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AHHOTALMUS

JlaHHas CTaThs SABISAETCS ACCATOH YaCThIO HAYYHOTO MPOEKTa 1oJ] 00muM Ha3zBaHueM «I eoMeTpusnpoBaHHas Gusnka BakKy-
yMa Ha ocHOBe AsreGper curaatyp» [1,2,3,4,5,6,7,8,9]. B aT0ii craThe ¢ MCOIb30BaHHEM Ha0OPa TOUHBIX PELICHUI PACIIH-
PEHHOTO BaKyyMHOTO ypaBHEHHS DHHINTEHHA MpEeAIoKeHbl METPUKO-AMHAMUYECKHE MOJEIH CTaOMIIBHBIX CEpHUECKUX
BAaKyYMHBIX 00pa30BaHUii IIaHETAPHOIO MaciuTaba ¢ paguycoM sapa nopaaka s~ 107 — 108 cm = 100 — 1000 kM. JJaHHbIe
UIEKTPUUECKH HEHTpalbHbIE BaKyyMHBbIC 00pa30BaHMs Ha3BaHBI TOJBIMHU «IUTAHETAMM» U «3Be3mami». KoHmenus royon
«IITAaHETBI» TOPAa3yMEBACT, YTO B 3TOH CTAThe HE YUHUTHIBACTCS HATHUME W BIMSHHE MEJIKHX BAKyyMHBIX 00pa3oBaHWH
(MHKpPO-, HAHO- M TUKOCKOITMYECKUX «YaCTHID»), pPACCMATPHBAIOTCS TOJIBKO MCKPUBIICHUS BaKyyMa 3BE3IHO-IUIAHETAPHOTO
MacmTaba. B gacTHOCTH, IPeyIOXKEHBI METPUKO-INHAMUYECKIE MOJIENN TOJOH «3BE31b» M TONBIX «IU1aHeT» CoIHeYHOU
cucteMsl. [Toka3ana aHanorus Mexy rojoi « CoTHeqHOH cucTeMoi» 1 Ouonoruyeckoi kiaeTkoit. Kak u Bech NpoeKT faHHAas
CTaThs HAMpaBJICHA HA PEaIM3allUI0 IIPOrPaMMBbI IOJIHOM reomeTpu3aimu ¢pusuku Knnddopaa-ditainreiina- Y unepa.

ABSTRACT

This article is the tenth part of the scientific project under the general title "Geometrized Vacuum Physics Based on the
Algebra of Signature " [1,2,3,4,5,6,7,8,9]. In this article, based on exact solutions of the extended Einstein vacuum equation,
metric-dynamic models of stable spherical vacuum formations of planetary scale with a core radius of the order of
rs~ 10"—10%cm = 100 — 1000 km are proposed. These electrically neutral vacuum formations are called naked "planets" and
"stars". The concept of a bare "planet"” implies that this article does not take into account the presence and influence of small
vacuum formations (micro-, nano- and picoscopic "particles™), only curvatures of the vacuum of stellar-planetary scale are
considered. In particular, metric-dynamic models of a naked "star" and naked "planets” of the Solar System are proposed.
The analogy between the bare "Solar System" and a biological cell is shown. Like the entire project, this article is aimed at
implementing the program of complete geometrization physics of Clifford-Einstein-Wheeler.

KaloueBble ciioBa: ¢usmka Bakyyma, METPUKO-AMHAMUYECKHE MOJICIH, T€OMETPOANHAMUKA, BaKyyM, airedpa CHUrHATYD,
TOJIbIE TJIAHETHI, TOJIBIE 3BE3/Ibl, TEOMETPU3ALMS (PU3HKH.

Keywords: vacuum physics, metric-dynamic models, geometrodynamics, vacuum, Algebra of signature, naked planets,

naked stars, geometrization of physics.

HPEJABICTOPUSA U BBEJJEHUE

OT0 ecsiTas 4acTh U3 IMKJIA cTaTel moJ oommM HazBaHueM «I eomerpusupoBaHHas gusnka Bakyyma (I'®B) Ha ocHoBe Al
re6pel curaatyp (AC)». [pensinymime BoceMb cTaTeii PUBEICHBI B CIIMCKe uteparypsr [1,2,3,4,5,6,7,8,9].

B cratbe [6] Gbuta mpeanokena «Mepapxudeckasi KOCMOIOTHYECKask MOJEIB», KOTOpasi pa3paboTaHa Ha OCHOBE PEIICHHUH
TPETBEr0 PaCUIMPEHHOTO BAaKYyMHOTO ypaBHeHust Jitamrreiina (11) B [6]
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U3 5TOro ypaBHeHHs ObLia BhIIEEHA OJIHA YIIPOLIEHHAS U yKOpoueHHas "ienouka" A, -u1eHoB (rae A,, = 3/13, 31ech 7y, —
panuyc M-ro cepuyeckoro BaKkyyMHOTro 00pa3oBaHust), cocTosmas Bcero n3 10-Tu 3BeHbeB
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Kaxmoe crmaraemoe, 3aKIOUEHHOE B CKOOKH, B MPaBbIX YacTsx Beipakenuit (15) — (22), mpu moacranoske B Metpuku (3) —
(12), sBsiroTest OTAENBHBIM periieHreM KoTTiiepa BToporo BakyyMHOTO YpaBHEHHUs DHHINTEHHA BHIa

Ry + gixAm = 0. (23)

B pamkax I'eomerpusupoBanHoil ¢pusuku Bakyyma (I'®B) — 310 o3HauaeT, uto MeTpuku-pemenus (3) — (12) onuchBawT
cTabuibHbIE chepryecKre BaKyyMHble 00pa3oBanus (cMotpuTte [5]).



Jasee B crathe [6] OBLIO cAENaHO TPETOKEHHE, UTO PAIHYCHI Ty, B BRIpAKEHUSX (3) — (22) ABISAIOTCS YiIeHaMu THCKPETHOM
HepapXUIeCKoi MOCIeN0BaTENBHOCTH XapaKTEPHBIX PasMepoB chepuieckux oopasosannii (44a) B [6]:

ri~ 10% cm — paauyc, cousmepuMBIii ¢ painycoM spa Mera-BceleHHOH; (24)
r;~ 10%° cm — paguyc, cOU3MepUMBILI ¢ paguycoM supa HabmonaemMoii BeeneHHoIl;

r;~ 10%° cm — paauyc, cou3MepUMBIi C PainyCoM A/pa FalaKTUKK;

rs~ 107 cM — paauyc, cCOU3MEPUMBbIIA C PaldyCOM SPa MIIAHETHI

Is~ 1073 cM — pajuyc, cousMepUMBIii ¢ paauycoM GHOIOrHYECKOM KIETKM;

re~ 10713 cM — panuyc, CON3MEPUMBIIi ¢ paaryCoM SIpa HJIEMEHTAPHON YaCTHIIBL;

r7~ 1072 cm — pajauyc, COU3MEPUMBIIA ¢ PaaMyCcOM S7pa IIPOTO-KBApKa;

rs~ 1073 cm — paauyc, COUSMEPUMBIIA ¢ P pafidycoM spa IIAHKTOHA;

ro ~ 10*° cm — paauyc, COM3MEPHUMBII C PaJIyCOM s/ipa MPOTO-TUIAHKTOHA;

ro ~107% ¢cM — papmyc, comsmMepuMBlii ¢ pajycoM spa MHCTAHTOHA.

B pesynbrate monyumiaock, uro metpuku (3) — (12), ¢ yuerom Boipakenuii (13) — (22), onuchIBalOT METPHKO- ANHAMHIECKY IO
HEePAPXUICCKYI0 KOCMOJIOTHYECKYIO MOJIENb MOCIeA0BaTeAbHOCTH 10-TH chepriecKux BaKyyMHBIX 00pa3oBaHHi, BIOKCH-
HBIX APYT B Ipyra noxo0Ho MartpemkaMm. To ecTh BHYTPEHHE SAPBIIIKO KaJKIOTO SIAPa, B CBOKO OYEPEIb ABJISCTCS SAPOM UL
CIICIYIOIIETO SAPBIIKA, M TaK 10 ACCATH UTEpPaLiii, KaK II0Ka3aHo Ha puc. 1.

Puc. 1. (nosropenwue puc. 1 B [6]). Uepapxuueckas mocnenoBaTensHOCT
chepuaecknx 06pa3oBaHMil Pa3IMIHOTO MacmTada, BIOKEHHBIX APYT B APYTa I0JOOHO MaTpenIKaM

B crartesx [6,7,8,9] u3 nepapxudeckoii mocaea0BaTeIbHOCTH CHEpUUECKUX BAKYYMHBIX 00pa3oBaHMii, OMUCHIBACMBIX COBO-
KymHOcThi0 MeTpHK (3) — (12) ¢ yueTom BeipaxkeHuit (13) — (24), ObUT BbIICNCH U PACCMOTPEHUS TOJBKO OJMH YPOBEHb
CTaOWIIbHBIX BAaKYYMHBIX 00pa30BaHHN — YPOBEHb MUKOCKONMYECKUX «YACTHID (T.e. «YaCTHID C XapaKTepHBIM pa3MepoM
sypa nopsaka s~ 10713 cm). [pu 31oM GbUIO 0GHAPYKEHO MOPA3UTEILHOE COBNAIEHUE FTEOMETPU3UPOBAHHBIX MOJIEJIEH TTH-
KOCKOITHYECKHUX «YaCTHI C HbIHE MPUHATOH CTaHIapTHON MOJIENBIO SIeMEHTapHBIX YaCTHII.
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B pa6orax [6,7,8,9] 610 HE OJJHOKPATHO OTMEYEHO, YTO BCE HAMMMCAHHOE B 3TUX CTAThAX B OTHOIIEHUH YPOBHS MUKOCKOTIH-
YECKUX «YaCTHID, OTHOCHTCS M KO BCEM OCTAIBHBIX YPOBHSIM MEPApXHUECKOW KOCMOJOrHYeckoi moxaenu (puc. 1), T.e. K
«IPOTO-KBAPKAMY, KIUIAHETAMY, «TAaKTHKaM» | T.1. TO €CTh pa3MyHbIE 0 MaciiTabaM YPOBHU OPraHU3aluH CTAOUITBHBIX
cheprueckrx BaKyyMHBIX 00pa30BaHuii TIOM00HBI IPYT IPYTY.

OpHako yTBEpXKIEHHE O 1M0J00MH, HApUMeEp, METPUKO-AMHAMUYECKUX MOJIETeH MUKOCKOIMMYECKHX 3JIEMEHTapHBIX «4a-
CTHID» ¥ MaKPOCKOTIMYECKUX «IUIAHET» BCTPETHIIO IIOJIHOE HEMOHNMaHHE KOJIIET, MBIIIJICHHE KOTOPBIX 00YCIIOBIEHO COBpE-
MEHHOI HayyHO! KapTHHOM Mupa. [To3TOMy B 3TO¥ cTaThe MpEATPHHATA ITOTBITKA BRIACIUTH U3 00IIel nepapXu4eckoi Mo-
nernw (3) — (24) ypoBeHb MaKpOCKOITHYECKUX CTAOMITBHBIX CHEPUICCKUX BAKYYMHBIX 00pa30BaHMii IUIAHETAPHOTO MacIITaba
1 TIOCTPOUTH METPHUKO-TUHAMHYECKHIE MOJIENH TOJBIX «TUIAHET» U «3BE31.

MATEPHAJIbBI U METO/],
1 Konuenuus roJjioi «mjiaHeTb»
B paMkax coBpeMEHHOT'0 eCTeCTBO3HAHUS TIJIaHeTa (UM 3Be37a) BOCIPUHUMAETCS KaK MIIOTHOE CKOIUIEHHE OTPOMHOTO KO-

JIMYECTBA DIIEMCHTAPHBIX YaCTHILI, KOTOPHIE 0OBEACHBI B aTOMBI, MOJIEKYIIBI, KIICTKH, OPTaHU3MBI, XKUAKOCTH, KAMHH H T.II.
(cmotpuTe puc. 2a).

IlnaHeTa KaK CKOIJIEHHE YaCTHIL I'omas «naHera»
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Puc. 2. a) Cxemaruueckas 1 (pakTanpHasi AINTIOCTPALNHN IDIAHETH, KaK OTPOMHOTO CKOIIIEHHST MaKpo- , MUHH-, MUPO- , HAHO- W ITHKOCKO-
MTIYECKUX JOKAJIBHBIX CTAOMIBHBIX BAKYYMHBIX 00pa30BaHHH («9acTHII», «aTOMOBY, «MOJIEKYI», «KJIETOK» H T.JI.) B OKPECTHOCTH €€ S/pa;
6) Cxemarmueckoe H300paXXeHHe U HILTIOCTpanust CTabHIBHOTO Chepuaeckoro NCKPHUBIEHHS Ag,7-BaKyyMa IIaHETapHOTO MaciiTaba, co-
CTOSILIETO M3 s/ipa U BHEIIHEH 000m0uky. JJlaHHOE KpynHOMaciuTabHoe cTabuibHoe cheprdeckoe As7-BakyyMHOe 00pa3oBaHue (YCIOBHO
OYMILICHHOE OT MEJIKHX «4acCTHI) OyaeM Ha3bIBaATh 201dsl « LAAHEMa»



B OTO cunraercs, 9T0 BCS 3Ta HEUCUHUCIAMAsi COBOKYITHOCTh MEIIKMX YaCTHUI] 00J1a1aeT CIIOCOOHOCTHIO NCKPUBIIATH 4-Mep-
HOE MPOCTPAHCTBO-BpEMsI TaK, YTO 00pa3yeTcsi BTATHBAIOIIAsl MPOCTPAHCTBEHHO-BPEMEHHAs! BOPOHKA, KOTOPYIO MPHUHSTO
CUNTATh MPUYMHOMN IPABUTALIH.

B pazBuBaemoii 31eck ['eomerpusnpoBanHoii ¢pusmke Bakyyma (I'®B), Hao060poT, MPUYMHON rpaBUTALINY SBISETCS CTAONIIb-
HOE BOPOHKOOOpa3Hoe ucKpuBieHue Ag7-Bakyyma (puc. 26 u 3) (onpenenenne Amq-Bakyyma gaso B §1 B [1]). Dta kpymnHo-
MacuTabHast Ae7-BaKyyMHasi BOPOHKA 3aTATMBACT «UaCTULBD (T.€. MENbYaiIlie KOPIyCKYJSIpHbIE A-12.-15-BaKyyMHbIE 00pa-
30BaHMs, PACCMOTPCHHBIC B [6]), OUMIlas OT HUX OKpPYKAOIIee KOCMUYECKOE IIPOCTPAHCTBO.

