[To merony /lenaBura-XapreHOepra sl pacyera NpsMOi KMHEMaTHKU TpeOyeTcs MpaBUIIBHO
COPHUEHTHUPOBATh CHCTEMbI KOOPAMWHAT 3BE€HA, & UMEHHO, Ul KaXKIO0H CHCTEMbI KOOPAMHAT JOJIKHBI
BBITIOJTHATHCS CICAYIOIINE TPEOOBAHHS:

1) ock z; OKHA MPOXOAUTH BAOJbB OCH I-TO COUJICHEHHMS IBYX 3BCHHCB

2) OCb Xj CTPOUTCS TMEPIICHIUKYIISAPHO OCH Zi.; W HampaBsjeHa oT Hee BaoJb {i+1} couneHeHus

3) OCh Yj CTPOUTCS IO TMPABUITY «IIPABOH PYKH» U TEM CaMbIM JOTIOJHSIET OCH 10 TPEXMEPHOM
CHCTEMbI KOOP/IMHAT.

Jns onpeziesieHre 3BEHbEB BBIJICISIIOT YEThIPE MTapaMeTpa, KOTOPBIC MPUBSI3BIBAIOTCS K KaKI0-
My 3BeHy. [lapaMeTpbl ONPEAEISIOTCS CIIEIYIONIM 00pa3oM:

Qi— mepeMeHHasl BeJIMIMHA, KOTOpasi XapaKTePU3yeT yroJl BPAIICHUs i-r0 3BeHa OTHOCHTEIIHLHO
{i-1} -ro, u moka3pIBaeT Ha CKOJBKO HYKHO TOBEPHYTh OCh Xi; BOKPYT OCH Zi.; 4TOOBI OHa CTajia
cjHampaBiieHa ¢ OCBIO X; |

8 — (UKCHUPOBAaHHBIA TapaMeTp, KOTOPBI OMHCHIBAET YTOJ, Ha KOTOPHIN HaJ0 MOBEPHYTH
0Ch Zj.; BOKPYT OCH Xj, YTOOBI OHA CTaja COHAIIPABICHHOMW C OCBIO Z; ;

di — mapaMeTp OnMCHIBAIOLIMN (UKCUPOBAHHOE PACCTOSIHUS MEXKIY MMEPecedeHreM OCH Ziy C
ochI0 X; u HavanoM {i-1} cHCcTeMbI KOOpMHAT, OTCYUTHIBAEMOE BIIOJIb OCH;

a; — GUKCUPOBAaHHBIN MapameTp, KOTOPBIM MOKa3bIBACT KpaTyanilee pacCTOSHUE MEKAY OCSIMHU
Zi.1 U Zj OTCUHUTBIBAEMOE BIIOJb OCH X;.

JIist HaXOXKICHHST OTHOIICHUI MEK/Ty 3BEHBSIMH, OTpe/iessitouiee cucremy orcyera {i} oTHOCH-

TeNBHO cucTeMbl oTcueTa {i-1} nmpumensercs npeobpasosanue (1).
i-
OOGuwii BU MpeoOpa3oBaHust i JUISL COUJICHEHHI BPAIIaTebHOrO THIIA BBITJISIUT Clie-

JYFOIIIAM 00pa3oM:

cosB; —sin6; 0 a;_q
i-17 _ |sinB;cose_; cosBjcoseg_; —sineg_; —siney_;d;
i sin@;sine;_; cosB;sine;_3 cose;_; cose;_qd;
0 0 0 TR NN

r7ie MaTpHvLa COCTOMT U3 MaTPHUIIbl IIOBOPOTA, BEKTOpa MEPEHOCa, a TAKXKE U3 NEPCHEKTUBBI U
Koa(uIenTa MacmTabupoBaHusl.

3akuouenue. B nanHoii paboTe MIpeICTaBiIeH MATPHYHBIA METO JUIsl pEUICHUs 3a]]a9u PSIMOK
KMHEMAaTUKH NPH IUIAHUPOBAHUH MOJIOKEHUS 3aXBaTa poO0Ta MaHMITYJISTOPA.

1. John J. Craig. Introduction to Robotics: Mechanics and Control / John J. Craig - Addison-Wesley Longman Publishing Co.,
Inc.,75 Arlington Street, Suite 300 Boston, MA United States. —450 p.

2. StudBooks [Dnektponusrit peeypc] Pexum mocryma: https://studbooks.net/2410885/informatika/pryamaya_zadacha_kinematiki -
Jara noctyna: 02.12.2019.

