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B coepemennom cmpoumenscmee 6ce 6oiee WUpOKoe NPUMEHeHUe NOIYHAIOM GUCAYUE CUCTIeMDbL.
Tpumepamu maxux cucmem MO2ym CIyHCUMb GUCTHUE MOCIIbL, 2030~ U HePMENPOBOObl, KAHAMHbBIE O0PO2H,
MOKPbIMUSA NPOMBIUIEHHBIX U SPANCOAHCKUX 00bekmos. OmanuumenpHoli 0cobeHHOCMbIO pabomvl npuee-
OCHHDBIX CUCMEM SGIAeMCs MO, MO BOZHUKAIOUJUE 8 UX KOHCIPYKMUBHBIX 2TeMEHMAX YCUTUS, HOCIM Nnpe-
uMyujecmeeHHo xapaxmep pacmsaxcenus. Taxum o6pazom, axmyansHuiMu CMAHOBIMCS 60NPOCHL, CEA3AH-
Hble C pacHemoM 1eMeHMO8, Y KOMOPbIX 8 Ka4eCmee paciemHOl cxeMbl MOHCeN 8bICMYNAMb HUMb.

Pacuemmbie cxemvl OCHOBHBIX 1EMEHMOB GUCIHUX CUCHEM MO2YM DblMb NPeOCMABIeHbl, KaK 6 uoe
JHceCmKUX Humedl, Max u Humet, obaaoarwux ynpyaumu ceoticmeamu. Mrocue saoauu paciema noioux
HUMETL YHce peuteHbl, 4e20 Helb3s CKA3amb 0 HUMAX ¢ 6010t cmpeoll npogecd, d 8e0b 60 MHOUX ClIy-
yaax eeedeHue YNpoujeHut, CEI3aHHLIX ¢ NOA020CHbIO, HeOONYCMUMO. AHAnUmMU4ecKuil paciem ynpyaux
Henoo2ux Humeil npeocmasiiem cob0il 6eCoMAa CLONCHYIO 300aYY 6CIeOCMEIUe 2eOMEMPUYECKOT HeTUHeTl-
HOCTIU CUCMEMbI, HO COBPEMEHHDBIT YPOBEHb PA3GUMUS GbIYUCTUMENbHOT MEXHUKI Odem 803MOHCHOCHTb

NpUMeHAmMb OJi ee peuleHUs YUCAeHHbIE Memoobl.

Knrouesvie cioea: ancopumm pacuéma, ynpyeds Henoroeas Humb, U3eUOHAs HCeCmKocmy, 6apuayi-
OHHBITE MEMOO, MEMOO NOCeO06AMENLHBIX HACPYICCHUT, TUHEHHAS MAMPUYA IHCECIKOCHIN.

Beeaenne. Hecmotpst Ha pasHooOpasue npea-
CTaBJICHHBIX B JHUTCPATYPEC METOTUK I pacyuera
rHOKUX HUTCH OHU OOBIYHO HE CBSI3AHBI MEXKIY CO-
0Ol ¥ UCTIOMB3VIOTCS IUTS PECLICHUS YaCTHBIX 3aa4.
Hammpumep, B padote [1] rubkast HUTh TIpu pacyeTe
Ha COCPEIOTOUCHHBIC CHIIbI MOJCTUPYETCS [ApHUP-
HOH LICTIBIO, COCTOSIIECH W3 BIICMECHTOB C Pas3iud-
HBIMH T'C€OMETPHUESCKHMH MapaMeTpaMH, a B paboTe
[2] ansa pemenns nuddepeHIHATEHOTO YPaBHCHUA
PABHOBECHSI HETOJIOTOH HEPACTSLKHMMOM HHUTU HC-
MONB3YeTCs 0O00OIMEHHBIH METOJ KOHEUHBIX Pa3Ho-
creit. B paborax [3], [4] u [5] ans pacuera rubkoi
HETNOJOTOM HUTH HPUMCHACTCS METOA KOHECYHOTO
3JCMCHTA.

