Gradient Etherodynamics: Gravity and inertia as a reaction to
the accelerated movement of the ether

Avsharov Evgeny Mikhailovich

Abstract

Gravitational etheric transformer of the object of gravitation, under the pressure of ether in
the external space, creates a laminar centripetal etheric flow, carries out the compression of
this vortex flow, the final stage of which is the materialization of protons.
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FpaBI/ITaHI/Iﬂ N HHEPINA KaK peaKnusi HAa YCKOPEHHO€ IBUKECHUE 3(1)1/1pa

Asmapos Eprenuit Muxaiinosny
Mocksa, HOs0pb 2018r.
H36ecmuvle onvimusle u IKCnepuMeHmanibHble OAHHbLE

O peNATUBUCTCKUX U IPaBUTAIIMOHHBIX ciBurax (0*):

Kax “noomeepounu” meopuio omunocumenvrocmu cnymuuxku GPS u TIMATION B mae
1967r. u B centsiope 1969 r. CLIA 3amycTunu nepByro napy CoyTHUKOB HU3KOOPOUTHOM
HaBuranuoHHoit cuctemsl TIMATION.

Ha ux Goprax HaXOAWJIHCh MPEIU3UOHHBIE KBapIEBbIE I'€HEPATOPHI, YaCTOTHI KOTOPBIX
KOHTPOJIHPOBATHCH C TOUHOCThIO He Xyxke 107!, Jlns cmyraukos TIMATION, ¢ BRICOTOl
opoutsl 925 KM, CyMMapHOe JeHCTBUE PENATUBUCTCKOTO M IPaBUTAIIMOHHOTO 3(hdekToB
cocraBmo 661 —2.1-107°. Dra mudpa no Moaymo B 20 pa3 rpydee, UeM BHILICHA3BAHHAS
TOYHOCTh KOHTPOJISI YACTOTHI.

[TosToMy, ecnu yacTOoThl KBapleBbix reHeparopoB Ha 6oprax TIMATION wucnbiThIBamu ObI
PENATUBUCTCKHUE U TPABUTAIIMOHHBIE CIIBUTH, TO HX CyMMa HEMPEMEHHO Obli1a ObI 0OHapyKeHa.

[Tpuuém, 3T0 0OHApYKEHHUE SIBIIIOCH OBl ceHcaluel — nepbiM noAreepxkaenrneM CTO u OTO
C MIOMOIIbI0 OOPTOBBIX CITYTHUKOBBIX yacoB. OnHako, ceHcalus He cocrosuiack. E€ yerponnu
MIOI03KE, MOCJE 3allycKa MEPBBIX AKCIEPUMEHTANbHBIX CIYTHUKOB GPS ¢ kBaHTOBBIMU
CTaHJapTaMM 4acTOThl Ha 6opTax. DT ¢akTsl — youiictBeHHb! 111 CTO u OTO:

YacToThl KBAaHTOBBIX IFCHCPATOPOB UCHBITHIBAIOT PCIIATUBUCTCKUC U I'PABUTALITMOHHBIC CABUT'H, a

Yacmomol Keapueebvlx cenepamopos He UCNblhnibleéaron
peaamueucmcKue u zpasumayuoHHble cosuzu!

Ha Bceii nnmune Konbekoit cBepXriryOOKOM CKBaKHHBI 110 30HaM TEKTOHHMUYECKUX HApyIICHUN
HaOJI01ATKCh BBIICICHUS Ta30B (BOAOPOa, TeJHsl, a30Ta, METaHa).

W3 3emiin HenpepbIBHBIM IIOTOKOM M3 30H pa3joMa BBITEKAeT BOJOPO U METaH, (B MEHbILIEH
CTETIEHH I'eJIUii), KOTOPBIE MPH CITy4aifHOM MODKUTaHUU OT aTMOC(EPHBIX, WIIM TEXHOTCHHBIX
YCTPOWCTB, TAIOT B3pbIBHOE coeanHeHue ¢ Kuciopo oM (TyHrycckuit METeopuT MOT OBITh TAaKUM
00BEMHBIM B3PHIBOM, BUJIMMO CIY4aiiHO TOJ0ACKEHHBIM Teciioil B CBOMX 3KCIIEPUMEHTAX C
nepenauet sHepruun?!), (cmorpu Jlapun B.H. I'nnoresa ruapuaHoii 3emin),

Bo3o6HoBeHNEe B TITyOMHAX 3eMJTH TOJIE3HBIX UCKOTIAEMBIX — IPEX/IE BCEro HETH U rasa
MOCIIE MPEKPAIICHUs UX 00BN Ha HECKOJIBKO JIECATUIIETUI — T.€. yTeM CHHTe3a U3 BOJ0pojaa
pPokIaeTCs U YIJIepoa U 00pa3yloTcsi 0eH30/IbHbIE 1eNM0YKHU U 00Jiee CI0KHbIE YIIIEBOI0POIbI
B BO30OHOBIISIEMBIX KJIaI0BBIX HE()TETra30BbIX MECTOPOXKACHUH (ITOJTHOCTHIO I0Ka3aHO MPAKTUKOM
HedTe no0bun). [loxoxue siBICHUS BUIUMO HAOMIOMAIOTCS U C BOJHBIMU MECTOPOXKICHUSIMH B
CKaJIaX U TOPHBIX MOPOJax MPH CUHTE3€ KKCIopoaa ¢ 00pa3oBaHUEM BOJBI B 3(UPHBIX MOTOKAX.

Hanuune peanbHBIX IPOIIECCOB MaTEPUANTHU3ALUHI KPUCTAIUIOB JIbJ]a HA TIOBEPXHOCTH 3eMJIH TIPH
BEChbMa IOJIOKUTEIILHON OKPYXKAOIEH TeMIIepaType, YTO XapaKTEPHO TOJIBKO IS (PU3HUECKOTO
nporecca MaTepHaIn3aliy COMYyTCTBYET CHIIBHOE TIOTJIONIEHHE SHEPTUU U3 OKPYKAIOIIEH Cpelibl,
T.€. U3 OKpYyKaromero 3¢upal

HerouHocTu B ©3MEHEHUSIX TPABUTAIMOHHOW MOCTOSIHHOM (MTOCTOSIHHAS JIH ?7):
a. B 2010 roy 6bIIO IPHHSTO: G = 6,673848*107 " v’/(xr *c?),
b. B 2014 oy CTAIO IPHHSATO: G = 6,674083*10"" v’/(xr *c?). +0.0035%
c. B 2018 roay mpu U3MEPEHUAX IBYMS METOJaMH MOJTY4YEHbI 3HAUCHMUS:
G =6,674184*10 "' v’/(xr *c*)u G = 6,674484*10 " v’ /(xr *c?) - +0.0050% / +0.0095%

I'paButanmonHas «nocrosiHHas»? G pacter B cpenHeM Ha ~ 0.0035% B 4 rona, uro sBisiercs
WM HETIPaBUJIbHOM MHTEpIpETaluell pe3ylbTaToB, T.K. YBEIHMUNBAIOTCSA pa3Mepbl U Macchl
3emud, WM HEMPABUIIBHOW TEOPETUIECKOM 0a30BOM OCHOBHI JIJIsl HHTEPIIPETAIN U3MEPECHHUIA.
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YBenuueHne yCKOpeHusi CBOOOIHOTO MaIeHUs TIPU TIOTPYKEHUIO B TTTyOh 3eMITH, 110 JaHHBIM
n3Mepenuit B maxrax Ksuncnenna (ABctpanus) moarsepxaaercs (17%).
PaccmoTpuM Teneps JaHHBIE H3MEPEHUN YCKOPEHHS CBOOOIHOTO MaICHUSI:

a. Ha moJiroce gn =9.832 M/c2 (mpu Ry = 6356800 m),

b. HaoKBATODe Gy = 9.780 M/c> (ipH Roy = 6378100 m),
T.€. yBeJHYeHHe YCKOPEeHHs Ha moJiroce Ha ~ + 0.052 m/cz, ni Ha ~ 0.53% !!!,

C. IepecyeT U3MEHEHHs YCKOPEHHUs CBOOOIHOTO NajeHus g = G*my/R’, (gcp =9.7982 M/C2)
Ha TIOJIFOCE 3a CYET H3MECHEHHUSI PaInyCOB JIOJDKHO OBLIO OBITh gn(r) = 9,845 M/c, T.e.

2
yBenmueHue Ha ~ + 0.067 m/c -, unu Ha ~ 0.68%, 4TO HEMHOTO 0OJIBINIE BETUYHUHEI,
M3MEPEHHOW Ha MOJIoce (HEYUTEHO BIMSIHUE AILTUTIICOUTHOCTH 3eMITH U IPYTUX (PaKTOPOB).

MHorouneTtHss 3kciutyaranus cucteM GPS nmokasana cpenHero10Boil MpupoCT BETUYMHbI
paanyca 3eminn Ha SMM, Ui Ha 10MM B [MamMeTpe — 3TO JJOBOJIBHO TOUHBIE U3MEPEHUS, T.K. BCA
cucrema GPS Ga3upyercs Ha TOUHOM U3MEPEHUHU OPOUT CIIYTHUKOB Ha3eMHBIMU 0a30BBIMU
CTaHLMSIMH, YTO COTJIACYETCSl C CPEIHUM Pa3ABMIKEHNEM TEKTOHMUYECKUX IUIUT U 3all0JTHEHUEM UX
HOBBIMH ITOPOJAMH 3a CUET MAarMbl 3EMJIN.

(3a 1000 et ~ 10m / 1Munn net ~ 10km / 100Mua net ~ 1000kwm)

Tpupoct oGbema 3o AV, = S3 % AR, =~ 510" 'n> * 5%10 ™ m =~ 2.5%10 w0,

[Tpupoct maccel 3eman Am,; = p; * AV; =~ 5500 kg/M3 * 2.5*1012M3 =~ 1.4*1016Kg,
wi ~ 1.6* 1027M3 , C TNIOTHOCTBIO A(pHpa y MOBEPXHOCTH 3emin ~ 8.8* 10_12 kg/MS.

3a 1 rog uepes 1 M2 MOBEPXHOCTU 3€MJIU IIPOHAET 1.4*1016Kg / 5*1014M2 =~ 28 kr a¢upa /ron

WITH ~ 3.2*1012M3 adupa/ron (mpu ~ 3.15*107CGK/F0,£[) CO CKOPOCTBIO =~ I*IOSM/C.

CkopocTb ddupa Ha ToBepxHOCTH 3eMiu cocTaBuT ~ 100km/c. Tloxoske Ha mpaBay, T.K. Mayas
BSI3KOCTh 3(pripa HE MOXKET Pa30rHaTh MAaTEPHAIBHOE TEJIO JI0 CBOCH JIOKaIbHOM CKOpOCTH!
(I"eonoeuueckue oanmvie u pacuemol 0arom OOIbUUE 3HAYEHUS YBETULEHUs PA3SMEPO8 FeMu:

- 8 1986 200y Kapu, ucnonys evlnoiHeHHvle CHYMHUKOM Jld3ePHblE U3MEPEHUs,
BLIUUCTUT, YUMO paouyc Jemnu pacuupsiemcss Ha 24(+/- 8) mm 6 200;
- 8 1993 200y Pobaoo u Xappucou ucnonv3osanu 2eode3udeckue usmeperus u
BLIUUCTUNY, YMO Femis pacuupsaemcs Ha 18 muinumempog 6 200,
Mo 8 cpeoHeM ysenuieHue 00vema u ckopocmu dgupa, emexarouje2o 8 3emnio 8 4-pe paza!)

7. Hanuuue yeTKoil rpaHULIbI pa3JieNna Ha PacCTOSTHUM MPUMEPHO 49 a.e., re npekpaaercs
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IIOJIHOCTBIO AelicTBUE CONIHEUHOTrO MPUTSHKEHNUS U1 BBUIETABLINX 3a BHEIIHUI Kpail rosica
Koiinepa, Ha npumepe criyTHuka «Bosxaep-2» Xopolo BUAHO IPEKPAIIEHUE YMEHbIIEHUS

CKOPOCTH TIOJIETa MPH MEePEX0/IC TPAHUIIBI, T.€. MOJHOMY OTCYTCTBUIO YCKOPEHHUS CBOOOTHOTO
najgeHus Ha Comnie. (3%)



8.  TlombITKH B KOCMOCE MOABECTH HCKYCCTBEHHBIN CITYTHHUK K OOJIMAY UM aCTEPOULY, TOTHOCTHIO
OCTAaHOBHUTH €TO U 3aCTABUThH MIOTOM IPUTSHYThCS MAaCCUBHOMY OOBEKTY 3@ CUET CHJI B3aUMHOM
rpaBUTAlMU He yBeHYanuch ycrnexoM! (2*) Croyrauku CarypHa SIHyc n DnuMerei, HeCMOTps Ha
NEPe0INYECKYI0 OIM30CTh, HE IPUTATUBAIOTCS IPYT K APYTY, @ MeHAI0TCs opoutamu. (7%*)

9.  CoruacHo “3aKOHY BCEMUPHOTO TATOTEHUS ’, TAroTeHue JIyHsl AecTBYET BIUIOTH JI0 TPaHHI
BcenenHoii, HO caMbIMH 3HAYMMBIMH €0 TPOSIBIICHUSIMHA CUUTAIOTCS, BO-TIEPBbIX, IUHAMHYECKAs
peakuus 3emiuu Ha JIyHy, T.e. oOpaiieHue 3emin, B IpoTuBodase ¢ odpamieareM JIyHbl, OKOJIO UX
o0111ero eHTpa Macc, U, BO-BTOPBIX, JIYHHbIEC IPUIIMBBI B OKeaHax. (4%, 5%)

[IpaBna 3akmroyaeTcss B TOM, 4TO TAroTeHue JIyHbI JeCTBYET JIMIIb B HEOOIBIIONW OKOIOIYHHOM
oOmactu, mpuMepHo 110 ~ 11000 kM OT JTyHHO# MOBEpXHOCTH, BMECTO pacueTHbIX 66000 kM, 4TO
JOKa3bIBAETCs MOJIETaMU JIYHHBIX CIIyTHUKOB. IloaTOMY napa 3emns-JlyHa nuxercs Becbma
CBOE0Opa3HoO, Be/lb 3eMHOE TAroTeHue Ha JIyHy neiicTByeT, a JIyHHOE TATOTeHHE Ha 3eMJTio — HeT!

10. U okeaHCKH€ NPUIUBBI MOPOXKAAIOTCS OTHIOAb HE TArOTeHUEM JIyHBI, a SBISIOTCS pe3yIbTaTOM
CMEILIEHU LIeHTpa reouaa 3emin Ha 1.6m no HanpasineHuto K CONHIy OT OCH BpallleHHs r'eonja,
HE3aBHCHMO OT BpallleHUs 3eMJI BOKPYT ceOst 1 ConHIa (0Ch BpallleHUs] Y TAKOTO MacCHUBHOTO
MHEPILMOHHOTO TeJla HE MOXKET U3MEHSTHCS B TEUEHHUH J1a’Ke TOJIOBBIX MepruooB!!), koTopoe u

IIPUBOJUT KaK CyTOYHOM IIPELECCUN TPaBUTALIMOHHBIX HopManel (~2.5-10  pan) B okeaHax Ha
JIOKaJIbHBIX y4acTKaX aKBaTOPHA, T.e. BEKTOPOB YCKOPEHUN CBOOOIHOTO MaJIeHUs, KOTOPbIE U
BBI3BIBAIOT IIPWJIMBHBIE IIPOLIECCHI B MOPSAX U HA y4aCTKaX OKCaHOB. (6%)
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I'pasumauua - kaxk 3¢pupunas cyunocmo

Hcxonst u3 BCero BHIIIECKA3aHHOTO MOYKHO C/IEIaTh BBIBOJ YTO TPaBUTAIMS MIPEJICTABISAET cOO0M
IpoIiecc BA3KOTO 3axBara (YBJIEUCHHUs) BCEX aTOMOB MaTepHAIbHBIX 0OBEKTOB MAacCOM M B JaMUHAPHOM
HEHTPOCTPEMUTEIILHOM MOTOKE 3(uUpa *, INIOTHOCTh KOTOPOTO 0OPAaTHO MPOIMOPIIMOHATbHA KBAJPATy
paccTosiHUA 10 IIEHTpa, @ TOYHee 007JacTH CXOKICHHUS (CXJIONBIBAHMS) YXKE BUXPEBbIX JIEMEHTOB

+
3(pHUPHOTrO MOTOKA B MaTepUaibHble MPOTOHBI P . IIpu poxxaeHnn npoToHa 00beM 3(hupa yMEHBIIUTCS

B ~5*10" pas!!!), uro coznaer paspexxenue B 3GUPHOM MPOCTPAHCTBE U Ty Pa3HOCTH JaBJieHUH 3¢dupa,
KOTOpast CO3AaeT rpafueHTHBIN noTok! Hem3BecTHO Mpu Kakoii INIOTHOCTH CKaTus 3upa BO3HUKAET
IpoIIecC CXJIOMBIBaHUS YPUPHBIX BUXPEH B MPOTOHBI, HO yXe Ha TITyOMHE MEHEe COTHU KHJIOMETPOB J10
HEeHTpa 3eMIIH, IIOTHOCTh 3()MPHOTO MOTOKA MO HOPSIKY CPAaBHUMA C INIOTHOCTHIO IIPOTOHA.

D¢up cB0OOIHO MPOHHUKAET Yepe3 BUXPEBbIC 00pa30BaHUs TaK Ha3bIBAEMBIX “DJIEKTPOHOB aToMa’”
MaTEPUATIBHBIX TeJl, KOTOPbIE, 10 CPABHEHUIO C IPOTOHAMH, SIBISIOLIMMUCS MAKCUMAJIBHO BO3MOYXHO
YIJIOTHEHHBIMU 3aMKHYTBIMU BUXPEBBIMU 00pa30BaHUSAMU 3(PUpa, YpE3BbIYANHO PA3PSHKEHBI - 110

MOBEPXHOCTHOM TIOTHOCTH Oosiee yeM B 3*10  pasa, a mo o0beMHOM - Gosee yem B ~ 6*10° pasz!!



bnaronaps BecbMa Masoi BS3KOCTH d(Hpa Kak raza, BO3HUKAET Kak Obl “‘ci1aboe yBiIeueHHe aTOMOB
MaTepHAIbHBIX TEJ B HAIIPABJICHUU BHELITHETO I'PaIuEHTHO-YCKOPEHHOTO A3(HPHOT0 MOTOKA”, T.€. €CTh
npeobasaHue COyAapeHnit YacTHIL JOKAJIHHOTO JIJAMHHAPHOTO YCKOPEHHOTO TIOTOKa 3(HUpa, CO CTOPOHBI
BXO0/Ia 3TOT0 A3(UPHOTO MOTOKA, O IUPHBIN BUXPH ITEKTPOHOB KaXKI0T0 aToMa (PU3MUECKOTO Tea.

YacTp gacTuil a3gupa He IPOXOIUT Yepe3 AMEKTPOHHYIO 3(pUpHYI0 000JI0UKY aTOMa, B pe3yibTaTe
3TOTO C MepeIHe CTOPOHBI YCKOPEHHOTO MOTOKa 3(hMpa yBeTUUNBaeTCs JaBieHue 3(hupa, a ¢ o00paTHOM
CTOPOHBI IPOMCXOUT YMEHBIIICHUE IAaBICHUS dPHpa.

