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B po6oOTi po3rissHyTO BHXIi[HI CITiBBiIHOIICHHS T€OMETPUYHO HENIHIMHOI 3a1a4i AUHAMIKH IS
JIOCTIZKEHHS MPOLECiB iICTOTHOrO IIacCTHYHOro nedopmyBanHs. HaBeneHa mocraHoBka 3aiadi mpH
yMOBI KOHTakTHOI B3aemomii Tin. IlpexcraBieHi piBHSHHS CTaHy Y BIIUIKOBIf IOYaTKOBI,
BIIUTIKOBIi 3MiHHIM Ta aKTyaJbHIi cCHCTEeMaxX KOOPIHHAT.

Kuarou4oBi ciioBa:Tisia o6epTaHHs, FreOMETPHYHA HEIHINHICTh, (Di3UYHa HETiHIHHICT, IIACTHYHI
nedopMallil,KOHTAKTHI HATIPY>KEHHS, IMHAMIYHE HABAHTAXKCHHS.

Beryn. Illupoke 3acTocyBaHHS y PI3HHX Tally3siX TEXHIKM 3HAXOIATh
€JIEMEHTH 1 JIeTali, SIKi B MPOIIECi BUTOTOBJIEHHS 200 eKCILTyaTallii 3HaX oI ThCs
B yMOBax CYTTEBOTO IUIACTHYHOTO JehopMyBaHHS. XapaKTepHI MpOIECH
BiIOYBAIOThCS MPH BUTOTOBJICHHI a00 BCTAHOBJICHHI YINIJIHHIOKOUUX KiNBIEBUX
MIPOKJIAIOK, 3aKJICIIOK Y 3’ €IHYBAJIBHHUX OIEPaIlifaxX, 00poOIli 3ar0TOBOK THCKOM 1
T.1. SIk mpaBmio, MeXaHIuHI MpolecH, M0 PO3TIAIAIOThCS BiAOYBArOTHCS Mij
BIUIMBOM IHTEHCHUBHHMX JMHaMIYHMX HaBaHTaxeHb. CyTTeBo Ha nepeOir
neopMyBaHHS BIUIMBAE TaKOXK YMOBa iX B3a€MOMIl 3 KOHTaKTYIOUUMH
YacTHHAMH 1HCTpyMeHTY. llojaiblie BIOCKOHAJIEHHS TEXHOJOTIYHHX IIPOIIECIB
Ta TPOEKTHHUX pIllIeHb BiJNOBIIANBHUX BY3JiB KOHCTPYKIIM 1 0OJamHaHHSI
06arato B 4OMYy 3aJI©KUTh BiJ TOYHOCTI iH(poOpMAaIii Mpo OCOOIMBOCTI 3MiHM
KapTUHU HaIpY>KeHO-1e()OpMOBAHOTO CTaHy 00’ €KTIB B MpoIeci 1e)OPMYBaHHSL.

3a ocraHHI POKM BHMOTH JI0 TIOOYIOBH MEXaHIYHHX MOJENEH TOCHiPKEeHHS
NPOLIECIB  BUIOTOBJIEHHA Ta  €KCIUIyaTalii pi3HOMaHITHHX  €JIEMEHTIB
KOHCTPYKIIIH 3HAYHO BHPOCIIH, IO BU3HAYAETHCS IMiIBUICHHSIM PiBHS TOYHOCTI
Ta JOCTOBIPHOCTI PE3YJbTATiB, CIIOHYKAIOYM BUKOPHUCTAHHSA BCE OUIBII 1 OLIBII
JOKTaJJHAX pPO3paxyHKOBHX cxeM. KpiM Toro, TpyaHOII JOCIIKEHHS
MOBENiHKM  KOHCTPYKI[H TpH  HAsBHOCTI  JMHAMIYHAX  HaBaHTaKEHb
0araTokpaTHO 301IbIIYIOTHCS Y TIOPIBHSHHI 13 CTATUYHUM aHAaJIi30M.

Y 3B’SI3Ky 3 MM IiJBHUILYETHCS AKTYalbHICTh PO3POOKH e(EeKTHBHUX
METOIMK MJOCHI/DKEHHS] TPOLECIB IUIACTUYHOrO (OPMO3MIHEHHS Tin 3
ypaxyBaHHAM T€OMETPHUYHOI HETIHIHHOCTI Ta KOHTAKTHOI B3a€MOIl Mia Hi€r0
JUHAMIYHUX HaBAHTa)KEHb.

