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KutoueBbie ciioBa: NpoCcTpaHCTBA MOALYJIEH, TOMOJIOTHH.
AnHoTauMsa

Mpbl paccMaTpuBaeM OTKpBITO@ MPOCTPaHCTBO Mo 1 MoAyJedl KOMIJIEKCHBIX KPHBBIX
poza 2 ¢ oHOH oTMeyeHHOH ToukoH. Ha sisbike XOpAOBBIX AHAarpaMM Mbl ONHCBIBAaeM KJe-
TOYHYIO CTPYKTYpY HpocTpaHcTBa Mo 1 U CTPYKTYPYy NPHMBIKAHHS KJeTOK. DTO M03BOJS-
€T HaM TIOCTPOMTb MaTPHIlbl TPAHWYHBIX OMEpPaTOpPOB M HaWTH uucaa Bertn mpocrtpaHcTBa

Ma 1 Han Q.
Abstract

Yu. Yu. Kochetkov, Homologies of moduli space My 1, Fundamentalnaya i priklad-
naya matematika, vol. 19 (2014), no. 1, pp. 45—63.

We consider the open moduli space M3z 1 of complex curves of genus 2 with one
marked point. Using the language of chord diagrams, we describe the cell structure of
M3 1 and cell adjacency. This allows us to construct matrices of boundary operators and
compute Betty numbers of Mg 1 over Q.

1. Beenenue

Mbu1 6ynem roBopuTb, 4To rpad G NpaBU/IBLHO BJOXKEH B TOMNOJOTHUECKYIO KOM-
NaKTHYI0O OPUEHTHPOBAHHYIO MOBEPXHOCTb S, €CJU ero JAOINOJHeHHe ToMeoMOp(HO
aBymepHoMy AucKy. Ecau rpad G mpaBusibHO BIOXKeH B S U 3alaHbl JJIMHBL €ro pé-
6ep, To KoHcTpykuusi IxkenkuHca—IlTpeGesisi mo3BossieT OMHO3HAUHO 33[aTh KOM-
IJIeKCHYI0 cTPYKTYpy Ha S (cM. [4]). B nanbHeiiiem Mbl 6yneM cuuTaTh, YTO CyMMa
NJIUH pébep BJioXKeHHOro rpagda pasHa 1.

O603HaunM uepe3 My 1 OTKPBITOE NPOCTPAHCTBO MOAYJEH KOMIJIEKCHBIX KPHBBIX
pona 2 ¢ oqHOH OTMeYeHHOH TOYKOH. Tormosiornueckuil KJAeTOUHBIH KOMIIIEKC M%‘?{“b,
roMeoMOp(HEIA NPOCTPaHCTBY My 1, HMeeT caeaylollee KOMOMHATOPHOe OMNHCaHHe
(cm. [1, ra. 4]). PaccmoTpum MHOXKECTBO BCeX MOMApPHO HEM30MOPGHHIX rpados,
NPaBUJIbHO BJIOKEHHBIX B So — KOMIIAKTHYIO TOINOJIOTHUECKYIO MOBEPXHOCTh pona 2.

*Pabora Oblna nopnepkana POPU, rpant Ne 11-01-00465a.

Dyndamenmanvras u npukiadqas mamemamura, 2014, tom 19, Ne 1, c¢. 45—63.
© 2014 Hzdamenvckuti dom «Omkpoimoie cucmemol»
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31ech U30MOP(HU3M NMOHUMAETCsl KaK H30MOP(U3M BJIO2KEHHBIX I'PadoB, T. €. OH JA0J-
JKEH COXPaHSATb LUMKJIHUECKUH NOpsfoK pébep mpu o6xole Kaxk[A0H BepLIMHbl NPOTHB
YaCOBOW CTPEJIKH.

Takomy rpady I' ¢ s pébpamu cTaBUTCS B COOTBETCTBUE KJieTKa Ar, H30METPUY-
Hasi cTaHgapTHOMY cumiiekey {xy,...,2s ER® |21 +...+xs =1, xq,...,25 > 0}.
3necb yucnaa xi,...,Ts —3T0 AJUHB pébep rpacda I'. Kmetku crapuieii pasmep-
HOCTH 8 OTBeYaloT MPaBHJbHO BJIOKEHHBIM TPHBAJEHTHBIM rpadam, T. e. rpadam,
y KOTOPBIX CTeMeHb KaxKAOW BepIIMHBE paBHa 3. [IpaBu/bHO BJIOXKEHHBIH B So TpHBa-
JIEHTHBIH Tpad UMeeT LIECTb BEPLIUH U AEBATb pE6ep.

Ecnu rpad IV nosyuen us rpada I' crsiruBanueM pebpa, To rpady IV orBeuaer
rpaHb cuMmmiekca Ar.