Yem Gosblie ycKOpeHHe 3(pUPHOTro MOTOKa, TeM 00JIbIle pa3HUIA STHX COYAapeHH, COOTBETCTBEHHO
OoJIbIIIE PA3HOCTH JIAaBJICHUS ApHpa HAa KAXKJIbI aTOM MaTepHaIbHOTO Teja, KOTOpas MPONOPLHUOHATIbHA
BEJIMYUHE YCKOPEHUs H3(UPHOTO MOTOKA, KaK MPOU3BOAHON (PYHKIIMU OT KOJIMYECTBA COYTapEHUA.

[IpencraBbTe BEIMYMHY YCKOPEHHUSI aTOMOB B IMTPOMOPIHUAX K UX pa3MepaM — OHa IPOCTO TUTaHTCKasd,

2 10 9
TaK npu yckopenue amomog ¢ Im/c” sma genununa ~=10"-:-10" (pazmepos amoma)/cex’!

[Ipu paBHOMEpPHOM JABIKEHHH MaTEpHAILHOTO Tejla IPOUCXOAUT BhIpaBHUBAHUE JaBICHUN dupa Ha

nepeaHe U 3a/iHel CTOpOHAX aTOMa 3a CUET BHICOKOM CKOPOCTH ABMKEHHS yacTull 3upa (~ 10 M/C),
XOTs1 HEOOJIbIlIAsi Pa3HUIIA B TABJICHUH OCTAHETCSI, TIPU TUIAHETAPHBIX CKOPOCTSX JBM)KCHUS BEIMUMHA €€
MPAKTUYECKU HE BBIABIISIEMA, U TOJIHKO Ha OOJBIINX PACCTOSHUSIX MOXKET OBITh OIpe/iesieHa, HalpuMep -
YMEHBILIEHHE (CABUT) YaCTOThI LIBETOBBIX JIMHUM IIPU NMPOXOKIEHUH CBETOM MEK3BE3/IHBIX PACCTOSIHUM,
IIPONOPLIMOHAIBHBIN 3TUM PAaCCTOSHUSIM.

Dopmynvl 2pasumMayLOHHO20 NPUMAICEHUS

Torga cumna rpaBUTallMOHHOTO MPUTSDKEHUS (TIPUTAIKHBAHUS ) PEACTAHET B BEKTOPHOU opme:
> >
Fy =m*g ke*m/c (1)

BBenem nonsiTue - rpaBUTAllMOHHBIN TpeoOpa3oBaTenb 3PUPHOTO MOTOKA 0OBEKTA TATOTECHUS,
MPEJCTABIAIONIEr0 CO00M YCKOpPEHUE CBOOOHOTO MaACHUS, IPUBEICHHOE Ha SMHHUILY JJTHHBI paguyca:

2
I'e=g/R (¢¥), [Te=f(g,R)] )
F; =m*I'g*R 3)
T/Ie YCKOpPEHHE CBOOOJHOTO TajieH s Eg Ha TOBEPXHOCTH 00beKTa TSAroTeHus paanycoM Ry, mpussTeiM
3a HyneBo# (0a30BbIEC U3MEPEHHSI), 3TO CPETHEKBAIPATUUHbIC 3HAUCHHSI Ha OOJIBIION BEIOOPKE U3 N ITap

8o’ 1 Ry’mo Bceit 3emne, yunThiBas uto yeKOpeHHe 0OpATHO MPOHOPLIUOHAIBHO KBaJpaTaM paJuycos,
YTO AKCIEPUMEHTAIBHO NOITBEPKIEHO ! :

g = go*(Ry’/R%), e go- (X" goi)/n 1 Ry (X" Ry;)/n @)
u Ha paguyce R rpaBuranmonssiii npeobpasosaresb 3QUPHOrO MOTOKA OYIET:
I's= g/R = go*(Ry’/RY)/R = (g0*Ry>) /R’ (). (5)

2
u Beipaxkenue (29*Ry") = Const q1st 00bexTa TAroTEHUs B 0003pUMOM HHTEPBAJIE BpEMEHH !

3AKOH 2PAsUMAYUOHHO20 RPUMANCCHUS (hopmyupyemca makx:

Cuna Ilpumsasicenusn (npumanxkusanus) mamepuanvro2o mena Fg (KZ*M/CZ), NpUNodHCeHa
K YeHmpy Macc 3mo2o mejd, npsimo NpoOnoOpYUOHAIbHA Macce 2mo2o meaa m (K2),
epasumayuonHomy npeobpazosamento s¢uprozo nomoka I'y (¢°) 06vexma mazomenus,
u nponopyuoHaivua paouycy R (m), nposedennomy om snuyenmpa ooracmu 3¢hpupHo2o
8CACHIBAHUSL 0OBEKMA MA20MEHUs 00 YeHMPa MACC MaAmepuaibHo2o med.

['paBUTaLMOHHBINA YPUPHBINA TpeoOpa3oBaTeNb 00BEKTa TATOTEHUS, M0]1 1aBJICHUEM 3(prpa BO BHELITHEM
MPOCTPAHCTBE, CO3/AET JJAMUHAPHBINA IEHTPOCTPEMHUTEIbHBIN 3()UPHBII TOTOK, MPOBOAUT CKATHE STOTO
BHUXPEBOTO MOTOKA, (PUHATBHBIM 3TalloM KOTOPOTO SBJSIETCS MaTepUaIn3alus IPOTOHOB.

y y -2

I'pasumauuonnsiit Ipupnoii [peobpazosamensv o6vexma msacomenus I'g (¢7),
2

nponopyuonanen 6azoeomy yckopeHuio c60600n020 nadenus g (M/c”) u obpamno

nponopyuonanen kyoy paouyca R (m), nposedennozo om snuyenmpa obracmu
3hupHo20 6Ccachi8anus 00 YeHmpa Macc MamepuaibHo2o meid.



I'paBuTanIMOHHBINA TpeoOpa3oBaTesb 3PUPHOro MOTOKA 00ECTIEUNBACT I'PABUTAIIMOHHOE YCKOPEHUE

cBoGoHOTO Manenus g (M/c”) U1 MaTepHaTbHOro Teya Ha yaanenun R (M) oT snuuentpa o6nactu
3()MPHOTO BCACKIBAHHS M IPEOOPA30BAHMUS, T.€. OT JMUIEHTPA IPABUTALMH 00BEKTA TATOTEHHM.

B knaccuuaeckoit Teopun Ha BMecte I'g mommkHo crosino Beipaxenue Y*M,/R, rne M; - macca 3emun,
Y - nOCTOsIHHAs TpaBUTALMOHHAA Y = 6,674083-107'" m’/(xr*c?) . A B hopMyIIe CHITBI TAKECTH -

F=m*g= ’Y*(m*M3)/R2 UMEIOTCS 1BE HEM3BECTHBIE Y U M3, a T.K. MEXy MaTepUalbHbIMH TEIaMU
NPUTSHKEHUS HE CYLIECTBYET, IPUTSKEHNUE CO3JaeT TOJIBKO I'PaBUTALIMOHHBIN 3(UPHBINA TpeoOpa3oBaTenb
00BEKTa TATOTEHHUS, M 110 U3MEPEHHON BEJIMYMHE YCKOPEHUS € MOXKHO OYZIET ONpeNIeNIuTh TOJIBKO X

npousBesieHne Y*M3 1715 KaxKJI0ro 00beKTa TArOTEH!s, UMEIOIIEr0 IPaBUTALMOHHBIN TpeoOpa3oBaTelb.

He 3tum 1111 00BACHSIOTCS TPOMaxXy MEPBBIX CIIYTHUKOB MPH 1oJieTe K JIyHe 1 HenpaBUIbHOM
omnpenenenuu paccrossHus 3axBata B 66000km mpotus 11000kM 1 ommbka B BEIUMCIEHUSX B 6 pa3!!

OOHapy)uBaeTCcsi MHTEPECHAs: 3aKOHOMEPHOCTh ITPH BHIYUCIICHUU TTApaMEeTPOB I'PABUTAIMOHHOTO
supHoro npeobpaszosaress I'gg, 1 COOTHOIIEHHS €T0 CO CPeAHEN IIOTHOCTRIO IUIAHET:  **

wee  Thic. kM > (kr/v) p/(Te*10°)

Comme  (g=271 u R=695) Dgo=039%10° p=1.41%10" 3.62
- Mepkypmii  (2=3.68 u R=2.44) Tgo=151%10°  p=5.42%10 3.59
- Benepa (@=8.88 n R=6.05) Tgo=147%10°  p=5.25%10" 3.57
- Zemast (€=9.80 n R=6.38) Tgo=1.54*10°  p=5.52%10" 3.58
- Mape (@=3.68 u R=339) Tgo=1.1410°  p=3.94%10 3.46
_ Jiyna (=1.62 n R=0.87) Tgo=1.86*10°  p=3.35%10" 1.80
_FOmutep  (2=24.0 m R=69.9) Dpo=0.34*10°  p=1.33%10" 3.91
_Carypn  (2=9.74 m R=58.2) [go=017*10°  p=0.69*10" 4.05
- Vpan (€=7.51 n R=253) Dgo=030¢10° p=1.29*10" 4.30
_Hemtyn  (g=11.0 u R=24.6) [go=045%10°  p=1.64*10 3.64

W3 Tabauibl BUHA TECHAst CBA3b MIPOUCXOKICHUS YeThIpeXx Ommkaimux Kk CoHily, 0COOEHHO MEePBhIX
TPEX € TSHKEIIBIM TUIAHETAPHBIM SIIPOM - Y HUX CUIIbHBIN 3(DUPHBIN rpaBUTAIIMOHHBIN peoOpa3zoBaTesb,
YTO HE XapaKTEPHO JUIS YEThIPEX MOCIEAYIOIINX ra30BbIX TUTAHTOB JJIS1 KOTOPBIX BEIMYMHA 3(PUPHOTO
I'PaBUTAIIMOHHOTO MpeoOpa3oBatens B 3-u U OoJiee pa3a MeHblle, BKIovas u CoJHIIe.

Emé oxna nHTEpEeCHas BBIBIECHHAA 3aKOHOMEPHOCTD — OYEHb XOPOILask KOPPEIALUA MEXIYy CPEIHEN
IUTOTHOCTBIO IJIAHET M BETMYMHON MX 3(PUPHOTO TPaBUTAIMOHHOTO IIpeoOpa3oBaTeis A1l EPBBIX
YeThIpeX IUIaHET, B 0COOEHHOCTH JUISI IEPBBIX TPEX MOTPSICAIONINE COBIAICHHS 110 3HAUYCHHSIM !

Jlyna BooOr11ie BbIMagaeT U3 BceX KaTeropuil MiIaHeT Ipy CHIIBHOM I'PaBUTALMOHHOM IIpeoOpa3oBarere.

Cuua rpaBUTanny, IEHCTBYIONIAS HA MAaTEPUAIBHOE TEJIO, IPOSBISIETCS TOT 1A, KOT1a B 3(Upe UMeeTCs
I'PAJMEHT IIepernaja AaBJICHMs, €r0 INIOTHOCTH, IIPU JIOKAJIBHOM JJAMUHAPHOM I'PAJUEHTHOM IIOTOKE
a¢upa, TBUTAIOLIEMCS ¢ YCKOPEHUEM, CO3/1aBaeMblil 3(pUPHBIM IpaBUTAIIMOHHBIM MPE0OpazoBaTeeM,
IpUYEM caM IPaBUTAIMOHHBIN MpeoOpazoBaTeNlb UIMEET THIEPOOTHUECKYIO 3aBUCUMOCTD OT paauyca
yJlaJIeHUs1 MaTepHaIbHOTO Tella OT SMUICHTPa 00BEKTa TATOTCHHSL.

Hano noHnmats, 4T0 rpaBUTallIMOHHOE BO3JAEHCTBUE HA MaT€pUalIbHBIE TEIa UMEIOT BCE 3BE3/bI U
IUTAHETHI, U TOJIBKO €JMHUYHbIE CITyTHUKY IIaHeT, Hanpumep JIyHa (1 npeamnonoxurensHo Poboc),
CIJIEZIOBATENILHO BCE OOBEKTHI TATOTEHHSI, MMEIOT BHYTPH I'PaBUTAIIMOHHBII MpeoOpa3zoBaTesb 3QUPHOTO
MIOTOKA, B pe3ysbTaTe paboThl KOTOPOTO PacTyT B pa3Mepax U MpHOaBIIsioT B Macce!

ITo Bceit o6macTu pabOThI CHII TPABUTALMU OOBEKTA TATOTEHHUSI HU)KHETO YPOBHS He pabOTalOT CHIIBI
IpaBUTAIMU O0OBEKTA TATOTEHUS BEPXHETO YPOBHS, OHU TOJIBKO MCKa)KAIOT IPAHUIIBI 30H IPABUTAIIMU U
XapakTep pachpeaeeHUs HalpaBICHUH U BEJMYMH IPAJUCHTOB T'PAaBUTALIMHU, CO3JAl0T HEIUHEHHOCTD



BJIOJIb paanycoB B popmynax (1) u (3), T.e. mpeBpalnaoT npaBuibHbIe ChepuiecKrue SKBUMOTECHIMATb-
HbIE IOBEPXHOCTHU IPABUTAINH, B IPUILTIOCHYTHIE C OJJHON CTOPOHBI M BRITHYTHIE HAPYXKY C IPYTroit
CTOPOHBI, CHMMETPUYHBIE [0 OCH MAaTEPHAILHOE TEJIO - 0OBEKT TATOTECHUSL.

Huepuus - kaxk sghupnas cyuwynocmo

IIpu 3TOM Ha10 MOHMMATh HET HUKAKOW pa3HUILIbI (IPUHLMII CYTIEPIIO3ULIMN B MEXAHUKE):

- IBMDKETCS JI 3(Up CKBO3b MaTepHAIILHOE TENIO ¢ YCKOPEHHEM, B 3TOM CIIy4ae CHITy, AeHCTBYIOLIYIO
Ha MaTepUaIbHOE TEJIO0, UMEHYETCS CUI0l 2pasgumayuu 00bEeKTa TATOTEHUS, TPUYNHA JIBIKECHUS
a¢upa — pa3psHKEHUE B SITUICHTPE TPaBUTALINY;

- IBUTAETCSI TN MaTEPUAIBHOE TEJIO C YCKOPEHUEM Uepe3 MPOHU3BIBAIOLINI ero 3pup, B 3TOM ciiydyae
CHUILY, IIPOTUBOICHCTBYIOLIYIO ABUKEHUIO C YCKOPEHUEM, MBI UMEHYEM CUJI0 UHepyuU, IpUINHA
B IIPUJIOKEHUE BHEIIHEH CHJIBI K MATEPUAIBHOMY TEILy, IIPU 3TOM BO3HHUKAET JIOKAJIBHBIN I'PAIUEHT
naBiieHust 3¢upa U MIIOTHOCTH, TAKOH e KaK U PU TPABUTAIMOHHOM YCKOPEHUH;

- IPH OTCYTCTBUHM YCKOPEHHOT'O JABIKEHHS d(Hpa MM MaTepHaJIbHOTO Teja, CHJI, ICHCTBYIOIUX Ha
MaTepHUAILHOE TENO, HE BOBHUKAET (OHM YpE3BBIYAMHO MaJlbl, YTO YKa3aHO B IIPEIbIIYIIEH IIaBe),
YTO MBI UMEHYEM HPAMOJIUHEHHBIM PAGHOMEPHBIM 08udicenuem (0e3 yCKOpeHuil) B peenax
CKOPOCTEH INIAHETAPHBIX CUCTEM.

@opMmyiia Uit yCKOPEHHOTO IBUKECHHSI MATEPUAIILHOTO Tena MO JCMCTBUEM CHUIL:

F=m*(-a) (kr*m/c?) (6)

AHaHOFI/I‘IHO IJId CUCTEM yCKOpeHHOFO BpaH_[aTeJIBHOFO ABUXXCHUA MaTepI/IaHBHOFO TCJa.
2

Mp=J, * (-do/dt")  (kr*m*/c?), rae (7)

2,2
- Mg (Kr*M"/¢”) — MOMEHT CHJI MHEPIIMU MAaTEPHAIBLHOTO TENa,
2 2
- Jm = [M*r’] (Kr*mM”) — MOMEHT MHEPIMU MAaCcCHl M, IS LIEHTPa Macc,
HaxOJAIIErocst OT OCH BPAILLICHHs HA PACCTOSHUU T, (8)

- do/ dt* (rad/ cz) — YIJIOBOE YCKOPEHUE MATEPHAILHOTO TENa.

3akon cu uHepuuu:
Cuna Unepyuu (ommanxusarus)F (KZ*M/CZ) mamepuaibHo20 meid,
B03HUKAIOWASL NPU YCKOPEHHOM OBUNCEHUU D020 MAMEPUATbHO20 Meild
OMHOCUMENILHO NPOHU3BLIBAIOUE20 €20 JIAMUHAPHO20 NOMOKA dPupa,
NPUNONCEHA K YEeHMPY MACC IMO020 meid, Npsamo nponopyYUOHAIbHA MAcce
mena m (K2) u, npuobpemaemomy 3mum meiom, YCKopenuio a (w/c’) 3a
cuem 0eucmeust GHeWHUX CU, U NPOMUBONONONCHO eMy HANPAGJleHa.

3aKOH MOMEHMA CUJl UHEePUUU:

Momenm Cun Huepuuu My (KZ*MZ/CZ) mMamepuanrbHo2o med,
BO3HUKAIOWULL NPU YCKOPEHHOM 8PAWEeHULU MOS0 MAMEPUATbHO20 mend
OMHOCUMENILHO NPOHU3BIBAIOWE20 €20 JIAMUHAPHO20 NOMOKA dPupa,
NPUNOCEeH K yeHmpy momenma unepyuu macc J, (k2*m”) amoeo mena,
OMHOCUMENILHO OCU 8PAULEHUS, U NPONOPYUOHAIEH NPUOOPEMAeMOMY
SMUM MENOM Y2/I0BOMY YCKOPEHUIO do/df (rad/cz) 3a cuem Oelcmeust
MOMEHMA GHEWHUX CUT, U NPOMUBONOLONCHO UM HANPAGTIEH.

HoBpli1 B3ri1s11 Ha rpaBUTALMIO U UHEPLHUIO:
Ilpu zpasumayuu u npu unepyuu OeiicmMEyrOm 0OHU U Me Hce MEXAHUZMbL 63AUMOO0eIICI U

mamepuaioHo20 menia u 9([)upa, U He 8AICHO KMO U3 HUX OBUICENM CA C YyCKopernuem, u Kakoii
npouecc eol3vleaem Imu yCKOpernus.



W neHTHYHBIH MeXaHU3M, 00YCIaBIMBAIOLINN B3aUMOACHCTBHE dpHpa U MaTEPUAILHOTO Tela,
B opmymnax (1), (3), (6) u (8) moka3piBaeT
MoHCOecmeo Maccvl UHEPYUU U 2PABUMAYUOHHOU MACCbL MaAMepPUualbHo2o meaa!

Hekomopuie 0000wenus no cpasumayuu

Haiinen equupiii MeXaHU3M IPaBUTAMOHHOTO MPUTSKEHUSI MATEPUAJIbHBIX TEN K IJIAHETaM U
3Be371aM, 00YCIIaBIMBAIOIINN POCT UX TPABUTAIMOHHOTO YCKOPEHHS, pa3MEPOB U MACCHI,
3aKJIIOYAIOIUICS B:

COUHOM MEXAHUZME POIHCOCHUA 8 HEOPAX NIIAHEM U 36€30 NPOMOHO8 (6000P00a) U3 6UXPEBO20
IpupHOo20 NOMOKA, 8bI36AHHO20 INMUM HCE RPOUECCOM 80 6HeEULHEll Cpede, U CO30aHUA
2pPasuUmMayuoOHH020 RPUMANCEHUA (NPUMANKUGAHUS) MAMEPUATLHBIX MleJl.

