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HEHBI IIPH PACCMOTPEHUH HEMMHEHHOW TEOpUH KauK¥ [IPH ABMXECHUY CY/THO Ha HE PETyJIIp-
HOM BOJIHCHHIH.
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CALCULATION AND INVESTIGATION OF THE FORCES
ARISING IN THE COUPLER OF THE PUSHED CONVOY
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The article contains the formulation of the problem and a mathematical model for determin-
ing the forces in the coupler of the pushed convoy. The results of test calculations are pre-

sented and the analysis of the obtained values is carried out.
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HPOEKTHOE OBOCHOBAHHUE BbIBOPA MATEPHAJIA
CPEJHEI'O CJIOA HAACTPOUKHU N3 KOMIIO3NTOB
MHACCAXKHUPCKOI'O CYJHA HA IMOJABO/JHBIX KPBLUIbAX

Kntouessie croBa: naccascupekoe cyono Ha ROOBOOHBIX KPBLIbAX, HAOCMPOKA U3 KOMHO3U-
108, NIeeKuti cpeoHutl cnotl
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B cmamve onucano npoexmuoe obocnosanue evibopa mamepuanoe nidaplast u divinycell H
6 Kauecmee Mamepuana 1e2ko2o cpeone2o clos HaOCMPOUKU U3 KOMROZUINOE NACCANACUPCKO-
20 CYOHA HA NOOBOOHBIX KpbUlbiX Ha 6aze UCcIeO06aHUs ONbIMHBIX 0OPA3YO8 INEMEHINO8
HAOCMPOTiKY, U320MOBNEHHBIX C UCNONBLI0GAHUEM MUX Mamepuanos. beuio evimonneno
CPasHUMENbHOE UCCICO0BAHUE MEXAHUHECKUX Xapakmepucmuk oboux mamepuanoe. beumu
npouszeedensl pacuemsl Maccvl HAOCMPOTKY ¢ UCHONLZ08AHUEM KANCO020 U3 MAMEPUATOS.
Ipoenosuposanue xapakmepucmux Oon20geHHOCIMU CHHOSUHA HA 6a3e HIMUX MAMEPUATOE
npoBOOUNIOCH ¢ UCHOMB30BAHUEM MEMO008 Hepaspyuiaioue2o Koumponi. B mamepuane
nidaplast 6einu o6napyscenvt obutupnete 30nvl paccioenuii. Coenan evloop 6 nonvzy mame-
puana divinycell H.

Beeodenue

Jlzst oGectieueHusT HEOOXOMUMBIX XapaKTEPUCTUK DYKOHOMUIHOCTH acCaXHPCKOe CY -
HO Ha NOJBOJHBIX KpbUIbiaX (Jasee CIIK) Jom%KHO UMETh HAWIYUINEE COOTHOIIEHUE MEKY
€ro I0JIEe3HOU Harpyskoit u coOcTBEHHBIM BecoM. Hamboiee npegnouturenbubiM st CIIK
SIBISIETCSI COYETaHWE JITKAX CIUIABOB JIISI KOHCTPYKIIMA COOCTBEHHO KOPITyca M KOMIO3H-
ITMOHHBIX MaTEPHAIOB JUIsI KOHCTPYKIUE HaacTpolku (pyOkm). Mconb3oBanue il M3ro-
TOBJIEHUS HajcTpoliku maccaxupckoro CIIK monmMepHEIX KOMIIO3UTOB IIO3BOIBIET odecIie-
YUTH adPOIMHAMUIECKOE COBEPINCHCTBO (POPMEI HA/IBOJHOI WacTW Cy/jHA B COUECTAHHWHU C
HeoOX0MMOH HKOHOMHEH Beca KOHCTPYKITHH. [IpH 5TOM IPOEKTHPOBAHHE CYAOBEIX KOp-
IYCHBIX KOHCTPYKIUIT M3 KOMIIO3UTOB IIPH OTCYTCTBHM HOPMAaTHBHBIX TpeOOBaHM KIaccH-
(UKaHOHHLIX OOINECTB TOILKO Ha OCHOBE DKCILTYATAIMOHHEIX HATPY30K IIO3BOJSIET CYIIe-
CTBEHHO CHH3UTh MAacCy TaKWX KOHCTpykiwmit [1, 2, 11].

Puc. 1. DneMeHTH TPeXCIOMHBIX KOHCTPYKIUHI
¢ pa3MMYHBIMK BHJAMU KapKaca CpeJJHeTO clos

PacueTsl moKas3kIBaloT, YTO IPUMEHEHHAE HOBBIX KOMIIO3HUITHOHHBIX MaTEPHAIOB /IS CV-
JIOBOH KOPIYCHON KOHCTPYKITHH TEOPETHICCKH MOXKET 0OSCIICUNTh CHHKCHHE €€ Beca Kak
MUHAMYM Ha 30% 10 OTHOIMEHMIO K aHAJOTY W3 JETKUX CIUIABOB, ¢ OJHOBPEMEHHBLIM CHH-
KEHUEM PacXo/I0B KU3HEHHOTO IMKIA KaKk MUHEMYM Ha 25%. DTO MOXET MOBIETH 3a CO-
0ol CHIDKEHUE CPOKa OKYIIAEMOCTH 3aTpaT Ha CTPOUTEINBCTBO cyiHa Jio S—8 ner [1, 2, 11].
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Puc. 2. CotoBslii 3anonautens nidaplast. Bremuuil Bug

Hagcerpotika naccaxupckoro CIIK mpencrapisier coboff 00beMHO IPOYHYIO MHOIO-
cioliHyio 000nouKky W3 KoMmo3uToB. CosgaHnme HaJCTPOMKHM M3 KOMIIO3UTOB SIBILSIETCS
TpruennHO 3anavell, BKIIOYAONMEeH NPOSKTHPOBAaHAE COOCTBEHHO KOHCTPYKIIMH HaJICTpPOH-
KH, NPOSKTHPOBAHUE TEXHOJIOTHH WM3TOTOBJICHHS OCHOBHBIX DIIEMEHTOB KOHCTPYKITHH, a
TaKXe MPOSKTHPOBaHUE KOMIIO3MITHOHHOTO MaTeprasia Ha 0a3e ONPE/ICICHHBIX HCXOHBIX
MaTepuanoB U TEXHOIOTHH.

