YAOK 517.948

Ob OLEHKE NMOMPEWLIHOCTU NPUBJTIMXXEHHOIO PELLIEHUA
OAHOU OBPATHOU 3AOAYUN ®U3UNKUN TBEPAOIO TENA

B.1. TanaHa', A.A. Epbiauna®

H3yueHa 3anaua onpenescHUA GOHOHHOrO CMCKTPA KPHCTANIA NO €ro Tef-
soemiocTH. [MoayueHa oneHka TOUHOCTH MeTojia pel yaapusauun A.H. Tuxonosa
¢ NapaMeTpoM peryisipu3anum, BbIOPAHHBIM H3 NPHHIINNA HEBAZKH.

Knmouegvie croea: pecyrapuzayus, MOOYAb HEHPEPLIGHOCN, OYCHKA ROPCUINO-
L, 1HeKOPPeRmuds 3a0ayd.

Beeacuue. B HacTostiicH pabore noayucHa olcHKa TOYHOCTH MCToAa peryiaspusannn A H. Tuxo-
HoBa [1] ¢ mapaMcTpoM «r, BLIOPAHHBIM M3 MPUHLMIIA HCBS3KH [2, 3] npu pewicHuu 3aaa4uu onpcacic-
HMst (DOHOHHOTO CIICKTPa KPUCTAAA MO Cro TENIOCMKOCTH, 3ABUCALLCH OT TCMIICPAaTyphl.

O1a 3aaa4a B U3BCCTHOI ctarbe JIndinua [4] Obina CBCACHA K HHTCTPANIbHOMY YPABIICHUK) M1ICPBO-
rO poAaa, 4TO JOKa3bIBACT C€ HCKOPPCKTHOCTD.

BBuny BaHOCTH 111 GHU3HKOB 3HAHUC OLCHKH MNOIPCLUHOCTH MPHOIMKCHHOTO PELICHHS JAHHOH
3aJauH CACAYCT aKTyalbHOCTh MPHUBEACHHbBIX B CTAaThC HCCACIOBAHUIA.

1. [loctanoBka 3apaun. CBA3b DHCPTCTHUCCKOTO CICKTPa 003C-CHCTEMBI € CC TCIIOCMKOCTLIO, 3a-
BHCSILICH OT TCMIIEPATYPh, OMUCBIBAETCS HHTCIPAllbHbIM YPAaBHEHUCM [ICPBOTO poAa

Sn(e) = js(gjgn(g)dg _CO. hepco, (1)
0

¢ 8
2

rae S(x)= , C(0) — remoeMKoCTh cucTeMel, @ = kT , T — abCOMOTHAA TEMIICPaTypa, a k —

2sh*(x/2)
KOHCTaHTa, oNpeje/sieMasl CHCTeMOH, #(€) — CIICKTpasibHas IVIOTHOCTD [4].

O603HaunM uepes H ACHCTBUTENBHOC MPOCTPAHCTBO M3MEpUMBIX Ha [0,00) dbynkumii fx) c HopMo#,
onpeenseMoi Gpopmynoi

el = [lref < @)
0

3ameTuM, 4T0 UHTErpan B gopmyJie (2) nonumaercs B cMmbicie Jlcera.

C(8) _ Co(0)

[Tpeanomnoxum, 4To npu € A cymiccTByeT TouHOe peuicHuc ny(e)e H ypasuenus (1),

KOTOpOE €AHHCTBEHHO W YAOBJICTBOPSCT COOTHONICHUIO #y(€)€ G,., rac

=] 2 (=4
£ ,
G, ={n(e):n(e)e H, j” ) ge+ j[n (&) ede<r®!, 3)
0 0
, y Co(0)
rae »'(£) — npousBoAHas ot GyHKUMK n(E), HO BMCCTO TOYHOTO 3HAYCHHA MPABOH YaCTH 0 ypag-
Cs(0)
HEeHMA (1) M3BECTHBI HEKOTOPOE NPUOIMKEHHUC Te H w yposeHb norpeninoctd ¢ > 0 takue, 4To

