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AHHOTALMUA

lMpegnaraetca cxema CcTaTUYECKM OnpeaesiMMon MfOCKOW CUMMETPUYHOW (epMbl apo4HOro Tuna.
PelwweTka depmbl coaoepXut CTOMKM M packockl. [puBoanTtcs BbiBog dopmynbl ang npornba depmbl nopg
OEeVCTBUEM Harpy3ku, paBHOMEPHO pacnpeeneHHon No y3namM BEPXHEro UMK HWXKHEro nosica, B 3aBUCUMOCTH OT
pa3mvepoB depmbl 1 Yncna naHenen. [na oboblieHnsa psiaa pelweHnii ons epm ¢ KOHEYHbIM YMCIIOM NaHenemn
Ha obLWwmMiA cnyvan nNpuUMeHsieTcs MeToa MHAyKuMW. Bce npeobpas3oBaHus M peLleHuss ypaBHEHU paBHOBECUS
Yy3MOB BBINOMHAIOTCA B CUCTEME KOMMbOTEpHOW MaTtematvkun Maple. [Ons HaxoXOeHus PeKyppeHTHbIX
ypaBHEHWA, KOTOPbIM YAOBMETBOPAT KO3I(MDULUUEHTbI B opMynax, NpUBREKalTCs chneuuanm3mpoBaHHble
onepartopbl cuctembl Maple. HargeHo acumnToTuyeckoe CBOMCTBO peLleHus. [onyyeHbl u npoaHanuM3npoBaHbl
dopmynbl ANs ycunun B Hambonee cxkaTtblX U PacTAHYTbIX CTEPXKHAX.

ABSTRACT

The scheme of statically determinate planar symmetric arched truss is proposed. Lattice of truss comprises
a rack and braces. The derivation of the formula for the deflection of a truss under the influence of a load
uniformly distributed over the nodes of the upper or lower belt, depending on the size of the truss and the number
of panels is given. To summarize the number of solutions for trusses with a finite number of panels to the General
case used the method of induction. All the transformations and solution of equilibrium equations of nodes are
performed in the system of computer mathematics Maple. For finding recurrence equations satisfied by the
coefficients in the formulas involves specialized operators of the system Maple. Asymptotic property of the
solution is found out. Obtained and analyzed formula for forces in the most compression and tie rods.
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1. BeedeHue

ApouHble depMbl MPVHUMNMANBHO OTNMYaTCA OT OGanoyHbiX He TOMbKO METOAOM pacyeTa, HO M
aedopmaumen, xapaktepoMm pacnpefeneHms yCUnmm B CTEPXHAX U 3aBUCMMOCTBIO 3TUX YCUMNWUA OT pasMepoB
depmbl U yncna naHenen. JTO MOATBEPXKOAKT CYLLECTBYHOLIME aHaNUTUYEeCKue pacyeTbl pPasnnyHbiX ¢epm
apoyHoro Tuna [1-5]. Hambonee akTyanbHO AONns1 KPYMHbIX OOMbLIEMNPONETHbIX, YHMKASIbHLIX COOPYXEHUN,
cofepxallmMx 3Ha4yuTenbHOE YUCMO 3NEMEHTOB, — 3TO TOYHOCTb pPacyeToB, KOTOpasi €eCTEeCTBEHHbIM,
NpakTU4eCcKM He3aBUCALLMM OT pacdeTyunka, obpa3oM NagaeT C YCNOXHEHUEM KOHCTPYKL MK (YBENUYEHMEM Yucna
anemeHToB). Llenb paboTel — Ha npumMepe pacyeTa apo4yHon bepMbl NOKa3aTb BO3MOXHOCTb MOMy4YEHUS SIBHOWM
hopMynbHON 3aBUCMMOCTU npornba epmbl, YCUNUA B CTEPXKHSX AMs NPOU3BOMbHOrO Yncna naHenen. Takas
dopmMyna MOXeT CNyXuTb Kak TeCTOBOM [A5isi O0onee CINOXHbIX YMCMEHHbIX pacyeToB, Tak M pacyeTHOW Ans
YMPOLLEHHOW MOAENN KOHCTPYKLIMMK.