[TpaBuabHO BOXKEeHHBIN rpad I' MoKeT UMeThb HETPUBHAJbBHYIO TPYIY aBTOMOP-
¢u3moB. [leficTBHe 3TOH rpynmsl OnpefesneHo U Ha cuMmiekce A. KieTka npoctpaH-
CTBa Mg?{ﬂb — 3TO CUMILIEKC A, eC/IM COOTBETCTBYIOIIUU rpad He UMeeT HETPUBH-
aJiIbHbIX aBTOMOP(U3MOB, WJH cUMILIeKC A, (HaKTOPU30BaHHBIA MO NEHCTBUIO 3TOU
TPYIIIBL.

Tax onpenenéHHOe MPOCTPAHCTBO Mgf’{“b He Komnaxkmro. B aToit paboTe MblI
HalinéMm ero romosiorud Hag Q.

2. I'padbl, CKIEHKU U JHarpaMMbl

Tononoruyeckasi MOBEPXHOCTb Sp € MPABUJBHO BJIOXKEHHBIM TPUBAJEHTHBIM Ipa-
(oM Ha Hel peasu3yeTcs MPHU HEKOTOPHIX CKJeHKax 18-yrospHuka. 31ech ycjoBHe
OZHOCBSI3HOCTH JOTOJIHEHHS 10 rpacda BbINOJNHSIETCS aBTOMAaTHUECKH, a YCJIOBHUS TPH-
BAJIEHTHOCTH U pPOfA AAIOT AEBSTb IMONAPHO HEH30MOP(HBEIX CKJeeK (ABe CKJEHKH
2n-yroJibHUKa Mbl CUHTaeM H30MOP(HBIMH, €CJIH HEKOTOPBIH MOBOPOT 27n-YroJbHUKA
TIePEBOIUT ONIHY CKJeHKy B ApyTrylo). ['pynma aBroMopdu3MoB rpada — 3T0 LHKJINYe-
cKasi rpymna Tex I0BOPOTOB CKJIEHKH, KOTophle NnepeBofAT eé B ceOs. Kom6unaTopuka
KJIETOK CTapiieil pa3sMepHOCTH omucaHa B [2].

CraruBanuio pebpa rpaca oTBeuaeT yjajeHHe Mapel OTOXKAECTBJSEMBIX CTOPOH
COOTBETCTBYIOIIEH CKIeHKH. Tak 4TO KJeTKaM pa3MepHOCTH 7 OTBEUaloT CKJEHKH
16-yroJbHUKOB, a KJeTKaM pa3MepHOCTH 6 — CKJeHKH 14-yroJbHUKOB.

[Tepeuncasith ckIeHKH Mbl OyJeM C IOMOLLBIO CXeM XOPAOBBIX AHArpaMM.

Mpumep 1. FayccoBo c/0BO ajasazay ‘asa; *ay‘as’, onuceiBaollee ckieiiky
BOCBMHYTOJIbHUKA

as




Tomosoruu nmpocTpancTsa MomyJeid Ma 1 47

Mbl OyneM 3amucbiBaTh Kak CTpoKy 12314243, a ck/elKy MpeacTaBasTh KaK XOPAO-
BYI0 AMarpaMmy

yrpolias eé 10 CxeMbl

Touko#i Ha muarpamme (CXeme) OTMEYEHO HayaJo Hymepaluu xopn (Mo 4acoBOH
CTpeJIKe).

B npunoxenusix 1—6 nepeuncsieHbl BCe CXeMBl CKJEEK, C KOTOPHIMH Mbl GyneM
umMeThb fneso. Ckielika (1 eé cxema) Oynet o6o3Hadatbes y(k);, roe k — dncmao pédep
COOTBETCTBYIOIIEro rpada, a | — HOMep CKJEHKH B CIHCKe CKJeeK 2k-YroJbHHUKOB.
Jns Kaxaol ck/JIeHKH NMpuBeleHa cxeMa eé XOpPIOBOH AUarpaMMbl, TayCCOBO CJIOBO U
rpynna aBToMop(u3MoB (ec/M CKJeHKa HMeeT HETPUBHAIBbHYIO TPYIY aBTOMOP(HH3-
MoB). [ayccoBo c/i0BO 3afaéT HyMepaLnio XOPA CXeMbI, KOTOPYIO Mbl OyIeM Ha3biBaTb
cmandapmuoll.

Bce nepeunc/ieHHble B NPUJIOXKEHUSIX XOPIOBbIE AHATPAMMBI OMKUCHIBAIOT KPUBYHO
poma 2 c mpaBWJbHO BJOKeHHBIM rpadom. Kaxkmas xopmosasi muarpamma +y(k),,
k = 8,7,6,5,4, momyyeHa M3 HEKOTOPOH XopmoBo# nmarpammbl y(k + 1); ¢ no-
MOILBIO YIaJeHHs OOHOH H3 XOPI.

Cxema 7y(k); 3anaér K/1eTKy pasMepHOCTH k — 1 B IpOCTpaHCTBe MomyJed Mo 1.
(k — 2)-MepHYy0 rpaHHIly 3TOH KJETKH 00pas3yioT KJETKH, OTBEUAILIHUe TeM CXeMaM
poxa 2, KoTopble mosyueHsl U3 cxembl y(k); yaaneHueM OIHOH XOpPABL.

