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Memod cnaaiin-korioxkayuu, 6 Omauuue 0m UCnOIb308AHUS 0BOUHBIX MPULZOHOMEMPUUECKUX PA008 OJLsL ANNPOKCU-
MAUUU NepeMeueHUll Mouex cPeOUNHOT NOBEPXHOCTU 0O0LOUKU, NO3BOLACM CYULLCMBEHHO PACUUPUMD KIACC Pe-
ULACMBIX NPUKLAOHBLX 3a0aU, 4 6 HEKOMOPBIX CAYUASAX NOLYUUMb O0Jlee MoUlble wucienivle pesyivmamut. Hanpu-
Mep, yMenvuwienue uaza cemxu no Oaune 060J0UKU 6 Mecmax ee NOOKPEnenus KOJLbUeSbMU pedpamu uiu
PACNONOJCEHUS COCPEVOMOUCHHBIX MACC NPUBOOU. K YMEHDULEHUIO NOPAOKA PASPEULAIOwell cucmemvl aizebpauye-
CKUX YPAGHEHUTL NPU MOTL Jice MOUHOCTIU NOLYUACMBIX PESYIbMAMO8. BoaMoucHOCIb UsMensmy epanuumsle Yeioeus
1A NONEPEUHBIX KPOMKAX 0OO0LOUKU NO3BOLACT OUCHUMb UX GAUSHUE HA XAPAKMEPUCTIUKU HANPIANCEHHO-0edop-
MUPosanozo cocmostnus. Ommemum, wmo pamee memoo CHAAUH-KOJIOKAUUU NPEUMYULLCMBEHHO UCTLONb30BAICS
Ot UCCIeO0BANUS HANPANICEHHO-0EPOPMUPOBANHOZ0 COCTNOAHUSL 000LOUEK ¢ MEOLEHHO USMEHATOUUMUCS JCECTT-
KOCIHOIMU U 260 MEMPUUECKUMU NAPAMEMPAMU 6005 KOOPOUHATbL, NO KOMOPOUL UCOIb3YEMC st CAATH-ANNPO-
KCUMAUUS petenust. 30eco mom memood npumensemcs 01t 060J104€eK ¢ CYUECMEEHHO HeOOHOPOOHOU CIMPYKMYPOLL.
B memoduxe pacuema cmamuueckozo u OUHAMULECKOZ0 HANPAICEHHO -0eOPMUPOBAII020 COCMOAHUS U COOCMEETH -
HOLX UACTOM PEOPUCTIDIX MHOZOCIOUHBLY OPMOMPONHLIX YUIUHOPULECKUX 000I0UEK ¢ NPUCOCOUHEHHDIMU MACCAMU
1A 0CHOBE MEMOOA CRAAUN-KOJLOKAUUU U MEMOOA PASNONCEHUS PEUens N0 Popmax cobcmeennbx Korebanuil, na
U36ECTHOM NPUMeEpe 8binoHena anpobdayus peuenus. Ha wuciennvix npumepax ucciedosana npaxmuieckas cxo-
OuMCIL nepemewenuil, YCULULL U MOMENMOG 8 3AGUCUMOCTNU O YUCLA MoueK Korokayuu. Ciedyem ommemums,
UMO 6 OCHOBY pewlenus 3a0a4u NOJ0NCeHA Meopus 000I0UeK U CMEPICHEll, OCHOBANHAS HA COBUZOBOU MOOeIU
C.II. Tumowenxo. Hsnoxcennas memoouxa uccaedo8anus 3a0au cCmamuky u OUHAMUKU YUIUHOPUUECKUX 3AMKHY -
MbIX MHOZOCLOUHBIX 000J0UEK ¢ KOHCMPYKMUGHBIMU U MEXHOI02UUeCKUMU ocobennocmamu (pebpa jcecmrocmu,
npucoeounenivle COCPeOOMOUEHHbIe MACCHL) NPU NPOUSCOILHBIX ZPAHUUHBIX YCLOGUAX PEANU308AHA C NOMOULLIO
PaAspabomaiozo NPOPAMMI020 00eCneUeHUs.

