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OIIUCAHUE YACTUYHO YIIOPAJOYEHHBIX MHO’KECTB,
KPUTHNYECKUX OTHOCHUTEJBHO HEOTPUIIATEJIBHOCTH
KBAJIPATUYHOM ®OPMbI TUTCA

We present the complete description of finite posets whose Tits form is not nonnegative but all proper subposets
already have the nonnegative Tits form. The analogous result for positive forms is obtained by the authors
earlier.

HaBeeHO TOBHHUI OITMC CKIHYSHHHX YaCTKOBO BIIOPSIKOBAaHUX MHOXHH, popMa TiTca IKHX HE € HeBiL €MHOIO,
aJie BCi BJIACHI MiIMHOXHHH SKHX MalOTh HeBiJ eMHY dopmy TiTca. AHANOTIUHME pe3ynpTaT Uil AOAATHHX
(hopM OTPUMAHO aBTOpPaMH paHIIIe.

1. Beeaenue. B padote [1] II. I'abpuens BBEN A7l KOHEUHOTO KOTYAHA (OPHEHTHPOBAH-
HOTO Tpada) () ¢ MHOKECTBOM BEPITIHH (g U MHOKECTBOM CTPEIOK ()1 KBAJAPATHIHYIO
dopmy qo : ZP° — Z, nazeanmyro UM Keaapatuaroi Gopmoii Tutca komaana Q:

o(2) = Y 7 —> a2y,

1€Qo i—j

e ¢ — j mpoberaeT MHOKECTBO (J1. B 3ToM ke paboTe MOKA3aHO, UYTO KOJUAH UMCET
KOHEUHBIN TIPENCTABCHUSCKUHN THII HAJ TIoNeM & (T. €., ¢ TOYHOCTRIO 10 H3oMophu3Ma,
KOHEYHOE YHCII0 HEPA3TOAKHUMBIX TIPE/ICTABIECHUH) TOTAA M TOJILKO TOT/A, KOT/a ero Gop-
Ma TuTca SIBIACTCSA TMOMOKUTENBHOHW. JTa padoTa I1. T'abpuens cTajga HAYAIOM HOBOTO
HampasieHus B anre0pe, KOTOPOE M3ydacT CBA3b MEKIY CBOMCTBAMH ITPE/ICTABICHHH
Pa3THYHBIX 0OBEKTOB M CBOMCTBAMH CBS3AHHBIX C HUMH KBAPATHIHBIX (IOPM.

CrenyromuMy B 3TOM HanpasieHuu Obrmu padoTsr 11 Bpernep [2] u FO. A. Jlpo3na
[3], mocBsITIEHABIE U3YyUEHHIO KBaAPATHIHBIX opM TruTca COOTBETCTBEHHO /TSI KOMUA-
HOB C COOTHOITIEHHSIMH M YACTHYHO YIOPSIOUEHHBIX (4. y.) MHOXeCTB. B o0mmeit cutya-
MU TSI MATPUYHBIX 337149 0e3 cooTHOIeHuH hopma Tutca BReaeHa M. M. Kne#trepom
u A. B. Poiitepom B [4].

B patote [3] moka3zaHo, YT 4. y. MHOKECTBO UMEET KOHEUHEIH TIPEe/ICTARICHUE CKUT
THTI TOT7Ia ¥ TOIBKO TOTAA, KOrzia ero (jopma Turca cinabomnoaoKUTenbHa (T. €. TPHHUMAET
TOJOKHUTEFHOE 3HAYCHHIE HA TI000M HEHYIIEBOM BEKTOPE C HEOTPHITATEIILHBIMH KOOP/IH-
HaTaMu (MIPEACTABICHUS 4.y, MHOkeCTB BReneHbl JI. A. Hazaporoit u A. B. Poiitepom B
pabote [5]). 3ametum, uto Qopma TUTCA KOTIAHA SBISETCS CTA0OTOTOKUTESIIHFHOMN TOTIA
M TOJBKO TOT/A, KOT/IA OHA MOJIKHUTENbHA. /sl 1. y. MHOKECTB 3TO HE TaK, H MOITOMY
H3Y4YCHHUE U.y. MHOKECTB C TOJOKHTEILHOH (hopMod THTCA BRIIIIHT €CTECTBEHHBIM
(xoTs1 OBI ¢ popmanpHON TOukH 3perusi). Takue U.y. MHOKECTBA H3ydJaluch B paboTax
[6 — 14]; mpu 3TOM H3YJaIHCh KaK CaMH 4. y. MHOKECTBA C OTIOKUTEILHOH (hopmoit TuT-
ca, TaK M UX CBOHCTBA, CBSI3AHHBIEC HETIOCPECTBEHHO C KATETOPHIMH IIPE/ICTABICHHH.

