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B craree pemena 3amada  WACHTH(PHUKAIMM COCPEIOTOUYCHHOW MAaCChl |
YKECTKOCTU NPYKUHBI Ha HEKOHLEBBIX TOYKAX CTEPXKHS IO U3BECTHBIM IEPBHIM
JBYM COOCTBEHHBIM dYacTOTaM. HaiiieHpl JOCTaTOYHBIE  YCJIOBUS IS
CYyIlIECTBOBaHUS SIMHCTBCHHOI'O peuieHus 3aJa4n UICHTH(DUKAITIT
COCPEIOTOUYECHHON MAaCChl U JKECTKOCTH MPY>KUHBI HA HEKOHIIEBBIX TOYKAX CTEPIKHS
M0 WM3BECTHBIM MEPBBIM JBYM COOCTBEHHBIM uacToTaM. Ha oOcHOBaHMHM MoOJenu
pPacCMOTPEHHOW B JIAHHOW CTaThe MPEIIOKECH AITOPUTM (YHKIIHOHUPOBAHUS
pubopa Hepa3pyIIAIOIIEero KOHTPOJISL.

KitoueBble cioBa: COOCTBEHHBIE 4YacTOTBI, CTEPXKEHb, HEpa3pyIIAOLINH
KOHTPOJIb.

BBEJEHHNE

KonebatenbHble cHCTEMBl € TPUCOCAMHEHHBIMH MacCaMU HM3y4daloTCsi CO BpeMEH
[Tyaccona, U MM TMOCBSIICHO OrPOMHOE KoiuuecTBO paboT. Tak, Hampumep, B [1-4]
paccMOTpeHo KoyiebaHHe OJHOMEPHBIX KOHTHHYYMOB (CTpyHa, CTEpKEHb), IUIOTHOCTh
KOTOPBIX BO3MYILAJIACh WICHOM BuJa Mo(x), rae M — BeauYMHA COCPEIOTOUYCHHOM MaCCHI,

0 — o¢yskumsa Jupaka. B atux paboTax, BO-TIEpPBBIX, MOKAa3aHO KaK BIMSET HA CIIEKTP
reoMeTpusi 00JlacTH, Ha KOTOPOM COCpeloTOYeHa JOIMOJIHUTENbHAas Macca. Bo-BTOpBIX,
BBISICHSIETCS, KaK OTJIMYAeTCsl KapTHHA TOBEIEHUS COOCTBEHHBIX YacTOT MPH OOJIBIINX
Harpys3kax. B-TpeTbux, Kak MOKa3bIBaeT AKCIEPUMEHT, «... N0OaBlIeHHE MPHUCOEAMHEHHOMN
Macchl MOXET MPUBECTU K CHJIBHOM JIOKaJM3allui PeaklWH, BbI3bIBasi OOJBIIOE MOHMKEHUE
OCHOBHOM YaCTOTHI, a TaKXe CYIICCTBEHHOE M3MEHEHHE OCHOBHOU (OpMBI KojieOaHui» [5].
D¢ deKT JToKaTbHBIX KOJeOaHni, KaKk HaM W3BECTHO, BrepBhie onucan D. Canyec-Ilanencus
[6, 7]. B pabote [8] uccinemnoBanuch 3a7a4i Ha COOCTBEHHBIE 3HAYCHHS OaIKW, Harpy>KeHHbIE
COCpPE0TOUEHHBIMH U TIOJIBELICHHBIMU MaccaMH.

