Jlexuusa Ned

BropuuHoe KBaHTOBaHUe.
OnepaTopsbl poKIeHUSA U YHUYTOKEHUS YACTHLI.

[Ipu ommcaHWM KBAaHTOBBIX CHCTEM MHOTHX YacTHI], K YHUCIY KOTOPBIX
OTHOCSATCSI ¥ KOHJICHCHPOBAHHBIC CPEJIbI, PUXOIUTCS UMETh JISJI0 ¢ aHCaMOJIIMHU
TOXICCTBEHHBIX YacTHIl. J[JI1 KBAHTOBOMEXaHMYECKOI'O ONMUCAHMS TaKUX CHCTEM
MOKHO MCXOIHUTh M3 KBAHTOBOMEXAHHMYECKHUX COCTOSHHN OMHOHN 4acTuibl. Ecau
UHIEKCOM | 0003HAYUTh COBOKYITHOCTh KBAHTOBBIX YHCEN, XapaKTEPU3YIOIIMX
COCTOSIHUE OJIHOM 4YacTHIbl (3TO MOXET OBITh, HANPUMEP, MMITYJIbC YACTHIbI H
OJIHA W3 MPOCKIUI €€ CMHMHA, JU00 TOJIHBI MOMEHT YacTHIIbI U €T0 MPOCSKIIHs Ha
KaKy[-1100 OCbh), TO, 3aJaB YHCIIO YacTHUIl N, 00Jaalomux HabopoM KBaHTOBBIX
yrcen | (WM, KaKk TOBOPAT, YMCIIO YACTHIl, HAXOIAIIUXCS B HHIUBUAYaIbHOM
COCTOSIHUM | ), MBI IIOJIHOCTBIO OINPEACIUM HEKOTOPOE COCTOSHHE CHCTEMBI
TOKJECTBEHHBIX YaCTHII. Takoe COCTOSIHUE C ONPEAETICHHBIMH YUCIIaMH YacTHIL N,

B Pa3IUYHBIX WHIWBUIYAJTbHBIX COCTOSHUSAX | (OHM HA3BIBAIOTCS YHCIIAMU
3aI0JIHCHUS) 0003HAYAIOTCS CUMBOJIAMU
--ni,---’nj ’ll>,

a MCTOA OIIMCaHuAd COCTOSIHUM CUCTCMBbI, IIpU KOTOPOM 3aJ4dr0TCA 4YHCJIa
3aI10JIHCHU A ni , HOCUT Ha3BaHHUEC ME€TO0Ja BTOPUYHOI'0 KBAHTOBAHHUA.

Ecau yactunpl sSBIStOTCS 6030HaMI/I, TO €CTh, INOAYMHAIOTCA CTATHUCTHKC
BOBC-aﬁHmTCﬁHa, TO 4YHCJIa 3aII0OJJHCHHUA ni MOTI'YyT IIPUHUMATDb JTI00BIe 3HA4YCHMA,

n =0,1,2,..; eciu e 4yacTULbl ABIAIOTCS (EPMUOHAMHU, TO YMCJIA 3arOJHEHUS
MOTYT IPUHUMATh TOJBKO Ba 3HaueHus, N, =0,1.

CocrosHus ‘...ni oo, ,..> KOTOphIE MBI ~ OyaeM  Mpeamnosararhb

OPTOHOPMUPOBAHHBIMH, O0Pa3yIOT MOJTHYK) CHCTEMY BEKTOPOB B THIHLOEPTOBOM
IIPOCTPAHCTBE BCEU CUCTEMBI

;;‘ 0oL >< no.nol= (1)

s ompenenenust B (popmaiii3Me BTOPUYHOTO KBAHTOBAHMS ONEPATOPOB,
COOTBETCTBYIOIIUX  PA3MUYHBIM  (U3NYECKUM  BEJIMYMHAM  BBOJAATCA B

pPacCMOTPEHHE ONEPATOPbl POKIACHHUSA & M YHUYTOKEHHsS & YacTHIbl B
coctossHuM 1. PaccMoTpuM CcHadajga CHCTEMY TOXJIECTBEHHBIX OO30HOB.
Orneparopsl & u & ONpenenseTcss COOTHOIEHUAMU

