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3ATAJIBHA XAPAKTEPUCTHUKA POBOTHU

AKTYaJIbHICTh TEMH.

OcTaHH1 JOCSATHEHHSI B 00JACTI MEXaHIKH, €JEKTPOHIKH, 1HHOPMATUKU MPU3BEIH 0
CTBOPEHHSI HOBUX THUIIIB MIKPOMEXaHIYHUX TIPOCKOIIB (aKCEIEPOMETPIB) 1 BIIKPUBAIOTH
HOBI 00JacCTi 3acTOCYBaHHSl IHEpUIAIbHUX cHUCTEeM. [lepCrneKTUBHUM HaMpPsIMKOM
BukopuctanHs BIHC e gocnimpkeHHs: XapaKTepUCTUK pyXy O10JI0TTYHUX 00’ €KTIB, 30KpeMa
JIIOJTUHU.

JIJ1s1 MOHITOPUHTY PYyXOBOi aKTUBHOCTI IIPH JI1IarHOCTHUII1 Ta JIIKyBaHHI HEBPOJIOTTUHHUX
3aXBOPIOBaHb PYXiB, Y CHOPTUBHIA MEIMIIMHI MiJl 4ac peaduTiTaIii, 1 po3Mmi3HaBaHHS
pYXiB y BIpTyalbHI peasbHOCTI HEOOXITHO BUKOPHCTOBYBATH 00’ €KTHBHI 3ac0o0U
BUMIpPIOBaHHS, TaKi, SIK CHUCTEMHU OIIHKM MapamMeTpiB pyXy JoAuHu. Bin moka3HHKIB
SKOCTI CHCTeMH (TOYHICTb, WIPOCTOTAa TMIATOTOBKH, MOOUIBHICTh, 3aBaJIOCTIUKICTD,
ABTOHOMHICTh) 3aJIKUTh JOCTOBIPHICTh OI[IHKM PYXOBOi aKTUBHOCTI Ta MPAaBUJIBHICTH
JTIarHOCTUYHOTO PIIICHHS, MOXKJIMBICTh KEpyBaHHS 00’€KTaMU BIPTYyaJbHOI pPealbHOCTI,
TOIILIO.

3apa3 Taki cucTeMH OyAYyIOTh 3 BUKOPUCTaHHSM HACTYNMHUX (I3MYHMX MPUHIMIIB 1
CUCTEM JaTYWKIB: ONTHUYHMUX; MEXaHIYHUX;, MArHITHUX; aKyCTUYHHMX; IHEpUiaJIbHUX
cucteM. Jlo HemONIKIB ONTUYHUX, MEXAHIYHUX, MArHITHUX Ta aKyCTHUYHUX CHUCTEM
BIIHOCATH: TPOMI3IKICTh, HEOOXITHICTh JJI1 POOOTH CHEIIaIbHOTIO MPUMIIICHHS, TpUBaja
MIATOTOBKHU I KOPEKTHOT pOOOTH, CXWIBHICTH JO BIUIMBY MOXHUOOK BiJl MEPEKPUTTS
MapKepiB, BUCOKa BapTICTh, 110 HETaTUBHO BIUIMBAE HA PE3YNIbTATH OLIHKH MapaMeTpiB
pyXy JIIOAMHM T03a JabopatropHuMu ymoBaMu. Lle Takoxx 0OMexye 3aCTOCYBaHHS TaKUX
CUCTEM JIJIsi BUPIMICHHS 3aJ1ad MOOLIBbHOI 1arHOCTUKH. JJIs MOo0MaHHsT TaKuX HEO0JIIKIB
JOLIJIBHO BUKOPUCTOBYBATH 1HEpLIaJbHI CUCTEM OLIHKH MapaMeTpiB pyXy JIOJUHU
(ICOTIPJI). Taki cucteMH MOXKYTh AaBTOHOMHO 1 MOOUIBHO 3aCTOCOBYBATHCS IS
JIOCHIDKEHb PYXYy JIOAWHU Yy MPUPOJHUX YMOBaX NpPH BUKOHAHHI HIMPOKOTO MEPEeIiKy
pyxiB. Ane mnpaktuuHa peanizauis [COIIPJI Bumarae BIOCKOHAJIEHHS TaKUX CHCTEM
[UIIXOM MIABUIIEHHS IX 3aBaJOCTIMKOCTI, ajanTaiii ajJroputMmiB Oe3mIaTGopMHHUX
IHepIlaJIbHUX HaBIralllfHUX CUCTEM JO0 OO0’€KTIB iX 3aCTOCYBaHHS, PO3POOKHM METOMAIB
aBTOHOMHOI'O OI[IHIOBaHHS Ta BpaxyBaHHs 3MIH napameTpiB uyTiuBux eneMentiB bIHC.

ToMmy po3poOka iHepiianbHOI CUCTEMH OI[IHKM [apaMeTpiB pyxy JIOJWHU Ta
aNropuTMiB 11 (YHKI[IOHYBaHHS 3 TIIJIBUIICHOK 3aBaJOCTIHKICTIO Ta TOYHICTIO,
PO3IIMPEHHS MOXKJIMBOCTEH ICHYIOUMX METOMAIB IIOJAO0 BpaxyBaHHA 3MIHU MapaMeTpiB
YYTIMBUX €JIEMEHTIB € aKTyaJIbHOIO HayKOBO-TEXHIYHOIO 3a/1a4€lO.

3B’A30K po00OTH 3 HAYKOBUMH NPOrpaMaMu, IJIaHaMu, TeMamMu. Jucepraniiny
po6OTYy BUKOHAHO Ha Kadeapi nmpuiagiB 1 cucteM opieHTallli Ta HaBiramii HamioHansHOTO
TEXHIYHOrO YyHIBepcuTeTy YKpainu «KUiBChbKMM MOJNITEXHIYHUN I1HCTUTYT 1M. Irops
CikopcbKkoro» B paMKax IHIIIATUBHOI HayKOBO-AOCHIAHOI pobotn «MikpomexaHiuyHa
cucreMa opieHTarlli meguunoro npuszHadueHHs» (NeJ[P 0114U006184), a Takox BiAMOBIIHO
710 AEPKOIOKETHUX HAYKOBO-AO0CTITHUX POOIT: «PO3po0Ka METOJUYHOTO 3a0€3MeUeHHs Ta
MAaKEeTHOT'0 3pa3Ky CHUCTeMH OOpOOKHM BIOPOAKYCTUYHUX CHUTHAIIB A 1H(pOpMaIliitHO-
JTIarHOCTUYHUX KOMIUIeKCiB poTtopHux cucrem (Ne/[P 0111U002186); «Po3pobka
KOMIIJIEKCHOI THTEJIEKTYallbHOI CUCTEMH MOHITOPUHIY TEXHIYHOTO CTaHy KOHCTPYKIIIM B
excruryatanip  (NoJIP 0113U000498); «Imitamiiine Ta  (i3udyHe  MOJIEIIOBAHHS
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aBTOMAaTU30BaHOI CHUCTEMH 3amo0iraHHs BUTOKaM MajvBa Ha YKPAaiHCbKIA aHTapKTUYHIN
cranuii«Akagemik Bepuaaacekuiv» (Ne/IP 0115U005639).

Mera i 3amaui pocaigskeHHsi. Meroro aucepraiiiiHoi poOOTH € HayKoBe
OOIpyHTYBaHHA Ta po3poOKa adropuTMiB (YHKIIOHYBAaHHS 1HEPIIAIbHOI CUCTEMHU OLIIHKU
napaMeTpiB pyxXy JIOAUHU 3 MIABUILIECHOI 3aBaJIOCTIMKICTIO Ta TOUHICTIO, YIOCKOHAJICHHS
Ta PO3LIMPEHHS MOKJIMBOCTEN ICHYIOUMX METOJIB KaliOpyBaHHS Jisi BpaXyBaHHS 3MIHU
napameTpiB UyTJIIMBUX €JIEMEHTIB.

JUJist TOCSITHEHHS TOCTABIIEHOT METH B POOOTI HEOOX1THO OYJI0 BUPIIIUTH TaKi 3a/1aui:

1. aHani3 BIUIMBY MOXUOOK MO3UIIIIHUX JATYMKIB (MAarHITOMETPIB 1 aKCEIEPOMETPIB)
Ha TOYHICTh OLIHKHU OplEHTAIlli 0e3MIaTGOpPMHOI0 KYpPCOBEPTUKAILIIO Ta OOTPYHTYBaHHS
HEOOXITHOCTI PO3AUICHHS KaHAIIB KOpEKIi B aiaropurMax Oe3rmaaThopMHHUX
KypCOBEpTHUKAJIEH;

2. popMyINIOBaHHS 1 MOJENIOBAHHS MPUHLMITY PO3AUICHHS KaHATIB KOPEKLii s
0e31r1aTpOpMHUX KypCOBEPTUKAIICH;

3. po3poOka komruiekcHoro anaroputMmy po6otu ICOIIPJI, iHBapianTHOTO 10
MPUCKOPEHUX PYXiB KIHIIBOK JIIOJIUHU;

4. po3poOka 3akoHIB (OpMyBaHHS KOPEKI[IHHUX CHUTHAIIB, 1[0 0a3yrTbCs Ha
BUKOPHUCTaHHI 010MeXaH14HOI MOJIEJ1 CKeJIeTa JIFOANHHU;

5. BuOip onTUMAajbHOI MOJENI CHUTHajdy AAaT4YMKIB 1HEPILIAJIBHOIO BUMIPIOBAIBHOIO
0JIOKY;

6. TOCHIJKEHHSI 3aCTOCYBaHHS METOAY CKaJsIpHOrO KajiOpyBaHHS AJiA JATUMKIB, IO
BUKOPUCTOBYIOTBCS B  I1HEpPLIaJIbHOMY BHUMIpIOBaJIbHOMY OJiomi  (MIKpOMEXaHIYH1
aKceJIepOMEeTpH, MarHiTOMETPH);

7. po3pobka MeToay KaliOpyBaHHS, IO JO3BOJISIE BPaxXOBYBAaTH CTOXACTUYHHUI
XapakTep napameTpiB MOJIeJl CUTHAITY IaTUHKIB;

8. IMiTalllifHE MOJIENIOBaHHS PO3POOJIEHOTO KOMIUIEKCHOIO aJFOPUTMY poOOTH
ICOIIPJI nyist BU3HAYEHHS KOTO XapaKTEPUCTHK;

9. mpoBefieHHS HAaTypHMX BHUOPOOYBaHb ISl MIATBEPIKEHHS  KOPEKTHOCTI,
e(eKTUBHOCT1 PO3pOOICHUX aJITOPUTMIB 1HEPLIAIBLHOT CUCTEMH OLIHKU MapaMeTpiB pyXy
JIOJIUHM; EKCIIEpUMEHTaNIbHA OlliHKa miaBuIeHHs TouHocTi ICOITPJI Ha cTenai-imiTaTopi
BEPXHBOI KIHI[IBKH JIIOJIUHH;

10. BnpoBakeHHs pe3yJIbTaTiB TOCHIIKEHb.

06 ’exkmom docniodcenHs € 1HepliadbHa CUCTEMA OLIIHKU NapaMeTpiB pyxy JIIOJAUHU Ta
METO/IM OTPUMAaHHS MapaMeTpiB MAaTEMaTUYHOI MOJIeNI ii YyTIUBUX €JIEMEHTIB.

Ilpeomemom Oocnioxcennss € anroputMu ¢yakiionyBanus [COIIPJI, wmeromau
KaJIOpyBaHHS YYTJIMBHX €JIEMEHTIB [IJI1 BpaxyBaHHS 3MIHM MapamMeTpiB YYTIHUBHUX
€JIEMEHTIB, 10 J103BOJISIE€ MIABUIIUTH TOYHICTh OLIHKM KIHEMAaTHYHUX MAapaMeTpiB pyXy
KIHI[IBOK JIOJUHHU.

Metoan mociimkenHs. BuGip maTeMaTHYHOT MOJIE€I CUTHAIIIB YYTIMBUX E€JIEMEHTIB
BUKOHAHO HAa OCHOBI BHMKOPHUCTAHHS METOMAIB ONTUMI3Allli; IJIi CHHTE3y alIrOpUTMY
ontuManbHoro ¢uibTpy Kanmmana nmst xkaniOpyBaHHS YYTJIMBUX €JIEMEHTIB BUKOPHUCTAHO
CTOXaCTUYHI METOJAM MaTeMaTU4YHOi CTaTHUCTUKH, TeOopii OILIHIOBAaHHS; aHami3 Ta
PO3IIMPEHHS MOJIMBOCTEH METONY CKAJISIPHOTO KaliOpyBaHHS BHMKOHAaHO HAa OCHOBI
METO/IB TeOpii JIHIMHUX CUCTEM Ta YUCEIBLHOTO MOJEIIOBAHHS Yy MaTpUUHIA CHUCTEMI
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MatLab; nns aHanizy mnoxuOoK aaropuTMy KypcoBEpTHKANll BUKOPUCTAHO METOM 1 anapaT
Teopii aBTOMAaTUYHOT'O KEPYBAHHS; JJISI CUHTE3y KOMILJIEKCHOTO aJrOpUTMY 1HEPIIaIbHOT
CUCTEMH OI[IHKHM MapaMeTpiB pyxXy JIOJAMHU BUKOPUCTAHO METOJAU TeOpii 1HEepLiaJbHOI
HaBirauii Ta 1HTETPOBAaHUX CHCTEM; KOMII IOTEPHE MOJEIIOBaHHS Ta 0OpOOKY HATypHHUX
TaHUX BUKOHAHO B cucTteMl MatLab.

HaykoBa HOBM3HA oJiep:KaHUX pe3yJabTaTiB. Y poOOTI OTpUMAHO TaKl HOBI HAYKOBI
pe3yJIbTaTH:

1. Briepiie TeopeTH4HO OOTPYHTOBAHO Ta MIATBEPAKEHO MOJEIIOBAHHAM IPUHIIUI
pPO3AUICHHS KaHalliB KOpeKuii Oe3riar@opMHOi KypCOBEpTHKaNl, SKUM TIONArae y
BUKOPHUCTAHHI JIJIsl KOpeKIii 0e3mnaThopMHOI KypcOBEpTUKall CUTHAJIIB aKCEIEePOMETPIB
Ta MOIM(PIKOBAHUX CHUTHAJIB MAarHiTOMETpiB, Yy SKHX Ha OCHOBI  JaHUX
aKCeIepOMETPUYHOr0 KaHajy BUKOHAHO OOHYJIEHHS BEpPTHUKAJIBbHOI CKIIaIOBOT BEKTOpa
IHAYKIIT MarHiTHOro nojs 3emiii 0e3 He0OX1THOCTI BUKOPUCTAHHS alpIOPHUX AaHUX.

2. JlicTaB MOAANBLIOTO PO3BUTKY METOJ CKaJspHOro KajliOpyBaHHS IS
MIKpOMEXaHIYHUX aKCEIEPOMETPIB Ta MArHITOPE3UCTUBHUX JATUYMKIB LHUISIXOM BBEIEHHS
JaHUX TMOINepeaHbOT BEKTOPHOI KaliOpOBKM Ta 3aCTOCYBaHHS ITEPAaTUBHOI MpOLEIypU
KaJiOpyBaHHS.

3. Y10cKOHaNEHO METO] BEKTOPHOT KaJlIOPOBKHU LIISXOM OI[IHIOBAaHHS KOE(III€HTIB
MaTeMaTU4YHOi MOoJieli 3a gonomororo GuibTpa KanMaHa 3 BBeJIeHHSIM 3MIHHUX CTaHy, SIKi
XapaKTepu3yloTh IMIYMOBI CKJIaJ0Bl MOXMOKM UYYTJIMBUX €JIEMEHTIB, LI0 MOKpallye
301KHICTh PE3yJIbTaTIB KaliOPOBKH.

4. Brnepme s 1HepUIadbHOI CHUCTEMH OIIHKM T[apaMeTpiB pyxy JIIOAUHU
pO3pO0JICHO 1HBapiaHTHUH 10 MPUCKOPEHOro PYyXy KIHIIIBOK KOMIUIEKCHUN alrOpUTM
6e3miat@opMHOi 1HepIliaaIbHOT HaBITaI[IHHOI CUCTEMU, KOPEKITIMHI CUTHAIM IO IIBUIKOCTI
Ta NEPEMIIIEHHIO SKOTo c(popMOBaH1 HA OCHOB1 010MEXaHIYHOT MOJIEN1 CKENETY JIOAUHHU.

