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B . H_aCT0511!1ee Bpewi: .. cy111ecTByeT PHA pa6oT, B_ KOTOpEolX npegnaraJOTCH 
TeopeTH'leCKHe cxeMEol: aKyCTH'leCKHX na3epoB, CM., HanpHMep, /1,2,3/_ •. 
CaMOCHHXpOHH3aQHH B CHCTeMe H3Ha'lanbHO HeKorepeHTHEolX MexaHH'leCKHX 

· _OCQHnnHTOpOB (MOHononeH) H ycnneHHe aKyCTH'leCKOH BOnHEol 6EolnO 
nccnegoBaHo Ko6eneBEolM IO.'A.H gp./1/,rge BnepBEole- 6Eolno npoBegeHo 
nccnegoBaHHe HenHHeHHNX s~~eKTOB. Ko~ycoB .A.H. --H HeMqOB B.E. 
HccnegoBanH B03HHKHOBeHHe 3BYKOBEolX BOnH B pe30HaTope renbMrOnbqa C 
nepeoxnaxcgeHHEolM napoM. B pa6oTe /3/ paccMaTpHBaeTcH TeopeTH'lecKaH 
cxeMa aKycTH'lecKoro na3epa, aHanorH'lHaH cxeMe na3epa Ha cBo6ogHEolX 

• sneKTpoHax. · B HaCTOHl!leH pa6o~e nocTpoeH H peanH30BaH . anropHTM 
'lHCneHHOro HccnegoBaHHH MaTeMaTH'leCKOH MOgenH_ OAHOMepHoro 
aKycTH'lecKoro na3epa,. npegnoxceHHoro B pa6oTe /3/ • 
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'PaccMaTpHBaeMaH Mogenb aKyCTH'leCKoro na3epa (pac.l;-a) COCTOHT H3: 
1) aKTHBHOH cpegEol na3epa, KOTopaH npegcTaBnHeT co6o8 
AHSneKTPH'lecKyJO llCHAKOCTb co B3BemeHHE,IMH B HeH 'laCTHQaMH, 
xapaKTepH3YJOIIIYJOCH napaMeTpaMH «o, ~o,Ci 

2) pe30HaTopa,. KOTOpE,IM HBnHJOTCH gBe OTpal£a10111ne _nnacTHHEol, 
pacnonoxceHHEole B aKTHBHOH cpege Ha paCCTOHHHH L gpyr OT gpyra; 
3) BHemHero reHepaTopa HaKa'lKH, COCTOH1I1ero H3 KOHAeHCaTopa c 
nogBegeHHNM K HeMy rap~OHH'leCKHM sneKTpH'leCKHM noneM 'laCTOTE,1 ro. 



IlOA AeHCTBHeM nepeMeHHoro sneKTpHqecKoro nonR qacTHQ&, B3BemeHH&e 
·B aKTHBHOH cpeAe, HaqHHalOT BH6pHpOBaTb. C03AaHHaR BonHa. AaBneHHR 
3acTaBnReT qacTHQ& nepeABHraTbCR B o6naCTH . MHHHMYMOB AaBneHHR. 
TaKHM o6pa30M, , ·npOHCXOAHT npoQecc noKanH3aQHH qacTHQ B 
onpeAeneHH&X o6naCTRX aKTHBHOH cpeA& na3epa ( pHc. · · 1·,6) .3TOT 
npoQecc Ha3&BaeTCR 6aaqepOBKOH qacTHQ. MaTeMaTHqecKaR MO~enb 
ODHCaHHoro npoQecca DOCTpOeHa B pa6oTe / 3 / H MOJKeT 6&Tb 
cqiopMynHpOBaHa cneAYIO~HM o6pa30M. 

l~IlOCTaHOBKa 3aAaqH 

PaccMaTpHBaeTCR HenHHeHHaR CHCTeMa AHqlq!epeHQHanbH&X ypaBHeHHH 
BTOporo nopRAKa c KOMnneKCH&MH nepeMeHHUMH /3/: 

a2'1' 1 a2'1' . N . N - N 0 -2--2-2--(ao + 1/30)-'1' = (ao + 1/30)---Po ' ax , C at No No 

aN = ao _j_(N(_j_(Po*'P + Po 'I'*+ '1''1'*))) 
. at Yo ax .. ax 

( 1) 

ri:le (x, t) E Q, Q = [O, L] x [0, 00); 

L - AnHHa pe3oHaTopa; 
. 'P(x, t) -'BOn~oBaR qiyHKQHR; 'l':Q ➔ C; 

N(x, t)- qffcno qacTHQ :e" eAHHHQEl. o6"I>eMa B6nH3H ToqKH x B MOMeHT 

BpeMeHH t; N:Q➔ R; 

P0 = FPEeimt - Aa~~eHHe B pe3oHaTope co cpeAOH, xapaKTepH3y10~eHCR 

napaMeTpOM F, C03AaBaeMoe BHemHHM reHepaTopoM C qacTOTOH 
aMnnHTYAOH PE / 3 / ; . 

