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YAYUYIIEHUE PABHOMEPHOCTHU PACHHPEAEJEHUSA
HAMNPSKEHUM B EJIOYHBIX XBOCTOBBIX
COEJMHEHUAX PABOYUX JIOITATOK TYPBUH

JUis TOBBIIEHUS PAaBHOMEPHOCTH DPACHpPEICNCHUS PEAKTUBHBIX YCHIMHM MO 3yOlaM XBOCTOBOTO
COC/IMHEHUSI €JI0YHOr0 THIA MPEIJIoKEHbI ClielualbHble (DOPMBI OMOPHBIX MOBEPXHOCTEH, OOecreunBaroue
KOMITEHCAIIMIO TEXHOJIOTMYECKUX 3a30POB 3a cUeT JiepopManuii cMATHS.

KaloueBble cioBa: mapoBas TypOHMHA, HaNpsDKEHHO-Ae(OPMHUPOBAHHOE COCTOSIHME, XBOCTOBOE
COEJIMHEHUE, OTIOPHAs MOBEPXHOCTh, KOHCTPYKIIHS.

AKTyaJbHOCTH PadoThl. Paboune nonaTku MOCIEAHUX CTyNEHEeH MOIIHBIX MapOBBIX
TypOUH KpEeIsITCS Ha POTOPE C TMOMOMIBI0 XBOCTOBBIX COCIUHCHHH €JIOYHOTO THIA. JTH
MHOTOOTIOPHBIE KOHCTPYKIIMM pPabOTal0T B YCJOBHSIX CJIOXKHOHAIPSHKEHHOTO COCTOSHUS,
KOTOpOE XapaKTEpHU3yeTCsl MECTHOM W 0O0Ield HEepaBHOMEPHOCTSIMHU HampstkeHui. OO1mas
HEPABHOMEPHOCTh HAMPSHKEHHOTO COCTOSHUS BO MHOTOM OIPEAETSETCS HEPAaBHOMEPHOCTHIO
pacnpeneNieHuss Harpy3kd 1O OTHACIbHBIM 3yOIlaM, a TakKe 3aBHCHT OT KOHQUTYpaIuH
COCIMHEHUS, YCIOBUN CHIIOBOTO B3aWMOJEUCTBHUS COMpPSATAEMbIX JeTallel XBOCTOBHKA U
rpubka 000/1a TUCKa, CBOMCTB MAaTEPUAIIOB JIETAICH COSAMHCHHS IPH pabouel TeMIeparype.
MecTHas HEpaBHOMEPHOCTh HAINPSKEHHOTO COCTOSIHUS OTpPEAENSeTCS KOHILEHTpaluen
HaANPSOKEHUH, 00YCIOBICHHOM T€OMETPHUSCKUMHU U CHIIOBBIME (DAKTOpaMH.

ObecrieueHne HaJEKHOM SKCILTyaTalldd MHOTOOMOPHBIX XBOCTOBBIX COCAMHEHUN B
3HAYUTEIIGHON CTENECHU 3aBUCHT OT PAaBHOMEPHOCTH PACHpPECICHHUS HArpy3KH IO 3yOIam,
MOCKOJIbKY HEM30E€KHBIE TEXHOJIOTMYECKHE 3a30phl B MpEeax MOoJis JOMYCKOB MPUBOMAAT K
OTCYTCTBHIO KOHTAKTa Ha OTJICIBHBIX 3yOIlaX U UX MEeperpy3Ke.

AHAaJM3 COCTOSIHMSI BONpoOca W WeJdb HccaeAoBaHusA. PekoMeHnanuu o 3aJaHuu
[I1aroB 1mo 3yomaMm ¢ Au¢QepeHINPOBAHHBIMEI JTOMYCKAMH TSl YIIYYIICHUST PACIIPEICTICHUS
PEAKTUBHBIX YCHIIMN BBI3BIBAIOT 3HAUYUTENbHbBIC TPYAHOCTH, HAIIPUMED, BBHIITOJIHEHUE I1aroB C
touHocthio 70 0,005 mm [1]. HccnenoBanue, NPOBEACHHOE C TOMOIIBIO YHCICHHO-
AQHAJMTUYECKOTO METO/a MOTeHIHana [2], mokasaao Heuenecoo0pa3sHOCTh MOKMCKA PEIICHHH,
HANPaBJICHHBIX HAa O00OECIEYCHHE PaBHOMEPHOTO paclpeselieHuss Harpy3kd 1o 3yOmam ¢
noMoIsio audHepeHIMpOBaHHbIX 3a30pOB M3-3a WX KpaiHed MajocTh (Ha MepBOil mape
3yomoB 3azop 0,01 mm, Ha BTOpoii — 0,006 MM), YTO HETOCTHKMMO TPH CYIICCTBYIOIINX
MeToaax 00paboTKH.

