From Discrete Integrability

to cluster algebras
and Back

Rinat Kedem
U. lllinois

Edinburg, November 2011



Fin _.Lm).xJ Por  dalenmlinants

M = K x O  patr X

J

Ql—\-. .p
7\: g. = Minpr E_\:\/W
LTl

Relation between Delerminanis mw YV AQCS

Ml M = I ME) =[] M|

Ws 1,,.. Nf%\%m

n;\o\ ummns _Mc ..

@mmD an i\ —
Jacobt

[ |

—

__|

— AN Q;@olt\,s) %o\ 0@3@5#.3@ Qgggm_bkb\\u \Bg\m_,,\m@

—a  Plucker celation

— Tn i 4l A giscnsle ouplubal

=

|




Chocse

\,_Um.m.) |

ol ) = Il ] >

/\/\23) - 3 =

vmo\_\\o& K?lk.f “e XJ\_ VAS\
MAJ.\R\: VA Ao +2 vN»./ VND.T, @_mn‘lﬂw
’ Xnez Wronskiza,
Xn -\ X_\:.k\\
VA\/\ Xne ~°° X5+&\_ oy

m.ongju QE\.T /\/\0\__5

Y

pi\,

~ A~

~ 2

.moS)Lﬁ.\.m WM(SSH\

= 7@ - A condition:
Q o, 1 X n=| o4,n g\ws =D

2\f§\

\/

(g N M
@o«,).: @o«.: -t -

@1 NH @&_JI' =

N 2

7.. \(
®, DA__) + P\.LLJ. @Qlcx,.

(3

of\n - @0&-—._;) QQ\\CS

Discrele emlubon GO = Hrme

Q-sysiem

~



Iﬂgmwsﬁ__wmm r@@?ﬁm@ MED chain: m.<_.¢,>o.w e Prrle-dion vechy

Spaceo
a-D model: Wi \mmwammsiiﬁu 7
Cn\ m®v or /\qu
,.\-..,,\v s\v ‘_UmlanP.O Wucr_)mn.@
| condiB ma_
W,
| 5
W _ ~~ \mé T Madrix ow ‘@u:.m an N YGQTT.
I bt uUA KL Yoo -Bosi o,
> Tw = . _ _ _ _ , Hrangler Mmadnx m»r.m“mm.m
_:r.,.- e =N T 4 ».\llﬂ.\.,\(..\l.ip =D

- A?Q@Uﬁz v, "R <7y Tnie marrG.




®3W3>+a).\h
- - |
> W ——— [T,

..\|.s\p =0

J

Ty 16 an opetor on V@ ® VN
W, Vi, ., VN = Represntafions oF V(9) or Oq(§)
Nux%%rq W 2y e Ve C2) Fhe o-dimensional rep Y sb,)
Ruy =nabonedd = T~ XXX Hamioiar
£ we  choose \R@Mv = (0D -matnx i FrGonemetnc ~s XX2

ﬂ.&n._\ %33 wb\..m._

There o a RBeth ansatz Solulion #r %msgn\&mwm% XXX
XX Z

B W, V., UN o “specid”  mepresentationa



mgs binatorics

Ty I8 an operor on V@ ® VN

Funckonal Relahms Por M\_uzw

W?&?T mears W, Vi fave Ha form

¢
T 5 Tan(f)

W _
\,__ ﬁ:ﬂ\,,\c l'w,|=0

/\ § N,Q\XSS;\S\\GL.\
Speched
<§b&®,v panamale~
\ N
&Li\q %SJLA..V:NS
:\meum\ E@GST
EC,.U E\

J\m\,:i mm.v Jl.o\u:-_ mmrv =

D\h mm+_v o\,sﬁmr..\ -7

Awl&

F usion nelabhon Por I_.I\.U&m.yﬂ..\._



mgs binatorics

Ty 18 on ovng._.o_\ on

V@ - ® VN

Funckonal Relahms Por M\_uzw

w —_—
,__ M.\llﬂ\.,\c :,\p =D

J\m\, N+ R.v I_loosl_ mm,v

p\hJAMiV 33@-\ -7 TE\H.V

Amlon

Fusion relakhon for T-sysiem
§S— 20 Tunl) = Quir

@K.Ji QK:L

@&5 B .N._l@
ﬂ\.&

Same a0 DI
Por Viscrete
gésm—A_.BS j@

g=Ar




®3W3>+a\_.ﬂh
= _ |
> I_|<< ..‘\. _ _ “ ._ﬂ< M.\IIQC..\I.S\». -5

Ty I8 an operor on V@ ® VN

Combinatorial  questtn: Does e Bethe ansate gire & compluse

set of soluboms?

