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AnHoTtauus. IIpeaynokeHa HOBas METOIMKAa pacyeTa BHELICHTPEHHO CXKaTbIX CTEPXKHEH, B
COOTBETCTBUM C KOTOPOM CHJIA YYMUTBIBA€TCA TaM, IJE€ OHa mpukiaabiBaerca. Ilo pacdeTHbIM
bopMynaM onpenensoTcs HalpsKeHUs, PaclooKEHUE HEUTPalbHOM JMHUHU, SKCLIEHTPUCHUTET.
BennuuHy cuiibl HaxOIAT IO 3aJaHHBIM HalpsDKCHUSAM. BriepBble JaHO OIpEAcIIeHHE MAlOMY H
OosblIOMY 3KcueHTpucuTery. Ilo npennaraeMoil METOAMKE MOKHO pellaTh 33aJaud B (U3UYECKU
JIMHEWHOM Y HEJIMHENHOW MOCTAaHOBKE U ONPEIEIATh HAJIEKHOCTh BHELIEHTPEHHO-CKATOIO CTEPIKHS
4yepe3 XapaKTepUCTHKY Oe30macHoCTH f3 .

KiaroueBble cioBa: CTCPIKCHDb, CUJIa, HAIIPSXKCHUA, SOKCUCHTPUCUTCT, HeﬁTpaHBHaH JIMHHUA.

Beenenne. lleHTpanbHO- W BHELEHTPEHHO-CXKAaThle  CTEP)KHU  SIBIAIOTCS  BechbMa
pacrpoCTpaHEHHBIMH  3JIEMEHTAaMH  CTPOUTEIBHBIX KOHCTpyKmmid. IlosTOoMy wuccriemoBaHus,
HanpaBJICHHbIE Ha COBEPIIEHCTBOBAHUE METOJIOB UX pacueTa, 0 CUX MOp SABJSAIOTCS aKTyaJbHbIMU.

Hauunas c¢ Jleomapma Oiinepa, OCHOBHbIE pabOTHI B A3TOM 00JAaCTH OTHOCWIHCH K
OIPEJICJIEHUIO TpeAEIbHON (KPUTUYECKOI) Harpy3ku, KOTOPYIO MOJKET BbLIEPKAaTh CTEPKEHb.
OpnHako neicTByrOmME ceiiyac HOPMBI POSKTHPOBAHUS HE COJEPKAT YKa3aHUH O TOM, KaKUMHU
Oynyt aedopmanuu U nporuObl NOJOOHBIX CTEPXKHEH. A 3TOT BOIPOC OYEHb BAXKEH, MOCKOJIBKY
IPU ONPENEICHUU TIPEACIbHBIX HArpy30K B HOPMAax YYHTBHIBAETCS BO3MOXKHOCTH TOSIBJICHHS B
CTEPI)KHSAX MJIACTUYECKUX JepopManuil.

LleHTpanbHO-C)KAaThIe CTEPIKHU (PAKTHUECKH SIBISIOTCS BHEIEHTPEHHO-CKATBIMH, TaK Kak
peanbHblE CTEpXKHM BCerja MMEIOT HayalbHble HECOBEpUICHCTBA. [IpUMEHUTENBHO K
BHEIICHTPEHHO-CXKATBIM CTEPXKHSIM CJIeIyeT OTMETHUTh, YTO B COBPEMEHHBIX HOpPMaxX MeETOJIbI
pacuera Ha YCTOWYMBOCTh BHELCHTPEHHO-CIKATBIX CTEP)KHEW (OTKPBITOrO MOMNEPEYHOrO CEUCHUSI)
HEIOCTaTOYHO TOJHO OTPAKAIOT HMX JCHCTBUTEIBHYIO pabOTy B COCTaBe KOHCTPYKIHUH. ITO
KacaeTcs ydeTa I'pDaHMYHBIX YCJIOBUHM, 3KCIEHTPUCUTETOB, ()OPMBI CEYEHUS MU T.JA., YTO YaCTO
MIPUBOJIUT MPHU pacyeTax K 3aHWKEHUIO (PaKTUUYECKON Hecyllel ClIOCOOHOCTH.

