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AHHOTa].[l/lfl - Pa3pa60TaHa MaréMaTUu4dCCKasg MOJCIb JUHAMUKN pa60qer0 nponecca KapTO(I)eJ'ICO‘II/ICTI/ITel'IL-

HoW MamuHbI. [loyyeHs! pemeHus, NO3BOJIIONUE YCOBEPIICHCTBOBATh KOHCTPYKIMIO paboueil kaMepsl Ma-

IIIHWHBI.

Ins pabouux kamep KapTodeneouun-
CTUTENBHBIX MallMH B BUJE UWIHHIPHYE-
ckux obOeuaek, Hanpumep tuna MOK, us-
BECTHBIE MOJIETTH K COXKAJICHUIO HE YUUTHI-
BalOT B3aUMOJICHCTBUE OTICIBHBIX OYH-
IIaeMbIX KIIyOHEH MexX1y COOOH.

XapakTtep mnepeMernieHust nepepada-
TBIBAEMOTO CBHIPbsI B pabouell kKamepe TeX-
HOJIOTUYECKOM MAIIMHBI BeChbMa CYIIECT-
BEHHO BIHUSET KaK Ha PEXHUMBI Ipoliecca,
TaKk U Ha KOHCTPYKIMIO caMoil paboueil ka-
MEpBI.

V3BecTHBIE MOJEIHN TEePEeMEIICHIS
KOPHEKJIYOHEIJIONOB B pPabounx Kamepax
OYUCTHUTEILHBIX MAIlUH, SBISIOTCS OCHO-
BOH BBIOOpPa KOHCTPYKIIMH, B YaCTHOCTH
Pa3IMYHBIX TEOMETPHUYSCKHX IapaMeTpOB
TaKUX KaMep, 1 KHHEMAaTUYeCKUX MapaMmeT-
POB TiepemerieHus padbounx opranos [1-3].

[Ipenmonarast OTJENbHBIE OYHINAC-
Mble KIyOHU KapTodens YOPYrHMH 3Iie-
MEHTaMH, 3aMEHUM HUX (B IUIOCKOW MOCTa-
HOBKE) KECTKUMH JUCKAMH COCTUHCHHBIMU
MEXAy CcOoOOH YyINpyruMu MpPYKHHAMHU.
[Ipennonoxum TOMOTHUTENBHO KpanHUIA
TIEBBIA KITyOEHb 3aKPEIICHHBIM HETIOABU K-

HO (OMEepTHIM HAa OCHOBHYIO MAaccCy OYH-
maemoro kaprodens). Bzaumoneiicteue
TpeX KOHTAaKTUPYIOUINX MEXAy co0oil u
CO CTEHKOH paboueill kamepnl KiIyOHeH
MOKHO TOTJIa pacCMaTpHWBaTh B paMKax
CIEAYIOLEH 3aa4yu: OINPENEIUTh Yac-
TOTBI CBOOOJIHBIX KOJICOAHWUW M HaUTH
($hOpMBI TIaBHBIX KOJEOAHHWI CHUCTEMBI C
JIBYMsI CTETMEHSIMU CBOOOJBI, YKa3aHHOMN
Ha pucyHke (loy u lop —amuHBl Hexedop-
MHUPOBaHHBIX NPYKUH 1 1 2).

Cucrema COCTOUT U3 ABYX OAHO-
POIHBIX JHCKOB, TPUCOCIUHEHHBIX K
BEPTHKAIBHBIM ITOBEPXHOCTSIM TIPYKH-
HaMHU ¢ Kod(dUIIMEeHTaMu KECTKOCTH C1
U ¢ M COCIMHCHHBIX MPYXUHOW ¢ K03(]-
(UITUESHTOM JKECTKOCTH c3. B cocTosHUU
MOKOSI IPY’KUHBI ¢ KOAPDUITUESHTAMH Ke-
CTKOCTH €1 M €2 PACTSHYTHI COOTBETCT-
BEHHO Ha BeNUYUHBI fep1; foro. TIpyxuna ¢
KOd((UITMEHTOM KECTKOCTH C3 CKaTa Ha
BeMUHHY fer+fepn.

3a 000OuIeHHbIE  KOOPAUHATHI
npuMeM: (, I — TOPU30HTAJIbLHBIE CMEIlle-
HUS LIEHTPOB Macc JUCKOB | M 2 OT mo-
JIOKEHUSI CTaTHYECKOTO paBHOBecus. Ha
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PUCYHKE IIOKa3aHO IIOJOXKCHUEC CHUCTEMBIL
pru IMOJOXHUTCIIbHBIX 0606HJGHHBIX KOOp-
JUHaTax.

