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PA3JIEJI 1. OBIIUE CBEAEHUS O BOJIHOBBIX ITPOLHECCAX
Jlekuus 1. BosiHoBo# mpouecc

Beeoenue. Hexomopuie ceedenus uz meopuu konrebanui. Ilonsasmue 601no6o-
20 npoyecca. Buovl 60H 6 3a8UCUMOCIU OM HANPABTIEHUST OBUNCEHUS

1. BBenenmue

Teopus eonnoevix npoueccogé — o0JaCTh HAyKH, HCCIEAYIOIIAsl BOJHOBBIE
SIBJICHUS PA3JIMYHON TIPUPOIBI.

C koneOGaHMsIMU M BOJHAMU YEJIOBEK BCTpeyaeTcsi MocTosiHHO. CylecTByeT
00JbII0€ MHOTOOOpa3ue BOJHOBBIX MPOLIECCOB, UMEIONIMX OOLIUE 3aKOHOMEPHO-
CTH HE3aBHUCUMO OT UX (PU3NUECKOUN MPUPOBI U MEXaHU3Ma BO3HUKHOBEHHUS. 3BY-
KOBBIC BOJHBI 00pa3yroTCsl BCJCACTBHE KOJUICKTHMBHOIO JBMIKCHMSI €€ YaCTHII.
DNeKTpOMarHUTHAs BOJIHA — 3TO B3aMMOCBS3aHHBIC DJICKTPUUYECKOE U MarHUTHOE
TOJIs, U3MEHSIIONIMECS B MPOCTPAHCTBE U BPEMEHU. BOJHBI BO3HUKAIOT B Macco-
BBIX TTOTOKaX — Ha aBTOMAarucTpaisix U KOHBelepax, B TpyOOIPOBOIaX U CUCTEMAX
MaccoBOT0 OOCHy>KHMBaHHsS. BOMHOBOI XapakTep HOCHUT MpPOLIECC YCTAaHOBJICHUS
KOHIICHTPAIIMHU BEIIECTBA IPU XUMHUYECKUX PEAKIUAX, INIOTHOCTH 0CcO0el B MOITy-
nsuusix. HakoHelr, BOJIHBI pacipOCTPaHSIOTCS MO HEPBHBIM KJIETKaM, o0ecTieunBast
KU3ZHEACATEITLHOCTH KUBBIX OPTaHU3MOB.

Opnako, HECMOTps Ha OoJiblIoe pazHoOOpasue, B KoiedaTenbHbIX MpoLec-
cax HaOJIOJAI0TCS OJTHU M T€ K€ 3aKOHOMEPHOCTH, KOTOpPbIE OMHUCHIBAIOTCS OJU-
HAKOBBIMM MaTeMaTHYECKUMHU U (PU3MUECKUMH MOJACIISIMUA U HCCIEAYIOTCS OOIIH-
MU METOJIaMH.

Ilenb maHHOW MUCIUIUIMHBI — 03HAKOMHUTh OYAYIIEro HHKEHEpa C OCHOBAMU
TEOpHUH KoJIeOAHUI 1 BOJIH, B OCHOBHOM MPUMEHHUTEIBHO K MpobiieMaM paanoTex-
HUKHU. B CBSI3U ¢ 3TUM Hapsiay ¢ 3JIEKTPOMATHUTHBIMH BOJIHAMH, B JHUCIUILINHE
paccMaTpUBaIOTCS M Ha aHAJU3€ CBOMCTB aKyCTHYECKHUX BOJH, KOTOPBIC MpUMeE-
HSIOTCS B 3JIEMEHTAX PaMOdJICKTPOHHOM anmapaTyphl.

CrnemyeT OTMETHTh, YTO CUCTEMBbI OE€CIIPOBOHOM CBSI3M B HACTOSIIEE BpPEeMs

CTaJli OCHOBHBIM CIIOCOOOM JJIs1 BbIXOJa MOOMJIBHBIX a0OHEHTOB B HHTCpHeT. B
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CBSI3M C ATUM BO3HUKAE€T HEOOXOJMMOCTb MOATOTOBKH BBICOKOKBaJIU(UIIMPOBAaH-
HBIX CHEIHAINCTOB, CIOCOOHBIX pa3padaThiBaTh U IKCIUTYaTUPOBATh JIAHHBIE CH-
ctembl. [TockoibKy B OECHpPOBOJIHBIX CETAX HOCUTEIEM HH(POPMALMH SBISIECTCS
CUTHAJI, IepeaBaeMblil ¢ TOMOIIBIO 3JIEKTPOMArHUTHON BOJIHBI, TO JJIs pa3palboT-
KM CHUCTEM Ha HOBBIX NPUHLHUIAX, @ TAKXE JJI1 MOJCPHU3ALMUU CYLIECTBYIOIINX
CUCTEM HEOOXOUMO 3HAHHE OCOOECHHOCTEHN BOJHOBBIX MPOLIECCOB.

B pamkax auctuminnabl «@u3nKa BOJTHOBBIX MPOIECCOBY OYAYT paccMOTpe-
Hbl OCOOEHHOCTH PAaCIpPOCTPAHEHHUS AKYCTUYECKHX M 3JIEKTPOMArHUTHBIX BOJIH.
JlanHbie cBefeHUs OynyT B JalIbHEHIIEM HCIOJIB30BATHCS MPHU U3YUYEHUU TUCIIU-
IUIMH NPUKIAJHOTO XapaKTepa, HalpUMEpP, B JUCHUIUIMHE «DIEKTPOJWHAMUKA U
pacrpoCTpaHeHUE PaauOBOIH», «AHTEHHBI U ycTpoiicTBa CBU» U psne npyrux.

I/IsyquI/Ie AUCHUINIIMHBI 3aBEPIIACTCA 3a4YCTOM.

2. Hekoropsble cBeieHUSI U3 TEOPHHU KOJIeOaHU I

N3ydenne Teopuu GU3NKHA BOJTHOBBIX IIPOIIECCOB HAYHEM C HAITOMHHAHUS
OOIINX CBEJICHUN U3 TEOPUU KOJICOaHMIA, N3BECTHBIX U3 Kypca MPOrpaMMbl PU3UKH
CpPEIHEN LIKOJIBI.

[lon Konebanuem noHUMAETCS MPOLIECC MOBTOPSIOMIETOCS ABUKEHUS OKOJIO
noJiokeHus: paBHOBecusi. [lpoiiecc omuchIBaeTCs HEKOTOPOW MEPHUOIUYECKOMN
¢byukuuenr U = f(¢), Takoil, uro mpu J10OOM ¢ M ompeneneHHoM 1 (mepuope
(YHKUMN) BBITIOJHAETCS YCIOBHE:

J@+T)=f(). (D

B obmem crmydae nmepuoanueckas (QyHKIHS MOXKET OBITh Pa3pbIBHOM, Kak

MOKAa3aHO Ha PUCYHKeE 1.

S
4D
5>
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Pucynok 1 — [Ipumep npou3BoabHOM epruoandeckoi (GyHKINH



CymiecTByeT mpu npuzHaxka Ko1e06amenbHo20 08UNHCEHUA

- nosmopsaemocmyp (nepuoouuHoOCms), T.€. IBUKEHUE MO OJHOW U TOU XKe
TpPaeKTOpHUH TyAa U OOPATHO;

- 02PAHUYEHHOCMb TIPEJECIIAMU KPAWHUX TTOJIOKECHUN;

- Oelicmeue cuibl, onucbiBaeMoi pyHkmen F =—kx .

OyHKIMY, MPUHAJISKAIME K KJIacCy MEepUOANYECKUX, pa3HooOpa3Hbl. Og-
HAKO B paJMOTEXHUKE 0CO00€ MECTO 3aHUMAIOT 2apMoHuueckue ynkuyuu. B o6-
ieM ciyyae rapMoHuyeckas (yHKUIHS UMEET BPEMEHHYIO 3aBUCHUMOCTD, OIpejie-
nsiemyro popmysoi Ditniepa:

f(t) =exp(tiot) =cos(wt) tisin(wt), (2)

rae i =+/—1 - MHMMas eTUHUIIA;

2
W= - =27 f - nMKJInYecKas 4acTtoTa [paa/cl;

f - nuHeitHas yactoTa wiM yactora [['=1/c].

HeoOxonumocTh mpencTaBieHns TapMOHUYECKUX KOJEOAHU ¢ MOMOUIbIO
dbopmyibl Ditnepa (2) 00ycioBIeHa HECKOJIBKIUMU NMPUYMHAMU. Bo-TiepBhIX, B HU3-
KOYAaCTOTHBIX LEMsAX JJisl ONMMCAHMS MPOIECCOB MepeJaydl CUTHAIOB HCIOJIb3YIOT
TOK W HampsbkeHue, Ga3bl KOTOpPhIX CABUHYT Ha 90 rpaaycoB, Kak B TPUTOHOMET-
pudeckux (QYHKUHMSIX KOCUHYC U CHHYC. BO-BTOPBIX, B BHICOKOYAaCTOTHBIX CHCTE-
Max mepenayu kKoseOaHuil (a3pl SJIEKTPUUYECKOTO UM MArHUTHOIO TOJEH Takxke
uMeroT casur a3 90° B cpenax 6e3 MoTeps.

Teopust xonebaHui U BOJNH M3y4yaeT OOIIMNA XapakTep JIBUKeHud. g ero
U3YYEHUS] MOTYT ObITh UCIIOJIb30BaHbl 08@ OCHOBHBIX NOOX004a:

- KHHEMaTUYECKUK;

- IMHAMHWYECKUH.

[Ipu UCTIONB30BAHUM KUHEMAMUYECKO20 NOOX00a O0UIe 3aKOHOMEPHOCTH
MBITAIOTCS MOJYYUTh MYTEM aHaiu3a ocuuuiorpaMMm (yHKIMI Ha 00lieM moje
rpaduka. B 601bIIMHCTBE CIy4YaeB MOAXO SBISETCS MaJONPOAYKTUBHBIM.

[Ipu Oounamuueckom nooxoode ctpoutcs auddepeHInaIbHOE ypaBHEHUE,

KOTOPOC OIIMChIBACT BCC JIBHIKCHHA q)HSHqCCKOﬁ CUCTCMBI, HC3aBHCHUMO OT
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HayaJbHBIX YCJIOBHM. 3aTeM € MOMOIIBbI0 MaTeMaTUYECKOro ammapara u3 audde-
pCHI_II/IaJIBHOFO ypaBHeHI/ISI HOquaIOT ypaBHeHI/ISI YJaCTHBIX I[BHH(CHHﬁ, YI[OBJ'ICTBO-
pHIOH_II/IC TCM HNJIN MHBIM HAa4daJIbHBIM YCJ'IOBI/IHM.
[Ipumep obmero nud@epeHnnanbHOro ypaBHeHUs] — ypaBHEHUE TapMOHHU-
YECKOro OCHHUILIATOPA:
d* x
d#

+2yj—j+a)§x=p(z‘), (3a)

rJie ¥ - MapaMmeTp, OMUCHIBAIOIINN TOTEPH B CUCTEME;
@, - COOCTBEHHAsl 4aCTOTAa TAPMOHUYECKOTO KOJIeOaHus;
p(t) - HEKOTOpOE NEPUOUYECKOE BO3ACHCTBUE HA CUCTEMY.

[Ipumep yvactHOrO AU deEepeHnanTbHOTO YpaBHEHUS! — OTCYTCTBUE IMOTEPD

(y=0):

d*x

t2

+ a)gx = p(t). (30)

Takum oOpa3oM, IepBOHAYAILHOE ONpeAeieHHE KoyieOaHUs MOKHO YTO4-
HUTH CJIEAYIOUIUM 00pa3oM.

Konebamenwnuiit npoyecc — 5170 OrpaHUYCHHBIE B IPOCTPAHCTBE JBUKCHUS
B OKPECTHOCTH HEKOTOPOT'O CPEIHETO MOJI0KECHUSI.

KoneGaTenbHbIii mpoiiecc MOKHO ONMUCAaTh KOHEUHBIM HA0OPOM MapaMeTpOB,

HU3MCHAIOIINXCA BO BDCMCHU.

3. IlonsiTHE BOJIHOBOIO MpoLEcca

[TockonbKy B JAHHOUW AUCHMIUIMHE BOJHOBBIE MPOLIECCH PaCCMAaTPUBAKOTCS
C TOYKH 3pE€HUS UX UCIOJIb30BaHUS B KaUeCTBE HOcUTENs MH(popMaru B 6ecrpo-
BOJIHBIX CETSIX, TO HEOOXOIUMO U3YUUTh BOTIPOC 00 UX PaACPOCTPAHEHUHU.

KonebarenbHas cuctemMa MOXET OTJaBaThb HYHEPTUI0 BO BHEIIHIOI CpEAy.
JlaHHasi nepenavya CTAaHOBUTCA BO3MOXXHOM BCJIEACTBHE TOTO, YTO B YNPYTUX Cpe-
JaxX OTJIEeJbHBIE YYaCTKHU MPEJCTaBISAIOT OO0 OTAeNbHbIE KoJie0aTeIbHbIE CUCTE-

MBI, KOTOPBIC BSaHMOI[CﬁCTBYIOT C HCIMIOCPCACTBCHHO IPHIICTAIOINUMU K HEM 4a-



ctuniamu. [Ipu coBepiieHun kojaebaHUN cUCTEMa CO37ae€T BOKPYT ceOs mepuoau-
YECKUHN psa BO3MYIIECHHH, T.€. BO3JIEMCTBYET HAa MPUJIETAIOIINEe YACTUIBI KaK He-
Komopaa nepuoouueckan éHewinan cuaa. B pe3ynbrate 4acTUIlbl CPEIbl COBEP-
Ial0T KoJieOaHUs ¢ YacTOTOM BBIHYXKIAroIleh cuibl. J[aHHBIN KojeOaTenbHbIN
nporiecc OyJIeT paclpoCTPaHSATHCS B Cpelie ¢ HEKOTOPOH OMpEeIesICHHOM, Xapak-
TEpHOU 11 CBOMCTB 3TOM Ccpelibl CKOPOCThIO. IIpu 3TOM yacTuiia cpeasl, HaXo -
masicsi Ha PacCTOSIHUM X OT MECTa HadalbHOro BO3MYyIleHus (x=0), HaYHEeT KoJie-
0aThCsl TOJIBKO TOTJA, KOT/Ia 10 Hee JOWUIET PacpoCTPaHSIONIUNACS B cpelie KoJie-
OaTeNbpHBIN MpolIecC, T.€. Yepe3 MPOMEKYTOK BPEMECHH

T=x/v, 4)
IJIe V — CKOPOCTb PaclpoCTpaHeHus Kojie0aTeIbHOT0 Mpoliecca.

Jlanee Oymem paccMmaTpuBaTh ciiydail KoyieOaHW OJHOM YacTOThI (MOHO-
Xpomamuueckoe Kojnedanue). Eciiu u3MeHeHHEe BO BPEMEHU MTPOUCXOIUT IO rap-
MOHUYECKOMY 3aKOHY (Sin, €OS, €Xp), TO 60.IHA HA3BIBACTCS 2APMOHUYECKOI.
JlaHHBIN TUN KOJeOaHWUN MPUMEHSETCS B PaJUOTEXHUKE I Tepeaydl CUTHAJIOB
paznuuHoi (GOPMBI B MEMAX PaTIMOTEXHUUECKUX YCTPOUCTB, a TAaKXKe MPU pacipo-
CTPAaHEHUHU HUX 4Yepe3 OTKPBITOE MPOCTPAHCTBO. Teopus MpeACTaBI€HUs CUTHAJIA
JUTSL TaKUX KoJieOaHuil B BUJe pasyioxeHus B psan Oypre Ha nepeaaroiieid CTopoHe,
a TaK)K€ BOCCTAHOBJICHHME CUTHAJIA HA MPUEMHOM CTOPOHE JIOCTATOYHO XOPOIIO
pa3paboTaHa.

B pesynbTate KonebaHus 4aCTUIIBI ¢ KOOPAUHATON X OYIyT MPOUCXOAUTH IO
3aKOHY, OIUCHIBAEMOMY COOTHOIIIEHUEM:

U(t,x)=U,explio(t—7)]=U,explio(t —x/v)], (%)
rae U, - aMIIIuTyia BOJIHBI B IIyYHOCTH.

VYpaBuenue (1.5) ompenensiercss cMElIEHHE YacTUIBI C KOOPJIWHATOM X B
(YHKIIMU OT BPEMEHHU M OT PACCTOSIHUS 10 Havayia koopauHart. [Iporecc nepuoau-
YEH HE TOJBKO BO BPEMEHHU, HO U B pocTpaHCTBE. I10 CXOACTBY SIBIECHUS C OJHUM
M3 €ro YacTHBIX CJIydaeB (BOJHAMM Ha IMOBEPXHOCTH BOJIbI) JAHHBIN MPOIECC
Ha3bIBAIOT 60JIHOGBIM, & PACTIPOCTPAHSIONIEECS B Cpe/ie MEPUOIuYEcKoe (MU XOTS

Obl MTHOBEHHOE) BO3MYILICHUE — 8OTHOU.
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Boana — 310 mo6oe u3MeHeHne (BO3MYIIEHUE) COCTOSHUSL CPeibl, PACIpo-
CTpaHsIoNIeecs: C KOHEYHON CKOPOCThIO U HECYIIEE IHEPTHIO.

B 3aBHCHMOCTH OT THUIIOB CpeJibl Pa3IMYalOTCs U BOJHBI, B HUX paclpocTpa-
Hstomuecs. B o6miem ciydae, Bce BOJTHBI MOXHO BBIJIEIUTH JIBE TPYIIIIbI:

- YIPYTHe,

- 3JIEKTPOMArHUTHBIE.

Ynpyzaue (akycmuueckue) 60nnpt — 3TO BOJIHBI, CBA3aHHBIE C KOJIEOAHUSAMU
YacTHIl IPU MEXaHWYECKOH AedopMaliu ynpyrou cpenbl (kUJIKOM, ra3000pa3HOH,
TBepAoi). Ilpu 3ToM umMeeT MecTo mepeHoc IHEPruu ynpyroil nedopmanuu npu
OTCYTCTBUHU TepeHoca BeliecTBa. [IpumMepoM akyCTHUYECKHX BOJH SIBISIIOTCS 3BY-
KOBBIE BOJIHBI, IPE/ICTABIIAIONINE YePeYIOIecs 00JaCTH MOBBIIIEHHOTO U MOHHU-
’KEHHOTO JIaBJICHUS BO3/yXa, pacXosluecs OT UCTOYHUKA 3ByKa. COBOKYITHOCTh
yIpyTruxX BOJH (POPMUPYET aKycmuueckoe nojie. AKYyCTUYECKUE MOJIS ONMUCHIBA-
I0TCS CKAISIPHBIMU (DYHKLIMSIMU M HA3bIBAIOTCS CKAISIPHBIMU MOJISIMH.

InekmpomazHumnoe nojie — 3TO OCOOBIM BUJ MaTepuu, OTIMYAIOIIAKNCS
HEIPEPBIBHBIM paclpeieieHueM (3JeKTPOMAarHUTHBIE BOJHBI) U OOHApY>KUBAlO-
I TUCKPETHOCTh CTPYKTYphl ((hOTOHBI), XapaKTEPU3YIOUIUICS CIIOCOOHOCTHIO

pPacIpoCTpaHiIThCA B BaKyyMe (B OTCYTCTBHE CHJIBHBIX T'PaBUTAIMOHHBIX TOJICH)

CO CKOPOCTBIO, OJIM3KON K 3-10° Mm/c, n oka3bIBarOLIM HA 3apsKCHHBIE YACTUIIBI
3aBUCSIIEE OT UX CKOPOCTH CUIIOBOE BO3/ICHCTBHUE.

DNEeKTPOMArHUTHBIC TIOJIS OMHUCHIBAIOTCS BEKTOPHBIMU (DYHKIIUSIMU U SIBIISI-
FOTCSI BEKTOPHBIMU TOJISIMH.

B cBoto ouepenb, Ha3BaHUS BOJH 3aBUCAT OT 4acTOThl. Miumroctpanust pas-
JETICHHS TI0 YacTOTaM JJIsl YIPYTUX U AJIEKTPOMArHMTHBIX BOJIH MOKAa3aHa Ha pHU-
CYHKE 2.

Cpenu ynpyrux BOJIH CaMbl€ HU3KHE YaCTOThl UMEIOT UHEpA38yKOBble 801-
Hol Hudce 16-20 I'y. Huxe moporoBoro ypoBHsI 4yBCTBUTEIIBHOCTH YEJIOBEYECKO-
ro yxa. MHdpa3Byk comepkutcs B myme armocdepsl u Mops. McTounnkom ero

ABIIAIOTCS TYPOYJIEHTHOCTh aTMOC(hEphl U BETEP, TPO30BBIE pa3psibl (TpOM), B3pbI-



BEI, OpYI[HfIHBIC BBICTPCJIBI, BI/I6paI_II/II/I Pa3JINYHbIX Y3JIOB MCXdHU3MOB, I[BI/IFaTeJIeﬁ

U T.I.
Vnpyeue xoneoarnus - 36yx
Undpaseyk  3syk VasTpazeyk TumepaByk
_—k__Nf AL ~ A - A o
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~ = - _ S AN S
f 7
HuzkogactoTHEIe PagunoBonss! HndpaxpacHere/ YIsTpa-
/ QHOIETOBEIE
31eKTPOMArHHTHEIE s I ¢ co
C / A)
KOTeOaHHA B - / THBI

CBET

3.’18/\'”1])0.‘!(121‘1 UMHBIE KOTCOAHUA - IIeEKMPOMAZHUIMHDBIE 60./ITHbI
Pucynok 2 — Pacnipenienenue BOJIH MO 4acTOTe

s uHdpa3Byka XapakTEpHO Majioe MOTJIONMICHUE B Pa3IMYHBIX Cpelax, B
CBSI3U C YEM OH MOXET PaCIpOCTPaHATHCS Ha OOJBIITNE PACCTOSHUS. DTO MO3BOJIS-
€T OMpEeNeNIATh MECTa CHJIbHBIX B3PBIBOB, MPEJCKa3bIBaTh I[yHAMHU, UCCIIECIOBATH
CBOMCTBA BOJHOMU CPEBI.

36yKoevle Konebanusa 6 ouanazone caviwiumocmu uenoseka (20 I'y —
16..20 kl'y). VicTouHuK 3ByKa — JIFOOBIC SIBJICHUS, BBI3BIBAIOIINE MECTHOE U3MEHE-
Hue nasineHus. [llupoko pacnpocTpaHeHbl ICTOUHHUKHY 3BYKa B BUJE KOJICOTIOIINX-
Cs TBEPIBIX TeJ, HampuMmep, Tud@y30psl TPOMKOTOBOpUTENIEH, MeMOpaHbl Teje-
(hOHOB, CTPYHBI U JIEKU MY3bIKAIbHBIX HHCTPYMEHTOB.

Yavmpazeykoevie konevanus (om 16-20 xl'y 0o 1 I'Ty). Yxe He pa3nuya-
IOTCSl YXOM YEJIOBEKa.

PacnpocTpaneHnue yabTpa3BYKOBBIX BOJH CYIIECTBEHHO 3aBHUCHUT OT MOJE-
KYJISIPHON CTPYKTYpPHI Cpelibl. ITO CBOMCTBO MO3BOJISET MPU U3MEPEHUHU CKOPOCTHU
pacrpoCTpaHEHUsI U 3aTyXaHHs BOJH OMPEACNISATh MapaMeTphbl CPe/ibl, ONpeaesTh

HaJU4Yue HEOJHOPOIHOCTEH U Je(DEKTOB.
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HcTOYHUKHN YIBTPa3BYKOBBIX BOJH — 3JIEKTpOMEXaHUYECKUEe Mpeodpa3oBa-

TCIIN (HBCBOBHCKTpI/I‘{CCKI/IC, QJICKTPOANHAMHNYICCKHUC, SJICKTPOCTATHICCKUC U T.H.).

Tunepssykoevie konedanus (ot 10°..10” —10" T'm).

MOo’KHO paccMaTpuBaTh KakK TEIUIOBOH ITyM, 00pa30BaHHBIN TEIJIOBBIMH KO-
ne0aHusIMU aTOMOB WJIM MOHOB, COCTaBJISIIONINX KPUCTAJUTMYECKYIO perieTky. Mo-
T'YT OBITH MTPEICTABJICHBI B BUJIC COBOKYITHOCTH MPOJIOIBHBIX U CABUTOBBIX BOJIH.

B BO31yxe ¥ )KHIKOCTH UCIIBITHIBAIOT OYEHBb CHIIBHOE 3aTyXaHHE.

VICTOYHUKYN THUNIEP3BYKOBBIX BOJIH — TUICHOYHBIC MHE303JICKTPHUSCKHUE TIpe-
oOpazoBaTeiu, KpUCTAIJIbI, TOMEIIEHHbIE B 00bEMHBIN PE30HATOP C AJIEKTpOMAar-
HUTHBIM KOJICOAHUEM CBEPXBBICOKHX YaCTOT.

[Ipoananu3upyeM pacmnpenesieHHe 3JIEKTPOMArHUTHBIX BOJIH U KOJeOaHUM
10 YacTOTe.

Ha nuskux uacmomax xoneOaHUs HANPSDKCHUS M TOKA B AJICKTPUUYECKUX
IETSIX MOXKHO paccMaTpUBaTh KaK MPOSIBICHUE 3aKOHOB AJIEKTPOCTATUKH U DJIEK-
TPOTEXHUKH.

OCHOBHOM 0COOEHHOCTBIO MPH ITOM SIBISIETCS TO, UTO Pa3MEPhl JIUHUI MHO-
r0 MCHBIIIE JUITMHBI BOJHBI. HampspkeHHsl 1 TOKM Ha BXOJIE M BBIXOJE IO CYTH CHH-
(da3Hbl, U, clIeI0BaTEIIbHO, BOJHOBBIC MPOIIECCHI, CBSI3aHHbBIC C 3a/ICP>KKOM Ha MPO-
XO0XKJCHUE JIMHUH, B HUX SIBHO HE MPOSBIISIOTCS.

Anexmpomaznumnvie 60nbl paduoouanazona (3-10°..3-10" I'm). Jluana-
30H OTPaHUYECH HEBO3MOXKHOCTBIO PACIPOCTPAHEHHUS BOJH Ha JOCTATOYHO OOJb-
IITUEe PACCTOSHUS.

VICTOYHUKN — TOKH B MPOBOJHUKAX M AJICKTPOHHBIX MOTOKAaX (FE€HEPATOPBI
paguoyvacTor).

[TpuMeHSIOTCS B paIMOTEXHHUKE, JICKTPOHUKE H CHCTEMaXx CBSI3H.

Jlo nuama3zoHa MHGPaKpACHBIX BOJH MPOIECCH M3IYyUYCHUs] W TOTJIOMICHHS
AJIEKTPOMArHUTHBIX BOJIH OMHUCBHIBAIOTCS 3aKOHAMHM dJIeKTpoauHaMuku. Ha Gomee

BBICOKHX YdCTOTAX JOMHUHHUPYIOT MMPOLCCCHI, UMCIOIINEC KBAHTOBYIO ITPUPOLY.
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4. Buanl BOJIH

B 3aBHCMMOCTH OT TOTO, ABMXKYTCS JIM YaCTHUIIbI OKOJIO CBOMX IOJIOKECHUI
paBHOBECHS BAOJIb WX MONEPEK HAMPABICHUS, BOJHBI Pa3ICIISIIOT HA TIPOIOJIbHBIC
U MornepeyvHbie. PaccMOTpUM HEKOTOPBIE U3 HUX.

IIpooonvusie sonnwvl

Bo3HukatoT aJ1s1 BO3BpaliaoIuX CUjl, NPEIsITCTBYIOMUX AehopMalliu CxKa-
THS WM PACTSDKEHUsI, B Ta3ax W JKUJKOCTSIX MPH MOMBITKE CONM3UTH JABA COCEITHHUX
CJIOSl WK yIAJIUTh UX APYT OT Apyra. BekTop kojebaTeapHON CKOPOCTH Mapariie-
JIEH HaIlpaBJICHUIO PACTIPOCTPAHEHHUS, T.€. KOJIEOaHHs YaCcTHI] BEIIECTBA MPOUCXO-
JAT B HAMPABJICHUH BO3BPAIIAIONIUX CUJI

CrpykTypa BOJHBI IOKa3aHa Ha PUCYHKE 2.

1—2—)

PO ON 0 8 + 4 ettt B s 4 o .cnathetn s e T & o . 0 EtONe

PR O v s 9 . TAERPSES f 4 4 % 8 S gaveenate v s & LR IE )

-
e otne o o o Cecemannt 4 4 4 m g e sGeEmes .t s 8 @ " e SOBEE
-

Lo LI . . emesnene R et LR R T YY)

BEMEER S & o L. guleNrE f - 8 L, e s ecsecendtn s P 8 oo s esaNg

Besss o 9 & o -;.-....oo.--.n.--.--n.oooo.-.....“’

Pucynok 2 — CtpykTypa npo10J1bHON BOJIHBI

[IpoosibHBIE BOJIHBI MPEACTABISAIOT COOOM YepeAyIOIMNICS PsJl CTYIIEHUN U
paspexxenuil. JliimHa BOTHBI A OINpeaemnsieT pacCTOSTHUE MEXIY JBYMSI COCETHUMHU
CTYLIEHUSMU WIH PA3PEKEHUAMMU.

[IpumMep mpoAOIBbHON BOJIHBI — 3BYKOBas BOJIHA, PACXOIAIIASACS OT aKyCTH-

YECKON CUCTEMBI YCHIIUTCIIA 3BYKOBBIX 9aCTOT.

Ilonepeunwvie (unu coeuzoewie) 601Hb

Jedbopmaiusi ciBUra BbI3BIBAET BOJIHY, PACIIPOCTPAHSIONIYIOCS B HalpaBiie-
HUU, NEPICHIUKYISIPHOM K HAIIPABICHUIO CMELIEHUS YaCTHII.

Bonna, B koTopoil KkoseOaTtenbHOE IBUXKEHHE COBEPILIAETCS MEPHEHIMKY-
JISIPHO K HAMPABIEHUIO pACIpOCTpaHEHHUs KoJieOaHUM, HA3bIBAETCSl HONEPEUHOI.

CTpyKTypa BOJIHBI IIOKa3aHa Ha PUCYHKE 3.

12



ette, teee" '.-.."J’.c".,..."..-'
. L]
S0

Pucynok 3 — Ctpykrypa nornepeuHoil BOJIHbI
HpI/IMepBI MMOIICPCYHBIX BOJIH: BOJIHBI, 6CFYH_[I/IC BAOJIb HaTHHyTOﬁ CTPYHEI,
KPYTUIBbHBIC BOJIHBI, BBI3BIBACMBIC IIOIICPCUYHBIM 3aKPYUYHMBAHUCM H PACKpYyYHBa-
HHUCM KOHIIA JJIMHHOT'O CTCPKHA, SJICKTPOMAIHUTHBIC BOJIHEI.
[IpononbHbIE W TMOTNEpeYHbIe KOJeOaHUsS BOJHOHECYIIEH Cpellbl MpeacTaB-
JSI0T coOOM YacTHBIC ClIydau BOJHOBOTO mpoiiecca. CyIiecTBYIOT U IPyrue BOJI-
HBbI, B KOTOPBIX KoJIeOaTeIbHbIC ABHUIKCHUA CKIIAABIBAIOTCS U3 OJHOBPECMCHHO IIPO-

HOJIBHBIX U ITOIICPCUYHBIX CMCH.[CHHfI, HallpuUMCp, MOBCPXHOCTHLIC BOJIHLI.

Ilosepxnocmmuoie 6011l
KonebarenpHble TpaeKTOPUM YACTHI], YYACTBYIOIIUX B PaCHpPOCTPAHCHUU
MMOBEPXHOCTHON BOJIHBI, HE SIBIISIIOTCS NPSIMOJMHEHHBIMU. YacCTUIIBI OMMCHIBAIOT

3dMKHYTBIC JJIUNITMIITHYCCKHUC Op6I/ITBI, KaK ITOKa3aHO Ha pUCYHKC 4.

Pucynok 4 — CtpykTypa OBEpXHOCTHBIX BOJIH

Ha PUCYHKC 5 moka3aHbl CUJIOBBLIC JUHHUM BCKTOpPA HAIIPAKCHHOCTHU 3JICK-
TPHUUICCKOTO ITOJIA AJIA IMOBCPXHOCTHBIX BOJIH, B036Y)KI[216MBIX Ha MCTAJNIMYCCKOM
9KpPaHC C TOHKUM JUIJICKTPUICCKUM CJIOCM.

HpOCTBIe CUHYCOMIAJIBHBIC BOJIHBI HA ITOBCPXHOCTHU MOTI'YT CYHICCTBOBATH

TOJIBKO IIPpU aMIUIMTydaX, MaJIbIX II0 CPAaBHCHHUIO C )IJ'II/IHOﬁ BOJIHBI. HaHpI/IMCp,
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BOJIHBI MOPCKHUX IIPHUIIMBOB, JJIMHA KOTOPBIX MOXKCT AOXOOUTH IO COTCH KHJIIOMCT-

pOB.