Mpeonaraemasi cxema peLleTky NOCKON apovHor doepmbl (puc. 1) He NO3BONSIET pacCcunTbIBaTb YCUMNUS B
CTEPXHAX METOOOM ceyeHun. PacyeT MeToaoM Bbipe3aHus Y3roB 30eCb Takke He NoaxoauT Ang onpeaeneHus
yCUNUA B OTAENbHbIX CTEPXHAX. EAMHCTBEHHasi peanbHasi BO3MOXHOCTb PELUEHMS 3a4avM O HaxoXaeHun
ycunui, HeobxoaMMbIX ANS ONpedeneHus NpornboB, — 3TO pacyeT BCEX YCUIUA METOAOM Bblpe3aHus BCeX
y3roB U cocTaBneHus obuen maTtpuubl paBHoBecus. [MpMMeHeHMe KOMMbIOTEPHbLIX METOLOB B 3TOM cCnydae
COBepLUEHHO ecTecTBeHHO. CoOBpeMeHHble e MpOorpaMMHble CPeAcTBa CUMBOSIBHOM MaTteMaTukui gaoT
BO3MOXHOCTb MpY 3TOM MOMYYNTb pPeLLeHre B CMMBOJIbHOW hopme. OgHako pelleHne 3agadqm o npornde gepmel
C KOHKPETHbIM YMCMOM NaHenew He nNpeAcTaBnseT MpakTudeckoro uHtepeca. [Ona obobuieHns psiga Takux
peLleHnin Ha MPOU3BOJSIbHOE YMCIO NaHeNen UCNonb3yeTca MeTo4 MHOYKUMK. DTOT Xe MeTod NPUMEHSAETCS HUXKe
ONa pelueHnst NoCTaBneHHOM 3agadn. PacyeTbl JOMNOMNHAKTCA rpaduyeckor hopMon npeacTtaBneHnsa xapakrepa
pacnpegeneHns yCcunun B cTepxHsx gepmel. PaHee B [1] meTogom nHAaykumMm nonyyeHa npoctasd popmyna ans
npornba apku nop OencTBMEM COCpPedoTOYeHHOW cunbl. B [2] npoBefeH aHanu3 ropu3oHTanbHOM XXeCTKOCTU
TpeXLWapHNPHOWN pacnopHon apku. MNMonyyeHHoe aHanMTUYeCcKoe peLleHne Nnokasarno Hanmyme ToYeK AKCTpeMyma
Ha KpuBbIX "npornd - umcno naHenen". AHanNMTUYECKOE pelleHue MeToaoM mHAyKumm B cucteme Maple
BbiBeeHo B [3] ons npornba npocton BanoyHon pepmMbl C TPEYronbHON peLLeTKon Noa AeACTBMEM Harpysku B
MonoBMHe NporneTa. ANeMeHTbl UHAYKTUBHOIO U aHanMTU4eCKUX METOAOB NPUMEHEHbI B [4] ONd pelueHus 3agaym
onTummu3auumn 6anodHon bepMbl ¢ NPSAMOYrONbHON PELLETKON N3 peonormdeckoro martepuana. 3agayv o nporube
apoyHbIX M pelleTyaTbix ¢epM B CUMBONbHOW opMe pelleHbl Takke B [5-8]. B otnuume ot pgpyrux
aHanMTUYeCKUX METOLOB peLUeHNst 3a4ay O CTePXKHEBbIX CTPYKTypax [9] MHOYKTUBHbBIA METOA OaeT KOMMaKTHbIe
cdopmynbl, yaobHble AN MpPUMEHeHUs M cBOOOAHbIe OT 3adypekTa HaKoMMeHWs OWMWOOK OKPYINeHUs npu
BOnbLLIOM YMCHEe CTEPXKHEN.

