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O X{-KJIACCUPUKAIINU OTHOIIIEHU HA BBIYUCJINMBIX
CTPYKTVYPAX"®

B crarbe mocTpoeH mpuMep BBIYHCIMMON CTPYKTYPBI CUTHATYDPBI, COCTOSAIIEN U3 OECKOHEYHOI'O
gncia GUHAPHBIX TIPEIMKATHLIX CHMBOJIOB, IS KOTOPOH He CyIecTByeT Y9-K/IaccubUKAIUN BCex
OJTHOMECTHBIX OTHOIIEHHIA, OIPEJIEIUMBIX B yKa3aHHOH cTpyKType X{-dopmymamu.

Kaoueevie carosa: BoMUCTAMast CTPYKTypa, Li-bopmyita, Y-kraccudukarnms.

Bo muOrmx pazjenax MareMaTUKN BayKHEHIITNE PE3YIbTATHI UMEIOT KJIACCU(DUKAITMOHHBIIH
XapakKTep, T. €. OMUCHIBAIOT T€ UJIU UHbIE 00BHEKTHI C TOYHOCTBIO 0 M30MOPGMU3MA WU JPYTroit
SKBUBAJICHTHOCTU B OTHOCHUTEJIbHO ITPOCTBIX TepMHUHaX. MCHOHBSOB&HI/IG CIIMCKa NJIX HyMepa-
U7 JIIst KIACCU(DUKAIIMOHHON TeopeMbl — OObIYHAsI MaTeMaTHIecKas IpaKkTuKa. B xoporiem
CIHUCKE JIOJI?)KEH, OYEBUJIHO, OBITH IPEJCTABJIEH KAXKJIbIi 0OBEKT ¢ TOYHOCTHIO JIO IKBUBA-
JIEHTHOCTH. [IjIs1 OTparkKeHust OJHO3HAYHOCTH OIMUCAHNS MOYKHO IMOTPeOOBATh, YTOOBI KaKIbIi
00BbEKT (MM KJIACC 9KBUBAJIEHTHOCTH) HE ObLI IPEJICTABIECH B CIIUCKE JIBAZK/IBL.

B crarbe [1| 6b11 npe1ioxKeHbl 06IIMe TOIXO0/IbI, MO3BOJISAIONINE YTBEPKIATH O HAJINIUN
BBIYUCIUMON XapaKTePU3AINHU U BLIYUCIUMON KJIaCCU(UKAINY JJIsl KJIACCOB aJredpaniecKmx
CTPYKTYD. B OCHOBe OJIHOrO M3 IpeJIOKEHHBIX B [1| MOIXOI0B HCIIOIB30BATIOCH HMOHITHE
bpuadbeproBoit HyMepalun Kaacca CTPYyKTYp, 001aJafoIeil Tol WIn HHOM aJropuTMIIeCKOi
CJIOZKHOCTBIO B OJITHON U3 OOIMENPUHATHIX uepapxuii. B wactHocTu, ObLIO J0KAa3aHO, YTO JIJIs
TaKUX KJIACCOB, KAK JIMHEHHBIE MTOPSAKU, Oy/IeBbl aJredpol, abe/ieBbl P-IPYIIIbI HE CYIIEeCTBY-
et dbpundeprosoit A | 9-HyMEpaIlnu, TJ€ (¢ — BBIYUCTUMBIN OPJMHAJ, €CJIM PAaCCMAaTPUBATD
9JIEMEHTBI KJTacca ¢ TOYHOCTBLIO 710 AY-nzoMopdusma, U He cylecTsyeT rumepapudMeTnde-
cKO¥l ppuAOEProBoOil HyMepally, eCau PacCMaTPUBATL IJEMEHTHI KJIACCa C TOYHOCTBHIO 0
M30MOPPU3MA.

B macrosieit ctarhe 3aTparuBaeTcs BOIPOC O BBIYUCIUMBIX KJIACCU(MUKAIUIX, OIICHIBa-
IOIIUX OTHONIEHUS HA BBIUUCIUMBIX CTPYKTYPAX C IIOMOIIBIO (POPMYJI OIIPEIEIEHHOTO YPOBHS
cnoxknoctu. IlepBble nccaenoBanHus B JJAHHOM HAIIPABJIEHUM ObLIM IIPOBEJIEHBI B KJACCHUUe-
cKkoil pabore [2|, B KOTODOIi JOKAa3aHO CYyIECTBOBAHUE BBIYHCIUMON (hpuabeproBoit Hyme-
paruu Jijisd ceMelicTBa BCEX OTHOIIEHUH, ONPEeIUMbIX B CTAHIAPTHON MOJEIN apudMeTuKn
E(l)—cbopMynaMH. Hanubiii pesysibrar 6611 060011€eH B [3], & mMeHHO ObLIO JJOKA3aHO, 4TO CeMeli-
CTBO BCEX OTHOIIEHM{, ONPE/Ie/IMMBIX B CTaHIAPTHOM apudMernke Y0 1 1-bopmynamu, numeer
CUYETHOE YHCJIO MOTAPHO HEIKBUBAJIEHTHBIX BBIUUCIUMBIX (ppui0eprobbix HyMmeparmii. Cpemgu

PEe3y/IbTATOB, CBA3AHHDBIX C KJIACCU(MDUKAIMIMU OTHOIIICHUH, ONPEISTUMbBIX B CTAHIAPTHON MO-
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Jiesi apudMeTHKI, MOYKHO TaKKe BbIIEJIUTh JI0Ka3aHHbIH B [4] pesysibrar o cymnecTBoBaHuM
BBIMHCIIMOIT (hpuIGEProBoil HyMepaIun ceMeiicTBa BCeX MHOYKECTB U3 KJacca Y, | mepapxum
Epimiosa.