Hacrostmast cTaThs MOCBAIIEHA H3YUEHUIO U. Y. MHOKECTB ¢ HEQOTPHIIATEILHOH (op-
Moi#t Tutca (M3ydeHue TaKHX U.y. MHOKECTB Ha9aTO aBTopammu B padote [15]).

2. @OpMYJIMPOBKA OCHOBHOTO pe3yabrara. Ilycts S — 4.y MHOKECTBO, KOTOPOE
BCET/IA TIPE/IIONATAcTCsl KOHSUHBIM U He cogepkantm snemeHT 0. Ero kBagpatnaHO#
dopmoit Turca Ha3BIBAIOT KBapaTHuHyl0 Gopmy qs: Z°YY — Z, xotopas 3amaeTcs
PaBEHCTBOM

(© B. M. BOHJIAPEHKO, M. B. CTEITOUKHHA, 2009
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qS(Z):Zg‘FZZ?‘F Z Zizj_ZOZZi~

ies i<g,i,jES ies

Y. y. MHOXKeCTBO S HA30BEM KPHUTHUCCKHM OTHOCHTEIHHO TOIOKHTEILHOCTH (CO-
OTBETCTBEHHO HEOTPHIATEIHFHOCTH) KBAMPATHUIHOH (hOopMbl THTCA WM, COKPAIIEHHO,
P-xpumuyeckum (cootBerctBenno N P-kpumuueckum), ecnu Gopma Tutca 100010 €ro
COOCTBEHHOTO TOAMHOKECTBA SIBISICTCS TTOJOKUTENBHON (COOTBETCTBEHHO HEOTPHUITA-
TenpHOH), HO (hopMa TuTca camMoTo S TAKOBOH HE SIBISICTCSL.

Hlupunoti 4.y. MHOXECTBA S Ha3bIBACTCS MAKCHMAIBHOE YHCIO €¢ IOMapHO He-
CPaBHHMBIX DIIeMEHTOB. /[BoHcTBEHHOE K S U.y. MHOKECTBO OyreM 0003HAYATh Yepe3
S°P; mpyrumu ciaoBamu, S°P = S| kak OOBIYHBIC MHOXKECTBA, M TIPH 3TOM z < Y B
S°P ToTma W TOMBKO TOTA4, XKOoTnma = > y B S. U. y. MHOKecTBa S ¥ T’ HA3BRIBAIOTCA
anmuuzomopghnvimu, ecim S nzomophuo T°P.

B pabdote [10] mpuBenen cnncok BceX P-KPHTHUECKUX U. Y. MHOKECTB. ITOT CITHCOK
mpuBesieH HuAE B Ta0m 1 (cM. mocnennuil myHKT). 1enpi0 JaHHOH CTATHH SIBISETCS
ommcanue Bcex N P-KpHTHYIECCKHX MHOXKECTB.

HmeeT MecTo criemyromntas Teopema.

Teopema 1. N P-xpumuueckue u.y. MHOJCECMBA UCHEPHBIBAIOMCA, C MOYHOCBIO
00 usomopuzma u awmuuzomopgusma, 4.y. muoscecmeamu 1—115, yrazaunvimu 6
mabn. 2 (npusedenHoli 8 NOCIeOHeM NyHKme).

CremaeM HEKOTOPHIC 3aMeuanus k Tadd. 2.

YKa3aHHOE B 3TOH TAOIHIE U.y. MHOKECTBO IO HOMEPOM ¢ 0003HauaeM depes NV;.
Ecnu MuOKeCTBO N; HMEET MMPHHY 2 U B TAOIHIE HAMTHCAHO ¢ = j', TO 9TO O3HAYALCT,
qro [N; MOKHO IIONYYHTh U3 N; 3aMCHOH €IMHCTBEHHOH ¢¢ MAKCHMAIBHOH TOUKH HA
SIUHCTBEHHYI) MUHHMAIBHYIO TOUKy. To &e camoe kacaercs u ciywast ¢ = 57 = (5')
(HyxHO cpaBHMBaTh [N; u N;/). Ecnin MHOXKecTBO N; UMEET MIMPHHY 3 H B Tabnuie
HAIMCAHo ¢ = 7/, TO 3TO O3HAYAET, YTO HM3I0KECHHOE BEHIINIEC OTHOCHTCS yike He K N;
U N;, a K UX CBA3HBIM KOMIIOHEHTaM (IIPAMBIM ClIaraeMbiM) mHpHHEL 2. To ke camoe
Kacaercs u ciydas ¢ = 5.