2. MemooOsbi

MpuMeHeHbl ABa OCHOBHbLIX MeToAa. MeTof Bbipe3aHus y3nos Npu pacyeTe ycunun, Heobxoammbix NS
ncnonb3oBaHua opmynel Makcsenna-Mopa npu BbldUcneHnn gedopmaumii, U3BECTEH U LUMPOKO UCMONb3yeTcs
Kak B MPOCTbIX pacyeTax, Tak M B COBPEMEHHbLIX MPOrPaMMHBLIX KOMMIEKCax MNPUMEHUTENBHO K CIOXHbIM
LAPHUPHO-CTEPXKHEBBLIM KOHCTPYKUUAM. EOWHCTBEHHOW OTNUYUTENBHON YepTOM ITOr0 MeToda B HACTOALLEM
nccnefoBaHyv, CTaBALMM CBOEN Lierbio MONyYnTb aHaNUTUYECKyo 3aBUCMMOCTb npornba oT uncna naHenen, —
3TO BbINOMHEHNE BCeX NpeobpasoBaHUii B CUMBOSIbHOW (OPME, YTO CYLLECTBEHHO YBENUYMBaET BpeMs paboThbl
nporpammel, U B psige CryyYyaeB MOXET Aaxe caenaTb 3adady HEeBbIMOMHMMON U3-3a OrpaHUYEHns No BPeMeHu
cyeTa. [ins Toro 4Tobbl N3bexartb ITOro UCNONb3YeTCs BTOPOW MeTod — MeToA MHAYKUMW. B meTode nHaykumm,
NPMMEHNUMOM K 3ajayaMm perynspHoro tuna ¢ MepuoaMyeckon CTPYKTYpor, Heobxoaumo nocrnefoBaTeribHoO
paccunTaTb HECKONbKO KOHCTPYKLUIA C YUCIIOM SiYeeK NepuoanMyHoCTM n (napameTp nHaykumm) ot 1 go N. Ecnn
KOHCTPYKUMSA AEeNCTBUTENbHO perynspHas, U Bce npeobpas3oBaHus BbINOMHEHbLI BEPHO, TO dopmyna Ans
paccyMTbiBAaEMON BENUYMHBLI (Nporub, ycunue n T.4.) UMEET OOHY U Ty Xe CTPYKTYpYy C koadduumeHTamu,
3aBUCALLMMM TOMBLKO OT 7.

[anee aonga nony4yeHHOM nocnenoBaTenbHOCTM KO3(PULNEHTOB COCTABNAETCA PEKYPPEHTHOE ypaBHEHUE,
peLLeHne KOTOpOro AaeT MCKOMbIN KOAI(MUUMEHT Kak pyHKLMIO n. [InMHa nocnegoBaTenbHOCTU N MOXET ObiTh
pasHas. MyHumaneHas BenMuMHa N COOTBETCTBYET PEKYPPEHTHOMY YPaBHEHMIO C LenbiMyi KO3dduUMEeHTamu,
Jonyckatoliemy uU3NYEeCcKM onpaBAaHHOe pelleHue. OTO pelleHMe B CUMBOMbHOW dopme, Tpebyet
3HAYMTENbHOr0 MAaLUMHHOIMO BPEMEHW, PE3KO pacTyLlero ¢ yYicrnom n. PelleHve npoBepsaeTcs YMCNEHHO npwu
pasnuyHbIX n. B uncneHHon gopme (C BeLeCTBEHHbIMM JaHHbIMK) NporpamMmma paboTaeT CyLleCTBEHHO BbicTpee.

