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II.A. Kpyuyunusx

O MOJIEJISIX IOT'PEITHOCTEM ITPU OBPABOTKE U3MEPEHUM
B BUOMEXAHUKE"

Obcysrcoaromes 80npocsl yuema NnocpeuHoCmell U3MepumenbHolx OAm4uKos 6 CUCMeMax
auanuza ogudicenus yenosexa. llpugedenvl npumepsl Mooenetl noepeuwiHocmell usmepumenetl, yuu-
mulearoujue 0COOEHHOCMU UX UCNONB30BANHUS 8 3A0AUAX OUOMEXAHUKU.

Komnaexcnas obpabomka usmepenuii, MoOenb NoepewHocmell.

P.A. Kruchinin
ERROR MODELING IN BIOMECHANICS DATA PROCESSING

The problem of sensors errors modeling in the human motion analysis measurement systems
is discussed. The instance of the sensor error models with biomechanical particularity is shown.
Integrity of data processing, error model.

B Hactosimee Bpems SKCIIEpUMEHTAIbHbIE METOIbl B OMOMEXaHWKE aKTHBHO HC-
MOJB3YIOT pa3iauuHble BUAbl u3Mepenuil. [llupokoe pacnpocTpaHeHHe MONYyYUIHA CHC-
TEMbI BHJCOaHAIN3a, CHJIOBBIEC TIAT()OPMBI, aKCEICPOMETPHI, TAaTINKN YTIIOBOH CKOPO-
cTH 1 npoune. Kaxaplil Bua U3MEpEHHil B OTAENBHOCTH UMEET OTPAaHUYEHHS U ITOTPEll-
HOCTH, KOTOpBIE YacTO 3aTPYyIHSIOT aHAJIU3 ABMKEHUS U HE MO3BOJISIOT KOPPEKTHO Olie-
HUBaTh MapaMeTpsl ABWXKEHUs, HAIIPUMED, MBIIIeUHble ycunud. YacTo moKka3aHHe CeH-
copa He MMeeT HENOCPEICTBEHHOT0 KOHTaKTa C JBHKEHHEM HUCIBITYeMOro. XapakTep-
HbIE MapaMeTpbl JIBIDKEHHS BBIUUCISIOTCS HA OCHOBAaHMM TOM WM MHOM MaTeMaTHue-
ckoil Mozenu. MccnenoBarens MIMEET OMOCPEJOBAaHHYIO HHPOPMAIIHIO O JIBHKEHUH. DTH
0COOEHHOCTH CcJielyeT YYUTHIBATh MPU MOCIETYIONEM aHalu3e ABMKEHHUH C HCIOJIb30-
BaHUEM MOJIeJIel U PU COBMECTHOI 00paboTKke M30BITOYHOTO Habopa m3mepernit [1-3].
OmnpIT Takoi 00paboTkn [2-3] mokasai, 9TO JUIS MOBBIIICHUS] TOYHOCTH HCIIOIb3yeMast
MOJIETb ABMKEHHS UCIIBITYEMOTO JIOJDKHA OTHCHIBATH MOTPEHIHOCTH M3MepeHui. O6cy-
UM HEKOTOpBIE XapaKTepHbIE MOJENH (DyHKIHOHMPOBAHMS AL PACHpOCTPAaHEHHBIX
BHJIOB JJaTYUKOB M MOTPEIIHOCTH, BO3HUKAIONIUE MPU HCIOIb30BAHUU MAaTEMAaTUIECKUX
MoJeTiell IBH)KEHHS YeJI0BEKa B X0Jie 00pab0TKN U3MEpUTEIbHOW HH(DOPMALIUH.

