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[IpencraBneHsl pe3ysbTaThl AKCIEPUMEHTAIbHBIX HCCIEAOBAHUN JUHAMHKHU
pacrpocTpaHeHHss M B3aUMOJEHCTBHS B BOJAE AaKyCTHYECKHUX BOJH KOHEUHOU
aMIUIUTY/1bl, KOTOPbIE NMPOAHAIN3UPOBAHbI KaK TPaJUIIMOHHBIMU METO/IaMU, TaK U
METOJlaMM HEJIMHEHHON IuHaMuku. V3 JaHHBIX HU3MEpeHuil [UIs pa3In4HbIX
yCIOBHH (3HAYEHUH YIPABISAIONIETO IMapaMeTpa) PEeKOHCTPYHPOBAHBI (Ha30BBIC
MOPTPETHl CUCTEMBI, KOTOPBIE 3aTEM CPABHUBAINUCH C TEOPETUUECKUMHU MOJEISIMU.
BbInosHEHBI  YHMCIIEHHBIE  OLIGHKM  XAOTMYHOCTU  CHUCTEMBI:  PacCUMTAHBI
KOppEeIIMOHHBIE Pa3MEPHOCTH U CIIEKTp NokazaTeneil JIsmyHosa.

BBEJEHUE

«JIMHEWHOCTh» PENKO SBJISETCS COOCTBEHHBIM CBOWCTBOM CHCTEMBL. B momaBistomniem
OOJIBIIMHCTBE CIIy4aeB 3TO pe3ysbTaT YNPOIIEHUH peanbHBbIX CHCTEM WIH MpeHeOpeKkeHue
YWIeHaMU BBICHIMX TOPSAKOB B YpaBHEHHMSX JABIKeHHs. HenmHelHOCTh BOJHOW cperbl
UCTIONB3yeTCsl Uil (OPMHUPOBAHUS «MAPAMETPUUYECKUX AaHTEHH» — Pa3HOBUAHOCTH
TUAPOAKYCTUYECKUX CPENCTB, HCIOJNB3YIOMUX [UIsi (DYHKUMOHUPOBAHUS HEJTUHEHHbIE
cBoiicTBa cpeanl pacnpoctpaHeHus [1]. Takue aHTEHHBI MOXKHO paccMaTpuBaTh, Kak
HEJIMHEHHYI0 CHCTEMY C 4YHCJIOM CTeneHed cBoOoasl Oombmie 2. [lns ux onmcaHus
UCIIOJNIB3YIOTCSL HeNMMHEeWHble nuddepeHIanbable ypaBHEHHsI BTOPOTO MOPSJIKA B YaCTHBIX
MPOM3BOAHBIX, HampuMep ypaBHeHue XoxyoBa-3abonorckoii-Ky3nemosa. IIporecchr
pacnpocTpaHEeHUs] W B3aUMOJICHCTBUS B BOJIE€ BOJH KOHEUHOM aMIUIUTYIbl JOCTAaTOYHO
XOpOIIIO M3YyYEeHBI U OCBEIICHBI B JuTepaTtype [2, 3] u ap. B mannoit pabote mpemmaraercs
HOBBIM MOJIXOJ K UCCIEIOBAHUIO HEIVMHEWNHOTO B3aUMOJIEMCTBUS BOJIH: METOIBI HEIWMHENHOMN
JUHAMHUKU TPUMEHEHbl JUIsi O0OpaOOTKM SKCIEPUMEHTAIBHBIX JaHHBIX, YTO MO3BOJIIET
MPOCJIEIUTH IBOJIOLUIO CUCTEMBI BO BPEMEHHU U IPOCTPAHCTBE.

