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BUOHUKA U CTATUCTUYECKAA PAOUODUIUKA

ONTUMU3ALUA NAPAMETPA ®YHKLMM NONE3HOCTU
MHBECTULIMOHHOIO NOPT®ENA MO CTATUCTUYECKOMY AHCAMBIIIO
PEANMU3ALIUN

H.B.Aprioxun, E.A.Jlom0poBckuii
Huoicecopoockuii eocynusepcumem

OpHOW U3 OCHOBHBIX MPOOJIEM KOJIMYECTBCHHOTO (PMHAHCOBOTO aHANN3a PHIHKA LICH-
HBIX OyMar sIBJISCTCs 3a/lada HaXOXKICHHUS ONITHMAJIBHOTO paciipe/ieIeHNs] HHBECTHLIMIT 1O
pa3nuyYHBIM akTHBaM. [IpH pelieHHH JaHHOW 3a[a4d MPEeAIIoNaraeTcs, YTo UCTOPHUS U3-
MEHEHHs JOXOIHOCTeil N paccMaTpUBaeMbIX aKTUBOB JI0 HACTOSIIETO MOMECHTA BPEMCHU

. t
¢t mpencTaBisgeT co00il HaOMIOAaeMyI0 IUCKpPETHYIO peanmsanuio R(7) = R(t)| o CTamHo-
HApHOTO BEKTOPHOTO CIIy4aiHOro rmporecca I, a ONTHMalbHOE NPOTHO3UPYEMOE 3Haue-
HHE noxoxHocTed akTuBoB R(7+ 7 |f) Ha MOMEHT BpeMeHH ¢+ T OIeHEeHO, U HalaeHa
KOBapHaLlMOHHAs MaTpuLa Bilt+T|1] OLINOKOK IIPOrHO3UPOBAHUS
R(t+T|t)=R(t+T)-R@#+T|t) [1].

OnruMansHOE pacTpefeeHne WHBECTUINH, XapaKTepHU3yIolieecss BEKTOPOM OINTH-
MaJlbHBIX BeCOBBIX K03 duiuenToB Woy(t + T'| £), Ipy HAaIMYUK B3aUMHOH KOPpPEISLUU

MEXy aKTHBaMH, IIO3BOJISICT CYIIECTBEHHO (TI0 CPaBHEHUIO C OTACJIBHBIMH aKTHBaMU)
YMEHBUIUTh MEPY PUCKA — JUCHEPCHIO

A T
DE(t+T[6)=Wop (t+T[0) B (t+T[1) W,y (t +T 1)

o T RE+T|1).

BekTop ontuManbHbIX BecoBbIX Kod(hduunenToB Woy(? + T'| f) MOxeT ObITh HaiieH
U3 pelIeHHs SKCTPEeMaIbHOM 3a/1aui — MaKCUMHU3aUnH (QYHKIMH [T0JI€3HOCTH MOPThens

A T
IIPOrHO3UPYeMOi noxonnocty noproens R, (1 +7 1) =W,

Utility(t + T [£)= R, (t + T|t) = A- D (¢ + T |1)

N
IIpU OIPAaHUYECHUSX HOPMUPOBKHU ZWop,(i)(t+T [)=1 W MOJOXHUTEIFHOCTH BECOBBIX
i=1
k02(pdunnenToB Woy)(t + T'| £) 2 0 [1]. Koopduuuent A, BXoadmuii B pyHKIHUIO TONE3-
HOCTH, UMEET CMBICI MPEAEITbHON HOPMBI 3aMEIeHHUs] PUCK/T0X0A U, KaK IPaBUIIO, BBI-
OupaeTcsi ”HBECTOPOM MHTYHTHBHO.
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B Hacroseil paboTte IpeanokeHa npouexypa onTuMu3auu koddduiuenrta A, oc-
HOBAaHHAs Ha CTATHCTUYECKOM YCPEIHEHHH 110 aHCaMOJII0 BCEBO3MOXKHBIX pealn3aluii
CIy4yaiHOTro BEKTOpa 10XOIHOCTEH .

VIcXoqHBIMH JIaHHBIMH B 3a][a4¢ HaXOXKACHUS ONTUMAIbHOTO PAcHpeeiCHUs BECo-
BBIX KOO (HUIIEHTOB SBISICTCS HAOM0AaeMas pean3anus BeKTopa goxonHocteit R(7), mo

KOTOpPOi OIIEHUBAETCS BEKTOp ONTHUMaibHOTO mporHo3a R(z+ T |¢) . IIpu aToM, BeKTOp
ONTHMANbHBIX BECOBBIX K0d(uuuentor Woy(z + 7| #), a Tak ke MporHosupyemas J1o-

XOJHOCTh ONTHUMAIBHOTO HOPTQeEIs R p(t+T 1) u e€ mucnepcns [3; (¢t+T|t) OymyT

SIBIATHCA (QYHKIUSMU OT HaOJroaeMoi peanusanun R(7).
B paboTe paccMOTpeHO HaxXOXKICHHE BEKTOpa ONTHMANBHBIX OLUeHOK R(z+ 7 |t) He

0 OTAENBbHOW HabmogaeMol peanmsannu R(7), a 1 BCero CTaTHCTUYECKOTO aHCAMOIIS
peanm3anuii CilydaifHOro BEKTOpa HOXOMHOCTeH I. [lonmydeH craTucTHYECKHI aHCaMOIb
ONTHMAJBHBIX OUEHOK T , UI KOTOPOTrO BEKTOP ONTHUMAIBHBIX BECOBBIX KOO()(PUIIMEHTOB
ABIseTCs 0e3ycoBHOM ciydaiinoii BennunHol Wog. IIpu 3TOM nporuosupyemoe 3Haue-
HUE JOXOJHOCTH MOPTQENS TaK ke OyIeT SABIATHCS 0€3yCIOBHOMN CIIy4allHOW BETUYUHOIM,
CTaTUCTHYECKOE OMHCAHUE KOTOPO MOXKET OBITh HANICHO U3 CIICAYIOIIETO HEJTHHEITHOTO

T A
0e3bIHEPLMHHOrO NPEeO0pasOBAHUA: 7)) = W, -T . Oxujaemas XUCIEPCHs NPOTHO3H-

pyeMoii TOXOJHOCTH ONTUMAIILHOTO MOPTQENs Il CTATUCTUYIECKOTO aHCaMOIIsl peann3a-
U TaK ke SABISACTCS OE3yCIOBHOM CITydJaifHOW BETHMYMHOM, MIIOTHOCTh BEPOSTHOCTH KO-

TOPOU MOXET ObITh HaiiJicHa M3 HEJIMHEWHOrO OE3BIHEPIIMOHHOTO MPEoOpa3oBaHUs CIy-
. 2 T

YaiHBIX BEIMYUH G, =W, By -w,,,..

s yCpeaHEHHBIX M0 CTaTUCTUYECKOMY aHCAMOIIIO ' CIIy4YaifHBIX BETHYUH MPOTHO-

SI/IpyeMOﬁ JOXOJHOCTH HOpT(beJ'ISI ;'p u omnuaeMoﬁ JUCHEPCUN TOXOAHOCTH HOpT(I)eJ'IH

6'5 MPE/TIOKESHO BBECTH HOBYIO “‘ycpeonenHyro” HYHKIUIO MOJIE3HOCTH:

Utility =<7, >2 —<6—; >, @)

rae < fp >2n < 6'12, > — YCpEOHCHHbIC 110 CTaTUCTHYECKOMY aHCaMOIIO peanu3auui I
HPOTHO3UpYeMasi JOXOAHOCTb MOPTeENs U OXKUIaeMas AUCIePCHs TPOrHO3UPYEMOit 10-
XOJHOCTH TIOPTQes.

OnTHManpHOE, B CMBICIE CPEIHETO MO CTATHCTHYECKOMY aHCcamOlIto, 3HaYCHHE KO-
a¢pdunmeHTa A npeIoKeHO HAXOUTh U3 MAaKCHMHU3ALUH HOBOW ycpeqHeHHON (YHKIMU
noje3HocTH (1) cTaTHCTHUecKOro aHcaMOJIsl peanu3aruii.

PaGora nonaepxana rpanramu Benymast Hayunas mkona Ne 00-15-96620 u POOU
Ne 00-02-17602.

[1] Aptroxun U.B., Tom6posckuii E.A., Manbues A.A. //B ku.: Tp. 4-it Hay4H. KOH}. 11O
panuodusuxe. 5 mast 2000 r. /Pen. A.B.Sxumos. —H.Hosropoa: TAJIAM, 2000,
c.238.
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NPOrPAMMA MOOENNPOBAHUA N UOEHTU®UKALIMM 3AKOHOB
PACMNPEAENEHUA CNYYANHbIX BENMUYXH

A.H.Anémxun, C.A.JIa0yTnn
Huoicecopoockuii 2ocydapcmeeHHblil meXHUYecKuil yHusepcument

B nmoxnane onmcwIBaeTcs MporpaMMma MOJETHPOBAHHS M MACHTU(QHUKAIIMU OHOMO-
JANBHBIX, ABYXMOJQIBHEIX M MOJIMMOAAIBHBIX 3aKOHOB PACIpeieNICHNs CIyJalHBIX Be-
mmauH. [Iporpamma paspaborana mox OC Windows 98 B cpeme mporpaMMHpOBaHUS
Borland C++ Builder 5.0.Hmxe OyayT mpencTaBieHbl OCHOBHBIE BO3MOXKHOCTH IPO-
TPaMMBIL.

Mooenuposanue 3axonos pacnpedenenus Cay4aiHblX eIUdUH

B mporpamme peann3oBaHa BO3MOXXHOCTh T€HEPHPOBAHUS BBIOOPOK CIIydalHBIX Be-
JUYUH C Pa3IMYHBIMU 3aKOHAMH paclpeieiieHus (mporpamMma omepupyer 42 omHOMO-
JaJbHBIMH paclpe/iefiecHUsAMI). [ eHepupOBaHUe OCYIIECTBISICTCS METOJOM OOpaIlCHUS.
Jnst hopMuUpPOBaHUS MOIMMOAIBHOTO 3aKOHA PACIIPEACIICHHS HCIIONb3yEeTCsl CIIeAyolee
COOTHOILICHHE!

N N
P(x) =Y pRx). Xpi=1, M
i=1 i=1
re P(x) — pesynbTupyiomas (GpyHKIHS INIOTHOCTH BEPOSTHOCTH PAaCIpeeIeH s CTydaii-
HOH BeNMYUHBL, Pi(x) — QyHKIHS ITIOTHOCTH BEPOSITHOCTH OTEIBHON MOJIBI; p; — BECOBOMH
KO3 QHITHEHT, ONPEAeSIOIUHA 3HAYMMOCTb OTJEIBHON MOJIBI; /N — KOJINYECTBO MOJ.
Jns hopMupoBaHHs IBYXMOJATIBHOTO 3aKOHA pacIpeeieHus HCHOoNb3yercs (Gop-
Mmyia (1), B kotopoit N=2.
B mponecce renepupoBaHus 3arpalldBalOTCs MapaMeTPhl 3aKOHA paclpeneIeHus U
00beM BBIOOPKH ciydaifHol BennuuHbl. CreHepHpoBaHHAs BEIOOPKA COXPAHSCTCS B TEK-
cTOBOM (aiire.

Hoenmuguxayus 3axono6 pacnpedenenus C1y4aiHblx 6eIudun

B mporpamme peann3oBaH MeTOA MACHTH(MKALNH 3aKOHA PACHPENECNCHUs CIydai-
HOU BENWYHMHBI O3 UCTIONB30BaHUs Kputepues coriacus [1]. [Ipu aTom mpennonaraercs,
49T0 JI000€ TEOPETHYECKOEe pACIpEeieNICHNE JIMIIb HMPHONIKEHHO ONMHCHIBACT pEeaTbHOE
pacmpejienieHie CIy4aifHOH BENWYHHEL, T.€. CYIIECTBYET CHCTEMAaTHIECKOE OTKIOHEHHE
peanbHOTO 3aKOHA PACIpeleleHus OT TEOPETHYEcKOoro. 3ajada ONTHMAIbHOTO BEIOOpa
TEOPETUIECKOTO 3aKOHA pacIpeleieHUs U JaHHOH IMIMPUIECKOW BBIOOPKH 3HAYCHUI
CITyJallHOHM BENMYHMHBI PEeIIaeTcs B 3TOM Cilydae Kak 3afada MpHOMIMKEeHHS (YHKIUH Ha
KJIacce MPHMEHAEMbIX Ha MPAaKTHKE HENPEPHIBHBIX (DYHKIMH paclpeneNieHni WU IUIOT-
HOCTEll BEpOSTHOCTH CIyJaifHBIX BEIHUYHH (ZaHHAs MporpaMMma OHepupyer ¢ 42 BHIAMH
(YHKIMH TIOTHOCTH BEPOSITHOCTH M MX KOMOMHAIMAMH B CIIydae IOIMMOIANBHBIX H
JIBYXMOJATBbHBIX 3aKOHOB paclpezeneHus). B kauecTBe ONTHMAIbHOTO TEOPETHIECKOTO
3aKOHA PACIIPEENICHNsI BBIOMPACTCSl TaKOE CEMEHCTBO pachpefeneHui (13 Kiacca BCEX
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paccMaTpUBaeMbIX TEOPETHIECKHX PACIpeeleHH), KOTOPOe HAXOMUTCS HA MUHAMANb-
HOM DPAacCTOSHHU OT SMIIMPUYECKOTO 3aKOHA PACTIPENeTICHHs NPH YCIOBHH, YTO BBIOOD
HEHM3BECTHBIX NapaMETPOB TEOPETHIECKOTO CeMeiicTBa OCYIIECTBILIICS MCXOIS U3 yCIo-
BUSI MUHHMH3AIMU 3TOTO pacCTOsIHUS. B kauecTBe KpuTepus OIM30CTH HCHONB3yeTCs Be-
JHYIAHA

®(4)= 3z~ P(x;, 4)P 2

M=

Il
—_

riae A — BEKTOp HEM3BECTHBIX ITapaMeTpoB pactpeiesieHns; N — 4UCI0 HHTEPBaJIOB IPyII-
MHUPOBAHUS IMITUPHUECKON THCTOIPAMMBI; z; — 3HaYE€HHE IUIOTHOCTH BEPOSITHOCTH i-TO
HHTEepBaJia IMIMPHIECKON IMCTOrPaMMBI; X; — abCLIUCcca CepeIMHEI i-I'0 HHTEpBaJIa.

VcxonHble TaHHbIE MOTYT 3a1aBaThCsl B BHIE BHIOOPKH 3HAUCHMH CITy4alHOH BeJH-
YHHBI, WX B BHJE CTPYIIIMPOBAaHHBIX JaHHBIX (ructorpamm). [lo n3BectHBIM dopmyiam
OLICHUBAIOTCS TAPAMETPhI BBIOOPKH CIIy4aiiHOW BEJIMYMHBI (MaTeMaTHUECKOe OXKUJIAHHE,
C.K.0., KOO UIMEHTH aCHMMETPHU U dKcLecca, U ap.). Ecimu ncxoxuslit daiin conepxut
HECTpYHIIMPOBAaHHYIO BBIOOPKY CITyYalHBIX YHCEN, TO OJHOBPEMEHHO C OLICHKOH ee Ia-
paMeTpoB MPOUCXOAUT IPYIIIUPOBAHHE TAHHBIX B THCTOTPAMMY.

Bce pacnpenenenust 00pa3yroT CIUCOK, U3 KOTOPOro MPOU3BOJUTCS MOAOOD aHAIIH-
THUYECKOH MOJENM B HpOrpaMMme HACHTU(GHKAIMU. AJTOPUTM paboThl MPOrpaMMEl 3a-
KJIFOYaeTcsl B CleaylomeM. BriOopka sKCIiepHMEHTaIbHBIX JaHHBIX WIN IIOJy4YEHHAs 110
Hel TMCTorpaMMa B BHJE TEKCTOBOTO (haiiia 3arpyxaercst B IporpaMmy MACHTU(DHUKALHY.
3aTeM METOZOM MOMEHTOB OIPEAENISIOTCS OLIEHKH MapaMeTpoB BEIOOpKHU. ['mcrorpamMma
BMECTE C PAaCCYMTAHHBIMHU IapaMeTpaMH BBIOOPKH BBIBOIHUTCS Ha dkpaH. [loib3oBarensb
MOXKET BBIOpaTh B MEHIO KOH(UI'YPAIMIO CIHCKA 3aKOHOB pacIpe/ielieHnH, B Ki1acce Ko-
TOPBIX OyAeT MpOoBOAWTHCS MIeHTH(UKanus. HauanbHble OLIEHKH MOMEHTOB paclpere-
JICHUsI MIPUMEHSIOTCS Ul pacyeTa HAdaJbHOTO HPHOJIVDKEHUs] BEKTOPa HEW3BECTHBIX
napaMeTpoB (YHKIMHM IUIOTHOCTH BEpOSTHOCTH. HauanmbHble NpUONMIKEHHS, B CBOIO
ouepellb, MepefaroTcsi B (QYHKIMIO ONTUMHU3ALUY [TAPaMETPOB, KOTOPAs OCYIIECTBIISET
MOUCK MHHHUMyMa IIeleBOH (YHKIMH JUIsI BCEX paccMaTpUBaeMbIX CEMEHCTB
pacupenenenuit.  OnTUMH3alMs  MPOM3BOAUTCS  MOAMGMUIMPOBAHHBIM  METOIOM
[IOKOOPJIMHATHOr O citycka Xyka - Jlxusca [2].

Ha nocnenHem stane ¢popMupyercst 1 0ToOpaxkaeTcs Ha KpaHe CIIMCOK paclpeene-
HUH, PaH)KUPOBAHHBIN B TIOpsIKE yBenn4eHus: craTucTuku [Tupcona. [lo komanzae noss-
30BaTelsl MOXKET OBITh IIOCTPOEHA Ha dKpaHe Jro0asi HaliieHHasi aHAJIUTHYeCKast KpUBast
W3 9TOTO CIIMCKA ¥ NPUBEICHBI YHCICHHBIC 3HAUCHUS €€ TapaMeTpoB.

OmnncanHasi mporpaMMa MOXKET OBITh MCHOJIB30BaHA IPU CTATHCTHYECKOM aHan3e
IKCTIEPUMEHTAIBHBIX JJAHHbIX.

[1] 3emensman M.A. MeTposioruueckye OCHOBbI TEXHUYECKUX U3MepeHuit. —M.: U3x-Bo
cranaapTos, 1991, 228c.

[2] Hocau B.B. Pemienue 3aau anmpoKCUMaIUy C IOMOLIBIO IEPCOHAIBHBIX KOMIIBIOTE-
poB. -M.: MUKAII, 1994, 382c.
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ONTUMAJIIbHOE YUCNTO UHTEPBAJIOB N'PYNMNMUPOBAHUA TMCTOINPAMM
A.H.Anémxun, C.A.JIa0yTuH
Huoicecopoockuii eocydapcmeennbiil mexHuyeckutl yHugepcument

[ penieHus 3agad NpUKIQAHONW CTATUCTUKU BCETIa aKTyalbHOI ocTaeTrcst mpooie-
Ma (OPMHUPOBAHUSI TUCTOTPAMM IO IMIIUPUYECKOH BBHIOOPKE CiydaifHON BenuuuHbL. J{i1st
ompeneNieHNs] ONTHMAaIbHOTO YHCJIa HHTEPBAIOB IPyIIIUPOBaHUs 1, B paboTte [1] mpenna-
raeTcsi Kputepuii MuHUMyMma pasHocti |[K—K|, rae K, — sHTponuiiHbIi K03()GHIHSHT
reHEepaJIbHOM COBOKYIIHOCTH;

n
K - nd 10‘%;"1 In(n; )
" 26
— OLICHKA DHTPOIMHHOTO Ko dHUIMEHTa Ul TUCTOIPAMMBI C YHCJIOM HHTEPBAJIOB /11, T10-
CTPOCHHOH 110 BEIOOpKE 00BEMOM 7; d — IIUPUHA CTOJIOIA THCTOTPAMMBI; O — CpeaHee
kBazgparndeckoe otkionenne (CKO); n; - uncno nonaganuii cirydyaliHOH BeIMYMHBI B i-i
cronben ructorpamMmsl (ie[1, m]).

B paGote [2] Ha OCHOBE 3TOT0 KpHUTEpHs MOIyUYeHA 3aBUCHMOCTS 711y OT 00beMa BbI-
Oopku n ans cirydasi, korna n He npesbimaer 10000 3HadeHuil. B HacTosmiee BpeMs B
CBSI3M C KOMIIBIOTEPH3AIMEH CPEACTB M3MEPEHHH 00BEMBI BBIOOPOK MOTYT HOCTHTaTh H
oosee Beicokux 3HaueHui (75000 u BbIlIe). B cBsA3M ¢ 3THM ObliIa IIOCTaBJICHA 3aa4a Mo-
Jy9UTH 3aBUCHMOCTD ONTUMAIBHOTO YHCIIAa HHTEPBAJIOB IPYNINPOBAHHS THCTOTPAMM OT
o0beMa BEIOOPKH, Koraa 71 u3MeHsieTcs B mpeaenax ot 10 go 100000 3HaueHuit.

3agaga pemranach METOJOM CTaTHCTHYECKOTO MOJEIHPOBAHUS Ul BBIOOPOK CITy-
4JalHOM BEIMYMHEI C IT0KA3aTEIbHO-CTEICHHOH IIIOTHOCTEIO BEPOSTHOCTH [2] ¢ HYJIEBBIM
MaTeMaTH4YecKUM oxuaanueM, HopmupoBaHHbIM CKO u mokaszaresnem crenenu o. ['ene-
PHMPOBAITMCH BHIOOPKH CIIyYaiHbBIX YHCEN Pa3HOTO 00beMa 71 11 KOHKPETHOTO 3HAYCHHS
Q ¥V OIpeNeNsUINCh OLIeHKH K, JUIsl pa3HbIX 3Ha4eHHH m. ONTHMaIbHOE YHCIIO MHTEPBa-
JIOB IPYNIHUPOBAHUS IS JaHHOW BEIOOPKH COOTBETCTBYET MUHUMYMY BeNMUYHUHBI [K—K .

ToBropsist Takyro npouenypy 500 pa3, MOKHO MOCTPOUTH THCTOIPaMMy, MOKa3bl-
BAIOIIYIO, CKOJIBKO pa3 JaHHOE YHCIIO UHTEPBAJOB /m JJIsl BHIOOPKH 3aJJaHHOTO 00BbeMa n
OKa3bIBAJIOCh ONTUMAIBHBIM, H HAWTH cpeHee (Hanbosee ONTUMAIbHOE) 3HAYCHHE Mg 110
3TOM rUcTOorpamMme. Eciu npu BappbHpOBaHHM YMCIIa MHTEPBAJIOB IPYIIIMPOBAHUS M HC-
MOJIB30BaTh JKECTKO 3aJlaHHbIE IPEJIeNIbl, TO MOIYyYeHHOEe ONTUMAaJIbHOE 3HaYeHUe niy Oy-
JIET 3aHKEHO. DTO CBSA3aHO C TEM, YTO B HEKOTOPBIX CIIydasix ONTHMAIbHOE 3HAYCHHE Mg
NpeBBIIAeT BEPXHUU Mpesell, U B JTAaHHOM Cliydae OyAeT onpeliesieHo BOIU3M IOCIeHe-
ro. DTO HPUBOJUT K HOSBICHUIO BTOPOr0 MAaKCHMyMa B THCTOIPaMME ONTHMAJIBHBIX 3HA-
YEeHUH.

3anaHue cpa3sy MakCUMalbHO BOZMOXKHOTO 3HaYEHHsI BEpPXHETO Ipejesa NPUBOIUT K
PE3KOMY YBEJIMUCHHIO BPEMEHM CYeTa, 4TO HempuemieMo (Impu OoJibIIMX BBIOOpKAax
~100000 Bpemsi cueTa COCTaBIISICT HECKOJIBKO 4acoB). [t HCKITFOUeHUs JaHHOTO 3 dek-
Ta NpUMEHEHa aJalTHBHAs NMpOoLeaypa U3MEHEHHsI BEPXHEro npezaena usmeHenus m. Ec-
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JIM ONITHMAJIBHOE YUCIIO HHTEPBAJIOB, ONPEIEICHHOEe Ha JAHHOM IIare, HaXOAUTCS BOIN3H
BEPXHETO Mpejierna, TO Ha CIeIYIOMEM IIare 3HaYeHHe BEPXHETo Ipejielia yBeIHINBaCTCs
B 1,5 pa3za. DTa mpoueaypa HCKIIOYaeT BTOPOl MAaKCHMyM B THCTOTpaMMe 3HAYCHUH
U, COOTBETCTBEHHO, 3aHIPKCHHOCTh ONTUMAIBHOTO 3HAYCHHS YHCIIa HHTEPBAJIOB.

Ha pucynke mpuBeneHB! 3HaUCHUS iy IJISI HEKOTOPHIX 3HAYEHHH Kod(duimeHTa
sKcrecca & n. 1oy deHHbIe 3aBUCHMOCTH aNmpOKCHMHUPOBaHbI (yHKIwmei mo(n)=an".

Jlns yBenM4eHns: TOYHOCTH alPOKCUMALIMK U y100CTBa paboThl 3aBUCUMOCTD 1ig(1)
pasbura Ha naBa uHTepBana: n<10000 (puc.1) u n>10000 (puc.2).

110 220+

100 200+

907 180-]
80-|
160-
704
140-
60-|
120-
504
100
40-|

30-|

20+

10+

n n
T 1 T J
100 1000 10000 10000 100000

Puc.1 Puc.2

3HayeHns KOAQPULIUCHTOB @ U b IS pa3InIHBIX 3HAYeHUH K03 (HHUIMEeHTa dKcIecca
& IPUBEACHBI B TabJIHLIE.