Yo, c, a. 0 , Po ER - qiH3HqecKHe KOHCTaHT& /3/. 
HaqanbH&e ycnOBHR: 

'P(x, t)I t=o = 'l'o(x), 
a'l'(x, t) 

at I t=O = 'Pl (x), 

N(x, t)lt=o = N0(x) = const. 
rpaaaqaue ycnoBHR Ha qiyHKQHIO 'I' : 
c}Il(x,t)I _ a'P(x,t)I . _ 

dX x=O - 0, dX x=L - 0 • 

nocne npeo6pa3oBaHHR CHCTeM& ( 1) 

nocpeACTBOM cneAy10~eH 3aMeHu·nepeMeHH&x: 
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'I'(x,t) = FPee;r q,(x, -r), 

N(x,t) ( ) 
--=11 X -r N ' , 

0 

(0 
KX=X,rot=-r,K:=-

c 
H BBeAeHHR AeHCTBHTenbH&X nepeMeHH&X (!) I 1 <p 2 : 

q,(x, t) =. <i>1 (x,. t) + i~2 (x, t), 
H,o603HaqHB-

/3 
• 2 

, - ao /3' - o - ao"KFF Pe ao --2 • o --2 ,q-
K: . I( Y oC 

ct>(x, r) = 2q, 1 (x, r) + q,; (x,r) + q,; (x, r), 
nonyqaeM cacTeMy Tpex 

q, 1 (x, _ 't ), q, 2 (x, 't ), TJ(x, 't) = 
HenaaeHH&X ypaBHeHHH 

a2q,1 a2q,1 - aq,2 . . az2 - a-r2 + 2 a-r + <fJ1 "=! T]a~<pl -17/3~<p2 + (11- I)a~' (2.1) 

a2 a2 'P2 - <fJ2 .aq,1.-
az2 - O'r2 - 2 O'r +<p2 =1]a~<p2 +1]/3~<{)1 +(1J-l)/3~, (2.2) 

ar, -.. · a(· ~) 
a-r=qax 11 ax (2.3) 

xe[o,K:L]. 
HaqanbH&e ycnoBHR: 

OTHOCHTenbHO 

<fJ1(X,O)= 'Po ' <fJ2(X,O)=O ' O<fJ1(x,r), _ =l O<fJ2(x;r), _=- 'Po 
FPE ar t-0 mFPE , ar t=O FPE . 

rpaHHqH&e ycnOBHR: 

aq,1 (x,, r)I = 0 aq,1 (x,;r)I = 
0 . ·ax z=O ' ax z=KL . 

aq,2(x,,r)I =O aq,2(x .. r)I =O 
ax z=O ' ax z=ICL 

B&nH B&6paH& cneAylO~He aaqanbH&e ycnoBHR Ha qiyHKQHH <i>1, <i>2= 
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<fJ1 (x ,o) = 10--{; cos(x) 

q, 2 (x,0)=0 ; 

a;, (i,0)=0 

oq,2 ( ) a. x.o =O . 

J:jmrna pe3oHaTopa L nonoJKeHa paBHOH 

MOJKeT 6&Tb npeACTaBJieH B BHAe 

211: OTMeTHM, qTo napaMeTp q 
I( 

q = (P~t2 J ,◊LI p? , rAe Pst - cTapToBoe 3HaqeHHe AaBJieHHR 
p 2. a.0 st 

reHepaQHH ( ecnH Ip EF'I/ 
1 

< 1 , TO 
HaKaqKH, T.e. nopor /IPst 

reHepaQHH 

HeT, eCJIH 
IPEF'I/ 

1 

> 1, TO reHepaQHR ecTb, napaMeTp &L 

/IPst 
xapaKTepH3yeT OTKJIOHeHHe KpyroBOH qaCTOTU HaKaqKH 00 OT KpyroBOH 

. 2nC 
pe3oHaHCHOH qacTOTN caMoro pe3oHaTopa COr = L m , rAe m - Qenoe 

noJIOlKHTeJibHOe qHCJIO ◊L = 1 - ((Or)• 
co 

2. J:IHCKpeTH3aQHR CHCTeM& (2) 

J:jJIR qHcneHHoro pemeHHR CHCTeMN (2) HCnOJib3OBaHa ceTKa C maroM ~ 
no 't H c maroM h no X : 
X = hk, k = o ••• N, 't = ~j, j = 0 •••• N 
AnnpOKCHMHpyeM npoH3BOAH&e no X KOHeqHNMH pa3HOCTRMH BToporo 

nopRAKa ToqHOCTH BO BHyTpeHHHX TOqKaX OTpe3Ka [0,2n] no ~opMynaM: 

o2q,1(hk,7f_i) q,1(h(k- l),7f.i)-2q,1(hk,"fi)+q,1(h(k + l),"fi) ( 2 ) . . +Oh ax2 h2 . . . - • 

a2q,2(hk,rj) <fJ2(h(k-l),7f.i)-2q,2(hk,"fi)+q,2(h(k+l),"fi) ( 2) ax2 h 2 + 0 h 

ar,(hk /f(i + 1)) 7J(h(k + 1), r(i + 1))-11(h(k - 1), r(i + 1)) 
ax 2h 

4 

~ 

.. 

