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Jnsl aHaJIMTHYECKOTO HCCIIEA0BaHMs JBIKCHHUS paboyero MHCTPYMEHTa, YCTaHOBJICHHOTO Ha Oapa-
0aHHOM WCIIONHUTEIFHOM oprane reoxoja [1, 2JHeo0xoanMo 3HATH OOIIKE YpaBHEHHS ABIKCHHUS TOUKH
(pe3ua) Ha Gapabane B 0000IIEHHBIX KOOPANHATAX.

[Ipu paboTe HHCTPYMEHT, yCTAaHOBJIICHHBIN Ha OapabaHe, KOTOPEI B CBOIO 0Yepeab 3aKpeIUIeH Ha ro-
JIOBHOM CEKITNH Te€0X0/a, COBEPIIAET CIIOKHOE ABIKEeHHE (pHc.1):

- BpallaTeNbHOe IBIKCHHE C YITIOBOH CKOPOCTHIO (0,0THOCHTEIBHO OCH OapadaHa, Ha KOTOPOM OH YCTAHOBJICH;

- TIEPEHOCHOE BpAIaTeNIbHOE IBMKEHUE C YIIIOBOI CKOPOCTHIO ®(BMecTe ¢ GapabaHOM OTHOCHTEIIb-
HO OCH I'e0oX0/a;

- IOCTYTIATENEHOE ABIDKEHIE Ha 32001 ¢ T€0X0JJOMCO CKOPOCTRIO V.

Puc. 1. Cxema reoxoma ¢ 6apabaHHBIM UCTIOHUATEIEHBIM OPTaHOM

BaxspM oTnHumneM B pabore 6apaGaHHOTO HMCHONHUTENFHOTO OpraHa T'e0XoAa OT TPaJUIHMOHHBIX
IUTAHETapHBIX SIBISAETCS HATMYUE KECTKON CBSI3M MEX/y BPAIIATEIbHBIM JBIKEHHUEM C YTIIOBOH CKOPOCTHIO
¥ TIOCTYTIATEIbHBIM ABIKCHUEM Ha 32001 CO CKOPOCTHIO V.

Vo=l
2n

rze A, — mar BHHTOBOM JIOTIACTH BHEITHETO ABM)KUTEIIS.

B of0mem Buae ypaBHEHHE IBIDKEHHS IPOM3BOJIBHON TOUKH MHA PEXyIIer KpoMKe pe3la MOXKHO
MPEICTaBUTh KaK (PYHKIIUIO OT psfa mapamerpos [3]:

AM = f(al,az,...ak; bl,bz,...bl; C1,C2,...Cp5 M, 0705 VO; lc; g, t),

TIE d,d,...d; — KOHCTPYKTUBHBIE MapaMeTpbl pabouei yactu pesua; by,b,,...h; — yCTaHOBOYHEBIE TTa-
paMeTpsl pesla; ¢y, Ca,... €, — KOHCTPYKTUBHBIE NTapaMeTphl OapabaHa M yCTaHOBOYHBIE TapaMeTphl Oapada-
Ha Ha T'e0XO0JIe; |, ®; — YIJIOBbIE CKOPOCTH reoxoja 1 0apabaHa COOTBETCTBEHHO; Vp — CKOPOCTh MOJIauu
reoxo/la B HaIlpaBJIeHUH 3a005;/- — MOJ0KEHHEe TOYKH YCTaHOBKHU pe3lia Ha OapabaHe; & — mapamertp, omnpe-
JICJIAIOLINH MOJI0XKEeHHE HccaeyeMo TOUKu M Ha pexyllel KpoMKe pesla; ¢ — BpeMmsl.

