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Beenenne

KoppexTHblfl pacuer sKCIJyaTallHOHHBIX NMapaMeTpoB paaHalHOHHBIX Je-
(GeKTocKonoB (HampuMep, YyBCTBUTEJNBHOCTH), MCIOJB3YIOUIMX IMYYOK TOP-
'MO3HOro H3/yuyeHuss GeTaTpoHa B KauyeCTBe NepeHOCUHKa MoJie3HOH HHOp-
Mallu{, BO3MOXKEH JIMIIb NpPH 3HAHUM CTATHCTHYECKHX CBOWCTB NyuyKa, Mpo-
menmero uccaenyembiii 6apbep. CraTHcTHKa nyuka, npouieaiiero 6apbep,
onpeaessieTcsi, ¢ OJHOH CTOPOHbI, CTATUCTHYECKUMH CBOHCTBAMH NEPBHYHOIO
nyuka (nmo Gapbepa), ¢ APYroil — mpolueccaMu nepeHoca. Mukpomnporeccsi,
CONMPOBOXK IAIOIINe NepeHoC H3AyueHus: yepe3 6apbepbl, HOCAT BEPOSATHOCTHBIN
xapakrep [3], uTo DOJIKHO CKa3bIBaTbCsl Ha (PYKTYalHH Nyyka 3a 6ApbepoM.
B cratbe paccmarpuBaercs BJHsSHHE NPOLIECCOB IepeHoca Ha U3MeHeHHe He-
KOTOPBIX CTATUCTHYECKHUX XAapPaKTePUCTHK NydKa TOPMO3HOTO H3JyueHHs 3a
6apbepoMm.

Mopeanb

HanpaB/ieHHBIII NYy40K TOPMO3HOTO H3JyueHHs o6Jayuaer maomanb F
Gapbepa U ONUCBIBAETCS CaydyaliHbIM noJem [4]

No(T) = < Ny(T) > + N1 T) + Ny (T), (1)

3aJaI0MM pachnpejeseHde uuceJq KBaHTOB B (Pa30BOM IIPOCTPAHCTBE
Fob=FXEXQXT, npuuem I' = (r, E, 2, f) ecTb COBOKYIIHOCTb Nepe-
MeHubix €¢I, N{ (') u N} (I') — cratuctuyecku HE3aBUCHMble KOMMOOHEHTbI
c.M [N(Z(F)] = (. Hsanyueuune, npoumenuiee 6appep, TakXKe OMMCHIBASTCS
nojem: N(I')=< N({T) >+ N ), rae M[N' (I')] =0. INpouecc nepe-
HOCA H3JyYeHHsi uyepe3 Oapbep MpelCctaBJasercs CTOXAaCTHY-CKUM  Ipe-
ob6paszoBanneM T, otoOpaxaiowum caydaiinoe mose Ny (I') B N(T):

N(F) =TN,(T). )

Croxacruueckuii onepatop T MOXHO MpeJiCTaBHTh CYMMO#H JeTepMH-
HupoBanHoro < T >wu caydafiioro AT npeoOpa3oBaHuil:
== 5>+ AT. - (3)
Seno; uro < NID) > = T2 < NHT) »; Tak -uto. < T-> perh
onepaTop pelleHus KHHETHYECKOrOo YpaBHEHUS NepeHoca T-KBAHTOB |[3]
B paccMmatpuBaemoii reoverpun. [Toag N (I') u N (I') crporo siBagioTcA
00600IEHHBIMH CAYyYafiHBIMH (QYHKIHAMH, HO mbl OyaeM CYMTaTh B)H3-
MoxHBIM [l, 2] Bectd ,paccMoTpeHHe cHayajaa JJisg NPOCTOro IMOJ,
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anss Koroporo uYucao ¢otouoB ANijg, HaXOAdWMUXCA B suefike
Al = AF,AE;AQAL, da3oBoro mpocrpaHCTBa, olpejensercs .

ANiji = N (Tijer) A5 Tijig € AT (4)