..;_, 

·1 

l 
:1 
"'-' 

AnnpOKCHMHpyeM npOH3BOAHNe no 't KOHeqHUMH pa3HOCTHMH BToporo 

nopRAKa ToqHOCTH AJIR ~YHKQHH cpl H cp2 H ~OPMYJIOH nepBOro nopRAKa 

. TOqHOCTH AJIR ~YHK[IHH T) BO BHyTpeHHHX TOqKax OTpe3Ka [0,2n] no 

~OpMynaM 

d2<fJ1(hk,"fi) _ <fJ1(hk,r(I+1))-:--2<fJ1(hk,"fi)+q,1(hk,r(i-1)). (-2) 
Jr:2 - .2 + 0 r: , 

a2q,2(hk,"fi) _ <fJ2(hk,r(i+1))-2q,2(hk,"fi)+q,2(hk,r(i-1)) (-2) 
---"-'-2--'- - 2 + 0 r: 

dr: r: . 
ar,( hk, r(i + 1)) _ 11( hk, r(i + 1))-11(hk, "fi) (-) 

Jr: - 1' +Or: , 

d <fJ1 (hk, "fi) = <fJ1(hk, r(i + 1))- <fJ1{hk,r(i-1)) + o(r2)· , 
a. - 21: 

J q,2(hk,"fi) q,2(hk,r(i+1))-q,2(hk,r(i-1)) - (_2 ) _ ._· _ 
. --'-----'---'----+0 r: , k-1...N-l,J-l.... 

ck 2r: · 
AnnpOKCHMHpyeM HaqaJibH&e ycnoBHR Ha ~YHKQHH cpl H cp2 npH6JIHlKeHHUMH 

~OpMynaMH nepBoro nopRAKa ToqHOCTH: 
d l I 
__.!!_ {kh o) = cpk,1 - cpk,o +. oq) • 
d't I ~ . \' I 

a 2 2 
~ (kh o) = cpk,1 - cpk,o + oq) 
d't I • ~ \" • 

AnnpOKCHMHpyeM npoH3BOAH&e no X B KpaeBNX TOqKaX no ~OPMYJiaM 

BTOporo IlOPRAKa TOqHOCTH AJIR ~YHKQHH cpl H cp2: 

oq,1 (O -·)= 4q, 1(h,"fi)-q, 1(2h,"fi)-3q, 1(0,7r.i) +O(h2) ax ,r:., 3h ' 

Jq,2 (O __ ) 4q,2(h,"fi)-q,2(2h,7f.i)-3q,2(0,7r.i) +O(h2 ) 

ax ,r:., . 3h 

Jq,1 ( 211: __ ) 4<p 1(h(N - l),"fi)-q, 1(h(N -2),7f.i)-3q,1(N,"fi) + o(h2) ax ,r:., 3h 

Jq,2 (2 
__ ) 4<p 2(h(N-1),7f.i)-q,2(h(N-2}.!J)-3q,2(N,"fi) +O(h2) 

Jx 11:,r:., · 3h . . 

j=2 .... 
rpaHeqHue ycnOBHR Ha ~YHKQHIO T) B HCXOAHOH 3aAaqe He 3aAaH&, 

OAHaKO HX MOJKHO B&BeCTH aHanHTHqecKH H3 rpaHHqH&X ycnoBHH Ha 

~YHKQHH cpl H cp2 • IlonyqeHHNe rpaHHqH&e ycnoBHR HMeIOT BHA 
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' ( < al<I> ) 
l\(0, 't) = exp qJ - 2 (0, 0)d0 , 

o ax . 
. ·( < al<ll ) l\{kL, 't) = exp q! c)x 2 {21t, 0)d0 . 

