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1 Bsenenue

BaxxHeliweii xapakTepuCTUKON NpoLecca CTONKHOBEHNS YacTuL, ABasieTcst audde-
peHUManbHoe ceyerne paccesHus. VIMeHHO oHO 0DbIYHO OmMpeaensieTcs B pesynbraTe
sKCnepumeHTanbHoro uccneaosatus. C apyroii CTOPOHbI, BaXKHeLWER XapaKTepucTun-
KOli TEOpPEeTUYeCKOro UCCIefoBaHMs NpoLecca CTONKHOBeHUS aBnasieTca I-maTpuua
Ha SHEpPreTUYecKol NOBEPXHOCTU. B3anmocBa3b 3TUX XapaKTepUCTUK CyLLECTBEHHO
3aBNCUT OT 3KCMNEPUMEHTANbHbLIX YCIOBUIA NPUTOTOBAEHUS NyYka bombapaunpytoLnx
4acCTWL, W HaCTUL, MULLEHN, a TaKXXe OT CBOCTB CUCTEMbI ETEKTUPOBAHUS NPOAYKTOB
peakuum.

Mbi byaem ncnonb3oBaTh chaeaytoulee onpegenenne anddeperLmnansHoro ceyve-
HUS:

dof 1 NI, (AQ)/N
—— =~ lim , (1)
ds) n AQ—0 AQ)

rae N7, (AQ) — KonmyecTso 4acTuL-NpoayKTOB peaKLui, 3aperncTpupoBaHHbIX ae-
TekTopamu B aneMenTe A) UMNyAbLCHOrO MPOCTPAHCTBA BbIXOAHOTO KaHana 3 pe-
akuun; NS — KOAWYECTBO 4YacTUL, My4ka, MOMNABLIMX HA MULIEHb BO BXOAHOM Ka-
HaNe (v 32 BPEMS SKCMEPUMEHTA; I — KOANYECTBO YaCTUL, MULLEHU, NMPUXOAS LIMXCS
Ha eguHuuy naowagn naockoctu I, nepnengnkynsipHoii ocu nyyka (noBepxHOCTHas
nnotHocTb Muwenn) (puc.1). MNpu 3ToM NpeanonaraeTcs, 470 MULIEHb OAHOPOA4HA U
nmeeT DUKCUPOBAHHYIO TONLLMHY B TOA 4acTu, KOTopas 0bly4aeTcs ny4KoM.

Puc. 1: B3aumHoe nonoxerune muteHn n nyydka bombapampytowmx 4actuy. 3awTpu-
XOBaHa 4acTb MuLleHn, obayvaemasi My4KoMm.








v
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Onpegenenne (1) gndpcbepeHumnanbHOro cedeHmns SBaseTCst ODLLENpPUHSATLIM Y IKC-
nepumenTaTopos [1]. OHO HECKONBKO OTNIMHAETCS OT TOro ONPEAENeHNs, KOTOPOMY
obbivHO cnefytoT Teopetuku [2, 3, 4, 5, 7, 8]

o 1 J0 L (AQ)
“o — Qi Jew\2Y)
dQ jo A0S0 AQ-N 2)

theor

rae Jo,(AQ) — noToK NPOAYKTOB peakLwi, BbNETaoW X B sneMeHT AL nmnynsc-
HOrO MPOCTPAHCTBA BLIXOAHOTO KaHana 3, j, — NA0THOCTbL NoToKa bombapanpytoLwmnx
yactuy, N — noaHoe KONMMYECTBO HacTul, MULeHn, obay4aembix ny4KoM.

Onpegenenne (1) siensieTcs bonee obwmm: oHo coBnagaer ¢ onpegeneruem (2) s
TOM 4aCTHOM C/lyHae, KOrfa MiOTHOCTb MOTOKaA j¢, NajatoLynx HacTuL, OAUHAKOBA MO
BCEli MJOWAAM MULIEHN U NOCTOSIHHA BO BPEMEHN.

Llenbto HacTosiLel paboTbl siBasieTcs BolducaeHne anddepeHunanbHoro cedeHus
cornacHo onpegenenunto (1) B pamMkax HeCTaLMOHapHON KBAHTOBON TEOPUN CTOJKHO-
BEHNIA.

2 Omneparop paccesHust S

PaccmMoTpuM 3neMeHTapHbIA NPOLECC CTOSIKHOBEHMS
a+b—14+2+---+ N, (3)

B pe3ysibTaTe KOToporo obpasytotcs N CBODOAHbIX 4aCTuL, KOTOPbIE MOTYT PErUCTpu-
POBaTbLCS [ETEeKTUpYyloLleli cncteMoir. BxoaHolt kaHan aToro npouecca obosHa4um
OyKBOWi v, a BbIXOAHOI KaHan DykBoii (3.

Bynem npegnonarats, 4to BekTop [1)(t)) COCTOSHMS CNCTEMbBI B MOMEHT BPEMEHN
t ynoenetsopsieT ypasHeHuto LLlpeannrepa

d
) = Hp@), =1, (4

roe H — ramunbToHMaH cuctembl. Ecin H He 3aBUCKT ABHO OT BPEMEHW, TO BEKTOP
COCTOSIHUS B MPOW3BOJIbHbIA MOMEHT BPEMEHU MOXHO MpPeACcTaBUTb B BUAE

[9(8)) = U(t, o) [(t)), (5)

roe
U(t, to) = exp(—eH (t — 1o)) (6)

— onepaTop 3BOJIIOLNN CUCTEMBI.
Bbibepem Hauano otcueta ty BpemMeHM TakumM 0bpa3om, 4TODblI B3auMomeicTeme
CTaNKMBAIOLMXCS 4aCTUL @ U b NpONCXOANN0 B HEKOTOPOI OKPECTHOCTY 3TOW TOYKY
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n nonoxum tyg = 0. Torga npn t — —o0 raMUIbTOHNAH CUCTEMbI MOXHO B35iTb B
BUAE
HY=H -V*, (7)

roe V¢ — onepaTop NOTEHLMANbHOW 3Heprun B3aUMOAEACTBUS YaCTUL, B KaHaje
Qr. DTO 3HAYUT, YTO Mbl NpeHebperaeM B3aMMOLENCTBMEM HYaCTUL, HAXOASLUXCS Ha
MaKpOCKONuU4eckom yaaneHuu apyr ot gpyra. CooTBETCTBEHHO Nput — +00 MOX-
HO npeHebpedb noTeHuManbHol sHeprueii V7 ssanmopelicTeus 4acTuy B BbIXOLHOM
KaHane 3 1 B35Tb raMuabTOHMAH CUCTEMbI B BUJE

H =H-V". (8)
Ncnonbays (5) npu ty = 0, nonyvaem

[ ()00 = exp(=tH D)5),  [¥(1))iio0 = exp(—eH )| Wou), (9

rae [1f) — coctosiHue, B KOTOpoe nepewna bbbl cuctema B MomeHTt = 0, ecan
6bi OCTaBanach B kaHane a ¢ ramunbToHmarom H®; [¢00,) — cocTosiHme, B KOTOPOM
cuctema bbina 6bl B MomeHT & = 0, ecnn Obl Haxogunack B KaHane 3 ¢ raMuibTo-
Huanom HP. Bynem HasbigaThb 1) )u qut> BXOAHOW W BbIXOAHOW G.CUMNMOMAMU B
kaHanax « n 3, cooTeeTcTBeHHO. Ka)kaas n3 HUX OfIHO3HA4YHO ONPEAENSeT UCTUHHOE
coctosiHue paccestus |Y(t)) B noboi momeHT Bpemenu. [JelictutensHo, u3z (9) u
(5) nmeem
exp(—tHE) () = exp(—tH DL,

exp(—1H1)[1(0))s 100 = exp(—2H 1) [0,,),

OTKyZa nony4aem

[9(0)) = |5 = 02 v, (10)
rAe BBEAEHbBI MEAAEPOGCKUE BOAHOBBE ONEPAOpPYL[T]
QL = thgl exp(tHt)exp(—1H"t), ~v=a,p, (11)

KOTOpble OTODPaXKAtOT AaCUMMTOThbI HAa NCTUHHOE COCTOsHME cncTembl npnt = 0. U3
(5) n (10) HaxoanMM BEKTOP COCTOSIHUSA B MPON3BOJIbHbI MOMEHT BPEMEHMU

[(1)) = exp(—tHt)[1b(0)) = exp(—tHE)QG[45,) = exp(—eHDQ [y,).  (12)

Bce 311 BekTOpbI ONNCBIBatOT (PU3NHECKE COCTOSIHIS, @ MOSTOMY MPUHAAIEXAT Npo-
cTpaHcTBy Lo KBAAPAaTUHHO WHTErprpyeMbix PYHKLNIA.

JTtobyto acuMnTOTY B KaHaey B KOOPAWHATHOM MpPeACTaBIEHNN MOXHO 3anncaTh
B BMAeE

gsymp(') = CI)W(FM FQ? s 77?717) l:ilgb;y(fz)X?(O-?)a (13)
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rae {7;}i2; — KOOpAMHATbI LEHTPOB MacC N, YacTul kaHana vy, {&;}:~y — npocTpa-
CTBEHHbIE KOOPAMHATHI CYDHYaCTUL, BXOAALLNX B COCTAB KaXK Aol 13 CBODOAHbLIX YacTuL
kaHana 7y, {0;}:04 — ux cnuHossle koopauHaTel, {¢] (&)}, — BonHOBbIE dyHKUMY,
onuChIBalOWME BHYTpeHHee opbutansHoe asmxeHue ceoboabix wactuu, {x; (i)},
— CcooTBeTCTBYIOWME CnHoBble byHKUMM, OV (7,75, ..., 7, ) — dyHKLMS, ONnChI-
BatoLask CBODOAHOE ABMXKEHME LEHTPOB MACC 4acTuL B KaHanery.

