12-g geknus kypca "Teopus
JINCKPEeTHbIX PyHKITIi"

(1-it kypc; sekrop - npod. A.C.IToxko3uH)

OpaHOpPO/HBIE CTPYKTYPHI

Caenyromuii mar B pacCMOTPEHHH JTUCKPETHBIX MPOIECCOB - IEPEX0 1 K MOIEJIH aBTOMAaTa,
UMEIOIIEro He TOJIHLKO BpEMEHHbIE, HO U TPOCTPAHCTBEHHbIE TapaMeTphl. [lomumo guckper-
HOro BpeMenu t = 1,2, ..., 6yaeT BBeJIEHO TaKzKe JUCKPETHOe IIPOCTPAHCTBO. Posib Takoro
IPOCTPAHCTBA UIpaeT k -MepHasd HeJ0YUCIeHHAs PelleTKa, y3Jbl KOTOpoil OyayT "rouka-
mu" npocrpancTBa aromara. Karxkjas To9Ka B KaxK/blil JIUCKPETHBI MOMEHT BpeMeHu ¢
6yﬂeT IpUHUMATL COCTOAHHUEC U3 3aJaHHOT'O KOHCYHOI'O MHOXKECTBa En; OINHAKOBOI'O AJIA
BCeEX TOYEK. M3MeHeHI/Ie COCTOAHUA TOYKU 6y,ZLeT MPpOUCXOJUTH NIPpU IMOMOIINHU HEKOTOPOTO
JIOKAJILHOTO JeTepMUHUPOBAHHOTO "3aK0HA'", OJMHAKOBOrO JjIsI BCeX TOUeK. PoJb Takoro
3aKOHA CTaHeT UrpaTh (PYHKIWS 1- SHAYHON JIOTHKH, & SHAYEHUSAMHU €€ apryMeHTOB OyILyT
COCTOSIHUS TOUEK U3 3aJaHHONH OKPECTHOCTH TEKYIIel TOUKH.

DTy Mojenb, npepiokennyio [Ix.pon Heitmarnom, MOXKHO TpaKTOBATH U WHAUE - KaK Oec-
KOHEYHYIO OJTHOPOJHYIO CXeMy W3 OJMHAKOBBIX KOHEUYHBIX aBTOMATOB, PACIOJOYKEHHBIX
B y3JaX TEJOYUCTEHHON DelreTKH W COeJUHEHHBIX MeXKIy co00i HeKOTOPBIM (DUKCUPO-
BaHHBbIM, "omumHAaKOBBIM" 1T Beex aBroMaroB obpasom. JIxk. dbon Heiiman HasBaJ cBOIO
MOJIe/Ib "KJIEeTOYHBIM aBTOMATOM ', OJHAKO BIIOCJIEICTBUN OHA NpHOOpena m Apyrue Ha-
3BanHus - "ogHopogHas crpykrypa', "ureparusnas cern', u .. M1 Oymem mosib30BaTHCS
tepmuHOM "omHOpOAHAS cTpyKTYypa'.

Ecin Mojte/1b KOHEYHOTO JIETEPMUHIPOBAHHOTO aBTOMATA MOKHO PACCMATPUBATH KaK JIUC-
KPETHBI aHAI0T OOBIKHOBEHHBIX JAH((hepeHInalbHbIX YPaBHEHW, TO OJIHOPOJIHASA CTPYK-
Typa SIBIASIETCS IMCKPETHBIM aHAJI0roM JAuddepeHnnaibHbIX YypaBHEHUH B YaCTHBIX PO~
U3BOIHBIX. HeKOTOpBIe cOBpeMeHHbIe YUIIbl UMEIOT aHAJOIHIHYI0 apXuTeKTypy. OHa OKa-
3bIBaETCA YIOOHOH 1711 06pabOTKH reOMeTpUIecKUX JaHHbIX. KpoMe Toro, oHa MO3BOJISIET
co31aBaTh "yHUBepCAJIbHBIE" YHIIBI, KOTOPBIE MOYKHO MEPEIpOrpaMMUIPOBATEL TaK, YTOOBI
OHM MOJIeJTHPOBATH (Pa3yMeeTcsi, ¢ OUPEeJICJeHHBIMU MOTEPSMHI) paboTy APYIUX 9HIOB.
Takme unner massiBaorcs FPGA (Field Programmable Gates Array). Xors onm n me
COBCEM OJTHOPOJHBIE, HO HMEIOT ¢ OJHOPOJTHBIMH CTPYKTYPAaMH MHOTO OOIIEro.

