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Beonuble 3amevanusi. Cejiuac e mocse Toro, xak B 1948
FOLY HAa OCHOBaHWH HaHHBIX 06 O-accomMANHAX MBl yCTAHOBHIH,
YTO OHM AB/SIOTCS PACNa/AiOIAMHCH CHCTEMaMH, OBLIO PEUIEHO
06paTiTh BHHMaHHe Ha OCOGEHHOCTH 3Be3J, BXOAAUIHX B O-ac-
conmanuu. B Hauare 1949 roma B. E. Mapkapan u aBTOp 3a-
MeTHIH, 4YTO II0f06HO TOMY KaK B IEHTP&JIbHOM CKOIIEHHH
tymanHoctd OpuoHa umeercs Tpamenus OpuoHa, TaK U B Ha-
Yojsmemcs 67H3 IeHTpa acconganuu JleGens HeGoraroM CKoOI-
neuu 1C 4996 naxoantcs kxpatHast cmcrema ADS 13626, xoro-
pas TaKKe OT/JHYAeTCS OT KParHEX CHCTEM O0GHRKHOBEHHOTO
tund, xax u Tpameunss Opuona. Murepecnas dororpadusa 3TOH
CHCTeMBl faHa Ha BTOPOM CHHMKE Bropakasnckoro Araaca Or-
kputhex Cxomennii. B BEIIEAIIEH B TOM Xe FOLYy ‘pa6ore Map-
KapsiHa H aBTOpa 00 ACCOLHAIUH BOKDPYT P JleGena[l] Bnepsmie
BBEJEHO TOHSTHE O CHCTEMax Tuna, Tpamenud ¥ yCTaHOB-
JeHo HX KOCMoroHmueckoe 3uauenne. B 1950 n 1951 ronax
6ui1H  ONyGJHKOBAHEL BEChbMA BaiKHbe PaGOTHI Mapxkapsual2,3],
OCBALIEHHHE 3BE3IHBIM CKOI/JIEHHSM, B KOTOPHIX OBIIA BBISB-
JeHa HCK/HOUHTeIBbHO 0OJblIas poib cucreMm THna Tpanmenun
8 crpoenun O-cxomienuit. B 1951 romy HaMH OBLIH OIy OJHKO-
pann B ,Jloxraxax AH ApuCCP¢ ase cratbu o Tpanennsax(4]
1 0 KaXYLIUXCH Tpanenusx, T. €. INCeBJOTpallelnax [5]. B 1952
Foiy Ha BTOPOM KOCMOTOHHYECKOM COBELIAHHH B Mocxkse
I1. IT. Mapenaro[6] cOOGILH.T O PE3Y.IbTATAX BBIIIOJHEHHO! UM 00-
paGOTKH BCEX IIPOH3BEJEHHEIX JO TOTr0 MOMEHTA H ony 6.1HKO-
pannbix HaGmonenuit Tpaneuwun Opuona. [lo wHenunto Ilapenaro,
9TH pesy/ bTaThl IOATBEDKJAIOT NPEACKA3AHHYIO B DBropakane
ONOKHTEbHOCTh TOAHOH sHeprum cucrem Tuna Tpamenuu. B
uayane 1954 rona nossuiach pabora lllapmieccal7], B KoTOpOH
Ha OCHOBAHHH CHHMKOB, mpoussejenHsx B OGcepsaropun MayHT
BHICOH, TOJHOCTBIO IOATBEpIKAEHA yCTaHOBAeHHAs MapKapsiHOM
recHasi csap cucrem Tuna Tpanenun ¢ O-CKONJEHHAMH, IMOXL-
pOGHO paccMoTpeHa CBf3b Tpameudi ¢ ITHGOY3HBIMHE TYMaHHO-
cTSIMH, a TaK:Ke HalJeHO HECKOAbKO HOBHX TpamemHi..
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B nacrosuee BpEMA JUIS JalbHeHUIero pasBHTHS 3HaHUIL
06 9THX CHCTeMaX 6ojee BCero HEOOXOUMO H3MepeHHe OTHO-
CHTC/bHBIX II0JOXKEHHH 3Be3J B HUX H Onpene eHHe CHeKTpaJb-
HBIX THIIOB COCTaBJSAIONIHX.

Tepmnn ,Tpameuun* wuiu ~CHCTEMBL THna Tpanenum“ ¢
IIEPBOro B3r1sA/a HE OYeHb yAOGEH, TaK Kak CpeaH paccmarpu-
BAEMBIX CHCTEM BCTPEYAIOTCS HE TOIBKO HYeTBEPKH, HO H TPOH-
KH, naTepku u 1. n. OpHako OIIpEJEeHHe, KOTOpOe MBI paeM
B S 1, aBisercs COBEPUIEHHO SCHBIM H €ro €IHHCTBEHHBI}I He-
JOCTATOK 3aK/II0YaETCH B HEKOTOPOH YCIOBHOCTH IPaHUIB Me X -
AY TPanelHsMH H CHCTEMaMH OGHIKHOBEHHOIO THHA.

YnorpeGirenne xe TepMHHa ,Tpamenuu* yxe moumuio s
JTHTEPATYDY H RE IHPHBEJIO H HE MOKeT [IPHBECTH K KaKHMJIHGO
HeJopasy MeHHs M.,

B nacrosumeit cratse wmpr IBITAEMCS . AaTh H3J0XKEeHHe He-
KOTOPLIX BONIPOCOB, KAaCAalOUIMXCs CHCTeM THna Tpaneuuy.

§ 1. OBUIME COOBPAXEIIWY

Bosbumnnctso xparumix CHCTEM, HabJI0LaeMBIX HaMH, 06-
A31aCT CICAYIOIHM CBOHCTBOM: B HHX HE/b3sl HAUTH Tpex co-
CTABJSAIONIHX @, 8, Cy TAKHX, YTO BCe TPH pacCTofHnus as, ac u
6C HUMCIH ONMHAKOBHIH NODPANOK BeSHUMHEL. Kparubie 3Bespm,
o6.1aaonue 3TuM CBOHCTBOM, YNOGHO Ha3bIBATEH KPDaTHHIMH CH-
CTeMaMH OO0bLKHOBERH020 muna. ,

XapakTepHbIM IIPHM@POM KDPATHOH CHCTEMBI OGEIKHOBEHHOT0
THNa ABJISETCA 4YeTBepHas 3Be3sa e Jluphl, cocrosmas u3 ABYy X
nap: ¢! Jlupel u &2 Jlapel. Paccrosmpe MEXJIy 8THMH JByMS
lapamu pasHo 207”.8. Mexay tem PACCTOSHHE MEXNY ABYMs
COCTaBIsIOIUUME &' JlupH paBHO 3”.1, a paccroanue Mex Ty
cocraBisomuMu & Jlupe Bcero 9”. 3. OueBuzHo, 4T0 Kakume
OBl TpH 3BE3IBl MBI He BRIICIHIM B 3TOH YerBepHOl cHcTeMme,
O/IHO H3 PaCCTOSHHE MEXZIY HuMH Oy/JET No BelHumHe Ha JBa
NOPAAKA MEHBIIE KAMIOTO H3 OCTANBHLIX ABYX pacCTOsSIHHI.

Ecau xpatnas ssesga me 0011a/1aeT yKa3aHHEIM CBOACTBOM
H B HEH MOXEO HaiiTH TpH Takme cocraBisiiouine, pce TpH
PACCTOAHIS MEXNY KOTOPHIMH OZHHAKOBOIO IIOpsAJKA BeIHYHHBI,
TO MH OyJ€M Ha3mBaThL ee Kpamuou cucmemoii munag Tpane-
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Yuu. ViarepecHo, yro B camoit Tpamemun Opuona BCe LIECTD
pacCrOsiHUi MEXAY €e UeThlpbMs TIJaBHBIMH COC:aB.ISIOLHMH
‘OZHOTO INOpsA/1Ka BEJAHYHHBL.

M3 rakoro ompernenenuss o4eBH1HO, YTO B UHCJIO CHCTEM
rupa Tpamennu nonajaioT W TakHe KparTHBIC 3BE3JbI, KOHQHTY-
panHsi KOTODPBIX MOXK€[ HHYEM HE HAalOMHHATh TeOMeTpPHYECKYIO
Tpanenuo. Tak, Hampuyep, NpAMOJHHElHAs Ielloyka H3 Tpex
6.1u3KUX Mexy coGoil 3Be3n ABC Gyjger cuuTaTbCs CHCTEMOM
tuna Tpamemnu, ecan paccrosHus AB u BC oaunakosoro mo-
panka BeIHYHHBL. TOYHO Tak K€ B UHC/JIO0 Tpaleluil IomamLyT
HeNOYKH H3 YeThIpeX, IATH H 00.1bIIero yucjga 3Be3i.

JI1si KOHKPETHOCTH Ja.1hHEHUINX paccy:k1eHuil I1e. 1ecoot-
pasHo YCJOBHTBCS TOYHO, B KaKHX CJAy4yaAX Mbl CYyuTaeM JiBa
pacCTOAHHA BEIHYHHAMH OJHOro I TOrO Xe nopsixa. bynem
CUHUTaTh, UTO JABL DACCTOSHHS HMEIOT OJHH H TOT XK€ INODS10K
BEIHYHHH, eCIH HX OTHOWEeHHA 00.1blle OTHOH TPeTH U MEeHb-
ne ipex.

Jlas nadana OCTaHOBHM Halle BHHMaHHE HA TPOHHBIX 3BE3-
nax. B sTOoM caydae MBI HMeeM BCero TpH paccrosinusi: AB,
AC un BC. Ofosnauum oTHOuIeHE HANGO.1bUIETO H3 5THX pac-
CTOfHHI X HaumedbiieMmy dyeped k. Tpoilnas cucrema 6ygmer
OOBIKHOBEHHOIl KpaTHoil H.IH KPaTHOIl CHCTEMOH THIA Tpaleluu
B 3@BHCIHMOCTI OT TOro, OyjaeT .k 0o7blle HJIH MEHbIIE Tpex.

XOpOIIO H3BECTHO, YT0 CpeaH Ha6.II0JaeMBIX TpPOIHHBIX
3Be3] 11peo0./1aJal0T CHCTEMBl OOBIKHOBeHHOrO THImA. Ho 114
BBIICHEHHSI TOrO, HACKO.JIbKO 3TO Mpenld.1alaHHe pea.lbHO H He
BBI3BAHO H30HPATEJbHOCTBHIO B HAO.JIONEHHAX, a TaKxke TOoro,
HAaCKOJbKO DE3KO OHO BBHIPAKeHO Yy 3Be3/ pa3Hol dHu3HuecKoH
IPHPO/Jbl, B YACTHOCTH Pa3HOTO CHEKTPAIbHOrO THIIA, 06paTHM-
Cfd K HEKOTOPHM (akxraM.

B coucke 6.amxafiminx 3Be3/, COCTABJIEHHOM Kofmepom[8],
rie NPHBOJSITCS 3BE31bI, VJ1aJeHHBIE OT HAC He 0o0Jee, ueMm Ha
10.5 mapcex, umeercss ceMb TPOHHBIX cuCTeM. [Ipum 3TOM BCe
rilaBHbleé 3Be3JIbl 9THX CHCTEM OTHOCATCS K TI.1aBHOH I[10C.1€10Ba-
Te1bHOCTH. B rabaume 1 npuBOmsATCS 3HAYEHUA JOTApHPMOB
60/bLIHX TOJyoceid OpOHT (BBIDAXKEHHBEIE B aCTPOHOMHUYECKHX
€IHHHIIAX) JazeKoro u GoJjee 6au3KOro cunyTHuka (mo Koiine-
py), 3HauyeHHsA .0rapu(MOB OTHOUIEHHS % ITHX TMOJyOoCed H
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camux x. B mociesHem cron6ue TaGIHUBH JaI0TCH CIEKTpab-
Hble THIIR COCTaBJSIOLIHX B T€X CAyYasX, KOrJa OHH H3BECTHH.

Ta6auya 1

3Be3ga Iga, | lga, | lgz % Cnekrp

40Eri | 1.53 | 2.72]1.19 , 16 |K1, wA, M6

2 Cen | 1.37]4.12 275" 563 G0, K5 M5e
—824352 | 0.11 { 2.80 | 2.69 | 490 | M2, M5

36 Oph | 1.50 | 3.72|2.22 ! 166 | K2, K1, K6

HR 6426 1 1.10 1 2.44 | 1.34 | 22 | K3, K4, M2
u Her 1.07 12,59 [ 1.52 | 33! G7, M4
~-32° 16135 1 g ‘ .

Paccmorpenne sroii ra6imnbl moxasmiBaer, uro: 1) nau-
MEHBIICC 3HAueHHe % paBHO 16, T. e. cpenu OJHKAHIIAX K
HaM KpaTHBIX 3BE3Jl HET HH OJHOH cucTeMmbl THna Tpanenus, u

2) cpennee 3HaueHue logx paBHO 2.27, T. e. B cpejHem (reo-
METpHYECKOe cpejHee!) x UMEeT 3HayeHHE HOPSIKA ABYXCOT.

Crosp GOJ/ibillHe OTHOLIEHHS IoJyocef OpOHUT ITO3BOJSIOT
CBECTH IBIKCHHS B KaKJOH TaKOH TPOHHOH cHCTeMme 8 nepgom
RPUOAUNCEHUN K TIPOCTHIM KEIIEDOBCKHM JBHKEHHAM [0 51
AUNTHYECKHM opbuTam.

To, 4to cnenaHHBle BBHIBOAB NpaBHJIBHO XapaKTepU3yIoT
KpPaTHBIC CHCTEMBI, HAXOAsIIHECH B OKpecTHOoCTAX CoJHIA, IOX-
TBEPKJIAETCST IPHMEPOM €JIHHCTBEHHOH UYeTBEPHOil 3Be3jwl, Ha-
XOAAILENCS BHYTPH TOH e chepsl ¢ paguycom B 10.5 mapcex—
sBesabl ¢ UMa. Ora cucrema npencraBiasieT coGoil JIBOHHYO
3Be3/1y ¢ GOJbIIOH MOJYOCBK OTHOCHTEABHOMN OpOuTHI, PaBHOH
18 acTpoHOoMHYECKHM eIHHHIAM, upuyeMm o0e CoCTaBasoLIHe, B
CBOIO  OYEpEnb, IPEACTABIAT CO00H CHeKTPaJbHO-IBOHHbIE
SBE3ABl CO 3HAYEHHAMH OOJBLIHX NOJyoceH Op6uTr mopagka 1.5
H 0.04 a. e. KM B arom ciyyae cHcTeMa BecbMa 1afexa
OT TOro, YTOGH GHITH CHCTeMOH THNa Tpamenuu. Jeso H B 3TOM
Clydae MNPAKTHYECKH CBOIHTCA K BIJINITHYECKHM IBHKEHHAM
B CHCTeMe,
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KapruHa /HIIb HEMHOTO H3MEeHsieTcd, Korja Mh BMeCTO
G6imKaHIIEX 3BE3J paccMaTpHBaeM 3BE3/H ¢ HaubOoJblIUM BH-
~ ;ilAMBIM O0JeCKOM.

