®UBNYECKUE ACHEKTBI HUKJIOU/IbI U EE IPUMEHEHUE B MEXAHUKE

K.A. Epzenan’, T.B. Mkpmuan?
! Poccuiicko-Apmanckuii ynusepcumem
2 Vuenuxu wixonvt Poccuiicko-Apmanckozo ynueepcumema " Yemynx"

kamo.erg@gmail.com, tik.mkrtchyan87 7@gmail.com

AHHOTAIIUA

B nmanHoli paboTe wucchemyercss KpuBas IUKIOWAA, €€ MaTeMaTHYeCKHE CBOICTBA,
bu3HYECKHE XapaKTePUCTUKU U obnacTu npuMeHeHus. Oco0oe BHUMaHUE YICNISIETCS €€ PO B
3aja4ax OpaxuUCTOXpoHa M TayTOKpoHa. CBOWCTBA HUKIOWIBl MU3Y4YaUCh MHOTHMHU YYCHBIMH,
BKutovast ['anuneo anunes, bnesa Ilackansa, Moranna bepuymiu u Xpucruana [olirenca. Otu
UCCIICIOBAHUS TMOKA3aJIM, YTO IMKJIOM/Ia IIMPOKO HCIIOJIb3YEeTCS HE TOJBKO B TEOPETHUYECKON
MaTeMaTuke, HO U B MH)KCHEPHH, MEXaHHUKE U (PH3HKE.

KiaroueBble ciioBa: IOHUKIOHMAA, 6anI/ICTOXpOH, TAYTOKPOH, IapaMETPUICCKUC YPABHCHU,
MCXaHHKa.

1.BBenenue

Hukaonaa — 3T0 MI0cKas KpHUBas, ONMUCHIBaeMasi TOUKOM OKPY>KHOCTH, KaTsieics 6e3
CKOJIBJKEHUS 110 NpsIMOM JIMHUH. MccnenoBanne nukionas! Hadanocs B X VII Beke, korna ['anuneo
[anuneil BnepBble 0OpaTUi BHUMAaHUE HA 3Ty YHUKAJIbHYIO KpuBYyr0. Ero paborsl npomomkuim
bne3 Ilackanes u Morann bepHymim, koToppie M3ydand NMPUMEHEHHE IUKIOWIB B (U3HKE U
MEXaHHKe.

2.0cHOBHBIE MaTeMaTHYeCKHe CBOMCTBA IUKJIOHIbI

2.1. [TapaMeTpuYecKue YpaBHEHUS IUKJIOUIbI

Ecnu okpyxHOCTh paamyca R karutcs 0e3 CKOJBKEHHs BIOJb OCH, TO TOYKAa Ha
OKPY>KHOCTHU OIHCBHIBAET LUKIOUY, KOTOPYI0 MOKHO 3aJaTh CJEIYIOIMIMMU MapaMeTpUYeCKUMU
YpaBHEHUSMU:

X =R (t— sint)
Y=R(1- cost)

rae t — yroja noBOpoTa OKPY>KHOCTU. DTH YPABHEHUS IEMOHCTPUPYIOT 3aBUCUMOCTb IIUKIIOUIbI
OT yIJIa BPAIICHUSI M CTIOCO0 TTOCTPOSHUS ITON KPUBOH C ITOMOIIBIO JBHIKYIIIECHCS TOUKH.

2.2 lnuHAa ¥ JI0MAAb UKJIOUIbI

MaremaTnuyecKne BbIYMCIeHNA MOKA3LIBAIOT:

e JlnmHa OIHOM MOJHOM AYTH LUKIOUIBI cocTaBisieT SR.

e [lmomane, orpaHMYeHHAss OMHOM AYTOW LIUKIOUIBI U OCBhIO, paBHA 31R2.
DTH pe3yabTaThl HMMEIOT BAXKHOE 3HAYCHUE B WHXKEHEPHBIX TNPUIIOKEHUSAX, OCOOCHHO B
MPOEKTUPOBAHUM MEXAaHUYECKUX CUCTEM.
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2.3 lIpuMeHeHNS NUKIOU/BI

2.3.1 Hukyaonga kak OpaxucTOXpoH

B 1696 rony Worann bepHymnu npemioxui 3amady OpaxuCTOXpOHA — HAWTH TaKylo
KPHBYIO, TI0 KOTOPOH TEJIO TOCTUTaeT KOHEYHOH TOYKM 32 MUHUMaJIbHOE BpeMs. OH J10Ka3aj, 4To
3Ta KpHUBasg — IUKJIONAA. DTOT PE3yNbTaT ChIrpajl BAXXHYIO pOJb B PAa3BUTUU BapHUALMOHHOTO
UCUYHCIICHUSL.