CkJIeliKy 2n-yroJbHUKa (CXeMy CKJIeHKH) Mbl Ha3blBaeM CHMMETPHUYHOH, ecsy eé
rpyImna aBToMOP(pHU3MOB HEeTPUBHAJbHA. DTa IPyMNIa ABJSAETCS LUKJIUMYECKOH IpynIIon
BpallleHUi 2n-yroJbHUKa. Tak Kak CTOPOHBI 2n-yTroJbHUKA (XOpIbl AHATPAMMBI) MPO-
HYMEpPOBaHbl, TO 00Pa3yIOLIHH 3JE€MEHT I'PYyIIbl aBTOMOP(PHU3MOB 3aAaET HEKOTOPYIO
[IePeCcTaHOBKY U3 S,. Mbl OyeM Ha3bBaTh CKJEHKY (CXeMy) 4EMHO-CUMMEMPUUHOLL,
€CJIM 3Ta TePeCTaHOBKA YETHA, U HEeUEMHO-CUMMEMPULHOL B TIPOTHBHOM CJyyae.

Knetky npoctpaHcTBa Mg?{“b Mbl OyZleM HasblBaTb npocmoti, ecid OHa SIBJSETCS
cumnyekcoM. KneTky ((akTopu3oBaHHBIH CHUMIIIEKC) Mbl OyleM HasbiBaThb 0C060L
4émHoti, eCJIi COOTBETCTBYIOIIAS CKJeHKa YETHO-CHMMETPUYHA, U 0c060l HeuémHoL
B NIPOTUBHOM CJy4Yae.

TomoJsiornueckoe nNpoCTpPaHCTBO Mg?lmb COCTOMT U3 CJENYIOUIUX KJAETOK (CM. MpH-

Joxenust 1—6):
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— 9 KJIeTOK pasMepHOCTH 8: 3 MPOCTble, D MOJyYeHBl (paKTOpU3aLUed Mo AeH-
CTBUIO TPyMmnbl Zg, a OfHa — MO IeHCTBUIO Tpymmbl Zs3 (Bce 0cobble KJETKH
3[eCh YETHBIE);

— 29 xJleTOK pa3MepHOCTH 7: 24 mpocTele, 4 nosydyeHsl akTopu3aLuel Nno peu-
CTBUIO TPYMIbl Zg, @ OAHA — MO AEHCTBUIO IPynmnbl Z, (TOJMbKO 3Ta KJeTKa —
8(7)20 — AABAISIETCS 0COGOH HEUETHOM);

— 52 kJetok pasmepHoctH 6: 41 mpocrast, 11 moayuens! (akTopusaiued no ged-
CTBHUIO TPyMIbl Zo (U3 3TUX KJIeTOK ABe — §(6)39 U §(6)49 — ABJISAIOTCSA 0COOBI-
MU UETHBIMH, OCTaJIbHBIE 0COOble HEUETHbIE);

— 45 KJIeTOK pa3MepHOCTH 5: 37 MpocThle, b MONyYeHBl (paKTOpU3aLUed Mo AeH-
CTBHIO TPyNnbl Zy, OAHA — N0 AEHUCTBUIO TPyNNbl Zs, 0fHA — N0 AEHUCTBUIO
rpynmnsl Z4 ¥ OIHA — MO AeHCTBUIO Tpymnbl Zg (M3 9THX KieToK aBe — &(5)s9
1 0(5)41 — SBASIOTCST 0COOBIMU UETHBIMH, OCTaJIbHble 0COOBIE HEYETHBIE);

— 21 xJeTku pasmepHocTH 4: 14 mpocTbie, 5 mosyueHbl (hakTopusaluei no aeu-
CTBUIO TPynnbl Zgy, 0AHA — [0 AEHUCTBUIO TPyNNbl Zs W 0fHA — N0 AEHCTBHIO
rpynnsl Zip (M3 3THX KJETOK JHLIb 0gHa — 0(4)19 — siBAseTCsT 0CO60H HevéT-
HOMU, OCTaJsIbHble 0COOblE YETHEIE);

— 4 KJIeTOK pa3MepHOCTH 3: 2 MPOCTHIe, OfHA NoJydyeHa (hpakTopusalueil mo aeu-
CTBHIO TPyMMbl Zo M OfHAa — N0 HeHCTBHIO rpymnel Zg (3aech kjaetka 6(4)q
siBJIsIeTCsl 0CO60K UETHOM, a KaeTKa §(4)4 — 0coboi HeuETHOM).