Pucynok 5 — CuioBble TMHUM IEKTPUUYECKOTO MOl HA METAJUIMYECKOM dKpaHe
C TOHKUM OHUBJICKTPUUCCKUM CJIOEM

[ToBepxHOCTHasi BOJIHA OOJBIION aMIUIMTY/bI YBJIEKAET 32 cOO0W KOJebIto-
IIUEeCs YaCTHUIIbI, KOTOPhIE B 3TOM CJIy4ae ONUCHIBAIOT YK€ HE KPYroBbie, a Ooliee
CJIOKHBIE TpaeKTOpHu. VIMEHHO MO 3TOM NMpUUrMHE OOJIBIIINE BOJHBI BHIOPACHIBAIOT
Ha Oeper nmpeaMeThl, MIaBaroI1e Ha HUX.

BonHbI BO3HUKAIOT HE TOJIBKO Ha CBOOOAHOM MOBEPXHOCTH KUAKOCTH, HO U
BOOOIIE HAa TIOBEPXHOCTH pa3jelia IByX cpel. B Mopckoil TemaThke MoBEpXHOCT-
HbIE BOJIHBI MOTYT BO3HMKHYTh Ha IMOBEPXHOCTH pazjiesia MPECHON U COJICHOU BO-
Il B YCTBSIX pEK, BMaJaromux B Mope. J[aHHbIE BOJHBI TMOJYYUSIM Ha3BaHUE
«MEpTBOH BOABDY. Mayiue kopabiu BAPYT TOPMO3ATCS BCIEACTBUE TOTO, YTO KO-
pabJib, TIOTIaB Ha MOBEPXHOCThH pa3jiesia MPECHOM M COJEHOW BOJBI, Pa3BOJUT Ha
HEel HEBUIUMYIO C TIOBEPXHOCTH MOPS BOJIHY.

B panunorexHuke MOBEpXHOCTHBIE BOJHBI Tak)Ke BO3HUKaroT. Hambonee u3-

BCCTHBIM TIPUMCPOM ABJISICTCA BHCKTpI/I‘ICCKI/Iﬁ TOK, B036y}I(I[aCMBIﬁ Ipu nmaacCHuun
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SHCKTpOMaFHI/ITHOﬁ BOJIHBI Ha METaJJIMYECKUU 9KpaH. TOJ'HJ_II/IHa IMPOHUKHOBCHHA
QJICKTPOMArHuTHOI'O IIOJISI OrpaHUYCHA TOJ'IH.[HHOﬁ ckuH-cnos. Ilo MCEpC Y6BIBaHI/I$[
OT IMMOBCPXHOCTHU 3KpaHa aMIUIMTydad TOKa (aMHJII/ITYIIa QJICKTPUICCKOTO HOJIH) 3a-
TYyXacT II0 JKCIIOHCHIMUAJIBHOMY 3dKOHY. PaCHpOCTpaHeHI/Ie BHCKTpOMaFHHTHOﬁ

BOJIHBI B BUJC ICPCMCHHOTO 3JICK

Jleknus 2. OCHOBHbIC XapaKTEPHUCTUKHU BOJIH
OcHognble Xxapakmepucmuxu 60aH. IHepausi 80JHbl HA NpUMepe NONepeunbIX
Konebanuti cmpyHul. [lnomuocms nomoka sHepauu

1. OcHOBHBIC XapaKTEPUCTUKH BOJH

Ilepuoo konebdanuii

[lepuon xonebanuii T —3TO BpeMsi, 32 KOTOPOE OCYIIECTBISETCS MOJIHBIN
UK KoneOanuii. 3mepsieTcst B cekyHax.

nuna eonnvt

KonebarenbHble mpolecchl (BOJHBI) OMNPENESIOTCA PAIOM IapaMeTpoB.
OCHOBHBIM W3 HUX SIBJISIETCS JIJIMHA BOJIHBI, T.€. PACCTOSHHUE, HA KOTOPOE paclpo-
CTpaHseTcs KoJieOaTeIbHBIN MPOIIECC CO CKOPOCTHIO V 33 BpeMs OJHOTO nepuoja 1’

A=vT. (1)

['eomeTtpus kKoneOaHusi, U3MEHSIOIIETOCS B IPOCTPAHCTBE, MTOKa3aHa Ha PUCYHKeE 1.

¥ [ = const

&

Pucynoxk 1 — Mimmroctpanust JUIMHBI BOJHBI

Kpumepuii pazoenenus npoyeccos Ha KoiedamenbHovle U 60JIHO8bLIE

IlycTh XxapakTepHble pa3Mepbl cUCTEMBI cocTaBistoT L. Toraa
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. <A KoJlebameibHblll npoyecc,

> A gonnosot npoyecc. Cucmema— pacnpeoeneHnas

Yacmoma u 8601HOB0€E YUCTIO
BrisiBUM B3aHMMOCBSI3b MCIKIAY HHKJIquCKOﬁ I'IaCTOTOI‘/JI, IIJIHHOﬁ BOJIHBI H

BOJIHOBBIM 4YHUCJIOM, I/ICHOJIBBYSI AJIS1 9TOT'O UX OHpC}ICHCHI/IH:
2
[uknnyeckas yacrora: @ = 7 =2rnf.

JlnvHa BOJTHBI A TI0 CBOCH CYTH A6/1A€MCA RPOCHPAHCHIBEHHBIM REPUOOOM
u umeem 0OPAMHYIO GeIUYUHY — 80JIHOB0€ YUCIIO, KOTOPOE TaAKKE MOXKET Tpak-
TOBAThCS KaK «MPOCTPAHCTBEHHAS] YAaCTOTa» (WIJIM YUCIIO BOJIH, IPUXOASAIIMXCS Ha
TUTUHY 27T ):

_2r
-

k (2a)

MDaKTUYECKHU BOJIHOBOE YHCJIIO OIIPCACIIACTCA CKOPOCTBIO BO3pPACTAHUA (1)8,30-
BOT'O Yyriia, HpHXOI[HH.[CﬁCH Ha CIWHUNIY IJIWHBI, OJIA (bHKCHpOBaHHOI“O MOMCHTA

BPEMEHH:

k:

@ (26)
.

C ydyeTom BeIpakeHUs (2a) ypaBHEHHUE KOJeOaHUs YaCTHUIIbI IIPUBOIUTCS K BUY:
U(t,x) =U, cos(oxt — kx+ ¢@,) =U, expli(ot —kx +@,)], (3a)
rie U, - MakcumasnabHOE OTKIOHEHHE KOJeOaHHs OTHOCHUTEIHLHO PAaBHOBECHOTO
COCTOSIHUSA, T.€. aMnaumyoa Kojaedanuil, pa3MEpHOCTb KOTOPOM ompeaensercs
MIPUPOJION TAPMOHUYECKOTO KOJICOAHHUS;
@t —kx+@, - ¢paza konebanuil, xapaxTepu3yomas ONpeaeIeHHOE (MIHOBEH-
HOE) COCTOSIHUE JBUKEHUS YaCTHI] CPEIbl TIPU TPOXOKJICHUU BOJIHBI,
@, - HadyanbpHas (a3a KosnebaHuil, onpeaenseMas HCTOUHUKOM KOJIeOaHHH.
C ucnosb30BaHUEM MOHATHUS (Pa3bl BOJTHBI BBOAUTCS OIPEIeICHUE BOJTHOBOM
noBepxHocTH ((hpoHTa BOJIHBI). [[aHHOE OompeiesieHne CIpaBeIJIuBO JJIsl OTMMCAHUs

mponecca pacripoCTpaHCHUA B TPCXMEPHOM ITPOCTPAHCTBE (06’E>CMC).

C ydyeTom moTepsb B cpejie, COOTHOIIeHUE (3a) MpUHUMAET BUJT
16



U(t,x) =U, expli(or — kx)]exp(—yx), (36)
e ¥ - ko3 dUIMEHT 3aTyXaHus BOTHbI [M™'].

I[JISI aKYCTI/I‘{CCKOﬁ BOJIHBI KOB(i)(i)I/II_II/IeHT 3aTyXaHUs CBA3adH C MMapaMCTpaMu

Cpcabl COOTHOUMICHUCM

20°N

(38)

= 3 N
3pycy
1M - K03 HUIMEHT CABUTOBOH (TTOTIEPEUHOM ) BI3KOCTH;
P, - PABHOBECHAs IJIOTHOCTb CPEIBI;

C, - CKOPOCTb 3BYyKa B CPCIC.

Bonnoeoit nosepxnocmuio (pponmom 60.1Hbl) HAZBIBAECTCS T'E€OMETPHUYE-
CKOE€ MECTO TOYEK Cpefibl, KoJeOmomuxcsa B oqHou ¢aze. Ecnu ammintya BOIHBI
BO BCEX TOUYKax ()pOHTA OJIMHAKOBAS, 60JIHA HA3BIBACTCS OOHOPOOHOU.

Pacnipoctpanenue BoiH 1000 NpUPOABI JETKO MOHITh U O0BSCHUTD, €CIH
oOpaTtuthcs K npunyuny I'toiizenca, KOTOPHIN II1ACUT:

Ka)KJ1asi TOYKa CpeJibl, BOBJIEYEHHAs! B BOJIHOBOE JIBH)KEHUE, CTAHOBUTCS HC-
TOYHUKOM HOBOM BOJIHBI, HA3bIBAEMOU 21€MEHMAPHOU BOIHOU.

Ha6mromaembliii BOIHOBOM (DPpOHT MpeAcTaBiIsieT cOO0N pe3ynbTaT CIOKEHUs

MHOXCCTBA 3JICMCHTAPHBIX BOJIH, KdK ITOKA3aHO HAa PUCYHKC 2.

Pucynoxk 2 — Mnmroctpanus npuniumna [ roireHca mo mojaoxeHuto GpoHTa BOJTHBI
B Pa3JIMYHbIE MOMEHTHI BpEMEHU

HpI/IHI_II/IH I'toiirenca CIIpaBCJINB OJIs1 BCEX BHUJOB BOJIH, B TOM YHCJIC JIA

AKYCTHYCCKHUX U 3JICKTPOMArHUTHBIX.
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PacnipocTpaneHune BOJTHBI MPOUCXOAUT B HANPABJICHUHU, IEPIICHIUKYISIPHOM
nmoBepxHOCTH PpoHTa. B 3aBucuMoctTu OT BUAa (PpoHTa BOITHBI KJIACCUPUIIUPYIOT-
Csl Ha IUIOCKHE, chepruUuecKe U IUINHAPUIECKHE.

B miockoil BoJHE BOJHOBBIE MOBEPXHOCTH MMEIOT BUJAE IUIOCKOCTEH, Kak

MOKa3aHO Ha PUCYHKeE 3.

Pucynoxk 3 — [lepemenienue GppoHTa MIOCKOH BOIHBI

ITonatue naockoit 6onnvl sBNASETCS yAOOHBIM 00OOLIEHHEM, OCKOJIBKY B
npupoje OECKOHEUHO NPOTSIKEHHBIX HUCTOUHUKOB HE CYLIECTBYET.
VYpaBHEHHE pacIpOCTPaHEHUS IJIOCKOM BOJIHBI B MMPOM3BOJIBHOM HallpaBJie-

HHHU UMCCT BU/:

U=f-5=re-", 4)
Vv Vv

—_—

TI€ rn=Xxcosa + ycos B +2zcosy;

—

a, B, ¥ - YIabl MEXAY BEKTOPOM HOPMAJIHM 7 U OCSAMH JIEKapPTOBOM CHUCTEMBI

KoopauHaT. ['eoMeTpus 3ajaun MoKa3zaHa Ha PUCYHKE 4.

'\:'rl'-l

0 N X

Pucynok 4 — ['eomeTpust 3a1a4u O IJIOCKOM BOJIHE
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JIJIst 4acTHOTO CITy4asi TapMOHHYECKOM BOJTHBI CIIPABEIJINBA 3aIKCh:
U=U,cos(wt—-kr), (%)
rae Kk - 60110601 6eKmop, ONPENENAEMbI BBIPaKEHHEM

k=—n="=n. (6)

OTMCTI/IM, 4dTO B OTJIMYUC OT BOJTHOBOI'O BCKTOpaA ¢)a30Ba51 CKOpPOCTB vV HC B-

JICTCST BCKTOPOM. I[aHHBIﬁ BBIBOJ CJICAYCT U3 TOr'0, 4YTO B JIr000M HallpaBJICHUH,

COCTAaBJIIOIICM YI'OJl o € BOJITHOBBIM BCKTOPOM k, CKOPOCTDH IICPCMCUICHUA (1)3351

paBHa >V, a HE vcosa , KaK JOJDKHO OBITh, eciiu Obl (ha30Basi CKOPOCTH SIB-

cosa
Js71aCh BEKTOPOM.
Cdhepuueckaa 6onna B 0IHOPOJHON M3OTPOIHON Cpenie, pacXoAsuiascs OT

TOUYCYHOI'O UCTOYHHKA, OIIMCBIBACTCA COOTHOIICHUCM .
U r
_ Yo
U= f (t - _) s (73.)
r A%

rac r — paCcCToAHUC OT TOYCHHOI'O NCTOYHUKA. Ha PUCYHKC 5 mokazaHa reoMeTpusa

(dbponTa chepuuecKkoil BOJIHHI.

Pucynoxk 5 — Unmoctpanus pponTa cheprudeckoit 37eKTpOMAarHUTHOW BOJTHBI
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Pucynok 6 — Pa3buenue npoctpancTBa BOKPYI UCTOYHHMKA HA 30HBI:
1 — OnmoKHSIS; 2 - TPOMEXKYTOUHAsT; 3 - TaNbHISA

B ywactHOM ciaydac MpOoIdOJbHBIX MOHOXPOMATHUYCCKHX KoJeOaHui YpaBHC-

Hue (7a) npuHUMaeT BUA:
U,
U=—exp(owt—kr). (76)
r

HcToYHUKOM CEepUYecKUuX BOJIH, PaCHpPOCTPAHSIONIUXCS B pagdaibHOM
HaIPaBJIICHUHM, MOXKET CIIY)KUTh TOYCYHBIM W3JTydaTelnb. [Ipu aHanmmM3e CTPYKTYpHI
M3JIy4ae€MOT0 MM TIOJIsI TPOCTPAHCTBO BOKPYT HEro pa30MBarOT Ha TpU 30HKI (00Ja-

CTH): OJMKHIOI0, MPOMEKYTOUHYIO U JAJIbHIOO, KaK MOKa3aHo Ha pucyHke 6. Kpu-

TepHeM pasJIelicHus SBISeTCs yIaleHne TOUKH Habmonenus /A ot ucTounuka (B
JUTMHAX BOJH): OMvkHAS 30Ha, ecnu 7/ A<<l; mpomexyrounas 3oHa mim 30Ha
®penens, 1ua kotopoit #/A=1; nanpHsas 30Ha (30Ha U3MydeHus, 30Ha PpayHro-

depa, Ans KOTOpoii BHIMONHAETCS HepaseHcTBO 7/A>>1. B namsHeii 30me mome

ABISACTCA KBA3HUIIJNIOCKMM, B OCTAJIBHBIX 30HAX — 3TO BOJIHA CO C(I)epI/I"ICCKI/IM (1)pOH-
TOM.

C YUCTOM pPa3aCICHUA IMMPOCTPAHCTBA BOKPYT HU3JIyUATCIII HAa 30HBI OTMCTUM
ABa OTIIMYHA BBIPAXKCHUS, OIIMCBIBAOIICTO cq)epnquKy}o BOJIHY, OT aHAJIOTUYHOT'O
BBIPAKCHUA J1JIA IJIOCKOM BOJIHBI:

- HAUIMYKAE MHOXKUATENS 7~ )
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- B ()a30BOM COMHOJKUTEJIE CTOUT HE CKaJSIPHOE MPOU3BEICHUE, a IPOU3BE-
JIEHHE BOJIHOBOT'O YUCIIA kK HA PACCTOSIHUE 7.

Kpowme Toro, cymiecTByeT OTau4Me U B Crioco0e MPOXO0KIeHUs chepuuecKkon
BOJIHBI: B K@XKJOM TOYKE CpeJlbl BCeraa HaOI0a0TCs KaK CTYIEHUs, TaK U pa3-
psokenus. [lnockas BoiaHa MOXKET COCTOSITh TOJIBKO M3 OAHUX CTYLIEHUW WU pas3-
PSIKEHUN.

Jpyroii Ba)HbII BUJ CUMMETPUYHOW BOJIHBI — YUAUHOPUUECKAS, PACXOS-
nascs, HalpuMep, OT UCTOYHUKOB, PABHOMEPHO PACHPEAEIICHHBIX BAOJIb OCH B
oJIHOpoHOM cpene. ['eomerpust ppoHTa UIAMHAPUYECKON BOIHBI TOKa3aHa HA PU-
CyHKe 7.

CtpykTypa HMIMHIPUYECKOW BOJIHBI 3HAUUTEIHHO CIOXHEE chepuyeckoin
BOJIHBI, a €€ popMa He MOBTOPSET BPEMEHHOT'O MOBEIEHUS (QYHKIIMH UCTOYHHUKOB.
Bonna TsaHeT 3a co00it mnoTHbIN «ueid». Y Tobko Ha OOJIBIMIMX pacCTOSHUAX R
OT UCTOYHMKA (OONBIIMX MO CPABHEHUIO C XapaKTEPHBIM IMapaMeTpPOM JTaHHOM

BOJIHBI) €€ MOXHO IIPCACTABUTDb B BUIC:

_——.—

-7 ™o
N
: “a___>l<\|H
! FV'o,
as

/

f

|
by, |
=],

3

”
/";
{
l

bxy), \f

=) T

Pucynoxk 7 - Unmtoctpanus GppoHTa MUIMHAPUIECKON FIEKTPOMArHUTHON BOJIHBI

_Uy o 1
U—Jﬁﬂva) (8)
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B vactHOM ciIydac MOHOXpOMaTHqCCKOﬁ BOJIHBI BBIPAKCHUC (83) MMPpUHUMACT BU:

U= &exp(w t—kR). (80)

JR

CpaBuuM Bblpaxkenus (70) u (80) mist chepuyueckod U UUIMHAPUYECKON

BOJIH. OCHOBHBIE pa3zauyuMs HaOIIOAAI0TCA B paAMalIbHONW 3aBUCUMOCTH: B cepu-

1 1/2

YECKOM BOJIHE aMIUIMTYAA 3aTyXaeT KaKk r  , B HWIMHIPUYECKON BOJHE KaK 7~
OTtcroia MOXHO cJlieflaTh CICAYIONIUN BBIBOJA: Ha OOJIBIIMX PACCTOSHUSAX IUJIMH-

APHUYCCKasd BOJHA 3aTyXaCT MCIJICHHCC, YCM cq)epnquKaﬂ.

2. DHeprusi BOJHbI HAa IpUMepe MONEPeYHbIX KOJIe0aHUH CTPYHBI

BonHoBbIE mpoliecChl U3YyYarOTCsl B PA3IMYHBIX 00MacTaX (U3UKU, HANpH-
Mep, DJIEKTpOJAMHAMUKE, (PU3UKE IJIa3Mbl, ONTHKE, aKyCTHUKE, TUIPOJUHAMUKE U
T.1. MexaHu3Mbl paclipoCTpaHEHHs] BOBMYIIEHUHN B TaHHBIX 00JaCTAX CHIIBHO pa3-
JUYAIOTCS, OJHAKO UMEIOTCS oOlue JJIsi BCeX THUIIOB BOJIH XapakTepucTuku. K
HUM, B YaCTHOCTH, OTHOCSITCSL:

- DHEprus;

- UMITYJIbC;

- CKOpPOCTb paclpOCTPaHEHHs BO3ZMYILECHHUS.

beryiue BoJIHBI MOJOOHO IBHXKYIIEMYCS OOBEKTY MEPEHOCAT SHEPTUI0 U
o0nanaT umnyascom. VIMiyibc — NponU3BEACHUE MACCHI OCLMIUIATOPA HA MPOEK-
LU0 CKOPOCTH HA OCh PACIIPOCTPAHECHUS BOJIHBL:

p=my,. 9)

Jlsist pactipocTpaHeHUs! BOJIHBI MEXAY JBYMsI TOUKaMU MPOCTPAHCTBA HEOO-
XOOUMO OIPENEIIEHHOE BpeMs. OTO O3HAYacT, YTO 60JIHblL 001a0al0m KOHEUHOll
cKopocmbio. Ee BenuunHa 3aBUCHT OT CBOMCTB cpenbl. [Ipu 3TOM crenyeT uMeTh B
BUJY, YTO OTJEIbHBIE YACTUIBI HE PACIPOCTPaHAIOTCS ¢ BoiHamMHu, OHU KOyeO-
JIOTCSI OTHOCUTENIBHO CBOUX TOJIOKEHWW PABHOBECHS B NONEPEYHOM HIIA IPO-
J0JIbHOM HalpaBiieHUU. B xauecTBe BOJH HAaOIIOAAETCSA HE PacHpOCTPAHEHUE 4Ya-
CTHI] (OTIENIbHBIX OCHHUIISITOPOB) B cpefie, a uX (a30Bble COOTHOIICHHS. Takum

06pa30M, CKOpocCmb 60/IHbl HE eCmb CKopocHib osudIceHUs mamepuailbHblx ua-
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cmuy, a CKOpOCmb pacnpoCcmpaneHus UMnyJibCca, bl3bl6aAl0u|e20 cmeujenue 4a-
cmuy.

JJisi MHOTUX BHJIOB BOJIH XapaKTEPHO C8OUCH O TUHEHHOCHU.

Boanwvl nazviearomcen nuneinvlmu, €Clii OHU He BIUSIOT Ha pacrpocTpaHe-
HUE JPYTUX BOJIH U BCIEICTBUE ITOTO MX COBOKYMHOCThH MPEICTaBISET COOOM
MPOCTYIO CYMMY 3THUX BOJIH (HPUHYUN CYREPROZULUN).

MHorue BOJIHBI OJIM3KHU K JTUHEHHbIM. OTHaKO B OOIIEM Cydae BOJHBI ObI-
BalOT U HeJMHEeHHbIMU. Hampumep, 3ByKOBbIE BOJHBI OOJIBIIONW MOIIHOCTH, B3au-
MOJICHCTBHE MOIIIHOTO 3JICKTPOMArHUTHOTO U3JIYyYEHUS C TUIa3MOH U T.]I.

JIBrokyIiasics BOJIHA, MOAOOHO JIFOOOMY JBKIKYIIEMYCSI OOBEKTY, HECET
SHEPTHUI0 OT OJJHOM TOUKH MPOCTPAHCTBA K APYroul (OT MCTOUHUKA K MPUEMHUKY).
[Ipu 3TOM MepeHoC IHEPrUur MPOUCXOTUT O€3 MmepeHoca BeIecTBa CPeibl, XOTs ca-
Ma cpejla BOBJICUEHA B BOJIHOBOM Mpollece Nepeaadn dHeprun. Benuunna sHepruu,
MEPEHOCUMON BOJIHOM, MOKET MEHATHCS B IIMPOKUX Mpeaenax. Tak, MIOTHOCTb

IMIOTOKAa MOIIHOCTH 3JICKTPOMAIrHUTHOI'O II0JIS, CO3AaBaACMOI'0 JIa3€pOM, MOKECT CO-

CTaBJIATH 1O 10" Br/m® B6mmsu po0ost Bo3ayxa. MOITHOCTh e 3BYKOBBIX BOJIH
YeJIOBEUECKOIo rojioca OYeHb He3HauuTeabHa. Hanmpumep, MHTEHCUBHOCTH 3BYKO-
BBIX BOJIH Ha MOPOTe CIBIIIMMOCTH UX YeJOoBEeKOM Ha yactoTe 1 kl'1 cocramisier
Beero 107 Br/m?.

DHeprus BOJHBI B YIPYrod cpelie COCTOUT M3 KMHETUYECKOW DHEPTrUM ua-
CTHUI[ BEIIECTBA, COBEPIIAIONIMX HEOOIbIINE KOJICOaHUs, U U3 TOTCHIMAIbHOU
SHEpruM ynpyrou negopmaruu cpeabl. [loaydum COOTHOIIEHHUS, ONMUCHIBAIOIINE
IJIOTHOCTh YIPYrod (MOTEHIMAIBLHON) PHEPrUM Ha MpUMEpPEe pacTSHyToro (WUiau

CKaToro) cTepkHs. JlJIst 3TOro MpennoaoXuM, 4To K TOPIY CTEPXKHsS, BTOPOM KO-
HeI| KOTOPOTO 3aKperlIeH, MPUKIAAbIBACTCS pacTaruBaromas cuna (X)), menmnen-
HO yBennuuBatommasics ot 0 1o 3Hauenus Fy. YanuHeHUe CTEPHKHS IPH 3TOM OyeT
MeHsATbes oT 0 1o x. 1o 3akony I'yka numeem:

F(x)=kx, (10)
rjae kK - KOG GUIUMEHT yIpyrocTu.
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Pa6ota cuiel F(x) B 3TOM mporecce

A:J{F(x)dx:Kjixdx:K—x2
0 0 2

UJET Ha yBEIUYEHUE yIpyro sHeprun U cTep:KHS, CIEA0BATENBHO,

2
KX
U=="_. 11
5 (11)

B cBo10 ouepenb, MIIOTHOCTh YIPYTroi SHEPTUU onpenensercs popmynoit

rae S, / - IIoaas MONePEYHOrO CEUCHHUS U ITTMHA CTEPIKHS COOTBETCTBEHHO.
C y4eToM TaHHOTO BBIPKEHHUSI, & TAK)KE UCTIONB3Ys CBSI3U
kx=F=0S8S,0=F¢,e=x/V,
TlIe ¢ - OTHOCUTENbHAs ehopMallyst CPEIIbL;
E - moayne FOmra,

BeIpaxkeHue (11) npeobpasyercs K BULY

2
U:QZGSM:E&‘ S0
2 2 2

N3 anamuza HAHHOTO BBIPAXCHUSA HCCIOXHO 3aMCTHUTb, YTO INNIOTHOCTb

yIPYroil 3HEPIruu paBHA

Eg’

W, =— (12)
2

[Ipu npoxoxkAeHUHN MPOAOJIBLHOM BOJIHBI B CTEP)KHE KaXKJas equHuIa 00beMa

ero 00yagaeT Kak NOTEHUUAIbHON 3HEPTUen ynpyro aegopmanuu W,, Tak U Ku-

HETUYECKOW SHEpPrucu

2
w:pU,
‘ 2

rae O - JMHENHas IUIOTHOCTh MaTepuasia CTePKHS.
II10THOCTH MOJIHOM YHEPIUU paBHA

2 2
w:wK+wn:pU +E78. (13)
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2
I[JISI pacCMaTpuBacMOIro TOHKOI'O CTCPIKHA EZIDV , CJICAOBATCIIBHO, BbIPA-

xenue (13) MoxeT ObITh TPeoOpa3oBaHO K BUIY:

0 8U2+ ,(oUY

v v 14
W ) T U (14)

Ananu3 cootHomeHus (14) mokaspiBaeT, 4To 00a cilaraeMblX paBHbBI JAPYT
ApYyTy, T.€. IJOTHOCTU KMHETUYECKOW M YNPYroil HEpruu OJUHAKOBBI U U3MEHS-

10TCs cuH(as3Ho. B pesynbrare nmeem
w=pU”>. (15)
Jliist 9acTHOTO City4as rapMonudecko Bosubl & =U,cos(wt—kx) u
w=pUiw’sin’*(wt —kx), (16a)
WK C UCIOJBb30BAHUEM 3KCIOHEHIIHAIBHOW (POPMBI MPEACTAaBIECHHS TapMOHHYE-

CKOM BOJIHBI
w=—pU; exp(iot) exp(—ikx)(a)2 + vzkz). (160)

COOTB@TCTBYIOH_ICC pacipcaciicCHuC SHCPrun VV(X) BOOJIb CTCPIKHA B HCKO-

TOPBIII MOMEHT MTOKa3aHO Ha PUCYHKE 8.

Ut
w“,wn
(& [
[ —
~ -
0 ~a_ - x
U

Pucynok 8 — Pacnpenenenue s3Hepruu B10JIb CTEPAKHS B HEKOTOPBIA MOMEHT BPEMEHHU

CpenHee 3HaueHUE IUIOTHOCTH DHEPTUM 3a Mepuoj (WJIM 3a BpeMs 3HAUH-

TeJIBHO OOJIbIlIee Mepruojia KojieOaHuii) paBHO:

()= 2 a7

IMOCKOJIBKY CPCAHCC 3HAYCHHUC KBaApaTa CHHYCA PABHO 0,5
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3. IITOTHOCTH MOTOKA IHEPIrUH

B cBs13u ¢ Tem, 4TO PHEpPrus NepeMeIaeTcs B cpejie BMecTe ¢ BO3MYILECHHU-
€M, BBOAUTCS MOHsATUE NoToKa »Hepruun . Ilomox snepzuu — 3TO KOIUYECTBO
SHEPIUH, IEPEHOCUMOE BOJIHOW Yepe3 ONPENEICHHYIO TOBEPXHOCTh S B €AMHUILY

BPEMEHH:

_aw

O=—"
dr

; (18)

rne dW - sHeprus, nepeHocuMas uepe3 JaHHYI0 TTOBEPXHOCTH 3a Bpemst df.
BBenewm eiiie 01HO onpenieNieHue, XapaKTepu3yolllee HHTEHCUBHOCTh MOTOKA

HHEPTrUU — BEJIUYHUHY TUIOTHOCTH MOTOKA 3Hepruu. Ilnomuocmes nomoka snepzuu

—3TO TOTOK DHEPruu Yepe3 EIWHUYHYIO IUIOMIANIKy, NEPHEHIUKYIIPHYIO K

HaIlpaBJICHUIO IICPCHOCA SHCPIUH:

(19)

e

vdt

Pucynoxk 9 — [losichenne k ¢hopmMyIie TNIOTHOCTH MOTOKA SHEPTUH

dW - 910 PHeprus, 3aKIOUeHHAss BHYTPU KOCOTO HWJIMHJAPA C OCHOBAaHHEM ILIO-
maneto dS wm oOpasyromeidt mmmHON vdf. PasMepsl munmHApa ITOHKHBI OBITH
HACTOJIKO MaJibl, YTOOBI BO BCEX €r0 TOYKAaX IUIOTHOCTh PHEPTUU W ObLia ObI OTU-

HaKOBOM. HpI/I HAaHHBIX IPCAIIOJIOKCHUAX MOKHO 3allUCATh:
dW =wvdtdS cosor = wwdedsS | .

C y4eToM NOJy4EeHHOT'O0 BBIPAKEHUS BEIUYMHA TUIOTHOCTH MOTOKA SHEPTUH,
onpenensemas Gopmynoit (19), npuaumaeT Bu:

J=wy. (20)
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I[JISI OIIPCACICHUS INNIOTHOCTHU ITOTOKA U €T'0 HAIIPABJICHUS BBOIAT 6E€KmoOp Ymosa:

j:WV9 (213)

—

I7Ic V - BEKTOP CKOPOCTH, HOPMAJIbHOH K BOJIHOBOW MOBEPXHOCTH B JJAHHOM Me-
CTe.

CootHomenue (21a) cnpaBeaIuBoO TOJBKO A1 Oeryiieit BoyHbl. Eciu ume-
€TCs CyIepIo3ulius (HajJ0KeHHE) HECKOJIBKO MTPOIOJIBHBIX BOJIH, TO BEKTOP YMOBa
MIPUHUMAET BU/I:

j=-ou, (216)

I7ie o - HanpsbKeHue (WU U30bITOYHOE JIaBJICHUE);

—

U - BEKTOP CKOPOCTH YaCTHUII CPeJibl (HE CKOPOCTH BOJIHBI).
OtMeTuM, 4TO, B CBOIO Oo4Yepe/lb, BeipaxeHue (210) crnpaBeyIuBO IJIs KU~
KHX U ra3000pa3HbIX Cpell, I TBEPIbIX CPed — TOJIbKO B ClIydae TOHKOTO CTEpPK-
HsI WJIA TOHKOW TJIacTUHBL. BekTOop YMOBa BCerja noioKuTeIbHbIN.
J171s1 TapMOHMYECKOM BOJIHBI BEKTOP YMOBa NMPUOOPETACT BU/T

- -
j=—n.

k
B ciaydac MOHOXpOMHOﬁ BOJIHBI BCKTOP J , KaK U IINIOTHOCTb SHCPIrUH, U3MCHACTCA

CO BpEMEHEM IO 3aKOHY KBajparta cuHyca (16a). B cBs3u ¢ aTum cpennee mo Bpe-

MCHH 3HAUCHHC BCKTOpA VYMoBa ¢ YUCTOM (17) MOZKHO 3aI1iCaThb B BUJC:

<}'> - %02”2;. (22)

CpeL[Hee IO BPEMCHHU 3HAYCHHC IIJIOTHOCTH IMOTOKA DHCPIUU HA3BIBACTCA UHMIEH-

1:<}>.

