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Mosstuanos A.M.
I'mmiore3a pe30HaHCHOW CTPYKTYPBI
COJ’IHQ‘IHOVI CMCTEMBI

Mosuanos Ansbept Makapeesuu (1928-2011), Brimaromuiics COBETCKUI POCCUICKUN MaTeMaTuK. Y de-
Huk .M. I'enpdanga, A.f. Xunuuna, M.B. Kengsima n H.B. Tumodeesa-Pecosckoro. Opranusarop u mu-
pexTop MHcTuTyTa MaTeMaTnueckux npobiaem 6uonoruu PAH (1972-1998). Astop Gonee 200 Hay4HBIX pa-
60T B o6;1acTi GYHKIMOHAIBHOTO aHAIN3a, Ta30JUHAMUKY, TEOPUH YCTONYIMBOCTH, HeTMHEHHBIX KOIeOaHi
¥ MaTeMaTH4eCKOTO MOZEeINPOBAHUA GHOJIOTMYECKUX MpoleccoB U cucteM. OCHOBHBIE HayYHbIE pe3yJIbTa-
THI: KPUTEpUI JUCKPETHOCTU cIeKTpa omeparopa llIpénunrepa (xpurepuit Mordanosa, 1952); pacuer To-
YeYHOTO B3PHIBA B HEOZHOPOZHOH aTMochepe (uucieHHOe pemenue, coBMecTHO ¢ K.M. ba6enko u B.B. Py-
caHOBBIM, 1955), ycIoBre yCTOMYMBOCTH HEIHHEHHBIX CHCTEM, HeHTpaIbHBIX B JIMHEHHOM IPUOIIKEHUN
(reopema Mor4aHoBa, 1961), rumoTe3a o poiau KoneGaTeIbHBIX IIPOIeccoB B 3Boitonuu (1967), rumoresa pe-
30HaHCHOH cTpyKTypsl ConHewHO# cucreMsl (rumoTesa MosuaHoBa, 1968), MaTemaTtudyeckas MOJe/Ib UMMY-
uurera (1970), sproguyueckas runoresa cykiueccuu (1975).

B craThe M3mOXKEHA MCTOPHSA U3yUeHUSA PE30HAHCHBIX ABIKEHMH M COBpEMEHHOE COCTOSHHUE BOIIPOCA.
CchopMyIMpoBaHO IpeAIIONIoKeHNEe O PEIAONIeil PO «MCYe3a0MNX» JUCCUIIATUBHBIX (PaKTOPOB B (HOpMI-
POBaHUM pe30HAHCHBIX CTPYKTYp. IIprBeseHs! obuiyie COOOpaKeHNS O 3HAUYEHHHU PE30HAHCHBIX SBJIEHUN B
€CTeCTBO3HAHUH.

KomioueBsble ci1oBa: KO.TIE621HI/ISI, pe3oHaHc, ConHeuyHas cucTeMa, JUCCHUITaIAd.

OT PEOAKTOPA CTATbU

I'unotesa pe3oHaHCHOM CTpyKTYphl CONHEYHON CHCTEMBI 3aHUMAET OTHO U3 IIEHTPaJIbHBIX MECT B HAYYHOM TBOD-
dectBe A.M. MormaanoBa. Hay 5Toii TeMoit OH paboTait okono 15-Tr JieT 1 MOCBSTHI eif BoceMb cTateit . JlokabHble
PE30HaHChI B CoJHEYHOM CHUCTEME — T.€. CHHXPOHH3AIIMH BPAIIICHHUS IBYX WITH HECKOIBKUX HEOSCHBIX Tl — U3BECTHBI
naBHO . K HuM oTHOCsTCS cucteMa «3emist — JIyHa», «FOmurep — [anuneeBsl ciiyTHUKWY, U Jip. B cBoelt rumorese
A.M. MomyaHoB apryMEHTHPYET PE30HAHCHBIN XapaKTep CTPYKTYphI 8cetl COTHEUHON CUCTEMBI 1 BHICKA3bIBAeT OUYEHb
TTYOOKYFO MBICITh: PE30HaHCHOCTh XapaKTepHa JyIsi JTF000# 3BOIIOIMOHHO 3peNiol TMHAMHUYECKOH CHCTEMBI.

B mpemaraemoii ctathe aBTOp MOABOIUT UTOTHM MHOTOJICTHHX HCCIICIOBAaHHI pPE30HAHCHOW CTPYKTYphI Coll-
HEYHOW CHUCTEMBI M TIepeOpachiBacT METOAMICCKUN «MOCTHK» K padoTaM MO MaTeMaTHUECKOMY MOJICIIUPOBAHUIO
GHONOrMYECKHX CHCTEM U mporeccoB. CTaThst GbLIa BIIEpBBIE omyOmmKkoBana okono 40 ner Hasax . Ee HacTostmas
penaxiys myoauKyercs ¢ arde3Horo paspernrenus J[.A. MomyanoBoil. TekcT He u3MeHeH. MHOM TTOATOTOBJICHBI
ouorpadudeckas cripaBKa, aHHOTAIHsI, KOMMEHTapUH, YTOYHEHBI CChUIKY U IMTaThl. S npusHatenen JL.H. KpacHo-

! Monuanos A.M. O6 3BONOLMH ITAHETHBIX cHcTeM // IIpo6ieMbl IBIKEHHS HCKYCCTBEHHBIX HeGecHbIX Tei: Joknaasl Ha Konpe-
PEHIMH 10 OOLIMM UM HPHUKIAJHBIM BOIIPOCAM TEOPETHUECKOi acTpoHoMuHn, Mocksa, 20-25 Hos0. 1961. M.: U3n. AH CCCP, 1963.
C. 42-49; Moltchanov A.M. Sur I’évolution des systémes planétaires / Dynamics of Satellites: Proceedings of the Symposium of the
International Union of Theoretical and Applied Mechanics (IUTAM), 28-30 May 1962, Paris, France. Berlin: Springer, 1963. P. 40-
50; MomyanoB A.M. Pe3oHaHchl B MHOroyactotHbIX konebanusx // Hoxmagsr AH CCCP. 1966. T. 168. Ne 2. C. 284-287; Mol-
chanov A.M. The resonant structure of the Solar system. The law of planetary distances // Icarus. 1968. Vol. 8. Ne 1-3. P. 203-215;
Molchanov A.M. Resonances in complex systems: A reply to critiques // Icarus. 1969. Vol. 11. Ne 1. P. 95-103; Molchanov A.M.
The reality of resonances in the Solar system // Icarus. 1969. Vol. 11. Ne 1. P. 104-110; MonmuanoB A.M. O pe30HaHCHOH CTPYKType
ConneuHoii cucremsl // CoBpeMeHHbIE IpoOieMbl HeOeCHOH MexaHUKH M actpopuHaMuku: Tpynsl Kondepenuuu no obumm Bo-
npocaM HeOEeCHOH MEXaHUKH U acTporuHaMuku, MockBa, 23-29 mapta 1967. M.: Hayka, 1973. C. 32-42; MomuanoB A.M. 'nnore-
3a pe3oHaHCHOH cTpykTypsl ConneuHol cucremsl. [Ipenpunt. [ymuno: HIIBHU AH CCCP, 1974. 19 c.

Bbeneukuit B.B. Ouepku o IBMKEHUH KOCMHUYECKHX Tell. 2-€ 3., ucip. u gon. Mocksa: Hayka, 1977. C. 137-149; bnexman W.1.
Cunxponmsanus B npupoze un texnuke. M.: Hayka, 1981. C. 242-244; Beneukuii B.B., XentoB A.A. Pe3oHaHCHBIE BpalleHHs
HeOecHbIx Tei1. H. HoBropon: Hinxeroponckuii rymanurapHstii nentp, 1995. 430 c.
 Monuasos A.M. T'unotesa pe3oHancHoi crpykTypsl ConHeunoit cuctemsr. Ipenpunt. Iymuso: HIIBU AH CCCP, 1974. 19 c.
Bocnpoussenena: Monuanos A.M. Henuneitnoctu B 6uonoruu. ITymuno: ITHIT PAH, 1992. C. 186-205.
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BBenenune. UcTopus Bonpoca

Hebecnast MeXaHHKa CTajia KOJIMYECTBEHHOM, MaTeMaTHIeCKON Haykoi mocie gopmynupoBkr Hbel0TOHOM 3aKkoHa Bce-
MHpPHOTO TsroTeHns . [[ikenue mianeT COTHEIHOM CHCTEMBI ONPENEISIETCs (B IIABHOM WieHe) moeM Tarorerwst CoHIa,
OCHOBHOT0, PE3KO JJOMUHUPYIOLIETO Tena cucreMbl. C TOUKM 3pEHHUs TeOpUH KoneOaHWM, TiaHeTHas CUCTEMa COCTOUT U3
OJTHOYACTOTHBIX KOJICOATEIBHBIX MOACUCTEM, ITOYTH HE3aBUCHMBIX, CJ1a00 CBA3AHHBIX APYT ¢ apyroM. HeoOxommmo mom-
YepKHYTb, YTO pacliaJIcHHe Ha KoeOaTelbHbIe TIOJICUCTEMBI CYIIECTBEHHO OTJIMYAETCSl OT pachajieHus Ha pU3NYecKue Tesa
— mianetsl. Kakias konebaTenpHast MOICHCTEMa COCTOUT M3 Taphl (u3udeckux Ten — CoHIA | TIaHeThl. TakuM o0pazom,
B CIIOKHO# KosebaTenbHoi cicTemMe — m1aHeTHOM — COJTHIIe MOBTOPEHO AEBSITHKPATHO (10 YKCITY IUIAHET).

BoJubioe BexkoBoe Bo3mynieHue — pe3onanc FOnurepa u Carypua

HbI0TOH® 0OBSCHII KEIUIEPOBbI SJLIAICHI. M Pa3obpas KOMETHbIE THIIepOOIbL. YUeT ClieyiolIero Majoro uieHa —
B3anMOJIEICTBHE ITaHeT — ObLT ocymecTsieH Jlarpamkem® u Jlammacom® B opme Teopun Bosmymienuii’. Cam Hbro-
TOH CUMTAJI, YTO B3aUMHBIC BO3MYIIICHHS TUTAHET NMPUBOAT CONHEYHYIO CHCTEMY B OCCITOPSIOK, M TOJIBKO O0KECTBEH-
HOE BMEIIIATEIECTBO COXPAHSAET CTPOMHYIO KAPTHHY MHPO3IAHHS .

Pe3oHaHCHBIE SBICHHS MOSABIISIOTCS Y)K€ Ha 3TOM 3Talle B PO MTOCOOHHMKOB JIbsABOJIA. JlpaMaTUdecKas CUTYaIlus,
MIPUYMHON KOTOPOH SBMIJIACH ITOUTH COM3MEPUMOCTh TiepuoioB FOmmrepa u CaTypHa, couyBcTBeHHO omnucana Cy006o-
THHBIM": «BoIBIIOE HepaBeHCTBO B ABIKeHNN FOmmTepa n CaTypHa, 3aBUCAIIEE OT ACTUTED 20, — 504 «OBLIO OT-
KPBITO SMITUPUYECKH. Dijiep U Jlarpamk, mocie psaa 0e3yCHENIHbIX MOMBITOK OOBSICHUTH €ro, CTalld CKIOHATHCS K
MHEHHIO, YTO 3TO HEPABEHCTBO YKa3bIBACT Ha JCHCTBHE KAKOW-TO CHJIBI, OTJIMYHONU OT HpUTsDKeHHs COJHIIA U U3BECT-
HBIX TUTaHeT. VICTUHHAS MpuYuHA ObLIa OTKphITA B 1784 1., Korma Jlammac mpeAnpuHsIT BEIYUCICHHE BCEX HEPABCHCTB
IIepBOTo Mopsaka B nBmxkeHuH FOmurtepa u CatypHa 10 TPEThEH CTEIICHH BKIIOYUTEIBHOY .

! Newton I Philosophiae naturalis principia mathematica. London: Joseph Streater, 1687. 510 p. Mmeetcs nepeson: HeroTon H.
MaremaTHdeckre Hadana HatypanbHoi ¢puocoduu / Ilep. ¢ mat. A.H. Kpsuiosa / Cobpanne Tpynos akanemuka A.H. Kpsutosa. T.
7-M—JL: Usn. AH CCCP, 1936. 688 c.

Newton I. Loc. cit.

VMeeTcst B BUIY NepBhIi 3akoH Kemiepa: kaxaas iaHeta oOpalaeTcs Mo JUIUICY, B OXHOM U3 (OKYCOB KOTOPOTO HAXOMUTCS
Comnne. — Kepler J. Astronomia nova attioloyntoo, seu physica coelestis, tradita commentariis de motibus stellae martis.
Heldelberg Voegelin, 1609. 337 p. — Ilpum. 1.

* Lagrange J.-L. Sur ’altération des moyens mouvements des planétes // Nouveaux Mémoires de 1’ Académie Royale des Sciences et
Belles-Lettres de Berlin. 1776. T. 7. P. 199-213. — Ilpum. 1.®.
> Laplace P.S. Recherches: 1° Sur I’intégration des équations différentielles aux différences finies et sur leur usage dans la théorie
des hasards; 2° Sur le principe de la gravitation universelle et sur les inégalités séculaires des planctes qui en dépendent // Mémoires
de I’ Académie Royale des Sciences de Paris (Savants Etrangeres). 1776. T. 7. P. 37-232. — Ilpum. 1. ®.