I[IpakTnyHe 3HAYeHHS OJepP:KAHUX pe3yabTaTiB. [IpakTHUHE 3HAUEHHS OTPUMAHUX
pe3yNbTaTiB MOJSra€ B TOMY, II0: PO3POOJICHO CHPOIIEHY MOJENIb MOXHOOK
6e3m1aTGopMHOi KypCOBEpTHUKAI JIsl aHAJI3y BIUIMBY MOXMOOK YYTIHMBHUX €JIEMEHTIB Ha
TOYHICTh OIIIHKK Opi€eHTalii 00’€kTa; po3po0JEHO CTPYKTYpHI CXEMH I1HEpIIabHOI
CHUCTEMH OI[IHKH TapaMeTpiB PyXy JIOJAUHU 3 KOPEKIII€I0 3a CUTHAJIAMU 10 O10MeXaHIuH1i
MOJIeJIl CKENeTy JIOJIMHU; BHUKOHAHO aHAJIITUYHUN PO3PAXyHOK TOYHOCTI KOPEKLIMHUX
curHaiiB komiuiekcHoro anroputmy BIHC s iHepiianbHOT CHCTEMU OLIHKH MapaMeTpiB
pyXy JIOAWHHU; OTpUMaHa ONTHUMalbHa MOJENIb CUTHAJy aKCeJIepOMETPIB 3a KpPHUTEpieEM
PETYISIPHOCTI 3a JOMOMOTOI0 METOJly TPYIOBOIO ypaxyBaHHS apryMEHTIB; po3po0JIeHO
peKOMeHIaIli CTOCOBHO 3aCTOCYBAaHHSI METOAMKHU CKAJIIPHOTO KadiOpyBaHHS ISl JaTYUKIB
HU3bKO1 TOYHOCTI; OTPMMaHO TpadiuHi 3aJeKHOCTI JJIS OLIHKK TOYHOCTI 3HAXOJKEHHS
napaMeTpiB MOJIEJIl CUTHAIIY JaTYMKIB; pO3p00JICHO NMPUKIAHE IporpaMHe 3a0e3MeueHHS,
[0 pealli3ye alropuTM KaniOpyBaHHsS Ha ocHOBI ¢uibTpa Kanmana; po3pobiieHo
NpUKIaJHEe  MporpaMHe  3a0e3ledyeHHss  anroputMy  pobotu  6e3mnaTdopMHOL
KypcoBepTuKasll Ta KomruiekcHoro anroputMy BIHC 3 kopekii€io 3a curHagamu 1o
OloMexaHIYHIA MOJeNl CKeleTy JIIOAMHHW; pO3pOOJIEHO TPUKIAJHE TpPOTrpaMHe
3a0€3MeUYeHHs] Ta CTEHJA-IMITaTOp BEPXHBOI-KIHI[IBKU JIOAUHHU, METOJIMKA TNEpEeBIPKU
tounocti [COTIPJL.

[IpakTnyHa peanizailiss TPUHIMIY PO3AUICHHS KaHaliB KOPEKIli, KOMIUIEKCHOTO
QITOPUTMY Ta OCOOJIMBOCTEW METOAY CKAISIPHOrO KaliOpyBaHHsS J03BOJIMJIA CYTTEBO
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COPOCTUTU MIATOTOBKY I1HEPLIAIbHOI CHUCTEMHU OI[IHKM MapamMeTpiB pyxy JIIOJUHU A0
po6oTH, MigBUIIMIA i1 3aBaJOCTIMKICTh JO €JIEKTPOMArHiTHUX 3aBajl, a TAKOX 3MCHIIIYE
MOXUOKHU CUCTEMHM MPU BUKOHAHHI JIFOJIMHOIO PYXIB 13 3HAYHUM PIBHEM MPUCKOPEHHS.

Pe3ynpTaTd  AOCHIIKEHHS ~ MalOTh  MPaKTUYHE  BIOPOBAIKEHHA.  AJTOPUTM
oesmnar@opMHoOi KypcoBepTrKali Ta kKoMruiekcHuit anroput™ BIHC s Bukopuctanus B
ICOIIPJI 6yno BmpoBamkeno B Y «HcTuTyT TpaBmarosorii ta opromnenii HAMH
VYkpaiaw (M. KuiB) npu po3po06i1i iHepiiaibHOT CUCTEMHU OILIIHKA KIHEMAaTUYHUX (4acCOBUX 1
MPOCTOPOBUX) XapaKTEPUCTHK OMOPHO-pyxoBoro amapata droguHu BNS-01. Anroputm
0e3r1aTpOpMHOI KypCOBEPTUKANIl 3 BUKOPUCTAHHSIM MPUHIMIY PO3AUICHHS KaHaTIB
KOPEKIii Ta YJOCKOHAJICHUH CKaJISIpHUN MeTol KamiOpyBaHHS BUKOpUCTOBYEThCs B TOB
dipore» (M. KuiB). Po3pobnena cnpomieHa wmojaenp TOXHOOK —Oe3rmiargopMHOT
KypCOBEpPTHUKAJIl Ta CTEH]I-IMITaTOp BUKOPUCTOBYIOTHCS B HABUAJILHOMY Ipolieci Kapeapu
MpuiIaaiB 1 cUcTeM opieHTamii 1 Hapiramii HallloHaJTbHOTO TEXHIYHOTO YHIBEPCUTETY
Vkpainn «KuiBCbKUM MOMITEXHIYHUI IHCTUTYT iMeH1 Iropst CikopchbKOTo.

Pesynbprat aucepraiiitHoi po60TH MOXKYTh OYTH BUKOPUCTaHI JIJIsl pO3POOKHU 1 MOKpa-
IIEHHS] CUCTEM OLIIHKH MapaMeTpiB pyxXy JIIOJMHU MPU peaduiiTallii Ta 11arHOCTULl Y MEIH-
L[MHI, Y CHOPTI, pO3MI3HAHHI PyXiB JIIOJIUHU Y BIPTyaJlbHIi pEaibHOCTI Ta IHIINX 33]a4ax.

OcoOuctuii BHecok 3100yBaya. OCHOBHI HayKOBI pE3yJIbTaTH JUCEPTAIIAHOT
poOOTH, sIKi BAHECEH] HA 3aXUCT, OTPUMAaH1 aBTOPOM CaMOCTIHHO. ABTOpPOM OOTpYHTOBAHO
HEOOXITHICTh PO3JUICHHS aKCEeJIEPOMETPUYHOTO Ta MArHiTHOro KaHaiy 0e3riaTdopMHOL
KypCOBEpPTHUKAJIl, PO3POOJICHO MPHUHIIUI PO3AUICHHS KaHaJlB KOPEKIii, BUKOHAHO aHaji3
BIUIMBY MPUCKOPEHb 00’€KTa Ha poOOTYy Oe3mIaTGopMHOI KypCOBEPTHUKAI, PO3POOIEHO
anroput™ (popMyBaHHS KOPEKIIMHUX CUTHAIIB MIBUAKOCTI 1 MEPEMIIIEHHS Ha OCHOBI
OloMeXaHIYHOT MOJEN1 CKeJeTy; MOCIIIKEHO 3alpOoNOHOBAHUN KOMILIEKCHUN alTOpUTM
poOOTH 1HEPIIATBLHOTO BHUMIPIOBAJIBHOTO OJIOKY JJISi BUKOPUCTAHHS B CHCTEMI OIIIHKHU
napameTpiB pyxy JIIOAMHM; AOCHIIKEHO 1 MPOaHalTi30BAaHO MOXKIIMBICTh 3aCTOCYBaHHS
METO/y CKaJApHOI KajdlOpOBKM JJIg JAaTYUMKIB HU3BKOI TOYHOCTI; PO3pOOIEHO
QNrOpUTMiuHE 1 TporpamHe 3a0e3medeHHs s KaliOpOBKM JaTYMKIB 1HEPIIAJIBLHOTO
BUMIPIOBAIBHOTO OJIOKY; YyJIOCKOHAJIEHO METOJl BEKTOPHOI KaJiOpOBKM IUISXOM
OIIHIOBaHHS KOe(]iIieHTIB MaTeMaTH4YHOI Mojell 3a gonomorow ¢inprpa Kanmana 3
BBEJICHHSM 3MIHHHMX CTaHy, L0 XapaKTepU3YIOTh LIYMOBI CKJIQJOBlI MOXUOKH YYTIMBHUX
€JIEMEHTIB; pPO3pOo0JICHO TMpUKIAAHE TMporpamMHe 3a0€3lEUeHHs] Ta CTEeHA-IMITaTop
BEPXHBOI-KIHI[IBKM JIOAUHU; MeToauka mnepeBipku TouHocTi ICOIIPJI nHa crenai -
iMiTaTopi.

VY po6oTax, BUKOHAHUX Y CIIBaBTOPCTBI, 0COOUCTO aBTOPOM BHKOHaHO: [1, 15] - po3-
poOJIEHO PO3UIMPEHY MaTEMAaTUYHY MOJENb Mpollecy KamiOpyBaHHs sl anroputmy Kai-
MaHIBChKO1 (iIbTpallii; po3po0aeHo IpUKIIaIHe MporpaMHe 3a0e3MeueHHs 1711 BAKOHAHHS
ITEpaTUBHOTO KajdiOpyBaHHs Ha OCHOBI anroputmy ¢uibTpa Kanmana; [2] - npoaHaiizoBa-
HO BIUIMB MOXMOOK MO3ULIMHUX JAATYUKIB (aKCEIEPOMETPIB Ta MATHITOMETPIB) HA OI[IHKY
OpieHTaIlll JUIsi CUCTeM THUIy O0e3miaTGOopMHUX KypCOBEpTHKaJel; OOrpyHTOBAHO HEOO-
X1THICTh PO3AUICHHS MarHiTOMETPUYHOTO Ta aKCEICPOMETPUYHOIO KaHAIy KOpPeKIii; [3,
8] - cunte3oBano pinbTp Kanmana anroputMy 0e3miatopMHOT KypCOBEpPTHKAIL 3 pO3/Ii-
JICHHSIM KaHaJliB KOPEKIIil 11 MaTpUIll HAMPSAMHUX KOCUHYCIB; OMUCAHO MPUHIUIT PO3/i-
JICHHS! KaHaAIIB KOpeKIii 1y 0e3miargopMHux KypcoBepTukanei; [4, 17] - oTpumaHo mo-
BHI aHAJIITUYHI BUPaA3H, 1110 OMUCYIOTh NMapaMeTpu MaTeMaTUYHOT MOJIENL, IKa OLIIHIOETHCS
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3a JIONOMOTOI0 METOIY CKAJIIPHOTO KaliOpyBaHHS; BUKOHAHO YMCENbHE JOCIIKEHHS Ta
aHaJi3 BIUIMBY MOXMOOK MOJIEJIl CUTHAIYy Ha TOYHICTh CKAJIAPHOTO KajiOpyBaHHs; [5, 20,
22] - onrcaHo O0loMeXaHIYHY MOJIEIb CKEJIETY JIIOANHU, PO3POOJIEHO KOPEKIIIF0 KOMILIEKC-
HOTO aJTOPUTMY 3 BUKOPHUCTAHHSAM iHQopMalii npo O0loMeXaHIYHY MOJIETb CKEJETYy JII0-
JIVUHU; BUKOHAHO YHMCEJIbHE MOJIETIOBAHHS KOMIUIEKCHOTO aJTOPUTMY 1HEpIiaJIbHOI CUCTe-
MU OL[IHKH MapaMeTpiB pyxy mtoaunu; [10, 23] - oTpuMaHo eKcriepuMeHTalbHI JIaHl 040
BUMIpPIOBaHHS KIHEMAaTUYHUX MMapaMeTpiB BEpXHbOI KiHIIBKH; [9, 11] - po3pobieHo noro-
KOBHI alropuTM Jyisi oOUMClieHHs Bapialiii Anana , moOymoBaHo rpadiku Bapiaimiid Asa-
HA, 3 KX OTPUMAaHO IIYMOB1 XapaKTEPUCTUKH JATUMKIB 1HEPL1aIbHOTO BUMIPIOBAJILHOTO
6510ka; [7] - onmucaHo 1 OOIPYHTOBAHO BHOIp Opi€HTAIlll JBOXKOMIOHEHTHUX NATYUKIB Y
HAJIJTUIITKOBOMY OJ10111; [6] - MpoaHaIi30BaHO 1 3HaAEHO POopMySU PO3PaAXyHKY ONTHMA-
JBHOIT OpieHTAIlli TBOXKOMIOHEHTHUX JATYUKIB Yy HAUIUIIKOBOMY Osomi; [12, 21] - onu-
CaHO CTajii po3poOKH 1HEPIIaTbHOT CUCTEMHU OLIIHKH MapamMeTpiB pyXy JIOAUHU, TPOBEJIE-
HO €KCIepUMEHTATbHI JOCIIIPKEHHSI TOYHOCT1 poOOTH pO3pOOJICHOT0 airopuTMy Oe3Iia-
T(HOPMHOT KypCOBEpTHKAJI1, ONMMUCAHO Ta OXAPAKTEPU30BAHO HEOOXITHI 1JI1 pOOOTH 1HEPIIi-
aJIbHOI CUCTEMU OLIIHKH MapaMeTpiB pyxy JIOAUHM CTafli KaniOpoBku; [16] - po3pobieno
JITOPUTM Ta MPHUKIIAIHE MPpOorpaMHe 3a0e3MeUeHHs, 10 J03BOJIUIO OI[IHUTH 00’ €M PYXIiB
JIOJIMHU TI0 CYTJIO0OBHX KyTax B aBTOMAaTHYHOMY PEXHMI, (popMyBaHHS pe3ysIbTaTiB OIli-
HKHM KIHEMAaTHMYHUX MapamMeTpiB y BUOpaHUX KOPHCTYBaue€M TOYKax JOciixeHHs; [14] -
po3pobiieHa MOJENbh MTOXHUOOK KaTiOpyBaHHS aKCEIEPOMETPIB METOJOM TECTOBUX MTOBOPO-
TiB, BAKOHAHO YMCEJIbHE JTOCIII>)KEHHS BIUJIUBY MOXWOOK 00JIalHAHHS HA TOYHICTh OTPH-
MaHHX Koe(]illieHTIB MaTeMaTUYHOI MOJEN CUTHaly akceilepomeTpiB; [13] - BUKOHAHO
NepBICHE KalliOpyBaHHS akcelepoMeTpa; po3poOJICeHO MareMaThyHe 3a0e3NedeHHs s
PO3paxyHKy KyTiB opieHTallii MakeTa; [18] - BUKOHAHO MOJICIIOBaHHS KaJlOpPOBKU 1HEPITi-
aJIbHOI CUCTEMH 3 BUKOPUCTAHHSIM 1H(OpMAIi PO HYJILOBUN BEKTOP IIBUJIKOCTI 00’ €KTA;
[19] - peanizoBaHO METOJ TPYNOBOIO YpaxyBaHHs apryMEHTIB JUIsl 1I€HTU(IKALIT CTPYK-
TypU MO CUTHATY JAaTYMKIB.

AmnpoOauisi pe3yabtaTtiB aucepranii. OCHOBHI MOJOXEHHS Ta Pe3yJibTaThd poOOTH
JIOTIOB1JIAJIUCh Ta OOTOBOPIOBAJIMCH HA TaKMX KOH(pEpEeHI X, KOHTpecax, 3’ i31ax, ceMiHa-
pax, Hapagax: XI, XII-XIV mibkHapogHUX HayKOBO-TEXHIYHUX KOH(pepeHsix « Ipumano-
OoynyBanHs. CtaH 1 nepcriekTuBmw, M. Kuis, 2012 p., 2014-2015 pp.; XIV ta XVIII MixkHa-
POJTHUX MOJIOJDKHUX HAYKOBO-NPAKTHUYHUX KOH(pepeHuisx«lioauna i kocMoo, M. JlHinpo-
neTpoBebk, 2012 p. ta 2016 p.; I MibkHapoHINM HayKOBiHM KOHepeHIii naM’aTi npodecopa
Bonoaumupa Ilomxapenka «BuMiptoBaHHS, KOHTPOJb Ta JIIarHOCTHKA B TEXHIYHUX CHUCTe-
max (BKATC-2011y, m. Biaaung, 2011 p.; MbkHapoAHii HaykoBii KoH(pepeHIii
«CSET’2012. Modern problems of radio engineering, telecommunications and computer
sciencey, M. CnaBceke, 2012 p.; III mixxHapogHoMy KOHTpeci «COBpEeMEHHbIE TE€XHOJIOTUU
JIUArHOCTUKH, JICYCHHUS U peaduiuTaluu MpU MOBPEXKICHUSAX M 3a00JIEBaHUSX BEpXHEU
KOHeYHOCTw, M. MockBa, 2013 p.; 7 MbkHapoIHIA KOH(]EpeHIlii CTyAeHTIB Ta aclipaHTIB
HoBble HampaBieHus pa3BUTUS TPUOOPOCTpOeHUsH, M. MiHCBK, 2014p.; MDKHAPOIHINA HAy-
KOBO-TIIPakTU4HIN KoH(pepeHIlii«IpodreMu eHeproepeKTUBHOCTI Ta aBTOMaTH3allii B MPo-
MHUCIIOBOCTI Ta CUTbChKOMY TocnogapcTBh, M. KipoBorpan, 2015 p.

Iyo6aikamii. [To Temi nucepTamiiHuX AOCTIKEHb OMYyOIiKOBaHO 23 poOOTH, Y TOMY
qucli 5 cTare y mpoBiIHUX (axoBUX BUAAHHSX, 110 BXOASTH O HAYKOMETPUUYHUX 0a3
naHuX (3 HUX ojHa 1 cTaTTs B 1HO3eMHOMY (paXxOBOMY BUJAHH1), | CTaTTs y 1HIIMX BHAAH-
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HsX, | mareHT YKpaiHu Ha KOpPUCHY MoOJelb, | maTeHT YKpaiHu Ha BUHAXIiJ, 2 CBIIOITBA
VYkpaidu nmpo peecTpailito aBTOPChKOro mpaBa Ha TBip, 13 MarepiaiiB Ta Te3 J0MOBiIEH Ha
HAyKOBO-TEXHIYHUX KOH(PEPEHIIISX.

