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YK 621.98.043 PO3OBIO.T.
XepCOHCKNI HAITMOHAJIbHBIA TEXHUYECKU YHUBEPCUTET

AHAJIM3 W BUJIbI TMOTEPA IPOJIOJBLHOU
YCTOHMYUBOCTH TOHKOCTEHHOW IIWJIVMHJIPU-
YECKOM OBOJIOYKH ITPY OCEBOM CXKATHUHN

Llenv. Onpedenumv napamempvl u yclosus, 6ausAOwWUe HA B03HUKHOBEHUE KONbYEBbIX
CKIAO0O0K U NPOOONbHO2O U32UOA MOHKOCMEHHOU YUTUHOPUYECKOU 000N0UKU NPU OCEBOM CHCAMUU.

Memoouka. [{na oOocmudicenusi NOCMAGNEHHOU yeau 6 Ccmamve  UCNONb3YIOMCA
ananumuyeckue Memoobl AHAIU3A  HANPANCEHHO-0ePOPMUPOBAHHO20  COCMOSHUA  CHCAMOU
0007104KU (peuleHue YpaeHeHUll pAasHO8ecUs; OnpeoeneHue KpUmuyeckou Haspy3Ku cocamus 8
obaacmu ynpyaux u niacmudeckux oegopmayuti).

Pesynomamul.  Ilonyyenvl  ¢opmynel 01 pacuéma — GeIUYUHbL  KPUMUYLECKO20
MEPUOUOHAILHO2O HANPANCEHUS NO YCIIOBUI0 NOMEPU 0Ce80U YCMOUYUBOCMU CHCAMBIX 0D0I0UEK C
obpazosanuem KoabyeblX CKIA0oK (nonepeunvix 601H) OnpedeieHbl YCI08Usl nepexooa om
00pa306aHusl KOIbYEBOU CKIAOKU K NPOOOIbHOMY U32Uby U NoIy4eHa opmyna Oas onpeoenenus
npeoenbHOU ONUHBL CHCAMOU MOHKOCMEHHOU YUTUHOPUUECKOU 000I0UKU.

Hayunaa noeusna. Ha ocnoge ananuza npooovbHOU YCMOUYUBOCMU NPU  CHCAMUU
mpyouamou MOHKOCMEHHOU 000]04KU HAUOeHO aHAIUMuUYecKoe peuieHue U OnpeoeneHvl
credyrowue napamempul. Kpumuieckoe 3HAYeHue 0cCeou CUlbl, NpeodeibHble 3HAYeHUsl ONUHbI
000/104KU NO YCI08UIO Nepexooa om 00pa3o8anuss KOAbYEBbIX CKIAOOK K BO3HUKHOBEHUIO
NPOOONILHO2O U32UOA; NPEONONHCEHbl AHATUMUYECKUE 3A8UCUMOCMU Ollsl ONpedeNeHUsl YKA3AHHbIX
napamempos. Onpedenienvl xapakmep u cmeneHv e1usHus kKoagguyuenma Ilyaccona na npoyecc
CKIAOK00OPA308aHUS NPU OCEBOM CHCAMUU 0O0NOYEK.

Ilpakmuueckana 3nauumocms. Pe3ynomamol ananuza peKomMeHO08aHbl K UCHONb308AHUIO
npu nposedeHuU NPOEeKMHO-NPOYHOCIMHBIX PACUEMOE HASPYHCEHHBIX UHIHCEHEPHBIX KOHCMPYKYUL, d
maxoice Npu  NPOEKMUPOBAHUU ONEpayull JUCMOBOU WMAMNOBKU MPYOUamslX 3a20MOBOK
(Hanpumep, 011 pacuéma ycunus K APOMAIKUSAHUS» NPU obacume, pazoae).

Knroueevie cnosa: yununopuueckas 000104KaA, KOIbYeBas CKIAOKA, NPOOONbHBIU U32UO,
npeoenvHas OnUHA, MePUOUOHANIbHOE HANPANCEHUe, UHICEHEPHAsl KOHCMPYKYUs, JUCMO8as
WmMamnosxa.