[epen uccnenoBaHUEM MPUYUHBI TPABUTAIINH, KOTOPAst MPUTATHBAECT OTPOMHOE KOJMUYCSCTBO MEJIKHX «YaCTHUID K Py IUia-
HETHI, HEOOXOAUMO CHavalla pa300paThCsi KaK MCKPHUBIICH KPYIMHOMACIITaOHBIN As7-BaKyyM B HCCIIEIYEMOU OOJIACTH TPO-
CTpPaHCTBA.

JIyist 3TOTO BBEAEM NIPEACTABICHUE O 200U «naanemey. I1on ronoi «mraHeToi» OyaeM moapasyMeBars KpynHoMacmrabHoe
cTabuwibHOe chepuueckoe As7-BaKyyMHOE 00pa30BaHUeE C XapaKTepHbIM panuycoM sapa s~ 100 km = 107 cm (43 uepapxuu
(24)), B okpecTHOCTH KOTOPO# YCIOBHO OTCYTCTBYIOT MaKpO-, MHHH-, MHPO-, HAHO- U MHKOCKOIMYECKHE JIOKAIBHBIC CTa-
OWITBHBIE Amn-BaKyyMHBIE 00pasoBanus (puc. 26 U puc. 3).

Puc. 3. ®paxranpHble HILUTIOCTPAIMN BHEIIHEH 000JIOUKH TOJIOH «IUTaHETHI», T.€. HCKPUBIICHHOU 00JIacTH As,7-BaKyyMa,
OKPYXKaIOIIeH s1po cTaOMIBHOTO IITAHETAPHOTO A67-BaKyyMHOTO 00pa30BaHMs, N3 KOTOPOH yCIOBHO y/Ial€HbI BCE
MTUKO- ¥ MUKPOCKOIMYIECKHE «JaCTHIIBD)

Omnpenenenne Ag7-Bakyyma Kak 3-MEpPHOTO MCKPHBIIEHHOTO JaHAmadTa, BHICBEYEHHOIO U3 OKPY)KAIOIIEH pealbHOCTH JTy-
YaMH CBETa ¢ JIMHOH BOJHBI A7 U3 nuanazona AL = 10—10"cm =10 — 100 kM (cmotpure §1 B [1]), u3HAUaNBHO MpeANOa-
raeT, YTO Pe3yJIbTATOM TaKOTrO 30HJMPOBAHMS B PACCMATPHBAEMOM ClIydae OKaKETCs 2oadsi «IUiaHeray, T.K. mis 10 — 100-
KAJIOMETPOBBIX 3JICKTPOMATHUTHBIX BOJIH MEJIKHE YaCTHIbI HE SIBIISIOTCS MNPENATCTBHEM. TaKkue JIydd CBETa BBISBIISIOT
TOJIBKO KPYITHOMACIITAOHYIO0 KPHUBU3HY OKPY)KAIOIEro MpocTpaHcTBa (Bakyyma). To ecTh reo/ie3nueckue JIMHUN U3 JTyden
CBETa C JUIMHOMN BOJIHBI Ag 7 M3 Ananazona 10 — 100 kM cpa3y o0o3HauaroT cTabuibHoe chepudeckoe obpasoBanue (puc. 260 u
3), KOTOPO€E MBI HAa3bIBAEM 201451 (HILAHEMAY.



2 T'osible NJ1aHETAPHBIE BAJEHTHbIE Pk-«KBapKH10»

ITo ananoruu, kak u3 MeTpuk Buaa (3) — (22) 6sutu B §4.1 B [6] BBIICTCHBI METPUKO-THHAMUYECKUAC MOJICIH «IJICKTPOHA» U
«TO3UTPOHA», ocTaBuM B MeTprkax (3) — (7) ¢ yuaetom (15) — (18) st paccMOTpeHHs TOJNBKO Te ClaraeMbie, KOTOphIE CO-
nepskar paauyc s~ 107 cm = 100 kM, coM3MepUMBIii ¢ paJuycoM sApa TONIOH «IIaHEeThl». B pesynbTaTe HOJIyYHM CleLyo-
Y0 MHOTOCIIOWHYTO METPUKO-TUHAMUIECKYIO MOJICTh CTA0MIEHOTO "BEITYKIIOT0" chepruIeckoro As7-BakKyyMHOTO 00pazo-
BaHUsI, KOTOPYIO Oy/JieM Ha3bIBaTh BAJIICHTHBIM IUIAHETAPHBIM P, -«kBapkoMio» (MHAeKCe 10 03HAYaeT, YTO JaHHbIH I1aHe-

TapHbIN Pey’-«KBapKi0» HAXOMUTCS B HEPAPXUUCCKOMN METTOUKE M3 AECITH CTAOMIBHBIX CPEPUIECKUX Amn-BaKyyMHBIX 0Opa-
30BaHUI, BIOXEHHEIX JPYT B JIPyTa, puc. 1):

BanenTHblii niianerapublii Pex -« KBAPK10» (25)
CrabunpHoe "BBIyKII0€" MHOTOCIONHHOE chepruieckoe HCKPUBICHHUE A6,7-BaKyyMa
¢ curHatypoii (+ — — —), cocrosiiee u3:

BHeunHsst 060104Ka Pex*-«kBapkaio»
B HHTEpBae [I3, ra] (cMoTpute prc. 26 u 4)

| ds(% = (1= 24 5) c2de? -~ — r2(d6? + sin? 0 dp), (26)
1 roori (1_r74+r_2)
3
H ds{ % = (142 D) c2de? — — s — r2(d6? + sin? 0 dp?), 7)
2 r i (1+TT4—T_2)
3
Vv ds{ % = (1-2 - D) c2de? -~ — r2(d6? + sin? 0 dp), (28)
3 7 g
3
H’ ds{% = (1424 5) c2de? -~ — r2(d6? + sin? 0 dp2); (29)
4 rooT3 (1+TT4+T—Z)
3

SAnpo Pex-«xkBapkaio»
B MHTepBae [I4, I's] (puc. 26 u 4)

| dst="2 _(1 _g+r_j) 2dt? ——Y__ 12(402 + sin? 6 d¢?), (30)
H ds{2 = _(1 +§_g) 2dt? ——2_12(d6? + sin? § d¢?), (31)
r Ty _(1+_5_r_2)

T T4
v ds2 _ _(1 _E_T_z) 2dt? — —E __12(d? + sin? 0 d¢p?), (32)
3 r T4 _(1_r_5_r_2
T T4
- dst="2 _(1 +g+r_j) 2dt? ——4 120462 + sin? 6 d¢p?); (33)
4 L - (1 +2 +r—)
T TE
leabT Pext-«xBapkaion
B uHTepBase [0, ]
[ ds$77% = ¢2dt? — dr? — r2(d6? + sin? 6 dp?). (34)



Puc. 4. [Io1HOCTBIO T€OMETPH3UPOBAHHAS MOJEND BBITYKIIOTO CTAOMIEHOTO ChEepHUUECKOr0 BAKYYMHOTO 00pa30BaHus (B YaCTHOCTH, IIjIa-
HETapHOTO Pk-«KBapKai0») C YETHIPHMS SIBHO BBIPaKCHHBIMH 00IaCTAMU:

S0opo nnaneTapHOTO Pk-«KBapKaio» — 5TO 3aMKHyTas chepuueckas oonacThb As7-BaKkyyma c paauycom rz~ 107 cm = 100 km;

Buewnssn o60nouka Pr-«xBapkaio» — 9T0 00JacTh A 7-BaKyyma, OKpYIKaroIias siapo Pk-«KBapKaio»;

Paxus Py-«xBapKaio» — 3TO MHOTOCIOMHAs chepudeckas Oe3aHa-TPEIIMHA, OTACISIOMmAs Sapo Pk-«KBapKaio» OT €ro BHEIIHEH 000I0UKH;

Buympennee sadpoiuiko — 3aMkHyTas chepudeckas o0nacts A-12-16-Bakyyma BHYTPH s/pa Pk-«KBapKaio» (SIpo SIIEMEHTapHON «YaCTHIBI»);
Hlenvm Py-«xBapKaio» — 3TO HCXOHAs HeAe(OpPMUPOBaHHAs 00JIacTh A6 7-BaKyyMa B MECTE PacIOIOKeHUs Pk-«KBapKaio». ITO CBOE0OO-

pa3Has maMsATh O TOM, Kakasi Oblma JaHHas 00JacTh Ae7-BaKyyMa Z0 TOTO, Kak OHa Je(OpMHPOBATACh U MPUHSATA CTAOWIBHYIO (HopMy
Py-«kBapkaio»

Amnasornuno B merpukax (8) — (12) ¢ yuerom (19) — (22) Tak sxe ocTaBUM TOJIBKO T€ CllaraeMble, KOTOPBIE COAEPIKAT PATHYChI
rs. B pe3ynbrare noiyuum cieaylomlyr0 MHOTOCIOWHYI0 METPHKO-INHAMUYECKYIO MOJIeNb CTa0MiIbHOTO "BOruyToro" cde-
pHyecKoro Ag7-BaKkyyMHOTO 00pa30BaHMsl, KOTOPYIO Oy/ieM Ha3bIBaTh BAJICHTHBIH IIaHETApHBIN Pe, -«aHTHKBapK10».

BanenTHbiii nuianerapubii Pex-«AHTUKBAPK10» (35)
CrabuibHoe "BOrHyTOe" MHOTOCIOWHOE chepriecKoe UCKPHUBIIEHHE As7-BaKyyMa
C CUTHATYPOH (— + + +), cocTosImee U3:

BHemnsist 060/104Kka Pey -«aHTHKBapKa10»
B HHTEpBaJe [I4, I'3] (Heratus puc. 4)

| dsCHHP2 _(1 +r_4_g) 2dt? + 4 r2(d6? + sin? 6 d¢?), (36)

1 r o3 _<1_r74+r—2)
3

H dsS 2 =~ (1 _r_4+g) 2dt? + — Y1 12(d6? + sin? 6 d¢p?), @37
2 T -(1+2-5)

v ds3(_+++)2 = _(1+Tr—‘*+:—z) c2dt? +<d+jrz)+r2(d92 + sin? 6 d¢?), (38)
3 -\1-—=-=
T T3

. dsHO? = _( oo _) dt? + — 4+ r2(d6? + sin? 6 dp?); (39)



SAnpo Pex -«aHTHKBapKa10»
B HHTEpBaJe [I4, 5] (Heratus puc. 4)

| ds{TH Y = — (1= Z 4 D) 2de? + S+ 12(d6? + sin? 0 dg?), (40)

2
(1_51&_2)
T T4

H ds{T = - (1 +f—T—E) c2dt? +( )+r2(d92 +sin? 0 dg?), (41)
2 s _
v ds§? = - (1= 8- D) c2de? + — 2 4 17(d0? + sin® 0 dgP), (42)
r Ty (1 T—z)
T4
. R _(1 +E+r_z) 2dt? + —L 4+ r2(d6? + sin? 6 dp?); (43)
L ( 75 —2)
T4
MleanT Pex -«aHTHKBapKa10»
B unTepsae [0, oo]
i dSS(_+++)2 = —c2dt2 + dr? + r2(d92 +sin%0 d¢2)_ (44)

Hanomuunm, urto cornacHo §1 B [7] sanenmuvimu Ha3pIBarOTCS caMble MPOCTHIE (KapKacHbIe) METPUKO-IHHAMIYESCKIE MOACITH
BaKyyMHBIX 00pa30BaHUid, T.K. B paMkax ANreOpbl CUrHATYp Kaxaas u3 Metpuk (26) — (34) u (36) — (44) moxet ObITh TIpe/-
CTaBJICHA B BUJIC CYMMBI 7 MOJ-METPHK C COOTBETCTBYIOIINMHU CUTHATYPaMH (CMOTPHTE paHKHpHOE BEIpaxkeHue (23) B [7]),
Y TaK MOXKET MPOJOJDKATECS 10 GeckoHeYHOCTH. To eCTh BCe paccMaTpHBacMBble BaKyyMHbIE 00pa30BaHus 6ECKOHEYHO CIIOXK-
HbIe. MBI yTIpOIaeM CIoXKHbIC (IYKTyaliuu BakyyMa ¢ TIOMOIIBIO ycpeaHenus (puc. 2 B [7]), B pe3ynbTaTe BBISBISIEM OCHOB-
HOII KapKac BaKyyMHOT'0 00pa30BaHUs, IPU 3TOM MOJEIb yIPOLIEHHOT0 00pa30BaHUs Ha3bIBACTCA 8AIEHMHOU.

CookynHocTH MeTpuK (25) u (35) oTIHYaroTCs TOJIBKO CUTHATYPOU. TO €CTh MIaHeTapHBIN Pex*-«KBapKi0» W MTaHeTapHBIN
Pex -«aHTHKBapK10» — TO MOJHOCTHIO UACHTHYHBIC, HO AaHTUTIOAHBIE (B3aUMHO ITPOTHBOIIOJIOKHBIE) KOITUH JIpyT Apyra. Eciu
Pex*-«KBapK10» yCITOBHO Ha3BaTh "BBIMYKIBIM" CTAOUIBHBIM CHEPHICCKUM Ag 7-BaKyyMHBIM 0Opa3zoBanueM (puc. 26 u 4), To
Pex -«aHTHKBapK10» — 3TO TOYHO TAKOE K€ YCIOBHO "BOrHyTOE" CTaOMIbHOE Cepuueckoe As7-BakyyMHOE 00pa3oBaHHE.
Takasi B3aMMHO NPOTHBOIOJOXHAS Mapa As7-BaKyyMHBIX 00pa30BaHHil ITOJIHOCTBIO COOTBETCTBYET YCJIOBHIO BaKyyMHOT'O
6ananca (cmotpute Beenenue B [1]).

AHanu3 COBOKyNHOCTe# Merpuk-pemieruii (25) u (35) ¢ mpuMeHeHHEeM MaTeMaTH4ecKoro ammapara AJreOpbl CUTHATYp
[1,2,3,4,5,6] Ob11 BeinosHeH B [7]. To ecTh Bee, 4TO OBLIO M3TI0XKEHO B CTaThe [/] MPUMEHUMO K JaHHOM CTAThe MPH YCIOBHH
3aMEHBI BCEX TPOEK PAJUYCOB Ty,7s,T; HA TPOWKU PASUYCOB T3,7, ,Ts , THAE BCE 13,14, T, Ty, 17 TPUHAIICKAT OJJHON Hepap-
xuu paguycos (24) (unu (44a) B [6]).

