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METO/IbI UCCJIEJTOBAHUS TMHAMHNYECKUX XAPAKTEPUCTHUK POBOTOB
C MAPAJUIEJIBHOWM KHHEMATHYECKOM CTPYKTYPOM

Inerenen A.B. (cexyus «Mexamponuxa», JJonHTY, 2./Joneyk, Yrpauna)

OCHOBHOM 1ebI0 TpPU HM3YYEHUH JUHAMUKHM MAHUIYISATOpAa U SBISETCA
MaTeMaTUYeCKOe OMUCAaHWE ACHCTBYIONIMX HAa MAHUMYISATOP CHJI U MOMEHTOB B ¢opme
ypaBHEHUN JMHAMUKH JBIDKEHHS. Takke ypaBHEHHsS HEOOXOIUMBI JUISi MOJAEITUPOBAHUS
JBUKCHHSI MAaHUITYJIATOPA ¢ TOMOIIb0 DBM, npu BeIOOpE 3aKOHOB YpaBHEHHS U TIPU OIICHKE
KauecTBa KMHEMAaTHUYECKOM CXE€Mbl M KOHCTPYKLIMM MaHUMNyJsATOpa. 3ajaya yMIpaBJICHUS
BKIIIOYACT 3a1aq4y (OPMUPOBAHUS JAMHAMUYECKOW MOJENIU pPealbHOr0 MAHUMYIATOpa M
3aaqy BbIOOpa 3aKOHOB WM CTpaTerdil yIpaBiICHHs, OOCCIIEUMBAIOIIUX BBITIOJIHCHUE
MIOCTaBJIEHHBIX IIeJIEH.

JluHaMHKa UWrpaeT BaXXHYI0 pOJIb TPU YIOPABIECHUU MapaUielbHBIX pPOOOTOB
CIEAYIOUIMX BUJIOB!

1. BBICOKOCKOPOCTHBIX HJIM TSDKEIIO HArpy>KEHHBIX POOOTOB. OHU UMEIOT OTHOCHUTEIILHO
00JbIIYI0 pabouyr0 30HY U PabOTAIOT CO CKOPOCTHIO, MPH KOTOPOH MTUHAMUYECKHIA

3pPEKT OKa3bIBACT CYIICCTBEHHOC BIMSIHHE Ha MOJIOKEHHUE HCIIOJHUTEIIBHOTO
oprana. [Ipumepamu sIBJISIFOTCS TPEHAXKEPhI JICTATEIIBHBIX allaparoB M MOTPY30UHBIC
pPOOOTHL

2. poOOTHI ¢ BBICOKOM MPOMYCKHOM CHOCOOHOCTBIO: TakHe PoOOTHI pabOTalOT B OYEHBb

HeOOoJIBIIION paboueli 30He, HO C BBICOKOH uacToTol [1].

3. KOHCTPYKTHBHO-TOYHBIE pOOOTBI. CTPYKTypa OSTHX pOOOTOB TakKoBa, 4TO
auHaAMHYeCKUi ddeKT, naxe Mpu HU3KOH CKOPOCTH, MOXKET CYILIECTBEHHO N3MEHHTh

UX TMOBeJeHHE. TUNHYHBIMUA TIPUMEPaMU POOOTOB OSTOM KaTErOPUH  SBISIFOTCS

IPOBOJIOYHBIE POOOTHI W THOKHE pOOOTHI. s BBICOKOCKOPOCTHBIX —MAIIHH

JMHAMUYECKUEe OIIMOKM OKa3blBalOT Topasfo OoJjiee CHIBHOE BO3JEiCTBHE, YeM

CTaTHYECKHE OLIHOKH.

OmHMM W3 BaXHEUIIMX BOMPOCOB MpPHU KOHTPOJIE M YIpaBICHHE NapauleIbHBIMU
poboTaMu SIBIISIETCS YUeT JUHAMHYECKON Mojenu podoTta. B HeKoTOpoii nuTeparype MOKHO
HaWTH PEeKOMEHJAlNH, YTO JHHAMHYECKash MOJEIb MAHUITYJISTOPa HE JOJDKHA YYUTHIBATHCS,
MOCKOJIBKY MOJICIMPOBAHUE OLIMOKU SBJIIETCS OYEHb CJIOXHBIM IpoueccoM. Hekoropeie
napameTphbl, MOSBISIOIUECS B TUHAMHYECKUX COOTHOIICHHUSX OYCHBb CIIOXKHO OLIEHHTH. JTa
pPEKOMEHaNusl MOXET ObITh NMPHUMEHHMa K HEKOTOpPHIM podoTaM mepBoi kateropuu. Jlis
OCTaJIbHBIX MapajuiebHBIX MAHUIYIISITOPOB OHA SIBJISIETCS MeHee 000CHOBaHHOH [3].

