YEJIOME# B. H.

L]

O KOJEBAHUSIX CTEPYXHEN, MOJABEPYEHHBIX
JNEMUCTBUIO NMEPUOINYECKM MEHSIOIUXCS
MPOJOJIbHBIX CWJI

BBEJEHHE

Becbma Ba<HbIE M MHTEPECHHE B HHMKEHEPHOH NPAKTHKE BOs
pocel BHOPAUMKM TOHKHX CTepKHe#, noABepKEeHHuX NeHCTBHIO me-
PHOAHYECKH MEHSIOUKHXCH NPOJAOJALHEEX CHJI, H3YNEHL CPABHATEABHO
Mas0. 3ajaul B STOM CJydae CBOAATCH K HAYYEHHIO ypaBHEHMA
KBA3UTAPMOHHYECKHX KoaeGauuil, HCCAEAOBAHMIO W  YCTAHOBACHHIO
obsactefi HeyCTORYUBOro KOAEOATEALHOrO ABUKEHUSN,

AKTya/bHBIE B HACTOAUIEE BPEMs BONPOCH MCCAeAOBAHUA BuGpPA-
I NOAMOTOPHHIX paMm a3pONAaHOB, WATYHOB OLICTPOXOAHBIX ABH-
ratenedf B BOOGHIE BHOpAUMM CXKATHIX M PACTIHYTHX CTepKHeHd
I CTPOMTEAbHON MEXaHHKE COOPYHEeHHH U B 00MEeM MAHAOCTPOCHHH
IpebyioT M3yHEeHHUs BHIHYKICHHBIX KoaeOanuk CTOK B camom obuieM
nujge. ;

B nacrosues crarbe Mb OrpaHHYuMCs paccMOTpenuem BHOpauui
(10eK, MPUMEHATENLHO K HEKOTOPBIM YACTHHIM CJAy4anM.

I. Ocnoenoe audpehepenHunanbHoe ypasHenue

PaccMOTpHM CHayaJa 3a7a4y NpH AOCTATOMHO OGUIHX yCAOBHAX.
[lycTs MPOXOJABHAR MEPHOAMYECKAs] CHAA € HEPHOAOM

2n

IPHNOMKEHA K OXHOMY M3 KOHUOB NMPAMOr0 TOHKOrO CTepKHS mne-
pemeHHOH xecTKOCTH (dur. 1). -
Ecan 06038aunTh uepes
p(X) — IHHEAHYI0 Maccy CTepkHs,
L I(X) ~— MecTKOCTh NpH usrube,
u(x, f) — nonepeyHoe nepeMelienue paccMaTpPHBAEMOro SJeMEeHTa,
0 MOXHO 3aMuCcaTh OYEBHAHOE PABEHCTBO /

T

as
El%) 5o = M— My— Mp,

fne M, M; m Mp— cooTBercTByiomue uarubaiomine MOMEHTH 3a-
HeMIEHHS,, OT CHJI MHEPUHH U NPOJAOALHON CHJABL,
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Huddepenunpys ABaXAL ¥ NOMHS, 4TO

[ a?MJ agu
ot =) e

9*Mp 0*u
i
H
a*M
o =Y
P 1y < MOMYUUM OKOHYATEJBHO
{— X b 92 9° o o
0 W ol A At »
1 -— a axz[gij?dxz}—i_‘o(tz Ox‘a’-}_P{x)dtz “‘00 (1)
g Ypasueuue (1) SIBASCTCS OCHOBHEIM B
H3JaraeMoil TeopHuH. !
Ecan crepxens nocmaunonio) nonepey-.
HOrO ceueHusi, TO ypasmenune (1) nepenu-
‘ £7(z)  wercs Tak: '
L g
d'u ’u 0*u »
EJ 5+ PO ss+e5m=0 2
/ :
&) Ypasuenue (2) apasercs OCHOBHEIM B T€O=
% P (¢t) pHH konebaHuil TOHKHX CTEpKHEH MmoCTOAH-
/ HOro nonepeusoro ceuenns. [locrosuubE
1 unTerpupoBanus ypasunennii (1) u (2) onpe-

) o AEASTCS NO TPAHHYHBIM YCJOBHAM, COOTBET-
CTBYIOIMHM CrOCOGY 3aKpenJeHHs KOHUOB.
ur. 1. PaccMOTpHM HEKOTOpPHIE YaCTHHIE CJAydYaH.

2, Koaebanus CTepiKHA C IWAPHHPHLIMH KOHUIAMH

- B 5TOM Cayuae TpaHH4HEE YCJAOBHS JJAs OCHOBHOTO ypaBHEHHS
o'u d’u *u
EI@‘FP(Og;i—!‘Pg;:O

npuo6GpeTanT BHA
2
(#) x=0=0; (d u) =0;

0o
o*u
@i =0; (33), =0
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CoBepmieHHo SCHO, YTO ypaBHEHMIO (2) MOXKHO YHOBJIETBOPUTH
(OOTBETCTBEHHO TPAHHYHEIM YCJAOBHAM (3), MOMOKHUB

u = w(f) sin -E;i Y, (4)

rne w(f)— uckomas GyHKUHMS BPEMEHH, OnpejenseMas H3 yPaBHEHHS
d*w , Eln‘n* [ P(t) ] e s

Y R T el (5)
—pr—
a
n— nenoe 4ucao,
n= 1, 2] 3, .o
3ameuyas, 4TO
Lo
”_“nbl e P
l-
- KPHTHYecKas D#iiepoBa CHJA 1n-ro nofmmca, a
G
l=—
y g
- Macca CTepXHs, 3anuumeM ypaBHenue (5) B TAKOM BHIE:
d*w | n’gr® Py, POy
o i —a"[‘ ‘;6;;] faemd, ©)
llseeM HOBYIO NMEpeMEHHYIO ‘
ful X
k
k:@_w_l,_n.g.g“g_&" 1— P(%’) 6
Rl b O ©)
IlpeacTaBUM BHIpaXKeHHE
_Pp)
Prn
W DHOE paAjaa 4
? & |
I-—-F;:("‘) =q* X szf’[“320032-’:?‘}—%"’&1‘:05(%""1)?]’ )
on :

p=0 =0

! Taxum ofpa3oM npeanoxaraercs, 9T0 ocHoBHas dopma konebauuit Maso orad=
Hiercs OT ynpyrol AHHEM, KOTOPYIO mpHOGperaeT cTOfka npu HArpysiemus €€ npo-
Aonwioil necTosBHOM cHAOH.
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rje p— HeKOTOPHH Majasli, NOJOMUTEIEHEH NapamMerp, “§2 H %}21' ]
COOTBETCTBYIOINHE KOSMHIUEHTH NpH cos2ip U cos (2i+1)9.

Ilpeanoaaraercs
el == 1,

Taxum ob6pasom ypasHuenue (6") mpumer BuA:

dw  ngr Pm \‘

) o a“cos?;
A Yo [ ?+

p_l} :£0

a0, cos (2i4-1)% Jw=0

[Tonyuennoe ypaBHeHHe NpeACTaB/aseT coOOH M3BECTHOE YpaB:
nenne Hill's. 4
Jas onpenenenus NepHOAHYECKHX pelneHui (CBOGOAHLIX OT CE
KYJASiDHBIX 4JEHOB) STOrO YPABHEHMs, C NEpPHOAOM 2% H 4%, T.

