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C. P. CAPOHH

KPYUEHUE TPAMOYTOABHOIO BPYCA, HECOOCHO
APMUPOBAHHOI'O KPYTOBbIM CTEPKHEM

0 Bpyca, apMUpPOBaNHOTO HECOOCHMM Kpyrosum crepmuaeMm. [lo-
08 cedeHHe pacceMaTpHBacMoro Gpyca NpeAcTasAReT coboll ofiacTs,
HHYH KPHROAHMACHHBIN NPAMOYTOABHHKOM, ¢ HEUeHTDAALHLIM FA-
Yroro mMaTepuasa,

___.:T&B.AEHHBB 24aMA  PellagTeR MEeTOA0M KOR(GOPMHOro oTobpame-
LloAyveHn YHCASHHME IHANCHAN KACATEABHBIX HATPAREHHH W XecTre-
”._'l:lpm-myrunbmmon C PARAHNHAEIMH COOTHOUIEHHAMH CTOROH,
'p‘rlii'ﬂ, U0 334843 0 KPYMEHHH TIPH3MATHULCKOrD CTep&HA KB~
OPOEHAH, apMUPOBAHHOTS  HECOOCHREM EPYTOBDIM GTERPHRHEM,
mena K. A, Amensaze [1].

Kar narecTiio [2], orobpasenue BayTpennell ofAZCTH e HEHUAOTD
r{f_]. Ha BHY TPREHHENO EH?!.-"..H#.‘.'PI‘:- G MHGFL‘I}THJ’LI:IIHH& r)t":,fu__.LEl_""I'H.l'l.jt-
kuuel Kpucrogipenn-tlnapypa

=G0 = 4 \ A ST S r_}'x"_lc.fr B (L1

]
L]

M [ — KOMUAEKCHDIE KOOPAHHATLI, COOTNETCTHEHHO AAf obracteit
BHHKA ® eguavanoro kpyra (L]<C1; n— uumcaio cTopoR smAOTO-
Gy oy @ KOMITAEKCHDIE KOODAHHATLL TOYEK Ha OKPYVE-
EAUHHHHOTO KPyra, COOTHETCTBYIOLUHE BEDIIHHAM MHOTOYTOABHHEA;
s B — HIMEDEHHBIE B AOAAK T BHYTPEHHME YIAN MHOFOYTOARS
H B—ﬁﬂﬂﬁ@_ﬁ, HOMUASKCHBIE TIOCTOSHHBIE, XapakrTepHiyvioulve
e HHDI‘GFI‘DAI:'EIHK‘H. H Ero p?.l;i.'\'iEph].

Zaapneimen, caeays (3), Gydem npegcrasants dynkpmo (1.1) B

z=w(l) =By Y BL* (1.2)

k=1

Eb q]HHHEHTH Bi ul‘tpﬂ;:l.t‘a\ﬂlﬂ'l“ul no FEK\'PPEHTHbIM COOTHOUWEHHAM,
n

1 1—a,

Bi= k{k ] 'ljBk—ll
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II.JL]._' . S "' ___‘
+(k—2) Bio M: *i""*'ﬂllil-—kj

g I= gec] ' H
Bo=y fE=90%..3

B cayuae npousmoabnoro pacnoromenus mo oTHOWeHHI

obracti (i HauaAa KOOPAMHAT B NAGCKOCTH = BEAWYHHA Ty BRO;
(1.3), onpeaeaseres no qopuyne, noayuennoii n [4]

Ry I e

b 2 X

> 1 | 1::4|
rae dy, dy, dy..., dy— rRoMuAeRcHBE KOODAMHATLL TOYEK eAUHHYHON
pyxuocTd | 1| = 1, coorneTeriviomne BEPIUMHAM MHOrOyroAnHuka [y,

Doy 4, 95y %4000, %4 — HIMEDEHHBIE B JOARAX T BHYTPEHHHE YLABl MBG
YFOADHHKA; @ J; — NPOM3BOABHAA TOWRa KPYra.

B pacemarpupaemoii sazave nponsnosutes oToBpakeHus BHY
obAacTH eauuuunoro kpyra |2[<7 1 wa snyrpennol ofaacts nPAMOYD
auka. [lpu srom aas maabix snavennii <"1 OKDYMRHOCTAM Ha: TAOCKO
S 6YAYT CODTHETCTHOBATE SaMKHYTHIE KPHBBIE Ha NACCKOCTH 2, OARS
x orpysuoctd. [losrtomy (1.2) momuo PACCMATPHEATE Kak (QyHKIHIO
OAHKEHHO OTOOPaFRAOWYI0 ROABUG < #<_1 Ha AnycBEA3mHyID) 0
OFPasiueHHYI0 HIRHE KPHEOAMHEHHDIM UDAMOYIOABHMEOM, a H3HYTPH-
PY#SHOCTRIO,