A =\/n|7+14 0+ 1), 4 |..n,.) =JnT\ n=1.0. (2
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TO €CTh, ONEpaTop & & MpeACTaBiIseT COOOM Oomeparop YWCiIa YacTUIl B

COCTOSIHUH 1| .
W3 onpenenenunii (2) BBITEKAIOT YCIOBHS KOMMYTAIlMK [JIs OIEPATOPOB

Y
a.a]=aa-aa -d.[aa][gal-0 @
COCTOHHI/IH, B KOTOPOM BCC YMCJIa 3aIllOJIHCHHA pPaBHbI HYJIIO, HOCHUT
Ha3BaHUA COCTOSHHA BaKyyMa. Ero o0byHO 0003HA4YalOT CHMBOJIOM ‘0>

80)=

Bekropel Tuma ‘...ni el ,..> MOTYT OBITH MOCTPOEHBI ACHCTBHEM OMNEPATOPOB

OueBHUIHO, UTO

POXKACHHUA HA COCTOSAHUC BaKyyMa

‘...ni,...,nj >=( .n Ln )_1/2 ..(éf)ni .(.é})nj e (5)

Ecnu IMOACTABUTD 3TO BBIPAKCHUC B YCIIOBUC ITOJTHOTLI, ITOJTYYHUM
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B Takom Buze yciaoBHe MOJHOTHI OyIET CPaBEUIUBO U Uit (PEPMHOHOB. Y JOOHO
TaKXe BBECTU B PACCMOTPEHHUE BEKTOPHI COCTOSHUI

(R

B TCpMHHAX KOTOPBIX MOXKEM 3aIlMCaTh YCJIOBUE IMOJIHOTHI

Z N,le 2 ivsdy )iy | = 5 (7)

in

U YCIIOBUE OPTOHOPMUPOBKH

(i ey [t soeil) = O 20 -G (8)

Ile CYMMHPOBAaHHE paCHpPOCTPAHSAETCS Ha BCE IEPECTAHOBKU IITPUXOBAHHBIX
VHJICKCOB.
IIpon3BONIBHBIN BEKTOP ‘lﬂ> MOKET OBITh PA3lOKEH MO ITOU CUCTEME

BEKTOPOB
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ZN,Z 2l (iin)f = 2 (©)
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Oyuxuus iy, ...ly ), TpeacTaBnsOman coGoil MPOEKLUMI0 BEKTOPA COCTOSHUS
‘lﬂ> Ha COCTOSIHUE ‘i11"'1iN> ABIAETCS BOJHOBOM (yHKIMEH cucreMsl (c

HEOIPEIEICHHBIM YHCIOM 9aCTUIl) B | IPEACTaBIeHUU. Bennunna xe
S S i)
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MIPEICTABIISIET COOOM BEPOSTHOCTH TOTO, YTO cucTeMa cofepkut N wactwil.
B nmanpHelimeM BaKHYIO poJib OyIyT UTPAaTh UMITYJIBLCHOE U KOOPJIUHATHOE
npejacTaBieHus. BomHoBble (QyHKIUM gll(pl, ...,pN) (N=0,1,2,..) cucremsl ¢

BCKTOPOM COCTOSHUA ‘lﬂ>, B HUMITYJIbCHOM IPCACTABJIICHUN B COOTBCTCTBHU C

BBIIIICU3JIOKCHHBIM UMCIOT BHU .

@ (P, Py ) =<Aqém -8, |v).

CreyeT OTMETHTh, YTO AEHCTBHE OIepaTopa a  Ha BEKTOP \n> COOTBETCTBYET
JEUCTBHUIO oreparopa & Ha BEKTOP <n‘ HanoMHuM TaKxxe, 4TO UMITYJIbC YACTULBI

P npuHUMACT JMCKPCTHBIC 3HAYCHU A, CCIIH 00BEM CHCTEMBI KOHEYEH.