IIpow3BOIRHEIC U.y. MHOKECTBA S U T, KOTOPHIC MOAYJYAOTCS OTHO W3 JPYTOTO ¢
TTOMOTIIEIO TTOMOOHBIX otepanuii, HazoBeM O-uzomopguvivu. U ecnm u3 tadn. 2 BEIOPO-
CHThL MHOXECTBA C HOMEpaMH ¢+ = 7' 1 4 = 7", T0 momyunm ommcanue N P-KpUTHUSCKHUX
MHOKECTB ¢ TOUHOCTHIO /10 0-n3oMoOpdu3mMa U TBOHCTBEHHOCTH.

3TO OTHOCHTCS M K Ta0m. 1.

3. Min-3KBHBaJIEHTHBIE 1. y. MHOKeCTBA. MBI H3IIOKHM HEKOTOPBIE CBEACHHS, CBSI-
3aHHBIE C MIN-3KBHBAJICHTHLIMH U.y. MHOKECTBAMH. Takas SKBHBAJICHTHOCThH BBEJCHA
TIEPBEIM U3 aBTOPOB B pabote [7], a NETATFHOMY e¢ N3yUeHHI0 MOocBsIeHa padota [10].

ITycts S — u.y. MHOXKECTBO. JIIsI MUHIMAIILHOTO 3IEMEHTA a € S 0003HAYNM Uepe3
S| 4.y, MHOKeCTBO, KOTOpOE COBIANAET C S KaK MHOKECTBO, C TEM K€ OTHOIICHHEM
nopsiika Ha S \ {a}, Ho B S| onemMeHT a sBIAETCS YKe MAKCHMAJILHBIM, TIPHUEM
CpaBHMMO C x B 1" TOTZIa 1 TOJILKO TOT/A, KOTAA a HECPaBHUMO ¢ x B S. bynem mmcats
s1l smecro (S])], SII1 smecto ((S)))) ur n

Y. y. MHOKeCTBO 1" HA30BEeM Min-axkeusaienmusim 4. y. MHOKECTBY S, ecinu T’ paBHO
HEKOTOPOMY U. Y. MHOKECTBY BHJIA
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e z; — MuEMManbHBIE onement S1-T s moGoro i € {1,....p}; npn p =
= 0 cunraem S — S. IIpu 310M He TpeOyeTCs, UTOOL! MIEMEHTHI 1, T, . . ., zp OBLIM
DPa3THYIHEL.

Min-sKBUBAIICHTHOCTE Y. Y. MHOKECTB 0003HATACTCSI CUMBOIIOM 2,4

OTMeTHM, UTO TIOHATHE MiN-3KBUBATIEHTHOCTH MOXKHO €CTECTBEHHBIM 00pa3oM mpo-
JOMKUTE 10 TOHSTHS Min-u3oMopdu3Ma, cuutas, 4to 4.y. MHOKecTsa S u S’ min-
U30MOphHLL, €CAN CYIIECTBYET U.y. MHOXKECTBO 1, KOTOpPOE MIn-3KBUBAJICHTHO S U
uzomopduo S’

ITycts S — 4.y. MHOKeCTBO. KOHEUHAs MOCIEAOBATEIBHOCTE o = (&1, &2, ..., Tp)
MEMEHTOR ; € S Ha3BIBACTCS Min-donmycmumoti, ecm Brpakerne S = Silo1
UMeeT CMEICT (chaydait p = 0 He ucKIrouaeTcs). B aToM ciaydae OyleM Takke THCATH
5—s..

MHOKECTBO BCEX MIiN-IOMyCTHMBIX [IOCIEIOBATENBHOCTEH o003mauaem P(S), a
MHOECTBO BCEX TaKHMX IOCICIOBATENBHOCTEH Oe3 moBropenuit — Py (S). oaMuOKe-
CTBO B S, COCTOSIITEe W3 BCEX HIEMEHTOB z; MOCIenoBaresrocTd o € Py(S), Oymem
obo3nauaTh yepes [alg. 3amMeTuM, UTO s MiN-9KBHBAICHTHBIX U.y. MHOXKECTB S u T’
He BCeINa CYIeCTBYeT NOCIeI0BaATeNbHOCTE o € Py (S) Taxas, uwro T = S (em. [10],
. 6).

ITonmHOKecTBO X HA3BIBACM HUNCHUM, €CITH = € X BCSIKHH pa3, KoTaa = < y |
y € X. 3amuce X < Y mig moaMHOXKECTB S OyIeT 03HAYaTh, UTO x < y IS JIFOOBIX
rze X,y eY 3amerum, uto Z < @ U & < Z At 11000T0 TOJMHOKECTBA Z.