© Makenm’rok 10.B., Cononeit L1, Crpurys P.JL
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1. Buxigni cniBBigHOIIEHHA
PosrmsinemMo Tino oGepraHHs B Oa3uCHIH KpYroBil IWIIHAPWYHIN cucTeMi
xoopauHat Z , Bick Z' sxoi

. . B
36iraetbces 3 BiCCIO __Z_ i
.
obepTanust, Z~ CIpsIMOBaHA
B3JI0BK paniyca, a

Z’cniBnanae 3  KilbIEBOIO
KoopauHaToro (puc. 1).
basucna cucreMa
KOOpPIWHAT € HEe3MIHHOK i
NpU3HaueHa Uil OMHUCY
BuxigHoi iHdopMalii mpo
30BHINHI [, TpaHUYHI
YMOBH 1 TeoMeTpito 00'eKTa. Puc. 1.Tino o6epranns
B OpTOrOHAJTBHIHT
LWTIHIPUYHIN CHCTeMI KOOpAWHAT BIJMIHHI BiJl HYJs HACTYNHI KOMIIOHEHTH
METPHYHOTO TEH30pa g, 110 BU3HAYAIOTh MacIuTabK 0a3ucHUX BekTopiB [1]:
g1, g=(Z"). (1)

Tyt i Hajam iHAEKCH, MO3HAYEHI IpellbKUMHU OyKBaMU IPHHMaTh 3HAUECHHS
1,2, natuHchkumu - 1,2,3.

Jis onmcy HanpyxeHo-1e(OpMOBaHOTO CTaHy TiJl, SIKi 3MIHIOIOTH B MPOIIEC]
HAaBaHTA)XEHHS CBOIO IOYaTKOBY (OpPMY, BBEIEMO B pO3IJSI MiCUEBY
CYNPOBOIKYIOUY KPHBOIIHIIHY CHCTEMY KOOpAMHAT x', oci skoi x' i x°
PO3TAIIOBAHI B MEPHIIOHATLHOMY Hepepi3i, a x° 30iraeThCsl 3@ HATIPAMKOM 3 Z°
(puc. 1) 3B’s130k MK MiCIeBOIO 1 0Oa3WUCHOIO CHUCTEMaMH BHU3HAYa€ThCs 3a
JIOTIOMOT'OF0 TEH30pa TIepETBOPEHHSL:

7% =—aZ°[; , 2% =27} =0 (2)
, 5% , .
KoBapiaHTHI KOMIIOHEHTH METPUYHOIO TEH30pa B MICIEBil cucTemi
KOOpAMHAT BH3HAUYAIOThCSA Yepe3 KOMIIOHEHTH METPUYHOIrO TeH30pa 0a3ucHOI
CHCTEMH:

Emn = Z,lmZ,lngij . (3)
Jy1s1 BUKOpUCTAaHHUX CHCTeM KoopauHAT (popMyiy (3) MOXKHA CIPOCTHTH:
S W2
2
[ R VAVAY S (Z ) : (4)

KoHTpaBapiaHTHI KOMIOHEHTH METPUYHOIO TEH30pa 3HAXOIATHCS 3a
BiJJOMHMU 3HaYEHHSIMH KOBapiaHTHHX:

A(gn)
mn __ mn
g - b (5)
8

ne A(g,,,) - anredpaiuHe JONOBHEHHS JI0 €1E€MEHTa g, MaTpulli,To0ya0BaHOi
3 KOBapiaHTHHX KOMIIOHEHT METPUYHOTO TeH30pYy, g =det(g,,,) - BU3HAUHHK
Ii€T MATPHIIL.

