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30 HosiGpsi 1896 rosia B xypHase “Comptes rendus de 'Académie des Sciences” Aupu [yankape ony6anKoBas 3a-
METKY, 03ar/jaB/jeHHylo «O MepHoJMUecKnX pelieH!sX 1 NPUHLMIE HAaUMEHbLLIEro AefcTBUS». B Heil OH Npey1oxKu HeKaTh
neproIMuecKie pellieHus TII0CKOH 3a1au TPeX Tesl, MUHHMH3NPYSl JJarpaHKeBo AeHCTBHE M0 TeT/sIM B KOH(HTYpallHOHHOM
MPOCTPAHCTBE, KOTOPbIE YIOBJIETBOPSIOT 3alaHHBIM OrPaHHUEHUSIM (9TH OrpaHHUEHHS] SKBUBAJICHTHBI TOMY, UTO Mbl 3a/1aeM
MX KJ1acC roMoJIoruii). B cilyuae HbIOTOHOBCKOTO TOTeHIMasa, 0OpaTHO NPONOPLHOHAIBHOTO PACCTOSIHUIO, «3a/aua CTOJK-
HOBEeHHsT» He mo3BoJinia [ lyankape HaliTH pellieHHe, TOSTOMY OH PEIlIMJI 3aMEHUTh 9TOT MOTEHIHAN Ha <TTOTEHIHAJ CHIABHOTO
B3aUMOJECHCTBUS», KOTOPbIH 0OPATHO NMPONOPLHOHAJIEH KBAAPATY PACCTOSIHHS.

B stoil pa6ote 0ObsicHsIeTCS NpUpPoJa TPYAHOCTEH, C KOTOPbIMU CTOJIKHYJICS [lyaHkape u mokasaHo Kak 3TH TPy/-
HOCTH, CIYCTs CTOJIeTHe, OblIM YaCTHUHO paspeLlieHbl /15 HbIOTOHOBCKOTO MOTEHIIMAJA, YTO MPUBEJIO K OTKPBITHIO HOBbIX
MOPA3UTENbHBIX CEMEHCTB MEPHOANUECKHUX PELeHHH MJIOCKOH U IPOCTPaHCTBEHHON 3aau n-TeJl.

Kutouesbie ciopa: [lyankape, 3anaua Tpex Tesi, MUHUIMH3HPYIOLLME JIeHCTBHE MEPUOANIECKHe pe-
ILIEHUS.

A. Chenciner
A note by Poincaré

On November 30th 1896, Poincaré published a note entitled “On the periodic solutions and the least action
principle” in the “Comptes rendus de 'Academie des Sciences”. He proposed to find periodic solutions of the planar
Three-Body Problem by minimizing the Lagrangian action among loops in the configuration space which satisfy given
constraints (the constraints amount to fixing their homology class). For the Newtonian potential, proportional to the inverse
of the distance, the “collision problem” prevented him from realizing his program; hence he replaced it by a “strong force
potential” proportional to the inverse of the squared distance.

In the lecture, the nature of the difficulties met by Poincaré is explained and it is shown how, one century later, these
have been partially resolved for the Newtonian potential, leading to the discovery of new remarkable families of periodic
solutions of the planar or spatial n-body problem.

Keywords: Poincaré, three-body problem, action minimizing periodic solutions.
Mathematical Subject Classifications: 01-06, 49-03, 49S05, 70F07.

*Mannasi paGoTa npejacTaBJsieT COG0H PyCCKOSI3bIUHYIO BEPCHIO JIEKIIMH HAa HCMAHCKOM sI3bIKE, MPOUHTAHHON aBTOPOM Ha
Facultat de Mathematiques i Estadistica (FME), Universitat Politecnica de Catalunya B uione 2004 (3/1ekTpoHHasi BepcHsi
Ha (hpaHILy3CKOM SI3LIKE MpesicTaBaeHa Ha http://www-fme.upc.es, a Takske cm. [4]). Tep. ¢ dp. Ha pyc. O. H. SIkoBenko.
CM. Takxe aBTopckuil nep. Ha aursL.: A. Chenciner. A note by Poincaré // Regular and Chaotic Dynamics, 2005, V. 10,
Ne2, p. 1-10.
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144 A.lllencune

3anaua Tpex TeJa: uaaobaeHHas tema [lyankape

B 1883r. Ilyankape omy6/1KoBas CBOIO MEPBYIO 3aMeTKY, MOCBSIIEHHYIO 3aaue Tpex TeJl, Mo
HagBaHueM «O HeKomopbLx 4acmuolx pewerusx 3adauu mpex meay. OH HCNoJb30Basa 000011e-
HHE TeopeMbl O MPOMEKYTOUHOM 3HaU€HHH, KOTOPbIM Mbl 00513aHbl KpoHekepy, 15l 1oKkazaTebCcTBa
CYLLLeCTBOBAHUS TPeX BUIOB OTHOCHTE/ILHBIX [ePHOIMUECKHX pellenHii | mianeTapHoil 3a1aum Tpex Ted.
3arem peayJsibTaThl CJE0BAIN OJMH 3a IPYTUM M yBEHUYAJUCh H3[IaHUEM TpeX TOMOB «Hosbix memo-
dos nebecroll mexarnuxuy (1892, 1893, 1899rr.). B s10M BhINatoemes Tpyne [lyankape passus
cBolo paboty «O 3adaue mpex mea u ypasreruax ouramuku», koropas B 1889 r. 6pi1a ynocroe-
Ha npemun Kopoas 1IBetnn?; on cosaan GoOJbIIYIO H OCHOBHYIO YACTh TEOPHH AMHAMHUECKUX CHCTEM
(cyllecTBOBaHHE U YCTOHUHBOCTh MEPHOIMUECKUX PElIeHHH, HHTerpaibHble HHBAPUAHTBI, TEOPEMa O
BO3BpAlIEHHH, TOMOKJIUHUYECKHE pPellieHHs, ...). XOTs OH HHOTIA UCI0JIb30BaJ HEKOTOpPbIe ryiobasb-
Hble apTYMEHTbI, 3TH paboThl, IJIaBHBIM 00Pa30M, TIOCBSIIIEHbl TEOPUH BO3MYIIIEHH (TIaHeTapHOH U/
JIYHHOH ), B KOTOPOH 0JIHa U3 Macc MpeobaaaeT Hajl JIBYMS IPYTHMH, a TAKXKe <OTPaHHUEHHOH 3a/a-
ye», B KOTOPOH Macca OJIHOTO TeJjia CTaHOBHUTCS HyJseBoH. [lowck mepropuueckux pelleHud chirpad
60JIbILYI0 POJib. ¥3Ke B 1884 1., B 3ak/oueHun ctath « O HEKOMOPbLLX YACMIHbLX PeULeHUX 3a0a-
yu mpex mea» B xypHaJge Bulletin astronomique, kotopas npojoJ/ikuaa paboty 1883 r., [lyankape
00BSCHST Ba’KHOCTb MEPUOIMUECKUX PEIIeHHH KaK «[TPOMEKYTOUHBIX OPOUT»: TIPOM3BOJILHOE pelle-
HHUe ocTaeTcst BOJIM3H TAKOTO pellieHHsl B TeUeHHe JJUTENbHOTO TPOMEXKYTKA BPEMEHH, €CJIH 3TH pellle-
HUSI UMEIOT GJIM3KHe HavyasbHble yeaoBusi. Tounee 310 yTBepKaeHre Obl10 chopmyanpoBaHo B 1892 .
B 3HAMEHUTOM 3akJtoueHun § 36 nepporo Toma « Hogolx memodos HebecHOl MexarHUKWy:

«boaee moeo: amo ¢paxm, komopelli 1 He moey doKa3ams cmpoeo, HO KOMopbLl, mem He
MeHee, Kascemcs MHe 04eHb npasdono0o0HbIM.

