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METO/] SHEPTUM B PACYETE HA YCTOMYUBOCTD IIJIOCKOM ®OPMBI U3TUBA
KOHCOJIBHOM IMMOJIOCHI C YYETOM COBCTBEHHOI'O BECA

AHHOTanus: 33/1a49a 00 U3rude MoJIoCkl CHIIOHN, TIPUIIOKEHHOW Ha KOHIIE, HE TMPENICTABISET 0COOOro MpakTHYe-
cKoro 3HaueHus. Takol crnoco0 HArpy3Kd M 3aKpeTuIeHUs] KOHIIOB HHTEPECEH JIMIIb TOTOMY, YTO €ro yaoOHee Bce-
IO OCYIIECTBHUTH Ha OIBITE, KOTOPBIN JIae€T BO3MOXKHOCTH MPOBEpUTH Teoputo [Ipanaris. [Ipu nmpou3BoacTBE OIbI-
TOB SIBJISIETCS] HEOOXOIMMOCTD B JIBYX ITONPAaBKaX: HY’)KHO OLIEHUTD BIMSHUE COOCTBEHHOTO Beca TOJNIOCH U BIUSHUE
MOBBIIIICHNE WM MOHWKEHUE TOUKU MPUIIOKEHUS crilbl. Tak Kak 371ech UJET pedb O MaJbIX MOMpaBKax, TO U JUIS
BBIYMCIICHHS, KOHEYHO, BIIOJHE OCTATOYHO TOJB30BATHCS JIHIIL MEPBBIM MpUONMMKeHHeM. Pekomenayercs 3¢-
(EKTHUBHBIN BapHaHT YHEPTETUIECKOTO METO/a TIPU pacdeTe MPSMOYTOIbHBIX KOHCOJIBHBIX TTOJIOC JIIsl YCTOHYHUBO-
CTH TIOCKOW (pOpMBI H3THOA ¢ y4eTOM coOCTBEHHOro Beca. CyTh 3TOr0 BapHaHTa METOJa 3aKIF0UaeTCsl B HCIIOb-
30BaHHMH BAPHAIIOHHOTO NMPHHIMIA JlarpaHka BMECTO YCIOBHS paBEHCTBA MOTEHIIUAIBLHOMN 3HEpruu JedopMaliiu
1 paboThl BHEMIHUX cWII. [IpeyioxKeHHBIN MOIXO/I TO3BOJISIET BEITIOJIHUTG MAIIMHHYIO Peai3aliio BEIYACICHHH 1
YUYEeCTh NMPOM3BOJIBHOE YMCIIO WICHOB psifia. Penenne 3aqauu Juisi KOHCONBHON 0allku MPEICTaBIICHO C YYETOM CO0-
CTBEHHOT'O Beca U JICHCTBUS COCPEOTOYCHHON CHITBI.

KaroueBble cji0Ba: METO/] PHEPTUH, pacuer, U3rud, KOHCOIbHAS T0JI0Ca, YCTOHYNBOCTh

Beenenue
BriepBrie 3a1aya yCTOHYMBOCTH TUIOCKOH (DOPMBI M3rKba MOJIOCKI MO ASHCTBHEM CHJIbI, TPUIIOKSHHON Ha KOH-

e Owiia pemreHa npodeccopom JI. Ipanntiem [1]. Jdnst onpenencHus FKP UM TIPENCTaBICHO TOYHOE pEIICHUE

TPAHCIICHIACHTHOTO YPaBHEHM I, HAUMECHBIIINNA KOPEHb KOTOPOTO JTAE€T HaM pe3yiIbTarT:
K JEI.GI,
F“F':T Krp=401 K,=1285
Hns onpenenenus FKP C.I1. TumorieHko [2] mpeIOKUI TPUOIHKEHHBIN 3HepreTndeckuii Meroa. Ilinockas

(dopma n3ruda Oyaer yCcTondMBa, MMOKa BCIKOE OTKJIOHEHUE OT HEee COIMPOBOXKIACTCS YBEIMUCHHUEM SHEPTUU CUCTE-
MBI, JPpYT'UMH CJIOBaAMM, ITIOKAa SHEPTHUA KPYUCHHA U DOHCPIUA I/I3FI/I6a B IINIOCKOCTHU X,V IIprU BCIAKOM OTKJIIOHCHUH OT

IIOCKOM (OpMBI OYAyT B CyMMeE MEHbIIe paboThl CHITBI F TIpH TOM 7K€ OTKIIOHEHHUH.

