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HamionanpHu#t yHIBepcUTET 010peCcypciB 1
MIPUPOIOKOPUCTYBAHHS Y KpaiHU

COEPUYHUI AHAJIOT HUKJIOIIN

V cghepu i nnowunu € nesui enacmuocmi, ki ix 06’conyroms. Y Hux
TI'ayccosa kpusuna y 6cix mouxkax cmana: oas cgepu mMae 000amue 3Ha4eHus, d
07151 NIOWUHU — HYIboBe. V 368 'S3KY 13 YyuM 8CI NJIOCKI (icypu MoAHCyms Ko83amu
y naowuni, a cghepuuni — no nosepxHi cgepu. 306pasicenHs, nobydosane Ha
obmedxceHil  OinAHYl chepu Modce HabIuMCamucsi 00 NI0CKO20 Npu
HeoOMmedcenoMy 3pocmanti il padiyca. Lo idero euxkopucmosysas 6i0omull
suenuti-mexatix B.B. J[obposonbcovKutl 0isi npo8ederHs AHalo2ii MidiC NIOCKUMU
i cgepuunumu  mexawizmamu.  Buenuti-mamemamux,  weelyapeyvb  3a
noxooxcenuam J1.1. Dycc docnioxcysas npoobpas eninca na cehepi, AKUll 8 11020
npayax ompumas Haszey «cegepuunuil enincy. Ilpooopazom npamoi na niowuni
Ha cgepi € senuke il Ko10, MOOMO KOO0, 5IKe NPoxooums uepes ii diamemp.
Akwo npama na naowuHi He3aMKHeHa, mo Ha cgepi — 3amKHeHa. Y ceoix
npaysax B.B. /[{obposonbcokuii 0ae SU3HAUEHHs CEepUudHUM AHAI02AM OesaKUX
NIOCKUX (icyp — MPUKYMHUKA, YOMUPUKYMHUKA, napaneirozpama. Bin wupoko
BUKOPUCMOBY8A8 Cmepeocpapiuny npoekyilo, aKa 00360JI€ Nepemsoprosamu
NIIOCKI 300padiceHus y cihepuni i3 30eperceHHAM Ne6HUX 8l1aCMUBOCmell.

Ak 6ioomo, yuxnoioa Ha NIOWUHT YMBOPIOEMBCA CLIOOM MOYKU KOJA, 5Ke
Komumuvcs no npamiu ninii. Omoice, cpepuyHum npoodbpazom yuxioiou mae
oymu cghepuuna Kpusa, siKa € Cli0OM KOUEHHSI KOJA NO BelUKOMY KOy chepu.
[0es nonsicae 6 momy, wo naockum nepepizom cgepu € kono. Axuwo maxe Kouo
MOPKAEMbCA BEIUKO20 KOA [ Oy0e npu ybomy no HbOM) NepPeKouy8amucs, mo
8CI 11020 MOUKU JIedHcamuMyms Ha cghepi. 3 Yb0o2o GUNIUBAE, WO OKpeMAa MOUKd
KOJla npu 1020 KoueHHi 6yoe onucysamu Kpugy, mobmo cghepuuny yuxkuoioy, saxKa
nosuicmio Jnedxcamume Ha c@epi. [na nobyoosu cghepuunoi yewmpoiou
3anpononosano zacmocysamu mpuepaunux lapoy. 3a ananocom yeHmpoio y
NIOWUHI NOOYO0BAHO NO00BJCEHY | YKOpoueHy yenmpoiou. llokazano, wo
3anponoxosanull nioxio 0036ose 6yoyeamu i iHwi cgpepuuni kpugi. Ompumano
napamempuyti piGHAHH KPUBUX, 8 MOMY YUCTE CepUYHUX YUKL0I0, a MaKoH#C
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chepuunux npoobpaszie 2ino- i enoyuknoio. 3 0onomozow  3aco0ie
KOMN TomepHoi  epaghixu nokasamo, wo ompumaHi Kpusi iexcamv Ha NO8epxXHi
chepu. 3a ananoziero i3 NIOCKUMU 300PANCEHHAMU 3HAUOEHO YMOBU, 3a AKUX Yi
KpUBI € 3aMKHEHUMU, MOOMO MOUKA NICISE NPOXOONHCEHHS 3A0AH020 YUCTA BIMOK
no8epmacmucsi y GUXIOHE NOJONHCEHH.