Takum 00pazoM, BeKTOp YMOBa MOKa3bIBAECT HAIpaBICHUE PACIpPOCTpaHE-

CUGHOCHMIBIO 60/IHbL.

HUSI DHEPIUU BOJIHBI, & €T0 MOJYJb — IJIOTHOCTH IIOTOKA SHEPTUH.
JIJist 5IeKTPOMAarHUTHON BOJIHBI (DU3UYECKUN CMBICI BEKTOpa YMOBa HMEET
BekTop IlokiHTHHTrA:

=[E,H], (23)
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OHpCIICJISIIOI_HI/Iﬁ IUNIOTHOCTH ITIOTOKAa MOIITHOCTH, a4 TAKXXC HAIIPABJICHUC PaACIIPO-
CTPAaHCHUS BOJIHBI. OpI/IeHTaI_II/ISI BCKTOPOB N3 JAHHOTO COOTHOIICHUS IMOKAa3aHa Ha

pucynke 10.

Pucynok 10 — OpueHTanusi BEKTOPOB JIEKTPOMArHUTHOW BOJTHBI

Cpennee 3nauenue Bekropa lloliHTHHra Oy1eT OnpeaensiThCs BhIpaKeHUEM

I =%[E,H*], (24)

IZl€ CUMBOJIOM «™» 0003Ha4€HO KOMILIEKCHOE COIPSKEHUE.

Ilo u3BeCTHOMY BEKTOPY YMOBa BO BCEX TOUYKaxX MOBEPXHOCTH S MOYKHO
ONPENENNUTh NOTOK SHEPIUU CKBO3b JAHHYIO MOBEPXHOCTh. C 3TOM LIENIbIO MOBEPX-
HOCTh S MBICJIICHHO pa3OuBaeTcsi Ha snemeHTapHbie yuacTku dS . IToTok sHeprun

4yepe3 ATOT YUacTOK OyAEeT ONpeeNaThCsl BhIpaXKEHUEM

d® = jdS = jdScosa = jdS = j dS, (25)

—

Tac jn - IIPOCKIHA BEKTOpPaA J Ha HOpMAaJIb /1 K 3JICMCHTY IIOBCPXHOCTH dS,
dS=ndS.
C YUCTOM COOTHOIICHUA (25) MOJHBIM NOTOK OHCPTUU CKBO3b ITOBCPXHOCTH

S 6YJICT OIIMCBIBATHCA BBIPAKCHUCM
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®=[jdS=]},ds. (26)
N N

duznyeckuid cMbICH BhIpaxeHus: (26) — MOTOK SHEPTUU PABEH MOTOKY BEK-

TOPp INIOTHOCTH IIOTOKA SHCPTUHU J CKBO3b ITOBCPXHOCTb S.

Jlekuus 3. BosiHOBbIC YpAaBHEHHUS B Pa3JIMYHBIX Cpeaax
Bb1600 601108020 ypasHeHus nonepeunsix 8011 Ha cmpyHe. Pewenue 8oaHo-
8020 ypasrerus. Cmosuue 8oaHbL U ux snepeus. Ippexm [Jonnepa 0ns 36yK0GbIX
601H. Dppexm [lonnepa Ons 31eKMpPOMASHUMHBIX BOJIH

1. BbIBojJ ypaBHeHHsI MONEPEYHBIX BOJIH HA CTPYHe

BeiBeem BOIHOBOE ypaBHEHHE JUIS TOMEPEUHBIX OEryIIMX BOJH B HETpe-
PBIBHOI cpene. B kadecTBe Moneny cpebl pacCMOTPUM HETPEPHIBHYIO OJTHOPOI-
HYIO CTPYHY, JIEBBII KOHEIl KOTOPOU HAXOAUTCS B Touke X = 0.

BosneiicTByeM Ha KOHEI[ CTPYHBI MOTIEPEYHON TapMOHUYECKOU CHIIOi. I'eo-

METpHS 3a7a4u M0Ka3aHa Ha pUCYHKe 1.

X xtdx
Pucynok 1 — CrpyHa noj Bo3/1eliCTBUEM NONEPEUHOMN CUJIBI

PaCCMOTpI/IM BCPTUKAJIBHOC CMCUICHUC U KOPOTKOI'O OTPC3Ka CTPYHBI, KO-
TOpBIﬁ MOXHO CUHUTATH IMPOCTBIM I'APpMOHHYCCKHUM OCHUIIIIAATOPOM. BepTI/IKaJ'IBHBIe
CMCIICHUA U »toro OCHUJIIATOPA M3MEHSAIOTCSA B 3aBUCMMOCTH OT BPEMCHHU [ H
KOOPAWHATHI X. Bonnosoe YPaBHCHUC CBA3BIBACT JAHHBIC TPU IIApAMCETPHI.

BYJICM CUNUTATh, YTO CMCIHICHHUC CTPYHBI IIPOUCXOAUT TOJIBKO B IINIOCKOCTH

(x,U), T.e. monepeyHbie BOJHBI Ha CTPYHE IJIOCKOMOISPU30BAHbI, & BEKTOP CMe-

menns U TepneHIuKyIsIpeH OCH X B JIF0OOW MOMEHT BpeMeHHu. [Ipu maHHBIX 10-

29



NYLIEHUSIX Tpolecc KojiebaHus MOKHO onucaTh ogHou ¢yHkuuen U (x,t), xapak-
TEPU3YIOLIEN BEPTUKAIBHOE IEPEMELICHUE CTPYHBI.
IlycTp nuHENHAs IIOTHOCTh CTPYHBI paBHA O, @ HATSKEHUE BJIOJb CTPYHBI

N . Ilonaraem BCIIMYNHY HATAKCHUA MMOCTOSIHHOM BCHHqHHOﬁ, HC BaBHCHHIGﬁ OoT
CMCIICHUA Un KOOPAWHATHI X.

PaccmoTpuM yyacToOK CTpyHBI JJIMHOU

3)

Ha oxnom KoHIIE »pJIEMEHTa HCﬁCTByeT HaTAXKCHUC N, HaIIPaBJICHHOC II0J

yrioMm 6 K ocH x, Ha IpyroM — oA yriaom 6 + d6 . Ecnu Bennunna e Majna, TO
X

vy

Oox

<<1.

B pesynbTare cooTHomeHue (3) MoKeT ObITh 3alIMCAaHO B BUJE
ds ~dx.
[Ipu aTOM Macca 3emMeHTa CTpyHbl OYJIeT ONPEIEATHCS BEIPAKEHUEM
m= pds = pdx.
3anuiieM ypaBHEHUE dJIEMEHTa CTPYHbI, UCIIONb3Ysl BTOpOW 3akoH HbroTo-
Ha:
o’U
or’

F=m . 4)

Cuna, IeicTByIOmas Ha 3JICMEHT ds B HANpaBIICHUH TOJIOKHUTEIBHBIX CME-
menuit U, OyaeT paBHa
F =N(sin(0+df)—sinb).
JIJIst MaJTbIX 3HAYCHUH yTiia 6 CrpaBeJIMBO COOTHOIICHHE

sinf =~ tgf =8—U.
ox

C YUCTOM JAHHOTO IIPCAIIOJOKCHNA MOKHO 3aIllMCaTh:
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IR B

N3 (4) u (5) cnenyet, 4to

2
mZY _ N(sin(6+ d6) - sin6).

2

CnepnoBatenibHO, COOTHOIIEHKE (4) MOXKET ObITh MPE0OPa30BaHO K BUAY

o°’U oU oU
O
ot OX )oiqe \OX ).
YuurteiBas, 4To
(6Uj (6Uj oU
— —| — | =——dx, MOXHO 3aIucaTh
oX ).qe \OX ). — Ox
2
F=N ( 0 12]] dx .
ox
3anuiiem ypaBHeHue (6) B BUae
2 2 2 2
Naij:paijdx = 8(2]:£8(2]‘
ox ot ox~ N ot
N 1
CooTHOLIEHME — WMMEET Pa3sMEPHOCTh KBaApaTa CKOPOCTH, T.€. — =-—.
P p v
CrnenmoBatesibHO, MOXHO 3alKcaTh OJJHOPOJHOE BOJIHOBOE YPaBHECHHE B BUJIC:
o’'U 10U
—— =0. 7
ox> v ot @

Ananus HaHHOT'O COOTHOIICHUS ITOKA3bIBACT, YTO BOJHOBOC YPABHCHHUC, OT-
HOCAIICCCA K I[I/I(l)(l)epeHHI/IaJIBHOMy YPAaBHCHUIO B YaCTHBIX ITPOU3BOAHBIX BTOPOT'O
mopsaaxKa FI/IHep6OJII/I‘ICCKOFO THUIIA, CBA3BIBACT YCKOPCHUC T'APMOHHUYCCKOTI'0 OCIIUII-
JITOpa B Cpeac Co BTOpOfI HpOHSBOI[HOﬁ €0 CMCIICHH:A 10 KOOPAHWHATC X. TpaI[I/I-

IIMOHHO OHO 3alKChIBAE€TCS C MCMOJIb30BaHHEM orepaTopa Jlamnaca (JlarmacuaHa)
2
WM orepaTopa «Habma B kBajapate» A=V~ :

2
FRL
v: Ot

0, (8)
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VYpaBHenus Buzaa (8), B KOTOPBIX MpaBasi YacTh paBHA HYJIO (T.€. UCTOYHUK BOJIHBI
HC qu/ITBIBaeTCH), HA3bIBAIOT OI[HOPOI[HLIMI/I ypaBHeHHHMH JlanaM6epa. HpI/I 9TOM
YpaBHEHHE MOKET OBITh KaK BEKTOPHBIM, TaK M cKajsipHbM. CooTHomieHue ()
O CBIBACT CKAJIIPHOC BOJTHOBOC YPABHCHUC.

BBIpa)KeHI/Ie orcparopa Jlarutaca 3aBUCHT OT I/ICHOJIBSyeMOﬁ CUCTCMBI KOOP-
JUHAT. B qJaCTHOM cnyqae ILeKapTOBOﬁ CUCTCMBI KOOpI[I/IHaT
o’U o'U o'U

AU =VU=—F+—F+—
Ox oy 0z

(9a)

JIns TIpOM3BOIBHOIN CHCTEMBI KOOpAMHAT oneparop Jlammaca ompenensercs (Gop-
MYJIOM:

AF =V*F =grad divF —rot rot F . (96)

Jln1s npuMepa IPUBEIEM OJHOPOIHbIE BOJIHOBBIE JIJI aKyCTHYECKOM U dJIeK-

TpOM&I‘HHTHOfI BOJIH. I[JISI aKYCTHqCCKOﬁ BOJIHbBI OHHU UMCIOT BH:

= 1A KoyieOaTeIbHOM CKOpPOCTH

- 1 8%
AV—F¥=O (IOa)
I

= 1A BOSMYHICHHOﬁ aKYCTquCKOﬁ IINIOTHOCTH.:

1 0°p
P, ———5t =0, (106)
v: ol
rzie ¥, - CKOpOCTh paclpoCTPaHEHHs IPOAOIBHOM BOJIHbI;
pa - BOBMYHIICHHAA aKyCTHYCCKaA INIOTHOCTb CPCAbI.

I[JISI MOHOXpOMHOﬁ G)HCKTpOMaFHI/ITHOﬁ BOJIHBI UMCIOT BU .

—

AE—%%t]ZE:O, (11a)
2

AH—cizaatf':o, (116)

1 .
rJe ¢ =———— - CKOPOCTb DJIEKTPOMArHUTHOMN BOJIHBI B CPEJIE;
\ EoHoeH

g,=1/(36m)-10” ®/m — sekTpUUECKas TTOCTOSHHAS;
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U, =4rm- 107" T'n/M — MarHuTHas MOCTOSIHHAS;
£, M - OTHOCHUTEJIbHBIC TUAJICKTPUUECKAs] U MarHUTHAsl IPOHUIIAEMOCTH Cpe-
TTBI.

Ananus MMPUBCACHHBIX BBIpa)KeHI/Iﬁ ITIOKa3bIBACT OJHOTHIIHOCTH HX 3allMCH,

4TO MOATBCPIKAACT O6H_IHOCTB ux (1)H31/IIICCKI/IX 3aKOHOB.

2. Pemenue BOJTHOBOIO YPABHEHUS
Kak u3BecTHO U3 Kypca MaTeMaTUKH, PEIICHUEM BOJHOBOTO ypaBHEHHUS (8)
SIBJISTIOTCSL IB€ (DYHKITUU, OTTMCHIBAOIINE TTPUXOISAIIYIO U YXOISIIYIO BOJIHBI, BUA!
U=f(t-—x), U=f,0t+x), (12a)
WJIY 3allUCAaHHOE B BU/JIE€ MOJIHOTO PENICHUS KaK CYNEPHO3UIIMY YACTHBIX PEIICHUN
U=f(t—x)+ f,(vt +x). (126)
[Ipeobpazyem onuH u3 BU0OB pemieHus (12a), UCroyib3ysi COOTHOIICHHUS:

a)=2—7[v=27rf; kzz—ﬁzg.
A A v

B PE3YIbTATC MOJIYyYACM:

U(x,t) = Aexp(i%r(vt — X)) = Aexp(i27(ft %)) _

= Aexp(io (t — f)) = Aexp(iw t —ikx) = Aexp(iw t) exp(—ikx) . (13)
v

Beimonnum ananu3 IMOJTYUYCHHOI'O BHJa PCIICHMUA. AMHJII/ITYI[a A OoNIpCaACIIACT

WHTEHCUBHOCTb KoyieOaHui. [1epBbIil SKCITOHEHIIMAIBHBIM COMHOXUTENb eXp(iw t)

OIIUCBIBACT I'apMOHHNYCCKHC KosaeOaHHus BO BPCMCHHN HUCTOYHHKA. BTOpOfI 9KCIIO-

HEHIIMAJIbHBIM COMHOXHUTEIh eXp(—ikx) onuceiBaeT a3y Oeryimeid BOJHBI.

HaHpaBJICHI/IC pacinpoCTpaHCHUA 3aBHCUT OT 3HAKA B IIOKA34TCJIC JKCIIOHCHTHI.
3Hak «MHHYC» COOTBCTCTBYCT BOJIHC, paCHPOCTpaHHIOHICﬁCH BJIOJIb OCH 0z B 1o-
JIOKUTCIIBHOM HAIIPpAaBJICHUU. 3HaK «IIIOC) - BOJIHC, paCHpOCTpaHHIOHICﬁCH B IIpO-
THUBOIIOJIOKHOM HAITPABJICHHUU. I/IJIJIIOCTpaI_II/IH JAaHHOTO ITponecca IMOKa3aHa Ha pHu-

CYHKE 2.

33



- -

Pucynok 2 — Muroctpanust peieHus: BOJTHOBOIO YpaBHEHHUS

Jl1st yIpyrux BOJIH CIIPABENJIUB RPUHUUN CYREPROZUYUL:

€CJIM J1B€ BOJIHBI SIBJISIFOTCS PELLIEHUEM BOJHOBOI'O YPAaBHEHMUS, TO PEILICHUEM
ABJIAETCS U UX JIMHEWHAsT KOMOMHAIHS.

PaccMoTpuM 1pyroy 4aCcTHbIN Cilydail BOJJHOBOI'O YPaBHEHUS, KOTOPBIN AaeT
HaM BO3MOHOCTb COCTaBUTh PELICHUE.

ITon0xkuM, 4TO UCTOYHUKU JIEKTPOMATHUTHOIO I10JII UMEIOT TOUCUHBIN Xa-
pakTep. s TOYEYHOro MCTOYHMKA IIOJIE U BCE €TI0 XAPAKTEPUCTUKHU SIBISAIOTCSA
(GYHKUMAMH TOJIBKO PACCTOSIHUS 7 OT TOUKH, IJIe HAXOJUTCS MCTOYHHUK TOJIs, /10
TOYKU HAOMIOACHUS U HE 3aBHCHUT OT YIJIOBBIX KoopauHat. [loaTomy B chepuye-

CKOM cUCTeMe KOOpJMHAT BOJIHOBOE ypaBHEeHUE (7) MPUHUMAET BUI:
—+—-——=0. (14)

[locne BBenenust GpyHKUMU w=ur ypaBHeHHUE (14) CBOIUTCSA K YpaBHEHHUIO

(8), HO 3aMCAaHHOMY OTHOCUTENBHO (QYHKIIUU W U PACCTOSHUSA 7'
————5=0. (15)

[Tonb3ysice pe3ynbraramu pemieHust (14), MOXKHO 3amucaTb, 4TO B Clydae

TOYCUYHBIX HCTOYHUKOB PCHICHUC OIMHCBIBACTCA q)YHKHHCIZ

u(x,t):%f1 x—% +%f2 x+£ : (16)
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Kak u panee aprymenTsl GyHKUMH f; U f>, Kak BUIHO U3 (16), «pacnpocTpa-
HSIOTCS» B HANPABJICHUM pajuyca ¥ O CKOPOCThIO ¢ U —C M UMEIOT OJMHAKOBbIE
3HA4YEHMsI BO BCEX TOUYKAX OJHOTO M TOIO K€ pajauyca, T.e. Ha cepe. Takum oOpa-
30M, pemieHue (16) npeacraBisieT coOON COBOKYIMHOCTb C(EPUUECKUX BOJH, T.€.

BOJIH, ¥ KOTOPBIX BOJIHOBBIC ITIOBCPXHOCTH, HUJIM ITOBCPXHOCTU PABHBIX (1)33, CyTb

1 r
cthepsl. [Ipudyem nepBoe yacTHOE pelieHue E fi| x —— | onMchIBaeT BOJIHY, KOTO-
v

pas pacipoCTpaHACTCA CO CKOPOCTBIO ¢ OT HICHTPA BOSMYUIICHUA B OECKOHEYHOCTb.
OTa BOJIHA HOCHUT Ha3BaHHE pacxooﬂmeﬁc;t 60JIHbI. BTOpOC YaCTHOC PCHICHUC

1 r .
— /5| X+ — | onMCBIBAaET BOJIHY, KOTOPAasl IBHIKETCSI C TOM K€ CKOPOCTBIO U3 Oec-

KOHEYHOCTH K IIEHTPY U Ha3bIBaeTCs cxodaugenica 6onnou. Takum obpa3om, pe-
HIeHue UMeeT BOIHOBOM Xapaktep. C MaTeMaTHYECKOM TOUKH 3peHusi oba perie-
HUSl BOJHOBBIX YpaBHEHUN — QYHKIUU f; U f> — COBEpLIEHHO paBHOMNpaBHbl. O/1HA-
KO C TOYKU 3peHUs] (PU3MYecKor peanu3anuu TONbKO (QYHKIMS f; YAOBIETBOPSET

YCIOBUIO U3TYYEHUS U, CIIEI0BATEIbHO, UMEET (PU3NUECKUN CMBICIL.

OT™MmeTuM CYIICCTBCHHYIO 0COOEHHOCTh (I)YHKHHﬁ, OIIKMChIBAIOIMINX BOJIHO-

r
BbI€ Mpolnecchl. OHU BCETIa COAEPKAT MHOKUTEIN BUIA f= ;) , Xapakrep 3a-

BHCUMOCTHU KOTOPBIX OT pAaCCTOSHUSA B q)HKCHpOBaHHBIﬁ MOMCHT BPCMCHHU IIOBTO-

PACT XapaKTCP 3aBUCHUMOCTH OT BpECMCHU B q)HKCHPOBaHHOﬁ TOYKC IIPOCTPAHCTBA.

3. Crosiuue BOJIHBI M UX JHEPIHUs

Ecnu nBe BOJNHBI, MPUXOIAUIUE B KaKYyIO-IMOO TOYKY MPOCTPAHCTBA, 001a-
Ja0T MOCTOSIHHOM Pa3HOCTBIO (pa3, TAKUE 60/1HbI HA3BIBAIOTCS KO2EPEeHMHBLIMU.
ITpy cnoeHU KOTepEHTHBIX BOJIH BO3HUKAET A6/1€HUE UHMepPepeHyuu.

OpHUM U3 BaXXHBIX CIIydaeB MUHTEpP(hEPEHIMU SABIACTCS CIy4all HalOoXKeHUs
JBYX BCTPEYHBIX TUIOCKMX BOJIH C OJMHAKOBOM aMIUIUTYIOW, MPUBOMASIIUNA K BO3-

HUKHOBEHHUIO K0JI€0aTEIHLHOTO nmponecca, Ha3bIBACMOT O cmosueu 60JIHOU.
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[IycTh 1BE rapMOHUYECKHE BOJHBI C OJUHAKOBOM YacCTOTOM @ M aMIUIUTY-
nou U, pacnpoCTpaHsIOTCs B IPOTUBOIIOJIOXKHBIX HAIIpaBIeHUAX ocu Ox:
U =U,exp(i ot —kx) u U, =U, exp(—i ot + kx).
[Ipu 3anucu NpUBEICHHBIX COOTHOIICHUM JJI MPOCTOTHI MOHUMANIOCh, YTO
HavayibHbIE (a3bl KojaebaHuil paBHbI HYI0. Cynepro3uiiys BOJH AaeT
exp(io t —kx) =cos(w t — kx) +isin(w t — kx)
+exp(—iw t + kx) = cos(w t — kx) —isin(@ t — kx)

WK
exp(io t —kx) =cos(w t — kx)+isin(w t — kx)
—exp(—io t + kx)=—cos(w t — kx) +isin(w t — kx)

+2isin(@ t — kx)
B pe3ynbpTaTe MOXKHO 3aMHCaTh ypAeHeHUue CHoauell 60IHbl
U,=U,exp(i ot —kx)+ U, exp(—i ot + kx) = 2U ,cos(wt — kx) =
=2U  cos(awt)cos(kx) + 2U,, sin(wt) sin(kx) . (17a)
JJ1st mpecTaBICHUS BOJIH B BHJIC KOCHHYCOB TIOJTY4aeM:
2U, cos(wt — kx) + 2U ,cos(wt + kx) = 2U  cos(wt) cos(kx) . (176)
Ha pucynke 3 mponuTIOCTpUpOBaHO paclpeAcsieHue aMIUTUTYAbl TOUYCK IS

CTOSTUEHN BOJIHEI.

X777
=

" 7 &7

Pucynok 3 — Mmmtoctpaius pacnpeeneHus aMIIMTy/ B CTOSYEH BOJIHE:
a — IIpH CJIOKCHUH JIBYX BOJIH; 0 — IIpY BBIYUTAHUH JIBYX BOJIH
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Ananu3 ypaBHeHUs ctosiueld BosiHbI (17), a Takke pUCyHKa 3 MOKa3bIBaeT,

YTO B TOYKaXx, IJe ‘cos(kx)‘ =1 HaOII0JaI0TCS MAKCUMYMBI (HYyYHOCIMU 80JIHBL), A

rae cos(kx) =0 - MUHUMYMBHI, T.€. y38l. [lepuon ‘cos(kx)‘ =7 . B cBsA3U ¢ 3TUM

kNx=nuAx=rnlk=1/2.

Takum oOGpa3oM, WHTEPBAIBI MEKIY COCCIHHUMHU MYyYHOCTSIMHU WIH Y3JIaMU
paBHBI MOJIOBUHE JTUHBI BOJHBI (A / 2).

Mexay AByMs COCEIHUMH Y3JIaMH BCE TOYKH CpeJbl KOJeOIoTCs cuHdas-
HO, MIPU TIEpPEXoJIe Ke uepe3 y3el (a3za u3MeHsIeTCsl Ha 7, T.e. KoJebaHus 1o pas-
HbIE CTOPOHBI y3JIa (B Tpejenax MOJIYBOJIHBI) MPOUCXOIAT B POoTHBOGaze. Y3IIbl
CMEIIEeHUsI KaK Obl pa3eisItoT Cpelibl HA aBTOHOMHBIE 00JIaCTH, B KOTOPBIX rapMo-
HUYECKHE KOJieOaHUsl COBEpIIAOTCs He3aBUCHMMO. Hukakol mepegadyu JBHKCHUS
13 OJHOM 00JIaCTH B JAPYTYIO, a 3HAUUT, U MEPETCKAHUS SHEPIHHU 4Yepe3 y3ibl He
npoucxoaut. Ipyrumu cioBamu, BAoJIb ocu 0x pacrpocTpaHEHHUs BO3MYIICHUS HE
MPOUCXOIUT. B CBsA3M ¢ ATUM BO3MYIIEHHUS, ONUCHIBaeMble ypaBHeHUsMU (17)
Ha3BIBAIOT CHOAYEH BOJIHOU.

CrnemyeT OTMETUTh, YTO €CJIM aMIUTATYAbl BOJH HEMHOTO Pa3jinyaroTcs, TO
Oerymue B pa3HbIX HAMPaBJICHUSX BOJIHBI HE TOUHO KOMIICHCUPYIOT IPYT Apyra u
HEe 00pa3yloT UacalbHbIX Y3JI0B C HYJIEBOW aMIUIUTYy10M. B aTOM ciiydae BBoaUTCS

MIOHATHE KOIPuyuenma cmosaueii 607 1HbL:

Unaz[ + UOTp _ 1 + ‘R‘

KCB =
Ui Uy 1- \R

; (19)

oTp

rae ‘R‘ = n

nan

- MOZyJb KO3 DUIIEeHTa OTPaKEHHUS.

[Tockonbky U3 HU3NYECKUX COOOPAKEHU I ‘R‘ <1,10 KCB>1.

[Tepexoas K pacmpeeICHHIO SHEPIrUU B CTOSIUEH BOJIHE, 3alHIIEM BbIpaKe-
HUS JUISI CKOPOCTH YacTull cpeabl v=0U /Of u ee OTHOCHUTEIbHOU aedopmanuu
e=0U/ox:

aa—(t] =-2U,cos(kx)sin(w?), (18a)
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88_U =-2Usin(kx)cos(o?). (186)
X

Ananuz cootHouieHui (18) mokaswiBaeT, 4To 00€ BEIUUYUHBI (V U € ) TOXKE
ABJIAIOTCS CTOSYMMHU BOJIHAMH, MPUYEM OHHU CABUHYT OTHOCUTEIBHO JPYT JIpyra
no ¢asze Ha 7/2 Kak B MPOCTPAHCTBE, TaK U BO BpeMeHU. Kpome Toro, y3ibl u
MyYHOCTH CKOPOCTH V YACTHUIl CPElbl COBMAJAIOT C y3JaMH U MYYHOCTSIMHU HX
cmenieHuss U . Y3Iibl e ¥ y4HOCTH JlepopMali € COBMAAAIOT COOTBETCTBEHHO
C MYYHOCTSIMHU U y37aMu cMeleHus. Cka3aHHOE MPOMILTIOCTPUPOBAHO HA PUCYH-
ke 4 nnst MOMEeHTOB BpeMeHH (=0 u =7 /4. Y310bl cMeIeHUus OTMEUEHBI JKUP-
HbIMH TOukamu. B MmomenT ¢ =0, korga U u & CTaHOBSITCS MaKCUMaJIbHBIMHU, CKO-
pPOCTh v oOpamaercs B HyJb, U, Hao0opoT (nipu ¢t =T/ 4).

CoOOTBETCTBEHHO MPOUCXOMAST MPEBPAILCHUS] SHEPTUU CTOSAYEH BOJIHBI: TO
MOJIHOCTBIO B MOTEHIUAIBHYIO (YIPYTYIO), TO MOJHOCTHIO B KHHETUYECKYIO (aHa-
JIOTUYHOE TPOUCXOIUT NpH KoJebaHusXx MasTHUKa). Ha pucyHke 5 mokaszaHo pac-

npeJeleHne TIOTHOCTH YHEPTHH B MOMEHTHI t =0 u t =T /4.

Pucynoxk 4 — Mnmroctparust pactpeneseHus aMILTUTY Ibl CMEIICHUST YaCTHI]
¥ CKOPOCTH M3 KOJIeOaHmit
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w t=0 t=T/4
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Pucynok 5 — Pacnipesienienye mioTHocTd sHepruu B MomenTel 1 =0 u t =T/ 4

B mpouecce konebaHuii MPOUCXOAUT MEPETEKAHUE IHEPTUU OT KAXKIOTO Y3-
Ja K COCeIHMM C HHUM Iy4YHOCTM U 00paTtHO. CpeaHuil ke Mo BpPEeMEHH MOTOK
HHEPTUU B JIOOOM CEUECHUU CTOSTYEH BOJHBI paBEH HYIIIO.

PaccMoTpyM yacTHBIN ciydail KojeOaHusl B HATSIHYTOM CTpyHE, 3aKperuieH-
HOM ¢ 000MX KOHIIOB.

B »ToM ciyuae npu BO30YXIE€HMHM KAaKOTO-JIHMOO MPOU3BOJBHOTO MOIEped-
HOTO BO3MYILEHHUS BO3HUKHET JIOBOJBHO CJI0KHOE€ HECTALMOHAPHOE JIBUKEHUE.
CrannoHapHO€ OBWKEHHE B BUJE CTOSYEN BOJHBI BO3MOXKHO JIMIIb MPHU BIIOJIHE
ONPENIENIEHHBIX YacTOTaX. JTO CBS3aHO C TEM, YTO HA 3aKPEIUVIEHHBIX KOHLAX
CTPYHBI JTOJKHBI BBITIOIHATHCS ONPEACIECHHBIE ZPAHUYUHbBIE YCA08UA: B HUX CME-
nieHue U Bce BpeMsl TOJKHO PaBHATHCA HYJIIO.

3HAuUT, €CIM B CTpyHE BO30YKIaeTcs CTOosyash BOJHA, TO KOHIbI CTPYHBI
JOJKHBI ObITh ee y3namu. OTcrolla cleyeT, YTo Ha JUIMHE CTPYHbI ¢ JOJIKHO

YKJIaIBIBAThCS IIEJIOC YHUCIIO 71 TIOJTYBOJIH, T.€.
{=n—.

U3 HJAaHHOT'O YCJIIOBHUA HAXOAHWM BO3MOKHBIC IJIMHBI BOJIH U COOTBCTCTBYIO-
e UM 4aCTOTHhI.

20 v v
A=—,n=12,... (19a S =—=—n, 190
i (19a) / PRRPY (190)

rac v - (1)a30Ba51 CKOpPOCTb BOJIHEI.

YacToTsl f;l Ha3BLIBAIOTCS COOCMEEHHbIMU YaACHMOmamu CTPYHBI. qaCTOTy

fi(n=1) Ha3BIBAIOT OCHO6HOU HYACMOMmMOU, OCTAJIbHBIE 4YacTOTHl f,, f;,...
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(n=2,3,...) - obepmonamu. Pacupenenenue kosebaHu BIOJb CTPYHBI Ha COO-

CTBCHHBIX YaCTOTAaX ITOKA3daHO HAa PUCYHKC 6.

—— OcHoeHas gacToTa (n=1)
— ObeptoH (n=2)
—— ObepTtoH (n=3)

Pucynok 6 — Pacnipenenenue kojiebaHuii BJI0JIb CTPYHBI Ha COOCTBEHHBIX YAaCTOTax

["apMonunyeckue konebanus ¢ yactoramu (190) Ha3bIBalOT codcmeenHbiMu
Kosnebanuamu, i zapmonukamu. B obmem ciydae kojeOaHUs CTPYHBI Ipen-
CTaBJISIOT COO0H CyNepno3HULNIO PA3IMYHBIX TAPMOHUK (cneKkmp).

KonebGanusi cTpyHBI MpUMeUYaTENbHBIM TEM, YTO B paMKaX KJIaCCHUECKOUH
(bU3KUKH BOZHUKAET TUCKPETHBIN CTIEKTP OJHOMN M3 BEIMYUH (YaCTOTHI).

OmnucaHHbIE 3aKOHOMEPHOCTH OTHOCATCS HE TOJBKO K CTpyHE, HO U K
CTEpIKHSIM, 3aKPEIUICHHBIM Pa3IMYHBIM 00pa3oM — B CEpeIMHEe, Ha OJJHOM KOHIIE U
T.1. OTHyue 3aKI0YaeTCsl IMITb B TOM, YTO CBOOOIHBIN KOHEIl CTEPIKHS SBIISCTCS
ny4HOCThI0. OO0I1Iee YHCIIO0 MOTYyBOJIH, YCTAHABIMBAEMBIX Ha CTEP)KHE, YBEIMYNBA-
eTCsI IO CPAaBHEHUIO C HATAHYTOU cTpyHOH. [lomydaercs, Ha JyIMHE CTEPIKHS YKIIa-

AbIBACTCA HAa YCTBCPTH BOJIHbBI 60J'I]':>H_Ie, T.C.

£=n1+i=(2n+l)i.
2 4 4

OTtcroia BO3MOXHBIE 3HAUYCHHUSI COOCTBEHHBIX YAaCTOT OYAET ONpeNelsThCs
BBIpaO)KECHUEM

v v
== 2I’l+1 ,nzoplazﬁ““
Sy ) 4z( )

n

OT0 KacaeTcs Kak IMMOIICPCYHBIX, TAK U IPOAOJIBHBIX KoeOaHHUA.
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4. IPpdexr Jomaepa 151 3ByKOBBIX BOJH

W3BecTHO, YTO MPHU MPUOIMKEHUH K HETIOJBIYKHOMY HAOJIFOIaTeIi0 OBICTPO
JIBUKYILEroCs 3JEKTPOIOe3/1a €ro 3ByKOBOM CUTHANl Ka)keTcsi Oojee BBICOKUM, a
IpU yIajJeHuu OT HaOmoaaTens — 6ojiee HU3KUM YeM CHUTHaJ TOTO e 3JIEKTPOIO-
€3/1a, HO HETIOJBUKHOTO.