Kmiouesvie cnosa: yurunopuueckas 060i0uka, nookpenisiowue pebpa, npucoeounenivle Maccol, HANPANCCHHO-
Oepopmuposanioe CoCMOosIHUE, CHAALUH-KOILOKAYUSL, CIIATIH-ANPOKCUMALUSL

1. IlocranoBka 3amaun. OcHoBHBbIE ypaBHeHus. Huske paccMoTpena 3amada 06 ornpesesieHnn
HAITPSKEHHO-1e(hOPMUPOBAHHOTO COCTOSTHUST M COOCTBEHHBIX KOJIEOAHWMIT 3aMKHYTOW MHOTO-
CJIOIHOI PeOPUCTOI IMINHAPHYECKON 000I0UKH, OABEPKEHHOMN JeICTBUIO CTATUYECKUX BHEII-
HUX YCUJIN, CUMMETPUYHBIX OTHOCUTEIbHO Havyasa KoJblleBoil koopauHatsl. IIpunsaTo, yto cu-
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cTemMa TPOJI0JBHBIX HOAKPENIAIONIX pebep peryssipHa. KosbieBbie pebpa MMEIOT MOCTOSTHHOE
IOTIEPEYHOE CEUEHIE, KOTOPOE MOKET U3MEHSITHCST OT pedpa K pebpy. Ha cocpeoTouentbie Macch
TaK’Ke HAKJIJbIBAETCS YCIOBHE CHMMETPUN OTHOCUTEIbHO Hadasla KOJIbI[eBOI KOOPINHATHI.

B ocHOBY pellieHust 3a/1a4u TOJI0KEHA TEOPUst 000TI0UYEK U CTEPIKHEN, OCHOBAHHASI HA CIIBUTO-
Bol Mojiesin TuMotieHko [4] u sHepretnyeckuii meto]l. [loHy0 TOTEHITMAIBHYIO SHEPTHIO pac-
CMaTPUBAEMON YIIPYTOH CUCTEMbI B OTKJIOHEHHOM COCTOSTHUM M KMHETHYECKYI0 SHEePTuio mpe-
CTaBJISIEM B BUJIE
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3necw U,, Uy, Uy — n0TeHIINANBHAS 9HEPIUsT OOLINBKY, IIPOJIOJIBHBIX U KOJIbLEBLIX pebep; V,, V],
V,,V, — KuHeTHdecKasi s9Heprusi OOIIMBKH, TIPO/IOJIbHBIX, KOJIBIEBBIX pebep U IPUCOeIMHEHHBIX
COCPEIOTOYEHHBIX Macc; A, — pabora BHEIIHUX CIJI, IPIJIOKEHHBIX K 000JI0UKE; Cij, K Kl],
D, = r2D — IIpuBeieHHbIe KOO (OUIMEHTbI JKECTKOCTH CJIOUCTOIH 000JI0UKH, onpeaenﬂeMme 1o

