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IMpemnoxena cxeMa CTaTHIECKH ONPEIEITMMOH TNIOCKOH (hepMBI co CI0KHOH penreTkod. KoHcTpykims GepMbl BKIIIOUaeT ABe OIOPHI: MOJI-
BHOKHBIN M HETTOJBYDKHBIH [IAPHUPBL. PacCMOTPEHO 3arpy)keHHe BEpXHETO Tosica hepMbl paBHOMEpHOU Harpy3koi. [Ipeamonaraercs, 4to
JKECTKOCTH CTEp>KHEH MOSCOB M PEIIeTKH pa3Hble. BBeneH O0e3pa3MepHbIil mapaMeTp mepepacipeaeiaeHus xxectkoctei. [locTasnena u pe-
IIIeHa 3a/1a4a OIpe/iesieHns Ipornoda (hepMbl B 3aBHCUMOCTH OT pa3MepoB ()epMBbl, HArPy3KH U YKCIIa NaHeneil. B oTianane ot cranmapTHBIX
0anouHBIX hepM C MapasieabHbBIMU MOSCAMHU U PEIICTKAMH TPEYTOJIbHOTO THIIA B HCCIICAyeMO (epMe HEBO3MOXKEH pacieT YCHIIHS B OT-
JEeTHHOM CTep KHE MIIH TPYIIIe CTep)KHEH He3aBUCHMO OT JIpyrux. B mobom cirydae pacuer ycunuii TpeGyeT aHanu3a CHCTEMBI yPaBHEHUH
paBHOBECHS BCEX Y37I0B. DTO BEI3EIBAET OCOOCHHBIE TPYAHOCTH IIPH pacdeTre (pepM ¢ OOIBIINM YHCIIOM ITaHeNeH, I/ie YHCICHHBIE METOMEI
HEeI(Q()EKTUBHBI B CBS3U C N3BECTHBIM IIPOKIISITUEM Pa3MEPHOCTH», MPUBOISIINM K HAKOIUICHUIO TIOTPEIIHOCTH BhluucaeHud. s npe-
OJIOJICHUS BO3HUKAIOMINX MPOOIEM MPEATOKEHO HCHIONB30BaTh METOJ HHIYKIUH C IPUBICYCHHEM CUCTEMbI KOMITBIOTEPHOI MaTeMaTHKH
Maple. IIporu6 onpenensian o Gpopmyine MakcBemra — Mopa B IpeAnonoXeHn: yIpyroit paboTsl crepkHeil. B pesynsrare aHanmmsa mno-
CJIEIOBATENILHOCTH peeHui i 16 gepM ¢ pa3InyHBIM YKCIIOM MaHesel Oblia BeiBeeHa obmas Gopmyna it nporuda. s pemeHus
npuBiekanuck oneparopsl rgf findrecur u rsolve u3 makera peKyppeHTHBIX ypaBHEeHuUi genfunc cucremsl Maple. OTMedeHBI HEKOTOpBIE
ee ocobeHHocTH. OOHapykeH MHHIMYM Ha KPHBOH 3aBUCHMOCTH IPoruda oT BBICOTHI pepMbl. [Toka3aHo, UTO CyIecTBYeT KpHTHIECKOEe
3Ha4YCHHE BBICOTHI ()ePMBI, HIKE KOTOPOIl Iepepacipe/ieieHe )KeCTKOCTEil MOsICOB B MOJIb3Y HM)KHETO MPUBOIHUT K YMEHBIICHHIO TIPOTH-
0a, a BIIIe — K yBeIHUYCHUIO. HalineHa mpeaenpHas XapaKTepUCTHKA 3aBUCHMOCTH TPOruba OT YKciIa MaHeleH, COrIacHO KOTOPOH poCcT
nporuba nMeeT KyOndeckuit xapakrep. 113 aHaii3a oTydeHHOTO peNIeH s CIIeLyeT TakKe, 4TO IIPH ONIPEISICHHBIX COYETaHHIX pa3MepoB
(bepMbI HE3aBHCUMO OT Harpy3KH M YMciia aHeJel ONpeaenuTeNb CUCTEMbI JIMHEHHBIX ypaBHEHUH o0pamaeTcs B HyIb.