113 seex 3me3l, sipue 47.0 H pacnoNOXEHHHX CEeBEpHEE
napaiienin 3=-—30°, TO/JbBKO 15 o6nafaroT ABYyMsA HAH Goxee
(bHBHUECKHMH BU3Ya/JbHBIMH CIYTHAKAMH. Artu 3Be3aHl pacmpe-
NeNSI0TCA 110 CIEeKTpaM C/IeQYIOHM o6pasoM:

O-B2  B3—B9 A F—G K—M
4 3 3 3 2

Us stux 15 3se3n toabko jse (G Tlepces u ¢ Opuona)
ABASIOTCA KPATHBHIMH CHCTEMaMu THIA Tpaneuunu. Taxum oGpa-
30M, B B STOM C.yuyae OOBIKHOBEHHBIE CHCTEMHl PE3KO npeob.a-
nalor. Hano yuectp Taxxe, uTO B UHCIO paccMaTpHBaeMBIX
15 cHCTeM BXOJST TOJIbKO T€ KpaTHbIE CHCTEMEL, B KOTOpHIX, MO
KpaiiHeil mepe, TP KOMIIOHEHTA BU3YyaJlbHO pasjensiorcs APYF
or apyra. Mexy TeMm Mbl HMeeM CEBEpHEeC cxaonenus d=—30"

eme '6 BH3YyaJ bHO JBOHHBIX 3Be3[ SpHE 4™.0, y KXOTOpHIX, IO
xpaiiHeil Mepe, OJHa COCTaB/IAIOLLad ABJAsieTCA CIEKTPAJbHO
1BOiiHOl. Bce 3TH CHCTEMBl SBJAIOTCA KPAaTHBHIMH CHCTEMaMH
OBLIKHOBEHHOrO THIA. TakuM o0pa3oM, Mbl Ha CaMoM nere

ameem Bcero 31 kparHyko 3Be3ny fp4de 4™0. Ilpauem HX pac-
npejeeHHe N0 CIEKTPaibHBIM THIAM TaKOBO:

0—B2 B3—B9Y A F—G K—M
8 3 8 8 4

dro pacrnpejeseHue 10 BBeJEHHBHIM HAMA HHTEpBaJaM
CHEKTPAJIbHBIX THIIOB MOXHO CHHTATD, rpy60 roBopsi, PaBHO-
MepHBIM. Mexay Tem ofe YHOMAHYTHIE BHIIC KpaTHBIE CHCTE-
Ml Tama Tpamenuu OKA3HBAalTCH B ONXHOM H TOM IHKE npome-
xytke O—B2. B cBAsu € STHM yCTaHOBJIEeHHOe BBILIE OTCYT-
cTBHE KpPATHHX CHCTeM THIIQ Tpanenus cpefu ONHXKAHMIHX K
HaM 3Be3] ecTeCTBEHHO ITOCTABHTH B CBA3b C OTCYTCTBUEM BHY-
Tpu cdepsl pagHyCcoM 10.5 napcex Boxpyr CoJHua rosayOnx
ruranTos co cnextpama O—BZ.

BoabMeM Temepb 3BE3ABl Apuc BHIHMOH BEJHYHHH 57.5,
pPAcIOJIOKEHHBE CEBepHEE CKAOHCHHHA —30°. OxasuBaercs, 4To
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CPEMH HHX uHmeercs ywe 18 3BE3N, ABJAIOIIHXCA IIaBHEIMH CO-
CTaBJIAOUIUMH CHCTEM THIIa Tpanennu. :

Onn PaCIPEIEIAOTCH 110  CHEKTPaTDHBIM THIIAM CIenyro-
IHM 06pasom:

O0—-B2 -B3-B9 A F—G K—M
S -6 1 3 3

Mu BHaEM B sTOM C1ydae 3HauyuTeAbHOE mpeol.1azaHue
SBE3N THIOB O—B Hax Apyramu Tumamu Jro  npeobiraganue
YCH/IMBACTCSH, €CIH MBI, Keqas OTOPOCHTH ONTHUECKHE CHCTEME]
tana Tpameuuu, xorpa 3Be€31a 104 ClyyafiHo IPOEKTHPY eTCH
PALOM € NBOHHOH 3Be3noll, HCKIIOUHM Te ¢lydau, Korga cmyr-
HHK O4eHb c1a6 HaM Haxojxures HE0CTAaTOYHO GAH3KO K r.1aB-
HOH 3Be3ne. [is storo BBCAEM XorTs OBl ciegyouiue BEpXHHe
FPaHHMUB 115t paccrosuus d 10 riasHol 3BE3IBl 114 pas3JHy-
HHX HHTEDBAIOB BHAHMOH BeIHUHHL] CIIyTHHKA.

m d
11.5—12.5 107
10.5 -11.5 307
9.5—-10.5 507
8.5— 9.5 807

Yro xacaercs CyTHHKOB caabee 12".5) 10 uX MBl BO-
BCE€ OTOPOCHM, HE3aBHCHMO OT 3HayeHus d.

B Takom CIydae B HAlIeM CIINCKE OCTaHercs TO.IbKO 11
3Be3x. [laHHBle 0 Hux lipuBeseHpl B Tabiuue 1. B nociennem
CTO/0NE 3TOH TabHMLBI 1aloTCH SBES/IHBIE BE.IHYHHBI TEX Tpex
COCTAaB/IAIOIUX KPAaTHOH CHCT@MBI, DACCTOAHHS Mex Iy KOTOPBIMH
OZMHAKOBOrO IOPAJKA H PACIOIO0KEHUE KOTODBIX ' IIOC.TY K HJIO
OCHOBAaHHEM [/ OTHECEHHS CHCTeMBI K tuny Tpamenun.

Ouesnznuo, uto 1 BReTEeHHBE HaMH OrpaHHYEHHA Ha yrjo-
BHI€ DACCTOAHHS CNYTHHKOB HE HCK.IIOYAIOT BO3MOXHOCTH TOTrO,
UTO CpelH OCTaBUIHXCH 3Be3I BCe e HMEIOTCSl OITHYECKHe
Tpanenuu, T. e. ciyyau, Korjga ua JIBOHHYIO 3Be3py CIYy4YaHHO
IpOEKTHpYeTCAs Kakasg-1u60 3Be3ra tdona. Bcraer BOIIDOC, Ka-
KO€ YHCJIO CHCTEM H3 IEePeYHCIeHHBIX B Ta0/HUe ONMHHANIIATH
MOXEeT OHITb ONTHYECKHMH Tpaneuusivi. [l1a orsera na 3TOT
BOIIPOC Cl€/1aeM caenyouHii rpyOBIil moOzCuer. [Mpumenm, uto
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Tabauya

Hassague ] ADS | HD ,’ Crnextp ! m, m, m,
“ Per ‘ 2843 | 24398| Bl Ib 2.9; 9.3; 11.1
+14°795 i3579' 31764 B8 L 5.2; 6.7; 9.0
14 Aur i 382 33954 A2 5.2, 7.2;11.0
01 Ori ;4186—-—8 37022 07 5.4; 6.8; 6.8
Y O 4241 37468 | 095 V 4.0; 7.5; 10.3
0 CMa | 5977 57061 09I 5.0; 10.5; 11.2
P Pup 1 (6205 | 60863 B3 5.2; 9.3; 10.0
 Mon ! 6617 | 67954% GO 5.0; 8.5; 10.7
—21°4908 11169 166937 | BSp 4.0, 9.5 9.5
99 Cyg 14526 200120 ! B3ne 4,7, 9.0; 11.5
+34°4371 114431 | 202004|  Bine 4.6; 10.2; 10.2

CTyYaHHO INPOEKTHPYIOUINMHCSA 3Be3zaMH (oHa ABJIATCA C.JIa-
OeHllIHe KOMIIOHEHTBl TPOHHBIX CHCTEM (YTO IO CTATHCTHYECKHM
coobpaxenisM 60.1c€ BEPOATHO)., YuTem, YTO CpPENHSs 3Be3]-
Hasg BeJHUYHHA CJTa0€HINHX KOMIIOHEHTOB HAUINX CHCTEM DaBHA
10.1 u yro 3Besn no 10™.1 B 35KBATOPHAJILHOH raIakTHYECKOM
3oHe npuxoxutcda nmopsaxka 10 na xBagparHwlil rpajiyc. Ilockob-
Ky 714 IIpeBpallleHHd JaHHOH JBOWHOH 3BE3ILI, B DE3Yy./bTATe
NDOEKTHPOBAHHA Ha Hee Kakof-1H0O0 3Be3nbl oHa, B TPOHHYIO
cHCTeMy THIA Tpamemun, MOTYHIYIO NMONAcTb B TabJHIY 2, HYXK-
HO, 4TOOBl 3Be3ja (PoHa CUHPOEKTHPOBA.IaCh B KPYI ONpeaeeH-
HOrO pajiHyca BOKPYI 3TOH ABOIHHOIl 3Be31Bl (B JAHHOM C.Iyyae
3TOT KPYTI B cpeiHeM mMmeer paauyc B 50”'), TO 31€MEHTapHBIM
myTeM, HCXOJAA H3 YKA3aHHOH KOHIIEHTpAllUH 3Be3J1 (POHa, HaxXo-
JIUM, UYTO BEpOSTHOCTL IIpEBpAlleHHsT TAKHM INyTeM OJHOH JIBOH-
HOH 3BE3JIHl B ONTHUECKYIO Tpalenuilo paBHa INPHOG.ITH3HTEJBHO
]

180 °

OnHaxko /.5 TOro, uTOOBl IO1y4YHBLIAACS ONTHUECKAS IPYI-
nma TpencTas’asiiach CHCTeMOH THma Tpamenuu, HeoO0XOJHMO,
4TOOB B3aHMHOE pAacCHoJoXKeHHe (PUIHUECKOr0 H ONTHYECKOTro
CIIyTHHKA Y/OBJIETBOPAJIO OIpeJeJeHHBM ycaoBuaM. Hampumep,
ONTHYECKHH CHYTHHK HE JOJKEH IIPOEKTHPOBATHCA CJAHILKOM
0JU3KO K OJHOH U3 JBYX COCTABAAIOILHX, HJIH CAHIIKOM Ja-
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J1€KO OT o6enX. BepoATHOCTL BHITOJIHEHHS STHX YCJIOBHH Ha-
MH CIIeI{Ha/1bHO He BBIYHC/IfIach. OMHAKO HETPYAHO YyOeIHThCH,
4TO OHA JO0/JXHA OHTb MeHblIe II0JOBHHBI, XOTf H He JOJKHa
N0 NOpPAJAKY BEJIHYHHB OT/IHYAThCsA OT NOJOBHHBL. [losToMy Be-
POATHOCTb TOrO, YTO Ha JAHHYIO JIBOHHYIO CHCTEMY CIpOEKTH-
pyercsd 3Be3ja H IPHTOM TakK, YTO IOJYYHTCSA OINTHUECKAs CH-
creMa THIa TpamelnHH C XapakTepHCTHKAMH, 3aK/JIOUEHHBIMH B
IPHHATHX IIPH COCTaB/JE€HHH TAaOJHIB! £ rpaHHIaX, NOJXKHA OBIThb

11 |
MEHBIIC 5= 180"~ 360

umeercs 444 BH3ya bHBIX [ABOHHBIX CHCTE€MBl, Y KOTOPHIX FJaB-

. Mexny tem x cesepy or 6=—30"

Hasi 3Be3za aApue 5°.5. [losroMy MaTEMaTHYECKOE OXHIaHHE
YyHucjla onTHUeCKHX Tpamenu#, riaBHble 3Be3JBl KOTOPHX fipye

5.5, 6yer pasuo 1,2. Takum 06pa3soM, CPEAH KPaTHBHIX CHCTEM
tHna Tpamenuu, NpHBEIEHHBIX B TabaHle 2, Cleiyer OXHIaTh
HaJHYHE OJHOH-IBYX OINTHUECKHX CHCTEM.

Pacnpeneaenne 3pe3q Ta6Gauubl 2 110 CIEKTPA.IbHBIM THIAM
ciengywoulee:

0O—B2 B3—B9 A F—G K-M
4 ) 1 1 0

Takuy obpazom, w3 11 xparublx cHCTeM THIla Tpaneuuu
9 umeror rJjasHble 3Be3nsl THHOB O H B, T. e. MB HMeeMm
peskoe Ipeob.JanaHue 3Be3 paHHHX THIOB. Dboaee Toro, He
HCK.JIOUEHA BO3MOXKHOCTH TOrO, UTO €JUHHUHBIE 3K3€MILIAPH,
npuHajiexamue x tunaMm A u F--G, xax pa3 ABIAOTCH OITH-
YECKHMH CHCTEMAMH. BOSMO}KHO TAKXKe, YTO OHH AB/JIAIOTCA Ka:&{y-
IMHMHCH CHCTeMAMH THIIA TpﬂHQHHH, T. €. TaxKHMH CHCTeMaMu
OOBIKHOBEHHOI'O THIIA, KOTODPBIE TOJAbKO B pe3yJabTare IPOEKTH-
pOBaHHS IIPEACTABJAAIOTCA HaMm cucremaMmu THrna Tpanenun. B
JajbHellleM MbBl ITogpo0HEEe OCTaHOBHMCH Ha TOM, KaK HCKa-
AKAKOTCH CTATHCTHYECKIE JTaHHBIe, Kacarlinecs Tpaneum’{, BCJI€~-
CTBHE TOrO, UTO MBI HMEEM JEJ0 He C peajbHBIMH DPACCTOAHHAMH
KOMIIOHEHTOB, 4 JHLIb € HX IIPOEKUHAMH Ha HeOecHyI0 cdepy.

M3 npuseneHHBIX B TabuLe 2 CHCTEM BCe YeTBHIPE CHCTEMH
¢ ri1aBHHMH 3Be3gaMH Tunma O—B2 BXOJAAT, HO BCEM JaHHBIM,
B Te uin uHele O-accounauud. B wacrHoctu { llepces Bxoaut
B accoumanuio [lepceii II, 3Be3nm 6 u o Opuona sxoxmsaT B ac-
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couuanuo Opuona u cucrema 30t Bosrbworo [lca Bxonut B
spesquoe cxomienne NGC 2362, sBasmouieecs sapoM HeboraTou
FPYyNIHPOBKH TOPAYHX THTAHTOB.