OiijlepoBa XapaKTePHCTHKA OTKPEITOrO IMpPOCTPaHCTBA Mopysaed Moy paBHa

9 —29+52—-45+4+ 21 —4 = 4, ero «opbucosnuyeckas» 3inepoBa XapaKTepu-
CTHKa paBHa

5 1 4 1 11 5 1 1 1
) —(2¢4+=+= 41+ =) — Shs 44z
<3+2+3) (+2+4)+< +2) (37+2+3+4+6)+
+ 14+5+1+1 2+1+1 _

2 510 2 8) 120’

4To coryacyercsi ¢ popMmysioi us [3].

3. 'omogorum

Crauasia 00bsICHUM, UTO TaKOe HHIAYLMPOBaHHAS HyMepalusi.

Omnpenenenne 1. CxeMy, MOJYYeHHYIO W3 CXeMBl vy yHoajeHUEM i-H XOpIbl, MbI
Oymem obo3Hayathb v[i]. Hymepauuns xopn cxembl [i] onpenensieTcsi ciaenyomUM 06-
pasoM: eciu B CXeMe <y XOpia ¢ UMeeT Homep j < 4, TO B cxeMme 7y[i] 3Ta Xopaa
HUMeeT TOT K€ HOMep; eCJM B CXeMe 7y XOpa ¢ UMeeT HOMep j > i, TO B CXeMe
~[é] aTa xopna umeer Homep j — 1. Tak ompeneséHHasi HyMepalUusi XOpa CXeMbl Y|i]
Oynet HasblBaTbCs UHOYYUposarHoi. Mbl GyeM HCMONb30BaTh 0603HAUEHHS 7Y[i]ind
1 v[i]st (T. e. «cTaHmapTHAasi»), ecau 3TO GyAeT HEOOXOLUMO.

[TycTh cxeme y oTBedaeT KiaeTka d. Torna K/eTKy, OTBEYAKILLYIO cXeMe [i], Mbl
Gynem o603Ha4atb J[i].
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3ameuanne 1. Tax xax v[i] = y(p), 4JIS1 HEKOTOPBIX p U ¢, TO cXeMa [i] UMe-
eT KaK WHIYLUPOBaHHYIO, TaK M CTAHAAPTHYIO HyMepauuio. Kak mpaBusio, oHH He
COBIIAJAIOT.

Omnpenenenne 2. [lycts Cf = C’k(/\/lg?{“b,(@) — TIPOCTPAHCTBO k-MepHBIX Lienel
C pauuoHaJbHBIMU Ko3(duuuentamu. ['pannunsiii oneparop Jy: Cr — Cip_1 cTa-

k+1
BUT B COOTBeTCTBHe KJjeTke 0(k); Lenb i a;0(k);[j] € Cx—1. Koapduuuents a;
OInpeJieJieHbl CJIEAYIOUMH YCIOBHSMH. e

1. Iycts kaetka d(k); u knaetka 0(k);[j] mpocteie. OTOXIeCTBJIEHHE CXEM
Y(k4+1);[j]ina ¥ Y(k+1)i[j]st TPeOyeT HEKOTOPOH MepeHYMePALIUK XOPA CXEMbI
v(k+1);[4]ina, T. €. OnpenessieT nepecTaHoOBKY U3 o € Sy uétHocTH p, p = 0, 1.
Tenepb nosoxum a; = (—1)77P~1,

2. Tlycte kaetka §(k); mpocras, a kietka 0(k);[j] ocobas uérHas — CUMIIEKC,
(haKTOPHU30BaHHBIH MO NEHCTBUIO LUKJIWYECKOH rpymmel nopsinka m. OTox-
nectBiende cxeM y(k + 1);[j]st v v(k + 1);[j]ina mepectaHoBky o € Sy on-
HO3HAYHO He OMpeJessieT, HO BCe TaKHe MepPeCTaHOBKH HUMEIOT OfHY H Ty XKe
yétHoCTb p. Temepb mosoxuM i = (—1)7FP~1m,

3. Iycte kaetka §(k); mpocras, a kiaerka 6(k — 1);[j] ocobasi HeuérHas. B atom
cl1ydae MoJOXKUM o = 0.

4. Tlyctb kaetka d(k); ocobast uéTHast U Ha cxeme y(k + 1); (cumnuekce A(k);)
JedcTByeT UMKJ/MYecKas rpynna Z,. Toraa j-f xopia au60 NpUHAIJ/IEKUT Op-
6uTe KapAUHAJIbHOCTH T, JUOO cama obpasyeT opoUTy. B nepsom ciydae ynase-
HHe XOPABl 12ET HECUMMETPHUHYIO CXeMy U KOS((HLHEHT (v BEIYHCISETCS KaK
B nyHkre 1. Bo BTopoMm cayuae Ha cxeme (k4 1);[j] (1 Ha cooTBeTCTBYIOIIEM
CHMIJIeKce) IeHCTBYeT LHMKJ/WYecKas rpynna Z,, NpudéM r neaut ¢. Ecin
cxema y(k + 1);[j] uértHo-cummerpuuHas, To a; = (—1)"*P~1q/r, rue uér-
HOCTb p BblYHC/sieTCs Kak Bbille. Ec/i xKe 9Ta cxeMa Heu€THO-CHMMeTpHYHas,
10 a5 = 0.

