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B pamkax meTona MasbIX BO3MYILEHUN PAacCMOTPEHO BIIMSHUE AMIUIMTYIHO-
(a30BBIX COOTHOILIECHHUH B UCXOJHOM CIIEKTPE Ha PaCHpOCTPaHEHUE y3KOMOJIOCHOH
TPEXYaCTOTHOW BOJIHBI KOHEYHOM aMIUIUTYJAbl B KBaJPaTUYHO-HEJIMHEWHON cpefe
6e3 nucnepcuu. [lokazaHo, 4TO B TpETbeM MOpPSAKE MOSBIAIOTCS (Ha303aBUCHMBIE
HEJIMHEWHbIE N00aBKM K MCXOJHBIM BOJIHAM, NPUBOISAIINE KaK K H3MEHEHMIO
($a30BOif CKOPOCTH OTIENBHBIX BOJIH, BXOZAIIMX B BOJHOBOH MakeT, Tak U K
HapymeHuio (a30BOr0 CHHXpPOHU3MA MeXTy HUMH. OTMedeHa B3aMMOCBS3b
HEJIMHEWHBIX TPOLECCOB MOIVIOIIEHUS M JUCIEPCHM, IOIY4YEHO BBIPAXKEHUE,
ONMCHIBAIOLIEE  JIOKAIBHOE IIOBEJICHHE 3aKOHAa JUCIEPCUU BO  BTOPOM
MPUOIMKCHUH.

BBEJIEHUE

Oco0eHHOCTH pacHpOCTpaHEHHUS! PETYNSAPHBIX aKyCTHUECKUX BOJH KOHEYHON aMIUIUTYIbI
(BKA) B KBagpaTHYHO-HENMHEHHBIX Cpelax paHee pacCMaTPUBAIUChL Ha TIPUMEPE
rapMOHHYECKHUX, HMITYJIbCHBIX, aMIUIUTY AHO-MOYJTUPOBAHHBIX (AM) U
dazomoaymupoBanubix (OM) curnanos [1-4]. [Ipu 3TOM O0TMEUan0Ch, YTO MPOTHKEHHOCTH
0o0JacTy HENMHEWHOTO B3aUMOJICHCTBUS NJIS IUIOCKUX BOJIH OIpEAENseTcs Nucrepcuei u
JMCCUIATUBHBIMU IIpolieccaMy B cpeie. B akycTudeckux 3agayax, Kak MpaBuiio, puznyeckas
JIMCTIEPCUST CKOPOCTU Majla WJIM OTCYTCTBYET [2, 3], B pe3yJbTare 4ero BCE BOJIHBI, Kak
UCXOJHbIE, TAK U BTOPUYHBIE, T. €. 00pa3oBaBIIMECS B pe3yjbTaTe HEJIMHEHHBIX MPOIIECCOB,
NEPEeMELIAIOTCS C  OJMHAKOBBIMH  CKOPOCTSIMH, COXpaHssi HEU3MEHHbIMH  (Da3oBbIe
COOTHOILIEHHUSI Ha BCEM IYTH PACIpPOCTpaHEeHUsA. B Takux ciaydasx TOBOPST O BBIOJHEHUU
ycioBusi (pa3oBOro CHHXpOHU3Ma JUIsl BCEX YYACTBYIOIIMX BO B3aUMOJAEHCTBUM BOJH. B
clly4ae Majoro 3aTyXaHHus M JOCTATOYHO OOJBIIONW aMIUIUTYAbl HeluHeHHble 3 (EeKThI
HAKalUIMBAIOTCS C  yBEJIWYEHHEM TMPOMIEHHOTO0 PACCTOSHHUS, 4YTO COMPOBOXKIACTCS
3HAYUTENbHBIMH UCKa)KEHUSIMHU PO BOJIHBI BILIOTH A0 00pa30BaHUs pa3phIBOB.

[IpencraBineHHas KapTHHAa HEIMHEWHBIX MPOLIECCOB B OE3QUCIEPCHOHHBIX Cpeaax
SBJISIETCSl HEMOJHOM, MOCKOJIbKY HE YYHUTHIBAET BIHMSHHE (ha30BBIX COOTHOILIEHUH B CIIEKTpE
MCXOAHOM BOJHBI. 3aMETUM, YTO B paMKax CTaTUCTHYECKOW HEJIMHEHHON aKyCcTHKH [2, 5, 6]
HEOJTHOKPATHO YyKa3bIBaJOCh HA MPUHIUIHAIBHOE pa3inuyue B IIOCTAaHOBKE 3aJayud O
pacrpocTpaHeHUH CIIy4daiHbIX U peryssipHbeix BKA, cocrosiiee B HEOOXOAMMOCTH ydeTa s
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nocineAHUX (Pa3zoBbIX COOTHOIIEHUN Mexay dDypbe-rapmoHukaMu. OJHAKO, HACKOJIBKO Ham
U3BECTHO, HAa CETOJHSIIHUNA JeHb mpobiema yuyeTa (a3oBBIX COOTHOIICHHH MpHU
pacCMOTPEHUM HEJIMHEWHBIX BOJHOBBIX IIPOLIECCOB B AKyCTUKE HE IOJy4YWIa CBOErO
pa3BUTHUS, HECMOTpPsS Ha CBOK MPAKTHYECKYH0 3HAYMMOCTb. B 4acTHOCTH, 3TO Kacaercs
UCIIOJIb30BAaHUSl MOJYJUPOBAHHBIX BOJH OOJBLIONW aMIUIUTYAbl B YCTPOMCTBAax CBs3H,
MHGOPMAIIMOHHO-U3MEPUTETbHBIX U TEIEKOMMYHUKALMOHHBIX CHUCTEMaX C aKyCTHYECKHUM
KaHaJIoM Iepenayd HHpOopMalnu.

AMIITUTY THO-()a30BBIE COOTHOIICHUS B CIIEKTpe MoayupoBaHHO BKA urparoT BakHyIO
POJIb B HEIMHEWHBIX MpOLEccax, COMPOBOXKAAIOIINX €€ pacupocTpanenue [7]. B pesynbrare
HEJIMHENHBIX IIPOLIECCOB MOIYT CYIIECTBEHHO M3MEHATHCS YCIOBHUSA PACHPOCTPAHEHUS M
caMOM H3JIy4eHHOM BOJIHBI, BKJIIOYas JOMOJIHUTEIbHOE OcjablieHue B pe3yJibTaTe
HEeJIMHEHHOro 3atyxaHus [8], a Taxke (a3oBble COOTHOILEHUS MEXAY BXOIALIUMH B €€
cocTaB rapMoHuKamu. M3MeHeHne (pa3oBbIX COOTHOILIEHUH CBSI3aHO C MPOSIBIEHUEM 0CO00T0
BUJA JUCTIEPCUN — HEJUMHEHHON nucnepcuu [3] 1 MOKET MOCITYKUTh MPUIMHON HCKa)KEHUHN
dopmsl orubaromeit BKA. /lannas paboTta nmocBsiiiieHa U3y4YeHUIO B3aUMOCBSI3U HEJIMHEHOM
JHUCTIEPCUH €  HAYaJbHBIMH  aMIUTUTYAHO-(Da30BBIMH  COOTHOUICHHSIMH B  CIIEKTpPE
MonynupoBanHon BKA. Jlns ynpomeHuss BBIBOJOB PACCMOTPEHHE 3aJa4yd OrPaHUYEHO
CIy4aeM TpEeX4aCTOTHOIO BOJHOBOIO IIAKETa C CHUMMETPUYHBIM YaCTOTHBIM CIEKTPOM

(wy—w, =@y —@, =£2), KOTOpbIi INpU  INPOU3BOIBHBIX  AMIUIUTYAHO-(PA30BbIX

COOTHOUICHUSIX MOXKHO PacCMaTpUBATh KaK aMIUTUTYIHO-()a30MOTy TMPOBAaHHYIO BOJIHY [9].

