VK 685.34.03.017.3

JepopManys TMCTOBBIX MaTEpUAJIOB
HA TTOBEPXHOCTH 3JIJIATNICOUA BPAILICHUS

A.IL. Amutpuesn, O.A. bypkuna, }0.A. 3aBaukuii
Vupeowcoenue obpasosanus « Bumebckuii 2ocyoapcmeenHvlil MexHoI02UYeCKUll YHUBEPCUMEN»

B cmamve nonyuenvt mamemamuyeckue Gopmynsl 0N paciemos senutuH nIOCKOU U MepuouaibHol depopmayui, KOMOpPyIo noyuaem abco-
JIOMHO NAOCKULL KPY206OU MAMEPUA, JICECHKO 3AACAMbI NO NepumMempy, npu npoOdeIUSaHUU €20 NO8EPXHOCHbIO nuncouda epawjerus. Ilo-
8EPXHOCIb DNIUNCOUOA BDPAUYEHUS MOOETUPYem OMOeNbHble YHACIKY HOCOYHO-NYYKO80U Yacmu 06yeHoll Koa00Ku. Ilosmomy usyyenue eenuyun
Oepopmayuu Ha MaKoil NOBEPXHOCMU IyHuLe OMPAdCaem npoyecc GopMoBanIs MAMePUaIos, Yem Ha NOBEPXHOCIMU Chepbl Uiy mopouod, Komo-
pble UCNOTb3YIOMCS NPU 1A60PAMOPHBIX UCCA008AHUAX CROCOOHOCMel Mamepuanos k gopmosanuio. Ilonyyennvie gnepsvle pe3yibmanmul MO2ym
Oblmb UCNONB308ANbL OIS UCCIE008ANUSL NPOYECCO8 POPMOBAHUs HOBBIX OOYEHBIX MAMEPUANOs, A MAKdce O UYHeHUs PAZIUYHBIX CHOCODO08
(opMoBaHA, OCHOBAHHBIX HA NPUHYUNE NOCMOAHCMEA Oehopmayu.

Knioueguvie cnosa: dehopmayus, nucmosoii mamepuan, 11uncoud 6pawjeHus, SIIUnmuveckull Mamepuar.

Deformation of shoe material on the surface area
of an ellipsoid of revolution

A. Dmitriev, V. Burkina, U. Zavatsky
Educational Institution Vitebsk State Technological University

In this paper the mathematical formulas for calculating the values of the plane and meridian deformation, which in obtained totally by a flat circular
material, rigidly clamped along the perimeter, when punching its by spheroid, have been presented. The surface of an ellipsoid of revolution models sepa-
rate areas of the toe part of a shoe. Hence the study of deformation size on such surface reflects the process of forming materials better than on the spheri-
cal or toroid surface, which is used in laboratory studies of the ability of materials to acquire form. The results can be used to investigate both the processes

of forming a new shoe material and various ways of forming, based on the principle of deformation constancy.
Key-words: deformation, sheet material, ellipsoid of revolution, elliptic integral.

porecc hopMoBaHUs JieTajel Bepxa o0yBH
npezcraBisger  co0OW  OJHOBPEMEHHOE
MPWIOKEHUE PACTATUBAIONINX YCWIMH B pPas3yIny-
HBIX HalpaBJICHUSAX 3arOTOBKH W3 JIMCTOBBIX MaTe-
pHaANOB, K KOTOPBIM OTHOCATCS HaTypajbHbIE U
HCKYCCTBEHHbIE KOKH, TKaHble MJIM HETKaHbIE Ma-
Tepuansl. [Ipu 3TOM IpuaHue 3arOTOBKE CIIOKHOM
MPOCTPAHCTBEHHON (OPMBI Pa3IMYHBIMH  CIIOCO-
0aMu C HCIIONB30BAHUEM PA3IUYHBIX BUJIOB KOJO-
JIOK — CJIOXHasl MpoLenypa, YUuThIBaomas Qusu-
KO-MEXaHHYeCKHe CBOWCTBA (POPMyEeMbIX MaTepua-
JIOB ¥ CBSI3aHHBIE C HUMH PEXXHUMBI (POPMOBaHUSI.
VYder ¢u3MKO-MEXaHMYECKHX CBOWCTB nedop-
MHUPYEMBIX MaTepHajoB HEOOXOIMM U C TOYKH
3peHus JajbHelel GpopMoycroitunBocTH 00YBH,
onpenenstoniel ee kadecrtso. Ilpum Hemocpenct-
BEHHOM IIOJydEHUH KONHMH KOJOIAKU Tpedyercs

