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B crarbe npemmaraercs MeTOHd, MO3BOJSIOIIMA BBIYUCIUTH MECTOIOIOKEHUE
TPEUIMHbI B CTEp)KHE 110 COOCTBEHHBIM 4YacTOTaM MPOJOJbHBIX KOJIEOaHHIA.
PaccmarpuBarorcss ciydanm ympyroro 3akpeluIeHHs M 3aJ€NIKH JIEBOTO KOHIA
crepkHs. IlepBblil ciydail MOAEIUPYETCS MEXaHUYECKOM CHCTEMOW C JByMs
CTENEHSIMH CBOOO/IBI, @ BTOPOH — ¢ 0JTHOM. TpennHa MoAeIupyeTcs IPYKUHOM.

KiroueBple croBa: BHOPOAMArHOCTHKA, CTEP)KEHb, TpPEIIWHA, COOCTBEHHBIE
YacTOTBHI.

BBEJIEHUE

B Hacrosmee BpeMsl TMOJYYHJIO IIMPOKOE pa3BUTHE HANpPAaBICHUE, Ha3bIBAEMOE
BUOpoArarHocTUKONW. OHO TMO3BOJSET CYOUTh O COCTOSHUU KaKOW-THOO HEIOCTYMHOM IS
BU3YaJbHOTO OCMOTpPa YacTH MEXaHWYECKOW YCTAaHOBKU CIIO)KHOW CTPYKTYpPBI, MPOBOJIUTH
aHaM3 e€ TEXHUYECKOTO COCTOSHUS, HE HCIIONb3Ysl TOPOTOCTOSAIIY IO pa300pKy U HE Hapylias
npupaboTKy Jnetaneil. DTo yaoOHbIM M Hambosiee Oe3omacHbI crocod, He TpeOyromui
OOJIBIITUX 3aTpaT BPEMECHH.

B nmanHo#i craThe paccmaTpuBaercs AedeKT TUIa TPEHIMHA B 3JEMEHTaX KOHCTPYKIIUHU,
KOTOpbIE MOKHO MPEACTABUTH KaK OJJHOPOJIHBII CTEPIKEHb.

MexaHn4eckrne CHCTEMBI, MOKAa3aHHbIE Ha pPHC. 1, SBIAIOTCA MNPOCTEUIIMMH MOJEISMHU
CTep)KHS €O CBOOOIHBIM TIpaBBIM KOHIIOM. PaccMaTpuBaioTcsi 3afadd O MPOIOJIBHBIX
KOJICOAHUSAX TAKOTO CTEPIXKHS JUISI IBYX CIydaeB 3aKPEIICHHUs JIEBOTO KOHIA — YIPYTOro U
3agenku. [lepBwlid ciydall MOAENHMPYETCS MEXAHUYECKOW CHCTEMOM C JBYMSI CTEICHSIMHU
cBoOoabl (puc. 1(a)), a BTopoil — c¢ oxHoi (puc. 1(0)). CrepkeHbp Maccel m=m, +m,
CUUTAaeM OJHOPOJHBIM. TpemmHy, kak U B [l], MoaenupyeM NPYyXKUHOH C >KECTKOCTHIO
k, €[0;+], tne k, =0 cooTBeTCTByeT IOIHOMY packoidy, a k, =400 TOBOpUT 00

OTCYTCTBUH TIIOBPCKACHHA, T. C. UYCM 0oJIbIIIE KCCTKOCTh, TCM MCHLUIC TPCIIUHA.

m m
MecTononokeHue TPEIMHBI  MOJENIUpyeM oOTHomenuneM —- (mampumep, —-=0,5
m m

COOTBETCTBYET CIIy4aro, KOTJa TPEIINHA [IOCEPEINHE CTEPHKHS).
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Puc. 1. Cucrema u3 1Byx mMacc, COEIUHEHHBIX NPYKUHAMU

Jns citydasi ¢ ynpyroro 3aKpeIuieHHBIM CTEpKHEM M3BECTHBIMHU CUUTAEM YacTOTHI @), ®,,
o0LIyI0 Maccy m | KECTKOCTb NMpPYXKUHBI k. Ilo MX 3HaueHMAM HAaXOOUM Macchl mi,,m, U
KECTKOCTH MPY>KUHBI k.

B ciyuae 3amenku crepxHs, cucTeMa OyAeT MMETh BCEro OJHY 4YacTOTy @, M3-3a 3TOTO
HEBO3MOXXHO BBIYHMCIIUTH MAacChl M1,,M,, HE 3HAs 3HAYCHHS JKCCTKOCTH TPYKHHBI K,.