Jlas 3a0anneix ypasrenuti popmot, onpedeserrnoii 6 n°13 u npoussosbro20 peuleris Imux
ypasreHuil, sBcec0a MOHCHO Hallmu nepuoduieckoe peuterie (¢ nepuooom, KOmopolil, npeono-
AOHCUMEAbHO, MOKHCem Oblmb O4eHb O0AbULUM ), MAKOe, 4O PAZHOCTb MexcOy 08YMs peuleHi-
AMU NPOUIBONLHO Mara. B delicmsumenrbHocmu, Imu petenus mak yeHHol 04 Hac, NOCKOAbKY
OHIL, MAK CKA3AMb, e0UHCIMBEHHAS BO3MONCHOCIb NPOHUKHYMb Myda, Kyda, Kak npednoaa-
2a0Cb 00 CUX NOP, NPOHUKHYIMb HEAb3SS.

[MpuHUMN HAUMEHbIIEro NeMCTBUA: BeJIMUANIIMI TPUHLMN (DU3UKH

«Paccmompum menepo umo eosopum Ham npuHyun Haumerouieeo deticmsua? O yuum
Hac: 044 moeo, 4mobsl nepemecmumscs U3 HauaibH020 NOAONEHUL 8 MOMEHM 8pemeru to
8 NONONCEHIE 8 MOMEHM BpeMEHU T1, cucmema JOAHCHA ONUCLIBAMb MAKOU NYMb, YUMo 8 UH-
mepsaie spemeru om ty 00 t1, cpedHee 3nauerue «odeticmsusy (M. e. pa3noco mexncdy 08yYms
anepeuamu T u U) 6oi10 kak mosxcHo menoule. [lepsolii uz smux 08yx npuryunos (coxpanenue
gHepeul) Ha camom deae asasemcs caedcmesuem 8mopoeo. Ecau obe pynkyuu T u U uzsecmmeol,
MO 3M020 NPUHLIUAA OOCMAMOUHO 048 ONPeOeACHUS YPABHEH UL OBUNCCHILL®>.

Kax Bbiwe samerusn [yankape, kaxpioe pewenne z(t) = (71 (t), 72 (t),75(t)), t € [to, 1] 3anaun
Tpex Tedl, a B GoJiee 001IeM cllyuae KaxJi0e pellieHre 3aaud MeXaHUKH KOHCEPBATHBHBIX CHCTEM, SIB-
JISIeTCsT KPUTHUECKOH TOUKOi slarparkesa aeictsust [ L(x(t), z(t))dt (B 310i dopmyJe, garpanxuan

'Bo Bpamaioeiicst cHeteme Koop/HHaT.

2Cwm. kanry June Barrow-Greene. Poincaré and the Three Body Problem // American Mathematical Society and
London Mathematical Society, 1997.

3Science and Hypothesis. 1902, rnasa XII.
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06 odnoii 3amemke Ilyankape 145

570 pasHoctb L(z, %) = T(%) — U(x) MexIy KHHETHUECKOH U MOTeHUHaNbHOH sHeprusmu). Mmen-
HO Kpumu1eckas mo4ka, Ho He 00s13aTeJIbHO MHHMMYM, KaK 00 3TOM FOBOPHT HaM 3ameuaTesibHOe
BbICKa3blBaHKe U3 «Ho8bLx Memo0os. .. »:

«/lo cux nop s UCNoAb308AA COKPAUEHHYIO, HO HeNnPAasUAbHYIO HOPMYAUPOBKY, KO2Oa 0-
BOPUA, HMO STOT HHTETPAJI SIBJISETCS MHHHMYMOM, 410, KOHEYHO dHe, HUKO2O He MO0 BBeCU 8
3abayacoerue; L Xomea cKa3amo, 4Mo MepBast BApHALIHs 3TOT0 HHTETPAJIa PaBHa HYJII0; 3MO YCAO0-

sue HeobX00UMO 045 MUHUMYMA, HO He 00CMamouro™s.

B pa6ore «[[enrocmo Hayku», [TyaHKape nocTaBul TOT MPUHIMI PSIZIOM C BEJTHKUMH 3aKOHAMU
COXpaHeHHst (9HEePruH, Macchl, A€HCTBUA-TIPOTUBOACHCTBHS ), 3aKOHOM PacCesiHUsl SHEPIUH U MPUHLH -
MOM OTHOCHTEJIbHOCTH. BesiencTBre cBoel 0OIIHOCTH, STOT MPUHIMIT HA MEPBBIH B3I MOXKET M0-
SIBUTbCSI CKOpEEe B TEOJIOTHH, UeM B (pusuke. 5l He MOTy He MPOLMTHPOBATH HECKOJIBKO TPEIOKEHNH
u3 riaBbl VIII pabotel « Hayxka u [unomesax, KOTopble HATJISHO MOKa3bIBAIOT HacKoJibKo [ lyaHkape
6blJ1 KaK (DU3UKOM, TaK U MaTeMaTHKOM:

«¥meepacdenue npuryuna HaumeHouLeeo 0eicmsus 0Ka3ol8aemes 044 pagyma WoKupy-
rouwum. [lpu nepexode om 00roU mouku K Opyeoll MOAeKYAQ Beujecmsa, Ha KOMopyo He dell-
CMBYIOM CUAbL, HO BULHYNCOCHHASL HAX00UMbCS Ha nogepxHocmu, bydem d8ueamscs no ceode-
3uuecKkol, m.e. no kpamuauiuiemy nymu.

Kaoacemes, umo ama moaeKkyra 3Haem mo noAoxcerue, Kyoa oHa 00AHCHA nepemecmumocs,
u npedyeadovieaem spems, 3a KOMOPOE OHA CMOdKHcem OCMUHYMb MOl MOUYKL NO MOMY UL
uHoOMY nymu, seloupas us Hux Hauwbosee yoobrolll. B ussecmnom cmoicie darnHoe npedroxce-
HUe NPenodHOCUM MOAeKYAY KaK dHcusoe cyujecmso. Ouesudro, umo 6oia0 Ool AyuLLe 3aMeHumo
amo ymaeepoicoerue Ha meree goiavlearouee, eoe, Kak ckazaiu oo hurocogol, Konewrole npu-
YUHOL, NO-BUOUMOMY, He 3AMEHIOM AP HEKMUBHLLYS.

...uBTOpUT nocaenHemy Borpoc Perinmana B[12] (Tom [, [hasa 26, § 5: Ymounernue npunyuna
depma) v OTBET HA HETO, NAHHBI KBAHTOBOH JEKTPOJAMHAMUKON B BUJE (DOPMYJIUPOBKY MPHHIHIA
CTallHOHAPHOH (hasbl (CM. TaKxKe BesuKoJienHyto paboty « Caem u mamepus» [13] Toro xe aBropa):

«Bmecmo moeo, umoboL e080pume, 4mo nepsoONpU1UHa — MO Ko20a Mol deaaem 00HO U
npoucxooum 4mo-mo opyeoe, HYIHO 2080PUMb: Mbl CO30AML CUMYAYUIO, HO CBET peulaent Ka-
Koe 8pems bydem kKpamuaiuium uiu npederoHoiM, U 8olbupaem nymeo. Ho uro npu amom npo-
ucxodum u kakum oopasom? UyBcTByeT au cgem cocedHue nymiu u CpagHusaem Au ux opye c
dpyeom? Omsem, noscaryii, 8 U3BeCMHOM CMbLCAe Oydem ymeepounesvHoim.

3amertka B xypHajae «Comp. Rend. Acad. Sci.» ot 30 HosiOpsa 1896 T.