B macrosmee Bpemsl IMHAPOKOE NPUMEHEHHE IPH M3TOTOBICHHH CY/IOBBIX KOPIYCHBIX
KOHCTPYKIIMI W3 KOMIIO3UTOB HAIIUIN TPEXCIOHHBIE M MHOTOCIOMHBIE KOHCTPYKITHHA C JIET-
KOBECHBIM 3aIllOTHATEIEM B cepe/IUHE. 1 PexciIofHble KOHCTPYKITMH MOTYT H3TOTaBINBATECS
13 TOMMMEPHBIX KOMIIO3UIIMOHHEIX MaTepHaIOB, KOTOPhIE MOTYT HCIIONB30BAThCS KaK JUIs
HECYIITUX CIOEB, TaK M IS 3aIIONHHUTEIS, a UX COCTUHEHHE JPYT ¢ JPYIOM 00ECIETBACTCS
CKJICHBAHHEM.

Tpexcnoltapie ¥ MHOTOCIOWHBIE KOHCTPYKITHH 3aHSUIN B CYJIOCTPOSHHH JIOCTOIHOE Me-
cTo Onarojaps NpucyInel UM BHICOKO# BecoBOi 2 PEeKTHBHOCTH, IPOTHOCTH, JKECTKOCTH, a
TaKXe XOPOITHM TEIUIO- U 3BYKOM3OJIUPYIONTHM cBoMcTBaM. o cymmecTBY, MHOTOCIOHHEBIE
KOHCTPYKIIMH M3 KOMIIO3UTOB SIBISIIOTCSI MHOTO(YHKIIMOHATLHEIME. TpexciiofHble KOHCT-
pyKIum Gr1arofapsi OTCYTCTBHIO WIJIM COKPAIEHMIO SIEMEHTOB Habopa IIO3BOJSIOT Oolee
parfoHATLHO HCIIONB30BaTh BHYTPEHHUE OOBEMBLI ITOMEITICHHH, MPOKIAIHIBAThL DIEKTPO-
TpaccHl ¥ HEKOTOPHIE TPYOOIPOBO/IBI B CAMOM 3aIlONHUTENE, OOJIETINTH HOICpKaHAE dHC-
TOTBHl B MIOMEITICHUAX. biarogapsi OTCYTCTBHIO KOHIIEHTPATOPOB HANPSDKEHUI M MCKIIOUC-
HUIO BO3MOHOCTH MOSIBICHUS YCTATIOCTHLIX TPEITHMH MHOTOCIONHHEIE KOHCTPYKITHH HMEIOT
HIOBBLIMICHHYIO HAIEKHOCTD.

HeTkanbiii

MaTepual B

TepmonaacTHuHAanN
IIeHKA

Puc. 3. KoHncTpykius coToBoro 3anojHuTels nidaplast

Tpexcnoltabie 1 MHOTOCIONHBIE KOHCTPYKIIUH [IPUMEHSIOTCS, B IIEPBYIO OUEPEb, IS
CHMKCHHSI Macchl KPYITHOTaGapHTHHIX DJIEMEHTOB CYJ/IOBLIX KOPIYCHBEIX KOHCTPYKIHN H
HOBBIMIECHISI MX JKECTKOCTH. [0 CpaBHEHMIO ¢ TPaUIHOHHBIMA OJHOCIOHHBIMA dIEMEHTa-
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MU KOPIIYCHOM KOHCTPYKITHH, TPeXclIoiiHass KOHCTPYKIHS 001a/aeT MOBLINIEHHOH XeCTKO-
CTBIO M IPOYHOCTHIO, UTO IIO3BOJSIET YMEHBLIMHUTH TOMIMUHY OOOJNOYEK, HaHeneif u Iueio
pebep KECTKOCTH, UTO CONPOBOKIAETCS CYIIECTBEHHBIM CHIKCHUEM MacChl KOHCTPYKITHH.

Kommosur HascTpoliki COCTOUT M3 apMHUPYIOINX MaTEPHANIOB, CBA3YIOIIETO, MaTepHa-
Ja JIETKOTO CPEIHETO CII0sI, MaTEPHANOB )KECTKOTO Ha PACTSDKEHHE CPEHETO CIIOSI B MecTax
HOJIKPEINICHA 1 YCWICHHH, a TakKe pa3lIuIHBIX KICEBHIX cOCTaBoB. lIpn 5TOM HCTONb3y-
I0TCs pa3HoOOpa3Hble BH/BI TPEXCIOHHBIX 3allONHUTENCH, HaleKHOCTh PabOTHl KOTOPHIX B
COCTaBE KOHCTPYKITMH M3 KOMIIO3HTOB IIOJTBEPKACHA OILITOM VCIEITHON DKCILTyaTarnun
H3TOTOBIEHHEIX C UX IIPUMEHEHHEM KOHCTPY KUl [3—-6].