HNUaNLHLIX ypaBHeHHH '), KPHTHYECKUM O06JacTAM 4acTOTH £ BO3M
mamomed CUAH, MPeiACTaBHM pelIeHHe W u 4yacTtory £ B BHAE CT
NEHHLIX PALOB, PA3J0OXKEHHe B KOTOPHE NMPOU3BOAUTCS MO CTEHEHS!
o6ulero Mazoro NoJMOXHTEABHOrO napamerpa p

= -]
1
T o AR AV
j==0
¥ on I""
a9 i
B Yk, (10
=0 y t

rae dynkuun w;(i==0, 1, 2,'3,...) " onpenessiorcs exeayomen Geg
KOHEYHOH CHCTEMOi .nm{eﬁnux auddepenunanbupx ypapHeHud

d w
k; dtzn‘H‘ Wy==0

Yooy

BEDe +1jwat Y ( i 2 by iy + 5 (@)t | = 0.011)
-

B cucreme (11)
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g II'-:I."..I.’ iy

a qyyukuan t(¢) npu & uernom, k=2n(n ='6",. g A
s =lgza§,2cos?,i? (13)
=0

n npu k — neuersom, k=2n-}-1
ot = A2 2 afd),, cos (2i4-1)p (14)
N =0 .

He npuBoas anuuHOro paxa npeoGpasOBaHui, NMPHHUKNHAIBHO
HE MPEeACTaBAAIOMMX 3aTpyAHEHHH, 3aMETHM, UTO ONpeletsas H3 mHo-
JAYYEHHOM CHCTEMB QYHKUHH 0, W, W,,... € YCAOBHEM OTCYTCTBHSA
CeKY/NSIPHHIX 4JEHOB, Mbl NPHILAH K CJAedylomeMY 3aK/AI0YCHHIO: npu
JOCTIAMOUHO MAAOM P HAubOAee ONACHON W ULUPOKOIL 00AQCHIbIO
pesonauca. seangemen 06.aacmes 3HAveruil wacmomsl k 803myuwaouen
CUABL, OnpedeaseMas npeoesamu:

a}n) ag:v) ,JgD)? af®
S ) T () ;
AR SO LY (1)
+(2 64)910 +... (15)
MO = 20, (1)

Cneayiome# Brcureff, 6osee y3kol 06AacTbi0 pesoHaHCa 6yner
o6nacTh, onpeneasiemasi rpaHANaAMH: :

afd o 535032)

1) AL R T A R S ()] (1)
}“8+(4+2 24-){t)+ <k<)0+

A A
MO ==y (16)

+(3§°f+2f’f_?5ﬂ),mg:+... (16)

H T. A

3amMeTHM, 4YTO C yBeauyesumeM mnopsiaka obaacted pesoHaHca,
WHDHHA MX YMEHbINAeTCs, TAaK KaK rpaHunsl o6aacTed B STHX cay-
yasX OMPEAENSIOTCH BHICIIAMH CTENEHsSMH §, a8 B npejene, Ans 006-
nacTefl ¢ [OCTATOYHO BLICOKHM NOPAAKOM, MPAKTHYECKH NOAY-
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YAIOTCS H30JMPOBAHHBE KPUTHUECKME TOUKH, OMpPENe/ISeMbe Bhif:
paxkeHHeM:

y-100} (0) (0)2 .o N

it g EE___,__'{L_-"_} .
nm[w,] + [ ey tomsyd U A (1 :

i— 00 /

4§ =2 a7).

HIIH
(0) (0)2

o oL . A

PO PR il s pe+...];};> (18)

9 T 16 | -

M, C/€NOBaTeNbHO, N7 06J3aCTell AOCTATOYHO BHICOKOTO MOPSAKA M.

HpH JAOCTATOYHO MAJOM |, MOXHO MOJOXHTH 4
G(D)

; 2 Ggm i) : ‘
k(‘)::[l—{— (T"‘T&")“’] A (18"),

W __ 2h,
e iy

He tpyano Tenmepp HOKasaThb BeCbMa HMHTEPECHOE MOKOXKEHHE:
Kpumudeckue 06Aacmu pasAudHsX NOPAOK0S, npu 0OCMaAmo4Ho Ma-
AOM B, PACNOAQAIOMCS NO Kpalinell smepe 8 UHmepsase '

1 1
ki .

kn
Pe0, 1020

HIHBIMH CJIOBAMH: PE3OHAHCHbE YACMOMbL PACNOAGRAIOMLS HABep=
Hoe Mmedxcdy “acmomami, Komopsie npuobpemaem CMEpIHCeHs npu

cmamuseckox Oeiicmsun cusn PS§) u P).
B camoMm jese, B CuAy OYEBHAHHIX HEPABEHCTB

)
N [l+f§p+...]<13‘“]/ 1—f’;-;qi_n (19')
kn A

) 2 j ':
AP [1 i 5}?—» +. ] > 1.‘,“’]/1 —% (19798

CNpaBefJIHBOCTb CAEJAHHOIO 3aKJIOYEHHS CTAHOBHTCH OYeBHHOH.

3. Ouenka nojy4yeHHoix ¢opmyn

He TpyAaHOo Tenepb OUEHHTh MOrPEeUIHOCTh, COBEPIIAEMYIO upné
onyckauun B Gopmyaax (15), (16), (17) uneHos, coaepxamux @
B TpeThbell H 6oJee BEICOKHX CTENeHfX. i
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M3 obmel TeopAH ypaBHEHMH MaTEMAaTHYECKOH QU3HKH H3BECTHO,
4TO MPH PACCMOTPEHHH MAaKCHMAAbHO-MHHHMAJbHEIX CBOHCTB COG-
CTBEHHHIX 3HaueHHHl ana 3apas rtuna Sturm-Liouvilie’s, moxnO mo-
JAYUYHTH nupamenne ACHMNTOTHYECKOH ONEHKH.

Takum o6pa3oM, ecad AndepHHIHAJBHOE YypaBHEHHE

d{ d
. a(pdfﬁ)—qy+>ﬁpy=0

HMeeT TPAHHYHEIE YCJIOBHS
Yo=y(2r), y®=y'(@2n),
TO HMeeT MeCTo C/AeAyIoulasi acHMNTOTHYeckas Qopmyaa: ')

2 2
b Fop ik 1_"‘ @
i (T“\ i (5«:‘) ( fl/p ) “")
0
; 2 _(_7
n X
A (x)=%§ l/m“"

B paccmaTpuBaeMoM cJayuae

HJ/IH

n Rt
he o ND
px)=1; ¢=0;
s PYe)
p (x) =1— = T
H cAeloBaTeNbLHO
2n
i G P(e)
X lxgp]‘“ 2:] ]/1 oy (9

HIIH
B0 127: o0 FT
s 1514 (S S s
0 ‘wp=0i=0

1
+ paz}il cos (2i+1) tp] [? de=1-
af? _ oi @
%+ - s -—]B_) pi-A(ple, ¥t @y, a1 ), (2(-)")

3 1) Cm. P. Kypanr u JI. Tuanbepr. Metoasl MatematHueckoil ¢usuku, T. I, c1p.
392—393. I.T.T.H. 1933.
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rje BhIpaXxeHHe

i .'.
Alfp?r, p2+, of) a)l)q]= A, R

NPEACTABJSET OTHOCHTEAbHYIO MOTPEMKOCTb, NOTY1aEMYI0 B Pe3yJk
TaTe ONMYCKaHHd YJEeHOB ¢ p’ M BBHICIUHMH CTEIEHSIMH p. B PasJio:
kenun (17).

