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PO IIJIKOM IHTETPOBHI JUCKPETU3AILIL TUITY KAJIOIXKEPO
THTETPOBHHUX 3A JJAKCOM HEJIIHIMHUX JJUHAMIYHUX CUCTEM
1 IOB’SI3AHI 3 HUMU KOITPUEIHAHI OPBITU TUITY MAPKOBA *

The Calogero-type matrix discretization scheme is applied to the construction of Lax-type integrable discretizations of one
sufficiently wide class of nonlinear integrable dynamical systems on functional manifolds. Their Lie-algebraic structure
and complete integrability related to the coadjoint orbits on the Markov coalgebras is discussed. It is shown that the set
of conservation laws and the associated Poisson structure can be obtained as a byproduct of the proposed approach. Based
on the quasirepresentation property of Lie algebras, the limiting procedure of finding nonlinear dynamical systems on the
corresponding functional spaces is demonstrated.

Cxema MaTpU4YHON AUCKpeTH3anuu Tuna Kanomkepo npuMeHseTcs 11 HOCTPOSHUST HHTErPUpyeMbIX 110 JIakcy IickpeTH-
3aIyii OTHOTO JOCTaTOYHO MIMPOKOTO KJIacca HETMHEWHBIX MHTETPHPYEMBIX TUHAMHYECKHX CHCTEM Ha (yHKI[HOHAIBHBIX
MHorooOpasusx. Vccienyrores ux Jlu-anredpanyueckas CTpyKTypa U IOJHAs HHTETPHUPYEMOCTb, CBSI3aHHAs C KOIPHCOCAH-
HEHHBIMU opOHuTaMu Ha koanredpax Mapxosa. [TokaszaHo, 4To B mpezenax JaHHOTO IOXOJa MOXHO IOIYyYHTh CBSI3aHHBIE
MHOXECTBO 3aKOHOB COXPaHEHHs U IyaCCOHOBCKYyIO CTpYKTypy. Ha ocHoBanum kBasumpenacTasneHuit anre6pst JIu mpo-
JIEMOHCTPHPOBAHa MPOIeypa HAXOKACHNS HEJTMHEHHBIX JUHAMUYECKHX CHCTEM Ha COOTBETCTBYIOMINX (DYHKIMOHAIBHBIX
MPOCTPAHCTBAX.

1. Beryn: nuckperu3anis i nop’sa3anuii po3kian ajaredopu Mapkosa. Posnounemo 3 o3HaueHHS.
OMHOBUMIPHOKO JIIHCHO3HAYHOK JUCKPETHOK HENIHIHHOK JWHAMIYHOK CHCTEMOI0 Ha MHOTOBHII
M C I3(Z;R™) mns geskoro CKiHY€HHOTO m € Z. € JOBiIbHE €BONIONINHE PIBHIHHS, SKE MOXHA
3aMucaTy y BUIIIAL

= Klu), n
ne t € R — esomoniitamii mapamerp, uw € M i K : M — T(M) — n1ocTarHpo miaake BigoOpaxeHHs
[2, 4] ma muoTOBUmI M. Jlyxe gacTto piBHSHHS (1) MOXKHA OTPHMATH SK CTAaHAAPTHY JUCKPETU3AIIIO0
[1,9, 11, 16, 20] 3amanoi maaKoi HeTiHiHHOI AUQEpPEHITIaTbHOI CHCTEMH

=Kl @
Ha ¢yHKUioHanbHOMY migmMHOTOBHAI M C Lo(R; R™), nopomkerHomy BekropHuM momem K : M —
— T'(M). A came, iCHYIOTb TaKi MONAPHO BiAMIHHI TOYKHU CITKH x; € R s j € Z, mo BiAnoBiaHi
BekTop {u(x;) € R™: j € Z} = u € M i muckperusauis s (2) 36iratorsest 3 Bupasom (1).

