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B cmamue paccmompena 3a0a4a 6eco6otli ONMuMU3AYUYU CMeKIONIACHMUKOB0I MHOSOCIOUHON KPY2O-
801 YUNUHOPUYECKOT 000J0YKY, NOOKPENTCHHOT NONEePEUHbIMU PebPaMUL U HASPYHCEHHOT cUOpoCmamuye-
cKum oaenenueM. B kawecmee Quszuveckux ocpanudeHus NPUHAMbL YCI08Us NPOYHOCHIL, YCMOTUYUBOCU U
pacciaueanus. J[na peutenus 3a0a4u NPOYHOCMU U YCHOUYUBOCNU NOCMPOCHBL PA3PeULAIONUe YPABHEHUS
HO OCHOGE HACHUYHO YymOuHeHHOU (umepayuonnoti) meopuu C.A. Ambapyymana. Pesyiomamol 6ecogoli
onmumusayuu 000104ex, yYO0e1emeopaIouue YKA3AHHbIM 02PAHUYEHUAM CLOUCHBIX 000I04eK 8 YCI08UsX
2UOPOCMAMUYECKO20 OAGNEeHUS NOLYHeHbL C UCNOABb308AHUEM Memood 00X00d Y3108 NPOCHPAHCMEEHHOT
Cemxu.

Knrwueevie crnosa: onmumusayus, cmexkionIacmuxogvie 000I0YKU, NPOYHOCMb, YCHOUYUBOCHb,
VMOYHEHHAS. MeOpPUs NOCMPOCHUS. YDAGHEHUI.

marepuana. O030p paboT AAHHOTO HANPaBICHUS
npuseaeH B padotax [2], [3], [4].

ITocTanoBka 3agaun onTumuszanuu. Paccmar-
PHUBACTCS 33244 BECOBOH ONTUMU3ALINN CTEKJIOTIA-
CTUKOBOM MHOTOCJIOMHOW KPYroBOM LIMIMHAPUYC-
CKO¥ 000IOYKH, TTIOAKPETIIICHHOM TIOTICPCUHBIMH Pe-
Opamu, ¢ HEKOTOpPOH MmMOrudbI0 MEKAY pedpamu, ¢
KIICCBOH MPOCIOUKON MEKAY PeOpoM U 000I0UKOH
paboTarIeli B YCIOBHSX BHCIIHETO JABICHUS H
YAOBICTBOPSAIOICH VCIOBHAM MPOIHOCTH, YCTOUH-
BOCTH M paccijauBaHus. B cwly HeIMHEHHOCTH
(YHKIIHI OrpaHUYICHUS OHA (POPMYTHPYSTCS KaK 3a-
Jaua HEJIMHEHHOTO MPOTPaMMHUPOBAHHSI.

B maremaruueckoit opMyTHPOBKE 3a1at4a OTI-
TUMAJIBHOTO MPOCKTHUPOBAHUA O6OJ'IO‘IKI/I UMECT
BHI;

Beenenne. BaxxHoe MecTo B pasnmuuHBIX 00na-
CTAX TEXHUKH 3aHMMAIOT CTEKIOIUIACTHKH. Bo-
MPOCHI MPUMEHECHMS UX B PA3MTUYHBIX 007acTAX CO-
BPCMCHHOH TEXHUKH IIMPOKO OCBCIICHHI B PaboTe
[1]. Ux nmpuHIMOHMATEHBIC BOBMOYKHOCTH BHIIIC UCM
V TPAAULIMOHHBIX MATCPUATIOB, Onaroaaps creudu-
YECKHM KauecTBaM, MPEXkJIE BCETo Omaromaps BO3-
MOJKHOCTH BapbHpOBaTh CBOHCTBA MarepHaia 3a
CUET Pa3InIHOU CTPYKTYPHL.

OnHako, JOPOrOBH3HA KOMIOHCHTOB, COCTAB-
JIOMMX KOMITO3HITHIO, CACPYKUBACT IUPOKOE TTPH-
MEHEHHE KOMIIO3WIHMOHHBIX Marepuanos. [Toaromy
aKTYaJIbHBIMH SIBIISFOTCSI BOIIPOCH ONTHMAJIBHOTO
MMPOSKTHPOBAHNA KOHCTPYKIIMH W3 KOMIIO3UTHOTO

G (x)—min;
xec={xlp®) = 0; x(x) = 0; Y;(®) 2 0; |j = 1,2 ... M} ()

rae G (x) — uenceas (GyHKUUs (BEC ODOMOUKH);
@(x) — 0b03HAYACT COBOKYMHOCTh BCEX FEOMETPH-
YECKHUX OTPAHUYCHHUH; Y (X) — COBOKYITHOCTB CTPYK-

TYPHBIX OTPaHHYCHUH, ;(X) — CEMEHCTBO pusmye-
CKUX OTpaHWYCHUH (HPEIENbHBIX OrPaHHYCHHI);
M — xonm4ecTBO (PUBHICCKUX OIPAaHUYCHHH.

