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B maunoii pabote cTpoORTCA HOBOE HPNGAIGREHIE B SINe O TRICIIoN uarrepe Lane

PG B CHEPXSBYKOBOM NOTOKE (IGLILIOND Tl e ofipx  COOTHOMEN BT

cncresn auvx Anddepeniaa b ypameniil s GRTaIoro aaneiin i o e
A, Tlo tonnecTin 510 npHENITKENIe. ARTACTON IPOMEKVTOMIKM HEKLY BEXOUOI CHere
woit, npeactapanonel RAIMOZCHCTAIE CHIOARIECKora 11ods ¢ .
WEM AU PR TARCTIIRI, COOTRETCTRVIONLIN Spopiiienoyy’ npGaAe

CTUMKOIE 1] Ve

§ 1. Boeaenne

1o eyueciny, [pe/utracMoe pHGIIEKENHIe MOMKI0 TPAKTORAT: KK o
pOC NPNOMBKENIC B ACHMITOTIMECKOM PASAONKENIN, HEPoe B KOTOpOM €O
orBeTeTBYET nopHHenoil’ Teopi. [ak noxasatio B patorTe, NpeLIaracsoe
UPUGATEKEHIE BIOCHT KaMECTHCHNOE HEMENCHIE b “Hopuiieroit” reopin 1
COXpAIBIET TAABHLIE 0COOCHHUCTIL HEXOUHOIT SauH, YTepsiiihie B nepaoM
HPUGHRCHITH.

B paGore oTCyTCTBYET ofsop pador no neeaeyemoil Tese, 1o KOTOPOI
iMeetest  o6impuas  Gnéanorpadi. ABTOPLI  OrPANIMILICE  TOALKO
patoraMi 11,2,3], B rorophix MOMIO HATTH e MABCCTIBIE PeaVJILTaThl,
enoibsoBatipe B aatmoil paote. ECTECTRENNO, aBTORb HE HPETCIVIOT Ha
OPHTIHAIBHOCTH THX PEayALTATOR, x0T i HEROTOPLIC 13 1HIX Hoay U

HECKOALKO HHOE TOAROBAINE, HeM B |ECPU()H("I'U'IFI'I[E(&!X.
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§ 2. TlocTaHoBKa 3ajayn

ilﬂli)"CTilM. MAACTHHEA 3aHUMAET O/ THOCBAIHYID 00J1acTL D I IAOCKOCTH
(X, ¥) 1l BAOAL OCH X OGTEKACTCH CREPXIBYKOBBIM MOTOKOM IJIEANLHOTO rasa.
PaccMarpisaetcs ojiHoCTopolHee ofTekadie (2> 0) . Kpaii miacTiungn 3ax
penJieH 3KecTKoil Anadparmoii, pocTHpaoilel sie D no Geckonennoctit
Torma uMeeM safady:

2

D¢ .(d¢

e s @2 1)

D, (a2

T)I_::_Paﬁ az(‘fd]—aj_(p (z=20) (22)
d a4 @2

Hoianiop e PN GEE v ) (2.3)

dp DW (z=0,x,y€ D)

% D (W=0,x,yED) (2.4)
D d a SE

e U O S et

Dt ot a\» av— az_

e (x, ¥, 2, 1) -BosMYIEeHIbI MOTeHIHAN TeUCHIIA, aplx, v, 1) = plx,v0.1) -
HABBITOMHOE JaBielne Ha MAaCTIKY, ¢y~ HEeBOSMYLICHIAA CKOPOCTh 3BYKA
B 10T0KE, P, - nioTHoCTh rasa, U - ckopocts obrexars, Wix, v,0)  nporn6

maacTuHK 1 L -oneparop ABHAKCHHA HEHArpysKeHoil IIAcTHHIKH B BakyyMe.
3aMeTHM, 4TO CBAAHHYIO CHCTEMY NOTOK-TIACTHHKA 13 HETpajiuioro i
jesoanylLlenoro Hauaibioro coctosmpt @ =0, W=0 mokHo Bumecti

6O BOSMYTHB TeueHie, 60 WIACTHHKY, J160 it TO I JAPYrOe 0AH0BpeMelt
10, DTO MOAMEPKIBACTCA 1 CBAN € TEM, 410 NPELTOKEHHbl B patore no/t
X0J1 NI0JpasyMenaer BLIBECTH TAKOE NPHOMIDKENHe JUIS AMBKEHHA 1aCTI
Kit, 4TOGbI COXPAHITL BOSMOMKIOCTL MEPEeNHCHeHibX nosMyiernti. [antioc
JIOJBKHO, IMETh NOPAIOK N0 [ BhILIE,

Q3HAMACT, HMTO YpabHeHHE IS npori
yem oneparop L. O nopsike 1o HPOCTPAHCTBEHHON KOODAMIATE Gyaer
CKAZAHO HIDKE.