[Hmmit migxix 70 quckpeTu3antii cuctemu (2) rpyHTyeThes Ha cxeMi Kamomxkepo [8, 9] koHCTpyTo-
BaHHS CKiIHYCHHOBUMIPHUX KBa3i300pakeHb I HECKIHUeHHOBUMIpHOI anreOpu [ eitzentepra — Beitns
omeparopis b :={z, D,, l:xz e R}, me D, := % y JeskoMy (QYHKI[IOHAJTHHOMY ITiJIMHOTOBH/II
Mo € C*®([a,b];R) NL2([a,b]; R) mudepenwiiioBENX (YHKIIH, OCKITBKA 32 BIIOMOK TEOPEMOIO
¢on Heiimana [21, 31] He icHye TouHMX 300pakeHb anreOpu [enzenOepra—Beiina ) y ckinden-
HOBUMIpPHOMY (YHKIIIOHATEHOMY TiAIPOCTOPI /\/lév C My s Oyas-sikoro N € 7. Hampuxian,
Oyap-saKy ckamsipHy ¢yHkuio f € M Ha inTepBani [a,b] C R moxna intepmomntoBatu [8, 31] y

*YacTKOBO MATPUMAHO YHIBEPCHTETOM HayKH 1 TexXHoJoTiil ['ipHHYo-MeTanmypriiiHoi akagemii M. Kpakosa.
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658 A. K. TIPUKAPIIATChKHIA

MOJIHOMIAJILHOMY BUTIISIII

ej(x) == H (x — i), pj:= H (xj — i),

i=1,N i#j i=1,Ni#j

a TaKoX i1 TTOXiTHY
Dyf(x) = Dufn(x) = Y Zij(f(aj)p; eilw),
i,j=1,N
ne fn(z) € MY posmsmaerses BinHocHo noninomianbhoi 6asu {ej(z) € MY : j = 1,N}. Toni
Bimmome kBazizobpaxenns Kamomxkepo [8, 12, 13, 18, 22] anrebpu ['eitzendepra — Beiinst h orpumMyeTbes
TaKUM YUHOM:

End (My) > 2 — X := diag {z1,292,...,zn} € Endl2(Zn; R),
End (Mg) 21— I:=diag{1,1,...,1} € Endls(Zy;R), (3)

End (Mo) = Dw — 7 = {Zl] = (xz —xj)_l,i %j = 1,N;

N
Lii = Z (.lez — l’j)_l 1= 1,]\7} S Endlg(ZN;R),
J=1j#1
Jle TOYKH CiTKM iHTepmonsuii z; # z; € R, i # j = 1, N, € pi3HAMH i 33I0BOJBHSIOTH y CIIEL-
QTbHO BHU3HAYCHOMY CKiHYCHHOBHMIPHOMY TiibOepToBoMy Tpoctopi lo(Zy;R) y cumbHill rpanuiti
kaHoHiuHe Jli-anreOpaidHe criBBiIHOMICHHS
lim ([Z,X]—-1)=0. @)
N—00
MarpuuHi kBa3izo0paxeHHs (3) JO3BOJISAIOTH OOYAyBaTH MPUMITHBHY MaTPUYHY AUCKPETH3AIIIIO
HeNIHIAHOI IMHAMIYHOI CHCTEMU

du(m)
T (U(m%[Z“”),U“’%[Z““),[Z<m>,U<m>H,...,[Z<m>,...,[z<m>,U<m>n>, 5)
(p pasis)
JIe MaTpPHIIi

U™ = w(X ™) = diag (u(z1), u(@2), . .., u(zy)) € End lp(Zy; R)®™,
ZMm =729 7Z®...07ZcEndly(Zy;R)®™

(m pasis)

