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Annoranus

B macrosimeit pabore paccMaTpuBaeTCs 3aada MIACHTH(UKAINN KO3 DUIMEeHTa KEeCTKO-
CTH TIPYKWHBI, 3aKPEIJIeHHON HA OHOM U3 KOHITOB Oaku Jitnepa-BepHymam, a TakXke MacChl
U MOMEHTA WHEPIUU I'Py3a, COCPEJOTOYEHHOI'O HA FTOM KOHIIE, 110 COOCTBEHHBIM 4aCTOTaM KO-
nebanmit 6aakn. ITokazano, ITo Ay OSHO3HAYHON MACHTI(MUKAINYA TPEX HEU3BECTHBIX - KOI(D-
dunmenTa JKeCTKOCTU MPYKUHBI, MACChl I MOMEHTA, WHEPIIUU I'PY3a, TOCTATOYHO UCIIOIH30BAThH
IATh COOCTBEHHBIX 4acTOT. [Jisd penienus 3a/1a4u [PeJIOKEH METO/I JIOIOJIHUTEIbHBIX HEr3-
BecTHBIX BeaumduH. C MOMOIIBIO 3TOrO METOJA ITOCTPOEHO MHOXKECTBO KOPPEKTHOCTH 3aa<In
u jmokazana KoppektHoctb ee o A.H. Tuxownosy. IIpusenennt dopmynsr uaentudukanmm u
COOTBETCTBYIOIIUE [IPUMEDHI.

KuroueBble ciioBa: (co0CTBEeHHbIE 3HAUEHM:A, 00pAaTHAA 3a7a49a, COOCTBEHHBIE YACTOTHI,
GaJTKa, COCPEIOTOYEHHBIN WHEPITMOHHBINA 3JIEMEHT, K03(hUIMERT KeCTKOCTH TPy KUHBI )

1. TIlocraHoBKa obpaTHO 3amaun

B patorax [1] — [3] upusousTcsa 3aaa4uu uneHTudDUKAINE BUJIOB U MAPAMETPOB 3a-
Kperienuil crepxkueii u 6anok. B monorpaduu [1] 0606uiaroTca pe3ysibraTbl UAECHTH-
duKaIMM KpaeBbIX YCJAOBHUIl B CIyYae, KOT/IA OTBICKUBAIOTCS BCe WX KodduimenTs. B
OTIMYHE OT ITUX PAbOT, 31eCh UICHTUMUIUPYIOTCA KOIDDUITHEHT KECTKOCTH MTPYKUHBI
U TTapaMeTphl COCPEIOTOUEHHOTO HHEPITMOHHOTO 3JIEMEHTA - MACCA M MOMEHT WHEPITUU
rpy3a - IpUKPEIIeHHOMY K KOHITy Oaaku. Pamee mogobHast 3a7ada He pacCMaTPUBAIACD.

Paccmorpum ogHopomuyio basnky Dittepa-Bepuynnm amuuoit L, TIOTHOCTBIO p u
IJIOIIA/IBIO [TONEPEYHOro cedeHust F', JIeBbIi KOHEI KOTOPOH 3a/IeJIaH; HA IIPABOM KOHIIE
COCPEIOTOUEH T'PY3 MACCOW M1 W MOMHTOM WHEPIWHU Ii, KOTOPBIH yIPYro 3akpernjeH
HA MPYKUHKE C YKECTKOCTHIO €1, MIPENSATCTBYIOMAS BEPTUKAJIBHOMY CMEIIEHUI0 OATKH.
Tpebyerca naiitu my, I, ¢; M0 COOCTBEHHBIM YaCTOTAM KOJeDaHuit HGaIKu.