Mockonuky samasa (2.1), (2.2) u (2.4)
AHGO  METOJ  AJEMEHTAPHBIX  PellcHiil, 6o  MCTOL  HHTerpajihHbiX
npeoGpasosannit, Mpl s/ieeh jaed NPEAMONTEHNE BTOPOMY MO/AXDLY, KR
1'13"!60.“{:‘[‘_‘ ECTECTBCHHOMY, HMEH B BHAY, HTO BOIpOc I\'L‘T(Fi’[‘lllli(l(.' P BUEe-TaIK
dJajgava o HAYAIBHOM BOSMYLHLETHH. Cunraem I\’.‘IE‘C'!'IH‘EM MPOLIHTHPOBAT L
K. M. I€aiiza [4]: "OcuoBHoii MOMENT 3AKMOUACTCA HE B TOM, 41O MbI HE
MOJKeM  NAiiTIl PemieHis MeTOL0M AAeMeHTaPHbIX PEILCHIN, a CKopee 1 TOM,

Has, TO MOMHO HPHMEHITH
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0 MBI HE MOKEM 1IX TPONYCTITh, peulas 3ajay ¢ HaYaabHbIMI JEHHBINT
[exoas 13 BLILUECKAIaulioro, B CHTYAIAX, Tpely I pAIBACHEHIA
Ju1st 0GOCHOBAIA TOFO W OO yrsepaKen, OvaeM OOPANETLEA 1€ COOTHO
e, GaslipyIoNRCH Ha LHTErPAIBIBIC TIPEOOpaioBaiii.
Byjem npiuMeHsTh HpeoGpasopaie Jlannaca no fu fipeofpasonatie
ypbe 10 X 1Y JList IPOCTOTH PACCMOTPITM AN BHYIO 3aaMy
I dW
w=0 = =0 ——=0.
ot ot
Jlns npoIaBoILIoi (hynKin F(x,y,z.1) Gyaes IMCTH
{iiees
F(x,y.2.0)= T j J(Ik‘(lk‘ J.j'{kl_k‘ ) eleatis o (2.5)

=

e Y, npaMad b HIGKHETT 0y II0CKOCTH KOMILIEKENOil TI0CKoCTH (@
napaiebias JeiicTRITeAbHOI 0Ci 1 pacnooKenias HpKe 1eex ocoficH
HocTeit so0pasKenis [k, k 0.7).

TIpunene npeofpasoBaniie (2.5) K ypasHemo (2.1). A5 HAOOPLKCIIHA
@ nojyHu YPABHEHIE

¢ ‘ It
49  pp=0, &=
dz”

‘w=-U,\ o
a, (2.6)

ook =k Bk
Pemeiiie (2.6) ¢ yueToM FPARIMHOIO YCJAOBIA 11 (2.4) nneer Bl

O-U i k@)™ Q.1

E
]

(k

Pk, k.0, )="

Pemennte  (2.7)  umapecTHO,  CrO MOWKHO  TOJAYHHTH TAKKC METUAOM
HAeMenTapHbix peuenitit [3]. [Mpendyniecrao HHTErpaihioro HpeAcTaBaeiiin
CTANOBITEA OMEBILUILIN YIKE 114 STOM  HAMAALHOM 2Tane. Eean B METoie
SeMENTAPHBIX pemernii Jud OrpanitIeHIiocTil PEICH no 7 Tpedyercs
BBUIOAHEHIE  YCAOBIH ImE< 0, 7o mt yeoniE By eHit cneayer
1IPOBECTH ONOANITEALHbIT  aHaIs. Mexay TeM, B MHTerPaibilo
HpeeTanaeHi yCAOBHA orpaniteHHocTi i Jajyders. BhIOAIAI0TeH
O/HOBPEMCIHO O/HIM A BLIGOPOM BETLI Ewn KOMILICKEHOTT 1110CKOCTH

