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B pamikax Teopum yrpyromiactudeckux mporeccos A.A.lbio-
muHa [1], B [3] A1 MaTEMATHIECKOrO MOJEIMPOBAHMUSI IPOLIECCOB CIIOXK-
HOT'O HArPY?KEHUS NCIOIB30BAHO KBA3UIMHENHOE OIIPE/IeISIONIEee YPaB-
HeHUe ¢ TpeMs (DYHKIMOHAJAMEI COCTOsiHUS. KaymbpoBKa ompeieiso-
X (GyHKIMOHATIOB TaM MPOBEJEHA C HCIOJIH30BAHUEM KCIIEPUMEH-
TanbHbIX pe3ynbraroB 4] (P.A.Bacur m ap.) mo TpexmepHBIM BHHTO-
BBIM TpaekTopusiM jedopmariuii. BeISCHIIOCH, 9TO OTKJIUK HA BUHTO-
BYIO TPAEKTOPHIO JedOpMAIUU IPHHUMAET, 110 UCIEPIIAHUIO HEKOTOPO-
ro cjeja 3ala3/[bIBAHuUs, BIOJHE OIpEIeSIeHHYI0 (hOPMY IIPEJIETHLHOrO
pexkuma. [losToMy 11j1s1 TPOU3BOIBHBIX TPEXMEPHBIX IIPOIIECCOB Aedop-
Manuu B 2] mpenaranoch nocaenoBaTebHO ANMPOKCAMAPOBATE TPa-
ekTopun jiehopMan OTPE3KaMU BHHTOBBIX JIMHWIA, Ha KOTOPBIX BbI-
YUCIIATH ONPEIesIAtoniue (pyHKIIMOHABI 10 YPABHEHUSIM IIPEJIETbHBIX
pexkumoB. Torya Ha TPAEKTOPHUAX YKA3aHHOTO BUJA PEAIU3YETCs COOT-
BETCTBHE TeOMEeTpHUM TpaeKTopuu medopMmarmii popMe OTKIUKA. ITO
coorBercTBre 110 A.A.VjblommHy HazoBeM TeopeMoil n3omopdusma,
YTOYHSISI JIJIsT TIPOIECCOB BBICOKOM Pa3MEPHOCTH YPABHEHUsT CAMUX BUH-
TOBBIX CIUIAHHOB B IPOCTPAaHCTBe JiedbopManuit u popm oTkauka. [1pu-
HSTBIA B [2] aJrOpUTM OTHOCHIICS MCKJIIOYUTENBHO K TPEXMEPHBIM TPa-
€KTOpHUSM ¥ 0a3UPOBAJICA HA UCIIOJb30BAHUU CMEIIAHHOTO MIPOCTPAH-
CTBEHHOTO 6a3mca, BKJIOYAIOIIEr0, IIOMIMO TPAJMIIMOHHBIX B OIPEJIe-
JISIOIIUX COOTHOIIEHUSIX BEKTOPOB (HAIPABJISIONIMX BEKTOPOB HAIIDsI-
JKeHuit u ckopocteil pedbopmanuit), ere u caM HAPABJISIOIIH BEKTOD
nedopmaruii. 31ech pacCMaTPUBAIOTCHA BapUaHThl MouduKamn 00-
et Teopun, TOHBIE JIJIsl OIUCAHUSI TPOU3BOJIBHBIX IIPOIECCOB HATDY-
JKEHUS ¢ TpaeKTopusaMu jredopMarmit Jiro0oit pasmeprocTu. B kagecTse
periepa BO BCEX HOBBIX T€OPHUSIX UCIOJb30BAHBI HATIPABJISIIONINIT BEKTOD
HAIPSIKEHU ¥ BEKTOPBI, IIOCTPOEHHBIE HA, OCHOBE BEKTOPOB €CTECTBEH-
HOTO corpoBoXK Tatornero perepa @pene. [TockonbKy Janee paccMaTpu-
BAIOTCs MIPOIECCHI JeDOPMAIINU BBICOKOI PA3MEPHOCTH, TO PACTET “UC-



JIO OTIPEJIENIAIONTINX PYHKIIMOHAIOB U HECKOJIBKO YCIOXKHSIOTCS METO/IbI
X UICHTUPUKATIAN.