Koag- Koaddurmentst
(unueHT 3Kc- n<10000 n>10000
ecca b a b
e a
9,65 1,757 0,442 7,311 0,293
6,0 1,206 0,443 1,802 0,4
3,76 0,869 0,432 0,382 0,514
3 0,888 0,401 1,228 0,364
2 0,719 0,423 12,064 0,118

Hcrnonb3yst 3aBUCUMOCTD Mo(n) U KO3 HULHUEHTHI U3 TabIMIBI, MOXKHO ONPEICTUTh
ONITHMAJBHOE YHCIIO HHTEPBATIOB I'PYNIUPOBAHUS THCTOTPAMM 71y MO U3BECTHOMY 00be-
MY BBIOOPKH 7 JUIsi QUKCHPOBAHHBIX 3HaYeHHH Koddduumenta sxcuecca my. OnpenenuTs
Mg 7S] IPOMEXYTOUHBIX 3HAYEHUH 71( MOYKHO ITyTEM JIMHEHHOW MHTEPIOJISALMH.

[1] Hoeuukwuii I1.B., 3orpad W.A. OueHka norpeHocTeil pe3yibraToB uamepenuid. —J1.:
Dueproatomuszat, 1991, 304c.

[2] JIaGytun C.A., [Tyrua M.B. Ctatuctudeckue MOJEIN U METOIbI B U3MEPUTEIILHBIX
3agayax. —H.Hosropoxa: HI'TY, 2000, 115 c.
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ROUNDING ERRORS ON CALCULATION OF RANDOM PROCESS
STATISTICAL MOMENTS

A.V.Belyakov
Nizhni Novgorod State University

Averaging is inherent operation on research of the noise. It allows finding out esti-
mations of correlation, statistical moments, and semi-invariants. Averaging by means of
PC leads to rounding errors, which yield invalid estimations. The higher semi-invariants
provide information on the process non-Gaussianity. Often it is of great importance to
know if the nonzero higher semi-invariant is caused by non-Gaussianity or by rounding
errors on the digital noise treatment. “Integers” or “long integers” are the types of num-
bers, which correspond to those provided by the ADC. Using of these types is unaccept-
able because of their small range and large rounding errors uniformly distributed from 0
to 1. Error mentioned is additive, and it strongly decreases the accuracy of noise charac-
teristics estimation. Floating-point arithmetic also leads to rounding errors. Binary float-
ing-point number is a bit-string characterized by three components: a sign, a signed expo-
nent, and a significand [1]. The rounding errors occur in the least significant bit of the
significand. There is a loss of accuracy on calculations due to rounding of significand.
Significand rounding error, been multiplied by two to number's exponent, represents
multiplicative error. Absolute error of floating-point arithmetic operation is equal to
A=x"-6. Here x" — infinitely precise operation result, & — random error of significand
rounding. When rounding to nearest is concerned the random error is uniformly distrib-
uted (“float” type is implied) on interval from -2 to +27.

In the calculations we neglect by errors of higher orders of 6. Random process read-
outs are considered to be uncorrelated. Thus, it is possible to obtain the mean value esti-
mate of the process including floating-point errors:

The quantity of averaged readouts is N >>1. Thus, the absolute error of mean value
calculation is Ay~ al‘s(N/Z).

In the case of directed rounding (with truncation, or addition) mean value estimation
error is proportional to the quantity of averaged readouts. It makes a few percent (“float”
type is implied) of infinitely precise mean value at N=10°. Otherwise, if rounding to near-
est is used it is obvious that af=0. The error proportional to the quantity of averaged read-
outs does not appear in this case. Note, that process with zero mean value also does not
yield the error mentioned.

Two algorithms of mean value calculation are compared in this paper. The first one —
“static” — deals with the calculation over the whole array of readouts of the process,
<x>=(1/N)Zx;. In the second, “dynamic”, algorithm the mean value is recalculated for
each readout, <x>,=(<x>,_;-(n—1)+x,)/n. Dynamic algorithm may be used simultancously
with data input from the ADC. But in this case it might be unacceptable to use type “dou-
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ble” instead of “float” in order to obtain more precise results for high-frequency processes
treated in the real-time mode. The reason is that “double” arithmetic requires more calcu-
lation time than “float” one.
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A series of numerical experiments have been made. Pseudo-random uniformly dis-
tributed numbers generator was used with preliminary set mean value <x> and root mean
square o. Obtained results are shown in figs. 1 and 2.

Mean value estimation made by dynamic algorithm is not shifted. On the contrary,
static mean value estimation is shifted. More the quantity of readouts more the shift.

The mentioned shift of mean value estimation depends on the quantity of readouts N
and significand digit capacity of floating-point numbers.

Significand of type “float” has 23 bits. Accordingly, the influence of additional read-
out x,,, on the sum S may be divided into three cases.

1. The full meaning of the additional item x,,, is taken into account if ratio of already

accumulated sum and this very item S, /x,,, does not exceed 2.

2. Additional item influences on least significant bit rounding if 2<S,, /x,,.,<2**.
3. Additional item does not influence on existing sum if S, /x> 2**.

If random process uniformly distributed from O to x,,, is considered then maximal
permitted amount of averaging readouts is N,,,,= 2% el 1. On Ny exceeding no one
readout could be able to change sum value. But the sum is divided by full number of av-
eraging readouts anyway. Thus, accumulated calculation error appears and, accordingly,
mean value estimation shift increases (fig.3). These errors appear already at N<N,,,, and
their exact influence depends on random process probability density function type.

On dynamic averaging N, is also exists, but there is no estimation shift effect. Be-
cause dynamic algorithm just omits any value with order number N>N, ..

The root mean square of the mean value estimation depends on the quantity of not

correlated readouts in the following way RMS(a )=c/N. But actually RMS(a,) is lim-
ited by number depending on floating-point type because of N is limited by N,

This work was supported by grants of RFBR 00-15-96620, 01-02—-16666, and
NATO Project SfP-973799 Semiconductors.

[1] IEEE Standard for binary floating-point arithmetic, ANSI/IEEE Std. 754.
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ANALYSIS OF THE ALGORITHM FOR DETECTING GROUP PULSES WITH
RANDOM MOMENTS OF APPEARANCE

A.V.Korolev, A.M.Silaev
Nizhni Novgorod State University

In a number of tasks the problem of the optimal detection of the group of pulse sig-
nals with a fixed waveform, random amplitudes and random moments of appearances
takes place. Using of the methods of linear filtering theory might be unsuccessful if sig-
nal-to-noise merit for isolated wavelet is low and pulse spacing is unknown.

Purpose of this paper is to obtain optimal in mean-square sense estimations of the
likelihood ratio A(T)=P (H,)/P(H ) in a discrete time. Hypothesis A, means that no signal
has appeared by the moment 7, hypothesis /| means that one or more signals have ap-
peared by the moment 7

Let information vector signal be characterized by the following model:

—_ M —
Zin =Kz, + G & +ZA[5(k:71)’

i=1

where Fy, Gy — are given matrices, 7; — moments of appearances of pulse signals with a
random mutually independent amplitudes A;, 5(k, 7; ) — is symbol of Cronecker {&,} — is
independent of z,, A; consequence of random values. {§,} describes additional noises.
Let, then k=0 frequency function of the value of information signal z, is defined.

Let the observed process be described by linear model:

Vi =H 2 7,

Where Hy,; — is a given matrix, {n;+1} — is a consequence, which describes addi-
tional noise of observation. The consequences {n;.;} and {§;} are proposed to be inde-
pendent of each other.

To obtain detecting characteristics the criterion of Neiman-Pirson was used. In the
cases then two and four pulses had been arrived digital simulation of our algorithm was
made. It is proposed that all pulses are equal and have amplitudes ||A;||. To compare the
algorithm based on linear filter and this algorithm digital simulation was made.

By using methods of the nonlinear filtering theory algorithm for detecting the group
of pulse signals was obtained. To receive numerical characteristics of the detecting prop-
erties digital simulation was made. The detecting properties of this algorithm and the lin-
ear filter-based algorithm were compared.

Fig. 1a shows the probability of correct detection as function of signal-to-noise merit
(S/N) for values of the probability of “false alarm” errors 10 and 107 in case of arriving
of two pulses for the algorithm based on linear filter.

Fig. 1b shows the probability of correct detection as function of signal-to-noise merit
(S/N) in case of arriving of two pulses for the algorithm based on nonlinear filter.
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Fig. 2a shows probability of correct detection as function of signal-to-noise merit
(S/N) in case of arriving of four pulses for the algorithm based on linear filter.

Fig. 2b shows probability of correct detection as function of signal-to-noise merit
(S/N) in case of arriving of four pulses for the algorithm based on nonlinear filter.
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Figs 1a and 2a show that in case of using the algorithm based on linear filter effec-
tiveness of pulse detecting is practically unchanged if number of pulses is increased.
Figs 1b and 2b show that in case of using the algorithm based on nonlinear filter effec-
tiveness of pulse detecting grows if number of pulses is increased.

It means that using of the algorithm based on nonlinear filter be better than using of
the algorithm based on linear filter in case of arriving a large number of pulses.

[1] CrparanoBuu P.JI. YcioBHBIE MapKOBCKHE MPOLIECCH U HX MTPUMEHEHHE K TEOPUH
onTuMaibHOro ynpasieaus. —M.: MI'Y, 1966.
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AOANTUBHAA Y3KOMNOJNIOCHAA CUCTEMA AKTUBHOIMO M ALLEHUA
BUBPALIA

A.A.Mansbues, P.O.MaciiennukoB, A.B.Xopsies
Huoicecopoockuiil cocynusepcumem

CucreMsl ranieHus BUOpaIyii IPUMEHSIOTCS JUIS 3aIIUTEl 00BEKTOB OT KOyeOaHMit
CBSI3aHHBIX C HUMHU KOHCTpyKImi. Illnpoko ucronb3yemasi maccHBHAsE BUOPOHM3OIISLNS,
Kak IpaBIiIo, 00ecIednBaeT Xopolee I0IaBJIeHHE BRICOKOYACTOTHRIX BUOpamuii, HO He-
s¢dexTrBHa Ha HM3KUX 4YacToTax. boiee Toro, B 061acTH HU3KOYACTOTHOTO PE30HAHCA
aMopTH3aToOpa MMEET MECTO IaXe yCWICHHE KoneOaHWil. YMeHbIICHHE PEe30HAHCHOTO
YCHJIGHHS IIyTE€M YBEIHUYCHUs IeMII(QUPOBAHUS BEIET K YXyIIICHUIO ITOJAaBICHUS KOJe-
6aHM{ Ha BBICOKHX YacTOTaX. JTO SIBISETCS OJHUM M3 OCHOBHBIX HETOCTaTKOB IIPOCTBIX
MACCUBHBIX BHOPOU30JIATOPOB. BuOpozammra Ha3pIBaeTCs AaKTHBHOM, €CIM HMEIOTCS
yIpaBisieMble aKTHBHBIC 31IeMeHTHI [1]. Mcnons3oBaHne akTUBHOW BHOPOM3OIISIIUM I1O-
3BOJISIET JJOCTUTHYTH HEOOXOAMMOTO MOAABICHUs KojdeOaHui B 1000# yacToTHOH obiac-
TH. DHepreTHueckn Hauboiee BHITOAHBIMH IIPEICTAaBILIIOTCS CHCTEMBI BHOPO3aIWTHI,
obecrieynBaroNe B BEICOKOYACTOTHON 00JIaCTH MACcCHBHOE, @ B HU3KOYACTOTHOM — ak-
THUBHOE TallleHue BUOpanuii.

B pabore paccmaTtpuBaercs
OJHOMEpHast MeXaHHYeCcKast
CHCTEMa, COCTOSIIAs U3 H30JIH- B | [intam |
pyemoro o0beKTa, COeJHHEHHO- b= L, o) 9(’)0
ro ¢ BHOPHPYIOIIUM OCHOBaHH- % I B [
€M C IOMOIIBI0 BHOPOU30IISTO- “hwy(n)
pa, BKIIOYAIOIEro B ceds - "fnck
HEHHYI0 IpYKUHY, JIMHEHHBII
geMndep U aKTUBHBINA JJIEMEHT Puc.1
(JIMHEUHBII MOTOD).

Cxema Bcel cucTeMbl BUOpO3amuTs! H300pakeHa Ha puc.l. [l ynpaBieHHs akTHB-
HBIM 2JIEMEHTOM IPUMEHEH Y3KOIOJIOCHBIM aJaNTHUBHBIA alTOPUTM C I'APMOHHYECKUM
onopHbeIM curHasioM [1]. I'emepaTop omopHOro curHaza BbIpabaThIBaeT rapMOHUYECKUH
CUTHAJI C YaCTOTOH @) BOJHM3H COOCTBEHHOW YaCTOTHI MEXaHUYECKOW CUCTEMBI, KOTOPBIH
paszmensieTcsl Ha IB€ KBaJpaTypHBIE COCTaBISIOMUE Xo(1) U x(n). Janee curaaisl mpoxo-
DT Yepe3 YCHIUTENIH ¢ U3MEHsIeMbIMU K03 uImeHTaMu ycuneHus wy(n), wy(n) u noga-
10T Ha cymMmarop. Jis ynpasieHus ko3 QuuruentaMn ycuneHns MpuMeHsieTcs Tpaau-
SHTHBII aNTOPUTM HauMeHbIIHX cpenHux kBaapatoB (HCK), u3smeHstomuii ux B Hampas-
JICHUH YMEHBIICHUSI CPEIHET0 KBaJpaTa yCKOPEHUSI 00beKTa:

wo(n+1) = Bwy(n) + pe(n)xo(n),
wi(n+1) = fw(n) + pe(n)x;(n),

wo(n)y _ .
x#(”)i - el L 1/S(0) -

e(n)
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rae [ — kodhUIHEHT, ONPEACISIONNN TOCTOSHHYIO BPEMEHN JUCKPETHOIO HHTErpaTo-
pa; 4 — TOCTOSIHHAS aJirOpUTMa; e(71) — OCTATOYHOE YCKOpPCHUE (CHTHAJ OMIMOKH), H3Me-
pseMoe aKCeJIepOMETPOM, YCTaHOBIEHHBIM Ha M30IUpyeMOM 00bekTe. CHrHaJ ¢ BBIXOJA
CyMMaTopa IpOXOJWUT dYepe3 oOpaTHBI (UIBTP € IEpeNaTOuYHOH XapaKTepPUCTHKON
1/S(w), tne S(w) — mepeaaToyHas XapaKTEPUCTHKA MEXAaHUIECKOW CHCTEMBI OT JIMHEWHO-
TO MOTOpa 10 u3MepuTens omubku. s paccMaTpuBaeMoii cucteMs S(@) paBHa:

1 w?
S(w) S
m o —wy — jdo

re m — Macca H30IHPYEMOro 06beKTa, () — COBCTBEHHAs YaCTOTA MEXAHHUECKOH CHC-
TeMbI, d — OTHOCUTENbHBIH K03 unueHT nemnduposanus. Ounbtp 1/S(w) Tpebyercs
JUISL KOPPEKTHOH pabOTHI IPaJUeHTHOTO aJITOPUTMA BBIUMCIEHHS BECOBBIX Kod(dumneH-
ToB. BeIx0ox oOpaTHOTrO (MIBTpa 00pa3yeT yIpaBISIONMN CUTHAN JUIS THHEHHOTO MOTO-
pa y(n).

JlBa mogxona MOTyT OBITH HCIIOIB30BAHBI JUISI MOAM(DHKAIIMY TPAIUEHTHOTO ajro-
pHTMa C Yy4EeTOM XapaKTepPHCTHK CPEIbl PAaclpOCTPAaHEHHs CUTHala OT aKTHBHOTO 3Je-
MEHTa JI0 U3MepuTeNs ommoku e(n). B mepBoM, Hanbosee 4acTo MpUMEHSIEMOM CIydac B
LEeNb OINOPHOTO CHTHAla BKIIOYACTCS “TIpeAbICKaKaomuii” (QUIBTp ¢ IepefaTodHOH
¢dynkuueit, paBaoit S(w) [1]. [lockoibKy OH OCYIIECTBIISET KOPPEKIHIO TOJIBKO TS LICH-
TpaNbHOI 4aCTOTHI OMIOPHOTO TAPMOHUYECKOI0 CHTHAJIA @), TAKOH Crocod siBisieTcst d¢-
(exTuBHBIM, eci S(®) HE3HAUMTENILHO M3MEHSETCS B I0JOCE MOAABICHMS aKTHBHOM
cucteMbl. BTopoil moaxop mpenmnoiaraeT UCIoONb30BaHUE oOpatHoro ¢uibrpa 1/S(w),
BKI[F0YaeMOI0 B Lellb VIDABICHMUs aKTHBHBIM d1eMeHToM. [Ipu TakoM crocobe Koppek-

A LUl OCYLIECTBIISAETCS Ul BCEX 4acTOT B IIOJIOCE
o ':’ i} 110JIaBJICHUS aKTUBHOW CHCTEMBI.
S, 22 e, SRR Beulo mpoBeseHO YMCICHHOE MOJEIMPOBa-
5 Ny
& . Hue B cpene MatLab. Ha puc.2 mpencrtaBieHsr
g 5N YaCTOTHBIC XapaKTEPHCTHKHA CHUCTEMBI BHOpO3a-
35., 20 \\ mUTHl 0e3 HMCHOJIB30BAaHMS AaKTHBHOTO TaIlICHUS
. \. (xpuBast 1) ¥ ¢ HCIOJIB30BAaHUEM PACCMOTPEHHOTO
\  AITHBHOTO YNpaBlIeHHs (xpuBas 2). U3 pucys-
ok ; - Ka BHUJHO, YTO IPUMEHCHUE aKTHBHOIO IalICHUS
* Uacrora, [ TIO3BOJIMIIO JTIOOWMTHCS MOJAaBIEeHHs KonebaHuil Ha
Puc.2 HU3KUX YacTOTaX, He yXyJAllas XapaKTEPUCTHK

TI0/IaBJIEHHS B BEICOKOYACTOTHOH 001acTy.
Pabora BrmonHena npu nozanepkke rpanra POOU Ne 00-02-17602 u rpanra Bemy-
nias Hay4Has mkona Ne 00-15-96620.

[1] Ap3amacos C.H., MansueB A.A. //13B. By30oB. Pagnodusnka. 1986. T.29,Ne6. C.698.
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CTOXACTUYECKAA OUHAMUKA ABTOKOJIEBATEJIbHbIX CUCTEM
C HECUMMETPUYHOW KYBUYHOWN XAPAKTEPUCTUKOW

B.I''MexnBenesn
Yyeauickuii 2ocyoapcmeennblil yHusepcumem um. M.H. Ynvanosa

Pabora mocBsieHa UCCIIeIOBAaHNIO CTOXACTUIECKOH THHAMUKY HEJTMHEHHBIX CHCTEM
Ha MaTEMaTHYECKUX MOJEIAX aBTOTCHEPATOPOB TOMCOHOBCKOro Tuma. Mcnons3yercs
MOJZIENb aBTOKOJIEOATEeNbHON CHCTEMBI C HECHMMETPHYHOH KyOWYHOH XapaKTepHCTHKOM
HEJIMHEHHOro ajieMeHTa [1], A KOTOpOro CTaTUCTUYECKOE OIUCAHUE AMHAMUYECKUX
HPOLECCOB IIPOBOANTCS HA ocHOBE ypaBHeHMsT Pokkepa-ITnanka (YOII) [2]:

0,P(x,1) = =0, [(ax + Brxalx — Box? + 7152 x —pox>)P(x,1)]+ Do [x0  P(x,0)], (1)

rae P(x,f) — BepOSTHOCTh OOHApy>KEHUs CIy4allHOH IepEeMEHHOH COCTOSHHSI CHUCTEMBI
(MHTEHCHBHOCTM KojebaHMH) X B HHTepBane (x,x+Ax) B MOMEHT BpEMEHH [
a, B1, P2, v1, 72 — MapaMeTpsl CUCTEMBbI; D — MHTEHCHUBHOCTD aJJIMTHBHOTO JIeNIbTa-Koppe-
JIMPOBAHHOTIO IIyMa.

PaccmarpuBaroTcst epexo/iHbIe POLECCHl YCTaHOBIICHHUS CTALOHAPHBIX KOIeOaHui
U 3aTyXaHUs TeHepaluy NpH PEe3KOM IEepEeKNIIOYEHUM YIPaBIIAIOIIErO IapaMerpa o U3
HOATIOPOroBoro 3uaueHus o;<0 B Haarmoporosoe a,>0 n Ha0O0OPOT. AHATM3UPYIOTCS SIB-
JICHUsI CTOXAaCTHYECKON NUHAMUUYecKor Oudypkaunu npu npsmMoM o(f)=—a,+vt u odbpat-
HOM a(f)=0,,—vt MEIJICHHOM Tepexojiax o yepe3 moporosoe 3Hauenue o=0 [3], rme v—
CKOpPOCTb U3MEHEHUH 0.

JerepMuHMpoBaHHasT ~ 4acTb  Lix) 1

VY®IT (1) urpaer ponab CHIBL, Mpo-

HOPLUMOHANBHOM  TOTEHIMAILHOH  0.00011 2

bynkun - U(x), mnokasbiBarolei /

00JIaCTH yCTOWYMBBIX M KPUTHYE-  5e05-

CKUX cocTosHUM cucrembl. Ha /\
puc.1 nokasaHsl HanboJee CyIIecT-

BEHHbIE MOTEHIMAJIbHbIE KpUBbIEC 1 02 0" 06 08 ! g
U 2, COOTBETCTBYIOLINE MATKOMY (C .51
OJIHOM “Tiy0O0KOI” MOTEHIMATLHON

SIMOM) M JKECTKOMY (C Tpems Io- 0.00014
TEHLUAJIBHBIMH SIMAMH) PEXHUMaM Puc. 1

B030yxaeHuss KkoneOanuid. Ilpum

BBIOpaHHBIX MacIITa0ax BbIBOJ rpaduka Uil MSTKOTO peXXMMa OTpaHHYeH Ha ypOBHE
0,0001. 3a xputepuii cpaBHEHUs BHIOpAH OAMHAKOBBHIM ypOBEHb CTAl[HOHAPHOTO 3Haye-
HUSI IEPEMEHHON COCTOSIHUS CUCTEMBI X, =1.

Hecrannonapuoe Y®II (1), kak npaBmiio, He IMEET TOYHBIX aHAIMTHYECKUX pelie-
uuii. [ToaTomy 37€ch poBoanTCs yKcieHHOe uccnenoBanue YDII (1) Ha paBHOMEPHOIA
KOOPJIMHATHO-BPEMEHHOM CETKE C IIOMOILBIO LIECTUTOYCUHON Pa3HOCTHOM cxembl [4].
HauanbHas IIOTHOCTh paclpe/iesIeHUusl BEPOATHOCTH IIPU MIPSIMOM PE3KOM U MEVICHHOM

o
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U3MEHEHUH YNPaBILSIIONIETO [apaMeTpa 3aJaeTcs B BHAE OKCIIOHCHIHAIBHOTO
P(O,z)z exp(—x/ )?)/ X , KoTOpoe mosy4yaercs u3 crauuonapHoro peumienus Y®II (1) [5],
KOT/Ia CHCTeMa HaXOJMTCS HIDKE Iopora reHepanu 3], a TpaHIIHBIC YCIIOBUS 3aJaf0TCS
B Buje nortomaromux P(0,1)=P(c,f)=0.

Ilpu 3Hauenmsx mnapamerpoB a=-0,264, =1,954, [=-499, =53, y=-2,
D=0,001 mara no xoopaunare x~A=0,01, mara mo BpemeHHoi ocu t=0,075, yncieHHOE
pemrenne YOII (1), co-
OTBETCTBYIOILIEE JKECT-
KOMy PpEXHMYy  BO3-
OyXIeHHsI KOJIeOaHH,
NpUBEIEHO Ha pHC.2,
r7ie MakcUMyMbl P(x,t)
COOTBETCTBYIOT MUHH-
MyMaM ITOTEHIINAIBHOI
¢ynkmmu (puc.1).

HUccnenosanus mno-
Ka3aJIi CyIECTBOBaHUE
TPUMOJAIBHOTO TIOBE-
JICHUSI 3BOJIIOIUH TIIOT-
HOCTH pacHpeeacHus )

BEPOSITHOCTH B CHCTEME Puc. 2

C HECHMMETPHYHON KyOWYHOH XapaKTEePHCTHKOHW HE TOJIBKO B )KECTKOM, HO M B MSATKOM
pexuMe Bo30yKAeHHS KonebaHWil ¢ MOTeHIManbHOl (yHKIuel V Buma, a TakxKe B pe-
JKAME CTOXAaCTHYEeCKOH IWHAMHUYECKOH OM(pypKauM IpH CKONb YTOJHO MEMJIEHHBIX
Hepexo/iax yHpaBiIONIero apaMeTpa 4epe3 IoporoBoe 3HadeHHe.

Ioctpoena GudypkanmonHas guarpamma x(c), KOTopast IpH ONPEAEICHHBIX 3Hade-
HHUSAX IT1apaMeTPOB ITOKA3hIBAeT BO3MOXKHOCTh CYIIECTBOBAHHMS IBYXAITAIIHOTO THCTEpe-
3UCHOTO IIepexXofia INEPeMEHHOH COCTOSHUS CHUCTEMBI M3 OJHOTO MeTacTaOHILHOTO
COCTOSIHUSI B JIPyroe Kak B MEPEXONHBIX IIPOIECCaX, TaK U B PEKUME THHAMUYECKOH
oudypxarun. IlomydeHHBIE pe3yabTaThl IMPUMEHUMBI IS CTaTHCTUYECKOTO AaHAIIN3a
HEJMHEWHBIX CHCTEM pa3NIUYHON INPHUPOIBI, IUHAMHYECKHE IIPOIECCHl B KOTOPBIX
OIUCHIBAIOTCS AaHAJIOTUYHBIMU (DEHOMEHOJIOTHIECKIMH yPaBHEHUSIMU.