Ecnu ke roBopuTh 006 OMpeIeUMbIX OTHONIEHUSAX HA MPOU3BOJLHONW CTPYKTYPE, TO MbI
ITPUXOJIUM K CJIEJIYIOIIEMY OITPEJIeJIEHUIO Z?—Kﬂaccn(bHKauuu.

[ycTs 2 — BuIMHECIIMAs cTPYKTYpa, L (A) — ceMeiicTBO BCEX OJHOMECTHBIX OTHOTICHMIT
Ha HOCHTeJIe CTPYKTYPhI 2, onpeiemMbIX B % KOHeaHBIME X {-hopMyIianmi.

Bysem rosoputh, uto cemeiictso L0(A) umeem Y-xaaccudurayuro, eciu cymecTsyer
BBLIMHC/IMMAS TIOCTeI0BATETLHOCTD {; () }icw, COCTOsIMAST M3 KOHeIHbIX X.{-cbopmyit, Takas,
9TO KazIblil smeMent cemeiictsa Y () onpenesmu B 2 HexoTopoit opmyoit (1), n ayis
MoObIX i # j dopmyiel ;(x) u @;(x) onpenensior Ha A pasIMYHbIE OMHOXKECTBA.

[lenbio HacTOSAIIENH CTATHU SABISETCH JIOKA3ATEIHCTBO CAEIYIONIEN TEOPEMBI.

Teopema 1. CymiecTsyer Beruc/IIMAsT CTPYKTypa 2 Takas, 4To ceMeiicTBo MHOKecTE X (2)

0
He nMeeT X -KIacCH(DHKAII.

UckoMmast CTpYKTypa u3 TeopeMbl 1 nMeeT Cieyiomiee ornpeeaeHne. 3apuKkCupyeM mpons-
BOJIbHOE MakcuMasibHoe MHOKecTBO M C w. Onpenenmm crpykrypy A = (A4, Q%>i6w CHTHa-

TYPBI, COCTOSIINIEH 13 OECKOHEYHOI'O YNC/Ia OMHAPHBIX IPEIUKATHBIX CHUMBOJIOB, C HOCHTE/IEM
A= {(m0)|mew}U{{nm+1)|neMmew} U {{mm+1)|meuw},
TOJIOYKUB JIJIsT KaxKJI0T0 1 € W

Qi = {{(n,0),(n,i+1)) [ne M} U {{{i,0), (i,i +1))}.

B § 1 nacrosimeit ctaTbu MBI JOKaKeM PsiJi BCIIOMOTATEIbHBIX YTBEPKICHUN 0 HEKOTOPDBIX
Y0-bopmynax cnenmasnboro Buga. B § 2 Gyser npuBeeHo HEMOCPEICTBEHHOE JTOKA3aTe h-
CTBO TOTO, YUTO OIpEIe/ICHHAs BBIIIE CTPYKTYPa 2 yIOBIETBOPIET yTBEPKICHUIO TEOPEMBI 1.

SadukcupyeM cieayolue 0003HAYEHISI U OIPEIE/TICHUS.

Yepes w Oymem 0603HATATH MHOXKECTBO HATYPAJIBHBIX THCE.

Jlist map HATYPAJBHBIX IUCET U MX KAHTOPOBCKUX HOMEPOB OyIeM HCIIOJIb30BAThH OIHO U
TO Ke obo3HaueHue (x,y).

Jutst 3abUKCHPOBAHHOTO BBIIIIE MAKCIMAJIBLHOTO MHOXKecTBa M obosHaunm uepes My MHO-
xectso {(n,0) |n € M} C w.

Ecin @ — aromapnast popmysa suia Qp (7, y) nm z ~ y, To nonaraem @ = &, 0 = - .

Bcerony B TekcTe manHoit cTaThu Mo, E(l)—(bOpMy.HaMI/I MbI OyZIeM TOHUMATD TOJILKO KOHEY-
ipie L-bopMyitet.

IaemMeHmMapHotl KOHBIOHKYUET OYIeM Ha3bIBATH JIFOOYIO E(l)—abopMyny OT CcBODOIHO TIEpe-

MEHHO X CJeIyIONero Buia:
axl...axk( @) & .. &qp;;n(f)),

ek, m € w, g5 € {0,1} st Beex s < m, u Kaxkiast nojdopmysia Y, (T) siBjisieTcsi aTOMapHOIi,

T.e. uMmeer BUI Qp(z, x;) wm z; ~ xj nua i, j € {0,1,...,k}.
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Bynem roBoputh, UTO Z?—CbopMyna HAXOIUTCS B OU3BHOHKMUSHOT HOPMAALHOU HOPME
(0.1.¢h. ), ecam oHa TpejiCTABUMA B BHJIE IN3BIOHKIINI KOHEIHOTO YHC/Ia JIEMEHTAPHBIX KOHb-
fonKIuit. 3ameruM, UTo J06y10 Y{-hopMmyity ¢ TOMONIbIO CTaHAAPTHOTO 3hMEKTUBHOTO all-
FOPUTMa MOYKHO MPHUBECTH K JI.H.(D.

H.u.d. 6ynem HasbiBaTh cosepuwernnol (c.0.H.¢h.), ecim KaxK/as ee dJeMeHTapHasl KOH'b-

IOHKIINA NMeET BU]T

I k k
Epig ~ 6 .
Ber 3 AN N @ (o) & (s 1))
p=0i=0 j=0 i<j
JUIst HEKOTOPBIX [, k € w, €45, ;5 € {0, 1}.
Ocrabable 0603HAMEHN U OIPEICICHNS N3 TEOPHN BHIYHCIIMBIX MOJIENIeH, KOTOPBIE YIO-

MUHAIOTCSI B HACTOSIIIEH CTaThe, sIBJISIOTCS OOIENPUHSATHIMEI U MOI'YT OBbITH HalJIeHbI B |5; 6.