2.1. Cxewma c¢hepmbl. BBOA AaHHLIX B NporpamMmy

depma cocTouT M3 n naHernem B nonoBuHe nponeTa. KoHcTpykumsa crtatnyeckn onpegenvma. Ona
COOEPXUT m = 4n + 8 LWAPHUPOB U ny = 8n + 16 CTEPXHEN, BKINOYaa TPU ONOPHbIX CTEPXKHS. [1Be KpanHMe CTOMKK
MMeEIOT BbICOTY 2 h, cpegHue — 4h.
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PucyHok 1. ®epma, n=4
Pacuetr ycunuin B CTepXHAX epMbl B CUMMBOMbHOW opme npoussBoautcsa no nporpamme [10],
COCTaBMEHHON B cpefie KoMnbloTepHon matematuku Maple. [Ins BBoga nHdopmauum B nporpammMmy Heobxoammo
3agaTb KOOpAMHaTbl LIAPHMPOB U MOPSAOK COEAVMHEHWS CTepxHeW. Hayano koopguHaTt BblOpaHO B feBOW,
NOABWXHOW, LUApHUpPHON onope. KoopAanHaThl LWapHUPOB HDKHEro nosica (puc. 2) MMetoT cnegyowmn Bua;

x; =(i—Da, i=1,..2n+5,
Visg = =Dh, i=1,..,n+1,
yi+n+3 :(n_l)h, i:1,...,n,

31 = Yon+s :2ha Yy = Vou+a =h.

3 9

PucyHok 2. Hymepauus y3noB n ctepxHen B cucteme Maple [10], n=3

KoopauHaTbl WwapHUpoB BepxHero nosica
Xiyopss = id, i=1,..2n+3,
Visones =@ +2)h, i=1,...,n+2,
Vizaper =@ +n—=ih, i=1..,n+l.

Tpu onopHble cTepxHs Gyaem npeanonaraTb XeCTKUMU. VX AnuHbl b BbiGpaHbl NPOU3BOMbHBIMA U B
peweHne He BxoaaT. KoopavHaTbl y3n0B KpenneHus onop K "semne":

Xt =05 Yot =L Xpi0 T X450 Vo =L Xpaz TXopas tL Y43 =28

CTpykTypa pelueTku depMbl onpegenseTcs ycrnoBHbIMU BekTopamu V,i = 1, ...,n,. KOMMNOHeHTaMn aTux
BEKTOPOB SIBMNAKTCA HOMEpa LUAPHUPOB MO KOHLAM COOTBETCTBYIOLUMX CTepkHel. Mpu aTom BbiGoOp Havana u
KOHL|A BEKTOPOB MPOU3BOSEH M He BNUAET Ha 3HAKM YCUMWI B CTEPXHAX. Hanpumep, CTEp)KHU HWXKHEro nosica
KOOMpYIOTCS credylowmummn Bektopamu: V, = [i,i + 1], i = 1,...,2n + 4. Ina cTepXHel BepxHero nosica Bekropa
CTPYKTYpPbI UMEIOT BUA:

Vieonsa =li+2n+5,i+2n+6],i=1,..,2n+2,V,, ., =[1,2n+6], V,,,s =[2n+5,4n +8].

1

CToliku 3aaaHbl BekTopamu V. ynig =i+ 1,i +2n+5], i=1,..,2n+ 3.
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Packocam peLueTku COOTBETCTBYHOT CrieAyHoLne BEKTOopbI:

Viegner) =Li+3,i+2n+5],Vipq o =li+n+2,i+3n+8],i=1,..,n,

Vepe1n =[n+3,3n+61, Vg 13 =[n+3,3n+8].

HanpaBnsitolumMe KOCMHYCbl YCUNWIA, 3afatoline MpOoeKuuy YCUIMIA Ha OCU B ypaBHEHWsIX paBHOBECHUS
Y310B, BbIMUCIAIOTCS Yepes3 ANHbI CTePXKHEN 1 MPOEKLMU UX BEKTOPHbLIX NPEACTABIIEHNI HA OCU KOOPAMHAT:

- [; 2 2 - _ - _ -
L=y\L;*L,, ll,i_x\/z’i le,,-’lZ,i_yVZ,i W,» = hoon.