[1] Teonmopunk K.®. ABTokonedatenbubie cuctemsl. —J1.: ['octexusnmar, 1952, c.71.

[2] Hontpsrusn JI.,ArnponoB A., Butt A. //KOT®. 1933. T.3,B.3. C.165.

[3] Tenerun I'.I'. /lunaMuKa reHepariy ra3oBbIx J1a3epoB: MoHorpadus. —HeGokcapsr:
W3n-Bo Yysam. yn-ta, 1997, 192c.

[4] Puxt™maiiep P., Mopron K. PazHoCTHBIE MeTOBI pereHHs KpaeBEIX 3anad. —M.: Mup,
1972, ¢.192.

[5] baknanos E.B., Paytuan C.I'., Tpomna b.U., Yeboraes B.I1. /2KDTD. 1969. T.56,
B.4. C.1120.
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MUKPOIPOLIECCOPHbIW BNOK YNPABNIEHUSA YACTOTHbLIM
KOMMAPATOPOM VCH-315

C.IO.MeleezleBI), )I.A.Mem,mnconz)

YHuorcezopodckuii 2ocynusepcumem,
D Huoice20podckuii 20Cy0apCmeeHtblii MexHU4ecKuti yHugepcumen

MHorokaHanbHbIH YacTOTHBINH Kommapatop VCH-315, pa3paboTaHHEIM KOMIaHHEH
“BPEMS-Y” — KOMILIEKC aNlapaTHbIX U IPOrPAMMHBIX CPEICTB, IPEJHA3HAUCHHBIH 1
NPENU3UOHHOTO M3MepeHus (BHOCHMasl IIpHOOPOM HecTaOmIbHOCTh MeHee 1.e-13 3a ce-
KyHJy) XapaKTepPHUCTUK HEeCTaOMIBHOCTH YacTOTHI KBAaHTOBHIX CTAHIApTOB YacCTOTHI M
BpeMeHH. B cocTaB nmprbopa BXOAUT MUKPOIIPOLIECCOPHBIN OJIOK YIpaBICHUsS ¢ IOCIE0-
BaTeNbHBIM uHTepdericom RS-232C, koTOphIi IepenaeT pes3yabTaThl H3MEPEHHs pa3Ho-
cTH (ha3 McClIeyeMbIX CUTHAIOB B KOMITBIOTED IS X JaJbHEHIIeH cTaTuCTHIeCKOi 00-
paboOTKH ¥ NONTydeHHe KOMaH I KOHGHUTIYpallMi H3MEPHUTEIbHBIX KaHaoB (puc.1).

32-% KaHa- MHKPOMOUECCOPHBIN
NbHBIA DNOK B-FIESFIH,D.HEH BNOK ¥IMPAENEHWUA
KOMNAPAaTo- | WWHA JaHHbX HOMIAPATOPOM
poB VCH-315 VCH-315

RE-232C

Puc. 1

MuKponporiecCopHbIi OJIOK yIpaBiIeHHs ITOCTPOSH Ha 0a3e CHTHAIBHOTO MPOLECcCOo-
pa TMS320C5402 ¢upmsr Texas Instruments. B coctaB 610ka ynpasnerust (puc.2), Kpo-
Me MuKpormponeccopa, Bxonar: mukpocxema TL16CS550CFN (unrepdetic RS-232C) u
Joruyeckasl cxema, obecreunBalomas yrnpasieHue 0JIOKOM KOMIIApaTOpOB U MHTEp(ei-
com RS-232C, peanmzoBannas Ha [1IJIUC EPM3256 xomnanuu ALTERA. OOmeH nas-
HBIMH MEXJ[y KOMIapaTopoM U OJOKOM yIpaBIEeHHs OCYLIECTBILIETCS depe3 HpOCTpaH-
CTBO ITOPTOB BBOJa/BEIBOJIA IIponeccopa. OOMEeH JaHHBIMU MEXTY OJIOKOM yNpaBICHHS U
KOMIIBIOTEPOM OcyIIecTBIseTCs depe3 uutepdeiic RS-232C.

[puHIUI yrpaBIeHUs] MUKPOIPOIIECCOPHOTO OJIOKA KOMITApaTOPOM 3aKIIOYaeTCs B
CBOEBpeMEHHOH 00paboTke NMpephIBaHMH, IPUXOMAIINX OT KOMIIApaTopa U MHUKPOCXEMEI
unTepdetica RS-232C. MHorokaHaIBHEIH 670K KOMIIAPaTOPOB MOXET T'€HEPUPOBATh BA
npepeBanust INTO u INT1, uatepdeiic RS-232C omno — INT3.
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TpepsiBanne INTO — cexyHAHBIH UMITYIIBC, CHOPMHPOBAHHBIA U3 OMIOPHOTO CHIHANIA
KoMIaparopa. JlJaHHoe npepbIBaHHe UCHIONIB3YETCs Ul GOPMHUPOBAHUS ILIKAJIbl BPEMEHHU.

IIpepsiBanne INT1 curnanusupyer o NOSIBICHUU AaHHBIX (pe3ybTaTa U3MEPEHUs) B
OJIHOM M3 KaHAJIOB KoMIaparopa. JlaHHbIe NPEACTaBICHbI 27-MU Pa3psIHBIMU JBOUYHBI-
MH uuciamu (paspsaHocTs onpenenserca 100 merarepioBoil TAKTOBOIM 4acTOTOM n3Me-
puteneii pa3HocTei (a3 u 4acTOTOH MOBTOPEHHUS HMITYJIbCOB MPEOOPa30BaHHBIX BXOIHBIX
CHTHAJIOB, NPUOMM3HTENbHO paBHOi 1 T, a 2<108<277).

YacroTa NMosBICHHS HMITYJILCOB PaBHa:

Jo 1
Forr = 22w ar]—,
INTI (K \f 100

rae Af=fy—fo, K=10° f=10°Tw, fy= 10°T'u + Af. 3mech fy — 4acTOTA OIOPHOrO CHT-
HaJa, fy — 4acTOTa UCCIIEAYyEeMOro CUTHAJIa B OJHOM M3 KaHAJIOB KOMIaparopa. 3arnpoc Ha
NpephIBaHUE CHUMAETCs aBTOMAaTHYECKH IIPY YTEHHWHU JaHHBIX. [locie cuuThIBaHUS NaH-
HBIX U3 perucTpa u3Mepurels pasHocty a3 onu 3anocsarcs B 0ydep FIFO, otkyna nepe-
narorcst B kommeiotep 1o uarepdeiicy RS-232C. Bydep FIFO obecnieunBaer acHHXpOH-
HOCTh paboThl KOMIaparopa W KommbioTepa. OH MPencTaBisieT co0oil CTpYyKTypy, co-
CTOSIIIYIO M3 2-X MOJIei: OTCUeTa, HOJydYeHHOTo C KOMIIapaTtopa, 1 MOMEHTa BPEMEHH, B
KOTOpBI OBUIO NpOBeNEeHO M3MepeHue. [l KaxIoro kaHama cosgaercs CBOM Oydep
FIFO.

—

1
ot

T
__-|'

[[T]e= T
L =l
™
o
i | wTs
- | Eeperpeaprrep L.
B L P H =
o —  — RS- — 2
= = |t
> —— = =
g — 3
¥ "

Puc. 2
IpepeiBanne INT3 curnanusupyer o Hanuyuu 1 Galita B IPHEMHOM PETHCTPE MHK-
pocxemsl unrepdeiica RS-232C. Ckopocth obMeHa 56 Kout/cek. JlocToBepHOCTH mepe-
naun MHGOpMauK 00eCIIeYMBACTCS BKIIOYEHHEM B TIOCBIIKY KOHTPOJIBHOW CyMMBI.
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THE ENERGY DECAY OF THE LOCALIZED ANIZOTROPIC PERTURBATION
IN MULTIDIMENSIONAL BURGERS EQUATION

S.N.Gurbatov, A.Yu.Moshkov
Nizhni Novgorod State University

We consider the problem of the energy decay of the localized anizotropic structures
for the un-forced multi-dimensional Burgers equation [1]:

oV ot +(WVV) =AY, )

that describes a variety of nonlinear wave phenomena arising in the theory of acoustics
[1], surface growth [2], plasma physics [2] and so on.
Let us consider only the potential solution of (1) equal to

V(3,1 = -Vy(i,0). ()

We assume the energy as the surface roughness measured by its mean-square gradi-
ent

E() =< (Vy(5,0)’ >= Y E(1),  E(1)=<(@y/ox;)* >. 3)

The angular brackets here denote ensemble’s averaging for the random initial field and
the integration over space for the localized perturbation. Possible increase of the mean-
square gradient E£(¢) in the multi-dimensional Burgers equation (in contrast with d=1) is
the result of this equation not having a conservation form. For the simplicity we will ana-
lyze 2-d Burgers equation. The generalization for d>2 in most situations is evident.

Let us first consider the partial case with the initial potential described by the follow-
ing equation

vo(®) = goll - £ (7 /2L5,)) “)

inside the ellipse S(¢):

20+ 33 1230 <1, Li(0)= Loy (1+1/t,,)"? -

and is equal to zero outside this area. Here ¢, ; = Ly is the nonlinear effects develop-
ment time of i-th velocity component. One can see that in this case there’s the independ-
ent field’s evolution of each component inside S(¢), but is a strong energetic interaction

E\(0) =05 Ly(t) Li(1),  Ey(t) = 795 Ly (£)/ Ly (2). (6)

Let us consider that the initial perturbation is highly anisotropic L;<<L,. We’ll use
the ratio of the velocity energy components k(f)=E(f)/E,(¢) as measure of anisotropy.
For #,;<<t<<t,, one can receive for the energy of the velocity components
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E\() ~ 203 Ly lpot) 2, Ex(t) = ml (gogt) 2/ L. (7)

Thus the energy of the small scale component decreases like in one dimensional
case, but the energy of large scale component increases with time due to the spreading of
non-decaying velocity V,(x,,f)~V,(x,,0) over the space by the velocity component V7. At
large time the energy of the field E(¢) and the energy of each component E(f) are con-
stant. Therefore from (6), (7) one can obtain that the anisotropy coefficient k(#) monotoni-
cally decreases from k(0)=L,*/L,*>>1 to 1 for r> >t

Let us assume that the initial localized perturbation may be represented into form

wo(X) = 0o f1(X) f2(X), (®)

where the functions f; have maximum at x =0 (f;(0)=/2(0)=1) and are characterized by
the spatial scales L,(L,<<L,), thus E;(0)>>E,(0). At t,;/f2(02)<<t<<ty 5, Where t,,l,i=L,-2/ Vo,
one can receive that for the fixed x, inside the interval

| x) < Lg (1) = {200 1 (x2)2 )

there’s the universal behavior of the velocity component

Vi =xy/t, Vo(X,0) = 00 f1(0)0f5(x2)/x, . (10)
Consequently for the velocity component energy we get from equations (9),(10)
Ev()) =127 03 [0 £ (x2)dvy ~ B OV Ly [ oot (11)

Ey(0) = 22 0 PNt [ 137 (0)(0f o)) dvy ~ By (0) oot [Ly. (12)

Thus in this case we again have the decay of small-scale component and increasing
of the energy of large-scale component V,. At ¢ >> ¢, , we have the isotropization of ini-
tial perturbation, and the velocity field is described by the following equation

VG =E=3p)/t |55y |< L)) =2H: (13)

inside the region |x|< /2@t . It is easy to see that the asymptotic solution (13) takes
place for the arbitrary initially localized perturbation having single absolute maximum at
the coordinate y =y, wo(y )=H.

This work was partly supported by RFBR grant Ne 02-02-17374, 00-15-96619 and a
grant of the project "Universities of Russia”.

[1] Gurbatov S.N., Malakhov A.N., Saichev A.I. Nonlinear Random Waves and Turbu-
lence in Nondispersive Media: Waves, Rays, Particles. -Manchester University Press,
1991.

[2] Barabisi A.L., Stanley H.E. Fractal concepts in surface growth. -Cambridge Univer-
sity Press, 1995.
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PENAKCALIUA KYMYJNTAHTOB CTOXACTUYECKOIO YPABHEHUA
DEPXIOJIbCTA

0.B.My3b1uyk
Hudicecopodckuil apxumexmypHo-cmpoumensbublii yHugepcumen

CraTucTHYeCKU aHAaIU3 HEPABHOBECHBIX IIPOLIECCOB B HEIMHEHHBIX CUCTEMAX, IOA-
BEPKEHHBIX BO3JICHCTBUIO CIyYaiHBIX CHJI, aKTyaJIeH JUIS IMUPOKOT0 Kpyra mpodiieM cra-
THUCTUYECKOH paguo(U3NKH, HEIMHEHHOH IMHAMUKU M NPHUKIATHBIX 3a1ad. [1ockoibky
AQHAIMTUYECKUX PELICHUI HeCTallMOHAPHBIX ypaBHeHUH Dokkepa-IlnaHka B HeTpUBUAIIb-
HBIX CIIy4YasiX HET, MCCJIC0BAaTh TAKHUE CHCTEMBI MOXKHO, KOMOWHHPYS aHATUTHIECKHE H
YHUCIICHHBIEC METO/Ibl AHAJIN3A.

PaccmoTpum croxactudeckoe ypaBHeHue DepxrosbeTa, UMEIOIEE MUPOKUHA CIIEKTP
npuiIokeHu# [1] (B 9aCTHOCTH, OHO SIBISITCSl ypaBHeHNeM JlamkeBeHa Ay KBagpara Ko-
OpIUHATH OGPOYHOBCKOTO IBM)KEHHS YacTHIl B OMMOJAIBFHOM CTOXaCTHYECKOM MOTEH-
IFiase, ONMCHIBAeT YCTAHOBJICHHE HHTEHCUBHOCTH KoJeOaHui aBToreHeparopa [2]):

Ti=(1+&(0)x —yx?. )

Ciy4aiiHyI0 CHITy TIOJI0KHM Je1bTa KOPPEIMPOBAHHBIM TayCCOBBIM IIYMOM CO CIIEK-
TPaNbHON MIOTHOCTEIO D¢/2 7z. CTallMOHAPHOE BEPOATHOCTHOE pacIpee/ieHue BETUUMHBI
x() iMeeT BU:

W, = Cxl/De /D _ Cyl/di—1,7x/(x)d) , @

()=117, D=D:2T, D.=(:)~(x)’, d\ =D, /x)’
CTanroHapHbIE MOMEHTHI Y IOBJIETBOPAIOT PEKYPPEHTHOM (GopmyJe:
<x”+1> =1+ nD)<x><x">, n=12,....

Ha ocnHoBaHmm BBIpaKEHHH, CBSI3BIBAIOIIMX MOMEHTHI M KyMYJSHTBHI CITydalHBIX
HporeccoB [3], MOKHO MOIYYIHTH IIPOCTOE COOTHOIICHHE JUIS CTAI[MOHAPHBIX KyMYJISH-
TOB:

n n n+l
K, =nDxix” =n!D <x> n=12,

, . o
YpaBHeHHs penlakcaluy KyMyJISIHTOB (&) umerot Bug (0=t/T):
, n-1 p n-1 P
Ky In=1+nD), +D 3 kCy_1i, iy =y (Kni1 + 20 Co1Ky i Kps1) ®)
k=1 k=0

s 3aMbIKaHMS 3TOM LENOYKU B 71-OM NPUOIMKEHUU HCIIONBb3YyEeM PEKyppEeHTHOE
cooTHoIeHue (4) U1 cTapiiero KyMYJISIHTA K15 IPY 9TOM, KaK IT0Ka3bIBaeT YHUCICHHBIH
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aHaNN3, MBI IPUXOAUM K TOYHBIM CTAIIMOHAPHBIM 3HAYEHUAM KyMYJSTHTOB MEHBIIUX IO-
PSLIKOB.

TlockonbKy MIOTHOCTH BEPOATHOCTHU (2) OmpeAensieTcsl TOIbKO CPEJHUM 3HaYCHUEM
U aucrepcueit (T.e. IByMsI HEPBBIMU KyMyJISTHTAMH), HAWAS WX YHCICHHBIM PEHICHHEM
nernodku (4) B 3agaHHOM NPUOIKEHUH, MOKHO MOJEIUPOBATh HECTAIMOHAPHOE BEPO-
SATHOCTHOE pacrpenencuue W, (x,0) Ha OCHOBE UCTHHHOH CTAl[HOHAPHOI IIOTHOCTH Be-

posTHOCTH (2) B BUJIE:
Wy (550) = Wy [(x(O))ody (0)), d, =—2D
<x(0>

IIpm 3TOM HavambHBIE YCIOBHS MOTYT OBITh JETEPMUHUPOBAHHBIC MIIH CITydaiHbIC, a
HCTIONB30BAHHBIN ITOIX0]] MPUBOAUT K TOUHOMY CTAI[HOHAPHOMY PacHpeIeICHUIO.

o, k ke u
LEE R — 0.92

v | |1
)

/AN s
E— 0.23 | ) 7\ .

Puc.1. Puc.2.

Ha puc.1 nokaszana penakcanus cpeJHEKBapaTHYHOTO OTKIOHEHUs (KpuBbie 1 1 17)
U KyMYJISTHTHBIX KO3 QUIEHTOB (KpuBBIE 2, 2’ - 3-r0, KpuBbIe 3, 3’ - 4-TO MOPSAAKOB).
Kpussle 1-3 mns uaTeHcuBHOCTH myma D = 0,04, xpussie 1°-3° — mia D = 0,08. Puc.2
WUTIOCTPUPYET DBOJIOLMIO MOJIEIBHOTO BEPOSTHOCTHOrO pacmpeneieHus. Hymeparms
KPHUBBIX COOTBETCTBYET POCTY BPEMEHH, MOMEHTBI KOTOPOr0 YKa3aHbl METKaMH Ha puc.l,
a KpuBas 4 COBMagacT C HCTHHHOM CTallMOHAPHON INIOTHOCTBIO BEPOSTHOCTH (2).

PaGota Bemonnena npu nognepxkke POOU u Munsysza P®, rpantsr 02-02-17517,
E00-3.5-216.

[1] Xopcrxemke B., Jledperp P. UHaymmpoBaHHbIe ITyMOM IEPEXOIBI: TEOPHS U IPHME-
HeHue B pusuke, Xumuu Ouonoruu. —M.: Mup, 1987.

[2] My3ssrayk O.B. //13B.By30B. Pagnoduzuka. 2000. T.43,Ne9. C.827.

[3] ManaxoB A.H. KymynsSHTHBIH aHaIH3 CIy4aifHBIX HETayCCOBBIX MPOIECCOB U HX IIpe-
obpazoBanuii. —M.: CoB. paxuo, 1978.
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YCKOPEHUE AU®®Y3UN NPUMECU B CPE[IE MYTEM
BPEMEHHOW MOAYNALUUN KO3DPULIMEHTA OUDDY3IUN

A.A.JlyoxoB, E.JI.ITankpaToB
Huoicecopoockuii cocynusepcumem

B pabore mccnemyercs 3aBUCHMOCTh BPEMEHH YCTAHOBJICHHS CTAI[HOHApHOTO pac-
HpesieNieHNs] KOHIIEHTPALUK IPUMECH OT 3aKOHA M3MEHEHHS BO BpeMeHH Kodddumnnenrta
muddy3un cpensl. AKTyaldbHOCTH 3aJadd OOyCJIOBJICHA HIMPOKHMM pPaclpoCTpaHEHHEM
napaMeTpuieckux AuQdy3HoHHBIX 3P(eKToB B HOIYNPOBOIHUKOBEIX IpuOopax. Pac-
CMOTPHM OJHOMEPHYIO Cpefly ¢ OTpakaromuMu rpanunamu x=0, x=L u ciabo HecTanuo-
HapHBIM K03 ¢unuentoMm auddysun: D=D(f). B momenT Bpemenu =0 B cpely HHXEK-
THpYeTCs NMPUMECh CJUHUYHOM MacChl ¢ HadaJbHBIM PAaCIpeAeiIeHHEeM KOHIEHTPAINH
f(x). C TeueHneM BpeMEeHH B Cpe/ie yCTaHABIMBACTCS PABHOMEPHOE pacIpe/ieNICHUe, PaB-
Hoe 1/L. Haliném BpeMs yCTaHOBIJICHUS! KOHIIEHTPAIMH B 3aJJaHHOH TOYKE CPEJIbI C LEIbI0
€ro MHHHMH3ALUH TIPH 33JaHHOM 3aKOHE MOIYJISIINY Kod(hduireHTa quddysnu.

OmpenennM BpeMsl yCTaHOBJIEHHS IPUMECH C IOMOINBIO ACHMIITOTHYECKH OINTH-
MaJIbHOTO KPUTEPHS B BUIE PaBHOBEIMKOTO IO IO IPSIMOYTOJIbHUKA [1]:

o) =[r(x)- L] fleCe.e) -l . 1)
0
rae KoHuenTpauust npumecu C(x,?) yAOBIETBOPSET ypaBHeHHUIO U dy3un:

6C(x,t)_ V0 (x.2)
ot =Dl) ’x @

[MpencraBum kodddurment auddysun B Buge D(f)=Dy(1+uv(?)), tae Dy — ero cpea-
Hee 3Hauenue, 0<u<l, |v(¥)|<1. YcioBue ManocTH BPEMEHHOH MOIyisuuu 3akoHa D(f)
(#<<1) no3BonseT UCHONB30BaTh METOJ] MAJIOr0 MapaMeTpa [2] U UCKaTh pPeIIeHNe ypaB-
Herns (2) B BHAE CTEMEHHOTO psga mo mapametpy i C(x,8)=Co(x,f)+uCi(x,6)+ 17 Cs
(x,0)+... B cuny muneitnoctn (1) mo xoHumeHnTpammu C(x,f) BpeMs YCTaHOBICHHS OyneT
HMMETh BHJI aHAJIOTUYHOTO pa3nokeHus: G(x)=06O(x)[1 +,url(x)+;12 n(x)+...]. danee Mmox-
HO OTPaHUYMTHCS JMIIb IEPBBIMU ABYMS WICHAMH Pa3JIOKCHUS AJI1 BPEMEHH yCTaHOBIIC-
Husl. B HanOosnee MHTEpECHON ¢ MPAaKTHYECKOH TOYKH 3pEHUs] CUTyaluH, KOTia IPUMECh
BITPBICKMBACTCS HA JICBOM KOHIIE cpefibl f{x)=0(x), a Touka HaOJIIOICHUS PACIIOIOKEeHA Ha
e€ mpaBoOM KOHIlE X=L, HyJIeBOe MPUONMKEHNE IJIsl BpEMEHH yCTaHOBJICHHSI UMEET BH:
@O(L):L2/6D0, a OTHOCHTEJbHAs MONPABKa ONPEAETSACTCS COOTHOLIEHUEM:

. (L):6DOL’2(LIV(I)CO(L,t)dt—izv(t)co(x,t)dzdx). 3)

PaccmoTpum mpumep rapMoHHYECKO# 3aBucuMocTH Koddduimenta nuddysun ot
BpeMeHH V(¢)=cos(@ ¢+ ). 3aBUCUMOCTb NONpPaBKU 7j(L) OT 4acTOTHI, COOTBETCTBYIOLIAS
dyskmuam v(f)=sin(w ) u v(f)=cos(@ t), npeacrasicHa Ha puc. 1 u 2.
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Puc.1 Puc.2 Puc.3

Kak BHIHO M3 PHCYHKOB, 3aBUCHMOCTbB, COOTBETCTBYIOIIAsI IEPBOHAYAIBEHO BO3pac-
Taromeld GyHKIMU V(f), IBISETCS HEMOHOTOHHON M IMEET CXOJICTBO C PE30HAHCHOM KpH-
BOi. YacToTHAs 3aBHCHMOCTH IONpaBKU 71(L), OTBeHaromas IMepBOHAa4YaIbHO HEBO3pac-
Taromei mo abcomoTHOH BenmuuuHe QyHKIHUU V(f), ABISETCS CTPOro (Kak, Hampumep, B
ciyyae MOAyJSInuK MeanapoM (f)=sign(9—¢) ¢ nepuogom 7=29, puc.3) unu npaxruye-
CKH MOHOTOHHOH (puc.2). TakuM 00pa3oM, BETUUNHA YCKOPEHUs YCTaHOBICHUS IPHMECH
3aBUCUT OT HadanbHO# (pasel ¢ynkimu v(f). Cieayer 3aMeTHTh, 4TO C pocToM Dy H
YMEHBIICHHEM L MPOUCXOJUT YBEIMYEHHE 3HAUCHHS YacCTOThI, COOTBETCTBYIOLIEH 3KC-
TpEMyMy YaCTOTHOM 3aBUCHUMOCTH NONpPaBKU 7y(L).

OnrtuMalibHOE 3HAUYSHWE MOMEHTA WHXKEKLIUH MpUMecH orpexnenseT $a3y (yHKIHMU
v(t)=cos(wt+ @), MUHUIMHU3UPYIOIIYIO BpeMsi ycTaHoBIeHHs. COOTHOIICHNE AT He€ UMe-
€T BU: (o50(@)=mh—arctg| 74in(L)/ Ticos(L)], THE Tisin(L) U Ticos(L) — TOTIPABKH, COOTBETCT-
ByIOLIME 3aKOHAM MoAaysiuuu Kodddurmenta aubdysun Buga: v(f)=sin(@t) u w(f)=
cos(wt). B pe3ynbrate ONTHMHU3AIKN TAPaMETPOB BPEMEHHON MOIYJISIIMK YCKOPEHHUE (a
€O cMeHOi (a3sl Ha 7 — 3ameuieHne) nuddys3un Moxer gocTurath ~15% 10 cpaBHEHUIO
CO CilydaeM, COOTBETCTBYIOIIEMY HeIapamerpuueckomy mnporeccy D(f)=D,. 3aBucu-
MOCTh TOTIPaBKH 71(L) OT YacTOTHI M HadaubHOH (a3bl 3aKkoHA V(f) MOKHO OOBSCHHUTH C
MOMOLIBIO AHAJTM3a JUHAMHUKHI OTOKA IPUMECH.