Jliist cxembl Ha puc.2 oflee ypaBHEHUE ABWKEHHs TOUKH M, 3alaHHOW Ha pexylield KpOMKe Mopo-
JIOpa3pyLIAIOIIEr0 HHCTPYMEHTa B MaTpU4HOW (opMe 3aaeTcsi BEKTOPHBIM MPOU3BENICHUEM HECKOJIBKUX
KOMITOHEHTOB[3, 4 ,5]:

Ay = A, x Agy xUg % Acg X Apc X Typ (1)
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rae Ar — Matpuia abCOMOTHOTO OBIKEHHS T€0X0a OTHOCUTEIHHO HETOABIDKHBIX KOOPIUHAT; Apy —
MaTpuIa mpeodpa3oBaHus KOOPAMHAT CUCTeMBI OapabaHa XpYpZpno cuctemsl KoopAauHAT reoxona Xy Y Zy;
Us — MaTputa BparmieHus 6apabaHa OTHOCHTENBHO OCH Yp; Acp — MaTpHIia IepeHoca CUCTEMBI pes3na XcYcZc
B cuctemy OapabaHa XpYpZp; Apc— MaTphIia mepexoma OT CHCTEMBl KOOPAWHAT TBEPIOCIDIABHON BCTaBKH
XpYpZp x cucreme pesua XcYcZc; Typ — KoopauHatel TOUKU M B cucteme KoopauHat XpYpZp.

Z
Puc. 2. Cxema apmwkeHus paboyero HHCTpyMeHTa

Matpuia aGCcoMIOTHOTO JBHKEHUS TE0X0a OTHOCHTENBHO HEMOIBUKHBIX KOOPIMHAT, YYHUTHIBAKO-
11ast OCTYTATENBHOE MEPEMEIIEHUE BIOIb OCH Z4 CO CKOPOCTBIO V) M BPAILIEHHE OTHOCHTEIBHO 3TOH JKe
OCH € yTJIOBOM CKOPOCTBIO (0] UMEET BHI:

cos(wyt) —sin(wr) 0 0
sin(wz) cos(or) 0 O
=
0 0 1 WV
0 0 0 1

Marpuna npeoOpa3oBaHusl KOOPAUHAT CUCTeMbI OapadaHa XpYzZpno cUCTEMBI KOOPAMHAT reoXoja
X,Y4Z, yauTbIBaeT HaKJIOH OapabaHa Ha yroi B OTHOCUTENBHO OCH X, U CMEIIEHHEe OCH BpaleHus Oapada-

Ha OTHOCHUTENIBHO IIEHTPAILHON OCH reoXo/1a Ha BeuYuHy @ (puc. 3).
1 0 0 —-a

0 cos(—Bg) —sin(-Bg) O
0 sin(—Bg) cos(-Bs) O
0 0 0 1

Apy =

Puc. 3. Cxema ycranoBku OapabaHa Ha T€0X0/1e
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Bparrenne 6apabana OTHOCHTEBHO OCH Y € YITIOBOI CKOPOCTBIO (0 (CM. PHC. 2) OICHIBACTCS MATPHUIICH:
cos(wyt) 0 sin(wyt) 0
0 1 0 0
—sin(wyt) 0 cos(wyt) 0]
0 0 0 1
Martpura nepeHoca cucteMsl pesna XcYcZ¢c B cucremy 6apabana XpYpZz MpeacTaBiseTcs Clenyro-

MM 00pa3oM:
Ucp Tcp
Acp Z{ )

Ug =

000 1
rne Ucp — Marpuiia MoBOpoTa pe3lia Ha YCTaHOBOuYHble yribl O 0, 0, B cucreme OapabaHa
XpYsZp(puc. 4) pazmepHocTbio 3%3; Tcp — BEKTOp mepeHoca cucteMsl pesua XcYcZc B cucremy OapabaHa