KiroueBsle cioBa: ¢epma, Iporud, aHATUTHIECKOE MOJIEIMPOBaHUE, HHAYKLUS, IepepacipeesieHne )KeCTKOCTEH.
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The scheme of a statically determinate flat truss with a complex lattice is suggested. The truss structure includes two supports: one with
a movable hinge and the other with a fixed hinge. The truss upper belt’s uniform loading conditions are considered. It is assumed that the
rods used in the belts and lattice have different stiffness. A dimensionless stiffness redistribution parameter is introduced. The problem of
determining the truss deflection as a function of truss size, load, and number of panels is stated and solved. Unlike standard girders with
parallel belts and triangular-type lattices, the considered truss structure does not allow forces arising in a single rod or in a group of rods to
be calculated independently of the forces arising in the other rods or their groups. The system of equilibrium equations for all nodes shall
in any case be analyzed in order to calculate the forces in the system. As a result, serious difficulties are encountered in calculating trusses
containing a large number of panels, where numerical methods are inefficient in connection with the well-known «curse of dimensionality»,
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which leads to accumulation of computational errors. To overcome the encountered problems, it is proposed to use the induction method
with engaging the Maple computer algebra system. The deflection was determined using the Maxwell-Mohr formula under the assumption
of elastic rod behavior. The sequence of solutions obtained for 16 trusses having different numbers of panels was analyzed, and a general
formula for calculating the deflection was derived based on the analysis results. For solving the problem, the operators rgf findrecur and
rsolve from the genfunc package of recurrent equations available in the Maple system were involved. Some specific features of the solution
are noted. Thus, a minimum in the deflection versus the height truss curve is revealed. It is also shown that there exists a critical truss height
value below which the redistribution of belt stiffness values in favor of the lower one causes the deflection to decrease and vice versa. The
limiting characteristic of the “deflection versus the number of panels” dependence is found, according to which the deflection grows as a
cubic function of the number of panels. It also follows from the analysis of the obtained solution that at certain combinations of truss sizes,

the determinant of the system of linear equations becomes zero irrespective of the load and number of panels.

Key words: truss, deflection, analytical modeling, induction, redistribution of stiffness values.

BBeneHue

AHanUTHYECKUE PEUICHUs] B MEXaHUKE MMEIOT 3Hade-
HHUE KaK TECTOBBIEC JUIS CJIIOXHBIX YHCICHHBIX METOJIOB U
Kak IIPOCTHIE OLCHKH, IJe pealbHbIi 00BEKT C MHOXe-
CTBOM CBOMCTB M XapaKTEpUCTHK 3aMEHSETCS Ha IIPOCTYIO
MOJI€Jb, OTPAXKAIOLIYI0 OCHOBHBIE YEPTHI CBOETO NMPOOOpa-
3a. MI3BeCTHBI HEKOTOPHIE TOYHBIE PEIICHHS /ISl YIPYTHX
CTaTU4ECKU ONpeAeIUMbIX Iockux [1—S5] u nmpocrpan-
CTBEHHBIX (epM [6, 7], TOTYUESHHBIX METOIOM WHITYKIHU
C UCIIOJIb30BaHUEM CHCTEMBI KOMIIBIOTEPHON MaTreMaTHKu
Maple [8—10]. B Hacrosieit padote npezsiaraercsi cxema
0ao4HO# (hepMbI U pacyeT ee Mporuda Jyist MPOU3BOIBHO-
ro yucia naneneil. OCOOEHHOCTh KOHCTPYKIIMH U BO3HU-
KalolleH MMpy 3TOM 33/1a4i — HEBO3MOXXHOCTH ITOJTyYEHHS
YCUIIMH B OTJAENBHBIX CTEPXKHSIX MPOCTHIMH, IPHHATHIMU
B TaKMX 3aj7[a4ax criocodamu (METOIOM BBIPE3aHHUS y3JIOB,
unu MetogoM Putrepa). Konduryparus pemerku hepmbl
TaKOBa, YTO JUIsl PEIICHUS 3TOH 3aa4i PaCUeTUNK BBIHYXK-
JICH COCTAaBIIATH MOJHYIO CUCTEMY YPaBHEHHH paBHOBECHS
BCeX Yy37OB (epMbl. [y 3HAYUTENEHOTO YUCTA MaHeNIeH
3TO IPHUBOIUT K HECOPA3MEPHO OOJBIINM MOTEPSIM B TOU-
HOCTH ¥ BPEMEHHU CUETa, €CIIM BBIYUCIICHUS IPOBOISTCS
YHCICHHO. B cHMBOIBHOM (opMe BpeMs Ipeodpa3zoBaHUi
3HAUUTEJILHO OOJIBIIIE, 9eM B YHCICHHOH (opme, U BpeMs
9TO OBICTPO PACTET C YBEIWUECHHEM YHCIIA CTEP)KHEH, TakK
41O YK€ It pepM ¢ AecAThIO U Oosee MaHeNsIMH Pe3yilb-
TaT MPaKTUIECKH HeNOCTIKMM. OCTaeTcs eMHCTBEHHbIN
METO/] TIOJTyYEeHUS! PEIICHHUsT — METO MHAYKIHMH, KaK pa3
U TIpeHa3Ha4YeHHBII 1S PETYISIPHBIX KOHCTPYKIIHH.

