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A. T, BATA0EB

MCCAEAOBAHME OKPECTHOCTH BOAHBI
BEAM3H OCOBOM AMHHMH

1. Paccmatpusaercs 3ajaua no ONpPeASASHHIO pelieiud Annelnod ru-
nepGoanueckoll  cneTeMnl  ypapHeHuil B OKDECTHOCTH COCAWHEHWA NpPOH3-
ROABHOH BOAHBI ¢ Aw(paxkunonuoii. B cAyuae BOAHOBOrO ypasHeHHA M ne-
PHOAWNECKOH BO BPEMEHH BOAHBI DEUIEHWE 3ajdUM JaHO B [1].

Brauare paccMOTpeHa CHCTEMA ¢ TPEMA HE3ABHCHMBIMH MEPeMEHHBIMH

du
Jx

i i
+A=ZT3"" A2 =0 (1.1)

4, 13t

rAe sAeMeHTbl maTpay Ajp 2 MOCTOHHHB, M ECTh BEKTOP tu,t Aaa cus
cremp (1) mocTaBAeRa 3ajava Komm ¢ ycromusamu, 3ajfaHnbiMu 33 HaHaib-
no#t soanod A.5, 2], [3]

r=a,(— %) ()% (1.2)

rae 7 =0 ects ypasresne A8y (gur. 1), x; —xoopanmaTa x BAOAD
moansl A,B,, oTcuMThIBAGMa® OT HAYBALHOH TOUKH 0, ua woropofi obpa-
syercs audparunonnas soana BB, Ox xacareAbHa noAe A,B; 5 0. Cacayer
OTMETHTE, WTO MOCTABACHHAA Bblle 3aia4a RBOIHMKACT 0PH OTPaKeHHd
HOAH OT KAHHA HAH GOAEE CAOMHHX TAOCKHX KDHEBIX, 00pa3ywllHX Yroi.

LF X
Ay et b
¥
B, B
Yo
D 1.

Toraa OGAZCTH BOSMYWEHHOTO ABWAEHHA OIPAHHYEHA B MOMEHT { yaapibi-
vt soamamu AB u AB,, kacamouaMACA AUPPARLHOHEOR BOAHBI BB, n npu
OBpAaTHOM ABHKEHHM K MOMEHTY f =0 noayunred HAYAALHAR BOAHA, ob-
pasyioman s yroa (soana A B, npd 3TOM €CTh HAMRABHOE TNOAOKEHWE
AB). Tlpn paccMoTperiH HacTHbIX 334a4 BHIACHUAOCH [3], uto mHa peureHne
s6Aanan Toukd B coesumennn wmoan AB w BB, Banger TOABRO 4ACTH Ha-
vanpHolt Boamm A,B;, coorBercreyiomans x; >0, uTo B NO3BOAAET BAATH
HauaABHOE VCAOBHE B ykazawnom suge. Bripouewm, mak caeayer ma peuwcs



Hecaenopanne ORPRCTHOCTH BOnun BTN oeohol A 1T

[1.'2?}, YHACTOK HAUAADHON BOAHBI, HanpaBAeHHBI noa yraom x A8,
- MEeEBYID CTENEHD X; NOJ KBAADATHLIM KOpPHEM H COOTBETCTEVIOUWE:S
cAaraemoe GoAgse BHCOKOTO NOPAAKA. Koopaunara x peiGpana no xaca-
.nbn_qﬁ K Havaaenodl noare 4B & rouke 0, KOOpAWIATA 7 — HO HOPMAaan
Aty B CTOPOHY AHHAEHHA BOAHHI [2]. Muomurean a, AOARHBL VACBAE-
ATH YCAOBHI) COBMECTHOCTH Ha HavaAbHOH BoAHe

= =

A1&—;R+Agd—‘a—.4,q=ﬂ (1.3)

~pemtenua cuerempl (1.1) npu masassupix yeaopwax (1.2) momso npu-

s merosy (Dypee.
TpeoGpasosanite no Aanaacy or u, no { MOXHO HCKATH B BHAC

. = H A, (s, Byers s dads, A={A} (14
Toraa, ¢ yuetom (1.2), uz (1.1) momno natitn

ApA L ApA—AF = 1 j y Aya(—=) xh ettt ity (1.5)
Ofosnanan uepes Az, f) onpeseanteanb (1.5), moxuo waiitn

Aifa, E)=B*—{iﬂﬁ“ (—= ) aeteitatagdedn  (1.6):

A€ B; anmeilno BmpamaioTea uwepes xommoHenThl A,a, YMHOKEHHBIE Ha
refpaudeckie AONOAHERHA CcToABuon S, npuueM, npeanosaras d.a—a

] criiie T
¥ yautweaz, uto 8 (1.3) -Ei s % sbanan soann A8 mompo FaMennTh
, B, MOEHO NOAVSHTE COOTHOMEHHA a; = —a [4],
Bi=Ya A (1.7)
/

aech A ecTn asrefpanueckne AONOAHEHMA SABMEHTOH @ H MaTpHle
= Aiz+ Af— A, B uurerpase (1.4) no a, § raasuyio uacrs peinesnus
13H BOAHDI COCTABAAET OKPEETHOCTh XADAKTEPHETHHECKOrO YCAOBUA

Ae, =0, E=B() (1.8)

llothe nprMenenns TEOPEMK O BHYETaX H METOAA MEREBaAd, MOMHO HalTH
uoHapHuIX TogRax (%, 7)

— i+ F () (g —1) =0 (1.9)
eHHe MATErpaia no %, o

et AH Apsamckolt CCP, Mexanura, Ml
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i = L T (e .+ 5= Bilag, B
g, 1 S B R — =7 1/ 0y i
g E a o gl A (24, fo)

é:‘u-h.lix—i]---i---ﬁﬁl.:,l )
} —iwd (g— 7)

lMoactagaas & (1.4) u npumenas obpaTroe npeofpasosanue Aanaaca no

(1.10)

s = — v, MOMHD HaiTH pewmeHHe BOAHIM BOAHMI AB B Buae
_VZ (Bl B(—u) X didy,
o= 4= B 3

ALz B ) — 2 y—) tt— a5 {x— 5) — B (y—m)}?
: (1.11)

B6ausu (poHTa BOAHLE HHTErpHpoBaHye B (1.11) waer mo maroil okpecT-
HOCTH Hawaastof Touka 0, rae £=0, v=0, ¢ = 0.

