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AHHOTaumsA. PaccmoTpeHa aHanuTuyeckass Teopus M KOMMbHTEpHasi Mofdenb KBaHTOBAHHOMO MO
YPOBHIO Cny4anHoro curHana. B xoge aHanuTUueckux M YMCREHHbIX pacyeToB MOfy4YeHbl peanusauunu,
KOpPPEensuuoHHble U CrnekTpanbHble XapakTepUCTUKM curHana. YTOYHEH (U3NYECKUA CMbICIT BENUYUH,
XapakTepusyloLmnx CTaTUCTUKY NepeKrtoYeHnin MHOFOYPOBHEBOMO CUrHana, 1 rnonydeHo Xopollee cornacue
MEeXAy aHanUTUYecKoW M YUCNEHHOW MOAensaMu curHana. PesynbTaTbl pac4eToB MCMOMb30BaHbl Npwu
CO3[aH1n HOBOW KOMMbOTEpPHON Mozaenu 1/f dpnykTyauun SMMCCUOHHOIO TOKa.

OpaHO 13 LeHTpanbHbIX MeCT B Kypcax “CTaTuctuyeckas pagnotexHuka”, “Teopusi aneKkTpu4eckon
ceasn”’, “TeopeTunyeckass paguoTexHuka”, “Cuctembl M CceTU nepefavm OUCKPETHbIX CO0BLeHnn”,
“‘UndpoBasi obpaboTka curHanoB” w [gp. 3aHMMalroT BOMPOCbI, CBSA3aHHbIE C PaCCMOTPEHUEM
CTaTUCTMYECKUX W CNEKTPanbHbIX XapakTePUCTMK OBYXYPOBHEBOIO M MHOrOypoOBHEBOro curHanos [1-3].
PasButne ctatncTMyeckon TeopuM M-ypOBHEBOrO CWrHama co CryyarHbIMM MepexogamMmyv B OCHOBHOM
ObIno 3aBeplleHo 6onee TpuauaTtu neT Tomy Hasapg [2-4]. OgHako B cuny psaa MeToauyeckux NpuymH
BOMPOCHI, CBsI3aHHble C BbIOOPOM afeKBaTHOW CTAaTUCTUKKU, pacdeTamMmn CneKTpanbHbIX U KOPPENSLMOHHBLIX
XapaKTepUCTMK MHOrOYpOBHEBOIO CUrHarna, HeoCTaTO4YHO MOSTHO U KOPPEKTHO OCBELLEHbI B NUTepaType

B HacTosiLee BpeMs B CBSI3UN C LUMPOKMM pacnpocTpaHeHneM BbiCTPOAENCTBYOLMX KOMMbIOTEPOB
nosiBMnacb Becbma npuBrekatesnibHasg BO3MOXHOCTb CO3[4aHWsi YHUBEpPCanbHOW KOMMbIOTEPHOW MOAENN U
nporpaMMHOro obecrneveHnsi, MNO3BOMSIOWEr0 HarnsgHo Habniogatb B AMHAMUKE peanusauum  m-
YPOBHEBOIO CIy4alHOro curHana C NpOW3BOSIbHOW CTAaTUCTUKOW, €ro CrnekTparnbHble N KOpPEensuMOHHbIE
XapaKTePUCTUKN, a TakkKe - BAUSHWE MyNbTUNIIMKATUBHOM 1 aadaMTUBHOW NoMex B Buae 6enoro n po3oBoro
wyma. O6o3HauyeHHas Bblle 3agava Obina ycnewHo peanu3oBaHa B bawlyY nytem cosgaHus
COOTBETCTBYHOLLIEro NPOrpamMMHOro n y4ebHo-meToguyeckoro obecneveHns nabopaTopHbIX NPAKTUKYMOB.

1. MOLEJNIb ABYXYPOBHEBOI'O CUTHAJIA

Mpu n3y4yeHUn Teopun LBYXYPOBHEBOIrO CUrHana obbl4HO ygaeTcsi pacCMOTPETL MWL HEKOTOPbLIE
YacTHble crydau, COOTBETCTBYIOLUME TOW WM MHOW CTATUCTMKE nepekntoyeHns. Kpome 3aToro
npegnonaraeTcs, YTO CUrHan SBMASIETCA KBa3WCTaLMOHAPHbLIM, U Ha HEro He HaknagblBaloTCH Kakve-nnbo
nomexu u wym. PaccmMoTpum HekoTopble Npobnembl, CBA3aHHbIE C MOMHOTON M KOPPEKTHOCTBIO U3MOXEHNS
aHanuTnyeckom Teopum TenerpagHoro curHana [2]. CoOOTBETCTBYHOLIME MPEOnofioKEeHUss  UIu
OrpaHnYeHns1, NPOBEPKY KOTOPbIX LienecoobpasHo OCYyLLECTBNATL C MPUMEHEHNEM KOMMNBIOTEPHOW MOAEN!,
Oynem conpoBoxaatb 3HakoMm (?). YunTbiBas [OUCKPETHbLIN XapakTep TenerpadHoro curHana, npu
BbIYMCIIEHUN  €ro  aBTOKOpPpensiuMoHHon  dyHkumm  (AK®)  B(t,7) uWHTerpMpoBaHuMe 3aMeHsIeM
CyMMupoBaHueM. [nsi HeCMMMETPUYHOrO curHamna, npegcraensiowero cobor yepegoBaHWE Hynew u
eOuHUL, UMeem

