe ycaoxHenusa GopMyabl YBEAUIUBACTCA Pa3MEPHOCTh TPOCTPAHCTBA, HO B KaXKJOM CIydae
OHO coxpaHdeT GOopMy eIUHHYIHOrO rumepkyba. Kak yike ckazaHo, KOHKpeTHBIE POPMYJIBI MOMYyIAIOTCA B Pe-
3yabTaTe BBEJEHUA 3aBUCHMOCTHU [ HE3ABUCUMBIX apTyMeHTOB obIIel (GOpMYJBI, U 5TO B TeOMETPUYECKOM
npecTaBIeHNH O3HavdaeT mocTpoenne cedennd. Ha npumepe TpexMepHOTo caydas MOKHO 3aUKCHPOBATEH, 9TO
CBOWCTBO JUHEHHOCTH JJIS CYyNeprno3niun (pyHKINN 03HAYAET, YTO 3aBUCAMOCTD A apT'yMeHTOB He W3MEHS-
eTcsi mpu gocTpanBaHuu Gopmyabl. OTcona, B 9aCTHOCTH, CIEAVET, 9TO HE MOXKET PEadM30BaATbCA CEedeHHe
TPEYrOALHON (POPMBI, TIOKa3aHHOE Ha PHUC. 4, HO BOZMOXKHBI JHUIIH TIPAMOYT OMbLHBIE CeHUeHUA, TIPOXOIAIINE depes
BEPIINHBI, PACHOJOKEHHBIE CHMMETPUYIHO OTHOCHTENLHO OCell CHMMeTpHHU Kyba.

(x-(y~2) X=(y-Y) (X~ (x-y) (x = (y - x)

V224

x-O-y)  O-(x-y) = K--D)  (x=(x=x)

N D NN B N Nt I
A | AN |5

DNEEERAN AN G N AN NN

(X = (=% = X)) (X-(x=-=2x) (0~ (X--Xx) 0-(©0-1)

Puc. 5. FeOMeTpI/I‘IeCKOC IIOCTPOEHUE JOTNIECKUX TaBTOJOTUN

st aHa 38 TPEXMEPHBEIX JHATPAMM oGpaThHMcs, HanpuMep, K dopmyae (al — (a2 — a3)). Ha puc. 5
npuBefeHbl Tpaduiecknii 06pa3 HCXOTHOW (POPMYJIBI U TOCTPOEHHBIE PABINYHBIM CIOCOG0M CedeHUs g TaB-
TOJMOTHN: ABYMepHEIE (IIOCKME), OJHOMEpPHEIE (MIMHENHBIE) W HyJIbMepHBIE (TOUKM). POPMYIB 18 OCTATBHBIX
PHCYHKOB CTPOSATCA TIO aHAJOTMYHBIM coobpaxeHusaM. B dopmyaax moa pucyHkamu mepemenubie al, a2 u al
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nepeo6o3HaYeHBl 9epe3 ¥, ¥ U z; KPOMe TOrO, BLINOIHEHLI IOJCTaHOBKH B COOTBETCTBHH C 3aBHCHMOCTAMM
apryMEHTOB:

(x = (y = 2)) — He3aBUCHMBIE TPH apryMeHTa,;

(x = (y = y)) — 3aWITPUXOBAaHHOE CedeHHE COOTBETCTBYET a3 = a2;

(x = (m& = y)) — 3aWITPUXOBAHHOE CeYeHHE COOTBETCTBYET MHBEPCHON 3aBHCUMOCTH a2 = —al;

(x = (y = ®)) — 3alITPUXOBAHHOE CeYeHIe COOTBETCTBYeT ad = al.

ITocTpoeHne TaBTONOINIH O3HAYAET B T€OMETPHIECKON MHTEPIPETAINI AeHCTBIE IO ONpeNeIeHII0 CeTeHA,
He nmerornero mepecedennii ¢ O-pepmmaamu. OCHOBHEIM pe3yJabTaTOM MPOBEJIeHHOTO PACCMOTPEHUA ABJIAETCA
IeMOHCTpalua Toro ¢akTa, 9TO 3aKI09cHAE Ha OCHOBE BH3YAJIbHOI'O aHAIHN3a O3HadaeT 6e30MHG0YHOE IOo-
CTpOEHHE JOTHIeCKON TaBTOJIOrMN. Bce MpuBeeHHBIE BHINIE TaBTOJOTHH ITOAYYeHBl MyTeM BHIGOPa CEKYIINX
IIOCKOCTell, TpaHeil, OTPE3KOB, COCAUHAIIINK BEPIIMHEL, NGO IIyTeM BLIGOpa CAaMHX BEPIINH IO ¢IMHCTBEH-
HOMY KPUTepHIO OTCYyTCTBHA B HuX O-BepummH. B gaHHOM mpuMepe auarpamma mis yHkoum (x — (y — z))
nMeeT 3HadeHne 0 (HesadepHeHHBIH KpyX)ok) B Touke (1, 1, 0). B cBoio odvepeib, Mo pesyabTaTaM aHATH3a
TABTONOr NI MOXKHO IIOCTPOUTH aKCHOMATHICCKHI Gasmc.