o' =w-Uk, oy eHoll CABHIOM [IOCKOETH @ B0/ AeficrmiTensaoil
oent (se1o, MTO NPIE TAKOoM CABIIE e HapylaeTes yeaomie AHAITHMHOCTTY
@ ). “acrora @’ Tpakryercs Kak peayabTar fepexoia K noARIEKHOT

cucTeMe, B KOTOPOI 110TOK HENOBIAKCH (Monnep).
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JleficTRNTeARHO, NPOBE/IA PAspes B MIOCKOCTH @ |, coeunsaomeii Toukm
@' =*ak, (pur.1) n soibpan petss & TakiM o6GpasodM, WTOGLI ia

i = 5
it JIEHCETBY TEHLHOIL  OCH ||])i|(:)'>ak,€
! i HRHHIMALIO HOAOACHTENLHLIE
| o £
yr= m JEHCTBITebHbIE AHAME HIIs (npu
! i ;
Frrie e | ) (0] >"'{!k]-rl'l']')llIL&ITL".-‘IL]II:]L‘). JCTRO
Rel b | el O
- P s - /!
It on ! Ime ¢ 0 [OKagath, MTO  Ha  JMHHM Y. Bbl
Dur. 1 noaugercs yeaomie -T<arge <0 n,
R (=}

kpoMe Toro, Ha Toii xe mumn Reé u Re®’ umeor oumiakosbiii aHak,
T.c. Re&-Rew’ >0 Toraa skenonent-unii Muosknreas n (2.5) npiner
B
cxp[f[w’f - §:)]cxpfk AUt = x)exp(=ik, v),
rie "U]’)!\h[ﬁ MHOMKHTEN L 00ECIeYiRaeT OAHOBPEMETHO I 3aTVXalIIe peies
npH Z —r oo, | VCIOBHE HIAYVHEHHA B DILLE VXOAAIMXY OT TJTACTIVHED BOJE
Ge3 BIOUEH 1A HHBIX ZOMOAHITEABHLIX YCAOBI.

C)]l’,ﬂ_\']()l'IJ.HM ATAIIOM B PELICHITI [[PUGJ[(‘MN (f]ﬂéﬁTC])il HBJIHCTCH
onpeagiaenie HAOBITOMHOT0 JABICHITA 6{3 c nocan

AYIOIIM  HECAEA0BAHIEM
SAIAMH HA OCHOBE YpaBHeHs miacTingn (2.3).

Caenys nspecthomy (ex. vanp. [1]) yetoay w nenoassya pemenie (2.6)
w nurerpan Jarpamska (cnepersne wa (2.1) n (2.2)), aas W soskno
HOJYUHTE OAHO oAHopoaHee HHTerpo-dipepeniiiaibioe. YpanHene Toro
e nopsAjaKa, uTo 1 oneparopa L.

Cunraeres, MT0 970 YPABHCHUE ABIACTCA HANOGOJAEC TOMHBIM B padMKax
NOCTARAEHHOI 3AJANIL 1T ero MOMHO NPHMEHITH N8 [acTHHOK JioGoil
nporspkeHnocti. ONHAKO, KaK HAM KayKeros, OpH sTOM MOCYT VILeMIEAThesH
HCKOTOPBIE TPAMIMMHBIE | HAYAJNbHDIC YCJAOBUS B CAYHAE KOUCHHBIX 1
HONYGECKOHCHBIX TLIACTIHOK.

Ha ochope nuverpo-anddiepeniiaibioro YpasHeHs U Pasitiiblx
onepaTopos L U1A MACTIHKN PEleHbl MUOTOMICASHIBIC 3a1ati, HMenlie
NPHGJIGKEH LI XapakTep 0co6enHo. lH KOHeUHBIX TeJ.