HavyanbHoe cocTosiHue CUCTeMbl, B KOTOPOM CTajKWBAIOLIMECS YacTulbl a u b
HaXOASATCA Ha MaKpPOCKOMMYECKOM PacCTOSIHUW Apyr OT Apyra, Onpenensercs npo-
Leaypoii MPUTrOTOBNEHNS MyHYKa W MULLEHN U 3a[AETCsl BXOAHOW acumnToToMn [%)).
Tem cambim cornacHo (12) ofHO3HAYHO ONPeRensieTcs CoCTosHNe cuctemsl [1)(t)) B
MpON3BOJbHbIN MOMEHT Bpemenu t. Ecnn npoaykTel peakuun (3) npnt — +oo nog-
BEPratoTCsi HEKOTOPOI Mpoueaype namepenus (perncrpaunm), KOTOPOii MOXET ObITb
MOCTaB/IEH B COOTBETCTBME HEKOTOPLIN BeKTOP |((1)) = exp(—zHﬁt)\ngut>, TO MOX-
HO rOBOPUTb O BEPOSITHOCTW Mepexofa CUCTEMbl B pe3yibTaTe 3TOro U3MEPEHUS U3
Ha4YaNbHOTO COCTOSIHUS, 3ajaBAEMOrO BXOAHOW acCUMNTOTON |15 ), B KOHEYHOE COCTO-
SHMe, 3a/1aBaEMOE BLIXOAHON acuMNTOTOl |15 ;). AMnanTyaa sToro nepexopa ects

AW — ¥) = I ($(O)](1)) = lim (exp(—1H )| exp(—HE) Q4 5,) =

— lim (] (exp () exp(—H 1)) " Q05),
T.€.
Aot — U5) = (Wl S™05,), (14)
roe
S = Q%) e (15)
Ha3blBaeTCs onepamopom pacceanus[5] ns kanana a8 kanan B unn S-onepamopom.
MaTpuua onepatopa S Hasbisaetcs S-mampuuet.

3 IHHTerpajbl ABUKEHUA

Beegem umnyavcroiti ba3uc B KaHane Y B KOOPAWHATHOM MPeACTaBieHUN B Cle-
AYOLEM BUAE:

(ol inlmbin ) = TR lendton, (9

roe {p;}i2; — wmnynbcel cBOBOAHbIX YacTul, DyKBoii ¥ 0BO3HaYeHa COBOKYMHOCTE
BCEX OCTaJlbHbIX KBAHTOBbLIX YuCes, 3afatolinx DasncHoe COCTOsiHME B 3TOM KaHa-
ne. DTN BEKTOPbI SIBAAIOTCA 000DLEHHBIMY CODCTBEHHBIMU BEKTOPAMUN KaHabHOIO
ramMuabToHuaHa H"7

Hp,v) = E)|p,7), (17)
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roe
Ny

p={FY B = X+ (m])) (18)

n
— CyMMapHas NofHas 3Heprua B kaHane vy, {m;};” — maccel cBoboaHbIx YacTuu,
ONpefensitoLLne UX BHYTPeHHIOW aHepruto. BekTopsl (16) yaosneTopsiioT 0606LeH-
HOMY YCNOBUIO OPTOHOPMUPOBAHHOCTY

(p, 7P, ") = 040(p — p'), (19)
rae
op—p) = 25(@—@’)- (20)

Nokaxkem cneaytowee "cooTHowenne nepebpoca ans mennepoBckux onepaTopos
T — OV HY
HQL =QLH". (21)
IMeem ans NpoM3BONBLHOrO BELECTBEHHOMO NapamerpaT

exp(tHT)QL = exp(eHT) lim (exp(eHt) exp(—1Ht)) =

[t =00

= lim (exp(tH (7 +t))exp(—tH" (T +1))) exp(e H'7) = QL exp(e H'7),

|t|]—o00
T,
exp(tHT)QL = QL exp(eH'T).

NubdepeHunpyst 3T0 COOTHOLLEHWE NO T, NOAYYAEM
Hexp(HT)QL = QLH exp(t H'T).

Monaras 3gecs 7 = 0, nonyyaem (21).
MaTtpuua onepatopa S”® paccesnus B umnynbcHom 6asuce (16) cornacto (15)
MMeeT BUA

(p'B1S7|pa) = (p'BI(Q7) Q4 |par).

Ncnonbsys (17) n (21), nonyvaem otcioga ¢ ydetom spmutosocTn H n H”
By (/815" [pa) = (¢ B1(27) QL H  |par) = (p/BI(Q0) " HO |pa) =

= (PBI(HQY) Q¢ |pa) = (B HP Q)" Q|pa) = E){p'5]5™|pa).
CnepoBaTentsHo,

(ES — Ey) {1815 |pa) = 0. (22)

OTcrona cnenyer, 4TO MAaTPUYHBIA 371EMEHT paBeH Hynto, ecnn B¢ Eﬁ, T.e. ecnu
na cnepy p p y i

HE COXPaHSIETCS MOJIHAS SHEPTUS B NEPEXOAE MEXAY HAYAJIbHbIM U1 KOHEYHbBIM COCTO-
sHusmn (npn t — £00).



[lockonbky BCe B3aMMOAEVCTBUS B U30JMPOBAHHOW CUCTEME 3aBUCAT TONbKO OT
OTHOCWUTENbHBIX KOOPAMHAT HacTul, raMuabToHMaH H sBNSeTcsa TpaHCASLMOHHO WH-
BapnaHTHbIM. OnepaTtop NpoOCTPaHCTBEHHOIO CMELLIEHWSI HA BEKTOP 0 UMEET BUj

Tﬁ = eXp(_Zp_ﬁ))a (23)
rae P = >; P; OnepaTop NOJIHOro umnynbca cucremsl. CrenoBaTensHo,
[H,T;) =0, [H,P]=0. (24)

N3 (11),(15) n (24) nonyyaem
(5% P = 0. (25)

Bbrancaum maTtpuuy 3TOro KOMMyTaTopa B UMMYJAbCHOM MpeacTaBieHnn
(0’81187, Pllpa) = (p'B|S*P — PS™|pa) = (P — P'){p/ 85 |pay).

Yuutsigas (25), nonyydaem otcroga

(P — P){p'B|S"|pa) =0, (26)
roe
- Na - "3
P=>%p, P=3p (27)
=1 i=1

— MOJIHbIE UMMYbChl B HaYalbHOM U KOHEYHOM cocTosiHusix. CnegoBaTenbHO, mMaT-
PUYHbIA 21E€MEHT paBeH HYJIO, €C/IN He COXPAHSIETCS NOJHbIA UMNYNbC B 3TOM nepe-
X0Je.

4 Omneparop nepexoga 7 u T-marpura

Bbigenss us onepatopa paccesiHust S eAvHUYHbIA onepaTop I, COOTBETCTBY LI
OTCYTCTBUIO pacCesiHnsl, BBOAUM onepaTop /R C MOMOLLbIO ClefyOLLErO OnpeaeeHns:

S =1-2mR. (28)

Mockonbky R yAOBNETBOPSIET TEM XKE KOMMYTALMOHHLIM COOTHOLIEHUSIM, 4TO.S, NC-
nonb3ys (22) u (26), nony4aem ero MaTpuuy B UMMYNbCHOM NPEACTAaBNEHNN B BUE

(P BIR™|pa) = 8(Ey — E;)S(P' — P){(p/B|T™|pa), (29)

roe BeeaeHa Matpuua (p'3|T7%|pa), onpepenennas Tonbko Ha arepeemuueckoti no-
BEPTHOCTIA, T.€. TONBKO ANst Tex Ba3NCHBIX BEKTOPOB, KOTOPbLIE COXPAHSIIOT MOJIHbIE



sHepruto u umnynbc. Yuntoias (19) n (29) , nony4aem matpuuy onepatopa pacce-
aHua S B Buge

(/8157 [par) = 8pa0(p — 1) — 2mid(Ey — Eg)S(P' — P)(p/ 81T [par).  (30)

B teopuu paccesiius [8] nokassisaetcs, uto matpuua (p'B|T7%|pa) moxeT BbiTh
BLIYMC/IEHA C MOMOLLBIO COOTHOLLEHMS

WBIT ™ [pe)d(P' — P) =lim(p/ 51T (Ey +12)|po), (31)

roe
T2) = VO+ V(2 — H) 'V, (32)

H — ramunstoHuan cuctemsl, V& — noTeHunanbHas SHeprus B3anmoneincTems va-
CTUL BO BXOAHOM KaHane o, V'’ — noTeHunanbHas sHeprus B3anMonelicTeus B Bbl-
XOOHOM KaHane [3, z — KOMMJeKCHasi nepemenHas; o-pyHkums B (31) Boipaxkaer
COXpaHEHMe MONHOrO UMNYALCA P CCTEMbI, YTO SBASIETCH NPSIMbIM CNEACTBAEM pa-
senctea [77%(2), P = 0, BuiTekatowero u3 (24) u (32).

Onepatop 77%(2) HaselBaeTcs onepamopom neperoda [5] s kaHana o B KaHas
B wan T -onepamopom, a matpuua (p'B|T7%|pa) nassisaetca T-mampuuet

5 Brerunciaenne nudgdepeHnunaabHOT0 CeIeHNIsI

Ons Bbiuncnenns anddepeHymnanshoro cedenns no dopmyne (1) Hago HaiiTk
W = NI, (AQ)/NE, (33)

JTa BeNMYMHA VMEET CMbIC/ BEPOSITHOCTM Mepexomna CUCTEMbl U3 BXOAHOIO KaHasa
a B anemMeHT A UMNYJAbCHOrO NPOCTPaHCTBA BbIXOAHOIrO KaHana . DTOT npouecc
obycnosnex B3anmMogencTenem bombapanpytouweid Hactuusl co scemn temun Np va-
CTULAMV MULIEHU, KOTOPbIE HAaXOAATCA B 00/1aCTV NPOCTPAHCTBEHHONR JIOKaM3aLMm
nyykogoit YacTuubl. [NpeHebperas Bcemn acpdpekTaMy KOrepeHTHOCTM B NpOLIecce pac-
CEeSAHNS HA Pa3/NYHbIX YacTULAX MULLEHW, NOJYYaeM

Nr
WP = 3" wh (), (34)
=1

rae w’?(p;) — BepOATHOCTbL NepexoAa 3a CHeT B3aUMOAEHCTBIUS MyHYKOBOW YacTULbI
C YaCTMLEl MULIEHN, CPeAHEE 3HAYEHNEe KOOPAMHATBLI LIEHTPa MacC KOTOPON aaercs
BEKTOPOM ;.