1. OIIMCAHHUE SKCIIEPUMEHTA

Metoarka  MpOBEACHUS  HKCHEPUMEHTAJbHBIX  JaOOpaTOPHBIX  HCCIIEAOBAaHHM
OCHOBBIBAJIACh HA TPAJULHUOHHBIX METOJAaX THUIPOAKYCTHUECKUX H3MEPEHHH C y4eTOM
0coOeHHOCTEeH HeTMHEHHOTo B3anMoaeiucTBHs BoJH [1]. JIabopaTtopHasi ycTaHOBKa BKIIIOUYaa
U3TYYaIOUMi  3JIeKTpUUecKuil TpakT ((popMupoBaTens CHrHajna), aKyCTHYECKHHA TpPaKT

(u3myuaTens, TUIpO(OH U BOJHAS Cpela) U MPUEMHBIN AIEKTPHUUECKUI TPAKT.
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[TapameTpsl SKCHEPUMEHTAIBHON YCTAaHOBKH CIEIYyIONIME: AMAMeTp MpeoOpa3oBaTeis
18 MM, nieHTpanbHas yactota Hakauyku 1254 kI'u, paznoctHas yactota S50 kl'1, HanpsoxkeHUE
Ha Bxojie mpeodpazosarens S0 B, mpuemHbIil ruapodoH MWIMHAPUICCKUAN, JUAMETPOM 3 MM
u pe3oHaHcHoM yactoTor 10 MI'n, amamazon paccrositnuid 10-100 cm ¢ marom 10 cm. B
9KCIIEPUMEHTE UCTOIb30BAIKCH JBa BHJIa CUTHAJIOB: CUHYCOMAAIbHBIA MOHOXPOMATUYECKUI
gactotor 1254 k' u Omenus nByx yactor 1229 xI'm u 1279 kI', dhopmupyromue B Boje
pazHoctHyto yactory S0 kl'm [1].

Oco0eHHOCThIO TPUEMHOTO TPAKTa SIBUJIOCH TO, YTO 3allMCh CUTHAJIOB OCYLIECTBIISJIACH HA
midpoBoit  ocmutorpag DSO 2100. OH BEIMONHEH B BHAE BHEIIHEH TPUCTaBKH K
KOMITbIOTEPY, moakiatouaeMor uepe3 LPT mopt. OcHOBHBIE XapaKTEpUCTUKH TpuOOpa
CIIeIyIOIIHe: pa3psAaHOCTs 8 OuT, monoca mpomyckanus 30 Ml (-3 nb), o0bemM mamsiTi
32 K6/xanan, kospdunmueHT BepTHKaAIbHON pa3BepTku S0 mB/men — 5 B/men, TouHOCTH 11O
Hanpsokenuto 3%, mo Bpemenn — 0,01%, wmmnemnanc BxomgHoro curHaiza | MOw/25t®,
MakcuMaibHOe BxonHoe Hampshkerne 100 B, koadduimeHT BpeMeHHO#M pa3BepTKH S5 HC/men
— 320 c/men, makcumanbHas dvacrora auckperm3ammy 100 MI'm; momoca mpomycKaHUs
ananm3aropa crnekrpa 0-50 MI'm. Yacrora nauckperusanuu ocuuuiorpada cocTaBuia
10 MI'l ans pazHocTtHOro curHana u 50 MI'm uist cMHyCOMJANbHOIO CUTHAjla MEPBUYHBIX
BosH. CHrHanm 3ammchIBaJICS B JBYX Qopmarax: B Buae rpaduueckoro ¢aitma (*.bmp) u
TekcToBoro (aiina B ¢opmare ASCIIL. 3aTem maHHbBIe 00pabaTHIBAIUCH C HCIIOJIB30BAHHEM
kak craggaptHoro (Microsoft Excel, MathCAD), Tak ¥ cHenumaisbHOTO MPOTPAMMHOTO
obecrieuenus (I10). IIpumepsl uHTepdeiica ¢ OoCHIIIOTPAMMaMH CHUTHAJIOB MOKa3aHbl Ha

puc. 1, 2.
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Puc. 1. OciunorpaMma CHHYCOMAAIBHOTO Puc. 2. OciinorpaMma CHHYCOMAATBHOTO
curHaia Ha pacctostHuu 10 cM oT u3myuarens curHana Ha pacctossHuu 100 cm ot
M3IIyqaTens