YuirtbiBasg CAOKHOCTL TAKNX  daad, Ouimil (PEeUIoKelbl  Padandiibie
METO/IBI  OHPCACACHHA  HAOLITOUNOrO  JlaBjels, KOTopble CYUECTHenio
yupolain ucenegopana. Cpefut atix Metojon 0co6o BLIENAETCs  CBoei
upoctotoll Merod  Unaockux  cedenwii” MO, KAK  OPHHATO  HA3LIITH,
"nopiiHesas Teopua”, corjaacHo Koropoil

Dw
o (2.8)
op = Py, D1



¢ pasQinHBM MoAnduKalEM B Koadipnunente B npasoit wacrn. Kax
13BecTHO, cooTHoweHe (2.8) N03BOAAET ACTKO PEUIITh MHOTO HHTEPECHLIX
safaM O CBEPXIBYKOBOM OOTEKAHIHN TOHKHX KOHCTPYKLLIIL .

Qanako, (2.8) ofnagaer pagoM vewcnpasuMbix aebertos, Bo-nepsbix
OT0 CBAZAHO € MOTEPeil HEKOTOPBIX HAYANLHEIX YCAOBHI O BOSMYIIEHHI
IUIACTITHKK  NOTOKOM, Kak oTMeqaioch Bbiwe. Jlpyroe oGCTosTenberio,
CBASAHO ¢ [oTepell  BoJiHbL  rAa30AHHAMIYECKOrD XApakTepa, KoTopas

NPHBOANT K OOPLIBY BIAUMOACHCTBHA MEMAY [MOTOKOM 11 [AACTHHKOI,
Lro6n NOKA3ATL 910, elle pad obpariMes K pemenno (2.7).
B npocTpaHcTse 3o0paseHnil, nocae onpeaciena Op it ypanieHis

(2.3) s chyusimic W[k‘.k,.a)} nonyunm (B eayuae  Geckoneduoli

IIACTIHEIL 1 JHieiinoro Oneparopa L)

Ehe, ke, .)D
Liiw,~ik, \—ik )& +ip,(w— Uk, )*

i Ltl_\;‘[l!{]li!!l ONPeJeTAeTes HallaIhHBIMIT YCAOBILAMN

(2.9)

Wik, k@)=

3

"llopuesoe” NpHOMIGKCHNE COOTBETCTRYET 0TOPACLIBAHILD k{ 1 Bhipa
senint s &, e, w—Uk, =a& . Torma suoxkurens @ — Uk, suiens
ETCH B 3HaMeHaTene (29) " L't)K!)&'I[IJ,}lCTCII’ c g B MHCIHTENE, YT I J]l’)])u;K,‘ln
€T PAspbiB,

Baskupim nepocratkom (2.8) ABIAETCA TO, MTO OHO HOCHT JOKAJIBITLI
K&'I|)i1ii'l'l.‘]'} (III-}(JI:IT[]‘IHOC JAaBJeHHE  3ABHCHT  OT  MECTHDIX _\'C;I{)Itllfi Ha
ITJ'[FlCTiIHKC), B TO UDUMH KaK NETHHHOC COOTHOIICHIC HOCHT HEAOKANLITbI
XAPaKTep. Hnen B BILJLY Tak:xoe BOIMOMHBIE i‘[)'rllﬂl‘lll]vEL' _\'{.‘;‘I(:HI]H Ha Kpaax
TUIACTHHEN, KpoMe _\-'CJIOB]’JI"E :!E][{pe[lﬂt‘llilii. MOYKHO [[|)1[l“lT|l K SAaKIIOMEenHED,
wro ecan aas npori6a Wonane seimecti andipepeniannioe ypasienie, To
Th BLILIE, “eM OIICDHTOP L « NOPAA0K.

OHO JIOJEARTIO ITME

§3. Boisox andipepenuiaibibix ypaBHe it
H:"I!L’L'TII(). YTo OAHO 13 [[p{’.’lﬂOﬂU}KC[IHi‘L Ha KoOTopoM ﬁil'dll]'}_\’l"l'fﬂ
"nopiinesas’ TEOPHs, 3TO TO, HUTO HPH GOABLILIN CBEPXIBYKOBBIN CKOPOCTAX
ofirexani NOTEHINA TCHEHIA HaMHOr0 ()I)ICT[JO MEHACTCA B HANPaBICHI
OCH 2, MEM B FOPU3OHTAAbHBIX HATIPABICHIAX, T. C. NMCCT MECTO

o o o
— 5> ——, —— (3.1
% A /

Mexona ns aroro, HOCTPOIM NOCAC0BATEIbIOC TIPIIG.'JI[)KGIIIIL! AR
CHPEASTCHIA NOTeHiHaNa (p , HAMABR C 3ajar