Vpasuenue (ponrta moaust ADB » smoment f, uMmeomee npu 1=0
BHA Iy = Yo (%), AaeT1cs © BHAL

a(x—x) +E(E) (g —w) =1t
x— 2+ ¥y —pm) =10 (1.12)
%+ B(a) g lxo) = 0
cae x; =0, y,=0, u, nOCKOABRY OCH X KACATEAbH B 0 & A5,

- I .. . :
u (0)=0, g~ 5O y0= i (1.13)

Ma ypasmenuii (1.12) s6ausn Toukyn [ MORHO NOAYHHTS

i, (0) ¢ tu (0) 27 (0) ) (U da, \*
g==TF 3[1}=3EUT——H—-xu 5B {N(Ef;) 3
= 3 {ﬂ}. Xy =X T Ty s 'ﬁ” {ﬂ} u, X5 = 2 4_,-3_,5;_
r=1-18(0) gk (0)g,(0) (1.14)

Hcnoapaya (1.14), yparnenne Boaun L =1, (1.12) moxuo s6auan B HafiTh

& QiopMe

B(0) g, (x4 Byl
2 r

t, =B (0)y— (1.15)

Y pannenue ARDPAKUHORHOR BOAHDL BB, wveer mua t=1 ..
2y - Sy =4
= §
x+Ba)g=0 (1.16)

Bfausn Toukw 8 7, =0, n na (1,16) momno uafiti
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iy = i |
E ORI

R L (1.18)

N A P T

b

f nosviTerpasbnoii Pyuruun B (1.11) momso Hajitn ¢ nomowsio (1.9)
HUTHMBaR, uTo %, = (),

t—aglx—3) —Bly—n) =t —a,(x—5) —B(O) (g —7) —

; 87(0)
| —H Oy — 1) — Lt (y—m) =
O NN o
- obosrateno

’ 1 o oin ) sroan
—t =Bn— o by, G+ B

(1.20)
~cpasnenns (1.20) ¢ (1.15) Buano, w10 wHayaipHoe noaoxenwe AB npu
0 BoipamaeTcs ypanueHneMm

n=fn— 2 By (6802, B =2(0) (1.21)

Buiumeans no (1.16) u (1.12) wpususnm soan AB u BB, ofo3navas
— K, KDMBM3HY runepcdeprt ¢ USHTPOM B TOuKEe (x, y)
wenennyio B rouke (0, 0). u wepes kb, xpusnany AB & moment £ =0
. 'H, m H

ky—Fs = — (1.22)

3
POVE (O y
®HO 000INAUKTE uepes

e LY (1.23)

r

¢y nepecevenus My ayua (L12) ¢ ocwie x. Beoas nepemennnie
&+ P on T ono (1.21), mokuso noayuurts 86auan moanm ua (1.11)

”‘hﬁ ﬁ(ﬂ;: I—ﬁzy
dxyd?

Si_p Rk x+EoV
V! 'I'|:| 7= (.‘El f ) C oz i

X (1.24)
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AL g = NL{” ecTs cxopocts soaunt 8 0. Kag muamo uz (1.23), neanunsa

x+ 8y

= = Xy ECTh AAMHA AVCH HAMEALHOR BOAHM OT () A0 TOUKM M,

Ws (1.7) caeayer Bi=a, 2. A, xpome toro, no (1.8)
!

P:’ {“‘“” ¥ j}Aﬂ = LAH {1'25}

I ]
rAe a; - DACMEHTBI MaTPHU A., uro npusoanT K papeHcTHy

B

== — = f = 1.26
BE— et b
Toraa (1.24) sanwmerca n muae
Ve 1 o
o= = b
2 B0 —F (D
" -"-‘ ;
w2 \ " x| -.*z':t}:f (1.97)

l-"lII — 41_ Eﬂ‘u {.t;_‘rg.}?'_'t

lMoayuensoe Puipazenne no QopMe COBNAZAET C PEMIEHHEM AAA BOAHOBOTO
ypassensa |3] ® Momer Onite 3anWcaEo YEpel CUNEPrEeOMETDHYECKHE
pynruun. [Togobaniv xe ofpazon MOXHO NOAYYHTH PEMISHHE AAH CHCTEMBL
YPaBHeHHA ¢ HETHIPBMA HEIaRHCHMBIMH NepPeMeHHbIMH

du du du du

AIE = A- . A I'ﬁ‘f — ), [1.23}

Hanaavsan Boasosas mnoeepxsocTs 5, us octpus 0 rotopoll Boanukaer
AMIDRKUHORHAR BOAEa &, BOAM3N HauaabHOH Toukn 0 sanmcoimaeTca B mnge

ks g ks

Xy = Xy {B'u- Zu]‘ Ap = ?ﬂ'ﬁ + _."-!h ZE
o, o x
Py (L e ._,_3) 1.99
i ( oy, )., ke ( g=3 fa (1-22)

Caeayer ocofio orosopurs, uto ypasuenne (1.29) ameer mecto A
rasaxoit  nosepxuocti s, OAnaKo €ro MOXHO TPHMEHATH H K NMOBEPXHO~
cTAM ¢ yraomoit Toukoll (kax w B naocckom cayuae), paccmMaTpHBAR < OAHO
cToportion okpectuocTs Touxu (.

Tounee, yepes vouxy M(x, y, z) nposoaurca ayu (1.31), n rouxe
nepecedeHns ﬂ: ero ¢ s PMOHPAETCA CHOTEMA KOOPAMMAT, OCh Y, HManpau-
ARETCH N0 KACATEABNON K AMHWH KPHPHBHN s, Hayiged k  Touxe 0, och
z, — no oproromaabioli k el AMHHH KPHBHINGI, OCh X; HOPMAAbHA S, Ja-




Heeaeaoganiie okpecTrooT todue piunan beofiodl anaim o1

MOXHO OCh y HANPaBHTL 1O KacaTeAbHoH B Touxe 0 K Ausmn Kpu-
HBL Y, OCh z HANPaBUTL NapaireAsso ;. Brnpouem, Momuo orcunrsisats
2 o7 Awboit Amuun gy, 6auskoll K ykazamnoil AuRMH.