w0
“

pelieHne OOJBIIOTO KOJWYECTBa BOIPOCOB (hop-
MOBaHHMsL. {715 mepBOHAYAIBFHOTO aHAIM3a MEXaHU-
YECKUX MMapamMeTpoB MPOIECCOB POPMOBaHUS MPO-
BOJST WCIBITAHUS MaTEepPUAIIOB JIBYXOCHBIM CHM-
METPUYHBIM PACTSDKCHHEM Ha Pa3JIMYHbIX Tellax
BpallieHus: cdepe, MUIUHApe uiu Topouse [1, 2].
Matepuan u MeToabl. CylecTByeT HeCKOIBKO
BapHUaHTOB UCIBITAHUS MaTEPUANOB Ha JIByXOCHOE
pacTspKeHHe, KOTOphIe OTIMYAIOTCS MEXTy co00il B
OCHOBHOM TIPUHIUIIAMH TIPUIIOKEHUS JehOpMHU-
pyromux cwit. OOImMM IJIs BCEX ITHX HCIBITAHUH
SBIISIETCSl TIPUMEHEHHE O00pasloB MaTepuaioB B
Buje kpyra. Ha puc. 1 mokasaHbl cXeMbl OCHOBHBIX
WCTIIBITAHUH KOXU JIJIsl Bepxa O0yBH Ha JABYXOCHOE
pacTspKeHHE ¢ TIOMOIIBI0 METAJUIMYECKOTO IapuKa
(puc. 1, a), xectkoit chepsl (puc. 1, 6) u Topou-
JTATBHOTO IyaHCOHA C poJuKamu (puc. 1, B).

© ©
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117 iy

1

Puc. 1. CxeMbI HArpy:KeHHsI MaTepHAJIA MPH JIBYXOCHOM PaCTsKeHUH.
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Puc. 2. PacTsizkeHne MaTepuajia B BUie KPYroBoro o4pasia 3JUIMIICOMI0M BpalleH sl

Cpenu yka3aHHBIX METOAOB HauOojiee 4acTo B
1a0OpaTOPHBIX HUCHBITAHUSX HCIONb3YEeTCS METOJ
MPOJABIMBAHKS 3)KaTOr0 IO Kpyry oOpasia Hapu-
koM (puc. 1), aAuameTp KOTOPOTO 3HAYUTEIHHO
MEHbIIIE JuaMeTpa obpasta Marepuana. OmHako Bce
yKa3aHHbIE METOJbl JBYXOCHOTO pacTsDKEHHS J0-
BOJILHO JTAJIEKH OT JEHCTBUTENHHON (HOPMBI 00YBHOI
KOJIOJIKM ¥ HE MOTYT OOBEKTUBHO OTPaXKaTh CIIOCO0-
HOCTh MAaTepHaJIOB HAWIYYIIUM O00pa3oM o00Jjerath
(OpMYIOILYIO KOJIOAKY, a B HOCIEAYIOLIEM 3aKper-
JSITH IPUIAHHYIO 3arOTOBKE Bepxa 00yBHU (opmy.