Beenenne. Ilpu oceBoM CKaTUM TOHKOCTEHHBIX LWJIMHAPUYECKUX OOOJOYEK, BO3MOXKHO
7IBa BUJIa TOTEPU MPOJOIBHON YCTOWYMBOCTH C JIOKAIBHBIM MU3MEHEHHEM LMIMHIPUIECKON (OpMBI
3arOTOBKH, @ HMEHHO:

e o00Opa3oBaHUe KOJBIEBOH ckianku (puc. 1, a);

e TIPOJIONIBHBIN M3TUO (MCKPUBIICHHUE TPOIOJILHON OCH 3aroToBKH) (pHc. 1, 0).

@DakTopbl, OKa3bIBAIOLIME BIMSIHUE HAa MPOLECC CKIAAKOOOpPa30BaHUSA, K COXKAJICHHUIO,
U3y4YeHbl HE JAOCTATOYHO, & PEKOMEHJALUU HOCAT NMPUOIMKEHHBIA XapakTep U He MOAKPEIUICHBI
COOTBETCTBYIOLIMMH aHAIUTUYECKUMH 3aBUCUMOCTSIMH, YIOOHBIMHU JJIs1 HHKEHEPHBIX Pacu€ToB.

o max
CornacHo KJIacCHYECKOH TCOpHH, BEJINYNHA KPUTHYCCKOTO paqJuaJIbHOI'O HAIIPSAKCHUSA O-p )

IPY KOTOPOM HACTYIaeT KOJIBLEBOE CKIIaIKO0Opa3oBaHue, onpeaesercs no popmyie [1]:
max E S

o —_—3 1
7 [3h=v?)R, (1)

v - k03¢ punument [lyaccona;

rae: E - monyns FOHra;
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S; - TonmmuHa, a R; - paguyc 0007104YKH.

OnmHako pe3ynbTaThl AKCIIEPUMEHTOB IIOKa3bIBAIOT, YTO OCEBOE (MEPHANOHAIBHOER)
HalnpspKEeHHE, COOTBETCTBYIONIEE HaYaIy CKIIaJK00Opa30BaHMS MPH yHPYTUX IePOpMaIHsIX, HMEeT
BEJIMYMHY, B 3-4 pa3a MEHbIIYIO KPUTHUUYECKOTO HANPSHKEHUS, onpeaensemMoro no ¢opmyne (1).

max
KpOMe TOro, 3HAHHUC BCIWYHMHBI KPUTHUYCCKOTO pPaaAWaJIbHOIO0 HAIIPSAXKCHUA O-p )

BO3HHMKAOIICTO B CTCHKAX, IIO3BOJIUT onpez[eJme, HpI/I KAaKOM 3HAa4YCHUU OTHOCHT@HBHOﬁ JJIMHBI
IAJTUHIPAUYECKOM 000JIOUYKH BO3MOXKEH TOT WM MHOUW BUJ IIOTEPH MPOJOJIbHON YCTOWYHUBOCTH.

-

0

Puc. 1 Buabl norepu npoaoJibHON YCTOHYHBOCTH TPYOHOI 3ar0TOBKH €
BO3HUKHOBEHHEM: a — KOJBIEBOW CKIAKU; O — MPOAOIBHOTO U3rubda

[lenr paboTHI: HAa OCHOBE aHajgM3a IMPOIECCOB IMOTEPH MPOAOIBHON YCTOMYMBOCTH,
ONpEeACNTUTh TMapaMeTpbl U YCIOBHS, BIUAIONIME Ha BO3HUKHOBEHHE KOJBLIEBBIX CKIAJOK U
MPOJOJILHOTO U3TH0a MUIUHAPUIECKON 000T0UYKU IIPU OCEBOM CHKATUU.

[Ipoananu3upyeM yCTOHYMBOCTh C)KATOM TOHKOCTEHHOW HMIMHIPHUYECKOH OOOJIOYKH B
npenenax ynpyrux aedopMaiuid, Ui 9ero pacCMOTPUM MOMEHT BOSHHUKHOBEHHS YIIPYroro U3ruda
B MEPHIMOHAIBHOM CedeHHUU 00004ku [2]. PaccMOTpuM yClIOBUSI paBHOBECHS 3JIEMEHTAPHOM
MOJIOCKM ydYacTKa yIOpyroro u3rudéa B MEPUAHOHAIBHOM CEYCHHH 000504k (puc. 2),
OrPaHUYCHHOU BYMSI MEPHIMOHAIBHBIME IJIOCKOCTSIMU C IIEHTPAIBHBIM YoM dy MEXay HUMHU U
IBYMsI KOHMYECKUMHU TMOBEPXHOCTSIMH, TMEPHEHIUKYISIPHBIMH K CPEIUHHOW TOBEPXHOCTH
000JI0YKH, TPOXOSAIIMMH Yepe3 TPAHUIIBI U3THOA.