(1)(])pMyJIaM u3 [1]; Cy K, = rK D, = rzD — TIpUBeJICHHbIE XapAKTEPUCTUKU TIJIOTHOCTHU CJIOUC-
Toit obomoukn [1]; u, o, w, Y=y, / r, Yo =VY, /7 — 0CEBOE, OKPY’KHOE U HOpMaJIbHOE IlepemMe-
IEHKSI TOYEK CPEIMHHON MOBEPXHOCTH 0O0JIOUKH, a TAKsKe TIOJIHBIE YTJIbI TOBOPOTA TIOTIEPEYHOTO
CeyeHMs] BOKPYT KOJIBIIEBOW M TIPOIOJIBHON KOOPJIUHAT COOTBETCTBEHHO; E=x /71, 0=y /r —
Ge3pa3MepHbIe TPOJIOIbHAS M KOJIbIIEBAsT KOOPANHATEI; ¢ — BpeMst; #, L — paauyc u aynHa 060-
JIOUKY; Ky, ky, k,, — 4HCIIO IPOIOJIBHBIX, KOJIBIIEBBIX Pedep U IPUCOeIMHEHHBIX Mace; E; Gl1 b G,-1 ,
7»11 Pi» Eiy» Giprs G, %12,p12 MOJLYyJTM YIIPYTOCTH TIPU PACTSKEHNU, KPYIeHUH 1 c/:[BMre, K0a(-
(bI/H_II/IeHT (boprl Honepequro CeYeHust, IJIOTHOCTD i -TO TPOAOJIBHOTO pebpa U iy -TO KOJIbIle-
Boro pebpa; Fj , h; =rh, o Lier L 0 By i, =rh, ,> Liyos Ligprs §j, — TIIOWIAD NIONEPEYHOTO Ceve-
HUS, aKcueHTpMcmeT MOMeHT WHEPITIN nonepequro CeYeHUsT OTHOCUTETBHO COOTBETCTBYIOIIEN
KOOPJAMHATHON JTMHUM, MOMEHT MHEPLUH P KPYYEeHHH, KOOPJANHATA TMHUU KOHTAKTA i -TO TIPO-
JI0JIbHOTO pebpa 1 iy -TO KoJiblieBoro pedpa cootsercrento; M ;,/=7l;,&;,0; — Benmunna maccsl,
JIHA KOHCOJIH, TIPOJI0JIbHAs M KOJIblieBasi KOOPAUHATDI j-Oi IIpucoelMHEHHOM Macehl; ¢y, ¢y, g,
13, S,Q,, M| — KOMIIOHEHTBI BHEIIIHEH Harpy3KH, JAeHiCTBYIONME HA TIOBEPXHOCTD U TOPIIbI 00O0JIOUKL.

OtMmeTnM, 4TO BeIpakeHus it anepruii (3) — (10) mpuBesieHbI B TepeMenieHusIX TOUeK cpe-
JIMHHON TIOBepXHOCTH 0060/109KH. [Ip1 MX BBIBO/IE MCIIOJIB30BATINCH COOTHOIIEHHS CBSI3U MEK/LY
TiepeMeNIeHIsIMI TOUeK Ocell pebep, IEHTPa TSLKECTH MACC U TTEPEMEIEHUSIMU TOYeK CPeTNHHOIM
MMOBEPXHOCTH, aHAJIOTHUYHBIE (DOPMYJIaM, TaHHBIM paHee B paboTax [2, 3, 5].

YpaBHeHUs IBUKEHUST PACCMATPUBAEMON YIIPYTON CHCTEMBI MOTYT OBITH MOJIYYeHbI, UCXO/IS
W3 TPUHIIATIA CTAITMOHAPHOCTH JIEHCTBUS [2], COTTIACHO KOTOPOMY

(10)

2
ow=0, (W= j(V =U)dt — neiictBue mo [aMUJIBTOHY ). (11)
4
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[MToxcrasus B (11) Boipaxkenust (1) — (10), ayst m060ro GUKCUPOBAHHOTO MOMEHTA BPEMEHU
HOJIYYUM CJIeYIONIYI0 CUCTEMY pa3pelnIalonuX ypaBHeHI:
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[TosryueHbI TaKKE eCTeCTBEHHbIE TPAHIMYHbIE YCJIOBHUST HAa TOPIIaX 0O0JOUKHM:

2n —
ou Ju — 0 — 0 -
j(C“_aé,+C12_86+C12w+K“_8“2+K12 ;VZJSu‘L/ de+

Y EF (qu — oy :

i Vi1 L/r L/t 16=0-

+.§ —; (a§+h’1 5 )Bu‘o 9=9i1+é[rT15u‘0 de=0;
1

2
fC du —+C 00 —+K aW1+K Wy SU‘L/rd9+JTSSU‘L/1 do=0;
65 Co6 5z Koo 6 3¢ ;

2JZCC v _ o w‘L/Vde+zm a_w__ Sw‘L/r +2er8wd6‘L/’—0'
013 8& —V ; PR Vi 0 [6=0; ) 1 o =0;

2n
| (K“ gg +K,, g + R+ Dy Y14 B, a"’Q)a‘ |6/ de+

9g
i z E)u - E)\ui) iy 116 al|l1
+ ! ; +
21 ( KIS S0

5 ‘L/;

& _q:
; §1—0,

)
oo, + | Mb.5,do
6

T(— v = Jdu = 81|12 = 8\|f1]6_ ‘L/,de z 11kr z1kr a\|128— ‘L/r96 =0 (13)
=0; .

