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KOMIIBIOTEPHLIE TEXHOJIOTHU B ®U3UKE

MHOTI'OCJIOHHBIE KOJIBIIEBBIE CTPYKTYPhBI
H. U. Cmynvckuii!

Hucruryr kpuocdepsl 3emnu CO PAH, Tiomens, Poccus

Hccrenos HEe MOBENEHNS OCECHMMETPUYHBIX CTPYKTYpP B XHO JUI HMOHHMM HHSI HpOOGJIeMbI Cyle-
CTBOB HHUS M YCTOHYMBOCTU KOINell I HET, II POBBIX 3BE3[IHBIX CKOIUIEHMH M T 11 KTMK. H ocHoBe
TOYHOTO PEIIeHUd 3 J UM OCECHUMMETPUYHOTO P BUT LHOHHOTO B3 UMOAEICTBUS M TNl CO3[ H JIro-
PUTM IIOCTPOEHUS MHOTOCJIOWHBIX KOJIBLIEBBIX CTPYKTYp. B pe3ynpT Te 4MCIeHHOro MHTErpUpOB HUS
nudepeHIy TbHBIX Yp BHEHMI JIBUXKEHMS! TOUSUHBIX Tell, BXOASIIUX B 3TH CTPYKTYPHI, H3y4eH 3BOJIIO-
LU HECKOJIBKUX MX Mogeseid. U CThb U3 HUX He U3MEeH:HeT CBoell KOH(UIyp LM, ApPYTHe — B PE3yNIbT Te
MEXCJIOMHBIX B3 UMOAEHCTBHI MEHSIOT CBOM BUI, TPETbH — Y CTh TeJ BBIOpP CBIB IOT U3 CTPYKTYPBIL.

The research of axisymmetric structures behaviour is important for understanding the problem of
existence and stability of planets rings, spherical star constellations and galaxies. On the basis of
the exact solution of the axisymmetric gravitational interaction of n-bodies problem the algorithm of
construction of multilayer ring structures is developed. As a result of numerical integration of the
differential equations of movement of point bodies which are included in this structure, the evolution
of their several models is investigated. A part of them do not change the configuration, others change
their form as a result of interactions between the layers, and the others throw out a part of the bodies
from the structure.

PACS: 98.80.-k

ITpoGremel CymecTBOB HHUS U YCTOHYMBOCTH HEKOTOPBIX KOH(HIYp LMH M TepU JIBHBIX
TOYEK, B3 UMHO I'P BUTHUPYIOLUIMX O 3 KOHY HbioTOH , OBUTM WcCClENoB HbI B CT Thix [1-7].
DTH KOH(UTYD LMK NPEICT BISIOT COO00 OCECUMMETPUYHBIE CTPYKTYpPbI, COCTOSIINE U3 Ye-
ThIpEX, ISTH, IIECTH, CEMH, BOCBMHM, IEBSATH, JIECATH M OOJIBILErO YMCI TeJl, B MOJEINSX
B.DabMm 6¢cyr u E. A.I'peGeHHKOB JIOK 3 HO CYLIECTBOB HHE OCECUMMETPUYHBIX CTPYKTYP C
MIPOM3BOJIBHBIM KOJIMYECTBOM KOMHOHEHT [5,6]. Ilociegnue CymecTBYOT IPH yCIOBHUH BBI-
MOJTHEHUS! HEKOTOPHIX TOYHBIX H JIMTMYECKUX YCIOBHM, H JIOXXEHHBIX H TIp BUT LIMOHHBIE
(M cchl Tel) U TeOMeTpUYecKUe I P MeTphl (B3 MMHbBIE P CCTOSHHUS MEXIy Tell MU U yITIOBBIE
CKOPOCTH WX ABHXEHHSI BOKPYI OOLIEro LEeHTp ) MOJIENeH.