HaJIeXaTh JI0 TEH30PHOTO TOOYTKY MaTpHYHHUX MIPOCTOPIB

End ZQ(ZN; ]R)®m := End ZQ(ZN; R) ® End ZQ(ZN; R) ®...® End ZQ(ZN; ]R)
(m pasiB)
Tpu BUBEEHHI MaTPUYHOTO PiBHAHHSA (5) My BpaxyBaiu, mo K[u] := K(u, Dyu, D2u, ..., Dbu) nis
Jesikoro (hikcoBaHOro p € Z., 1 Juisl JOBUIBHOTO ONEPaTOPHOro BigoOpaxeHHs ¢y (T) : ./\/lév — /\/lév
BHUKOPHUCTAH BIACTUBICTH KBa3izo0paxeHs Kanomkepo
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[TPO LIIJIKOM THTEI'POBHI JUCKPETU3ALII TUITY KAJIOPKEPO IHTEI'POBHUX. . . 659
End (Mo) 5 (Dion)(2) = [Z,[Z,[Z, ..., [Z,o(X)]]] .. ] € Endl2(Zn; R),
(n pasiB)

sIka Ma€e Miclie JUis I0BUTbHUX omepatophux noxinaux (D7py)(2): MY — MY, n € Z,.
Hmxdae mu Bpaxyemo Toit daxt [19], mo kBazizodpaxeHHs (3) HaIeXaTh BiAMOBITHO 0 MapKOB-
CBKOTO po3Kiaay 3aranpHoi anredpu Jli y npsimy cymy gl (N;R) :=g = M (g) ® E (9):
I, X € E(g), Z € M(g),
Iie, 32 O3HAYCHHSM, JIHIHHI TiAIPOCTOPH
M(g) :={M(A) € g: M(A) = A — diag (eA)}, ©
E(g) = {B(A) € g: E(4) = diag (cA)}, e :=(1,1,...,1) € b(Z; )",

e miganre6pamu Jli anre6pu Jli g. Beenemo mpoexkii Pyy(q): g = M(g) C g, Pg) : 9 = E(g) C g.
Toxi 3rigHo 31 cranaapTHUM R-marpuunum miaxomom [5, 6, 14, 27, 29] Bupas

1
[X7 Y]R = [R‘X7 Y] + [Xa RY]) R:= 5 (PM(g) - PE(g))7

st goBitbHEX X,Y € g 3amae Ha g HOBHiM komytarop Jli, skuii mopomkye Ha mpoctopi D(g)
nedopmoBany ayxky Jli—Ilyaccona

{1 mr(e) = (o, [V(a), Vi(a)]r) = (e, [Pui(g) V(@) Prigg) Vin(a)]) @)
st v, € D(g) 1 Gyap-sikoro « € g*, mio y3araipHioe Knacuuy nyxky Jli —ITyaccona
{7y, (e) = (o, [V7(a), Vin(a)]) = (e, [Vy(@), Vi(a)]) (®)

Ha g. Tyt OininiiiHU# tr-dyHKIIOHAT Ha ¢
(X,Y):=tr(XY), XYe€qg, ©)

€ HeBUpOmKeHUM Ta Ad-iHBapianTHUM. OCKIIBKH BIIHOCHO I[60T0 tr-dyHKIioHama (9) g ~ g*, myKka
I[Tyaccona (7) mopomkye st Oyb-sikol ramineronoBoi GyHKiil H € D(g) Taky JUHAMIYHY CHCTEMY
Ha IOBUIBHOMY < € §:
do
dt
ne P*M(g) ~ Ppg)r 12 PE(Q) ~ PM( ot Ll KOHCTPYKIIiSl CTIPOIIYEThCA y BUITAIKY, KOJHA TaMiJIbTO-

= PE(g)L [PM(Q)VH(O[), al,

HoBa dyukuist H € 1(g) € pynkuiero Kasumupa BigHocHo knacuusoi ayxku Jli—ITyaccona (8), sika
3a7I0BOJIBHSIE YMOBY

[a, VH(a)] =0

IUISL OyIB-SIKOTO (v € .

