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CUVHORAA TVHAMUKA B TBEP HX HASKOKCHLEHTPVPOBAHHLX [IAPAMATHETV-
KAX: TpenpsHT UT3D 49-8

®.C.IxenapoB, M.B.KaPaHOB, E.K.Xewuep - M., 1996 - 20c¢.

Ha ocrOBe pa3puTOrO paHee aBTOPaMH MeTOHA KJACTEPHOIO PA3IOXKEHHS KOPPEIANAOH-
HEIX (yHKIEEH PacCYATaHBl cATHaJH cBobonmol maaykmwd (CCH) mus nByxcnumEOBEIX Kia-
CTepoB, "Macchl” M g BCEH COMHOBOA CACTEMEL B LEJIOM [IPH DEAILHOM [KIONb- AU IOILEOM
B3aMMOZIEACTBEH. BHYTDHKJIACTEPHEIE B3aMMOIEHCTBIS, NOPOXAAIOIIKE JACKPETHHE CIIEKTD,
Y9TEHH TOYHO, 4 BFEKJACTEPHEE - H3 OCHOBE TeOpHM (Ga30BOM pellakcaluy AHIEPCOHa-
Beiicca-Ky6o (ABK). PaccamTanm: coorBeTcTByIOmEe QYHKIME QOPMEL JMHUM DE3OHAHCA.
Io Brinenenns xunacTepos avamus Tuna ABK B npenesie MeneHHRIX QIIyK Tyalui JOKalbLEEIX
TioJle# YAOBJETBOPATEIBEO COTIIACYETCH C TOYHLIMH PE3YJILTATaME, KOTOPhie [OJIYyJaloTCs B
MOJIeNTA JHIOJBHBIX B3AMMONEHCTBHA AHJIEPCOHA, HO STOT XK€ AHATH3 BeleT K CYMEeCTBERHO-
My xagecTBeRHOMY oTamumio ( exp(—Dt) mepexonnt s exp(—(Dt)Y/?)) npr peanmcrngeckux
ckopocTax purykryanmi u Dt > 1. Tlocne BripeseERa KJIaCTEPOB 3TO Pa3iddUe CriaaXABaeT-
ca. CCH nouru skcnosennnates po Dt ~ 10, a HE3KCHOHCHIMAIHHOCTE [IJIAHACBPEMEHHOH
ACKMOTOTHKH HACTYLAET N03xKe. DTOT Pe3ybTaT He IPeTepUEBaeT CyLIeCTBEHHKIX HIMEHe-
HUH [IPH YCJIOKHEHWH aHAJNN32 ¢ [OBLINEHMEM MAaKCHAMAJbLHOIO DaHra KJIAcTepPoB 0 TPeX
BHIIIE.

Puc. - 4, cupcoxr muT. - I8 HamM.

(:) WBcraTyT Teopermueckoft B SKCIEDAMERTAJNBHON drspka, 1996
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1. Bsepense.

Teopus MarHMTHOW CHEKTPOCKONMH MHOTOCUMHOBLIX CHACTEM HMCIOJNBL3YeT OTHOCHUTENb-
HO HeGoJbImoe YHCIO $YHOAMEHTAIbHBIX KOPPEISIAOHRbIX GYHKIMHA H HX CHEKTPaJbHbIX
NJIOTHOCTEH, HOJHOCTLIO OLECHIBAIOMIEX NUHAMEKY Takux cucteM. Ha 3ape crauosieHns
TEOp¥H MarHATHOIO PC3OHAHCA BCe 00CY X IeHHe B UPHHIKTE CBORAJIOCL K W3YIEHHIO POPMBL
JHHEMA ¥ COMH-DEIICTOYHON PCIaKCAl[HH, HCUEPILIBAIONIAM 06pa3’oM ONACKIBAEMbIX OBYMS-
TpeMd TaKAMH QyHKIMASIMM.

B rnacTosiiee BpeMs CHTyalHs CyllecTBeHHO H3MeHHJach [1-4]. B wacTrOCTH, mps-
MOMY W3MEDPERHIO TeIleph NOCTYIIbI HEKOTOPble CBOWICTBA MHOIOCIWHOBBIX KOPpPEJSKIHOH-
HEIX QYHKOHH, ONPENESIONHX, HAIPHMep, MHOTOCHMHOBLE KOTEPEHTHOCTH [2] B CKOPOCTA
¢aun-dion nepexonos (4] B SNEPHBIX CIMHOBEIX cAcTeMax. C OPYTO# CTOPOHH, 3KCIIEPAMER-
Tancabe [5,6] B Teopernueckre [7,8] HcCcneNOBAHMI CLEXTPAJILHEOIO B HPOCTPAHCTBEHAOTO
mepeHoca B MarHHTOpasbabierERX D[ P-cucTeMax cTuMynEpoBasy pa3spaboTKy HOBOIO Me-
TOfA KJIaCTEPHHIX pa3JoXCHAH [3], KOTOPHIE HCHONL3YeT MHOTOCTIHHOBLIE KOPPEIAIMOHHBIE
$yHKIAE GHU3MYECKH BbliEJEHHLIX PPYIN COMHOB — KJACTEPOB H B IPHHIMIE O3BOJLET
MIOCTPOMTD aNEeKBaTHYO TEOPHIO TAKAX IPOHECCOB.

ToanLIA pacdeT KOPPEIAUHAOHHLIX GYHKUHN KJIaCTCPOB IIPH PEATHHOM B3aHMOLEHCTBAK
noka HeBoaMoxeH. [loaToMy B HacTosmIeH paboTe, UMed B BALY IpOBIEMBl CIXEOBON [uHA-
MUKW MarHATOpa30aRJeHHKIX CHCTEM, Mbl OODaTHIKChH BHAaYaJle K TOYHO PCINAEMOH MOIEINH
Anpepcora [9], KoTopas Mo HACTOSILENO BPEMEHH CJLY KU1 OCHOBHHIM HCTOYHMKOM HaJJeXHOW
HHGOPMANHY. I MarHATOpa3baRIeHIILX cacTeM (M., Hanpumep, [10,11] u unTuposasHyO
TaM JuTeparypy). Momenb AHpepcoHa He y4yMTHiBaeT BJIMSHHS BPEMEHHHIX QIYKTYalAR
JIOKaJbHBIX MOJIER Ha MPOIecchl B cHcTeMe. 1105ToMy Mbl f1adee BBEIH H PACCMOTPENH Tpo-
CTeRINYIO MO, KOTOPasd IPHARMACT ITO YBJIEHNE BO BHUMAaHKe B AyXe reopn AHIepcona
— Beiicca — Ky6o (ABK) [12,13] u onupaerca Ba kKiacTepnniir ananws [3]. Ha atom ny-
TH OLIIF IOJydeHbl sBHblEe HHTeIPAJbHBIC PENCTABICHHS ONS GYHKIMM cnafa cBoBOXHOK
unpyxuuu (CCH), opadeM obHApPYXHIOCH PACXOX[EHWe MEXY IPENCKa3aHUIMM MOLEIH
AHpepcoHa ¥ HOBOH 6ojiee PEaHCTHYECKOR MOeNbio. 3aMETUM, OJIHAKO, 9TO PE3YJbTaThl
IIByX IIOJXONOB COTJIACYIOTCA B TIpefieie MeJUIEHHMX GIIYKTYandd ¥ OIS NOJHOrO CHTHANA
CBOGOIHOA HHIYKIMH.