Kak uzBecTHO, mro0as rudKkasd HHUTh B TOH WA
HHOH Mepe o00nagacT U3rHOHOH IKECTKOCTHIO.
Hanpumep, npu pacuere TpyOONpOBOIHBIX IEPEX0-
JOB B BHAC NPOBHUCAIOIINX HUTCH, B KOTOPBIX CaMH
TpyOBl SBIAIOTCA HECYIIMMH BICMCHTAMH, B Kave-
CTBC PACUCTHOW MOJCIH HYKHO PaccMaTpHBATh
HUTh KOHCYHOH JKECTKOCTH, TO €CTh YUUTHIBATh JE-
tdopmaumio naruda. Hexotoprie Bompocs! cratuye-
CKOTO pacvera MOJIOTHX HUTCH € y4eTOM W3rHOHOM
JKECTKOCTH V2KE PELICHBI U JOCTATOYHO MOAPOGHO
M3JI0KCHBI, HapuMep, B padore [6], [7] u [8], uero
HEJIb3sl CKA3aTh O HUTSAX ¢ OOJBINONW CTPEIOH Mpo-
BEca.

B craTbe mpeacTaBicH anroputM pacueTa KOH-
CTPYKTHBHOTO 3ICMEHTA B BHAC MPOBUCAIOIICH HUTH
Ha JACUCTBHEC BEPTUKATBHBIX U TOPU30HTANBHEIX CO-

CPCOOTOUCHHBIX U PACMpeACICHHBIX cuil. B kaue-
CTBE PACUCTHOM CXEMBI TAKOTO 3JICMCHTA MOXKET
paccMarpuBaThCs YIIPyTas HEMMOI0Tast HUTh ITPH pac-
YETC KOTOPOH VUMTBHIBACTCS HM3TUOHASI KESCTKOCTh.
Taxxke, kak u B padotax [4] u [5], ans perueHus mo-
CTaBJICHHOH 3aJauu ObLIA MCIOJB30BAHA BapUALlH-
OHHAs BCPCHS METOAA KOHCYHOTO 3JICMCHTA [9], me-
TajapHO pazpadbortannas B [10]. [Tomumo Bapuanrion-
HOM BEPCHH METOa KOHCUHOTO 3JICMCHTA, aJITOPHUT-
MOM pacueTa MPEIyCMATPUBACTCS HCIOIb30BAHNC
METOJa MOCACAOBATCIBHBIX HATPYKCHHH, YTO MO3-
BOJISICT YYUTBHIBATh, TOJIBKO THHCHHBIC COCTABJISIO-
IIUE B BBIPAKCHUSIX JUIS MPOJOJIbHOH AchopMariuii
U KPUBH3HBI,

Mertoaonorusi. Pacuét ynpyroit HUTH ¢ y4€TOM
M3rUOHOHN JKECTKOCTH MOXKHO Pa3[C/iiuTh Ha [JBa
srana. OOBIYHO, HA TICPBOM 3TAIIC MPOBOJAUTCS Pac-
4T HA ACUCTBUEC COOCTBCHHOTO BECA, a MOCICAYIO-
IIUE STarbl OPSAYCMATPUBAIOT PACUCT HA YCHIIHS,
BBI3BAHHBIC MOMOJHUTCTBHOU Harpyskoh. Kakx ms-
BECTHO HUTH JCNATCS HA PabOTAIOIIUE ¢ U3THOOM U
6e3 u3ruda ot AckcTBHs coOCTBeHHOrO Beca. [lpu-
MEPOM TEPBBIX SIBISIOTCS COOPHO-MOHOTUTHBIC JKC-
7A300CTOHHBIC [UTHHAPUUCCKUES 000I0UKH, a ra30-
U HE(TEIMPOBOIHBIC MEPEXOABI MOKHO PacCMaTpH-
BaTh KaK HUTH, paboTamInue ¢ U3ruOOM, BHI3BAH-
HBIM JOCHCTBHEM coOcTBeHHOro Beca. Jmsa abco-
JAFOTHO TMOKOUW HUTH PCLICHHE 3TOH 3a4a4d MPEI-
craBnicHo B padote [11], a ast Hutu paborta, KOTOPO
MPEAYCMATPHBACT YICT U3TUOHOM KeCTKOCTHU B [ 12].