1. TEOPETUYECKA MOJIEJIb TPEXYACTOTHOI'O BOJIHOBOI'O ITAKETA
KOHEYHOU AMIUINTY 1bI

Ha Bxome cpenmpl nmsi y3KOMOJOCHOW TPEXYaCTOTHOM BOJIHBI (BOJHOBOTO TIAKETa)
IrPaHUYHOE yCIIOBHUE 3alHILEM B BUE

plt,x=0)=P, sin(w,t + ¢, )+ P, sin(o, + ¢, )+ P, sin(o,t + 9, ), (1)
rne Py, Fy, P, u ¢, ¢,, ¢, —HaualbHble aMIIUTYAbI X (ha3bl KOMIOHEHT TPEX4aCTOTHOM
BOJIHBL, @y, ; = @, T2, 2 << w,.

Hcnonp3ys 6e3pa3MepHbIe TapaMeTphl, IEPBOE MPUOIMKEHHE B paMKaxX METOAa BO3MYIIICHUI
JUISL paCIPOCTPAHSIONICHCS B MACAIBHON Cpelie TIJIOCKOM BOJIHBI 3alUIIEM B BUJIE PEIICHUS
BOJTHOBOTO YPaBHCHHSI

P(l)(t, z)=4, sin[(l — @)@t —kyz)+ @, ]+ 4, sin(@,t —kyz + @, )+

. )
+ Ay sin(1+ @)yt —kyz)+ 94 ]
e ®=0Q/w,; ky=w,/c,; ¢, — CKOPOCTb 3ByKa B HEBO3MYILEHHOU cpexe; A4, = P, /P, ,
A,=PR /P, u A,=P,/P,; P, — BeanunHa, BbIOMpaeMas M3 COOOpaxeHHil ymoOCTBa

MPE/CTABICHUS PE3yIbTaToB; ) = p /P, .

B conpoBosxarorieil cucreMe KOOpAUHAT BbIpaXkeHHUe (2) MPUHUMAET BUJ
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P(l)(r) =4, sin[(l - @)a)or + 0, ] + 4, sin(a)or + (p0)+ Ay sin[(l + (D)a)or + ng], 3)

rae 7 =(x/c, —t).

Henunelinyto monpaBKy K MOJI0 UCXOHON BOJIHBEI (BTOPOE MPUOJIMIKEHNE), OTBEYAOIIYIO
3a BO3HUKHOBEHHE BTOPUYHBIX BOJH B 00JAacTH, MPEALIECTBYIOMIENH 00pa30oBaHUIO pa3pbiBa B
BOJTHOBOM TNpoduJie, MOTyUYUM U3 YPAaBHEHHsI IPOCTHIX BOJH [2]:

2
AP(e)= p(e)2P0) e L PP @)
or 2 Or
rae z:x/ Xp :(xga)OPB)/ (pocg ) — KOOpAWHaTa, HOPMHUPOBAHHAs Ha PACCTOSHHE
o0pa3oBaHUs paspblBa X, B BOJHE C aMIUIMTYJIOoW P, M 4actoToil ®,; & — mapaMmerp

HEJIMHEWMHOCTH CPEBL.

Ha paccrosHun z= A4z or usnyuarens pesyinbrupyromee none BKA 3anumercsa B Buue

COBMECTHO PacIpOCTPAHSIOUINXCS HAUYaJIbHOTO BO3MYIIEHUS U HEMHEHHOM 106aBKuU:
P(r,z)~ P(l)(r)+ AP(T,Z), ®))

KOTOpas B O6H_[eM CJIydac€ YUYUTBIBACT BCC INOPAOAKU TCOpHUU BO3My1J_[eHI/II‘/'I 1 MOXET OBITh
3aliMCaHa B BUJAC CYMMbI

AP(z,z)= AP'(z,z)+ AP" (z,z)+ ... (6)

Haxosk/ieHHe TIONpaBKH BTOporo mopsika AP'(z,x) CBOAMTCS K TMOJCTaHOBKE B (4)
BBIPaKEHU (3) 17151 HCXOIHOM BOJIHBI P(T,X) = P(I)(T)+ AP' (r,x); IIPH HAXOKJEHUU TIONIPABKH
TPeThero mopsaKa cieayer mojpctaHoBka B (4) cymmsr P(r,x)= 31)(7)"‘ AP'(z,x) ur. 1.

HapamuBanueMm uncia ciaaraeMbix B (6) MOKHO y4eCTh MOSBICHUE HETMHEHHBIX KOMIIOHEHT
CIEKTpa Bce 0oJiee BBHICOKHX MOPSAKOB, B TOM YHCIIE U HETUHEHHYIO 100aBKYy K MCXOJHOMN
BoiHe, T.e. peakuuto BKA Ha pacnpoctpanenne B HenuHeHoW cpeae. Ecim mocie
yKa3aHHBIX MpeoOpa3zoBaHMi MOACTaBUTH MOTYyUYEHHOE BhIpaKeHUE B (5), TO MOIy4YUM OOIIUN
cnektp BKA, BKiIrOYaromuii NosIBUBIIMECS B MPOIECCE PACHPOCTPAHEHUSI KOMOWHAIIMOHHBIE
YacTOThI, TAPMOHHUKHU M HEJIWHEHHbIe J0OaBKH K MCXOAHBIM BoiiHaM. [locienytomumii anamu3
KOKI0M B oraenbHOCTH Dypbe-KOMIOHEHTBHI IMO3BOJSET ONPEAEIUTh CTENEHb €€
3aBUCHUMOCTH OT aMIUIUTYAHBIX U ()a30BbIX COOTHOILIECHUI B HCXOIHOM BOJHE.

AHAJIOTUYHBIN pe3yJbTaT MOJTYYaeM M3 YACTHOTO PELICHUs] YPABHEHMS IPOCTHIX BOJIH IS
TpexdactoTHOU BKA B Buzie HesBHO 3ajaHHON (DyHKIIUU
P(z,z) = A, sin[(1 - ® Y@,z + zP) + @, |+ 4, sin(w,z + zP + ¢, ) +
7
+ 4, sin[(l+CD)(a)Or+zP)+ ng], @)

€CJIM 3aMKcaTh €ro B BUJE CTENIEHHOTO psija 10 MaJloMy MPHUPAIIEHUIO KOOPIUHATHL z = A z :
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Ple.)= Yo P(e0)- 2 = Byfe) - aP(r.2). 8)
AHaJOTUYHO BBIpXEHUIO (5) TMEpBBI W MOCHIEAyIOIMe 4ieHbl psaa (8) MpeacTaBisioT
UCXOAHYI0 BOJIHY P(l)(r) U HEJIMHEHHYyI0 [00aBKy AP(r,x), XapaKTepU3YIOILIYI0O BCE
BTOPUYHBIE BOJIHBI U MTONPAaBKY K UCXOJHOU BOJIHE:

PO(z,0)= Py (7);

AP(r.2)= 3 - PU(r.0)- 2" = AP (1.2)+ AP (7.2) ..

n=] 1t

©)
PO(r0)- 2= AP (6,2); S PEr0)-2* = AP (r,2)

YroObl BBISIBUTH MEXaHH3M BIUSHHUS  aMIUTUTYJHO-(a30BbIX COOTHOIICHHWHA Ha
pacnpocTpaHeHue TpexuactotHoiik BKA u  mpocnenuTe  KayeCTBEHHYIO — KapTHHY
OPOUCXOSAIINX TPOLECCOB, JOCTAaTOYHO B BhIpaxkeHHsx (8) u (9) orpaHuuUTHCS
paccMOTpeHHEM HENMHEHHBIX M00aBOK K HMCXOJIHBIM BOJIHAM, TMOSBISFOIIUXCS Onaromaps

MOITPaBKe AP"(r, z) B CIIEKTPE TPETHETO MOPSAIAKA:
2
AP, (r,z)= —%{AH [42 (1- @)1+ 20)+ 242(1- 30 — 202 )+ 242 (1 - )|

xsin|(1 - @),z + @, |+ 4,42 (1= 3®)-sin|(1 - ©)w,z + @, -2, ]}: (10)

2

= _%APH Sin[(l_q))wor+§0ﬂ +A§0H]: APlH(T’Z)+AP2H(T’Z);

2
AP, (z,2)= —%{AB [42(1+ @)1-20)+ 2.4 (1430 - 202 )+ 242 (1+ D))

xsin[(1+ @),z + @, |+ 4, 42(1+ 30)- sin[(1 + D)o, + 0, —23,]}= (11)