B nmpaktuke TpOEKTUpOBaHWS TMPU BHIOOpPE pa3sMEepoOB MPOBOAMTCA OIEHKA
HANpPSHKEHHOTO COCTOSIHUSL XBOCTOBOTO COEIUHEHHS] HUCXOIs M3 YCJIOBUM KOHTAaKTa BCEX
COTPSATAEMBIX JIEMEHTOB coenHeHus . [Ipyu ’TOM nMeeTcst B BUY, YTO OTKJIIOHEHHS IIaroB OT
TEOPETUUECKUX BEJIMYUH, 0OYCIOBIMBAIOUINX KOHTAKT COMPATaeMbIX MMOBEPXHOCTEH, MOTYT
UMETh MECTO B TpeJesiax IOoJIS JOMYCKOB, KOTOPBIC IJSi €IOYHBIX XBOCTOBHUKOB JIOMATOK
napoBbIX TypOuH HaszHauyaroTcs B npeaenax 0,01...0,02 mm [2, 3]. CyimecTByeT mpeanochuika,
4TO 3a30p Mpu pabore TypOWHBI BBIOMpAETCS 3a CYET MOAMSTHS OMOPHBIX IUIOMIAJIOK,
HaXOJSIIMXCSI B KOHTaKkTe (MX riactuyeckoit nedopmanun) [4]. Kaptuna ycyryomnsietcst Tem,
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YTO HCXOJHbIE TEXHOJIOTMYECKHE 3a30pbl B Ipefenax [OMyCKOB HE BCErJa MOTYT
YMEHBLIATLCS B Mpoliecce paboThl TOJIBKO 3a cYeT JeGopMaluii MUKPOHEPOBHOCTEH OMOPHBIX
MTOBEPXHOCTEM.

BeiOop  BenMYMHBI KOHTAKTHOW  TOBEPXHOCTH IPU  MPOCKTUpOBaHHU  [5]
OCYILECTBIISIIOT UCXOMAS M3 CPETHHUX HANPSHKCHUH CMATHS, XOTA 1O Psy NPUYHH 3a4acTyIO
HPOUCXOAUT CYIIECTBEHHOE MECTHOE IMOBBILIICHHE TUX HANPSDKEHHUH (OTCYTCTBHE KOHTAaKTa
Ha OTIENIbHBIX yYacTKax 3yOIIOB HM3-3a MCKa)KEHHS OTMOPHOW MOBEpXHOCTH). [0 HEKOTOpHIM
OLIEHKaM BOJIM3M KOHTAKTHOM IUIOLIA/IKU peau3yeTcsl HalpsHKEHHOE COCTOsHHE, OJIM3Koe K
BCCCTOPOHHEMY CKaThio [6, 7], W HampspKeHHsl CMSATHS MOTYT JOIYCKAaThCS ONU3KUMH K
npezeny TeKy4ecTH.

B [8] ormeuaetcsi, 94TO 30HBI MIACTUYECKOMN e OpMaIMK HEBEIUKH, OHH PAKTHYCCKH
HE YBEJIMYMBAIOT IMOJATIMBOCTU 3yOLIOB M HE MEHSIOT paclpelesieHue Harpy3kud MeExKIy
HUMH.

Lenbto paboThl sABISETCS YIIydllleHHE PABHOMEPHOCTH PaCIpeesieH s HapsDKEHUH B
XBOCTOBBIX COCIMHEHHSAX €JIOYHOTO THIIA 32 CUET YJIyUIIeHUs (JOPM OMOPHBIX MOBEPXHOCTEH
3y0OL10B 1 KOMIIEHCAIIUN TEXHOJIOTHYECKUX 3a30POB.

OcHoBHast yacTh. [lomyuuBime pacrpocTpaHeHHE B HACTOSIIEE BPEMS B IPAKTHKE
NPOEKTUPOBAHUS YMCJICHHBIE METOJbl pacyera Ha OBM ¢ moMompio MeToJa KOHEYHBIX
3JICMEHTOB TIO3BOJISIIOT, B OTJIMYHME OT TPAIUIMOHHBIX (OCHOBAaHHBIX Ha MOJOKECHHIX
COMNPOTHBJICHHS MATEPUAJIOB M TEOPUH YNPYTOCTH), MPOBOIUTH MOAPOOHOE HCCICIOBAHUEC
o01ero HampsbkeHHO-aehopmupoBanHoro cocrosiuus (HIAC) m xapakrepa pachpeneiceHus
MECTHBIX HANPsDKEHUH B IByXMEpHOU U 00beMHON MOCTAHOBKE 3a7a4H.