Ha BropoM 3Tanme HuUTh PacCUMTHIBACTCS HA

84



Becmuux BI'TY um. B.I'. Illyxosa

2017, Nel0

JEUCTBUE JNOMOJIHUTEIBHON BEPTUKAIBHOU U TOpHU-
30HTAIBHOM pAacOpeAcIeHHON HArpy3KH, a TaKXKe
BEPTUKAJIBHBIX U TOPU30HTAJIBHBIX COCPEAOTOUECH-
HbIX cu1. COXPAaHCHUC B BBHIPAKCHHUAX IS OCCBOH
aeopMallid ¥ KPUBU3HBL TOJIBKO JTHHCHHBIX CO-
CTaBJIOIIUX HA KWKJAOM IIAre HarpyX’eHud B KO-
HEYHOM HUTOI€ NOPUBOAUT K JHUHEHHON Marpurge
JKECTKOCTH, KOTOpas 3aTeéM MEPECUUTHIBACTCA B CO-
OTBCTCTBUU C TCOMCTPHUCCKUMU U (DU3UICCKUMH
XapaKTEPUCTUKAMHU, COOTBETCTBYIOIIUMHU €€ HOBOMY

OYESPTAHHIO.

Ha puc. 1 npexncrasneHo HavaabHOE TIOTOXKE-
aue Hura [0 1 1Ba mocie 1oBaTe IbHBIX OUEepTaAHUA !
u I/, JInsg xaxmoro ouepTaHus UMEIOTCS KPHBOJIH-
HeHHBIC KOOPAMHATH S/ CBA3aHHBIC ¢ IIOOATBHON
CHUCTEMOH KOOpAMHAT X; TIOCPEACTBOM 9{ — Hanpas-
JSIOMHUX KOCHHYCOB A71s AyTH S/ 10 OTHOmEHHIO K
KOOPAWHATHBIM HaIPaBICHUAM X;.

Puc. 1. PacderHrie »Tannl H0I0KeHAS HUTH

OcHoBHast yactb. B cootBeTcTBHH ¢ [10] oc-
HOBHBIC BapPHAIMOHHBIC VPABHCHHS TPH TICPEXOIC
OT cocTOsHUA | K COCTOSHUIO | MOKHO MPCACTABUTE
B BHJC!

sUJ = sAJ. (1)

3xece

j 4

_ J de
sul = [, { _(T76; —T'01) =7 [M 5

e_é —M! ae;
1+¢/T ds;

dv,

avy _ gy @ (01 _ 18t
das; ds; \1+¢&J7 ds; | ds;

] 1l |42 V1 J 1nl | 42ve
[ () - e = [ (s557) - ot s @
sAll = fsz —1q;vdS; +2K(21_1 Pl(K)Ul(K)) (3)

3mece T! u T/ - mpogomnsrbie yeumus, a M! u =(1+&/)ds!, e/l =l 21 dug ol [ dup . (5a)

M’ — m3ruGaroimye MOMEHTHI A1 ouepTaHuii [ u /, sy asy’

COOTBETCTBECHHO, V; (I = 1,2) — BOSMO)KHIEG nef)e- 9 =0l + (©! )z duz 9{9}-% (i = 1,2), (56)

MEIICHHA OTHOCUTEIBHO ocel X;, q; = q; — q; — !

KOMIOHCHTBI MPUPALICHUS pacrpeacnéHHOM I — dejduy d_ei duz [ dfus o! d’u, 6)

_ pJ I ds; ds;  ds; ds; 2 asp 1 asz-
Harpysku, a Py = P; )~ Pj(xy — mpupaieHue co-

CPENOTOUEHHBIX CHJI IIPH MEPEX0Ae OT ouepTanus /
K OUEPTAHMIO J.