Teopust BO3MYILEHHI — MaTeMaTHISCKHI TOAXOM, UCHOIB3YEMbIH U1l HAXOXKICHUS PUOIIKCHHOTO PEIICHHs] yPaBHEHHS JBH-
KEHUS. 3aKIII0YaeTCs B PAa3IOKEHUH YPaBHEHHS 0 MaJlOMy MapamMeTpy M INOCIEAYIOIeMY PEIICHHIO YPaBHEHHUs MOWICHHO. —
http://en.wikipedia.org/wiki/Perturbation_theory. — ITpum. 1. ®P.

Hmeercs B Buay BbickasbiBanue HproroHa: «Elegantissima haecce Solis Planetarum & Cometarum compages, non nisi consilio &
dominio Entis intelligentis & potentis oriri potuit». — Newton I Philosophiae Naturalis Principia Mathematica. 2™ enl ed.
Cantabrigiae, 1713. P. 482. IlepeBon: «Takoe m3smmneiimee coeanHenne CoiHIa, INIAaHET ¥ KOMET HEe MOTJIO ITPOU30UTH UHAYE, KaK
[0 HAMEPEHHIO M TI0 BJIACTH MOT'YIIECTBEHHOTO 1 PEMYIIPOro CymecrBa». — Hetoron U. Ykas. cou. C. 659. — Ilpum. U.D.

¥ Cyb660TH M.®. Kypc HeGeckoi Mexanuku. T. 2. M.-JI.: OHTH HKTII, 1937. C. 50

B 6ecene co crierkopom xypHaia «3Hanue — cina» Kapnom JleBuTHHbIM A.M. MOJTMaHOB OIHCHIBAT 3TH COBBITHS TaK: «3aKOHBI TATO-
TEHWs, OTKPBIThIe HBIOTOHOM, IIPHBEIIH €ro K IPEICTABICHHIO O BEICIIEM pa3yMe, HPaBsIleM MupaMu. B caMoM Jierte, ecitu ecTh 11Ba Tena
— CKa)XeM, OIMHOKasI IUIaHeTa Bpamiaercst BOKpyr COMHIIA WM MHMO HEro IpoJieTaeT OHa-eMHCTBEHHAs Pa3orHaBIIAsCs IIe-TO JaleKO
KOMeETa, — TO BCE HOJIY4YaeTCsl IIPEKPACcHO: IIaHeTa BPaIllaeTcs 10 Kpyry, KOMeTa yieraeT 1o runepoone. Ho BOT HOSBIIIOCE TpeThe Hebec-
Hoe Teto. Mex ity HAM M JIBYMS! IPYTUMH JeiiCTBYIOT CHJIBI TSTOTEHHM, IyCTh Jake HeOoubIre, Ho AeiicTBytoT! Crano ObITh, BpalleHHe
IO KPYT'y CTAaHOBHTCS Y)K€ HEBO3MOXKHBIM: U3 €r'0 00S3aTEIbHOCTH B 3a[a4e JBYX Tl IPSMO CISAyeT €ro HeBO3MOXKHOCTD B CHTYALIHH C
Tpemsi U TeM Ooliee YeTBIPbMS, IIATHIO U TaK Jajlee TeJIaMU. A IOCKONBKY IUIQHETHI B ICHCTBUTENIFHOCTH BPAILAIKCh BOKPYI HAILIEro CBe-
THJIA [0 KPYraM WM ciabo BBITSIHYTBIM DJUIMIICAM, TO BHAMATEIBHBI U OOBEKTHBHBIIN B3IV HA HOYHOE HeOo yOexnan HeroToHa, 4o
HeoOXOIMMO BMEIIIATENbCTBO BEICIIEH CHIIBI, YTOOBI IIOCTOSIHHO BO3BPAIATh BCE IUIAHETHI HA KPYTU CBOS.

Bo Bpemena Diinepa ¢ opOuTamyl GONBIIMHCTBA IUIAHET Pa3o0palIich, COOOpa3HB, YTO Mable BO3MEILEHHS HX MOKHO yIeCTh TaK Ha3bIBAEMOH
HepTypOALMOHHOIT TeopHeii, KOTopasi OKa3bIBACT, YTO BIIMSHUE IUIAHET IPYr Ha Apyra NPUBOMMT JIMIIb K HEKOTOPOMY APOXKAHUIO BOKPYT
UJICAIBHOTrO ITyTH, TpeanucanHoro uM Hetoronom. W s FOnurep n CarypH OTKa3bIBaIMCh YKIIAbIBATECS B OOIIME PAMKI: B MX JIBHKE-
HUH GbLIO PETYISIPHOE OTKJIOHEHHE OT TEOPETHYECKU PACCUUTAHHOr0, KOTOPOS HUKAKMMHY MaJIbIMU BOSMYILICHHSIMH HE O0BSICHSIIOCh.

W uMeHHO B CBSI3H ¢ 3TOH 3anaueii Ditep copMy/IHpoBai U IPUHLIMIT HAUMEHBILErO ISHCTBHSL, ¥ BAPHALIMOHHOES UCYUCIICHHE U TIPHIIISI K
BBIBOJLY, YTO €CTh JOMOIHHUTENbHAs ciia — bor, — KoTopast 61Ut 38 MEPOBOH rapMOHHEH, IUTABHO 1 IIOCTOSIHHO MSITKOH PYKO# ITOJIIPaBIIsist
JIBIDKEHIIS JIake JaIeKHX OT Hac IuiaHeT. TeopeMa o ObITHH O0sKbeM Diiepy Ka3aach JOKa3aHHOH CTPOro MaTeMaTHIEeCKH.

U BoT Kak pa3 3Ty TeopeMy Diinepa Jlamiac 1 oIpoBepr — B 3TOM UMEHHO M COCTOUT CMBICI NPHUIMCHIBAEMBIX eMy CloB: «B 3Toif
THIIOTE3¢ 51 He HYXKIAI0Ch!», — IK0OBI cKazaHHbIX UM Hanomneowny.

..ITeprypbaiioHHast TeOpys MOKa3bIBaJIA, YTO M3-32 MAJBIX B3aHMMOACHCTBHII IUIAHET MEXy COOOM Ha MX JBYDKECHHS HaKJIa/bIBa-
eTcst MeJKast psiob. MneanbHble CHHYCOUBI 00€300pakNBaIOTCsl KaK BEICOKOYACTOTHBIMH, OBICTPBIMH, TaK H, YTO OCOOCHHO Baj)KHO,
HHM3KOYAaCTOTHBIMY, MEJUICHHBIMH KOJIEOaHUAMHU. DTO ellle He ObUIO CTPAHHBIM: B KOHLIE KOHIIOB, MOTYT K€ JIBH)KEHHS IUIaHET OBITh
HOJBEP>KEHHBIMU IIEPHOIMIECKHM OTKIOHCHHUSM — OBICTPBIM, ITOBTOPSIOIIMMCS 4epe3 AecsThb—IBaJuarh JeT, kak y IOmurepa n
CarypHa, WM O4eHb MEJICHHBIM, IIEPHOJ KOTOPBIX PaBHsETCS ThicsueneTHsM. besa Oblia B TOM, YTO HEKOTOPBIE WISHB YPaBHEHUN
OKa3bIBAJIMCh HENEPUOINYHBIMU: OHH MEJUICHHO, HO HEYKJIIOHHO POCIH, IIOTOMY YTO 3alIMCHIBAINCH KaK KpaiHe Majas BeIHYHHa,
HOMHOXEHHast Ha BpeMst. [Ipy MaJbIX BpeMEHaX STUMH WICHAMH JIETKO MOXXHO OBLIO IpeHeOpeub, HO C TEUSHHUEM JIET U CTOJICTHI
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TposHubl. Pezonanc 1:1 (yHucon)
CyIIecTBYeT OUeHb HEMHOTO TOYHBIX PElIeHHiT 3a1aun Tpex el . OIHO U3 HUX — TPEYroNbHUK J'[ar*pamka2 — SIBIISICT-
Cs1 PE3OHAHCHBIM JIBIDKeHHeM . Habmronenne omosano Gonee JeM Ha CTO JIET 110 CPABHEHHIO C teopueil. Tonpko B 1906
r. Boneg OTKPBLI (IIPUMEHHB CTEPEOCKOI) MepBbIil acTepora’, obpasyrommii BMecte ¢ FOmurepom n CONHIIEM paBHO-
CTOPOHHUI JTarpamkeB TPEYroJIbHUK. B HacTosIee BpeMs U3BECTHO 6onee JUOXKMHBI' ACTEPOUIOB-TPOSHIIEB’. ACTepOH-
JIbl, Ha3BAHHDBIC MIMCHAMH TPEYECKHX TEPOCB, NPE/IIECTBYIOT IOmutepy’. B 3Ty rpymmy, BipodeM, mormai (BUAMMO, B Ka-
uectBe wieHnnka) exrop (Ne 624)°. [ToGesk1eHHbIE TPOSHIIB! 3aMBIKAIOT 3TO TOPKECTBEHHOE IIECTBUE BO CIIABY HAYKH .

Iosic actepounos. IIpodennt Kupkpyaa

Bornbiryto ceprio pe3oHaHCHBIX JABHKEHUMH, BOCIPUHUMAEMBIX OIATh-TAKH KaK JIOCA/THbIE nomexu'’ B cTpoiiHoit
TEOpHH, JOCTABIAET MOAC ACTEPOMIOB. XOpOMmO H3BecTHbI'' mpobenst Kupkyma'?, cOOTBETCTBYIOIME PE3OHAHCAM
1:2, 2:5, 1:3 ¢ obpamennem IOnurepa. MeHee 3aMeTHBIE IOHMKEHHS B KPUBOH paciipe/ielieHus EPUOA0B 00paleHus
acTepouI0B BO3HUKAIOT MpH pe3oHaHcax 1:4, 1:5, 3:5, 3:7.

CylmecTByeT U NPOTUBOIOJIOKHAS CUTYalUsl — TPYNIHPOBKa opOUT BONIM3U Touek 3:4 u 2:3. B My3bIKaJIbHOI Tep-
MHHOJIOTHH 3TO — «KBapTa» U «KBUHTAY. «[IpuMay Takxke yCTOHYMBA U COOTBETCTBYET I'PYIIIE TPOSHIIEB.

Konbua Carypna

3HamenuTas «ienb Kaccunm»'® uMeer pesonancHyro npupoy. OHa 3aHUMAeT Ty 30HY, B KOTOPOil YaCTHUKH, CO-
CTaBIISIONIME KOIbIIA Catypna, umenu Obl nieprosl, Oam3kue K 1/2 nepriona Mumaca, 1/3 nepuoga Duuenana u 1/4
nepuona Tedun'!. Jlns MOHMMAHHS 3TOro ABICHHS HEIOCTATOYHO OBIIO OOHAPYKUTH IIENTb ¥ OTKPHITH cyTHHKK Ca-
TypHa. C 3tuM cripaBmics cam Kaccurn. Maso 6bUT0 1ake OTKPBITH ApYTHe MPOOeIbl B KOIbIIaX CaTypHa15 TonbKo B
XIX Bexe KupkByn, conoctaBuB lp06em)1 B TOsICE acTepouI0B ¢ KonblaMu CaTypHa, OCO3HANI €IUHBII pe30HaHCHBIN
MeXaHH3M 00pa30BaHus MPo6esIoB '’

BEJIMYMHA MX CTAHOBIUIACH Y)KE BIIOJHE OLIYTHMOW. TeopeTHyecky paccunTaHHbIIl BEKOBOH yXOI HEKHX YCIOBHBIX Y3J0B B I€OMET-
puu HeOGecHbIX cep HCKaXKan OpOUTHI IUIAHET COBEPIICHHO HEAOIMYCTUMBIM 00pa3oM. UTo ke TOraa Mpou3oIuIo Obl 32 MUJUIMOH
JIEeT, ecid Obl He... ecii Obl He uT0? KT0 7ke Bce-Taku MOANPABIISAET XOJ[ BCEICHCKUX 4acoB?