MicrieBa cucreMa KOOPAMHAT x' Ta x?> mno'szana 3 MaTepiaTbHUMHU
TOYKAaMHU Tilla 1 TPH HaBaHTaKEHHI AehOPMYETHCS Pa3oM 3 HUM. Y IIbOMY
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BUIMAJKy 3MiHA METPUYHHX XaPAKTEPUCTHK KOOPIAWHATHOI CHCTEMH B KOXKHil
TOUIll € Miporo aedopMallii Tila, MO JTO3BOJISE OIHO3HAYHO BU3HAYMTHU
reoMerpiro AeGopMOBaHOrO Tijla 3a HOro BHXIJIHUM CTaHOM. Y TIOAAIBIIOMY
OylnemMo pO3pi3HATH TpU KOHQIrypamii Tija: BiJUTIKOBY IOYaTKOBY, BiJUIIKOBY
3MiHHY 1 akTyanbHy. KOMIIOHEHTH METPHYHOro TeH30pa IUX CTaHIB [T03HAYUMO
BIMOBIHO g, g;, G . BimikoBy 3MiHHY KOH(irypauiio npuiiMaemo 10CHTb
ONMM3bKOIO 10 aKTyaJIbHOI, TaKMM YHHOM 100 Y TOpIBHSHHI 3 BEJIWYHUHOIO
METPHYHOTO TEH30pa g pupicT AG,-j = Gl«j—gij OYB HEXTYBaHO MaJIOIO
BEJINYUHOIO.

Kommonentn Tensopa gedopmariii €/ B akryansHiil  koH]iryparii

BH3HAYMMO BUKOPUCTOBYIOUM Mipy nedopmauiii dinrepa [1], koHTpaBapiaHTHI
KOMITOHEHTH SIKOi JOpIBHIOIOTH BIANOBITHUM KOMIOHEHTaM METPHYHOTO

TeH30pa BiUTiKOBOI ouaTkoBOi KoH(irypamii F? =g . To6ro:
i _ (i _ A\ L= _ i
el =1 (F1-G")=1(g"-G"). 6
2 g (6)
BukopucroBytoun 3MiHHY BiUTIKOBY KOH(Iryparito (6) MOKHa HpeICTaBUTH
y BUIISAJI CyMU:
1

el ZE(EU_gy+gy’_Gy')=%(§y_gij)+%(gij_Gy’)=gy+gy" 7)

ne €/ = %(gij —g7 ) - nedopmanii Tin B 3MiHHIHM BigpaxyHKOBil KOH®Irypaii

0 BiJIHOIIEHHIO IO MOYAaTKOBOro crany; &7 = %( g’ -G ) - nedopMmarrii Tijza B

aKTyallbHI# KOH(Irypanii no BiIHOMEHHIO 10 3MiHHOI Bi/ITIKOBOI.

Z

u"

AZ"Z%)

zZ'

Puc. 2. 3miHHa Bi1iKOBa i akTyanbHa KOHQIryparii
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Busnauumo nedopmanuiie’ uepes nepemimenns U, 3amani B GasucHii
cucteMi KoopauHat. Ha pwuc. 2 moka3aHO TOJNOXKEHHS IESKOi TOYKU A, 1o
HAJISKUTh MEpPUIiOHAIBHOMY TEpeTHHY Tiia o0epTaHHs 3MIHHOI BIJUTIKOBOI i
aKkTyalpHOi KoHQirypauii. HoBe monoxkeHnHs Touku A B cuctemi Z'
BU3HAYAETHCS KOOPAWHATAMHU:

zZ% =7%+U%. ®)

JudepeHiiolour 32 KOOPAMHATAMU  MICIIEBOi CHCTEMH X' IUIMMO

KOMITOHEHTH TE€H30pa NEPETBOPEHB!

o _ o
KoBapiaHTHI KOMIIOHEHTH METPUYHOTO TEH30pa B aKTyalbHiN KoH}irypamii
piBHi:

Gop =25 +US, Ga3 = (22‘)2 (10)
abo
Gop = 8op T Ao, G33 =833 +AGs3, (11)
i (]
AGog =(ZyU} + Z§ U +U LU |
abo

AGyp = [222‘U2‘ + (Uz‘)z} . (12)
KouTpasapianTHi koMroenTH G BU3HAYAIOTHCS 3 yMOBH:
G*® Ggy = 8‘1 (13)
TOMI
GGy, —5% = (g—"‘B +AG°‘B)(g_BY +AGp, )~ 8% =0.
Binxunaroun Bupas Juisi MaIuX BeJTHYHH AG*® AGg, , OTpUMAEMO:
AGPgy, +5%PAG, =0,
AG™ gy, =-g"PAGy, g™ (14)
[ToBeptarouuck 1o (7) i3 BpaxyBanusaM (13) maemo:
s’ =1(g"-¢")=1(g" -&" +G"AG,,G" ) ~ 1 g"/"AG,, . (15)

