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ABSTRACT
In this paper on the basis of thHurier method, we investigate
thequestion of the existence of a regular solution of the classical boundary
value problem for partial differential equations of the second order
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ABSTRACT
The paper deals with the issue of determining the optimal neural
network estimator. The problem of stability depending on the number
of neurons inthe hidden layer activation function type and quantity
of memory cells at the inlet.
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ABSTRACT
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services, technology of interaction of bank processing center with internet
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] ttOB Sls§ ftej HiNIsOo dzj dzr tsfdzts o dzOW ¢
tOL OB BISS ddzls j dzdzj ClszOdz' dzts 2 fd Misd d3r
sdtctso Pdzadpf ttOo dzj dedW MY sdzdzj dedj 3 BE HY § IS
CoBiige descztse d d . ltcd 1 Istsds BEHYjIs teOMmfyc
stecOdzgd L 5o Odgdz 2 BB jCIs (SCBBBWKGE). wdMmls
tczCtsotsHdIlsj dzj 2 Ctdi3d3j tud MEdrm MistckzCIskzte
ndzHd®&Ed ste®©ydd, Stdyjttd d ft.), O Is
dzd y GsfmMikzH OteMmise j dzdz’ = Stce Odzts o i tcOo dzj
dqetetsodz?y ( stecOdzdL Oydd, dBddedfmlsj emise ©, o
SBOL 59 Odzd Vv ) .

ABSTRACT

The paper presents the basic concept and the gesult
of thedevelopment of intelligent system diagnosis and management
of budget execution based on the application of Ccbaeghnology.
Whenthis budget is considered as complicated organized object (Coborg).
The system is designed for senior business wikexs at all levels
(company, holdings, corporations, corporations, etc.), as well as senior
officials of the state government for various purposes and the level
(organizations, ministries, municipal and regional).

sdzs yjor § fyfddidse] @zdzj C sz Odzr dzr § § B EiElE]
i rdzsdzsedw; HJOGcdzsMmisdtetseo Odzd § .
Keywords: intelligent systems; cobotigchnology; diagnosis.
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c). CFA,(X,Y)]=CF[AX]+ CFAY], j h®@F [ A, X¥ = N1
CF[ A, YIoCF[ N1X] A CF[A,Y] O 0;
d). CF[A,(X,Y)] =CF[A,X] + CF[A, Y]
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ABSTRACT
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HjteOdz dz" 2 Ekdzdoe j tefndIs jols 2013uds O Rteds ff 5 dz!

30 16.
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4. stsdtsoPpdase 1 OH Oyd Wddz steOydd RBdes e ¥ O
yduHEtsMmisd. | sessfMdedtemMe: 1 OCO, 1988.

5, s 0ROt 2 uvistedw twOL ddshisd 7 fMrid. [ .:
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tAa,1 Filsy COoOdBME
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MODELLING FREE OSCIL LATIONS
OF MECHANICAL SYSTEM WITH THREE
DEGREES OF FREEDOM IN DIRECT
AND INVERSE PROBLEMS

Gulnara Safina
candidate of phys#d.- a mat. sciences,

associate professor of Neftekamsk branch of BashGU,
Russia, Neftekamsk

dbr1JduvdhARC
] tcOB SIS difidzj Hise Odeg f tow ZOW L OHC
Ctsdzj B Odzd 2 a3 n Oded yj MSE 52 mMdmlsj o3r n Is
dsBteOlsdzOW L OH Oy O BB dsdets Bls § OEHO ded s d M s
ltedo j Ofzdestef s3] daffd tetsc te O tggsdrdzg L Oyd d
ABSTRACT
The work focuses on the direct problem of determining oscillation
frequencies of a mechanical system with three degrees of freedom
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and the inverse problem afiagnosing mass characteristics of the system.
Thealgorithms of solutions and their programme implementations are provided.

sdz¢ Yyjor j fipdkskpO®: L OHOYO; Yyomissisr C BB
ZtcOo dzj dzd J ; SB tcOls dzOW L OH OYO; HdOCG dats
Odze stedIs

Keywords: direct task; frequencies of fluctuations; frequency
equation; return task; diagnosing of characteristics; algorithms.

1l oW B M j SlstcOdz dz | L OH Oyd fts fr
B nOdzdud MEdn MdMisj i M Ctsdzj ydz di3 ud fmdztsk
ots ekl C OMMdujmMSdrn bttkzHOR 5 Isjtstedd
.0 dtec j ©lOQdzts @ 9 5 d d3ts " U2H44] (s
]l tldzduydj tls ftmdjHddr ttOstl, o ]
fMdzj Hso Odzdy o HewdBs2 LOHOY)] Yt Motet
Misgndsr stej &3 Milsj §j dgv d&sd MmotsBBH fn fts
hjded?2 d feseteOBrddats? toj OdzdL Oydj 2 tej
tOlsdzOY L OHOYO HJOcdzsMisdtetseo Odzdw dOMM
flsj &3* M ftedeojHjdedj d3 OdzetstedIls O toj M jo
s )
fn

A

B dzj dzdzOW sB e Ols dzOW L OHOYO HdOG dzts
Odzd ud MC dr My jsdz' © s Ofdf fheis fgtsdz C 5
stsls dr MosBGHA = CBdzjBOded?2 d diBtsy g
sdz "dd3 ydidzsds flsj §f jdaj 2 MmotBBH' .