§ 1. Koneunble JuarpamMmbl Ha CTPpYKType 2

@opMyJTy CUTHATYPBI (Q%)iew OT CBODOJTHOM MTEPEMEHHO () Ha30BEM KoHeuHol duazpam-

MOTi, ecTi OHa UMeeT BUJL

Ik k
Exl...ﬂxk</\ /\ /\Q;”ij(xi,xj) & /\—mvz-;uxj), (1)
p=014=0j=0 i<j
rae I,k € w, epij € {0, 1} muist Beex p, 4, j. Ecim €p;5 = 1, T0 Oyzem ropoputs, 9to Qp(Ti, ;)
sxodum nosumusho 6 (1). Ecim xe €p;; = 0, T0 6yaem ropoputs, uro Qp(Ts, ;) 6xodum
nezamueho 6 (1).
JlokazkeM HECKOJIbKO yTBEPIKJICHNUIT O OBEICHIN KOHEUHBIX JUArPAMM Pa3JInIHbIX BUJIOB

B OIIPEJIeJIEHHON BbIlle CTPYKType 2.

Jlemma 1. Ilycrs B koneunyio auarpammy (1) aromapuast popmyina Qp(x;, ;) BXoIUT Hera-

THUBHO JIJIsI BCeX D, i, j. Torya npu jiobom 3aavennn xy opmyia (1) ucrunna B crpykrype 2.

JOKA3ATEJ/IBCTBO. Ilycrs zg = (n,m) € A — npou3BOJIbHBL 3J1eMeHT CTPYKTYPHI 2.
Buibepem ng € M, ng > n. Honoxum 1 = (ng, 1), xa = (ng,2), ..., xx = (no, k). Hecoxuo
HEIOCPEICTBEHHO yOeUThCs B TOM, 9TO IPU TAKHX 3HAYCHUAX HEPEMEHHBIX T(,T1, ..., Tk

dbopmysia (1) 6yger ucruanoit B crpykrype 2.

JIemma 2. Ilycre koneunasi quarpamma (1) yiosaerBopsier XoTsi 6bI OHOMY H3 CJEJLYIOIHX

YCJIOBHIL:

a) cymecTByIOT 1,7,S,p TakKhe, 4TO j S U (pOpMYJIBI T, Ti) H T;,Ts) BXOIAT
(a) cy y J>8,p j# opmyibr Qp(xi, z5) 1 Qp( )
mosuruBHO B (1);
0) cyuecTByIoT i, §, S, p, q Takue, 4To popmyabl Qu(x;, x;) 1 Qq(xs, x;) BXOAAT HOZUTHBHO
(6) cy VIOT i, ] il Qp(i, T q
B (1);
(B) cymecTByorT i, 7, s,p,q Takue, 910 i # s mwin p # q, 1 Gopmysbl Qp(xi, ;) 1 Qq(xs, T5)

BXOAT 1o3uTuBHO B (1).

Torga npu Jr060M 3Ha4ennn xo opmysa (1) moxnaa B crpykType 2.
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JOKA3ATEJIBCTBO. Ecau oonnsiercs (a) u dpopmysia (1) ucruana, To jjist HEKOTOPOIo
n € w uMmeer Mecto x; = (n,0), u cremosarensro, r; = (n,p + 1), s = (n,p + 1). Torxa
dbopmyna —~x; & xg J102KHA B CTPYyKType 2.

Ecin Beinosnsiercst (6), To joxHOCTH bopMyiibl (1) BbITEKaeT U3 JIOXKHOCTH (DOPMYIIbI
Qq(xs,x;) mpu x; = (n,0), n € w.

Ecyn Beinosasiercs (B), 1o u3 uctuanoctu Gopmysbl (1) ciegyer paBeHCTBO p = ¢ U

UCTUHHOCTDL (DOPMYJIBI T; R Ty B CTPYKTYpe 2.
Jlemma 3. Ilycrp koneunas quarpamma (1) y1oBI€TBOPSIET CJIEIYIONM YCIOBHSIM:

(a) cymecTByer mosuruBHOE BXOXKjeHHe Qp(Ti, Xj) A/Is HEKOTOPBIX P, 1, j;
(6) mHe BbImOsTHSIIOTCST yeoBust (a)—(B) U3 JIeMMBI 2;
(B) smoboe mozurnBHOE BXOXK Aenne Qp(x;, xj) obnagaer cofcrBom i > 1 1 j > 1.

Tora npu Jr060M 3Ha4vennn xo opmyra (1) mcrunna B crpykType 2.

JOKABATEJIBCTBO. IlpeacraBum 6ecKBaHTOPHYIO YacThb hopMysibl (1) B BHJIe KOHbBIOHK-
mn A(7) & B(T) rak, uro B A(T) cobpaHbl BCe O3UTHBHBIE BXOXKIEHUSI ATOMAaPHBIX POPMYJI,
a B B(T) — Bce HeraTuBHBIEC BXOXK/ICHUS, BKJIIOYAsi BCE HEPABEHCTBA.

Torpga, B cuity Jiemmbl 2, dbopmyrna A(T) Ho/mKHA UMETh BUJL

Qpl (xioafvil) & sz(xioaxiz) & ... & Qpa ('r’iO?xia) &
th (-Tj0,$j1) & qu (xjo,sz) & ... & Qqﬁ (ﬂfjo, xjg) &
er ($507x51) & QTQ(xS())xSQ) & AR & QTV(mSOJxSry) &

& ...,
rje Bce MHIEKCHl n3 Habopa I = (ig,i1,...,%q,J0, 15> JB8: 50,515+, Sy, .) OTIMYHBI OT
HyJIsl U TOIAPHO PA3JINYHbI, ¥ WMHJEKCHI IPEJIUKATOB B KaXKJIOM U3 HAOOPOB (D1, ..., P a),
(q1,---,498), (T1,-..,7~), ... TIOIHAPHO PABJIMIHEL.