Cepen HeniHiitHNX audepeHIiaTbHIX JUHAMIYHUX CUCTEM (2) iCHY€ MMPOKUI Ki1ac HEeNiHIMHUX
CBOJIIOIIMHUX PIBHAHB, SKi € iHTErpoBHUMH 3a Jlakcom [5, 9, 14, 20, 23, 27] i nuckpeTu3arii SKux
€ YacTO JyKe BXJIMBHMH IS X YHCIOBOTO aHAIi3y Ta Pi3HHUX 3acTocyBaHb. OJHAK y 3arajbHOMY
BUIMAJIKy Oe3M0ocepeHhO TUCKPETU30BaHA MAaTPUYHA JUHAMIYHA cucTeMa (5) He YCIAIKOBYE a priori
iHTerpoBHICTH 3a JlakcoMm s (2). Tomy nmpupogHO BUHUKAE TIUTAHHS: AK noOyoyeamu a priori inme-
eposny 3a Jlakcom mampuuny ouckpemusayiio 3a0anoi inmeepoenoi 3a Jlakcom nHeninitinoi ounamiunoi
cucmemu (2)?
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660 A. K. TIPUKAPIIATChKHIA

Ockinbku 300paxkeHHs: Jlakca IHTErpOBHUX JUHAMIYHMX cucTeM (2) 3ajexarb BiJ| JTOBLILHOTO
cnekTpaibHoro mapamerpa A € C, To BapTO BHBYMTH iXHI BIJMOBIJHI MaTpU4HI KBa3i300paKeHHS,
IO TaKO)XXK 3aJexarb Bil crekTpainbHoro mapamerpa A € C, sx i 0a30Bi omeparopu MaTpHIHHX
300paXkeHb, SIKi Halle)KaTh BIATOBIAHO 10 pO3Kialy y mpsMy cymy Mapkosa 3aransHoi anredpu Jli
gl(N;R) := g = M(g) ® E(g). Lle MmoxnHa 3po6uTr €()eKTHBHO 32 JOMOMOIOI METPU30BAHOI
anrebpu netens [5, 6, 14, 27] g := g®C[[A\, A~1]] i Binnmosinuux nos’s3anux interposnux 3a Jlakcom
MMyacCOHOBHUX IOTOKIB Ha Hiil.

Hwxde My BiAMOBIMO Ha MOCTaBJICHE MUTAHHS Y BUMAIKY CIELIiaJbHOTO KJacy iHTETPOBHHUX 3a
Jlakcom HenmiHIMHUX JUHAMIYHUX CHUCTEM Ha (DyHKIIIOHAIBHUX MHOTOBHJAX 3 BUKOPHCTAHHSIM CXEMH
nmuckpeTu3artii Tumy Kamomkepo i mpoaHaizyeMo KolprueaHaHi opoiTa Tury MapkoBa 3a JOITIOMOTO0
moB’si3aHuX Jli-anreOpaiuHuX IiIXO0IiB.

2. Jli-anre0paiyHi OCHOBM Ta JIiHilHi MaTpH4Hi cnekTpa/bHi 3aga4i Tuny Kajgomkepo. Bae-
JeMO MeTpH30BaHy anrebpy metens g := gRC[[\, \™1]], nopomxeny anreéporo Ji g : = gl(N;R) i
panamu JlopaHa

§:={X(N) =) XN:X;€9 Z3j<0, eCy,
Jj<Koo

Je j < 0O 03HAYa€ 3MiHY iHAEKCY Bil —00 70 OyIb-AKOTO CKiHUEHHOTO IIOro Yicia. Ii HamineHo
CTaHJIAPTHOI MAaTPUYHOIO Tyx)Koto JIi

X, YW= D2 [ D X%, (10)
o\ jires
BH3HAYCHOK /st Oyab-skux X (), Y (N) € §, i naitnpocrimmit Ad-inBapiantauii cKaspHuil 106yTOK
(X(A\),Y(N)_; = Tr(X(A)Y (V) :=restr (X(\)Y(N))
sagoonbase Ui Beix X (A), Y (A) i Z(A) € § ymosy
(XA, [Y(A), ZW)]) =y = (XA, YN, Z(N)) ;-