B nocnennue roasl 0osiee akTUBHO pa3BUBAIOTCS 0OpaTHbIe 3afaun. Hampumep, Takue kak
pPeTPOCTIEKTUBHBIE, KOA(DPUITMEHTHBIEC, TPAHUYHBIC, T€OMETPUUECKUE 00paTHbIe 3amaun [9]. B
paborax [10,11] wcciemoBaHbl 3amaydl  IUArHOCTHUPOBAHMS BEIMYMH  HECKOJBKHX
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COCPEJOTOYEHHBIX MacC IO COOCTBEHHBIM YacTOTaM TEOPETUYECKH, a  TaKkKe
JKCIIEpUMEHTaNbHO. bombiias yacTe McCiIenoBaTeNbCcKUX padoT, BBINOJHEHHBIX B 00JacTu
AaKyCTHYECKOM JMarHOCTUKH, TOCBAIEHA BOCCTAHOBIICHUIO KOI(PUIIMEHTOB KECTKOCTH,
pa3MepoB TpemIMH W MoJocTei. YacTOTHble [aHHBIE LIMPOKO HCHONB3YIOT Kak
JUArHOCTHYECKUN HMHCTPYMEHT IJIsi OOHapy’>KEHUS BO3MOXHBIX MOBPEKICHHUM, KOTOpbHIE
MOTJIM BOBHUKHYTh B CHCTEME B Iporiecce dKkcrutyaTanuu [12—17]. B pabore [18] nccnegoBan
BOIPOC O TOM, MOKHO JIM 1O COOCTBEHHBIM 4YacTOTaM KoyieOaHWil OmpeneinuTbh BUI U
napameTpbl 3aKpeIyIeHUsT OJHOPOIHOTO CTEpP)KHS Ha 00OMX ero koHmax. B pa6ore [19]
pemranace 3amada WACHTU(UKAIMH YCIOBHH 3aKpEIUICHUs OalKé MO TSATH COOCTBEHHBIM
yacToTam ee Kkosnebanwii. B ornuume ot [10-19] B manHOUM paboTe mcciemyeTcs 3amada
I/II[eHTI/I(i)I/IKaIII/II/I COCpC[[OTO‘IGHHOﬁ MAacCChl U KCECTKOCTH IPYKHWHbBI HAa HCKOHICBBLIX TOYKax

CTCPIKHA IO U3BCCTHBIM IICPBBIM ABYM COOCTBEHHBLIM YaCTOTaM.

1. 3AJIAYA O ITOINEPEYHBIX KOJIEBAHUSX CTEPXKHS C
COCPEJIOTOYEHHOI MACCOMH U ITPYXKUHOM

PaccmarpuBaeTcs CTEpKEHb C OJHOM COCPENOTOYEHHOM Maccod m, KI' U IPYKUHOU C

ko3¢ umenToM xectkoctn ¢, HM™' . B ormune ot [10-12] B naHHO# paboTe MBI HAXOIHM
JOCTAaTOYHbIC  YCIIOBHSI  JUISL  CYIIECTBOBAHUS  CIWHCTBCHHOTO  pEIICHUS  3a/Ja4d
UICHTU(QUKAIIMA COCPEIOTOYCHHON MacChl U KECTKOCTH TPYKWHBI Ha HEKOHIICBBIX TOYKAX
CTEp)KHSI 10 M3BECTHBIM TEPBHIM IBYM COOCTBEHHBIM 4YacTOTaM. Macca pacrosaraercs oT
JIEBOTO KOHI[A CTEP)KHSI Ha PACCTOSIHUU a , YIpYTasi CBS3b COOTBETCTBEHHO HA PACCTOSHUM b
(puc. 1). B pesynbrare crepxkeHb agenurcss Ha 3 ywactka: —//2<x<a-[/2,

a—-1/2<x<b-1/2, b-1/2<x<I[/2.

B | e

Puc. 1. CrepxeHb ¢ cOCpeI0TOYEHHON Maccoi U Mpy>KUHOM

VYpaBHeHHE CBOOOAHBIX  MOMEPEYHBIX  KOJNEOAHWW  CTepXKHS JUIMHBL [  TIpHU
—1/2<x<I[/2,t>0 3anucweIBacTCsI B BUJC

0*w(x,t o*w(x,t
pA (2 ) +EJ ( 7 ) _ 0,
ot ox
rae w(x,f) — TomepeyHoe TepeMeleHne, M; p — IJIOTHOCTh MaTepuana, Krm - ; A —

TIOmab HOMEpPEeYHoro cedenus, M”; E — moxyns FOura, HM™”; J — MOMEHT MHEpIHUH
rmjaonaay moncpeyYHoro CCUCHUA OTHOCUTCIIBHO HeﬁTpaanoﬁ ocH, M4 .
[lanee paccMOTpeH HIApHUPHO ONEPTHIA CTEPKEHb. JTO CHAENAHO AJIS ONPEAEIEHHOCTH.