Takum oGpasom

1 MOBIL: 1
—|—a |cos(25+1)cp]} d"’_l_”(‘“gg‘_ 116 )P'z 1)

HJAH

L fo e o o
sl VAT b L. O g TP, o, S e X Y B )
AL JN 1— 5P dg—1 (2 ' )p @1

OrtnocuTesbHAast NOrpeiHocTs A, orHocuTeabHO k() B pasnos
xeuwnu (17), ouesnano, Gyner

© 0 .
1 4 (_Eg___, “1'6 )p;z

Aj=1—2n (22)

P9 4

J ]/1 i

HIH )
0) (02

)

A = 1—2z (22,

1 o
Z Z '*‘P[ af) cos 2ip-t-asi’s1 cos (2i 1) ?]} Tdy. 8

p=0i=0

2r
]
Ias npumepa paccMoTpuM KoJeGaHHA CTEpKHS, nonaepmeusor'
neﬁcmnm NePHOAHYECKON CHALI, H3MEHSIOMWENCH N0 3aKOHY
P(t)= P, P, cos kt.
B aToM caygae, caeayeT MOJOXKHTE: )
P()
Pin

0 a P )
=1 a=1-F 4

3 = [a§” 4 pa,©® cos 9] @
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©___ Pan

¢ A _"PM—P
.._...___l_, »
]‘L“"Pkn <<l|
a =of) = ...=0.

U caenosatensio 06/acTh PE30OHAHCA ONPEAENHTCH CJeAyIoun-
MM 3HAYEHWSAIMH YACTOTH £ BOSMYIIAIOWEH CHALL:

- _g..-_ P;" Phn 1 __f]_____ ) 1 ( Pl )2 ] J(@ .
2"”]/1(1“ﬁ;)7}_[1—1<}°k,,—P BB T i T

<rn)/ E( a3l )]

Ecan nepuHoamuyeckas CHAAa HMEET BHA
P(t)= P, - cos kt,

TO
Pﬂ—'—:O )
U CAENOBATENbHO OGJACTh PE30HAHCA NPEACTABUTCS TAKHM BHIpA-
WKEHHEM ; - ) _
Tl PO __1_(_{1)_ ] 2O
2nn i [1 Y P. TR < RN <L

4 -.g pkr.' . 1 P Pl) ]
<2""|/T'“6"“[‘“' e 64<P R

Ecau cTepikeHb CXKaT MOCTOAHHOH CHAOH, TO

P,=0
1 CAeNoBATeNbHO H3 (23) moayuum: !
i B RN
k= .‘Zm&]/-!— (_1 B ) G (25)

T. €. B 3TOM c/lydde PE3OHAHCHAS 006/AACTH CTACHBACTCH B H30/H-
POBAHHYIO TOHUKY.
Jlas pacTAHYTOrO MOCTOSHHOA cuao# P, cTepxud,

P(f)=_Po

R= 2;;1:]/1 (1+Pg,,) G ‘ He (26)
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[Monyuennsie Bupaxenus (25) u (26) aas k, oueBnano, npes-
CTABASIOT YACTOTH COGCTBEHHBIX KOJeOGAaHHH CHATBIX H PACTAHY-
THIX CTOEK. i/

HOns o6nactelt pesoHaHCAa BLICIIEr0 NOPAAKAa C JAOCTATOYHOH
CTENEHBIO TOYHOCTH MOXHO MOJIOKHTH CYIIECTBOBAHHE H30JHPOBAH-
HBEIX KPHTHYECKHX TOYEK: ]

N 2n% 1 2,0 0T g P \P
i [l_l_s(b‘m—P)Jl/T(l——ﬂ*)—oﬂ (78
“~

Ouenum OTHOCHTEJIBHYIO NNOrpemHOCTh B NOJAYYEHHBIX (bopuy.nax. ]

20?2
i I
21_ l/l paf coszpdq;—|—[ ]p . %

BOCHOJIbSOB&B!II!le pasjoxKeHHEM

e O'DW ® (0)x
—(® e po k
]/1 paj cosp=1 2%! cos® ¢,
k=l
TOJYUHM

oa k21 !
Y Bt B (02
A-»—m( % — Z !;:;1 J cos*qodgo)—]— l%]p‘—l.

k=1
Benomunas, yto
2r
5 cos?*+! pdp =0
n=0,1,23,...
H
2r
5 Cosh?d?= l : 3 ¥ 52:“:’5!2’; it 1) 211,
n=0,1,23,...
3aKmnouyaeM
oi” Zl e T e
[ g @Ry kT M
k=1
HAH
1-3.5...2k—1)( P, )% i
2 8. (2k)! A1 (p,,, =P, @93
ars P, o 1 P, » 4
A=— 1053 (Pm. —Pu) 147456 (Pm —p,,) i
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Takum 06pa3om, mMPH NMOCTABJEHHOM YCJOBHH

Py+ Py < Py
P, )
VTS S 1),
(Pkn """PG <
a6coM0THAS MOTPEMHOCTh B MOJYYEHHHX (OpPMy/lax HEe HPEeBLICHT
A= — 0,001A” (28")
WIH o
a=| 8o (28')
l_-i\-g‘_ et | ’ﬂ)

T. €. TOYHOCTb NMOJYUYEHHBIX PAa3NOXEeHHH BNOJHE AOCTATOYHA A/
KAKMX YroAHO NPAKTHYECKHX NPHJIOKEHHH.

4. KonebGanus cTepHsl C OJHUM 3allUE€MIEeHHbIM, a APYTAM
¢B00OOHBIM KOHUAMH

B 3TOM cayuae rpaHHuHLIE YCJOBHSI JJfl OCHOBHOrO ypaBHEHHS
(2) npunumaioT BHA (dur. 2)

7 e, 3 (3% )M Zo Prt)
(29)
(%) .=0: @ei=wer y

AHAZOrMuHO NpeabAYyLEMY, YPABHEHHIO (2) MOXHO
YAOBAETBOPHTH COOTBETCTBEHHO TDAHHYHBIM YCJOBHSM
(19), monoxkus

s=w(f) sinZTDTL (30)
n=0,1,23,... |
rie w(f)—wmckomas (GyHKUHS BpeMeHH I, onpejese- x
Mdasl H3 YpaBHEHHA dur. 2.
0w R DB AE) w=0, (31)
de* 16pl* @2n4-1)=2El |7 7

4

a k, KaK ¥ paHblle, 4acTOTa BO3MyINAKOLIeH CHJBL
3ameuas, uTO

(2n - 1)*n*El

e
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— KpHTHYECcKas DfilepoBa cuaa n-ro NOpAAKa, a

G
|l =—
Al
— Macca CTep:KHA, sanumem ypasuenue (31) B TakoM BHAE
9 4
+ (2n4-1)1°g  Pra iy (é‘j (31')__.
d‘P‘ «l G Pkn
Vpasuenue (31') oriuyaercs or ypapHenus (6') TOJ’lbl(O MHOKH=~
TRNIEeM (2!{1—_1)_ npu pyskuun @ (), CTOSAWHM BMECTO 1%

CaenosateapHo, Haubosee onacHaa M mupokas 06aacTh peso-'-;
HaHca ONpeleauTCs CAeAYIOUUMH 3HAYEHHAMH YACTOTH £ BO3MYy-
mamied CHJIbl /

&(1. P Pm ML AGENY ____‘_‘_:’L.__)E_ ] ©
(2”+1)n|/ (1 PM) o 64(!%----;90 o il
O % A D R ) S
<(2n+1J..l/ z( P;m) l1+ 4},“_;, 64()0&“”_}3_“) +]
Jaa caeayowme#t 06aacTu Y
2n--1 T C e v pkn 1__ 5 LA ] i
mbl, S B RN Ba )’
<Py () Sl (i) | o
' 8l A |