B ocHose namero ananusa JexaT chaenyioue coobpaxeuus. Kiacreproe pasnoxenne
(o4ens kparko, IOAPoGHOCTH cM. B [3]) BHIILNET clenyiomum obpasom. KaacTtep panra [
— Ipynna ¥3 | CIHHOB, 8 CAHJIY YHCTO [€OMETPHYECKUX IPHIAH B3aHMONENACTBY IOIIMX OPYT C
IpyroM CUIbHEe, YeM ¢ JFOORIM CIOMHOM, He BXOsLMM B rpymmy. [[nf onHo3Ha4HOCTH pa3s-
GMEeHMA BBOOATCA OPTOTOHAJbHbLIE KNACTEPTLl — KAX/BIA CIUH CONEpXHTCs He Gosee, 4eM B
OJIHOM TaXOM KJacTepe. Pa3iioxeHue M0 OPTOroHaNLHLEIM KJacTepaM OCYUIECTBISeTCs CJle-
ayomuM obpazoM: nu3 ¢pH3NYecKHX coobpaxenumd odukcupvercs k- omo=e
CTEPOB, PACCMATNURAR Y T =
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"maccol”. B kauectBe duangeckoro xpaTepus Brbopa k B [3] mpennoxena xBazmonnopon-
HOCTb MACCHI, TOHAMaeMad KakK BO3MOXHOCTE ONUCHBATE €€ TEPMOJMHAMEAKY B npabimxe-
mud crromsod cpens ([ICC). Ilo Bhinenennd kiIacTepoB AHMOALHAA TemioeMkocTs B [ICC
beckomeuna, a DOCJe KJIaCTEPHOrO pasbweHHs AMNOJbHAS TENJOEMKOCTb MAacCChl CTAHOBUT-
CH KOHEYHOH A ONpefe/ifeTcs B3aUMONeHACTBASMA Ha CPEIHHX paccTosmusx. (CoBepIueEHO
aHaJOTHIHO BefeT ce6f 4 BTOPOA MOMEHT JHHHW NOrJOmMeHws. 1loaToMy MOXHO mpeno-
JOXHTH, 9TO BPEMs yCTAHOBJEeHMS PABHOBECHS B MaccCe IIOPHIXAa XapakTEPHOIO BpeMeHH
¢umn-¢gaona U YTO OHO COOTHOCATCE CO BpeMeHeM (a3oBO¥ pellaKCall¥M NpUOIH3HTENBHO
TakX Xe, KaK B PeryasSpHBIX cAcTeMax. JIokaJbHEE N0, co3aBaeMbIe OKPY XeHAEM Ha CHE-
HaX MacCHI B Ha KJacTepaxX 3Ha9HTENbHO GIMXe K HOpMAILHOMY CJIyJafHOMY IpoHeccy, 9eM
TIOJIE Ha CHAEAX JO BHIICJEHHI KJIACTEPOB. Y YeT Xe BHYTPMKJIACTEPHRIX B3aHMOIEHCTBHI
MOXHO TIPOBECTH TOYHO.

Hanee Mul ymesnseM 3Ha4MTeNbHOE BHEMAHWE NONEPETHOH KOPPENANMOEHOH (QySKmAU
G(t) — dysknwE cnaha cBOGOMHOH WHNYKIWE, KJIACCHIECKOH B TEOPHH MarHHTHOIO pe-
3oHaEca. Ee coekTpaibHas OJOTHOCTD JaeT QYHKIAIO GOPMEI JHHAK NOrJOIEHHS, a KiIa-
CTepHOe PAa3NoXKeHHE 3TOR IJOTHOCTH BhHIpaXaeT GYHKIHE GOPMEI JHHAR MOTJIOUICHUS OT-
HOCHTEJHLHO He3aBHCHMO 3BOMIONHOHEPYIOMEKX JACTEH CACTEMEL.

Mzl orpaEMYMANCE BHICOKOTEMIEPATYPHHM IPHG/IAKEHAEM IOCKONLKY ClenndHKa He-
YIOOPAIOIEHEHEIX CACTEM BECHMA OJIHO IPOSBIIETCH YXe B 3TOM npefesie. Pan suuncienui
B MojieTE AHZIEPCOHa IPOBeNEH IS IPOA3BOJILHOIO COMHA. JTO IPENCTaBISeT HHTEPEeC Jus
BO3MOXHOTO CONOCTABJIEHHS C pesyJbTaTaMy YUCJIEHHONO MOAENHPOBAHUA, KOTOPOE B CHIY
OTPAHMYEHHOCTH COBPEMEHHBIX BLITAC/ATENLHELIX BO3MOXHOCTEH, KaK IPaBHIIO, MPOU3BO-
AWTCE I KJIAcCHYecKEX comHOB [14,15].

2. Kongurypanponsoe ycpensenue KOppeasIMOHELIX (YHKIIHA.

Berony umxe g onpeneseHHOCTH MBI CYATAEM, YTO A3ydacMas CIAHOBaZ CHCTEMa CO-
CTOHT W3 IPHMECHKIX CIIHHOB, XAOTAIECKH paclpeleleHHLIX B NPaBAIbLHOH KyOHIecKo# pe-
ImeTKe.

B mpencrasiesEn 4ECces 3al0JIHeHEA [16] 4 B BHICOKOTEMIEPATYPEOM NPUOIIHMKEHRA TO-
mepedHas KOppeIANHOHHAs QYHKIIHS HMEET BHI

G() = ((S(157),), /{(5*57),),. M

rre (--)o = Sp(...)/Spl, §* = 57 £iS¥ = ¥;n;S¥, n; — wmcio 3amosrenus ysaa j
(nj = 0 mam 1), (...), — CHMBOJ KOEQUTYPaIHOEHOTO yCPEAHEHHKS,

St(t) = exp{iHyt}St exp{—iHat},
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T.o., nosenerme CCH xauecTBeHEO of#HAKOBO a4 JIOGOrO 3uaueHWs co¥Ha. Lpu s =
1/2 (7) coBnapmaer c M3apecTHEM BripaxemueM [1]; pr s — oo, GH(t) = e P rpe
Lh = hq/s(s + 1) — KiaccHYecKMH MOMCHT MMIyJbca dacTEmu. CooTBercrsysomas (7)
GyHKTIUS GOPMBI JIEHEE NOLJIOWEHUs — Jopeduuan ¢ noaywmpuson DF,.

3aMernM, 4TO KiaccuuecKuitl npesiel (8) MOXHO MONYYHTh M HENOCPEACTBEHHLIM HETE-
CPUPOBAHMEM C IOCJIETYIOUIAM yCPEeIHEHAEM YPaBHEHUS IBMKeHUs KJIACCWIECKOro CITHA B
monenun AHIepcona

P P
fig = EZzAmij#;‘;l
M

[JiS KOMIOOHEHTH p} = p% + ipu¥ MarHATHOrO MOMEHTa B M-OM Y3J€ PEIIETKA C yUeTOM
IOCTOSHCTBA BO Bpemenn pf = yLZ. YcpenHenne MO KOHOUIyPAIMIM BBINOJNEICTCS TAKKC
KaK ¥ B KBAHTOBOM CJY4Yae, TEDMOTMHAMHUCCKOE yCPETHCRME CBOMMTCA K ycpeaenmio L;
IO HaupaBJeHALM.

PaccMOTpHM Tenepr CHTYalmMio, KOrla MaKCAMATLALIH panr kiacrepa k = 2 (Buioesm
DAPH B, T.0., yYTeM CyIIeCTBYIOIYIO B CACTEME HeoaHoponHocTs). HMcmoavusys (6), (5), (4)
NOJY9HM, UTO

Git) = C/dFB,(t)eXp{—CVw - 0/4% dq(1 — Bq(t))} =

=i dFB,(t)exp{—C dq‘Bq(t)}. 9)

B pabore [3] moxa3aHo, 94TO 3aIpCINCHHEIR 06BEM HABYXCIAHOBOIO KJacTepa MOXHO Ipel-
cTaBHTL B popme Vo, = g—:;g:ra, rne xor = 1 — 3cos?dy,, X = JodE | 1 - 382 |= 3%[5, a
k = G3(0) = 0.58 + 0.01 — mors cIMHOB B mapax.

TouHOE BHYKCIEHYE ACAMITOTHKH G’%(i) 3aTPyAHEHO CIOXHOH KOHQUTrypanuel obLeMa
Vor, ONHAKO MUIA NOJNYYeHHs HOJYKONUYEeCTBEHHOIO PE3YNbTAaTa BO BTOPOM H3 MHTErPAJIOB
(9) 3amenum r> — 73 | xor |, ¢© — ¢° | Xoq |, HoCTE Yero mpimeM, wTO 06BLEM, MOTYUHB-
IMUHCE U3 3aIPEMIeHHOro Nocje 3TUX Npeobpa3oBanyil, uMeeT GopMy LIapa. 3aMeTHM, YTO
CpaBHHTEJLHO EeGOJbmOe paccTOAHEE MEXIY CIYHAME Naphl, obpalyomel 3anpeleHHRT
06BbCM, 1O OTHOLIEHHIO K XapPaKTEPHOMY pa3Mepy 3TOro ofbeMa, MeSlaeT HeCyMecTBEHHbIM
BOIIPOC O HOJIOXKEHHH eT0 IICHTPA, KOTOPHIH MEL TOMECTHEM B HyJe. Ilocie 3neMerTapHOTO HH-
‘TEI'PUPOBAHUs 110 YIJIOBHIM [IEPEMEHHKIM # 3aMeH pafdalbHEIX DePCMCHHBIX, YIIPOIHAIOMIMX

apryMeHTbl KOCHHYCOB, LOJLY44M s COHHa s = 1/2

2Dt feo d 2Dt [ d;
Gi(t) = e’m—;[) z—jcosxexp{———;r— n y—gcosy},‘ (10)

a€Vor

HomuepkseM, ato B (10) cosy ¥ €os T IporcxoasiT HenocpencTBeHHO u3 B, (1) u By(t). Ac-
cumnToTka (10) npun DI — oo oupenenserca Toukoit uepepala KZo = § W UMCCT BHEA

4
Gi(t) ~ 2R /Dte P8 cos l,
m 2K
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rre § = 2 « 1. Jlpyroi cmocof pacuera, yAMTHBaIOIIEA YIIOBLE 3aBUCEMOCTH B (9)

¥ TpEHEMAIOIAN 33 map caM 3alpeDieHBENi obbeM Vo, NaeT emne MeRbuiee 3Hadenue 6.