Jonyuwenus
1. CraTtucTHyecKkde CBOMCTBA NMyuykKa TOPMO3HOTrO H3/JyueHHsi GeTaTpPoHA,

obsyyaioutero 6apbep, u3BecTHbl. [1punumaercs [4], uto No(I') ectp HeonHo-
pOAHOe CTalMOHAapHOe BO BPEMEHH rayccoBckoe o0000lieHHOe cayyaiiHoe
oJie; 2) MUKPONPOLECCHl, CONPOBOXKAAIOLHE NTPOXOKAEHHE U3JyUueHHsl yepes
b6apbep, alAMTHBHDBI, T. €. B3aUMOAEHCTBHE Ka)XJ0ro KBaHTa moJs ¢ 6apb-
€poM He3aBHCHMBbI; 3) omnepatop I, OMNHMCLIBAIOUIUI MEPEHOC H3JYyuYeHHs, OT
BpeMeHH He 3aBHCUT. { T > (¢u3HuecKu MOXKeT GHTb TPAKTOBAH KaK BEpOSIT-
HOCTH T ijx,prr , C KOTOPBIMH KBaHT sueidku Al . (ha30BOTO MPOCTPAHCT-
Ba, OMHCHIBAIOLLEro  MepBUYHBbII mnydoK Ny, mnepexoaut B siueiiky ATl pgrt
¢asoBoro MmpocTpaHCTBa, ONHMCbIBAlOLlero u3aJjyuyeHue 3a OGapbepom N
4) ¢ayKTyauuu CYMTAIOTCH MAJbIMH, T. €. OTKJOHEHHe [MOJeH OT CPeAHHX
3HAUeHHI C 3aMeTHOH BepPOSITHOCTbIO MO KpafiHeil Mepe Ha NMOPSAOK MeHblle
CpeJHUX 3HAUEHHUH.
KoBapuantnaa dyHkuus

HMcxonss u3 Boipaxenus (1, 2, 3, 4) oTkjoHEHHE OT CpeAHero
B KOHKDETHOH § pea. H3alluu Jas yuc/aa KBaHTOB, HAXOASUIUXCSA B fyeliKe
Alpsr1 pa3oBOro mpoCTpaHCTBA, MOKET Oblrb MDEACTaBJACHO:

ANpgrt = < T > [ANjat + ANZijat] + AT [< ANoyjer > + AND ey +. Am&,ﬂ]j
(5
HanucaB aHasoruynoe Beipawenue aas Ale,., M yMHOXHUB HA (D),
nyTeéM YyCpPeLHeHHs [0 BCeM peaau3alusiM S I0Jy4YdM KOBapHalLlHIO
KSqu, Ep.v'q: g
Kpgrt, epvy = M {AT < ANoijr > AT < ANoopys > } +
+ M{< T > [ANljjar + AN2yja] - < T > [AN{ag -+ ANjwp]}. (7)

113 peBsiTh uJ€HOB MBI TpeHeop.raeM B (7) CeMbI0 CIaraeMbIMH,
TaK KaK
M (< T > [ANiyja + 8N g3jat] - AT < ANpgs > = 0,
M| < T > [ANtgs + ANsasp] - AT < ANgijer >) = 0,
MA{AT < ANgijxi > -AT [-\N;‘aﬁxﬁ g ANSO(,%{B]} =0,
M (AT < ANyozys > -AT[AN?UK: + ANSinl]} =0

— B CHJYy CTaTHCTHYECKOH He31BUCUMOCTH Mex Iy (GJayKTyalusiMH KBaH-
TOB B NepBi4HOM nydxe N, W alAUTHBHBIMH MKpPOTPOILeCCAMH B3aUMO-
JelCTBUS M3JyuyeHHd C BelleCTBOM npu mnepenoce. CiaraembiMu

M{< T>[ANVija + ANSinz]'AT[AN?ama + AN},
M{ZT > [Nz + ANDesp]- AT [ANSja + ANDs ]},
M (AT [ANVjer + AN3ija]- AT [AN g -+ ANGasys]).

npexdebperaem, cuutas QGAYKTyaluu MajbiMd (3TH UJeHb UMET BTOPOA
nopsanok maJsoctu). Takum ob6pasom, B (7) mepBoe caaraemoe onpeaensieTcd
BEDOSITHOCTHBIM XapakTepoM nepeHoca («daykTyauussMu» omnepatopa, ONH-
CbIBAIOLIEro MepeHoc H3JyuYeHHs MPH AeTePMHHHPOBAHHOM MEePBHYHOM My4-
Ke), a Bropoe — (pJyKTyaluussMU B IydKe I[E€PBUHHOTO H3JyuyeHHs], CYHTAS
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fpolueccs nepeHoca AeTepMHHHPOBaHHbIMHU. Temepp 3aiiMeMcsi pacKpbiTHEM
conepxaHHus (opMaJsibHOH 3anucy BbipakeHus (7).

