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Abstract

What one person calls God, another calls the laws of physics. Nikola Tesla. Nature does not
write formulas, she knows neither integrals and differentials, nor divergences and rotors, nor
"psi" and "xi" functions, she knows neither masses, nor lengths and times, nor "curved
spaces" and "quanta", knows neither religions nor atheism, knows neither "Good" nor "Evil".
But she created the most universal - the movement and rotation of the ether - as the primary
substance, the environment from which Life is born - from the Proton to the Galaxies, from
complete Chaos to highly organized Mind, realizing the main law of the Universe: the
Continuous process of the transformation of Ether from nonexistence into Being (Life) and
back.
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Ilpeoucnosue

Hacrosiuii Tpyn npeiHa3HayeH JII0IIM, UILYIIUM HETPOTUBOPEUUBOE NPEACTABIEHUE O TOM, KaK
ycrpoeHa Hama BeenenHas ot I'anaktuk u 10 [IpOTOHOB — riaBHBIX KUPIIMYUKOB MUPO3JaHUS B MOEM
MOHMMaHUM U ALIIOKOBCKOTO B.A., ocHOBaTesst HAy4HOTO MPEACTaBICHUS O BCEIPOHUKAIOLIEM dpupe -
“D¢uponuuamuku”’, moomeAnmero kK npodieme ¢ nozunuii Mmxenepa (Co3ugarens).

[TponomkeHreM M pacIIMpPEHUEM BhIIICYKa3aHHOTO HAyYHOTO MPE/CTaBIeHUs (PU3NIECKUX MTPOLIECCOB,
C MO3UIMHA APUPOTMHAMUYECKOTO TIOX0/1a B ONTUCAHUY SIBJICHUI MPUPOIBL, sBisieTcss — “I'panueHTHas
D¢upoaunamuka”, pazpadareiBaeMast aBTOpoM. [1Jist JTydIiiero moHMMaHHsI OTIMCaHHOTO JKeIaTeIbHO
MPOYMTATH MPEIbIIYyIIHe PadOTHl aBTOPA, T.K. OHU CUCTEMHO B3aMMOCBSI3aHbI M JIOTIOJIHSIOT IPYT Jpyra.

HekoTopele MoebHBIE ITPECTABICHHS OTJIMYAOTCS OT IpeCTaBlIeHNs ALIOKOBCKOro B.A., aBTop
cTapa’icsi IPUAEPKUBATHCS MPABIITY Pa3BUTHSL, OCHOBAHHBIX HAa HOBBIX (haKTax, HAOJIIOJJCHUSAX, aHAJIN3E
CTapbIX U HOBBIX 3KCIIEPUMEHTOB, YTO MPUBETCTBOBAJ U caM B.A. (Tak OH ce0st Ha3bIBa).

B npencraBieHHOM TpyzAe €CTh MHOTO MaTEpUANIOB IPYTUX aBTOPOB, C KOTOPBIMU aBTOP MOXKET OBbITH
YaCTUYHO COTJIACEH WM HET, 3TO Oy/IeT MOHSATHO U3 TEKCTa, TAKOE MPEICTaBICHUE JaHO BBUAY TOTO, YTO
MHOTHE He OyIIyT B TEME MO OTEJIbHBIM 00IaCTAM (PU3UKH, OCOOCHHO € AIbTePHATHUBHBIX TO3HUILIUH.

Hanpumep - aBrop y3Hai o “bannuctudeckoii Teopun Purna” Toiapko npu HaMCaHUU 3TOTO TPYAA,
COBETYIO BCEM IMO3HAKOMUTCSA C 3TOM TeopHeH, TeM 0oJiee 4TO €CTh CTOPOHHUK U MPOJ0JDKATENh TEOPUH,
naxe ecau Bel mpuBepikeHel Apyroi KOHLEIMH - OyJIeT BeCbMa MOJIE3HO, CChIIIKA €CTh B JINTEpaType.

B nacrosiee BpeMs o BceM HampaBiIeHUAM (U3UUECKON HAYKU UMEETCS MHOXKECTBO (hakTOB U
HECTBIKOBOK € O(pUIIMAIIbHON KOHILIETIIIUEH MUPO3IaHNUs, HE TOBOPS YK€ O TOM, YTO NMPAKTHUECKH BCE
OMOJIOTUYECKHE TIPOIIECChl HUKAK HE YKJIAJBIBAIOTCS B IIPOKPYCTOBO JIOKE COBPEMEHHOM (DUBHKH.

ABTOp MOCTapaJics J0XOAYMBO, C MUHUMAJIFHO HEOOXOIMMBIM MaTeMaTHUECKUM aIllapaToM, IOKa3aTh
supoauHaMHuecKuil moaxo  k [anaktukam, 3Be3nam u gaxke Ilnaneram, Ha 6a3e 3pUpoAMHAMHYECKON
mozenu tuna “IIpotoH”, rie ecth MacuITabupyeMasi IpeeMCTBEHHOCTb apXUTEKTYp U JBMXKEHUH 3(upa.