[Iycrb 29 = (n,m) € A — UpOU3BOJILHBII 3JIeMeHT u3 HOocUTesi CTPYKTYphl 2. Beibepem
3JIeMeHT ng € M Takoii, 4To ng > n.
Beibepem ny € M, ny > ng. Homoxum x;, = (n1,0), x;, = (n1,p1+1), i, = (n1,p2+ 1),
o Tiy = (N1, pa + 1).
Bribepem ng € M, ng > ny. Homoxum xj, = (n2,0), z;, = (n2,q1 +1), zj, = (n2,q2+1),
oo Tjy = (n2,q5 +1).
Beibepem ng € M, n3 > ng. [onoxkum zs, = (ns3,0), s, = (ng,r1 +1), zs, = (n3, 72+ 1),
o Tsg = (N3, 7y + 1).
[Tpomo/kasi aHAJIOTHYHBIM 00pPa30M, O3HAUNBAEM BCE [IePEMEHHbIe, BXOJsIme B moadop-
myny A(ZT).
OcraBimecst HepeMeHHbIE, T. €. OTJIMYHBIE OT &, TJe ¢ € I, IPOMHTEPIPETHPYEM KaK I0-
HAapHO pa3JIMYHbIe SJIEMEHTBI U3 I0CIeoBaTebHOCTH (no, 1), (no,2), (no,3), .. ..
Hecsi0:KHO HeNocpeIcTBEHHO YOeUThCs B TOM, YTO IIPH TAKUX 3HAYCHUSX [IEPEMEHHBIX

X0, L1, - .., T Gopmyna (1) 6yzer ucrunnoit B crpykrype 2.
Jlemma 4. Ilycrs koneunas quarpamma (1) yaoBJIeTBOPSIET CJAECAYIONIUM YCIOBUSIM:

(a) cymecrByer mosurusHOe BXOXkKIeHHe (Qp(Ti, T0) sl HEKOTOPBIX P, 1;
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(6) He BemmosHsTIOTCs1 yeaoBust (a)—(B) w3 JgeMMBbI 2;

(B) Jmroboe mosuruBHOE BXOXKAeHne Qp(x;, ;) obaagaer cpoiicrBoM i > 1 m j > 0.

Torna cymectByeT p1 € w Takoi, ITo npu joboM 3uadennu xo € {(n,p1 +1) | n € M}

¢opmyna (1) ucrunna B crpykrype 2.

JOKABATEJIBCTBO.  Byznem cunrars, uro dopmyna (1) coaepKuT Kak MO3UTHBHbIE
BXOZKJIeHns Buia Qp(2;, o), Tae ¢ > 1, Tak U HO3UTHBHBIE BXOXKJIeHHs BuIa Qp(z4,2;), r1e
i,j > 1. Cayu4aii, KOrja IMEOTCs TOJIbKO MO3UTUBHBIE BXOXKIeHUs BuIa Qp(xi, xo), ¢ > 1,
paccMaTpUBAETCs AHAJIOTHIHO.

[IpexcraBum GeckBanTopuyo dactb Gopmyist (1) B Buge A(T) & B(T) Tak, uro B A(T)
cobpaHbl BCe NO3UTUBHBIE BXOXKJEHUsI aTOMapHbIX Gopmys, a B B(T) — Bce HeraruBHbIe
BXO2K/IEHUsI, BKJIIOYAs BCE HEPABEHCTBA.

Torma, B cuity siemmbl 2, dopmysna A(T) goskHa UMeTh BUL (TIEpEMEHHAsT T( UMeEeT POBHO

OJTHO BXOXKleHue)!)

Qm (xiovxo) & sz (ﬂfio, l'iz) & ... & Qpa (fimxia) &
QQ1 ($j07xj1) & QQ2 (xjmsz) L. & wa (‘T]'O’ x]ﬁ) &
Qry (Tsg, Ts1) & Qry (T59,T5,) & o & Qr (T, 75,) &

& ...,
rjie Bce MHEKChI u3 Habopa I = (ig, 12,13 . .., ia, Jo, - - - 3085805+ Sy - .) OTJIMYHBL OT HYJIS U
IIOIIAPHO PA3JIMYHBI, ¥ HHJEKCHI IPEJNKATOB B KaXKJIOM U3 HAOOPOB (P1, . .., Pa), (q1,---,q3),
(T1,...,7), ... IOIAPHO PABIHIHBI.

[Mycts 29 = (n,p1 + 1), n € M. Badurcupyem HEKOTOPBIi 7eMenT ng € M Takoii, 9410
ng > n. Honoxum x;, = (n,0), zi, = (n,p2 + 1), ..., x5, = (n,pa + 1).
Beibepem ny € M, ny > ng. Honoxkum xj, = (n1,0), x5, = (n1,q1 +1), zj, = (n1,q2 + 1),
o Tjy = (n1,q5 + 1).
Beibepem ng € M, ng > ny. [onoxkum zs, = (n2,0), x5, = (no,r1 +1), zs, = (no,m2+1),
o Tsy = (na, 7y + 1),
IIpomomkast aHATOTHIHBEIM 00pa30M, O3HAUNBAEM BCe IIePEeMEHHBIE, BXOISIINE B TOA(pOp-
myny A(T).
OcraBimecst IepeMeHHbIe, T. €. IepEeMeHHbIE BUJIA X;, [Jie © ¢ [, IpOMHTepIpeTHpYeM Kak
HOIAPHO PA3JIMIHBbIE JIEMEHTHI U3 [ocjenoBaresbHoctu (ng, 1), (ng,2), (ng, 3),
Herpynno nemnocpencTBeHHO yGeInThes B TOM, YTO IPH TAKHX 3HAYCHUSX MEPEMEHHDIX

X0, X1, ...,k dopmyna (1) 6ymer ucrunuoii B crpykrype 2.