Ho nepeiijieM K TOYHBIM OIIPEJIEJIEHUSM.

OnropozHoit cTpykTypoit (coxpamternto - OC) Gyem maswBaTh 00bekT 0 = (2%, E,, V, ©),
rie Z% - MHOzKecTBO k-MepHBIX HeJOYHC/IeHHBIX BeKTopos, F, = {0,...,n — 1}, n € N,
V = (aq,...,ap_1) - YHOPSIIOYEHHDIH HAOOD MOMAPHO PA3IMIHBIX HEHYIEBBIX k - Mep-
HBIX IeJOYMCICHHBIX BeKTopos, ¢ : (E,)" — E, - dbynknus n-3nadnoii JOruxm; @ =
o(xo, T1, ..., xp—1). Dra Gyrknus coxpaunser 0: ¢(0,...,0) = 0.

DJIeMEHTBhI MHOYKECTBA Zj, HA3BIBAIOTCA sdefiKaMH OJHOPOJHOU CTPYKTYPBI. OOBIYHO HX
n300parkaloT He TOYKAMHU IEJOUUCICHHON peleTKH, a ee KJIeTKaMi. DTO MO3BOJIIeT yKa-
3bIBaTh BHYTPHU KJETKU COCTOsiHME sdeiiku. MoxKHO cumTarh, 9TO KJAETKH HA PUCYHKE
pa3MeIieHbl TAKUM 00pa30M, YTO Y3JIbl PEIIEeTKH - UX EHTPbI:



DIeMeHTH MHOXKecTBa F,, HasuIBaoTcsa cocroguusavu sdeiikn OC o.

Hatop V = (a, . .., ap—1) HasbiBaercs mabdaonom coceactsa OC o. C ero moMoImbio Jiist
KazK 101 staefiku v oupeiesisiercs yuopsiouennpiii nabop sueek V(a) = (a, a4ayq, ..., a+
Ozh,l), Ha3bIBAEMBIIT OKPECTHOCTBHIO AY9E€lKHA (v

Yacro (HO He 00513aTeJIbHO) PACCMATPUBAIOT JE€BATUKIETOTHYIO KBAJPATHY IO OKPECTHOCTh
gueiiku Jinbo KpecToobpa3HyIo HATUKJIETOYHYIO:

OyHKINA  HA3BIBAETCd JTOKATbHON dbyHKIHEH 1mepexonoB 0IHOPOAHONR CTPYKTYpPHI. 1lo
HabOPY COCTOsIHU siveeK U3 OKPECTHOCTHU 3a/IaHHOM stueiiku oHa Oy/eT oipeie/isiTh HOBOEe
COCTOSIHHE 3TON d4YeiiKu.

Yrob6b! orpeenTh PyHKIIHOHUPOBAHNE OIHOPOIHON CTPYKTYPHI, CHAYaJa HYKHO YCJIO-
BHUTBCSI, 9TO TIOHUMAETCS TOJ ee cocTosinneM. Bymem HasbiBaTh coctosganem OC o mpo-
u3BoabHYI0 byEKIIIO f : ZF — FE,. Takad GYHKIHA CTABUT B COOTBETCTBHE KAzKIOM
sueiike OJHOPOJHON CTPYKTYPHI ee cocrosiame. OHA MOKeT u300pazkarbes (mpu k = 2) B
BHJEe OECKOHEYHON MATPHUIIBI.

