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IIponiecu HapoOa>KEeHHST TAa MOIMUPEHHS KOPeJIAlliii
B KBAaHTOBHUX CHCTeMaX 0ararboX YacCTUHOK

(IIpedcmasaeno axademivom HAH Yrpainu A.I. 3azopodrim)

Posaaanymo npobaemy cmpozozo onucy e8oaULl cmanie K8aAHMOBUT cucmem 6a2amvox “a-
CTMUHOK 34 AOMOMO2010 Kopeaauitnux onepamopis. Ilobydosaro Henepmypbamusruti po3s’a30%
3adavi Kowi 0as i€paprii HeATHitHUT e80MOUITHUL PIBHAHD 0AA NOCATO0BHOCTNT MAP2THANDHUL
KOPCAAUITHUL ONEPATMOPIB, AKUMU ONUCYIOMBCA NPOUCCU HAPOOAHCEHHA MG NOWUPEHHA KOPE-
aauit. Taxootc 6 eparulyl camoy3200HCEH020 NOAS BCMAGHOBAEHO ACUMNMOMUNHY NOBEAIHKY
Nn06YA08AHUT MAP2IHANDHUL KOPEAAUITHUT ONEPAMOPIS.

Ka10406t caoea: KOpesIiiamii orepaTop, rpyiia HeJTiHIHHITX omrepaTopiB, HesiHiltHa iepapxis
BBI'KI, kBanTOBe KiHeTHYHE PiBHAHHSI, TPAHUIT CAMOY3TO/I2KEHOTO TIOJIS.

Bimomo, 110 eBosionisg CTaHiB KBAHTOBUX CHUCTEM 0araTboxX YaCTHHOK MOXKe OyTH OImcaHa 3a
JIOIIOMOT'OI0 MAPIiHAJBHUX (S-YACTMHKOBHX) OIEPATOPIB I'yCTHHH ab0 B TepMiHAX MapriHA/Ib-
HUX KOPeIAIiiiunx omneparopis. TpaauiiitHo MaprinaabHi KOPesIiifHi orrepaTopy BU3HATAIOTHCS
KJIACTEPHUMHU PO3KJIaIaMUA MapriHaJbHUX omnepaTopiB rycrunu. PisudHa iHTepmpeTariis Mapri-
HaJBHAX KOPEJISIIIIHHIUX OIepaTopiB IOB’si3aHA 3 Ti€l0 OOCTABUHOIO, IO MAKPOCKOINYHI Xapak-
TEePUCTUKHU BiIXWJIEHD BiJ CepeaHixX 3HaYeHb CIIOCTEPEeXKYyBaHUX B MIKPOCKOIIIYHOMY MacIITabi
BU3HAYAIOTHCS TAKMMU oreparopamu |1, 2|.

B noBiomieH i po3riisiiaeThbest Ipod/IeMa CTPOTOro OIMUCY €BOJIIONI] CTaHIiB KBAHTOBAX CHCTEM
faraTboX YaCTUHOK 33 JOTIOMOI0I0 MapriHAJILHUX KOPEJISIIHHIX ONePaTOPiB, SKUMU ONUCYIOThCS
[IPOIleCH HAPOIXKEHHSI Ta ITOIMPeHHs KopeJstiiii. OmgHa 3 BiAKpuTuX mpob/ieM Teopil eBOFOIIiTHIX
PiBHSIHB cHCTeM 0araThbOX YaCTUHOK IOJIsIra€ B 1mo0OymoBi po3s’siaky 3agadui Korm mrs iepapxil
HEJIHITHUX eBOJIIOIINHUX PIBHAHDb JIJIsI HOCJIIJOBHOCTI MapriHAJbHUX KOPEJIAIINHIX OIlepaToOpiB
1 JocyimyKenHi Moro BJIACTUBOCTEN, 30KpeMa, CKEHJITHIOBOI aCUMIITOTUYHO] TTOBE/IHKH.