Jlemma 5. Ilycrp koneunasi quarpamma (1) yoBI€TBOPSIET CIIEYIONIM YCIOBHSIM:

a) cylecTByeT no3uTuBHoe BxoxKaeHue QQ,(xrq, ;) I8 HEKOTODBIX D, 1;
Y Y P J
(6) He BbmOsTHSIIOTCST yesoBust (a)—(B) U3 JIeMMBI 2;

(B) Jmoboe mosurnBHOE BXOK feHHe Qp(xi, xj) obmagaer cofictBom i > 0 m j > 1.

Ilyctp jastee Bce mo3uTHBHDIE BXOXKAeHHs Buga Qp(Xo, x;) cobpansr B hopMyite

Qpl (:1707:[2'1) & Qp2 (w07xi2) & ... & Qpa(xo’xia)‘
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Ecsn Bce py, ..., po € M, 10 hopmymna (1) oupenessier B crpykrype 2 nogmuoxkectso M.

Ecsn cymecrByer p; ¢ M u o > 2, o ¢popmyia (1) onpenessier B crpykrype 2 mogqMHO-
sxectBO M.

Ecsn ke cymectyer p; ¢ M u o = 1, 1o popmyna (1) onpenesnsier B crpykrype 2
moamuoxkecrBo Mo U {(p1,0)}.

JOKABATEJIBCTBO. Byuem cuurars, uro dbopmyra (1) comepKuT mo3suTHBHBIE BXOXK-
nennst Buga Qp(zo,z;), rae @ > 1, n nosuruBHble BXOXKIeHUA Buna Qp(Ts,x;5), vae 4,5 > 1.
Corydaif, Kor/ia IMEIOTCsI TOJILKO MO3UTHBHbBIE BXOXKIeHUs BuIa (QQp(To,x;), ¢ > 1, pasbupaet-
Csl aHAJIOTUYHO.

[IpexcraBum GeckBanTopHyto dacTh Gopmyisl (1) B Buge A(Z)&B(T) Tak, uro B A(T)
coOpaHbl BCe TO3UTHBHBIE BXOXKJECHHUS ATOMapHBIX dopmys, a B B(Z) — Bce HerarupHble
BXOXK/JIEHHUsI, BKJIIOYasl BCE HEPABEHCTBA.

Torpga, B cuiy Jlemmbr 2, opmyia A(T) 10/KHA UMETH BH/T

Qpl (I()vxil) & QpQ(xO’xiQ) & ... & Qpa(xo)djia) &
Qar (Tjo, Tjy) & Qo (T, Tjp) & ... & QQﬁ(xj07xj5) &
Qry (Tsg, Tsy) & Qry (59, Ts,) & ... & Qr, (T30, st,) &

& ...,
rJie Bce MHIEKChI U3 Habopa I = (i1 ... %0, 50, J1s -+ JB8: 50, 515+« Sy, ..) OTIIMIHBI OT HYJIA 1
IIOIIAPHO PA3JIMYHBI, ¥ HHJEKCHI B KAaXKJIOM U3 HAOOPOB (D1, ..., Pa)s (qs---548)s (T1,-- -, T~),

... TIOTIAPHO PA3JINIHBI.

Scno, uro ecsm dbopmyna (1) ucrunaa B crpykrype 2, TO T J0JDKEH UMETh BUJ, T =
= (n,0), tne n € M, wm xg = (p1,0).

[Mycrs 29 = (n,0), n € M. Badukcupyem HeKOTOPBIi 31eMeHT ng € M Takoii, 4ro ng > n.
Honoxum 3y = (n,p1 + 1), x4, = (n,p2 + 1), ..., T, = (N, pa +1).

Beibepem ny € M, ny > ng. Homoxum zj, = (n1,0), 25, = (n1,q1 +1), zj, = (n1,q2+ 1),

oo Tjy = (n1,q5 +1).
Beibepem ng € M, ng > ny. [onoxkum zs, = (n2,0), x5, = (ne,r1 +1), xs, = (ng,r2+1),
o Tsy = (na, 7y + 1),

ITpososzKast aHAJIOTUIHBIM 00Pa30M, O3HAYUBAEM BCe IIepeMeHHbIe, BXOAsIIue B n1odop-
myny A(T).

Ocrasiuecst IepeMeHHbIe, T. €. [IlepeMeHHbIe BUJIa X;, TJe © ¢ [, IpOuHTepIpeTupyeM Kak
HOIIAPHO PA3JIMIHBIE JIEMEHTHI U3 [oCJIe10BaTeIbHoCTH (ng, 1), (ng, 2), (ng, 3),

HerpyHo HenocpescTBeHHO yOeJuThCs B TOM, YTO IPH TAKUX 3HAYEHUSIX II€PEMEHHBIX
X0, L1, ..., Tk Gopmyma (1) 6yzer ucrunnoit B crpykrype 2.

Hamee, ecm {p1,...,pa} € M, TO U3 onpeeseHns: NPeauKkaToB Qp,, ..., Qp, BBITEKAET,
aro ¢opmysa (1) ucTuHHA TOJBKO HA JIEMEHTax U3 MHOXKecTBa M.

Honycrum, cymecrsyer p; ¢ M, naupumep p1 ¢ M, u o > 2. Ecoin npeiiosioxKuTh, 9o
dbopmyna (1) ucruana wHa saemente g = (p1,0), TO UCTHHHBIM JIOJIPKEH OBITH ¥ IIPEJIUKAT
Qp, (0, xi,). CrreroBaresnbho, Tak Kak p1 ¢ M, To p; = p2, ITO HEBO3MOXKIO.