2.3.2 llukaonaa Kak TAyTOKPOH

XpI/ICTI/IaH I'foiirenc HCCIICA0BAJI ITOBCACHUC MAATHUKOB B PAa3JIMYHBIX CUCTEMAX M A0Ka3all, 4YTO
CCJIM MAasATHUK JABUIKCTCA BAOJIb HUKIIOW/BI, TO €ro nepuoa KoJieOaHuM ocTaeTcs HECHU3MCHHBIM,
HE3aBHCHMO OT HAUYaJIbHOI'O IOJIOKEHHMSA. DTO CBOMCTBO OBLUIO HCIIOIL30BAaHO IIpru CO3aaHUHU
TOYHBIX MCXaHHYCCKHUX 4aCOB

3. UH:keHepHbIe ¥ NPUKJIAIHbIE IPUMEHEHUS IMKJIOUIbI

3.1 B MexaHuKe U MAIIMHOCTPOEHNH

e 3yOuaThie mepemayn: NUKIOWAATbHBIC 3yOuaThle MEXaHU3MbI O0ECIICUYHMBAIOT TUIABHYIO
nepeaayy SHEPruu B MallldHaX.

e [IpoexTupoBaHne MOCTOB U apOK: UCIOJIb30BAaHUE ITUKIONAAIBHON (DOPMBI CITOCOOCTBYET
MOBBIIICHHON YCTOMYHUBOCTH KOHCTPYKLIUH.

e OnTHyeckre TEXHOJOTUHU: OTPAXKAIOUIME IMOBEPXHOCTH C I[UKIOUAAIBHON (opMOit
MUHUMU3UPYIOT IOTEPH CBETA.

e MexaHu3Mbl YacoOB: IUKIOWIAIbHBIE MASTHUKMA TOBBIIIAIOT TOYHOCTh HW3MEPEHUMN
BPEMEHU.

3.2 llukaouaajibHbIe POTOPHI B HACOCAX U KOMIIPECCOpax

e PaszpabotaHbl HOBbIE POTOPHBIE MPOPUIIN C YIyUIIEHHONW I'HIPOAMHAMHUKOM.

o IlIposenens! uncnennsie uccienaopanus (CFD-monenupoBanue) s ONTUMHU3ALUU TIOTOKA
KUJKOCTH.

e VYiyuyllleHHblE POTOpPHBbIE MPOQPIIM MOTYT NPUMEHSATHCS B HAcocax JUIsl BOAOPOAA,
KOMIIpECCOpaxX U BAKYYMHBIX CUCTEMAX.

4. 3akiouenue

HI/IKJIOI/II[a — OTO YHHKAJIbHasd MaTeMaTUUYCCKasA KpuBas, KOTOpasd o6na)1aeT BaXXHbIMH
CBOMCTBaMH U HaxoAuT MPOKOC MPUMEHCHUC B PA3JIMIHBIX obmacTax HAaYKU U TCXHUKHU.

o OHa sBNseTCS TPaeKTOpUEN TOUKH KaTALIerocsi 0e3 CKOJIbXKEHHS KpyTa.

o [luxinouga siBAsieTcsl OPaXMCTOXPOHHOW KPHUBOM, OMPENENSIONICH MyTh MUHUMAIHHOTO
BPEMEHH CITyCKa.

e OHa Takxe SBISETCS TAyTOKPOHHON KpUBOHM, 00ECIEUMBAIOIICH MOCTOSHHBIA MEPUOT
KoJIeOaHHH.

e XVII Bexk 03HaMEHOBAJICS 3HAYUTEIBHBIM MPOTPECCOM B M3YYCHHH LUKIOHIBI, YTO
MIPUBEJIO K Pa3BUTHIO TU(DPepeHIINaIbHOrO U HHTETPAIbHOTO NCYUCIICHHUS.

o Ee nmpumeHeHne BapbUpyeTCS OT MPOCKTHPOBAHUS 3yOUaThIX MEXaHW3MOB U MOCTOB JIO
TOYHBIX MAITHHUKOBBIX 4HAaCOB.
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TakuMm O6p330M, HUKIOWZAAa MpOoAOJIKACT OCTaBaTbCsAd Ba’XHBIM 00BEKTOM HU3yUCHHA KaK B
TGOpGTH‘-IGCKOfI MaTCMAaTUuKEe, TaKk U B MHKCHCPHBIX MMPHUITOXKCHUAX.