Henepas ¢yHkums ompenenseTcs BBIpaxe-
HHCM:

G(x)=2L (Siy hy piR:)+2n(R = h = "2) hy b, py N @

rac L — amuHa 0007I0YKH; K-KOMHYCCTBO OJHOHA- X= { N, hy, by by, Bi, fo} (3)

MPABJICHHBIX CI0CB; h; — TOJIIUHA {-TO CIIOS, pP; —
IJIOTHOCTh Marepuaia i-ro ciosd;, R; - pagmyc cpe-
JWHHOH MOBCPXHOCTH {-T'0 COs;, R — paguyc Hapyxk-
HOHM MOBEPXHOCTH 000M0OUKH, h — BhICOTA pebdpa;
b, — mupuHa pedpa; p, — INIOTHOCTE MaTepHana pe-
Opa; N — KONMHYECTBO MOMEPEUHBIX pedep.

BexTop onTEMH3HPYCMBIX MAPAMETPOB UMCCT
BH;

rae fB; — Yrol HAaMOTKH OJHOHAIPABJICHHOTO {-TO
cnost; [, — HadanbHAs TOTHOb 000IOUYKH MEKIY Pe-
Opamu.

l'eomeTprdeckne OrpaHHYuCHHST HANOKCHBI HA
paccTosiHue MEKIY pedpaMu U3 yCI0BHs 0becmede-
HHSI MECTHOU VCTOHYHBOCTH OOOJIOUKH, HA BBICOTY,
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MIHPHHY peOpa W HAaYaNbHYIO MOTHOBb, Ompeacnsc-
MBIE€ KOHCTPYKTHBHBIMH H 3KCIUTYaTallMOHHBIMH
TpeOOBaHUIMH.

CTpyKTYpHBIE OTPaHHYECHHUS VCTAHOBJICHBI UL
VITIOB apMHUPOBAHHUA UCXOAI U3 BOBMOXKHOCTEH TEX-
HOJIOTHH HAMOTKH.

Puznueckue OrpaHUICHNS YIUTHIBAIOT IPETb-
ABIIEMBIC K TPOCKTY TPeOOBaHHS NPOYHOCTH,
YCTOMYHUBOCTHU U PACCIAUBAHUSL.

Hna onpeaencHust achOPMATUBHBIX CBOWCTB
KOMITO3UIIFIOHHOTO MaTepraita HCIIOIb3YETCS MHUK-
POMEXAHUUECKUM, ASTCPMUHUPOBAHHBIN MOAXOA.
IIpm 3TOM MeExaHHMUECKHE XapaKTEPUCTUKH KOMIIO-
3UIANA APMHPOBAHHOHN CpENBI BBIPAKAIOTCA HEPE3
MEXaHMIECKUE XapPaKTEPUCTUKH CBI3YIOWIETO H ap-
MHUPVIOLIET0 3IEMEHTOB U uepe3 koddduuueHr ap-
MHpPOBaHHUA. YIIPYTHE XapaKTEPHCTHUKH OPTOTPOII-
HOTO 3JIEMEHTAPHOIO CJIOS ONpPEJEsieM IO H3BECT-
HBIM (OPMYNIaM TECOPUH APMHUPOBAHHS, MOTYUCH-
veM B .B. BonotuneiM [5].

JUTa OLIEHKU MPOYHOCTH KKIOTO CJIOS TIPUHAT
kputepuit Muzeca-Xwmma [6] amg opTOTpOmHOTO
crnos. Pazpyimenne cnoes He AOIyCKaeTcs. Y CIIOBHE
MIPOYHOCTH UMEET BH;

0102 | 03

1-[E-224Z %50 @

2 2 2 2 —
Fl Fl FZ F12

Ta€ 04,0y, T1; — KOMIIOHEHTHI HAIIPKEHUH B OCAIX
crnosa;, Fi,F, Fi, COOTBETCTBYIOIIHE TIPEEIIBI
MIPOYIHOCTH.

JUta pemeHus 3aJady MUCTIONB3YETCS CTATHYE-
CKHUI KPUTEPUH YCTOHUHBOCTH.

OrpaHuucHHE MO YCTOHYMBOCTH HPHHATO B
BHJE!

qxp/q — { Z 0 (5)
TAE ¢xp ¢ — KPHUTHYECKAS M D3KCIUTyaTalMOHHASA
Harpy3KH.

Pa3zpymenne koMmo3ura OT paccianBaHus IPo-
HCXOAWT OT MaKCHMAIBHBIX KaCcaTEIbHBIX HAPIKE-
HHU, ACUCTBYIOIIUX B IUIOCKOCTH, MEPIEHAUKYIIAP-
HOH IJIOCKOCTH apMHUPOBAHUS BCICACTBHE pa3pylic-
HUA CBA3yiomero. i mociaexHero NMpHHUMAacTCs
ycaosue npounoctu [LI1 bamanauna [7].

FE RSP

=120 (©)
rae F;? By~ npeaessl NpoYHOCTH CBS3YIOMIETO Ha

CKaTUC U PACTAKCHUC, szﬁ — KaCaTCJIbHBIC HAIIP:I-
KCHU B ITONICPCUYHOM CCHUCHUU.

