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YCUWIEHUME CTEHOK METAJUVIMYECKUX HUWINHAPUYECKHUX
PE3EPBYAPOB HAIIPABJIEHHO-OPUEHTHPOBAHHBIMH
OUBPOIITACTUKOBBIMU MATEPUAJTIAMHU

I3106a C.B., CrosinoB B.B. (Opecckas rocymapcTBeHHas aKageMus
CTPOHUTENBCTBA M apXUTEKTYpHI, T. Onecca)
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PaccmaTpuBaercss pacuer CTEHOK MeTAIMYECKMX NHIHHIPHYECKHX
pe3epByapoB, YCHJICHHBIX INpPeABAPHTENbHO HANPSKeHHbIMH (uOpoO-
MJACTHKOBBIMH 3JIeMEHTAMH, a TaAKiKe 0COOCHHOCTH OIpe/ie/ieHUs pac-
YeTHBIX MapaMeTPOB HX YCHJIHBAWIIUX 3JeMeHTOB. Omnpeneasiiorcs
HanpaBJIeHHs] He00XOAMMBIX HCCIeJ0BaHMIA

KiroueBble ciI0Ba: MeTa/lIM4ecKHe HNWIMHAPHYECKHE pe3epByaphbl,
MeTO/Ibl YCHJICHHS CTEHOK pe3epByapoB, GUOPOILIACTHKOBbIE CHCTEMBbI

The estimation of wall strengthening of metallic cylindrical reservoirs
by the prestressed fiber reinforced polymer systems, and also features
of determination of parameters of the strengthening elements, are ex-
amined. Directions of necessary researches ar e deter mined

Keywords: metallic cylindrical reservoirs, methods of wall strengthen-
ing of reservoirs, fiber reinforced polymer (FRP) systems

IIpo6aemsl, pemiaeMble NPH HANIPABJICHHO-OPHEHTHPOBAHHOM (uo-
POILIACTHKOBOM YCHJICHHHM CTeHOK pe3epByapoB. KomiiekcHoe ycuie-
HHE CTCHOK METAIUIMYECKUX LIUIMHAPUYECKUX PE3EpPBYapOB BHEIIHUM ap-
MHPOBaHHEM BBICOKOIIPOYHBIMH (HHOPOMIACTUKOBBIME MaTepualaMHu He-
MPEPBIBHON JJIMHBI, pa3MEIIaeMbIM II0 BBICOTE HamOOJIee HarpyKEeHHbBIX
MOSICOB TIEPIEHAUKYISIPHO OCH COOPYXXEHHS W HAIpPaBJICHHO BOCIPHUHH-
MAaIOIMMHU JEHCTBYIOIIUE YCHIINS, O3BOJISICT OCYIIECTBIATE 3((EKTUBHOE
BOCIIOJIHEHHE MaTepualla, YTPAaueHHOrOo B IPOILECcCe KOPPO3UH, a TaKxke
KOHCEpBaIHIO Ae(eKTOB, 0O0YCIOBIEHHBIX MPOIECCAaMH yCTaTOCTHOTO pa3-
pYLIEHUS. COEQVHEHUIl JUCTOBBIX 3JIEMEHTOB, TEM CaMbIM CYILIECTBEHHO
NpoJyIeBasl CPOK CIIY>KObI JaHHBIX KOHCTpyKiuid. HemanoBakHO# Taroke
SIBIISIETCSI COIYTCTBYIOIIAs «HE CHIIOBas» peabuimuTaiys, odecreunBaronast
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TePMETH3aLHUI0 U HEOOXOIMMYI0 aHTHKOPPO3HOHHYIO 3allMTy BHEIIHHUX
MOBEPXHOCTEH CTEHOK pPe3epByapoB.

YcraHoBka (UOPOIITACTHKOBBIX 3JIEMEHTOB BHEIIHETO YCHIICHHS,
MPOYHOCTh APMHUPYIOIINX BOJIOKOH KOTOPOTO Ha MOPSIOK MPEBOCXOIMT
MPOYHOCTh CTPOUTENBHEIX cTaneit [1-12], MOXKET OCYIIECTBIATHCS Kak ¢
HCIIONIb30BAaHHEM MPEABAPUTEIHLHOTO HANPSIKEHHS, TaK U MPHU €ro OTCYTCT-
BUH, YTO JOCTUTAETCS MPUMEHEHHEeM (PUOPOILIACTUKOB HA OCHOBE BBICOKO-
MOJIYJIbHBIX YTJIEPOIOBOJIOKOHHBIX MATEPHATIOB, JEMOHCTPUPYIOIUX Kpat-
HOE TIPEBBINICHHE MOJYJS YIPYrOCTH HaJl COOTBETCTBYIOIIECH XapakTepH-
cTUKO# cTamu. [lpu HEOOXOAUMOCTH HCIONB30BAHUS METOIOB IMpEeaBapPH-
TEJILHOTO HAIPSHKEHUSI HaYaIbHbIE YCUIIUS MOTYT CO3/1aBaThCsl MEXaHU3Ma-
MU, TOJOOHBIMH TE€M, YTO MPHUMEHSIOTCS B OTHOIICHUH OOMAThIBAEMBIX
KOHCTPYKIIUH Kelle300eTOHHBIX pe3epByapoB [13, 14]wmu momepedno ap-
MHPYEMBIX (UOPOTUIACTUKAMHU JKEIe300€TOHHBIX KOJIOHH OOJBIIOTO THa-
Mmerpa [1, 15, 16].

