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of the special footwear could be created in three-dimensional space. Special polyurethane layer that is located
between the upper leather of the Shoe and lining gives an opportunity to fill in the portions of body tissue that
have been withdrawn in consequence of surgical intervention. One of the main advantages of these shoes is that
there is no necessity in picking up them individually, depending on characteristics of injuries. The polyurethane
foam layer can fill in remote areas. Depending on the height of feet damage, boot height could be also varied by
fastening its upper part. Shoes are comfortable during use and securely fixed on the foot with the adjustable
straps on the buckles. The footwear has a rigid exterior and soft inner design. Rigidity provides maximum
protection of the feet from external factors, which may cause strong pain. In addition, hard boots supports an
ankle. All listed above is very important for people to feel comfortable, from both psychological and physical
points of view.

Keywords: shrapnel injury of the soft body tissues, gunshot wound, special footwear, Shoe, design, feet,
foot, shape.
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PO3B’SI30K 3BOPOTHOI 3AJAUI IIJIOCKOI'O MAHINYJISITOPA
B CUCTEMI MATHCAD

ITHATHUIIIWH M. 1., XIMHAY B.I.

MykauiBchbKuii Jep:kaBHUM yHiBepcuTeT, YKpaiHa

Baoicinoni mexanizmu 3 po3'eOHanumu KiHemMamuyHuMU 1aHylo2amu (MAHinyiamopu) HoKiaoeni 8 OCHO8Y
CMPYKMYPHUX cXeM 0a2amvox MAWUH, ujo 30ilCHIOIOMb 3aKOHOMIPHI MEXAHIYHI PYXUL.

Ananimuyna Mexamika Mauinyisimopie posansiode 08a Kiacu 3a0ay KiHeMamuKu ma OUHAMIKU npsimi i
360POMHI.

Ocobnusuii inmepec cCmaHoGIAMb NUMANHSA, NOB'A3AHT 3 PO3POOKOIO eheKMUBHUX MemOOi8 PO36'A3aHHS
npamoi ma obeprenoi 3adaui KiHemamuku. 380pomHa 3a0aua NOA2AE 6 3HAXOOJCEHHI Y3a2ANlbHEHUX
KOOPOUHAM 8 11020 KIHeMaMU4YHUX napax, wo 3abesneuyioms 3a0anutl pyx i opiecumayio pob6o14020 061a0HAHHSA
o000 abcontomHoi cucmemu KOOPOUHAM.

Bioomo, wo obepnena 3adaua xinemamuxu mae 6e3niy KOMOIHAYIL MONCIUBUX PO38 A3KIG, | KIACUYHI
Memoou noby0osu po3s a3Ky 3aCHOBAHI HA 3AMIHI BUXIOHOT 3a0aui 3a80aHHAM 3 MEHUIOIO KilbKiCMI0 Hegi0oMUX
30 PAXYHOK HAKAAOeHHsl GIOHOCHUX 38'A3Ki8 Ha nepemewenus 8 Kinemamuunux napax. Oonax oanuii nputiom He
gionogioae cyuacHiti npakmuyi poOOMOMEXHIYHUX CcUcmeM, Wo [ 3YMOBIIOE HeOOXIOHICMb NOULYKY
ANbMEPHAMUSHUX MEMOOIB.

I 3 ycboeo ix posmaimms Oysice ROWUPHHUMU € NIOCKI MAHINYIAMOPU, PI3HI CXeMu SKUX peanizo8ani 6
KOHCMPYKYISIX psi0y NPOMUCIO8UX pobomis, pobomis Ons AIKEIOayii HA036UYAUHUX cumyayitl, pooomu3068aHux
excKasamopis,  Mauinyaisamopie  meouunoi ma  Kocmiumoi  mexwixu, ma in. Lum  eusnauacmocs
AKMYaubHICMbHICMb 00CTIONCEHb, NPUCBIUEHUX B0OCKOHANCHHIO Meopii | NpakmuKu po3PAxXyHKY 360POMHUX
3a0ay MAHINYIAMOPI8, 3aCMOCY8AHHS IX KOMN FTOMEPHO20 MOOETOBAHHSL.