[Jannas pabora nonaepxana rpaatamu PODU Ne 02-02-17517 u INTAS Ne 450.

[1] ManaxoB A.H., ITankparos E.JI. /U3B. By30B. Pagnodusuka. 2001. T.44,Ne4. C.367.

[2] Manbues A.A., [Tankparos E.JI. //B xu.: Tp. 5-i Hay4H. KoH}. 0 pagnodusuke. 7
mas 2001 /Pen. A.B. Sxumos. —H.Hosropoa: TAJIAM, 2001, c.211.
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NCCNEAOBAHUE XAPAKTEPUCTUK TEPMOPEIYJIMNPOBAHUA
KBAHTOBOIO ANCKPUMUHATOPA

C.JI0.Mensenes?, A.JO.Iasienko", H.H.CMl/lpHOBz)
YHuorcezopodckuii 2ocynusepcumem, 2340 «Bpemsa-U»

B nacrosimee BpeMst BO MHOTHX 00JIaCTSIX HAYKH M TEXHHKU TPEeOYIOTCS YCTPOMCTBa,
obecrieYnBaroNe MAKCHMAIBHO CTaOMIIBHBIC 110 YaCTOTE CHTHANIBI. KBaHTOBEIE cTaHmap-
TBHI YaCTOTHI Ha OCHOBE BOJOPOIHBIX JIHCKPHMHHATOPOB O0JaJaloT B 3TOM OTHOIICHHH
YHHUKQIBHBIMH XapakTepucTHKaMu. CyIIecTByeT MHOXECTBO 3((EKTOB, CIBHUTAIOIINX
YacTOTy KBAaHTOBOTO IIEPEX0Ja BOJOPOIHBIX aTOMOB, a, CIIEAOBATEIHHO, M BBIXOIHYIO
4acToTy NpHOOpa, OAHAKO B JaHHOH paboTe MBI pacCMaTpUBAaeM TOJBKO CIBUTH, 3aBUCS-
IHe OT TEMIIepaTyphl, TaKHe Kak creHounsii casur (Af/f < —1-107%/C) u sddexr don-
mepa Broporo mopsaka (Af/f<—1,4-10"%/C) [1].

KparkoBpemeHHass HecTaOMIBHOCTh YacTOTHI BOJOPOIHOTO IMCKPUMHUHATOpA (JIHC-
nepcust AimaHa [2]) BeieACcTBHE NIyMOBBIX 9((EKTOB OIHCHIBAeTCS BhIpakeHueM [1]:

_ | kKTF (4845, (4Sp-a)® -~
ny(T)— 2515, 20, a\/g(HSO)T ’ M

s xBaHTOBOTO CcTaHzapra yactotel VCH-

1006, Beimyckaemoro 3A0 «Bpemsa-U» numeem:
a,(2) = 3,86:10-7"* (em.puc.1).

Takum 00pa3oM, Bce OCTaJbHBIE (HaKTOPHI,
HNPUBOAAIINE K yXYJUICHHIO CTAaOMIBHOCTH BBI-
XOAHOM YacTOTBI CTaHAAPTA, JOJDKHBI OBITH, Kak
MUHUMYM, BJIBO€ MEHbIIIE 3TOW BeauuuHbl. [lpu-
HHUMasi BO BHIMaHHE CyMMapHOE BIMSHHE TeMIIe-
paTypsl Ha YACTOTY KBaHTOBOTO IEpexojia Io- T s e o
pagka —1,5-10"%/°C, momydaem TpeGoBaHme K Puc. 1
crcteMe Tepmoctaruposanmst AT ~(107°C)-'2.

s pemeHus 3Toil 3amadn Obla pa3paboTaHa MHUKPOIIPOIECCOPHAs CHCTeMa LUd-
POBOTO TEPMOPETYIHPOBAHUS, B OCHOBE KOTOPOH OBIT OMPOOOBaH M YCIIEIIHO PEeann3o-
BaH METOJ KIIOYEBOTO YTMPABIECHHS HarpeBaTeNieM II0 IICEBIOCIYyYailHOMYy 3aKOHY.
VYHpapmsiomuii 371eMEHT BBINOIHEH B BUJIE 3JIEKTPOHHOTO KIF0Ya, MOJAIOIIETO HaMpsKe-
HHE Ha HarpeBaTeNb M0 MCEBA0CTyJaliHOMY 3aKOHY depe3 (PMKCHPOBAHHBIE MPOMEKYTKH
BpeMeHH (~10MKc). BeposATHOCTE MOSBIEHUS MMITYJIbCa MPONOPLHHUOHATBHA BBHIXOTHOMY
3Ha4eHHIO (T.e. curHany omubku) [1M-perynsaropa. /laHHBI NPUHOMIT HE TONBKO MOBHI-
maet KIIJI narpeBatesneit 3a cU€T MCMOJIB30BaHUS KIIOYEBOI'O CIOIHUTEIBHOIO yCTPOM-
CTBa, HO W CHI)KAeT NHTeP(EPEHIINOHHbBIE TOMEXH 3a CUET Oosiee paBHOMEPHOTO pacIipe-
JIETICHUs W3TyYaeMOH SHEpPruM MO CIEKTPY BCIEACTBHE IMCEBAOCITyYaHHOrO Xapakrepa
HMITyJIbCOB TOKa HarpeBaTes.

HecrabunHoCTs YacTors!
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Lenbto manHOW paboTHI SBISUICS Pacu€T M OKCIEPHMEHTAIBHOE MOATBEPIKACHHE
MaKCHMAaJTbHO BO3MOXKHOH CTaOMIBHOCTH TEMIEpaTypbl OOBEKTa, OMpenensieMOd HM-

MyJTbCHBIM XapaKTePOM I10JJaBaeMOH MOIITHOCTH.
Jnst pacuéra UCIONB30BANIOCH MPEIIION0NKE-
HHE, 9TO HMITyJIbCHl MOIIHOCTH HMEIOT CHEKTp
Buma W(f) = A-[sin(10*n:/)/10™n:/], rae MHOXH-
Tellb A HAXOAWTCA W3 YCIOBUS HOPMHPOBKH M
paBusieTcst 4-10™, prc.2, M 0GBEKT perympoBa-
HUs npencTasiser coboir HY ¢unbTp ¢ wactoroit
cpesa, OIpenenseMoil TeMeparypHoOil MOCTOSH-
Hoil BpemeHH. [locTosiHHAs BpeMeHH OOBEKTa T,
nU3MepeHHas 9KCIIEPUMEHTANBHO, paBHa
3,38:10%cek, 9TO COOTBETCTBYET HYACTOTE cpe3a

]

Ty e

Puc. 2

¢bunbrpa f, =4,7- 10"°T'11. 3aBHCHMOCTE TeMIepaTypsl 0GBEKTA OT MTOIABAEMON MOIIHOCTH:
T =A45°C-W(t)/ W pax + 25C. Torma nocne npoxoxaenus HU ¢punprpa momyyaem:

10747

47100 -,
W, =410~ [ l:sm(lo 7-f)

0

CrenoBarenbHO, CTAOMIBHOCTH TEMIIEPATy-
pri: o7 = 45C 0y = 45C-(W)"* = 1,96:10™*C, uro
3HAUUTENHFHO MEHBIIIE MAaKCHMAJIbHO JOITYyCTHMO-
TO 3HAYCHHMSI.

Jnst ToATBEpXKICHUS TEOPETHYECKHX pe-
3yJBTaTOB OBUIM NIPOBEIEHBI H3MEPEHUs, U3 KO-
TOPBIX BHUJIHO, 4YTO OTKJIOHEHMS TEMIIepaTyphl
00BeKTa OT cpefHero 3HaudeHws, (puc.3) He Ipe-
pommmaor  3-107C. KpaTtkoBpemeHHast cTaOHIIb-

HOCTh TEeMIepaTypbl (Bapuamus AJiaHa, puc.4)
He xyxe 10°C npn BpeMeHax ycpenreHns 60 cex
n Oormee, YTO COOTBETCTBYET HECTaOMIBHOCTH
TEMIIEPaTypO3aBUCUMBIX ~CIBUIOB KBaHTOBOI'O
cranmapra He Gomee uem 1,5:10"*"2 Dro 3Ha-
YUTEIPHO MEHBIIE 3HAYEHMS, OINpPEIeISIEMOro
HIyMaMH.

Crenyer TakKe OTMETHTb, YTO BHA IOJY-

Temperature (‘C)

2
} df =1.88-107

.|

@

{

\J‘h I 1 I

9877

9578

9574

sto 1000 1500 2000 2500
Time (minutes)

Puc.3

TEMPERATURE STABILITY

W W
Averaging Time. minutes

Puc.4

YEHHOM SKCIIEPUMEHTAIIBHO 3aBUCHMOCTH 0(7) HE SIBIISICTCS XapaKTEPHBIM JUIS IIyMOBOTO
nporecca. J{aHHbIHA (hakT TpeOyeT JalbHEHIIEr0 HCCIeI0BAHMS.

[1] Audoin C., Guinot B. The Measurement of Time. —Cambridge: Cambridge University

Press, 2001, 335p.

[2] Sullivan D.B., Allan D.W., Howe D.A. //NIST Technical Note. March 1990. P.1337.

241



Tpyner Hayunoit kordepenuu no pagnodusuke, HHI'Y, 2002

OLIEHKA BUCNEKTPA 1/F LUYMA B MOOEJIN ABYXYPOBHEBbLIX CUCTEM
M.IO.IlepoB
Huoicecopoockuii eocynusepcumem

YV GonbIIMHCTBA HOIYIPOBOJHUKOBBIX MPUOOPOB Ha HU3KUX YAaCTOTax HalonaeTcs
1/f mym, KOTOpBIiA, BepOsTHO, 00YCIIOBJICH NOABMKHBIMU Aehekramu. OGHApYKEeHO, YTO
HyJeBasl rurnores3a (0 rayccoBOCTH M craunoHapHocTH) st 1/f myma mosmymnpoBoIHUKOB
He BblnonHsercs. [Ipennonaraercs, uro 1/f mym siBisieTcs cTallMOHAPHBIM HETayCCOBBIM.
Jlns n3y4eHust HerayCCOBOCTH LiyMa MCCIIEAYIOTCS CIIEKTPalbHbIC XapaKTePHUCTUKH BbIC-
IIUX HOPSJIKOB, TAKKE KaK OMCIIEKTpP U APYyTHE.

CyuiecTByeT MOJIENb IByXYPOBHEBBIX CHCTEM [ 1], cormacHo KOTOpoii AeeKT MOXKeT
HAaXOJUTHCS B OHOM M3 JIBYX METaCTaOWIbHBIX COCTOSHUM. [Ipearnonaraercs, uro nepe-
XOJ] U3 OJTHOI'O COCTOSIHUS B JIPYTO€ MPOUCXOJHUT CKOJIb YTOAHO OBICTPO 10 CPABHEHHUIO CO
BpeMeHeM IpeObIBaHUS B OJHOM U3 cocTosHMil. Takum oOpasom, nepemenieHue edexra
U3 OJTHOTO COCTOSIHHS B IPyroe U 0OpaTHO MOXKET OBITh IIPE/CTaBICHO CIIy4allHbIM Tele-
rpadubM nporieccom (CTII). B moaynpoBoaHuKe KONMNUECTBO AeEKTOB BEIUKO, U LIyM
oOpasyercs cynepro3unueid mnn ancam6iaem CTII. [lns maHHOIT Mozenu ompenenceH
cnextp ogaoro CTII, nmeromuii nopenues xapakrep, u crnektp ancam6ns CTII, koTopsrii
umeet 1/f Bupg [2]. Onpenenuts Gojiee BHICOKHE CIIEKTpalibHbIe XapakrtepucTuku 1/f mry-
Ma B 9TOH MOJIEIIH, B HACTHOCTH OUCIIEKTD, PECTABISACTCS BECbMa 3aTPy JHUTCIIBHBIM.

st reopetnyeckoii ouenku 6ucnekrpa 1/f myma B mozmenu CTII moctpoena Bemo-
MoratesbHast Mozens 1/f myMa Ha OcHOBe aHcaMOJIst TyaCCOHOBCKUX MPOIIECCOB. AH-
camOJ1b ITyacCOHOBCKHUX TporieccoB 3kBuBaneHTeH ancamomo CTII B monenu AYC, xo-
TopbIii faet criekTp Buaa 1/f. OTaenpHO B3ATHIN TyacCOHOBCKUIT MPOLIECC UCIIONb3YeTCs
Juist MozierupoBanus anemMeHTapHoro CTII, coOTBETCTBYIONIEr0 OAHOMY MOABHXHOMY
Je(eKTy, MO3TOMY B Ka4eCTBE 3JIEMEHTapHOI0 UMITYJIbCA BBIOPAH IPSIMOYTOJIbHBIA UM-
nyJibe. JJIMTENBHOCTD UMITYJIbCA pacipeselieHa o 3aKoHy bonbiiMana:

WA7) = (1/1) exp(—7/1).

Ipumenss Oypre-mpeodpazoBaHne K BBHIPAKECHUIO A KOPPEIALUOHHON (YHKINH
ITyacCOHOBCKOTO Tporecca (hPUKCHPOBAHHON ATMTEIFHOCTH [3], MOydaeM BBIpaKEHHE
st cnekrpa. [locne ycpeqHeHns Mo BCceM UTUTENFHOCTSIM HUMITYJIbCa HalAEeHO BBIpaxe-
HHE JUISl CHEKTpa ITyaCCOHOBCKOTO IPOIECcCa, MOJACIUPYIOIIETO ITOBEIACHHE OJHOTO Je-
texra (ananornuno CTII):

2(121'0 1

S - _r
@lm)=" 1+(0/a,)

)

3neck @w~=1/7(—yrinoBas 4acTtoTa, %, —CPEAHssA JUINTEIBHOCTb MMIIyJbca (CpernHee
BpeMsl IpeObIBaHus eexTa B COCTOSHHUM, KOTOpPOe yCiIoBHO obo3Hauaercs “1”). B mo-
JIy4€HHOM BBIP@XEHHH YUYTEHO, 4TO Je(eKT MOXKEeT HaXoAuThesl B coctostuuu “0”. Cpen-

HEC BpEMs HpeGBIBaHI/Iﬂ B 3TOM COCTOSIHUU (cpe)m;m JUIUTCIIBHOCTD naysm) COCTaBJISCT
00; k —KO3(1)(1)I/IIII/ICHT, CBSI3BIBAIOIINIA Cp€AHUE MIUTCIBHOCTH May3bl W HMILYJbCa
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(09=k (). YacroTa mosIBICHUSI UMITYyJIbCOB A paBHA OOPaTHOMY CPEIHEMY IEPHOLY
nmnynbca B CTII: A = 1/(7o+8g)=1/[(k+1)7y]. Pacnpeneneuue cpeaHux -
TENBHOCTEH MMITYJILCOB B aHCaMOJIC MyacCOHOBCKHX MPOLIECCOB MMEET BH, KaK U B aH-
cambnie CTII: W(7o)=1/[rIn(7/7,)], 7,<7<7,. Cnoekrp aHcaMOJs IyacCCOHOBCKHUX IPO-
LIECCOB MMEET CICYFOLINHA BU/:

7ZZ12Nd 1

S(w)y=—"—-94 .
(k+D)In(z,/7,) ®

2

Hcnonb3yeM BbIpaKeHHE I KyMYJSIHTHBIX (DYHKLHMH ITyacCOHOBCKOTO IIpoLecca ¢
3JIEMEHTAPHBIM MMITYJIbCOM (PUKCHpOBaHHON AnuTensHOCTH [3]. YuuThIBas pacnpeznerne-
HHME IJIMTENBHOCTEH HMMITyJibCa, HalJeM BBIPaXCHHE Ul OUCHEKTpa IIyaCcCOHOBCKOIO
npolecca, MOACIUPYIOLIEro MoBeJIeHHEe 0JHOro Jedexra. YcpeaHss JaHHOE BhIpaKeHHE
[0 CPEHHMM JUINTENILHOCTSAM MMITYJIBCOB, HOJIyYUM OMUCIIEKTp ITyaCCOHOBCKOTO Iporecca
ancambuist 1eexToB.

B nosy4eHHbIX BBIPAKEHHUSX VIS CIIEKTPOB NPOILIECCOB, MOACIUPYIOLINX NOBEACHUE
OJIHOTO JieheKTa, OTMETHM, YTO JMCIICPCUS M 4aCTOTa CPe3a JIOPCHIIMAHOB Y ITyacCOHOB-
ckoro npouecca u CTII orianuarorest Ha koadduuuent k/(k+1). Paznuune o0ycioBneHo
TeM (haKTOM, YTO B IyacCOHOBCKOM IIPOILIECCE CTATHCTHKA MpeObIBaHUS JedeKTa B CO-
cTosHUM “0” WM CTATHCTHKA Iay3 y4TeHa YacTHUYHO, JIMIIb B YACTOTE IMOSIBJICHUS HUM-
MyJbCOB, U HapymaeTcs no cpaBHeHuto ¢ CTII u3-3a mepekpbITUs UMITYJIbCOB. s BbI-
pPAaBHUBAaHHUS JMCIIEPCHM M YaCTOT CpPe3a JIOPEHIMAHOB B OMCIEKTPE IyacCOHOBCKOIO
npolecca, MOJCIUPYIOIEro OXMH JeeKT, N00aBUM KOPPEKTUPYIOLIMIT MHOXHTENb
k/(k+1). Torna BelpakeHHe Ui OMCIIEKTpa IpoLecca, MOJCIUPYIOLIEro MOBEACHHE aH-
cam6iist Ie(heKTOB, IIPUMET CICAY IO BHI:

24 Nk In(l+ @ /@y) | In(l+ @, /) 3)
(k+1)? In(w, | o, )@ + @) @ @, '

S(op,0,) =

Ipy BHIBOJC JAHHOTO BHIPAXKCHHS HCIIONH30BAHO MPHOMDKEHHE: 7, << @ <<z, .

Ha Ouccekrprice 4aCTOTHOH IIOCKOCTH, @1=@,= ), OUCIIEKTP OOPaTHO IPONOPLHOHA-
JIeH KBazpaty 4acTotel, S(@), @,)~1/w?. U3 Beipaxenus (3) cuenyer, uto 1/f urym sBis-
ercsi HerayccoBbIM. ITonmyueHHass GopMyna ¢ TOYHOCTBIO IO TOCTOSIHHOIO MHOXHTEIS
coBnagaer ¢ oucnexrpom 1/f myma B monenu Xandopaa 1 MoxeT OBITH UCIIOIB30BaHA
JUISL OLIPE/ICTICHHUSI KOHLICHTPALIMH [OJIBHKHBIX 1€(EKTOB CTPYKTYPBL.

Pabora BeImonHEHA Mpu mojajepkke rpaHToB PODU Ne 00-15-96620, Ne 01-02—
16666, Ne 02—-02—-06298 u Otrnenenus Hayku HATO, nporpamma “Hayka myis Mupa”,
rpaaT SfP-973799 Semiconductors.

[1] Koran III.M. //Y®H. 1985. T.145,Ne2. C.285.

[2] JIeBun B.P. Teopetuueckue ocHOBBI paguoTexHuku. —M.: Cos. panuo, 1969, Ku.1.
In.11.

[3] 3auenwmrkas JLII. //Pagnorexnuka u anexrponuka. 1971. T.16,Ned. C.627.
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OLIEHKA CMNEKTPA U BUCNEKTPA
1/F LUYMA GaAs SNMUTAKCUAIIbHbIX NMNEHOK

A.B.Mopsiiun, A.B.fIkumoB
Huoicecopoockuii cocynusepcumem

HUccnenoBanus mpon3Boawinch Ha obpasnax Gads [1], N3roToBIeHHBIX B DHHIXO-
BEHCKOM TeXHoOJIorn4eckoM yHuBepcurere (Humepranmsr). Oti 06pasis! ObUTH IOgBEPT-
HYTHI IIPOTOHHOMY OOJIy4eHHUIO cO CpenHel sHeprueil momaromux gactun 3M»eB. ITnor-
HOCTH 0GIy4aeMoro motoka coctapmsina 1,5-10%cm™. 3aTeM MX OTOXIJH TPH TeMIiepa-
Type (543 + 563)K B Teuenue 5 mMuHyT. KOHIIEHTpaIMsl JIEKTPOHOB MOCE OTXKHIa CO-
crasuma 10" cm>.

AHanu3 creKTpa LIIyMOBOTO HaNlpsDKEHHUS MPOU3BOMWICS B AuanazoHe dactoT 0,211
— 1,5«T'u. 3aBucumocts Bua 1/f obHapyxena Ha wactorax Hipke 20I'm. [lanee crektp
HEePEeXOAUT B IUIATO, OOYCIIOBICHHOE TEIUIOBBIM IIYMOM 00pasla ¥ OMHYECKHX KOHTaK-
ToB. [lepecunThiBast CEKTpP HAIPSDKEHHUS B CHIEKTP OTHOCHUTENBHBIX (NIYKTyalllid COIpo-
THUBJICHUs 00pa3lia, ¥ MPOHU3BOJISI HOPMHPOBKY I10 TEIJIOBOMY ILITyMYy, HAXOAUM 3HAaUEHHE
MIOCJICZIHETO Ha OJJHOM Trepiie, paBHoe 2,7-10° Y.

Jns aHanu3a M3MEPEHHOI0 CHEKTpa PacCMOTPUM MOJEINb JBYXYPOBHEBBIX CHCTEM
(AYC). B ee ocHOBe JIEXKUT NMPEATIONOKEHUE O TOM, uTO 1/f IIyM reHepupyercst HOoABIK-
HBIMHM MOHHM30BaHHBIMU aTOMaMHU, NTEPEMEIIEHUS] KOTOPBIX MPHUBOJAT K N3MEHEHHUIO ceye-
HUS paccesiHust cBOOOAHBIX HocuTeneil. [1000HOe M3MeHeHHe CeueHus! IPOSBIIETCS de-
pe3 MOAYJSILUIO CONPOTHBIEHHs oOpasua. Mcmons3yst BbIpaKeHHE JUIsl CIIEKTpa (IyK-
Tyauuil conpoTuBieHUs [2], ¥ Y4YUTbIBas 3HAUCHME, ONPEAEICHHOE U3 DKCIIEPUMCHTA,
HaXOJUM YHCIIO TOJBHMXKHBIX aTOMOB, HEOOXOmuMoe Uil OOBSICHEHHs HaOII0JaeMOro
cnekrpa. OHO cocTaBisieT 5.10*, uro COOTBETCTBYET KOHLIEHTPALUK, PaBHOI 2,3-10"em”
3. Jlns toro xe oGpasia H3MepeH MOyIlb BHCIEKTPA OTHOCHTEIBHEIX (IyKTyaluii co-
MIPOTUBJICHUS <5R3>‘,1 _s2- Ero 3Ha4yenue B Touke fi = f, = /= 1I'll paBHO 2,3-10722 ' 2.
Kpome Toro, gpyHKIHOHATIbHAS 3aBHCUMOCTH AMATOHAJIBHOTO Cpe3a f; = f; OT 4acTOTHI
umena Bug 1/f 1,46

Bocmnonbesyemcst Uit HaX0KACHNS IPEJBAPUTEIBHBIX OLICHOK OMCIIEKTPa BBIPAXKEHH-
€M, TOJTy4eHHBIM AT IIyMa, cMoaenupoBanHoro myteM 3amens! CTII Ha myaccoHOBCKuiA
npouecc [3]. [Ipu aTOM mpeAmnonaraiock, 9To pacupeaeieHie JTUTETbHOCTEH HMITYIECOB
Takoe ke, kak B CTII, a AUTeTbHOCTH May3 yYHTHIBANCE B CPEAHEH YaCTOTE MOSBICHUS
HMITYJICOB. B 3TOM cilydyae eTMHCTBEHHOE pa3Indue MEXIY ITyaCCOHOBCKHM IPOIECCOM
u CTII B TOoM, 4TO B IEPBOM HPOIECCE 3a KAXK/IBIM NMPSIMOYTONBHBIM UMITyJIbCOM HE 00s-
3aTeNpHO cienyeT naysa, kak B CTII. U3 BelpaskeHHs, MOTYIEHHOTO ISl TAKOTO MPOIIEC-
ca, CIe/yeT, YTo GHCIEKTp MOKEH CranaTh Kak 1/f°. 3HaueHHe Ha OIHOM Teple, Ui
YHCiIa MOABM)KHBIX aTOMOB 5-104, paBHO 710,

CpaBHMBasi U3MEPEHHBIN OHUCIEKTP C BBIYMCICHHON OLICHKOW, BUIUM, YTO 3HAUYCHHE
OLICHKH OKa3aJ0Ch Ha TPH MOPsIKa MEHbLIE, U QYHKIHOHAIbHBIE 3aBUCUMOCTH OT YacTO-
ThI Pa3JINYHbL. BBISICHUM NPUYMHY TaKOTO PaCXOXJICHUS.
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Ecnu mrym siBisieTcst raycCOBBIM, TO €T0 OUCTIEKTP JOIDKEH PaBHATHCS HYIIO, @ OLICH-
K1 OMCHEKTpa JOJDKHBI MIPHUHUMATh 3HA4eHHs ONU3KHE K HYJIO, JIKAIHe BHYTPU HEKO-
TOPOTO JOBEPUTEIBHOTO WHTEPBAJIA, PAANYC KOTOPOTO MOXKHO ONPEAENUTbH, BEIUHCIUB
TUCTIEPCHUIO OLICHKH OUCTIEKTpa.