KuroueBbie cjioBa: IIACTUYHOCTD, INIACTHYECKHE ePOPMAIINN,
CJIOZKHO€E HAIrPY2KEHUe, OIIPE/IEISIOINIIe COOTHOIIEHNS, IeHTU(DUKAIINA
GbYHKIIMOHAJIOB, TeOPeMa U30MOPMU3IMa

OcHoBHasI njges.

PaccMaTpuBaroTcst MpoIecehl CI0XKHOTO YIIPYTOIIACTUIECKOIO HArPy 7Ke-
HUsT MaTepraJsoB. JIjist onucaHus UX CBOHCTB BBOASATCS IATUMEPHBIE 9BKJINI0-
BBI IIPOCTPAHCTBA BEKTOPOB—II€BUATOPOB HampsikeHuit u necdopmaruit. [Ipo-
mecc aedopMaliy XapaKTepU3yeTcss B IPOCTPAHCTBE [IATUMEPHON KPUBOIi, B
KaXKJIONH TOYKe KOTOPO# M300parkaeTcss peakis Wik OTKJIUK MaTepuaJa Ha
nedopMmanuio B Buje BeKTOpa Hampsizkenwuit. Ilycts & u € ob603HATAIOT CO-
IJIaCOBAHHBIE APl IIATUMEPHLIX BEKTOPOB HAIIPXKEeHMI 1 AedopMaluii, 11o-
CTpOeHHBIE Ha (a3e JEeBHATOPOB COOTBETCTBYIOIMX TEH30pOB. B [2] BekTOpHI
HampsizKeHuil 1 JedopMalinii CBA3LIBAIOTCS MEXKIy CcoOOI OIpene oMU
YpaBHEHUAMU:

do de de de
— =0 — P — — My N — It 1
T -of - (T w-o(f)n
—/ _ﬁé‘_(ﬁ0'7ﬁ8)ﬁ0' _ — —\2
TLE = ,\I/: 1— <n07n6) s

VI

B KOTOPBIX P, N, () - dyuknuonassl mporecca gedopMaruil, s - JjIuHa JIy-
ru Tpaekropun jgedopmarmii. JIpyroit dopmoii (1) siBiisiercsi SKBUBaJIEHTHOE
[IpeICTABJIEHNE CKOPOCTH W3MEHEHUsI HAIPSKEHUI B OPTOHOPMUPOBAHHOM
pellepe M3 TPeX BEKTOPOB, CBA3AHHBLIX C HAIPABJSIONIMMH BEKTOPAMH Ha-

npsizkennii, nedopmaruit u ckopocreit aedpopmarimii:

do dz _ (_ de\ _, [(_, dg ([ dg ., (_, dE
o= Q <ds — Ty <no, ds> —nL (n’e, ds>>+Pno <ng, dg)—i—Nn; <n’8, ds) )

Paccmorpenue ypasHenusi (1) B IsiTUMEPHOM IIPOCTPAHCTBE, TJ1e

Ty = cos 0171 —sin 01 (cos OaTiy — sin Oy (cos O3y — sin O3 (cos O474 — sin 475))) ,

Tle = COS 171 —Sin 1 (CoS PaTig — sin pa (coS Y3Tiz — sin 3 (cos Y4Tiy — Sin Y475))) ,

IIPUBOJIUT K BEKTOPHOMY OIPEJIEJISIONIEMY YPAaBHEHUIO

N
n, = — (71 — cosbng) + —sin 01 (e — (g, 1 )00 ) - (2)
o o



Do cileyer u3 TOro, YTO SKBUBAJIEHTHAs (2) cucTeMa ypaBHEHWI JJisl YIJIOB
B IIPEJICTABIEHNN HAIIPAB/IAIONIEr0 BeKTOpa Hanpsizkennit B perepe Opemne:

91 = K1 cOos by — gsin 01 — % sin 01 A4,
. cos O N1 _:
0, = ko cos b3 — mﬁ sin g — —+sin 01094,

(3)

cos 02
sin 0o N
sin 0y — ! sin ¢ sin g sin p3A44,

05 = K3 cos by — ko sin 63 — % sin 1 sin o Asy,
cos 03

sin 03

94:I€4—f£3

COJIEPXKUT B KAUECTBE OIIPEIEJISIONINX (DYyHKIIMOHAIOB nMeHHO () u N1. 31ech
U JjaJiee TOYKa HaJl BEJIMIUHOM 0003HATAET IPOU3BOIHY IO BEJIUIUHBI 110 JIJINHE
JyTH TpaeKTopuu aedopMarinii, a Tak»Ke IPUHATHI 0003HATCHUS:

A4 = sin 6y cos p1 — cos b1 sin @1 (cos 02 cos pa + sin b sin s (cos O3 cos 3+

+ sin 03 sin 3 (cos 04 cos p4 + sin Oy sin ¢y)))
Aoy = sin by cos pg — cos by sin 9 (cos O3 cos w3+
-+ sin 03 sin 3 (cos B4 cos p4 + sin Oy sin ¢y))
A3y = sin 03 cos g3 — cos 03 sin 3 (cos 04 cos @4 + sin O sin @y)
A4y = sin 4 cos g — cos by sin @y

Cucrema ypasHenwuii (3) onpesessier cMbIca DyHKIMOHATIOB (Q 1 N1, Kak
GYHKIIMOHAJIOB, PETYJIUPYIOMINX CKOPOCTH U3MEHEHHS [IEPBOI0 U BTOPOT'O yT-
noB. Ha npumepe ypasuenust (1), B [3] mist TpexmepHbIx TpaekTopuii gedop-
MaIUH [IPOBEJIeHa KAJTUOPOBKA OIIPEIEAIONNX (DyHKITMOHAIOB U IIPEJIJIOXKEH
BapUaHT TEPMOMEXAHUKHU YIIPYTOILIACTUIECKUX ITPOTeccoB. M3okerHast Tam
Teopus BIIOJIHE MOJXOIUT JJIs OHUCAHUS YIPYTOILIACTUYECKUX IIPOIECCOB
U XOPOIIIO COOTBETCTBYET HUMEIOIIUMCS dKcIiepuMenTaM. llpu ycmoxxHeHun
Teopun TpedyeTcs yBeJIUUYEHHE YNCIa BEKTOPOB OCHOBHOI'O pelepa B OTBET
Ha yBeJIMYEHHE PA3MEPHOCTU TPaeKTopuu Iiporecca. B camom obimem ciry-
Jae MaKCUMaJbHOE YUCJIO OMPEEISIONHUX (DyHKITMOHATIOB MOXKET JOCTUTATH
msTu. [l BBITOJIHEHUsT CBOMCTBA OOBEKTUBHOCTHU OIPEJIEISIIONIUX COOTHO-
[IeHUH j1ajiee NCKIIFOIAKTCS U3 PACCMOTPEHUST PEePhI, IPSIMO COIEPIKAIINe
BEKTODHI JlepopMmarnuu. Toria BIIOJIHE €CTECTBEHHOHN BBITVISIUT KOHCTPYKIINS
OPTOHOPMUPOBAHHBIX PENEPOB M3 HAIPABJISIIONIEr0 BEKTOPa HAIPSKEHUN 1
BEKTOPOB, IIOCTPOEHHBIX Ha Ha3e BEeKTOPOB maTuMepHOro perepa Opene.

HoBbie ornipeaesisiroriiue penepbl U ypaBHEHUS.

1. B marumepHOM IIpOCTpaHCTBE BHIOMpaeM 0a30BYIO0 CHCTEMY BEKTODPOB
Mg, N1, N2, N3, M4 U CTPOUM Ha €€ OCHOBE OPTOHOPMUPOBAHHBIN perep:



_ _, _ny—costing
sin 64

= — =\ — =/ =/

N — (M2, Mo )Ny — (M2, 707) MY

Sin92

ﬁ’Q =

)

= T = (0,0 = (s, h) ) — (i )

sin 03 ’
_y _ My — (M4, Mg )Mo — (Mg, WY) Wy — (Mg, T05) T — (Mg, T3) 703
sin 64

[To anasoruu ¢ (1) 3anucbiBaeM onpejesisiioliee ypaBHeHNE B BUJIE:

F U w
n, = gsin 01y + P sin 0970y + o sin O3m% + . sin 047}. (5)

¢ nsarbio onpeessiomumu pyukiwonanamu Q, F,U, W u ckpbirbim B (5)
dyuKIIMOHAIOM P, OTBEYAIOIINM 38 CKaJISPHBIE CBOWCTBA MaTepUaJia. JKBU-
BaJIeHTHAsl ypaBHeHUsIM (5) cucTemMa ypaBHEHUH st yIJIOB:

Q

0] = k1 cosbly — Zsindy,
. _ e cosO £ sin
0y =tz cos 03 — kg sin bz + 5 Gp®s (6)
cos 0 U__sinf3

93 = K3 COS 04 — k2 sin 09 S 93 T sin 01 sin 02

C_ . cosf3 W__ sinfy
94 = k4 — R3 g9, S 01 + o sin @ sin 02 sin 03 °

2. JIns1 TpeXMepHBIX MPOIECCOB CJAOYKHOTO HATPYKEHUST

e = cos 017 — sin 0y (cos Oamy — sin Oanz) .