Y pobomi 3acmocosarno memoou npuxknaouoi mexauiku, meopii Mexauizmie i MauiuH, oOYUCTIO8ATLHOL
Mamemamuku ma Mmooentoganus 8 cucmemi Mathcad. 3a  3a0anumu  KoopouHamamu  3axeamd,
KOHCMPYKMUBHUMU ~ PO3MIDAMU  OOCHIOHCYBAHO20 NIOCKO20, CUMEMPUYHO20 MAHINYIAMopd, OmpumMano
AHATIMUYHULL PO38 A30K 360POMHOI 3a0ayi MAHINYIAMOPA, BUSHAYUEHO NOJONHCEHHA 6XIOHUX NAHOK, NOOYOO8AHO
npoepamy, 6 cucmemi Mathcad oOna xomn’romepHoco MOOent08AHHA OO0CNIONHCYBAHO20 MAHINYAAMOPA.
Pezynemamu  pobomu moxcyme 6ymu 3acmoco8aHi npu po3paxyHKy mda KOHCMPYIOBAHHA NIOCKO20
maninyasmopa. Iodarvuwuii nanpsim pobomu nepeddauac Komn 10mepHy animayilo MaHinyismopa, 6U3Ha4eHHs
posmipie ma Gopmu 1020 po6ouoi 30HU, A MAKONC HOPMYTIOSAHHST ONMUMIZ3AYIUHOI 3a0aYi CMOCOBHO
KOHCMPYKIMUGHUX PO3MIPIE NAHOK.

Knrwouosi cnosa: mauinyiamop, niockuil MAMinyiamop, npama 3a0aud KiHeMamuki, 360pOmHa 3a0a4d
KIHeMamuKu.

MaHinmyasTOpoM Ha3WBaOTh TEXHIYHUN TPUCTPIM, NpHU3HAYCHUN 11 BUKOHAHHS
AesIKUX po0ounx (GyHKIH pyK JIOAWHU, BAKOHABYMM MEXaHi3M MPOMHCIOBOro pobdoTta [1,2],
OCHAIIIEHOTO POOOYMM OpraHOM 1 MPUBOJIAMH, SIK1 TaFOTh 3MOTY BUKOHYBATH po0oUi (PyHKITIi.

BaxineHi Mexani3mu  [3-5] 3 pos'eqHAHUMH ~ KiHEMAaTUYHHMH  JIAHI[IOTAMU
(MaHITYJISITOPH) TTOKJIAZIEHO B OCHOBY CTPYKTYPHHMX CXEM 0aratbox MallliH, IO 311HCHIOIOTH
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3aKOHOMIpHI MexaHi4Hi pyxu. OcoOnuBMH iHTEpec HpU LbOMY MPEACTaBIAIOTH MUTAHHS,
NoB'sI3aHi 3 PO3po0KOI0 e(EeKTUBHUX METOMIIB PO3B'S3aHHS OOCpHEHOI 3a/adi KiHEMaTHKU
(O3K) [6-8], sika momnsirae B 3HAXO/KEHHI y3arallbHEHUX KOOPAMHAT B MOTO KiHEMaTHUYHUX
mapax, mo 3a0e3MedyroTh 3aJaHuil pyX 1 OpieHTaIil0 pobovoro oONaTHAHHS MO0
a0COTIOTHOI CUCTEMH KOOPINHAT.