Ata pabora 0TUACTH FK30THUHA MO OTHOLLIEHHIO K OCHOBHOH o6JacTH uccaenoBanus Ilyankape
3amaun Tpex Tesi. OHa MocBsillieHa MOUCKY I06aMbHbIX HEBO3MYIIIEHHBIX pPelleHnH, a TPUHIIMIT Hau-
MeHbIIIEr0 JeHCTBUS BOCIIPUHHMAETCS 3/1eCh B CBOeM OYKBaJIbHOM 3HAUEHHU: OCYLIECTBJISIETCS TOUCK
MUHUMYMOB, A HE TIPOCTO CTALMOHAPHBIX TOUEK NEHCTBHS BIOJb MyTeH B KOHPUTYPALMOHHOM TPO-
CTPaHCTBe, KOTOPbIE YAOBJETBOPSIIOT 3aaHHbIM orpanudenusim! Tounee, [lyankape npenioxua Haxo-
JIUTb MePHOIMUECcKHe PellieH s MJIOCKOH 3a/lauk TpexX TeJ (C MPOU3BOJIbHBIMU MaccaMu ), obJiaatolye
CJIEJlyIOLIMM CBOHCTBOM: IocJjie MOMeHTa BpeMeHH 1 (1eproj), oJiHa CTOpOHa TpeyroJbHHKa, o0pa-
30BAHHOTO TPeMs TeJaMU MOBOPAUMBAETCS HA HEKOTOPBIA oOUMi yroJ 6, BTopas Ha yroa 6 + 2km,

*Hosole memoder nebecroii mexanuru, 1899, Tom [11, rnasa XXIX, n°341.
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146 A.Illlencune

1
Bropas
CTOPOHA
2
3
Puc. 1. OtHocurenbHas nerst Tuna Xwina: k = —1,1 = 0 u romorpacuueckoe petienne: k = | = 0.

a TpeThbsl Ha yroJi 6 + 2lmw, rie k v [ uefble ukcaa ¢ onpeesneHHbiM 3HakoM. st atoro cayuas [y-
aHkKape MMHUMH3HPOBAJ JIarpaHKeBO JIEHCTBUE BJIOJIb BCEX MyTeH B KOHPUTYPALMOHHOM MPOCTPaH-
CTBe C JIaHHBIM repuojoM 1’ W Jijis yKazaHHOro Bbillle noeieHus. [Ipu noaxonsiiem Boibope k u [
OH MoJIyuuJsl 6eCKOHEUHOe MHOXKECTBO pellieHHH, GOJBbIIMHCTBO U3 KOTOPLIX HOBblE He 0151 HblIOMO-
HOBCKOLL cubl, 00PAMHO NPONOPYLOHANbHOU KBAOPAMY PACCMOAHUSL, A 041 CUNLHO20 83AU-
modeticmeusy, 00pamHo NPONOPYLOHANbHO020 KYOY paccmosarnus. OTMETHM, UTO (PUKCUPOBAHHE
nepuosa 1’ BroJiHe MpUEMJIEMO, TIOCKOJIbKY OJHOPOJHOCTb MOTEHUMaJa BJedyeT CyllecTBOBaHHE Mac-
wrraGHoit cummerpun: ecan () = (71(¢), ™ (t), 73(t)) — pelenne 3ajaun Tpex tei ¢ cuioi 1/t
T0 970 ke cnpaseaniso anst APz (At) = (A7 (AL), AP (ML), A7 (At)), tae B = —2/(a + 2), npn
JII0O0M MOJI0’KUTEbHOM BelllecTBeHHOM A. Ho ecsin nepuon « pasen T', To epUoOJL x y paBeH %T.

HaJsoxxeHue orpannueHui 6b1710 HEOOX0AMMO: 6€3yCJIOBHBIH MHHUMYM 32B€I0OMO JI0CTHraeTCsl «Ha
6eCKOHEUHOCTH», KOT/la HeMOoABHKHbIe Tesia OeCKOHeUHo yaaJseHbl 1pyr ot apyra. [Tockosbky k U [ He
paBHbI HYJIIO, TO TeJIa HE MOTYT HAXOMTBCS CJAMLIKOM JlasieKo IPYT OT JApyra, MOCKOJIbKY B 3TOM CJyuae
nyTb Obll Obl OU€Hb JJIMHHBIM, & KUHETHUECKYIO 4acTb AEHCTBUSI —OUYeHb OOJIbLIOW W HE CKOMIIeH-
CHPOBAHHOH CO CTOPOHbI MOTEHLMANBHON YacTH. DTO JAesaeT 3a1a4y MUMHUMH3ALUH KOIPYUMUBHOU.
Ilpyroe npeumyli1ecTBO TaKOro OrpaHuueHust 3akjouaeTcs B ToM, uto ecau (k, 1) # (0,0), To MOXKHO
C TOYHOCTbIO CKa3aTb, UTO COOTBETCTBYIOLLME pelleHUs] OYIyT «HEeTPUBHAJNbHBIMUY»; B YACTHOCTH, OHU
OyJlyT OTJIHUATCS OT €JMHCTBEHHBIX SIBHBIX PellIeHHH, a UMEHHO romorpaguiecknux pelenuil (Jo6o-
NBITHO, 4TO, MO-BUAUMOMY, [lyaHKape HUKOT/A He HHTEpecoBaJCsl STUMH rOMOrpaUUeCcKUMHU pellle-
HUSIMH ).

Taxkum o6pasom, [Tyankape BbiBeJ1, UTO TPEYroJMbHUK HMEET «(opMy>». DTO OTIHUHE MEXK]LY 3a1a-
yell Tpex (4 6oJiee) Tes U 3a7aueil IBYX TeJsl SIBJsieTCsl (PyHIaMeHTalbHbIM: OTPE30K He UMeeT (POPMHI,
a ToJibKo paamep. lelicTBUTeNbHO, 3a1aHue k 1 | 5KBUBaJICHTHO (PMKCHPOBAHUIO KJACCa rOMOJIOTHH
neTesb, ONpPeNeNeHHbIX B [IPOCTPAHCTBE OPHEHTHPOBAHHBIX TPEYTOJbHHKOB C TIOMOILbIO TyTel, cpe-
JI1 KOTOPBIX Mbl MUHUMHU3UPYeM sieticTBue. [lon npoctpatcTBom opreHTHPOBaHHBIX TPEYrOJIbHHKOB, 51
MMelo BBUY KOH(UTYpalMOHHOE MPOCTPAHCTBO MJAOCKOH 3a1aun TpexX TeJl, «peayllMpOBaHHON» € MO-
MOILbI0 OPHEHTHPOBAHHBIX H30METPHil Ha MJIOCKOCTH. DTO MpocTpaHcTBo noJsyuaercs us (IR%)3 uc-
KJIIOUEHHEM TPeX UeTbIPeXMEPHBIX MOINPOCTPAHCTB CTOJKHOBEHHUH (TPUILIETHI (777, 72, 73) Pa3/JHUHBIX
TOYEK B MJIOCKOCTH ) JIByMSI MOCJIE/IOBATEIbHBIMU (DAKTOPAMH: MEPBbIH —C MOMOILIbIO CIBUTOB, MOXKET
ObITh peaM30BaH, HarpUMep, MOCPEJCTBOM COOTBETCTBYIOIIETO BHIOOpA KOOPAHHAT SKOOH (o — T1 U

T3 — %(Fl + 7)), NPUBOJMT K NpocTpaHcTBy IR* N3 KOTOPOro HCKJIIOUK/IH TPH MJIOCKOCTH; BTOPOKH —

MPH MOMOLLM AMArOHAILHOTO JIeHCTBHs BpalleHHil peanusyetcst otobpaxennem Xonda us R* = €2
BIR x @: (21,22) — (|z1|> — |22|%, 221 22). [Tosryunm npoctpanctio IR? 6e3 Tpex nosynpsmbix. To-
MOJIOTHS! (MJIM TOMOTOMHST ) TPOCTPAHCTBA —3TO TO 2Ke, UTO M OJIHA cepa 3a BLIUETOM TPeX TOUEK HJIH
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06 odnoii 3amemke Ilyankape 147

L. (paBHOCTOPOHHHUIT TIPSIMOIi)

anﬂmaﬂ OpHeHTauud

“1=— 3KBAaTOP=CIJIIOCHYTbl€ TPEYTrOJbHUKH

oOpaTHast OpHeHTaLHUs

)

L (paBHOCTOPOHHHI 0GpaTHBIN)
Puc. 2. [IpocTpancTBO OpHEHTHPOBAHHBIX TPEYTOJLHUKOB: TIETJIH HAa PUC. | COOTBETCTBYIOT MeTJie y U Touke L 4 .