Tockonnxy G(t) = GE(t) + Gi(t) = e~ P, na Goxpmmx Bpevenax dyexumu G3(1) u G3(t) 8

Mopler AHDEpCOHa yOLIBAIOT C OIEHAKOBOM CKOPOCTHIO H IPOTHBONONOXHE O 3HAKY.
Haiinem dypne-upeobpasosamne ot G3(t) — dyskumio GopMEl JUEWHA Tap

1, ;
g(8) = _Re ju G3(1)e™dt.

Honcrasnss ciona (9) ¥ BerYACHES AETETpad To di ¢ ydeToM Toto, uTo B, (t) = b(r/t1/3),
HOTy YaeM

C? (Vor + fygv,, 4401 — (a)))” — A7
(07 (¥or + g, a1t = (D))" + %)

#(8) = = [ debir) o)

Ilpomspons 3ameny

Voot [, a1 —b(a) = 1@+ [ f a1 - )]

KOoTopad TOYHa IJ4 MAaJBIX H Gomumux r (Z BHOCHT, KaK IIOKa3aHO HHXe, Heﬁo.mzmyro
norpemsocTs npe A/D < 1), monyduaM mis caydas 8 = 1/2

s
exp{ — >
1+— 2
1 D2 A 1 A?
gg(A)=E'ﬁ(ﬁ+E\/1+ﬁ,’ (12)
(1+5%)
rge 7 = ;’; = 1.1. To xe BHpaxeH@e MOJyIaeTCA NPH AHAJOrAYHOH ANNPOKCHEMAINA H

HenocpencTeenso &3 (10). B kaaccmueckom npenese Bmecto (12) umeem

27
2ci 1 21, 2m A? exp (_;71+A’/(DL)3)
92 (A) = g—pr {1 —exp | -

= 2an? J1+2yDLz) (DL} (1+A3/(DL)?)?
| (13)

Mu nmpoBes IpAMOM YMCIEHHEBIM aBaju3 Npe[CTaBleHHS (11) I8 HIOTPONHOIO B3ZHMO-
neticteus (Ao- He 3aBHCHT OT yrua Jo.) mpa s = 1/2. PesyabTaT kauecTseHHO coBman C
(12), a xonwuecTBerRoe pacxoxnerre He npesrcmiao 10% @ 6Luio cocpemoTodeHo B obJa-
ctE A < D. Apanormunnie Benmuuunl fns maccu G2(t), g7(A) noxydaiorcs, oueBHMIHO,
setaaTammeM (12), (13) na dpypue-npeobpasoBanas (7).

IloBenenne GyHENEA GHOPMEI JIMHHY 11D, MACCH M CHCTEMBL B IIEJIOM JLIA CIy4aeB s = 1/2
® s = oo mpencTasieHo Ha Puc. 1, 2.
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Jluuus mordomenns (12) orsmyna o1 Hyas B LENTPE X MMCCT TaM MUpPOKoe MIaTo (co
c1abo BhIpAXeHHLIM MEEMMyMoM) npE A = 0. B xiaccuueckoM npenelie GYHKIES HOPMEI
smawn (13) AMeeT ToAbKO ONHH MakcHMyM B HenTpe. C ¢dusudeckodf TOUKH 3peHHS 3TO
pasyIAIKe B 3HAUHTE/IBHOM CTENeHA ompeflelifeTcd TeM, Kakyio ¢opmy umeeT orubaromas
JIHHHA, COOTBCTCTBYIOMEX JaEHOMY COCTOAHHIO GIMXaHinero cuuHa -- AJE coEHa s > 1
JIMHES DOrVOMIEHHs EMeeT TOJNLKO ONEH MakCHMyM B uentpe. Ms (12), (13) caenyer, ato
Haphl HCYEPOBIBALT KpHuIo Jeuumd (cp. [3]).

4. Y4eT BpeMeHHLIX QIYKTyaudil B npubiiikeHdn HOPMaJIbHOTO CIydaifHOro Ipolecca.

Ecnu B mMozenu AHepCoHa amIpOKCHMHPOBATH CHIHaN chobounoit munyxnmm (3) rayc-
COBOH (PYHKUMER C TOYHLIM BTOPHIM MOMEHTOM [OJOXHB

(SH)S7)o = Fo(s + e 34, (19

3 !
My; = Zs(s+ 1) E Afnjnm,
m

TO DOCHE BHINOJAENAS KOHQUI'YPALUMOHHOIO YCPCIHEHUS NOJYIaeTCd, Y1Io

() = T[T+ fle B4 )= e VERR, L (13)
3

B cuyyae s = 1/2 stn dopmynn b noxydeHsl pamee B paborax (7,8]. Iloxasarens
skcnoreHTH B Hux mis CCH secnma Guin3ok x mpasuisHoMy (7) # Menbiue ero B 0.8. Ora
TOYHOCTH YAEBATENBHO BLICOKA [JIS CTOJb I'PY6OH aINPOKCAMALRH.

Kak u3BeCTHO, raycCoB BpeMEHHOK CHal COOTBETCTBYET HOPMANLHOMY DACIPELEJCHHIO
CTaTHYECKHX JOKaJbHHIX NoJed. Kcim xe, B nyxe Teopmm AHnepcora — Beiicca — Ky6o,
anTpOKCHMEPOBATH BpeMeHHBE QUIYKTYAIMHA JOKAJIbHLIX [HOJeH HODMAaJIbHEIM CIyYafHEIM
POLECCOM, HIlH, 9T0 1O XKE CaMOC, YIECTH TOJHKO MEPBRIH WiIeH KyMYJSHTHOIO PasoXKeHANs
CCH, To nonyvaercs, 4T0

(ST ()87 )e = %s(s + 1)3-%‘('), (16)

rie ©;(t) = My;L;(t), I;(t) = [fdr(t — 7)K;(r). ®urypupyiomas 3nech KOPPCIATHOHHAS
dysxuns K;(t) moxamnioro noas wi;(t) onpenesera cooTHOMEHAEM

3
(wis(thwnsda = My KG(8),  wy = 52 AmiNm Sr,. (1

dopmyan (16), (17) orumdaiorcs oT cTaHaapTHOM Bepcuu reoprr ABK Tem, wro Ma; u
K;(t) 3aBuCAT OT peasIM3aliy CydaiHOIO pacipefeeHns IpuMecei B pelleTke.

Eciu nperebpeus BTOpoit, Gosiee caraboil 43 3THX 3asECAMOCTed, nodoxus [;(t) — I(t) = (I;(t)),
To cooTromernze (16) MOXHO yCPemHKTS N0 KOHGUIYpalMiM ¥ DOLYYATb, 410 [3]

G(t) = oxp {—QDF, I(t)/w} . (18)




8
Ilpr t » 7. = [3° dr K(7) orciona cnenyeT, aTo0

InG(t » r.) = —2DF,\/tr./7

B COTJIACHH C BhIBOLaMH paboTh [17], NoMydeBHEDMHM B3 IPyTUX COOBpaXeuui.

Tmnoresa ABK crnparenimsa, ecim okalinEOe TIONE CKIAMEIBAETCS M3 HEMaJOTO YHCIA
IpHONA3ATENLHO OJMWHAKOBO paclpefiefieEHRX charaeMuxX. Hcnombayemulii namm cmocof
BHIJCJCHES KJIaCTEPOB NMPHBONMT K TOMY, YT0 Hawbojlee CHETYJIApHai HaCTh B3auMONei-
CTB#H BKJIOYAETCE BO BRYTPHKJACTEPHLIE B3aEMOLEHCTBHA H yudTHIBaeTcd Toguo. [o-
3TOMY HOCJIE OTJIeNleHHs KIACTEPOB NOKaJbHEE HOJH, CO3HaBaeMule Ha CIHHAX MAacCH A Ha
KJaCTEPAX OKPYXaIOUIEME CIMHAMH CTAROBITCH IOPa3fio GIIMXE K HOPMAJLEOMY NPOTECCy,
u B pesyipTare cuATE3a TeopmH ABK H KJacTepHOrO pasiioXeHHs NOJIKHBEI MOJYIATHCH
pesy.IsTaThl, ropasno 6osee Tognse, eM (15). Himke Mu chopMyupyeM 5TH pe3yianTa-
TH & IpPOBEpHM KX OYTEM CPaBHeHUS B Ipefene 7.J) — 00 € TOYHO PEIIAEMOA MOIEILIO
AHnrnepcona. ‘

BrigesM 3 CHCTEME Daphl B PACCMOTPHEM 2-KJIacTep, COCTABJIEHHEH H3 CHXHOB Sp A
§;. TamunnToRMan 3ToM maphLI

1 1 .
H, = Aa(835 — 75857 = 350 51) +wn(t)(55 + 57).