OTkJioHeHus TOYEK ocu DaJki OT HAYaJdbHOro cocroduus (npu t = 0) npu nome-
pPeYHBbIX KOJIEDAHUSAX OIHO3HAYHO OIPEIEIIOTCS OfHON DYHKIMEH IBYX IIEPEMEHHBIX -
oceBoit koopauuaThl X u Bpemenu t : U = U(X,t). YpasHenue cBOGOIHBIX H3THOHBIX
KOJIe0aHWI OHOPOJHOTO CTEPXKHSI € MOCTOSTHHOM JKeCTKOCTHIO Ha U3rnd umeer B [4]:

U (X, 1) F82U(X, t)

R T
rae U = U(X,t) - uporu6 ocu 6anku, EI- nsrubuas ®KeCTKOCTb, p - IJIOTHOCTH OaJi-
ku, F- mrmomans momepedHoro cedenust crepkus. I[Ipu ¢ = 0 JOMKHBI BBITOJHATHCH
HAYAIbHBIE YCIOBUSI

EI

aU (X, 0)

U(X,O):f(X), ot

= g(X),
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rae f(X), g(X) - byuxuuu, onpenensionye HauaaIbHOE OJOKEHUE OCU CTEPIKHI.

Ecnu nesblit KoHel 3ajesaH, a Ha IPaBoOM KOHIE MMeETCsl YIPYIO 3aKpelleHHbIH
COCPE/I0TOYEHHbII MHePUUMOHHbIA JIEMEHT, TO KpaeBble yCIOBUsl 3aIllUCLIBAIOTCA B CJle-
IYIOIEeM BUIE:

oU
U=0, SL=0
npn (X =0),
U 92U 92U PU
Elggs tal=mzs.  Ploss = -hgxae

npu (X = L). Bpoga oGosuauenna x = X/L,u = U/L, 3anumeM ypaBHEHHE CBO-
OOMHBIX M3THOHBIX KOJIEOAHW OMHOPOJHOTO CTEPIKHSI U KPAEBbIE YCIOBUS CJIEIYIONUM
obpazom:

0*u(z,t) n pFL* 0%u(w,t)

Ot EI otz 7
npu x =0: u =0, g—Z:O,
mpu x=1: BI9Y% 4 e LPu=—m L3%%,  BIZY = [ [0,

Torna, upu 3amene u(x,t) = y(x)cos(wt) , mOCTABJICHHAS BbILIE 3414498, CBOAUTCS
(cMm., mampumep, [5]) K caenyiomeii cekTpaabHOR 3amaue [4]:

yD =My, Ui=y(0)=0, U,=y'(0)=0; (1)

Us(y) = 4" (1) + (a1 — a2X)y(1) =0, Ua(y) = 9" (1) —azX'y'(1) =0.  (2)

Bnecw a1 = (c1L?)/(EI), as = my/(pFL), a3 =1, /(pFL3), \* = pFL4w?/(EI) .

Takum 00pazoMm, uMeeM Kpaesyio 3azady (1), (2) €O CIeKTpasbHBIM MapamMeTpoM
A u HemsBecTHbIMU KO3 duuumentamu a; (1 = 1,2, 3). Tpebyerca no ee cob6CTBEHHBIM
3HAYEHUAM Aj HaiiTu HeusBecTHble KO3dbdunuentol a; (¢ = 1,2,3), To ecTh moCTaB-
JIEHHYTO 33/Ia49y OIPEeIeNeHns MACcChl 1 MOMEHTa WHEPIMU TPY3a, COCPEIOTOUEHHOTO
HA YOPYTO3aKPEIIEHHOM KOHIIE CTEPXKHSA, CBEIN K OOPATHONH. DTy OOpATHYIO 33739y
nepedOpMyIUpyeM B TEPMUHAX XAPAKTEPUCTHIECKOTO OMPEIETUTES.