Cormacuo cieacTBusiM 5 1 9 u3 pabotel [10] uMeeM COOTBETCTBEHHO CHCAYIOIITHE
TIBa YTBEPIKICHUSL:

1) B P1(S) cymecrByer nocieaoBarelbHOCTh « Takasd, 4to [a]g = X, Torna u
TOITBKO TOTJIA, KOTIA TTOIMHOKEeCTBO X HILKHEE;

2) ecimn o, 3 € P1(S) u [a]s = [B]s, T0 S, = Sg.

CrieioBaTenbHO, IS HIDKHETO TOAMHOKECTBA X €CTECTBEHHO OTPENEITUTS Y. y. MHO-
KECTBO S;O CUHTAsI, UTO S)T( = Sl e o € P1(S) — nobas w3 mocIea0BaTETEHOCTE H
Takux, 410 [a]s = X. Jlerko nokaszars (npeanoxkenue 6 [10]), uto a < b B S = S)T( B
TOM H TOIBKO B TOM CITyJae, KOT/Ia BRITIONHSICTCS OTHO M3 CIETYIOIUX YCIOBHH!

a) a <bsSumboa,be X, mbo a,b¢ X;

by axbeSube X,a¢ X.

Orcrona, B YaCTHOCTH, CIIEAYET, UTO €CIHU Z — HIKHEE TTOIMHOKECTBO B X, Takoe,
uro 7 < S\ X, T0 Z SBISIETCS HUKHUM TTOIMHOXECTBOM H B S)T(.

B pabote [10] yxazan (1 000CHOBAH) aITOPUTM JJIs1 OTIMCAHUS BCEX U.y. MHOKECTB,
Min-3KBUBAJICHTHLIX (PUKCHPOBAHHOMY U.y. MHOKECTBY S. OH COCTONT U3 CIETYIONTNX
TITaToB.

L. Onmcate Bee HUKHWE TOMMHOKECTBA X 7 S B .S U IS KQKIOTO U3 HUX TIOCTPOUTH
4. y. MHOKECTBO S;.

II. Onucars Bee napst (Y, X ), cocrosinme n3 COOCTBEHHOTO HIKHETO TI0/IMHOKECTBA
Y B S u HenycToro HIKHETO TOAMHOKeCTBA X B Y Takoro, uto X < S\Y; mmt kaxmoi
TaKo# TAPBI TIOCTPOUTH . Y. MHOKECTBO Sy = (S1) k.

[I. Cpenu momydennsix B 1. I u I 4. y. MHOKECTB BEIOPATD 10 OTHOMY M3 KQKIOTO
KJ1acca H30MOP(HBIX MHOKECTB.

Hazosem ykazannsie B 11. I mogmuoxectsa X U X' cunbrousomopghrvimu, €CIu Cytre-
ctByeT aBToMOpdm3M ¢ : S — S Takoit, uto (X ) = X' (kaK 4. y. TOAMHOKeCTBA). AHA-
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noruuHo, e ykazauube B 1. 1L mapsr (Y, X) u (Y, X') nazosem curbrousomop@roimu,
eCIH CYIIECTBYET aBToMopduam ¢ : S — S taxoit, uto (V) =Y u (X ) = X'. Oue-
BH/IHO, UTO IIOAMHOKECTBA B II. | ¥ mapel MOAMHOKECTB B II. I TOCTATOUHO OMUCHIBATE C
TOYHOCTBIO /IO CHIIBHOTO H30MOp{r3Ma.

4. loxazareabcTso Teopemsl 1. ChopMymmpyem cHawgana OJHH U3 TBYX OCHOBHBIX
Pe3yNbTaTOB PaboTH [15], KOTOPEIH TTOHATOOUTCS B TaTRHEHITICM.

M3BECTHO, YTO B TEOPHH TPEICTABICHUHN Y. Y. MHOKECTB BAKHYIO POIIb UTPAOT CIE-
JYIOIME 4.y. MHOJKECTBA, HA3BAHHBIE B [15] kpUTHUECKHMU 4. y. MHOKecTBaMu Hasa-
pPOBOM:

N1 =1{1,2,3,4,5}, Te BCE DIEMEHTEI TIOMAPHO HECPABHUMEL

o O O O O

Ny ={1,2,3,4,5|4 < 5}:

o O O

N3 =1{1,2,3,4,5,6,7|1<2,3<4,5<6<T}

Ny=1{1,2,3,4,5,6,7,8|2<3<4,5<6<7=<8}:

O O
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N5 =1{1,2,3,4,5,6,7,8,9]2<3,4<5<6~<7<8<9}

o

O O
Ne=1{1,2,3,4,5,6,7,8,9]1 <2<3<4<56<7,8<96=<9}

o

O

Temeps MOKHO CHOPMYANPOBATH HEOOXOTUMBIH PE3ynbTaT U3 padboTs [15].

