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YUCJIEHHBIN AHAJIN3 KPUTUYECKOTO JABJIEHUA
B TOHKOCTEHHON ITNJINHIPNYECKOM OBOJIOYKE,
COLEPXKAIIEN MATKYIO IIPOCJIOMKY

B.JI. Juabvman

NUMERICAL ANALYSIS OF CRITICAL PRESSURE
IN THE THIN-WALLED CYLINDRICAL SHELL
CONTAINING A SOFT LAYER

V.L. Dil’man

IIposoaumrest wmcieHHBIA aHANH3 KPUTHYECKOrO IABJCHUS B TOHKOCTEH-
HBIX UMJIMHIPHYIECKUX ODOIOYKAX NPH HArPYKEHWH UX BHYTPEHHUM JaBJICHH-
€M H OCeBOii CHJIOi, C HCIIOJB30BAHNEM ABTOPCKHUX MATEMATHYECKHUX MOAENeH
HaNPAKEHHO-Ae(OPMUPOBAHHOTO COCTOSTHUSA TakuX obosnouek. [Ipeanonaraer-
€51, 970 OBOMOYKH CONEPIKAT CJIOH (IMPOCITONKH) U3 MEHEE IIPOYHOIO MATEPHAJIA.
Ha ocroBe stux Momenet CO3MaHbI ITPOTPAMMBbI, HO3BOJSIONINE HAXOOUTE KPH-
THYECKOe BHYTPEHHEE HABIIeHHE B 000/I0UKAX B 3aBUCHMOCTH OT MEXAHUUIECKUX
¥ FE€OMETPHYECKHNX apaMeTpOB U YCJIOBUH HAIDYXKEHUS.

Kajouesvie c06a: MOHKOCTNEHHAA UYUIUHOIPUNECKAA 000404Ke, MeHee
npouHsl caoti, naacmuveckoe deopmuposanue, KOHMAKMHOE YNPOLHEHUE,
KPUNUYECKOE 0GBAEHUE, YUCAEHHBIT GHOAUS.

The numerical analysis of critical pressure in thin-walled cylindrical shells
with use of author’s mathematical models of the stress-strained state of such
shells is made at a loading their intrinsic pressure and an axial thrust. It is
supposed, that shells contain layers from less strong material. On the basis
of these models the programs are created, allowing to find a critical intrinsic
pressure in shell depending on mechanical and geometrical parameters and
conditions of loading.

Keywords: thin-walled cylindrical shell, less durable layer, plastic
deformation, contact strengthening, critical pressure, numerical analysis.

BBenenue

PaccymarpuBaerca HANPSIKEHHOE COCTOSHHME TOHKOCTEHHOM IHIMHIAPHYECKOH 00ONOUYKE H3
YIOPOUIHSIEMOT0 MaTepyaia, [HOLBEPKEHHON MOHOTOHHOMY CTATHYIECKOMY HArDYXKEHHIO BHYTPEH-
HUM JaBJEHHMEM, 8 TAKiKe 0CEBOM CHIoH, B KPUTHYECKUT MOMeHT Harpyxenus. Obomouka coxep-
KUT Ca0# (IPOCHOHKY) M3 MEHee IMPOYHOr0 MATEPUAsd, PACIIOJIOMKEHHBIN BOJb, IIOMEPEK KM
nox yriioM K obpasyromeii. [Ipumepom Ttakux o6omoduek ABASIOTCA TPyOB! HOABIIOrO JHAMETPA,
CoJiepKallye TPOAOJIbHBIE, CIHUPaJbHbIE (3aBOJACKHE) WM HOnepedHble (MOHTAXKHBIE) CBADHBIE
coeguuenud. Iog KpuTHYeCKHM MOMEHTOM HAIpPYXKEHHsl ITOHMMAETCSl MOMEHT HaJaJja IJIaCTH-
YECKOTO TeYeHHs BCJAEICTBHE NMOTEPY YCTOWYMBOCTH TIPOIECC, TIACTHYECKOTO JAehOpPMIAPOBAHIT
MATEPUAJIOM CJIO.