3 ToJibie IVIAHETAPHBbIC BAJICHTHDLIC Pk--«KBapKl/l3»

Ipu pacCMOTPEHUH HEPAPXUIECKON KOCMOIOTHUECKON MOJICIH, IPEIOKEHHOM B [6], MBI MPHUIILTH K BRIBOAY (CMOTpHTE §6
B [6]), 4TO BO3MOXHBI JIHOObIC BAPUAHTHI HEPAPXUUIECKHX LENOYEK CTAOUIIBLHBIX CPEPUUECKUX BaKyyMHBIX 00pa3oBaHmii ¢
pajuycamMu siep U3 uepapxudeckoro paga: i~ 10%, ry~ 10%, rg~ 10'°, ry~ 107, rs~ 103, re~ 103, r7 ~ 1024, rg~ 103,
rg~ 10, rg~ 107, ... (cMOTpHTE COBOKYIIHOCTh BaKYYMHEIX ypaBHeHHi (169) B [6]).

MpI He 3HaeM Kakod pajguyc B 3TOH MepapXH4YeCKOW IENOYKe caMblii OOJBIION M KaKOW caMblii MAJICHBKHN. Y CIIOBHO MBI
BOJIFOHTAPHUCTCKM MPUHSJIM, YTO CaMblii GOJIBINON — 3T0 paauyc Mera-Beenennoit ry~ 10%° cm, a camblii ManeHbkumii — 310
pajamyc uHcTaHTOHa o ~107%° cM. OytHako, kak nokasano B [6], nepapxuueckas KOCMOJIOTMYECKAst MOJIENL OTHO3HAYHO JIMK-
TyeT HE0OXOAUMOCTh TOTO, YTO BCE MEPAPXUUECKHUE IIEMOYKH BIOKEHHBIX JPYT B IPYyTra KOPIYCKYJI, TOJDKHBI HAUWHAETCS C
caMoil OOJBIITON KOPIMYCKYJIBl U 3aKaHUYMBATHCS HA CaMOW Majlol KOPIYCKyJe, He 3aBHCHMO OT KOJMYECTBa 3BEHLEB (T.e.
MIPOMEKYTOUHBIX KOPITYCKYJ) B 3TUX HEPAPXUIECKUX LIETIOIKAX.

[TosToMy camast KOpOTKasi Hepapxudeckas IEMOoYKa MOXKET COCTOATh MHHMMYM M3 3-X 3BeHbEB (Kopmyckyn). [IpumMenu-
TEJNBHO K pACCMaTPHBAaEMOMY 37I€Ch INIAHETAPHOMY YPOBHIO CTaOMIIBHBIX g 7-BaKyyMHBIX 00pa30BaHUi, caMas MpocTas MeT-
PHKO-TUHAMHYECKasi MOAENb IUIAHETAPHOTO «KBapKa» M «aHTHKBapKa» COCTOUT M3 TPEX KOPIYCKyJ: caMoi OOJbIIOH, mia-
HETapHOM U caMOl MaJICHbKOM:



BasnenTHblii mianerapubiii Pex -« KBAPK3» (45)
CrabuipHoe "BBITyKII0e" MHOTOCIOWHOE ChepHIecKoe NCKPHUBIIEHHE As7-BaKyyMa
¢ curHatypoii (+ — — —), cocrosiee us3:
Buemnsst 060s10uKka Pex*-«xBapkas»
B I/IHTepBaﬂe [r3, r1] (cmoTpure puc. 26 u 4)

as{ % = (1= ) 2t - (d—) —r2(d6? + sin? 0 dg?), (46)
144
1
d52(+“‘)2 = (1+rr_‘*—%> c2dt? —%—r (d6? + sin? 8 d¢p?), (47)
1 1+r o)
1
ds$7% = (1 L :—z) c2dt? — % —1r2(d6? + sin? 6 d¢?), (48)
1 =z
1
ds$ % = (1424 5) 2de? — 0 12(d6? + sin? 0 dp?); (49)
4 T o1l (1+T—4+T—z)
T 7'1
Snpo Pex’-«kBapkas»
B HHTepBane [ra, rio] (puc. 26 u 4)
2
ds (+——-)2 (1 Tio ) c2de? — ﬁ —12(d6? + sin? 6 dp?), (50)
1=
4
2
dstt2 ( m_r_) c2dt? _ﬁ—ﬂ(dez + sin% 6 d¢?), (51)
L G-
4
— dr? .
dsgt Tt = (1o )C de’ - ﬁ —72(d6? + sin® 6 dp?), (52)
2 4
dstt2 = (1+m+ ) c2dt? _W—ﬂ(dez + sin% 60 dg?); (53)
~(1emee
IleabT Pex’-«xBapkas»
B unTepBae [0, o]
ds§+“_)2 = c?2dt? — dr? — r?(d6? + sin® 6 d¢?). (54)
BasenTHbiii niianerapublii Pex-«AHTUKBAPK:3» (55)
CrabunbHoe "BOrHYTOE" MHOTOCIOIHOE C(hepruuecKoe HCKPUBICHUE As7-BaKyyMa
C cUrHaTypoii (—+ + +), cocrosiee u3:
Buenrnsist 060/104Kka Pex -«aHTHKBapKas»
B MHTepBae [I4, 1] (Heratus puc. 26 u 4)
ds % = — (1 +——:—) c2dt? + d+)+r2(d92 + sin? 0 dp?), (56)
1 —(1-—=+
r T1
ds{H2 = (1 - :—“ + :—z) c2dt? + ( dr ) +12(d6? + sin? 0 d¢?), (57)
1 -\1+=-—
ds{T = — (1424 D) 2de? + ﬁ +12(d0% + sin” 0 dg?), (58)
r T%
- . d
dsy™ = = (12 ) e+ mﬂz(d@z + sin? 6 dp?); (59)
SAnpo Pex -«aHTHKBapKas»
B HHTEpBAITe [ra, rio] (Herarus puc. 26 u 4)
2
s = - (1-D0 4 D )czdt2+(i70rz)+r (d6? + sin? 0 dg?), (60)
1 +
ds{FH?2 = ( 420 )czdt2 +(i—0)+r (d6? + sin? 0 dp?), (61)
1+
T T4
ds. ( +++)2 (1 m——)C dtz m‘l’?‘ (d92 +sm 9d¢ ) (62)
1
ds ( +HH)2 _ (1 +M+ )CZdtZ +(‘fl—orz)+r (d6? + sin? 0 d¢p?); (63)
1+
T T4
HleabT Pex -«aHTHKBapKaz»
B uHTepBane [0, ]
dsSH? = _c2de? + dr? + r2(d6? + sin? 6 dp?). (64)



TJIe COTJIACHO MEepapXuH paanycos (24):

ri~10%mM — MakcUManbHEIN panyc, COM3MEPUMBIH C PaJlyCcoM spa Mera-BceneHHol;
rs~107cm — paauyc, consMepuMBIii ¢ paauycoM spa Pi-«kBapkag» Or Pr-«antiquarkay»;
r10~107%° cM — MUHMMAJIBHBIH paMyC, COM3MEPHMBIiA ¢ PAJMYCOM SIpa MHCTAaHTOHA.

Ele pas oTMETHM, YTO MaKCUMAaJbHBIH paauyc sapa Hamero Muposaanus i~ 10%%cm, u paguyc sapa camoii Manoi kopmyc-
KyJibI I10~107%° cm ipuHsTEL yenosHo (3BpucTudecky). OJHAKO Ha TaHHOM 3Tare UCCIEA0BaHUH 3TH TOMyIIEHHUS TPaKTHYE-
CKH HE BIUSIFOT HA METPHKO-INHAMHICCKHE MOJICIH TOMBIX Py -«KkBapkas» (45) u Pe, -«anTHKBapKas» (55). JlanHble Moaenn
ToJIBIX Py-«KBapKOB» BCET/la MOKHO CKOPPEKTHPOBATh 32 CYET YTOUHEHHMS 3HAYCHUH PagnycoB I1, 4, 0.

Tonmele tianeTapubie Pey-«kBapks» u Pex’-«xBapkio», a Takxke ronble IUIaHeTapHble Pe, -«aHTHKBapKs» U Pey -
«AHTUKBApPK10» Ha OOJIBIIIOM PACCTOSHHUU OT EPUPEPUH UX sIJIEpP MPAKTHICCKH HEOTINYUMBL. OTHAKO B OKPECTHOCTH UX SIICP
(T.e. B paiioHe HX paKuu, CMOTPUTE pUC. 4) OHU 3HAYUTEIHHO OTIMYAIOTCS ApyT OT Apyra (cmotpute §4.11 B [6] u §6 B [7]).

[TnanerapHbie Py-«kBapkm» (Kak U «KBapKu» JTIO00T0 YPOBHS pacCMOTPEHHMs, HAIPUMED, YPOBHS SIEMEHTAPHBIX «JaCTHID
[6,7]) mMeroT HHIUBHAYATEHBIE OCOOCHHOCTH B 00JIACTH PaKUH, B 3aBHCHMOCTHU OT TOTO, B KaKyI0 HEPapXUUECKYIO LETIOUKY
CTaOMIIBHBIX Amn-BaKyyMHBIX 00pa30BaHMH OHU BXOAAT M KAKOE MECTO OHH B 3TOH HEPAPXUH 3aHUMAIOT.

BanentHeiii mmanerapubeiii Pey’-«xBapks» Buma (25) wim (45) OyneMm Takke Ha3bIBaTh BAJCHTHBIM IUIAHETAPHBIM
P-«a1eKTpoHOMS», @ BaJIGHTHBIN MJIaHeTapHbIN Pe,-«anTukBapks» Buja (35) wu (55) OyaeM Ha3bIBaTh BaJICHTHBIM ILJIaHe-
TapHBIM Py-«II03UTPOHOMS3Y.

MeTpuKo-AMHAMHYECKUE MOJIENN TOJIOTO BaJIEHTHOTO TUIaHETAapHOTO Py-«anmexkTponasy (25) wiu (45) 1 ToJI0T0 BalEHTHOTO
m1aHeTapHoro Py-«mo3utponasy (35) uinu (55) npakTHYECKH MOTHOCTHIO COBIAIAIOT C METPUKO-INHAMUYECKUMH MOJCIISIMU
«extpona» (50) B [7] u «mosurpona» (60) B [7], koTopbie ObuTH HcclenoBanbl B [7]. JlaHHbIe MAKPO- U TMKOCKOIIMYECKHUE
CTaOuJIbHBIE ChEePUYECKUE Amn-BaKyyMHbBIE 00pa30oBaHUsl (KOPIYCKYJIbl) OTIIMYAIOTCS B OCHOBHOM MacIITa0aMu, 3a UCKIIIO-
4YeHHeM pakuid. Pazmepsl miaHeTapHbIX KOPITYCKyJ mpuMepHo Ha 20 MOpSIKOB MPEBBILIAIOT Pa3Mepbl dJIeMEHTapHbIX «4a-
CTHIL, OJTHAKO BCE Amn-BaKyyMHbIE 00pa30BaHMsl HE 3aBUCHMO OT UX MacIITa0OB MCCIIEIYIOTCS OJJMHAKOBBIMU METO/IAMH,
npeanoxenusivu B [1,2,3,4,5,6,7,8,9].

2

Puc. 5. Uepapxus ctaOuIbHBIX chepuaecknx Amn-BaKyyMHBIX 00pa30BaHHUH (KOPITYCKYJI)
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4 Toabie HBETHBIC IVIAHETAPHBIC BAJICHTHLIE Pk'«KBapKI/IS»

B craresix [1,2,3,4,5,6,7], e mocnenoBaTensHO pa3BuBaeTcs «I eoMeTpu3npoBaHHas Gpu3rKa BakyyMa ¢ MO3UIHil AnreOpsl
CUTHATYpP», TOKAa3aHO, YTO HEOOXOMMO YUUTHIBATh Bce 16 curHaryp:

(++++) (+++-) (—++-) (++-4)
(== (++H) -+ (—+-9)
(F=—4) (F+--) (== (F—++)
(—=+-) =+ (—+-2) (-

(65)

IMoatomy, mo ananoruu ¢ Tabmaureit 1 B [6], Benem npecTaBieHre O BBIMYKIO-BOTHYTHIX Ag7-BaKyyMHBIX 00pa3oBaHUSX,
KOTOpHbIe OyJIeM Ha3bIBaTh LIBETHBIMU I'OJIBIMU BaJICHTHBIMU IIJIAHETAPHBIMU Py-«KBapKaMH3».