N. B. CtapueHko
AnHammyecknii Xxaoc Npu pacnpocTpaHeHNN BOSIH KOHEYHOWN aMNAnTyAbl B BOAE
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2. METOJAbI OGPABOTKHN OKCIIEPUMEHTAJIbHBIX JTAHHbBIX

[TomyyeHHbIE B SKCIIEPUMEHTE CUTHAIIBI 00pabaThIBAIMCh KaK TPAJIUIIMOHHBIMU METOIaMH,
TaK M METOJAaMHU HeJNWHEHHON auHamMuku. OZHMM M3 MPU3HAKOB XAOTHYHOCTU CHUTHAJA
SBIISICTCS YCJIOKHEHUE €T0 CIEKTPa, B KOTOPOM IOSBIISIOTCS TOTOJHUTEIbHBIE TAPMOHUKH U
cyorapmonuku. Ilpu 3TOM curHam craHOBUTCS Kak Obl KBa3HIIYMOBBIM. [loaTomy
NepPBOHAYAIILHO UCCIIEAYIOT crieKTp Dypre curuania.

Jlis uccnenoBaHusl HEJIMHEHHBIX CUCTEM IIMPOKO HCIONB3YIOTCS (ha30BbIe MOPTPETHI —
rpaduueckoe HM300paKeHUE TPACKTOPUM JBMKEHUS H300pakaromeld TOYKM Ha (a30Boii
IUIOCKOCTH (WM B oOmIeM ciydae B (ha30BOM NPOCTPAHCTBE). B HeMMHEHHON TUHAMUKE MX
Ha3bIBAIOT aTTPAKTOPI — OOJIACTU MPUTHKCHUS TOUEK TPACKTOPUI IBM)KEHHS. Xa0THYECKHE
IPOLIECCHl  XapaKTEPHU3YIOTCS «CTPAaHHBIMH aTTpakTopamm» [4], MOXOXKHMH Ha KIyOOK
3allyTaHHBIX HHUTOK. PEKOHCTPYKLHMS aTTPakTOPOB U3 BPEMEHHBIX PSAAOB JaHHBIX

[x(kto ), k=12.., n] , TJIe X — 3HAYCHHUE pean3allii B MOMEHT BPEMEHH kt,, ty — WHTEPBAI

TUCKPETH3AIMM M 7 — YHUCIIO Peau3alluii, OCyIIeCTBISACTCS B COOTBETCTBHUU C TEOPEMOU
Takenca [5]:

X" = [x(kta),x(kta +z'),...,x(ktd +(m—1)z')] , (1)

r7ie m — BHEJAPEHHAs pa3MEPHOCTh aTTPakTopa B (ha30BOM MPOCTPAHCTBE, OMPEICIISIONIast

KOJIMYECTBO CTEIEHEH CBOOOIbI CHCTEMBI, 7— BPEMs 3aJACPXKKH, T =il,, [EN.
B pesynbrare mmeeM MHOXkecTBO Touek X" = (x,(g’"),k =1,2,...n— m) BO BHEJIPCHHOM

npoctpancTse R”, KoTopoe mpeAcTaBiseT co0oit arrpakrop. [lomaras, 4To B AUCCHIIATHBHON
CHUCTEME HMEIOT MECTO YCTOMYMBBIE OCIMUISAIMH, MOJYyYHWM, TaK Ha3bIBa€MbIi, MCEBIO-
MOPTPET.