3nech, xax ¥ pasmee, ME NpPeAEOPEracM 3aBACAMOCTHIO BHEUIHEro TOJNS OT KOOPHMHATH
CrigHa B KJACTepe, YYHTHIBad, 9T0 KaXIEH KIacTep OKPYXeH 3AlPelIeHHEM o6beMOM.

IIpu s = 1/2 ypasreuss jgBUXeHUs [Ji COFHOB [IAPHL JETKO MHTErPHPYIOTCE W B pe-
3yasTaTe

(83057 = 5 cosGAmt)e Mot (19)

a I19 CIIMHA MACChl OCTAeTCH CIpaBenauBoi gopmyna (16). .

B sToM pasperne Mur mpenebperaem dquiykTyamusmu kxoppesstopa K;(t). Boaee obmmi
clIy49ail pacCMOTDEH B CJCHYIOMEM pa3fene.

Iloncranam (14), (15) B (4) # BrmOXEEM KOH(ATYPAIMOHHOE yCPEXHEHHE TakXKe Kak B (5)
C YYETOM TOTO, YTO YMCJIO 3aMOJHEHNS Y3Ja j CIEHOM H3 2-KJacTepa ecTh nt = 3, Za(r5,9),
a YMCNO 3aTONHEHAS ITOTO Xe y3ja COHHOM Macchl nT = n; —ni. B pesyasrate nns
dyexumi CCH or map ¥ oT Macchl DONyYHM BHPAXKEHHS:

Gity=C / dF cos 3’1"'te-cvur exp {—C fq . (1~ e-%A:I(ﬂ)},

VT (20)
— e wPVIO 2~ %A [()-CVo, _ Sy ~2all
Gl = FVIO ¢ [ dre Wt oxp{ 0 [ dg (1 - wAO)

O6cynuM cpolicTBa KOppeasnEorHOH (ynknua K (1), DOCTPOEHHOM! K3 IPONONBHEIX KOM-
HOHEHT CuHOBRX omepatopos. Koppenstop g(t) = ((S#(1)S?)a)e/{{(57)%)). npm Maxbx
Dt Beper cebs xax e~ 57! 4To Caefyer M3 aHaiW3a NEPBOTO WIEHA KOHTICHTDAIMORNOTO

pasnoxenus. Pyuxuus K (7) y6rBaeT ¢ XapakTEPHEIM BpeMeHeM T, Tle 7, ' — CKOPOCTh
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¢ayxryanmit. B ynopsnouennrrx cucremax 7.0 ~ 4 {cM. [15] w nnTRpoRanRyio TaM NETe-
paTypy), Tak 9To fis (GuEn-(JONoB B Macce B B HapaX B NEHTPaibHOH 9acTH JHHAK MLl
BIpaBe OXHAJATh TAKOIO Xe COOTHOLICHHS.

Cymma N2 Sn, (cymmuposanue o crumam) SBIS€TCE HETETPAJOM [BAXENES, TOITO-
MY €CTECTBEHHO OXMUAThb, Y10 LJIHHBOBpEMEHHAs aCMMIOTOTHKA SBIAICTCH an)q)ySKOHKOﬁ,
T.e. g(t = o0) = W. Npe npomexyTourtix suadernnsx { (8 Kranasome 1/2 > (1) > 0.1)
toBezenre (i) IO-BAIMMOMY yIOBIETBOPHTEILHO TlepenaeTcs PepCTEPOBCKOf 3KCIOHEHTOM
[15]. oBenenme K (t) xazecTBenro amatoruHo ¢(t). CiemoaTenno, BIASHEAE NA(Y3ROH-
HOTO XBocTa Ha ¢yEKumio J(t) Mako, 1o kpaiHei Mepe B TPEXMEDHHIX cHcTeMax. Bamsmve
HadaJbHONO THCTO HKCIOHSHIAAILHOIO yJacTKa Takke HecymecTBegHo. [losToMy Hatee B
YUCTEHHNX ONEHKaX Mhi, KaK IpaBmio, cuntaem K(r) = e (*/ LR

B pesyabrare oramume 7! or Hyns nposBiasercs Tonpko npr 7D ~ 10 m TeM camuM
He CHJILHO CKa3uiPaeTcd Ha (GopME JIWHAR.

Opu 7;' = 0, I(t) = t¥/2 m, nenas dpypbe-npecbpasosarme (20), arrerpupys mo di n
OCTaBJIAL IJIaBHLIE YIEHH LO I B YHCIUTEIE ¥ 3HaMeHaTele NOJNyJHABIINXCS OTANTET PANL-
HEIX BHIPaXCHBE Tak Xe Kak Ipr Busofe (12), moaydaeM mocie HECIOXHHX 11peobpasoBa-

HHA

(_ 7D/ Ds )
2(A) = 2 Vi+4%/ D A_2+L\/§ 1442
L T xD? 1 Az\? D mVr Dt |’
(*5? (21)
1 Dy 1 q=dy B, D*+y(D}-A%)

DI+A7 wmdo fi° (D +y(DE+ AR

3pecy D5 = \/-%_D — cxopocTs ybrBanus G} (t) = exp(—Dst) B paccmarpuBaemoit Monie-
a% Ge3 BuieneRns kiaactepos [3]. Herpyago ysmpets, uTo mpm A — oo, g2(A) ~ 45, a
93(A) = 25, T.e. mapu ucuepnnBaloT KpHUIO JEEEE, a acEMOTOTEKA g(A) coBmamaer c
TaxoBolt B Monield Anzepcora. PyaxnmEn (21) OPaKTHYECKH COBUANAOT C NOXydYEHELIME B
Monies AHNEpPCOHA H B HEHTPAILHON YacTH JHHEA. [N MIMOCTpau#y BAMSHHE T, # 0
Ha QYHKIEE Qopmui saare BhamcaaM g(A) = g3(A) + g3 (A) — dymxmwo GopMul suEuE
CHCTEME! B NPMGIIXERAR HOPMAaTLbHOIO CiydaiiHoro mpomecca mpu 7, = D/f4, s = 1/2.
CoorsercrByouie rpageEka CprBeneHH Ha Prc. 3. Buamo, 9to mamwdue puykTyanui
FMEET WEeKOTOpOe BIASHME Ha LeHTp JrHuA. Kak m caenoBaso oXHAaTh, Gosee menaen-
Hoe y6mBange G(t) mpusommr K ypenudeHwio suaderud g(0) mo cpaBHEHHIO €O CIydaeM
oTcyTerns dayxryanwii. [losenernue ¢pynkumu g2(A) s6NM3E HyIa OpefACTaBISET IPOMe-
XYTOYREN! BapHanT Mexay 7, = 0 1 77! = co. B mocncanem ciaysae g3(0) = 0 (3].
[IpeoSpasys mepeMmenHLie WHTETPHPOBAHMS A 3anpeileHHE o6beM B (20) Tax Xe Kax
npm noxygernd Gopmym (10), onyvaem sBEOe MHTErpaibHOE [PENCTaBJICHEE NS GYHK-
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umit CCH:

oo t R 26 DI foody _
G3(0) = 2x0y/Te V0 ke xz‘”‘"{ﬁ(”‘f?, P )}
2 2
G?(t)=e‘7f"~/’(‘)( 2"DI/ —exp{—z—f2 f/ 4y -v’})

(22)
I'paduka ¢ysxmmit (22) » ux cymmm G(¢) nas depcreposckoro upa K(t) u 7.0 = 4
npreepertl Ha Puc. 4. Tam xe pus cpaBHeHWS npuBenerH rpaduki dTEX QPYBKOEE B
MofieT® AHZepCoHa.
Hccnemyem mx nnnmsoapemennue a.CHMIITOlH_KK Accnymro*mxa ‘G2(t) Moxer 6uTDL
HafifeHa To MeTony Jlamiraca mpefcTaBIeHHeM BXOLLILETo B Hee EHTErpaia B GopMe

[ s re oy,
roe ¥(z) = f§ dye'ﬁ B ¥MeeT BHI -

Gt = 00) ~ e VT |1 — kP (%) (Pw—ﬁ)l—:ﬁ(lnpﬁ)%(:‘rl) . (23)

Hamomumnw, qm I(t - oo0) ~ 2t7, npm xomegroM 7. B I(t — 00) ~ g opz 7,1 = 0.
Ecmm 77 = 0, acamiroreka G3(t) HaxonuTcs npeficTaBieHEEM onnxmero B 3Ty QyHK-
UHIO HHTErpaja B Bnne Re [§° d’([l-£-6 ﬁD"“ roe y(z) onpepeigeTcs TakXe KaK IPH BLIBOLE

(23), 2 ((2) = [} dre¥:
)
In Dt

Cpasuusasg (23), (24) c (7) u acemoToT¥koi (10), MOXHO BEIETHL XOpOILlee COIJIACHE MEX-
Oy MolesbIo AHuepcOH2 u NpHOIMXEHHEM HOPMAJILHOIO CIyJaiHOTre IIpoIecca B Npelele
MemyeRHbX Gaykryaumid. Ha mpomexyrke 0 < Dt > 10 paznmame MeXOy pe3yJbTaTaME
9THX ABYX MofeJed HaCTOJBKO MaJlo, 9T0 He BHAHO Ha IpadEKaX, ONHakO OTHOCHTEIHLHOE
pasHYme He YORBAET C YBEJHGUCHEEM i, STO TPHBOAUT K 3aMETHOMY Da3JEYHIO COOTBET-
CTBYIOMEX Gyuxnumi Gopmel gugme oAz A = 0. .