Jlureparypa

1. Tamuneo I'. beceasl 1 MaTeMaTuyecKue J10Ka3aTENbCTBA, KaCAlOLIMECs JIByX HOBBIX HayK
— 1638.

[Tackans b. O mpupoae uuknonasl — 1658.

Bepuymu U. 3anaua 6paxucroxpona // Acta Eruditorum — 1696.

Ioiirenc X. MasiTHukoBbIe Yyackl — 1673.

Apnonba B. . Marematnueckue MeToibl Kilaccuueckoil mexanuku — M.: Hayka, 1974.
Jlanpay JI. ., Jludpmun E. M. Mexannka — M.: @usmaniur, 1965.

Kopreser JI. O nBmXeHHH KHIKOCTH B IUKIOWIATHHBIX KaHanax // Journal of Fluid
Mechanics, 1896.

8. Goldstein H. Classical Mechanics — Addison-Wesley, 1980.

ARG

PHYSICAL ASPECTS OF THE CYCLOID AND ITS APPLICATION IN MECHANICS

K.A. Yergenyan', T.V. Mkrtchyan®
! Russian-Armenian University
2 Students of the school of the Russian-Armenian University ""Usmunk"’

kamo.erg@gmail.com, tik.mkrtchyan87 7@gmail.com

ABSTRACT

This paper examines the cycloid curve, its mathematical properties, physical
characteristics, and applications. Special attention is given to its role in the brachistochrone and
tautochrone problems. The properties of the cycloid have been studied by many scientists,
including Galileo Galilei, Blaise Pascal, Johann Bernoulli, and Christiaan Huygens. These studies
have demonstrated that the cycloid is widely used not only in theoretical mathematics but also in
engineering, mechanics, and physics.

Keywords: cycloid, brachistochrone, tautochrone, parametric equations, mechanics.

1.Introduction

A cycloid is a plane curve described by a point on the circumference of a rolling circle that
moves without slipping along a straight line. The study of the cycloid began in the 17th century
when Galileo Galilei first examined this unique curve. His work was continued by Blaise Pascal
and Johann Bernoulli, who explored its applications in physics and mechanics.

2. Fundamental Mathematical Properties of the Cycloid

2.1. Parametric Equations of the Cycloid

If a circle with radius R rolls without slipping along an axis, a point on the circle describes
a cycloid, which can be expressed by the following parametric equations:

X =R (t— sint)
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Y=R(1—- cost)

where t is the angle of rotation of the circle. These equations illustrate how the cycloid depends on
the rotation angle and how it is traced by a moving point.

2.2 Length and Area of the Cycloid

Mathematical calculations show that:
e The length of one complete arc of a cycloid is 8R.
o The area enclosed by one arc of the cycloid and the axis is 3mtR?.

These results are significant in engineering applications, especially in mechanical system design.

2.3 Applications of the Cycloid

2.3.1 The Cycloid as a Brachistochrone

In 1696, Johann Bernoulli proposed the brachistochrone problem—finding the curve along
which a body reaches its final point in the shortest possible time. He proved that this curve is the
cycloid. This discovery played a crucial role in the development of the calculus of variations.

2.3.2 The Cycloid as a Tautochrone

Christiaan Huygens studied the behavior of pendulums in various systems and demonstrated that
if a pendulum moves along a cycloidal path, its oscillation period remains constant regardless of
the initial position. This property was used in the design of highly accurate mechanical clocks.

3. Engineering and Applied Applications of the Cycloid

3.1 In Mechanics and Mechanical Engineering

e Gear Systems: Cycloidal gear mechanisms ensure smooth and efficient power transmission
in machines.

o Bridge and Arch Design: The use of cycloidal shapes enhances structural stability.

e Optical Technologies: Reflecting surfaces with cycloidal forms minimize light losses.

e Clock Mechanisms: Cycloidal pendulums improve timekeeping accuracy.