KoBapianTtHi koMIioHeHTH fedopmaltii akTyaabHOI KOH(DIryparii BiTHOCHO
3MIHHOI BiJIpaXxyHKOBOI piBHi:

Aegg =1 (Z U +ZpUY),

Aeog =Z7U” . (16)
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3rifiHO 10 MPUUHATHX TiNOTe3 TeoMeTpuyHi piBHAHHSA (15) cnpaBemuBi npu
Majaux JaehopmMariisx Ag;; 1 BEIMKHX TEpeMIleHHs X (KyTH MOBOPOTY), a (16)

TUIBKU TIPU MaJIUX JedopMallisx i Majaux MmepeMilieHHsIX (KyTax MOBOPOTY).

3a MexaMH TPYXKHOCTI 3B'S30K MDK IpYyXHHMH AedopMmauismu,
HaAIPY)KEeHHIMH, JedOpMaIlisIMH IIACTUYHOCTI BU3HAYAETHCS PIBHAHHAMU TEOPil
IUIACTUYHOI Tewil 13 130TpOmHMM 3MilHEeHHsM [4-6].BukopucToByrOTHCS
HACTYITHI MepeyMOBH:

1. KomnoneHTn noeHux nedopmaniii €/ nOpiBHIOIOTH CyMi IPYKHUX €] 1
IACTUYHUX € :
/AN
e/ =€/ +¢7,. (17)
2. TloBHi HampykeHHA o BU3HAUaIOTBCA BiNOBINHO 10 Y3arajbHEHOrO
3akoHy ['yka:

o :[u(ss;sy +8§6};)+7»G”Gk,}sifl (18)
Ta MOXKYTh OYTH NIPE/ICTABIICH] y BUIIISI:
o/ =67 + Ac? | (19)

ne GV — HampyKeHHs, JOCATHYTI mij 4ac ne)OpMyBaHHS Tijla y BiUTiKOBii

koHbirypanii, Ac” — mpupicT HampyxeHb, OGYMOBICHHH NPYKHHMH
nedopmarisiMu Tina npu aedopMarii BiJ 3MIHHOI BiIpaXxyHKOBOI O aKTyaJIbHOI
KoH(Giryparii.
VY Bupasi (18):
E ?\’ _ Ev
2(1+v)" 0 (1=2v)(1+v)’
ne A - koedimient Jlsame, E — monynbs FOnra, v — koedinient [TyaccoHa.
3. Ilpuwpict mmacTMuHMX JAeopMaliii  BHU3HAYAETHCS  3TLAHO 10
acoLi10BaHOT O 3aKOHY:

n= (20)

ds’f =L i—k sY, (21)
P ds;
e S7=qo" —GOGij — KOMIIOHCHTH [EBIaTopa HaIpyXeHb, f, —(hyHKUis
TEKy4OCTi,
= 1S SV 12 22)

=1, (), ®= j lzde’fdeg , (23)

Je T, — MeXa TeKy4oCTi NpU YUCTOMY 3CyBi, & - MapaMeTp 3MiIHIOBAHOCTI
Opnxsicra.

IMapamerpu T, v, £ B piBHAHHAX cTaHy (22) BHU3HAYAIOTbCA 3 AOCIIJIIB Ha
NMpocTUil  po3TAr abo cThckaHHs. JliarpamMu 3MillHGHHs, MOOyIOBaHI B

KoopauHaTax G (iHTeHCHBHiCTh HamnpykeHb) - & ([Tapamerp OmkBsicra, sKuii
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JUTsL OTHOBUMIpHOTO NeOpMyBaHHS 30ira€ThCs 3 IHTEHCUBHICTIO JIOrapr(MiqHOT
Mmipun gpedopmaniii €;), Ak mokazaHo B poboTtax [8,9] mocuTh MOBHO
XapaKkTepu3yloTh IOBEOIHKY Marepially 3a MEXel MpPYKHOCTI B Mpolecax,
ONMM3bKUX 70 TPOCTHX Ta CYNPOBOMKYIOTHCS BEIMKUMH IUIACTUYHHMH
e opMariisiMH.