B HOMepe Vj,i I'IepBbIIZ MHOEKC COOTBETCTBYET HOMEPY KOMMOHEHTbl BEKTOPa VL (HOMep Ha4alla nnm KoHua
CTEPXHS), BTOPON MHOEKC — 3TO HOMEp CTepxHs.. Takum obpasom, matpuua G CUCTEMbI YpaBHEHUN
paBHOBECUA UMeEET creayrune arieMeHTbl:

G ==l 11, k=2V,, =2+, k<ng, j=12,i=L...n

s

Gk,l:lj,l/ll’ k:2‘/l,1_2+-]’ kSI’lS, j:1,2, i:1,...,ns.

CucteMa ypaBHEHUIN paBHOBECUS 3aMMCbIBAETCA B MaTpuyHon dpopme GS = B, roe S — BEKTOp ycunuii B
CTEPXKHSIX, BKIOYas peakLun ornop CTEpPXHs, B — BEKTOp Harpy3ok. [opu3oHTanbHble Harpysku, NpUNoXeHHbIe K
y3ny i, B obwem crnydyae 3aHOCATCA B HeYeTHble anemMeHTbl B,.; (B OaHHOW MOCTaHOBKE WX HET),
BepTUKanbHble — B YeTHbIe By, i = 1, ..., m.

3. Pe3ynbmamsl u obcyxoeHue
3.1. Mporun6

BbluncneHne npormba LeHTpanbHOro y3na ¢ HOMEPOM n + 3 HUXHEro nosica oepmbl  NpPoM3BOAUTCS NO
¢dopmyne Makcsenna—Mopa:

n-=3 o—
A= S;sili
ia EF
3nech BBeAeHbl 0BO3HAYEHNS: S; — YCUIMA B CTEPXHAX (hepMbl OT AECTBUS BHELIHel Harpysku,

S, - younust oT eOVMHWUYHON Harpysku, NMPUMNOXEHHOW K yany n + 3, [; — ANWHbI CTepxHen. MaTepuan crepxHen
npegnonaraeTcs ynpyrum, XecTkocTb EF BCEX CTEPXKHEW NPUHATA OAMHAKOBOMW.

MocnepoBaTtenbHbIV pacyeT npornbda depm npu pasnu4HOM yucre naHenen (n=1,...,14) gaet B pesynbrate
OLHY U Ty Xe dhopmyny

AEF =P(C,,c’+C, d° +C, h’)/ (32h%), ()

roe ¢ = Va2 + h?2,d = Va? + 9h? — QNVHBI PAcKOCOB U CTEPXKHEN NoscoB, a koadduumneHTsl C;, C, u C; 3aBUCAT
TOnbKO OT uucna naHenen n. C nomouwkio onepatopa rgf findrecur cuctembl Maple MOXHO BbIACHUTb, YTO
yneHbl nocnegosatensHoctn 119, 336, 685, 1356, 2339, 3904, 6041, 9100, 13071, 18384, 25029, 33516,
43835, 56576 koadhdmumeHToB C;,, YAOBNETBOPSIOT CreayloweMy pekKyppeHTHOMY YpaBHEHMIO:

Cip =3C 1 = Cruy =5C 3 +5C, g +Cy 5 =3C 6+ C g
[ns nonyveHus aToro ypaBHeHWs noTpeGosarcs pacyeT 14 depm, MeHbluas AnnHa NoceaoBaTenbHOCTY
KO3((PULIMEHTOB 3aKOHOMEPHOCTb B 3TOM 3adade He BbisiBnseT. OnepaTtop rsolve gaeT pelleHne 3Toro
ypaBHEHMs.
Cy,, = (5n* +40n° +166n> +(329+15(=1)")n + (453 +75(-1)")/2)/ 6.
AHanornyHo nony4arotcsa u gpyrue KoadUUNEHTbI:

Gy, == (=)")2+n) /2,

Cy, =8(n’ +120° +2(13=(=1)")n +7(1=(-1)")
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3aBucumocTb nporuba (1) ot pasmepoB cepMbl U YMcna NaHenen oTpaxeHa Ha pucyHke 3. Kpusble
©espasmepHoro npormba A'= AEF,/(LP,)NocTpoeHbl Npu OUKCUpOBaHHOWM AnuHe nponeta L=2(n+2)a=90mn
3afjaHHON cymMMapHou Harpyske P, = (2n + 3)P. CnegyeT obpaTuTb BHMMaHWE Ha TOYKM MepeceveHus KpuBbIX,
CBUAETENLCTBYKOLIME O BO3MOXHOCTY BbiOpaTh Haumnyylwme pasMepbl Npy OAMHAKOBbIX Npornbax dpepmbl.