2

= —%APB sin[(1+CI))a)or+(pB +A(pB]: ARB(T,Z)+ APZB(T,Z);

AP(7,z)= —%AO {{Aﬁ, [3 (2o - 1)2]+ A [3 —(2o+ 1)2]+ A } sin(w,7 + @, ) +

+ 24, 4, (1 - 20°)-sin(w,7 + ¢, +28,)}= —%APO sin(w,7 + @, + Ap,) = (12)

= APlo(TaZ)"'Aon(T’Z)-

[ToripaBku Ooyiee BBICOKMX TOPSJIKOB YTOUYHSIOT 3aKOHOMEPHOCTH, OIMCHIBAEMbIE
BelpakeHussMu (10) — (12), HO B cuily ManocTd, IO KpailHeH Mepe, Ha Ha4daJbHOM 3Tare
pacripocTpaHeHus (z <<1) MX BKJIalOM MOXXHO IpeHeOpeub. B muccumaTuBHOM cpene 3TO

JIOIYIIEHHE OCTAETCs CIPaBeUIMBBIM M Ha OONBIIMX paccTosHusX, ecnmu Re, <1 (Re, —

AKyCTHYCCKOC YUCIIO PeitHonbca MCXOAHOTO BO3My1HeHI/I${). B IMMOJIYYCHHBIX BbIPAKCHUAX
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napamerp f3, = (@, +@,)/2—@,] npencraBnser coboii KOMOMHAMIO HAYANBHBIX (a3

(z=0) KOMIOHEHT, BXOI’IIMX B BOJHOBOW MakeT, W Ha3bIBaeTCs (Pa3oBbIM HMHBAPUAHTOM
[10]. B Oe3nucnepcMOHHOW cpene ero BeIMYMHA HE 3aBUCUT OT BPEMEHU U IPOXOAMMOIO
paccTOsIHUSA, OJHO3HAYHO XapakTepusysl (pa30Bble COOTHOILIEHHUS B CIEKTPE OJHOMEPHOMU
TPEXYaCTOTHOM BOJHBI MAJION aMILIUTY AbI.

2. AHAJIN3 TIOJIYYEHHbBIX BBIPAXKEHUIA

OTtpunarenbHbIN 3HAK Hepe] npaBoil yacTbio B BhipaxkeHUsX (10) — (12) B oOuiem ciayuae
OTpakaeT OTTOK PHEPIHMM M3 MEPBUYHBIX BOJH, UAYLIEH Ha oOpa3oBaHHE BTOPUYHBIX BOJIH.
HetpynHo yGenuthes, uTo mepBoe ciaaraemMoe AP, B BBIPaXECHHAX AP(r,z) HAXOJIUTCS B
npotuBodase K UCXOMHOW BOJIHE P(O) MpHU JIFOOBIX aMIUTUTYAHO-(Da30BBIX COOTHOIICHUSX,
oTpaxkass (a3oHe3aBHCHUMOE HEIMHEITHOe 3aTyXaHUE, BBI3BAHHOE CaMOBO3JCHCTBUEM U
B3aumojieiicteueM BonH. Paza BTOporo cimaraemoro AP, B (10) — (12) ompenensercs

HayaJlbHOH BeIMUMHOM (pazoBoro uHBapuanra [, puc. 1. IlyHKTUpOM MOKa3aHbl TPAEKTOPUU

(OKpY»HOCTH) TIEpEMEIIICHHs] KOHIIa BEKTOpa, XapaKTEPU3YIOIINE U3MEHEHNE KOMIUICKCHBIX
aAMIUIMTY]lT KOMIIOHEHT IMAKETa Ha PACCTOSIHUM Z B 3aBUCUMOCTH OT HA4yajJbHOrO 3HAYCHUS

($a30BOro MHBapuaHTAa.

Puc. 1. I'eomerpuueckas
MHTEPIIpEeTalUs BIUSHUS
(ha30BBIX COOTHOIICHHI HA
pacrnpocTpaHEeHHE KOMIIOHEHT
TPEXYaCTOTHOTO BOJTHOBOTO
nakera

IIpu f, =0 o0e wacTu HeMMHEIHOM 100aBKH CHH(A3HBI MEX Iy COOOH, CO3/1aBasi yCIOBHS

A4 MaKCUMAJIBHOI'O TPOSBJICHUA HEJIMHEHHOT 0 3aTyXaHUusl HCXOJHBIX BOJIH. B cjIydac

B, =7/2 Bektopa AP, u AP, mnportuBo®asHbl, UYTO OTPAKAET NPHUCYTCTBUE JBYX

KOHKYPHUPYIOIIUX MEXAy cOo0O0W HETMHEHHBIX MPOIECCOB — 3aTyXaHWs W yCWIeHus. B
pe3yybTare 3TOro oclablieHue MCXOTHBIX BOJH B MPOIECCE PACHpPOCTPAHEHUsST OKAa3bIBACTCS

A. M. laspusnos
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DNEeKTPOHHbIN XypHan «TexHuyeckas akyctmka» 2005, 28 6 (16)

HauMeHbIIUM. HeTpyiHo yOeauThesi, 4To MpH JHOOBIX HAYaJIbHBIX IMapaMeTpax BBIIOTHSAETCS

ycanoBue AP, > AP, . UneHTHYHOCTh N3MEHEHUH aMIUIUTY ]l J00AaBOK y pa3IMYHbIX KOMIOHEHT
BOJHOBOrO nakera npu S, =0 u S, = 72'/ 2 TpUBOMST, COOTBETCTBEHHO, K YCHJICHUIO HJIH

3aMCAJICHUIO 06Iuero OTTOKa SHCPIrur U3 BOJIHOBOTO ITAKE€TAa BO BTOPHUYHBIC BOJIHBI, 4 HC K

Tepepacipe/IeiCHAI0 SHEPTHU MEKLY UCXOAHbIME BoiHamu. [Ipu B, =0, 7/2 u n mist Bcex
KOMIIOHEHT TMaKeTa BBIMONHACTCS ycloBUe A@ =0, 4YTO COOTBETCTBYET CHHXPOHHOMY
pacpoCTpaHEHUIO HEIMHEWHBIX JOOABOK M UCXOTHBIX BOJIH.

[lpu B, =7/4 wucxomuble BONHBI U (Da303aBUCHMBIE YACTH WX HEIMHEMHBIX 100aBOK
HaxozATCs B KBagparype. Kak cnenyer us puc. 1, npu S, ~ 7/4 uenuneiinsie naberu das 6
JOCTUTAIOT CBOETO MAaKCHUMaJbHOTO 3HA4YCHHUS. 3aMETHUM, 4YTO 3HaKku (Ha30BBIX HAOEroB
neHTpainbHOl (6,) W OOKOBBIX KOMIIOHEHT makera (6, 6,) TPOTHBOMIOIOXKHBI IPU
OMHAKOBBIX 3Ha4deHUsIX [, cM. (10) — (12). D10 mpUBOAUT K B3aUMHON pacda3upoBKe
(HapymIeHuto $pa30BOro CHHXPOHHU3MA) BOJIH, BXOSIIUX B BOJTHOBOH IaKeT.