[TpuBeneno MHOeCTBO (hoToTpaduii M WILTIOCTPALUI TS T0Ka3aTeIbCTBA MpelaraeMoii aBTOpOM
sabupoauHamMudeckoi Moenu 3Be3n, [lnanet u ["anakTuk, 0ObSICHSIOMEH eAMHBINA MEXaHU3M CO3JaHUS
“rpaBUTAIUN’’ 3THX 00BEKTOB, IPHHLIUIHAIBEHO OTIIMYAIOIIUIACS OT MPEICTaBICHHBIX KEM-IH00 paHee.

Kakue >xe mpo6iaemMbl acTpOHOMUH YBHUJIENA, U PEIlIeHUe KOTOPBIX MocKazana, “I"pagueHTHas
D¢upoanHamuka” (B 3TOM U B HEKOTOPBIX MPEIBIIYIINX padoTax aBTOpa, YKa3aHHBIX B TEKCTE):
1. DdupoauHaMmUecKas MOJe/b IPABUTALINH, BBEICHHOI aBTOPOM B paboTe *2, i MpHHSBIICH
OKOHYATEJIbHBIN BUJ B HACTOSIIEN TPYLE.
D¢upoarHaMuUecKuil MPUBOJI TJIAHET B 3BE3THON CHCTEME.
D¢upoarHaMUUYeCKUil PUBOJI 3B€3]] B TAJIAKTUYECKOM CUCTEME.
[TpoGnema ckopocTeit 3Be3/] B ralakTHKaxX U cKopocTe ["anakTuk Bo BeeneHHOIM.
[Tpo6nema “TBepaoro Tena” spa ragakTuk U “Ckopocteit 38e3/1” B FaTaKTHUYECKUX pPyKaBax.
[Tpo6nema “Kpacnoro cMerienus” v 3pUpoIMHAMUKA JUCCUTIAIIMK SHEPTuu “OM” u3inydeHuit
B IPABUTALIMOHHOM U MEKTAIAKTUUECKOM IPOCTPAHCTBE.
7. TpobGnema I'paButanyu u crabUIbLHOCTH ["amakTHK - “depHble ObIpbI”, “depHas MaTepus’

U “‘yepHasi SHEprus’”’, UM CBETJIbIN (‘“HEBUIAMMBII’) TaJaKTUUECKUH S(UPHBIA BUXPb.
8. Cuoxenue ckopocrelt “OM” curHasnoB B BakyyMe 1o banucruueckoit Teopun Putna (a He o TO).
9. DduponuHammuyeckast MOJIEIb KBa3apoB U APYIHX TaTaKTUYECKUX UCTOUHUKOB M3ITyYCHHUS.
10. DduponuHamuueckas MOAEb FAIAKTHK - POXKAECHHE, MOJIOJIOCTh, 3PEIOCTh, CTAPOCTh U CMEPTh.
K
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“I'pasumayus u uHepYUsL KaK peaxkyus Ha yCKOpeHHoe OsudicerHue sgupa’”,
Aswapos E.M., Mockea, 11.20182., ( https://yadi.sk/i/szg5mDq9 mGoS8g ).



“I'paguentHast DpUpPoAUHAMHUKA” TOJbKO HAYMHAET CBOe TPUYMQaIbHOe mecTBHe!

Yro ke “ocTanock 3a KaJipoM” U TpeOyeT cBOEro 3(hUpoJMHAMUYECKOTO OCMBICIICHHUS B ACTPOHOMUM:
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9.

10.
11.
12.

[Tpo6nembl U3MEPEHHs] CKOPOCTH CBETA B MIPSIMOM IIPH 0OPaTHOM JBM)KEHUH B BaKyyMe.
[Tpo6nembl U3MEPEHHs] CKOPOCTH PaIMOCUTHAIA B IPSMOM IIPpU 0OpPaTHOM JBIKEHUH B BaKyyMe.
[Tpo6nembl n3MepeHust 3GUPOoANHAMUYECKUX KOMIIOHEHTOB “KPAaCHOTO cMelleHHus” (pa3enbHo).
[Tpo6nembl U3MEpEHHsl peabHBIX PACCTOSIHUN, pa3MepoB, MacCc U CBETUMOCTEN 3Be31 1 ["anakTHk.
[Tpo6nemsl “nedenn”, peaibHbIe MOJICNHN, XapAKTEPUCTUKU U KOPPEKTHBIE PACCTOSHUM 710 HUX.
[Tpo6nembl “HEHTPOHHBIX 3BE3/1”, XapaKTEPUCTHUKH U KOPPEKTHBIE PACCTOSIHUN 10 HUX.
[Tpo6nemMbl KOCMHUYECKOH TUCTIEPCHH Pa3HBIX JMANa30HOB U3IYUYEHUHN U X CKOPOCTEH B BaKyyMe.
[Tpo6nembl IBOMHBIX 3BE3/1, XapaKTEPUCTUKHU, ONTHUUYECKHE IPPEKThI, KOPPEKTHBIE PACCTOSHUSI.
Kocmuueckue Mupaku — myJibcapbl - CBEPXHOBBIE HIIM BPEMEHHBIE TOHKU U3JTy4eHHH.
Kocmuueckue Mupaku — rpaBUTAllMOHHBIEC WIIM BPEMEHHBIE JTNH3BL.