JImvHBL TpaHel paccMaTpuBaeMoro sjaeMenrta obo3naunm uepes dl, u dl,, mpu sTom (cm.
puc. 2):

dl, = R,dy - mmpuHa s3meMeHTa B IIUPOTHOM CEUECHUH;

dl, =R, a, R sina, - nuna yyacTka n3ru6a B MEpUIMOHATLHOM CEIEHHH.

PaccmarpuBasi mpoIONIbHBIA HW3THO DJIEMEHTAPHOW TOJIOCKH HEOOXOAMMO YYeCTh, 4TO,
nedopMUPYACh, OHA B3aMMOJICHCTBYET C COCETHUMH TMOJIOCKaMH. DTO B3aMMOJCHCTBHE IPUBOJIUT K

BO3HHKHOBCHHUIO TaHI'CHIIMAJIBHBIX HaHpH}KeHI/Iﬁ Oy, MNPCIPITCTBYIOINMX H3MCHCHHIO pa3Mcpa B
HaIlpaBJICHUU HUX ,Z[Gf/iCTBHSI, BCJICACTBUEC UCTO NOIIYCKACM €, = 0.
HpI/IMeM, 4qTo MCPUAUMOHAIBHBIC HAITpsXKCHUA (o3 OJJVHaKOBBI Ha  TIpaHuax

P

paccMaTpUBaEMOro y4acTKa, a TAHI€HIHAJIbHbIC HANPSKEHUA O, PABHOMEPHO paclpeleleHbI 10
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OOKOBBIM IMOBEPXHOCTSIM BBIJEIIEHHOTO 2JIEMEHTA.

[TpumemM, 4TO KpPUBU3HA CPEAMHHON IMOBEPXHOCTH B MEPUIUOHAIBLHOM CEUEHUHU YydacTKa
yIOpyroro u3ruba ompezensercs nedcTBueM MoMmeHTa M U cuii, oOpa3oBaHHBIX HAIPSHKEHUSIMU
0, U O, W BEIMYAHA OTOH KPUBHM3HBI ONpEIEISETCA YCIOBUEM paBEHCTBA MOMeHTa M W

MOMCHTOB, CO31aBaCMbIX JJICMCHTAPHBIMU CUJIAMU, O6p&30BaHHBIMI/I HAIpAKCHUAMUA O'p H o,.

Puc. 2 PacuéTrHasi cxema paBHOBeCHs 3JIeMEHTAPHOM MOJOCKH Y4acTKA YIPYyroro
U3ruda B MEpUAHOHAIBHOM CeYeHHU MWINHAPUIECKO 000/104YKH

s ompeneneHus: pasMepoB ydacTKa YHOPYroro u3ruba B MEpUIUOHAIBLHOM CEUYEHUU
000JIOUKM COCTaBHM YypaBHEHUE paBHOBECHs, BBIPAKEHHOE Yepe3 MOMEHTBI, OTHOCHUTEIHHO

ceuenus 0-0:

M =o,S,R,dy(1-cose, R, +20,5,R sina, %7 R, % . )

Nzrubarommit momeHT M mpu  ympyrom wH3rube paccMaTpuBaeMOW TOJOCKH B
MEPHUIMOHAIBHOM CEYEHUH MOXET ObITh BhIpaskeH (GOopMyIIOif:
2
__ Rdis;
o, % (3)
6\l—v
IIpU BBIBOJIE KOTOPOM yYMTHIBAJIach, TaK Ha3blBaeMas, HUIMHIPHYECKas )KECTKOCTh 000IOYKU D

[3], paBHas:

D= , (4)

- OCEBOM MOMEHT HHCPLOUU TOIIEPEYHOI'0 CEYCHUS IMOJIOCKH.