XpYpZy cuctemsl pestia XcYcZc B cucreMy 6apabana XpYpZp.
0

Tep=| Ic
dg /2

YCIIOBHOE TMOIOKEHHE
Oapabana

Puc. 4. YcranoBouHble yriibl pesiia Ha Oapabane

Bun mMaTpuIsl moBopoTa pesna Ha yCTaHOBOYHBIE YIIIHI O, 0y, 0, B cucteme Oapabana XpYzZp 3aBu-
CHUT OT IIOCTIEIOBATEIBHOCTH ITOBOPOTOB. B ciryuae moBopoTa cHadana Ha yron 0, 3atem Ha g, 3aTeM Ha 0,
marpuna Ucg IpecTaBiseTcsl B BUAE BEKTOPHOTO TPOM3BEICHUS:
UCB :UZB XUYB XUXB 5

rae
cos(6,) -—sin(6,) 0 cos(8g) 0 sin(Bg) 1 0 0
Uzp =|sin(0,) cos(0,) 0|; Uy, = 0 1 0 s Uxp =10 cos(0,) —sin(0,) |-
0 0 1 —sin(05) 0 cos(0g) 0 sin(0,) cos(0,)

MaTpHIILI TIOBOPOTA PE3I[a OTHOCHTEIBHO OCH Zp Ha yroJ 8, OTHOCHTEIBHO OCH Y Ha yrou 05, OTHOCHTEb-
HO ocH Xp Ha yron 0.
B 3THX ypaBHEHMSX 3HAKH y YIJIOB YCTAHOBKHM Pa0OuYero MHCTPYMEHTA MOTYT OBITH Kak MOJIOXKH-
TETBHBIMH, TaK W OTPHUIATEIBHBIMH.
Martpuna mepexofa OT CHCTEMBI KOOPAMHAT TBEPIOCILIaBHOM BcTaBKU XpYpZp K cHCTEME peslia
XcYcZ(puc. 4) ast paanaibHOTO peslia, B3ITOr0 B KaYeCTBE MPUMEPa, UMEET BHII:
cos(0,) 0 sin(0,) -H

T.K

[ B 0
be = —sin(0;) 0 cos(6;) — Hpe,
0 0 0 1
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Koopaunatse! Touku M B cucteme KoopAauHAT XpYpZp Mt panuaibHOTO pe3na (puc. 5, 6) onpenens-
FOTCSI BEKTOPOM
i 0

g
1
—[E|ctg(Bp) + 7, m—l

Typ =1L 1

—IpA 1, cos(Bp)< E< g nnm —g <E<—n, cos(Bp)

0
g

- +\/rp2j —npu -7, cos(Bp) <&< " cos(Bp)
1

a) VZp 6) p Zp

12 _h; D Xp

M

H

— L B _

Puc. 5. KoHCTpyKTHBHBIE TapaMeTPBl peXyIlel YacTH Pe3LOB
a) — TAHTeHIMAJIBHBIN pe3ell; 6) — pauaibHBINA pe3ell.

ITo ypaBuenuto (1) mosmyyeHa TPaeKTOPUS IBHKEHHS BEPIIUHBI pe3liaza BpeMs IOJHOro obopoTa
reoxoja (puc. 6) py CICAYIOIIMX apaMeTpax: auaMeTp reoxona D, = 3,2 m; h, = 0,8 M; ®; = 6 06/4ac; m,
=0,500/c; Ic= 1,6 ;= 0; a =0,34 m;05 = 0; 0, =0; 6,= 0; Bs = 4,55°.

Puc. 6. Tpaekropusi IBHKCHUS BEPIIHHBI Pe3Ia

Huddepenmmpys ypaBaerue (1) mo BpeMeHH MOKHO OTIPENIEIUTh CKOPOCTh U YCKOPEHHE IBHKCHUS
TM000H TOYKH Ha PEXYIIEH KPOMKE MIPOM3BOIBFHO YCTAaHOBIEHHOTO Ha OapabaHe pesIa.