2. 3ayeskHiCTH MizK IpUpPoOCTOM e opManiii i NpUPocTOM HANIPY:KEeHb 32
MesKel0 MPYKHOCTI

IponudepenuiroBasuri Bupa3z (16), BCTAHOBIIOEMO 3B’S130K MK IPHPOCTOM
HAIpPYXEHb Ta IIPUPOCTOM TPYKHUX JepOopMariiii:

do’ =|u(g"g" +g"g")+AGTGH |de, 24)

Jc
e _ p
dey =dey —dey,. (25)
Jns Bu3HaueHHS mpupocTy nedopmaiiii IIIACTUYHOCTI  BHKOPHCTAEMO

criBBigHommeHHs (21). OCKIBKH NPH IIACTUYHOMY JAe(opMyBaHHI 300paxkaroda
TOYKA 3aJIMIIAETHCS Ha TIOBEPXHI TEKY4OCTi, BAKOHYETHCS PIBHICTB!

fp ; p
- i 4
df =——dS . =L dze=0. (26)
YacTkoBi moxizaHi B piBHHHHi (26) no SY Ta & 1OpIBHIOKOTS:
) . d ,
Yo i Yo _ 7 T 27)
JSY e de
[Nepenuiemo criiBBigHOMIEHHS (26) 3 ypaxyBaHHsM (27), npuiiMarouu 10
yBar, 1o Sl»deU = Sl»jdcij : B
S,de? -2 s 5 d =0. (28)

BpaxoByroun (24) ta (25) piBHsSHHS (28) MOXHA 3aMUCATH Y BUTIISIL:

: k il i ik i ki d1,

Sy [u(g’ g +g"g’ )+7LG’JC; ]*(dak, —ds,ﬂ) =21, o de. (29)
[IpencraBuMoO TPUPICT IUIACTHYHUX JedopMalliii y BIiIHNOBITHOCTI 10

¢dbopmymu (21). ITicns miACTAHOBKY 1 BiAMOBIAHUX NIEPETBOPEHB 3aMUIIIEMO BUPA3
A p AU I30TPOIHOTO MaTepiaiy:

Kkl
_2GS"dey
P P >

v

A (30)

Jec

4 T, » 3 drt,
=2G89s" + 2312 25 —412| G+
}’p d 3 Jls a& S ‘\f aw

do’ =|{u(g"e" +g"¢" ) +167G | - 4G5 5" [L
p

] *(dey).
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3. Moge/siroBaHHs B3aeMOAII Tij1

Jliiss MOJIEeTIOBaHHS B3A€MOII TiJl BBOIUTHCS TOHKHMH KOHTAKTHHM Iap, B
MEXax SKOTr0 HaIlpyXeHO-Ae(hopMOBaHUN CTaH OIMKMCYETHCA B JIOJATKOBIH
CHCTeMi KOOpJMHAT y' , 110 MOB’sI3aHa
3 KOH(Iirypaii€r IOBEPXOHb TiI
(puc. 3).

B koxHuUWi MOMEHT uyacy ¢
3a0€31e"yIOThCS YMOBH
HEMPOHUKHEHHS, TEPTS Ha OCHOBI
sakony KymoHa Ta  BiACYTHICTB
PO3TATYIOUYHMX HAIPY)KEHb HOPMAIbHHX
JIO TIOBEPXHi KOHTAKTY:

o/ " <0, 1, < frof ", (1)

”

e fuo- KoedirieHt Ttepta, n” -

Puc. 3. MoaenoBaHHst B3a€MOJIT Tij

HOpMaJib 0 TOBEPXHI KOHTAKTY.

[puiiMaeTbesi, MmO JUIS KOHTAKTHOTO MIapy IMUIBHICTE MaTepialy Ta
koediuient [lyaccoHa nOpiBHIOIOTH HYJIIO:

p.=0,v.,=0. (32)
®dopmymoBanHsa  (32) 3abe3meuye 0e3MacoBiCTh TPAHUII Ta MHTTEBY
nepeaavy 3yCHib BiJ OMHOIO TiJia J0 iHIIOTO MPH JUHAMIYHOMY HaBaHTaXCHHI.