3ayBaxkKUMo, 110 3arajbHO MPUAHSTHI MiIXis IO BCTAHOBJIEHHST CKEHJIIHIOBOT aCHMITOTAIHOT
MOBEJIHKU KBAHTOBUX CHUCTEM OAraTbOoX YACTHHOK TPDYHTYETbCS Ha JOCJIIJKEHHI CKeMTHTOBOT
rpaHuIl po3s’sa3Ky KBaHTOBOI iepapxil piBuaub BBI'KI mjis maprinajsbHux onepaTopiB rycTuHu
o0yI0BAHOTO MeToaMu Teopii 36ypensb (3, 4] (crpori pesysabraru 3 KiHeTHIHOT TeOPil 3iTKHEHb —

[5. 6]).
Hexait mpocrip £H(Fy) = @ £1(H®") — mpocrip mocmigosuocteit f = (fo, fi,--s frs--)

n=0
siiepaux oneparopis, fy € C, Busnadennx na npocropi Poka Fy 3 Takoro HopMoio: || f|| SU(Fy) =

(o]

= > Tri  alfa(1,...,n)], ne cumsomom Try  , nosmadeno wacTuuHi coiigu omeparopa f, =
n=0

= fu(1,...,n) € £Y(H,), BU3HAMEHOTO HA N-TACTHHKOBOMY TimbGepToBomy mpoctopi H, = HE™.
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ITlinnpocTip diHiTHEX MOCTITOBHOCTEN BUPOIXKEHUX OMEPATOPIB i3 HecKiHUeHHO nudepeniiioBa-
HAMU SIpaMU 3 KOMIIAKTHIMH HOCISIMU TTO3HATIIMO '9(1)(]:7-1)-
Ha mpoctopi gl (H,,) BUBHAYEHO OJHONIAPAMETPUYHE BiIOOPAYKEHHSI

RY 3t Gi(t) f = e frefin, (1)

Jie caMmocrpsikennii oneparop H, — ramijibroHian cucreMu N YaCTUHOK, SKi 33/I0BOJILHSIOTH
craructuky Makceesia — BoJibiiMana, 1 BUKOPUCTAHO CUCTEMY OJIUHUID, e h = 2nh = 1 —
nocriiina [lnanka, m = 1 — maca gacruaok. O6epHeny rpyity omneparopis 1o rpyuu G (t) 6yaemo
nosuadarn (GX) 7L (t) = Gi(—t).

Ha migmpocropi £5(H,,) indimitesnmanpumit reneparop NF rpymu omeparopis (1) Busnata-
€ThbCsl B CeHCl cHyIbHOI 30i2KHOCTI IPOCTOPY gt (H,,) omeparopom

i = (G (E) f — fo) = —i(Hofo — fuBn) = N, (2)

t—0 ¢t
AKHIT Ma€ TaKy CTPYKTYpPY:
n . n .
= ZN*(])+6 Z Mnt(]17]2>a
Jj=1 J1<j2=1

ne oneparop N¥(j) — remeparop pisustnus ¢on Heifimana y BUIaKy BUIBHOI €BOJIOIIT; Ore-
parop N5, BU3HAYAETHCSI Y€PE3 ONEPATOP IIAPHOIO MOTEHIaLy B3aeMomil @ Takow GopMysioro:
NG, g2) fn = —i(®(J1, 52) fr — fa®(j1,72)) Ta € > 0 — ckeininrosuii napamerp [2].

Ha npocropi 21(.7-'7{) BU3HAYEHO TaKe OJHONIapaMeTpUYHe HeJiHiliHe BimoOparkeHHs:

g(t;la"ws | f) = Z Q[|P|(t? {Xl}ﬂ" 7{X\P|}) H f|Xj|(Xj)7 s 21, (3)

P: (1,....s)=UX; X;CP
J
Jie CHMBOJIOM > IO3HAYEHO CYyMy 32 BCiMa MOKJIMBHMHU po3duTTsaMu P MuOXKuHNK iH-
(17...78):UXJ'
J
nekci (1,...,s) =Y nua |P| nenopoxnix mimvuokun X; C Y, siki He MepeTHHAIOTHCS, MHOKHHA
({ X1}, {Xp|}) cxmagaernes 3 enementis, sxi € mipvuoxkunamu X; C Y, Tobro |({X1},. ..,

{Xp|})| = [P|. Tsipuum onepatopom Ap((t) poskmany (3) € |P|-ro mopsaKy KyMy/TsHT TpyIT
omeparopis (1), sIKuil BU3HAYEHO TAKHM DPO3KJIAJIOM:

Appy (6, { X1} {Xpp}) = Yoo PR =D T Gzt 0(20)), ()

P’ ({Xl},,{le‘})Z%JZk ZkCP/

e BiobpazkenHs qexmacrepizarii § susnadeno dopmymnoo O({ X1}, ..., {Xjp}) = (1,...,9).
Ha npocropi 21(]-'7.[) Bino6paxkentst (3) yTBOPIOE€ 0OMeKEHY CHJILHO HEIePEPBHY IPYILy He-
JHHIAHUX omepaTopis, indiHiTe3uMaIbHII TeHepaTOp AKOI BU3HAYAETHCS (POPMYJIIOI0

N, ... s]g(t) =Nigs(t,1,...,8)+

+e Z D> Ninlin,ia)gpxy (8 X1)g1x,) ( X2), (5)

P: (1, X1UX211€X1 126 X2
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ne € > 0 — cKeitJiHrOBUIT TTapaMeTpP, CUMBOJIOM > IIO3HAYEHO CYMY 3a BCIMa MOYKJIU-
P: V=X X>

BuMu po3buTTsMu P muOKMHU iHAeKCB (1,...,s) =Y Ha aBi HenopoxHi migmuokuEn X1 C Y
i Xo C Y, ki we nepernmaiorhesi, Ta oneparop N Busnaueno ma mignpocropi £5(Hs) dbop-
MyJIoi0 (2).

JIist OYATKOBHUX JAHHUX 3 mpocTopy & (Fx) rpyuoro HesiHIAHUX oneparopis (3) BU3HAUYAE-
ThCsl HellepTypOaTUBHMIT PO3B 130K 3a1a4i Kol jiyist iepapxil piBusiab (or Helimana st mociti-
JIOBHOCTI KopeJsisiniiiiiux oneparopis [7]:

g(t,1,...,5) =G(t;1,...,s ] g(0)), s>1, (6)

e g(0) = (go, g(l)’g, e g2 L) — TOCTiZIOBHICTE KODENAIIHHIX OIepaTOpiB, SKOIO OMICYEThCH
HOYATKOBHI CTaH KBAHTOBOI CHCTeMH He (DIKCOBAHOI (JIOBIIBHOI) KIIBKOCTI YaCTHHOK. 3ayBarKu-
MO, IO KOPEJIAIIHI oepaTopy BU3HAYAIOTHCS KIACTEPHUME PO3KJIAIAMI OIIEPATOPIB IYCTHHU
(sizpa orepaTopiB IyCTHHHI BiZIOMI SIK MATPHIL TYCTHHHE), siKi € POo3B’si3KoM piBHsAHb (o Heiima-
Ha [2].

B Tepminax mocstitoBHOCTI KOpessAIiiinux omepaTopis (6) MaprinaibHi (S-4acTHHKOBI) Kope-
JISANiiiHI ollepaTopn BU3HAYAIOTHCS TAKHMU PO3K/IAJAME B DSl

[e.9]
) 1
Gs(t,1,...,8) = E ETrs_s_st_mg(t;l,...,s—i—n | 9(0)), s> 1. (7)
n=0 "

3rimno 3 ominkoro: [|G(t; 1, ..., s | f)ller(p,) < sle?*c® nec=e3 max(l,P' Iﬁlﬂéx."f')(il”ﬂl(ﬂ\xil))’

2
o0

2\s s 2\n .n
s1p,) < s1(2e7)°¢7 Y0 (2e)" "
n=0
EBOJHOHIH BCIX MO2KJINBUX CTaHIB KBaAHTOBUX CUCTEM 6aFaTbOX HJaCTHUHOK, fAKI1 3a/I0BOJIbHAIOTH

craructuky Maxkcsesuia—BosbiiMana, onucyeTbest 3a JgoroMororo nocigosrocri G(t) = (I, G1(t),
Go(t),...,Gs(t),...) € L1 (Fy) maprinamsnmx xopensmiiinmx oneparopis (7), sKa 3a10BOIbHSIE
sajiady Kormi juist iepapxil HesiHifiHEX eBosoniiinnx piBHsiHb (Hesinifina iepapxis BBI'KI):

psiz (7) icuye i cupasejiiBa Taka HepiBHICTD: ||G4(t)

d
—Gi(t,Y) = N(Y | G(t)) + Tray1 Y Niy(i,s+1) x
ot €Y

x| Gs41(t,Y, s+ 1) + e > G x| (1, X1)Gx,) (t, X2) | (8)