Ora Kama — B rojioBax 1 B popmynax (a hopmyna nprokeHus JIyHbl, HapuMep, 3aHMMaa OoNblle BaLaTH CTPAHHLL CIUIOMHOIO TEKCTa,
e ObUIM OIIHH CHHYCBI B CAMBIX Pa3iMYHBIX CTENEHSIX U MPOCTO JIMHEHHbIE WICHBI, M CTENECHHbIe (DYHKIMH M IPOM3BEACHHUS BCEX HX B
PAa3IMYHBIX COYETAaHMAX) AocTanach Jlaracy. ' eHHaIbHOCTb €ro COCTOosUIa B TOM, YTO OH HE CTaJl, KaK 3T0 ObLIO NPUHATO, H30aBIATHCS OT
HEePHOIMYECKUX TPUTOHOMETPHUECKUX (DYHKLMH, IPUMEHsIE XOPOILO 3HAKOMYIO eMy (opMyiry Diiniepa, KOTopasi TOBOPHIIA: CHHYC O4€Hb
MAJIOH BEMYUHBI IIPHOIMKEHHO PaBeH caMoi 3Toi BenuduHe. Her, Jlamiac nocTymmi npsmMo Hao00pOT: BEKOBbIE HEMIEPHOIMYECKHUE UJIe-
HBI YPaBHEHHi OH NPEJICTaBIII B BHJE CHHYCOB, 00paTHB (opMyity cBoero yuurens Ditnepa. Teneps Bce YpaBHEHHUsI CTaH BKIIOYATh B
ce0sl TONBKO HepUuoIeckue QyHKIMH — HUKAKOI WIEH yKe OOJbLIe He POC MOCTOSHHO C TSYSHHEM BPEMEHH, HO BCE OHU HCIIBITHIBAIIH
KOJICOAHHS C T€M FUIM HHBIM TIEPHOIIOM, KaK M HOJIOKEHO YECTHBIM CUHYCaM.

. Beenennast 3akpyrunach cama 1o ce6e, IIepBOHa4aJIbHBIN TOIYOK IepecTal ObITh eif HykHbIM. OctaBanucsk FOmurep u CatypH ¢
UX CTPOITHBBIM HEXelaHueM ObITh kak Bce. Ho Tyt Jlamuiac BHOBB NPOSIBUJ I'€HUAIBHOCTb — OH IOHSUI: IIEPHOABI MX BPAILECHUS
TaKOBBI, YTO B ONpE/eJICHHbIC MOMEHTHI HACTYIIAeT PE30HAHC, U IUTAHETHI-THTaHThl B 3TH MIHOBEHHMSI KaK Obl IOATAJIKUBAIOT, O~
KpY4MBAIOT JPYr Apyra, caMu co0oii, 6e3 nomomu u3BHe. Heobxoxumocts B 'ocnione bore ornana, o uem Jlamiac u 3asBui Bo
BCeyclbIlIaHue cBouMH paborammy. — JleBurun K. MacmraGsl Bpemenu // 3nanue — cuna. 1986. Ne 11. C. 25-26. — Ilpum. H.D.

3ajiaya TpeX Tl COCTOUT B ONpPEIETICHUH OTHOCUTEILHOIO ABHKCHIS TPEX TeJl, B3aUMOJCHCTBYIOIIHX 110 3aKOHY TAroTeHus Hero-
TOHa. — Ipum. U.D.

Lagrange J.-L. Essai d’une nouvelle méthode pour résoudre le probléme des trois corps, qui a remporté le Prix de 1I’Académie
Royale des Sciences en 1772 // Recueil des Pieces qui ont Remporté les Prix de I’ Académie Royale des Sciences de Paris. 1777. T.
9. P. 1-126. — Ilpun. U.®.

* ECIM TI0CTPOHT JIBA PABHOCTOPOHHHX TPEYrONbHUKA, JBE BEPIIHHBI KOTOPBIX COOTBETCTBYIOT LIEHTPAM JBYX MACCHBHBIX TeJ, TO TPEThH
BEPIIMHBI 3THX TPEYroJIbHUKOB OYyT COOTBETCTBOBATH ToUKaM Jlarparska Ly 1 Ls. OHu pacrionoXeHsl B INIOCKOCTH OPOUTBI BTOPOIO TeJIa,
B 60° rpatycax Briepe 1 1103au Hero. Ecim TpeTse Teso MMeeT npeHeOpesKMMO Mallyto Maccy, X Ha Hero BO3ICHCTBYIOT TOJIBKO IPaBUTa-
LIMOHHBIE CHJIBI CO CTOPOHBI JIByX MACCHBHBIX TeJI, TO B TOUKax Ly 1 Ls TpeThe Teo MOXKET 0CTaBaThCsl HENOIBIDKHBIM OTHOCHTEIBHO I1ep-
BBIX JIBYX TEJL. — Bukureyst. [Omexrponnslii pecypce]. Pexxnm nocryma: http://en.wikipedia.org/wiki/Lagrangian point. — [lpum. 1..

ACTepowl Axwutec, Ne 588. — Wolf M. Wiederauffindung des Planeten (588) [1906 TG] // Astronomische Nachrichten. 1907. Bd.
174 Ne3.S.47-48. — Ilpum. 1.@.

HyTI/IJ'lI/IH N.N. Maireie manetsl. M.: I'ocrexmusaar, 1953. 412 c.

K HacrosimeMy BpeMEHH U3BECTHO OK0JIO 350 acTepoHIOB-TPOSHIIEB, KOTOpBIe ABUratoTcs Bokpyr Cointia o opoute IOmurepa, B
60° mo3agum Hero, B OKpecTHocTH ToukH Ls IOmmrtepa. Bukunmenms. [OnekTpoHHslii pecypc]. Pexum mocryma:
http://en.wikipedia.org/wiki/List of Trojan asteroids (Trojan camp).— Ilpum. ..

K HacroseMy BpeMEeHH M3BECTHO OKOJO 525 acTepOMIOB-TPEKOB, KOTOpbIe IBuratorca Bokpyr Connia no opoure FOmurepa, B
60° Bnepeau Hero, B OKpecTHocTH Toukd L, IOmmrepa. — Bukumenms. [OnekTpoHHBI pecypc]. Pexunm mocryma:
http://en.wikipedia.org/wiki/List of Trojan asteroids (Greek camp). — Ilpum. H.Q.

Kpome I'exropa, B «uyxoii narepb» nonain [larpokn (acrepoun Ne 617). — Ipum. U.D.

B Hacrosiiee BpeMsi U3BECTHBI aCTEpOMIBI-TPOSIHIBI He Tobko FOmurepa, Ho u Henryna, Mapca u 3emu. — Bukuneust. [OneKrpoHHbIiI
pecypc]. Pexum  nocryna: http://en.wikipedia.org/wiki/Neptune_trojan, http//en.wikipedia.org/wiki/List of Mars_trojan_asteroids,
http //en.wikipedia.org/wiki/Earth trojan_asteroid. — [Ipum. M. ®.

BaTcon ®. Mexnay mnaneramu. M.—JI.: 'octexuznar, 1947. C. 23.

! Vummur @. 3emis, JIyna u miareTst. M.-J1.: Cocrexmsnar, 1948. C. 35, 230.

KOHueHTquecme npobensl B nosice acreponsioB. — Kirkwood D. On the theory of meteors // Proceedings of the American Asso-
ciation for the Advancement of Science. 1866. Vol. 15. P. 8-14; Kirkwood D. On the formation and primitive structure of the Solar
system // Proceedings of the American Philosophical Society. 1871. Vol. 12. No. 86. P. 163-167. — Ipum. U.®.

IMpomexxyrok mexny BHemHUMH (A u B) konbuamu CartypHa, I_LII/IpI/IHa okono 4800 km. — Cassini G.D. Observations nouvelles
t40uchant le globe & I’anneau de Saturne // Journal des Scavans. 1677. P. 56-58. — IIpum. 1. ®.

Mumac, Suuenan, Teus — criyrauku Carypha. — lpum. H.®.

B Hacrosmmii MOMEHT u3BeCTHBI 16 mpoMexyTkoB B koiblax Carypna: menu Kaccunm, Poma, Komom6o, Makcsena, bonna,
[eiiBca, ['toiirenca, 'eprens, Paccenna, xeddpuca, Koitnepa, Jlamiaca, Beccens, bapnapma, Duke u Kunepa — Buxunemus.
[BHeKTpOHHLH/I pecypc] Pexxum moctyma: http://en.wikipedia.org/wiki/Rings of Saturn. —Ilpum. U.®.

¢ Kirkwood D. Loc. cit. —Ipum. U.D.
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Tanmneessl cnyTHukn FOnutepa'

Ota emuHCTBeHHAs mozcucteMa CONHEUHOW CHCTEMBI, CTUMYJIMPOBABIIAs OJarOCKIIOHHOE OTHOIICHHE HEOSCHBIX
MEXaHUKOB K PE30HAHCY.
Pesonanc Obi 0GHApysKeH eiie Jlammacom” B GopMe JOTNONTHUTETLHOTO IEPBOr0 HHTErpana

¢, — 39, +2¢, zn’ (1)

rze @y, ¢y, (3 — ITTAHETOLIEHTPHUYECKHE AONTOThI ciiyTHUKOB Mo, EBporiel 1 ['anumena. 3TOT pe3oHaHC 10aroe Bpems
OBbUT UCKITIOYUTEIBHBIM M B IPYroM cMbiciie. TOJIBKO OH CBS3bIBANI BOSAWHO TPH Tela, a He JBa, KaK BO BCEX OCTAJIbHBIX
ciydasx. Popma 3anKcH 3TOro 3aMeyaTeIbHOrO COOTHOIICHN YKe IpeIBelaeT IpaBWIbHYI0 (popMy pe3oHaHca

0, =30, +20; =0 ()

KaK LEJIOYUCIEHHOT0 JINHEHHOTO YpaBHEHHS VISl 4YaCTOT M), (,, 3, @ HE JUISl IEPHOJOB, KaK OOBIYHO 3aITUCHIBAIOT
MIapHbIE PE30HAHCHI.

Jlyna

BroxHopistromuil npumMep pe3oHaHCHOTO IBWKEHUS JEMOHCTPUPYET Halll €MHCTBEHHBII €CTECTBEHHBIN CITyTHUK
— JIyna. DTO ToXe «IIPHUMa» — YHUCOH 1:1 — KaKk U B CiTydae TPOSHIIEB, HO yKe BPAIICHHS C 0OpalIeHHeM .

Jxopmx lapBuH, cbiH 3HamMeHuToro Yapin3a JlapBuHa, ObUI, MO-BUIUMOMY, TIEPBBIM, KTO MOMBITAJICS 3BOJIOIH-
OHHO TPOCIIETUTh BOZHUKHOBEHUE PE30HAHCHON CTPYKTYpHI . OH MPaBMIIBHO YKa3aJl TJIaBHBIN (hakTop IBOJNIOIUH CH-
cteMbl JIlyHa—3emMis — npunuBHbIe cuibl. K coxaneHuio, HeBepHa, Kak rmokasan JIamyHoB®, nucxonHas rumoresa [lyan-
kape® 00 YCTOIUMBOCTH TPYMIEBHIHON (QUIyphI BpaIeHHs KUKo# Macchl. ITosTomy Teopus [ix. JlapBHHa HermpuMe-
HUMa Jake K BOIIPOCY O IMPOHCXOXAECHUHM TBOMHBIX 3BE3[, HE roBops yxke o cucreme JlyHa—3emis, sl KOTOpOM
Hanbosee BEpOATHO POUCXOXKACHNE U3 Ta30IbUIEBOr0 obJiaka'.

CosiHeyHasi aAKTHBHOCTDL

«ConHIe MeHee moe3Ho, yeM JlyHa, n60 CBETHT JHEM, KOrja  0e3 Hero cBerio, a JIyHa Houbon®. Kpome Toro,
Ha ConHue ecth msiTHa. OJJHAKO IMEHHO COJTHEYHBIE MSITHA IPOJIMBAIOT JIONOJHUTENBHBIN CBET HA MPOOJIEMY BO3HHUK-
HOBEHUS PE30HAHCHBIX CTPYKTYP.

Cpe/Hsisl epUOIMIHOCTh CONMHEYHON AKTMBHOCTH IOXO3PHUTENBHO O/H3Ka K mepromy obparenus FOmurepa'’.
Apucrapx ANOIJIOHOBUY BenornoiabCKuil MOMBITANICS YCMOTPETh B 3TOM (paKkTe MPUYMHHYIO CBS3b . MEBICIB 3Ta, I10-
HUMaeMasi OyKBaJIbHO, HECOMHEHHO, HEBEpHA, TaK KaK COTHEYHAs! aKTHBHOCTD HE SIBJISIETCS] OJHONEPUOJMYECKUM npo-
neccom'”. OIHAKO OTKPBITBIM OCTAETCS BONPOC, HEb3s JIH CBA3ATh CONHEYHYIO aKTUBHOCTb C HPHIHBHBIM BO3ICH-
CTBHEM OGEHX FTABHBIX TUIAHET — IOnutepa u CatypHa.

He3aBucumo 0T cIipaBeUIMBOCTH 3TOW ABYXYacTOTHOH Mojenu msaTHa Ha CONHIE MOMOMHSIOT HAlly KOJUIEKIIUIO
HETPUBUAIILHBIM TOYHBIM pe30HAHCOM 1:2 («OKTaBa») MarHUTHBIX M MEXaHHMYECKUX SIBICHUH, HOO Ha/IE)KHO YCTaHOB-
JIEHO, YTO MOJSAPHOCTD IIATEH MEHIETCS Ha IPOTUBOIOIOKHYIO B COCETHUX ITUKIIAX.

HJ'laHeTaprIe pacCTosTHUA PI.]'[I/I 9JacTOTHI?

