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B MmaTemaTtuke CywecTBYyOT YUCNOBbIE U KoopanHaTHbIe ocu [1, ¢ 13, 14]. B actpoHomMuun cywecTsyoT
nosHaeaTefbHble MOAENU OBUXEHUS NnaHeT CONMHeYyHOW cucTtembl [13] KM ranaktmyeckmx cTpykTyp [14].
B domsnke cywecTtByioT: nnaHeTapHas mogenb atoma Pesepdhopna [15], npocTpaHCTBEHHble MoLenu
Kpructannuyeckux pewétok [16], aHanorns Mexay MexaHU4eckMMn 1 SNEKTPOMArHUTHbIMK KonebaHusmu
[17]. HarnagHbie mogenu n aHanormm obneryaioT 06 bACHEHNE U MOHMMaHNE CNOXHbIX KaTErOpUiA, pasHbix
AB/IEHUIA, NO3BONAIOT MOAENMPOBATbL MPOLECChl, CO3haBaTb HOBble TEXHONOrNN, YCTPOWCTBA, MaTepuarbl.
B kayecTBe MexaHM4ecKMX aHanoruin cpaBHMM MexaHW4Yeckue yrnpaBnsaemMocTu Wwapa — Ma4a U topa —
rMMHacTU4Yeckoro obpyuya.

PaccMoTpuM MexaHM4eckyl ynpaBnsieMocTb lwapa. PasHoobpasHble no Buaam, pasmepam, macce
Wwapbl — MS4YM UCMONb3YIOTCA LNS CMOPTUBHBIX COPEBHOBAHUIA, LUPKOBbLIX NPEACTABNEHUN, Pa3BNeYeHWiA,
V3K NbTYPHBIX 3aHATWIA B MOCTOSIHHOM NMOME CUNbl 3EMHOT0 MPUTSXXEHWS NPU aTMOCKEPHOM OaBNEHUN
Bo3gyxa. CnopTCMeHbl, LMPKOBble  apTWUCTbl,  (PU3KYNbTYPHWKKW, pasBiekalwWwmecs rpaxmaaHe
oTpabaTtbiBaloT CTaHAAPTHbIE NPUEMBI YyNIPaBNEHUS WapaMn — Ma4amm, NpUknanpiBas K HUM pasHble Cuibl
MEXaHM4yeckoro Bo3melcTBus. [BUXEHME WapoB — MsiYeil B wrpax ynpaensemoe, npenckasyemoe,
pe3ynbTatuBHoe. BoanywHas cpefna, TBEpAble OMOpbl, UrPOBbIE NPENATCTBUS 0Ka3blBAOT CONPOTMBEHNE
opnxeHuo. CtaHOapTHBIA Wwap — MSY MMeeT paBHOMEPHOe pacnpefeneHne Macchl No caepryeckomy
06bEMYy BOKPYr LEHTpa TSXECTU, KOTOpbIi onpelensieTcss kak matepuanbHas todka «C» (puc. 11)
B MaTeMaTMyeckux onmcaHnsax TpaekTopuii ero ABMXEHUs, U3y4aeMblx B CpeOHeN WKoe.
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PucyHok 11 Picture 11

Cuna BHelwHero Bo3gelicTens F, HanpaeneHHasa K UeHTpy wapa C, cosgaeT eMy noctynartenbHoe
nBuxeHune. Cuna BHelWwHero Bo3neicTens F1, HanpaBneHHas MMMO LieHTpa Wwapa Yyepes ero 06 bLém, umeeT
nBe cocrtasnswwme: F cospaet wapy noctynatenbHoe nsuxeHue, F2 cospaet wapy BpawarenbHoe
nBuxeHue (puc. 11). Bce TOYkM BO3OENCTBUS HA MOBEPXHOCTM OObLIYHOrO Wapa — MsYa OAMHAKOBbI
no pesynbtaty Bo3gdenctsus. [lnowagp npenckasyemMoro BO3LENCTBMS paBHa nnaowanu cadepobl.
OTHoweHMe nnowaan npeackasyeMoro BO3AENCTBMS K naowaan cgoepbl paHo 1, mnam 100% —



