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Pesiome:

Ocob6eHHOCTN TEXHONOIMWU W3FrOTOBAEHMA MOPUCTOrO MPOHULAEMOro Matepuana Ha OCHOBE MPOBOJIOKM MO3BOWAU
NPOBECTU aHANUTUYECKoe UCCNef0BaHUE CTPYKTYPbl M CTPYKTYPHbIX XapaKTEPUCTUK MPOBOJIOYHOIO Tena HAMOTKM C
Luenblo MPOrHO3MPOBaHMA CBOWCTB MaTepuana, Moay4aemoro nocseaywouwenn aedbopmaunoHHo obpaboTkoi
(pagmanbHbim 063katTnem). bnarogaps OpraHM30BAHHOW Peryivpyemon YKAafKe NPOBOOKU BUTOK B Tesie HaMOTKU
paccmMoTpeH Kak MHOronposieTHaA Hepa3pe3Haa 6anka, a CONPUKOCHOBEHWE BUTKOB — KaK KOHTAKTHOE B3aMMOAENCTBUE
OBYX UMAUMHAPOB. [lOCTAaTOMHO TOYHbLIA pacyeT KOAMYECTBA MEMBUTKOBBIX KOHTAKTOB MO3BOAWA NepenuTu ot
nepemelLeHnin B eguHMYHOM ¢parmeHTe K gedopmaumm Tena HaMOTKM B Uenom. Ha ocHoBaHMM wccnenoBaHUA
0ebOpPMaLMOHHBIX MPOLLECCOB C Y4ETOM reOMETPUM Tesla HAMOTKM U MEeXaHUYECKMX CBOMCTB UCMONb3yEMOM NPOBOJIOKU
paccunTaHbl CTPYKTYPHbIE XapaKTepPUCTUKU MOPUCTOrO MPOHMULLAEMOrO MPOBOJIOYHOTO MaTepuana. YCTaHOB/IEHO
ONTUMa/IbHOE KOJIMYECTBO C/I0OEB HAMOTKM, UCK/IOYAIOLLEE UCKAKEHWUE OPraHM30BaHHOCTM OKOHYATE/IbHOW CTPYKTYPbI.
MonyyeHa B3aMMOCBA3b MeXAY AABNEHUEM 063KaTWA TeNa HAMOTKM U OTHOCUTEIbHOM NIOTHOCTLIO M3rOTaBANBAEMOTO
maTepuana, Mo3BOAAKOWAA YNPaBAATb TEXHONOTMYECKUMU PEXMMAMM HAMOTKM M YNAOTHEHMA Aaa obecnevyeHua
Tpebyembix CBOMCTB U3aenus.

Abstract:

The details of making technology of porous permeable material with use of wire are allowed to carry out the analytical
research of structure and structural characteristics of wire winding body. Its permit for prognostication the final proper-
ties of material, that is produced by the following deformation treatment (diameter reduction). Due to the regular orga-
nized arrangement of wire, the coil of winding body is considered as a multispan continuous beam, but a contact of coils
— as interaction of two cylinders. Possibility of exactly calculation of the contacts between coils is allowed to go over the
single fragment displacements into deformation of whole winding body. During research of deformation processes in
regards of winding body geometry and used wire mechanical properties, the structural characteristics of porous permea-
ble wire material are expected. The optimal number of winding layers, eliminating the distortion of organized final struc-
ture, is established. The material pressure—compactness relation is obtained in order to control the technological condi-
tions of winding and drafting for guarantee the product required properties.

Kniouesble cnosa:
Xapakmepucmuku.

npoeosioka, meso HAMOMKU, o6)+camue, KOHMaKm u u3eub 8UMKo8, CMpyKmMypHsole

Key words: wire, winding body, diameter reduction, contacting and bending coils, structural characteristics.

CetyaTble MaTepuanbl WMeT pag
npenumyLLecTs Mo  CpaBHeHUIO ¢
NMOPOLIKOBBIMU — TOYHYIO
BO3MOYHOCTb BapbMpPOBaHUA

CYLLECTBEHHbIX
maTtepuanamm
MOBTOPAEMOCTb  CTPYKTYpbI,
B LMPOKOM AmanasoHe

6narogapsa uMx cnocobHOCTM nponycKkaTb 4epe3s cebs
XUOKOCTM UM rasbl. TpaguUMOHHO Takue uM3genusa
npeacTaB/ieHbl MaTepuanamMu Ha OCHOBE METAIZIMYECKUX
AN Kepamuyeckux nopowwkos (MMNMIM), meTananyeckux
cetok (MMNMC) [1, 2]. OgHMm wm3 ycnoBuit obecneyeHun
HafexHoi u 3ddeKkTMBHON paboTtbl 0b6oOpyAOBaAHKS,
KOHCTPYKUMA KOTOPOro npeaycmaTpuBaeT MCNosb3oBaHWe
noaobHbIX MaTepuanos, asasetrca cosgaHume MMM ¢
OpraHM30BaHHOM peryiMpyemon CTpyKTypoi nop.