B ornuume ot ammiautyn ¢assl HenMHEHHbIX 100aBoK (A@,, A@,, A@,) He 3aBUCAT (B
paMKax TpeThero npuOIMXKeHusi) OoT paccrosHus. ClenoBaTeIbHO, MPOCTPAHCTBEHHBIC

pacrpeeneHusl HeTMHEHHBIX HaberoB ¢as (6, 6,, 0,) onpenensorcs H3MEHSIOMUMHUCS C

paccTOSTHUEM COOTHOIICHUSIMU aMILTUTY/ UCXOIHBIX BOJIH P(O) 1A UX HEJIMHEHHBIX H00ABOK

AP\7,z). IlomuMmo HauvajibHOTO 3HaueHHA (a30BOTO MHBaApUaAHTA aMILIUTYIBI U (ha3bl
) 0 y

no6aBok AP, , AP, u AP, B Belpaxenusix (10) — (12) 3aBucar oT napamerpa

_kH AH/AO_A_H

kB AB / AO AB

5

OTIMCBIBAIONIETO ACHMMETPHUIO  aMIUIUTYJ OOKOBBIX KOMIIOHEHT, u KoddduiumeHTa
aMIUIUTYTHOM MOAYJISILUU m , XapPAKTEPU3YIOLIETO COOTHOIICHUE AMIUIMTY] LICHTPAIBLHON U

OOKOBBIX KOMIIOHEHT BOJIHOBOI'O ITAKETA:

VPHPB 2

5

m=2

tae k, = A, /A, ky=A4,/4,.
Taxkum oOpaszom, u3meHeHHeM (a3oBbIX ( f,) U aMIIUTYIHBIX (K, m ) COOTHOLICHUH B

CIICKTPEC HAYAJIbHOTO BO3MYHICHUA MOKHO BJIMATH HA YCJIOBUA PACIIPOCTPAHCHUA
TPEXYaCTOTHOTO BOJIHOBOI'O ITAKCTA. HpI/I 3TOM (1)33033.BI/ICI/IMBIC HEJIMHEHHBIC IIPpOLECChL
COIIPOBOKAAKOTCA, BO-IICPBBIX, UBMCHCHHUECM aMIUINUTY ] (HGHHHeﬁHOC 3aTyxaHHe); BO-BTOPBIX,

nosiBierueM (mpu S, #0 U 7/2) ¥ NOCITEAYIOMIUM POCTOM JOHOJIHUTENBHBIX HaOeroB (a3

6 B KaxI0il W3 KOMIIOHEHT M, B-TPETHHX, YBEIHMYMBAIOUICWCS C PACCTOSHHEM B3aUMHOMN

pacha3zupoBKO KOMIIOHEHT.
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KBaApaTMYHO-HENIMHENHOW cpeae. Teopus
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Ha pwuc.2(a,6) mnpuBenensl ammumrygHo-gazoBeie (ADX) wu  dazoBeie (DX)
XapaKTEPUCTUKNA HEITMHEHWHBIX 100aBOK, paccuntannbie U3 (10) — (12) ansa ycinoBus paBHBIX

aMIuIUTy 1 00KOBbIX KOMIOHEHT BKA (A4, = A4,, A, =1) u pa3snuunbix 3HaueHuit m . AOX u

OX mpeAcTaBISIIOT COO0W 3aBUCMMOCTH aMILUIUTYT U (pa3 HETMHEHHBIX J0OABOK KOMITOHEHT
BOJIHOBOTO MaKeTa OT HaYaJbHOM BEIMYHUHBI ()a30BOT0 HHBAPHAHTA.

AP/AP” ®=01 40 + D=0,1 L. Ap,:m=05
“ z=142 A<0’ 2pac . 2. Apy:m=2
! 3. Ap,:m=0,5
20 27N
0,8 -
0,6 - 0
0,4 7/
20 ia
0,2 - 5.A@y:m=0,5
By, epao. -40 | | I6. Apy :Im =2 |
l x x
0 90 180 270 0 90 180 ﬂo , 2pao.
a) 0)
AP 1. AP, u AP, npu A= Ap=0
@ =0,1 2. AP, npu Ay=A,=0
_ 3. AP, npu AP, (B)=0
0 2N AR pu A=A A,
1
27 5. AP, npu AP,(B)=0 Puc. 2. AmumatynHo-da3oBsie (a, B) U
-0,5 - 6. APy npu A=A = A, 6
4 7. AP, npu AP, (B)=0 (hazoBbie (0) XapaKTEPUCTUKH
8. APy mpu Ay=Ap= Ay HEJIMHENHBIX JI00aBOK IPH Pa3IMIHBIX

-1,0 ...
........ COOTHOMIEHHSIX aAMIUIUTY] HCXOJHBIX BOJIH
S15F 4 (k =1) na paccrosiHuu z = 1/\5
-2,0
0

Hns  ompeneneHuss MexaHu3Mma (a30BOM  3aBHCHUMOCTH  HEJIIMHEMHOTO  3aTyXaHHs

paccMOTpUM CTPYKTYypYy HENIMHEHHBIX n00aBok AP,, AP, u AP,, puc.2B, KOTOpPYIO

IIPEJICTaBUM KaK CyMMY BKJIaJIOB, BHOCUMBIX Pa3JINYHBIMU HEJIMHENHBIMU ITPOLIECCAMMU:

— IOTepH U3-3a CAMOBO3JCHCTBUS TapPMOHMYECKHX KOMIIOHEHT, IPOUCXOIALINE B
pe3yibTaTre 00pa30BaHMs BBICIIUX TAPMOHUK;

— [OTepH 3a CYET B3aUMOJCHCTBUA pPACCMaTPUBAEMOM KOMIIOHEHTBl C JPYTUMU
KOMIIOHEHTaMH WM BTOPHUYHBIMU BOJIHAMH, KOTOpBIC, B CBOIO OYe€pedb, NEIATCA Ha
(bazo3aBUCUMBIEC U HE3aBHUCALIME OT ()a30BOr0 MHBAPUAHTA.

A. M. laspusnos
HennHeliHaa aucnepcmsa TpexyacTOTHOrO BOSIHOBOroO nakeTa B 6e341MCcnepcMoHHON
KBaApaTMYHO-HENIMHENHOW cpeae. Teopus
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Homepamu 1 um 2 Ha puc.2B 0003HaueHbl COOTBETCTBEHHO AP,, AP, n AP, mnpu
A, =4, =0 (m=0), xoraa B cpefy U3Iy4yaeTcs TOJIbKO BOJIHA C YacTOTOH . OueBuIHO,

YTO B 3TOM CiIy4ae jJjo0aBka o0pa3yeTcsi TOJbKO Ha 4acTOTe M3Jy4aemoi BojHbl. HoMepamu
3, 5 n 7 nokasaHpl 3HAuUCHUs HEIMHEHHBIX N00aBOK mpu A, = A, = A4,, coaepxamue
BKJIaJ[bl, 00YCJIOBJICHHBIE CAMOBO3/ICHCTBUEM BOJIH M B3aUMOJICUCTBUEM UX MEXIy COOOM, HO
0e3 yuera (a303aBHCHUMOI COCTaBJISIONIEH — BTOpPOro ciaraemoro B BblpakeHusx (10) —
(12), conmepkariero moj 3HaKOM cuHyca (pa30BbId UHBAPHAHT.

Kpuseie 4, 6 u 8 onuceiBarot 3aBucumoctd AP, , AP, u AP, ¢ y4eToM BCceX BXOIAIIUX B
HUX cocTaBisiiomux. [psmeie 3, 5 u 7 aBnsroTcst GaKTUYECKU CPETHUMU JIMHUAMU KPUBBIX 4,
6 u 8, OTHOCHUTEIBHO KOTOPBHIX BEJIMYMHBI HEIMHEHHBIX J00ABOK MOTYT YBEIUYHBATHCS
(8= 0) wm ymenbmarscs (S, =7/2) 3a cuer pazozaBucumoii cocrasisomei. [lonGopom
¢$a30BOro MHBapHMAHTAa MOKHO JOOUTHCS U TaKUX YCJIOBHIA, KOTJa €€ BIUSHUE HA aMIUIUTY Iy
HEJIMHEHHOM T0OaBKM HE TPOSBIISICTCS (TOYKM TepecedeHust 3aBucumocteri 3 u 4, Su 6, 7 u
8). Takum obOpa3om, Giaronaps ¢gasozaBUCUMBIM cocTaBisaomuM AP, , AP, u AP, notepu
BOJIH B HEJMHEWHOH cpefe MOTYyT M3MEHSThCS B JOCTATOYHO HIMPOKUX IMpejaenax Kak B
CTOPOHY YBEIMYECHHUS, TAK U YMEHBIICHHUSI.