B psime ciydaeB, ompenensieMbIX HCIIOJIb30BaHUEM BBICOKOMOYJIBHBIX
BOJIOKOH WJIM YCTAHOBKOI MpeBapUTENLHO HAMpPSTaeMbIX (pudporuiacTuko-
BBIX 3JIEMEHTOB, IIPOU3BOJICTBO PabOT MO YCHIICHHIO MOXET OCYIIECTBISTh-
Csl MIPU HETOJHOM CIIUBE XpaHUMOro mpojaykra. [logoOHoe ycuienue, B
OTIIMYUE OT METOJOB, MPEIyCMATPUBAIOIIMX IOJJICMEHTHYIO 3aMCHY Jc-
(DEeKTHBIX YYaCTKOB CTEHOK, TaK:Ke HE TpeOyeT MpeaBapHUTeNbHOM jerasa-
[[MM, BHYTPEHHEW 3aYUCTKA M MPOMAPKU PE3ePBYapOB, YTO CYIIECTBEHHO
YIPOIIAET TEXHOJIOTHUIO U YMEHBIIAET MPOJIOJKUTEIBHOCTh MPOU3BOICTBA
pabor.

Pacuer ycuiienuii cTeHOK pe3epBYapoB, BHINOJHEHHBIX ¢ HCIO0JIB30-
BaHHeM HANpPAaBJIEHHO-OPHMEHTHPOBAHHBIX ¢(uOpomIacTUKOB. Pacuery
MIINHAPUYECKUX 000JI0YeK, BOCIPHHUMAIOIINX BHYTPEHHEE AaBICHHEC U
COCTaBJICHHBIX U3 COBMECTHO Pa0OTAIOMIKUX CIOEB Pa3sHOMOIYIBHBIX M Pa3-
HOTIPOYHOCTHBIX MAaTEPHAJIOB, TOITYyCKAIOUINX I'€TEPOreHHO-aHI30TPOIHYIO
TIPUPOJy CBOMX MEXaHMYECKUX CBOWCTB, MOCBSILIEH psI TPYIOB, U3 KOTO-
PBIX KITACCHYECKUMH NPUHSTO cunTath padots! benens E.U., Actpsiba C.M.
u Pomaszanosa D.b. [13, 14, 17-22]parouiye 4eTKUE U OTHOCHTEIBHO OI-
poGoBannsble pemeHus. OqHAKO, MPUMEHUTEIBHO K BHEIPEHHUIO BHEIIHETO
(UOPOIITACTHKOBOTO YCHIICHHSI METaNIMYECKUX IMINHAPUIECKNX KOHCT-
PYKIIMH, BO3HUKAET psij MPOOJIEM, B COCTaBE KOTOPBIX OJHOM M3 OCHOBHBIX
SIBIISICTCA 3HAYUTEIBHOE OTJIMYHME B TEPMHUYECKOM Ie(POPMHPOBAHUH Tpa-
TUIMOHHBIX CTPOUTENBHBIX CTaled u (QuOpoapMHUPOBAHHBIX IJIACTHKOB.
Kax m3BecTHO K03()PHUIMEHT TUHEWHOTO TeMIIepaTypHOTO aedGopMHupoBa-
HUsL cTanei coctaBisier Benuuuny 10,4 B Toxe Bpemst Uil BBICOKOIIPOY-
HbIX (PUOPOTUTACTUKOB JaHHAs BEIWYWHA KOJIEONETCS OT TOJOXKHUTEILHOM
BeMM4MHBI 5,4 , COOTBETCTBYIOIIEH MarepuaiaM Ha OCHOBe E-
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CTEKJIOBOJIOKHA, JI0 OTPHIATENbHON BennduHbl -2,0 , COOTBETCTBYIOMIEH
MarepualiaM Ha OCHOBE apaMHUIHBIX BOJIOKOH, HauOoJiee K& IPOYHBIE U
BBICOKOMOJYJIbHBIE YTJIEPOJIOBOJIOKOHHBIE IUIACTHKU JIEMOHCTPUPYIOT OT-
pUIATEILHOE TEMIIEPATYpHOE JIe(GOPMHUPOBAHME C COOTBETCTBYIOIIMMHU
K03()DUIIMEHTOM, HAXOIAIMMHUCS B auamnasone -0,6...-1,45 [1, 10-12]Tak
K€ HEMAJIOBAXKHBIM (DAKTOPOM, Y4ET KOTOPOrO HEOOXOIUM IIPH PACCMOTpPE-
HUH paboTHl YCHIIMBAEMBIX CTEHOK SKCIUTyaTHPYEMBIX PE3epPBYapOB, SIBIIS-
€TCsl BO3MOKHOCTh HAJIMYKMS HAYaJbHOTO BHYTPEHHETO JABJECHHS, CO3Ja-
BAEMOT'0 YaCTHYHBIM 3aIOJHEHHEM COOPYKEHHUS.