PosrstHEeMO BBeneHMi BUIIE po3kiian Mapkosa (6) anreopu Jli g:
g:= M(g) @ E(g), (11
ne st Oyab-sikoro X € g
M(X) := X —diag (eX), E(X):=diag(eX), e:=(1,1,...,1) € la(Zn)",

i cxmazosi M(g)C g i E(g) C g € takumu Marpuannmu miganre6pamu JIi, mo [M(g), M(g)] € M(g)

i [E(g), E(g)] = 0 € E(g).
Hacrtynue crioctepexeHHs € KIIOYOBMM IS HAIIOro aHaiidy: anreOpa IeTesb § yCHaJKOBYE
posknang Mapkosa (11) y nBi miganreopu Jli:

g=0+ D0, (12)
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ne npoekuis Prg:= g4,

§ro=4X(N)= > X;N:XoeM(g),X;€gN3j<o0,AeCy, (13)
JELy

Ta npoekuis P_g = g_,

§o =XV = > YN:Y€eE(g),Y;€g,j€Z\{0} ,AeCy, (14)
JEZ_

3aJJOBOJIbHSIOTH KOMYTAaTOPHI CIiBBIAHOMICHHS [§4, 8+ ] C g+ 1[§—, §—] C g—. HeBaxkko BcTaHOBHUTH,
10 crpsiKeHi npoctopu g4 i g* o miganre6p JIi (13) i (14) MaroTh BUmIAY

gl =Y\ = > YMN:YeE(g)"', Yeq jeZ\{0}, AeCy,
jEZ_

gl =X\ =) XN XgeM(p), Xjeg, N3 j<oo, AeCy,
JEL+
JI€ BPaxoBaHO, IIO
M(g)* ~ E(g)" = {Y € g: diag (Y) = 0},
E(@*~M@g)t={Xecg: X=q®e, e:=(1,1,...,1) € b(Zn;R)*,q € I3(Zn;R)}.

Posknan (12) mo3Boisisie BBeCTH KIACHYHY R-CTpykTypy Ha anreOpi meTenb ¢ : Uit OyIb-sKHX
X(N),Y (M) € g xomyrarop

[X(A), Y (N)r := (RX(A), Y(M)] + [X(A), RY (N)])

3aJI0BOJILHSIE BIIACTHBICTh KoMyTaropa Ha anreOpi Jli, ne miHiitHO mpoctopoBmii Tomomopdizm R :
¢ —§ BHU3HAYCHO st TOBiIbHOTO X (\) € g TaKMM YHHOM:

RX(\) = %(PJFX()\) ~P_X(\).

Mae micuie Taka KilacMuHa TeopeMa (IMB., Hanpukian, [3, 5, 6, 15, 27, 30]).
Teopema (Amnepa—Kocranta— Caiimsa). Hexail enaoxi ¢ynxyionanu v, n: g — R e ¢pynxyio-
nanamu Kasumupa sionocno oyacku Ilyaccona (10), moomo

[VAN), L)) = 0 = [V(I(A)), L(V)]
01151 6y0b-sx020 L(\) € g*. Tooi ons mooughixosanoi’ dyscku JIi — Ilyaccona
{v,n} = ), [VAU(N), Vil(A)IR) - (15)

MAEMO
{vn}=0

Ha 6cboMy npocmopi g*.
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662 A. K. TIPUKAPIIATChKHIA

Ha ocroBi poskmazy (12) HeBaxko 3HaiiT 1ii npueanannx oneparopis P : g — gl C g_ i P*:

g — 81 C §4. 30kpeMa, BHACIILOK OTOTOXHEHb § ~ §* OTPHMY€EMO piBHOCTI

Pt =Py g =gl Co- (16)
Ta

P* = PQL (g — gL C ot 17

Teopema 1 ta piBHOCTI (16), (17) TO3BOISIOTH MOOYIYBATH IMUPOKUH KJIac iHTErpOBHUX 3a Jliy-
BlUTeM JUHAMiYHUX cucTeM [6, 27] Ha marpuyHOMy Tianpoctopi Mapkosa E(g), skimo peaykyBatu
raMiUJIETOHOBE BEKTOPHE IT0JIe

d
7 @) = {H,a(A} = [PLVH(a(A)), a(N)] (18)
Ha enementi a(\) € g ~ §*, nopomkene crenianbHo BuOpanuM ¢Qynkiionanom Kasumupa H : § —
— R. OcTanHili po3rsgaeThCst BITHOCHO cTaHaapTHOI ayxku Jli —[lyaccona