DMIUpUYecKoe MPaBUIIO TUTaHETHBIX paccrosiamii Tummyca—Boxe' monoxmno Hauano moruMannio CONHEUHOM
CACTEMBL KaK €JMHOTO LENOro . Oto mpaBmwio 6but0 mepecMmorpero Otro HOmpeBruem IIMHITOM C 3BOMIOIUOHHBIX
no3uiuit °. OTHAKO OCHOBOM pacCMOTPEHHS OCTAJIUCh IJIAHETHBIE PACCTOSTHUSA.

ABTOp HaCTOHH_[eI/I CTaTbU IMONBITAJICA IPUMEHUTDH K ConHeyHol cucreMe nacu HEJIMHEHHOMN TCOPUU KoJieOaHmit 6

! Kpynneiime ciyrauku ¥Onurepa: Ho, Espona, I'amumen 1 Kammicro, orkpertet T'amneem B 1610 r. — Bukuneaust. [Snexkrpon-
HBII/I pecypc]. Pexxum nocryna: http://en. w1k1ped1a org/wiki/Galilean_moons. — Ilpum. 1.®.

2 Laplace P.S. Théorie des satellites de Jupiter (suite) // Mémoires de 1’ Académie Royale des Sciences de Paris. 1789. P. 237-296. —
HpuM Hao.

I[pyrovl npumMep yHucoHa — [anuieeBsl ciyTHUKH: Kak 1 JIyHa, oHM Beerna oOpatens! K FOmurepy onHOM cropoHol. — ITpum. H.D.

* Darwin G.H. The Tides and Kindred Phénomena in the Solar System. Boston: Houghton, Mifflin and Co., 1899. P. 339-343. Nwme-
ercs nepesox: Japsun JDx.I'. TIpunusel u poncrBenHsle uM siBieHus B Conneunoit cucreme / Ilep. ¢ anrn. B.B. Cepadumonya.
M.-IIr.: Tocuznmar, 1923, C. 282.
> JIsmrysos A.M. O6U1a>1 3a1a4a 00 YCTOHYMBOCTH JIBIDKEHHS. XapbKoB: XapbKOBCKOE MaTeMarniyeckoe obmecrso, 1892. 250 c.

Poincaré H. Sur la stabilité de 1’équilibre des figures pyriformes affectées par une masse fluide en rotation // Philosophical
Transactlons of the Royal Society of London. Series A. 1902. T. 198. P. 333-373. — [Ipum. 1. ®.

U_[MI/I}IT O.10. INpoucxoxnenue 3emnu u miaxer. M.: Uzn-so AH CCCP, 1962. 132 c.

¥ Wckaxennas murata u3 apopusmos Kossmer ITpytkosa: «Eciu y Tebs CIIPOLICHO OyIeT: 4Td MHoJe3Hee, COMHLE WIM Mecsi? —
OTBETCTBYHA: Mecsll. 160 CONHIIe CBETHT JHEM, KOrjia i 6e3 TOro CBeTIo; a Mecsl — Houbion, [Ipyrkos K. TonHoe cobpaHue coun-
HeHI/II/I 4-e m3n. CII6.: Tunorpadus Cracronesuua, 1894. C. 92. — Ilpum. M. D.

11,11 ner. — Wolf R. Ueber die elfjihrige Periode in den Sonnenflecken und erdmagnetischen Variationen // Annalen der Physik
uond Chemie. 1862. Bd. 193. Ne 11. S. 502-509.

11,86 net. — Ilpum. U.PD.

Benomnoneckuii A.A. ITsatHa Ha ConmHue u ux apwkeHue. M.: YHuBepcuterckas tunorpadus, 1886. 183 c.

KupKBY/ NPEIIONKUI THIIOTE3Y O CBSI3U COJHEYHOI aKTUBHOCTH (YYHTHIBASI HECKOJIBKO €€ IIEPHONOB) C IPHIUBHEIM BO3/ICHCTBH-
em Omurepa, Benepst 1 Mepkypust. — Kirkwood D. On the periodicity of the Solar spots // Proceedings of the American Philosoph-
ical Society, 1869. Vol. 11. No. 81. P. 94-102. — Ilpum. 1.®.

Cornac 0 DJTOMY IpaBWlly, paiaMyc i-i IulaHeTsl R; (B aCTPOHOMMYECKMX €IMHUIAX) BBIYUCIACTCS 1O (opMmyne
=0,1x(D; +4),rne D; =0, 3, 6, 12, — Bode J.E. Anleltung zur Kenntmss des Gestirnten Himmels. Hamburg: Harmsen,
1768 354 S.; Titius J.D. Footnote // Bonnet K. Betrachtung iiber die Natur. 2" ed. Transl. by J.D. Titius. Leipzig: J.F. Junius, 1772.
S. 7-8. — HpuM Ho.
1 Nleto M.M. Conclusions about the Titius-Bode Law of planetary distances // Astronomy and Astrophysics. 1970. Vol. 8. Ne 1. P. 105-111.
U_[MI/I}IT O.10. O 3akone mranerHsix paccrosiauii // Jokaanst AH CCCP. 1946. T. 52. Ne 8. C. 673-678.
® Mouanos A.M. Pe30HaHCH B MHOTOYaCTOTHBIX KOJIEOAHUSX // Hoxnaasr AH CCCP. 1966. T. 168. Ne 2. C. 284-287.
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Taxkoit moaxon BeIHYXKJIAJI pacCMaTPUBATh YacTOTHI (2 HE OOJBIIME MOJyOCH) B KaueCTBE OCHOBHBIX XapaKTEPUCTHK
JBwKkeHns. OOHApyKUIIOCh, YTO YacTOTHI IDTAHET MMEIOT MAaKCHMaIbHO BO3MOXHBI HAOOp PE30HAHCHBIX COOTHOIIE-
Huii. HeoCTOPOKHO BBICKA3aHHAs 3aBETHAS MBIC/Ib, BocXosmas K YeraeBy', o «kBaHTOBaHHOCTHY CONHEUHOM CHCTe-
MBI, «UEJTOYUCIEHHOCT» €€ CTPYKTYpPHOI'O HPHHIMMIA BbI3BAJA APYKHOE HErOJOBAHHE U aCTPOHOMOB, U (DM3UKOB!
«CrnygaiiHOCTB!» — BO3MYIIIAIMCH NIEPBBIE~. «A YTO MIpaeT pojb MOCTOsIHHON [Inanka?» — 00IUUaroT BTOpHIE.
['HIoTe3a MAaKCHMANBHOM PE30HAHCHOCTH, BHICKA3aHHAs B LIUTHPOBAHHON PaboOTe’, MOXKET, KOHEUHO, OKa3aThCs
HeBepHOH. OJHAKO OHa IT0JIE3Ha CaMOM [IOCTAHOBKOM BOIpoca o cyab0e 1000l ko1ebaTeNnbHOH CHCTEMBI, 3BOJIOLHO-
HUpPYIOIIEH MO BO3JEHCTBHEM CIIaObIX JMCCHUIIATUBHBIX (pakTopoB. EMMHCTBO moaxoia K pe3oHaHCaM BpallleHUs U
oOpallieHHs1 BBITOTHO OTJIUYAET 3Ty TUIIOTE3Y OT JIF000H MOTU(HKAIIMN PABUIIA JIAHETAPHBIX PACCTOSHHID).

CnuH-opOuTaibHOE B3auMojielicTBUe

Pa3Butne HabIONaTENBHBIX CPEACTB (TIPEXKIE BCEro pajMoIOKAIIMOHHON TEXHHKH) MO3BOJIMIO OOHAPY)KUTH HOBBIE
THITBI pe30HaHCoB. Tak, y MepKypys ObT HaiifieH pe3oHaHC 2:3 («KBUHTa») BPAIICHHs ¢ oOparenyem . [Ipoinio HeMHo-
T'O BPEMEHH, U HAOJIOACHHs BEISIBUIIN YMBUTEILHBIH CIIOXKHBIN pPe30HaHC BpalleHus: Benepsl BOKpyr ocu ¢ oOpaleHueM
3emutn 1 Benepst Bokpyr Conria’. B peynbTare 3T0ro pesoHanca BeHepa okasbiBaeTCst MOXosKeit Ha JIYHY — B MOMEHTBI
HauOOJBIIErO COMMKEeHUs Benepa nouturenbHO cMOTPUT Ha 3eMitro. BripoueM, B peaslbHOCTH 3TOr0 pe3oHaHCa COMHEBa-
eTCsl HbIHE JIKe IO TIePBOOTKPHIBATENN . XOPOIIHii IPHMEp KoNeOaTeIbHOCTH HOCTHKCHHS HCTHHB!

OpHeHTaHHﬂ HCKYCCTBCHHBIX CITYTHUKOB 3emuin

Bonpmioe pa3Hoo6pa3He 3a1a4, BbIMIOJIHACMBIX CIIYTHUKAMHU, JCTIACT MPAKTHICCKU BaXKHBIM CUCTEMATUYCCKOC U3 Y-
YCHHUC I[OCTaTO‘IHO IIHUPOKOIro KjiracCa pE€30HAHCOB BpallCHUSA C o6pameHHeM — TaK Ha3bIBACMbIX HOMHWHAJIbHBIX IBU-
)KeHI/II/I OcobeHHo BaXKHbI, KOHEYHO, KJIACCUYCCKUE NBUKCHHUA JIYHHOI'O (I/IJ'II/I MepKypI/IaHCKOFO) TUIIA JI CBA3HbIX,
MCTCOPOJOrMYECKUX U I'€COAC3NYCCKUX CITYTHUKOB.

Ho ecu B «aKaJICMUYCCKUX» BOIIpOCax ACI0 IMPUPOAbl 103a00TUTKCS 00 yCTOfI‘IPIBOCTPI PE30OHAHCHOI'O ABUKCHUS,
TO B MHXXCHCPHBIX BOIPOCAX «I[I/ICCI/IHaTI/IBHHﬁ (baKTOp)) MPpUXOAUTCA «3arpyxatb Ha 60pT CIIyTHHKa» B (bopMe TOU
WJIM MHOM CUCTEMBI aKTHBHOM CTa6I/IJ'H/ISaLH/II/I.

B HaCTOAIIEC BPpEMS UMECTC OGIHPIpHaH JIuTeparypa, NOCBAINICHHAA U3YYCHUIO 3TOI'O Kpyra BOHpOCOBS.

AKCHOMATHKAa He0eCHOM MeXaHUKH

HeOecHas MexaHuKa 3a HEMOJHBIX TP BeKa CYIIECTBOBAaHUS OJIECTSIIIE CIpaBHIach CO CBOCH 3amayueil — 3amayeit
00BSICHEHUS BUIUMOI'O IBMKCHUSA HeOeCHBIX Tel. CyOOOTHH ¢ 3aKOHHOM ropaocThio mucai: «B 1950 ymamock moka-
3aTh, YTO 3aKOH BCEMHPHOIO TSATOTEHHS MTO3BOJISIET MpencTaBuTh HadmoaeHus (¢ 1780 mo 1940) naru nnaner rornuTe-
poBoii rpynmel (FOmurepa, CatypHa, Ypana, Hentyna u Ilmyrona) co Bcell TOM TOYHOCTBIO, KOTOPYIO MMEIOT 3TH
HaOmoneHus» . B nBbKeHuu manet 3eMHoi rpymmsl (Mepkypuii, Benepa, 3emist 1 Mapc) riaBHasi HeBsI3ka — 3HaMe-
HUTOE TOJIUYHOE TepeMelnieHne nepurenus Mepkypus 5,75 ceKyHAbI AYTH BMECTO TEOpPETUYECKOro 5,34 CEKYH/IbI 1yTH
— OblT1a 00BsICHEHa DWHINTEHHOM Ha OCHOBE PENSATUBHCTCKOIO YTOUHEHHUS 3aKOHa BCEMUPHOIO TATOTEeHUs . [[pyrue
HEBSI3KH, HECPAaBHEHHO 00JIee MeJIKHe, YCTPaHEeHbI MOC)Ie OTKPHITUSI HEPABHOMEPHOCTH BpaICHUs 3eMIIH

HebecHast MexaHuKa BCJIeN 3a TEOMETPHEH CTajla YHCTO aKCHOMATHYCCKONH HAaYKOH — TaKOB Ba)KHCHIIMA METOMIO-
JIOTUYECKUH pe3ylbTaT UCTOpHH ee pa3BuTHs. CucreMa akcuoM HeOeCHOW MEXaHWKH 3HAYUTENIFHO MPOIIEe CUCTEMBI
AaKCHOM T'€OMETPUH U 3aIMChIBAETCS TPEMs CTPOUKaMU YpaBHEHUN JABMKEHUS:

dp, _ _OH.

dt 0q;

dg; OH

o G)
dt  0Op;

m;m
H(p:.q,) pl DN
m; i#k qk‘

HOCTpOCHI/Ie aKCHOMATHUKHU JTF000T0 SBICHUS HEMHUHYEMO CTAaBUT BOIIPOC O I'paHUIIaX IPUMCHUMOCTH MaTeMaTu4c-

" Yeraer H.I". OG yCcTOMYMBBIX TPaeKTOPHAX AMHAMUKH // Yuerble 3ammcku Kazanckoro yrusepcurera. Matemaruka 1. 1931. T. 91.
Ne 4. C. 3-8.
2 Backus G.E. Critique of “the resonant structure of the Solar system” by A.M. Molchanov // Icarus. 1969. Vol. 11. Ne 1. P. 88-92;
Dermot S.F. On the origin of commensurabilities in the Solar system. III — The resonant structure of the Solar system // Monthly
Notices of the Royal Astronomical Society. 1969. Vol. 142. Ne 2. P. 143-149; Henon M. A comment on “the resonant structure of
the Solar system,” by A. M. Molchanov // Icarus. 1969. Vol. 11. Ne 1. P. 93-94.