IToctanoBka 3agaun. OCHOBHBIE acCHEKThl TEOPUM pacyeTa BHELEHTPEHHO-CHKATBIX
CTEp)KHEH WM3JI0KEHBI MPAKTHYECKH BO BCEX y4eOHHMKAaxX MO COMPOTHBICHUIO MarepuayioB [1-4].
OnHaKko B OCHOBE 3TOM TEOPUHU JISKUT PsIJI MOJOKEHUH, KOTOPBIE, 110 HAllleMy MHEHHIO, BBI3BIBAIOT
COMHEHHE. B 9acTHOCTH, HET YETKOTO ONpeNeNeHUs JUIsi Majloro M OOJBIIOrO SKCIEHTPUCHUTETA,
4TO, KaK Oy/JeT MOKa3aHo B JalbHENIIIEM, MOKET IIPUBOJIUTH K OIIMOOYHBIM pe3yiIbTaTaMm.

Heablo nanHOW paboOTHI ABISIETCS pa3pabOTKa HOBOM METOJMKH pacyeTa BHEICHTPEHHO
CXKaTBIX CTEPXKHEH, B COOTBETCTBUM C KOTOPOM CHJIa YUUTBHIBAECTCS TaM, IJie OHA MIPHUIIOKEHA.

Metoanka wucciaegoBanusi. CHadana ONpeneiInM CTaTyC OSKCIEHTPUCHTETAa — MAalbli H
6oub1I0M — 110 Hele(hOpMHUPYEMOI cXeMme.

Paccmotpum crepxens npsimoyrosibHoro cedenus (puc. 1). Ecau cuna F nepemeniaercs no
OCH y W HaXOJWTCS CTpaBa OT OCH Z, TO HEHTpalbHas OCh pAaCIOiaraeTcs CjleBa, KOrjaa CHia
MePEeMEIAETCs 10 OCH Z W HaXOJTUTCS CBEPXY OT OCH Y , HEHTpalbHas OCh PacIioaraeTcsi CHU3Y.

B 3aBucHMOCTH OT BENMYHMHBI SKCLEHTPUCUTETA, HEUTPAJIbHAS JIUHUS MOXKET pacIoyiaraTbes
B CEYEHUU WM BHE €ro. PaccMoTpum cilydail, Korja HEUTpallbHasl JIMHUS PacIOIaracTcsi BHE
ceueHus (puc. 1, a). Ecniu BappupoBaTh BETUUYMHON SKCIIEHTPUCUTETA, HEHTpanbHasi OCh MOXKET
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YIAIAThCA WK MpUOIMKaThes K cedeHuto. IlycTs HelTpanbHas och MPUOIMIKACTCS K CEYCHUIO U
MOXET KOCHYThCS CEUYCHHS, UTO Ha pHC. |, a MOKa3aHO CTPEIKOH, U OyJeT COBMAaaTh C JMHUEH

A—-C (puc. 1, 6). Takoe pacnonoxeHue HEUTPANbHON JINHUK HA30BeM IrpaHuuHbM — C7 .
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Puc. 1. Cxema BHELIEGHTPEHHO CXKAaTOIr'0 CTEPHKHS

Ecmu cunma F Oyzmer ciieBa, Torna HeWTpasibHas JIMHUSA OyneT coBmanath ¢ quHueir B—D
(puc. 1, 6). Ecnu cuna F Oyzaer mo ocu Z cBepxy, TorAa HeHTpaiabHas TUHUS OyJeT COBMAAATh C
munaueir C—D (puc. 1, 0), a korga cuina F Oyner cHu3y, TOrJa HEWTpaibHas JIMHUS COBIAIACT C

A—B. IlpuyeMm, paccrossHUE OT OCHU CTEp>KHSA X 10 HedTpanbHOoi smHun C?  wusBectHo. [liis

HelTpanbHOM muHuUM C , koraa cuia F pacnosaraercs 1o ocu Y, pacCTOSIHUE 10 OCH X Oyzaer

paBHO *—. Jlnsa HelTpanbHoM suHun C , xorja cuiaa F pacnosnaraercs Ha OCH Z , pacCTOsSHHE
2 .

b
JI0 OCH X paBHSIETCA iE.

