Hue nopsiaxa B2 /8, npuiioxkeHHOE K KOMETHOI Tiasme. B utore ras xo-
MeTbl 06pa3yeT rMraHTCKHUi [1JIa3MEHHbII XBOCT HUYTOXHOM IJIOTHOCTH,
He COBNAJALINII C MBIIEBbIM, AJIMHA KOTOPOTO MOXKET M3MEPATHCS fe-
CATKaMM MIUIMOHOB KUJIOMETPOB.

Jlpyras HerpaBuTalMOHHAsI CUJIA, AEHCTBYIOLIast HA KOMETY B LIEJIOM,
KOTOpast MOXXeT MeZJIEHHO M3MEHSITh [TapaMeTpbl e OpOUTHI — 3TO peak-
THBHasI CHJIa, CBAI3aHHAs C HEM30TPOMHBIM BHIOPOCOM BEIIECTBa SAAPOM
KOMETBI TIPH €r0 Harpese Wi Pa3pyLIeHuH. DTa CHJIa MOXKET TakxKe U3-
MEHATb CKOPOCTb BpaLEHUs A/ep KOMeT.

TakuM 06pasoM, nsydenrie CoTHEYHOI CHCTEMBI NO3BOJISET UCCIIE-
Z0BaTh KOMILTIEKC CJIOXKHbIX (PU3NIECKUX SBJIEHUH, IPUBOAAIIUX K Mel-
JIEHHOM 9BOJIIOLIMY KaK IJIaHET, Tak 6oJiee MeJIKUX TeJl B OKOJIO3BE3THOM
MPOCTPAHCTBe.

8.2. Merozapl 0O6Hapy KeHUs IUIAHET BOKPYT 3BE3/(

A) Tnnamuyecknif Meton. OCHOBaH Ha U3MEPEHUN TEPUOTMYECKUX
BapHalHuii JIyuyeBoil CKOPOCTH 3Be3/Ibl 110 IONJIEPOBCKOMY CMELIEHUIO JIU-
HUH B ee CHEKTpPe NpH ABKEHUH BOKPYT IIEeHTpa Macc IJIaHETHO cucTe-
MBI ITO ucropuyecky nepsbiit (1995 r., cucrema 51 Peg) u naubonee
NPOAYKTUBHBI MeTOZ 0OHAPY KEeHWsI IIJIAHET BOKPYT 3BE3I.

PaccmoTpuM nuianeTy Maccoit M, Ha KpyroBoit opbuTe BOKpYT lieH-
TpaJIbHOI 3Be3zbI Maccoit M,. Ilepron obpamenus ianets P = 27 /w,
noJIyoch opbUTHI a, HakJIoHEHHe OPOUTHI 1. PaccTosHYE NJIAHETHI [0 11eH-
TpaMacc ap = aM, /(M,+ M,), a3Be3nbl — a. = aMyp/(Mp + M,). AM-
MJINTY/IA JIy4eBOH CKOPOCTH 3BE3/bl, CBA3aHHAS C €€ JBUKEHNEM BOKPYT
IIEHTPa Macc, paBHa

K, =w-a,sini = (GM,,w)l/3 (%p) sini, 8.1)
*

37eCch MBI BOCIIOJIb30BAJIMCh ycIoBUeM M, > M), 1 BBIPa3ujIM NOIyOCh
opbuThI Yepes nepuoz ¢ noMolibio 3-ro sakoHa Kerepa. Miamepenue no-
JIOXKeHMi 60IbIIOro YKcIa JMHUIMA NOTJIOEHHs B ONITUYECKUX CIEKTPax
3Be3 no3auux kiaccoB (GKM) no3sossieT BBIABAATL UX Bapualluy C
TOYHOCTBIO 10 AN/ ~ 1078, T. e. M3MePSATH U3MEHEHUS TyYEBBIX CKOPO-
CcTeii 3Be311 10 HECKOJIbKUX MeTpoB B cekyHay (1) 13 npusenenHoii Bbiie
(opmy bl ciiemyer, 4TO U3MepeHyie Bapyualuii JIyyeBbIX CKOPOCTeH 3Be3Jt
C TOYHOCTBIO 10 1 M/C NO3BOJIMT BHIABJIATH HAIMYME BOKPYT 3Be3/] TUINA
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Counnna manet ¢ maccoit 10 macc 3emnu Mg ~ 3 - 10~% My, obpamaro-
IMXCS C IEPUOIOM KOpoye 5 JHeik:

- 3
P<5(CYT)( i ) 3( M, ) (K)
~ 1m/c 10ME Mg
Onnako o6HapyeHHe TakKuM 06pa3oM ILUIaHeT ¢ Maccoilt meree 10 Mg
KpaiiHe OCJIOKHSIETCS «IIYMOM», CBSI3aHHBIM C TypOYJIEHTHBIM JBUXKE-
HUeM rasa B ¢oTocdepe 3Be3/bl, HATUYNEM NATEH M OCOOEHHO — aKy-
CTHYECKHUX KosiebaHui (p-MOZ), KOTOPBIE CO3AAIOT CTOXACTUIECKHil (hOH
NPY U3MEPEHNH JIy4eBbIX cKopocTeit 3Be3/ Tuna CosHIia.

XoTsi IMHAMMYECKUIA METOA MOXET ObITh UCIO/Ib30BaH HE3ABUCHMO
OT PacCTOSIHUSA [0 3BE3MIbl, ISl MIOUCKA IUIAHET BHIOMPAIOT JOCTaTOYHO
sIpKKe 3B€3/[bl, YTOObI ITOJTYYUTb CIEKTPBI C GOTBLUIMM OTHOLIEHUEM CHI-
Hasa k wymy. [lepcriekTuBBI MeTOAa CBA3aHBI C YBEJIUYEHNEM TOYHOCTH
U3MepeHus yueBbIx ckopocTteit 10 0.1 M/c Ha kpynHBIX 6-8 M Testecko-
Max ¢ UCnoJb30BaHKeM HoBoro nokoserus MK cnexrporpados ¢ Bbico-
KHM paspellieHHEeM.

K nynaMuyeckoMy METOZLY TaKk)ke OTHOCUTCSI BHICOKOTOYHOE U3Mepe-
HUE NepUOANYECKHUX ITyIbCalluii (TAaHMUHT) OT 3B€3/Ibl, BOKPYT KOTOpPOMH
obpamatorcs miaHersl. Takue U3MepeHUs] BO3MOXKHBI AJISI PAfUOIYJib-
capoB — OBICTPOBPAILAIOIIMXCS HEMTPOHHBIX 3Be3A. Ilysbcapsl — mpu-
POZAHBIE «4aChl», 3aMeJIEHUE «X0/]a> KOTOPBIX IIPOUCXOJUT C XapaKTep-
HBIM BpeMeHeM B MIJIJIMOHBI JIET, & JJIS HEKOTOPBIX TUIIOB CTapbIX MyJIb-
capoB (MUUIMCEKYHAHBIX) — B MILIMApAs! JjeT. ITo HabmoneHusaM us-
MepSIIOT AOIJIEPOBCKOE U3MEHEHNEe BPEMEHH NTPUXO0/Ia UMITYJIbCOB H3-32
IBUKEHUs] HENTPOHHOM 3Be3[bl BOKPYT OOIIEr0 LEHTPa Macc C MepUo-
nom P. TIpu aTom ucnosbayercs: Ta xe ¢opmyia mist addexra Jomrepa
(At/P) = (K /c). Kak Buano u3 opmyasr (8.1), st mysbcapa ¢ xa-
pakTepHO#t Maccoit M, = 1.3M nepuoauyeckyie OCTaTOYHbIE OTKJIOHE-
HUsI BPEMEHH NPUXO0/a MMITYJIbCOB IIPU OOPAIEHUH IIJIAHETHI C MACCOM
M, Ha kpyroBoii opbute, BunuMmo#i ¢ pebpa (i = 90°),

At ~ 1.2(Mc) (%) (1 r’;ﬂ)ws. (8.2)

TaliMUHT MyJIBCAPOB BBHISBUJI TPY IUIAHETHI C MACCOM MOPsAKa Hec-
KOJIBKUX Macc 3eMJIM BOKPYT MIJIICEKYHAHOro mysibcapa PSR 1257+12.
HeBuaumblii CIIyTHUK ¢ MacCOM B HECKOJIBKO pa3 Gosibleii, yueM Macca
[Onurepa, o6HapyskeH B6. 113U ABOiHOrO mysbcapa PSR B1620-26 B wa-
ARSI SRR R e A R S e =
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PoBOM CKOIIEHUH M4. ITO MM IJTaHeTa-TUraHT, WIK KOPUYHEBBIN Kap-
JIMK, IMHAMUYECKHU 3aXBaYeHHbIH MyJIbCapOM B IIIOTHOM 3BE3{HOM CKOII-
JIEHWH.