I Coujmisaj f tod d3jfaf@nIisdgi3t O di ulg S ds®? Mk
MoseBH' ©OMMEskedd MdMmisj Gz M Istj &Y ¢
M2 JeBMb&OBq cdmMizdss 1) .

FL/TITEI
Co-@an—as

iz

AN 7 WAL 72 AAAA ™2
e LIS 7

s 2 m3
ks ke (xz-x1) k3(x3-x3)

tdfedse 1. [jroddyjmtov mdhmisj
) sty &3v Misj g dev B fMmotsBEGH'
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Ltz r GO MOdGH, Gsckzls BjL Ibtejddw Mt
GotedL Sdals Odz! Mzts g YL Odzr ftelzy d dz0Od3d ,
CL WWdudg dalst ky Kifslg smis@2tsBtsBh j dader § € 5
ftod By ddted Bj " deky d X Lt Isdr BOMM s
MsOkdyj M et twWOodese j Mdw, MmMslse jlsMmisek

off to iz d(BA0ZH4].
dd Hj2fedj fkxd

UtseHO fted HodXYJ d
COfftsC OL Odets dzO (tedfMmlzdeSy 18B) , d kttOo dzj

m,mdmytedgkls odH:

Iemﬂf =- k1X1 + kz(xz - X1)1
M = - K, - %)+ k(% - %), (1)
Emt = - Ky(x, - %)
vudMmisj 8O E©Oo dzj dzd 2 (1) ftj HijlsOn
HWW jtoj deydOdz dg 7 bwOodzjdzd2 M) §shlss:

v OL0OSC twOMMdzOIstcdo Oj d3 MetsBBHA § Ct5dzj B O
Yomlsdy § tjhjddw kteOods dzd?2 MmdMmisj dsr (1)

éx =/,sin(pt+a),

1%, =/,sin(pt+a) @)
bx, = /,sin(pt+a).

1HJfP & yYyOfmlstslsO® MmotsBESHA R ¢ tsdzj B O dad
fnd mis j/ggr/,, /.0 OB dzdlsktH’ CtdzjBOded2. 1 t5H
(2) d dr ftetsdLotsHds j o MmdMmlsj &k (1),

— A ptsin(pt+ea )+ A sin( pt +o )— A, sin(pt+ o)+ A4 sin(pt + o )= 0,
1—21})1 sin(pt +a )+ 4, sin( pt +o )— A4, sin(pt+ o ) A; sin(pt+ o )+ 4, sin(pt+ o )=0,

—ip’ sini;pr+a:]+/".3 sini:pr+ r::(_']—/"'.J sini'pr+cx_']=0.

tdhjgddw (2) Bselkls EkZHtodzjlso steWls! |
L 2Oy d dzd 2 1,0 toj fggledizde © § sdzdz” j v MdMisj BO
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Té- /1(k1' mp2+k2)- /2k2 =0,
i- 1k, + 1,k ks - mp?)- 1k =0, 3)

~

%' /2k3+/3(k3' m3p2)20.

tdhjddd3/,=/,=0 ctwOodzj ded?2 (3) ftejHd
tcOo detso j @ ded uGin ¢ 52 mdmisj 3" . 1 O2HJ d3
toj hj dzdw, fMstslse jIsMmiseo zs h dj Csdzj B Ol
cOMmdsOIstcd o Oj[8ig34]. ipd fMls j o3

RL O J Misdzts, ysts kteOodzj dedy /,(BY, Bsclzk
Slsdzd ydedgz dztsls .o j h j dzdw dzdh ! o Istsdg fdziz yC
sftejHjddlsjd ®BOstedyr +Its?2 MmdMhlsj o :

-n’&p2+kl+k2 - ks 0
- k, - m,p® +k, +k, -k, |=0.
0 - ks - mp® +k,
[5CbkHO

0

pé—p4[£+k2 +k . kl"'kz]_'_pz[ﬂ_'_ ik, + bk + ok . ks + bk, _ ki ks _
m,m m i, M, mm, mymm,

4)

VicOo dzj dzd (4) d wedzwjlsfmw yOfplstsisds
Ctsdzj B Odzed 2 cOMmMmMd3OIstcd o O i3 2 3§ = Oded yJ fm
ZcOo dzj daffive jiffdsfdz’ = d30MMO~ GctokzL s d &5V
ftoyddz @3y des tsftejHjdzwils: yOMmlstslsr € sdzj E

1 02HjdB OdOdzdlsduyuimMEtsy tjhjdddy EtOo
oo dHJ:

p°- Ap'+Bp*+C =0.

1 H§ M
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aske ket kit

mm m
ks bk ik ks | ks
mm, mm, mm, mm,m,

B=

HH] &ZOo L PEIdk fsdkzyudd kO dj dzd j
k0o dzj dzd §

t2- At>+Bt+C=0.