Tabmuna 1 — L{BeTHbIE ToJible BaJICHTHBIC INIAaHETapHbIE Py-«KBapKu3»

Tun Pk-«KBapKH3» Pk-«aHTHKBAPKH3» LBer
CHUTHATYPHI, roJjbie, BAJICHTHBIC roJjbie, BaJICHTHEIC Px-«xBapkas»
T.€. KOJIH4e- WIH

+ 7 —
CTBO + 1 10 meTpuk O6o3HaueHNE 10 meTpuk Obo03HayeHNE Pi-«QaHTHKBapKa3»
Buza (45) Pk*-«xBapkas» Buza (55) Pk ~-«antuksapkas»
C CUTHATypoOil: C CUTHATypoil:
Pe."-«xBapk3» Pe, -«aHTHKBapK3»
13 (+---) (w11 IIaHeTapHBII (—+++) (w11 mnaHeTapHLI HKEIITBIN

Px-«onexrpon3») Pk-«mmo3uTpoH3»)

(+++-) Pd,* -«xBapk3» (-——+) Pd. -«aHTHKBapK3» KPaCHBIH

1-3

(++-+) Pd,* -«kBapk3» =+ Pd,-«anTrKBapK3» 3CIICHBIN
+—++ (i —_— roiry0oit

( ) Pd.*-«kBapk3» ( ) Pd; -«aHTHKBapK3» Y
(+——+) Put -«xBapk3» (=++-) Pu, -«anTHKBapK3» KPaCHBIN

2-2

(+-+-) Pu,* -«xBapk3» +-9) Pu,-«aHTHKBapK3» 3CJICHBIN
+ 4+ —_++ rony6oit
( ) Pu,*-«kBapk3» ( ) Pu, -«aHTHKBapK3» Y

4 (++++) Pis*-«xBapk3» ---) Pis -«aHTUKBapK3» Oenblii

[t mpumepa, npenctaBuM Pui -«aHTUKBapKs» B Pa3BEpHYTOM BHJIE:
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Banentnslii miianerapublii PUc, -«-AHTUKBAPK3» (66)

HecrabunsHoe "BBITYKII0-BOTHYTOE" MHOTOCIIOIHOE MCKPUBIICHUE A6, 7-BaKyyMa
C cUTHaTypoii: (— + + —), cocrosiiee u3:

BHeurnsist 060J104Kka PU -«aHTHKBapKas»
B MHTEpBae [I1,r4]

2

2
dsCHH % = - (1 -y T_z) c2dt? + —— +72d0? — r?sin? 0 do?, (67)
T (1—r—4+r—2)
T ‘rl
2 2
dsCH2 = (1 L r_z) c2dt? + —E 4+ r2d6? — r2sin? 6 d¢p?, (68)
roTs (1+r—4—r—2>
T 7‘1
2 2
dsSHI7 = (1 -2 :?) c2dt? + 1 f: rz) +12d6? —r?sin® 6 d¢?, (69)
T2
1
2
dsy t 0=~ (14724 ) e T+ 12d6? — r?sin? 0 d¢?; (70)

+7
<1+T—4+T—2>
T rl

Anpo Pu, -«aHTHKBapKas»
B MHTEpBAaIe [I4, o)

2 2
dsC+* % = _(1_T1_0+T_2) c2dt? + —E 4+ r2d6? — r2sin? 0 dp? (71)
r T4 (1_T170+T_2>
T3
2
dsy "% = - (14 20D c2ar? + — < 4 12d6% — r?sin® 6 dg?, (72)
T4 1+ 110 T_2>
T 1'4
2 2
dsg "=~ (1 0 D) e2dt? + ——— + r2d0? — r?sin? 6 d¢?, (73)
" T4 (1_7‘170_r2)
2 2
dsy tT = —(1+%+:_4)czdt2 + <+ 2d0% — r2sin? 0 d$?; (74)

IeasT PU -«aHTHKBapKas»
B uHTepBase [0, ]
dsSH 7% = —c2dt? + dr? + 12d6? — r2sin® 0 d¢>. (75)

MeTpHKO-AMHAMHYECKHIE MOJICH BCEX OCTANBHBIX Py-«KBapKOB3» U Py-«aHTHKBAapKOB3», IPUBEACHHBIX B Ta0J. 1, OCHOBaHEI
Ha Habope metpuk Buaa (67) — (75), HO ¢ COOTBETCTBYIOIIEH CUTHATYPOIA.

Kpome B cpemHeM BBIMYKIIOTO MUIAHETAPHOTO Pi-«amekTpoHasy (T.e. Pey'-«kBapkas») curHatypoit (+ — — —) U B CpemHeM
BOTHYTOTO IJTaHETapHOTO Py-«11o3nTpoHas» (T.e. Pex -«aHTHKBapKa3») C CUTHATYpoil (—+ + +), Bce OCTaJbHBIE IUIaHETapHbIE
Py-«KBapkuz» SBISIOTCS HECTAOMIBHBIMH BBIITYKJIO-BOI'HY TBIMU HCKPUBJICHUSMH A67-BaKyyMa, T.K. BCE METPUKH, HAIIpUMep,
Buna (67) — (75) ¢ curnarypoii (— + + —), He SBIAIOTCS pelICHUAMH BaKyyMHOTO ypaBHeHus DiiHmTeitHa (2). To ectb mpu
MOCTaHOBKE KOMIIOHEHT METPUYECKUX TEH30pOB U3 MeTpHK Buaa (67) — (74), ¢ nmoboit apyroii curHaTypoi kpome (+———)
u (- + + 1), Bo BTOpoe BakyyMHOe ypaBHeHHe DiHIITeHHA (2) paBEeHCTBA HYJIO HE MOJTy4YaeTcsl.

5 ToJible, BajlIeHTHBIE TJIAHETAPHBIE Pk-«0apuoOHBI3», Pk-«Me30HbI3», Pk-«0030HbI3» U Pk-«aTOMBIz»

IMoao6HO TOMy, Kak 3T0 ObLIO caenaHo B §§4.3 — 4.7 B [6] st ypoBHS 3JIEMEHTAPHBIX «YaCTUIDY, U3 COBOKYITHOCTH 16-TH
[BETHBIX TOJIBIX BAJIEHTHBIX TUIAHETAPHBIX Py-«KBapKOB3» U Py-«aHTHKBAPKOB3» MOT'YT OBITh COCTABJIEHBI:
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- TPH COCTOSTHHUS TOJIOTO BaJICHTHOTO TUIaHeTapHoro Ppi-«mpotonasy» (i = 1, 2, 3) ¢ cymMapHOi#i curHatypoii (— + + +):

Pdf(+ + + ) Pd,"(+ + — +) Pd (+ — + +)

Pu; (- + - +) (76) Pu=(- - + +) ¢ @7 Puc(- + + ) (78)
Pu- (= — + +) Puc(=+ + ) Puy(=+ - +)

P+ + ). Pp2 (- + + 4). PPy (= + + *).

- TPH COCTOSTHHUS TOJIOTO BAICHTHOTO TIaHETAPHOTO PPi*-«aHTUIIPOTOHA3» ¢ CyMMapHO#t curHatypoii (+ — — -):

Pdc (- — - +) Pd, (- — +-) Pd(~ + - -)

Pu" (+ — + ) Puf(+ + — -) , Puct(+ — — +)

ot s (19 Pu (- 1) (80) pur(s v (6D
Ppr* (+— — ) Pp2'(+ — — )+ Pps'(+ — — )

cmotpure §4.3 B [6];

- BOCEMb COCTOSIHHI T'0JIOT0 BAJICHTHOTO IIAHETAPHOTO Pni0—<<He171Tp0Ha3», rae i = 1,..,8) ¢ cymmapnoii curaatypoii (0 0 0 0):

(82)
Pis (- — - -) Pis (- - - -) o e Pis (-~ - -)
Pdt(+ — + +) Pd,* (+ + — +) Pd* (+ — + +) Pum (- + — +)
Puc (— + + ) Pdit (+ + + -) Pum (- + — +) Pd.* (+ — + +)
Pd,f(+ + — +) Pu (= —+ +) Pd (+ + + ) Pd (+ + + )
Pn.°( 0 0 0). Pn’ (0 0 0 0)+ Pn®(0 0 0 0). Pns (0 0 0 0)+
Pig" (+ + + +) Pig" (+ + + +) Pig" (+ + + +) Pig" (+ + + +)
Pde (= + - ) Pd,y (- -+ ) Pde (- + — ) Pu(+ -+ -)
Pulf(+ — — +) Pde (- — - 4) Pu,"(+ — + -) Pd: (- +--)
Pdy (= — + ) Pur(+ + — ) Pde (= - —+) Pdi (= — — +4)
Pns°(0 0 0 0). Pns® (0 0 0 0)+ Pn°(0 0 0 0)+ Png®(0 0 0 0).

cMmotpute §4.4 B [6];

- BCC TOJIbIC BAJICHTHBIC IIJIAHCTAPHBIC Pmi7'<<M630HLI3». Haan/IMep, TOJBIM BaJICHTHEIN HJ'IaHeTapHLIﬁ P7Z'+'<<M630H3))
(Pz*=PuPd™)

(83)
Pd (++ +-) Pd;* (+ +— +) Pdf(+- + +)
Pu, (— + —+) Pu (= -+ +4) Puc(=+ + )
Pm*(02+00) Pm* (0 002+)+ Pm* (0 02+0)+

WU BaJleHTHBIH HelTpanbublii nnanetapueiil Prl-«mesonsy {Prl = % (PuPut — Pd*Pd™)} (cmotpure §4.7 B [6]):

(84)
Pu’ (+——+) Pu* (+-+-) Put(++--)
Pu, (—+-+) Pu-(——++) Puc (—++-)
Pd" (++ +-) Pd,* (++-+) Pdr (+—++)
Pd. (- —+-) Pd (-+—-) Pd, (-——+)
Pm®(0000)+ Pm° (0000)+ Pm%(0000)-

- BCC TOJBIC BaJCHTHBIC IUTaHETapHBIE Py-«aTombI3». Hampumep, Bce COCTOSIHHS TOJIOTO BAJICHTHOTO IDIAHETAPHOIO
P ro-«neritepusiay

(85)
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+ + +-)

Pp-«mpotons» | (- + — 4)

--*+1

+ - - )
PnO-«ueiiTpons» +-+ 4 I

+ 1 - ++ )

G-

Pe*-«nektponsy { (+ — — -)

= Pu(0 0 0 0)+

E—

Pp*-«antumpotons» | (+ — + )

(++ -

+ T+ ++ )
PnO-«ueiiTpons» =+ -9 Win

+ | G

)

Pe-«mo3uTtpoHs» I =+ + +)

= 'PHz(O 00 0)+

+ + —4)

(- -+

-+ +)

+ + +4)

+ - +-) wm

-+ -9

- -9

(+,,,)_
Pw(0 0 O 0)+

(86)

- +-)

(++ )

(+ = =4

- --9

-+ -+ wm

+ - +4)

+ + +-)

(= + +4)
P20 0 0 0)-

I7ie KaXJI0W CUTHaType COOTBETCTBYET IUIaHeTapHbIN Py-«kBapk3» u3 Tabn. 1, T.e. coBokynHocTh 10 MeTpuk Tuma (66) c

COOTBETCTBYIOIIEH curHatypoit. Cmotpure §4.5

B [6].

I/IJ'II/I, HalIpuMep, OJiHa U3 MHOXKCECTBA Y3JIOBBIX (TOHOJ’IOFI/I‘IGCKI/IX) KOHq)I/IpraL[I/II\/'I IJIAaHCTAPHOI'0 BAJICHTHOI'O Pk'«aTOMa3>>

renust (unu Pres-«renuii»), cmorpute §4.6 B [6]:

(+

Prea(0 0 0 0)s

+)
+)

-)

- )

+)

(87)

IUTAaHETapHbIN PPy -«1IpoTOH3»

IUIaHeTApHbIH Pp3*-«aHTUIIPOTOH3Y

TUTAHETapPHBIN Pe . «mO3UTPOH3»

1aHeTapHbIi PnyO-«HeiiTpons»

rianeTapHblii Pngd-«ueiiTpons»

TUIAaHETapHBIN Pe «3IEKTPOH3»

TJIAHETAPHBIN P peys-«Teniiay.
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Takum 06pa3om n3 16-TH BETHBIX TOJBIX IUIAHETAPHBIX P-«KBapkoBz» W3 TaOMUIBEl 1 MOTYT OBITH CKOHCTPYHPOBAHHEI BCE
uiaHeTapHble Py-«aTtoMbiz», Py-«Monekyibla», Px-«HOHBI» U T.1.

Moenu mIaHeTapHbIX Py-«6030H0B3» MPAKTUYECKHU MOJTHOCTHIO COBIIAAAIOT ¢ MOJAEISIMH MUKOCKOITMYECKUX «0030HOBY, KO-
Topble npencrasieHsl B §4.8 B [6]. Pasuuia Tonbko B TOM, 9TO BO Bee Bhipaxkerus (132) — (139) B [6] Hy»HO TOACTABIATE
JUIMHY BOJHBI A = g, U3 Auanasona A4 =10°-10" cm = 10 — 100 km.

6 T'os1as «CoJiHeYHAsI CHCTEMA)»

PaccMoTpuM rojible MaHeTapHble CTa0uiIbHbIE chepuueckue As7-BakyyMmHble 00pa3oBanus (T.e. Py-«IUIaHETHI3») HA MPH-
Mepe «COTHEYHOM CHCTEMBI», KOTOpast 00JIee BCEro n3y4deHa.

6.1 Kpamxue ceedenusi o Conneunoti cucmeme

ABTOp HC ABJIACTCA CIICIUAINCTOM B obnactu CTpOCHUA ConHeuHOM CHUCTCMBbI, IO3TOMY BO3MOXHBI HCTOYHOCTH, KOTOPBIC,
OJHAaKO, HC BJIMAIOT Ha O6IJ.IHOCTB 3aKJIIOYCHMI.

Cunraercs, uro B COTHEUHYIO CHCTEMY BXOJHUT MHOXKECTBO HEOECHBIX TEl (MM aCTPOHOMHYECKNX OOBEKTOB): O/IHA 3BE3/1a
(Connue), 11 nnaner (puc. 6), MHOXXECTBO CIIyTHHUKOB 3THX IDIaHET: JIyHbI, acTepounsl (cMotpute [Ipunoxkenue 1), meteo-
PHTBI, KOMETHI U T.JI.

Puc. 6. Conneunas cucrema Puc. 7. Buonornueckast KieTka

EcrecTBEHHO MPEIIONOKHUTE, YTO TOJbIE Py-«I1aHeThIz» (T.e. BODOHKOOOpa3HbIE chepuuecKue
UCKPUBIICHHS Ap7-BaKyyMa, puc. 20 u 3), paccMaTpuBaeMble B 3TOH CTAaThe, HAXOATCS TOJIBKO
BHYTPH CepHUecKUX HEOECHBIX BENIECTBEHHBIX Tel (T.€. BHYTPHU BEIIECTBEHHOH 3BE3/1bI1, BEllle-
CTBEHHBIX IUIAHET U JIyH). DTO IPEAOI0KEHHE 00yCIOBICHO YOEXKICHUEM, YTO TOIBKO chepu-
YeCKOe UCKpUBIIEHHE Ag7-BaKyyMa (CyTh CpepHIecKd CHMMETPUYHOE IPaBUTAIMOHHOE HOJIE To-
n0it Py-«I1aHeThiz») C0cOOHO cOOPATh BOKPYT ce0s1 OrPOMHOE CKOIUICHUE TTMKO- M HAHOCKOIIHU-
YECKHX «YaCTUIL («aTOMOB)» U «MOJIEKYJ»), B BHJE IPAaBUIbHON chepruueckoid GopMmal.
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[TpyurHBI BOSHUKHOBEHHMS IT'PABUTALIMOHHOTO IOJIS BO BHEIIHEH 000JIOUKE ToNbIX Py-«3Be3ms» 1
Pr-«tunaners» Oyner (be DO3patr AILIEM) paccmortpena B cnenyromeid (11-i) pabore maHHOTO
LUKJIa cTaTted moJ odumM HasBaHueM «['eoMmeTpusnpoBaHHas Qu3MKa BaKyyMa Ha OCHOBE AJ-
reOpBl CUTHATYP.