O6ost0uKa CINTAETCH MOHKOCTMERHON, eCIIU BBITIOHSIIOTCSA YCJIOBH: 1) HAIPSKEHHOe COCTO-
SIHM€e TOCTOSIHHO II0 TOJIIHUHE 000JI0YKH (B ee OJHOPOIHOM y4acTKe); 2) B YACTHOCTH, HANDSIKe-
HUS, HAITPABJIEHHbIE TT0 HOPMAJIH K MOBEPXHOCTH 0BOJIOYUKH, BCIOLY BHYTPH 0O0JIOYKY CUHTAIOTCA
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B.J1. Iunsman

PABHBIME PA3HOCTH BHEIITHHMX JaBjeHWi (IPH MX PABEHCTBE WM OTCYTCTBHM — PABHBIMHM HYJIO);
3) mpH MCCAeNOBAHUM JIOKAJHHOTO y4acTKa 0D0JI0YKH, 11O IJIOHAJN CPABHEMOTO C €e TOIIMHOM
(HampuMep, Y4YacTKa, COMEPIKANIero MeHee MPOYHYIO IIPOCIIONKY), KPUBU3HON 000JIOYKH MOXKHO
nperebpeds; 4) OTHOIIEHUE TOJIMIKUHBI CTEHKU K €€ PAJuycy Majo: t < 1, 4TO IO3BOJISIET IIpEHe-
BperaThb 0 CPABHEHHUIO C eHMHULEH CIaraeMbIMH, MMEIOIUMY TTOPAIOK t2 /12,

B nmxenepHBIX pacyeTax 0OBIYHO 000JI0UKY HPHHUMAIOT TOHKOCTEHHOMN, €C/IM Yy Hee OTHOIIe-
HUE TOJIIMHBI CTEHKH K €€ PAJUuycy cocraBageT pemwauny okosio 0,05 u menee.

KpuTepuaibHBIME BeIHYMHAMU B KPUTHIECKUN MOMEHT HATrPYXKEHUH YAODHO CUYMTATL WH-
TEHCUBHOCTD HAIDSDKEHWN U HHTEHCUBHOCTSL Jedopmanuil, Ha OCHOBE KOTOPBIX MOXKHO TOIYYaTh
CIJIOBBIE U JIeOPMAINOHHBIE KPUTEPHH HECYINel CIoCOOHOCTH KOHCTPYKIu B BUJIE SBHBIX aHA~
JIATHYECKUK BBIPAXKEHWH WM AJCOPUTMOB U IPOTPaMM. ITH KPUTEPUH JOJIKHBI 3aBUCETH OT
TMPOYHOCTHBLIX B I'eOMEeTPUYECKHX MapaMeTpoB KOHCTPYKIIWH u yciaoBuil marpyxenns. [locTpoe-
HU€ W HCCAEIOBAHWE MaTeMaTHYECKHX MOJeeld KPHTUIECKHX HAMPAKEHHO-1e(hOpMUPOBAHHBIX
COCTOSIHNM TOHKOCTEHHLIX UWIMHAPHYECKHX 0000UEK M3 MIOTPOIHBIX YIPOYHAEMBIX MaTepua-
JIOB OCHOBBIBA€TCs Ha AByx mpunnunax: 1) rumorese II. Jlromeura (P. Ludwik) o <equHoi xpu-
BOH>, TO €CTh THIIOTE3€ O HE3aBUCHUMOCTH JAnarpaMMbl 1eOPMHUDPOBAHUS OT BHAA HAPSKEHHOrO
COCTOSIHVISI IPW CJAOXKHOM Harpykeuuw; 2) kpurepunt Ceudra HOTEPH YCTONIMBOCTH TIPOLECCA
wiactayeckoro gedopmuposanus obosouku (H.W. Swift, [1]).

Ipu ucnosip3oBanuy KedOPMATHOHHONR TEOPUH AUarpaMMa AedopMUpOBaHUS YIPOUHIEMOTO
MaTepuasa UMeeT BHI

o; = f(&i), (1)