Hillert Space W =\ |y X & Z\(M,i <»

Q -mod A
\/5;_ e
Odg ﬁo_‘sf\.)s.fab.nm > Nbcﬂ\&)nm TU J¢6 %lh.%.m\m\_é P \,%
Exhra
aoossn_h\._mb
DK.Ji Q&sl = @&5 B AMH«@ (o p=!
bﬁ._..‘\sn‘




Combinato riad Qmsmm}.ﬁe._ Does T Bethy ansatz gire o complade

set of soluhons?
FFmL\ Space u\m =\/8 8, X @ Z?mi /\»

Q-_soop A

lzim: . e ﬁ?yv:g@
O“CLS_ Combinateres o N‘ocn\s)nm FU J¢6 %lh.%.m\m\x\ s
DK,J.I Qo\,SL = @&_” B AW.N\.._I&Q?S o\lc\ol.vmo

O_Q:B 2 “The ?»\&umx &omoT.s} N\k CFT &&an\nv
s gwerned r@ Hha w\:h:..{? R-sysiem.

@ Bebe onsad2 Soluhons are ot Q/\ﬁ @.%bzxoo\ﬂxm but Combiratorics Q\n@
X q\mx&b slicls &Ra_mk + % ,m\.\x\wmqt\xm&\h.



DK,Ji @a\,sl = Ron ..AMH«@?J

Example: sl =1 only

2

Qne @5-_ = n -1 Qo =|
STMNOE Chebyshev \uovm ) N:b end

" wn Q,

.m»SSAMN + 5 @ﬂi

2
QQ.:: QR‘T_ - Qp\:‘cl QQI\, Qans P Qo\su Q?._an
Qs =1

_v H\_b @o\u\, = @mmo« = @o«BH Schur gmsjmr,qxb

Nv QJQ\%Q@R 23 S modedoo <\€z = /\ _I\Q_wg mﬁrwmq D-m%m.

!

e~
o~




Compleeness  guestiom
Q\N /\\@ ®_\Z — ® Z\/LM<L /\»

Q_soop A

haene Pi = .M”}\.Dm@.v@éml@smv

QO «31&&3@% ;

\

.IOSM.F N/\QEC <WD_®<MVBN VR - S Q\mﬁo&‘w

.\;ﬁbs@s\v._ %m“.m_ _.m Q\S.QPQ_NR D\Nv /\SE.. h\.}.h.ba Dl%&mpm\s.




To  prove complelensss theorem we nead:
.\FQGRE_. Soluhoms Gh 4&6 m&sﬁ.}.oﬁ\

Qune Qogner = Rovn 7 %H«D?s

SL\T @quux_ J.wo\ all m aa E n M;QD«L\_JWH?:

Chack: T+ o not obuious Hhat Soluhomns 2

Qne = anl Y po >>§_,§\m.\_\
D)!_ _U {

m@@O,v — Dp = @_N\ 1

D — Q_Nlﬁ _ > DNWU @HNIA - @_A\INN‘N_NHQM\W\NQN

@oﬂ._ D_ @omp, @0

= ﬁoféipb 0, 85 Nt Q_SQ tional
Don‘ \WY\SN\.TOYVQ o @0\ Q,Jv

2
R— @:H QWIA
Q=




Theoem: Solutoms of M @SS&?

Do\,_)i QK:L = @o«.) - ﬁﬂ@?s
:

with @mtovi Lar x:% @ mofi}_.&w L Mekk_,w.mn.

81\(% ot Q,Sm.__. Q.T_Qd)\(&
Pnchons N@o\ Q)7

WR.Q\S& :

Theorem 1 [RK07) @\hQuWS egquations are cluster &&mrxw. P utah'ms
D Qupn O clugler vaniasles,

“Theorem 2. mﬂg\.3+Nm~mc3u@\ o0 Cluster Varuables are Laurent
rorm:o:\&b.\o n o % inibal data HQ\K.LN\ M&mo\u .