{7, mhuie := (L), [V (U(A), Vn(L(M)]) (19)

ISt Oy/ib-IKMX TIaAKUX (QyHKIOHATIB v, 1 € D(g).
3. JluckpeTrHa anpokcuMalisi iHTerpoBHux 3a Jlakcom eBoioniiiHux piBHAHbL. Po3risHnemo
maaki QyHKITioOHAIN V,Sk) gF >R, nkeZs, ne

1 n+1
*) . ~la()| e A
W = — <<a()\)/\ ) A >1

_ ()\kﬂa(A)l (a(A)A—\aw)”)

n+1
i a(\) € g~g*, no toro xk |a(\)| o3nauae A-mopsmok mominoma «(A). OueBHUAHO, IO BOHH €
¢yukuionanamu Kaszummupa BiqHocHO ayxku [lyaccona (19). BinqnoBigHi rpafieHTH MarOTh BHIVISA

V(@A) = (AT IWhAk,

TakuM YUHOM, MOYKHA MTOOYTyBaTH HECKIHUEHHY 1€papXit0 HETMIHIMHUX MaTPUYHUX JHHAMIYHHUX CHC-
TeM

E = [P (AT VAR, a()]

SIKi, BHACIIIJIOK X anreOpaidHol CTPYKTYPH, CIIJl pO3IIAAATH K JUCKPETHI alipOKCUMAITil BiAITOBITHUX

EBOJIOLIHNX AudepeHniaTbHIX PiBHSAHD Ha (YHKIIOHAJILHOMY MHOTOBHII M.

Hpuxnao. Hexait n = 2 i k = 4. HactynHe 3Ha4YeHHsI eleMeHTa P+V’y§4) (a(N) € g+ Ha

enementi a(A) = A3T + A\2U + AV + Z nopisHioe

PoVAY NI+ 02U + AV + 2) = M+ 223U+
A2V + UH) + N2Z + UV +VU) + M(ZU + U Z).

3 KOMyTaTopHOTO criBBigHOIEHHS (18) oTpuMyeMo, o i Oynb-sikoro mapamerpa A € C mae micre
MaTpU4YHe PiBHSHHS
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d
- A2U + AV + 2) = 203U + N2(2V + U+

+A2Z +UV +VU)+M(ZU +UZ), U 4+ \V + Z]. (20)

Oyuxuionanu H,, == Tr (AW T+ U4V +2)™/3 m € 7, , e HeTpuBialbHUMH Ta iHBOTIOTHBHAMH
BigHOCHO MyxKH Ilyaccona (15) 3akoHaMu 30epekeHHs JUCKPETHIX MaTPUYHHUX AUHAMIYHUX CUCTEM
tuny Pimana

dU dz
= —[z,U?, = =0 (21)

dv

= TlLVU LUV +[UZ + ZU, V],

mo BurumaBae 3 (20). JluckpeTHa MaTpuyHa AWHAMiYHA cucTeMa (21), sk HacHigok 3 (4), € miJIKoM
IHTETPOBHOIO TUCKPETHOIO allpOKCHMAIIIE€I0 B IPaHUYHOMY Tiepexoai mpu [N — 00 TIAPOJMHAMITHHX
piBHSHB Ty PiMaHa B YaCTHHHHX MOXiJTHUX
du 5 dv
dt dt
TakuM 9WHOM, TIONO AWHAMIYHOI crcTeMU (22) MokHa C(OPMYITIOBaTH HACTYITHE TBEPIKEHHSL.
TBepmkeHHsi. /Junamiuna cucmema (22) oonyckae 015 6y0b-sxko0eo N € 7. yinkom inmecpoeHy

= —2u, v. (22)

mampuuny ouckpemuzayiio (21) i3 300pascennam Jlaxca (20).

