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AHHOTANUA

Beeoenue. MexaHn3MbI ¢ HEKPYTIIBIMU 3y0UaThIMU KOJIECAMH BBI3BIBAIOT IIUPOKUN HHTEPEC HCCIleioBaTeNel 1 n300pe-
TaTesed BCIIEACTBHE X KOMIAKTHOCTH M PEeajM3alliy IIHPOKOTo CIIEKTpa NepenarouHbix GpyHkuuii. PasBurie nannon
00J1acTU CTUMYJIHPYETCS Pa3BUTHUEM M yIEUIEBICHUEM TEXHOJOIUH MeXaHW4ecKoH oOpabOTKH U aJAJUTHBHOTO MPOU3-
BOJICTBA, a TAKXKE IPHUMEHEHUEM NPUKIIAJHbIX TAKETOB MATEMAaTHUECKOTO MOJEINPOBAHUS AJsl aHAIN3a U CUHTE3a He-
KPYIJIBIX 3y04aThix Kosiec. Hekpyriibie 3yOuaThie Kojieca TPaauIIHOHHO CITYKAaT IS IePeAayH BPAIIaTeIbHOTO TBHKCHUS
MEXIy MapaeIbHbIMI OCIMH C TIEPEMEHHBIM OTHOIIEHHEM YTJIOBBIX CKOpocTel. OfHAKO MX MPUMEHEHHE B CXEMax
IUTAaHETAPHBIX IIepe/ad MO3BOJIAET PEATU30BaATh Pa3INYHbIC BUIBI IBIKCHUS BBIXOJHOTO 3B€Ha. AHanmu3 paboT 1o TemMa-
THKE HCCIIEIOBAHMS TIOKA3bIBAET, YTO IEPEAAUH C MOBIKHBIMU OCSIMH BpPAIIEHHs HEJOCTATOYHO UCCIIEJOBAHBI C TOUKH
3pEHNS] KHHEMATHKH ¥ TUHAMHUKH. BOJNBIIMHCTBO HayYHBIX pab0T PACKPHIBAIOT TEOPUIO TAKUX MEXAHHU3MOB, HE IPOBOJIS
BepH(UKaINH MOTYIEHHBIX PE3yIbTaTOB Ha IpakTHKe. L{enpio HacTosmel paboTHI SIBIISETCS SKCIIEPUMEHTANIbHAST BEPH-
(uKanus KNHEMAaTHKH IUIAaHETApHOTO MEXaHM3Ma C JBYMsI BHEIIHUMH 3alleTIIEHUsIMU, HMEIOIIEr0 B CBOEM COCTaBe dJI-
JMNITHYECKUE 3y0UaThie Koeca.

Mamepuansl u memoosl. Kunematnieckasi MoJIeIb UCCIIEAYEMOT0 MEXaHH3Ma IOCTPOCHA Ha 0a3e MiIaHa CKOPOCTeH ero
3BCHBCB, KOTOpLIfI TTO3BOJIMJI NOJTYYUTD BBIPAXKCHUA I HAXOXKICHU aHallora yFHOBOﬁ CKOpOCTH U (byHKHI/II/I TIOJIOKCHHUA
BBIXO/IHOT'O Basia. JKCIEPUMEHTAILHOE UCCIIeJOBaHNE KUHEMATHKH BBITTOJTHEHO Ha 1a00OpaTOPHOM CTEH[IE, COJIepIKalleM
MakKeT IUITAaHETApPHOTO MEXaHU3Ma ¢ HAOOPOM CMEHHBIX 3y04aThIX KOJEC, a0COIMIOTHBIE SHKOJEPHI HA BXOJHOM M BBIXOJ-
HOM Bajiax MexaHu3Ma, KouTposuiep u IIK mns perucrpanmu u 06paboTku curHana. AHann3 MOIy4EHHbBIX PE3yJbTaTOB
npoBeneH Ha OBM ¢ ncnonb30BaHNEM METOJOB CTATHCTHYECKOTO aHAIN3A.