Crpykrypa Ta 00cAr nucepramii. J(uceprauiiina poOoTa CKiIalaeTbcsa 13 BCTYILY,
aHOTalllif, MepeNiKy YMOBHHUX II03HAYE€Hb,YOTUPHOX OCHOBHHMX PO3JLUIIB, 3arajbHUX
BHUCHOBKIB 10 po0OOTI, CIUCKY BUKOpUCTaHUX jkepen 13 111 naiimenyBanb Ta 8 JlogaTkis.
3aranbHuil o0csar pobotu 234 cropiHok. OCHOBHUK 3MICT poOOTH CTaHOBUTH 202
CTOPIHKH JIPYKOBaHOTO TEKCTY, B TOMY UHcil 78 pUCYHKIB 1 19 Tabnuilb.

OCHOBHA YACTHHA

Y BeTynmi BUKOHYETHCS OOTPYHTYBaHHS BHOOPY TE€MHU JOCIHIIKEHHS, aKTyaJbHOCTI
pPO3pOOKH 1HEpIIATBbHOT CUCTEMH OIIIHKM MapaMeTpiB PyXy JIOJWHU Ta aITOPUTMIB ii
(GyHKUIOHYBaHHS 3 TMIJABUIIECHOIO 3aBAaJOCTIMKICTIO Ta TOYHICTIO, PpO3LIUPEHHS
MOXJIMBOCTEH ICHYIOUMX METOJIIB WIOJI0 BpaxyBaHHS 3MIHM MapameTpiB YYTIHUBHUX
eneMeHTIB. BuzHauaeTbcs 3B’ 130K poOOTH 3 HAYKOBUMHM IpOrpamMaMu, TUIAHAMH, TEMaMH,
(bopMyITIOETHCS METa 1 3aJ1a4l JOCIIKEHHSI, HAyKOBa HOBH3HA OJIEPKAHUX PE3yJIbTATIB Ta
iX MpakTUYHE 3HAYEHHs, HABOJATHCA JaHl Mpo ampodallio Ta myOsikaiii pe3yiabTaTiB
poOOTH, BUCBITIEHO OCOOUCTY ydacTh 3/100yBaya.

Y nepmomy po3aiji noka3aHo, 1110 MOHITOPUHT PYyXOBOi aKTUBHOCTI MPU A1arHOCTHUIII
Ta JIIKyBaHHI HEBPOJIOTITYHHUX 3aXBOPIOBAHb PYXIB, y CIOPTUBHIA MEIUILMHI M Yac
peabumitamii, Jig PpO3MI3HABaHHS PyXIB Y BIPTyalbHI peasbHOCTI MOTpedye
BUKOPUCTOBYBAHHSI CUCTEM OI[IHKA MapaMmeTpiB Pyxy JIOAUMHHU. Bil MoOKa3HMKIB SKOCTI
CUCTEMHU 3aJIC)KUTh JIOCTOBIPHICTh OIIIHKA PYXOBOI AaKTUBHOCTI Ta HPABWIbHICTh
JIarHOCTUYHOTO pillieHHs, Tomo. OnucaHo (i3uyHi NPUHUMIM 1 CUCTEMH JATYUKIB, HA
AKUX OYIYIOTbCS CHUCTEMH OLIHKH MapaMeTpiB pyxXy JIOJAMHHU, 30KpEMa: OINTHUYHI;
MEXaHI4H1; MarHiTHI; aKyCTH4HI;, 1HepuiajibHi cucTteMu. OxapakTepus3oBaHl iX OCHOBHI
HEJIOJIIKH Ta MepeBar.

Po3ristHyTo OCHOBHI MiXoJd, 10 3a0€3MeUyl0Th CTBOPEHHS 1HEpIIaIbHOT CUCTEMU
ouinku napamertpiB pyxy Joauau (ICOIIPJI). BkazaHo KUIbKICTh 1HEPLIaTbHUX BUMIPIO-
BasibHUX Oy10K1B (IBB), KOTpi mpu3HadeHi aJisg OIIHKK MapaMeTpiB pyxy BChOT'O Tijia, BEp-
XHIX,HIKHIX KiHIIBOK. [Toka3aHo, 110 B MEAMYHUX 3aCTOCYBAHHAX, MPU peaduTiTaIlii Ta B
CHOPTUBHUX TPEHYBAHHAX HAaHOUIbII IIMPOKOTO 3aCTOCYBaHHS HAOYIM CHUCTEMH, IO MiC-
TaTh Big 2 g0 10 IBb. IlpuBeneno mepenik psay 3anad, ki HEOOXITHO PO3TISHYTH MPH
po3po6iri ICOTIPJI.

VY pob6otri onucaHo OiOMEXaHIYHY MOJENb CKeJeTy JIIOJAWHH, 1I BUKOPUCTAHHS B
ICOIIPJI Ta B Meromax OIIHKM TEPEMIIICHHS JIIOAUHU Yy BIAKPUTOMY TMPOCTOPI.
[IpoananizoBaHO NUTaHHSA KaJIiOPOBKU CHCTEMH OI[IHKM MapaMeTpiB pyXy JIIOJAUHH.
Bunineno nexuibka ii eramiB: KayiOpoBKa JIHIMHUX PO3MIPIB CErMEHTIB Ol0MEXaHIYHO1
MOJIeJIi CKeJIeTy; BU3HAYeHHs mo4yaTtkoBoi opieHTallli IBb BiTHOCHO cerMeHTHOI cucTeMu
koopauHat (CK) y cTtaTMyHMX 1Mo03aX; BU3HAYEHHS (PYHKIIOHAIBHUX BicE€ Cyrio0O0BOTO
pYyXy MpH BUKOHAHHI BU3HAYEHOTO BHJY PYXOBOI aKTMBHOCTI; KaliOpOBKAa CUCTEMHU MpHU
HAssBHOCT1 3aMKHYTOT'O KIHEMAaTHYHOTO JIAHI[Iora B 010MEeXaHI4H1! MOJEI1 CKENETy.

OnucaHo anropuTMHU OIIIHKM OpIEHTAIll CerMeHTIB Tuta moauHu okpemum IBB.
OCHOBHUM BHUJOM aJITOPUTMIB € anroputmu Oesmiarhopmuux kypcoeptukaneit (bKB) 3
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BUKopucTanHsiM QuibTpa Kanmana. Ilokazano, mo OUIBIIICTh alrOpPUTMIB HE BPAXOBYE
HAsBHICTh JUHAMIYHUX MOXMOOK Ta 30BHIINIHIX 3aBaja. [ oOMeXeHHS BIUIMBY 3aBaj Y
BKB BukopucToBYI0TH 0OMEXeHHs TriauOuHU kKopekiii. IlokazaHo, mo y Binomii
JTEpaTypl HE PO3TISHYTO MPOOJIeM MEPEXPECHOT0 BIUIUBY MK KaHasiamu Kopekuii BKB,
HE PpO3KPUTO TUTaHb 3aCTOCYBaHHS aIropuTMiB Oe3mIaTGOPMHUX I1HEPLIATIBHUX
HaBIralifHUX CUCTEM JJIs OLIHIOBAHHS apaMeTpiB pyXy JIIOAUHU

ICOIIPJI siBasitoTbCSI MOPTATUBHUMH Ta aBTOHOMHUMHU CHCTEMaMH, IO MOXYTb €KC-
IUTyaTyBaTUCS B PI3HUX yMOBaX HaBKOJHUIIHBOTO cepenoBuiia. Lle npusBoauts 10 Bapia-
1ii mapameTpiB gatyukiB. [lokazaHo, 110 aKTyalbHOIO € 3aj1adya PO3pOOKH Ta PO3IIUPECHHS
ICHYIOUMX METOJIIB JIJIi MOKJIMBOCTI aBTOHOMHOI'O OIIHIOBAHHS 3MIHU NapameTpiB mep-
BUHHUX JIATUMKIB (aKCEIEPOMETPIB, MArHITOMETPIB).

Y napyromy po3aijii mpeACTaBlI€HO CHUCTEMAaTUYHUM OMKHC METOJO0JIOTIYHOTO 1
ITOPUTMIYHOTO 3a0€3MeUeHHs sl BAKOHAHHSI HEOOXIAHUX MPOLEeAyp 1 MPUNYLIEHb MPU
po3po6iii ICOTIPJI.

v st OTHCY pyxy JTIOJTUHU

e Es_é& Za x BUKOPUCTAaHO  OlOMEXaHIuHYy Mozenb
‘ﬁ‘” ” y CKEJIETy, IO CKJIAJaeThCcs 3 18 cerMeHTiB-
X | kictok Ta 15 cyrno6iB (pucynox 1). ns
TOro, MO0 OTpUMATH JAaHl Hpo pyx 15
CyrJio00BUX  BY3JiB, IPUBEICHUX HA
pucyHKy 1, cucrtema mae cknagatucs 3 17
IBb. IBb po3mimytoTbcst y BIAMOBIIHUX
KITFOUOBUX TOUYKAaX, B SIKAX
OLIIHIOBATUMYThCA  PYXHM  KOHKPETHHUX
CErMEHTIB Ta BIJMOBITHOTO CYTJI00Y.

Jlnst po3paxyHKy CYIrJIo00OBHX KYTIB
BUKOPUCTOBYIOTHCSA JaHl MaTpHULb HaIps-
MHHX KOCHHYCIB (200 KBaT€pHIOHIB) KOM-
IUIEKCHUX anroputMiB pobotu BB, mio
BCTAHOBJICHI Ha CErMEHTaxX Tula JIIOAUHH,
Ziy W Ta OPUHHATI NPUTYIIEHHS 110710 Oiomexa-

\?/ HIYHOI MOJEI1 CKENETY.
- Cyrno0oBHii MOBOPOT BU3HAYAETHCS K
OpI€HTAIlIl HACTYIHOTO CErMeHTa MOjeli
BITHOCHO TMOMNEpeaHboro cermenra. dop-
Mmyna (1) BUKOPUCTOBYETHCS AJII CUCTEM, B
AKUX BUKOPHUCTOBYIOTHCS MaTpHIll HaIps-

Pucynox 1. biomexaniuna MOJENb
JIIOJICBKOTO Tija 3 yYKa3aHHSIM
po3ramyBanHs  IBb  BigmoBimHO 110
3B’SI3aHUX 3 CETMEHTaMH CUCTEM KOOPAUHAT

T
muux KocuHycis (MHK), a (2) — mmst xBatepHioniB:  Cpy, = (C f,b) C gb : (1)

*
ddp =4d ®Qp9 (2)
ne Cg,» 44, — MHK Ta KBaTepHiOH, 10 OMHUCYIOTh OPIEHTAILiIO TUCTANLHOTO CErMEHTa

BIIHOCHO MPOKCUMAJILHOTO; C}%'b , q,, — MHK Ta xBaTepHIOH, 110 ONMHUCYIOTh OPIEHTAIIIIO

p
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. . b :
IMPOKCUMAJIBHOTO CCTMCHTA B1IITHOCHO OIIOPHO1 CK, C&;g s dg — MHK Ta KBAaTCPHIOH, 110

OMKCYIOTh OPIEHTAIIIO JUCTAIBHOIO cerMeHTa BiqHOCcHO onopHoi CK.

Aaroputm BKB 3 po3giieHHssM KaHaJiB Kope-
Kkuii. Y aucepraniiiHiii po60oTi po3pobieHo (GUIbTP
Kanmana (®©K) anropurmy bBKB 3 po3auienHsm kana-
JB KOPEKIIi 11 MaTpULll HAIPSIMHUX KOCUHYCIB. AJl-
roput™M BKB BukopuCTOBYE y SKOCTI KIHEMaTHUHHX

napametpiB MHK chr . chn OMHCYE TEePeXiJ 3 Onop-
Hoi CK EnC (n) y CK xyz (b), 38’s13any 3 tuiom. Ki-
HemaTuka BKB nokaszana Ha pucyHky 2.

Ha nepmiomy etani anropuTMy noToYHE 3HAYCHHS

~bn . . Xo
MHK Cj+1 po3paxoByIOTh 110 JaHUM IIPO OPi€HTAIIIO .

b Pucynok 2. Kinematuka 6e3miaT-
00’exTa Ha onepeaHboMy Kpoill Cj , YHCENIbHO 1HTe- (bopMHOI KypcoBepTHKaIi
rpyfoun piBHsSHHS IlyaccoHa mo maHUX JaTYMKIB Ky-

~bn

toBoi mBuakocti (JIKIL). Ha qpyromy erami Bukonyetbcs kopekiis Ck4] MO JaHUX aK-
CEJIEPOMETPIB Ta MAarHITOMETPIB.

AxcenepoMeTpy BUMIPIOIOTH ySIBHE MPUCKOPEHHS, iX curHanu y 3B’s3anii CK XYZ
(mpucCKOpeHHsT W MPUKUMalOTh 32 BUIMIAJIKOBE 30ypEeHHS):

AP =—c"G, +w; G,=[00 —g]"; g=9.81 m/c%. 3)
BianosiaHo 10 (3) oiHEeHO TPETIH pAAOK MaTPUILL C"™ sa curnanamn aKceJIepoMETpIB
b b b
31 =ay/g;c3 =a,/g; c33=a./g. (4)

3 Bupasy (4) piBHIHHS BUMIPIOBAHb 3aMUCAHO SIK ) = AP / g.
PiBusanHa BKB 3a akcenepoMeTpyuHUM KaHAJIOM KOpEKLIi y IpOCTOpi CTaHIiB (7] —

Tperiit pstok MHK C™): 7 =QP" -7, 7#(0)=[0,0,11"; F=F W (5)
Jpyruii kaHan KOpeKIli — 32 CUTHaJIaMM Mar”iToMerpiB. BumipiroBaHHS MarHiToMer-
piB y 3B s13aHiil CK (nuB. pucyHok 2)

b _ by _(~nb\ T
iy =C'T, =(C™ ) [0 H 20 =| H -5} + Ze§7; H -3 + 238 H - + 233 |, (6)

ne T, — BekTop iHAYKUii MarHiTHoro nois 3emius (MII3).
Matoun anpiopHi 3HaHHs po MII3 Ta pe3ynbTaTh OLIHKU Opi€HTalili 00’ €KTa 3 mep-

1I0r0 €TaIy (171) 3 MOKa31B MarHiTOMETPiB MOKHA OI[IHUTH Apyruit psagok MHK c.

ootz )i Bz ) e =(nt 2

. . . .~ (=b -
Pi1BHAHHSA BUMIPIOBaHb 32 CUTHAJIaMU MarHiTOMETPIB: )y = (mxyz -Z-R ) / H.

PiBHSIHHS Apyroro kaHaity KOpeKiii y IpOoCTOpi CTaHIB Ma€ BUTJIIS

B=00 %, 7(0)=[0,1,0]; Fo =P + ).
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ne 7, = (Czl ,022 023) — no3HaveHHs s apyroro psaka MHK; w, — Bunaakosi 30ypeH-
Hs Mar"iToMeTpiB (OUTHi 1IyMm).

VY po6oTi nokazaHo kopekiiiHi curnanu anropurmy bKB mist MHK 1 mokazano HasiB-
HICTh MEPEXPECHUX 3B’SA3KIB MK KaHamamu. Y poOOTI ImpuBEACH! BIANOBIAHI 3HAYEHHS
MHK i3 KOpeKIIHHUMH CUTHATaMH.

[epmnii metoq orpumanns kinueBoi MHK nonsrae y Bubopi HeoOXiJTHUX CTOBITUUKIB
micast iHTerpyBanusa ganux JIKIHI. Tpetiit ctopmunk MHK motpi6Ho Opatu 3 eTamy kKope-
KII11 [0 aKcelepoMeTpax, a APYruil CTOBIMYMK - 3 €Talmy KOpekuii mo MarHiromerpax. [Ipu
BUKOPUCTaHHI KBAaTEPHIOHIB TaK KaHAJIM PO3AUIUTH HE MOXHA. Y JUcCepTallii MoKa3aHo,
110 BIUIMB MOXUOOK MO3MLIMHUX aTYUKIB HAa KaHAIU KYpCOBEPTHUKAIl BU3HAYAETHCS MPO-
EKLI1SIMU OMOPHUX BEKTOPIB Y HaBIraliiHii cCUCTEM1 KOOpAUHAT.

Jpyruii MeTo po3IUIEHHsI KaHaIIB KOPEKIIli moJyiArae y BUOOPi OMOPHUX BEKTOPIB, 110
MaloTh Y HaBiraiiiHiil cUCTEM1 KOOPAMHAT MPOEKIIi JIuIIe Ha OHY 3 Bicel. ToOTO omopHi
BEKTOPHU MaIOTh OYTH B3a€EMHO NEPIECHIUKYISIPHUMH.

Indopmartiito npo Kypc Hece ropusoHTalIbHA ckiagoBa HAYKUil MII3. ¥V po3pobieHo-
My asnroput™i BKB MokHa mo36aBuTucs Bin BepTUKanbHOI ckianoBoi MII3 6e3 ampiop-
HUX BIJJOMOCTEN MPO HHOTO 1 OPMYBATH CUTHAJ KOPEKIIi JIUIIE HA OCHOBI JaHUX PO ro-
pU3OHTANBHY cKianoBy MII3.