IPpexmom /Jonnepa Ha3bIBAIOT U3MEHEHHUE YACTOTHI BOJIH, PETUCTPUPYE-
MBIX PUEMHUKOM, BCJICACTBUE IBMKCHHUS UCTOYHHKA 3TUX BOJIH U IPUECMHUKA.

Hannbiii 3p ekt Hab0aeTCs MIPH PACIPOCTPAHCHUH 3BYKOBBIX BOJIH (aKy-
CTUYECKHUM 2P (DEKT) U ANEKTPOMArHUTHBIX BOJIH (onTHYeCKui 3 Pekr).

Paccmotpum 6omee moapoOHO akyctuueckuit addekrt Jomepa.

[TycTh UICTOYHUK, HAXOSIIUKACS B Ta3€ WM KHJIKOCTH, UCITYCKAeT KOPOTKUE
UMITYJIBCBI C 9acTOTOH f. ECIM MCTOYHHMK W TPHEMHHUK IOKOSTCS OTHOCHTEIBHO
Cpelbl, B KOTOPOW pacrpocTpaHseTcs BOJIHA, TO YAaCTOTa BOCTIPUHHMACMBIX IPH-
E€MHUKOM MMITYJIbCOB OYJIET paBHA 4acTOTE f MICTOYHUKA. ECIM jk€ MCTOYHUK, WU
MPUEMHUK, WK 00a JIBM)KYTCS OTHOCHUTEIBHO CPEJIbl, TO YacToTa f , BOCIIPUHUMA-
eMasi IPUEeMHHKOM, BOOOIIIE TOBOPSI, OKa3bIBACTCS OTIIMYHON OT YacCTOTHI MCTOY-
HUKa, T.c. f'# f .

PaccMoTpuM citydaii, Korja UCTOYHHUK S M NMPUEMHUK P JIBWKYTCS BIOJIb
MPOXOIAIICH Yepe3 HUX MPSAMON C MOCTOSSHHBIMH CKOPOCTSIMH U W U  COOTBET-
CTBEHHO (OTHOCHUTEIBHO CPEJIBI).

Ecnu OBl ABUTAJICS TOJBKO MCTOYHUK HABCTPEUY MPUEMHHKY, UCITyCKas UM-

nynbehl ¢ nepuogomM 7' =1/ f, To 3a 3T0 BpeMs ouepeHON UMITYJIbC MPOUIET OT-

HOCHUTEJIBLHO Cpelibl paccTtosune A =vI, rie v - CKOPOCTb BOJIH B Cpejie, M MOKa
OyleT ucHymieH CICAYIONUA HUMIIYJIbC, HCTOYHUK «HATOHUT» MPEIbIIYIIHHA M-
MyJbC Ha pacCTOSHUU u7 , Kak MOKa3aHO Ha PUCYHKE 7.
Takum 00pa3oM, pacCcTOSTHHE MEKAY UMITYJbCAaMH B CPEJIe CTAHET PaBHBIM
A'=vT —ul,
U BOCIIPUHMMAaeMasi HEIOJBIMKHBIM IMPHEMHHKOM 4YacTOTa (YHMCIIO0 UMITYJIbCOB 3a

€AMHUILY BpEMEHHU) OYJIeT ONpeeNsIThCS COOTHOIICHUEM
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Pucynok 7. — Iloscuenne a¢pdexra Jomepa

1% 1%
X To-w 2

f '
Ecnu xe nBuxkeTcs v NpueMHHK (ITyCTh HABCTPEUY UCTOYHHKY ), TO UMITYJIb-
Chl OTHOCHUTEJILHO MPUEMHHKA OYIyT UMETh CKOPOCTh V+u', U YHCIO BOCIIPUHU-

MACMbIX 3a CAMHUIY BPCMCHU UMITYJILCOB 6YI[CT OIIUCBIBATBCA (bOpMyHOfII

v+u' v+u'
= =f : (21)

A' V—u

f'
Heciio)kHO 3aMeTUTh, YTO MPHU JBMKEHUM KaK MCTOYHMKA, TaK U IPUEMHUKA
B MPOTUBOIIOJIOKHBIX HAMPABJICHUSAX, 3HAKU TEepell ¥ W u Haao MOMEHATh Ha 00-
patHble. HamoMHUM, 4TO CKOPOCTH U’ U # — 3TO CKOPOCTHU MPUEMHHUKA U UCTOYHHU-
K4 OMHOCUMENbHO CPeObl.
AHaJIN3 NIPUBEACHHBIX COOTHOIIEHUM MO3BOJIAET CENaTh BBIBOJ O TOM, YTO
sbdext Jomnepa sBIsSETCS CIEICTBUEM «YIUIOTHEHUS» (WM pa3psDKEHHUE) HUM-
MyJIbCOB, 00YCJIOBICHHOTO JBMKCHUEM HCTOYHUKA U TIPUEMHUKA.

OO6w1uHO cooTHoIIeHHE (21) 3anmuchiBatoT B 60Jiee yA00HOM BHJIE:

1

fl=f— (22)
vV—Uu

x
roe u _, u,_ - IIPOCKINH CKOpOCTCfI MNpUCMHHUKA U UCTOYHHKA HAa OCb Ox, MMpoxXoas1-

IIYI0 4€Pe3 HUX U ITOJIOKHUTCIIBHOC HAIIPABJIICHUC KOTOpOﬁ COBIIAAACT C HaAIIpaBJIC-

HHUCM PACIIPOCTPAHCHUA UMITYJIBCOB, T.C. OT HCTOYHHKA S K IMPUCMHUKY P.
CoorHoleHne (22) IIpu ONPCACIICHHBIX TOIIOJHUTCIIBHBIX YCIOBUAX MOKCT

OBITh HCIIOJIL30BAHO M B 00Jice CIIOKHBIX ClIy4dasax, a UMCHHO, KOrJa UCTOYHUK U

MMPUCMHUK IBHUKYTCA HC 110 OI[HOﬁ HpHMOﬁ Hn C UBMCHAIONIMMUCA BO BPpECMCHHU CKO-
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poctsimu u(t) u u'(t). B aTHX ciaydasx HEOOXOJIUMO YUYUTHIBATh TaK Ha3bIBAEMbIN

aghgpexm 3anazovieanusn. 110CKONBKY CKOpPOCTh MEpeAauyd CUTHAIOB KOHEYHA,

BOCIIPUHUMAaeMasi MPUEMHUKOM YacToTa f' B MOMEHT BpeMEHH ¢ OyaeT o0yciioB-

JICHA MPHUXOJ0M B 3TOT MOMEHT CHUT'HAJIOB, MCITYIIEHHBIX HCTOYHHUKOM B TIpE/IIIIe-
CTBYIOIIMHA MOMEHT ('=f—7, i€ T - BpeMms, HCOOXOAMMOE I MPOXOKICHHS
paccTosiHust ¢/ OT UCTOYHHKA B MOMEHT t'=¢—7 10 NPHUEMHHKA B MOMEHT f, T.C.
T=0/v.

BMecte ¢ TeM, B HEKOTOPBIX cliydasx 3¢ (HeKToM 3ama3IbIBaHIs MOYKHO Ipe-
HeOpeub. K HUM, B 4aCTHOCTH OTHOCHTCS Cyd4ai, KOrja CKOPOCTH HMCTOYHHMKA U
IPUEMHHKA 3HAYUTEILHO MEHBIIIC CKOPOCTH 3BYKa (M MPU Pa3yMHBIX PACCTOSHUSIX

MCKAY HCTOYHHUKOM H HpI/IeMHI/IKOM).

5. I¢pdexr Jonepa s 31eKTPOMATHUTHBIX BOJIH

Kak Obut0 Moka3zaHo paHee, U3MEHEHHE YacTOThl 3BYKOBBIX CHUTHAJIOB, 00Y-
ciosieHHoe 3¢ dexrom [Jomiepa, onpenensercsa CKOPOCTIMH ABUKEHUS UCTOYHU-
Ka ¥ IPUEMHUKA OTHOCUTEIIBHO CPEJIbl, ABJSIONIECHCS HOCUTENIEM 3BYKOBBIX BOJIH.
JI1s1 57IeKTPOMAarHUTHBIX BOJIH OCOOOW Cpejbl, KOTOpas CIyXujaa Obl UX HOCHUTE-
JieM, HET. B CBsI3M C 3TUM JOIJIEPOBCKOE CMELICHUE YaCTOThI 3JIEKTPOMATrHUTHBIX
BOJIH ONPENEISAETCS TOJBKO CKOPOCTHIO HCTOUYHUKA OMHOCUMEIbHO NPUEMHUKA.

[TosscHuMm cka3zanHoe Ha nipumepe. [lycts B K-il cucteme oTcueTa HaXOUTCs

HEMOIBUKHBIA MPUEMHUK P, Kak MOKa3aHO Ha PUCYHKE 8.

’

K| K
S P

v

i

Pucynok 8 — 'eomerpust 3amaun nis a3gpdexra Jlormiepa 11 37€KTPOMArHUTHBIX BOJIH

K HEMY C peHHTHBI/ICTCKOﬁ CKOpPOCTBIO V HpI/I6JII/I)KaCTC$I S-MCTOYHHUK IepHro-

AUYCCKUX IJICKTPOMAroHuTHBIX (I/IJII/I CBCTOBBIX) BoJH. B K- cucteme oTCcucTa, CBA-
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3aHHOH C HCTOYHHUKOM, BOJHBI UCITyCKAaIOTCSA C 4acTOTOM f, (COOCTBEHHas 4acTo-

ta). Heo6xoammo HalTH 4acToTy f, ¢ KOTOPOl BOCIIPUHUMAIOTCS 3TU BOJHBI IIPH-
E€MHHKOM.
[IpoMexyTOK BpEMEHU MEXAY ABYMS MOCIEAOBATENbHBIMU HUMITYJIbCAMU B

K’- cucreme, CBSI3aHHON C MCTOYHMKOM, paBeH I =1/ f. IlockoabKy HMCTOYHHK

ABHIKCTCA CO CKOPOCTBHIO Vv, TO COOTBCTCTBYIOI_HI/Iﬁ IMPOMCIKYTOK BPCMCHHU B K- cu-
CTCEMEC, COIJIaCHO «3(1)(1)CKTY 3aMCIJICHUA XO04ad ABWIKYIIHUXCA YaCOB», 6YI[CT 001b-

Ie:

- =Y (23)
C

—0’ B =
NE

PaccrosHue MCKAY COCCAHMMU UMITYJIbCAMU B K- cucreme
(c-VT,
NE

C YUCTOM HAHHOT'0O COOTHOHICHUA HCCIIOKHO ITOJIYUYHTb, YTO BOCIIPUHHUMAC-

A=cT —vT = (24)

Masi IPUEMHUKOM YacTtota f =c/ A paBHa
J1- 57
S=hy—— - (25)
1-v/c
Ecnu ncrounuk npubiauskaercs, Kak B paccMaTpUBa€MOM ciydae, To f > f,,
€CIM XKe ynansercs, To f < f, (B 9TOM ciiyyae 3HaK B 3HaMeHaTene (25) u3MeHser-

Csl Ha MMPOTUBOIIOJIOKHBIN).

CootHomieHue (25) onmuchiBaeT npoooibHblil I¢pghexm lonnepa. J1ns dmex-
TPOMarHUTHBIX BOJH 3 ekt Jlomaepa sBiaseTcs CISACTBUEM JBYX SBJICHUM: 3a-
MEIJICHUSI XOJla JABMIKYIIMXCS 4acoB (KOpPEHb B UUCIUTENE BbIpakeHus (25)) u
«YTUIOTHEHUS» (WU pa3peKeHus1) UMITYJIbCOB, CBA3aHHOTO C U3MEHEHUEM PacCTO-
STHASI MEXKJTY HICTOYHUKOM U TIPHEMHHKOM.

CrnemyeT OTMETUTD, UTO HapsAy ¢ MpoaosibHbIM dddexrom [omnepa HaOIIO0-

naeTcs U nonepeunslit 3ghhexm /lonnepa, onpenensieMplil popMynoin

f=f1=-B (26)
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Hanusbiii 3¢ dext Moxer HabI0AaThCs PU ABMKEHUU UCTOYHUKA O HEKO-

TOPLIM YIJIOM & C JIMHUEH Ha6JIIOIICHI/I$I, KaK ITOKa3aHO Ha PUCYHKC 9.

v

S Ao P
U, * - X

Pucynok 9 — O6muii cimyqail JBUKEHUS HICTOUHHUKA
(nmosicnenue nonepeunoro > dexra Jlomnepa)

e —— e —

B sToM ciyuae B opmyiie (25) He0OXOAMMO 3aMEHUTh CKOPOCTh V HE €€

IIPOCKIMIO vV =VCOSK . Torz[a

r=iE @)

1-v. /¢

x

B npouecce nBrKeHNUs IPOEKLIU CKOPOCTU v, U3MEHsETCs. B ¢Bs3u ¢ aTum
HeoOxonuMo yuecTb 3¢ dekT 3anasznbiBanus. BocrnpuHumaemasi npueMHUKOM P
yacToTa / B MOMEHT BpeMEHHU ¢ OyAeT 00yclIoBJIeHa BOJHAMHU, UCIYIIIEHHBIMU KC-
TOYHUKOM S B TPEIIECTBYIONINI MOMEHT ¢'=¢—//c, tae { - pacCTOSHUE OT WC-

TO4YHUKA S 10 P B MOMEHT ¢'. B CBsI3U ¢ 3TUM 3HaueHUE V_ ONpeJenseTcs B Mo-
MmeHT ¢'. Takum 006pa3om, yactoTe f(f) COOTBETCTBYET MPOEKLHUsS CKOpoCcTU Vv ().

[lonepeunsiit 3¢gdekr Homnepa (26) nabmomaercs npu o =90°, korga
v, =0. IIpu Hem BocmpuHMMaeMmas NPHUEMHHKOM YacTOTa BCETJa MEHbIIE COO-
CTBEHHOM 4aCTOTBI UCTOYHMKA, T.€. f < f,. Ilonepeunslii a¢dekr ABmseTcs mnps-

MBIM CJIEICTBHEM 3aMEJIJICHUSI XO0Ja JBMKYIIMXCSA 4acoB. D(DPEKT 3HAUUTEIHHO
crnabee MPOJOIBHOT0, OCKOJIBKY 3aBHCUT OT K03 duuneHTa 3amensienus v/ c He
B [IEPBOM CTENEHU, @ BO BTOPOH.

B nepensatuBucTCKOM cityyae v <<c. Torma MOXXHO c4yuTarh, 4t0 I =7 #

BOCIIpPHUMACMaA 9aCTOTa 6YI[CT oNpCaACIATHCA COOTHOIICHUCM |

f:szo(l+vx/c). (28)
1-v /c

X
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N3 cootHomieHust (28) BBITEKACT, YTO OTHOCHUTEIHHOE M3MEHEHHE YaCTOTHI
Oyner onpeaessiThess popMyIou:

f]—{fo:%:%_ (29)

ITpu v_ >0 (ucrounuk npudmmxkaerca) Af / f >0. Eciu xxe v, <0 (ucrou-
HUK ynansercs), To Af / f <0,

Oddext lomiepa Haiiel MHOTOYUCICHHBIE TTPAKTUUECKUE MPUITOKeHUs. B
YaCTHOCTH, C €r0 UCIOJb30BaHUEM pa3pabOTaHbl PaANOI0KAMOHHBIE METOIbI 13-

MCEpPCHUA CKOPOCTHU CaAMOJICTOB, PAKET, ABTOMAIIWH U T.H.
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PA3JEJI 2. PACITPOCTPAHEHHUE BOJIH
Jleknus 4. ®a3o0Basi CKOPOCTh PACHPOCTPAHEHHUS B PA3JIMYHBIX Cpeaax.
Nmnenaunc

Dazosas ckopocmuv KoebaHull 8 paziuuHvlx cpeoax. llonamue umnedanca
0711 akycmudeckux 6oaH. Ilonsamue umneoanca ons 31eKmpoMacHUMHbIX GOJIH.

1. ®a3oBas CKOPOCTH KOJIeOAHUI B Pa3JIMYHBIX Cpeaax

beryiue BoJIHBI MOJOOHO IBHXKYIIEMYCS OOBEKTY MEPEHOCAT SHEPTUI0 U
o0nafaoT umnyavcom. JIns pacnupocTpaHEHHUs BOJHBI MEXAY IBYMS TOUYKAMHU
MIPOCTPAHCTBAa HEOOXOAMMO OIpPEACICHHOE BpeMs. JTO O3HAYAET, YTO GOJIHbL 00-
Jaaoarom KOHeuHoUl cKopocmbio. Ee BenM4YMHA 3aBUCUT OT CBOMCTB cpeasbl. [Ipu
3TOM CJIEAyeT MUMETh B BUIY, YTO OTHEJBbHBIE YACTULBI HE PACIPOCTPAHAIOTCS C
BOJIHAMH, OHH KOJIEOJIOTCS OTHOCUTEIBHO CBOMX TMOJOKEHUN paBHOBECHS B MOIIE-
pPEYHOM WJIM MPOJOJIBHOM HampaBieHHH. B kaduecTBe BONH HaOItomaeTcs He pac-
pocTpaHeHue YacTull (OTAENBHBIX OCHHLIATOPOB) B Cpele, a UX (a3oBbIE COOT-
HomeHus. Takum 00pa3oM, CKOPOCTh BOJIHBI HE €CTh CKOPOCTh JIBUKEHHUS MaTepH-
aJIbHBIX YacCTHLl, 3 CKOPOCTh PACIPOCTPAHEHUS UMITYJIbCA, BBI3BIBAIOLIEIO CMEILlE-
HHE YACTUL.
IIpy BOJIHOBOM IBWXXEHUU pA3AUYAIOM MPU MURA CKOPOCHU, TIPEICTAB-
JSIOIUE Pa3InuHble (U3HMUECKUE BETUUNHBIL:
1. Cxkopocmsb wacmuy — cCKOpoCTb TAPMOHUYECKUX KOJIEOAHUN OCIHILISTO-
Pa OKOJIO ITOJI0KEHUS PABHOBECHS.

2. Boanosaa (¢pazoeasn) ckopocms — CKOPOCTb PACHPOCTPAHEHHS B CpPELE
MMOBEPXHOCTEN C OJIMHAKOBOM (pa3oH.

3. I'pynnosasa ckopocms — CKOPOCTh PAaCIPOCTPAHEHUS TPYIIBI BOJIH (MU
BOJIHOBOT'O T1aKETa).

PaccmoTrpum Gosiee nmoapoOHO moHsiTHE (Pa3oBoi ckopocTu. s sToro 3a-
¢bukcupyem Kakoe-1mbo 3HadeHue (ha3bl BOJHBI U IPOCIEAUM, C KAKOM CKOPOCTHIO

¢daza Oyner nepemeniaThcs BIOabL ocu 0Ox:
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X
|t —— |=const. (1)
Vo

VYpaBuenue (1) gaet cBsi3b MEXIy BpeMEHEM ¢ U TEM 3HAYEHUEM X, /i€ 3a-

¢ukcupoBaHHOEe 3HaueHue (a3pl OyneT B JNaHHBII MOMEHT BpemeHH. ClienoBa-

dx

TCJIbHO, BBIPAKCHHUC d_ - 9TO €CThb CKopocmb nepemeuienusn ¢a3bl eoinbl. 1lo-
t

x
CKOJIBKY @ =const, To f——=const. Bo3dpbMeM NPOU3BOIHYIO MO BPEMEHHU OT
Y
d

00eunx yacTen paBC€HCTBA:

OTCIOIIa MMOJTYYdaCM BBIPAKCHUC IJIA (1)a3030171 CKOPOCTH

_dx

= )

Vo

[Tpu perneHUN HEKOTOPBIX 3a7a4 MOIYdJaeTcs, YTo Ga3oBas CKOPOCTh 0O0JIb-
II€ CKOPOCTH CBETA. DTO BO3MOXKHO, IIOCKOJIBKY CKOPOCTh MEpPEeMEIIeHHs (a3bl 3TO
HE CKOPOCTh Tepenayu (pacipoCTpaHCHHsI) SHEPTHUH, KOTOpass HE MOXKET pacIpo-
CTPaHSATHCS CO CKOPOCTHIO OOJIBINIEH CKOPOCTH CBETA.

OrnenumM, kak (pa3zoBasi CKOPOCTh CBs3aHA CO CBOMCTBAMHU CPEJbI, B KOTOPOH
oHa pacmpoctpansercs. s sToro omnpenenuM (a3oByro (GYHKIHIO depe3 apry-
MEHT BOJIHOBOW ()YHKITHH:

o(x,t)y=0t—kx. (3)

CoOTHOIIICHUE MEXIY X U ¢ I TOUCK IMOCTOSHHOW (pa3bl ONpeACIIeTCs U3

paBeHcTBa noTHoro Auddepenimana ot Gpaspl HYIIO, T.€.
do= % dr + %p dx =wdt —kdx=0.
ot ox

OTtkyna ¢ yueToM (2) MOKHO 3amucaTh:

dx o
T4 Tk @
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I[JISI QJICKTPOMArdHuTHBIX BOJIH BOJIHOBOC YHCJIO CBA3daHO CO CBOMCTBaMHU

Ccpcabl COOTHOIICHNUCM

k= m\|g,E, 1t -

[TocTaBnss ero B opmyny (4) u npoBoist HECIOKHBIE TPEe0Opa30BaHMUsl, T1O-

JydacM:

o
Vq]—;—

0] _ 1 _ ¢ (5)
o\egn e Jen e’

1
rie ¢ =———~3-10° M/c — cKOpoCTh CBeTa B BaKyyMe.
VEoHy

Jlns ynipyrux BoJiH (pa3oBasi CKOPOCTh TaK)Ke 3aBUCUT OT CBOMCTB CpEJlbl, B
KOTOpOM OHa pacrnpocTtpansiercs. Tak, npyu pacupoCTPaHEHUH MPOIOIbHON BOJIHBI
B TOHKOM CTepxHe (ha3oBasi CKOPOCTh OMPEACISIETCSl Yepe3 TUIOTHOCTh MaTepurana
o umonyns FOHra E:

Vp =4|—- (6)
p
dazoBasg CKOPOCTh IOMEPEUHBIX YNPYTMX BOJH B HEOIPAaHUUYECHHON H30-

TPOMHOM cpelie Takke OyJeT 3aBUCETh OT €€ TUIOTHOCTU U MOJYJISI CABUTA CPEIbl
G:
Vp =.|—- (7)
o)
AHaJIOTUYHOE BBIPAKEHUE MOXKET OBITh MOJYYEHO U 7151 (ha30BOM CKOPOCTHU
pacrpoCcTpaHeHus MPOJAOJIbHON aKyCTHYECKOU BOJHBI (CKOPOCTH 3BYKA):

- B TBEPAOH Cpele:

vy =V, = LS IV, = Ed-o) , (8a)
Po p,(1+0)(1-20)
- B JKUJKOU cpelie:
vy =V, = K , (80)
XPo

- B ra3000pa3Hoii cpeje:
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v, =V, = 7/&. (8B)

Po
CkopocTh pacnpocTpaHeHHUs! CIABUTOBOM (IONMEPEYHON) aKyCTUYECKOU BOJI-

HBI OTIPEICIIACTCS COOTHOIIICHUEM:
w
vy =V, =,]—> (8r)

re p, - yAenbHas IJIOTHOCTh CPEMBI;
K — Monyib 00BEMHOM YIIPYTOCTH CPEibl;
X - KO3(PPUIUEHT CKUMAEMOCTH JKUJKOCTH;

)4 :Cp /CV - IIOKa3aTCJIb aI[I/Ia6aTBI — OTHOIICHUC YACJIbHBIX TEIIIOEMKOCTEH

rasa 1npu NOoCTOAHHOM JaBJICHUU U ITOCTOAHHOM O6’BCMC;

D, - AaBJICHHUC I'a3a,

o - koapdunuenr Ilyaccona;
Ll - MOJYJIb C/IBHTA.
AHanu3 NMPUBEICHHBIX COOTHOIICHHUS JIJIs ONpeaesieHns (pa30BOM CKOPOCTH
BOJIHBI TIPH €€ PaclpOCTPAaHCHUH IOKA3bIBACT, YTO BEIMYHUHBI (DA30BOM CKOPOCTH
00paTHO MPOMOPIHOHAIBHO «IIJIOTHOCTH» CPEJbl: YeM Cpejia IIoTHee, TeM (a3o-

Bad CKOPOCTH MCHBIIC. HOI[TBepI[I/IM CKAa3aHHOC BBIIIC IIPpHUMCpaMU (CM. Ta0In-

uy 1).

Tabnuua 1 — 3aBUCUMOCTB CKOPOCTH PACHPOCTPAHECHHUSI
MPOJIOJIBHON aKyCTUYECKON BOJIHBI OT CBOMCTB CPEJIbI

Cpena Monyins o6bemMHOM yrpyroctu K | Y jenbHast INIOTHOCTE | CKOpOCTh 3BYKa v,
o)
BO3/IYX 1,4 10° 1,3 331,2
BOJIa 2,127,109 1000 1458
candup 4,92. 10" 3990 11 100
PTYTh 26.31579-10° 13 500 1396
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2. IlonsaTue HMIICJaHCA NJIA AKYCTHICCKUX BOJIH

PaccMoTpuMm elie ouH nmapameTp, ONUCHIBAIOLIMN pacipoCTpaHeHUe KoJe-
OaTeNbHBIX MPOIIECCOB B PA3JIMYHBIX Cpeaax.
JI1s1 aKkyCTUYECKHX BOJH CBSI3b MEXKY aMIUTUTyJAaMU aKyCTHUYECKOTO JaB-

JeHus p, Hu KojebaTenbpHOI CKOpPOCTH Vv BOJIHBI OIPCACIIACTCA AKyCcmuieCKum
conpomuejieHuem cpedu uiu xapakmepucmuueCKum UMNEOAHCOM:

2
D, oaeéieHue H/ M H K2
Za = — N = = _3 = 2 (9)
% cKopocmb m/c mc mc

CootHomenue (9) cnpaBeasIMBO Kak AJi MPOJOIAbHBIX, TAK U JJI CIBUTOBBIX
AKyCTUYECKHUX BOJIH, PACIPOCTPAHSIOIIMNXCS B YIIPYrOo cpelie, IPUYEM HE TOJIBKO
IIJIOCKUX BOJIH.

[Ipy HOpMalbHOM aTMOC(EpHOM JaBICHHHM BO3JyXa U TeMIlepaType

Ke

2
M C

t =20°C akycTHYeCKOEe COIPOTHBIIEHUE BO3yXa paBHO Z, =420

B pacxoaamnuxcs c@epnqecm/lx U NUIMHAPUYICCKUX BOJIHAX AKYCTHYCCKOC
JaBJICHUC U KoseOaTeIpHas CKOpPOCTDb YaCTHILl CpCAbl N3MCHAKOTCIA CI/IH(i)aBHO, )51

AKYCTHYCCKOC COMPOTHUBJIICHUC CTAHOBUTCA KOMIIJICKCHBIM
Z,=R,+ jX,=|Z,[exp(j0), (10)
rac ¢ - CaABur IIo (1)336 MCKIY AABJICHUCM pa 51 KOJIC6aTCJIBHOI71 CKOpPOCTBIO 4Ya-

CTHULl CpCAbI V.

I[JISI C(i)equeCKOﬁ BOJIHBI MOAYJIb AKYCTHUYCCKOI'O COIIPOTUBIICHUA PABCH:

1
= poV, cosp, tgp=— (11)

2,
kr

HC IPCBLIIIACT dKYCTUYCCKOT'O COIMMPOTUBIICHUA ATOH KE Cpcabl A IJIOCKOM BOJI-
HBEI.

JIn uImMHAPUYECKON BOJTHBI

2

1
= poV,cosp, thD:\/%- (10)
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PazHocTh a3 B chepuuecKkux W MHJIMHIPUYCCKUX BOJTHAX OBICTPO YMEHbB-
IIAETCS C POCTOM PACCTOSIHUS ¥ M yBeIWYeHUE 4acToThl (k=27 f/ ¢). B nanbuei
30He (7 >> A ) caBur ga3 ¢ =0, akycTUUecKoe COIMPOTUBIICHUE CTAHOBUTCS Bellle-
CTBEHHBIM M PaBHBIM IO BEIIMYMHE aKyCTHUCCKOMY COIMPOTHUBICHHUIO CPEIbI IS
TUIOCKOW BOJIHBL.

[Ipu pacnpocTpaHeHHWH aKyCTHYECKOW BOJHBI B pealbHON cpele HalIroma-
€TCs 3aTyXaHWUE aMIUTUTYABl BOJHBI. OCHOBHON NMPUYMHOW 3aTyXaHHS SBISICTCS
BHYTPEHHEE TpPEHUE, JCHCTBYIOIICE HA YACTHUIIBI cpelbl. B OCHOBE BHYTPCHHETO
TPEHUS JICKHUT 3aIa3AbIBAtOINi M0 BpEMEHH (pelaKCallMOHHBIN) TIPOIECC, BIIHSI-
IOIUI HA TIOTJIONICHUE BOJIH B OTPAaHMYCHHOW T0JIOCE YacTOT (MHOTOATOMHBIE Ta-
3bI, OPTaHUYeCKHe >KUIKOCTH). BHe 0o0macTu 0co00ro peiakcarmoHHOTO MOTJIO-
IIICHUS TIPU BBIYMCICHUH KO3 (UIIMCHTA 3aTyXaHUs YYUTHIBACTCS JIUIITH OCHOBHAS
CIABUTOBAs BSA3KOCTh. [l0TEpH TEIUIONMPOBOIHOCTH BBHUIY MAJOCTH KOd(hduImeHTa
TEIJIONPOBOHOCTH HE3HAYUTEIBHBI, 1 KMU OOBIYHO TIpeHeOperaroT. dopMyna s
pacuera kodhduIreHTa 3aTyXaHusl Ha 3aJaHHOW YacTOTE JJIS IPOJOJBHBIX aKy-
CTUYECKHUX BOJIH UMEET BHU/I;

2
o= 2“—’73 (12)
3p7,
rjae 1 - KO3QQGUIUEHT CABUTOBOW BI3KOCTH CPEJIbI.

[Tornomenne yno0HO XapaKTepu30BaTh KO3(P(GUIIMEHTOM 3aTyXaHHs, HME-

IOIIUM pa3MEpHOCTh aenuden Ha MeTp (n1b/m):
a[nb/M]=20lg(ecr)[1/ m] =8,686a[l/m]. (14)

Crnemyer OTMETUTD, YTO MOTJIONICHUE aKYCTUYECKON BOJTHBI M3-3a TIOTEPh Ha
BHYTPEHHEE TPEHHUE MEHSCTCS IMPOTOPIMOHAIBHO KBAJAPATy YacTOThI U OOPAaTHO
MPOMOPIIMOHATIFHO KyOy cKopocTh ee pacmpeaeneHus. [IoCKOIbKy CIBUTOBBIE
BOJIHBI OOBIYHO MMEIOT CKOPOCTHh OKOJIO TIOJIOBHHBI CKOPOCTH PACIPOCTPAHCHHS
MIPOJIOJIBHBIX BOJIH B TOM JKE€ MaTepuaje, CICIyeT OXHUAaTh, YTO IOTJIONICHUE
CIABUTOBBIX BOJIH Ha CAWHMIYY NyTH OyAET 3HAYUTEIBHO OOJbIIE, YeM TPOIOJIb-

HBIX.
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Jis chepuyeckux ¥ UMIMHAPUYECKUX BOJIH MOTEPU CBA3AHBI €lIE U C UX
reOMETPUYECKON pacXoauMOCThi0. V3MeHeHrne ypOBHSI MHTEHCHUBHOCTH JJIsi HUX
OyZeT onuchIBaThCs POPMYJIION:

L=20lg| £ |=20nlg| L |- ra, (15)

v.

al 2

rae ry, r, - pacCTosAHUA,

1/2  ona yununopuueckux 6o,

1 0151 cghepurecKux 80H.

Kpome mepeuncineHHbIX Bbilie (PaKTOPOB B pealbHBIX Cpelax Ha pacipo-
CTPaHEHHE BOJH BIMAIOT TAK)KE PA3IMYHOIO POJA HEOJHOPOIHOCTH.

Heoonopoonocmuio Ha3biBaeTCsl 00J1acTh Cpebl, MapaMeTpbl KOTOPOl OT-
JIMYAFOTCS OT ITapaMEeTPOB OKPYKAKOLIETO IIPOCTPAHCTBA.