Teopema 2. Y.y muooncecmeo S asuaemca N P-xpumuueckum moz0a u moavko
moz0a, Ko20d OHO MIN-IKUBANEHMHO HEKOMOPOMY KPUMUYECKOMY Y.Y. MHONCECMEY
Haszaposoii.

TaxuMm o00pazom, Bce N P-KpUTHUECKHE U.y. MHOKECTBA MOKHO TOIYIHTH CICTY-
0™ 00pa3oM: B3STH BCE KPHTHUECKHE MHOXecTBa Ha3aposoit M 111 KakIoro n3
HHX OIHCATh BCE MIN-3KBHBAICHTHBIE €My U.y. MHOKECTBA (TOBOPS ,,BCE”, MBI TTO/Ipa-
3yMeBaEM ,,BCE C TOYHOCTBIO JI0 m3oMOpdu3ma”). OmHaKo, eCH HCXOMUTEH TOIBKO M3
OTIpEICTICHHSI MIN-3KBUBAICHTHOCTH, HE COBCEM SICHO, KAK MPAKTHIECKH OCYIICCTRISTH
COOTBETCTRYIOINH TIPOTIECC (XOTS OB TOTOMY, UYTO (POPMATBHO OH OeCKOHEeUeH). ONHAKO
MBI BOCTIONB3YEMCSI YKA3AHHBIM B IIPEIBIAYINEM TTYHKTE alTOPHTMOM.

Hrak, iepeijieM HENOCPEICTBEHHO K J0KA3ATENBCTBY TEOPEMBI 1.

gz 1. OmwmeM (¢ TOUHOCTBHIO J0 CHIIBHOTO H30MOP(hH3Ma) BCE HIKHHE TOAMHO-
JKECTBA B KPHTHUECKHMX MHOKkecTBaX Hazaposoi N — Nz (oM. 1. 4):

JJLL ./\/1 — A171 = O, ALQ = {1}7 A173 = {17 2}7 A174 = {17273}7 A175 =
={1,2,3,4};

JJLL NQ — A271 = O, A272 . {1}7 A273 . {4}7 A274 . {172}7 A275 = {174}7
As g ={4,5}, Ao r ={1,2,3}, Aps ={1,2,4}, Ay g = {1,4,5}, A2 10 = {1,2,3,4},
A2711 = {17 27 47 5};
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wt Ny — Az = @, Az = {1}, Ass = {5}, As4 = {1,2}, Ass = {1,3},
A3,6 - {175}7 AS,’T - {576}7 AS,S - {17273}7 AS,Q - {17275}7 AS,lO - {1737 5}7
Az 11 = {1,5,6}, A3 19 = {5,6,7}, Az 13 = {1,2,3,4}, Az 14 = {1,2,3,5}, A3 15 =
={1,2,5, 6}, A3716 ={1,3,5,6}, A3717 ={1,5,6,7}, A3718 ={1,2,3,4,5}, A3719 =
={1,2,3,5,6}, A3720 ={1,2,5,6,7}, A3721 ={1,3,5,6,7}, A3722 ={1,2,3,4,5,6},
A3723 = {1727 37 57677}7

JUTL N4 — A471 = J, A472 = {1}7 A473 = {2}7 A474 = {5}7 A475 = {172}7
A476 S {175}7 A477 S {273}7 A478 S {275}7 A479 S {57 6}7 A4710 S {1727 3}7
A4711 S {1727 5}7 A4712 S {1757 6}7 A4713 S {27 37 4}7 A4714 S {27 37 5}7 A4715 S
S {27 57 6}7 A4716 S {57677}7 A4717 S {1727 374}7 A4718 S {172737 5}7 A4719 S
={1,2,5,6}, Asno = {1,5,6,7}, Aso1 = {2,3,4,5}, As oo = {2,3,5,6}, Asos =
= {2,5,6,7}, Agoa = {5,6,7,8%}, Asrs = {1,2,3,4,5}, Asre = {1,2,3,5,6},
A4727 ={1,2,5,6,7}, A4728 ={1,5,6,7,8}, A4729 ={2,3,4,5,6}, A4730 ={2,3,5,6,
7}, A4731 =1{2,5,6,7, 8}, A4732 =1{1,2,3,4,5,6}, A4733 =1{1,2,3,5,6,7}, A4734 =
={1,2,5,6,7,8}, A4735 ={2,3,4,5,6, 7}, A4736 ={2,3,5,6,7,8}, A4737 ={1,2,3,
4,5,6,7} A4738 ={1,2,3,5,6,7,8}, A4739 ={2,3,4,5,6,7,8};