HNameHeHne GU3NIeCKUX U TeOMETPHICCKHX BE-
JMYYH TIPH TIEPEX0ae OT ouepranus / k J v coxpaHe-

HHH, TOJIBKO J'II/IHGI\/'IHLIX COCTAB/IIIOIIUX MOYKHO
MPCACTABUTE B CIICAVIOIICM BHIC:
T/ =T +EFe/, M) = M + EJy/!,  (4)
JI _ dvy duL de duj ]
6u fS[dS BU dS CU ds

3xece
B;; =T! + (EF — THe?,

3neck /- mpogonenas aedopmamms, y/! — us-
MEHEHHE KpUBH3HEL, E — Moayie ympyroctd, F —
IUTOLNAb MOTIEPEYHOTO CCUCHHS, | — MOMEHT HHEp-

LUH U; - ACUCTBUTEIBHBIC MCPSMEIICHHUS TIPU TIEPe-
xoze ot ouepTanuit [ k J.
IMoxacrasusg (5) u (6) B (2), onycTUB UHACKC «/»

U TPU 3TOM COXPAHsSS BEIHYHMHBI 10 BTOPOrO IO-
psAKa MATOCTH BKIIOYHTEIBHO, NMPEACTABUM ITOJTY-
YCHHOC BBIPAKCHUC B TCH30PHOH depme:

d'VL d u] d Vi /f~ du] d 'VL dzu]
DU ds? dSZ By das t a2 dsz U dsz]ds )
— I .

By = (EF —T")6,0; (i = 1,2), (8)
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de de d
Ciy = EF (2 2) — 2M' 2(0,0,); Cyp = EJ (52 1) +2M' £ (6,6,);
de de de, de
(12 =Cy = 2M’ (91 - — 6, 2) d_Sld_SZ’
dez I a2 % 5 5
Di1 = =Dy = Efez —2M'6,6,, Dij =M (61 — ) EJ6;—= a5’ , Dy = Dy, Du = Djia
Gy = EJO%; G;; = —EJ©,6; (i = 1,2). ©

JUtd ToCcTpoeHHS peIIeHHs BapHALMOHHOTO
ypasHeHus HuUTh [ paz6ueactcs Ha N KpUBOTHHEH-
HBIX DJICMCHTOB JUIMHOW R,, KAXKABIH U3 KOTOPBIX
orpaHuuuBactcd yanosbiMu Toukamu (K — 1) u (K).
Howmep snemenra onpeaenieTcss HOMEPOM TIPaBOTO
y31a.

B mpeacrasieHHOM HIDKE PELICHHM JCHCTBH-
TEIBHBIE M BO3MOXKHBIE NIEPEMEIEHNS, a TAKKE UX
[IEPBBIE TTPOU3BOAHBIE HETIPEPBIBHEI BO BCEX Y3IIO-
BBIX TOUKAX, & OCTAJIbHBIC BETMINHEI HENIPEPHIBHEL B

{wigo} = [ui(x—1)u£(K—1)ui(K)u£(K)] T@i=12).

Heobxomumbie a/1st JaNbHEHIINX PACUCTOB 3HA-
4CHHUS (PYHKLMHU U €€ MPOU3BOAHBIX B CCPSAUHE 3JIC-
MEHTA, a TAKXKE 3HAYEHHS BTOPBIX MPOU3BOJHBIX HA

uicp

4

uicp

oo
icp —
N
l(K 1H = hz
IIpounrerpuposas ¢ nmoMoip MeToga Cumii-
cona BeipakeHue (7) B MPEACIAX HICMEHTA C YISTOM

SUL' = (v )T K, {ue}

= 2 (g1 + o) + 5 (i1 —
= % (—wice-v + W) —
hie(_ul{(K—l) + u;(K)) u;EK—l) = i(_
> (i) = o) + o (Ui + Zul(x))

mpejenax KakIOro 3JIEMEHTAa, HO MOTYT HMETh
CKaYKH Ha CT0 IpaHULAX. COCpe,Z[OTO‘IeHHbIC CHJIBI
PacmoIararTCs TONBKO B Y3IOBBIX TOUKAX IPaAHHYA-
IIUX SICMCHTOB.