M._l'l‘hi:n'mhky AAS  TMOREPXHOCTH $ ¢ yraosoii TouxoR () ¢ npuuaToi
10 MPHGAKEEHHS MORHO CHHTATE, YTO TAK Xe, KaK M AAA KOHYCA, AM-
 KPHBH3HBL 175, OBAasawwpe xoHeuHoH KpHBH3HOH k., cxoaATcA B Touky
B KayeCcTHE KOODAMHATH! Ijy MOMHO B3ATH JAMHY AYTH 3THX AWHMI,
BIBEEMYI0 OT ToukH (), 3 B KaYeCTBE KOOPAMHATBL Z;, — AAMHY AVTH

. 3 1

KPHBHAHET 2; ¢ KPHBH3HOI k;w;—. B wactHocrTH, AAn Teaa Bpa-
Ho

ofiosnauan uepes gy — x; AVIH MEPHAHAHOR, X, = = — AYTH NapaA-
H, X3 = X — paccTomHHe TO HOPMaAW OT s, f; — moayyroa B Bepumse,
eHO HaliTH ypasnedue
e

oA T B

a

- KPHEM3HE MEpHAHAHA. {Orcioza ng--_::,'? # np# noaxoae k 0 passieput
TH MO X, SHAYHTEABHO MEHBLIUE pa3Mepos Mo X, MOaTOMY BMECTO
pAHHeHHON cHCTEMB I, z MOMHO NOABIOBATHCA ASKapToROH).

Toraa AulpakuMOEHAA BOAHZ CcoOTBHETCTEBYET Aumun fy =0 u cae-
HAKAGABBATE OrPAHHYEeHde HA ofAadTh HHTETPHDORAHNA N0 NEPEMEH-
| HO, HOOGIUE TOROPH, = NPONIBOALHO.

Hauansnoe YCAOBHE TEMEPh MOMHO B3AThH B BHAE

g =a (—) g sl a=lq} (1.30)

Koopausara T; =0 gaer poRT HavaAbHOH BOAHM, HMewIeH YLAOBYH
5=0, =0, z; =0, koopaAuHaTbLl ¥;, Z; CYTh YKa3aHHHE JAMHDI
HHAH KpHBH3HD Y, 7.

"p_:mneaue' pposTa BoAHE S B Momenr f, uMmepmeil B moment =1
BUA X, = x,(1,, 2;), 3anucbiBaerca B BHge

a{x— xg) B ly—gp) +7(2—=) =1

o,
{,x—xﬂ%—”:—z— -0 (1.31)
dx,
EX0 g
Z dyu‘ I
g
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Sanncoisan
a2, ==a(0, 0)
%a mhula%Z.lﬂ“ .
i mgp"{ ﬁ+ 7| ‘2_&_133 |3 kg {}1'{:‘[’ {1.32}
ns (1.31) momno safitu ¢ yuerom (1.29)
g5y di_
& ﬁ B z g %
F=—dkagiey 1= — agkizey o= S = -
(1.33)
dhay _ 0,
raer=1—x—ak, 5=1"x Qaﬁkﬁ. B (1.32) yuteno, urto npu $=
':‘ii“"n 'dT
=1, ;;;; =0, uro OGENHO BHNOANAETCA, NOCKOABKY 2 = 7 (I %), na-

NpUMep, B MarAEuTHEOH rujpoadHaMHke,
Oreioaa # no (1.31) ypannenwe BoAHB S TPUMET BHA

k: yﬁ -!Inr xﬁ:ﬁ ':u 5 {1 .34}

by AR

YpasHeHue ANPPARUHOHHOH BoAHbl L HMeeT BHA

da, day

'f;nlhp 3 ™ Fas X‘E —jiy —_-{], xr—=—= z=0 {135}

Orcioaa npu MaAbix Y, 2, %, T3 MOKHO HOAYYHTE

g
x bty xﬂ-%’ -z
ﬁ____f'____fé’.n__ = L PR TS
= ﬁ.ﬂ_ IS ) % i il . dt,:n % UE-.:[D
e e ¥ e
O’r".:[ o a1 L
d\'}fu i 2 aio g
X —,._.T =i ) X E‘ z
. S o / | u (1.36)
anip. ] = a4 ‘jg‘:u b/
2x o P
= o
=) o
Toraa no (1.34)
A i 1 LE 45
foin ~ =T gy, 2O
X RER =0
di o1
Kax uu,ﬁl% #u3 (1.36), Aunun g, 2p ABAMIOTCA AHHHAMM KPHEW3HB B
: : 1
ars L. OBospauan kpusuanw AuBHil 3y, z, Ha D qepes — by = d“'a{,

o ﬂﬁz
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_."'ﬁ;ﬁ, MOKHO TIOAYIHTE
o0
ey =k, ky—ky 1

'E.;urrtlp. 3 f-'h: '_i}? 3 + T, = zﬁ'r Gy = l:f-_g [1.3?}

Pewenne (1.28) npn ycaosuax (1.30) momuo uckatn metosom Mypre.
o Beegenun npeobpasopanua no Mamaacy no & aam w; MommHO za-

LY s ]

fp= ot | || Ao, b, n)ereitirs e dadps (1.39

e B cuay (1.28), (1.30) nocae ofipataoro npeoGpascsasua (ypoe
0 TOAYTHTE

B 1 kg i —iziis — =iyl S
'—"ﬂ-_":: BA fw .H]j‘ Bi(sy B, 1) (— =) gl |zal" ettt didnd
: (1.39)
i:vftlr'l.ﬂ.qnu.nua:enu Aya = a, npuuem B; = E a; A

i i
Hauaapume yeaosus a yigomaeTmopsior cumeteme (1.28)

a p |
= gt g1 WMpatAdat Aga—Ap=0

(1.40)
e onpeseantean (1.40), npuuem umewoT MecTO paBeHCTBA
: A; T .
a;= A_:f o Br=a; R Ai, aA Bk =— B4y
i
<4 —a (1.41)

y 02 aay
585~ &)

TMoscrasaan (1.39) & (1.38), npumensa (1.38) sSauau BoAHBI TeD-
|0 BOIMETAX, B CTAUMOHAPHEIX TOUKAX @, f, 7§

a ' . )
% (k=D +p—1=0, -g;{x—:}+z—',=ﬂ (1.42)
0 HAiTH

UL ]
A | Bt i

- E:iBf ('Il EI T) 2"1
A

xV B
e e ‘-"'2“11 . <_§EL )11' (1.43)

atealr =S mily — )+ iyl -0

985 o1 Gt
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u (1.38) npumer BHA

ot 1 2 P AN ~ . B‘_ ﬂf.-n:{l —E} bl (g =)Ll =] . 3
1= Q—ﬁ[—mr] 5 5 \s (—=) ;i = fh.:,x VR_.‘. didnd?
(1.44)