st Ns — As1 = @, Aso = {1}, Ass = {2}, Asa = {4}, 455 = {1,2},
A576 S {174}7 A577 S {273}7 A578 S {274}7 A579 S {47 5}7 A5710 S {1727 3}7
A5711 S {17274}7 A5712 S {1747 5}7 A5713 S {27 37 4}7 A5714 S {2747 5}7 A5715 S
= {4,5,6}, As 16 = {1,2,3,4}, As 17 = {1,2,4,5}, As 18 = {1,4,5,6}, As 19 =
={2,3,4,5}, As 00 = {2,4,5,6}, As 21 = {4,5,6,7}, As 20 = {1,2,3,4,5}, As 23 =
={1,2,4,5,6}, As 24 = {1,4,5,6,7}, Az 05 = {2,3,4,5,6}, As 26 = {2,4,5,6,7},
As o7 = {4,5,6,7,8}, As 28 = {1,2,3,4,5,6}, As g = {1,2,4,5,6,7}, As 30 =
={1,4,5,6,7,8}, As a1 = {2,3,4,5,6,7}, Az 30 = {2,4,5,6,7,8}, Az 33 = {4,5,6,
7,8,9}, As 24 = {1,2,3,4,5,6,7}, As 35 = {1,2,4,5,6,7, 8}, As 36 = {1,4,5,6,7,8,
9}, A5737 ={2,3,4,5,6,7,8}, A5738 ={2,4,5,6,7,8,9}, A5739 =1{1,2,3,4,5,6,7,8},
A5740 =4{1,2,4,5,6,7,8,9}, A5741 ={2,3,4,5,6,7,8,9};

JUTL N6 — A671 = J, A672 = {1}7 A673 = {6}7 A674 = {8}7 A675 = {172}7
Ass = {1,6}, Asr = {1,8}, Asg = 16,7}, Asg = {6, 8}, Ag 10 = {1,2, 3},
A6711 S {1727 6}7 A6712 S {1727 8}7 A6713 S {1767 7}7 A6714 S {1767 8}7 A6715 S
= {6,7,8}, As16 = {6,8,9}, Ag 17 = {1,2,3,4}, As 13 = {1,2,3,6}, As 10 =
={1,2,3,8}, Ag20 = {1,2,6,7}, Ag 21 = {1,2, 6,8}, Ag 29 = {1,6,7,8%}, Ag 23 =
= {1,6,8,9}, Ag o4 = {6,7,8,9}, Ag s = {1,2,3,4,5}, Ag 26 = {1,2,3,4, 6},
Agor = {1,2, 37478}7146728 ={1,2,3,6,7}, Ag 20 = {1,2,3,6,8}, Ag 30 = {1,2,6,7,
81, Ags1 = {1,2,6, 8, 9}, Agzn = {1,6,7,8,9}, Ag a3 = {1,2,3,4,5,6}, A4 =
={1,2,3,4,5,8}, A 35 = {1,2,3,4,6, 7}, Ag 26 = {1,2,3,4,6,8}, Ag a7 = {1,2,3,
6,7,8}, Ag 38 = {1,2,3,6,8,9}, Ag a0 = {1,2,6,7, 8, 9}, A0 = {1,2,3,4,5,6,7},
Asa1 = {1,2,3,4,5,6,8}, Asar = {1,2,3,4,6,7,8}, Agaz = {1,2,3,4,6,8,9},
A6744 ={1,2,3,6,7,8,9}, A6745 = {1,2,3,4,5,6,7,8}, A6746 =1{1,2,3,4,5, 6, 8,
9}, A6747 ={1,2,3,4,6,7,8,9}.

O6o3maunv uepes N; ; w.y. MuOkecTBo Sy mpn S = N; uw X = A, ;. Torma
JIETKO YOSTUTRCA B TOM, UTO ./\/'171 >~ Nyis, ./\/'172 >~ Nyqy, ./\/'173 >~ Nys, ./\/'174 = ]\Cf5p7
Nis = NiTy, Mot = Nijg, Nao = Nus, Nag = Nygs, Naa =2 NP No 5 = Ny,

Nag 22 Nyi, Nor =2 NuT, Nog =2 NP, Nag =2 Ny, Nojpo = Nits, Magn = Ni3,
N3 = Nag, N3 = Nag, N33 = Nso, N34 = Ni, Nas = Ns3, Nag = Nso,
Nzz 2 Nyr, Nag =2 NgP, Nag =2 Np, N g =2 Nei, Nag1 = Nsi, Naqo =2 N,
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N33 = N3P Naa = No¥, Na s =2 NJP N3 16 = Niog, N3 17 =2 Ng, N3 18 = NP,