Haxkowner, eciin py ¢ M u o« = 1, 70 Tak e, Kak ¥ Bblllle MOKHO yCTAHOBUTH, YTO IIPU

xo = (p1,0) dopmyna (1) cranoBurcs nctunHOI B cTpyKType 2.
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§ 2. ,Z[OKa3aTe.J'IbCTBO OCHOBHOTI'O pe3yJibTaTa

[IpucTynum K HETOCPEACTBEHHOMY JTOKA3ATEIBCTBY TEOPEMET 1.
CuadaJsia JIOKaxKeM, 4TO CTPYKTypa 2l uMeeT BBIYUC/IMMOe IpejcraBienue. JleficTBuTe b
HO, TaK KaK HOCUTEJb A BBLITHCIUMO MEPEIUCTUM, TO CYIIECTBYET BBITUCINMA ONEKTUBHA
1-1
dyukmus f:w — A.
Ha

Paccemorpum crpykTypy B = (w, P?)ic,,, ONPeNenB i BCeX § € W MpeTnKaTh

P = {{z,y) € w? | (f(2), f(y)) € Qi}.

OueBusiao, cTpyKTyphl 2 u B uzomopdubl. Kpome 31010, /s IPOU3BOIBHBIX 4, L, Y € W

nMeeT MECTO 9KBHUBaAJICHTHOCTD

(@) € P = (r(f(2) =0 & r(f(y) =i +1 & Uf(@) = U W))),

rje | u r — JieBasi U IpaBasi KAHTOPOBCKUe HyMepyotue gpyHkimu. OTcroma ciiejtyer, 94To mnpe-
JuKaThl P, i € w, pABHOMEPHO BBIYUCIUMBI, I 3HAYUT, CTPYKTYpa B ABJISIETCS BHIYUCTIMbBIM
npejicraBieHuem 2.

Tenepnb JOMYCTIM, 9TO HafiIeTCsl BLIMUCIHMAs TIOCIEI0BATETLHOCTD {0;(70) bicw X i-dop-
MYJI, SIBJIAIOIIAsICS Kaaccudukalmeil Bcex 2(1)—OTHOH_IGHI/II71 Ha cTpykrype 2.

Ocy1ecTBUM HECKOJIBKO Mpeobpa3oBanuii mocseaoBareibHocT {@; (o) bicw, Kazkioe us
KOTODPBIX Oy/ieT paBHOMEPHO 3(PPEKTUBHLIM OTHOCUTEBHO I'e/IeJIEBCKUX HOMEPOB (DOPMYJI.
[TpeobpaszoBamus OyIyT IPeaCTaBIATD U3 cebst MO0 3aMeHbI (POPMYJI Ha SKBUBAJICHTHBIE UM,
Jinbo yIaJieHre HeKOTOPBIX (hOPMYJT U3 [TOCJIEIOBATEILHOCTU. TakuM 00pa3oM, KaxKioe mpeod-
pazoBanue 6YIET COXPAHATH BHIUYUCIUMOCTD U OJIHOZHAYHOCTD ITOC/IE/IOBATEILHOCTI (DOPMYJI.

[ockomky @, A mw My = {(n,0) | n € M} sBasiorcs LY-0THOMEHUSIMI Ha CTPYKTY-
pe 2, To B nocienoBareabHOCTH {;(T0) }icw HARIYTCsE DOPMYJIBI, KOTOPBIE UX OIPEIEISIOT.
Harmre nepsoe npeobpaszosarue 6yaeT 3aKaI09aThCA B yIAJEHIN U3 MOCIeI0BATEIbHOCTH TPeX
dopmyJ, onpenensionmx &, A u M.

Bmopoe npeobpazosarue mocaeoBaTeIbHOCTH (POPMYJ OYIET 3aKII0UATHCS B IPUBEIEHAN
KaxKJI0i (POPMYJIBbI K J.H.(. ¢ MOMOIIBIO CTAHJAPTHOIO AJITOPUTMA.

[Tocne Broporo npeobpazoBanust Kazxkaas GopMy/ia U3 MOC/IeI0BATETbHOCTH OYIET UMETD
Bug, Yo(zo) V ¥1(xo) V ... V p(x0), tie n € w, u xkaxkmas noadopmyna ¥;(xg) aBisiercs
3JIEMEHTAPHON KOH'BIOHKITUEI.

B mpemuvem npeobpaszosaruu Ham KaxKaoi 3/1eMEeHTAPHONR KOHBIOHKIINEH B KaXK 101 op-

MyJie U3 TEKYIIE MOC/e/I0BATEIbHOCTA Mbl OCYIIIECTBAM CJIEJIYIOIINAE NATh JeUCTBUA:

(a) Ecsim B ss1eMeHTApHON KOHBIOHKIUHI €CTh HO3UTHBHOE BXOXKJIEHNE aTOMapHOIi 1mojgop-
MYJBI T /% T, TO yJaJUM 3TO BXoxKjaeHne. Takoe mpeobpasoBanue ABJISETCA KOPPEKT-

HBbIM, IIOCKOJIbKY B II€EPBOM HpeO6pa30BaHI/II/I HCKJIIOYCHO MHOXKECTBO A.