5. Ilycte kaerka §(k); ocobasi HeuéTHast U Ha cxeme y(k+1); (cummaekce A(k);)
IeACTBYeT LMKJAHYecKas rpynna Z,. PaccMoTpum opOUTHL 3TOr0 AeHCTBUS Ha
cxeMe. Ecau j-1 Xopna npuHajjiexXuT opOuTe KapAHMHaNbHOCTH Oosblie 1,
To nonoxkuMm «; = 0. Ecau ke j-1 xopma cama obpasyeT opOMTY, TO CXe-
ma y(k + 1);[j] HeuéTHO-cMMMeTpUYHasi U Ha Hel HeHCTBYyeT LUKJIHYECKas
rpynna Zg, rae r geaut q. Torma a; = (—1)7 P~ 1q/r.

3ameuanue 2. O6beqvHeHHe 0COOBIX HEUETHBIX KJETOK 00pasdyeT MOIKOMIIEKC

B MgoP.

B npunokeHUsIX NpHUBEAEHBl MaTPHULBl TPAHHUHBIX OTOOPaXKEHHH.

Teopema 1. J;,_1 0 9 = 0.

HokasarteancrBo. [lyctb v — Hekortopast (k+1)-cxema. PaccmoTpum xopasl ¢ HO-

Mepamu i u j. Ham HyxHO mokasatb, uto kosdduuuent npu 7[i][j] B 0%(7)

paBeH Hymo. Ecmu cxembl v, v[i], v[j] ¥ ~[é][j] npocTbie, TO yTBep:KIeHHe BbITe-
KaeT W3 aHaJIOrMYHOro pesysbTata AJIs CHMIUIMLHA/bHBIX FOMOJIOTHHA. DTO 03Hauaer,
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4yto (ecJH OTBJEYbCS OT YCJMOBHH 2—5) 3HaKH mepexomoB vy — [i] — ~[i][j] u
v — v[j] — ~[j][i] nporuBononoxkHel. Takum 06pa3om, OCTaNOCh Y4YeCTb YCJOBHS
cuMMeTpru. Pa3bepéM 1Ba TUMHUHBIX CJyyasi.

1. CxeMmsl 7, v[i] u v[i][j] npocTble, a cxema «y[j] HeuéTHO-cuMMeTpUuHas. [TycTb
(o — obpasyloliasi TPyNIbl CUMMETpUE cxeMbl 7[j], a @ = i1,...,1,, —opbuta i-i
xopabl (3nech m uéTHO, a ip = (i), i3 = p>(i1),...). CUMMeTpus ¢ 3anaér Ho-
BYIO HyMepaLHio Ha cxeMme 7y[j], B KOTOpPO# i1-s XOpaa MosydaeT HOMep iz. Termepb
HOBasi HHAYLHPOBaHHAs HyMepalHusi Ha cxeMe [i][j] mocae ynaneHus ig-i (GbiBLIeH
11-#) XOpIbl COBMAafaeT CO CTAPOH WHAYLUMPOBAaHHOU HyMepauued Ha [j][i2]. Ocra-
JIOCb OTMETHTb, UTO B OBOMX CJyyasX MPOUCXOMMT yMHOxeHHe Ha (—1)27! u uro
TlepecTaHOBKa, OTBevalollas ¢, HeuéTHa.

2. CxeMbl v H 7[i] npocTbl, cxema y[j] HeUéTHO-CHMMeTpHUHas, a cxeMa ~y[i][J]
uéTHO-cUMMeTpHUHas. Kak Bblllle, MyCTb ¢ — o6pasyolias rpynmnbl CHMMETPUE cXe-

Mbl Y[j], @ ¢ = 41,...,%m — opOuTa i-i xopabl. Bee cxembl Y[i1][4], . - ., Y[im][j] u30-
Mop¢Hbl HekoTOpol cxeme Y(k)s. [TycTb ps — uéTHOCTD mepeHyMepauuu ot [is][4]st
K Y[is][f]ina. OueBUAHO, UTO M /2 3TUX P — HYJH, @ M /2 — eTUHULBI. O

CcopmynupyeM OCHOBHOH pe3ysbTaT paboThl.

Teopema 2. O603Haunm dyepe3 M; maTpHLy rpaHudHOro omneparopa 0;. Mmeem
I‘k(Ms) = 8, I‘k(M7) = 20, I'k(MG) = 277 I'k(Mg,) = 17, I‘k(M4) =3.
Takum obpasom, yuciaa bertu paBHb

bs=1, br=1 bsg=5 bs=1 by=1, by=1.