3aMeHHB HHTerpanN B ~THX BNpaxeHHHX npn6nnxeHHNMH 3HaqeHHaMH, 
BNqncneHHNMH no ~opMynaM TpaneQHH, nonyqaeM KOHeqHopa3HOCTHY~ 

annpoKCHM{aQ(H~ r~::;:qHNXffy~c;~:H BTO~O;~<llnopH)A}Ka TOqHOCTH: 

170,j+I =exp q 0.5-f az2 lo.o+ ~ -r az2 lo.r+OSf az2 IO,j+I 

11N,i+t =exp q 0.5-f-;-Tj N,o+ I,-r ;i,,,2 I N,r+0.5-f-;-TI N,i+J 
dX j'=I v,c, ' dX { ( 
a 2w ff _ a

2w a
2w )} 

TaKHM o6pa30M, nonyqaeM cnegy~~y~ CHCTeMy AHCKpeTHNX ypaBHeHHH: 

'P~.J+I -T<pi,1♦1 = A,.1 • 
(3J) 

T'l'~.J+I + 'l'i.1+1 = B,.1 
(3.2) 

T i):1,1 T i):1,1 ( _iJ2<I>I ) 11,.1♦1-q 
2
h ax ,.1,111 .. 1.1,1 +q 

2
h ax ,.1,111,-1.1•1 = 11,.1 1+q-r ax2 .•.J•I 

j=l. •• ,k=l. .. N-1, 
rge 

-2 
A 'r{t 21 I }21 I k,j=-;:;r <pk+l,j- <pk,j+<pk-1,j + <pk,j-<pk,j-1 

- 2 2 -2 I , -2 I 
-'t'<p k,j-1 + 't' <p k,j - a 011 k,j 't' <p k,j 

/3 , -2 I , ( 1)-2 + o11k,i-r <pk,i +ao 11k,i - -r , 

-2 
't' { 2 2 2 } 2 2 • Bk,j =-;:;r <pk+l,j -2<pk,j +<pk-1,j +2<pk,j -<pk,j-1 

- I 2 -2 2 , -2 2 
+'f<p k,j-1 + 't' <{) k,j - a 011 k,j 'f <f' k,j 

/3 , -2 I /3' ( 1)-2 - o11k,j't' <f'k,j - 0 11t,j - 't' • 

k=l ••• N-1,j=2 ••• , 
C Haqan:&HNMH ycnOBHaMH: 

<f'~.o = 10--Q cos(hk} , <f'°!.o = 0 

I I 2 2 
<f't,1 =<f'k,O • <f't,J =<f'k,O • 

171.o=l, 

k=0 ... N 

6 

(3.3) 

., 

<f 

~, 

.:, 

H rpaHHqHNMH ycnoBHHMH; 

4<p:,j - <p~.j - 3<p~.j = 0, 

4<p21 - - <p22 - - 3<po2 - = 0, 
,} ,} ,/ 

4<p~-l.j - <p~-2.j - 3<p~,j = 0, 

4<p~,_J,j - <p~-2.j - 3<p~,j = 0, 

{
. ( a2w ff _ a2w • a2ci, )}. 

110,j+I =exp q 0.5-f ax2 lo.o+ ~ -r ax2 lo:r+OSf ax2.IO,j+I • 

{ 
·( a2<1> ff _ a2w · a

2w )} 
11N,j+I =exp q 0.5-f az2 IN.o+~-r ax2 IN.j'+OSf dX2 IN.j+I 

rge 

w(x, ~) = 2cp'.(x, :.) + cp:(x, 't) + cp;(x, ~). 
IlonyqeHHaa cHcTeMa npegcTaBnaeT co6oil ~BHY~ TpexcnoilHy~ cxeMy 

OTHOCHTen:&HO napN HeH3BeCTHl,IX <p~,jl <p;,j H He~BHY~. ABYXCnOHHY~ CXeMy 

OTHOCHTen:&HO ~YHKQHH l\k,j_ • 3aMeTHM, qTO ncnon:&3oBaHHe HBHOH 

ABYXCnOHHOH cxeMN npHBOAHT K HeycToilqHBOCTH / 4 / ;HeHBHaH 
AByxcn~ilHaH . cxeMa a6con~THO . ycToilqnBa • .liBHElH Tp~xcnofiHa~ dxeMa -gmi 
ypaBHeHHH 
ld<p d<p -
~ d/2 = ax2 + f(x,t) 

., 
-r . 

ycToilqnBa, ecnn BNnonHeHo yc;noBHe KypaHTa / 5 /: h < l • rrosToMy, npn 

peann3aQHH · anrC:,pHTMa MN 6ygeM ncnon:&30BaT:& ce'I'KH, ygoBneTBopa~~He 

ycnOBH~ KypaHTa. 3HaqeHHH ~YHKQHH <p 1
1 <p 2 Ha j+l cnoe B TQqKe k 

nonyqa~TCH KaK pemeHHe cneAY~~eil nHHeHHOH CHCTeMN: 
I - 2 A 

<pk,j+I - 't(j)k,j+l = Jc,jt 
- I 2 
't<pk,j+! + <pk,j+I = Bk,j. 
PemeHHeM STOH CHCTeMN HBnH~TCH BennqHHN 