MHO2KECTBO OPHEHTHPOBAHHBIX TPEYTOJbHUKOB C «(PUKCHPOBAHHBIM Pa3MepoM» (1 ¢ pa3HUHbIMU Bep-
LLIMHAMH, T. €. 6e3 cTosKHOBeHHs ). CJie10BaTe/IbHO 11epBast rPyIa roMoJIorHH NPOCTPAHCTBA OPHEH-
THPOBAHHBIX TPEYroJLHHKOB H30MOphHA Z 2, MpuueM Kask1ast KOMIOHeHTa MpejicTaBsieTcs aredpa-
MUECKUM UMCJIOM TIOBOPOTOB, BBIMOJIHSEMbIX 33 OJMH TMEPUOL IBYMSI CTOPOHAMH TPEYTroJbHUKA OTHO-
CHUTEJIbHO TPETheH.

3AMEUAHUS. B caydae abcomoTthbix nepuoandeckux peuiennt (Ilyankape onu He nnTepeco-
BaJIM ), TOMOJIOTHSI TpeBpallaercs B Z°> u npecTapisercs aare6panueckuM YHcioM 060pOTOB, Bbi-
MOJIHSIEMBIX 3@ OJIMH MEPHOJL TpeMsl CTopoHaMu TpeyroJbHuKa. Kpome Ttoro, [lyankape orpannunsan
FOMOJIOTHIO, HO TOUHO TaKKe OH MOT Gbl OTPaHHUHTh TOMOTOIHIO, T. €. THIT KOChI, OITUCLIBAEMOH TPeMSsI
TeJlaMH BO BPEMEHH U MTPOCTPAHCTBE: OH OTKPbU pyHdamenmanroryto epynny B 1895 1. B nefictBu-
TeJIbHOCTH, 3Ta rpyrnna, uaoMopdHasi cBoOOIHOM rpyTre Ha ABYX 00pasylolux Z * Z , NpecTaBseT
GoJibllyl0 LeHHOCTb. HakoHel, ecsiu paccMaTpuBaTh NPOCTPAHCTBEHHYIO 3ajauy Tpex TeJl, MOHsTHE
OpHEHTALIMK TPeYroJibHUKa Hcue3aeT, a BMeCTe ¢ Hell M BCsl 3Ta TornoJiorusi: cpepa 6e3 Tpex Touek 3a-
MEHSIETCs Ha IMCK 6e3 TpeX TOueK Ha IPaHHulIe, T. €. Ha CTArHBaeMoe npoctpaHcTBo. OTMeTHM, uTo ecJu
umcsI0 Tes1 60oJIblile YeM TPH, KITPOCTPAHCTBO (POPM» CTAHOBUTCS CHHTYJISIPHBIM (B CJIyuae MiaocKoi 3a-
JIauk 3TO KOHYC HAJl KOMIJIEKCHBIM POEKTHBHBIM MPOCTPAHCTBOM ).

B sto#i pabore cmesocts [lyaHkape oueBuaHa:

1) Bo-nepBbIX, OH MPENoJoKuI 6e3 10Ka3aTe bCTBa, YTO MUHUMYM CYLIECTBYET; HO, KaK M0-
KasbIBaIOT JlaJibHelIIHe COOBITHS, TIPH 9TOM OH CHJIbHO pUCKoBadJl. B neiicTButesbHocTh B 1925 1. Jleo-
nuna ToHesn cTporo noKasana CyllecTBOBaHHE MHHUMYMa, KaK CJIeCTBHE KOIPLUMTHUBHOCTH. Torna
ke ToHesIM OTKpBIIA KJIIOUEBYIO POJIb MOJYHENPEPBIBHOCTH CHU3Y (DYHKIIMOHAJA JAEHCTBHS (XOPOLLIO
M3BECTHOE CBOHCTBO JUIMHBI: OHA MOYKET PE3KO YMEHBLIUTBLCS B MpeJie/ie — B KaUecTBe NpUMepa MoKHO
MPUBECTH JIOMAHYI0, KOTOpasi CXOAMTCS PABHOMEPHO K MPSIMOH — HO OHA HE MOXKET Pe3KO BO3pacTaTh
NpH rnepexoie K npezey!);

2) ¢ 1pyro# CTOPOHbBI, OH OOHAPYKHJ HACTOSILILYIO TPOOJEMY, & HMEHHO CTOJKHOBEHHS: Je-
MeHTapHble BbIUHCJIEHHS? M0KA3bIBAIOT, UTO KOIJa 1Ba Tesia 7;(t) u 7;(t), KoTopble B3anMOJIeHCTBY-
10T Mo 3aKoHy HbloTOHa cTasKMBalOTCS B MOMEHT t(, OHM YJIOBJETBOPSIOT OLeHKaM Buaa: |7;(t) —
—75(t)| ~ alt — t0|§ u|7i(t) — ?j(t)| ~ Bt — t0|_%. Kpome Toro, npuMepHO NsiTHALATD JIET CIy-
cts1, 3yHAMaH 1oKasaJ, UTo Te XKe OLEeHKH CNpaBeVIMBbI JIIs MPOU3BOJBHOTO UMCJ/Ia Te B MPOCTPaH-
CTBE MPOU3BOJILHON Pa3MEPHOCTH. DTH OLEHKH CBHUAETEILCTBYIOT O CXOJMMOCTH HHTErpasa AeHCTBHS
B OKPECTHOCTH CTOJIKHOBeHHH. CJie/1oBaTe/IbHO MHHUMH3HPYIOLIMI MyTh MOT 6bl alPHOPH COCTOSITh U3

°TIpocrefiine B cayuae 3anaun Kensepa (0fHH HEMOIBHKHbII LIEHTP ), C SHEPrUEi PABHOI HYJI0, HA MPSMOH.
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o0be/inHeHHs1 (BO3MOXKHO OeCKOHEUHOr0) Uhcsia OTPe3KOB pelleHHi, CBSI3aHHbIX OJIMH C JAPYTHM [10-
CPE/ICTBOM CTOJKHOBEHHUS;

3) Hakowner, 6ymyun He B cHsiax pelinThb 3aiauy /sl HbIoTOHOBCKoro cayuas, [lyankape, He Ko-
N1€6/IICh <CXUTPHJI», 3aMEHHB HBIOTOHOBCKYIO CHJTy, IPOTOpLHOHanbHyto 1/72 Ha «chibHoe B3anmMo-
JeficTBHE», TPoNopLKHOoHaIbHoe 1 /73, 1715 KOTOPOro MHTerpas AeACTBUS PACXOAUTCS TIPH CTOJIKHOBE-
HUsAX. OK0JIO BOCBMHUJIECSITH JIET TPOKJIET, IPEXKJIe UEM UHTEPEC K 3TOMY HANPABJIEHHIO HCCJEN0BAHHUS
BO3POJIUTCS BHOBb.

3/ecb HaM NpeJicTaB/AeHa NpeKpacHasi MIIoCTpaLus Toro Kak padotas [lyankape: oH pacuuiia-
€T MyThb W JBHXKETCS BIepell, OCTaBJIsisi B CTOPOHE HEKOTOPbIE BOTIPOCHI, K KOTOPBIM OH ellle BepHEeT-
C5l. .. €CJIM 3TO MO3BOJIUT BPeMs.