IIpunoxenne 1. Cxembl 1eBATHPEOEPHBIX CKJIEEK

Y(9)1: 7(9)2: 7(9)s:
123142345678697895 Zo 123145235678649789 Zo 123145623678497589

Y(9)y: : Y(9)5: 1 AL 4(9)e:
123145672378495869 123145647812895697 Zy  123415624785973689 Zy



¥(9)7:
123415672485968379

[omosiorun npocTpancTBa Monyseid Ma 1

Y¥(9)s:
1234156

73859682479 Zo

O

123451672586937849 Zs

IIpunoxenue 2. CxeMbl BOCBMHPEOEPHBIX CKJleEK

Y(8)1: 1
1231234567586784

Y(8)a:
1234124567538678

Y(8)7:
1234512567386478

Y(8)10: :
1231456236748578

v(8)13: :
1234561267384768

Y(8)2: |

1213234567586784

Y(8)5:

1213424567538678

Y(8)s:

1213452568386478

SIC)ITER

1231456236748758

Y(8)14: §

1213456267384758

v(8)3: 1
1231423456758678 Zo

Y(8)s: 1
1231423567548678

Y(8)g:
1231452367486578

Y(8)12: :
1231456236784758

Y(8)15: :
1231456237384768

51
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v(8)16: :
1231456723748568

1231454672378586 Zo

Y(8)22: 1
1231453674862578

v(8)25: :
1234561374857286

7(8)as: :
1234156247586738

10. 0. Kouerkos

Y(8)17: :
1231456723784586

1231456472378568 Z4

v(8)23: 1
1231452674863578

v(8)26: :
1231456374857268

’}/(8)291
1234562748571368

’7(8)182 AN AN
1213453672784586 Zq

7(8)a1: 1
1234513674862578

Y(8)24: 1
1234152467586378 Zo

Y(8)ar: :
1231456274857368



A(T)1: 1
12123456475673

12312345657674

7(7)7 :
12313456427567

’}/(7) 10 - ..............
12341245653767

12134245653767 Zo

7(7)16 : :
12341456275367

Tomosiorun npoctpancTBa Monysel Mo 1

Ilpunoxenne 3. Cxembl ceMUPEOEPHBIX CKJIEEK

1) | 1)

12312345647567 12312345675674 Zo
Y(7)5: 1

12132345647567 12132345657674 Zo
Y(T)g: L. L. Y(T)g: L.\
12312456437567 12341245637567 Zo
’}/(7)112 :.. IS 7(7)122 ]
12341245675367 12132456437567
Y(T)1a: 1 Y(T)15: 1
12134245675367 12314235675467 Zs
Y(T)irs Y(T)1s:
12341256375467 12345125637467

53
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(1o :
12345125637647

Y(T)aa:
12134525637467

Y(T)os:
12314523647567

Y(T)as:
12314562364757

7(7)31 : :
12345156273647

7(7)341 :
12345612673475

10. 0. Kouerkos

Y(T)a0:
12345125673647

Y(T)a3:
12134525637647

Y(T)a6+
12314523647657

Y(T)a9:
12314562367457

’7(7)325 :
12345126374657

Y(7)35: :
12134526374657

(7)1 : :
12134256375467

Y(T)aq: :
12134525673647

Y(T)ar:
12314523674657

7(7)305 :
12314562367475

7(7)335 :
12345612637457

()36 :
12134562637457



Y(T)a7: ¢
12134562673475

Y(T)ao:
12134536267457 Zs

12341356475267

12314356475267

’7(7)49 : ...............
12314256475367

12345136475627

’7(7)38: ..............

12314567237456 Zo

’7(7)41 : :
12342563751467

12345136472567 Zo

’}/(7)47: O
12314536476257 Zo

7(7)50 : ......... 2 :
12314526746357 Zo

Tomosoruu nmpocTpancTsa MomyJeid Ma 1

’}/(7)392 NG AN
12134356267475 Zs

7(7)42 : :
12341563752467

12345136476256

7(7)48 : ...........
12314536746257

7(7)51 : ;
12345263746157

55
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10. 0. Kouerkos

Ilpunoxenne 4. CxemMbl mMeCTUPEOEPHBIX CKJIEEK

Y(6)1:
121234536456

V(6)q: LN AL
123123456456 Zo

7(6)7: E
121345326456

7(6)10: :
123134564256

7(6)13:
123124564356

7(6)16: :
121324564356

A(6)g: i LN :
121234564563

v(6)5: N LA
123123454656

7(6)s: 7
123134526456

Y(6)11: :
123124536456

7(6)141 ..................

123412456536

Y¥(6)17: :
123145264356

Y(6)s: i) :
121234546563

v(6)g: I L
121323454656 Zo

Y(6)g: i L)L
123134542656

’7(6)122 ...............
123124543656

121324543656

7(6)18: E
123414526356



W(6)191E
123414526536

7(6)2255
123412536546

’7(6)252 ...............

123451256346

7(6)281E
121342536546

7(6)312E
121345256346

’7(6)342 ................

123145236465

7(6)202E
123414562536

Y(6)a3: :
123412563546

’7(6)262 ...............