<4.

|C5(9) _ Co(e)ﬂ
| 6 o |,
Tpebyetca onpeacnuTh NPUONMMNKEHHOE PEIICHHE ng(€)e A ypasHeHus (1) ¥ OLICHUTL YKJIOHE-

HHC [115(€) = 1y (£)],, OT TOUHOrO PeIICHUA 7y (£) B METPHKE MPOCTPAHCTBA H.

lanana Butaman Tasaosna - jokiop dmsuko-MarcMaiMueckux Hayk, npodeccop, kadeipa BEIMHCIHTCILHON MaicMalukH, Hxwo-
Ypansckuit 10Cy, [QpC IBCHHBIH YHUBCPCH IET

E-mail tvpa@susu ac ru
: Epbirisa AHHa AUICKCAHPOBHA — MalMCIPaH1, Kadepa (COPUM YHPABICHUS W OHILUMU AN, YeJsOMACKHNA 1 0CY,1apCIBCHHBIN YHUBCPCH-
Ter

E-mail anya eryginal 74@gmail com
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C(0)

Ecnu npeanonoxurs, 4To ,n(€)e H , 1o ypasHcHHC (1) CTAHOBUTCSA HEKOPPCKTHOM 3aJa4Cil.

2. Meroa peryaspusauun A.H. TuxonoBa. Mcton perynapuszaunu A H. TuxoHosa [1] wis tipu-
ONMMIKCHHOrO PCLICHUS ypaBHCHUSA (1) 3aKM104aCTCsi B CBCICHHUHM CMO K BAPHALMOHHOM 33J1a4¢

'mfhﬁs( )— (& )dg nge)] e [[ ()] gdg+ajn (s)— n(eye H'[O, m)I (4)
oL |

rac H'[0,20) — runsbepToBo NPOCTPAHCTBO, onpcncnﬂcmoc HOPMOi

)
“”(E)HH 110,00} ,[n(
0

de+ f[n (e)°ede. aa > 0.

Co‘(9)
e

H3BectHO M3 [S], uto ans mwoboit GpyHKIK# € H cymecTBYCT CIAMHCTBCHHOC PCIICHMC Ba-

pHaLlMOHHOH 3a1auu (4).
Jlsi onpe/iciCHUs 3HAYCHUS NTApaMCTpa peryisapusaldid ¢ B 3aauc (4), UCHOb3YCICH NPHUHLHN
HCBS3KH [2, 3], KOTOPBIH CBOIUTCS K PELICHHIO YPABHCHH

E [#1 de Cﬁ(‘g) Q2
I[IS( ) T } 9"5 )

OTHOCHTEJIBHO .

@
M3BecTHO [3], 4TO NP BBIMOJIHEHHH YCIOBHS J-liﬁ} ) >0, ypaBHeHue (5) UMEeT eMHCT-
0

BeHHoe petenue a(Cys,0).

[TpuOnmxennoe pemenne ng(€) ypasuenus (1) onpenenum Gpopmynoi
_ #(C5.5)
ns(e)=ng 2 (e),
COOTBETCTBYIOLIMH METOJ PETy/IApU3aIMH ONPEACIUM ceMeiicTBoM onepaTtopoB {R;:0<d < §,} ne-
npepeIBHO oToOpaxarowed H B H u onpeaengemMelit Gopmynoit

C(0 ns(€), €5(6)
R({ s( )}:

>0,

g Cs(6)

< 0.