N3 19 2 Ng§, N3 oo 22 NiP N3 o1 22 Ne¥y N og =2 Nely Nz og 2 N, Ny 1 = Nis,
Nio = Nir, Nog = Neo, Naa = Neg, Nas = N2, Nag = Nig, Nar = Neg,
Nig = Noo, Nao = Neo, Ny1o =2 Nig, Nyii =2 Ngby Nyo = NiE, Nias = Ny,
Ni1a = Nes, Ny1s = Nag, Najis = Nag, Nar =2 Ng¥y Nyig =2 Noi, Naig = Ng?,
Nioo = NiY, Naotr =2 Nig, Nyoo = Ngr, Nijog = Nea, Naoa =2 Ny, Ny os = NiJ,

Niog =2 Ng& Naor =2 NP Naog = Ni¥, Naoo =2 Nig, Naso = Nes, Nas1 = Nis,
Niaso 22 Ngb, Naas =2 Ngb', Nysa = Nib', Nass = Nig, Niss = Nis, Nysr = Ng3,

IR 1R

Niss = Ng¥  Nasg = N7P, N5 1 2 Nyo, Nso = Noz, N3 = Npg, N g = Ngb,
Nss = Nob', Nsg =2 Nog, Ns 7 = Nos, Nsg =2 Nos, Nsg = Nga, N5 10 = Ny,
Ns,11 = Nog, N5 12 =2 N3y, Ni 13 =2 Nog, Ns 14 = Nog, N5 15 = Ngo, N5 16 = N7T,

N7 =2 NiE N1 22 N3y Ns 10 = Nag, N5 20 = Nog, N5 21 = Nyp, Np g =2 N2P,
Nz 23 22 Ngb'o N5 04 = No¥' N5 25 = Nao, N5 26 = Niot, N5 or = Nri, Ns g =2 Ngf,
Nz 29 2= NoP N5 30 22 Noby N5 31 =2 N3P, N5 30 = Nob, N as =2 Nig, N5 a4 =2 Ng?b,
N5 35 22 NoP N 36 =2 No¥, N ar = Nob', N5 s = Nos, N5 g = Ngy, Ns a0 = N7,
Ns a1 = N3P Ns 1 = Ngs, Ngo = Nog, Ng3 = Nrs, Noa = NoP, Ngs =2 Noy,
Nss = Nog, Nor = Nipi, Nog = Nar, Noo = N2P,J Ne 1o = Neg, Ns 11 = Nioo,
Ns 12 = Nito, N3 =2 Nag, Nojia = Ni%s, No s =2 Niby, Neis =2 Noby N ir =
=~ Ngg, Ns 18 = Nio2, No1o = Niog, Ns2o = Nao, Neo1 =2 Nibr, Neao =2 Nils,
N oz = Nibe, Neoa =2 N3¥, Nsos = Nao, Nsog = Nios, N ar = Niog, Ngag =
=~ Ny¥, Noog = Nior, Neso = Niby, Nest = Nigg, Ns o =2 Ngg, Noss = Nioa,
Ns 34 = Nag, Noss =2 N3b', Ngss = Nios, Near = Nk, Noss = NiTy, Nesg =
=~ Ng&, Noao =2 N3P, Near = Nrs, Noao = Ngg, Noaz =2 NiT, Noaa = Ngb,
Ns a5 = NoP N ag = Nor, Noar =2 Ng3.

gz 1. OmwummeM (¢ TOYHOCTBIO 10 CHIBHOTO u3oMopdusma) see mapsl (Y, X)
HIGKHUX COOCTBEHHBIX TIOJIMHOKECTB B KPHTHUECKHX MHO:KecTBaX Hazaposoit Ny — N
rakwme, uto X C Y u X < S\'Y (uis NV} takux map Her):

wwt Ny — B 1 = (As 10, {4});

Wit N3 — B 1 = (As 18, {5}), Bs 2 = (As29,{5}), B33 = (A3, {5,6}), Baa =
= (As23,{3});

nast Ny — By g = (Ag s, {5}), Bap = (As30,{5}), Baz = (As32,{5,6}), Bys =
= (A434,{2}), Bas = (Aazr, {5}), Bag = (Aasr, 15,6}), Bar = (As37,{5,6,7}),
Byg = (A438,{2}), Bag = (As38,{2,3});

wit Ns — Bs 1 = (As 16, {4}), B2 = (As,22,{4}), Bsz = (As5.92,{4,5}), Bs.4a =
= (As8,{4}), Bss = (As,28,{4,5}), Bs s = (As598,14,5,6}), Bsr = (As 34, {4}),
Bsg = (As34,{4,5}), Bs.g = (As534,{4,5,6}), Bs 10 = (As,34,{4,5,6,7}), Bs 11 =
= (As.30,{4}), Bs 12 = (A5 30, {4,5}), Bs 13 = (As,30,{4,5,6}), Bs 14 = (As.30, {4,
57 67 7})7 B5714 = (1457397 {47 57 67 77 8})7 B5716 = (1457407 {2})7