Oynakuum y1(x,\) = (cos Az + cosh\x)/2, ya(x,\) = (sin Az + sinh A\x)/(2)) |
y3(z,\) = (—cos Az +cosh A\x)/(202) , ya(x, \) = (—sin Az +sinh A\z)/(2\3) apaarorca
JINHEHHO HE3ABUCHMBIMU DEIIEHUAMH yPABHEHUS

y(4) (z,A) = )\4y(:c7 A, (3)
VIOBJIETBOPSIONIAMU YCIOBUIM
(r—1) _ 0 npu .] 7é Ty : _
yj (07)‘)_{ ].HpI/Ij:T‘, 377'—1’2’374 (4)

(apyrumu cnoBamu, pemenus y;(z,A) (7 = 1,2,3,4) ofpagyoor GbyHIaMEeHTANBHYIO
cucremy Kommm n seipazkatorcst uepe3 yukipn Kpeuiosa [4]). O 6iee pernenne ypas-
Henud (3) NPEeJCTABISETCS B CJIEIYIONIEM BUJIE

y(T) = y('T’ )‘) = Clyl (Jf, A) + OZyQ(xv )‘) =+ 031/3(3:7 >‘) + C4y4(.f, A)
Haa naxoxaenus koucranr Cq, Cy, Cs, C4 ucnonssyem Kpaesbie yciosud (1), (2):

Ui(y) = Ui(Cry1 + Coyz + Csys + Caya) = C1U1(y1) + CoUs(y2)+ )
+C5Us(ys) + CuUs(ya) (i =1,4)
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YpaBHeHue jijid onpeneieHns coOCTBEHHbIX 3Hadennil 3aaaqu (1), (2) cnemyer us ycio-
BUS CYIIECTBOBAHMSA HEHYJICEOTO permenus cuctemsbr (5). Hemymesoe pemenwe myst cyme-
CTBYET TOrJa U TOJIBKO TOI'Jad, KOILa PaBHACTCA HYJIIO OIIpEeaeInuTe/]Ib CHCTEMbI:

U1Ey1§ Ulgyzg UIEyBg Ulgyzxg

_ | Ua(y1) Uz(y2) Ua(ys) Uz(ya

A= Uy() Usln) Uslus) Uslo) ©
Us(y1) Us(y2) Us(ys) Us(ys)

Bripaxkenue (6) HA3bIBAETCS XapAKTEPUCTHIECKNM ONTPEIETIMTENIEM CIIEKTPAILHON 33/1a-
an (1) , (2). Ero Hymu COBIAAAI0T ¢ COGCTBEHHBIMU 3HAYCHNUSIME STOH 3a1a9n. Y UUThIBAS
ycaosus (4), uz (6) noaygaem

1 0 0 0

A()\)E 0 1 0 0 _ Ud(yd) US(?JAL)‘
Us(y1) Us(y2) Us(ys) Us(ya) Us(ys) Ui(ya)
Us(yr) Ua(y2) Us(ys) Us(ya)

Orcioga, ¢ yaerom (1), (2), nmeem

A\ = y5'(1) + arys(1) — a2 My (1) v’ (1) + a1ya(1) — agX*ya(1)
- Y5 (1) — asX*y5(1) yi (1) — asX'y, (1) '

CrenoBaresbHO,
A(N) = —fo(A) + a1 fi(A) + a2 fa(A) + azf3(A) + araz fa(A) + azaz f5(A),  (7)

rae fo(A) = (1 +cosAcosh\)/2; fi(A\) = (—cos Asinh A +sin Acosh X)/(2A3); fa(N) =

(A); f3(A) = A3(sinAcosh A + cos Asinh A\)/2 ; f4(A) = (cosAcosh A — 1)/2 ;
fs(\) = =M f4()\) . Takum obpasom, 3a7a9y HICHTHGUKAINA KPAEBLIX YCTOBHI MO
COBCTBEHHBIM YacTOTaM B TepMuHax dbyHKImu (7) MOKHO ¢HOPMYIUPOBATH CJAEAYOIUM
ob6pazom: Tpebyerca HaliTh HemssecTHbIE Koabdumuentsr a; (i = 1,2,3) mo n3secTHBIM
KODHSIM A\ XapakTePUCTUYECKOro onpenesures (7) .