3.2 Cycloidal Rotors in Pumps and Compressors

o New rotor profiles have been developed with improved hydrodynamics.

e Computational Fluid Dynamics (CFD) simulations have been conducted to optimize
fluid flow.

o Enhanced rotor profiles can be applied in hydrogen circulation pumps, compressors,
and vacuum systems.

4. Conclusion

The cycloid is a unique mathematical curve that possesses significant properties and finds
widespread application in various scientific and technical fields.

o [t represents the trajectory of a point on a rolling circle.

e The cycloid is the brachistochrone curve, determining the path of shortest descent time.
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o It is also the tautochrone curve, ensuring a constant oscillation period.
e The 17th century saw significant progress in the study of the cycloid, leading to the
development of differential and integral calculus.
o Its applications range from gear mechanisms and bridges to precise pendulum clocks.
Thus, the cycloid continues to be an essential subject of study in both theoretical mathematics
and engineering applications.
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Wanmwughw

Wu wphiwwmwitipnid ntunidimuhpynid £ ghynhny Ynpp, ppu dwpbdwmhujub
hwwnnignibtipn,  $hghuui  pmipwugptipn b Jhpwonipynibbtipp: <wwnniy
nyunpnipinih L nupdynid npw ntiphtt ppuhhunnppntih b muninnppntih pinhpiitipnad:
8hiinhnh hwwnlnipynibbdtipp nrunidtwuppdty Gh puqiwphy ghntwlubbtph Ynndhg,
tipunyu Guhitin Guhbp, Altig Mwuluyp, 83nhwb Aintniht b Lphumphwb <nyqtitup:
Wyu htimwgnunipiniubitipp gnyg G wmyty, np ghyinhnd nibh Juyd jhpwnnipinit ny dhuyb
wmtiujuitt Jwptdwwmhljund, wpl hbodtbbpulub, dthoobhuiut b Shghijuljub
ninpunbtipniy:

{pitwuwbh pwnlp ghynhn, ppwhhunnppnd, nmwninnppni, yWuwpudbnpuuib
hwjuwuwipniditin, dhhawutthju:

1. GipwdnipniLh

Shynhnp hwpe Ynp t, npp upugndnid £ oppwth dh jtnnd, tGpp uwyl wnwibg
uwhbnt qnpynid £ ninhn qdh tpuybpny: 8hinhnh nruntdwuhpnipnip uuyty £ XVII
nupnid, tpp Guwihitin Suihigp wnwehtt wmbhqud wtmpununal £ wyu jnipuwhwnniyy Ynpp:
Upw wphuwnwbpbtipn pupniijtight Aliq Mwuljup U 8nhwtt Atintiniphl, nyptip
niunidbwuhptightt ghlinhnh Jhpunnuip $hghjuynid b dhhuwbhljuyniy:
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2. 8hljinhnh hhdtwwh dwpiwnhjuljud hwnlnipynibbtpp

2.1.8hinhnh yupuitimpuljut hwjwuwpnuiatpp

Gpt wnwynny R ppwbtwghdp wnwbg uwhbjnt gnpynid £ wnwbgph tpljuyiipny,
wwyw npu dh Jtn Gqupugpnid Eoghynhng, npp Jupth oGbpuyugil; hbnlygug
wupwidbimpuui hwujuuwpniddtpny

X =R (t— sint)
Y=R(1—- cost)

nputin t-0 2ppwbigdh wwnywmh walynidd £ Wu hwjuuwpniddtppn gnyg G muhu, ph
hiswtu £ ghynhnp fuhugwd wunywh wilpyniihg b hgwytiu Euyb qowgpynid 2wipdynn ftanh
dhongny:
2.2 Shljinhnh tpjupnieyniip b duljiptup
Uwptdumhjuljub hwyupyitpny htwpugnp £ gnyg v, np'
e Shynhnh dhy wdpnnowlmbt wwwmwbinidhg wnwewgnn Unph Gplupnipnibp
hwjuuwip k 8R:

e 8hiyinhnh il guniynn dwlkiptup’ 37R?:
Wu wpynmibpbbipp uplinp tpwbwnipnid nibtt hgdtbbpujut jhpwnnipynibitpnid,
hunjuytiu dhhawthijuljut hwdwjupgbiph twpuwgodwh Whe:

2.3 Shyinhnh Yhpwenipynibbtpp

2.3.1 Shnhnp npwtiu ppuwhhumnppnt

1696 pyuljubhtt Snhwt Atintinijhtt winwewpltig ppuwhhunnppnith jutinhpp® gty
wytiyhuh Ynp, nph tipuypny dwpdhtip wditiwwpug ainyg jhwuth ytippttwub Ytimho: ‘Gw
wuwigniglig, np wyn Ynph © htibg ghlnhnp: Wu pwgwhuwywmnidp jupbinp nbp fuwnwg
Juphwghntt hwpjupyh qupgqugdwb dby:

2.3.2 ShYjinhnp npyiu mwnimnppnhb

Lphunhwbd nyglitup  nunmdbwuhptg, pt  hvwtu Juptijh £ ghynhnp  Yhpunty
tntwbwluyhtt hwdwluwipgtipnid: Gpw hbimwgnnnignibiitinpn gnyyg wmytight, np tiph
tntwbwlp wpdynid L ghynhnuy nigne Gpluyiipng, wyw npu mwnmwinidbbph
wupptipnipyniip dtnd £ withnthnpn® wtquwjpu uyqpbwuit nhpphg: Wju hwnynipniaa
oqumwugnpdyty L pupan tpgpnnipjud dkhuwbthjuljub dudwgnygbtinh junnigdwd hwdwp:

3. Shyinhnh hudtttpuljubt b jhpupwljui jhpunnipynitbtpp

3.1 Utijuwtthjujh b dipiiwphtinipjui dtip

e  UWunuwdbwihyuyhtt dthmbhqibtp® ghnhnup wnwudbtwbhybdbpp wyuwhngnid G
uwhnil b wipnynibwybtin Eatinghuwyh thnpuwiigniad:

e  Luuinipetiiph b udwipiitipnh unnigny® ghinhnuyhtt abtiph Yhpunnoip Gyyuumnid
E qunnigwoptitiph fuyniiinipjul pupapugdwin:
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Ouyunhjulub mthubtninghwtp® ghyinhnuyhtt dwtiptubtinp ijuqtigbinid G nruwght
Unpniunbbipn:

dwdwgnygbtiph  dthuwbhqutip® ghynhnuy Gnowbwldtpp Jdhdwghnid  Gb
dudwignygitinh 6pgpuninianp:

3.2 Shyinhnujhtt pnmnpbtip wndytipnod b §ndypiunptipnid

Uowiljy ke inp pninnpuyhtt ypndhjbip” puptjuyud hnupwyhtt phnipugptipny:
Gunupyty th pyuyhtt ytpnidnignibiitin (CFD dnnpjuynpnid) htinnijh hnuph
oyumhdwjugiwd hwdwn:

Pupbpuyuid nninnpuyhtt wpndhybipp uipnn & Yhpunyty opuditth ;pgwtiunni pyuh
wyniytipnuy, Yndyptunpbtipnid b yuninidwyhtt hwdwjupgtipnid:

4. Gqpuljugnip)nLh

Shyinhnp tquih dwptdunmhiuyubt Ynp L, nph nidh Juplnp hwnnipnibbbp W
Jwyinptitt Yhpwnynid £ mwpptip ghnuub b mthuthjujub ninpmbtipnid:

Wb dipuyugtinid k£ qnpnn pppwitth tigph htimwghon:

8hyinhnp hwinhuwbtnid £ ppuwhhumnppntughtt Ynp® vwhdwbting  ojuqugnyyt
dudwiwjh hpdwb ninhb:

Wb dwl. munimnppntughtt Ynp £, npp wywhnynid £ hwunmwnmnit mumwtdw
wunptipniynib:

XVII nupnid ghinhnh ntunidwuhpnipyniip upwitig nhtinkiighuy bt htntignuy
hwzqwpyh qupqugnidp:

Qpw Yhpunnipgnibbipn pnggpind - G wnwdwbhyuyhtt - dkhuwbhqititinp,
Juinipelitinp, 6ogphun tntwbwljuyhtt hundwjuipgtpp b yuwnm wyp ninpntin:

Wuwhuny, ghYnhnp wpnibwlnd £ dbw) pl wmbuwub  dwptidwunhluyh, pE
hudtittipujut jhpunnipynibtiph Juplinp ntunidwuhpnigyut wnwplju

A N
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