MOJ'[‘-IaHOB AM. Vka3s. cou.

* Colombo G. Rotational period of the planet Mercury // Nature. 1965. Vol. 208. Ne 5010. P. 575.
> Goldreich P., Peal S.J. Resonant spin states in the Solar system // Nature. 1966. Vol. 209. Ne 5028. P. 1078-1079; Goldreich P.,
Peal S.J. The dynamlcs of planetary rotations // Annual Review of Astronomy and Astrophysics. 1968. Vol. 6. Ne 1. P. 287-320.
® Goldreich P., Peal S.J. The obliquity of Venus // Astronomical Journal. 1970. Vol. 75. Ne 3. P. 273-284.

benenxuii B. B. JIBIKEHHE MCKYCCTBEHHOI'O CITyTHHKA OTHOCHTENBHO LeHTpa Macc. M.: Hayka, 1965. 416 c.
s TOp)KeBCKI/II/I A.Il. MccnenoBanue IBHXKEHUs CITyTHHKA OKOJI0 LeHTpa Macc. JJuc. ... k.¢.-m.H. M.: ITIM AH CCCP, 1969. 224 c.

Cy660TI/IH M.®. Hebecnas mexanuka // Bonbmas Coserckast DHuukioneus, 2-e w3l T. 29. M.: l'ocrayunsnart, 1954. C. 328.

% Einstein A. Erkldrung der Perihelbewegung des Merkur aus der allgemeinen Relativititstheorie / Sitzungsberichte der Preufi-

schen Akademie der Wissenschaften. 1915. Bd. 47. Ne 2. S. 831-839.

! Spencer Jones H. The rotation of the Earth // Monthly Notices of the Royal Astronomical Society. 1926. Vol. 87. Ne 1. P. 4-31;
De Sitter W. On the secular accelerations and the fluctuations of the longitudes of the Moon, the Sun, Mercury and Venus // Bulletin
of the Astronomical Institutes of the Netherlands. 1927. Vol. 4. Ne 124. P. 21-38.
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ckoil Mozenu. B HeOecHOW MexaHWKe 3TOT BOmNpoc (MMeromui crenupuueckyo (GopMy NpoOiieMbl YCTOHYMBOCTH
TUIAaHETAPHOM CHCTEMBbI) UCIIOKOH BEKY CTOsUI Jpamarnydecku octpo. Jaxe mis HeroTona u Ditnepa, He roBopst yixe o
lanuiee, oH ObLT IIPsIMO CBs3aH ¢ mpobneMoit ObITHst boxkust. [locTeneHHO TEONMOrnuecKnii Hakayl OCThIBAJ, BPEMsI OT
BpPEMEHH JIaBasi 3HATh OCTPHIMH BCHBIIIKAMH YK€ YACTO HAYYHBIX CIIOPOB, YTO MO/ CJIOEM IIeIJa eIle TAUTCS IIaMsl.

Mex 1y TeM IUIO YCIIEUIHOE MCCIIe0BaHHE MaTeMaTHUECKOH MOJIENTM — TEOPUH BO3MYIICHUH FAMUIBTOHOBBIX CH-
creM. Anzperi HukonaeBnu Koamoropos npemioxuil 3aMmedarellbHyI0 MOIU(HKAINI0 HTepaluoHHOro Merona Heto-
TOHA JUIS IOKa3aTellbCTBA TUIOTE3bl 00 YCTOWYMBOCTH MHOTOYACTOTHBIX KOJEOAHWH OTHOCHUTENHHO TaMIJIbTOHOBBIX
BO3MyeHnit . [ToHnMaeMast GyKBAIbHO, 9Ta TMIIOTe3a HEBepHA. MAaKCHMAalbHO BO3MOXKHOE TPOIBHKEHHE HA STOM
IYTH, TO-BUIMMOMY, CONEPKHT TeopeMa ApHOIbAa . 110 ero COGCTBEHHBIM CIOBAM OHA «ECTh METPHUYECKHH aHAIIOT
«reopeMbl» Jlammaca 00 ycTOWYMBOCTH IJIAHETHOM CHCTEMBI». U nanee: «...MCKIIOYUTETLHOE MHOXKECTBO HAYaIbHBIX
YCIIOBHH, ... XOTSI © IMEET MaIlyl0 Mepy..., BCE K€ BCIOJy IUIOTHO, CBSI3HO M IIPOCTUPAETCS B OECKOHEUHOCTh. JBrKe-
HHE TIPH MCKIIIOUUTEIBHBIX HaYallbHBIX YCJIOBHUSIX HYXKHO €IIe MCCIIEN0BaTh; a Priori OHO MOXKET OKa3aThCsl OCLUIUIH-
PYIOLIMM HITH Ja%e YXOMISIIMM B GECKOHEUHOCTBY .

OTH UCCIEOBaHMS 3aBEPILAIOT, B CYIIECTBEHHOM, BHYTPEHHEE H3y4Y€HHE CBOIMCTB MaTEeMaTHYECKOW MOIEIU H
TMO3BOJISIFOT TEM CaMbIM IOCTaBHUTh KapIHUHAIBHBIN BOIPOC O TOM, HACKOJIBKO CamMa MOJIENIb COOTBETCTBYET U3y4aeMo-
My O0BEKTY — peajibHOM ITaHEeTapHOH CHUCTEME.

Touka 3peHus aBTOpa HACTOAIIEH CTAaTbU COCTOWT B clenyroueM: Kiaccuueckas HebecHas Mexanuka npasuibHo
Molenupyem nosederue pearbHoll NIAHEMHOU CUCTNEMbL HA MATLIX MACWIMADAX epeMeHy (COMHU MbICAY — MUTTUOHBL
snem). OOHAKO 80 6CeX IBONIOYUOHHBIX BONPOCAX (MULTUAPObL Jlem) U 0COOEHHO 8 BONPOce O CMPYKMYype NIAAHEMHOU
cucmembvl 2aMUILIMOHOB0 NPUOTUNCEHUE HEOOCIATNOYHO U OAem UCKANCEHHOe NPeOCmasieHue 0 C80UCNBAX PeabHOll
Conneynoii cucmembi.

KoncepBaTuBHBIE U JUCCHNIATHBHBIE (PAKTOPHI

Hekpurudeckoe nmepeHeceHHe CBOMCTB MAaTEeMaTHUECKOW MOJICITH Ha CBOMCTBA PeaIbHOrO 0OBEKTa SBISICTCS METO-
Jojormyeckoi ommoOkoil. Ha 3Ty omuoOKy, B 4aCTHOCTH (HACKOJIBKO M3BECTHO aBTOPY), yKa3biBain KonMoropos kak pa3s
IO TIOBOJY CBSI3M €0 THITOTE3bI ¢ TOBEICHUEM peallbHOM IJIAHETAPHOW CHCTEMBI Ha OONBIIMX BpeMeHax. JTo olIee
cooOpa)keHHe JIOMYCKaeT B MHTEPECYIOIEM Hac citydae 0ojee TOUHYI0 ()OpMYITHPOBKY.

PaccMoTpuM cucTeMy ypaBHEHUH ¢ ABYMs MalIbIMU TTapaMETPaMH € U O:

dp = —ﬂHSA
dt Oq
(4)
dq = ﬂ+SB
dt 0p

b
TaMWJIBTOHOBY B IJIABHOM WIEHE M «ABAXKIBI BO3MYILEHHYI0». OHO BO3MYIIEHHE — YUCTO FAMHUIBTOHOBO, KOH-
CepBaTUBHOE — 3aJIa€TCsl MAJION ITONPABKO# £/ K OCHOBHOMY I'aMIJIBTOHHAHY / HEBO3MYILIEHHOW CHCTEMBI

H(p.q)=H(p.q)+ch(p.q) (5)
Jlpyroe BO3MyIIEHHE, 3HAYUTEILHO MEHBILEE 110 A0CONFOTHOM BEJHYNHE
d<<e<<l, (6)

3aJ1aeT HEKOHCEPBATUBHBIE MOMNPaBKU 84 M 0B, ONMUCHIBAIOIINE KaK MOTEPIO SHEPTUH (WX MAcChl) CHCTEMOM, TaK U
MTOJIKAYKy UX B CUCTEMY.

OtOpocuM cHavaa cBepxMaibie (O << €) AMCCHIIATHBHBIC (paKTOpPhL. B MaTeMaTHUeCKOW MOMEIH 3TO PABHOCHIIb-
HO mpezienbHOMY nepexony O —> 0 . ITomydanTcs HOBast, MOJIHOCTBO TAMHJIBTOHOBA CHCTEMA:

dt oy

dy 03

dt  ox 7
H (x,y)= Hx,y)+eh(x,y)

[peamerom Teopry BO3MYIIEHHI raMIJIBTOHOBBIX CHCTEM SIBJISIFOTCS HMMEHHO TaKHe CHCTEMBI. SICHO, YTO CyIeCTBYeT
HEMaJIo BOIPOCOB, B KOTOPBIX 3aKOHHO NMPEHEOpPEeKEHNE JUCCUMATHBHBIMU (akropamu. K HIM, HECOMHEHHO, OTHOCSITCS
ademepunnble 3anaun. K coxanennro, Hanbomnee conepraTebHble (M TPyAHbIE) Pe3yIbTaThl, KacaloIUecs IOBEICHUS Ia-
MIJIBTOHOBBIX CUCTEM IIpH § —> 00 , KaK pa3 U He MOTYT OBITh ITepeHeCceHbI Ha CUCTEMBI 00mIero Bua. HerpyaHo nokasars,
4to cucrema (7) IaeT XOpOIIyIO allpOKCHMAIIHIO ITOBEACHNUS 001IIei cucTeMbl (4) Ha «IIpelipeakCalMOHHBIX) BpEMEHaX

Ly
t<<—
5 ®)

(ty — OCHOBHO¥ TIepHOJl TAMUIIBTOHOBOM CHUCTEMBI, Harlpumep, nepuoa obpamieHus: IOnurepa Bokpyr ConHia) u

! Konmoropor A.H. O coxpaHEHHH yCITOBHO-IEPHOIMUECKAX JIBHKESHHUE PH MajioM H3MEHEHHH QyHKITH [ aMuIsToHa // JloKia st
AH CCCP. 1954. T. 98. Ne 4. C. 527-530.

2 Apnonba B.J1. Maible 3HamMeHaTes U 1po0OiIeMbl yCTOHYMBOCTU JIBIDKEHHS B KJIACCHYECKOH M HeOecHOl MexaHuke // Ycnexu
MaTtemarndeckux Hayk. 1963. T. 18. Ne 6. C. 91-192.

3 ApHonb B.W. Maiible 3HaMEHaTeIH | MPOOieMa yCTORUMBOCTH B KJIACCHUECKOH 1 HeGecHOi Mexauke // TTpoGieMbl ABHKEHHs
UCKYCCTBEHHBIX HeOecHbIX Teit: Jlokmansl Ha KoHdepeHuu mo o6mmM M NPUKIAIHBIM BOIPOCAM TEOPETHYECKOH acTPOHOMHUH,
Mocksa, 20-25 nos16. 1961. M.: M31. AH CCCP, 1963. C. 17.
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COBCPUHICHHO HEMIPUTOAHA UMCHHO Ha OOJIBIINX HWHTEpBaJIaX BpECMCHU

ly
>>0
5 ©

Takum 00pa3oM, pasyMHasi 00J1aCTh IPUMEHUMOCTH FAMHUIBTOHOBOM TEOPHH BO3MYIIIEHHI OrpAaHUY€EHA U CBEPXY H
CHU3Y:

ly ly
— <t
e 5 (10)

Ha unTepBanax BpeMeHH, MHOTO MEHBIINX, €Ille HE MMEET CMBICIA YYUTHIBATH £-BO3MYILEHHE, a Ha BpEMEHax,
MHOT0 OOJIBIINX, YK€ HENb3sl IpeHeOperaTh O-BO3MYIICHHEM.

IIpumep cucTeM ¢ 0HOI cTeNeHbIO CBOOOIBI

Oco06eHHO TPO3pavHO B3aMMOOTHOLICHNE £-CHCTEM U 0-CHCTEM Ha IUIOCKOCTH (OHA CTEeHeHb cBOOOABI). ['aMmitb-
torman JH smnsercs MEPBBIM HHTETPAJIOM E-CHCTEMBI

H(p,q)=const (11)

B IIPOCTPAHCTBEC 10001 PasMEPHOCTHU. OJIHaKO IJIOCKOCTh CYIIECTBEHHO MPOIIEC. JIJ'IH HEC 3HAYCHUC MCPBOro MH-
TErpaja NoJIHOCTBIO ONPEALCIIACT TrCOMETPUIO CUCTEMBI — CEMEHUCTBO HMHTETPAIBHBIX KPUBBIX

H(p,q)+eh(p,q)=const (12)

Orta (hopMyIa OKa3bIBAET, YTO HA INIOCKOCTH F'AMIJIBFTOHOBO BO3MYILEHHUE JIUIIb HEMHOT'O UCKaXaeT (opMy pery-
JISIPHOH TPAaeKTOPUU.