C momorsio mporpaMMmuoro komruiekca ANSYS Ha 6aze MeTo/1a KOHEYHBIX YJICMCHTOB
(MKD) paccmotpenst HIIC XBOCTOBBIX COCAMHEHH MPH CIEAYIONIMX BapHUaHTaX PadOTHL:
Ne 1 — konTakT Beex map 3y61oB (puc. 1); Ne 2 — 3a30p Ha 1 mape 3y6roB (puc. 2); Ne 3 —
3a30p Ha 1 u 2 mape 3youoB (puc. 3); Ne 4 —3a30p Ha 1, 2 u 3 mapax 3youos (puc. 4).

Ha puc. 5-8 nokaszano pacrpeneneHne MakCUMAJIBHBIX W CPEAHUX HANPSHKCHUN TI0
pacUeTHBIM CeUCHHUSIM XBOCTOBHKA (pHc. 1).

Kak BunHo u3 pucyHkoB 1 m 5, Hanbonee HarpyKeHHOHM SIBISIETCS BEpXHsAsS mapa
3y6uoB. Jlake mpu BapuaHTax OTCYTCTBHUSI KOHTAKTa YpPOBEHb HANpsKEHUH 3/1€Ch OCTAeTCS
3HayuTenbHbIM  (puc. 2-4, 6--8). Cieayer OTMETHTh, YTO 3a30Pbl  BBI3BIBAIOT
nepepacnpe/iefieHie HampsHKeHUH Ha OCTaJIbHBIX Mapax M IHeperpy3Ky KOHTAKTHPYIOLIMX
3yOII0B.

B [9] aBTOpamm naHHOW cTaThH MpeaiaratoTcs (OPMbI OMOPHBIX MOBEPXHOCTEH,
KOTOpPBIE MOTYT 00ECTICYUTh KOMIICHCAITUIO TEXHOJIOTMYECKIX 3a30POB.

B enoyHoM XBOCTOBOM COEAMHEHMM 3a CUeT YBEJIMUYEHHsS paJuycoB 3yOLIOB
XBOCTOBHMKA M JIMCKA TUIOIIAJKAa KOHTAKTa CBOAWTCS K JIMHHUHU IO TOJIIMHE XBOCTOBHKA. Bo
BpeMs pabOThl TYypOHMHBI B CBSI3U C JACHCTBUEM LEHTPOOESKHBIX CHJI HA JIMHUM KOHTAKTa
OIOPHBIX MOBEPXHOCTEH XBOCTOBOT'O COCMHEHHS BO3HUKAIOT epopmariuu cMsatust (puc. 9).

@opMbl  OMOPHBIX IOBEPXHOCTEM 3yOLIOB  MO3BOJSIOT  paccMaTpuBaTh  HX
B3aUMOJICHCTBUE KaK 3a/lauy TEOPHUH YNPYTOCTU MPH KOHTAKTe IBYX IUIUHIpoB (puc. 10)
[10].

Ecnmu mwimHAPB M3TOTOBJIEHBI W3 MAaTEPHANIOB, Y KOTOPBIX MOJIYJb YIPYTOCTH
E, = E, u koapduuuent [lyaccona v, =v,, To MakCUMaJIbHble KOHTAKTHbIE HANPSHKEHUS

1)

TAC p — paclpCACJICHHAas Harpy3Ka 1o JIMHC MUJINHAPA.
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Ha puc. 11 mnokazano HJIC
XBOCTOBOT'O COEUHEHHS npH
KOHTaKTe BCEX Map 3yOIlOB, Korja
IIJIOIIAKa KOHTAKTa CBEJACHA K JIMHUHU
B OCEBOM HAIPaBJICHUU.

B Ttabmume mnpencTaBicHBI

BapHaHThI paboThI €JI0YHOI0
XBOCTOBOTO COEJIMHEHUS C
KOMIICHCAIen TEXHOJIOTUYECKUX
3a30poB. Kak BuaHo u3 Tabmuupsl,
BEJIMYMHBI cOMmmKEeHUs 3y0O110B
XBOCTOBOTO COEMHEHUS
o0ecrneunBaroT KOHTAaKT BCEX
OIMOPHBIX MMOBEPXHOCTEH.
OxoHuarenbHast kaptuHa  HJIC
PacCMOTPEHHBIX BapUaHTOB

HE3HAYUTENFHO OYJET OTINYAThCS OT
Bapuanta Ne 1, mpencraBieHHOTO Ha
puc. 11.