B) Acrpomerpuuecknii Mero. OH 3aK/II04AETCS B BHICOKOTOYHOM
M3MepeHUH HeOeCHbIX KOOPAUHAT 3BE3/ U MOUCKE MEPHOANIECKHX CMe-
IIE€HUI, BBI3BAaHHBIX MX ABM)KEHMEM BOKPYT LEHTPa MAacC IUIAHETHOM CH-
creMbl. M3-3a HaMuMs MIaHETHI OJIOXKEHNe 3Be3/b1 Ha Hebe by aeT onu-
CBbIBaTh OTHOCUTEJIbHO HEHTPA MACC CUCTEMBI «3Be31a—CILyTHUK» TIEPUO-
OWYECKUH 3JLIUIIC ¢ GOJIBIIOH MOIYOChIO

a M, a d \7!
=M, Tae (m) : (8.3)

Meroa MOXeT IPUMEHSATHCSI TOJIBKO 151 OJIM3KUX 3Be3A. JJist TUINYHBIX
3HAYEHUI NMapaMeTPOB IJIAHETHBIX CUCTEM M PACCTOSIHUI B HECKOJIbKO
MapCeK pasMephl 3JIJIMIICA COCTABJISIOT AECITKUA MUKPOCeKyHA ayru. Jo-
CTHIKEHHE TaKOi TOYHOCTH B ONITHYECKOM AUANa30He MPU Hab 0 AeHUSIX
¢ 3eMJIH OCJIOXKHEHO TypPOYIEHTHOCTHIO aTMOC(HEPBI, IOITOMY OCHOBHbIE
Ha/IeX /bl Ha ITOAXOOHbIE U3MEPEHUST BO3JIAraloTcsi Ha 6yayuue KocMuye-
CKUE IPOEKTHI.

ITpoext NASA xocmuueckoro 9-merpoBoro unrepdepomerpa SIM
(2011-2016) mpexmosiaraet aCTpOMETPUYECKOE U3MEPEHNE TIOJIOKEHH I
3Be3z sipye V = 10™ c TounocThIo 10 1.5 Mkc ayru. Takast TO4HOCTS 1103-
BOJIUT NPOBECTHU LieJIeHANPaBJIeHHbIE TOUCKY IJIAHET 3eMHOM IPYIIIHL C
Maccoit 0kosio ~ 3Mg, Bpamamomuxcst Ha paccrosiuusx ot 0.1 7o 2 a. e,
(T. e. BUIMMBIX Ha YIJIOBbIX PacCTOSHUSAX mopsinka 0.3 cexyHmbr gyru)
BOKpYT npuMepHO 250 3Be3s cnexTpanbHbix kiiaccoB AFGKM, cnenu-
aJIbHO OTOOPAHHBIX BHYTPY 06s1acTH paauycom 20 K.

Bonee ornanennsiii npoekt ESA — wnpakpacHblif KocMudecKuit
unTepdepometp «/lapBuH» npeanosiaraeT 3amyck Ha OKOJIOCOJHEYHYIO
opbury ot 4 g0 6 oxnmaxmaembix 10 40 K 1.5-mMeTpoBbIx 3epkai, cocras-
Jsiioux uHTepdepometp ¢ 6a30ii 40 50 M. IIpeanosiaraercst usMepeHue
U K-cnextpos nianeT 3eMHoit rpynmnst Bokpyr 100—200 3Be3x Ha paccTo-
stHusix 1o 15-20 nk B iuanasone 6—17 MxM, B KoTopoM HauboJiee 3aMeT-
gl iuHnK Mostekyst Ho O, CHy, O3 u COs.