TpexciolHble KOHCTPYKITUH COCTOAT M3 JIBYX IPOYHBIX OOIMIIOBOYHEIX IIACTHH, 3a-
HONHUTENS (JIETKON KECTKOH CEpANEBHHBI) M JBYX aJIC3MOHHBIX CIIOEB, CBSI3BIBAIOIIHX
OOJNHUITOBOYHBIC IIACTHHBEI ¢ 3amolHmATeneM. Ha3Hadenme 3amonHuTENs] — OOecIednBaTh
COBMECTHYIO PaboTy M YCTOHUHBOCTH HECYINUX CIOEB, & TAKXKE COXPAHATH 33aHHOE pac-
CTOSIHHE MeXJy HUMH. OCHOBHBIC (YHKITUM 3alONHUTENS 3aKITIOYAlOTCS B OOSCIICUCHUN
YCTOWYHMBOCTH HECYIUX IIOBEpXHOCTEl W Iepejate CABHTOBBIX HArpy30K IO TOIIMHE
KOMITO3HTa. J[JIsI YCHEIMHOTO BRIIOUIHEHHUS 3TUX (QYHKINI 3al0IHUTEND JTOMKEH OBITh JIET-
KM 1 KecTKUM. CoBMecTHasI paboTa clloeB 00ECIeUNBacTCs 3a CUET X COCAMHEHMUS ¢ 3a-
HOJNHUTENEM H Iepeadi MOCIETHAM YCHIMH ¢ OJHOTO ClOsl Ha Jpyrod. YcToWdmBOCTH
CJI0EB 00ecIIeYNBaCTCs, TaK KaK 3allOHATENE CO3/IaeT JUlsl HUX IPaKTHICCKH HETPEPHIBHYIO
OTIOPY M 00eCIeUNBacT HEOOXOMMOE PACCTOSIHAE MEX/Y CIOSIME, KOTOPOE COXpaHseTCs 3a
CUET JIOCTATOYHOM JKECTKOCTH 3aIlOJIHUATEN [3—6].

Puc. 4. Benenennsiit 3anonuutens divinycell H. BHemuaunit Bug

Hocmanoeka 3adauu

[To cymecTBy, KOMOWHANUS JBYX CIOEB IPOTHOTO MaTepHana, MEXIy KOTOPBIMH II0-
METIEH JITKAH MalOHATPYyKECHHBIM 3allONHUTENh, NPE/CTaBiIseT coOoiff OTACNbHBIM THI
KOMIIO3HTa, K COBMECTHMOCTH KOMIIOHEHTOB KOTOPOTO IPEIBSBISIOTCS 0c000 KECTKHE
TpeboBaHusl. Pernaroree BIMSIHEE Ha IPOYHOCTh M HA/IEKHOCTH TPEXCIOWHBIX KOHCTPYK-
I OKa3hIBAET KAdIEeCTBO CKICHBAHMS HECYITHX CIOEB C 3allONHUTENEM, KOTOPOE, B CBOIO
odepesib, 3aBUCUT OT KawuecTBa MOATOTOBKM CKICHBAEMEIX ITOBEPXHOCTEH, KadecTBa oOpa-
3yIOIIEHcs KIeeBOU IPOCIOUKH U COOIIONEHNUS PEXKAMOB CKIEHBAaHUA [3—6].

He Bcerjia yaerest 06eceTnTh XOPOIIYIO CBS3b MEK/Y HECYIIUMHI CIIOSMH 1 3aII0JIHH-
TENEM HM3-32 OTCYTCTBHS KIIEEB ¢ HEOOXOIUMBIME CBOHCTBAMH, HEIOCTATOTHO TIATENHLHOTO
COOUIIO/IEHHST TEXHOIIOTHIECKOTO TIPOIiecca CKICHBAHMS, & TAKXKe BOSHUKHOBEHUS HAa TPAHU-
Ifax pasJieia cI0eB MHOTOITUKIIOBHIX 3HAKOIIEPEMEHHEIX KacaTelbHBIX HANPSIKCHUH TEIIO-
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Bo# npupo/ el KpoMme Toro, BeIeICTBAE CPaBHUTENHLHO Maloff TOMITHHEI ¢I0eB 6olee Bepo-
SITHBL WX TIOBPEX/ICHUS B IIPOTIECCE DKCILTYaTalliy U, CBSI3aHHAs ¢ TUM (QHILTPAIiUs BOJIBL.

B 00brHO# TpexciroiHOH KOHCTPYKIIMN €€ MEXaHWICCKHE XapaKTEPUCTHKH OIPEaCI -
IOTCSI YCHIMSIMH OTPBIBa CPEJTHETO CJIOSI OT HapYKHBIX CJIOEB. B KoHeWHOM HTOTE, IpOd-
HOCTBH TPEXCIOMHON IMaHenHn OIPEeNseTes] CIOCOOHOCTRIO KIICEBOTO COCMHEHHS IPOTHBO-
CTOSITH HAIIPSDKEHHUSIM, BO3HUKAIOIIAM IIPH HAarpPy KEHAM KOHCTPYKIHH [3—6].
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Puc. 5. Cxema KOHCTPYKIMH 3JI€MEHTA HAJACTPOUKH € JIETKUM
apMHPOBaHHBIM CPEJIHUM cIoeM Ha Oasze 3anmomauTens divinycell H

OnHako, Kak OBUIO CKa3aHO BHIIIE, KPOME HANPSDKEHUM OT pacueTHHIX HATPY30K B Kiee-
BOM COCJMHCHHHU CYJIOBOM HAJCTpONKM BO3HHMKAIOT HAIPSKCHHUA OT TEMIICPATYpPHBIX Jie-
¢dopmanuit B ee KOHCTPYKTUBHEBIX 3IeMeHTaX. M3BecTHO, 4TO K03(hPHUIMEeHTE TeMIlepaTy p-
HOTO pacIUpeHNs Y MaTepHUalIoB, 0OpasyIONuX BHEITHUE CIOW, M MaTepHhala 3aloIHUTEI]
cpeJHeTo cnos pasnuyHHL. [lepeman TeMmepaTyp Ha HaAcTpolike Cy/IHA, SKCILTY aTHPYIOIE-
rocs B cpesinelt nonoce Poccuu Moxer Jocturars 80-90°C, (3uma jio — 40°C, nero + 40°C).
A ¢ ydueToM mporpeBa MOBEPXHOCTEH HAJCTPOMKHU OT CONHETHOH pajuanuy 5Ta BeINIWHA
MOXKeT ObITh ernie Ooablne (110-120°C). [Ipu 5TOM B KIEEBOM COEJUHEHUH MEX]Y DIEMEH-
TaMHU TPEXCIOWHONW KOHCTPYKITHH, MMEIOIMUMH pPazIHIHBIC TeMIepaTypHbe aedopMarvy,
MOTYT Pa3BUBATHCA JOCTATOYHO OOJNBINMHE KacaTeNLHBIC HANPSKEHUS Ha TPaHUIIE CIOEB,
HMCIOITHE 3HAKOIICPEMEHHEIM XapakTep, B CBA3M C CYTOUYHBIMH KOJICOAHUAME TEMIIEpaTyp.