OcHoBHast (nmu TobasibHast) GyHKIUS epexogos $ omnpeseneHa HA MHOKECTBE COCTOSI-
auit OC. Jljist 1pousBOILHOTO ee coCTosiHus [ OHA yKasbiBaeT HOBoe coctosiine g = O(f),
3HAYEHUST KOTOPOTO OMPEIETISIOTCS CAeLYIOMUM TOXKIECTBOM:

g(O() = Qp(f(&)vf(g + Ql)a - '7f(04+ ahfl)); o€ Zk

[ToBenernnem OC o Ha3bIBaeM IOCIEI0BATEIBHOCTD fo, f1,... €€ COCTOsIHMIA, TaKyI0, 9TO
fiz1 = ®(f;) npm Bcex i =0,1,....



Takum 0O6paszomM, OJHOPOJHYIO CTPYKTYPY MOYKHO paccMaTpPUBATh KaK OECKOHEUYHBIH aB-
TOMAT, He UMEIONUI BXOJ0B M BBIXOJOB. V3MeHdgeTcd TOJBKO €ro TeKyIee COCTOSHUE.
CylimecTBYIOT TaKzKe MOJIEIH CO BXOJAMHU M BBIXOJAMH, HO MBI UX HE PACCMaTpPHUBAEM.

Beuay toro, 9ro JoKagabHas (PYHKIUs MepexXonoB coxpaHseT (), TOKIeCTBEHHO HYJIEBOE
cocrosgane OC oka3piBaeTcsa "cocTogHmeM HMOKos'" - OHO He m3MeHsieTcss. JacTo orpannyn-
BalOT paccMmorpenne cocrosauit OC UMb KOHEYHBIMU HEHY/IEBBIME ' OCTPOBKaMu' | Ha3bI-
Baembimn kouurypamusymu OC. Bosee crporo, koudurypanueit OC Ha3biBaeTcs Takoe
ee coCTOsHHE [, KOTOpOe HMeeT HeHyJ/IeBOe 3HAadeHHe JIUINh Ha KOHETHOM UHCJe SIeeK.
OueBHIHO, YTO OCHOBHASA (DYHKIHSI HEPEXOI0B IMEPEBOAUT KOH(MHUIYPAIMIO CHOBA B KOH-
durypanuo. Ecian nosegenne OC o HaunHaeTcs ¢ KOH(MDUIYPAIIUH, TO €r0 HA3BIBAIOT T10-
BesieHreM 31oit koudurypamun B OC 0.

PaccMOTpUM 1IPOCTOf TpuMep OJHOPOAHOM cTpyKTyphbl. Ilycth o = (Z2%, Es, V, ), tae
V = (a1,...,an_1) - KAKOH-TO TPOU3BOIBHBII MABI0H coceacTBa; @(To, ..., Tp_1) = To+
1+ ...+ 21 (mod 2). OmHOpoaHAST CTPYKTYpa ABYMepHAs, KaxK/aas ee sdeifka mMeer
cocroguue 0 qubo 1, mpuwyem coCTOdHHE ITOH d4YefiKM B CJACAYIONIHA MOMEHT BpPEMEHH
PaBHO CYMME TI0 MOJYJ/IIO 2 COCTOSTHUI sTUeeK ee OKPECTHOCTH B TEKYIIN MOMEHT BPpEMEHH.

[IpennosnoxuM, ato cocrostune f OC o gBasgeTcss CyMMOi O MOJY/IIO 2 ABYX JPYTHX CO-
crosguuit fi, for f(a) = fi(a)+ fo(a) mua kaxaoro a € Z2. Torpa, coriacHo Onpeie/eHIIo
OCHOBHOU (byHKINU TIepexooB P, numeem:

O(f)(a) = fla)+ flatar)+...+ fla+apy) (mod 2) = fi(a)+ fi(a+ai)+...+ fi(a+
an_1) + fola) + fala+ar) + ...+ fala+ ap_1) (mod 2) = O(f1)(a) + P(f2)(a) (mod 2).

[lo uuayKIuu OTCIONA MOJYyYaeM, YTO JIjIs JIIOOOIO 71 BBIIOJHEHO:

o"(f)(@) = @"(f1)(a) + @"(f2)(a) (mod 2).