K K D,
668§+ 6689+ 66 g ag JE

OTMeTnM, ecsi OJTHO U3 TPAHUIHBIX ycaoBui (13) He BBITOTHSIETCS aBTOMATUIECKH, COOTBETCT-
ByIOIllee ypaBHEHUE JIOTIOJHAET cucTeMy ypaBHenuii (12).

2. Metoauka penrenusi. [lepemerieHusi TOYeK CPeIMHHON TTOBEPXHOCTH 0O0TOYKH TIPE/ICTaB-
JISTIOTCS B CJIE/LyIOIIEeM BU/Ie:

0

M+1 M+1
= COs Ot 2 cosno z “1nB3 (&); v=cos (x)tz sinn® 2 “2nBB ©);
n=0 i=—1 n=1 i=—1
M+ M+
= COS Ot 2 cosno Z ugnB3 (&), y, =cosot 2 cosn 2 u4”B3 &),
n=0 i=—1 n=0 1=—1
M+
Y, = cosmtz sinn Y ul Bi(E). (14)

n=1 i=—1

rle ® — KPyroBasi 9acToTa KoJiebaHmil B 3a1a4e 0 COOCTBEHHBIX KOJIeOaHUsIX (IPUHIMAETCST PaB-
HOU HyJIIO TIPU PENIeHNH 33/1a4 CTATUKK); 7 — IapaMeTp BOJIHOOOPA30BAHUs B KOJIBIIEBOM Ha-
npasien; N — 4HUCIO 4IEHOB TPUTOHOMETPUYECKOTO Psijia, y/AePKUBAaeMbIX B KOJIbIIEBOM Ha-
npasyeny; M +3 — 4YuCIIO Y3JI0B CILVIAWH-CETKU BJOJIb 00pasyionieil 00009k (PaBHO YUCITY
TOYEK KOJUIOKAIIT mk , BKIOUas JBe TOUKN HA TPAHUIAX; Uiy, Uby,, ..., Us, — HEH3BECTHBIE KOH-
CTaHTBI, OIpe/iesisieMble U3 CHCTEMbl areOpandecKux ypaBHEHHH, MOLYYeHHON METOIOM KOJI-
JIOKAIY; Bé — OeTa-CIuIaiiH TPeTbeil CTeleHN.
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[Moncrasus (14) B (12), (13), BimiosHsgeM auddepeHImpoBaHne 1 MHTETPUPOBAHKE TI0 KOOP/IU-

” L .
HaTe 9, 1 HaHOCHM II0 KOOpJZMHaTe E, CIIJIAaUH-CETKY C IIaromM A& =—— Toukn KOJIJIOKall1 BbIOK-
7.

paeM Tak, Kak pekomenjyercst B [6]. Takum 06pa3om, 3a1aua CBOIUTCS K CHCTEME HEOJIHOPOIHBIX
anreOpanvecKnux ypaBHEHUN TPHU PENIeHNN 3ajla4il O HANPSLKEHHO-1e(OPMUPOBAHHOM COCTOSI-
HUW, UK K CUCTEMe OZHOPOAHBIX aareOpandecKux ypaBHEHNI [IPY PEIeHNH 3a]a4k Ha COOCTBEH-
Hble 3HaYeHus. [lasee UCIONb3yIOTCS CTaHAAPTHBIE IPOrPAMMbl MATEMATUYECKOTO 00eCIeUeHM S,

3. HucnoBbie pe3yabrarbl. V3/10;KeHHAS BbIIE METO/IMKA UCCAEI0BAHUS 33/1a4 CTATUKU U
JMHAMUKHY [UJTAHIPUIECKAX 3aMKHYTBIX MHOTOCJIOMHBIX 000JI0YEK ¢ KOHCTPYKTUBHBIMU U TEX-
HOJIOTMYECKMMU 0coOeHHOoCTAMU (pebpa sKeCTKOCTH, IPUCOEAMHEHHbIE COCPEAOTOUYECHHbBIE MaC-
Chl) TIPU IIPOM3BOJIBHBIX IPAHMYHBIX YCJOBHSAX Peajn3oBaHa B 0060J0YKe TPOrPAMMHOIO KOMII-
sekca MATLAB.