B zaBucumocTr OoT BBIOOpPa OCHOBHOI'O PEIepa IMOJIYYUM pPa3Hble OIPeIeis-
IOIIe YPABHEHUSA U COOTBETCTBYIONINE UM CHCTEMbI YPABHEHUH JJIsT YTJIOB:
2.1.

{ng,m), 5} -

. F .
n, = Q sin 01m) + — sin 6o}, (7)
(o g
gl- : e 92COS 910 S-1n9€17 F sin 0o . (71)
2 = kK2 — k1 sin 61 s 0y + ‘o sinf’

2.2.
{Ng,n), ML} :

. Q . — Nl . —
= —sind — sin 6 7.. 8
My = — sin 17 + - sinoim; (8)



0, = K1 cosby — % sin 1 — % sin 61 A\,
- cos 61 - N1 :
0y = Ko — mm sin fy — “Lsin g sin(f2 — o),

(8.1)

A = sin 6 cos 1 — cos 0y sin p; cos(fy — p2).

KamubpoBka omnpenesoomux QYHKIIMOHAIOB Bompoc KaanbpoBKu
ompeaesomnX (pyHKIIMOHAIOB Ha MIPOU3BOJILHBIX IIPOIEccax AedOpMaltnii
perraeTcsi OHOTUAIIHO JIJIA U300pasKaiomuX MPOCTPAHCTB U TPAEKTOPU JIo-
6oit pazmeprocTr. OH OCYIIECTBIISIETCST B U€THIPE ITalla;

1. Drarr mepBIil: 10 YpaBHEHUIO KPUBOI JlehOpMAIMY OIpeJIesisieM CKa-
JISIPHBIE XaPAaKTEePUCTUKU TPACKTOPUH B JAHHON TOUKe (KPUBU3HA 1 KPYTKH );

2. Dran BTOpOIL: HpUbIMKAEM TpaeKTopuu Jedopmaluii cruraifHaMu B
BHJIe OTPE3KOB BUHTOBBIX JIMHUAN COOTBETCTBYIONIECH pa3MEpPHOCTH;

3. Dralr TpeTuii: onpeaeseM (POPMbI OTKJINKA U3 TeOPeMbl H30Mopdu3Ma
U KaJmOpyeM mapaMeTpbl OTKJINKA;

4. DTal 4eTBepTHIi: Ha JAHHOM OTpPE3Ke IO pOpMe OTKJIMKA U3 CHCTEMBI
YPaBHEHU [JId YIJIOB HAXOAUM OIpPEeAe/sionue (pyHKIMOHAIbI U T. 1.

IIpumep.

TpexMmepHoe HNPOCTPAHCTBO. PaccMOTpUM TpeXMEpHBII IPOIece e-
dopmarnii ¢ 3aIaHHONI TPaeKTOPHEIL.

Cruaiin. B jio60it Touke TpaekTopun jiepopMaIuii ¢ 3a/laHHbBIMI Ha HEil
CKAJIAPHBIMI XapPaKTEPUCTUKAMU yPABHEHUST:

€1 = €10 + ccosa, €3 = csin q,
o
g9 =90 +a (* + (m — 1)) , (8.2)
27
€10+ ¢ K1 _ 2mKa K2

€20 = y C y = 01 = —FF——
V3 K3 + K3 K3 + K3 N R

OIIpee/dIOT CIIaiH B BUJI€ BUHTOBOU JIMHUU, IIPOXOJAIICH Yepe3 TOUKY Ha-
JaJja TPaeKTOPHUH C apamMeTpaMi (KpUBU3HOI M KPydYeHHeM ), COBIAIAIONII-
MH C TIapaMeTpaMU TPaeKTopuu jiedopMaluu B HAYaJILHOM TOUKE.