Puc. 6. DneMeHT KOHCTPYKIIUHM HAJCTPOUKH © JIETKUM
apMUPOBAHHBIM CPEJIHUM clioeM Ha Oasze 3amomHuTens nidaplast

BonbImoe KOMMIecTBO IUKIOB W3MEHEHHNSI HATIPSDKEHUHM BEAYT K PaspyIICHUIO KIEEBOTO
COEIMHEHHS B IIPOIIECCE CPOKa CIIYKOBI KOHCTPYKITMH M BOSHHKHOBEHMIO BHYTPEHHETO Jie-
dexra THna pacciaoeHue. Hapyrmenne KOHCTPYKTUBHOM METOCTHOCTH TPEXCIOWHON KOHCT-
PYKIMH B paifoHe BHYTpPEHHETO JepekTa THIIA PAacCIOCHHUE PE3KO CHHKACT e¢ MeXaHWde-
CKHE KauecTBa M XapaKTEPUCTUKH JIONTOBECTHOCTH [7-9].
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Puc. 7. D1eMeHT KOHCTPYKIMH HAACTPORKH C JISTKMM apMUPOBAHHBIM
CpeAHUM cioeM Ha Oase 3anonuutens divinyeell H

YMeHBITIEHHE CPOKa CIYKOBI TPEXCIOHHOM KOHCTPYKIMH IIPH €€ PACCIOCHHUH, KpoMe
BCETO, CBS3aHO ¢ BOSHMKHOBEHHEM OYara KOPpPO3MH B MECTe OTPBIBA CPEJIHETO CIO M3-3a
3aMOTHEHUS 3TOTO 3a30pa KOHACHCATOM W HapaM¥ BOAHL. B KOHCTPYKIHAX W3 HEMETaLIH-
YECKUX IOJIMMEPHBIX KOMIIO3UTOB B TAKMX MECTaX MHTCHCHUBHO PAa3BHBACTCS OCMOC MO
BO3JICUCTBHEM KHCIOT, TIONYUIAIOMUXCS U3 OPTAaHUICCKUX COSTUHCHUH BRIICISACMEIX TTOJH-
MepaMH u BoJHI [7-9].

CpoeBpeMeHHOE OOHApPYIKCHHE MECTa PAcclIOSHMS HEe BCErjia MO3BOJSCT MOJIHOTICHHO
peImuTE TPodIeMy, Beb COHJBIY MAaJ0 PEMOHTOIPUTOJCH. 3a9acTyI0 IPH PEMOHTE Pedb
MOKeT WATH O YACTHYHOM PEKOHCTPYKITMH TPEXCIOIHON KOHCTPYKITMH ¢ MOTHON MM dac-
TUIHOU 3aMeHO# JIBYX CIOCB COHABHYA W3 TpeX. [[03TOMY IpH IPOESKTHPOBAHWHM MHOTO-
CIIOItHOM KOHCTPYKIIMH W3 KOMIIO3HTA B HACTOSINES BpeMS MPOBOMIATCS MEPOIPUATHS IO
TMOTHOMY WUIM YaCTHIHOMY (HOpPMHUPOBAHUIO KapKaca CpeJHEro clod M3 MaTepHaia, aHaio-
TUYHOTO MaTepHaly BHENIHUX CIIOEB, a CPeIHUIM cioit mpr »ToM ceknuoHupyercs. Jlomo-
HUTETHHBIC KIICEBBIC COCAMHCHUS 110 IEpUMETpPY SUeiiki COHBUYA IO3BONSIOT VBEIMIUTH
MPOTHOCTE Beelt koHCTpykImu. Kapkac cpeHETo cIos CIYKUT MPEISITCTBUEM IS pa3BH-
THS TEMIIEPATYPHEIX AedopMaruif, BeyIHUX K pacclIoeHMIo KOHCTpYKIun. [losTomy cek-
IMUOHUPOBAHWE KapKacOM IIO3BOJISICT MUHHMH3HUPOBATH OTHOCHTENBHEIC TeMICpaTypHEIC
JeopManuy Kapkaca W MOJMMEpa, TaK KaK CBSA3M MMEIOT TOYTH TaKyIo e JeopMaIiuio,
KaK ¥ IUTIACTUHELI BHEITHUX CIOEB.

H3BecTHO, UTO KIICEBHIE COCTMHCHUS JIYUIIEe BOCTIPUHAMAIOT HOPMAJLHEIC HATIPSKCHUS,
YeM KacaTeNBHEIC, TIO3TOMY CTOHKOCTh KICEBBIX COCTUHEHMI CO CTCHKAMH CBs3ell To Ie-
puUMeTpY SMEeHKM y IONMMepa BHITE, 9eM CTOMKOCTh KIEEBOTO COCAMHEHMS C ITaCTUHOM
BHelmHe# o6oxoukyu. HexoTophilt m3nummamit Bec Tako¥ KOHCTPYKITMH IO OTHOICHHIO K
KIIacCHIEcKO# TpeXcIoWHOW KOHCTPYKITMM KOMIIEHCHPYETCS ee JIONTOBeUHOCThIo. Kapkac
CPeJTHETO CIOS YIIVUINAeT COBMECTHOCTE PabOTH OOIMMBOK, TEM CAMBIM, CHHXas aedopMa-
TUBHOCTH KOHCTPYKITUH, MOTOMY MHOTOCIOWHEBIE OOONOYKH C KapKacoM CpEeJHEro Clos
001a4a10T HOBLIINIEHHON JKECTKOCTRIO B HAJEKHOCTLIO.