Henbto nanHOW paboTHI SIBISETCS TMONyYEHHE
pacueTHBIX (OPMYJ BEIHYHH JeQopMaliy MaTe-
puana GopMyeMoro ABYXOCHBIM PACTSDKEHHEM Ha
MOBEPXHOCTH AJIIMIICOMIA BpallleHUs, Kak Haubo-
nee ONM3KOM W HE OYECHb CIIOKHOW MOBEPXHOCTH,
uMuTHpYyIomed ¢GopMy HOCOYHOH uacTh 0OYBH.
Tak Kak ucHonp3yromuecss B OOyBHOW NPOMBILI-
JIEHHOCTH MaTepualibl s Bepxa OOyBH HMEIOT
TOJILMHY 3HAYUTEILHO MEHBILYIO, YeM JINHEHHBIC
pa3Mepsl 3aroTOBOK, IIOATOMY TOJILIMHA MaTepHaja
HE3HAYUTEIHHO BIUSCT HA BEJIMYHHY JieOpMAaIiH,
W 3TUM BIIMSHHEM OyjeM npeHeOperath, cuuTas
MaTepHaj adCOIIIOTHO TOHKHM.

PesyabTaThl W HX o0cyxkaeHue. PaccMorpum
pacTshKeHUe MaTepuaa B BUjie KpyroBoro oopasia
pamuycom R=A'C’, 3axaroro B Touke C', o1-
JUIICOMJIOM BpAaIlleHHsT C OOJIBIION MOJYOCHIO
a=0C Toll )X BEIMYUHBI U MOJIYYUM 3aBUCUMO-
CTH BEIHYHMH IUIOCKOH jaedopManud ¥ OTHOCH-
TENBHOTO YAJIMHEHUs MaTepuala o MEpUANaHy OT
onnoi mepemennoi h=AA — BBICOTBI MOmbEMA
JIUTAIICOUIANIBHOTO  ITyaHCOHA  BBIJIABJIMBaHUEM
IpU BEIMYMHE Maoi ero nomyocu b =0OA=const
(puc. 2).

Bennumna mockoit aedopmanyu JIMCTOBOTO
MaTepHaia onpeznensercs GopMyIIoii:

E = S=% -100%, (1)
S

rae Sy — mepBOHauYalbHas IoWane aeGopMupye-

MOro Kpyrosoro oopasua pamuyca R=A'C’, t.e.

So =7R?, a S — mwiomane MOBEPXHOCTH 00pasiia

MoCJIe ero MPOoJAaBIMBaHUs B pe3yibTaTe MoJbeMa

MyaHCOHA Ha BBICOTY h.

ITocne npoxaBnuBaHus Ha BBICOTY h IuIOaAb
obpasua S =95;+S,, roe S; — wiomaap GOKOBOH
MOBEPXHOCTH YCEUEHHOTO0 KOHYyCa C pajnycaMu
ocuoBannii R=AC', r=PB wu oOpasyroueii
| =BC’ u S, — miomaas Mareprania, HemoCPe/ICT-
BEHHO OOJIETaroIIero MoBepXHOCTh AILIUIICOUIA TI0

)
nonynyre AB (puc. 2).
B cucreme xoopmuunat OXY oceBoe ceueHue
SIUTHIICOUIA TPEJCTABISIET COOON 3IUIUIC, KaHO-
HUYECKOE YPaBHEHHE KOTOPOTO:

52 52
X
X+l @)
a® b
c 00JIBIIIO0M FOPU30HTAIBHOU MIOJIyOCBIO

a=0C=R u Manoil BEpTUKAILHOWH TMOIYOCKIO
b=0A.
Jnst HaXO’KACHUS COCTABISIIONIMX S; M S, BHa-

yaje ompenenuM KoopAauHathl Touku B. IlycTs
B&;y . Haiinem ypaBHenue kacarensHoii MN K

smncy (2) B Touke KacaHus B, moimydeHHyO B
pe3yibTaTe moabeMa IMyHCOHa Ha BeicoTy h<Db

[3]. U3 ypaBHeHus dyumdnca uMeeM y =b

~ ~ g~ bx
(Tx. Y>20)u Yy & =———————. Torza B Touke
ava®—x

KacaHUs B 3HAYECHHUE MIPOWM3BOTHON
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V€ =-———

OKOHYATENbHO ypaBHEHHE
av a - X
xacatenbHoii MN Kk smmncy (2) B Touke By
uMeer cneay}omnﬁ BUJ:
b
\/7 —X +—\/a2—x2 )
a —X