(6) Eciu B 271eMeHTApHOl KOHBIOHKIIUE €CTh HEraTUBHOE BXOXKJIEHUE aTOMApHOI moadop-
MyJbl Xj & Tj, TO yJaJUM BCIO 3JIeMEHTapHYI0 KOHbIOHKIMIO. Taxkoe mnpeobpasosanue

KOPPEKTHO, ITOCKOJIbKY B IIEPBOM IPEOOPA30BAHUN UCKJIIOUEHO MHOXKECTBO O.
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(8) Ecsin B 3/1eMEHTAPHON KOHBIOHKIIUK OJHOBPEMEHHO IPUCYTCTBYIOT U MO3UTHUBHOE, U
HEraTUBHOE BXOXKJIEHHE KaKOH-T1ub60 aTroMapHOil (hOpMyJIbI, TO YAAJIMM BCIO 3J€MEHTap-
HYIO KOHBIOHKIINIO. Takoe mpeobpazoBanne KOPPEKTHO, ITOCKOJILKY B IIEPBOM IIpeobpa-

30BaHUU MCKJIIOYEHO MHOXKECTBO .

(r) Ecim B s/1eMeHTApHON KOHBIOHKINE UMEETCsl BXOXKJIEHHE 10AMOPMYIIbl T3 R T; NI
—T; & Tj, g KOTOPOi ¢ > j, TO 3aMEHHM ero Ha (bOpMy/ly T; ~ T; WId T, ~ T;

COOTBETCTBCHHO.

(,H) Eciou B SJIGMGHTapHOfI KOHBIOHKIINN OJHOBPEMEHHO IIPUCYTCTBYIOT JIBa OJANHAKOBbBIX

BXOXKJICHUs KAKO-I060 aToMapHOil (pOPMYJIbI, TO yIaJIUM OIHO U3 HUX.

Ilocite Tperbero mpeobpa3oBaHusI B KaxKJIOW 3JIEMEHTAPHOW KOHDBIOHKIIUH IS JIFOOBIX
p,%,j ocraHeTcs He 6oJlee OJHOTO BXOXKJICHHs aToMapHOil dopmyisl Qp(z;, ;) u He Gosee
OJIHOTO BXOZKJICHIS ATOMAPHON (DOPMYIIBI T; R X j, IPH STOM €CJIH NoAGOpMyJIa BUJIA T; ~ T
WU — T A Tj BXOIUT B 3JIEMEHTAPHYIO KOHBLIOHKIUIO, TO 1 < j.

Yemeepmoe npeobpa3o6anue COCTOUT B MPUBEIACHUN BCeX (POPMYJI MOCIETOBATEIHLHOCTH
K c.g.H.¢. s 9T0r0 moctarodHo, moabupast Ui KarKJIoi 3JeMeHTapHON KOHBIOHKIUN P
HeoOXoIIMBbIe aToMapHbie (OpMyIIbl BuIa Qp(L;, £j) WK T; = &' j, UCIOTIb30BATH CJIELYIOMINe

9KBUBAJICHTHOCTHU:

o

((b & Qp(l’“.’[j)) \ (@ & _‘Qp(aji,xj)>7
P = (@&wzmx])\/(@&—'mlm%)

Tlocsie yerBepToro mpeobpazoBanus Bce GOPMYJIbI OyIyT HAXOIUTCS B C.J.H.(., HO IpU
STOM OHH MOTYT COJIepKaTh IIO3UTHUBHBIC BXOXKJIeHUdA dopMyl x; ~ x;, ¢ < j. Hame namoe
npeobpasosarue OyAeT COCTOATH B YJAJCHUHU ITO3UTUBHBIX BXOXKICHUH T; ~ Tj C IIOMOIIBIO

SKBHBaJIEHTHOCTEMN cjaeayroniero Tuiia:

dxqdas ... Ela:k(@(xo, Ti,..., k) & 29 & a;l) = dzy... JxpP(x0, o, x2, . . ., Xk),

3.%'13.%’2 e E|$'k (@(xo,:rl, N ,Jik) & T~ iL'Q) = E|.’L‘1;|$3 e Exkcb(:no,xl,xl,xg, e ,.CEk),

OpU 9TOM, ecyii TOTpebyeTcs, erie pa3 JOMOJHUTEIBHO OCYIIeCTBUM JeiicTBust (B)—(1) u3
TPETLEro IPeodpPa3OBaAHNUS.

O6osnatmm gepes {¢}(x0) }icw MOCIET0BATENLHOCTD GOPMYJI, HOJLYI€HHIX IOCTIE IISTOrO
npeobpasosanus. Torga kaxuast @ (xg) Gyuer sBISTbCS ANIBIOHKINE KOHEUHbIX JUATDAMM.
Tak Kak u3 IMOCJIEI0BATEILHOCTH ObLIa yaajeHa opMysia, omnpenessitonas A, To B cuiry
JieMMbl 1 B Kaxk 101t bopmyite go%(a:o) U B KaxK/JIOM ee KOHEYHOI JuarpaMMe CyIIeCTBYyeT XOTd
OBl OJIHO MO3UTUBHOE BXOXKJIeHHne GopMybl Qp (4, ;) I HEKOTOPBIX P, 1, j.

o /

Llecmoe npeobpazosarue OyeT 3aKI0YaThCS B yIAT€HIH U3 KaxKIoi hopMysl ¢;(xo)
TaKUX KOHEYHLIX JUarpaMM, KOTOPLIE YIOBJIEeTBOPIOT jJemMe 2. Takoe nmpeobpaszoBanue Kop-
PEKTHO, TaK KaK Mbl UCKIIOUHINA (POPMYJITY, OIPEIEISIONYI0 .

ITocne mecroro npeobpa3zoBanus, B CUIY JEMMBI 3, 11 KaXKA0H (POPMYJILL U3 IIOCIEN0Ba-
TEJBLHOCTH KaXKJas ee KOHEYHAs JuarpaMMma yIO0BJETBOPSET JIMOO YCIOBUAM JIEeMMBbI 4, 00

YCJIOBUAM JIEMMbI 5.
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Cedvmoe npeobpasosarue OYIET COCTOSITH B yIAJEHUH U3 TEKYIIEH IOCIeI0BATEIbHOCTH
BcexX (hbopMyJI, B KOTOPBIX UMEETCSA XOTsI ObI OJHA KOHEYHAas JUarpaMMa, yIOBJIETBOPSIONIAST
yeaoBusM JeMMbl 4. Takoe mpeobpaszoBaHne KOPPEKTHO, TaK KakK MOAMHOXKecTB Buaa My U
U{(p,0)}, rie p ¢ M, GeCKOHETHO MHOIO.