O6paraoe npeobpasopanse no Manaacy aaer

" 1 (1 = dy TI------113'-—
ur_Ejjj‘[_‘i.] ILE) |1I| i:l=1'l|.f_K><
Bt —a(e—3) = Blyg— 1) —1(z— D)) didnds (1.45)

rae o{x) — AeanTa-pyHKUHA.
Coraacno (1.42) momuo noayuuth, ncnoaeays (1.34),

t —af{e—3)—Bly—m)—1le—) =é—f+

o7 i e ! 'Jfa—,_:' +:2 N\
g | e e St et R
¥ Ex r}ﬂgﬂ (Hl P ) + gx i_'j:_#ﬂ Z]_ P -It
0% ’ oty ' .
(1.46)
rize 000Q3HAYEHO
s 2yt 2]
h=—ag+ks 2' 'k"T
. W AT (1.47)
ﬂ'r'u <10

Baecn 2, = —, npuaesm no (1.36), (1.37) smomno szanucats (1.46) B Buae

1
€
t—axfx—3)—Blg—N—Flz—Y=

k& — ks by —k i) ;
ety ke g g~ B e ek a9

rae Yo, zo mo (1.33) cyte ayrs Aunnd kpuswanw y, z. Toraa, ¢ yuerTow
(1.41), (1.45) nocae mepexoa K MepeMeHsiN HHTETpHpOBaHM Uy, Zi fi
NEHMET HHA

a; 'ty oo I k1 T kn W
i Eﬁx]f?'_ Sjl H{I II q ll‘ {ﬂ_ Qﬂn [!}1_!.?5]'_'

,F;; Ex ki
<2,

=1 I
ll- zl_zﬂ' }E } Jyld?q, {:: ! _!lb, yl.;a'- u {1.49}‘

Jaece yureno, uro npnbanmenHo M = — 4,
: o, r, 0)
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[lopyuennoe pemense coBnagaeT ¢ PEMERHEM AAH CAYYAH HOAHOEOLO
wis [3] u momer 6niTh BommMcAeno cooTneTcTREHEDIM oGpazoM.
Takum obpasom, AAR cHCTem ypasueHsil ¢ NOCTOAHHBIMM KoIMPH-
AMM YAAETCH NOAYSHTH ACHMITOTHYECKOE NPEACTABAGHHE PElCHHRA
- AMHHM COEAMHEHHA BOAHDI TPOHSBOAbHOTO Buaa S ¢ JHQ}FEHEHDH-
) E BHIpaKeHHOe uepes koopAumEaTht Toukn My, zg, Gy ), Tae fc, —
crommue M o1 S, Yos Zg — AAMHBL ZYT AHARH KPHBH3HDI I, £ HauaAb-
poAnsl § 8 Touke M| nepeceuenns ayua ¢ 5, ki, k, — KPHBHS3HEBI yKa-
X Autinil Ha 5, Kk, k; - cooTEETCTHEHHBIE KPHBM3HB THNEpCHEpDl
(M, My).
Pasymeeres, nauassnoe yeaoeue (1.30) me ucuepnmiaer neex mos-
HocTeH Aad HawaabHOH BOAHBI, HMEIOUIEH YrAOBYI0O TOUKY, B YacTHO-
B caydae AM(pakudy Ha MHOTOTPRHHOM VrAe, M0-BHAMMOMY, CAEIVET
s Takke B (1.49) z; = 0 n smecro |2, |" mucatn (2 )'. OQuamaxo
EHHO® MATETPAADHOS OpPEeACTapAcHHEe PEIUSHHA HEpPHO M AR Boaee
. CAVHad, korda ofAacTh MNTErPHPOBAHMA OTPAHHYEHE VCAOBHOM
2.
o : E}Eu
2. B cayuae ypammenua wropero mopagka af ——— =0,
tx, 0x,
2."',”‘1, m=23; XNy=X, Xa=1, = ¢ depeMeraniMi koafiduunen-
‘pemenne BOAHIHL HPONTL BOAHB HMERT BHA [7]

" 1 ; ‘ bt V
R

' HadaAbHOE YCAOBME HMEeT BuaA 4y = alt, —=). (&), nopn ¢, =0,
Bhifpana no kacateanHoldl & Ayl n toure 0, gy, —no wopmaan x
U= — cg5. JAemenrtaproe peluenne v umeeT mua [7]

U
Vg (2.2)
| TeOJERMNECKDEe paccTosHue OT Jgamnoit Tousu (¢, x, y) A0 TOuRM
Ty 4y) 92 mavaawwodl poasoit 4,8, [/ — menpepomuan gyuxuns, npu-
U gano s [7).
WomHO mMoka3aTh, HCXOAA W3 reoMeTpHYecKHX pacemoTpennil [2], aro
A MEPEMERABIX KOIPHUIHEHTOR MMeeT wMecTo HOAHIH TOYRE Coejume-

SAES]

—{xl—xu] =y =4

2,
(2.3)
Gj= O3ARAwaeT paccrommMe 0T Toukw (x;, g,) Ao RavaibmOH BOAHEL,

ACCTORAME OT runepcepbl A0 sauaav#odl noammt A8, Baoas
NpoxoAfero wepes AamHyw Touky (x, g} mam (x,, 0)

¢;— ;)" — YKA3AKHOE PACCTORHME, COOTBETCTEYIOWEE MOAOHKE-
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I )
o x; Touky Ha A By, -§:— — paccrosmde oT runepcdepn Ao TOHKH

{xjf y1:'+
Ma (2.1), wusTerpupys N0 4ACTAM TNEPBOC CARraemMoe = crOOKAR,
MomHO RaiiTH

1 LA ] .. J‘--1‘;@-3 !
s j j J__";c"' LN S
I §E’ ‘l ' L

B cayuae UeTHPEX HE3ABMCHMAIX [EPEMEHEDIX SACMEHTAPROE DEINEHRE
Momto paaTs B suae v = Vi(l'), rae (x) ecTh AeAbTa-(PyHKUHA, o (2.1)
AAH HETRIPEX NepeMeHHBIX JaeT