Bropast ocobeHHOCTh TpeyIaraeMoil KOHCTPYKIIMN —
ee HeCTaHAapTHas apXUTEKTypHas BEIPa3UTEILHOCTD, BbI-
TOJHO oTiMyaromas 3ty gepmy ot Gosee NpOCTHIX B KOH-
CTPYKLIMH M pacyeTe U3BECTHBIX U XOPOIIO U3Y4YEHHBIX 0a-
no4HBIX (hepMm. Yncno u pazHooOpasme cXeM CTaTHYECKH
onpenenumbix (pepm orpanuueHo. He ciaywaiiHO MOMCK
HOBBIX CX€M TaKHX KOHCTPYKIHi B [11] Ha3BaH «0OXOTO».

MocTtaHoBKa 3apaumn

Paccmorpum koHCTpyKLMIO (hepmbl Ha puc. 1. Bepx-
HUI ¥ HIDKHUM 10sica IPEeCTaBIAI0T COO0H JOMaHbIe JIU-
HUH, a SYSHKOW MepuoAnYHOCTH (hepMbl — MaHemblo (Ha
puc. | mepBas maHenpb BIJENEHA YTOMIIEHUEM) — SBISIET-
Csl IECTUYTOJIBHUK. B OTIIMUME OT U3BECTHBIX ()epM, B KO-
TOPBIX KOHCTPYKLHsI CTPOUTCS 110 IPUHLMITY IPUCOETHHE-

a L a ] a a @ a

Puc. 1. Koncrpykius depmsl, n =2, k=4

HUS KQKJOTO CJIEAYIOIIEro y3a AByMsI CTEPXKHIMU K yXkKe
TOTOBOM YacTH, U BCEINa UMEIOTCS KECTKUE CTEP>KHEBBIC
TPEYrOJIbHUKH, B JIJAHHOW (epMe TaKuX TPEyrobHUKOB
Het. OnHako gepma crarnuecky onpenenuma. st Gpepmsl
C YMCJIOM IIAHEJIEH YUCIIO CTEP KHEH, BKIIIOYasi TP OIOp-
HBIX, PaBHO 1= 8n + 4, 4HCIIO WAPHUPOB — m =4n + 5.
Beipesast Bce y37b! (paBHOBECHS TPEX OMOPHBIX y3JI0B HE
paccMaTpuBaOTCs), MOKHO HOJIyYUTh HEOOXOIUMBIE LISt
OTIpEEIICHNUs BCEX YCHIMH YpaBHEHUSI.