B cday aanuMrusnocTH (4 uiecKdX up HLec: B mepeHoca onepatop T
JHEE2H, c/leJloBaTeJbHO, JIMHEHHB €ro JerepmMuHupoBannas < T > W cay-
yapiyads AT yactu. B cuay Jaunednocrd AT MoxeT OBITh NMPEACTIBJIEH
marpuuei (At), 3sem HTaMH KOTOPOW HABJAIOTCA CJydalHble BeJWYHUHBI
Tijx,pirs TpUUEM M [Avje, p;r] = 0. Temepn nepBoe caaraemoe B (7)
MoxeT CHTh NpeJCraBJ/eHo:

M {AT < ANojsr > AT < ANoggs > = -
=M {2 A":ijrc, pqr < A}V()ijrcl> 'A'tijrc, TR < ANOin& >} = (8) :

ik
+2M {2 2 Ay, par < BNogj1 > + Aoy, epy < ANoapTz;}
T Vlikkapy,
UpHYEM mocsiesHui uaeH B (8) paBeH HYJIO, TAK Kak
M Ak, par-BTapy, v} = 0, iK #+ afy

—— B CHJIYy aJAMTHBHOCTH MHUKPOIMpPOLECCOB B3aUMOJIEHCTRHS KBAHTOB C Bellle-
CTBOM MOIJIOTHTEJS, 4TO OOYCJOB/JAMBAET CTATHCTHUECKYIO HE3aBHCHUMOCTh
nepeHoca Joodoro KkBaHta u3 sueiiku Al g (hazoBoro mpocrpaHcTBa Inep-
BHUHOro nmyuka B siueiiky Al ,o;;  as3oBoro mpocTpaHcTBa, ONMHCHIBAIOLLETO
y3Jy4YeHHe 3a MNOIJIOTHTesNeM, OT NepeHoca KBaHTa, Hanpuwmep, us Al'apyd
B Al'epvn. Bripaxkenue

M {Atyjic pgr < ANyt > < A% ik, eps < QlNogjus > }

ompef~JeT KOBapHallMio MEXAy uucaamMu KBaHTOB ANyl u AN
B s4efikax A,y u Ale..s, nepeHeceHHbIVMHM M3 sideek Al U Al
B KOTOPbIX HMeeTcs coOTBerCrBeHHO < AN > H < ANgijs > KBIHTOB,
npuYeM TMmepe .0C OCYUIeCTBASETCA C BEPOATHOCTAMHU Tijk, pgr M Tijk, epy
(oneparop < T > ot Bpemend He 3aBucHr). Ho B stom cayuyae cay-
4aiublii BEKTOp

(A":ijx, par < ANk >\

A'tljh‘, eny < ANOleB T /

Oyner pacmpeieseH 1O TNOJHHOMHHAJIbHOMY 3aKOHy; KoBapuaunus (8)
.onpeleaurcs [ol: v

M {AT < ANyijir > -AT < ANowgs >} =

2 [< AA’Oljnl B ANUijtcB >]; 8[8 [lefc,pqr ('\)pqr, T a7 31 sp.v] ). (9)
ijk
3anucbiBasi BTopoe caaraemoe B (7) B opme
M{<T > [ANYjer + ANSyja] « < T > [NV + ANSa]} = (10)

=M[< T>ANYje-< T> ANigg| + M [< T > ANgyj- < T > AN3egpa] +
+ M[<T> AN < T > BMNagp] + M [<T > ANByjer- < T > ANV,

JerKo T1mnokasartb 4YTO IOCJAeJHHe JBa UJeHa OoOpalamTcs B HYJb.
B camom nese omeparopst M u < T > nepecTaHOBOYHbI H, KPOME T(TO,
. BO BTOpPHIX COMHOXHUTEJfiX KaxX10To cjaaraemoro mpasoi . yactu (10)
<. T> neicTByeT mO WITPUXOrAHHBIM HHIeKCaM; 00.3Ha4dasl MOCJELHHH
dakT < T>’ ¥ yuyuTnBasg JvHEAHOCTb < T >, moay4YHuM
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M[<T>ANYja- < T > ANggp] = < T> < T>'M [ANijer-ANjegps]) = 0

M[<T > AN < T > ANigpl = <T > < T>'M[ANgy;- AN ] =0,

tak kak AN{ u ANY cTaTHCTHYECKH HE3aBHCHMHBI.
W3 BeILIEYNOMSHYTHIX COOOpaxX€HHH OYEBHIHA 3aNHCh BHIPAXKEHHS
JJisl TIepBOTO CJIaraeMoro NMpaBOH YacTH BhIPAKEHHS (10): ,

M[<T > ANja- < T > ANjgpl = <T > <T >'Kij, s =
a4 2 2 Tijx, par* Vapy, ewrk b, o1ty (11)

L ijx aBy
rne  Kijk, a3y — MOMEHT KOBapuauuu ajas ANY NepBUYHOTO my4YKa [4];
Tjx, pgr — BEPOSTHOCTb TlepeHOoCa KBAHTOB U3 sueiiku Al B Aueit-
Ky Alpgr1. TIpoananuaupyem ocrapuieecs caaraemoe B (10).