0.
H

3. Ouenxa norpemuoctu Mcroia {R; : 0 < § < §,} na knacce pewennii G,. Oucnky norpeu-
Hocth  Mcroga  {R;:0<d0<d,} onpeacium ¢ NOMOWIBIO  cCMeicTBa  (PYHKUIHOHANOB
{A5(R5):0< 8 <0,} onpenensemMsx popmynoii [6]

Cs(8
RJ[ b; )]—no(f:) 55}. (6)
H

N 1
O6o31aunmM ucpes w(d,») MOAYJb HEMPEPLIBHOCTH B HyJic omcparopa S Ha MHOXKCCTBE S[G]

Cs(0) C5(6)

ny(8)e G,
H

Sng(€)—

A(;(R(;)zsup{

w(8,7)=sup{|| n(&) |l n(€) € G,.|| Sn(e)||< &} . (7)
g senuuunbl Ag(Ryz) B [7] nosyyena oucHka
As(Rs)<2w(0,r)0< 5 <4y, (8)

rac w(d,r) onpeaenex popmynoii (7), a As(Rs) dhopmynoi (6).
4. Oncnka MoayJist HenpepbIBHOCTH W(0,r), onpeaciennoro gopmyaoii (7). Cacnacm zamcHy
NCPCMCHHbBIX
e=e' n)=e'; —oo<f<oo,—00< T <00 (9)
nocjc KOTOPOH ONCpaTop S CBCACTCA K Oneparopy A THra CBCPTKH
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Au(t) = jK(r—z)u(r)dt; 00 < | < 00,—00 < T < 00, (10)
u(t)=n(e"),
-3x
K(x)=—2

—-X ?
e
2sh?
2
KpoMmc Toro u(f), Au(t)e Ly(—o0,:).
3aMcTHM, 4TO nocie 3ameHbl (9) knace koppektHocTH Gy, onpeacnaacMelii popmynoi (3) nepeiacr
B MHOKCCTBO M,

(11)

M, ={u(t): u(t)e W (—o,0), j 2

Tencpb ONPCACAHM MOAYIb HCIPCPLIBHOCTH B HyJic onepaTopa 4™ Ha MHOKecTBE N=AM, dopmy-
JoM
W(S.r) = sup{l| u(t) |, u(t)e M, || Au(r) |, < 6. (12)
Jlemma 1. [Tycts w(d,7) onpeaened popmynoii (7), a w(d,r) dopmynoii (12). Toraa cnpascainBo
paBcHCTBO W(J,7) = w(0,r) .

5. OuecHka Moy HenpepbIiBHOCTH W(J,r), onpeaeaennoro (opmy.oii (12)
[Tonaras, uto u(t)e L;(—oo,00) M L,(—eo,00), onpecauM npeodpaszosanuc Pypee F

Flu()]= u(t)e™ dt . (13)

=]
Vaz

U3 Teopemst [Inanmiepens cneayetr H30OMETPHUHOCTL peo0pa3oBanus F B HpocTpaHcTBe Ly(—o0,).
YT00b! OTNHHATH KOMILIEKCHOE IPOCTPAHCTBO OT JCHCTBUTENBHOIO, OyJcM 0003HaYaTh €ro L, (—oo,0).
Takum oOpasom, oneparop F, onpcacnsemeiil dhopmynoi (13) Gyner H30MCTPUYHO B MCTpHKE
L2(—oo 00) OTOOPaMKATh MHOKECTBO L (—o0,00) M L,(—o0,20) B IPOCTPAHCTBO L2 (—o0,00).

BBuay TOro, 4To npocTpaHCTBO L;(—o0,°0) IUIOTHO B L,(—co,c0), pacllMpuM omcpaTop F Ha BCC
MPOCTPAHCTBO L, (—o0,°0). DTO paciuMpcHuc 0003HAYHM Ycpes F.

Teneps onepatop F 6yaeT H30METPHYHO OTOOPAkKATEH MPOCTPAHCTBO L,(=oo,00) B L,(—o0,00), B
manbHeiimem o6pa3 onepatopa F 0603HauMM depes ¥ U 3aMeTuM, UTO ¥ GYACT ABASTHCS MOATPOCTPAH-
CTBOM Zz(—-oo,oo).

ITocne npeobpasosanus F onepatop 4 cBeACTCS K CAEAYIOMUICMY

Ai(p)=K(p)i(p); a(p)e ¥, a Aii(p)e Ly(—e,e), (14)
rac u(p) = Flu(#)], a Beuay toro, uto K(x)€ L;(—oo,c0)
K(p)= L J‘ K(x)e"dx.