B) ®MoTomeTpuyeckuii MeToA. 3aKII049AETCS B USMEPEHNM ITEPHOIH-
yecKkux (POTOMETPUYECKUX BapHanuii 6yiecka 3Be3/bl PH MPOXOKAEHHIL
TUIaHeTH 1o ee aucky. Beut npenyoxen Crpyse B 1952 r., oqHako cuu-
TaJICSl MEHee MPeJNOYTHUTEIbHBIM Nepes AMHAMUYeCKMMU MeTofamu. B

e ”
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MEPBOM NMPUOIMKEHUH aMILIUTY/1a U3MEHEeHuUs1 6J1eCKa 3Be3/bI TIPH IPO-
XOKAEHUH IIJTAHETBI ITO €€ TUCKY JAETCs BBIPaXKEHNEM
AL (R,\®
— N —
(%)

rae R, u R, — paauychl 3Be3/Ibl ¥ IJIaHETHI, CooTBeTcTBeHHO. Hampuwmep,
st cucrems! Conaie—IOnurep addexrt coctaisier okoso 2%. Paau-
yC 3B€3/Ibl MOXKHO OLIEHUTb IT0 CIIEKTPAIbHOI KiIacCUbUKAINY, 8 paIuyC
IUIaHeThl — 1O riyOuHe 3aT™MeHus1. I10 AIMTENBHOCTH 3aTMEHHS MOXKHO
OIIpeZIe/IUTh PacCTOsTHUE MeX Iy 3Be3/I0M U IlaHeTol. B Hacrosiee Bpe-
Msl 3TOT METOJ CYMTAETCs HauboJiee MEePCIeKTUBHBIM JUlsl OMCKa Iia-
HET 3eMHOit Macchl 1 MeHblte. [TepBoe 06HapyKeHMe TPOXOKAECHUS T11a-
HETHI 10 AUCKy 3Be3bl uMmeso Mecto B 2000 r. (cuctema HD 209458).
[ToaaHee 3TM METOZOM 6bLIO OTKPHITO €Li1e HECKOJIBKO I1aHeT. laMmepe-
HYe MacChl JUHAMUYECKUM METOJOM U Painyca Mo 3aTMEeHHBIM 3ddek-
TaM MO3BOJIUJIO OLEHUTh CPEHION0 MJIOTHOCTD TIaHeT ~ 0.2-1.4 r/cM3,
ITa NJIOTHOCTD MOATBEPKAAET (0KMIAEMBbIit) ra3000pa3Hblil COCTAB TH-
FaHTCKUX TUIaHeT (OJHAKO C BHYTPEHHHM SIPOM U3 XKUAKOTO BOAOPO-
na). CriekTpocKonuyecKe HaboAeH s TPOXOXKAEH s TUIAHET M0 [KC-
Ky 3Be3Jl JaJli BO3MOXKHOCTb ONpEeJUTh COCTaB IIaHETHOI aTMocde-
Pbl, B KOTOPOit 6511 0OOHAPY’KEH, B YaCTHOCTH, BOXOPOA U HATPHil. Y3KO0-
nosiocHass UK-¢oroMerpusi Bo BpeMs1 3aTMEHUS 3BE3/bI IIJIAHETO! 103~
BOJIWJIA HAlTU TeMIepaTypy IUIaHeTHOI aTMocdephl U BBIABUJIA HAJIU-
yue B Heli MapoB BOJbI M MeTaHa. 3aMevaTeieH CIydail MIaHeThl BOKPYT
3Be3zxbl HD 149026 ¢ maccoit 1.21 maccer CaTypHa 4 BBICOKO# cpefHeit
mnoTHOCTBIO 1.4 r/cM3 (B ABa pasa Bbime mioTHocTH CarypHa). Takas
BBICOKAsI CPEHs IUIOTHOCTD MO3BOJISIET NPEATIOIOKUTH HAJIUYUE Y 3TOM
TUTaHETH! MACCUBHOTO siApa ¢ Maccoit okosio 70 Mmacc 3emmu Mg.

®oTtoMeTpusT Ha3eMHBIMU TeJIeCKONaMu ¢ TOYHOCThio Jyyire 0.1%
OCJIOXKHEHAa aTMOCGhEPHOH TYypOYJIEHTHOCTBIO, a TaKXKe HeCTabMJIbHO-
CTBIO MPUEMHOI! anmapaTypsl ¥ MOTOKOB OT 3Be3J CPaBHEHMS], I03TOMY
Hanbosiee MepCneKTUBHBIMU CYMTAIOTCS KOCMUYecKue npoektsl. Hampu-
Mep, npoekTsl «Kemep» (NASA) u COROT (ESA) nauesnens! Ha doTo-
METPHYECKHiT MOUCK IIAHET C MacCoit 3eMJIi BOKPYT 3B€3/] COJTHEYHOIO
THIA Ha paccTosiHUsAX cBbie 250 nk ot CosHna.