TAe 0; U € — WHTEHCHBHOCTH HanupsxKenuwit u medopmarmii. B ciyvae mCnoas30BaHus TEOPUH
TedeHus 3aKoH Aedopmuposanmsi umeer sui o; = f(%;), rae & — napamerp Oxaxsucra. Cpenu
GOIBIIOr0 KOJIMYECTBA M3BECTHLIX aNNpOKCHMalwmil 3aBucuMocTd (1) BbLIeNsieTcst HpOCTOTOR B
VCHOJL30BAHNH CTEIICHHAA 3aBHCHMOCTD

o) = AE?a (2)

rae A v n — KOHCTAaHTH MaTepuaga. K uucny Hanbosee Cepbe3HBIX HEAOCTATKOB AITPOKCAMAIIHI
muarpaMMbl 1edbopMupoBaHus (2) MOXKHO OTHECTH HEJIMHEHHOCTH B JIOTAPU(MMUUECKUX KOODIH-
HaTaX PEaJbHBIX 3aBHCUMOCTEHR sl MHOIMX MaTepuajos. B paborax [2, 3, u ap.] npennoxen psaj
yrounenuit hpopmyitsl (2), cBOGOAHBIX OT ITOTO HEJOCTATKA, HAIIPUMED:

0; = A(e; + B)" exp(ale; + B)), 0i = A(e; + B)" expla(e; + B) + b(g; + B)?).

Baecs A, B, n, a, b - nocrosHHBIE, XapAKTEPUIYOUINE CBOACTBA MaTEpHAaJIa.

Cytp xpurepus Cudra 3aknwuaercs B ceayiomeM [4]. Usmenenue pasmepos (Bo Beex Ha-
NPABJICHHSIX) YYACTKA CTEHKH KOHCTPYKI[MA IPH BO3DACTAHUYM BHEIIHUX HAIPY30K IIPHUBOIUT K
NPUPAIIEHAI0 HANPIKEHUH Ha 3TOM y9acTKe, KOTOPBIE KOMIEHCHUPYIOTCS 33 CYeT YIIPOYHEHUS!
MaTepraJia CTEHKH, ¥ B 9TOM CIydae IIacTuIecKoe jnedopMupoBanue nporekaer ycroidunso. O-
HAKO yIIPOYHEHNE HPOUCXOAMT II0 3aKOHY, KOTOPbIN Ha CTaAUM PA3BUTHIX IIACTAYECKUX Jedopma-
nmit MOXKHO ANMIPOKCUMUpoBaTh dbyHkuei Buja (1), rae rpaduk f — MOHOTOHHO BO3PACTAKIIA
BBINYKJIAA BBEPX [VIaJIKas KPUBas, & POCT HAIPSKEHUI 33 CIeT M3MEHEHUSI FeOMETPUH KOHCTPYK-
WM B 3aBUCUMOCTH OT JedOpMannil TPOUCXOJUT IO SKCIIOHEHTE, CKOPOCTh POCTa KOTOPOH BhIIIE
CKOPOCTH POCTa BBILYKJIOH BBepX GyHKIUH. [L09TOMY B KAKOH-TO MOMEHT POCTA YIIPOYHEHUS Ma-
TepHaJia OKA3bIBAeTCHA HEJOCTATOYHO AJist HeRTPAIM3AlluY POCTA HANPSAIKEHUN, CBSI3AHHOTO0 C H3Me-
serneM (opmel. B aror MoMeHT, onpeensemMplil paBeHcTBOM And depeHInaioB ABYX YKA3aHHBIX
3aBHCHMOCTEH, HaYMHAETCA AepOPMUPOBAHNE MATEpHasa C HEKOHTPOJIMPYEMOH CKOPOCTBHIO MpH
HOCTOSIHHBIX HJIM YMEHBIIAIOMIMXCA BHEIIHUX HArPY3Kax, T. €. IIPOMCXONUT MOTEPs yCTORIUBOCTH
TIPOLECCa TIIACTUIECKOTO AepOPMUPOBAHUSL JAHHOTO YYaCTKa 0D0JI0UKH.
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CyiiecTByeT HECKOJIBKUX BHIOB KPUTUYECKOr0 COCTOSHES CJIOF NPH PACTIIHBAONIEN BHEI-
Hell Harpy3Ke.

1. JlocTvyKeHre KPUTUUECKOrO COCTOAHMSA Cog {POCTONKH), TIPH YCIIOBHY, YTO MAKCHMAIlh-
Hble HOpMaibHblE HAPSIKEHNS B CJI0€, JIeHCTBYIOIINE B €r0 MOMEPeYHOM HAIPABIEHIN, HE JOCTH-
TaloT 3HaYEHUN MaKcuMadbHbIX Hanpaxenuit 8 BII OM, npuuem mpuxonTaktable BII yuactku
COEIMHEHNSI HE BOBJIEKAIOTCH B IIACTHYECKOE Je(POPMUPOBAHME.