4. IlocTanoBKa 3a7a4i AMHAMIKH

HapaBanTakeHHs, [0 i€ cropyay abo oONagHaHHSA, BiTHOCATH JO
JIUHAMIYHOTO, SIKIIO BOHO 3MIHIOE CBOIO BEIMYMHY HPOTSATOM MOPIBHSHO
KOPOTKOI'0 MNpOMDKKY 4acy. Ilpum nii Takoro HaBaHTaXXEHHS PO3BHTOK
nedopMaliiii CHCTEeMH Ta IOsBa IEPEMIIeHb MPEACTABIIE COOO EIKUH
MpolLIeC, IO 3MIHIOEThCS y 4Yaci. Macu eneMeHTIB camMoi CIOpYyIH, a TaKoX
MOB’SI3aHOTO 3 HUM OOJIaJHaHHS, B Tmpoueci JeopMyBaHHS OTPHUMYIOThH
MIPUCKOPEHHS, 1110 B CBOIO YepTry HPU3BOAMTH JI0 MOSBH CHIJI IHEpIIil, SIKi JIFOTh Ha
CHOpYy/y 31 CTOPOHH PYXOMHUX Mac.

Po3paxyHok 3 ypaxyBaHHSM CHJ 1HEpLii Ta BUKIMKAaHHX IPH IbOMY
KOIMBAHHAX HA3UBAIOTH AMHAMIYHAM PO3PAXyHKOM. VIOro METOIO B 3araibHOMY
BUIIAJIKy € BU3HAYCHHS y Yaci 3aKOHY pyXy Mac CHUCTEMH, 3HAIOUU SIKHH MOXKHa
JIATU OLIIHKY MIITHOCTI Ta YKOPCTKOCTI CUCTEMH.

JIyis cipoleH s iHKOJIM PO3PaxyHOK CIIOPYIH BUKOHYETHCS SIK CTATUYHUMH, a
JTUHAMIYHUHA XapakTep Jii BpaxOBYETHCS 3a TOMOMOTOI0 TaK 3BaHUX AMHAMIYHUX
koedirienTiB. OAHAaK HaBiTh JUIA BH3HAYCHHSA JWHAMIYHHAX KOCQIIIEHTIB
HEOoOXiHO BMIHHS TPOBOIWTH CaMe IUHAMIYHUI po3paxyHOK. Kpim Toro,
JAJIEKO HE 3aBXKAW 3a JIONOMOror Koedili€HTIB MOXKHa YpaxyBaTH BCIO
CBOEPIIHICTH TPOLIECY JMHAMIYHOTO JiehOpMyBaHHSI.

Pyx HeomHopigHOro i3orpomHoro Tina, o00’eMoM V', 0OOMEXEHOro
MOBEpXHEI0 S  OMNHUCYETHCS PIBHSHHSAM, 10 € HACHIJIKOM TPUHIUIY
JI’Anambepa, TOKOMIOHEHTHa (opma SIKOro B KPHBONIHIHHIA cucTeMi
KOOpAUHAT npuiiMae Burian [1, 7]:
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t%(@z,{c’“ﬁ 17 =piil. (33)

OnHo3HauHiCTh  po3B’s3anHHsd  (33) 3a0e3medyeThess  3alpOBAKCHHAM
BIJIMIOBITHUX TOYATKOBUX 1 TPAHUYHUX YMOB.

[TowyaTkoBi yMOBH CTAaHOBHUTH BiZIOMHI PO3IOALI IIEPEMillIeHb Ta IIBHIKOCTEH
B T y Jeskuil QpikCOBaHMII MOMEHT 4acy f,, SIKMil MpUHMaeThCsl 3a MOYATOK
4acoOBOI KOOPJUHATHU:

u(Z" ) =ug(Z"), w(Z" ty) = ug(Z"), 2" eV . (34)
IpumyckaeTbes, 110 HA YaCTHHI MOBEpXHi S, 3a7aHi KIHEMAaTHYHI TPaHUYHI

YMOBH:

wZ" ,n=az" 1), 7" es,, (35)

a Ha [OBEPXHi S, 3 HOPMAILIO 71 = njej - JIOBLJILHO OPi€HTOBaHA y MPOCTOPI Ta

y 4aci cucremMa HaBaHTa)KEeHb!