Hanuuue HeOOHOpPOOHOCTEM B cpele NPHUBOAMT K JIOMNOIHUTEIBHOMY
YMEHBIIECHUIO HMHTEHCUBHOCTH aKyCTHYECKHUX BOJIH B 3aJJaHHOM HalpaBJIEHUU pac-
IIPOCTPAHEHUS 3a CUET PACCESIHUS DHEPIrUM B PA3HBIX HallpaBiicHUsX. VIHTEHCUB-
HOCTb PAaCCESIHHOTO IOJISL M €70 IIPOCTPAHCTBEHHOI'O PACIIPENEIICHUE CYIIECTBEHHO
3aBUCUT OT COOTHOILIECHHSI Pa3MEpPOB HEOJHOPOJHOCTEN M JUIMHBI BOJHBI 00Jyda-
foiero noisi. Hampumep, nis npocreifiield Mojenu pacceuBaTelis B BUjie cepbl
pannyca MHOIO MEHbIIE JUIMHBI BOJIHBI (3anaua Penes) pemienue 3agaun pacces-
HUS ONPENENIIET UHTEHCUBHOCTD PACCESIHHBIX BOJIH B JaJbHEN 30HE B CIEAYIOLIEM
BUJIE:

o'a’ 3 ’
=J ——|1+—=cosa |, 16
pac naj 9VK4I/2 2 ( )

rje a — paanyc cepsr;

7 — paccTOsTHUE OT LIEeHTpa chepbl 10 TOUKU HAOJIIOICHHUS;

O - YroJl MeXKJly HalpaBJI€HUEM B TOYKY HAOJIOJCHUS U MPSAMOU, COCIUHSIIO-
el yIaJeHHbI UCTOYHUK 00JIydeHus U cepy;

BBIpakeHUE B CKOOKax u3 (14) ompenenseT yrioBoe pacmupelesieHHe paccesiH-

HOT'O ITIOJIA.
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B peanbHBIX cpepax paccewBaTelyd UMEIOT Oojiee CIOKHBIA BHJ, a TaKKe
CIIy4aliHO pacripejieieHbl B MPOCTPaHCTBE. BeaeacTBre 3Toro kKapTuHa paccesiHHO-
r'o TOJISl CTAHOBUTCS OO0JIee CJIIOKHOM IO CpaBHEHHUIO ¢ onucaHHo# B (16), a more-

PH - BBILIIE.

3. IousTue HMIICJaHCA NJIA JJICKTPOMAIrHUTHBIX BOJTH

[ToHsATHE SIEKTPOMArHUTHOTO MMIIENAHCA [JIs SJIEKTPOMArHUTHBIX BOJIH
paccMOTpPUM Ha MPUMEPE PACHPOCTPAHEHUS TUIOCKOM JIEKTPOMATHUTHOM BOJIHBI,

ol

Y

HaIpuMep, ——=—U,UH _, BIOIb IOJOKUTECIBHOTO HampasieHusa ocu 0X, kak

ITOKAa3aHO Ha PUCYHKC 1. I[J'IH HCC MOJXHO 3allUCaTb COCTABJIAKOOINUC JJICKTpOMAr-
HUTHOTI'O IIOJIA:

E =E wt-x/v,), H =H,(wt-x/v,), (17)

rae EF

0> H_y - HEKOTOpbIC QYHKIMH, XapakTepu3yomue hopmy BOIHbI

Pucynox 1 — PacnipocTpaneHue mioCcKoi 3JI€KTPOMAarHUTHOM BOJIHBI

Bens o6o3nauenus ¢ =¢—x/ Vo HalJIeM MPOU3BOIHbIE FE , moxu H_mot

OE, OE,0p OE,[ 1 OH, OH, O0p _OH,

= = 1.
ox Op ox 0p | v, ot op Ot O

HOIICT&BJIHH MMEPBOC U3 ITOJTYUYCHHBIX BBIpa)KeHI/Iﬁ B COOTHOLICHHC, OIINCBI-

BaroIIceC IJIOCKYIO BOJIHY, ITOJIYyYacM

10E,  oH

Ea(p = Kl a(p .
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YuuTBIBAs BBIPQKEHUE V, = i (pa3oBOM CKOPOCTH 3JIEKTpOMar-

1
VEEH I

HUTHOMW BOJIHBI, IIPUBEIEHHOE B I1.1, mony4aem
OE oH

JEEe—L =/ =
0 8¢ HoH P

OTKYIIa HCCJIOKHO MOJYYUTH BBIPAKCHUC A umneoanca npu onucarnuu

npouecca pacnpocmpaneénusi I1eKmpomacHUNMHbLX 60J1H

E
st B, =Juut, = —x= |BL_JE_7 E_7 (18
H, EE g V& g

rac ¢, ‘Ll - OTHOCUTCJIIBHEIC III/IE)JIeKTpI/I"IeCKaH n MarduTHas HpOHI/IHaeMOCTI/I cpe-
ITBL;

Zy=W,= £ 1207 %377 - BonmoBoe COIIPOTUBJICHUE CBOOOJHOIO IIPO-

80
CTpaHCTBa (BaKyyMma).

PaBMepHOCTB UMIICAAHCA JIS 9JICKTPOMArHUTHBIX BOJIH CIICAYIOMIIAs:

HANDPAIANCEHHOCMb IJIEKMPUHECKO2O0 NOJiA B/ m B [0
= =| — | = M]

HANPANCEHHOCMb MAZCHUNHKO2O NOJIA Alm A

CrnemyeT OTMETHTh, YTO IIPU OMHMCAHUU TPOIECCa PACHPOCTPAHCHUS DIICK-
TPOMAarHUTHBIX BOJH JJig BhipakeHus (18), CBsA3BIBaIONIET0 MEXIAy COOON OT/AEIIb-
HbIE CKaJSIpHbIE KOMIIOHCHTHI BEKTOPOB HAIPSKEHHOCTH SJIEKTPUYECKOIO M Mar-
HUTHOTO TOJIEH MPUMEHSETCS MOHATUE 80JIHO6020 (XAPAKMEPUCMUYECKO20) CO-
npomuenenus. IlouaTve nMIenanc pacupoCTpaHsIeTCss Ha TEH30p, CBSI3bIBAIOLINN
MEXy CO00N KOMITOHEHTHI 3JIEKTPUUECKOTO U MAarHMTHOTO TOJIeH, HapuMep, Ha
rpaHulIe pa3jesa cpel.

Ananuz cootHomieHus (18) mokassIBaeT, 4TO OHO aHAJIOTMYHO 3akoHYy Oma
JUIS. HU3KOYACTOTHBIX KOJI€OaHUN, B KOTOPOM HAIPSKEHUE U TOK CBSI3aHBI MEXIY
co0ol1 uepe3 cConmpoTUBIICHUE LETH.

JInst peanbHBIX TUAJEKTPUKOB (Cpea ¢ MOTEpsiMU), KOorja BeludrnHa abco-

JIIOTHOM IIPIG)JICKTpPI‘ICCKOﬁ MPOHHUIACMOCTH OIPCACIIACTCA BBIPAKCHUCM
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g, =¢' —ig", =¢' (1-jtgs’), (19)

€
rje tgd’ = —% - TaHTeHC yria JUdNEKTPUIECKUX HOTEPb,
a

BOJIHOBOC COITPOTUBJICHUC CTAHOBUTCA KOMIIJICKCHOM BEJIMYMHOM

E .0
== e r 2y B ). (20)
H g,(1-jtgd) £ 2

IIpu pacnpocTpaHeHUM PAAMOBOIH HEOJAHOPOIHOCTH CPEIIbl TAKKE MOTYT
HaOmonatbest. [IpumMepomM JaHHOTO SIBJICHUS CIYXHUTh MPOXOXKJICHHE PaTUOBOJH
(3NEKTPOMArHUTHBIX BOJIH OINPEEICHHOIO0 YaCTOTHOTO JUana3oHa) yepe3 TPOoIlo-
chepy 3emnu. B Hell HEOTHOPOAHOCTIMU JJISI PAAUOBOJIH MOTYT CIYKUTh Karlelb-
Hble 00pa3oBaHuUs JOXIs, CHETa, rpaja, TYMaHa, a TaKkKe IbUIeBbIE 00pa3oBaHUs,
MOJHATHIE C MOBEPXHOCTU 3eMiid. PaccesHue CaHTUMETPOBBIX PaAUOBOJH Karlis-
MH JOXKAS U TYMaHa MPUBOJUT K MOSIBJICHUIO OTPA’KEHHBIX CUTHAJIOB, MEIIAOIINX

HOpMaJIbHOU padoTe.

Jlekums S. lucnepcusi M rpynmnoBasi CKOpocTb

Lucnepcusa. Hopmanvnas u anomanvhas oucnepcus. I pynnoeas ckopocme.
Cpasnenue gazosoii u epynnou cxkopocmetl. [{ucnepcuonmnvie Kpusvie. [lpumep
OUCNEPCUOHHBIX COOMHOULEHUI OJIsl NPAMOY20bHO20 80JIHOB00A

1. Iucnepcus. HopmanabHas ¥ aHOMAJIbHAS JMCIIEPCUSA

[Tpu pacripocTpaHeHUH KOJIeOaHH B BEIIECTBE BO3HUKAIOT CIEIYIOIINE SIB-
JICHHS:

- paccesinue (qucriepcus);

- morJjomienue (adbcoporus).

[Tpu pactpocTpaHEHMH HEMOHOXPOMHBIX JIEKTPOMArHUTHBIX BOJH JUCIIEP-
CHSI MOXKET MPOSIBIATHCS KaK

- 4aCcTOTHAs 3aBUCHMOCTH (3aBUCUMOCTH JTUAJICKTPUUYECKON &£(@), MarHHT-
HOW  p(w)  TPOHMIIAEMOCTEW, a  TakkKe  TIoKa3aTels  MPeOMIICHUS
n(w)=+/e(®)u(®) OT Y4acTOThI, a TAKKE YJACIBHOW AICKTPHUYCCKOW TPOBOIUMO-

ctu o(w)),
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- MPOCTPAHCTBEHHAs 3aBUCUMOCTH (32 CUET 3aBUCUMOCTH IMKINYECKON Ya-
CTOTHI (® OT BOJIHOBOT'O YHCJIAa kK U MTAPaMETPOB CPEIbI).

[TposiBnsieTcst mpu pacpoOCTPAHEHUU TOJBKO HEMOHOXPOMHBIX 3JIEKTpOMAr-
HUTHBIX BOJH. Du3nueckue NMPUUUHBI, MPUBOISIINE K AUCIEPCHUU, MOTYT OBITh
Pa3IMYHBIMU, YCIOBUSIMUA BOZHUKHOBEHUS TUCTIEPCUU SIBJISFOTCSA

- HAJIMYUE B CpeJe BHYTPEHHHUX IPOLECCOB, BPEMs MPOTEKAHUS KOTOPBIX
COU3MEPUMO C MIEPUOAOM M3MEHEHHUS BHEIIHETO MOJIs;

- pa3Mepbl Cpelibl COU3MEPUMBI C JJIMHON BOJIHBI.

Cpeowt, 11s1 KOTOPBIX XapaKTepHa AUCIEPCHs, HA3BIBAIOTCA OuUChepIupyio-
wumu.

Heo6xoauMocTh u3ydeHUs SIBICHHS JUCIIEPCUH OOYCJIOBJICHO Ba)KHOCTHIO
MPAKTUYECKUX MPHIOKEHHM, I1e oHa HabmogaeTcsa. K HUM, B 4aCTHOCTH, MOKHO
OTHECTH PaclpOCTpaHEHUE PAIUOBOJIH Yepe3 MoHocdepy MpU OpraHU3aIuud KOc-
MHUYECKUX KaHAJIOB CBSI3H, CO3/IaHue MPUOOPOB cBepxBhicOKUX "yacToT (CBY), pas-
paboTKa MeTaMaTepuasioB, MHOTOCIOMHBIX IUJICHOYHBIX CTPYKTYpP HHTErpaibHOU
ONTHUKH, COJICPKAIINX BOJTHOBEIYIIME U PA3ACIUTEIbHbBIC CIIOU AUAIEKTPUKOB WU
MOJYIPOBOJHUKOB.

B Bugumom nmanaszone qmH BOMH (aauHa BOHBI 380 HM — 740 HM) caMbl-
MH MPOCTBIMU MPUMEPAMU JAUCIEPCHUM SIBIISIIOTCS MOSIBIICHUE PaayTy WIH pas3io-
YKEHHE CBETA B CIIEKTP MPHU MPOXOKIACHUM yepe3 npusmy. Ousnku npoiecca nosc-
HsIeTCS Ha pUCYHKaX l,a u 1,6 COOTBETCTBEHHO.

3anuiineM COOTHOIICHUS, ONMMCHIBAIOIINE YaCTOTHBIE CBOMCTBA MapaMeTPOB
noHocdepbl 3eMiIM TPU PACHPOCTPAHCHUW B HEH pPaAUMOBOJIH, YUYUTHIBAS YTO
p(@) =y

- TUCTIEPCHUSI OTHOCUTEIBHON JNUAJICKTPUYECKON MPOHUIIAEMOCTH (YacTOTHAs

3aBUCUMOCTD):

a(w)=1—%, (1)
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0
Pucynoxk 1 — fIBnenue qucnepcuu B mpupoe:
a — paccesHUe CBETa B BOJSHBIX Mapax U MPOIecc MPOXOKIACHUS JTyda CBETa B KaIlle BOJbL;
6 — pa3Jio’KEeHUE JTyda CBETa B CHEKTP B TBEpJOW Npu3mMe

- TUCTIepCusl TTOKa3aTess MpeoMiIeHus (4acTOTHAs 3aBUCUMOCTb):

n(w) =& )(\/l+tg 5+1) 2)

- IMCTIepCcus TOKa3aTes MOTOoIeHNs (YJaCTOTHAsI 3aBUCUMOCTB):

)= & )(\/1+tg 5—1) 3)

- JIUCTIEPCUOHHOE COOTHOUIEHUE IS MJ1a3Mbl (IPOCTPAHCTBEHHAsS 3aBUCH-

MOCTB):
o = a); + k7, (4)

e ®, - IIa3MeHHas (JICHIMIOPOBCKasi) 4acToTa;

2
6017 .

~2 2
Wy =Wy ——
3

- p€30HaHCHAs YaCTOTa HOPMAJIbHBIX KOJIEOAHUN B MOJIEKYJIE;
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dro
tgd = —— - TaHTCHC yIJIa IUDJICKTPUIECKUX TTOTEPD.
wE

Fpa(I)I/I"ICCKI/IC 3aBUCUMOCTH IIOKa3aTeieu MPpCJIOMJICHUA W IOTJIOIICHUA

MMPpUBCACHBI HA PUCYHKC 2, a I[HCHCpCHOHHOfI 3aBUCUMOCTH HJI IIJIa3MbI — HA pU-

CyHKe 3.
A An-1
| @?
HopmansHaa ||\
1
oucnepc I
pcui A -
|} - p
n-1 r Y
.F',l \"--
o ®
AHOMATLHAA
au(rngpcuﬂ HOPDMLIGHOA 0 kz
ducnepcusa
Pucynoxk 2 — 3aBucHUMOCTD MOKa3aTenei Pucynoxk 3 — /lucriepcuoHHasi 3aBUCUMOCTb
MPETOMJIEHHUS M TIOTJIOIIEHUS OT YaCTOThI JUTSL TITIA3MBbI

Ananus PUCYHKa 3 IMOKAa3bIBACT, UTO B AHAIIA30HC YACTOT IMIOKA3aTCJIb IIPC-
JIOMJICHHUS OO0 YBCIIMIHUBACTCA C POCTOM YaCTOTHI, 100 YMCHBIIACTCA. I[aHHBIC
obiacTu MMOJTYYHJIN COOTBCTCTBCHHO HA3BAHUA ooacmu HOPMtlJleOﬁ Oucnepcuu

U 001acmu aHOMAIbHOU OUCHEPCU.

2. I'pynnoBasi CKOPOCTh

B OTCYTCTBUU OUCIICPCUU (l)aSOBaH CKOpPOCTH MOHOXpOMaTquCKOﬁ BOJIHBI
HC 3aBHUCHUT OT 4aCTOTHI. OI[HaKO Ha IIPAKTUKE MbI BCCTa UMCEM JICJIO C prHHOﬁ
BOJIH, ITIOCKOJIBKY Jro0as pealibHad BOJIHA OTJIHNYACTCA OT HI[CaJIBHOﬁ CUHYCOUIbI
XOTs OBI TCM, UYTO CHHYCOHJAa HC OIpaHUYHMBACTCA B IIPOCTPAHCTBC W BPCMCHU.
BBeIICHI/Ie OFpaHI/I‘leHI/Iﬁ MNpUBOAUT K TOMY, UTO CUHYCONIAJIbHAA BOJIHA 6YI[CT YXKC
NpCaAcCTaBIATh co0OM HaJIO)KEHHE OOJIBIIIOTO KOJIWYECTBA CUHYCOHUOAJIBbHBIX BOJIH.
Cynepn031/1u1/151 BOJIH, MAJIO OTIINMYAOIIUXCA APYT OT ApPYyTra I10 9aCTOTC, HA3bIBACT-

Ci 60JIHOBBIM naKkemom NN 2pynn0ﬁ 60JIH.
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Ha pucynke 4 nmokaszaH npuMmep BOJHOBOIO MakeTa, 00pa30BaHHOIO U3 JIBYX

BOJIH ¢ MaJIO OTJIUYAIOLUIMMHUCA 4acToTaMy, T.e. Aw << ®,. Tam, rae dassl coBna-
JaroT, HaOMoIaeTCsl YCWICHUE aMIUIUTY/bI, TJIe HET — ramieHue (pe3yiabTaT WH-

TepdhepeHIInn).

U(x.0)k U(x.t)

Pucynok 4 — BonHoBoit nakert:
a — TpyIIa U3 JBYX BOJH C MAJIO OTINYAIOLIUMUCS YaCTOTaMU; 6 — BOJIHOBOW MaKeT

(cymMmapHbIit)
CKOpOCTB pacinpoCTpaHCHUS BOJIHOBOT'O IMAKCTA B CPCAC, HMCIOH.[Cﬁ AUCIICP-
CHIO, OTIIMYAacCTCA OT (1)330B01>i CKOpPOCTH ClilaracMbIX BOJIH. I[aHHaSI CKopocmb 110-

Jydyujia Ha3BaHUC 2pynn030ﬁ V.. PaCHpOCTpaHeHI/Ie BOJIHOBOTI'O ITaK€Ta 6YI[CT npu

ATOM OINPEAENATHCS MEPEMELIEHUEM HE Kakoi-mubo (a3bl KosnebaHuil, a SHeprun
KoJIe0aHM, KOTOPYIO MEPEHOCUT UCITycKaeMasi HICTOYHUKOM T'PYTINa BOJIH.
[Tonyuyum BbIpakeHue IS makera BoJiH. IlycTh BOTHOBOM makeT oOpa3oBaH
JIBYMs TUIOCKUMH TPOJOJIBHBIMU KOCHUHYCOUJAIbHBIMUA BOJHAMH, PACIPOCTPaHS-
fouMucs BoJib ocu 0x. IlycTh aMIIUTy bl 3TUX BOJIH OJJMHAKOBBI, 3 HAYaJIbHbIE

(a3pl paBHBI HYNIIO, T.€. @, =@,, =0, a 4aCTOTbl U BOJHOBBIEC YUCIIA HECKOJIBKO

pa3nu4Hbl, HO OJU3KH APYT K IPYTY:

U, = A4,cos(ot — kx),

)
U, = 4, cos(w,t — k,x).
Jlist pe3yabTUPYIOIICH BOJHBI IMEEM
U=U,+U, =24,cos(Awt — Akx)cos(wt — kx), (6)
re o + , ’ A=~ ’ k:k1+k2 ’ Ak:kz_kl ‘
2 2 2 2
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Ananu3 cooTHONICHHS (6) MOKAa3bIBACT, YTO PE3YIbTUPYIOMIAs (CyMMapHasi)
BOJIHA SIBJIICTCS IUTOCKOM BOJIHOM, IIMKJIMYECKAs 4acTOTa ) W BOJHOBOC YHCIO k
KOTOPOH pPaBHBI MOJYCYMME COOTBETCTBEHHO ITUKIMYECKUX YAaCTOT W BOJHOBBIX
YHCIie CHHYCOWJAIBHBIX BOJH, 0Opasyromux makeT. Orudaromas uMeeT 4acToTy
MOJIYPa3HOCTH, T.¢. A® . AMILTUTY1a 3TOH BOJHBI HE MIOCTOSHHA, & 3aBUCUT OT KO-
OpJWHATHI X U BPEMEHH ¢

A =24,cos(Awt — Akx), (7
rae Awt — Akx =@, - ha3a aMIIIUTYAbl PACTIPOCTPAHSIOIIEICS BOTHBI.

Wnnioctpanust pacnpeneneHuss BO3MYyIIeHUs: s (a30BOW W TpyHnoBOU
CKOPOCTH TOKa3aHa Ha PUCYHKE 5. AHalW3 JaHHOTO PHCYHKa MOKAa3bIBAET, UYTO
aMILTUTYIa CYMMApHOW BOJHBI U3MEHSETCS 3HAYUTEILHO MEJICHHEE, YeM aMILIU-

Tyaa «3aMOJIHSIOIICH) BOJIHBI.

T} @
.2 58 s

22U, f---m

Pucynoxk 5 — Pacnipenenenue aMmuTy sl KoieOaHUMA 7151 TAaKeTa BOJTH

[Tomyunm BeIpaxeHue A1l rpynmnoBout ckopoctu. st aroro npoauddepen-

HUpyEeM BbIpAKCHUC MJId ¢, B HNPCAIOJIIOXKCEHHUU, YTO @, =const. B pe3yiabTaTe

oJIydaem
dx Ao
U=—-=—,
dt Ak
B npenene, xorna Aw, a, cienoBatenbHo, B Ak CTpEMATCS K HYJIIO, MMOJY-

qacMm

_do
dk

u

VYuwuteiBas, uto k = 277[ nudk= —i—fdl, HMeeM
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A dw
27 dA

2 2y
[Tockonbky @ = il , TO
T A

do 3 27Z'V® N 2w dv(b

di 2> A da’

by
dA

(8a) v, =v, —A

T

(80)

I/IBJIy‘{eHI/Ie BCCraa NMECT HCKOTOpBIﬁ CHCKTpaHBHBIﬁ HHTCPBAJI KosicOaHHuii.
ITakeT Takux BOJH C OJM3KHMH YacTOTaMH MMpCaACTaBIACTCA BOJIHOBOH prHHOfI,

KOTOpasa UMCCT 6J1y>1<z[a}0m1/1ﬁ MaKCHUMYM aMIUIUTYIbI.

3. CpaBHeHnue (pa30Boi U IrPynIoBoil cKopocTei. JlucnepcuoHHbIe
KpHUBbBIE

JUis aHanu3a CTPYKTYphbl BOJHOBOI'O IOJIS MCIONB3YEM COOTHOIIEHHE (80),
OIMKCHIBAIOIIETO HAXOXKJEHUE TpynnoBod ckopocTd. OH MOKa3bIBAaeT, 4TO B JUC-

dv
NEPrUpYyIOICH cpejie B 3aBUCUMOCTH OT 3HaKa d—f IPYIMIOBas CKOPOCTh MOXKET

. 5 dv,
OBITH OOJIBINIE WIIK MeHbIe (pa3oBoi. [j1s1 HOpMaTbHOM AUCTIEPCUU T >0 (6omnee

JUTMHHBIE BOJIHBI PACIPOCTpPAHSIOTCA ObicTpee Ooisiee KopoTkux). Ecnu sxe Hao0o0-

dv
poT, T.C. d_f <0, To cpeaa objaaeT aHOMAILHOM AUCIIEPCUCH HA JAHHBIX YacTO-

dv

Tax. Ecnu d—fZO H v =v,, TO Cpcaa HC UMCCT NUCIICPCHU. BOJlel, CKOpOCTH

KOTOPBIX HE 3aBUCAT OT YACTOThI, HA3bIBAIOTCS He30UCnepCUOHHbIMU.
JlucriepcHoOHHbIE KPUBBIE JJIsl MEPEUUCICHHBIX CIy4aeB MOKa3aHbl HA pHU-
CyHKE 6.
CrnemyeT OTMETUTh, YTO TPYMNIOBas CKOPOCTh MMEET (HPU3WYECKUN CMBICI,
KOTI'/Ia OHA SIBJISIETCS IEUCTBUTENbHON BEJIMUYMHOM. DTO BO3MOXKHO, €CJIU cpea 00-
JajaeT MajbIM MorjomeHueM. Ecii He y4uThIBaTh 3TO, TO MOXKHO MOJYYUTh (HH-

3UYCCKH HCpCaHI/IBYCMBIﬁ cnyqai/’l IMPCBLIILICHUA prnHOBOfI CKOPOCTBIO CKOPOCTH
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CBCTa B BAKYYMC. prnnoeaﬂ CKopocmb MOXCT OBITH ompuuameﬂbnoﬁ, T.C.
HaIlpaBJICHUS BOJIHOBOI'O BCKTOpAa U prnHOBOﬁ CKOpPOCTH MOT'YT OBITH IMPpOTUBO-

MOJIOKHBIMU. B 3TOM cityyae 6o.1na Ha3bIBaeTCsa 00pamuoi.

A0

Pucynok 6 — Jlucniepcuonnsie kpusble (k) :

1 — Ge3ucriepcuoHHAs MOJIa (VFp =V );

v
2 — TuCIIepCUOHHAs MOJIa (d—; >0, Vp <V ), HOpMaJlbHasl JUCIEPCHS;

dv

3 — qucnepcoOHHAs MOJIa (d—; <0, Vip > Ve ), aHOMaJIbHAs AUCTIEPCHUS

BoimosninuM cpaBHeHue (a3oBOW M IpyNIOBONA CKOPOCTEH sl 3JIeKTpoMar-
HUTHOro nojisi. Kak ObplI0 MMOKa3aHO paHee, IPyMNIOBas CKOPOCTb COOTBETCTBYET
CKOPOCTH TI€peHOCa PHEpruu BOJIHBI B cpene. [Ipum 3ToM oHa He MOXET OBITh
Oonble ckopocTu cBeTa. Pa3zoBasi CKOPOCTb MOKET OBITH CKOpoCTU cBeTa. Pusn-
gyecKas MpUYMHA 3TOrO 3aKIIOYACTCs B CIENYIOLIEM. DJIEKTPOMArHUTHAsl BOJIHA,
pacrnpocTpaHssCch B Cpelie, NEHCTBYET Ha 3aps/bl e (3JIEKTPOHBI) C BO3MYIIAIOIIEH

cuioit eE(t). Ecnu yacToTa BHEIIHETO BO3JEHCTBHUSI MEHBIIIE PE30HAHCHON 4acTo-
ThI, TO CMEIIIeHHE 3apsiaa x(¢) OyaeT cinenoBaTh 3a eE (). 3apsaa Oynet koiaedaThes

B CpeJie C BHEIIHEN CUIION. B CBOKO ouepenb CMENIeHUE 3apsiia BbI3bIBACT OSBIIC-
HUE DJICKTPUUYECKOTO TOJISl, YMEHBIIAIOIIErO0 BHEIIHEE IOJIE U, CIEI0BATEIIBHO,
YMEHBIIICHHE BO3BpAIIAIONIeHd CHUJIONH. DTO MPUBOAUT K yMEHBbIIEHHIO (a3oBoM

ckopoctH. Ecin @ > @,, To cMelleHne 3apsaia HaxoAUTCs B IPOTUBO(A3E C BHEII-
Hell cuioit eE(¢). Tlone, oOpazoBaHHOE CMEIICHUEM 3apsija, YCUJIMBACT BHEIIHEE
nosie E(t) u, cieqoBaTelibHO, BO3BpALIAIONIYIO CHITY. DTO BBI3BIBACT YBEIUYEHUE
($a30BOi CKOPOCTH, U OHA MOXET CTaTh OoJibllie ckopocTu cBeta. C ydeToM cka-

63



3aHHOTO BBIIIIE€, MOYKHO 3aMCaTh B3aUMOCBSI3b MEXy (pa3oBOM U IPYMIOBOM CKO-
POCTSIMH 151 DJIEKTPOMArHUTHBIX BOJIH:
vy= c?, (8)

[ToaBoast UTOrO, MOXKHO CHPOPMYITUPOBATH OCHOBHbBIE CEOUCHIBA 2PYNNOBOIL
cKopocmu:

- TPYIIIIOBAsA CKOPOCTh — 3TO CKOPOCTh NIEPEHOCA SHEPTUU BOJIHBI B CPEJIE;

- TPYNIOBasi CKOPOCTb HE MOXKET OBITh BHIIIIE CKOPOCTH CBETA;

- TPYNIIOBasi CKOPOCTb MOXKET OBITh OTPUIIATEIHLHOM;

- TPYIIIOBasi CKOPOCTh UMEET (PU3HMUYECKUM CMBICT, KOTJ]a OHA SIBIISETCS JeH-
CTBUTEIILHOM BEJIMUMHOM;

- JUISl DJIGKTPOMATHUTHBIX BOJIH MPOW3BECHHUE IPYIIOBOM CKOPOCTU Ha a-

30BYIO CKOPOCTb €CThb BCIIMYHNHA ITIOCTOSAHHAA, paBHAA CKOPOCTU CBCTA B BAKYYMC.

4. Ilpumep nucCNEePCHOHHBIX COOTHOWIEHUH IS PAMOYT0JIbHOI0
BOJIHOBO/JA

[IpsitMOyTOJIbHBIN BOJIHOBOJ, MPECTaBISET COO0N peryasapHyIo (BBITSHYTYIO
BJIOJIb OJHOM M3 KOOPJAWHATHBIX OCEH, B PACCMATPUBAEMOM CIIy4ae — BIOJIb OCHU
0z) 3aKpBITYI0O METATNYECKYIO KOHCTPYKIUIO IJIs TIepeiaun SHEPTUH B AHana3oHe

CBUY. I'eomeTpusi KOHCTPYKIIMH [TOKAa3aHA HA PUCYHKE 7.

X A

y J

Pucynok 7 — I'eomeTpust KOHCTPYKIIMM BOJIHOBOJA

U3 TCOPHUHU H3BCCTHO, YTO IIOJII B BOJTHOBOAC NPCACTABIIANOTCA B BUIAC CYy-
MNCPHO3UINHN MAJA0IUX 110 YITIOM K ITIOBEPXHOCTHU U OTPAKCHHBIX BOJIH, KOTOPHIC
PacnpoCTpaHAOTCA BAOJb BOJITHOBOAA U MOT'YT OBITh ONMCAHbl BOJTHOBBIM YpaBHC-

HHUAMMU.
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F(x,y,2,0)= F"(x, y)exp(i(@ t = Kz)) + F(x, y)exp(i(w 1 + Kz)),  (9)
rZie BOJHOBOE YUCJIO B BOJIHOBOJAE K # k OTIIMYAaeTCsl OT BOJIHOBOI'O YHCIA B CBO-

6oaHOM mpocTpancTBe. ClienoBaTenbHO, (ha30Basi CKOPOCTh BOJIHBI B BOJIHOBOJE
) )
Vy = ra OyZeT OTJIMYaThCA OT CKOPOCTH CBETA C = e [TogoOHas cutyanusi MOXKeT

HUMCTb MCCTO IIPpHU HAKIIOHHOM IIaJICHUH IJIOCKOM BOJIHBI Ha OTPpAXKaroIIYIO IOBCPX-

HOCTh (CTEHKY BOJIHOBO/IA).
®dyukuun  F*(x,y) XapakTepusyloT pachpejeleHHe Moy IOHepedHoil

IJIOCKOCTH BOJIHOBOJA W WIPAKOT pOJIb AMIUIMTYAbl MAaAarolled W OTPaKEHHOU
BOJIH. DyHKIMKM MOJOOHBI U OTJIMYAIOTCS TOJIBKO MOCTOSHHBIM MHOMXHUTEIEM, T0-
CKOJIbKY OHM YJOBJIETBOPSAIOT OJHOMY U TOMY k€ IuddepeHInaibHOMy ypaBHe-

HUIO. I[JISI HHUX MOXHO 3aI11ucaThb BOJIHOBOC ypaBHeHHe
V2 F* +(k* = KHF* =0 10
X,y (‘x)y) ( - ) (xﬂy)_ . ( )
I[JISI C—)J'ICKTpOMaFHI/ITHBIX BOJIH B BOJIHOBOJ1aX MOXXHO 3aIlUCATb CJICI[YIOIJ_II/IG

COOTHOIICHHUA I OIIPCACICHUA (1)330B0171 CKOpPOCTH, OJIMHBI BOJIHBI U BOJIHOBOI'O

vy=cl J1=(f, 1 f)?,(l1a) A=21 1=(f, | ), (116)
K=kJ1-(f, /). (11B)

CootHomenue (11a) mokassiBaeT, 4To B BOJIHOBOJIE (pa3oBasi CKOPOCTh 3aBU-

qucliia:

CUT OT YacTOThl U XapaKTEPHU3yEeT 3aKOH JAUCIEPCUU JJIs1 BOJHOBOAA. JlaHHBIN 3a-
KOH MPOUJUIFOCTPUPOBAH HA PUCYHKE 8.
Baxxnoit oco6eHHOCThIO 3aBUcUMOCTH (11a) siBIsieTCsl TO, YTO B BOJHOBOJIE

Vq) >C. KpOMe TOI'O, K 0COOEHHOCTSIM OTHOCHTCS U TO, 4TO HCIZCTBHTCHBHBIC 3Ha-

yeHus: (pa30BOM CKOPOCTH, a 3HAYMUT, U HOPMAJIbHOE PACIPOCTPAHEHHUE DIIEKTPO-

MarHUTHBIX BOJIH 110 BOJIHOBOJY BO3MOJKHO JIMLIb UL 00acTet 4actor f > f .
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JHAITa30H OTCeYKH

\ pacnpocTpaHeHHe BOJIHBI
Kp

Pucynok 8 — O6mmumii BUJ1 3aKOHA AUCIIEPCUH 3JIEKTPOMArHUTHBIX BOJIH B BOJIHOBOJIaX
Otcro/1a IOHSATHBIM CTAHOBHUTCS (PU3NYECKOE COCPIKaHNE 0003HAUCHHUS f,

KPpUTHYCCKAA 9aCTOTa — 3TO HPCACIIbHAA 4YaCTOTa, KOTOpas pa3aciIsACT AUAIld30H
HOPMAJIBHOTO PAaCIPOCTPAHCHUA IJJICKTPOMATHUTHBIX nojeu B BUAC BOJIH M TakK

Ha3bIBACMBbI 1nanasoH orceyku f < f_. B pexuMme OTCEYKH BOIHOBOC YHCIO B

BOJIHOBOJIC CTAHOBUTCA MHHUMBIM, BOJHOBBIC MHOXHUTCIIM IIPHHHUMAIOT (1)OpMy

exp(io t) exp(i‘K ‘z). JlanHas 3amuch O3HA4YaeT, YTO IMOJIS BO BCEX TOUKAX BOJIHO-

BOJIa KOJIEOMIOTCS CUH(pA3HO BO BPEMEHHM, a aMIUIUTY/1a KOoJeOaHUN BJOJIb BOJHO-
BOJla YMEHBILIAETCS HKCIOHEHIIMAIbHO. Takoe SBIEHUE HEJNb3s1 HAa3BaTh IOIJIOLIE-
HUEM, TaK KaK OHO HaOJI0JaeTcsl B BOJHOBOIax 0€3 MoTeph, @ MOKHO MPEACTABUTH
KAaK HEKOTOpBIE KpaeBbI€ MO, KOTOPbIE CYHIECTBYIOT HA HEKOTOPOM pPaCCTOSIHUU
OT MecTa BO30Y>KJEHUs, HO HE CIIOCOOHbBIE BO30YIUThH AJIEKTPOMArHUTHYIO BOJIHY,
OeryIyo 1o BOJIHOBOAY.