Teneps 3anumem Gopmymny mis paccrosius C, -

I
C,,= ! . 1)
Ao<ey +e,+ fo+ f(x))

3peck €, — KOHCTPYKTHBHBIN SKCICHTPHUCHUTET; €, f, — HauanbHOE HECOBEPIICHCTRO; f(x) —

BeIrn0 win BoimyunBanue (o tepmuHonoruu C.I1. Tumomenko). Eciu B popmyne (1) yunTeiBath
TOJIBKO €, IOJyIHM:

P o= 2
vy @
®opmyny (2) mpusogst C.I1. Tumomenko [1] u I'.C. TTucapenko [4]. OqHako nanee oHH ITY

(bopMyny He IPUMEHSIOT, XOTs, €M u3BecTHO paccrosiHue C” o 1o (1) MoXkHO ompenenuTs €% .
J1J1s IpsIMOYTOJIBHOTO CEYCHUS

bh*.2 h

:—:—. 3

Y 12bh-h b )
bh-2 b

X — = (4)
bh-h b
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®opmynsl (3) u (4) ompenensioT pa3Mepsl AApa CedcHHs. 3HA4YMT, €7 — 3TO Mablid
9KCLEHTPHUCUTET, TOYHEE, ET0 MAKCUMAIIBHOE 3HAUCHHE.
Ternepb MOKHO 3aMUCATh IPEETbI M3MEHEHHS MATIOTO OKCIIEHTPUCHUTETA €,

0<e,<e?. (%)

Ecmu e”t :0, TOorga HeﬁTpaﬂbHaﬂ oce C —> 00, a 3TO MpPU3HAK LECHTPAJIBbHO CXKaToro

H.0

CTCPIKHA. Ecimm CTEPXKCHb CABUHYTH C 3TOI'O IIOJIOXKCHMUA, HCfITpaJ'IBHafI OCh M3 OECKOHEUYHOCTHU

OyzeT mpuOIMKATECS K CTEPXKHIO U TIpu €7 ympeTcst B TpaHuIly Y, 3TO KOHTYP CEUYCHHUS, JAJIbIIe
OHa HE MOXET JABUrarhcs. [IpM MajaoMm HKCLUEHTPUCUTETE B NPOU3BOJIBHOM TMOJIOKEHUU B

NPOMEXKYTKE OT HYJIsl U 10 €7 HeWTpayibHas 0Ch HAXOIUTCs Kak Obl B myctore. M Tonbko mpu e”
HelTpaibHasi OCh OyJIET KacaThCsl HAPSHKEHHOTO COCTOSHHUSL.

JInst Kpyrjioro cedeHus paamyca I HEHTpalibHas JIMHUSL MOXKET KOCHYTBCS JFOOOH TOYKH
KOHTYA.

., r r
3neces C” .=r, e” = 7 SAnpo cedeHust — 3TO OKPYKHOCTH pagryca s

., N
Jlnst paBHOCTOpOHHETO TpeyroibHuka C7 =—, e

3

., h
& =E. Snpo cedeHus — 3TO TPEYrOIbHHUK

CO CTOPOHOM, PaBHOM 5

Teneps paccMoTpuM, Kak OOCTOMT €O AJiA MPOKAaTHBIX mpoduieil. B kadecTtBe mpumepa

Bo3bMeM 1N250 4=100cw®, |, =39727cu’, I, =1043cun”.
e = I, __ 39727 1043 _ 0,59. C :h‘
A-C*? 100-25 00-17 c2

Snpo ceuenus — 3o pomo6 ¢ quaronansmu 2€;” =31,78cm u Ze;” =1,18cm.

=15,89cm. e;p =

Be11o ObI enecooOpaszHo ykaszark €7, e? B coprameHre.
X y

[Ipu wmasnom »skcueHTpucurere (puc. 2) HANPSKEHUS CXKATHS IPEBATUPYIOT HaJ
pacTaruBalmuMu oT u3ruoa. IloaTomy smropa HanpsHKEHUH MoJTydaeTcs OJHOTO 3HaKa — CxKaTue.
Torga Takoe HaPsDKEHHOE COCTOSIHME HAa3bIBAETCSl BHELIGHTPEHHBIM CokatueM. Tak, Hanpumep, JUis
[ NeS0 nanpspkeHwUs, onpeaessieMble 0 HOBOI METO/INKE:!

o, =0, (y:max : (6)

Voux =CF + E Ve = 25+ 25 =h. Tpunumaem o, = 2800ke / cm’.

