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YCTONYHBOCTH ONEPTOI'0 TPYBONPOBOJA, 3AUOJHEHHOI'0O BOJOH
B. I'. TAJIEPKHH
(Mocxksa)

B crareax «K opmoit sagage o0 yeroiiumpoctn ympyrmx cmeremn!!! m «Veroi-
9EBOCTH MUAMHAPAIECKoil 060moarn»(®l HaMu nano ofmee pemenme 1m0 Bompocy o6
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HOe TeXHHueCKOe SHavYeHUe, MMEHHO YCTOHYHMBOCTH TpyOOIPOBORA, BANOIHEHHOI'O
BOIOIH, &
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B panpreitmem suavenuamum [V, Tpemebperaem, —OHW CPABHOTEJBHO MAalbl
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B 5TOM caydae caMo pelle HEe SHAYATEJBHO YIPOMACTCA; HOIYIeHHLE KPUTH-
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VCTONUYNBOCTEL OMEPTOTO TPYBOIIPOBOIA, 3ATIOJHEHHOIO BOIJON 3T

CocraBienHoe YypaBHeHAmE IIO3BOJAET YCTAHOBHTH KPHTHIECKO® COCTOAHNE
Tpybonporofja B ero cmaTolf WacTm; ANA STOTO HAAO0 ONPEAeNHTh Takoe X,
IpA KOTOPOM HAMMEHBIEe BEAYERHE /¢ YROBICTBOPAIO GH DIOMY ypaBHeHMIO.

Tomaraem £ =2 x 10°. Jonycrem; ato ¢ =0.01 u ¢ =100 cm. Torga % 6ansxo
g 600 (601 = 603). Ilomaraa k=600, moaygamm
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Ecnm momyernTs; aro /N, mOCTOAHHO 10 JJIMHE, HAJO CYNTATH, 4TO B CHATOH
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W3 9Toro ypapHeHmA HY#RHO ONPeNeINTH f, NPH KOTOPOM HONYYIM HAAMEHb-
mee snavenme D, 1. e. D, coorsercrByomee Kpmrmieckomy momenry. Ilycrs
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1 D me saBmemT oT l; a BaBHCAT TOJABKO OT a=8/c.
Jaa rpmTEYecKoro marmbaomero MOMEHTA HMeeM BHIpAKeHHE

ED  mcd
el G PO Y
Mor= 15 =ars (14)
Kpnraueckoe nanpsmenne (Ta:;xe 3aBOCAT TOIBKO OT Q)
—_ ED
ZZor = = (15)

12 (1—c?) 2

Pesynpratsl Buunciaenma' gHavenui ¢ /N, D, n 2;0, ¢ TIOMOIIBIO Q)oﬁmy.ﬁ
{14) m (16) gag smauenmit «=0.008, 0.010, 0.012 npmeepenn B Taba. 1.

Taotauma 1

a 0.008 0.010 0.012
26 6.4 5.7 572
7
D, 953 % 0.008° 763%0,013 636%0.0122
2z, (n 52 [ cM?) 11165 13974 16774

Ilepsuii Boupoec, KOTOPH BJECH BOBHNKAET: MOJKHO JIH pesyIbTaTH HCCIe[0-
BAHUA YCTOWYIMBOCTH TPYOONpPOBOAA; MONBEPTHYTOT0 m3rmby HmapaMm|, IPHIOKEH-
HEIME K KOHIAM ero (Caydait A), pacmpocTpaHHTh HA YCTONYHBOCTH ONEPIOTO
TPpyOOIlpoBOLA, BANOJMHEHHOTO BOJON (caydait B); orsBer HaM IpecTaBiIfAeTCH
COBEPIIEHHO ModomnTedsHEM, PasymeercA, TpyOGoIpOBOJ, BaIOMHEHHBHA BOJOIL,
ge Oypmer ce0s BecTm BIOJNHE TaK, Kaxk TpyOONpPOBOX, HArPYKEHHHE nIapaMm IIo
KOHIIAM, B KOTOpOM Moryr o0pasoBarbcA [0 BCeil [AnBEE IOIYBOZHH paBHOK
mrpael. Opgnaxo B rpy0omposope, samomHeHEOM BOAo (caydait B), ecam oH
Oymer mMeTh NANHY, IPH KOTOPOH narmfaom@ii MOMEHT B CepejuHe [OCTHIHET
KPHATHIECKOT0, cooTBercrByiomero Qopmyae (14), momer o0pasoBaThCA B CepelaHe
DOJTYBOJIHA, KAK Pa3 CoOTBETCTBYIOMAs caydamn A.