I L\I 2 L\2 
<pk,j+I = --;; I <pk,j+I = -;;; I 

rge 

L\ = 1 + :i:2 • 

L\I = Ak,j + t'Bk.j 

L\2 = Bk.j - :rAk,j 
YpaBHeHHe (3.3) pemaeTca MeT6goM nporoHKH. TaKHM o6pa3oM~ 6Nn 
nonyqeH cnegy~~Hil anropHTM qncneHHoro pemeHHH cHcTeMN (3): 

7 



l)sagaHHUe HaqanoHUe ycnOBHR nosBonRIDT onpegenHTb 3HaqeHHR ~YHKQHH 

~•, ~
2 Ha OH 1 cnoe;no H3BeCTHUM 3HaqeHHRM ~•, ~ 2 Ha OH 1 cnoe H 

3HaqeHHRM ~YHKQHH ~ Ha O cnoe BUqHcnRIDTCR 3HaqeHHR ~YHKQHH ~ Ha 

1 cnoe B ToqKaX k=O,k=N; 
2) 3aTeM BUqHcnRIDTCR 3HaqeHHR ~YHKQHH ~ 

1 cnoe; 

B ToqKax k=l. •• N-1 Ha 

3 ) ganee, no H3BeCTHUM 3Ha qeHHRM ~YHKQHH ~I, ~ 2 Ha j H j-1 cnoe H 

3HaqeHHRM ~YHKQHH ~ Ha j cnoe BUqHcn~IDTCR 3HaqeHHR ~YHKQHH ~•, ~ 2 

Ha j+l cnoe B TOqKax k=l ••• N-1 ; 

4) BuqHcnRIDTCR 3HaqeHHR ~YHKQHH ~·, ~ 2 B ToqKaX k=O ,k=N Ha j+l 

cnoe; 
5) BUqHCnRIDTCR 3HaqeHHR ~YHKQHH ~ B TOqKaX k=O,k=N Ha j+l cnoe; 

6) BUqHcnRIDTCR 3HaqeHHR ~YHKQHH ~ 

cnoe. 

3. TeCTHpOBaHHe anropHTMa 

B ToqKax k=l. •• N-1 Ha j+l 

IlocTpoeHHUH anropHTM 6un onpo6oBaH Ha uogenoHUX sagaqax, B 
qacTHOCTH, Ha sagaqax, HMeIDll!HX aHanHTHqecKoe pemeHHe. Buno 
npoBegeHo cpaBHeHHe aHanHTHqecKoro H qHcneHHoro pemeHHH. IlonyqeHo 
qHcneHHOe pemeHHe HCXOgHOH sagaqH, npoBegeHO cpaBHeHHe ToqHOCTH 
nonyqeHHUX qffcneHHUX pemeHHH Ha cryD1aIDD1HXCR c_eTKaX. 

3.1. MogenoHaR sagaqa gnR ypaBHeHHH (3.1)-(3.2) 

qHcneHHbe pemeHHe cHcTeMu (3.3) 6uno onpo6oBaHo Ha uogenoHOH 
sagaqe B cnyqae 

~(x, -r) = 1. 

B 3TOM cnyqae HenpepuBHOe ypaBHeHHe OTHOCHTenoHO ~(x, -r) HMeeT 

cnegyIDll!HH BHg: 

a2q, a2q, 2· a q, ( , ·13') . o ------ z--+<p- a 0 +z O <p= 
ax2 a.2 a. 
HaqanoHue H rpaHHqHue ycnoBHR: 

q,(xP)=<f'o(X) , 
J<p a. (x.o)=q,.(x) . 

: (o,r)=O , ~; (21r,r)=O 

3To ypaBHeHHe HMeeT aHanHTHqecKoe pemeHHe: 
B qacTHOCTH, npH K = I H HaqanoHux ycnoBHRX 

8 

-1'.·. 

, , 

,; 

' /, 
? 

i: 

<f'o(x) = cos(x) 
<p 1(x)=O 
pemeHHeM 3TOro ypaBHeHHR RBnReTCR ~YHKQHR 

q,(x. r) = <f'1 (x. r) + i<p2 (x. r) , 
rge 

<p 1 (X, r) = {a 1cosb3 rexp(b1-r)-a2 sinb3-.exp(b1-r) 
, . 

+a3 cosb4 -rexp(b2-r)-a4 sinb4 -rexp(b2 -r)}cos{x) , 

q,2 {x,r)={a1 sinb3-rexp(b1-r)+a2 cosb3-rexp(b1-r) 

+a3 sinb4-rexp(b2-r)+a4 cosb4-rexp(b2-r)}cos(x) 

a1 = ✓r + co{f) 
~in(f) 

al=- 2✓r ' 

a3 = I - a1 , a4 = -a2 , 

b1 =-✓rsin(f) , b2 =-b1 

b3 =-l+✓rco{f) , b4 =-1-✓rco{f) 

r=:J(1+a~)
2 

+ /3~2 
, ~=arctg~ . 