Hanpsx€HaHoe coOCTOSIHHE KPYTOBBIX IHJIHH-
APHUYECKHX 000J104eK, PABHOMEPHO NMOJKPeMNJIEH-
HbIX pe0paMH H HArpPy’KeHHBIX T'HMIPOCTATHYE-
CKHM JaBJieHHeM. PaccMmaTpuBacTcs MHOTOCIIOM-
Has TUTHHAPUICCKas 000I04YKa KPYTroBOro ouepra-
HUSL, TIOCTOSIHHOM OOIICH TOJIIHHEL /1, cCOOpaHHas U3
MIPON3BOIBHOTO YHCIa OPTOTPOIHEIX CIOEB Ai, pas-
JIMYHBIX TI0 TOJHIUHC B MAKCTC CJIOCB ¢ MOIAYJIAMU

VIpyroctu E, Ep COOTBETCTBEHHO B MPOJOIBHOM U
KOJIbIICBOM HarpasieHusx. Mccnenosanust Hampsi-
JKCHHO-AC(DOPMHUPOBAHHOTO COCTOSIHUSL CIIOUCTBIX
o0oiouek BeIMONHEHB B paboTax [8], [9]. Bompocam
pacueTa HOAKPEILICHHBIX 000IOUCK MOCBSIIICHBI Pa-
ooter [10], [11]. B Hamem ciyuae 000/109Ka paBHO-
MEPHO MOAKPCILICHA MOTCPCUYHBIMH PeOpaMu Ipsi-
MOVTOIBHOTO CEUCHHS ¢ MOAYIIMH YIPYrocTH E), 1
HMEET Morudb fj 3amada peluacTcss Ha OCHOBE Ya-
CTUYHO YTOYHCHHOW (utepaumonHor) Teopun C.A.
AwmbGapuymsaa [12]. Moayas casura Ajis AaKETa B
LIEJIOM OIPEAENACTCS CICAYIOIIM COOTHOIIEHNEM

(7

rae GL,, h; — MOAyJb TOMCPEUHOrO CABUTA U TOJ-
LIUHA CJIOSI COOTBETCTBEHHO.

Hedopmarmst TONEPEeYHOro CABUTA /IS MAKETa
B LICJIOM OIPEACISAETCS TAKOH 3aBHCHMOCTBIO:

GO{I" — Z G(I,:lT*hi

1 h?
ezxrzm T_f)go ®)

rae ¢ — QYHKIHS MOTICPEYHOTO CABHUTA.
Jis  KOHCTPYKTHBHOrO Tporuda 000I0UYKH
MEIKIY peOpaMul IPUHATO CICAYIONIEE BRIPAKCHHC!

4axfy
—*rd - ) ©)
rae d — paccTosHue MexIy pebOpamu, [y — crpena
MOABECMA.
CunHTe3upyIomee ypaBHECHHE OCCCHMMETPHY-
HOW AchopMaliiK MPUBOTUTCS K BUIY:

(I)O=

d°w

d*w 2
+ B
da* da?

A

+Cw=D (10)

rae A, B, C, D — nocrostHHbIe KO3 DUITUCHTHI.

Koaddurpent D BKIFOUACT HAYATBHY IO TIOTHOb
Jo.

OO0mmmii HHTErpas CHHTE3UPYIOIIETO YPABHCHHUS
BKJIIOUACT B cE0S YETHIPE MPOU3BONBHBIC MOCTOSH-
HBIC, 7181 OTIPEACTICHHS KOTOPBIX UCTIONB3VIOTCA Ipa-
HHYHBIC YCIOBUS OMHPAaHUS OOOIOYKH Ha pedpo B
cepeauHe 000I0UKH. 3ASCh MOKHO CUHUTATh, YTO BCS
VIACTKH OOOJOYKH MEXKAY peOpaMH HAXoIATCI B
OIUHAKOBBIX ycnoBuax. [lostomy, ams onHOro
yaacTka 000JI0UKH MOTyYacM TAKUE YCIOBHUS ONUpa-
HHS pebpa:

mpu & = 0; 52 = 0; wes = W (11)
npua = a/2,52 = 0; Qg = 0.

Tlocae ompenciacHUs NPOU3BONBHBIX MOCTOSH-
HBIX, HaXOOuM @. B mampHCHIIEM ompeaciscM
HAaIPSDKCHUS 0y U 0p.

B pmanHOU paboTe BBIMOJHCHBI HCCIICIOBAHUS
BIHSIHHS HA HANPSKEHHO-1E (POPMHUPOBAHHOE COCTO-
SSHUC W MPOYHOCTh OOOJOUYKU YUETa MOMECPEUHOTO
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CABHUTA U YICHOB MOPIIKA //R MO CPaBHECHUIO C €1~
Hutel. OnpeaencHa CTpyKTypa makeTa clioes, odec-
MEYNBAOINAS MAKCUMYM MPOYHOCTH MO KPUTCPHIO
Muzeca-Xumna. [IposeacHsl wccmeaoBaHUSA BIHS-
HUSI KOHCTPYKTHBHOTO MPOruba Mexay pedpamu Ha
HANPSDKCHHO-1eOPMHUPOBAHHOE COCTOSHHE H IPOY-
HOCTh 000noukH. PacueTsl mpoBexeHBl LI MOJI-
KPCIUICHHBIX OJHO-, JBYX- H TPEXCIOWHBIX 00070~
YEK CO CIACAYIOLUIMMU XaPaKTCPUCTHKAMU:

- nmuHa 060mouku L = 3000 mmM;

- paguyc R =400 mm;

- TOJIOUHA CTCHKH 00010uKy h= 18 MM;

- aucno pedep N=4;

- BeICcOTa pebpa h,= 40 Mm;

- mupuHa pedpa b= 10 Mm.