Taxum obpazom, jjis noaydenus rnosejenus OC o ¢ Ha9aJIbHBIM COCTOAHEEM [ 10CTaTOY-
HO HAWTH ee IOBeIeHUs I HAYaJIbHBIX COCTOAHMM [1, fo, a 3aTeMm "ciioKuTh" MX 1O MO-
ayaio 2. O600Ias 3T0 MPABUIO HA CAYyYail TPOU3BOJIHLHOTO YHCIA CAATaeMbIX, TOJYYIaeM,
9TO JJist m3ydeHus: nosegaeHnii kouduryparnuit 8 OC 0 10CTaTOYHO M3YUUTH MOBEIEHUS
B Hell mpocreiimux "ogHOKIETOUHBIX" KOHMUTYpaIuit, UMEIOIUX JIUIb OJHY AYeHKYy B
cocTosiHuu 1.

[lycrs a = (ay, an) € Z% - nekoropad saueiika. O6o3HaunM f, KOH(UIYPAIKIO, ITPUHEMA-
IOIIYIO 3HaYeHne 1 B ToUuKe o U paBHyIo (0 B OCTAJBHBIX TOUYKAX.

Pacemorpum kondurypamuio O(f,). OdueBuano, cocrosnue 1 B melt OyayT uMmerh Te u
TOJBKO Te STUeHKHN (3, B OKPECTHOCTH KOTOPBIX PACIOIOXKeHA sueiika «. HpiMu ciioBaMu,
takue sueiiku 3, aro o = f+ o451 = 0,...,h — 1. JInga ynobcrBa Mbl 371ech 0603HATH-
JIM HYJIEBOl BEKTOD MOCPEJCTBOM (vy. Pa3perniasi yKa3aHHbIE PaBEHCTBA OTHOCUTEHHO [3,
HOJIy9aeM, 9TO B COCTOAHUU 1 OKaxKyTcsd gdeiiku o — ;51 = 0,...,h — 1. 910 MOKIO
nepenucaTh B BHJIE CJeIYIOIero pasencrsa (*):

P(fa) = fa—ao + fa—ar + -+ fa—a,_, (mod 2)

[Ipumensis oneparop ¢ K obenM gacTsM JTaHHOTO PABEHCTBA, MOy IUM:

*(fa) = @(fa-ao) + P(forar) + - + 2(fa—a,_,) (mod 2).

Bocnosnbsyemes renepnb paseHcTBoM (¥) 11 TpeofpasoBanns KaxkKI0ro U3 CIaraeMbIX Ipa-
Boit wactu. [ToayanTes cymma cocTosaunit BUAA fo—a,—a,31 € {0,...,h—1};7 € {0,...,h—
1}. B sroif cymme KazI0e COCTOSHIE fo_q,—q, TIPH 4 7 j BCTPEUACTCS JIBAXK/IbI: OJHH Pa3



ono BosHuKaeT u3 P(fo_q,), APYTOI pas - u3 P(fo_q,). [ToaTomy Takme craraembre B3a-
UMHO YHHYTOXKAIOTCH, ¥ OCTAIOTCA JIMIIb T€ U3 HUX, Y KOTOPBIX ¢ = j. VIHBIME CIOBaMH,

(I)Q(fa) = fa—2a0 + fa—2a1 +...+ fa—2ah_1 (IIlOd 2).