4. IlpuMepsl AJIS CHCTEMEI aKcHOM. [IpHBOJMMEIN HIKe MpHMEp WLIIOCTPHPYET YeTHIpEX- W ITATH-
MepHBIE TeOMeTpHYIeCKHe 06BEKTEl, KOTOPBIE COOTBETCTBYIOT YeThIPeX- I MATHMECTHEIM MPOIIO3NIHOHAILHEIM
cpopmam. IIpex e Bcero npuMeM Bo BHEMaHIHe, 9TO IIPOCTPAHCTBO ONPAHIYIEHO ABYMA 3HAYCHIAMH 110 KakK TOMY
M3MEPEHWIO W 9TO KaXKJABI IPOCTPAHCTBEHHBIN 00BHEKT ABMACTCA KyOOM: HYJILMEPHBIM (TOYKA), OJHOMEPHBIM
(oTpeskoM), TBYMePHBIM (KBajapaT), TpexMepHBIM (Ky6), n-MepHbiM (rumepky6). Ha puc. 6 6aszopasd cucrema
OpTOB 0603HAYEHA TTOLY KIPHBIM CHMBOJIOM 0, IITPUXOM IIOMEYeHBI JOKAALHEIE CHCTEMBL A 96TBEPTOrO H3Me-
peHnd, HHAeKCOM | OTMeYeHbI CHCTEMBI JIA IATOTO H3MEpPEHNA.

ag T (((al - a2) - a3) - (—al - a3))

as

(((al - a2) - a3) - (a2 - al)

0

Puc. 6. [luarpaMMbl 1A aKCHOM

B kadecTBe mpuMepa BO3bMEM IepBble IBE aKCHOMBI U3 HUMILIMKATUBHON akcumoMmaTuku Jlykacesmua [1]:
CCCzyzCNezz, CCCxyzCyz, CONzzCCyzCCryz. Ilepexois 0T MOABCKON 3AMNCH K KJIACCHIECKON W K HUCIOIEb-
3yEeMBIM 3/[eCh 0O03HAUECHUAM apTyMeHTOB, MOJyYaeM JABe (POPMYJIHL:

F1=(((al = a2) = a3) — (—al — a3)),
F2 = (((al = a2) — a3) — (a2 — a3)).

AKCHOMBI IMEIOT OJUHAKOBYI CKOGOYHYIO CTPYKTYDPY. PazMeTKy BepIInH BBITIOJHSEM LIS MPOIO3UIHO-
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HaJIBHOU (POPMBI

F=(((al = a2) = a3) = (a4 — ab)),

KOTopad uMeeT CJaCOYIOIIY IO Ta6JII/IHy MCTHUHHOCTH:

£(00000)=1 £(00100)=1 £(00010)=1 £(00110)=0 F£(00001)=1 f£(00101)=1 f(00011)=1 f(00111)=1
£(10000)=1 £(10100)=1 f(10010)=0 f(10110)=0 f£(10001)=1 f(10101)=1 f(10011)=1 f(10111)=1
£(01000)=1 £(01100)=1 f(01010)=1 F(01110)=0 f£(01001)=1 f(01101)=1 f(01011)=1 f(01111)=1
F(11000)=1 f(11100)=1 f(11010)=1 f(11110)=0 f£(11001)=1 f(11101)=1 f(11011)=1 f(11111)=1

C yueTom oToxjgecTBiaeannn a4 = —al, ab = a3 mas mepBont dpopmyasl u ad = a2, ab = a3 — aaa BTOpOU
MOMy9aeM BEPIINHBI, B KOTOPHIX (DYHKIWH OTPEIeTeHbl CAeNyIOMNM 06pa3oM:

1(10000)=1 1(10101)=1 2(00000)=1 2(00101)=1
1(11000)=1 1(11101)=1 2(10000)=1 2(10101)=1
F1(00010)=1  F1(00111)=1 F2(01010)=1  F2(01111)=1
1(01010)=1 1(01111)=1 2(11010)=1 2(11111)=1

Ha puc. 6 npuBefeHbl gnarpaMMbl aasd GyHKOIH. OTMedeHB TOMBKO 3alpelleHHbIE BEPIINHBL (CBETIBIE
KPYKOYKH), T.€. Te, 1 KOTOPHX 3HadeHne GpyHKINE paBHo 0. B MaTeMaTH9eCKOM MPeCTABICHUH TTOTy YeHHBIE
Gurypsl — [IBa MO-Pa3sHOMY PACHOJOKEHHBIX TPEXMEPHBIX KyGa B OJHOW M TOU Ke KoopAmHaTHOHU ceTke. Ha
pucyHKe KyOhl TpaHC(OPMUPOBAINCEH B MAPAJIEIENUIETH C 3AIITPUXOBAHHBIMEI BEPXHUMHI 1 HUKHUMHA TDAHAMI
U yTOJIIEHHBIMI JUHUSME, CO€TMHAONNMA BEIOPaHHBIE BEPIINHBL. Kak n paHee, BBeeHbI 0603HAYMEHNS &, Y U Z
A TlepeMeHHbIX al, a2 n al.

