3HaunTeNbHBIE TIOTOKH H3JIYYCHHSA M BO3MOXHOCTH BHyTpeHHCl‘;I €ro Moay-
JISHUH IO 3aJaHHOMY 3dKOHY, OCYHICCTBJISICMOﬁ cnabum SJCKTPUUCCKHUM HOJIEM,
MpOCTOTA M3NOTOBJICHUA ¥ MUMHHATIOPHOC UCIIOTHCHHUC NPEAONPENCTAAIOT p33H006-
PAa3HbIE BO3MOXHOCTH NMPHMCHCHUA ONMHUCAHHOIO M3JIy4aTCJAd B ONTHYECKHX yC-
TpOﬁCTBaX CaMOro pa3JIMuHOrO HaZHAYCHHUA.
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CYBITYACCOHOBCKAA CTATUCTUKA OTHOHATIPABJIEHHBIX
CJIYYAVHBIX CKAYKOB ITO OKPY>XXHOCTH

Boraucnen napamerp Cy6myacCOHOBCKO# CTATUCTMKM & OHOHATIPABIEHHBIX CITY-
HaNHbIX CKAYKOB MO OKPYXXHOCTH. TTOKA3aHO, YTO MpPH ONPERENIEHHBIY. YCIOBUSX £
MOXET CTPEMHUTBCSA K ~—1, 4TO COOTBETCTBYET OUEHb CHJIBHOM AHTUIPYNIMPOBKE CO-
ObiTHit. PaccMaTpUBAIOTCS NPHACKEHHUS MOJETH OJHOHATIDABJIEHHBIX CKAUYKOB K
CTATUCTHKE CTYNMEHUATOrO BO30YXXAEHUS MHOTOYPOBHEBBIX CHCTEM, B YACTHOCTH K
(OTOHHO# CTATHUCTHKE.

PaccMoTpeHHad HHUXe Mpo0jaeMa CAy4YaMHHX OJHOHATPABIACHHHX CKAYKOB
BO3HHKAECT, B YACTHOCTH, TIPH H3YUYECHHH CTYNIEHYATOTO BO30YXICHUS MHOTOYPOB-
HEBBIX CHCTEM C MOCECAYIONAM BO3BPAaIICHHEM HAa OCHOBHOM ypOBEHb M BHIC-
JIEHMEM DHeprum (Hampumep, B BHAEC H3nyuyeHus ¢dorona). Kax miasecTHo,
CTATHCTHKA TAKMX COOHTHH BCAEACTBHE 3(h¢PEKTa «MEPTBOTO BPEMEHW» ABJISETCS
cybnyaccoHosckoit [1—3]. B paGore [4 ] 5KCTiepUMEHTaIbHO MOKA33HO, YTO -
dexT «MepTBOro BpEeMEHH» REHACTBHTE/BHO MPUBOAUT K CyBnyaccoHOBCKOM
CTaTHCTHKE (KOHKPETHO K AHTHIPYITTHPOBKE COOMTHIL) .

Xota B peanbHHX QU3NYECKMX CHCTEMAX, KAK NMPABHJIO, NPUXOTHTCI MMETh
ZCJIO C ABMXXEHHUEM B ABYX HAIPABJICHUSAX: B CTOPOHY YBEJMUCHUSA JHEPruM (BO3-
OyX/ICHHME) ¥ B CTOPOHY yMEHbIIEHHUS (PACTIAN) , OMHAKO MBI OFPAHHYMMCS PACCMOT-
PCHHCM OJHOHAMPABJEHHHX CKAYKOB, YTOOW TOKAa3aTh MPHHLMIHAIBHYIO
BO3MOXHOCTb MOJYYECHHS CHIBHOM aHTUTPYIIIMPOBKM COOBTHIA; KPOME TOTO, IO-
CTABJICHHA4 3aa4a HATEPECHA C YMCTO CTATHCTHUECKOM TOUKH 3PCHHS.,

ITycrs umeercs L + 1 Touexk Ha OKPYXHOCTH, PA3AETICHHBIX DABHBIMH JyTaMH.
IIporymMepyeM HX TTOCIEAOBATENBHO OT HyJIs1 KO L. YacTHIA HCIIHTHBAET MTHOBEH-
HHIE NepeMCIIeHUS U3 TOUKH kB Touky kK + 1 (k=0,1, ..., L — 1) u u3 rouxu L B
touky 0. MoMeHTH mepeMeleHuil ABAFIOTCA CIyUYaHHBMH, TIpH 3toM nudde-
PEHIMANIbHAY BEPOATHOCTb dp TOTO, YTO NEPEMEIICHUE MPOM30MAET B MHTEPBANE



BpEMEHHM df, ONIpeAedeTcs BHpaxeHueM dp = udt (4 He 3aBHCUT OT BPEMEHH M
HAYaJILHOM TOYKHM NepeMenmenns). TakuM o6pa3oM, YACTHIA AENAET EAMHAYHBIE
IaTH B 3aJaHHOM HATIPABJICHUH T10 OKPYXHOCTH.