NMOPUCTOCTM U peryInpoBaHMA pasmMepoB MOp, a TaKkKe
NAACTUYHOCTb U BbICOKYHD AMHAMMUYECKYHO MPOYHOCTb [2].
OpgHako TexHonorma wmsrotosneHna [MMNMC Becbma
TPpyAOEMKAa W pgoporoctoAlla. B cBAasM ¢ 3atum
NnepcneKkTMBHbIM HanpaBneHMem B obnactu co3paHuAa
HoBbix MMM  aBnaetca  paspaboTka  maTepuanos,
obnagatowmnx perysiMpyeMmon opraHM3oBaHHOM CTPYKTypoOi
W BbICOKMMM MOKA3aTENAMM 3SKCN/IyaTaLMOHHbIX CBOMCTB
nogobHo MMMC, Ho 6onee TEXHONOrMYHbIX U MEHbLUEN
cebecToMmocTbto.
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MpeacrtaBnaeTca BO3MOKHbIM um3rotosneHue MMM u3

HEenpepbIBHOTO  METa//Indyeckoro  BoJIoKHa  (MMMB)
C MCNONb30BaHMEM B KayecTBe OCHOBbI MPOBOJIOKM 6e3
npenBapuUTeIbHOrO nneTeHun CETOK. Mpouecc
M3roTOB/IEHNA TaKOro MmaTepuana BKAOYaeT B cebsA

dopmupoBaHME NPOBOJIOYHOM 3aroTOBKM B BUAE Tena
HamoTKn (TH) nyTem nNOCNOMHON KpPecToBO HaMOTKM

NPOBOIOKM Ha dopmoobpasytoLyto OnpaBkKy
n nocnegytowero pedbopmupoBaHua TH B  ycnosuaAx
paguanbHoro o6xaTus 6e3 panbHelwero CcnekaHus,

Heobxoaumoro ansa nonydeHus NNMM [3].

CospgaHue [MMMB Kak HoBOro MmaTtepuana Tpebyer
M3YYEHUA €ero CTPYKTYPHbIX XapaKTEPUCTUK, yrnpaB/ieHue
KOTOPbIMW OCYLLECTBAAETCA YXKe HA CTaamn GopmupoBaHua

3aroToBKM B npouecce HaMOTKM NPOBOJIOKW;
OKOHYaTenbHasA CTPYKTYypa dopmupyetca npu
nedopmaumnoHHolt obpaboTke TH.
CTPYKTYPHbIE = XAPAKTEPUCTUKM MPOBOJIOYHOIO
TENA HAMOTKU

Hamotka npoBosiokn (Puc. 1) aguametpom d Ha
bopmoobpasytoLyto UUAVHAPUYECKYHO onpaBky

AnameTpom Doq, M paboueit aanHoi L ocyuiectenaerca nog,
yrnom b K nonepeyHoi nNaocKocTM onpasKkK B n cioes. Oa
HaMOTKM KaKAOro CNos NPOM3BOAWTCA YKAaAKa BUTKOB
NPOBO/IOKM BAOAbL TH 3a Tpebyemoe KonM4yecTBo NpoxXoaoB
B o06oux HanpasneHusAx, obecneunBas HeobXoAMMbIN
MOCTOAHHbIM  33a30p S MeXay [ABYMA  COCeAHUMMM
OAHOHANpPaBNeHHbIMW BUTKaMM [aHHOro CA0A NO BCel
OVHe yKnagku L.

CTPYKTYypHbIE XapaKTEPUCTMKU, TaKMe KaK MOPUCTOCTD,
yAenbHas MOBEPXHOCTb MOp, pasmep Mop, OTHOCATCA
K KNaccy reomMeTpuyeckMx M MoryT b6biTb onpegesieHbl
AHANUTUYECKM.

MopuCTOCTb  XapaKTepusyeT  BeAWUYMHY  MyCTOro
BHYTPEHHEro npocTpaHcTBa B nopuctom  Tene
W onpegensetca ob6bemom NyctoT B eguHUuUe obbema
Bcero Tena [1]. O6bwana gns Bcex matepuanos dopmyna
NOPMUCTOCTU UMEET BUA,:

Puc. 1 MpuHyunuanbHas cxema yKaAadKu 8UMKO8 rpoeosoKu
npu ¢popmuposaHuu TH

Ona TH HapyXHbim aunametrpom DO M TonwmHOM
HamoTKM H (puc. 2) obuwmnii o6bem paBeH:

2 2
”(DO - Donp)

- L=z H (Do + H)- L (2)
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Puc. 2 PacuemHas cxema ¢popmuposaHua TH

3aHMMaeMmblit NpoBONOKON 06bem TH paBeH:

7z-d2

24ty 3)

Vap

3pecb ucnonb3yemasa AJiMHa NpPoBOJIOKM |y, AsnAeTca
CYMMOM ANMH NPOBOJIOKM Ha BCeX CNOAX HaMOTKM |,=31.
Tpebyemasn ana dopmmpoBaHMa ogHOro i-oro cnos anuHa |;
npwu ABYCTOPOHHEN packnagKke onpeaenaerTca Kak (cm. puc.
2): 1) nponsBeaeHMe ANMHbI BUTKA B i-OM C/10€ AMaMeTPOM
D; Ha obuwee KonM4YecTBO BUTKOB B 3TOM cnoe; 2)
npousseneHne AJVHbI NMPOBOJIOKM AAs OAHOrO Npoxoja
B i-OM C/10€ Ha YMCco Npoxoaos B coe. Toraa:

n n b
Inp = E I = E zZDi L-cosf ,|_
cosf d+s
i=1 i=1
n D s
2 : L -Dj; -sin
_ : .7T i ﬂ_z — (4)
sin d+s
i=1
n
2.7-L Z 2-7r-n-(D0np+H)
=== —. D; = L
d+s d+s

i=l1

Takum o6bpasom, gnas TH ¢opmyna (1) ¢ yyetom
BblpaxKeHui (2-4) oKoHYaTeNbHO NPUHUMAET BUA,:

Hozlanpzlf 2d22 _an:
Yo DE —Dgpp L
(5)
__2xmnd® . xd . 08d
4-H~(d+s) 4-(d+s) d+s

YaenbHas NOBEPXHOCTb MOP XapaKTepusyeT CTeneHb
PasBUTOCTM BHYTPEHHEW MOBEPXHOCTM MOPUCTOro Tesa
M onpeaenseTca NAowWwanblo NOBEpXHOCTEN Nop B eanHULe
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obbema Bcero Tena [1]. O6bwas gna BCcex maTepuanos
dopmyna yaenbHOM NOBEPXHOCTM NOP UMEET BUA,:

sy =31 _ Snp = Sk (6)
V V
[na npososnoyHoro TH nnowaabio NoBepxHocTen nop
sn ABnaeTca naowaap 6oKoBOM NoBEpPXHOCTU
MCNONb3yeMOi MPOBONOKU Sy, TaK Kak cnaraemoe,
yuuTbiBalOLWEee KOJNYECTBO hy U MAOWAAb Sy MeXBUTKOBbIX
KOHTaKTOB B TH, paBHO HyAto. Toraa:

2
n°-H \Dypyy + H
S1=Sup=7-d 1y %L )

Takum obpasom, gna TH dopmyna (6) ¢ ydyeTom
BblparkeHuit (2) u (7) oKoHYaTeNbHO NPUHMMAET BUA,

Snp V1
Syo = = 8
Vo o d+s ()

TOT ke pe3y/bTaT NoJy4uM, ECAN C YHETOM BblpasKeHus
(5) NCMNonb3yem dopmyny, npUmeHAeMyo
HenocpeacTBEHHO K MaTepuanam M3 MeTa/IMYecKnx CEeTOoK
[2]:

1-Ily =#
d d+s

Syo=4 (9)

CpegHuii pasmep Nop NPoBOAOYHOIO TH TaKkKe MOXKHO
onpeaennTb C y4eTom BbipaxkeHus (5), ucnonbaya popmyny
AN MaTepuanos 13 MeTaNNNYeckux cetok [1, 2]:

oy 4
dro=d-—2—=".(d+s)-d~13-5+03-d (10)
-1y ~«

Pasmep nopbl ycNOBHO COOTBETCTBYET MAaKCMManbHOMY
pasmepy wWapoobpasHoM 4YacTuLpbl, NPOXOAALLEN CKBO3b
nopy, 1 B TH npumepHo paBeH 3a3opy s (Puc. 3). BeanuunHa
3a30pa cBfA3aHa C OCOBEHHOCTAMM YKNAAKW MPOBONOKM —
C HEM36eXKHbIM CMELLEHMEM COCeAHUX OAHOHAMNPaBAEHHbIX
BUTKOB B MECTAxX UX NepeceyeHns Co BCTPEYHbIMU BUTKAMMU.
MUWHMManbHOEe 3HauYeHue S MOXKeT bbiTb onpeaeneHo w3
AABC Ha Puc. 3:

d+ Se
AB=VBC? — 4c? “min _

sin23

Bux

nosep. Ha 90° U yBeIH.

Smin/ST2[3

(d+Smin)/sin2 }

Puc. 3 Cxema 06pa3zosaHus a4eliku (nopsi) npu nepeceyeHuu
eumkoe

BbipakeHna (5-8) u (10) onucbiBalOT OCHOBHbIE
XapaKTePUCTUKKU CTPYKTYpbI NnpoBoaovHoro TH n nossonsatoT
C BbLICOKOM  CTEMEHbl  TOYHOCTM  MPOrHO3MPOBaTb
OKOHYaTeNbHble CBOKMCTBA MaTepuana, NoOJly4aemoro

nocneayowein aepopmaumoHHol obpaboTKoir.

CUNOBOE B3AUMOZENCTBUE BUTKOB MPOBOJIOKU MPU
YNNAOTHEHNU TENA HAMOTKMH

Ha aTane paguanbHOro ynioTHeHWs npososo4yHoro TH
NPOUCXOAUT YMEHbLLIEHME TONLWMHbBI HAMOTKWU A0 BE/IMUYNHbI
h =H — A (Puc. 4) 3a cyeT nporuba 6, BUTKOB NPOBOJIOKU
B MEMKOHTAKTHbIX 30HaX, BbI3BAHHOIo u3rubatouen cuion,
M 33 cYeT conmxeHma O, BUTKOB B 30HAX MX KOHTAKTHOro

B3aMMOJENCTBUA, BbISBAHHOrO  CXMMAIOWENA  CUNOW.
AbcontoTHylo  gedopmaumio  TH  MOXKHO  BblpasuTb
cnegyrowmm obpasom:

A=n-8, +(2-n-1)-5, (6)

Hegpopmuposaniie

!