Hmeem:
M(<T > AN < T > ANyl = < T > < T >'Kii, appp =
= E Tijx, par* Tijx, epv 015 [ <ANogixt > < ANoyjns >];. : (12)

ijk ;
o 0
Tak kak cayuailHas BeauuuHa ANy, pacnpenesena no 3akony [lyac-
coHa [4] u ans Hee MOMeHT KoBapHalun K® umeer Bua [5]:

92) . s 1
KB, apyp = [ < ANosjxr >+ < ANoagya] 2 Sijut, apys,

OTKyJa MmocCJe CyMMHPOBaHHA 1O aByd C/leayeT KOHEUHOe BhIPaXKEHHE
B (12). 3necb < ANgjjxi > — CpellHee 4uCa0 KBaHTOB B Aljy. O6benvuss
BMecTe BblpaxkeHus (9, 11, 12), noayuum pusi (7) mocae ynpoiueHui
cienylolLee: : ‘

A A A
qurl, epyd = Kp:]rl, epvd + Kp(’]rl, epvdy (13 )f
rape : ‘
A 1 R o)
Kp(lzrl. epvd — Z Z Tijk, pqr* Taby, evaij/cl, afyd (133)
ijx ofy

1 ¥,
K adot, v 2= 2 [ije, par < ANogjxt > tiji, epv << BNosjxs > 13 8pgr1, eps (1306)
ijK
31ech
: Tijx, par < ANOijxl > =< ANij/;l, part >

CpellHee YHCJIO KBAHTOB B sdyeiike Al'p,,;, nepeneceHunix M3 Aljq. Cym-
MupoBaHHe 10 ijx B (136) onpenesur noJHbe MareMaTHYECKHe O HJa-
HHUA YHCEJ KBAHTOB B fiuedkaxX Al p4r;, Tak 4TO

. |
RS s S BN i B AN s B 1T Y1, ks, (13B)
rne . 4 «

< ANprg> = 2 Tijx, par < ANoijxr >

ijx

Bce paccyxnenns, npoBejleHHBIE BBIIIE, CTHOCHJAHCH K NPOCTOMY
HONIO, AAf - KOTOporo < ANy > =< Ny > AF u <AN > & < N> AF.
OGosznaunum: I'j— (asoBoe mpoOCTPaHCTBO, HA KOTOPOM OINpejeJieHO pac-

npejejeHHe 4YWCes KBAHTOB 1Jisi nmepHuHOro myuxa (I',— BekTop el‘?,);
I' — dasosoe npocrpanctso Aas nyuyka 3a G6apbepom (I' — BekTop €1),
TOTAA A/l IPOCTOro nosast OyjaeM HMeThb:
(D
Kijrt, apys = AT2K, (Feijers Toopys,

} K, (Toijxt; Toags) = M [N (Tosjur)- N§ (Foasys )]s
82



Kﬁ:]tl, epyvd — Ar [< N (qurl) > < lV( Fa_nﬁ) >]% apqu, ap.vB‘,
T. e. Bolpaxenue (13) mpumer BHA:

anrl epve = A [2 z'tlﬂc par* TaBy, euvKn (Tosjut; FOaﬁIB) S5

ijx ofy
1 1
v 3 AL F <N (Dapt) 3 < N AT qot) > 12 8pgrt: snnts (14)

Tax kaxk N,(I') u N(T), onucuiBaloue pacnpeieseHuss YUCEJ KBAHTOB
B (asoBbiX mpOCTPaHCTBAX, ABAAOTCA 0000UIEHHBIMH CayYalHBIMH QYHK-
IHAMH, KOTOpHIE MPeACTABUMBI IIpeJlesaMH MOC/]e10BaTeJbHOCTEH IPo-
CTHIX QyHKUHH [QF M KOBap4aHTHbe (PYHKIHH Kn, n Ky sBasiiorcs

Upe/ENaMi COOTBETCTBYIOUHX MOC/0Ba reAbHOCTeH KOBapualui, TO Mo-
NYYHM

K (T\Ty) = lim [KIF 2 ] =KV ) LKL, sy

Tae
KW (L) = [ [T (Th; T) T (Chs T3 K, (CuFog) dTdll,  (152)
B
K% (CT) = [< N (T)) > < N (T5) >] 33 (I —T), (156)
<N ()> =,J1T(r‘l" I') < N, (Ty) > Tk (158)
3aechb : .
Ifs (FO, ') = llm [All“ Tijk, pqr] _ (15r)

€CTb (bymﬂmﬂ I‘puua KpaeBofl 3aJayd KUHETHYECKOro ypaBHEHHSI mepe-
HOCA KBAHTOB B PacCMaTpuBieMoit 6apbepuoii reoMerpuu [3].