BosBpamiasich K NpeICTaBIEHUIO BOJHOBOTO TaKeTa KOHEYHOW aMIUTMTYAbl B BUJE

CTCIICHHOTO psiaaa (8), KaKAYHO M3 KOMIIOHCHT C TOYHOCTBKO OO TPETHEro HpI/I6J'II/I)KeHI/I$I
MOKHO 3aIlliucaThb B BUC

P, (T,Z) =P, sin[(l - @)a)or + (oH]—%APH sin[(l - @)a)or + @, + A¢H]=
=PH(Z)-sin[(l—cD)ooor+(pH +9H(z)]; (13)

2
P, (r,z) =P, sin[(l + cD)mor + ¢, ]—%APB sin[(l + CD)(DOT +Q, +AQ, | =
= P, (z)-sin[(1+ @)o,t + g, +6,()]; (14

2
P(z,2)= P sin(o,7 + (DB)_%APO sin(w,7 + @, + Ag, )=
= P,(z)-sin[o,t+ @, +6,(z)]. (15)

B pamkax oroBopeHHbIX AomyineHui BbipaxkeHUs (13) — (15) mo3BosIOT paccMOTPEThH
IPOCTPAHCTBEHHbIC U3MEHEHUsI apaMEeTPOB TPEXYACTOTHOW BOJIHBI HAa HayaJbHOM 3Tale ee
pacrpocTpaHeHus, TJIe ellle He yCIeau 00pa3oBaThCs BTOPUYHBIE BOJIHBI CO CIIEKTPaMHU BbIIIIE
Tperbero. Ha puc. 3 mpuBeneHbl 3aBUCHMOCTH OT HPOMJIEHHOIO PacCTOSIHUS AMIUIMTYJ W
HEJIMHEHHbIX HaOeroB (a3 KakAoH M3 KOMIIOHEHT BOJIHOBOIO IIakeTa, OOYCJIOBJIEHHBIE
HEJIMHEHHOCTBIO CpeAbl, IpU pasauuyHbIX 3HadeHusx [,. [loBegeHne OZHOMMEHHBIX
XapaKTePUCTUK KAYeCTBEHHO COIVIACYeTCsl Ul BCEX PACCMATPUBAEMBIX BOJH M OTpa)kaeT

BJIMSHUC (1)3.30BLIX COOTHOH_ICHI/Iﬁ HpI/I HCU3MCHHOM HAa4YaJIbHOM aMHHHTy,Z[HOM CHeKTpe
(AH = AB = Ao)-

A. M. laspusnos
HennHeliHaa aucnepcmsa TpexyacTOTHOrO BOSIHOBOroO nakeTa B 6e341MCcnepcMoHHON
KBaApaTMYHO-HENIMHENHOW cpeae. Teopus
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L PP (z=10) _
= w' @=0,1
B> TP @=0.1 1.0
0,5 b 1. g =45" o
2. 4 =122,5" 675" 3
3 8,=11,25% 73,75 0,93
0
1. & =0; 1800
- 0. 1]
4.8 =0, 90° 180" ogl oA TERST 1905
0.5 =5 g =101,25%, 163,75 7 ’ 3. 4 =455 135
6. 8 =112,5"; 157,5° 1.6 =075 1125
7.8 =135" 5.8, =90% 270
-1 I I I £ 0 94 I 1 L L ‘
0 0.1 0.2 o 01 0,2
a) 0)
! - PPy (z=10) =
By, rpaq @ =01 1o BB @ =0,1
o 7
o5 L L g=45
2. B,= 225" 67,5 3
3. 8,=11,25% 73,750 0,93
0
1.8, =0; 1800
4. £ =0, 90"; 130" 2.8 =22,5% 157,50
s a 0. 0 4 0,363 g =450 1350
05 L5 4 =101,25% 168,75 iy ;
6. 8 =112,35"; 157,5° 4.8, =67,5%, 112,5°
7 ﬁn—135” d 5. 8y =909 270"
=z =z
-1 | I I 0,94 I I I I
0 0,1 0,2 0 0,1 0,2
B) r)
1 _
- G, rpag D01 o Py /Py E=10) @=0,1
1. G, =450
05 2 g =225% 67,50
0. ]
3. By=11,25" 78,75 0.98
4
0
-0 0. 0
4. fy=10; 90 ,D1 80 ) 0.96
05 |5 By=101,250; 168,75
6. 8,=112,5%, 157,59
7. 8= 135"
1 | | | Z 0,34
0 0,1 0,2
1) e)

Puc. 3. IlpoctpancTBenHsle usmMeHenus as (6, ,6,,0,) v ammuryn (P, , Py, P))

UCXOJIHBIX BOJH IIpU A,, = A, = A,, 00yCIIOBJIEHHbIE HETMHEHHOCTBIO CPEbI

A. M. laspusnos
HennHeliHaa aucnepcmsa TpexyacTOTHOrO BOSIHOBOroO nakeTa B 6e341MCcnepcMoHHON
KBaApaTMYHO-HENIMHENHOW cpeae. Teopus
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3. HEJIMHEMHAS JUCIIEPCUS ®A30BOM CKOPOCTHU
Brnusiaue ammuTyiHO-(pa30BBIX COOTHONIICHUN HA YCJIOBHS PACHPOCTPAHEHUS! BOJHOBOTO
nakera B WJeaJbHOW KBaJpaTUYHO-HEIMHEHHOW cpene 0e3 TUCIepCHU MOXKHO Y4YecCTh,

3a11McaB 1J1d BOJIHOBOI'O UK CJia OTACIIbHBIX KOMIIOHCHT (COH 0.8 ) BBIPAXKCHUC

k(a)H,O,B ) = @ [1 + 5' (a)H,O,B ) + lé" ' (a)H,O,B )]’

0
TJe ACHCTBUTENBHBIN O (a) 1o B) ¥ MHUMBIH (0" (a) 1o B) YJICHBI ONPEIENIAIOT COOTBETCTBEHHO

HEJIMHEHHYI0 TUcrepcuio (pa3oBOil CKOpOCTH M HEIMHEHHOE MOTJIONIEHUE, KOTOPBIE MOTYT
OBITH CBSI3aHBI MEXIYy CO0O0W COOTHOIICHUSMH, CIEIYIOIIMMH M3 TPUHIMIA TPUIHHHOCTH
a”anoruaHo Gopmynam Kpamepca-Kponura B 31eKTpojuHaMHUKe.

Ipu B,=0, 7/2 ¥ 7 BCE KOMIOHEHTHI BOJHOBOIO IAKETA PACIPOCTPAHSIOTCS, HE

HCIIBIThIBAsA JOINOJHHUTCIBbHBIX Ha0Oeros (1)213131, puc 3(3., B, I[). 910 PaBHOCHUJIBHO TOMY, YTO UX

(azoBbIE CKOPOCTH PaBHBI CKOPOCTH 3BYKa B HEBO3MYILIEHHOH cpene c¢,. IlomoxurenbHble
naberu ¢as 60, , u orpuuarensusie Haberu 6, mpu 0< B, < /2, a TaKKe OTPULATEIbHbIE
Habern 60, , W monoxurenbHsie 6, npu 7/2<f, <7, MOKHO PacCMATPHBATh Kak

PacupoCTpaHCHUEC MOHOXPOMATUYCCKHUX BOJIH C (I)a30301?1 CKOpPOCThIO, 3aBUCSAIIECH OT
HpOﬁ[{GHHOPO PaCCTOSAHUA:

0
a.(?) 1-6,(z)-¢,/® o T

1-¢,-0!.(z)/@

~ ¢, 1+;—0~6’Z'i(z) :co+Acm(z), (16)

1

The @, =@y ,5; 0, (z) — mpocTpaHcTBeHHOE pacnpeieieHue HeTHHEHHOTo Habera (Basbl i -t

1
' . .
Bomub; 6! ,(z)=d[6, (z)]/dz ; Acmi(z) — HeJIMHEeHas 100aBKa K ()a30BOi CKOPOCTH.
HaunGonblve OTKIOHEHHS CKOPOCTH OT PaBHOBECHOIO 3HAUEHUS HMEIOT MECTO IIpH

B, ~+7/4, 4TO COOTBETCTBYET MAKCHMAJIbHBIM 3HAYCHUSIM HEJIUHEHHBIX HaberoB (a3
0,,0, u 0,, puc. 1. IlosBnsromascs n00aBKka K CKOPOCTH Acm(z) HUKaK HE CBsA3aHa C

U3MEHEHHEM (PU3NYECKUX CBOMCTB CaMOW Cpeabl U HMEET B CBOEH OCHOBE BEKTOPHBII
MEXaHHU3M CJIOXEHHS JBYX KOJUIMHEAPHO PACIpPOCTPAHSIOMIUXCS BOJH C OJMHAKOBBIMU
YaCTOTAMH — HMCXOJHOW BOJIHBI M HEJIWHEHHON M00aBKM K HEW. 3aMeTHM, YTO MPU ITOM
WCXOJIHBIE BOJHBI (CHEKTp 1-TO MopsiaKa) U HEIMHEWHBIC TO0AaBKM K HUM (M3 CIIEKTpa 3-T0

HOPSIKA) PAcIpOCTPAHSIIOTCA B CPee HE TONBKO C OJHOW M TOH K€ CKOPOCTBIO C,, HO U C
HEU3MEHHOI B paMKaX TPEThero NpuOImKeHus pasHocThIo ha3 (A, , Ap,, Ap,).