Knrwouosi cnosa: I'ayccosea kpueuna; xomn 'tomepna epaghixka; cehepuynutl
AHAN102 YUKTO0IOU.

IToctanoBka mnpoOJsieMu. BuBYEHHSM  BJIIACTUBOCTEH  LMKJIIOIIU
3aiiMasiocsi 6arato BUCHHX. 30KpeMa, «IePEeBEPHYTa» apKa IUKIIOIIU € KPUBOIO
HaWIIBUIIOTO CIIYCKY MaTepiajibHOI TOUKH (OpaxiCTOXPOHOI0); TOBXKHHA OJTHIET
apKu IUKJIOIIU JOPIBHIOE YOTHUPHOM JllaMeTpaM TBIPHOTO KoJia (Teopema PeHa);
€BOJIIOTOI0 LIMKJIOIAM OyAe KOHTpyeHTHa Iukioina. Kpim toro, y Hei € 1 iHIn
BJIACTUBOCTI, SIKI MAlOTh BEJIMKE 3HAUEHHS i (13UKU 1 TexHiku. Hanpuknan y
IIUKJIOTIATPHOMY MAasSTHHKY BaHTaX, ITiJIBIIICHWNA O HHUTKH, SKa MOTIEPEMiIHHO
OTMHa€e Bl MiB apKHU LUKIIOIIN, TEX pyXaeTbes No nukioinl. [lepioa koamBaHb
TaKOT0 MasTHHUKA HE 3aJICKUTh BiJ] aMIUTITy I KOJUBAaHb Ha BiAMIHY BiJ 1HIITHX
MasTHUKIB. B OBimKoBii JiTepaTypi 1 B IHTEpHETI MOXKHA 3HAWTH SK
napamMeTpuyHi ii pIBHSHHS, TakK 1 pIBHIHHSA B JIEKapTOBUX KOOpIWHATAX.
CrocoBHO c(epHUHOI UUKIOiNM, TO TakKe TMOHATTS ICHYE 1 CTOCYETHCS
chepuuHoro MasTHUKA. BOHO OuibIle BIJHOCHUTHCS 10 MEXaHIKH, HDK J0
reoMeTpii. A BTIM BJACTUBOCTI IMKJIOIIA MOXKYTb OyTH TNEpeHeceHi Ha i
chepudHHMl aHajor, IO 3YMOBIIOE aKTYaldbHICTh JOCTIIPKEHb B JaHOMY
HaIpsMI.

AHaJgi3 ocCTaHHiX AochaimkeHb i myOuaikaniii. CTOCOBHO MeXaHIKU
cepryHUX MeEXaHI3MIB 3MIMCHEHO gociipkeHHs B npami [1]. B mpamsx
T€OMETPUYHOTO XapakTepy HAEThCS MpO BIAIIYKAHHA Ha MOBEpXHI cdepu
KPUBUX 13 3aJaHUMU BJIACTUBOCTSIMH. 30KpeMma, II€ KPHUBi, IO OIMUCYIOTHCS
piBHsSHHSIMH y (yHKIIT gomkuHU BiacHoi nayru [2, 3]. BimmykaHHro
130METpUYHUX CITOK Ha TOBepXHi cdepu mpucBsueHi podoru [4 — 6].
AmnpokcuManiro  cpepu  HENEepepBHOK  CTPIYKOKD PO3TOPTHOI  MOBEPXHI
PO3TJISTHYTO B mparti [7].

dopMyTOBaHHS 1ijel Ta 3aBAaHHsA cTaTTi. Po3poOuTn aHamiTHUHUMA
croci0 moOy10BU CPEepUIHUX aHAJIOTIB IIUKJIOIAH, T10- Ta SIMITUKIIOITH.