[locne [lyankape: nepBblie pe3yJbTaThl AJ51 HbIOTOHOBCKOI0O MOTEHIMaNa

[lepBble pe3ysbTaThl MUHUMH3ALMK JUIs1 3alaHHOH TOMOJIOTHH B CJlydae HbIOTOHOBCKOTO MOTEH-
uuaJsa oM nosydeHsl Busbsamom Topaonom [15] B 1977 1., npuuem OH HHUEro He 3HaJl O 3aMeTKax
[lyankape. On paccmatpuBas aGcoJoTHBIE (T. €. B HEMOABHKHOH CHCTEMe KOOPAHUHAT) Meproarie-
CKHe pellieHHs 3ajiauk Keniepa (T. e. 3a1auk ¢ 0JIHUM HEMOJABHKHBIM LIEHTPOM, K KOTOPOH MO2KHO CBe-
CTH 3aj1auy JIBYX TeJ1) Ha TVIOCKOCTH. DTH pedybTaThl Oblin 000611eHbl B 2001 1. Annpea Benrypenau
[25] Ha nytockyto 3anauy Tpex Tes. IlosyueHHble yTBep:KIEHHST aHAJIOTHUHBI: TI€pBast 'PyIa roMmoJ0-
IHH KOHMUIYpAIMOHHOTO MPOCTpaHCTBa n3omMopdHa Z B pabote Topona, n nsomopdua Z 3 B paGote
Benrypesin. B o60oux ciyyasix HeoOX0AMMO 3aMeTHTb, UTO, KaK W onacaJicst [ lyankape, B ciiydae Hbto-
TOHOBCKOTO MMOTEHLHaJ/a MOTYT MOSIBJSITLCS CTOJKHOBEHHS], KOTJla IeHCTBHE MUHUMHU3UPYeTCs! ITPH Ha-
JIO?KEHHH HEKOTOPOTO rOMOJIOMMUYECKOT0 OrPaHHUEHHSI: eCJid OrpaHuyeHre roMoJIOTHH 3HaueHneM =1 B
cayuae [opnona (cootBereTBeHHO £(1, 1, 1) B catyuae BeHTypesuin) MPUBOIKT K SJUIHIITHUECKUM pellie-
HUSIM (COOTBETCTBEHHO K PABHOCTOPOHHUM IrOMOrpag@HyeCcKHM PellieHUsIM ) 3aJaHHOTO TIepruoia, KaxK-
bl KJIaCC TOMOJIOTHH, OTJIMUHbIA oT O M 1 B nepBoM cJiyyae (cooTBercTBeHHO OoT +(1,1,1) nin ot
KJlacca ¢ OJIHOH HYJIEBOH KOMITOHEHTOH BO BTOPOM CJIyuae), I0MyCKaeT OpOUThI CTOJKHOBEHHS B Kaue-
CTB€ €/IMHCTBEHHBIX MUHUMYMOB (roMOTeTHYECKHH KOJIIANc PABHOCTOPOHHErO TPEYroJibHUKA B LIEHTP
Macc BO BTOPOM CJlyyae).

Pa6ora BenTypesin Huuero He coo0liaeT HaMm O KJaccax roMOJIOTHH ¢ OJIHOH HYJIeBOH KOMIO-
HEHTOH; B YaCTHOCTH, J1aXKe B TAKOM MPOCTOM cJiyuae, Kak Kaacc (1,0, 1), MUHUMYMbI He HalIeHbl 10
CHX T10p, He CMOTPSI Ha TO, UTO MOTeHUMAJbHBIA KaHIWAAT Ha TO pelleHne Obll HaleH UMCJIEHHO B
cemuaecatoie roapl P. bpyke [3] u nezaBucumo M. Xenonowm [18]. C npyroit cTopoHbl, 10Ka3aTenbCTBO
BeHTypesin ocHOBaHO Ha pa3/ioyKeHHH AeHCTBHS TpeX Tes KaK Tpex AeHCTBHH MOJCHCTEM JIBYX TeJ H
CJIeJI0BAaTe/NbHO He MOXKeT ObITh 00001LeHO Ha OoJIbLiIee YHCJIO Tell.

HakoHell, Kak Mbl y2Ke OTMETHJ/IH, MOKHO MbITaTbCs 3a/laBaTh 3HAUeHHe FOMOTOIHH, a He TOMO-
Jornu. B 3TOM ciyuae 3ajaercst THI KOChl, KOTOPYIO OMUCHIBAET pellieHHe B MPOCTPAHCTBE-BPEMEHH.
Kak pas stot noaxon u 6b11 npeayoxken K. Mypom B 1993 1. [20], koTopblil TakKe He 3HAJ 0 3aMeTKax
[Tyankape. [lyrem unc/ieHHON MHHUMH3ALUMHU AEHCTBHS, OH BbISIBUJ GOJbLIOE UMC/IO MEPUOIHUECKUX
peutennii. Cpenun HUX Obla 80CbMEPKA, KOTOPYIO Mbl PACCMOTPUM B cJieftyioliieM naparpade. Ero ot-
KPbITHE CTaJI0 BO3MOXKHBIM 6J1aroiapsi HaJoXKeHHIO0 CTPOrUX CUHMMETPUIHBIX OrpaHUYeHHH Ha MyTH, C
KOTOPBIX OH HayaJl NpoLecc MHHUMHU3ALKH, U TOMY UTO 3TH CHMMETPHH COXPAHSIOTCS MPH MUHUMH3a-
uuu. [Tpu orcyreTBHM Takoro oT6opa, MUHUMYMbI B GOJIbILIMHCTBE CBOEM OblIH Obl CTOJIKHOBEHHUSIMH.

[locne [lyankape: cummeTpHUiiHbIE OrpaHUYEHUS

BBesiennbie BriepBble MpeacTaBUTENsIMU UTabsiHCKON 1IKoJbl ([10], [11]) ans Toro, uto6bl ra-
pPaHTHPOBATb KOIPUMUTUBHOCThL (PYHKIMOHAJA IEHCTBHS, CUMMETPHEHbIE OrPaHUUYEHUS SIBJSIOTCS KO-
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UOM K HeJlaBHeMy YCTexy MPHJIOXKEeHHH BapHallMOHHBIX METOJOB K MOUCKY MEPHOAMUYECKHX pellle-
HUU HBIOTOHOBCKOH 3ajaud n-Tes. YKe B 3alaue Keruepa Hanoxenue Hmaavanckod cumment-
puu x(t +T/2) = —x(t) no3BoJsieT BLIOPATh OKPYKHOCTb CPEJIH IJJIUICOB M, CJIEI0BATENbHO, HC-
KJIIOUMTH OPOUTHI CTOJIKHOBEHHUH. 17151 TpeX TeJ Ha MJIOCKOCTH HJIH B TIPOCTPAHCTBE, MUHUMU3UPYIOIIIHe
pelleHust JIsl 3TOH CHMMETpUH OylyT paBHOCTOPOHHUMH OMHOCUMEAb HOIMU NOAOHCECHUAMI PABHO-
gecus, Ho st nokazdaJg B 2002 r. [5] uTo, KaK TOJBKO UHCJIO TeJl PaBHO UeThIpeM HJH GOJibllie, Mbl M0-
JlyuaeM HeTpHBHaJbHbIE (MOCKOJIBbKY OHH HenA0CKue) pelleHust pocTpaHCcTBeHHOH 3a1aul. [lepBbii
NpUMep ITHX 0600 U eHHbLX XUN-X0N08 (UEThIPEX TeJl C OAMHAKOBOH MAcCOH ) Obl/ MOJy4eH COBMECTHO
¢ Beurypesuu B 2000 r. [8]. B u3BecTHOI cTeneHu 3TH pellieHust SIBASIOTCS NPOCTEHIIMMH HEMTOCKUMU
pellIeHUsIMU 3a/1auk 1-TeJ.