Pacuer ycunuii BbINONHSETCA MO QJITOPUTMY U TIPO-
rpamMMe [8], cOCTaBICHHON Ha SI3BIKE CUCTEMBI KOMIIbIO-
TepHoi Matematuku Maple. Bynem paccmarpuBats pepmbl
C YEeTHBIM YMCIIOM NaHenei n = 2k. 1o naeT BO3MOXHOCTh
OIHO3HAYHO BHIOPATh CPEAHIOI0 TOUKY Ha (hepme, cMmere-
HUE KOTOpOW Oy/leM acCOIMHUPOBATH C MPOTUOOM (HepMBI.
Jnist 3anaHus cXeMbl KOHCTPYKIMK HEOOXOANMO BBECTH B
IpOrpaMMy KOOPAMHATHI IIAPHUPOB U TOPSIIOK COEANHE-
Hust crepxHeil. [Iponymepyem mapHUpb hepmbl (HHXK-
HUI TIOSIC ClIeBa HANpaBo, 3aT€M BEPXHHUH 1osic). Beioupas
Hayajo KOOPIMHAT B JIEBOM HENOIBUKHOW LIApHUPHON
orope, 3a/1aAuM IOJOKEHHS IIAPHUPOB:

Xp = Xipone1 = (i_l)aa Vi = _((_l)i + l)b/z,
Yoy =h+ (=1 +Dc/2, i=1..,2n+1.

KOOP,I[I/IHaTBI OIIOPHBIX Y3JIOB!:
xm72 = _25 ym72 = 0’ xmfl = xl; ymfl = _l;xm = x2n+l;ym = _1'

Kondwurypamuio crepxHel pemerku ¢GepMsl ompeze-
JINM yCIOBHBIME Bektopamu 7, i =1,...,n. Koopaunarsl
3TUX BEKTOPOB 3aJal0T HOMEpa MIAPHUPOB IO KOHI[AM
cTepkHs. BrIOop Havasa 1 KOHIIa BEKTOPOB ITPOHU3BOJICH U
HE CBsI3aH CO 3HaKaMH yCUJINH B cTep kHsX. s cTepskHen
HIDKHETO I105ICa UMEEM CJICAYIOINE BEKTOPHI:

V=lii+1]i=1,..2n

BectHk M3W. Ne 6. 2016



110 NHOOPMATUKA, BbIYUCITUTENbHAA TEXHUKA N YIPABJIEHUVE

BEPXHETO I0sICa:

Vo, =li+t1+2ni+2+2n],i=1,..,2n;

PACKOCHI PCIICTKU:
V., =[2i—1,2i+2n+1];
Vo,=[2i+1,2i+2n],i=1,..,n;

CTOUKH PCHICTKU:

Vi =[205,2i+2n+1],i=1, .., n;

V., =[Ri-1,2i+2n],i=1,..,n+ 1
B ypaBHeHms paBHOBecHs y370B ()epMbI BXOIIT Ha-
MIPABISIOIINE KOCHUHYCBI, BBIYMCICHHBIE 4YEpe3 JJIHHBI
CTEpKHEN U IPOEKLUU UX BEKTOPHBIX MPEICTABICHUN Ha
OCH KOOpAMHAT:

_ [7 2 2. _ _ .
=\h, +hL, 5 1, =X TN

li
bi =Y, =Yy;» 1=hoon,.

IlepBblit HHACKC B HOMEpE V” 03Ha4yaeT HOMEpP KOMIIO-
HEHTBI BEKTOpa V. (HOMEp Hadana WK KOHLA CTEPXKHS),
BTOPOM — HOMEp CTepkKHA. Marpulia HalpasJIsIFOIIMUX KO-
crHycoB G UMEET CIeNyIONIHe 3IEMEHTHI:

G,”.:—lj’,./li;k:2V,.Y2—2+j; k<n; j=12; i=1..,n;
G, =L, 15 k=2V,=2+j; k<n; j=L2i=1..n,.