A!

12+

10+

T T T T T T T T T T n
2 4 6 8 10 12 14 16 18 20

PucyHok 3. 3aBucMMocTb nporn6a oT Yucrna naHenen

OKcTpemarsnbHble TOYKM KpMBbLIX (MUHMMYMbI) NPUXOASTCA Ha 3HAYEHUS N, NPWU KOTOPbLIX ANMHA NaHenen
HepeanbHO Benvka M MO3TOMY NPaKTUYECKOro 3Ha4YeHust oHM He umetoT. OgHako cam hakT MX CyLleCTBOBaHUS
noAckasbliBaeT, YTO Mpu APYrMx napaMeTpax ONTUMMU3auMsi KOHCTPYKUMMW, peanuaylollass MUHUMYM Ha KpPUBOM
npornda, BO3MOXHa.

AHanuTnyeckas opmMa pelleHus MNo3BOSIieT BbIABUTb MNpefernbHble CBOWCTBA pPeLUeHUss B TaKow
noctaHoBke. VimeeTcs cnegyowui npegen, CBMAETENbCTBYIOLWUA O KyOU4eckom xapaktepe pocta npormba:

lim A/ n® =5h/(384L)

n— 00

3.2. Ycunusa

Onsa pacyeta depmbl Ha NPOYHOCTb M YCTOMYMBOCTb €€ 3MEeMEHTOB HeobXoaUMO UMETb aHanuTu4eckune
BbIpaXXeHUs AN YCUNUIA B KPUTUYECKUX (C HanbonbLunmmn yeunuamu) ctepxHsix. MNMporpamma [11], 3anucaHHas Ha
a3blike Maple Ha ocHoBe nporpammbl [10], AaeT BO3MOXHOCTb HE TOMNbKO MOMYYUTb YCUIMS, HO U OTOBpasnTb
cxemy hepMbl C BENUYMHAMM YCUIUIA B OTAENbHbBIX CTEPXHAX. Ha pucyHkax 4, 5 n 6 npuBeaeHbl NpUMepbl Takmx
cxeM npu a=3 m, h=4m. KpacHbiM LIBETOM BblAENEHbI PACTAHYTbIE CTEPXKHU, CUHUM — CXaTble. YCUNNs OTHECEHDI
K cune P. TonwmHa NMHUM NponopuuoHanbHa MOAYM0 YCUMS B COOTBETCTBYIOLLEM CTEPXKHE.

PucyHok 5. Ycunusa B cTepXXHAX npu n =3
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PucyHok 6. Ycunus B CTepXXHAX NpU n =4
N3 aHanu3a npvBeAeHHbIX CXeM BbISIBNAOTCA CTEPXHU, YCUMNNS B KOTOPbIX OOSMKHbI BbITb OrpaHUYeHbl 13
YCNOBMUS NMPOYHOCTU UNKN yCTOMYMBOCTU. POPMYInbI ANS YCUnuin B Haubonee pacTsaHYTbIX CTEPXKHSX (B cepeanHe
HWXHEro nosica u cpefHen CTONKe) NonyyarTcs MeToaoM MHAyKuun (puc. 1)

U=S,,, =P(n*+4n+2~(=1)"(n+2))c/(8h),
V, =S54 = Pn(n+4)/4.

Yecunus B HeKoTOopbiX Hambonee cxaTblX CTEPXHAX (BTOopasi CTOMKa U CTEPXHW B cepeauHe BepxHero
nosica) UMeoT BUA:

O, =S3,44 = —P(n* +(4+(=1)")n+2(=1)" +4)c/ (8h),
0, =8,,.5 =—P(n+2)*c/ (8h).