XapakTepusyeT ynpaBnseMoCTb Wapa — Ma4a 1 coBnagaeT C BPEMEHEM MUCMONb30BaHMS WAPoB — MAYEN
B Mrpe BO MHOrMx Bugax crnopta u pasenedeHuin: 100%. Vicnonb3oBaHue B urpax wapoB — MSYen:
OBUXEHME BO BCEX MNOCKOCTAX. Tak Xe U3BECTHO npeackasyemoe, NOBTOPSEMOE ABUXEHMNE U COCTOSHNE
wapa Ha MNNOCKOW, BOrHYTOW W BbINYKNOA MOBEPXHOCTSAX B BMOAX MEXaHW4eckoro paBHOBECUS:
6e3pas3nnyHoro, yCTonumBoro n HeycTtoumeoro (puc. 12), [18].
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PucyHok 12 Picture 12

PaccMoTpum MexaHu4yeckylo ynpaBnseMocTb Topa. [ng CnopTUBHbIX COPEBHOBAHWUIA, LUPKOBbIX
npeLcTaBNeHNA, pa3BneyeHunin, PU3KynbTYPHbIX 3aHATWIA UICNONb3YETCS TMMHACTUYECKMA 06pyy.
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PucyHok 13 Picture 13

LeHTp TaxecTn Topa — 06pyya HaxoamTCcs BHe ero o6béma, B ero reoMeTpuyeckom LEHTpe —
Touke O (puc. 13, puc. 14). HonycTum, BeKTOpbl cun BHewHero Bo3genctema F, F3, F4 Haxopatcs
B nnockoctn ROR, npoxogsiwein yepes ueHTp O Topa — obpyya neprneHOuKynsipHO ero ocu. Torma
cuna F, HanpaBneHHass K LeHTpy ob6pyya, co3OacTt emy nocTtynatenbHoe gasuxeHue, cuna F3 —
BpawartenbHoe gsmxeHue. OgHoBpeMeHHoe Bo3geicTeme cun F n F3 (pasHogelicTBytowas F4) cospacTt
obpyyy noctynatenbHoO — BpawartenbHoe nBuxeHme B nnockoctn ROR (puc. 13). Cnna BHewHero
Bo3neicTBust F5, HanpaBneHHas neprneHankynsipHo k nnockoctn ROR, co3pacTt obpyuyy «KyBblpKatowWwmii»
MoMeHT (puc 14). Cuna BHewHero Bo3aencTeus F6, umest coctaensiowme F5 n F, cospact Topy — o0bpyuy
«KyBblpKaloleecs» OBUXEHNE CO CNOXHbIM MaTeMaTnyeckmm onncaHueM, Tak kak obpyy He 3amMeHsieTcs
OOHOW MaTepuanbHOW TOYKOW M3 — 3a HEPaBHOMEPHOrO pacnpefeneHuss Maccbl 06pyya
no cdpepryeckoMy 006bEMY BOKPYr UeHTpa TSAXeCTU. Tak Xe CNoXHble (opMbl OBUXeHUs OynyT
BbI3blBaTb BHewHWe cunol F7 — F10 (puc. 14) n Bce apyrve cunbl, BEKTOpA KOTOPbIX HE pacnonarakTcs
B nnockocTtn ROR.



PucyHok 14 Picture 14

Toukm HaOéxHo ynpaBnsieMoro, npenckasyemoro BosgencTens Ha obpyy cun F, F3,
F4 pacnonaraioTcs Ha BHEWHEW W BHYTPEHHEW OKPYXHOCTAX Konbua B nnockoctu ROR (puc. 13).
Mnowaab ynpaBnsemMoro, NpeackasyemMoro BO3AENCTBUS CUN Ha Top — obpyy onpenenutb TpyaHo. OHa
MOXeT ObiTb UHOMBMIyaNnbHON ONS WUCNONHUTENS ynpaxHeHuin n obpyya. O4eBnOHO, YTO OHA MEHblue
nnowann nNoBepxHoCcTM Topa — obpyya. BpeMms ncnonb3oBaHuWs ruMHacTMYeckoro obpyya B nporpammax
no XynoXecTBeHHoW rumHacTuke: MeHee 30% [19], npu aTom Bpemsa asmxeHuns B nnockoctn ROR un Bpems
«KyBblpKatolerocs» ABMXeHna nop penctemem cun F5 v F penatcs nprvMepHO MOPOBHY Y BeOylmX
MacTepoB XyO0XEeCTBEHHON ruMHacTuku [20].