Bimomo, mo O3K mae 6e3miu koMOiHAI MOMXIJIMBHX PO3B’SI3KiB, 1 KJIACHYHI METOIU
noOyI0BU PO3B’sA3KY 3aCHOBaHI Ha 3aMiHi BUXITHOI 3a/1a4l 3aBJAHHSIM 3 MEHIIOI KUIbKICTIO
HEBIJJOMHX 32 PaxXyHOK HaKJIaJEHHS BIJHOCHUX 3B'S3KIB Ha MEPEMIIICHHS B KiHEMaTHIHHX
napax. OfHaK JaHUN MPUIOM HE BIAMOBIZA€ Cy4YacHIM MPaKTUIl POOOTOTEXHIYHUX CHUCTEM,
110 1 3yMOBITIO€ HEOOX1/THICTh MOIIYKY aTbTEPHATUBHIX METO/IIB.

I 3 ycboro ix po3MaiTTs Iy>ke MOIIMPEHUMH € TUIOCKI MaHIMyJISTOPH, Pi3HI CXEMH SIKUX
peamizoBaHi B KOHCTPYKIISIX pSIy TMPOMHCIOBHX pPOOOTIB, pPOOOTIB JyIsl JIiKBimarii
HAJ3BUYAHUX CHUTYyalild, pOOOTU30BAaHMUX EKCKABATOPiB, MAaHIMyJSATOPIB MEIUYHOI Ta
KOCMIYHOI TeXHIKH, Ta iH. [[MM BU3HAYAETHCS aKTYalIbHICTBHICTD JAOCIIKEHB, MPUCBIICHIX
BJIOCKOHAJICHHIO Teopii 1 TMpPakTUKH pO3PaxXyHKY 3BOPOTHUX 3a7ad MaHIMyJIsATOPIB,
3aCTOCYBaHHA iX KOMIT FOTEPHOTO MOJETIOBAHHS.

06’ckm, npeomem ma memoou 0ocnioxycenna. OO0’ €KTOM AOCTIIKEHHS € TIIOCKHIMA
YOTUPHOXJIAHKOBHIA MAaHIITyJIATOP, HOTr0 KOMIT IOTepHa MOeNb. IIpemMer moCiiKeHHS, -
KiIHEMaTHKa 3axBaTa MaHIMyJsATOpa, B3a€MO3B’ 30K TMOJOKEHHS 3aXBaTa Ta BXIAHUX JIAHOK
MaHimynaropa. Ilpu moCHipKeHHI 3aCTOCOBAHO METOAM MPHKIAAHOT MEXaHiKH, Teopii
MeXaHi3MiB 1 MallIiH, OOYHCIIOBAIBLHOI MAaTEMATUKU Ta MOJEIIOBaHHA B cucteMi Mathcad.

Ilocmanoska 3aeédanna. OTpUMATH aHANITUYHAN PO3B’SI30K 3BOPOTHOI 3amadi
MaHIMyJATOpa, 32 3aJJaHUMU KOOpJIMHATAMH 3aXBaTa BU3HAYUTHU TOJOXKEHHS BXITHUX JIAHOK.
[MobynyBatn mporpamy B cuctemi Mathcad mims  KOMITIOTEPHOTO  MOJICTIOBAHHS
JOCTII)KYBaHOTO MAHIMYJISITOPA.

Pe3ynomamu ma ix o6zo6opennsn. Ha puc. 1 300pakeHO MIOCKUM MaHITyJISTOP, B
toukax A, Bi, B, mapnipae 3’eananna. B toukax O;, O, cepBomnpuBoAHd, IO OJHO3HAYHO
3aal0Th TOJIOKEHHS 3axBara A. 3 r€OMETPUYHHX MipKyBaHb OTPHMAHO CITiBBIIHOIICHHS,
PO3B’SI30K 3BOPOTHOI 3ajadi MaHimyJlsiTopa, TOOTO 3po0JIeHO mepexia BiJ IeKapTOBHX
KOOpAMHAT 3axBara MaHimymsatopa A(Xi;y;) Ao mnomspHux A(p;®), a nami o0 KyTiB
CEpBOIPHUBOIIB A(Q1;(2).