X(t) k(t + 1) = Z z X(t) IX(t + T)P(x(t), x(t + 7)) = =00 P(0,0)+ 01 P(01)+10P(L0)+11(P(LL) = P(L) (1)

OueBngHo, yTo P(1,1) onpegensieTcs npovssBegeHUeM BeposiTHOCTM P(1) Ha BepoATHOCTb TOrO,
YTO 32 BpEMS T CUrHamn COBEPLUNI YETHOE YMCIO Nepexoaos

P =PQ) P, T) - @

Bynem nonaratb, YTO BEPOATHOCTU HaxoxzaeHus curHana B O m B 1 oawHakoBbl (1-4 ?), T.e.
P(Q) =P(0)=0.5. MNpu pacuyete BEPOATHOCTM 4YETHOTO KOMMYECTBA MEPEXOdOB rofaraem, YTo

NnocrnegoBaTeNbHOCTb  3HAYEHUM BpEeMEH T HaxOXOEHWss CuUrHana B OnpedeneHHOM  COCTOSIHWM
NoaYMHSAETCH NyacCOHOBCKON cTaTucTuke (2-1 ?). Umeem

© | ET|k el
P kqemﬂ 1 )= @ 1 (3)
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roe a - KonNuyecTBo nepexodos (3-n ?) B eanHuuy BpemeHu. B cBs3n ¢ Tem, 4To aprymeHT T ana AK®
MOXeT BbITb MONOXUTENBHBLIM N OTpULaTeNbHbIM, B (3) UCNOMNb30BaHO abCoONOTHOE 3HAYEHME OT T.

@2002, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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Mpeo6pasyem (3) k cneaylolwemy By
1 -
P(kllemu y T) = E |:b+ e 2\&1"] (4)

Moactasnsiem (4) B (2), u, yantbiBas, yto X = 0.5, umeem B(t, T) = % &2 (5)

[ns HaxoxaeHusa cnekTpansHon nnotHocTn mowHoctu (CIMM) S(f) ncnonesyem Teopemy BuHepa-XuHunHa

” 050 ™
S(f)=4008(r)eos(2rfr) it =—————— . (6)
(f) E_! (T) 05( T) 4 1+ (&)/2(7)2

lMpuMeHeHne KOMMbIOTEPHOW MOAENU ABYXYPOBHEBOrO MO3BOMSET CYLLECTBEHHO MPOABUHYTHCS B
MOHMMaHMM CMbICNa BenuuuHbl O B ¢hopmynax (3-6). Ha puc.1 nsobpaxeHbl pacyeTHas peanusauus B
4096 Todvek anutenbHocTblo B 1 ¢ (BepxHsAs kpusas) n CIM (kpuBas 2) OBYXYPOBHEBOrO curHana npwu
a=100c* ¢ aaanTBHbiM Bl HeGoNbLLIOW UHTEHCUBHOCTW.

BugHo, uto pacuetHas CIIM aByxypOBHEBOro curHana xopolio cornacyetca ¢ (7), ecnu nog o

MOHMMAaTb 4YacTOTy MapHbIX MepekntoYeHnn curdana. Hanmune agamtmeHoro BIW nposiensietca Ha CIrM
Ha BbICOKMX YacToTax B BUAE MOJIOroro y4actka KpUBOW.

e
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Puc.1. Peanusaums u CI'M gByxypoBHEBOIO curHana.

2. MOAEJNIb MHOIOYPOBHEBOI'O CUTHAIIA

Cnepnya [3], npeocraBuM MHOTOYPOBHEBbLIN CrnyvanHbIi curHan X(t) kak cymmy CTaTUCTUYECKM
He3aBUCMMO (4-M ?) NOSABMAIOLWMNXCA B ClyvaliHble MOMEHTbl BPEMEHM tx NMPSAMOYrOfibHbIX MMMYNbLCOB
aMNANTYOON ax U ONIUTENBHOCTBIO Uy

x(t) = Zak BBE%E (7)

ecu0<t<il

rae  G(t)= L1 . (8)
%J eciu t<0, t>1

AKD OANHOYHOro NPAMOYrosibHOro nMmnynbca annTeNIbHOCTbH U
o 0 d<T
[CIG I + T e =7 Ir| ©)
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Ans pyHKuMKM pacnpegenenns F(1) o BCeM BO3MOXHbLIM 3HAYEHUAM ANUTENBHOCTEN UMMYNbCOB T
MOXHO 3anucartb (5-1 ?) cnegytoulee guddepeHumanbHoe ypaBHeHne [5]
dF(r) _[1-F(r)
dr T

rae T - cpegHee BpeMs nNpebbiBaHWs curHana B Kakgom cocTtosiHum. Pelwwenne (10) gaeT BbipaxeHue s