Cymapnuii nepexin 3 omnopuoi CK &nl mo 3B’si3anoi CK xyz miis kiHEeMaTHKH Ha

T
PUCYHKY 2 3alUCYETbCS SK chr =(C9y) Cy, ne Cy,, C4 - MHK, mo ommucyiors

OpieHTaIil0 00’ €KTa BIIHOCHO FOPU30HTY 1 B a3UMYTI BiAnoBiAHO. [lepmunii eran kopexiii
BUKOHYETBHCS 32 CUTHAJIAMHM aKCEJIEPOMETPIB, MICIs IBOTO €Tamly OI[IHIOITh CKJIaJ0BY
nosopoty Cg, . BukoprcToByI0uH 110 iHQOPMAILii0, HEOOXIIHO MEPEIPOCKTYBATH CUTHAL

BUMIPIOBaHb MarHiTOMETPIB y CUCTEMY X()iz;. Y LM CHCTEMI KOOpPAMHAT CUTHal Oyze
CKIaJaTHUCs 3 JIBOX TOPH3OHTAIBHHX INPOCKLId MarHitHoro momst H, ta H,, Ta

BEPTUKAJIIBHO1 CKJIaJI0BO1 Z Maroun MEPENPOCKTOBAHUIN BEKTOP

zl-

T
My 121 =(Hx1,H 1>Zz1) , HEOOXI1HO OOHYNHTH TpPETIO CKIAJ0BY BEKTOpa 71

Z

xlylzl

,1- Tonmi Oyzne OTpUMaHO KOpPEroBaHUN BEKTOpP BHUMIPIOBAaHb MArHiTHOTO IOJIS

——KO . . .
xlylzl (be yl,O) [Ilo6 BHKOHATH KOPEKI[iI0, MOTPIOHO MaTH BHUMIPIOBAHHS Y

38 s13aniit CK. Koperosanuii curnan MarHiToMeTpiB Mae BHI 771y XYZ (C 8y) ifﬁl o1+ Aot

— K . . .
00YHCIICHHS mXO})Z MOXHa BUKOPUCTOBYBATHU AK 3HAYCHHS MATPHUIIL CSY OIIHKY MaTpHuIll

chr , OTPMMaHy Ha NEPIIOMY €Tarli KOPEKIIii aIrOpUTMY.

IIpunyun po3zodinenus xkananie xKopekyii 6e3n1am@opmMHoi Kypcogepmuraui NoJsurae y
TOMY, IO JJI1 KOpEeKIii 0e3mnaTGopMHOI KypCOBEpTUKAII BUKOPUCTOBYIOTHCS CUTHAIH
aKcenepoMeTpiB Ta MOAU(DIKOBAHI CUTHAIM MAarHiTOMETPIB, Y KHUX Ha OCHOBI akceaepo-
METPUYHOI'O KaHaJly BUKOHAHO OOHYJEHHS BEPTHKAJIbHOI CKJIaJ0BOi BEKTOpa IHIYKIIi
MII3 0e3 He0OX1THOCTI BUKOPUCTAHHS alPIOPHUX JaHUX.

Y poboti mpuBeneno anroput™m BIHC. Jlns #oro kopekTtHOi poOOTH HEOOXiTHO
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3a/IaHHSl TTIOYaTKOBUX yYMOB Ha €Tari Mo4yaTkoBOi BUCTaBKM micis kamnioposku [COITPJI.
3Hal04YM OPIEHTAIII0 KOKHOT'O CErMEHTa Ta BUKOPUCTOBYIOUM MPUUHATY OlOMEXaHIYHY
MO/I€JIb, PO3PAXOBYIOTH MOYATKOBI MO3UI[li CETMEHTIB CKEJIETY.

BuxigHoro iHpopMalli€ro CUCTEMHU OLIIHKU MapaMeTpiB pyXy JIOJUHU € JIHIAHI IBU/I-
KOCTI Ta MEPEMIIIECHHs], KyTOBI IIBUJKOCTI Ta MPUCKOPEHHS CETMEHTIB, CYriI000BI KYTH.
Po3po0neHo airoput™ OLIIHIOBaHHS MapaMeTpiB PyXy 3 BUKOPUCTAHHAM KOMIUIEKCHO1 00-
poOku ganux. L1 gaHi OTpUMYIOTHCS 3 BUKOPUCTAHHSAM O10MEXaHIYHOT MOJIEIIl CKEJIETY Ta
nanux 3 IBB. [ndopmariis mpo KyToB1 IIBUIKOCTI CETMEHTIB OTPUMYETHCS O€31MocepeHbO
3 JATYMKIB KYTOBOi MBUAKOCTI BignosigHoro IBB. IlpuckopeHHs cerMeHTa po3paxoBy-
€ThCSI, BIAHABIIM 3 TMOKa3iB akceiepomeTpiB IBb mpoekiii mpuckopeHHs CHiIM 3€MHOTO
TsoKIHHS. JI71s1 BU3HAUYEHHs Opi€HTaIlli cerMeHTa, HOTo JIHIMHUX IIBUIKOCTEH Ta mepeMi-
meHb Bukopuctano anroputM BIHC y reorpadiuniit CK.

VY3aranbHeHa cxeMa allrOpUTMy KOMILIEKCHOT 0OpOOKH JaHWX HAa OCHOBI JAHUX aJiro-
putmy BIHC Ta curnani, oTpuMaHuX Ha OCHOBI O10MeXaHIYHOT MOJIEN1, AJIs [ -T'0 CErMeH-
Ty NIOKa3aHO Ha pUCYHKY 3. Y naHiil cxeMi BUKOPUCTaHa 3aMKHYTa cXemMa KOMILJIEKCYBaH-
st BIHC Ha 6asi anepioqu4noro ¢uisrpa. Pisuuuesi curnamu AVg;, AVy;, AVy, Apg;,

. . 1
Ap ;i » Apg; TIPOXOIATH Yepe3 GUIBTP 3 MepeaTHOIO QYHKILEIO BULY W(p)= Pt a na-
p+
71 BiA(UIBTPOBaHI CUTHAIN AVEi, AVNi, AVQ . APEi, APy;,ADy; BUKOPHCTOBYIOTHCS B

anroputMi pobotu BIHC.
[OBXWHKN CerMeHTiB

i = SC C ~NooNN
i1k Ven Wi Vei Ve My AV Mg, My &V

Poy P Per APg; APpjs AP ~ o~ B-
APgi ; APyis AP
BiomexaHiuHa ~ Sy Pere PrartPe
Mofenb CKenety o o P
_+ b | @ Anroputm BIHC
@;,G; i-ro IBM c®
=1..k Cigb' i ’
k-KiNbKICTb CermeHTiB, no.,n..n
Ha siki yctaHnosneHi IBM Ve Wi Vei

PEi Pair P
Pucynok 3. Cxema KOMILIEKCHOT 00p0oOKH 1aHuX B airopuTmi ogHoro 3 IBb cucremu
OLIIHKHM TIapaMeTpiB pyXy JIOUHU

. .8 =
Ha PUCYHKY 3 BUKOPUCTAHO HACTYIIHI ITIO3HAYCHH: Ci ) O)i - MaTPHUId HAIIPSAMHNX KOCUHY-

) ) h o _ )
ciB IBb Ta abcomoTHa KyToBa MIBUIKICTH IOTOYHOTO cermenTa; C }g , @ ; - MaTpULIl HAIIPSIMHUX

J

kocutyciB IBB Ta abcomoTHI KYTOBI IIBHKICTb {HINMX CErMEHTIB Tia tomuau; Viy , Vi Vs,
DPEi» PNis pglc - JIIHIAHI IBUIKOCTI Ta MEPEMILLEHHS CETMEHTIB, OTPMMaH1 Ha OCHOB1 O10MeXaHi-

uHOi Moziert ckenery; Vi, Vi, VC’Z , PEi> PNi» pgi - JIIHIAHI IIBUIKOCTI Ta TIEPEMIILIEHHS Cer-

MeHTIB, oTpuMaHi 3 anroput™y BIHC st IBB, ycranoBieHOMY Ha MOTOYHOMY CETMEHTI.
VY po0oTi 3anpONOHOBAaHO BUKOPUCTOBYBATH BCl HASIBHI PI3HUIEBI CUTHAIHU. Y KOM-

TUICKCHOMY aJITOPUTMI OLIHKH MOXHOOK mBHAKOCTI AVg;, AVy;, AV;; BUKOPHCTaHO I
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(GopMyBaHH: a) KOPEKTYIOUMX CUTHAIIB 3 KOe(ILIEHTOM A y CUTHanax JUlsl IHTErpyBaH-
Hs pisHsHb [lyaccona wg =—Vy /(R+h)—k, (—A I}Ni) /(R+h); 6) KOPEKTYIOUNX CHIHa-
JiB 3 Koe(dilieHToM ko Ha BXO/I1 IHTETrpaTopiB MIPUCKOPEHHS
Vg = ag +(using + o )V —(ucosg + w, )V, — k2eAI7Ei' OuiHKM MOXMOOK TepeMilleHb
APE;, ADy;, ADy; BUKOPHCTaHO Mt JOPMYBAHHS: a) KOPEKTYIOUHX CUTHAIIB 3 Koedirli-
€HTOM ke Ha BXO/I1 IHTETrpaTopiB HIBUKOCTI
Vg =ag +(using + o )V — (ucosd + oW, = ky oAV — kg AL, (A =Apy; | (R+h),
Ah = Apg;/ ((R + h)cos¢)); 0) KOPEKTYIUHX CUTHAIIIB 3 KOe(IliEHTOM k; Ha BXOJI 1HTe-
rpaTopiB MO3ULIMHUX TaHUX A= Vg / ((R + h)cos¢) - knAX. VY anropuTtmi € MOXKIIUBICTh

KOPUT'YBaHHSI CUTHAJIIB Ha BUXOJ1 BIAMOBIJHUX OJIOKIB IO OTPUMAHUX OIIHKAX pi3HHIIE-
BUX CUTHAJIIB.
Po3paxyHok JiHIHHUX TepeMillleHb BUKOHYIOTh 3TiAHO (hopmy

PN =R(0—dy), pp =Rcosdp(r—12), pc=h
JI71st onucy TOJIOKEHHS 1 KyTOBO1 Opi€HTAIlll JAHOK KIHEMAaTUYHOI'O JIAHI[FOTa BITHOCHO
CBOIX 0aThKIBCHKUX BY3JiB, HEOOXIJTHO 3 KOXHOIO JaHKOI kopcTko 3B’si3atu CK 3rigHO
O6ioMexaH14HO1 MoJieni ckenery. Onuc NoaoXKeHHs] BUKOHY€EThCS Ha OCHOBI JIaHUX TPO Opie-
HTalio oaHiel 3B’ s13aH01 CK BiTHOCHO 0aTHKIBCHKOI 1 BIIIOMY BiTHOCHO Tiio6anbHoi CK.
[epeMmilleHHs KiHIIEBOrO By3la NPaBoro cTerna: P, = B, + Cégf g7y ®)

ne P, - mepeMilleHHs By3na 6r npaBoi yacTMHM Tasza (6aTHKiBCHKOTO CErMEHTA);
T T . ..
lgp—7, = [O ~lg,_7, 0] - BEKTOP, 1110 BU3HAYA€ TOBKUHY CETMEHTA B IIPOEKIIISIX Ha Bicl
3B’s13aHO1 CK; Cég C6 1 Cercrpr - MHK, 1110 onmcye opieHTalliio paBoro cTersa B

Hasiramiiain CK; C6 MU " OpieHTaIlis, OIlIHEHA 3 JaHUX YyTIMBUX elleMeHTiB IBb, 1o
BCTAHOBIIIOETHCS Ha npaBoMy cTerHi; Cg,.cypr - KallOpOBOYHA MAaTpHL, KOTpa OIHCYE
BiaxuieHHs ocell CK XYy, Zg,., 38’s13aH0i 3 IBb, Bix aHaTOMI4HOI.

Curnan niHIMHOI IIBUKOCTI MOKaKEMO JIMILE JUIsl IpaBoro crerHa. [lns iHmmx cer-
MEHTIB LIS MpoLeAypa aHaloriyHa, 00 OyAyeTbcs Ha BUKOPUCTAHHI B3a€EMOBITHOCUH MIXK
CErMeHTaMu THITy GaThKo-Hamanok: Vs, =V, + Cgf ‘(‘736r X Z_6r—7r)9 9)
ne Vg, =V, - abComoTHa IBUIKICTH TA30BOTO By3J1a B IIPOEKIiAX Ha oci Hagiramiitnoi CK;

b (— 7T ey . .
Cégr ‘(036r X Z6r—7r) - BUpa3, 110 ONMHUCYE JOKAJIbHY JIHIAHY BUAKICTh KOJIHHOTO CYIJIO-

6y y mpoekiisx Ha oci Hapiramiitnoi CK; ©, X l,_7, - NOKalbHa JiHiiHa MIBUIKICTH KO-
JiHHOTrO cyrnoOy y 3B’a3aHii CK; ®¢, - KyToBa MIBUIKICTh IPABOrO CTErHA B MPOEKIIAX
Ha oci 3B’sa3aH0i CK X, Y¢,.Ze,. BUKOpHCTOBYIOUM 0lOMEXaHI4YHY MOJEINb CKENETY, 30-
OpakeHy Ha PHUCYHKY 1, aHanmoriyHo 10 piBHAHB (8)-(9) MOXHaA OTpUMAaTH 1HPOPMAIIiIO
PO MEepPEMIIICHHS 1 JIIHIHHY IBUIKICTh €JIEMEHTIB MOJIEIII.

BukonaHo o1iHKY MOXHOOK KOPEKI[IHHUX CUTHATIB JJISI KIHIIEBOT'O BY3Jila HUXKHBOIT Ki-
HIIBKHU (BYy30J 9r mpaBoi cTynHi). OLiHKY NOXMOKA BU3HAYEHHS MEPEMIIICHHS Ta IIBU-
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KOCTI Ha OCHOB1 010MEXaHI4HO1 MoJieJl OyJI0 BUKOHAHO JUIsl IBOX PiBHIB: 1) Juisi moXuOOK
opientanii AQ=Ay=A4=5°: [AR),|~0,095 u,

entanii AO, Ay, AA4, axi He nepeBuyoTs 0,5

‘z 0,32 ™/c; 2) nns moxubok opi-
|~ 0,024 m, |~ 0,069 m/c.

Y TpeThomMy po3aisai po3risiHyTO BUOIp ONTUMAIBHOT MAaTEMATHYHOT MOJIEN] Uy TJIMBUX
€JIEMEHTIB, BUKOPHUCTOBYIOUM METOJ TPYNOBOro ypaxyBaHHs apryMmeHTiB (MI'YA). Posris-
HYTO MUTaHHS BUKOpUCTaHHS Bapialii AnaHa (BA) /uist mokpaleHHsl XapaKTepUCTUK MPo-
1ecy KaiaiOpyBaHHs, TOCIIHKEHO MOXKIIMBICTh 3aCTOCYBAHHS CKaJISIPHOIO METOJY JJIsi aBTO-
HOMHOI'0 BU3HAYEHHS apaMeTPiB MaTEMaTUYHOI MOEJIl AaTYMKIB HU3bKOT TOYHOCTI.

Jliist BUOOpY ONTUMAJIbHOI MAaTEMAaTHYHOI MOJIEN] YYTJIIMBUX €JIEMEHTIB BUKOPUCTAHO
koMOiHaTopHuii anroputm MI'YA. ¥V poOoTi mpuBeaeHi pe3yabTaTh po3paxyHKiB 13 3a-
ctocyBanHAM MI'YA nns inentudikauii ctpykrypu mozeni. 3 11 yactkoBux mojeneit 0y-

10 obpano mozens: Uy =ug +k,a, +kya, +k.a,

VY po6oTi 3aIpONOHOBAHO BPAaXxOBYBaTH CTOXACTUYHI XapaKTEPUCTUKH CUTHAJIB JUISl T10-
JIMIIEHHS TpoLecy KaliOpyBaHHs IUIIXOM 1X BBEJCHHS B €JUHY KajiOpOBOUYHY MoJelb. Jlis
MOKPAIICHHS XapaKTepUCTHUK MPOLEAYPH KaliOpyBaHHSA YYTJIMBUX €JIEMEHTIB 3allpOIOHOBA-
HO BHUKOPHUCTATH aropuT™ posiuperHoro @K. ¥V poOoTi BUKOPUCTaHI HACTYITHI CTOXaCTUYHI1
MOJIeJNI IIYMOBUX CKJIQJIOBUX CUTHANY JATUYMKIB: (DIIIKEp-IIyM, IIIyM KBaHTYBaHHSI, BUIAIKO-
Be OJIyKaHHS MO MIBUIKOCTI/KYTY, BUIAJAKOBE OJYKAaHHS MO KyTOBIM HIBUAKOCTI M MPHUCKO-
pEeHHIO, IIyM Binxoay. Ckiaa IryMiB BU3HAYAETHCS 3a JOMOMOT0I0 aHami3y rpadikis BA.

Hocnimxkenns epexTuBHOCTI 3acTocyBaHHsT @K BUKOHAHO CTOCOBHO OJIOKY akcee-
pometpiB (BA). Monens curnany JIKII mae ananoriuauii BUTIIAL, TUIBKH AJIs X Kaniopy-
BaHHS HEOOXI1JTHO 3aJ1aBaTH €TaJOHHUM CUTHAT KyTOBOI IIBUIKOCTI.

