HekoTopbie MmaTemMaTnieckue Moejn
YIIPYTOIUIACTUYECKUX ITPOIECCOB CJIO2KHOTO
HarpyzkKeHust

Moutonmos U.H., Babaesa /1.0.

B pamkax Teopunm yupyromracrudeckux Imporeccos A.A.Nibro-
muHa [1], B [3] MIg MaTEMAaTHIECKOrO MOLEIHPOBAHNST IIPOLIECCOB CIIOK-
HOT'O HAI'DY?KEHUS UCIIOJI30BaHO KBA3UINHEITHOE OIIPEIEISIONIEe yPaB-
HeHne ¢ TpeMs (DYHKIUOHAJIAMEI COCTOsiHUsI. KamOpoBKa Ompeessio-
mux QYHKIMOHAJIOB TaM IIPOBEJIEHA C UCIIOJb30BAHUEM SKCIEPUMEH-
TasbHBIX pe3ynbraToB [4] (P.A.Bacun u mp.) mo TpexMepHBIM BHHTO-
BBIM TpaekTopusM jedopmariuii. BeIICHUIOCH, 9TO OTKJINK HA BUHTO-
BYIO TPAeKTOPHIO JedOpMaIui IPHHUMAET, 110 NCYEPIIAHUIO HEKOTOPO-
ro Cjie/ia 3ala3IbIBaHUs, BIOJHE ONPEIeIEHHYI0 (DOPMY IIPEIeHbHOrO
pexxuma. [TosTomMy 117151 TPOU3BOIBHBIX TPEXMEPHBIX IIPOIECCOB J1eop-
Manuu B 2] mpenarasoch mociaenoBaTebHO AlIPOKCAMAPOBATE TPa-
ekTopun n1eOpMaI OTPE3KAMU BUHTOBBIX JIMHUIA, Ha KOTOPBIX BbI-
YUCIATH OIpe/Iessionue (hyHKIIMOHATB 110 YPABHEHUSIM IPEIEIbHBIX
pexkuMoB. Torna Ha TPAEKTOPHUSX YKA3aAHHOI'O BUIA PEAJTU3YETCS COOT-
BETCTBHE TeOMETPHUH TpaeKTopuu JedopManuii (popMe OTKIUKA. DTO
coorBercTBre 110 A.A.VbommHy Ha30BeM TeopeMoil m3oMopdusMa,
YTOYHSISI JIJIsT TPOIIECCOB BBICOKOM Pa3MEPHOCTH yPABHEHUS CAMUX BUH-
TOBBIX CIIAHOB B IpOCTpaHCcTBe Jedopmanuit u ¢popm orkiauka. IIpu-
HATHIH B [2] aAropuT™M OTHOCHIICH UCKJIIOUATEIHHO K TPEXMEPHBIM TPa-
€KTOpUSM U 0a3UPOBAJICH HA MCIOJB30BAHUU CMEIAHHOTO MPOCTPAH-
CTBEHHOro 0a3nca, BKJIIOYAIONIEro, MOMUMO TPAJUIIMOHHBIX B OIpee-
JISTFOIIUX COOTHOIIEHUSIX BEKTOPOB (HAIPABJISIIONIAX BEKTOPOB HAIDSI-
JKEeHUN U cCKopocTeil ,ae(’popMaLu/Iﬁ), ellle U caM HallpaBJIAIOIINNA BEKTOP
nedopmarnuii. 37ech paccCMaTPUBAIOTCA BapUaHTBI MOIUMUKAIUN 00-
el Teopun, TOMHBIE IS OMUCAHUS [TPOM3BOJIBHBIX MIPOIECCOB HATPY-
JKEHUs ¢ TPAEKTOPHUAME JedopMarnii 1oboit pasmeprocTu. B KagecTse
perepa BO BCeX HOBBIX TEOPHUSX HCIIOIb30BAHBI HAIIPABJIAIONINN BEKTOD
HAIPSIKEHUT ¥ BEKTOPBI, IIOCTPOCHHBIE HA OCHOBE BEKTOPOB €CTECTBEH-
HOro corpoBox palorero perepa @pene. [lockonbKy J1aree paccMaTpu-
BAIOTCsI IPOTIECCHI JehopMaIuy BRICOKON PA3MEPHOCTHU, TO PACTET UUC-
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JIO OTIPEAESIONNX (PYHKITNOHAJIOB M HECKOJIBKO YCIOKHIIOTCA METOIBI
UX UIEHTU(DUKAIN.