Meron npUMEHUM U IS CTEPKHEN ¢ IPYTUMU BUIAMHU 3aKpEIUICHUN.

B. E. KanryxwuH, [l. 6. Hypaxmetos
NaeHTUdMKaLmna cocpeaoTOYEHHOMW MacCChl M XXECTKOCTU MPYXWHbI Ha CTEpPXHe
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3ajadya O TMOMEPEYHBIX KOJICOAHUSIX CTEPXKHSA JUIMHBI [ 3aMeHou Ww(x,?) = y(x)sin(wt)

CBOJIUTCS K CIIEYIOIIECH CIEKTPAIbHOM 3a1aue:

Ely W (x) = w’p Ay (x), —l]2<x<lj2,x#a—/2,x+b—1/2, (1)
[ER 0],y = —mery(a~1/2), 2)
D]y = 0B @), =0, 3)
[EN? @) 0y = 0[EDV )],y = e(b-1/2), (4)
O]y = 0B ()], =0, )
[ @), =0y, =0, (6)
Ey D[, =0y, = 0.EyP )| _ =0, (7)

rae [f(0)]-. = lim [f(c-2) = f(c+e)]

4 2
O3HayaeT CKayoK (PyHKIMH B Touke x =c¢. OOO3Ha4MM yepe3 p =@ pA/EJ , THe @ —

4acCTOTHBIN napamertp, ['11.

B pabore [20] uznokeH MeTOJ MOJY4YEHUS 4YacTOT KOJEOAHWU CTEp)KHEH C KyCOYHO-
MIOCTOSTHHBIMU XapakTepucTukamMu. COriacHO 3TOMY METOJy 3aIllMCBHIBAIOT OOIIME PEUICHHUs
ypaBHeHHMA. Ha KaXIoM M3 Tpex ydJacTKOB OOIee pelIeHHe MMEET YeThIpe HEU3BECTHBIX
KOHCTaHTHI. J[Be KOHCTAHTBHI, BXOISIINE B BBIPAKEHHE IS OOMIETO pEIICHHS Ha IEPBOM
YUYacTKe, BBIPAXKAIOT TIPU TIOMOIIM KPAEBHIX YCIIOBHIA HA JIEBOM KOHIIE. Y CIIOBHS COMPSKEHHS
IpU Mepexojie OT OAHOTO Y4acTKa K JPYyroMy MO3BOJISIOT MOCIIEIOBATEIbHO BBIPA3UTH BCE
KOHCTAaHTBHl Ha JIIOOOM y4YacTKe dYepe3 JBE KOHCTAHTHI IEPBOTO YYacTKa, OCTaBIIHECS
HEOIpeeICHHBIMU. Y IOBJIETBOPEHHE YCIOBUH Ha MOCJIEIHEM ydacTKe mpu x =1[/2 s
HEOIPECNICHHBIX TOCTOSHHBIX J1aeT JIMHEHHYIO OJHOPOIHYIO CHUCTEMY airedpamyecKux
yYpaBHEHHIA, U3 yCIOBHS CYLIECTBOBAHUS HEHYJIEBOTO PEUICHUS KOTOPOH CleyeT ypaBHEHHE

HaCTOT:

A(a,b,l, p,m,c)=a(a,b,l, p)py +P(a.l, p)p+v(b,1, p)y+ A, p) =0, (®)
rae o(a,b,l,p)= gcos(p(a—b+l))(ch(p(a+b—l))—ch(p(a —b+l)))+
+ L cos(pla+b-D)(ch(p(a—b+1)—ch(pla+b-1)))-

{sin(p)(sh(p(2b — 1)) + sh(p2a + [ - 2b))) + sh(pl)(sin(p(2a + [ — 2b)) —sin(p(2a — 1))} +