P: (Y,S+].)=X1 U Xa,
i€X1;s+1€X0

0
Gs(t)‘tzo = Gy, s> 1. (9)
Y iepapxil eposoniiinux pisasinab (8) omeparop N (Y | G(t)) Busnagaerbes dopmyrtow (5),
€ > 0 — ckeilyiHroBHUil mapaMeTp Ta BUKOPUCTAHO BBEJIEHI BHUIIE HO3HAUECHHSL.

Heneprypbarupnuii poss’sizok 3azadi Komi (8), (9) 306paxKyeTbcsi TAKOK IIOCIIOBHICTIO
CaMOCIIPSA?KEHUX OIlePaTOPiB:

o
1
Go(t,Y) =) st s {Y L5+ 1, s+ [ G(0), s> 1, (10)

n=0
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ne G(0) = (I, G(l)’e(l), ., GY(1,...,5),...) — HOCIIIOBHICTH MOYATKOBHX MAPTiHATBHIX KO-
pensniiinux oneparopis. TBipuuit omepatop 2Ajin(t;{Y}, s+ 1,...,s + n | G(0)) poskmamy
B psiz (10) BusHauaeThest KymyssiHToM (1 + n)-ro mopsiyiky rpyn HesiHifiHUX oneparopis (3)

An(t;{Y},s+1,...,5+n|G(0) =
- > ()PPl = DIG(E0(X0) | ... Gt 0(Xp) | G(0))...), (11)

P: ({Y},s+1,...,s+n):ijXk

ne G(t;0(X1) | ... G(0(Xip)) | G(0))...) — KommozmIis HeTiHIHIX BiT06pazens (3) BimmoBi-
HUX HEB3aEMOJIIIOUNX MiJICHCTEM YaCTUHOK, HAIIPHKJIAJ,

G162 f)) =18, D)A1 (¢, 2) f2(1, 2),
G(t; 1,263 f) =
= A1 (¢, {1,2})2A1(¢,3) f3(1,2,3) + A2(2, 1,2)2A1(¢, 3) (f1(1) f2(2, 3) + f1(2) f2(1, 3)).

Hagenemo npukiaan poskaaais (11). KymynasaT neprioro mopsiiky rpym HeJiHIRHEX oepa-
TopiB (3) € rpymnoto HesiHiHEX omeparopis (3), TOOTO

2, (t;{1,...,s} | G(0)) =G(t;1,...,s | G(0)),

y BUNAJKY § = 2 KyMYJISHT JAPYroro HMOPsiJIKy TPyIl HesiHifiHux oneparopis (1) 306paxyerbest
TaKUM PO3KJIAIOM:
Api1(6{1,21,3 | G(0) = G(1:1,2,3 | G(0)) — G(t:1,2 | G(:3 | G(0))) =
= At {1,2},3)G3(1,2,3) +

+ (A1 (,{1,2},3) — Arpa (1,2, 3)2A1 (4, 1)) GY(1)GH(2,3) +

+ <9’(1+1(t7 {17 2}7 3) - 9’(14-1(757 17 3)22[1 (t7 2))G(1)’6<2)G(2)76(17 3) +

+ QllJrl(tv {17 2}a 3)G(1)7E(3)Gg’6(1a 2) + Ql3(ta 1,2, B)G(%e(l)Gcl)’e(z)G(lLe(g)a
JI€ onepaTop QlS(ta 1,2, 3) = QllJrl (ta {1’ 2}3 3) - QL14»1(74:7 27 3)%1 (t7 ]-) - §2llJrl(tv 1, B)Qll (tv 2) — Ky-
MYJISTHT TPEThOTO TOPsIKY rpyi omeparopis (1).