Yacto Ha TmMpakTUKEe TMPUXOAWTCS U3MEPATh HENWHEWHbIe (a3oBble HaOern Ha
(UKCHPOBAHHOM PACCTOSHUM X OT M3iydaress. B aTom ciydae [uid onpezeneHust CpeaHero

A. M. laspusnos
HennHeliHaa aucnepcmsa TpexyacTOTHOrO BOSIHOBOroO nakeTa B 6e341MCcnepcMoHHON
KBaApaTMYHO-HENIMHENHOW cpeae. Teopus
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3Hauenus (asoBOH CKOpOCTH co:(x) ma wmmTepame (0;x) MOXHO BOCTIONB3OBATHCS

CIIEAYIOLIEH OLIEHKOM:

Eqsi(x)zco 1+00& N 1+i‘9[(x) .
X, —coei(x) X,

Poct abcomoTHbIX 3HaueHui (azoBbIX Haberos 6, ,6, u 6, c pacCTOSHHEM O0YCIOBIECH

YBEIMUECHUEM aMIUIUTY]] HEJIMHEHHBIX J00aBOK Ha HAYadbHOM YYacCTKE PacIpOCTpaHEHUS
BOJTHOBOTO makeTa. Cta0uim3aius U mocienyromniee ociadleHne HeIMHEHHBIX MPOIECCOB B
pe3ynbTare AWCCHUIIANN WIH C(hepruvecKoro pacxokaeHus (B IMy4yKe) BOJIH OTPAHHYHBAIOT
3TOT POCT, HE TIPHUBOJS K MCUS3HOBEHUIO HelMMHEeHHoro Habera ¢a3. OgHakIbl BOZHUKHYB,
($a30BBIi CBUT OCTACTCS B BOJTHE U MTOCIIE TIPEKPAIICHHS HEJTMHEHHBIX MTPOIIECCOB.

Ha puc. 3(0, r, €) npuBeJcHBI IPOCTPAHCTBEHHBIC PACTIPEICIICHUS AMILIUTY]] KOMIIOHEHT
BOJIHOBOTO TIaKeTa TMPH pPa3INYHBIX HAYAIBHBIX 3HAYCHHUSX (PA30BOro HMHBApPUAHTA.
HaGmromaembie paznuausi o0yclIOBICHBI (a303aBUCUMOIN HEJIMHEWHOW T00aBKOW, puC. 2B.
OKCTIIEpUMEHTAIBHBIC ~ MCCIICOBAaHUS IPOCTPAHCTBEHHBIX  pacCHpeie/ieHUH  aMIUIUTYI,
nposouBLIKecs st TpexuactotHod BKA npu fB,=0 u S, =7/2 [9], noarsepkaarot

TIOJTYYCHHBIC PE3YIIbTATHI.

A®X KOMITIOHEHT Ha pPHC. 4 pacCUYUTaHBl C HCIOJIb30BaHHEM BbIpakeHuil (9) — (12) u
OTpaKAIOT HApACTaIOIIee C PACCTOSHUEM BIHSHUE (a303aBUCUMBIX HETMHEWHBIX MPOIIECCOB
Mo MEPEC TOro, Kak yBCIMINBAIOTCA aMIUIUTY bl BTOPUYHBIX BOJIH. Hannune Y ODPpHUBCACHHBIX

XapaKTePUCTHK MUHUMYMOB (3, =0) u makcumyMmoB (3, =7/2) yKasbiBaeT Ha TO, YTO

(1)a3OBBIe COOTHOLICHUA MOT'YT, KaK 3aMCIJIAThb, TaK WM YCHUJIHMBATH OTKA4YKYy OHECPrud U3
HNCXOOHEBIX BOJIH BO BTOPUYHBIC BOJIHEI.

PiP(z=10) L Py (z=10,125) A8, rpasg @ =0,1
L0 - ; 2 P, (z=0,125) - .
3P, (z=10,125) A LS =45
S ——— 2 f=225, 679
25 3 0,5 3.8,= 11,25% 78,757
0,93 @ =01
0
-0.5
0,54
. 168,750
LU= 6 @ =112,5% 157,50
= 1350
=z
0,94 1 | 1 1
0 20 150 0 0,1 0.2
Puc. 4. AOX KOMIIOHEHT BOJIHOBOT'O Puc. 5. IlpoctpancrBenHoe uzmenenune ®U
IIAKETa Ha Pa3IM4YHBIX PACCTOSIHUAX BOJIHOBOT'O MAKeTa MPU Pa3InYHbIX €TO
ot m3nyvarens (A, = A, = 4,) HayvaJIbHBIX 3HaUYeHMAX (A, =4, = A4,)

A. M. laspusnos
HennHeliHaa aucnepcmsa TpexyacTOTHOrO BOSIHOBOroO nakeTa B 6e341MCcnepcMoHHON
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4. HAPYILIEHUE ®A30BOI'O CUHXPOHU3MA. HEJIMHEMHA 51 JIMCITEPCUS
TPYIIIIOBOM CKOPOCTHU

BonHoBast paccTpoiika
Ak(z)= ky (Z);ks (Z)—kO(Z)

U (ha30BbIli MHBAPUAHT TPEXYACTOTHOM BOJIHBI CBSI3aHbI B KaKIOM TOUYKE BJIOJIb HAIPABJICHUS
pacripocTpaHeHus yepes (16) cooTHoleHHEM

ak(e) = PN (o). (17)
dz
Kotopoe mpu Ap! (z) #(0 omnucelBaeT HapylleHue (Pa3oBOro CHHXPOHU3MA MEXKIY

TapMOHUYECKMMH KOMIIOHCHTAMH BOJHOBOTO IaKeTa, T.€. MX B3aUMHYIO pac(a3upoBKY.

[IpocTpancTBeHHOE M3MeHEeHHE (a30BOTO MHBAPHAHTA

Ap(e)= B E0E) g ) 18)

Ha puc. 5 ABIAETCS CIEICTBUEM M3MEHEHUH ()a30BbIX COOTHOILEHUN MEXy KOMIIOHEHTaMHU
[10] mpu pacmpocTpaHeHUH B OE3TUCTIEPCHOHHON CpelIe C KBAaJPaTUYHOW HEIMHEHHOCTHIO.
W3 3aBucHMOCTEH HH’B’O(Z) u A,B(z), CJIEZlyeT, 4TO HEU3MEHHBIMH (ha30BbIE CKOPOCTH M

(bazoBbIe cOOTHOMIEHUS OCTAIOTCS TONBKO B ciydae B, =0, 7/2, 7.