2
Torna o, =0, Cop . Oy = 28002—2 =1400x2 / cm®.

max

IIpu stom F =o,-A=1400-100=140000xe. Oto mo HenedpopmupoBaHHOM cxeme. Jlns

pacudera 1o AehOpMHPOBAHHON cxeMe (puc. 3) HEOOXOIUMO ONPENeTUTh BHIrn0. @opMyIty BeIrnOa
JJISI IAPHUPHO OrepToii cToiiku BozbMeM y A.C. Bonbmupa [5]:

fy=m . E=2110ke/crr.
7 By 4
F

E=21-10x2/ cm® u | =7,5m— xak B npumepe y C.IT. TumomeHKo [1] :
_ 7°El_9,87-2,1.10°-39,727-10°
i |2 56,25-10*

=1464000xe.
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15,89

[Tpu sTOM BBITHO OyHET f(x) =1,273- 116 4 =2,237cm.
140
Beruncasiem paccrosaue C, | = 2 = 39727 =21,79.

A(e+f(x)) 100(15,89+2,237)

Yrax =C.0 +g =21,79+25=46,79cm. o, =2800xz/cm’.

Cu 2800£ =1496,05ke / m*. F =1496,05-100 =1496,05xe.

ymax 46,79
310 Oonbine, yem npu e (F =1400,00xe ).

O-O = O-max

Ocb cmepoicns
X

XH.0
Cho (4]
_ / Cro F / Ocws cmepaicta
Hezmzpman I ;, W o /
oct h2 7 7

h‘_: Cu.o-h72 / /
hi=Chn. o+h/2

adi
/4\%7% T

%]

Ono N /J 0 2 b%
/" -
2.0 W2 Ji ARz Ji
é fix)

Puc. 2. HaprI)KeHHOG COCTOSIHHUC ITPU MAJIOM 3KCIICHTPUCUTCTC

XH.0 X
Ocb cmeporcHa

hi=Cun.o-h?2 / /

h2=Cu.o+h?

|
| Ox

Oy/o
b/ 7)/ 0 2
Heitmpanonaa ’ dy

oCcsh B
,; AR,

EAVARES

Puc. 3. HaHpﬂ)KCHHOe COCTOsIHUC ITPpU OOJIBIIIOM OKCHCHTPUCUTCTC
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[Morpemnoctu Gonbiie 5%. 3Hauur, npu €7 u O, =0, HYXKHO JenaTb HPOBEPKY IO
nehOpMUPOBAHHON CXEME.
Pe3yabTarsl ucciaenoBanms. [Ipumep pacuera BozpbmeMm y C.II. TumoiieHko [1] JByTaBp

Ne50 3arpyxaercst cinoit F =807 ¢ skcueHTpucureroMm € =5cm. Pemmm aBe 3agaum: cHaudana

onpeieNuM o, . , a3aTeM onpeneitum cuny F, korma o, = o, = 2800ke / cm’.

max 2

Beruncasem C -

| 39727
o =—-=——=179,454cm.
Ae 100-5
Pacuer BbmmonmHsSeM 1O HeAepopMHUpyeMOM cxeme, TakK Kak cuia HeOonblmias U
AKCLIEHTPUCUTET HE3HAUUTEIIbHBIN.

Beruucisem y,
Yoax = Coo +g =79,454 +25=104,454cm.

Omnpenensem o .
o, =E=M=8OOK2/CM2.