[ns Bbiuncnenns w”(j;) BOCNONBL3yeMCS OCHOBHBLIM MOCTYIaTOM KBaHTOBOM Me-
xatukn ([6, 2]), cornacHo KOTOpPOMY BEPOSITHOCTb TOTO, 4TO (hM3UHeECKast BENNYUHA
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F' B cocTosiHum, onucbiBaeMOM CTaTUCTUYECKM ONEPATOPOM P, IEXXNT B UHTEPBANE
A, naetca dpopmysoi
Prp(A) = Sp(pTTp(A), (35)

rae I1p(A) — onepatop npoekTMpPOBaHUS Ha UHERHOE NPOCTPAHCTBO, HATSHYTOE Ha
cobcTBeHHble BeKTOPSI | F;) apMnToBa onepatopa F', npuHagnexaujne cobCcTBeHHbIM
3HadveHnsam F; € A | Te.

rp(A) = FgA |E3) (Fil. (36)

Mcnonb3ys nponsBosbHbI OpTOHOPMUpPOBaHHbIA 6asuc {dx}o ;, nonyyaem

Pre(A) = 3 (oxlplTr(A)|or) = 3 (dxlpl X |E)(Eillléx) =

k=1 k=1 FeA
= Y S (Bl rlplFY = X (FlolF).
F,eA k=1 F,eA
T.€.
Prp(A) = 3 (Flo|F). (37)
FeA

Dopmynbi (36,37) NpuMeHUMBI TOABKO A5t (PU3NYECKUX BENYUH, ONEPATOPbI KO-
TOPbIX UMEIOT YUCTO ANCKPETHbIE CnekTpbl. Ecnu cnektp onepatopaF’ HenpepbIiBHBbI,
a YCJI0BUE MOJHOTLI ero 0bobLeHHbIX COOCTBEHHbLIX BEKTOPOB NMEET BUj

[dF|F)F| =1,
BMecTo (36) cregyeT ncnonb3oBaTh

Mp(A) = [dF|F)(F],

a smecto (37) nonyuum
Prp(A) = [ dF (F|p|F). (38)
A

Ecnu onepatopbl F' u G aByx pn3nmyecknx BENUYNH KOMMYTUPYIOT, CyLLIECTBYET
NOJIHBIE OPTOHOPMUPOBAHHbIT HAbOP X COBMECTHbIX 0DODLLEHHBIX CODCTBEHHbIX BEK-
Topos |F'G). Mpeanonoxum, 4to F' nmeeT HenpepbiBHbIl cnekTp, a G 4UCKPETHbIN
cnekTp. Toraa ycioBue nofHOTbI 3TOro Habopa umeeT BuA

[dF S [FG)(FGi| =1, (39)
a COOTBETCTBYIOLLNA NPOEKTOP MOXHO 3aNncaTb B BUAE
Mra(Ar,Ag) = [ dF Y |FG)FG. (40)
AF GiEAG



BeposiTHOCTb TOro, 4TO pe3ynbTaThl U3MepeHns dprsndecknx sesndnHl’ n G B cocrto-
aHun p byayT HaxoanTbes B uHTepBanax Ap u A, cornacto (35) paercsa dopmynoii

Pr(Ap, Ag) = [ dF Y (FGi|p|FG;). (41)
Ap G,€Ag

Obo3Ha4nM py CTaTUCTUHECKNIA ONEpaTop BXOLHOrO COCTOSIHUS CUCTEMbI B MPO-
ecce paccesiHus (3), Nog KOTOpPLIM Mbl OyZieM MOHNMaTb COCTOSIHNE CUCTEMbI B MO-
MeHT Bpemern t = 0 npu ycnosuu, 4to nput < 0 3BostoUNs CUCTEMbI NPONCXOANA
nog fAeiicteuem onepatopa exp(—1Ht), rae H® — raMunbToHMaH BXOGHOTO KaHaa
a. Onepatop H® onwncbiBaeT cBObOAHOE [ABMXKEHME YACTULL B KaHaje a, Npu KOTO-
POM COXPaHSIIOTCS BCE BEJUYUHbI 7Y,, ONEpaToOpbl KOTOPLIX KOMMYTUpytoT ¢ H*. B
4aCTHOCTW, 3TO WMMYAbChbl U MPOEKLUMW CMNHOB CTAJKUBAKOLWUXCA YacTUL, HA NpOUs-
BOJIbHYIO OCb KBaHTOBaHus. OnepaTop pg NO ONpeAeneHnto SIBASETCS NONOXKUTENBHO
onpeaeseHHbIM 3PMUTOBBLIM OMNEPATOPOM C €AMHUYHBIM CIEA0M, @ MO3TOMY MOXET
ObITb NpeacTaBieH B BUIE

po = ;W o |P7a) Pl (42)

rae [1.,) — KBaApaTUHHO MHTErPUPYEMOE COCTOSIHIE, XapaKTEPU3yEMOe HEKOTOPLIM
NOAHBIM HADOPOM KBAHTOBLIX Yucen v, W, > 0 — ctaTuctuyeckuii Bec coctosiHus
9+,.) B CMecu pg, npuyem

SW, = 1. (43)

CocTostus |10, ) nrpatoT posib BXOAHBIX aCUMNTOT [1)5), @ MOSTOMY WCTUHHOE
COCTOsIHME CUCTEMBI B MPOU3BOJIbHBIA MOMEHT BpemeHut cornacHo (12) moxeT bbiTb
NpefacTaBieHO B BUAE

p(t) = 22 Wi, |1y, (8)) (45, ()], (44)

Ve

[07,(2)) = exp(—1HE)QL |4y, ).

PaccmoTpum perncrpauuto npofykToB peakium C NOMOLLbIO AETEKTOPHOW cucTe-
Mbl, U3MEPSIOLLEA MMNYALC P; W MPOEKUNIO M; CMUHA Kaxkaoro npoaykta. Bee atn
BEJINYMHbBI COXPAHAIOTCS npu cBOOOAHOM ABvXKeHUK Yactuy. [ToaToMy nx pacnpege-

roe

NeHne B aCUMNTOTMHECKONR obnactu (t — 00) He 3aBUCAT OT MOMEHTa t BpeMeHu
n3amepenns. [poekTop 3toro nameperns cornacHo (9) n (40) umeer Bug

H(t7 {Az}{va {mz}{va 6) -

= [dpy [ &Ppa... [ d'py e p,m, B)(p,m, Ble™ (45)
Ag AN

Ay

roe
p={m}l, m={m}l,
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zﬁ/m m, B)(p.m, B d*p = 1.

DTOT NPOEKTOP COOTBETCTBYET U3MEPEHNIO UMMYILCOB CBODOAHBIX HaCTNL, C HEOMpe-
nenennoctamu {A; 1Y, TouHomy nsmepenuo npoekuunii cnunos {m;}’ n To4Homy
ONpeaeneHnto BHYTPEHHErO COCTOSIHNSA KAaXKAOTO NPOAYKTA PeakLnm, KOTOpoe 3ajaeT-
CSl KBAHTOBbLIM Yunciom 3.

Mogcraenss (44) n (45) B (35) c ncnonbsosannem (41), Haxo4UM BEPOSITHOCTb
YKa3aHHOTO pesy/ibTaTa n3MepeHnst nput — oo:

Pr{AN, {mi}), B) =
= YW, [ dpp,m, Ble™ | (O))1-oc (s, (B)e ™ |p,m, By oo, (46)

e A
/dgljz /d3p1/d3p2--- / d’py,
A

@7 m, B‘BZHﬁtWVa (1)) t—o00 = <B7 m, 5|62Hﬂt —HOY W}%)tﬂoo =
= (p,m, BS™[¢,,),
(W ()] p,m, B)1—oe = (¥1,](S7) F|p, 2, B).

3pecs 6bian ncnonszosabl cootHowenus (11),(12) n (15). CnegosatenbHo,

Pr{ANY Am 8) = [ d S om0 )W, (0, (57) Ip.m. 5)
2

rae

Ncnonbays (42), nonyvaem
PO i ) = [ @l BIS* (5™ pom 8- (4)

JTa opMysa SBASETCA 0a30BO AN BblHUCeHNs AU dEePEHLNaNbHOro CEHEHNS.

Cratuctuyecknii onepaTtop pgy BXOAHOTO COCTOSIHUSI OMUCHLIBAET CUCTEMY [BYX
HEB3aWMOAERCTBYOWMX YacTul, — ny4koByto Yyactuuy (B) n yactuuy muwenn (7)),
LLEHTP MacC KOTOpOWi IOKaNM30BaH B Touke pr. [1ockobKy 3TV YacTulbl NpUroTas-
JINBAOTCS B Pa3HbIX SKCMEPUMEHTAJIbHBIX YCTPORCTBAX, BCE NX XapaKTEPUCTUKMN B3a-
MMHO He3aBuCuMbl. [103TOMY py MOXKHO MpeacTaBUTL B hakTOpU30BaHHOM Buge [6],
T.€. B BUAE TEH30PHOIO NMPOU3BENEHNS ONEPATOPOB

po = pp @ pr. (48)

[MlockonbKy BHYTpEHHee ABUXKEHUE KAXKAOW N3 3TUX HAaCTUL, He 3aBUCUT OT ABUXKEHUS
LIEHTPOB MaCC, CTAaTUCTUYECKNE OMNEPATOPbI Y4aCTUL, MOXHO TaK e (haKTOpn30BaTh:

p; = pgcm) & pginner)’ i — B, T, (49)
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(em) o . (inner)
roe p; — CTATUCTUYECKMA ONepaTop LeHTpa MacC 4acTuubl i, p; — CcTaTu-

CTUYECKUA onepaTop BHYTPEHHErO COCTOAHUSA 4acCTuULbI .
HNanee npeanonoXuMm, 4TO KaXk[as 4acTWLA HAXOAUTCA B OCHOBHOM COCTOS-
HUW BHYyTpPeHHEero opbuTanbHOro ABMMKEHNA |aY), xapakTepuayemMoro CoBOKYMNHOCTbLIO