DGy 1 050h S (3.2)

DI’E (]
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dp, DW
ol et 2=0 533
oz Dt (3:8)

Peerie 310l 3ajatin B s06paxKeiiax 6y./er

= = : w—Uk

@y =—aW exp(—iz) [5 = } (3.4)
1]

Boiupcienie Na0broqHoro JasieHis 1o dopmye dp=-p, _IT_‘L npu
t

z=0 nacr (2.8). Ecan ke TpIIOKITH opuyay (2.2) upn 2= 0 u
O =@, oAy M
Dp D'W ; .
2RI Potty ——+ Poto AL W (3.5)
Dt Dt

Boaee crporiii it oC/eAoBATEALIBI NOX0/L TpeOYeT onpeieens @ n
l‘.."il.','l)'lﬂllu_‘,\l Ilp[té.’lll)ﬂt’![l!!l[, Torja Jjansa  BTOPOIo leir).'\l[)l{l‘.llllﬂ BMCECTO
aamaun (3.2) 1 (3.5) Gyaem myeTh 3aaauy

D’ a "
E’g:—'.—_a[,( &(p' +AL¢,,] z>0 (3.6)
do, DW
—— =) 3
% b (3.7)
Peinenie 3Toil daiadin B 1306paKkenusX Oyjer
.kz kiiz |
—d, W L e (38)

o= ATz

s (3.8) npn z =0 nonyuum

Do, W a,

?_-aﬂ[}—_-_a w] (3.9
OTKYJIA JUIA 1B ‘IL‘IIIIH wmecto (3.5) Oyaem umets

Db DV, paﬂ W (3.10)
AT 24

TMockoasky (3.5) 1 (3.6) orantaloTes aimin koadGIIIENTOM BO BTOPOM
CHATACMOM, TO T JAABHCHIIEN (OPMYY [UIs JABACHIH NPEICTABIM B BIIAC
)
22: puang_]'g}_"""puai;a;w (3.11)
Dr Dt
¢ pacuerom ua 1o, uTo” Kosdipiuuent V- MOKHO ONPEACITh M3 YCJAOBIS
AYMIUEro  COMJIACOBAHI € PEsy/IbTaraMi, noAyMCHIBINE B TOMHOI

MOCTAHOBKE.

32



Taxint o6pasom, s (hyHKII AaBAeHis Ha [UIRCTHHKE P 1 1poriha

nnactnkn W ommeem cneremy  ypasmenmii (2.3) u (3.01). Mekmiouas
jasnenne, st oanoit dynxunn Wononyuins ypasienie

%(L+ Poly %JW[.‘(._}'.I) =—vp,a A W (3.12)
Brinos 570r0 ypanHeHUs M ABAACTCA OCHOBHBLIM PE3Y/LTATOM JAHHOI
paGoTn.
Omyerity, uT0 onepatop B ckobkax (3.12) coorsercryer "'nopumenoii”
TEOPHM,

Kax pumio, ypashenue (3.12) umeer nopsaaok no [ n X Ha eMHMIY
poie, deM Lo w Grarofaps aToMy MOXKET VJOBJAETHOPATh  GOABLIIHAM
HAYAIBHBLIM 1 UPAHITHBIM VCTOBHAM.

Onepatop L ams naacTuHoK o6pMHO YeTHOro nopsika no x. Torja
ypanuenne (3.12) Gyjler HeMETHOFO NOPSAKA i 910 HPHBEALT K HEKOTOPOiT
HEPABHONPABHOCTI HEPEUTHX 1 JajiX KPOMOK 10 X B CAYYae KOHEUHOI
MAACTHHKI, 370 OGCTOATCNLCTBO  CACAYET  CMI
Hanpusmep, n cayuae, xorjia oneparop L - runepGoninueck

b CCTCCTBEHHDIM
it (MemGpaiia,

D

11[)‘16.'1“)6{0"11(.‘ TuMomenko 1 T. ,'J..)' TO H3-30 OnepaTopa D HICJI0
s

BXOJANNX  XApakTepueTHE  vepes  tpamniy X =0 ypemmusacrca  Ha
CAMIMILY, 4TO NPHBOINT K JAOHOJHITESLIOMY TPAHIHOMY  VCAOBIIG  Ha
HEPEIHEIT KPoMKe.