AL al/ R b J:51_'*II"3 2
II:E\S\S‘ETE{.‘}L{&_ 3 (¥ —8o)—

ka k R (- 39 .
= 5z i {Zl =E zl'.'l::l-. T } y’i || Z |1 dyldz'ld"' (‘2_5}‘
{

rae oen Uy, Uz, snibpaHnl no AHHHAM KPHBU3HBL HAYAABHOH BOAKDL ath

Ox; —mo Hopmaiu K Hell, X = — €% T — 0, W HAMAABHOE YOAQEHE:

umeeT BHALuy = (& — 7k W)k |5 =0
Bupamenna (2.4) n (2.5) cosnagaor ¢ (1.27) n (1.49), aro nos=

BOAfET TPHMEHMTH BbLIIEYKA3AWHLIE DPE3YARTATRL K VpaRHEHHIO BTOPOrQ:

nopAgKa © MEepeMEHHBIMH ROSPOHIHEATAMN.
Ana cuecrenm

)ty Ly
(u) =0, (u)) = ai; E}:_kﬁ“i

Bo=1 =, = X=2 (2.6)

MOKHO PACCMOTPETH COTMPAMEHHOE YPABHEHHE AAA YHAAMEHTAABHOTO
PEMEHHA

] 0 aa‘f{f‘r] ek SO
Blo)=0 EPly)=——73= T kv 2.7y
Pewenye v; MOXHO B3ATD B (JOPME [5]
o= 3l (xe, x5 %) ful®): fon (@) =1a(®) (2.8)
rae
o n e _
(@)=t a3

[Npeanoaaras, 410 u}}” He sapmcaT of ! W ofoasasas P =Lt —4 B
cuay (2.7) caeayer Hanucarhb
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ﬂ:k} uiu:-._&qtl uft! =10 (2.10)
dull) d ki
o G ) g k=0 @

.ﬁ._i..--maxﬂo' noAyuuTE npy 9 = 0
b
ol =28, e —§ =0 {2.12)
I 'i' if {..‘.x';. f

BBOAHET BHECTH XAPARTEPHCTHHECKYIO pODPMY

Ghd : a3
— ik DrAd S o b flig —
Q= ait! S 5 Ix, aj; SiSps e Ox, (2.13)
HE OHXAPARTEPHCTHE
dx, 1 8@ dily 1 dQ
% "Toh & 2om @19
: -ﬂ—s- 1 al! 5iS;. u, noraras —%— afl! $; §y =1, womuo wmaitrn
H3 _;12] MOAYUHTEA
o .
ﬁ = al}) 5:.5; (2.15)

an (2.12) B (2.11) u ymuomas nocaegues Ha S;, MOEHO NOAY-
eTom paserctsa ulll = .S; ¢, u (2.14), (2.15)

— . gy 0.5; dalt)
_-S:S:ﬁ a5 BT Si 3 Pz, e —k,; S:S;3=0 (2.16)
ya (2.14), a Tarme paseHcTRO
o 0Q da§f3 a5;
= (&Y L
;e adi d Y S;—I—EE Si = (2.17)

3
| AEMMY [E] 0 peureHnax o0LEROBEHARE ypanucHui

din” 1 @ ﬁ'Q T Bk, 0 %, 2D
dr 2 Ox, 00 d(t, 21 % 45)

(2.18)

maiiT u3 (2.16)

f
SOt -{-% |k 5,8
g { (2.19)
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me 4y, 35 7y 3asaiT aye (2.14) W BHudcAeHME NPOMBBOAWTCH B TOWE
=0 aaa Boarb ¢ uentpom B (x, y). To me pewenue noayanrca, v CHAY
npunupma HIAUMBOCTH, AAA Toueunodl soxmm BB, c uentpom 5 0, yaosier-
sopmowel ypasnenn (2.6).
Harerpupya v, L(u) —u; L% (v) no x, =1, xy=x. x;=y, x,=1z
or ;=0 10 x,=1t [4], moxso AOAYMHTL C VHETOM PABEHCTB ©,—Jid),
iy = s L

jj j‘ vi’dxdx dxy, = J j E;:u”dxfdx,ﬂ'xi (2.20)

et #y =il

B cayuae rTpex He3aBHCHMBIX NEPEMEHHBIX MOXHO MOAAFATH

o (2.01

@ V2t —1y)

; /
MTO COOTHETCTRYET T 2% l,'ilT , BhluHCAeHHOMY 850AMSH KOHOHWAR, TAe
Fr=2(t—¢)®. Baecr nmpu {,=0, To ects 8 npasofi uactu (2.20),
r
D = LT azaerca (2.3), a npu f; =t —= =—0 BHAuaH BepuiMHbL KOHOHAR

noxo6no (2.3) Mosuo uaiitu

P= 2T -2 h—kh=———0Q (22)

2ie, co(t — 1)

r

rae ara 3zaaun §1 G=- E}L' a AAR ypannenwi ETOpOro TopAAKR

(= cia;!, rae A = det (™). Toraa npu smbope ocn x; no KacaTeAbHoR
K AMHHH TEPeCedsHHn BOANE € TAOCKOCTLY #; = § —= Aepan sacts (2.20)

—k
— (z5—x )2
Py

i‘ de \' : Ut -
&Y T (i)

I J" U des 0.

E-'{f.:.}'u_

i .

Va—%h—ﬂ%ﬁurﬂ*

21'.'."]