A 100

Beruucisgem o, -

=1051,72x2 / cm®.

o — o Yo _gool04454
C 79,454

H.0

C.II. TUMOLIEHKO BBIYHMCISIET HAIPSKEHUS O, ,, 10 1e(OPMUPOBAHHON CXEME.
Brruncnsiem BeIru6:

SRR 7/ S
z P, 1 (1464 1) 17,3
F 80
Beruncasem C -
Cn.o = IX = 39727 = 74,065CM
A(e+ f(x)) 100(5+0,37)
99,065

Yiax = 74,065+25=99,065cu. o, =800 =1070,003ke / cm’.
74,065

[MorpemHocts MeXIy O, N0 HeneOPMUPOBAHHOH cxeme M 1e(OpMUPOBAHHON COCTaBIAET

1,2%.
[IpoBepka 1o cTaHAAPTHOW METOJUKE CONPOTHBIIEHUS MaTepUaioB IMOKAa3bIBAeT XOpoIlee

COBIIAACHHUE C PE3YyJIbTATaAMHU pacydcTa 110 npe,unaraeMoﬁ MCTOOHUKCE:
F » M 800005

X

o =—=0,=800ke/cm’, " =—=—""=251T3k2/ cM’.
A W 1589
O, =800+ 251,73=1051,3ke / oM.
[lepexomuM K pEIICHWIO BTOPOW 4YacTW 3aJadyd — oONpenenuM cuiy F, korma

O = 07 = 2800K2 / M.
C.I1. Tumomenko onpenensn cuny F =P, meronom npo6 u ommbok, u nomyunn B =174T .
Bemnuuna C,  usBectna— C,  =79,454cm.

Omnpenenum o, .
79,454

=2129,85k2 / cm?.
104,454

C
O ax = O Y e , OTCIO/Ia HAXOAUM O, = O, —== = 2800

H.O ymax
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Boruucisiem MakCUMalIbHYIO CHITY:
F.x =P =0,A=212985ke = 212,985T = 213T.

Pesynprar C.I1. TuMomeHko:

P 174000

O-O =
4 100
ot M _1780005 _ po 5/ en;
W 1589

O, =1740+547,5 = 2287 5ke / cm® << 2800ke / cm®.
PesynbraT HOBOIl MeTonuku: F  =2137.
o, = 213000 _ 2130ke / cn’; o™ = 213000-5
100 1589
O e = 2130+ 670,23 = 2800,23 ~ 2800x2 / e’
IIpoBepka BbIIOIHAETCS.
B nepBom ciydae HarmpsKeHHs MOXKHO ObUIO OBl ONIPEAEIUTD U 110 METOJUKE CONPOTUBIICHHS

MaTepUajoB, HO BO BTOPOM ciiyyae 0€3 HOBOI METOAMKHU HE OOONTHUCH.
Teneps 3anuiiem ypaBHEHUS IPH MaJIOM 3KCLEHTpUCHTETE (puc. 2).

=1740k2 / cm®.

=670,23ke / cm’;

h
¢ h h
> X=0P=bfody. h=C,,—=, h=C,+-. @)
4 T2 c2
Yy ey :
[Tocne noacranoBku € =—, o = E= B (7) nonyuum:
h, Ey E y2 h,
P=b[=dy=b==-| =boy(h—h),
P P 2n
Y OKOHYATEINbHO!
P P
°=tn" A (8)
Yepes o, onpezenseM HapsHKEHHUS B | — oM BOJIOKHE (pHc. 2), a 3aTeM HaXOAuM:
Yi
o, =0,—. 9
i 0 CHlU ( )
351ech Y, — paccTOsIHUE 10 HEUTPAIbHOM JIMHHH.
3anuiiemM BTOpOe ypaBHEHHE — CYMMY MOMEHTOB OTHOCUTEIHLHO HEUTPATBLHOM OCH:
hy
>M,,,=0.P(e,+C,,)=[oydy. (10)
hy
[Tocne aHaTOTMYHBIX BBIKIAIO0K MOTYUHM:
M ,
Ui — Z.Hﬂyl , (11)
I Z.H.0
rne |I,,,=1.+A-C .
Teneps 3anumem TpeTbio GopMyiy:
P M,-
Gi=—+z—y=O'N+UM. (12)
A z
Ecmm nmpupaBasth (9) u (11), momydum paccTossHUE OT OCH CTEPIKHS 10 HEUTPaIbHOM JINHUH .
I
Cuo = X ! (13)
" Ae,
W
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C.= 2 : (14)
A(ey + 1, +e+ fo)