Pesynbratn neperBopers opopmiieHi y Burisiai nporpamu MATHCAD.

A

0, (o)

Puc. 1. Il;1ockuii maninyasitop.
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IToyaTok mporpamu.

Buxinni maui:

1 = 7 cM,- 10BXKMHA IIATyHA, r = 6 CM, - JIOB)KMHA KPUBOILIUINA, a = 6 CM, - BIICTaHb
MIX OCSIMU CEPBOIIPUBO/IIB, Xy =5¢eM, yp = 10 cM., - KOOpAUHATH 3aXBara.

p(x,y) ZZVXZ + y2, O(x,y) = g if x;=0 - MOJISIpHI

atan(z) if X1 > 0
X

T + atan(z) otherwise
X

KOOpAMHATH 3aXBara, puc. 1.

JIOBXHHHU BIJMOBITHHUX BiAPi3KiB, puc. 1:

2
AO1(%,y) = jp(x,y)2 +( ) ~ p(x.y)-a-cos(O(x,y)),

| ®

2
AOy(x,y) = jp(x,y)2+( ) + p(x,y)-a-cos(@(x,y)).

|

Kytu, puc. 1:
AO(x,y) 2 +17 - 1
2-A0(x,y)r

®11(x,y) = acos

5

2
AOI(Xa}’)z + Gj - p(XAy)2

AO;(x,y)-a

® 17(X,y) = acos

5

AOy(x,y) 2 +17 - I
2-A0y(x,y)r

®51(X,y) = acos

2
Aoz(x,y)2 + (%) - p(X,y)2

AOy(x,y)-a

®95(X,y) = acos

Kytu ceponpuBois, puc. 1.:
¢1(x,y) =1 -011(X,y) —01(X,y),
Gr(X,y) =T —0y1(X,y) — 0y (X,Y)
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Koopnuuari touok By ta Bo, puc. 1.:

xby := r-cos((])l(xl ,yl)) + %, yby = r-sin(q)l(xl ,yl)),
xby = —(r-cos(d)z(xl ,yl)) + %j, yby = r.sin((])z(xl ,yl))

[TapameTpu BiApi3KiB MPSIMUX, JJAHOK IUIOCKOTO MaHIMyJsTOpa, puc. 1.:

yb1 —¥1 yby =y

k:=—,b:= - kq- ,k:=—,b2= —kn- ,
T R A
yb] a yb) a
k3 = a, b3 = —k3-5, k4 = a, b4 = k4-§.
Xbl - = Xb2 + —
2 2

PiBHSIHHSI BIIpI3KiB IPSIMHX, JIAHOK TUTOCKOTO MAHIITYJISITOpa, puc. 1.:

11(x) = |kyx+by if xp < x<xby
break
Yp(X) = |kyx+by if xby <x<x7
break
y1() = [kyx+bs if%£x£xb1 ,

otherwise

ky-x+by if xby < x< %

yl‘z(X) = k4-X+b4 if sz <x< _%

k4-x+ b4 if —% <x< xb2 otherwise
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Puc. 2. Moaesb po3mineHHs JaHok MaHimyjasTopa B cuctemi MATHCAD,
KoopauHaTu 3axBarta A(5;10),
KYTH CepBONPHUBOAIB @1 = 36°43°48"", ¢, =117°57'14"".
Kineus nporpamu