OcHoBHa uyacTtuHa. [lmockum mepepizom Kym € Kono. Bractusictio
cepuyHOi MOBEPXHI € Te, L0 1€ KOJIO MOKHA SK 3aBrOJAHO IEPECyBaTH IO
MOBEPXHI 1 BOHO BCIMa CBOIMHU TOYKAMH HajiexKaTUMeE Hiil. SKiio ysButH, Mo B
npoleci NepeMillieHHsT KoJia 10 HbOMY OJIHOYACHO PYXa€ThCsl TOYKA, TO CIiA
TOYKH OIHILIE TIEBHY TPAEKTOPIO Ha cdepi. B mpomy 1 mossrae igess noOya0BH
chepuuHoi nUKI0iAM. OCKIJIBKA aHAJIOrOM MpsSAMOi Ha cdepl € BeIUKe KO0, TO
chepuuHy IUKIIOITY OyayBaTUMEMO, SIK TPAEKTOPIIO TOYKH KOJa, SIKE KOTUThCS
M0 €KBAaTOpy 0€3 KOB3aHHS, 3aJIMIIAI0YMCh HA TTOBepXHI cepu. s moOyaosu
3actocyemo Tpurpannuk JlapOy. Ha puc. 1,a ioro BepiivHa 3HaAXOAUTHCS B
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Touti A, opt Hopmani N, sKuii #izie Bix meHTpa chepr, opTd T i P yTBOPIOKOTH
JOTUYHY 10 cepH IMIoMHy. TpurpanHuk OyJemMo pyxaTH IO Mapaieni, sika
IIPOXOJIUTh Yepe3 TOUKy A, ToMy opT T 6yje JOTHUHHM JIO L€l mapasei, a opT
P — IOTHYHMM /10 MEPHUIiaHa.

Ha puc. 1, 6 TpurpanHuk Ha OBEpXHi 300pakKeHO TaKUM YHHOM, 11O OPT
T CHpsMOBaHMI Ha CIOCTEpiraya i IMPOEKIIOETHCS B TOUKyY. BincTynusmm Ha
BigcTanb AQ, B3IOBXK OpTa HOpMaji, IPOBEAEMO MEPIEHANKYIISIPHO 0 HHOTO
CIUHYy TUIOLIMHY, SIKa BJAHOMY BHIIAJKy MPOEKLIIOETHCA B MpsMY JiiHII0. BoHa
nepetHe chepy Mo Koy paaiyca I. byneMo pyxatu TpUTpaHHHK pPa3oM i3 KOJIOM
Mo Tapajieln B HampsMi, To3HadeHoMy Jiteporo V. Hexail 3a ymMOBOIO KOJIO
MOJKE MOBEpTaTHCS HaBKOJIO HOpMaii B Toulll O, B TakoMy BHMaaKy BOHO
MOJKe TepekodyBatucsa 0e3 kKoB3aHHsA mo mapaneni R, (puc. 1,0). Touka xona
onuuie cpepuyHy KpUBY, SKa 3a O3HAYCHHSIM MOXe OyTH CEepUYHOIO
nukioinow npu ¢=0. Mu po3risgaemMo 3arajJbHUN BUIAIOK, 3 SAKOTO OyIyTh
OTpUMaHi YacCTKOBI, B TOMY uuncii pu ¢=0.