PiBHSIHHS cTaHy JIIHIHHOT MO JOCIIKYBAaHOT CHCTEMH BUTJISAIAE:

x=A-Xx+B-u+G-w, (10)
e X - BekTop ctany cuctemu (&1), A - marpuis crany cuctemu (88), G - maTpuIls Bu-
MaJKOBUX 30ypeHb, W- BEKTOp BUMAAKOBUX 30ypeHb. Marpuus kepyBaHHs B i BexTop
KepyBaHHs u piBH1 O( BiICYTHI).
PiBHstHHS BI/IMipIOBaHHSI aKceJIepoMeTpa 3riHO 13 MPUUHATOIO MOJEIIIIO MOXUOOK:

y=heaythya, vk aug+V, (11)

1€ U, - 3HAYCHH: BI/IXiIIHOFO CUTHAJIy aKkcejiepoMeTpa 1o oci X B pO3MIpPHOCTI HampyrH;

ay,d),a; - yABHI IPUCKOPCHHS, IO AIIOTH 10 OCAX YyTIMBOCTL; Ky, k) k. - MacmTa0-

. .. .. , _

HUH KOe(]ILIEHT Ta KOe(iLIEHTH NEPEXPECHOTO 3B’ A3KY; U, - HyJbOBHUI CUI'HAJ aKcele-

pometpa; V' - mym BuMiproBaHHs. Byno npuiHsTO, 1110 HYJbOBUM CUTHAT Ta KOeDIIIEHTH

He IOCTIMHI, a BHIIAJKOBO IIOBUJIBHO 3MIHIOIOTBCA B 4Yacl 3a 3aKOHOM
=w (1), k =wy (1), Kk, =ws(t), tt,g =wy(t), nme w;(t) - OuIl IIyMH.

Yy po60T1 3alMCcaHo PO3IIUpPEH] s BUKOpucTaHHs B anroputMmi ®K BekTop cTany

CUCTeMH X, a TakoX Matpuili A ¥ G. Bektop craHy X MICTUTh HACTYIHI CKJIQJIOBI:

k, kxy,kxz, Uyg; d fns d,,, — QIikep-uIyM, BUMAJKOBE OJyKaHHS IO NPHCKOPEHHIO; Vi,

Vo A€ Vi, Vo- Oull mymMu ¢popMyrodoro (GuibTpy A BpaxyBaHHS KOJIbOPOBHX IIYMIB Yy
CHUTHAJI JATYUKIB.
BumiproBanbsHa iHdopmariis 3 BA Bu3HauaeTbes piBHSIHHAM: z = H - X +V, (12)
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fie Z - BeKTOp BuMiproanb, H =[a, a,, a, 1111 1] - matpuis BumipioBans (18).
: : : [IpoBeeHi eKCIEPUMEHTH TMOKA3aJId BHCOKY TOYHICTh
4 f -t bed KQITIOPYBAHHS 3 BUKOPUCTAHHSM po3ivperoi mozeni 3 OK
ol i 1| (wa piBHI NAKeTHOr0 MeTOMy HAiMCHIIMX KBaJpaTiB
& (MHKB)). 3actocyBannst @K nae Burpam B 4 pazu y mBHI-
O ; : : KOCTI 30DKHOCTI OIIIHOK KaJIOpOBOYHUX KOE(IIIEHTIB
il L]y nopiBmsHHI 3 pexypertnM MHKB . Ipadik, mo Bigo6pa-
0 100 200 300 xa€ 30DKHICTh KaTiOPOBOYHMX KOE(ILIEHTIB MPEACTABICHUN

N.konuuecTeo nonokernit BA - ya pycynky 4. AGCOMOTHA MOXMOKA BU3HAYEHHS IPHCKOPEHD
. . . .. )
Pucynok 4. I'padik 30ixHoCcTI  3HaXoauacs Ha pisHi 0.2 M/c”.

BH3HAYE€HHS MacIITa0HOTO KO- J1J11 aBTOHOMHOTO BU3HAUEHHS TTapaMeTpiB MaTeMaTH-
e(illicHTa B 3aJIeKHOCTI Bijj ~ HOI MOJENI YyTJIMBHMX €JIEMEHTIB BUKOPHCTAHO METOJ CKa-
KLIBKOCTI IOIOKeHb BA JsIpHOTO KamiOpyBaHHs. OCHOBHOIO 17ICE€I0 CKAJIIPHOTO KaTi-

OpyBaHHS € Te, 10 B CTATHUII MPHU MOBOPOTAX y MOJI CHIIU

TSOKIHHS aKCEJIEPOMETPY BUMIPIOIOTH TIPOEKIIIT BEKTOpa MPUCKOPEHHS CHIIM TSDKIHHS G .
BuxinHi curHanm akcesnepoMeTpiB 3 ypaXyBaHHSIM MOXUOOK MAOTh BUTJIST

_ 2
Bx - AOx Tany AlxaNx + A2xaNx + 0szaNy o 0nyaNz T Wy,
— 2
By = Aoy + aNy + AlyaNy + AzyaNy - (IyZCle + (IyxCZNZ + Wy, (13)
_ 2
Bz - AOz Tay, + AlzaNz + A2zaNz + 0LzyaNx - 0szaNy W,
ne Agy,Agy,Ag, - 0e3po3MIpHI TOXHOKM 3MIIICHHS HyIs akcermepomerpa; Aj,Aj,, Ay,
0e3po3MipHi MOXUOKU BH3HAYCHHS MACIITAOHOTO KOeillieHTa aKCenepoMeTpis; Ay, Ay Ay,
- TOXMOKU BHU3HAYEHHS KBAJPATUYHOI MOXUOKM MacIITaOHOTO KOe(IIieHTa aKCeJIepOMETPIB;
07 - KOC(ILIEHTH, 10 BUBHAYAIOTh MOXUOKH Bill IEPEXPECHHUX 3B'A3KIB 1 IOXHOOK YCTAHOBKH
aKCEJIEPOMETPIB Y3/I0BXK BIATIOBITHHUX OCEH; W, , W), W, - IIyM BUMIpPIOBAHHS JIATYHKIB.
BianoBigHO 10 OpUTriHANBHOIO METOAy OyJio MPUUHATE MPUITYLICHHS, 110 BEIUYUHU
KOe(ILiEHTIB MOJIEI CHIHAILY aKCeICPOMETPIB € MalTMMHU i BAKOHY€EThCS yMOBa a; - A ; ~ 0.
JlJis anroputMy CKalsipHOTO KasliOpyBaHHS BUKOPUCTOBYETHCS PIBHSHHS 3B'SI3KY:

2. 02 P2 4 o 5 5
But By + P 1=ZA-BJ+1+ZA-Bj+1+ZA.Bj+1+
2 j=0 j=0 j=0

JxTx Yy Jjzz (14)
+¥,, BB, +¥,,-B.-B,+¥,. -B,-B,,
ae B, By, B, - HOpMOBaH1 CUTHAJIU AKCEIEPOMETPIB.

[Ipu gocmiKeHH1 CKaJIIPHOTO KaniOpyBaHHS JJiA AaTYMKIB HU3bKOI TOYHOCTI JA€Talb-
HO PO3TJISSHYTO BUBIJ PIBHSHHS 3B'A3KY, HE YIYCKalOUM MaluX BelIMYuH. Byno 3HeBaxeHO
KBaJPAaTUYHOIO MOXMOKOI MaciTabHOTro KoedillieHTa W BUKOPUCTAHO HACTYIIHY MOJIEIb
MOXUOOK:
€x =Agy T Ay, + 0, "ANy T Oy ANz
€, = AOy +A1yaNy — 0L, Ay T 0y Ay,
€, = AOz + AlzaNZ + Oy ANy — Oz Ay
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Bbyno BU3Ha4eHO CUTHAJI HEB'A3aHHS
Ar = B)% + Bﬁ + BZ2 —-1=Cy+ Clazz\,x + Cza]z\,y + C3a]2\,z + Cyap, + CsaNy + Cgap, +
+Crapyan, + Cranyan; + Coapyay;,
ne Co=Ag, +AG, + A

2 2 2
2 2 2
C2 = 2A1y + Aly + (xxz + (sz, C5 = 2A0y + 2A0yA1y + 2A0x(xxz - 2AOZG’ZX’ (15)

C; =2A, + A+ (12 + (12 , Co =200, +2A0.A1, + 2A0xaxy + 2A0yayx’
3 1z 1z xy VX

Cy =20, =20, +2A1 0, —2A1 0, =200,

Cg =20, + 20, —2A1,0,, +2A10,, =200,

C9 = 20')/)6 — 2(sz + 2A1y(1,yx — 2Alz(lzx + 20sz(xxy.

[lincTaBUBIIN B PIBHSHHS CUTHAIM aKCEJIEPOMETPIB 3aMICTh MPOEKI[IA MPUCKOPEHHS 1
MOJUIMBIIY HEB'I3aHHS HA 2, OJIEpKUMO PIBHSAHHA 3B's13Ky. [loxubku akcenepomeTpiB Oy-
AyTh BU3HAYATUCS 3 BUKOPUCTaHHAM KoeilieHTiB C;.

SIx BuznHO 3 piBHAHB (15), Ou1bIIICTE KOEdinieHTIB C; (i = 0,...,9) € CKJIIAIHUMU U CyT-
T€BO HENHIMHUMHU QYHKIIAMU. JlJI1 TaTYMKIB CepeHbOI i HU3bKOT TOYHOCTI XapaKTepHa
HAsIBHICTH 3MIIIEHHS HYJIA Ha PiBHI OJMHULIb BUMIPIOBAHOI BEJIMYMHHU, 1 HAABHICTh MEepex-

pEeCHUX 3B'I3KIB MK KaHajlaMu BUMIiproBaHHA. [IpoGieMy 3 BEIMYMHOIO 3MILIEHHS HYJIS
3allPOIIOHOBAHO BUPIIIUTH, IMPUIIYCKAIOUU M1 A(; HE 3MIIIEHHS HYJA JaT4MKa, a OXUO-

Ky HOTO OIIIHKH 3a pe3yJibTaTaMu MONepPeHBOTO KaTiOpyBaHHS.
AHaniTU4YHA OIlIHKA BIUTMBY TMapaMeTpiB MOl CUTHAIY Ha MPOIeC KaaiOpyBaHHS €

nocuts cknagHoro. Koedinient Cy (Cy = A%x + A% yt Azoz ) € aANTUBHOIO MMOXUOKOIO He-

B'A3KU U 3riiHO 3 Mojeiutto (14) He BpaXxOBYETHCS MPU BUKOPUCTAHHI METOJIUKH CKaJsp-
HOTO KaniOpyBaHHs. BiH Mae Manuii BIUIMB Ha TOYHICTh KaJdiOpyBaHHS TOMY, IO 1€ BEJIU-
YyHa 2-TO MOPSAKY MajoCTi, 0COOJIMBO MO0 MOXHUOOK 3MIIIIEHHS HYJIIB aKCEJIEPOMETPIB.
SIkmo Bara moxuOKM 3MINICHHS HYJs Oyne HanoOuibmow, To C, Oyne BIUIMBATU HA TOY-

HICTh BU3HAUEHHS BCIX MOXMOOK, KpIM caMuX MOXHOOK 3MileHHa Hyna. Koedimientu
Cy,C,,C; BUKOPUCTOBYIOTBCS ISl BU3HAUEHHS MOXUOOK MacmITaOHUX KoedimieHTiB. i

Koe(DILIEHTH € KBaIpaTUYHUMHU (YHKIIIMH B MOXHMOOK CaMUX MacHITAOHUX KOeQillie€H-
TiB 1 Bl MOXKUOOK nepekocy oceil. CiBBIAHOIICHHS MDK UMM KBaJpaTUYHUMU CKIIAJ0-
BUMHM 3HAYHO BIUIMBA€E HA TOYHICTh KaliOpyBaHHS.

Koepiuientn Cy, Cs, Cg BU3HAYAIOTh MOXMOKM 3MILICHHS HYJ AAaT4MKIB. SIK BUIHO 3

dhopmyin (15) morpimiHICTs BU3HAUEHHS 111€T MOXUOKHU 3aJIeKUTh BiJl TOXHOOK MacIITaOHOTO KO-
edirieHTa, MOXUOKH MEPEKOCy Ocel 1 MOXUOKM 3MIIIEHHsI HyJIs TiepexpecHux oceil. Koediiien-
1 C;, (g, Cy BUKOPHCTOBYIOTECS UL PO3PaxyHKiB KoediuieHTiB mepekocy ¥y, =a,, —a

zy ~ %y lIIyz =0y =

I0Th MMOXUOKK MAacCIITaOHUX KOE(IIIEHTIB 1 IEPEKOCy 0CeH JATYUKIB MO JBOM 1HILIHM OCSIM.

yz»

Y, =a 0., . HaliOuteInmii BIUIMB Ha BU3HAYEHHS IUX KOE]IIIEHTIB Ja-
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VY po6oTi BUKOHaHO MEpPEBIPKYy IHBapiaHT-

BB noXuOKM YCTAHOBKHM Tpiaan

02—y ITAT cicatnpuof wanriGponin HOCT1 CKaJiipHOro KaniOpyBaHHs. Pesynbrat
T i — a7y () NIOKa3aHHi Ha PHCYHKY 5.
3\ o ':iz — [TpuBeneHo rpadiku, skl A03BOJISAIOTH OLi-
£ £ orgge g A I HUTH PiBEHb MOXMOOK JIATIHKIB, TPU AKOMY MO-
Egon coun, | KJINBE 3aCTOCYBAaHHS METOJy CKaJIIPHOTO KaJlio-
e J— S ! PYBaHHA. SIKIO BCTAHOBHTH IPAHHIICIO 3aCTOCY-
: " ok, K BaHHS CKaJISPHOI METOJUKU BEJIWYMHY MOIpILI-

0 05 1 15 2 HocTi B 10%, TO ii MOULIBHO 3aCTOCOBYBAaTU 0

IloxubKa BHCTABKH TpiaJu B 32/1aHe M0JI0KeHHs, TPaayc

Pucynok 5. IlepeBipka iHBapianTHocTi ~ KCCICPOMETPIB 3 CCPCIHLOKBAZPATHIHUM BIJ-
CKaJISIpHOTO KamiOpyBaHHs XWJICHHS PIBHS IIyMY HE OUTbII 107 M/ 2.

JUJIsl yCHIITHOTO BUKOPUCTAHHS METOAY CKa-
JISIPHOTO KaJIiOpyBaHHs BEIMYMHA MOXUOKA 3MILEHHS HYJISI O3UIIMHOrO JaTynka (aKcenepo-
Metpa B mozeni (13) ) moBurna 6yt He Outhin 0,01 (Hanpukian, 1% Bijg BETUYUHU CKaJsIpa

G= 9,81M/ c? ) 1 HE TIepeBUIILYBaTU OE3pO3MIpHY MOXHOKY MaciTaOHOro koedirienra. SKio

MOXUOKHY 3MIIICHHS HYJIS i TOXUOKM MacIuTaOHUX KOe(ILIEHTIB BETMYMHHA OJHOTO PIBHS 1 HE
NepeBUILYIOTh 1%, TO MOKIIMBO 3MEHIIUTH HOTPILIHICTH CKAJIIPHOTO KaniopyBaHHs 10 5%.

IlokazaHo, 1m0 HaiOLIBLIC BiX KOSILIEHTIB 0;; 3a1€XKaTh MOTPIIIHOCTI BU3HAYCHHS

MacmTabHUX KoeilieHTIB. SKIIO0 piBEHb MEPEXPECHUX 3B'A3KIB Y KOKHOMY KaHaJl TUIbKU

o ofHOMYy 3 KoedilieHTiB pocsrae 1% (iHimi KoeQilieHTH oy TMOBHHHI OyTH MEHIIC Ha

MOPAJIOK), TO MOrPIIIHICTh BU3HAUEHHS KoedilieHTiB Mozeni gocsrae 20%. Sxmo koedi-
LIEHTH MIHSAIOTBCS Pa3oM, TO Ipadik KpUBOi MOTPIIIHOCTI 3pOCTA€ 3HAYHO MIBUAIIE. Y
bOMY BUMNAJKY J1s1 3a0e3nedeHHs 10% nmorpiinrHocTi, HOXMOKU Bl MEPEXPECHUX 3B'SI3KIB
1 mepekocy oceit moBuHH1 OyTH He O6ubm 0,005 .

Y yerBepTOMY PO31iJi BUKOHAHO €KCIIEpUMEHTAJIbHE JOCIIIPKEHHS MapaMeTpiB Aat-
yukiB, mo BxoaaTh 10 IBb ICOIIPJI: ripockomiB, akcelepoMeTpiB Ta MarHiTOMeTpiB. 3
BUKOPUCTAaHHSM METOy HaliMEHIINX KBaJpaTiB Ta METOAY TECTOBHUX MTOBOPOTIB OTPUMAaHI
3HAYEHHS KaJIOPOBOYHUX MATPHULlb JTATYMKIB, SIKI BUKOPUCTOBYBATUMYThCS y AKOCT1 eTa-
JIOHIB JJIS MOPIBHAHHS. Y SKOCTI €TaJJOHHUX 3HAY€Hb BUKOPUCTAHO pE3yJIbTaTH, OTPUMaHI
3 METOJly HallMeHIMX KBajpaTiB. [IpuBeneHO pe3ynbTyioul NOXMOKUA YyTJIUBUX €JIeMEH-
TIB.

Jlns akcenepomeTpiB kKoxkHOTO 3 IBb MakcumanbpHa abcoitoTHA TOXHOKa BUMIPIOBAHHSI

npuckopeHs He nepesuirye +0,09 M/ ¢’ ; cepenHe 3HAUYCHHS MOXUOKH (B M/ ¢’) BigmosimHO
mo Bicsm X, Y, Z - =3-10°, 3.8-10", 8.4-10" ; CKB (8 m/c?) - 0.022 0.039, 0.043.