Hamomra

10y,

(2n—-1)d

T | gy AN ﬂ
3 g Hucmpysenm R Pl
l - Hucmpymenm
x “— - - T —. ) g . [t g X
N\ A\, N N
Y Y ¢
N SN A
Y PR [ ) g s | [ Qe
N N4 D\
o T P 2% ¢
A Y &N AT A A
Y Onpaska ﬁ Onpaska Onpaska
S
~

Puc. 4 CmpyKkmypa, usmeHAowasaca 8 npoyecce ynaomHeHua TH

JloCTaTOYHO BbICOKAA perynapHoCTb KOHTaKToB B TH
No3BOJIAET NepenT K ONMUCAHWUIO B3aMMOLENCTBUA BUTKOB
NPOBOJMIOKM B  EAMHUYHOM  KOHTaKTe, a WMEHHO,
K B3aMMOZENCTBUIO ABYX COMNPUKACAOLWMUXCA LUAUHAPOB
anametpom d nog yraom 2b merKay ocaMu, HarpyKeHHbIX
cocpenoToYeHHON CumatoLer cunoi Fk (Puc. 5).

B CcTagMm nNNacTMYECKOro HarpyKeHus cuaa cxatus
UMANHAPOB U UX cONnKeHMe pasHbl [4]:

2
Fe = ’36~5,%~GT:—127~d2~GT
np ns
(13)
0,6-n F
Oy = P d=0,6 np-ng K
ng -np-ng d-or

roe:

Na, Np, Np, Ng — KOIGOULMEHTBI B3aUMHOIO PACMOONKEHNSA
LUMANHAPOB, 3aBUCALLME OT yraa HaMOTKMU NPOBO/IOKK B (cm.
Tabnuuy 1),

oT — npeaen TeKy4yectTn maTepuana nPoBOIOKMU.

Puc. 5 Moodenb HazpyyxeHus ConpuKacarowuxcs YuauHopoe co
cxemoli ux KOHmakma



84 Management Systems in Production Engineering 2(22)/2016
A. JAKUBOWSKI, R. CRASTO - The structure analytical research of porous permeable wire material
Tabnuya 1
KoaghgpuyueHmeol 83auMHO20 pacrnonoxceHus yuauHopoes
B n np ns np B n, Ny ns np B n, np ns np
3° 9,01 0,28 0,34 0,40 10° 3,82 0,41 0,60 0,64 30° 1,49 0,72 0,94 0,94
4° 7,97 0,28 0,38 0,45 15° 2,73 0,49 0,73 0,74 40° 1,13 0,89 0,99 0,99
5° 6,63 0,31 0,43 0,49 20° 2,14 0,57 0,82 0,83 45° 1,0 1,0 1,0 1,0
AHanu3  nnactudeckor  aedbopmaumm  UMAMHAPOB B NepudepuitHbix cnoax cedeHua (puc. 7), HaubonbLni

NO3BO/IMA YCTAHOBWUTb, YTO WX MEPBOHAYA/IbHO TOYEUHbIN
KOHTaKT npuobpeTaeT ¢opmy 3AAMNTUYECKOM NAOWALKM
C pasamepamu 60/bLlLOK U Manon nonyocen (cm. Puc. 5) [4]:

0.6-1n, -ns-F
a=—2""a "0 Tk _gg.%a 5
d-or np
(14)
0,6-np-ngs - F, n
bzwzo_g._b.gk
d-or np
Torpa nnowasb KOHTAKTa paBHa:
T ng-n n
Sp=r-ab=2.2a" 5 g-"L 42 (15)
2 ns n2
o
Bnarogapa OpraHW30BaHHOW  YKNagKe MPOBOJIOKU
MOKHO TaK¥Ke paccMaTpuBaTb BUTOK B ntobom cnoe TH Kak
MHOTOMNPOJIETHYO HepaspesHyto 6anky Kpyrnoro
NMonepeyHoro ceyeHua auameTpom d, HarpyKeHHyto
nocepegMHe  KaXgoro  nposeta  COCPeAOTOYEHHOWM
usrnbatowen cunoii F, (Puc. 6).

B e — - - - —— 1
Jo—F-—JI-—-——————. o P ——— 1
TIYT77Y77777Y777777777N/777777777Y77777777747

= El ]:ll
2 V2 717 / 777
F.8 F/8 F/8
Puc. 6 Modenb u paciemHas cxemd Ha2pyxeHus
MHozonposnemHoli Hepa3pe3Holi 6aaku
PacctosHve mexay onopamu  6ankm c  yyeTom
BblpaxkeHus (11) paBHo:
I=(d +s)/sin2B~2-d[sin28 (16)

B cuny cummeTpuu HarpyeHus M 6onblworo yucna
onop abcontoTHas BE/NMUYMHA MaKCMMabHOTO
n3rnbamoLwWwero MOMEHTa MMeeT MecTo Hag onopamu
1 nocpeamHe nposietos (cm. puc. 6) [5]:

Fy -1

S (17)

|Mmax|=

B cTaguu ynpyroro HarpysKeHus, Korga MakCMmasbHble
HanpaxeHusa npu u3rnbe [OCTUrAOT BENMYMHBLI Npeaena

TEKYYEeCTU mMmaTepunana nNpPOBOJIOKUN Opax = O JUWb

n3rnbaloWwmnin MOMEHT C y4eTOM MOMEHTa COMNPOTUBAEHUA
W, Kpyrnoro cedyeHus onpegenaerca no ¢opmyne [6]:

3
-d
MmaX=Wx'O'max=7‘o'T (18)
y
| b)» R Oor ,O7 Op
PN S -
x -
d I/

Puc. 7 PaciemHas cxema pacnpedeneHus HanpsaxceHuli no
ceveHUIo NPoeosiIoKU

PaccmaTpuBas cOBMeCTHO BbipaxkeHnua (17) u (18),
HaXoANM:

3
w-d
F, = o 19
u 4.7 T (19)
B cTragMu  nnacTMYECKOro  HarpyXeHua,  Korga

nnactMyeckas gedpopmauma OxBaTbiBaeT BCe CeyeHue,
M HOpMasnbHble HanpaxeHua ¢ = oT = const (cm. puc. 7),
BE/IMYMHA Hanbonblero nsrmbatowero MOMEHTa
onpeaenseTca cnegyowmum obpasom [6]:

(20)

=or -

d

A 3
Iy.‘[d2_4.y2 dy .2:%.07
0

Mpu coBMecTHOM pelleHUn BbipaxeHuin (17) u (20)
Haxo4uMm:

o (21)

4 43
Fy=——
3 7

Takum 06pasom, B CTaAUMU NAACTUYECKOTO Harpy»KeHus
usrmbatowan cuna 8 1,7 pasa 6onblie, 4em cuna ynpyroro
Harpy»eHwus.

B cTagMM nNNacTMYECKOro HarpyKeHus ¢ y4yeTom
yNpoYHeHMUAa MaTepuana NpPOBOJIOKWU, KOrga B CeYeHUM,
OXBa4YeHHOM nnacTuyeckol gedopmaumeit, MakcMmabHble
HanpaxeHusa B nepudbepuiiHbIX CAOAX AOCTUralOT npeaena
NPOYHOCTM MaTepuana Omax = Og (M. Puc. 7), Hanbonblumi
n3rnbatowmii MOMEHT Bblpakaetca cnegylowmm obpasom
[7, 8]:
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3 3 3
T-d d” 2-or+3-0p
1Mm21>(:_6 o7 + o (O'B O'T) o 5

(22)

Torga NpyM COBMECTHOM pelleHMM BblparkeHuin (17)
1 (22), npyHMMan ANs NNacTUYHbIX MaTtepuanos or/og = 0,6,
Haxo4MM:

3 3
F, _4 d” 2or+3-op _ i.d_.1,4gT (23)

Takum 06pasom, B CTaguu NAACTUYECKOTrO HarpysKeHus
C Y4ETOM YNPOYHEHMA MaTepuana NpoBOIOKM M3rmbatowas
cuna B 1,4 pasa 6osblwe, Yyem cuaa NAACTUYECKOro
HarpyeHus 6e3 ynpoyHeHus maTtepuana, U B 2,4 pasa
60/1bLLIE CUJTbI YTIPYTOTO HArPYXKEHUs.

3aBucMMocCTb  npornba  MHoronponeTHon  6anku
KPYr1oro ceyeHua OT AeWcTBylowiein u3rmbatowwein cunbl
onpeaenseTcs no caeayrowen popmyne [7]:

o __F R (24)
= _
3-7-d* E 12-d?-EA
roe:
E - Moaynb nNpoAoAbHOW  YyNpyroctT maTepuana
NpPoOBOJIOKN,

A =td*/4 — nnowWaAbL NONepPeyHOro ceyeHns NPOBOSOKM.
Mcxoas u3 perynsapHOCTM OpPraHWM30BaHHOM CTPYKTYpPbl
npososioyHoro  TH, NpeacTaBAAeTCcA  BO3MOMXHbIM
NPOM3BEeCTM [AOCTAaTOYHO TOYHbIA pacyeT Ko/auyecTea
KOHTAaKTOB MeXay BWTKamu. [lpu 3TOM, KOJIMYECTBO
KOHTAKTOB PaBHO KOJIMYECTBY MPONETOB. PacyeT ycuauit
MU rnepemelleHUd B eAMHUYHOM KOHTaKTe MW nponeTe
Nno3gosiAeT  MepenTm K  ONpPeseneHuio  CUIOBbIX
M nedOpPMaLMOHHBLIX  XapaKTepUCTMK  paauanbHoro
ynnoTHeHna TH B uenom. TaK, KO/AMYECTBO KOHTaKTOB
BK/IlOYaeT B cebsf KOMYECTBO C/0eB, KOJMYECTBO BUTKOB
B MPOXOAE U NPOXOA0B B OAHOM C/I0€, TO eCTb C y4eTom (4):

2-L

n
N, =2- : .
K Z;rDi'tgﬂ

1=

-Dj-sin

d+s

ZD (25)

2emen Dy +H) Losin2p Ly,
B (d+s>2 o

YANWHEHUE NPOBOJZIOKU MNPU YNJIOTHEHUU TENA
HAMOTKMH

Mnactnyeckaa aedopmauma, pPaCNPOCTPaAHAIOLLAACA
B FNyO6UHY CEYEeHUs MPOBOJIOKU C YBEMYEHMEM HArpy3KM,
OXBaTbIBaA BCIO BbICOTY CEYEHMA, NPUBOAUT K 06pa3oBaHuUIO
TaK Ha3blBAaEMOro MNACTUYECKOro LWapHUpa. B Hawem
cnyyae naacTnyeckue LIapHUPBI obpasytoTcs
O[HOBPEMEHHO B CEYEeHWMsX Hag Onopamu U nocpeguHe
nponetos (Puc. 8).