Vs sBesq 6osee IO3JIHHX CHEKTPabHBIX MOJpasieleHHi
agesna ADS 11169 (p Crpenbua), HMeiolas N0 YTOYHERHOH
kraccupuxanun cnexTp cB8e, BXOAMT, NOBHAHMOMY, B COCTaB
acconumanun Crpesnern I. B oOrHoweHnu JApYrux 3B€31 THIIOB
B3—B9 mMO0XHO CKasaTh, UTO OHH HaBepPHOE He BXOAAT B H3BE-
crasie O-accolBanum.

TaxkaM 06pa3oM, H3 STOTO COIOCTaBJIeHHs MB yOexaaemcs,
yTO MEXJy CHCTeMaMH THma TpaleuuH, rJ1aBHBE 3BE31TBEl KOTO-
pHIX OTHOCATCS K Moapasnenenusm O—B2, u O-accouHandsaMHE
CyL[ECTBYET TeCHast CBH3b.

§ 2. O [iICEBAOTPAIIEUMAX

[pexpe uem nepeuTH K najbHelmeMy A3Y4YEeHHI0 JaHHHX
0 KpaTHBIX CHCTeMAX THma TpameuuH Clelyer OCTaHOBHTHCA HA
TOM, YTO HEKOTOphle KparTHble, OyAy4YH Ha CaMOM Jej¢ CHCTE-
MaMH OOBLIKHOBEHHOIO THIIA, MOTYT IPEACTaBHTbCA B IPOCKLUHH
Ha HefecHyw0 cdepy KpaTHBIMH CHCTeMaMH THIA Tpanenux.
TleiicTBUTEbHO, HAM TOHEBOJE IPHXOJHTCH B OOJABLIHHCTBE
c/ydaeB ompenendTb He OTHOIIEHHH HCTHHHBIX pPACCTOAHHH MeX-
1y KOMITOHEHTAMH, 4 JHILb OTHOLIEHHS MEXKIY IIPOCKLUUAMH STHX
paccTosiHuii Ha HeGecHylo cdepy ¥ 10 3HAUEHHAM STHX OTHO-
IIeHHH# MPHYHCJAATH KPaTHYO CHCTeMy K TOH HJIH HHOH Karte-
ropu. [lpH HEKOTOPBHIX YC/IOBHAX IPOEKTHPOBAHHA CHCTEMA
OGHIKHOBEHHOI'Q THIIA MOMKET NPEeJCTaBHThCA HaM CHCTeMOH THIA
Tpaneunu. Takue cucremsl Mbl OyjeM Ha3bIBaTh ICEBIOTpAINe-
nusivi. Boamoxno u o6parnoe. Cucrema Ttuna Tpaneuus B
NpOeKLHH MOXET HaMm IIPeJCTaBHThCA cucreMoit OOBIKHOBEHHOrO
runa. Taxpe cHcreMbl MBI OyJaeM Ha3pBaTb KaXYWHMHCA CH-
¢TeMaMi OOBIKHOBEHHOI'O THIA.

M3 npocThix reoMeTpHYecKHX COOGpaxeHHd OUeBHIHO, 4TO
eciH y TPOHMHOH CHCTEMB OCBIKHOBEHHOTO THIA OTHOUICHHE k
3HauHTeNbHO Gonbire K,=3 (KaK 5TO HMEET MECTO /1A TPOH-
HEX 3Be3], HaxoAsmuxcs B okpecrHocTax Coanua), TO BEpo-
STHOCTBH TOTO, UTO IIpH IIPOEKTHPOBAHHH OHA OKaXeTcd CHCTe-
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mor Thna Tpamemun, T. e. Takoii, B koropo#t k<k, OGynmer
‘O4€Hb Maja 0 CPABHEHHIO C eHHHIEeH, eCJIH TOJIbKO JIONYCTHUTB,
HTO BCE& OpHEHTHDOBKH CHCTEMEI 110 OTHOUIEHHIO K HAaG.1101aTelio
PaBHOBEpOATHEL. TOYHO Tak e, eCcaH Mbl HMeeM CHCTEMY THDA
Tpaneunn, y- xoropoit k 70CTaTouHo 6.1H3KO X €/THHHIE, TO
BEPOATHOCTE TOTO, YTO OHA MPEJACTABHICSH B IPOEKLHH CHCTe-
MOH OCEIKHOBEHHOTO THITA, OCOGEHHO CHCTeMON ¢ GOABIIHM 3Ha-
deHuem k, Oyner ouenbp wmaia. Mckaxenus, IIpoHcxonsluue B
PE3y/IbTaTe€ IPOEKTHPOBAHHA H MNPHBOAALIHE K nepexony Hs
OZHOH KAaTeropHH B ADYTYIO, GYAYT IIDOHCXOLHTH YalUie BCOro
B T€X cayuvasax, xorjia k 6.1u3ko x k.

[Nockoabry u3 Hab10eHHi II0Ty4aercsa, YTO YHCIO Tpa-
HELUHH BO MHOTNO a3 MEHbUIE, 4eM UHCJIO CHCTEM OGBIKHOBEH-
HOTO THIA, TO OYEBH/HO, YTO H YHC.JIO pPEAaIbHBIX Tpanenuu Bo
MHOTO pa3 MeHbLIE 4YHCJIA pEAJbHBIX CHCTEM OOBIKHOBEHHOIO
THIA. B camom jeie, ecan Gl YHCIO peaibHsiX Tpanenui GbLIO
OBl TOrO K€ HOpsAKa, 4TO H YHCIO pealbHBIX OOBIKHOBEHHHIX
CHCTEM, H/IH 3HAQUHTE]BHO 60.blIE, TO mMepexon HeGOAbIION ua-
CTH TpallelHH B KATErOPHIO KAXYUIHXCH CHCTEM OGLIKHOBEHHOIO
THII& HE MOr OBl YMEHBUIHTH NOPSAOK YHCJAa CHCTEM THOA Tpa-
IeUHH H Ha0JI0JaeMO€ YHCJIO0 HX TaKkKe ObLIO 6Ll IO IOpAIKY
BCIHYHHBI He MEHBIUIE YlC.1a CHCTEM OOBIKHOBEHHOFO THIIA.

Taxuym 06pason, Ha cavoM je1e YHCIO peasbHBIX CHCTEM
OOBIKHOBEHHOIO THIIA BO MHOTO pas 6o.abule, yeM YHCJI0 pealb-
HBIX Tpameuu#i. Ho rtorpma mnossisieTcs omacHocTh., 4TO Jlaxe
He6O0.bIIOK IPOTeHT CHCTeM OGBLIKHOBEHHOTO THIIA, IIpeBpaTuB-
IIHCh IIpH IIPOGKTHPOBAHHH B IICEBJOTPAIEIlHI, MOXET 3HAUH-
T€JIBHO YBCIHUHTL YHC.I0 HA0.1101a€MBIX Tpanemnuil 10 .cpaBHe-
HHIO C YHC.IOM peaJbHBIX Tparieluil.

Boiee roro, sosHuraer BOIIPOC: HE MOXET JH CIYy4YHTbCS,
HTO BCe HaO/I0laeMHE KpaTHBle CHCTeMbl THna Tpamenun sBis-
0TCA ncesroTpanenusami. Ecam stor Bompoc B Takoi o6uiei:
GopMe pPEeLIHTCA OTPHIATEILHO, TO €rd MOXKHO TaKKe MOoCTa-
BHTH B OTHOMICHHH TOJbKO T€X HA0JAI01aeMBIX TpaNeLHH, y Ko-
TOpBIX TIaBHAf 3BE31a IIPHHALIENKHT K TOMY HJIH HHOMY (H3H-
YeCKOMY THIY.

Jas TOro, 4To6H OTBETHTH Ha 3TH BOIIDOCHI, C/I€LYeT Co-
CHHTaTL BEPOSATHOCTL IPEBPAIlEHHS IIPH IIPOEKTHPOBAHHH CHC-
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TeMbl OOBIKHOBEHHOIO THIIA B NCEBJOTPANIEIHI0, 3aT€M IOMHO-
HHUTb YHCJIO CHCTEeM OOBIKHOBEHHOIO THIA Ha 3Ty BEPOSITHOCTH
H TIOJIy4e€HHOE€ TakHM 00pasoM MaTeMaTHYeCKOe OXHIaHHE
YAC/Ja [CEBLOTpAllelHH CPABHHTH € OOLIHM MHCJIOM Tpaneiui,
Ha0/0/laeMbIX B Ipoeknuu. Ecau peasbHsx Tpaneuuii BooGIue
(MM peasbHBEIX Tpanelnui, B KOTOPBIX IJaBHAs 3BE371a HMEer
3aaHHBIi u3nueckuii 1un) He cymecrsyer B [anaxtuke, TO
YHC/O HAG/II0JlaeMBbIX TpalleNHil, ¢ TOUHOCTHIO O CAYYaiHHOTro:
OTK/JIOHEHHS, NOJAXKHO OBIThb pABHO II01YYEHHOMY Maremaruye-
CKOMY OXH/aHHIO.

Kaix MBI moxaxxeMm nuxe, B ciyuae paHHHX CIEeKTPaJbHBIX
THIIOB 4HC/IO HAa0sI0Jla€MBIX Tpalelud HAMHOIO IIPEBOCXOLHUT
YKa3aHHOE MmaremaTHueckoe oxuianne. Orcwona MOXHO Oyner
CAenath BBIBOJ, ‘4TO CyILIeCTBOBAHHE peaNbHBIX Tpaneuun, 0Cco-
0EHHO TaKHX, Y KOTODHX TJaBHBIE 3Be3]1bl INPUHALIEKAT K
CnexTpaibibiM tunaMm O-—B.2, He MOMJIEXHT COMHEHHIO.

Kax mpl yxasbiBann BhHIle, BEPOSTHOCTb IIPEBpPAIEHHS
TPOHHOH CHCTEMBI OGBIKHOBEHHOIO ' HIIA B pe3yJbraTe IIPOEKTH-
poBaHH#A B IICEBIOTpANElHUIO 3aBHCHT OT 3HaueHus k. [losromy,
YTOOBl BBIYHC/IHTBL CPEJHIOI0 BEPOATHOCTb NPEBpallleHHs B IICEB-
EOTpanenuio Jiiss BCEH €OBOKYIIHOCTH TPOHHBIX CHCTEM OGBIKHO-
B@HHOIO THIIa, MBI JOMXKHBI 3HATb 3aKOH paclIpeie eHus 1eicTBH~
TeabHBIX 3HaueHuil k. XoTs fad€HBIX A1 CKOJABKO-HHOYAb TOY-
HOT'O BHIBOJIa 3TOrO 3aKOHa paclpefie/leHdus y HaC HeJOCTaTOYHO,
CAesaeM BCe XKe JIONBITKY COCTaBHTb TAaKOH 3aKOH paclpenene-
HHS, KOTODHIH, N0 KpaiiHell Mepe, He INPOTHBOpPEuHJ Ghl HMEIo-
IEMCSA CKY/JHBIM JaHHBIM.

B 0o0rIKHOBEHHOH TpOHHOH CuCTEMe, COCTOsIiell H3 3Be3f
A, Bu C, onHO H3 pacCTOSHUH JOJKHO HMETh MEHBLIHH 1TOpPs-
AOK BE/JIWYHHBI, yeM JBa ApyruX. [lycre aro GyJaeT paccTrosHue

AB. T k 6 00JibIIeMYy H3 OTHOIIEHHH ~A-9 H ?9
. Torma yAET paBHO 60, MY 25 Y AR

[Nockonbky o6e 3TH BEJHYHHHE BEJHKH II0 CPAaBHEHHIO C
eIHHHLEeH ¥, BMeCTe C TeM, He MOTyT OTJHYarhCs ApPYT OT ApY-

ra Gosbule, yeM Ha eJHHHIY, TO MB He ¢jieJaeM 3aMeTHOH

AC
OIIKOKH, IOJOXKHB JJs OlpejeleHHOCTH szB' Hamenum

MBIC/€HHO pa3Mepbl BCEX CHCTEM Tak, uTobm AB=
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4TO6Hl COXpaHgsoCh nono6ue. Torma Gymem nmets: AC =k.
CoBMecTEM IIOCJe 3TOrO MBICIEHHO BC€ 3Be3IB A H3yuyaeMmoH
COBOKYIHOCTH TPOHHHX 3B€3J OOBIKHOBEHHOIO THIa B OJHOHR
TOYKe, COXpaHdAs IIPH 3TOM OpHEHTHPOBKY KaXJIOH CHCTEMHI.
Torna 3sesgml B pacmosoxarcs BOKPYr A Ha IOBEPXHOCTH
cheprsl C pagHyCcOM, pPaBHBIM eJHHHLE, H cocraBisiomue C 06-
pasyloT 06;1ak0 TOueK BOKPYr A c paccrosHHaMH OT A, pas-
HeiMH k. [Jockoabky BO Bcex cayuasx k >k, T. K. BCe HalIB
CHCTEeMBI IIpHHAJJeXKar K OOBIKHOBEHHOMY THIY, TO 3TO 006./1aK0
Oyzer HaXOAHThCs 3a IpenenaMu ChEpsl C pajiuyCcoM, pPaBHBIM
Kk, Boxpyr A, a tem GoJee 3a IpejelaMH €IHHHUHOU cepH.
Tor daxr, 4TO NpH aHAJOTHYHOM COBMELIEHHH BCEX FIaB-
HBIX COCTABISIOMIHX 0B0#HbLX 38¢30 [9] HX CIYTHHKH pacnosara-
I0TCA, B ITPOCTPAHCTBE KOHMHUTYpalMi .C IIJIOTHOCTBIO 0OGPaTHO
IPOITOPIHOHAIbHONH KyOy pacCTOSHHS OT A, IPHBOJIHUT K MBICJIH,
4TO H pacCnpejeieHue 3HaveHuit k, T. e. BHPAKEHHOrO B OT-
HOCHTE/bHOU Mepe pacCTosHHA naaekoro cnythuka C or rias-
HOH 3BE3JBI A, TAKXKE JOJKHO IOJUYHHATHCA 5TOMY 3aKOHY I10T-
HOCTH, T. €., YTO IIJJOTHOCTb JOJKHA OBITH IPOIOPIHOHASbHA

-1 : .
—. JlonmycTuB 3TO, MBI IPHIEM K BBEIBOAY, YTO YHCJIO TPOHHBIX

kS

3Be3J, Y KOTOPHIX K 3ak/AueHo B Hexoropom uHrepsaste dk,
4mk3dk ' ‘

Oy/AeT IpOIOPLUHOHAABHO —, T.- €. JPOIOPLHOHAJbLHO

-E—.»Bcneﬂcmne 3TOr0 YHCJIO TPOEK, AJAd KOTOPHIX K 3aKI04eHO

MEXAY KAaKHMH-HHOYIb JBYMH 3HAaYeHHAMH K’ H k”, nmoaxio
Uy

7

O6BTh NPONOPUHOHAJBHO log E’_ M3 tabauusl 1 BHAHO, UTO nI4

OTHXKAKIIUX 3BE3J] YUCJIO TPOELK, Y KOTOPHIX K 3aKJI0YEHO MEK-
ay 10 u 100 a. e., paBd#o uyHCIy TpoeK, 1A KOTOPHIX K
sakqoueHo  Mmexay 100 u 1000 a. e. 3dro wmoxHO pac-
CMaTpHBATb KAK NOLATBEPKAEHHE IIPHBEIEHHOTO BHIBO/IA H3 I} HHS-~
‘TOFO HaMH 3aKOHa pacrnpexaeneHus touek C BOKPYr TOUkH A
H Te€M CaMblM, KaK KOCBEHHOEe IIOJITBEpKJeHHe 3TOr0 3aKOHa.