B ¢dopmyrne cun TsokecTn m* g = ’Y*(m*M3)/R2 UMEIOTCS JIBE€ HEU3BECTHBIE Y U M3, IO3TOMY MOXKHO
OTIPENICIUTH TOJIBKO UX MPOU3BEACHUE (BETMUMHA YCKOPEHUS g OTIPEIENIIETCS] ONBITHBIM IIyTEM), YTO
BUJIMO OOBSCHSIET MPOMAaXH MEePBBIX CIIYTHUKOB MpH ToJjere K JIyHe ¢ ommoKoii B orpeieieHu! TOUKU
mubpanuu Jlarpamka B 6 pas - B 66000xm npotus 11000km!!

HemnocrostHHas «rpaBuTanMoHHas NOCTOsTHHAA (), KOTOpas M0 KJIACCUYECKON TEOPHH, KOTOPAs KO
OBl OIpeAeNseTCS ONMBITHBIM MYTEM U3 MPUTSHKEHUS IBYX MaTePUAIBHBIX TN, YTO HE COOTBETCTBYET
NeVCTBUTENLHOMY TIOJIOKEHHUIO JIEN U OBLJIO TIOKA3aHO BBIIIIE.

CJIG,Z[OB&TGJILHO OTCYTCTBHUC «TATOTCHUS» MCKIAY MAaTCPUAJIbHBIMHA TCJIaMU, HC UMCIOIIIUX 3(prHOFO
rpaBUTAlIMOHHOTO HpGOGpaBOBaTeJIH, 00513aTEILHOTO JIIsL 00BeKTa TATOTCHUA, CTABUT 1104 COMHCHHUC
caMy BO3MOKHOCTb UBMCPCHU S MACChL 00BEKTa TATOTEHHS!

** Qusuyeckue oannvle niarem, http://www.sai.msu.ru/neb/rw/natsat/plaphyw.htm
B Tabnwuiie npuBeeHbI pU3MUSCKHIE JaHHBIC IIAHET B MPONopisix K COMHEUHBIM ITapaMeTpam.

Hu npoussenenue mu G*M B pealIbHOCTH MOXKET OBITh OMPEAEICHO ¢ TOYHOCTHIO JI0 8 3HAKOB, KaK
yKa3aHO HIKE B TAOIUIlE, 110 TapaMeTpaM OpOUT U CKOPOCTH JIBIKEHUS TUTAHET WM CITyTHUKOB, a
Macca BBIYMCIICHA TyTeM MPUHATHS KAaKOBO TUOO0 3HAYCHUS I «yHUBEPCAILHON MOCTOSIHHOW» G?

il Macca i ILtoTHOCTH

e my | e
Commme  [132712 440x10° | [1] | 1 | [21 | 695000 8] 141
Mepxypmii| 22 032.08 | [11 [1.660137-10-7 | [2] [2439.7+10 | [8] | 5.42
Bemepa | 32485860 | [1] [24478383.10| [2] |6051.8£10  [8] | 5.5
Bemas | 39860044 | [1] [3.0034896+10-6 [2] |6371.00=0.01 | [8] | 5515
Mapc | 42828314 | [1] [3.2271514-10-7| [2] [3389.508+0.003 | [8] | 3.94
FOnmrep (126 686 537 | 3] [0.5459420-10-4| [2] | 69911+6* | [8] | 133
Catypu |37 931200 | [4] |285815-10% | [2] | 58232=6*/ | [8] | 0.69
Vpam | 57939393 | [5] [4365785+10-5 | [2] | 25362=7*/ | [8] | 129
Hentyn | 6835107 | [6] |5.15031410°5 | [2] | 24622+19% [ [8] | 1.64

GM nnaHeTsbl ['paBUTaLMOHHAsA NOCTOSHHAA NaHeTbl * Maccy nnaHeTsl (G*M)

Macca (ms) Macca nnaHeTbl B CONMHEYHbIX Maccax

Paguyc CpepnHuin paguyc nnaHeTb!
1noTHOCTb CpefHsist NNOTHOCTb MNaHeTbI



Ipunoxkenue Ne 1. Kputnka, moarBep:kaamoniue 10B0OAbl aBTOPA.

JUist HEKOTOPBIX MOIPa3/IeioB MPUBEACHBI KPUTHUYECKHE BBIICPKKU B COKpAILIEHHOM BUIE U3 PAOOTHI:
I'pummaes A. “Orot Lludposoit Mup”’, ISBN 9984-9395-5-3, 2010r. ABTOp BBIpaXkaeT 0J1arogapHOCTb U
COTJIACeH CO MHOTHMH TOJIO)KCHHUSIMH KPUTUKHU, HO HE ¢ camoil Teopueit “LludpoBoro Mupa”.

1. OO orcyTcTBHM y4éTa PeJATHBUCTCKUX 3 (PexkToB B cnyTHUKOBOM Haurannu GPS (0%)
(B cBs13U ¢ 0c0001 BAXXHOCTBHIO MaTEpUaI MPUBECH IMOYTH MOJHOCTBIO)

C nauanom «3psl GPS» B MaccoBoe co3HaHue BAAIOIMBAIN HE TIOUICKAIUI COMHEHUIO TE3HUC O TOM,
YTO 3Ta HABUT'AIIMOHHAS CUCTEMa paboOTaeT, C OTPOMHON TOYHOCTBIO MOATBEPXKAAsl — €KETHEBHO,
exedacHo U exeMuHyTHo — npenackazanus CTO u OTO Hacy€r u3MeHeHHs TeMIa TeUCHUS BPEMEHHU
Ha Ooprax cmyTHUKOB. Ho, cTpaHHbIM 00pa3oM, OT 0OIIIECTBEHHOCTH CKPhIBAJIM — KaK KOHKPETHO 3TH
MpeAcKa3aHus NOATBEPKAal0TCA. Tak, B OJJHOM U3 caMbIX U3BECTHBIX KHUT M0 ocHoBaM GPS [T3],
aBTOP HHU CIIOBOM He 0OMOJIBUJICS O TOM, KAKUM UMEHHO 00pa3oM npu padote GPS yunurtbiBatoTcs
PENSATUBUCTCKHE U TPaBUTAIIMOHHBIE 3(P(PEeKThI. DTO HACTONBKO KOHTPACTUPYET C IHUPOTON OXBaTa
MaTtepuana ¥ moApoOHOCTIMH H3JI0kKeHus B [ T3], 4To HEBOJIBLHO BO3HUKAET BOTIPOC: TIOYEMY OT HAC
IPSYyT CBUAETENBCTBA 00 SHHIITEHHOBCKOM T€HUANIBHOCTH?

A OTBET MPOCT: MOTOMY YTO 3TUX CBUAETENHCTB HEeT. 100, KOHIIENIINS OTHOCUTEIbHBIX CKOPOCTEH 1
B ciryyae ¢ GPS He paboTaer — ¢ mosHOM oueBUAHOCTHIO. BOT, cMoTpuTe: mycTh nonb3oBarens GPS-
HaBUraTopa Bacs npuHuMaeT curHaibl OT HECKOJIBKUX clyTHUKOB GPS. Kaxaplil CHyTHUK U3 3TOrO
pabodero co3Be3usi IMEET CBOIO CKOPOCTh OTHOCUTENbHO Bacunoro GPS-nasuratopa. Ilo noruke
OTHOCHTEIIbHBIX CKOPOCTEH, 11 Bacu 60pTOBBIE Yachl HA KaXKJOM M3 3TUX CIYTHUKOB JIOJIKHBI
UCIBITBIBATh KBAIPATUYHO-IONIIJIEPOBCKUE 3aMEUIEHUS X0J1a B COOTBETCTBUH C UX CKOPOCTSIMU
oTHOcUTENbHO Bacu. A oTkyna 60pToBBIM YacaM 3HaTh 3TH ckopoctu? K Tomy xe, Bacst He ouH, ecTb
ewmé npyrue nosb3osarenu GPS-naBuratopos — Ilets, Hanpumep. Eciin ckopocTH TeX K€ CIIyTHUKOB
oTHOocuTenbHO Iletn He Te, 4To OTHOCUTENBHO Bacu, TO M KBaIpaTUYHO-JONIIIIEPOBCKUE 3aMEJIEHUS
X0J0B OOPTOBBIX YaCOB JOJDKHBI OBITh «HE Te», 4yTO JJs Bacu. A 310 ye HU B Kakue BOpOTa HE JIe3€T.
Benp onbIT moka3eiBaet, 4To xoaa 60pToBbiX yacoB GPS — onHo3Haunbl. Unxanu 3T yacel Ha Bacto, Ha
IleTro 1 Ha MMJUTMOHBI OCTAJIBHBIX II0JIb30BATENEH — OHU «TUKAIOT» OJIMHAKOBO U1 BceX. CTaHIMU
ciexenus 3a cnyrHukamu GPS, paccpenoToueHHble IO pa3HbIM J0JITOTaM, CBUAETENBCTBYIOT: X0
KaX/IbIX OOPTOBBIX YaCOB NOCMOSHEH — C TOYHOCTBIO 10 HEOOIBIINX CIy4alHbIX (IIYKTYaIlii, U 10
MOTIPaBOK Ha HeOobIKe OTIINYHsE opoUT GPS OT KpyroBeIX, a TaKKe Ha MEPUOINIECKU TPOU3BOIUMBIE
KOPPEKLMH 3TUX XOJIOB.

Tonbko Gmaroaapst MOYTH MOCTOSHHBIM X0J1aM 00pTOBbIX yacoB GPS, oka3biBaeTCs BO3MOKHBIM
BBIIIOJIHEHUE OJJHOTO U3 IVIABHBIX NYHKTOB TEXHUYECKOIO 3aJaHus: yAepKUBaTh mKkainy BpeMeHu GPS B
npenenax HeOONbIIONH pa3HOCTH co 1Kaaol BeemupHoro koopaunuposannoro Bpemenu (UTC). Ha 3ape
«apsl GPSy», aTa pazHocTs He nomkHa Oblia npessimathk +£100 He, 3aTem +50 He. CeroaHs 3Ta pa3HOCTb
HE JI0JDKHA MPEBBIaTh, eciiu He omubaemcst, £20 He. Takum 00pazoMm, pabora GPS ocHoBaHa Ha modTH
CHHXpOHHOM XoJie mKaisl GPS, dopmupyemoit 6oproBbiMu yacamu, u mkano UTC, hpopmupyemoit
Ha3zeMHBbIMHU yacamu. Kak Takoe BO3MOXHO, €CJIH, TI0 OTHOLICHHUIO K HA3eMHBIM YacaM, O0pPTOBBIE Yachl
UCTIBITHIBAIOT PEISTUBUCTCKUE U TPAaBUTALMOHHBIE Y(PPeKThI?

Pasraznka BoT B 4éM. C MOMOIIBIO MEPBBIX, IKCIIEPUMEHTAIbHBIX CIIyTHUKOB GPS, yoeaunucs B ToMm,
4YTO COBMECTHOE JEHUCTBUE 3TUX JIBYX 3G PekToB umeet Mecto [X2]. Ilocne 3toro, «cnymuuxogwvle uacwl
nepeo 3anycKom pez2yiupyrom Ha maxyio cKOpocmy X00d, Ymoodbl KOMIEHCUpOBams 3mu... 3¢ exmoiy»
[@1]. DTOT cTpalIHbIi CEKpeT yXkKe PpacKphIT U B 0OQUIIHABHBIX yueOHbIX mocoousx [O1]. Ctporo rosops,
MOJICTPAUBAIOT BHIXOJHYIO YACTOTY HE OOPTOBOTO CTaHIapTa, a OOPTOBOTO CHHTE3aTOpa — HY J1a JIAJHO.
@akT BHECEHHsI 0JTHO3HAYHBIX MMOTPABOK HA TPABUTAIIMOHHBIE U PEIATUBUCTCKHUE YPPEKTHI — HAHUIIO.
Hukakoro BaMm cMEXOTBOPHOTO «Iapa0Kca 4acoBy!

Tem ne menee, Ban ®@nanaepH nomnaraet, uto, B ciydae ¢ GPS, «uwl moscem ymeepoicoams ¢
V8EPEHHOCMbIO, YMO NPeoCKa3aHusi meopuu OMHOCUMENbHOCMU NOOMEEPHCOEHBL C 8bICOKOLL
mounocmuioy» [P1]. OH neiTaercst yoeaAuTh HaC B TOM, 4To 6oproBbie yackl GPS uayt B moaHoM
COTJIaCUHM C TpeAcKa3aHusaMu DiHITeiHa. «OTO npedckazvigaem... 4mo amomHble Yacol Ha



opbumanvHuix gvicomax cnymuuxos GPS udym ovicmpee npumepro na 45900 nc/oenv, nomomy umo

OHU HAX00AMCAL 8 bosee C1abOM nojie MA2OMeHUsl, Yem amoMHble YACbl Ha 3eMHOU NOBEPXHOCTIL.
Cneyuanvnaa meopus omnocumenvrocmu (CTO) npedckazvigéaem, umo amomuvie 4dcol,
nepemewjarowuecs ¢ OpoUMaAnbHOU cKopocmyvio cnymuukos cucmemvl GPS uoym meonennee npumepHo
Ha 7200 nc/Oens, yem Henodgudchvie Hazemuvie yacwvly [D1]. [ozBoasre — rae a3to CTO npeackaswiBana,
YTO PENATUBUCTCKOE 3aMEIICHUE X0/1a OOPTOBBIX YaCOB IMOCTOSHHO 10 OTHOIICHUIO KO BCEM
«HETIOJIBMKHBIM Ha3eMHBIM dacam»? Bellb CKOpOCTh KaXIbIX OOPTOBBIX YaCOB pa3jiMyHa MO0 OTHOIICHUIO
K Pa3JINYHBIM «HETIOABIKHBIM HA3E6MHBIM YacaM» — Jia elI¢ MepHOANYCCKH U3MEHAETCs !

OnMHAKOBOCTh PENATUBUCTCKOM MOMPABKU ISl BCeX OOPTOB U €€ HE3aBUCUMOCTh OT BPEMEHH
O3HAYaAET, UTO OHA ONPEAEISETCA OJJHOM U TOM K€, HOCTOSTHHOW CKOPOCTBIO — @ UMEHHO, JIMHEMHOMN
CKOpOCTBIO OpOUTanbHOrO MBMKeHUs cryTHUKoB GPS. U, neiictBurensHo, paboueil cuctemoii otcuéra
GPS sBnsiercs reouenTpuyeckas HeBpamaromasics [T3]. [IpuHumas BO BHUMaHHUE BBILLIEU3JI0KEHHOE
(1.6), KOHCTaTHpYeM: KBaJIpaTUYHO-IONILIEPOBCKOE 3aMeIIeHne X010B 6opToBbIX yacoB GPS
OTIPENIENAETCS TOJIBKO MX JIOKAIbHO-a0COMIOTHBIMU CKOPOCTSIMH, IPUMEPHO OJMHAKOBBIMU JIJIsl BCEX
cinytHukoB GPS.

Taxum oOpaszom, pabota GPS He moaTBepKaaeT KOHLENIIMIO OTHOCUTEIBHBIX CKOPOCTEH, a, Ha000poT,
OCTaBJISIET OT ATOM KOHIeNIMU MOKpoe Mecto. [Tpuuém, ecnu B onbite Xadene-Kutunra (1.13), naBmem
aHAJIOTUYHBINA Pe3yNIbTaT, BEIMUYMHA U3MEPSAeMOro 3¢ (deKTa MpeBhilaia MOrpelHOCTh U3MEPEHUI BCEro
JUIIb B pasbl, TO, B ciaydae ¢ GPS, 3amac o To4HOCTH COCTaBMII YK€ NIOUTH YEThIpE NOPSAIKA.

Ho 310 emié He BcE. PensitTuBUCTCKUE U TPaBUTALIMOHHBIE H3MEHEHHS X0JI0B OOPTOBBIX CITyTHHUKOBBIX
4acoB — 3TO OeccriopHble (hakThl. TONBKO ABISAIOTCS JIM 3TH U3MEHEHUS X0/a CIECTBUAMU 3aMeICHUS
Bpemenu? Her, He sBistoTcs. MI3BecTHBI (haKThl, ToKE OECCIIOpHbIE, KOTOPbIE CBUAETENBCTBYIOT O TOM,
yro neno 3aeck HE B 3ameanennu Bpemenu. [leiicTBuTeNnbHO, Takol pyHAaMEHTaIbHBINA (PEHOMEH, KakK
3aMeJICHHE BPEMEHH, BIIUSUIT OBl Ha CKOPOCTh BCeX 0€3 UCKIII0UEHUs (PU3UUECKuX mporeccoB. B
YaCTHOCTH, BBIXO/IHBIE YACTOTHI TEHEPATOPOB CAMBIX PA3IMYHBIX KOHCTPYKIIMNA U3MEHSUIUCH ObI
OJINHAKOBO — B OTHOCUTEJILHOM HCUYHUCIICHUU.

OpHako, 3TO HE TaK: B OTJIIMYKE OT YaCTOT KBAHTOBBIX CTAHAAPTOB, YACHOMbI KEAPYEBLIX 2EHEPAMOPO8
He UCNbIMbIEAIOM PeAMUBUCTNCKUX U SPASUMAYUOHHBIX CO8U208!

Tak, B mae 1967 1. u B centsiope 1969 r. CILIA 3amycTuiu nepByro napy CoyTHUKOB HU3KOOPOUTHOM
HaBuranuonHoi cuctemsl TIMATION (cMm., Hanpumep, [HU1]).

Ha ux OopTrax HaXoIWIMCh NpelU3NOHHbIE KBapleBble FeHepaTophbl, YaCTOThI KOTOPBIX
KOHTPOJIHPOBATHCH C TOUHOCTBIO He Xyxke 107 [0 [I2].

Ora mudpa mo moaymo B 20 pa3 rpydee, 4eM BBIIIICHa3BaHHAS TOYHOCTH KOHTPOJISI YACTOTHI.

[ToaTOoMy, eciin 4acTOThI KBapIeBbIX reHeparopoB Ha 6oprax TIMATION ucnsiThIBaIu ObI
PENATUBUCTCKHUE U TPABUTAIIMOHHBIE CIIBUTH, TO HX CyMMa HEMPEMEHHO Obli1a ObI 0OHapyKeHa.

310 0OHapyX)eHHe ABUIOCH Obl ceHcauueil — nepBbiM noarBepxkaeHrneM CTO u OTO ¢ nomonisio
OOPTOBBIX CIYTHUKOBBIX YyacoB. OIHAKO, CeHCAIMsI He cocTosIack. E€ ycTpowmin monosxe, nocine
3aITycKa MEePBbIX AKCIIEPUMEHTANBHBIX CIIYTHUKOB GPS ¢ KBaHTOBBIMU CTaHIapTaMM 4acTOTHI HA OOpTax.

OtH daxrel — youiictBeHHb! 1151 CTO 1 OTO. YacToThl KBAHTOBBIX T€HEPATOPOB UCIIBITHIBAIOT
PENATUBUCTCKUE U IPABUTALIMOHHBIE CIBUTH, a YACTOTHI KBApLIEBBIX FEHEPATOPOB X HE UCIBITHIBAIOT!