B paccvartpuBacMoil 3amauc HepeMEIICHHS B
mpeJenax BJICMCHTa aNmpOKCUMHPYIOTCS KyOuue-
ckoil mapabo/ol, U BBIPAKAOTCS YCPE3 3HAUCHUS
HNEPEeMEIICHUM U UX NEPBBIX MPOU3BOAHBIX HA Ipa-
HULAX I1eMeHTa. BekTop 00001EHHBIX MIEpeMeIIe-
HUW )1 3JICMCHTA UMCCT CACAYIOIIUN BU;

(10)

Cr0 TPAHHULAX OMPCACIIIOTCS CICAVIOIINMH BBIPA-
KCHUSIMH:

u{(K)),
1 14 14
< (Ui—1y + Ui ); (11a)
2 ’ ’
ui(K—l) + ui(K)) - (Zui(K—l) + ui(K))a
(116)

(1la) n (1 16), mpeacTaBuM €ro B CICAYIOMIEM BUES!

(12)

T _ 14 14 14 14
3,[[er {Ue} = [Ul(K—l)UZ(K—1)v1(K—1)UZ(K—1)Ul(K)UZ(K)Ul(K)UZ(K)] — BCKTOP BO3MOKHBIX IICPCMCIIC-
HUHU A7 3JICMCHTA e, {ue} — BEKTOP JACUCTBUTEIBHBIX MEPEMEIIECHUM A 3JIEMEHTA, UMEIOIIUN TaKyIO KE
cTpykTypy. [K,] — cuMMeTprUHas OTHOCHUTEIBHO TJIABHON THATOHAJM MATPHIIA KECTKOCTH I DJICMCHTA TM0-

psaoka 8x8, cocrosamas U3 CYMMBI CICIVIOIMUX MATPHIL

[Ke] = [Be] + [Ce] + [De] + [Ge]' (11)
Crpykrypa marpuusl [B,] umeeT crieayrommil BUA;
Bell BlZ Bl3 Bl4—
e e e
BZl BZZ BZ3 BZ4—
[Be] = e31 e32 e33 e34 > (14)
Be Be Be Be
B' B} B BM*
rae
nm bll(e) b12(e) nm mn
21(e) 22(e)
DNEMEHTHI 3THX MATPHI ONPEETIOTCS CIEMY-
FOILITUMH 3aBUCHUMOCTSIMIEL
3 cp cp
bijiey = bijite) = 35~ Bif s bijtey = biitey = 3B} s bijtey = —bijiers bijiey = bifitey = —Dljters
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bZ?

1 cp
i) = (Bu(K 1) +zBij) bijtey =

Bepxuue ungekcsl 'm" m "a" ykaswelBalOT Ha
3HAUECHHE 3TOH (QYHKIUM B Y3/I€ CICBA H CIIPaBa, a
cp
B;; - opauHaTa QyHKIMH B CCPCAMHE DICMCHTA.

Marpuua [C,] umeeT aHATIOTHIHY 0 CTPYKTYPY,
a ¢ ANEMEHTH MOKHO OINPEACIHTh Mo (opmytam

ije) = ijee)
Jiite) = 712 = (Gl + 26l00); 9%y =
e =
9ijer =

Marpuua [D,] Taxke cHMMETpHYHA OTHOCH-
TENBHO TJIABHOM JMATOHAIH, HO MO CTPYKTYPE OTIIH-

6 L1300
=33 (Gl + G{}(K)), Gij(e) =
cp a1 .q23
cp . 434 _
(ZGU(K 1y~ Gy +2ij(1<))’ Gijee) =

(GU(K b+ G +4GU(K))

he 2 BP; bt

¥

cp
ijle) = ( B +Bl](K)) (16)

(16) ¢ 3ameHolt B;; Ha C;;. Jlna moctpoenus [G,]
MO3KHO BocoIb30Barhes (14) u (15) ¢ cooTBeTCTBY-
rouei 3ameHoit [B}™] wa [GJ™]. ®opmynst mnis
OTIPE IETEHHS DIEMEHTOB STOM MATPHUIIBI UMEOT BUL