C Uenslo omnpenesaeHus napaMeTpoB HAIPSIKEHHOTO COCTOSHMSA CTalb-
HOM CTEHKH IMJIMHAPUYECKOTO pe3epByapa, HaXoJsmiecs Mo AeHCTBHEM
HAYaIBLHOTO JaBJICHUSA P’ , yCHIMBAEMOM HEMPEPHIBHO PACIIONATAEMBIMU TI0
ee BBICOTE MPEABAPUTENLHO HAIPATaeMBIMU (PUOPOILIACTHKOBBLIMU 3JIEMEH-
TaMHM ¥ HUCIBITBIBAIOIIEH IOCIIEAYIONIEe MOBBIIIEHHE BHYTPEHHETO JIABJIE-
HUS Ha BenmuuuHy AP, pacCMOTPUM PaCUETHYIO MOJENb, MPEICTaBICHHYIO
Ha pucyHke 1.
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Puc. 1. PacueTHas cxema CTalbHOW IMUTUHIPHYCCKON OOOIOYKH pe-
3epByapa, YCWICHHOW BHEUTHHM TMOIMCPEYHbIM (hudpormia-
CTUKOBBIM apMHpOBaHHEM: S — CTaJbHass 000JI0UKa pe3ep-
Byapa, f — cioii BHeIIHEro mornepevyHoro GuOpOILIaCTHKO-
BOTO YCHIICHHS

[lpn Hamuuuu B pe3epByape HAYILHOTO BHYTPEHHETO AaBieHUs P,
YCHIIHSL, TPUXOSIINECS Ha €IUHUILLY IIUPUHBI CEICHUH €ro CTEHKH, POBE-
JICHHBIX BIOJIb ¥ TIOIIEPEK OCU COOPYKEHHUSI, COOTBETCTBEHHO COCTABAT

N’(x) = tsa’so(x) =P'r, N,(z) = tsa’so(z) =P'r/2, (1)
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rae: 7, ts, 0'so(x)» 0 so(z) — COOTBETCTBEHHO, PAJHUyC H TOJNIIHHA
CTOJIHOH 000JIOUKH pe3epByapa, a Takxke JeicTBylomye B Hel
KOJIBIIEBBIC M TIPOJIOJIbHBIC HATIPSDKEHHUS.

Pa3MeHleHI/Ie [0 BHCIIHEMY KOHTYpPY pe€3€pBYyapa CJI0d NONCpCUHO Ha-
MpaBJICHHBIX (l)H6p0HHaCTI/IKOBI)IX 3JICMCHTOB, YCTAHOBJICHHBIX C IIpEABApU-
TCJIBHBIM YCUIIMEM, COCTABJIAIOININM Ha €IUHUIY INUPHUHBI CEYCHHUA BEIIU-
Y1HY, paBHYIO

NfO = O_fOtf y (2)

rae. UfO y tf — COOTBCTCTBCHHO, HANIPSAKCHUA U TOJIIUHA CJI0OA (1)I/I6p0'
IUTIACTUKOBOTO YCUJICHUA,

TPUBOIUT K W3MEHECHHUIO KOJBLICBOTO YCHIIHS B METAILTHYECKOH 000JI0UKe
coopyxenus (cM. puc. 2),T.e.

Ny = N'(xy = Nyg M 0gots = 0'soyts — Opoty = P'r — apoty . (3)

Puc. 2. B3auM03aBHCHMOCTH CYMMApPHBIX KOJIBIEBBIX yeuauid (ZN,)
U HampspkeHuid (Og) cTaibHO# 000JI0YKH pe3epByapa OT Ha-
MPSDKCHUH B TIOTIEPEYHBIX (PHOPOTIIAaCTHKOBBIX 3JIEMEHTaX
BHEITHEro ycuiaeHust (Of): S — H3MEHEHHE KOJBIEBBIX Ha-
NpsDKEHMI B CTAIbHOM 000510UKe pesepByapa, f —u3Menenne
HampsDKeHUH BO BHEITHEM CJIO€ MOTIepeIHOro GuOpOIIacTy-
KOBOTO YCHJICHUS
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Bo3MoskHBIE KOJIE0aHHMS TEMIIEpaTyp MaTepHaOB CTAIBHOW OOOIOYKH
pe3epByapa M BHEIIHETo (prOpOIIacCTUKOBOTO YCHIICHUS TIPH HE3aBHCHUMOMN
UX paboTe BBI3BIBAIOT COOTBETCTBYIONINE OTHOCHTENBHBIE Ae(opmMariim

SIS ar) = 2 ATS f Slf ar) = af ATf f (4)

Tie: @, o — KOdOOHUIMEHTEI JUHEHHOTO TEMIIEPATYpHOTO Aehop-
MUPOBAHUS CTAJU ¥ CJOs ycuimBatomiero pudpomnacruka; AT ,
ATy — W3MEHEHHs TEMIIEPATyp COOTBETCTBYIOMIMX CJIOEB 000-
JIOUKHU pe3epByapa.