A
8¢  fohish s UBh:fn)’S‘GBdZﬁﬁafﬁdiSJHJ% f sfdzj +
bteOo dzj dedj € cdzj f sczdzsdsze o dHE:

2

A 3
y’+fy+q=0, GHi—'?*'B’q Zae§p

ststedy, YV, Y, ¢cdzi fsdzdzsetse CkBdujMmEtset
tc©o dz :

GHJ

ledujd o & @pjdstejjds dz s j L dzOyj deq v
Ctedzj 2 dL Mmske jlsMiselzs h d7 ¢ tsdff dzj ¢ fdz

fr]tstslsdznshﬁtmr-s%. { Mdzd EtcOo dzj dzd j (5) H§
st & » Mdzzyow s, CSEGHO 1 Iss otsL d3tsy dzts) M
LdzOyj dzdv 1t Isdm Sttedzj?2. [fMdzd SksdyjMmMSt
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sts s dd&djjls ddzd ssHdd Hj2Mlse dlsj dz! dg
Cod3f dzj S Mder = SBtedey, ddzd Isted HJj2IMlsoadlsj
HD O dL CBlstster 7 0o dz ddzd Isted tOL dzd
oL Qo dMd BBsMmisd s QsfsEtsls o jslddiisioli datafs 1§ 5 dzts
tcQo dets dezdzé¢ ddzd Blsted yOlsj dz' dets.

]l sLoteOM OW fiy! Cts ofMj @3 EZCOL Odzedz d&3 o
Mz HEs M ] OdOdzd s f tg¥ M€ thjcdzf B tc gD gls 5 ls dats @
(4):

a 1
36BA- 10C -8® 12/ 1B B AR G5BAC 8B 1TH:G
p=26 i A :

1
§368A- 10C -88 12/ 1B B A 5BAC 8E 1:5%)5

Wl

gg (36BA- 108C -8% -12/ 18 ®A 5B8AC 8E 1233)
3Sae2A

? (36BA- 106C -8 12/ 1B FA 5BAC 8E 1233)

Wl

(seBa- 10 -84 12/18 BA 5EAC 8B 1:(:«;2\)g 1B- 4
R

FOIPN

Wi

(3GBA- 108C -88 12/ 1B E A 5BAC 8E 11?2\)

1
3

a
ae(SGBA- 10C -88 12/ 1B VR 5BAC 8B 12:%)
p, =%

1
33GBA- 108C -88 12/ 1B ® A 5BAC 8E 1233) 3
¢

3 1
§e4A(3GBA 106c 88 W 1B WA S5BAC 8L+ 12:2\) 3
3 C

1
(3GBA- 106C -88 12/ 1B ®EA 5B8AC 8E 1@%)5

\ 2

(BBBA- 10C -88 12/ 1B B R 5BAC 8E 1233}5

- 4

1
(SGBA- 106C -88 13 1E B A S5BAC 8E 12:42\)3

2
12B- 4K H\/?%*(Z%GBA 08 8 19( 1B EB-K 5BAC 8C+ 123%?
+ 4

1
(3GBA- 100C -88 12/ 1B B A 5BAC 8B 11:&)5
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3

121B- 4If3A2))% _

(36BA- 106C -88 13 1B B A 5BAC SE 1@6)5

y 1
(-3aea 102 8 1€1B ®A seAC s+ 1ZA°
P, = -

(3GBA- 106c -88 1218 B A 5BAC 8B 1:&1}5

o 2
;%BA- 100C -8 12/ 1B B R 5BAC 8B 1:&1\) 3O1B- A +4
3G E

1
(BGBA- 10 -8 1218 BA 5BAC 88 DA

(3GBA- 108c -88 12/ 1B T A 5B8AC 8E 123#\) 3
3 .

1
(BGBA- 106C -88 12/ 1B ®A 5BAC 8E 11:#\)5

N

|(36|3A-108: .88 13[1F B A S5BAC 88 1233«)g W+ ¥ &)

+

(36BA- 10 -88 12/ 1B ® AR 5BAC SE 1@2\)5

{ O dslstedds oW sz L OHOYE dz® S tsdzS tej
led®kjte 1. 1 02kd yOmlssls' Ctdjs Odd?

Hdzv Ctslbtstets? dLo jMmisdr MmdzjHem=24, YdL dy
m,=3¢ ,m=1¢ , k=46 1Qk k,=2 ¢ 1Qf k,=1 ¢ 1Qk
tdhgdedy. 1 sHMs Qo d 3 L OH Odzdz" | L dzC

qesi WWqdydydsse xjMisSsmisj 2 ek xdsdedal [t
ff sdstsh s Clf. 1 tsctcOiddov §Opald. OydW

A=+ hey ), *(my)) [ CH(F(beys Feg))s *0my ) I (CH(H( Ky Ky ) *(my )

> print (([LABEL REFERENCE NOT SUPPORTED]): # input placeholder
B = +(/(*(ky *(Jey))s *(my: *(my)))s

JORCH O 4Ry ). MU * (k) ). * (R ¥R D)D) *(my. *(my)) ).