—gljter: lfter = 3z (261 + Gljo):
giljz(e);
_gilf(e);

(17)

4aeTcsd OT MPEABIAYIINX MATPULl U UMEET CICAYIO-
LUK BU:

0 De12 0 De14
D21 D22 D23 D24-
[D]=|""° 2 b (18)
0 B; 0 D;
Dt D D Dt
rac
11(e)  d12(e) diTtey  d21ce)
[D2™] —[ ¢ e] [Dm™] —[ ¢ e]. (19)
¢ d21(e) d22(e) d12(e) ggée)
du(e) ( Du(K 1)+Dcp) dl](e) ( l](K—l) ) dll(e) ( 4Dll(K 1)+Dicip);
1
dl](e) d]l(e) ( 4’D3(K 1)+DCP) dll(e) e(DiHi(K—l) dl](e) (DLJ(K 1) chjp)’
du(e) - ( Dll(K 1)+Dll(K)) dl](e) ( Dl](K 1)~ D +Dl(K)) dll(e) - ( Dcp+4Du(K))
cp 14 . —
diftey = diitey = 3 (D5 +4D3); diftey = —ditey Ay = —dihy. (20)
Cnenyer ormeruts, uro B;;, C;;, Gi;, u Dy JUIsL 3NEMEHTA MOAYYHUM IyTeM WHTEIPUPOBAHUS

OTIPESACIISAIOTCS BRIPAKCHUSIMHU, MTPCICTABICHHBIMH B
dopmynax (8) u(9).
D3 = (D12 + D31)/2; Dy = (D12 — D31)/2. (21)

Paboty BHemHe# pacnpencicHHOH Harpys3ku

q{I(K—1) + ZQE?K)

qg(K nt qur()K)
heqy(y/ 2
helaxy/ 2

{CD(K—l)} =

CyMMHUpOBaHHEC TIO DJCMCHTAM BBIPAKCHHIMA
(12) u (22), a Taroke yIET NPOU3BOIBHOCTH BHPTY-
AITbHBIX TIEPEMEIICHUH {V, } AT BO3MOXKHOCTb CBE-
ctu ypasueHus (1) k cneayromeii cCucTeMe JTUHCH-
HBIX YPABHCHHUH [T OTIPCICTICHUS Y3TOBBIX MIEPEMC-
LIEHUM

(K 1{u} = {®P} +{P}. 24)

APao} =

nepBoro ciaraeMoro (3) ¢ momornso MeToga Cumi-
cona ¢ yuetrom (11a) u samenoii "u" Ha "v". Toraa

D
sA = D), rae {D, =E{ X 1)}’ 22)
(@) e (0] =2 gt

T Zq;I()K)

qZ(K) + ZqZ(K)
heqy(xy/ 2
— hely i)/ 2

(23)

[pu HEe cMEMAIUXCA OTOPAX U0y = Uiy =
0. I'lpu >xkeCTKOM 3aAIICMIICHUH 9] 91 Torma u3
(56) cremyer, UTO Up gy = AUy (g), TAC @ = 65/6].
B srom cnyuae [K] — kBagparHas caMMeTpHYHAS OT-
HOCHUTCIIBHO TJIABHOM JAMATOHAIN MATPHIIA JKCCTKO-
ctu mopsaaka (4N —2), uveromas JCHTOUHYIO
ctpykTypy, {u,} — Bextop mepememenui, {P} -
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00O00IIECHHBIH BEKTOP TPHUPAIICHHUS PaCHpeacICH-
HOI Harpy3ku, {P} — BEKTOP MPUPAIICHUS Y3IOBBIX
COCPEXOTOUECHHBIX CHIL.

N3 pernenus cuctemsl (24) OmpeacasiroTes ie-
MeHTHI BekTopa {u}. Bee dusmueckue u reometpu-
YECKHE XAPaKTCPUCTUKH HHUTH, HEOOXOAMMBIC AT
JANBHEHIIEro pacueTa OnpeacsroTes no hopMynam
#, ) u(6).