1
Onnako 3akoH pacipenejgeHus JOTHOCTH B(EIJOHTHOCTI/IK—3
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MOXeT COBJIOLAaTbCH He BE3Je, a TOALKO B HEKOTOPOM HHTep-
Base. (1o Olpe e 1eH IO CHCTeM OGBIKHOBEHHOTO THIIA MBI JO/KHHEI
ameTb k >K,, T.e. 3HaueHus kK HMEIOT HMXKHIOW rpanuuy. C apy-
rofi CTOPOHBI, TPOHHBIE CHCTEMBl HE MOTYT OBITb CKOJ/1b-YTOLHO
LWIHPOKH, ITOCKOJbKY OY€Hb INHPOKHE CHCTeMBl IIDH IBHKEHHH B
[asakTHRe JOJKHB OBICTPO pa3pyllaThCs IIOJ B/AHSHHEM BO3-
MyLIeHHH OT Ipoxoxsumux 3ses3n [losTomy jpo/xKHA OBITH H He-
KoTopas addexTHBHASA BepXHAsS rpaHauna Ja1s k. Mel o6o3Hayum
ee uepe3 k,. Crporo rosops, 3Hayexue Kk, JOTKHO 3a8BHCETB OT
sHauenus AaHHBL AB. Ho wmbl mpuMeMm aasi BCeX CJAY4Yae€B OJIHO
3HaueHHe st K,, YTO He JO0/J1XHO BHECTH CYIIE€CTBEHHBIX OIUH-
60K B pe3y.JbTaT, MOCKOIBKY, KaK MBI YBHIHM, 38BHCHMOCTb 3TOTO
pe3y1bTata OT k, Becbma cialdas.

Tenepb MBI MOXKEM INPHCTYIHTb X BBIUHCJIEHHIO BEpOAT-
HOCTH IIPEBPALIeHHS TpOHHOH CHCTEMBl OOBIKHOBEHHOTrO THIlA B
pesysbTaTe IIPOEKTHPOBAHHSA B ICEBAOTPANICUHKIO TIPH clIenaH-
HBIX pennosioxeHusx. [lpu sTom MBI OyneM IPHHHEMATh, 4TO
BCE BO3MOXKHBIE OPHEHTHPOBKH KDATHBIX CHCTEM PAaBHO BEPOSITHHL.

§ 3. BEPOATHOCTD [MPEBPALLLEHNWA

Wrak, mocie coBMelleHHs 3Be3X A TPOHHBIX CHCTEM OOBIK-
HOBEHHOrO THIIA B Havyale KOOPAHHAT H COOTBETCTBYIOLIETO H3-
Menenus Maciiraba B KaxXJIOH CHCTEME MBI MOXKEM JOOHTHCH
TOrO, 4TO BCE CIYTHHUKH B pacnoioxarcs Ha chepe ¢ pagHycoM,
pasunM epunnne. Cnyruuxa C pacmosoxarcs Mexay cdepavu
¢ pazuycamu k, u k,, IpHUEM, ILIOTHOCTbL HX paclpeneseHHs B
NOJOCTH Mexny 3tuMH cdepamu OyaerT oOpaTHO IIPOIOPLHO-
HasbHa k®, a Bie aroifl moi1octd Oyjer pasHa Hy.0. [lpu stom
NOoJpasy MeBaeTca Taxxe, uto: 1) I0BEPXHOCTHAS MJIOTHOCTH TO-
yex B Ha ejHHHYHOH cdepe INOCTOSHHA H HE 3aBHCHY OT yI.IO-
BBIX KOOpJAMHAT, 2) IIOTHOCTH Todex C TakxKe He 33BHCHT OT
YIJIOBBIX KOOpJIHHAT H 3) IpH 3agaHHH TOUKH B, T. €. IIpH 3a-
nanuu HanmparieHus AB, Bextop AC moxer HMETb ¢ paBHOH
BEPOSITHOCTHIO BCEBO3MOXKHBIE HANpaBJICHHSA, T. €. €CIH MBI BH-
6epeM TpPOHKH, y KOTOPHIX HampasjeHHe AB J1exHuT B HEKOTO-
poM y3KOM KoHyce, Touk# C BCe XK€ pacrnoJoxarcs BOKpyr A
TaK, YTO HX IJOTHOCTH Ee OyjeT 3aBHCeTb OT HAalpaBJCHHA H
yger o6paTHO IpoOOpUHOHAnbHA k.



16 - B. AL AMBAPLIYMSIH -

CrnpoekTpyeM Tenmepb kak pacnpenesenue rtouexk B, Tak
I pacupejienernne 1o4ek C Ha KaKyi0~1H60 MIOCKOCTh. Ecan Ny
€CTb [OBEPXHOCTHAS IJOTHOCTb TOYEK B Ha €HHHYHOI cdepe,
TO INIOTHOCTBL TOYeK B B IDOGKLIHH HAa pacCTOSHHUH T OT LeHTpa
Oyner paBHa:

’__Q_N_‘L,, (rgl) (1)

Ny=/y 142" :

O (r>1)

Ecan n (r) ectb o6bemuas miotHocTs Touex C, to B npo-
€KLHH, Ha PAaCCTOAHHH T OT LEHTpa MH OyJeM HMeThb IIOBE pX-
HOCTHYIO IIJIOTHOCTD:

Ne=-2 | DMelede

= 2)
JVer—r? (
KOTOL4s HE 38BHCHUT OT IICJOXEHHA -oYex B B IIPOeKIHH.
Ho mul Bujpeam Bmimie, urto
' n
77(9)“":;39' (KO<P<!:1)’
n(p) =0 (p<k, nam p>k,). (3)
Hurerpupys, M naxomum:
(.. . > T
Qn“)( /f r? / 1? ) »
e ]/ 1——k~]—§ v 1 E? ] (r<lk,). (4)
Ne¢==l9p VARRRT:
—r;’— ], 1“1‘(:2 (kor<k,)
O (r>k,)

[lycrs renmepp 3sespa B HaxonuTcs B NPOEKUHH B OAHOIX
H3 TOYEK KO/bL3, COOTBETCTBYIOIIErO0 HHTEPBANY DACCTOSHHH OT
r mo r-+dr. BepositHocTh 3sTOro IpH pacipejenenus (1), oue-
BHJIHO, OyJeT paeHa
, r dr
—T
Torna ans TOro, uto6m cucrema G6H.ia nceproTpanennes,
Heo6xonuMo, YTOOH OHLIO:

rc <kgrs.
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A BEPOSTHOCTH 5TOro NIpH AaHHOM 1, 6yner:

Korg
) Ne (r)rdr
Plre hory) =t ©
I Ne (r)rdr
4]

. AC
INorHasi BEPOSTHOCTL TOro, YTO OTHOMEHHE I POeKI UK AB

Y HayJauyy B3STOH TpOHHOH CHCTEMBI 6yneTr MeHbiie ko, paBHa:
1
U= {Ws(r)P(r. <kgr)dr
0

HIH, B cuay (6),

oy 1= {Ne (pede

- (7)
g\ (p)edp

Ilpu BBINHCIEeHUH YHCIHTONS [IOJYYEHHOr'0 BHIPAXEHHs CJle-
AYeT uUMeThb B BUTY, UiO IOCKOABKY 1<]

pkor=<k,,
BCACACTBHE YEro HYXHO Gy €T HCIO/b30BATh TOIBKO e pBoe U3
Beipaxenuit (4) naa N(p). Mrak,

l k(,r i k(]r

rdr Y ordr ; LA p2\dp
T - NC d Sz Qn St arimeared __EA P __p_) -,
o1/1~r“’j (Plec j ‘1/1-——r26m/ V‘“‘kg 0

2
k
0 0 !

WMuterpiipys npasyio wacis I0JYYEHHOrO BBIPAXEHHA IO
H4CTSM H LipeHeOperas BTOPoO# H BBICIIHMH CTENEHSMH OTHOLIE-
2
0
HHf - ,TI0 T yuaen
1

1 ’ kot 1\2
rdr o [ 1 n, ko .\
J gh/l_w:r_; j.\c (pledp=2n, | Jg2 — —)J T —,iz—. (8)
‘£ [ P e

Y 0
Hio xacaercs cHemeHate s Qopmysu (7), TO OH Jerko
BBIUHC/15.€TCH, ICCKOJIBKY

2% [Ne (p) pdp = [nc (p)4mp3dp,
0

0
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OTKYyJa, Ha OCHOBaHHH (3), JI€rko HAXOJHM:

[Nc (p)edp ==2n, [Igk, —Igks]. (9)
0
Buocst (8) u (9) B (7), noayuaewm:
1 1K
U ngM_Z—* QZE? (10)
N gk, — ngo_.

Buipaxenune U u gaeT HaM HCKOMYIO BepOSTHOCTb IIpEeB-
pamieHus TpOHHOH 3Be3Jbl OOLIKHOBEHHOTO THIAa B MNCEBIOTPA-
neuuio. [1paBra, OHO CTPazaeT HEKOTOPOH HETOYHOCTbHIO, IPOHC-
TeKawlleid H3-3a TOro, YTO IIPH HHTerpupoBaHuu 1o dopmyae (7)
BCEX ©9/EMEHTapHBHIX BEPOSTHOCTEH IO CJayyasM, Koraa vy
HaC ZO0JXKHA NOJYYHTbCA ICEBLOTpAalelHs, MbBl paclHpOCTPaHH/IK
EHTErpHPOBAHAE H Ha Te CJIyuaH, KOrga npoexunus ssesin C
HaXOXZHTCSA HacTOJAbKO 6JHM3KQ K A HAH K B, 4TO Tpoiika X0JXHE
Ha6./i101aTbCA KaK OOBIKHOBEHHAad CHCTEeMa, BC.I€JICTBHE TOTO, 4i0
B 3THX cayyasx oxHo u3 paccroaHuii (CA uin CB) 6yzner ouenb
ma/10 no cpaBHennio ¢ AB. OnHako NOHATHO, YTO CyMMa Be-
pOSITHOCTEH TOJOGHBEIX 3JEMEHTAapHBIX C/lydYaeB OYeHb Maja II0
CPaBHEHHIO C BEPOATHOCTBIO OJYUECHHs [ICEBAOTPANECIHH, H IPH-
6aB/ieHHe 5TOH CYMMH K HCKOMOH BEJHYHHE BE€DOSTHOCTH NI DEB-
palleHist BHECET B pe3y.aprar JHLIb HeGo.1bilyio owndxy. Coe-
Ayer o0paTHTh BHHMaHHE, 4TO BRIUHCAfeMoe mo ¢dopuyre (10)
suauerue U Mej/eHHO MEHsSeTCH C H3MEHEHHeM 3HauyeHus k,, #
[O3TOMY Ma.10 YYBCTBHUTE/IbHO K OWIHOKAM B onpezesennn k.

Ecau cyauTh HENOCPEACTBEHHO HTO OJIHKAHIIHM TPOHHBIM
3Be3/aM, AAaHHBIE O KOTOPHX IpHBejeHH B Tabauue 1, 10 npH-
AeTCs IPHHATb, YTO BEPXHAA TFpaHHNa OTHOIIEHHH K JMO.1KHA
JOCTHTaTh HEeCKo/bKHX ThICAY. OJHAKO, KOrjga pedyb HIer He 0
6HKANIIHX K HaM TPOHHHIX 3B€3J8X, @ O COBOKYIIHOCTH TpOH-
HHIX 3Be3J KaTajora JiiTKeHa, TO 3Ta OLEHKAa 3HaueHus Kk, Teps-
~er cBoOW0O cuay. [lpumem, npexae BCEro BO BHHMAHHE, YTO MH
VUYHTBIBAaEM JHIIb BH3yalbHHe IcesjoTpanenns. C1en0BaTe/bHO.
coyTHHK B jgo/mxen GbiTh BH3ya. bHO oTAeruMm or A. s storo
HY)KHO, YTOOGBl €r0 JHHEHHOE pPacCTofsHHe OT A H3MEepsH/I0Ch 1o
MEeHblIei Mepe COTHSIMH AacTPOHOMHUECKHX eJuHHIl. [Ipd s1HX
yciaosusix oneHka B 500 a. e. mas  CcpeJHero 3HAaYeHHS
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paccrosinns AB He moxer cumrathbes npeysenuuensoi. Ecag npe-
Aexom s paccrosiuus AC spisercs 10000 a. e. waum 20000 a. e.,
TO, OY€BHJIHO, YTO K; MBI [JOJKHB LPHIATh 3HAYEHHE Me}xzxy
ky =20 u k, = 40. Met npumem k, = 30. [Tosoxus Takxe k, = 3,
MB nonyuum U = 0.08.

TakuM 0GpasoM, mpH NPOEKTHPOBAHHH OKOAO 8°/, OGHIK-
HOBEHHHBIX TPOHHBIX CHCTEM JOJXHO IIPEBPAaTHTBLCA B ICEBIO-
TpanenuH.