3
rae | _ RSy
12

C y4éToM IJIOCKOTO HAMPSOKEHHOTO COCTOSHUS, HA OCHOBAaHWUU (opMys 000OIIEHHOTO

3akoHa ['yka (npu pomymennn €,y = 0) noxyunm:

%, Oy
Cp:?—VE;O'GZVO'p.

Torz[a YpaBHCHHUC pPaBHOBECUA TMOCJIC COOTBCTCTBYIOIIUX MOACTAHOBOK H OYCBHUIHBLIX

COKpAILEHUH 3alUIIETCS:
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R,S sina, ¥
=2 =R3Rp(1—cos%)+ijM
6‘1—1/ ) 2
UM, C y4€TOM TOTO, YTO IPU MAalbIX 3HAYEHMAX yria &, (Havano oOpa3oBaHUs CKIIAJIKH),

CITpaBENINBELI PABEHCTBA!
in ~ . alf
Sing, ¢, ; 1-cose, = —,
ITOJy4YMM OKOHYATENIbHYIO 3allMCh YIPOUIEHHOI0 YpaBHEHUs PaBHOBECHS OTHOCHUTEILHO yIjla «, B

BUJIE:

o = RsS, (5)
“30-v?JRR, +1R?)’

rac paanyc KpuBU3HbI Rp paccMaTpuBaCMOT0 Y4aCTKa n3ruba B MCPUANOHAJIBHOM CCUCHUU IIPU

ynpyrou nedopmariuu MmojaoCKu OMpeaeseTcs Mo u3BecTHOM (opmyre [4], KoTopas Juisl HaIIero

cllydast MOXKET OBITh 3allicaHa B BUJIE:

_ ES, .
20,

R

P

(6)

max
st onpeneneHuss KPUTHYECKOTO HANPSKEHUS O P

MPOJIOBHBIA M3THO paccMaTpUBaeMOW TOJIOCKH, BOCIOJIb3yeMCsl M3BECTHOW (opMynon Diinepa

, IIpY KOTOPOM BO3HHUKAET YIPYIHil

[5], koTOpas ¢ y4éTOM LMJINHAPUYECKOM )KECTKOCTU BBIPA3UTCS B BUJIE:

2
max 7°E

%o TIFL-2)
rae F =R,d)S, - miomans nonepeyHoro ce4eH st MOI0CKH;
|, =dl, =R &, - nmuHa ydacTka u3ruba nojoCKH B MEPHIHOHATBHOM CEUCHHH.
TakxuMm 0Opa3om, MOCIie COKPAIICHHUH MOTYIHM:

2 2
max 7 ES;

o .
T 12R%a(1-v?)

[Tocne moaCTaHOBKM B TOCIENHEE PABEHCTBO IOJYYCHHBIX PAHHEE COOTBETCTBYIOIIMX
BbIpaKeHUd 111 @, u R (bopmynbl (5) u (6)), mocie cokpameHui moaydum (Gpopmyiy s

OIIPECACIICHUA a0COJIIOTHOM BEJIMYHMHEI KPUTHYECKOT'O HAITPSIXKCHUA B BUIC:

? S S
o™ =y E =3 ~0,627VE>2, 7
P 2(7? -2) R, R, (7)

[Monydennas ¢opmyna ¢ TOCTaATOYHOMN CTEMEHBIO TOYHOCTH MOXKET OBITh UCIIOJIb30BaHA JIJIS

ONpEIEICHUSI KPUTUYECKOIO MEPUAMOHAIBHOIO HAIPSKCHUS G;‘ax [P aHAJIU3€ YCTONYMBOCTHU

C)KaTOM TOHKOCTEHHOW MUJIMHIAPUYECKOM 000JIOUKHU B Mpenenax ynpyrux aedopmanuii. CpaBHeHHE
C DKCIIEPUMEHTAJIBbHBIMU TaHHBIMH MTOKA3aJI0 TOCTATOYHO BBHICOKYIO TOYHOCTh PACUETHBIX BEIUYMH

KPUTHYECKOTO MEPHIHOHATBHOTO HANIPSKEHUs O, JUTA MaTEpHANoB 000IOUKH ¢ KO3 HIHEeHTOM

[Tyaccona B npenenax 0,25...0,4 (yrnepoaucras u JIeTUpOBaHHAs CTajlb, ATFOMUHUN, Mellb, OpOH3a,
naTyHb). O01acTh €€ NMPUMEHUMOCTH OIpaHUYEHA BHIMOJHEHHEM HEPaBEHCTBA:

max
o, < O »
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TI€ Oy, - TPElen NPONOPHUOHAILHOCTH MaTepuana 3aroTOBKU, T.€. JUIs pacdy€ra TPpyOHbIX