C nomolpio paspabOTaHHOTO TTAKETa BBIYUCIUTEIHHBIX IIPOTPAMM ITPOBEIEHO UCCIEI0BAHIE
MMPaKTUYECKOU CXOAMMOCTH Pe3YJIBTaTOB pacdyeTa JJIst ABYX TUIIOB TPAHUYHBIX YCJIOBUHN W BBITIOJ -
HEHO CpaBHEHWE MOJYUYEHHBIX JAHHBIX C Pe3yJIbTaTaMM J[PYTUX aBTOPOB.

Ha npumepe o6os10uku, paccmorpertoit B [2] (0=0,3, E=2,1 - 10" H/Mz, p = 7800 KI‘/MS,
r=L=025wm h= 107 M), UCCJIe/IOBaHa CXOAMMOCTD PENIEHUST B 3aBUCUMOCTH OT UMCJIa TOYEK
koJsutokanuii. O60104Ka Obla MOAKPEIIeHa PETrYISPHON CUCTEMOI U3 BOCBMHU IIPOAOJIbHBIX pe-
6ep, 00J1a1aI0IUX TOJIBKO KECTKOCThIO Ha U3TH6 I e = 82,984 - 10 2 m*.

B Tabmiie npuBeieHbl 3HAYEHNS MAKCUMAJIbHBIX BEJIMYIH IIPOrO0B U N3TUOAIONNX MOMEH-
TOB, TIOJTYY€HHBIX JIJIsT TIPOIOJIBHO TTOAKPETIEHHO# 060/10uky B cevernu &= 0,5L /r mpu pasnnd-

0 0 /16 /8 EZ /4
w
[lannbre [2] 1,310 1,355 1,414 1,444 1,451
mhk = 26 1,315 1,357 1,412 1,439 1,445
mk = 58 1,311 1,355 1,413 1,443 1,450
mhk =90 1,310 1,355 1,413 1,443 1,451
mk =122 1,310 1,355 1,414 1,444 1,451
mk = 154 1,310 1,355 1,414 1,444 1,451
M,
Tannsre [2] 0,1390 0,2064 0,2334 0,2330 0,2294
mk = 26 0,1433 0,2075 0,2322 0,2312 0,277
mk = 58 0,1396 0,2066 0,2331 0,2325 0,2289
mk =90 0,1389 0,2065 0,2333 0,2327 0,2291
mhk =122 0,1388 0,2065 0,2333 0,2327 0,2291
mk = 154 0,1387 0,2065 0,2333 0,2327 0,2291
i,
Tanmsie [2] 20,1493 0,0544 0,1168 0,1013 0,0861
mk = 26 20,1345 0,0567 0,1137 0,0975 0,0827
mhk = 58 20,1449 0,0551 0,1161 0,1002 0,0849
mk =90 20,1466 0,0549 0,1165 0,1006 0,0852
mhk =122 -0,1471 0,0548 0,1167 0,1007 0,0853
mhk = 154 20,1473 0,0548 0,1167 0,1007 0,0853
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4 . mr
HBIX 3HaYeHUAX mk . BHemnss Harpyska, Kak u paHee B [2], npuHsaTa B Bujie g5 =—sin (TE_,).
T

Pacuer mapamMeTpoB HaIpsiKEHHO-e(hOPMUPOBAHHOTO COCTOSTHUST 0OOJIOUKHU BBITIOJIHEH TIPU YIep-
JKaHWU B KOJIbIIEBOM HarpaBieHuu B psjax (14) unenosc n=0,8,...,64 .