Bume peup ma o XpaTHBHX cHCTeMax, HaHGoJee YacTo
BCTPEYAIOIMHXCsi—O TPOHHBIX 3Be3gax. Ho cosepuiesHo oueBuz-
HO, YTO B pesy/bTaTe IIPOEKTHPOBAHHA MPEBPALEHHE CHCTEM
‘OGBIKHOBEHHOTO THIIA B IICEBIOTPAIIEIMH J01KHO HMETh MECTO H
B C1ydae cHcreM §ojiee BHICOKOH KpaTHOCTH. Tax, sl IIPOCTOTH
BO3bMEM YETBEPHBIE CHCTEMBl OOBIKHOBEHHOro Tuma. OHH MOTyT
6HTh AByX ponos: 1) nBe TecHme nmapsl AB u CD orgeneswn
Apyr OT Jpyra pacCTOSHHEM, BO MHONO pa3 GoablIuM, ueM AB
und CD. 2) Boxpyr rtecHoit napst AB o6paiaercs gazexui
ciytiek C m BOKpyr Tpoiikn AB + C o6pamaercs eme Gojee

AC AD
anexuit xomnoHeHT D, mpHuem —— >k, u —= >k..
pit P AB >k AC >

CTpykTypy II€DPBOTO BHJA MOKHO IIPENCTaBATh opMy.10ii AB +
+ CD, a crpyxrypy Broporo Buza—dopmy.oii (AB + C) + D.

B nepsom ciyuae 3azava 06 06pa3oBaHHH [ICEBOTPaNeIHA
Mano OTJIHYAETCH OT CAyuyas TPOHHEIX 3Be3i. Ecinm B caiydae
TPOHHBIX 3Be3]T /l/Is IOJYUEHHA IICeBloTpaneluu 3se3ga C 10.71K-
Ha CHPOCKTHPOBATHCS HA ONPEAENEHHYIO Y3KYI0 00.1aCTb He6a
oxozo AB, To 3nech, B cayuae uersepku rHua AB + CD mapa
CD nomxHa CIpOEKTHPOBATBCA HA OIPENEIEHHYK Y3KYH 06-
7nacte ok010 AB. TlosToMy pa3nuIla B BeJHYHHE BEPOSATHOCTEH
npespalliends Oyper HeboJblias.

B cayuae xe cucrem tHnma (AB 4 C)+4 D BeposTHOCTD
NPeBpAICHHs B ICEBJOTPANeUUI0 CI0XKHTCA H3 ABYX BEPOSIT -
HOCTEH: BEDPOSATHOCTh NpOoeKTHpOoBaHHA C B Y3KYIO 00.1aCTh BOK-
pyr AB H BepoaTHOCTh HpoekTHpoBaHus D Ha 006.acTh, OK-
pyxaiomyo Tpoiky AB -4 C. OueBugHo, uYTO B 3TOM Cilyyae
BEDOSITHOCTb IpeBpalleHus OyJeT IIOYTH B JBAa pasa (o.blIe,
YeM B C/lyvae TPOHHBIX 3Be31, T. €. OHa JO/J:KHA OBITh MOPA/I-
xa 16%.

2%
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TlpuHuMas BO BHHMAaHHE CPAaBHUTEJIbHYIO YacTOTY YETBEp-
HEIX H TPOHHBIX 3Be3J W OLEHMB rpy06o, Kakas JO0Js YeTBEPHHIX
3Be3]] OOLIKHOBEHHOFO THNA OTHOCHTCA K BTOPOH H3 YKAa3aHHHX
BHIIE KATErOpHi, a TaKXKe YUHTHBAass BO3MOXHOE€ B/HSHHE CHC-
TeM BHICIIEH KPaTHOCTH, MHE IIpHMEM 328 CpeJHEeB3BElIeHHOE
3HaueHHe BEPOSTHOCTH NPEBpPAllleHHS KPAaTHOH 3Be3[b OGHIKHO-
BEHHOrO THIIa B IICEBAOTPANEUHIO

P =0.09.

§ 4 KPATHBIE CUCTEMbl B KATAJIOTE 3N TKEHA

Karazor DfiTKeHa COJIEPXKHT SHAUYHTE/IbHOE YHC/I0 KPaTHHX
CHCTEM, KOTOpHE MOTyT OHTb OTHeceHH K THy Tpamenuu. Oi-
HAKO CpeJH HHX JO0JXKHO OHTb H3BECTHOE YHC/I0 ONTHYECKHX
Tpaneuuit, T. e. TPy, NPEICTAaBAAIOIHXCS HAM TPANCLHsIMY, B
KOTOPBIX HMEeTCs TaKOi ONTHYeCKHil CIOYTHHK, OTOpacHBaHHe
KOero JO/KHO IOBECTH K HCKJ/IOUYEHHIO CHCTEMBl H3 4HCJA Tpa-
Ienuii, H HEKOTOPOe YHC/I0 IceBroTpaneudii. Qg Toro, utobnl
IpH IMOJACYETe YHCJA TpamenHi O BO3MOMXKHOCTH H36€XAaTb OI-
TUYECKHX CHCTEeM, MBl OlDaHHYM.IH Haule H3yYeHHE TeMH CHCTe-
MaMH KaTtajora DiiTKeHa, B KOTOPBIX pacC:OsHUs CJ1a0HX KOM-
TIOHEHTOB HAXOJATCS B Npejenax, BeeieHHblX Hamu B § 1. Ilpu
TaKOM YC.IOBHH IJaBHBIM HCKaxaimomuMm dakTopoM OyayT ICEB-
LO¢panenHty, X0t HeKOTOPOoe YHC.I0 ONTHYECKHX CHCTEM MOXKeT
BCE e OeTarbcf. PesyibTaThl IIOACYUETOB IIPHBEJEHH B Tal-
JHIEe 3 B OTAEJbHOCTH J[Jd pPas3/IHYHBIX CIEKTPAaIbHHX THIOB
rJIaBHBIX 3BE3J KpaTHBHIX CHCTeM. B mepsoM ¢TO0LE JaHH HH-
TEPBAJH CIEKTPaJbHBEIX THIIOB, BO BTOPOM CTOJOLE 4YHC/IA BCEX
KpaTHRX CHCTEM, IJIaBHBIE 3B€3/Ibl KOTOPHIX IPHHANICKAT COOT-
BETCTBYIOIUEMY HHTEPBATYy CHEKTPAJTbHBEIX THIIOB, IIPH YyCJIOBHH,
YTO PACCTOsSIHHA KOMIIOHE@HTOB HaXOJATCH B IIpeJes]ax, yKa3aH-
HBIX B § 1, B Tperbem Cros0Ue, BHYHCJICHHBIC HA OCHOBAHHH
HalJeHHON BHIIIE BEPOSITHOCTH, TEOPETHYECKHE 4YHCJIA ICEBJIO-
TpanenHii, B IPeJlOJI0XKEHHH, YTO BCE Hal/JI0JaeMble KpaTHHE
AB/JAIOTCS CHCTeMaMH OOBLIKHOBEHHOTO THIIA H, HAKOHEI, B 4eT-
BEPTOM CTOJI6NE yHuCAa HaGIIZAEMHEIX Tpamneunni, COOTBETCTBY-
JOIHe [aHHBIM HHTEpBa/jaM CIEKTPajbHBIX THIIOB.

Ta6;uma 3 nOKa3wBaeT, MTO JAJf CIEKTPajbHBIX THIIOB OT
A ro K Buiunc/ieHHHE KOJHUECTBA IICEBJOTpaNenuid IOYTH COB-
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Tabauna 3
Briunciennoe Koanyectno
CnekTpul Oé}(m:f}{;;;cno KOJHYECTBO Ha0.1101aeMbIX
p [ICEBXOTpaneUnii| Tpaneuni
0-B2 24 3 ! 16
B3—B5+B 30 3 ! 12
BS— B9 | 51 5 | 14
é ?Ob 19 | 22
147 13 | 17
G : 102 , 9 14
K 7?2 ! 6 / 9
M i 10 l 4
Heussecrnuit | :
CHeKTp 434 i 39 i 71

TIafaoT, ¢ TOYHOCTBID JO CaYyUYaifHBIX OTKJIOHEHHH, C YHC/IAMH
HaOMIOJ€HHBIX Tpamenuii. He6ospuioe IpEeBHILIEHHe HabJ/101ae-
MBIX TpanenH# HaJ YHCJIOM BBIYHC.IEHHBIX [ICeBNOTpallCUHA 18
3TOTO CHEKTPATbHOTO HHTEPBA.1Aa MOXKET OOLACHATHCA HAIHUHEM
HEGO/IBIIOTO YHCTa ONTHYECKHX Tpamenuit. OTCIOLa Mbl JOJXKHH
‘CACTaTh BaXHOE 3aK/TIOYEHHE O TOM, YTO CDPEIH KPATHHIX 3BE3J,
OXBATBIBAEMBIX K4TaJ0roM JHTKEHAa, rJaBHBIE 3Be3/bl KOTOPBIX
OTHOCATCA K THmaM OT A 10 K, niIH BOBCE HET pealbHHX Tpa-
UeNHH, HIH MPOUEHT peaIbHBIX TpamemHil HHYTOKHO Ma.1. Ms
IEPBBIX KE TpeX CTPOK TOH Ke TaO.THIH MH IIPSIMO 3aK.1I04aeM,
UTO CPeou KPAmHbLX CHCMEM, 2AABKBE 38€30bL Komops.x npu-
Hadaeocam unmepeary munos O—B, umeemcs 3nauwumens-
KoLl NPOKEHM peanbHu X mpaneyul, B YaCTHOCTH, NIIDHMEPHO
N0/I0BHHA KDATHBIX 3BE€3[, TI1aBHBIC KOMIIOHEHTBl KOTOPLIX MpH-
Halaexar ClexrpaibHoMy uHrepsaly O-—B2, sBasiiorcs peasb-
HBIMH TpalleHAMH.

[lockoabky, coriacuo uMewIEMCH aHHBIM, 60.1bIIHHCTREO
3Be3] rtHna O—B2 BX0AHT B 3Be3/HBIE ACCOLMALHHE H 3TH 3Be3JIH
ABIAIOTCA MOJIOABIMH 3Be31aMH, TO HMeKLIHHCA 3MIH HYECKHH
MaTe€pHa.l NIpAMO IOBOPHT O TOM, Y10 pea/bHble TPAlleLHH BCTpe-
HAKTCA IIOYTH HCK/IIOYHTEIBHO KaK IPyIIBl, B KOTOPHE BXOIAT
MO/iOJIble 3BEe3/IH. ‘

Pan cucrem tunma Tpaneuuu BXomHT B coctas O-ckomje-
HHH, KOTOpHE B CBOIO Ouepenb ABIAKTCH AJApPaMH 3B€3NHBIX ac-
«<onuanui. Kax ycranosus1 Mapkapsu, Haniuume KDATHBIX CHCTEM
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tena Tpaneuuu siBiseTcs XapaKTEPHBIM NPH3HAKOM 3HAUHMTEIb—
ot yacty O-cxomnenuii. Muorue O-ckomjeHus CcolepXxaT B
ce6e mO iBE, a HHOTAA H IO Tpu cucTeMul Tuma Tpanenud. Cos-
ceM HeIaBHO pesy.brarhl Mapkapsina OBUIH BHOBbL NOATBEpPX-
neun B paGorte lllapn.iecca.

Haiuuyue cucrem Tuma Tpanenun B O-CkoniesHHsx, HX
pOlb B CTPOEGHHH CKOILIGHHH M, HaKOHell, HX pO-b B KaueCTBE
KJIaCCHQHKALHOHHOr0 NpPH3HAKA 718 CKOIICHHH THIOA O BusB-
JeHH ¢ oco6oil ueTKpcTbio B ,Ariace OTKpEIBX 3BE3IHHX
Ckomn/eHnit* Mapkapsna, usgaHHomM DropakaHckoli oGcepsaro-
pueit 8 1952 rony. [lockonpky O-CckomieHHs ABJIAOTCA MO-
7OABIMH O6pPa30BaHHSMH, MBl BHOBb HMEEM CBHIETENbCTBO B
MOMb3y MOJOLOCTH CHCTeM THNa Tpaneuu.

§ 5. HEYCTOMYMBOCTb KPATHbLIX CUCTEM THUIIA TPAIIELLIMH

Tor daxr, 410 moAas./siollee GOJbIIHHCTBO KPaTHHIX CHC-
TeM HMeeT CTpOeHHe, Jamllee OCHOBAHHE OTHECTH MX K CHCTE-
MaM OGLIKHOBEHHOrO THIIA, YXe JaBHO IIPHBIEK K ce0€ BHHMA-
HHE acTPOHOMOB., Kax OH/IO YiKe YKa3saHo, ABUXKEHHS B TaKOH
CcHCTeMe CBOXATCS NPHOJIHXKEHHO K COBOKYITHOCTH KEIJIEPOBCKHX.
asHxenuil. CoBeplUICHHO OYEBHAHO, YTO 3TH [BHKEHHA MOTYT
MPOLOMKATBCA UPE3BBIYAHHO [OJT0 M TAKHE CHCTEMB ABJIAKTCA
B BBICOKO[l CTelI€HH YCTOHYHBHMH. B 3TOM OTHOLICHHH KPAaTHHE
CHCTeMbl OGHBIKHOBEHHOTO THNA COCTABJSIOT KOHTPACT € OGHY-
HEIMH OTKDHITBIMH CKOW/eHHAMH. Kak OblIO MOKa3aHO HAMH,
ecJAH JlaXe NPHHATB, YTO OTKPHITHIE CKOIJIEHHS HAXOIATCA B
CTALlHOHADHOM COCTOSIHHH B I10J€ DETYJAPHBEIX CHJI CKONJICHHS,.
BCE Xe, NpH COJHKEHHAX OTJE/IbHBIX 3Be31 MEXKIY co6oit Oy-
YT IPOUCXOAHTh IPOUECCH O0MeHAa KHHeTHYECKHMH SHEPTHSMH,
B pe3y./bTaTe 4ero BpeMs OT BPeMEHH B CKOIJIECHHH OyayT mo-
fIBJSITbCS 3B€3]bl CO CKODOCTSAMH, NPEBOCXOAAINHMH KPHTHYEC-
KYI0 CKODOCThb. JTH 3Be3Abl OyMyT NOKHIATh CKOIJEHHE H OHO
¢ TeueHHeM BpEMEHH [OMXKHO paspymiarbCs. B KpaTHEX
cAcTeMaX OGBIKHOBEHHOrO THIA TaKHe IIpOLECCH OOMEHa KHHe-
THYECKHMH SHEpPTrHAMH He INPOHCXOAAT, TAK KaK CaMoycTpoH-
CTBO KPaTHOIH 3BE3JHl TAKOrO THIIA HCK/JIIOYaeT BO3MOKHOCTb CIy-
YaiHBIX COJHXEHHH, NpH KOTOPHIX IPOHCXOJIHT 3TOT OOMEH.
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CoBepiIeHHO HHOE NO.JOKEHHe MBl JOMKHBI HMETh B cry-
93€ KPATHBIX cucteM THna Tpamenuu. Takxue cHCTeMH BecbMa
OX0XH Ha OOBIYHBIE OTKPHITBIE CKOIJICHHS H OTJHYAKTCH OT
HHX JTHUIb TE€M, YTO 4IC.IO0 YJEHOB B KaX/TOH TpaNemuH Majo.
Mex1y Tem Bpews pacmaza cxomseHHs 3aBHCHT HMEHHO oT
YHCIa ero YieHOB. YUem MeHbUIe 3TO YHC/IO, TeM Kopoue Bpewms
pacnmaza. Maable 1mHeHHBIC Pa3MeDHl TpPAamewLHH, 1O CPABHEHHIO
¢ CKOIICHHAMI, TakiKe OOYCJOBJHBAOT yMEHbUIEHHE BDEMEHH
pacmaza.

dopuy.ia 118 Bpemenn pacnaza 3Be3fHHX CKOIIEHHH B
MpeNe.ibHOM C1y4ae, KOrja YHC.I0 3Be3J pAaBHO HECKOJbKHM
@LMHHIAM, 4 DAIHYC CKOILICHHs mopsazxa 10000 a. e., IpHBO-
AHT K NPOMEKYTKY BpemeHH nopsanka 2.10°1er. ro osnauaer,
9T0 Tpan€uus yClleeT paclnacTbCs IOKAa KaxX/1afg U3 3Be3] B Heil
yCHEET COBEPUIHTBL BCETO HECKO.IbKO OGOPOTOB.