JlpyruM BasKHBIM BOTIPOCOM SIBJISIETCSL YUET Macc 3B€HbEB MaHUIyJsTopa. YacTo mpu
pacdyere JUHAMHYECKOHW MOJENM MAHUITYJISTOpPa NPUHUMAIOT HEKOTOPBIE YIPOIICHUS .
Hanpuwmep Clavel, Pierrot [2] u Codourey mpeneOperatoT cuiaMu WHEPIHA BPAIAKOIIHXCS
3BEHBEB, MpEIIoNaras 4YTo WX MacCchl COCPEAOTOYEHBl Ha KOHIAX 3BeHbeB. Codourey
YCHENTHO PHUMEHHII 3TOT IPHHLUI IPU MOJIeIUpoBanue poboTa Jlenbra.

Do [4], npeamomnaras, 4To LEHTP Macc KaKAOTO 3B€HAa HAXOAMTCS B CEPEAMHE 3BEHA U
YTO MOJBYIKHASA IUIATGOpMa MpeACTaBiIseT cOOOW IUCK, YMPOINAST MATPHIBI CHJI HHEPLIH.
W3yyas BIusHHE CHJ WHEPIMU 3BEHBEB NPHIIECT K BBIBOAY, YTO MHEPIHHU 3BEHHEB MOKHO
OTHECTH K IUIaT(POpPMeE U ITO O3HAYAET, YTO CUIIAMH WHEPIHMEH 3BEHEB MOKHO TIPEHEOPEYb.

OCHOBHOW 3ajaueil NUHAMUKU MAHUITYJSATOpA SIBISETCS — PCIICHHs MpsSMOW U
oOpatHoit 3amau. [IpsiMast 3amaya COCTOMT B TOM, 4TOOBI IO 3aJ@aHHBIM CHJIaM ¥ MOMEHTaM
onpenenuTh 00OOUIEHHBIE YCKOPECHHUS, HHTErPUPOBAHUE KOTOPBIX IO3BOJIMT IOJIYYUThH
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3HAa4YCHUsT OOOOMIEHHBIX KOOpAMHAT W cKkopocteit [5]. OOparHas 3amaua JUHAMUKA
3aKIIIOYAeTCsl B TOM, 4YTOOBI MO 3aJaHHBIM OOOOLIEHHBIM KOOPAMHATAM, CKOPOCTSM H
YCKOPEHUSAM OINPEAETUTH ACHCTBYIOINE B COUJIEHEHUAX MaHUITYJIATOPA CUIIbl U MOMEHTHI.

Knaccuueckuii MeTox pacueTa JMHAMUYECKHMX MOJENEH 3aMKHYTBIX —Lenei
3aKJIIOYAETCS B PACCMOTPEHUMM IIEPBOM DKBUBAJIEHTHOM CTPYKTYpbl, a 3aTeM M
pacCMOTPEHUS] OTPAaHUYEHUN CUCTEMBI MCIIOJB3YIOT MHOXKUTENDb Jlarpanya Wiav NPUHLIMIT
HanamOepa. Jlpyrue moaxonapl BKJIIOYAIOT B ce0s MCHOJIb30BAHWE MPHUHIIMIIA BHPTYAIbHBIX
pabot, ¢dopmanuzmoB Jlarpamwxka, npuHuuMn [amunbToHa M Meton Herorona-Diinepa. B
HEKOTOPBIX CIy4asX HCHOJb3YIOT KOMOMHAIIMM HECKOJbKMX NPUHIMMOB. [lMHaMuueckas
MOJIeIb MAHUITYJSTOpa MOXET OBbITh IMOCTPOEHAa HA OCHOBE HCIOJIb30BAHUS H3BECTHBIX
3aKOHOB HBIOTOHOBOM WJIU JIarpaHKEBOM MEXaHUKU. Pe3ynbTaroM MPpUMEHEHUs 3TUX 3aKOHOB
ABJIAETCS YPAaBHEHUS, CBA3BIBAIOIIME JCHCTBYIOIME B COWICHEHMSX CUJIBI U MOMEHTHI C
KMHEMaTUYECKMMH XapaKTEpPUCTUKAMU U ITapaMeTpaMHU JIBUKEHHS 3BEHBEB.