2. To ke, HO C BOBJIEYEHNEM B KAKOM-TO MOMEHT B ILIACTHYECKOE AeOPMHUPOBAHNE MPHUKOH-
TaxTHbIX yuacTkoB BIl wacrtu coenunenus.

3. MocTuzKeHne KPUTHIECKOTO COCTOSIHAS CJI0ost (IIPOCIONKHM), IPY YCAOBHH, 9TO MAKCHMAIIh
HbIE HOPMAJLHBIE HalPsXKEeHUWsI B CJI0e, JefCTBYIOIIHE B €0 MONEePEeYHOM HAIIPaBJIEHHM, JOCTH-
raroT 3HaUYeHMH MaxcuMasbHbix Hanpsikenuit B BII OM, npuuem npukonraktHble BII yuactku
COEJIMHEHNS He BOBJIEKAIOTCS B IJIACTHYECKOe NebOpMIPOBaHIE.

4. To e, HO C BOBJIEYEHHEM B KAKON-TO MOMEHT B IJIaCTHIECKOe AeOpMUPOBAHUE IPUKOH-
rakTHEIX yyacTkoB BII wacTu coemuuenus.

9TO, a TaKXKe HeJIOONIPEeIeJIEHHOCTL BOBHUKAIOIUXK IPH UCCHEI0BAHNN HAIIPSI?KEHHOT'O COCTO-
SIHUSI MeHee MMPOYHOTO CJIOA KPAEBHIX 3aJad, OObsACHSeT CI0XKHOCTH W BADHATUBHOCTH MaTeMaTH-
YeCKHX Mogesie, ONUCHIBAIOMINX KPUTHIECKHE COCTOSHMS m3y4uaeMbix 06bexkToB. llens paboTe
— CO3/]aTh NPOTPaMMBbl, KOTOPEIE Ha OCHOBe OOLIEH CXEeMBI TIOCTPOEHUS] MATEeMAaTHYIECKOH MOAeNTH
HANPSXKEHHO-16(POPMUPOBAHHOTO COCTOSHNS B KPUTUYECKHH MOMEHT HArDYKeHWsi MeHee MpOoY-
HOrO CJIod TOHKOCTCHHOH IMJIMHIPHYECKO!l 000JI0YKH MO3BOJISIIOT JaTh CPABHUTEJILHBI aHAJIN3
IIPOYHOCTHU NPOJOJIBHBIX, CIIMPAJILHLIX H KONBIEBBIX «MATKAX> CJI0EB TaKUX 000/I09eK, Hecyme
CIOCOOHOCTH IIPSAMOIIOBHBIX W CIUPAJTLHONIOBHBIX TPYO.

1. MogenupoBaHue HAMNPAXKEHHO-Ie(POPMHUPOBAHHOIO COCTOSHUMA
MeEHee IIPOYHBIX CJIOEB B TOHKOCTEHHOI
HUJINHIPUYIECKO 000/10uKe

Obmas cxemMa IIOCTPOEHUST MATEMATHIECKOR MOJIes U HATIPSXKEHHO-1e(OPMUPOBAHHOTO COCTO-
SIHUSI B KPUTHHIECKHUI MOMEHT HArPY>KeHUsI MeHee MPOYHOro CJI0s TOHKOCTEHHON IUJITUHIPHIECKOMN
000JI09KH COCTOUT W3 CAEHYIOMMX 3TAIOB.

1. Oupenenenne KpUTHIECKUX 3HAUECHUN HATIPsiKeHuit u nedopMalnii B MeHee IPOTHOM CJIOE
oGosnoukm Ha ocHoBe Kpurepusa Csudra. [Ipeacrasienne sTUx BEJIMYAH B ABHON aHAJTUTHYECKON
¢dhopMe TIpH UCIHOIB3OBAHUN TEOPUM MAJIBIX JedopMalmilt U B BUAE UTEPAIUOHHON 33BHCHMOCTH
IIPY UCIOJIb30BAHUU Teopuwn Tedenud [5, 6, 7, 8, u ap.].