NS U

+§{cos(p1)(2 ch(pl) = ch(p(2b—1)) —ch(p(2a —1)))+cos(p(2b — 1))(ch(p(2a — 1)) - ch(pl) )} +
+ % {cos(p(2a - 1))(ch(p(2b - 1)) — ch( pl))+sin(p(2b — 1)) sh(pl) + sin(pl)sh(p(2a - 1)) };

B(a.l, p) = p*{sh(pl)(cos(p(2a—1))—cos(pl))+sin(pl)(ch(p(2a—1)) - ch(pl))}

B. E. KanryxwuH, [l. 6. Hypaxmetos
NaeHTUdMKaLmna cocpeaoTOYEHHOMW MacCChl M XXECTKOCTU MPYXWHbI Ha CTEpPXHe
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¥(b.1, p) = sh(pl)(cos(pl) —cos(p(2b —1)))+sin( pl)(ch(pl) — ch(p(2b—1)))
Ao(l, p)=—4p’sin(pl)sh(pl); @ =m/pd,y =c/EJ.
3neck A, (l, p) — XapaKTEepUCTUUECKUI ONpPEAEIUTENb IPU OTCYTCTBUHM MACChl U MPYXKUHBI,
A, (b,l,p)=v(b,l,p)y+A,(l,p) — XapaKTEpUCTHUUECKUI ONpPEAEIUTENb B CIydae HaIUIUsI
TOJbKO NpyxkuHel, A (a,l,p)=PB(a,l,p)p+A,(l,p) — XapakTepUCTHUECKUN OINpPEIEIUTENb
B Ciy4yae HaJM4Yusl TOJBKO Macchl. TakuM 00Opa3oM, 4TOObI HAWTH COOCTBEHHBIC YaCTOTHI
kosnebanuit 3agauu (1)-(7) cHauana onpenensioTcs 3Ha4eHUsl p U3 COOTHOIIEHUS (8), a 3aTeM
HaxouM @ = p° | EJ/pA .

OTMeTnM, 9TO PEe30JIBBEHTHBIC MPEICTABICHHS, KOTOPBIE COACPKAT XaPaKTECPUCTHUCCKHUE
onpenenutenu Buaa A(a,b,l,p,m,c) s ONEpaTOpOB C HUHTErPATBLHBIMU TPAHUYHBIMHU

YCIIOBHUSIMH, OBLITH TIOJTy4YeHBI B [21, 22] a1t OOBIKHOBEHHBIX TU(depeHIInanbHbIX YPaBHEHUH
BBICIINX MOPSAKOB, a B pabote [23] — mis oneparopa Jlamnaca.

2. OINIPEJIEJIEHUE BEJIMUMHBI COCPEJIOTOYEHHOM MACCHI 1
KOOODPUIMEHTA XXECTKOCTH IIPY>KHUHBI 110 HAIIEPE/] 3A/JJAHHBIM
YACTOTAM KOJIEBAHNHN

PaccmoTpuMm ocHOBHYI0O o0OpatHyio 3amady. [lycTh HaM H3BECTHBI BcCE (PUINYECKUE
napaMeTpbl, MECTO TMOJIOKEHHSI COCPEIOTOYCHHONM MAacChl U MPYKUHBI, a TaKXKe MEPBBIC JBE
cOOCTBEHHBIE YaCTOTHI MOMEPEUHBIX KoyiebaHuil ctepkHs. TpedyeTcss onpenenuTb BeIUUnHy
COCpEeA0TOUEHHOM Macchl U KOG (GUIIUEHT KeCTKOCTH MPYKUHBI.

Ilycts  p,, p, aBisorca Hynasamu A(p):=A(a,b,l,p,m,c). Torma cnpaseuBbl [Ba
paBeHCTBA
{%‘V(o +Lo+ v+, =0, ©)
Ve + e+ 1,y +A, =0.