Pezynomamut uccnedoganus. B pesynprate KHHEMaTHIECKOTO aHAIN3a TIOCTPOCHBI (PYHKIINH MOJI0XKEHHS AT TPEX Ba-
PHAHTOB IUIAHETAPHOTO MEXaHU3Ma, HMEIOIINX Pa3INIHBIE T€OMETPHUECKHE TapaMeTPhl 3y0UaThIX KOJIEC U TIO3BOJISIO-
IIMX PeaM30BaTh Pa3IMYHbIC BUABI JABMKEHHS BBIXOJHOTO Basla: BO3BPATHO-BPAILATEIbHOE IBIDKCHUE, IBI)KECHHE C
OCTaHOBKAaMH M OJJHOCTOPOHHEE HEPAaBHOMEPHOE BpallICHHE.

Odcyscoenue u 3akniouenue. AHaInu3 pe3yabTaToB SKCIIEPUMEHTA MOKa3al aJIeKBaTHOCTh IIOCTPOCHHOW MaTeMaTHde-
CKOW MOJIENIN KHHEMATHKH PeabHbIM MeXaHu3MaM. JloBepHUTeNIbHBII HHTEPBaI OIMOOK U3MEPEHUs IIPU YPOBHE JI0CTO-
BepHOCTH 95 % coctaBuil i mepBoro Bapuanta Mmexanusma 0,16 + 0,08, ans sroporo Bapuanta — 0,57 + 0,22 u st
tperbero — 0,08 = 0,26. [TpeasyoxkeHHbI ITaHEeTaPHBIA MEXaHU3M C JJUIMITUYECKHUMHU 3y04aThIMH KOJIECaMH s pea-
JIM3alun pas3jIMYHbIX BUIOB JABHMKCHUSA MOXKET 6BITI) IMPUMEHCH B IIPHUBOJAAaX TEXHOJOTHYCCKOTO o6opyz[013aHH${ MHOT'MX
oTpaciel IPOMBIIIICHHOCTH: XUMHYECKOW M MHIIEBOH (IIepeMeIInBalolIie yCTpoiicTBa), HedrenepepadaTrBaromeit
(cTaHKU-KavanKu Uit TOOBIYH HE()TH), MAIIHHOCTPOUTENBHON (KOMIIPECCOPHI, HACOCHI, CTAHKU-aBTOMAThl) U APYTHUX.
[IpoBeneHHBIE KMHEMATHYECKHUE UCCIICIOBAHMS TUIAHETAPHOTO MEXaHMW3Ma U MX HKCIIEPUMEHTAIbHBIA aHaIN3 HE00X0-
JVIMBI TIpH JalbHEHIIEM TUHAMHYECKOM M CHJIOBOM HCCIIECAOBAHUSX, a TAKXKE NPH NTPOSKTUPOBAHUH TIPUBOJIOB Ha Oaze
MIPETIOKEHHOI Iepeayn.

KiioueBble ciioBa: rmaHeTaprIﬁ MEXaHU3M, SJUIMIITUYCCKUC 3y6anLIe KoOJIecCa, KHHEMaTH4eCKUH aHaJIus3, (byHK]_[I/IH
IIOJIOKCHHUA, CTaTHUCTUYCCKUU aHaJIu3, HEONMPEACJICHHOCTh U3MECPCHU, ﬂOBepI/ITeJ'ILHHﬁ HUHTEpBAJI
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BaarogapHocTu. ABTOPBI BEIPAXKAIOT 0JIar0JapHOCTh PEAAKIIMY U PEIICH3eHTaM 3a BHUMATEIbHOE OTHOIIEHHE K CTaThe
Y yKa3aHHbIE 3aMEYaHus, KOTOPHIE TI03BOJIMIIN TIOBBICUTE €€ Ka4eCTBO.

dunancupoBanue. lVccienoBanne BIOIHEHO pu (uHaHCOBOW moiepxke KybaHnckoro HayuHoro oHIa B paMkax
Hay4HO-MHHOBalmonHoro mpoekta Ne HUIT-20.1/135 «KoHcTpyupoBaHie W HCClielOBaHHE IUIAHETApHOM mNepenadn
AIUTMITHISCKAMHE 3y04aThIMH KOJIECAMH B COCTaBE MIPUBO/IA MOPIIHEBOI0 KOMIIPECCOPay.