2. IlocTpoerre MaTEMATHIECKON MOJE/N HAMPSIXKEHHOTO COCTOAHHS MeHee MPOYHOTO CJod B
JILCTOBOM OGpa3Ile TIPH JBYXOCHOM HarpyKeHuH, KOT/1a, Harpy3Ka AeiCTBYeT HapaJiesibHO 1 OpPTOo-
TOHAJBLHO HANPABJIEHHIO c1od. Briaucienue B 9ToM ciiydae KoadipuIIIeHTa KOHTAKTHOTO VIIPOU-
HEHUsI MaTepHaJsa CJIOoA B sABHOI aHaauTHYecKoit dopme [9, 10, u ap.].

3. Ceegenne MaTeMaTHYeCKOW MOMENIM HAMPSKEHHOI'O COCTOSHWSI MEHee IPOYHOTO CIOS B
JUCTOBOM 06pa3ie HIPH ABYXOCHOM HArpyKeHUW, KOT2 HArpys3ka AefCTBYer I0J YIJIAMH, HE
PABHBIMHA HYJIO M 7/2 K HANPABJIEHUIO CJIOsi, K MOAENAM IPEIBIAYIIEro Tana. BelYucjieHue B
3TOM CiIydae KoaduIeHTa KOHTAKTHOIO YIIPOYHEHUs MaTepuaa ¢Jiost B (bopMe NTepalonHON
sasucumoctu [5, 6, 7, 8, u ap.].

4. ITosyuenne Ha OCHOBE IIOJIYYE€HHBIX PE3YJBTATOB UTEPAIUOHHBIX (B HEKOTOPBIX CJY4YaaXx
SIBHBIX) QHAJIUTUYECKUX 3aBUCHMOCTEH [Tl KPUTHIECKOTO JABJACHUA B TOHKOCTEHHOM LMIMHADHU-
Yeckolt 060JI09Ke B 3aBUCHMOCTH OT HMEMUIKXCst Hapamerpos [5, 6, u ap.]. K ynomsuyTeiM mapa-
METPAM OTHOCSITCSI:

1) Mexanu9ecKue CBOHCTBA MaTepuasa CJIos ¥ OCHOBHOTO MaTepHaJa, XapaKTepH3yeMble TIpe-
nenamu mpousocTn oyl o5 u nokazarenem ynpoumemus n = nMI a Taxxe xosddurment
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MeXaHWYIecKoil HeoAHopoaHoCTH coeuuenns K = 0Bl /oML,

2) pasmeps! obosouku: Ry — BHyTpeHHuMi paauyc 060I09KHA B HAYAJIBHBIR MOMEHT HArpyKe-
HUH, tg — TOJIIAHA CTEHKH 0GOJIOYKH B HAYAJIHHBIA MOMEHT HATDYIKEHU;

3) oTHOCHTebHASL TOMIIUHA cJi0d ¥ = h/t, rae h — TONIMHA CJIOH;

4) yrosi HaKJIOHA CJIOst K 0CH O0GOJIOUKY V;

5) K09 PUNUEHT ABYXOCHOCTH HATPYXKEHUS CTEHKH TPy6Bl m = 01 /09, TJe 01 U 0y — OCEBOE
KOJIbIIeBOE (COOTBETCTBEHHO) HAIPSYKEHNS B CTEHKE 000JIOYKH.

5. Hammcanue mporpaMm, TO3BOJISIONYX HAXOAUTD W BLIBOANTE HA DKPaH 3aBUCUMOCTH BHYT-
PEHHEro JaBJACHUS 0T YKA38HHBLIX TMapaMeTpPOR.

Beenem obo3nageHus:

B = cos’ v +msin’ v, C = (1 — m)sin2v, m = o1/0s.