Mopaean norpemHocreii npu craduiaorpagpuyeckux ucciaegosanuax. OnHuM u3
MOMYJISIPHBIX CPEACTB HCCIEJOBAHUS JBUKEHUH UeJIOBEKa, CBA3AHHBIX C YAEp)KaHUEM
UM BEPTHKaJIbHOW TO3bI, SBISETCS CHIIOBas IUIaTGopMa U €€ YIPOIIEHHbIH OJHOOCHBIH
BapuaHT — crabunorpad. OCHOBHBIM BBIXOJIOM cTabmiorpada sBIsSIOTCS 3HAUEHHS BEK-
TOpa peakIMM OMOPbI Ha CTOTMBI UCHBITYeMOro (MJIN BEKTOPA JAABICHHSA) U KOOPAUHATHI
MIPOEKIIMH [IEHTpa AaBJIEHUSI Ha IJIOCKOCTH omophl [4]. PaccMoTpuM mpocreimmii cimy-

" PaGoTa BhINoONHEHA npu noanepkke PODU (rpant Ne 09-01-00809).

21



Ussectus IODY. TexHnueckue Hayku TemaTHUueCcKuil BBITYCK

Yail aHaJIM3a JBHKEHHSI UCIIBITYEMOTO B CATUTTANBHON MIIOCKOCTU. M3MepeHnsaMHu cuio-
BOM TIAT(OPMBI ABIISIOTCS MOKAa3aHUA TCH301aTYNKOB, UCIOIb3YEMbIE ISl BBIYHUCICHHUS
BEJIMYHMHBI HOPMAIBHOM N M CaruTTalbHOM [ COCTaBIISIIOIIMX PeAKUUil, IIPUBEIEHHBIX K
IUIOCKOCTH YyBCTBUTEJIBHBIX 3JIEMEHTOB CHUIOM3MEpPHUTENbHBIX JAaTYHKOB, a TAaKXkKe ca-
TUTTAIbHAs KOOPJAMHATA LEHTPA JABIECHUS — X, BBIYHCIEHHAS B OCAX ILIAT(GOPMBEI
(puc. 1). TpamuIMOHHO K MOTPEIIHOCTSIM TAKHUX CHUCTEM OTHOCST IIYMOBYIO COCTaB-
JISIFOLIYO, BHI3BAHHYIO BHICOKOYACTOTHBIMH KoJieOaHUAMU. BbIOOp XapakTepHBIX BpeMeH
COOCTBEHHBIX KOJI€0aHUii MI1aThOpM B OCHOBHOM OOECIIEYHMBAIOT BOZMOXHOCTh NPEHE0-
PEKEHUS] TUHAMHYECKHMH TOTPEIIHOCTSIMU JUI OTHOCHTENBHO MeJuleHHBIX (> 0,2 ¢)
MIOCTOSTHHBIX BpeMEHH. boraTslil ombIT cTaOMIIOMETPHYECKUX HCCIEJOBAaHNI TTOKa3bIBa-
€T, YTO MOKA3aHMsI CWJIOBBIX INIAT(HOPM TOCTATOUYHO KOPPEKTHO OTPAXKAIOT OCOOCHHOCTH
YAEpKaHUs MO3bl, OJHAKO MOIMBITKA HCIIOIB30BATh UX COBMECTHO C JPYTUMH JaTYNKAMHU
B paMKax OJHOM MaTeMaTU4ECKOH MOJEIN MOKET MPHUBOANUTH K 3HAUYUTEIBHBIM I10-
rpemHoCTsM [2].
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Puc. 1. Cunvl, npunoosicennvie Kk cucmeme, Cui08as niamgopma-cmona

B paMkax MaTeMaTH4eCKOH MOJENH JBIKCHHUS YEIOBEKA B CATUTTAIBHON IIOCKO-
CTH TIPH OTCYTCTBHH OTPBIBA CTOM OT OTIOPHOH MOBEPXHOCTH MOJEIHPYIOT C MOMOMIBIO
MIEPEBEPHYTOr0 MAasTHUKA WM MHOTO3BEHHMKA. B 3TOMX cilydyasx HMOKa3aHHS CHIIOBOH
w1aTGopMBbl 11€71ec000pa3HO MEPECUUTHIBATE B MOMEHT TI'OJIEHOCTOITHOTO CyCTaBa, MC-
MOJIB3Ysl YPAaBHEHHS PABHOBECHS CTOMHI (CM. puc. 1).