Kani6pysanns JIKII Bukonano y aBa eranu. [lepmum etanom 0yio kaiaiOpyBaHHs Ha
noBopoTHoMY ctoii MITY-5: Busnavanucs macmrtabni koedimientu JKIL, xoedinientu
MEePEXPECHOro 3B’ 53Ky, 3MIIIEHHS HYJIA. 3a TOIOMOI'0I0 METOAY TECTOBUX MOBOPOTIB MpHU
yctanoBil IBb B TectoBi nonoxenus Ha O/’ 6yno 3HalijieHo0 mapaMeTpu MaTeMaTUYHOI
MO/IeJI, 110 OMUCY€E ICTUHHE 3MILIEHHS HYJISl Ta BIUIUB JIIHIHHOTO MPUCKOPEHHS HA BUXI1J-
Huii curnan JJKIII.

AGconoTHa MOXMOKa BHUMIPIOBaHHS KYTOBUX IIBHJIKOCTEH Ticis KaliOpOBKH —

+0,25 ° / C, cepeHe 3HAYEHHS MOXMOKM Kaniopysanus — 0.71-107 "/ c=2.56" / eo0, CKB
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—0.1129°/c =406 °/200.

Kani6poBouHi mapameTrpu MarHiTOMETpiB OyJid BHU3HAYEHI METOJIOM HaMMEHIIHX
kBajapaTiB. Jlns BigkamiOpoBaHMX MarHiToMeTpiB koxkHoro 3 IBb makcumanbHa
abcomoTHa MoxuOKa BUMIPIOBAHHS MarHiTHOro mojs He mepesuinye +2.3 mI'c; cepenne

3HA4YCHHS MOXUOKM BiAmoBigHO 1o Bicsim X, ¥V, Z (B ml'c) — 0.14, -0.18,0.26; CKB (B
ml'c)—1.07, 0.83, 0.56.

BukoHaHO ekcriepuMeHTadbHE AOCTIIKEHHSI MOMJIMBOCTI 3aCTOCYBAHHS CKAJISPHOTO
KaJIIOpyBaHHsI Il aKCEJIepOMETPIB Ta MarHiToMeTpiB. I KOPEKTHOCTI 3aCTOCYBaHHS
CKJIIPHOI KalliOpOBKM HEOOXITHO, 00 MOXUOKMU Bl MEPEXpEeCHUX 3B S3KIB 1 MEPEKOCY
Biceil Oynu Benuunnamu piBHs 0,01, a60 0,005 — sIK110 BC1 BOHM MarOTh OJTHAKOBUM 3HAK.
BinnosinHo 10 MeToay O0yJ0 po3paxoBaHO HOPMaJi30BaH1 3HAYEHHS IIUX KOE(PIIIEHTIB.

[TokazaHo, 1110 pu 3HAYEHH1 MOXUOOK MaTeMaTH4HOi Moeli aatuuka 10 10% MoxxHa
MIABULIUTH TOYHICTH KallIOpYBaHHS aKCEJIEPOMETPIB 1 MarHITOMETPIB, SKIIO BUKOPUCTATU
CKaJIIpHE KalniOpyBaHHS iTepaiiiHo. TakoX IJis MiIBUIICHHS TOYHOCTI OI[IHKHM MapameT-
piB MaTeMaTUYHOT MOJIEJI1 CUTHAJIIB YyTJIMBUX €JIEMEHTIB 3alpOlOHOBAHO (JOpMYBaTH pe-
3yJBTYIOUY MOJIENIb CUTHAITY JATYMKA, MOEAHYIOUN PE3YyIbTaTH CKAIAPHOTO KaniOpyBaHHs
Ta €TAJOHHUX PE3yJIbTATIB KadiOpyBaHHS, BAKOHAHUX HA BUCOKOTOYHOMY oOusaiHaHHi. Lle
BUKOHAHO HUISIXOM BUKOPHUCTAHHS OI[IHOK MOXMOOK YCTAaHOBKH Ta MEPEXPECHOI Uy TIHBOC-
Ti py QOpMyBaHHI KaJlIOPOBOYHUX MATPHULb 3 PE3yJbTaTiB CKAJISPHOTO KadlOpyBaHHS.
3anponoHOBaHO MJisi 3a0e3neueHHs: 301KHOCTI CKAJIAPHOTO KamiOpyBaHHS BHUKOHYBATH
CIIMCAHHS OI[IHEHUX paHille piBHIB 3MIILIEHHS HYJsS JaTYUKIB.

CkanspHe KaniOpyBaHHS BUKOHYBAJIOCS IHUISXOM JEKUIBKOX ITEPAaTHMBHUX 3aIlyCKiB
aJITOPUTMY 3 BUKOPUCTAHHSM MOYATKOBUX OI[IHOK MAacIITaOHUX KOS(DIIIEHTIB Ta 3MIIICHb
HyJiB. Po3paxoBaHi abCOIIOTHI 3HAYEHHS 3MIIIEHb HYJISI Ta MaclITaOHUX KOE(Ili€HTIB Ha
OCHOB1 pe3yJbTaTiB CKaJSPHOrO KajdiOpyBaHHS MOKa3aHl Ha PUCYHKY 6. SIK BUIHO 3
NpUBEACHUX IpadikiB, pe3yabTaTH OLIHKU 3MIIIEHb HYJIB 1 MACIITAOHUX KOE(IIIEHTIB €
Zg‘:“’“i";ﬂ‘”“”““a”e“" SMILEHY MY (CKaNpHa KaniGpoeKa) 1 s, ASCOTOTE BRI MECUT. K000, (cKapHa ariOpOBIa) 30 KHUMH. 301KHICTE
w0 Ranaj PE3YNIbTATIB JOCATAETHCS YIKE
npu 3-4 ireparii.

Y poboTti mokazaHo, MO
0938 1Sl €pEKTUBHOTO BUKOHAHHS

055 CKaJIsIpHOTO  KaJliOpyBaHHS
I T HEOOX1THO 3aaBaTUCS

0.925
2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

s X epa IMOYATKOBUMH  3HAYCHHSIMU
Pucynok 6. AGCONIOTHI 3HaUEHHS 3MIIICHHS HYJIIB Ta MacITabHuX KoedilieHTiB Ta

MacIITa0HUX KOC(ILIEHTIB MATHITOMETPIB, PO3PAXOBaHl  3mimenp HymiB, Tak 100
Ha OCHOBI PE3YyJbTATIB CKAIIIPHOI KATIOPOBKHU 3 MAJIOK0  1joxMOKM iX HEBH3HAYCHOCTI
MOYATKOBOO MOXUOKOIO 3MIIIEHHS HYJIs (ITepalliiiHe He nepesuityBand 10%.

BUKOPHUCTAHHS PE3YJIbTATIB) JoCTimKeHO TOYHICTB

po3pobisenoro st ICOITPJI

anroputmy bKB y cratuii Ha cnienianizoBanoMy oOJiaiHaHH1 i kaniopyBanus (va O/ -
10 Ta KITA-5), y amHamiIli Ha CTeH11 TPhOXBICHOT XUTABHIII.

[lo excrniepuMeHTAIbHUM JaHUM Oyid OOYHCIIEHI a0COJIIOTHI MOXUOKU OIIHKUA KyTa

KpEeHy JUIsl KOSKHOTO 13 3HaYeHb KyTa TaHTaxka. AOCOIIOTHA MOXHOKAa BU3HAYEHHS CUCTEMOIO

150| 0.945

=)
=

0.94

3mimtenns nys, MI'c
Macuut. koediuient

=)
8

7
2




17

KyTa KpeHy 00’€KTa Mpu KyTax TaHraxa oo’ekra: a) 1o 60 rpaaycis — 0,5 rpanyca; 6) mo 70
rpanyciB - 1,5 rpagyca. CepeqHbOKBaJipaTHYHA MOXHMOKAa CHUCTEMU B yChOMY Jiana3oHi
KyTiB - 0.86 rpagyca. AGcomoTHa MOXUOKa BUSHAYCHHS KyTa Kypcey - 0,8 rpamgyca.

[lin 4Yac KOHIYHOTO pyXy Ha CTEHJ1 TPbOXBICHOI XMTaBUIll aOCONIOTHA MOXUOKa
CHCTEMM B JMHAMIlli TIPH pyci 06’€KTa 3 MPUCKOPEHHAMH 0 2 M/C’ He NepeBHUILye

4,16 rpagyca. 3 pe3ynbTaTiB eKCIIEPUMEHTAIBHUX JAOCHIKeHb BUTHO, 1110 anroput™ bKB
YYTJIMBUN N0 Jii MPUCKOPEHHs, 1 MpU IPUCKOPEHOMY pyci 00’€KTa OI[iHKa Ople€HTalii
MOK€ MICTUTH 3HA4YHY MOXUOKY.

BukoHaHo imitaiiiiHe MOJIETIOBaHHSA PO3pPOOJEHOr0 KOMIUIEKCHOIO —aJIrOpUTMY
ICOIIPJI, iHBapiaHTHOTO 10 MPUCKOPEHHS KiHIIBOK. OmnucaHa cxema mojentoBanHs. [Ipo-
aHaAJI130BAHO BIUIMB PI3HUX KOE(IIIEHTIB KOPEKIIIi HA TOYHICTh BUXITHUX JAHUX aITOPUTMY.
Bukopuctanis BChOIO KOM-

IMoxuGku opieHTail IToxuOKku HaBIraiiHUX JaHUX
g s ER A ] MJIEKCY KOPEKTYIOUMX CHUTHAIIB 3
g SN S 05 .
X it O BT W Y e L xkoediuienramu k,, k,, k., k, nae
) 500 1000 1500 2000 25 050 F] U V1Y 3MOry 3MCHIIHNTH IMOXUOKHU KOM-
8 >HJ ' 1
5 Q- w0 1000 00 2000 HJICISCHOI‘O aJIropurMy 10 PpPiBHA,
Y KA OaCTbh 3MOT'y C(I)eKTI/IBHO BU-
=) 0.1
<.

KOPHUCTOBYBAaTH OTPUMaH1 JAaH1 AJs
777777 OIIHKYA KIHEMAaTHUYHUX MapaMeTpiB
,,,,,, pyxy monunHu (pucyHok 7). Pe-
0 5(;0 IOBO 1500 2000 o 5(;0 IOBO 15:’00 2000 SYHBTaTI/I MOHeHIOBaHHH OTpI/IMaHl

p 7"‘“‘1_; 5 Jdaoe AL JUTsI MAaKCUMAQJIBHOTO PIBHS TOXU-
UCYHOK 7. [loXuOKM BU3HAYEHHS Opl€HTALIl] . .
y p ’ OOK OIIIHEHOIro s CHIHAaIIB,

A8, Ay, mBuaxocti AV, AV, , AV, Ta nosuuii OTPUMAHNX 3 BHKOPHCTAHHSM Gi-

Apy, Ap, Ap, onrnm IBB ipy BUKOpHCTaHHI KOM-  OMEXaHIYHOI MOJIEN CKeJeTy (Ju-
cnepcis  MOXUOOK  pO3paxyHKY

0 500 1000 1500 2000

i
ApN ApE ApC M

Ay, rpagycu

IJIEKCHOTO aITOPUTMY (KOe(hIIIEHTH KOPEKITii: 5
kle :_20009 kln — _4000) klh — _2000) k2e =0,1, MBUAKOCTCH - O, =0,1 lM/C; nepe-
k,, =0,1, ky, =0,1, k,, =0, k,, =0, kg, =10, MilleHE - 0, =0,03M).

Jlisi mepeBipKd TOYHOCTI Ta
KOPEKTHOCTI  3aKJIaJleHuX B
ICOIIPJI anroput™miB po3pobiieHO
CTeH-IMITaTOp (PUCYHOK 8), KOT-
puil IMITy€ YaCTUHY BEpXHBOI KIHIIBKH. CTEHA-IMITATOP CKJIAJAETHCS 3 OJJHOTO HEPYXO-
MOTO Ta JIBOX PYXOMHUX CerMeHTiB. Hepyxomuii cerMeHT nmpu3HaYeHH ajs iMiTaiii ciu-
HU. J[Ba iHIII CErMEHTH pealli3yIoTh Ijiede Ta nepearnniuus. CTeHa npu3HaueHU s iMi-
Talii pyxiB mieya Ta nepeamiiuug. CTeHa Jae€ 3MOry BUMIPIOBATH KYTH poOTallii 3 po3i-
JBHOT 3JATHICTI0O 9 KYT.XB.; KYTH 3TMHAHHS-PO3TMHAHHS CETMEHTIB CTeHJAa-iMiTaTopa —
0.5306 kyT.xB/0IT, piBeHb IIyMy (aOCOJIOTHI 3HAYEHHs) HE MepeBulrye +2KyT.xB. s

k., =10, k;, =10, k,, =10; HasiBHI KOPEKTYIO4I CHT-

HaJIM Ha BUXOJaX IHTErpaTopiB MO3ULIMHUX JAHUX)

BUMIPIOBaHHS KYTIB pOTalli KOKHOTO 3 CEIMEHTIB BUKOPUCTAHO JABOX(}a3H1 IHKpEeMEeHTa-
apH1 enkogepu LPD3806-600BM-G5-24C, mo matote 2400 ctaniB Ha oOept. YacTtora
ONMHUTYBAaHHS KOXHOTO €HKojepa cTaHOBUTh S5 KI['1. BumiproBaHHS KyTIB 3rUHAHHS-
PO3TMHAHHS CEIMEHTIB CTEHy peaji30BaHO 3a JOMOMOTOI0 MOTEHIIOMETPUUHUX AaTUUKIB
kyTa. ¥ sxocti ALIT Oyno o6pano 16 6iTHui npeuusiitnuii nenbra-cirma ALIT ADS1115
¢ipmu Texas Instruments.
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I[IBKU Ta HOT'O KIHEMAaTUYHUIN KPECICHUK
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BukoHaHo HaTypHI eKCIEpUMEHTH (IIBU-
JKUI Ta TOBUTBHUIA PyX) JUIS TIEPEBIPKH TOY-
Hocti pobotu ICOIIPJI 3 BuUKOpUCTaHHAM
po3pobnennx anroputMy bKB Ta komriekc-
HOI'O aIrOPUTMY, IHBApPIAHTHOTO A0 IMPHUCKO-
PEHHSl KIHIIBOK. Y poOOTI OTPUMAaHO, IO
rpadikd 3MIHM CYIJIOOOBUX KYTiB, OTpPUMaHi
ICOIIPJI 3 KOMITJIEKCHUM aJrOpUTMOM, Kpa-
e BIITBOPIOIOTh €TAJOHHI BHMIPIOBAHHS.
['padixu cyro60BUX KyTIB MOBHICTIO aJeK-
BaTHO B1I00pakaroTh BUXTHUNA PyX CTEH/IA.

Jpyruii npoBeAeHU EKCIEPUMEHT I10-
JsTaB y BUKOHAHI MIBUJIKUX JOBUIBHUX PY-
XiB 000X cermMeHTiB ogHoudacHO. ['padiku
3MIHM CYIJIOOOBMX KYTIB MiJl Yac IIbOTO
eKCTIEpUMEHTY, 3adikcoBaHl JdaTYMKaAMHU
CTeH/1a-IMITaTOpa, MOKAa3aHO HA PUCYHKY 9
Ta pucyHky 10.

[lepBunni curnanu 3 IBb Sensor 2 mij yac ekcriepuMeHTy MoKa3aHi Ha pUCYHKY 11
3WIHaHH$|4|-|J'|E"-|A (Mo x50 QDMeTp 1)

2

papycu

paaycu

: 76.46

3ruHanHa NMEPEANT! 1A (MoTeHuiomeTp 2)

0 10 20 ("3 40 50 60
Yac, ¢
PoTauia MEPEOMNIT "' (EHKogep 2)

X: 3985

: 2 i
100 f--vooreeee e e Tosm o
46.5

50

1)) R b 3w ol L SO S

1 1 K 27.88 1
10 20 Vo4 30
Yac.c

Pucynok 9. Cyrno6oBi kytu cermenTa-uieda PucyHok 10. Cyriio0oBi KyTH cerMeHTa-TIepeaTuTiydst

Pucynok 11. Curnanu natuukis IBb Sensor 2

Cyrio60Bi KyTH, 110 OYyJU OITi-

Henl 3a gonomoror ICOIIPJI, saxa

BUKOpUCTOBY€E anroput™ BKB mo-

Ka3aHO Ha PUCYHKY 12, a 3a jmomo-

MOTI'00 KOMILNUICKCHOI'O aJITOPUTMY —

Ha pUCYHKY 13. 3 mpuBeaeHux pe-

3yJbTaTIB BUIHO, 1110 TP MIBUIKO-

My pyci crerna-imitaropa ICOITPJI

3 KOMIUICKCHUM QJII'OPUTMOM Maec

MECHIII 3HA4Ye€HHS NOXHOOK, 0c00-

JUBO MO KyTaX poTalii CErMEHTIB.