Bapuant merona, npemtoxkensoro C.I1. Tumorenko, mpenmnonaraer omnpeaeieHre KpUTHIECKOH HArpy3Kd U3
YCTIOBUSI, TIPU KOTOPOM padoTa BHENIHMX CHUJI paBHA MOTEHIMAILHON SHEPrHU MOMEPEYHOro u3rubda U KpydeHus
nojockl. [ToTeHnManbHas dHEprHs AeOpMallii BBIPAXKAETCSI Yepe3 Yroll 3aKpy4YHBaHHs, a 3aTeM (PYHKIHS yria
3aKpy4YHBaHUs HAXOAUTCS B (popMe TPUTOHOMETpUIecKoro psaa. dopma sHEpreTHuecKoro MeTosia, MpeiosKeHHas
C.I1. TumoIeHKo TS pelIeHus 3aa4i, He OueHb y00Ha U MAIIMHHOW Pean3allui U MPH YKUCIIe YWICHOB P
Oonplie IBYX TpeOYeT TPOMO3JIKMX BBIKIAOK. BMecTo ycioBrst paBeHCTBa MOTEHIIMAIBLHOM dHeprun nedopManmu
1 paboThl BHEUIHUX CHJI, BOCIIONB3YEMCS BApUAIIMOHHBIM pUHIIHAIIOM Jlarpamika.

MeToabl U MaTepHAJIBI
Merton pacuera OyzneT IpoJEMOHCTPUPOBAH HA MPUMEpe KOHCOJIBHOM Oanku 1moj JeHCTBUEM Harpys3KH B BHZE
COCPEIOTOYEHHOM CHJIBI, ISHCTBYIOIIEH COBMECTHO C COOCTBEHHBIM BecoM Oaiku (puc. 1).
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Puc. 1. Pacuernas cxema
Fig. 1. Calculated scheme
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Paccmorpum mBa cinyyas: 1. F = 0; 2.g — 0.

x v
Beenem Gespasmepnyto koopaunary § = —. Msrubarommii MOMEHT B Gasike Onpenensercs no Gopmyse:
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OmpenenuM KpUTHIECKYIO HATPY3KY U3 YCIOBUS MUHUMYMa TTOJTHOM 3HEpTuH [J, KoTopas onpeaensercs Kak:

U=W -4 )

rae W — noTeHnmanbHas sHepris aedopmarm, a A — paGora BHEMHUX CHL.

3unauenuss W u A4 1uis Galiky ¢ MMOCTOSHHON KECTKOCTBIO MPH MPUJIOKEHUN HAarpy3KH B IIEHTPE TSHKECTH TIOTe-
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JKECTKOCTh Ha KpyUCHHE.
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Wnterpuposanue B popmyse (14) anst Gyrkumii (9) BBITOTHIESTCS YUCICHHO.
KpuTtnueckas Harpyska BeIYHCIISETCA U3 YCIOBHUS paBEHCTBA HYIIO onpeaenuTens cuctemsl (11):
Al ALB]|=0 s
Takum oOpa3om, 3a7ada CBOIUTCS K 000OIIEHHOMY BEKOBOMY ypaBHEeHHUI0. B Tabmuie 1 npeacTaBieHbI 3HaUe-
Hus kodpounmenta [{ — N Ay, TPV PA3IMYHOM YHCIIE YICHOB psifia.
Kputnueckas Harpyska onpenensercs 1o hopmye:
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Wnrerpuposanue B popmyse (17) anst Gyrkumii (9) BBITOTHIESTCS YUCICHHO.

Pe3ynbTathl U 00cyx1eHus

3nauenns koddpdunuenta K = /A4, ., HonydeHHbIE MO Hamell METOAMKE IJIs paccMaTpuBaeMoil (GyHKIUM

MPH Pa3IMIHOM YHUCIIE YICHOB Psa, MpUBeAeHbI Ha rpaduke. CXOAUMOCTh B 3aBUCHMOCTH OT YHCIIa YJICHOB psija

moka3aHa B Ta0i. 1 u 2. Taxke B Ta0J. 2 IPUBEACHBI Ui CPABHEHMSI PE3YJIbTaThl IPH UCIIONB30BAHUU JIPYTUX 0a-
3UCHBIX (DYHKIWH, TPEACTaBICHHBIX B padoTe [5].

B pabore [1] myreM mpsMOro HHTErpUPOBAHUS ypaBHEHHs MU(depeHIIuaTbHON YCTOMYNBOCTH TIOTYYCHO 3Ha-
yenne K =4,0126.