Jns murupoBanus. [prxompko A.A., bemmna H.H., Hosrmxwit A.B., Hletrara M.M. DkcniepuMeHTanbHOE HCCIeIOBAHNIE
KWHEMAaTHKH JIByXPSIHON TUIAHETApHOM TTepeiadn MUTMITHICCKUMI 3y09YaThIMU KOJIECAMH C IBYMS BHEITHUMH 3alICTUICHUSIMU.
Advanced Engineering Research (Rostov-on-Don). 2024;24(4):360-368. https://doi.org/10.23947/2687-1653-2024-24-4-360-368

Original Empirical Research

Experimental Study of the Kinematics of a Double-Row Planetary Mechanism
Using Two Elliptical External Gears
Alexander A. Prikhodko" = <, Nataliya N. Belina"*’, Andrey V. Novitsky ~', Maksim M. Shchetinin

Kuban State Technological University, Krasnodar, Russian Federation
P4 sannic92@gmail.com

Abstract

Introduction. Mechanisms with non-circular gears are of wide interest to researchers and inventors due to their
compactness and the implementation of a wide range of transfer functions. The development of this area is stimulated by
the advancements and reduction in cost of mechanical processing and additive manufacturing technologies, as well as the
use of applied mathematical modeling packages for the analysis and synthesis of non-circular gears. Traditionally, non-
circular gears are used to transmit rotational motion between parallel axes with a variable ratio of angular velocities.
However, their use in planetary gear schemes provides implementing various types of output link motion. The analysis
of the papers on the research area shows that gears with movable rotation axes have not been sufficiently studied from
the point of view of kinematics and dynamics. Most research papers reveal the theory of such mechanisms without
verifying the results obtained in practice. This work is aimed at the experimental verification of the kinematics of a
planetary mechanism with two external engagements, which contains elliptical gears.

Materials and Methods. The kinematic model of the mechanism under study is built on the basis of the velocity diagram
of its links, which made it possible to obtain expressions for finding an analogue of the angular velocity and the position
function of the output shaft. The experimental study of kinematics was performed on a laboratory stand containing a
model of a planetary mechanism with a set of replaceable gear wheels, absolute encoders on the input and output shafts
of the mechanism, a controller, and a PC for recording and processing the signal. The analysis of the obtained results was
performed on a computer using statistical analysis methods.

Results. As aresult of kinematic analysis, position functions were constructed for three alternative planetary mechanisms,
which had different geometric parameters of the gears and made it possible to implement various types of motion of the
output shaft: swinging motion, discontinuous motion, and unilateral uneven rotation.

Discussion and Conclusion. The analysis of the experimental results showed the adequacy of the constructed
mathematical model of kinematics to real mechanisms. The confidence interval of measuring errors at a reliability level
of 95% was 0.16+0.08° for the first version of the mechanism, 0.57+0.22° — for the second version, and 0.08+0.26° —
for the third. The proposed planetary mechanism with elliptical gears for implementing various types of motion can be
used in drives of process equipment in numerous industries: chemical and food (mixers), oil refining (pumping units for
crude production), mechanical engineering (compressors, pumps, automated machines), and others. The conducted
kinematic studies of the planetary mechanism and their experimental analysis are needed for further dynamic and force
investigations, as well as for the design of drives based on the proposed transmission.