[IpuBesennoe paccyzKaeHue MO3BOJSET A0KA3aTh MO HHAYKIIUU, YTO JJjs JII0OOr0o HaTy-
PAJILHOTO 71 BBITIOJIHEHO PABEHCTBO:

(I)2n(fa) = fa72”040 + fa72"a1 + ...+ fa72"ah,1 (mOd 2)

PaccmoTpum Teneps mpon3Bosbhyo kKoadurypamnuio K wrarreit OC. Paznoxus ee B cymmy
OJTHOKJIETOYHBIX KOH(DUTYPAIWH ¥ BOCIOIb30BABIINNCH TPUBEIEHHBIM BBINIE PABEHCTBOM,
MOJIYYHUM, 9TO K MOMEHTY 2" OHa mepeiifieT B KOH(DUTYDAIWIO, MPEe/ICTABISIONIYIO CO-
ooit cymMy mo Momymio 2 h KoHGUrypanwmii, ToJydeHHbX U3 K CIBUTOM Ha BEKTOPHI
—2"a;; ©=0,...,h— 1. Ecau n jgocraro4Ho BeJUKO, TO 3TH KONuu KoHuryparun K He
Oy/IyT mepecekaTbCsl APYT C JIPYTOM, TaK UTO MCXO/AHAs "KapTUHKA' OKayKeTcs pa3MHO-
JKeHa B KomdecTBe h 3x3eMIisgpoB. KaxKmplit M3 HUX, B CBOIO OYepe/ib, depe3 HEKOTOPOe
YUCTO0 TAKTOB 2™ co3jacT h cBOMX KOMWH, KOTOPBIe MPU JOCTATOYHO OOJIBIIUX 7, M HE
OyIyT TepeceKaThes, T.e. Becero yzke oyner h? xommit ucxonnoit "kaprunku". U1 Tak gasee,
Bpems ot Bpemenn B oBegernn OC OyayT BOSHUKATH MOMEHTBI, KOTJI4 UCXO/IHAST KAPTHH-
Ka OyIer pasMHOXKEHA B CKOJIb YIOIHO OOJIBIIIOM KOJHYECTBE SK3EMILIIPOB. 3aMETHM, ITO
B IPOMEXKYTKAaX Bce M300parkKeHHs MepeMellaHbl, i HaOTI0IAaThCa OyAeT MOTHBII Xaoc.

Kak BuanM, mazke IPOCTERIIHEe IPUMEPHI OJHOPOIHBIX CTPYKTYP 00JIaZal0T JOCTATOTHO
HHTEePeCHBIM IoBemeHneM. K coxKaIeHIo, HCIepIbIBAIOIIN aHAIN3 CBORCTB UX IIOBEIeHU
B 00Jiee CJIOKHBIX CUTYAIMSAX CTAJTKMBACTCS C CePbe3HbIMU 3aTpyanenusivu. s modrn
JIIOOBIX HETPUBUAJIBHBIX CBONCTB MOBEIEHUN OMHOPOIHBIX CTPYKTYP VAAETCS TOKA3aTh,
qTO pacrno3HaBanue nx "B o0mem Buge' sBISETCS aJrOpUTMHUYECKH HepaspermmMoil 3a-
nmadeit. TeMm He MeHee, BO3MOXKHO M3yUeHHE KOMIBIOTEPHBIX MOJeeil, BOCIPOU3BOISIIIX
MOBEJIEHHe OJHOPOJHBIX CTPYKTYD, W HA 3Ty TeMy HANUCAHBI Iejble MoHOrpadun (Ha-
npumep, mororpacdus C.Boabdpama). PassuBaercss 4To-10 THma "IKCIEPUMEHTATLHON
duzukn" nuckperasix "mMupos".

Hecmorpst Ha ajJropuTMuydeckue TPYJTHOCTH, TEOPUSA OJHOPOIHBIX CTPYKTYP UMeeT MHO-
YKeCTBO HEeTPUBUATBHBIX HHTEPECHBIX Pe3yIbTaTOB. OTHIM U3 MEePBBIX TAKUX Pe3YIbTaTOB
apyaseTcd TeopeMma Mypa, K U3/T02KEHUIO KOTOPOH Mbl U MEPEXOIUM.

Hauunast ¢ sroro momenta, mzobpazkaem sdeitku OC He y3JaMu IJIOCKOI perieTkH, a ee
KJeTKaMu. ByjieM paccMarpuBaTh 0JHOPOAHbIE CTPYKTYPhl 0 = (Z2, E), V, ), ¥y KOTOpBIX
V(@) - KBagpar ¢ NeHTPOM B stueiike «:
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Taxue OC nazoseMm KpajapaTHbMu. [Iyers K C Z2 - kBagpar. OnpeeauM ero oKpect-
HOCTb:

V(E) =] V()

aeK

V(¥

Oueruno, V(K) - kBagpar ¢ JAuHO cTOPOHBI | + 2m.