s Ng — Bg 1 = (Ag 32, {1}), Bso = (As 30, {1}), Bs s = (As 30, {1,2}), Bsa =
= (Ag,41,16}), Bss = (As,44,{1}), Bs g = (As44,11,2}), Bsr = (As a4,{1,2,3}),
Bsg = (As 45, {6}), Bs,o = (Ae,45,{8}), Bs,10 = (As 45, {6,8}), Bs,11 = (As46,{6}),
Bs 12 = (Asar,{1}), Be1s = (Asar, {1,2}), Be1a = (Asar,{1,2,3}), Bs s =
= (4s,47,{1,2,3,4}).

OGosnaunm uepes N, ; 9. y. MHOKECTBO (S))k mpr S = N; u (Y, X) = By
Torsta erko yoemuThes B ToM, ut0 Nj | =2 Nug, Nj 4 = Ng¥, Nj 5 =2 Nyg, Nj 3 = N,
N3 42 N5, Njy = NgP, Njo = NgP, Ny = Nig, Njy = NiJ, Njg = Ny, Njg =
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~ o /
:N577N47:N97N48

~ OP ~ op
N54 - N787 N55 - N737 N56

N5 10

’

/
N5 16

~

IR

Nay, Ny gy

~ op op op
N247 N61 - NBS? N62 - N877 N63 - N347 N64

Nsa, Ny 1

~

~
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~ / ~ / ~
= Nsg, Npg = Nig, Ny 1 =

/ ~
Nag, N5, =

/
Nz, Ny 3

505 NE o =
op
Ngy, N5,8
/
Nrg, Ny 14

2

IR

IR

N66 = Ngg, Ny = Nag, Njg = Nios, Ngg = Nag, N§ o =

N6,12 = Nga, N6,13 = Ngo, N6,14 = Ngr, N6,15
Hlae 111.

op
Ni

, et = 1,2, ...

10 N; BeTpeuaercst, a N;© — Her).
Taxum oOpasom, Teopema 1 Toka3aHa.
4. TatumnpI.

Ngg.
Jlerxo yOequThes B ToM, uTo B Tl I w IT xaxmoe u3 4. y. MHOXKeCTB [V; U
, 115, BeTpeuaercs no ogHOMY pasy (mpu 3toMm ecian NP

l

727 N53
Nrg, Ngg
Nra, Ng 15
N357 Ng 5 =

357 N611 -

Il

IR

~

NoY,
Nrs,
Nog,

op
NQO?

Nag,

Ni7

Tabruya 1. P-XpuUTHUECKHE U. Y. MHOKECTBA
1 2 3 4=3' 5 6=5'
el
7 8 9 10 11=10' 12=10"
13 14=13' 15 16 17 18
V|V
19 20 21 22-21" 23=21" 24
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Ipoodonsicenue mabn. 1

|
M

Y

25=24’ 26 27=26' 28 29 30

31 32 33 34 35 36
LI, ([ /M P :

37=36" 38 39 40 41 42

43 44=43' 45=43" 46 47 48
. . é . . . J . A

49 50=49’ 51 52=51’ 53 54

55 56 57 58 59 60

61 62 63 64 65 66
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Oxonuanue matn. 1

67

68=67

69

70=69’

71

72

74

Tabruya 2. N P-KpUTHUECKHE U.y. MHOKECTBA

JJALITITI
A AL 91
AL
L LLL
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Ipodonsicenue mabn. 2

25 26 27 28 29 30

31 32 33=32’ 34=32" 35 36=35"
37 38=37" 39 40 41 42=41’
43 44 45 46 47 48=47"
/£\ </b<I ol ; \3 I I o d o E

49 50 51 52 53 54

55 56 57=56" 58 59=58’ 60

o o @ﬁ o i o o f I @ﬁ
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Ipodonsicenue mabn. 2

ANNN

N
———
=

61=60" 62 63 64 65 66

67 68 69 70 71 72="71"

M M o I % o @/lg o I

73="72" 74 75 76 ke 78="77"

o 1 o @ﬁ o o ﬁ I j I i

79="17" 80 81=80’ 82 83=82’ 84

85 86 87=86" 88=86"" 89 90=89’
V| . J : : % I Ii I E

91 92=91" 93 94 95 96
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Oxonuanue maon. 2

97 98 99 100 101 102
103 104 105 106 107 108
109 110 111 112 113 114
1 % 1 1 o o o I o (/I)\v m
115
o 0o 0o o o
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