[losromy, oxpymmoctTs 4, u ¥, nacekoctn - orobpasaTea coo
cTeeno Ba koHTypul Iy w |, maoexoern z. dam noayuenns gocrar
Tounoro  koutTypa 1) npamoyroansska B orobpamaiiueii BYHRIHE
sagro 100 yrenon, _

Buyrpennuii koutyp I, Hesasmcumo o7 meemmero rorTypa Iy,
MaAmx &, <1, GANIOK K OKpy&HOCTH ¢ AGOA 331anHOH T{}lil-I_O'c‘!h_i%
TOpasi BO3PACTALT € YMEHbIUCHHEM [

Tar kar 8 sannoff sagaue npouspogures OTOGPAKEHHE BHYTPEH
00AZCTH EAHHHYHOTO KPYT2 HA BHYTPEHRDID obaacTh NPAMO Y TOAEHHES
B KatdecTHE HCXOAHBIX faswux B (1.4) npusem

dy = ﬁi:, d! = o g "-'I;l e Eh- "f-l = '?_I.Fﬂ C|:|_' — 0.6

Bomncasa no (1.4) asauenue 1, s =1,2, 3, 4), noayunm

|'| = E_l'“, 3 fRi— Er'ﬁ'_,r ‘|'_3 = g'_‘.“:l 1 qu — E,—.‘ﬁl
TAEL
f (.16 sin %
Wy = arcty —————
0.34 cos ¢ — 0.3
A6 5in &
EI: =arcty Dbs—lnl
ﬁ' 0.3 cosz - 0.3

1
Moacranams (1.5) 8 (1.3) » npunnmas o — 2, =7, =9, = o

woapipuurentos 5 noayunm
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& EJ’cl— 1) Wk —1) By 1 (cos b, + cosb,) + (& — 2) By s (cos 20, -+

T eos20,) - -« + B, [cos (& -1) 6, - cos{k—1)0,]! (1.7)
~ [lpsaasan anagenus napaMeTpy T »
KOBPPALHEHT L By, NOAYHHM  ODAMOYTOABHMKH € Pa3tpiMH OTHOLIe-

# cropoi, B ra6a. 1 npusesens spavemis OTHOmeHUs cropon A'b
OABEHKZ 1l 33BHCHMOCTH OT napameTpa 7.

BoigucAss no (1.7) ¢ yuerom

Tafaugn [
#  [0:2570.38=| 0.402- | 0.473= [ 04877

I,D’ 1.5‘ 2.0 J 25

3.0

e, 1.

2- 35‘.-13‘[3. C‘.HGGDJ{HGT‘O KPVHEHHA COCTARMBIY MPHAMATHHECK X CTop®-

Honepeunne  ceuenus KOTOP&IX NPEACTABAAIOT COGOH ABYCHAZHDIE
4CTH, CBOAMTCR K HHTEPUPOBARKK YPABHEHHA

VW =—2 (y=1,2) (- onepatop MAauaaca) (2.1)
CABAVIOILHX FRaBRTHBIY VEAOBHANS

B f=n=1) ¥y =0

b (=) Wy = wWy Red, = Red, (2.2)
Bxogsuan 8 (2.1) W) (x, y) —

Pyvkums wanpawesnit. Mugewe j= 1
MECTO  AAA O6AACTH Ceuenun, orpannuenmol goutypamu 'y u T,
LHETCTRYIONMA  MoAyAL cannra By, ‘8 wngere f = 2 — aaw dBaacTa
, Orpanwsedioll wasne
A 1),

Mpecrannm ymemio HANpAKREHHT

kouTypom I, (coornerersyiomnii MOAYAL
Wilx, ¥) B xoMmnaexcmom muge

%mm=~%wﬁw%M—&1 (2.3)

F=EXTly, s=x—i

¢;'I:Z:|:-'~P; {x- yl“'“!.:i",r{x: H::' (2.4)
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€CTh KOMOAGKCHDIH NOTERUHAA Kpyuenns, npuuen o,(x, y) — yHRuH
MeRHs, a U;(x, y) — Gynkuua, conpmmennas ¢ ; (x, y)
[lyers fiynkuna

N
= {:} — BIJ E Bk':k
kw1

cocraBrenHas ua nepswix N waenos passomenun (1.2), peaiusyer
Bpagenie BRYTPEHHOCTH eAMHMuHOrO kpyra | 5] < 1 ua HHYT PEHHIOH)
AGCTH NPAMOYFOABHHER. .