Cocrosiamem kBazparta B OC ¢ Oyjem Ha3biBaTh (DYHKIUIO, COCITOCTABIAIONIYIO KaXK 101t
ero siveiike s;reMeHT MHOXKecTBa Fj. Ecim ussecrno cocrosinue f ksaiapara V(K) B Mo-
MeHT ¢, TO TPH HOMOIIY JOKAJIbHOU (DYHKITMN TEePeXoI0B OJHO3HATHO OIPeIesaeTcs CO-
crosinue g kBajpara K B moment t 4+ 1. Beeuem obosnauenue g = P (f). Oynukuus Pg
OmpejiesieHa Ha COCTOgHMUsIX KBajapaTa V (K) u npuHAMaer B KadecTBe CBOMX 3HAYEHUIT CO-
crosguus kBajipara K. Kak u npu onpejenennu ocHOBHON dhyHKINU 1mepexoios ¢, nmeem:

g(Oé) = ()O(f(a)7f(a+a1)7"‘7f(a+05h—1>); a€ K.

Cocrosnus KBajipaTa OyJIeM Ha3bIBAThH TaKzKe er0 KOH(MUTYPAIMSIMU.

Ecnu kouduryparusa h kBagpara K He DIpHHAIICKAT MHOKECTBY 3HadeHuit pyukmmn P,
TO OHA& HAa3bIBAETCS HEKOHCTpPyuUpyemoii. Takme cOCTOSTHUS, 0YEBU/IHO, MOTYT BO3HHKATH
JINTITH B HAYAJIbHBII MOMEHT TOBEJIeHUS OJHOPOAHO cTpyKTypbl. Hajimdue HeKoHCTpYUpYy-
eMBIX KOH(DUI'YpALUil Y OJHOPOIHOM CTPYKTYPHI O3HAYAET, YTO B Ipoiecce ee pyHKIMOHN-
poBaHus "XaOTHIHOCTE" COCTOSHUN OrPpAHMINBAETCA - BUJ KOH(DUTYpAIliii HAUMHALT 101
YUHATHCS ONPEIeIeHHBIM 3aKOHaM. MOKHO MOKa3aTh, YTO Y OOJBIIMHCTBA OJHOPOIHBIX
CTPYKTYP HEKOHCTpyHupyeMble Kondurypamnuun nmeiorcd. [IpumepoM 0HOPOIHONE CTPYK-
TYpbI 6€3 HEKOHCTPYHUPYEMBIX KOHMUTY PAINT MOXKET CAYKHUTH paccMorpennas eitre OC,
JIOKaJIbHasE PYHKIWS HEPEXOI0B KOTOPOIi - CyMMa II0 MOJYJIO 2.

Myp yCTaHOBUJI CBSA3b MEXKJY HAJUYHEM B OJHOPOIHON CTPYKTYpPe HEKOHCTPYHPYEMbBIX
KOHMUTYpanuit U ABJeHHEM HoTepu KHMOPMAIMHT - HEBO3MOXKHOCTHIO BOCCTAHOBUTE IIPE/I-
BICTOPHMIO 110 TeKymiel Kondurypamnuu. Jlaaum To9HOE OIpeIeseHIe OCIeHero CBofcTRa.
[Tycro f1, fo - nBe koudurypanun kBaapara V(V(K)):
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[IpeammoioxKuM, 9TO J/Isi HUX BBIIOJHEHDI CJIedyIoNue TpeOOBaHMSI:

1. filk # fo|k (me. cyxenns xkoudurypammii f1, fo Ha KBagpar K He COBIAIAIOT).

2. filvivaoynk = falvivnx (cyxerns fi, fo va npoiinoe "oxaiimiaenne" kBagpara K
COBIAIAIOT).