ﬁ,s.\vzplﬂm.“ For Y Q..m%m._ms; (W:W\B\ay.mk ﬁo@éai%.




eomehic Fype .
Cluser algebras qu%wwm\,ﬂ\ r »~
reiN <he Trani .

e T = SEw\m\m ~-ree.

Node © camies dofa

X =(x,.., Xr)
B = F.F&Q\ mrmalhw_s.)&in mactnx<

O , ,
.Mm@ml (%8 a mthou\\:.mx\mu dlanoles a 3_\,\._.3?.:

/
Discnale evslution




Cluder algebras

Node ® camies daota:

X = (x,,.., %¢)
B = _.J.FQ\\ gkew |hm§§m<.\.n mastnx<

o- o
% hX».@V R AX.‘\WO U\QRXuWu lgla Q \SS.._N.?d.S

evdution. determood WN A -

ﬁm &+ B8],
I \\f\r N , / _ ; . o
| | T %
X \ le
4 \
Xy




- . m! D
G ey
=%
ZE
|
M,\ 3 ) ]
[1) - [€% ¢
1) -
X
1w
“Perodux

Theorem . Finite uster &mﬂoﬁbﬂb .w,.h_.T Lie Qk\m.?ﬂ\u



>
—O
O ‘ >
OlN :
@ _ x,wv[
D - |
- | niv \%4
.. 2 . ,V Nx& —
X _
G (5
| =

57
Ao Nv O \Nv

FS
hﬂ

| . VAS _

? Y N+l S .T_

] 's
AV\ 3) D % :_ & :v ?)
- ]
rm

m@ D D and 3= D&ov
(oY

§U\ 2O

X




Qoout cluster algebras
T+ o known “hat g Clusler vaniable i o
|_aurenk ﬁocmg},_.\& mgT Q.:.m\. = raporna) a@:o},sec
With __lmu@w. co=bficiers i fenms @&6 clusk- seed

al QSQ otaor node  (Hat b, amy inifial \va

OQ&MQI)&._ .ﬂgm hom%k.o_.mew Qm \x( R&tv?\. \0&3\0}\.&\

Gre  non-neganve [ Fomin, Zelevinsky Zood}

Proven case WQ case - SHl OReh b~ %@é&&




Qoout cluster alacbras
T o known That reg Clugder vaniable e o~

L aurenk ﬁocmjo}\_.\& QST Q.:.m\. a  rafionad %\S&é}c

wox&%f. of how Jo u=e Jhig!
Thio  implies  pelyromialily of @ in Qi Opa @nw“ .,\
alley Q1 ’

Q.= 3 Poone= Nﬁ@e ¢ RN

L=-a o< iga

RUSE, = Pula) (-1 Lv - ©.2)

J’

mbo _u._. _
Pla,) must be dorsible wuﬁolc S reehenad

= \.WKDDVQEHO it 40 2QED.



Qbout cluster alacbras

T o known That reg Clugder vaniable e o~
L aurenk ﬁocmjo}\_.\& QST Q.:m\. o rehona) a@io},sec

wox&%f. of how Jo u=e Jhig!
.\:\(.\o ._31_.ma ﬂo@)o\:,.nﬁﬁu ok Q. in R n COpns @Wwﬂ
aler R4 K

For @\mim./ms\,m Yo o mﬂm«é\o&mmop +o!

.\_g" DP& clusier vanialde in T ®|mum+o\5
c\usks 9/@&37 o @& \_uo(usai?m n
TQu, -, Qrf undin T boundary
condiRon M@.&L\_no)wx; ..

Nﬂmnﬁhnmmb»ﬁ“r.g%m@wm»m W.n..v



Do\._)i Qo\,sl = @o«.) - QHQ?S

Du.wdsa now on  of = 3ouxQ sl ]

Q_E\B The D..m&m.TS b a discule ..\.._.nmﬂ&rt m&h#‘a in oistnele

Hrg e

Hj._wmmw'rﬂn means: 1) There ag r _,Sﬁoé_m uw#{ mohien
= Q_mm_o§~.ns\w vywﬁo@;x?\w Funchime
6) 1Qunl  which au independent @
.
nxq@_\ﬁw h&}w& 73 \x.\§> necursion Malafion

With constant coetbiciens (Zom)
= goluzble




MXS%_m of \:SWABPQ__ and "soluabls"

s,

1

—

~

~ ~ 2
DJ.I@J\. = 05 .Tn..