Kak otmeueno Brime, qis onpeaencHus acdop-
MATHBHBIX CBOWCTB KOMITO3HLIMOHHOT'O MaTcpuana
HCHONB3YETCS MHKPOMEXaHUICCKUH, ACTCPMUHHUPO-
BaHHBIH moax0ox. PUINUECKUE XapaKTCPUCTHKH
KOMIIOHCHTOB KOMIIO3HIINH, MaTepuania pedpa u Ko-
3G dULIHMEHT apMUPOBAHUS TPUHATHI CICIYIOLIHE:

-MOAYJb VIIPYTOCTH CTCKJIOBOJIOKHA
E=70000 MITa;

-MOAYJb YIPYTOCTH CBSI3YIOLLCTO
E"=4000 MITa;

k03¢ umment [TyaccoHa CTEKIOBONIOKHA V =
0,2;

-koadpuuent Ilyaccona cessyromero v” =
0,4;

-MOAYJb caBura CTCKJIOBOJIOKHA
G =30000 MITa;

-MOZymh caBura cessyroomero G = 15000
MIla;

-00beMHBIH KO3(PHIIHCHT apMHUpPOBaHU U =
0,7.

XapakTepuCTHKH MaTtepuaia pedpa NPHHATHI
CIIEIYFOIHE:

-Moaye ynpyroctu £, = 35000 MIla;

-moayiae casura G,= 6000 MITa.

IIpouHOCTHBIE XapaKTEPUCTHUKHA MaTepHaia
CIIOSI B3SITHI CIEAYIOLINE!
-Tpe ACTbL npou”octd F; = 200 Mnia, F, =

150 Mna, F;,= 70 MIla.

Moaymn nonepewyHoro casura mpuHATH G3
=G3= 5000 MITa.

HccnenoBannsa nokaszamu, 9To yIeT B pacueTax
YJICHOB NOPSAKA //R TPaKTHICCKH HE CKa3bIBACTCS
Ha HaNPSOKCHUAX, HO OTVIMYMS B HANPSKEHUAX AT
YTOUYHEHHOH U KITACCHYECKOU TCOPUU 3HAUUTEIbHBI.
Tak oTAeNbHBIX CIydasx HalpsDKEHWS, MOACUHUTAH-
HBIC MO KJIACCHYICCKOM TCOopuH Ha 29 % Hibke moy-
YEHHBIX I10 YaCTHYHO YTOYHEHHON TeopwH. Yder
CABHUTa IIPUBOJUT K MOBBILIICHUIO HANIPSDKCHHH 0, Ha
12 %.

Hccnenosanus HaMpsHKCHAN Op M MIEPEMELIC-
HUH @ TIOKa3aJH, UYTO OHU MPAKTHUSCKH HE MEHS-

I0TCS TIPH yueTe wicHoBnopsaka i/R. Takxke He cka-
3bIBACTCS Ha BETMYMHAX Og M @ YYET HOMEPEIHOrO
CABHTIa MO YACTUYHO YTOYHCHHOH Teopuu. UTo Kaca-
€Tcd 3HAYCHUN KPHUTEpUsA HPOYHOCTH Mo Musecy-
Xunny, TO OHM MEHSIOTCA B OCHOBHOM 3a CUET
HAMPSLKCHUH 0.

Uccnenosanne CTpyKTYpHl HakeTa ClIoeB 000-
JIOYKH, OOECICUHBAIOLWICTO MAKCHUMYM IPOYHOCTH
no kpureputro Muszeca-Xunna, MPOBOJHIOCH IS
MOJKPCIUICHHBIX OJHO-, ABYX- H TPEXCIOWHBIX 000-
JOYEK, TOJYYCHHBIX KOCOM MEPEKPECTHOM HAMOT-
koi. B wuccieaoBaHMsAX COXPAHSIHCH OOMIMMH
JrHa obomouku L, paguyc R , TONIHMHA MakeTa
COCB h, BETMYHMHA F'UAPOCTATHYSCKOrO AABJICHNUA ¢,
MEXaHHYECKHE XaPAKTCPUCTUKA KOMIIOHEHTOB, CO-
CTaBJISFOIIUX KOMITO3UIIUIO, KO3(DPHUIIUCHT apMHUPO-
BaHHs CJIOCB. BappupoBaioch YHCIO CIIOCB, VIBI
OpHCHTALMH apMatypsl B crnogx. KomOunanum ap-
MHPOBAHUS CJIOCB BHIMTOIHSUTUCH AT YITIOB APMHPO-
Banus oT 0° 10 90° ¢ marom 15°. KosasrieBomy apmu-
poBaamio cooTtBeTcTBOBaO0 (°, mpoxompHOMY 90°.
Haussicimas npoyHoCcTs 000IOYKH JOCTUTACTCS TIPU
yraax apmuposanus 0°-9°.0xHako, UCMOMB30BAHUE
3THUX YIVIOB HELENECOOOPA3HO, T.K. M3ACIHUC, MONY-
YEHHOE KOJIBLIEBOM WM OJIM3KOM K HEM HAMOTKOM
MOJKET Pa3pyIIUTBCA OT PACTPECKUBAHHS CBA3VIO-
mero Beaeacteue d¢pdekra Ilyaccona. Ilosromy,
MPY NPOCKTUPOBAHHUN CIIONCTHIX 00O0IOUCK, CIOH C
KOJIBLICBBIM aPMHPOBAHHUEM CJICAYET PACIOararhb C
BHYTPEHHEH CTOPOHBI 00OJIOUKH, & HAPYIKHEIC CIIOU
BBITTOJTHATD MEPEKPECTHONH HAMOTKOH.