Koln;=pz",0, 2" s, (36)

Judepenuiiine piBasanHg (33) 3 rpaHndHMMU yMoBaMH (36) eKBiBaJICHTHO
Bapiauiitnomy npunuuny ['aminerona [2, 3]:

OT +dW —064=0, 37)

ne oW = J'(s’fSéijdV - Bapiamis MOTeHMIiHOI eHeprii medopmariii 3amucaHa B
14
TepMiHax (pi3MYHNX KOMIIOHEHT TEH30piB HAINpyXeHb Ta aedopmartiii [1]:

L S i_ il

&j —Sij/\/g(ii)g(ﬂ) » O7=0" V88 -

R

&7 =dMey, d™ =d™ [gugngw8au) - (38)

Tyt 84 = J' f ilSui/dV-i- J pi,Sui,dS - BapiaIlis poOOTH BHYTPIIIHIX Ta 30BHIIITHIX
14 S
CHIL.
Jlns nomaHHs Bapiawii KiHeTHYHOI eHeprii 67 BHKOPHCTOBYETHCS 3arajibHe
(dopMynroBaHHS 13 BBEAEHHSM JOJATKOBUX TilOTe3, IIOAO 3aKOHY 3MiHH

TIPHCKOPEHHS TOUOK €JIEMEHTApHOro 06’ eMy Tina #* (t) y yaci:

8T =~ [ [ pii* (1) 8uy (£)/gdx'dr?dx’, (39)
Xl X2 X3
BUXOJISIYM 3 KOO, MOYKHA OTPUMATH BUPA3H ISl OKPEMHUX BAXKIIUBUX BUIAJKIB,
10 BU3HAYAIOTHCS MapaMeTpaMH HaBaHTa)KEHHS, a caMe 3aKOHOM HOro 3MiHH,
piBHEM IHTEHCHBHOCTI, IIBUJIKICTIO 3pOCTaHHS Ta TPUBAJICTIO Y Yaci.

BucnoBok. Takum uuHOM, M JOCHIDKEHHS TPOLECIB  1CTOTHOTO
IUTAaCTHYHOr0 AehOpMyBaHHSA OTpUMaHi €()EKTHUBHI BHXIIHI CIiBBIJHOIICHHS
TEOMETPUYHO HEeNiHIWHOI 3amadi AuHaMikd. Bu3HaueHi yMOBHM KOHTAaKTHOI
B3aemoxii Tin. IlpencraBneHi piBHAHHA CTaHy 3aldCcaHi y BiJUTIKOBiH
MOYATKOBIM, BIJUTIKOBIH 3MiHHIH Ta aKTyalbHI# cHCTEMax KOOpAHWHAT.
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Maksimyuk Yu.V.,Solodei 1.1, StrygunR.L.
ORIGINAL EQUATIONS OF A GEOMETRICALLY NONLINEAR DYNAMIC PROBLEM
OF ESSENTIAL DEFORMATION FOR AXISYMMETRIC AND FLAT BODIES

Widely used in various fields of technology are the elements and details that are in the process of
manufacturing or operating in conditions of significant plastic deformation. This is typical of sealing
ring gaskets, rivets in connecting operations, blanks in metal processing, etc. As a rule, the
mechanical processes under consideration occur under the influence of intense dynamic loads.
Significantly, deformation is also influenced by the condition of their interaction with the contacting
parts of the instrument. Further improvement of the constructive decisions of a significant number of
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responsible nodes and technological processes largely depends on the completeness and reliability of
the information on the peculiarities of changing the pattern of the stress-strain state of the selected
class of objects in the process of deformation.

In recent years, the requirements for the construction of mechanical models for the study of the
processes of manufacturing and operating components and equipment has grown significantly, which
is determined by increasing the level of accuracy and reliability of the results, prompting the use of
more and more detailed calculation schemes. In addition, the difficulties of studying the behavior of
structures in the presence of dynamic loads is multiplied by comparison with static analysis.

In this connection, the importance of developing effective methods for studying the processes of
plastic molding of bodies, taking into account geometric nonlinearity and contact interaction under
the action of dynamic loads, increases.

The paper considers the original equations of a geometrically nonlinear dynamic problem for the
study of processes of significant plastic deformation. The problem statement is given under the
condition of contact interaction of bodies. The equations of state are presented in the reference initial,
changeable and actual coordinate systems.

Keywords: body of rotation, geometric nonlinearity, physical nonlinearity, plastic deformation,
contact stress, dynamic load.