TOT pesy.1brar MH3HYECKH NOoHATeH. 32 BpeMs HeCKO/b-
KHX 000pOTOB KakKjas DAacCMaTpHBAEMas 3BE374a HMeeT 3HAUH-
TEIbHBI@ IIAHCHl COIM3HTBCH HACTO.ILKO TECHO ¢ KaKoi-I1HGO
Apyroit 3Be3/0#, UTO HX 3HEDPrHA B3aHMOIEHCTBUS IIpeB30HIeT
SHEpPruI0 B3aHMOJEHCTBHA paccMaTpHBAeMOH 3BE3IH C CHCTEMOH
B Lle10M, KOTOpasfg HMEET MO.JIHYI0 MacCCy. AHIIb B HECKO.IBKO
pas npesocxoaﬂmym Maccy OTaeIbHOH 3Be3janl. B pesyabrare
paccmarpusaeMasi 38e€31a HMeeT GOJIbLIHe NIAHCH OBITh BHIGDO-
HIEHHOH. ,

Hrax, Bce atu paccyxuenns IPHBOASAT K BHEIBOAY O TOM,
4TO NIPOJLOIKHTENBHOCTh XKH3HH KPATHEIX CHCTEM THIIA Tpamne-
UHH HE MOXKeT OBITh CBBILIE JBYX MIJ/JHOHOB J6T H 5TO nozx-
TBEDACIaeT BBIBOJ OO0 HX KpaHHEH MOJIOLOCTH.

« @METHM 31€Chb, 4TO CKAa3aHHOE BHILIE HE OTBEPraeT B OT-
AC/BHBIX CICUHAIBHBIX C1y4asiX BO3MOXKHOCTH HEKOTOpPHIX Ie-
PHOIHYECKHX JBHXKEHHH, IIPH KOTOPHIX KPAaTHAf CHCTeMa 60Jb-
IMyI0 4aCTh BpEMeHH HMEeT KOH(HIYpaluIO THIA Tpaneuun.
OxHaxo nojioGHEE NepHOLHUECKHE IBHKEHUS TpeOyIOT BHIOJA-
HEHHA ON} €€ TEHHBIX CNCNHATbHEIX HAYaJbHHEX YCJIOBHH, uTO
Ma10.BE€pOsTHO, [T03TOMY BECbMa MAJI0O BEPOATHO H TO, YTO
PeAIbHHE Tpanenuy, BCTpeyalouixecs B [aiakTHke, COBEpUIAIOT
TAKHE NEPHONHYECKHE [BHXEHHA M SBJAAIOTCH YCTOHYHBBRIMH
CHCTEMAMH.
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[Tpu BeBOAE POpMy./BI 418 BpeMEHH paclana OTKDPHTHIX
KOIIEHHH, KOoTopas BHIIe ObIa IIPHMEHEHA K TpallelHsiM,
npeano1araerTcs, 4To MO/JTHAS SHEPrHs CKOIJIEHHs! OTpHIlaTe/bHa.
Kax Mbl yBuguM B caexymooulem 1aparpade, BOIPOC O 3HaKe
MOJHOH SHEPrHH CHCTeM THIA Tpameluu 3acayKHBaeT 0Co00ro
BHHMaHHsA H HE HCK/IOUEHA BO3MOXKHOCTb, YTO MHOTHE TpalelHH
00/1a1410T IOJOXKHTEIbHONH NOJHOH 3Hepruefi. B Takom cayyae
NONy4aercs HHOH pe3yJbTaT AJas BPEMEHH KH3HH Tpalellud.

§ 6. [MTOJIHAYA 3HEPIMdA CHUCTEM THUIMA TPATEULWN

Henocpencreennoe usyueHue nABHKEHHH B ABOHHBIX 3BE3:
Jlax IOKa3biBA€T, YTO 3TH /BHUXKEHHA COBEDLWIAIOTCA IO 3JAJHI-
THYECKHM OpburaMm. DTo O3HA4aeT, UtOo I[OJHAS SHeprus B3THX
cHCcTeM orpHuarenbHa. OgHaxko, ecad OH MBl Ja)XXe BOBCE He
HaGJII0Ja/H HeNOoCpPeJCTBEHHO 3. IHNTHYECKHX JBHKEHHI B IBOH-
HBIX 3Be3jgax, caM (axkT CYUIeCTBOBAHHA OrPOMHOrO MHOXKe-
CTBa ABOMHBIX 3Be3/l B [ a1aKTHKE B NPEIIOJ0KCHUH O IPHUMEHK-
MOCTH 3akoHa HreloToHa sokaswBas 6Bl OTPHILATEIBHOCTL I10J-
HOH 3HEDPrHH ITOJABJIAIONIEr0 O6O0JbIIHHCTBA H3 HHX.

B camom gmese, momycTHM Ha MHHYTY, UYTO 3HAYHTEJbHas
YacTb JBOHHBIX 3Be3j B ['ajlaxkTHKe HMeeT I10.J0XHTelbHHe
sHepruu. [lockoabKYy caydan 6.7H3KOTO IIPOXOXK/ACHHS 110 FH-
nepOoIHYeCKHM OpOHTAM JpYyr OKOJI0 Jpyra paHee HE3aBHCU-
MBIX 3B€3JI JOJKHB OBITH OUCHb PEJKH, MBI HX MOXKEM BOBCe
He paccMartpuBarb. B takom caydae Mbl j10KHBL OBIIH OH
IIpU3HATh, YTO B [a1akTHKe B JAaHHBI MOMEHT HMEIOTCH MHJ-
JHApAbl 11ap, KOTOpPHle TOJbKO UTO HAuyaJlIH YA4.J14TbCH JAPYr OT
aApyra. Ho sro nporuBOpeunT BCeM HAILINM IIpeiCTaB]eHHAM
0 Cpoxax 3Be3nHoi sBoaonuu. [losTomMy fCHO, 4TO map ¢ IIo-
JOXKHUTE/IBHOH 3Heprueii MoxxeT ORIThb JHIIb HHYTOXKHOE KOJIH-
YECTBO.

OzHako COBepIIeHHO MHOE I0JOKEeHRe MBI HMeeM B Cay-
yae cucrem THma Tpanenuu. OpOHTanbHBIE [BHXKEHHS B HHX
He H3yUeHBl H Mbl HE€ MQXKEM I[I03TOMY OCHOBBIBATHL H4 HHX Ka-
KHe-1HOO BHIBOJB O 3HAKe I0.1HOH 3Heprud 3tux cucreMm. Cun-
‘TaTh, YTO JONYIUEHHE O IIOJOXKHTEIBHOCTH II0JIHOH 3HEPrHH
Y 4acTH 3THX CHCTeM I[pPOTHBODPEUUT I[IPeACTaBJICHHI0 006 HX
BO3pacTe MH TaKxke He MoxeM. MBI BHI€IH, YTO 3TH CHCTEMH
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ABAAIOTCA MO.JI0ABIMH. [lostomy npeacraBienue o6 o6s3arenb-
HOH OTPHLATEIbHOCTH 3HEPTHH BCeX HJM IOaBJAILEro 60.1b-
IWIHHCTBA cHCTeM THna Tpamenuu OnJIO OBl NPeJIB3ATHM Ipen-
C€TaB/JIEHHEM, OCHOBAHHBIM HA HEIIPAaBH.IbHOH aHAJOTHH.

C nzpyroii CTOPOHBl O4YE€BUIHO, UTO KpATHBEIE CHCTEMH THIA
Tpameunn fBIAIOTCS TPYINAMH COBMECTHO BO3HHKIIHX 3BE3J.
IlpH BO3HHKHOBEHHH TIDYNIBl Kaxkjas 3Be3na Jo/JXKHa Oblia IO-
JTYYHTb HEKOTOPYIO CKOpOoCTb. ECTeCTBEHHO 0XHj1aTh, 4YTO HX
CKOPOCTH B Pa3HBIX C/1y4afX MOIJIH ObIThb Pa3HOH BE/JIHYHHBI H
B HEKOTOPHIX CAy4asX OBITb HACTOJbKO BEJIHKH, YTO I0.1H3d
SHEPrHsA IPYNNB MOI/Ia 0Ka3arbCs MNOJOXKHTEIbHOH BMmecrte ¢
TEM HaM H3BECTHO, YTO B CHCTEMAaX, KOTOpPHIE HaXOJATCSA B TeC-
HOM pOJCTBE C TpamelnusAMH, MBl Hal/a0jaeM IOJOXKHTEb-
HOCTb DOJHOH sHepruu. Mel umeem B BHAY Te O-acconmuanuu H
O-cxomnsenus, B KOTOPBIX ITPOHCXOJAHT OBICTPOE pacClIHpeHHE.
EcrectBeHHO OXumaTh, YTO H CpeAH CHCTeM THHA Tpanenus
MHOrHe 0013207 ITOJHOH 3HEpPrueH INOJOXHTEIbHOrO 3HAaKa.

Ecau sto tak, 10 BO3pact STHX Tpalenud JOJXKEH pas-
HATLCA [POMEIKYTKY BpEeMEHH, HEOOXO0JIHMOMY A/ TOTO, YTOOH
3BE3/IBl TPANleLMH, BHIHAA H3 O0bemMa, rjae OHH BO3HHKIH, CO
CKOPOCTAIMH HE MEHBIIHMH, Y€M T€ CKOPOCTH, KOTOpHE Y HHX
B JaHHHH MOMEHT HMEITCA (M KOTOpble NPEBOCXOIAT KDPHTHUE-
CXHe CKODPOCTH), MOTrIH OBl JOCTHUbL HaGAK0JaeMBIX B HACTOAIIHH
MOMEHT II0.I0:KeHHH. PacyeT 1OokasplBaeT, YTO B TAKOM Cjlydyae
B0O3DaCT MHOTHX TpaleuHi [JO.TKEH OIEeHHBaTbCA UHPPOH IO-
paska 10° et u BO BCsikom caywae He Bwme 10° ger. Coraac-
#o [lapenaro, Hail BBHIBOJ O NO.IOXKHTE/IBHOCTH [OJHHX 3HEPrHH,
N0 KpanHeHd Mepe 4acTH TpalelUHHd, IIOATBEPKIACTCH JTaHHHMH
o nBmxeHusx B camoil Tpameuun Opuona (4' Opuona).

OnHaKo cjaelyer OTMETHTb, 4YTO A1 OOJbUIHHCTBA Tpamne-
IHH NPOJIOXHUTEIbHOCTh INPOMEXKYTKa BPEMEHH, 38 KOTOpHH
HMeIOTCsA Ha0.JI0/IeHHS,  TOYHOCTh CaMHX Ha0JIJIeHHil HexocTa-
TOYHBl A8 TOrO,4TOOBl BHIBECTH CKOPOCTH OTHOCHTE/bHBIX [BH-
JKeHHH M TeM CaMbIM CJle]aTh 3aK,J1I04YeHHe O 3HaKe IIOJHOH
sHepruu. o, IOCKOAbKY B JIaHHOM C/ydae peyb HAET JHUb
a6 ompesneseHUH OTHOCHTEIbHHIX CKODOCTeH [/1s JaHHOrO MO-
MEHTAa BpeMEeHH, a He O II0J1yYEHHH TpPAaeKTOpHH, TO 3ajxavy
ompeje/eHus 3HaKa SHEPrHH A8 MHOTHX Tpamelu# ciaenyer
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CUHTaTh BJIOJHE paspewnmoil. K COXATeHHIO, 3TH CHCTEMH,
ABIAIOIUHECS OOBIYHO UIHPOKHMH KPATHBIMH, 10 CHX II0p He
IPHUBJICKAIH JOTKHOTO BHHMAHHA Hab.110/aTeseil. Teneps, xorna.
CTaHOBHUTCA BCE GOJee SCHBIM HX THIMAHTCKOE 3HAYeHHe 8, 83!
npoG6/eMB BOSHHKHOBEHHS 3Be3l, Hano Ha/1€AThCsI, YTO OHH Oy-
AYT HabJmogaTbcs GoJee ycepaHo. Mues ato B BHIY, MH Jaem
B KOHILI€ CTaTbH CIOHCOK cHCreM THuHa Tpamenus.

§ 7. O PA3BUTHU KPATHBIX CUCTEM THUITA TPATIEUUM

B npenviiymen naparpade mor BHICJH, YTO y Hac Her
HHKAKHX JTAHHBIX 17151 TOrO, 4TOGH OTBEPrHYTE NpeII0I0KeHHe
O TOJOXHTEJIPHOM 3HAKe KPAaTHBIX CHCTEM THIA Tpanenun.
Bumecte ¢ rexy, Habrozenus He aior €lle [10CTaTO4YHO JIaH-
HBIX 1714 IPAMOrO I OKOHYATE.IbHOTO pelIeHHs BOIIpoCa O 3Ha-
K€ I10/HOl 2Heprud. OZHAKO MOXKHO NONKTATHCS IDEJICTaBUTD
ce6e KapTHHY SBOJIOUMH CHCTEMB THIA Tpanennn npu paszauy-
HLIX JIOMyLICHHAX O 3HAKE H CPABHHTD BBIBOJBI C HAGIIONEHAAMY.