[Momyyennoe ypaBHeHue (1) MO3BOJISAET aHAIM3UPOBATH ABM)KCHHUE MHCTPYMEHTA M CpaBHHBAThH I1a-
paMeTphl ABMXKEHUS IPH PA3IMYHBIX €r0 TeOMETPUYESCKUX H YCTAHOBOYHBIX MapaMeTpax.
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BJUSIHUE CTAPEHUSI CTAJIEN ITPUA SKCILTYATAIIMA MHOI'OCJIOMHBIX
KOMITIO3UIIMOHHbIX AHKEPOB
10.A. @aoees, 0.¢p.-m.n., npogh., M.J[. Botimos, k.m.u., npog., T.E. Tpunyc, acnupanm
@I'BOY BIIO «Ky3bacckuii 2ocyoapcmeennulil mexuuyeckuil yHueepcumem um. T. @. I'opbauesay
650000, 2. Kemeposo, yn. Becennsas, 28

Bomnpocam moBBIICHNST SKCITYaTallHOHHOW HAJAEKHOCTH TEXHOJIOTHYECKUX CHCTEM U KOHTPOJIIO B
TOPHOM JIeNie TPAIUIIOHHO yAemseTcs Oonbinoe BHUManne. Cienn(UIHOCTh YCIOBUH AKCIUTyaTau 000-
PYZOBaHUS, y3JI0B © MEXaHU3MOB MPU T00BIYE MOIE3HBIX HCKOMAEMBIX ITO3€MHBIM CIIOCOOOM TpedyeT yue-
Ta BIMSHUA BCEX BHEIIHHUX (DaKTOPOB HA pabOTy KaK BCEH CHCTEMBI B IIEJIOM, TaK U OTACIBHBIX €€ 3JIEMEH-
TOB. AHQJIN3 COCTOSHUSI TEXHOJIOTHYECKOH CHCTEMBI MPEAIOIaraeT MPOBEJCHNE MOCTOSHHOW ANarHOCTHKU
TEXHOJOTUYECKON CHCTEMBI HE TOJIBKO B TEKYIIIEM BPEMEHH, HO W NMPOTHO3NPOBAHUK COCTOSIHUS Ha/IeKHO-
cTH B OyayIieM, IpeIcKa3biBasi BO3MOKHBIE OTKA3bl KAK BHE3AMHOTO, TAK M ITOCTETIEHHOTO XapaKTepa.

C 1enbio MOBBIMIECHNS YCTOMYMBOCTH TTOPOJHOTO MAacCHBa IMIMPOKO IMPUMEHSIOTCS aHKEPHBIE KPEIH
Pa3IUYHBIX KOHCTPYKUMH. KOHCTpyKIIMOHHBIE OCOOEHHOCTH KpENH, KaK MPaBHJIO, ONPEAEISIIOTCS YCIIo-
BUSIMH 3KCIUTYaTallMH NIPH KOHKPETHBIX TOPHO-TEOJIOTHYECKNX COCTOSIHUSIX MaccuBa. [Ipu pernennn 3amay,
CBSI3aHHBIX C 3KCIUTyaTallly HEOOXOJMMO yUUTHIBATH TO OOCTOATENBCTBO, YTO METANINIECKHE KOHCTPYKINT
MIOJIBEP>KEHBI HEIPEPHIBHOMY aKTHBHOMY BO3/ICHCTBHIO psi/ia pa3pyIIMTENbHBIX (PaKTOPOB, TAKUX KaK BIIaXK-
HOCTb, TEMIIEPATYpPa, BHEITHNE MEXaHNUeCKre HanpspkeHns u T.4. Co3maBasi MEXaHU3MBI U CHCTEMBI, HC-
XOZST U3 MIPUHIMIIOB HaJICKHOCTH, JICIIEBU3HBI M SKCIUTYaTAllMOHHOM JonroBeyHOCTH m3nenuii. I[locnennee
Ka4eCTBO WTPaeT B PAJE CIydaeB KIIOUEBYIO poiib. Pa3paboTka 3ammThl METAUIa OT BHEIIHUX Pa3pyIId-
TEJIFHBIX (DAaKTOPOB, BBISIBICHHWE BCEX MPUYMH CHOCOOCTBYIOMIMX MPOUICHHUIO (PM3UIECKUX CBOHCTB KOHCT-
PYKLMOHHBIX CTaJIel B HACTOALLEE BPEMS ABJISICTCS aKTyaJbHEHIIEH 3a1aueil.