Sk mpocTHit HACTIOK 3 TBEPIDKCHHsI, OTPHMaHa BUIIIEC JUHaAMiuHA cucTema (22) € Takok iHTe-
rpoBHOIO 32 Jlakcom. 3rifHo 13 300pakeHHsM (20) rigporHaMiYHa CUCTEMa PiBHSHB THIY broprepca
Mae ckaspHe 300pakeHHs Jlakca, crieKTpajbHa YaCTHHA SKOTO 33JJa€ThCs JITHIHHOIO ,,CTIEKTPaIbHO”
3aa49ero

4 + (A 4+ 2w+ M) f =0, (23)
dx
1€ MOXKHa BBakatH, mo 1 (u,v)T € M iBcix t € R f(-,A) € Loo(R;C) mna A € C.

BpaxoByroun mniHiliHY ,.ciekTpasnbHy” 3amady (23) i HemonmaBHil aHami3 B [7], MH OTpHMa,
IO T1IpoJMHAaMIUHa CHCTeMa PiBHIHD (22) HaJEKUTh 10 KJIacy Tak 3BaHMX 1HTErpoBHUX 3a Jlakcom
,,TEMHUX"’ PiBHsIHb, SKi BUBUATHCH paHime b. Kynepmmiarom y [17] i MatoTh y 3araJibHOMY BHIAJIKY
CKIHYEHHY KUIbKICTb 3aKOHIB 30€pekeHHs, aje HEeCKIHUYEHHY l€papxil0 KOMYTYIOUHX CHUMETpiil. Y
HACTYITHUX IyOJiKaIisiX OyIyTh BUBYATHCH IXHI BIIACTUBOCTI Ta 3aCTOCYBAaHHS PO3POOJICHOTO BHIIE
MiAX0My Ha OCHOBI AWCKPETHUX ampokcuMariii Tamy Kamomkepo o pizHux iHTerpoBHHX 3a Jlakcom
HEJIHIMHUX OTUHAMIYHUX CUCTEM.

4. BucnoBku. CriocTepexeHHs, Mo muckpeTusailis tumy Kamomkepo anrebpu Ieiizenbepra—
Beiinst moB’si3ana 3 poskiagom Mapkosa 3aransaoi anre6pu JIi gl (N;R), N € Z,, € uikaBum i
KOPUCHUM JUIsl aHATITHYHOTO KOHCTPYIOBaHHS I[UIKOM IHTETPOBHUX TUCKPETH3allill iIHTETpOBHHX 3a
JlakcoM HeNiHIMHUX TUHAMIYHHX CHCTEM Ha (DYHKIIIOHATFHUX MHOTOBHAax. I[lokazaHo, 10 B Mexax
PO3BHHEHOTO MiJXOMy MOXXHA OTPUMATHU IIOB’sI3aHI MHOXXHHY 3aKOHIB 30€pEeKEHHs Ta IyaCCOHOBY
CTPYKTYpy. [ pyHTYyIO4HCh Ha KBa3i300paxeHHsx anreOpu Jli, MpogeMOHCTPOBAHO MPOLIELYPY 3HAXO-
JOKEHHS HeNIHIMHAX TUHAMIYHUX CUCTEM Ha BIAMOBIOHMUX (YHKLIIOHAJIBHUX MPOCTOPaX.

ABrop BucioBiioe nmomsiky npod. . Hecoincekomy (YHiBepcuteT bsocroka, I[Tonbma) 3a criB-
mparo Ta ooroBopeHHs, a Takox npod. . Kanomkepo (Yuiepcurer Puma "La Sapienza”, ITamist)
3a yBary Jio CTaTTi Ta KOPUCHI KOMEHTapi.
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