Bocomepka [9), cyliecTBoBaHHEe KOTOPOH ObLIO I0Ka3aHO HAMK coBMecTHO ¢ Puuapaom MonTt-
romepu B KoHile 1999 r., siBsiziercst ApyruM npuMepoM MHHUMM3AIMK TPU CHMMETPHIHBIX OrpaHHue-
HUSIX. 37eCh Tpynna CUMMETPHUH §IBJSIETCS TPYMNON MPOCTPAHCTBA OPUEHTHPOBAHHBIX TPEYroJbHH-
KOB, KOoTopast Oblyla orMcana B rocJjeiHeM naparpade, T.e. siBasercs rpynnoi ausapa Dg ¢ 12 sqe-
MeHTaMH. PaBHOCTOpOHHEe MOJI0XKEeHHe OTHOCHTEJIbHOTO PABHOBECHSI H BOCbMepKa SIBJISIIOTCS Tep-
BbIMH MPUMEpPAaMH CEeMEHCTBA MEepHOIMUECKUX PelleHHH 3alaul m-TeJl C PaBHbIMH MaccaMH, B KO-
TOPOH TeJia ABMralTCsA APYr 3a JAPYroM MO OJHOW M TOH K€ 3aMKHYTOH KPUBOH C MOCTOSHHBIM
caBurom no Bpemenu. Mx mepBootkpbiBatesb Kapaec Cumo [23], BOCXUILIEHHBIH 3TUMH JBHKEHH-
SIMH Ha 9KpaHe KOMIblOTepa, Ha3Basl UX xopeoepaguamu. AHuMaln 10CTyMHbBl Ha ero BeG-caiiTe
http://www.maia.ub.es/dsg/nbody.html

To, uro MHHHUMH3aUMS TIPH CUMMETPUHHBIX OrpaHUYEHHSIX YaCTO TPHUBOJIUT K pelleHusM 0e3
CTOJIKHOBEHHI, 00bSICHSIETCS OTCYTCTBMEM CTOJKHOBEHHSI TPH MHHUMH3ALMH C 3a[IaHHBIMU IPaHULIAMH
(meopema Mapuwanra) [19]: neficTBUTENBLHO, Mbl BO3BpAlllaeMcsl K 9TOH 3ajaue, OrpaHUYnBasi CHM-
METPHUHYIO TIETJII0 BPEMEHHbIM HHTEPBAJIOM, KOTOPLIH sIBJIsieTcs PyHAaMeHTalLHOH 06J1acThbio J1ei-
CTBHSI CUMMETPHUHOH IPYIIbI Ha OKPYKHOCTH BpeMeHH. O630p 3Toil TeMbl MpejicTaBJieH B [7]; 6oJee
noapoGHoe uanoxenne MmoxkHo HauTH B eKuusax ICM (ITekun 2002)[5], u ICMP (JIucca6on 2003)[6],
a TakXKe B CChIIKAaX, yKa3aHHbIX TaM XKe.

Bo3Bpauienue k [lyankape: noTeHuMas  CUJIbHOTO B3aMMOAEICTBUSI U METPHUKA
Slkobu—MonepTion

[Torenuuan 1/r2, Besennnii [lyankape s Toro, uto6bl H36€KaTh NPOGIEMy CTOJKHOBEHHSI,
3aHHMaeT 0co60e MECTO CPeIH MOTEHIMANOB BUA 1/7%. DTO eIMHCTBEHHbIN MOTEHIIMAJ, JIsT KOTOPO-
ro maciitaGHasi CHMMETPHSI, SIBJSIONIASICS CEICTBHEM OMHOPOAHOCTH, CUMIJIEKTHUYHA, @ 3TO BjeUeT
CYLLLECTBOBAHHE JIOMOJHUTEILHOIO MEePBOro UHTerpasa 3anauu n te. Toxaectso Jlarpanxa-$koowu,
TAaKIKe SIBASIONIEECs] C/ICACTBHEM OJIHOPOAHOCTH MoTeHImaa umeeT Bu I = 4H (I — moment nuep-
[HH KOH(UTypaluHd OTHOCUTENLHO LieHTpa Macc, H — 3Heprus, noJioyKeHHasi paBHOH HyJItO, KOTa
Tesla HaXOJATCS B COCTOSIHUM MOKOSI Ha GeCKOHeYHOCTH ). B uacTHocTH, orpaHuueHHoe pelenne 6e3
CTOJIKHOBEHHH, HanpuMep, MepPUOAMYECKOe pellleHHe, OTHOCUTeNbHOE MePHOIMUECKOe pellieHne UIH B
GoJiee OOLLEM CJlyyae KBa3HIEPUOAHUECKOE peLleHHe, I0JKHbI YI0BJIeTBOPATh ycaoBUaAM [=const u
H = 0. 910 o3nauaer, uto Metpuka Jko6u-Moneption (popma, BeiBeneHHast SIKOOU /ST TPUHIIMIIA
MorepTioH, T. €. IPUHIMI HAUMEHbIIEr0 JEHCTBUS C 3aJaHHOH SHepTHel) CBOAUTCS K chepe OpHeH-
THPOBAHHBIX TPEYTOJbHUKOB 3aIaHHOTO pa3Mepa (Mau uHepin ). Montromepi [22] mokasas HellaBHO,
YTO B CJlydae TPeX PaBHbIX MACC, KpUBH3HA COOTBETCTBYIOLIEH METPUKH Ha cpepe 6e3 Tpex ToueK BCIOLy
OTpHLIATENbHA, UCKJIIOYast JIarpaHKeBbl TOUKH, TJIe OHA paBHA HyJIt0. B uacTHOCTH, OH BbIBEJ, UTO KaxK-
JIBIiT KJ1aCC TOMOTOMHH, JIs KOTOPOTO MHHUMAJIbHAs JUTHHA MeTJIH He JI0CTHraeTcst Ha GeckoHeuHocTn®

)

®Takue knacewl npusoasates B[21].
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Puc. 3. IIpocTpaHCTBO OPHEHTHPOBAHHBIX TPEYTONLHUKOB ¢ METPHKON FIKOOH.

COJIEP2KUT B TOUHOCTH OOHO OTHOCHUTE/IbHOE NeprHoiueckoe petlienne. OTCroa MoJyyaem eIMHCTBEH-
HOCTb BOCbMEPKH JIJIs STOTO MOTEHIMaa, B TO BPeMsl KaK €IMHCTBEHHOCTb B CJlyuyae HbIOTOHOBCKOTO
MoTeHIMasa, XOThb OHa U MPEJICTaBJIsSIeTCs] OUeHb BEPOSITHOM, 10 CHX TOP He JI0Ka3aHa.

[Torenuman 1/r% umeer Gosee yanBuTebHBIE CBOKCTBA: PaGoThl PywKuBapa 1 ap. [14] BbisBu-
JIM TIOPABUTEJILHYIO ee0Mempuio mpeyo0rbHIKa, CBS3aHHYIO C pellieHheM-BOCbMEPKOH — COOTBET-
CTBYIOLILAs1 aHUMALIUs IOCTYMHA Ha
http://www.clas. kitasato-u.ac.jp/ ~ fujiwara/nBody/leqConstLeq0/centers GIF.html