OpuH 3 miaxoaiB 10 moby1oBu po3kiaay B psi (10) jyist MapriHaJbHUX KOPEJAIIHIX Ore-

paTopiB MOJIATaE B 3aCTOCYBaHHI J10 1X BusHadeHHs (7) KJIACTEPHUX PO3KJIAJIB IPYI HeJIHIHIX

oneparopis (3) 3a kymyastaramu (11). iiicHo, 306payioun TBipHi omeparopu psizy (10) y dop-
Mi KJIACTEPHHUX PO3KJIA/IIB:

Gt;1,...,s+n|f)= > W GX | Ax e G X[ f)), n2 0, (12)
P: (1,...,s+n)=U Xk
k

. . : . . 0

3riIHO 3 BU3HAYEHHSM IOCJIIJOBHOCTI MOYATKOBUX Kopessniiianx oneparopis ¢(0) = (I, g;"(1),
., g%(1,...,n),...) B TepMiHAX TOYATKOBUX MAPTiHATBHIX KOPE/IAIIHHIX ONEPATOPIB BHBO/I-

Mo Bupas (10). Poss’a3ku pekypcnsaux criBsigHomens (12) 306paxyoThest poskiaagamu (11).
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Cupase iiiBe Take TBep/KEeHHsI. SIKIIo max |G| 811 < (2¢3)71, Toni y BumaKy obMesKe-
n>

HOro TOTeHIaay B3aeMomil it ¢t € R posp’s3oxk 3amadi Komi mra wesixiitaol iepapxil
BBT'KI (8), (9) BusHaua€ThCsl MOCJIIIOBHICTIO MapriHAJIbHIUX KOPEJISIIHHIX OnepaTopis, ki 30-
6pakyioThes poskiaagamu B psz (10). fkmo G%E € Sé(?—[n), n > 1, Toal Taka IIOC/IiIOBHICTD
€ CUJIbHUM PO3B’SI3KOM, JIJIsl JIOBUIBHUX MOYATKOBUX JAHUX G%’e e gt (Hp), n > 1, — ciaabkum
PO3B’SIBKOM.

Hagesiemo ziesiki BJacTHBOCTI MapriHaJIbHUX Kopessniiinux omneparopis (10), sikuMu ormmcy-
IOTHCS ITPOIECU HAPOJ2KEHHS Ta MOIMUPEHHSA KOPEJIATI.

Y BUIQJIKY TOYATKOBHUX CTAHIB, fKi BU3HAYAIOTHCS MOCTIJOBHICTIO MapPriHAJILHUX KOPEJISITii-
HUX OIlepaToOpiB Gl = (0, G(l)’e, 0,...,0,...), TOOTO CTaHIB CTATUCTHUYHO HE3AJEKHUX YACTHHOK,
3rijgHo 3 BusHaueHHsM (11), MaprinaabHi Kopessiiiai oneparopu (10) 300pazKyOTbCss TAKIMU
PO3KIaIaMu:

s+n

o
1 .
Gs(t,1,...,8) = Z ETI‘SJ'_:[““’S_I,_”Q[SJ,_”({:; 1,...,84+mn) H G(l)’e(z), s>1, (13)

sie TBipHUM onepaTopoM Asiy, (t) pamy (13) € (s+n)-ro nopsiziKy KyMmyJIstHT rpytr oneparopis (1).
Y Tepminax MapriHaJIbHUX (S-TaCTHHKOBUX) OIEPATOPIB I'YCTUHU, KJIACTEPHI PO3KJIA/HN SAKUX BH-
3HAYAIOTHCST MAPLiHAJBHUMU KOPEJIAIIITHIMEI OTIePATOPAMU:

FO€(1,...,s) = > 11 G?XG‘ s> 1,

P: (1,....)=U X; X;CP

n
, . : : 0 O/
3a3HAMEHIH IOUATKOBHI CTAH OIICYeThes mocigosricTio F(9) = (I CEU), o T EYCG),s .),
i=1

i y Bumajaky mocsigosaocTi (13) MapriHasibHi omepaTropu I'yCTHHE 300paKylThCsl TAKUMHU PO3-
KJajaMu B psaj (HeneprypbaruBHUii po3s’sa30k 3aaadi Ko mist ksanrosol iepapxii BBI'KI [2]):

[e%¢] s+n
1 ..