Jnst oueHKM BIMAHUA JUCIEPCUU TPU PACIPOCTPAHEHHH Y3KOMOJIOCHBIX CHUTHAJIOB

JIOCTAaTOYHO 3HATh HE TOJHBIA 3aKOH JUCTICPCUU k(a)), a ero JIOKaJibHOe ToBeacHuE [3] B

OKPCCTHOCTHU cpezLHeﬁ HJaCTOThI BOJTHOBOI'O IIAKETA @ = @, :

Ho)=ton)+[ 5] o-oe3( TE] oo s (19

N 2
w 2\ dw
Hammuune nuictiepcuu yureM B BhIpOKCHHU (2) yepe3 3aBHCSIINE OT MPOUICHHOTO PaCCTOSHHUS

JIOTIONTHUTEbHBIE (pa30BbIe HAOETH Q(x) Y 3aBUCAILIME OT KOOPAUHATHI BOJTHOBBIE YHCIIa k(x) :
P(t, x) = A, (z)sin[a)ot —kyx+6, (x) + o, ] + 4, (x)sin[a)ot —k,x+86, (x) + (00]+

+ A, (x)sin[a)Bt —kyx+06, (x)+ @y ] =

20
4 (sinfont—k, (0)-x + g 1+ A (2)sinfont — & () x4 @]+ @0
+ AB(x)sin[coBt - kB(x)- X+ (pB].
Toraa npocTpaHCTBEHHOE pacIipeieeHne (pa30BOro HHBAPUAHTA MOKHO 3aIHCATh
Bx)= B, + AB(x) = p, {w—%(ﬂ} (21)
R e ! @)

A. M. laspusnos
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YuuTEIBask y3KOMONOCHOCTh CHTHANA (@, >> (), pasnokuM B psl BedHuuHbl K, (x)

k B ()C ) B OKpECTHOCTH 4aCTOThI @), , OTPAHAYHUBIINCH IICPBBIMU YCTHIPbMS YJIICHAMHU

dk\@,, 1 d’k(w,,
kH(x):ko(woax)‘F(dLaO)X)(a)H_wo)"'E'%(a)H—a)oy—i—
1 d*k(w,,
e, -0 +..
(o) W@t 1 M) o 1 dMopx) s @3)
do 2 do 3 do
2 3
kB(x):ko(woax)+MQ+l-—d k(wo’x)92 ¢ L dH o) k(wo’x)Q3 +... (24)
dw 2 da)2 3! da)3

[ToncranoBkoii (23) u (24) B (22) npuxoauM K paBEHCTBY

1 d’k(e,, x)
2 do’

OTKyJla CIeAyeT BBIpaXKEHHE A AucnepcuoHHoro mnapamerpa [10], xapakrtepusyromero

AB(x)= B(x)- B, = Qx,

KBaApaTUYHOC HpI/I6HI/I)KeHI/Ie TCOPpHUU JUCTICPCUHN

D(wy,x)=4 ’;(Zg’x) ~ —2[A£2(;‘)} . (25)

Beoruuras (23) u3 (24), orpaHUYUBIINCH TPEMS YJICHAMH Pa3JI0KEHUS,

)k (=285 o i, g, ) b))

b

HOJTYYHM KOA(P(PHUIUEHT B TMHEHHOM YJICHE Pa3JIOKEHUS k(a))

diey,x) _ 1 zi_{ﬁg(x)—ﬁﬂ(x)} =L_{A93H(x)} ,

do v(x) ¢ 2Qx ¢ 2Qx

(26)

SIBJISIOIIMICS O6p3.THOI>i BEJIMYMHOMN rpynn0130171 CKOpPOCTH BOJIHOBOI'O ITAKETA. OKOHYATEILHO
BBIPAXKCHUC IJIA prnHOBOfI CKOPOCTHU MOKHO 3aIllUCaThb B BUAC

Ay, (x) AQ (x)}
~ 1 BH ~ 1 BH )
Vrp Co[ +¢ 20x—c,-AG,, (x)l)ﬁo Co[ +¢ 20 ., (27)

[Tpu nepexone k npeaeny mpu Q — 0

00(x)ow | o.(x) | Co o
xX-c, .86(x)/6a)} B C{l T x—c,-0! (x)} - C{l +?0w(x)} (25)

Vpp = c{l +c,-
[0
ee BEIMUMHA ONpE/ENIeTCs POM3BOHOM mo uactote €' (x) HemuHeliHON n06aBKM K (hazo-

YaCTOTHOMU XapaKTCPUCTUKE CIICKTPa BOJIHOBOI'O ITaKCTA. B TCPMHUHAX TCOPHUU CHUT'HAJIOB

BeIuyuHa O (L (X) €CTb HHU YTO MHOC, KaK I'pyIIIOBOC BPEMs 3alla3AbIBAHUA, KOTOpAsA B HAILIEM
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cilydae sBisieTcsl QyHKIMEH KOOpIUHAThL. 3aBUCUMOCTU AG,,, (x) B BeIpaxeHUsx (26) u (27),
paccuutanubie u3 (13) — (15), moka3ansl Ha puc. 6. B 3aBUCUMOCTH OT HaYalIbHOTO 3HAUCHUS

¢a3oBoro uHBapuaHra [3, CKOpOCTh PACHPOCTPAHEHUSI OrnOAIOIIEH BOJIHOBOTO MakKeTa ObITh

Kak OoJIbIle, TaK U MEHBIIIE CKOPOCTH 3ByKa B HEBO3MYIIIEHHOH cpefie ¢, .

; =101
ABy . pag ’
03 -
1. g =45"
0.2 7 2.8 =225% 67,5
’ R U3MEHEHUE Pa3HOCTH (a3
0 OOKOBBIX KOMIIOHEHT
(w, ,®w, ) BOTHOBOrO NAKETA
-0.1 4. g =0, %00, 1800 NP Pa3IMIHBIX HAYaIbHBIX
oo 5 g=101257 168750 3HaYCHUSIX (PazoBOrO
’ 6. 4=112,5% 157,50 MHBA -4 =
e : puanta (A, = A4, =4,)
03k 7 4=135" L
z
0 0,1 0,2

]

C yuerom (25) u (26) 3aKOH HEIMHEWHOW IUCIIEPCHU BO BTOPOM MPUONMKCHHUH ISt
TPEXYaCTOTHOTO BOJHOBOTO MAKeTa MPUHUMAET BH/T

Kw.)~ k(. )+ i% wm[if—”}(wm)

Q-0
raec AeBH (x) u Aﬂ(x) MOTYT GI)ITI) HU3MCPCHBI J3KCIICPUMCHTAJIBHO WM PACCHHUTAHBI C

UCTIONIB30BaHUEM 0o0Jiee TOYHBIX MOJeJeH. AMIUIMTY/a BOJHOBOTO TIAKETa BO BTOPOM
MPUOJIMKEHUN TEOPUH TUCTIEPCUH [3] omuChIBaeTCs YpaBHEHHEM MapadoIMuecKoro THIa

o4 0°A

—=D,—,

ot

¢ MHAMBIM KO3 duimentoM muddysuu D, = —i/2D , KOTOpBI XapaKTEPU3YeT IUCTIEPCHIO

IPYNIIOBOM CKOPOCTH, MPUBOAAIICH K W3MEHEHHIO KaK aMIUTUTYAHOTO Tpoduis (dopma
orubaroleit), Tak u (Ha3oBoi MOJYJISIUH BHICOKOYACTOTHOTO 3aIIOJIHEHHS BOJIHOBOTO MAKeTa.
B paborte [10] noka3aHo, 4To IpU PacIPOCTPAHEHNUHU B CPEZE C NOCTOSHHBIM JUCIIEPCUOHHBIM
apaMeTpOM BOJIHA C aMILIUTYAHOM MOIYJISILMEN TOCTENEHHO TPaHC(HOPMHUPYETCS B BOJIHY C
¢da3oBoii MoOIyIAIMEH, KOTOpas B JalbHEHIIeM mpeBpamaercs B AM BOJHY, IMOCIe 4Yero
mmpolecc noBTopsercs. B Hamem ciyyae M3-3a NPOCTPAHCTBEHHOW 3aBUCUMOCTH BEJIMYUHBI
JMCTIEPCUOHHOTO TMapaMeTpa W3MEHEHHs B BOJIHOBOM IakeTe He OyJIyT MMETh peryJisipHbIi
XapakTep M MOCTENEHHO NMPEKpaTATCsS MO0 Mepe ocialleHusl HEIMHEHWHBIX MPOLECCOB M3-3a
JUCCHUIIAIMM ¥ JU(PPAaKUMOHHOro pacxoxiaeHus. Kak BuaHo wu3 puc. 6, H3MEHEHHEM
HAYaIbHOTO 3HaueHHs (Pa30BOro MHBapHaHTa MOXKHO 33/1aBaTh KaK BEJIWYHMHY, TaK W 3HAK
nucniepcuonHoro napamerpa: D <0 npu 0< B, <7/2 u D>0 npu 7/2< f,<rx.
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MosxHO TIpoBecTH (HOPMATHHYIO aHAJIOTHIO MEXKIy HEIWHEWHON NUCIIepCHEed TPYNIOBOM
CKOPOCTH M (PU3NYECKON ucnepcruel B TMHEHHBIX cpefjaX, MIPUHSIB BO BHUMAaHHE, YTO MepBast

umeeT (pa303aBUCUMBIHM XapakTep (OTHOCUTENBHO [3)), a B OCHOBE BTOPOI JEXKHUT YaCTOTHAsI