V3meHeHne TeMIiepaTyp MaTepualioB IMPHU COBMECTHOH paboTe COCTaB-
JSIFOIIMX CJIOEB 0OOJIOUKH BBI3OBET JOMOJHUTENBHOE yeunue B (hudporua-
CTHKaX, O0XMMAIOIIee METAUIHYECKYI0 COCTABISIIONIYI0 KOHCTPYKIIHH C
WHTEHCUBHOCTBIO, MPUXO/SIICHCS HA €AUHUILY [IIUPUHBI CEYCHHS, PABHOM

Nf ar1) = tp Adf ar1y = teEp(€'s arn) — €5 1) =

= thf(as ATSl - af ATfl)! (5)
rie: Ady (ar1) — TPHPOCT OOKUMAIONINX HANPSIKEHUH, Ef — MOIyIh
ynpyroctu ¢ubpornactuka, ATy u ATp; — Hanbosnee HEBBI-

TOZHBIC M3MEHEHHsI TeMIepaTyp CTalbHOH M (uOpoIuiacTuko-
BOW COCTaBJISIONIMX OOOJIOUKH, BBI3HIBAIOIINE JOTIOJIHUTEIBHOE
o0>xaTHe KOHCTPYKIIHH.

JlaHHOE yCHITHE PacTpeIeTHTCS MEXKLY CIOAMH 060JI0YKH pe3epByapa
Nf (at1) = Oraryts + Osarnts 1M
trEf (as AT — ar ATfl) = orarnty + osarnts - (6)
VUNTEIBas COBMECTHOCTh e)OPMUPOBAHMS CIOEB KOHCTPYKIIUH
& r1) = &ty s 1€ Opary/Er = osarn/Es (7)

TIE: Of(ar1) ¥ Os(ar1) — TEMIIEPATYPHBIE HATIPSKEHHSA B CIOAX (pub-
pOIIACTUKA M CTAJH IPU M3MEHCHHSX TEMIIEPATyp, BHI3BIBAO-
mux Hanbosiee HEBBHITOAHOE O0XKaThe KOHCTpyKunH, Ef u Eg —
COOTBETCTBYIOIIHE MOYJIH YIPYTOCTH,

13 MPEABIAYIIErO BHIPAKEHUSI BOZMOKHO MOJYYUTh BETUYHHY MPUPAILICHUS
HaTPSDKCHUH B CTANBHBIX 3JIEMEHTAX MPH H3MEHEHUH TEMIIEPaTyp

tfE pEs(as ATsy—ap ATfq) ®)
tsEsttfEf ’

Os(AT1) =
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AHajorn4HBIM 00pa3oM, HauOoJIbIlIee YCHITHE, CO3JAI0IIee BO3MOKHBIN
pactop B METAUIMYECKOH COCTABISIONICH OOOJOYKH U  CIIOCOOHOE
JOTpy3uTh (HUOPOILIACTHKOBBIC 3JIEMEHTBI, COCTABHUT HA €JUHUILY LIIMPHHBI
CeUeHHUs BEJIMYUHY, PaBHYIO

N (ar2) = ts Aoy arz) = tsEs(sls ar2) — €’f (ATZ)) =
= t;Es(as ATy, — ap ATy,), 9)

rue: Ao (ar2) — TPUPOCT HATpsKeHu# pacmopa, AT, u ATy, — Hau-
OoJiee HEBBITOIHBIC M3MEHEHMSI TEMIIepaTyp CTaIbHON W (Guod-
POIUTIACTUKOBOH COCTaBIISIIOLIMX OOOJIOYKH, BBI3BIBAIOIINE pac-
MOp KOHCTPYKLIUH.

Veunue pactiopa N (ar2) = Opar2)ts + Osar2)ts paclpesiesnsercs Mex-
Jly CJIOSIMU CTE€HKH pe3epByapa B COOTBETCTBUU C YCIOBHEM COBMECTHOTO
neopMUpOBAHUS Of (ar2)/Ef = Os(ar2)/Es , 9TO TIO3BOJISET TOTY4YUTh Be-
JTUYUHY TEeMIIEpaTypHBIX HapsDKeHUH B pubpormacTruke

tsEsE (a5 ATsp—a s ATp) (10)
tsEsttfEf ’