Be3ycnoBHO, Ans NONHOro aHanu3a TpebylTca opMynbl U ANs YCUNUn B ApYrnx cTepxHAX. Hanpumep,
npu n=4 Haubonee CXaTbli CTEPXEHb, YCTOMYMBOCTb KOTOPOro HeOoOXOAMMO MpoBepuTb Ha aTane
NPOEKTUPOBAHUSA KOHCTPYKLUUN, — 3TO CTEepPXEeHb COCeOHUN CO CpeaHuM B BepxHem nosdce. Hanbonee
pacTsiHyTble CTEPXHU TakKe MOryT MEHsITbCA MecTaMu. Ecnin ycunve B cpeaHen ctonke Sn+10, Kak BbISICHAETCS,
He 3aBUCUT OT pa3MepoB PePMbI, TO HA YCUMUSA B HXKHEM NOSACE BRUSIOT COOTHOLLIEHME U BEMNYMHBI Pa3MepOB.
Mpn a=3 m ycunue B CpedHEM CTEpPXKHE HWXKHEro nosica n+2 Bcerga Oonblle ycunusi B CpegHen CToWke C
HOMepoM 5n+10 npn h=1Im, a Nnpn h=2m CUTyaums 3aBUCUT OT Yucna naHenen (puc. 7). Ltpuxom ob6o3Ha4eHbI
BENUYUHBI YCUMWIA, OTHECEHHbIE K cune P: S, = S /P.

70 g II

60

T r N
2 4 6 8 10 12

PucyHok 7. NepepacnpeneneHme ycunun B Hambonee pacTAHYTbIX CTEPXKHAX
AHanornyHbeli rpaduk, MOKasbIBalOLWUN BapuaHTbl MOSNOXEHUA Hambonee cxaTblX CTEpPXKHEW, MOXHO
nocTpouTtb Mo copmynam (2) aAnsa cTep>XHen ¢ Homepamu 4n+10 1 3n+6. 30ecb Takke NonyyaeTcs, YTO ycunme B
CTOWKe 4n+10 He 3aBUCUT OT pasMepoB (hepmbl.

3.3. [pyrve BapmaHTbl Harpy3ok

OTnaxeHHbIi anroput™ BbiBoga cdopmyn B cucteme Maple no3BonsieT nerko MsMeHuWTb BWA Harpysku.
PaccmoTpum HarpyxeHne depmbl MO y3nam HUXKHero nosica (puc. 8).
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PucyHok 8. Harpy3ka no y3nam HWXxHero nosica, h=4
PelueHune onsa npornba nmeet Ty xe ¢opmy (1) ¢ oTnU4MeM TOMbKO B OO4HOM KO3 dULMEHTE

Cs,, =8(n° +12n° +2(11=(=1)")n +11-3(-D").

Yeunua B KPUTUYECKNX CTEPXKHAX UMEIOT BUA:
U=Pn*+@E-(-1)"n=-2(-1)"+2))c/(8h),
V,=-PQ2n+1)/2,
V, =P(n+2)*/4,
0, =—P(n* +(4+(=1)")n+2(-1)" +4)c/ (8h),
0, =—P(n+2)*c/(8h).

®epmbl apoOYHOro TUMNa UMEIOT, Kak NpaBunno, 60nbLUyo BbICOTY. NS Takmx KOHCTPYKLUUA UMEET 3HadyeHne
OokoBasi (BeTpoBas Harpyska). PaccMOTpuM criydyan ropu3oHTarnlbHOM PaBHOMEPHOW Harpysku Mo yanam IeBow
NnonoBuWHbI NponeTa (puc. 9).