3aBHUCUMOCTH ()a30BOMl CKOpPOCTH. B OCHOBY cpaBHEHUS MOJIO)KMM 3aBUCUMOCTH TOTEPb U
CKOPOCTH OT 4YacTOThl (B clydae JHMHEWHBIX cpen) Wik (Ha30BOro WHBAapUaHTa (IS
KBaJPaTUYHO-HEIIMHEWHONW cpeapl). B JIMHEHHBIX cpegax dYacTOTHBIE 3aBUCHUMOCTH
norsiouieHusi U (pa3oBol CKOPOCTH HE MOTYT OBbITh MPOU3BOJBHBIMU, MOCKOJIBKY CBSI3aHBI
MEXIy co00i GyHIaMEHTAIBHBIM MPUHIIMIIOM NMpUYUHHOCTH [2, 3]. Tak, B oOmactu 4yacTtoT
aHOMaJIbHOI ucrepenn $aszoBoit ckopoctr (dc, /dw > 0) BoiHA HCTIBITBIBACT H30BITOYHOE
MOTJIONICHHE, MpUYeM HauOOIbIINE MOTePU MMEIOT MECTO Ha YacToTe, /i€ MPOU3BOJHAS

CKOPOCTH IO 4YacToTe MaKcHMaibHa. B obmactv HOpMainbHOW mucnepcud (dc,/dw <0)

MOrjiomeHue UMMECT KBAAPATUYHYIO YACTOTHYIO 3aBUCUMOCTD. B KB&HpﬂTH‘IHO-H@HHHGﬁHOﬁ
cpeac MmoTepu H3-3a HEIUHCHHOIO 3aTyXaHus MNPUHUMAOT MAaKCHMAJIBHOC 3HAYCHHUC IIPU

B, =0 u 7, rue umeer Mecto 0v,,/0f, = max > 0. B nuanaszone nsmenenns 0< B, < 7/4 un
37r/ 4< B, <m, Toe Ov, / 0f, >0, ¢a3o3aBucuUMble HEIMHEHHBIE MPOLECCHl NMPHUBOIAT K

JIONOJTHUTETIBHOMY OCJIA0JICHUIO BOJH IO CPAaBHEHUIO C (a30HE3aBUCSINUM HEITMHEHHBIM
3aTyXaHHUEM, PUC. 2B, YTO MOXKHO PACCMaTPUBaTh KaK MPOSBIICHUE «aHOMAJIBHOIN) TUCTIEPCUN

rpynnoBoit  ckopoctu. HaoGopor, mis jguanasona /4 < 8, <3z/4  cnpaBemtuBo
COOTHOIIEHHE OV, /0, <0 ¥ MPOUCXOIMUT YMEHBLICHHE HEITMHEHHOTO 3aTyXaHWs, 4TO B

pamMKax TPaJUIIMOHHON TEPMUHOJIOTUH MOXHO OTHECTH Ha CUET «HOPMAaJIbHOI» aucnepcuu
rPyNIOBOM CKOPOCTH.

Hacrtosmass pabora BbimonHeHa npu nojaepxkke DeaepaibHOro areHTCTBa 10
obpazoBanuto P® (rpant Ne 04-3.20-479).

3AKJIFOYEHUE

[IpoBeneHHbI aHanu3  BIIMSHUS aMILTUTY THO-(a30BBIX COOTHOIIICHUH  Ha
pacmpoctpanenue TpexdactoTHoii BKA B kBaapaTnyHO-HETMHEWHON cpejie Oe3 MUCIIepCHH,
HECMOTPS Ha HCIOJIb30BaHUE YIPOUICHHON MOJIEIH, MO3BOJISIET B paMKax €AMHOI0 MOJIX0Ja
MPOCIEIUTh KaK Y>K€ H3BECTHBIE pe3ysbTaThl, TaK U IMOJIYYUTh HOBbIE 3aKOHOMEPHOCTH,
TpeOYIOIIHME IKCIIEPUMEHTAIBLHON TPOBEpKHU. M crmonp30BaHMEe METO/Ia MaJIbIX BO3MYIIEHUHN
OrpaHHYMBaeT 00JacTh MPUMEHUMOCTH MOIYYEHHBIX XapaKTePUCTHUK, TO3TOMY MPUBEICHHbBIE
OLICHKH CIlieyeT paccMaTpuUBaTh B KauecTBE NPEIBApPUTEIbHBIX pe3yibTaToB. OmaHako,
UCIIOJIB3YEMBIN MOAXO0]T MO3BOJIMI MaKCUMAJIbHO YNPOCTUThH PEILIEHUE 3aJaud, UCKIIOUYHUB U3
paccMoTpeHus psa GpakTopoB, HEM30€KHO MPUCYTCTBYIOIIMX B SKCIIEPUMEHTE (IUCCHUIIALINS,
T pakus HEOJHOMEPHBIX BOJH U JIp.), HO MEIIAIOIINX aHATU3Y MOIy4YaeMbIX pElICHUM.

Kak cnemyer m3 marepuanoB pabOThl, B OE3QUCIEPCHOHHOW CpeAe C KBaJpaTUIHOU
HEJIMHEWHOCThIO UMEET MECTO B3aMMO3aBHCHUMOCTh HETMHEHHBIX MPOLIECCOB M aMILIUTYIHO-
($a30BBIX COOTHOIICHUN B CHEKTPE Y3KOIMOJIOCHOW BOJHBI. 3/1€Ch HE TOJBKO HEIMHEHHBIC
MPOLIECCHI 3aBUCAT OT HA4aJIbHOI'O aMIUIUTYIHO-(a30BOT0O CHEKTpa BOJIHOBOTO MakKeTa, HO U
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aAMIUTUTYAHO-(a30BbIe COOTHOIICHUSI U3MEHSIOTCS B Pe3yJIbTaTe HEIMHEWHBIX MpoIeccoB. B
paMKax WCIIOJIb3YEMOTO TIOJX0/a MPOCIE)KUBACTCSI BO3HUKHOBEHHE HECKOJBKUX BHIIOB
TICTIEPCUU: W3MEHEeHHE (Da30BBIX CKOPOCTEH OTIENBHO B3STHIX TapMOHWYECKHX BOJH,
n3MeHeHue (a30BBIX COOTHOIICHUN (HapymieHHe (Da30BOr0 CHHXPOHHU3MA) MEXITY
KOMITOHEHTaMH BOJTHOBOTO TTAKeTa, AUCIIEPCHUS TPYIIIIOBOH CKOPOCTH.

CyIecTBeHHBIM OTJIMYMEM HEITMHEWHOW JHCIIEPCHU B KBaIpaTHYHO-HEIWHEHHBIX cpeaax
SBIISIETCS €€ 3aBUCHUMOCTh OT ()a30BBIX COOTHONIICHWH B CIIEKTPE HMCXOIHON BOJHBI, UYTO
CBSI3aHO C €€ TOSIBIICHUEM B pe3yJbTaTe B3aWMOJICHCTBHS HECKOJIBKHUX BOJH Pa3IMYHBIX

qactor. U3 comocrasnenus P(f,,z) u 6(f,,z) BUmHO, YTO pacIpOCTpaHEHHe BOJHOBOIO

MakeTa COMPOBOXKIAETCS JIBYMSI B3aMMOCBSI3aHHBIMH IPOLIECCAMU — HHEProoOMEHOM BOJIH
MEXIy COOOM M HETMHEHHOUN AUCTIEPCHEH, OTpaxasi OOIIyI0 CBS3b JUCTICPCHH U TTOTIIOIICHMS
(B 1aHHOM ciTydae HEJIMHEHHOr0) B paMKaxX U3BECTHOTI'O MIPUHIINAIA TPUIYUHHOCTH.
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