TO O (B, (e * (K500, *(my () )

> print (([LABEL REFERENCE NOT SUPPORTED]): # input placeholder
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L C=/0(k, *(ky *(K))). *(my. *(my. *(my)))

= print([LABEL REFERENCE NOT SUPPORTED]); # input placeholder
> F=+0("(p. 6)), -(*(4, *("(p: 4)))), *(B, *(" (2 2))), -(C))

= print([LABEL REFERENCE NOT SUPPORTED]); # input placeholder
- eqF = subs(}'c1 = -4:,%2 =2, }'cs =l.m=2.m=3m= 1,F=0)

> print([LABEL REFERENCE NOT SUPPORTED)); # input placeholder
~ P :=solve(eqF,p)

> print([LABEL REFERENCE NOT SUPPORTED)); # input placeholder
- Valf(P)) 5355062533 — 5357932123101

> print([LABEL REFERENCE NOT SUPPORTED)); # input placeholder
< eValf(P)) | 185336235 — 8649676735 10707

> print([LABEL REFERENCE NOT SUPPORTED)); # input placeholder

- evalf(Py) 1818822330 - 2169236966 10° 1
= print([LABEL REFERENCE NOT SUPPORTED]); # input placeholder
1 ZOudls, Yoflstls’ ¢ tpzEon®htkd P,=h1Bs H s h d

', p=1.819M". 1 Odilsdd, ubs s§ xJj L dOU) dd

ZO2Hjdzdzr a3 9" " j OdzOdzdIsduj MEddz W stcdilz dzOcC

1 slsOadds Isjtfjte! ¢ fevdhs2 MPJjChtcOd
L OHOyYk Hd Oc desfisdtets o Oded W ~nOtt0CIsj tedMmls
ftefLojMmisde dz yiPeitdsesdsHOd nj ¢stsdzj B Odzad 2. s H (
nOtOCIsjtedmMlsd S O3 ®lsdzi Mg ds, dzOf ted 34 te,
f oz d da.

lted tihjdedd ftewdis?2 L OHOYd B' dzs f 5z
(4). lwijsBttOLEZjd jets & odHE:

fl(P)"'fE(P)kl +f3[P)k2 +f4[P)k3 +fi(P_)k1k2 +fﬁ(P_)k1k3 +f?-(P)k2k3 +hykyk; =0,
(6)

9 C(btstesd
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f,(p) =-mmmp® f,(p)=mmp*;
f,(p) = (mm, + mm,)p*; f,(p) = (mm, + mm,)p*;
fs(p)=-myp? fs(p)=(- m,- m)p*
f.(p)=(- m- m,- m)p*
{t Offsslstedds BjlssH tjhjdd® L OHOY].

e Mmise j dedzr Py, PREAMPSIESEs fsHMsOo dvw dr o
fsdktuydd Mdmisj Bz ktwOo dzj dzd 2 :

fi i:Pl ]+f1 (2 _.]kl +f; i:Pl _.FCJ +fs i:Pl ]k; +fi |:,p1 _]klk] +fs ipl _.Fclks +f |:P1 _.UCJ ky +k kK, =0,
fi ijPJ )+ £ (jPJ _Pcl +f; (Pl _FCJ +.){;|:ij _Pcs +fs ijPJ _llklkz +fs ijPJ _Fclks +f7 |:PJ Ve ke: + ks ks =0,
Lfl i:PJ I+ 1, [:PJ Ve + £, iPJ e, +f, [:Ps lk, +f ip_, ..Fﬁkz +f5[:P3 ..]klki +f-[:P3 lk1 ky +kJe ke, =0.
(™

RL  MdMmlsj dsr (7) By dets st H§ dzd s
B = Oded ud ME 2 MdMlsj dr .

lteddsjte 2. RL®jMisdr fipsB 586} @adz § O
=1,185M", p,=1,819M" C sdzj B Ocdzd 2 Bj 2 Oded Uj ME 52 f
CtekzL Oi3d, BOMIFRS Smsate M,=1C . [ftejHj ddls:
fisslse jlsMiso s h dj Ctst W ke Ko §f dgls T to x>y dfinds, & t5 )
Mesjuddvehdn ctelzL ' .

tdhjddj. 1tHMisOadds L OH Odzde j dgQ@iaEin j dz
CtezL o o Mmdmsjde (7), §sdzydds:

ek,k,k, - 36129+1383k, +1229K, +461k, - 117k,k, - 235Kk, - 156k,k, =0;
1 k,k,k, - 0,01+1,04k, +0,72K, +0,97K, - 032Kk, - 0,64k k, - 0,43k, =0;
bk, k, - 317+588k, +5,23, +196k, - 2,43k, - 4,86k, - 324K,k =0.

RL foMdzindi?2 Mmdhisida M fsgshi s ¢
NiMisCMisi2 §tolkzy 6o dy ot i ofEOEEId]:
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> print((LABEL REFERENCE NOT SUPPORTED]): # input placeholder
o H = simplfy (Y(F.*(my, *(my, *0my))))

> print((LABEL REFERENCE NOT SUPPORTED]): # input placeholder
< egH = subs;(m1 =2, m, =3, m,= 1,H=0)

> print((LABEL REFERENCE NOT SUPPORTED]); # input placeholder
- egK = {subs(p= P . eqH), subs(p=P_ eqH),. subs(p=P_eqH)}

> prinf((LABEL REFERENCE NOT SUPPORTED]); # input placeholder
= K= solve (egK)

> print([LABEL REFERENCE NOT SUPPORTED]): # input placeholder
(e =4.k=21)k =1} (k=
—112 RootOf(32 Z°-208 Z'+470 Z°-435 Z'+160 Z- 20)4
+ 696 RootOf(32 _Z°—208 _Z%+470 _Z°-435 Z° + 160 _Z-20 )3
—1437RootOf 32 Z —208 Z*+470 Z —435 Z+160 Z-20)