BHeznpeHnHas pasMepHOCTb m OLIEHMBaeTCs 1o Teopeme Mane [6] m>2D, +1, rne D, —

KOPPENAHOHHAS PAa3MEPHOCTD:
D, zlri_r)loqlong(r)/log(r), (2)

rae r — JUIMHAa TpaHu m-MepHOro kyb6a, C, (r) — KOpPPEIALMOHHBIM HMHTETpai, s

BBIYHCIICHUS] KOTOPOTO MCToJib3yeTcs anroput™ ['paccoeprepa-Ilpokayuna [7].

Kcratu roBopsi, HachimeHue rpadguka D, B 3aBUCUMOCTH OT M SBIISIETCS KPUTEPUEM TOTO,
SBIISICTCS JIM TIPOIECC IIyMOBBIM (Trpad)MK BO3pacTaeT) WM XAaOTHYECKUM (TpapuK HMeeT
MOJIOTUH YYaCTOK Ha HEKOTOPOM ypoBHE D»).

Bri0op BpeMeHU 3a€pKKH 7 B OOIIEM CiIydae MPOM3BOJICH M ONpEAEISeTCsS XapaKTepoM
pemaemMoii 3amaud. Bpems 3anepkKu 7 ONpenensieT CTENeHb «PacKPhITOCTH» aTTPaKTopa,
JeTaau3aluu ero cTpykTypbl. OOBIYHO B KQ4eCTBE 7 UCMOJB3YIOT BPEMs, COOTBETCTBYIOIIEE
KakoMy-JIn0O BpeMeHHOMY MaciuTtaly mpouecca [8], Hampumep, TMEpBOMY HYJIIIO
aBTOKOPPENIALUOHHON (DYHKIIMH.

N. B. CtapueHko
AnHammyecknii Xxaoc Npu pacnpocTpaHeHNN BOSIH KOHEYHOWN aMNAnTyAbl B BOAE
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KomnuecTBeHHON MEpOil  XAaOTMYHOCTA CHCTEMBI  SIBIISIIOTCA ~ XapaKTEPUCTHUYECKUE
nokazarenu [8] — SKCHOHEHTHl JldamyHoBa [/lm] Uucno HSKCIOHEHT ONpenemnseTcs

pPa3MEpHOCThIO BHEAPEHHOTO (ha30BOTO IMPOCTPAHCTBA 71, TIOJIOKUTEIbHAS MaKCHMalIbHAs
OKCIIOHEHTa A, yKa3plBaeT Ha INPUCYTCTBHE XAOTUYECKUX IBI)KEHUIl B CHCTEME IIpU

X
yCIoBUH, yTO m > 3 . HeoOX0oAMMO# COCTaBIISIONICH SBIISETCS OLIEHKA JTOKATBHBIX SIKOOMaHOB
[9], T.e. nuHEapU30BaHHOW IWHAMHUKH, KOTOpPAas YIPABJISIET POCTOM OECKOHEYHO MaJIbIX
Bo3MyuIeHU. OHa ompenenseTcss U3 MPsIMBIX AaNMpPOKCMMAalWW JIMHEWHBIX MOJENel Tuna

£, =a,&E, +b, , Tak uTO NepBbIi pax SIkoOuaHa MpecTaBiIseT co00i BEKTOP a, U (J )U =0,
s i=2,...,m, TA€ m — BHEIPEHHAs pa3MEpPHOCTb. BekTop a, 3amaercs 1o MeEToxy

HAMMEHBIINX KBAIPATOB O~ = Z:/(g,+1 —a,s,—b, ), tae {g} — MHOKECTBO Coceeit g, [9].