Of(aT2) =

CyMMapHBbIe KOJIbIIEBbIE YCUIIHS, PUXOIAIINECS HA €IUHHUILY IIUPUHBI
ceyenuss GpUOPOIIACTUKOBOTO U CTAJBHOTO CJIOSA NPEABAPUTENHLHO HAIpS-
JKEHHOM CTEHKH pe3epByapa, NPU M3MEHEHHH TEMIIEPATYDP COCTABAT (CM.
puc. 2)

ijz) = NfO + NATZ HNIn O'sz)tf = (o-fO + o-f(ATZ))tf y (11)
NoT =Ny — Ny = N’(x) - NfO — Npp, wmn
O_STE)ts = (USO - US(ATl))tS = O_’so(x)ts - O_fotf — Osat)ts =

= P'T‘—Jfotf—as(ATl)ts . (12)

JlanpHeWIMid poCT BHYTPEHHETO JaBJICHHS B pe3epByape Ha BEIUUYHHY
AP yBenW4mMBaeT yCWIHA B CIOSAX €ro cTeHKH. CyMMapHbIe KOJBIIEBEIEC YCH-
7S B GUOPOIUIACTHKOBOM M CTAIBHOM CJOSIX, a TAK)KE MPOIOJIFHOE YCHIHE
B CTaJIbHOM CJIO€ CTEHKH, BO3ZHHUKAIOUIEe OT ACUCTBUS JaBJICHUSI Ha TOPLBI
pe3epByapa, onpeesieMble Ha €UHUILY IUPUHBI CEYEHUH, COOTBETCTBEH-
HO COCTaBsIT

Nf = ijz) + Nf(AP) = NfO + NATZ + Nf(AP) HIIN O-ftf = (O-]ZE) + o-f(AP))tf =
= (070 + op(ar2) + G am) ) tr (13)
Ny = Ng + Ngapy = N' () = Nyg — Nary + Ny(apy i

Osls = (0-572) + as(AP))ts = a,so(x)ts — Opoly — Osar)ts + Osapyls =
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= P,r_o_fotf_o_s(ATl)ts + O_s(AP)ts ) (14)

Nizy = Ny + Nyapyzy 1 gt = (0'5000 + Osapy) )ts =
=P'r/2+(AP)r/2=Pr/2. (15)

Jlist onpezeneHus NpUpalieHuid HanpsHKeHUH B cinosix (uOporiacTuka
Of(ap) M CTAIH Og(ppy OT POCTa BHYTPEHHETO NaBJICHHS B pesepByape 4P ,
BOCIIOJIb3YeMCsl MPUHLIUNAMH, U3JT0KESHHBIMHU B KJIaCCHUECKHX padorax [13,
14]. Harpy3ka, BoCIpHHHMaeMas SAWHHUICH [IMPUHBI CCUYCHHUS JBYXCIIOM-
HOMW CTEHKOI pe3epByapa, COCTaBUT

N(AP) = Nf(AP) + NS(AP) wmm AP Xr = af(AP)tf + US(AP) . (16)

TJIE: Of(ap) » Os(ap) — TPHUPAILIEHHE KOJIBLEBBIX HANPSKEHUN B CIIOAX
(ubporuTacTrka U CTaIM OT pocTa Harpy3ku AP .

W3 ycnoBust coBMecTHOCTH JedopMannii

grary,  _ (Gsap) = K X T5ap)2)) /

C Y4ETOM BBILIETIPUBEICHHOTO 3HA4YeHUs YCHIHS N(apy MOTYT OBITH OIpe-
JIeJICHBI IPUPAIICHUS KOJIBIIEBBIX HAPSHKEHUI

m(1-p/2)

Irar) = (AP = (18)
tfu
1+m=£

Tsap) = (AP)T% : (19)

rae. 4 — koad¢uimenT [lyaccoHa CTabHON COCTABNIAIONMICH CTCHKH
pesepsyapa, m = E;/E; — coOTHOIIEHHE MOJyINeH ynpyroctu
COOTBETCTBYIOLIUX COCTABISAIONIUX CIOEB CTEHKH.

OKOHYATEIIbHBIE BEITMIUHEI KOJIBIICBBIX HaprDKeHI/Iﬁ B DJICMCHTax (1)1/[6'
POIIIACTUKOBOI'O YCUJIICHUSA U CTaJIbHOI YaCTH CTCHKHU pe3epByapa COCTaBAT

MmN r_y z+tsEs(as ATso—a f AT
Uf — O'f0+ [ f-xzTts s( s Bls2 f fz)] ’ (20)
tsttym
p’ t Ns_xz+tfEf(as AT 1 —as AT
O'S=—T_ fO_f+ s—xz7Lf f(f f17G%s Sl) , (21)
ts ts ts+tym
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t
rae: Np_y, = (AP)r(1 —u/2), Ny_y, = (AP)r [1 + mt—’: g] — ye-

JIOBHBIC KOJBIICBBIC YCUIIUS CAUHUIIBI CCUCHUS (PHOPOIUIACTHKO-
BOT'O U CTAJILHOTO CJIOEB CTEHKHU pe3epByapa, BOSHUKAIOIINE MPU
W3MEHEHUU BHYTPEHHEIo JaBJICHUS B pe3epByape Ha BETUUHUHY
AP, omnpeneseHHbIE ¢ YU€TOM JOEHCTBUS KOJIBLEBBIX U MPOJIOJIb-
HBIX HaNPsDKEHUH B CTATbHOW YaCTH KOHCTPYKITHH.

