Zapiski nauqnyh seminarov POMI Tom 270, 2000 g.

M. ı. Mitrofanov, O. A. Tarakanov

DISKRETNA˚ STRUNA, MODELIRUıWA˚ MUZYKAL^NUı GAMMU

1. Vvedenie

Diskretnoæ strunoæ my nazyvaem nevesomu¸ nit~ koneqnoæ dliny, natØnutu¸ ediniqnoæ siloæ, na kotoroæ razmeweno koneqnoe qislo toqeqnyh mass (busin). Koncy struny ßœstko zakrepleny; struna moßet soverxat~ malye kolebaniØ v vertikal~noæ ploskosti.

DiskretnaØ struna, nesuwaØ n busin, opredelØetsØ naborom ih mass m_1, m_2, . . . , m_n i rasstoØniæ l_1, l_2, . . . , l_{n+1}: l_1 – rassto- Ønie ot levogo konca struny do pervoæ businy; l_i, i = 2, . . . , n – rasstoØniØ meßdu (i − 1)-oæ i i-oæ businami, l_{n+1} – rassto- Ønie ot n-oæ businy do pravogo konca struny. Struna imeet n sobstvennyh qastot, otveqa¸wih garmoniqeskim sobstvennym kolebaniØm (sm. [2]).

Notam pervoæ oktavy muzykal~noæ gammy otveqa¸t qastoty (v gercah): v_1 = 262 (do), v_2 = 294 (re), v_3 = 330 (mi), v_4 =349 (fa), v_5 = 392 (sol~), v_6 = 440 (lØ), v_7 = 494 (si) (sm. [3]). Postavim zadaqu: naæti diskretnu¸ strunu s sem~¸ businami, sobstvennye qastoty kotoroæ sovpada¸t s v_1, . . . , v_7.

Zadaqa rexaetsØ v dva fftapa. Pervyæ – rexenie obratnoæ spektral~noæ zadaqi, sostoØweæ v vosstanovlenii struny po ee spektru λ_1, . . . , λ_n i naboru postoØnnyh κ_1, . . . , κ_n, svØzannyh s normirovannymi sobstvennymi kolebaniØmi; dopolnitel~no predpolagaetsØ izvestnoæ pervaØ dlina l_1. My opisyvaem proceduru rexeniØ obratnoæ spektral~noæ zadaqi i privodim neobhodimye i dostatoqnye usloviØ ee razreximosti. Sama procedura, v suwestvennyh qertah, sleduet sheme raboty [1]; naædennye ße usloviØ razreximosti ØvlØ¸tsØ novymi i sostavlØ¸t odin iz glavnyh rezul~tatov raboty.

Vtoroæ fftap raboty – vyqislitel~nyæ ffksperiment, sostoØ-

Rabota podderßana grantami RFFI ˝ 99-01-00107 i ˝ 96-15-96121. 242

DISKRETNA˚ STRUNA 243 wiæ v programmirovanii procedury i qislennoæ realizacii. Rezul~taty rasqetov i ih obsußdenie otneseny v p. 8 raboty.

Avtory priznatel~ny M. I. Belixevu za postanovku zadaqi i vnimanie k rabote.

2. Postanovka zadaqi Uravnenie kolebaniæ struny imeet izvestnyæ vid:

u_{tt} + Lu = 0;

zdes~ u = u(t) = {u^i(t)}^n_{i=1}, u^i(t) – otklonenie i-oæ businy ot poloßeniØ ravnovesiØ; L – operator v R^n, matrica kotorogo v standartnom bazise {e_j }^n_{j=1}: e^k_j = δ^k_j imeet vid:

c_1 + c_2 m_1 −c_2 m_1 0 . . . 0 −c_2 m_2 c_2 + c_3 m_2 −c_3 m_2 . . . 0 0 −c_3 m_3 c_3 + c_4 m_3 . . . 0 . . . . . . ... . . 0 0 0 . . .

c_n + c_{n+1} m_n

;

c_i :=^1_li sut~ ßestkosti struny.