3Ha4nT, B Clly4ae KBAHTOBBIX I€HEPATOPOB, STH CABUTU OO0YCIOBJIEHBI BOBCE HE 3aME/IJICHUEM BPEMEHH
— KOTOpO€, KaKk Mbl IOMHUM, BIUsUIO OBl Ha Bce pu3nueckue npouecchl. O MpuuuHax, KOTOpbIe, Ha HAIll
B3TJIs1/1, 00€CIIEUNBAIOT 3TU CABHUIH, MBI CKaxkeM B 4.7. Eciiu 5xe coBceM KpaTko, TO, 10 JIOTUKE
«u(ppoBOTO» MHUPA, JIENI0 3/1€Ch B MPOrPAMMHBIX MAaHUITYJISAUAX, KOTOPbIE YIIPABIAIOT MOJIOKECHHEM
KBaHTOBBIX YPOBHEN 3HEPTUH B BELIECTBE. DTHU IPOrPaMMHbIE MAHUITYJISALUU AEUCTBYIOT Ha YaCTOTHI
KBAaHTOBBIX €HEPATOPOB HAIIPSMYIO, a4 HA YAaCTOThI KJIACCUYECKUX T€HEPATOPOB — JIUIIb OIIOCPENOBAHHO.

PaSHI/II_[a B TOM, 4YTO COOCTBEHHAs YaCTOTa KJIIACCUYECKOTO reaeparopa onpeacIACTCd HE CTOJIbLKO
YaCTOTaMHM KBAHTOBBIX ITYJIbCATOPOB, U3 KOTOPBIX OH MOCTPOCH, CKOJIBKO 3aKOHAMHA CprKTypHOﬁ



OpraHHU3aIH BEIIEeCTBa, 00ECIIEUNBAIOIIMMU 3Ty TIOCTPOUKY. BOT moueMy pelsTUBUCTCKHE U
I'PaBUTAIMOHHBIC CIBUTY KBAHTOBBIX YPOBHEH SHEPTUH, TPAaHCHOPMUPOBAHHBIE HA CTPYKTYPHBIH
YPOBEHb KJIACCUYECKOTO I'€HEPATOPa, MOT'YT IMIPUBOUTH K COBEPIIEHHO UHBIM PE3YJIbTUPYIOLIUM
CABUTAaM €ro 4acTtotsl [12].

daxT ocraércs GpakToMm:
Y Keapuyeesvix cenepamopoe Ha oopmax cnymuuxoe TIMATION nue oonapyscunuce
PenamusucmcKue u 2pasumayiOHHble cO6U2U Yacmom.

2. OraymmresibHbIE Pe3yJabTAThl TPABMMETPUYECKUX n3Mepenuii  (1%)

CornacHo 3aKOHY BCEMUPHOTO TSTOTEHUSI, & 3€MJISI CUUTAETCS] OJHOPOIHBIM HE BPAILIAIOLUMCS IIAPOM,
CHJIa TSHKECTH MaKCHMaJIbHA Ha MOBEPXHOCTH 3TOro mapa. Ilpu noaséme Hal HOBEPXHOCTBIO, YCKOPEHHE
CBOGOIHOTO MaCHHS yMEHBIIACTCS COTIACHO BEIpaxkeHuio G¥M3/R’, rae G - rpaBUTaMOHHAS
IIOCTOsIHHAsA, M3 - Macca 3emuin, R - pacctosiHue 10 €€ ieHTpa, a Ipy NOrPYKEHUH 10 [IOBEPXHOCTb,
YCKOpEeHHe CBOOOTHOTO MaIeHHsI YMEHBIIIAEeTCs KaK Obl M3-3a TOTO, YTO YMEHBIIIAETCS Macca KOTopast
IIPUTSTHUBAET K LEHTPY U YBEJIMUMBAETCS Macca, paclosokKeHHasi B IOBEPXHOCTHOM IIAPOBOM CJIOE C
TOJIIIIMHOM, PaBHOM IIyOMHE MOTPYKEHUS U MPUTATUBAIOIIAs B IIPOTUBOIIOJIOKHOM HAIPaBJICHUU.

CrnenoBatenbHO B LIEHTpE 3eMIIM YCKOPEHUE CBOOOIHOTO MajeHus JoKHO paBHATHCS 0. [Ipu aToM
YCKOpEHHEe CBOOOTHOTO MaIeHHsI TMHEHHO 3aBUCUT OT PAacCTOSIHUS 70 IIeHTpa 3emiu. Takum oOpa3oMm, B
Ha3BaHHOM NPUOJIMKEHUH, Ha TIOBEPXHOCTH 3eMJIM UMeJ Obl MECTO M3JIOM (a Takke cMeHa 3Haka!)
3aBHCHUMOCTHU YCKOPEHHs CBOOOHOTO MAaJCHUs OT PACCTOSHUS 10 LIEHTpa 3eMJIH.

Ecnu ke, Kak MBI yTBEPKAAeM, TATOTEHUE ITOPOXKAACTCS HE MAaCCaMu, TO Y 3aBUCUMOCTH YCKOPEHUS
CBOGOIHOTO MaEHHs OT BHICOTHI HET M3/I0MA HA TIOBEPXHOCTH 3eMI — hyHKIHs ~1/r coXpaHseT cBOi
BU/I TIPH 3ariyOJI€HUH O] IOBEPXHOCTb.

VIMEHHO 3TO M MOKa3bIBAIOT «CHIPHIE», HECKOPPEKTHUPOBAHHBIE JaHHBIE N3MepeHuil. YToObl HE
apUIIIPOBATh 3TH YOUHCTBEHHbIE I 3aKOHA BCEMUPHOTO TATOTEHUS (DAaKThl, aBTOPHI MyOIUKALUN O
TATOTEHHUH B IIAXTaX MPUICPKHUBAIOTCS CIEIYIONINX MPABUIL:

1) mpUBOUTH JAHHBIE JHIIb IS YPOBHEH HIDKE MOBEPXHOCTH, HO HE BBIIIE — YTOOBI HE OpOCcanoch
B IJ1a3a OTCYTCTBUE «U3JIOMay;

2) He yTOYHSTH — YBEJIMYMBACTCS WIIM YMEHBIIACTCS CHJIA TSDKECTH MTPU NOTPYKEHHUH 10T
MIOBEPXHOCTb;

3) He NPUBOJIUTH «CHIPHIX» JAHHBIX: PUBOAUTH TOJIBKO JaHHBIE, KOTOPBIE CKOPPEKTUPOBAHBI XOTS
Obl Ha JIEWCTBUE MMOBEPXHOCTHBIX Mace (@ 3TH KOPPEKIMHU SBISIOTCS TPOU3BOJIOM: OHH 3aBHCAT
OT IPUHATON MOJEIH paclpeieieHus] TOBEPXHOCTHBIX Mace).

Location Gradient (mgal/m)  Error
NTS boreholes 0.3014 0.0008
Hilton mine 0.3069
Model FAG at sea level, 45° 0.3086
Yucca Flats FAG 0.3049 0.0015
Area 20 FAG 0.3057 0.0048
Mt. Isa FAG 0.3007
TV Tower FAG 0.3063
TV Tower upward cont. 0.3054

Table I: Summary of borehole gravity gradients, measured free air
gradients (FAG), and upward continued surface gravity measurements.

Astopsl ctatbu [C6], mpoBoaMBIIME 3MepeHus B maxtax KBuncnenna (ABctpanus), omyOIMKOBaIH-
Taku «coipbiey ganuble (Tabum. 1, kononka 3). [Tpuuém, 4éTko ykaszasiu, 4TO MPEACTaBICHBI 3HAUCHUS,
M3MEpEHHbIE Ha IIyOMHe, MUHYC 3HAYE€HUE, N3MEPEHHOE Ha MIOBEPXHOCTH — OTKY/A Cpa3y SICHO, 4TO
YCKOpEHHE CBOOOHOTO MaJCHUS y8enuuusaemcs Npyu MOrpyKEHUHU, a HE yMEHbIIAETCs, Kak TpeOyeT
3aKOH BCEMHUPHOTO TAroTeHus. bosee Toro!



OOpatuTe BHUMaHUE: COTIACHO 3TOMY 3aKOHY, MOJIYJIb IPOU3BOJHOM Y BBICOTHOM 3aBUCUMOCTH
YCKOPEHHs CBOGOTHOTO MaJCHHs MPH MOAX0/E K TOUKe H3II0Ma cBepXy - 2GM3/R>, B 1Ba pasa Goblre
YeM TP MOJXO0JE K TOUKe H3joMa cHu3y - GMs/R’ 1! TIpu 3a1eiicTBOBAHHOM Tepernae rIyOHH
h=948.16M [C6], pacuéTHas BeIMUMHA MPHUPAIICHHS yCKOPEHHs cBOOGOmHOTro mamewus 2GMsh/R’,

o -3
T.€. TP HaJl IOBEPXHOCTHOM 3HAYEHUHM MPOU3BOJIHOM, cocTaBiser 2.96*10 = m/c .

o -3 2
CpaBHHUTE C HEll U3MEPEHHOE 3HAYCHHE JJIs1 HA3BaHHOTO Tepenaaa rmyoun: 2.9274 = m/c [C6].
CoBepiIeHHO 04YEBH/IHO UTO:

npu nepexooe uepe3 HOGEPXHOCHIL 3eMaU C6EPXY 6HU3, HEe UMEEH MeCHO He
MONbKO CMeHA 3HAKA, HO U O8YKPAMHOE YMeHbUeHUe MO0V RPOU3EOOHOU
Y 6bICOMHOIL 3A6UCUMOCIU YCKOPEHUSA C80H00H020 NADEHU .

Takoe BO3MOXHO, eciii BCE BEIIECTBO 3eMITH He 00J1a1aeT MPUTITUBAIOIINUM JeHCTBHEM !
Mps1 00HapYKUBaEM 311eCh, MMPSMO CKaXKeM, TJI00aTbHBIN MTPOKOJ 3aKOHA BCEMHPHOTO TATOTCHHUS.

3. I'ne xe nputaruBampuiee aeiicTBue y MajbixX TeJ CojiHeuUHOl cuctemMbl  (2%)

B ConneuHoii cucteme cOOCTBEHHOE TATOTEHUE € TIOJTHON 04eBUIHOCTHIO MMeeTcs y CONHIIA, TIIaHeT U
JlyHBI; a TaKkXKe, €CIH CyIUTh [0 HATMYHUIO aTMocdepbl, y TuTaHa, 4To KacaeTcst OCTaJIbHBIX CITyTHUKOB
TUTAaHET, TO MBI OOHAPYKUBAEM CIIEIyIOIIIee:

1. [laxe B citydasix caMbIX KpYIHBIX CIYTHUKOB (B TOM 4ncie U TutaHa) He oOHapykeHa
JMHAMUYecKasl peaklus UX IIAaHET — KOTOPBIE, B COTIIACUU C 3aKOHOM BCEMHUPHOTO TATOTCHUS,
JOJKHBI 00palaTbes BOKPYT OOIIEro co CIYTHUKOM IIEHTpa Macc.

2. O TATOTEeHMU CIIYTHHUKOB IUIaHET CBUJIETEIHCTBOBANIO Obl HANIMYKE y HUX atMocdep. Ho, 3a
UCKITIOueHHeM TuTaHa, sIBHBIX IPU3HAKOB aTMOC(Ep HU y KOTO M3 HUX HE OOHAPYKEHO.

3. Hu Y KOT'0 U3 HICCTHU ACCATKOB U3BCCTHBLIX HA CCrOHSA CIIYTHUKOB IIJIAHCT HC 06Hapy>KeHo HHX OJJHOT'O
COOCTBEHHOTO CIIYyTHHUYKA, I10 TCOpUHN BepOHTHOCTeﬁ, TaKO€ IMOJIOKCHUC Bemeﬁ BE€CbMa CTPAHHO.

[TepBriM Ob1T amepukanckuii 301 NEAR, koTopbIit mogorHam GJIM3KO0 K acTepoury Ipoc ¢ BEKTOPOM
CKOPOCTH, MaJIO OTJIMYABIIUMCS OT BEKTOPa CKOPOCTH DPpoca Ha ero OKOJOCOIHEeUHOH opouTe. Beé 6b110
CHIeJIaHO MJICATTBHO ISl TOTO, YTOOBI 30H]] 3aXBAaTHIICS TATOTEHUEM aCTepOU/Ia U CTaJl €r0 UCKYCCTBEHHBIM
cyTHUKOM. «Tak u BbIo!» - yBepsitoT Hac. Oif 1u? A 3aueM ke — I0CJIe 3TOro 3aXBaTa — Ha
NPOTSHKEHUH Beero BpeMenH, moka NEAR neran okono Opoca, TpeboBanoch OrpoMHOE KOJIMYECTBO
He3aIlJJaHUPOBAaHHBIX BKIIOYEHUH IBUTATENA?

Ham 006 3TOM M3BECTHO MOTOMY, YTO HBIHE X0/ HAYYHBIX KOCMHYECKHX MHCCUI OCBEIIACTCS B
pearbHOM BpeMEHH Ha O(pUIIMANBHBIX callTaX KOCMUYECKUX areHTCTB U 00CYKIaeTcs Ha
CTEeLUANTU3UPOBAHHBIX MHTEPHET-(popyMax. «/BUrarens BKIIOYAIICS A1 KOPPEKIUH OPOUTHD» -
nosicHsiM crieramictsl u3 NASA. «Koppekuuu opOUTHI «IIOCHITATNCH» OJJHA 33 APYrOi» - BTOPHIN UM
KOMMeHTaTopsl Ha noptaine «HoBoctu kocMonaBTukn» [BEBY].

CrpanHast MOTPeOHOCTh BO MHOKECTBE HE3aIUTAHMPOBAHHBIX KOPPEKIIUH OPOUTHI 7Sl YCIIEIITHOTO X0a
MUCCHH HACTOJBKO Opocanach B IJ1a3a, 4TO MO X0y Jejia aMepHUKAHIIAM MPUIILIOCH MPUIYMBIBATh
o0wsicHeHue npoucxoasauiemy. Cynas mo mMarepuanam Toro ke ucrounrka [ BEB9], Takux o0bscHenuit
npuaymany ax nsa. CoriacHoO MepBOMYy, MHOKECTBEHHBIE HE3aIUIAHUPOBAHHBIE KOPPEKITUH OPOUTHI
MOTPeOOBAIUCH JJISl TOTO, YTOOBI 30H]I, CO CBOUMH COJTHEUHBIMH OaTapesiMu, TOMEHBIIIE HaXOIUJICS B
tenu. Ho oTcrona mpsiMo cieioBaio, 4To, Ipu pa3padoTKe MPOeKTa, OpOUTY 30H/Ia paCCUUTHIBAIH
UJMOTHI — a IPYrUe UAUOTHI BCE 3TO YTBEPAMIIU.

[TosTOMY BBIIBUHYIIA BTOPYIO Bepcuto. OKa3bIBaeTCs, KOMaH/I€ YIPABICHIIEB MOJIETOM MPUILIOCH
HMMETh JIETIO C IBYMSI IPyIIIaMU YUYE€HBIX, HAYYHbIE HHTEPEChl KOTOPBIX PACXOIUINCH B BOIIPOCE O
KeJaTeTbHOM yJAJICHUU 30H/a OT IOBEPXHOCTH acTEPOUa — OTTOTO-TO, SIKOOBI, YIIPaBJICHIIB BCE BPEMsI
OBUTH BBIHYXKICHBI TO YBOJUTH 30H/ MOAAIBIINE OT aCTEPOUA, TO, HA0OOPOT, MTOBOIUTE TOOIIKE K



HeMy. Moul, 3T0 BCE U3-3a yUEHBIX — UTO HA MIPOTSHKEHUM I'OJIa 30HY HE Iy CAEIaTh HA OJHOTO
IIOJIHOTO BUTKA 10 HOPMaJbHOW KEIJIEPOBOM TpacKkTOpuu!

A otkyza Mbl 3T0 3HaeM? Jla Mbl emié He coBceM 3a0bUIH, YeMY HAC YYHIIM B IIKOJIE: Cpasy Mocie
OJTHOTO-/IBYX TaKMX HOPMAJIbHBIX BUTKOB MOHO OBLIIO BEIUMCIUTE Maccy Dpoca! U He HyHO OBITh
MIPOPOKOM, YTOOBI OBITH YBEpPEHHBIM: OBICTpPOE OTIpeiesieHIe MacChl Jpoca ObLJIO 3aIIaHuPOBAHHOM
cencaneil. Hy, He cymacmemue ke pyaunu 30510M NEAR! Ha opOuty, ero, 3Ha4uuT, BHIBEIN —
Jajbllie IPOCTO HEMHOTO MOJIOKANTE, TOKA OH CIENIAeT BUTOK, U Macca Jpoca y Bac Ha Omoneuke! Ho
HET — Y4eHbI€, MOJI, 3TOT0 HE JONMYCTHIIH. [IpUIIIOCh UATH Y HUX HA MIOBOJIY U MOCTOSIHHO
KoppekTHpoBath opouty! Teatp abcypaa kakoi-To!

Ho B 3TOM TeaTpe abcypna BCE MOMEHTAIBLHO MPOSICHAETCS, €CJIM UMETh B BUJLY, YTO COOCTBEHHOTO
TATOTEHHSI y acTepoua Dpoca HeT — a, 3HAUUT, U HUKAKOTO 3aXBaTa 30H/a 3TUM TSATOTEHUEM He OBLIO.
Onnako, HaJlo ke ObUIO YIEPKUBATh 30H] PSAAOM C aCTEPOUIOM — BOT M MPUXOIMIIOCH
HE3aIUIaHUPOBAHHO BKJIIOYATh JIBUTATENb, YTOOBI M3MEHATH HAIIPaBJIeHUE Apeiida 30H1a 0KOJIo
acrepouza. Tak ¥ rOHSUIM 30HJ [0 KyCOYHO-JIOMaHOW TPAEKTOPUH BOKPYT acTEpOMia — B Te€UeHHeE rojal
3TO M Ha3BIBAIOCH Y HUX «YCHEIIHBIM BBIBOJIOM Ha OPOHUTYY.

Ja, HO Bepb 3amachl pabovero BelecTBa sl HOHHOTO JIBUXKKA 30HAa CO BPEMEHEM JIOJKHBI
3akoHunThCsA? IMenHo! Hexoporo nomyuutcs. Beap niaHupoBangock Tak U OCTaBUTh 30H HA OpOUTe
BOKPYT Dpoca — 4ToObl HAZI0JIr0 COXPAHMIIOCh CBUAETEIBCTBO O BBIAAIOMIEMCS HAYYHO-TEXHHUECKOM
JTOCTHKEHUH. A 30H], TIOCTIE MPEKPAIIeHUs «KKOPPEKIM OpOUTHI», BO3BMET 1a YIHAET oT acTepousa!
Bersicuutcs, uero 100poro, 4To HUKaKoi OpOUTHI-TO HE OBIJIO, U YTO PYKOBOAUTENN MPOEKTA Typauniiid
0011ecTBEHHOCTh. BOT 1 permim: korja 3amnackl pabouero BemecTna Mno0MIyT K KOHIly, Hal1o Oyaer
I'POXHYTbH 30H]1 O IOBEPXHOCTh aCTEPOUA — HA3bIBAsI 3TO MONBITKON MATKOH mocaaku!

Kcratu, xak nenate «1mocajky» Ha 00beKT, He IMEIOIIUN COOCTBEHHOTO TATOTEHUS? DTO EIaoCh
BIIEpBBIC B HcTOpHH! 31ech He TpeOyeTcst TPaIuIIMOHHBIA TOPMO3HOM MaHEBP Ha OpOHTE: HYKHO
HAIpPaBUTHCS MPSIMO Ha OOBEKT — U, IEpe/l CTOJIKHOBEHUEM, TPUTOPMO3HTH. VT — HE IPUTOPMO3HTH,
nonnMaete? B oOrieM, mocaika BhIIIUIA Ta, YTO HAAO: TPOXHYTHIH 00 MOBEPXHOCTH 30H MOJaBall
IIPU3HAKU KU3HU €Il€ B TEUEHHUE MECHIIA. ..