AHANOTHYHO NpPEABAYIHM Pa3NOKeHuaAM AAs obaactef n’ocm-‘».-‘,-
TOYHO BLICOKHX MOpPsAKOB OyjeM HMETb i

sk e [1 ! (mefx_ Pﬂﬂ ]/ 3 (1 A )pk,, (33)

Ecan ﬂepﬂonuqecxﬂﬂ CHJIA HMEET BHI
P(f) = P,cos kt
P,—0

H CIe0BaTeNbHO 06/4acTh pPE30HaHCA NPEeACTABHTCA TAKHM nupa-'_?'
WeHHeM -

g & P AL 0 A ) 02 0)
(2?!—!—1)1: G [1 TP,Q” 64(;)_*;)-.“ <k( <

174



Ilns CKATHIX ® PACTAHYTHX CTEpKHEH, BMECTo o6aacTedl mu
1OJIYYUM H30/IHPOBAHHBIE TOUKH

oo/ SRTE

—(2n+1)ﬂ'/—(l+ P")P"" (35")

Buipaxenus (35) u (35) ans R, OueBHAHO, NMPEACTABAAIOT HH3-
[IHE YaCTOTH COOCTBEHHLIX xoneGaBm CHKATHIX H pacmﬂy'rux no-
CTOSHHLIMH CHJIAMH CTEpIKHEMH. &

He tpyano coorsercTBenso (28) ompeneanTs MOrpeiHOCTD, co- -
BepIaemMyo Npu ONyCKaHHH B pasjoxenun (33) uwaeHos, coaepxa-
muX p? ¥ BHICIWIHE CTENEHH .

QueBuanO, B STOM CAy4Yae OTHOCHTEJbHAA MOrpPelIHOCTh ‘ra.-.'- hghyt
Kas Me, KaK M B NpeaslAyIueM cayyae, i A

Anpeas 1937 r.

Dans V'article présent somt envisagées les vibrations 3uasl-harmonlques de
pijvots droits et minees, soumis a 'action des forces longitudinales changeant peri
odiquement. )

n a défini les domalnes critiques de I'instabilité dynamique de différents ordres
par procés iteratif des approximdtions successives.
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. YENOMEH B.

O PACYETE IUATYHOB BbICTPOXOJHbIX
JBUTATEJIEA

CyluecTByolye B HACTOSIIIEE BPEMs NPHEMBI PACYETa NMPOYHOCTH
MHOTHX JeTajeidl GHICTPOXOAHBIX JABHraTeJell BHYTPEHHEro cropaun
(KkoseHYaTeIX BAJOB, WIATYHOB, NPYXHH H T. A.,) fABAAIOTCS B TOH
HI¥ MHOfI CTeneHdu HEKOTOPHIM upaﬁanmenuem K CTPOTHM, HO 3Ha-
unTeAbHO GOJiee CAOXKHBIM NMPUEMaM H METOAaM TOYHOrO pacyera.:
OnaHaxko, B GOJbIIMHCTBE CJAy4aeB OCTAETCA HEHW3BECTHOH OlEHKA
COoBeplIaeMO#i MOrpemHOCTH KAk B KOJHYECTBEHHOM, TaK H B
KauecTBEHHOM, B OCOGEHOCTH, OTHOMIEHHSX (HAnNp. npoﬁﬂema »IKBH=
BAJEHTHOrO JHCKA“ B pacueTe KOJNEHYAaHLIX BaJOB HA KPYTHJIAbHBIE
KONe6anus, AMHAMHYECKAs YCTOHYMBOCTH IIATYHOB H T. M.), 4TO
€CTECTBEHHO MOXET NPUBECTH K Pesy/bTaraM rpyGo npuG/aHKeHHEIM,
4 MHOTJA H MPOCTO HEBEPHHIM. 4

Kak nHa Gosee mnpocToi nmpuMep Takoro poaa npubAHKEHHOro
pacuera, O4eHb 4aCTO NPHBOAALIEr0 K HEBEPHHIM BHIBOAAM, CAEAyeT
yKa3aTh Ha AHHAMHYECKHH pacueT MmATyHOB OBLICTPOXOAHBIX ABH-
rareJsien. .

B camom xene, BMeCTO TOro, 4To6bl paccMaTpHBaTh NMHAMHYEC-
Kyi0 yCTOHUMBOCTH IIATYHOB — B CYIIECTBYIOUWlEM pacueTe paccmas- .
TPHBAETCA NPHHUMNHAJILHO HHAsd, HE HMEloulas MecTa B JAeHCTBH-
TeALHOCTH 3aJaya — CTaTHUecKas YCTOHYHBOCTH B HEKOTOpHﬂ MO-
MEHT BpPeMEHH. '

CoBepuieHHo siCHO, YTO TaKas ,Haeansusanua“ siBJeHusds, KpoMe 9
KOJHYECTBEHHOH NOrpelHOCTH, WHOraa MNPHBOAHT K COBEPUICHHO
HEBEPHBIM KPUTEPHAM YCTOHYHBOCTH, T. K. BMECTO CYUIECTBOBAHHUS
obnacredt nMHAMHYECKOH HEYCTOHYMBOCTH, ONpENEAsIETCAs HEKOTOpad
M30JHPOBAHHAS KPHTHYECKAsl TOUKA —CTATHYECKOH HeyCTOWYHBOCTH,
9acTO BOBCE He 3aK/II04ai0ulascs B MCTHHHBIX 00JacTix.

[TonwiTKH yyecTb, A0 HEKOTOPOHK CTeneHH, NHUHAMHYECKYIO CTO=
POHV sIBJEHHS PAacye€TOM HAa nomepeuHsie KONeGaHHA ATYyHA CHOBA,
B CyLIECTByIOWEll MOCTAHOBKE BOMPOCA, SBAAIOTCH PaspeilcHUEM
3aja4d, MPHHUMIHAMBLHO OTJAHYHOH OT HMelouledi MecTo B Jaed-
CTBHTE/bLHOCTH H, CJEN0BaTeNbHO, MNPHBOASINEH K pesyabTaTam
HHOrna JjaaJeKHm OT HCTHHHBIX.

PaccMoTpuM HECKOJABKO moapob6mee BONPOC.

IMycts El(X)max ¥ EI(X)min — COOTBETCTBYIOMHE uaxcauanbﬂue*
M MHEMMaJbHbIe JK€CTOKOCTH WIATYHA NpH M3ruGe, u3BecTHhE QyHK:
uan x (pur. 1 u 2), P({)— npoaonabHele nepHoOAHYECKHE CHABI OT
JaBJIEHHS Ta30B M CHJA HHEpUHH, ¢(X,f) — HHTEHCHBHOCTb HOPMaJb~
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HBIX COCTABJASIOUIMX CHA WHEPUHH 1IATyHA, H3BECTHAA (QYHKUUSA KO-
opauEath (X) W Bpemenm f, npeactasienHas ma dur. (3), p(x) —am-
nefinas Macca (Macca e JMHHILB ANHHB) ATyHa, H3BECTHAA QYHKIAA X.

[ycrts, naaee, uepes u(x,f) u w(xf) o6o3HaueHH NepemelleHHs,
HCNHTHBAEMBE TOYKAMH IIATYHA B MJOCKOCTAX MaKCHMaJbHOH

q (x,t)

P T Pl r
2% [E3(rimex
ul P
J
Pl w Pt P

e P

Dur. 1.

u MHHMManbHOM IKECTOKOCTEH B HanpaBJeHHH, NEPTEHAHKYAIPHOM
Kk HeAe(OPMHPOBAHHOH OCH IIATYHA. e

Dyr. 2.- $ur. 3.