M =—x, N —¢F.

st crabunorpada B ciydae MpoCThIX 3a]ad, TAKKX KaK yJepKaHHe BEPTHKAIbHON

10361, npuHuMaercs paBHeiM M = —x, N . BenumuuHa MOMEHTa IPOJONBHONH CHIIBI

g = gF B 3TOM CJIy4ya€ IoJiaracTcs MaJIOH u JO0JDKHA B O6H.ICM CJIydac BKJIIOYATHCS B

YHCJIO IOIPELIHOCTEN U3MEPEHUN.

IIpu ananu3e ManbIX JBUKECHUH YEI0BEKA B OKPECTHOCTU BEPTUKAILHOM OCHOBHOU
CTOMKH C HMCIOJIb30BAHUEM MOJIENH MEPEBEPHYTOr0 MasTHHKAa HEOOXOIMMO HCIOJB30-
BaTh YpaBHEHUS TEOPEMbI 00 W3MEHEHMU KWHETHYECKOTO MOMEHTA OTHOCHTEIBHO OCH
TOJICHOCTOIIHOI'O CyCTaBa U TEOPEMBI O JBMXKCHUU LIEHTPA MacC B IMIPOEKLMU HA Carut-
TalbHYIO OCh.

Jp=—-M +mghp, mi=F.

31ech @ — yroy HakiioHa, J — MOMEHT MHEPIIMHA MasTHHKA OTHOCHUTEIILHO OCH CYC-
TaBa, m — €ro Macca, X — CaruTTalbHas KOOPAMHATA LIEHTPAa MACC, PACIIOI0KEHHOTO Ha
paccTosHUM /i OT OCH TOJICHOCTOITHOT'O CycTaBa. VICKIIIOYHB MPOJIOJIBbHYIO CHIY F U y4uu-
ThIBasl, YTO NPU MAJIBIX 3HAUCHHUSAX () BEIMYHHA X= —A¢, TOJYUYUM yPaBHEHHUE MAIIbIX
KoJIeOaHu

(J/h+m8)5c'—mgx:—xNN. (1)
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W3 3TOro ypaBHEHHS B YaCTHOCTH CIIEAYET H3BECTHBIH PE3yNbTaT: INMOJIy4EHHE
MTHOBEHHBIX OIIEHOK MPOJOIBHON KOOPAMHATHI IEHTPa Macc 10 MOKa3aHHUsIM CTaOWIIO0-
rpada B peansHOM Macuitabe BpeMeHH TpeOyeT YMCICHHOTO MHTEIPUPOBAHUS ypaBHe-
Hus (1), pereHust KOTOporo HeYCTONUNBEL.