3arOTOBOK C OTHOCUTEILHOM TONIIMHON CTEHKU:

s 15957 (8)
3 Ev

Anamuz ¢opmynsl (7) MO3BONISIET cIeNaThb BBIBOJ, YTO HAa BEIMYMHY KPHUTUYECKOTO

MEPUIUOHAIIBHOTO HAIPSKEHUS ™, BBI3BIBAIOIIETO BO3HUKHOBEHHE IIONEPEYHOM CKIIAJIKH,
Ve
okasbiBaeT BiusHHE KodduimeHt Ilyaccona v. I[IpsmonponopiinoHanbHas 3aBUCUMOCTh 5™ _ 4,
P

OOBSICHACTCSI TEM, YTO IpU OOJBIINX 3HAYCHHUAX KO3(UIMEeHTa v TaHTeHIMATbHbIC HANpSKSHUS
0, C 0OJbLIEH HHTEHCUBHOCTBIO IEHCTBYIOT HA SIEMEHTAPHBIE MOJIOCKH, 3aTPY/IHSA UX B3aMMHOE

nepeMeleHre Apyr OTHOCUTENBHO Jpyra, 4TO B pe3yJbTaTe CHHUXKAET BEPOATHOCTH 0Opa3oBaHHUs
KOJIBLIEBOM CKJIagKu. AHanu3 HepaBeHCTBa (8) mokasbiBaer, 4to (opmyna (7) mpuMeHuMma s
000JI04Y€K, TONIIMHA KOTOPBHIX BECbMa Maja 10 CPAaBHEHHIO C PAIMYCOM KPUBU3HBI MOBEPXHOCTH.
Hanpumep, ans Takux MaTepualioB, KaK BbICOKOKAUECTBEHHbIE KOHCTPYKIIMOHHBIE JIETMPOBAHHBIE
CTaJIM, OTHOCUTEJNIbHAS TOJIIMHA LMIMHIAPUYECKOH 000JIOUKHM HE JOJKHA IPEBBIIATh BEIUUYUHY:

wn

=2<0,04.
R3

B 3T10i1 cBs3M, MpoaHanu3upyeM Mpolece CKIagkoo0pa3oBaHus Ui CKAaThIX TOHKOCTEHHBIX
UWIMHIPUYECKUX 000JI0UEK C OTHOCUTENbHOM TONIMHONW CTEHOK:

15057 < S3 < (q. 9)
Ev R3

Jlns mpoBeneHHs KOPPEKTHOTO aHaln3a Ipolecca CKIAAK00Opa3oBaHUs, BOCIOIb3yeMCs
METOAMKON y4€Ta BIUAHUS U3ruba Ha T0JIe HANpsHKeHUH, IPeIIoKEeHHOM B padote [4].

Bepuémcsa k pucyHky 2.

VunTBIBas TOJNBKO JEHCTBHE MEPHAMOHANBHBIX HANPKEHUH 0, , TNPUHUMAEM, YTO
MOMEHTHI, JICHCTBYIOIIME MO TPaHUIAM Y4acTKa M3ruba OT CHII, 00pa3oBaHHBIX HANPSHKECHHSIMU
0,", ypaBHOBENIMBAKOTCS MOMEHTOM M, BENTMYMHY KOTOPOTO ONpeaenuM u3 Gopmyist [4]:

2

M = 483 (a§ —(GL"aX )2)?3d;/.