~ —~ ~ @sl @J
@511 Qn- l@j = @,5 AU,?I



Example of “integrable"  and "soluable”

~ 2

MQP m:jm)\. = 05 .Tmn

~ r~

g —~ ~ @sl @J
L= Q@ - = g, A

_ \RNMS @Saﬁ v“ _ A N@Si @5 V
@5.1 ®S+N @§+P A\W..u Py
MQS.Q\NA:S*V,@Q( WE__.\mT hm\ss\,sh

8L\~> m +— N+




MXS%_m of \:SWABPG__ and "soluabls"

s,

1

e Qe

~~ — ~J >
@511 Qn- IOI =

S 2

QRn +1

~

:@
A

|4

r~

Qn v
mwfn_l—

QS.T,
s
Q2

)

gl

P
O
-

En+a

Gon
~
@).I

V\



mvs?%_m of SSW&BPG__ and __.ma_csrﬁu_

~y 2

MP. m?:m:l = Qn +1

~

~ —~ ~ @31 @J
1 = @5.1 Qn- l@: = @,5 mu,?l

_ \mms Qe VT 1202 S, V
@\S.I @S.TN @§+P @31

= =0°

~

A@Sl_ +NU>+, AMJ V
m.zUB +@§$u\ n.@).l

ToM

~ y
= @:-. +>n\Usi = ﬁm‘g = “ C= Ds...w...@s.lﬂ P Nbxn?DQmPT
X DJ r Qpin = C Bdn+ O 6P no

P -

@/51 - D@J +@5|_ =0 AI@.\SQ. m&sﬁ$§



m.vﬁ_jm_m of JD.@QPQ__ and __.ma_cu_rhou_

o

MP. msim:l = D).N.TP

~

~ —~ ~ \m@‘,l @J v
L2 B @@ = g Qe
_ \Nms Cne: VT |:@§ S, V
@\si @S._‘N @5+P mw.u)i
@/51 - h@) +@5|_ =0
In mmsm\w.f g\, EOM comes Lo

D‘Tﬂ\_. ) .@.S (r+1)
o = ) 7 = />\3\

~J m +

D.\u n+Y+ _Aﬂ.._..GxC\..T&

Expand  doeminoat
TOM = delewrinants o s




Example of  “nlegrable’  and "soluably"

@/51 B D@J +@5|_ -
Debr . Q)= NU@(L\;
NnZo
Q&) _ |
Ko |- Ly,

~

One@nes = Q@

Ng

|-y,
_\..W%.w

2
n +1

Qn-1+Rns P Sknvuﬂ)n&m\eT
S 0B n
V
@d W(VN - @h. + W,N‘Z
&, Q ’s
— ld m_ _\l
N mmW T Z T &4
(! \\ " :S\@, F(*u 1
v, M\ MN %




Path  modd

@Q.‘vu | _ N miﬁs S

@M | - r%_ s

©

N _

Rp

_|+Q~
_\Wﬁ%'m

TQ}.&.OJ msjmiu.\_ oF T&tﬁ of \msrﬂ&_ Ay %33 veres A o immrm
on Jha weighied groph
s N

: s
e A VAR VAN
ﬁ_\ K

weight of His pet: £ ylyy,




Path  modd

Q&) _ | - S Qup
Ko - Ly, W Wlow 7
|-y,
_\-Wﬁr\..w
MH ? W&tﬁ of \msr%&_ an from verex 140 sseld

AGT.&w \W.\Uc.w._ T = Lﬂ.ﬁ:mp\ matn x
wﬁ M\Nlu g Em_m{ of m.\m\u %33 Q + 1

M@€~ .\_‘\ @ .w«. o o
T, \ m .w\ °
10 o o M\%

[T, = packbon b&s%?a &) (PThs of leaghn
S 10 2
nwbb MJLHN M@. .\...v.._u = Confinved Lachon alove.



Path  modd

mMM ) T.r%_ .