H © m B3mmn, npeact BIdeT MHTEpPEC MCHONb30B HHUE LUTHUPOB HHBIX BBILIE PE3YylIbT TOB
BMECTE C METOJ MU KOHCTPYUPOB HHS KOJIBLEBBIX CTPYKTYP [8] 0214 usyuenus npobaemol cy-
WeCmeoe HuA U YCMOUHU8OCMU KOJey N Hem, Wl POGbiX 36€30HbIX CKONJEHUR U 2 Ji KMUK.
T Ko¥i MOOX0A OCHOB H H TOYHOM pEIIeHHH 3 1 YU 00 OCECUMMETPUYHOM B3 UMOIEUCTBUU
n Ten [9].

'E-mail: JSmulsky @mail.ru
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Puc. 1. KomblLeB s CTpyKTyp OCECUMMETPUYHO D CIIOJIOXKEHHBIX IepudepuilHbix Ten By ;; OTHOCH-
TEJIPHO LIEHTpP JIbHOTO Ten Bo; uugpoit / 0603H YeH BIIMNTHYEeCK S OpOMT MEepBOro Tel H IEPBOM
KOITbLIE

H « xnoe nepucepuiinoe teno, H npumep By 1 (puc. 1), ¢ M ccoil my BCce OCT JIbHBIE

nepudepuiinsie Ten : By 9, Bi2,..., B1 1 — 9TOro Koibll ¥ LEHTP JibHOE Teno By Bo3zeii-
CTBYIOT H IIp BJIEHHOH K LEHTpY cujoil [9]
2
F =G (mo+mfn)mi/re, (D
e G — Ip BUT LIMOHH $I MOCTOSIHH $I; ' — P CCTOSIHUE OT LEHTP JIHOTO Tell mg 10

nepucepritHOTro mM71; (YHKIMS f,, 3 BUCHT OT YUCI TeJl n:

= 1
I EEE) @

ITon pmeiictBuem cuibl (1) Bce nepudepuiitbie Tel ABUXYTCS MO TP €KTOPUM, KOTOP S B
HOJIIPHBIX KOOPOMH T X (7, ) (cM. puc. 1) umeer Bug

_ Ry
(1 +1)cos (v —p) —ar’

3)

. . _ 2
IJIE YIOJ ¢ OTCUUTBIB €TCSl OT OCH T3 ¢, — Yoyl MepuuentTp ; g = pu1/(Rpv,) — 1 p MeTp

Tp exropuu; 1 = —G(mo+my f,) — 11 p MeTp B3 umozeiicTBusi; R, — p AHyC IIEPULIEHTD
U v, — CKOPOCTb Te€ll B HEPULEHTpE.

Vp Buenue (3) mpu oy = —1 nmpencT BndeT OKpyXHocTh; mpu —1 < a3 < —0,5 —
amrc; npu «ap = —0,5 — 1 p 6ony; npu —0,5 < a1 < 0 — runepbony. 3 muIIEeM T KXe

BBIP KEHUS VI P OU JIBHOM v, U TP HCBEPC JIBHOM v; CKOPOCTEN:

R,\? R
vp = Fupy [ (a1 +1)? - (al + 7p> , U= —Upr L, 4)

Ijie CKopocTh v, < 0 IpH ABUXKEHHU OT IOLEHTP K IEPULEHTpY, T.€. IpH 27 > ¢ — ¢, > .
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It 9KcueHTpucurer OpOUTHI e, ee OOMbLIOH monyocu a u mnepuox oO0p wmenus T umeem

BBIP KCHHS
1 2R, a1 2ma’/?
e=—|(1+—), a=———, T=—wre. (5)
a1 20(1 -1 AVt 231
Ecnu B H 4 JjibHBIIA MOMeHT (pHc. 1) mosdpHble KOOPAUH Thl Teld 11 p BHBL 7o U g, TO
€ro IeK PTOBBI KOOPAMWH ThI M CKOPOCTH B INIOCKOCTH OPOMTHI 3 MHULIYTCS B BUIE

T = ToCOS o, Yo = ToSin Yo, (6)

Vg0 = Up COSPQ — Vg SN g,  Uyg = Uy SIN Qg + Vg COS ©p. (7)

Co31 HUE KOJIBLIEBBIX CTPYKTYP OCHOB HO H  CIIE[YIOIIUX JBYX HMPHHLIMIT X.