N3o0pakatomiasi Touka mofx00HOH CHCTEMbI OyJeT BEYHO ABUIaThCs MO 3aMKHYTOH Tpaekropu (12), Mano oriu-
YaloIelcs OT 3aMKHYTOH TPaeKTOpUH

H(p,q)z const (13)

HEBO3MYIIEHHOH CHCTEMBI.

CoBepIleHHO HHAaUe BEAYT ce0sl TPAaeKTOPHHU O-CUCTEM. [ 1aBHOI OTIMYUTENbHON OCOOCHHOCTBIO 3TUX CHUCTEM SIB-
JIsieTCsl TOsIBJIEHHE M30paHHBIX TPASKTOPUHA — MPE/EIbHBIX UKIIOB, HA KOTOPbIe HAMAThIBAIOTCS (KaK CHAPYKH, TaK 1
W3HYTPH) BCE OCTaJbHBbIE TpaekTopuu. CHIBHO MOAEPHU3UPYS oBgImHanLHme uccnenosanus [lyankape u cienys
unesm Ban siep ITons’, HATIMIIEM ypaBHEHHUE JUIsl FAMIIbTOHHAHA B CHITY ITOJTHOM CHCTEMBI

dH oH _oH
+B

=9| 4 14
dt op oq (14)
Y4 A
N . b
o - GDgg
[/ g
Puc. 1. JTvewvm ypoBHS (OKPY>KHOCTVI) TIOJTHOVI SHEPTVI Puc. 2. BosmoXxHOe McKaXkeHVe TpaeKTOpuil IIpu ra-
pz + qz MIUTGTOHOBOM BO3MYyIIeHVY. BOimsy IoyIoXeHms paBHO-
H="—-* =F TapMOHWYECKOro OCIIMJUIATOPA. BeCVrI KapTria MOXeT MEHSITBCS Ka4ueCTBEHHO, a He TOJIbKO
2 KOJIVYeCTBEHHO.

OT6paCHBaH B npaBoﬁ YacCTH YJICHBI, OCHWINPYIONIUE P ABUKCHUU T10 HeBO3MyIJ.IeHHOI>i TPACKTOPUH, ITOJTYIUM
HOBOC€ YpaBHCHUC!

dE

== =%f(E) 15

P | (1)
MpaBasi 4acTh KOTOPOTO, €CTh TPOCTO CPEIHeEe OT [paBoi YacTu TOlIHOl})_fpaBHeHI/Iﬂ 1o ObICTpOi mepeMeHHoM (da-

3e). KpbuioB u Borono6oB® mokasany, 4ro mepexos OT YpaBHEHHUs st K ypaBHEHHIO Jist E MOXKeT OBbITh OCY-

! Poincaré H. Loc. cit.

2 Van der Pol B. Forced oscillations in a circuit with non-linear resistance. (Reception with reactive triode) // The London, Edin-
burgh, and Dublin Philosophical Magazine and Journal of Science. Series 7. 1927. Vol. 3. Ne 13. P. 65-80.

3 Kpeinos H.M., Boromo6os H.H. Beenenue B Henunelinyro Mexanuky. (IIpubiamkeHHbIe 1 aCUMIITOTHYECKHE METO/Ibl HeTMHEHHON
Mexanuku). Kues: M3n-so AH YCCP, 1937. 364 c.
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IOECTBJICH IPH IMMOMOLIXU 3aMCHBI ITICPEMCHHBIX
H =E+35F(E,¢,3) (16)

HMCKITIOUAIOIIIEii GICTPYIO (pasy M3 MeUICHHOro ypaBHennst wisi . « DBONIOLMOHHOR ypaBHeHHe s E onpe-
JIETISIET aMIUTATY/IBI (TOYHEE «IHEPTHNY) TPEEIbHBIX IUKIOB (YCTOHYMBBIX M HEYCTOWYMBBIX) TIONTHOM O-CHCTEMBI:

f(E)=0 (17)
OHI/I COBIIAZAKOT CO CTaHI/IOHapHI)IMI/I TOYKAMMU DBOJIFOIITMOHHOT'O ypaBHeHI/IH.
L

()
.\
Puc. 3. BosHMKHOBeHVe IIpeeIbHOrO IVK-

Jla IIpY HEKOHCEPBATVBHOM BO3MYIIeHv. Postb /
O-dakTopoB.

Y

JKcnepuMeHTAJILHBINH MOIX0/

HecMmoTtpst Ha CTOJb SIBHO KaUeCTBEHHOE Pa3jIniue B aCUMIITOTHYECKOH CTPYKTYpe pelieHul, OOHAPYKUTh pa3HHU-
Iy B TOBEJICHUU O- U TaMHJIBTOHOBOHW CHCTEM KpaiHe TPYIHO, W, BEPOSITHEE BCETO, JIaKe€ HEBO3MOXKHO. DTO MOXXHO
TIOHSTh, €CJIM OPUEHTUPOBOYHO OIIEHUTH XapaKTepHbIE BpeMeHa B peaibHol CONHEUHOH cucTeMe.

OcHoBHO# BpeMeHHOW MaciiTad COJHEYHOW CHCTEMBI 3a[aeTcs INIaBHOM KojieOaTeIbHOW KOMIIOHEHTOW — o0pa-
menueM FOnuTepa Bokpyr Connua. [lyis Hammx neseil 10CTaToYHbI OeHKH Mopsaka BeixnduH. [lonaraem nostomy

T, ~10 ner. (18)
OcHoBHO# MastbIii mapameTp COTHEYHOM CUCTEMBI, XapaKTepU3YIOIIU B3aUMOJICUCTBUE TIAHET APYT C APYroM, UMEET
TIOPSAAOK OTHOILICHUS MacChl BCeX IUTaHeT k Macce COIHIA, TO €CTh BEIMUMHY MOpsIKa OTHOM ThicsTuHOM. Clie10BaTeNbHO,
T, ~ 10" ner. (19)
JuccunatuBHbie (haKTOPHI OLICHUBAIOTCSA OYCHD HEHAIESKHO. SICHO TONBKO, YTO pedb WAET O BeluuuHax (Oe3pas-
MEpHBIX) MMOPsAKa ONHOW MUJIJTMOHHOM WX Aa)ke MeHbIe. [loaTtomy

Ts5 ~ 10"-10° rner. (20)
BCC BpEMs CYHICCTBOBAHUA COJ'IHC‘IHOf/i CUCTEMBI OLICHUBACTCS BeJIPIIIPIHOﬁ B HECKOJIbKO MHUJIJTMApa0B J'IeTIZ
T~5-10° ner. (21)

W3 HEe3aBHCUMBIX UCTOYHUKOB (T'€0JIOrMYECKUX, UCCIETOBAHNI METEOPUTOB, KOCMUYECKUX ) H3BECTHO, YTO JIUCCH-
naTUBHbBIC (HAKTOPHI OTHIONb HE OBLIM CTOTh MANBIMHU B TY 3I0XY, TAK OT HAC OTAaIeHHYI0 . [10106HbIe COOBpaKeHHs
MIOATBEPKIAIOT Pa3yMHOCTh OLIEHKH ISl T, BO BCSIKOM CIIydae, ee BEpXHEro mpesena.

Crob rpaHIuo3HbIE pa3iandus BO BpeMeHax T, u T OOBSCHSIOT TPYJHOCTh HaOIIOAATEIBHOTO «YIOBIICHUSD JTHC-
CHITATHBHEIX (hakTopoB. CKONBbKO-HUOYIb HaJEKHbIC HAOTIOIATEIbHbIC JAHHbIC MMEIOTCA® Ha KOCMOTOHHYECKH HH-
YTOXXHOM OTpE3Ke BPEMEHH — MEHee ABYX AeCsATKOB 000potoB IOmutepa Bokpyr ConHia. J[uccunaTuBHEIA CABUT dIie-
MEHTOB JII000I OpOUTHI JIEKHT IIO3TOMY 3a NpeesiaMy HaOIIFo1aeMOi TOYHOCTH.

Tem He MeHee UMeeTCs IPUHIMITHAIEHOE OTIMYHE €- ¥ O-CHCTEM, TTI03BOJISIONIEE, 10 MHEHUIO aBTOPa, OIpeIeieH-
HO TIPEIIOYECcTb O-MOJIEINb JJIsl TIOHUMaHUsI COBpeMEHHOW CTpyKTypbl ColHeuHO# cuctembl. [ 1aBHbIH 10BOA — oOMine
PE30HAHCHBIX SIBIICHUH U MPOIeccoB B peasibHOi CoaHevHOoH cucteMe. Pe30HaHCH HEMOHATHBI M IPOTUBOECTECTBEHHBI
(«cry4aiiHbI», pacIloiIoKeHbl Ha «MHOXKECTBE MEpHI HYIIb») B TaMHJIBTOHOBBIX CHCTEMaX. B IUCCHUITaTHBHBIX XK€ CH-
cTeMax Pe30HAHCHI HE TOJILKO €CTECTBEHHBI, HO M HEM30eXKHBI .

I'nnore3a KosiMoroposa u TeopemMa ApHOJIbIa

B Hacrosiiiee BpeMst He CyIecTByeT (Ha MaTeMaTHYeCKOM YPOBHE CTPOIOCTH) TEOPHU PE30HAHCOB B JIMHEWHBIX KOJe-
OaTeNbHBIX CUCTEMAX. JTO, OHAKO, HE 03HAYAET, YTO HEBO3MOXKHO MCCIIE/IOBAHHE PE3OHAHCHBIX SIBJICHUN «Ha (PU3NIECKOM
ypoBHe cTporocTi». [Ipy TaKoM TOIX0/Ie 0TOPAChIBAIOT MEIIAKOIIIE WiCHbI' (yBepsisi cedst M APYIHX, UTO 3TO JEaeTcs H3
usHUecKHX cOOOpaKeHHit’, i UTO OTOPOIICHHbIE WICHBI HECYIECTBEHHBI), ITOCIIE Yer0 OCTABIIMECS H3YUaloT.

Ha cnenytomem stamne yaaercs oObIMHO OOHAPYKUTh HAUIEKAIMNA MaJblil apamMeTp U MOCTPOUTh (OpMabHOE
pasiioKeHue, TIaBHBIN YWIEH KOTOPOro COBIAIAET ¢ «(PU3NIECKOW» MoJIeNbio. PasiokeHune, kak IpaBUiIO, OKa3bIBAETCS
pacxoAsImuMCs.

C 3TOro MOMeHTa 3aJaya CTAaHOBHUTCSI YCTO MaTeMaTHdeckoi. OOOCHOBaHHE aCHMITOTHYECKOTO Pa3JIoKEHHs CO-

! Vm[rm ®. Ykas. cod.
? Jlepun B.FO. TIponcxoxaenne 3emmu // Mssectus AH CCCP. ®dusuka 3emn. 1972. Ne 7. C. 5-21.
3 Cy660TI/IH M.®. Kypc HebecHoit mexanuku. T. 2. M.-JI.: OHTU HKTII, 1937. 404 c.
Molchanov AM. The resonant structure of the Solar system. The law of planetary distances // Icarus. 1968. Vol. 8. Ne 1-3. P. 203-215.
l'Iaym/I B. O6upe npuHImMIEr BomHOBOM Mexanuku. M—JL.: [ocrexmznar, 1947. C. 121.
D10 «ONnUCTaTeNbHBII» MpuMep (pu3HIecKoi «uHTYHIMNY o0HapyxeH V.M. 'esbhanmom. Maremaruk Obi1 ObI BRIHYXIIEH JOBOJIb-
CTBOBATBCS «UHCTO (hOPMATHHBIMY COODPAKEHHEM, UTO KBAIPATHOE YPaBHEHHE p” — p = () MMEET TONBKO Ba KOpHs p = 1, p = 0.
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CTOUT B IIOCTPOEHUH UTEPAllMOHHOrO IIpoLiecca, 001aAatoIero qByMs CBOHCTBAMH:

1) CxomuMocTh MpH HEKOTOPHIX YCIOBHAX (HAIIpUMep, Ha MHOXKECTBE JIOCTATOYHO OOJIBIIOI MephI);

2) CoBmajieHHe aCUMIITOTHYECKOTO psija ¢ (OpMaNbHBIM Pa3IoKEHHEM HTepalyy («JOCTaTOYHO OOJIBIIOT0» OT-
pe3Ka pa3lioKeHus], «JOCTATOYHO JaJICKO» UTepalluyl ¢ «IO0CTATOYHO OOJBIIMMY OTPE3KOM aCUMIITOTHYECKOIO Psa).