ITapamerps! oTkianka. Ha ocHOBaHMU 9KCIIEPUMEHTAJBHBIX JAHHBIX [4]
B [3] 6bu1a ycraHoBIeHA bopMa OTKIIMKA HA TpaeKTopuio jgedopmaiun (8.2)
C YeTBIPbMS IIapaMeTPaMi, HEU3BECTHBIM 00Pa30M 3aBUCSIIUME OT XapaKTe-
PUCTUK cILIaiina:

01 =010+ Rcos 8,03 =030+ Rsin 5,8 = a + ay,

o9 = \/0(3)2 — 02 —03,0(s) =09+ G's. (9)




B TpexmepHOoM ciydae coorHommenust (8.2) u (9) 3amator nzomopdusm mpo-
cTpaHcTB JedopMaImii 1 HAIPSI>KEHMIA.

Dopmydtbl aJiss GYHKINOHAIOB. VMeroT MecTo cieiyioniue aHaIuTu-
YeCcKue MPEJICTABIEHNS BEKTOPHBIX XaPAKTEPUCTHK IIPOIECCa YepPe3 TapaMeT-
pbI TpaekTopun JehopMaImii U OTKINKA

K1 030 COs @ — o1g Sina + Rsin o n 09
ar—,
\//1%4—/1% o o

010 Cos & + o3 sin a + R cos ay

cosfy =

(10)

cosfy = -
o sin 6

[Tpeobpasyem ypasuenusi (7.1) ¢ yaerom cdopmys (10). B urore mosyunm
CHCTEMY JIMHEHHBIX aJredpandecKux ypaBHEHU JJIs onpeneasiomux pyHK-
IIMOHAJIOB TIPOIIECCA:

Q . K2 . o2 N\ R
“sin?60; = — (02 — —0) + —cosop—
g o',//{/l—}—,gz g ag
K1 o3pcosa — oqgsSina + Rsinag .
— o

2 2 2 ’
VK] + K3 g

o, Q 030 COS ¥ — 010 Sin &
cosfy [ =2 — Zcosby | — - K;%+ﬁ%:
o o o sin 6y

cos, F sin0s

= K9 sinfy — K1 — - .
sinfy o sinf,

IlaTuMmepHOe HpoCTpaHCTBO. B 3ToM cilydae ypaBHEHHE CILIaiina
CTPOUM B BHJIE IATUMEPHOro BuHTa. B [1| B isituMepHOM 1ipocTpaHcTBe perrie-
Ha 3aJa4a HOCTpoeHI/IH TpaeKTOpI/II/I C IIOCTOAHHBIMUA KpI/IBI/I3HalVH/I. PeH_IeHI/Ie
3aJ1a4M BBIIMCAHO B perepe, KOTOPLI He SIBJISEeTCS OPTOrOHAJLHBIM. DTO pe-
IIeHrEe MPUBOJINM K OPTOHOPMUPOBAaHHOMY perepy Ppere HAUAILHONW TOUKN
TpaeKTopuu. Pe3yabTar B BHJE TPEXWICHHOrO ISTUMEPHOIO BUHTA, JACTCA

dopmyIoii:

(K ) e
Kot K — (k3 — % — K3)(L — coskis)
g = k;k;ls R1K4 + /{?2(]{271—]{22) I{Q(ﬁi — k%)% +
o 0 I —koksz(1l — coskys)
sinkis

R1R3 /€2/€3/€4T



(K = i )i

ko
. (k¥ — K3 — Ii%)(l — cos kas)
1 k
B | el R) S )
2302 koks(1 — cos kas)
— KoKk sn}ﬁkgs

B KOTOPYIO BXOJAT KPUBHU3HBI TPACKTOPHH, a TaKzKe JIBe (DYHKIMNA KPUBU3H,
em.[1]:

k% (K1+H2+I€3+Ii4+

l\’)\r—t

+\/(/<a% + K3 + K3 + /@i)2 4 (k3K3 + k3RS + K1K,4)>

1
k%zi(n%—i-/f%—i-n%—i-ni—

—\/(H%—FK%—FR%—I—KZ) 4(/@1K3+I€2/£4+f€1/€4)>

B pesyibrare TOXKIECTBEHHBIX IIPEOOPA30BAHUN TPEXIICHHON (DOPMYJIbI TIsI-
TUMEPHOI'0 BHHTA IOJIYIaeTCsl ISITUIIEHHOE [IPEICTaBICHUE:

g =

{€1(—1+ coskys) +essink;s} + 8222452—1-
1k2

p AL
L S
ki (ki — k3)

R1 _ _ .
+p1—5—5—5-{€1(—1 + cos kas) + €5 sin kas} (11)
k3 (k% — k3)

C M3BECTHBIM 0DPA30M 3aBUCAIIMMHU OT KPUBU3H TPACKTOPUU (PYHKIUSIMU
P1,P4.