Fy(t,1,...,5) =) jﬁmﬂ,m,wmm(t; (Yhs+1..s+n) [[ G,  s>1,

n=0 }

Jie TBipHUM orepaTopoM Uiy, (t) € (1 4+ n)-ro nopsaKy KymyJsHT Tpyi oneparopis (1).
V mpocropi £'(F3) tipni omeparopu (11) poskmany B psazx (10) MoxyTs GyTn 306parkemi
B (hopMi pe/lyKOBaHUX KyMyJISTHTIB I'PyIl HeJiHIAHUX omepaTopis (3), a came [§],

" n!

Uign(t;{1,...,s},s+1,...,s+n | G(0)) = Z(_l)km «
k=0 : :
i k!
X Z App(t, { X1}, {Xp}) me
P: (0({1,...,8}),5+1,...,s4n—k)=U X; ko "L :
£ kip|—2! 0,
x Gx (X1, s+n—k+1,...,s+n—Fk1)... x
k;;:o kip|—1!(jp—z —Kyp—1 ) it
0,¢e
Xipbp X1 S+ = Kpog 1, 4 7). (14)
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BayBaxkumo, mo Heneprypbarushuii pos3s’si3ok (10) zazaui Komi st mesiniiinol iepapxil
BBI'KI (8) abo B dopmi (14) moxke 6yTH mepeTBOpeHo 110 psity Teopil 30ypeHb BHACIIOK 3aCTO-
CyBaHHs aHAJIOTiB piBHsIHb [l1oamest jyist Kymysisturis (4) rpyn oneparopis (1).

OmurieMo POTIeCH HAPOKEHHST Ta MOMNPEHHS KOPEATiit KBAHTOBUX CHCTEM 6AraThoxX da-
CTUHOK B HaOJIMXKEHHI CaMOY3TOJ[KEHOI'O T0Jisl. 3 II€I0 METOK BCTAHOBUMO aCHUMIITOTUYHY IIO-
BEJIIHKY B CKEMJIIHTOBIN I'PAHUII CAMOY3TO/I2KEHOTO TI0JIsT MapriHAJIBHUX KOPEJIAIIHHIX OIepaTo-
pis (10).

PosrisineMo 104aTKOBI cTaHN, sIKi BUSHAYAIOTHCS OJHOUYACTHHKOBUM (MapriHaJbHIM) Olepa-
TOPOM TYCTUHU Ta KOPEJSIiNHIMHU OllepaTopaMu

G = [ 1,691 12HG0€ i),..,05(1 HGOE , (15)

Jie oneparopamu gs(1,...,n) = g5 € 2(1) (Hp), n > 2, BU3HAYAIOTHCS KOPEJISIIil MOYATKOBUX CTa~
uiB. ITizkpecanmo, mo 3a3Hadene npuiyieHHs (15) cTOCOBHO MOYATKOBOIO CTaHY € TUIIOBUM JIJIsi
KIHETUYHOI'O OIIUCY CUCTEM DArarhoX JYaCTHMHOK, 30KpeMa, KOHJICHCOBAHI CTAHU CHUCTEM YaCTUHOK
XapaKTepusyIThcsl KopeJsitisvu [1].

Hexait icmye rpanuig caMOy3TOZKEHOTO IOJIsI MOYATKOBOTO OJIHOYACTUHKOBOTO OIMEpPaTOpa
TYCTUHU B TaKOMY CeHCI

. 0,¢e 0 o

lim [leGy" — g1y = 0, (16)
1 BIAIOBITHO JIjI OYATKOBUX KOPETAIINHUX ONEPATOPiB:

lim [|g7, — gnller(3,) =0, n =2 (17)

e—0

VY Bunajky nodaTkoBux crasiB (15) st 0JHOUACTHHKOBOIO KopeJsiiiiiinoro omneparopa (10),
TOOTO,