Haiinem KMHETUYECKYIO M MOTEHIU-
albHYI0 dHEpPruM cuctembl. Kunernueckas
SHEPrUsi CUCTEMbl COCTOUT U3 KHUHETHUYE-
CKOM SHEPIrUH JUCKOB:

T=T1+Ty= 0.4° + oy + 0" + 3o, :
2 2 2 2
rae.q, I — o0o0meHHbIe CKOpocTH; J1, Jo —

MOMCHTBI HMHEPUHHU JHUCKOB OTHOCHUTCIBHO
oceil, MPOXOJAIIUX COOTBETCTBEHHO Yepe3

ux ueHtpsl macc C; u Cp. MOMEHTBI UHEp-
_mr® ._
nud auckoB Oymnytr Ji=— ) 1=1, 2. T.k.
2

r 3 . 2.
1=, 02=—, 10 T=—(0,4°+0,1*).
h h 4

[ToTeHIMambHAS DHEPIHSl CHCTE-
MbI paBHa pa0bOTe CHJI MPH IepeMelie-
HHM CHUCTEMBI M3 OTKJIOHEHHOI'O II0JIO-
KCHHS B HYJICBOE (IIOJIO)KCHHUE CTaTHYe-
ckoro paBHoBecus). IloTeHuManbHYIO
SHEPTUI0 CHUCTEMBbI BBIYUCIUM KaK I10-
TEHIIUATBHYIO YHEPTUI0 AePOPMUPOBAH-
HBIX MpyxkuH. Jlepopmanuu mTpyXuH
cienyromue: A1=q+f.;; — IS Ipy>KUHBI C
kod(purmeHTOM JKECTKOCTH c1,
Jo=r+fen — mist mpyXuHBI ¢ KOAPPHIIU-
€HTOM JKECTKOCTH C3; Az=Q+r+fe . +fen —
JUTS TIPY>)KUHBI ¢ KOO(PPHUIIMEHTOM KecT-
KOCTH C3.

Puc. MOJEIb B3AHUMOJEHCTBHA KJIYBHEH

CnenoBatenbHO,
[1=1/2¢1(qHer)?-1/2¢1 T2, +1/2¢5(r+10)%-

col

1/2¢ T2, +12¢3(qr+en Hen) ...
o 112¢5(F e Her)?,
WJIY TIOCJIE YIPOLIEHUIA:

[1=1/2¢1G°+1/2cor*+1/2¢3(q+r)*+. .
... +erQfen +earfentes(q+r) (for Her).

N3 ycnoBuii mokos paccMarpuBae-
MOM CHUCTEMBI, HaXOJsIeHcss Mo IeHCTBH-
€M CHJI, UMCIOIIUX ITOTCHIAII, UMEEM.

[G_Hj :lech'l'CS(chl +ch2):O'
aq

[a—HJ =eofutes(Fon+Hor2) 0.
or

IloTenumnanpHas OHEpIrust CUCTC-
MBI C YUCTOM YCJIOBI/Iﬁ IIOKOS UMECT BU.

[1=1/2¢1G°+1/2¢or*+1/2¢3(q+r)>.

Taxum o6paszom,
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T=% (01q2+c‘)2r'2),
[1=1/2¢10%+1/2¢or*+1/2¢5(q+r)?,

WJIN.

T=1/2(a11G° +2a12Q ¥ +azt*);
H=1/2(011q2+2012qr+022r2).
31ech aij — K03 OULUEHTHI HHEPLUH:

3
alFEml, a=0, 612225 my; Cij — ko3ddu-

OUCHTHBI JXCCTKOCTH. c11=c1+cs, C12=C3,
C=Cr*cC3.

s paccMarpuBaeMoil  KOHCEpBa-
TUBHOM CHCTEMBI YypaBHEHUs Jlarpanxka
HUMEIOT BUL!

d (GTJ aT oI,

wl20) 20"
daa.a
dt\ or ) or or
BerurcnuB npousBogHbIE
oT oT
_=O| __:allq;
aq aq
i ﬁ =ann(qQ —=cuqtcupr
dt{ oq 10X s
oT oT
_=O' ___ = r,
o o 2
i(a—Tj—a i 8_H:c g+coor
dtlor ) 2k, o E

W TIOJICTaBMB WX B ypaBHeHHUs Jlarpamxka,
TTOJTYYHM:
a1 4 =-c110-c1ol, azx F =-cx10-cl,
rne cp1=ci2 Takum oOpa3om, AJs JaHHOM
cuctembl auddepeHuanbHple  ypaBHEHUS
CBOOOJHBIX KOJIEOAHUI UMEIOT BH]I
a11§ +c110+c12r=0, az I +c210+c22r=0.
YacTHOE pelieHne 3TUX ypaBHEHUM:
g=Asin(kt+/), r=Bsin(kt+p),
rie A u B — aMmuTynbl TIaBHBIX
koJiebanuii; K — 4acToTsl CBOOOMHBIX KOJeE-
Oanuii; f — HauanbHas ¢asza KojaeOaHHH.