123451256364

7(6)292E
121342563546

7(6)3223...”.” ”E
12134525636

123145623645 Zo

Tomosoruu mpocTpaHcTBa Monyed Ma 1

7(6)212E
123412536456

’7(6)24 : ...............
123451253646

121342536456

7(6)301E
121345253646

’}/(6)332 ...........
123145234656

7(6)362E
123415263546

57
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7(6)37: :
123451236456

123425365146

123413546256 Zo

y(5)1:t
1212345345

’7(5)41 :
1213425345

1231342545 Z,

7(5)101:
1231245345 Zo

10. 0. Kouerkos

7(6)3s: ¥
121345626345 Zo

7(6)41 AN
1234256351461 Zs

7(6)4425.“ ”...“E
12341354652

v(5)a: LI
1212343545

’)/(5)51 J PR G
1213432545

7(5)8Z: PP P S B
1231345345

7(5)112 ...........

1231245435

’7(6)392 N
121343525646 Z4

7(6)422E
123145364256

Y(6)45: 7.
123143546526 Zg

Ilpunoxenne 5. Cxembl NATUPEOEPHBIX CKJIEEK

Y(5)3: :
1212345453 Z,

’7(5)61E
1213453245

’)/(5)92 R
1231345425

1213245435 Zo



Tomosiorun npoctpancTBa Monysel Mo 1 59

..... T .

7(5)132 :.. ’7(5)142 .......... L ")/(5)151
1231425345 1231425435 1234142535

v(5)16: § v(5)1s: é

")/(5)172 ...........
1234145253 1234123545 1234125345
1213452534 Zo 1234512345 Zqo 1231435425 Zs

Ilpunoxenne 6. CxemMbl 4eTbIPEXPEOEPHBIX CKJIEEK

YAz NG y(4)g: v(4)s: ; Y(4)y: :
12123434 Zo 12132434 12134234 12341234 Zg

Ilpunoxenne 7. TpancmoHupoBaHHass MaTpuiia
otoOpaxkeHus Jg: Cg — Cr

00100 00000 00000 00000 00000 0000
00110 10000 00000 00000 00000 0000
00010 11011 11000 00000 00000 0000
00000 00001 11101 11000 00000 0000
00000 00000 00000 11000 00000 0000
00000 00010 00000 00000 11110 0000
00000 00000 00101 00000 01100 1110
00000 01000 00000 00000 00010 1101
00000 00000 00000 00000 10000 0011

3ameuanue 3. [l 5KOHOMHM MecTa yepe3 1 Mbl 0603HaUUIM yucjao —1. dtoro
COTIALIEHHs O 3alIUCH OTPULATEJNbHBIX 37€MEHTOB MaTPULL Mbl OyIeM NPHAEPKHUBATD-
csl U JaJiblle.
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10. 0. Kouerkos

ITpunoxkenue 8. TpaHcroHMpoBaHHas MaTpUIA
otoOpaxenus 0;: C; — Cl

11000
20001
00000
01000
00001

01000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000

00000
00000
00000

001000
01001

00100
00000
00001
00000
01100

01000
00100
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000

00000
00000
00000
10000
01010
10000
10000
00010
10000
00000

01000
01000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
10000
00000

00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
01111
10000
01000
00100

00010
00001
00111
00000
00000

00000
00000
00000
00000
00000

01000
00000
00000
00000
00000

10010
10100
000010
01001

00000
00000
00000
00000
00000

00000
00000
11110
00001
00001

00000
00000
00000
01110
00001

00000
00000
00000
00000
00000

00001
10000
10000
00000
00000

00000
00000
00001
00000

00000
00000
00000
00000
00000

00000
00000
00000
11000
00110

10101
01011
00000
00000
11000

00010
00010
00100
00001
00000

00000
10000
01000
00000
00000

00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
01110
10001
01110

00110
00110
00000
00000
00000

00000
10000
10000
00000
02010

00001
00001
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
11000
00000

00000
00000
01001
10001
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

01101
10001
11000

001000
11001
00000
01100
00101
01000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
00000
00000
00000
00000

00000
10100
00110
10010
00000

10100

001000 1

00010
00010

00
00
00
00
00

00
00
00
00
00

00
00
00
00
00

00
00
00
00
00

00
00
00
00
11

11

01
01
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Ilpunoxenne 9. Marpuua orodpaxkenus 9g: Cg — Cj

11002 01100 01000 00000 00000 00000 00000 00000 00000 00000 00
00100 00010 00001 00000 00000 00000 00000 00000 00000 00000 00
00010 00001 00010 00000 00000 00000 00000 00000 00000 00000 00
00000 10000 001000 00000 00000 00000 00000 00000 00000 00000 00
00020 00000 00000 00000 00000 00000 00000 00000 00000 00000 00

00010 00000 00000 00000 00000 00000 00000 00000 00000 00000 00
00000 01000 01000 00000 00000 00101 00000 00001 00000 00000 00
00000 01001 00000 10110 00000 00000 00000 00000 00000 00000 00
00000 00000 00000 00000 01100 00000 00000 00000 00000 00000 00
00000 01000 00010 10000 00001 10000 00000 00000 00100 10000 00