B¥rakom cayuae, BOCNO/JIb30BABIIHCH YPABHEHHEM YNPYro# JHHHH
NaTyHa, MOXKHO 3aNHCATh OYEBHAHLIE YPaBHEHMS:

O [ r(x) O
ox® [EI(

)54+ oyt PO G = a(n ) M

PP L P o S
3}«.5'[511111“ @x—z]—l—P(ngrTTP(f) o =0 (2)
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'npn yCNOBHAX ’Ha Kpasix aasi ypapHenus (1):

(22) (28} v 4
Ox) oo " AOXY f a2y (3)

(1) 30 =(4) 41 =0

M Aas ypasHeHHs (2)

¥ b e FRBRRUELN

(W)x—0= (@)1 =10

Jlas npHuenuuX WATYHOB M BOOGUIE AJS IIATYHOB C. HEMEHAIO- -
mumcs cedenuem, ypaHenus (1) u (2) nepeénumyTcs TaK:

. O'u 0*u o*u '_ ;
ﬁfmuax(-l*{‘ ot -I- p(t) Ix? —=4q (.\,f) (5)
" s
o'w , oJ*w a*w o
‘ Eluin 52340 5 1P #) 5350 6.

Ecau jnpmlsm, BO BHHMAHME WHEDIMIO BPALICHHUS CEYCHHM H B~
sne mnepepesniBalomed cuasl, To ypasnenus (5) u (5'), nanpumep,
NPHEMYT BHA: S

O lnwt. Ou .*, plu 0'u

o O £ : il
Elon g 0 op = F (I 4% 'E,_(_?_) oot T k,GF? at' ]

+ P = qx) ©)

d'w J*w !.,,mp ' d'w P':!m 1 dw
Elun 5 ++ 0 —“F(1 + i famor T eiors o6+

1 dﬂw » 3

rae F—njouwans nonepeyHoro ceueHus WATYHA, R, — HEKOTOPHl
Ko3QuIUenT, 3aBucauMi OT QOPMBI NONEPEYHOro CEYeHHS.

, Ypasuesus (1) u (2) ABAAQTCA OCHOBHHIMH B PacCMATPHBAEMOM
BOMPOCe, T. K. BAHAHHE HHEPUHH BPAUICHHS MOMNEPEYHHLIX CeueHHH
H MepepesuiBalomed CHABL, A4S CYUWECTBYIOUHX KOHCTPYKUHA wias
TYHOB — HE3HAYHTE/BLHO. :

Fd <
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Ecan onycTHTb B 9THX ypaBHeHHSX uJeHH p(x) ‘:;: H q(x,f), T0

MOJY4al0TCSl yPABHEHHS CTATHYECKOHA YCTOMYHMBOCTH, PAaCMATPH-
BaeMHIE B cymecraylomnx oﬁuquux pacuerax

Eloae® s APk es0

H
2 @)
ElS)uin g+ Pl =0

Ecan oceoBHOW BO3Gyxnatomed xoJieGauus  CHAOM npuua‘rh
qxt), TO u3 ypasHeuus (D) caenyer

|
@

il o i
o [ErOma S| 5 () Gt = g0 (8)

— ypaBHeHue (urypHpyioumee B HeKOTOPHX 60/iee TOYHBIX pacyeTax
warysoB (Heck). Omxsako Takoro poaa ynpoueHHs COBEpIIEHHO
He oueBHAHB. Hu onso u3s ypasuenuit (7) uau (8) He npexncrapans,
KOHEYHO, ABJEHHA B NeHCTBHTEJBLHOCTH, CHJIBHO HMCKAXKAIOT Pesyib-
TaThl B KOJIMYECTBEHHOM H KayeCTBEHHOM, B OCOOEHHOCTH, OTHO-
IIeHHAX.

B camom nene, nojcTaHOBKOMN

1= Y(x) B(t)
H
= 9(x) Y (?), N
rae Y(x) u go(x)—(byaxunn TOJBKO KOOpAuHATH X, a P(f) u W(f) —
()yHKIHH TOJNBKO BpemeHH ¢, ypaBseHus (1) u (2) MOXHO NpPHBECTH
K PAacCMOTPEHHIO COOTBETCTBYIOIIHX OOLIKHOBEHHLIX YPaBHEHHH
¢ TMePUOJNYECKHMH KOShHIHEHTAMH.

Takum oGpasom ypasuenusi (1) u (2) nonyckaioT CyuiecTBOBAHHE
oOnacTel HEYCTOWYMBOrO JABHXKEHMS, ONpeaeAseMblX 3HAYCHHSIMH
IEKOTOPOrQ napaMmerpa, HanpuMep YrJaOBOH CKOPOCTH BpalleHUS
K PHBOIIHNHO-IATYHHOrO MEXaHH3Ma o,

[MycTs 06s1aCTH 5TH ONPEAeNsIOTCS CAEAYIOMMMH 3HAYCHHAMH ©

Wy <0 < 0,
o < 0w, (9)
= .',
1 ypaBHenus (1) u
t.)u Lo “’1
W, < 4] 4013

ot (10)

118 ypasHenus (2).
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B

4

Ypapuenun xe (7) u (8) nonyckaior CyuecTBoBaHHe KPHTHYEC- :

KHX ,HeYCTO/iYMBHIX H30AHPOBAHHMIX TOUEK®, ONpeieIsieMEX napa-
METPOM ©

w=w

o=o0" 1

4. 4] @)
M

u)“—:(?

RS

L (10)

Boo6Ie TrOBOPS, He JAaneKo yHaJeHHeX oT obaacred HeycTOHUH- |
Boctu (9) u (10), HO B cuay cnocob6a o6GpasoBanus ypanaesnn (7)

H (8) He 0643aT€NBHO B HHUX 3aKAI0YaEMBLIX.

TakuMm 06pa3oM, KPHTHUECKHE SHAYEHHS NAPAMETPOB, onpese-

aAsembie ypasHenneM (7) u (8), moryr B JAeHCTBHTENLHOCTH OKa-
sarbCad Ge3onacHbIMH M HAo60poT, HeKoTOpHe GauKaliuine TOYKH

HWAH ueasie 064acTH 3HAYeHHH STHX napamMeTpoB MOryT OKa3aThCA

HEYCTOHUHBLIMH.

[Mpuseas stu SNEMEHTApHHE COOGpakeHns ¥ He oc‘ranaa.ﬂi

BaAcCh I'lOJ.I.pOﬁHO HA 5TOM BONpocCe 3aMeTHM, 4YTO c'rporas TEOPH

" AMHAMHYcCKOM YCTOMYMBOCTH IIATYHOB NPOH3BOALHLIX (DOPM M KOH-
durypaunit GLicTpoxoaHnX Asuratened, paspaboransas HAMH HA |

ocHoBauuM ypasHesuit (1), (2), a Takxke pAx H3BECTHHLIX HAM CAy-

YyaeB NOJOMOK, MNOATBEpPXKAAIOT HeoOXOAHMOCTh YKasaHHbIX YTOY-

HeHHH, -

Anpecas 1937 r.
Dans l'article ci — dessus on expose la revue critique des méthodes de caleul
des bi lles moteurs a4 grande vitesse. L'urgence est demontrée d'envisager la théorie

minutieuse se de la stabilité dynamique des bielles et leur calcul concernant cette’
théorie. !
-
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YEJIOMEH B. H.