Haitnem xoopauHatel TOukn N — mepecedeHus
KacaTelIbHOH C OChIO a6cuncc Tak xak y =0, 10

y=-

— € - x+9a—x =0

va —X

2
503051 X_a— Hrak N[a— O].
X

m (3) mmeem —

X

U3 mono6wust tpeyroiphnkos AB'BC’ u ACC'N
CIIe/yeT, YTo:

BB CC
= : 4)
B'C CN
VuursBas, uro By , BC'=R-x, C'C=b-h
2
u CN=ON-OC=2_R, coorromenne (4)
X
IIPUHUMACT BU:
BB _ b-h it B'B = x()—h/R—x/1
R-Xx a2 a% — Rx
2 R
X
c yueroM a = R umeem:
x®—h_
B'B = =, 5
R ®)
Torga opiMHaTa TOUYKH KacaHus B :
y=BB+C'C :‘(*RT/M_ ©6)

Haiinem aGcumccy TOYKHM KacaHus, JUIS 4ero
BHauaJle B ypaBHEHHE KacaTeJbHOM (3) mojcTaBum
KOODIMHATHI TOYKH C'Qb-h . Torna

bx ~ b
—R—X/+—\/a2—X2 WIH, T.K.
avaZ —x2 a
x<a,to a®—hya®—x> :bﬁz—RX‘.

Ho TakK KaK a=R, TO

R€&-h )/F\’z—x2 =bRQ-x, nu k. h<b, 1o
O-h2Q-x R+x =h’Q-x
YCHHOC YPaBHCHUC OTHOCUTEJIILHO X , ITOJIydacM

REZ-6-h
= e nt "

C yuerom (7) popmyna (6) npuHUMAET BUL:

b-h=-

. Pemas momy-

2b% ¢ —h_

b>+@-h? ©®

y:

Beenem 0003HaYCHUS:

b-h=p, )
b? — p?2=m, (10)
b2+ p?=n, (11)

TOT A

(12)

C y4eToM TOJTyYeHHBIX KOOPAMHAT TOUKH Kaca-

Husi B, Haiizem miomaas OOKOBOW MOBEPXHOCTH
~

yCEUeHHOro KoHyca 1mo ¢dopmyine S =nQ+r -1,

Rm
rme r=X=—, |:,/3’Bf+6’c’f . C yuerom
n

(7), (10) m (11) paeencrBo (5) uMeeT BHUI

BB=P" , BC'= AC'_AB'=R_x=R_ "M
n n

2
|:\/|“2n (R_mj:
n n

=1\/p2m2+R2(1—mf = (13)

Torna

p 2

m? + 4R%p?.

Hrak Slzn(R+m) P Jm 244R%p?  wm
n

nocse npeoopa3oBaHus

s _ 2nRb? pym? + 4R%p?
1— .

n2
[Ipy HaXOXJIEHUM IUIOMIAAN AITUITHYECKOU
cocraBisitolied S, BocmonbzyeMcsi  (popmyroit

(14)

TUTONIAIM TIOBEPXHOCTH TeJla BPALICHUs, TOIyYeH-
)
HOoro BpameHuem nyru AB ammmmca (2) Bokpyr

ocu opaunar OY [3]:
Y2

S, =2m [ X1+ € 2dy .
Y1

s (2) c

bZ

(15)

y4eTOM a=R nMeeM

"‘2:R2_

, a 3HauuT mocne auddepeHnn-

2
R
XX = —b— y U MOABIHTCTPAJIBHOC

poBaHuA 11O Y ©

BeIpakeHue (15) nmeer BUA: % b? +(Ey] , Te

b
c=vR?-b? - (hOKyCHOE pacCTOSHHUE JILIUIICA
(2), npuaem y;=y@_n Yy, =y@ =b (puc. 2).
Torma
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b