ABTOM3OMETPUU AJITEEPBI JIN A(1)x®

M.H. Hodoxcénoel, AK. Fyu2
'Bumebcxk, BI'Y umenu IT.M. Maweposa
2OMCK, Onl'Y umenu ®@.M. Jlocmoesckoco

B paGote [1] Obun HalineHbl Bce aBTOMOPQHU3MBI YeThIpEXMEpHO anreOpsl JIn Hsx R u Bce
CHOCOO0BI 331aHUS JIOPSHIIEBOTO CKAISIPHOTO TIPOM3BEJICHUSI Ha HEH, MPH KOTOPbBIX 3Ta anredpa Jlu no-
MyCKaeT OXHOIMApaMEeTPHUYECKYIO0 TPYMIy aBTONOJOOMI, a Takke HaHAEHBI OJHOMApaMETPUUECKUe
TpYIIBl aBTOU30METPUH.

Lenb nanHON pabOTHI: HAWTH MOJHYIO TPYMITy aBTOMOPGHU3IMOB emé OJHON 4YeThIpEXMEpHOU
anreOpsl JIu, 1 HAWTH €€ aBTOM30METPHH, IIPU YCIIOBUM 3aJaHusl Ha HEW €BKIMI0BA CKAJISIPHOTO MPO-
W3BEJICHUSL.

Marepuan u metoasl. PaccmatpuBaercs anreopa Jlu  G,=A4(1)x ®, oTHOCAmAACS K VI Tumy
buanku (moarun VI;). Haxoautces monnas rpymnmna aBToMopdu3MoB 3T0it anreOps! JIu, u cpenu aBTo-
MOP(HU3MOB BBIAEISIOTCS T€, KOTOPbIE COXPAHSIIOT €BKIMIOBO CKaJSIpHOE Mpou3BeneHue (Oynem Ha-
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3bIBaTh U3 aBTOU3OMETPHSIMH). B nccieoBaHny MpUMEHSIOTCS METO/ABl aHATUTHYECKONW T€OMETPUU U
JTUHEHHOU anreOphl.

Pe3yabTaThl u ux oocy:xaenue. B mogxomsamem 6aszuce (E;, Ej, Es, E;) xoMMyTarmonHsie co-
oTHOeHHus anredpsl Jlu Gy= A(1)x® 3amaroTcst oxHEM paBeHcTBoM: [Ep Ei]=E.. Bynem HazbiBaTh
Takoi 0aznc KaHOHWYEeCKHM. JTa anredpa JIn comepXuT AByMEpHBIN KOMMYTATUBHBIA Uaean L, SB-
nsroInmiicss TMHEHHON oOonounoi BektopoB (E;, Es, E,), a Takxke nBymepnsiii uentp Z, RE, 4B-
JISFOINUICS THHEHHOH 06010uH0M BekTOpoB (Es, E4). OmHOMepHOE moanpoctpancTBo REj sBasercs
npousBoHoi anrebpoit Jiu: RE1=[Gs, G4).

Bce ykazaHHbIC BBIIIE BEKTOPHBIC MOJIPOCTPAHCTBA JODKHBI OBITh WHBAPUAHTHHIMH OTHOCH-
TeJIbHO aBToMOp(hU3MOB anredps! JIu. [Tostomy moboit aBromopdusm anredpst Jlu f:Gs— G4 B kaHo-
HUYeCcKOM Oasuce 3amaéres opMyniaMu BUIa

Ei'=ak;,

Eg’:B E1+GE2+’YE3+6E4,
E3/= 8E3+7\.E4,
E4,= HE3+VE4.

TpeboBanue coxpanenusi ckobku Jlu [E, E;] nmpuBomuT Hac k JomoONHHUTENFHOMY ycioBuio [=1.
Wrak, momHas rpynna aBToMOppu3MOB anreOpsl JIn BocbMHMEpHas M 'COCTOUT M3 MpeoOpa3oBaHHMH,
KOTOpBIE 33aI0TCS MaTPUIIAMH BU/IA

: )

rIe
020, ‘8 7L‘;«r&O. (2)
nov

[Ipennonoxum Tteneps, Ha anredpe JIu G, BBEIECHO €BKIMAOBO CKAJSPHOE NPOHM3BEICHUE.
[Mpexne, yem BbLIETHUTH M3 aBTOMOp(hU3MOB (1), Te KOTOpbIe SBISIOTCS U3OMETPUSIMH, HEOOXOIMMO
PEIINTH BOMPOC: K KAKOMY KaHOHHYECKOMY. BHJIy MOYKHO MPUBECTH MaTpHIly I'pama 3aaHHOTO CKa-
JSIPHOT'O TIPOU3BEJCHHUS C TOMOIIBIO HAINX ABTOMOP(HHU3MOB.