K“BOIMPOCY O KOJIEBAHUSIX U YCTOUYUBOCTHU
YIIPYTUX CTEPXHEN

HM3pecTHas o6GWHOCTL 33aaay KoJeGaHus U YCTOHYHBOCTH ynpy-
THX CHCTEM NOSBOJIAET BECHhMA YacTO NPHMEHATb INPHEMBI H METO-
Abl, & HHOrAa H caMble pesyAbTaThl ONHOH O06JACTH MEXaHHKH
ynpyroro teJsa K apyro#.

[TousiTne COGCTBEHHBLIX YacTOT pasAM4HBIX (HOPM HOPMAaAbHBIX
KONCOAHUN ,3KBHBAJEHTHH® MOHATHIO KPHTHYECKHX CHJA PasAHYHBIX
(OopM CTATHYECKOrO PABHOBECHS] B 3aAauyax yCTOWYHBOCTH YNPYrHX
CHCTEM.

[Ipu coBnanenun wacToThl COGCTBEHHLIX KOJeGauufi ynpyro#t CH-
CTe@Mbl € COOTBETCTBYIOLEH wacToTol BHEmMHEH BO3MymAOMER
cHabl, POPMA JHHAMHYECKOrO paBHOBECHSl nepectaer ObITH yCTOH-
yuBO#. TO4YHO Takke, NpW AOCTHKEHHH BHEWIHEH CHAL 3SHAYCHHH
KPHTAYECKHX HArpy3ox, ynpyras (opma paBHOBEeCHs TEpSeT Omnpe.
JIeNE€HHOCTD, T. €. HAapyLdeTcs: CTaTHYeCKasi yCTOHYHBOCTB.

Hast 3apay yCTONYHBOCTH Kak M KOACGAaHMH yNpyrux CHCTEM,
OTHOCHTEJBHO NMPOCTHIX, MOXKHO MOJNYYHTH OOBIYHO TOUHBIE PEIIEHHS.

Iss Gonee CAOKHBIX CJyyaeB KaK BHEIUHEW HArpy3KH, TaK H
KOH(QUrypauuus ynpyroro Te/a, MMEIOWEro. OAMH HAM JAaxe ABa
DasMeépa MaJeX M, C1ef0BaTeJbHO, MOryIleio npH, BoobGuie ro-
BOPs, MaablX jaedopMauusx MCOBITHIBATE KOHEYHHIE Mepeme-
LIeHHA, T. €. TepATb yCcTOHYHBYIO (hOpMYy PAaBHOBECHS, TaK Xe, KaK
H AN COOTBETCTBYIOIWMX 3aja4y KoaeDaHuA, MPHXOAUTCA CTANAKH-
BaTbCA C YPAaBHEHUAMH, IJfl KOTODHIX HE! M3BECTHLl HHTErpaJjbl B
3amMkHyTo#t Qopme. B srom cayuae pewenne umercs B (dopme
6eCKOHEUHBLIX pSiJI0B.

9TO OZIHAKO YaCTO NMPHBOAHT K CYMMHPOBAHHIO BEChbMA CJHOXHBIX
H MEJJIEHHO CXOAAIMXCA Ps10B. 3aTPYAHEHHS TAKOro PoAa MOXKHO
060#iTH, €C/IH COCTABUTB BHIPAXKEHHE IS H3MEHEHUS SHEPrHH CHCTEMB
MpH MaJOM OTKJIOHEHHH CHCTEMH! OT H3BeCTHOH (POpPMBI, COOTBETCTBYIO-
Led Harpyskam, MesHblIHM KpuTHUeckod. [Ipn KpHTHUECKHX 3HAue-
HHSIX HArPY30K 3TO H3MEeHeHHe 3Hepruu OyneT paBHO HYJIO.

Takum 06pa3oM M3 BHPAXKEHHS

T—V=(, (1)
rie V — H3MeHeHHEe SHePruH BHYTDPEHHHX CHJA YNPYrOCTH CHCTEMB,
I'—pa6ota BHEIIHNX CHJA NpPH OTKAOHEHWH OT paccMaTpuBae-

MOH (OpMBI pPaBHOBECHSA, MOTYT ObITh ONpEeAENeHnl HAHMEHbUIHE
3HAYEHHS] KPHTHYECKHX HAarpysox.

181




Onmako aas NpPHMEHEHHS YKA3aHHOrO mNpHeMa HeobX0AuMO,
COOTBETCTBEHHO YCJOBHAM HAa Kpadx, 3aAaBaThCd NOAXOAsMIEH
dopmoii paBHOBECHS. s

Slcao, uto BuGpanmHas (Qopma paBHOBecus He Oyaer, BooOue
roBops, B TOYHOCTH YAOBJICTBOPHTH YypPasHEHHHAM pABHOBECHS, HO
NpPH BEINOJHEHHH YCAOBUHA HA KPafgX—KPHTHYECKYIO Harpysky yaaercs
onpeneauTh HOCTATOYHO TOUHO. X

Touno Takum Ke MyTeM, 3a1aBasiCh COOTBETCTBYIOmEH Gopmok
KoJeOaHusa, MOXHO MOJYYHTh C JOCTATOYHOH TOYHOCTBLIO YACTOTHI
cobcTBeHHbIX KoJsebGanuil ynpyrux cucrem (meron Rayleigh'a). -

I1pu paccMoTpenuu KoneGauuid © yCTORIHBOCTH yNpPyrux crepx- =
ne#l, opma KosneGaHnd MAM HCKpPUBJICHHAs (opMa CTEPKHA npen-
cTaBaseTcs OGBHIYHO PALOM

W= Y an ), - @

i=0

npuyeMm Gynkuun ¢ (x) (=0, 1, 2, 3,...00) BHOHPAIOT TaAKHM
006pasom, 4yroOul pAX (2) ¢ AOCTATOYHOH TOYHOCTBIO MPSACTABAAN
OXHAAEMYI0 HCKPUBACHHYI0 (OpMy paBHOBECHA HJAH COOTBETCT-
Byioumyio gopmy koseGannii.

[To Buipaxennio (2) ue Tpyaso naditu seauunnst V u 7. Oge- &
BHJHO, OHM npeacrasaArcid QyHKIHEH nNapaMeTpoB PAasNOXeHHd
@y, Qy, @yy...Q;...., NOAOGPAHHLIX TAKMM OOPa3oM, YTOOLI 3HAYEHME
KPHTHYECKON HArPY3KH MJAH 4acTOThl (OCHOBHO) GBI/IO MHHUMAAbHEIM.