CoOTBETCTBYIOLIME BOJHOBBIE (YHKIMU B KOOPJMHATHOM IMPEACTABICHUU
onpenenstoTcs GopMyiamu:

! (p1x1+ +ipnXn)

WXy Xy ) = VN/2 Zw(pv py)e = (X oo Xy |0)),
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Xy, Xy ) =" (X)) 0" (x0)] O (10)

3nech (" (X),¢(X) - onepaTopsl pokEHHs M YHUYTOKEHHS YaCTHLBI B TOYKE X
(ux erie HA3BIBAIOT MOJIEBBIMU OTIEPATOPAMH)

P(x)=viyae’ , @r(x)=vi Y ae” . (11
p p



Hcnonb3ys NpuUBENEHHBIE BbIIIE KOMMYTAllMOHHBIE COOTHOILEHUS, HETPYAHO
yOeuThCs B CIIPABEAIIMBOCTH (HOPMYIT

(%) (x,)]= (%, =x,), [ (%) 8 (x,)]=[&" (x.) " (x,)] = 0.

JIo cux mop Mbl UMENH JIeJI0 C CUCTEMaMH TOKIEeCTBEHHBIX 0030HOB. Ho Bce
NOJTy4eHHbIE OCHOBHBIE (POPMYIIBI CIIpaBeIMBBI U i1 (epMUOHOB. MBI JOIKHBI
TOJIbKO UMETh BBHJY WHBIC YCIIOBUS KOMMYTAIlMU JIJIsI ONEPATOPOB POXKICHUS U
YHUUTOKEHUS (HEPMHOHOB!

{a a}=54+44=9.{8.a}={8.a]}=0

Hcnonb3ys onpenenenus (11), MOXKHO MOIyYUTh KOMMYTAIIMOHHBIE COOTHOIICHHUS
U J1J151 TIOJIEBBIX ONEPaToOpOB (PEPMUOHOB:

{@ (%) ()} =0 (x,=x,), {1 (x,).0 (x,)} ={&" (x,) & (x,)} =0.

JloGaBuUM Takke, 4TO J0 CHUX TOP MBI CUYUTAIIM YaCTHIIBI OCCCIIMHOBBIMH, OIHAKO
HETPYAHO YY€CTh B MPEACTABICHUU BTOPHYHOTO KBaHTOBaHUA M ero. [[ist saToro
HAJI0 BBECTU OTIEPATOPHI POKIICHUS U YHUUTOKECHHUS YaCTHIIBI B TOUYKE X C TAHHOU
npoeknueid 0 (—S< < S) ero crnrHa Ha KaKy-JI100 OCh:

&, (x) :V‘“ZZépUe;px, & (x) :V‘”ZZé;ae_’;pX. (11)
p p

OmnepaTtops! pu3nYecKUX BeJUYNH.

OnpenenuM Temeps OMEPAaTOPbl OCHOBHBIX (PU3MYECKHX BEJIUYUH B
PEACTABICHUM BTOPUYHOTO KBaHTOBaHUs. [10CKONBKY (. (X),t[/a (X) SABJISIIOTCS
omnepaTopaMy POKICHHS U YHUUYTOKEHUS YACTHUI] B TOYKE X C IMPOEKLIHEN CIMHA
O, JIETKO BBIIHUCATh ONEPATOP YMCIIA YACTHULL N:

e

N = [d*%g; (x)&, (x) (12)
(o MOBTOPSIOIIMMCS MHACKCAM O Tojpa3yMmeBacTcs cymmupoBanue). OmepaTop
cnuHa S B 3TOM npeaACTaBJICHUU MOXET OBITE 3aIIMCaH B BUC

S= j a4, (x)S,. &, (x).



Omneparopbl UMIyJdbCa W  ONEPATOp OpPOMTAIBLHOTO MOMEHTa  JAIOTCS
BBIPAKCHUSIMMU:

p= _st 7 al/;)q() GI/;XI( )49 (x)}, (13)

ML e 9 _
= [deud; (x) 1% 5 x xk o (2o ().

rae &y — aOCONIOTHO AHTUCUMMETPUYHBIA TEH30p, TAK HA3bIBAEMBIA CHUMBOJI
JleBu-Yusura.

lamunbroHnan H cucteMbl B ciyyae NapHOTO B3aUMOJEHCTBUS MEXY
YyacTUIIaMU ofpeesieTcs: GopMyiamu:

H=H,+V, H _—jd3 )0, (x), (14)

-1 3 3y 7t 7+ 2 0
V:E,“d X]-d le//al(Xl)l/laz(Xz)V(Xl—Xz) 0, (XZ) Ul(X])’

rae M - Macca YaCTULIBL.