00000 00100 10000 01101 00000 00000 00000 00000 00100 00000 00
00000 00001 00010 00000 01010 00000 00000 00000 00000 00000 00
00000 00100 10000 01000 00001 01000 00000 00000 00000 00010 00
00000 00001 01000 00011 10000 00000 00000 00000 00000 10010 00
00000 00000 00000 00000 00110 00000 00000 00000 00000 00000 00

00000 00000 01010 00000 10000 11000 00000 00000 00000 00000 00
00000 00000 00000 10000 10000 00000 00000 00000 10000 00000 10
00000 00000 00000 10000 01000 00000 10000 00000 00000 00100 00
00000 00000 00000 10000 00100 00000 10000 00000 00000 00100 00

00000 00000 00000 10000 00010 00000 10000 00000 00000 10010 1i

00000 00000 00000 01100 00001 00000 01000 00000 00000 00000 11
00000 00000 00000 01010 00000 10000 01000 00000 00001 00000 01
00000 00000 00000 01001 00000 01000 01000 00000 10001 00000 00
00000 00000 00000 00000 11000 00000 00001 00000 10101 10000 00
00000 00000 00000 00000 10100 00000 00001 00000 00000 00100 00

00000 00000 00000 00000 10100 00000 00001 00000 00000 00100 00
00000 00000 00000 00110 00000 001000 00001 01000 00000 00000 00
00000 00000 00000 00101 00001 01020 00110 00000 01000 00000 00
00000 00000 00000 00011 00000 00001 00001 10000 00000 00000 11
00000 00000 00000 00000 01100 00000 00000 00010 00000 00000 00

00000 00000 00000 00000 01010 00000 00000 11001 00000 00000 00
00000 00000 00000 00000 00110 00000 00000 00010 00000 00000 00
00000 00000 00000 00000 00001 10100 10000 01000 10001 00000 00
00000 00000 00000 00000 00000 11001 10000 10000 00000 00000 00
00000 00000 00000 00000 00000 00000 00000 00010 00000 00000 00

00000 00000 00000 00000 00000 00000 10001 00000 10000 00000 10
00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00
00000 00000 00000 00000 00000 00000 00000 00000 00000 00000 00
00000 00000 00000 00000 00000 00000 00000 00020 00000 00000 00
00000 00000 00000 00000 00000 00000 00000 00000 10io1 oo0io 11

00000 00000 00000 00000 00000 00000 00000 00000 30000 00300 30
00000 00000 00000 00000 00000 00000 00000 00000 00101 00110 01
00000 00000 00000 00000 00000 00000 00000 00000 00010 00001 00
00000 00000 00000 00000 00000 00000 00000 00000 00101 001i0 01
00000 00000 00000 00000 00000 00000 00000 00000 00000 03000 00




62 10. 0. Kouerkos

Ilpunoxenne 10. Marpuna oto6paxeHus
695: (?B — (j4

00201 00101 10110 10000 00000 00000 00000
00100 10010 01001 00000 00000 00000 00000
00002 40000 00000 00000 00000 00000 00000
00000 01100 00010 01000 00010 11010 10000
00000 00010 00001 00000 00000 00001 01000

00000 01001 00000 11101 00000 00000 10110
00000 00020 00000 00220 00000 00000 00000
00000 00101 01000 00101 11000 00000 00000
00000 00010 00001 00011 00011 00000 00000
00000 00000 20200 00000 20200 00000 00000

00000 00000 01010 10000 01110 10000 00000
00000 00000 00002 00000 00002 20000 00000
00000 00000 00000 02101 00010 10000 00000
00000 00000 00000 01010 00001 00000 00000
00000 00000 00000 00110 00001 10001 01000

00000 00000 00000 00011 00011 00001 01000
00000 00000 00000 00000 12100 01010 001100
00000 00000 00000 00000 10100 01010 00110
00000 00000 00000 00000 00000 00000 00000
00000 00000 00000 00000 00000 00000 00000

00000 00000 00000 00000 00000 00000 00000

00000
00000
00000
00000
00010

00000
00000
00000
00001
00002

00000
00000
20000
10002
00000

00002
00000
21000
00100
02000

00000

00000
00000
00000
01000
00000

01000
00000
00010
00020
00000

00010
00000
11000
02000
00000

10010
00000
00000
00000
00000

05050

3pech B mpeanocnaenHedl ctpoke B nosuuuu (20,37) Ha TOM MecTe, Il€ CTOHT

camMoM JeJse HaxoauTtcs yucao —10.

Ilpunoxenne 11. Marpuua oto6paxeHus
6951 (34 — (j3

24100 01221 21000 00000
00000 01020 01111 10000
00010 10100 10000 01000
00000 00000 00000 00000

OO O

a, Ha
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