Mpu 3TomM Kaxablh nponetr 6ankm obpalaerca
B MexaHu3m. YT1obbl onpenenutb cuay Fu, npu KoTopou
BO3HWKAET  NJACTUYECKUA  LApHUP, AAA  KaXAaoro

2 2-7-L-sin2f3

(d +s)2

6a/104HOr0 MexaHM3Ma COCTaBUM ypaBHEHUE Npeae/ibHOro
paBHoBecua B Gopme ypaBHeHMA paboT (cm. Puc. 8):

Fu

M Cma\’

Puc. 8 Moodenb 06pa3osaHus naacmu4eckKoz2o wWapHupa

Fy8y =M ag+MBy ap+

c (26)
+ M max -(aA +aB):4-MmaX -a

rae BBMAY CUMMETPUM HArpy)XeHua oa=0p=0 — YI/bl
nosopoTa crepxHelt AC u BC B niacTMyeckumx wapHupax A
" B cooTBETCTBEHHO, MAmax = MBmax = MCmax =Mpax = oT-d3/6
— npegenbHble M3rnbarolme MOMeEHTbI, COOTBETCTBYHOLLME
COCTOAHMIO MIACTUYECKOro WapHMpa, B ONOpax U B TOYKe
NPUNOXKEHNA HArpy3Ku.

Tak Kak Ha MOMeHT o06pa3oBaHWA MNJACTUYECKOro
LWAapHMPpa NepemeLLeHna Manbl B CPaBHEHUWN C BEIUYUHOWN
nposieTa, TO MOXHO MPeAnonoXuTb, Yyto a = 2:5,/l. Toraa
ypaBHeHue (26) NnpUHMMaET BUA;:

b4 Muax a8 Mimax _
s o
u

3
28
3 1

370 BblpaXeHue NO3BONAET ONpPeaenaTb HarpysKy, npu
KOTOPOM BO BCEX MNpOJIeTax MHOronposieTHo 6anku
oAHOBpeMeHHO 06pasytoTca naacTuyeckue WwapHUpbl. OHO
NOMIHOCTbIO COOTBETCTBYET BblparkeHuto (22).

O4yeBMAHO, YTO OCb NJIACTUYECKU M3OrHYTON Hanku
ANvHHee ocu 6ankn B HeaedpOpMMPOBAHHOM COCTOAHWUM
(cm. puc. 8). MpeHebpexkeHne yOoAMHEHMEM BO3MOMKHO
B C/nydyae, Koraa nporub upeamepHo man (6, << d) wan
A/IMHA nposieTa YpesmepHo Benuka (I >> d) B cpaBHeHUM
C paamepamu cedyeHus [5]. B Hawem cnyyae npornb 6anku,
paccToaHWe Mexagy onopamMu W AMaMeTp CeyeHua —

BE/IMYMHBI OAHOrO nopsaKa. [o3aTomy yAnuHeHMem
M30rHyTon 6ankm npeHebpeyb Heb3A.
Ona  onpepeneHns  yaNMHEHWA  MNPOBOJIOKM  MpU

paguanbHom ynnoTHeHuMn TH npeactaBum  OTAENbHO
6aNoYHbIi MEXaHW3M B BWAE CTEP)KHEBOW CUCTEMBI,
Harpy»keHHol cunoi F, B y3ne C, U COCTaBUM ypaBHeHUe
paBHOBECKA B NPOEKLMMN Ha BEPTMKA/bHYIO OCb Y (cM. Puc. 8):

Yy=0 2-N-sina—F,=0 (28)

roe:
N — BHyTpeHHAA NpoaonbHaa cuna B ctepkHAX AC i BC.
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Toraa oTHOCUTENbHOE YA/NMHEHWE CTEP)KHEN COrnacHo
3aKOHY 'yKa U € y4eTom BblpaxkeHui (27) u (28) paBHo:

el 0T (29)
F™Ed 3.1 Ed-sina
C ayrov cTopoHbl, U3 puc. 8 cneayer:
ep=— 1= 2'(5“,_5’<)—1:>
cosa l-sina
(30)
2'(5u _5K)

2sma=w

PaccmaTpuBana cOBMeCTHO BbipaskeHus (29) u (30),
Nnoay4Ynm:

2.4- (5 — )
d

EF = -1 (31)

PagnanbHoe obKaTne LMANHAPNYECKOTO TH
CONpOBOXAAeTCA yMeHblUeHWeM ero guvameTpa — U Hapg,
OBYMA COCeAHUMM BUTKAaMM B Kaxaom cnoe obpasyetca
«M30bITOYHAA  AJIMHA», KOMMEHCUPYOLWAA JIOKanbHOe
naacTMyeckoe yaanMHeHne npoBosioKkKU. B pesynbrate atoro
B HanpaBieHWW OT BHYTPEHHEro c/08 K HapyXHOmy
naacTMyeckoe yanuMHeHWe OyaeT yMeHblaTbCA U MOMKET
OTCYyTCTBOBaTb BOBCE. Kpome TOro, 3a cyeT «M36bITOYHOM
OJIMHBI» HensbexeH CaMONpPOU3BO/IbHbIN n3rnb
npoBosiokM. C OA4HOM CTOPOHbI, 3TO MO3BONAET CHU3UTL
cunoBble 3aTpaTbl Ha o6aTue TH, a Take cnocobcTByeT
nepenneTeHuto  BWUTKOB, obecneyvMBas Tem Cambim
NnoBbiWeHWe MPOYHOCTU W3roTaBAIMBAEMOro martepuana.
C [apyrot CTOpoHbl, 3TOT e 3ddeKkT npusoauT
K WCKaXKEHUIO OpraHM30BaHHOCTU CTPYKTypbl MMMB (Puc.
9). Noatomy uenecoobpasHO YCTaHOBUTb, HA KaKOM i-OM
cnoe naacTUyecKkoe yaJMHeHWe U «MU3bbIToYHas AJMHA»
KOMMEHCUPYIOT ApYyr Apyra.