KuroueBbie ciioBa: IaCTUYHOCTD, IJIACTUYECKHE J1e(POPMAINH,
CJIOZKHOE Harpy2KeHUe, OIPEIEIsIIOIIe COOTHOIIEHMS, UIeHTU(DUKAIIHS
(DYHKIMOHAJIOB, TeopeMa n30Mopdu3Ma

OcHoBHag uges.

PaccmaTpuBaroTcs mporiecchl CI0YKHOTIO YIIPYTOILIACTHYECKOTO HATPY2Ke-
HUs MaTepuasos. [ljs onrcanus ux CBONCTB BBOJSTCS IIsITUMEPHBIE 9BKJIN/I0-
BBl IIPOCTPAHCTBA BEKTOPOB—IEBUATOPOB HaIpsizkeHuit u gedopmaruit. [1po-
recc eopMaIun XapakKTepU3yeTcs B IPOCTPAHCTBE MATUMEPHON KPUBOA, B
KaXKJIOf TOYKE KOTOPOI M300pakaeTcsi peakins Wid OTKJIUK MaTepuaJia Ha
nedopMmaIuio B Bujie BeKTOpa Halpsikenwnit. [lycts ¢ u € obozHagaor co-
[JIACOBAHHDIE TIAPBI IATUMEPHBIX BEKTOPOB HAIPs2KeHU u jiepopMariuii, mo-
CTpOEHHBIE Ha 0a3e JIeBHATOPOB COOTBETCTBYIONMX TeH30pOB. B [2| BekTOpHI
HaIpsiZKeHU U j1epopMaIiuii CBA3BIBAIOTCS MEXKIy CODOI OIpe e IsTIoNuMK
YPaBHEHUSIMU.:

do de de de
— =) — P — — Mg N — bt AR 1
C-of -0 (fm)rw-a(Ea)n
—/ _ﬁe_(ﬁavﬁs)ﬁa _ — —\2
'n,a: ,\Ijzl—(no—,ng),

VU
B KOTOpbIX P, N, () - PyHKIMOHAJBI IIpoliecca jedopManuii, s - JJIuHa Ty-
ru rpaekropun gedopmarmit. Ipyroii dopmoit (1) siBiasiercst SKBUBAJIEHTHOE
[peJICTaBIeHne CKOPOCTH H3MEHEHUsI HAIPSKEHUN B OPTOHOPMUPOBAHHOM

periepe U3 TPeX BEKTOPOB, CBA3AHHBIX C HAIIPABJISIONIMMHU BEKTOPAMHU Ha-
npsizkeHnit, nedopmaryii u ckopocreit gedopmariumii:

do d _ (_ dge\ _,[(_, dE [/ dg ., (_, dg
i Q (ds — Ny (ng, ds> — . <n’€, ds>>+PnU (ng, ds> +Nn. <n;, ds> )

Paccmorpenne ypasaenusi (1) B NsITUMEPHOM IPOCTPAHCTBE, TIe

Ty = cos 0171 —sin 01 (cos OaTig — sin Oy (cos O3z — sin O3 (cos G474 — sinb475))) ,

Tle = €OS 1711 —Sin @1 (Cos PaTig — sin pa (cos psTiz — sin Y3 (Cos Y4Tiy — Sin Y475))) ,

IIPUBOJUT K BEKTOPHOMY OIIPEAEJIAIONIEMY yPaBHEHUIO

N-
n, = — (N1 — cos 017,) + L sin 01 (M — (Mo, e )T ) - (2)
g g
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D710 cileyer u3 TOro, YTO SKBUBAJIECHTHAs (2) cucreMa ypaBHEHUl JJisl YIJIOB
B IIPEJICTABIEHNN HAIIPABJIAIONICTO BEKTOpa Halpsikenuit B perepe Opene:

01 = K1 cos b0y — % sin 6y — % sin 61 A1y,

05 = Ko cos b3 — m% sin 6y — % sin 1 Aoy, 3)
05 = K3 cos Oy — ko Z?Ifg; sin 03 — % sin 1 sin o Asy,

0y = kg — m3% sin 64 — % sin 1 sin o sin 344,

COJIEPKUT B KAUECTBE OIIPEJIEJISTIONNX (DyHKITMOHAIOB nMeHHO () u V1. 31ech
U JaJiee TOYKa HaJl BeJIMINHON 0003HAYAET IIPOU3BOIHY IO BEJTUMINHBI 10 JI/THHE
JYyTH TPAEKTOPUU JAedOopMAIlnii, a TaK>Ke MPUHSITHI 0003HATEHUST:

A1y = sin by cos 1 — cos b1 sin 1 (cos by cos pa + sin O sin @ (cos O3 cos g3+

+ sin 03 sin 3 (cos 4 cos p4 + sin Oy sin @y)))
Aoy = sin by cos gy — cos by sin 9 (cos O3 cos w3+
+ sin 03 sin 3 (cos 04 cos @4 + sin Oy sin @y))
Asy = sin 03 cos @3 — cos O3 sin 3 (cos b4 cos g4 + sin Oy sin @y)
Ayy = sin by cos pq — cos by sin @y

Cucrema ypaprenuii (3) onpejensier cMbIcs (byHKIMOHAIOB @ 1 N1, Kak
bYHKIIMOHAJIOB, PETYJIUPYIONINX CKOPOCTH U3MEHEHHS [IEPBOrO U BTOPOI'O yT-
soB. Ha npumepe ypasuenusi (1), B [3] miist TpexmepHbIX TpaekTopuii gedop-
MaIliH IPOBeJieHa KaaTubpOBKa OIPeIeaonux (pyHKIINMOHATIOB U IIPEJIJIOXKEH
BapUaHT TEPMOMEXAHUKH YIIPYTOIJIACTUIECKUX IIPOIeccoB. V3oxkennasa TaM
TEOPHUs BIOJIHE TOJXOMUT JJis OINUCAHUS YIIPYTOILIACTUYECKUX IIPOIECCOB
U XOPOITIIO COOTBETCTBYET WMEIOIIMMCs dKciiepuMenTaMm. llpu ycmoxxueHun
Teopuu TpedyeTcs: yBe/JIUYEeHHe YHC/Ia BEKTOPOB OCHOBHOI'O PEIepa B OTBET
HA yBeJIMYEHUE PAa3MEPHOCTH TPACKTOPUU Ipolecca. B camom obmieM ciy-
Jae MaKCUMaJIbHOE YUCJIO OIPEASISIONINX (PYHKIIMOHAIOB MOXKET JTOCTUTATD
usitu. [yt BBINOJIHEHUS CBOHCTBA OOBEKTUBHOCTHU OIPEIETISIONINX COOTHO-
[IEHU J1aJ1ee UCKJII0YAIOTCS U3 PACCMOTPEHUS PEIEPDI, MIPSIMO COJIEPKAIIIIe
BeKTOPHI Jlepopmaru. Torga BIIOJIHE €CTECTBEHHON BBITVISIUT KOHCTPYKIIAS
OPTOHOPMUPOBAHHBIX PEIEPOB M3 HAIPABJISIONIEN0 BEKTOPA HAIPSKCHUN U
BEKTOPOB, IIOCTPOEHHBIX Ha Ha3e BEKTOPOB nsTuMepHOro perepa Ppemne.

HogBsble onpejiesnsmoriue penepbl 1 ypaBHEHUS.