3. Py (f1) = Pvr)(f2) (B crremyrompuii MOMEHT BpeMeHH COCTOSIHHSI OKPECTHOCTH
kBajpaTa K coBmaaamor)

Torma koudwurypanuu fi, fo Has3pIBaIOTCS B3aUMHO cTHpaeMbiMu. WudopMmanus o pas-
Jnann KoHdurypamuii f1, fo Ha KBagpare K Morva mepefiTH K CAeIyIOIIeMy MOMEHTY
BpeMenu ToJibKO Ha KBajpar V (K). OuHako, COCTOSHUS ITOr0 KBaJpaTa OKA3bIBAIOTCS
OJINHAKOBBIMHU, U WH(OpMaIus 0 pa3andun fi, fo 6€3BO3BPATHO yTepsiHA.

Teopema (Myp) Ecau B kBajgparaoii OC cyIecTBYIOT B3aUMHO CTHpaeMble KOHMUIYpa-
LMK, TO B HEH CYIIECTBYIOT U HEKOHCTPYUPYeMble KOHMUrYpaluu.

Cpazy 3aMeTuM, 4T0 00paTHOE YTBEPK IeHUE TOXKe BEPHO - 0HO ObLI0 yecTanosaeHo /Ixk. Maii-
XILIOM. XOTS JI0KA3aTeJIbCTBO 9TOTO YTBEPKICHUS MAJIO OTJIMIAETCSI OT JOKA3ATeIbCTBA
TeopeMbl Mypa, MBI €ero He pacCMaTpPUBaEM.

Bamerum Takke, uto TpeboBanme "kpaaparHoctu'" OC BBemEeHO JIUIIL /I YIPOIIEHUS
paccyKaeHuil 1 00sI3aTeIbHBIM He SBJISEeTC.

[lyctes B xBagparaoit OC ¢ jiuHA CTOPOHBI KBAaJAPATHON OKPECTHOCTHU SIMefiKH paBHA
2m + 1, MHOXKeCTBO coctostauit saeiiku - Ey. Ilycrs Ttakxke B 3ot OC HA HEKOTOPOM
kBajipare V(V(K)) = K’ cymiecTByor jiBe B3aNMHO CTHpaeMbie KoHbUrypamuu fi, fo.
OmnpeieTuM Ha MHOXKECTBE COCTOsTHU KBajipaTta K’ OTHOIIeHHe SKBUBAJIEHTHOCTH. Bytem
CUYUTATD JIBA COCTOSHUS f1 U fo IKBUBAJCHTHBIMU, €CJIM OHU JITOO COBIAIAIOT, TUOO B3AUM-
HO cTupaembie. [lycts [ - gaunra croponsl KBaapara K'. Hucsio cocrogumii 5Tor0 KBajpara
paBHO k. Xors 61 OJINH W3 KJIACCOB KBUBAJEHTHOCTH COJEPIKUT JIBA djIeMeHTa f1, fo,
TAK 9TO UHCIO P KJIACCOB SKBHBAICHTHOCTH He mpesocxonnt ki — 1.

Bamerum, uro eciau ase Kondurypauuu f,g ksaapara K’ 3KBUBaJEHTHbI, TO, COLJIACHO
IYHKTY 3 ONpejie/eHus] B3aNMHOl CTHPAEMOCTH, HMeeT MeCTO cooTHormenue (*):

CI)V(K)(f) = CDV(K) (9)

BribepeM Ternepb 1mpousBoJibHOE HaTypaJ/bHoe N U paccMoTpuM KBajpar K ¢ JuHOil
croponst [N. On pacnamaercs na N? kpaapaTos, pasabix K':
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OueBnaHo, KBajApaT K sBIsSeTcs OKPEeCTHOCTBIO HEKOTOPOro keajapara K. Jljauna cropo-
uel KBagpara K pasua [N — 2m. Ilpeanonoxum, uro fi, fo - ABa COCTOSHUA KBaJApaTa
K, npuuem Ha KazKJI0OM M3 yKa3aHHBIX Ha pucyHke "moakBajgparos" K’ ux cyKennst 3KBu-
BajieHTHBI. J[JIsT KPATKOCTH, YCJIOBUMCHA UX TOXKE HA3BIBATH YKBUBAJEHTHBHIMHA. [oKaxkem,

qTO TOTrda (I)K”(fl) = (I)K//(fg).