2. MeTona cucTeMbl TpeX HeJIMHEMHBIX YpaBHEHMI

Iycre A aBasiorcsa cobcrBeHHbIME 3HaYeHUsME Kpaesoit 3agaqu (1), (2). Toraa Ay
- KODHHU ypaBHEHUs XapaKkTepucTrdeckoro onpenennress (7) [6]. [loxcrapiass sHaueHns
B (7), MOJlydaeM CHCTeMY YDaBHEHUH JJis OThICKAHUs Heu3BeCcTHbIX a; (i =1,2,3):

a1 fi(Ak) + a2 fo(Ar) + asfz(Ak) + aras fa( M) + azas fs(Ax) = fo(Ax)- (8)

CKOJNIBKO HYKHO COOCTBEHHBIX 3HAYEHUHN 1 OMHO3HAYHON uAeHTHMUKAIUN KO-
duiuenToB a1, az,a3 ? PaccmMorpuM pereHne CHCTeMbl TPEX HEJTMHEHHBIX ypPABHEHMIT,
JUIS 9TOTO TIPUBEIEM CIETYIONMNH TpUMeDp.

IIpumep 1. Ilycts Ay = 0,735119, Ay = 4,616818, A3 = 7, 785263 mepsbie Tpu cob-
CTBEHHBIX 3HauUeHHUs Kpaepoii 3amaqn (1), (2). [loxcrapum ux B (8), momydaeM cucTeMy
TPeX HEJUHEHHBIX YPABHEHUN C TPeMs HEM3BECTHBIMU, UMEIOIIYI0 TP HAOOPa PerneHuit
(3TH pelueHUs HAIEHBI C TIOMOIIBIO IAKETa AHAJIUTHYECKUX Bbruuciaenuii Maple:

{a1 = 1,000; a»=1,999; a5 = 2,999},
{a1 = —10,036; ay =2,009; a3 = 8,240}, (9)
{a1 = 2,297; ay = —0,013; a3 = —0,006}.
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B duzdveckom cMbicie HaM MOAXOIUT TEPBLIH HAOOD perenuil, T.K. KO3(hOUIMEHTHI a1 ,
as, a3 He MOTryT ObITH OTpunaTeabHbIMU. HO BeIb MOXKET 0OKa3aThCsd, UTO ABA WU BCE
Tpu HabOpa pertenuit Oyayr meorpuniarenbibiMu. Ciie0BaTEIHbHO HY?KHO BOCIOJIB30-
BaAThCS JPYTH METOMOM PeIeHus.

BospMem monmonmmnuTebHO derBepToe cobcrBenHoe 3Hauenme Ay = 10,948043. 3a-
MEHsIEM B MPEJBIAYINEH CHCTEME YPABHEHUN TPEThe YPABHEHUE HA, YETBEPTOE, KOTOPOE
nostyauau upu nojacranoku B (8). Ionyvaercs tpu pernenus:

{a1 =1,000; a2 =1,999; as= 2,999},
a1 = —12,128: as = 2,005; a3 = 8,703}, (10)
{a1 =2,297; az = —0,013; a3 = —0,006} .

Pemenve cucrembl Tpex Hesuneiinbix ypasaenuii (8) ¢ Ay = 0,735119, A3 =
7,785263, A4 = 10,948043 umeer Bua:

{a1 = 1,000; ap =1,999; as = 2,999},
{a; = —31,996; as =2,005; a3 =10,929}, (11)
{a1 =2,297; ay = —0,013; a3 = —0,007}.

IIpu Ay = 4,616818, A3 = 7,785263, Ay = 10,948043 wu3 pemenusa (8) rakxe
CTIEYIOT TpU HADOPa PEIeHuii:

{a1 = 1,000; a»=1,999; az= 2,999},
{a1 = —1801,830; ap = 2,179; as = —0,119}, (12)
{a1 =2,829; ay=-0,013; a3 = —0,007}.