KpoMme paccMOTpeHHOro SIBIIEHUS JUCIIEPCHS B BOJTHOBOJIE BO3MOXKHA TAKKE
3a CUET MOTEPh B CTEHKAX BOJIHOBO/A WM 3aIIOJIHAOIIEM AUIIEKTPUKE.

B BonHOBOJIE CcylIecTBYeT 00JIbIIOE KOJIWYECTBO BOJIH. OIHAKO aHAJIU3UPO-
BaTh MX BCE HelenecooOpa3Ho. B cBsi3u ¢ 3TUM BBOJIUTCSA MX KJIaCCHU(pUKALMS, U
CPaBHUTEJIbHBIA aHAJIN3 TPOBOJIUTCS YK€ JUIA OTAEIbHBIX TUIIOB BOJIH.

Krnaccudukanus nmpousBOAUTCS C MCMOIb30BAHUEM JTUCIIEPCUOHHBIX COOT-

HolleHuu. B pacCMaTpuBacMOM CJIIydac UM ABJISICTCA BBIPAKCHHUC

k*—K*. (12)

66



I[JISI MMOACHCHUS 9TOT0 3allMIICM ITOIICPCUHBIC COCTABIIAIOIITNUC rnoJjeu IIpsAMO-

YTOJIBHOT'O BOJIHOBOJA:

oE . OH . OF. OH |
K + o, WEE, +K
G oy . Ox oy
Ex—_l kz_Kz s Hy_l kZ_KZ ?
K OF, + o, o, WEE, OF, +K o,
_ . Oy ox . oy Ox |
E =-i e , H =i e : (13)

Ananus JaHHBIX ypaBHCHI/Iﬁ ITIOKa3bIBACT, YTO OHM 3aIllMCaHbl OTHOCUTCIIBHO
MPpOAOJIBHBIX KOMITIOHCHT JJICKTPHUYCCKOI'O U MAaIrHUTHOT'O MOJICH. OI[HOBpCMCHHO B
BOJIHAX 00€ KOMIIOHEHTHI CymeCTBOBATb HC MOT'YT. B cBsi3u ¢ atuM BBIACIAOT ABC

rpynnsl BosH: TE- (E.=0) u TM-Bonusl (H_,=0). [Ina nanHeix BonH K #k.
BonHbl ABIIAOTCSA AUcnepcuOHHbIMU. Ecin ke onHoBpemeHHo £ =0u H_ =0, To

K — k, BonHa craHoBuTCcs Oe3qucnepcHMoOHHON W HaszbiBaetcss TEM. B mnpsiMo-
YTOJIBHOM BOJIHOBOJI€ OHA PACIPOCTPAHATBHCSA HE MOXKET. JlaHHas BOJIHA pacipo-
CTpPaHsAETCS B BOJIHOBOJAX, KOTOPBIE AOIYCKAIOT CYLIECTBOBAHUE CTATUCTUUYECKUX

HOJICﬁ, HaIllpuMCp, B KOAKCHUAJIbHOM BOJIHOBOJC, MMOJOCKOBOM JIMHUM M T.II.

Jlekuus 6. OTpaxeHue M NPOX0KIACHUE BOJIHBI
Ha IpaHMLe pa3jena cpex

3axonvl ompasicenuss u NPOXOACOeHUs. NPU HOPMATLHOM NAOEHUU BOJIH HA
epanuyy paszoena cped. Haxnonnoe nadenue npoooabHOU aKkyCmu4eckou 80JHbL HA
2panuyy pazoena Hcuokux u 2azoobpaszuvlx cped. Haxnonnoe naoenue axycmuue-
CKOU 80IHbL HA epaHuyy pasdeia meepovix mei. Dppexm pacwenyienus 31eKmpo-
MACHUMHOU B0IHbL 8 2UPOMPONHBIX CPEOAxX

1. 3akoHbl OTpakeHHs U NPOXOKIACHHUS NPH HOPMAJTBLHOM NAJCHUHU
BOJIH HA TPAHUILY pa3jesia cpel

Ecnau npu pacnpocTpaHeHHH BOJHBI Ha €€ MyTH BCTPETUJIACH T'paHHUIIA CO
Cpellol, MMeIoUIell Apyrue mapameTpbl, TO BO BTOPYIO Cpeay MPOMAET TOJIBKO
94acTh MOIITHOCTH BOJIHBI, OCTaJbHAsI OTPA3UTCs OT TpaHuIlbl. [Ipu koHCTpyHpoBa-

HHU HSquaTeHeﬁ YJIbTPA3BYKOBLIX BOJIH WJIHN 3JICKTPOMAIHUTHBIX BOJIH (aHTCHH)
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aKTyaJbHBIM SIBJIICTCSI XOPOIIIEEe COTJIaCOBAaHUE UX CO CPENIOH, YTOOBI MaKCHUMalb-
Hasl SHEPrus yXoJuja B TpeOyeMOM HaIlpaBJICHUH.

J171s1 3amMcu COOTHOILICHHM, OMUCHIBAIONTUX CTPYKTYPY TMOJIsT BOJU3H IpaHU-
1Bl pa3Jiesia cpell, pACCMOTPUM YACTHBIN CIIy4ad NaJeHUs aKyCTUYECKOU BOJIHBI 11O

HOpMaJIH K rpaHuue. ['eomeTpus 3a1aun oka3zaHa Ha pUcyHkKe 1.

Zy, ki Z>, k;

[Tamaromas BOJIHA [Ipomenmasd BOIHA
&

>

‘f}’IpEI}-ECEHHaE BOJIHA

Z
>

Pucynok 1 — I'eoMerpus 3a1aum 0 NaJi€HUK BOJIHBI HA TPAHUILY pa3ielia Cpel

Cpensl onpeznensioTcss uMIenaHcaMu Z, U Z, COOTBETCTBEHHO, a TaKXke
BOJIHOBBIMU YMCIIaMU k, U k, .
3amuiieM 1ojie B MEPBOW cpelie B BHJE CYMMBI MaJalolield u OTpakeHHOH
BOJIH JaBJICHUH U K0JeOaTeNbHBIX CKOPOCTEH ISl HEKOTOPOH (PHMKCHPOBAaHHOU ya-
CTOTHI (TAPMOHHMYECKOT0 KOJIeOaHus):
Pat = Puman €XP(—ki2) + p, otp exp(ik,z) , (D

v

z1

=V, nan EXP(—ikiz) + v, o exp(ik,z), ()
TAC Pyans Paorp - AMIUIATYJIBI AKYCTUYECKHX [IABJICHUH NAJAIONIEH 1 OTPAKEHHOM
BOJIH B ceuennu z =0;

1% - aMIUINTYbI KoJieOaTeIbHBIX CKOpOCTeﬁ qacTull Cpeabl, ABUKY-

zman? Z OTp
IUXCA IO BOSI[CﬁCTBI/IGM STHUX BOJIH B ceueHnu z =0.

CnpaBa OT I'pPaHUIIBI pa3aciia CpCa CYIICCTBYCT TOJBKO IMpomcamias BOJIHA:
Par = Panp XP(—1k,2) (3)
V., = V., €Xp(—ik,2), 4)
rac pa mp - aMHJII/ITYIIa aKYCTI/I‘IeCKOFO JaBJICHUA HpOHIeI[H_IeI\/JI BOJIHBI B CCUCHHUU
z=0;
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\% - AMIUIUTYObI Kose0aTeIbHBIX CKOpOCTCfI qacTul Cpeabl, ABMKXYIIUXCA

zZ1p
1101, BOBHCﬁCTBHCM 9TUX BOJIH B ceueHuH z =0.
AKYCTI/I‘IeCKoe JaBJICHUC N KoJicOaTeIbHas CKOpPOCTh YacCcTHull CpCAbl CBA3aA-

HBI MCIXKOY coOoM qepe3 aKyCTHYCCKOC COIMMPOTHUBIICHUC CPCAbI (I/IMHCI[aHC)I

z,=+Le 5)
A%

B cooTHomienuu (5) BepxHUl 3HaK BHIOMpAETCs ISl BOJIHBI, Oerymieil BaoJib
ocu z (Iajaromiasi BOJHA B IEPBOM cpefie U IpolIeaas BO BTOPOH Cpefie), a HUXK-
HUM — JJ19 BOJIHBI, Oerylel B MPOTHUBOMIOI0XKHYIO CTOPOHY (OTpa)k€HHask BOJIHA Ha
pucyske 1).

Beenem koagppuyuenm ompascenus ot rpanubl paszaena B cedeHun z =0
KaK OTHOILIECHHWE aMIUIMTYJ] aKyCTHMUECKUX JaBJICHUN OTpakKeHHOM M majarouiei

BOJIH:

R,=ee, ©

Panan
r7ie HUKHUN WHIEKC «p» MOKa3bIBaeT, YTO KOA(DPUIIMEHT OTPaKEHUs BEIYUCIISETCS
4yepe3 aMIUIUTY/IbI TaBICHUH.
AHAJIOTUYHO BBOJUTCS KOI(huyuenm npoxorxncoeHus no aKyCmuieckomy
0agJ1eHUIO:

7, = Lo (7)

" Punas

JIns HaxXOXXIEHMsI YHUCJICHHBIX 3HAY€HUM KOA(DPUIUEHTOB OTPAKECHUS U
MIPOXOKJEHUSI HEOOXOJIUMO YUECTh 2PAHUYHbBIE YCA06UA, T.€. YCIOBUS HENPEPHIB-
HOCTh aKyCTHMYECKOT'O JIaBJICHUS U HOPMAJIBHBIX K T'PAHUIE COCTABJISAIOLIUX KOJIe-
0aTenbHOM CKOPOCTH yacTull cpeabl B ceueHn z =(. Ckadok JaBlIeHHs Ha Tpa-
HUIIE 03Ha4yas Obl HAJTUYUE JTOMOJTHUTEILHOTO UCTOUHHUKA SHEPTUU BOJIH, & CKAYOK
CKOPOCTH COOTBETCTBOBAJI ObI CKaUKy CMEIIEHHUS YaCTHUII, T.€. PA3PhIBY CILJIOIIHOTO
XapakTepa Cpeabl.

C y4eToM IpaHMYHBIX YCIIOBHIA
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Pa=Pp AV, =V,

st cedeHus z =0 monydaem:

pana;( +pa0Tp :panp7

(8a)
Vzl naj + vzl oTp = VZZ mp*
Bropoe cooTHoIIeHre MOKHO TTpeoOpa3oBaTh ¢ y4ETOM BhIpaKeHUS (5):
panaﬂ + paOTp = panp’
panaﬂ_paorp _panp (86)

Z

1

Z

1

Z

2
ITocne HecnoXKHBIX IPe0Opa30BaHUM MOJIy4aeM CUCTEMY YPAaBHEHUH, 3alIMCaHHYIO

OTHOCHUTCIIBHO KOC—)(I)(bI/II_II/ICHTOB OTPAKCHUA U IPOXOKIACHHUA:

1+RP=TP,
9
l—széT. ©)
zZ, "’
OTKyZa HECIIOKHO MOJYUYUTh:
Z,-7Z 2Z
R, =—*—", (10a) T =——2—=1+R,. (1006)
Z,+7, P Z,+Z, ?

Jlist konebaTeNnbHbIX CKOPOCTEN KO3(P(MULIMEHTHI OTpa)KeHUSI U MPOXOXKe-
HUS UMEIOT BUJ:
R = Z-Z, 27

— 2% R, (lla) T,=—2__=1+R,. 116
=27 Re () T=g=osleR. 19)

1

Boipaskenust (10) u (11) coBnagaroT ¢ BbIpaKeHUSIMH il KOADOUIIMEHTOB
OTpaXeHUS U MPOXOKICHUS PJIEKTPOMArHUTHBIX BOJH MPU HOPMAJIbHOM MaJeHUU
BOJIHBI Ha TPAHUILy pa3jielia cpes.

Koagppuuuenm npoxosrcoenus no unmencusHocmu ONpenessieTcs Kak oT-

HOIICHUC MHTCHCHUBHOCTH HpOH.ICI[]lICﬁ qcpe3 rpaHuny IUIOCKOM BOJIHBI K MHTCH-

CHUBHOCTHU nanafomeﬁ. HpI/I HOPpMAJIBHOM ITaJICHUHN UMCCM:

2
"L P _Ligr Ll =1-|R \2 (12)
|-

T _ _ _
Z, pl'zlaﬂl Z, g (ZI+ZZ)2

J

HapaMeTp TJ II0Ka3bIBaCT, KaKas A0JIsA MOIIHOCTH Ha):[a}omeﬁ BOJIHBI IIPO-

cCauMBaeTCs BO BTOPYIO Cpeay.
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PaccmoTpeHHBIE 3aKOHBI OTPAXKEHHSI W MPOXOKICHHS MPOAOJBHBIX BOJH
Py HOPMAJIBHOM MaJICHUM Ha TPaHMILy pa3jena yupyrux cpel (KUIKHUX, ra3000-

Pa3HbIX WJIN TBCpI[BIX) CIIPpAaBCOJIMBLI U JIA CABUTOBBIX BOJIH B TBEPABIX CpCaax.

2. HakioHHOe najgeHue Npoao0JbHON aKYCTHYECKOI BOJHbI HA TPAHUILY
pasaesia ;KHIAKHUX U ra3000pa3HbIX cpej

OCOOCHHOCTH OTPKCHHSI W TIPOXOXKACHUS aKyCTHUYECKOW BOJIHBI IPHU
HAKJIOHHOM TIaJICHUM Ha TPAHMITY pasjielia YIPYTUX Cpell 3aBUCAT OT CBOWCTB CPEJl
Y THUIIa TaIaroIIei BOJHBI. [[71s TBEpABIX cpe/l MPOI0JIbHAS BOJTHA PACIICIIIAETCS, B
CBS3M C OTHUM JIaHHBIH CIIy4ail OyJeT paccCMOTpeH OTACNbHO. JIJIT aKyCTHYECKUX
BOJIH TIPH ITaJICHUH HAa TPAHUILY KUIKHX U Ta3000pa3HBIX CPEll, a TAKKE AJIEKTPO-
MarHuTHBIX BOJIH HE3aBHUCHMO OT CBOWCTB cpeabl 3¢ ¢deKkTa pacuIeIUICHHS HE
HaOJIr01aeTCs.

PaccMoTpuM citydali HAaKJIOHHOTO TaJICHUS MPOIOJIBHON BOJIHBI Ha TPAHUILY
KHUJIKUX U Ta3000pa3HbIX cpell. KoMIUIeKCHbIe aMIUTUTYIbl aKyCTUYECKHUX JaBjie-

HUN TaJaroliei, OTPaXEHHONW M MPEJOMIICHHOW BOJH OYAYT ONpeNesiThCsl COOT-

HOIIICHUSIMHU:
Penan = Panan €XP(—ik, (x8In6 + z c0s0)), (13)
Paop = Paon exp(—ik,(xsin0'-zcosb")), (14)
Panp = Pamp exp(—ik,(xsiny +zcosy)). (15)

['eomeTpus 3a1a4un MOKa3aHa Ha PUCYHKE 2.
['paHUYHBIC YCIOBHS IJIs JAHHOW 3a7a4d UMCIOT BUI:
Panan €Xp(=ikixsin0) + p, . exp(—ik,xsin0') = p, - exp(-ik,xsiny). (16)
ToxnaecTBo (16) TOJDKHO BBIIOMHATHCS IS JTIOOBIX 3HAUYEHWH KOOPIMHATHI
z. JTO BO3MOXHO JIUIIb B ClTydae, KOT/la Bce SKCIIOHEHTHI paBHBI APYyT apyry. Cre-

JOBATCIIbHO, U ITOKAa3aTCJIN 3KCIIOHCHT AOJIXKHBI OBIThH PaBHBI MCIKIY CcOOOM:

k,sin@ =k, sin0'=k,siny . (17)
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Pucynok 2 — I'eoMeTpus 3a/1aun HAKJIOHHOTO MAICHHS TPOJA0JIBbHON BOJIHBI

3 COOTHONIEHHS MOIYyYarOTC U3BECTHBIE 3aK0HbI CHEJUINYyCa:
- 3AKOH OTPAXEHUS — YIOJI OTPAXKEHHs PABEH YUy MaICHUS:
0'=0, (18a)
- 3aKOH IIPEJIOMIIEHUS (3aKOH CHHYCOB):
: k. v, .
siny =—Lsin@ =—sinf . (186)
kZ 12

C yueTom paBeHCTBa HKCIOHEHT B (16) ycinoBue HENMPEPHIBHOCTU aKyCTHYE-

CKHX JIaBJICHUH Ha I'paHuIe pasaciia Cpea MOKHO 3aIllMCaTb B BUAC:
parla]:[+pao1‘p:panp' (19)
3anuieM BBIPpAKCHHA, OIIMCBIBAOIINC KOC—)(l)(l)I/ILII/ICHTBI OTPAXKCHUA U TIPO-

XOXKIAEHUS M0 AKyCTUYECKOMY JaBieHUIO (aKycmuueckue gpopmynvt Openens):

(20a) . 27Z,cos0

_ Z,c080 —Z cosy B
P Z,c0s0+Z cosy

= 206
P Z,cos0+Z cosy (200)

b

Ananuz ¢opmynsl (20a) mokasbIBaeT, 4TO B cliydyae, KOTJa YHUCIUTENb 00-
palaercsi B Hyjb, BOJHA IIPOXOJUT BO BTOPYIO Cpeny. YTOJI MAJEHUS NIPU HOJIHOU

npo3paurocmu ONPCACIACTCA U3 YCIOBUA:

21)
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B cuny ecrectBeHHoro orpanudeHus (¥ <7 /2) HECIOXHO BBIYUCIUTH

Kpumuueckuii y20J, T.e. yroj, Mpyu KOTOPOM BOJIHA MOMAET BAOJb IPAHMIIBI pPa3-

Acia:

0., = arcsin& . (22)
02

Ipu 6 =06, yromn npesomieHus paBeH v =7/ 2, KOOQHHUINEHT OTPAKEHHUS

R, =1 Bo BrOpYyIO Ccpeny HUYero He npoxoxut. Habironaercs senenue noinozo

ompadcenusn. Ilpu yrnax 6 >0, siny >1 u torna cosy =— Jja/sin’y —1 craHo-

BUTCA MHUMOW BennuuHoi. Koapduuuent orpaxxenuss Openens npu 3tom Oyner

OoNpCACIIATHCA COOTHOIMICHUCM

Py k, cosy
_ Pk cos® _ ,
Rp_,02+l(TZCOSl// =—lexp(jo), (23)
p, k, cos@
re t o _ jkycosy p,
g2 k cos® p,

Ananu3 cooTHouieHus (23) Moka3pIBaeT, YTO JJISl JAHHOTO ciiydas Ko3(PQPUIUEHT
OTpakeHHs 10 MOJIYJIIO PABEH €AUHUIIE, Oy/IeT U3MEHSTHCS TOJIBKO BeJIMYMHA (a-

3bl KO (OUIIMEHTHI OTPAKEHUS.

3. HakyioHHOe najieHne aKyCTHYeCKOH BOJIHbI HA TPAHULLY pa3jesia
TBEPABIX TeJl

Ha moBepxHOCTH pasfena TBEpABIX Cpel MpHU TaJACHUU MPOJOIbHOU (L-)
BOJIHBI HaOJIOZaeTCs paciierieHre (Tpancdopmanus) najaromeid BoJIHbI — MOsB-
nsieTcst casurosas (7-, monepedHasi) BoiHa. Paciieruienne cBs3aHO ¢ M3MEHCHHEM
XapakTepa, HalpaBjICHUS W MapaMeTPOB JIBFOKCHHS YaCTHIl Ha IMOBEPXHOCTH Teja
O] ICWCTBHMEM MaJaronieil BOMHBL [ 'eoMeTpus 3aiauu Mmoka3aHa Ha PUCYHKE 3.

HaﬂpaBHCHI/Ie KoneOaHus qacTul CPpEabl YCIIOBHO IMOKa3aHbl CTPCIIKaMU.
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Pucynok 3 — DddexT pacuienyienus npoJoabsHON BOJIHBI Ha MPOJIOJIBHYIO U CIBUTOBYIO
[IPY HAKJIIOHHOM MaJIeHUH Ha TPaHUILy pa3zesia TBEPbIX Tel

Jlist nanpHeNIero aHaanu3a BBEAEM IMOHITUE MOJIAPU3ALMH IJI CIIBUTOBBIX
BOJIH. ITnockocms nadenusa 3a1aeTcsi BEKTOPOM HaIPaBIIEHUS PacHpOCTPaHEHUsS
BOJIHBI M HOpPMaJIbIO K I'paHulle pazzena cpel. bynem cuutars, uro BonHa T nons-
Ppu306ana 6epmuKaIbHO, €CIU BEKTOP CMEUIEHHs B ATOM BOJIHE JIE)KUT B IIOCKO-
CTH TIaJICHUs], KaK MOoKa3aHo Ha pucyHke 3. Eciu xonebaHus yacTuil cpejipl mpouc-
XOJISIT B IJIOCKOCTH, NEPHEHAUKYIJISIPHOMN MIOCKOCTH TMaJCHUs, TO BOJHA CUUTACTCS
RONIAPU30BAHHOU 20PU3OHMATILHO.

CkopocTH pacnpoCTpaHEeHUs TMPOAOIABHBIX U CABUTOBBIX BOJH Pa3IHYHbI
(cnBUroBbIe BOJIHBI MEAJICHHEE MPOJIOJIbHBIX). B CBSA3M ¢ 3TUM HampaBieHuUs pac-
MPOCTPaHEHUs! CIBUTOBBIX BOJIH OTCTOSAT OT HOpMalld K TpaHUIle pasjena Ha

MEHBIIUN YToJI, 9CM HaAIIpaBJICHUA IMPOAOJIBHBIX BOJIH. CI[BI/IFOBBIC BOJIHBI T u

oTp

];p MMOJIIPHU30BAHBI BEPTHUKAJIBHO.

HpI/I HAaKJIOHHOM ITaACHHNHU 3aKOHBI CHCHHI/cha MNpUMYT BUI:

sin@, . _ sin6,, _ sin6,,,, _ sin6, _sin O (24)
anaz( I/KOTp I/tOTp I/Knp I/tnp

AHanu3 cooTHomieHus (24) mokas3pIBaeT, YTO HAIMPABICHHE PaCIpPOCTpaHe-
HUSI OTPAXKECHHBIX U MPOILICAIINX BOJH 3aBUCUT OT CKOPOCTH MPOJOJIBHBIX U CIABU-
TOBBIX BOJIH B CpeJlax, a, CJIEI0BAaTEIbHO, OT NMTApaMETPOB YIPYTOCTH U MIOTHOCTH

ITUX CPE/I.
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Ecnm Ha rpaHMily pasznenia majgaeT CABUIOBas BOJIHA, NOJIAPU30BAaHHAS B
MJIOCKOCTH TaJeHus (BepTUKaJIbHAs MOJSpU3aIis), TO U B 3TOM ciydae HaOJro-
netrcs d(pdeKT paciierieHus: BOJIH Ha CIBUTOBYIO U MPOJOJIBHYIO BOJIHY, KaK I10-

Ka3aHO Ha PUCYHKE 4.

Tan

9@‘ oTp

0 nan

1-g cpena

2-4 cpena

v P

X
Pucynok 4 — DddexT pacmiernieHus cIBUrOBOI BOJHBI BEPTUKATBLHOHN MOJISPU3AIIIHI
Ha CIBUTOBYIO M MPOJIOJIbHYIO ITPU HAKIIOHHOM TIaJICHUH Ha TPaHUILy pa3jieia TBEPAbIX Tell

3akon CHeuinyca npy 3TOM OyJIeT UMETh BU/T

sinf,,, sin6, ~ sind, sinf,,  sing,
Ve Vew  V, Ve V.

tmajn totp Lotp tmp fnp

oTp

w (25)

N3 ananuza HAaHHOTO COOTHOHICHUA CJIICAYCT, YTO PACHICIINIICHUC Hy‘leﬁ B

HCpBOﬁ cpeac Ha6JIIOIIaCTC$I a0 MOMCHTA, KOraa MnpoAaOJIbHAasA BOJIHA HAYMHACT

otp

T o
CKOJIB3UTBH BAOJIb I'PAHUIBI pa3aciia 0( = 5 . HpI/I AAJIbHCHUIICM YBCIIMYCHUHU YIJIA

IIaaACHUA B HepBOﬁ Cpeac OCTAaCTCs JIMIIb OHAa CABHUIOBAA BOJIHA.

Eciu nHa rpanuny pasaciia ABYX TBCPAbIX CPCH IMaJdacT CABUTOBAsA BOJIHA,
MMOJIPU30BAHHAA TOPU30HTAJIBHO, KAK ITOKA3dHO HAd PUCYHKC 5, TO B CBA3HU C TCM,
YTO 4aCTHUIIbI HepBOﬁ Cpcabl COBCPIIAOT KoaeOaHus MNECPHNCHANKYIIAPHO K ITIIOCKO-
CTH MAaJACHUA, TO OTCYTCTBYCT COCTABJIAIOIIAA CHUJI B HAIIPABJICHHUUN PACIIPOCTPAHC-

HUA HaI[aIOH_Ieﬁ BOJIHBI.
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Pucynok 5 — [lanenne ciBUroBOM BOJIHBI TOPU30HTAIBHOM NOJISAPU3ALNH
Ha TPaHUIly pa3zesa TBEPIBIX Cpel

B sToM ciyuae sddekr pacuiennenns ayded He HaOmozpaercs. OrpakeH-
HbIM ¥ npomenmuil 1ydu GopMHUPYIOTCS CABUIOBBIMU BOJIHAMHU, TOJISIPU30BAHHBI-
MM FOpU30HTaNbHO. OpHeHTalys JIyuell B 3TOM Cllydae MOXKET ObITh OIpejeneHa
13 COOTHOLIEHHS:
sing,,,,, sind sin6,

tnan rorp _ - 26
v v V (26)

tmajn totp tup

CneyeT OTMETUTB, YTO €CIIM OJHA U3 CpPEell HE NMOAJNEPKUBAET pacCIpOCTpa-
HEHHE CIIBUTOBBIX BOJIH (HampuMep, TpaHWIla TBEPAOro Tejla M JKUJIKOCTH), TO B
HeW ocTaeTcs JMIIL MPOJIobHAs BOJIHA. B TO ke Bpemsi B TBepAoM Tene dhdekt
pacuieruieHus HaOmogaThest Oyner. B ciyuyae majeHus cABUTOBOM BOJIHBI TOpH-
30HTAJILHOM MOJISIPU3AallMU U3 TBEPAOTO Teja Ha TPAHUILy C KUAKOCTHIO B TBEPJIOM
Tese HaOJII0JaeTcsl OTpaKeHHAas CIIBUTOBas BOJIHA TOPU3OHTAIBHOM MOISpU3aIUY,

B TO BpeMsl KaK MpOIe/IIIeH BOJIHBI B )KHIKOCTh BOOOIIE HE OyIET.

4. ¢ deKT pacmenjieHus 3JIeKTPOMArHUTHON BOJIHbI B THPOTPONHBIX
cpenax

CrnemyeT OTMETHUTh, YTO A (PEKT pacIIeIUICHUs BOJH MOXET HaOII0AaThCA U
JUTISL DJIEKTPOMArHUTHHIX BOJIH. OpHako AaHHBIN d(PdeKT xapakTepeH TOJIBKO s

Cilydasi maJieHus MJI0CKOM BOJIHBI HA TPAHUILY pa3jiesia ¢ TUPOTPOIHOM CpesioH, T.e.
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cpenoid, obyamaronield WM MarHUTHOM WMIJIM JUAJICKTPUUECKOM U KHUpaJbHOW (U
MarHuTHOM W JMAJIEKTPUYECKOM) aHu3oTponueil. Pacmiennenue OyaeT HaOro-
JaThCA TOJIBKO B @aHU30TPOITHOM CpeJie, MOABEPTIIEHCS TOIMAarHUYUBAHUIO.

BekTopHbIll XapakTep mosiei (pacrnpocTpaHsIoMEecs 3JIeKTpOMarHUTHOU
BOJIHBI 1 MAarHUTHOTO TIOJISI, OTPEICIISIONIET0 TUPOTPOITHBIE CBONCTBA CPeIibl) 00Y-
CJIaBJIMBAET HAJMYME JBYX BAPHAHTOB PACUICIUICHUS TMAJAIOMIEHA TJIOCKOM IOTe-
PEYHOU BOJIHBI JIMHEUHOW MOJISIPU3ALINU :

- Ha JIB€ BOJIHBI KPYTOBOM MOJISIPU3ALIMU C TPOTUBOIIOI0KHBIM HAIIPABICHU-
eM BpallleHHs (Kak MOKa3aHO Ha PUCYHKE 6) — MpHU MapajuleibHON OpUEHTAIUU
BEKTOPOB PACIPOCTPAHSIOMIEUCS AJICKTPOMArHUTHOM BOJIHBI U TOJI MOJAMAarHUYu-
BaHUS;

- Ha BBIJICJICHHE B TIOTIEPEUYHON MAJAI0IIEeH BOJHE, Ha3bIBAeMOW OOBIKHOBEH-
HOI1), BOJIHBI C TIPOJIOJILHON COCTaBJISIOIIEH, Ha3bIBaeMOM HEOOBIKHOBEHHOW BOJI-
HOW, JUIs CIy4asi, KOrJa BEKTOPbl PACIPOCTPAHEHUS SJIEKTPOMArHUTHOW BOJIHBI U

I10JI1 Mo AMaroin4mnBaHUA B3aMMHOM OpPTOrOHAJIbHEI.