TAE HHTErpPHpOBaRHE 00 X, BedeTcd B npedeaax [ (x.) =0 u noacxed
i (=
(Ey=10, Aagq cooTHOWeHMHE

—

— 2yt I’f % l}c‘;__.'_ = — 9= ‘-:n“n {2’2'}
o -
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\ MOMHO NOAYMHTL TAKKE CONOCTABAGHHEM € (1.27), nocxoasky
BEPIIHEN KOHOWAR MOMHO BHMHCAATH AeByio uactk (2.20) 1an
tﬂc’mmux alfl. Toraa, sean ars masarbunx ycaosuit (1.2) cob-

.'_'BEKTDP Sl — d—;l a =u"3’;, ia (2.20) moxuo malits

i) y _wA A
B J” j Vel sy | _ oo (2.25)
V2io

xaeTes (2.3), orkyaa naiigercs (2.4), vae L{J:_ Aaercs | 2.19),
W, UETEF BT (e e
] ALy 2___; Lkfs = 2
= 2 fleeag) =
™ Swal =it 4 3 o
(ky — k) Pt 8 )V
(2.26)
TH NMO3aAH yyacTKa Andpakuuonsol soaust CB u
B —f=3 1
ua—ADF( T‘ — o At ‘Iﬁ)
GF 20
PR UL S (2.27)
[;{_ ;‘_jq+ﬂ I 'f
0 —8, 0—95*
By = A= et 298
VeI i 17 T
€ HETHPEX MEPEeMEHHBIX MOKNO MOAATATH
?J a J'u
R e R o 1) (2.29)

e = oty

6H0 npeanayiemy Boifpats . Toraa wa (2.20) noayuures (2.5).
QMHO PACCMOTPETh OKPECTHOCTh TousH B coeaunesua poan AR
8 HeAnHeiHoH nocranoeke. JAas HeoaHopoamoil cxumaemolt mepro-
FHENOABHAROH MmuaxocTH B I“] MOAYYECHBl YOPOIEHHEE HEAHHElH-
HEHHA B oxpectHocTH B yKasaun uX HeKkoTopble pemenud.
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St peleHHA MOKHO PACAPOCTPaHWTh M HA 3ajauy ONPEACACHHA OKpects
HOCTH COoOeAHHEeHHA BOAH B nepunHauaAnH{}-ﬁﬂuaﬁvgaﬁrH CpEAE €O CR{JPL’!'
crpto Vy(wy, vp), rae Hauaibsas CHOPOCTD 3BYKA 000O3HAUAETCA dj, NMAOT=
HOCTE — [4; Aasaenme — £ [10], [11].

B kpusoaunciimpix koopausartax +, =, 9. rae f—spems, T — spemid
ﬂpl}ﬁf‘!l"ﬂ. HOAHBI A0 glﬂ.l!l[ﬂ}l TOYKH, 0— YTUAGHAA KUUp,ﬁ,HlfﬂTa B HEHPHB.‘.EH“H;
KACATEABHON K BOAHE, AAN KOMIOHEHT CKODOCTH MO HANPABASHHAM T U §
MOBHG NOAYYHTE T, = Hiz v, =H05, unpuuem coOTEeTCTBYWOUUE 3HAde-
HHA AAH HEBO3IMVILEHHOTO ABHMEHHMA BIePEAH BOAHBL CYTh wy (x, YN
Vilx, y), Vy=u,n-+Vit, a napamerpnl H:, H AAA  HEBOSMYIUlEHHOH

5] =
ROAHWEI HAHAYTCH B BUAC H =a;+uw. Hy= ‘L ) L (%) . Broasx
|
HOAMYIIEHHBIE JHAYSHHA AAHA cROpotTEl U =105 — Uy, V= t!E—V;, AaBALs
mus P = P, - P, a Tak®e [epeMEHHYIO 's=:—f. W yuATBIBAH, 9TO
d 7} d i i ' Fe B
E-._ ==l =g o - aan CODTHOUIEHHHA & Tf;t_| v Fe ool

U< U, XAPAKTEPH3YIOWHNE OKPECTHOCTh TOYKH B, ns ypasHenn# ABHMEHHT
H ypapHeHHA HEPaASPBIBHOCTH  MOKHO HaHTH yOpOIeHHbIE HEeAHHeHHbE
ypasHenus

dv  H,0u du u Opya,

R

Pr=rtotsty 55 =, 65" ot ' may Of

u du ay o

Ly (g, a4 (220 — 1) div ¥} + apk) 220 VoA a=+ H_Td_ﬁ;zﬂ
(3.1}
z 4 1 dumgmy
Jiech n BCTh BEKTOP HOPMAaAW K BOAHe, 7' = —- ——— ,  KpPHBH3HA
ag g
dH, )
HOAHKM k= ——7 HH.T smecTo | meegesa woopaumara O, Hdd = H, dfi —
1

V.dt. TlogoBaple e ypaRHeHWR, OTHECEHHLIE K AWHHAM KPHBHIHBL dp,
@, BOAHBL, [OAYNAaTCA B OpocTpaHcrsenHoii 3azave, Caeayer OTMETHTEH,
uro f (g, a.) ecTh KOOpAMHATA TOHKH NEPECEHCHHA HOPMAAM, npoxoAfuel
HEDES AaHHy:n TOUKY, C BOAHDH, H NOCHOABRY AyHeBan CKOpOCTE ecTh

V, 4ty n, & HOpMaAbHAA CKOPOCTD BOAHBI PABHA nlay - wa), 10 Vit npea
CTABAAET WX PA3HOCThL ® 0, npeAcTaBAfeT KOOPAMHATY TOHKH nepeceuss
HHf AYYa © BOAHOH.

Caeayer oTMETHTB, uTO MOpH ¥y =0 ypasuenun (3.1) noayuennt 8
[9], rae maiigeno Takme ux pewenne. Jaree aBTOpOM TOAyHembt YPasHE
mna (3.1). quc puAcHuAOCh, ypashenns (3,1) B aeraprORLIX KOOpAMHATAX,
CHABAHNDBIX € BOANON, HECKOADKO panee mnoayuenst ® [12], rae yuTeno
TAKEE HAHAHHE AHCCHNATHEHMX (parTOpOB.

B 0JHOMEDHOM CAYHAE YKA3AHHOC VPaBHEHHE NOAYYEHO B [10], |11}
Vpasuenua (3.1) ¢ momowlnio 3aMeHBl MEPEMEHHBIX
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1 =
I'.E=MF-, UZM‘I', M=,=ﬂ =
I' Hm‘-""ﬂair
T=\1n(vVy)n+ (2 —1) div V7, | dt (2.2).
CR K BHAY
dy podp ay
ﬂ__J —_— e —
R 2 ey > i
i _ Hidp
s Ha (3

0, H HauGOAbUIHE TPYAHOCTH BOSHHURAIOT NpH NOAYUEHMM TEPHOTO
sapenns (3.3). Snan amnautyay moxmm M B annefinoi oAHOMEpHOil 1O
MOKHO MOAYUHTH KOSQMPHUHEHTH NPH NPOMIBOANLIX B MEpEOM
(3.3) wa ocrosannn ypassenns xapaxrepHeTHK:

OF 0F of « STOFNE | 7OF
‘F+U1Er__ﬂy_{i;__ﬂ l (E) T (E)

a=ay+ (a* — 1) u (3.4)

'dF ll,n"' UF -] Uf." = rfF d.FJ
L)V (=) )+ mal.t

=k Eii ..d_ﬁ OF dx,

i GepeTen B uaeriy i'-'-E-’——--z.:— Effi-—-
Tgr 0°PeTea B uaeriye, —L = @~ =0
(3.3) noayuutca yparmenme XdpPaKTEPHCTHE
- E] . :
Tkt g %) =0, w=M (3:6)

€ e YPaBHEHHE XapaKTepHCTHuecKOH NOBEpPXHOCTH NOAYIHTCA H3
FICNOALAYS YKalanmwic coOBpakeHNA, MOKHO HOAVIATE YIPOLeHHbie
80AH3M B B marnutHOH rasoannammxe, OGoanauas KOMNOHEHTH
O NOAR 1O HOPMAaAW M KAcaTeABHOH K BOANE uepes B4y, Ba-to,
ECTH BOSMVUICHHLIE 3HRYEHHA BEAWYHH, NPHYEM T, < 7, MOXKHO
OM nopsAike wualiTh i3 ypaBuenuH, 3anucaBHbIX B KOOpAHHATax
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4 = ﬁﬂﬁlcﬂ u _ B
F e ﬂuu, u= 4“% Ti e 17
A B dv, H, du ¥
V=o' & H o (3
rae obosHaneno: f;=—U, B—&", NpHYEM Cn €0Th CKOPOCTDh BOAHDL B HEAH=

HefiHO MOCTaHOBKE, r, ©CTH AWHEHHAH CKOPOCThH BOAHBL, M MOEHO HoRa-
sath, wTo B cway (3.7) # (opMyAn £Af CEOPOCTH €, MMSET MECTO pas
BEHCTHO!:

ch=C|:|+{:‘~_1}E.I'

[, 3 as — ¢

{0 0 o
:!+ 0 2 af—?c’;f (3-311.

fomm—
ar

Gz 1at—2e =l

a, ects ckopocts AAnQpesa. Ypasuenne xapaktepHeTars B cHAay (3:3)
HMEET HiA:

dFf  dF l oF e

Hi=cotum gr=gp| Tl oy t oo

ai- =k + I—Cu. (g%)' {3-2)"

ot 2

Orcioaa, nenoanays eue (3.7), Momno 3anucath yOPOUIeHABIE YPABHES
HHA ABHMEHHA:

dv, du du  Ou @ 0o, dinM
p— T ey ‘E i H -|- —2-' ff,;f; — ' dr =={} {3.101

ox; Ox 1

NpHUEM MOCAGAHEE CAAraeMoe He BAMfeT Ha BuA  ypasuenua (3.10)
w M zaer unrencusmoers 88, npu =0, v, =0.

rJ .
B auneiinon oamomepuom cayuae s (3. J) = e 0, 1 = const, wuro xa-

pakTepusyeT npuBAmmense reomerpuueckoii axyetuxd. Cosepmauweecs &
[12] yTrepmaenne o Tom, uro ykazanhoe NpHEAmEHHE HE YAOBACTHOPAET
AMHEiHbIN ypasHenias, BePOATHO, cBAsano ¢ Tem, uto B [12] purypupyer.
i

roopautaTta x, — H;s n fepercs 5| ® 7o Bpema, xak caeayer Gparh:

X3

i
# , H TOr4a ypaBHeHHA yaoBieTeopites. Momuo noayuuTs ypaBueHHA
B 0bmHx KpuBoARmelinpx koopamuatax 3 —f, 0, Bxoamumux B (2.28), rae

o —11 eCThgfPaBHEHNE AumeitHOl XAPAKTEPHCTHRH, YAOBAETHOPAOMEH €O=
O THOUIEHHIO

dxy = H, (0)d (= — 1), ¢=H;(0)
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__:_L_ dik,—k,) dx 3
TR T ar) =4

Huifi CpeAbl, WMEHILEE BhIIENPHBEACHHOE XaPAKTEPHCTHECKOR ypan-
e AAn Anpeifrol zasaun (L= 0)

_gL'f CLdGa—k) Y o1 of dwe
E'CIM:I 2 elf oi® ﬂxl ﬂx 2 d'x: et —

9f

ﬁx,

% ECThH HHTEHCHBHOCTD BOAHDI B AHHEHHOMH {}AHDHEFHDﬂ o

¥

= . 1
da e 3azage, o OBBOAA U — Eﬁ! MOEHRO IIOAVHHETE

du 1 au u 1 dilka—4&) .00 ; tu dlnz
-ﬁu_: T 3 __'__—H2 bl '-__u__ -"El
e .H: tix; i 9 et ] dx; dt

B marapTHOH rasoAMHaMuKe, KaK M AA OPTOTOHAABHBIX KOOPAMHAT,
U, NPHEEM AAA  OAMOPOAHOH AHAROCTH OTCIOAQ MOAYHHTCH Haijeu-

" 1
HEe ypanHeHWe B nepemennwx T—t, = l"f “i—a ([—; = '-fa) :

Beanunna U # (2.29) saer unremcusnocts BB, B aunetiom cayuae

ipamaerca  qopmyrolt (3.2) npu p=1. To xe 3nauende noAyuHTCA
(2.19), npuuem B CHAY NpHHUMNA BIAUMHOCTH AAS 2AeMeHTapHoll To-
g0l oAbl momuo Bmecto (2.19), soiymcaenmoro B Touke 0, B3aTe TO-
0 Boany BB, aBaswomyoca pemicauesm ypaeresna (2.6) ¢ uenTpom
prapcacHEYR B (X, gl [Tustopss soikagary, UPOACAZHHBIE OpH 00-
genun (2.16), ars ypasmenra (2.6) caeayer BaATH pemenue B BMAe

=5 (1)

alf! ; ;’if + kS S =0 (3.11)

1dy

2?:{#'

ypasHeruil ra3loAMHAMMKH, AMHEADH3OBAHHDIX OTHOCHTEADHO TEUSHHH
HMEET MECTO AAA KOMNOHGHT BO3MyLeHHOH cropocTH &, w  jga#-

wy = Seof (D), k=2 3,4, P,=54%f (D) (3.12)
St Si=m, m=—rie. Q= Uikt al/ TR
it
(3.13)

Msnccrin AH Apwancsoi CCP, Mexaunga, 2 1
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8ty . = . !
ki 5eSj = n;n; ;}‘g A+ (22" — 1) div IV u ypasmenne ayueit 2o | U
/

dt
a5 d . 1 . 0da
-agn, . Oreioga u no (2.17) all S;Ef = (L, +ayn;)— 5 S;SJ-E:‘:'.