ByneM cuutaTh, UTO B MOMEHT BPEMEHM, KOTAd YAaCTHIA TICPEMEOIACTCH M3
ToukM L B Touky 0, perucrpupyercs cobntune A. B nansueitniem nac Oyger uarepe-
COBATb CTATHUCTHKA ITHX cOOMTHM. [IpeanosoxuM Takxke, Uro B MOMCHT BPEMCHH
t = 0 ObIM peanu30BaHK HEKOTOPHIE HAYAIBHHIC YCJIOBHS, IOCIEC YETO CHCTEMA
OBOJIIOLMOHMPOBANIA HEOTPaHMUEHHO pmoaro. llpu ¢ >>t. = (L + 1)1, roe
n = 1/u — xapaktepHoe BpeMs nepexoia YacTHUK HA OAMH IIar, IpoLecc CTa-
HOBUTCS CTAI[MOHADHBIM; TIPH 3TOM BEPOSTHOCTh OOHAPYXMTh YACTHLY B JIIO0Oi
TOUKE PaBHA po = 1/(L + 1).

Bynem paccMaTpuBaTh HHTEPBAJIE BpeMeHH (1, t + T), t >> tc. [Tycrb (N1 ) —
cpeaHee 4YHuCIo coﬁm'r;{ﬁ A, 3aperucCTpMpPOBAHHHX 33 mepuox BpeMeHH T,
(AN%) = (N%) —~ (Np)* — muchmepcus 3TOTO YMCAA. YCPENHEHHE MOXET
MPOM3BOAUTHCH JHOO MO PABHHM HEMEPECEKAMAMCI OTPE3KAM BPEMEHH
(¢, t + T), 6o mo aHCaMOITIO YACTHL, COBEPIIAIOIIMX AHAIOTHYHBIC CKauku. [1a-
paMeTp CyOnyaccOHOBCKOM CTATUCTHKH £7 BBOAMTCH CaeayomwmmM obpasom [1, 2 ]:

(ANE) = (NT)(1 + £T). M

Bennuuna T XapakTEpU3yeT OTIMYHME CTATHCTHKH COOMTHI A OT MyacCOHOBCKOI;
B 3aBMCHMOCTH OT 3HaKa &7 roBopst aubo o rpynnuposke cobbituit (E7 > 0), 1ubo
06 anrurpynnuposke (1 < 0).

B nacrosuicit pabore HaitneHa BesMumMHA £7 B 33aBHCHMOCTH OT L.

Ecam ycioBue ¢ >>f; BHITOJHEHO, TO CIPABEA/IABH CJICAY IOIUHE COOTHOLIECHUA:

(NTY=JT, J = upw;
)

T
(N%) = ff [F(t1 — 12) + Jo(11 — 12) ldtrdta.
0

3nxecy BBeACHH BETMYMHA J — t‘raunonapnaﬁ BEPOATHOCTH PETMCTPALMM COOMTHS
A B €AVHHAILLY BPEMCHH U ﬂ)ynxum[ F(t1 — t2 ) — coBMecCTHAs BEPOSTHOCTD TOIO, YUTO
co0sITHE A TPON30IAET B MOMEHTH BPEMCHH ] M {2 (OTHECEHHAs K d1d12 ). Y100ni

y6eanTecs B CApaBenuBoCcTH (popmy st (2) mias (N% ), pa3oGbeM OTPE3OK BPEMEHH
T Ha AHTEPBAJIH At; CTOIb MAJIBIE, YTO BEPOSTHOCTD 3aPETHCTPHPOBATDh COOBITHE A
B TE€UEHHE JI000TO W3 HAX MHOTO MEHbIIE eAuHuLH. [IpeactaBuM NT B BUAE CyMMH

BKJIagoB ANj, a N% COOTBETCTBCHHO B BHJIC ABOWHON CyMMEI:

(N2) =3 (AN:AN; ).