[TpuMeHseMEIe B HACTOMINEE BPEMsI TPEXCIOMHEIE CY/IOBEE KOHCTPYKITHH W3 KOMIIO3H-
TOB TIO POJIY 3aNOTHUTEINSI MOKHO KIACCH(PUIIPOBATE CICYIONIM 00pa3oM: CO CILIOITHBIM
3aMoMHUTENIEeM U3 IIEHOIDIACTa, ¢ COTOBBIM 3allONHUTEIEM, ¢ 3allOJTHUTENIEM B BHIE KOPOO-
YaTHIX TaHelel u3 MOTUMEpPHBIX KOMIIO3HUTOB, a TAKXKe B BHjle KOMOWHUPOBAHHEIX ITaHENCH,
3allOJIHEHHBIX IleHoIacToM (puc. 1). Hecymmue ciion no cBoelt ToMIMUHEE MOTYT OBITH KaK
CUMMETPUIHBIMY, TaK U HECHUMMETPUIHLIMA OTHOCHTEIBHO CPEINHHOM MOBEPXHOCTH KOH-
CTPYKITHH.
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Pewenue

IIpu BEIGOpE MaTeprala JETKOTO CPENHETO ClIos pa3paboTUuK HINET GalaHc MEXKIY Be-
COBBIMH XapaKTepUCTHKAMU KOHCTPYKIIHH, €€ TEXHOJIOTHIHOCTRIO, a TaK¥Ke XapaKTEPUCTH-
KaMH IIPOYHOCTH U JOJITOBEYHOCTH KOHCTPYKIMHA. Kak IpaBuIlo, B kKa4eCTBe OCHOBHBEIX Ma-
TEPHAJIOB JIETKOTO CPETHETO CIIOS PACCMATPUBAIOTCS BCIICHEHHBIE CTPYKTYPHL, a TaKkKe CO-
TOBBIE 3AIIOJHATENH.

COTOBBIE 3alIOJHUTENN IPEACTABIAIOT co00M BechbMa IpHBIIEKATENLHBIA MaTepHal ¢
TOYKH 3PEHHUS COUYETAHHS BECOBHEIX XapaKTEPUCTHK M XapaKTEPHCTUK TEXHOIOTHYHOCTH.
OHM MHOTO JIET IMEIOT IMUPOKOE IPUMEHEHNE B aBHAITUH.

H3BecTHO, 4TO COTOBHIHM 3aIlONHATENL CYIIECTBEHHO IOBBIIIAET U3THOHYIO JKECTKOCTE
KOHCTPYKIHHA. [IpomImoCTpUpoOBaTE 3T0 MOXKHO CIEAYIOIMHM IpumepoM. llpm oTHocH-
TEJIEHOM IOBHIINIEHUH IUIOTHOCTH 3aIIONHATENA Ha 6 % KeCTKOCTh KOHCTPYKITMH IIOBHIIIA-
ercsi IpuMepHo B 39 pas.

[osiBnenne Haps[y ¢ COTOBBIMH 3aIlONHHUTEISIME U3 KpadT-OyMaru, IpUMEHSEMBIX B
ABHAIIAH, COTOBEIX 3allOIHATENIEH, H3TOTOBICHHEIX U3 O0Jee NEIIEBBIX MaTEPHAIIOB, TI03BO-
JIAJIO IIPUMEHSATE UX B CYJIOCTPOCHHN.

OnHAM U3 TaKUX MaTepHAallOB SBISETCS SYEUCTHINA 3allONHUTENh, AMEIOIMUN TOBapHOE
HaumMeHoBaHHue nidaplast (puc. 2). OH npencrasiser coboi Marepuan Ha 6asze SKCTPYAAPO-
BaHHOro mojunponmieHa. CTPykTypy MaTepHalla COCTABJBIOT IMECTUTPAHHBIE T'eKCaro-
HaIIbHBEIE sMeliky, MMeIoIue IOoNEPeU b pasMep paBHBIA 8 MM. JIHO W BepXHAA 4acTh Ka-
JKJIOTO IECTUTPAHHOTO IEMEHTA COTOBOTO HANOJHUTENS INIOTHO 3aKPHITH TEPMOIIACTHY-
HOM INIEHKOH, IIPENATCTRYIOIMEH ToIaJaHuI0 CMOJEI WIK KJest BHYTph sgueek. Kpome Toro,
9Ta IJIEHKa O0ECHEUNBACT COCTMHEHHUE TOPIIOB COT ¢ HETKAHBLIM HOIMA(PHUPHLEIM MaTepha-
aoM (puc. 3). Ilpu cozmanmm TpexcnolHONH KOHCTPYKITMH IIOBEPXHOCTH M3 HOJNMA(PUPHOTO
Marepuana MPUKISHBAETCS MIN MPU(GOPMOBBIBAECTCS K KECTKIM BHEIITHAM CJIOSIM COH/IBUYA,
o0ecIedrBas BEICOKYIO aJIT€3HI0 COSTUHEHUSL.