Qerez (x, y) = ∑_n i=1 x^iy^i my oboznaqaem standartnoe skalØrnoe proizvedenie v R^n. Vvedem novoe skalØrnoe proizvedenie:

(x, y)_M := n∑ i=1 m_ix^iy^i;

pust~ R^n_M – sootvetstvu¸wee evklidovo prostranstvo. V R^n_M vvedem ortonormirovannyæ bazis: { 1 √m_j ej }_n j=1 , gde e_j – fflement standartnogo bazisa. V fftom bazise matrica

244 M. ı. MITROFANOV, O. A. TARAKANOV operatora L priobretaet vid:

c_1 + c_2

m_1 −c_2 √ m_1m_2 0 . . . 0 −c_2 √ m_1 m_2 c_2 + c_3 m_2 −c_3 √ m_2m_3 . . . 0 0 −c_3 √ m_2m_3 c_3 + c_4 m_3 . . . 0 . . . . . . ... . . 0 0 0 . . .

c_n + c_{n+1} m_n

.

Izvestno (sm. [2]), qto operator L poloßitel~no opredelen v R^n_M i imeet prostoæ spektr {λ_j}^n_{j=1}: 0 < λ_1 < λ_2 < . . . < λ_n. Pust~ {ϕ_j}^n_{j=1}: Lϕ_j = λ_j ϕ_j est~ sobstvennyæ bazis L, normirovannyæ usloviØmi: (ϕ_i, ϕ_j)_M = δ_{ij} , ϕ^1_j > 0; zametim, qto vsegda ϕ^1_j ≠ 0 (sm. [2]).

Opredelim normirovoqnye postoØnnye

κ_j := c_1ϕ^1_j = c_1 √ m_1 ( ϕ_j, e_1 √ m_1 ) M , j = 1, . . . , n. (1) Sovokupnost~ par {λ_j , κ_j}^n_{j=1} nazyvaetsØ spektral~nymi dannymi struny.

ObratnaØ spektral~naØ zadaqa sostoit v vosstanovlenii mass m_1, . . . , m_n i ßestkosteæ c_2, . . . , c_{n+1} po zadannym {λ_j , κ_j}^n_{j=1} i izvestnomu c_1. Osnovnoæ rezul~tat raboty soderßit sledu¸waØ

Teorema 1. Qisla c1 > 0; 0 < λ1 < . . . < λn; κ1 > 0; κ2 >

0, . . . , κ_n > 0 ØvlØ¸tsØ pervoæ ßestkost~¸ i spektral~nymi dannymi nekotoroæ struny v tom i tol~ko v tom sluqae, esli oni udovletvorØ¸t uslovi¸

c_1 > n∑ j=1 κ^2_j λ_j . (2)

Krome togo, v rabote opisyvaetsØ ffffektivnaØ procedura, vosstanavliva¸waØ parametry struny po spektral~nym dannym. Sama procedura ØvlØetsØ versieæ shemy [1]; ona privoditsØ v p. 5; pp. 3–4 soderßat vspomogatel~nye rezul~taty.

DISKRETNA˚ STRUNA 245 3. Kanoniqeskiæ bazis

Oboznaqim h_1 =^{e1}√_{m1} ; kak legko videt~ iz struktury matricy L, nabor h_1, Lh_1, L^2h_1, . . . , L^{n−1}h_1 obrazuet bazis v R^n_M . Provedem ego ortogonalizaci¸ po Xmidtu, naqinaØ s h_1; pust~ h_1, h_2, . . . , h_n est~ poluqivxaØsØ sistema: (h_i, h_j)_M = δ_{ij} . S uqetom struktury matricy netrudno proverit~ ravenstvo:

h_j = (−1)^{j−1} e_j √m_j , j = 1, . . . , n. (3) Bazis {h_j}^n_{j=1} nazovem kanoniqeskim; matrica operatora L v nem priobretaet vid:

l^{(h)} = c_1 + c_2 m_1 −c_2 √ m_1 m_2 0 . . . 0 −c_2 √ m_1m_2 c_2 + c_3 m_2 c_3 √ m_2m_3 . . . 0 0 −c_3 √ m_2 m_3 c_3 + c_4 m_3 . . . 0 . . . . . . ... . . 0 0 0 . . .

c_n + c_{n+1} m_n

. (4)

Polezno zametit~ sledu¸wee: po izvestnym c_1, m_1 i fflementam matricy (4) moßno posledovatel~no vosstanovit~ ostal~nye massy m_2, . . . , m_n i ßestkosti c_2, . . . , c_{n+1}.

4. Spektral~noe predstavlenie

Pust~ ~R^n – ffkzemplØr R^n; {~e_j}^n_{j=1} – standartnyæ bazis v ~R^n. Lineænoe otobraßenie U : R^n_M → ~R^n, U ϕ_j = ~e_j , j = 1, . . . , n ØvlØetsØ unitarnym operatorom. Prostranstvo ~R^n nazyvaetsØ prostranstvom spektral~nogo predstavleniØ.