1. H Teno, p cronoxeHHOe BHE KOJIBLEBOH CTPYKTYpbl, CWJI BO3JEICTBUS P BH CHIIE,
KOTOPYIO CO31 B JIO OBI TEJIO, P CIOMIOXEHHOE B IEHTPE CTPYKTYPhI M UMEIOLIEE M CCY, P BHYIO
M CC€ BCEH CTPYKTYpHI.

2. H Teno, p crosoxXeHHOe BHYTPU KOJBLEBOW CTPYKTYPBI, CYMM DH 1 CWJI BO3AEHCTBHS
OT BCEX €€ Tel P BH HYIIO.

OO6o01eHne dTUX IBYX NPUHLMUIIOB H CIIyY i HENPEPhIBHOTO P CIPENESIeHUS] M CChl O
I poBOMYy cJiol0 1 HO B MoHOTp ¢un [10]. MoXHO NOK 3 Th, YTO OHH OCT IOTCS CIIP BEMIH-
BBIMH U /ISl HEIIPEPBIBHOTO IFIOCKOTO KOJIBLIEBOIO Cltod. JIIsl KOMbII , COCTOSIIIIETO U3 AUCKPET-
HBIX TeJl, 3TH IOJIOXEHHs JIOK JIbHO H pyLI I0TCS, OOH KO IPH OpPOHT JIbHOM OBUXEHUM Tel
OTHU JIOK JIbHBIE H PYIIEHHS] B 3H YUTEJBHOW CTEIEHU CIVI XKUB I0TCS, HODTOMY IPEUIOKEHH
CTPYKTYp MOXET CYyLIECTBOB Tb.

P ccMmoTpuM MHOTrOC/IOHYI0 KOJIBLEBYIO CTPYKTYpY, cocTosmyto u3 K koneu. H x xaom
KOJIbLIE C HOMEPOM Kk p CHONIOXKEHO 1), Tell, M CChl KOTOPBIX OIMH KOBbI, MMy i = Mk, LI
uHOekc ik =iy = 1,2,...,ny — HOoMep Ten H k-M Konplie. H X Xmoe Teno, H xopdiieecs
H Koublie k, B COOTBETCTBHM C IIOJIOKEHHEM 2 Tel H BHEUIHUX KOJIbIl X C HOMEP MH OT
k + 1 no K He Oyayr oK 3bIB Th BO3ieWcTBHe. TOorn cuil BO3AEHCTBHS H K XJIO€ Tello C
M CCOil my, B COOTBETCTBUU C MosioxeHueM 1 u ¢opmynoii (1) 3 numiercs B Bune

k—1
Gmyr
Fjo= =g {mo + Y njm; + mif(ng) | )
k j=1

Torn m p MeTp B3 MMOIEHCTBHS 11 K XKHOTO Tel K-TO KOJNbI B COOTBETCTBHH C 000-
3H YeHUsIMH K ¢opmyne (3) OyneT p BeH

k—1

pir = —G {mo + anmj +mef(ng) |, 9)
j=1

I p METp TP €KTOPUH 3TOrO Tel OymeT p BeH

Q1p = R“;’“Q. (10)
kapk

O603H 4uM YIIOBOE IIOJIOXKEHUE IEepBOro Tell Bp 1 H k-M Kojble B H Y JIbHBI MOMEHT
t = 0 uepe3 o ,1. Torn MOTApHBIE YITIEI BCEX Tel k-TO KOMBI ONpelelsioTcs 1Mo (opmyre
©o,k,ik = Pok,1 + (1 — 1)Apy, (11)

e i = 1,...,ng, Apg = 21/ny.
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T K X K y Bcex Ten k-Tro Koibll IIOJAPHBIA P IUYC 70 1, B H 4 JIbHBI MOMEHT OJMH U TOT
Xe, TO ero MOXHO OIpPENEIUTh U3 Yp BHeHMA (3) 1O 3 [ HHOMY YDy (¢ %,1 I€pPBOro Ten U
p auycy nepuueHTp R, ;. P ouyc nepuueHTp M I p METp TP €KTOPUH (vq j ONUH KOBBI JUII
BceX Tesl k-ro Kombll , JIeK PTOBBI KOOPAMH Thl T k ik, Y0,k ik ¥ CKOPOCTU Vg0 k. ik M Uy k,ik
I BCeX Tell k-ro Kombll ompefensorcd 1o dopmyl M (6), (7) mo H HueHHOMY p AUYCY 70
U NOJIAPHOMY YIIIy K KJIOTO Tel gk ;%. BXomdime B BeIp XeHud (6), (7) p oy JbH o Upg
U TP HCBEPC JIBH {1 V0, CKOPOCTU SBJIAIOTCA OIMH KOBBIMU JUIS BCEX Tel A-ro KONbll U
onpenensaioTcd mo (opmyn M (4).