OcHoBHOe pasnwdHe MeX Iy NpabiikeHHeM HOPMAIBLHOTO CILy 4afHOTO [IPOLEEEa, T, = 00
B TOYHOH B 3TOM cnyqae Mopensi0 AHIEPCOHa COCTOHT B PAasIA4A¥ CKOPOCTH yOHIBarwS

CCH nap ma 1— £) —\/2/n) [\/2[m = 9.4%. PymxmEu Gj(t) coBmagamoT C paBHO-

MepHOR 'ro‘moc'rmo 5% B muanasone 0 < Dt < 10. ®ypre npeobpasobarms g2(A) uMeor
HamGonbmee pastuine npd A = 0 (oTHOCHTE LBOE pasimuke 7%), 3To pasnuume yErBaeT ¢
pocToM A m crasosaTcs Menbire 1.5% npr A > D. Moauw CCU coBnanaer ¢ annepcesos-
ckuM c eme Goabmei TogHOCTHIO. T.0., oTHeienre 2-KJIacTepoB IPHEBEJIO K pagHKalbHOMY

2
Gi(t > 0,77t = 0) m -2l VE (24)

H3MeHeHRIo pesyibTaTa e~V /™Dt koTopuiit cuexyer 3 {18) mpu 7,1 = 0. BLIYHECJEHNH

G(t) = 9(A).
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Ilas Toro, 4To6E HaATH acEMITOTHKY G (1) IpH KOHEYHLIX T, OPE/CTABAM BXOALIKA B
Hee EHTerpaJ (HocJie 3aMeHkb IepEMERALIX £ — 1/z,y — 1/y) B Buge Re [;° dzexp {\/,‘,—ﬁ%;:f(m)} ’

. 1
roe f(z) = L — 2L [Fdye™v? . TIpm srom

4y - S —
Gt — o0) ~ k\éna/zDrf‘/“tl“e LDV Re exp | f(zo) -—t,; - —”L (25)
N3 2k27. ) \ f"(=0)

3necs £ — Touka mepesana ¢pynxumE f(z) — HauGosee yaaneHAas OT HyJs CTalHOHADHAL
. 1
TOYKa, YHOBJETBOPFIOMAS yPABHCHHIO -5 + ﬁg’-‘e“;’ = 0. AccmmnrormEka (25) aerko

T 11

paxonuTcs B mpenene D1, — 0, Torpa zq = %\/EEE 7 B

4Dt = 4Dt 2
2 3¢)1/4 =L DY Saindh i 7Y et
Gi(t — o) ~ (2rk*Dt)' /% cos w el K J \f - 2/ WD-\/tT,: . (26)

T.o., saryxanne ¢pyaknaw CCH or map cymectsyer naxe B npenese 6eCKOBEIHO GEICTPHIX
GayKTyamdi, 32 cYeT KOHDUIypPAIEOHHOIO yCpeHeHUs IBWXeN Wl B Tapax. [lo Mepe ypenm-
YemnAs 7., TOYKa To MOHOTOHHO ABHXeTcH K HyJio B ipu DT, = 4 paBua zo = 0.845—0.331:.
B atom cayqae

GA(t — 00) ~ 1.42(Dt)* cos (0.779v/Dt) e~243VD", (27)

[lpm naneHefimieM yMeHbUIEERM CKOPOCTH QUIYKTYAUHi TOYKA o OueHh MEIJIEHHO (To ~
i:‘h * :
‘71;35;:6 D7) CMEIIaeTCH IO HAIPABNEHHIO K LUEHCTBATENbHOR ocd. Ilpm stom f(za) ~

ivin Dr, — 7&%;. W3 cpasuesns (23), (27) BrTekaer acumntotEka G(L) ~ e-2VEDVI
apn ¢t — oo (cp. [3]), upmyem Brixon Ha Hee mpomcxomET mpu - ~ 6, mo 3Toro cmax
OPOACXOOUT HPHMH3HT6JIBHO JIKCITOHEHIIHAJILHO.

Mrak, cymecTsyiomue B CECTeMe [Ba XZDAKTEPHHLIX BPEMEHH ONPeeIdlOT COOTBET-

CTBEEHO KOPOTKO- H ANHHEOBpeMeRHywo acamnroTexy ¢yskmair CCH.

5. CoexTp ckopocTedl QIYKTyanui JOKaJbHLIX HOJEH.

IlepepopoTH! clEHOB, UPUHAMIEKANMX KPLLAY PE3OHAHCHOW NWHHM (B OCHOBHOM CIIH-
HOB Tap), o0yC/IOBJIEHH CAaBHEIM 00pa3’oM [ByMs [POLECCaMH: ABYXCIUMHOBEIM B Iapax,
HaXOAAMBEXCH Ha OfIHOM YHacTKe Pe3OHaHCHOH JARWH MIWpWHOE nopanka D, u gersipexcn-
HOBBIM, CBY3HIBAIOINMM CUMHEI Ha KphUIe JUHMM CO COMHAME B LeHTpe. BTopoi mporecc
MMeCT GoJiee BHICOKME NOPSNOK, HO OH PE3OHANCEl OTHOCHTEIBHO ENONLEOTO TAMETLTOHY-
aHa M30JEPOBAHHOM NApHl M I03BOJIEET HePefaBATh JHEPIUIO Ha GOJbLIHE PACCTOSHHS 1O
crextpy [3]. Scno, 9To xapakTepHoe BpeMs T (w) daEn-PIONOB, TOPOXNAIOMEK QIYKTYa-
HOE¥ JOKANLHOTO [OJIS OT CIIMHOB Ha Kphile MRHAE Goanme 7.(0) B IleHTpe MUK ¥ PacTeT C
VBEJIHYEHAEM PE3OHAHCHON YACTOTH CIEHOB W OTHOCHTEJXLHO HeHTpa JuArH. IIpy w > D
aKTEIECKH w — cOBCTBEHHAN YACTOTA Uapbi, KOTOPOR NMPHHALIEXHET PACCMATPHABAEMBIR
CIAE,

MaTpuyspiil 3IEMERT OBYXCIHMHOBOIO IPOIECCA 0 NOPANKY BeIAIHHEl eCTh Agz, e 0,
Z — NPOCTPaHCTBEHYbIE OJIOXEHUA IBYX B3aHMHO-DE3OHAHCHEIX TTap, & Y€THIPEXCIHHOBOIG

——————— e —
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— f;gf, rJie § — KOOpAHHEATA COWHA MACCH WIH MApH ¥3 uenTpa juaud [3]. Mu paccMaTpr-
paeM w P D 1.k 1.(D) ~ 7.. XapakTepHOe BIAMMONEHCTBRE Nap C MaCcCOd NO BeXHIHHE
foNbile YeM MexHapHOE [3], TAK YTO YETHPEXCHHHOBHM MEXIAPHEIM IPOTECCOM MOXHO
npere6peds, NOCKONLKY OH HPHHIMNAAILHO He OTIEIAETCA OT HPOUECCa Naphl — MAacca.

O6osraasm camposom W, ckopocTs nponecca napa — Macca, W, — ckopocTs npouecca
napa — mapkl. Torga ckopocTh HepeBOPOTA COMHA HAPH! €CTh

W=W,.+W, = UmzAmAmzl(q)Zl(r)+U E °"Zz‘,,(z) (28)

3nech Uy # Up — xo3ddunsenTsl nopanxa eqmaunil, Zy,(z) — IHCI0 3an0aHeHES Y3 T
mapol ¢ JacToTo# w. Mu nperebperaem 3neck pasMepoM DapH [10 CPABHEHHIO C PACCTOSHE-
€M OT Hee JI0 IPYTrEX 06GLeXTOB ¥ NPUHMMAaeM, ITO XapakTepHas CKOPOCTh (a30Bo#l penaxca-
uEx cosnafaer ¢ D u ONAHAKOBa BO Beed cucrenme (T.0., (28) — ciienymomee, o cpaBEEENKIO
¢ TMPENLIAYINHM pasiesioM, NpHOIHKEeHne ¢ TOIKR 3peHsd ygeTa pa3bpoca CkopocTei npo-
meccoB B cEcTeMe). XapakTepuoe Bpema ¢uIEn-daona T.(w) = ( Iy dte‘W‘> a KOppexiTop
NOKAJLEHX TOJe# oT comea 0 samameM xax Ko(t) = e Wt = e Wete Wmt = Knp(t) Kom(2).