[ToBTOpSsieM, Bce 3THU COOBITUS 0OCYKIATUCH B peabHOM BpeMEHH Ha (hopyMax — /1€ CIEeHHUATUCTHI
MeMeKalu 1 Oebekany, He Haxos pa3yMHBIX 00bsCHEHUH TBOpHUBILEMYcs abcypay. Ho, crrycTst
HEKOTOpoe BpeMsi, yMHUKU U3 NASA nepenucany HCTOPUIO — CaMOe IIIaBHOE, BBIIAIN O(pUIIHAIbHBINA
MIPOTOKOJI: «ITOJIHBII» CIIUCOK Koppekiuii opoutsl NEAR.

[Tpuuém, ans KaxI0i KOppeKIMU 00HAPOI0BAIM BCE MHTHUMHBIE MOJIPOOHOCTH — U 000CHOBAHUE, U
napameTpsl, ¥ 1aTy-BpeMsi. DTO OHU BOT 3a4eM: BAPYT KTO-HUOY/b JIET yepe3 AecATh BO30YXHET — a
3a4eM BBbI, MOJI, BKJIIOYAJIM JIBUTATeb HE 1o feny? Tak Toraa ero — Mopaoi B 3ToT npotokodi! Beé, Mo,
ObL10 110 J1enty, HetoyMOK! Bbut, MOJI, THITMYHBIN OpOUTATBHBIHN MOJIET!

3Haere, KakoB ObLI TJIaBHBIA UCTOYHUK TTpoOsieM B Muccu NEAR? A oH ObLIT TakoB: ABUTaTeNh 30HIa
BKJIIOYaJICH KoMaHamu ¢ 3emiid! O KakJI0M BKIIFOUEHUHU 3HAJIO CIIMIIKOM MHOTO HapoAdy, BOT U
MIPUIILIIOCH OTIYBAThCS 32 HE3AIUTAHUPOBAHHBIE «KOPPEKIIMHA OPOUTHD».

XUTpbIe AMOHIIBI YCTPAHWIN ATY MpobieMy Hanpoub: ux 3051 HAY ABUSA, KoTOpbIil OHH OTIIpaBMIIN
K acTepouny MtokaBa, OblT «OCHAWEH ABMOHOMHOU CUCMEMOLL HABU2AYUY, KOMOPAS NO3BOIAEH eMY
CONUANCAMbCS ¢ ACMEPOUOamMU 8 NOTHOCMbBIO ABMOMAMUYECKOM pexcume, Oe3 yuacmusi Ha3eMHbIX
onepamopos» [BEB10]. ITpu 3ToM npoOieMsl ¢ ynep>kaHreM 30H1a BOTU3H acTepOuIa He CIUIITKOM
Opocanuchk B IJ1a3a, 1 OCHOBHbIE YCUIIHS ATIOHIIBI COCPETOTOUYMIIHN HA BHITIOJHEHUN HAYYHOU MPOrpaMMBI.

B wactHOCTH, MIIaHUPOBANIOCH BBICAIUTH HAa ITOKaBy nccienoBaTenbCKuii poO0T, KOTOPBI, ocie
OTJEJICHUS OT 30H]1a Ha MOJIOKEHHOW BBICOTE, JOJDKEH ObLII OUYSHb MEIUICHHO YITACTh HA MIOBEPXHOCTb.
Ho... "e yman. «Mukpopobom «Munepgay ... ycnewno cmapmogai ¢ 30noa «Xasboyca» 6 cyooomy, 12
Hos6ps 20052., Ho éckope Hauan yoansamscsi om acmepouoa» [BEB11].



Tak u yruibut oH B kocMuueckue qanu. CTpaHHbBIM 00pa3oM, 3TO HE TIOK0JIe0aI0 YBEPEHHOCTb
CIELIMAIIMCTOB B TOM, YTO y aCTEpOU]a UMEETCsI COOCTBEHHOE TATOTeHHE. J[eHCTBYs BIOJIHE
MOCIIEIOBATEIbHO, OHU OTIIPABHIIM HAa IOBEPXHOCTh acTepoua emé oqHy 00JBaHOUKY Oe3 BUTaTenen —
OTpaKaIOIINN IIAPHUK, KOTOPHIN TOJDKEH ObUT BBIMIOJIHATH POJIb HABUTAIIMOHHOTO MapKepa Ipu padboTe
Ja3epHBIX TAIbHOMEPOB, 00ECIIEYMBAIOIINX [TOCAIKY HA aCTEPOUI CaMOT0 30H/1a, JUIS B3SITUS IPOOBI

IpyHTAa.

Korpma neno monuto 10 paboThl Ja3epHBIX TAIBHOMEPOB. .. HY, B 00IeM, BBISICHWIOCH, YTO IIApHUKa-
OTpaskaTells HeT Ha MoJIokeHHOM MecTe. Kyza oH Mor 1eThCsl, €ClIi €ro akKypaTHO COPOCHIIH C BBICOTBI
Bcero B 40 merpoB [BEB30], u eMy ocTaBanoch JMIb OMYCTUTHCS HA TOBEPXHOCTD, ABUTASCH C
MU3EpHBIM yckopeHueM? M 31o 6611 yxke BTopoit npokost noapsan! M BTopoit pa3 moaps ssmoHnam
MPUIILIOCH JJaBaTh CMEXOTBOPHBIE, HACKOPO COCTpsimaHHble 00bsicHeHus [1'17]!

Ho 3nech yxe He BbLAEpKainy xKypHAIUCTHL. OHM OOpYIIMIMCH HA PYKOBOAUTEINEH MPOEKTa C
TpeGoBaHMEM, YTOOBI BTOpast MOTBITKA MMOCAKU 30H/a HA TIOBEPXHOCTh aCTEPOM/Ia OCBEIIAIach B
npsiMoM 3¢upe. Hecnbixannas Harnocts, npaBaa? Ho yx Tak OblT Kpernok Mapa3M MPOUCXOASIIET0, YTO
MPUIILIOCH ATIOHIIAM COTJIACUTHCS Ha npsiMoi a¢up. [IpaBaa, B 3ToM npsiMoM adupe, 1o X0y BTOpOn
MONBITKU [TOCAJIKH, CBA3b C 30HJIOM HA CaMOM MHTEPECHOM MecTe npepBanack. Kak no 3aka3y! Tak uro
CeJl JIW SIMOHCKUH 30H] Ha aCTEPOU I, ¥ B3SUI JIM OH TaM Mpo0y rpyHTa — HayKe HEU3BECTHO.

4. I'panuna 00JacTH COJTHEYHOIO TATOTEHUS (3%)

Panee MbI Bepriin pacckazaM acCTpPOHOMOB O JOJITONEPUOANYECKUX KOMETaxX — C MEpUoiaMu
oOpalieHus, 0 CHJIBHO BBITSHYTHIM SJUTUIITUYECKUM OpOUTaM, BILIOTH 10 MWITHOHOB JieT [C3]. Ilpu
TaKUX Mepruoaax oopalieHus, CKOpoCTH B aerrsiX HUYTOXKHBI, TI0O3TOMY CYMTACTCS, YTO OOJIBIIYIO YaCTh
BPEMEHHU TaKHe KOMETHI MPeObIBAIOT B OKPECTHOCTAX CBOMX adeslueB — U, COOTBETCTBEHHO, HA HHTEPBAJIE
ynaneanit 50000-150000 a.e. (acTpoHOMHUYECKas! €AUHULIA, CPSTHUIN paANYC OPOUTHI 3eMIIH) CYIIECTBYET
00JacTh MOBBIIEHHOW KOHIIeHTpanuu komeT [C3], Ha3piBaeMas Takxke ob6makom Qopra. Eciu aTo Beé
npaBJia, TO IPAHUIIA COTTHEYHOTO TATOTEHUS JI0JDKHA HAXOIUThCS 3a mpeaenamu obmaka Oopra.

Ho Ha uém ocHOBaHBI paccKasbl O IOJITOMEPUOIUIECKUX KoMeTax? J[BIKeHne KOMET Ha0Ir01aeTcs
JIMIIB B HEHTpaJIbHON o6macTu COJIHEYHOM CUCTEMBI — KOT/Ia Y HUX UMEIOTCS] BBIPKEHHBIE XBOCTBI.
Bennuunsl ke apenuen B 50000-150000 a.e. 0CHOBaHBI HCKITIOUUTENBHO HA MPOTHO3aX, CAETAHHBIX 110
pe3yibTaTaM aHaiu3a HaOI0JaeMbIX Y4aCTKOB TpaeKTopHii komet. Ho mporHo3s! He 00nagaroT
J0Ka3aTenbHOM cuioi. [la u KTo HabIoAaN MpeicKa3aHHOE BO3BPAIlEHHE KOMETHI CITYCTsI MUJUIMOH JIET?

JlocTOBepHbIE CBUIETENBCTBA UIMEIOT COBCEM JIPYroi BpeMeHHOU MaciTad. Ecnu oropocuth
KypbE3HYIO HCTOpHIO ¢ KoMeToi [ eprens-Purone [[9], To komera ¢ caMbIM OOJBIIMM yIaICHHEM B
adenuu, pecKazaHHble BO3BPAIICHUS! KOTOPOH JOCTOBEPHO HAOIIOAIMCh HEOAHOKPATHO — 3TO
3HaMeHHUTas komera [ amses, ¢ mepuooM obparenus okoso 76 ner. Ho e€ ynanenue B adenun
cocTaBJsieT Bcero okojo 35 a.e. [Al].

HmeroTcs 11 acTpOHOMHYECKUE CBHJIETETIBCTBA O TOM, YTO COJTHEYHOE TATOTEHUS JICHCTBYET Ha
OobIINX yHaNeHusX, yeM 35 a.e.? Jla, OTHOCUTENbHO HEIaBHO TaKUE CBHJICTEILCTBA MOSBHIINCH. 32
op6uroii [Tmyrona o6Hapyxunu T.H. osic Koitnepa. Tak acTpoHOMBI Ha3bIBAIOT IPYIITY aCTEPOUIOB,
KOTOpbIe 00pamiarTcs B uHTepBaie yaanenuid npumepHo ot 30 go 50 a.e. [BEB13]. Tlogasnsromee
601bIIMHCTBO 00BEKTOB nosica Koiinepa nBuxercs mo opourtam, OJU3KUM K KPYTOBBIM, U UIMEET
nepuoabl oopamenus 260-320 ner [BEB14].

[TopasutensHOI 0coOeHHOCTBIO Mosica Koiinepa sIBIs€TCS TO, UTO €r0 «BHEWHAA CPAHUYA. ... HA
paccmosinuu 47 a.e. om Connya svipadicena ouens pesxo» [BEB13] (Ha 3ToT dakT oOparun Hamie
BHUMaHKe A.3ebepr [31], KOTOPBINA MPEAINOI0KUI, YTO 110 3TOMY Kpalo M MPOXOIUT I'paHUIIa 001acTH
COJIHEYHOT'O TAroTeHus ). st 00bsACHEHHS 3TON «pe3KOW BHIPAKEHHOCTHY BBIJIBUTATIH THIIOTE3Y O
HAJIMYMK B parioHe nosca Koiinepa emé He 0OHapy:KEHHOU TUIAHETHI, «Ybé epasumayuoHHoe
8030eticmaue He no3eoisem acmepoudam «paszopeoamscsa» [BEB13]. [Toxoxke, HeIemocTs 3Toi
THIIOTE3bl OpocaeTcs B I1a3a HE TOJIBKO HaM, MOCKOJIBKY pe3KOCTh BHELTHEro Kpas nosica Koiinepa yxe
BKJIIOYAIOT B CUCKH (DAKTOB, HE UMEIOIIUX HaydHOTo 00bsicHeHust [BEB15].



UYro 03HaUaeT pe3KOCTh BHEIIHEro kpas nosca Koiinepa? 31o o3Hayaer, 4to, BIUIOTH IO ATOTO Kpas,
Habro1aeTcst oOpalleHue MajbIX Tl 0 MOYTH KPYTOBBIM OpOMTaM — T.€., HECOMHEHHO, MO/ IefCTBUEM
COJIHEYHOT'O TATOTEHUS — TOTJIa KaK 3a MpeAeIaMy 3TOTO Kpasi TAaKoro oOpalieHus: He HabIoaaeTcsl.
Pazymeercs, «gHewiHsAs epanuya noaca He CLysicum HenpeooorumMvim bapbepom, u 43 acmepouda (4% om
U3BECMHO20 UX KOIUYECMBa) YX005m 3a e€ npedevl... N0 CUIbHO blmanymuim opoumam» [BEB13].
«Camyro eeimanymyro opoumy ... umeem 2000 O067 ¢ nepuodom obpawenus soxpye Coanya 13300 nem»
[BEB14]. Omnsats ke, 3Ta nudpa UMEET YUCTO MPOTHO3HBINA XapaKkTep — OHA MOJIy4eHa Ha OCHOBE aHAIN3a
HEOOJIBIIOT0 yYacTKa TPACKTOPHH 00BEKTa Ha yAaJleHUsX, O0JbIINX uyeM 47 a.e.

[Ipnyém, aHaIu3 IPOBOJUIICS MPU JOIYIIEHUU O TOM, YTO HA ITUX YAAICHUAX COITHECYHOE TATOTCHUE
nevictByeT. Ho ecnu a0 nomymienue ommubouHO, TO MPOTHO3BI, CACTaHHbIE I yOeTalommux
KOHIIEpOUJIOB — COBEPIICHHO HEBEPHBI. Eciu cyauTh Mo akraM, a He 10 MPOTHO3aM, TO KPyroBbIe
OpOUTHI KOMTIEPOUTIOB O0KA3bIBAIOM, YTO OHU HAXOJATCS B 00IACTH COJIHEYHOTO TATOTEHHS — HO B
o0acTy, r7ie IoYeMy-To He HaOMI0Jal0TCs 3aMKHYThIE OPOUTHI, OJJHH JIMIIb YXOISIINE TPAEKTOPUHU
OTHIOZIb He 00KA3b18al0M HAINYHME TaM COJTHEYHOTO TATOTEHHUS.

Ho Benp Ha ceroaHsi, 3a BHEIIHUH Kpaii nosica Kolinepa BbIJIETENN YETHIPE JaIbHUX KOCMUYECKUX
3oH7a: «I[Tnonepri-10,11» u «Bosmxeps-1,2»! ITon€T kaxk10ro U3 HUX IVIOTHO KOHTPOJIMPOBAJICA
CpeACTBaMU JalbHEN KOCMUYECKON CBSI3U — M, 3HAYUT, UMEJIHCh YEeThIpe OIeCTAIINE BO3MOKHOCTH
IIOJIYUTh IPSIMON OTBET HA BOIPOC O TOM, SIBJISIETCA JIM BHEIIHUI Kpail nosica Koitnepa rpanuneit
COJIHEYHOT'O TATOTEHM:!

I'maBHBIN oTpaHnyHbIN 3((eKT 3aKiIrouancs Obl B TOM, UTO, MIOKa 30H]] IBUTAJICS B 00JaCTH
COJTHEYHOT'O TATOTEHUS, €r0 TeIMOIIEHTPHUECKAsi CKOPOCTh YMEHBIIIAIach Obl U3-3a HAJTMYUS YCKOPEHHS K
CouHity, a mocine nepecedeHrss UM rpaHuIlbl 3TO YMEHbIICHHE TeTHOLEHTPHUUECKON CKOPOCTH
npexkpamunocs 6vi. Cyss o OTCyTCTBUIO O(UIIUATBHBIX COOOIEeHMI 0 TakoM A (deKTe, OH U HE UMEl
Mmecta. O1HaKO, UMEHHO 3TOT 3P (EKT MbI BBISIBUIIM TPU aHAJIH3€ TPACKTOPHBIX TAaHHBIX, KOTOPbIE
HaXOJMJIMCh B CBOOOTHOM jocTyre Ha opurmansHoM caiite NASA [BEB16].

PazymeeTcst, TouHbIE TPA€KTOPHBIE IaHHBIE — 3TO Ba)KHAsI HAYyYHAs TailHa, IOTOMY B CBOOOIHOM
JOCTYIe HaXOJUIUCh rpyOble AanHble. OHU OBUIM OKPYTJIEHBI B IOCTATOYHOM, 0 MHEHHIO CIIEIIHATCTOB
u3 NASA, ctenenu — 4To0bl UX MPSIMOE UCIIOIB30BAaHKUE HE JJAJI0 HUYETO, 3aCIIyKUBAIOIIET0 BHUMAaHHUS.
Tem He MeHee, MBI HaILIH c110c00 00pPaOOTKM ATUX JAHHBIX, HA JBA MOPS/IKA MOBBIIIAIOIINN TOYHOCTh
MPEACTABJICHUS TeIIMOLEHTPUYECKOM nanbHOCTH 30HAa [[9]. [1o yrouHEHHBIM TaHHBIM MBI HAXOUIIU
YTOUHEHHYIO MeJIUOLICHTPUUECKYIO CKOPOCTh 30H/1a — €€ pe3yJIbTUPYIOLME 3HAYCHUs], HA HHTEpPBAaJIe
nansHocTeit 30-70 a.e., mpuBenensl Ha Puc.2.11 nns cnyqas «Bosbkaepa-2» [179].
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Ha mepBblii B3I MOXKET MOKA3aThCs, YTO pazOHeHne N300paXEHHOTO HA AarpaMMe MaccHBa TOYEK
Ha JIBE YaCTH, C TIepesIoMOM B 061acTu 49 a.e., BBINIAIUT UCKyccTBEHHO. Ho 3ameTnM, 4To Xapakrep
pa3bpoca ToYeK NPUHLIUITHATBEHO U3MEHIeTCs IpH Iepexo/ie yepes oomacts 49 a.e.



[Tpu nanpHOCTSX 10 49 a.e, pa3dpoc TOUEK HEYNOPSAIOUEH, a Jajiee OH MPHOOPETAET SIPKO BBIPAKECHHYIO
YIIOPAIOYEHHOCTD, B KOTOPOIl OTUETIMBO MPOCMATPUBAIOTCA JIBE 000COOIEHHBIE MTOCIIE0BATEIEHOCTH
ckaukoB. Tak U JODKHO OBITH, €cli pa30poc ToueK 00YCIIOBJIEH, TIIaBHBIM 00pa3oM, TPyOOCThIO
MCTOJIb30BAHHBIX 3HAUCHUH T'eTUOLEHTPHUYECKUX MIUPOT U JIOJTOT, M €CIH CKOPOCTh Ha TAIIbHOCTSAX 10
49 a.e. ymeHbllIaach, a Jajiee OHAa OCTaBaJIaCh NOCTOSTHHON. O TaKOM MOBEAEHUH CKOPOCTH
CBHU/ICTEIILCTBYIOT U JIBA JIMHEHHBIX TPEH/a, IOCTPOCHHBIE IS IBYX YYaCTKOB pa30MEHHs MacCHBa.
TIpuuéMm, KpyTH3HA IepBOro Tperaa co’ m/c’, © m/c’. Takoe coriiacue TakKe CBHACTEIBCTBYET O TOM, UTO
HAIll aHAJIU3 JaHHBIX O TpaekTopuu «Bosmkepa-2» He COAepKUT TPYObIX OIINOOK.