215 ; - )
—ﬁ RootOf32_Z 208 _Z'+470_F —435_Z+160 _Z-20)-215k,=

336 . R , B
5 RootOf32_Z ~208 _Z' +470_Z ~435_Z' +160_Z~20)

_ 2088

= RootOf( 32 Z5-208 _Z'+470 Z°-435 ZP+160 Z-20)

—@ RootOf(32 _Z°-208 F*+470 7% 435 Z'+160 _Z-20)

1295 5 L 5
‘T) RootOfi32 _Z° —208 _Z'+470 _Z' —435 Z'+160 _Z—-20)+135,
g —RootOf(32 _2°-208 _Z*+470 _Z'—435 _Z'+160 _Z-20)}

- evalf(Kl)

= print([LABEL REFERENCE NOT SUPPORTEDY]); # input placeholder
{k=4.k=2.k=1}

vsO0Cdd3 tsBteOL t5d3, f sz yO4 d3, ylsts C s
ftelzy d dz, mMeslse jIsmiseozs h dJ L OH Odzdz" o3

B R Oddujhts2 Mdhki %, kzﬁ?&%ﬂ 'ks“jl%i :
1OdBjsdds, ulsts Csi¥Ndydidlsr  yifkesh
o jtodets, OSC COC dd3j dedets ftod S OL Odede 7

CezL s ftod twijhjddd fewds?2 LOHOYd ¢t
Ctdzj BOdzd?2 3j ROded uj MC 52 Mdflsj dgr .
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s MBS ddlsjOlker :

1. 1 dzj ARBORZ )| B Oy 5dedzOW 3j ROOAROFE. ©. [ . : | C

2. 1esydsfmis! , Ekfmlss2ydesfls! , 0 ¢ tsdj & Odddwn ta,
R. 0 e @ adetge. Sy, § . ¢ | ©Mepsdds iy 466 dzd § |
8311 .

3. & OW didzOn . dbCmsdui MEC s HJOGdzs findthisy Otzd
vyl. uoW¥WO: t(RrRA a®@fq.u, 2013.

4. vdlBsh pdz9ts stsdzj B OdedWw o de) § dzj tedz&d3 H j dzj .
440y .

5. cBdzsdmS 2, woEj2GSkehn sjstedd CsdjsOdd?.
2561 .
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br1JduvdhARC
dfmmdzj Hsea Odedw wWodz¥ jIsw tcOL tcOB
tc Jdzy dedzr 7 20 teOL dzdydz' = HOdz dztsfylsy
o nd . ltesdLotsHwIlsfy fe jtenh e st
fsdzvy 20 fizsmMSmisd M hOoetsd iBidaiJ 5z
dLjdpj dzdets G ts f tsdzw dBB3j stsH 53 WsCkzfmde
cOmMfted Hj dzj dzdd dMlssydzd S s LokCO dzO sIsH
cjLzdz SOIstse otsMMmisOdzise dzj dzdwvw dMmistsydzed ¢ 59
odLEOEZdL Jtctseo Ols! d oL &zduydls: LokCtsdL d
HOdzts isw 7. Motg d. dztsiz Wefigr | didz' CAmt J tod d3j dzls O dzt
dmmdzj Hise Odzd 2
ABSTRACT
The purpose of this study is to develop a method for visualizing
distributed at different distances, sound source objects in the air. Ultra wide
band measurements are maddhe sound field in the plane with step less
than half a wavelength. Based on the measured field the sources distribution
is restored by focusing on individual sound frequencies. Combining the results
of the recovery of sources at different fuegcies Bows to visualize
anddistinguish sound source objects at different distances. The results
of numerical and experimental studies.

sdz¢ yJ ddzisa ® 2 € ts 9 dfrpdjdd@fijj tcsiztwed M ditcse € O
9odBtesHdOG dztsilsd € O
Keywords: sound vision; synthetic apertufecusing; vibrodiagnostics

vdzl stcOL O kZC s OW sEtsBsctcOW dw dzOn 5H (I
oHJ W j ChsmMEisy dg O f Qo d dzts, dmf sdz' L 8 Is
LsdzH Jteso Odzdw, CtEHO dhbtsydds LskzCO ¢
d MdcdOdz Of todttd dzts [ dspeiadjj ifideudsy o dzv j sfyw  d
Lo kzGC O, Is s o 5L 3ty dats §tod d3sj dzj dzd § f Omf
Is s d3ts ¢ §OXd.d [ dzw otsMmlsOdztse dzj dzedw - (L tsB 1
Yyoshjet Bl jCIO ftosdL ®@ SHWIsmw gL a3
B OMMisswdadd tsls tsBi jCIsO 9o dgjEHORIHSD?
fso j ter[dds]isd f sdgsh 4 8 B IssHO tsB OIS dat
i tsdsy3 ] ddzd 3J stsH o -Mifsts s PN dfigdsiasj? dzdisd dz!
o sMMisOdzOe dzd © O Ismw dLsBWOY jdd¥6]l. Lokz§r
Il sHtsBdz j d3j SBSHT tcOMmmydls ©dg &ZzO0 BBtOBCE
gV sCEmMdiese Sk dBosdsrtes@BOdyi MEses § cdv
gL d3j toj dzd 2 sydW¥tcsor 0 0j Ismw SHdzs o toj A3
ftetsMistcOdzMmis e j dzedzOvY C 56 J t6] dzls dzts s o duLd
ftesdLotsHdIs! WsCkmMdteseoa Sk BJL fd dzn ts ts dat