KBaHTOBbLIX Yncen o). Torpa L) Takoke MOXHO MPEACTaBUTL B thaKTOPU30BaHHOM
BUZE ‘ |
pgmner) _ pl(07'b) ® pgspm)’ i = B, T, (50)
rae
™" = lad)(a?] (51)
— CTATUCTUYECKMT OnepaTop opbUTaNbHOrO CocToAHNs YacTuusid, pi "™ — ctaTu-

CTNYECKNiA onepaTop ee CMMHOBOro cocTosiHus. Moactasnsisi (50) 8 (49), nonyyaem

pi = pl(-cm) ® pl(-orb) ® piFm, i=B,T. (52)

7

[ns npoCcTOTHI MPEANONOXNM, YTO COCTOSIHUS ABUXKEHWUS LLEHTPOB MACC SBASIOTCS
HUCTBIMU U OMUCBIBAIOTCS BEKTOPAMN |a;), T.€.

pi™ = lai) (ail. (53)
ObozHauum Gp(T) BoNHOBYKO (BYHKLMIO LEHTpa Macc ny4koBoll Hactuusl B B
KOOpAMHATHOM npeacTaBnerun, a Gp(7) BONMHOBYIO (DYHKUMIO LEHTPa Macc 4acTuupl
MuweHn T B TOM e NpeAcTaBaAeHUn, Npeanonaras, 4To obe YacTuLbl JOKaIN30BaHbl
B OKPECTHOCTW Hayana koopanHaT 7 = 0.
®yrkunto Gi(7),7 = B, T MOXHO B34Tb, HanpumMep, B BUAE

G (1) = (7r52)*3/4 exp(—1?/(26%)) exp(1{q)T),

roe v — KOOpAMHAaTa UeHTpa MacC YacCTuubl, 52 — Ancnepcns KoOopAnHaTHOro pac-
npeaeneHuns, (cj} — CpeflHee 3HayeHue MMnynbca. ITa PYHKLUS HOPMUpPOBaHa Ha
eanHNnLY

[1G()P d*r =1,

a napametpbl d n (¢) OnpeaensatoTCA Npoueaypamit MPUroTOBIEHNS MYYKa U MULIEHN,
B umnynscHom npencrasneHnmn BonHoBasi (YHKLUS STOrO COCTOSIHUSI MPUHUMAET
BUA,

(@) = (2m)Y2 [ exp(g G P = (5/ V) expl(— (7~ (@)7). (54)

BonnoBas dyHKUMS 4aCTULbI-MULLEHW, JIOKANN30BAHHOW B OKPECTHOCTW TOYKM
pr, nonydaercs n3 ar(q) ¢ nomowbto onepatopa (23)npocTpaHCTBEHHOrO CABIra

a5 (@) = Tprar(q) = exp(—1prPar(q) = exp(=1prd)ar(q). (55)
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OboszHauum ¢, ¢r nmnynscol Yactuy B v T Kg, Kp — NPOeKUMN NX CMUHOB Ha
HEKOTOPYIO OCb KBAHTOBAHWA; (rg, ' — KBAHTOBbIE YMCNA COCTOSAHWUI BHYTPEHHErO
OpbUTaNbHOrO ABMXKEHWS HYacTul. Torga maTpuubl ONepaTopoBpR U P, ONpeaens-
embix popmynamu (51),(52) n (53), MOKHO NpeacTaBnTL B BUAE

spin)

(@i, k3, Bl pB| T8, K, ) = an(ds)ap(@s)) (aslaly) (ablaf) (sloE™" k),

spin)

(qr, ’fTaOéT‘PT‘(JT /‘fTa@T> = aPT(qT) pT(QT )<@T‘@T><OCT|04T><5T‘P |"€/T>

Micnonbayst 3T BbipaxkeHusi, nosydaem Matpuuy onepatopa (48)
N Lo — / / ! = / / _
<QB7 KB, B, 4T, KT, 04T|p0|QB ykp, &p; 41, K, aT> -

= ap(qs)ap(T8 )az (@), (@) ksl P k) (k| o™ ) X
X asor B gt Oapad - (56)

OéBCKB O(BO[

D70 eCTb MaTpULA NJOTHOCTI BXOLHOrO coCTosiHus. Vcnonbays ee, npusogum mat-
PU4YHBIA 371eMeHT U3 BbipaxkeHnsi (47) K Bugy

(p,m, B1S™po(S*) Ipom, B) = X (kalos™™ W) (e lor™ W)

KBRT KK
X /dBQBd3QT<BymaB|Sﬁa‘CTBa/fBaaOB;JT;”T:Qg»aB((TB)aﬁT(_}T)X

{/d?’ Sar(p,m, BIS”| G5, Ky, % @1, Ky, a9V ap (G )as, (G )] . (57)

Boipaxast S-matpuuy vepes T-matpuuy ¢ nomowbto (30), nonydaem

| dapd*qr(p,m, 8|S |Gs, g, o%; Gr, 51, ) ap(Gs)az (Gr) = S+ Jo,  (58)

roe
J1 = 50&55m11€35m25T/dSQBdqué(ﬁl - 63)5(172 - iT)aB(iB)aﬁT (JT) =
— 5aﬂ5m1/<535m2/<@a3(ﬁ1)a,5’1~ (ﬁ?)a (59)
J2 = —2m / d3QBd3QT<p7 m, /BlTﬁalq_)B7 KB, OéoBa CTT: KT, 04(7)1> X
x3(B) = E)S(P — Q)ap(dn)az (qr), (60)
roe

—

N
=> i, Q=dads+ar.
=1

B Bbipaxerunu (47) comepxnTcs nHTerpupoBaHne no 3ajaHHol obnactn A B um-
NyJbCHOM MPOCTPaHCTBE NpoaykToB peakumun. OObIYHO AETEKTOPbLI MPOAYKTOB peak-
LMK pacnonaratoTcs BHe obnactu nonagaHusi ny4kosbix Yactuu,. [ostomy B obnactu
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p1 € Ar nvweem ap(p1) = 0, a Bknag Jy B unterpan (58) ncyesaer. MNogcrasnss (58)
B (57), npusogum (47) k cnegytowemy sugy

Pr{AH AmiY, 8) = @m)? [ S (snlog™" [wp) (rrl o™ 1) x
A

P——s
X /d3q3d3qu(}3, m, BT\ @5, k5, a%; Gr, ki, ) X
x8(E,) — E“)5(13 — Q)ag(qr)az (Fr)x
X /d3 dqu<p, ,ﬁ!Tﬁ |75’ ,FGB,OéB,QT HT7&8“> X
><5(E§ - E&)(S(P — Q" ay(qs)as, (@), (61)

rae Q' = @5 + @’
meem L o B B o
(P —Q)(P—-Q)=0P-Q)(Q—-Q),
5(Eg — Eg)é(Eﬁ Ey) = 5(Eﬁ EJ)S(Ey — Eg).

Mogcrasnsiem 3Tn BoiparkeHns 8 (61) 1 BOCMONb3yeMCH TEOPEMOIi O CPEHEM 3HaYe-
HUW 015 BbIHECEHUA 31eMeHTOB 1-MaTpuLbl N3-N0J 3HaKa WHTErpana no UMMynbCam
4aCTWL, BXOLHOIO KaHana, Noay4aem

Pr{AN AmidY, 8) = @m)* [dp X (salog™" [wp) (rrlpr™™ 1) x

A KBRTKgKR
<p7m 6|Tﬂ ‘<QB> KBoaBa <q_)T> KT?Q%>X
X< 75‘Tﬁa|<QB> KBaoéBv <§T> R%7Q%>*X
x0(E) — Efy)8(P — (@)K (pr), (62)

rae (Gp) v (¢r) — HekoTopble "cpenHne Toukn", nexawme B obnactu aokanmsauum
dbyHkunii ap(¢p) v agz,(qr), COOTBETCTBEHHO;

(Q) =(q) +(Tr), E;=E},+Eg.,,

K(p / & qpd’qrd’ qpd®qrap(qs)as, (qr) (ap (s )az (Gr')) x
x0(E — E$)d(Q - @). (63)

Mpuctynaem k Bbiuncaenunto uxterpana (63). Mockonbky Bknagd-pyHKLMM B NH-
Terpan noJIHOCTHIO ONPEAENsAeTCs OKPECTHOCTAMI HyJel ee apryMeHTa, MOXHO B ap-
FYMEHTE SHEPreTUHeckoli 0-PyHKLNN OCTaBUTb TONBLKO NNHENHbIE YaeHbl paga |eii-
nopa. [ns npoussonsHol rnagkoii byHkumm ¢(7) nmeem

O(F + AF) = exp(AF - V)O(F) = ¢(7) + (AF - V)p(F) + . ..
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Ons dyukuun E(q) = v ¢? + M?, nonaras ¢ = (q) + (¢ — (q)), nonydaem

E(q) = E(Q) + (= {@)B) + -,

rae (3) = (D) /(D)2 + M? — cpearee 3HadeHme CKOpOCTM 4acTuLbl ¢ Maccolt M u
CO CpesHnM 3HadeHnem nmnyasca (q). CnegosaTensHo,

Ey = Eg, + Eg. = Eg,y + Efg,y + (@ — (48))(8s) + (Gr — {q0)){Pr) + - -,

Ey = Eg, + Eg. = Eg, + Egy + (@8 — (@) (Bs) + (@' — (@) (Br) + .- ..