EnBa 11 MOYKHO COMHEBATHCSI B TOM, UYTO HE MbI IIEPBbIE OOHAPYKMIM UCUE3HOBEHUE YCKOPEHUS
cBoOotHOTO NasieHust K COJHILY Y KOCMUYECKHX aIllapaToB, BEUICTABIINX 32 BHEIIHUH Kpail mosica
Koiinepa. [TooOHb1i (heHOMEH OBLIT OBl HEMEUIEHHO BBISIBIICH TPYIION cliexkeHus 3a monérom. Ho
CrenUaNnCThl, padoTasiuue ¢ «[Inonepamm» u «Bosmkepammuy», He cooOIMIN 00 3TUX peHOMEHax, a
TaK)Ke O CKauKax JIONIUIEPOBCKOrO CIBUra HECYILEH ITPH PaAMOCBA3H C anlaparaMy — Ha UX BBIXOJE 3a
BHEIIHUI Kpail nosica Kolinepa. A Beab 3HaHUE BEIMYHMH 3TUX CKAYKOB, IIPU U3BECTHBIX BEKTOPaX
BbIX0/1a YeTHIPEX amnmapatoB U3 COTHEYHOH CUCTEMBI, Jallo Obl BO3MOKHOCTH OTIPE/ICIUTH BEKTOP
ckopoctu ConmHeuHo# cucteMsbl B ['anaktuke. Takoe onpenenenue — 0ojee OBICTPOE U TOYHOE IO
CpaBHEHHIO C METOJJaMH, OCHOBAHHBIMHU HA HAOJIOIEHUSIX BEKOBBIX JIBUKECHUH 3BE3]] — CTAIO OBI
Hay4HOU CEHCalMeH.

Ho, yBBI, odurmansHas Hayka B O4epeHON pa3 ymordana o pakTax, KOTOpble HE YIOKIINUCH B
KOHIICTIINIO «BCEMUPHOTO TATOTEHUs». BecbMma nokazareibHa U peakius X035€B UCIOJIb30BaHHBIX HAMU
TPACKTOPHBIX JaHHBIX. He mpoio u AByX CyTOK ¢ MOMeHTa mybOnukaiuu ctater [['9] u pazmerienus
aHOHCOB 0 Hell Ha Gopymax B MHTepHETe, Kak Ha caiite NASA [BEB16] 3akpbiiu cBOOOHBIN TOCTYT K
3THM TPAEKTOPHBIM JIaHHBIM, KOTOPBIE JIO TOTO MBUIMIUCH TaM JIET MATHAIATh. 3HAYUT, ObLIO OTYETO
3anéprarncs!

Ho 310 emé ne Bc€. Cniennanuctsl, pynusiine «llnonepamm» n «BosxepaMuy», paHee BbIIAIN CTaThiO
[A2] 0 HeoOBACHEHHOM aHOMAaNIbHOM ycKopeHUH «lInonepos» Kk CoJHIYYy — IpU4EM, BETUYHHA ITOH
«aHOMAJIMM» HA YEThIpE MOPSAIKA MEHbIIE, YeM CKauKooOpa3Hoe OOHYNIEHHE YCKOPEHUS Ha TPaHULIEe
nosica Koiirepa, 0 KOTOpOM OHHM yMOJTYAJIH.

Ho ot 31011 yBEpEHHOCTH HUYETO HE OCTAETCS, €CIIU BHUMATEIIBHO ITIOCMOTPETh HA IIPUBEIEHHBII
aBTOpaMu rpaduk (noctynHbsli Taoke Ha [BEB29]). OH nmuttoctpupyet ocTaTouyHble pa3HOCTH
JOTIUIEPOBCKOM CKOPOCTH (M3MEpsieMOi MUHYC npejckasbiBaeMoit) ais «Iluonepa-10» Ha cemuneTHem
UHTEpBaJIe. 3aMETHO, YTO HA CUCTEMAaTUYECKHI IMHENHBIN POCT 3TUX OCTATOYHBIX PA3HOCTEH - HA OCHOBE
KOTOPOT'O U CJEJalli BBIBOJ 00 «aHOMAaJIbHOM YCKOPEHUM» - HAJIOJKEHa cialasi pacKauMBaloIIascs BOJIHA
C IIEPUOJIOM B OJIMH I'OJ.

EnBa 11 MOKHO CEpbE3HO TOBOPUTH O TOM, YTO KOCMUYECKUH aIlrapar, ABUXKYIIUNCS IAe-TO Ha
nepugpepun CoHEUHOM CUCTEMBI, UMEET TOAUYHYIO, J1a ellé pacKaunBaIOIYIOCs, MOAYJISIIUIO CBOCH
CKOPOCTH.

Mex 1y TeM, U3BECTHO, YTO IIPU MALITMHHOM 00pabOTKe MOTOKOB JAHHBIX, HMEIOLIHNX MTEPHOTUECKHIE
COCTaBJIAIONIUE, TIOSABICHHE TAKOTO POJA «packauek» MpH ONpPEAeIEHHBIX TapaMeTpax (GHIbTPALuU —
oObryHOE z1e10. EnBa 11 MOKHO COMHEBAThCSI B TOM, YTO Ha3BaHHAs FOJIMYHAs BOJHA Ha rpaduke He
COOTBETCTBYET peaibHOMY (puzrueckomy 3 dekry, a sBisercs «dpPexToM 00paboTKm».

U ecnu GunbTpanms npu 00paboTKe JaHHBIX JIOMYCKAET «IIPOJIE3aHUE» MEPUOANYECKON apa3uTHON
KOMIIOHEHTBHI, TO «IIPOJIE3aHNE» TMHEWHOM Mapa3uTHONH KOMIIOHEHTHI OHA JI0JDKHA JIOMYyCKaTh TeM OoJiee.
Bruto Obl cTpaHHO, eciy TMHEHHAs Mapa3uTHas KOMIIOHEHTA IPU 3TOM OTCYTCTBOBasa Obl!

Jlo6aBuM, 4TO MBI yCMaTpUBaEM BaKHOE KOCBEHHOE CBUJICTEILCTBO O TOM, YTO 3asIBJICHHOE
«aHOMaJIbHOE YCKOpeHHe anmnapaToB K COJHIY» SIBIISICTCS HE pealbHBIM (hru3ndecKuM 3PPEeKToM, a
«pdpexrom 06padoTkm». Peusb 0 ToMm, uTo A7 anmapaToB pa3HbIX KOHCTpYKiui (ITnonep-10 u -11,
["anuneo, Ynucc) «aHOMaJIbHOE YCKOPEHHE» 0Ka3ajl0Ch MPAKTHYECKU OJJUHAKOBBIM B OTPOMHOM
nuanaszone paccrosiuuit ot ConHua - ot 1.3 g0 67 a.e. [A2]!



CambIM TIPOCTHIM OOBSICHEHHEM TAaKOTO YyJa SBISETCS JOMyIIeHne 00 OJMHAKOBOM Mapa3uTHOM
s dexTe, UMEBIIEM MECTO NMPH 00padOTKe Pa3IUYHbIX CETMEHTOB JIaHHBIX — OJHOM U TOH e
nporpammoii [A2]. M necipocta aBTOpbI [A2], KOTOpBIE MOTJIH MPEICTaBUTh I'paduk Ha 20-IeTHEM
MHTEpBaJe, OrPAaHUYMINCH CEMWIETHUM MHTEpBaiIoM. OJHIM T00M OOJIBIIIE — U PaCKaYUBAIOLIASICS
rOJMYHas BOJHA y)Xe Opocaach Obl B IJ1a3a BCEM.

Co3pmaércs cToiikoe BreyaTsieHHe, YTO IJIaBHOM 1ebio MyOnuKauu [A2] ObUI10 BHYLICHHE HAYYHOMY
COO0O0IIIEeCTBY JI0KHON YBEPEHHOCTH B TOM, YTO, C TOUHOCTHIO JIO ~10™ cm/c?, conHedHoe TATOTEHHE
NEUCTBYET B IIOJHOM COTJIACHM C 3aKOHOM BCEMHUPHOIO TSATOTEHMSI — Ha JAJIBHOCTSX BILIOTH 10 60 a.e. u
6osiee. UTOOBI HUKTO JTakKe HE 3ar0A03PHII, YTO 00JIACTh COJIHEYHOTO TATOTEHUS UMEET YETKYIO TPaHuUILy!

S. Mauocte paanyca AeicTBUA TATOTeHHd JIyHBI. 4*)

CornacHo 3aKOHY BCEMUPHOTO TSITOTEHHUS, TATOTEHUE JIyHbI NEHCTBYET BILUIOTH /10 IpaHull BeeneHHOM.
Ho cambpIMu 3HaYMMBIMU €70 MPOSIBICHUSMH CUUTAIOTCA, BO-IIEPBBIX, JMHAMUYECKAs PEaKLMsl 3eMIIM Ha
Jlyny, T.e. oOpamienue 3emin, B mpoTuBodasze ¢ ooparierreM JIyHbI, 0KOJIO UX 0OIIEro IeHTpa Mace, o,
BO-BTOPBIX, JIYHHbIE IPUJINBBI B OkeaHaX. OAHAKO, TpaB/a 3aKJIF0YaeTCs B TOM, 4TO TSAroTeHue JIyHsl
JEUCTBYET JIMIIb B HEOONBIION OKOJIONYHHOH 061acTu, mpumepHo A0 10000 kM OT TyHHOM OBEPXHOCTH
— M, TAaKUM 00pa3oM, OHO Jaxke 10 3emin aaneko He noctaér. [losromy nmapa 3emuisa-Jlyna nBmkercs
BechMa cBoeoOpasHo (2.14), Benp 3eMHOE TAroTeHue Ha JIyHy nelicTByeT, a TyHHOE TAroTeHUE Ha 3eMITIO
— Het (2.13). U okeaHckue NPUIMBBI NOPOXKIAAOTCS OTHIOAbL HE TAroteHueM Jlynsl (2.15).

WuTepecHo, uTo TAroreHue JIyHbl opraHnu30BaHo HE MO0 IPUHLUITY [IJJAaHETAPHOTO TAroTeHus. Eciun
Jlyna umena 66 COOCTBEHHYIO YaCTOTHYIO BOPOHKY, TO, IPU paarosioKauy JIyHbI y3KOMOJIOCHBIM
CHTHAJIOM, OTCYTCTBOBaJI ObI BKJIaJ B 3¢ ekt Jommuepa (1.9), cOOTBeTCTBYIONINI H3MEHEHUIO
TeOIEHTPUUECKOTO PacCTOSAHUs 10 JIyHBI U3-3a TOTO, YTO €€ OpOHTa HE ABIAETCS KPYrOBO.

B nelicTBUTENBHOCTH %€ ATOT BKJIaA UMeeT MecTo [b2].

I'unote3a 00 opranu3zay aHOManbHOTO TAroTeHus JIynsl u3noxxkena B [['14]. 3aeck Mbl HMeeM
UCKJIIOYUTEIBHBIN Cilydaii, Korja TArOTEHHE MEHBILETO 110 PAaHTy Teja AEHCTBYET COBMECTHO C
TATOTEHHEM OOJIBIIETO M0 PAHTy Tejla — HO TATOTEHUE MEHBIIETO Tella Ha HEKOTOPOM paJinyce
IIOJIHOCTBIO CXOJUT Ha HET. MaJloCTh 3TOro pajuyca MposSBUIIACH B IIEPBBIX XKE MOJIETAX KOCMUUYECKUX
anmaparoB B OKOJIOJIyHHOM NpocTpaHcTBe. OO 3TOM CBHIIETENBCTBYET aHAIIN3, BO-TIEPBbIX, MPOJIETHBIX
OKOJIOJYHHBIX TPAEKTOPHil, U, BO-BTOPBIX, OPOUT UCKYCCTBEHHBIX CITYTHUKOB JIyHBI — 3TH OpOUTHI
BO3MOJKHBI JIUIIb B TOW 00JIaCTH, I/I€ JIYHHOE TATOTEHHE JOMUHUPYET HaJl 3¢MHBIM. COTJIacHO 3aKOHY
BCEMUPHOTO TATOTEHUS, TAKOW 00JIACThIO cUUTaeTCsl T.H. cdepa aeictus JIyHbl, paanyc KOTOpOid
cocranisger 66000 kM [JI4]. Ho mpakTHka OKOJOTYHHBIX MOJETOB YKa3bIBAET HA TO, UYTO (PaKTHUECKUI
panuyc 001acTH JIyHHOTO TATOTEHUS UMEET 3HAUUTEIbHO MEHBIIYIO BETHYUHY.

Tax, coBerckuii annapar «JIyna-1», 3anymiennsiii 2 saBapst 1959 r., Bnepsbie B ucropun
KOCMOHABTHKH JIOCTUT okpecTHOcTe Jlynsl. [lnanuposanocs nonaganue B JIyHy, KoTopoe J0DKHA Obliia
o0ecreynTh MPaBUIBLHOCTh BEKTOPA CKOPOCTH armapaTa B KoHIe pasroHa. Ho «us-3a owubku no yeny
mecma 8 2° ... 0ONyueHHol npu pabome HA3EMHBIX PAOUOMEXHUYECKUX CPEOCE NeleH2ayUlL U
YApasneHus pakemou, O8U2amens... BbIKIOUUICSA NO3J4Ce HAZHAYEHHO20 MOMEHMA, YMO U NOCIYIHCULO
npuuunou npomaxa» [BEB17].

Amnmnapar npomweén Ha pacctossHUM 0kos10 6000 kM ot noBepxHocTH JIyHs! [U1] 1, nockoabKy npu
pasroHe eMy ObuTa coO0IIEeHa THIIepOOINYecKast CKOPOCTh, BBIIIEN 3a Mpeieibl chepbl 1eicTBHS 3eMI,
«MPespamuBULUCS ... 8 nepsyio uckyccmeentyto nianemy Coaneunou cucmemwvi» [U1]. Jlaxke Tex CKyaHBIX
JAHHBIX O apameTpax nojéra «JIyHsi-1», KOTopble HIMEIOTCS B CBOOOIHOM JIOCTYIIE, TOCTATOYHO IS
TOT0, YTOOBI PACCYUTATH YTOJI MOBOPOTA TPACKTOPUH arrapara u3-3a JIeHCTBUS JIYyHHOTO TSATOTEHUSL.

Pacuér, ocHoBaHHBII Ha KoHLENIUK chepsl aeiictBus Jlynsl (¢ paguycom 66000 kM), naér s yria
MOBOpPOTA TpaekTopuu BenuuuHy okouo 11° [T'10]. Paguocurnanst «JIyHbI-1» IPUHAMAIKCH B TEUCHHUE
e CyToK ¢ HeOOJIBIIUM TIOCIIE TOTO, KaK OHa pasMuHynack ¢ Jlynoii [JI5], u oOHapyxeHue nmoopora
TpaekTopuu Ha 11° He mpeacTaBIsuIo 0cobbIX croxuocTel. Ho, cTpanHbiM 06pa3om, 06 3TOM MOBOPOTE
HUYEro He TOBOpHUTCS Naxe B kHure [JI5], rae monér «JlyHbl-1» onucan BecbMa o IpoOHO.



[TockonbKy oduIHanbHbIE UICTOYHUKHA MOJTYAT, 00paTUMCS K HCTOYHHKAM HEO (DUITUATHHBIM.
bannuctuku, 06cunTHIBaBIINE TIEPBHIE MONETH K JIyHE, HETOyMEeBAIH: BBIXOIUIIO, YTO MMOBOPOT OKA3aJCs
3HAYUTEIBHO MEHBIIIE TOTO, KOTOPBIHA OBLI ObI 0 HPIOTOHOBCKOM TEOPHH. «3aKa3unK CTaBHII 33]]a4U CO
«CTPAaHHBIMU» UCXOJHBIMU JAHHBIMHU, [0 PACUYETY YIIPABJICHUS JTYHHBIM CITyTHUKOM; Ha BOIIPOC «OTKY/la
Takue nudpeI?» - ObLT OTBET «HE Baiie neno» [Y1]. Mexy TeM, MaJloCTh TOBOPOTa TpaeKkTopuu «JIyHbI-
1» Morna ObITh 00YCIIOBIICHA MAJIOCTHIO pagryca 00JIACTH JIYHHOTO TATOTEHUS, T.€., IPOXOKICHUEM
amnmapara JIMIIb TI0 HeOOIbIIOMY YUacTKy Ha e€ nepudepun.

Hanee, anmapar «JIyna-3», 3anmymienssiit 4 oktsops 1959 r., BnepBbie Mpou3BEN MACCUBHBIN 00IET
Jlynsl. Tpaektopust 061€Ta cocTosa U3 TUIEepOOIMUECKOTo yuyacTka B 00JacTu TArotenus JIyHsl u
MOCIEAYIOLIETO UIUITHYECKOTO Pa3BOpPOTa, 00YCIOBICHHOTO TATOTeHHEM 3eMiIH. V3 TpaeKTOpHBIX
TAHHBIX, UMEIOLINXCS B cBOOOAHOM foctyme [JI5], mpsimo cneayer Manocts o6aactu TaroteHust JIyHsr:
Hallla OLI€HKa JJIs1 BBICOTBI €r0 I'PaHUIIbl HAJl IyHHON NoBepxHOCThIO coctaBuia 10000 km [I'10].

Tenepb cnparmBaeTcsi: U3BECTHBI JIM CITy4au, KOT/1a UCKYCCTBEHHBIHN cryTHUK JIyHBI MMen opOuTy ¢
aroceneHueM (HanOosee ynanéHuoi Toukoi ot JIyasl) Beie, uem 10000 kM ot moBepxHoctu? B 60-¢ —
70-e roap! XX Beka, MaKCUMaJIbHYIO BBICOTY anocenenus umen «Jlynap Opoutep-5»: 6050 km [KS5].
Brnocnencteuu sta nudpa Oputa yBenudena: amepukanckuid 3007 Clementine (1994) umen BeicoTy
anocenenus 8300 km, amepukanckuii 3081 Lunar Prospector (1998) — 8500 km [BEB 18], a kuTaiickuii
«Han O» (2007) — 8600 km [BEB19].

Uro kacaercs 3ou1a Kaguya (2007), To 1)1 BBICOTBI €T0 MEPBOr0, CAMOT'O BHICOKOTO, allOCEJICHHS
SInoHCcKoe KoCMHYecKoe areHTcTBO Has3Baio udpy 11741 km [BEB20], u e€ noBTopuin MHOTHE
nHpopMannoHHbIe areHTcTBa. Ho 3Ta nmdpa MoxkeT ObITh HECKOJIBKO 3aBBIIICHA, IOCKOJIBKY OHA
SABWJIACh PE3YIBTATOM NPOCHO3d, CIENAHHOTO Cpasy K€ MOCIIE INIaBHOTO TOpMO3HOro Manéspa [BEB20].
Bo BcsikoMm cityuae, Bce Ha3BaHHBIE IU(PHI 3HAUUTENFHO MEHbIIIE, YeM paanyc cdepsl nerictBust JIyHbI.

ITopa3uTensHO TO, 4YTO OTEUECTBEHHBIE U AMEPUKAHCKUE CIIELIUAIIUCTHI, €€ II0JIBEKA Ha3a/l
3aIlyCKaBIIUe MepBbIe anmnapartsl K JIyHe, OTIMYHO 3HAIOT PO MaNoCTh obaactu e€ Tsarotenus. Ho sta
uHpOpMaIKA 10 CHX MOP MPEACTaBIAeT co00 BaXKHYIO HAYUHYIO TalfHY, ITO9TOMY COBPEMEHHBIE
AINOHCKHUE, KUTAWCKUE U €BPOIIEHCKHUE allaparsl, OTIPaBiiseMble K JIyHe, HApBIBAIOTCS Ha
IPaBUTALMOHHBIE CIOPIIPU3bl. HaM M3BECTHO IO ABa MPOEKTA, B KOTOPBIX MPOU3BOAWINCH MTOIIBITKU
3axBara anrmapara TAroTeHueM JIyHsl Ha yaaneHusx, 3HauuTensHo 6onpmux 10000 kM. B 06oux ciydasx
o(guIHaNTBEHO COOOIIANOCH, YTO 3aXBaT MPOU3O0ILIET — HO HOBOUMCIICUEHHBIN cITyTHUK JIyHBI OKa3bIBaICs HE
B COCTOSIHUH BBIIIOJIHATH 3aIUIAHUPOBAHHYIO HAYYHYIO IIPOrpamMmy.