3 TabmIbl BUAHO, 4TO C yBETMYEHUE YHC/IAa TOYEK KOJUIOKAIINH 3HAYEHWS] HICKOMBIX BEJIH-
YUH CTPEMSITCS K 3HAYEHUSIM, OJTU3KUM K MTOJYYEHHBIM B [2] B TPUTOHOMETPUYECKUX PSIAX MPH
N =9. Bce npuBejientble BeJIMYUHBI OTJIMYAIOTCS OT TOJyYeHHBIX paHee MeHee uyeM Ha 1 %, 3a
MCKJIOYEHIEeM KObIleBOro MoMenta M, Ha pebpe (1,3 %), T/ie CXOMUMOCTh PeleHus Hanxy/1-
mast. Takke ceayeT OTMETHTD, YTO PaHee 3a/[auya PACCMATPUBAIACH B KJIACCUYECKOH TTOCTAaHOBKE,
3/1eCh — Ha OCHOBE C/[BUTOBOIT Teopuu 110 Mozesn, rpeyoxkentoit C.I1. Tumorenko [4] mst 6aok.

Hayunvie uccnedosanusi, pe3yivmamvt Komopolx onyoiuK08anvl 6 OAHHOU CMAamve, 6binOIHEeHbL
3a cuem cpedcms 6100xcemnoil npozpammol “Iloddepicka paseumus NPUOPUMEMHbIX HANPABIEHUT
nayunwvix ucciedosanuil” (6541230).
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3ACTOCYBAHHS METO/IY CIIJTAMH-KOJIOKAIIIT
JUIA PO3BA3YBAHHA SAAAY CTATUKU I AJMHAMIKHA
KOHCTPYKTMBHO HEOAHOPIAHUX ITWJITHAPUYHNMX OBOJIOHOK

Merto criyialin-KoJioKallii, Ha BiIMiHY BiJl BUKOPUCTAHHS MOBITHUX TPUTOHOMETPUYHUX PSIIB 17151 aTPOKCUMATTiT
nepeMilieHb TOUOK CEePEIMHHOI TTOBEPXHI 000MOHKH, T03BOJISIE ICTOTHO PO3IIMPUTH KJIAC PO3B'A3YBaHUX MPUK-
JIA[HUX 33/1a4, a B IeSIKUX BUMAAKaX OTPUMATH O1JIbII TOYHI YKcesIbHI pesy/isratu. Hanpukiaz, 3MeHIIeHHS KPo-
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HpuMeHeHue memooa cmaﬁu—xwlﬂoxauuu ons pewenus 3adau cmamuxu u OUHAMUKL...