Puc. 1. I'padiuni imroctpanii 70 100y J0BU CheprudHOI LIUKIIOIIN 3a
JIOTIOMOT00 TpurpanHuka JlapOy:

a) TpurpanHuk JlapOy, yrsopenuii opramu T, P, N
B TOUIIl A Tapanei, B3JJOBXK SKOi pyXaeTbCs;
0) po3MillleHHS KoJia pajiyca I' B CHCTeMI TPUTPAHHUKA 3 IO3HAUYCHHSIM KYTIB

3anuiieMo TapaMeTpU4yHI PIBHSHHS Koja paaiyca I B CHCTeMIi
TpUrpaHHuka. J{s nporo notpioHo 3HaMTH BijcTanb AO,:

AO, = A0-00, =R-+R*-r? (1)
Kono posramoBane B JOTUYHIN TJIONIMHI, SIKa 3MIIIEHA B MPOTHICKHY

CTOpOHY opTa T BiJa HOro BepmMHM Ha BiAcTaHb (1). I3 BpaxyBaHHAM LIbOTO
napamMeTpHUyHI PIBHSAHHS KOJIa B CUCTEMI TPUTPAHHUKA 3alUITyThCS:

T =rcosa; P=rsing; N=\/R2—r2_R, (2)

JIe 0. — He3aJIe)KHA 3MIHHA — KyT TTOBOPOTY TOYKH KOJia HaBKOJO opta N .
3anuiemMo mapaMeTpudHi PiBHSHHS cepu, B3IOBXK Mapaielni sSkoi Oyze
pyxartucs TpurpanHuk JapOy:
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X =Rcosecosy; Y =Rcosesin y; Rsin ¢, (3)
7€ & )y — KPHUBOIIHIAHI KOODAWHATH, SIKAUMH € KYTH, II0 3a/Jal0Th
BEJIMUMHY MEpHiaHa 1 mapaseii BiAMOBITHO.
[Tapanens Ha cdepi Oyae 3amana piBHsHHSIME (3) ipu e=const. [lpu ik
YMOBI 3HailieMo mMOXiAHiI piBHAHB (3) MO 3MiHHIA ), AKi 3a7al0Th BEKTOP
JNOTUYHOI 10 mapadeni. [licas npuBeneHHs: HOTO A0 OAMHUYHOTO MH OTPHUMAEMO

npoekiii opra T :

T: {siny cosy 0} (4)

Opt HOpMai N 36iraertses i3 pajlyc-BeKTOPOM TOYKH Ha TOBEPXHi
chepu, ToMy HOro IMpOoeKIlii OTPUMAEMO 13 PIBHSIHB (3) MICs CKOPOUCHHS 1X Ha
R:

N: {cosscosy; cosesiny; sing} (5)

[Ipoexkirii TpeTboro opra P oTpuMaeMo i3 BEKTOPHOTO JOOYTKY BEKTOPIB

(5)i (4): i

P: {~singcosy; —sinesiny; cose} (6)
[I1o6 mepeiiTu BiJ piBHSAHB KoJia B TpUrpaHHuKy JlapOy 1o iX piBHSHB B

HEPYXOMIN CHUCTEMl KOOpJAMHAT, MOTPIOHO CKOPHUCTATHCS MPOEKLIsIMU abo

HanpsSMHUMU KOCUHYcaMu BEKTOPiB (4), (5), (6):

X=-Tsiny—Psinecosy + N cosecosy;
y=Tcosy—Psingsiny+ N cosesin y; 7
z=T-0+Pcose+Nsineg.

Jiist Toro, o0 0CTaTOYHO OTPUMATH PIBHSIHHS KOJIa Ha MOBEpXHIi chepw,
noTpioHo B (7) migctaBuTU BUpasu (2) 1 3poOWTH MapasnenbHe MepeHeCceHHs
CUCTEMHU KOOpPJWHAT B MOTPIOHY TOYKY cdepH, TOOTO AOJATH A0 PiBHSAHB (7)
BIAMOBIHI piBHSAHHA cdepu (3). Ilicns BUKOHAHHS WX Al 1 HAaCTymHUX
CTIPOIIEHb OTPUMAEMO:

X =-rcosasin y + (\/R2 —r? cos& —rsin gsin a)cos;c
Yy =rCcosaCoSy + (\/R2 —r? cose —rsin gsin a)sin v (8)

z=rcosesin y +vVR* —r?sine.