Bropoi#t Bompoc caexpywomuii: m3 tabx. 1 Bugmo, aro maIA TpyGompomoja
OPOMBIIIIEHHOrO THIA KPATHYECKOP HANPHKEHEE BCErAa HAXOAUTCH [aleKo 3a
UpefieNaMM TeKYYeCTH JKEnesa, M3 KOTOPOro OOHTHO MBrOTOBIAIOICA TaKHe
Tpybomposoar. flcHO, 9To peskme pedopmammm Hacrynmam O €me o JoCTAHe-
HHS KPATHYCCKUX HaNpPssKeHNIl, yKasaHHHIX B Talaune, — KpUTHYecKOe Hanps-
FEHNA JIeKaT 34 MPejeidaMp TeKydecTH W IOBTOMY Tarkme TpyOOIpPOBONH MOTYT
OHITHh PACCIATAHE HA MPOYHOCTH, — JONYCKAEMEE HAOPAMKEHHA MOJMRHEL JICKATh
HUMe TIpefiesa TeKydYecTH, IpHueM [odxeH OHTH B3AT OIpeAeIeHHHN samac
TIPOYHOCTH; PAcCYNTAHHHI TakuM oOpasoM tpybompomop Oymer m yeroitums.

Haubonpuiee cyruMamImee HAUpHA;EHOE B oNepToM TPyOOIpOBOAE, 8aNOIHEHHOM
BOfl0il, IpuHUMAA BO BHUMAaHHE B co0CTBEHHHR sec TpyOompomopa, Oyner

amz1x= ___éff_z(i_!_z%i “)

0

rae y' —BeC efWHHUIOE METAJLIA.

1 B BBEMUCICHHAX MHE OKABaJd MOMOIIL HAydHBE COTPYRH UK MncTuTyTa MeXaHukn A Kagemim
Hayk CCCP II. O. Jlepuna n M. M. Cemunuona.
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B raba. 2 mpusenenn smavennsA !/ /¢ W /, mOJydeHHHe B PeBYIBTATe BHYHC-

aesnit gaa Y’ /y=8 n 7z = 1600 K2 [ caM®,
TaGauma 2

a 0.008 0.010 0.012

CP: Pamuye-} (o5 | g0p 60 50 | 450 | 100 60 50 | 150 | 100 60 50

B CM
l ,"cb 25 30 — — 27 33 43 47 - 36 -t 51
| Ex
Il (B cm) (3700 |3016 — — 14066 [3322 (2574 |2349 — |3576 — 2538

Honesyacs moNyIeHHNMA [AHHEBIMH, MOYKHO JIl COOTBETCTBYIOMIETO KAavecTBa
MATepraia CUpPeAeINTh PACCTOAHMA Me;sgy OHOPaMH TpyOonpoBoaa, He Tpebyiomne
JONOJHATETLHEIX KpenjieHuif B BUE YIOJAKOB RECTKOCTH.

HocaecoBme

ViccienoBanne mokasaso, 9TO0 KPHTHUECKMe HANPAH#EHNA [Ig TPYOGOHIpoBoja
Jeiar 33 mpejpedoM Terydeern. OMHAKO MOMeT BO3HUKRYTHL BOIPOC, FEHCTBATEILIO
I maiimennsle, smavenud HauMenbmue. Wecienys yeroiauBocTs Ipm m3rude Imapoit
CHII M TPUIMEHAS PeaysabkTaTH K TpyOOmpOBOLY, BAllOJIHEHHOMY BOJOiI, MBI, Rasa-
J0ch Oni, 6e3yCaIOBHO HOCTUINIM HATEAHHEIX PesyJabTaToB, HO IPU  WCCJIE[0BAHHM
wul npuHany pua U, sasucmmocrs or 0 B Bue A, -4, cosb-4 A, cos 20 Bmecto