I+a 0 

Ha pHC. 2 npHBegeHU rpa~HKH MaKCHMYMOB norpemHOCTH qffcneHHUX 

pemeHHH ~ I H ~ 2 npH qffcne ToqeK pa36H~HHR OTpesKa [ 0,21r] , paBHOM 

2ir 
N=lOO (B STOM cnyqae mar no X paBeH h=-), mar no 't" B3RT paBHUM 

N 
- 21r 
't" =--. Ilpoqecc paccMaTpHBaeTCR go 1000 cnoR, qTo COOTBeTCTByeT 

I.2N 
MOMeHTY BpeMeHH r = 52 (ycnoBHUX egHHHQ). 
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200 600 1000 400 800 

PHC. 2. 3aBHCHMOCTb MaKCHMYMOB norpemHOCTH''iHcneHHNX pemeHHH 

~YHKqHH ~I H ~ 2 OT BpeMeHH 

KaK BHAHO H3 npeACTaBneHHNX rpa~HKOB, Ha6nIDAaeTCH cna6NH pocT 
MaKCHMYMOB norpemHOCTH C Te'ieHHeM BpeMeHH, BenH'iHHa norpemHOCTH 
nonyqeHHNX 'iHcneHHNX pemeHHil Ha 1000 cnoe He npeBNmaeT BToporo 
3HaKa nocne 3aDHTOH. rpa~HKH HnnIDCTPHPYIDT ycTOH'iHBOCTb 
HcnonbsyeMoH cxeM& AnH ypaBHeHHH (3.1)-(3.2). 

3.2 MOAenbHaH 3aAa'ia AnH ypaBHeHHH (3.3)_ 

PaCCMOTPHM ypaBHeHHe 
ay ay aa 
- + a(x) - + ~ y = O, at ax ox 
C HaqanbH=H ycnoBH~H 
y(x,O)=l. 
B cnyqae 

. a<1> 
a(x) = -·-ax 

X = [ 0 , 27t ] , 0 ~ t < oo • ( 4 ) 

paccMaTpHBaeMoe ypaBHeHHe COBDaAaeT c ypaBHeHHeM (2.3). llpH BN6ope 
~YHKqHH a(x), paBHOH 
a(x)=x(27t - x) · 

ypaBHeHHe (4) HMeeT aHanHTH'ieCKOe pemeHHe: 

y(x) = exp(21tt) (
2

1t)
2 

2 
• 

(x + {21t - x) exp{21tt)) 

Ha pHc.3 npeAcTaBneHo 'iHcneHHoe pemeHHe ypaHeHHH (4), nony'ieHHoe c 
DOMO~bID nocTpOeHHoro anropHTMa, Ha pHc.4 - OTHOCHTenbHaH 
norpemHOCTb 'iHcneHHoro pemeHHH ( pesynbTaTN nonyqem,i: Ha ceTKe c 

2,r _ 2,r 
maraMH h=-- , -r=-- AnH cnoH j=lO). 

150 600 

10 

~l J 

1.8 

1.2 

0.6 

0.0 20 60 100 140 

Pnc.3 qncneHHoe pemeHne 
ypaBHeHHH (4) 

0.03 

002 

0.01 

0.00 20 

PHc.4 OTHOCHTenbHaH norpemHOCTb 
'iHCneHHoro pemeHHH ypaBHeHHH (4) 

B Ka'ieCTBe cneAYID~eH MOAenbHOH 3aAa'iH pacCMOTpeHo ypaBHeHHe (4) c 
napaMeTpoM a(x), paBH&M a(x)=-2cos(x)sin(x)-2sin(x), 'iTO 
COOTBeTCTByeT HaqanbH~M ycnOBHHM 3aAa'iH (2)(6e3 DOAaBnHID~ero 

MHOXHTenH 10~). 

10 

6 

2 

0 40 80 120 

Pnc.5 qncneHHoe pemeHHe 
ypaBHeHHH (4),j=lOO 

30 

20 

10 

0 
20 60 100 

Pnc.6 qncneHHoe pemeHHe 
ypaBHeHHH (4),j=lSO 

140 

~Ta MOAenbHaH 3aAaqa He HMeeT aHanHTH'ieCKOro pemeHHH, OAHaKO 
npoBeAeHHoe cpaBHeHHe 'iHc.neHH&X pemeHHH Ha cry~aID~HXCH ceTKax no h 
yKa3&BaeT Ha coxpaHeHHe 4-5 sHaKoB nocne sanHTOH. Ha pnc.5 
npeAcTaBneHo qncneHHOe pemeHHe 3TOH 3aAa 'ill Ha cnoe j = 10 0 ( ceTKa 

2,r _ 2,r [ ] h = -- , .. =-· - > • llpH 6onbmHX 3Ha'ieHHHX .. Ha rpaHnqax OTpesKa 0,2,r 
200 800 

DOHBnHeTCH paCXOAHMOCTb B BHAe 
D03BOnHeT CYAHTb O xapaKTepe 
qncneHHOM pemeHHH ypaBHeHHH (3.3.) 

ocqnnnHqHH pnc.6,j=lSO, 
paCXOAHMOCTH, IlOHBnHID~eHCH 
npn 6onbmHx BpeMeHax. 