Bunmo, uro npubnuxkennoe pemenune { a; = 1,000; ag = 1,999; a3 = 2,999} as-
JisieTcst ODIMM 151 BeeX cucTeM ypasHenuil. OHAKO JaHHBIH METOM He JaeT OTBeTa Ha
BOIIPOC, JOCTATOYHO JIA Y€ThIPEX COOCTBEHHBIX 3HAUEHWI JJIsi O[IHO3HAYHON MIeHTudhM-
Karuu KO3 MUIUEHTOB a1, A2, (3, TAK KAK B HEKOTOPBIX YHUCIEHHBIX IKCIIEPUMEHTAX
BO3HHKAET BTOPOI Habop obImux perrenuii. B Hamem ciaydae 310 Tpernit Habop perneHmnit
B (9), (10), (11), (12), KOTOpBIE COBLUAAAIT € TOYHOCTBIO JIO JBYX-4ETHIPEX 3HAYALIUX
mudp. MoXHO Jin cauTarh BTOpbIe perienusi obmmmu? s oTBeTa Ha MOCTABIEHHBIN
BOIIPOC HMZKE TIPUBEIEM, METOJ PelleHus CUCTeMbl (8), U3 KOTOpOro cjemyer obras
TEOPEMA, YTBEPIKIAMOMAsI, UTO JJis BBIIEJEHUSA €IUHCTBEHHOTO PEINEeHUs JT0CTATOTHO
MATH COOCTBEHHBIX 3HAYEHUI. DTa TEOpeMa TaKXKe MaeT OTBET Ha BOMPOC 00 OBITHOCTH
BTOPBIX pemrenwnii. Il orBer 3TOT - OTpUIATETBHBIIH.

3. MeToa mOIOJIHUTENbHBIX HEN3BECTHBIX

Iycre A1, A2, ... ,As - coberBentbie 3uadenus 3aga4du (1), (2). Beogum gonosnnu-
TETHLHBIC HEM3BECTHDBIE

a4 = a10as3, as = a2a3 (13)
W OJICTABJISIEM WX BMECTE ¢ COOCTBeHHBbIME 3HauenusmMu A\, (k = 1,2,...,5) B ypasuenue

(8). B pesysbraTe MmONy9YaeM CHCTEMY TSTH JUHEHHBIX YPABHEHWH C MATHIO HEM3BECT-
aerve a; (i =1,2,...,5):

arfi(Mk) + azfa(Ar) + az(Ae) + asfa(Ae) + asfs(Ax) = fo(Ax) (14)
(k=1,2,..,5).
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U3 npasuna Kpamepa ciesyer, 4To eciiu OnpeeuTelh CUucTeMbl ypasaenuit (14)

fid) fa(A) o f5(M)
fix2)  fo(X2) oo fs(A2)

: : . : (15)
O BOs) o f50)

OTMWIEH OT Hyss, To Kodddumuents: a; (i = 1,2,...,5) OJHO3HAYHO BBIYUCIAIOTCA TIO
dopmymam

a1 = D1/D, az=Ds/D, a3=D3/D, (16)

ay = D4/D, a5 = .Dg,/.D7 (17)

rne D; - onpemenwrenb, nogydalommiica m3 D Opu 3aMeHe  3JIEMEHTOB
fildr), fi(A2), ..., fi(A5) d-ro cTOMOIA COOTBETCTBYIOMUMA CBOOONHBIME CJIEHAMHI

fO(Al)v fo()‘Q)v ceey fO(AS) .
B cnyuae, eciu coberBennble 3uadenus A (k= 1,2,...,5) HalljeHbl ¢ HOTpeIHo-
CTBIO, TO MOKET OKA3AThCS, ITO

(D4/D) # (D1/D) - (Ds/D),
(Ds/D) # (D2/D) - (D3/D),

W TOTJA CUCTEMa YPABHEHWI JJIsT ONPEACTCHNS TPeX Hem3BeCTHRIX a; (1 = 1,2,3) cra-
HOBUTCS TIepeonpenenenHoii. To ecTh 3a/1a9a OTBICKAHAS HEM3BECTHBIX a; (i = 1,2,3)
1o naTH 3HadenuaM A (k= 1,2, ...,5) MOXKEeT He IMeTh PEIIeHHs, a [I03TOMY ABJIAETCA
HeKOppekTHOH 1o A mamapy. Onnako oua KoppektHa mo A.H. Tuxonory.