B mpencraBieHur  BTOPUYHOTO  KBAaHTOBAaHUSA  yAOOHO  OMUCHIBATH
KBAaHTOBOMEXAaHMYECKHE CHUCTEMBl MHOrMX d4actun. Mcemosb3yercs  OHO
IIPEMMYLIECTBEHHO W B KBa3W4YaCTUYHOM IOAXOAE K OIMCAHUIO IPOLECCOB H
ABJIEHUH B (PU3HKE KOHJEHCUPOBAHHOTO COCTOSHUS.

Kak yxe ynomMuHanocs, npu ONMCAHUM CUCTEM MHOTHX YaCTHUILl IPUXOIUTCSA
MMETh [JI€JI0 HE C YUCTBIMHU, a CO CMEIIAHHBIMM COCTOSIHMAMHU. BBuay srtoro
00CTOSITENBCTBA HEOOXOAMMO UCIOIb30BaTh MOHATUE MATPULIBI IFIOTHOCTH O

p=2|nwn(n]. (15)

[IpuHMMas BO BHUMaHUE, YTO BEKTOPA COCTOSHUM \n> YIOBJIETBOPSIIOT YPABHEHUIO
[Ipenunrepa

0\ A
|ha ny=H|n), (16)

JICTKO MOJYYHUTh U YPABHCHHUC, KOTOPOMY YAOBJICTBOPACT MaTpulla IJIOTHOCTHU

ih%p=Zn:(ih%\n>)wn<n\+Zn:\n>wnih%<n\.



3amMeuast, 9TO
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U ucnojb3ys (16), monydum
00 _rn
|hE—[H ,p]. (17)

OTO ypaBHEHHE Ha3blBaeTCs ypaBHeHueM JluyBwuisd. 3Hasg TramMHJIbTOHHAH
CUCTEMBI, M yMesl peuiaTb 3TO YpPaBHEHHE, Mbl CMOXXEM B HPHUHLIUIINAAIBHOM
OTHOLLUEHUU ONKCAaTh OBEIEHUE CUCTEMbBI BO BPEMEHU.

Ho 3T0 ypaBHeHue Hajgo CHaOAWTH «HAYaJIbHBIM ycJIOBHEM». B kauecTBe
TAKOBOTO OOBIYHO HCIIOJNB3YIOT TaK Ha3bIBAEMOE 3ProJUYECKOE COOTHOIIEHHE.
OHO oTpaxaeT MpOCTOM U SICHBIM (DAaKT, YTO BCsAKas M30JUPOBAHHAS CHCTEMA,
OyAy4uu mpenocTaBieHHass camoil cebe, B pe3yjibTaTe BBOJIOLNUU TpPUIET B
COCTOSIHHE CTaTUCTUYECKOI'O PABHOBECHS

p(t) - w,

CrarucTryeckoe paBHOBECUE ONMKCHIBAETCS pactpeaenenueM ['mo6dca wW:

1/~ - A
W=exp{Q——(H —uP—,uN)}, (18)
T
rae Q - 00JbIION TEPMOJIUHAMUYECKUI OTEHIMA, OTIPEICTIIeMbIM U3 YCIOBUS
Fw=1, (19)

a BenmmuuHbl 1 (Temrieparypa), U (CpemHsisi CKOPOCTh CHCTEMBI KaK IIEJIOT0) U L/
(XMMUYECKHH ITOTSHIIMAN) TOJDKHBI HAXOAUTHCS M3 YPABHCHHIA:

SwH =W, WP =P, SwN =N, (20)

rae W - mostHast SHEprust cucTeMbl, P - cpeqHuii UMITyJIbC CUCTEMBI KaK [EJI0r0
N - momHOe 4YHCIO dYacTul[ B cucTeme. Omneparopbl COOTBETCTBYIOIIUX
(U3HYECKUX BETMIHMH ITPUBEIACHBI HAMH BBIIIIC.

VYpapaenus (18)-(20)m0aHOCTBIO ONPEIEISIFOT TEPMOIMHAMUKY CHCTEMBI.