PaccmoTpenst yuacTku 000I0UKH, IPHUMBIKA0-
mue K pedbpaM U pPacroNOKEHHBIC MEXKIY HHUMH.
Haubonee HarpyXeHHBIMU —SBISIFOTCS  VYACTKH
Mekay peOpamu. 3aech 3HAUCHHE KPUTEPHUS HPOdU-
Hoctr Ha 20 %30 % BHIIC YeM B MECTE MPHUMBIKA-
HUS K peOpy. Bo Becex cayvasx mpouHoCTs onpene-
JAETCS YYACTKOM OOOJIOUKH, PACTIONOXKCHHBIM IO-
cpeauHe MEKIY pedpamu. IT0 0OCTOSTEIBCTBO BbI-
3bIBACT HEOOXOANMOCTh KOHCTPYHMPOBAHHS KPyro-
BBIX HWIHHAPHYCCKUX 000I0UYCK C HEKOTOPOH MOTH-
Ob10 ME3KAY peOpamu. Uccne qoBaHms OKa3a/Iu, YT0
HCTONb30BAHUC KOHCTPYKTUBHOM MOrUOU JacT Cy-
miecTBeHHBIS, 10 20 % MOTONMHUTCIBHBIC PE3CPBbI
MPOYHOCTH.

YcToHYHBOCTh CTEKJIOMIACTHKOBBIX 00010~
YeK, HOAKPEIUVIEHHbIX MONepeYHbIMH pedpaMu ¢
YY4eTOM KJIeeBOil MPOCJIOHKH Mexay pedpoM H
o0os10uKoii. PaccmarpuBactes 3amadga CTaTHICCKOM
YCTOMUUBOCTH LWIMHAPUYECKOH, OPTOTPOIHOM,
MHOTOCJIOMHOM  CTCKJIOIIACTUKOBOM  ODOJIOYKH,
MOJKPCIUICHHON MOTICPEYHBIMH PeOpaMH, ¢ KIIeeBOMH
MPOCIOUKOH Mexay pedpaMu U 0007104KOH U pado-
TaroIEH B YCIOBUAX BHELIHETO AaBncHus. Bompo-
caM YCTOHYMBOCTH CIIOHCTBHIX ODONOUCK, MOAKPEI-
JAcHHBIX peOpamu mocBsmeHs padotsr [13], [14,
[15].
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Jta perieHns 3a1a4uu yCTOHINBOCTH UCTIONIB30-
BAJIUCh YPABHCHMUSI, IOCTPOCHHBIC HA 6a3¢ YTOYHCH-
HOHW TeopuH croucTeix obomouek C.A. AmOap-
uymstaa [12], HO mpu 3TOM yuuTHIBaIach Achopma-
LS CABUTA B MMONCPCUYHOM HANPABICHUU M JOTIOJ-
HUTENBHAS paboTa pedep MmpHu MOTepe YCTOHUYHUBO-
CTH.

1. B mecte coemuHeHHs 000I0YKH ¢ peOpoM
BO3HHUKAIOT KaCATE/IbHBIC HAPSDKEHUA T1 U Tp, ACH-
CTBYIOLIHE B IPOJOIEHOM U NOTICPSYHOM HAIPaBIIC-
HUAX COOTBCTCTBCHHO. BeamumHBI 3THX HaImpAKe-
HUH 3aBUCIT HE TOJBKO OT OOIMHX pa3sMepoB 000-
JOYKKA U pedpa, HO U OT TOJIIHMHBI U CABHTOBOM
JKECTKOCTH CJI0sI, COCTUHSIOMIECTO pedpo ¢ 000/104-
koi. KacaTenpHble HANPSHKEHUS T, UTPAFOT OCHOB-
HYIO POJb, T. K. JCHCTBYIOT B HAIPABICHHH OCHOB-
HOM paboTHl pedep MpH NOTepe YCTOHIHBOCTH.

C yuetoMm pelictBus T, Acdopmanmu B more-
PCYHOM CCUCHUU NMPCACTABUM 3aBUCUMOCTAMMU!

a) B 000J10YKe:!

- B peacaax pedpa

e =0 (3= D) +3 (1)) 2a@p) (12)
-BHE pedpa
ey =2 (2~ y2) 2@, p) (13)
e =2 (2= 7?) ®1(a, ) (14)
0) B pedpe:

_ 1, 1pY1 , 1 p
ey =Ty <5+E>G_p+5(__ Vp)‘l’ B) (15)
rae G,3 — MPUBEACHHBIN MOXYTb CABHTA B TIOTIEPEH-
HOM HampaBJICHUM T8 BCETO TakeTa B reaom; Gy —
MOJyNb CABHMra pebpa; ¥, ¥, — KOOpAMHATHI 000-
JJOYKH U pe6pa, OTCHHUTBIBACMBIC COOTBCTCTBCHHO OT

CPCIMHHOW MOBEPXHOCTH OOOIOYKH U paguyca pe-
Opa, hh p — TommuHa 000MOYKH, BBICOTA PeOpa;
®;, P, — PyHKUKH, HOAICIKAITHE OTPEACIICHHUIO.

st onpeaencHust T, BOCIOIB3YEMCs COOTHO-
MCHUCM MCXKAY MHTCHCUBHOCTBIO CABUTAa U ,Z[C(I)Op'
Marusa-Mu O0O0JI0OUKH ¥ pedpa, YCTAHOBJICHHBIMH
A P. Pxanveraev [ 16]:

drt 1

rac A-TOmmmHA TPOCAOUKH CBS3VIOIICTO MCEIKIY
peOpom u obonoukoit;, R, — paguyc cThika; G, — MO-
JAyJb CABUTA MPOCIONKH.