Jna monxona A.H. TuxoHOBa K BOIPOCY KOPPEKTHOCTH XaPAKTEPHO, YTO PACCMAT-
puBaercs HekoTopoe muokectBo M C V| cyiecTBernHO Oostee y3Koe, YeM BCE TPOCTPAH-
crBo V. Ilycts 06pa3 muO)kecTBa M B mpocTpaHCcTBe Z MPH OTOOPAXKEHUH C TIOMOIIIBIO
oneparopa R ecth muoxkectBo A , To ecthb A = RM .

Bamaua Rv = z , vhoe v U3 mpocTpaHcTBa V, a 2 W3 TPOCTPAHCTBA 7 , HABBIBACTCS
koppekTHoii 1o A.H. Tuxonoy (yciosuo xoppekrnoii), ecain [7], [8], [9]:

1) anpuopy U3BECTHO, YTO PENICHHUE 3aJa49K CYIIECTBYET W MPUHAIICKUT HEKOTOPO-
My mHOXkecTBy M mpocrpancTa V

2) pellieHue €JMHCTBEHHO HA MHOXKecTBe M ;

3) masg moboro € > 0 cymecrsyer takoe 6 > 0, uro jayia iobbix 2,2 € A = RM | u
TAaKuX, 410 ||z — Z||,, < J, BBIMOMHSETCS HepaBeHCTBO ||v — D[, < €.

B obcyxmaemom caydae mos oneparopoM [ MOXKHO MOHHMATL OTOOpaKeHne, 33,1a-
BaeMoe cucTeMoil ypasuenuii (14), npeobpasyiomiee naTepky ducen a; (i = 1,2,...,5)
B naTepKy 3uadenuii Ay (kK =1,2,...,5), Ipu KOTOPBIX MATPHUIIA CUCTEMbI UMEET OIpe-
nemures D # 0 . MuoxkecrBom KoppekTtHOcTH M OyneM Ha3bIBATH TAKOE MHOYKECTBO
IATHYUCENBHBIX HAGOPOB v = (a1, a3, ..., a5), A KAKIOTO U3 KOTOPBIX BBIMOJIHATCS
ycaopus (13). C nOMOIIBIO BBEJEHHOIO MHOYKECTBA KOPPEKTHOCTH HETPYAHO IIOKA3aTh
koppektHocth mo A.H. TuxonoBy 3auaum orbicKahusa a; (i = 1,2,3) no snavyexu-
am A, (k=1,2,...,5), npu KOTOpbIX cucreMa ypasuenuil (14), umeer onpenesuTe b,
OTJIMYHBIA OT HYJI.

(18)

[Iycts V - 3to mpoctpanctso R® smementos v = (vi,vg,...,v5), ¢ HOpMO# |[v| =
maz(|vi|, |val, ..., |vs]); Z - a10 upocrpancrso R® snementos z = (21, 22, ..., 25) C HOp-
Moit ||z|| = max(|z1], |22], ..., |25]) ; 0Opa3 MHOXKecTBa M B mpocTpaHcTBe Z npu oTo6pa-

JKEHWH ¢ OMOIIBI0 oneparopa R ects muokecTBo A |, 10 ectb A = RM . Torna 3amada
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Rv = z 6yner koppexrTHOoil 1o A.H. TUXOHOBY, TaK Kak BCE TIEPEUUCIEHHBIE BBIIIE YCJI0-
BUsl BBIIOJIHEHBI (TPEThE yCIoBUe BbiTekaer u3z aHajuruanoctu f;(A) (i = 0,1,...,5)
no ).

Haubonee n3Becrssl aBa MeTona pemenus KoppekTHbix 110 A.H. TuxonoBy 3amaq -
MEeTO/ KBa3UPEIIeHusT U MeTo moa0opa. B mannoit pabore mpejajgaraeTcsa MeTO I, pere-
HUST 331490 UIeHTH(UKAIMT KPAEBBIX YCIOBUM, KOTOPBIH IO CYyTH TPEACTABIAET CODOM
MeTo I Toadopa.