3HAYUT, B CHEIUAJbHOM OPTOHOPMHPOBAHHOM perepe €1, €2, €3, €4, €5
ypaBHEHHE ISITUMEPHOI'O BHUHTA MMEET IIPEeICTaBJIEHHE II0J0OHOE Tpexmep-
nomy BuHTY (8.2). UTo KacaeTcst caMoro perepa, To, Kak BHJHO, OH OILpe/ie-
JIETCS TOJIbKO BHYTPEHHEH reoMeTpueil TpaeKTOpUN.

YKazaHHOe OOCTOATENBCTBO IIO3BOJIAET IMOCTYJIHPOBATL M0m00HYI0 (9)
dopMy JiTst OTKJIMKA Ha TPAEKTOPHUIO jedopMaliuil B BUE ISITUMEPHON BUH-
TOBOH JIMHUU:

o1 =010+ Rycos 3,8 = ks + fo,

03 = 030 + Ry sin f3,

o4 = 040 + Rocosy,y = kas + Yo, (12)
05 = 050 + R siny,

09 = /02 — 0} — 02 — 07 — 02.




[MoguepkHeM, 9To oTMydue 3Toro npeacrasienus ot (9) B Tom, uro dhop-
Ma OTKJIMKA JIJIl TPEXMEPHBIX BUHTOBBIX TpaeKTopuii Oblia BeiOpana B [3] Ha
OCHOBE aHAJIM3a PE3YJIbTATOB 0OPAbOTKU IKCIEPUMEHTAJbHBIX JIAHHBIX (4],
Torja Kak coorHomenue (12) npexcrabisier coboit (hOpMYIMPOBKY Teope-
MBI U30MOPpU3MA, JIJIsT TATUMEPHBIX TpaeKTopuil jgedpopmaruu. B dersipex-
MEpPHOM WJIM JIBYyMEPHOM IIPOCTPAHCTBaxX medopMalinii CeKy/IsipHbIe JIEHbI B
ypaBHeHusIX BUHTOB (11) paBHBI HYJIIO U 9TO 0O6CTOSATEIHCTBO COOTBETCTBY O
muM 006pa30M KOPPEKTUPYeT U (POPMbI OTKJINKA JIBYMEPHBIX M U€ThIPEXMEP-
HBIX TTPOIECCOB TeOPMAITHH. .

KanubpoBka nmapamMeTpoB OTKJINKA.

Omenka mapamerpos (9) man (12) mpoBoAUTCS IO YpABHEHUIO:

do
o =0Qm+ |
ds
KOTOpOE SIBJII€TCs TpexXwieHHoi dpopMmysioii A.A.npommnHa, 1 €ro BIOJIHE

MOXKHO CUNATATH O-TIpUOJIMZKEHNEM BCEX PACCMATPUBAEMbBIX 3JI€Ch yPABHEHUI
(5),(7),(8), ¢ ucosbzoBaneM GHOPMYIIBI

— () cos 91> Mo,

o309 cos k1s — oygsin ks + Ry sin By .

cos = c1ky (13)

g

050 COs kas — o409 sin kos + Ro sin g 09
+coko +a;1—.
o o

B srom npubiamkenun upeHeGperacM MaJIbIMH BeJHYHHAMU HOPSIKA
010/0, -+ 050/0, (3TO CIETOBATIO B TPEXMEPHOM CJIyUae U3 AHAIM3A IKCIIEPH-
MeHTaJIbHBIX JAHHBIX [4]) 1 3anucbiBaem ¢ yaerom (12) nepsoe, Tperbe, der-
Beproe u nsroe ypasuenust O-npubizkennst. [losyuaem cucremy us 4 HesaBu-
CHMBIX ypaBHEHNT Jy1st 4 Hen3BeCTHBIX napaMerpos orkinka (Ry, Ra, Bo,70):