OcranbHble HeGeCHbIE Tela (aCTePOr/Ibl, KOMETBI, METEOPUTHI U T.JI.) TAK K€ COCTOST M3 MHOXKE-
CTBA IMUKO- U HAHOCKOIIUYECKUX «aTOMOBY» M «MOJIEKYJ», HO BMECTE HX YACPKUBAET HE ILIaHETap-
Has TPaBHUTAIUs, & TEOMETPU3UPOBAHHBIE HJIEKTPOMArHUTHBIC (PU3UKO-XHUMHIECKHUE CBSA3H (pac-
cmotpennsie B §2 B [7] u B [8]). [TosToMy, Kak mpaBuIiio, TakKHe €CTECTBEHHBIC aCTPOHOMUYECKUE
0OBEKTHI IMEIOT HETIPABIIIHHYIO (hopMy.

B To1li cTaThe NpeanpuHATA MOIBITKA OLICHUTH KOJIMYECTBO TNIAHETAPHBIX Py-«KBapKOBY B sIIpax rooi Pk-«3Be3bIs» U FOIBIX
P-«mnaners» CoxHeuHO#M cucTeMbl. [IJist TOr0 BOCHONB3YEMCs aHATOroM (heHOMEHOIOTHueckoro Beipaxenus (112) B [6]

fep = Y4 AY¥ry = V4 A¥3-107 oM = Y5 A¥3-100 kv, (88)

KOTOpPOE MO3BOJISIET OLCHUTH PAANyC TOJIOTO sApa IUTaHETApHOT0 BAaKyyMHOT0 00pa30BaHus (T.€. Pk-«IIaHeTsIs») OT KoJIHue-
CTBa TOJIBIX Py-«KBapKoOB3» A, BXOASIIUX B HETO.

6.2 Camas manasn 2onas Py-«nnanemasy

Ham Xopo1o u3BecTHO, 4T0 B « COJHEYHOM CHCTEME» OTCYTCTBYIOT IUTAHETAPHBIE Py-«dIEeKTPOHBI3» (45) 1 Py-«I103UTPOHBI3»
(55), a Taxxe mraHetapusie Py-«mmpotonbi3y (76) — (78) u Pr-«antunpoTtonsi3» (79) — (81), Tak kKak 3TH CTaOHIbHBIC BAKYYM-
Hble 00pa30BaHMs 00JIIAI0T MOIIHBIMUA T'€OMETPU3UPOBAHHBIMHU TUIAHETAPHBIMH JJIEKTPUUECKHUMHU HOJISIMH (cMoTpuTe §2.2
B [7]), koTopsie B «CONHEYHOM CHCTEME» HEe HAOIII0IaeTCs.

ITo mono6uto ¢ §§2 & 10 B [7] y 3apsyKEHHBIX IUIAHETAPHBIX Ag7-BaKyyMHBIX 00pa3oBaHMi (TumHa miiaHeTapHble Py-
«OIEKTPOH3», WIH Pi-«pOTOH3», WK Py-«HOH3») B pPalioH OKPYKAOIIHHA UX PO (T.€. B X PAKUi0) BTEKAIOT U BBITEKAIOT
CyOKOHTHBIE TOKH KOJIOCCAIbHOM MHTEHCUBHOCTH CO CKOPOCTSIMU OJIN3KUMH K CKOPOCTH CBETA.

Takue MOIIHbIE CyOKOHTHBIE TOKH HAOIIOIAI0TCS TOJIBKO B OKPECTHOCTH SIEP TOJbIX Gy-«TraaakTHK3» (KOTOPbhIe B COBPEMEH-
HOM JINTepaType YIOMHHAIOTCS KaK FaJaKTHUECKHE YePHBIC bIPhI). JIpyrumu cioBamu, roiibie Gy-«raakTHKN CKOpee BCEro
SIBISIFOTCSL 3aPSKCHHBIMH C(DEPUUECKUMU A1g19-BAKYYMHBIMUA OOPa30BaHUSIMU THUIA rajakTudeckue: Gy-«3JIeKTpOoHz» Win
Gy-«1mipoToH3» Wi G-«HOH3».

BHyTpu mutaHeTapHBIX ChepuIecKuX As7-BaKyyMHBIX 00pa3oBaHuii (T.€. y Px-«1mmaneTs» u Py-«3Be3113») TaKMX MOIIHBIX CYyO-
KOHTHBIX TOKOB (CO CKOPOCTSIMU OJIM3KUMHM K CKOPOCTH CBETa) HE HAOII0JaeTCs. DTO BOBMOXKHO TOJBKO €CIIH Py-«ITaHeThI»
U Px-«3Be311bI3» SBIAIOTCS AIEKTPUUECKU HEHTPaIbHBIMU Ag 7-BaKyyMHBIX 00pa30BaHHUN THIA IUIAHETApHBIE Px-«aToMbla» 1
Px-«MomneKyIibIz», Y KOTOPBIX BO BHEIIHEH 000JI0YKE MOIIHbIE CYOKOHTHBIE TOKM KOMIIEHCHPYIO TPOSIBJICHHS YT JIpyra
(cmotpure §§4.4 u 4.5 B [6]).

Bo3MOXHO, B Ipyrux 3BE3HBIX CUCTEMAaX CTAOMIBHBIC dJIEKTPUUECKH 3apsDKCHHBIE TUTAHETApHBIE Ag7-BaKyyMHBIE 00pa30-
BaHUA UMEIOTCS. Takke BO3MOXKHO, YTO NP CTOJKHOBEHUH KPYIHBIX Py-«1maners» w/wnmm Py-«3Be3/13», OHU pacmanaloTcs

(T.e. pacKaibIBAIOTCA) B TOM YHCIIE M Ha IUIAHETApHBIC Pk-«3IEKTPOHBI3», Py-«IO3UTPOHBI3», Py-«IIpOTOHBI3» U
Py-«artunporonsi3». Ho B nccnexyemoit Hamu Onmmkaiimeld CoMHEYHOM CHCTEME Takue 3apsHKCHHBIE «aCTPOHOMHYECKHE
00BEKTHI» OTCYTCTBYIOT. TO €CTh Bce CTaOMIIbHBIE TOJIbIe Cheprueckre Ag 7-TUTaHeTapHbIE BaKyyMHbIe 00pa3oBanus B « CoJ-

HEYHOW CHCTEME» DSJIEKTPHUECKH HEUTpaTbHBL. DTO O3HAYaeT, YTO OHU SBISIOTCSA JTUOO TOJBIMU IIaHETapHBIMU Py-
«aTOMaMH3», JTHOO TOJNBIMH IUTAHETAPHBIMU Py-«MOJIEKyTaMH3).

K anexTpudeckn HEHTpaIbHBIM OTHOCHTCS IIaHeTapHbIN Py-«HeiiTpon3» (82). Ho kak 0bu10 nokaszano §4.4 B [7], mpu usme-
HEHWH BHYTPHSJIEPHONW TOIMOJIOTHIECKOH (y37T0BOH) KOH(UTYpAINH IIIaHETAPHBIN Py-«HEHTPOH3» MOXET pachajaThCs Ha
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Py-«anexTpon3» u Px-«1poToH3», nim Ha Py-«1o3uTpoH3» U Py-«anTunporon3y». Takum oOpazom, eciu koraa-To B « CoHed-
HOH cucteMe» M ObIIM TUIaHEeTapHbIE Py-«HEHTPOHBI3», TO K HAIlIEMy BPEMEHH OHH PACIAJINCh.

Takum 00pa3oM MBI 110 HEOOXOAMMOCTH MPUXOJIUM K BBIBOJY, 4TO B rosioi « COJTHEYHOH CHCTEME» MOTYT IPUCYTCTBOBATh
TOJIBKO TOJIbIE CTaOMIIbHEIE chepudeckue As7-BaKyyMHBIE 00pa30BaHUs Pk-«aTOMapHOT03)» THIIA.

CaMBIM IPOCTHIM HEHTPAIEHBIM CTAOMITEHBIM c(hepruecKiM Ag7-BaKyyMHBIM 00pa30BaHNEM SBIIACTCS IUIaHETAPHBIH 4-KBap-
KOBBI Py10-«1poTuiis», KOTOPBIA COCTOMT TOJNBKO M3 Pi-«mpoToHas» u Py-«anekTpoHas» WM Py-«aHTHIPOTOHA3» |

Py-«mo3utponas». IllecTh BO3MOKHBIX TONONOTMYECKUX (Y3I0BBIX) COCTOSHHUI IaHeTapHOro P’-«mpotuss» (mogo6HO
OIMCAHUIO «HeHTpoHa» B §4.3 B [6]) umeroT Bu:

(89)
Pdf(+ + + ) Pd,"(+ + — +) Pd (+ — + +)
Puy(— + - +) Pur (= -+ +) Puc(— + + -)
Pu(— — + +) i Puc (- + + ) m Pu;(— + — +)
Pext(+ — — ) Pe,'(+ — — -) Pe,'(+ — — 2)
P! (0 0 0 0). Pu?2(0 00 0)+ Pu2(0 0 0 0)+
Pde (- — — +) Pd, (- - + ) Pd- (- + - )
Pu(+ - + -) Pur(+ + — -) Puf(+ — — +)
Puf(+ + — -) wm Pud(+ — — +4) ( Puf(+ — + )
Pex (= + + +) Pes (= + + +) Pex (= + + +)
Pm*(0 0 0 0)+ Pt®(0 0 0 0). Pm®(0 0 0 0).

OTH COCTOSHUA OCTOSHHO IEPEIUBAIOTCSA B APYT B Apyra TaK, YTO KaKA0€ U3 HUX PEalu3yeTcs C BEPOATHOCTHIO 1/6, mpu
3TOM cpejiHee cocTosHue PiO-«poTHs3», ONUCHIBAETCS BBIPAKEHHEM

Pin®=1/6 (P! + Pm?+ Pun®+ Pun* + Pun® + Pin). (90)

BmecTe ¢ TeM, U3 MOJICKYJIIPHOM XMMHH, MBI 3HaeM, YTO aTOMBI Bojopoaa H (TouHee, aTOMBI IPOTHS) CTPEMSATCS 00BE M-
HUTBCA B MOJIEKYJIBI Boioposa Ho. MbI mpeanonaraem, 4To CBOWCTBA CTaOMIIBHBIX BaKyyMHBIX 00pa30BaHUI Ha pa3IHYHBIX
ypoBHsX (MacmTabax) opraHU3ally BEIIECTBA aHAJIOTUYHBI, TI09TOMY Ha IUTAHETAPHOM ypPOHE TakXe Haubojee BEpOsITHO,

YTO BHYTPU MAJIbIX IUIOTHBIX cq)epnqecxnx IJIaHET HAXOAUTCA IIaHETApHAasA PHZO'«MOJ'IeKyJIa BOOOpOZa3», HAIpUMEpP, B CO-
CTOSIHAM CJICAYIOLINUX TOIOJOTMYE€CKUX Y3JI0B:

(91)

Pdif(+ + + ) Pd,f(+ + — +)
Pu, (- + — +) Py-«npoTons» Pu- (- — + +) Py-«mpoToHs»
Pu (- — + +) Puc (- + + -)
Pe *(+ — — —) Pe*-«anekrpons» Pexf(+ — — -) Pe*-«anextpons»
Pd, (- — + ) WA Pdc (- - - +) Wi
Puf(+ + — *) Py-«aHTHIIPOTOH3» Pu(+ — + f) Py-«aHTHIIPOTOH3»
Pu.ﬁ +--9 Put(+ + — -)

ex (= + + +) Pe -«1103UTpOH3» Pex (= + + +) Pe-«mno3utpons»
PH21(0000)+ P22 (0 0 0 0)+

HpI/I 3anpeTe NMOBTOPECHUA OJJUHAKOBBIX Pk'«KBapKOB?,)) C OAWMHAKOBBIMH IIBETAMHU B paMKaX OAHOT'O TOIIOJOTHYCCKOro y3ja,
TaKHUX TOIIOJIOIT'HYECKUX KOM6I/IHaul/Iﬁ (T.e. COCTO?{HI/Iﬁ PHZO'«MOHGKY.HBI BOH0p0ﬂ33») MOXKET 6I)ITI) ACBATH, IOSTOMY IJIaHE-
tapHas P°-«MoneKyia Bogopoaas» ecTb pesysbTaT yCpeaHeHUs BCeX ITUX COCTOSHUM

PHZ =1/9 (PH21+ PH22+ PH23+ PH24+ PH25+ PH26+ PH27+ PH28+ Pﬂzg) (92)
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Emie pa3 oTMeTnM, 4TO B paMKax reoMeTpH3UpOBaHHO#N (usuku Bakyyma [1,2,3,4,6,7,8,9], B oTiiumu OT cOBpeMEHHOU (u-
3WKH, OTCYTCTBYeT OapHOHHAs acHMMETpPHUs MaTepuu. B 4acTHOCTH, IuaHeTapHas Py-«MoyeKyna BOIOponas» COCTOUT M3
Pr-«gactuiz» u Py-«aHTHYacTHL3» (TOYHEE M3 LBETHBIX Pk-«KBapKOB3» U Py-«aHTHKBApKOB3»), KOTOpbIE B NPHUHIUIIE HE
MOTYT aHHUTHJIMPOBATh, TAK KaK OHU CJIOXKHO 3aIlyTaHHBI B €AMHOM TOIIOJIOTHYECKOM Yy3I1e (T.€. 00pa3yoT eMHOE YPE3BbI-
YaifHO CJIOXKHOE BBIITyKJIO-BOTHYTOE NCKPUBJICHUE Ag 7-BaKyyMa). {71t TOTO, 9TOOBI 3TH Py-«9IacTUIBI3» U Py-«aHTHYACTHIIBI3)
AQHHUTHJIMPOBAIIN, OHH JOJDKHBI CHAadaJla PacilyTaThCs.

JIpyruM, IpaKTHYECKH TAKUM 3Ke, MPOCTHIM IUIAaHETAPHBIM Py-«aTOMOM3» SBJISETCS MIaHETAPHBIN Py-«TsHKENbIN BOJOPOI3»
(npyroe Ha3Banue Py-«aeiitepuiiz») (85) — (86):

(93)
+ + +-) + + —4)
Pp-«oporons» | (- + — +) - +4)
- - +4) -+ +-)

+ - - - ) + + +4)
Pn®-«ueiiTpons» +- + 4 WIH + - +-) wm
+ |+ -+ )

G- - -4

Pe*-«omektponsy { (+ - — -) +-=--)
Pp"-«ueiitepuiiz»  Pp! (0 0 0 0)+ Po?(0 0 0 0).
+ + +-) + + -4

Pp -«mpoTtonz» ] =+ -4 (- - +4)
-+ o+ o)

+ - - - ) + + +4)
Pn®-«ueiiTpons» +- + 4 WIH + - +-) wm
+ | o+ ) -+ )

(++ - ) - -
Pe*-«onekTpoHsy + - - = +- - )
Po"-«aeiitepuits»  Pp®(0 0 0 0). Po0 0 0 0).