OTtcroga Haxogum

Mogcrasnss ato Boipaxenue n Q) — Q' = ¢ — ¢’ + ¢r — v’ B (63) 1 yunTbIBas
(55), noayvaem nocne nHTErpupoBaHus no gr':

K(pr) = /dBQBd?’QTd?)C]anB(CTB)aT(CTT)(aB((fB')aT(CTB — 48"+ qr))"x

x exp(1pr(qe — 48"))0[(ds — @8")((BB) — (Br))]- (64)
Mpeanonoxum, 4To 061aCTb NOKANM3ALNYN B UMAYNLCHOM NPOCTPAHCTBE BONHOBO-
ro naketa ap(Gp) Ny4YKOBOA YaCTULbI 3HAYUTENLHO MeHbLLE 0DAACTI NOKANTM3ULUN

BOJIHOBOrO naketa ap(qr) 4acTuubl-MULWEHN. TOrAA MOXXHO BOCMO/Ib30BATLCS Cedy-
OLWLUM NPUOANKEHNEM

ap(qg)(ap(qs")ar(qp — q8" + ¢r))" = ap(qs)(ap(ds')ar(qdr))’,  (65)

T.e. Mbl npeHebperaem nameneHnem dyHkuun ap(q) Ha wHtepsane |z — ¢5'|. B
pesysbTaTe NHTErpupoBaHue no gr AaeT

| darar(Gr)(ar (@) =1, (66)

NOCKOJIbKY BCE NMAKETbl HOPMIWPOBAHbI Ha eauHNLLY.
[anee BOCNONb3YyEMCSt U3BECTHBIM UHTErpPasbHbIM MPeaCcTaBAEHNEM )-(DYHKLNAN

3[(Gn — q5') - AB) = ;ﬂ / exp(iA(qp — q5') - AB) d), (67)
roe o B
AB = (Bp) — (). (68)
Mogcrasnsis (66) n (67) B (64), Haxogum

oo
—

K(pr) = [ 5> [ dapan(is) espluds(pr + AAH) x
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/d3qB ap(qs) exp(—qs' (pr + Aﬁg)) =
_ 2B 7 7o (G + MG
_—Zo o ’/ qpap(qr) exp(1qp(pr + 5))’

Nuterpan no ¢p sensietcs npeobpasosatmem Pypbe nyykoBoro nakera ap(qp), a
nostomy, ucnosbsys (54), Haxogum

K(r) = ) [ [Gair 4288 ax (69

rae Gp(7) — ny4koBbIi NakeT B KOOpPAWHATHOM npeacTasnenun. Vcnonssys (69),
npeacrasnsiem (62) B Buge

Pr({A Y, {mi}, ) = (2m)* [, d*p R™ (p.m, B) K (pr) =

= (2m)" [, &’ R™ (p,m. ) 70 G(pr + AAE)\Q dA, (70)

roe BBefeHO 0DO3HaYeHue
R™(p,m, §) = 6(E) — E)d(P — (Q))x

ﬂnnn /

X <“B|Pspm"fB><’fT|P K ) X

KBRT KK
X< 76|Tﬂa‘<q_}3> KB>&OB;<§T> HT7Q%>X
<p7m ﬁ‘Tﬁ |< > ’{BvoéB?<QT> ’ilTva(j)“y' (71)
®opmyna (70) gaeT BEpOSTHOCTL TOrO, YTO NPU B3aNMOAEACTBUN My4KOBON Ha-
CTULbI C YaCTULEN-MULLIEHBIO, JIOKAIM30BAHHOW B OKPECTHOCTW TOYKU J7, UMNY/IbChI
NPOAYKTOB peakLun okaxyTcs B untepsanax {A;}, a npoekuun ux cnunos byayt
umeTb 3Hadenna {m;}. Dta senuuuna B dbopmyne (34) obosnadanack w(pr).
[lns naxoxknaenus nonHoii seposTHocTn W5 nano cornacho (34) npoussectu cym-
MUpoBaHue no Bcem Ny 4acTuuam mMutuern, obayHaemMbix NyHKOM, T.€. HAXOAALLNXCS
B obnactu nokanuzsayuu nydkosoro naketa Gp(r). Ecnu nunelinbie pasmepbl 3To-
ro nakeTa 3Ha4YNTEeNbHO BOMbLIE CPefHEro PacCTOAHNA MEXAY HacTuLaMu MULLEHMU,
MOXXHO cymMMy (34) annpokcMMunpoBaTh MHTErpanom

C S L e d, (72)

rae ¢(p) — obbemHas nnoTHOCTL Muwenn (HacTuu/cM’), a uHTerpupoBaHune BegeTcs
no obvemy V', obnyyaemomy ny4kom, T.e.

J, (7) d*p = Np. (73)
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B dopmyne (70) ot p 3aBncut Tonbko mnTerpan no A. lMostomy Bbidmucanm oT-
LEeNbHO

= [ d'po() [ [GaF+ 208 an (7

Ecnn gnamerp nyyka mMeHbLLE NONEPEYHOrO PasMepa MULLEHU, UHTEFPUPOBAHNE B
nonepeyroit naockoctn II (cm. pnc.1) MOXHO pacnpocTpaHuTb POPMaNbHO Ha BCHO
3Ty MJIOCKOCTb, MOCKOJIbKY BKNag B nHTerpan (74) naet Tonsbko Ta obnacts, raeG p(r)
oTAn4Ha oT Hynd. [Monydaem

= 7d2m/ dpyo(p) 7 ’GB(ﬁJr AAE)'Q dA, (75)

rAe pj| W P11 — KOMMOHEHTbI BEKTOPA ) BAOJb NaJlatoliero ny4Ka v nepneHankynsapHo

emy, H — npononbHbIA pazmep MULLEHU. CorﬂaCHo<3npeAeneHMK)(68)[\8 <ﬁB>
(Br). B nabopaTopHoii cucteme otcueta (Gr) = 0, a nostomy AS = (3g), Te. AS
MMeeT HanpaBieHWe najarolero nydka. Beegem pekapToBy cucTemy KoopauHaT ¢
ocbio 2 B1onb A3, B KoTopoli uHTerpan (75) nmeet Bug

L(AG) = 7dpx 7Odpy/ dp-9(pz, py, p-) 7 ‘GB(px,py,pz + A\Aﬁl)'z dA
—00 —00 H —00

BBoasi BMECTO A HOBYIO MepEMEHHYIO NHTErpUPOBaAHUS

f = P+ )\|AB‘,
NoJy4aem
L(Af) = \Aﬁ\ / Py (Pas Py) / G B(pa, py I dE, (76)
rae
9(prspy) = | (0 pyr p-)dp- (77)
H

— MOBEPXHOCTHAs MIOTHOCTb MWLIEHN B TOYKe (P, py). [1o Teopeme o cpeaHem
3HAYeHUN UMeeM

um@-“ﬁﬁy/sz%>|M@w,

OTKyZla C Y4ETOM YCNOBUS eanHNYHOW HOpMuposku naketa G p(r) nonyyaem

L(AB) = W, (78)
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rae (pz, py) — HekoTopasi "cpegHsis Touka' B nonepedHoli mnockocTu B obnactu
nokanmsaunu nyvkosoro nakera Gp(7), 3aBucsiias ot ero gopmbl.
Ncnonbays (70),(72),(74) n (78), HaxoANM

Wwhe =

m, 3)9(pz, by)- (79)

\Aﬁ\

JT0 eCTb NOJIHAs BEPOSATHOCTb Mepexofa CUCTEMbI U3 BXOAHOIO KaHana( B Bbi-

XOAHOM KaHan [ 3a CYET B3aMMOAENCTBNSA MYyYKOBOW 4aCTULbl CO BCEMU HYaCTULAMY

MULIEHN, NPUYEM NMMYAbCbl NMPOAYKTOB PEAKLUMN NexXaT B MHTepBanax{Ai}N, a npo-

eKLNN CNUHOB NMEKT 3HAYEHMNS {ml}{v Ecan uMnynbcHble nHTepBabl YCTPEMUTL K
HYJH0, NOJYHUM

vvﬂa (2W)

AB]

rae AQ = [o d°p — manbiii 06bemM UMAYNBLCHOTO NPOCTPaHCTBA, 3aceneHHbI 3ape-
FUCTPVPOBAHHBIMI MPOAYKTAMN PEAKLUN.

Tenepsb, HakoHel, obpatumcs k onpegenennio (1) anddepeHymnanbHoro cevenus,
KOTOPOE WCMOMb3YIOT SKCMEPUMEHTATOPbI. YC/I0BMEM €ro NPUMEHUMOCTN SIBNAETCS
MOCTOSIHCTBO MOBEPXHOCTHON MnoTHOCTU . Muwwenn. B dpopmyne (80) nosepxHocTHas
NNOTHOCTL AaeTcs pyHkumeid g(x, y). CneposaTensHo, B 310l cutyayum g(z,y) = n
B ntoboit Touke (x,y). MoacTasnsis (80) 8 (1), nonyqaem

=R (p,m, 8)g(pe, ) AL, (80)

doBe B (27)* Bo

Moacrasnss cropa (71), Haxognm

do’ (27T)4><
*Af)

X Z <B7mvﬁ‘Tﬁa’§BaKBvO‘OB;C.TTa’iTaa%M’{B?ﬁT‘p(smn)"{%vK/T>><
KBRT KK

x(qp, g, 0% Gr, Kip, | (T7) *|p,m, B)S(E) — ES)S(P — @), (82)
roe
(ke, wr| pP™ K, W) = (k| p 57" | W) (ko | 5™ ) (83)
— CMnHOBAa4d ManVlLLa I'IJ'IOTHOCTI_/J CNCTEMBI BO BXO,ﬂ'H_(?M COCTOAHNN. 3ﬂ|er OI'IyLLI,e—
Hbl 3HAKU ycpeaHenns: BmecTo () u Eygy) Hanncawsl QQ v E;, NOCKONbKY B YCIOBUSX
BbICOKOU SHEPTreTUYeCKOl MOHOXPOMATUYHOCTU My4Ka pas3inyne NPakTUYeCKn OTCyT-
CTBYET.