B pabote [3] mpowW3BOAWTCS aHANIW3 TPEACIbHON UYyBCTBUTEIBHOCTH MOJIHMCIEK-
TpanbHBIX aHanu3aTopoB. [IpuBoAMTCS BBIpaKeHHE, XapaKTEpHU3yIOliee TOYHOCTh OHC-
HNEeKTPaNbHBIX W3MepeHui. M3 Hero MOXXHO IONYYHTh OPHEHTHPOBOYHOE COOTHOIICHHUE
IUTS TUCTIEPCHH OLCHKH OMCIIEKTpa, KOTOPOE MPH BBHIOOpE OMCHEKTPAIBLHOTO OKHA Mpsi-
MOYTOJIEHOH (YOpMBI IPUMET CIECTYIOUTHNA BHI:

]:2<5R2 >§<§R2 > f )

D|< 6R® > .f 3

- N-1-(8f)
e <6R2>f — 3HAUCHHUE CIEKTpa, U3MEPEHHOI0 HAa YacTOTe, Ha KOTOPOI NMPOU3BOANTCS
OLICHKa OuCIIeKTpa; < SR?*>, s — CIIEKTpP Ha yABOEHHOM 9acToTe; N4 — BpeMs OJHOH 3aIH-
cu; Af — paspelienue 1o yactore. B Hamiem ciyuae Bpemst 3amucu cocrasisiet 412 ce-
kyH1, a Af = 0,39I'u. Ha yacrore ananu3a 1 ' 3HaueHus crnekrpa paBHo 2,7-1 0'14Fu"1,
9TO Jaer pucnepeuto 2,4-1 0*I'u™*, uro COOTBETCTBYET 3HAYECHUIO CTAHJAPTa PaBHOMY
3,810%°T' .

WupIMu crioBaMu, pe3yIbTaThl BBIYUCICHHN HAXOAATCSA BHYTPH JOBEPHTEIBHOTO HUH-
TepBaja, a Mbl H3MEPSIEM CTATUCTUYECKYIO OIIMOKY. AHanu3 BelpaxeHus (1), B uucioure-
JIe KOTOPOTO CTOWT MPOW3BEJCHUE CHEKTPOB, MMOKA3BIBACT, YTO AWCIEPCHUS MPOIOPINO-
HATBHA f °, & CTAHZAPT JOIDKCH CriafaTh Kak 1/f'*°. MyHKIHOHATBHAS 3aBHCHMOCTD pe-
3ymprata maMepenus uveet Bua 1/f*°, aro mopreepxmaer mamre mpeamonoxenne. To
€CTh TIONyYeHHAs! 3aBUCHMOCTbD IPEJCTaBIIsIET COOOH CTaTUCTUYECKYIO ONMIMOKY H3Mepe-
HHS, @ Pe3yJIbTaThl BEUHCICHHUS JIeXKAT B IPeJeax JOBEPUTENFHOTO HHTEpBaia. JTO 03-
HA4aeT, 9TO B JAHHBIX H3MEPEHHAX BBIIBHTH HETAyCCOBOCTH IITyMa HE YAAI0Ch

PaGora BrmonHeHa mpu moxaaepikke rpaHToB PODU Ne 00-15-96620, Ne 01-02—
16666, Ne 02-02-06298 u Otnenennss Hayku HATO, mporpamma “Hayka anst Mupa”,
rpanT SfP-973799 Semiconductors.

[1] Chen X.Y., Aninhevi¢ius V. //7th Vilnius Conf. Fluctuation Phenomena in Physical
System, Vilnius University Press, 1994, Ne7, p.77.

[2] Orlov V.B., Yakimov A.V. //Physica B. 1990. P.13.
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THE INFLUENCE OF ELECTROSTIMULATION ON MOUSE BEHAVIOUR AND
THE MODULATION OF IT BY PEPTIDE SUBSTANCE ‘DALARGIN’

R.A.Plohov
Nizhni Novgorod State University

The irritation of an organism by slight electric current is a widely spread method of
physiological researches. This method allows to analyze the complex of nociceptive, be-
havioral and hormonal stress — reactions. Pain sense of various intensity, hormonal
changes (adrenaline and steroid hormone level increasing first of all), emotional arousal
accompanied by flash of aggressiveness characterizes it. These reactions are closely con-
nected and the detailed analysis of it is very useful for understanding of the whole picture.
There are many substances, which are produced in organism and regulate pain, hormonal
changes, emotional reactions induced by some stressors, current irritation e.g. Tradition-
ally all these endogenous compounds are divided into two large groups: stress-realizing
and stress-limiting. The first group includes substances potentiating stress processes.
Adrenaline is a classical member of this family. Stress-limiting substances make weak a
stress reaction. Opioid peptides play a very important role being stress-limiting sub-
stances. Opioid peptides (endorphines, enkephalines) restrict a sense of pain, hormonal
changes, emotional arousal. However, all endogenous peptides are very unstable and de-
stroyed by proteases very quickly. That is why a great attention is spared to stable syn-
thetic analogues of endogenous peptides.

In our investigation we used a synthetic analogue of Leu-enkephaline dalargin as a
modulator of current-induced stress-reactions. Recently we have established a slight anti-
nociceptive effect of dalargin and clear behavioral effects in usual conditions. So we
could suggest the behavioral effects in stress conditions. The level of aggressiveness was
an indicator of behavioral changes. The scheme of experiment was very simple. A mouse
was placed in the cage with electrified floor and irritated for several seconds by rectangu-
lar current impulses (1 — 5 mA, 1 —50 impulses per minute). Then the mouse was placed
into usual cage and other, non-irritated mouse was placed into the same cage. The quan-
tity of aggressive acts of irritated mouse against other mouse was being fixed for five
minutes. Such testing experiments were being realized during three days and then we in-
jected dalargin (5 mg/kg in 0,5 ml of phys. solution) and again tested the animals. Ac-
cording to the literature data we predicted the decrease of the quantity of aggressive acts
as a dalargin effect. To our astonishment a major part of the animals did not display pre-
dicted behavioral changes, moreover, a little group of the animals demonstrated the in-
crease of aggressiveness. This paradoxal result needs future analysis. Now we can only
propose that such high dalargin dose induces the release of some endogenous peptides
with pro-aggressive properties.
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CARRIER FREQUENCY ESTIMATION ALGORITHMS FOR TRANSMISSION
OF OFDM SIGNALS OVER SELECTIVE CHANNELS

A.A.Maltsev, A.V.Pudeyev
Nizhni Novgorod State University

Many digital communication systems operating over frequency-selective fading
channels employ a signaling format consisting of frames of data, each preceded by a pre-
amble of known symbols (training sequence). Preambles serve for timing and frequency
synchronization and to estimate the channel response. In multicarrier communication sys-
tems such as OFDM (Orthogonal Frequency Division Multiplexing), inaccurate synchro-
nization may result in a reducing or loss of orthogonality between the subcarriers result-
ing intercarrier and/or intersymbol interference and decreasing in system performance.
Our work presents modern algorithms for frequency estimation for OFDM systems, based
on 802.11a standard.

The packet preamble specified by the IEEE standard (see Fig.1) consists of 10 iden-
tical short OFDM training symbols and two identical long training symbols. Between the
short and long symbols, there is a guard interval (GI2) of length 32 samples that consti-

tutes the cyclic prefix of the long sym- 10 short training 2long training

bols. The short symbols serve for g P

coarse frequency estimation and the ‘\\'?“"1“1'51"*1‘71"‘?‘”& 4 hih fe" sona [of oara|
long symbols are used for fine estima- e ey auimaon | Fie eauency & Charl esimaton

tion. Fig.1

We consider fine frequency estimation using long symbols. Then, the received signal
model for the case of a frequency-selective channel with additive white Gaussian noise
(AWGN) is

x(n)=s(n)e’™ +Em),  n=0,.,N-1 (1)
where vis the normalized frequency offset, &(n) is Gaussian noise, and s(n) given by
L-1
s(n)= Y h(k)a(k —n), n=0,.,N-1 )
k=0
Here, h=[h(0) k(1),...,h(L;~1)]" is a channel impulse response, L, the channel mem-

ory and a(n) is the training sequence with a period of length L. Signal-to-noise ratio
(SNR) is defined as

7= , (3)

U8N|‘4qw

where o> and 0'42 are powers of signal and noise respectively.
The first method is an autocorrelation estimator (AE), which is the simplest. The es-
timator produces a multiplication of on-time input signal and a signal delayed for se-
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quence period (duration of one long training symbol), with following averaging. Then,
the argument of a calculated complex number is a phase shift caused by estimated fre-
quency offset. Frequency estimate may be obtained from this argument by division on
symbol duration. Close description of this algorithm can be found in [2].

Another method of frequency estimation is a maximum likelihood estimation algo-
rithm (MLE). It is well-known algorithm (for example [1]), which have the best perform-
ance (maximum accuracy which coincides with Cramer-Rao bound) and the largest cap-
ture bandwidth), but it is very complex and requires search of function extremum.

Finally, we propose a third method, which presents a tradeoff between complexity
and estimation accuracy. It is weighted autocorrelation estimator (WAE). Similar algo-
rithms described at [3]. The main idea is optimal weighting of different autocorrelation
estimates, gathered from the same data samples.

1 N-1 «
Vip = ar x(kK)x (k—mL); . 4
mE g{k_ZmL()( )} “4)
Final estimate is given by linear combination:
K
V=YW, K<NL 5)
m=1

W= } (6)

In this embodiment, this algorithm has
extremely narrow capture bandwidth. We
propose it for fine frequency estimation by
long training symbols processing. In this
case, there are only two intermediate esti-
mates in (4), and 1, can be corrected using
v}, preventing abnormally big errors, caused
by phase ambiguity. We have evaluated the
algorithms performances both theoretically
and numerically. Simulation results are de-
picted in Fig.2

This work was supported by the RFBR
Grants Nos. 00-02-17602, 00-15-96620, and NATO CLG 977419.

frequency MSE, Hz

[1] Morelli M., Mengali U. //IEEE Trans. on communications. 2000. Vol.48 Ne9. P.1580.

[2] Prasad R., van Nee R. OFDM wireless multimedia communications. —London: Artech
House, 2000, 280p.

[3] Kuo W. Fitz M. /IEEE Transactions on communications. 1997. Vol.45,Nel1. P.1412.
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ONTUMU3ALINA XAPAKTEPUCTUK CUCTEMbI AMOPTU3ALIMUN
BUEPALIUA U YOAPOB

JA.B.bananaun, C.B.Ilypue3os
Huoicecopoockuii cocynusepcumem

Pabora mocBsimeHa BOIpOCaM ONTUMH3AIMN XapPAaKTEPHCTHK aMOPTH3AIMOHHBIX
CHCTEM, CIy KalllUX JUIS 3aIUTHI OT yJapoB M BUOPAIMH ammaparypsl, YyBCTBUTEIBHOH K
JUHAMUYECKUM BO3JEHCTBHAM. VccienoBaHEI BO3MOXHOCTH 3alUTHl  00BEKTa C
MOMOIIBIO ACCHBHON CHCTEMBI aMOPTU3alMM C JBYMS CTEHCHSMH CBOOONBI IIPH
UCIIBITAHUM Ha CTCHJE.

ITaccuBHas cucrema 3amUTE 00BbEKTa MacCOM /1, COCTOUT M3 ABYX JIMHEHHBIX aMop-
TH3aTOPOB U 3aIIUTHOH 000JOUKH Maccoi m;. VcbITaTeIbHBIA CTEH I BKIIOYAeT B ce0s
oropy, miatgopmy Maccoi m,, Ha KOTOPOH KPEIHUTCs CHCTeMa aMOPTH3AIHHU, OTPAaHUIH-
TeJIb X0Aa MIaTGOPMBI M yAApHBIA MexaHu3M. [IpH MCHBITaHUN POM3BOMUTCS yAAp IO
wiatopMe CHHU3Y BBEpX. YPaBHEHHs JBIDKCHUS IUIAT(GOPMBI M 3JIEMEHTOB CHCTEMEI
aMOpPTU3aLUU MOXKHO IIPEACTaBUTh B BUJE :

myXy = —Cy(xy —x1) =k (dp — X1),
myXy = ¢y (xy — x1) + k(3 — %) — (3 — X)) — ky (% — %), (1
myXo = c(x; — xo) + ky (X — Xo) + F(2).

3nech xg, X| X; — CMELIeHHe IaTGOPMBbI, 3aIIUTHON 000J0YKU U H30JIUPYyEeMOro 0ObeKTa,
COOTBETCTBEHHO, F(f) — BHEUIHss CHJIa, MPUKIaAbIBaeMas K miathopme, ci, ¢ 4 ki, ky —
K03 GUIHEHTHI YIPYTrocTH U KO3 GHULHEHTHI AeMII(UPOBAHUS BHEIIHETO M BHYTPECHHE-
r0 M30JITOPa, COOTBETCTBEHHO. 3aKOH M3MEHEHHUs BHEIIHEH CHJIbI, NPUKIAIbIBAEMON K
mwiarGopme, NpeACTaBiIseT cOOOH IOCIeNOBaTeNbHOCTh U3 TPEX KOPOTKHUX HMITYJIbCOB
JUTHTENBHOCTBIO 7=1()>¢ pasHbIX 3HAKOB H BENWYHMHEL B HacToseil paboTe mapamMeTpsl
BHYTpPEHHETO aMopTH3aTopa (¢, k,) onpeaessuinch u3 TpeboBaHuMil 3alUThl OT BUOpALHUii.
HaubGosiee BaxkHbIE ITOKA3aTeNM, XapaKTEPU3YIOIINE Ka4eCTBO aMOPTU3ALMH, 3TO MaKCH-
MYM MOJYJIsl CMELICHHS 3aI[UTHOH 000I04KH OTHOCHTENbHO tuiaTdopmsl Jy(c1,k1) U Mak-
CHMYM MOJyJIsi aOCOJIFOTHOTO YCKOPEHHUs n3oiupyeMoro oobsekta J(cy, k). OTHOCUTEINB-
HOE CMEICHHUE 3alIUTHON 000JI0UKH ONpeIessieT rabapuThl KOHCTPYKIHHU, a a0COTIOTHOS
YCKOPEHHE XapaKTEePU3YeT Ieperpy3Ky, UCIbITHIBAEMYIO H30JIMPYEMbIM 00BEKTOM, KOTO-
past MOKET HapYIIUTh €ro HOpMaJbHOE (YHKIIMOHUPOBAHHE.

OcHOBHOIT 3aiaueil pabOTBHl SBJISETCS IMOUCK OOJIACTH JOMYCTHMBIX 3HAYCHHI
HapaMeTPOB BHEIIHEro U30JIATOPA JIMHEHHON CUCTEMbI aMOPTHU3ALMH C IBYMs CTENICHAMU

CBOOOIBI IIpYU OrpaHUYCHUAX Ha IIOKA3aTEJIN KauyeCTBa aMOPTHU3alluU:
J](Cl,kl)SD, (2)
Iy(e,k) <U.

Jiis e€ pemeHus OBUIO MPOBEACHO YHCICHHOE MOACIHPOBAHHE YPaBHEHUH JBIKE-
Hus (1) B cpene Matlab Simulink. [Touck obmacti pa3pemiéHHBIX 3HAYEHHI TapaMeTPOB
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BHEIITHEr0 M30JIATOpa OCYIIECTBIIUICS MyTEM MOCTPOCHHUS JIMHUK PABHOTO YpPOBHS MOKa-
3areneil kauectBa Ji(c1,k1) u Jy(c1,k1) Ha miockoctu mapameTpoB (cy,x;) [1,2]. Tlpenens-
HbIE BO3MOXKHOCTH aMOPTH3ALMK ONPECISUINCh U3 YCIOBUS MHHUMM3ALUK MOKa3aTels
kadecTBa Ji(cy, k1) Ipu OrpaHUYIEeHHOM J,(C1, ky).

Ha pucyHke n300pakeHBl JIMHUM PaBHOTO YPOBHS IOKa3arenell kadectBa Ji(cy,ky)
(wTpuxoBoit muHKEH) U Jo(c1, k) (cruiomHoN mHuEH). CephIM IIBETOM BBIIENICHA 00JIACTh
HapaMeTpoB BHEUIHETO aMOPTHU3aTOpPa, MPH KOTOPBIX MAaKCHMMAaJbHOE YCKOPEHHE H30JIH-
pyeMmoro o0bekTa He mpeBblmaer U=4 g , a OTKIOHCHHE 3aIMUTHOW OOOJIOYKH MEHBIIE
D=0,06 m. I3 pucyHKa BUAHO, YTO MPH JOIMYCTHMOM yCKOPEHUH U30JIUPYEMOro 00beKTa
4 g c MOMOLIBIO JTAHHOI CHCTEMBI aMOPTU3ALMH HEBO3MOXKHO JTOOUTBCS OTKJIOHEHHMS 3a-
mUTHOHN 000moukn Merbpaiero 0,026 m. [TockonbKy I peanbHBIX aMOPTH3aTOPOB CYIIe-
CTBYIOT OTpaHHYEHHS HAa KO3((GUILMEHTHI YIIPYTOCTH U IEMII(DHPOBAHHUS, TO MOTyYCHHbIC
Ppe3yJIbTaThl MO3BOJISIOT MOA00PATh MapaMeTPbl BHEIIHETO aMOPTH3aTopa, OJIU3KHUE K Ol-
THMaJIbHbIM.

Koad¢unment ynpyrocru, H/m

L
it % 2 25 3 A5 L
Koadpmment nemmd np oBanust, H-c/m I

Pabora noxnepxana rpantamu POOU Ne 00-02-17602 u Benymas HaydHas mikosa
Ne 00-15-96620.

[1] bonotaux H.H. OnTuMuszanus amopTu3anuoHHbIx cucreM. -M.: Hayka, 1983, 257c.

[2] Balandin D.V., Bolotnik N.N., Pilkey W.D. Optimal protection from impact, shock
and vibration. -Amsterdam: Gordon and Breach Science Publishers, 2001, 437p.
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THE EFFECT OF PHASE TRACKING ERRORS
ON BER PERFORMANCE OF OFDM SYSTEMS

A.A.Maltsev, A.E.Rubtsov
Nizhni Novgorod State University

Orthogonal frequency division multiplexing (OFDM) is a multi-carrier transmission
technique that uses orthogonal subcarriers to transmit information within an available
spectrum. The orthogonality of the subcarriers helps prevent inter-subcarrier interference
(ICI) within the system. Before transmission, the subcarriers are modulated by Multi-
level Quadrature Amplitude Modulation (M-QAM) with a low-rate data stream. The
transmitted symbol rate of the OFDM system is low, and thus the transmitted OFDM sig-
nal is highly tolerant to multipath delay spread. For this reason, many modern digital
communication systems are turning to OFDM as a modulation scheme for signals that
need to survive in environments having multipath reflections and/or strong narrowband
interference. Many wireless communication standards have already adopted OFDM in-
cluding [1], for example, the High performance radio Local Area Network (HiperLAN)
standard, the Digital Video Broadcasting Terrestrial (DVB-T) standard, and the IEEE
802.11a standard. The work under discussion is concerned with the last standard.

One problem with OFDM systems is that they are more sensitive to phase noise and
frequency offset relative to single carrier systems. These impairments introduce common
to all subcarriers phase shift and, unlike single carrier systems, inter-subcarrier interfer-
ence into OFDM systems. According to IEEE Std 802.11a [2], in each OFDM symbol
four of the subcarriers are dedicated to pilot signals (known both to receiver and transmit-
ter) in order to make coherent detection robust against phase noise and frequency offset.

Therefore, each coherent receiver has to have phase tracking scheme based on the pi-
lot subcarriers processing. It estimates the carrier phase shift @ given by frequency offset
Fyand generators instabilities in the presence of additive noise v. Obtained phase estimate
is used for phase compensation of data subcarriers. However, phase tracking scheme has
random phase estimation error y, which variance o-,,2 depends on signal to noise ratio
(SNR) and parameters of phase tracking scheme. This phase jitter causes additional
crosstalks in demapping of M-QAM symbol 7= rrtjrp = ae’’ +v.

The objective of this work is the investigation of the phase errors effect of different
phase tracking schemes on bit error rate (BER) performance of OFDM systems. In this
paper we consider feed forward (FF) phase estimation scheme and digital second order
phase-locked loop (PLL). The instantaneous carrier phase shift € is modeled as a two-
dimension state vector:

Ok +1) = 0(k) + A(k) + w(k),
Atk +1) = A(k);

where A(k)=27FT,. is digital frequency offset, w(k) is additive white Gaussian noise
due to generators instabilities, £ — number of OFDM symbol.
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For FF scheme expression for probability density function (pdf) of phase jitter v is
obtained. The pdf approaches to Gaussian distribution with variance O',/,z =1/(2y), when
SNR yis large. It should be noted that phase jitter variance 0',,,2 does not depend on phase
diffusion noise power ;>

The equivalent block diagram of pilot subcarriers processing block with digital PLL
is shown in Fig.1. At the first step we

have studied dynamics and a steady f - Digital Second-Order PLL
state error of linearized second order £ ] Phase Detector Loop Filter L(z)
PLL in the additive noise absence. g']: Eg |

Including additive noise and & e
generators instabilities into considera- 2«
tion we obtain the phase estimation * Dig""vwé
error variation dependence on SNR y Pilot e # Zflil

. 2 Subcarriers Compl 1-z

and phase noise power o, for sta- Processing
tionary tracking mode. It is shown Estmated | 5 7
that PLL has high sensitivity to phase Prese
diffusion noise. The effect of loop I ized DATA Subcarriers Phase Tooemappgb
gain factor G adjustment on PLL per-
formance is investigated. We have Fig. 1

obtained that high loop gain factor

decreases convergence time and phase jitter due to generators instabilities but increases
phase error due to additive noise. Thus, there is a general need for a PLL parameters op-
timization to help achieving more accurate synchronization of an OFDM packet.

We have carried out computer simulations of FF and PLL schemes operation in dif-
ferent SNR and phase diffusion —--
noise environment. These & 7 HealPhase Tracking
simulation results match closely
with those, obtained from our
analysis. We calculate BER of } } =) } i |

1‘.
OFDM systems, which exploit dif- ﬁ“%

ferent phase tracking schemes (PLL ‘ ! E———\ i \

or FF). For example, Fig.2 presents 10%
BER performance for OFDM re- ' E %% %

ceiver with 16-QAM modulation ==
and phase diffusion noise with root 107 o " SNR, 9B L= % 2
mean square JWZZO. Fio.2

This work was supported by &
the RFBR Grants Nos. 00-02-17602, 00-15-96620, and NATO CLG 977419.

[1] Prasad R., van Nee R. OFDM Wireless Multimedia Communications. -London:
Artech House, 2000.

[2] IEEE 802.11a, “Wireless LAN Medium Access Control (MAC) and Physical Layer
(PHY) specifications,” 1999.
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CPABHUTEJbHbIN AHANU3 ®NYKTYALUA BECOBOIO BEKTOPA B
AHTEHHbIX PELLETKAX, UICMOMNb3YIOLWUX TPAOUEHTHBIE U BbICTPbIE
AIITOPUTMBbI

C.B.3umuna
Huoicecopoockuii eocynusepcumem

AJrOpUTM HACTPOMKHM aHTEHHOW PELIETKH Ka4eCTBEHHO M KOJIWYECTBEHHO OIpere-
JSI€T T€ U3MEHEHMs, KOTOpbIe BHOCAT (IYKTyalliM BECOBOT'O BEKTOpa B pabOTy aJlalThB-
HBIX aHTEeHHbIX pemeToK (AAP). [Ipencrasnser nHTEpEC NpPOBEAEHHE MOAPOOHOTO CpaB-
HHUTENIBHOrO aHanu3a QuyKTyauuii BecoBbix koddduienToB B AAP ¢ rpaaueHTHBIMU 1
OBICTPBIMH AJITOPUTMAMHU B CIIy4ae PAaBHBIX CKOPOCTEH CXOAMMOCTH, MOCKOJIBKY 3TO I10-
3BOJIMJIO OBI MOBBICUTH TOYHOCTh HACTPOHKH AHTEHHBIX PEIIETOK.

MeTtozbl TeOpUH BO3MYIIEHHH MO3BONMIN BBISIBUTH OCOOEHHOCTH (payKTyauuil Be-
COBOTO BEKTOPA AHTEHHBIX PEUIETOK C OrpaHMYEHMSMM, HACTPAUBAIOIIMXCS MO Tpajau-
€HTHOMY U OBICTPOMY PeKyppeHTHOMY anropuTMaM. Ha pucyHke kauecTBEHHO MOKa3aHa
JarpaMma paccesHus B MOANPOCTPAHCTBE OTPAHUYEHUH Ul CIIy4aifHOTO BECOBOTO BEK-
Topa AAP ¢ OBICTPBIM M IpaJUEHTHBIM aJANTHBHBIMU AITOPUTMAMHU B CIydae PaBHBIX
CKOPOCTEM  CXOAMMOCTH  aJropuTmoB. Jlns
OBICTPOrO PEKYPPEHTHOTO alropuTMa MOBEPX-
HOCTBIO  PaBHOW  BEPOSTHOCTH  PACCESTHUS
sBasietrcs auncons (1). 3To cBUIETENBCTBYET
0 TOM, 4TO (IIYKTyalu BecoBoro Bekropa AAP ,
¢ OBICTPBIM AJTOPUTMOM HEU3OTPOIHBL: MUHH-
MaJlbHbl B HANpaBIE€HUU MPHXOJa MOMEXHU, a BO
BCEX OCTAJIbHBIX HANpPAaBIECHUSAX UMEIOT CYIIECT- X@\
BEHHO OOJbIIyI0 BenMuuHY. JJIsi CpaBHEHUS] Ha
JAaHHOM pHCYHKE IIpUBEJEHA IOBEPXHOCTh
PpaBHOW BEPOSITHOCTH JUarpaMMbl PAcCesHUS A P ToATpOCIPANCTR
rpaJUeHTHOro ainroputMa. [ljist 3Toro airopurma P 1
cobctBenHble uncia matpunsl Ky paBHBI apyr T
IpYTY W JaHHAas IMOBEPXHOCTH siBisiercst cdepoit (2), T.e. uykTyanuu BecoBOro BeKTOpa
JUISL TPAJIMEHTHOTO aJIrOPUTMa M30TPOIIHBI U 110 BEJIMYHMHE PaBHBI (B CIydae paBHBIX CKO-
pocTeil CXOAMMOCTH alNrOPUTMOB) (MIyKTyanusiM BECOBOTO BEKTOpa OBICTPOTO peKyp-
PEHTHOTO aJrOPUTMA B HAIIPABJICHUH IIOMEXH.