PucyHok 9. BokoBas Harpy3ka, h=3
PeweHuve ansa npornba umeet cdopmy, 6nmskyro k (1)

AEF =P(C,,c’ +C,,d* +C,, h’)/ (32ah),
roe
Cp, =(22n" +88n° +44n” +(42(-1)" =202)n+75(-1)" —219)/ 24,
Gy, =@Bn+5)(A=(=1)")/4,
Cy,, =43n° +11n* =6((=1)" +Hn=7(-1)" =21).
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Ycunusa B KPUTUYECKUX CTEPXKHAX MMEIOT BUA:

U = Pe(n+1)(1+6n—(-1)")/ (32a),

V, ==Ph(n+3)/ (4a),

V, = Ph(3n* —=5n—-14)/ (8a),

O, = —Pc(6n* +((-1)" =15)n+11+(-1)") / (32a),
0, =—Pc(3n* =5n-6)/ (16a).

Mcnonb3oBaHHbIA ~ anroput™M  BbiIBOAA  aHaNWTMYECKUX  3aBMCMMOCTEM onpoboBaH paHee Ha
nnockux [1-8,12-18] n npoctpaHcTBeHHbIX [19] chepmax pasnunyHon koHdurypaumu. [NonyyeHHble aHanMTuyeckne
peweHnMss MOryT ObiTb WCMONb30BaHbl M B 3agayax OMTUMU3AUMM Kak C MOMOLLbI TeHEeTU4eCKUX
anroputmos [4, 20, 21] (3gecb yBeENUYEHME CKOPOCTU CYeTa 3a CYEeT MNPUMEHEHUS TOTOBbLIX (OOPMYI
NPUVHLUMNUANbHO BaXXHO), TaK U C MOMOLLbIO HEMPOHHBIX ceTen [22]. O630p aHanUTUYECKNX PELLUEHUI OIS NITOCKUX
depm B cucteme Maple gaH B pabote [12], apouHbix — B [13].

4. BbisoOnbI

lMocTpoeHa maTemaTudeckasa Moferib npeanaraeMon CxeMbl cTaTuyecku onpegenvmon depmbl. Ha
OCHOBe Xxopowo anpobupoBaHHOW nporpammbl [11], HamucaHHoOM Ha A3bike Maple, nony4yeHbl wu
npoaHanM3npoBaHbl OCHOBHbIE POPMYIibl, BbIBOA KOTOPbIX MOCTABIEH B LEnsx paboTol.

Cdpopmynupyem ocHOBHbIe BbiBOAbLI N0 paboTe.

1. I'Ipe,qnaraemaﬂ cxema (*)eprI OonyckaeTt aHanutu4eckoe pelleHune and nporm6a n ana yCI/IJ'II/II7I B
OTAENbHbIX CTEPXHAX NpU nobom vncne naHenen.

2. PeweHune kak anga npornba, Tak U Ang yCuUnmnm umeeT NonmMHOMManbHbIN MO YUCAY NaHeNnen XxapakTep.
3. BbisiBneHbl npeaenbHble CBONCTBA PELLEHMS.

4. KpuBble 3aBucMMoOCTM npormba oOT 4ucna naHenew, MNOCTPOEHHblE MO BbIBEAEHHBIM hopmynam,
OOHapyXmBalT TOYKM MepeceyeHnsl. ITa OCOOEHHOCTb KOHCTPYKLUMM MOXET ObiTb MCMNofb3oBaHa ONs ee
onTUMmnsaLmm.

5. TokasaHo, YTO YCUNUSA B HEKOTOPbLIX CTEPXKHAX HE 3aBUCAT OT pasmepoB hepMbl.

6. OTMeuyeHO onpegeneHHoe MONIOXUTENbHOE KAayeCTBO MpeanaraeMon CXembl pelueTkn depmbl —
Hanbonee ANWHHbIE CTEPXHU (packocbl ANUHOW d) mmelT nuMbo pacTdarMsalolimne ycunuda, nubo BecbMa
Hebonblne cxumarwme. ITO JenaeT KOHCTpyKuuio Oonee yctonumBon. [Mpy 3TOM 4uCnO naHenem Ha
3aMeyYeHHy 0COBEHHOCTb He BNusieT (puc. 4-6).

7. MpviBegeH anroputM NOCTPOEHUST KapTUHbI pacrpeaerieHnst yCUnui B CTepxHsix B cucteme Maple.
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