Mopens morpemnrHocTeii cucTeMbl BHIeOaHATN3a. V3MepeHUsSIMHU CHCTEMBI BH-
Jle0aHaNn3a ABJSIIOTCA KOOPAMHATHI PEMEPHBIX TOUEK Ha TeJle YeJIOBeKa, B KOTOPBIX pac-
MIOJIOKEHBI TACCUBHBIE OTpa)kaTelid H3JIy4deHHs (MapKepbl) CHUCTEMBbl BHJEOAHAIIN3A.
Chv' KOOpAUHATBI UCIIOJIB3YIOTCA JJIA aHaJIn3a [lBI/l)KeHI/lI‘/’I, BBIYUCJICHUS YTJIOB CKEJICTHO-
0 MHOTO3BEHHHKA, YTJIOBBIX CKOPOCTEH M YCKOpeHHH 3BeHBEB [5,6]. Bumeoanamms
JIBIDKCHNH cUnTaeTcs Hanbosiee TOYHBIM METOAOM, OHAKO M OH HE JIMIICH 3HAYUTEIIb-
HBIX TIOTpemHocTed. JIIsi Majoro 4ucia BUICOKaMep U MapKepOB HCCIIEI0BATENb CTAl-
KHBAeTCsl ¢ MOTepel N300paskeHNsI MapKePOB IPH NMEPEKPHITUHN UX PYKaMH WU IPYTUMHA
YJaCTSIMU TeJla IPH MPOU3BOJILHOM JBM)KEHHH. [Ipy G0JbIIOM UHCIIe YBEIMUUBACTCS BeE-
POSITHOCTH NONAAaHKS JABYX MAapKEpOB B MAJIyl0 OKPECTHOCTh OCH BU3HUPOBAHHS OJHOM
n3 Bupeokamep. B aTom cityyae cucreme pasinueHHsi 00pa3oB HE yAAeTCs pa3inyUTh
MapKepsl ¥ 3a [EHTP OOOMX MPUHUMACTCS OOIIUIl IEHTP 3aCBEUYEHHOrO msTHA. B Mo-
MEHTBI «CIIMIAaHUS» U «PA3UIaHUsI» U300paKEHUI MapKepoB HaOJIIOAaI0TCS CKauKo00-
Ppa3HbI€ UBMCHEHUS KOOPpAUHAT. OTU U3MEHEHUs HE HapyHmarT TOYHOCTHU ONPEACTICHUA
caMHuX KOOPJAWHAT, OJHAKO BEAYT K 3HAYUTCIbHBIM HNOIPCHIHOCTAM HNPU BBIYUCICHUUN
ckopocTelt U yckopeHuil. KoMneHcupoBaTh 3T HEOCTAaTKH MOKHO HUCHOJb3Yys JOMOJ-
HHUTEJIbHBIE U3MEPEHHUsI M MaTeMaTHYecKyio Mozaenb JBikenns [2,3]. Ilpu paspabotke
COOTBETCTBYIOIIEH MaTeMaTHYECKOW MOJAENN CIEAyeT yYUTHIBATh OCOOEHHOCTH KHHE-
MaTHKH CYCTaBOB, MOTPEIIHOCTH NPH 3aKPEINICHUH MAPKEPOB B JKEJIAEMBIX PEHEPHBIX
TOYKax (HampuMep, Ha OCSIX CYCTaBOB), HOTPELIHOCTH, BBI3BAHHbBIC MOABHXHOCTBIO KO-
KM, MBIIII, )KHPOBOI MPOCIONKH, @ BMECTE€ C HUIMH M MapKepoB, OTHOCHTEIIFHO HaMe-
YEeHHBIX penepHbIX Todek. Hampumep, npu riry0oKuX MpUCETaHUAX MOJIOKEHHE MapKe-
POB, U3HAYAJILHO 3aKPEIUICHHBIX Ha MECTaX MpEe/IojlaraéMbIX [EHTPOB Ta300epeHHOT0
U KOJICHHOTO CYCTaBOB, MOXKET CMEIIAaThCsl Ha HECKOJBKO CAHTHMETPOB, UTO BIIEUET 3a
€000} ITOrPEITHOCTH OIPE/IeNICHNs] CYCTaBHBIX YIJIOB.

AXKypaTHOE MOJENUpPOBaHUE TakuX 3()(PEKTOB MpeACTaBIseTCs] Hauboee TPy IHBIM
U TpeOyeT mpopabOTKH, OHAKO B YACTHBIX CIYYasX YIOBICTBOPUTEIILHOW OKa3bIBACTCS
MOJIENb, B KOTOPOM HOIPEIIHOCTU JIMHENHO 3aBUCAT OT BEJIMYMH CYCTaBHBIX YIJIOB. Takou
MOAXOJ YCIEIIHO NPUMEHEH JUISi BOCCTAHOBJICHHS YTEPSIHHBIX JAHHBIX CHCTEMBI BHIIEO-
aHaJ3a M0 TOKa3aHusIM CHIIOBOH ruraTdopmbel. Ha prc. 2 mpuBeneHs! pe3ynbTaTel 00pa-
OOTKH SKCIIEPUMEHTANIBHBIX JIAHHBIX, IMHTHPYIOIIHE TPOLEAYpY BOCCTAHOBICHHS yTe-
PSIHHOTO 3HAYEHHMS yTJa B TOJIEHOCTOITHOM CYCTaBe IO MOKa3aHUAM CHIIOBOI IIaTdopMbl
[2]. TIpu Takoit 0OpabOTKE MPUXOIMUTCS JOTIOTHUTEIHHO HCIIONB30BATh aJTOPUTM HIICH-
TU(UKALMK HEU3BECTHBIX MapaMETPOB MOAENU HorpeiHoctei. Cieayer OTMETHTh, YTO
NPpUMEHCHHAsA MpouLCcaAypa MECTOJa HAMMCHBIINX KBAJIpaTOB, UCIIOJIb3YIOIIass TEXHOJIOT IO
MEp OLCHMBAEMOCTH, IMO3BOJIWJIA BBIACIUTL U l/IZleHTI/I(l)l/lHI/IpOBaTb TOJIBKO 4aCThb KOM6I/I-
Halll/lﬁ HEU3BCCTHLIX NapaMETpPOB, Ha6ﬂIO)laeMbIX Ha paCCMOTPEHHOM JIBMKCHHU, OJJHAKO
Jaxe TaKoM PE3YJIbTAT MO3BOJIUII TOBBICUTH TOYHOCTH BOCCTAHOBJICHUA.