CoroBrlif HanonHETENB nidaplast IpekpacHO MoANacTCs MexaHnIeckol oOpaborke. OH
MOJKET HCIIOIB30BATHCS B COBPEMEHHBIX TEXHOJIOTHSX CO3MAHUA KOMIIO3HUTOB, HAYUHAS OT
pyuaHOTO (DOPMOBAHMS W HANBUICHWS, KOHYAs BaKyyMHOM mHOY3mel u RTM-nporneccamu.
CoroBrlif HanonHHTENE nidaplast oGmagaeT JOCTATOYHO BEHICOKMMH MEXaHHYECKAMH Xapak-
TEPUCTHKAMH, B TOM YHCIIE, HU3KOH INIOTHOCTLIO B Juanasone ot 80 jo 110 K/,

ITpu npoexrupoBanuu HajcTpoiku naccaxupckoro CIIK u3 xoMIo3uroB ObLI OIpesie-
JIeH BepXHHIT TIpeieT IIIOTHOCTH MaTepHaTa JIETKOTo CPEHero ciios, paBusii 80 kr/m°. ITo-
STOMY B Ka4e€CTBE allbTEPHATHBHBIX MaTEPHAJIOB JIETKOTO CPENHETO CJIOS PACCMATPUBAIIUCH
cOTOBEI 3amomauTens nidaplast mwioTHocTRio 80 kr/M” m [IBX memomnact divinycell H
dupmer DIAB mwioTHOCTEIO 80 Kr/M® (pHC. 4—5). VX XapaKTepHCTHKH Ipe/ICTaBIeHk B Ta0-
jmne 1.

Tabauya 1
XapakTepHCTHKHA MaTePHAIA JIETKOTO CPeTHero cJIost
XapaKTepUcTUKa Nidaplast Divinycell H
ILI0THOCTD, KI/M’ 80 80
IIpenen npounoctu npu cxatuu, Mlla 1,2 1,2
Mopyns ynpyrocty npu cikatuu, Mlla 30 85
IIpenen npouynoctu npu paspsise, Mlla 0,5 2,2
IIpenen npounoctu npucapure, Mlla 0,4 0,68
Mogyns ynpyroctu npu casure, Mlla 5 31

HecwMoTpst Ha TO, 9TO HO PsIy MEXaHHIECKUX XapaKTEPHUCTHK COTOBBIM 3aIlOMHHUTENH
nidaplast cymectrenso yerynan [IBX nenorutacty divinycell H, on npuBiexan HecpaBHEH-
HO GOJbITeii TEXHOIOTHIHOCTHIO NIPH H3TOTOBJICHHH KOHCTPYKITHMH, KOTOpasl B GOJBITON
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CTETICHU OIpe/IesUIa CTOMMOCTh HAICTpolky u3 kommo3uToB naccaxupcekoro CIIK. Kpowme
TOTO, IPUMEHEHUE COTOBOIO 3aI0IHUTENS nidaplast IO3BOJISIIO TOIYIUTH MACCOBLIE Xapak-
Tepuctuky HajcTpoliku CITK m3 KOMIIO3HTOB, HECKOIBKO MPEBOCXOIAINNEC BAPHAHT TIPIME-
nenus [IXB nenomnacra divinycell H (a6, 2). HemanoBaxHbeIM ObIIO TO 0GCTOSITENLCTBO,
YTO WHAYCTPUANLHEIN MapTHEp UMeN OOIBITON OIBIT PabOTH IMEHHO ¢ COTOBEIM 3alIOJNHHU-
TeneM nidaplast 1 paccMarpuBal €ro IpUMEHEHUE, KaK HECOMHEHHOE IIPEUMYITIECTRBO.

Tabnuya 2
MaccoBble XapaKkTepACTHKH HAXCTPOIHKH
€ PA3IHYHLIME MATEPHATTAMH JIeTKOT0 CPeTHEro CJI0st
XapakrepucTuKa Nidaplast Divinycell H
O06mas mommans Hajactpoiiku CIIK, kB.M 43 43
ToninuHa 1erkoro cpeaHero ciios, M 0,03 0,03
O0BeM JIETKOTO CPeTHETO CIos, Ky0.M 1,29 1,29
Y ienbHbIN Bec cpeAHeTro ¢Ios KIVKy0.M 80 80
Macca nierkoro cpegHero cios 103,2 103,2
IInomans cnos crexinoceTkn CH-01 43 43
IInomans cnos crexiotkann T-11-I'BC9 43 43
KonuuecTro crnoes cetku 1 1
KonudectBo croeB HapyXHOH 000T0YKH, TKAHE 3 3
KonudecTBo crioeB apMHPOBaHHUS CPEHETO CIIOS, TKaHb 0 1
KomudectBo croeB BHyTpeHHEH 000T0UKH 2
KonuuecTro cnoer Tkanu, Bcero 5
VYaenvublii Bec creknocetku CO-01, KI/KB.M 0,2 0,2
Vaenpurii Bec crexnotkany T11-I'BCY kr/ks.m 0,385 0,385
O6muii Bec apMUPYIOIMUX MaTepUaoB, K 91,375 107,93
O0muit Bec cBA3yIoMmero npu yeiaosun 50:50, kr 91,375 107,93
OO0IHii Bec ¢lIOeB CTCKIOMIACTHKA, KI 182,75 215,86
OO0muit Bec HAJCTPOUKH MO CIOSM, KT 285,95 319,06
Tloaxpennenusi, ycuineHus, 3akiagtble JeTanu, KT 57,19 63,812
OO0muit Bec HAJCTPONKH ¢ TIOAKPETIICHUSIMH, KT 343,14 382,872

OnHako 3a TpeAelaMH pPacCMOTPEHHS OCTAaBalINCh XapPaKTEPUCTHKU JIOITOBETHOCTH
COH/IBHYA, TTONYICHHOTO Ha OCHOBE 00OMX MaTepHanoB. JIIs H3yUeHHMS OTOTO BOIIpoca OBLTH
M3TOTOBICHLI ONBITHBIE 0OPa3IEl 2JIEMEHTOB HAJCTPOMKHN M3 KOMIIO3UTOB HacCaKMPCKOTO
CIIK ¢ ucnons3oBanneM MarepuanoB nidaplast u divinycell H ¢ cobmronenneM Bcex HeoO-
XOJIUMBIX TEXHOJNOIHIeckUX TpeboBaHui (puc. 6-7).