[TnaneTapHblii Pp’-«aeiiTepuiiz» ecTh pe3yIbTaT ycpeAHeH:s BCEX N BO3MOKHBIX II0J00HBIX COCTOSHUM (TOIOJIOrMYECKUX-
KOMOWHAITHI)

P.0=1/n (Pol + Po Ppd+ Pot +..+ PoY). (94)

ITnanetaphas Pp0-«Monekyna Bogoponas» u mianerapusiii Ppl-«ueiitepuiis» coctodT us 8 Pi-«KBapKoB3», M OHH MO BCek
BHUIMMOCTH SIBISIOTCS Hanbosee yCTOWYMBBIMHY U, CIIEJOBATEIFHO, HAN0O0JIee YaCcTO BCTPEUAIOIINECs MaJIbIMHU CTaOMIbHBIMU
ANEKTPUYECKH HEHTPAIIEHBIMU CPEPUIECKUM Ag 7-BaKyyMHBIMH 00pa30BaHUSIMI.

Ipeanonoxum, uTo muaHeTapusii Py -«rpoTuiizy (90) asnsercs camoii manoii 2on0ii Py-«nnanemoiiz», Ipu 3T0M, Cyas 10O
BceMy, HauboJiee PaCIpPOCTPAHEHHBIMU MATbIMU 20bIMU Pi-«naanemamusy SBISIOTCS ManetapHas Pp’-«MonekyJia Bojio-

ponas» (92) u nnanerapublii Ppl-«aeiitepuiiz» (94).

Teneps comoctaBuUM mansie eonvie Py-«nianemspiz» ¢ HAMMEHBITIMH BEIIECTBEHHBIMU ceprdeckuMu tutaHneTamu CoHed-
HOH CHCTEMEI.
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6.3 Anaauz manvix nebecnvix men Conneunoil cucmemvl

B IMputoxxennu 1 npuBeaeH HEMOJIHBINM CIIMCOK Hanboee KPYIHBIX MalbIX CITyTHUKOB IiiaHeT COTHEYHOM CUCTEMBI, 1103a-
MMCTBOBaHHBIN Ha caiite «The Solar System Wiki». 113 aToro crircka BbIACICHBI U MIPEACTABICHBI B Ta0J. 2 BEIIECTBEHHBIC
acTpOHOMHYECKHE 00BEKTHI Ha IPaHuUIIe Iepexoa OT chepruuecKuX HeOSCHBIX Tell K TeJIaM HEeIPaBHIbHOW (POPMBIL.

Tabnuna 2 — [MapaMeTpbl MaJIBIX aCTPOHOMUYECKUX 0OBEKTOB OJM3KUX K chepruueckoit popme

Mnanera/cnyTauk, | Cpeannii | IlnoTHoCcTH Macca ®opma Bug
BEIIECTBEHHbIE pan“yc PUOIHKEHHO PUOIHKEHHO
TIPHOIMKEHHO
Lepepa (Ceres), Bmiskas x
IIAHETa, ECTCCTBCH- 475 km 2,2 r/em® 9x10% kr chepuueckoit
HbIi criyTHHK ContHITa thopme
Becra (Vesta) bauzkas x
actepous, ecrectBer- | 263 kM 3,5 r/em® 2,6x10% xr chepuueckoit
Hblif ciyTHHK CodtHia hopme
Mamnaana (Pallas) Brmskast k
IUIAHETA, ECTECTBEH- 256 xm 3,9 r/em® 2x10% kr cheprueckoii
HBIH crryTHHK CotHIa hopme
Sunenan biuskas
cepraeckoit
(Enceladus), 252km | 1,6r/em® | 1,08x10% kr bopwe
€CTCCTBCHHBIU CITyT- '
pasMepsl
Huk Catypa 513.2x502,8x496,6 kv
Test (Hygiea) bruskas x
€CTECTBEHHBIH CITyT- 217 xm 1,9 r/em® 8x10%° xr cepryeckoit
uuk CorHiga hopme
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Iporeii (Proteus), BoH3Kas K
CCTCCTBCHHBIH CHIyT- 209 kM 0,7 r/em® 5x10% kr chepuueckoit
Huk Hentyna bopme

Hasmupe (IImarg), BrmsKas &
CCTCCTBCHHBIM CHLyT= 178 kM 0,6 r/em® 2.2x10% kr chepuueckoit
HUK ITaHCTOH A I10-
sica Kolinepa bopue
I'unepuon
(Hyperion), 135kM | 054r/es® | 5.6x108 e | [ICTPABHIBHOH
€CTCCTBEHHBIH (bopMmeI
cnyTHUk CaTypHa
Pubn (Phoeb?)’ HemnpasuibHoit
CCTCCTBCHHDIH 110 km 1,6 r/em® 8.3x10%8 xr (bopMEI
cnyTHUk CaTypHa
Jlapucca (Larissa),
€CTECTBEHHBII 97 Kt 0,9 r/on® 3,72x10% kr HenpasunsHoii
cnyTHuK HenTyna (bopMmeI

6.4 Conocmasnenue camvix Manvlx B8eUleCMBEHHbLX NilaHent U HAUMeHbUUx 20J1blX Pk-«nﬂaHemg»

JanpHeiimme paccy IeHUs HOCAT MPeIBapUTEIFHBIN, OIICHOYHBIN XapakTep. [oMycTUM, 4TO BHYTPH MUHUMALbHOLU elye-
CMBeHHOU NiaHemvl HAXOAUTCS HaumeHbuas 2onas Py-«naanemasy, BHeNIHss 000109Ka KOTOPO# IPUTATUBAET MTHKO-, HAHO-
U MAKPOCKOIIMYECKHE CTAOMIbHBIC Amn-BaKyyMHbBIC 00pa30BaHUs («94aCTHIIBDY) OCPESACTBOM TpaBUTAIMK (IPUPOIA «ILIa-
HETApHOW» TpaBUTaIlMK OyJIeT paccMOTpeHa B cieayromei 11-if pabote mpemiaraemoro nukia crarei [1,2,3,4,5,6,7,8,9]).
[Ipu 3TOM, YeM OoJbIIe UTaHETAPHBIX Py-«KBAaPKOB3» COCTABIIOT TONYIO KIUIAHETY» (CMOTPHTE, HAIIPHMEP, PAH)KAPHOE BhI-
paxxenue (87)), TeM OoJbIIe HHTEHCUBHOCTD €€ MPUTSDKEHUS (TPaBUTAIUH), H TEM OOJBIIE MEIKAX «JacCTHID) OHa MOXKET
MNPUTSHYTH K CBOEMY spy (pHC. 2a U 8) 1 yIepKUBATh HA IPOTSHIKEHUH JJIUTEILHOTO BpeMenu. [103ToMy Macca BelecTBeH-
HOW TUIAaHETHI cheprdecKoi (POPMBI MOXKET ITOCTYKUTh KPUTEPHEM WHTEHCUBHOCTH I'PAaBUTAIMOHHOTO MPUTSHKCHUS.

Puc. 8. q)paKTaHI)HaSI WIUTIOCTpanus NPpUTIKECHNUSA MHOXKECTBA MTUKO-, HAHO- 1 MUKPOCKOMIMYECKUX «YaCTUID>
K AOpy TOJION «ITAHETHD) NOCPEACTBOM MEXaHU3Ma Me)l(-«HJIaHCTapHOﬁ» IpaBUTallUA
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W3 Tabu. 2 BUIHO, YTO caMble Majlble aCTPOHOMHUYECKHE 00BEKTHI ¢ popMoii O1m3Koit k cdhepruueckoit — ato Iporeit, Uib-
mup)d u Iesi. /lanHble caMble Maible MOYTH-CHEPUIECKUE aCTPOHOMUYECKHE OOBEKTHI UMEIOT CPETHUN pajiiyC MPHOIN3U-
TenbHO 200 kM M Maccy npubnusutenbHo 510 kr. ActpoHoMHUecKHii 0OBEKT ¢ TAKUMK NapaMeTpamu OyJ1eM Ha3bIBaTh
MUHUMATILHOU 8eWeCmE8eHHO NIAHEeMOU.

EcrecTBEHHO MpPEIONIOKHUTH, YTO BHYTPH MUHUMAIILHOM MOYTH-ChepriuecKoll BEIeCTBEHHOM IUIaHETH! (CO CPeTHUM pajiu-
ycoM ~ 200 kM u Maccoit ~ 5x10%° kr) HaxomuTcs naumenvuias ronas Py-«mnaneraszy (m.e. mnaneTapHblil PyiO-«mpoTuiia»
cocrosmuii u3 4-x Px-«kBapkoBa» (89)).

3a oobexramu Tuna I[poteit, Unsmups u Iest cieayromuMy N0 BeTHYHHE YT PAKTUYECKH CheprUuecKre acTpOHOMUYe-
ckre 00BEKTHI THIIA JHmea1, Becta u IMamiaaa ¢ xapakrepHbiM pagrycoM ~ 250 kM u Maccoit ~ 1020 kr.

TpeTbuMU 1O BEJIMYMHE CHEPHICCKIMH BEIECTBEHHBIMU 00BEKTaMU sBIIsIOTCS TuiaHeThl THa Llepepa (Ceres) ¢ xapakrep-
HbIM paguycoM ~ 450 kM u Maccoit ~ 10?! kr.

Ceres Vesta Pallas
ree =475 km ree =263 km ree =256 km

Puc. 9. Pa3mepsl (cpemHue paaiychl) MalblX aCTPOHOMUYECKAX OOBEKTOB OUTH ChepruIecKoit GOopMBI

Ha puc. 9 mokasaH oueBHAHbBII MapHAIBHBINA (KBAHTOBBII) CKaYeK OT CaMbIX MaJIbIX HOYTH ChEepHIeCcKUX 0OBEKTOB CO Cpej-
HUM pajrycoMm ep =250 km (Trma Vesta, Pallas) u moutu B 1Ba pasa 6omnbirero cdepuueckoro oobexra Tuma Ceres co cpe-
HUM paguycom rep =480 kM.

Jlyist cpaBHEHHMs TTApaMETPOB BELIECTBEHHBIX CHEPHUUECKUX aCTPOHOMHYECKHX OOBEKTOB YZAOOHO HCIOJB30BaTh UX MAaccy,
TaKk Kak B Macce IUIaHeThl OOBEIUHEHBI JIBE €€ OCHOBHbIE XapaKTEPUCTHKHU: pa3Mephl (B YaCTHOCTH, 00BEM) H IIOTHOCTH
BEILIECTBA.

Pasnenm Maccy camoil Manoil BelecTBeHHOW IuiaHeThl (HanpuMmep, [IpoTesi) Ha Maccy BEIICCTBEHHOH IUIAHETHI CIEIYHO-
miero kjiacca (Hampumep, DHIeIaaa)

102/ (5x10%) = 2.

YMHOXHUM NOoJIyuuBIICECd YUCIIO 2Had (MI/IHI/IMEU'H)HOS YHUCJIO Pk'«KBapKOBa» B HAMMCHBIIICM Pk'((&TOMCS)), T.C. B IUIaHETap-

HOM P %-«ripotunay). B pesynbrate momyuum 8 — 310, B paMKax HPeIaraeMoi MEeTOAUKH, 03HAYAET, YTO BEIECTBEHHbIE
cthepudeckre acTpoHOMHYECKHE 0OBEKTHI BTOPOTO Kilacca MAJIOCTH (TUMa DHIleNaaa) coaepxar 8 Py-«KBapKoBay.

I_IaHHaﬂ JIOTMKA YKa3bIBAC€T, YTO BHYTPH BTOPOI'0 KjlacCa MaJIbIX BEHICCTBCHHBIX IIJIAHET HAXOJAUTCA cnez[y}omnﬁ KBAHTOBBIN

(B cMBICIe JMCKPETHBIN) BApUAHT Tool Py-«ImaHeTsIs»: 8-«kBapKkoBasy» muaHerapHas Pp’-«monekyna somopomas» (91)
UK 8-«KBapKOBBIii3» MIaHeTapHblii Ppl-«ueiitepuiiz» (93).
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HpOZ[OJI)Kaﬂ 9Ty JIOTUKY, IpeIaracM OEHUTH KOJINMYECTBO IUTAHETAPHBIX Pk-«KBapKOB3», COCTaBJIAIOIINX T'OJIBIC «IIJIAHCTHI»,
HaxoAdmuecs BHYTpHU BEIICCTBCHHBIX IJIAHCT COJIHEYHOM CUCTEMBI IO cne;[y}omeﬁ MCTOIHUKE.

Pazgenum maccy BEIIECTBEHHOM IJIaHETHI M Ha Maccy MUHHMAaJIbHOM BEIIECTBCHHOM IIJIaHETHI M = 5x 1019 KI', 1 p€3yJibTaT
b

9TOTO JCNCHHsST yMHOKHUM Ha 4 (KOIMIeCTBO Py-«KBapKOB3», COCTABILIIOIINX CAMYIO MALYIO TOIYIO Py-«mnanety3y).

Pe3ynbTaThl pac4eToB MO 3TOH METOAWKE MPEICTaBICHBI B TA0M. 2.