IlonydyeHHy1o cucTeMy JIMHEHHBIX YpPaBHEHHUH paBHO-
BECHsI 3alMIIEM B MAaTPUIHON hopme

GS =B.
3nech S — BEKTOp YCHMIHMii B CTEp)KHSAX, BKJIIOYAs TPH
ONOPHBIX; B — BEKTOp Harpy3okK. [ OpH3OHTaNbHBIE Ha-

Tpy3KH, TPIIOKEHHBIE K Y31y I, 3allUCHIBAIOTCS B He-
YETHBIC DIIEMEHTHI B, |, BEPTHKAIbHbIE — B YETHBIE B, .
Pemenue cucreMpl JIMHEHHBIX YPaBHEHUH HAXOIUM C IO-

MoIIEI0 06paTHO# MaTpuisl S = G™'B.

PelwweHne

Brruncnenue ycuianii o OIMMCAaHHOMY aJITOPUTMY IIPU
Pa3IMYHOM YHMCIIC TIAHENIEH cpa3y BBIIBIIIO OIHY OCOOEH-
HOCTB: JJIS1 HEUETHOTO YHcia NmaHesel n npu b = ¢ ompe-
JIeTUTeNb CUCTEMBl YPaBHEHUN PaBHOBECHUS OKa3bIBACTCS
paBHbIM Hymo [8, c. 38]. OObsicHeHHne 3TOMY 3hdEKTY
0Ka3a0Cch NpocThIM. PepMbI ¢ 0003HaYEHHBIM CBOHCTBOM
TeOMETpPUUYECKU U3MeHsieMbl. s n = 1 MOXHO npuBecTU
JIOITyCTUMYIO KapTHUHY pPacHpeieieHUsI CKOPOCTEH Y3IIOB
(puc. 2). HemoaBmKXHBIMU OCTArOTCS Y316l / U 6, CTEPKHU
1—4, 1-2 1 5—6 coBepIIalOT MTHOBEHHO BPaIlaTeIbHOE ABU-
JKEHUE, CTEPIKEHDb 2—3 — IJIOCKOE, CTepKHU 4—3 U 5—2 —
MTHOBEHHO NocTynarenbHoe. CkopocTH y3moB 4 u 3, 2 1
5 momnapHO paBHBI. O4YeBHIHO BBINOJIHACTCS U TEOpEMa O
MPOEKIUSIX CKOpocTeil: u' = ucosa = v' = veos(n/2 — 2a)) =
= vsina, Tae tga = 4/(2a). PaBeHcTBO b = ¢ obecrneunBaer
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Puc. 2. BuptyanbsHble CKOPOCTH Y37I0B, 11 = 1

HapajuieNbHOCTb CTepiKHEHN 5—6 u /-2 u 4-5 u 2-3, oTkyna
Y BBITEKAIOT 3TH COOTHOIICHHS.

Mporu6

IIporu® TmeHTpalbHOTO y37Ia HIDKHETO Mosca (hepMBI
ompenenseM 1o ¢popmyne Makcsemia — Mopa:

ng—3
_ N Sesil
k=1 EF, k
3neck S, YCHIIHSL B CTEPXKHSX (epMBbl OT JCHUCTBHS
BHEIIHEH HArpyskd; S, — YCHIMS OT €IMHUYHON Ha-

TPy3KH, IPUI0KEHHON K IIEHTPAIBHOMY Y31y B CEpEINHE
nposnera; /[, — JUIMHBI CTep)KHEH. Marepuan crepkHer
MPEIOoNaraeTcsl OAUHAKOBBIM, IJII BCEX CTPEXHEH Mo-
IlyAab ynpyroctd paseH E. Ilnomans ceueHus crepkHen
HUKHETO mosica npunaTta I, = F /y,, BepxHero nosca —
F, = F,/y,, cTepkHell (HaKIOHHBIX M BEPTHKAJIbHBIX)
pewerku — F, = F, /y,, tne F) — IIomaabs HEKOTOPOro
YCIIOBHOT'O CE€UEHUSI.