ITepBbIit U3 3THX IBYX MPOEKTOB — MOJIET AnoHckoro 3ou1a MUSES-A (Hiten), 3amymennoro B 1990 .
«Bo epems... nepeozo nponéma JIynvi npedcmosnio 8bINOIHUMb 08€ 3a0aiu. UCHOIb308AMb
epasumayuonHoe none JIynol 0na yeenuuenus ckopocmu KA u 0na nogviuienus anozes opoumul, a maxice
omoenumsb om ocHoéHo20 KA manviii cyocnymuux «Xazopomoy, Komopomy npeocmosnio Cmams
UCKYCCMBEHHbIM cnymHUKom JIynel ... Omoenenue «Xazopomo» om 6a308020 O10KA NPOU3OULTO 6
COOmMBEemMCcmeUU ¢ NPOSPAMMOU NOAEMA 8 MOM MOMeHM, K020a «XumeHny nponeman Ha evicome 20 moic.
KM om nosepxnocmu JIyHul.

Oonako cobcmeennblll nepedamuux «Xazopomoy evluiesl U3 Cmpos, U 8 yenmpe ynpasienus Ha 3eme
He Y0anoch NOYYUMb HUKAKUX OGHHBIX C annapama u noomeepoumy €20 6blxo0 Ha OKOJLOLYHHYIO
opoumy. Ilo3oice, ucnob3ys 60abUWONU ONMUYECKULL MeNeCKON, ANOHCKUM ACMPOHOMAM YOAI0Ch YEUOemb,

Kax «Xazopomoy osudcemcs no opoume JIyHol... HO KaK HayyHwlll annapam «Xazopomoy Ovll nomepsn»
[BEB21].

Ota oduimambHas BEpCHs O BBIXOJIE «XaropomMo» Ha OKOJIOJYHHYIO OpOUTY BBITJIIUT HEYOSTUTEIBHO,
IIOCKOJIbKY B HEH yMAJIYUBAETCS O TOM, YJAJICS JIA 3aIUIAaHUPOBAHHBIA IPABUTAL{UOHHBIM MAHEBD
OCHOBHOTO MOys. boiee Toro, B manpHeiinem Hiten coBepimi, Kak co00Manochk, emé HECKOJIBKO
I'PaBUTAIIMOHHBIX MaHEBPOB Ha MPoJETax BOIM3HU JIYHBI — HO, OTIATH K€, SATMOHIBI YMATYUBAIHN O
noipobHocTax. [loxosxe, XBaIUTHCSA-TO OBLIO HEUeM. 3aTO U3BECTHO, YTO HA OJJMHHAIIIATOM MPOJIETE,
KOTJ1a anmapar OblT epeBeI€H Ha OKOJIOIYHHYIO OpOHTY, OH MTPOXOAMI Ha PACCTOSHUM Bcero 423 KM oT
nosepxHoctu JIyns! [BEB21]!



Bropoii ke u3 3tux npoektoB — o€t 30112 SMART-1 EBponeiickoro KocMMUeCKOro areHTcTBa
(EKA, ESA). 3017 ObLIT BBIBEICH PAKETONH-HOCUTENIEM Ha OKOJIO3EMHYIO CTAPTOBYIO OPOUTY B CEHTSIOpE
2003 r. 3aTem 30H] B TeUeHHE rojia ¢ HeOONIbIINM "packaunBai" OpOUTY C TOMOIIBIO TIA3MEHHOTO
JIBUTATEIIsl MAJION TATH, MOATATHBAs aroreil k opourte Jlynsl. [ImanupoBancs 3axBaT 30HIa TATOTCHUEM
JlyHsl ipu IepBOM e BXoJie B T.H. cepy neiictBus JIynsl, Ha ynanenun ot He€ okoso 60000 kM. 3atem,
MOCJIE CHM)KEHHUSI Ha OKOJIOJYHHYIO OpOUTY, TUIaHUPOBAJIOCH CAETIATh MHOXKECTBO (oTorpaduii JIyHHOM
MOBEPXHOCTU. B yacTHOCTH, 0Oemany 3acHITh Cle/bl MpeObIBaHM aMEPUKAHCKUX aCTPOHABTOB Ha JIyHe
- IO3TOMY MHCCHS OblJIa ITUPOKO MPOPEKIAMHUPOBAHA.

CrnenuanicTbl XOPOIIO 3HAIU IIEHY THM OOCLIaHUsM - U3BECTHO, 4TOo JIyHa 4yTh HE MOCTOSIHHO
"cKpUnUT" KU3-3a CA0bIX "TYHOTPSICEHUU", YTO TaM UMEET MECTO 3JEKTpocTaThyeckoe "onoa3anue"”
I'PYHTa, ¥ 4TO JABWKEHUE JIMHUU TEPMUHATOpA (TPAHULBI IEHb-HOYB) I10 IOBEPXHOCTH JIyHBI
COIPOBO’KJAETCS MBUIbHOM Oypeil. B TeueHne mecsiia nosjoca nbUIbHOM OypH ABaXKIbI MPOKATHIBAECTCS IO
oBepXHOCTH JIyHBI, U HAUBHO I10JIaraTh, YTO OT "CIEA0B aCTPOHABTOB'" YTO-TO MOTJIO COXPAHUTHCS.
CrnenuanicThl 3HaIN 00 3TOM, HO TIOMAJIKUBAIM — KaK U O TOM, YTO JYHHOE TSATOTEHHUE JICHCTBYET Ha
kocMuyeckue annapatsl He aanee 10000 km ot noBepxHoctu JIyHel. [loatomy B ESA He nonospesany,

yr0 SMART-1 naneko He AOJETUT A0 00IacTH TATOTEHUS JIYHBI, B 4TO ATOT MPOEKT OOpeu€H Ha MpOBaJl.

Teoperuuecku, 30H] cIe10BalI0 BBECTH XOTs ObI B Ommkaiiiryio k 3emiie 061acTb chepsl 1eicTBUs
JIyHBI — € CeNIEHOLEHTPUYECKOH CKOPOCThIO, MEHBIIIECH YeM MeCTHast KpyroBas — U 30H]I 3aXBaTUIICS ObI
taroteHreM Jlynel. Ho cpa3y nocie Toro kak Takoil BBOJ ObLI MPOM3BEIEH, YTO-TO MOLLIO «HE Tak». Ha
odunumansHoM caiite ESA nepectanu nosBasThCst 0OHOBIICHHSI, OTIEPATUBHO OCBEIIABIINE MOIET
SMART-1. [Tocne HenpuiInyHO 3aTsHYBIIEHCS nay3bl, ESA 3a1HUM 4HCIIOM COOOIIMIIO O TOM, YTO 30H]
ObL1 3axBaueH TAroTeHueM JIyHbl, 3aTeM, Ha MAJION TATe, IepeBeAEH Ha HU3KYIO MOJISIPHYIO OpOUTY, U
Jaxe mepenal Ha 3eMITI0 HECKOJIbKO (poTorpaduii yyacTKOB JTyHHON MTOBEPXHOCTH.

[Tocne ouepenHoit mayssl, 3Tu ¢ororpaduu 6buM OMyOIUKOBaHBL. [IpUTIsAeBIINCDH, CIIEHUATNCTHI
y3HQJIM B HUX CHUMKH TPUALIATUIIETHEW TaBHOCTH, C/IEJIaHHbIE APYTUMU KOCMHUYECKHMH allllapaTaMy.
ITocrne emé€ HeCKONBKUX MECALIEB MOJIYaHMS O TOM, 4eM 3aHuMaercss SMART-1 B okosionyHHOM
npocTpaHcTse, ESA 3asBUII0 O TOM, YTO 30H/1 BBIIIOJIHUII CBOIO MUCCHIO B OY/IE€T pa3OUT O MOBEPXHOCTh
Jlynsl. «SMART-1 cripsiTan KOHIIBI B TYHHYIO IIBUIBY - U3JIEBAINCH HH(OPMAITMOHHBIE areHTCcTBa. Jlaxe
HECTIeLUAINCTHI IoJj03peBaiid, uTo ESA nypaunno obmectBenHocTh! O TOM, Kak 3T0 BCE MPOUCXOIHIIIO B
peaqbHOM BpeMEHH, KpaCHOPEUMBO CBUICTENILCTBYET Becénas qucKyccus Ha ¢popyme nopraia "HoBoctu
kocMoHaBTHKK" [BEB22]; noctyneH takke KoHCHEKT 3Toi auckyccun [BEB23].

Kcraru, BeiBoa 0 mxu ESA MoxHO OBLJI0 clienaTh cpa3y mocie Toro, Kak ObLIH OIyOJIMKOBAaHbI JaHHBIE
[BEB24], onuceiBaroiue «3axBaTy 30HAa TAroTeHueM JIyHbl. DTUX TaHHBIX IOCTATOYHO AJIs
PEKOHCTPYKIMH, BO-IIEPBBIX, MTOJIY3JUIAIICA TOANETA, 10 KOTOPOMY 30H/[ IBUTAJICS B I10JI€ TATOTEHUS
3eMiH mepes TeM Kak, BOJIU3M arores, BOUTH B cepy aeiictBus JIyHbI, 1, BO-BTOPBIX, IEPBOTO
MOJTY?JITHIICA CHIDKEHUS B cepe aericTBus JIyHel. Jlaxe cTapiiekIacCHUK MOT OBl YO€UTHCS B TOM, YTO
3TH JIBa MOJIYIJUTUIICA HE «CIIUBAIOTCA» Apyr ¢ apyrom [['10] — a, 3Haunt, odunmansuas naGopmarws o
3axBare 30H7a TAroreHueM JIyHsl U 0 ero nanpHeimel cyapoe sapnsercs danbcudukauei.

Yro e B IeHCTBUTENBHOCTH MPOU301LIO ¢ 30HA0M SMART-1? ITo-BuauMomy, pu MajaocTH 001acTi
TaroTeHust JIyHbl, 30H]] MPOCTO HE BOMIEN B 3Ty 00JIACTh — U, KAK HU B U€M HE ObIBAJIO, MIPOIOJDKHII CBOU
MOJIET M0 AITUNTUYECKON opOuTe BOKpyr 3emiuu. Camoe pa3yMHOE, 4TO MOTJIH CAEIAaTh PYKOBOIUTEIH
10JI€Ta B TAKOM CUTYALUU — 3TO NIPOBEPUTH, HE «3aXBATUTCSD) JIM 30H]] HA CIEAYIOLIEM IIPOJIETE Yepes
chepy nerictBus Jlynsl. /o cpoka 3aBepiieHUs MUCCUHA MOYHO OBLIO CIeNaTh €€ HECKOJIBKO MOMBITOK
takoit mpoBepku [['10]. Ho uyna He mpouszomnwio. YtoObl 30H 100paics 10 00JaCTH JIyHHOTO TATOTEHHS
U B CAMOM JIeJie 3aXBaTHIICS, TPEOOBAJIOCH €II€ NOAHATh allorei U 3HAUUTENIFHO YBEIMYUTH allOTeHHYIO
CKOpOCTh. YBBI — Ha MAJIOH TATE U C MOYTH U3PACXOIOBAHHBIMHU 3allacaMy pabovyero BeliecTBa —
BBITIOJTHEHUE 3TOU 337a4M OBIJIO COBEPIICHHO HepealibHO. [10 Bcell BeposTHOCTH, 30H/ 0 CHX IOP JeTaeT
0 ATUNTUYECKON 0pOuTe, KOTOpast HOYTH JOTATUBACTCS 10 OpOUTHI JIyHBI.

A 6cé nomomy, umo, Ha pacCmMoAHUU YHCe 8 HECKONbKO 0eCAMKO8 MblCAY KULoMempos om JIyHvl,
eé macomeHue, 60NpeKu OPUYUATbHbIM 8033DEHUIM, He Oelicmayem.




6. Jlyna He mputsarusaer 3emno! (5%)

BcnomHuM, 4TO, 10 JIOTUKE YHUTAPHOTO ACHCTBHSI TATOTEHUS, OOJIACTH JCHCTBUS TATOTEHUS OOJIBIINX
KOCMMYECKHUX TEJl HE HAKIIaJbIBAIOTCA Ipyr Ha apyra. Ho cirydaii ¢ JIyHoi sBisercs uckimoueHueM: Jlyna
UMeeT aHOMAaJIBHO OPraHM30BaHHOE TATOTEHUE, KOTOPOE, B 00IaCTH CBOETO JICHCTBHSI, CYMMHUPYETCS C
TaroteHueM 3emi. OIHaKo 10 3eMJId 3TO aHOMaJIbHOE TATOTeHUEe He JocTaéT (2.12). U torna Mel umeem
CIICAYIOIIYIO CUTYALlMIO: COJTHEUHOE TATOTeHne Ha JIyHy-00JIBaHKY He IEHCTBYET, a COOOIIaeT yCKOpeHHe
TOJIBKO YaCTOTHOM BOPOHKE 3eMJIH, TI0 CKJIOHaM KOTOpo# 1Bmxkercs JlyHa-001BaHKa — HE BBI3BIBAIOIIAS Y
9aCTOTHOW BOPOHKH 3eMIIM JMHAMHYECKOM peakinu, T.e. oOpaleHus, B mpoTuBodase ¢ odbpamieHnemM
JIyHBI, OKOJIO MX OOILEro «IeHTpa Maccy.

®axt HE-o6pamenus 3emnu okoo obuiero ¢ JlyHo# nieHTpa Mmacc — Haubosiee yOUHCTBEHEH st
3aKOHA BCEMUPHOTO TATOTEHHs. Mao Toro, 4to 3TOT (aKkT BeCbMa HAIJIACH U COBEPLICHHO OJJHO3HAYCH
— OH emI¢ M JIETKO MPOBEPsieM U3-3a OIPOMHOM BEJIMUMHBI COOTBETCTBYIOIIEro 3 dexTa. Benp ecnu
Ha3BaHHOE oOpamieHne 3eMIM UMeNIo OBl MECTO, TO IIEHTP Macc 3eMIIM BBIITUCHIBAN Obl, C IEPUOJIOM B
CHHOIMYECKHI MECsII, KPUBYIO CO CpeHUM panuycom okoiio 4670 km! Kak opunmanbHoil Hayke ynaéres
710 CUX TIOp Iypa4uTh OOLIECTBEHHOCTh HACUET ITOTO «IOIIAMHOT0» 1O BENUYHHE dPPeKTa, KOTOPOTro B
NEVCTBUTENBHOCTH He cymiecTtByeT? [IpaBo, ciieqyer npu3HaTh: 3Ta NO30pHas 3a/1a4a HE U3 JETKUX, TYT
TpeOyIOTCSl BECbMa U3bICKAaHHbIE YXHUILPEHHUS.

OTOT (heHOMEH UHTEPIPETUPYIOT KaK KOJIeOAHHsI TeIMOLIEHTPUIECKOM JTOJITOTH 3€MIIH, HAJIOKEHHBIE
Ha TOJMYHBIA peiid 3Toi noAroThl. ['0BOPSAT, YTO 3TO U €CTh YETKOE CBUIECTEIHCTBO 00 0OpalieHuH
3emiu okoJio obuiero ¢ JIyHoit neHTpa Macc — Mod, 1 ¢asza y 3TUX KosueOaHuil Ta, 4TO HaJ0, U aMILUIUTYAA
B TOYHOCTH COOTBETCTBYET 3HaueHuIo Macchl JIynsl. Hy, Heyxxenu! Emé Ovl 31ech He ObLIO TOUHOTO
COOTBETCTBUS — Be/ib Maccy JIyHbI paccuuTan HMEHHO 10 BeJIMYMHE JIyHHOTo HepaBeHcTBa! Ho,
3aMETHM: 3TO JIyHHOE HEPaBEHCTBO, T.€. O0JITaHKa reJIMOLEHTPUYECKOM JT0JITOTH 3eMIIH,
CBHJIETENBLCTBYET HE 00 0Opaujenuy 3eMu, a JIUIb 0 €€ 00HOMePHbIX KOlebaHusAx — BIEPEN-Ha3al BIOIb
TEKYIETr0 y4acTKa OpOUTHL. A MPH MOJHOLIEHHOM JIByMEPHOM O0OpalieHny 3eMiIM, UMeNTH Obl MECTO emIé
U aHAJIOTHYHBIE €€ KoeOaHus NOoMepeK TeKyIero yuactka opoutsl — «oT Connua — k ConHIty». OTH
KoJie0aHUs UMeNu Obl CIIeIYIOIINE TapaMeTphl: EPUOJ — CHHOIMUECKUI MecsLl, aMIUTUTY/a CMEIIEHUS —
4670 xm, ammuinTyaa ckopoctd — 12.3 m/c. OHH MOTTIH OBITh JIETKO OOHAPY>KEHBI C TIOMOLIBIO psAa
HKCTIEPUMEHTAIbHBIX MeTOAUK. Ho, mocMOTpuM, Kak 371ech 0OCTOSAT /eia B AEHCTBUTEIBHOCTH.

Haobnwoenue cnekmpanwvhuoix aunuii Connya. Konebanus 3emnu «ot Connna — k ConHITy»
MPUBOAMIH OBI, COTJIACHO TPAJAUIIMOHHBIM MPEACTABICHUSAM, K COOTBETCTBYIOIIUM JAOTIUIEPOBCKUM
CMEILEHUAM CIIEKTpalIbHbIX TMHUNA CoHIa, ¢®. Ham e yIanoch HAaliTH cooO1eHnii Ha 3Ty Temy. C
Y4€TOM TOTO, UTO CIIEKTpasbHbIe HccaenoBanns CoHIa MPOBOAWINCEH JOBOJIBHO HHTEHCUBHO, MOYKHO
3aKIIIOYUTH, 4TO 3TOT 3 (eKT oTcyTcTBYeT. Takoi «HyneBO# pe3yabTaT» 0COOCHHO MOPA3UTENIEH B
KOHTpacTe ¢ OypHO pa3BUBAIOIIKUMCS HANIPABJICHHEM B aCTPOHOMMHU — OOHAPYKEHHEM TUIAHET Y JaIEKUX
3BE3]] 10 NEPUOANUYECKUM U3MEHEHUSM JIy4€BOH CKOPOCTH 3BE€3/1bl, BEI3BIBAEMBIM, KaK I10JIararor,
JUHAMUYECKON peakMe 3BE3/1bl Ha IIJIAHETY.

Co crarbsMu 1O 3TOW TeMaTHUKE MOXKHO IMO3HAKOMUTKCs 10 aapecy [BEB26]. Coobmaercs, uto «B 2004
I., UCTIOJIb3Ysl HOBbIE CIIEKTPOrpadbl, y1aI0Ch MOBBICUTH TOYHOCTh U3MEPEHUS TyUEeBBIX CKOPOCTei 10 1
Mm/c» [BEB27]. BoT ObI IpUMEHHUTD 3TH HOBBIE CHEKTPOTpadbl, 4TOOBI OOHAPYKHUTH JOIMIUIEPOBCKUE
CMEIEHHS CIIEKTPaIbHbIX JIMHUHM CONHIIA U3-3a CHHOIMYeCKuX Konebanuit 3emimu! Ho Het: oTyero-to
MOIIb TIOTIJICPOBCKOTO METOAA MPUBOAUT K CEHCAIMSIM B CiTydae JaNEKUX 3BE3M, HO HE CpabaThIBacT B
ciyyae CoJHIIa, Y KOTOPOTO JI0OCTOBEPHO M3BECTHBI JIydeBast CKOPOCTh U MHOTHE JPyrHe MapaMeTpsl.