VY piBHsAHHSX (8) MPUCYTHI JIB1 HE3aleXHI 3MiHHI: Y 1 a. Lle o3Hauae, 10
BOHU ONMUCYIOTh MHOXHHY KUJI Ha TOBEpXHI cepu B HampsiMi mapajeni Ipu
e=const. [1{o6 oTpumaru JiHIO, MOTPIOHO BCTAHOBUTH B3aEMO3B 30K MiXK
3MIHHUMH 7 1 o. O4eBHUOHO, 110 BIH Ma€ OyTH JHIKHUM, TOMY IO NpH
PIBHOMIPHOMY pyCl TpUTpaHHHUKA IO Mapajeni KOYeHHsS Koja Mo Mapaieil Tex
Mae OyTu piBHOMIpHUM. Hexail a=w-y, e w— KoepiieHT IpOonopLiOHATbHOCTI.
B3aeMo3B’s130k Mixk pajaiycoM R cdepu 1 pajiycoMm I koja OyaeMo 3HaXOIUTH 3a
YMOBH, IO TPU MPOXOHKCHHI TPUTPAHHUKOM Mapajielli BeIMIuHow y=27/n, ne
N — 4KUCIIO apOK IUKJIOIIX B3JOBX IMapaliesii, KOJO MOBUHHE 3pOOMTH MOBHUMN
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o0epT 1 IOBXKMHA 111€] YaCTUHM Tapajiesii MOBUHHA JOPIBHIOBATH JIOBXKHHI KOJIa.
3BijicM MO>KHA HAITUCATH PIBHICTH!

27 R. R
— R, =2ar : r=—=-—-c¢os
A , 3BIJIKH 1 Q. 9

[1pu moOBOPOTI TpUTpaHHUKA HA KyT y=27/N KOJO Ma€ MOBEPHYTHUCS
Ha KyT o=w-y=2w-7/n. OTKe, NOBXHWHA Tyrd KoOja, IO BIJIMOBIAAE€ IHOMY
KyTOBi, Oyne piBHOWO I-a=2r-w-w/n. JloBxkuHa 1€l myrn Mae OyTH piBHOIO
TOBXHUHI Kona 27-r. [IpupiBHSABIIM 11i TOBXKUHU MIX 00010, 3HAXOAMUMO: =N,
T0OTO B piBHAHHX (8) a=n-y. Jlns 3araipHOTO BUMNAAKY (puc. 1,0) Maemo:

g:(p+y/:¢+Arcsin%:(p+Arcsin$_ (10)
Takum ymHOM, 7S 3arajbHOrO BUMAJAKY KOUEHHS KoJia IO Mapaseni
chepu 3a yMOBH, IO KIIBKICTh apoK, Kl OMUCYE TOUKA KOJa, Ma€ OyTH IIJIUM
YUCJIOM N 1 TOYKA MICIs iX NPOXOJKEHHSI Ma€ MOMNAacTH y BUXIJHE MOJIOKECHHS,
BUXITHUMU JaHUMU 17151 piBHSAHB (8) € paniyc cepu R, uncio apok N=w 1 KyT
@. Bupas kyTa a 3anumeTses K a=w-y=N-y, BEIMYHHA pajiyca I BA3HAYUThCA 13
Bupazy (9), a kyra & — 13 Bupasy (10). 3a piBusHHsMH (8) Ha puc. 2,a
noOysoBaHo apku cpepuynoi mukioinu st R=6, p=0, n=8.
IS

AN
6 -
4 -
2 -
0 \
0
-5
0 -5 _
5
a 4]

Puc. 2. Cdepuuni nuxioiau, modyaosani Ha cgepi R=6 3a piBHAHHAMH (8):
a) IUKIIoia, sika Mae 8 apok (N=8);
0) mogoBxeHa — | Ta ykopoueHa —2 UKJIO0iIn