Huxnss rpanuna 60Jab110I0 SKCLHEHTPUCUTETA!
|
e* <, ¥ =—"2—. 15
big * AC:}; ( )

Pa3mepsrl 00J1b1I0I0 SKCLIEHTPUCUTETA 3aBUCAT OT KOHCTPYKTUBHOI'O PELICHMUS.

s O0JIBIIOrO 3KCLEHTPUCUTETA TAKXKE MOXKHO 3alKcaTh JIBa yYpaBHEHUs PaBHOBECUS —
CYMMY MpOEKIMH Ha OCb X U CyMMY MOMEHTOB OTHOCHUTEJIBHO HEHTpaibHOW ocu (puc. 3).
DopMyIbl 1)1 HAIPSDKEHUN MTOJTy4ar0TCsl, KaK U IIPU MaJIOM SKCLIEHTPUCHUTETE.

[Tpu OOMBIIOM AKCIEHTPUCUTETE HEUTPaIbHAS IUHUS PACIIOIAaraeTCs B CEUCHUH U JACTHUT €ro
Ha JIBE YaCTH — CJKaTUE U PACTSHKCHHUE.

[Ipy BHEUEHTPEHHOM JEHCTBMM CHJIBI BO3HHMKAaeT wu3ruOarommii mMomeHT. llpum wmamom
HKCLEHTPUCUTETE OH HE3HAUUTENIbHBIN, a IPU OOJIBIIOM MOXKET OBITh CYILIECTBEHHBIM.

XapakTepHOi 0COOEHHOCTBIO MPOJIOJIBHOTO U3TH0a SABISIETCS TO, YTO KPUBH3HA HEUTpATbHON
OCH IIPOTUBOIIOJIOKHA KPUBU3HE OCH CTPEIKHS.

Ha puc. 4 nokasan rpaduk usmenenus C, B 3aBUCUMOCTH OT TOTO, Majblif SKCLEHTPUCUTET

WA OOJIBIIION.

Cu.o o0
cuia cieea cuia cnpasa
F ev. Cuo ‘ | Cu.o ey F
f
BHEYeHNPeHHO / | BHEYeHIMPEHHO
c;vcampu? | cwpambn?
neMeHm \ / 2NEMeHM
/ y
i \
e | | e
¥ Y
—7 0
h h2 hWelhe h2 h
i 001bULOT IKCYeHmpucumem OoNBULOT IKCYeHMPUCUMEm f
— -

f \

Manwlii IKCYeHmpucumem

Puc. 4. Usmenenne C, B 3aBUCMMOCTH OT DKCIICHTPUCHTETA

CTpeMHeHI/IC ey —> 00 HOCHT TOJIBKO TeOpeTI/I‘-IeCKI/Iﬁ XapakKTep. C HpaKTquCKOﬁ CTOPOHBI

TaKOro OBITh HE MOKET. 30Ha MAJIOT0 SKCLIEHTPUCUTETA 3HAUUTEILHO MEHbIIIE, YeM OOJIBIIOTO.

Ha puc. 5 mnokasansl OSHIOpbl HampsHKEeHUM Mpu  OOJIBIIOM DSKCIEHTPUCUTETE IS
npssMoyroibHoro ceuenusi. C yBenmundyenueMm oskcieHtpucureta or 0,2h mo 5h (B 25 paz)
HAaIpsDKEHHS TOXKE YBEIMYHBAIOTCS B 25 pa3. A npu yBenu4eHun sKcienTpucutera ot h mo 10h (B
10 pa3), HanmpsHKEHUS YBETMUYUBAOTCA B 12 pa3, TO €CTh MMEEM 3aBUCHMOCTb, OJIU3KYIO K
nuHeWHOW. Ho B 1eHCTBUTENBHOCTH TO HE TaK, IOTOMY YTO HYXKHO YUUTBIBATh elie U BeIruO. [Ipu
HE3HAYHUTENBHBIX OOJBIINX OJKCIEHTPUCUTETAX BHITMO Oyaer HeOonmbmoi. Pacuer MoxeT
BBINOJIHATHCS 110 HEJIePOPMUPOBAHHON CXEMeE.