VYpaBHEHUS AUHAMUKU JBIDKEHUS PEATbHOTO MAHMITYJISTOPA MOTYT OBITh MOJIyYEHbI
Metonamu Jlarpamxka-Oinepa win  Herorona-Oiinepa. VYpasHenusa Jlarpamxka-Oiinepa
o0ecrneynBaroT CTPOroe ONMMCaHUE JUHAMUKYA MaHUITYISTOPA.

Cpenu COBpEMEHHBIX METOJIOB MOJEINPOBAHMS JMHAMUKN MaHUITYJIATOPOB OTMETUM
I0/IXO/TbI, OCHOBAHHBIC Ha UCIIOJIb30BaHMH HEHPOHHBIX CETEH, METOJIOB HEUETKOM JIorukH [6].
AHaJlM3 OCHOBHBIX JIOCTI)KEHUN B 00JIACTH MOJIENIMPOBAHUS TUHAMHUKH POOOTOB, HAUMHAS C
pabot 60-70 romoB npornwioro Beka o 2000 r., nan Featherstone u Orin B [7].

B Tabnuie mpeacraBieHsl pe3ynbTaThl aHATN3a METOI0B ONTUCAHUS TUHAMUKI
MaHUITYJISTOPOB no popMe  ypaBHEHHUH, BBIYUCIUTENBHONW dPQPeKTUBHOCTH (st
MaHHITYJISTOPOB C IIECTHIO CTENEHSIMU CBOOO/IBI.

BaxxHbIMU KpUTEpHUSIMHU OLIEHKU AJITOpPUTMA SBJISIETCS YI0OCTBO MPOTrpaMMUPOBAHUS,
3aMKHYTOCTb YPaBHEHH, BO3MOKHOCTh MPUMEHEHUSI CHMBOJIBHBIX NpeoOpa3oBanuii. Micxons
U3 MPUBEICHHON TabmuIbl 1 MOKHO cenarh BBIBOJ, YTO ONMHUCAHUE JUHAMUKHA MaHUITYISTOpa
ypaBHeHMsAMH JlarpaHka HMMEeT CYyHIECTBEHHBI HEIOCTaTOK — OOJbIIOE KOJIMYECTBO
BBIYMCIIMTENBHBIX onepanuii. Tem He MeHee paborax psja aBTopoB [8] yka3siBaeTcs, 4TO BO
MHOTHX ciydasx (HampuMmep B 3ajadax YIpaBlIeHHs poOOTaMM) HamOoJiee IMOIXOISAIIUM
CrIIocoOOM OTMCAHMsI JUHAMUKH SBJISIOTCS UMEHHO ypaBHeHUs Jlarpanka.

Ta6J'II/II_Ia 1. CpaBHeHI/Ie MCTOHOB OIMMCAHUS TUHAMUKU MAaHUITYJIATOpA

®opma ABTOpBI Yucno onepauuii 3amkHyTOoCTh | IIpsimast
YpaBHeHUU Anropurma X + 3azaya
Jlarpanx Uicker/Kahn 66271 51548 + +
(Il pona)
HeroToH- Vukobratovic/
Ditnep Stepanenko 2907 2068 + +
JI” AnambGep Lee/Lee/Nigam 2963 2209 + +

Paccmotpum moapobnee wmeron Jlarpamxka-Jitnepa,
JBU>KEHUS MAHUITYIISITOPA.