Puc. 9 TH 0o o06xcamus (a), a makce nocae obxcamus ¢
coxpaHeHHoli opaaHu3oeaHHoli (6) u uckaxceHHoli (8)
cmpykmypoli

OTHOCUTEeNbHOE YA/IMHEHME BUTKA NPOBOJIOKM B Ilo6om
i-om cnoe anametpom D; (cm. puc. 2) 3a cueT ob6pasoBaHus
«U36bITOYHON  ANUHLI» NPU  YMEHbIUEHUN  TeKyLlero
anameTtpa B npouecce ynaotHeHua TH, yuuTbiBas
BblpaxkeHue (12), paBHo:

ﬂ-Di/cos,B—ﬂ-(Di—2-A)/cosﬁ _2-A

EPD =

- Dj/cosf D;
(32)
s n-S,+(2n=1)08 8, +2-
o (2-n-1)-d D,
Dopp +2 (2 n 1) d onp 5.4

2-n

Torga, NpuWpaBHAB MiacTUYECKoe YAJIMHEHUE BUTKa
NPOBOJIOKM OT HEMOCPEACTBEHHOIO AEWCTBUA Harpysku (31)
K YOJIMHEHWIO BUTKa 3a cyeT 06pa3oBaHMA «M3ObITOYHOM
AnvHbY (32), onpeaensem, Ha KaKOM C/loe 3TU YANUHEHUA
KOMMEHCUPYIOT Apyr Apyra:

D,
EDSEF = n< 1 . onp =
2.d Oy +2- 0 5
2,4-(5, —6)—d

(33)

_|u—d ‘:M

S.—d/2 16-d
BbipaxeHue (33) No3BOAAET YCTAaHOBUTbL MaKCMMasibHOe
KONMYECTBO  C/A0EB  HAaMOTKM  Npu  GOPMMPOBAHMM
NPOBOJIOYHOM 3arOTOBKM C Tem, 4YT0bbl M3bexatb

WCKaXKEHNA OPraHM30BaHHOCTM OKOHYaTENbHOW CTPYKTYpbI
MMMB.

CTPYKTYPHbIE XAPAKTEPUCTUKHN YNIZTIOTHEHHOIO TENA
HAMOTKH

Ha OCHOBAHUU M3y4Y4eHHbIX  AepOpPMaLMOHHbIX
NPOLLeCccoB, NPOUCXOAALMX MPU PaANaZIbHOM YNAOTHEHUM
TH, 6naropaps OpraHM30BaHHOM CTPYKTYpe
npeacTaBaneTca BO3MOMHbIM - paccuuTaTb  CTPYKTYpHble
XapaKTepPUCTUKN NPOBOSIOYHON NPECCOBKM.

Mopuctoctb MMMB onpeaenserca cornacHo ¢opmyne
(1). Npu 3TOM 06WNI 06 BEM NPECCOBKU COCTABANAET:

2 2
(-0},

7 -L:ﬂ«h«(Donp+h)»L:

V=rx-
(34)

=7 (H ~A)-(Donp + H - A)- L
rae Hapy»Hblii AMameTp NPeccoBKu (cm. puc. 4)

D=Dypp+2-h=Dyyp+2-(H-A)

3aHUMaeMmbli NPOBOJIOKOM obbem cornacHo

BblpaxkeHusam (3) u (4) paseH:
”'d2~1 _7r2~n-d2-(Donp+H)-L_
4 " 2-(d+s)

Vip =
(35)
72d-t - (Dopp + H)- L
4-(d+s)

Torpa ¢ y4eTom BbipaskeHuii (34) 1 (35) nonyunm:

1 1 w-d )
o 14 4-(d+s)

(36)

 H-Dopp+H) 084
(H-A)Donp+H-A) " d+s

raoe KoadpduuMeHT M3meHeHMA nonepeyHbix pasmepos TH

2 2
Onp+H) _H-(Donp+H)_D0 —Donp>1

= (H—A)'(Donp+H_A)_ h'(Donp“Lh) B D? —Doznp

(D
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YpenoHaa nosepxHocTb nop [IMMB onpegensetca
cornacHo ¢opmyne (6). B paHHOM cayyae naowanb
NOBEPXHOCTU NOP 3aBUCUT HE TOJIbKO OT NJolaam 6oKoBol
MOBEPXHOCTU UCMO/b3YyEMOW MPOBONIOKK (7), HO u OT
naowaam (15) n Konmyectsa (25) MeXBUTKOBbLIX KOHTAKTOB.
Torpa c yueTom BbipaxkeHua (34) Haxoamm:

Spp =i - S
p K "PK
SV :T:

7-H-(Dopp +H) 2-n-(Dopp + H)-sin2p n), P
(d+s)2 2

d+s n
5
(H - A)-\Dopp + H - A)