N2m Y

W3 Bupa K(x) Oyact cieaosathk, YTo

P ~(2-1p)x 5= \/* (P, d .
(p)= J—jchw j(-“_l (™).

C)],CHHB B MOCJICIHECM BLIpAXCHHHU 3aMCHY = = e’ s OJTYYHUM

K(p)- \/_j —(2_119) - -—\/VJ. -~ (2=1p) -

Hcnonb3ys cBoiicTBa ramma u a3cra-QyHkumii [8]
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oo 5~}

N($)$(s)= [——d=,
e —1

MOMYYUM, UTO

. 2
K(p)= \/%(2— ip)(2-ip)d(2-ip)= \/;"G ~ip)¢(2—ip),

rac I'(z) — ramma dbyHKuUMs Diincpa, a (=) — A3cTa-byHKUMs PuMaHa.
Jlnsl oucHKU CHU3Y NoBcAeHHs QpyHKUMH ’K(p)) [pH p—00 MPHUBEACM HCKOTOPbIC H3BCCTHBIC CBOH-

cTBa raMmma-QyHkuuH, chopmynupoBantbic B [8, ctp. 16 u 19]:

[(z+1) = z[(2), (15)
[(x)=T(), (16)
[IC = COMPSHKCHO =, a F(:) conpsixcHo [(z) 1
rEra-o=—2—. (17)
sinzz

Takum oOpaszom, u3 (15) cacayer, uro
PG ip) =1+ p? 4+ p* [F(1-ip)

, (18)
auz(16)u (17), uto

_ /4
Ird-ip)| = |2 (19)
shzp
U3 (18) u (19) ans modoro p >2 cnpasea/ivBa OLCHKA
4
ITG-ip)|227ze 2, (20)
Teneps nepeiteM K OIEHKE CHU3Y MOy a3cta-GpyHkuuu Pumana &'(2 — ip).
Tax Kak
— 1
{(9)= —, (21)
n=1 n
TO U3 (21) cnenyer, 41O
oo ezplnn
{2-ipy= —5—. (22)
=t H
Vuurbisas, uro le?"*| =1, u3 coornowenus (22) IIOJIYYHUM
) — 1 1
{R-ip)21-> —>—. (23)
n=2 " 3

Taxum oGpazom, u3 (20) u (23) cncayeT, uTo Npu p = 2 CNPABC/UIHBA OLICHKA CHU3Y
. 7 Tp
‘K(p),zge 2", (24)

Teneps paccMoTpum pacimpesuc ,211 onepaTopa/] , onpeaeneHHoro gopmynoii (14) na Bce mpoctpas-
CTBO Zz(—oo,oo)
Adi(p)= K(pYi p); & p). Aii( p)€ Ly(—oo,0). (25)

Paccmotrpum MHOXKECTBO M . C Zz(—oo,oo) 1 onpeaeisicmoe Gopmysion
~ . . . - r . 2
M, = {i@(p): i p), pi( p)€ Ly(—=,=), [ (1+ p*Mid(p)| dp <r?}. (26)

Toraa us (11) u (26) cacayer, 4to
FIM, 1cM,. 27
Tenepb paccMOTpUM MOYJIH HEMPEPBLIBHOCTH, B HYJIC OfIpcacisicMble Gopmyaamu
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<9y, (28)

Ai(p) ,

l;{}(é‘vr) = Sup{“d(p)ufz Z,'2([))6 F[Mr]a

A p) o s 5}. (29)

wl(&r):sup{f!ﬁ(p)ﬂfz a(p)e M.

M3 ynuraprocTu npcobpasoBaHus Fu dhopmyn (10), (12), (14) u (28) cneaycer, uto

w(o,r)=w(d,r), (30)
a us (14), (25), (27)(29), uto

W (0,1r) 2W(0,r). 3D
Takum oOpazom, u3z (30) u (31) cncayer, uto

w(3,r) S Wy (0,r).