Kpome Toro, Ttakas dopma
OTIOPHBIX TOBEPXHOCTEH HECKOIBKO
CHIDKAeT MaKCHMaJIbHBbIE W CPEIHHE
HANIPSDKEHUS. B PACUYCTHBIX CEUYCHMSIX
XBOCTOBHKA (3a CYET OTPHUIATEIbHBIX
HATPSDKEHU T cKaTuA OTIOPHBIX
IUTOINA0K), YTO MMOKa3aHo Ha puc. 12.
AHaJOTUYHBIN XapaKTep MPOsIBISIETCS
U B IPyTUX BapHaHTaX KOHCTPYKIIUH.

BbiBOALI. [Ipn HaJIUYUHA
TEXHOJOTHUYECKUX 3a30pOB u
CyIIeCTByIOIIeH (opme  OMOPHBIX

MOBEPXHOCTEH HEBO3MOXHa JedopmMalus 3yOLIOB, KOMIIEHCHUPYIOIAs 3a30pbl, BCIEICTBUE
CTECHEHHOCTH JAedopmanuii maTtepuana B 30HE KOHTakTa. PaszpaboTaHbl Mephl 10
00ecreyeHNI0 KOHTAKTa BCEX OMOPHBIX MOBEPXHOCTEN U MPEAIOKEHA YCOBEPIIEHCTBOBAHHAS
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reomMeTpuss  Opoguias  Co  CHENUAIbHBIMM  (OPMAMU  ONOPHBIX  IOBEPXHOCTEH,
o0ecrneynBaroIMMU KOMIICHCAIIMI0 TEXHOJIOTHYECKHUX 3a30pOB 3a cueT aedopmauuii, 6oiee
PaBHOMEpPHOE pacIpe/ie]IeHNe PEaKTUBHBIX YCWIMH W BbIpaBHMBAHME OOIIMX M MECTHBIX
HaIpsHKEHUH.

Tabunma
BapuaHTBI pabOTHI €JIOYHOTO XBOCTOBOT'O COCIHEHUS ¢ KOMIICHCAIMEH TEXHOJIOTMISCKHIX 3a30POB

3yOr11b1 KoHTakTHBIC HaNPsHKEHUS Conmmxenue 3y0110B
(oT mpo¢ubHOI YacTH) Ha 3y011e, XBOCTOBOTO COEIMHEHUH,
Omax, MIIa A, MM
Bapuant Ne 1 (koHTaKT Bcex 3yOI10B)

1 mapa 5660 0,013

2 mapa 4400 0,008

3 mapa 3770 0,006

4 mapa 3140 0,005

5 mapa 2520 0,003

6 mapa 1890 0,002
BapuanTt No 2

1 mapa - -

2 mapa 8390 0,026

3 mapa 6520 0,017

4 mapa 5590 0,013

5 mapa 4660 0,009

6 mapa 3730 0,006
Bapuant Ne 3

1 napa - -

2 mapa - -

3 mapa 9470 0,032

4 mapa 8420 0,026

5 mapa 7370 0,021

6 mapa 6310 0,016
Bapuant Ne 4

1 nmapa - -

2 mapa - -

3 mapa - -

4 mapa 11300 0,043

5 mapa 10000 0,035

6 mapa 8777 0,028
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Puc. 12 — Bapuanr Ne 1. Pactipenenenne HanpspkeHHH B pacUeTHBIX CEUYEHHSIX XBOCTOBHKA,
KOT/1a TIOIIaAKa KOHTAKTa CBEJICHA K JIMHUY B aKCHAJIbHOM HalpaBlICHUN
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Jlist miiBUIEHHST PIBHOMIPHOCTI PO3MOJUTY PEaKTUBHHUX 3YCHJIb MO 3YOLSIX XBOCTOBOTO 3’ €JHAHHS
SJIMHKOBOTO THITYy 3aIllpOIIOHOBAHI CreliajbHi (POPMHU ONOPHUX IOBEPXOHB, L0 3a0€3MEeUyIOTh KOMIICHCALIIO
TEXHOJIOTIYHUX 3a30piB 32 paXyHOK Jedopmariii SMUHaHHS.

KarouoBi ciaoBa: maposa TypOiHa, HampyskeHO-Ie(OpMOBaHMI CTaH, XBOCTOBE 3’€JHAHHS, OIOpHA
MIOBEPXHSI, KOHCTPYKIIis

For the increase of equitability reactive efforts on the indents of tail connection the nospread functions
of underlayments, providing indemnification of technological gaps due to deformations of crumpling, are
offered.
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