o
EA” cosnf. Hax msBectHO, TpubIM/KeHHOe peIICHWE BCEITA faeT KPATHIECKYIO
0 3
HATPY3Ky, GOILIIYI0 [eHCTBHTEIBHOI, a CJaeg0BATeNpHO, W sHavenmsa tabm. 1
ABIAOTCA HeCKOAbKO Gonbmmmn, 9eM Te, KOTOpHe Onulm Onr mosryuensl mpn Gomee
TOTHOM PeLIeHAN. :
Opmano BeTPYXHO MOXYYINTE HUSMIMIL Hpefel, DPH KOTOpoM HadmerTcs Aedop-
mamuA msraba numegpngeckoil ofomogrm. IlpenmomoskmM, 970 K KOHIIAM IIPAMOTO
IIUINHpA NPIIOAM [0 BCell ORPY:KHOCTA cuis (Ha efmHmny asues). ITomaraem

N,= —q, rjje Q— BeJWYUHA IOCTOSHHAA. B 5TOM crrydae mojaraem, 9TO HCKPUB-
Jenyte ocm He mpomcxopumtT u QyHKu@A ¢ He 3aBuchr oT 0.
Tlomaraem
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o= Y4, sin l‘

TMopcrarasa oro Beipaskenme B gopmyray (1), momyumm:
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Ecmu npeme6peds B dopmyine (@) smadeHmeM 29, MOJYIAM H3BECTHOE B JIHTe-

parype sHAYeHHe
Ea%

Jxp = V3 a?)

2 TIIpmxaagmas MaTeMaTERA B Mexammika, T. VII, B. 5
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K puTruecKoe HanpgmeHde

P Ea
ZZCI‘ == = ’q‘ =

8 T Y3(—e)
IMpr  «=10.008 ?zcr X — 9610 ®r/em®
¢=0.010 2z, —1200Q »
a=0.012 zzo,a —14400 »

Tawnv o0pasoM mmsmmit npejes HWKe KPATHYECKAX HaNpsskeHmd, [aHHEX
B Tabx. 1, HO OHm sHauUMTENBHO BHIIE Ipeesa TEKYYECTH.

Tlocrynmna B pegakiAIo HHcTuTyT MEXaHMEH
5 VII 4943 r, Axapevun Hayx CCCP

THE STABILITY OF A WATERPIPE
B. ¢G. GALERKIN
(Summary)

The waterpipe filled with a liquid is considered as a thin shell.

The author starts with equation (1) of elastic equilibrium expounded in
his previous papers(il[*] and seeks an approximate solution. The displacement
along the radius U, is taken according to expression (2) and the corresponding
displacement function ¢ according to (3) where ¢ is the middle radius of the

shell, z is the axis of the cylinder, 8 is the thickness of the wall, 7 is the length
of the pipe and

—~

L] ~—~
{=&/c, a=8[c, Ne=1228 Njs=-Wil

The average stresses over the cross-sections for a plane perpendicular to the

axis z and by a plane passing through this axis are denoted by zz and 6.
The author neglects the value Vo and takes /V, in the form (4).
Substituting (3) and (4) in (1) and multiplying (5) by d0, by cos6df,

then by cos 20 df, after integrating all result within the range (—=, +=)

the author derives the system of equations (6).

By equating the determinant of this system to zero an equation is obtained
(7) which can determine a value of £ for which the minimal value of /¢ satis-
fies this equation. .

In a quite analogous way the more general case of a pipe loaded by torques
on the buttends is considered. The value /V, is expressed by formula (9) and
the calculations result in equations (10), (12) and (13) corresponding to
(5), (6) and (7); the left side of equation (5) is denoted by ¢ and the values
t, D are determined by formulae (11).

From equation (13) a value of ¢ for which D will have the minimal magni-
tude D, corresponding to the critical moment (14) and the critical stresses (15)
can be determined.

The results of numerical calculation show that the critical stresses for
waterpipes are ugually higher than the yield stresses of materials.
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