Ry = %10 cos B, Ro = %20 cos Y0, k1 tg Bo = ka tg o,

1 (1do a . k2 2 c2 k2
e o+t o (20 - 5) e (41— b 2R
1 1

1 (k2 ldo a1 k2 2+ 2
te?Bo— (2 +1) (=5 -~ ) +tghoz (1 - L2 14
+g60k1 <k‘%+ ><st )\>+ gﬁok% 22 + ( )
LK (Lde ) _ 1_Q
ods X)) X o
IIpu ko = 0, co = 0 orciosa caeayoT XapaKTePUCTUKU OTKJINKA TPEXMep-
HOTO mportecca edopMariuii:



1
Ry = e cos B,

1 (1do a
tg® Bo + tg” Po- < - 1) +
1 g

2

ci 1 (1do a1
£ Ay (2w, 15
+gﬁ°< )\2>+k1<ads /\> (15)

[TapameTpsl 019, 029, 030, 040, 050, B 0-IPUOIMKEHUN OCTAIOTCS HEOIIPEJIEICH-
upiMu. VTepannontas mporerypa /i HaX0XK ICHUsI 9TUX MapaMeTPOB B TPEX-
MEpPHOM CJIydae U3JIOXKeHa B |2| BMecTe ¢ IMPUMEpPOM Peasu3allui Jijist Ipo-
[IECCOB B BHUJIE TPEXMEPHBIX BUHTOBBIX JiuHuii. HalijeHubie TaM 3HaYeHUs
9TUX APAMETPOB yKe B 1-IPUOJIMIKEHUN COOTBETCTBYIOT SKCIEPUMEHTAJb-
HBIM JIaHHBIM.

Bce mpejioxkeHHBIE BBIIIE TOAXOBI ObLIN PEATH30BaAHbI HA TISTUMEPHBIX
nmporeccax aedopMalinii ¢ TpaeKTOpusaME jiepopMaIuii B BUIe MTATUMEPHBIX
BUHTOBBIX JIMHUI TIOCJIE OTHOOCHOT'O HArpy kKeHus. MbI B35/l peajbHbIe 9KC-
[EPUMEHTHI U3 [4] Ha TpeXMEPHBIX BUHTAX M HA MX OCHOBE IIOCTPOUJIN IISITH-
MEpHBIE TPAEKTOPHUH JleOpMAaInii, COXPAHUB JJIsT HUX T€ XKe caMble HOMepa,
YTO OBLIN B IIPOTOTHUIIAX.

Tabiiniia napaMeTpoB PacCMOTPEHHbIX MATUMEPHBIX ITPOLIECCOB
nedopMarimii.

Nexp | k1 | k2 | K3 | K4 | 010 | 030 | 040 | 050 A
25 333 | 666 | 200 | 200 | 70 | 30 10 10 | 0.005
27 100 | 200 | 50 50 50 | 50 | 70 10 | 0.008
29 200 | 200 | 50 50 70 | 50 | -20 | 50 | 0.008
31 200 | 60 60 60 70 | 30 10 | 100 | 0.08
35 200 | 400 | 100 | 100 | 70 | 30 | 10 | 70 0.01

PeByJ’[bTaTbI HEKOTOPBLIX PaCY€TOB IIPUBO/ATCA HUKE.
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Some mathematical models of elastoplastic processes of complex

loading
Molodtsov I.N., Babaeva D.O.



In the framework of the Ilyushin’s theory of elastoplastic processes,
in [3] for mathematical modeling of complex loading processes we
use special type quasilinear equation with three state functionals.
The functionals was calibrated using the experimental results [4]
(R.A.Vasin, etc.) for 3D- helical trajectories of deformations. It turned
out that the response on a helical trajectory of deformation takes a
completely definite loading form, not exactly, but after the exhaustion
of some trace of retard. On the helical trajectories of deformations
the form of loading is the same: helical trajectory of deformations is
becoming to helical trajectory of loading there and back. The used
map preserves the geometry of space. This correspondence by Ilyushin
is called as isomorphism theorem. All new theories use as the basis
the directing vector of stresses and vectors constructed on the base
of Frenet basis. For high-dimensional processes, the number of state
functionals increases, so and the methods of their identification become
more complicated. All models are completly verified. The results are
given below.

Keywords: plasticity, plastic deformations, complex loading, state
functional, identification of functionals, isomorphism theorem