Bonpoe xoukperwsaumiii  Beex  rpaniMHBIY  ¥CAOBHIT  3aBiucinr  or
KOHKPETHOrO Bija L 11 He ABAACTCS NPeaMeToM HACTOMILEro HECAe10BaHIIs.

Hipke, 4robl  BbIACHUTL  (PEJEIbl  NPUMEHHMOCTI 11 CTEHCHD
tounoctt ypasuetist (3.12),  paceMoTpuM  sajany, UMEIOHYIO  TOMHOE
PenieH1e.

§4. Yeroirmnocts GecKoneMHOll MIACTHHEN B ABYMEPHOM CBEDX3BYKOBOM
rase

B paccuarpusacyoli safate soiGepest onpearop Lo HapecTnoM pije
[1.3].

J° J° W dW
L=ph——N—+D——+phe—+k W (4.1)
P o’ R
Jlnenepenonnoe ypasuetne Aas ypasternst (312} npumer i
(0=Uk)(@® —c’k* +ig,Uk —iyw) =0 (4.2)
rie
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1. N Dk!+- k, _ Po

ph ph  K'ph’ T
3
Yi=Ey TE, 6=k-—p°a"
ph

Yro6ul HAlTH TPAHHILL YCTOIHMHBOCTH, NPHMEHIM o606WEHHBIT TPIHIHIT
Payca Iypsiua (5). Hweno KopHeil B HIDKHEll NOJymIockocTi (0 And
ypasenus (4.2) pagHo Yuciy IepeMen sHaKa B pALY

I:y:kl[(?:c'1'-£3U2)+8‘}’]
&o[uzcz(sn+,},)z (e U+ +5)!]

Jlns ycToitunBocTi HEOOXOMIMO 1 J0CTATOYHO, 4TOOLI HMEIa MEeCTo
CHCTEMA HEPABEHCTH

yict —giUt +6y >0

(4.3)

(4.4)

r

Uc(e, +1)> U +1€* +8
S

Pemenite  cucremsr  (4.4) npejerapicHo  Ha

|
|
|
| T prleea
k
|}

Vet (A2 ¢ur.2. 3amTpHxXoBaHHas 06JACTh NPEACTABIIT
Tl I =" er ycroiiynsyio sony. Ecan npunsth oGosia
| M=1 HEHHHA
| 3
’ T = u £ S
; 3 B e e l=1+2., i =
Dur.2 € g & (o8
10 juist onpeteneria perseii AB n AC nonyuuM ypasHenue
(f =Dl -+ n]+a’k=0 (4.5)
Peurenue (4.5)
A dko’
=l+=]|1%,/l-—— (4.6)
f 2 A

CPABHIM € H3BeCTHBIM pemeruem [3], kKotopoe B 0603HAMEHIAX, NPHHATHIX
4j1ech, HMEET BHIL

f= (4.7)
Ha ¢pur.3 npescrasena o6aacTh YCTOHYNBOCTH, COOTBETCTBYIOMIAA (4.7).
Dro  cpaBHeHne  TOKashiBAET — KAYECTBEHHOE
cxocTBO o6nacteil yeroituusocti. TTpi Goabuuix
A >2a BepxHue BETBH MPAKTHYECKH HEPasI
winvpl.  Boibpas  koaddmument k= 22 -1,

touka A’ Gymer Jfexarhb Ha BepxHeil BETsH
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pentenns (4.6). Torna MoXHO 3amOUHTS, HTO npn f > 1 ++/2e, i,
1 a8
M >J§+E (M - uneno Maxa) oomactin ycroituisoeteil, BBIMICACHHbIC

Mo TOMHOH TOCTAHOBKE H 110 NPEAJIOKEHHOMY  3jech npuimpKeHino, c
GoAbIOIH TOYHOCTEID COBNAAAIDT.

33NB1'1[M, HTO And  Beex JJTHH BOJIH HMEET MECTO OleHKa
4Dk :

2 2 "
eE=icy + KOTODad A1 JMAHHON CKOPOCTH 3BYKA B rase a, Aaer

BEPXHIOW OMEHKY JUid O
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