Murerpuposanue B (15a, 15B) mpouU3BOAUTCH MO MOAMNPOCTPAHCTBY
N=FXEXQC(CT,, B kotopom aeiictsyer omeparop < T >. Coraac-
HO [4] coctapasiouas K, KOBapHaHTHOH ()YHKIIHH HMMeeT BHA:

K, (Tou; Ts) = 2 C, (Tl Tls) K, (4it2)-

L v yquOM 3TOTO Bhlpa}KEHHe (l5a) moxer OBITb IIpe,ZLCTaBJIeHO

K (r,I,) = ZGZ(r PlyKicee), (151)
rjae :
6, (rirh) =} | 7 (rhi T 7 (chs T € (e Tl drhh.
0

0
U3 (15) caenyer, uro cayuaiiHas coctasasiouias N’ (I') noas 3a 6apbe-

pom, Kak u B cayuae Ng([p) [4], MmoxkeT GBITH MpeacTaBIeHa CYMMOH ABYX He-
KOPPEJHPOBAHHBIX KOMIOHEHT, MPUYEM OfHA H3 HHUX §IBJSIeTCS O-KOPpPEJHpo-
BaHHbIM mpoueccoM. OueBHaHO, pacyeT KOBAapHAHTHOH (YHKIUHH MyuKa

ussyuenus 3a 6apbepom cBssan ¢ Haxoxaenuem sigpa T (I} ; ') mepenoca;
3(pdeKTUBHBIX METOAOB MAJSi AHAJHTHYECKOTO peIlleHHs 3TOH 3ajayd MokKa
YTO He CYLIECTBYET; OCHOBHble Pe3yJibTaThbl B 3TOM HalpaBJeHHH MOJy4YeHbl
meTtogom Monre-KapJo.
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CpenHexkBaapaTHyHble QAyKTyauun

B cuany 6-koppenupoBanHocTd N (I') Moxer ObiTh OCMBIC/TIEHO (PH3HYECKH
JIMIIb KaK ciayvaiinas o6oOuienHas ¢yHkuus, npuuem aas N(T') ne cymecr-

ByeT pacnpejeseHns BEPOSITHOCTEH B Kaxkao#l I' (KOHKpeTHo# TOuKe 7, B JIO-
60ii MoMeHT BpeMenH f). Ho Tak Kak B IpakTHYECKOM OIbITE€ Mbl PETHCTPH-

pyem nosie N(I') ¢ nmomompbio ¢usnueckoro npubopa, KOTOPHI IPH H3Mepe-

HUH HeHn30eXXHO NPOU3BOAMT yCpeaHeHHe 1o Hekoropomy o6bemy AI daso-
BOTO NpOCTPaHCTBA (M3-3a KOHEYHOH BEJHMUMHBl 3HEPTeTHUEeCKOH H YrJOBOH
paspematouieii cnocOGHOCTH, KOHEYHOCTH amnepTypbl U HHEPUUOHHCCTH), TO
Mbl Bcerja IOJYyYMM ONpeJleseHHOe 3HaueHue s pachpejeseHdus BepoAT-

HocTel, HO He mist N(I'), a ans HekoToporo JiMHEHHOTO (YHKIHOHAJA:

d><<;)=lj'q(f)/v(r)dr,

HEIIPEPLIBHO 33BHCH[LL€I‘O oT Cbl/l HYE€CKUX XaPAKTEPUCTHK H3BMEPUTENbHOIO

npuoopa ¢ (I).
Jlucnepcust OTCYETO3 HA BHIXO€ H3MEPHUTENLHOTO IpHOOpa oOmpe-
JIEJIATCS U3 OYEBHHOrO BblPaXKEeHHs

DO (3) = [ [ ¢ (1) ¢ (1) Kn (1) dT'

TYER,

1 OyzieT KOHeYHOoH BeJTHYHUHOH.
Yro kacaercsi pacnpefieleHHs] BePOSITHOCTEH OTCUETOB H3MEPHUTENbHOTO
npubopa, To NpU AOCTAaTOYHOH BeJHUMHe HHTepBaJsa ycpenHenusi A, omno

Oyner GJM3KO K rayCCOBCKOMY, Kak JiuHeiiHoe npeo6pasoBanue ot No(lg) [4].

»
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