Aunpuopu usBecrHo, 4TO MCKOMBbIE umcia a; (i = 1,2,3) cymiecTByioT, TAK KaK
UICHTHDUIUPYETCST PEATbHO CYIIECTBYIONAS MeXaHudecKad cucreMa. Hemm neficTBu-
TeJbHBIE COOCTBEHHDBIE 3HAYEHUA A1, A2, ..., As H onpegenmrenu D # 0, D;(i =
1,...,5) wmaiigensr TouHO, TO ycaoBus (13) BLINOMHEHBI, mMpuueM ducaa a; (i =
1,2,3) omHosHauno BeraucisaTcs mo dopmyaam (16). Bce ycioBus KoppekTHOCTH
mo A.H. TuxXOHOBY peajiM30BaHbl, B TOM YHCJE U TpeThe. JlefCTBUTeNhHO, s JII0-
Goro € > 0 cymectByer takoe § > 0, aro mna mobbx z = (A1, A2, .., A5), Z =

(A1, A2y s A5) € A = RM, u makux, 910 ||z — Z[|ps < &, COBMOMACTCH HEPABEHCTBO
H(Dl/D, Dy/D,...,Ds/D) — (D1/D, Do/D, ..., l%/D)HRr < . [loCIeHee BEITEKACT 13

anaguruanoctn Gyukuuit f;(A) (i =1,2,...,5) no napamerpy .

Ecmu uucna A\, (k=1,2,..5), asuauur,u D # 0, D1, Do, ..., D5 ycTaHOBIEHBI IPU-
6uzkeHHO, TO paBeHCTBO (18) MOXKeT He CyNIeCTBOBATD, U II03TOMY (POPMAJIBLHO 110 OIpe-
pemarensm D # 0, Dy, Ds, ..., Ds (dbopmynam Kpamepa) memssectanie a; (i = 1,2, 3)
BBIMUCJUTH HEBO3MOKHO. OQIHAKO Jy1sl IPerbaBieHns npubimzkenHoro petienusd (18) u
He HyKHO. [IpubInKeHHBIM pelenreM OyaeM cauTarh 3uadenus a; (i = 1,2, 3), Haii-
nennbie o dopmyaam (16), rae onpenenurenu D # 0, Dy, Do, ..., D5 paccuuTbiBaoTCs
1o npubauxenubim A, (k= 1,2,...5). llpubnuxkennsie pemenus a; (i = 1,2,3) BMecre
¢ wncnamm a; (i = 4,5), onmpenensembivu 1o dopmynam (13), a me mo (17), mexar BO
MHOXKECTBE KOPPEKTHOCTH, TaK KaK JIjid HUX cupaBeiuBbl yciaosusg (13). Dru npubiu-
JKEeHHbIE pertenus s a; (i =1,2,...,5) Tem G6auke K TOUHBIM, 9eM OJIUKE K TOUHBIM
cOOCTBEHHBIM 3HaueHuaM uucaa A, (k= 1,2,..5) | a 3HaduT, 9em GJIMKE K TOUHBIM
sHadenusm onpeneaurenu D # 0, Dy, Do, ..., D5. Takum o6pa3om, BepHa TeopeMa:

Teopema 1. Ecau X\, (k = 1,2,...5) sasamomea deticmeumenbrbimu cobemeen-
HOLMU 3HOUEHUAMU Kpaesol 3adawy (1), (2), npuvem onpedesumens (15) cucmemot
ypasnenul (14) omausern om Hyas, Mo 3a0aua OMBCKAHUA KOIPPHUYUEHMOS8 NO cOb-
CMBEHHBIM 3HAMEHUAM ABAAemcs Koppexmuol no A.H. Tuxonosy, u ee eduncmeentoe
pewenue onucwtieaemca gopmyasamu (16), (17).