Mopaess norpemHocTeii akcejgepomerpoB U JJYC’oB. B HacTosmiee Bpems CHU-
XKEHHE CTOMMOCTH W TOBBIIIEHHE TOYHOCTH MHKPOAJIEKTPOMEXAaHHYECKHX CEHCOPOB
(MSMC) mpuBeno K MUPOKOMY PACIIPOCTPAHCHUIO aKCENEPOMETPOB M AATYUKOB YTIIO-
BOW CKOPOCTH IJIsl NCCIIEIOBAaHUN B OMOMEXaHHUKE. DTH JaTYUKU JIOCTATOYHO KOMITAKT-
HBI ¥ yJOOHBI IpH OMOMEXAHUYECKUX HCCIEIOBAaHUAX. Pa3BUTHE TEXHOIOTHHA U COBpe-
MEHHBIX allTOPUTMOB 00pabOTKM MH(POPMAIMH yXKe ceifuac MO3BOJSIET pa3padaThIBaTh
CICIMATM3UPOBAHHBIC CUCTEMBI Ui OMOMEXaHUYECKUX uccienoBanuii [7]. OCHOBHEIC
HpO6ﬂeMbl Ppa3BUTHA 3TOr0 HAaPaBJICHUSA CBA3aHLI C TEM, YTO IMOMHUMO TpaJUIIMOHHBIX
OKMOOK HYJISI U MYJIBTHIUIMKATHBHBIX omKOok camux MEMC’0B 1 HEM3BECTHOH OpH-
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€HTalH aKCEJIEPOMETPAa OTHOCUTEIBHO BEPTUKAIM NPU 3aKPEIUIEHUU MX Ha TEJe YeJio-
BeKa, JHOOaBIAIOTCA Te K€ MPOOJIEMBI, YTO W Ui MapKepOB CHCTEMBI BHJCOAHAIH3a.
[IprueM NOMHMO M3MEHEHUSI MYJIbTUILUIMKATUBHBIX [IOIPEIIHOCTEHN, BI3BAHHOIO HETOU-
HOCTSIMH OPHEHTAIlMU MPHOOPOB, MOTYT JOOABISATHCS TAKKE W BapUATUBHBIC UJICHBI,
BBI3BAHHBIE MOJBUKHOCTHIO KOKH, MBIIIL, )KUPOBOM MPOCIOUKHU U T.A. YacTUUHO Takue
MOTPENIHOCTH yJAeTCs KOMIIEHCHPOBATH 3a CUET PACIOJIOKEHHsI MPUOOPOB B MeECTax,
r7ie OHU HeBenuku. [IpenBapuTeNbHbINA aHATHN3 33aa4d UICHTU(UKAIMK YKa3aHHBIX T10-
TPEIIHOCTEN NPU KOMIUJIEKCUPOBAaHUH MOKa3aHUM CUCTEMbl BUACOAHAIN3A 10 ITOKA3aHU-
sIM aKkceJiepoMeTpa mpoBeseH B [3]. CieqyeT OTMETHTH, UTO B ATOH 3a/ade ymaeTcs BOC-
CTAHOBHUTH KaK NapaMeTpbl NOTPEIIHOCTEN, TaK U B3aUMHOE PACIOJIOKEHUE MapKEpOB
CHUCTEMBI BUJICOAHAJIN3a U aKCEIEPOMETpaA.
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Puc. 2. Xapaxmepnulii pe3yniomam 60ccmano61eHUs yena 6 20J1eHOCMONHOM CyCmase:
1 — oyenka yana no usmepeHusiM cCucmemsl BUOCOAHAU3A, 2 — BOCCMANHOBNEHUE Yend NO
UOEHMUPUYUPOBAHHBIM 3HAYCHUAM NAPAMEMPOB C YHEMOM MOOEU NOZPeuHOCmel,