O6osnauum epes {¢! (xo) }ic, HOCIENOBATEILHOCTE (OPMYJI LHOCIIE CEABMOTO IPeobpaso-
paHusi. [lockoyibKy MHOKecTBO My OBLIO UCKJIFOUEHO, TO B CUJIy JIEMMBI D KaxKaast (popmyia

@ (zo) oupenensier B crpykrype 2l OIMHOXKECTBO BH/JIA

Mo U {(po,0), (p1,0),..., (pn,0)},

TJe PO, P1y - - -5 Pn & M, ipu 3mOM HAGOPOM T10DOPMYJT

{on (xo’ Ijo)a Qp1 (l‘o, x]&)a s van (xo’ x]n)}

JIJIST HEKOTOPBIX J0, 1, - - - 5 Jn ACIEPIIBIBAIOTCST BCE MTO3UTUBHBIE BXOXK/IEHUsI ATOMAPHBIX (hOp-

myat Bugta Qp(wo, x5) B bopmyity @ (o).
st Beex ¢ € w onpeeinM KOHEIHOEe MHOYKECTBO

B; ={p €w| B dopmyie ¢} (zo) cymecrsyer nosurusHoe BXoxkAeHUE Qp(T0,Y)

JIJISE HEKOTOPOTO ¥ }.

B cuity 3ameuanus Bbliie, Jjisi JI000r0 ¢ € w Haiigercst p € B; takoii, yro p ¢ M. Kpome sro-
o, U3 BBIMUCAUMOCTH IOC/IenoBaTebHoCTU {@} (Z0)}icw CIIEIyeT, YTO OCIIe0BATEILHOCTD
{Bi}icw ABASIETCS CTPOTO BBIYHCIUMOI.

OrmpejiesiuM 10 MaraM CTPOTrO BBIYUCUMYIO TOCIEI0BATEIbHOCTh KOHEUHBIX MHOYKECTB

{Ci}iew, ABASIONIYIOCS MOAIIOCIEI0BATENLHOCTBIO B { B }icw.
IIIar 0 ITomaraem Cy = By.

[lar ¢t + 1 Tlycts Cy,...,Cy yxKe onpeenenbl U Jjist BeeX 4,j < t, i # j, UMEET MecTo
srmodenne C;NC; C M t (uepes M mb1 0603HATAEM TIOIMHOMKECTBO 3/IeMEeHTOB M , mepedrc-
JennbIx K mary t). Haifnem mamvenninee ¢ taxoe, uto (CoU...UC;) N B; € ML, Tlokaxew,
9TO TaKoe ¢ BCEIa HaIeTCs.

Heiicreurensno, kaxgoe Cj, j < t, moxkno npejacrasuth B suge C; = K; U Lj, rue
K; C M, L; Cw\M, upuiem B cuiy cgoiicts Cy, . .., Cy nmeem K,NK, C M'u LyNL, =@

JUTST BCeX S # p. PaccMOTpUM MHOXKECTBO
K= (KoU...UK;)n M,

Mmnozkectso K koneuno u copepxkutca 8 ML Bribepen Tax»ke mponssoabubii ¢ € w\ M
Takoil, uro q ¢ Lo U...U L. onoxum C' = K U {q}. Torua

(CoU...UCHNC = (CoU...UC)NK C ML,

dAcmo, uro mis mHOXKecTBa C HalimeTcs E?—cbopMyﬂa ¢! (zo) rakas, aro B; = C. Taxkum
06pa3oM, HEOOXOAMMOE 4 CYIIEeCTBYET.

Honoskum Cyyq = B;. Uz yenosus (CoU. .. .UC,) N B; € M soitekaer, uro s mo6oro
j <t umeer mecro C; N B; € ML,
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TaK, MBI OI JIMIA CTPOTO BBITUCIUMYTO TIOC/IeoBaTenbHoCTh {Cj}ic, Tax T
Uraxk, orpeJie CTPOTO ¢ 10 IIOCJIEIOBATETHHOC Ci}icw Taxyio, 9To
C;NCj; C M npu i # j. Kpome sroro, miuga xaxkioro C; cymecrByer seMeHT ¢; € C; Takoi,
qro ¢; € w\ M. U3 5Tux AByX yCJIOBHIl 3aK/IIOYaEM, UTO ¢; 7 ¢j IPH i # j.
Boigenmum B ocaenosaresnbrocT {C;}ic,, CTPOro BBIMHCIUMYIO ITOJIIOCTIEI0BATETBHOCTD
1frEw
{C9; }icw. Muoxkecrso D = |

muOoxkecTBO ' = M U D toxke Gyjier Bbraucumo nepeuncaumbiv. Oaako, Muaoxkectso E\ M

icw C2i ABIIAETCS BRIMUCIIMO HepedncauMeiM. CeoBaTesbHo,
6ECKOHEUHO, TI0OCKOJIbKY OHO COJIEPXKUT IOJMHOXKECTBO {cp,C2,C4,. ..}, U MHOXKeCTBO w \ F
TOXKe GECKOHEUHO, TaK KaK OHO COJEPKHUT MOJMHOXKECTBO {c1,C3,Cs, . .. }. JlanHOEe pOoTUBO-

pedne ¢ MaKCUMaJIbHOCTBIO MHO2KECTBa M oxoHuaTeLHO JOKa3bIBa€T HAIILy TE€OpEMY.
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