1. B marumepHOM MpPOCTPaHCTBE BLIOMpaeM 0a30BYIO0 CHCTEMY BEKTOPOB
Ng,MN1,M2,N3,T4 U CTPOUM HA €€ OCHOBE OPTOHOPMUPOBAHHBINA pelep:
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__, _m —cosbing
Moy = ————————
sin 04
= = = \&= = =1\ =/
ﬁ/ — ng — (n27n0')n0' - (n27n1) ny
2= sin 0

Y

3 — (M3, M0) 0y — (M3, M) T — (M3, 75)

Ty = .
3 sin 63

i

= _ N4 — (ﬁ4aﬁ0)ﬁcf - (ﬁ47ﬁll) ﬁll - (ﬁ4vﬁl2) ﬁIQ - (ﬁ4?ﬁg) ﬁg
sin 64

ITo anasioruu ¢ (1) 3anucbiBaeM olpejesIsioliee ypaBHEHNE B BUJIE:

3|

F U w
. = Q sin 017 + sin Oo7) + sin O34 + — sin 047). (5)
o

C TATBIO OIPEJICTISTIONINME (byHKLu/IOHaJIaMI/I Q,F, U,W u CKpbITHIM B (5)
dyHKIIMOHAJIOM P, 0TBeYaIomuM 3a CKaJISIpPHbIE CBOMCTBA MaTepuaa. JKBU-
BaJICHTHAsl ypaBHEHUsIM (5) cucTeMa ypaBHEHUil Jjisi yIJIoB:

0] = K1 cosby — Q SinHl,
F sin 6y

gomy, (6)

0, = ko cos b3 — ml 91 sin 0y +

sin 0

— _ cos 02 U
03 = K3 COS 94 K2 sin g sin 03 o sinfq sinfy’

© . .. cosf3 W__ sinfy
04 = R4 K3in 03 sin 94 + 5 o sin @1 sin 05 sin 03 °

2. JIs TpexMepHBIX MIPOIECCOB CJ0YKHOTO HATIPYKEHUS

Ny = cos B — sin 6 (cos Oana — sin Oang) .

B saBucumocTu or BI)I60pa OCHOBHOT'O peliepa IIOJIYyYHMM DPa3HbI€ OIIpeaesisd-

omue ypaBHEHUA U COOTBETCTBYIOIIUE UM CHCTEMBI ypaBHeHI/Iﬁ JJId YyTJIOB!:
2.1.

{ng,n), 5}

.. Q. , F
= —sinf — sin Oo7o, 7
o O_m 1n1+0_1n 2Ty (7)
0, = K1cosby — Q = sin 6y,
0y = ko — 00591 ine +Esin92 . (71)
2 = k2 Hlsln@ S G2 o sinf?
2.2.
{ng,my, AL}
N
n, = 9sin@lﬁ/l + “Lsin 6,7 (8)
o o

14



0, = K1 cosby — Q sin@; — M gin 0 A,

cos 91 . N
sing. Sin 02 — ~Lsin g sin(f2 — p2),

P (8.1)

A = sin 6y cos p1 — cos 01 sin 1 cos(fy — p2).

KanubpoBka ormpegesisitoiux (yHKIUOHAJIOB Borpoc KaaubpoBKu
otpeiesisonux (HyHKIIMOHAJIOB Ha IIPOU3BOJIBLHBIX IIpolieccax fedopmarinii
PEeIaeTcst OJHOTHUITHO JIJIsi U300PAKAIONINX TPOCTPAHCTB U TPACKTOPUIL JIFO-
6oit pasmepHocTr. OH OCYIIECTBJISIETCST B YEThIPE ITalla;

1. Drarr mepBbIil: 10 YPABHEHUIO KPUBOI JlepOPMAIME OIPEJIEIsieM CKa-
JISIPHBbIE XaPAaKTEPUCTUKN TPAEKTOPUH B JIAHHOMN TOUKe (KPUBU3HA U KPYTKN);

2. Dran BrOpoOil: mpuUbIMKaEM TpaekTopuu JedopMaruii cruraifHaMu B
BHJI€ OTPE3KOB BUHTOBBIX JIMHUAI COOTBETCTBYIONIECH Pa3MEPHOCTH;

3. Dran Tperuit: orpeiesseM (pOpMbI OTKJINKA U3 TEOPEMbI H30MOPhU3Ma,
U KaJmOpyeM mapaMeTpbl OTKJINKA;

4. Jran yeTBepTHIi: Ha JJAHHOM OTpe3Ke 10 (opMe OTKJINKA U3 CUCTEMbI
YPaBHEHUH JIJIsT YTJIOB HAXOIUM OIPEIEISTIOITe (byHKINOHAJBI U T.]1.

IIpumep.