3necy «; :a(a,b,l, p[),i:1,2. Ananornusele 00O3HaueHMs BepHbl I f,7,A,. s

a Bor Ay

CHpaBeL[J'II/IBBI CJ‘IC,Z[yIOI_uI/Ie COOTHOLIICHUA HJHOKKepa
a, B, 7, Ay

MaTpulbl 4 = (

NN, = N,N;+N;N¢ =0, (10)
e N1 _ o, Bl ’ N2 _ o , N3 _ a, A01 , = Y1 201 ’ = Bl A01 ’
o, B, o, v, a, A, Y, 0 B, Ay
N =P (e (15, ¢ 33))
B, 7,

B. E. KanryxwuH, [l. 6. Hypaxmetos
NaeHTUdMKaLmna cocpeaoTOYEHHOMW MacCChl M XXECTKOCTU MPYXWHbI Ha CTEpPXHe



DNEeKTPOHHbIN XypHan «TexHuyeckas akyctmka» 2015, 9 5(9)

Cucrema HETMHEWHBIX YpaBHEHHH (9) CBOIUTCS K CUCTEME KBaIpAaTHBIX YpaBHEHUN

N1§02 +(N; = Ng)p+ N, =0,

2 (11)
Ny~ +(N; + Ny + N = 0.

3aMeTuM, 94TO MEXIY @,y TAKKe CIIPABEJIMBA JIHHEHHAS CBSI3b
N,p+ N,y+N, =0. (12)

Host nuckpnmusanToB D, D, CHCTEMBI KBaJPAaTHBIX ypaBHeHui cnpaseymso D, — D, =0,
rak xak D, =(N,—N,;)*—4N,N,, D, =(N,+N,)’—4N,N,. Tlycts D, =D, >0. Torxa

NEpPBOE YpaBHEHUE MMEET BEIIeCTBEHHbIE KOpHU. L1 Toro yToObl KBaJpaTHOE ypaBHEHUE
MMEJIO0 €IMHCTBEHHBIH MMOJI0KUTETbHBIA KOPEHb, JOCTATOYHO BHIIIOJHEHNE HEPABEHCTBA

sgn(N)sgn(N,) < 0. (13)

Br16paB nonoxxutenbHoe @, u3 (12) Haxogum y. B aTOM citydae HEpaBeHCTBO

—2N2N3+N2(N3—1\76)—N2\/(N3—N6)2—4N1N4 >0 (14)

TapaHTUPYCT CYHICCTBOBAHUC ITOJIOKUTCIIBHOT'O 3HAUCHUA .

B pesynbrare monmydaewm, uro eciu D, =D, >0, a Takke BBIIONHEHbI ycnoBus (13) u

(14), To pemeHre OOpaTHOW 3amadyMl ONMpPENENCHUS Tapbl @ W Y IO JIBYM COOCTBEHHBIM
4acTOTaM — €JMHCTBEHHO. Tak Kak ¢ = m/pA,y = c/EJ, T0 Mbl ONpeeIsieM €IMHCTBEHHBIM
00pa3oM BEJMYMHY COCPEIOTOYCHHONW MAacCChl m, KT U KO3 UIIMEHT KECTKOCTH TPYKUHBI

-1
c,Hm™ .

3. ITPUMEPLI

Hns npumepoB 1 u 2, paccMaTpuBaeMbIX Jajiee, SKCIEPUMEHTAIbHAs MOJIETb COCTOUT W3
cranpHOTO (cTanb 60 'OCT 1050-88) crepxus ¢ paguycom 0,01 M, [ymrHON 6 M ¥ IIAPHUPHO

omepra Ha koHnax. Torma p = 7800 krm™, EJ =1649,34Hm>, 4 =3,14-10"m".

Ha »Tux ABYX HNpHUMEpax Mbl IMPOACMOHCTPHUPYCM BaXHOCTH HaﬁﬂeHHLIX JOCTATOYHBIX
YCJIOBUU IJIs OIIPCACIICHUA COCpCI[OTO‘IGHHOﬁ MacCCbl m, KI' U KOS(i)(I)I/II_II/IeHTa KECTKOCTU
IPYKUHBI c,Hm' mo JIBYM COOCTBEHHBIM YacToTaM. B mepBoM mpuMepe BeIMYMHBI

COCpPEIOTOUEHHOM Macchl M KOd(h(UUIMEHTa IKECTKOCTH TPYKUHBI  ONPEIENISIOTCS
OJIHO3HAYHO, a BO BTOPOM MpPUMEpPE — HEOJHO3HAYHO.