Pacnenum mas ouenxu (e‘w‘) ~ (Kop),  (Kom),- 3nech mul Gepem xOHGHTY panHORHEOE
cpenmee NpE PEKCEPOBARHOK qactore. Jlag nepBo# 3KCIOHEHTHI HETPYIHO NOJYYHTh, HE
YYHTHBad KOppeJsiHii PacOONOXEHAS NTap MeXTy CobOR,

(Kop(t)), = (™) ~ o BEVD (29)

rae Uy > 0 — xomcTanTa.

Jlns Briamcienus aCUMITOTHKE (e )C 3aMeTHM CHAYAla, YTO M3-33 TOLO, 9T0 Xapak-
TepHOE B3aAMMOJERCTRHe AP C Maccoi 1o BeuuyHHE GoJbITe IeM Mexnaproe (3], a cimmop
Ha KphLie OTHOCHTENLHO HEMHOTO, MH BEeCeM HeGOMBIIY0 NOrPEMEOCTH, 3aMeERB B (28)
Zy(g) - n,. Ycaosme ¢ # r gBideTcd XOPOTKOAEHCTBYIOWEH KOppeNdnaes, TaK 4TO IPH
HaXOX[EHWHA [TAHAOBPEMEHHOA ACHMITOTHKE WM MOXHO NpexeOpeub, OXHAKO 3Ta KOppe-
JISOMA CEAbHAL (3amperT), HOITOMY HpoBelieM Gosiee TIOCHENOBATELHELHA aHANAS.

PaccMoTpEM BENRUUHY

~Wnt

(o) =lim ([~ dte“‘“"'w"“> ; (30)

e

rae Re e > 0, Ime > 0, 0 £ a < 1. HaTerpan rion 3maxoM mpeue/a CXOPHTCH MO
moboMy KOHTYPY B TpaBoM BerHeM KBAHpaHTe KOMIJEKCHOR wiockocTd. IlpencranmM

Win = Un, Topr 255550, xax
U 2
Wo = 325 (S Aam) 525 5 in,
q

2
U, 2 ‘ . .
3aIBIIeM exp (*543,- (2 e Aﬂqn,) ) KaK [ayCCOBHIE HHTErpaJl YT00H HONYUHTHL NWHeAHH
10 YECIAM 3aI0JAHEERAS IOKa3aTeJlh JKCHOHEHTH, [TOBEPHEM KORTYP HHTerpaposaunus s (30)




13

Ha +%, BLITOJHKM KOHQUIYDAlIMOHHOE yCPelHeHHE H CHE/laeM 3aMeHy NePeMEeHHBIX MHTe-
rpupoRaHus. B pesynbTate nonyuum B npenene € — 0

N oo e . 1/4 'A4
Tm(Q) = \/Zz;r—./o diel® tI/GLZ dy exp {tlla [% 2. CUn /D /d ( — exp (;—lﬁ —;A2 ))} }

_¥ji/3
ACCHMITOTHKA BHYTPEHHETO BRTErpata — e Ur” ReU >0, Tak 4T0 rpaEmYHOC 3Ra-

9eHHe CYIMEeCTBOBAHEA Tm () — o = 5. T.o., nmnuospeMeHHa.ﬂ aCHMITOTHKA KOPPeIfIH-
oEHOY QYRKIHA JOKaTbHLIX IOJEH 33 CIET YeTHPEXCIHHOBOIO B3aMMOLEHCTBHES ecTh

W, D3\ ?
= ~Wmt\ _
In (Kom(1)), = In{e™"*) =0, (7) ) (31)
U; — xorcrarta, Re U; > 0. Cpasumsas ¢ (29), BunuM, 9T0 XapakTepHOe Bpems (iam-
daona 7.(w) ~ w? Ha XpLUle PEICHAHCHOH THEHH.

Koppe.uxTop AoKaTBHAIX ToRed {(wi(t)w) = ¥z, ning (w, wf >,rne w] — noJe oT coHHEa
B ysie j. JIpeqmosoxmM, YTo nons OT pasHulx CIEHOB He KoppeampyioT. Toraa

{wi(t)wr) = Z'IAJ <u’(t)w’> Z 16 AL K;(t). (32)

DyHKIHS pacipeNesicEHs JOXATLHLX CTATHIECKUX Novlel 3 Halel cacTeme p(w) = (§{w? — My)),
HAMeeT BUI

o) = 2Lre i, /0°° dple) = 1. (53)

Bammcusag (32) B Gopme

{wi(t)wr) = Z Ao;":u i) s

The nj, — YACJO 3alOJHEeHHs y3Ja j CIMHOM CO CTATHYECKHM JOKaJTLHEIM IIONEM Ha HeM
w, moxy4nM BMecTo (22), nmperebperas KOPOTKOREACTBYIOMWEMHA IPOCTPAHCTBEHHEIME KOP-
PEJANHAIME N5, MeXy coboit | ofespasmepHBas NepeMERHEIE AU TETPHPOBAENI:

it = & V)25 i e 7 % exp (i (ix02 - 2 [T (%) ) )},
et AN (2 [ e, {2 8 ()

z? T
(34)
3mecy I;i(t) = fidr(t — 7)K;{r), I(x,t) onpenensercs xax I;(t) npu ycinommu, aTo j —
COVMH ¢ JoKasbHEM DoueM Ha seM Dz (z — Gespasmepsas wacToTa z = Ao, /D B (20)),
(...) 3mech o3mavaeT, TTO NPOM3BONKRTCA KORGHAI Y PALIAOHHOE yCPENEEHHEe ¢ PHKCHPOBAHHOK
BEJHTHHOA CTATHUECKOTO JOKATBLHOTO Mourf w, {X (w)) = f5° dwlp(w)X (w).

Hac unrepecyioT riapHEM 06pa3oM [IMHHOBPEMEHHEIE aCHMITOTHKE (34) T.K. HaTH4He
MefseHHEO IYKTYAPYIOWUX OBbeKTOR, M yyeTa KOTOPHIX MBI W TIPEAIPHHIIN HCCHE0-
BaHHS ITOTO pa3lena, HaudHaeT CKasnBaTbcs ba nosenenud pyskrun CCH mvenno ua
GoNbIMIEX BpPEMCHAX.
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DI 2
B srpaxenny nnsa G3(t) » (34) ocroro# BKNan B BENHUMEY <<e‘—¢iy > > [AIOT Te
cl w

KOHQETYPATKY ¥ YaCTOTHI, A/IS KOTOPHX J; MUHMMaNbHO, T.€. KO CIMH, HOPOX NAKOIAM
¢yHxknmo I; BHaxomuTCA B DEHTDE JUBWH. Y AeNbHKIE BeC TakHX KOHQHrypanuit mopsiaxa
e/IMEMIL, TaK 9TO aCHMITOTHEKa MHETerpana B (34) s Bupaxesns nng G3(t) Taxas xe xax #
B (22). Harerpan b cxofkax B Beipaxernn (34) nng G5(t) upm BospacTanun t y6rBaeT, 910
BHA/IHO yXe€ U3 TOTO, YTO y4eT MEMJEHHLX 00bexT0B BeleT K 3(pPeX THBHOMY yBEJIHYECHHIO
I(t), a 3o ycxopser ybribange paccMaTpuBaemoro murerpana (cm. (23)).

Has onemxu <<\/1j(t)>c>w 3aMETHMM, 9TO, BHOCE KOHQUIYPalHOHHOE yCPEeOHEHEE IOf
3HAK KOPHS, MBI TOJIBKO YBEINIUBaeM 3Ty GYHEKIHIO (aCAMITOTHKA [0 ¢, BOPOIeM, OCTAETCS
TO# ¥e, 9TO ClefyeT, RANPEMED, W3 PABHOMEPHOH [0 W OTPaHEYEHHOCTH OTHOCHTENHHOM
nuctepcny 7.(w)). T.o.,

STV~ [ et dr( - e
({Vi0) ), ~ [ dretny ]

Hcnons3ys (29) » (31), waitnem, 9T0 OCHOBHOW BKJajl B aCHMITOTHKY 1o ¢ JaeT o6IacTb
GONBITAX W, a IWAMHT TO CAAraeMoe B HokasaTene (e 7)., KOTOpoe CBA3aHO ¢ WeTLIpeX-
CIIHHOBBIM mponeccom. B pesyabraTe mpu Dt — oo

<< I_,-(t)>c>w ~ Kv/Dilo Dt, (35)

K — xoucranra, K > 0, ipuuem BhLIX0M Ha 3Ty aCMMITOTHKY IPOMCXOTAT UpH t/7, > 101
®3-3a MelNeHHoCTY yOonBaBKs Gynkunz (Kom(t)).. Jo aroro «‘Hj(t))c).ﬂ ~ Dt.