Keywords: planetary mechanism, elliptical gears, kinematic analysis, position function, statistical analysis, uncertainty
of measurement, confidence interval
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Beenenue. MexaHu3Mbl ¢ HEKPYTIIBIMH 3yO4aThIMU KOJIECAMU H3BECTHBI JABHO, OJJHAKO MX SKCIIEPUMEHTAIbHBIE HC-
CJIETOBaHUSI M TIPAKTHYECKOE BHEPEHHUE JIONTOE BpeMsl ObIIN 3aTpy THEHBI M3-3a Y3KOH CIIeINaT3aI[i1 TAKUX MEXaHH3MOB,
CJIO)KHOCTH M BBICOKOM CTOMMOCTH MX M3TOTOBJICHMS. B HacTosAmMiA MOMEHT HaOMIOAaeTCsl MOBLIIIEHIE HHTEpEca Hcce-
JoBaTeNel K JaHHOW TeMaTuKe. I1pn 3ToM GOJBIIMHCTBO HAYYHBIX PadOT B 00JIACTH IPOSKTUPOBAHHUS IIepead HEKPYTIbIMU
3y04aThIMHU KOJIECaMH OCHOBAHO Ha aHaIIM3e reoMeTpuu [ 1] 1 KuHeMaTuky [2] ¢ nelnbro noitydeHus Tpedyemoii nepenaroy-
HOW (DyHKIUH I IpakTHIecKoro npumeHenus [3]. B [4] u [5] pa3pa®oTaHbl ¥ M3y4eHBI MEXaHU3MBI ST CHHTE3a (DYHKITHIA
YTJIOBOW CKOPOCTH; MCCIIEA0BATEIIAMHE NPEATIOKEHA POOOTOTEXHHKA C HEKPYTIIBIMHU KOJIECAMH, HAITPUMED, NPBITAIOIIHH PO-
00T [6], poboT-rekcanon [7], MeXaHH3M IK30CKENIeTa sl peaOMIUTalul KOJICHHOTO cycTaBa [8]; UCCIeoBaHbI ¢ TOUKU
3penns kuHematrku [9] u auHaMuku [10] 6oxee 3¢ peKTUBHBIC TOCATOYHBIC MAITHHBI IS CETBCKOXO3STCTBEHHOM TIPO-
MBIIIEHHOCTH; Pa3pabOTaHbl ¥ CIIPOEKTHPOBAHBI MHOTUE APYTHE YCTPOKUCTBA.

O030p UCTOYHHUKOB MMOKa3aJl, 4TO HanboJIee pacpoCcTpaHeHbI 3y0UaThIe KoJieca ¢ JUTHITHYECKO# neHTpounoii [11, 12].
Co3nans! MamuHs! [10] u ycTpoiicTBa [4] ¢ IIMOTHUECKUMU KOJIecaMu, U3ydeHa reoMetpus [13], pemeHs! HeKoTopble
BOIIPOCHI poekTrupoBanus [ 14] u usrorosnenus [15].

DnunTryeckre 3yoyarbie Kojeca B OCHOBHOM IMPUMEHSIOTCS € LIENbIO TIepejadll BpallaTeIbHOTo ABHKEHHS MEXKIY
napajuIeIbHBIMU HETIOABMXHBIMU OCsIMU [16]. OHaKo Takoe UCIONIBb30BaHHE HEKPYITIBIX KOJEC MO3BOMISIET MOTY4YUTh
JIMIIH OJJHOCTOPOHHEE HEPAaBHOMEPHOE BpallaTesIbHOE ABIKEHHE, UTO OTPaHNINBAET chepy ux npumeHenus. Ilnanerap-
HBbIE Ilepeayn 00Ia1atoT OoJiee IMUPOKUMHU BO3MOXKHOCTSIMU JUIS peaM3alliy CIIOKHBIX BUJIOB JABMKEHUS paboyumX op-
TaHOB, a CO3/IaHHME IPUBOJIOB HA MX OCHOBE IO3BOJIMT Pa3padoOTaTh M BHEAPHUTH Ooiniee 3(PPEKTUBHBIE U KOMITAKTHBIC
MAaIIUHbI PA3IMYHOTO TEXHOJIOTHYECKOTO Ha3HAYCHUS.

[o pe3ynbTaram aHamu3a Hay4YHOM JMTEpaTyphl B 00JIACTH Tepead HEeKPYIJIbIMU 3y04aThIMU KOJIECAMHU B KAaueCTBE
00BEKTa MCCIIeI0BaHu TIPEUIAaracTcs INIaHETaAPHbIH MEXaHNU3M C SJUTUNITHYECKUMU KojecaMmH. Llenb paboTsl cocTouT B
SKCIIEPUMEHTAILHOM KHHEMAaTHIECKOM aHAJIN3€ IUIAHETAPHOMU Iepeaadr 1 000CHOBBIBAETCSI HEOOXOAMMOCTHIO Bepu(H-
KallU¥ TEOPETUUECKUX ITOJI0KEHHUH IJIs1 MX KOPPEKTHOT'O UCIIONIB30BaHM Ha CIIEIYIOIINX 3Taax MPOeKTUPOBAHUSI — IpU
JTUHAMHUYECKOM, CUIIOBOM aHAJIN3€ U pacyeTax Ha MPOYHOCTb.