IToaToMy BO BTOpOIi 3a1a4€ U3BECTHBIMH SABIAIOTCA @,,Mm U k,, a UCKOMBIMU — 71,11, .
Panee xonebaHusi CUCTEMBI JBYX MAacC, COEAMHEHHBIX MPYKMHAMH, PACCMAaTPUBAIUCH B

[1], rme ObuUIM HalJEHBI MacChl TEI W JKECTKOCTH NPYXUH my,Mm,,k,k, 1O W3BECTHBIM
COOCTBEHHBIM 4YacTOTaM @,;,®,, oOmen macce m=m, +m, (MIH ke OOIIeH >KECTKOCTH
cucteMsl k, 3amaHHOM cooTHomenueM 1/k=1/k +1/k,), m 4wacrore @ , moxydeHHOMH

(uxcanuei Mmaccel m, .

1. CJIIVYAU YIIPYTOT'O 3AKPEIIEHMS JIEBOI'O KOHIIA CTEPXXHS

1.1. IIpsamas 3agaua

[Ipexxne yeM MpUCTYNUTh K PELICHUI0 OOpaTHOM 3ajaud, HAIIOMHUM HPSIMYIO, a TaKxke
npuBenEM €€ YNCICHHBIN pacy€T B BUJIE TPaUKOB.

YpaBHEeHUs IBUKEHUS AJIs1 CUCTEMBI (puc. 1 (a)) UMEroT BU:

myii, =k, (”2 _“1)_k1“1=

. (1)
myii, =k, (”2 —U )a
rac ml . mz — MacCcChl, Ha KOTOpre TpeIJ_lI/IHa paSI[eJ'II/IJ'Ia CTCp)I(eHL, T. €. ml + m2 =m —

HOJTHAsl Macca, kK, — JKECTKOCTh 3aKPEeIUICHHs, K, — JKECTKOCTh MOJACIHPYIOIIAs TPEUIHHY.

N3 cucremsl ypaBHeHMH (1) Hax0AUMM COOCTBEHHBIE YaCTOThI @), :

k,+k,—a’m, —k, uwl_q @
—k, ky—’m, |u, |

CoOCTBEHHBIE YAaCTOThI SBJISIOTCS KOpHAMU OIMPECACIIUTCIIA:

A(a)) = mm,o" — {kzml + (kl +k, )m2 }a)2 +kk,=0. 3)
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Ha pwuc.2 mnpusenensl rpaduku 3aBuUCUMOCTH @,(m,) W @,(m,) TpH pPa3TUIHBIX
3HAUCHHUSX IKECTKOCTH MpPYXUH k,,k,. W3 HUX BHUIHO, YTO YBEIMYCHHUE m,, T. €.
NEpEeMCIICHUC TPCIIMHBI BIIPABO, MNPUBOAWUT K YBCIWMYCHHIO HepBOﬁ HJaCTOThI 601 n
YMEHBIICHHIO BTOPOW @, , IPUUEM B TOT MOMEHT, KOTJla (¥, HAYMHAET 3aMEJISITh CBOIl POCT,
@, HA00OPOT HAYMHAET YBEIMUYUBAThCA. Taike rpaduKd rOBOPST O TOM, YTO M3MEHEHHUE
KECTKOCTH NPYXHUH Kk, ,k, B OOJBIIYIO CTOPOHY MPHUBOJHUT K POCTY O0CUX YACTOT @),,®,, HO

kz HC BJIMACT Ha BEJINYNHY MAKCUMAJIbHOT'O 3HAYCHUSA @ .

|
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Puc. 2. I'paduxu @, (m,) (crutomHas TMHUS) U @, (m,;) (IITPUXOBas JIMHUSA) IPH
(@) k, =1, k,=1,(0) k, =5, k, =1,(8) kK, =100, k, =1, (r) k, =100, k, =20

A. M. AxTamos, A. P. Kapnmos
AnarHocTnposaHne MeCcTonoIOXKEHUS TPELUNHbI B CTEPXHE NO CO6CTBEHHBLIM YacToTaM MPOAOSbHbLIX KonebaHui



DNEeKTPOHHbIN XypHan «TexHuyeckas akyctmka» 2010, 3 4 (6)

1.2. OoOparnas 3axa4ya
Temneps onpenenrM MECTONONIOKEHHE TPEIIUHEI (77, ) U € Bennuuny ( k, ) ucxoxas u3

U3BECTHBIX @), ®,,k,,m.

CyMMa ¥ IpOU3BEICHNE KBagpaTa KOpHEH (02,(02 aBHeHUs (3) UIMEIOT BUI:
1 2

a)12+a)22:k2m1+(k1+k2)m2 :£+(k1+k2)’ )
m,nt, m, m,
wio} =1 5)
m,nt,

JHanee, u3 (5) HaX0AUM BEJIUYHHY TPEIIUHBI

2 2
_ o, o,mn,

k, Tk (6)

[ToncraBus (6) B (4) 1 3aMEHUB m, HA M — m, NOJy4aeM

2 2 2 2 2
@ o,m | D wy (m—m,)
ki ky

oTCIOAa

2 2 _
o —w;, \m, +k =0,

2

kl
2 2 2 2 :
o'k, + ok, — o o;m

m, =

(7)

m
Teneps, yMHOXHUB JJIMHY CTEP)KHS Ha OTHOLIEHHE —-, MOXKEM PACCYUTATH PACCTOSHUE OT
m

MECTa KPCIJICHUA OO0 TPCUIUHEI.