3 — 6occmanosnenue y2na no anpuoOpHuIM 3HAYEHUAM napamempos oes yuvema
nocpewinocmei

Takue ke 3aMeuaHHs OTHOCATCS U K MOJEIU MOTPEHIHOCTEN M3MEPEHUN TOHHUO-
METPOB.

PaccMoTpeHHbIe TpUMepbl MOJIETMPOBAHUS TIOKa3aHUi MPUOOPOB MO3BOJISIOT A(-
(DEeKTHBHO NMPOBOJMTH KOMIUIEKCHYIO 00pabOTKy M3MEpEeHHMH M CpaBHHMBATh MOKA3aHMs
Pa3HOPOJHBIX JAaTYUKOB. XapakTepHas 0COOEHHOCTh NPUMEHEHHUsS 3TUX MOjejel B 3a-
Jnayax OMOMEXaHUKH 3aKJII04YaeTcsi B He0OXOJMMOCTH OIPEJEIICHUs] MapamMeTpoB IO-
TpeIIHOCTeH I KaX/10T0 KOHKPETHOTO HKCIIEPUMEHTA.
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E.Il. Mypra3zuna

CAMOCTOSTEJBHBINA BEIBOP YUEJIOBEKOM YCJIOBHM
MCUXOPHU3NOJIOTMUYECKOTI O TECTUPOBAHUA KAK OB bEKTUBHBIN
CHHOCOB BbBISABJIEHUSA TAKTUKHA JEATEJIBHOCTH U AAEKBATHOCTH

CAMOOIIEHKH EE PE3VJIBTATOB

Paspabomana moodenv cencomomoprozco mecma ¢ npedoCmMagieHuemM UCHbIMYEeMOMY 603-
ModcHOCIU 8b100PA CKOPOCMU MUWLEHU, NO3GONAIOUAS BbISGUMb MUNbI OUHAMUK, 83AUMOCESA3b C
Pe3YIbMAmuUEHOCMbIO U MUNbL KOPPEKYUU CKOPOCTU.

Buibop, cencomomopnuiii mecm: pe3ynomamugrocmo.

H.P. Murtazina

SELF-SELECTION CHOICE OF CONDITIONS
OF PSYCHOPHYSIOLOGICAL TESTING AS THE OBJECTIVE METHOD
OF CHARACTERIZATION THE TACTICS OF ACTIVITY AND ADEQUACY
OF SELF-ESTIMATION OF ITS RESULTS

The developed model of the senso-motor test with granting to the examinee to choose the
target’s speed has allowed to reveal types dynamics, interrelation with results and types of correc-
tion of speed.

A choice; the senso-motor test; productivity.

Wzyuenune mporecca caMOOLICHKH B IPOLIECCE aKTHMBHOT'O BHIOOpa CYOBEKTOM YC-
JIOBUH peanu3aliy IeJICHANPABICHHOTO IIOBEJCHUS 3aTparuBaeT BeAyIIUE Y3JIOBBIE
NMPUHIUIBI OPraHu3anni (yHKINOHAIBHEIX cucTeM [1]. Pe3ynbTaTsl caMOOLEHKH y4H-
TBIBAIOTCS B XOZ€ MPUHSTHUS PEIICHNS, PEaM3yI0TCS B BHE OCO3HAHHOTO THOKOTO IO
6opa mporpaMMbI A€HCTBUI U3 Pa3IMIHBIX BO3MOXKHOCTEH W MOTYT OBITh H3MEHEHBI Ha
OCHOBaHHMHU 3((PEKTUBHOCTU JIOCTHTHYTBIX PE3YJIbTaTOB. ANEKBAaTHAs CaMOOIEHKA MO-
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