[Tocie sToro OmWBITHBHIE 0OpasNbl OBUIM HCCIEAOBAHBI METOJAMM HEPa3pyIIaloInero
kouTpoisl. HcenemoBanme 6a3upoBaoch Ha CIOCOOE ONPE/ICTICHUST TEXHUIECKOTO COCTOS-
HUSI CY/TOBOM KOPIIyCHON KOHCTPYKIIMH, M3TOTOBICHHOM M3 KOMIIO3UTOB, 3alllUIICHHOM IIa-
TeHTOM P® Ne 2354964 ojHUM U3 aBTOPOB KOTOPOTO SBISIETCS aBTOP JIaHHOM craThu [12—
14]. B nporiecce uccieoBanus ObUIO MPOU3BEICHO OOHAPYIKEHUE B TEJIE€ KOHCTPYKIMU U3
KOMIIO3UTOB METO/IaMH Hepa3pyIIaloiero KOHTPOIsl BHYTPEHHHUX JeEeKTOB THIIA paccioe-
uue (Henpokieit). Ilpu oToMm OBUIO IPOWM3BECHO M3MEPEHUE UX IUIOMAN H CPaBHEHUE e
BEJIUIHHEI ¢ TIPEJICILHO JIOMY CTUMBIM 3HaUE€HHEM, IPUHSITHIM 110 HopMaTuBaMm [10].

B xagecTBe MHCTPYMEHTA HEPa3pyIIAIONIEro KOHTPOISI HCHONB30BaNCs aKyCTHICCKUH
Jedexrockon JJAMU-C, peanmsyronmuii HMIEIaHCHBIM METOI M METO CBOOOIHEIX Koleba-
Hui. B KawdecTBE OCHOBHOTO METOja HEPa3pyIIAIOIEro KOHTPOJIS HCIOIB30BAICS MMIIC-
JIAaHCHBIM aMIUTATYAHO-(a30BEIH METO/I 3BYKOBOTO H VIBTPa3BYKOBOTO KOHTPOIS B YacTOT-
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HoM JmanasoHe ... 40kHz ¢ mpuMeHeHHEM CYXOTO TOUETHOTO KOHTAKTa MPH JIBYXCTOPOH-
HeM Joctyne [12-14].

B pesyaprare mcciesoBaHMs OBUIO YCTAHOBICHO, UTO B 00pa3slax ¢ JIETKAM CPETHAM
CJIOEM, M3TOTOBICHHEIX M3 3armonauTens nidaplast, nmeroTest oOIMUpHEIE 30HEI PACCIOCHHUH,
mwromaaso 400-500 MM u Gosiee. B o0pasiiax ¢ JIETKUM apMHPOBAHHBIM CPEJHUM CIIOEM,
H3TOTOBICHHEIX 13 3amonauTens divinycell H, 30HBI pacenoenuit orcyreTBOBaANIH (pHC. 8).

[Ipu BekpuITHH 00pasIoB OBUIO YCTAHOBICHO, UTO PACCIOCHUE HAXOIUTCS MEXIY CIO-
€M HETKaHOTO MaTepHaia, KaueCTBEHHO NPHKICCHHBIM K BHENIHEMY CIOIO COHJBHYA, H
IUICHKOH, OTJAEISIOIMEeN OT HETO IONHIIPONIUICHOBHIE COTHL TakuM oOpa3oM, NOSBICHHE
pacciIOCHNs], O-BUMMOMY, SIBIJIOCH CIE/ICTBAEM BOZHUKHOBEHUS KacaTEIbHEIX HaIpshKe-
HUH [IPY HONAMEpU3anin Kiesl (MoIudUPHOI CMOIIH), IPHKJICHBAIOINETO HETKAHbIH MaTe-
pHal K BHEITHAM OOOJIOYKAM COHJ[BHYA, & BO3MOXHO, H CIEICTBHEM IIPOH3BOJICTBEHHOTO
Opaxa Impu W3TOTORICHUN MaTepuaia nidaplast.

OnHako Hamughe TakuX JIeeKTOB OBUIO HENPHEMIEMO IIO YCIOBHSIM OOCCIICUCHHS
[IPOYHOCTH HAJCTPOMKU W3 KoMmIo3uroB maccaxupckoro CIIK. Tlosromy ObulO IPHHATO
pEIeHAE UCIIONIL30BATE B KaWUeCTBE MaTepHalla JIETKOTO CpefHero ciosl HajacTpoiiku [1BX
nenomuiact divinycell H.

Puc. 8. Brisenenue nedekra THIA paccIoeHHE (HETIPOKICH)
B 2JIeMEHTE KOHCTPYKIIUH HAACTPONKH ¢ JIOTKUM apMHPOBAHHLIM
cpeHHUM clloeM Ha Gase 3amonHuTeNs nidaplast.