Ha puc. 2 u puc. 3 npusenensl rpaduku 3aBUCUMOCTH K03 duimenta K oT uncna 4ieHoB psja n
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CTH sima pu § = O: Cuaus mTpux MyHKTHPHAS — CTEIIEHHOMR psif,
p p P y p p
OT YMCIa WIEHOB psfa npu F =D KpacHas myHKTHpHAs — f; = 1 — cgs(%), UYepHas CIUIOIIHAS
Fig. 2 Convergence of method in de- ey
pendence 0150 f; = sin (—r)
from the number of members of the se-

Fig. 3 Convergence of method in dependence
riesat F =10

from the number of members of the series at § = 0: Blue
Dashed Strokq - Power Series, Red Dashed Stroke —
fi= 1—cos (TT“], Black Continuous 0150 f = sin (3)
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Tabauua 1
Beanuunbl ko3punuenta K npu pazimyHoM Yucie YIeHOB Psifa A KOHCOJIbHOH 0aaku npu F = [}
Table 1
Values of K Coefficient at Different Number of Row Members for Cantilever Beam at F — ()
1 2 3 4 5
15,4966 13,2341 12,9081 12,8633 12,8589
6 7 8 9 10
12,8544 12,8540 12,8539 12,8538 12,8538
Tabauna 2
Beanyunbl ko3ppunnenta K npu pasamyHoOM vuciie YWIEHOB PA/A U1 KOHCOJIbHOI Oanku g — ().
Table 2
Values of K Coefficient at Different Number of Row Members for Cantilever Beam g = ().
1" 1 2 3 4 5
i 4,345 4,023 4,0132 4,0127 4,0126
K(asTopu) f = sin TJ
Tl 4
¥ £= 1—cos (TEJ 10,04 5,31 4,67 4,47 37
K (cTenennoii pag) _ﬁ = {“’L 11,83 5,77 4,65 4,35 4,24
n 6 7 8 9 10
_(mi 4,0126 4,0126 4,0126 4,0126 4,0126
K{asTopsl) fi = sin T]
i 4 42 42 42 4,18
K fi= 'J.—cas(TEJ 30 26 23 20 ’
BriBoabI

AHanu3upysi CXOIUMOCTh Ui Bapuanta F = (I, MokHO cka3aTh (Tabm. 1), 4TO pe3yabTaT ITOBOJBHO OBICTPO
MPHUOIIKACTCS K TOYHOMY PEIICHUI0, HAYMHAsl C 4eTBEpTOro npubmmwkeHus. OTKIOHEHHUE OT TOYHOI'O PEIICHUs
npu 11 = 4 cocrasuser 0,1047%.

Yro xacaercs BapuanTa g = 0, TO (Tabu. 2), OTKIOHEHHE OT TOYHOTO PelieHus npu n = 10 cocrasiser 4,07%

B ClTydae MCIIONb30BaHHS TPUTOHOMETPHUECKOrO psifia ¢ fi = 1 — cos (Ejj, a TIPU UCTIOJIb30BAHUU CTEIIEHHOTO Psi-
na — 1,71%. Jdns dyakiuit £ = 1 — cos (lj MpH OONBIINX # BRIYUCIUTEIBHBIA MPOIEcC ObLT YCTOHYHMB, HO 3HA-
yenue 4,01 ¢ TO4HOCTHIO /10 3-T0 3HaKa HoCITe 3aMATOH GBITO nonydeHo yuib npu 1000 unenax psna.

Taxoke ipu 1 > 12 1s crenennoro psana f; = & 1 yaGmonanack MOTEPsl YCTOMYMUBOCTH BHIYUCIUTEINBHOT O

nporecca (MHUMbIC COOCTBEHHBIC 3HAUCHMS).

Jnst pemienust aBTOpoB ¢ 0a3ucHbBIMU QYHKIUSAMHE (9) TIpH 11 = 3 OTKIOHEHHE OT TOYHOT'O PEIICHHUST COCTABIIS-

et umb 0,078%. Takum 00pazoM, CXOJUMOCTh METO/IA CYIIECTBEHHO 3aBUCHT OT MPAaBUIIBHOTO BhIOOpa 0a3UCHBIX
GyHKIUH.
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ENERGY METHOD BASED ON THE STABILITY OF THE FLAT SHAPE OF THE
CANTILEVER STRIP BEND TAKING INTO ACCOUNT ITS OWN WEIGHT

Abstract: the problem of bending a strip by a force applied at the end is not of practical interest. Such method
of loading and securing the ends is interesting only because it is most convenient to implement it on experience,
which makes it possible to verify the Prandtl theory. When conducting experiments, there is a need for two correc-
tions: it is necessary to evaluate the influence of the self-weight of the strip and the effect of increasing or decreas-
ing the point of force application. As we are talking about small corrections, it is quite enough to use only the first
approximation for calculations. An effective version of the energy method is recommended. It is used to calculate
rectangular cantilever strips for stability of a flat bending shape, taking into account its own weight. The essence of
this variant of the method is to use the Lagrange variational principle instead of the condition for equality of the
potential strain energy and the work of external forces. The proposed approach allows us to perform machine im-
plementation of calculations and take into account an arbitrary number of members of the series. The presented
solution of the problem for the cantilever beam takes into account its own weight and the action of concentrated
force.

Keywords: energy method, calculation, bending, cantilever band, stability
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