Ta6ﬂnua 2 - HpI/I6J'II/I3I/ITeJ'H)HI)Ie XapaKTCPpUCTUKU aCTPOHOMHUYCCKUX 00bekTOB COJTHEYHOHN CUCTEMBI

Pagnyc ILnorHOCTH M OTHOIIEHUE Ouenka Pammyc
3peyna / BelIeCTBeHHOIl | BelecTBeHHOI acca . Macchl HEGECHOTO Tena KOJIH4CCTBA si/ipa roJiou
/ IJIAHEeTHhI, IVIaHEThI, BEMECTBCHHOR K Macce MUHUMATbHON Pk-«KBapK0B3» «IIJIAHEThD»,
IJIaHeTa cpenHui cpenHsisn "Hiﬂz;"l’ IUTaHETHI M NIPUOIIKEHHO
~R ~p ~ M/m — X4
m
MunumanbHast
BEWECTBERHEAT | 900 kn 12r/eM® | m=5x10%r 1 4 100 xkm
IJIAHEeTA,
tuna [Iporeit
CoJuHie 696 000 kM 1,41 r/em? 1,99%10% kr 0,4x10 1,6 x101 316 000 km
Mepxypmii 2439,7 km | 5,43 r/em® 3,33x10% kr 0,7x10* 6x10* 780 kM
Benepa 6051,8 km 5,24 r/cm? 4.87x10%* kr 0,97x10° 3,9 x10° 1250 xm
3 24 5 5
3emJst 6378.1 K 5,52 r/em 5,97x10%* kr 1,2x10 4,8 x10 1320 km
3 23 4 4
Mapc 3389 5 xu 3,93 r/em 6,42x10%° xr 1,3x10 5,2x10 755 km
KOnurep 69911 km 1,33 r/cm® 1,9x10% kr 0,4x108 1,6x108 5623 kM
Carypn 58232 xm 0,69 r/cm® 5,68x10% kr 1,1x107 4,4x107 4072 xm
Ypaun 25362 km 1,27 r/em® 8,68x10%° kr 1,7x108 6,8x10° 2553 km
Henrtyn 24622 xm 1,64 r/cm® 1,02x10% xr 0,2x107 0,8x107 2659 kM
MayTon 1188,3 km 1,86 r/cm? 1,3x10% kr 0,3x10° 1,2x108 359 kM

[Tpumennm BeipakeHue (88)
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https://ru.wikipedia.org/wiki/%D0%97%D0%B5%D0%BC%D0%BB%D1%8F
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D1%81
https://ru.wikipedia.org/wiki/%D0%AE%D0%BF%D0%B8%D1%82%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D1%82%D1%83%D1%80%D0%BD
https://ru.wikipedia.org/wiki/%D0%A3%D1%80%D0%B0%D0%BD_(%D0%BF%D0%BB%D0%B0%D0%BD%D0%B5%D1%82%D0%B0)

rep = Y5 AY¥ry = Y5 AY3-107 cm = ¥4 4¥3-100 kM, THe A — KOTHYECTBO Py-«KBapKOB3»

JUTSI OLICHKHU pajiyca royioil Py-«ImiaHeThlz» 3eMJIs ¢ UCTIONb30BaHUEeM PHOIMKCHHBIX JaHHBIX U3 Ta0ll. 2

re = V2 A¥3ry = 5 (4,8 10%)¥3-100 kv = 1320 km, (95)
TP 3TOM B COBPEMEHHBIX CIIPABOYHHUKAX YKa3aH paJlyc BHYTPEHHETO spa traneTsl 3emirst 1300 k.

AHAJIOTUYHO OLICHUM PaIUyC royoi «3Be3/pia» ColHile

rs = Y AY3ry = ¥4 (1,6x10")3 100 xm = 316 000 kM, (96)
IO COBPEMCHHBIM CIIPABOYHBIM JAHHBIM COJIHCYHOE AP0 MmpocTrpaetcs oT nentpa Comxia Ha paccrosaue B 173 000 kM.

JlaHHbIe pacyeThl IOKA3bIBAIOT, YTO PEAJIOKEHHAS BBILIE METOAMUKA [T03BOJISIFOT ITOJIyYUTh OLICHKH PaJUyCOB AJIE€P aCTPOHO-
MHUUECKHX OOBEKTOB OJIM3KHE MO TMOPSAKY BEIHMYMHBI K U3BECTHBIM (T.€. MOJYYEHHBIX MHBIMH criocobamu). B mocnennem

cronOrie Tabi. 2 MpUBeIeHBI TPUOIIDKEHHBIC PaINyChI TOIBIX Py-«IUTaHEeT3», paCCUNTaHHBIX 110 Gopmyiie (88).

7. CpaBHenne rojoi «CoaTHeYHOH CHCTEMBD) ¢ OHOJIOTHYEeCKOM KIeTKOM

I'onast «ConHeuHas cucTeMay, paccMaTprBaeMasi B 3TOH CTaThe, BO MHOI'OM CXO0Ka
¢ OnoNormYecKon KIETKOH (CMOTpUTE prC. 6 1 7) HE TOIBKO 110 CTPOSHHIO, HO H IO
BHYTPEHHEMY coJiepkaHuto. Hamprmep, kak moka3zaHo B Tadi. 2 rojas «3Be3as»
CoJtHIIE COCTOUT MMPUMEPHO U3 CTa IIECTUAECITH MUJUTUAP/IOB TOJIBIX TTIAHETAPHBIX
Pi-«xBapkoBs» (1,6x10'), mpuMepHO Takoe ke KONMYECTBO KBAPKOB HAXOMATCS B
simpe OMOIOTUYECKUH KIIETKH.

Kax M3BECTHO M3 KBAapKOB, HaXOJAIIMXCS BHYTPH 5pa OMOJOTHYECKOW KIETKH,
CKJIa[IbIBaeTCs reHeThueckas mHpopmanus B Buze Moieky JJHK. [Toatomy MoxHO
NPEIIIOJI0KUTE, YTO U B sIIPE TONON «3Be3/1bD» CONHIE COACPKHUTCS TeHETHIECKas
nHpopmauusi CONTHEYHON CHCTEMBI, KOTOpas COTKaHa W3 IIECTHAALATH LBETHBIX
TOJIBIX TUTAaHETAPHBIX Py-«kBapkoBa» (cMoTrpute Tadi. 1). MHbopMannoHHas HackI-
HIEHHOCTh ANreOpbl CTUrHATYP U AJreOphl cUrHatyp obcyxaanace B [1,2].

AHanornuso, cpejHue royble Pi-«rianeTbisy. Mepkypui, Benepa, 3emnst, Mapc U T.JI., COCTOSIINE U3 OKOJIO MHJUIMOHA
HBETHBIX FOJBIX Pi-«KBAPKOB3», ACCOLMMPYIOTCS C OPTaHeIIaM1 OHOJIOTMYECKOH KIIETKH TUIA XJIOPOILIACTHI, HEPOKCHCOMBI
U JIM30COMBI, a roJible Pi-«ranetsl rurantbiz» FOnurep (1,6x108), Carypn (4,4x107), Ypan (6,8x10°) u Henryn (8x10°) co-
OTBETCTBYHOT MUTOXOH/IPHUSIM.

[Tono6HbIe aHAIOTMN MEXTY «TaJlaKTHKaMM» (MEracKOINYECKOT0 YPOBHS), «3BE3IHBIMIY) CHCTEMaMH (MaKpOCKOITHYECKOTO
YPOBHsI), OMOJOTMYECKHUMH KIETKaMHU (MUKPOCKOIMYECKOTO YPOBHS) M MOJISKYJIaMU (HAHOCKOMHMYECKOTO YPOBHS) MOXKHO
MOTYT OBITh IPOJIOJDKEHBI, HAIPUMEP, TATAKTHKI» U «3BE3]JHBIE» CUCTEMbI BPAIIAIOTCS, TaK K€ IIUTOILIa3Ma B )KUBOH OHO-
JIOTHYECKOW KJeTKe Bpamaercs u T.1. Ho 11 Gosee riyOoKoro 0CMBICICHUS B3aUMOCBSI3H MEX/Yy Pa3IMYHBIMU YPOBHIMHU
Pa3ymHoO rckpuBieHHOT0 BpITHS HEOOXO0IMMO MOCBATHUTH OTIEIBHOE HCCIIEAOBAHUE.

8. Bpamenue roJioii Px-«miiaHeTbis»

Ha manHOM 3Tame mccienoBaHNs HEBO3MOKHO KOPPEKTHO MOCTPOUTH METPUKO-AWHAMHYECKYIO MOJAETh BpAIIEHHs TOJOH
Py-«mmaHeTsIz», T.K. 3TO SIBIICHHE CBA3aHO C IUIAHETAPHOH rpaBUTAIMEN, KOTOPYIO INIAHUPYETCS PACCMOTPETH B CIIeIyToIeit
crarbe. OHAKO YK€ Ha 3TOM 3Tare MOXXHO C(OPMYITHPOBATh HEKOTOPHIE MPEAIOCHUIKH ISl CO3AAHUS TaKOH MOJENN IS
JIEKTPUUECKH HEHTpalbHOM Bpamiatomeiics ronoi Py-«mianeTsis», OCHOBBIBasCh Ha [8].
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B kauectBe mpumepa, pacCMOTPHM BpallleHUue HeHTpanbHOU rojioil Py-«mianetsis» 3emis. BemectBennas mianera 3emist
JieNaeT MoJIHbIH 060poT Bokpyr CoitHila mpuMepHO 3a 365,26 COJHEUHBIX CYTOK (T.€. 000pOTOB BOKPYT CBOE#t ocH, puc. 10a)
co cpenneit ckopocThio Vi ~ 110 000 xm/a = 30,5 kv/c. Touka Ha 3kBaTope 3emuu mpojensBaeT myTh 40 000 kM 3a 24 4
(Tounee 3a 23 4 56 mun 4,09053 cek), HO3TOMY OHA IBIXKETCS TI0 OKPYKHOCTH ¢ IPHOIH3UTENbHOH ckopocThio 40 000 kM /
24y ~1 666,7 km/u = 465 m/c. [Ipu 5TOM yriI0Bas CKOPOCTH BpallleHus 3eMJIM BOKpYT cBoel ocu ~ 7,3%107° paaunan B cekyHy
(puc. 1006).

Puc. 10. BemecTBeHHas ruiaHeTa 3eMIis IEpEMENIAcTCsl BOKPYT BeleCTBEHHOM 3Be3/1b1 COHIIE CO CKOPOCThIO ~30,5 KMm/C.
3eMiIs TaKKe BPAILAETCsl BOKPYT CBOEH OCH C YIIIOBOM ckopocThio 7,3% 1075 paguan B cexynmy

C npyro#t CTOPOHBI, B 3TOH CTaThe BBIIBUHYTA TUIIOTE3a, UTO dJIEKTPUUECKH HEUTpasbHas ronas Py-«mianerasy 3emis sSBis-
€TCsI pe3yJIbTaTOM aIIMTUBHOTO Hanmoxenus nmpumepHo 480 000 miaHeTapHbIX Py-«kBapkoBa» Tuma (66) (cMoTpute TaoI. 2).

Onwupasich MaTeMaTH4ecKuit anmapar Anredpsl curnaryp [1,2,3,4,5,6,7,8,9], MoxkHO npeanonoxuts, uto ~ 480 000 ruiane-
TapHBIX Py-«KBapKOB3» TAKIM 00pa30oM aJINTUBHO (T.€. B CPeTHEM) HAKJIaJbIBAIOTCS APYT HA IPYTa, YTO B CPETHEM METPHKO-
JMUHAMAYECKask MOJIC]Ib BHEIIHEH 000I0YKU 3JICKTPUUESCKUA HEHTPAIbHOW BAJICHTHOMN BpAIAIOIICHCS TO0H Py-«IiaHeThI3»
3eMitst ompeeNnseTcs CleAyIoeld COBOKYITHOCThIO 0000mmeHHbIX MeTpuK Keppa (B xoopamHatax boiiepa—JInHIKBHCTA)
(cmotpute [8]):
YcpenHeHHasi BHeIIHAASA 000/109Ka Bpalaomencs
HelTPaIbHOM roJ10if BajleHTHOH Py-«mitanersiz» 3emJist 97)

JBIXKyIIeics: Bokpyr CoJHIa co CKOPOCThIo Vi
¢ o01m1eii curHaTypOi

(=) +(++4)=(0000)

| ds{T D = (1- %r) c2de? — ”‘f; — pd6? — (2 + a* + = sin? 0) sin 0 dp? + ZE sin? 9 depedt, (98)
H dsSte?? = (1 f)r) c2dt? — pcﬁ; pdB?% — (r + a2+ % i 9) sin? 0 d¢? — zrf;ms n? 0 decdt, (99)
v ds{™ = (1+ %r) c2de? — "A‘f; — pde? - (r? +a* - T Sin 29) sin? 0 dp? + "Z“‘ sin? 0 docdt, (101)
H’ dsfbl)2 = (1 + ri%) c?dt? — pi; — pdf? — (r +a? — B gin 9) sin?dp? — zrf)m sin? @ dgcdt; (102)
H' ds{ 0 = — (11 b ) c2de? + "‘Zf +pd6? + (r? +a* + £ rora sin? 0) sin 6 dp? — "‘;m sin? 0 deedt, (103)
\% dsz(_“z)2 =— (1 - ) c?dt? + p‘f:)z + pd6? + (r +a? + B gin 9) sin?68dp? + er)ra sin?  d¢cdt, (104)
H ds(_bl)2 =— (1 + r%r) c2dt? +2 (b) i pdf? + ( )sm 0dp? — 22 5in? 9 dpcdt, (105)
| ds{ = — (14 rE;r) c2de? + ”A"ﬁ; +pd6* + (r? +a* - Tsmz 8)sin 0 dg* + "’;m sin? 0 dpcdt; (106)

MleabT

BpAIIAIOIIEHCs TOJI0N BAICHTHON Py-«TUIaHEeTHI3»
¢ oOmei curuarypoi

(F==)+(++4)=(0000)
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i ds$? = c2de? — £ _ pdg? — (r? + a?) sin? 6 d¢?, (107)

r2+a?
j dsO? = —c2de? 4 24 4 pd6? + (r? + a?) sin? 6 d¢p? (108)
5 r24q2 .
e p =1%+a’cos?0, AP=r’—rer+a? AO =12+ rer +a? (109)
TEVE .
a === — NapaMeTp HLIMITHIHOCTH,

Vg = 30,5 KM/C — CKOpOCTB JBIIKCHHS TOJIOH Py-«TIIaHeThIz» 3eMIIs;
15 ~ 1320 xM — paguyc sapa roioi Py-«mmaneTsny 3emirst (CMOTpHUTE TOCIeHUN CToOet B Ta0. 2).

Hanomuum (cmotpure § 5.2 B [3]), 4TO ycpeAHEHHBIC METPUKH C MPOTHBOMOIOKHBIMHA CHTHATYpaMH (+ — — —) U (— + + +) OmuChIBatOT
METPUKO-ANHAMHYIECKHE COCTOSHHUS CIOEB As7-BaKyyMa, KOTOpPBIE MOBEPHYTHI (MM CABUHYTHI MO (hase) Ha 90° MO OTHOLIEHHIO IPYT K
Apyry.