2. CJIYYAM XXECTKOI'O 3AKPEITIJIEHM S JIEBOI'O KOHIIA CTEPXHS

2.1. Ilpsmas 3agaua
PaccmoTtpum citydaii ¢ 5k€CTKOTro 3aKperuI€HHs IEBOTO KOHIIAa cTepkHs (puc. 1(0)).
B arom ciyuae ypaBHEHUS ABUKEHUSI TPUMYT BU:

m,ii = —k,u. (8)
U3 (8) maxomum:
k
o= % 9)
n,

Janee mpuBouM rpauKi 3aBUCUMOCTH YacTOTHI KOJIEOAHUH OT Macchl Tena @, (m,) TpH
Pa3MMYHBIX 3HAUCHHSAX KECTKOCTH MpPYXUHBI k, (puc. 3). Ha nanHbIX rpadukax BUAHO, Y4TO
YBEJIMYEHUE MACCHI /M, , T. €. IEPEMELICHUE TPELIUHBI BIIEBO, IPUBOAUT K POCTY YacCTOTHI @), .
Taxxe cpaBHHMBas 3Ha4YCHUS @,(m,) TIPH PA3NUYHBIX k,, MOXKEM CJENaTh BHIBOA O TOM, YTO

TPELINHA, pa3pacTasich, yMEHbIIAET COOCTBEHHYIO YaCTOTY KOJICOaHUI CTEPKHSL.
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Puc. 3. I'padux o, (m,)

2.2. OoOparnas 3a1a4ya
Ecnun wactota @, m KeCTKOCTb NPYXUHBI k, U3BECTHBI, TO U3 (9) crexyer, 4To

=2 (10)

m m
Z[anee, YMHOKHB UJIMHY CTCPXXHSA Ha OTHOIICHHEC — =——, PAaCCUUTbIBACM

pacCcTosAHuC OT MECTA KPCIUVICHUA 10 TPCUIUHBI.

3. IIPUMEPHI
3.1. Ilpumep1

[IpuMeHeHHEe HAWJACHHOTO METOAAa pPAcCMOTPHM Ha TpuMepe. 3HAYCHUS YacToT |
MPOJOTBHYI0 JKECTKOCTh 3aKPEIUICHUS CTEPXKHS BO3bMEM U3 TpadUKOB MPSMOW 3aaadu
k, =1 HM, o, =232 pan/c, w,=0,878 pan/c (0003Ha4YeHBI TPEyroJbHUKAMHU Ha pHC. 2),
T.K. Jajiee MO0 HUM MOXHO OyAeT HpOBEpPHUTHh JIOCTOBEPHOCTh pacueToB. OOmias macca
crepxHs m=1 kr, quHa [ =1 M.

Haiinem »keCTKOCTh B 00J1aCTH TPELIUHBI Kk, U MACCHI 10 00€ CTOPOHBI OT HeE m,, m, .

[ToncTaBuM U3BECTHBIC HaM JaHHBIC B (7):

12
e 2,327-1+0,878*-1-2,32°.0,878 -1
, ) , )

=0,4989, kT,

m, =1-0,499=0,5011, xr.

0,4989

CrnenoBaTenbHO, TpEIIMHA HAXOIUTHCS B =0,4989 M oOT 3aKpemIéHHOTO KOHIA

CTEPKHS.
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Janee, nonctaBus B (6) MONTy4YEHHBIE 3HAUEHUS M, U M, , HAXOJUM

~2,32%.0,878%-0,4989-0,5011

" =1,03, H/m.

k2
Kax BHUJIUM, paC‘léTBI COBIIAaAAK0T C JaHHbBIMHU HpHMOﬁ 3aJda4u.

3.2. Ilpumep 2

Crepxenb Maccoit m =1 kr u jymHO# [ =1 M 3akperuién xectko. CoOCTBEHHAs 4acTOTa
NPOJOJIBHBIX KoJeOaHuii @, = 18,26 pan/c, xecTKocTh B obOnactu Tpeumnsl k, =100 H/m
(0603HaYEHBI TPEYTOJILHUKOM Ha puc. 3).

[ToncraBuB nanusie B (10), momyuaem

m, = LOZ =0,2999, kr.
18,26

Pacuétel coBnaaroT ¢ JaHHBIMU NPSAMOM 3a1a4H.

3AKIIIOYEHUE

[IpennoxxeHHbIH METOA MOKET OBITh HCIOJb30BaH Ui ONPEAEICHUS MECTOMOIOKEHHS
TPELIMHBI B CTEPKHE IO €0 MPOJIOJIbHBIM KOJIeOaHUsIM, a B HEKOTOPBIX ClIydasx JIaéT TakkKe
BO3MOKHOCTb CYJIUTh O pa3Mepax TPEIIUHBI.
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