B Kaxnplii MOMEHT BpeMeHH KacaTtesbHble K KPUBOH B TOUKAX, M€ HAXOAATCS TPH Tesa, mepe-
CeKaloTCsl B OJIHOH TOUKE; TO K€ caMoe BBIMOJIHEHO W /11 Tpex HopmaJged. CBOHCTBO mepeceueHunst
KacaTeJsIbHbIX, KOTOPOE CJIe/lyeT U3 PaBEHCTBA HYJII0 KHHETHUECKOTO MOMEHTA, TaKXKe BIMOJHSETCS U
B cJlydae HbIOTOHOBCKOTO roTeHnaa. OHo CBS3aHO ¢ CyLIECTBOBAHUEM TOTO, UTO Y HHTHED Ha3bIBAET
YeHmpoM CUAbL IJIS 33]1auk TPeX TeJsl ¢ HbIOTOHOBCKMM B3aHMOJIEHCTBHEM: B KaK/blii MOMEHT BpeMe-
HU CHJIbI, TPUJIOYKEHHbBIE K TPEM TeJlaM, COCPEIOTOUMBAIOTCS B OJHOH 0061iel Touke (Xaprpas 1858,
[Hunapennu 1864 ). [TockosbKy KHHETHUECKHH MOMEHT paBeH HYJIIO, PH BbIYHCJAEHHH MOXKHO 3aMe-
HUTb YCKOpeHHs Ha cKopocTH. HanmpoTus, nepeceuenne HopMaJiel, KOTOpoe CJeLyeT U3 MOCTOSTHCTBA
MOMeHTa MHepLMH I, coxpansieTcst ToJIbKO st noTenumana 1/r2,

Bo3Bpauienue k [lyaHkape: Bonpoc ycTOHUMBOCTH

B pa6orte «llepuoduueckue peuenus u npuryun raumervuieeo deicmaus» (Comp. Rend.
Acad. Sci, Tom. 124, c. 713-716) aBTop 3asBUI 0 TOM, UTO MEPHOJUUECKHE pelleHHs], KOTOpble J10-
KaJIbHO MMHUMH3HPYIOT ieficTBHE, HeycToiHuuBhbL. [1opoGHOE T0Ka3aTebCTBO 3TOT0 (haKTa MpUBEIEHO
B 1899 1. B rnaBe XXIX, Tom I1I (Pasauunsie popmor npurnyuna naumerouweeo deticmsus ) «Hosoix
Mmemodos. .. ». [lyaHkape BblIe/nJI JBa THIA HEYCTOMUMBBIX pellleHHH, B 3aBUCUMOCTH OT TOTO, Mepe-
CEeKaloT WJIM HeT OJI3JiexKalllie pellieHns 3ajianHoe pelienne. OH yKasail, uTo TOJIbKO B IEPBOM CJiydae
JIOCTHTaeTCsl MUHUMYM, H 3TO CBOHCTBO SIBJISIETCS XapaKTEPUCTHUECKUM.

«llodsedem umoe: 0aa moeo, umobovl 3aMKHYMAas KPUBAsL COOMBEMCMBOBANLA OeliCMBUIO,
MeHbulemy vem delicmaue 10000 U3 OECKOHEUHO OMUSKUX 3AMKHYMbLX KPUBLLX, He0OX00UMO
1 0ocmamouro, 4mobol IMa 3aMKHYMAas KPUBAas COOMBEMCMBOBAAA NePUOOUUECKOMY peule-
HULIO C HeYCMOIiuUuB0CmbIo NepeoLi Kameeoput’ ».

ITO yTBep:KJIeHHE BbIMOJIHSIETCS TOJBKO B YCJOBHUSIX, ONpe/ie/leHHbIX caMuM ke [lyaHkape, T.e.
JUIST MEXaHHUECKUX CHCTEM C 08YMs CTereHsIMH cBOOObI. JIeHCTBUTENLHO, PUMEPHI, MPUBEIEHHbIE

"Hosble memooe.. . ., kouelr § 358.
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Mapu-Kaon Apno B 1998 . [2], nokasbiBaioT, uTo npu 60JbIINX PA3MEPHOCTSX MEPHOANYECKOE pe-
1LIeHHe, JIOKaJIbHO MHHUMH3HpYIOlee JeHCTBHE, MOXKeT 006JalaTh TOJBbKO «JBYMsi HamlpaBJeHHSIMU
HEYCTOMUMBOCTH Y, TIONEPEUHbIMH MOTOKY Ha YPOBHE SHEPIUH PelleHHUsI.

CHMMeTpHITHbIe OrpaHHUeHHsT MEHSIIOT BOTpoc 06 ycToiunBocTH. Ko Bceobiiiemy naymisenuto, Cu-
MO [24] uKc/IeHHO MoKa3asl yCTOHUHBOCTb BOCbMEPKH Ha MJIOCKOCTH, HO C JPYTUMH CHMMETPUIHBIMU
OrpaHUYEHHSIMH, TT0-BHIIUMOMY, pellleHHs], TOCTaBJSIOIIMe MUHUMYM, Yallle BCEro HEYCTOHUHBHDI.

3akJawuyeHue

OcraBaJjioch MaJjio HarpaBJeHUH HCCJEN0BAHUE 3aJlaul TPeX TeJ, KOTOPbIMU Obl HE 3aHHUMaJI-
cs1 [lyankape. drta pabota — XOpOLIWH MPUMEP TOrO, KAK METOJIbl MPeyIoyKeHHble B 3aMeTKaX, Obl-
JI1 HE3aBUCUMO TePeOTKPLITHI Topasjio nosjHee B padorax [opjoHa u nocJeoBate el HTaJbsHCKOH
uikoJibl. [lyankape oGHapy»kus ryiaBHoe npensitectBue. OHO COCTOSIIO B TOM, UYTO OPOUTHI CTOJIKHOBE-
HHST UMEIOT KOHEUHOe JIENCTBHE, U eIMHCTBEHHOE UTO GbIJIO0 €My HeOOXOJMMO — ellle HEMHOTO BpeMe-
nu. B paznene XVIII paboTbl aHaM3a cBOMX HAayuHbIX TPYJIOB «3adaua mpex men; Ka4ecmaerHvle
c8olicmea» OH MULIET:

S 8epHyaca K amum nepuoouecKum peuleHusm u noopodHetwum oopazom usydusux. Me-
model, KOMopbLe A UCNOAL308AA 041 00KA3AMEAbCMBA UX CYUWeCmBOBAHUSL OYeHb NPOCTIbL U
mo2ym OvLmb c8e0eHbL K BblUUCACHIIO NPEOEN08.

Ho k amomy sce dokazamerocmsy MOWHO NPULimu cogcem opyeum nymem, Komopoli oy-
dem o4eHb 4acmo noae3er, Ho U3 KOmopoeo £ euje He coeaan scex 8vol80008. [Ipednoroxcum,
Hanpumep, 4mo Heobxo0uMo Halmu 2e00e3Uu1eckylo MHUIO HeonpeodeieHHOl N08epxHOCL
¢ gopmoti, anaroeuuHoli 00HONOAOCMHOMY eunepbosoudy. MoicHo bbimo ysepeHHbIM, Um0
cyujecmsyem 3amMKHymas eeodeauyeckas (coomsemcmayowas nepuoouiecKomy peueruio),
NOCKOAbKY U3 BCEX 3AMKHYMbLX KPUBBLX, KOMOPbLE MONCHO NPOBECMU NO NOBEPXHOCMU, 0OHA
doascHa boimo Kopoue wem opyeue.

Te oice memoObL MONCHO NPUMEHAMb NPU PelleHiuil PasauiHblx 3a0a4u Mexaruku baiaeooa-
P NPUHLUNY HaUMeHbuie20 0eticmsus. Imom NpUHYUn MOHCHO UCNOAL308AMb 8 8ude, ONU-
canrom lamurvmonom uau fIkobu. f coerasr moavko HabPOCOK 3mMo2o memooa, U3 Komopoeo,
8EPOAMHO, MONCHO U3BACHL euje OUeHb MHO2O.