HcxomHbMu X p KTEPUCTHK MU KOJIBLIEBOI CTPYKTYpPHI SIBJISIOTCS: KOIMMYEeCTBO Komen K,
M CC LEHTP JIBHOTO Tell Mg, IECTh II P METPOB K KOO KOJIbL : KOJIMYECTBO TeJI H KOJblLie
N, M cC HepUepUuiHoro Ten mg, p AUYC NEPULUEHTP IR, i, 9KCLEHTPUCUTET OPOUTHI e
WIM I P METP TP €KTOPHMU (i1 j, H 4 JIbHBII yroy NepBOil 4 CTULBL (o 1 U YIOJl €€ NePHULEH-
TP ¢p,i, T.€. Bcero P = 6K +2 n p merpos. C NOMOILBIO 9TUX 1T P MeTpoB 1o dopmyine (9)
omnpefensercs I p MeTp B3 MUMOAGHCTBUSA (i1, U3 dopmyasl (10) ompenendgeM ckopocTsh B
HNEPULIEHTPE Uy k. [l JIE€E, UCIIONb3Ys ONUC HHBIH BBIILE JITOPUTM, OHNPENENSEM KOOPAMH Thl U
CKOPOCTH BCEX TN KONBLEBOH CTPYKTYPBI.

P cron r s cBOOOAHBIMU II P METP MU KOJIBLUEBOH CTPYKTYpbl, MOXHO 3 JI Thb P 3JIHY-
HblE JIONOJHUTESIbHbIE YCIIOBMS Ul CO3[ HUS OIpeleleHHbIX ee cBoicTB. H mpumep, B p -
60T X [4,7] p ccM TPHB I0TCS OCECUMMETPUYHbBIE CTPYKTYpPbI, B KOTOPBIX T IBUXYTCS MO
KPYIOBBIM OpOMT M C OOMH KOBOW YIIIOBOW cKopocTbio. T K S CTPyKTyp MOXeT OBITB 3 -
1 H C IOoMOIbl0 ycnoBuil oy = —1, T = T. W3 Bcex Bo3MOXHBIX P 11 p MeTpos Oyner
WCTONB30B HO 2K 1 p MeTpoB I 3 IMHCH, COII CHO BBIp XeHHM (5), cuctemsl m3 2K  11-
rebp MYECKUX yp BHEHH. B pe3ynbT Te ee pelieHus oTH I p METphl OyayT OIpeleseHbl.

MbI p ccMOTpenu JIBE TPYMIIBI KOMBLEBBIX CTPYKTYP, M CC TN KOTOPBIX P BHSUI Cb M CCE
mgs ComHeYHOW cucTeMbl. B mepBoil rpymme M cC  LEHTp JIBHOTO TelI P BHSUI Cb M CCE
ConmHy, mp = mg, BO BTOpoil — p BH Mg = 0,5mg. CTpyKTypsl COCTOAT U3 TPEX KOJell,
T.e. K = 3 n obwee uuciao tren N = 21. B pbupoB JIMCh BCe IIECTh BHAOB I P METPOB.
ITo p ccuuT HHBIM 3 p Hee H Y JIbHBIM YCIIOBUSIM ObLIM YHCIIEHHO IPOUHTErPUPOB HbI JH-
thepeHIM JIbHBIE Yp BHEHUS JIBUXKEHHs METONOM, M3JI0KEeHHbIM B p Oore [11], u p ccmoTpeHo
ABIDKEHHE Tell B KOJBLEBBIX CTPYKTYp X. B T 6m.1 M 2 mpuBemeHbl OCHOBHbBIE I P METpPBI