Iz (1) legko usmotret~ ravenstvo:

~h_1 = U h_1 = √ m_1 c_1 κ_1 κ_2 . . κ_n . (5) Iz usloviØ ‖~h_1‖ = ‖h_1‖_M = 1 imeem

m_1 = c^2_1 ∑_n j=1 κ^2_j

. (6)

246 M. ı. MITROFANOV, O. A. TARAKANOV Matrica operatora ~L = U LU^{−1} v standartnom bazise diagonal~na: λ_1 0 . . . 0 0 λ_2 . . . 0 . . . . ... . . 0 0 . . . λ_n ; (7)

fflementy stepennogo bazisa ~h_1, ~L~h_1, . . . , ~L^{n−1}~h_1 ime¸t vid:

~L^k~h_1 = √ m_1 c_1 λ^k_1 κ_1 λ^k_2 κ_2 . . λ^k_nκ_n . (8)

5. Procedura rexeniØ obratnoæ zadaqi

Napomnim, qto c_1; λ_1, . . . , λ_n; κ_1, . . . , κ_n predpolaga¸tsØ izvestnymi. Iskomye parametry struny nahodØtsØ po sledu¸weæ sheme:

(i) opredelØem m_1 po formule (6);

(ii) nahodim fflement ~h_1 (sm. (5)); po nemu vosstanavlivaem stepennoæ bazis ~h_1, ~L~h_1, . . . , ~L^{n−1}~h_1 (sm. (8));

(iii) provodØ v ~R^n ortogonalizaci¸ stepennogo bazisa, naqinaØ s ~h_1, stroim bazis ~h_1, ~h_2, . . . , ~h_n;

(iv) nahodim matricu operatora ~L v bazise {~h_j}^n_{j=1}. �ta matrica, po unitarnoæ ffkvivalentnosti operatorov ~L i L, sovpadaet s matriceæ poslednego v bazise {h_j }^n_{j=1}; v rezul~tate matrica (4) okazyvaetsØ v naxem rasporØßenii;

(v) znaØ c_1 i m_1, po fflementam matricy (4) posledovatel~no nahodim m_2, . . . , m_n i c_2, . . . , c_{n+1}.

ObratnaØ zadaqa rexena; v ostavxeæsØ qasti raboty my ustanavlivaem usloviØ na spektral~nye dannye, garantiru¸wie ee razreximost~.

6. Vspomogatel~nye rezul~taty

Privodimye zdes~ lemmy budut ispol~zovany dlØ dokazatel~- stva teoremy 1.

DISKRETNA˚ STRUNA 247

Lemma 1. Pust~ Δi (i = 0, 1, . . . , n − 1) – minor matricy l^{(h)} (sm.

(4)), obrazovannyæ strokami i stolbcami s nomerami i + 1, i + 2, . . . , n; poloßim Δ_n := 1. Spravedlivy ravenstva:

m_iΔ_{i−1} − c_iΔ_i =

(_{n+1} ∏ k=i+1 m_k )_{−1} (_n ∏ k=i+1 c_k ) , i = 1, . . . , n − 1; m_nΔ_{n−1} − c_nΔ_n = c_{n+1}. (9)

Dokazatel~stvo. Proverim poslednee iz ravenstv (9):

m_nΔ_{n−1} − c_nΔ_n = m_n c_n + c_{n+1} m_n − c_n = c_{n+1}.

Ustanovim vspomogatel~noe ravenstvo

m_iΔ_{i−1} − c_iΔ_i = c_{i+1} m_{i+1} (m_{i+1} Δ_i − c_{i+1}Δ_{i+1}), i = 1, . . . , n − 1. (10)

RaskladyvaØ minor Δ_{i−1} po ego pervoæ stroke, imeem:

Δ_{i−1} = c_i + c_{i+1} m_i Δ_i − c_{i+1} √m_im_{i+1} det a, (11) gde

a = c_{i+1} √m_im_{i+1} c_{i+2} √m_{i+1}m_{i+2} 0 . . . 0 0 c_{i+2} + c_{i+3} m_{i+2} c_{i+3} √m_{i+2}m_{i+3} . . . 0 0 c_{i+3} √m_{i+2}m_{i+3} c_{i+3} + c_{i+4} m_{i+3} . . . 0 . . . . . . ... . . 0 0 0 . . . 0

.