Ha camom nene, Ilyankape BepHyJicsi K 3TOMYy MeTO/ly ellle, [0 KpaliHel mepe, oiuH pa3. [Ipuuem
OH HCMOJIb30BAJ €r0 He HEMOCPEJNCTBEHHO JIIsl 3a1a4d TPeX TeJl, HO JI/Isl 3aj1aud, KOTOpasi ¢ OJIHOH CTO-
POHBI MPOILile, MOTOMY UTO B HEH He CTOUT MpobJemMa CTOJKHOBEHUS, a ¢ PYroi CJ0XKHee, MOCKOJbKY
OHa Kacaetcsl cdepbl, KoTopasi He 00J1a1aeT «JbIpoi», BOKPYT KOTOPOKH MOXKHO aBuratbest. B 1905 .
B padote «O eeodeauueckux AUHUAX BoLAYKAbLY nosepxHocmeli»® Tlyankape u3yuan 3anauy o re-
PHOJIMUECKHX T'e0/Ie3UUECKUX HA BBIMYKJbIX MOBEPXHOCTSIX KaK MoJ00He COOTBETCTBYIOLIEH TJIOCKOH
KPYroBO# orpaHHueHHON 3ajlaul Tpex Tes. BeposiTHO, HMest B BUJly MepHOJIMUECKHe pellleHHs NiaHe-
TApPHOTO WJIM JIYHHOTO THIIA, B UACTHOCTH, peuteHus Xuira 1Jis 3ajauu o JIyHe, 1 BO3MOXKHO, 103a6bIB
cBOM 3aMeTKH 1896 T., OH MHUIIIET BO BBEJICHHUH, UTO

«...eceodeauueckue NOBEPXHOCMeEll ¢ KPUBUIHAMU NPOMUBONOAOHCHOLX 3HAKOB — 3O He
me AUHUL, C KOMOPLLMU MONCHO CPABHUBAMb MPACKMOPUL 3a0ail mpex mea;, mpaekmopuu
MOMCHO CPABHUBAMb AULULL C 2€00e3UHeCKUML BLLIYKAbLX NO8EPXHOCHEl.

CredosamenvHo, S 8354C8 30 U3YUeHUEe ee00e3UUeCKUX BbLLYKALLY nO8epxHocmell; K co-
ocareruro, 3a0aua HamMHo20 cA0dxcHee, wem ma, komopas bvira peuwena Adamapom (cayuai
nosepxsocmeti ¢ NPOMUBONOAONCHBIMIU KpUBUSHAMU). S BoLHYKHCOeH Obla 0080A6CMBOBAMBCS

8Tpymer AMS 6, c. 237—274.
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HEeKOMOPbIMU HACMHbIMU Pe3YAbMamamiL, N0 CYuecmsy, Ha 3amMKHYmMolx eeode3uieckux, Ko-
mopole ueparom 30eco poab NepuooudecKux peuerui 3adadu mpex mens.

Tem He MeHee, 3T «UacTHbIe» Pe3yJbTaThl BEUYAT/ISIOT: TPUMEHHUB B CBOEH JIep3KOil MaHepe Me-
TOJ IpoJoJKeHHs, [TyaHKkape MoJiyunsi CyllleCTBOBaHHE MO KpaiHeH Mepe OJHOH 3aMKHYTOH reoje-
3UUECKOH, KoTopast 8.0 eHa (T. e. 6e3 caMmorepeceuetni) B MPOU3BOJILHYIO BBIMTYKJYIO MTOBEPXHOCTD
B npocTpancTBe IR? ¢ METPHKOM, HHIyLMPOBAHHO eBK/IMA0BOH MeTpPHKOK. B KoHLie paGoThl OH cjle-
JlaJl HabPOCOK BTOPOTO I0KA3aTeJNbCTBA ITOTO CYIECTBOBAHUS OUeHb «(PU3HUHBIM» CTIOCOOOM C KH/I-
KOCTSIMH W JIEHTaMH. 3aTeM HCMOJb30BaJ 3TO HOBOE JI0KA3aTeNbCTBO MPH OOCYKIEHHUH YCTOHUHBO-
CTH: NIOCKOJIbKY W TOMOJIOTHSI H TOMOTOITHSI TPUBHAJIbHbI H, CJIeI0BATE/NbHO, HE MOIYT HCI0Jb30BATh-
Csl B KauecTBe OrpaHUYeHUH MPH MUHUMHU3alUK JUIHHBI (T. €. aeiicTBus). [lyankape BBes oeparuue-
Hus [aycca-boxHe: MUHAMH3UPYETCsl JIMHA BCEX BJIOXKEHHBIX 3aMKHYThIX KPHUBBIX, KOTOpbIE AEJSIT
MOBEPXHOCTb Ha JIBE UACTH, HA KaXK10H U3 KOTOPBLIX MHTErpaj KPUBH3HbI OJIMHAKOB (3TO B TOUHO-
CTH yTBep:KaeHHe Teopembl [aycca-bonne nns reonesnueckon munun). [losmHoe (1 KpacuBoe) noka-
3aTeJILCTBO MO crocody, npeyioxkeHHomy [lyankape, 6bi10 BhiBeneHo Tosibko B 1994 1. JK. Xaccom
u @. Mopranom [17].

Pene lapube — ojuH 13 penakropos ToMma VI nosHoro co6panusi TpynoB (KOTOPbIHA Kak pa3 co-
JIEPKUT 3Ty pabOTy), HAMOMHUJI B KOMMEHTapHsIX NMOPa3nTe/bHble OTKPBITHS, C/le/laHHble B BapHaly-
oHHoM ucuncaennu Mopcom, bupkrogowm, Jliocrepuukom, Hnnpensmanom. On nuiier:

«Hccaedosarnus scex smux asmopos A6A10MCS, HECOMHEHHO, OOHUMU U3 CAMbLY BANCHOLY
8 COBPEeMEHHOU MemoouKe 8apUuayuoHH020 UCHUCAeHU; HO, NPUSHABASL IMO, He caedyent 3a-
bvieamo, umo coeaacro caosam M. Mopca, A. [lyankape 6oin 0OHUM U3 nepsoLx eeomempos,
KMo npedsudei cyu,ecmsosanue Makpoarausa u, 6ea CoMHenus, mem, Kmo sHec Hauboaee
cyujecmeernnolll K40 8 CMAHOBACHUE IMOLU OUCYUNAUHBLY.

51 XoTen Obl 3aKOHUMTHL BbicKasbiBaHueM Anamapa. [To MoeMy MHEHHIO, OHO OueHb TOYHO OMHU-
coiBaet pabotsl [lyankape. dto npeayioxenne NpoUUTHPOBAHO U3 TeKcTa (cobpanHoro Teppanacom u
baccerona) kondepenuuu [16], npoBoaumoii B « MMTHCTUTYTe KaTaJlaHCKHX UCCJIEIOBAHUI»

«CMOAKHYBUUCH C OMKPbLMUEM IPMUMA, XOUEeMC A CKA3AMb!

— [Ipocmo nopasumeabro, 4mo 4ea08eK cmoe nPulimu K crmoas goioaroujetics molcau!

Ho, uumas pabomet [lyankape, 3adaewocs 80npOCOM:

— Kak 3mo 803MONMCHO, 4MO HUKMO parbuie He cmoe OOHapydcUums sewju maKue ecme-
CmBeHHble U 02U HbLe?»

baaropapHocTu

Beipaxato 61arogapiocts P. MakKeto, KoTopbli OTKpPbI U151 MeHsI CyllecTBoBaHHe 3ameTok [ 1y-
aHKape BO BpeMsi KoHepeHLnn B Pro-ne-)Kanefipo, e s npeicTas/sii BOCbMepKy; crnack6o A. Po-
6aneit 3a pagbsicHenus padotsl [lyankape 1905 r.; 6maronapio A. AnGyu 3a 06Cy:KIeHHS LIEHTPa CUJ U
JK. Jlackapa 3a cebuiky Ha [anapesnsu. Takxke xotesnock 661 nobaarogaputsh C. Kcam6o u A. Jlenb-
camca 3a NnpurJatlueHue B npekpacHeiiui ropoj bapcenona pacckasatb o [lyankape, a Takke T. Ce-
apa 3a TMoMollb MPH MOATOTOBKE BBLICTYIIEHUS, XOTS U HE Ha KaTaJaHCKOM, HO 10 KpaiHel mMepe Ha
KaCTHJIbCKOM $I3bIKE.
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