74



lteffjtoj mtSH 0 dtetHd tfots dzts dz' o3 Mdc dz0dzOc
mMdder tstsdzed L Oydd, fsLotsdzd dzts BT sftej Hj &
df sdzlz yd Is tOL e " j dzd 4 fts HOdz! dztsfls
mMddem tesdadL Oydd WOLr f dmssyded S sd3 daj 1
HS LoakZStsdL dzzyOs h j ¢ 5 LEBH jJEILQ . §f &5 OoCtafjdzk i
mMh jMmsealzils ftslstcj B dztsfls o tsMmls Odzts o dzj dz
yoshdn Bl jJCIktse t©OMftej HY dzy dedz" = dzO 6 (
Mddem tetsdzd L Oydd M ftedy Bded ¢ 5.

t OmMmdsslsted &3 Mdzz yO2 Ho zn f dzsm¢ dn L9
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mMydlsols: , Yylsts Bi jClIsr dL dzz y O Is -tcOL dzd 1

Ldteso Odzr . 1 dzdL dzj 3 ON d2 Bl jOk Nsonf s

OH Odz' dzd 2 SBi jSl ©OMfszOOO] s d ydds

B dzL dzj ¥y Oh d 2 sBl jCI dzgj ftesded yOj d3 H dzv [
SlEOd dzj 65 Bl jCKO HWtOcdEksls d&O dz
sBl j CkO®], wodws sfpv b JesC sy sdshdr dq
difL o j Msdz®. | ©B&OMid dL &)t dd? ©OL &j
Coltte’ § 5H ditcedtelgddfzOdzdss § ed R sHW N dj fd & daC
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tdmizdesS 1. wnrnd &30 dL d3j teg dzd 2
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ANzt §, d H @G&RnnNBOBEH § Gls SlsH jdz dzs €O
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Hdz?" CO)YHB2 yYyOfglstsisr |, fzlsy 3 tsBteOlsdetsc ts
osMmMisOdzso dlso oy dzetzr? BB ZOMIsJ .

t OMmMf tetsistc Odzj dad j Bsdshtets@BOIsdyi ME dna
sfdmr 90! M) HoBsh: s ©LOL dsy jddY o tsdzdzs
o s dzdz Cyds ZO0 BdzdL dzj 4 O j 3 tsBI

. r dq¥tco
oftedBdzdy i dzedd sdrnetsW 0O, Iss jMmis!s2 BEHJ
sB dzZOMiIsd, fr]tGOLIZ LO BBl jSIssd3 tOoades dz
Mo OHOjIs M ftodzjd3 9 GHdSSHAES?2 Mty HJ .

l sdzj &0 DA Hasmis@e O dssj HOd dzdds ©B
o9 dHJ :

U,(xy)=

k Kk ,(hp-1y) |><k +|ykyd d
oy MK kdk,

o o

GHJ: (k k) (X y) - Xk kadedy 5
UthSQ&inSE)J.dZer fr]'U-J,QIStG [j'[sdzw HOdz dZJGTS q—L

H(X,Y) 0 fodzj LokCtotet HOodzjddw ¢
qu dzlzqdqéz;#kz,_

roajj UlXs) ndweocdekjls wjtiL bddL dj
Ukt sfdmr o0)shv Wbk o] :

1 o i ixk,, +i
W, (x,y) = 2oy _ﬁ_ﬁJl(kX,ky pam g™ gk dk (2)

T _i,n - ixky - iyk
iU (k,k )= @, (6 yM(x y)e™ ™dxdy s
feshseOdhlse j dd' 2 MfjClte f§sdv HOd
L@ddL dzjy O dds e jCIstd,

M(Xy) 6 wedSydy &fdhro0shOw bddL dj
tQo dzOY 0 o© BB&OMIsd twWOL i3j "FRIEJWw tsBi j ClIsC

1 sdzf MBLHO9 O B BdzdL dzi Y Oh dd3 tsBI J !
COC fBdj qLdryOk] d" o MoGBGHEGSE sk
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s Pk, k)= AFP.(x y)e ™ "dxdy, B(xy) s 1 s

LokCtsosGts HOodzj dzgdw oBdzdLd Bdzdydzj 65 dL
] sdzdets | wfsdififylsnd dL d3gitej dzgd?2 BEHJjIs Mkd
gedzdy dzj ets dMmistsydzed € tso:

W(x,y) =W (x, )+ W, (x,y) @

t4hgdedy 5B tc Ols dats 2 L OHOYd BzHjdi t
f tetsMmis tc O dafdscd dp Qs O dzdzts I 6 W d dizOls c@APIHB 2 Y«
1 s fydzj o ts ) ls @uzs Btz wizff tzd 2 20 tlsHj d dz
ftojHd&ZOEO] MW Mz sBd tetso Ols dn fs5 Oc
fOBRf ddlskzH] ftLotdvjls dzj bkydlreolk: Y
yomlsj?2 Bi j¢kO, Ykt ftLetddls odL kz0Odd!
stsy¢ kz 9 dBtOY(dtsdzdzts G BtSL HFIRylsleo d W OL(rj fi
sl Mistsyded € O) .