3. AHAJIM3 DKCIHEPUMEHTAJIbHbIX JAHHBIX
Ha puc. 3,4 npencraBiieHbl CHEKTPhl CUTHAJOB, UCIIOJIB30BaHHBIX B dKcrepuMmente. [lo
Mepe YyAaleHHs OT H3JIydaTelis B OOOMX CHTHajlaX TOSBISIIOTCS TapMOHUKH. Jlis
CHHYCOUIAIIFHOTO CHTHAJIa, HaYMHAs ¢ paccTosHus 30 ¢M, BO3pacTaeT BTOpas TapMOHHKA, a
nocie 40 cM HIeT JTaBHHOOOPA3HBIA POCT BBICIIMX TApMOHUK, 1 Ha 100 cM SICHO pa3IMuuMBI
8 rapMOHHMUYECKUX COCTaBISAIOMMUX (CM. puc. 3).
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Puc. 3. CnekTp cMHyCOMIAIBHOTO CUTHAJA Puc. 4. Criektp OueHuii mpu yJajaeHUH OT
IpU YAAJICHHUU OT U3JIYyHUAaTCIId HAa €ro OCU H3JIy4aTCJisl Ha €ro OCHu

N. B. CtapueHko
AnHammyecknii Xxaoc Npu pacnpocTpaHeHNN BOSIH KOHEYHOWN aMNAnTyAbl B BOAE
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Jns curnana OMeHU ABYX 4aCTOT TapPMOHUKH MCXOJHOTO CHUTHAJIa PETUCTPUPYIOTCS yiKe
Ha paccrossHun 10 cM oT m3nmydatens (cMm. puc. 4). [TockonbKy 3TOT curHan 0osee CI0KHBIH,
YeM CHHYCOWJAIBHBIM, TO B PE3yJbTaTe HEIWHEHHOTO B3aMMOJICUCTBHS 0O0pa3yrOTCsS HE
TOJIbKO TapMOHHMKH HCXOAHBIX YacCTOT, HO M PA3HOCTHAs, CyMMapHas 4YacTOThl, a TaKkKe
YacTOThI, SBJISIOUIMECS pPE3yJbTaTOM B3aUMOJICHCTBUS BOJH C BBIIICTIEPEUUCICHHBIMU
yacToTaMU. AHaJIM3 CHEKTPOB TMO3BOJSET CAeNIaTh BBIBOJ, YTO IO MeEpe YJaleHUs OT
U3JTy4yaTelis CUTHAJIBI IPETEPIEeBAIOT UCKAXKEHUS, CIIEKTPhl UMEIOT HACBIILIEHHYIO CTPYKTYpY,
YTO SIBJISIETCS MIEpBOHAYATIBHBIM IPU3HAKOM XaOTUYHOCTH CUTHAJIA.

Hanee mo meromy 3ama3nbiBanusi [S5] B coorBercTBHM C (1) OBUTM PEKOHCTPYHPOBAHBI
(a3oBbIe MOPTPETHI CUTHAJIOB, TOKa3aHHBIE HA pUC. 5, 6.

Ha puc. 5,6 mnoka3zaHbl aTTpakTOpbl CHUHYCOMJAIBHOTO CHUTHAajda Il JIBYX BpPEMEH
3aepKku 7= 2ty (puc. 5) u 7= 10¢, (puc. 6). [IocKONIBKY #, TOCTOSIHHAS BEJIMYNHA, OOpaTHas
4acTOTE AMCKpPETU3aluu (CM. BBINIE), TO Jajiee A MPOCTOTHI OHa omymieHa. Ha puc. 5, 6
MOKa3aHa 3aBUCHUMOCTh YPOBHS 3BYKOBOTO JaBJICHHS BOJHBI ¢ 4YacToTod 1254 x['m ot
paccTosiHUS Ha OCH M3iydarelns. MecTononoKeHne TOUKH U3MEPEHHs Ha KPUBOW COBMEIICHO
C IIEHTPOM MOJYYEHHOTO aTTpakTopa. Takum oOpa3oM, MOKHO HAOIIOAATh, KaK M3MEHSETCS
dopma arTpakTopa ¢ paccrosiHueM. Bunno, uro 7= 10 sBiseTcs ONTUMAIbHBIM AJIs TaHHOTO
cilydasi ¥ aTTPaKTOp PAcKphIT MOJTHOCTHIO. 1 7= 2 aTTpakTOp BHUICH MOJ YIJIOM, IIO3TOMY
OKPYXHOCTh BONMU3M H3iydarens (cM. puc. 6) TpanchopmupoBaHa B JIUIHIC (CM. puc. S).
OpHako Ha pHUC. 5 BHUAHO, YTO aTTPAKTOP HMMEET psii TeTelb, KOTOPbIE COOTBETCTBYIOT
rapMOHHMKAM B CUTHAJE.
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Puc. 5. PexoHcTpynpoBaHHbBIE aTTPAKTOPBI IS Puc. 6. To ke, 4TO ¥ Ha puUC. 5, TOJIBKO
CHMHYCOMJAJILBHOT'O CUTHAJa Ha pa3IndHOM g =10
PAcCTOSIHUU OT U3TydaTens JUisl 7= 2