(37)
_ T H'(Donp“‘H) .l_sin2ﬂ'”_p T
“d+s (H-A)(Donp+ H-4) 7 2 Td+s

YpenoHyto nosepxHoctb nop [MMMB
onpegenntb no dpopmyne (9) c yuetom (36):

TaKXe MOXHO

(38)

CpeaHuii pasmep nop MMNMB cornacHo dopmyne (10)
c yyeTom (36) paBeH:

dp=d a__ 4-(d+s)_1 _
- 11 w-d-Q
(39)
:—4'(“”“5)_gzz1,3.(ar+s)-Q_1 —d
Q)
Takum o6pasom, noaydyeHbl 3aBucumoctn (36-39)
CTPYKTYPHbIX  XapakTepuctuk  MMMB  oT  pasmepa

M MmaTepuana MCXOLHOW MPOBOJIOKU, PEXMMOB HAMOTKM
(reomeTpun TH), perkumos aedopmaumnoHHol 06paboTKu.

3ABUCMMOCTb MEXAY AOABNEHUEM MPECCOBAHUA
M OTHOCUTENbHOM NNIOTHOCTbIO MATEPUA/IA

OfHOM W3 KayecTBEHHbIX OLEHOK 3KCMAyaTauUOHHbIX
CBOMCTB  fABAAETCA  OTHOCUTENbHAA  MNOTHOCTb. [nA
obecneyeHMs BO3MOXKHOCTM  YMpaB/ieHUA CBOWCTBaMM
MMNMB  ycTaHOBMM  CBA3b  Me)Ay  OTHOCUTENbHOWM
NNOTHOCTbIO MaTepuana n = 1 — 1 1 gasneHvem o06xKatusa
p = f(v). C aToii uenbld BOCNOAb3yeMCA 3aKOHOM
COXPaHEeHUA 3HEPruu, cornacHo Kotopomy obuias paboTta
npeccoBaHna TH paBHa cymme paboT, 3aTpaumBaemblx Ha
AebopmMMpoBaHME BUTKOB MPOBOIOKM B 30HAX B3aMMHOro
KOHTaKTa M B MEXXKOHTAKTHbIX 30HaX:

p-.[SdA:nK- jFKd5K+'[Fud5u (40)
A 5 S5,

K u
roe:

M3MEHAIWAnACA npu  obXaTuu  naowwaab
nosepxHocTu TH (Nnowasab HarpyKeHus)

HapyKHOM

S=r-Donp +4-n-d=2-8) L=r-(Dyyp +2-(H -A))- L

NHTerpupya paseHcTBo (40) B yKasaHHbIX npeaenax,
C yyeTom BbipaxkeHui (13), (23) u (25) nonyumm:

2-n-(Dopp + H)-sin2p

r (@52

(41)

:[4'V‘Si“2ﬂj2. "p +1|-or
2-n

7-Q 2 -sin2p

3aBUCMMOCTb (41) OaBNeHuA obxatua oT
OTHOCMTEeNbHOW naoTHoctM MIMMB no3sonser, ynpasnas
TEXHOJIOTUMECKMMU  PEXMMAMWM  HAMOTKM  MPOBOJIOKM
1 obxkaTua TH, obecneunTb Tpebyemble CBOMCTBa U3aenusa.

3AK/THOMEHUE
Ha ocHOBaHMM aHanM3a CTPYKTYypbl, dopmupyloLeiica

npyM HamOTKe MNPOBOJIOKM 3a CYeT OpraHM30BaHHOWM
M peryaMpyemoil  yKNagKuM  BUTKOB,  NPOBEAEHO
uccnefioBaHWe  M3MeHeHMs  CTPYKTypbl B npouecce

aedopmaumnoHHoit 06paboTtkm TH — paccmoTpeHbl mogenu
B3aMMOAENCTBUA BUTKOB W  OMNpeAeseHO  KOJUYECTBO
MEXXBUTKOBbIX KOHTAKTOB.

B pesynbTrate  uccaeLoBaHUA
NPOLECCOB PacCYMTaHbl CTPYKTYPHbIE  XapaKTePUCTUKM
nsrotasamsaemoro [MMB 1 ycTtaHoBAeHO, 4YTO npw
YMEHbLUEHUN AMamMeTpa NPOBOIOKK U/UAWN MEXBUTKOBOTO
3a3o0pa M npu ysBenuueHun pedopmauunm  NOPUCTOCTb
maTepuvana W CcpeaHuii  pasmep MNop YMEHbLIAoTCA,
a yAenbHasa NOBEpPXHOCTb NOP pacTeT.

KonnuectBa cnoeB HaMOTKM, MPU KOTOPOM MOMKHO
n3bexaTb UCKaXKeHUA OPraHM30BAHHOCTU OKOHYaTes/IbHOM
CTPYKTYpbI, 3aBUCUT B OCHOBHOM OT OTHOLLEHUA AMaMeTpa
ONpaBKW K UaMeTpy NPOBOJIOKM.

3aBMCUMMOCTb faBneHus 06KaTuAa OT OTHOCUTENbHOM
NAOTHOCTM MaTepuana ABNAETCA KBaAPATUYHOMN byHKLMen
M YYUTbIBAET TEXHO/IOFMYECKME PEXMMbI U3rOTOBAEHUA
MMMB 1  mexaHWMYecKMe CBOMCTBA  MCMOJib3yemMoW
NPOBOJIOKM.
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