AHaM3 MOMYYCHHBIX (OPMYIN CBHUACTEIBCTBYET O TOM, UYTO MX COCTaB,
00yCTIOBITMBAIOIINI KOJIBIIEBBIC YCHIINS, BOHHUKAIOUINM IIPH POCTE BHYT-
peHHero naBieHus AP B pesepByape ¢ IpeaBapUTeIbHO HApsHKeHHON 000-
JIOYKOM CTEHKH, COOTBETCTBYET KIACCHUECKMM ompeneineHusm [13, 14].
OfHAaKO MOJIyYCHHBIH yUYeT 3HAYUTEIBHBIX PA3IHYUi TEMIIEPATypHBIX JIc-
(dopmarmii GUOPOIIIACTHKOB M CTATBHBIX JIEMEHTOB OTJIMYACTCS OT paHee
HCIIONB30BAaBILIETOCs A MOMOOHBIX KOHCTpyKiuid [13, 23], 3aBucesiuero
OT TeMIepaTypHOro aAeGopMUpOBaHHS OOOWX MATCPHAIIOB M MPOJOIBHON
KECTKOCTH CEYECHHUSI TOJBKO OCHOBHOW CTAJIBHOM COCTaBIISIIOIICH CTEHKH.
JlanpHeWIMi aHaIM3 CYIIECTBYIOIIMX METOJMK pacyeTa KOMIUIEKCHBIX
MeTaJUI0-(pHOPOIIIACTUKOBBIX  AJIEMEHTOB MOKAa3all, YTO WCIIOIb3YeMBIH
MOJIXO/ K YU4ETy TeMIIepaTypHBIX HANpsSOHKCHWH JaeT B JAHHOM CIydae pe-
3yNbTaThl WACHTUYHBIE TE€M, UTO (POPMYJIHPYIOTCS COBPEMEHHBIMH PEKO-
MeHganusaMu [24], 0600IIAOIUMU €BPOIENRCKYIO MPAKTUKY PaCCMOTPEHUS
COBMECTHOH pabOTHI TaHHBIX MaTepuanoB. [Ipn abcTparupoBaHuy OT BEJH-
YHH HAYalbHBIX HArPy30K W YCWIHH MPEIBAPUTCIHLHOTO HAMPSKCHHUS,
MPEIICCTBYIOMINX U3MECHCHHUIO JCHCTBYIOIUX TEMIIEPaTyp, a TaKkKe Tpe-
moJiarasi HaJW4he OJUHAKOBOTO TEMIICPATYPHOTO DPEXHMMa 3KCILTyaTaluu
cnoes kKoHCTpykimHu (1.e. ATy = ATy), oTy4eHHbIE BBIPAKEHHs HATIPsiKe-
HHUMH, NEACTBYIOMNUX B (PHOPOIIIACTHKOBOM YCHJIEHHH Of M CTAJILHOW YacTH
CTEHKH pe3epByapa 0, IPUMYT BH, COOTBETCTBYIOIINI paboTe yCHICHHON
(bHuOpOIIaCTHKAMH METAJIMYECKOM TIACTHHEI, OITMCaHHOM B [24].

PacueTrHble XapakTepHCTHKH yCHIHBAOMUX (GUOPOMIACTHKOB.
VY4eT pacueTHBIX XapaKTEpPUCTHK CEYEHHH YCHIMBaIOmuX (GuoporuiacTuko-
BBIX COCTABJISIIOLIMX METAUIMYECKUX KOHCTPYKIMH 3aBUCHUT OT criocoda MUx
n3rorosneHusd. lcmonb3oBaHHE CUCTEM, OCHOBAHHBIX Ha MPUMEHEHUU
IpeJBapUTEILHO OTBEPKEHHBIX JEMEHTOB 3aBOJCKOI TOTOBHOCTHU, H3r0-
TaBIMBAEMBIX METOJAMH IYJITPY3UU WU JAMHHALUU U MPUKIEUBAEMBIX K
MOBEPXHOCTSIM METAJUIMUECKUX KOHCTPYKIMH, TIO3BOJISIET yUUTHIBATh (Pak-
THUYECKHE Pa3MEpbl CEUCHUH yCUIMBAIOMNX (prnOpoapMUpPOBAaHHBIX 3IIEMEH-
TOB C MPUBEJICHHEM HX MEXaHMYECKHX XapaKTEPHCTHK B COOTBETCTBHHU C
00BEMHBIM COZIEpKAHUEM pabodero BoJOKHA. BBuIy KpaiiHe HE3HAUUTEIb-
HOTO BJIMSIHMS CBSI3YIOIIMX MaTpHI[ HA PacCMaTpUBAEMyI0 pabOTy AaHHBIX
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MaTepUalioB, UX HAIMYUE MPH ONPECIICHUH MapaMeTPOB HAMPSHKEHHOTO
COCTOSTHHSI MOXKET HE YYHMTHIBATHCS, @ HEOOXOJUMBIE [TOKA3aTelll CBOMCTB
(UOPOIIIACTHKOB OTPaHUYMBAIOTCS YIPYTO-IIPOYHOCTHBIMU XapaKTEPUCTH-
KaMH apMUpPYIOLIUX BOJIoKoH [12, 1, 5, 7, 11, 25-27Moayis ynpyrocTs u
COIPOTHBIICHHE TAKUX MAaTEPHAJIOB, OINpeessieMble BIOJb HAIpaBICHUS
paboueit GuOpPHI, COCTaBAT:
Ef = %Eﬁb ) ff = %fﬁb , (22)
e Efyp o frip — COOTBETCTBEHHO, MOJIYJIb YIIPYTOCTH M CONPOTHB-