R2 |, [c~j2 . R1blc-/o, c~j2 s | C~ ) c~j2
S, =2n— b+l -y |dy= 2n—-=-—| —y,[b"+| = +b%In| =y +,|b° +| = :
2=omy | 6 ) 7" T 2e[b\” b’ b’ b’
y€_
2 2 2
e y@ =22 P 105, =nn cR+b2In¢+R:—20—bp1/b2+(zc—bpj _p? 1| 2P, bh(zc—bpj
n C n n n n
Beens
~ 2cb
q6==F, (16)
OKOHYATEIIbHO MOJTy4acM:
82=n§(0R+b2 N€+R 1q€3b?+q2 € b’ In(q(1:+w/b2+q2(1:)). (17)
Wrak, BenmnumHA TUIOCKOW Aedopmamnuu orpe- n
i 2
nensierca  opmynoit (1) ¢ yderom TOrO, UTO I -a | m dt—
S=S5+S,, rme S; u S, HaxomaAT o opmynam AB hp
(14) u (17) npu y4ere mapaMeTpoB CUCTEMBI P, arctg—
m, n u q€ _, KoTopsle 3aBucAT OT b U h u onpe- T arcig 20%p - (20)
nensiotest hopmynamu (9), (10), (11) u (16). _a T |_2sintdt - ij | Zsin tdt
Benmuunny wmepuamaneHOW nmedopMarmuu WA 0 0

OTHOCHTEIILHOTO y/UTHHEHHS 110 MEPHIHaHy OIpe-
JIeJUM 110 hopMyJie:

L-d

Ep == 100%, (18)

rae d =2R — nepBoHaYaNbHBINA TUaMeTp oOpasiia,
L — mmHa o0pasna mo MepuanaHy MOBEPXHOCTH
BpallleHus TI0cyIe MobeMa ITyaHCOHa Ha BBICOTY h.

Tak xak L= Z(I o+ BC'] (puc. 2), U TaKk Kak,
AB

mo (13), BC’ :%\/mz +4p2R2 , TO OCTaeTCs Hai-

v
™ |, — amuay nyru AB snnvnica (2) o dopmyine:

AB
2 [ 3
Iu:'[ «l/"'q’/dt.
AB

T.x. smmunc (2) MOXXHO 3aaTh MapaMerpude-
V)
cku: X =acost, y =bsint, To qnyra AB onpene-

JIA€TC ~ M3MEHCHMEM  IapaMerpa t oT
y 2b%p s

o = arctg = =arctg JI0 Oy =— W BBIYUCIIA-
X Rm 2

eTcs 1o Gopmyiie:
T

:
I, = [va2cos’t +bZsin?tdt. (19)
arctgW

Y4uuThIBas CBOWCTBO ASKCIECHTPUCUTETA & OII-
nunca (2), popmyia (19) npuHUMaeT BUI:

Wurerpainst B popmyie (20) SBISIOTCS SIUTUANTHYC-
CKUMH HMHTETpaJlaMH 2-0T0 POJia, YUUTHIBAsi X 000-
3HayeHus M @ = R, popmyna (19) npunumaet Buz;

2
. = R[E[E;s)—E[arctg 25 p;e]].
AB 2 Rm

ITo dpopmye (17) OkOHYATENBHO MOTyYaeM:

2
P [m2 +4p2R2 & R{E[n;s] E[arctg%pwj} R
2 Rm

n

E, = = -100%
(21)
22
rae s:RTb, p=b-h, m:bz—p2 u
n=hb?+ p2.

3Ha4YeHNs! UIMNTHYECKUX UHTErPaJioB BTOPOTO PO-
Jia JUIs pacueta MepumuanbHol gedopmarmn E,, 10
¢dopmyrne (21) HAXOmAT YUCIICHHBIMH METOJIAMH, TIO
TaOJHIAM WITH C TIOMOIIBIO0 KOMITBIOTEPHBIX TIPOTPaMM.

s uccnenoBanvst (GOPMOBOYHBIX CBOMCTB MaTe-
pHAIIOB JUIS Bepxa 00yBH HEOOXOMMO 3HAThH BEIIHYH-
HBI TUIOCKOHM M MEpHIHAIILHOM JehOopMaliiK Py po-
JTABIMBAHUM SJUTHIICOMIOM BpAIIEHHs TIFIOCKOTO KpPY-
roBOro o0pasiia Ha BeMUUHY moabema h . IToctpoum
rpaduku 3aBucumoct Eg m E,, or h mpu paznmmu-

HBIX BEIMUMHAX MaJod MOIyocH b u pamuyce
R =56,5 MM, mipr KOTOPOM HCXO/IHBII 00pa3er] Mare-
puara uMmeer miomangs Sy ~ 10000 MM (puc. 3).