3.3. llpoBepKa pemeHHH CHCTeM& (3) Ha cry~a~~HXCH ceTKax 

'iTO 
B 

llpoBeAeHo cpaBHeHHe 'iHCneHHNX pemeHHH 3aAa'iH ( 3) Ha cry~a~~HXCH 
2ir 2n 2n 

ceTKax c maraMH no X, paBH&MH h1 =--,h2 =--,h3 =--. Pac'ieT& 
100 200 400 
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npnBe~eH& ~nH cnoH j=lOOO, qTo COOTBeTCTByeT MOMeHTY BpeMeHH 
IOn ~=--. Pe3ynbTaT& B&qncneHnH, npe~cTaBneHH&e B Ta6nnQe 1, 
2A 

~eMoHcTpnpy~T, qTo H3MenbqeHne ceTKH no X coxpaHHeT 3 3HaKa nocne 

3anHTOH B qncneHH&X pemeHHHX. T.K. KOHeqHopa3HOCTHaH annpoKCHMaQHH 
3a~aqn npoBe~eHa co BTOp&M nopH~KOM ToqHOCTH no h, TO COOTHomeHne 
PyHre-PoM6epra npn H3MenbqeHnn ceTKH no X paBHO 4. Ha pnc.7 

npe~cTaBneHO COOTHOWeHHe PyHre-PoM6epra ~nH ~YHKQHH ~. qTo He 

npoTHBopeqnT TeopeTnqecKoMy nporHo3y. 

100 

60 

20 

-20 20 60 100 

Pnc.7 

Ta6nnQa 1 

k 11.t,jo ceTKa c h1 11.it,jo ceTK_a c h2 11. 4 k ,jo ceTKa . c h3 

5 0.10121 0.10106 0.10104 
10 0.12223 0.12224 0.12225 
15 0.17063 0.17086 0.17092 
20 0.28389 0.28479 0.28503 .. . 
25 0.59279 0.59687 0.59787 -
30 1.62960 1.63152 ' 1.63176 
35 3.34572 3.34852 3.34855' 
40 2.02210 2.02426 2.02480 ~ 

45 1.19096 1.19109 1.19113 
50 1.00100 ·1.00103 1.00104· 

4. qncneHHoe pemeHne 3a~aqn 

IlocTpOeHH&H B HaCTOHllleH pa6oTe qacneHH&H anropHTM peanH30BaH npn 
cne~y~IIIHX 3HaqeHHHX napaMeTpOB: 

, 12 

~J I 

a~=0.oI , 

/3~ =0.001 , 

q =0.045 , 

KL=2n , 

27t 
N=lOO, h=-, tau=h/1.2/4, PstPe=3 

N-
Ha'ianbH&e ycnoBHH: <p 1(x,O}= 10-6 *cos (X), <p

2 
(x,O)=o. nonyqeH& 

qncneHH&e 3Ha'ieHnH HCKOM&X ~YHKQHH, KOTopue npe~cTaBneH& Ha pHc.8-

11 . 

100008' 00010 

000000 
)0000 

999992 • 20 60 100 
99990 ._.,___.,___~ _ _.._ _ _,_~_,_~ 

20 40 80 

Pnc. 8 4>yHKQHH ~(X) npn Pnc. 9 4>yHKQHH ~(x)npn 

-r = 5000 * ~ 't=8000*t 

000015 
00010 

000005 

00000 

000005 

00010 
000015 

20 40 80 20 60 100 

Pnc. 10 4>yHKQHH <p 1(X) npH Pnc. 11 4>yHKQHH <p 1(X) npn 

't = 5000 * ~ 't=8000*t 
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000006 

000002 

)00000 

)OOQOO 

20 40 80 

PHC. 12 ~YHKQHH. cp 2 ('.JC) npH 

't = 5000 * ~ 

000002 

000000 

000002 

20 60 100 

PHc. 13 ~YHKQHH cp 2 {'.JC) npH 

't = 8000 * i 

Ha pac. 8 H .9 npe;a;cTaBneHa ;a;aHaMHKa ipyHKQHH ll(X) c yBenH"ieHHeM 

BpeMeHH (pac.8 - 5000 cnoft, pac.9 - 8000 cnofi) .Ha pac. 10-13 -

COOTBeTCTBYIOJIIHe 3Ha"ieHHH 4JYHKQHH -cp 1('.JC), cp 2 ('.JC). KaK BH;qHO H3 

rpaipHKOB, C Te"ieHHeM BpeMeHH npocxo;a;HT yBenH"ieHHe nnoTHOCTH 
pacnpe;a;eneHHH qacTHQ B o;a;HOH TO"iKe (HBneHHe 6aHqepOBKH). 