Maxcumiox FO.B., Conooeui U.HU., CmpueynP.JI.
HCXOJHBIECOOTHOIIEHUS HEJJUHEMHOIO IMHAMUYECKOI'O ®OPMO-
U3MEHEHUSI OCECUMMETPUYHBIX U IIJIOCKOAE®OPMUPYEMBIX TEJI

B pabore paccMOTPEHbI HCXOIHBIC COOTHOLICHHS T€OMETPHYECKU HEIMHEHHON 3a/1a4i IMHAMUKH JUTS
HICCJIEIOBAHHS TTPOLIECCOB CYIIECTBEHHOIO ILIACTHYECKOro AedopmupoBaHusi. lIpuBeneHa MOCTAHOBKA
3aa4d IIpH YCJIIOBUM KOHTAaKTHOI'O B3aPlMO}lel>iCTBl/lil TEII. HpeacraBneHbl YpaBHEHHA COCTOSIHHAS B
OTCYETHOM Ha4yaJIbHOM, OTCUCTHOW CMEHHOM M aKTyaJIbHOW CHCTEMaX KOOP/IMHAT.

KiroueBble  clioBa:Tela  BpalllGHHs, TI'€OMETPUYECKass  HEJIMHEHHOCTh,  (pHU3HUecKas
HEJIMHEWHOCTB, IJIACTHYECKUE Ae(GOopMalii, KOHTAKTHBIC HAMIPSDKCHHSI, THHAMHUYECKOE HAarpy)KeHHE.

VK 539.3

Maxcum’iok  FO.B., Conooeu 11, Cmpueyn P.JI. Buxigui cniBBiiHOmIeHHsI HeJiHiIHOrO
AUHAMIYHOTO (hOpMO3MiHEHHsI BiceCHMETPHYHHUX Ta MIocKoxedopMiBHUX Tii// Onip Martepiaiis
i Teopis cropya: Hayk.-Tex. 30ipH. — K.: KHYBA, 2019. — Bun. 102.— C. 252-262.

B po6omi posensinymo uxiOHI CRi6GIOHOWEHHSI 2eOMEMPUYHO HeNIHIUHOI 3a0ayi OUHAMIKU O
Q0CNIONCEHHsl NPOYecis ICMOMHO20 NAACMUYH020 Oepopmysanns. Hasedena nocmawnoexa 3aoaui
npu ymogi Konmaxkmmoi e3aemooii min. IIpeocmaeneni pienanns cmamny y 6i0K0GIl nOYAMKOSIl,
6IOIIKOGIL 3MIHHILL MA AKMYANbHIU CUCMEMAX KOOPOUHAM.

. 3. Bi6miorp. 9 Ha3s.

UDC 539.3

Maksimyuk Yu.V., Solodei LI, Strygun R.L. Original equations of a geometrically nonlinear
dynamic problem of essential deformation for axisymmetric and flat bodies //
StrengthofMaterialsandTheoryofStructures:  Scientific-and-technicalcollectedarticles —  Kyiv:
KNUBA, 2019. — Issue 102. — P. 252-262.

The paper considers the original equations of a geometrically nonlinear dynamic problem for the
study of processes of significant plastic deformation. The problem statement is given under the
condition of contact interaction of bodies. The equations of state are presented in the reference
initial, changeable and actual coordinate systems

Fig. 3. Ref. 9.

YK 539.3

Maxcumiox  FO.B., Conooeii U.H., Cmpueyn P.JI. WcxoaHble COOTHOIIEHHS! HeJIWHEHHOro
JUHAMHYECKOro (OPMOM3MEHEHHs]I O0CECMMMETPHYHBIX M IUIOCKoxeopMupyeMbIXx TeJ//
CoIpoTHBIICHHE MATEPUAIIOB M TEOPUS COOPYXKeHHA: Hayd.-Tex. coopH. — K.: KHYCA, 2019. - Boim.
102. - C. 252-262.

B pabome paccmompenvl uCX0OHble COOMHOUIEHUS. 2eOMEMPUYECKU HEeTUHEUHOU 3a0ayuu OUHAMUKU
0I5l UCCNIeO0BAHUSL NPOYECCO8 CYUECMBEHHO20 NAACMUYecko2o Oepopmuposanus. I[lpusedena
NOCMAHOBKA 3A0ayu NPU YCIOBUU KOHMAKMHO20 e3aumodeticmeust mei. IIpedcmasnenvl ypashenus
COCMOSIHUSAL 8 OMCHEMHOU HAYANLHOU, OMCYEMHOU CMEHHOU U AKMYATbHOU CUCMEMAX KOOPOUHAM.
Wi 3. BuGsrorp. 9 Hass.
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