Marepuaisl 1 MeTobl. KnHemMaTideckas MozielIb MEXaHH3Ma CTPOHTCS Ha OCHOBE ILIaHa CKOPOCTEH ero 3BeHbeB (prc. 1).

Puc. 1. Ilnan ckopocTeii A1l paccMaTpUBaeMOIr0 MEXaHU3Ma:
1 — BoAMIIO; 2 — BaJl CaTEIINTA; 3 — JJUIMITHYECKOE KOJIECO HA BHIXOJHOM Bally;
4 — coNHEYHOE HUTUNTHYECKOE KOJIeCo; 5, 6 — IINNTHYECKHE KoJieca CaTeIINTa

AHanor yriioBoil CKOpOCTH BBIXOJIHOTO Bajla ONpe/IeNsieTcs clieyonuM oopazom [17]:
®; Vp-AC BD-AC

' = = = . 1
%=, V.-DE BC-DE )
Otpesku BD, BC u DE onpenensioTcs depes MospHoe ypaBHeHHe dmwrca [17]:
a (1 —e? )
plo)=——— @)

- l-e-cos¢p’

TA€ (¢ — YyroJ moBOpOTa; € U ad — IKCUEHTPUCUTET U OoJtbIIas TI0JIYOCH JJIIHIICA.
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Omnpenenum paguychl 3aLleIUIeHHs Kosec 5 U 6:

a(l—elz)
L T —

3)

al(l-e
CD=p(,=M, @)
1-e, -cos Q¢

TZIe e U e — 3KCLUEHTPUCHUTETHI IS KayKIOW Maphl JITMITHIECKUX KOJIEC, YTIIbI TOBOPOTAa KOTOPBIX (U5 M (g TTOIYIEHBI
CIIeYIOIIM 00pa3oM:

- et 4 5)
®s 1+ef +2e -cos @, P
P =T+ Q5. (6)
Omnmpasick Ha TIaH CKOPOCTeH 1 yauThIBas ypaBHeHus (3), (4), ompenennM HCKOMBIE OTPE3KH KaK:
BD =ps—ps, (7
AC=EC =2a, ®)
DE =2a—-p,. &)
Omnupasics Ha (2)—(9), noyuuM BeIpaXEHHUE IS OTIPEEIICHUS aHAJIOTa YIIIOBOM CKOPOCTH BBIXOJJHOTO BaJla!
[— . 2a
gy = Pe~Ps) 22, (10)
Ps (2‘1 ~Ps )
VYrou noBopoTa onpenenseTcs HHTerpupoBanreM ypasHenus (10) 1o 00001IeHHOH KOOpAXHATE @ :
03 = [o3do. (1)

BapuanusaMn KMHEMaTHYECKOW CXEMBI MEXaHU3Ma SBIISICTCA 3aMEHa SJUTUITHYESCKUX KOJIeC Ha HWIMHAPUYECKHE B
OJTHOI M3 Tap, IUIs UCCIEOBAaHHUs KOTOPhIX HEOOXOAMMO B MOJYYEHHOH MaTeMaTHYeCKOi Moesu GYHKIMU PailyCoB
3aMEHUTH Ha (PUKCHPOBAHHBIC 3HAUCHIIS.

PaccmoTpuM MexaHU3MBI ¢ Tapo# dmunTrdeckux konec 3—6 (e = 0,28), 1 TMIMHAPUIECKUME KoJiecaMu 4 u 5 cire-
IYIOIINX Pa3MepOB:

— BapuaHT 1: Rs =25 MM, R4 = 25 MM;

— BapuaHT 2: Rs = 18 MM, R4 = 32 MM;

— BapHaHT 3: Rs = 16 MM, R4 = 34 MmM.

Ha puc. 2 moka3zansl rpaduku (GyHKIUH TOJI0XKEHUS, TOTYYCHHBIC C HCIOb30BanueM (11).