IlepBas smiopa (puc. 5) — 3TO MOCHENHSAS OT MaJbIX 3KCIEHTPUCUTETOB M TepBas Mepen

h
Ha4yajaoM OOJIbIINX. HpI/I ey =g MOABJIACTCA PACTAHYTAA 30HA, YTO XAPAKTCPHO JIA 0OJIBIIIOTO

OKCHCHTPUCUTCTA.
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Cu.o Cn.o
H
100 200 h\h

/
€y=h/6w2a" ey=h/6 Cn M
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Puc. 5. Dnropel HanpskeHUH TP OOJIBIIIOM SKCLHEHTPUCUTETE

BeiBoabl. BrnepBbie naHo ompezeneHue Majoro M OonblIoro 3kcueHTpucurera. Ilpu
BHELICHTPEHHOM TPWIOKEHUH CUIbl 00€ OCH KOOpAMHAT SIBJIAIOTCS pPacyeTHbIMU. BpIrno
OIIpE/EISAETCS OTHOCUTENBHO OCU PACTSDKEHHUS, a HalpsyKeHUS — OTHOCHUTEIbHO HEUTpanbHON
muHud. TlokazaHo, 4TO ompezaeseHHE HANPSDKEHUH MPU MaJoM M OOJIBIIOM 3KCLEHTPUCUTETAX
CJIELYET BBINOIHATH 10 NMPEMJIOKEHHON METOAMKE, IIPU ITOM IOJIHOE HANPSHKEHHE OT CXKaTHUsl U
n3ruba ornpeaenseTcss He CyMMOM JIByX BEJIMYHMH, a OJJHUM YHUCIIOM. PacueT BHELIEHTPEHHO-CXKAThIX
CTep)KHEH 10 HOBOW METOAMKE sBIseTcs Oojiee TOYHBIM W TPU 3TOM CBS3aH C MEHBIIMMHU
3aTpaTaMM BpEMEHH JIJIsl IOJIYyUYEHHs] KOHEYHOTO pe3yJibTarTa.
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Ooecvka depoicasna akademis 6yOienuymea ma apximexmypu

AHoOTAalis. 3aIpoNOHOBAaHO HOBY METOJIMKY PO3PaxXyHKY BIAIIEHTPOBO CTHCHYTHUX CTPHIKHIB,
BIJIOBITHO JO SIKOI CHJIa BPAaxOBYETbCA TaM, J€ BOHA IPUKIANAETHCS. 3a PO3paXyHKOBUMHU
dbopMynaMu BU3HAYAIOTHCS HANPYKEHHS, PO3TAlIyBaHHS HEUTPalIbHOI JIiHII, EKCIIEHTPUCHUTET.
Bennuuny cwin 3HaXo[ATh MO 3aJaHMX HaNpyXeHHAX. Brepiie gaHo BU3HAUYEHHS MalloMy 1
BEIMKOMY EKCIIEHTPUCUTETY. 3a IMPOIOHOBAaHOI METOJMKOK MOKHA BUPILIYBAaTH 3aBJaHHS B
Gi3uYHO JTHIAHIA 1 HENiHIMHIA TOCTAHOBIIl 1 BH3HAYaTH HAJIHHICTH BIAIEHTPOBO CTHCHYTHX
CTPHDKHIB Yepe3 XapaKTePUCTUKY OE3MEKH.

OcHoBHI po0OTH B 00JacTi pO3paxyHKy ICHTPAIBHO 1 BiIIIEHTPOBO CTHCHYTHX CTPHKHIB
CTaBWJIMCS [0 BHM3HAYEHHS T'PAHUYHOTO (KPUTHYHOTO) HABAHTAXKCHHS, SIKE MOXE BHTPHMATH
cTprkeHb. OJIHaK /104l 3apa3 HOPMHU MPOEKTYBAaHHS HE MICTATh BKa31BOK MPO Te, SKUMU OYAYTb
negopmanii 1 NPOTMHU MOAIOHMX CTPUXKHIB. A 1€ MUTAaHHS JyXE Ba}XJIMBE, OCKUIbKU IpU
BHU3HA4YEeHHI IPAaHUYHUX HABAHTA)KEHb B HOPMAaX BPAaXOBYETHCS MOJKJIMBICTH IMOSIBU B CTPUKHSIX
IUTACTUYHUX JepopmMartiil.