1.01 

0.99 

20 40 

PHC. 14 ~YHKQHH T/ 
j=l0 

80 

Ha cnoe 

14 

1.0 

0.0 

-1.0 

20 60 

PHc.15 ~YHKQHH cp 1 

. j=l0 

100 

Ha cnoe 

II\ 

1.10 

00 

0.9 

1.2 

1.0 

0.8 

20 RO 100 

PHC. 16 ~YHKQHH T/ Ha cnoe 

j=S0 

20 60 100 

PHC. 18 ~YHKQHH T/ Ha cnoe 

j=l00 

1.0 

0.0 

-1.0 

1.0 

0.0 

-1.0 

20 60 100 

PHc.17 ~YHKQHH cp 1 Ha cnoe 

j=S0 

0 40 80 

PHc.19 ~YHKQHH cp 1 Ha cnoe 

j=l00 

Ha pac.14-19 npe;a;cTaBneHN sHa"ieHHH ipyHKQHH Tl, cp 1 Ha cnoHx j=l0, 
j=S0, j=l00 ;a;nH sa;a;a"iH C HaqanbHNMH ycnOBHHMH 

cp, (x,o) = cos(x) 

cp 2 (z,0)= 0 . 
HMeeT" MeCTO HBneHHe 
4JH3HKaMH pesynbTaTaM. 

j=l000. DpH 6onbmHX 

6aHqepOBKH, "iTO COOTBeTCTByeT O~H;a;aeMNM 
Ha puc. 20 npe;a;cTaBneHa ipyHKQHH T/ Ha cnoe 

BpeMeHax OOHBnHIOTCH OCQHnnHQHH B o6nacTHX 
MaKCHMYMOB npOH3BO;qHOH T/ (pHc.21) pa3HOCTHaH cxeMa 

"pasBanHBaeTcH". 
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4 

2 

O 20 60 100 

PHC. 2 0 ~YHKQHSI T/ Ha cnoe 
j=lOO_O 

flHTepaTypa _ 

10 

6 

2 

20 60 100 

PHC. 21 ~YHKQHSI T/ Ha cnoe 
j=2500 
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TTyJhllll-111 11:B. H JlP-. ' . .· . . 
411cne111we MO)lem1posam1e npbuec'ca B036y)KJl~IIIHI KOJ1e6a1111ii 
B aKyCTll'leCKOM_JJa3epe 

Pil-96-510 

. B JlaH11oii pa6oTe pi1ccM0Tpe11a 411cne11mui !'.IOJlenh npouecca re11epau1111 som1 
s aKycrntJecKoM naJepe: COJna11a Kmin~IOTepmrn nporpaMMa Jlml pewe11m1 c11cTe~1h1 
JlBYX 11emmeii11h1x n~1¢cpepe11u11anh1th1X · ypas11e1i11ii' c KOMHJieKc1ih1~1i1 Ko
::icpqmu11emaM11. TToKaJa!IO, '!TO_ lJaCTllllhl aKTirn11oii cpe.Uhl rpynrrnpy10TC51 (6a114e-
py10Tc51) _s 'npouecce pa6o~hl naJ~pa: • · 

Pa6orn BhlflOnue11a B J1a6oparnp1111 BhllJll~~llTeJi~11oii TeXIIIIKll II as'r6Mannaiu111 
011~11. . . . ,. . . 

Coo6wcH11e 06-Lemrnemioro ,i11cnnyra ~i1~p111,1x IICC.~~;iosa1111ii. Jly611a, 1996 

TTepeBOJl aBTOpOB 

Puzy~in'I.V. ei aL ' ) 
Computer Sim~l~tion of Wave. Generation-Conditions 
in Acousti~ l,a,;ers · · · · · 

Pl 1,96-510 

In this wo_rk a numerical mode.I of wa~e generation pr~c~ss i11 an, ac~ustic laser 
was coriside~ed. A co~puter program to solve a system of two nonlinear differential 
equations . with co~plex . coefficients was developed. The spatial bunching 
of t~e act~ve ·medium particle,s was shown; . . 

'\ 
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Techniques·; JINR._ · · · 

: ,'' ,,- ' : . \ : ·,,,--- ,. ' ' 

· --Communication of the Joint.Institute for Nuclear Research. Dubna, 1996 