B. E. KanryxwuH, [l. 6. Hypaxmetos
NaeHTUdMKaLmna cocpeaoTOYEHHOMW MacCChl M XXECTKOCTU MPYXWHbI Ha CTEpPXHe
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[Tpumep 1
JIst HATJITHOCTH CHAYaJia MPUBEIEM Pe3yJIbTaThl PEIICHUs MPSAMON 3a1auu B Tabmuie 1 u
oOpaTHo# 3aaun — B TadHIIE 2.

Tabmuma 1. AHaTUTHYECKUE YacTOTHI IJIsI CTEPXKHS C COCPEAOTOYCHHOM MacCol 1

NPy KUHOU
m c al| b o, o,
0,3 8 1| 2 7,13 28,04

Tabmuua 2. Onpenenenue BeTUYUHBI COCPEIOTOUEHHON Macchl U K03 duimenra

JKECTKOCTHU IIPYKUHBI

o, o, a | b c m
7,13 28,04 1] 2 7,478 0,298
-17604,045 299,076

CormacHo Tabmume | MaHHBIM COOCTBEHHBIM dHacToTaM o, =7,13Tu U @, =28,04 I'n
cootBeTcTBYIOT m = 0,298 kr U ¢ = 7,478 Hm™'. OTHOCHTEIBHBIE MOTPEITHOCTH COCTABIIAIOT
0,=69% u o, =0,7%. Takue OTKIOHEHHs MNOIYCTUMBI HPU PELUICHUH NPAKTUYECKUX

3amad. B paborax [11, 15] OTKIOHEHHS OT TOYHBIX MAaCCOBBIX MapaMeTpOB COCTaBUIU 2,4 —
13,4% ot peanbHOM Macchl. 3aMETUM, YTO JJIsl BEIYUCICHHUS] COOCTBEHHBIX YacTOT 3aaa4u (1)-
(7) TouHOCTh nocTato4yHo B3sATh & =0,1. 3gechb & oO3HA4aeT, YTO NpU (PUKCHUPOBAHHBIX

3HA4YCHUSX @,b,/,m W ¢ BBITIOJIHSIETCS YCIOBUE |A(a,b,l,a)l.,m,c)|< gi=12.
B nmamnom mpmepe N, =-62,146, N, =-708513, N, =11,045,

N, =36,695, N, =-7572,796.

N,N,—-N,N,+N,N, =0, sgn(N,)sgn(N,) >0, ao sgn(N,)sgn(N;) <0.

TakKe BBIITOIHAETCS YCIOBUE

—2N,N, + N, (N, + No) = N,y (N, + N)* —4N,N, >0.

N, =-927,535,

CrnenoBateibHO, BETMYMHBI COCPEIOTOYCHHONW MAcChl M KOA((UIMEHTA )KECTKOCTH TPy KUHBI
OTIPENIENSIOTCS OJHO3HAYHO (OTPHUIIATEIBFHOEC 3HAYCHHWE HE YIOBICTBOPSIET (U3UICCKOMY
CMBICITY 33J1a4H).