l sl Odeso dzj dzdj dLtsBteOY jdzd™w Bi jCIsO
s zOMse Odgdes?2 W ddz stcOydd dzO tsHdzs?2 YC
W s te Bz dzj :

Q(x, y,w) = nhymﬁw(x y)e oD o g 5

Xmin Ymin

cniQ(Xy) 6 ssmmlsOdase dzj dadzsj L 5B 5Oy § dzd |

k=w/c.

r 0dzj J Medidzdtcz j d3 Oy dzdIlskzH T o smmlils Od
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Ax,y)= %1 Q(x y,w,) ©)

GHW, 0 d3dztsy § Mls o & d3yQdnladiaists cfts M d ¢ dz0 dzO,
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1 @Oy HEB2  dzOMyls d dzt j§ B'dz LOCtjtfdy dz 4,
gL dzzyos h d2 Loak¢ o HEY O OLSSdzy 0y Ofiflstdstdst =
20 MCOdzj tej ¢ Jtef B NiPztz® dz®) 5B BB K] 5 4

Y HIBS2 Istsy¢ j f sdztsy j detf W d ded@Xfirf tc ts % 15 gz to tof
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78



qmsmbwo@mbagwwow

My i ClstcOdz’ dgr § MmOk isOF j 5@ 8GR 0
JHOdedzs a3 + S Mt J tod A3 dals §

fno A1, d f 1 lstsdzz 9 C Oy
CGjteyg

e dOd JLdkzyols,
Hs?2 ssuySy d
dzls dzs fyls + .

{ dikzdasC 3.

i UtSd315hJ*5

20F

ASlstsEteOW dw

temyfdted &d dals ¢

sBOBGO ) § B U tc s iyH dgO (26

dLtsBteOY jdzdw tsBi | C Ity due® 4049 didy des fylsw 5 1 C
20F
j 10+
i -
10}
~20‘—r 1 | | | -20 & | 1 | I
-20 -10 0 10 20 -20 10 0 10 20
ax_ cM 6 8 l
tdmedzs¢ 4. | sfflsOdetso dzj dzdzr § dL =B

sjmMlssar A
BO dzO

ts B3 dp@ IsHs® dz/ ( dhsdi;ls d
H Odz' détsdpls d

79

10
24



15 oatmMmisOdztse dzj dzdz" d3 L sBtOY j dzd W o5 3t
sBi jCIsses odLEzOZdLJtesea Odzr, fted | s,
JLBBWOY jddj HEBRZEBE Bl j SISO, Uk csot
] Y4 dzls te § f zOMmisd dz d3tsy dats dzOB dzt H Qls !
Mtsslse jIsMlisakzs s IssycOds atsLHj2Misoadw HJ da

[ &Y dets LOSC dz¢ ydis: , Yyl ts ftod Hdzsy § dzdz
HddL EOdzdL Oydd cOMyf to HJ dzv dedz’ = 9 tsB
sBi jClsse d fsLotsdvjls t &L dzdH il ¢ dzts fiyts
YlstissHIso jteyx Hjdets tej L Zdz sOIsOd3d ydfirdzj dzdzts ¢
Bj dZlsOdzr dzr 7 dMmidzj Hise Oded 2 .

s dmMss dzdlkj cOlskzter

1. Jtejakh yokSCtsadHjdzd 9.22f9 :.f dte, 1982.

2. 1 Oded tzsp . Cl3hef.{ 50 o BL dBtsy desmlsw dmy sdz
j ton n o s dzdz dz0 HiWJClsy H dzw

j € lstsanq)EQtﬂqumlsé 19845 tedB0,0 - 6,80 7540 760.

dP.teddeydy OCEkEfMbdyj MStsets tBt.O j dad W
Is. 60 dzy 50,6 -~ 6,0 M7920 801.

ey j sedY s s 1B P dgf) teez PR andil dzdzts 2
CeoOWdd fted MCOddLsse Oddd GHJhsydkses
ls. 889Gz 37,0 - 3,8 7528 534.

% ddd.Coso, 1 dhody .S fBEELES 0. 1. | sf)
) Hjdj ded" estekOd? dzs?2 ™S swesmisd dzO
Yok d" 0 shdss] ©OMfEjH]jdjddw O
Csd dzts? f dshC SNE0G3, 5 » 8% &) 5.3, & kedz ,
424,

dztse . NtenO¢ s d sMmimls Odzats o dzj dzd J di
sdL dzEyos hdr Bl jiltse 6 dBhesets sL C
Odzydtsdeder &3 dL Bjtej dzdv 3 LokSCtsatsets
dzr = L Oo j HOjulzs[BBO ~ A8R.10 2013.6 & 570 61

o
5’
8‘
[z

=)
7}
&

]

S+ N+ =0

DHNE O NS F SWW.S"H'“—

N&-3N11raga=s N

1 asC.dgv. oy diX.dldey S p 2§ Odesa E dzgOo d dets o
Cqd2 t OHdBo sdzdztso OW IsBscteOW dw MC te!
Ofdetsisd // RLO®jMlsdw orda20088 ky,j B dz
630 79.