T 6auy 1. I1 p metps! g mozeneil 1, 2 u 3 KOJbLEBLIX CTPYKTYP B €AMHULL X: M CCbl IIepU(epHiHbIX
TeJl My — B M CC X NepuepuiiHOro Tejl H IEepBOM KOJIbLie; P JUYChl EPULIEHTPOB R, 1, — B CTpO-
HOMUYECKHX eIUHUL X ( .e.); nepuonsl o6p meHuit 7' — B rog X. Dn — X p KTepHCTUK JUH MHKH
B TeueHue 30 neT: «YCTOHUMB » — HET BUAMMBIX U3MeHeHuil B Teuenue 30 ner; «HY» — Heycroituns

3H 4YeHusd 11 p METPOB A K XJIOro Kojbll Juid mojened 1, 2 u 3

IT p merpsl KOJIBLIEBBIX CTPYKTYpP

Mon. 1, mo = Ms Moxa. 2, mo = Ms Mon. 3, mo = 0,5Ms

1 2 3 1 2 3 1 2 3
Nk 5 7 8 5 7 8 5 7 8
mi 1 2 3 1 2 3 1 2 3
Ry k. 1 2 3 1 2 3 1 2 3
ek 0 0 0 0,05 0,1 0,15 0,2 0,05 0,1
Ty 1,4 4 7,3 1,4 4,3 8,7 1,4 2,8 4,8
Dn Ycroituns VYcroituus HY
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T Onuy 2. I p metpsr mia monenei 4, 5 u 10. O603H 4yeHud Te XKe, yro v B T On. 1. B momenmu 10
«HY, 23 rox » yK 3 HO, 4TO CTPYKTyp P 3pyll eTcd yepes3 23 rof

3H yeHUd 11 P METPOB JUld K XJOro Kojibl g moneneit 4, 5 u 10
IT p merpst KOIBLIEBBIX CTPYKTYP
Mon. 4, mo = 0,5Ms | Mon. 5, mg = 0,5Ms | Mon. 10, mg = 0,5Ms
1 2 3 1 2 3 1 2 3
ng 5 7 8 5 7 8 6 7 7
my 1 2 3 1 1 1 1 2 3
Ry k 3 4,5 6 1 2 3 1 10 16
ek 0 0 0 0 0 0 0 0 0
T 7.3 12,2 26,2 1.4 34 5,6 1,4 39,9 70,3
Dn HY HY HY, 23 ron

IIECTU MOJeNell U UTOrOBbl€ Pe3y/bT Thl IO UX YCTOMYMBOCTH. YIVIOBBIE I P METPBI ¢p k1 U
@p,k B 9TUX MOJENAX HE OK 3bIB IOT CYLIECTBEHHOIO BJIMSHUS, II09TOMY OHM B T OJIULl X He
[IPUBEICHBI.

B Mopmenu 1 w3 mepBoil rpymibl Mojenell OpOUThl ObUTH KPYroBble, BO BTOPOH — 3JI-
JIMNTUYecKue ¢ aKcuentpucureT mMu 1o koiey M 0,05, 0,1 u 0,15. H puc.2 npeact BiaeHb
MOJIOKEHHUs TeJl B 9TUX MOJENIX B H 4 Jie U B KoHie, no ucredeHud 30 ner. K K BujgHO
u3 T Omn. 1, mepuonsl oOp MIeHHS Teld H KOJbl X m3MeHgorcd ot 1,4 mo 8,7 ner. 3 30 mer
JBUXEHUS BHAUMBIX H3MEHEHHH B DTUX MOJENsiX He H Omiog ercs. I[1odTOMy MOXHO cyu-
T Th MX YCTOWYMBBIMH. BO BTOpO# rpymme Momesneil, ¢ OOJMBIINMHA M CC MU TepH(epUITHBIX
TeJl, MOCJIEOB TEJIbHO YBEJIMYMB JIUCh MEePHIEHTPHl opout ot 3 go 16 .e. B atux Momemnsx
M3MEHEHUs TOSBJSIOTCd H IMEpPBOH Y JIbHOM T e (cM. momenu 3 u 4 H puc.2). 3 TeMm
OHM YCWIUB I0TC4, U KOJBLEB 1 CTPYKTyp H pyw ercd. CrenoB TeNbHO, 3TH MOIENIU He-
ycroiunBbl. HeycToiuuBOCTh 0OYCIIOBNIEH JIOK JIBHBIM B3 MMOICHWCTBHEM NEepU(EPUIHBIX Tel
MEXIy cOOOii.