[Tpumep 2

Ta6muma 3. OnpeneneHne BETUINHBI COCPEIOTOYCHHONW MacChl M KO3 dUImeHTa
KECTKOCTH TIPYKUHBI

) o, a b c m
7,19 28,31 0,51 3,5 9,958 0,303
4240,059 149,782

B. E. KanryxwuH, [l. 6. Hypaxmetos

NpeHTndurKaunsa cocpefoToMEHHOM MacChl U XECTKOCTU NPYXWUHbI Ha CTEPXHe
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N3 Tabnumpl 3 BUAHO, YTO BEJIMYMHBI COCPEAOTOYCHHOW Macchl W KO3 dUIMEHTa
YKECTKOCTH TIPYKUHBI OMPECIIAIOTCS HEOTHO3HAYHO.
B mannom mpumepe N, =-56,506, N, =1343,276, N, =-1,226, N, =-422,688,

N, =20,941, N, =-3460,721.
N,N,—-N,N,+N,N, =0, sgn(N,)sgn(N,)>0 u sgn(N,)sgn(Ns)>0. CrenoBarensHo,

BEJIMYMHBI COCPEOTOYCHHON MacChl U KOA(PPHUIMEHTA KECTKOCTH MPY>KUHBI ONPEENAI0TCS
HEOJTHO3HAYHO.

3AKJIIOYEHUE

Halinensl noctaTouHble yCIIOBUS Ul CYLIECTBOBAaHUS €JUHCTBEHHOI'O PEIIECHHUS 3alayu
UJICHTU(QHUKAIIMA COCPEIOTOYCHHON MacChl U KECTKOCTH MPYKUHBI Ha HEKOHIIEBBIX TOYKaX
CTEp>KHS 110 U3BECTHBIM JIByM COOCTBEHHBIM 4acToTaM. [lokazaHo, uTo B 00IIeM ciaydae 3Ta
oOpaTHasi 3ajaya UMeeT JBa pelleHus. Takue 3aaauydl BO3HUKAIOT INPH HCIOJIb30BAHUU
METOZ0B BUOPOIUATHOCTUKU OTHOCSIIIMECS K METO/IaM Hepa3pyIIaloniero KOHTPOJIs.

Ha ocHOBaHMHM MOAENM pPACCMOTPEHHOW B JaHHOM CTaThe€ MOXKHO CO37aTh HpUOOp
HEPa3pyIIAIIEro KOHTPOJs, (YHKUMOHHpYIOIMKA 1o cheaytomieir cxeme. IlycTth
COCpEJOTOUEHHAs] Macca M IpPY)KMHA HAXOJATCS B YacTH CTEPXKHSA, JOCTYI K KOTOPBIM
3aTpyJHEH N0 TEXHUYECKUM NpUYMHAM WM s o0ecredyeHus JOoCcTyna TpeOyroTcs
3HAUUTENIbHBIE  BPEMEHHbIE W MaTepuaibHble  3aTparel.  OmnpenenuMm  BEIUYMH
COCpPEIOTOUYEHHONM MacChl W KOX(pQHUIMEHTa >KECTKOCTH MPYXKHHbI HAaXOIAIIMHCS B
«HEJOCTYITHOW» YaCTH CTEP>KHS MO M3BECTHBIM JIBYM COOCTBEHHBIM YacToTaMm. Jljisi 3Toro, Bo-
MEPBBIX, HEOOXOUMO TPOBEpHUTH BhimoiaHeHue ycnosuii (13), (14). Bo-BTOphIX, UCTIONIB3YS
NpEeJOCTaBICHHYI0 HH(OpMAIUIO Ui TMEPBBIX JABYX COOCTBEHHBIX YacTOT IOJy4YEHHOU
KOHCTPYKLMH  BBIYMCIUTH HEU3BECTHBIE  BEIMYMHBI  COCPENOTOYEHHOHM  Macchl U
K02(ppuLIMEeHTA KECTKOCTH NPy KUHBL.

OTu  pe3ynpTaThl Takke MOTryT OBIThb TPUMEHEHBl I BBIOOpAa  3aKperuiCHHS
IPOMEXYTOUHBIX 3JIEMEHTOB, IMPH KOTOPOM KOJE€OaHHS CTEpXKHS HMMEIH Obl HY>KHBIN

(Ge30macHBIi) CIIEKTp YacToT.

PaboTa BbimonHeHa npu (UHAHCOBOHM Mojanepxkke MuHHCTEpCTBa 00pa30BaHMA M HAYKH
Pecny6nuku Kazaxcran (npoekr 2217/I'@3 MOH PK).
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