Kocmuueckue Mupaku — 3B€3IHbIE CUCTEMBI M IyT'H UM ONTUYECKHE dPPEKTHI.

JloKa3aTenbCTBO CYLIECTBOBAHUS “‘CBEPX MACCUBHOTO 3BE3HOTO OOBEKTA” - HE “UepHOM JBIPHI”.

DT0 HE BCe MPOOJIEMbI ACTPOHOMUH, TPEOYIOIINE CBOETO dPHUPOAMHAMHYECKOTO TIEPEOCMBICTICHHUS, IS
MHOTHUX (PU3NYECKUX TUCHUIUTMHAX TpeOyeTcs co3aanue 3(pupoIMHaMUYECKUX OMUCAHUN MPOLIECCOB.
Bcem TBOpueckuM HaTypam, KOTOpbIE MPUMYT Mmoaxo sl “T'paguenTHoOi DPupoguHaMuKku”, aBTop Ipea-
Jaraet NpUCOeAMHUTCS st co3aanus ““Uncmumyma Teopemuueckoul u [lpukiaonoti dghupoounamuxu’.

Hacrosmuit Tpyza co3aaBaics He AJi IPAHTOB U II€4aTH B IIPECTUKHBIX HAYYHBIX XKypHaIaX, I09TOMY

OH HE MPHJICPKUBACTCSA NPUHATHIX CTAHJIAPTOB CO3aHUS HAYUYHBIX CTATEH, B YeM 4acTO MOMPEKAIOT
aBTOpA, a IS IPOCTBIX CMEPTHBIX, KOTOPbIE TOJDKHBI MMOHATH YTO ThI HAIIMCAT U YBUAETH XOPOIIYIO
rpaduUecKyIo MOJIEPKKY TEKCTa (a B 3TOM aBTOp MPO(eCcCHOHA).

ABTOp TaKKe YTBEPXK/IAET, YTO BCE HAMMMCAHHOE B HACTOSIIEM TPYZE OH JIETKO OOBSICHUT JII00OMY
IIKOJIBHUKY CTAPIIUX KJIACCOB — M OH MPAKTHYECKH BCE CMOXKET MOHATH!

OO6s3aTenbHOE TpGGOBaHI/Ie K (bHSI/I‘IeCKI/IM U IOPUIUYCCKUM JIMIaM: HUTUPOBAHUC TCKCTA, HAITMCAHHOT'O

CaMUM aBTOPOM, TPEOYET CChUIKY Ha KaK aBTOPa, TaK M Ha HACTOSIIUHA TPYI.
Pacnipoctpanenue no MHTEpHETY U yepe3 oubnuoteku B popmate pdf:

cBOOOJTHO K PacIpOCTPAaHEHUIO N0 HHTEPHETY U OMOIMOTEKH, OTHOCUTCS TaKXKe U K JPYrHM ITPOU3BEIe-

HUSM aBTOpa B cepuu ctareit no “IT'paguentHoi DpupoarHaMuKe”, yKa3aHHbBIX B CIIUCKE JTUTEPATYPHI.
3amperaercs u3JaHue B JIIOOOM BUE C LIEIBIO MPOJaKU 0€3 COTIacoBaHUS C aBTOPOM.
3ampenaercs B3MMaHUE OTUIATHI 32 PAaCIPOCTPAHEHUE Yepe3 HHTEPHET PecypChl M OMOIMOTEKH.

I'myGokas mpU3HATENBHOCTh BCEM MCCIIENOBATEISAM (PU3NUECKOT0 3(hupa, Aaxe eciii COOCTBEHHOE
BUJICHHE aBTOPA HE COBMAJIACT C MHEHUEM MPEALIECTBEHHUKOB — BCE B KOTIMJIKY 3HAHUH, Be3/1€ €CTh
Kakoe-HUOYIb pallMoOHAILHOE 3€PHO, KOTOPOE JaeT BO3MOYKHOCTh CJIEJIaTh IIar BIIEPE].