TpexmepHoe HPOCTPAHCTBO. PaccMOTpUM TPEXMEpHBII IPOIECe me-
dopmannii ¢ 3aIaHHON TPAEKTOPHUEIL.

Cruaiin. B jioboit Touke TpaekTopun jiepopMaIuii ¢ 3a/laHHbIMU Ha HEl
CKaJIAPHBIMU XapPaKTEPUCTUKAMU yYpaBHEHWA:

€1 = €10 + ccos, €3 = csin a,
Q

g =¢+a (* + (m — 1)) , (8.2)
2w

€10 +c K1 2m K2 K9
Cc= =
Y

RV B AT R R/
OIIPEJIETIAIOT CILIAHH B BUJIe BUHTOBOM JIMHUM, IIPOXO/ISINEHl Yepe3 TOUKY Ha-
JaJia TPAEKTOPHH C napaMeTpaMiu (KPUBU3HON U KPYUIEeHHEM ), COBIIA A0~
MU ¢ IapaMeTpaMi TPaeKTopuu jedopMalini B HadaJlbHONH TOUKe.

ITapamerps! oTkiauka. Ha ocHOBaHUH 9KCIIEPUMEHTAJLHBIX JaHHBIX [4]
B [3] 6bL1a ycTanoBsieHa dopma OTK/IMKA Ha TpaeKTopuio Jedopmarmn (8.2)
C 9eTBIPbMS ITapPAMETPAMU, HEM3BECTHBIM 00PAa30M 3aBUCAIIMMHI OT XapaKTe-
PUCTHK CILIaiiHa:

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

o9 = \/ —0?—02,0(s) =00+ G's. 9)
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B rpexmeprom ciayuae coorHomenust (8.2) u (9) 3amator nzomopdusMm mpo-
CcTpaHCTB JedopMalii 1 HAIPSI>KEHUIA.

Dopmyiibl it PYHKIMOHAIOB. IMeoT MeCTo ClIeyIoNnue aHaJInTh-
YeCKHe IPeJICTABICHUS BEKTOPHBIX XapaKTEPUCTHK IIPOIECCa 9epes ImapamMeT-
pbI TpaeKTopun JAedopManuii 1 OTKIUKA:

K1 030 Cos @ — o1g Sina + Rsin ag n 09
ai ’
VK + K3 o o

010 CoS & + o3g sina + R cos ay

cosf =

cos by = (10)

o sin 64

[Tpeobpasyem ypasuenus (7.1) ¢ ygerom dopmya (10). B mrore mosyuanm
CUCTEMY JIMHEHHBIX aJredpandecKnx ypaBHEHU JJIs onpeeasionmux hyHK-
[IMOHAJIOB TIPOIECCa:

@ sin” 0 2 <J' o2 J') + al cos &
- 1= —F5—=5\02— — - 0—
o 0',//1%—’—/{% o o
K1 o3pcosa — oqgsina + Rsinag .
— o

2 2 2 ’
\ K1+ K3 g

o, @ 030 COS ¥ — 010 Sin &
cosby | =2 — Zcosby | — - ﬁ%—l-li%:
o o o sin 0

cosy F sin?0,

= K9sinfy — K1 — - .
sin 64 o sin 6y

IIssTuMepHOe HpPOCTPAHCTBO. B 3TOM ciydae ypaBHEHHE CILIafHA
CTPOMM B BHJIE IITUMEepHOro BuHTa. B [1| B IsiTuMepHOM nipocTpascTBe perie-
Ha 3a/a4a HOCTpoeHI/IH TpaeKTOpI/H/I C IIOCTOAHHBIMU KpI/IBI/I3Hal\H/I. PeHIeHI/Ie
3a/1a9M BBIINCAHO B Pelepe, KOTOPLIil He sIBJISETCS OPTOrOHAJILHBIM. DTO pe-
IIEHNEe TPUBOJIUM K OPTOHOPMUPOBAHHOMY periepy Ppere HAYAILHON TOUYKH
TpaeKTOpuu. Pe3ysbrar B BUIe TPEXUIEHHOIO MATUMEPHOIO BHHTA JAETCS

dopwmyoii:

Kok4 —r1 (k3 — K} — K3)sks
ks . —(k%— /{%2—815%35(1 — cos k1)
Tl IR T B i i *
0 L2 —kak3(1l — coskys)
R1K3 /QQH?,/@AL%

16



() = i )i

ko
. (k? — K3 — K3)(1 — cos kas)
1 ink
+k2(k2 — kz) ’{2(“4 k2)s 22 )
2\ 2 HQKg(l — COS k25)
—RoK3K4 SH}CI;QS

B KOTOPYIO BXOJAT KPHBU3HBI TPACKTOPHH, & TaKxkKe JiBe (DYHKIMN KPUBU3H,
oM. [1]:

k’% (K‘l + /€2 + /‘i3 + H4+

1\3\’—‘

(4 g o+ )7 = 4 (0 o+ ) )

k‘% (Hl+/€2+/€3+/€4

l\D\P—‘

VO )7 = 4 (e e i) ).

B pesyabrare TOXKIECTBEHHBIX TPEOOPA30BAHUN TPEXUICHHON (HDOPMYJIbI TIsi-
TUMEPHOTO BUHTA IIOJIyYaeTcs IATHYJICHHOE IIPEJICTaBICHIE:

_ K1 _ . KoK4_
E=pP1—5-—5—5-1{€1(—1 4+ coskis) +e3sink;s} + s es+
CIEETILE ) STk
+p4w{64( 1+ coskys) + €5 sin kos} (11)
C U3BECTHBIM 0ODOPA30M 3aBUCANIMMHU OT KPUBU3H TPACKTOPUU (DYHKIUSIMU

P1,P4-
3HAUNT, B CIENUAJLHOM OPTOHOPMUPOBAHHOM PEIEpe €1, es, €3, €4, €5

ypaBHEHHE ISITUMEPHOIO BHHTA HMEeT IIPeIcTaBJIeHHe II0J00HOe TpexMep-
HoMy BuHTY (8.2). UTo Kacaercss caMoro permepa, T0O, KaK BUJHO, OH OIPE/Ie-
JIIETCS TOJILKO BHYTPEHHE reoMeTpueil TpaeKTOPUU.

YKazaHHOE O00CTOSTEIBCTBO IMO3BOJISET HOCTYJIHPOBATEH M0700HYIO (9)
dopMy I OTKJIMKA Ha TPACKTOPUIO AedOopMaluil B BIAE IITUMEPHON BUH-
TOBOW JINHUN:

o1 =010+ Ricos 3,8 = kis + fo,
03 = 030 + Ry sin f3,

04 = 040 + Racosy,y = kas + Yo, (12)
o5 = 050 + Ra2sin~,
02:\/0’2—0%—0%—02—0%.
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[ToxuepKHeM, 9T0 OTJIMYRe STOTO HpejcTaienus or (9) B ToM, 9to dhop-
Ma OTKJIMKA JIJI TPEXMEePHBIX BUHTOBBIX TpaeKTopuii Obliia BeiOpaHa B [3] Ha
OCHOBE aHAJIu3a Pe3yJIbTATOB 00PabOTKU IKCIEPUMEHTAIbHBIX JAHHBIX [4],
Torja Kak coorHomienue (12) npejcrabiisier coboii (hOpMYJIMPOBKY Teope-
MBI H30MOpdU3Ma I IATUMEPHBIX TpaeKTopuiil gedopmanun. B geTbpex-
MePHOM MJIM JBYMEPHOM IIPOCTPAHCTBAX JedopMalinii CeKyJITpHbIe UJIEHBI B
ypaBHeHusiX BUHTOB (11) paBHBI HyJIIO 1 9TO 0GCTOATENHLCTBO COOTBETCTBY IO
UM 06pa3oM KOPPEKTUPYeT U (pOPMBI OTK/IUKA JBYMEPHBIX U YeThIPeXMep-
HBIX ITPOIECCOB AedOpMaInu. .

KanubpoBka nmapamMeTpoB OTKJINKA.