Bo-niepBbix, U3MeHEHUE JITHH JMOOBIX BEKTOPOB, KpoMe E,, He MEHseT ornepaiio cKoOKH, Mmo-
aToMy BekTopel Ej, E3, E; MoxHO caemars enuanunbiMu. Bo-BTophix, BekTopsl Es, E; MoxHO cre-
JaTh OPTOrOHAJBHBIMH. B TpeThux, 6oiblIas cBobona M3MeHeHUs BekTopa E, mo3BoisieT BbIOpaTh
€ro OpTOTOHAIBHBIM Haeany L. Hakonen, eciu Bektop E; He opToronaneH neHTpy Z, To BekTop Ej
MBI MOKEM CJIeJIaTh COHAIIPABICHHBIM OPTOrOHAJIBLHOM MpoeKuuu BekTopa E; Ha neHtp Z, U TONBKO
nocyie 3Toro Beioupath E,. Torma E, Oynet oproronaneH ne Tonbko Ejs, HO E; TOXKE.

B urore, Mp1 MOXeM IpuBecTn Matpuly ['pama, myTém BeIOOpa HOBOTO KAaHOHHMUYECKOTO Oas3uca
K BUJLY

1 09130
092 0 O

r= 913 0 1 0 ,g22>0. (3)
0 0 0 1

Bynem 0603Ha4aTh HOBBIH Oasuc mo-nipexkuemy (Ej, E,, Es, Ej).

JIro6as aBTOM3OMETpUS anreOpsl JIu T0mKHA COXpaHATh OPTOTOHAIBHOCTh BeKTOpa E, maeamy
L. B cuiy eAMHCTBEHHOCTH OPTOTOHAIBLHOIO JIOTIOJIHEHUS M HEM3MEHHOCTH CKAISIPHOTO KBajpaTa
BeKTopa E,, momydaem uro

Ez,:Ez.

B cuny Hem3MeHHOCTH cKalIipHOTO KBajjpaTta BekTopa Ej, Bemomneno o=11.

Janee HEOOXOIUMO PacCCMOTPETH JIBa CITy4asl.

1 cryyaii. Bextop E; He oproronanes neHtpy Z (gi15#0). Toraa, B CHily €JUHCTBEHHOCTH €TI0
MIPOEKITUH Ha MEHTP, BEKTOp E3' momxen ObITh KommmHEeapeH Ejz. C yd€ToM HeoOXOAMMOCTH COoXpa-
HEHUS CKAJIIPHOTO KBajpara BekTopa Ej; v coxpaHeHUs (i3, MOTydaeM
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E.'=%E,, E5'=1E;,

IJIe 3HAKU BBIOMPAIOTCS OJHOBPEMEHHO «ILITIOCY VT OJHOBPEMEHHO «MHHYC». OKOHUYATEIHHO IpyIINa
aBTOMOP(HU3MOB, coxpansatonux Matpuiry ['pama (3), 3agaércsa hopmymamu

Ei'=0E,, E)’=E,, E3'=0E;, E)/=%E,,0=%1. 4
[TonoGubIe mpeoOpa3oBaHmsl HE MOTYT 0OpPa30BHIBATh OJHONAPAMETPUUYECKYIO TPYIIITY.

2 cayuaii. Bekrop E; optoronanen nientpy Z (g:13=0). Torma Bekrops! E3 u E, momyuaror
0O0JIBIIYI0 CBOOOIy U3MCHEHMS, U OTPAaHUYCHHE aBTOM30METPHHU JBYMEpPHBII Ha LIEHTp ~Z 3amaéres
OpTOTOHANBLHOM MaTpuIeil. B ntore nmeem Gpopmysl

Ei'=0E;, E)/=E;,
Es'= Ez-cost—EE,-sint, 5)
E,)/= Ezsint+&E,-cost,E=+1, 0=%1.
a E;u E; m3menstorcs o tem xe popmynam (4). OgHonapaMeTpuiecKyro Tpymiry 00pa3yroT TOJIBKO
npeoOpa3oBanus npu 0=E=1. Mtak, MbI JOKa3aJIK CICAYIONIYIO TEOPEMY.

Teopema. 1. ITonnas epynna asmomoppusmos ancebpor JIu A(L)X® 3a0aémea 6 kanonuye-
cxom 6azuce mampuyeti éuda (1) ¢ dononnumenvuvimu yciosusimu (2).

2. Mampuyy I'pama e6xiudosa ckaiapHo2o npousgedens ¢-HoOMOUbI0 asmomopphumos aieeo-
pot JTu mooicno npusecmu k 6udy (3) 6 kanonuueckom basuce.