Bucnoexku. Y po0oTi 3aCTOCOBaHO METOJM MPHUKIATHOT MEXaHIKH, TEOpii MeXaHi3MiB i
MallliH, OOYMCIIIOBAJIbHOI MAaTeMaTHKU Ta MOAeNIoBaHHSA B cucrteMi Mathcad, orpumano
AHATITHYHUA PO3B’S30K 3BOPOTHOI 3aJayi MaHIMyJsITOpa, 3a 33JaHUMH KOOpAWHATAMHU
3axBaTa BU3HAYEHO IOJIOKEHHS BXIIHUX JIAHOK, MOOYI0BaHO nporpamy, B cuctemi Mathcad
U KOMIT FOTEPHOTO MOJICNIOBAHHS JIOCIIKYBaHOTO MaHImyJsiTopa. Pesynpraté poboTu
MOXYTb OyTH 3aCTOCOBaHI HPU PO3pPaxyHKY Ta KOHCTPYIOBAHHS IIOCKOTO MaHIIYJISATOpA.
[Momanpmmii  HampsiM  poOOTH  Tiependadae KOMIT'IOTEPHY aHIMAIlil0  MaHIMyJIaTopa,
BU3HAUEHHS pO3MipiB Ta QopMu #Horo pobo4yoi 30HU, a TakoX (HOPMYITIOBAHHS
OINITUMI3AIIIHOT 33]]a4i CTOCOBHO KOHCTPYKTUBHUX PO3MIPIB JIAHOK.
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AHHOTAIIMA

PEIIEHUE OGPATHOM 3AJTAYM IIJIOCKOI'O MAHUITYJIITOPA B CHCTEME MATHCAD

Poiuasicuvie mexanuzmuvl ¢ pasobujeHnbiMu KUHEMAMUYECKUMU Yensimu (MAHUNYISMOpbl) NOL0NCEHbL 6
OCHOBY CIPYKIMYPHBIX CXeM MHO2UX MAWUH, OCYUWeCMBIIOUUX 3AKOHOMEPHBLE MEXAHUYECKUE OBUINCEHUSI.

Ananumuueckasi Mexamuka MAHURYISIMOPO8 pAcCMampuedaem 08a Kiacca 3a0a4 KUHEMAmuKu u
OUHAMUKU NpsiMble U 0Opammble.

Ocobvlii unmepec RpPeOCMASIAIOM BONPOCHI, CEA3AHHbIE C PA3PAOOMKOU IPDEKMUBHBIX MemOo00s
peuierus npsamol u obpamuoil 3a0auu Kunemamuxu. Obpamuas 3a0a4a cocmoum 8 HaxoNHCOeHuu 000OUeHHBIX
KOOpOUHAm 8 €20 KUHEMAMUYEeCKUX napax, 00ecneyusamux 3a0anHoe 08UIICEHUE U OPUEHMAYUI0 padboue2o
000py008aHUS 8 ADCOTIOMHOL CUCTEMbI KOOPOUHANI.

Hzeecmno, umo obpamuas 3a0aua KUHEMAMUKU UMEEm MHONICECME0 KOMOUHAYULL BO3MOICHBIX
peweHul, u Kuaccuieckue Memoobl NOCMPOEHUs peuleHUs OCHOB8AHbl HA 3amMeHe UCXOOHOU 3a0ayu 3adayell ¢
MEHbUWUM KOIUHECMBOM HEUZBECMHbIX 30 CYem HANOJICEHUsT OMHOCUMETbHbIX C6s3€ell HA NepeMeweHus 6
Kunemamuyeckux napax. OOnako Oanuvli npueM He COOMBEMCMEYEN  COBPEMEHHOU  NPAKMUKe
POOOMOMEXHUYECKUX CUCIEM U 8bI3bIEAET HEODXOOUMOCMb NOUCKA ANbIMEPHAMUBHBIX MEMO008.

U u3 6ceco ux paznoobpaszus oueHv pacnpoCMpPaAHEHbIMU eChlb NIOCKUEe MAHURYISIMOPLL, PA3IUYHbIE
cXeMbl KOMOPbIX Peanu308ambl 8 KOHCMPYKYUAX piod NPOMBIUIEHHbIX pobomos, pobomoe 0/si JUKEUOayuu
Ype3BbIUANIHBIX CUMYaAyUtll, POOOMUSUPOBAHHBIX IKCKABATNOPOS, MAHUNYIAMOPOE MEOUYUHCKOU U KOCMUYECKOU
mexHuKy u Op. Imum onpeodensemcs aKxmyaibHUCMbHUCb UCCTe008ANUL, NOCEAUJCHHBIX COBEPULEHCINEOBANUIO
meopuu U NPAKMUKU ~pacyema OoOpamuwlx 3a0a4  MAHUNYAAMOPOS, HPUMEHEHUe KOMNbIOMEPHO2O
MOOenUpOBaAHUSL.