RaskladyvaØ det a po pervomu stolbcu, poluqaem:

det a = c_{i+1} √m_im_{i+1} Δi+1. PredstavlØØ poslednee ravenstvo v (11), poluqaem (10).

OstavxiesØ ravenstva (9) poluqa¸tsØ iz (10) indukcieæ po ubyva¸wemu i. Lemma dokazana.

Sledu¸waØ lemma ustanavlivaet neobhodimost~ usloviØ (2) v teoreme 1.

248 M. ı. MITROFANOV, O. A. TARAKANOV

Lemma 2. Esli qisla λ1, . . . , λn, κ1, . . . , κn ØvlØ¸tsØ spektral~-

nymi dannymi nekotoroæ struny, a c_1 – pervaØ iz ee ßestkosteæ, to vypolneno neravenstvo (2).

Dokazatel~stvo. Po lemme 1 imeem:

m_1 det l^{(h)} − c_1Δ_1 = (_n ∏ k=2 m_k )_{−1} (_{n+1} ∏ k=2 c_k ) > 0, otkuda Δ_1/ det l^{(h)} < m_1/c_1. S drugoæ storony, Δ_1/ det l^{(h)} est~ fflement s indeksami 1,1 matricy, obratnoæ k l^{(h)}, otkuda

m_1 c_1

> (1, 0, . . . , 0)(l^{(h)} )^{−1} 1 0 . . 0 = (L^{−1}h^1, h^1)^M = (

~L^{−1}~h_1, ~h_1) e_Rn =

= ⟨sm.(5), (7)⟩ = n∑ j=1 m_1κ^2_j c^2_1λ_j . UmnoßaØ na^{c21}_{m1} , poluqaem (2). Lemma dokazana.

Zakl¸qitel~naØ lemma budet ispol~zovana pri dokazatel~- stve dostatoqnosti v teoreme 1.

Lemma 3. Pust~ B est~ simmetriqeskiæ poloßitel~no oprede-

lennyæ operator v R^d, b – ego matrica v standartnom bazise, priqem b_{i,i+1} ≠ 0, i = 1, . . . , d − 1. Pust~ Δ_i – minor b, obrazovannyæ strokami i stolbcami s nomerami i + 1, . . . , d; Δ_d = 1; m i c sut~ poloßitel~nye qisla, takie qto^m_c >^{Δ1}_{Δ0} . Opredelim c^′ = mb_{11} − c, m^′ =^{(c0)2}_m (b_{12})^{−2}. Togda m^′ i c^′ poloßitel~ny i vypolneno neravenstvo^{m0}_{c0} >^{Δ2}_{Δ1} .

Dokazatel~stvo. Pokaßem, qto c^′ > 0, t.e. m/c > (b11)^{−1}. Opre-

delim (x, y)_B = (x, By); pust~ e ∈ R^d – fflement s komponentami 1, 0, . . . , 0. Po neravenstvu Koxi imeem:

(e, Be)(e, B^{−1} e) = (e, e)_B (B^{−1}e, B^{−1}e)_B ¿ (e, B^{−1}e)^2_B = (e, e)^2 = 1.

V ffkvivalentnoæ forme ffto neravenstvo imeet vid b_{11}(b^{−1})_{11} ¿ 1, otkuda m c > Δ_1 Δ_0

= (b^{−1})_{11} ¿ 1 b_{11} ;

DISKRETNA˚ STRUNA 249 znaqit, c^′ > 0. Iz poslednego zakl¸qaem, qto i m^′ > 0.

RaskladyvaØ det b po fflementam pervoæ stroki, netrudno poluqit~:

mΔ_0 − cΔ_1 = c^′ m^′ (m^′Δ_1 − c^′Δ_2),

otkuda, s uqetom m^′, c^′ > 0, poluqaem^{m0}_{c0} >^{Δ2}_{Δ1} . Lemma dokazana.

7. Dostatoqnost~ usloviØ (2) Proverim vnaqale, qto uslovie (2) obespeqivaet vypolnimost~ kaßdogo xaga procedury, opisannoæ v p. 5.

Vypolnimost~ pervyh dvuh xagov oqevidna; zametim lix~, qto m_1 > 0 (sm. (6)).

Kak vidno iz (8), nabor {~L^k~h_1}^{n−1}_{k=0} obrazuet bazis v ~R^n, sledovatel~no, xag (iii) vypolnim. ProvodØ ortogonalizaci¸ po Xmidtu, poluqim ortonormirovannyæ bazis {~h_k}^n_{k=1}. Xag (iii) vypolnen; pereædem k xagu (iv).