®3, pan

0,0

o

=

. 5

h " g

-5,0 | \ =
= =

s

. =

o 2

71,5 z
o

0 = 2n B 4n ST o, pan &,

3 3 3 9

=

Puc. 2. I'paduku 3aBEUCUMOCTEH IS cCIeyeMbIX KOHQUTypalrii MexaHu3Ma 5
=

Amnanu3 rpaduKoB IoKa3bIBaeT (Ha puc. 2 nudpamMu 0003HauSHBI HCCIIEIyeMble BApHAHTHI ), YTO K3MEHEHUE Pa3MepOB
3y0YaThIX KOJIEC MO3BOJISAET MOTYYUTh Pa3sIMYHbIe BHBI IBIDKCHHS BBIXOIHOTO Bajla: BO3BPATHO-BpaIlaTesibHOe (Bapu-
aHT 1), mpepbIBUCTOE (BapHaHT 2) U OJHOCTOPOHHEE HEPABHOMEPHOE BpalllaTeIbHOE JBMKEHHE (BapHaHT 3).
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Pe3ysibTaThl HCC/IENOBAHMS. AHAIN3 KHHEMATHKH MMOJATBEPANIT PEATU3AINI0 PA3THYHBIX TEPEAATOUHBIX QYHKIHH,
a U3MEHEHNe pa3MepoB 3y0UaThIX KOJIEC O3BOJISET IPOBOANTE KUHEMAaTHUSCKUI CHHTE3 HOBBIX MEXaHH3MOB.
OOBEKTOM SKCIEPUMEHTAIBHOTO MCCIIEIOBAaHUS CIIYXKUT IPOTOTHIL, AETAIN KOTOPOTO ITOKa3aHbI Ha puc. 3.

Puc. 3. Jletanu ucciexyeMoro NpoToTUna

YTI16I TOBOPOTA H3MEPSIOTCA a0COMIOTHBIMH 3HKOIepamH (Tabimma 1).

Tabmuma 1
XapakTepuUCTHKHN SHKOJAEPOB
Huamertp BrixonHoit curuan Paspewenue JIuneitHocTh CKOpOoCTb YTEHHS
22 MM 0-5B 360°/ 4096 =~ 0,088° 0,3 % 0,6 mc

Curnan peructpupyercsi KoHTposiepoMm Arduino u obpabarbiBaetcs Ha [1K (puc. 4).

https://vestnik-donstu.ru

0)

Puc. 4. [lpuHnnnmanpHas cxema (@) ¥ BHEIIHUHA BUJ (6) SKCIIEPIMEHTAIBHOTO CTEH/IA!
1 — kopmyc; 2 — BXOAHO#H Bair; 3 — BBIXOAHOH Bai; 4, 5 — 3HKOIEPHI; 6 — KoHTposuiep Arduino; 7 — mepcoHaNbHbIH KOMIBIOTEP
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O0paboTKa 1 aHAIU3 Pe3yJIbTaTOB U3MEPEHHUH OCYIIECTBISLIMCE B pukiagHoM nakere MathCAD. Cxemsl uccneny-

€MBIX BAPHAHTOB U PE3yJIbTAThl SKCIIEPUMEHTa TIOKa3aHbI Ha puUC. 5. (3,°.

-20

-40

a)

0 60 120 180 240 270 ¢,,°

0)

0 60 120 180 240 270 @.°

o
s,

—100

—200

=300

-400

6)

Puc. 5. Pe3ynbraThl HccreioBaHus: @ — BapUaHT 1; 6 — BapuaHT 2; ¢ — BapHaHT 3

0 60 120 180 240 270 ¢,°

Teop.

Okcenep.

Teop.

?.lﬁcnep.

Teop.

?.I:Cl'lep.

Kak BUIHO U3 I‘pa(l)I/IKOB, HU3MCEPCHHBIC 3HAUCHHS YIJIOB [TOBOPOTA BBIXOAHOI'O BaJla aACKBATHBI HOCTpOGHHOﬁ MOACIHN.

OIICHI/IM PE3YyJIbTAaThl OKCIEPUMEHTA UHCTPYMCHTAMU CTATUCTUYCCKOT'O aHaJIn3a.