19



MATOMATBIKA. ®I3IKA

E

51

a0

%o

70
G0 4
507

40+

301
20

104

&

401

30

ﬁ""“'l’_ﬂ

204

10

fr, M

10 20 30 40
0)

Puc. 3. KpuBble 3aBUCHMOCTH MeK1Y INIOCKOH nedopManneii (2), 0OTHOCHUTEJbHBIM YIJINHEHUEM
1o mepuauany (0) u BbIcoTO# moxbeMa h myaHcoHa B BU/Ie YJIJTHNICOU/IA BPAIIEHHsI
¢ 00JbL1I0# MoJIyochl0 R=56,5 MM 1 MaJi0ii moJyochio b

(1- b=i;2-b:i;3- b:i;4- b:i).

1,2 16

W3BecTHO, uTO 11pH (hOpMOBAaHUM JeTaNel Bepxa
00yBU OOTSXKHO-3aTSHKHBIM W BHYTPEHHHUM IIPO-
CTBIM criocobamu [2] tutockas aedopmaliis Mate-
puana Ha kKosonke He npesbimaet 30% (puc. 3, a).
[To momyuenabiM dopmynam (1) ¢ yuerom (14) u
(17), a Taroke (21) mast pa3nUYHBIX 3HAYEHUH Ma-
JIOW TosTyocH b paccuuThIBaeM 3HaYCHHE BEIMYHH
nobeMa h IyaHCOHa B BUJIE DIJUIMIICOMIA Bpalle-
HUS Ul TIOJIyY€HHS MaKCHMAJIbHOW INTIOCKOCTHOM
nedopmarmu (puc. 3, 0).

3akarouenue. [lomydeHHsle B paboTe pe3yabTaThl
MOKa3bIBAIOT, YTO MOJYYUTh HAUOOMNBLIYIO IIOCKYIO
nehopmarmro B 30% IUIUIICOMIOM BPAIICHUS MOYKHO
TOJBKO TP 3HAYEHUM €ro  Malod  IOIyoCcH

R N
24 <b<R, npu stOM BenMUMHA MEPHAMAILHON
nedopmarmu OymeT Jiekath B mpezenax ot 16 mo 20%.

BriepBole mosyueHHble MaTematuueckue ¢op-
MYJIBl TIO3BOJISIT KOHCTPYKTOpam OOYyBH TIPOM3BO-
IUTH TIOA00p MaTepHuaioB sl Bepxa OOyBH M OI-

2,0 2,4

PENeTUTh PEXKUMBI X (DOPMOBAHUS C YIETOM MaK-
CHMaJIbHO BO3MOXHOIO WX Je(hOopMHPOBaHHUS
JIBYXOCHBIM PacTsHKEHHEM Ha TMOBEPXHOCTH JLTUII-
CoWjia BpaIICHUS, KakKk IOBEPXHOCTH, Haubosee
JIydIlle MOJEUPYIONIEH HOCOYHO-ITYYKOBYIO 4acTh
dopmytomieit konoaku. [loydeHHbIE pe3yNbTaThI
MOTYT OBITh HCIIOJB30BAHBI JIJISI HCCIEIOBAHUS
nporeccoB (OPMOBaHHsI HOBBIX OOYBHBIX Mate-
pHAJIOB, a TaKKe VIS U3YYCHUsI Pa3InYHBIX CIIOCO-
00B (hopMOBaHMS, OCHOBAaHHBIX Ha MPUHIUIIC TO-
CTOSIHCTBA Jie(OpMAIIHH.
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