Pust~ ~l^{(h)} – matrica ~L v bazise {~h_k}^n_{k=1}; ona simmetriqna i, po postroeni¸ bazisa, trehdiagonal~na, priqem vse fflementy vida ~l^{(h)}_{ii} , ~l^{(h)}_{i+1,i} i ~l^{(h)}_{i,i+1} otliqny ot nulØ.

Pereædem k xagu (v). OrientiruØs~ na strukturu matricy (4), budem posledovatel~no opredelØt~ veliqiny c_2, m_2; c_3, m_3; . . . ; c_n, m_n; c_{n+1} po fflementam matricy ~l^{(h)} (sm. zakl¸qitel~noe zameqanie p. 3).

Otmetim, qto po uslovi¸ (2) vypolneno neravenstvo:

c_1 > n∑ i=1 κ^2_i λ_i = ( c_1 √ m_1

~h_1, ~L^{−1} c^1√

m_1 ~h_1 ) , otkuda m_1 c_1 > [ (l^{(h)} )^{−1} ] 11 =

Δ_1 Δ_0 , gde Δ_i sut~ te ße, qto i v lemme 3, primenennoæ k sluqa¸ B = ~L^{(h)} . Dalee opredelim, sleduØ procedure rexeniØ obratnoæ zadaqi (sm. p. 5), qisla c_2 = m_1~l^{(h)}_{11} − c_1, m_2 =^{c2}_{m1} [~l^{(h)}_{12} ]^{−2}. PrimenØØ lemmu 3, poluqaem neravenstva:

c_2 > 0, m_2 > 0, m_2 c_2 > Δ_2 Δ_1 .

250 M. ı. MITROFANOV, O. A. TARAKANOV Dalee, dlØ useqennoæ matricy ~l^{(h)}_{ik} , i, k = 2, . . . , n opredelim c_3 = m_2~l^{(h)}_{22} − c_2, m_3 =^{c23}_{m2} [~l^{(h)}_{23} ]^{−2}; primenØØ lemmu 3, poluqim:

c_3 > 0, m_3 > 0, m_3 c_3 > Δ_3 Δ_2 . ProdolßnaØ process oqevidnym obrazom, naædem poloßitel~nye c_4, . . . , c_n i m_4, . . . , m_n. Poloßitel~nost~ veliqiny c_{m+1} legko sleduet iz sootnoxeniæ m_n c_n > Δ_n Δ_{n−1} = 1 ~l^{(n)}_{nn} . Xag (v) vypolnen.

Po postroeni¸, matrica ~l^{(h)} priobretaet vid (4); ona otveqaet strune s ßestkostØmi c_1, . . . , c_{n+1} i massami m_1 , . . . , m_n. Proverim, qto spektral~nye dannye fftoæ struny sovpada¸t s λ_1, . . . , λ_n i κ_1, . . . , κ_n. V samom dele, spektr struny est~ spektr

matricy ~l^{(h)}, podobnoæ matrice λ1 0 ... 0 0 λ2 ... 0 . . . . ... . . 0 0 ... λn . Po opredeleni¸,

normirovoqnye postoØnnye struny sut~ c_1 √ m_1

(h_1, ϕ_i)_M = c_1 √ m_1

(~h_1, ~ϕ_i) = κ_i.

Proverka zaverxena; teorema dokazana.

8. Qislennyæ ffksperiment

V kaqestve priloßeniØ rassmotrim zadaqu o modelirovanii notnogo rØda diskretnoæ strunoæ. Zadana posledovatel~nost~ qisel v_1, . . . , v_7, ØvlØ¸wihsØ qastotami (v gercah) semi osnovnyh not pervoæ oktavy: v_1 = 262 (do), v_2 = 294 (re), v_3 = 330 (mi), v_4 = 349 (fa), v_5 = 392 (sol~), v_6 = 440 (lØ), v_7 = 494 (si) (sm. [3]). TrebuetsØ naæti strunu zadannoæ dliny L = 1 metr, nesuwu¸ sem~ busin, taku¸, qto ee sobstvennye qastoty sovpada¸t s v_1, . . . , v_7. Drugimi slovami, nado opredelit~ massy busin m_1, . . . , m_7 i rasstoØniØ l_1, . . . , l_8 (l_1 + . . . + l_8 = L), tak qtoby sobstvennye znaqeniØ naædennoæ struny λ_1, . . . , λ_7 udovletvorØli ravenstvam λ_1 = v^2_1 , . . . , λ_7 = v^2_7 .