O

ypaBHeHI/IG paBHOBCCHUSA MOMCHTOB OTHOCUTCIIBHO CCUCHUA 0-0 3anumiercs B BUC:

SZ
o, SRR dy —o ™S RR dycosa = E(O-SZ a (O-;nax)zkﬂ%

S
Pemiasi ypaBHEHHE OTHOCHMTENBHO 0, , HCMOJB3ys MpaBuio JIOMWTAls Ui PacKphITHS
HEONpeneNEHHOCTH BU/Ia (17151 HALIIETO CiTyvast)

lim

a,—0 au

(1—cosau)zo’

IIOCJIE HECIIOKHBIX YIPOIICHUH, OKOHYATEIbHO ITOJTyYUM:
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o™ =os. (10)

Takum o00pa3oM, BeTMYMHA MEPUIMOHAIBHOTO HAMPSOIKEHUS, BBI3BIBAIOIIETO IOTEPIO
YCTOMUMBOCTU TPYOHBIX TOHKOCTEHHBIX 3aroTOBOK € OOpa30BaHMEM KOJBLEBOH CKIAAKH, IO
a0CONIOTHOMY 3HAYEHHUIO, MOXKET OBITh NPHUHATA PAaBHOW HANPSHKEHUIO TEKy4eCTH MaTepHuala
nehopMUpPYyEMOI 3arOTOBKH.

AHaJOTMYHBIE PE3yJIbTAaThl, HA OCHOBAHMM JKCIIEPHMMEHTAJIBHBIX NAaHHBIX, IOIY4YECHBI H
pHUBECHBI B paboTax [6 — 9].

[Iponoixkum aHanus.

Kak yka3piBamoch BbIIE, TMOTEPS MPOAOJIBHOM  YCTOMYMBOCTH  COMPOBOXKAACTCS
00pa3oBaHMEM KOJIbLIEBOM CKJIAJKU I TPOIOJIEHBIM U3THOOM.

OCHOBHOH NPUYMHON BO3HUKHOBEHHUS OJHOTO WJIM IPYrOro BHJA MOTEPU YCTOWYUBOCTH
WIH, IPYTUMH CIOBaMH, KPUTEPHUEM, OINPENEISIONIMM BO3MOXKHOCThH IEpexoja OT oOpa3oBaHHUs
KOJIBLIEBOM CKJIAJIKU K IPOJIOJIBHOMY U3THOY, SABISIETCS BbICOTA (AJMHA) CHKATOW 0OOJIOUKH.

OnpenenuM TpeaenbHOe 3HAYCHUE UTHHBI O0OJOYKU |0y, TIPH KOTOPOH MPOHUCXOAUT
nepexoj OT MOTEPHU YCTOHUMBOCTU ¢ 0Opa30BaHUEM KOJBLEBOW CKIAJKH K IPOAOJIBHOMY H3rHOy
(puc. 3).

[Tnomanas cedeHus AJisk TOHKOCTEHHOT'O KOJIBIIEBOTO CEUEHUS paBHa.

Fcett = 27ZR353 !

Benuunna oceBoro MoMeHTa MHEPIMH paBHa!

:ﬂ!DA—dﬂ:

min __
Ioc - I><(y)

64
4 4 S S 2
s S, 8RR 22 RZ4+2
|| R+—] -|R—— 207 4
B 2) | = 3
= = ~R,’S,,
4 4

rae: D — HapyxHBIN AraMeTp 000JI0UKH;
d — BHyTpeHHHMIA JUaMETP 00O0JOUYKH.

Puc. 3 Ilepexoa oT moTepu yCTOHYHUBOCTH ¢ 00pa30BaHUEM KOJIbIEBOI CKIAIKU K
NMPOJX0JIbHOMY U3IH0Yy

CormacHO u3BEeCTHOUW (opMynbl Dijepa, BEIUYHMHA KPUTHYECKOTO HANPSHKCHUS TpU
C)KaTWH, TI0 YCIIOBUIO BO3HUKHOBEHUS IPOJOIBLHOTO N3TKuda, paBHa [5]:
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o - x°EIM" |
Y F (Vll)2

ceu
rae: £ — monyns FOHra;

VI — KO3(pPUIMEeHT MPUBEACHHOW MJIMHBI (BBICOTHI) TPYOHOW 3aroTOBKH (Harpumep, st
CXeMBI, n300paxEéHHOI Ha puc. 3, v; = 0,5).

C y4éroM paBeHCTBA:

c,=0,",

e BenmuuMHa 0, onpenensercs no Qopmyne (10), mocne HECTOKHBIX YHPOIIEHHUI,

nozapazymeBast 1=,y OKOHUaTETPHO MOTYIHM:

=R, | E (11)

npeo = '
v, \ 204

Takum o00pazoM, 711 TOHKOCTEHHBIX OOOJIOYEK YCIOBHE BO3HUKHOBEHHS KOJBIIEBOU
CKJIQJKU:

<™ | E . (12)

v, \ 20,

YCJI0BUE BO3HUKHOBCHUS IIPOJOJIBHOTO u3ruoda:

1> [ B (13)
v, \ 20

BriBoaBbI.