Gyro S#2
§ 200 L
g Y 'Rt'l
= -200 I
3
0 5 10 15 20 25
ACC S#2
L 10 <~ ~ ~J
L2 5
=
z 0 Mﬁuﬁw
-5 i
5 10 15 20 25
© Magnetometers S#2
2 500 NP, e N ——
Q { NN M oA yd P
g 0 U / MY
c -200
£ -400 A i\
2 5 10 15 20 25

Yac, ¢

Hns ICOIIPJI 3 anroputmom BKB
XapakTepHi OUIBII MOXUOKH TIpHU
BEJMKUX 3HAYEHHAX CYIJI0OOBHX
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kyTiB. [Ipote y nanomy pocniai moxuoka [COIIPJI 3 anroputmom BKB 3HauHo BigpizHs-

eTbes (auB. TOUKy No7 11s poTarii meda - Oinbine 4 °; quB. Touky Ne3 st poTarlii nepe-

wrigyst - 6ureme 9°) Big moxuoku ICOITPJI 3 KOMIIEKCHUM aNTOPUTMOM NPHU 3HAYEHHSIX

KyTa potarii 6inbime 40°. CTOCOBHO MOXHOOK OIIHIOBAHHS KYTiB 3TWHAHHS CErMCHTIB
crenny, To ICOIIPJI 3 anroputmom BKB Tex nocrynaersest ICOIIPJI 3 kommnuiekcHUM a-
roputMoM. [i MakcumanbHa noxubka nepesuinye noxuoky ICOIIPJI 3 kommiiekcHUM ai-

rOpuUTMOM He Oinbmie HiK Ha 1,5°-2°. Takoxx HEOOXiTHO BIAMITUTH, IO rpadiku 3MiHH
cyrno6oBux kytTiB oTpumani 3 ICOIIPJI 3 koMIUIEKCHUM aJIrOpUTMOM Kpaiie 1o (opmi

BIJITBOPIOIOTH €TAJIOHH1 BUMIPIOBAHHS.

Tnewe. Srymanns § 5%

ITnewe. Po*ra.r.uz PP

100 = i s
\ 53 §xoasl
I P prppey ! :4

388 viqqa
01186

I ’““]f

Ln
[ )

111508 2
RE=-FEA

Iepenrumiuua. PoTarg: 205
¥ 1153

h
.‘-\(14.95'

X:6.199
2 Y5104 5

4809

_____________________________

Pucynok 12. Cyrno6osi kytu ICOIIPJI 3 BuKopucTaHHAM
_ IropuTMy bKB

Tq X 17.95
40 Ilneye. 3rusan 25 IIneue. Poramis § 7.
EERRN] L
Y 2618

7)(1

X: 1391 J;V -8.872

Y:-13.83)() 30

[Mepeammivua. 3r ) 123,

X: 853 Xﬁ:
Y 4506 Y -452

Pucynok 13. Cyrn06031 kytu [COIIPJI 3 BHKOpHCTaHHﬂM
KOMILUIEKCHOTO aJrOPUTMY

TIB 3TMHAHHS CETMEHTIB CTCH]TY.

BUCHOBKH

ITokaszaHo, O npu WBUA-
KoMy pyci noxubku ICOITPJI
3 KOMIUIEKCHUM aJrOpUTMOM
3aJIMIIMIIMCS HAa TOMEpPEeIHbO-
My DiBHi, @ IOXUOKU CHUCTEMU
3 anroput™MoM BKB migBuiu-
nucs. lle MOSCHIOETBCS Tif-
BUIIEHHSM PIBHS MPUCKOPEHD,
o airoth Ha IBB. Komruieke-
HUH aNropuT™M HabaraTo MEHII
YYTJIMBUI 70 TaKOro BHIY 3a-
BajJl, 00 B HbOMY BUKOPHUCTO-
ByeTbcsl  anroput™  BIHC,
KWW 1HBaplaHTHUMN 10 il BiJI-
HOCHHUX MPHUCKOpPEHb 00’ €KTa.
I'padiku cyrio6oBuX KyTiB
MOBHICTIO  aJIeKBaTHO  BIJIO-
OpaxaroTh BUXIAHHUI pyX CTe-
HA.

VY nucepraniiiniii poOoTI eK-
CIIEPUMEHTAILHO TMOKA3aHO, 1110
BUKOPUCTaHHS ~ KOMIUIEKCHOI'O
anroputMy B ICOIIPJI y mopis-
HSHHI 3 BUKOPUCTaHHSIM aJIro-
purtmy BKB nosBonsie 3HM3UTH
MOXMOKH CHCTeMH Ha 5°-6" mipu
BUMIPIOBaHHI KyTIB poTauii 13
3HayHUM  jgianazoHoMm.  [lpum
HIBUIKUX pyXaX MiABUIILYETHCS

Ha 1,5°-2° TOYHICTH OLIHKH KYy-

[onoBHMIT HaykOBUM pe3yiapTar AHMCEpPTaliiHOI pOOOTHM TMOoJArae B HAYKOBOMY
OOTpyHTYBaHHI Ta PO3poOIl aNropuTMiB (PYHKIIOHYBAHHS 1HEPIIaJIbHOT CUCTEMH OI[IHKHU
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napaMeTpiB pyxy JIOAUHU 3 MIBUIIEHOIO 3aBaIOCTINKICTIO Ta TOUYHICTIO, B YIOCKOHAJICHH1
Ta PO3IIMPEHHI MOXKJIMBOCTEH ICHYIOUMX METOJIB KaJliOpyBaHHS Il BpaxyBaHHS 3MIHU
napaMeTpiB UyTIIMBUX €JIEMEHTIB.

VY xoai nucepraniiHoi po6oTu 0yJi0 BUPIIIEHO Ta BUKOHAHO 3a/1ayi:

1) IlpoananizoBaHO BIUIUB MOXMOOK MAarHiTOMETPIB 1 aKCEJIEPOMETPIB Ha OI[IHKY
TOYHOCTI OpieHTaIlli 6e3m1aThOpMHOI0 KYPCOBEPTUKAILIIO, OOIPYHTYBOBAHO HEOOX1THICTD
PO3AUIEHHS] MarHITOMETPUYHOTO Ta aKCEIEPOMETPUYHOTO KaHAIly KOPEKIIii B aJropuTMax
0e311aTpOpMHUX KypPCOBEPTUKAICH.

2) Chopmynb0BaHO, TEOPETUUYHO OOTPYHTOBAHO Ta MIATBEPIKEHO MOIEITIOBAHHSIM
MPUHIUI PO3AUICHHS KaHAIIB KOpeKuii 0e3r1argopMHOi KypCcOBEpTUKAI, SIKAW TMOJISTae
y  BHUKOPUCTAaHHI Uil  Kopekuii  0e3mnargopmMHOI  KypCOBEpPTHKaldl  CHUTHAJIB
aKcelepoMeTpiB Ta MOAM(PIKOBAHUX CUTHAIIB MarHiTOMETpPIB, Yy SIKUX Ha OCHOBI JTaHUX
aKCeIepOMETPUYHOr0 KaHajy BUKOHAHO OOHYJIEHHS BEPTUKAJIBbHOI CKIIaIOBOT BEKTOpa
IHAYKIIT MarHiTHOro mojs 3emiii 0e3 HEeOOXIMHOCTI BUKOPUCTAHHS anpiopHUX JaHUX.
[IpakTuyna peanizallis AAHOTO MNPUHLUIY TO3BOJISIE BHUKJIIOUATH BIUIMB BHMIPIOBAaHb
MarHiTOMETpiB Ha OLIHKY opieHTalii anroputMoM BbKB BIIHOCHO MJIOLIMHU TOPU3OHTY
(KyTH KpeHY Ta TaHTaxa).

3) Po3pobisieno nisi iHEepUiaibHOI CHCTEMHM OLIHKM MapameTpiB pyXy JIOJUHU
IHBapiaHTHUHN 10 TPUCKOPEHOI'0 PyXY KIHIIBOK KOMILJIEKCHUN aJIrOpUTM Oe311aTgopMHOi
1HEPIlIaJIbHOT HAaBITAI[IHHOT CUCTEMH, KOPEKI[IHHI CUTHAJIH 110 IIBUIKOCTI Ta MEPEMIIICHHIO
AKOT0 c(pOpMOBaH1 Ha OCHOB1 O10MEXaHIYHOT MOJIEN1 CKEIETY JIOAUHHU.

[Ipu BukoHaHHI AaHOi 3a1a4i Oyna omricaHa GloMeXaHIYHAa MOJEINb CKEJIETYy, CTBOPEHI
ctpykTypHi cxeMu poootu ICOIIPJI 3 xopekiieto 3a curHajaMu 1o O10MeXaH14H1Nd Mojei
ckejeTy onuHd. Peanizaniss KOMIUIEKCHOTO ajrOpUTMY JO3BOJMIIA 3HUZUTH TOXUOKH
ICOIIPJI npu BUKOHAHHI JIOAMHOIO PYXIB 13 3HAUHUM PIBHEM MPHUCKOPEHHS, Y MOPIBHAHHI
3 ananoriynoto ICOTIIPJI, uro BukopuctoBye anroput™m BKB. 3anpononoBanuii anropurm
BIIEpIII€ 3ACTOCOBAHO JJI OLIHKM KIHEMAaTUYHUX MapaMeTpiB pyXy JIIOJAUHH.

4) Po3pobiieHo 3akoHu (opMyBaHHS KOPEKIIMHUX CHUTHajiB, 110 0a3yloThCsA Ha
BUKOPHUCTaHHI 010Me€XaHIYHO1 MOJIENIi CKeyieTa JIIoAuHU. Po3paxoBaHo KOPEKIIiiHI CUTHATIU
M0 IIBUAKOCTSX 1 MEPEMINICHHSX CErMEHTIB TUa JIIOJIMHU, OLIHEHO pPIBEHb MOXHUOOK
JAHOTO CUTHANly. SIKIIO OLlIHKa OpI€HTallli CerMeHTa BHUKOHAHA 3 IMOXUOKOIO, IO HE
nepeBunlye 5, TO OLUIHKA NOXHOOK PO3paxyHKY IIBUAKOCTEH 1 mepemilieHb (AJig piBHS
3 6 ) Ha OCHOBI O10MEXaHI4YHOI MojieNll OyayTh cTaHOBUTH BianosiaHo 0,32 m/c 10,095 m.

5) Bukonano BuOip ONTUMaJbHOI MOJIENl CHUTHANY JaTYMKIB 1HEPLIAJbLHOTO
BHUMIPIOBAJIBLHOTO OJIOKY 3a JOMOMOTOI0 METOAY I'PYIOBOTO ypaxyBaHHS apryMEHTIB. Y
pesynabTaTri Oyma oOpaHa JiHIMHA MOJENh JaT4yhKa, SKa BpPaxoBYE MaclITaOHUN
Koe(DiILieEHT, 3MILEHHS HYJS Ta JBa KOE(ILIEHTH, 110 ONUCYIOTh MOXUOKHU Bl HETOYHOCTI
YCTAaHOBKH Ta MEPEXPECHUX 3B’ SI3KIB.

6) [ictaB momanmpmioro  po3BUTKY METOJ  CKAJIAPHOTO  KamiOpyBaHHS — JAJis
MIKpPOMEXaHIYHUX aKCEJIEPOMETPIB Ta MArHITOPE3UCTUBHUX JATUMKIB LUIIXOM BBEIEHHS
JaHUX TOINepeaHbOT BEKTOPHOI KaliOpOBKH Ta 3aCTOCYBaHHS ITEPATUBHOI IpoOLEnypU
kanmiopyBanHs. OTpyUMaHO TIOBHI aHAJITUYHI BHpa3d, WO OINUCYIOTh MapaMeTpu
MaTeMaTUyHOI MOJENi, $Ka OI[IHIOETbCS 32 JIONOMOIOK METOJY  CKAaJISIPHOIO
KaJiOpyBaHHs; BUKOHAHO YHUCEJIbHE AOCHIHDKEHHS Ta aHaji3 BIUIMBY MOXHMOOK MOjei
CUTHAJly Ha TOYHICTh CKaJsApHOro KaniOpyBaHHS. OTpuUMaHO peKOMEHJalli 1010
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3aCTOCYBaHHS METONY CKaJISIPHOTO KaiiOpyBaHHsS ISl JAaTYMKIB HU3BKOT TOYHOCTI Ta
rpadiyHi 3aJIeKHOCTI, IO JO03BOJSIOTH OTPUMATH OIIHKY TOYHOCTI 3HAXOKEHHS
napaMeTpiB MOJIEJi CUTHAJTy TaTYHKiB.

3acTocyBaHHS METOJYy CKAJSIPHOTO KajiOpyBaHHS JO3BOJISIE CIIPOCTUTH MIATOTOBKY
Yy TJIMBUX €JIEMEHTIB CUCTEMH JI0 pOOOTH.

7) Y 10CKOHANIEHO METOJ BEKTOPHOI KalmiOpOBKH HIJISXOM OLIHIOBAaHHS KOE(IIIE€HTIB
MaTeMaTU4YHOi Mojieli 3a Jonomoroo (pinbrpa Kanmana 3 BBeIeHHAM 3MIHHUX CTaHy, 110
XapaKTepu3yloTh IIYMOBI CKJIaJ0Bl MOXMOKM YYTJIMBUX €JIEMEHTIB, 1€ MOKpallye
30DKHICTh pe3yJbTaTiB KamiOpoBKU. [l eKcrnepuMeHTaIbHOI MEPEeBIPKU PO3POOJICHO
MpUKJIaJHE NporpaMHe 3a0e3MeYeHHs], 1110 peani3ye ajJropuTM ITepaTUBHOTO KajliOpyBaHHs
Ha ocHOBI1 puibTpa Kanmana.

3anponoHOBAHUM  QJIrOPUTM JA€ BUTpalll Yy IIBUAKOCTI 30DKHOCTI OIITHOK
KaJIIOPOBOYHUX KOEPIIIEHTIB.

8) BukonaHo imiTaliiiHe MOJEIIOBaHHS PO3POOJIEHOTO KOMIUIEKCHOIO aJIFOPUTMY
po6otu ICOIIPJI nnsi BU3HAUEHHS HOTO XapaKTEPUCTHK, OLIIHEHO BIUIMB KOPEKTYIOUUX
CUTHAJIB Ta 3HAWJEHO YMCIIOBI 3HAYCHHS KOE(DIIIEHTIB KOPEKIlii, 1o 3a0e3MeuyoTh
MIJBUILICHHS TOYHOCT1 AJITOPUTMY.

9) IlpoBeieHO HATypHI BUIPOOYBaHHS, 10 MIATBEPAUIN KOPEKTHICTH Ta
edexTuBHICTh po3pobieHux anroputmis ICOITPJI. Po3po6ieHo cTeHa-iMiTaTop BEPXHBOT
KIHI[IBKM JIOAWHU. JlaTyuku CTEHAy 34aTHI BUMIPIOBAaTH KYyTH pOTaIllii CETMEHTIB 3
TOYHICTIO 9 KYT.XB., @ KyTW 3TMHaHHA — 2 KyT.XB. BUKOHAaHO eKClIepUMEHTaJIbHY OLIHKY
nigsuiieHHss TouHocti ICOTIPJI Ha cTeHai-iMiTaTOpi BEPXHBOI KIHIIIBKH JIFOJUHU, SKUN
BUKOPUCTAaHUH Y SIKOCTI €TAJIOHHOTO 00JIaHAHHS.

[Ipy mnoOBUIBHUX pyXax CTeHJa-iMiTaropa MakcuMmanbHa mnoxuOka [COIIPJI 3
KOMIUJIEKCHUM QJITOPUTMOM CTaHOBMJIa MakCMMyM 3 Tpaaycu, a IMpd BHKOHAHHI
IUHAMIYHUX pyXiB (13 3HAYHUM pIBHEM KYTOBUX IIBUAKOCTEH Ta MPUCKOPEHb) —
3,7 rpanycu. Ilokazano, mo TtouHicTh ICOIIPJI 3 KOMIJIEKCHUM alrOpUTMOM Mo
3aJIeKUTh Bl IMHAMIKK pyXy cerMeHTa. OTpuMaHa TOYHICTh CUCTEMU HE MOCTYIAEThHCS
CBITOBUM aHajioram. BapTo BiazHauuTy, 1o po3pobdieHa ICOIIPJI BukopucToBye rpyo0iri
JTATYUKU, HIK Y BIIIOMHUX CUCTEMax.

10) Pe3ynpTaT  JOCHIIKEHHS MalOTh MPAKTUYHE BIPOBAIKEHHA. AJITOPUTM
oesmnar@opMHoOi KypcoBepTuKaii Ta kKoMruiekcHuit anroput™ BIHC s Bukopuctanus B
ICOIIPJI 6yno BmpoBamkeno B Y «HcTuTyT TpaBmaroisorii ta optomnenii HAMH
VYkpaiaw (M. KuiB) npu po3po0Oi1i iHepIiaibHOT CUCTEMH OIIHKM KIHEMAaTUYHUX (JaCOBUX 1
MPOCTOPOBUX) XapaKTEPUCTHK OMOPHO-pyxoBoro amapata droguHu BNS-01. Anroputm
0e3r1aTpOpMHOI KypCOBEPTUKANIl 3 BUKOPUCTAHHSIM MPUHLMIY PO3AUICHHS KaHaTIB
KOPEeKIii Ta YJOCKOHAJICHUH CKaJISIpHUN MeTol KaniOpyBaHHS BUKOpUCTOBYEThCs B TOB
dipore» (M. KuiB). Po3pobnena cnpomieHa wmojaenb MNOXHOOK —Oe3rmiargopmMHOT
KypCOBEpPTHUKAJIl Ta CTEH]I-IMITaTOp BUKOPUCTOBYIOTHCS B HaBUAJIbHOMY Ipolieci Kapeapu
NpuiIaaiB 1 cUCcTeM opieHTamii 1 Hapiramii HallioHaJTbHOTO TEXHIYHOTO YHIBEPCUTETY
VYkpainn «KuiBCbKUM MOMITEXHIYHUI THCTUTYT iMeH1 [ropsi CiIKOpCHKOTO).