PaccmorpuMm npousBosibHYIO d4eiiky « B KBajgpare K. BosmoxKuBI aBa ciaydas. Ecam
OHa TIonajiaeT B Kakoii-n6o u3 "mogksaaparos" V(K), to, cormacuo (*) ee cocrostnus B
e (f1) 1 P (f) coBmamaior. Ecou ke staefika o OKA3BIBACTCS JIeZKAIIeil B KAKOH-HG0
u3 obsacreit V(V(K)) \ V(K) 1o ee okpecrnocrs ne "morarusaerca’ mno ksaaparos K,
HA KOTOPBIX TOJIBKO M MOTYT OTJINYATHCA KOH(MUTYPAIUH fl, fz. [TosTomy cocrosinus ee
OKPECTHOCTH B JAHHBIX KOH(DUTYDAIUIX PABHBL, & CJI€I0BATEbHO, U Hepeii/IeT OHa B OTHO
M TO YK€ COCTOSIHHE.

Urak, umeem P (fi) = Prn(fz). DT0 03HATAECT, 9TO UUCIO JIEMEHTOB B MHOXKECTBE

3Hadenuil oueparopa ®rr He HpeBOCXOAUT YMC/IA KJIACCOB KBUBAJIEHTHOCTU COCTOSTHUN
% N2 12 N2

kBajapara K, 1.e. He mpeBocxomut p < (K —1)7.

. o _ 2
C apyroit ¢cToponsl, obiee ducIo cocTosnuii kBaapara K’ pasuo k=27 Pacemorpum

OTHOIIIeHune q BerHeIu/I OIIEHKHW YHCJIa JJIEMEHTOB B MHOXKECTBE 3HAYEHUN OTO6pa)KeHI/IH

O pr K uneny cocrosuuii kBagpara K
N2
G S B |
1= an—2mz | LG—2m/Ny

Mycts N — oo. Torga | — 2m/N — [, u cymecrsyer takoe N, uro kV” — 1 < k(U=2m/N)*,
T.e. cymectByer Takoe N, uto ¢ < 1. [ng Takoro N He Bce cocTognus KpaipaTta K’
IOMAIyT B MHOMKECTBO 3HaueHmil omepatopa ®x», T.e. Ha 3TOM KBajpaTe OyIeT HMeThCs
HeKOHCTpyHpyeMas Koudurypanug. Teopema noKa3ana.

BaMerumM, 4TO €CJM KAKUe-TO JIBA COCTOSIHUS OJJHOPOJAHON CTPYKTYPBI, HEPEXOJIAT B OJHO
U TO K€ COCTOSTHUE, ITO elle He 03HAYAET HAJIMYHE Y Hee B3aUMHO CTHPAEMbIX KOH(UIypa-
nuit. KoHTprpuMepoM MOXKeT CJIYKUTh TePexo/l B TOXKIECTBEHHO HYJIEBOE COCTOSHHUE KaK
€ro caMoro, Tak W COCTOSIHWA, Y KOTOPOTO BCe sSTUefiKH UMEIOT 3HadeHue 1, ecin (DYHKITHs
[EePEXOJIOB - CYMMa [0 MOJY/II0 2, a YHCJI0 d9eeK B OKPeCTHOCTH 4eTHoe. JIjis Haamawst
B3aUMHOM CTHPAEMOCTH HEOOXOJUMO U JOCTATOYHO, YTOObI JiBa pa3judHbiX "KoHedHbIX"
COCTOSIHUS, T.€. JiBe KOH(DUTYpAIHK, HEPEILIH B OJHY U TY YKe KOH(MUTYpaInIo.