7. Ilpaeoa npo npunuewl ¢ okeanax. (6%)

CornacHo TPaAUIIUOHHBIM BO33PCHUAM, JIYHHO-COJIHCYHBIC MIPHUJIMBLI B OKCaHAX IMTPOUCXOAAT
H3-3a TI00aIBHBIX BOSMYH_IGHI/Iﬁ CHJIBI TAXKECCTU, OGyCJIOBJIeHHbIX HAJIO)KCHUCM JIYHHOI'O U
COJIHEUHOT'O TATOTEHUI Ha 36MHOE TATOTCHUE U PE3YIBTUPYIOIIUM COBMECTHBIM HUX ,Z[GI‘/JICTBI/IGM Ha



BEIIECTBO 3eMJIM — B YACTHOCTH, Ha OKEAHCKYIO BOJy. Bo-miepBbIX, B 00JIaCTH TATOTEHUS 3€MJIH,
COJIHEYHOE TSATOTEHHE OTKIIOUEHO». BO-BTOPBIX, JIYHHOE TATOTEHUE AAJIEKO HE JOCTAET 10 3EMIIH.
3HauuT, H1 TAroteHue CosHia, HU TAroreHue JIyHbl He JEMCTBYIOT Ha BELIECTBO 3€MIIU, U
MO3TOMY TPAIUIIMOHHBIN MTOAX0] COBEPIICHHO HE OOBSICHSAET HCTUHHBIX PUYUH IPUIHBOB.

Ectb yueOHUKH 1O (DU3UKE, B KOTOPBIX OMHMCHIBACTCS, KAKOBBI IIPUIIMBBI JIOJDKHBI OBITH — B COTJIACHU
C 3aKOHOM BCEMHUPHOTO TAroTeHus. A emé ecTb y4eOHHKH IO OKeaHoTpauH, B KOTOPBIX
OTIMCHIBAETCS, KaKOBBl OHHU, NPUJIMBBI, HA caMOM jeie. Eciu TpaaulmOHHBIA MOAXOJ ObLT OB
BEPEH, M OKeaHCKast BOJa MPUTATUBajach Obl, B ToM uncie, k ConnHiy u JIyHe, To «pusndeckas» u
«oKeaHorpapuyeckas» KapTUHBl NPUIMBOB COBMananud Obl. B 1eHCTBUTENBHOCTH K€, 3TH JBE
KapTUHBI HE HUMEIOT MEXIy COO0OH HHMYero oOIIEro — OHM KapAWHAIBHO PA3JIMYAIOTCS Kak
KaueCTBEHHO, TaK U KOJMYECTBEHHO.

W3-3a cyToyHOTO BpalieHusi 3emMiid, 3TH JBa ropda MpOKaTHIBAIOTCS MO MHPOBOMY OKeaHy,
OTUEro B KaXKJIOM MECTE€ IOJy4aeTcs IO [Ba NpWIMBA U JABa OTIuBa 3a cyTku. OnHako,
nepeMeleHue MPUIMBHOTO Top0a 03HavYaeT MepeTekaHue KOJ0CCAIbHBIX MAacC BOJIbI M3 OKeaHa B OKEaH —
Yero B JCUCTBUTENFHOCTH HE IMPOUCXOJIUT, MO0 KaXAbli OKEaH YCHEIIHO OOXOAMUTCS CBOUMHM
COOCTBEHHBIMH BOJHBIMH pecypcamu. boiiee TOro, KakIplii OKeaH pa3/ei€éH Ha CMEXHbIE
001acTH, B KOTOPBIX MPUJIMBHBIC SBICHUS MPOUCXOMAT, MPAKTHUECKH, AaBTOHOMHO.

W 3akimoyuaroTcss OHM B TOM, YTO, B KaXJOW TakoW 0O0JIacTH, ypOBHEBas TMOBEPXHOCTh HECKOJIBKO
HAKJIOHEHAa K TOPU30HTY, IIPUYEM HANpaBICHHE ITOIO HAKJIOHA BPALIAETCS. JDTO U €CTh
BpallaroLascs NPUIMBHAS BOJHA. [Ipy 5TOM MakCUMyM U MUHUMYM YPOBHS IIOCJIEIOBATEILHO
MPOXOAT IO BCEMY NEPUMETPY, U 3/1€Ch HaOII0JaeTcsl yCTOMYMBAs pa30MBKa Ha 00JIaCcTH C
HE3aBUCHUMBIMHU JIPYT OT APYra BPALIEHUSIMU YPOBHEBBIX MOBEPXHOCTEN. HuKakux HaMEKOB Ha
nepemMeleHue riuodanbHbIX BosiH! Bpalienue He3aBUCUMBIX JIOKAJIbHBIX BOJH — U BCE!

A B 4éM K€ 3aKJIIOYAIOTCS HACTOSLIME MPUYMHBI BpAIIAIOIIUXCS MPUIMBHBIX BOJIH?
VYcnokouBascs BOJHAs IMOBEPXHOCTb OPTOIOHAJIbHA K MECTHOM BepTHKanu. Eciu MecTHas
BEPTUKAJb COBEPIIAET BpalllaTeNIbHbIE YKIOHEHMS, TO BOJHAs TMOBEPXHOCTh OYAET OTCIEKUBATH
9TH YKJIOHEHHMS], CTPEMACH COXPAHATh OPTOTOHAJIBHOCTD K BEPTUKAJIN — BOT BaM U BPAILIAIOIIAsCS
IIPUJIMBHAs BOJIHA.

3emiis, U3-3a CBOUX HMHEPTHBIX CBOMCTB, HECKOJIBKO CABHUHYTa B CBOEH YaCTOTHOM BOPOHKE B
IpOTUBONOJOXKHYI0O OT ConHua cropoHy. T.e., LEHTp reomja CABHHYT OTHOCUTENIBHO LIEHTpA
3€MHOTI'0 TATOTEHUS — a TIOCKOJIbKY CIYTHUKH, JIETAIOIINE BOKPYT 3€MJIU, IPUTATUBAIOTCS HE K LEHTPY
reousia, a K LEHTPY 3€MHOrO TSATOTEHHUS, TO T€OU] JOJDKEH OBITh CIIBUHYT OTHOCHTEIBHO KIIyOKa
opoUT cryTHUKOB. VIMEHHO 3THM CABHIOM MOXXHO OOBSCHHTH HEKOTOpHIE A3P(EKTHI B paboTe
HaBUTALMOHHOM CIIyTHUKOBOH cucteMbl GPS, KoTopble 10 CHX TOp HE HAILIM OOBSCHEHHS B paMKax
IIPUHATBIX MOJCIICH.

Peubr unér, mpexnae Bcero, 00 yBEepeHHO OOHAPYKMBAEMbIX CYTOYHBIX BapHalMsIX MPH CIMUYCHUAX
HA3eMHBIX AaTOMHBIX YacOB KaK C OTAEIbHBIMU OOpTOBBIMU yacamu GPS, Tak u ¢ cucTeMHO# mKanon
Bpemenu GPS [B1]. Ecnu o Bapuanuu 00yclIOBICHBI CIBUTOM I'eouia OTHOCHTENbHO opouT GPS, To 1o
BEJIMYUHE BapHaLlUii MOXKHO CYIUTh 00 3TOM caBure. Pazmax 3TuX Bapuanuii coctaBisier 6-7
HaHOCeKyH[. C y4€TOM pealbHOM I'€OMETpPUM M3MEPEHMi, OIlEHKa JUIsl CABUIAa I'€OUAa OTHOCUTENIBHO
opour GPS, B mpotuBomnonoxuyio or CoyHIa cTOpoHy, coctaBiser ~1.6 m [['13].

Bynyun HeyuTEHHBIM, ATOT COBHUT IPUBOAWI OBl M K IPYTUM CHCTEMaTHYECKUM 3 deKTaM, Hanpumep,
K paccorjacoBaHUAM Pe3y/IbTaTOB CIMYCHMH IIKaJ BpEMEHH HAa3eMHBIX J1a00paToOpuii, MPOBOAUMBIX HA
OJTHOM M TOM K€ BPEMEHHOM MHTEpBaje yepe3 pa3Hble CIyTHUKH. [10100HbIH (heHOMEH 1eHICTBUTENBHO
umeet MecTo [B2]. PazHOBHIHOCTBIO TOTO k€ (heHOMEHAa MOYKHO CUUTATh SBJICHHE, KOTOPOE MPOUCXOIUT
IpU TEPEKITIOYCHHUSIX Ha HOBBIM pabouMii CIyTHUK WJIM NPH W3MEHEHMAX COcTaBa pabodero
CO3BE€3/IUsl CIIyTHHUKOB: B IOTOKE JaHHBIX MOSBISIETCS «CTYNEHbKa» - 3TO XOPOILO H3BECTHO
cnenuanucram. Tak BOT, IpU HAJIMYMHU Ha3BaHHOTO CIBUIA F€OU]Ia OTHOCUTEIBHO LIEHTPA 36MHOTO
TATOTEHHUS, BE3/I€ Ha IOBEPXHOCTH 3€MJIM BEKTOPBI CHIIBI TSDKECTH OKa3bIBAKOTCS HAIIPABJIEHBI HE K
e¢ LEHTpYy, a K TOouke, KoTtopas Haxomurcs Ommwxe kK ComHily Ha 1.6 M.



W, coxpaHssi CBOM HallpaBJIEHUs K ATOM TOYKE B YCIOBHUSAX CYTOYHOI'O BpallleHUS 3eMIIH,
BEKTOPBI CWJIbI TSDKECTH COBEPIIAIOT BpALIATENIbHBIC YKIOHEHHS OKOJO HOPMalIM K MECTHOMY
ropu3oHTy. Torga yroj MakCHMalbHOTO YKJIIOHEHHs OYy/AeT paBeH, 0UeBHIHO, OTHOIICHHUIO caBura 1.6 Mm

K paguycy 3emmn, T.e. ~2.5-10-7 pax. Y, u1s Bpamaromeiics «COTHEUHOM» MPUIHBHOI BOHEI ¢ 1000-
KAJIOMETPOBBIM PAZMycoOM, pa3Max IOJIO)KEHUsI YpoBHS Ha mepudepun coctaBut ~0.5 M — 4TO
COOTBETCTBYET AEHCTBUTEIBHOCTH.

Ham Bo3pa3siT: eciu BepHO BBIIICH3NIOKEHHOE, TO «COJHEYHOE» MpPUIMBOOOpasyroliee
BO3/ICWCTBUE JOJDKHO MMETh CYTOYHBIH MEpUOJ — a MPWIMBBI-TO, MOJ, HaONIONA0TCS
nosrycyrounsle! OTBeuaeM: naBaiite, 4TOOBI HE TpenaThes 3psi, 00paTUMcs K OmnbITy. Beab Bompoc
O IEpUOJC INPUIUBHBIX BApUALUN CUJIBI TSHKECTU JJIEMEHTAPHO PELIAETCS C IOMOLIBIO
IPABUMETPUYECKUX HM3MEpPEHUM. [71aBHAass KOMIIOHEHTa 3THUX BAapUALMN, COTJIACHO 3aKOHY
BCEMUPHOTO TATOTEHUS, NOJKHA MMETh IMOJIYCYTOYHBIM MEpuoa. A 4TO Mbl BUAUM?

Puc.2.15. 'opusoHTanbHblE BapHalliU CHJIBI TSKECTH.
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B tpynax A.51.OpnoBa, ©3BECTHOTO Ire0IE3UCTA U TpaBUMETpUCTa, KoTopblii B 1909(!) rony nccnenosan
TOPU30HTAJIbHBIE BapUalMM CHUIIBI TSDKECTH, SKCIIEPUMEHTHPYd ¢ MasTHUKamu llenpHepa, Ha Puc.2.15
JEMOHCTPUPYETCS PEAKIIUIO MAsTHUKA HA COJTHEUHbIE BO3/AEHCTBUS.

Cymounas komnonenma, okasviéaemcs, OOMuHupyem!

8. Haubonee unmepecnuie ghakmul o cnymnuxax Camypha. (7%)

e TuTaH Takol macwTabHbIlM, YTO BO3AENCTBYET Ha OpOUTaNbHOE MoBedeHMe MPUBAMMKEHHbIX OOBEKTOB.
Mpoctupasacb Ha 5150 KM, 3aHMMAET BTOpPOE MECTO MO KPYMNHOCTU B cucteme. [MOBEPXHOCTHbIA CNOM
Henb3A Pa3rnafeTb U3-3a NJIOTHOW aTMochepHOn AbIMKM. HanomuHaeT gpeBHIO 3eMHyto aTmocdepy.
HanonHeHa azoTom (95%) M MmeTaHOBbIMM Criegamu. BoiTarneaeTca Ha 600 KM B MPOCTPAHCTBO.

e fAneT yaAuBAAET CBOMM MPUYYA/JMBbIM OKPACOM: OfHa MOJIOBMHA APKaA KaK CHer, a BTOpaa MpayHas C
MacLITabHbIM XpebToOM, BbITAHYBLUMMCA Ha SKBAaTOPMAbHOMN IMHUW.

e &eba cosepwaer o060poTbl B MPOTUBOMOMIOKHOM NAaHeTe U APYrMM  KPYMHbIM  CNYTHWKaM
HanpaB/ieHHOCTW.

e Mumac 0bnasaeT OrpoOMHbIM KpaTepHbIM OTBEPCTUEM, KOTOPOE NPAKTUYECKU PACKOJI0N0 CNYTHUK.

e JHUenag MOXeT pacnonaratb AefAHbIMW  ByAKaHamu. KaccMHM 3adumKcMpoBan Harpetble CTpyM,
BblOpacbIBalOWMECA HA MOBEPXHOCTb. M3-3a 3TOro dopmmpyeTca orpomHoe 0b61ako BOASHOro napa Hag
TEPPUTOPMEN HOXKHOFO NONKOCA.

e [MNepuoH BblaensieTca cBoel CTpaHHON HenpaBubHOM dopmon. OTANYaeTCA XaOTUYHbIM BPALLEHMEM,
YTO MOXKET ObITb C/IeACTBUEM YAAPA C APYTMM 0O bEKTOM.

e Tedua pacnonaraeT 60abWMM pUOTOBLIM y4acTKOM — UTaka Yacma. OxBaTbiBAeT NpPaKTUYECKU % Bcel
NIYHHOW naowaau.



e EcTb 4 cTabunbHble No3numMm — ToUKK JlarpaHska. PacnonoxeHbl 8 60 rpagycax snepeam/nosagm KpynHoro
CNyTHUKa Ha OAHOWN opbuTe. TN ToUKM 3aHATbI Tenecto u Kanunco (nyHKT Tedua), a TakKe EneHont u

MNonnaeskom (NyHKT [IMOHbI).
e 16 cnymHuKoe npubbieaiom 8 npusnusHom 6s10Ke u nosepHymeol K naaHeme odHoli CmMopoHoli.

o flHyc M dnumeTeit NOAXOAAT TaK 6AM3KO, UTO MHOrAA MEHAIOTCA opbuTamu.
Ho oHM He npuTArMBaloTca apyr K apyry!!

bonbwasa [epuop

0603Ha- Ovametrp Macca [ara
Ne HasBaHue nonyocb obpaiieHus
yeHue B KM B KI  OTKpbITUA
B KM B AHAX
10 Awyc S$/1980S1 151500 0,700 178 1,910 1966
11 3numeTeit $/1980S 3 151 400 0,690 119 5,3-107 1980

B 1960-x rr. mouck mpuen k oOHapyxeHuto Snyca u Dnumeresi. OHU CO-OpOUTATIBHBIE, TO €CTh JICTSAT
OJIHY M Ty e opOuty. OnHa Bpamaercst Ha 30 Muib BHYTpH apyroil. Uepes 4 roa OHU MEHSIOTCS
NO3UIMSMU. M3-32 3TOr0 HEKOTOPBIE YMAIOT, YTO 3TO OCKOJIKH OT paHee €AMHOTO 00BEKTa.

Ho oOmmpHoe Bparnenne SnuMeres: yKa3bIBaeT Ha TO, YTO €ro MOBEPXHOCTHBIN CJ10H 00s3aH OBbITh
JIPEBHUM, [TO3TOMY pacriaj JOJHKEeH ObUT MPOU30MTH BHAYaJIe HICTOPUHM CUCTEMBI.

B kauecmee oononnenusn Kk 3axknioueHuio

B rnaBy 4.3 ®opmel apmkenus a¢upa “O0meit a3gpupoauHaMuk” AIIFOKOBCKOTO JKeIaTeIbHO BBECTU
ere oHy GopMy IBHKEHUS dPUpa — YCKOPEHHAA (popma NBUKEHUS, IPEICTABIAIONIAs CO00M
JBIKEHUE 3(Upa ¢ YCKOPEHHEM, CO3/IaBaeMOe€:

- WM TPAaBUTAIIMOHHBIM IIpeoOpa3oBareieM 3(pUPHOTO MOTOKA 3BE3]] WIH IUIaHET,

- WM YCKOPEHHBIM JIBIPKEHUEM MaTepUalIbHOTO Tella MO JeHCTBUEM BHELUTHUX CHJ,

- WJIM YCKOPEHHBIM BpalaTeIbHbIM JABIKECHHEM MaTepUaIbHOIO Tela Mo ASHCTBUEM
KPYTSILIEro MOMEHTA BHEIIHETO CHJI.

*  Tlox a¢pupom MoOHUMAETCS cpesia Co CBOMCTBaMH, ONMCaHHAs B paboTe:
“O6as >¢pupounamuxa. MOJIEJIMPOBAHUE CTPYKTYP BEIIECTBA U ITOJIEN
HA OCHOBE IIPEJICTABJIEHUI O I'A30II0JIOBHOM D®UPE”, Amokosckuii B.A.,
Mockga, “Oueproatomuznatr’, 2003r. ISBN 5-283-03229-9.

IIpunoxenne Ne 2. Unopmanusi Vit CPaBHUTEIBLHOI0 aHAJIN3A.

Bogopox (H) mumamerp Dy = 10"m, Sy = 3.1*¥10"m’.

Mporon (PY) m,=1.67%10"" kg, muamerp D, =2.2*10""m, p,=2.8%10"" kg/m’,
Sp = 6.9%¥10""m?, Vp = 5.9%10"m’.
E, =938.272MeV, E, = 939.565MeV, A,n= 1.293MeV.

Jrektpon (¢) me.=9.1%¥10°" kg, mmamerp D.. = 1.8%10"°m, p..=4.0%10"® kg/m’.
Se. =5.6%10m’, V..=2%¥10""m’. E.=0.511MeV.

Amep (3pup) m, = 1.5%10""" kg, mmamerp D, =4.6*10%"m, p,=8.8%10" kg/m’,
P, > 1.3*10°° H/m’, cpenmsis ckopocts ~ 107 m/c? .

OTHOWIECHUSA: Py Py =~ 3*10%%, my m, =~ 10"/,

1-1 poTon coctont u3 ~ 1.1%10% amepos >¢upa.

1-H s7eKTpoH coctout u3 ~ 6.0%10% amepos >¢upa.

B 1.0m’ adpupa (~ 5.8*10'* amepos), uro paBHO3HAUHO ~ 10" IPOTOHOB.
TIpH posKICHHH IIPOTOHOB 06BEM ShHUpa yMEHbIIHTCS B ~ 5*10°7 pas.
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