[Tporu6 npenacTaBuM B BHJIE CyMMBI, BBIJIEITHB OTACITb-
HO CyMMY JUISl CTEPXKHEH HIXKHETO A , BEPXHETO A, TI0ACOB
U CTEPXKHEH peIeTku A,

AEF = P(y, A +v,A, +v,A)/(b—c),
rae
A, =2Cc* g 1,
A, =2b(C,b+Cie)d’ | W
A, =(C,d’c* +C,d’ch+C,d’b* +
+C,c’b* +C b c* +Cye*b +Cyc’ ).
Kooppuumenrs: C,, k=1, ..., 9, mony4ensi npu h = 2c¢
MHIYKTUBHBIM METOIOM IIpH 00paboTKe MOCiIeNoBaTelb-
HOCTH perienuit 16 dpepm:
C, =2k (10k> =7)/3; C, =4k*(5k> -2)/3;
C,=-2k*; C,=C, /4 C, =k>(10k* —13)/3;
C, =k’ (5k* +1)/3; C, =50k> (k> —=1)+8(2k +1);
C, =4(5k* =7k* +1); C, =2k>(5k* —8)/3.
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3amMeTHM, YTO MOJIy4eHHOE PEeIIeHUe 0Ka3aI0Ch CyIle-
CTBEHHO CJIOKHEE aHAJIOTMYHBIX PEUICHUH, MMOIy4YEeHHBIX
TaKXXe WHIYKTUBHBIM METOIOM st O0Jee MpOCTHIX depM
(6aOYHBIX, apOYHBIX W TMPOCTPAHCTBEHHBIX), TIE YHCIIO
KOA(QUIUEHTOB PEIIKO MPEBBIIIATIO TPH.

W3menenue nporuba B 3aBUCHMOCTH OT pa3MepoB dep-
MBI ¥ 4Hcia NaHened orpaxkeHo Ha puc. 3. Kpusble 0e3-
pasmepHoro nporuba A’ = AEF, /P, TTOCTpOEHEI NpH (QUK-
CHpOBaHHOW ImmHE Tiposieta L = 2an = 10 M, 3agaHHON
CymmapHoi Harpyske P = (2n + 1)P, b = 1 M u omunako-
BBIX CEUEHUSAX CTEPHKHEH Y, =Y, = v,, pa3Mep ¢ Ha PUCYH-
Ke yKazaH B MeTpax.OTMeTnM nepecedeHne KpuBbIX, CBU-
JIETEJILCTBYIONIEE O BO3SMOKHOCTH BBIOpAaTh MOAXOISIIME
pa3MepsI TP OAMHAKOBBIX porudax (hepMel.

JIro60TBITHYI0O OCOOEHHOCTh MOIYYEHHOTO PEUICHHUS
MOYKHO 3aMETHTh, €CJIA MOCTPOUTH 3aBUCUMOCTh ITpOrnoda
OT BBICOTHI (pepPMBI IIPH Pa3INIHBIX KOMOMHAIMAX TUTOMIA-
JIel ceueHnid HIDKHETO M BEPXHETo MmosicoB (puc. 4). Bre-
JIeM TIapaMeTp A IepepacipenesieHus IOMaan CEUeHHH:
Y, = 2A; v, = 2(1 = A). Takum obpasom, ipu A =1/2 nnomma-
JIM CEYEHHH TOSICOB OIMHAKOBBIE, TIPH YBETHUEHUH A OT 0
710 1 )KECTKOCTB HIDKHETO T0sica yBEIMYUBACTCS, @ BEpXHE-
TO yMeHbIIaeTcs 10 Hynsd. OueBHIHO, KpaifHHEe 3HAUCHUS
3TOTO MHTEPBaJa pacCMaTPUBATh HE IMEET MIPAKTHIECKOTO
cmbicna. Jlns crepxHed pemeTku npuHaTo v, = 1. Kpu-
Bble Ha puc. 4 nocTpoens! npu L =2an =10 M, c = 0,2 m.
Tpu BepxHHE KPUBBIE COOTBETCTBYIOT k = 7, HW)KHUE —
k = 6. OgHa 0COOEHHOCTH ATOTO PEIICHUS — HAJIHIHE
MHHHMyMa TIporu0a IpH ONpefeleHHOW BBICOTE (epMbl
npejckadyemMa U Obljla 3aMeueHa B aHAJIOTMYHBIX pellie-
Husix Ui epm [4]. [lpyras 0coO€HHOCTh HECKOIBKO HEO-
*ugaHHa. [lepeceueHnss KPUBBIX, COOTBETCTBYIOIIUX pa3-
JIMYHBIM A, yKa3bIBAIOT Ha YCTOMUMBYIO 3aKOHOMEPHOCTH B
pEIIeHUN: TIPH OTHON M TOH e BBICOTE (hepMbI BOZMOKHO
pa3IMYHOE paclpeeleHHe JKECTKOCTEH CTep KHEeH, CooT-
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Puc. 3. 3aBucumMocTh poruda OT YncIia maHenen
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Puc. 4. 3aBucumocTs nporuba oT BEICOTHI hepMbI