HMcnonp3ysa BEIpOKCHUC AT TICPCMCIICHUHA B
o0osiouke B mpeaeaax pedpa, BRIpaKCHHUE /TS IEPe-
MCLICHHH pedpa ¢ YICTOM HEPa3PhIBHOCTH IEPEME-
LICHUH MEKIY PeOpoM U 000JIOUKOM, 3aBUCUMOCTh
(16) u cootHowmeHus s Achopmanmii 000IOUKH B
mpeaenax pedpa u aedopmariuii pebpa moIy4IuM Bbi-
PAKCHHE TS Ty :

= ege Rc.— eg,c ‘R,

aw
2+ (a7

rae [1; , [, — ko3 UIIEHTBL, YIUTHIBAOLIHE BITHS-
HHUEC MPOCIOUKH MEKIY PEOPOM U O0OJOUKOH.

2. Bopaxenus aedopmanmii monydEM U3
COOTHOLICHUH TEOPHH YIPYTOCTH B
KPHBOTHHEHHBIX KOOpAUHATAX MEKAY
JaehopMalHIMH U MEPEMCIICHISIMH.

Hna obonoukn B mpeaenax pedpa OHU VIUTHI-
BatoT koadduumenter /1, u II, , BHe pebpa npu
I, = II;= 0 oHH COBNAAAIOT C BRIPAKCHUAMH, MTPH-
BeacHHbIME B padoTe C.A. AmOapuymsiHa [12].

Hedopmanmy KodbLa 3alHCaHBI € YYCTOM
CABHIA U KacaTCIbHBIX HANPSUKCHUH B MECTE CTHIKA,
mpu [1; = I, = &, = 0 OHU mEPexXoasiT B OOBIUHBIC
3aBUCHUMOCTH JJIS1 KPYTOBOT'O KOJIbIIA.

3. HanpsxkeHMA B IPOW3BOJIBHOM CIIOE i HAXO-
JIUM C TOMOIIIbEO 00001eHHOTO 3aKkoHa [ 'yka mist op-
TOTPOITHOTO TENA!

11
=%

. . ; 1Y
« = Biieq + BiyepT fxﬁ B66eaﬁ TﬁyG23eﬁy + 7, [— - i] (18)
. . . ; 1y
05 = Biyeq + Bysep, Ty, = Gizeq,, Tp, =G eﬁy + 1, [ hﬂ (19)
rae
i Ei . pi _ _Eivi _ B
Bll 1—viv 12— 1—viv§ - 1—vivé (20)
B;, = Tvivl’ Vzlv ; Bgs = Gi (21)
4. BHYTpeHHHE YCHIHS K MOMEHTBI B 000T0OUKE
U pedpe NMCIOT BUA!
h
. B
Ny =g a0ty dy (22)
=—fhaﬁ Hidy+—5 fa;’deyp (23)
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1 2 , 2
S12= 5[5 Tap Ha d¥; So1 =5 [*uTag Hidy (24)
1 ZE 12 h
Hyy =5 [*nTap v Hidy, My =2 [*h0q - Hy dy 25)
h 2 2 .
1 5 1 1
Mz=A7f—2§”ﬁ'VHldVJ’@fppUﬁHde—Tp(h+hp); (26)
L k h )
15 1 3 72 (1 v ; b 1 = 1yl v b
1= Zf_zg‘fﬁyl'h dy +- fng—Z(E—Z) GiysHydy 7” +Zp f_zg‘[z (E_i) HE dyp:p @7)
k R
1 5 1 .=
Hho =5/ 2a%ap v Ho dY:Q1 = 5[ oaTayta dy (28)
2 2

JCHUHN YPAaBHEHHM PAaBHOBECHS MOMEHTHOCTBIO A0-
KPHTHYECKOTO COCTOSIHUA MpeHeOperacM, VUHThI-
BacM JHIOb MEMOpaHHBIC YCHUTHA. Y PABHCHUS paB-

IMocnie uuTErpUpOBaHUs B BRIPAKCHUSIX AN,

S12, M5, Hyq cnaracmelie, cBsa3anubic ¢ [1; U I1, crne-
b

2

JIYET YMHOKUTh HA KOIDPUIIUCHT - Ilpu cocras- HOBOCHS HMCIOT BILT:
-l +is] =0 )
R+, - [aﬁz +3.20 4 2l=o0 (30)
G2+ 5]+ M+ q [ 5+ -5+ 0] =0 G1)
Er e (32)
aaﬂff + a:; = RQ; (33)

K monyuenHbIM ypaBHEHHAM JOOABIIIOTCS Ipa-
HHUYHBIC YCJIOBHS.

w = w(a)cos nB;u = u(a)cos nfB;v = v(a)sin nf

@, = & (a)cosnB; &, = @,(a) sinnf

[Tpu mapaupHOM ONHMpaHUU 0OOIOUKH:

wl@)=C- sin?a; u(a) =A4- cos’l—Ra; v(a) =B -sinZ—Ra

P(a) =P, cos=

[Tonyyaem cucremy anreOpantdecKux ypaBHE-
Huii. Kpuruueckas Harpyska oOmpeae/sieTcsi Kak
HAMMCHBIIAS M3 OOPAINAOIIUX B HYJb ONPCICIIH-
TCJIb CHCTCMBI.