Ouenka napamerpos (9) wiau (12) 1poBoAUTCsI IO YPABHEHUIO:

do
o =0Qm + |
ds
KOTOpOE SIBJISIETCSI TpexduyieHHo# dopMmysioii A.A.nbommaa, 1 €ro BIOJIHE

MOXKHO cuuTaTh 0-IPUOIZKEHNEM BCEX PACCMATPUBAEMBIX 3/1€Ch yPABHEHUI
(5),(7),(8), ¢ ucnonbzoBanueM HOPMYIIbI

— Q) cos 91> Ty,

kis — in k Rysi
COS&l:Clklagocos 18 — oo sinkys + 1sm[30jL (13)

g

050 cos kas — g9 sin kos + Ro sin g 09
+coks +a;—.
o o

B sroMm mpubnmrkennm mpeHeOperaeM MAJIBIMU BEJINIMHAME TIOPSIIKA
010/0, - 050/0, (3TO CIAEOBAIIO B TPEXMEPHOM CJIyUae U3 AHAJIU3a IKCIIEPH-
MeHTaJIbHBIX JAHHBIX [4]) 1 3anucbiBaeM ¢ yderoMm (12) mepsoe, Tperbe, der-
BepToe U nsiToe ypasuenus 0-npubamxkenust. [Togydaem cucremy us 4 He3aBU-
CUMBIX ypaBHEHHUIl JiJ1s 4 HeM3BeCTHBIX napamerpos orkiuka (R, Ra, Bo,Y0):

R = %UCOSﬂO,RQ = %2000870, k1tg Bo = ka2 tg 0,

1 (1do a k3 cd k2
tg” Bo +tg4ﬁok—1 <U — 1) +tg°Bo <§ +1-5 - 22) +
1

ds X k2 A2 A2 p2
1 (k2 ldo a1 k2 2+ 2
t?Bo— (2 41)(-———-—) +tgho-—=2(1- 12 14
+gﬁ°k1<k§+)<ads A>+ gﬁok%< v )t 14
1k2/1d 1
+*% ~fo_a :0’,EQ_
ki1 ki \ods A AN o

ITpu ko = 0, co = 0 oTcroa C/IeAyI0T XapaKTePUCTUKN OTKINKA TPEXMEp-
HOI'O IIPOIECcca JedOpPMAalInii:
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C1
R = 3 cos By,

1 (1do a
tg® fo + tg” 50]?1 <0ds - )\1> +

2

cf 1 (1ldo
¢ S I (A 1 15
+gﬁo< )\2>+k1<ads )\) (15)

[Tapamerpsl 019, 020, 030, 040, 050, B O-IIpUOINKEHUN OCTAIOTCSI HEOIIPEIeIeH-
HbIMU. VITepalinorHast mporeaypa AjIst HAX0XKIEHUs STUX [TapaMeTPOB B TPEX-
MEPHOM CJlyuae M3JI0KeHa B 2| BMecTe ¢ HpUMEpPOM peasiu3alluu Jijisi [Ipo-
IIECCOB B BUJE TPEXMEPHBIX BUHTOBBIX JuHHi. HaiimeHable Tam 3HAUYEHUsT
9THX IIapaMeTpPOB yKe B 1-IpHOJMKEHNH COOTBETCTBYIOT SKCIEPUMEHTA/Ib-
HBIM JIAHHBIM.

Bce mpejioxkeHHbBIE BBIIIIE TTOIXO0/IbI OBLIN PEaU30BaHbl HA I TUMEPHBIX
nporeccax JgedopMalnnii ¢ TpaeKTOpusiMu j1epOpMaIuil B BUJIe MATUMEPHBIX
BUHTOBBIX JIMHUI MIOCJIE OMHOOCHOTO HArpy kKeHUs. MBI B3s/IM peajbHbIE 9KC-
[EePUMEHTHI U3 [4] Ha TPEXMEPHBIX BUHTAX M HA MX OCHOBE IIOCTPOUJIN IISITH-
MepHbIE TPAEKTOPHUH JleOpPMAIiii, COXPAHUB JJIsI HUX Te YKe caMble HOMeDa,
YTO OBLIM B ITPOTOTHUIIAX.

Tabauna mapaMeTpoB PaCCMOTPEHHBIX MATUMEPHBIX MPOIECCOB
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

PeByJH)TaTbI HEKOTOPBLIX PpacCYe€TOB IIPUBO/ATCA HUZKE.
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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
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