0o n+1
1 .
Gi(t,1) =) Tz e An ()gn (1, on+ 1) [T,
n=0 " i=1

ne tBipamit orepatop A4y, (t) = A4, (t,1,...,n 4+ 1) € (n + 1)-ro OpsAKY KyMYJISHTOM TDYII
oneparopis (1), iCHye IrpaHuUIls CAaMOY3TOZKEHOIO TI0JIsi B TAKOMY CEHCI

lim [[eG1(t) = g1(B)ller () = O,

Jie TPAHUYIHUHN OJHOYACTUHKOBUN KOPEJIAHHUN omepaTop 300pakKyeThCsl PO3KIAIOM B Ps

tn—1

00 t
Z/ .. / dtnTI'Q,...,nJrlgf(t - tla ]-) 1nt(1 2)
n=07 0

n+1
X H gl tl - t27]1 H gl nyZn Z Mnt kn7n+ 1 H gl na]n)
.]1* k'n 1 ]n*l

n+1

x ) IT g (x) TT 520, (18)
=1

P: (1,..,n+1)=U, X; X;CP
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SKHi 1715 OGMEZKEHIX TOTEHINAIB B3aeMoIii € 36izKamM 3a HOpMoo mpoctopy £1(H) Ha ckinue-
. . _ 0 -1
HoMy mponiKy acy: t < fo = (2]®]|ea) 9ller20)) -
Omueparop (18) € ciabkum poss’sizkoM 3aaadi Kol jijist KBAHTOBOrO KiHETUYHOTO PIBHSIHHST
3 MOYATKOBUMH KOPEJISIisIMA TUIY KiHeTMIHOrO PiBHsSIHHsS Biracosa:

S0i(t,1) = A" (a1, 1) +

2

2
+ TN (1,2) [T G in)(92(1.2) + 1) TT(GH) 7! (tiz)r (8, D (2, 2), (19)

i1=1 i2=1

91(t)]i=0 = 91, (20)

ne oneparopu N (1) ta Nii (1,2) Busnaveni srigno 3 dopmyson (2). 3asHaunMo, M0 BUBECHE

KiHETUIHE PIBHSIHHS € HEMAPKOBCHKMM KBAHTOBUM KIHETHYHUM PiBHSHHSIM. JJIsT 9ucTUX cTaHiB
piBusiHst (19) 3BOAUTHCsI 10 KIHETUYHOTO PIBHsIHHSI XapTpi 3 MOYATKOBUME KOPEJISITIIsIMH.

Ba cdopmympoBanux suie ymoB (16), (17) na mowarkosuit cran (15) icnye rpannus camo-
Y3TOJIZKEHOT'O 0JIsi MApriHAJBHUX KOpeJsiiiuux orneparopis (10):

lim [ Ga(t) — g5l =0, 5>,

Jle TPAHUIHUI MapriHaIbHAN KOPeIAIiiinuii ornepaTop gs(t) BU3HAYAETHCS TAKOIO (DOPMYJIOIO:

s

gst.1,....8) = [] Gitin)gs(L,...,s) [T (@) ' tio) [[on B ), s>2, (21)
j=1

i1=1 i9=1

B sIKiii TPAHUYHUN OJHOYACTUHKOBUI Kopesiiinuii oneparop g (t) 300paxkyerhbest psigom (18).

OrKe, B HAOJIMKEHH] CaMOY3TOJIZKEHOTO TI0JIST B IIPOIIEC] €BOJIIOIIT CHCTEMU HOBI KOPEJIALIil He
HaPO/RKYIOThCS 33 BUKJ/TIOUEHHIM TUX, SIKi MOPOJIZKYIOTHCS MOYATKOBUME KOPEJIIisiMU. Y BUIIA/I-
Ky HOYATKOBHMX CTaHIB CHCTEMHU CTATUCTUYHO He3aJIeXKHUX YaCTHHOK KiHeTwdHe piBHsiHHs (19)
€ KBAaHTOBUM piBHsIHHsIM BiiacoBa, a BiacrusicTh (21) onucye mporec noimupeHHst I09aTKOBOrO
XaocCy.

Hosenennsi orpuMannx pesysbraTis (18) ta (21) rpyHTYeThCs HA BIAMOBIIHUX I'DAHUYIHUX
opmysax st KyMyJISIHTIB aCUMIITOTHYHO 30ypeHux rpyn omneparopis (1) Ta BukopucraHui sis-
HOTO BUIJISILy TBIDHHX OIIEPATOPiB po3kKjaay B psif (10) MapriHaJbHUX KOPEJSIiiHIX OlepaTo-
pie. OTpumaHi pe3ysibTaT MOXKYTH OyTH MOMIUPEH] Ha CUCTEMHU OaraTbox DO30HIB 400 epMioHIB
noi6uHo 10 poboru [7].