[TomHOE omMcaHue IBUXEHUS MAHMUIYJIATOPAa MOKHO MOJYYHTh, MPUMEHSS METOJ
Jlarpanka-Diinepa Aji1 HEKOHCEPBATUBHBIX cUCTeM. OINKCaB KUHEMATUKY MAHUIYJISITOpPA C
MOMOIIBI0O  MATPUYHOTO TpesacTaBieHus JleHaButa-XapreHOepra, MOXHO MOIYYUTh
YpaBHEHHUE NMHAMUKHU. Takoe COBMECTHOE HUCIOJb30BaHuE [[-X-MpeacraBiieHUs U METOJa

OHI/ICBIBaIOH_II/Iﬁ JAUHAMUKY
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Jlarpanxka TPUBOAUT K KOMIIAKTHOM BEKTOpPHO-MaTeMaTHyeckod (opme ypaBHEHHIA
JBUKCHISI, YIIOOHOH I aHAIMTUYECKOTO UCCIIeIOBAHUS U pean3yemMoe Ha DBM.
BriBoz ypaBHEHUI AMHAMUKH JIBXKEHHS] MAHUITYJAATOPA OCHOBAH HA CIIEYIOIIEM
1. Ha ommcaHuu B3aMMHOTO MPOCTPAHCTBEHHOTO PACHOJIOXCHHS CHCTEM KOOPIMHAT I-I0
u (i-1)-ro 3BEHBEB C MOMOIIBIO MATPHUIIBI MPEOOPa30BaHUS OJHOPOIHBIX KOOPIHMHAT
A - Dta Matpuiia mpeodpasyeT KOOPAUHATHI IIPOU3BOJIBHON TOYKH OTHOCUTEIBHO I-i

CHCTEMBbI KOOPMHATHI 3TOM K€ TOYKU OTHOCUTEIBHO (i-1)-if cHCTEMBI KOOPIMHAT.
2. Ha ucnonb3oBanuu ypaBHeHus Jlarpamka-Oiinepa:

dj o o _ T =1 2, 3..,n
dt|og, | oq,
rae L-pynakius Jlarpamka (L=K-P);
K-mosnHast KuHeTHYeCcKast SHEPTUU MaHUITYJIATOPA;
P-nosnHast noTeHIMaabHa SHEPTUs MAaHUITYISTOpa
i ~-00001EHHBIE KOOPIUHATHI MAHUITYJIATOPA;
q;-TIepBasi IPOU3BO/IHAS 110 BPEMEHH 000OIEHHBIX KOOPIUHAT;
7i-00001EHHBIC CUJIBI (MM MOMEHTBI), CO3/1aBaeMbIC B I-M COUJICHECHUU IS PeaH3aIiu
3aJ]aHHOTO JIBUOKEHHUSI I-TO 3BEHa.

Jlns Toro, 4ToOBI BOCIOJIB30BaThCsl ypaBHeHHeM Jlarpamka-Jitnepa, HE00X0AUMO
BbIOpaTh cucteMy oO0OOmEHHBIX KoopauHaT. OOO0OIMIEHHBIE KOOPAMHATHI TMPEICTABISIOT
coboii  Habop KoOpAMHAT, OOECIEYUBAIONIMI, TMOJTHOE  ONHCAHHUE  IOJIOKCHHS
paccmaTpuBaeMoil (pu3nuecKol cUCTeMbl B aOCONIIOTHOW cucteMe KoopauHaT. CyIiecTBYIOT
pa3iuyHble CHUCTEMbl OOOOILEHHBIX KOOPAMHAT, NPUTOAHBIE I ONUCAHUS IPOCTOTO
MaHUITYJISATOpA C BPAIIaTEIbHBIMU M TOCTYATEIbHBIMU COWIEHEeHUIMH. OJTHAKO, MOCKOJIBKY
yIJIBl [TOBOPOTOB B COUJICHEHHUSAX HEMOCPEACTBEHHO JOCTYMHBI HM3MEPEHHIO C IMOMOIIBIO
NOTEHIIMOMETPOB WJIM JPYrHX JAaTYMKOB, TO OHU COCTaBISAIOT Haubojee eCTECTBEHHYIO
cucreMy 0000IIEHHBIX KOOpauHAT. B 3ToM citydae 06001mEHHbIE KOOPAMHATHI COBMAAAIOT C
NPUCOCANHEHHBIMU TIEPEMEHHBIMA MAaHHITYJIITOpa. B yacTHOCTH, ecnu i-€ COodJICHEHHE
BpAIIATENILHOE, TO q, = @, , €CIIU JKe i-€ COUIeHEeHUE NOCTYNaTeNIbHOE, TO ¢, = d ;.
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