JICHHE PACTSHKCHHIO HCIONE3YEMOTO apMHUPYIOIIET0 BOJOKHA,

Vi » V — cooTBeTcTBEHHO, 06BEM apMupyrOmEH GuOpsI u 06-

it 00beM (GUOPOTUTACTHKOBOTO dJIEMEHTA.

B ciryyae McHoNb30BaHMS TaK Ha3bIBAEMBIX «MOKPBIX» CHCTEM YCHIIe-
HUS KOHCTPYKIUH, MPeaycMaTPpUBAIOIIUX YKIAIKY «CYXHX» apMHPYIOLIIHX
MarepuaioB (BOJIOKOH, JICHT WM OJHOHANPABICHHBIX TKAHEH), MPOMHUTHI-
BaCMBIX MATPHYHBIMH COCTaBaMH HETIOCPEICTBEHHO II0 MECTY YCHIICHHS,
MEXaHMYECKHE XapaKTePUCTUKH KOHEUHBIX (pHOPOIIIACTHKOBEIX JIEMEHTOB
0OBIYHO HA3HAYAIOTCS B COOTBETCTBUY C aHAJOTHYHBIMH BEIMYMHAMH ap-
MUPYIOIIEr0 BOJIOKHA, a B KAYECTBE MX PACUETHBIX TOJIIMH HCIOJb3YETCs
CyMMapHasi TOJIIMHA YCIOBHBIX MOHOCIIOEB apMHpPYIOIIMX MaTepHajoB
(nampuMep, ONHOHANPABICHHOW TKAaHH), pa3OeJCHHBIX  MATPUYHO-
a/re3uoH-HbIMU cinosimu [12, 1, 5, 7, 11, 25-27]Ipu 3TOM HCIOIb30BaHUE
«MOKPBIX» (HOPOIIIACTHKOB, BKIIOYAIONIUX HECKOJIBKO aPMHUPYIOLIHUX CIIO-
€B BOJIOKOH, 3aCTaBJI€T YYUTHIBATh HEPaBHOMEPHOCTH Ae(OPMHUPOBAHUS
UX CeYeHHH, 00yCIIOBICHHYIO MOHIKEHHBIMI MOIYJISIMH YIIPYTOCTH paszie-
JHUTEIBbHBIX MAaTPUYHBIX MBOB. Tak a1 Hambosee BBEICOKOMOIYJIBHOIO H
IPOYHOTO YIJICBOJIOKOHHOTO apMHUPOBAHHA PACIIPEeNICHNE YCHIINH TI0 CII0-
AM MaTepHala IpH [MUKIMYECKUX BO3ACHCTBHUAX MOXKET OTJIMYATHCS B He-
CKONBKO pa3 (puc. 3), uTto aemaer Manod(peKTHBHBIMU YIIICBOJOKOHHBIC
(UOPOIIACTHKOBBIE JJIEMEHTHI, COCTAaBJICHHBIE OoJiee YeM M3 TpPeX-TISATH
croeB apmupyrouieit ¢puopsr [27-31].

B cooTBercTBUM C (paKTHUECKOH HEPABHOMEPHOCTHIO YYACTHSI OTAEIb-
HBIX CJI0EB (PUOPOIUIACTUKOB «MOKPBIX» CHCTEM YIJICBOJIOKOHHOTO YCHIIe-
HUSI CTJIBHBIX JIUCTOBBIX DJIEMEHTOB B 00mIeH paboTe KOHCTPYKIHM, Ompe-
JeTIeHHEe UX PAcHYeTHBIX TOJIIMH MOXKET OCYIIECTBIIATHCS C UCIONB30BaHHU-
eM K0>(hPHUIHEHTOB HEPABHOMEPHOCTH pabounx aedopmanuii K, onmcan-
HBIX B [27-31] 1 mpakTHYECKH YCTaHABIMBAIOMINX CTENICHb 3arPY/KEHHOCTH
paccMaTpuBaeMBbIX CIIOEB JAHHOTO MaTepHaa, T.e.

t
tr =25k (23)
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rae: n = 1..5 — KOJMYECTBO PaBHBIX MO TOIIIMHE MOHOCIOEB ap-
MHUpytomeld QUOPBI; try — TONMIMHA OTAENEHOTO MOHOCHOS ap-

mupymomeii Guopsr; k; — Ko3(hGHUIUECHTH HEPABHOMEPHOCTH
3arpy’KeHus CJIOCB, paBHBIC

— JI «KHOPMAJIbHOMOIYJIBHBIX> YIJICPOIHBIX BOJIOKOH.
ky =10, ky =073, ks =k, =ks =0,17,
— JJId «BBICOKOMOAYJIBHBIX> YTJICPOAHBIX BOJIOKOH:
ky =10, k; =078, ks =k, =ks =056.