Benvunna nmpupamieHus: Harpy3kH Ha KOKIOM
JTane Harpy>KeHUs ONPEAEIIACTCS B 3aBICUMOCTH OT
TpeOyeMOl TOUHOCTH pacyeTa.

BeiBogpl. B crartee mpeacraBneH anropurm
pacuéra ynpyrux HEMmoJOTHX HHTCH C YUETOM H3rH-
OHOI1 JKECTKOCTH HA JCHCTBUC BEPTUKANBHBIX U IO-
PH3OHTAIBHBIX COCPEAOTOUCHHBIX CHII U pacIpese-
néHHOM Harpy3ku. [ [ppmepamu cucteM, HCTIONB3YIO-
IIHE TAKHE KOHCTPYKTHBHBIC BIIEMECHTEL, MOTYT CITy-
JKUTh Ta30- U HEPTCNPOBOIHBIC MEPEXOABI B BHJIC
MPOBUCAIOLICH HUTH, SIEMEHTBI KAaHATHBIX AOPOT,
MOKPBITHS TPOMBILINICHHBIX M IPAXIAHCKHUX 3AaHUH
U COOpPYXKCHUH u apyrue odobektsl. Creayer oTMme-
THUTb, YTO VYET TOPH3OHTAIBHBIX COCTABISIOLINX
BHEIIHECH HArpy3KH IS TAKUX CHCTCM HMEET BaxK-
Hoe 3HaueHHe. Mcronb3oBanue BapHaoOHHOTO Me-
TO/A Y TUHCAPHU3ALMS BRIPAKCHU 1151 AChOopMarlHii
JAcT BO3BMOXKHOCTh Ha KKIOM STare HArPYKCHUS
CBECTH HEIMHEHHYIO 33Jady K PEIICHHIO CHCTEMBI
JUHCHHBIX YPAaBHCHHM OTHOCHTEIBHO BEPTUKAJIb-
HBIX U TOPHU3OHTANBHBIX OOOOIICHHBIX MEPESMEIIIC-
HUH B Y3MOBBIX TOUKaX. 3AECh, B OTIHIHN OT pabOThI
[2], HC mpUXOANTCA PEINATh HEIHHCHHYIO 33427y 110
onpeaeneHu0 HartsokeHna HUTH. [IpexcrasneHnyro
padoTy, MO HAIIEMy MHEHHIO, MOXKHO paccMarpu-
BaTh Kak OMNpPEACICHHOE Pa3BUTHE BapHAIIOHHOM
BEPCHHM METOJAa KOHEYHOTO >JIEMEHTA IPUMEHH-
TEIBHO AJIA pacdeTa VIPYTHX HEMOJOTHX HHUTEH C
VUCTOM H3rUOHOM KECTKOCTH.
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Zaharova L.V., Aleksandrovskiy M.V.
ABOUT THE ALGORITHM OF THE VARIATION METHOD FOR THE CALCULATION
OF ELASTIC NON-FLAT FILAMENT WITH THE ACCOUNT OF FLEXURAL RIGIDITY
(BENDING STIFFNESS)

At the present time, in the construction industry, hanging structures, such as suspension bridges, gas and
oil pipelines, cable cars, covering of industrial and civil facilities, are increasingly used. For such structures,
a thread often acts as a design scheme. The article presents an algorithm for calculating a structural element
in the form of a sagging thread on the action of vertical and horizontal concentrated and distributed forces.
As a design scheme of such an element, an elastic non -flat filament can be considered with allowance for
flexural rigidity. Due to the non-linearity of the problem, the thread is first calculated for the action of its own
weight, and then for an additional load. The calculation for the additional load is based on the variational
version of the finite element method. Simultaneous use of the method of successive loading. The additional
load is divided into parts and applied by steps, which makes it possible to use only linear components in the
expressions of axial deformation and changes in curvature at each loading stage. This approach allows us to
use a linear stiffness matrix at each loading step, which is then easily recalculated in accordance with the
geometric and physical characteristics corresponding to its new outline.

Keywords: calculation algorithm, elastic non-flat filament, flexural rigidity, variational method, succes-
sive loading method, linear stiffness matrix.
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