19



BaxkHbIil 4aCTHbIN Cayyall COOTBETCTBYET OTCYTCTBUIO KAKOA-11MDO CMHOBON yno-
PSIOYEHHOCTN BO BXOJHOM KaHaje. ITO 3HAYUT, 4TO
1 1 5 5
KBK/
2sp+1 2sp+1 "°"B

<"€Bv HT’P spin) |’€Ba HT> KK/ (84)

rAe Sp, ST — CNWHbI YacTuy nyyka u muwenu. [ogctasnss (84) 8 (83), nonyyaem

3 (82)

doPe 27)4 . -

ds N (‘A%‘ ! mzﬁ |<B> m, B|Tﬁa‘QB7 KB, Oé%; dr, kT, O‘%HZX

><5(E§ — EJ)o(P - Q), (85)
roe
Wo = [(2s5 4+ 1)(2s1 + 1)] 71, (86)
— N —
dQ = &Ppidps.. . Ppy, P=37p, Q=dqs+qr (87)
=1

6 OO6cyxageHne pe3yJbTaTOB

BaxcHeiilwas 0cobeHHOCTb noy4eHHOro pesyasTtaTta (82) coctouT B ToM, 4TO And-
cbepeHumManbHoe Cevere He 3aBUCUT OT AeTasell NpUroTOBAEHNS HAaYasbHbIX COCTO-
SHUN CTANKNBAIOLLMXCA HacCTUL, B MPOCTPAHCTBE X LEHTPOB Macc. [eiicTBuTensHo,
BOMHOBbIe NakeThl ap(qp) v ar(qr), BBEAEHHbIE ANt OMUCAHNS ABUXKEHUS! LEHTPOB
MacC 3TWUX 4acCTuL, BbINasM U3 OKOHYATENbHOMO pe3ynbTata. JTO NMPOU3OLSIO B CU-
ny AByx obcTosTenscTs. Bo-nepsbix, aHepreTnyeckasi MOHOXPOMAaTUYHOCTb MyYKOBbIX
HacTUL npegnofaranack 3Ha4MTENbHO Donee BbICOKOW, YeM HacTuy Muwedn. dpy-
rMMu cnoBaMu, 0bNacTb NMPOCTPAHCTBEHHONR J0KaNM3aLMM MYy4YKOBOA YacTulbl Obina
3HaYUTENbHO Bosiblie 0bnacTy nokanusaunu vactuy, Muwenn. Bo-BTopbix, nosepx-
HOCTHasi MAOTHOCTb YacTUL, MULLEHI Npeanonaranack NOCTOSIHHONM BO BCell obnacTu,
obnydaemMoii nyykom. DTu ABa ODCTOATENbCTBA MPUBEAN K TOMY, YTO (PAKTUHECKU
naketbl ag(qp) v ar(Gr) ObiAM NCNONB30BaHbI TONLKO B HOPMUPOBOYHbLIX UHTErpa-
nax.

Ons ynpowiernst popmyn Mbl ncnob3oBann Yuctsle coctosHns (53) B npoctpa-
CTBE LEHTPOB MACC CTankuBatowmxcs Yactul,. Mockonbky noayyentoe audpdepenun-
aNbHOE CEYEHWNE 3aBUCUT TOJIbKO OT COOTHOLLIEHUS pa3MepoB 0baacTel nx npocTpaH-
CTBEHHON IOKaNN3aLnm, MOXHO yTBEpPXAaThb, 4To dopmyna (82) moxeT bbiTs Heno-
CpPeACTBEHHO 060bLLeHa Ha CyYali NPOM3BOJIbHBIX CMELIAHHbBIX COCTOSIHUI C TEMU XKe
ODLLNMN XapaKTEPNCTMKAMMN NPOCTPAHCTBEHHONR (MM UMNYIbCHOI) JIOKaNM3aLmn.
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®opmyna (85) ans andpdepeHLnanbHOro CeHeHmns NpoLecca C HeNosIPU30BaHHbLIM
My4kOM COBMagaeT C Tol, KoTopas nonydeHa B [8] apyrum cnocobom anst Tex e
YCAOBWUIA MPUTOTOBAEHUS MyYKa U MULLEHN.

7 PeagTuBucTCKassi MTHBAPUAHTHOCTD JuddepeHnnajbHOTo
ceuyeHud

[udbdepenumansroe cevenme do”’™ He AONKHO NIMEHATLCA NPU Nepexofe U3 of-
HOW MHEpUNaNbHOI cucTeMbl oTcHeTa B apyryto. OfHaKko, MHBapUaHTHOCTL MOJyHeH-
Holt chopmynbl (82) He ouesugHa. [Mpeobpasyem ee K nHBapMaHTHOMY BUZY.

Ecnn cpegnne ckopocTit 35 m (1 CTaNkMBaloWyMXcs 4acTUL, KOMAUHEApHBI, TO
mokHo | A3 | npeactaButb B Buge

| AG |=| Bp+7fr |, m==+l. (88)

30ecb OnylleHbl 3HaKKU ycpefHeHus. B aToM cnydae WMHBapuaHTHYHO BEANYHUHY
(PgPr)? roe Pg v Pr — cooTBeTCTBYIOLNE 4-UMNYAbChI, MOXHO MpeAcTaBuTb
B C/leflytoLLeM BUE:

(PsPr)? = (EpEr + mpppr)® = (Eppr + mErpp)” + (MrMp)*.
[Mockonbky p = EE ANS KaXKAO0W YacTuubl, Noay4vaem
(PsPr)* = (EpEr)*(Br + 70p)° + (MrMp)?.
OTcroga Haxogum

18 + 7Br| = \/(PsPr)? — (MpMr)?/(EpEr). (89)

Beenem B paccmoTperune kBagpat 3peKTUBHON MacChl 3TOV Mapbl HacTuL,
s = (Pp + Pr)* = M + Mj + 2PpPr,

OTKy,ELa HaXO,EI,VIM
PpPr = (s — M5 — M2)/2. (90)

Hanee
(PsPr)* — (MpMr)* = [s — (Mp — Mr)*|[s — (Mp + Mz)*)/4.
Tenepb (89) MoxxHO nepenucaTb B BUAE

B + 70| = [s — (Mp — Mp)*]'/?[s — (Mp + Mp)*]'/?/(2Ep Er),
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T.€.

|ﬁB + ﬂﬁT‘ - \/A(Sv M%a MIQ“)/(ZEBET)7 (91)

roe

Mw,y, 2) = 22 4+y* +22=2(xy+r2+y2) = [1—(Vy+vV2) [t —(Vy—v2)?] (92)

Ha3biBaeTcs "KuHeMaTu4eckoin" dyHKumnei.
Nanee nokaxem, 4to 0(P), rae P — 4-umnynse, ABNASETCS MHBAPUAHTOM Npeob-
pasoBatus flopeHua. PaccmoTpum npeobpasoBanue BAOIb OCU 2:

0(P) = 8(E)d(p2)d(py)d(p2) = 0(VeE" 4+ 7eBepi)d(05)0 (1) (vel: + YeBE"),

roe . — NepeHocHast CKOPOCTb CUCTEMbI (k) OTHOCUTENBHO UCXOAHON CUCTEMbI OT-
cyeTa, 7y, — cooTBeTcTBYtoWMiA JlopeHu-dakTop. Vlcnonb3yst nHTerpansHoe npefcTas-
neHune § -PyHKLUMY, NONYHaeM

1
(2m)?

Beegem HoBble nepeMeHHble MHTErPUPOBAHUS

5(E)s(p,) = [ exp(E" (ke + M) exp(ipl (e + Avefe) dis dA.

K =K% + MeBey N = EYefe + Me.

SlkobmaH aTtoro npeobpasoBaHust eCTb

Do = =
T.€. D, X) 1
D(k,\)
CnepoBaTenbHo,
HE)(p:) = Ty [ XDl N) explpln') d’ X = 5(E7)3(%).
- S(E)O(p.) = 5(E)3(p),  6(P) = inv. (93)

Hanee nokakem, 4To d3p/E ABNAETCS UHBapuaHToM. Vimeem

d’p _ dp.dp,dp. _ dpidp;,(edp? + 7B dE")

L L B Ve(E* + Bep)
_ dpidpyedpi (1 + 5.07) _ dpidp)dp;
Y E*(1 + B.5%) E* 7
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T.€.

d*p/E = inv. (94)
Ncnonbsys (91) , (93) n (94) , 3anuwewm (82) B BUAE

2(2m)? y
VA(s, M3, M3)

do’® =

X Z <B7m76‘fﬂa’q_’BaﬁB7OdoB;JT;KT7Q%></€B”€T‘IO(SPZ'”)‘/437K’,T>><
KBRTKGK

N
a p
<QB7’£B705B7QT7K’T7QT|(TB )+’p7 76> ( - Out) 1:[ E (95)

roe

= VE\E, ... ENT"\/EgEr, (96)

Pins Pour — CymmapHble 4-nMnyabCbl BXOAHOTO U BbIXOAHOMO KaHanos. BeegerHas
speck matpuua 17% SBnseTcs pensTUBNCTCKUM MHBapUaHTOM. DTO CAeayeT U3 nH-
BapuaHTHocT doP® n Bcex ocTanbHbix coMHOXMTenell B npasoii yactu (95). Mo-
5TOMy BblunCaeHne MaTpuusl T7% moxeT 6bITb NpousseaeHo B 06oI cucTeme oT-
cueta. OfHakKo, BO MHOMUMX Cry4asix MpeanoYTuTeNnbHOl okasbiBaeTca C-cuctema,
roe p.* + pp" = 0. 270, B 4acTHOCTW, onpefensietcss Bbibopom Hanbonee ynobHbIX
WHTErpanos ABUXEHUS Ans 3agaHns coctosHuii. OaHUM U3 HUX YacTo bbiBaeT nos-
HbIfi Yr0BOA MOMEHT cucTembl. KOMMYTaLMOHHOE COOTHOLLEHNE KOMMOHEHT.J; ero
onepaTopa 1 onepartopa P = Pa + Db CYMMAPHOTO 3-UMMNyabCa CUCTEMbBI UMEET BUJ,

i, P = 13 eim By, (97)
z

roe €ix — AHTUCUMMETPUYHbIA eAnHUYHbI TeH30p. [10CKOAbKY 3TOT KOMMYTaTOp
OTAIMYEH OT HYNS, NONHbIA YrNOBOA MOMEHT U NOAHBIA 3-UMNYABC CUCTEMBI, BOODLLE
FOBOPSI, He SIBNISILOTCS COBMECTHbIMU UHTerpanamu aevxeruns. Ecnu »ke orpaHnunTbes
TONILKO TEMU COCTOSIHUAMM [1)) CUCTEMbI, KOTOpbIE YAOBAETBOPSIOT YCIOBUIO

Ply) =0, (98)

kommyTaTop (97) obpaiiaercs B Hyib. ITO 3HAYUT, YTO B MPOCTPAHCTBE COCTOSIHUNM,
npuHagnexawmx C-cncteme, B NosHblil Habop pr3nvecknx BEANYUH MOTYT ObiTb
BKJTFOYEHbI jQ, J., P=0.