_|+Q~
_|w%m

= Tgwrios msjmiq.\_ o? T&tﬁ of \msr%&_ Qn from veres 4 4» iseld

i . 4
e BT 4T 9 o

m@&~ ﬁom.rﬁ monomials in  inifal datec

\HWTQ_ =) @5 qvom\.TSn Launrent mc&gi
Wit .)Kumﬁ coelf cens in inthal
dedz_

++.Rsm,m}_os>_ naance = Laurea ﬂoh...r.clu‘ \_ua_ﬂ,




Dﬂ@lMK%E Dfs.@._@‘ Qif@&b,\ol @_\\JMN_NS\ A).Un )u\N(

2

AN\S.INS...” \N\) IT\_U\(.
,\N?.I \_US\_ = QVSJI + ﬁ‘ n

Hhere e 2 Integmruls &) motion and o Lnean Adcunsi'tn ngloien .
\x\:\.x: "t \N\c
/ZRS - . , . />\_LS = QN).\

\
P {

%\5 |\ - &\_.\._i.._

I 3&@6&&

W, =7, = Ra- @r
mf QN;..._

1

WOCSALQ\( 83%.}.9.& ._ <<o\5
<<w3 u@mSm\_ .@/\ T Mm.vu = <¢w3ls\u3Lﬂ.O

= T:@ﬂ\ MeCUrsion+ oM.




bﬂ.@..Mmm._mj cluser a fu&m,\or A\U_\,m\m? @r\,w\ﬁv‘(
RopaRona= Ron ~+ T

N

N H\,L@va
,\N?.I \_US\_ = QVS + ﬁ‘ n

Jhere 0w 2 Integrls 8 motien and & Unean mzcunsion e lohon

ﬁ_svf.\ &m&@«?

- %s\wm ?)y, b= m.u_mw; - .N, MV

AN
\n/.\ﬂn/\ T \A@U@@@

\&N\ﬁ D, mﬁ lmv
A:N S\W\_%..CJV\_V;\WV




Solukien of e A2 Q- mu.m.vmso i f_ﬁo
RIDR,. 4" = parktm Lunchion for pathe on | :I\mf

nzo —
Lom rode & A4 rselP ?@.wuv

M um. ..|.+_\Q.S‘..m)h. monomials & A\N&m :\WC.VV

g Rar gy L R lgh e gete o)

~ ~ ~J
% — @..\ICG @,..\_ _ le;@ @.(I |
piy = 9,5
Q4,0 D.T, ! g & @é. De\




Solutien i derms o2 cont. Rackon:

RIRW= Jr
—l. *m~ m.(—.w.
_I..qu .Tﬁ“r-
rwmu s&.:& 1) &S&% Ngouwrs o7 |- .r.uq
2) con seriyed &:\S%\&u

Mutations

\ \ = [+ QA&

) _\w |- a-'o

, A= oto
2) o+l - = p\F\I b be/a
- Sy rc’zac/y’

\:25..

——

o, mulabon acks

on ;émsw and

@ w_& + m:\,n
ﬂ oS wm ow
§S+N.+mm ?\:.T\;
data .



ﬂ Nt &\ §sr$¥a I OWr D-m,,\mg—ns n\:u.T\ n&s@a&
o @&.ﬁ*s 3_&&3\

\f.ﬁ\\mhm %\N/ _
T

2 | Rt | ve = Q- culucyon
A muntotion . a :\:HX\\SJ?QSNA??
%.ﬁ%nrof\

\

« A



Valid inikial data' &) Q- syskem;

~ ~ p -
Bz.f._ = AUQ,J - D&i.s Do?_ro
Ren

s a %ssn}.qs ow

e
b.v.\ - DD\. )

N\ V &o}._gj
o 0—7%e The cClusler seeds which correspond
_
ol © v Q- \b@m_ni eroluh 7o Ouw\mmmgm
© o Morzkin T\iﬁv

o WLT# (o

Y ’ Ilﬁ Y — N —
o T

HHWWMP LH@TP




“Thewsm. Q-systems an disoule inlgvalde evnladiono
Soluhi o m&yw@ Jraon  focurson  Nlationo

o Coeliienk = Io™

- Soluhione o path ﬂug*g.}s) Funchiomo

e Mutabone o inibal datz preserie Wmmwr.&@
h@\ﬂur - Em__me Ore\@m undon Mutach'swo]




= AU&.X) gckh_m — = DMrﬁwc\.
”V HKT:Q..\UL.OOQS QN Soluhona
) mb‘é\ngbrw&.,,o) s 25\8,33(1!.\1_,\4

Cane ...