B cayuae, ecan noanas sHeprusi Tpamenuu B MoMeHT ee
BO3SHHKHOBEHHs Obl1a OTPHIATENbHA. TO pasBUTHE ee JOJIKHO
OBIO OH HJATH INyTEM MHOCJE/0BATEeNbHONO BRIODACHIBAHHS H3
Hee OTICJIbHBIX 3Be3J, 4 HHOIJa H 3BE3JHHX nap " Booluie
CHCTEM OGBIKHOBEHHOTO THIA. [losTomy Uepes HEeKOTOpoe Bpe-
MsA MB JOJTXHBI OBIIH OB Ha6.1I01aTh OKO.IO TpamnenHtd oT/7e/b-
HRE 3BE3LBI TOTO K€ BO3pPACTa, BHIGPOIIEHHEBIE H3 Hee B pas-
AAYHOe BpeMs. B ciayvae ke ecaw mnosnas 3HEPTHs 0. 10KH-
T€IbHA H 3BE3JBl PACXOJATCA H3 IEHTPa C HEKOTODHIMH CKOpO-
CTAMH, C CaMOro Hauajla IIPEBOCXOJAIIHMH KPHTHYECKHE CKO-
POCTH, Tpalmeuus N0.1KHA PaCUIHPATHCH KaK LEJ0e 10 Tex 1op,
IOKa pasMepHl CHCTEMBI HE CTAHYT BEJHKH IO CPaBHEHHIO C JIH-
HEHHBIMH Da3MEpaMH IPYTHX LIHPOKHX KPATHHX cHCTeM. Taxum
06pa3oM, B IEpBOM C.1y4ae 06/IH30CTH Tpanenur cienyer
OXHUIaTh NMPHCYTCTBHSA 3BE3J TOH XK€ NPHPOABI H TOrO KE BO3-
pacra, 4TO H 4Y/I€HH Tpameudd. Bo BTOopoM ciyuae storo He
JA0JIKHO OHTh.

Ham xaxercs, uto naGaoxenus, no KpaiHeHh Mepe B He-
KOTOPHIX Ciy4asX, rOBOPAT ONpEJeJIEHHHM 06pasoM B [0J1b3Y
BTOpOro BapnaHTa. [lpaBna, xax H3BeCTHO, CHCTeMBl THIA Tpa-
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JemHH YacTO BXONAT B COCTAB CKOI/EHHI, I03TOMYy OHH OB~
BAlOT OKPYXeHH MeHee IUIOTHBIMH rpynmamu 3Besf. OjHako
CTpOEeHHE 3THX TPYNI HHKOHM 00pasoM He TOBOPHT B MOOJb3Y
TOrO, 4YTO OHH MOTYT fBJATBHCS Pe3yJbTaTOM MOCIEN0BaTE/IbHOIO
BHIOpOCA 3Be3]l H3 KPaTHOH CHCTeMH C OTpHIATE/IbHOH SHeprHueH
BCJEJICTBHE MElCTBHS MeXaHH3Ma 3BE3JIHBIX COJHXKEHHH.

B 3TOM OTHOWEHUH HHTEPECHBIM IIPHMEPOM fBJIAETCA CKOMN-
1enne NGC 6823, xoropoe. kak moxasaa MapkapsH, HMeer
A71po, TpeJcTaB1giouee Co00H LEMOYKy 3Be3J THIOB O u BO.
[To Uapneccy, xaxjgas H3 3THX SPKHX 3BE3X ABJISETCS KOM-
nakTHO# TpameuHeil. OHAKO OKpy:Kaonlee CKONJIeHHEe COCTOHT
H3 C1a0BIX 3Be3[, H, IIpH 3TOM, HE HMeeT CryLleHHA K LEHTpY.
Mexay TeM IpH 00pasOBaHHH CKOIJIEHHS B De3yJabTare pac-
mafa CHCTEMHl C OTPHLATEIbHON BHEpPrHell MH JOJKHBl OBLIH
6H HMETb B CKOIIJJEHHH TakXe OT/e. bHble SApKHE 3Be3JIbl H
CFylLIeHHe K LEeHTpY.

Hecko/1bKO HHOS IIOMOKEHHE Je.1 MbBl HMeeM B Tpamnernun
OpuHoHa, KoTOpast JIOrPYy#EHA B OKpYJXKawllee ee€ CKOIJIEHHE
crabux 3Be3l. MHOrHe H3 WIEHOB 3100 CKOIIEHHS ABJAIOTCA
c1abbiMH KapaHkamu. XoTd ILIOTHOCTH CKOILTEHHSI YOBIBaeT C
yBEJHUEHHEM pAcCTOSHHA OT TpaleludH, O/JHAKO CKOIIIeHHE CO-
JAEPXKHUT TaK MHOTO YJIEHOB, YTO OHO HE MOTJI0 06pa3oBarThes
H3 3Be3f, NpHHAAIexaBIHX paHee Tpameuud. BrpoueM, 3TO
BOBCE HE fB/IAETCH OCHOBAaHHEM J.1 OTDHIAHHS TEHETHYECKOH
CBSA3H MexKJy ckomjeHueMm u Tpanenuei. STa CBA3b HECOMHEHHA.

Ha ocHoBaHHH CKasaHHOro Mbl CUMTa€M B BBICIIEH Ccreme-
HH BEPOATHBIM, UTO 3HAUHTEJIbHAs uaCTh, €CIH He GOJbIIHH-
CTBO, Tpanenuii HMeeT I10/I0XKHTEJbHbIC IOJHBIE SHEDPTHH.

B noap3y sTOro BBHIBOJAa TFOBOPAT IPHUBEAECHHBIE B CJe-
AyioleM naparpade axibl, OTHOCSAIHECS K HEKOTODPBIM O4YeHbB.
INHPOKHM TpaleLusM.

§ 8. HEKOTOPbIE BECbMA IIMPOKHUE CHUCTEMDbI

Ecam BepHa pa3BuTas B HacToslled CTarbe TOYKA 3PEHHA
HA TpalelHH, KaK paclajaroliuecs rpynmnbl, TO CIeAyeT AyMars,
YTO H3yueHHE BECbMA UIHPOKHX CHCTEM 3TOTO THIA JOTKHO
NPHUBECTH HAC K HHTEPECHBIM BBHIBOJAM O JajbHEHIIeM pa3BH-
THH COCTaBAAIOIUHX cHcTeM THma Tpanemuu. KoneuHo, B 3TOM
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HampaB/ICHHH TPYIHO HITH CJIHLIKOM Ja/71€K0, TaK KakK, ¢ OJHOU
CTODOHEI, HAWIH CBEJeHHA 00 OTHOCHTE/bHBIX COGCTBEHHBIX /IBH-
ACHHSAX BECbMA CKY/IHBl H, C IPYrofl CTOPOHBI, MEIIAIOT 3BE3/BI
‘pona. Ho Bce e, ecid B GOIbIUMHCTBE CHCTEM CIHCKA, IpH-
10ZK@HHOT0 K HACTOALLEH CTaThe, B3AHMHBIE PACCTOAHHA COCTAB-
AAOMHEX  3akg0ueHbl mexay 0.02 uw 0.2 mapcexa, MoxHO
MONBITATECSH OTHICKATh OT/IE/JbHHE TPAleLHH, B KOTOPHIX B3aUM-
HBIC paCCTOAHHA COCTABJIAIOUIUX 1OCTHTaT 01 0.25 10 1 mapcexa.
[Ipocmorp ororpaduit od1acreit HeGa, B KOTOPBIX pacCrieio-
ACHBl HEKOTODBIC 3BE3/JHHE aCCONHAUUH, NPHBOIHT K De3y.lb-
TaTaM, KaK OyATO NOJTBEPKIAIIUHM HATHYHE TAKHX IIHDOKHX
lpanenuii. Bosbmem 118 npumepa o6aacTh acconpanuu Jleéenas
Hemozanexy or ckomieHuss NGC 6871. O630p dororpadun stoi
00s1acTH, no.yyenHoii B Brwopakane ma xamepe Ilmunta, nosso-
KT Cpa3dy yCTaHOBHTb HAJHYHE, 10 KpaHHEH Mepe, HATH TaKHX
Fpynm, KOTOpble MOXHO CYHTATh IUHPOKHMH TpalelusMH, He
cyhTas rpynmnsl, Bxogsaie B caMmo ckoriense NGC 6871. Croex-
TPaJbHBIE THIB H 3BE3JHblE BeJHUHHBI 3B€3/l YKasaHHOH o6.a-
CTH onperne/eHsl Jubepoy|10]. Okasanoch, uTo BO BCeX IATH LIH-
POKHX CHCTEMAaXx r.aBHble 3BE€3Jbl UMEIOT CHEKXTPHl THNa B. B Hu-
KeCleAywoulell Tabaulle JalTCsd HOMEpa 3STHX TIJI4BHBIX 3Be3j
0 CHIHCKY JHbepa H KOOpPAHHATE. BO BTOPOM, TpeTbem H uer-
BEPTOM CTO.10UaxX 7Tal MLl JIaHBl 3BEe3jHasd BEJIHYHHA TIJaBHOM
3BE3/IBI, €€ CIIEKTPAJbHBIH THII H YHC.10 COCTAB/SIOMIHX, BXOIAIIHX
B cuCTeMy. B ceabvom €T10.16L€e aHO NpHOIH3HTEIbHOE 3Haye-
HHe HaHOO.1bLIEro H3 PacCTOSHHI MEXIy KOMIOHEHTAMH JaHHON
Tpamenuy, BbIpAXKEHHOE B CEKYHIaX AVrH, & B BOCbMOM,— 3Ha-
U€HHE TOrO K€ pacCTOAHHSA, BBIDAKEHHOE B aCTPOHOMHUYECKHX
CAHHHIAX, PHYEM pacCTOfHHe accoumauuu JleGens, B KOropoil
HaXOJATCA 3TH TPAllCUHH, NPHHATO paBHbIM 1500 mapcex.

Tor takT, 4TO r.IaBHEIMH 3BE3JaMU paccMatpHBaeMoii Tpa-
INEeLHH ABIAIOTCA Y€ He npencrtasurenu xiaacco O uam BO,
a IpeacTaBuTe.IH (o.€e IIO3JHUX INojapa3feneHuil Tuma B, ro-
BODHT O TOM, YTO CpeIHHII BO3pacT 3THX Tpameuuil ropassio
BHILIE CPEIHEro BO3pacra CHCTEM Hallero OCHOBHOTO CIIHCKA.
ITO CBHAETEJIBCTBYET B IOJb3Yy TOrO, 4YTO OHH OGPAa30BAIHCH
H3 Gosee TecHbx Tpaneuui. C Apyroit CrOpoHH, 10 Gopme cBoEN
‘OHH HANOMHHAIOT OOBIYHBIE (o/ee TecHble Tpanenuu. OCo6eHHO
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Ta6auya 4

a | 3
(1950) | (1950)

A34°140 | 10,00 | B5| 4] 02003,8| 3410 ; 52 | 78,000 |
A35190| 9,56 | B2| 4 05,6 | 3500 ' 93 | 140,000
A35240 | 8,22 |B2| 5 07,1 3522 |55| 83,000 BD+3573987
A 35 254 B2| 4 07,4 | 3520 a1 | 61,000
A35233| 8,67 | B3| 6 t 78 | 117,000 |BD+-35°4001

3Be3na Mpg Sp‘ n dmax| Dmax |llpumeuaune

08,0 1 3543

5TO OTHOCHTCS K cucremam A 34°140 m A 35°190, Becbma 1no-
xoxuM Ha Tpanmemuto Opuona. OfHaKo OHM B JHHEHHOH Mepe
B IeCATh pa3 uidpe nociegnel. B ciyuae, ecan paCulHpeHHe
Tparenud OGHYHO NPOHCXOJHT TOJBKO B pe3yabTate pacnaja,
BHI3BAHHOT'O B3aHMOLEHCTBHSMH 3Be31 IIPH COTHKEHHAX, TO 3TO
paciiHpeHHe JOJKHO ObliO0 OBl € TeYeHHEM BpEMEHH COIpo-
BOX/aThCad u3MeHenneMm dopwmbl. [lpuBejeHHBIC K€, IIpaBaa
BeCcbMa CKY/HBIE, JAHHBIE CKOpee TIO0BOPAT O COXpaHeHHH dop-
MBI, YTO MOKET OLITb OOBSCHEHO TOJbKO TO0/0XKHTEIbHOCTBIO
N0IHOll 3HEeprdu, KOrja OTAe/]bHble COCTABISIOIIHE HMET 10-
CTaTOYHBlE KHHETHUeCKile sHepruu, 4yTOOBl YIaisiThbCa OT MECTa
CBOEr0 BO3HHKHOBEHHS IOYTH ITPSMOJMHERHO.

§ 9. HAMBOJIEE TECHbBIE CV.CTEMbl THUTTA TPATIELIMH

Jlis BHACHEHHs SBOIIONHOHHOM ponu cuctem THna Tpame-
nun OpHoHA OCOOBI HHTEPEC MOJKHBI IPeICTaB.IfTh Haunbosnee
TecHBIE CHCTeMHl 3TOro poja. [1pexjpe Bcero BCTaeT BOUPOC—HE
MOXeM JH MBI Hab/AKAaThb 5TH CHCTEMBl HaA caMO# paHHEH CTa"
JHH HX BO3HHKHOBEHHS$, KOra pacCTOfHHE Mex 1y KOMIOHEHTa:
MH Ouenb Majio, T. €. KOrja pacIuMpeHHE TOJbKO UTO HA4a/l0Ch.
B yacTHOCTH, HE MOTYT Ji Hexoropble 3ses3inl Tuma O mim BO
BechbMa BHICOKOH CBETHMOCTH OBITh HA CaMOM Je/je BCCbMa TEC-
HBIMH TpYIIaMB 3B€3J TOrO K THIA, HE pasielieMbIMH  BH-
3yajbHO. JTOT BOIPOC 3aTPOHY? B pa6ore Ilapmaecca. Ilpex-
Jonaras paccrosimme 0 3Be3ipl THIA O HIHA BO paBHBIM
1000 mapcex, MBl ZOKHBEI NPHHATH YTO B STOM CIydde paccro-
AHESL MEXKIY KOMIIOHEHTAMH JO/MXKHBI OHTH MEHBIIE 300 a. e.
Mpu OMOKHTEAbHOCTH SHEPTHH CKODOCTH 3BE3A  JAOJMMKHH.
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OHTL IIDH 3TOM He MeHblIe, yeMm 5 xu/cex. B Takom clyyae
TaKasg CHCTEMa MOKET IIPOJONXKAaThb OCTaBaThCS BH3YyaJbHO He-
pasnesneHHoil He Gosnee 300 ner. [losToMy Ham KaxeTcs, 4TO
H3 coreH 3Be3n THna O B jgyumeM cjyyae TOJbKO OAHA HIH
ABE MOTYT OBITH 3aCTHTHYTBHl HAMH B TOT II€DHOJ, KOTJa OHH
TIpeiCTaBIAIOT CO00H ,0yaylHe BH3yaibHHE Tpamenun“. Tewm
He MEeHee, HaJ0 IOJYEpPKHYTb, YTO, IIOCKOJbKY 060/e€ TecHHE
BH3ya/IbHBI€ TpaleNHH, BEDOATHO, SB/ISAIOTCS HaHOO/Iee MOJOIH-
MH CHCTE€MaMH, UX H3y4YEHHe 3aC/YyXKHBAeT CIIeIHaJbHOrO BHH-
MaHHUS.