3

Pucynoxk 6 — Pacmierienre BOTHBI TMHEHHOW TOJIIPU3AIIMHU Ha JIBE BOJIHBI KPYroBO# MOJIApH3a-
LIMH C Pa3JIMYHBbIM HAIPABICHUEM BPAILLCHHUS:
| — ¢ neBBIM HaNPABJIEHUEM BPAILIEHHMS; 2 — C IPABBIM HAIIPaBJICHUEM BPAIICHUS;
3 — ucxo/1Has BOJIHA TMHEWHOM MOJISpU3aLUU

B o6oux cnydasx ¢a3oBble CKOPOCTH PACIICIUICHHBIX BOJH OTIWYAIOTCS
apyr ot apyra. Tak, ajig cpelibl ¢ MArHUTHOM aHU30Tponuei (a30Bble CKOPOCTH
OyIyT ONpeensiThCsl COOTHOIIECHUSMU:

O] 1

Vopl2 = = ’ (27)
¥ kl,z 4 EH1 2

CooTHoOIIEHHUE, ONPENEIAIONIEE BETUYNHY OTHOCUTEIBHOM MATHUTHOW MPO-

HUILIAEMOCTH, 3aBUCUT OT OPUEHTAIMU BEKTOPOB PACHPOCTPAHSIOMICHCS DIIEKTPO-

MarHMTHOM BOJIHBI U MOJIS IHoAMarHn4mMBaHUA
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- ISl IapaJlIeIbHOW OpUEHTALIMU BEKTOPOB:

®
Hio =Ho| 1+ — 0, (28)
o,*To
- IS IEPIEHANKYIISIPHOM OpHEHTAIMH
2 2
L —a
py =Bt (29)

Hx

I'A€ ® - HUKINYCCKAsa 4acToTa paCHpOCTpaHHIOHlefICH SHCKTPOMaFHHTHOﬁ BOJIHBI,

®, - 49a4C€TOTa, CBA3aHHAsA C MarHuTHOM BOCITPUUMYNUBOCTBIO CPCIbI XM, T.C.

OTKIIUKOM CpeI[BI Ha HpI/IHaFaeMOC BHCIHIHCC MAriHuTHOC I10JIC ﬁ::
oo =y Ho = yjno(n—DH_, (30)

y=-2.21-10° I'i/(AeM) — THPOMarHUTHOE OTHOIIICHUE;

®,, -49a4CTOTa THPOMArouTHOI'O PE30HAHCA, OIIPEACIISICMOI'O BhIPAKCHUCM
o, = [y|H-. G1)
0, 0
— M0
a=Ho 5 5 (32)
0" -0,

BCJICIICTBI/IC pas3inanAa (1)330B]':>IX CKOpOCTCﬁ BOJIHBI BO BTOpOﬁ Cpeac Xapak-
TCPUIYIOTCA PA3JIMYHBIMH YIJIaMU IIPOXOKIACHUA, a, CIICAOBATCIbHO, U IIPCIOM-
JICHHBIMHU ITYTAMMU. CkazaHHO¢ BBIIIC I CIydas IOIICPCHYHOTI0 MOAMAIrHUYNBAHU A

WJUTIOCTPUPYETCS PUCYHKOM 6.

1
=
Pucynoxk 6 — Mmoctpanus s¢dexra ABOMHOTO JTydenpeToMICHH

B NIOJMAardM4CHHBIX aHU30TPOITHBIX Cpeaax

CpaBHeHUE Cily4yaeB paclleryieHUs MaJarolleld AIeKTPOMAarHUTHOM BOJHBI €
aKyCTUYECKOM BOJIHOM MOKa3bIBAET, UTO
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- JUISL TIOTIEPEYHOMN 3JIEKTPOMArHMTHOW BOJIHBI PACIICIICHUE HaOJI01aeTcs
TOJIBKO BO BTOPOH cpene. J[s akyCTHYECKOH BOTHBI PacIICTUICHHE OCYIICCTBIISICT-
Csl Ha TPaHMUIIC pa3jeiia Cpelia, BCICICTBUE Yer0 HEOCHOBHAS BOJIHA CYIIECTBYET B
obenx cpepax;

- JUIS DJICKTPOMAarHUTHOW BOJIHBI B OTJIMYME OT aKyCTHYCCKOW MOXKET
HAOJIFOIaThCS BAPHAHT M3MEHEHUS MOJISIPU3AIIAN TIPOIICAIICH BOTHBL,

- TIPOIIECC PaCIICTUICHHS 3JICKTPOMArHUTHOW BOJIHBI HAOJII0/1aeTCS B aHU30-
TPOITHBIX cpenax (Kak TBEPIbIX, TaK M Ta3000pa3HBIX) TOJ BO3JICHCTBHEM IIOJIS

MMOAMAran4InMBaHuA, T.C. ABJISICTCA YIIPABIISICMbBIM.

Jlekuus 7. [loBepXHOCTHBIC BOJIHBI HA TPAHUILIE Pa3Jeaa cpej

Tlosepxnocmuvie akycmuueckue 8onHvl. IlpumeHnenue nogepxHOCMHbLIX aAK)y-
cmuueckux 6onH. IlosepxHocmHvle 21eKmpomacHummsie OIHbL HA epanuye pazoe-
Ja cpeo

1. TloBepXHOCTHBIE AKYCTHYECKHE BOJIHbI

[ToBepxHOCTHBIE akycTHUecKue BOHBI ([TAB) mupoko ucnoas3yroTes B pa-
JTUOTEXHUKE JIJIS1 CO3/IaHMS TAKUX YCTPOMUCTB, KaK JUHUU 3aJCPKKU U (DUIBTPHI.

[ToBepXHOCTHBIE BOJHBI OTJIMYAIOTCS OT MPOCTPAHCTBEHHBIX (MPOOJIbHBIX,
CIABUTOBBIX) TE€M, YTO BCS MX DHEPTHsl COCPENOTOUCHA BOJIM3U TpaHUIIBl pa3fesa
MAaTEpPHUaIOB C Pa3IMYHBIMU CBOMCTBaMU. Teopusi MOBEPXHOCTHBIX BOJH BIEPBBIC
ObLIa npessoxkeHa anrmiickuM ¢usukom J[x. Paneem B 1885 r. OH Teopernuecku
MpEACKA3ajl U J0Ka3aJl BO3MOXXHOCTh PAaCIPOCTPAaHEHNS B TOHKOM IOBEPXHOCTHOM
CJI0€ TBEPJIOro TeJla, TPAHUYAIIEro0 C BO3yXOM, MOBEPXHOCTHBIX aKyCTHUECKHUX
BOJIH, KOTOPBIE MPUHATO TaKXKe HA3bIBAThb peeeeckumu ¢onnamu (R-BoaHAMU).
OO6pa3oBaHre MOBEPXHOCTHOM BOJIHBI Pajest Ha rpaHuile TBEPIOToO Teia C BaKyy-
MOM MOKa3aHO Ha pUCYHKE 1.

[Tpu HaxoXkAeHUU KOMIOHEHT R-BOJH OyAeM mojaraTh, YTO TIOCKask TPaHU-

IIa BAKYyM — H30TPOIIHAA TBECPpAad Cpcaa COBIIAAACT C IIJIOCKOCTBHIO xOy , KaK IIOKa-

3aHO Ha pUCyHKe 1, a ock 0z HampaBieHa BII1yOb TBEPJOW CpEbI.
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Pucynok 1 — O0Gpa3zoBanne R-BOJHBI Ha TPAHMIIE pa3ieia TBEPAOro Tejla U BaKyyma

Tsepnoe teno

PaneeBckas BoHaA npeaAcTaBJsICT coOoM CIO0KHYIO aKYCTHYCCKYIO BOJIHY,
06pa30BaHHy}o COBOKYITHOCTBIO ITPOJOJBbHBIX U CABUT'OBBIX KOMIIOHCHTOB BCKTOpPA
CMCIICHMUA. B c¢Bsi3u ¢ 3TUM BOJIHOBEIE YpaBHCHUA JJId BEKTOPAa CMCIICHUA YaCTHUIL

TBEPJIOTO Tela OyAyT UMETh BU/I:

2 277
Viu, +k;u, =0,

27 2 (1)
Viu, +ku =0.
Ha rpanwure pasnena cpejl BITIOJIHIETCS YCIOBHE:
I =0 (i=x,y,2). (2)

Pemienne uiercst B BUJE TJIOCKUX TAPMOHHMYECKUX BOJIH, OETyIIMX BIOJb
OCH X B TBEpPJIOM MoJiyrpocTpancTBe. C y4eTOM TOro, 4YTO SHEPTUS MIOBEPXHOCTHOM
BOJIHBI COCPEIOTOYEHA BOJIM3U TpaHUIIbI TBEPJIOrO Tejia C BAaKyyMOM, aMIUIUTY/a
CMEIIIEHUS YaCTHUIl CPeJibl, BO3MYIIIEHHON 3TOM BOJIHOM, JOJIKHA SKCIIOHEHIIMATIBHO

Y6BIBaTB C pOCTOM KOOPAWHATHI Z. B PE3yJIbTaTC MOKHO 3aIllMCATh:

u, = A| exp(—qz)+ %exp(—sz) exp(j(ot —k,x)), 3)
(ky +57)
i = A2 exp(—gz)—— 22 exn(—s2) lexp(ior — k1) )
z kR p q (k; +S2) p p .] R 9
u, =0, (5)
rje q =~k k., (6a) s =lk; —k, (606)
® ® ®
k,=—, (7a k=—, (70 k,=—, 7B
7 (7a) 7 (70) T (78)



V,, V., Vi - CKOpOCTH PacpOCTPaHEHHUsI COOTBETCTBEHHO MPOJOIbHOM, CABU-

TOBOM M peJIeeBCKOM BOJIH B pacCMaTpUBAEMOM cpe/ie.

Ananuz cootHouieHui (3)-(5) mokaspIBaeT, 4TO aMIUIATYAbl CMEIICHUN Ya-
CTHUIl YOBIBAIOT MPU YyJaJE€HUM TOUYKH HAOIIOJEHMUs] OT TPaHUIIBl pasliesia Ccpel
BHYTPb TBEPJIOTO TeJia MO AKCIOHEHIIUATbHOMY 3aKOHY, KaK MOKa3aHO Ha PUCYH-

ke 2. TonmuHa JoKanu3anuy R-BoJHBI cocTaBiser 1..2 1auHbI BONHBI A ,, Ha rmy-
OuHe A, IUIOTHOCTb PHEPTUU B BOJIHE COCTABISAET NPUMEPHO 5 % IUIOTHOCTH Y

IMOBCPXHOCTHU.

Bakyym

Teepmoe Teno

DKCHOHEHIUATbHOE YOBIBAaHHE
AMILTUTY/II TOBEPXHOCTHOW BOJTHBI  \[/
OT TPaHUIIBI

Pucynok 2 — 3aBuCUMOCTb aMIUIMTY bl IOBEPXHOCTHOW BOJIHBI BOJIM3U I'PAHULIBI pa3jiena cpell

BcenenctBue capura ¢assl KosneOaHu HOPMaJIbHOM KOMIIOHEHTHI CMEIEHUs
U, OTHOCHUTEIBHO IIPOIOJIBHOM COCTABIAIONIEH #  Ha 4EeTBEPTh NEpHOMa (HaIU4ne
MHOUTEJNA j (MHUMOM €IMHHUILIBI) Yy KOMIIOHEHTHI i, B (GopMmyiie (4), ABMXKEHUE
YacTHI] CPeJbl MPOUCXOIUT MO DIUTUNTHYECKON TpaekTopuu. bosbiias och mep-
NEHAUKYJISIPHA TIOBEPXHOCTU TBEPAOIO Teja, a Majnas — napajulejbHa Halpaslie-
HUIO PaCIpPOCTPaHEHUS BOJIHBI.

CKopocTh pacipoCTpaHEHUs MOBEPXHOCTHOM R-BOJHBI HAXOAUTCS U3 pellie-

HHUA JUCIICPCUOHHOI'O YPABHCHUS

v Y (v AN A} VY
R 8 &| +8[3-2| =L ||=&| -16/1-—L]| =0. (8)
v, V. V, V. V,

JlanHOEe ypaBHEHUE UMEET JIEUCTBUTEIbHBIA KOpeHb (Kopenv Pines), KOoTO-

pblﬁ HpI/I6JII/I)KCHHO MOXHO IIPCACTABUTH B BUJIC:
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V,)_ 0,875+11250

V. l+o

t

)

rae o - koapdunuent Ilyaccona.

[Ipu u3menenuu kodpdunuenta [lyaccona B unreppaiie ¢ =0,05...0,5 da-

30Basi CKOPOCTb IIOBEPXHOCTHOW BONHBI Panes V), usmensercsa or 0,917 V, no

0,958 V.. CxopocTb ¥V, 3aBUCHUT TOJIBKO OT YIPYI'MX CBOWCTB TBEPIOIO Teja U HE

3aBUCUT OT YacTOThl, T.€. R-601na ne oonadaem oucnepcueit. CKOpOCTh IOBEPX-
HOCTHOM BOJIHBI CYIIECTBEHHO MEHBILIE CKOPOCTH MPOJOJIBHON BOJHBI U HEMHOTO
MEHbIIE CKOPOCTU CIBUTOBOM BOIHBI. IIOCKOJIBKY CKOpPOCTH R-BOJHBI OJM3Ka K
CKOPOCTH IMONEPEUYHON BOJHBI M OOJIbIIAs YaCTh €€ YIPYrol S3Hepruu B Cpejie CBS-
3aHa ¢ KOMIIOHEHTaMHU IONEpPEYHOM, a HE MPOJOJIBHOW BOJIHBI, BOJIHA Panes BO
MHOTMX OTHOUIEHUSX aHAJIOTMYHA MONEPEYHOM BoJIHE. Tak, eciau mepoXoBaTOCTh
MOBEPXHOCTH WJIM BO3JAYIIHAs HAarpy3ka HE OKa3bIBAIOTCS MPeo0IIa/laloliero BO3-
JEUCTBUS, TO 3aTyXxaHUe BOJHBI Panies B OOJIBIIMHCTBE MaTepUajIoB TOTO e IO-
pAllKa, 4TO U 3aTyXaHUE CIBUTOBOW BOJIHBI.

[IInpoTy NprUMEHEHUS TOBEPXHOCTHBIX aKyCTUYECKUX BOJIH B PAIMOTEXHUKE
0oOyCJIOBUJIM MX MaJjioe 3aTyXaHue, HeOOJbIlas CKOPOCThb paclpOCTpaHEHHUs, OT-
CYTCTBUE 3aBUCUMOCTHU MOCTOSHHOM PacIpOCTPAHEHUS OT YaCTOTHI M MPOCTOTA UX
BO30YKJIEHUS B IIUPOKOM YaCTOTHOM JIHaIa3oHe.

Kpome R-BOJH cyliecTBYET Lenblil psaa apyrux tunos [TAB:

- IIOBEPXHOCTHBI BOJIHBI B TBEPIOM CJIO€, JIEKAIIEM Ha TBEPAOM YIPYroM
noJiynpoctpaHcTBe (BoJiHbl JIsBa);

- BOJIHBI B IJTACTUHKAX (BOJIHBI JIamM0a);

- BOJIHBI B HCKPUBJIEHHBIX TBEPABIX IOBEPXHOCTSX;

- KIIMHOBBIC BOJIHBI U T.A.

2. IlpuMeHeHNe MOBEPXHOCTHBIX AKYCTHYECKHX BOJH
Jliist BO3OYX)A€HUS ¥ MpHeMa MOBEPXHOCTHBIX aKyCTHUYECKUX BOJIH UCIOJIb-
3YI0TCS BCTPEUYHO-CTEPKHEBBIE MpeoOpazoBaTenn. KOHCTPYKIUS JaHHOTO YCTPOW-

CTBa IIOKAa3daHa HAa PUCYHKC 3.
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Pucynok 3 — KoHCTpyKIIMH BCTPEUHO-CTEPKHEBOTO IIpeoOpa3zoBaTes

[Ipuniun nedictBust npeoOpa3zoBaress 3akiouyaercs B cienytouiem. J[Ba
MIPOBOJHUKA 00Pa3yIoT TNIOCKUM KOHJEHCATOP Ha TUIACTUHKE MbE303JIEKTPUUYECKO-
ro marepuana. [lox neiicTBHEM MCTOYHHMKA CUTHAlIa MEXIY NMPOBOJHUKAMU KOH-
JIEHCAaTOpa BO3HUKAET MEPEMEHHOE D3JIEKTPUYECKOE MOJIe, BO3JICHUCTBYIOIIEE Ha
MbE303JIEKTPUUECKYIO MOMJIOKKY. TeM caMbIM co3faeTcsi nepemeHHas aedopma-
1Usl MaTepuaia MeXIy METATMYeCKUMHU dekTpoaaMu. s nossimeHus s dex-
TUBHOCTU PabOThl UCIOJIB3YIOTCSI TPeOEHYAThIE CTPYKTYPbI AIEKTPOJOB. Y CTPOii-
CTBa SABJIAIOTCS B3aMMHBIMU, MMOCKOJIBbKY aHAJOTHYHO peaju3yroTcs Npeodpa3oBa-
TEJIM aKyCTHYECKON OBEPXHOCTHOM BOJIHBI B DJIEKTPHUUECKYIO SHEPTHUIO.

[IpocTpaHCTBEHHBIN HIar MIThIpel (pacCcTOSHUE MEXAY COCEIHHMU OJIHO-

UMEHHBIMH LITBIPSIMHU) PaBeH JJIMHE BOIHBI S = A, ;. OOBIUHO HIMpUHA IITBIPEH

paBHA 3a30py A MCKIAY HUMH. Ecimn 3a30p A B3STh MUHHMAaJIbHO pealin3yeMoro

pa3mepa, Hanpumep, A . =0,5 MKM, TO HOJy4YUM MaKCHUMAJIbHO PEaIU3yEMYIO

YaCTOTY B 3dBUCHMOCTH OT MATCpHAJId ITOIJIOKKHU f

max _0975_1,5 FFH I[()Hy_
cTUMas IUIONIaAb MpeoOpa3oBaTeliss OrpaHUYMBaeT paboOuyr0 4YacTOTy CHH3Y

Jiae =1—10 MI'. B npeoOpazoBarene Bo30yKAAtOTCs 1BE BOJIHBI, HAIIPABICHHBIE

B IMPOTHUBOIIOJJIOKHBIC CTOPOHBI. YacTo moJie3HOH SIBJISICTCS OJHA BOJIHA, pacipo-
CTpaHAOOIasACA K BBIXOJHOMY HpCO6p330BaTCHIO. I[pyrasl BOJIHA YCTPAHACTCA C
IMOMOIIBIO ITOTJIOIIAOIICTO ITOKPBITHA.

ITpy mpocTpaHCTBEHHOM IlIare CTPYKTYphl S = A, Kaxkaas mapa 3JeKTpo-

J0B BO30YXJaeT aKyCTHMYeCKYyl0 BOJHY. [Ipu 3TOM BOiHA MPOXOIUT pacCTOSTHUE

MEXly TapaMu 3a BpeMsi, paBHOE NIEPUOAY ITOBTOPEHUS BO30Yk/IAIOIIEr0 CUrHAIA,
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U BOJHA YCWJIMBAETCs. AMIUIMTYAHO-4acTOTHas Xapakrtepuctuka (AYX) takoro
peoOpa3oBaTesIs UMEET MAaKCUMYM Ha 4acTOTe

f, = Vias _ Vias ' (10)
AMap S

[Tonoca nponyckanust Af (ua yposae 0.7 o makcumyMma AUX) moxkeT ObITh

BBIYHCIICHA TIO hOopMyJie:

ar =2l (11)

b

N
rae N - 4uciio nap CTep>kHeil.

[IpeoGpazoBartens npeAcTaBiIsieT cOO0K YacTOTHO-U30UPATEIbHBIN 371E€MEHT.
Yem Oonpiie N, TeM yke Mojoca, TeM Bblllle U30uparenbHocTh. KopoTkuil mpe-
oOpa3oBaTeiab MOKET OBITh UCIOJIB30BaH JIJIs1 BO30YK/IeHUs (MJIU IpUeMa) CUrHasia
B Oojiee HIMPOKOM YAaCTOTHOM AuanaszoHe. [[ns gopmMupoBaHus HarpaBiIeHHOTO
U3JIyYeHUSI TOBEPXHOCTHOM BOJHBI BIOJIb MEPUOJUYECKON CTPYKTYphl [JIUHA
cTepkHel (00JacTh X B3aMMHOTO MEPEKPHITUS) AOHKHA COCTABISATh HE MEHEE He-
CKOJIBKUX JIJTMH TOBEPXHOCTHOM BOJIHBI.

PannosnekTpoHHble yCTPOMCTBA, HMCHOJIB3YIOLIME PACCMOTPEHHBIC BBIIIE
npeo0pa3oBaTeNM C MOBEPXHOCTHBIMU aKyCTHYECKUM BOJIHAMH, Ha3biBaioT [1AB
npeoOpazoBaTensiMu. JIBa mogoOHbIX peodpa3oBartesis, pacioiokKeHHbIe Ha HEKO-
TOPOM PACCTOSIHUU JPYT OT APYTra, MO3BOJSIOT PEAlU30BaTh JUHUIO 3A0EPHCKU,
Kotopas OyzaeT addexkTuBHO padoTaTh Ha yactorax no 1 I'Tm. [Ipu sTom makcu-
MaJbHOE BpeMsl 3aJIeP>KKH CUTHaja A0CTUraeT 1 mc.

VYcTpoiicTBa Ha aKyCTHYECKHUX BOJIHAX HAXOAST LIMPOKOE MPUMEHEHHE B
npubopax Hepa3pylIaAIIIEro KOHTPOJIs CTPYKTYpPbl MaTepuaioB, HallpuMep, B Jie-
(deKTocKomax, a Takke B YCTPOWCTBaX aKyCTUYECKOW HHTPOCKOMHH (CHCTEMax
yIbTpa3ByKoBoOro uccienoBanus — Y3UM) B meaunune. Kpome Toro, oHM 4acto uc-
MOJIB3YIOTCS B BBICOKOKAYECTBEHHBIX MHUKpPO(POHAX U aKyCTHUYECKUX CHUCTEMax

3BYKOBOT'O JUAIla30HaA.
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3. IloBepXHOCTHBIE 3JIeKTPOMATHUTHBIE BOJIHbI HA TPaHUIle pa3jesia
cpen

[ToBepXHOCTHBIE AJEKTPOMArHUTHBIE BOJIHBI MOTYT CYIIECTBOBaTh HE Ha
BCSIKUX TIOBEPXHOCTSIX, @ TOJBKO Ha TPaHMIE paszjiesia Cpell, OJHa M3 KOTOPBIX
JIOJDKHBI SIBIIATBCS. ONTUYECKH aKTUBHOM, T.€. KOT/Ia JMRJICKTpUUYECKas WA Mar-
HUTHasI TPOHUIIAEMOCTh KOTOpOU oTpuliatesibHa. HamoMHuM, 3TO BO3MOXKHO, €CliU
cpella peaju30oBaHa C KCHOJb30BaHMEM MeTamarepuasioB. [lore moBEpXHOCTHOM
BOJIHBI JIOKAJIU3YETCsl B IPUITOBEPXHOCTHOM CJIOE, pa3Mephbl KOTOPOTo0 OOBIYHO I0-
psKa JUIMHBI BOJTHBI, M SKCIIOHEHIIMAIILHO 3aTyXaeT Mo 00e CTOpoHbI oT Hee. Cxe-
MaTUYHOE H300pakeHHWE TOBEPXHOCTHON BOJIHBI, PACHPOCTPAHSIONICHCS BIOJb
ocu 0X Ha muIockoM rpanuue pasznena cpeq 1 um 2, koraa E-cocTaBisomias moss

JICKUT B IINIOCKOCTH Z (E-nonapmaul/m) IMOKa3aHa Ha PUCYHKC 4,

\\ X gl’/'tl

Pucynok 4 — OpueHTanusi BEKTOPOB 3JIEKTPUUECKOTO M MATHUTHOIO MOJIeH
B IIOBEPXHOCTHOM BOJIHE

[IoBEpXHOCTHBIE AJIEKTPOMArHUTHBIE BOJHBI MPEACTABISIOT MPAKTUYECKUN
MHTEPEC, MOCKOIbKY MX SHEPrusi yObIBaeT 0OpaTHO MPOMOPIMOHAIBHO PACCTOS-
HUIO OT TOYEYHOT'O MCTOYHMKA, & SHEPTUsl 00BEMHON 3JIEKTPOMArHUTHOW BOJIHBI —
KBaJIpaTy pacCTOsIHUS OT UCTOYHUKA. JlaHHOE 00CTOSITENIbCTBO HA MPAKTUKE MOMKET

CyYIICCTBCHHBIM 06p2[30M YBCIIMYUTL HAaJIBHOCTH HeﬁCTBHH paHHOHOKaHHOHHOﬁ
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CTaHIIMU U CHUCTCM CBA3H, 4 TAKIKC ITOBBICUTH 3(1)(1)CKTI/IBHOCTB 3a CUCT TOIro0, 4TO
BOJIHA «IIPHUBA3aHA» K IIOBCPXHOCTU U CICAYCT 3a €€ KpPIBPBHOﬁ.

PaCCMOTpI/IM pacinpoCTpaHCHUC HOBCpXHOCTHOﬁ BOJIHBI Ha IPUMEPE IIJIOC-
KOM CTPYKTYPBI «MCTAJIJI - JUIJICKTPUK). BYI[CM nmojararb, 4YTO AUIBJICKTPHUUYCCKAA

IIPOHHUIIACMOCTb CJIOS OUIJICKTpPHKAa HE H3MCHACTCH, T.C. &, =const, a Merajuia

HUMCCT YaCTOTHYIO 3aBUCUMOCTD, OIIPCACTIICMYTIO COOTHOIICHUCM
g =1-—L, (12)

rac o ' IJ1a3sMCHHas 4aCToTa.

B Takoii cucteme MoBEpXHOCTHAsI BOJHA HMEET TOJIBKO OJHY MOJSPU3AIIHIO
— TM (BonHA 3JIEKTPUUYECKOTO TUIIA).

BBenem nekapToBy CHUCTEMY KOOpPAMHAT TaKUM 00pa3oM, 4TO OCh Z Oblia
OPHEHTHpPOBaHA NEPHEHAUKYISIPHO TpaHULE pasiena cpea, a ock X — BAOJb
HapaBIeHUS pacnpocTpaHeHus] BOMHBL. C y4eToM rapMOHHYECKON 3aBUCHUMOCTH
noJiel OT BPEMEHH 3alUIIeM KOMIIOHEHTHI BOJTHOBOTO TIOJSI IIOBEPXHOCTHON BOJI-

HBI:

d*H . dH
Zy_qJZ'HyZO’ Ex: : y) Ez:_ B vy (13)
dz kosj dz kosj

HonepeqHLIe KOMITOHCHTBI BOJTHOBOI'O BCKTOpAa HMCIOT BU:
2 2 2
q; =P" —kye,, (14)
riae B - npoaoabHOE BOJTHOBOE YKCIIO.

Pemenune BOIHOBOIO YpaBHCHUA (13) JJI1 KOMIIOHCHTBI MAardHuTHOI'O ITOJIA

H |, ¢ yueToM ee HENPEepbIBHOCTH Ha IPAHULIE pas/iesia Cpe/l PE/ICTaBUM B BHJIE:

exp(— , z>0,
H (x,2) = H, exp(—ipxy] P 9%) (15)
g exp(q,z), z<O0.

FpaHHque YCIIOBUC IJIAA BOJIHBI paCCMAaTpUBACMOTI'0 THUIIA, COCTOANICC B HEC-

IMPCPLIBHOCTH TaHFeHI_II/IaJIBHOﬁ KOMIIOHCHTHI J3JICKTPHUYCCKOT'O TUIIA HA TPAHUIC

pasaena E” = E®| npuBoauT K ypaBHEHHIO, CBA3BIBAIONIEMY MEXKILy COOOM u-
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QJCKTPUYCCKUC IPOHUITACMOCTU I'paHUYAIINX CPCOd U IOINCPCUHBIC KOMIIOHCHTDI
MAarauTHOI'O ITOJIA:

1 )
LaHy _LaHy

z=0
g, Oz g, Oz

=0. (16)

VYpauenue (16) ¢ yuyerom (15) npuBOAUT K IHUCIEPCHOHHOMY COOTHOIIIE-
HUIO, CBSI3BIBAIOLEMY KOHCTaHTY PacHpoCTpaHEHUs] OBEPXHOCTHOW BOJHBI C Ma-

TCPUAJIbHBIMH IIApaMETPpaMU I'paHUYAIIUX CPCI U YaCcTOTOM:

4 | 9u _ 848,

€

, B=k, .
d 8m Sd + 8m

(17)

I[JISI CymecCTBOBaHUA HOBCpXHOCTHOﬁ BOJIHBI HCO6XOI[I/IMO, YTOOBI BCIIIC-
CTBCHHBIC YaCTU AHUIJICKTPUYICCKUX HpOHI/IHaCMOCTCﬁ HUMCJIN PA3HbIC 3HAKH, ITOIIC-
PCYHBIC KOMIIOHCHTBI BOJIHOBOI'O BCKTOpPpa HMCIIM BCIHICCTBCHHBLIC 3HAYCHUA U

qj >0. Ha PHUCYHKC 5 MMpUBCACHA Y9aCTOTHAA 3aBUCUMOCTL KOHCTAHTBI PaCIIpO-

CTpaHEHHS.

0 B
Pucynok 5 — 3akoH nucnepcruy NOBEpXHOCTHOM BOJIHBI Ha TPaHULIE pa3zesia cpes
«METaJT — TUAIIEKTPUK»

Ananus PUCYHKaA 5 ITIOKa3bIBACT, YTO BCTBb 2 oTBe4aeT 00OBEMHBLIM BOJIHAM H
ACUMIITOTUYCCKU CTPCMUTCA B (1)0TOHHOI>1 HpHMOﬁ (JII/IHI/II/I CBCTa B I[I/IBJICKTPI/IKC)

©,

B=kye, . BeTBb 1 cTpeMUTCS K 3HAYEHUIO YACTOTHI (O, =
g, +1
d

1 OTBCYACT II10-
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BEpXHOCTHOU BoJiHE. [Ipu 5TOM MOBEpPXHOCTHAs BOJIHA 00JIaIa€T PSAOM Ba)KHBIX
CBOMCTB:

- OHA MOJKET CYIIIECTBOBAaTh B 00JIACTH TE€X YaCTOT, TJIe OJHA U3 TUDJIECKTPHU-
YECKHUX MPOHUIIAEMOCTEN MproOpeTaeT OTpHUIlaTeIbHbIC 3HAUCHHUS;

- OHa JIOKAJIMU3YCTCA B IPUIIOBCPXHOCTHOM CJIOC pas3aciia Cpcla, IMOCKOJIbKY
B > kow/fid N Z—KOMIIOHCHTBI BOJIHOBOT'O BCKTOpA ABJIANOTCA YNCTO MHUMBIMH BC-

auyuHaMu. B pe3ynbTaTe yero moss SKCIOHEHIMAIbHO 3aTyXarT BIAUd OT Tpa-
HUIIBI pa3ziena cpejl.

Jl71s1 BO30YKIEHHS TTOBEPXHOCTHOM BOJIHBI HA TJIAJIKOM MOBEPXHOCTU pa3pa-
0oTaHbl 1Ba 3P(HEKTUBHBIX METO/A: PEIICTOUYHBIN; TPU3MEHHBIN.

Ilpusmennstii MemoO WU Memoo HAPYUWIEHHO20 NOIAHO20 GHYMPEHHEZ20

ompajricenuAa 1OKa3aH CXCMATHYCCKHN Ha PUCYHKC 6.

Pucynok 6 — Cxema paboThl TPU3MEHHOTO METO/IA!
1 — nudreKTprK ¢ €, = CONSt ; 2 — IOBEPXHOCTHO aKTHBHasl cpeaa ¢ €, = f(®);

3 —mpusma c € s 4 — manaronas BOJIHA; 5 — MOBEPXHOCTHASI BOJIHA; 6 - OTpayKEHHAs BOJIHA

Pucynok 7 — Cxema Bo30yXIeHUS TOBEPXHOCTHON BOJTHBI
C TIOMOIIBIO TU(PPAKITUOHHON PEIIETKHU:

1 - qudnexTpuK ¢ €, = cONst ; 2 — MOBEPXHOCTHO aKkTHBHAs cpeja ¢ €, = f (M) ;
4 — manaronas BoJIHA; 5 — MOBEPXHOCTHAS BOJIHA; 6 - OTpayKEHHAsI BOJIHA
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Cxema B030YyX/I€HHUS MOBEPXHOCTHOW BOJIHBI C TTOMOUIBIO TU(PAKIIMOHHON
pELIETKH MOKa3aHa Ha PUCYHKE 7.

B GonpmHCTBE CllydaeB PEHIETOYHBIN AIEMEHT CBSI3U MPECTaBISET COOOM
roppupoBaHHYIO CTPYKTYpPY, HAHECEHHYIO Ha MOBEPXHOCTb WJIM BBITPABICHHYIO
HEIMOCPEACTBEHHO B Marepualie. BenencTeue cBoeil NEPUOJAUYHOCTH PEMIETOYHBIN
AJIEMEHT BO30Y’KJ1aeT Ha CBOEH MOBEPXHOCTH MOBEPXHOCTHBIE BOJIHBI, HAIlPaBJIEH-

HBIC BJOJIb OCH IICPHUOAUIHOCTHU.