Jnst ynobeTBa U3NoXKCHUS omepaTop ;11 , OfpcAeieHHbIH GopMyoi (25) 3aMCHUM OOpaTHBIM
ﬁfl , KOTOPbIA 0003HAYHUM YCpC3 7:1

LA =477 (p) f(pre R T (p)e Ly(-o=.=), (32)
rae R(/il) — MHOJKCCTBO 3HA4€HHH onepaTopa ;11.

MHoOxecTBO /1;{, , ofpeaccHHOC GopMmynon (27) 3anaaumM ¢ NOMOULLIO oncpatopa B
Bi(p)=\l+p*i(p);  @(p),Bi(p)e Ly(~==,=), (33)
M,=B"'S,, (34)

a(p)g, <r}.
B npocTtpancrae Zz(—oo,oo) BBC/EM MHOKECTBO ]\7} onpeacnacMoe hopmynoi
N =T7'(M,). (35)

rae S, ={i(p): i p) e Ly(—oo,),

Torpa u3 (26), (29), (32)~34), (35) cienyer, 4To

()= sup{\]ﬁf"(p)“ :J(pre N, <5

f(p)

g

Ly

ITepeiinem K OLEHKE MOLYIIA HEMPCPBIBHOCTH (0, +) .

Jns otoro paccmorpuMm orncpatopa 1, ACHCTBYIOLIMI U3 [_,2(—00,00) B Zl (—eo,00) M ONPEACHICMbI
¢dhopmynoii
T/ (p)=2(p)f (), (36)
['ne
&(p) € C(—0,0), g(=p) = g(p), 8(0) > 0, (37
;i_r)r:o g(p) =< u g(p) Bo3pactact Ha [0, ).

O6osnaunm vepes w,(J,r) MOIyNb HCIPCPLIBHOCTH B HyN¢ ofmcpartopa I Ha MHOXCCTBE

]\7, = f'l(A:I, ), a /\;Ir ornpeaencHo Gopmynoii (34) u paccMOTPUM YPaBHCHHC

\/17_2 = g(p)d . (38)
+p

Ecnu g(0)d < r, To ypaBHenne (38) UMCCT CAMHCTBEHHBIN MOIONKHUTENbHBIH KOPeHDb p(J,F).

H3 nemMbl nokazaHHoi#t B [6] cienyer, 4TO
r

J1+526.r)

[Tpeanonoxum, 4To oneparop 7:1 onpeaescH popmynamu (25) u (32),a T ¢bopmynoii (36).

Wy (0,r) = (39)

Torna cnpascanusa nemma.
Jlemma 2. Ecnu g(p) ynosnctBopsict (37) u cywecTByeT po = 0 Takoe, uyro ans nwdoro p = pg
CNpaBC/TMBO COOTHOLUICHHC
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k)| <g(p).

TO MpPH YCIIOBHH, 9TO g(p))d < CnpaBCc/1MBa OLCHKA

r
\/1+p§
W (0, r) <3, (0,r).

Tenepb ucronb3yeM ieMMy 2 11 OLCHKH TOUHOCTH McToAa {Rs: 0 < < 4} .
U3 (24) cncayer, uto npu p > 2

. 1.3 %p
K(p) <t (40)

Takum obpasom, u3 (8), (30), (31), (39), (40) 1 icMMBl 2 cneLycr, 4TO IpH
T
O =

2re

345

ans Metona {R;:0<J<9,} cnpaseanusa oUCHKa

2r
\/l‘f‘ 121112(2"]
T 36
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ABOUT THE EVALUATION OF INACCURACY OF APPROXIMATE SOLUTION
OF THE INVERSE PROBLEM OF SOLID STATE PHYSICS

V.P. Tanana', A.A. Erygina®

The problem of determining of the phonon spectrum of the crystal from its thermal capacity was
studied. The accuracy evaluation for regularization method of A.N. Tikhonov chosen from the residual
principle was obtained.

Keywords: regularization, module of continuity, evaluation of inaccuracy, ill-posed problem.
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