Moacrapass » ypammenne aag 3 u HCHOABIYR  COOTHOLICHUE
dal¥) s e s 2 dga
—4 5 5 =2V, — — : Up —
dx. P

&

et G » MOBHO HafiTH
Hn iy X

HHTEHCHBHOCTH BOAHW BB ypasnenue paoan ayuei

Adp | 1 dya, Ony o =
2 o dF +Pnﬂ_q_ffru + @y Trp! kydiSp =10 {3-]-_

KOTOPOE AaeT Aunelinoe pewenue aan Boaust [10], [11] wam  pemenne
(3.2} npu p=1,

B cayuse, xoraa yaapuan moama AB cxauxooGpasmas, u penenuy
§14=0, E=0, u pewenne nosaan anppaxukonnodl Bormn umeer aua [9]
e eht VZ V=% V=sVe

drety == " -5 o=, [0) {3.
e :

V k: == kﬂ ™
Toraa us sroporo yparuenns (3.3) MOAYUHTCA

Ny H 6 —10,
T 3 i
4w e =)

Mozno npeanorcauts, uro (3.16) umeer mecto n B neansefinoi dazave,

EV R —

Baoan nepemennyio = -

v nepexoas B (3.3) ® Heasamw—

CHMBIM nepeMennbiM |4, Y, nmoscTamAsm B Hux v Ha (3.16), wmomuo moay=-
UHTh PCLIeRHe B BHAS

1 (6—58321
R Ty e S LT
GF ) R e aF
o —ky & w SMT g
% A et .
— - — ——— ] =1 3.1 5t
Hy V Hypgay Vkl_*{i: % :
TAE HCMOALIQORAHD COOTHOIUEHHE i
2 = e ‘;;’,f’:; =1 | (3.18);
2

KOTOpoe noAy9aeTca Tak®e noicrasoskol anmelinoro pewenna (3.13),

(3.16) & ypasmenus (3.3) npu 2° = 0. ¥Ypasrenne (3.17) HHTEPPHPYETCR
B BHAE »
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1
%
ale 2

H VH-ﬂ?ﬂﬂn Ifk —s ¥ { I}
Gy = 2 = 3.19
1 VI kg { .}

Heauneituoe pewenue w, na AB waxoautes HHTEIPHPOBaHHEM HEAH-
X ¥APAKTEPHCTHR

. a7 -
ﬁ=_*Jf£uﬂ*y; (3.20)
i
-
an soana AB umeer ypapmenne s = 2—-——~Ek F:El)c e - 5o TAE 5=5;
i
] ]
L] AE—-]T
B, nputen s5,— | —o d¢, A, A= ———— ——
&y NRPHYEM S5y j H, iy = Ay, o Vil eV o—r

e .:Hl d's i 2{"5 a® —--!t T ﬂoH (E"S
y= — L __ e ol —0 (321
B Camvaas ! ) (3.21)

B OkpecTHocTH Toukn B, rge py= s, B=0,— (1),

A
ickath pemenue (3.21) 5 mwae paza no crenemam O,
p=w B+ m P v=v @) +u @)
b—b=—=0{t)— @, s=35()+5(O)® Ls () (3.22)
B HYAEBOM nnpﬂ.ﬂ..xe (3.21} aaor

- AH] Ey u ;'J. e =
Ve H S iem A VaEER (62

m:yewcs TaKKe C pelleHHen (3.16), (3.18), (3. 1‘3}

el H,yp Os
i Hg I'jﬂ — H‘fﬂu 51-3 —[L'r‘-.- {3 24}
b T s, ] :

T S
e R e

- D - i 54
R — o
nczfm—j
L7}

H Y pomH,
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Arn maamx ¢ orcwaa noayautes Hy, = of, u = A, Vi — ky B

1
=—_—,
< V poc®t
bl
: !."_".El_ _SAVE Ve A a
¥ i ] 0 = skl
w0 o—2Ea
o

MIPHYEM KacaTeALHAA COCTABASIOWAA CKOPOCTH & BB, 6anan B mara ne
D u Vit u momer Bt caerana Maioi moifopom ¢, (0), B orauune or
OAHOPOAHOrO BO BPEMEHH PElIeHHA, KOrAa C;{0)=0.

Asrop GAArOAapHT YHaCTHHEOE ceMuHapa KapeApHl  A8POruApO AHE
mux Caparonckoro rocysaperTeennoro YHHHEDCHTETA NOJA PYKOBOACTED
C. B. ®axsxrosiua sa uennne ofCy®  eHNA peayABTaTOR.

Hnetwryr maremarinn o sexanmxi
AH Apwanckoin CCP Nocrynuaa 16 V1 1

L. %, PR R,
LA 8 e R VR IS ARUNPFLRIBPEORESNRLE BO0ND 90k TS
]I.Lr-LIlnLIlnll.l'

el vl & gdwgfh Surifweapred bl afraeebalife pridaf s evoar i el B ausot frpi=
dwele fulengfrpp fpeadh e pearlpsante wrlpfi wpfrph kogftfipadgfal wipfipft Sl e qéfl

s

lodmdp wanwpfnd | hpgunifnp wbogmf:

INVESTIGATION OF WAVE NEIGHBOURHOOD NEAR
THE SINGULAR LINE

A. G, BAGDOEY
Summary

The solution of a linear hyperbelic system of equations with cons-
tant coefficients in the neighbourhood of the line (in the case of four
variables £, x, y, z) of junction of an darhitrary wave carrying a given
singularity with a diffraction wave representing disturbance from the
angle. The solution is found by the Fourier transformation and by se-
paration of the singular part of the solution and it is written in the
closed form in the coordinate system, related to the curvature lines of
the initial wave. As in the case of the wave equation the solution in
the above reﬁﬁm can be reduced to hypergeometric functions. The solu
tion of the simplified nonlinear equations for a moving medium is found
in the wave junction neighbourhaood,
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