Lenp HacTOsIIEH PabOTHI 3aKIIFOYANIACh B YUETE CTAPSHHUS CTaleH, IPH pacueTe HANPsHKSHUH B TPYO-
YaThIX MHOTOCIIONHBIX NWINHAPUIECKUX aHKEpax.

Kax u3BecTHO, noJ cTapeHUEM CTalIM IOHUMAETCSI U3MEHEHUE €€ CBOMCTB, MPOTEKAIOLIEE BO BpEMe-
HU 0€3 3aMEeTHOT0 U3MEHEHHS MUKPOCTPYKTYpPHI MeTaima [1]. Paznmuaror Tepmuyeckoe U neopMaimoHHOE
crapenus. [Ipomeccel, cBI3aHHbIE ¢ U3MEHEHHEM CTPYKTYPbl METaJlla, HOCAT KaK OOIIMH, TaK M YacTHBIHA
XapakTep B 00JacTH MaTepHaloBeNeHUs. PaHee OBIIO YCTAHOBJIEHO, YTO B MHOTOCIIOHHBIX CHCTEMax, CO-
CTOSIIIUX M3 Pa3IMYHBIX MATECPHAIIOB, MX MEXaHMYECKNE CBOWCTBA 3aBUCST OT PA3IMYHBIX (PAKTOPOB TAKUX
Kak, audQy3usi IPUMECHBIX aTOMOB, POXKICHWE M aHHUTWIALMS JUCIOKalWH, X KOHLEHTPAIMS U CKO-
POCTb, a TaKXKe ApyTrue MPUYMHBI, TPUBOAAMINX K Je(EeKTaM KPHCTAJUTMYECKON PEIIETKH U N3MEHEHHS Me-
XaHMYECKUX CBOUCTB Marepuana [2]. M3ydeHne MUTpanuy pa3iudHBIX AeQEKTOB IOKa3bIBACT, YTO IPH
OOBIYHBIX BHEIIHHX YCIOBHAX  CKOPOCTh MX ApeH(a K MOBEPXHOCTH COCTABIIAET HECKOJIBKO aHTCTPEM B
cexkyHny [3]. B cimydae mpuMeHeHHs MHOTOCIIOMHBIX 00O0JIOYeK MPOMCXOIUT HAKOIUIEHHEe Je(eKToB Ha
MPUTPAHUYHBIX 00JACTSIX K ITOBEPXHOCTAM. Takue MpOIecchl OKa3bIBAIOT HETIOCPEICTBEHHOE BIMSHUE Ha
MIPOYHOCTHBIC CBOWCTBA BCeil aHKepHOH KOHCTPYKIUH. C OJHOIN CTOPOHBI CKOIUICHHWE W YBEIHUYEHHE KOH-
LEHTPAMX JUCIOKAlMi Ha TpaHUIE 00O0JOYEeK aHKepa NMPHUBOJHUT K YIMPOYHEHHIO CHCTEMBI B IIEJIOM, a C
npyroit — muddy3ns MpUMECHBIX aTOMOB (B JaHHOM ciydae auddy3us yriiepoaa W3 CTald) HPUBOIUT K
CHIDKCHUIO MHUKpPOYIPYTOCTH, IPHUYEM, €M BBIIIE TEPEHACHIIIEHNE CTAIH YIIEPOAOM, TEM HHTECHCHBHEE
uaer mpouecc crapeHus [4]. To 00CTOATETHCTBO HEOOXOAWMO YUYUTHIBATh IPU CO3AAHWU KOHCTPYKIIHH,
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