I') MukposmusupoBanue. ITOT METOX UCTIONb3yeT 3¢ dekT rpaBuTa-
IIMOHHOTO JINH3UPOBAHMUSI CBETA, TIPOXOASILETr0 BOIN3H TATOTEIONINX TeJL.
MeTox cocTouT B U3MEpPEeHUH BapUanuii IPKOCTH 3Be3/Ibl, KOTOPbIE ITPO-
VICXOJAT, €C/IM BOJIM3HU IMHUM UCTOYHUK—Habmoaatenb (S—O) nposeta-
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et TsroTeioinee Teso (uH3a L). SIpKocTh MCTOYHMKA ITJIABHO BO3PACTaeT,
AOCTHUraeT MaKCUMyMa B MOMEHT HanboJibLIero cOIMKeHHUs] JIMH3BI C JIU-
Hueit S-O (cM. Taxke puc. 11.8 B rase 11). YBennyeHue spKOCTH MPo-
HICXOIMT U3-32 OTKJIOHEHHS JIyueil ICTOYHMKA TI0J1eM TATOTEHUS! JIMH3BI
1 He 3aBUCHUT OT [JIMHBI BOJIHBL

KosnuuecTBeHHO, TOYeuHast JIMH32, PACHOJIOXKEHHass Ha PacCTOSIHUM
Dy, ot HabuofaTesist, XapaKTEPU3YETCs T. H. «PaAMyCcOM DUHIITEHHA—
XBOJIBCOHA»

4GMy (Ds — D1)Dy, _
c? Dg -

~ 8(AE) (M(’;)l/2 ( Ds )1/2 (1 - d)d]/?

Rg =
(8.4)

8 KK

(Ds — paccrosinve a0 ucrounuka, d = Dy /Dg < 1). Ousnyeckuit
CMBICJI 9TOTO NapaMeTpa COCTOUT B TOM, YTO TPH MepeceyeHUuH ToYey-
HOI JinH30i1 ocn S—O u306pakeHNe NCTOYHKKA NIPEBPAILAETCS B KOJIb-
10 ¢ paguycoM R, a TOBEPXHOCTHAS PKOCTb €r0 HEOTPAHHYEHHO BO3-
pactaeT. B peasbHBIX CUTyaUsIX IPKOCTh MaKCHUMAJIbHO BO3PACTAEeT IPH
HaunboJblireM cOXKeHnH MH3bI ¢ ocbio O—-S. Y110Boe paccTosiHue, o
KOTOpBIM BUZleH paauyc R, paBHO

MA\Y? /Dy \"V?
— ~ " _ 1/2'
O = RE/DL 0.001 (Mo) <8KHK> (1-4d)

BeposiTHOCTh MUKPOJIMH3UPOBAHUS BO3PACTAET B HAIPABJIEHUH Ha Hau-
GoJiee MIOTHO 3acesieHHbIE 3Be3aMy O0JIacTH, Hanmpumep, 061acTh ra-
nakTuyeckoro bammka wan MarenanoBsl Obsaka (mpoextst EROS,
OGLE, MACHO, DUO). Hauunas ¢ 1993 r., koraa cTajo TexHuYe-
CKH BO3MOKHBIM IIPOBOJUTH OAHOBPEMEHHYIO (HOTOMETPHIO MUJIJIMOHOB
3Be3/1, HaGJII0JAINCh HECKOJIbKO COTEH COOBITHI MUKDOJIMH3MPOBAHUS.

Ecnn iMH32a 0quHOYHAs, TO KpUBasi 6J1eCKa MPY MPOX0XKAEHNHU JIMH3BI
cumMmerpuyHa. Ee JIMTENBHOCTD ONpenesisieTCsl CKOPOCThIO ABHXKEHUS
JIMH3bI U ee Maccoll, tg = Rg/vy. Ins ckopocreit vy, nopsiaxa 200 kM/c
(mucmepcust CKOPOCTel 3Be3/] B raJlakTU4eCKOM GaJlxKe) JIUTEIBHOCTD
OZIHOrO COOBITHSI MUKPOJIMH3MPOBAHUSI Ha 3B€3/aX aJlakTHYeCKoro Has-
JKa cocTaBjisieT oKoJio 70 gHeit.