1. PaccmoTpeHBI BO3MOXKHBIE BHABI TOTEPU TPOJOJBHONM YCTOMYMBOCTH  CXKATOM
TOHKOCTEHHOHM IIWJIMHIPUYECKOM OO0OJOYKH, NPOBEAEH aHalu3 U ONPEJENICHbl IMapaMeTphbl,
BIUSIOLIME Ha TMpolecc OO0pa30oBaHMsI MOMEPEYHBIX (KOJBILEBbIX) CKIAJOK W BO3HHUKHOBEHHE
MIPOIOJILHOTO U3THOa.

2. Tlomyuensl (OpMyNBI ISl OMPENCIICHUs BEIMYUHBI KPUTHUECKOTO MEPUAHOHATBHOTO
HaIIpsDKEHUs, BOZHUKAIOILIErO IIPU II0TEPE YCTOMUYUBOCTH CKATOW TOHKOCTEHHOM LIWJIMHIPUYECKON
000JI09KH ¢ 00pa30BaHUEM KOJIBIIEBOM CKIAIKH.

3. Tlonmyuena Qopmymna s ompeneraeHus: MPEACTIbHOW UIMHBI CXATOW TOHKOCTCHHOMU
MAJTUHIPUYECKOM OO0OJOYKH TMPU TOTEPE OCEBOM YCTOMYMBOCTH, IO YCJIOBHIO TIepexoia OT
00pa30BaHMs KOJIBLEBOM CKJIAKU K IPOJOJILHOMY U3THOY.

4. Tlonydyennole (OpMYJIbl PEKOMEHJIOBaHbl K HCIOJB30BAHUIO TPU MPOBEICHUU
MIPOEKTHO-MIPOYHOCTHBIX PACYETOB HArPYKEHHBIX HWHKEHEPHBIX KOHCTPYKIHUW, a TaKxke MpHu
MPOSKTUPOBAHKUH OTIEPAIIMI JIMCTOBOM IITAMIIOBKU TPYOYaThIX 3arOTOBOK (HampuMep, AJis pacuéra
YCUIIHS «TIPOTAJIKUBAHMD TIPU 00KUME, pa3ade).
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AHAJII3 1 BUJAU BTPATH IO3JOBXHBOI CTIMKOCTI TOHKOCTIHHOI

IUJITHAPUYHOI OBOJIOHKHY ITPM OCHOBOMY CTUCHEHHI

PO30B IO.T".

Xepconcokuti HayioHanbHUti mexHiYHUull yYHigepcumem

Mera. Bu3Hauntu mapaMeTpu Ta YMOBH, IO BIUIMBAIOTh HA BHHHUKHEHHS KIJIBIICBUX
CKJIQJIOK 1 TIO3[IOBXKHBOTO BHUTHHY TOHKOCTIHHOI UMJIIHAPUYHOI OOOJIOHKH TIPH OCHOBOMY
CTHCHEHHI.

Metoauka. Jlyis JOCATHEHHS MOCTaBJICHOI METH B CTaTTI BUKOPUCTOBYIOTHCS aHAJIITHYHI
METOAM aHajJi3y HaNpyKeHO-Ae)OPMOBAHOTO CTaHy CTHCTIH O0O0OJOHKK (pIIlICHHS pPiBHIHB
pIBHOBAru; BU3HAYEHHS KPUTUYHOTO HABAHTAXEHHS CTHCHEHHS B 00JIACTI MPYKHUX 1 TJIACTHYHHUX
nedopmarriii).

Pesyabratn. OrTpumano  GopMynu Uil PO3PAaxXyHKY  BEIMYMHU  KPUTHUYHOTO
MEpUIIOHAIBHOTO HAMpPYTH 3a YMOBOIO BTPAaTH OCHOBOi CTIHKOCTI CTHUCHYTHX OOOJIOHOK 3
YTBOPEHHSM KUTBIIEBUX CKJIAJIOK (IMMONEPEYHUX XBHJIb). BU3HAU€HO YMOBH MEPEX0ay Bill KiJIbIIEBOI
CKJIaJKH 0 TOJOBXHBOTO BUTHMHY 1 OTpuMaHa (opmyna A BU3HAYEHHS T'PAHUYHOI TOBXUHU
CTHUCITIH TOHKOCTIHHOI IIWJITHIPUIHOI 0OOJIOHKH.