VcTopust HayKH TI0Ka3ala BBICOKYIO 3((eKTHBHOCTb MOI00HOr0 «dcTadeTHOro» Meroxa uccienoanuii'. Her oc-
HOBaHMH IpeHeOperaTh UM M B MHTEpecyloleil Hac 3anade. [locTpoeHne acCMMITOTHYECKOTO Pa3JIOKEHUs, HE TOBOPS
yXe 00 UTepalliOHHOM IIPOIIECCE, BEIXOAUT 3a paMKH cTaThby. Ho nake ompezeneHue r1aBHOIO WiIEHa U €ro UCCIeno-
BaHUE — BIIOJIHE COJIepKaTeIbHasl U HelIpocTas 3a1aqa.

Beiknanku ynoOHee NpOBOIUTH, BEIOpPAaB B KauecTBE HE3aBUCUMBIX IIEPEMEHHBIX MEpBbIE HHTETpalbl U (a3bl He-
BO3MYILIEHHON CHUCTEMBI:

J=J(p.q)

¢ =9(p.q)

Bo Bmosnne HUHTCTPUPYCMBIX I'aMHUJIbTOHOBBLIX CUCTEMAX MOKHO BI)I6paTI> MEPEMEHHBIC TaK, YTO B Haﬂnemameﬁ CHu-
CTEMEC KOOpAMWHAT

(22)

J=p
(23)
¢=9q
B AOTUX HepeMeHHI)IX cucrema an/Io6peTaeT BHUO:
() 20,(/.0)+80,(/.0)
4 (24)
- ef,(J.9)+ 8, (J,0)

3neck ¢ = (9K , 0 ,) — ObIcTphie (WM (a3oBbie) NepeMeHHbIe, a J = (J LKL m) — MeJyIeHHbIe iepeMeHHbIe. [IpaBbie
YaCcTH TIEPHOANYHBI IO KAXKI0H (ase ¢ meprogoM 21t. Bech manbHeimii aHaTH3 OCHOBaH TOJBKO Ha BBIMHCAHHOH (opme
CHCTEMBI ¥ HE 3aBHCHT OT ee IPOMCXokAeHMs. B dacTHOCTH, Ipu & = 0 crcTeMa HeoOs3aTeNnbHO 00paIlaeTcs: B raMIIBTOHO-
By. OIIHAaKO pas3indue MeKIY fi U f> cleayeT coxpaHuTb. OHO COCTOMT B TOM, YTO CPE/HEe 10 (hazaM OT f; paBHO HYITIO:
2n  2n

_[K jﬁ(J;@1aK Oy )d(PlK dop, =0 (25)
0 0

B raMHIIbTOHOBBIX CHCTEMAaX 3TO YCIOBHUE BBIMOIHEHO aBTOMATHICCKH.
Paccmorpum HeBo3MymieHHyto (€ = 0, & = 0) cucremy

do
— =0/
dt V) (26)
“_y
dt
MCIUICHHI)IC NEPEMEHHBIC KOCTAHOBUJINCH)):
J, (¢) = const (27)
a OBICTPBIC COBEPIIAIOT YCIOBHO-TIEPUOAMUECKOE JIBIKCHHUE:
0, (1)=o,t+ 9, ) (28)

Kaxnoit Touke J = {J k} M-MEPHOT'O IIPOCTPAaHCTBA MEIJICHHBIX MEPEMEHHBIX J COOTBETCTBYET /-MEPHBIH TOp
MIPOCTPAHCTBA OBICTPHIX MEPEMEHHBIX (b, IBIKEHHE MO0 KOTOPOMY HMPOUCXOIUT CO CKOPOCTSIMH, ONPE/EICHHBIMU BEK-
TOPOM 4acTOT

o={o,}=ol/) (29)

4
I'nnoresa KOJ'IMOFOpOBa3, JTIOKa3aHHAss APHOJIBIOM ', COCTOUT B TOM, YTO TaMUJIBTOHOBO BO3MYIIICHHE (WICHBI C €)
HEMHOT'0 MCKa)KaeT 3TOT TOp, HE MEHS CYIIECTBEHHO XapakTepa IBrkeHus. OHAKO J0Ka3aTeIbCTBO APHOJIBAA CIIpa-
BEJUTUBO TOJIBKO IS TOUEK OOIIEro MOJI0KEHUS B IPOCTpaHCTBe J. DTO, B YACTHOCTH, 03HAYAET, YTO M3 PACCMOTPCHHS

HUCKIIIOYAIOTCA BCEC TOYKH, JIC)KAIIMEC HAa PC3OHAHCHBIX MOBCPXHOCTAX ITPOCTPAHCTBA J. Kaxxmas Takas TOBEPXHOCTH
OINpCACIACTCA HEJIOUYNCICHHBIM BEKTOPOM PE30HAHCA (”1 sy ,K NG )Z

(n,m)znlml(J)+n2m2(J)+Knlml(J)zo (30)
HOKa)KeM, qTo B6HI/I3I/I pe3OHaHCHOI71 HOBerHOCTI/I BO3HUKACT peSOHaHCHaH 30Ha, BHyTpI/I KOTOpOﬁ JBUXKCHHE

(maxke mMpH YUCTO TAMUIHFTOHOBOM BO3MYIIICHHHU) CYIIIECTBCHHO OTIUYACTCS OT NBHKCHUS, IPEICKA3BIBAEMOTO THIIOTE-
3oit KonMoropoga.

! Xapmu T'. Pacxomsmmecs: psaasl. M.: Muoctpannas nureparypa, 1951, 504 c.

Apnonba B.J1. Maible 3HamMeHaTesy U 1po0OiIeMbl yCTOHYMBOCTU JIBIDKEHHS B KIIACCHYECKOH M HeOecHOM MexaHuke // Ycnexu
MaTtemarndeckux Hayk. 1963. T. 18. Ne 6. C. 91-192.

Konmoropos A.H. Vka3. cou.
* Apromba B.J. Vka3. cou.
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«ITonyObIcTpBIE» NEpeMEHHBIE

BBeziem HOBBIE NIepeMeHHBIE: PE30HAHCHYIO a3y y:
v =me, +K +n0, (31)

nu pe30HaHCHyIO 4JacCToTy V:
V=”1(91(J)+K ”z(ﬂz(J) (32)

Ot TNEPEMEHHBIC MOXKXHO JOIIOJHUTH HOBBIMU 6I>ICTpI>IMI/I (baSaMI/I 0 1 HOBBIMU MEJIEHHBIMH TNIEPEMECHHBIMHU k Tak,
YTOOBI BO3HUKJIA 3aMeHa TNIEPpEMCHHBIX, B PE3YJIbTATE KOTOpOﬁ CucremMa an/I06peTaeT BUJ

% = (v, k)+ e, (0,y,v,k)+ 30, (6, v, v, k)
62—\:= v +ev,(0,y,v,k)+ v, (0,y,v,k)
v (33)
Ez Sgl(9,\V,V,k)+5g2(9,\|l,\/,k)
% = L, (0,7, v,k )+ 8L, (0,y,v,k)
H3ydaemast pe30HAHCHAsI TIOBEPXHOCTh UMEET B HOBBIX IIEPEMEHHBIX HpOC:FOG ypaBHEHHE:
v=0 (34)

IToatomy kak pa3 BOIU3U Pe30HAHCHOHN NOBEPXHOCTH pe30HaHCHAs (a3a y mepecTaeT ObITh OBICTPOI IEPEMEHHOI.
Bun cucremsl (33) noacka3plBaeT HACKO «BBIPAaBHUBAIOIIECH 3aMEHbI EPEMEHHBIX

1
H=—Fv
Je
b
KOTOpas «BBILICIIIACT Iapy «HOJ'IY6I>ICTpI>IX» TNIEPpEMCHHBIX Y U L. BI[aJ'II/I OT pE30HaHCa 3Ta Iapa pacragacTcsa Ha

obIcTpyto a3y y ¥ MeIUIEHHYIO YacTOTY V.
Oro npeoOpa3oBaHue, B CBOIO OUepe/ib, 0OHAPYKHUBAET CYIIECTBOBAHUE «ITOJIYOBICTPOr0» BPEMEHH T

1= ﬁz, (36)

(35)

XapaKTepHOro JUIsl Pe30HaHCHBIX 3 (HeKTOB.

B pesynbrare B cuctemMe BBIIENSIOTCS TPU IPYIIBI ypaBHEHUH — rpymma u3 (/-1)-ypaBHeHust 1j1st ObIcTphIX (a3 o,
OCHOBHas IpyIIIIa U3 ABYX YPAaBHEHHUH /Ul PE30HAHCHBIX IIEPEMEHHBIX Y M |l M, HAKOHeL, rpynma u3 (m-1)-ypaBHeHuI
JULSL MEIJICHHBIX NIEPEMEHHBIX A

de 1 5
—=—olk, + +—
o \/50)( \/gu) \/50)1 \/50)2
dvy 1)
—= + +—
dr Ho e
an _ L0 7
dr &1 £g2
dk 5
= G +—G
dt \/g : Jg 2

Hcknrouenne ObICTPBIX epeMEeHHBIX

CJ'ICI[}’IOH.II/Iﬁ mar — IJIaBHBIH BO BCEH IporpaMMe HUCCICAOBaHNA PE30OHAHCOB. OH COCTOHUT B UCKJIIOYEHHH OBICT-
PBIX NIEPEMEHHBIX 0 u3 cucteMbl U TNEpEXOaAC K U3YyUCHHUIO SBOJIIOIIMOHHONW CHUCTEMBI JUTSI MEJIJICHHBIX TMEPEMEHHBIX kwu

PE30HAHCHBIX Y/, L

%:“ +«/ga1(\v,k)+jga2(\l’>“;k)+K

du o

E=b(\l/,k)+ng1(\V>k)+$bz(\V,u,k)+K (38)
dk o

o \/EFI(\V,k)+$F2(\V,p,k)+K

! Molchanov. Loc. cit.
BaXHO OTMETHTb, YTO 1/00ble BAPUAHTHI PA3IIOKCHHUI B PS/Ibl 110 MAJIOMY ITapaMeTpy HE MOTYT «BBbLJIOBUTB)» PE3OHAHCHYIO 30HY.
3TO BUJIHO U3 TOTO, YTO B POPMYIIBI BXOAHUT KOpEHb U3 €. CrieoBaTesnbHoO (¢ OpMaIbHOM TOUKH 3PEHHUS), Ml HMEEM JIEJI0 C «BETB-

JICHUEM» 110 KOMIUICKCHOMY IICPEMEHHOMY E&.
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VIMEHHO 3TOT peliarolnii mepexon ¥ HEeBO3MOXKEH B HACTOSIIEE BPeMsl HA MaTEeMAaTHYECKOM YPOBHE CTporocTu. B
CBOE BpeMs aBTOp TOTBITANICS cHOPMYITHPOBATH TEOPEMY O pa3lIeleHHH OBICTPBIX U MEUICHHBIX JBmkeHui. K coxa-
JICHHIO, (POPMYIHPOBKA TEOPEMbI OITUOOYHA. ABTOP TPYCTHO OiaromapeH ApHOJIbIY, 3aMETUBILEMY 3TO 00CTOATENb-
cTBO". MOXXHO MpPEATONOKUTh, YTO pa3/ieficHHe JBIKCHUI BCE jK€ MMEET MECTO, HO HE BCIOAY, & HA MHOXECTBE
acummnrotuuecku (ipu g — ()) moHoM Mepbl. OJIHAKO B HACTOSIIIEE BPEMs HE CYHIECTBYET AaXke TOUHOH (opMyITH-
POBKH, HE TOBOPS YK€ O I0OKA3aTENbCTBE MOJOOHOI TeOpeMbl. Y IOBOJIBCTBYEMCS MTOATOMY MEPEXOIOM K IBONOIMOH-
HOM crcTeMe Ha «(PHU3UYECKOM YPOBHE CTPOrOCTH». HEKOTOPHIM yTEIICHHEM MOTYT CIYKHTh CIIEIYIOIIHe coo0paxke-
HUSL: BO-TIEPBBIX, MOCTABIICHA XOPOIIIas MaTeMaTHYeCKas 3a/1aua; BO-BTOPBIX, «HE MPOIAIET HAIll CKOPOHBIH TPYI», TaK
Kak Oy/yiiee 000CHOBaHHE BCE PABHO OY/IET OMUPATHCS HA CBOWCTBA IBOJOIIMOHHON CHCTEMBI; B-TPEThUX, MOJOOHbBIE
CHTYAIIHH YKe CIY4alInch. Tak, Hanpumep, Ban nep Ilons u3zydan xopouire GuU3HUECKHe 3a1a4uu elie He0OOCHOBaH-
HBIM CTPOT'O METOJIOM .

Bce manmbHeiinive BBIBOABI O CBOWCTBAX OOIIUX KOJIEOATEIBHBIX CHCTEM MMEIOT IMOATOMY 3BPUCTHUCCKUHA CMBICI.
CTpOruMH 3TH UCCICIOBAHUS CTAHYT TOJIBKO MOCIE CTPOrOro JOKa3aTelIbCTBA TEOPEMBI O 3aMEHE TIEPEMEHHBIX.