1.0¢g

a) 0)

= - g =

E 5-it 0.56 E 5-0 {017 ¢

=} ]

§ g 4-i1 0.56 ¢ § E 4-it 017 ¢

I =

g5< |3t 056 ¢, E5< |34t [{017e,

E = =

E 2-if > 0.78¢ z 2-it 44 0.73 ¢,
=} o =] o
5 1-i 10g 5 1-i1

CranpHas IacTiHa CranpHas macTiHa

Puc. 3. Pacmpenenenne OTHOCHTENBHBIX AepOpMAIlMii B YIrIeBOJIO-
KOHHBIX «MOKPBIX» (PUOPOIIACTHKOBBIX CHCTEMAX YCHIICHHS
CTAIBHBIX JIMCTOBBIX DJIEMEHTOB, & — HUCIOJNB3YIOMNX <BHI-
COKOMOJIYJIBHBEIE» YTJIEPOIHbIE BOJOKHA, 0 — HCIOIB3YIO-
IUX <HOPMAJBHOMOMYJIBHEIE® YIIEPOIHBIE BOJIOKHA; ajarl-
TUPOBAHO 110 [27]

Heo0xoaumble ucciaenoBaHusi. TpeOyOT mAampHEHIIET0 ONMpeneIeHHs
MOKa3aTeI PAIOHAIIFHOCTH YCWICHHH CTCHOK IIIMHAPHUYECKUX pe3ep-
BYyapoOB HAIPaBICHHO OPHUEHTHPOBAHHBIMU (HOPOIUIACTHKOBBEIMH AIIEMEH-
TaMH HEMPEPHIBHON JUIMHBI C YYETOM OTIUYUN B FEOMETPUH COOPYKEHUH,
TOJIMIMHAX YCHJIMBAEMBIX METAJUIMYECKUX JIUCTOB, BEJIMYMHAX HAYAIHHBIX
Harpy30K, TEXHOJOTHH YCUJICHHUS U PACUETHBIX XapaKTePUCTUKAX UCIOJb-
3yemMoil puOpel. OUEBUIHOW TaKKe SBISCTCS HEOOXOTUMOCTHh UCCIIEIOBA-
HUS BIIUSHUS OTPAaHUYCHUIA HECYIICH CITOCOOHOCTH MPOIOIBHBIX CTHIKOBBIX
COCTUHCHUI HETPEPHIBHO YCHIIMBAIOMINX (UOPOAPMHUPOBAHHBIX YJIEMCHTOB
Ha PalMOHAIBHOCTD MOIY4aeMbIX KOHCTPYKTHUBHBIX PEIICHUH.

BoiBoasl. [IpuBeieHHbIE OCHOBHBIC TIPUHIIMITEI OTIPEIEIICHUS ITapaMeT-
POB HaNpPSKEHHOTO COCTOSHUS 3JIEMEHTOB IPEABAPUTEIHHO HAINPSKEHHBIX
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CTEHOK CTaJbHBIX IMWIMHIPUYECKHX PE3ePBYapOB, BHEITHE YCWIICHHBIX B
TIpoIiecce dKCIUTyaTalliy HapaBIeHHO-OPUEHTHPOBAHHBIMU (UOPOTLIACTH-
KOBBIMH JJIEMEHTAaMHU HETPEPBIBHOW JUIMHBI, YYUTHIBAIOIINE BO3MOXKHBIC
MIEPEMEHHOCTH TEMIIEPATYPHBIX PEKHMOB W HEPAaBHOMEPHOCTH pacmpese-
JICHUSI HApPsHDKEHUH B COCTaBE CEYEHUU MHOTOCIIOMHBIX 3JIEMEHTOB yCHIle-
HUSI, TIO3BOJISTIOT BBITIOJIHATH BOCCTAHOBIICHUE HECYIIEH CITOCOOHOCTH JaH-
HBIX KOHCTPYKLHUH, YaCTUYHO YTPAu€HHOU B MpoLEcce KOPPO3UH, U KOH-
CepBHUPOBaTh NE(PEKTH, OOYCIOBICHHBIC MPONECCAMU YCTAIIOCTHOIO Pas3-
pYLLIEHUS CTBIKOBBIX COEIMHEHUHN UX JIUCTOBBIX JIEMEHTOB.
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