IIpumep 2. IlycTh cobOCTBeHHBIE 3HAYEHWA 33a49M TaKHe Ke, KaK B mpumepe 1,
a umerno A\; = 0,735119, Ay = 4,616818, A3 = 7,785263, Ay = 10,948043, A5 =
14,10053. Tloacrasnsag stu 3uagenus B (15), (16) u maxona D = —6,859939630 - 1013,
D, = —7,189451434 - 10'3, Dy = —1,337629406 - 10, D3 = —2,006758818 - 10,
HoJlydaeM eJuHcTBeHHoe pemienune: a; = Di/D = 1,000, as = Do/D = 2,000, ag =
D3/D = 3,000 JokasamHas TeopeMa W MOCIEIHUE ITBA MPUMEPA TOKA3BIBAIOT, UTO
JIJTST BBIJIEJICHUST €IMHCTBEHHOIO PEIeHUsT JOCTATOYHO CeMU CODCTBEHHBIX 3HAYEHUI, a
BTOPOE pEIeHNe U3 [IEPBOro MPUMepa CIeAyeT UCKIIOYUTh.

IIpenioxKeHHBIIT METO, TOTOJHATENBHBIX HEN3BECTHBIX BEJINYNH MO3BOJIUI MOCTPO-
HUTh MHOYKECTBO KOPPEKTHOCTH 33J1a4 U J0Ka3aTh WX KOppeKTHOCTh o A.H. TuxoHoBy.
[Ipomenanubie BeIKIAIKH, COOPMYIUPOBAHHAS TEOPEMa U MPUMEDPHI CBUIETEIHCTBYIOT,
9TO JJIsT OJHOZHAYHOTO ONpPENESeHUs TPEeX MapaMeTpoB - KOI(M(MUIMEHTa KECTKOCTH
MPY2KUHBI YIIPYTOTO 3aKperieHnsa KOHTa Ganku ditnepa - BepHyin , a Tak:ke Macchl u
MOMEHTA UHEPIMHU I'PY3a, COCPEIOTOYEHHOrO HA HTOM KOHIIE - JIOCTATOYHO UCIIOIb30BAThH
siTh COOCTBEHHBIX 3HAUEHUH. U XOTS TeopeMbl COMep:KaT JIUIIb JOCTATOYHBIE YCIOBHUS,
KOTOPBbIE MOTYT OBITH JAJIEKH OT HEOOXONMMBIX, OHU TOATBEPKIAIT ITOCTOBEPHOCTH
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dopMys s TOUHOU W MPUOIMKEHHON UASHTH(DUKAINYE TapaMeTPOB 3aKPEIJIEHUsT U
KOHIIEBOT'O I'DY3a.

Bripazkato cBoro GuarogaprHocrs AxrsamoBy Aszamary MyxTapoBudy 3a OCTAHOBKY
3agaun u YpmandeeBy Canny @e0poButy 3a MOMOIIL B HCCIEI0BATENILCKON paboTe.

Summary

A.A. Aitbaeva. IDENTIFICATION OF THE STIFFNESS COEFFICIENT OF THE
SPRING ATTACHED TO ONE END OF THE EULER-BERNOULLI BEAM AS WELL
AS MASS AND MOMENT OF INERTIA OF THE LOAD, WHICH CONCENTRATED ON
THIS END.

In this article we consider the problem of identification of the stiffness stiffness coefficient
of the spring attached to one end of the Euler-Bernoulli beam as well as mass and moment of
inertia of the load, which concentrated on this end, by the natural frequencies of vibrations of
the beam. It is shown that for unambiguous identification of the three unknowns - the stiffness
of the spring, mass and moment of inertia of the load, it is sufficient to use the five natural
frequencies.The problem is solved using the method of additional unknowns. This allows us
to determine a correctness set of the problem and to prove the problem is well-posed in the
Tikhonov sense. Formulas of identification and the corresponding examples are given.

Key words: (eigenvalues, the inverse problem, the natural frequencies, beam, concentrated
inertial element, stiffness coefficient of the spring).
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