OnHAKO B YaCTHBIX CITy4asx IMEpexoj K 3BOJIOMUOHHON CHCTEME MOXET ObITh 0OOCHOBAH YaCTHBIMH METOIAMH.
Tak, Hanpumep, OBICTPhIC IEPEMEHHbBIE MOT'YT «II0 CBOCH M0OpOil BOJIE» HE BOUTH B  BOIIOLHOHHYIO CHCTEMY H TeM
caMbIM H30aBAT Hac oT 3a60T. HeobxoamMocTs yrouneHus rumnotessl Komvoroposa® BeITekaer, k cloBy ckasath, u3
paccMOTpEeHusI KaK pa3 TaKoro MpuMepa:

(Pl’Pz’%’%) P1 2p2+8W(Q1 %) (39)

I'aMunbTOHNAH 3TOM CUCTEMBI C ABYMSI CTETICHSIMU CBOOOJIBI onpeﬂenaeTcx MOTEHIIMAJIOM B3aUMOJIEHCTBUS W, KO-
TOPBIH SIBIISIETCS POU3BOJIBHOM (DYHKIIMEH, YETHOW U MEpUOANYECKON, CBOETO apryMeHTa — Pa3HOCTU ¢ U ¢,. He-
TPYIHO TPOBEPUTD, YTO ISl ITOW CHCTEMBI IEPEX0]] K HOBBIM IIEPEMEHHBIM ITOJTHOCTBIO PEIIaeT BOMPOC. DBOIIOIMOH-
HBIE ypaBHEHHSI HE cojiepikaT ObIcTpoid (asbl. BricTpas ke (haza MOXKeET OBITh IOTOM «JIOMHTETPUPOBAaHA» HA Ka) 0N
IBOJIIOL[IOHHOM TPaeKTOPHUU.

«O MeXaHHIH3Me»’

PaccMoTpeHust 3TOro mMyHKTa HOCSIT, KaK y)Ke MoI4epKUBaIoCh, 3BPUCTHYECKUI XapaKkTep U He IPETEHIYIOT Ha Ka-
Kyr0-1m00 crporocth. [lone3Ho, ogHako, HAMETHUTD IIaH UCCIIEOBAHMS U yraaaTh oOIIUe KOHTYPBI pe3yabTara Hepes
TeM, KaK IPUCTYNAaTh (B APYTUX, KOHEYHO, pad0Tax) K TPYAHBIM M I'POMO3KHM TOUHBIM JIOKA3aTEIbCTBAM.

Urak, uccnenyem cucremy (38), monaoxuB, KOHEYHO, € = 0 u Tem Oosee & = 0:

dy _

dr_u

dp

22— b(w,k

0 (v.k) (40)
ak _y

dr

HonyquHaﬂ cucremMa 06J1a)1aeT BE€CbMa IpuMcUaTCIbHIMU CBOMCTBaMH.
BO-HepBI)IX, Ha pacCMaTpuBa€MbIX BpEMCHaX

1 1
T~1 t~—<<— (41)
; Je e
BCC€ MC/IJICHHBIC ITIEPEMECHHBIC k aBnsroTcs NIEPBBIMU UHTCTpAIaMU:
k =k, = const . (42)
BO-BTOpI)IX, Iapa «HOJ'Iy6I)ICTpI)IX» NEPEMCHHBIX L U\ YAOBJICTBOPACT YPAaBHCHUIO «MEXAHUYCCKOIO» TUIIA, YTO
IIPOABJIACTCA Hanbomee OTYETJINBO, €CJIN UCKIIIOUYUTH U

Y (k) =0 (43)
dt?

U3 storo daxra BeITEKaeT BHIBOJ BHICOKOH OOIIHOCTH U 3HAYCHUsT: CmpyKmypa pe3oHAHCHOU 30Hbl 6ce20d ONUCH-
6aemcsl HbIOMOHOBCKOU MEXAHUKOU He3ABUCUMO O NPOUCXONCOEHUSL CUCTIEM.
HcxomHas cucteMa Moryia ObITh OMOXMMHUYCCKOW WIIM OIMHUCHIBATH MOBEICHHE KaKOro-HUOYAb YKOHOMHUECKOTO

! Mosanor A.M. O 3BOJTIOIHH TLIAHETHBIX cucTeM // TTpoieMB! JIBHKEHNS HCKYCCTBEHHBIX HeOecHBIX Tel: Jlokam Ha Kondepertim
Io 00ILMM U IPUKIIAHBIM BOIPOCaM TEOPETHIECKOH acTpoHOMUH, Mocksa, 20-25 nos10. 1961. M.: M3n. AH CCCP, 1963. C. 42-49.

ApHOJ'[L}I B.1. YcnoBus NpuMEHUMOCTH U OLIEHKA IOTPELIHOCTH METOJa YCPEAHEHUs JUIsl CUCTEM, KOTOpbIE B IIPOLIECCE IBOIIO-
1y npoxoasat yepes pezonancs! // Jloxnanst AH CCCP. 1965. T. 161. Ne 1. C. 9-12.
3'Van der Pol. Loc. cit.

Konmoropos A .H. Vka3. cod.

31ech aBTOp MPOHU3UPYET 110 MOoBOAY padoTsel: MakcumoB A. O MexaHUIU3ME U MapKCH3Me B ectecTBo3HaHuH // ITox 3HaMeHeM
mapkcusMma. 1933. Ne 5. C. 124-172. — U3BecTHO, uTo A.A. MakcuMOB «BBICTYyAJl ¢ COAOKJIAOM IIPU IPOBEICHUU AUCKYCCHHU “3a
MOBOPOT Ha ()pPOHTE eCTeCTBO3HaHUA, mpoxoaulIel Ha 3acenanusax IIpesnnmyma Komakapemun 23.12.1930-06.01.1931 — nuc-
KyCCHUM PaJMKalbHBIX MAapKCHCTOB CO «CTAapbIM» €CTECTBEHHO-HAay4yHbIM pyKoBoAcTBOM, BosriasisieMbiM O.1O. HImuarom». —
Anexcees [1.B. ®unocodsr Poccnu. XIX—XX B.B. 4-e m31. M.: Akagemuueckuii npoext, 2002, C. 592. — [lpum. U.®.
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00BeKTa, MOTJIa BO3HUKHYTh MPU W3yYCHHUH MOBEICHUS IU1a3Mbl B (oTocdepe 3Be3/bl WK B 3a/1aue MOMYJISIIIHOHHOM
reHeTHKU. Bce 370 He uMeeT 3Ha4YeHHs. Eciu TOMbKO B CHCTEME UMEIOTCS OBICTPBIC U ME/JICHHBIC MIEPEMEHHbIC, €CITH
TOJNBKO B CHCTEME MMEIOTCSI MHOTOYAaCTOTHBIC KOJNEOaHUsI, KUHETHKA CAMbIX MHTEPECHBIX, CAMBIX, €CIIH MOXKHO TaK
BBIPA3UTHCS, KAHTUMHBIX» MTPOIECCOB HEMHHYEMO OKa3bIBACTCSI MEXaHHYECKOH MO THITY MPOTEKAHUS BO BPEMEHH.
Bornee Toro, oHa 0Kka3bIBaeTCsl HHIOTOHOBCKOM B CAMOM y3KOM CMBICJIE ITOTO CiIoBa. Y paBHeHHE (43) dopManbHO
COBIAJaeT C OMHOMEPHBIM JBM)XCHHEM MATCPHALHONW TOYKH B MOTEHIIHMATBLHOM IMOJIE, 3a7aBACMbIM IMOTEHI[HATIOM

U(v, k):
U =—[b(y, k)dy |

Puc. 4. Obo0brmmennsIt moTeHman U pe3oHaHCHOTO
nevokeHns. Oyaknys U okaselBaeTcs IePUOANYHON 110
pesoHaHCHOM dase Y, ey WMCXOAHAsI CUCTeMa - Ta-

(44)

—

MIUIBTOHOBA. B ob1mem cirydae U ecTh cyMMa JIMHETHO
VI TIEPVIOIMYIeCKO DY HKITHTA.

T

2r 17

Chvi pacCy’KaCcHuA MOXKXKHO BOCIIPMHUMATL KakK 00BSCHEHUE CTOIDb J0JIroro roCruoacresa «MEXaHuIu3Ma. Heob6xo-
JAUMO, OJHAKO, IIOAYCPKHYTHh U pCIIAOIICC OTINYHEC pa3BUBACMOI'0 I1oaAxo04a OT TpaJUIIMOHHOI'O «KMECXaHUIIU3May.

Ui

Puc. 5. CraamapTHOe TIOCTpOEHMe (Pa30BOro IIOPTpeTa MeXaHIeCKOV CYICTEMBI, afieKBaTHOM
M3ydaeMoMy pe3oHaHcy. Toukn A', B' dpvBudaeckn (vmt «OMOXMMMHMecKn») COBITAMAOT C TOUKa-
M A, B, COOTBETCTBEHHO, ¥ TIPVUBEEHBI TOJIBKO [IJI HaIJBIHOCTY TIocTpoeHys. VIcTvHHBIN da-
30BBIVI TIOPTPET PacIioioyKeH Ha IVITMHPe, TOTy9arolleMcsl CBOpadMBaHVeM ITOJIOCHT IIVIPYIHO

211, BBIPe3aHHO U3 TUIOCKOCTH ([, ).

[pexxme Bcero, 3TOT «MEXaHUIM3MY) «KHMHETHYCCKUID». OOBIYHO IO «MEXaHUIIU3MOM» MOHUMAIOT «MEXaHHUIA3M
«MOp(OITOruuecKuiDy — YTBEPIKACHHE, YTO BCE CYIIEE YCTPOCHO U3 PhIYAroB, MPYKMHOK WITH, B KpaHEM CITydae, sSBISICTCS
yIpyro# cpemoii (3GpUpoM) ¢ yIUBUTEIHHBIMH MEXaHHYECKUMU CBOWCTBAMH. 3/IECh )K€ YTBEPIKIACTCS HEUTO MPOTUBOIIO-
JIOKHOE 1, Ha B3TJIAIT aBTOPA, CYIIECTBEHHO Ooriee rTyookoe: He3aBUCHMO OT HCXOMHOM CTPYKTYPHI, OT MOP(HOIOrHH MeXa-
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HHYECKUMH OYIIyT MCTOPUYECKHE, BPEMEHHBIE, SBOIOIMOHHBIE CBOMCTBA JIFO0OH CHCTEMBI — €€ «IIOBE/ICHUE», KMHETHKA,
KUHEMaTHKa B HarOoJiee MHTEPECHBIX KPUTUUECKHX TTOBOPOTHBIX MYHKTAX €€ PA3BUTHS — B PE30HAHCHBIX CHTYAIIHsIX.

Ota uaes nepeKinuKaeTcs ¢ MeyTol A. DIIMHITOHA, BEICKa3aHHON OKOJIO MOJYCTOJETUs Hazal: «3agaya HayKd —
00BSCHUTH OCHOBHBIE CBOWICTBAa MUpA HE M3 TOT'0, YTO OH YCTPOCH MMEHHO TaKUM 00pa3oM, a U3 TOro, YTO OH YCTPOEH
XOThb KaK-HI/I6y,Z[I)»1. MBbI BUIUM, 4TO B OIHOM YaCTHOM CIIy4ae 3Ta JII0OOINBITHAS pOrpaMMa OKa3bIBAETCsl PEaIbHOM.
Kpome Toro, npuBeieHHbIE COOOpaKEHHsI CYIIECTBEHHO ITOBBINIAIOT IEHHOCTh M 3HAY€HHE HJIEH U METOIOB, HAKOII-
JICHHBIX B MEXaHUKE U MaTeMaTHKe (TeOopHsl KoJieOaHHH ).

OTHU UCCIEeI0BAHUS OKA3bIBAIOTCS OTHOCAIIMMUCS HE TOJIBKO K CPAaBHUTEIBHO Y3KOMY KPYT'y YUCTO MEXaHHMUYECKHX
cucreM. [Ipu HauIexalieM aHannu3e OKa3bIBaeTCsl BO3MOXKHBIM B 3HAYUTENBLHO 00JIee MIMPOKOM Kilacce CHCTEM (B TOM
qucie B OMOJIOTMYECKNX) BBIICIHUTh BEAYIINE, CYIIECTBEHHbIE NepeMeHHbIe. [locie 3Toro 3aMmeuaTenbHBIM 00pa3oM
OKa3bIBAETCS, YTO COOTBETCTBYIOIINE MATEMATHYECKUE MOJENH YK€ JABHO U JE€TAJbHO U3yY€HBI, U NMBUILHBIE aPXUBEI
MEXaHMYECKHX >KYPHAJIOB 0OpETaroT HOBYIO JKM3Hb. B CBOIO ouepesb, MaTeMaTHYECKOE MOZEIUPOBAHUE B OMOJIOTHU
OKa3bIBaETCsl OCHOBAHHBIM Ha MPOYHOM, HAJI&KHOM (DyHIaMEHTE MaTEMaTHIECKOTr0 €CTECTBO3HAHHS .

TakoB oJIe3HBIN METOIOJIOTMYECKUM YPOK, KOTOPBII MOXKHO M3BJIE€Ub U3 CPABHUTEIBHO Y3KOM TE€MBI — HCCIENO0-
BaHMS PE30HAHCHBIX JBIDKCHHUIT .
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