WO NIFTE INOFE SGF— 6~ I
pE=n 200 PFCTOO0 PHS VO —F

Or o

80


http://www.akzh.ru/pdf/1984_6_754-760.pdf
http://www.akzh.ru/pdf/1984_6_754-760.pdf
http://www.akzh.ru/pdf/1984_6_754-760.pdf
http://www.akzh.ru/pdf/2004_6_792-801.pdf
http://www.akzh.ru/pdf/1991_3_528-534.pdf
http://www.akzh.ru/pdf/1991_3_528-534.pdf

32 t ¢rrRJ{ARITRSO

1rasilu¢svl¢¢@iw1liu¢mc
Y[t (1« URbAU1tt¢¢nrrI¢ CR
] 1t JJRO1VRR A1 TdUd1 ¢

dkzrOdzse [ Bdlsted?2 (¢
COdzH .-BBAHIE.L . 2O € , HisYJ dz
t A, uERNEC
E-mail: sdy@mail.tsu.ru

1 09! Wzso O sfyj dedw | dzOt

OMmyf dstc©dg R Uy | UL,
t A, utEdRME
E-mail: zavyalovakseny@mail.ru

VISUALIZATION OF VOL UME DISTRIBUTED
SOUND SOURCE OBJECTS

Dmitry Sukhanov

candidate of physiesiathematical sciences,
associategrofessor of Tomsk State University,
Russia, Tomsk

Kseniia Zavialova

graduate student of Tomsk State University,
Russia, Tomsk

11JdvdoARC

l1toj HdZOGOJ Isyw BN Mister 2 BB stsH o syl
dLBBtOY jdd?2 Bl jCIlstse MCter Is' AcOf By dz@rj
fMtej H dz0 shdes o § Mo jternh qiess st sdztsdz -
gL d3j tej dzd 2 . ltej Hf 5dZOG O s, Yyl ts tc O
of dzsC sMisd dzOH Micd HES2 d ftesdLoatsHdIs
gL d&3j toj dzd W l WdSMdtetse Odzdz &3 N OG 5. t
sfikh j Mlso dzj desd @ tHrcdis Qs dasc s twOMmMmj W dad v

81


mailto:sdy@mail.tsu.ru
mailto:ksu.b@mail.ru

Lsots@ts 1 € tc0dzO H dzW dzj f dzts € 52 i

MM Odetso dzj dedV tOHdts dLBBOY JdedWw dzgj 51

stcy ndgd cdes Bz B MstesdBz o j sBtLOL 59 Odzd
ABSTRACT

A fast method for reconstructing othreedimensional images

of hidden objects under the nptanar surface between two media, which is

based on ultravideband (UWB) radar measurements. It is assumed that

theradar moves in the plane above the medium and produces UWB radar

measurements inxéd steps. The inverse problem solved in sisghgtering

approximation and the approximation of the phase screen rfonganar

surface. Radio image reconstruction algorithm of heterogeneities in the medium

is reduced to a thredimensional fast Founigransform.
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szt yjor jg HoashOssBsctcOV v ; te @QH d ¢ ts5 dzt
Of jiebbzsCEMdiecsoa CO; ©OHOK fBHYBO jton dats

Keywords: radiotomography; radioholography; synthetic aperture;
focusing; ground penetrating radar.

fsHY o j totf GasdtslsisBscte OV dd fikh jMmiset
MisOdatso dzj dadyy def @H f oL EEStdD Jictso Oded d Y
dzd yz ©OLHJj&ZO MtejH. 1 6d "ddhsses Mk
ftedsdzdy j ded d, Ylbsts f 59 j t60dZs fls !
i Mm¢ 1sdz,ls OC Isdzts d3 L ts dzHtitds jscrtOddaf jd dzdHvdzY dzCGz ytff ¢
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100 dh jd3 tejh jddy o teezdstedztsdg O ©a g dzdey §
SHdSCttOlsdsets ttOmmjwddwy d WOLBeatsegt ¢
Bsy des L Of MOy o o9dHJ:

n P{r° (1, 1, )dr, 1)

GHJ: q(r,.r.)= nﬁB(x y)G(r,r,)dxdy:
B(x, y)= U(x, y)g - Homiehbn) 5 i qpj | gaemsh juh jj oW
1 C tc Odg,
U(x,y)=E€“" ™ /@pr-r) & (s d fyls sy dzd ¢
20 © 2.
G(r,r.)=€“""/(4pr-r)s WS yq* | teq O,
P(r,) - Wz deC ydw ©OMY ] Hjdjdedv ©OMM] o O
kK,=nk,d otsdzdzgtso 5§ ydmdzts o o jterndej 2 Mt
K,=nk,d o sdzdzso 5§ ydfmdzts o dadydzj 2 Mmej H
K,=W/C3 e sczdzgso 5§ ydfdzs o MotseHAEE
[, 0 CSEBHJdOO dL &z yolsj dzv,
(0 CsstcHddzOO Issysd ddasjcectedtctso Odzd "
udis ol rylst

56 dzO ) dats (1) B ' dzts ftotseo j H] dats yd
BsdesMisOlsdyj M se s COHdBL sdzgH Jtets 9 O dgd W
Z&dR. Hdzw dzj tetso dzgs?2 Gt Odzed Yy’ 52 Odz®B, tdapfr) .M te
[ sH ] dzdtetseo Odzd | ftese SH J dzts ! 9 HPY OL 5
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