B pabome npumenenvt MmemoOvl RPUKIAOHOU MEXAHUKY, MeOpul MeXAaHusmMos U  MAUuH,
BbIUUCTUMENBHOU MAMEMAMUKY U MoOeaupoganus ¢ cucmeme Mathcad. 1o 3a0annvim Koopounamam 3axeama,
KOHCTPYKIMUBHBIMU — PAZMEPAMU  UCCTIEOYEMO20 NIOCKO20, CUMMEMPUUHO20 MAHUNYISAMOpd, —HOJLYYEHO
aHanumuieckoe pewieHue 06pamHol 3a0auy MAHUNYISIMOPd, ONPeOeleHO NOLOJCEHUE BXOOHBIX 36€HbES,
nocmpoeno npozpammy, 6 cucmeme Mathcad 0ns KOMHLIOMEPHO20 MOOETUPOBAHUSL  UCCTE0YEMO20
Mmanunynamopa. Pesynomamul pabomvl mo2ym Obimb NpUMeHeHbl npu pacieme U KOHCMPYUPOSAHUs NIOCKO20
Mmanunynamopa. [anvnetiwee Hanpagienue padomvl npeoycCMampueaem — KOMHbIOMEPHYIO  AHUMAYUIO
Manunynamopa, onpedeieHue pasmepos u Gopmel e2o pabouell 30HbL, A MAKAHCE DOPMYIUPOSKU
ONMUMUZAYUOHHOU 300a4U OMHOCUMENbHO KOHCIMPYKIMUBHBIX PA3ZMEPOE 36EHbES.

Knrouesvle cnosa: manunynsimop, niocKuil MaHuUnyiamop, RpAMAs 300a4a KuHeMamuku, oopamuas
3a0a4a KUHEMAMUKU.

SUMMARY

SOLUTION OF PLANE INVERSE PROBLEM MANIPULATOR IN MATHCAD

Linkage of disparate kinematic chains (manipulators) underlying the block diagrams of many machines
that carry out regular mechanical motion.

Analytical mechanics of manipulators is considering two classes of problems of kinematics and
dynamics of forward and backward.

Of particular interest are issues related to the development of effective methods for solving direct and
inverse kinematics problem. The inverse problem is to find the generalized coordinate its kinematic pairs,
providing orientation and movement set working equipment on the absolute coordinate system.

It is known that the inverse kinematics problem has many possible combinations of solutions and
classical methods of solution based on replacing the original problem task with fewer unknowns by imposing
relative links to SHIFT in kinematic pairs. However, this method does not meet the modern practice of robotic
systems and necessitates alternativnyh search methods.

And with all their diversity poshyrnnymy is very flat Handling different circuit designs are implemented
in a number of industrial robots, robots for disaster management, robotic excavators, manipulyatorov medical
and space technology, and others. This determines aktualnistnist studies on improving the theory and practice of
calculating inverse problems manipulyatorov, the use of computer modeling.

In this paper the method applied mechanics, the theory of mechanisms and machines, mathematics and
computer modeling system Mathcad. Given the coordinates of capture, design sizes of flat, symmetrical arm, the
analytical solution of the inverse problem manipulator position defined incoming links, built the program
Mathcad system for computer modeling investigational arm. The results can be used in the calculation and
design of the flat paddle. A further line of work involves computer animation arm, determine the size and shape
of its working area, as well as formulation optimization problem regarding structural size units.

Keywords:: mounted, flat mounted, direct task of kinematics, inverse kinematics problem.
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