BETCTBYIOIIIEE OTHOMY M TOMY ke mporuly ¢epmsbl. OT-
CIOIa BBITEKAET eIlle OAWH BBIBOX: NPU OJHUX 3HAYCHUIX
BBICOT (hepMbI (iput k£ = 6 310 b < b* = 2,4 M) yBeauucHHE
A TPUBOIUT K yMEHbLICHUIO nporuba (epmbl, TIpH ApY-
rux (b > b") — K yBenmudenuto. Kak BHAHO U3 peLICHUS,
KPUTHUYECKOE 3HAYCHUE h* pacTeT ¢ yMCHBLICHHEM YHCIIA
MaHelen.

Amnamiutndeckas Gopma MOJTy4eHHOTO pe3ynbrara Io-
3BOJISIET BBISIBUTH AaCHMITOTHUKY penieHus. B cucreme
Maple nerko BBIYUCISIETCS TPEAEIT

}im AVE =
B 5(2p° (v, +2y3)+b2c(2y2 +31y3)+c2 14b+3c)y,)
12(b—c)’ L '

3HayeHHe 3TOTo Ipefiena YUCTO TeOPeTHIecKoe, HeoO-
XOAMMOE JUIsl CPABHEHUSI Pa3IMYHBIX KOHCTPYKIUA hepM 1
oreHKH ux aedopmaruBHOCTH [2, 3].

BbiBoAabI

[Mony4eHHOE BBIpaKEHHE [UIA TPOrHOa MMEET J0CTa-
TOYHO MPOCTYIO CTPYKTYPY, JIETKO aHATH3UPYETCS U MOJKET
OBITH HCIOJNB30BAHO B MPAKTHYCCKUX HHIKCHEPHBIX pac-
gerax Uil BhIOOpa ONTHMANIBHBIX pasMepoB (epMbI, pac-
MpeAesIeHHs] MaTepualia o noscam u 4uciia nanenen. Boi-
pasuTeNnbHas apXUTEKTypHas (opMa Ipe/araeMoi CXeMbl
MO3BOJISIET TIPUMEHSITh €€ B JICKOPATUBHBIX I[EIISIX, & OHO-
TUITHOCTh 3JIEMEHTOB KOHCTPYKIMHU YIIPOIAET H3TOTOBIIE-
HHE U MOHTaX. [Ipy 3TOM aHaIMTHYECKOE pEelIeHUE Mpe/-
YIPEXKAaeT MPOCKTUPOBIIMKA 00 OMAacHOH 0COOEHHOCTH
(bepMbL: B 3HAMEHATENE BBIPOKCHHS AJIS OPOruda CTOMT
pa3HOCTh b — ¢, CBUACTENBCTBYIOIIAS O BO3MOXHOCTH PO-
cTa mporuda mpu HEeNpaBIIFHOM BEIOOpE pa3MepoB. Unc-
JICHHBIC paCUCThbI OTY 0COOEHHOCTDH BBISIBUTH HE MOTYT.

BectHk M3W. Ne 6. 2016
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