U3 #3A0XKEeHHOTO SCHO, YTO Ha OYeHb GOJIRUTEX BpeMeHax nosenenne Gr(t), G3(t) 6ausxo
k (23), (27), a A2 cpenawx BpemeBax OOIIMI SKCIOHEHUAAILHBA MEOX HTeILh 9TUX GYHKUAHA
cnajgaeT NPAMEpHO Kak e‘D‘, T.e. BLICTpee YeM B MOJIeSA NOCTOSHHOM CKOPOCTH GJaYyKTYy-
ammit. OQTCiofa clenyeT, 9TO Ha MANLIX M cpenHWX Bpemerax noseneuue () mensoxo
ONHACHIBaETCE MOOENb0 AHNEPCOHA M JUIEL B Npefelie oJeHb COJBIIMX BPEMEH CTAHOBHT-
cL KODHEBOH skcnoserTod. (OTMETHM 37eCh Xe, 9To Kak BHAHO M3 (34), nis Hanw9ms
OCOHJUISIEE B CETHAJE Ilap JOCTATOYHO NPECYTCTBHA B JOKAJIHHOM HOJEe NePeMeHHO# CO-
cTasnmiomed co CKOpocThIo duyxryaluii - ~ D[4, EMEHEO OHa M OUpENEIAT XapaxTep
9THX OCHHMIIME. DTo CBA3aHO C TeM, 9TO OHH BOJHHKAIOT KaK CJAEHCTBHE KOHGMDUIYDAIH-
OHHOIO yCPE/IHEHHs ABMXEHEH B NPOCTPAHCTBEHHO-OI'PaHMYEHHLIX Tapax, 4 BHCIIHAL MO
OTHOMIEHHIO X Nape cpeja obecnesusaer mororonHoe 3aTyxanue CCH m mopasnenve sxia-
Ja B HErO BHYTPHOAPHBIX [BAXEHUN, Tem Golbliee, YeM MEHbLIIE B CO3JABAEMOM €10 [IOJE
nods huryk ryupysowero. Yem 6nicrpee uykTynpyeT curH, TeM McHbe ero Bxaan 8 CCH.
Kaxnuit cien B orpanmdeHHOM obbeMe Kak 6w “pasmadan” IO HPOCTPAHCTBY M BKJAL
ero 8 CCH oupepenseTcs ‘reéMi y4acTKaMu, KOTOphle JAI0T MAHEMAJILHLIH BKIal, BKJAL
OCTANBHHIX YI&CTKOB OBICTPO 3aTyXaeT. ITO — chemdbHuecKnii dddexT HeperyAspHOR
cucTeMsl. Yem fanblue COMHLI OT TOYKHM, Cfe HabMOfaeTcs Hofle oT IHX, TeM OoJiblie Be-
POSTHOCTL NONBIEHES CPEIX HEX TAKOI'0, KOTOPHIH [1aeT MCIIEHHO QIYKTyWpYIOlee Tioje
u3 fonpmel YacTH OBNACTH CBOe# pPasMa3KH, YTO ONPCHEIMT CKOPOCTb 3aTyxamus G(t).
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OTo B IPHBOJHT K PasIU4HIO BIMAHUA pasbpoca ckopocTeil GaykTyallHil B CHCTeMeE Ha 3d-
¢dexT 3aTyXaHHS, CBA3AHHELIA C RauydeM 6ECKOHEYHKIX PACCTOLHEK B 3DEeKT OCIAIIIANHH,
CBA3aHHHIH C KOHEIHLIMA PAaCCTOAHMAME.

6. Omenxa BKJaja KJIaCTEpoOB BHICIIMX P2HTOB B KOPPEIANHOHELE QYHKIIHH.

Tlposenenre BrraACHenni B GolNee BEICOKOM NOPAMKE KJIACTEPHOIO pasioXEHAL (Bhe-
JieH¥e TPoeK) He UPUBONMT K M3MECHEHHMIO Pe3yJbTaToB, 10 KpaiHedl Mepe IpH HAJIAYME B
cucreme GuyKTyanmd JNoKadbHEIX mosed. [edcrBurensno, cpaumBas (5) m (20), Buanm,
4TO BhHIpaXeHHe NJf QYHKIRY crafia CBOGOMHON WHJIYKTIHA OT TPOEK MMeeT BHII

G3(t) ~ e WDVIC2 / dFlszcos%A..ltcos i—A,,texp{—C / dq*e-x“—sf‘if} + (36)
9

€Voryry

rpe Vop,r, — 3alipemenHbtii 06heM TPOWKH CUMHOB. Y YMTLIBAS, 4TO
- —3 42 - D 42 - _ 3 A2
20/ dge~ 44! > C’/ dge 16A°I+Cf dge 184!
9€Vor; v, 9€Vor, 9€Vor,

ToJY4aeM II0CJ€ 3aMEBRI IEPEMEHBRIX

YAk
3 —%D\ﬁ / - (§ E) _ = "164a27
Gilt)<e [C dr cos n A,2 exp C-/quur dge .

Bripaxenue B KBanpaTHLIX Ck06KaX ecTh HETerpat B Gopmyre mid G2 B (22) ¢ TogrOCTHIO
Ho 9AcIOBoro kosddummenta ¢ 3amedoit ¢ — 1/2, 7. — 7,/2 npu t — oo. Ho ms (25), (26),
(27) u mocrepyomnx dopMy.1 B Kouue pasjesa 4 ACHO, ITO ACAMIITOTHKA >TOr0 HHTErpaja
e'ﬁ‘/D_" rne B > 0 ca6o 3aBucHT oT 7. T.0., G3(t) ~ G’g(t)c“’(‘ﬁ”)m ¥ B INEHHOBPEMEH-
HOM Tpefere BKManoM TPoeK MOXHO npeﬂeﬁpe‘n:. HCI]OJIBSOBa.HHe BHpa.erHﬁ HacTog1mero
paspena nus GF(t) ne menseT aToro BuBona. PaccyXaeHMe OKa3HBAETCE HEBEPHEIM TONLKO
B CJIydYae HOJHOTO OTCYTCTBAS QUYKTyaumit B cAacTeMe. 1Orfa OTCyTCTBYeT 3aTyXaHHe 3a
cYeT ycpeqHeEns BHY TPHKAACTEPHBIX JBHXEHAI 10 KORPUIyPANELM |, KaK BHLHO A3 CpPaB-
rerms (20), (24), nopsnox k xuactepHoro pasnoxerus gaeT crenersb (Dt)¥ mepen ocrosmoi
axcomentoir ¢~ V*P! u Bce TODAOXH B HEJOM MOTYT IIPUBECTH K LEPEHOPMHPOBKE LIOKa-
3aTelis 3TOH JKCIOHEHTH!, 9TO €CTECTBEHHO, €ClIH BCUOMHHTL, 9TO B 9TOM CIy4ae TOYHA
moneas Amrpepcora ¢ G(t) = e~ Dt

C npyro#t CTOPOHHI, IPH MAJLIX H CPEMHEX ¢ BKJaZ TPOEK HONaBJER MX MaJiof KOHIEH-
Tpanmeil [3], Tak 9TO WX yyeT B GYHKIHMA (OPMLI JHHAH Pe30HAHCA MOXET CKa3aThcd B
BHJE YKMCJIOBOK NONPABKH K K03Q)HIHEHTY B ACAMITOTMUKE Lap HA [ajleKOM Kphllie, HO TaM
BOOGINE CYMIECTREHEH TOABKO (PAKT UCIEPIAHHS KPHLJIA JHHEA KJIACTEPAMH, ITO [OCTHTA-
ercs yxe npsa k = 2. Jleso B ToM, 9TO DpoCTpPaHCTBEHBHI kKoppeaatop (Z;(r)Z1(0))., xak
BraEO #3 (6), paanaraercs B pan no r B npeneie [JCC, npwdeM yBenndyeHne MaKCAMAalb-
HOTO PAHTa KN4aCTEpOoB k TPUBOMMT K M3MEHEHHIO YHCJIOBHIX KO3((WIHEHTOB JEHOB ITONO
psfia, IO Mepe pocTa k 3TH Ko>(xpHIMEHTH BCe MeHbule MeHsIOTcH. IloaTomy xapakTep
BLICOKOYACTOTHOM ACUMIUTOTHMKHA MaCCH! MPH YBEJHYEHEY k OCTAeTCH IIPEXHAM.
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7. JarmoueBse