IMpu i # j no onpenenenmio dynkuun F nmeeMm (AN;AN; ) = F(ti, tj )AtiAtj; nipn

i=j— (AN,.2 » = (AN; ) = JA¢;. Tlepexons or CyMMHPOBAHMS K HHTETPUPOBAHHIO,
noayuum (2).
OueBuaHo, uto 14 pyHKUMHK F CIpaBeqnBo:

F(@) = F(—=7) = Jup;(v), 3

€ py(T) — yCAOBHAs BEPOATHOCTh HAWTH yacTuny B Touke kK (k=0,1,...,L) B
MOMCHT BPEMEHM [ = T, €CJTH B MOMEHT BpeMeHn ¢ = () uacTuIia HaXOONIACh B TOYKE
0. Oyskuum p; yrIOBJIETBOPSIOT CHCAYIOMMM YCTOBHSIM:

L

Pi(0) = 8555 (@) = Po; 2. Pi(¥) = 1. )
k=0
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C yuerom (1)— (4) Brpaxenue 119 £T IPUHHMAET BHA:

2” T T-t
r="7 Jdtf atip,(@) - pw 1. (5)
0 0

HanGonee npocTHIM NoAX0A0M K BHUMC/ICHHIO (YHKIMIA Py SBISETCH METONR
GanaHcHHX ypasHeHuit. OH QCHOBaH Ha aHcambieBoM paccMorpenun. IlycTs nme-
eTcd aHCaMOJIb YaCTHULL, AJIS {KAXAOM U3 KOTOPHX GBUIM Peasin30BaHH HAYATbHBIE
ycnoBust py(0) = . IIaJIeJ, TPAKTYH py(T) KaK HOJIO YACTHL, HAXOOAMHMXCH B
MOMEHT BPEMCHH [ = T B T(btn(e k, ¥ ncxons M3 OGasaHca NPOUECCOB, MOTYYHM
crenyomyto L + 1—Mepuyio nuHelHy0 cucremy nuddeperumanbHpx ypas-
HCHHUIL:

dpo/dt = u(py, — py )s (©)
dpk/dt =\,ll(pk_ 1~ pk ), k= l, 2, vony L.

Herpynno nokasate, uto cucrema (6) ¢ HavanbHHMH ycraoBuamu (4) umeer
peuicHue

L
— &) ; 2z
pk(t) = poo";) Z(L +1 k)JeXP[(Z, - l)ﬂt]a zZ = €xXp [lL + 1]‘ (7)

Pasymeercd, Bce py — UMCTO IEHCTBUTENIBHHE BETWUMHE, MHUMAS YaCTh CyMMHB
(7) obpamaercs B Hysb. Pemenne (7) yno6GHO npeacTasuTh B apyroMm Buae. Pac-

KJIafbiBast B sl SKCTIOHEHTY exp [/ | 1 MeHss MOpSIOK CyMMHpPOBAHHS, MOy YAM

: hd exp(-ﬂt)(ut)k +(L+1)m
P(D) TmZ:O k+ L+ DHm]t ®

TaxnM 06pa3oM, yCIOBHBIE BEPOSTHOCTH P MMEIOT BHJ CYMMBI IIyaCCOHOBCKMX
pacupeneneHun.

Hns Buuncnenus 7 ynobHee Bocnonb30BaThes GpopMy.aoi (7). OrMeTnM, 4to
B HanboJiee MHTEPECHOM Cryyae, Koraa T >>f; ¥ COOTBETCTBEHHO (NT ) >>1, unrer-
pan (5) CyniecTBEHHO YIPOIIAETCH M M HMEEM

L k

e z L
So=2u ,(f; pL(r) — P ldr = 2pook§=:l T_F-"I+T )

,
B srtom cayuae (AN% Y{(NT)=pew W npu L © HMEET MECTO CHIbHAH
AHTUTPYNNHPOBKA COOHITHIA,