KommproTepHoe MOIEIMPOBaHUE MOJATBEPAMIO BBIBOJABI TEOPETHYECKOTO aHAIIM3a.
MopenpoBanuck 7-M1 3JIEMEHTHbIE y3KONOJIOCHBIE aaNTHBHBIC aHTEHHBIE PEIIETKH C
OJTHOKPATHBIMHU JINHEHHBIMYU OTPaHMYEHHSMH, HACTPAUBAIOLINECS MO JTUCKPETHOMY Ipa-
JMEHTHOMY ¥ OBICTPOMY PEKypPEHTHOMY ajJIropuTMam. B kayecTBe BXOJHOro CHrHaJIa Ha
AQHTEHHYIO PeIIETKY MOjAaBajachk CyMMa MOJIE3HOTO CHI'HAJIA, IPUXOMSIIEro C Harpasiie-
HHSL, HOPMATBHOTO K IIOCKOCTH PEIIETKH, M OHOM IIOMEXH, IPUXOIANIEH o yriaoM 45
K HOpMaui pemméTku. KoMIniekcHbIe aMIDIUTYABI BXOAHBIX CUTHATIOB ()OPMHPOBAIHCH 3
JIBYX HE3aBUCHMBIX HCTOYHHKOB rayCCOBCKOTO “Oenoro” nryma. MOIIHOCTE IOMEXHU CUH-
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Tanack paBHOH equHuUIlE U Oba B 10 pa3 OoJble MOIIHOCTH MOJIE3HOTO curHana. B AAP
MIPUCYTCTBOBAJI TAKXKE COOCTBEHHBIN IIyM, MOIIHOCTH KOTOporo cocrtarisuia 0,1 MomHo-
cTH moje3Horo curxaia. KoahuiueHTs agantanuy JUCKPETHOTO IPAJAUSHTHOTO (Ls) U
OBICTPOr0 PEKYPPEHTHOTO (L) aNTOPUTMOB OBLIM BHIOpPAaHBI HA OCHOBAHMY YCJIOBHS pa-
BEHCTBa CKOPOCTEH CXOMUMOCTH (L&=LicAmarrr), PABHBIMH, cOOTBeTCTBeHHO, 0,01 1 0,07,
(Amapre MAKCHMAJIBHOE COOCTBEHHOE YHCIJIO MATPHUIIEI BXOJHEIX CHTHAJIOB).

Jlnst ompenienieHnst MakCUMANbHBIX 1 MHUHUMAIBHBIX (DIyKTyaluii BECOBOIO BEKTOpa
B IIPOCTPAHCTBE BECOBBIX KO3(D(MHIUEHTOB HCCIIEIOBANIACH OPHEHTAIMS JIUIUIICOUNA,
OCSIMH KOTOPOTO CITy>KMJIH COOCTBEHHBIE BeKkTOpa MaTpuisl Ky, a 1uamerpsl ompeaesns-
JUCh BEMMYMHOU €€ cCOOCTBEHHBIX umcel. TeopeTndyeckrue M HaICHHBIE U3 YHCIEHHOTO
SKCIIEPUMEHTA 3HaUeHUs] COOCTBEHHBIX umces MaTpuibl Ky Uit 060uX U3yd4aeMbIX auro-
puT™MOB HacTpoiiku AAP, npeacrasnens! B TabiuIe.

Tabmmuma
BricTphlil  anropurm I'paguieHTHBI  anroput™m
TEOpHsI OKCTIEPUMEHT Teopust 9KCIIEPUMEHT
2.4984 2.6983 0.0035 0.0036
2.4984 2.6574 0.0035 0.0018
2.4984 2.4664 0.0035 0.0032
2.4984 2.2495 0.0035 0.0029
2.4984 1.9748 0.0035 0.0031
0.0036 0.0037 0.0035 0.0035
0.0000 0.0000 0.0000 0.0000

W13 tabuuisl BUAHO, YTO B 000MX aJIrOpUTMax (uIyKTyaluu BECOBOIO BEKTOpa OT-
CYTCTBYIOT B HAIIPaBJICHUH OTPaHHYEHMI, KOTOPBIl COOTBETCTBYET HYJICBOMY COOCTBEH-
HoMy umciy Mmatpunbl Ky. B HampapieHnH, COOTBETCTBYIOIIEM HAIIPaBJICHUIO NPHUXO0Ja
nomexu P&, Gpiykryarmy BecoBbIX KOG (UIMEHTOB B OBICTPOM PEKYPPEHTHOM alrOpPHT-
Me MUHHMMAJIbHBI ¥ PAaBHBI IO BETHMUYHHE (B CIIydae PAaBHBIX CKOPOCTEH CXOAUMOCTH alro-
PHUTMOB) M30TPOIHBIM (DITyKTyalusiM JUCKPETHOTO TPAIUEHTHOTO aJITOPUTMA.

Takum 06pa3zoM, IIpOBe/ICHNE CPABHUTEILHOTO aHAIN3a TTI0Ka3alo0, YTo OBICTPHIH pe-
KypPeHTHBIH alrOpUTM, UMesl MPEHMYIIECTBA IIPU CXOJMMOCTHU, COICPXKHUT IIPH ITOM
OOJIBIIYIO BEJIMUMHY (PIyKTyanuii, NCKaXaIOMUX MOJIE3HBIH CUTHAT HA BBIXOJIEC aIaNTHB-
HOU aHTCHHOW PEMIETKU.

Pabora Bemonnena npu noanepskke POOU, rpantsr Ne 00-02-17602, 00-15-96620,
02-02-06308 1 NATO PST CLG Ne 977419.
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OCOBEHHOCTHU BOCNPUATUA BPEMEHWU Y TMNEPTUMHbIX
NWYHOCTEN B 3ABUCUMOCTU OT HEKOTOPbIX AOMNONHUTENbHbIX
NCNXONOIM’M4YECKUX XAPAKTEPUCTUK

P.I".Aiipaneros”, C.B.3umuna?

1 s
)Huorce20podckas Hayuno-meduyuHckan oouecmeennasn opeanusayus “Heipon”
2 .
)Huoicezopodckuii 2ocynugepcumen

OnHOI U3 OCHOBHBIX XapaKTEPUCTHUK, ONPEETAIOIINX YPOBEHb OPUEHTHPOBAHHOCTH
B OKPY’KaIOILEM MHpE, SBIISIETCSI BOCIPUSITHE BPEMEHHU, KOTOPOE 3aBUCUT OT TMIHOCTHBIX
ocoOeHHOCTel 4YenoBeka. V3ydeHHe BOCHPHATHS BPEMEHH y JIIOACH, CONCpIKALUX B
CTPYKTYpE CBOEro XapakTepa MpPEeHMYILIECTBEHHO THUIEPTHMHBIE UYEPTHI, MIPEACTABIAET
onpeneNnéHHbI NMPaKTUYECKUl MHTEpeC, MOCKOIbKY M3 JUTEPaTypbl U OOBIYHON >KU3HU
U3BECTHO O 3aBHCUMOCTH MEXJly HACTPOCHUEM UEJIOBEKA U €r0 BOCIPHATHEM BPEMEHHU.

Tectuposanocs 128 uenosex (cTyAeHTHI) B Bo3pacte oT 22 no 27 nert. [Ipu uccneno-
BaHMH UCTIOIb30BATOCH JIBE METOJUKU:

- COKpau¢HHbIH BapHaHT MHUHHECOTCKOIO MHOTOMEPHOTO JHMYHOCTHOTO TEpedHs
MMPI (onpocHuk MuHH-MyJbT, agantanus ®.b. bepesnna, M.I1. MupomHukoBa) — s
OIIpe/IeIICHUS JIMYHOCTHOTO NPOQUIIS UCIIBITY EMBIX;

- METOJ] OTMEPUBAHMUA MHUHYTHOr0 HHTepBajia (cuét 1o 60 yepes ceKyHay) — Ui U3y-
YEeHUs] BOCTIPUATHS BpeMeHHU. [laHHBIN OmbIT MOBTOpsAJIcA 3 pa3a 06e3 coOOIIeHHs pe3yib-
TaTOB TECTHPOBAHUS UCIIBITYEMOMY.

HccnenoBanne npoBOAMIIOCh OJHOKPATHO € KaXKIOW I'PyNION UCHBITYEMBIX, B OHO
U TO XK€ BpeMsl CyTOK. B mporecce ucciienoBanus OblIM BBISBICHBI 43 yenoBeka ¢ mpe-
UMYILECTBEHHO THUNEPTUMHBIM TUIIOM JMYHOCTH. DTH JIOJM UMENIH MaKCHMAaJIbHOE 3Ha-
yenue npopwis MMPI Ha neBsToil mkane, oTBedaromei 3a TMIEPTUMHBIA THIT JTUYHO-
CTH. BBIIO BBIACHEHO, YTO JAaHHAs TPyMMa ABIAETCS HEOIHOPOIHON MO BOCIIPUSATHIO Bpe-
MEHH: B HEH €CTh JIIOJH KaK C JOCTaTOYHO JUIMHHOM, TaK M C JOCTATOYHO KOPOTKOM HH-
JUBUAYaIbHON MUHYTOM.

Jlnst BBISABIEGHHMSA TPHUYMH JAHHOTO SIBIEHHUs Ooyiee JeTaqbHO ObLTa HCCIeNOBaHa
cTpykrypa npoduieir MMPI runeptumubiX audHOCTel. [ 3THX Leneid, ToMUMO Tep-
BOTr0 (camMoro OOJIBIIOr0) MaKCUMyMa OTMeYascs TakKe BTOPOH MO BEIMYMHE MaKCUMyM
npoduiIs ¥ MUHUMYM Npoduiist. BbIIo BBIICHEHO, YTO B CTPYKTYpPE JIMYHOCTH JIUL] C IIpe-
UMYILECTBEHHO TMIEPTUMHBIMH YePTaMHU MPHCYTCTBYIOT TaKKe IOMOIHUTENbHBIE JINU-
HocTHBIe ocobeHHocTH. Tak y 17 yenoBek B mpoduiae MMPI Obutn BBISIBIEHBI SKCTPEMY-
MbI Ha mikajge N6 (10 genoBek ¢ MUHUMYMOM MPOQMIIS MO 3TOM MIKane U 7 YelOBEK CO
BTOPBIM MakCUMyMOM mpo¢uisi); y 10 4eroBek UMENn MECTO SKCTPEMYMBI 10 mmkane N8
(8 "enoBex co BTOPHIM MAaKCUMyMOM MpOo(dWIIs MO 3TOH IIKane U 2 4eJoBeKa — ¢ MUHH-
mymoMm mpodumisi); 10 demoBek ¢ 3kcTpemymamu Ha 4-oif mikaie (8 denmoBek ¢
MHHUMYMOM Tpouis u 2 dYenoBeKa — CO BTOPBIM MaKCUMyMOM) M 7 YeJOBEK C
3KCTPEMYMAaMH T10 OCTAIbHBIM IIKaJIaM.

Jlst cpaBHUTETBHOTO aHaNn3a OBUTH B3ATHI PE3YJIbTAThl HCCIEIOBAHNUS BOCTIPUATHS
BPEMEHH TPYIIIbI JIUL] HPEUMYIIECTBEHHO C MIU30UIHBIMU YePTaMH (TJIaBHBIN MaKCUMyM
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Ha mKayie N§, 6 4eJI0BeK) U NPeHMYIECTBEHHO MapaHOUSIIbHBIMI YepTaMu (TTIaBHBIH
MakcuMyM Ha mikane N6, 12 genoBek). PaccunTeiBaniocs cpeHee 3HaU€HHE HHANBHIY-
aNbHOW MMUHYTHI (X) ¥ €r0 JOBEPUTEIbHBII HHTEPBAT (€) (C JOBEPUTEILHON BEPOSTHO-
cTbio y=0,9) UIs yKa3aHHBIX IPYIIH UCIBITYEMbIX (TabauLps! 1,2). n — KOJIMYECTBO H3Me-
peHUii MHANBUAYJIbHOW MUHYTBI. OOCYTMM TOJTy4eHHbIe pe3ynbTathl. VI3 Tabmuipsr 1
MOYKHO BHJIETh, YTO IOSIBJICHHE BHIPAKCHHBIX TUIIEPTUMHBIX YePT B CTPYKTYPE JINYHOCTH
C MIM30MIHBIMH YEPTaMH NPUBOAUT K YAJIMHEHUIO UHIUBUYaTbHON MUHYTHI.

Tabmuna 1
max mKk.N9 min mKk.N9
max WK.N8 | x=68c.; n=24; ¢=5¢. | x=62c.; n=18; ¢=3c.
min mk.N8 Majao JaHHbIX |  -———--
Tabmua 2
max mk.N9 min mk.N9
max mwk.N6 | x=57;n=21; e=5c. x=65; n=36; e=3c.
min mk.N6 | x=58;n=30;e=3c. | = ----

U3 tabmuupl 2 ciepyeT, 4To J00aBlICHHE THIEPTHMHBIX YEPT B CTPYKTYPY JIMYHO-
CTH, COZieprKalleil BBICOKUIT ypOBEHb PUTHIHOCTH addexra, CyIEeCTBEHHO YKOPauHBaeT
JUIMTEIBHOCTh MHAMBHYaJIbHOH MUHYTHL B TO ke Bpems 13 TaOnuLbl BUIHO, YTO Y JIULL
C BBICOKMM YPOBHEM BBIP2)XCHHOCTH T'MIIEPTUMHBIX YePT PUIMAHOCTH addexra He oKa-
3bIBa€T BIMSHMSA HAa BOCIPUSTUE BPEMEHU. PUTMAHOCTH NMCHXMYECKOH IEsTENbHOCTH
COCTOMUT B HEBO3MOXKHOCTH YeJIOBEKa OBICTPO MEPEXOJUTh OT PEIISHUS] OJHOM 3a1aud K
JIpYTOii, B pe3ysibTaTe 4Yero 4YejioBeK ‘3acTpeBacT”’ Ha OOAyMbBIBAHHMU TOW HJIM HHOM
cutyanuu. IIpu oTMepHBaHMM MUHYTHI Y HCIBITYEMOTO C BBICOKUMHU 3HAYEHHAMH IO
mkane N6 purniHOCTb MPOSBIAETCS MPH COBEPLUIEHHN KaXKIOT0 MOCIEAYIOMIEro oTcuéTa
CEKYH/Ibl, TTOCKOJIbKY TPOIIECC OTMEPUBAHUS MHUHYTBI COCTOMT U3 CIEAYIOLIMX 3TaloB:
OTCU€T CEKyHIbl — OXHIAaHHE — CpaBHEHHE IPOIMYIIEHHOTO HHTEpBada BPEMEHH C
STAJIOHOM CEKYHJBI — cienytomuii otcuét. Jannsiii nukn nostopsaercs 60 pa3. Buecenue
THIIEPTUMHBIX YePT B CTPYKTYPY JMYHOCTH C BBICOKOH PUTHIAHOCTBIO addexra mpuBouT
K YKOPOYEHHMIO »3TalloHa CEKyHIbl, W B pe3ylbTaTeé — K YMEHBIICHUIO JUIUHBI
WHJUBUTYaTbHON MUHYTHI.

ITomyueHHbIE pe3ynbTaThl CBUACTEILCTBYIOT O HEOJHOPOAHOCTH TPYIIIBI JIHI] C TIpe-
UMYILECTBEHHO THUNEPTUMHBIMU YepTaMU JTUYHOCTH. Te U3 HHX, KTO B KAQUeCTBE JIOMOJI-
HHUTENBHOW MOACTPYKTYPBHI COIEPKHT B JIMYHOCTH IIM30MIHBIE UYEPTHI, UMEET Ooiiee
JUIMHHYIO MHHYTY, YeM T€, Y KOTO0 B CTPYKType JMYHOCTH MMEET MECTO BBICOKAs MIIU
OYCHb HU3Kasl PUTHIHOCTH adekra.

Takum 06pa3zoM, MPOBEJICHUE JIETAIBHOTO aHAIN3a BOCTIPUATHS BPEMEHH JIHI] C Tpe-
UMYILECTBEHHO TMIEPTUMHBIMU YepPTaMM JUYHOCTH MOKA3al0, 4TO MPU U3Y4YEHHH BOC-
HPHUATHS BPEMEHH CIIe/lyeT YYUTHIBATh BCE JAOMOJIHUTENBHBIC JINYHOCTHBIE (haKTOPBI, CIIO-
COOHBIE OKa3aTh BIUSHUE HA BOCHPHUATHE BPEMEHH HCIIBITYEMBIX.
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OWHAMUYECKAS NEPKONALMA B CPEAE CO CNYYAWHO PACTYLLUM
NOTEHLUWAIIOM

J.H.Myaun", A.H.I'puropnes”

1 .
) Uncmumym npuxnadnoti pusurxu PAH
2 . N
)Hayuno-uccnedosamensckuii paouopusuueckuti uHCmumym

B pabore paccmaTpuBaeTcsi cTaTHCTHUECKas IpodieMa TUHAMHIECKON NEePKOJISIINI
Ha TPOCTOH KyOMYIecKOH pelIeTKe Co CIydaiHO pacTymuM noteHnuainoMm. Ha cern xie-
TOYHBIX aBTOMATOB UCCIICIOBAHO HECKOJIBKO MOJIeJIeH CIIy4alHOro pocTa MOTEHIMaNa Ha
y3JIax peHIeTKH: MPOCTPAHCTBEHHBIN OEINBI IIyM, KOTAa Ha KaXJOM IIare MOJEILHOTO
BpPEMEHH 3HAUCHHUs MOTCHIMANA B y3J1aX M3MEHAIOTCA Ha HOPMAJbHO PACHpPEACICHHYIO
BEJINYMHY, IPOCTPAHCTBEHHBII OEJBIH MIyM IUTIOC JHHEHHOE Ioje M OpOyHOBCKOE Ipo-
CTPaHCTBEHHOE paCIpeieleHre, KOTAa ANUCIEPCHs MOTEHIHAIbHOrO penbeda JMHeiHo
3aBUCHT OT Macmraba. [lepBast Mojenb pocTa SBISETCS YaCTHBIM CIIydaeM BTOPOH IpH
HYJICBOM BHEIIHEM IIOJI€.
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Ha pucyHke mokasaH XapakTepHbIIl BUJ NMOTEHIMAIBHOIO peibeda B MOCIeAHEH —
OpOYHOBCKOW MOZeTH pocTa. Bo BceX MepeurCIeHHBIX CIyqasx KaXIblid y3e] cOBepIlacT
HE3aBHCHMOE OT coceJiell OPOYHOBCKOE JBMXKEHHE B IPOCTPAHCTBE 3HAUCHUH JICKTpUYe-
CKOTo MoTeHuana. PocT noreH1naibHoOro peibeda orpaHuueH HEKOTOPBIM KPUTHYECKUM
3HAQUEHUEM PA3HOCTU MOTEHINAIOB MEXIY COCEAHHMH Y3/1aMH, MO JOCTHXEHHH KOTOPO-
ro MPOUCXOAMT Mpoboil — “MeTarumzanua’ cBs3u. [Ipeanonaraercs, 4To Ha ClexyroLeM
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Iare MOJeJIbHOTO BPEMEHH BO3HHUKIINIT MPOOO0H MOXKET HHUIIMUPOBATH IPOOOU COCETHUX
cBsizell pemeTkn (MHQUIMPOBATH COCEEH), €CIH MPWIOKEHHAs: K HUIM Pa3HOCTh MOTEH-
I[aJIOB TIPEBHIINIAET HEKOTOPEIH (PUKCHPOBAHHBIA yPOBEHD - YPOBEHb aKTHBAIMH, 3HAUE-
HHE KOTOPOTO MEeHbIIe KpuTudeckoro. IIpu 3ToM pasbirpeiBaeTCs CTOXaCTHIECKHH IPO-
necc GppakTadbHON “MeTayTu3any’” cpebl, 00Iagaonii YHUBEPCATbHBIMI CKEHIIHHTO-
BBIMH CBOWCTBAaMHM, THIIMYHBIMHU JUII KPUTHYECKOW KMHETHKH CHIBHO HEPaBHOBECHBIX
cucreM [1,2]. B npocreiimeM ciydae, KOra BHEIIHEE MOJIE OTCYTCTBYET, MAKCUMAIbHOE
YHCIIO aKTUBHPOBAHHBIX CBsA3edl He mpeBbimaeT BenmduHBl 0,25, COOTBETCTBYIOMIEH
OOBIYHOM CTATHYECKOH MEPKOALUHN Ha KyOudeckod pemérke. [Ipy HaaWmynu BHEIIHETO
HOJIS TIOPOTH AWHAMHYECKON NMEPKOJISIIUH PACCUUTHIBAINCH C yIETOM KOHEYHOH IPOBO-
JVMOCTH BO3HUKAIONIMX KJIACTEPOB U TPH JOMOIHHUTEIHHOM YCIOBHH CaMOHM30eraHus
mporecca aKTHBAIMK, KOTJa Iepegada BO30YXKICHHS BO3MOXKHA JHIIb TPH HATHYUH
€INHCTBEHHOTO0 METAJUTM3HPOBAHHOTO COCENd. BEINOIHEHNEe MOCIeRHEero yCIOBHUS 3a-
MpeIaeT MosBICHNE IeTelb B METAIUIN3NPOBAaHHBIX KiacTepax. B ciyuae nuHeitHoro MO-
7Sl yIENBbHOE YHCIO aKTUBHPOBAHHBIX CBs3el ObuTo orpaHmyeHo BemuuuHOi 0,37. Ilpu
nepexosie K OpOYHOBCKOMY MOTEHIHAIFHOMY penbedy OOHAPYKEHO 3HAYUTEIHHOE
YMEHBIIEHHE MOpora JHHAMUYECKOH MePKOIAIIN: OH COCTaBHII BCero Juiib 6,3%. B mo-
cleiHeM CiTydae oOHapy’>keHa BO3MOXKHOCTh BEKTOPHOTO MPOTEKAHUS JJIs1 OPOYHOBCKOTO
MOTEHIMAIBHOTO perbeda, KOTAa MpH Mepegade Bo30yKACHNS JOMOIHATEIRHO TpedyerT-
Cs1 COXpaHCHHUE 3HaKa Mepemnaja NoTeHIHaa.
PaGota Bemonnena npu nognepxke PODU, rpant 01-02-17403.

[1] Uymun A. U., Tpaxternrepn B. 0. //U3B. By30B. Pagnoduzuka. 2001. Ne5-6. C.378.
[2] Uymun O. U., Koposkun H. B., I'puropse A.B., Tpaxtenrepu B. 1O. //Te3. Jokn. VI
BCEPOCCHUICKOI KOH(pepeHIur MoJoabixX yueHsx, C.—IlerepOypr, 2001, c.451.

THE INFLUENCE OF FREE-RADICAL CHAIN REACTIONS ON PHYSICAL
AND CHEMICAL PROPERTIES OF MEMBRANE LIPID BILAYER

1.V.Balalaeva
Nizhni Novgorod State University

The natural membranes of all living organisms are a dynamic complex of lipids and
proteins. It is usually described as liquid crystal structure or 2-dimentional liquid. Mem-
brane-building lipids form a number of spatial structures including bilayer in water me-
dium, where the polar parts of molecules are inverted to a water phase, and hydrophobic
tails cooperate with each other. The hydrophobic part of the membrane is responsible for
its elastic, dielectric properties, low permeability for charged molecules and many other
features. Lipid peroxidation (free-radical, degenerated-branching chain reaction), is of the
greatest biological importance, and it is observed in all living organisms in oxygen envi-
ronment. In its development the following stages are considered: 1) an initiation stage; 2)
a stage of chain growth; 3) a stage of branching; 4) a stage of chain breakage.

The process of lipoperoxidation influences not only chemical structure of the mem-
brane, but also, as the consequence, modulates a wide spectrum of physical parameters of
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lipid bilayer. In normal conditions the membrane behaves as unviscous 2-dimentional lig-
uid with the module of elasticity about 12*10° Pa, and the maximal possible degree of its
elastic stretching does not exceed 2 %. Increase of heterogeneity and hydrophilicity as a
result of radical reactions in lipid bilayer results in increase of the elasticity module,
evoked microviscosity and the decreased maximal surface stretching and force resulting
in membrane breakage. The products of lipoperoxidation change its own spatial structure
and are capable to change membrane geometry and its local curvature. The disorder of
molecular packing in membrane structure and the increase of lipid bilayer hydrophilicity
result in growth of ion conductivity and decrease of dielectric properties. As the conse-
quence, it’s possible to note depolarization of the membrane resulting in loss of its func-
tional properties in living organisms. The crucial tragedy for a living cell is the electrical
penetration of the membrane, which is the cause of its death and destruction.

In conclusion, it is possible to summarize that the development of free-radical proc-
ess in membranes is observed in all living organisms in oxygen environment. This proc-
ess results in change of a wide number of mechanical and electrical properties of the
membrane and also change its permeability and barrier functions.