[leHTpanbHO-CTUCHYTI CTPUXKHI ()AaKTUYHO € BIALEHTPOBO CTHUCHYTHUMH, TaK SIK peajbH1
CTPYDKHI 3aBXKIU MAalOTh IOYaTKOBI HeNOCKOHaOCTi. CTOCOBHO [0 BiALIEHTPOBO CTUCHYTHX
CTPUXHIB CIIiJ] 3a3HAYUTH, 110 B CYYaCHUX HOPMAax METOJU PO3paxyHKY Ha CTIMKICTb BIILIEHTPOBO
CTUCHYTHX CTPHXKHIB (BIIKPUTOIO MONEPEYHOro Mepepi3y) HEJOCTaTHhO MOBHO B1AOOpaXaroTh iX
HificHy poOOoTy B cKiaJi KOHCTpYKLiH. Lle crocyeTbes 005Ky TpaHUYHUX YMOB, €KCIIEHTPUCUTETIB,
(dbopMu niepepizy Ta iH., 110 YaCTO MPU3BOIAUTH MPU PO3paxyHKaxX 0 3aHMKEHHS (PaKTUYHOI HECy4uol
3JTaTHOCTI.

IToka3zaHo, 1110 TpH BIALEHTPOBOMY JI0JIATKy CHJIM OOMJBI OC1 KOOPAHMHAT € PO3PaXyHKOBHMHU.
BuruH Bu3HAuYaeThCS ILIOJIO OClI PO3TATYBAaHHS, a HANpPY>KEHHS — BIAHOCHO HEWUTpaJIbHOI JIIHII.
Bu3HayeHHs HamnpyXeHb NpU MaJoOMy 1 BEJIMKOMY EKCIEHTPUCHUTETax CIiJi BHUKOHYBAaTH 3a
3allpONOHOBAHOI0 METOJUKOIO, TpPH LbOMY IIOBHE HANpPYXKEHHS BiJ] CTUCHEHHS 1 BHUTUHY
BHU3HAUYAETHCS HE CYMOIO IBOX BEJIMYMH, a OJHUM YHUCIIOM.

Kr04oBi cji0Ba: CTpuKeHb, CUJia, HAPY>KEHHsI, EKCHEHTPUCUTET, HEHTpaibHa JIiHis.
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STATICS OF ECCENTRICALLY COMPRESSED RODS
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Abstract. A new method of calculating eccentrically compressed rods is proposed, in
accordance with which force is taken into account where it is applied. According to the calculation
formulas the voltage, the location of the neutral line, the eccentricity are determined. The magnitude
of the force is determined by the specified stresses. For the first time, the definition of small and
large eccentricity is given. According to the proposed method, one can solve problems in a
physically linear and nonlinear formulation and determine the reliability of eccentrically
compressed rods through the safety characteristic.

The main works in the field of calculation of centrally and eccentrically compressed rods
related to the determination of the limiting (critical) load that the rod can withstand. However, the
current design standards do not contain instructions on what the deformations and deflections of
such rods will be. And this question is very important, because when determining the ultimate
loads, the standards take into account the possibility of plastic deformations in the rods.

Centrally compressed rods are in fact eccentrically compressed, since real rods always have
initial imperfections. With regard to eccentrically compressed rods, it should be noted that in
modern standards, the methods for calculating the stability of eccentrically compressed rods (open
cross-section) do not fully reflect their actual work in the structure. This concerns consideration of
boundary conditions, eccentricities, section shape, etc.), which often leads to an underestimation of
the actual bearing capacity in calculations.

It is shown that when an eccentric force is applied, both coordinate axes are calculated. The
curvature is determined relative to the axis of tension, and the stress relative to the neutral line.
Determination of stresses at small and large eccentricities should be performed according to the
proposed method, and the total stress from compression and bending is determined not by the sum
of two quantities, but by one number.

Keywords: rod, force, stress, eccentricity, neutral line.
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