['oBopsi 0 TecHBIX BH3VaJIbHBIX Tpamenusix, Mbl LONKHE
HMETb B BHAY TDYDIBl, B KOTODHIX B3aUMHBIE pPacCTOSHHH HE
NPEBOCXOAAT TpexX-uerblpeX THICSY a. e. [lpu paccTosHusX
Ha00laemMblX Hamu O-acconmanuil OT HAac B CPefHEM NOpPSAKA
THICAUH IIAPCEK 9TO O3HAYAET, YTO MHl JOKHEL YAEJHTh 0CO-
0oe BHHMaHHE CHCTEMAaM, B KOTOPHIX, II0 KpaiiHell mepe, TpH KOoM-
[IOHEHTA UMEIOT B3aHMHLIE pACCTOSHHA OJHHAKOBOTO IOpPSIKA
B upatoyM He Ooilee 4”. MoxHO orMeTuTh, IO KpaiiHeH Mepe,
WIECTb TAKHX CHCTEM, Y JOBJIETBOPSIOIHX TOMY TPEeGOBAHUIO, YTOGH
BHIMMBIC SDKOCTH KOMIIOHEHTOB OBLIH CTOJIb BEJHKH, YTO Be-
POSITHOCTL ONTHYECKOrO XapaxTepa 3THX TpaNelHii COBEPIIeHHO
HHYTOKHA, Taxumu cucrevamu asagoorcs ADS 719, ADS 6033,
ADS 11344, ADS 364, ADS 4164, ADS 14010. I'saBHas 3Beana
UEpBOH H3 STHX CHCTEM OTHOCHTCA K CIeKTpaibHoMy Kiaccy OB,
['naBras 3Bes3ja BTOPOH CHCTEMBI H3BECTHA KaK IepeMeHHas
VY CMaj n oTHOCHTCA K cmexTpaabHoMy kiaccy Ma. Handonn-
iee paccTosiHHe MEeXIY KOMIOHeHTaMu B Hell paBHo 27.9. [lo-
CKOJIbKY HEIPaBH.IbHBIE II€peMEHHBIe II03IHHX THIIOB HAXOIATCS
B H3BECTHOM POJCTBE CO 3BE3JaMH DPAHHHX THIIOB, HE HCK.IIQUEHA
BO3MOMKHOCTB, YTO 310 pea’bHas Tpanmenus. Bosee Toro, o6pa-
HaeT Ha ce0A BHHMAHHE, UTO H3 JIECATH KPAaTHBIX 3Be3x Tumna M
4eTBIpe MPEeICTAB/IAITCS TpaneuuaMu. [losromy Tpamenun Mmo-
ryT JOCTABUTL HAM HOBBIE JAHHBIC O XapaKTepe CBS3H MEXIy
FrOpsiYUMH H XOJOIHBIMH TFHraHtaMi. ['j1aBHas 3Be3na TpeTbed
U3 [IE€PEYHC/IEHHBIX TECHBIX CHCTE€M OTHOCHTCS K tumy G5 =
HO3TOMY MOXKHO IIpejroJ/ararb, 4TO 3Ta CHCTEMAa SABJSETCS IICEB-
norpanensueii. Hakouen, crnexTpaibHBIE THIB 3BE3T OCTAIbHBIX
TPEX KDPAaTHBIX CHCTEM HEH3BeCTHHl. JTO NOKAa3bIBAeT, YTO [aH-
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HBIX IJIfl CYyXJEeHHA O HauboJee TEeCHHX CHCTEMAX O0YEeHb Majo
W 4TO KpaliHe JKeJaTeJlbHO BCECTOPOHHEe HX HCC/eLOBaHHE.
Heb6oapmasi 4uc/I€HHOCTb CTO/IB TECHBIX CHCTEM HAaXOIHUTCH B
IIOJIHOM COTlJIaCHH C pa3BHTBIMH BhlIe IPEICTABJAGHHAMH O He-
YCTOHYHBOCTH Tpameuuid BoolLie.

§ 10. KATAJIOI TPATIELLUI

[lpunoxeHuplil X HaCTOALIEH CTaThe KAaTa, 1ol Tpalenui
COCTaB/JeH HAa OCHOBAHHH NAHHBIX, COOpAHHBIX M3 Karajora JDUT-
KeHa, a TaKkxXe Ha ocHOBaHMH JaHHBIX Mapkapsna u lllapniecca
0 KpAaTHBIX CHCTE€MAaX B OTKDBITHIX CKOIIJIEHHAX H Ta30BBIX TY-
MAHHOCTSIX. JTOT KaTajJOl HE SBJASCICS IIOJHBIM [[a:XKe B OTHO-
IIeHHH 3BE€3J, comepxauuxcsa y Jirtxkena. Haumra ueap 3axiio-
yajzach B nmepeuncaeHun tex Tpanenui, KoTopsle NpeacTaB/IsoT
nepsooyepej ol HHTEpec. B mepsom croabue Tabiuubl  gaH
HOMED II0 IOPSAIKY, BO B’fOpOM HoMepe 1o OJITKEHy, HJIH IO
BD, B TpeTbem H 4YeTBEPTOM IaHBl CHEKTpPaJbHBIH THII H 3BE3]-
Hasi BEJHYHHA [/IaBHOH 3BE3/bl, @ B IATOM--PACCTOSHHA MEXIY
KOMIIOHeHTaMH.

Ciayuau, Korja rjaBHas 3B€3Ja IPHHATIEKNAT K OJIHOMY
u3 turnos A, IF, G unu K, HCK/II09eHB H3 Tal.JHI(Bl, MTOCKOJbXY
5TH CHCTeMBl B CBOeM OOJbIIHHCIBE SBJASIOTCS IICEBJIOTpaIne-
nusmu. OcrasieHa jaunilb HHTepecHas cucrema ADS 11344 ¢
ri1aBHOil 3Be3noil THma (3. [lo BO3MOXKHOCTH TOUHBIE H YAaCTHE
Ha0110/I€HUST KPATHBIX HACTOSIUEro CIHMCKAa HAM XamXyTca 4Ypes-
BBHIMAHlHO BaXKHBIMH H 4eM O0.IbLUIHUM KOJHYECTBOM HabJio0/aTe-
JAefl oHH Oy yT NPOMEDEHDLl, TeM Jyulle.
buopakaucksa ecTpodusideckads obcepBaTopnsn

Asrycr 1954.

SPULMGSRUBR Shah RUQUUUSALE
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2‘ Mosuuuonnble yrin H paccrosanus

;; ADS Sp m, AR |i AC AD

1 202 omg | 2067771 707 12"

2 307 B3 | 80| 89 55 25 | 80° 47"

3 364 9.3 132 1.5 1831.6 BC 244° 1. 4

1 423 g 0| 3505 | 33647 | 147 50

5 719 06 8.1 82 1.4 136 3.8 194 9

6 984 95| 22009 10 12

7 1209 B3 7.3 M2 14 BC 150 14

8 1237 BO 99| 276 10| 3014 CcD 118 4
DE 23 15
EF 35 14

9 1693 var 20 8| 200 14| 285 24

10 1823 9.4 163 7| 2415

11 1869 95! 143 4| 44 4

12 1877 B 8.0 104 15 A'B’ 226 17
AA 262 39

13 1920 O5f 7. 95 10 | 268 15 | 344 24

14 2135 B8 8.0 | 288 11 21 25 66 34

15 2159 B8 3. 277 25 | 213 8l

16| 2161 BO | 7| 93 2| 297 14| 263 15| AL 390 16
AF 74 17

17 2165 08 g 7| 2860.2 1712 10 20 | AE 137 24

18 | BD--60°578| (7 79 3111 331 13| 27230 AE 51 26
AF 152 27

19 2780 9.4| 317 6| 191 13

20 2843 Bl 2.9| 208 13| 287 33
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2 P A | AR AC AD

Z (

o1 | 2084 po | 770 | 308° 18 | BE 331°20”
BD 84°15”

99 3195 89150 11 | 148 27 CD 281 05

23 3579 B8 6.0 | 304 19 63 26

24 3684 B9 7.8 | 304 19 63 26

25 3940 - B3 8.2 6817 | 154 49

2% 3043 05 90| 11310 | 333 12 | 204°15” | AE 119 23

97 4053 85|22 1.1103 4 | 10812 | AE 132 18
AF 200 28

28| 4112 9.5|239 7 31010 BD 325 2

29 4164 9.6 | 23¢ 2.2/ 210 3.6

30 4186 06 6.8 32 9 | 13113 96 22

31 4941 BO 4.0 | 294 0.3/ 236 11 84 13

32 4798 B2 7.3 1110 2.6 296 14 | 121 28 | AE 183 43

33 4884 9.5] 180 6 | 307 13

34 4962 B8 7.8 | 258 60 BC 87 15
CE 325 42

35 5008 8.5 319 7 |32215

36 5392 07 4,81 9212 3 14 17 | 308 41

37 5682 9,2 | 152 14 BC 245 8

38 5685 B3 9.3 19229 3 19254 7 2 9

39 5735 B9 8.4 (171 7 | 35815

40 5977 QOllt 4.5 90 8 79 15

41 6033 Ma 7.7 1171 05| 9292 2.4]3%3 2.9

42 6205 B8 4.7 | 156 38 BC 130 42

43 6216 B9 791304 7 | 13318 99 64 | AE 238 72
AG 1 84

44 6366 B9 80| 918 88 26

45 7372 93] 18 2 | 248 3.4 Bb 188 2.7
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ADS 5P my AB AC AD

46 7474 9"0 | 123° 77 | o5 11~ CD 137°21”

47 10489 9.7 1269 9 | 6411

48 10529 9.8 127 7 | 323 7

49 10637 9.3 | 286 13 BC 192 6

50 10841 10.6 | 227 2.5| 347 5

51 10991 08 8.0 22 5 | 21211 CD 277 2
CE191 6

52 11136 P 951279 5 | 8 13

53 11168 B3 7.5 | 122 7.5 238 13

54 | 11169 B8p | 4.0|260 17 | 119 95 | 312°47”| AE 115 51

55 11179 8.5|100 31 ! 161 12

56 11193 BO 8.2|359 18 | 87 3l Aa 198 12
Ab 67 22
Bc 323 5

57 | BD—12°4980] Os8f 7.3 189 16 | 257 18 | 213 19 ﬁ}ﬁ }? gg

58 11263 9.6 | 314 0.7 262 32 CD203 15

59 11344 G5 8.2 19292 0.3 21 0.7 BC217 0.5

60 11421 8.5 (31912 | 151 25

61 12092 9.5 | 153 232 9 BD 72 6

62 12100 1051174 5 | 245 5

63 | 12403 10.5 | 167 15 gg 115% lg

64 | BD—22°3782 0 88948 8 303 10 341 18 AE 307 18

65 | 13038 A5 7.0|308 10 | 182 12

66 13117 B9 6.6 2210 | 174 16

67 | 13292 B2 8.8110017 | 164 12 | 13524 | Aa 220 10

68 | 13312 osi | 7,21175 o | 30843 | 172 29

69 | 13368 B 9,0 | 288 12 79 12 | BC 163 4
AE 318 15

70 | 13374 WN54 | 7.0 64 6 | 2810 | 301 i1 | AE 108 98

+09, 5111 AF 29 36
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; AD3 S| MA | ap AC AD

71 13376 | BO+B5n| 7-6 | 126 97 | 297° 117 | 236" 11”

72 13610 Ma 7.5 | 82 33 258 32 | BC 182° 4~
AE 75 38

73 13626 BEO.51V | 8.0 | 103 19 BC 49 18
Aa 156 4
Ab 158 9
Ac 331 19

74 13943 9.6 | 264 7 BC 195 5

75 13963 9.0 8 6 | 356 11

76 14000 06t 9.0 | 204 9 51 18

77 14010 8.7 1950 2.3l 268 6.2| 196 20 | AE 57 2l

78 14071 9.9 1161 4 |28 8 | 10328

79 14330 8.7 | 354 6 54 6 BC 117 6

80 14338 8.7 | 245 10 | 141 18

81 14438 9.0 1280 6 | 132 10

82 14526 B3ne | 4.9 | 353 20 | 141 27 | 220 38

83 14545 9.2 22 5 Aa 270 3.4
Bb 24 2.7

84 14825 931203 5 |282 9

85 14831 B3ne 4,6 1220 15 | 180 22

86 14885 Mb 8.5 1202 15 | 197 21

87 14966 9.5 | 195 47 BC 50 5
CD 108 4

88 14969 BO 6.1 | 29 34 98 54

89 15014 9.2 | 157 14 14 15 Aa 5 6

90 15184 06 5.8 323 1.5 121 12 | 339 20
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o ADS S !
Z | Pl Ma 1 4B AC AD
Z | ‘
9] 15220 Mc var | 224° 117 | 929° 19"
92 15260 88! 53 0.9 BC 121°0." 34
93‘~ 15469 9.4 9 5 | 158 11
94" 15561 871 78 7 | 311 21 34°90" | Ab 131 16
| AE 66 22
95} 15654 9.5 193 6 82 10
96 15679 RY 6.8 110 27 BC 165 23
97; 15695 8.9 91 9 1119 14
98 15713 9.0 177 6 BC 256 3
: | | BD 175 14
99 15789 9.0 138 12 1516 177 16 | CE 280 5
i
100 15834 951 91 2 | 11412 24 14 | aFE 80 16
! i 73 20
t
1l 15847 B5 5. 19 6 | 224 12
102? 16095 B!Vne+| 6.0 | 186 22 145 81 | BC 155 28
| +B2V Cc 254 1
103 16474 B9 6.6 51 21 | 260 57
104‘ 16795 B3 501344 1 269 76 CD 223 1.4
AE 115 43
: AF 338 69
| AG 348.67
105 16953 9.5 | 247 14 | 282 16 1570 | DE 396 5
106 17093 8.6 88 31! Aa 11 25
BC 311 5
107 17124 9.4| 46 6 | 181 9 |
108 17171 08 9.1]200 2 26510 31314 | AE 135 18