Moacrasaan (2.5) 8 (2.3), noayunsm

+

W, = — ;_ [ D4 %) —BAD) — b0 (3w (T) ]

Hy!

Dysruun () w © (D), peryaspuvie cooTmReTcTEeHHG B -‘_:_!_-

pa=p<_ 1 u B wpyre 0<"p < 5;, ByaeM HcKaTb B BHae '
HEPS

D (=3

ti k]

tD? {:} = \_\: b ES

Murypupyowme & (2.7) u (2.8) xosduusecnrsl a, u b, — unero M

1 -y — ; 2
[Tpouane senne o (2) wil), sxogmuee B (2.6), na AunHAx § =con

ala

pasaoxum 8 paiz MDypse

(=}

1 ey | - T gt \
—g—u.&{;‘lm (L) =a, + "il (zwcos al + 3, sin n9) (

m=|
rac

4 w

BiS| Bin

o |

L=

b =

N
o4 = Br'l \;l B_&-El-+qf12k"' n
k=T

i:‘l.ll = u {
Hpu & = = 1 roapduunentst 3, # %, GyAyT cHaOGmenn cpepxy HHABKS
com 1, a ppu p = 5 — weaercom 2. i

Y qonaersopsas rpansunsim yeaosssm (2.2), onpeseann KoaiihHgHe

dy ¥ b, L[mrypupﬁgue B (2.7) n (2.8)

(= ) et — (i ) ol ip

Belfe — PET) — wailed +p57)

ay, =
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. i _':_5"_1 rId 'lJm,'l {;tllfu R['EII}
—# E"]‘_(,r"; Pg_":' — LL,.{ =1 r; }

(m— }fﬁf: T [J“"TI -]t'-':' --El_gig[n
o [||_ mr — F"u } — 1ty (F- 41 ,-_, Jle

ay=afll, b= .—‘1 ol *‘_11:_’.*:’_5;51# (2.11)
"R d

3, Kpyrmuuit moment, npuromennsii x ocuoBaHWD CTEPHHA, paBen
M=-=K (3.1}

% — CTeneHb 3axpyuuRaHuA, K— ®eCcTROCTH HPH RpyHeHH.

Kfat: uanecTHo [3],

- ‘m'-:]:*w{s}dm{: == _:LL"_ :H‘I‘JFU.IEQ-{_{U: g)i—
( =] Jdu

e .,_{:,
AL

[‘]_’i* (z) +P(2)]dw (2) o (3) (3.2)

it

£ = — rpaHMuAOe 3HAYEHUE nepemennodi - (53 — s =3,
IPOMINEC 15 MHTErPHPOBAHHE H  YYHTBIBAH, 4TO CEpPYUHBAEMbIH cTep-
COCTONT M3 ABYX MaTEDHAAOR C - MOAYAAMH CABHTA [Y W L, TOAVUHM

W
u; = ‘F (62" AL, 5 L3 ALY — ) (948 0, AEF’}] +
n—-'ﬂ' i =]
N ] N
B 2 - l:u_" L” .uu:‘-[l:q N E n fq_”]l.f’ —~a,,}.tﬂ} l =
7] [ |
b N
e, EI 2‘ (A8 e o LBl RS et D) bt ), (3.3)
e =l
ii.” = 'zlﬁ'r.ll ;"J:.rll "‘-l-rfp = a'E{'lhI :-’j'r . 12 48 {1343
(7=1,2)
AU’J '}1 3
(k+1) By By 1?
fradi]
Men+1
AY, = 3 kBuBi. i gien-b
k=1
Ar”- NI':I- If i 2k
W= Nkt nt 1) BBt (3.3)
dra ]



58 G P, Caposn

4. Kax mspecrno (5), racaTeAsuuie Hanpsmesus npn kpyqeHuy onpe-
ACASIOTCH 10 (IOPMYAe

-

Tzl:j:l v 5 i?-'ﬂf..lﬁ — iz — [ i'j[ A {_r:] I {:}] {4'1},

I | i

Oraerns AeHCTEHTEABHDIE H MHBMDIC YacTH B (4.1) u noaaras, ara.

gurypupyiomie 8 (3.5) koaqpuuuentw AL 4YL 40

Hole, ¢ yaetrom (2.3), (2.7), (2.8) u (3.5) noayunm

— ASHCTBHTEAL-

Tolp =) = TT [A”}"l-i- S [(ARL — naa) prot 4
=1
LAY e _y) Tl £ nﬂ}
Te=p)= b {A‘ ot + SUCAR, — naw) g1+

m=l

E'A{_2H_1—|-nu 1.1][: ']cos nﬁ'}

Th(p =) = |J.'lr l' 11 {Amrﬂ_l = 31 [(AY) — nb, ) o5t

M —'[

—'—A“,._| -1 eos nl }

Pacemorpum sucaennwit  upumep. [Tpumew IL: =8 =03 Pas
AMYCY [+ HA NAOCKOCTH - COOTBETCTHYET paauye R Ha naockocTH = 3a
paauye R npunaTa noaosuna oTpeska ACHCTRHTEABHOH OCH, OTCERAEMOTD
nepecesenuen I'y ¢ aroil ocwio. Paccrosuus ot uentpa oxpymmoctn A0
10 anckperanix Touek, pacnoromenmusx Ha [, oTamwamTes or B me Go-
Aee; e e G0