Iycrs g — xoaddunuenT KOHTAKTHONO YHIPOYHEHUs (3BE3J0YKA YKA3biBaeT Ha 3HAYEHME BEJIH-
YUHBI B KPUTUYECKMI MOMEHT Harpy»keuus). KpuTudeckoe JaBjieHHE P* W YC/IOBHOE PaCcdeTHOE

KOJIBLIEBOE HAIPSIKEHHE 0 ONPEAESIAIOTCS 3aBACUMOCTAMHE (8, u 1p.J:

n-—1

9 n+1 n+1 g* BZ + 02(9*)2
p = (—) o8log  gyen - (—2——) Sop, = ( ) )
V3 Ry V3 B

3amerum, aro ko3 duiment g 3asucut o1 koadduiipenTa MEXaHNYEcKo HeoquaopogHocTy K u
MOeT ObITh BBIYHCIIEH IO ciepyromumM dopmyram |7, 8, 10].

g" =14 0oynp/2,
IIpUYeM TpU YCaoBuu 36 < 3¢ < 71 = (K +1)/4, rne s = (K +1)/((K +1)2 + 4),

L (K-1)B-K)  (K—1)(K+1-4%)(K + 1 — 45)
Oyup = 2 * 3x(K + 1)2 )

(4)
a npu yeaosun 0 < 3 < 31,
Oymp = (K —1)(2 — 23 — (1/6)V5e(K + 1)VK + 1 — 43). (5)

C npyroit croponrr, 3ror Ko3(pdbumuent K = K" nng HaKJOHHOTO CJOS B COOTBETCTBHH C

dopmyoi
K2 — 1 (g*)2C2
KHaK=K\/1+ e ( 1)32 (6)

cam zasucut o1 ¢*. Ilosromy st mpumenenuss dopmyisl (3) caeayer cmadasia HaiTu ¢* Kax
Opeaes HTePaTUBHON MOCIeN0BATEILHOCTH (C 33JaHHON TOYHOCTBIO), B3sB B Ka4eCTBE CTapTO-
Boro 3Havenus Jisg K = K, OTHOIIEHWE BPEMEHHBIX COIPOTUBJIEHUN (OPENeNoB MPOYHOCTH)
OCHOBHOT'0 MAaTepHasia U MaTepuaJia MeHee NPOYHOro cjosd, T. e. koabduument K = agn / 0.}\3/111.
BareM, ucnonb3ys Gopmyisl (4) wm (5), MOAHO HaliTu HepBoe MpUOAMKeHHe IAA g*, TOACTa-
HOBKOI#t KoTOporo B dopmyiy (6) naxogurcs nepsoe npubnuxenve 1 K = Kya. 9T0 3HaUEHHE
nogcrasisercs B hopmysnst (4) wnu (5) AJjs BEIYUCIEHHs BTOPOro NpubavzkeHust g%, U T. [

2. Ymcnenuble 3KCIEPUMEHTHI

Ha 0CHOBe TEOpETHYECKHUX PE3YJ/IbTaTOB, B 9aCTHOCTH, 3aBucumoctedl (3), (4), (5) u (6) B cu-
creme KoMmmbioTepHoi MaremaTuku MATLAB 7.5 paspaborana mporpaMMa, KOTOPas TO3BOJIAET:
1. Mo 3ayarabIM mapaMerpaM HAXOOUTE Kiayx.
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MATEMATUYECKOE MOIJEJIUMPOBAHUE

2. Tlo 3aaHHBIM IapaMeTpaM HaXOAWTh KPUTHYECKOE JaBjieHue p* 1 yCJIOBHOE pacueTHOe
KOJIBIIEBOE HANDSIKEHHE 073, .

3. Honyuars rpadugeckoe n3obparkenre KPUTHYECKOTO AaBiieHud p* Kax DyHKIHIO OT yIja
HAKJIOHA MEHEee IPOYHOI'O CJIOSL.

4. Tonyuats rpadudeckoe n306paxKeHne KPUTHYIECKOTO JABJIeHUS p* Kak (DYHKIUIO 0T KO-
s¢purmenTa JBYXOCHOCTH HArPY KEHHUS.

Jyis1 peanusalyy BHIYHCAUTENbHBIX AJTOPUTMOB MIPOrPAMMBI KCIOB30BAJICH BCTPOEHHBIE
YHKUUE ¥ CTAaHAAPTHBIE ONEPATOPHI fA3biKa nporpamvuposanust MATLAB 7.5. [na nonyyuenns
rpaguueckoro n300pakeHud MOAKII09eH akeT plots.