5. 3akaiouenme. [eomeTpudeckas MHTePUpPeTALNs TPONOZNIHOHAILHEIX (POPMYI TEMOHCTPHPYET TOT
daxT, ITO HCTUHHOCTHBEIE CBOUCTBA (POPMYJ MAaTEMATHIECKON JOTUKH, YCTaHABINBAaeMble OOBIYHO C MPUMeHe-
HIEM JeIyKTHBHOTO WJIH MOIEILHOTO METOJOB, MOTYT OBITH OIEHEHH MHTETrPAJbHO MO KPUTEPHIO, KOTOPHIN
€CTECTBEHHBIM 00pa3oM MPUCYII 3PUTETbHOMY BocnpusTuio. [loaytenne Bcex TABTOMOTHH I3 TTPOMO3UITHOHATB-
HOM (POPMHI IPEBPAIIAETCA W3 MPOIECCa BHIBOA I OIEHNBAHNA HA MOJIeJbHOM MHOXECTBE B JENCTBIE BEIGODA
TOT'O WM WHOTO CeYeHHs 9epe3 BEPIINHBI T'€OMETPUYIECKON (PUTYDPHI C HCKIIOYEHNEM CIENUATbHBIM 06pa3zoM
MoMeYeHHBIX BepiinH. (CedeHne B MHOIOMEDHOM TMPOCTPAHCTBE ABIAETCA MHOTOMEPHOU THIIEPILIOCKOCTHIO. B
PacCCMOTPEHHOM CJydae MOCTPOEHUS AUATPAMM IS TMSTHMECTHBIX AKCHOM C TPEeMs Pa3fmYatolIMUCT apry-
MeHTaMH CedeHne MPUBEJIO K BBIJEIEHHIO TPEXMEPHOrO Kyba M3 MATHMEPHOTO MpocTpancTBa. B dhopmyabHOM
BBIDAXKEHUU MPOBENEHIE CEYMEHNs TPUBOAUT K BBENEHUIO 3aBUCHMOCTH s HEKOTOPHIX apryMeHTOB. [Ipamas
1 WHBEPCHAS 3aBUCHMOCTH O3HAYAIOT, COOTBETCTBEHHO, OTOXK JECTBIECHNE OMHOTO apTyMEHTa ¢ APYTUM Jubo ¢
ero orpunanneM. ['papudeckoe mpegcTaBIeHne IBYX aKCHOM € WAeHTHYHOW CTPYKTYPOH OTpaX)aeT FeOMeTPH-
YeCKOe CBOHCTBO HE3ABHCHMOCTH (OPTOTOHAMBHOCTH) aKCHOM. B 9acTHOCTH, MOXHO BHIETH, 9TO HHBEPCHAA
3aBHCHMOCTE @4 OT al TPWBOAUT K HAKJIOHY HIKHETO OCHOBaHWA. KpuTepmil BH3yaJbHOIO aHAJM3A MOXKET
GBITH CMOJIEIUPOBAH B BBIMHCAUTEIBHON cpefe (A 3TOr0 HMEITCA TeopeTHHeCKNe NPeANnochlikn). CumMMe-
TPHs TeOMETPHIECKUX (PUTYD /IS TAaBTOJOTHH MO3BOJSET ChOPMYINPOBATH (POPMATbHBIE KPUTEPHH, TPEACTa-
BISATOIINE WHTET PAJbHBIE XapaKTepUCTHKH. TakmM 06pazoM, B BEIYUCANTETBLHON Cpejie PEATH3yeTCSI SBPUCTHYE-
CKUU TPWHINI MMONCKA PEIMIEHUN, ITO O3HAYAeT MOJYUeHne HETPUBHAILHOTO U TPUTOM BecbMa 3(Pp(eKTHBHOT O
HHCTPYMEHTA UCKYCCTBEHHOT 0 mHTeMmIeKTa. ONTHMAIBHBIA CPEJION /IS PEATU3ANNNT MeTOA ABISETCS NUCKPET-
Hadgd MHOTOCJAONHAA MUKPOKPHUCTANINIECKAS Cpela, Mo00Had HEHPOCeTEBON, HO OTIMYAIIASCA OT TMOCTIeTHEN
BCTPOEHHBIM MEXaHIM3MOM aallTallll, KOTOPHIN B CIyYae HEMpOCEeTel O3HavaeT oOydeHe.
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