Omnpenenum cpeaHee 3HaYCHUE OIMMO0K u3Mepenus [18]:

(7:%2;1(]1"

/i€ 1 — KOJIMYECTBO HE3aBHUCUMBIX HAOIOJCHAN k.
BrrancnM BEIOOPOYHYIO AUCTIEPCHIO:

1 n 2
2 —

s =— -q)".
(4)=—— > (2 -7)
OHeHKy JUCIICPCUHN CPCAHETO 3HAYCHUS IMMOJTYUNUM CICAYIOIINM 06pa30M:

i (g)=2)

CranmapTHas HEONPEAEICHHOCTh N3MEepEHH 1o THITy A onpenenutcs [19]:

u(q)=s*(q).

(12)

(13)

(14)

15
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[IpuHuMmast 3a 3HaYCHHS ¢k OMIMOKU M3MepeHus U oOpabarbiBast ux coriacHo (12)—(15), BRIYMCINM HEONpEeIe/iCH-
HOCTb U3MepeHusi. Pe3ynbTaThl CTATUCTUYECKOTO aHATN3a IPUBEICHBI B Ta0IuUIIe 2.

Tabmnuna 2
CTaTHCTUYECKUI aHaTN3 OMNOO0K H3MEPEHUS
KonnuectBo HeomnpenenenHocts
Homep mexanm3ma . | Cpennee 3HaueHne OMIMOKH
M3MEPEHHBIX 3HAUYCHUH HU3MEpeHHs
1 195 -0,16° 0,04°
168 0,57° 0,11°
3 192 0,08° 0,13°

JloBepUTeNbHBIM MHTEpBal OMpenensercs Kak ¢ +2u Ul YpOBHA JocToBepHOcTH 95 % U cocraBisger

—0,16 £ 0,08 (Bapuanr 1), 0,57 = 0,22 (Bapuant 2), 0,08 + 0,26 (BapuanT 3). Takum 00pa3om, MOCTPOCHHAS MaTEMAaTH-
YeCKas MOJCJb KHHEMATHUKHU aZICKBATHA q)MSI/IHCCKI/IM MIpOTOTHUIIaM.

O6cy:xaeHne U 3aK0YeHne. [IpeacrapieHa iaHeTapHas repeaayda ¢ SUIMITHYSCKUME KOJIECaMU, TI03BOJIAIONIAst
peann3oBaTh HEPAaBHOMEPHOE, MPEPHIBUCTOE M BO3BPATHO-BpaAIaTeIbHOES IBHKEHHE BBHIXOMHOIO Baya. Bu IBHKEHUS
OTIpeIeTIsieTCsl MapaMeTpamMu 3yOUaThIX KOJIec.

TMocTpoeHa kuHEMaTHYECKash MOJIEITb TIEPEAadH, MOMYUCH 3aKOH [BIKCHHUS BBIXOJHOTO Basia. AHAIN3 MEXaHU3MOB C
Pa3NMYHBIME MapaMeTpamMu 3y04aThiX KOJIEC MMOKa3al peajn3yeMOCTh IUPOKOTO CHEKTpa MepefaTouHbIX (QyHKIuH 1
BH/IOB JBIKCHHSI BBIXOIHOTO BaJa.

CooTBeTCTBHE PE3yIbTaTOB MPOBEACHHOTO KHHEMAaTHYECKOTO aHAIIN3a PEeaTbHBIM MEXaHU3MaM MOATBEPIKICHO IKC-
MEPUMEHTATIBHBIM UCCIIeA0BaHNEM (DYHKIUH MOJ0XKEHHS BBIXOJAHOIO Bajia Ui TPEX BApUAHTOB (HH3MYECKOTO MPOTO-
tuna. [IpoBeieHHAas OlEHKA aICKBATHOCTH MAaTEMAaTHUSCKOW MOJICITH MTO3BOJISICT UCTIONB30BaTh €€ MPH THHAMUYECKOM U
CUJIOBOM aHaJIM3¢ MAIIMH Ha 0a3e mpejyiaraeMeix mnepenad. Mccnemyemble BApHAHTBI MEXaHU3Ma MOTYT IPUMEHSTHCS B
MPHUBOJAX KOMITAKTHBIX U MPOCTHIX B YPABHOBEIIMBAHUY TEXHOJIOTUICCKAX MAIIIHH.
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