Hauano Komnery Havano Kownery
Mon. 1 T = 30 ner Mopn. 3 T=1ron
-
o - Y - * < & = &
o a o “ Q o RN s o= .
a a ~ -4 |
) 4 g o i i 4 & . PR i PO R 4 . g 8
I L £ b _':) s Loy 3 P
£
S - » * © - o © - A - = o
-0 -
Mon. 2 T = 30 ner Mo 4 T = 1,5rona
Qa a l o a
s o , g &
rd - L8 4 o~ L8 . o @ P o
s P a o y a . o 2o L@
d e 7 7 7 4 e PR 4 * P PY ;
3 o LY e v o " ¢ ©
- s » 2 » - v
v » x - - A - -~ . -
- < - -

Puc. 2. lun mux Mogeneit 1, 2, 3 u 4 KonbUEBBIX CTPYKTyp. B Momensax 1 u 2 M cC  LIEHTp JIBHOTO
Tel Mo = Ms; B MoJeNsaX 3 u 4 M cC LeHTp JibHOro Te1 mo = 0,5ms. B pu mum n p mMerpos:
€k, Nk, Mk, Rp , — npenct Biensl B T 611. 1 u 2. LleHTp JIbHOE TENO Mo 3 YEPHEHO; P 3MEphl Tel He
COOTBETCTBYIOT BEJIMYMH M M CC; JIMHUH y TeJl COOTBETCTBYIOT H TP BIICHHIO M BEJIMYHHE UX CKOpPOCTEil
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Puc. 3. Iun mux 10-i Mozenu KonbLeBOi CTPYKTypel: mo = 0,5mg. OOBICHEHUS — CM. puc. 2

H puc.3 Gomee Oer JIbHO p CCMOTpEH IWH MUK JecATOW Momenu. B H 4 je ten wu3
NEepBOro KOJbLl [BUXYTCH Oe3 BUIMMBIX H PYIICHHH OCECHMMETPUYHOH CTPYKTYpbl,  Tel
BO BTOPOM M TpPETbeM KOJIbII X CTpeMsTCsl CONMM3MTBhCA M, K K BUAHO, 4yepe3 20,2 rox OHH
0o0p 3yloT o0llee KOoJblo. 3 TeM IPOUCXOAUT P 3pbIB BHYTPEHHEro Kojbll . [IB ero Ten
BBIOD CBIB I0TCSl M3 KOJIbLIEBOM CTPYKTYpPbl B IIPOTHBOIIOJIOXHBIX H IIP BIEHHSX C OOJIbLIMMU
ckopoctamiu. I1o mHe MUHMI BUOHO, YTO CKOPOCTH BTHX TeJ MPEBBII 0T CKOPOCTH OCT JIb-
HBIX T€JI B HECKOIIBKO P 3.

BBIBO/IbI

1. IIpennoxeH JrOpUTM NMOCTPOEHHS MHOTOCIOMHBIX KOJIBLIEBBIX CTPYKTYP.

2. HccnenoB H IUH MUK JecATH Mojelneil MeTOA MM YHMCIEHHOrO MHTETrpUpOB HUs aud-
(hepeHIM NTBHBIX yp BHEHHH.

3. OmpezneneHbl M HWCCIENOB Hbl HEKOTOPHIE YCTOMYMBBIE M HEYCTONYMBBIE MOJEIIbHBIC
CTPYKTYpBHI.

B 3 kioueHue BTOp BBIp X €T Hpu3H TeiabHOCTh E. A.I'peGEHUKOBY 3 BHHM TelIbHOE
OTHOIIEHHE K p OOTe M CyIIeCTBEHHbIE JONOIHEHUS P H JIM3€ JINTepP TYPHBIX UCTOYHUKOB.
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