MeTpHUKO-AMHAMUYECKUM MOJICIISIM BPAINAOIIMXCSI DJICKTPUYCCKH HEUTPATIBHBIX TOJBIX Py-«TUtaHeThI3» U Py-«3Be313» HeoO-
XOJIMMO TIOCBATUTH OTJIENbHOE OOLIMPHOE HCCleJOBaHHEe. 3€Ch OTMETHM TOJIBKO, YTO, HAIPUMEP, METPUKO-THHAMHYECKAs
MO/JICIIb BHEITHEH 000I0UYKH AIIEKTPHUECKH HEHTPabHO BaleHTHO! rojoit Py-«mnanersy 3emis (98) — (109) nomkHa mpu-
BOJIUTH K OIMCAHHIO MATHUTHOTO NOJIs 3ToH maneTsl (puc. 106 u 11).

Puc. 11. Cxemarnueckoe n300pakeHne CyOKOHT-aHTHCYOKOHTHBIX TOKOB, ONIPEICIIIOIINX CHIOBBIC JIMTHUU
TeOMETPH3UPOBAHHOTO MarHUTHOTO TIOJIS IBIIKYILEHCS] HEHTPaJIbHON BaJlCHTHOH Tooi Py-«rmaneTsn

3AKJIIOYEHHE

""®uznka ectb TeomeTpus”
Jlxon Apunbansn Yuiep [11]

B nmanno# mecsroit wactu «I'eomerpusmpoBanHoit ¢usuku Bakyyma (I'®B) ocHoBanHO#t Ha Anrebpe curnatyp (AC)»
[1,2,3,4,5,6,7,8,9] oTyacT paccCMOTPEHBI METPUKO-ANHAMUYECKHE MOJICIH 3JEKTPUICCKU HEUTPAIbHBIX BAJCHTHBIX TOJBIX
Py-«ruianet» u Py-«3Be3/1», KOTOPBIE BBITEKAIOT M3 HEPAPXUIECKONW KOCMOJIOTHYECKO# MOJIeNH, IPE/I0KEHHOH B [6].

KoHuenuust rojpix cTabMIbHBIX ChepruuecKux As7-BaKyyMHbIX oOpa3oBanuil (Py-«mmane™» u Py-«3Be3m»), moapasymeBaet
YCIIOBHOE OTCYTCTBHE IHKO- , HAHO- U MUKPOCKOIMYECKUX Amn-BaKyyMHBIX 00pa30BaHMH (T.€. 3JI€MEHTapHBIX «YaCTHID),
«MOJIEKYJI», «KIETOK» U T.JI.) B UCClIenyeMoii o0nacTu Ag7-Bakyyma. To ecTh pacCMaTpHBAIOTCS TOJBKO MCKPUBICHHS MaK-
POCKOITMYECKHX YYaCTKOB Ag7-BaKyyMa IUIAHETApPHOTO M 3BE3JHOTO MaciuTaba IpW YCIOBHH, YTO MeNIKue (iykTyanuu
Amn-BaKyyMa He IPHHUMAIOTCSI BO BHUMaHue. [Ipyr 3ToM Ipezrnosaraercs, 4To B clielyoliel craTbe OyIeT pacCMOTPEH Me-
XaHU3M NPUTSHKEHUS] MEIIKUX «YacTUIB» ToJbIMU Py-«rmmaHeramm» u Py-«3Be3nammy», T.e. OyAeT NpeArprHsTa ouepeaHas

MOTBITKA pa3raJlaTh TaliHy IUIaHETApPHOW M 3BE3[HON I'paBUTALlMM Ha OCHOBaHMM Maremarudeckoro ammapara ['BO u AC,
n3noxkenusix B [1,2,3,4,5,6,7,8,9].
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ITokazaHo, 4TO 111 KOHCTPYHPOBAHUS METPHKO-ANHAMHUYECKUX MOJIENEH BCEX CTAOMIBHBIX Ag7-BaKyyMHBIX 00pa3oBaHMI
3BE3JHO-TUTAHETAPHOTO MAcIITaba JOCTATOYHO 16 IIBETHBIX TOJBIX INIAHETAPHBIX Pk-«KBapKOB3» C COOTBETCTBYIOLIMMH CHUT-
Harypamu (65). L[BeTHbIe MIaHeTapHbIe Py-«KBapKH3» MpeACTaBICHbI B Ta0J. 1, M3 HUX MOTYT OBITh COCTaBJICHBI IUTAHETAP-
Hble: Py-«0aproHblsy, Pk-«Me30HbI3», Pk-«aToMbI3» 1 Py-«MOJIEKYIIBI3» 110 aHAJIOTHH ¢ KOHCTPYUPOBAHUEM ITUKOCKOITUUECKHX
aneMenToB CTaHIAPTHOH MOJIEITH YIEMEHTAPHBIX «4aCTUI» B cTaThsix [6,7,8,9].

[IpuBeneHO comocTaBieHUE TONBIX Py-«mmianeTs» U Py-«3Be3/1bIs» ¢ BENICCTBCHHBIMH aCTPOHOMUYECKAMHU 00bekTaMu Col-
HEYHOW cHCTeMBl. [IpenokeHa METOAMKA OICHKH KOJHMYECTBA IUIAHETAPHBIX Py-«KBapKOB3» BHYTPH BEIICCTBEHHOIO
ConHia u BelecTBeHHbIX TaneT COMHEYHOW cHcTeMbl. PacdeTsl 10 JaHHOI METOMKe MPUBEIH K Pe3yIbTaTaM CXOIHBIM
MO MOPSIAKY BEJIMYHMHBI C U3BECTHHIMH COBPEMEHHBIMHU CIPABOYHBIMH JAHHBIMH O MapamMeTpax BEHICCTBEHHBIX IUIAHET U
CorHia.

O0603HaYeH psijl aHAJIOTHYHBIX PU3HAKOB MEXTY T0JI0H « COTHETHOM CHCTEMOI M OMOIOTHIECKOH KIETKOH. 3aMedeHo, 9T
ronas Py-«3Be3nay» CoJHIe MOXET OBITH COIOCTABIICHO C SIIPOM OMOJIOTHYECKOH KIETKH, a ToJble Py-«I1aHeThls» 3TOH CH-
CTCMbI aHAJIOTUYHBI APYTUM OpTraHeiljiaM OMOJIOTHYECKOM KJIETKHU, TAKUM, HAIIpUMEP, KaK MUTOXOHAPUU 1 JIN30COMBI.

[IpennosxeHa npenBapuTenbHast METPUKO-IUHAMAYECKAs MOJIENb BPAIAOILIEHCS ANEKTPUUECKH HEUTpabHON BaJl€HTHOU ro-
JIOM Py-«TIaHEThI3».

Kax y»xe He ogHOKpaTHO 0TMeuanochk B pamkax B® u AC [1,2,3,4,5,6,7,8,9], HONMHOCTBIO r€OMETPU3UPOBAHHOE OTHUCAHUE
«3BE3MHO - [UIAHCTAPHOI0» YPOBHS OPraHU3allii MCKPHBICHHOTO Ag7-BaKyymMa MMEET CBOM OCOOCHHOCTH, HO BO MHOT'OM
MOJI0OHO TEOMETPU3UPOBAHHOMY OMKCAHUIO BCEX OCTABHBIX CIIOCB OE3[0HHOM MycTOTh (Bakyyma). [locturast oJuH U3
ypOoBHE#l (WIH CIIOEB) UCKPUBICHUH Amn-BaKyyMa MbI OJTHOBPEMEHHO JOTIONHSIEM TPEICTABICHHS 000 BCEX OCTANbHBIX CTa-
OWJIBHBIX U HECTAOMJIBHBIX Amn-BaKyyMHBIX 00pa30BaHUAX Pa3IMIHBIX MACIITA00B, TaK KaK OHH (PAKTAIBLHO MOBTOPSIOTCS
JpyT B Apyre.

Haneemcs, 9To TaHHAS CTAThs — 3TO SIIIE OJUH LAl B HAIIPABJICHUH PEATH3aLiH IPOrPaMMBbI ITOJTHON TeOMETPU3aLiN HU3HKU
Kmuddopnra-Ditamreiina-Yunepa.
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[Tpunoxenne 1
HemnoJiHblii cIMCOK MAJILIX CIYyTHUKOB IUIaHeT COoTHEeYHOH CHCTEMBbI

IMozanmcTBoBaHO Ha caiite «The Solar System Wiki»,

Ne Astronomical Diameter Ne Astronomical Diamete Ne Astronomical Diameter
object km object r km object km
1 Ganymede 1,5275 41 Despina 1480 81 S/2002N5 33.45227
2 Titan 1,522.80% 42 Himalia 139.6/% 82 Stefano 320261271
3 Callisto 1,468.8L"] 43 Xiangliu 1361211221 83 Atlas 30.284
4 lo 1,212 44 Portia 13519 84 Ananke 29.19
5 Moon 1,169.4% 45 Haunu 1221431 85 Paaliag 2901
6 Europa 1,157.81 46 Epimetheus 116.45 86 Telesto 28.8F°%
7 Triton 1,122.80" 47 Glo’é 'Ha 112231 87 Pan 281
8 Titania 1,062.217 48 Thebe 98.65! 88 Perdita 26.6034
9 Rhea 700! 49 Juliet 9409 89 Mab 24,884
10 Oberon 504.217 50 Belinda 9ol 90 Phobos 22.168%
11 lapetus 471.61 51 Prometheus 86.20! 91 Francisco 220611271
12 Charon 44301 52 Caliban 84124 92 S/2021 N 1 21.9529271
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13 Umbriel 41810 53 Pandora 81.200 93 Leda 21,50
14 Ariel 396.411 54 Cressida 8ol 94 Ferdinand 21201271
15 Dione ~35614 55 Thalassa 800! 95 Margaret 20281271
16 Tethys 3408 56 Elara 79.9% 96 Calypso 19.28%2
17 Dysnomia ~320142 57 Rosalind 7209 97 Ymir 18,8936
18 Enceladus 2841431 58 Desdemona 6419 98 Trinculo 181261271
19 Miranda 27007 59 Halimeda ~6212% 99 Kiviug 1867
20 Vant 2137 60 Naiad 580! 100 Cupid 17.884
21 Proteus 21314 61 Pasiphae 57.8% 101 Themisto 16.447
22 Mimas 21004 62 Prospero 52.8126127] 102 Adrastea 16.411
23 limara ~2001451 63 Bianca 5109 103 Tarvos 15,567
24 Nereid 19201 64 Neso 48.812°1281 104 ljirak 13,567
25 Hiaka 1861161 65 Setebos 470121 105 Deimos 12548
26 Actaea 183.4147 66 Carme 46.7%01 106 Kerberos 1201
27 Hyperion 178.45 67 Sao ~44125] 107 S/2023 U 1 10.627
28 Phoebe 1,52751 68 Siarnag 43,2047 108 Erriapus 10.587
29 S/2012 (38628) 1 1,522.80¢ 69 Metis 438 109 Styx 10.41
30 S/2005 (55637) 1 1,468.81" 70 Ophelia 43119 110 S/2002 N5 33.4521271
31 Weywot 1,21288 71 Lysithea 42,2120 111 Stefano 3206127]
32 Larissa 1,169.4% 72 Laomedeia ~420% 112 Atlas 30.264
33 S/2018 (532037) 1,157.8M% 73 Cordelia 40189 113 Ananke 29.1%
34 Sycorax 1,122.811 74 Psamathe ~401 114 Paaliag 2971
35 Janus 1,062.217 75 Albiorix 37047 115 Telesto 28.8
36 | S/2015 (136472) ~17508] 76 Hydra 3780 116 Pan 285
37 Amalthea 1670 77 Helen 36" 117 Perdita 26.664
38 Puck 162049 78 Nyx 360! 118 Mab 24,834
39 Namaka ~1601% 79 Sinope 35020 119 Phobos 22.168
40 Galatea 15801 80 Hippocamp 34.880 120 Francisco 2212811271
Ne Astronomical Diameter Ne Astronomical Diamete Neo Astronomical Diameter
object km object r km object km
121 S/2021 N1 21.95[% 159 Styx 10.45! 198 Narvi 5.4138187]
122 Leda 21,520 160 Callirrhoe 10.2047 199 Aegir 56871
123 Ferdinand 211261271 161 Hyrrokkin 7.806IE7 200 Eggther 5671
124 Margaret 202616271 162 Daphnis 7.682 201 Greep 587
125 Calypso 19.26%2 163 Thrymr 7.4B8157 202 Hati 587
126 Ymir 18.81% 164 Mundilfari 7 50817 203 Loge 5671
127 Trinculo 18261271 165 Praktika 71200 204 Skoll 587
128 Kiviug 1867 166 Kalike 6.9 205 S/2019S1 51871
129 Cupid 17.8%4 167 Megaclite 6.6 206 Aoede 460801
130 Themisto 16.417 168 Skathi 6.6571 207 Helike 4 B3840l
131 Adrastea 16.451 169 Bergelmir 6.506157] 208 Thyon 46811400
132 Tarvos 15.587 170 Narvi 637 209 Alvaldi 4567
133 ljirak 13,587 171 Aegir 6l 210 S/2006S1 4,567
134 Deimos 12.548 172 Styx [ 211 Pallene 4.4662
135 Kerberos 120 173 Callirrhoe 5.6l 212 Harpalike 4,411
136 S/2023 U 1 10.6!% 174 Hyrrokkin 5.8l 213 Euanthe 415811401
137 Erriapus 10.567 175 Daphnis 5.8 214 Farbauti 487
138 rgaret 10.451 176 Thrymr 5.567 215 Narvi 5.4381671
139 Calypso 10.2047 177 Mundilfari 5.4B8IE7 216 Aegir 587
140 Ymir 7.806I7] 178 Praktika 567 217 Eggther 5671
141 Trinculo 7.6 179 Kalike 10.45 218 Greep 567
142 Kiviug 21,9201 180 Megaclite 10.21471 219 Hati 587
143 Cupid 21.520 182 Skathi 7.806IEN 220 Loge 5671
144 Themisto 2112827) 183 Targeq 7.682 221 Skoll 587
145 Adrastea 201261271 184 Bebhionn 7.48817 222 $/2019S1 5671
146 Tarvos 19.282 185 Fornjot 7 5036171 223 Aoede 4.61%8140)
147 ljirak 18.81%% 186 Germippe 71200 224 Helike 4,680l
148 Deimos 1812611271 187 Bestla 6.9 225 Thyon 4,680
149 Kerberos 1867 188 Suttungr 6.61°11013 226 Alvaldi 4,567
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