CPABHEHWE XAPAKTEPUCTUK OBHAPY)XXUTENEWN
NMPOCTPAHCTBEHHbIX YACTUYHO-KOMEPEHTHbIX CUTHAINOB

O.B.BoJixoBckast
Huoicecopoockuii cocynusepcumem

B nacrosmieit pabote perraercs 3anada oOHapyKEHUsI ¢ (PUKCHPOBAHHOI BEpOSITHO-
CTBIO JIOXKHOW TPEBOTM MHOTOMEPHBIX KOMIUIEKCHBIX TayCCOBCKHX CHIHAJIOB METOIOM
00001IeHHOr0 OTHOLIEHHS MpaBaonono0us. OH OCHOBAaH HA HCIOJIL30BAaHUH B KaueCTBE
pelIaomeil CTaTUCTUKM OTHOUIGHHS MPaBIONOR00Ms, B KOTOPOM BCE HEH3BECTHBIC Ia-
paMeTphl CHTHAJA U IIyMa 3aMEHEHBl UX MAaKCHMAIBHO NPaBJIONOJOOHBIMHU OICHKAMH,
HalIEHHBIMU W3 IIOJy4YeHHOH BBIOOpKH. PaccMarpuBaercst Tpu cirydast — oOHapys>KeHHUE
Ha ()OHE MPOCTPAHCTBEHHO-HEOIHOPOIHOTO IIyMa ¢ HEW3BECTHOH MHTEHCHBHOCTEIO (2),
Ha (OHE TPOCTPAHCTBEHHO-OJHOPOJHOTO QJIMTHBHOIO IyMa C HEH3BECTHOM
HMHTEHCUBHOCTBIO (1) M Ha (OHE NPOCTPAaHCTBEHHO-OJHOPOIHOTO IIyMa C HM3BECTHOM
WHTEHCUBHOCTEIO (0).

PaccMOTpuM p-371€MEHTHYIO aHTEHHYIO PEIIETKY C IPOM3BOJIBHBIM PaCIOJIOKEHHEM
JaTYMKOB. Bysnem cuuTaTh, YTO p-MEpHBIN BXOJIHOH CHTHAI Z SIBJISIETCS KOMIUICKCHBIM
CIIyJallHBIM TayCCOBCKHMM BEKTOPOM, a N BBIOOPOK CHTHAJIA Zj,2,...,Zy SBISIOTCS CTaTHU-
CTUYECKH HE3aBUCHMBIMU M OJMHAKOBO PACIIPEIEJICHHBIMH CIIyYaifHBIMH BEKTOpaMHU C
HYJIEBBIM CPEJHHM H IMIPOCTPAHCTBEHHOW KOBapHAIMOHHOW Marpuueil X. 3agada oOHa-
pyXXEHHsS HEKOTOPOrO IPOCTPAHCTBEHHO-KOPPEIMPOBAHHOTO IIOJIE3HOTO  CHTHANIA
AQHTEHHOH penIeTKoil GopMyIMpyeTcst Kak KIacCHYecKas IByXalbTepHATHBHAS 3aa4a:

Hynesas runoresa (Tonbko mym) Hy: Z=Z.

AnpTepHaTHBHAs THITOTE3a (CUTHAN IUTIOC yM) H : X# Xg.

B cnyuae runoressl “0” ¥ gBnsercs eJUHUYHON MaTpUlleH, B cllydae TMNoTes3sl 17
S=c’l, aB CITydae THUIOTEe3Hl “2”
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31ech @ - 0A06IaCTh, COOTBETCTBYIOIIAS HYJIEBOH rUotese Hy B IIOJIHOM NPOCTPAHCTBE
rnapamMeTpoB Q. B KaXXZIOM 13 TPEX CJIy4YacB 3Ta CTaTUCTHKA B IBHOM BUJIC MOXET GBITL
NpeacTaBli€Ha KaK
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rie A — MaTpuIla CyMM KBaJpaToB M IIONAPHBIX OTKIOHEHHH BEJIIMYMH OT CPEHErO 3Ha-
YCHHUSL.

B nannoif paboTe MCIIOTB30BATHUCH paHEe IOIYYEHHBIE aBTOPOM METOAOM IIPSIMOTO
MHOTOMEPHOTO HHTETPUPOBAHMS TOYHBIC AaHATUTUIECKHE BBIPKCHHUS 1T MOMEHTOB 00-
paTHOI CTENEeHHOH (YHKIIMHU BCEX TPEX CTATUCTUK. DTH BBIPAKEHHUS UCIIOIb30BAIMCH JUIS
HaXO0XK/ICHHsI BEPOATHOCTHOI'O PACIIPECICHUS CTATUCTUK C MOMOIIBIO PA3JI0KEHHS B P
IO TIOJTHON CHCTEME OPTOTOHAIBHBIX CMEIIEHHBIX NMOIMHOMOB Sko6u. IlyTem uncienHo-
TO MOJIENHPOBaHUs ObLIa MPOJEMOHCTPHUPOBAHA BBICOKAsl TOYHOCTH aIlIPOKCHMANUH U
TOYHOCTb HAXO0XKJCHUS [IOPOrOBBIX 3HAUYCHHH PEIIAIOIUX CTATHCTHK B CIydae KOPOTKHX
BBIOOPOK, 00BEM KOTOPBIX CPABHUM C KOJIMYECTBOM JIEMEHTOB IIPHEMHON aHTEHHBI. [
Ka)XJI0H U3 CTaTHCTHK OBLIO BBHINOJIHEHO JETaJbHOE MCCIEJOBAHNUE TOYHOCTH AIIPOKCH-
Manuu ¢$yHKIHN. Ilonyyennsle
pe3yabTaThl IOKA3bIBAIOT, YTO C POCTOM
HOpsAKAa  aNIpoOKCHManuy  omubka F
Olpele/ieHUss  MOPOrOBBIX  3HAUEHHH s
OblcTpo yMeHbmIaercs. Hampumep, B+ o
ciydae cratucTukd Ne2 mims N=10 yxe g
NpUONIDKEHUE T03BOJISIET ONPENeNUTh Fel T
BEPOSATHOCTD JIO)KHOU TPEBOTH C TOYHO- 2
CThIO JTyuie, ueM 21%. Vcnonb3oBanue sasaassaidblis e :
yeThlpeX M IIECTH WIEHOB psja
HO3BOJIIET JIOBECTH TOYHOCTb =
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ompenenenus mopora a0 3% wumu 0,5%, coorBeTcTBeHHO. Ha prucyHKke mpuBeneHsl Kpu-
Bble OOHapyxeHus it mopora p=0,01 Mg Bcex TpeX CTaTUCTUK B CIy4ae MPOCTPAHCT-
BEHHO-OZIHOPOJHOT'O U IPOCTPAHCTBEHHO-HEOAHOPOAHOTO aUIMTUBHOIO HyMa. Kak Bua-
HO W3 NPHBEICHHBIX TPa(UKOB, TOMEXO0YCTOHYNBOCTh CTATHCTUKY ‘2 BBIIIE, YeM MOME-
XOYCTOHYMBOCTH CTATUCTHKH “‘1” Kak B Clly4ae HEOJHOPOAHOrO aJJITHBHOTO IIyMa, TaK
U B ClyYae OJHOPOJHOTO aJAWTUBHOrO IIyma. [103TOMy ee MOKHO PEKOMEHIOBATh VIS
UCIOJIb30BaHUSI B CHUCTEMax OOHApY)KCHUS MHOTOMEPHBIX CHTHAJIOB C alpHOPU HEH3-
BECTHBIMHU NTPOCTPAHCTBEHHO-KOPPEIALMOHHBIMU CBOMCTBAMH.

PaGoTa BemonmHeHa mpu mogzepkke rpaHToB POOU Ne 00-02-17602 u Benymias
HayyHas mkona Ne 00-15-96620.

CPABHUTEJbHbIA AHAJNIU3 XAPAKTEPUCTUK CBEPTO4YHbIX KOIOB,
NCNonb3YIOWUX MANKUE U XKECTKUE METPUKU

A.B.JlaBbi10oB, A.A.MajblieB
Huoicecopoockuii ecocynusepcumem

CBepTouHbIe KOJb! LIMPOKO MCHOIb3YIOTCS BO MHOTMX IPAKTUYECKUX IPHIIOKECHUIX
HpPHU TIOCTPOCHHU CHCTEM CBs3H [1]. IIIsI KOZOB C OTHOCHTEIBHO HEOOJBIINM KOIOBBIM
OTpaHMYCHHEM JUIS JEKOAUPOBAHUS, KaK MPaBHIIO, NPHUMEHSETCS alroput™M BurepOw,
OCYILECTBIAIOIMUI, Ha OCHOBAaHUU IPUHATOH
MOCJICIOBATENEHOCTY U BBHIOPAaHHONH METPHKH, |
MOUCK OJIIDKAWIIero KOJOBOTO CIIOBa, MO KO- I_J g
TOpPOMY Jajee BOCCTAHABIMBACTCS HH(pOpMa- i
LUOHHAs IOCIEN0BATENbHOCTh. Jlekonep ¢ LI B —
“XKECTKUM” PpEIICHHEM MCHOJIb3YeT METPHUKY r
X5MMUHTa, IpU 3TOM Ha €ro BXOJ IOCTyIaeT ,-—-i -
JIBOMYHAs IOCJEJOBAaTEIbHOCTE CUMBOJIOB C !
nemonyisatopa. Ilpu nexogupoBaHuu  “Mmsr-
KUX” pelICHUH MPUMEHSAIOT KOPPEISLHUOHHYIO
MeTpuky unu EBknunoBo paccrosiHue. M3 aHamu3a M3BECTHBIX BBIPAKCHUU AT TPAHULL
BEPOSTHOCTH OIIMOOK CIIEyeT, YTO MCHOIB30BAaHHUE JCKOAEPOB C MATKHMH PEUICHUSIMH
SIBISIETCS TIPEANIOYTUTENFHEIM. OIHAKO, WCIOJIL30BaHUE HENPEPHIBHBIX (HEKBAaHTOBAaH-
HBIX) CUTHAJIOB Ha BXOJE JIEKOJepa C MATKHUM pElICHHEM OKa3bIBaeTcs Helenecooopas-
HBIM, YTO CBSI3aHO C OOJNBIINMHM BBIYHCIHMTEIBHBIME 3aTpaTaMd. [losToMy, i moyde-
HUS pa3IMYHBIX METPHK, KaK IPaBUIIO, UCIOJIB3YIOT paBHOMEPHBII KBaHTOBATEINb, IIpe-
00pa3yIomuii BXOAHYIO HETIPEPHIBHYIO MOCJIEO0BATEILHOCTE CHMBOJIOB B KBAHTOBAHHYIO
(puc.1). IIpu 5TOM Ha XapaKTEPUCTHUKH JIEKOAEpa C HEKECTKUMU METPUKAMH CyIIECTBEH-
HOE BJIMSHHE OKa3bIBaeT BHIOOP MapaMeTpoB KBAHTOBATENA: Pa3psAHOCTH U MOPOT KBaH-
TOBAHUSL.

VYno6Ho BBeCTH AL aHAIN3a KOIQQUIMEHT NPOIIOPIHNOHATEHOCTH MEXITY MOPOTrOM
KBaHTOBaHMs D M KOpHEM 00paTHOTO yABOSHHOTO OTHOIICHUS CHTHaN-IyM. Puc.2 wi-
JIFOCTPUPYET 3aBHCUMOCTH BEPOSTHOCTH OMIMOKH JEKO/epa ¢ BOCEMHYpPOBHEBEIM PaBHO-
MEpHBIM KBAaHTOBATeNeM KaK (YHKIUIO OT K03(hGHIMEeHTa NMponopuuoHaIbHOCTH. [Ipn

Puc.1
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MOJICTUPOBAHUH HCTONb30Bancs [133,
175] cBepTOYHBIA KOA M IBOWYHAS MO-
nynsuust. M3 puc.2 BUAHO, YTO UMeEeTCs
JOCTaTOYHO ILIMPOKasi ONTHUMAJIbHAs 00-
JAaCTh MEXIY MOPOraMH, TaK YTO MPOUC-
XOIUT HE3HAYUTENILHOE YXyJUICHHE Ka-
4YecTBa JCKOJMPOBAHUS NPH Bapualiu
HAYaIbHOTO IOpora KBaHToBaHUS [1]:

IToMuMO COOTBETCTBYIOIIETO BBIOO-
pa paccTOSHHS MEXAy MOpPOTaMH KBaH-
TOBAHMS, MOXHO YIYyYIIHTh XapaKTepH-
CTUKU JIEKOZIEPa, M3MEHSS €ro paspsi-
HocTh. Ha puc.3 m3o0pakeHsl pe3ynbTa-
ThI MonenupoBanus s [133,175] cBep-
TOYHOTO KOZA C Pa3IUYHBIM
YHCIIOM YPOBHEH KBAHTOBAHUS.
[IpumeHeHue yxe ueTbIpex-
YPOBHETO KBAaHTOBATENs HAeT
npeuMyIiecTBo mopsaka 1,5dB
HaJ CXEMOM [I€KOAMPOBAHUS C
JKECTKUM PELIEHUEM. Y Belu-
YEHHE JKE€ Pa3pSAIHOCTH CBBIIIE
Tpex OHUT NpPaKTHUECKH He
yJIydmaeT napameTpsl JeKoje-
pa. IlosTomMy onTuUManbHOM
BEJINYMHON Pa3psIHOCTH KBaH-
TOBaTENA, KaK MPaBUIIO, CUUTA-
eTcs Tpu OuTa, 9TO JaeT BBIUT-
poir okono 2dB Han mexoge-
POM C KECTKMM pEIICHHEM H
TpeOyeT HE3HAYUTEIBHOTO YC-
JIO)KHEHUSI CXEMbI JEKOJHpPO-
BaHMSI.
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[1] Hpoxuc A. Liudposas cBsi3b. —M.: Pagno u cBs3b, 2000, c.402.
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NONLINEAR INTERACTION BETWEEN NONPROPAGATING AND
PROPAGATING ACOUSTIC-GRAVITY WAVES

M.Yu.Petukhov
Nizhni Novgorod State University

Based on a plane-parallel isothermal atmosphere model permeated by a nonuniform
magnetic field decreasing with height in proportion to the square root of the ambient den-
sity and directed perpendicular to the action of gravity the basic patterns of generation of
acoustic-gravity waves through nonlinear interaction between nonpropagating and propa-
gating acoustic-gravity waves are investigated, only the vertical propagation being con-
sidered. It is also assumed that the atmosphere borders on an absolutely rigid surface,
which undergoes steady-state (in time £) oscillations at frequencies ®; and , with the re-
spective amplitudes 4, and A4, of vertical velocity v. The treatment of nonlinear genera-
tion of acoustic-gravity waves at difference and sum frequencies is further examined in
such a way that the primary waves at frequencies ®, and ®, are nopropagating and propa-
gating one’s correspondingly. The latter circumstance means that the following condi-
tions m;<w,; 0>, Where o, — is the cutoff frequency for acoustic-gravity waves, take
place.

To obtain an analytic solution of the problem, a well known system of magnetohy-
drodynamic equations [1] is used. It describes the motion of a perfectly conducting, com-
pressible gas in gravitational and magnetic fields. Then from this system a nonlinear
equation for acoustic-gravity waves is derived, to within terms of the second order of
smallness in Mach number. The analysis of the wave equation solutions allows formulat-
ing the following results and some their consequences.

Both nonpropagating and propagating acoustic-gravity waves at the difference fre-
quency and those propagating only at the sum frequency were shown to be generated
through nonlinear interaction between the primary nonpropagating and propagating
waves. The waves at the difference frequency and sum frequency differ in their ampli-
tudes only in the case when their frequencies are close to the cutoff frequency w,. It
should be pointed out that increasing magnetic field leads to decreasing wave amplitudes.

In addition to that, nonlinear generation of propagating acoustic-gravity waves at the
second harmonic 2 via the interaction of disturbances from the “forbidden” frequency
range is analyzed, the latter lying below the cutoff frequency. Both nonpropagating and
propagating waves were found to be generated during the nonlinear interaction of primary
nonpropagating waves at the second harmonic for 2w>wm,, with wave amplitudes decreas-
ing with magnetic field increasing. It should be noted that, at certain generation frequen-
cies, nonpropagating acoustic-gravity oscillations were shown to mainly contribute to the
acoustic-gravity wave field at the second harmonic outside the “forbidden” frequency
range at considerable heights.

The results cited above allow making some conclusions, concerning the Solar atmos-
phere. The acoustic energy transport to the upper Solar atmosphere layers is possible due
to acoustic-gravity waves at sufficiently low difference frequencies generated as a result
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of nonlinear interaction not only between propagating waves [2] but also between non-
propagating and propagating waves. Furthermore, the acoustic energy from “forbidden”
frequency range can be transported effectively to the upper Solar atmosphere at suffi-
ciently low sum frequencies generated via nonlinear interaction not only between non-
propagating waves [2] but also between nonpropagating and propagating acoustic-gravity
waves.

This research was supported by the RFBR grant 02-02-17374.

[1] Priest E. R. Solar Magnetohydrodynamics (Reidel, Dordrecht, 1982. -Moscow: Mir,
1985).
[2] Petukhov M.Yu. and Petukhov Yu.V. Pis’ma Astron. Zh. 2001. V.27,Ne3. P.220.

BITUAHUE OLUMBOK OLIEHKU KAHANTbHOW MATPULbI HA MPOMYCKHYIO
CMNOCOBHOCTb MIMO CUCTEM C NMAPANNENLHON NEPEQAYEN
NH®OPMALIMK

B.T.EpMO.ﬂaeBl), I/I.M.ABepﬂHZ), I/I.H.Kosanesz), AT .®unakeman?
YHuowcezcopodckuii 2ocynusepcumem, > Huce2opodckuii mexnuueckuil yuugepcumen

PaccmatpuBatorcst cucteMsl CBsizH, cocrosimue u3 M nepeparomux 1 N MpUEMHBIX
QHTEHH, U MCIOJB3YIOIHME MapajljIe/ibHble COOCTBEHHbIE MOJKAHANIBI JUIS NIEpeAauy AaH-
HbIX. Takue cucremsl, HazpiBaeMble MIMO (multiple-input multiple-output) cuctemamu,
o0ecreuynBalOT 3HaYUTENbHOE yBenuueHue npomnycknoi cnocodnoctu (IIC) [1,2]. Caoii-
CTBa MIPOCTPAHCTBEHHOI'O KaHaJIa OMUCHIBAIOTCS IepexoHoi Marpuieid H KoMIuieKCHBIX
K02 GHIMEHTOB nepeayu A, CUTHAIOB U3 /M-0H Nepeaaonieil aHTeHHBI B 71-YI0 PUEM-
HYIO QaHTCHHY. AMIUIUTYABI U (Ga3bl KOIGPUIUEHTOB /1, B 00IIEM CiTydyae SBIISIOTCS CIIy-
YallHBIMU BEJIMYMHAMHU HM3-32 HaJM4Ms MHTepdepeHIn paccestHHbIX ydeil. Koadduun-
€HTBI /1, OLIEHUBAIOTCSI C MOMOIIBIO TPEHUPYIOMINX IOCIIEI0BATEIBHOCTEH, Kaxaas U3
KOTOPBIX COCTOMT W3 L cuMBOJOB. [l pa3meneHHs CUTHAJIOB B NPUEMHBIX aHTEHHAX
YHCIIO MOCIIEIOBATENFHOCTEH NOJDKHO ObITh paBHO M. TakuM 00pa3oM, BMECTO TOUHOM
matpuubl H umeercs onenounas matpuna A =H+AH .

Marpuua AH mpuBomuT k ommOKkaM B (OPMUPOBAHUU COOCTBEHHBIX MOAKAHAJIOB B
MIMO cucreme. OTH OMIMOKH HApYyLIalOT HE3aBUCHMMOCTH 3THX IOJKAaHAJIOB M yMEHbB-
mator [IC cuctemsl. B Hacrosmee Bpems aHanuTHdeckue BblpakeHus i [1C
OTCYTCTBYIOT, 1 cpennsis [IC orneHuBaeTcs MOAEIHPOBAHHEM C ITOMOIIBIO CIEMYIOLIHX

BBIPAXKEHUMN: N
eig

C=< Ylogy(1+m;)>, )
i=l
-1
P " 2 p Ny o 2
nizi‘(ﬁ HY), D) (0 HV),.J : )
6O]veig csO]\/Veig j;l
J#l

rae Nejg=min{M,N} — 4icno coOCTBEHHBIX KaHAJIOB, 77; — OTHOLIEHHE CHTHAJA K LIyMy
264



Tpyner Hayunoit kordepenuu no pagnodusuke, HHI'Y, 2002

(OCIII) Ha BBIXOJE i-rO cobcTBeHHOrO0 Kanana, V u U — marpuisl nepenaromeit u mpu-
€MHOH aMarpaMMoo0pa3yIomuX CXeM, COOTBETCTBEHHO, P — IOJHAs M3IydaeMasi MOII-
HOCTB, O - JIMCTIEPCHST COBCTBEHHOTO TIyMa, <...> U (.)” — 0603HAUAIOT CTATHCTHYECKOE
cpenHee 1 apMuToBoe conpsikenne. Matpuubl V u U cocTosT u3 BEeKTOPOB CHHIYIISAP-

HOTO Pa3JIoKeHHs OLeHOYHOH MaTpursl H .

B ciydae MakcHMalbHO NPaBIOIONOOHBIX OLEHOK, 31eMeHTH MaTpunsl AH sBis-
IOTCS CTaTUCTUYCCKH HE3aBHCHMBIMH, CIyYalHBIMH, HOPMAJIbHO PAaCIPEACICHHBIMH
BETMUMHAMU C HYJIEBBHIM CPEIHMM M JucIiepcueil o = M0'20 (PL)". Ko>dpduuuent
ycunenust Kj; i-To COOCTBEHHOTO KaHaua, NpU TOYHO n3BecTHOM Mmarpune H, paBeH
cobeTBerHoMy unciy A; Matpuust HH (mpu M>N), nnu marpunst H'H (mpu M<N), a
ko3 uuueHT ycunenus Kj Mexay i-bIM M j-bIM KaHaJlaMH DPaBEH HYIIO, TaK Kak
B3alIMHBIE ITIOMEXH MEXAy COOCTBCHHBIMH KaHAIaMH OTCYTCTBYIOT. Ilpm omeHoduHOM
KaHaJIbHOH MaTpHIe MOXKHO TTOKa3aTh, YTO CPEAHUE 3HAYCHHUS KOI(P(QUINEHTOB YCHICHUS
paBHBI 2

<K LT S A 3)

L
1+o2 7 1+06?

rae o; — cumBos Kponekepa.

Ecnu ucnons3yeTcst paBHOMEpHOE pacipeAeIeHue MOJTHONH MOITHOCTH P MeXIy co0-
CTBEHHBIMH NOJKaHanaMu, To cpeanee 3HaueHue OCL 77; Ha BBIXOZE i-TO COOCTBEHHOTO
KaHaja paBHO

-1

P <\; >+02 P o2
: 2 (Neig - 1) s (4)

2 2 2
60 Neig 1+o oyN

n; =

eig l+oc

a cpennsist [IC MIMO cuctemsl onpeaensiercs: popmyioit Buza:

Neig
C(L,P)= Ylog,[l+n;(L.P)]. 3)

i=1

Jis MIMO cucteM ¢ pa3iIrdHbIM YUCIOM Nepearomux M 1 npueMHbIX N aHTEHH U
IpU IPOU3BONIBHOM JunHe L oOydaromieil mocnenoBarensHocTy Obita Haitnena I1C ¢ no-
Mmomsio (1) m (2), a TakxKe Ha OCHOBE aHAJIMTHUYECKUX BhIpakeHuit (3-5). IIpexmomara-
JIOCh, YTO 3aMHpPAHUsl CUTHAJIOB sBIIOTCA PeneeBckumu. Pe3ynbTaTbl MoJenupoBaHUs
MOKa3aJIH, YTO MOTPENIHOCTb, JaBaeMas BRIpakeHUsIMU (3-5), He npeBsimaet 3% .

Takum 006pazoM, HONydYeHB! HNPUONMDKEHHBIC aHamuTHdeckue ¢opmynsl it [1C
MIMO cucteMm ¢ napauieIbHON nepenadeil HHPOpMaIyH, B CIydae HETOYHON M3BECTHOM
HEePEXOTHOI MaTPHITHI B 3aBUCHMOCTH OT JUIMHEI 00yJalOIIei MOCIIeI0BATENEHOCTH U U3-
JIy4aeMOH MOIIHOCTH.

[1] Andersen J.B. /IEEE Antennas and Propagation Magazine. 2000. V.42,Ne2. P.12.
[2] Shiu D, Foschini G.J and Gans M.J. and Kahn J.M. //IEEE Transactions on Commu-
nications. 2000. V.48,Ne3. P.502.
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PERFORMANCE OF THE ADAPTIVE RECURSIVE ARRAY
IN MULTIPATH ENVIRONMENT

F.Sellone”, G.Serebryakov?, S.Tiraspolsky”

YPolitecnico di Torino, ®Institute of Applied Mathematics and Cybernetics,
YNizhni Novgorod State University

In a wireless communication system, signals sent into the channel interact with the
environment in a very complex way. Thereby transmitted signals may be subject to many
forms of degradation among which there are causes of multipath propagation:

e Reflections due to obstacles with the size greater than a wavelength;

e  Refractions due to the non-homogeneity of the medium;

e Diffractions due to obstacles with the size smaller than a wavelength.

The most relevant effect caused by the aforementioned phenomena is related to the
simultaneous presence of several copies (multipath) of the original signal, differing in at-
tenuation, phase, delay, and direction of arrival. In frequency selective slow varying fad-
ing channels these copies give rise to inter symbol interference (ISI).