Ecnu nuH3a uMeeT CIyTHUK (TIAHETY), TO FPAaBUTAlMOHHOE MOJIE
JIaHETHI AOMOJHUTENBHO JIMH3UPYET CBET OT UCTOYHUKA, X HA KPUBOMH
6Jiecka MOTYT BO3HMKHYTDb pe3Kkue muku (cM. puc. 8.1) ANMUTeNBHOCTBIO
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Puc. 8.1. 3ddext MUKpONINH3NPOBaHUS Ha ABOIHO# nH3e. Hammuue cnyTHHKa
(TuU1aHeThr) NPUBOAWT K NOSIBJIEHUIO HA KPHBO OJieCKa JOMOJIHUTEbHBIX TMKOB
APKOCTH (KpHBasi BBEPXY).

OT HECKOJIBKUX YaCOB JI0 HECKOJIbKMX CYTOK, B 3aBUCMOCTHU OT PacCTo-
SIHUSA TUIAHETHI 0 JIMH3HI (Ieprofia ee 0OpaIeHysi) ¥ OTHOLIEHUS MacC
M, /M, Pacuersl noKa3sbIBaIoT, 4To 3 (PexT MaKcHMaseH NpH paccTo-
SIHUAX Mexnay rutaneroir u smu30# ot 0.6 10 1.2 Rg (~ 6-10 a. e.),
TO €CTb B JMaNa30He XapaKTePHBIX Pa3MEPOB IIAHETHHIX OPOUT BOKPYT
3Beszt Tuna Connua. OtuM Metomom B 2004—2005 rr. Briepsbie GbL1H 06-
Hapy>eHsI 4 TJIAaHETHI C MACCaMU OT HECKOJIBKUX MPONEHTOB 10 1.5 Macc
IOnurepa n nepuoxamu obpawmenus nmopsiaxa 10 ser (puc. 8.2).

HenocraTtok MeTona — yHMKaJIbHOCTh HaOIIOAEHUA KaXKAOIO COObI-
THS MUKDOJIMH3UPOBaHUs. JIOCTOMHCTBO — OOGHapyXxeHHe IUIaHET BO-
KPYT 3Be31 (WM JaxKe OXUHOYHBIX) Ha 60sb1Mx paccrosiHusx ot CosH-
na (paauyc Rg 1 mMH3bI MAaKCHMAJIeH MDY ee MOJI0XKEHNH CTPOTO I0-
CepefnHe MeX/AY UCTOYHUKOM U Habuionartesnem).
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Puc. 8.2. KpuBas 6iecka repBoit OTKPHITON METOAOM MUKPOJIMH3NPOBAHHUA /1A~
Hetsl OGLE 2003-BLG-235/MOA 2003-BLG-53. TeMubie KpyXKku — Ha-
6monenns npoekta OGLE, cBetyibie kpyxxku — HaGmiofeHus rpynnst MOA.
CrniomHas KpuBasi — MOJEJIMpOBaHMe JIMH30MH C miaHetoit Mp/Mr = 0.4%
(M, = 1.5M;) na paccrosiuuu 3 a. e. ot JuH3bl. JIunsa — K-xapauk ¢ M =
0.36 Mg Ha paccTosiHuH 5.2 Knk. OfHO AeJieHKE 110 TOPU30HTANIbHON OCH COOT-
BeTcTBYeT naTH cyTkam. VI3 pa6orsr Bond et al., Astrophys. J., 606, L155-L158
(2004).

8.3. CraructHyeckse 3aBUCHMOCTH S5K30ILIaHET

AHanu3 JaHHbIX 1151 ~ 200 9K30IIaHET PUBOIUT K DALy UHTepec-
HBIX 3aKOHOMEPHOCTEH.

A) Bosee 7% 3Be3a no3gHUX CNeKTpaibHbIX KiaaccoB (F—M) uMeioT
TUraHTCKMeE MJIaHETH! Ha opOuTax Mexay 1 u 5 a.e.

B) Pacnpeznenenvie Macc IJIaHeT CieayeT 3aKoHy dN/dM ~ M1,
MunnmanbHas Macca M) sin i MOpsAAKa HECKONBKUX Mace 3eMJIH, MaK-
cuMasbHasi — cbiie 15 mace IOmutepa M (puc. 8.3). BepxHss rpanu-
112 MacC K30IUIaHET, BLIBOAMMAsI U3 Hab/I0eHUi JIyueBbIX CKOPOCTeH,
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