[TonmyyeHHBIE aTTPAKTOPBI HENB3sI KJIACCH(PHIMPOBATH KaK CTPaHHBIC, WX BHJ OoOJbIIe
MOJXOJUT IOJ ONPEAEICHHE TPEXMEPHOTO TOPA. ITO TOBOPUT O KBA3UXAOTUYHOU CTPYKTYpe
CUHYCOMJAJIBHOTO  CUTH&JIA,  PacOpOCTPaHAIOIIErocss B HEIMHEHMHOW  cpene |
IIPETEPIICBAIOIIETO MCKAXEHUsA. TaKKe OYEBHJIHO, YTO AaTTPAKTOpP HMEET TPEXMEPHYIO

CTPYKTYpPY M pa3BOpaunBaeTCs B IPOCTPAHCTBE B 3aBUCUMOCTH OT BbIOOpA 7.

N. B. CtapueHko
AnHammyecknii Xxaoc Npu pacnpocTpaHeHNN BOSIH KOHEYHOWN aMNAnTyAbl B BOAE



DNEeKTPOHHbIN XypHan «TexHuyeckas akyctmka» 2006, 12 6 (9)

Ha puc. 7 nokazanbl aTTpakTOpbl JJIsl CUTHaJla OMEHUN ABYX OJM3KHUX YacTOT AJIS JABYX
BpeMeH 3azepkek 7=47 u r=78. Bum 3TUX aTTPAKTOPOB TIOJHOCTHIO COOTBETCTBYET
OTIPE/ICNICHUIO «CTPAHHOTO aTTPAKTOPa», XOTS OCCIOPSIOYHON 3Ty CTPYKTYPY HE HA30BEIIb.
Psnom Ha puc. 8 mpuBeeHbI paCCYUTAHHBIEC ATTPAKTOPHI ISl MOJIETH OMEHUH IByX 4acTOT.
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Puc. 7. PekoHCTpyHpOBaHHBIE ATTPAKTOPHI Puc. 8. TeopeTnueckue aTTpakTOpbl MOJIETH
OuMeHuii IBYX ONM3KUX YacTOT JAJIsS OueHui ABYX OMU3KHUX 4acTOT
Pa3ITUYHBIX 33]IEPIKEK

BugHo, 4TO CTPYKTYpBl DKCHEPUMEHTAJIBHO IIOJYYEHHBIX M MOJEIBHBIX ATTPAKTOPOB
OUYEHb NOX0XH. JJaHHBIE aTTpaKTOpbl IPUBEIEHBI s paccTosiHuA 10 cM OT mM3imydarens, T. €.
JUIsI HEUCKaXEHHOro curHana. K cokaneHuro BO3MOXHOCTH MMEIOIIEHCS B HaJIU4dU
anmnaparypbl HE TO3BOJIWIN NTOJIyYUTh IPUEMIIEMBIE U JOCTOBEPHBIE PE3yJIbTAThI JIs CUTHAJIA
OMeHus 1o Mepe yAaleHus OoT U3Iydareis. DTOT BOIPOC OCTAECTCsS OTKPBITBIM B HACTOsAIIEE
Bpems. (OJHAKo, aTTpakTOpel Ha PpHUC.7 yKE CBHUICTEIBCTBYIOT O MPHUCYTCTBUHU
JUHAMHYECKOI0 Xa0ca B IaHHOM CHCTEME.