BrimonHeHA YHCTICHHAS peanu3anys JAHHOHU 3a-
Jaqu.

B paGoTe npoBeIcHO HCCIICI0BAHUE CTPYKTYPBI
MaKeTa CJI0CB, 00CCIICUNBAIOLICIO MAKCHMYM KPHUTH-
4ecKoM Harpysku. McciaeqoBaHus MPOU3BOIMINCH
Ha MPUMEPE OJHO-, ABYX- TPEXCIOMHBIX O0OTOUCK.
OOmas TomupHa BO BCEX UCCICIOBAHUAX COXPAHsI-
Aack paBHOH A. Pazmepsr 00010ueK 1 (PU3HICCKUC
XapPaKTCPUCTUKU KOMIIOHCHTOB KOMIIO3UIINU, MATC-
puana pedpa u ko3dpduuHCHT apMUpPOBaHHS MPHU-
HJTHI, KaK U IJI51 060.]'[0‘161(, PacCMOTPCHHBIX IIPH UC-
CIICIOBAHUH HANPSDKEHHO-AC(OPMHUPOBAHHOTO CO-
CTOSIHUSL KPYTOBBIX ILIMJIMHIAPHUYCCKUX O0DOJIOUCK,
PaBHOMEPHO MOJKPCILIEHHBIX PEOpPaMH H HArPYKEH-

5. Jns ompeneneHUS KPUTHUECKOW Harpys3Ku
CIIEAYET MONOXKHUTB!

(34)

(35)

(36)

a @,(a) = &, - sm—a (37)
HBIX THIpOCTATHYCCKMM pasjiacHueM. [lng oxmHo-

CIOMHBIX 0DO0NOYECK YITIBl apMHPOBAHHUS MCHSIUCH
ot 0° 10 90° ¢ tarom 15°. [lnst AByxCroitHbIX 000J10-
YEK PACCMATPHBAIKCE BCCBO3MOXKHBIC KOMOUHALINN
apMupoBaHus CoeB ¢ mmarom 15° [lns Tpexcioi-
HBIX PAacCMATPHUBATUCH CUMMETPHYHBIC CTPYKTYPHI ¢
OJMHAKOBBIMH YIJIAMU apPMHUPOBAHHUS B BCPXHUX H
HUKHHX CNIOSIX ¢ mmarom usmeHeHus yrma 15°. Hc-
CIICAOBAIOCH BIMSHUC HA ¢y PA3THYHBIX KOMOHMHA-
it apmuposanus cinoes ot 0° qo 90°. Koneuesomy
apMupoBaHHIO cooTeBeTcTBOBaTO (°, TIpOmONBEHOMY
90°. B cayuae 0AHOCTOHHBIX 000I0UYCK MAKCUMATb-
Hasl KPUTHYCCKAsl HATPY3Ka JOCTUTACTCS MPH YIIIax
apmuposanms ot 0° o 15° (T.e. mpu apMupoBaHuN
Onu3KoM K KosibLieBoMy ). [t ABYXCoiHBIX 00010~
YeK MaKCUMalbHAS KPUTHUCCKA HArPy3Ka JOCTUTA-
CTCS TPHU yriaxX apMUPOBAHUS BEPXHCTO cimos 13°
(OMM3KO K KONBLIEBOMY APMHPOBAHHIO) U HIKHETO
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cnos 0°. UccrenoBanus TPEXCIOHHBIX 000I0UEK I10-
Kasai, 4TO MaKCUMAJIbHAaA KPUTHUCCKAA HArpyskKa
JOCTHTACTCsl TMPH KOJIBLIECBOM APMHPOBAHHU HHXK-
HETO CIIOS K KOCOM apMHPOBAHHH JPYTHX CIOCB 000-
aouku (Omu3kux K KojbieBomy). Hekoropeie pe-
3yJIbTaTHl HCCIIEA0BAHUH PHUBEACHHI B [17].

PaspyumieHne KOMMO3HTa OT pPacCIAHBAHHSL.
Beuay Toro, uto KacarCNbHBIC HANPSDKCHUAS T3
OB 3HAYUTCIBHO MCHBIIC HANMPSLKCHUN 04 U O
paspyiICHHS CIOCB 0DOIOYKU OT PaccIanBaHUs IO
kputeputo [ LI1. bamanauna [7] ve npouncxogumno.

Becopasi onTummzanus o6osiouex. g pere-
HUS BESCOBOM ONITUMH3ALIUN O6OJ'IO‘IKI/I OPUMCHSAJICAH
METOA MOKOOPAWHATHOTO cmycka. OTMmeueHo, 4To
VK€ IPH JABYX-TPEX BHEIIHUX HTEPALMAX METOX
CXOIUJICS, HO PCIICHUC SBJISIIOCH TOKATBHBIM. [t
VIYYIICHUS PEIICHUS BBIIMOIHAIOCh HECKOMIBKO II0-
MIBITOK MIPH PA3JIMIHBIX HCXOAHBIX BekTopax. M3 mo-
JYYCHHBIX PEIICHUHA BHIONPATIOCH HAMIYUIICE pele-
HHC.