NMOTHOCTUN BEPOATHOCTU W(T) pacnpeneneHunsa OnuTenbHOCTEN nMmnyrnbcoB

-T/T
e

(10)

w(T) =

(11)
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YcpeaHeHnue (9) no (11) no3sonseT nonyunts AKD MHOroypoBHEBOIO curHana
T
B(r =02D3XDB——H (12)
( ) OTO

C nomoLybto cooTHoweHus BuHepa-XuHumHa onpegensiem CINM curHana
2
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Puc.2. AK® tpexypoBHeBoro curHana ¢ bl Puc. 3. Peanunzaumsa un CINM 10-ypoBHeBoro curHana

B oTnvune OT npefcTaBrneHHOW Bbllle aHanNUTMYECKOM MOAENV paccMaTpuvBaemasi YMcreHHas
MOZeNnb MHOrOypoBHEBOrO CUrHamna XecTko He CBA3aHa C OnpedeneHHON CTaTUCTUKOW nepekntodeHus. B
CBSI3M C 3TUM paspaboTaHHas Mogenb NO3BOMSET AaTb OTBETbl HA BCE MOCTABIEHHbIE BhILE BOMPOCHI U
ybeanTbCca B XOpOLLEM COrflacum YMCMEHHbIX pacyeToB C TeopeTudeckumn 3asucumoctamm (12) gna AK®
n (13) ana CIrM. B yacTtHocTn, xapaktepuctukm AK® n CIM He 3aBUCAT OT 4Mcna YpoOBHEN KBaHTOBaHUS
cvrHana. Ha pwc.2 npuBegeHa ogHa n3 peanusauun TPeXypoBHEBOTO CUrHana ¢ agaMTUBHBIM FayCCOBCKMM
wymom (kpuBas 1) n pacyetHas AK® (kpueas 2). Hannume Bl nposiensetca Ha AK® B Buae kpyTo
yObIBatoLLEro y4acTka KpMBOW BOMM3M HYNEBOro aprymeHTta. [ns HeHyneBbIX 3HAYEHU aprymeHTa cdopma
AK® KauecTBEHHO XOPOLLIO COrnacyeTcs C aHanMTUYeCcKon 3aBMCUMOCTbLO (12).

Ha pwuc.3 npuBefeHa ogHa 13 peanusauui n ycpegHeHHasi no 200 peanusauuam CINM crniyyaiiHoro
CcurHana, kBaHToBaHHoro no 10 ypoBHsiM. CpegHee YnCNOo NepeKNioYeHnn Ha OOHY peanusauuio BblIopaHo
paBHbiM 100. AHanuM3 npuBeOEHHOro CrekTpa CBUMAETENbCTBYEeT O TOM, 4YTO ero opma, a Takke
4YncrieHHoe 3HayeHne 4YacToThbl nepernba xopowo cornacyttca ¢ chopmynon (13). To cBUAETENLCTBYET O
MOfMTHOM COOTBETCTBUM pacCYeTHbIX peanu3aumMii  MHOTOYPOBHEBOTO CuUrHama C pPacCMOTPEHHbLIMM
aHanMTUYEeCKNMN MOLENSAMMU.
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Abstract. This report has deals with theory and computer model of quantum signal.
Realizations and spectra of random signal with multiple levels were received during theory simulation
and numerical calculations. There was defined more exactly the physical meaning of a coefficient that
determine the frequency of switching and statistics of a two-levels and a multi-levels random signal. As
result of this investigations a good agreement was got between the analytical and the numerical
models of signal. This theory was fond application in model of emission current 1/f fluctuations.

In this report consider theory and computer models of two-level random signal and multiply levels
guantum signal.
Following [3], will present random quantum signal j(t) as a sum of statistical independently coming

up for random moments of time t, square-wave pulses by amplitude a, and duration vy

0= WE%"E’ 1)

ecmu0<t<l @
ecau 1 <0, t>1

ACF of the square-wave single pulse, that has duration v, give equation
o 0 9 <T
T _f 3)
LG(G)EG@G ' Q[ue _El_g_' 551
For function of distribution F(1) on all possible means 1 of pulses duration possible to write following
differential equation [5]
dF(T)_[l_ F(T)] (4)
dr T
where T - average time of stay in each condition. Decision (4) gives following expression for density
of probability w(7) of pulses duration distribution
-T/T

where G(t) = %

w(T) =

()
Averaging (3) on (5) allows getting ACF of quantum signal
T
B(r :JZEGXpB——H (6)
( ) OTO

By Wiener-Khintchine theorem define PSD of m-level signal

o’ T
= 7
S(w,T) _Eh)n T (7)

The Expressions (5) and (7) shows that the ACF and the PSD for quantum signal does not depend
on number of the quantum levels.

In opposite to presented in previous section of analytical model considered numerical model of
guantum signal hard unconnected with the signal switchings statistics. Developed model allows making
sure in get a good agreement between numerical calculations and theoretical dependency (6) for ACF and
(7) for PSD. In particular, how the calculations have shown, features ACF and PSD well corresponded to
eg. (6) and eq. 7 respectively.



mailto:g_ss@rambler.ru