YpaBHEHHE YACTOT, BBITEKAIOLIEE
U3 JJAHHOW CUCTEeMBbI T depeHITNaTbHBIX
YpaBHEHUH, UMEET BUJ

2 2y_ A2
(cll-allk )(sz-azzk )- C, =0.
Kopau »TtOoro OukBazpaTHOro

YPaBHEHHUS, COOTBETCTBYIOLME KBajpa-
TaM 4acToT, ONpeAenuM o popmynam

k122 _ A0y + 850y + \/ (amczz + azzcn)z B 4311322 (Cnczz B C122)
' 2a’11a22
[Tycte B paccMaTpuBaeMoil 3ajaude: mac-
Cbl OJHOPOAHBIX mguckoB m1=0,06 Kr,
my=0,04 xr, KO3(pPUIIUEHTHI XECTKOCTH
npyxuH: ¢1=20 H/cM; =30 #/c™; ¢3=10
w/cm , torma  a11=(3/2)m1=0,09 «xr;
cu1=c1+c3=3000 H/M; c12=¢3=1000 H/m;
6122:(3/2)1’112:0,06 KT, C2=cotc3=4000
H/m. CrenmoBaTenbHO, 4acTOTBHI CBOOOI-
HBIX KOJIeOaHUH
ki=169 ¢ k;=268 ¢™.
Koadduumentsl pacnpenenenus,
COOTBETCTBYMOMIME 4YacToTaM K; u Kp, B
00111eM cirydae UMEIOT BUJT
— B, —_ ﬁn_énkf —_
H1—— ~ N 2 ~ N 2
A1 N, — a12k1 n, — a22kl
,uz:i:— ﬁn _énkzz —_ ﬁ.I.Z _é12k;- .
AZ ﬁiz - é12k22 f
B mannom caywae u1=-0,43;
1>=3,46. YpaBHEHUs, OIpEACIAIOLINE

NepBoe TIJaBHOE KoyeOaHue, MNPUMYT
CIEAYIOIIUNA BUL:
q1=A15in(16,9¢+/1),
r1=-0,43A15in(16,9t+ﬂ1).

VYpaBHEHMS, ONPEENSIOIINE BTO-

poe riaaBHoe KojebaHue,
02=A,SIN(26,8¢+p>),
r,=3,46A,sin(26,8t+/,).

Obmee pemenue auddepeHu-
aJBHBIX YpaBHEHUU MPEJCTABISIET COOOM
CyMMY YaCTHBIX pEUICHUMN:

q=0q1+02=A1sin(16,9t+p,)+...
... tA2sIn(26,8t+4,),
r=r;+r,=0,43A;sin(16,9t+51)+...
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... +3,46A:5iN(26,8t+5).

3navyenus Aj U fi onpeAemnsoTCs 1o
HayaJbHbIM YCJIOBHSM 3aJJauu.

[Tonmy4yeHHble pemIEHHUs] TO3BOJISIOT
YCOBEpPLIEHCTBOBATh KOHCTPYKIMIO paboueit
KaMephbl, YCHJINBasi abpa3nuBHBIC 3JIEMEHTHI B
TeX 30HaX LWIMHAPUYECKOW obeuailku, rae
KIyOeHb, KOHTaKTHPYIOIIUH CO CTEHKOM
KaMepbl HanboJsee MHTEHCUBHO IPUKUMaeT-
csl K paboyeil TOBEPXHOCTU. DTH 30HBI OI-
peleNAoTCs ¢ YY4eTOM CKOPOCTH BpallleHUs
HUAJTUHIPUYECKOU 000JI0YKH paboueii

pBl U COOCTBEHHOW YacTOTHI KOJIeOaHUI
pPacCMOTPEHHON CHUCTEMBI U3 TpeX MpH-
JeKanmx K pabodeld mTOBEpXHOCTH KITyO-
HEH.

B kauecTBe mpuMmepa npuBeaeM

pacyer 3aBUCHMOCTH TI€PBOH YacCTOTHI
KOJICOAHUN OT XapaKTEPUCTHK YIPYTOCTH
epBOro KiyoHs (c1)
ml = 0.0E; m2 := 0.04; c1:=1000.. SOOC;
c2:= 300(; c3:= 100(; all:= 1.5m:l;
c11 :=2000.. 4OOC; cl2:= CE; a22 = 1.5mZ;
C22:=c2+ C3:

[ |
kl(c1l) := all-c22 + a22-cll — r(all-czz + a22-cll)2 — 4a11-a22-\ cll-c22 — c122, —I

1

( kield) \2

k01(cll) =
(cth \ 2a11-a22 )

B o6mem cnydae Ha cBoiicTBa ab-
PAa3UBHBIX BKJ'Ia)IBIIHefI, KaK ITOKa3bIBAaKOT
YHCIICHHBIC BBIKIAJKH, BIUSIOT YIPYTHe
XapaKTePUCTUKU TPYKUH — MOIYJIH YIpPY-
TOCTH MSKOTH KapTodens. DTOT BBIBOJ
TOBOPHUT O TOM, YTO Y4eT CE30HHBIX H3Me-
HEHUU CTPYKTYPHO-MEXaHUYECKUX
CBOMCTB KapTodens, Hampumep, Tpedyer
MPUMEHEHHUS Pa3IMYHbIX pab0YNX OpPraHoB
MIPU OYMCTKE CBEXeCcOOpaHHOTO KapTode-
7S ¥ KapTodens MPOoIIeIIero OnpeaeieH-
HBI CPOK XPAHEHUS.
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