AHanornyHo, onepatop P NpoCTPaHCTBEHHOW WHBEPCUU KOMMYTUPYET C Onepa-
Topom P Tonbko B NPOCTPaHCTBE COCTOSHMIA (98). Moatomy Tonsko B C-cucreme
YKa3aHHbIA Bbille HAbOp COBMECTHbIX (PU3NYECKUX BENUYNH MOXKET ObITb AOMOHEH
HETHOCTbIO.

23



Takum 0bpasoM, BbIYWUCAUB MATpULYy Tga B C-cucteme, ¢ NoMoLLblo dopmynbl
(96) MOXKHO NErko HaliTu PeNsTUBNCTCKN MHBAPUAHTHYIO maTpuuy T, a Takxke T-
MaTpuuy B ntoboii apyroit cucteme otcyeta. Hanpumep, T-matpuua B L-cucreme

poo_ (EBEREIE; .. By / - (99)
L ELELELEL . Ek ¢

Oyner nmeTtb BUA

rae Ef, EF — sneprum wactuupl i 8 C- n L-cuctemax, COOTBETCTBEHHO.

8 JIByX4dacTu4HBbIi Npolecc

Mpumennm dopmyny (95) k AByXHaCTUYHOR peakuuu
a+b—1+2. (100)
CnepBa cgenaem 370 B L -cucteme, rae p, = 0. Vveewm
Pin = (Eo + My, Do), Pow = (E1 + Ea, D1 + D). (101)
Boipaxetne (95) npeacrasum B Buge
do™ = A(Py, Py, D1, Do, M1, m2)8 (Pin — Pour) d*p1d®po,

rae
2(2m)4

\/A5M2

A(ﬁa; ﬁba ﬁl) ﬁ?a mi, m2)

X Z <ﬁ17m17527m276‘j:'ﬁa|ﬁa7/{maa;pbvKbaodb><"{a7’%b‘p(spm)|’€;7’€g>x
KoKpRl K],

X <ﬁa7 ’iiu ag;ﬁbv Kjgn ag‘(fﬁa)—’_lﬁl) ml)ﬁ?a ma, 6>7 (102)
5(7)271 - Pout) — 5(E1 + E2 - Ea - Ma)d(ﬁl +ﬁ2 - ﬁa)-

NHTerpupysi no po, noaydaem

do™ = A(Pa, Py, P, Ba — P, ma, ma)S(Ey + /(B — p1)? + M3 — E, — M,) d*py.
(103)

Nmeem d3p; = pldpldQl = p1 E1dEdS)y. Ona wHTerpuposaHust no £ Bocnonb3y-

eMCsi U3BECTHbIM NPeACTaBNeHNEM O-DYHKLUMM OT apryMeHTa, SBASIOLLErocs qyHK-

uner He3aBNCMOW NEPEMEHHON .

ko §(x — xy)

olf(@)] = X2

2 Taf () /da| flz) =0, i=1,2,... k. (104)
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B Hawewm cny4yae

f(E) = B+ (P, — p1)? + M3 — E, — M,,

rae
E} =pi+ M7,  (Po—P1) =D:+ p; — 2pap1 cos .
Nmeem oTcroaa

Y, B

dE, @ — ) + 03
O6o3naunm { £} kophu ypasrenus f(E)) = 0, Torpa pi = /(E})2 — M}, Ei=
\/(P — p1")2 + M32. CneposaTtensHo, B! + EY = E, + M,

df (E1) Ej
TR A

(1 - ﬁa ﬁl/p%)

— 7 (). (105)

NTak,

Ej a " P1
1+ —(1 — )
Ej (pﬁ)2

O(Er+ (Fa — 11)? + M3 — E, — M,) = 3 6(Ey — EY)

NhTerpnpys (103) no Ey, nonyvaewm

’L

007 = 3 A o T — ity ) AP,
Z. R(E))
roe IR
, E‘i p1 ) 51i : 52i
R(E) =1+ —; 1-* =l=—gm 106
(£1) 2 ( T (312 (106)

B}i,ﬁgi — CKOPOCTN NPOAYKTOB peakuuu (B’ = p/E). MoacTasnss coga yHKLNIO
(102), Haxogum

doBe 2(2m)4
d$h \/)\ (s, M2, M,
S S o =B 8o+ | = i S o pﬁ/Eé
X Z(pl y M1, Pa — P1 am27ﬁ‘T pO(T ) ‘pl y M1, Pa —P1 7m276>|R(EZ)‘ (107)
) 1
30eCb CYMMUNpPOBaHe BEAETCS MO BCEM KOPHSIM CUCTEMbI YPaBHEHUA
Ei+Ey=E,+ M, p\'+D =pa, (108)

KOTOpas BblpaXkaeT 3aKOHbl COXpaHeHWs SHepruy u nMmnynsca. [pu 3agaHHoM Hanpas-
nexnn €2y BbineTa Yactuupbl 1 B L-cnctemMe 3Ta cucTemMa YpaBHEHUA MOXKET UMETb OT
HyNS 4O ABYX peLUeHUA.
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Tenepb Bbluncnum auddeperumnansroe cederune s C-cucteme, rae p,* +pp* = 0,
a BCe BesnYnHbl Dyaem cHabxaTb 38e3404KOM (k). Vmeem

Pin — (E; + Elja 0)7 Pout — (ET + E;;ﬁl* +ﬁ2*) (109>
Boipaxetne (95) npeacrasum B Buge
do™ = AP, 1", B i, m2)8(Pi — Powr) d°pid’ps,

rne
5(Pm — Pout) = (S(Eiﬁ + Eg — E1>k Eb)(g( P1 +p2 )

NHTerpupys no po*, nonydaem

doﬁa — A(ﬁa*uﬁb*7ﬁ1*7 _ﬁl*7m17m2 E*+\/ pl + M2 E* Eb d3p17 (11())

rae d*p; = pi EfdEFdSY;. ObosHaunm f(E;) = Ef+/(p})2 + M2 —E., E. = E'+
E}, (B7)? = (pt)* + M2. Otciona nonyuaem f(Ey) = Ef +/(E)2 — M7 + M3 —
L,

$E)_ B
dE] VIED)? = M} + Mj
Haligem kophu ypasHenusi f(E;) = 0. Vimeem \/(Ei‘)2 — M} + M2 = E. — Ef,

OTKYZAa Haxoaum

(111)

_ B2+ MP - M

EY 112
=B (112)
Mogcrasnss s1o B8 (111), nonyyaem
df (B} E7
7 j) =1+ —L,  rae E;=(E:+M;— M})/(2E,). (113)
dE; Es
Nuterpnpys (110) no EY, Haxogum
e e s piEy "
dO’ﬁa:.A a s —Pa y T LS PR AL e ——p—
rae pf = \/(E})? — M?. Nopcraensas coga dyrkuymo (102), nonyuaewm
do’® 2(2m)?
d§2y \/)\ (s, M2, M,
~ ~ * E‘*
X (P, ma, —pit, ma, BT po(TP) 1Py, ma, —pi ™, ma, ]91/27 114
(p1 1, —P1 2, O] pol )" 1, —P1 2 B>1+ET/E§ (114)

roe p1* — umnynsc Yactuubl 1 8 C-cucrteme.
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9 TpexyacTUu4HbIi IPOIIECC

Mpumernum dopmyny (95) Kk TpexHacTudHoOl peakunu

a+b—1+2+3. (115)
B npon3BonbHOl cucTeme oTCHETa UMEEM
3
o e e e p
daﬁ = A(pa7pbap17p27p37m17m27m3)5(79 - Out) H ? (]-]-6>
roe
2(27T)4

A(Pa, Db, D1, D2, P3, T, M2, m3) = \/>\ (s, M2, M

X Y (151,mhﬁz,mz,ﬁs,m,ﬁlfﬁa\ﬁa,%a,aa;pb,ffb,ozb></<:a,fﬂb\p(spi”)\fﬁs@,ffé)x
KaKpKl K],

X <ﬁa7 ’V”‘iw 0423]5})» ’V”‘g)a &g|(TﬂQ)+‘ﬁla mluﬁ?; m?aﬁ?w ms, 6>7 (117)
Pin — (Ea + Ebaﬁa +ﬁb); 7Dout — (El + EQ + E37ﬁ1 +ﬁ2 "J’_ﬁ?)) (118)
Nhterpnpyst (116) no p5 , nonydaem

Y o oL d3pd?
o’ = A(paypb;plap%pi’wml;m27m3)5(Ea+Eb_E1_E2_E3)M7 (119)
EiEsE;5
roe cnemgyer nofoXKnTb
Ps=PatPo— D —Fo Bz =(u+ o — 01— F2)? + M;. (120)
[Mockonbky p; dp; = E; dE;, nmeem
dprd?
M = D1P2 dEl dQl dEQ dQQ (121)
ErEy

Onst nuterpuposatuns no By Bocnonbdyemcst dopmynoii (104), rae cnegyet nono-
KUTb

f(Ez)IEa+Eb—E1—E2—\/((7—172)2+M3?; q = pa + Py — Pi-

Nudbbeperumpys no Ey ¢ y4eToMm Toro, 4To po = /B3 — M3, nonyyaem
W@ﬁ:4_@@_wﬂ
dEs Ej P/’

rae Es paetcs dpopmynoii (120). MoacTasnss cioga § = pa + P3 C yHETOM TOr0, HTO
CKOPOCTh CBOBOAHON YacTuubl i ecTb (3; = p;/F;, Haxognum

df (Ea) 233
B, =—-1+4+ ﬁ% )
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CnepoBaTenbHo,

§(Ey — ES
§(Ey+Ey— By — By — E3) =Y (B — 2)2. (122)
i |1 = Bafs/ ]
Mogcrasnss (121) n (122) 8 (119) n uHTerpupys no Es, nonyvaem
doPe ‘ . pi/Ei
_ Ao, By, DL, Do, 5 2078 123
dEl dQl dQQ pl; (p » Pbs P1, P2, P3 7m17m27m3)‘R(E§)|7 ( )

roe R(EY) =1 — @LB},Z/(@)? a CyMMUPOBaHIe NPON3BOANTCS MO BCeM KOpHsSM K
ypaBHEH S

E,4+Ey—F —Ey— E3=0, rtae Ey= /(. + P, — Py — p2)? + M3.