CIIUCOK ONYBJIIKOBAHHUX ITPALIb 3A TEMOIO JUCEPTALII
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st akcenepomerpis/ B.B. Menemko, C.Jl.Jlakoza // IlpunagoOyaysanus. Cran 1
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c.43. 30ob6ysauem BUKOHAHO MOOENIOBAHHA KANIOPOBKU IHEepYialbHOI cucmemu 3
BUKOPUCMAHHAM THGOPpMayii npo HYIbOBUU 6eKMOP WEUOKOCMI 06 ekma.

19. Jlakoza C.JI. KamiOpyBanHs MikpoMmexaHiuHux akcenepometrpis/ C.JI. Jlako3sa,
M.C. Kamuus // [punanodynysanus. Ctan 1 nepcnexktusu: XIII MixxHaponHa HayKOBO-
TexHIYHa KoH(pepeHnuis, 24-25 kBitHs 2014p. : 30ipuuk te3 gonosinen. — K.: HTYY KIIb,
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i0enmuikayii cmpykmypu mooeni CueHary 0amuuxie.

20. Menemxko B.B. Xapakrepuctuku BMMHC nHa rpy6six rupockonax /. B.B. Menemiko,
C.JI. Jlako3za, M.A. JlazapeB // IlpobGiemu eHeproe@ekTMBHOCTI Ta aBTOMAaTH3aIlli B
MPOMUCIOBOCTI Ta CUIBCBKOMY TIOCHOJApPCTBI: MDKHAapOJHAa HAyKOBO-TIPAKTHUYHA
koH(pepeHuisa, 21-22 xxoBtHsa 2015p. : 30ipHuK Te3 momomiaei. — Kiposorpan: KHTY,
2015. — c.164. 3006ysauem BuxoHamo uuceibHe MOOENOBAHHIL KOMNIEKCHO2O
aneopummy.

21. Jlakoza C.JI. Cranii xaniopoBku cuctemu 3axorieHHs pyxy/ C.JI. Jlakosa, B.B.
Menemko / TlpunagoOynyBanns. Crtan 1 nepcnektuBu: XIV MikHapogHa HayKOBO-
TexHIYHa KoH(pepeHuis, 24-25 kBitHs 2015p. : 30ipuuk te3 gonosinen. — K.: HTYY KIIb,
2015. — ¢.20-21. 3006ysauem onucano ma oxapakxmepuzo8ano HeoOXIOHI Ons pobomu
iHepyianvbHOi cucmemu OYiHKU napamempis pyxy Jr0OUHU cmaoii KanioposxKu.

22. Jlako3a C.JI. BukopucTtanHs 610MEXaHIYHOI MOJEINI CKEJIeTy JIOJMHU Yy POOOTI
1HEepIiaIbHOI CUCTeMU OIIHKHY mapameTpiB pyxy / C.JI. Jlako3za, B.B. Menemiko // Jlroguna
1 kocmoc: XVIII MixHaponHa MOJOJIKHAa HAayKOBO-IpakThyHa KoHpepenuis, 11-13
kBiTHS 2016p. : 30ipHUK Te3 nomnoBifged. — JIHimponerpoBchbk: HarioHanbHHMI 1EHTP
aepoKoCcMiyHO1 ocBiTH MoJoai iM. O.M. Makaposa, 2016. — c. 6-8. 3006ysauem onucano
Olomexaniuny Mooenb cKeiemy Jao0UHU; po3poOIeHO KOPEKYIIo KOMNIEKCHO20 ANCOPUMMY



25

3 BUKOPUCMAHHAM IHPOpMayii npo 6I0MexXaniuny mMooelb cKeiemy o OUHU

23. Jlazapes UN.A., bobko A.H., Jlakoza C.JI. Ananu3 KHHEMaTHYECKHUX
XapaKTepPUCTUK BEPXHEH KOHEYHOCTH Yy OOJBHBIX pPEBMATOMIHBIM apTPUTOM C
UCITOJIb30BAaHUEM HWHEPIHAIBbHON cucTeMbl // COBpEeMEHHBIC TEXHOJOTHH JTUATHOCTUKH,
JICUCHHSI M PeaOMIMTAlMK TP TTOBPEXKACHUAX U 3a00eBaHUAX BepxHel koHeuHocTH: III
MexnayHnapoubiii kourpecc, 16-17 mast 2013 r. : paGoTsl koHpepenuuu. — Mocksa, 2013.
- c. 88-89. 30o6ysauem ompumano excnepumenmanvHi OAHi WOOO BUMIDIOBAHHS
KIHeMamu4Hux napamempis 86epxHvoi KiHYieKuU.

AHOTALIA

Jlakoza C.JI. InepuianbHa cucTeMa OUNIHKH HmapaMeTpiB pyxy Jioaumnu. — Ha
npaBax pyKoOIMuCy.

Hucepraiiss Ha 3100yTTS HayKOBOrO CTYyMNEHs KaHAuJaTa TEXHIYHUX HayK 3a
cnetianbHicTIO 05.11.03 — INipockonu Ta HaBiramiiHi cucteMu. — HarfioHabHUN TeXHIYHUN
yHiBepcuTeT Ykpainu «KuiBChbKUN MOMITEXHIYHUN IHCTUTYT iMeHi Irops CikopchbKoroy
MOH VYkpainu, Kuis, 2017.

Hucepraiiss npucBsiYeHa pPoO3poOIll aIrOpUTMIB  (PYHKIIOHYBaHHS 1HEpPUIAJIbHOT
CHUCTEMH OIIIHKH TapaMeTpiB pyXy JIFOJUHU 3 MiJIBUIICHOIO 3aBaIOCTIMKICTIO Ta TOYHICTIO,
yJIOCKOHAJIEHHIO METO/I1B KajaiOpyBaHHS 1aTYUKIB.

Onucano o07acTi 3acTOCYBaHHS CHCTEM OIIIHKM [apaMeTpiB pyXxy JIOJUHHU.
Posrnsinyro ocHoBHi miaxoau st ctBopeHHs ICOIIPJI. Onucano GiomexaHiuHY MOJIEIb
ckenety moaunu, ii BukopucTanHs B [COIIPJI. IlpoananizoBaHO NMUTaHHS KaliOpPOBKHU
ICOIIPJI. Po3zpobneno amroputmu BKB 3 Bukopucranusm ¢uibtpa Kanmana.
CdopmynboBaHO, TEOPETUUHO OOIPYHTOBAHO Ta MIATBEPAKEHO MOJECIIOBAHHIM MPUHLHUIT
po3auieHHss kaHaniB kopekuii BKB. Po3po6neno xommuiekchuit anroputm [COIIPJI.
Kopekuiiini curnanu copMOBaHi Ha OCHOBI O10MEXaHIYHOT MOJIEJ1 CKEJIETY JIIOJUHHU.

Bukonano BuOip onTHMMaJbHOI ~ MaTeMaTuyHOI  MOJENl  YYTIMBUX  €JIEMEHTIB,
BukopuctoBytoun MIYA. CunrezoBano posmmpenuii amroputm DK mns kamiOpyBaHHS
JaT4rKiB. PO3IJIsIHYTO 3aCTOCYBaHHS CKASIPHOTO KayiOpyBaHHS It aBTOHOMHOTO BU3HAYCHHS
rapaMeTpiB aKCeJIEPOMETPIB Ta MATHITOMETPIB.

ExcriepuMeHTaIbHO  JOCHIJKEHO  3aCTOCYBAHHS  CKAJISIPHOTO  KalliOpyBaHHS.
3anponoHOBaHO (OPMYBATU pPeE3yJIbTYIOUy MOJENIb CHUTHANy JaT4yhKa, MOE€IHYIOUU
pe3yiabTaTh CKAJSPHOTO KamiOpyBaHHS Ta €TAaJOHHUX pE3yJibTaTiB KaiaiOpyBaHHs. Jlis
CKaJISIpHOTO KamiOpyBaHHS 3alpOlOHOBAHO BHUKOHYBaTH CIHUCAHHS 3MIIIEHb HYJS
naT4ukiB. BukoHnaHo iMitairiiine MojientoBaHHs komIuiekcHoro anroputmy ICOTIPJI.

Po3po0neHo cTeHa-IMITaTOp YaCTUHU BEPXHBOI KIHIIBKA. BukOHaHO HaTypHI
EKCIIEpUMEHTH 11 nepeBipku TouHocTi podbotu [COTIPJL.

Knwouosi cnosa: oliHKa mapameTpiB pyxy, IHepliajibHa cucTema, Oe3ruiatrgopmHa
KypCOBEpTHKAJIb, KaJIIOpOBKa, O10MeXaHIYHA MOJIEIIb.

AHHOTAIUA
Jlakoza C.JI. UHepunanbHas CHCTEMA OLCHKHU NApaMeTPOB JIBU/KEHH S YeJI0BEKA.
— Ha npaBax pykonucu.
Huccepranys Ha COMCKAHUE YYEHOW CTENEHM KaHIWJaTa TEXHUYECKMX HayK IO
crietanbHOCTH 05.11.03 — ['upocKombl U1 HABUTAMOHHBIE cUCTEMbl. — HalmoHnanbHbIi
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TEXHUYECKUN YHUBEPCUTET YKpauHbl KUEBCKUI MOTUTEXHUYECKUII HHCTUTYT HMEHH
Uropsa Cukopckoro MOH VYkpaunsl, Kues, 2017.

Juccepranus  moOCBslIEHAa  pa3paboOTKe  aJrOpuTMOB  (YHKIMOHUPOBAHUS
VHEPLUAIBbHOW CUCTEMbl OLEHKH MapaMETPOB JBW)XEHHsI 4YEJIOBEKAa C IIOBBIICHHOMN
MOMEXOYCTOMYUBOCTBIO U TOYHOCTHIO, COBEPIICHCTBOBAHUIO METOJOB KaIMOpPOBKU
JATYUKOB.

Onucanbpl 00J1aCTU NMPUMEHEHHUS CUCTEM OLEHKH MapaMeTpOB JBIXKEHHS YEJIOBEKa.
Paccmotpenst moaxoasl mis cozpanus MCOITAY. Onucano GnoMexaHUUECKyl MOJEhb
ckenera 4yenoBeka, €€ wucnonb3oBanue B HMCOIIJY. IIpoananu3npoBaHbl BOIPOCHI
kanuopoku MCOITY. Pazpaboransl anroputmbl BKB ¢ ucnonb3oBanuem ¢uibTpa
Kanmana. ChpopmynupoBaH, TeOpeTHUECKH 0OOCHOBAH W MOJTBEPKACH MOJCIMPOBAHUEM
OPUHIMN pa3feneHus: kaHajaoB kKoppekunu BKB. Pa3zpaboTraH KOMILJIEKCHBIM alrOpUTM
NCOITAY. KoppekuuoHHble  CUTHaidbl  CPOPMUPOBAHBl €  HUCIOJIb30BAaHUEM
OMOMEeXaHUYEeCKOM MOJIETN CKeJIeTa YeJI0oBeKa.

BrimosiHeH BbIOOp ONTHUMaNbHOW MAaTEMAaTHYECKOW MOJEIM  YYBCTBUTEIbHBIX
aneMeHToB, ucnoib3ys MI'VA. Cunre3upoBan pacmmpeHHbii anroput™m DK s
KaJIMOpPOBKM  JaTYMKOB. PaccMOTpeHO MNpUMEHEHHE CKaJIspHOW KanuOpOBKH s
ABTOHOMHOT'O OIIPEJICJIEHUS [IapaMeTPOB aKCEIEPOMETPOB U MArHUTOMETPOB.

DKCNEPUMEHTAIHLHO MCCIIEIOBAHO MPUMEHEHHE CKaISIpHON KamOpoBku. [IpeaioxkeHo
dbopMHpOBaTh PE3YNBTUPYIOLIYIO MOJENb CHUTHalla, coueTas pe3yibTaTbhl CKaISPHON
KaJIMOPOBKM W OSTaJOHHBIX PE3YJIbTaTOB KadMOpOBKH. Jlisi cKalspHOM KanuOpOBKU
IIPEUIOKEHO  BBIIOJHATH  CIMCAHME CMEILICHUM HyJs  JaT4uKoB.  BrinmosiHEeHO
MMHTALIMOHHOE MOJIEIMPOBaHNE KoMILIeKCcHOTo anroputma MCOITIY.

Pa3paboTan CTEHI-UMUTATOpP YAaCTH BEPXHEW KOHEYHOCTU. BBINMOIHEHO HATypHbIE
AKCIIEPUMEHTHI JIJ1s1 TpoBepkH TouHOCTH padotsl MCOITIY.

Kniouegvie cnosa: oneHKa NapaMeTpOB JBH)KEHHUS, HHEPIMAJIbHAs CHCTEMA,
OecruiatopmMHasi KypcoBepTHKaIb, KATMOPOBKa, OHMOMEXaHUYeCKas MOJECIIb.

SUMMARY

Lakoza S.L. Inertial system for estimation of human motion parameters. —
Manuscript copyright.

Thesis for a candidate degree in specialty 05.11.03 — Gyroscopes and navigation
systems. — National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”, Ministry of Education and Science of Ukraine, Kyiv, 2017.

The thesis describes that monitoring of motor activity in the diagnosis and treatment
of neurological diseases movements in sports medicine during rehabilitation, movements
detecting in virtual reality requires use of objective measuring instruments such as inertial
system for estimation of human motion parameters. It is described the physical principles
and sensor systems which are used for development of systems for estimation of human
motion parameters. Their main advantages and disadvantages are characterized.

The basic approaches, which provide ISEHMP development, are considered. It is
adduced a number of tasks that need to consider during development of ISEHMP.

The paper describes the concept of the human skeleton biomechanical model and its
using in ISEHMP and in methods for estimating of human position in the open space.
Calibration issues of system for estimation of human motion parameters are analyzed. It is
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highlighted several stages: calibration of segment linear dimensions of skeleton
biomechanical model; calibration of IMU’s frame orientation relative to segment frame in
static poses; functional joint axes definition by performing certain types of motor activity;
system calibration using closed kinematic chain in skeleton biomechanical model. It is
shown that problems of functional joint axes calibration for ISEHMP are currently solved
for most significant cases and mainly related to peculiar qualities of human body
functioning for specific biomechanical research.

It is described the algorithm for estimation of the individual body segments
orientation using IMU data. It is shown that most of the algorithms ignore the presence of
dynamic errors and external disturbances. It is shown that in the known literature hasn’t
considered the problems of cross-linking between channels correction of AHRS, the
application of SINS algorithms for estimation of human motion parameters.

The thesis describes the used human skeleton biomechanical model, key joints are
defined, it is described joints’ degrees of freedom, and it is associated appropriate frames
with segments.

In work AHRS algorithms are developed using Kalman filtration for orientation
parameters such as direction cosine matrix. It is formulated, theoretically grounded and in
way of simulation confirmed the principle of correction channels separation for AHRS. It
is got simplified error model of AHRS. AHRS’ errors analysis shows the necessity of
using SINS algorithms to estimate human motion parameters. In the study it is done the
development of complex ISEHMP algorithm invariant to segments’ accelerated
movement. Correction signals are generated using human skeleton biomechanical model.

It 1s completed an optimal mathematical model of accelerometers using method of
group accounting of arguments. By result of experiments was found that the optimal
model by regularity criterion should consider offset, scale factor and two coefficients that
consider installation errors and sensors’ cross-sensitivity. Allan variations were used to
estimate the parameters of sensors’ noise mathematical model that are used for synthesis
of an extended Kalman filter algorithm for sensors calibration. Sensor’ noises include a
flicker noise, random walk on acceleration, velocity random walk, and ramp noise.

The paper discusses the issues of using scalar calibration for the autonomous final
finding of parameters of accelerometers and magnetometers mathematical model. It is
obtained graphs and performed their analysis which showed the conditions and capabilities
of scalar calibration for low accuracy sensors. It is shown sensitivity of scalar calibration
to the presence of high level cross-linking in the sensor signal.

Experimental study is done for parameters of sensor included in the IMUs of
ISEHMP. It is got the values of sensors calibration matrix. These values are used as
etalons for comparison. Resulting sensors errors are given. It has been shown that for
value of sensor’ model errors lower 10% it can be improved the calibration accuracy of
accelerometers and magnetometers using method of scalar calibration iteratively. For
accuracy improvement of sensor' mathematical model parameters estimation it is proposed
to form a resultant signal sensor model combining scalar calibration results and standard
calibration results performed on high-precision equipment. It is proposed for scalar
calibration process convergence to perform write-off of previously estimated sensors’
offset level.
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It has been investigated the accuracy of the AHRS algorithm developed for ISEHMP.
The simulation of developed ISEHMP’s complex algorithm invariant to limbs acceleration
is done. Modeling scheme is described.

Stand-imitator has been done to verify the accuracy and correctness of embedded
ISEHMP algorithms. Stand mimics part of the upper limb. The stand allows to measure
angles of rotation and flexion-extension.

It has been done series of field experiments for ISEHMP accuracy checking. In thesis
it has been experimentally shown that using of complex algorithm in ISEHMP compared
to using AHRS algorithm makes it possible to reduce system error.

Keywords: estimation of motion parameters, inertial system, AHRS, calibration,
skeleton biomechanical model.