Buavenna R, ? 1 mecTROCTEH AAH NPAMOYFOALHHKON ¢ DASHBIMH oT-
HOWEHHAMH CTOPOH NpPHEEAEnbl B Taba. 2 u 3.

Rax sugno w3 nocrpoenns ¢ nomowsio (1.2) no auckpernsm Tou=
wam, kpupas [ npeacTaBAderT cofoll OpPAMOYTOARHHE ¢ EHR[J}’I'.P-EHHBIHH'
YrAAMH W [IO9TH TPAMBIMM CTOPOHAMK. 33 OAHY U3 CTOPOH NPAMOVFOABS
HUKA NPHHAT OTPE3OR, OTcekacMulii kpusol 1) or geitcTeuTeannoit ocu,
# 33 ApPYry®0 cTOPOHY — OTPE30K, orcexkaemuril wpusoi T, ot mauwmodl ocH.
OTkAoHenNE CTOPOE OT NPAMOAMHEHHOCTH ,:ma NPAMOYTOALHHKOE ¢ pPas-
HBIMH cTHGuxelmamﬁnﬂpoH ue npessimaet A%, smavenns worToporo npH--
negeHnl B orabGh, 4. '
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Dopsl KACATEALHLIN HANDAXEHAH HA BHEMHEM KOHTYpE NOmepeu-
HOPO COUEHMH, PPAHHUE CHAH ABYX MATEPHAAOB M HA OCH CHMMETDHH 10~
mepeusoro cededus Opyca B Aoadx =B, npuseaemm ma qmr. 2, 3 u 4

Trfauna 2 Tafaupa 3 ToaGaupga
Wb | RiBy | av, Wb | KinB) hib | He, | A,
1.0 0.3100) 2.15 1.0 04904166 1.0/ 0.9209 i (35
15| '0.3172 | 1.49 1=5 253700 1.5 1.0323% ) 0.82
2.0 031835 1.94 2.0 4. 106540 2.0 1.05%6| 4.08
250 03189 193 L 5.788586 2.5 1M1 2028
.'i.u 03190 193 3.0 T.318624 3.0 | 1.0623 ‘ 4.8p

np:}u-lm.iaﬂ CTOPOHY NPAMOYIOABHHEKR, NAPAAAEARHYID OCH X, 3a b,
.ﬁpmi{: BBIYHCAHTh 3fauenda Koa(iHUuHERTA B,;, AAA NPAMOVTOABHHKDE C
-ﬁl_i_sﬂbmu COOTHOIUEHWANME CTOPOH. F'e3g,r.mh'ra*rm BHIUMCASHHH ORAIAHBI Ha
puir. 2, 3w 4

Beanunsm skeuentpucnteror [ = li— [, Xpyrororc cTepxHs 07 oCH
paccMaTpHBaemMoro Gpyca AAR NPAMOYFOABHHEON © PasHLIMA OTHOMIEHMAMN
_ ¢Topon ppuBeseHb B taGa. 4.



1]
Eoal
E <0305

B zagawuenne OTMETHM, 4TO AOCTATOMHD BbICOKAH TOMHOCTH MOAY=
YeHHBX  oTobpamenuit (sTo Bmano ua NpHBEAeHEbIN: & Taba. 4 anagenuit
A%) nossoaser orpammumTses 100 dAcHamMi B orobpamaowell pysrgng
(1.2), xax ato caerano = paccmarpHpaemMoil 3asave,

Eperancuuit noanrexmusecenfi wnetaryr
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5. R, SAROJAN

TORSION OF THE RECTANGULAR BAR, REINFORCED BY
A NON-AXIAL CIRCULAR PIVOT

Summary

In the presenl paper the torsion problem of a rectangular bar,
reinforced by 4 non-axial circular pivot, i= considered.

! The problem is solved by the conform mapping method, where
results of O. M. Sapondjian and S. 5. Zargarian are used.

Numerical examples are considered for different relations of the
sides of the cross section, where values of shear stresses on the boun-
“dari=s of both materials and on the line of symmetry of the cross
section are calculated.
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