B [2] nna doronos dyopecueHumn nByXypoBHEBONO aTOMa, B036yX1aeMoro
SIEKTPOMATHATHBIM M3/IyYCHMEM, TIPH HEKOTOPHX ONTHMAJbHHX YCIOBHAX ObLI
nonyvyeH pe3yanprar §o = —3/4, uro coorsercrtsyer L + 1 = 4. OcraHoBuMcs
KpaTKO Ha 9TOM pe3ybTare. B oTiMmume or paccMaTpuBaemoii B HacTosmieit pabore
YaCTHIB, KOTOPAS B JTIOOOH MOMEHT BPEMEHH HAXOMHUTCS B ONIPEACECHHOM TOUKE (B
«YUCTOM» COCTOSIHMM), ATOM MOXET HAXOQUTHCS M B CMEIIAHHHX COCTOSHHSX.
Bcnencrsue aToro cucrema tnqxbepenunanbnux YPaBHEHMM I/ MATPHIH ILIOT-
HOCTH JIBYXYPOBHEBOTO aTOMa ()aKTHYECKH YETHPEXMEPHA (ABA YPABHCHHUS IS
OMATOHANBHBIX JJEMECHTOB) M nBA — Iad JeMCTBUTEJBHOM M MHHMMOM uactei
HCANAroHaNbHOro s1eMeHTa). IlpH ycoBuaxX, HATOXEHHbIX B [2 ] Ha BHyTpeHHME
BPEMEHA aTOMAa M CKOPOCTb €10 PagMalMOHHOTO BO30YXAEHHs (3TH yCIOBHS H
NO3BOJIAIOT MOJYYHTh MEHHMAJIBHO BO3MOXHOE 3HaueHue £ = —3/4), cucrema
YPaBHEHHMH UISI MATPHUH IUIOTHOCTH ATOMAa aHAJIOTHYHA cucreme (6) ¢ L = 3.
[py6o roopsi, BO36yXACHHE H PEJIAKCALAS ATOMA TPOXOMST UEPE3 MPOMEXKYTOU~
HBI€ CTAMH, COOTBETCTBYIOIMNE CMEIIAHHKM COCTOSHUSAM; ITHM CTaAUSIM MOXHO
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TIOCTABHTH B COOTBETCTBHE IBE JOTOJIHMTEIBHBE TOYKH HA CXEME CITYYAHHBIX CKaU-
KOB.
Io aHamOrMM ¢ M3M0XEHHHM BHIIE MOXHO MPENCKa3aTh AJIS CTYNECHYATOIO
BO30YXACHUS TPEXYPOBHEBOIO 4TOMA WM MOJICKYJIN MUHUMA/JIbHOE 3HAUCHUE
» = —7/8; 310 3HaUeHME MOCTHTAETCS TIPH OTCYTCTBHMH BO3BpATa C IEPBOTO BO3-
Oy>XOEHHOTO YPOBHS Ha OCHOBHOIA,
B npyrom mpegennHOM cayuae T <<f, ((NT) <<1), yydTHBasd, 4YTO
- pr(0) = 0, nonyunm

&r=—-JT = —(N7T). (10$)

B cnyuae npousBosbHBIX T BHUHCIMTH CyMMy, MOJTYYAKIIYIOCS MOCAe
nHTerpupoBanus (7) cortacHo (5), ve ynaerca. Ha PHCYHKE NPHUBEAECHDI pE3yJIbTa-
THl YNCJICHHBIX PACYETOB /1A pa3nnyHbix L. Kak BUAHO M3 puCYHKa, MpH JOCTATOY-
HO Gosbliux L 3aBMCHMOCTD &7 oT T MMeer xapakTep 3aTyXalomux Ko/ 1e0aHMi ¢
nepuonoM te. [pu T >> ¢ & cTpeMuTcs K Eco.
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OQOOEKTHUBHOCTD IPUMEHEHU A BPAIHAIOIIII/IXCSI ATIEPTYP
TP TUCKPETHOM CKAHUPOBAHWU U30BPAXEHUIT

ITokasaHo, 4ToO NPH BBLINOJIHEHMHM HEKOTOPbIX OrPAHMYEHMIM, HAKNAABIBAEMBIX HA
TIEPENATOUHY IO (DYHKLIMIO aNePTYPbl, BOIMOXKHO NOBLIIIEHNE NPOCTPAHCTBEHHOMN pas-
pewaiomieit cnocofHoCTH anepTypr 3a cuer dddexta ee BPAUIEHUS BOKPYF CBOETO
LEHTPA BO BPEMS MIMEPEHMS OTCUETOB IMCKPETHO CKAHMPYEMOTO M300paxenns. Oue-
HEH KOJIMYECTBEHHbIH BBIMTPBII OT ONEPAUMH BPAILIEHUS Ha NpUMEPE NPIMOYTOILHOM
anepTypsl C pABHOMEPHOM (hyHKLHME NPOMycKaHMs.
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