B nanuoit pabore npoBesied KOIMYECTBEHERIH AHAJIM3 OCHOBHOM IPO6IEeMEI TEOPHH (Y HK-
nee $popmp agand # CCH s npocTpancTBeRHO-HeperyIgpHOR CIMHOBOE CHCTEME Ha OCHOBE
TOYHO pelNaeMOd Mofend AHMEPCOHa M NPUBIHKEHHS HOPMAJBHOTO CJAydalHOTO Mpolec-
ca Ui JIOKAJIbHRIX TioJelt. B mpenene MenneHRRIX ¢uykTyamwi o6a TOAXON2 NPAKTHYECKH
COBIIafafoT. PasBETHAe METONOB KJIACTEPHHX Da3JIOXCHEH IO3BOJHJO IIOKA3aTh, 410 pe-
ryngpHAS NPONefypPa BHINENEHNS CHILHO B33aBMOMEHCTBYIOIIMX T'PYIIN CIMHOB H3 CHCTEME!
OPUBONET K ANEKBATHOMY ONMCAHHIO ABJICHUH, NPHYEM NOCTATOUECH YXKE€ BIOPOH LOPSIOK
PasJOXeHHUs, T.K. TPeTHA NPUBONUT JHMIL kK HEe3HAYATEILHOH NOmpaBKe.

BpeMEHBHe Q)JIyKTya.an COMHOB Ha KpLUIE JAHAKA TIOTJIOIDEHHH obecneyrBaloTCs B
OCHOBHOM YeTHIPEXCIHHOBEIM [IPONECCOM, BOSHAKAIOIIMM BO BTOPOM HOpPsA/IKE TEOPUH BO3MY-
MeRAid, IPHYEM COOTBETCTBYIOMAas GYHKIME KOPPeIsnEM JOKaJbHOro Hois ybrBacT 3Ha-
JHTELAO MeJJIeHHee, 9eM GYHKIAN OOK9HO IPAMenseMble JJIf OLACAHUSE TaKUX POLECCos
B DPOCTPAaHCTBEHHO PeryifpEEX cpegax [18]. B cucTeme cymecTByloT BechMa MenJsieHHEE
(IyKTyal®u, OHM He [alOT CYNIECTBEeHHOTO BKJAaa B IJAHHOBPEMEHHLIE aCUMITOTHKHA W3-
32 CBOEIO MaJIOIO0 CTATHCTHYECKOTO BECa, HO TIPHBOAST K CHJBLHOMY 3aMe[JIEHWIO BHIXOMa
H4 acCMMUTOTHKY, B pesyabTare dero nosRas ¢ynxknus CCH cucTeMsl Ha 3HAYMTENLHBIX
BpEMeHax MOXeT OLITh ONHMCaBa MOMENbIo AHIEpCoHa.

Mui cuuTaeM JaHHLIA pe3ydbTaT BeChbMa BaXHEIM ¥ HETDHBHAJILHHIM. [leno B TOM, YTo
OGLIYHO B COMHOBOM KHHETUKE OPOCTPAHCTBEHHO DErYJSPHLIX CHCTEM JOPELUEBa JHIML
BOSHEKaeT B IIpefielle MAJLIX BPEMeH KOPDENSIHH, T.e. GLICTPLIX GIYKTYalnui JOKaJIbHEIX
noJed. JTO yTBEpXKIeHAE CIPaBEAJHBO TOYTH IpH J06OM THIE B3AHMOLEHCTBHSA H JIOGOH
PasMepROCTH TPOCTPAHCTBA. B MarAmTOpasbaBiIeHELIX CHCTeMaX @ B Momea# AHiepcoHa
MeXaHH3M DOSBJERHA JIOPEHIEBOH JTHHANH COBEPIIEHHO MHOM. 3fech, Hao6opoT, 6eCKOHEeTHO
6oJbEIoe BpeMsl pelaKcallii B JOPEeHLeBa JIEHMAS [0S BIISETCS TOALKO CIH B3aUMOIeHCTBHEE
cmagaert ¢ paccrosH®eM kak 1/r?, rie d — pasmepuocrs mpocTpaBcTBa. Y3BecTHO, YTO
IpH CYXEHHH IBUXEHHEM JOPEHIEBa JMHHMi: HE MONH(HUIMPYETCH,ECAH HBHXKEHUE MMEET
XapakTep HEKOPPENMPOBANHLEX CTOJNKHOBEHMHA. B NefiCTBHTENLIOCTH BpeMeRuLe PIyKTya-
WA JIOKaNBHEEIX II0Jed IHaJKKe ¥ TO3TOMY aleKBaTHOCTH Monien¥ AHIEePCOHa [ HeMAJILIX
BpeMeH ynEBETeabHa. Ilpu 7, = 4/D oramame ABK oT Monmenn AnpepcoHa npd pacdere
G(t) mocturaer 20% npu Dt = 3 u 50% upr Dt = 5. OTciona cllenyeT Heob6XOMEMOCTE
6osiee COBEPUICHHEIX MOfesiell TPH ananu3e 6oJiee TOHKUX OCOBEHHOCTEH PACCMATPUBAEMELX
CHCTEM.

Bousee mpocTas Momess, deM KCIOJIb3yeMas HaMH,COCTOHT B IPENNOJOXEHHE, YTO HOJe
Ha KaX[IOM CHFMHE MOXET OLITh AUNPOKCYMHPOBAHO HOPMAJLHLIM CJly4YadHBIM [IPOLECCOM,
[pPHEIEM OT KOBGATYPallMi 3aBACHT TOJBKO BTopolt MomerT [3]. Jlng CCH npu aTom noxy-
qaercadp G(t) = exp{—\/gD‘/ZI (t)}. B npenene MemneHHEIX QAYKTYAUNE ITOT PE3YIbTAT
YIOOBJIETBOPATENLHO COrIacCyeTcs ¢ MOAelbio AHIepcoHa, oHaKo B cily4ae peamuCTHIHLIX
7. Ha CPEIHEX BPEMEHAX Pe3yJbTaT 3TOH MOMIEJNH CHILHO PACXONMTCA C BLIBOAMH KJA2CTep-
HOIO aHaJlW3a, KOTOphle ropasno bJmke X pe3yabraTy AHJEpCcoHa U B 9TOM Cllydae.

GyHKIUH QOPMB! JIMHUM, LIOJYYeHHAE B IPUOIHKERENY HOPMAIbHOTO CAYdaiHOTO Ipo-
mecca, IPaKTUYECKH COBIAMAIOT C TAKOBLIME B MOLEJIH AHIEPCOHA.

lonwas ¢dysxmus CCH sxcnonesnraninHa Ha MaJhIX B CPEHKX BpeMeHaX U CTanoBUTCS
KODHEBOH JKCIOHEHTOH Ha GOJIBbUINX, NpHYeM BPeMS BHIXOAa HA aCHMIITOTHKY CYIIECTBEH-
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HO CBS32HO C BHIOM KODPEJISIHMOHHON QYUKOHH JNOKAJILHEIX HOJEH OT CaMBIX MEAJEHHEIX
OGLEKTOB B CHCTEME.

Cymectryomue Teopur CCH He npereHnoBany 1a onucaine €10 HA CPeaBux ¥ 6O0lb-
max Bpemenax. [lpoBenennoe HaMH PacCMOTpeHEe faeT npenckasanue nosenenus CCH
DpakTHYECKH Ha BCeX BpEMEHAxX, 4TO [eJaeT BO3MOXKHON 3KCNEPHMEHTAJbHYIO IPOBEPKY
aNEKBATHOCTH HAUYEH MOLEJIH PealbHLIM OPOLECCaM B HU3KOKOHUEHTPUPOBAHHOH CHUHOBOX

CHCTEME.

- 12 3 4 5
A/D

Prc. 1. KaactepHoe pasnoxenuae oyaxuan Gopmel nunuy. Crua 1/ 2.

1w
1—g (AL

2c/
2— 94 {A)DL:

2df
3—golA)DL.

- 1 2 3 4 5
A/ DL

Puc. 2. KaacTeproe painoxenve GyHKIEA GopMul AMHKA. Kiaccaeckwi mpene.
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Prc. 3. Knacreproe paznoxenue Gysxnuy GopMmul suagu. Bpems xoppensnna 7. = 4/D.
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Puc. 4. Kunacrepuoe pasnoxenme CCU. Bpems koppensmum 7. = 4/D — 1, Mogean
Anpepcona - - 2. a — HOJIHHIA CHTHAJ, b — CMTHaR OT map, ¢ — CHTHAJ OT Macchl.
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