[Mpn 3apanHbix HanpaeneHusx 21 n 2o BbIIETA YacTul U 3Heprum Ey opHOW U3 Hux
5TO KNHEMATWNYECKOE YpaBHEHNE MOXKET NMeTb He Donee BYX KOPHENA.

Monyuyernas hopmyna (123) paet byHKLNIO YIAOBON 11 SHEPrETUHECKON KOppersi-
Lmmn NtobbIX ABYX NPOAYKTOB TPEXHACTUHHON peakumm B NpoOU3BOILHONA CMCTEMe OT-
cueTa. VIHTerpupysi 310 BblparkeHue no (s, MOXKHO NOJAYYUTb SHEPreTUHECKUT CNEKTP
qacTuubl 1, BblneTatowlel B HanpaBneHun £2y.

10 Juddepennuanbabie cedyeHUss B UMIYJIbCHOM 1 KOOP-
JAMHATHOM HPOCTPaHCTBaX

B onpegpenennsix (1) n (2) gudpdeperumnansroro cedenuns nogAs) nmeercs 8 Buay
3NEMEHT UMNYALCHO20 TPOCTPAHCTBA NPOAYKTOB peakuun. B To xxe BpemMs geTekTo-
Pbl B YC/IOBUSAX PEaNbHOrO SKCMEPUMEHTA PErUCTPUPYIOT HaCTULbl, KOTOPbIE Bblje-
TalOT B ONPEAENEHHOM HanpasieHun B Koopdunamiom npocTpaHcTee. [lockonbky
MMNYAbCHOE 1 KOOPAWHATHOE MpeacTaBieHns, BoobLle roBopsl, pasanyHbl Aas Npo-
N3BOJIbHO B3ATOrO BEKTOPA COCTOSHUSA, BO3HUKAET BOMPOC O MPUMEHUMOCTN TEOpe-
Tu4ecknx popmyn ans anddepeHUnanbHbiX CEYEHU K MHTEPNPETALMKN SKCNEPUMEH-
TaNbHbIX JaHHbIX.

Ba)xHo oTAMYUTENbHOW OCODEHHOCTBIO N3MEPUTENBHOW NpoLEedypbl, CBA3aHHON
C n3mepermnem AnddEepPEHLNaNbHOrO CeYEHUS, ABASIETCA TO 0DCTOATENBCTBO, HTO 13-
MepeHne dusndecknx BenudnH (YraoBbiIX KOOPAMHAT W SHEPriM) MPOU3BOANTCA MO
NcTedeHn 04eHb BObLIOro BpeMeHHOro npoMexxyTka(At — 00), B Te4eHME KOTOPO-
ro cuctema cosepluaeT ceobodroe aauxerne. CnefcTBMemM 3TOro ABASAETCA aCUMNTO-
TUYECKOE NCYE3HOBEHUE PA3ANYNA MEXAY UMMYNbCHBIM I KOOPAWHATHLIM YIAOBLIMU
pacnpeaeneHnsaMu.
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Myctb ¥ (P) — BONHOBas PYHKLUS HEKOTOPOTO MPOWU3BONLHOIO COCTOSIHUS Hepe-
NSATUBUCTCKOM 4acTulbl B MNynbCHOM npeacTasaedumn nput = 0. Torga npnt > 0
B YCJIOBUSIX CBODOLHOrO ABVXEHUSI BOJSIHOBAst (DYHKLMSA STOW YacTuLbl €CTb

p2

@Z(ﬁ: t) - eXp(_ZEptMZ(ﬁ)v Ep = mv (124)

roe M — wmacca dactuubl. B koopavHaTHOM npeacTasneHnn BOMHOBAs pyHKLMSA
3TOr0 XK€ COCTOSIHUS €CThb

(7 t) = (2m) 2 [ exp ()i (p, £)d°p =

=2m) 7% [ exp(uS (7.7 ) (P)d’p. (125)

rae
S(p,7;t) = pr — Ept (126)

— hazoBas pyHKLUS.

OTtctoga BugHo, 4to npnt — 0o nepuog ocuynansunii pyHkunm exp(eS(p, 7 t) no
NnepeMeHHol P npu PUKCMPOBAHHOM T°, BOODLLE FOBOPSI, HEOrPaHWYEHHO YMEHbLLAET-
cs. DTO BEfET K TOMY, 4TO OCHOBHOW Bkaag B unterpan (125) gatot craumoHapHsie
toukn P9 hasoBoii dyHKLMM, B OKPECTHOCTN KOTOPbIX ocLmsiynn "samupatot".
Haiigem 5T ctaumonaphble Toukn. [ns storo npeactasum dasosyto pyHkumio (126)
B BUIE

S, t) = X opj,j5t), (127)
j=1
roe
;
2Mt’
Pj, Lj — AeKapTOBbl KOMNOHEHTLI BEKTOPOB P, . KpuTunyeckne ToHKM onpesenstoTcs
YCIOBNEM 3KCTpeMyMa ha30BoO pyHKLUNN

d(pj, rj;t) = pjx; — (128)

0p(pj, zj;t
8pj
Mopcrasnss cropa (128), Haxognm
M
p = (130)

Boigensis nonwbiii kBagpat, npegcrasum (128) B Buge

o(pj, zj;t) = 2tj - W(pj -p; ) (131)
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Puc. 2: @azosast pyHkuns ¢(p;, z;3t) npn xzj = const nt =11 <ty <tz < 1y.

ITO eCTb KBajpaTu4Has napabona no nepeMeHHoOl p;, BEpLUNHA KOTOPOI HAX0-
ANTCA B TOYKE C KOOPAMHATAMY (pg-o),Mx?/Qt), npudem npu t > 0 B 3TOl TO4Ke
nMeeTcst Makcumym (punc.2).

Mpn ntobom prkcMpoBaHHOM T; yBenuHeHre t NPUBOAUT K TOMY, HTO BEPLUNHA
napabosibl HEOrpaHNYeHHO NPUBANIKAETCSA K HaYaly KOOPAWHAT, a ee pacTBOpP Heorpa-
HUYEHHO YMEHbLIAETCA. JTO 3HAYUT, YTO NMpu t — OO CTAHOBUTCS HEOrpaHUYeH-
HO MaJloO OKPECTHOCTb KPUTUYECKON TOYKW pgo)’ B KOTOPOUW OCUMANALUN DYHKLNAN
exp(1p(pj, xj;t)) "samupatot". Mostomy nput — oo acbekTnsHas obnacTb nHTe-
rpnposarus B (125) HEOrpaHNYEHHO CTArMBAETCS K TOUKe
P = M (132)

t
Ecnn cbyHKUns 1() HECYLECTBEHHO W3MEHSIETCS B OKPECTHOCTU 3TOW KPUTUHECKON
TOYKM, ee MOXHO BbIHECTU U3-N0f 3HaKa uHTerpana s Todkep = ") Torga us (125)
n (127) nonyvaem

3 (©.¢)
(7)) 100 = (2) %2 H | exp(6(p;, x5; t)dp;. (133)
J=l"%
Mogcrasnsis ctoga (131) n uHTerpupys, HaxognMm
3 M2
V(P ) 1mne = (M /1)* %) (MF/t) exp {z ( 2: — iw)] : (134)

OTa dopmyna yCTaHABAMBAET MPOCTYIO CBA3b BOJNHOBbLIX (PYHKUWUEA MPON3BONBHOTO
COCTOSAHNA CBODOAHOW 4aCTuLbl B UMMYJAbCHOM 1 KOOPAMHATHOM MpPeACTaB/IEHUsX
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npu ycrnoBum, 4TO CBODOAHOE ABMXKEHWE MPOMCXOAMT AocTaTodHo gonro. OTcroga
NoJly4aem CBsi3b UMMYJIbCHOTO 1 KOOPAMHATHOrO pacnpeaeneHnii CBOboAHOM YacTuLbl
npun t — oo:

W (T t)ime = [T, )] = (M/1)’W (M), (135)
roe .

W(p) = [ ()]’ (136)

— UMNYJbCHOE pacnpeaeneHne, KOTOPOE Npu CBODOAHOM [BUXKEHUU, KOHEYHO, HE
33BUCUT OT BPEMEHM.

Ins yrnoBbix pacnpeaeneHnii B KOOPAWHATHOM U UMMNYAbCHOM MPOCTPaHCTBaX
nMeem

Pr(F )i = [ W(F O)inor™dr,  Pr(p) = [ W(p)p*dp, (137)
) 6

rae © = 7/r — eanHuYHbIG BekTOp B Hanpasnewun 7. MNoacTtasnsas ciopa (135),

nofyyaem
0

Pr(F, )i oo = [ (M/)*W (MF/t)r*dr.

Beoast 34eCb HOBYIO MEPEMEHHYHO I/IHTerI/IpOBaHI/ISIE = MT/t, nony4aem
Pr (7, )i ne = / W (k) k2dk,

T.€.

Pr(7, )00 = Pr(7), (138)

MNOCKOJIbKY k=7

CnepoBaTesnibHO, NMpu t — OO YrAOBbIE PACMPEAENeHUs B KOOPAWHATHOM U M-
NyJIbCHOM NPOCTPaHCTBaxX COBMafatoT. JTO CBOWCTBO CBODOAHOIO ABUXKEHUS MO3BO-
N1eT CONOCTABASATb IKCNEPUMEHTANIbHOE YINOBOE pacnpeaeneHune, noJly4eHHOE B KO-
OpPAMHATHOM MPOCTPAHCTBE, C TEOPETUYECKUM YIJO0BbIM pacrnpefeseHnemM, paccyu-
TaHHbIM B UMMNYJAbCHOM MPOCTPAHCTBeE.
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