Beieoowr

Taxum 06pazoM, MOKHO C/IETaTh BBIBOJI, UTO IIPH BCeH IPHUBIICKATEIHHOCTH PUMEHE-
HUS COTOBOTO 3amoiHuTens nidaplast /g TpeXCIOMHEIX U MHOTOCIOMHEBIX CYJIOBHIX KOp-
IYCHBEIX KOHCTPYKITHH M3 KOMIIO3HTOB, €T0 HCIOIL30BAHAE COIPSIKEHO ¢ pUCKaMu o6paso-
BaHWUS BHYTPEHHUX JIe(PEeKTOB THIIA PACCIOCHHE JIOCTATOUHO COJBINOH MIIOMA U Ha TpaHHTIE
pasjiea cIOeB STOTO MaTepuaia. DTH BHYTpeHHHE JeeKTHl THUIIA PACCIOCHHE HE MOTYT
OBITH YCTPAHEHBI BIOCIC/CTBUY Jlaxke B ciIydae ux o0HapyxeHus Hanrmame Takmx gedek-
TOB CYIIECTBEHHO CHIKACT XapaKTePUCTUKH MIPOTHOCTH U JIONTOBETHOCTH TPEXCIOMHBIX U
MHOTOCIIOMHEIX KOHCTPYKITMH M3 KOMIIO3HUTOB, K KOTOPHIM MPEIBSBISIOTCA TpeCOBaHUS
MOBHIMIeHHON BecoBoi addexruBHOCTH. [lo3TOMY COTOBHIM 3amonHuTens nidaplast Moxer
OBITH PEKOMEH/IOBAH HCKIIOUUTEILHO K MPUMEHESHHUIO B MaJTOOTBETCTBEHHEIX CYIOBEIX KOP-
IYCHBIX KOHCTPYKIIMSAX M3 KOMIIO3UTOB, /UL KOTOPHIX TPeGOBAHMS K IPOYHOCTH M JIOITO-
BEYHOCTH CHUKCHBL

CTaThs MOATOTOBICHA IO PE3YJIbTaTaM BBHIIONHEHUS MPUKIATHEIX HAYIHBIX HCCIENO-
BaHUM, TPOBOAUMEIX MOCKOBCKAM TOCYIApCTBEHHBIM TEXHUYCCKUM YHUBEPCHTETOM HM.
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PROJECT JUSTIFICATION OF THE CHOICE
OF THE MATERIAL OF THE MIDDLE LAYER
OF THE SUPERSTRUCTURE MADE UP OF THE COMPOSITES
OF A PASSENGER HYDROFOIL VESSEL

M.E. Frantsev

Key words: passenger hydrofoil vessel, composite superstructure, light middle layer.
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The article describes the design rationale for the selection of Nidaplast and Divinycell H ma-
terials as a material for the light middle layer of the superstructure made up of composite of
a passenger hydrofoil vessel based on the research of prototype of superstructure elements
manufactured using these materials. A comparative study of the mechanical characteristics
of both materials was carried out. The mass of the superstructure was calculated using each
of the materials. Forecasting characteristics of the durability of sandwich based on these
materials was carried out using non-destructive testing methods. Extensive zones of delami-
nation were found in the material Nidaplast. This determined the choice in favor of the mate-
rial Divinycell H.
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ONPEJEJEHUE JEMII®UPYIOINX CHI,
BO3HUKAIOIIUX ITPU BEPTUKAJIBHBIX KOJJEBAHUAX
CYJIHA HA BO3JAYIIHOHN NOAYIIKE
HA KPEMCEPCKOM PEXXHUME ABWKEHUSI

Kntouessie cnoma: cyono na soz0ymnoii nooyuixe, CBII, demndpuposanue, eozdymnaa no-
OVUIKA, GLIYUCTUINETbHASA 2UOPOOUHAMUKA

B cmamve npusedena nocmanogka 3a0auu U pesyivmamol pacuemos OeMupupyouux yeu-
AT, BOSHUKAIOWUX NPU GEPMUKATLHBIX KoNebanuax cyona na ¢o30yuinon nodyuixe (CBII).
Jlemmupyrowee oaenenue ¢ eo30ymnoii nodyuixe (Bll) onpedensemes xax pasnocms oaene-
nua ¢ BII npu eepmurxanvhom oguscenuu cyona u 0agienus, obyCloeIeHHO20 6MeKAoWUM U
evimexaiowum ¢o30yxom uz BIL Iokazano, umo yuem demnupyiowgux cun npu MoOemupo-
eanuu ounamuxu Osusicenun CBII ¢ ycrosusax onneHus npusooum K 3HAUUMETLHOMY CHU-
HCEHUIO SHAUEHUTE PACUEMHBIX NEePePY30K U PAZMAX08 GePMUKATOHOT U KUIEEOT KAUKU.

Beenenue

[Ipw co3aHnyM HOBBIX CKOPOCTHBIX CYJIOB, M, B YaCTHOCTH, CYZOB Ha BO3JIYITHOM IO-
ayimke (CBII), ucKIOUUTENBHYIO JUIsI KadecTBa NIPOSKTHPOBAHUS POIb HUIPAET CTEIEHB
JIOCTOBEPHOCTH MaTeMaTHIECKOI MO/IeNN JUHAMUKHI ABHXCHHUS co3aBaeMoro cyaHa. Jloc-
TOBEpHas] MaTeMaTHIeckasi MOJIENb JUHAMUKH JBHKCHUSI IIO3BOJSIET HE TOJNHLKO HaJCKHO
IIPOTHOBZMPOBATH CKOPOCTHBIE XapPaKTEPUCTHKH, YCTOHIMBOCTHL Ha Kypce, YIIPaBISIEMOCTE,
MOPEXOHBIE KauecTBa, a it aMpuonituex CBII 1 XxapakTepucTHKN MPOXOUMOCTH, HO U
HaJIC)KHO OIIPENIEISITE JICHCTBYIOIMAE Ha CY/THO HArPYy3KH, B TOM HUHCIE B OCOOBIX CIyHasx
JBIKCHUS. JlocTOBepHass MH(pOpManms O BHENIHHX HArpy3Kax IO3BOJISCT KadeCTBEHHO
copMHpPOBaThL KOHCTPYKTHBHO-CIUIOBYIO CXEMY KOPIIyca W OCHOBHBIX DJIEMEHTOB CY/IHA,
IIPOBECTH BECOBYIO ONTHMH3AINIO M, TEM CAMBIM, ITOTHATH SKOHOMUIESCKHE M DKCILTyaTalli-
OHHEIE [TOKA3aTeIH CO3/[aBaeMOT0 CKOPOCTHOTO CVIHA.
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