Ky CITKM 110 JOBKWHI OGOJIOHKKM B MiclsX il MiAKPIiNJIeHHs KijgblleBUMU peGpaMu abo posTallyBaHHsSI 30Ce-
PEIKEHNX Mac, MPU3BOAUTD 0 3MEHIIIEHHS MOPSIIKY PO3B’sI3yBaIbHOT CUCTEMU arebpaiyHuX PiBHSAHB TIPH Till
JKe TOUHOCTI OJIEPXKYBaHUX Pe3ynbrariB. MoXKINBICTh 3MIHIOBATH TPAHWYHI YMOBHU Ha MOMEPEYHUX Kpastx 06o-
JIOHKH JI03BOJISIE OIIHUTH iX BIUIMB Ha XapaKTEePUCTUKA HANPY:KeHO-1ehOPMOBAHOTO CTany. Bifznaumnmo, 1o pa-
Hillle MeTO/I CTIATH-KOJOKAIlii TepeBakHO BUKOPUCTOBYBABCA [IJIST JOCTI/IKEHHS HAMPYsKeHO-1e(OopMOBAHOTO
cTaHy 0G0JIOHOK 3 MTOBIJIBHO 3MIHIOIOUMMUCS JKEPCTKOCHUMY | TEOMETPUYHUMMU TIapaMeTPaMu B3I0BK KOOPANHA-
TH, TI0 SIKill BHKOPUCTOBYETHCS CILIAMH-AIPOKCUMAIlist pitiieHHst. TyT MeTo/ 3aCTOCOBYETHCS IJIsT 0O0JIOHOK 3 ic-
TOTHO HEOIHOPIHOIO CTPYKTYPOIO. Y METOAMIN PO3PAXyHKY CTATUYHOTO i AMHAMIYHOTO HAIPY:KEHO-Aedop-
MOBAHOTO CTaHy i BJIAaCHUX YaCTOT PEOPUCTUX HAraToONapOBHX OPTOTPONHUX IHJIHAPUYHIX 0O0JOHOK 3 TIPHEL-
HAaHUMW MacaM¥U Ha OCHOBi MeTOMy CILJTAlTH-KOJIOKAIlil i MeTOAy PO3KJIQMaHHs pillleHHs Mo (opMax BIACHUX
KOJIMBaHb BUKOHaHA arpoOaltist pillieHHst Ha BijoMoMy mpukiazi. Ha uncenpHUX MpUKIagax HOCTiKeHa Ipak-
THYHA 3015KHICTD TIePeMillleHb, 3yCUIIb | MOMEHTIB B 3aJI€KHOCTI Bijl Ync/ia TOYoK Kostokarii. Ciiz BigguauuTu, mo
B OCHOBY PO3B’sI3Ky 3ajlavi MOKJIajieHa Teopisi 000JIOHOK i cTep:KHiB, 3acHOBaHa Ha 3cyBHiil Mozei C.I1. Tumo-
nmeHka. Bukorazena Buiie MeTOANKA TOCTIIKEHHS 3a/1a4 CTATUKH 1 IMHAMIKM [T HAPUYHUX 3aMKHYTHX Gararo-
MIapOBUX 0GOJOHOK 3 KOHCTPYKTUBHUMHY 1 TEXHOJOTIYHIUMHU 0COOJUBOCTME (pebpa JKOPCTKOCTI, TIPUENHAH] 30-
cepeiKeHi Macu) TPHU OBITbHUX TPAHUYHUX YMOBaX PeayizoBaHa 3 JOMOMOTOI0 PO3POBIEHOTO TPOTPAMHOTO
3a0e3TeueHHsI.

Kmouoei caosa: yurindpuuna o6010nxa, niokpinuioioui pebpa, npueonani macu, Hanpyrceno-0edopmosanui
CMaH, CNIAUH-KOJLOKAYIS, CNAAUH-ANPOKCUMAULS.

Lugovyy P.Z., Skosarenko Y.V., Orlenko S.P.
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APPLICATION OF THE METHOD OF SPLINE-COLLOCATIONS
TO THE SOLUTION OF DYNAMIC AND STATIC PROBLEMS
FOR STRUCTURALLY INHOMOGENEOUS CYLINDRICAL SHELLS

The method of spline collocation, in contrast to the use of double trigonometric series for the approximation of
the displacements of points of the middle surface of a shell, allows us to significantly expand the class of applied
problems and, in some cases, to obtain more accurate numerical results. For example, by reducing the grid spac-
ing along the length of the shell in places, where it is supported by circular edges, or by varying the location of
concentrated masses, we can reduce the order of the resolving system of algebraic equations with the same ac-
curacy of the results obtained. The ability to change the boundary conditions at the transverse edges of the shell
makes it possible to evaluate their influence on the characteristics of the stress-strain state. Note that the spli-
ne-collocation method was mainly used to study the stress-strain state of shells with slowly varying stiffness
and geometric parameters along the coordinate, where the spline approximation of the solution is used. Here,
the method is used for shells with a substantially non-uniform structure. In the method of calculating the
static and dynamic stress-strain state and natural frequencies of the ribbed multilayer orthotropic cylindrical
shells with attached masses, the method based on the spline-collocation, and the method of decomposition of a
solution in eigenoscillations, the solution were tested by the well-known example. Using numerical examples, the
practical convergence of displacements, forces, and moments depending on the number of collocation points
has been investigated. It should be noted that the solution of the problem uses the theory of shells and rods based
on the S.P. Timoshenko shift model. The described method of studying the problems of the statics and dynamics
of cylindrical closed multilayer shells with structural and technological features (stiffening ribs, attached concen-
trated masses) under arbitrary boundary conditions is implemented using the developed software.

Keywords: cylindrical shell, stiffening ribs, attached mass, stress-strain state, spline-collocation, spline-appro-
ximation.
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