CnepoBaTteflbHO, FEOMETPUS WAPOB — MSAYEl C LEHTPOM TsXecTu BHyTpu obbéma onpenensiet
nx OONMblWy YNPaBNsAeMoCTb, NPeAckasyeMoCTb, Pe3yNbTaTUBHOCTb W MPUMEHSIEMOCTb B Mrpax, 4Yem
TOpa — 0bpyya C LEHTPOM TsiXecTu BHe 06 bEMa Topa.

JeTtanbHoe paccMOTPEHME MEexaHU4YecKol ynpaBnseMOCTW FMMHACTUYecKoro obpyya no3BonuT
MOHATb M OBBACHUTL YacTb TPYAHOCTEN U UHXEHEPHbIX Npobnem ¢ ynpaBnseMocTbto, CTabuibHOCTbIO
1 NpeackasyeMoCTblo Nna3Mbl B TOPOMAANbHbIX YCTAHOBKAxX Tuna cTennaparop, Tokamak.

B 3akntoueHun BTOPOIA CTaTby KPaTko OTMETMM OAHO OYEBMAHOE MAaTeMaTUYecKoe CBOMCTBO Topa —
By6nvka: cywecTBOBaHNE ABYX MHOXECTB 3aMKHYTbIX NIMHWA — OKPY>XXHOCTEW Manbix U 60NbWNX paanycos
B pasHbIX MI0CKOCTAX B 06béMe Topa. T MHOXECTBa MOXHO Ha3BaTb HE3aBWCUMbIMU, Pa3aenéHHbIMU
«Iplpkoi» Topa — 6ybnuka. Ons «Oplpku» Topa — Oybnuka nooxomuT MateMaTuyeckoe OonpeneneHune
«MyCTOr0 MHOXECTBa» OTHOCMTENbHO 06béMma Topa — bybnuka [1, ¢ 8]. Takoe npeacTasneHne o6 bvEMa
Topa — 6yHnuka NpuBOANT K [BYM 3aKOHOMEPHbIM JIOrMYECKM BOMPOCaM:

1. Kakvne cnepncTtsus BbiTEKalOT M3 MareMaTMyeckoro CBOWCTBA CyWeCTBOBaHWUS OBYX HE3aBUCUMBbIX
MHOXECTB 3aMKHYTbIX NMHWIA U OOHOrO «MyCTOr0 MHOXECTBa» OTHOCUTENbHO o6béMa Topa —
6ybnuka?

2. K kakum BblBOAaM npueedéTt getanbHOe PacCMOTPEHNE MaTeMaTNUYeckoro CBOMNCTBA CyLWeCTBOBaHNS
IBYX HE3aBUCKMMbIX MHOXECTB 3aMKHYTbIX JIMHUIA W «NycTOro MHOXecTBa» Topa — Oybnuka
NPUMEHNTENbHO K MPaKTUYECKON peanu3auvv peakumy ynpasBnsieMoro TepMOSLepHOro CuHTesa
B TOpOMAanbHbix 06 bEMax yCcTaHOBOK TUMNa Tokamak, ctennaparop?

9Tn OBa BoMpoca MOPOXAaloT Maccy pPasHOMIaHOBbIX accouuaunii, ooragok, OPYrMx BOMPOCOB...
ABTOpPY He yAanocb HalTW NpuemMneMbix OTBETOB A0 MOMeHTa nybnukauuu npepnaraemMoil BHUMaHMIO
unTaTenen BTopor ctatbu. BO3MOXHO, OTBETHI NOABSATCS C TEYEHNEM BPEMEHM. ..

lMpooonxeHve cnegyer ...
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Bopwc PesawwH, 19 nekabps 2017 roga.

In mathematics, there are numeral scale and coordinate axes [1, p. 13, p. 14]. In astronomy, there
are cognitive models of movements of the planets of the solar system [13] and galactic structures [14].
In physics, there are: planetary model of the atom [15], spatial models of crystal lattices [16], analogy
between mechanical and electromagnetic oscillations [17]. Visual models do easy explanation and
understanding of complex categories, various phenomena, allow us to model any processes, to create new
technologies, devices, materials. Let make a comparison of mechanical controllability of ball and
of gymnastic hoop — Hula Hoop.