Jita permmeHmsa 3TOW 3aJa4M TAKKE MPUMEHEH
MeTOo 00X0a Y370B MPOCTPAHCTBCHHOH ceTku [ 18].
10T METO 60JICE TPOCT B PCATU3AIINH U TO3BOJISCT
HAHTH PEIICHUE C TOYHOCTHIO, BIIOJIHE JOCTATOYHOMH
JUTS peIICHMS MPAKTHICCKUX 3aaa4. B atom Metone
0o0nacTh HW3MCHEHHS BapbHPYEMBIX [apaMeTPOB
(yruer apmupoBanHust 000I0UKH, Pa3MEpsI pedep, Ko-
audecTBo pedep U T. 4.) pasOUBacTCs CETKOH C 3a-
JAHHBIM IIArOM M0 Kaxaomy napametpy. O6xon y3-
JJOB HAYUMHACTCA U3 TOYKH, COOTBGTCTByIOH.[CI\/'I HIK-
HUM IpaHuLaM nepeMeHHbIx. C yaeToM ObICTpoacH-
CTBUA COBPCMCHHBIX BBITUCIUTCIBHBIX MAIIWUH TIC-
peOop BcexX Y3IOB MPOCTPAHCTBECHHOW CETKH HE 3a-
HUMAaCcT MHOTO BPpCMCHU. HpI/I TAaKOM 1104X0AC K OIl-
TUMHU3AUU TTOJTYUCHBI HAUTYUIIUC PC3YJIbTATHI.

BuiBogel. B padoTe momyueHsl paspeiiaromme
YpPaBHCHUA CJIIOUCTBIX KPYI'OBBIX HUIHHAPHUYCCKUX
000N0YEK HA OCHOBE YaCTUYHO YTOUYHCHHOU (HTEpa-
uuonnoit) teopun C.A. AmOGapuymsina [12]. Ypas-
HCHUA NMOCTPOCHBI ¢ YUCTOM IMONCPCUYHBIX CABUI'OB,
YJICHOB MOPSAKa //R, W VIUTHIBAIOT KOHCTPYKTHB-
HYI0 TIOrHOb Mexay peOpamu obomnoukn. Mcecneno-
BAaHO BIMSHUC MOMCPCUYHBIX CABUTOB, WICHOB //R,
KOHCTPYKTHUBHOW MOTHOW HA HAMPSKEHHO-ACHOP-
MHPOBAHHOE COCTOSIHUE ODOIOUKH B YCIOBUAX THJI-
poctarnueckoro nasiacHusa. OnpenencHa CTpyKTypa
MakeTa CJI0€B, OOCCICUUBAIOMAS MAaKCHMATBHYIO
MPOYHOCTH 0D0IOUKH M0 KpuTepuio Museca-Xuia.

ITomyueHsl ypaBHEHHS YCTOMYHMBOCTH CIIOH-
CTBIX KPYTOBBIX LUIHHAPUICCKUX 000TI0UCK Ha OC-
HOBE YaCTHYHO YTOUYHCHHOW (MTCPAIMOHHOM) TEO-
pun C.A. AmOapuymsnHa [12]. YpaBHEHHS VIHUTHI-
BAIOT CABUTH B MONCPEYHOM HANPABICHHUH, JOTON-
HUTEIBHYIO paboTy pedep mpH motepe yCTOWIHBO-
CTH ¥ 4icHH nopsaka i/R. Ha ocroBe 3THX ypaBHe-

HUH OMPEICIICHA CTPYKTYPA MaKeTa CJIOCB, obecme-
YUBAOIIAS MAKCUMATBHYIO KPUTHUCCKYIO HATPY3KY
NP BHCITHCM THAPOCTATHICCKOM JABICHUH.
BrinonneHa BecoBast onruMuzanus 000J0UCK,
VAOBICTBOPSIONMAA VCAOBHAM MPOYHOCTH, VCTOHYIH-
BOCTH H PACCIAUBAHHIO CIIOUCTHIX 000I0YCK B YCIO-
BHSX THAPOCTATHUCCKOTO MaBiIcHUA. Mcrmomp3oBaH
METOJ 00X0a Y3/I0B MPOCTPAHCTBCHHOU CETKH.
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Kuznetsova S.V., Vankova T.E.
OPTIMIZATION OF ORTHOTROPIC FIBER-GLASS TRAVERSE-RIBBED SHELLS
The article deals with the problem of weight optimization of a multilayered fiber-glass round cylindrical
shell, reinforced with traverse ribs and loaded with hydrostatic pressure. As physical restrictions the strength,
buckling and lamination conditions have been taken. To solve the problem of strength and buckling the resolv-
ing equations on the base of partially refined (iterational) theory by S.A. Ambartsumyan have been derived.
The results of weight optimization of multilayered shells, meeting the above-mentioned restrictions in condi-
tions of hydrostatic pressure have been obtained by using the spatial network nodes bypassing method.
Keywords: optimization, fiber-glass shells, strength, buckling, refined theory of equations derivation.
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