Ha puc. 1 — 3 niokazanbl pe3yabTaThl HEKOTOPHIX YMCIEHHBIX IKCIIEPUMEHTOB.

p* "
L] S -

inl & foolndlk

L[] N—

15

14 S

13 s e e St S S ]

b g T

-

110 0.1 0.2 0.3 0.4 0].5 0.6 Oi.7 0.8 0.9 1 1.1 v

Puc. 1. 3aBUCUMOCTb KPHTHYECKOTO OaBjeHus p* or yria v npu »x = 0,25; 0,3; 0,4;
0,5; 1 (imamE 2 — 6 COOTBETCTBEHHO), & TAKXKE KPHUTHYECKOE JABJIEHHE B ONHODORHOM
THO, usroropiennoit u3 OM (nuuus 1) u marepuana MIT caost (auana 7); m = 0,5,
K =1,5n=0,15, oM = 400 mlla, Ry = 610 mm, ¢t = 17 MM

Ananuz mosIyHeHHBIX YHCAEHHBIX PE3YJILTATOB MO3BOJISIET CLEJIaTh CJEIYIOIIUE BEIBOJEL.

1. Jlaxe TIpH OTCYTCTBHHU OCEBBIX HAIPY3OK HAKJIOHHOE DAaCIOJIOXKeHHe MeHee MPOYHOM IIpo-
CTIOHKH He NaeT HWKAKOTO MpEMYyIIecTBa, eCJIM yroj HakaoHa e mpesbumaer 0,5 (250... 300).
Ilpu oTcyTCcTBRY OCEBBIX HArpy30K CIHPAJIbHBIN HIOB JaeT 3aMETHOE IPENMYIIECTBO, KOTIa VIOl
Hak/0Ha mBa pased 0,94 (549... 55°) ~ mapamerp, ucnomb3yeMuIit Ipu MPOU3BOJCTBE CIUPATLHO-
wosHBIX Tpy6. Bonee Toro, kax suamo u3 puc. 1, cnupasbHOIIOBHEIE TPYOL! OKA3BIBAIOTCS PABHO-
MPOYHBIMY DECHIOBHBIM, €C/IH YroJl HAKJIOHA IIBA HPERLIIIAET HEKOTOPYIO BEIHUINHY, 3aBUCAIILYIO
OT OTHOCHUTEJBHOM TOJIIIMHBI COI.

2. IlpsimomioBEBIE TPYOBI MOJIYYAIOT NPEUMYNIECTBO NPH CYMIECTBEHHEIX OCEBBIX HArDY3KaX
(puc. 2).

3.@opmMyaa AAs BRIYUCIEHUA KPUTHYECKOTO BHYTPEHHETO JABIeHAA B Tpybe, H3roTOBIEHHON
W3 MaTepuasia CJI0f, IPH OTCYTCTBUH OCEBBIX HAIDY30K, MMeeT BHI:

ot = 2 oslp
V3t Ro

Jns npsiMomosHo# TPy6bl, UPY OTCYTCTBUY KOHTAKTHOTO YIPOYHEHHHA B MEHEe MPOYHOM CJIOE,
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-0,3; 0; 0,2

1.8
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1.8

Puc. 2. 3aBHCHMOCTb KPUTHYECKOIO JaBJEHHs] p* OT yIjia vV IpH M

(

610 MM, t = 17 MM

400 mlTa, Ry =
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Puc. 3. 3aBUCHMOCTb KPUTHYECKOTO JABJIEHHS P
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IosToMy, eciim KOHTAKTHOE YIPOYHEHNE B CJIOE OTCYTCTBYeT (HampuMep, TOJIIIUHA CJIOsT CPDABHUMA

C TOJIIUHON 060JI0YKHK), TO KPUTHYECKOe JaBJEHHe B Takolt 06osiouKe BBUUE, YeM B 0DOJIOUKE,

*

p

ey

U3rOTOBJICHHOM IICJIMKOM H3 MEHEee IIPOYHOI'0 MaTepHaJa: MHMeeT MeCTO YIPOYHeHHe, OTJIMYHOE

dopmyity (3) MOKHO 3ammCATH B BUE:
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MATEMATNYECKOE MOJEJ/IMPOBAHUE

OT KOHTaKTHOTO, Ha3BaHHOe B paborax [7, 8, u Ap.] KOHCTPYKUHOHHBIM YIPOYHEHHEM (CM. TAKXKe
puc. 1).

4. OceBbie HArPy3KN CHHUZKAKOT BEJIMYUHY KPUTHIECKOrO JaBjeHus (puc. 3).
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