Takum 006pasoM 3anaya B 5TOM CAY4Yae CBOAUTCH K BHLIMOJHEHHIO
pAla KBajapatyp, a4 3aTeM K OTBHICKAHHIO minimum’a HEKoTOpPOro
BhIDAXKCHHA, 3aBHCALIEro OT napamMeTpoB a4, @, @, dg... |

3ameTHM, MEXJ]Y MPOYHM, 4TO YNOMAHYTOE BBIPAKEHHE MOXKET
6LITH MOJAYYEHO W HEMOCPeJACTBEHHO M3 OCHOBHOrO BAPHALMOHHOIO
npunuuna amuaprona: '

{4 .
s [(r—wyat=o 3

MeToa pacnpoCTpaHsieTcs Ha CAy4ail uccaAeaOoBaHHs KoJebaHuil
H YCTOAYMBOCTH YNPYrHX CHCTEM, I KOTOPHIX OTKJIOHEHHAf
dopma pasnHoBecuss maH paccmaTpuBaeman dopma koxseGaHuil ABAs-
10TCA  (DyHKIHEH HECKOMbKH.. NepeMeHHbX (HanpuMep, HCCAEAOBAHAE |
YCTOAYUBOCTH M KOAECaHHsl NAACTHHOK). . '

[

1) Caenyer ykasate, 9T0 BO MHOTHX CAYUYHAX OKA3hiBAETCH BOIMOMCHBLIM HAXOAHTH
MHHHMH3HpYEMbIf HHTErPa] He COCTABAAS HHTErpasa pabor ynpyr#x W BHEMIHHX
CHJ, a pewas (opMaibHO 3agauy o6paTHY!O 3ajade BAPUALHOHHOTO HMCYHCIEHHS: NO
m3BectHoMy (00blyHO) AuddepeHnHarsHOMy YPaBHEHHIO YNPYroro paBHOBECHS,
€ COOTBETCTBYIOLIHMH YCAOBMAMH HA KpasX, OTHICKATh BapbHpyeMmblit muTerpan. w4

B HexoiopbX caydasX BbLIPAMEHHE AN MHHAMASHPYEMOro MHTErpala MOKeT
nnayqr:;aca SHAUHTEABHO GOnee UPOCTOE, 4eM NOAYudeMOE M3 SHEPrHTHIECKHX CO06-
pawennii. 4
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Crporoe ua‘}/euamqecxoe 060CHOBaHHE 5TOTC METOAA H E€ro
pa3BuTHE Aan . Ritz, noxasasmmfi, MEXAy nNpOYHUM, UTO A%
BeChbMa OGUIMPHOTO KJacca 3a/1a49 € yBeAHYEHHEM YHC/Aa MapaMeTpos
@y, @y, @y... NMOJYHEETCA CXOASUIMACA MpoLecc, Aaluil B npesesne
TOYHOE pelleHHe. ' _

Takum obGpasoM, Kak BHJAHM, PelIeHHEe 3a/a4H 3aBHCHT rAaBHLIM
o6pasom Or BHjaa 3anasaemod Gopmbl koseGaHu#t uaAM (HopMBI
craTHyeckoro pasHopecHsi. OOLIYHO, NPH H3YYEHHH KoJaeGaHui
U YCTOMHYHBOCTH yNPYrux crepxueil pyHknuil ¢; (x) sapanrca B BUIe
CTENEHHLIX HJAH TPUTOHOMETPHYECKHX (yHKUHH,

[Tpn BBHIYHCIEHMHM KPHTHYECKHMX CHJ MJH 4acTOT COOGCTBEHHBIX
KOJeOAHKWA YKAa3aHHBIM [PHEMOM, TNOJy4aemble npuOAHKEHHLIE
peménnus 6yAyT BCErja HECKOJbKO Bhille HCTHHHBIX, TaK KaK npex-
nosaras nanepen (opmy xoseGanuit HAH COOTBETCTBYIOMYIO hopmy
u3ru6a, xaK Obl BBOASIT B PAaCCMaTPHBAEMYIO CHCTEMY AOMOAHHM-
TeAbHBIE CBSI3H, YTO CONPOBOXKAAETCs, BOOGWIE rOBOPH, YBeaHye-
HHEM JKeCTKOCTH paccMaTpuUBaeMOil CHUCTEMbl, a CJAeJ0BaTeJbHO
M YBEeJHYEeHHEeM YacTOT COOCTBEHHLIX KOJeOAHHWH MW BEAHYMH KpH-
THYECKHX HArpysox. '

Caenyer saMeTHTb, 4YTO HHOTAA BLIGOD pyHnkudft ¢; (x) (i =0, 1,2,...)
MOXET OBITb B3aTPYAHHTE/NEH, a HCCJEJ0BaHHE COOTBETCTBYIOUWIHX
HHTErpanoB HECKOJNBKO CJOKHBIM,

Oanako, ynaussiM noa6opom psaa (2), Bmpaxaomero Qopmy
KO/MeOaHuf# MAH COOTBETCTByIOMYI0 (opMmy H3aruba, MOXKHO B HE-
KOTOPHIX CJayyasx BecbMa 3(QGekTHBHO pewuTh 3anadyy H He-
NOCPEACTBEHHLIM HHTErPHPOBAHMEM COOTBETCTBYIOUMX YpaBHEHHH,
NMPHMEHAN, HaNPHMEDP, HTEPATHBHLIA MPOUECC MNOCAEAOBATENBHLIX
npubanxennft. Tak, Hanpumep, ecAH B 3a4a4aX YCTOHYMBOCTH HJH
Konebanul usruba ¥ KpyueHus CTEpXHEH NPEAnoJOKHTh CYmecTBO-
BaHHe (Qopmbl Koaebanuh Haum QOpMB PABHOBECHS, NMPEACTABJACH~
HOH B BHJe Pa3sNOKEHHS MO CTENeHsM HEKOTOpPOro mnapamerpa,
HanpHMep KBajapata HCKOMOH 4acTOTH MJAM MO CTENEHSM KPUTH-
4eCKOH Harpysku

20— Y £ 01(x) )
HAH il
w0 = Y P gi(), @)
i=0 \

TO NMOAYHAIOUWHHCA a6COJIOTHO H PABHOMEPHO CXOASIIMACH npouecc
aas BCeX (pU3MYECKH BO3MOXHBIX 3HAYEHHH X, HeNoCpPeACTBEHHO
BHITEKAIOUWHA H3 OCHOBHBIX YpaBHeHHH

TUe)+ Prp=0
Up) +49=0 ()
Liz)— k=0




rae %
o) = Elx) 55
AR s, d dp
Vo =T |atet
el d*
: L(g) = o) " dxt [E{(x) @]
H NPHBOAAIMA K CHCTeMe ypaBHEHHH
l(2y) =0 |
Ue) - oia =0 |
S S o VR

Iln('?u):O
' Ug) e =0
P2t 20y oo
H
L(?D)IO }
L(p)— @iy =10
0 e T MR

NpH COOTBETCTBYIOWHX YCJOBHAX Ha KpadaxX, MPHBOAHT K PELICHH 0
B BHIE BecbMa OHLICTPO CXOAAMIHXCSH panos )

(== ]

 Yarv=o0 . ®)
pa !
HAH . 4

&

1
.\ a; Py'=0,

-

i=0
M3 KOTOphLIX € JI060# CTENEeHbI0 TOYHOCTH MOryT OBITH TOJNY4YEHB
MCKOMBbIE 4acTOTH (KaKk OCHOBHBIX TaK W BeicwuX Gopm xosedban
' MJAH COOTBETCTBYIOLIHE KPHTHYECKHe Harpysku B 3ajavyax yCTOM:
4YHBOCTH. \ -
[epsrie npubauxkenus AaIOT pe3yabTaThl, noayyaemnsie no Peiaeio
BeICIIME NpubanxKeHnusi nalor 6oJiee TOYHHIE 3HAYEHHs, B npeje
NPH AOCTATOYHO GOABIIOM i— COBEPIIEHHO TOYHBIE. 3
[Npuem npuromen Aasi NPOH3BOAbHOro 3anaanus (ynxumi E/(X)
Gly(x), p(x) u j(x)—xkecTKOCTH Npu u3rube, KPy4YeHHH, JUHEHHO
Maccel ¥ ee momentoB uHepuud. [locnennee naer BO3MOXHOCTE
pemars 3ajaud Ha cJAydail cCoCpeAO0TOYEHHBIX CHJ B 33ajayax ycTOH
YHBOCTH MJH HA CJAy4ad COCpPeJOTOYEHHHX MAacC B 3a]1a4ax KOJE
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(an¥g, PACCMATPHBA® 3TH CHJH HJAH MAcChl, K4K PaBHOMEPHO pac-
ipeneseHnbie HA MaaoM yuacTke. Takoe obobulaiomee pacCMOTpeHHe
BOMPOCA AAET BO3MOMKHOCTbH O/HHM HECJOXKHBIM NPHEMOM pewarh
pecbMa pas3Hoo6pasibie 3ajaud, MNojydas Kak paHee H3BeCTHHE
peuwiennus, TOYHbE H npubaHKEeHHEE, TAK H HEKOTOPhIE HOBHE pe-
UeHHs] BECbMA BaXKHble B HHXXEHEDHOH NpaxKTHKE. .
[Tomemaemple fnajiee CTATbH, HAJIOCTPHPYIOT NMPHMEHEHHE MpHEM
K pasAMYHLIM 33ajadyaM KoaebaHusi ¥ yCTOHYHBOCTH YNPYTHX CHCTEM.