IcHye TDOHATTS NOMOBXKEHOI Ta YKOPOUEHOI LMKIIOIA, KOJIM TOYKa
OepeThCsi HE Ha KOJIi, SIKE KOTUThCS, a Ha HOTOo pajaiyci BcepeauHi abo 3a
Mexxamu koja. Ha puc. 2, 6 moOyaoBaHo chepuyHi aHAJIOTH TaKuX ITUKIIOI 3a
TUMHU K PIBHSHHSIMH, 32 SSKUMHM OyayBajiacs LUKIIOIAa Ha pUC. 2, a, TUIbKU B
OJIHOMY BHUIIJIKy 3HA4eHHS I' 30UIbImiIM (KpuBa 1), a y 1IHIIOMY — 3MEHILIWIH
(kpuBa 2). AKio ui HUKIOiAN MOOYyIyBaTH MPU KOYEHHI KOJia MO €KBAaTopy B
HWKHIA 4acTuHI cdepu, TO BOHM OYIyTh CHUMETpUYHUMHU. Tak camo
B1I0YBA€THCS 1 HA IUJIOMIMHI 1O BIJHOIIEHHIO J0 MPSIMOT JIiHIi, MO SKii KOTUThCS
K0J10. SIKIIO X MM Bi3bMEMO 1HIIY mapanenb chepu (He ekBaTop), TOOTO TpH
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p#0, To dhopMa nmkiI0ix Mo obuaBa Ooku mapanem Oyae pizHoro. Ha puc. 3
noOyI0BaHI KON TIPH ¢=7/3 IpH KOYEHHI KOJIa 110 Pi3HI CTOPOHU Tapaiei.

Taxi xpuBi Ha cdepi OyayTh aHamoramu eminukiaoinu (puc. 3, a) i
rinonukioinu (puc. 3, 6). CnpaBa B ToOMy, 10 K0JI0 Ha cepi mpu ¢p#0 yke HE €
npooOpa3oM TpsMOi Ha TIUIOMIMHI, a mpooOpa3zoM kona. Tomy mpH
MEePEKOIYBAHHI PyXOMOTO KOJia TI0 HepyXoMoMy (Tmapajelni npu ¢#() 30BHINIHIM
YMHOM KpPHUBOIO OyJie cepuyHa emiukioiga (puc. 3, @), a BHyTPIIIHIM YHHOM —
chepuuHa rinonukioiga (puc. 3, 6). Bonu 3a ¢popmoro mo1i0H1 70 aHATOTTYHUX
KPUBUX Ha TUIOMIHHI.

e ——_

em——— _~é‘.‘

poeuEE= =t N
T2 6NN
N SN
4

-4 _ -2
uc. 3 Chepuuni nukmoinu, nodymosani Ha cepi R=6 3a
piBustHEsMH (8) pu N=3 1 p=n/3:
a) chepuuHa eminukiIoina; 0) chepuuHa rimonukIiIoia

3a 1I0OMOTr0r0 OTPUMAHUX PIBHSHB (8) MOXHA Oy IyBaTH 1 1HIII chepuyHi
KpHUBIi, SIKIIO HE JOTPUMYBATHCS BCTaHOBIEeHUX 3B s3kiB (9), (10) 1 n=w.
Hampuknan, Ha puc. 4 moOya0BaHO pi3HI MEpIOANYHI KpUB1 Y (hOpMi BI3epYHKIB.

v A
W
AN TR
[ \\O""“..,'/, S \
RN T\ 17 44.&\\ AN a
.4 oAb VA =7 RN
Yot @ v
| ""‘%"’I// \\{'\“s’.'". '--==I"
\\\\““v’a‘:" i'{l:”mk\\?"«'\"'i gan.
2 ‘v"‘r‘.-.f#%:"‘ '0:0:!" 7
i %
5
-5 0 5 O

Puc. 4 Kpusi Ha noBepxHi chepu y BUTIISAI Bi3E€PYHKIB,
nmoOyA0BaHi 3a piBHAHHAMU (8) mpu N=o:
a) aKCOHOMETPHUYHE 300paXeHHs TPHOX KPUBUX Ha cdepi;
0) BUIJIA] 3BepXY OJIHIET KpUBOI Ha cdepi
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KoHcTpytoBaHHsT KpUBUX 3 JIOMOMOIOI0 Kojia B TpurpaHHuky [lapOy
MO>KHA PO3IIMPHUTH, SIKIITO HAMIPSM HOTO PyXy CHpsIMyBaTH HE TIO TIJIOCKIH, a 1o
POCTOPOBIH chepruyHiil KpUBIil.