Apparently, a natural remedy for the multipath problem would be either to reject all
delayed versions of the transmitted signal or to properly combine them. The first ap-
proach based on using an adaptive infinite impulse response (IIR) filter at the single ele-
ment receiver has been investigated in [1]. The proposed processor with adaptive IIR fil-
ter is capable of rejecting multiple reflections, and, moreover, it may be used for the esti-
mation of channel parameters. The computational complexity of suggested algorithm is
kept at a very low level.

The second approach used for dealing with the multipath propagation involves spa-
tial-temporal processors whose purpose is to combine the multipath in order to take ad-
vantage of the inherent diversity factors of the channel. The main problem concerning the
application of such techniques is that they are computationally intensive and that the
complete source path must be known at the receiver. Therefore, suitable channel estima-
tion algorithms able to estimate and track channel variations are critical and must be im-
plemented at the receiver. In this case the computational complexity should be kept as
low as possible, so that multi-user real-time implementation can be afforded at reasonable
Costs.

In the present work we suggest to combine both approaches above-mentioned to de-
sign the optimal solution of the problem of signal detection by an antenna array with
quadratic processor [2]. We propose to employ the all-poles adaptive IIR filter at the out-
put of each sensor of antenna array with quadratic processing in order to easily estimate
and track the required channel parameters [3]. Note, that signals processed by such filters
are [SI-free.

The main advantages of the adaptive IIR filter are as follows:

e Long channels can be estimated with filters much shorter than filters using finite

impulse response (FIR) implementations;
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e All-poles filter coefficients can be easily updated to track the channel variations
by means of the classical least mean square algorithm similar to the one em-
ployed for FIR filters;

e In the single-user case no training sequences are required,

e  Convergence and stability properties of the IIR filter can be easily controlled.

At the same time, the adaptive IIR filter has the following disadvantages:

e The channel is required to be minimum-phase. In the case if it would be not a
minimum-phase, an all-pass filter should be added to the processing chain;

e In the absence of training sequences, system performance is negatively affected
by low signal-to-noise ratio (SNR);

e  With low SNR or in the presence of multiple users, a training sequence is re-
quired.

In conclusion note, that we have proposed a computationally non-intensive adaptive
recursive array, which can be adopted for several applications: adaptive rejection of mul-
tipath components from the received signal, adaptive channel estimation and tracking etc.

The proposed scheme can also be easily integrated with even simple beamforming
schemes in order to increase the SNR while reducing ISI.

This work was supported in part by RFBR grants No. 00-02-17602, No. 02-02-17056
and NATO grant PST.CLG 977419.

[1] Sellone F., Serebryakov G. //Proc. of the European Personal Mobile Communications
Conference (EPMCC 2001). 2001. Vienna.

[2] Morgan D.R, Smith T.M. //Journal of the Acoust. Soc. of America. 1990. V.87, Ne2.
P.737.

[3] Sellone F., Serebryakov G., Tiraspolsky S. //Proc. of the International Conference on
Electromagnetics in Advanced Applications (ICEAA 01). 2001. Torino, Italy.

DISCRETE TIME SIGNAL ESTIMATION IN THE TASK WITH BIMODAL
OBSERVATION

S.A.Samylin, A.M.Silaev
Nizhni Novgorod State University

The majority of problems of radiophysical measurements is reduced to conditions es-
timating of various physical systems. In practical situations results of supervision over a
condition of physical objects always to some extent are subject to influence of noise and
handicaps, and the signals carrying the helpful information, have casual character. Thus
for the decision of tasks of optimum processing measurements statistical methods are
used.

Assume that information signal can be described by linear model in discrete time

Zin = F 2, +G, ¢,
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where F}, G, — allows known matrix; {Ek} consequence of independent vector randomized

values with gaussian distribution. Also allows that at the time moment k = 0 known dis-
tribution of beginning value.
Also assume that observation process is described by following equation

(L, z2a
o,z <a

The problem of processing is that on accepted to the moment of time k realizations

of supervision { Vs yz,...,;k}z;" by optimal image to make estimation an information sig-

nal. The most full information about estimated signal contains his a posteriori density of
probabilities. The knowledge of the given function allows us to find usual integration es-
timations of information signal for any functions of losses. Used Bayes' formula it is pos-
sible to receive recurrence expression, which allow us to find a posteriori density of prob-
abilities in current time.

PG |20)[ PG | Z0PG, | 54)éE,
P G}kﬂ )

For practical realization of algorithm it is necessary to simplify the considered equa-
tion. For this purpose it is applicable to approximate gaussian distribution to a posteriori
density of probabilities on each step of discrete time. In this case the equation for a poste-
riori density of probabilities passes in system of more simple equations for a vector of a
population mean and covariance matrix.

Computer simulation of the simplified algorithm realized for a case of scalar proc-
esses has shown serviceability of the received algorithm.

P, | 7)) =

[1] CrparanoBuu P.JI. YcioBHbIe MapKOBCKHE MPOLECCH U UX IIPUMEHEHHE K TEOPUH
ONTUMAaIBHOTO ynpasieHus. —-M.: MI'Y, 1966.

[2] Tuxonos B.U., Xapucon B.H. CraTuctiueckuii aHanu3 U CUHTE3 paJHOTEXHUYECKUX
yCTpOMCTB U cucteM. —M.: Panuo u cBs3p, 1991.

OLIEHKA BEPOSAATHOCTHOIO 3AKOHA PACNPEAENEHUS ®PUHAHCOBbIX
OAHHBIX POCCUNCKOW TOPFOBOW CUCTEMBI

E.IO.I'youna, E.A.JlomOpoBckmii
Huoicecopoockuii eocynusepcumem

B pabore npoBeneHa MICHTU(UKALMS 3aKOHA PACIpPEACNICHHS — OJHOMOMEHTHOMN
IJIOTHOCTH BEPOATHOCTHU JIOXOJHOCTH pa3iMUHbIX akTUBOB Poccuiickoi TOproBoit cucre-
Mbl (PTC). UcxoaHbIMU AaHHBIMH B paboTe SBIAIMCH UCTOPUM M3MEHEHUS IIeH AECATH
pasnmuunbix akuuii PTC, B3sThIe 3a mepHOJ OTHOCHTENBHON CTaOMJIBHOCTH HKOHOMHUKH
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Poccun ¢ 01.06.1999 . mo 31.12.2000 r. Ha ocHOBaHWY 3TUX AaHHBIX OBUIA PACCUUTAHBI
JOXOAHOCTH KaXXJJOTr0 akTHBa R; (f), KaK OTHOCUTENbHbIE H3MEHEHHUS LieH P
R () = [F (t+1) = B OV P (0).
TTony4eHHbIE BpeMEHHbIE PSIbI JOXOAHOCTEH pacCMaTpUBAIUCH KaK Pealnu3aliiu Jie-
CSITH PA3JIMYHBIX CTALMOHAPHBIX IUCKPETHBIX MPOLIECCOB BO BPEMEHH.

s paccMaTpUBaeMBIX pealn3aldil JOXOTHOCTEH KaKIOTO U3 JIECSATH aKTUBOB ObI-
JIM OLICHEHBI TIEPBBIE YETHIPE MOMEHTHBIC (DYHKINY (HadalnbHBIE U [ICHTPAIbHbIE)

m, = <x">, My =<[x—<x>]">,
Ha OCHOBC KOTOPBIX Haﬁ[[eHBI K03(1)(1)I/IIII/ICHTI>I OKCIeCCa U aCUMMETPUU:

Ko = (ta/u2”) -3, Ky = u3/u°"

ITpK PaccMOTPEHHH JAHHBIX KOIOMHUIMEHTOR 0Ka3aN0Ch, UTO JUIS BCEX NSCATH aKTH-
BOB K02 dUIMEHT acuMMeTpuH 61m30K K Hymo K, ~ 0, T.e. Bce paccMaTpuBaeMble pac-
TIpeieNieH s GIM3KH K CHMMETPUUYHBIM OTHOCHTENIEHO MATeMATHUECKOTO OXKHIAHHSL.

ILInpoxuii KIlacc CHMMETPHYHBIX, HEOrPAHUUEHHEIX IIOTHOCTEH BEpPOATHOCTE CITy-
4aifHBIX BEMYMH MOXET OBITH OIMCAH €IMHON AHANMTHYECKOH MOJENBIO0 (KIAce KCIO-
HEHIMATBHEIX PACIPEICTICHNI MM MOKAa3aTeNbHO-CTEIEHHOE CEeMeiiCTBO pacipesiene-
Hui) [1]:

Wy (x) = {a/ [240T (1/a)]}expl— [(x=m)/(Ac)* ], — o0 < x < o0, 0

rae A= [T (1/a)T (3/a)]"* — napamerp, ¢ — c.x.0., m — MATeMaTHIECKOE OXKUIAHHE, O —
HEKOTOpasi XapaKTepHas Iy JAHHOTO PacHpeleNeHUs BeJIMYHMHA — €ro MOKa3aTelb CTe-
HeHHU. DKCLEeCC & HKCHOHEHIMANIBHBIX PACIIPEe/ie]IeHHIT CBA3aH C 110Ka3aTeleM CTeNCHU o
CJIEYIOLINM COOTHOILICHHEM:

e=T(1/a)(5/a)|T(3/a)| >

Tlpu o < 1, aHanuTHYeCKass MOZEINb OIMKCHIBAET PACIPEeICHIE C OYCHb MOJIOTHMHU
criazamu, OJIM3KHMMH MO CBOMM CBoiicTBaM K pacnpezaenernto Komm. Ipu a =1 (¢ = 6),
MOJIeJIb COOTBETCTBYET pacnpeaeneHuto Jlarmaca, npu o =2 (&= 3) — HOpMaJILHOMY pac-
HpeNIeNICHUIO, TIPU @ > 2 — pacupeeeHusIM, OIU3KIM [0 CBOMM CBOMCTBaM K Tpareren-
[ATbHBIM, U, HAKOHEIL, IPU @ —> 4 — PpABHOMEPHOMY PaCIPEACICHHUIO.

Koaddurments sxcuecca Ky, oLeHeHHbIe TI0 paccMaTpUBaeMbIM BBIOOPKaM J0XO/-
HOCTEl pa3INYHbIX aKTHBOB, OKa3alInuCh B MHTepBajie oT 0 10 3, 4TO COOTBETCTBYET 3HA-
YEHUSIM BEJIMYUHBI ¢ B mpenenax ot 1 o 2.

Tax mMuHUMaNBHEIA Kod(dunuent skcnecca Ky =~ 0 st paccMarpuBaeMbIX JT0XOA-
HOCTell cooTBeTcTBYeT akTuBy PocTenexoM. Pacmpenenenue noxoqHocTed NaHHOTO ak-
THBA JOCTAaTOYHO XOPOIIO MOXET OBITh UICHTH(OUIINPOBAHO rayCCOBCKUM (HOPMaJIEHBIM)
pacmipenenernem: Wy (x) = {1/[(2n)"0]} exp{-[(x — m)*/26%]}. MakcuManbHbI# K03-
¢unment skeecca Ky = 3 okazaincst y aktiBa A3poduioT, T.e. pachpeiesieHue T0X0IHO-
CTCii 3TOr0 aKTHBa MOXKET ObITh WACHTH(UIMPOBAHO pacnpeaenenuemM Jlamiaca Wy (x) =
[(2"%)/26] exp[- (2"*(x — m)/0)].
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Jns pacmpeneneHuid TOXOJHOCTEH paccMaTPHBAE€MBIX AKTHBOB OBLUTH ITOCTPOCHBI
THCTOrPaMMbl M HPOBEACHA MPOBEPKA THIIOTE3 MACHTH(MKALME M0 y° — kputepuio. Ha
puc. 1 u 2 ms aktuBoB Poctenekom n A3po¢ioT npuBeAeHbI THCTOrPaMMBI pacrpeese-
HUH I0XOIHOCTEN M MOCTPOEHbI aHAIMTUYECKHE 3aKOHBI pacnpenenenus ['aycca u Jlan-
naca. Kpurepnit y* mokasan, 4To FHIOTE3H HOPMAIBHOTO H JIATIACOBCKOTO PacTIpeere-
HUM 171 aktuBa PocTesnekoM NpUHUMAIOTCA Ha BOCBMUJIECSTUIPOLIEHTHBIX U TPHUILATHU-
HPOLEHTHBIX YPOBHSX, COOTBETCTBEHHO, a AN akTHBa Aspodiora: ['aycc — Ha copoko-
MPOLEHTHOM YPOBHE, U Jlariac — Ha BOCBMHUAECSTUIIPLIEHTHOM.

L] L] L} 20 CALFT 27

i* RTRM 2 o —&—MNannac
.

" ——Tannac i

" ——Tayce i

Puc. 2

AHanm3 pacrpeeneHnii OCTAIBHEIX aKI[MH I0Ka3al, 4To B 00IIeM cirydae pacrpene-
JICHUE JIOXOJIHOCTH OT/AEJIBHOTO aKTHBA MOXET OBbITh OIHCAHO IUIOTHOCTBIO BEPOSITHOCTH
(1) c mapameTpoM ¢, Iekamum B npepenax: 1 < o < 2.

[1] JIabytun C.A. Pa3paboTka 1 uccieroBaHuEe METOAOB 0OPaOOTKH pe3yIbTaTOB U3ME-
PEHHMIl U UX IPUMEHEHHE B IPUOOPaX KOHTPOJIS MapaMeTpoB QU3HYECKUX Cpell.
Juce. Ha coMcKaHue y4. CTENeHU TOKTopa TexH. Hayk. —H.Hosropox, 2001, ¢.96.

YBEJIMNYEHUE BPEMEHW XXWU3HU HEYCTOMYNBbLIX COCTOSAHUN NOA
OEWUCTBMEM LLYMA

H.B. Ary}lonl), A.B.Cad)ononl), P.Manenria?, B.Cnaubomo”
1)Huofce‘zopodcwzZ cocynusepcumem, ¥ Ynusepcumem Ianepmo, Hmanus

B pabore [1] 6bUT0 TEOpETHUYECKU MTOKA3aHO, YTO NPHUCYTCTBUE aJINTHBHOTO IIyMa
MOXKET YBEJIMUMBATh CpeAHEee BpeMs pacliajia HeCTaOWIBHBIX cOCTOsSHMI. B Hacrosmei
paboTe MBI meTansHO HcciexyeM oto siBienue (3PII) ananuTuyeckuMu M 9UCIEHHBIMU
Mmetogamu. Hapsiny co cpennum BpemerneM nepsoro goctikenus (CBILM), sBiusrommmMmcst
BECbMa OTPAaHUYEHHON XapaKTEPUCTHKOM IPOLECCOB pacliaja HEYCTOMYUBBIX COCTOSHUIL,
MBI pacCMOTpHUM BpeMms penakcaiy (BP), yaurtsiBaroniee oOpaTHbIH IIOTOK BEPOSITHOCTH,
HAaIPaBJICHHBIN U3 CTAOMIEHOTO COCTOSIHUS B HeCTaOMIIBHOE, KOTOPBIM IIpeHeOperaeTcs B
CBI1JI. Anamutndeckoe BbIpakeHue st BP Gbuto moxydeno B [2]. Mbl mokaxkem, 4TO
BP MoxeT cunbHO yBEeIMUYMBATHCS NOJ ACHCTBUEM ILIyMa, HHTEHCUBHOCTb KOTOPOIO Me-
HSETCS B O4EHb IIMPOKUX Ipeeax.
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Bynem paccMaTpuBaTh MOAENL OJHOMEPHOTO CBEPXBSI3KOTO OPOYHOBCKOTO ABHIKE-
HMS B 110JI€ IOTEHIUAIBHOM CHIIBL:
dx _ dD(x)
dt ndx

+¢(0),

rje x —KoopauHaTa 4yacTuipl, O(x) —IIOTeHIMAaN, ONUCHIBAIOIIMK crcTeMy, &(f) —Oemnblii
rayccoBckuit mym, <&(1)>=0, <€(H)E(t+1)>=2¢5(t)/ 7, 2q/1 —MHTEHCUBHOCTH 0EJIOTO IIy-
Ma, 77 K03 GHULUEHT BA3KOCTH, ¢=kT —3HEpreTHUecKas remmneparypa gaykryanuit. [Ipo-
cTedmmii cimydaid, B KoTopoMm moseisiercs 3P1 apdexT — mapabonndeckuii oTeHIHA:

D(x)= —ax*/2.

B pabore [1] mokazano, uro 3PIL addext nospusercst Tonpko npu x=0. Ham yna-
JIOCH TIOKa3aTh, 4To B 3ToM ciydae CBII/] umeer Bun:

3., 91
277 ¢

2;

O]
T(JC(),L,L]):L L22F2[1,1; 3’ B (xo)] ’
2q 5 4

—x%ze[l,l;

rae ,Fa(ay, ay by, by, z) — 06001eHHAs runepreoMeTpryeckas QyHKIH, a Xo H3MEHSIETCS
B npeaenax (—L, L). {ns storo xe ciyyas BP umeer Bun:

1
r(xo,q):T<xo,L;q)+Z—”(1—wa(a*) il o 2
a

310 BBIpaXKEHHE OBLIO IPOBeE-

PEHO METOJaMU YHCIICHHOTO MOJie- x N
nuposanus. CornacoBaHue ¢ Teo- N
pHeit o4eHb Xopouree. L
Tenepp paccMOTpUM IOTEH- .
OUaNbHBIH npoduie ¢ GapbepoM
BBICOTHI £ &
(I)(x)z—x3/3+x, g

s cinydast xo=1,5, xorma Opo-
YHOBCKasl 4acTHIa HaXOAWTCS 3a
G6apbepoM, u BP B orcyrcrBHH
uryma koHeuno. CorzacHo [2], BP pasno:

L v 0 L
T(xo,q):ljem(v)/q _[e_(b(“)/qdudv+£_[e®(v)/q [ dugy,

Xo —00 Xo —00

W3 mpuBeaeHHOH 3aBHCHMOCTH HOPMHMPOBAHHOTO Ha JETEPMHHHPOBAHHOE BpEMs
BP(¢/E) BuaHO, 4TO IpH MaJiOil MHTEHCUBHOCTH LIIyMa BO3HUKAET CUIIHOE PACXOXKICHUE
MEXIy TeopHel M pe3yabTaTaMH YHCIEHHOTO MOJEIMPOBAHUS: TEOPETHUYECKasl KpUBas
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npu ¢—0 yXoauT B OECKOHEYHOCTh, B TO BPeMs KaK 3KCIIEPUMEHTAJIbHAS JAeT JeTepPMH-
HHUPOBAHHOE BpeMsi. Mbl MOXeM OOBSICHUTB 3TOT (akT ciexyromum obpazom: BP yxoaut
B OECKOHEYHOCTH NPpH ¢—>0, TOCKOJIBKY HEKOTOPBIE YAaCTHUIIBI MOT'YT ITONACTh B IOTEHIIH-
aJIbHYIO MY II0J] IeHiCTBUEM LIIyMa U OCTaBaThCs TaM AJHUTENIbHOE BpeMs. O4eBUAHO, UTO
3TO BpeMs OyJeT HeOrpaHHISHHO BO3PACTaTh pu g—>0, 0JJHAKO YNCIIO TAKUX YACTHIL OY-
JIeT TIPH 3TOM yMeHbIIaThes. [ nuibs B GeckoHEUHO OoNbIIOM aHcaMmOiie HalayTcs Ta-
KHe, KOTOPBIE BCE )K€ TMONayT B IOTCHIMAIBHBINA KOIOAEH. A IOCKOIbKY YHCIIO YaCTUIl B
YUCICHHOM 3KCIIEPUMEHTE KOHEUHO, TO IIPU J0CTATOYHO MAJIOM 3HAYCHUU ¢ BCE OHU JIOC-
TUTHYT I'paHulbl L 32 JeTEpPMUHUPOBAHHOE BPEMSL.

[1] N.V.Agudov, A.N.Malakhov //Phys. Rev. 1999. E, 60, 6333
[2] A.N.Malakhov //Chaos. 1997. V.7,Ne3.

OLIEHMBAHUE YNCIIA CNYYAHbIX MMNY/IbCHbIX BO3MYLLEHUA
B AMHAMUYECKNX CUCTEMAX B IMCKPETHOM BPEMEHMU

A.B.Kypuna, O.B.Ilonsaun, A.M.Cunaen
Huoicecopoockuii eocynusepcumem

Ilpu uccnenoBanuu (UIUUCCKHX CHUCTEM, MOJIBEPKCHHBIX BIMSHUIO LIYMOBBIX H
CITy4aiiHbIX UMIYJIbCHBIX BO3MYIIECHHH, YaCTO BO3HUKACT MPOOJIeMa ONTUMAIIBHOTO Olle-
HUBaHUS YMCJIa MMITYJIbCHBIX BO3MYILEHHUH, BO3JIEHCTBOBABIIMX HAa CUCTEMY 3a BpeMs
HAOJIFOJICHHUSI, HATIPUMED, ITPU OLICHUBAHUH YUCJIA OTPAKECHHBIX CUTHAJIOB B PaJINO- U M-
POJIOKAIMHU, U3MEPEHUH MaPaMETPOB CIYYaWHBIX UMITYJILCHBIX ITOTOKOB Ha (DOHE ITIyMOB
U T.IL.

B nmanHOii paboTe paccMaTpuBaeTCs 3ajada OICHUBAHUS YMCIIA CIYYaWHBIX HM-
MyJIbCHBIX BO3MYIICHUH B TUHAMHYECKOW CHUCTEME, ONMUCHIBAEMOM JIMHEHHBIMU PA3HOCT-
HbIMHU YPaBHEHUSIMHU B IUCKPETHOM BPEMEHH. YpaBHEHHUsI Ui BEKTOpA COCTOSTHUS JMHA-
MHYCCKOW CHCTEMBI Z; U HAOIOACHHH ), ONMCHIBAIOTCS YPABHCHUSMHE:

Zpa =g +y + G+ 2 A40(k,Ty),
Vil = Zk1 Tk » k= 0,1,2,... .
3neck «, y — 3agaHHble mapamerpsl; {&}, {77;} MOCIeNOBaTENEHOCTh HE3aBUCHMBIX Ta-
YCCOBCKUX CIIyYalHbBIX BEIMYHMH C HyJICBBIMHM CPEIHMMH U qucrepcusmu R:u R,; A; —
aAMIUTUTYa HMMITyJbCHOTO BO3MYIICHHMS, pAaclpe/ielieHa II0 TayCCOBCKOMY 3aKOHY CO

cpenauM m(A) u pucnepcuedt R,. MOMEHTHI MOSIBICHUS HMITYyJIBCOB 7; OOpPa3yroT
TOYEYHBIN CITy4alHbII IPOLIECC, ONUCHIBAEMBIN paclpeieIeHueM BEPOSTHOCTH:

P
v(l-v) " 2 +1
P = 7 E
0, 7, <7,
rje v— 3aJaHHbI HapaMeTp.

OnrumanbHas, B CMBICIIC MUHHIMyMa CPEIHEKBAAPaTHYHOW OMIMOKH, OLEHKA 4UClIa
BO3MYIICHHII HIeTcs 1o hopmyIte:

272



Tpyner Hayunoit kordepenuu no pagnodusuke, HHI'Y, 2002

N= 3 R0,
1=0

3nech P(k) — amoctepuopHas Bepo-
STHOCTh COOBITHSI, 3aKIIFOYAOIIEro-
Csl B TOM, 4TO K MOMEHTY BPEMEHH k
MOSIBUJIOCH [ UIMITYJILCOB.

Jns  HaxoXZEHWs BEpOSTHO-
creii Py(k) ObUT CHHTE3MPOBaH aJro-
PHUTM Ha OCHOBE METOJOB HEJIWHEH-
HOHM (UIBTpanu MapKOBCKHUX CIIY-
yaitHbIX npoueccos [1,2]. B kauecT-
Be MpUMepa JUIsl YHCIEHHOTO MOJIe-
JUpOBaHus ObUIM BBIOpPaHBI Iapa-
Mmetpsl =0,9, y=1. Pacupenenenus
IIyMOBBIX BO3MYIIEHHH HMENH Hy-
JIeBBIE CPEIHUE M JUCIICPCHH, PaB-
Hele R:=0,1, R,~0,9. I'paduk 3aBu-
CHMOCTH HaOIIOACHUH OT BPEMEHU
MpeZcTaBiIeH Ha puc. 1.

Ha puc.2 mpuBeneHsl pesyinb-
TaThl OIEHWBAHMS YUCIA HMITYIIb-
COB CHHTE3HPOBAHHBIM aITOPHUT-
MoM. [lapameTpsl  MMITyIBCHBIX
BO3MYIICHHH B3ATHl CIEAYIONIHE:
aTnpHOpHAs BEPOSITHOCTD MOSBICHUS
UMITynbca Ha Kaxaom mare v=0,1.
Pacnipenienenue aMIuTyA UMITYJIb-
COB HUMENO CpeJHee 3HaueHHe
m(A)=5 u qucnepcuro R,=0,3.

HccnenoBanack NOrpeUIHOCTh
OLICHUBAHUSI YHCIIA UMITYJIbCOB IIPU
Pa3IMYHBIX 3HAUEHUSIX IapaMeTPOB.

Puc.1

Mumber of impulses

k= 1N

Puc.2

B uyacTHOCTH, yCTaHOBJIEHO, YTO MPU COOTHOLIEHUH R,/m(A)>1/4 UMITyIbChI CTAHOBSATCS
HNPaKTUYECKH Hepa3IMYNMbIMU Ha (oHE nryma.
Pa6oTa nognepxana rpantamMmu PODU Ne 00-02-17602, Ne 00-15-96620.

[1] Tuxonos B.U., Xapucos B.H. Ctatuctuueckuil aHaau3 U CUHTE3 padiOTEXHUUECKUX

cucteM. —M.: Paguno u cBs3b, 1991.

[2] Moneauu O.B., CuiaeB A.M. //13B. By30B. Pagnodpusuka. 2001. T.44,Ne12. C.1070.
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