Zo«f comm S+.&f9m Q- MQ.WFS ﬁ Zosloows}s.fatﬁ wall-ex s.m.m\rm
\mhe\\:ér. DN Kbx*mts.n rQ

2
QS.I Ry = Qn +|

.w Symnplectomo cpheim :
Sy —— _

N+ “,_ nel - @J ._.QU..‘“ N.Au @H...@r@:i @ﬂ_
Qi Q. B indaopendant o ™
Repent e gnalysis  alovve

Theotm: QnE, o he ﬁgw\mr? Punchiom of %QL&M ow
Nb).%f An bom venex 4 4o itsel?  an Ha Q&\TY

4O

e Y=:=QQ, , @8 %-=6a,
Ttl( VA
_Nﬂ? v Conserved awsps},.@__

10 ﬁ = @sj@...‘.. + @.,.,“._ @H._ +Gs..__._@s




Zg.. comm S+§f9m Q- MQ.WFS ﬁ.. Zosloows}s.f(t_\a wall-ex ..m.m\rm
\mk.gf. DN Kos*mts.n rQ

2
QS.I Djl = DS + |

w S \{_Blmn),%s 0P hgm:
%

@51 @w_ @J.._ = Qn ..AU..\“ ~.A @M...@:@:i

independunt ,_N e

Repent e gnalysis  alovve
“Theorem - ﬁs@w_ lo —tha ﬂ%ﬁ\r}; %ssni.aj c..m qu&.;m uN
F@K/ N venex 4 4o iHseld on Ha &@7

% 7, M_mws@o 2 LT, =[a-Ty,

nN2 o N2 e

11;. /\\N - -

Ty - 0| N EVARAl xv

10 ©iY 0 o
T = | © Y°
o | oty

oo |




- m h ho a ﬁZo_\T«\owss)s.T(t_\& wall-eoss
Zg com whakve Bl 2 1ormu \mhgf ow o ru Ym

Ta! AMV = X&X\_ V 2% XQX\‘QL conserved

._.qavx\_
doke x_ = Ky — (1+xM)X'= x,
X, = Y Ky = KX,

\:).0\) \_\-Qr A < Kn , Xr.Iv — A.\A\XS.I\ X)-..UJ

ﬁoé% ﬁ.KaSWnS.nru._ D X: & N.\...m. XMHX_H,:N
X Ulv nvon._bm..m.n.;msfm 20 MO\.AJ.

g\n)f |V~WQ‘NSW¥N¢J \\Now\,ﬁ_ﬂ,)
ﬂom}. S.J /



Qutlook

) In rank 2, Kontsevich ewlution dofingd Bor

any ‘Wn. m.n_uu op.v Am_AQS-.u%SSm._.irw)ﬁnJ

oo <y > @ Dmssm__- Wﬂ).oof,o
oo =4 = Iregrable discule evolhon [DFKIG)
o=b ard ak>4 : Poth sduhom _ou Schiffla - Lee
. [ 2ol
Flo open
@_. .Idvc 45 %,P.m.xﬁ yusn- Commuiadire  euplution ba.,\ F%Z\F

\ﬂg.f&./ NS wen ! EQ.QY._.V @.?m) \0/% Quasi |uan.v®\§‘<r.393+u
mudahtns = Tracken rearrongemants %ﬁn

ZOS|8§§§._GaI§ _.Ta.?m. m&cpiodn._@.\ @E\%n\_gsg.w




Qutlook
2) Quanti zodion :
e @y @i =
S JT R BB
allbo ang in P same cluster

an@sgl.;w: clusler ﬁ@m@@r
oludions !
eno ' Path m%. Wi &.-833;._&_,\4 we gt

X @.\ugb,b wcgi.s .
, m Lio lle equat
[ quanhinT wille equatim 4 Faddeer-lkor
% - (Mum._.n\x \mq.\ Mcﬂl\u Aﬁ%).‘.c\x Y-sysien,
= @VOUsh 9, ﬂ&%oppc.qc.vrrocvu /



“Relorenes

VO mma._mSo oS QFWVA\ &@&F?m
2 aXir: OH2 . 269€

2) T syskme o cluder algelvao:
D Franceses, K. 10803 .0362

2)Solutioro fir A Q-sysleme: 093023
.ﬂ\MQm#“Sm.. 0909.3122

4) Kotsevich emludon : 0909, 0618
vs.m«c_« ranl. = Quasidetenminanls @ 1006, 4774