HaykoBa HoBu3Ha. Ha 0CHOBI aHasi3y MO3/I0BXKHBOIT CTIHKOCTI MIPH CTUCKaHHI TPyO4acToi
TOHKOCTIHHOI OOOJIOHKM 3HAWJCHO aHAJIITUYHE PINICHHS 1 BHW3HA4Y€HI HACTYIHI IapaMeTpu:
KPUTUYHE 3HAYEHHS OChOBOI CHJIM, TPAHWYHI 3HAYEHHS JOBKHWHU OOOJIOHKHU 32 YMOBOIO MEPEXOIY
BiJl YTBOPCHHS KUTBIIEBUX CKIAJOK 10 BHUHUKHEHHS TO3J0BXHHOTO BHUTHHY; 3allpPOIOHOBAHI
AHATITHYHI 3aJIeKHOCTI JUIsl BU3HAUCHHS 3a3HAUCHUX NapameTpiB. BuzHaueHo xapakrtep 1 CTYIiHb
BIUTMBY KoediuieHTa [TyaccoHna Ha mporiec CKIaKoyTBOPEHHs IPH OCbOBOMY CTHCHEHHI 000JIOHOK.

IIpakTuyHa 3HA4YUMicTh. Pe3ynbTaTu aHamily pEKOMEHJIOBaHI 10 BUKOPWUCTAHHS IpHU
MPOBEACHHI MPOCKTHUX PO3PAaXyHKIB Ha MIIHICTh HAaBAaHTAKEHUX 1HKECHEPHUX KOHCTPYKIIH, a
TaKOXX TIPH MPOCKTYBaHHI OIepalliil JUCTOBOTO IMTAMITyBaHHS TPYyOYacCTHUX 3aroTOBOK (HAIPHUKIIAI,
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JUTSI PO3PaxyHKY 3yCHIIISL «IPOIITOBXYBaHH MPU OOTHUCKY, po3aadi).
KawuoBi cioBa: yurinopuuna o6oiouka, Kitbyeda CKIAOKA, NO3008XHCHIl 8USUH, 2DAHUYHA
0082HCUHA, MEPUOIOHANbHE HANPYICEHHS, ITHHCEHEPHA KOHCMPYKYIs, TUCMO8e WMAMNY8AHHSL.

ANALYSIS AND TYPES OF LOSS OF THE LONGITUDINAL STABILITY OF

THE THIN-WALLED CYLINDRICAL SHELL UNDER AXIAL COMPRESSION

ROZOV Y.G.

Kherson National Technical University

Purpose. In the article the parameters and conditions that influence the occurrence of
annular folds and buckling of thin-walled cylindrical shell under axial compression are determined.

To achieve this goal in the article used analytical methods for analysis of stress-strain state
of the compressed shell (the solution of the equilibrium equations, the definition of critical load
compression in the elastic and plastic deformations).

Scientific novelty. Based on the analysis of longitudinal stability in compression thin-
walled tubular shell analytical solution and define the following: critical axial force, limits the
length of the shell of the transition from education to the appearance of wrinkles ring buckling; The
analytical dependence for determination of these parameters. Determine the nature and degree of
influence of Poisson's ratio in the process of folding the shells under axial compression.

Findings. The formulas for calculating the values of the critical meridional stress according
to the loss of axial stability of compressed shells with the formation of the annular folds (transverse
waves) are obtained. The article determines the conditions of transition from formation of annular
folds to buckling and the formula for determining the maximum length of the compressed thin-
walled cylindrical shell formation.

Practical value. The results of the analysis are recommended for use during design-strength
calculations of loaded engineering structures and for design of sheet metal forming of tubular
workpieces (for example, to calculate the effort of "pushing” by crimping, expanding).

Keywords: cylindrical shell, an annular fold, buckling, limit length, meridional stress,
engineering structure, sheet-metal stamping.
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