V privedennoæ postanovke zadaqa zavedomo imeet beskoneqnoe mnoßestvo rexeniæ. V samom dele, vybiraØ, v dopolnenie k

DISKRETNA˚ STRUNA 251 λ_1, . . . , λ_7, proizvol~nye poloßitel~nye qisla κ_1, . . . , κ_7 i rexaØ sootvetstvu¸wu¸ obratnu¸ zadaqu, poluqim razliqnye struny s nußnym spektrom. Odnako, qislennyæ ffksperiment s probnymi κ_1 = κ_2 = . . . = κ_7 = 1 privel k fiziqeski nereal~nomu otvetu: veliqiny T :=^{max li}_{min li} , M :=^{max mi}_{min mi} ime¸t porØdok 10^8. V fftoæ situacii proizvol v vybore κ_i byl ispol~zovan dlØ optimizacii struny po parametram T i M . OptimizaciØ provodilas~ odnim iz variantov metoda skoreæxego spuska s ispol~zovaniem poxagovogo algoritma.

Privedem rezul~taty rasqetov:

Tablica 1

i l_i (v santimetrah) m_i (v milligrammah) 1 0.045 3360 2 1.28 108 3 8.71 15 4 39.66 5 5 39.65 14 6 9.29 107 7 1.32 3360 8 0.045

Naædennym parametram struny otveqa¸t znaqeniØ T = 890; M = 703.

Proverka, sostoØwaØ v rexenii prØmoæ zadaqi, pokazyvaet, qto sobstvennye znaqeniØ λ_1, . . . , λ_7 struny s takim naborom dlin i mass udovletvorØ¸t trebuemym ravenstvam λ_1 = v^2_1 , . . . , λ_7 = v^2_7 s pogrexnost~¸, men~xeæ 1%. Krome togo, kak vidno, naædennaØ struna blizka k simmetriqnoæ (t.e. l_1 ≈ l_8, . . . , l_4 ≈ l_5; m_1 ≈ m_7, . . . , m_3 ≈ m_5). V svØzi s fftim otmetim sledu¸wee. V [2] privedena procedura, vosstanavliva¸waØ simmetriqnu¸ strunu s qetnym qislom busin po ee spektru. Nami poluqena modifikaciØ fftoæ procedury dlØ struny s neqetnym qislom busin. Kak pokazyvaet ffksperiment, ee primenenie k dannym λ_1 = v^2_1 , . . . , λ_7 = v^2_7 privodit k parametram, blizkim k ukazannym v tablice. Voznikaet gipoteza, qto sredi vseh strun, ime¸wih zadannye qastoty v_1, . . . , v_7, simmetriqnaØ struna obladaet naimen~ximi T i M . Vopros o ee spravedlivosti ostaetsØ otkry-

252 M. ı. MITROFANOV, O. A. TARAKANOV tym.

Literatura 1. M. I. Belixev, M. V. Putov, KoneqnomernaØ obratnaØ zadaqa dlØ puq-

ka ffrmitovyh kvadratiqnyh form. Zapiski nauqn. semin. POMI, 20

(1990), 33-36.

2. F. R. Gantmaher, M. G. Kreæn, OscillØcionnye matricy i Ødra i malye

kolebaniØ mehaniqeskih sistem. M., GITTL (1950), 359s.

3. G. E. Xilov, ProstaØ gamma (ustroæstvo muzykal~noæ xkaly). SeriØ

“PopulØrnye lekcii po matematike”. vyp. 37, M., Nauka (1980).

Mitrofanov M. Yu., Tarakanov O. A. Discrete string simulating a musical gamma.

The discrete string with fixed endpoints carrying a finite number of beads is determined by masses of beads and distances between them. The string possesses a set of simple eigenfrequencies corresponding to harmonic eigenmodes. In the paper the following problem is treated: to find a discrete string carrying seven beads such that its eigenfrequencies coincide with the freqiencies of the notes of the first octave of the musical gamma. The problem is solved in two steps. First, the spectral inverse problem is considered, that is, recovering the string by its spectrum and a set of constants related to the normalized eigenmodes. A procedure of solving this problem is described. One of the main results of the paper is a necessary and sufficient conditions for solvability of the spectral inverse problem. The second step is numerical realization of the procedure.

Postupilo 25 i¸lØ 2000 g. Sankt-Peterburgskiæ gosudarstvennyæ universitet

miguelimo38@yahoo.com tarakanov@togetherlab.nw.ru