3. B oamom 6azuce noanas pynna asmousomempuii 3aoaémes opmynamu (4) npu g15#20 u
Gopmynamu (5) npu g13=0.

4. Aneeopa Jlu g4=j4(1)><f1(2 oonyckaem OOHONAPAMEMPULECKYIO 2PYNNY A8MOU30MEMPUl,
MobKo 8 cuyuae, Koeoa npouzeoonas aneedopa Jlu [Gy,Gs] opmoeconanvna oeymeprnomy yenmpy Z. B
VKA3AHHOM 6bllte bazuce 0OHONApamMempuiecKkas epynna agmouzomempuii oeticmeyem no gopmyiam
(5) npub=£=1.

3akuiouenue. B nanHol paboTe MBI HAllUIK TIOJIHYIO TPYIITY aBTOMOP(QH3MOB YeTHIPEXMEPHOIN
anre6ps! JIn A(1)x®, Onpeeig, K KAKOMY KAHOHHUCCKOMY BHJLy MOYKHO TIPHBECTH MaTpuiry I'pa-
Ma eBKIIHJIOBA CKAJIIPHOTO MPOU3BECHHUS, 33JJAHHOTO B 3TOW ajireOpe JIu, W HAIUTH MOJHYIO TPYIITy
aBTOM30METpUH paccMaTtpuBaeMoii anreOpsl Jln, Cpeny aBTOM30METPHA BHIISIWINA OJJHONApAMETPH-
YECKyI0 TPYIIY, KOTOpasi CyIIECTBYET TOJIBKO MPH HEKOTOPOM JIOMOJIHUTEIbHOM yciaoBur. OTCyTCT-
BHE aBTONMONOOUI NaHHOW anreOpbl JIM OTHOCUTENBHO EBKIIMIOBA CKAISIPHOTO MPOU3BEICHHS J10CTA-
TOYHO OYECBHTHO.

1. Tonmoxcéno, M.H. ABTononobust n aBTOM30METPHUH OAHOW ueThipexMepHO# anreOps! mu VI tuma bunanku / M.H. ITonoxcéros,
@.C. l'apxnesa // Bectn. IMonom. roc. yr-Ta. Cep. C — 2019. — Ne 4. — C. 124-130.

Ob OPTAHM3AIIMA OBPABOTKU CTPOKOBBIX JIMTEPAJIOB
BO BPEMs KOMIIWJIAIIUU CPEACTBAMM A3bIKA C++

C.B. Cepzeenko
Bumebcxk, BI'Y umenu I[1.M. Maweposa

[Ipu rpynmupoBaHUK CUMBOJIOB TEKCTa Ha MCKYCCTBEHHOM SI3bIKE B JJIEMEHTApHBIC JIEKCHYE-
CKUeE eAMHULBI (JIEKCEM) IIMPOKO MCTIONB3YIOTCS PEryJIIpHBIC S3bIKH 1 OMUCHIBAIOIINE UX PETYIISIPHBIE
BbIpaxkeHud [ 1]. PerynspHbie BhIpaXeHHS MPEICTABIAIOT COOOM MPEIOKEHNS CIEIHAaIbHOTO S3bIKa.
JJist OCTpOCHUS BO BpeMsl KOMIIIISIIMYA KOHEYHBIX aBTOMATOB, SKBUBAJIICHTHBIX PETYJISPHBIM BBIpa-
JKEHHSM, HE00XO0IMMO TIPOBECTH aHATIN3 STHX JINTEPAJIOB.

Lenb uccnenoBanust — pa3paboTaTh MOIXO/ K OpraHu3aiui 00padOTKH CTPOKOBBIX JTUTEPATIOB
BO BpeMsI KOMITHJISIIINH.

MarepuaJ u MeToAbl. MaTepraaoM HCCIeOBaHMs ABJISIETCS] aHAIN3 PETYIISIPHBIX BBIPayKEHHH.
[Ipenmerom uccaeqOBaHUs CIIYKUT ONMCAHUE MOJIX0/a K OpraHu3aluy o0paboTKK BO BpeMsl KOMITH-
JSIIUH CTPOKOBOTO JUTepaia. [locTaBieHHas ek JOCTUTACTCs CPEACTBAMHU 000OIIEHHOTO TIPOrpaM-
MHUPOBAHUS MIOCPEACTBOM IIAOJIOHOB B s3bIKe mporpamMupoBanus C++. Kpome Toro, ObIIM HCHONB-
30BaHbl METOIBl MATEMATUIECKOTO MOJICTUPOBAHUS 1 O0IIEHAYYHBIE METOIBL.
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