Consider the mechanical controllability of a ball. Any balls are used for sports competitions, circus
performances, entertainment, physical Culture, in constant uniform field, the forces of gravity;
at atmospheric air pressure. There are many kinds, sizes, masses of balls in different games. Athletes,
circus performers, entertaining and citizens practice standard methods of controlling balls, attaching
to them different forces of mechanical action. The movements of balls in games are controlled, predictable,
productive, effectively. The air environment, solid supports, game obstacles do resistance to movement
of ball in plying. A standard ball has the uniform mass distribution by spherical volume around the center
of mass, which is a material point in the mathematical descriptions of the trajectories of its motion, studied
at school. The force of external influence F, directed to the center of the ball C, do it forward motion. The
force of external influence F1, directed not to the center of the ball C across it volume, consists of two
components: F do it forward motion, F2 do for ball rotary motion (pic. 11). All impact points on the surface
of the ball have the identical result of action. The area of the predicted impact is equal to the area of the
sphere. The ratio of the area of the predicted impact to the area of the sphere is equal to 1, or 100% — this
is a characteristic of the controllability of a ball. The time of using balls in the game in many sports and
entertainment: 100%. In games the balls move in all planes. There is also known the mechanical
equilibrium: indifferent, stable and unstable of ball on a flat, concave and convex surface (pic. 12), [18].

Consider the mechanical controllability of a torus. The Hula Hoop is used for sports competitions,
circus performances, entertainment, physical Culture. The center of mass of the torus — hoop is outside its
volume, in its geometric center — point «O» (pic. 13, pic. 14).

Let us assume that the vectors of external forces F, F3, F4 are in the plane ROR, which passes
through the torus center «O» perpendicular to its axis. The force of external influence F, directed to the
center of the torus — Hula Hoop «O», do it forward motion; the force F3 do for Hula Hoop rotary motion.
Impact of forces F and F3 (resultant F4) do for torus — hoop forward — rotary motion in the ROR plane
(pic. 13). The force of external influence F5, directional perpendicular to the ROR plane, do for torus —
hoop «somersault» moment (pic. 14). The force of external influence F6 (components F and F5) do for
torus — hoop «somersault» movement with a complex mathematical description, because torus have
uneven distribution of mass around the center of mass (unlike a ball) and torus is not replaced by a single
material point. Points of controlled, predictable influence on the hoop of forces F, F3, F4 are located on the
outer and inner circumferences of ring in the ROR plane (pic. 13). Area of controlled, predictable impact
of forces on the torus-hoop is difficult to determine. This area can be individual for performer of exercises
and hoop. Obviously, it is smaller than the area of surface of the torus-hoop. The time of using the
gymnastic hoop in art gymnastics programs: less than 30% [19]. The time of movement in the ROR plane
and time of «somersault» movement almost equal at the competitions of the leading masters of art
gymnastics [20].

Consequently, the geometry of the balls with the center of mass inside the volume determines their
greater controllability, predictability, effectiveness, applicability and playability in games, than a torus —
hoop with a center of mass outside the volume of the torus.

Detailed consideration of mechanical controllability of the torus-hoop will understand and explain
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some of the difficulties and engineering problems with controllability, stability and predictability of plasma
in toroidal installations of the type stellarator, tokamak.

In the conclusion of the second article briefly note one obvious mathematical property of a torus —
hoop: the existence of two sets of closed lines — circles of small and large radii in different planes in the
volume of the torus. These sets can be called independent and they are separated by «hole» of a torus —
hoop. The «hole» of a torus can be called an «empty set» relative to the volume of the torus [1, p. 8]. This
representation of the volume of the torus leads to two logical questions:

1. What consequences follow from the mathematical property of the existence of two independent
sets of closed lines and one «empty set» relative to the torus volume?

2. To what conclusions will the detailed consideration of the mathematical property of the existence
of two independent sets of closed lines and the «empty set» of the torus-hoop apply to the practical
realization of the reaction of controlled thermonuclear fusion in toroidal volumes of installations such
as tokamak, stellarator?

These two questions give rise to a multitude of diverse associations, conjectures, other questions...
The author does not have answers to these questions today. Perhaps the answers will appear over time...

To be continued ...

This translation was made by https://translate.google.ru//

Boris Revashin, December 19, 2017.
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