YroObl yOenuThcsi B O3TOM, OblJa NpOBEIEHA YHMCICHHAs OLEHKAa XaOTHUYHOCTH
UCCIIEyEMbIX CUTHAJIOB IIyTE€M BBIYMCIIEHUS KOPPEJSLUOHHON Pa3MEPHOCTH U IKCIIOHEHT
JIamyHoBa.

N. B. CtapueHko
AnHammyecknii Xxaoc Npu pacnpocTpaHeHNN BOSIH KOHEYHOWN aMNAnTyAbl B BOAE
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B tabnune 1 mpuBeneHsl pacyeTHbIC 3HaAUCHHS pa3mepHocTtel [10]: koppensuuonHoit D,,
BBIYHMCIICHHON C MCTIOJb30BaHUEM airoput™a (2), ¥ BHEAPEHHOU /71, OLICHEHHOUW C TIOMOIIBIO

TeopemMbl Mane kak m=2D,+1. 3HaueHMA m, UCIOJIB30BAHHBIE JUI1 pacyeTa

KOPPENSIMOHHONW pa3MEpHOCTH, apriori BbIOpaHBI TakK, YTOOBI MPEBBIIIATH pPEAIbHBIC

3HA4YeHHUs, ¥ TOUYHEE ONPEICIUTh HachIlleHHE IpaduKa KOPPEISIMOHHOTO MHTETpaa.

Ta6muma 1. Onenka U3MEHEHUs Pa3MEPHOCTEN C pacCTOSTHUEM

Koppensauunonnas pazmepHocTs D, Buenpennas pasMepHOCTb m
PaccrosiHue, cM r=10,m=5 =47, m=38 r=10,m=5 =47, m=38
Cunycoupanbhbiii| buenusa npyx |CuHycouganbHbiii| bueHus aByx
CUTHAJ 4acTOT CHUTHAJ 4acTOT
10 1,23 2,32 3,46 5,64
20 1,19 2,25 3,38 5,5
30 1,29 2,29 3,58 5,58
40 1,18 2,31 3,36 5,62
50 1,24 2,34 3,48 5,68
60 1,2 2,29 3,4 5,58
70 1,21 2,67 3,42 6,34
80 1,34 2,3 3,68 5,6
90 1,45 2,17 3,9 5,34
100 1,7 2,4 4,4 5,8

KoppensiironHass pa3sMepHOCTb CHHYCOMJAIBHOTO CHUTHAla OTHOCUTEIBHO MOHOTOHHO
pacrer c paccrosHueM U Ha pacctosHud 100 cm  mpumepno Ha 30% Gosbiie
NepBOHAYAJILHOTO 3HAaUeHUs. BHeqpeHHast pa3MepHOCTh MPH 3TOM OoJIbIle 3, YTO TOBOPHUT O
TEOPETUYECKOH BO3MOXKHOCTH XaOTHUECKUX KojeOaHuii B cucteme. KoppensimoHHas
pa3MepHOCTh OMEHMH JIByX 4acTOT OOJbIIe IPUMEPHO Ha €AMHUILY, YEM Y CHHYCOHIAIBHOTO
CHUTHAJIa, MOTOMY YTO KaXkJgas 4acroTra I00aBisieT CTENeHb CBOOOJBI B KOJI€OATEIbHYIO
cucTteMy. 37ech HET YCTOHYMBOTO MOHOTOHHOTO pocTa (Ha paccrosiHuu 100 cM npeBbIlIeHHE
HaJ [EepBOHAYaJIbHBIM 3HAUEHUEM COCTaBISET BCEro OKoyio 4%, XOTd MaKCUMallbHOE
otksioHeHHe Ha 70 cM — 15%). COOTBETCTBEHHO, BHEAPEHHAs! Pa3MEPHOCTh UMEET 3HAUCHUS
Oosblie 5, ¥ TaKyl0 CUCTEMY C YBEPEHHOCTBIO MOYKHO Ha3BaTh XaOTUYECKOI.