BayBaKuMo, M0 MOCJIIOBHICTh MPAHUYHUX MapriHAJBLHUX Kopessiiiinux oneparopis (18),
(21) € po3B’si3kOM KBaHTOBOI iepapxil piBHsIHL Biacosa [8], sIKOIO B I'DaHUI CaMOY3TOJZKEHOTO
[OJIsl OIIUCYEThCs TIOC/IIOBHICTh MapriHaIbHUX KOpeJisitiinux oneparopis (10) y Bumajky mo-
BITBHUX IOYATKOBHUX CTaHIB.

Bimmitumo Takox, mo B poborax |9, 10| 6ysi0 po3BuHYTO JBa IHIIUX IIiXO/M JIO OMKCY IIPO-
1ecy IMOIIUPEHHs MTOYATKOBUX KOPEJISIliil B CKeM/IIHIOBIfl TpaHUIll caMOY3r0oKEHOro moJjisd. B po-
6ori [9] BIACTHBICTE MOMUPEHHSI TIOYATKOBAX KOPEJIAIiii 6y/I0 BCTAHOBJIEHO 38 JOTIOMOTOIO OIHUCY
€BOJIIONI] KBAHTOBOI CHUCTeMH 0ararboxX YaCTUHOK B TepPMiHAX MapriHAJbLHUX CIIOCTEPEXKYBAHUX,
a B pobori [10] Taka BiracTHBICTH JOBejieHA B iHIMMIA Crocid, a caMe, B TepMiHAX OJHOYACTUHKO-
BOI'O OllepaTopa I'yCTUHU, AKUiI BU3HAYUABCI PO3B’3KOM y3araJbHEHOI'O0 KBAHTOBOI'O KiHETUIHOT'O
PIBHAHHS 3 MTOYATKOBUMU KOPEJSIIISMU.
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IIporeccol poxkeHus U paclpoCTpaHeHusl KOppeJssdainii B KBAHTOBBIX
MHOT'OYaCTUYHBIX CUCTEMaX

B coobuwernuu paccmompena npobaema cmpozo20 ONUCGHUA IBONOUUY COCTNOAHUL MHO20HACTU-
YHHLL CUCTNEM HA OCHOBE KOPPEAAUUOHHLT onepamopos. Ilocmpoeno nenepmypbamustoe pewie-
Hue 3adavu Kowu 0aa uepapruu HeaunetiHbT 26010UUOHHBLT YPAGHEHUT OAANOCACI08AMEABHOCTIU
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MAP2UHAADHBILT KOPPEAAUUOHHDIT ONEPATNOPOE, KOTNOPHIMU ONUCHIBANOMCA TPOUECCHL powcﬁenu.ﬂ U
pacnpocmparerHus %’oppe/muuﬁ. Taxorce YCcmaHo6AEHO ACUMNMOMUYECKOE noeedeHUe 6 npede/ze ca-
MOCO2AACOBAHHO20 NOAA NOCTMPOEHHBIL MAPLUHAADHDIL KOPPEAAUUOHHDIT ONEPATMOPOE.

Karouesnie ca08a: KOPPEJSIMOHHBIN OepaTop, IPYIIIa HEJIUHEHHBIX ONEePATOPOB, HEJIUHETHAS
nepapxuss BBI'KU, kBaHTOBOE KMHETHIECKOE YPaBHEHNE, TIPEIE/T CAMOCOTIACOBAHHOTO TIOJIS.

V.1. Gerasimenko

Institute of Mathematics of NAS of Ukraine, Kiev

E-mail: gerasym@imath.kiev.ua

Processes of creation and propagation of correlations in quantum
many-particle systems

The communication deals with the problem of a rigorous description of the evolution of states of
quantum many-particle systems by means of the correlation operators. We construct a monper-
turbative solution of the Cauchy problem of the hierarchy of nonlinear evolution equations for a
sequence of marginal correlation operators, which describe the processes of creation and propagation
of correlations. Moreover, the mean field asymptotic behavior of the constructed marginal correlati-
on operators is established.

Keywords: correlation operator, group of nonlinear operators, nonlinear BBGKY hierarchy, quan-
tum kinetic equation, mean field limit.

ISSN 1025-6415 Dopov. Nac. akad. nauk Ukr., 2016, N5