Jlekuus 8. IlpuMepsl nmpeo0pa3oBaHus THIOB BOJH B NPAKTHYECKHX
NPUJIOKEHUSAX

Coenacosanue cped. Koncmpyuposanue axkycmuueckux AUHUL 3a0ePHCKU.
IIpumepwvl ucnonv3oeanus usMeHeHuss CmpyKmypsl noJisi 601U3U 2paHuysl pasoend
cpeo 015 2IeKmpoMaHUmHbuIX 801H. Ilpumepsl ucnonvsosanus s¢pghexkma pacujen-
JI€HUSA 3TIeKMPOMAHUMHBIX GOJIH.

1. CorniacoBanmue cpen

JUist yny4nieHus: nepeiadyd MOIIHOCTU BOJIHBI Yepe3 TpaHuIly pasjierna cpe-
JIbI TOJDKHBI OBITH COTJIACOBAHBI, T.€. UX BOJIHOBBIC COTIPOTUBIICHUS JOJKHBI ObITh
onnHaKOBbIMU. OJIHAKO Ha MPAKTHKE ATO YCJIOBHE BBHIMIOJHSIETCS KpailHe peaKo.

Tax, mMpoKo UCHONB3YyEMbIH B aKyCTUKE TBEPJbIi MaTepuan candup UMeeT aKy-

2
CTHYECKOE COIPOTUBIICHUE AJIA NPOILOJBHBIX BOIH Z =44.3-10° xr/(m’c), a ans

BO3AyXa Z, =4.27-10° KF/(MZC). Cnenyer OTMETUTh, YTO PACCOTJIACOBAHHUE CPEJ

JUISL aKyCTHYECKUX BOJIH TOJIYYaeTCsi BO MHOTO pa3 OOJBIIUM, YeM ISl DJIEKTPO-
MAarHUTHBIX BOJIH.

PemmnTh 3amauy cormnacoBaHusi cpej sl aKyCTUUECKUX BOJIH U MUHUMU3U-
pOBaTh UX OTPAKEHUE OT TPAHUIIBI pa3zesa Cpell MOKHO BBEJICHUEM YE€TBEPTHBOJI-
HOBOTO TpaHc(opMupyromero cios. JlaHHbIH MeTo A MIHUPOKO UCIOIb3YeTCs B OI-
tuke U TexHuke CBY. OH OCHOBaH Ha HCIOJIb30BAaHWM MOJEIN SKBHUBAJICHTHOU
JVHUM TIepeladyu JJis aHaliu3a PACHpPOCTPaHECHMS aKyCTHUUECKHX BOJH. Brtopas

cpcaa Mpu 3TOM BBIIIOJHACT POJIb HCKOTOPOT'O COIIPOTUBJIICHUA HAIPY3KH, IIOI-

89



KJIFOYEHHOTO K JIMHUU nepefaun B ceueHuu z =0. Jlo atoro ceuenus (z <0) sk-
BUBAJICHTHAs JIMHUS MOJEIUPYET PACHPOCTPAHEHHUE MANAIOUIEH U OTPAXKEHHOU
aKyCTUYECKHUX BOJIH B IIEPBOM cpeze. I'eoMeTpus 3aaun OKa3aHa Ha pUCyHKe 1.
Paccuntaem BXOJHOE CONPOTHBIIEHUE OTPE3Ka YKBUBAJIEHTHOM JIMHUU JJIN-
HOHN ¢, COOTBETCTBYIOILEH TOJIIIMHE BBIAEIEHHOIO CJIOs NepBoi cpeapl. [Ipu aTtom
Oyzem mosaraTh, YTO CONPOTHUBICHHE HATPY3KH SKBUBAJICHTHOM JMHUU PaBHO

aKyCTUYECKOMY COIIPOTUBIICHUIO BTOPOU cpensl Z,, = Z, .

Jli1st ceyenus z = —/ MOXKHO 3aIlMCaTh:

P.(=0) = po (exp(jk, L) + R, exp(—jk, L)),

Prax . .
v(=0) === (exp(jkf) = R, exp(=jkiL)).

1

kl- .7, kg. =272y

ZBx —> Zy Va:

P 0
< f A

Pucynok 1 — DxkBuBaneHTHasi cXxema TpaHUIIbl pa3zesia cpes

BXOJIHOC COIIPOTUBJICHUC SKBUBAJICHTHOM JIMHUU C MOCTOSHHOMU pacIpo-

CTpaHCHUA kl Ha paCCTOAHHUN ! ot I'paHuObI 110 aHAJIOTHUH C TCOPI/IefI JIMHUMN nepe-

Ja4l MOXET OBITh ONPEEICHO U3 POPMYIIBL:

Ly 2D UKD+ R exp(- k)

ZBX (Z = 1 . . :
v(=0) exp(jk,£) — R, exp(=/jk()

2)

C yuetoM npezacTaBieHus koddduirieHTa oTpakeHus BbpakeHue (2) mpe-

oOpasyeTcsi K BUY:
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Z,cos(k )+ jZ sin(k ()

ZBX (_K) - Z] . . :
Z, cos(kl)+ jZ,sin(k/)

)

2
Ha paccrositnuu yetBepTh IMHBI BOIHBI { =A/4 k(= 77[/1 /4 :% BbIpa-

xeHnue (3) mpeobpasyercs K BULY:
ZBX (_) = - (4)

[TonOupasi 3HaueHHEe BOJHOBOT'O COMPOTHUBIICHHUS YETBEPTHBOJIHOBOTO CIIOS
Cpebl, MOXKHO PELINTh 33/1auy COTJIacOBaHMS JBYX cpea. Mexay AByMms cpeaamu
HEO0OXOMMO PACIOJIOKHUTh JIOTIOTHUTEILHBIN YETBEPTHBOJIHOBBIN CIION MaTepurana
C TaKUM aKyCTUYECKUM COINPOTUBJIICHUSIM, YTOOBI 00€CTICUUTh PAaBEHCTBO aKYCTH-
YECKOr'0 COMPOTHUBIICHUSI TIEPBOM CPeJIbl U BXOJHOTO COMPOTUBJICHUSI SKBUBAJICHT-
HOM MTUHUU Tiepenadn. B 3ToM ciydae oTpakeHne oT 00euX rpaHull JOTOTHUTEIb-
HOT'O COIJIACYIOIIETrO CJIOS BOJIHBI OyIyT MPOTHUBO(MA3HBI U PaBHBI 110 aMIUIUTY/IE,
YTO MPUBEACT K UX B3auMHOU kommeHcaruu. Caur ¢assl 180 rpagycoB obecrie-
YUBACTCSI PA3HOCTHIO X0J1a BOJIH MEXY TpPaHUIIAMU B TOJIJIMHBI BOJIHBI, 4 PABEH-
CTBO aMIUIMTYJT — pAaIlMOHAIBHBIM BBIOOPOM aKyCTHUYECKOTO COMPOTHBIICHUS
TpaHC(HOPMUPYIOUIETO CJO0s. AKYCTHYECKOE COINPOTHUBICHHE COIJIACYIOUIETO

(TpaHC(OPMHPYIOIIETr0) YSTBEPTHBOIHOBOTO CIIOsI Z, MOXKET OBbITh MOIYYECHO M3

dhopmyisl (4):

Z =\2z,. (5)

TonmuHa coryiacyromero ¢iaos paBHa YETBEPTH IJIMHBI BOJIHBI B MCIIOJIB3Y-
eMoM MmaTepuasie. B cBsizu ¢ 3TUM Moj0ca 4acTOT HU3KOrO 3HayeHUs Kodpduuu-
€HTa OTPaXCHUS I0JIy4aeTCsl JOCTaTOYHO MaJIoW. J[s paciumMpeHus quana3oHa Ja-
CTOT XOpOILETO COTJIACOBAHUS MPUMEHSETCS MHOTOCIOMHAS TpaHCPOpMUPYIOIIAs
CTPYKTYypa, COCTOsAIIAs U3 HECKOIbKUX YETBEPTHBOJHOBBIX CIIOEB. B onTuke aHa-
JIOTUYHO BBINOJHSIOTCS «IIPOCBETIICHHBIE) CTEK/IA. AHAJOTMYHO paboOTaloT B aH-
TEHHOM TEXHHMKE COTJIaCyIOUIUe TPAHCHOPMATOPHI JJIsl AIEKTPOMAarHUTHBIX BOJIH, a

TAKIKC paJHUOIIOTJIOIA0IUC ITIOKPBITHUA.
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2. KoHCcTpyHpOBaHHE aKYCTHYECKHX JIMHUN 3a/1ePiKKH

JIJIsi KOHCTPYHUPOBAHUSI AKYCTHMUECKUX JIMHUM 3a/IepKKU U (UIBTPOB Yallle
BCEr0 MCHOJB3YIOTCS MbE303JEKTPUKU (KBapl, HUOOAT JIMTUA, TUTAHAT Oapus,
TaHTalaT JUTHUS, MbE30KEpaMUKa W Jp.), TpaHUyaliue ¢ Bo3ayxoM. llockoibky
aKyCTUYECKOE CONPOTUBIICHUE BO3AYyXa W TBEPABIX MaT€pUaJIOB OTIMYAIOTCS Ha
J1Ba MOPSAAKA, TO JOJIFO MOIIHOCTH, IPOLIEAIIYIO U3 TBEPAOr0 MaTepraia B BO3AYX,
MOXXHO CUMTaTh HyJeBoH. Koadduunent otpaskeHus npoaoabHON BOJHBI OT Ipa-
HUIBI TBEPJIO€ TEJIO — BO3AYX JUIsl Ma/alollei Mpo1oiabHONU BOJIHBI OyleT omnpene-
JATHCSI COOTHOIIEHUEM

s1n(295 nax) sm(29mp) v,
v sin(20, . )sin(20, )+ (V,

)> cos® (20
)* cos’(20

na;[ K oTp

toTp ) (6)

t0Tp)

(nax totp rla;[ zOTp
YacTb MOILIHOCTH Tajaroliel MpoAoJbHOM BOJHBI MpeoOpa3yeTcss B MOII-

HOCTh CABUTOBOM BOJHBI. {7151 OTpa)kKeHHOUW CIBUTOBOM BOJIHBI MPH MaJCHUU TPO-

JIOJIbHOW BOJHBI Kod(pdunmeHT TpaHchopmaruu (Kod3PGHUIMEHT MPeTOMIICHUS )

OyJIeT ONUCHIBATHCS BEIPAKCHUEM

20V,

— Knaz( KOTp
sin(26, . )sin(26

)sin(20
)+,

/nanx

)c0s20) ,
) cos(20 0

/mnan totp naz( z oTp toTp )

B cnydae mayneHus cIBUTOBOM BOJHBI BEPTUKAIBHOW MOJSPHU3ALMU Ha rpa-
HUILY BO3AYyX — TBEpJOE TesI0 KOA(DPUIIMEHT OTpakeHUsl coBnaaaeT ¢ ko3P puiu-
€HTOM OTpa)keHHus (6):

R, =R, ®)

a ko3 duuueHT npenomieHus (TpaHchopmanuu) CABUTOBOM BOJHBI B MPOAOIb-
HYIO0 BbIUMCIIAETCA 110 (hopMyJIe:
Sin(26),,,)

_ T 9
" sin(20 " ©)

rorp)

[IpupaBHUBasi YUCIUTENb BhIpaXeHHs (6) HYJII0, MOKHO ONpPENETUTh YroJl Iajie-
HUS, TIPU KOTOPOM KOA(G(UIIMEHT OTpakKeHUsl MPOJIOJIbHOW BOJHBI PAaBEH HYIIIO,
T.€. IPOMCXOANT NpeoOpa30BaHUE OJHOTO TUIIA BOJHBI B APYroi (maaaromas npo-

A0JIbHAA aKyCTHYCCKasA BOJIHA IICPCXOAHUT B OTPAKCHHYIO CI[BI/IFOBYIO). I[aHHBIfI
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3 (dexT BakeH A MPAKTUYECKOTO MCTOIb30BaHMS, TOCKOJIBKY B aKyCTOAJIEKTPO-
HUKE BO30YIUTH CIIBUTOBYIO BOJHY ropa3fo CIOXHee, 4eM MpojobHyto. Ha pu-
CYHKE 2 MOKa3aHa KOHCTPYKLHUS IpeoOpa3oBaTesi BOJIH, paboTaroias Ha ONUcaH-
HOM 3(dekre. B kauecTBe cpeabl MCIONb30BaH IJIaBIEHBIN KBapil. i1 Hero mpe-

oOpa3zoBaHue HaOmrogaercss mpu yrie mageHus 0, =42°. JlanHblii npeoOpa3oBa-

TeJIb SIBJSICTCS B3aUMHBIN YCTpOﬁCTBOM. 910 0O3Ha4acT, 4TO €CJIM CABUI'OBAasi BOJIHA

najaeT Ha IpU3My CcIpaBa 1ox yriaoM 0, =25° k BHyTpeHHEH IpaHu, TO MPOU30H-

JeT npeoOpa3oBaHUe CABUTOBOM BOJIHBI B MPOAOJIbHYIO. BHElIHNe rpaHu nepneH-

AUKYJSIPHBI BXOJAIICMY U BBIXOOAIICMY JIYUaM.

a -

CILBHI"OBaﬂ BOJIHaA

Hp 0J0JIbHAasA BOJIHA

Pucynoxk 2 — [IpeoOpa3oBaHue MpoJI0JbHOM aKyCTHUYECKON BOJIHBI B IIONIEPEUHYIO
IIpY MIOMOILY IPU3MBI U3 IIJIAaBJIEHOTO KBapla

[IpeoOpa3oBaHue TUIOB BOJIH BO3MOXKHO M TIPH HCIMOJL30BaHUU 3 deKTa
MOJIHOTO OTPaXKEHUs OT TPaHMIBI pasfenia cpea. [lpu yriie mageHusi, paBHOM
0, =45°, ko3 punueHT OTpaskeHUs KaK IIPOJOJIBHON, TaK U CIABUIOBOM BOJIHBI pa-
BeH 1. HaGmronaercs nomHoe otpakenue. M3 ananuza cooTHomeHui (6) u (8) cie-
AYET, 4TO CYILECTBYET TAKOW YroJl MaJeHus, P KOTOPOM 3HaueHus R, u R, 00-
paliarTcs B HYJIb, T.€. COOTBETCTBYIOILIEH OTPaKEHHOM BOJIHBI HE OYIET.

SIBneHue pacileruieHusl U SIBJICHUE MOJHOT'0 OTPAKEHUS aKyCTHUYECKUX BOJIH
HIMPOKO MCHOJIB3YIOTCSL B MpeoOpazoBaTesaix TUIIOB BOJIH PaJAHO3JIEKTPOHHON arl-

mapaTypbl, a TAKKC IJI1 CO3JaHUA aKYCTUUICCKUX BOJTHOBOIOB.
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3. Ilpumepsl HCNOIB30BAHUA U3MEHEHHUS CTPYKTYPbI I0JIA BOJIU3H
rPaHUIbI pa3jesa cpea 1Jis 3JeKTPOMATHUTHBIX BOJIH

BoeimosnnuM ananu3 obnactedt nmpuMeHeHus: 3()QPEeKToB, BO3ZHUKAIOUIUX MPU
MaJICHUH JIOCKOW 3JIEKTPOMATrHUTHOW BOJIHBI HA TPAHUILY pa3/ena IBYX Cpe.

HayHeMm ¢ 4acTHOro ciryyas IMOJIHOTO MPOXOKJICHHS BOJHBI BO BTOPYIO Cpe-
Ay WIHM TOJHOTO MPeJIOMJICHUSI BOJIHBI. B MpakTHUeCKUX MPUIOKEHUSX HE00XO-
JUMOCTb MCIIOJIb30BaHKUE AaHHOTO 3P (deKTa BO3ZHUKAET JI1 YMEHBILIECHUS B MECTaxX
CTBIKOBKH MOTEPh HAa OTPAKEHUE IIPU MOCTPOECHUH BOJIHOBOAOB KaK JUAJIEKTpUYE-
CKHX, TaK U METaJUIMYECKHUX.

Bre160p ¢GopMbl MecTa CTBHIKOBKM OCYIIECTBISIETCS Ha OCHOBE HCIOJIb30Ba-
HUSl YaCTHOTrO ciiy4asi oOpamieHusi B Hyllb KO3(p(UIMEHT OTpakeHHs. YTOJ Tajie-
HUs, IPU KOTOPOM BO3HHMKAE€T AHHOE SBJICHHWE, Ha3bIBaeTCs yiom bprocmepa.

['eoMeTpus 3a1aun oKa3aHa Ha PUCYHKe 3.

N\
N\

Pucynox 3 — Ilagenue anekTpoMarHuTHOM BOJIHBI MO yIiioM bproctepa

HOCKOJIBKy BBIPpAKCHH:A, OIPCACIIAIOIINC KOB(l)(l)I/IHI/ICHT OTPpAXCHUA, 3aBU-
CAT OT NOJIApU3allun HaﬂaIOH_Ieﬁ Mo IMPOU3BOJIBHBIM YI'JIOM G)J'ICKTpOMaFHI/ITHOﬁ
BOJIHBI, TO COOTHOHIICHMU:A, OIPCACIIAIOMINC YI'OJI BpIOCTCpa, TaKXEC 6YI[YT OTJIN-
HaTbCAa AJIA BCpTHKaHBHOﬁ u FOpI/ISOHTaJIBHOﬁ HOHHPHBaHHﬁl

- JJIs1 BOJIHBI BepTHKaHBHOﬁ MnoJrApru3alnn (HaHpaBHeHI/Ie BCKTOpa HaIIpsi-

JKCHHOCTH 3JICKTPUYICCKOI'O ITOJIA JIC)KHUT B INIOCKOCTH IMAJICHUA BOJIHBI):

tg(0y ) = \/iz ; (10a)
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- 1JIs1 BOJIHBI FOpHSOHTaHBHOﬁ MMoJIprU3alnn (HaHpaBHeHI/Ie BCKTOpA HaIpsI-
JKCHHOCTH JJICKTPUYCCKOI'O IOJIA TCPICHAUKYIIAPHO IINIOCKOCTH NAACHUA BOJIHBI

WJIA T1apaJuICJIbHO I'PAaHUIIC pa3aciia cpez[):

tg(0;,) = \/M_i2 . (1006)
Ky

CrelyeT OTMETUTh, UTO B €CTECTBEHHBIX YCJIOBHUSAX CpEl, OTIMYAIOIIUXCS
JTURJIEKTPUYECKON TIPOHULIAEMOCTBIO Ha 3eMiie, CYIIECTBEHHBIM 00pa3oM OoJibllle,
YeM MarHUTHBIX, TO B MPAKTUYECKUX MPUIOKEHUAX 3(P(EKT MOIHOro mpeaomiie-
HUS MCTIOJIB3YETCS Yalle.

HeraTuBHBIM CIIEICTBUEM PACIPOCTPAHEHHUS SJIEKTPOMATHUTHBIX BOJH BEp-
THUKAJIBHOM MOJSPU3ALMY 1O YIJIOM bprocTepa Kk rpaHuue paszaena cpel ABIsSIETCS
HEBO3MO>XHOCTh OpPraHU3allMM KaHajla CBA3U JJIsI aHTEHH BEPTUKAJIbHOW MOJIAPH-
3aIuy, TOCKOJIBKY MPU OTPAXKEHUHU OT TPAHULIBI pa3lesia Cpel, HapuMep, 3eMIId,
BCSl DHEpPrus yHWIeT B HEE, a HE OTPA3UTCs OT MOBEPXHOCTU. JlaHHOE ClencTBUE
omnpejeNsieTcsl BIOOp THUMA MOJISIpU3AIlMU AHTEHH, UCIOJb3yeMbIX JJIsl OpraHu3a-
LMY Ha3€MHBIX KAHAJIOB CBSI3H.

Eme ogHMM MpakTUYEeCKW BaKHBIM YACTHBIM CIIy4aeM, MMEIOIIUM MECTO
IIpU TMAJCHUM DJIEKTPOMArHUTHOM BOJHBI JUHEWHOM MOJSAPU3ALMU HA TPAHUILLY
paszmena cpeln, SBIAETCS ACNOJSIPU3aLUs OTPAKEHHOM BOJHBI WIM TMOSBJIEHUE
KpOCCIIOJISIPU3aLIMOHHON COCTAaBIIAONIEH, OTCYTCTBYIOIIEH B NAJAOLICH BOJIHE.
Janubiii 3¢p(GeKT BO3HUKAET BCIEICTBUE pa3nyusi KOIPQPUIHUEHTOB OTPaKCHHS
JUIS BOJIH BEPTUKAJIBHOW M TOPU3OHTAIBHOM MONSPU3ALMI, Ha KOTOPHIE MOYKHO
Pa3JIOKUTh JBE BOJIHBI KPYTOBOW MOJSPU3aLMU C MPOTUBOIOIOKHBIM HaIlpaBiie-
HUEM BpalleHUs BOJIHY JMHEWHOW MOJsIpU3alvu. SIBIEHHE NenoJispyu3aluy mnajaa-
Io1lel BOJIHBI Hanbosee 4acTo UCTOJIb3yeTcsa B paboTe paanuoIOKAIIMOHHBIX CTaH-
Ui Juist oOHapyKeHus: 00bEKTOB, BbINOJHEHHBIX 10 TexHojoruu CTEJIC. Kak u3-
BECTHO, PAJIMOMNOTIIONIAIONINE MOKPHITUS 00ECIEYNBAIOT CYIIECTBEHHOE CHUKEHUE
YPOBHSI OTPa)XEHHOI'O IMOJS TOJBKO Ha OAHOW mnonspuzanuu. OJXHOBPEMEHHOE

yIPABJIEHUE YPOBHSIMU OCHOBHOM M KPOCCHOJISIPU3aLMOHHOW COCTAaBISIOLIEN OT-
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PaXXEHHOTO IT0JIS ¢ ITOMOIIBIO0 U3BECTHBIX PAAUONOIIIOIAOIIMX MAaTepPUAIOB IT0Ka
HEBO3MOXHO.

SIBneHue MOJHOIO OTPaYKEHMs Ha IPaHULIC pa3jeiia Cpell UPOKO UCIIOIb3Y-
€TCs B ONTUKE IIPU CO3JAHUU IPU3M, U3MEHSIOLIMX HAIPABJICHUE JIYYEH, a TaKKe
pu npoekTrpoBannu ycrpoiicts CBY ¢ ncnonp3oBaHueM MeTamaTepuaioB.

OmnuceiBaeMoe sBJIeHUE HAOIIOAAETCs, KOI/a MepBasi cpefia sBISETCS ONTHU-

4ecKH Oonee IUIOTHOH (1, <71y WIN € > €,) U yroil HaJeHus 3JIeKTPOMarHUTHOU

BOJIHBI, KaK TIOKa3aHO Ha PUCYHKE 4, O0JIbIIIE KPUTUUECKOTO yIila WX yIJia TOJHO-
r0 BHYTPEHHETO OTPAXKEHMUS, T.C.:

0>0, =arcsin(n, /n,). (11)

Cpega' 1
<,

Pucynoxk 4 — SIBnenune moJIHOTO OTPaXKEHUE HA TPAHMIIE pa3zeiia Cpe

4. Ilpumepsl ucnonab30BaHuA 3P PexTa pacienieHus
3JIEKTPOMATrHUTHBIX BOJIH

Panee ormeuanoch, 4to 3(@eKT paclieryieHus >3JeKTPOMArHUTHBIX BOJIH
HaOJIoaeTcsl B aHU3OTPOIHBIX Cpellax MpH HX MoAMarHuuuMBanuu. llpu stom
HaMpPsHKEHHOCTDh TO0JIA MOJIMAarHUYMBaHUs onpeenseT (pa3oBble CKOPOCTH pacilpo-
CTPaHSAIOIINXCA B CPEJE BOJIH.

PaccMoTpuM mpuMepsl MCIIONB30BaHUs yrpaBiieHus 3¢@exTom pacuiernie-
HUS B MPOAOJIBLHO HAMArHUYEHHOM (peppuTe JIMHEWHO MOJISPU30BAHHOMN BOJHBI Ha

JABC BOJIHBI KPYFOBOﬁ MoJsIpru3anu € IMPOTHUBOIIOJIOKHBIM HAIIPpABJICHHUCM Bpalllc-
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Hus. YcTporcTBo cBepxBbicokux yactor (CBY), ocyuiecTisioniee U3MEHEHUE
MOJISIPU3ALIMH 3JIEKTPOMATHUTHOM BOJIHBI Ha3bIBAETCA MOJISIPU3ATOPOM.

JlaHHOE YCTPONCTBO MOKET OCYIIECTBIATH JIBE (DYHKITUU:

- UI3MEHUTD YTrOoJl HaKJIOHa BEKTOpa H OTHOCHTENBHO OcH HOJISIPU3ALIMOHHO-
IO AJIIUIICA JIEKTPUYECKOro MoJis (Mcnoib3oBanue dpdexra Papanes);

- U3MEHUTh MOJSPU3ALUIO PACIIPOCTPAHSIONICHCS BOJHBI C JMHEHHOW Ha
KpyroByI0 (3¢ (}EKT BHITECHEHHUSI TIOJIs ).

B nepBom ciiydae B nossipuzatope ucnodibzyercs a¢dext dapanes, 3akiio-

Yaronierocsi B MOBOPOTE YIJIa HaKJIOHA BEKTOpa MarHUTHOW mosis H pacmpoctpa-
HAIOIIEHCS AJEKTPOMArHUTHOM BOJIHBI OTHOCHUTEIBHO HAIPAaBIICHUS pacrpocTpa-
HeHus. B pesynbpraTe yroia HakioHa BeKTOpa OyleT 3aBUCETb OT MPOWIEHHOTO

BOJIHOU B (peppuTe PacCTOSHUS Z:
0=0'z=—"-—+=2, (12)

Tac kl ) k2 - BOJIHOBBIC 4YHCJIa COOTBCTCTBCHHO KPYFOBOﬁ BOJIHBI C JICBBIM M IIpa-

BbIM HAIIPABJICHHUCM BpPAIICHUA, 3aBUCAIIUC OT BCJIMYHHLBI IIOJIA IIOAMArHUM4KrBa-

HHA:

k1’2=0)1¢8iuxiai. (13)

O0603HaueHUs IEPEMEHHBIX, BXOAAmUX B (13), ObUTH MpUBEEHBI B JICKIINUH O.

WnnrocTpanust uCnosib30BaHus TaHHOTO 3 (dekTa B NOJIIpU3aTOpe PUBEIE-
Ha Ha pPUCYHKE 5.

M3meHeHne nosipru3aluy paclpoCTPaHAIOIIENCS SJIEKTPOMAarHUTHON BOJIHBI
OCYLIECTBIIIETCS M3MEHEHUEM IMOJS MOAMAarHUYMBAHUS, IMO3BOJIAIOLIETO YIpPaB-
JSATh BEJIMYMHONW MarHUTHOM MPOHUIIAEMOCTH Qeppurta. 3aBUCUMOCTH CBOMCTB
dbeppuTa 17151 BOJIH C JIEBBIM U MIPaBbIM HAINPaBJICHUEM BpallleHUsI TTOKa3aHa Ha pU-

CyHKE 6.
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Pucynoxk 5 — Unmoctpanus s dexra Papanes mociae IpOX0xKISHUS BBICOKOYACTOTHON BOJTHBI
yepes MpoJI0JIbHO HaMarHW4eHHbIN peppuT

_"_:‘. ._,
H 47
/ oy
A
o

o4 !

#

AN "

Pucynok 6 — 3aBUCHMOCTBL CBOWCTB ()eppyTa JUIs BOJIH C JIEBBIM (LI, ) ¥ paBbIM (L1 )
HaIpaBJICHUEM BPAILICHUS

AHanu3 JaHHOTO PUCYHKA MOKA3bIBAET, YTO MPH OIMpPEACIICHHbIX 3HAYCHUSX
BEJIMYMHBl HAMNPSIKEHHOCTU MO TMOAMArHUYMBAHUS JUIsi BOJHBI C MPaBbIM
HaIpaBJICHHEM BpalleHUs BEIWYMHA MAarHUTHOM MPOHUIIAEMOCTH CTPEMUTCS K
OECKOHEYHOCTH, CJIEOBATEIbHO, BeIWYMHA ()a30BOMl CKOPOCTH JAHHON BOJIHBI
CTpeMHTCS K HYNIO0. B pe3ynbTaTe Ha BbIXOJ€ BOJIHA OyA€T UMETh KPYTrOBYIO OIS~
PHU3aLIMIO C JIEBBIM HAIIPABJICHUEM BPAILICHHUS.

Crnenyer OTMETUTh, YTO M3MEHEHHUE MOJISPHU3aALUN PACIPOCTPAHSIOMIEHCS B
TUPOTPOINHON Cpelie dIEKTPOMArHUTHON BOJHBI Oy/eT HaOMIoAaThCs U IS ToTe-
pedHo nmoaMarHuyeHHoro ¢eppura. OgHako B MpuOOpax JaHHBIA BapuaHT HE HC-

MMOJBb3YCTCA B CHIIY T'POMO3IKOCTH YCTAHOBKU. B 10 xe BpeM:A 1 Cpea € AUIJICK-
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TPUYECKOW aHM30Tponuei naHHbi 3G dexT HabmoaaeTcs Npyu OpraHu3aluyl KaHa-
JIOB MOHOC(EPHON M KOCMUYECKOHN CBSA3M, KOT/la 3JEKTPOMATrHUTHAS BOJIHA OMpe-
JICJICHHOM YacTOThl MPOXOAUT Yepe3 MONepPeuHO HAMarHU4YeHHYIO Ijia3My (MOHO-
chepy). B atom ciaydae casur ¢az Mexay OOBIKHOBEHHOM M HEOOBIKHOBEHHOM
BOJIHAMH OYZIET ONPEAENIATHCS COOTHOLIEHUEM:
Y = (kyeos —kos )X - (14)
AHanu3 JaHHOTO COOTHOLIEHHS MOKAa3bIBAET, YTO MOJISPU3ALMSA CYMMapHON
BOJIHBI JIEKTPUUYECKOIO MoJisi OyAeT Ju00 JMHEIHOM, eciu (pa30Bblil CIBUT paBeH
LEJIOMY YHUCTY T, T.€. Y = N7, JUO0 LTUNTUUYECKON (BO BCEX OCTAJbHBIX CIyda-
ax). YacTHbIN ciydail 3JUTMIITUYECKON MOJSpU3aluyd — KpyroBas MOJIpU3aius —

BO3MOKCH IIPpHU PABCHCTBC aAMILIUTYI EOZ :EOy (KOI‘I[a B Touke x=0 BCKTOP

HaIIPSKCHHOCTH 3JICKTPHUYCCKOTO IT0JIA HCXOHHOﬁ BOJIHBI HAIIPABJICH IO YIJIOM

45° mo orHomenuto k ocu 0y ) B Toukax, rae ¥ =(2n+1)n/2. Jlauusiit a¢pdext

MOJIy4uJ1 Ha3BaHue Igpgpexma Kommona-Mymmona. J15is cpen ¢ IUAIEKTpUYE-
CKOM aHu30Tpornuen (MOHOCPEphl) yKa3aHHOE SBJICHHUE TMOJYYWIIO Ha3BaHUE Igh-
¢exkma Doxxma.

Hanuuue mannoro sdgdexra onpenenser TpeOOBaHUS K aHTEHHAM KaHAJOB

KOCMHYECKOMN CBSI3U.
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Tabmuima Al - TBepabie BelecTBa

HHPUJIOKEHUE A
AKYCTHYECKHUE CBOUCTBA HEKOTOPBIX CPE]]

BemectBo [LnoTHOCTH P, Monyne ynpyro- | Monyns casura, | Koadduuuent
e/’ ctu (FOnra), - 107 gl [lyaccona ©
E-107"° HM’
AnroMuHAR 2710 7.1 2,6 0,33
Menb 8900 12,3 4,55 0,35
CauHell 11340 1,6 0,57 0,44
Cranp 7700 20,6 8,0 0,29
bepunnuit 1850 30,0 14,5 0,03
Jlen 900 10,1 4,0 -
I1naBneHbIit 2200 7.2 3,1 0,17
KBapIl
IHonusTHien 920 0,020 - -
dTopormnact 2200 0,045 - -
Ilenonnact 100 0,005 - -
Tabmuma A2 - XKunkue BeiiecTra
BemectBo VYnenpHas miotHocTh | Koaddunuent cxu- | Koapduiment cnsu-
Po> KT/M° maemoctu Y, 1/I'Tla TOBOM BS3KOCTH 1,
Mmlla C
(mpu 20°C)
Bona 1000 0,47 1,002
AtneToH 800 1,27 0,322
['muuepun 1260 0,22 1480
PryTh 13500 0,038 1,554
Tabmuma A3 - ['a3000pa3Hble BelecTBa
BemectBo [TnotHocts (| I'a3oBas mocto- | Ilokaszarens Koadpuuuent capurosoit
0°C, 101,3 sAHHaA R, anuabatsl Y BsA3Koctu 1, Mlla C
kI1a) Kk Jlx/(kr K) (mpu 20°C, 101,3 xI1a)
Pys Kr/M°

Bozmyx 1290 287 1,40 0,0182
Aot 1250 297 1,40 0,0175
Bomopon 90 4125 1,41 0,0088
Ienmii 180 2078 1,66 0,0196

100