Pe3ynbTarhl BEIUMCIIEHNS SKCIIOHEHT JISIyHOBA C MCIIOIB30BAaHUEM CIIELUATM3UPOBAHHOTO
naketa [11] npuBenens! Ha puc. 9, 10. BueapenHast pa3MepHOCTh B 000UX CiTydasix BbIOpaHa
paBHOM m = 4.

W3 rpadukoB BHIHO, YTO MaKCHUMalbHas 3KCIOHEHTa JIAMyHOBa IMOJIOKUTENbHA U B
IepBOM U BO BTOPOM CIIyyae, 4TO CIYXXUT MOATBEPXKICHHEM XAaOTHYECKOI0 Xapakrepa
JUHAMUKH CUCTEMBI.

N. B. CtapueHko
AnHammyecknii Xxaoc Npu pacnpocTpaHeHNN BOSIH KOHEYHOWN aMNAnTyAbl B BOAE
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——sin 100 cm
—a—sin10cm

0,3 - ——a— Guenua 10 cm
7\,n 087 k“ 02| —&—6GueHus 100 cm
0.6 q 0v1 ]
0.4 1 04
0.2 0,1 1 2 4 n
0 . -0,2 4
‘013 4
0.2 n 04
0.4 1 0.5
0.6 1 <06 -
-0.8 -
Puc. 9. Cnektp JlsamyHoBa st Puc. 10. Cnextp JlsnyHoBa ans OMeHui ABYX
CHHYCOUJAJILHOTO CUTHAJIa 4acToT

3AKJIIOYEHUE

B pabote mpencTtaBieHO HCClI€OBaHUE IMPOLIECCOB HEIMHEHHOIO PaclpOCTpaHEHHs H
B3aMMOJICHCTBUS aKyCTHYECKUX BOJH B BOJE C TOYKH 3pEHHs] HEIMHEHHON ITUHAMUKH.
Pe3ynbraThl SKCIEPUMEHTOB 00pabOTaHbI C MOMOUIbI0 METOIO0B HETMHEHHON TUHAMUKU: U3
BPEMEHHBIX PAJOB PEKOHCTPYUPOBAHBI AaTTPAKTOPbI, BBIIOJIHEHbI UHCIEHHBIE OLIEHKU
KOPPEJSLHMOHHOIO MHTerpajga u crnekrpa JlsnmyHoBa. IlomydeHHble pe3yibTaThl MMO3BOJIWIN
cienatb  BBIBOA, YTO B OOOMX HCCIEAyeMBIX CHUTHalax (MOHOXpPOMAaTHYECKOM
CHUHYCOUJAbHOM M JIByXYacTOTHOM, B pe3yJbTaTe B3aUMOJEHCTBHMS YacTOT KOTOPOTO
oOpa3yeTcst pPa3HOCTHas YacToTa — orubaromas B JaHHOM CiIydae) IpPHCYTCTBYET
JUHaMu4eckui xaoc. OLIEHKH pa3MepHOCTEH cHcTeMBbl MO0 Mepe yJaleHHsl OT U3Iydarels
WITIOCTPUPYIOT AMHAMHKY 3apOXKJICHMS Xaoca BO BpeMsl HETMHEMHOro pacHpOCTpaHEHUs U
B3aUMOJICHCTBUA. OTU MpoOLEcChl MOXHO paccMaTpuBaTh KakK KackaJ JIOKaJIbHbIX
HECTaOMJIbHOCTEH, KOTOPbIE BEUIMBAIOTCS B XaOTHUECKOE MTOBEIEHHE OTJCIBHBIX TPACKTOPHUIA.
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