Maii 193? | . *




YEJIOMEH B. ¥

YCTOMYUBOCTH CTEPx{HEH, HAT PYYXEHHBIX TPO-

U3BOJIbHO PACIPEAEJEHHBIMU MNPOJOJIbHBIMH
HATPY3KAMU : 3

Becbma nozpo6roe uccnefoBanne BONPOCOB YCTORIUBOCTH CTEP:
AHEH, HarpyXeHHLIX pacnpeaeseHHoN npojoabHOM HArpy3Ko# - GblIC
nauo A. Greenhill’'om?). '

Bo wmmorux caygasx A. Greenhill moayyun Tounbie peunieHHS
B Beccenesnix Qynxuusx. B apyrux cayuasx s npuOaHIKEHHOH

OLICHKM KPDHTHYECKHX HArpy3okK MoJe3HLIM
//j  OKa3asoCh NPHMEHEHHE 3HePreTHYecKoro:
< Mmeroaa. 3

B mnacrosumefi 3amerke Mbl MOKAKeM,
YTO JJAf CTEPXKHEH nOCTOAHHOro mnornes=
5: PEYHOrO CeveHms, HATPYKEHHBIX NPOH3=

BOJIBHO pacrnpeieJeHHEIMH NPOi0AbHBIMH

x HArPpy3KaMu, NPH HAAJeKAUEM BHOOpE
(opmbl  ynpyroro paBHOBECHS, MOXHO
noay4yutb sPpextupunie nNpubAHKEHHLIE
o PElIEHHsA M HeNnocpejACTBEHHO H3 OCHOB-
d ;/ Ml HOro MHTErpoAnpdepeHHanbHOro ypas-
4 HEHHH, T[IPHMEHNs] HTEePATHBHBIH MNPO-

IlecC MOCJEeAOBATENbHLIX NpPHOGIHKEHHH,
NPHBOASIMHA K OGHICTPO CXOAAIAMCH

psangam. i

~

! |
. i 1. UuTerpas ypasHeHusi ynpyroro

paBHOBeECHS.
Pur, 1. |
Kak wu3ssectHo wunTerpo-audopepen-

nHaJbHOE ypaBHEHWE MBOTHYTOH OCH CTepxKHsA, NPH BLHOpaHHOH
cucreme oceit koopaunart (¢ur. 1) umeer Bux . i

e %Y — [q®m—y)a,
o y

rae ¢ (f) — MHTEHCHBHOCTb pacnpefeseHHOl NPOoAOAbHON Harpysk'
B CeueHud &, '
E]— xecTkocTb npu usrube.

1) A, G. Greenhill, Proc. Cambr. Phil. Soc t. 4 (1881).
Proc. of the Instit. of Mech. Engineers, 182 (1883).
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VCAOBMS HA KOHUAX HMEIOT BHA: AR
: ’ ’ Y T
Gl - e
O6o3Hauas uepes o
gy q(x) ]

{HTEHCHBHOCTH PACHPENeNeHHOfi HATPYSKH B CEUEHHH X, SamHIIEM
ocHOBHOe ypasuenue (1) B Takum Buae y

.

E!j;—} =g S g (x) y dx —q,y 5 g(dx  (2)
o

0

X

TIpeAnooKuM, UTO YIpyras AHHHUS CTEPKHS MOXKET GhTh npea-
cTaBaeHA PSAOM

r‘o] :_ 5
Vo= 2 Qo Vi, 3) £
i=0 o

rne y;— MCKOMble (YHKIUHH X.
Taxum o6pasom

-

("] fx

 El L ' d z go't! U q(x) yidx—yi fQ(x) dx)r

0

Orciona caenyer

dzy 4 P “4)

£l d;; Z_u g (%) Ym -1 dx--ym_1LJ g(x)dx o

193,10 0 J i ;

VMHTerpupys B npaBuiX YacTsX CHCTEMH (4) 1O YACTAM MOAYYHM '

gj_yﬂ‘__'_ ) ¥
a0 '
d‘2 m . "; ¢ d m— (5)
0

m=1;?,3,...0u
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Haun )
= Ax-+B 4.

= [ awnas
W= f f j Jawax r Jaeaaz)av

- == ”Jq(x)dx{ [ faoax (/{U‘q(x) dx’)dx’]dx' ‘

# T I _ "
rpe A u B—nocTosiHEBIE HHTErPHPOBAHHs, ONpeaeaseMse rpaHns
HHIMH YCJIOBHSIMH. /

Ypaprenuns (3), (5) 9BAAIOTCA OCHOBHLIMH B TEOPHH YCTORYHBC
CTH CTEpXHEH NOCTOSHHOrO NONEePeyHoOro CeYeHHs ¢ MeHsIoueH
BEPTHKAJbHOH HArpyskoil. 3

[Tonyuennsle ypaBHeHHs CYHMIECTBEHHO YNPOIWLAOTCA TOCH
BBEJIEHUS B PACCMOTPEHHE IPAHUYHLIX YCAOBHA W NMPHHHMAIOT BeChM
YAOGHBIH ANl NPAKTUYECKHX NMPHMEHEHHH BHIL.

[lokaxem Tenepp, 4TOo HaAfjeHHOE HAMH pewenxe (3) ocraerc
CNPaBeHBLIM NTPH JAI000M 3aAaHHn QYHKIHH '

9=4q, 4 (x):

KaK HenpepuiBHOW, TaK W C paspbiBaMH.

Mocsrennee OCOGEHHO BaXKHO, TAK KAK NAeT BO3MOXHOCTH Pi
cnpocrpanuTh 6e3 xakux JAu60 usmenewui ypasHenue (1) u npej
Jaraemoe pemenHe (3) Ha cayuai CTepMHS, HArpyXeHHOro B pasH
TOYKAX NPOAOJBHEIMH COCPEJOTOYEHHLIMH CHJAAMH (spycHas
rpyska), paccMaTpuBasi nocjaejHue, KaK PaBHOMEDHO pacnpeseJer
Hbl€ Hd MAJOM y4acTke. !

B camom nese, nas 3TOro 1OCTATOYHO NOAYHHHTH c]:ynmum

YCAOBHIO

g<4qn ,
rie ¢, — MaKCHMaJbHAS WHTEHCHBHOCTH pACNpPEeie/eHHOH HAarpysK
Ha AJHHE [

Toraa, u3 cootsowennit (6) caenyer

”"“[ EM:*(E;)?_(E?) or T
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