BucnHoBku. B Mexanimi mpu KOHCTPYIOBaHHI C(EPUUHHX MEXaHI3MiB
YacTO 3aCTOCOBYIOTh C(epHyHI aHAJIOTH ITUIOCKMX BITOMHX KpuBUX. s
KOHCTPYIOBaHHS C(EpPUYHHUX aHAJOTIB IUKIOIA, emi- 1 TINOIUKIOIN
3alpOIOHOBAHO MIXiJl HA OCHOBI 3aCTOCYBaHHS TpUrpaHHuka J[apOy 3 TBIpHUM
KOJIOM y HOTO cucTeMi. TpUrpaHHUK PyXa€eThCsl B3JIOBXK Mapajeni chepu 1 Koo
B HOro cHUCTEeMi MEPEKOYYEThCS MO IHIMM Mapajneni 0e3 KOB3aHHS, BECh 4ac
nepeOyBalO4M Ha IMOBEPXHI cPepu. AHATITUYHO OIMUCAHO TPAEKTOPIIO TOUYKH
KOJla 1 OTPMMAHO BIJIOBIJIHI MapaMeTpUUHI PIBHSHHA. SIKIO mapajiesuiro, 1o
K1 KOTUTBHCS KOJIO, € €KBATOP, TO YTBOPEHOIO KPUBOIO € chepruHa UKIOIA.
Jns iHmMX mnapanened yTBOPEHUMM KPUBUMHU OynyTh cdepudHi emi- 1
T1ITOIMKIIONIH.
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SPHERICAL ANALOG OF CYCLOIDS
Spheres and planes have certain properties that unite them. For example, the
Gaussian curvature is constant at all points: it has a positive value for the sphere,

and zero for the plane. In this regard, all flat figures can slide in a plane, and
spherical figures can slide on the surface of a sphere. An image built on a limited
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area of the sphere can approach a flat one with unlimited growth of its radius. This
idea was used by the famous mechanical scientist V.V. Dobrovolsky for an analogy
between flat and spherical mechanisms. Scientist-mathematician, Swiss by origin
L.I. Fuss studied the prototype of an ellipse on a sphere, which in his writings was
called a "spherical ellipse." The prototype of a straight line on a plane on a sphere
IS its great circle, that is, a circle that passes through its diameter. If the straight
line is not closed on the plane, then it is closed on the sphere. In his works, V.V.
Dobrovolsky defines the spherical analogues of some flat figures - a triangle, a
quadrilateral, a parallelogram. He widely used stereographic projection, which
allows you to transform flat images into spherical ones while preserving certain
properties.

As you know, a cycloid on a plane is formed by the trace of a point of a
circle that rolls along a straight line. Therefore, the spherical prototype of the
cycloid should be a spherical curve, which is the trace of the rolling of a circle
along the great circle of the sphere. The idea is that a flat section of a sphere is a
circle. If such a circle touches a large circle and at the same time rolls along it,
then all its points will lie on the sphere. From this it follows that a separate point of
the circle during its rolling will describe a curve, i.e. a spherical cycloid, which
will lie completely on the sphere. To construct a spherical centroid, it is proposed
to use the Darboux trihedron. By analogy with the centroid in the plane, elongated
and shortened centroids are constructed. It is shown that the proposed approach
allows constructing other spherical curves. Parametric equations of curves,
including spherical cycloids, as well as spherical prototypes of hypo- and
epocycloids were obtained. With the help of computer graphics, it is shown that the
obtained curves lie on the surface of the sphere. By analogy with flat images,
conditions were found under which these curves are closed, that is, the point
returns to its original position after passing a given number of branches.
Keywords: Gaussian curve; Computer Graphics; a spherical analog of a cycloid.
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