THocsswaemcs

Hoceﬂmaemc;l Moeii dcene AJZ]Ze, Komopas cepoudecKu mepneia 6ce Mou ltydaltecmea 6 Hauile
Henpocmoe epems ¢ HO8bIMU ONUOEMUOTIOCUYECKUMU OcpAaHUYeHUAMU U I’lpO6]Z€MCZMM — 8cem 8cé
nepenano.

A maxoice noceawaemes moemy maaouwemy 6HyKy Muwarne, komopwiii kak mo 6 n1em 5 (unu 6 6), ¢
XUMPUHKOU 8 211a3aX, CNPoCcUl — “‘0eda, a mul 3HAewb Ymo maxoe yepHas ovipa?”’ (e2o mozoa oueHs

UuHmepecoea KOCMOC), u, yeudee Mmoe y0M6]Z€HHO€ 6blpAdiCeHue quya - a A ckasan “Hem, He 3HAI ”, cman

MHe MeafleHHO, muwamenbHo n006upaﬂ cioea, 00BACHAMD OQbMI/{MCZJZbHyIO 6EPCUIO 6 €20 NORUMARUU.

Jlopoeoti mul Mot uenogeuex, Modcem OblmMb NOIMOMY ceuuac u nuuy 06 3motl, 6y0b OHA HelAoHAa,
“yepHoti Ovipe”’, umo Ovl Mmovl He NOOYMAN YUMo Meou 0ed He 3HANL - M020d NPOCMO He cMo2 Dbl mebe
00vsicHums npo 3¢up — Cozoamensv u Paspywumens naweti Bcenennou. U xoeoa mui 6ydewvs wumamo
HanucanHoe meoum 0e0oM, Modxcem Oblmb 6CHOMHULUL KAK Mbl ¢ mobou “‘nemanu’!



baza Ipupoounamuxu

Kax mano u 6ecnomowno uenoseuecmso na npocmopax Bcenennoil.
U kax ono ecemozywye ob6vedunennvim Pazymom 6 eco Iosnanuu! (- AEM)

*]
Jlnst rmo6anbHOrO MOHUMAHUS 2 UPOOUHAMULECKUX NOOX0008 , TS TIO3HAHUS SBIICHUA, OTBEYAIOIIUX B

KOCMOCE 32 JIBUKCHHE IJTAHET M CITyTHUKOB BILIOTH 0 3BE3/IHBIX MPOLECCOB B ["aNakTHKaX U BhIIIE, HEOOXOIUMO
MOHMMATh YTO BCE 3TH MPOLIECCHl MHULIMATU3UPYIOTCS TOJIBKO Pa3HULICH TaBIeHUs dpHpa B JOKAIBHBIX 00IaCTIX
HPOCTPAHCTBA; IIPU STOM HE UI'PAET POJIU KAKOB MEXaHHU3M PEaJIbHOr0 (PU3MUECKOro nporecca, KOTOphIil co3aaer
9THU IPaJMEHTHI JaBJICHUs d(hUpa B IPOCTPAHCTBE M BO BPEMEHH, NIPeBpalaronmecs B dQUpPHbIA BUXPb.

Hano moHnmarh, HaCKOJIBKO BEJIMKa MPOHUIAEMOCTh BHELIHETO 3()UPHOro MOTOKA Yepe3 aToM, HO He uepe3 SApo
aToMa, B CBSI3H C BBICOKO pa3pexeHHOCThI0 (1o mosepxHocTH B 10'° pas, a mo o6wsemy 10" pa3s no oTHOMmEHHIO K
APy aToMa) MPUCOCANHEHHBIX 3(QUPHBIX BUXPEH - Ha3bIBAEMBIX ‘3JICKTPOHHBIMH 000JI04YKaMU™~~ aTOMOB, YeM U
00BACHSIETCS UpE3BBIYANHO Maiasi AMHAMUYECKasl BA3KOCTb d(Upa IpH ABMKEHUH Yepe3 MaTepHabHOE TeNO.

I'moGanbHBIE KOCMUYECKHUE SIBICHUS XapaKTePU3YIOTCS HAINYMEM CIOKHBIX 3()UPHBIX MOTOKOB JaHHON 00J1acTh
MIPOCTPAHCTBA, KOTOPBIE MOXKHO PaccMaTpHUBATh MO OTAEIBHOCTH, KaK y4aCTBYIOIME OAHOBPEMEHHO B HECKOJIBKHIX
BHJaX BUXPEBBIX IBW)KEHHM, B CUITY UYpE3BBIYAITHON pa3pe:KeHHOCTH MUPOBOro adupa. JlokazaTenbcTBa 3TUX
MOJIETIbHBIX MIPEACTAaBIICHHH (a BCE B MUpE MOZIENbHBIE IPpeAcTaBiieHus!) OyAyT MpeacTaBiIeHbl HUXKE.

*] Basosvie nonodiceHust 3PUPoOOUHAMULECKUX HOOX0O08 U3TIONHCEHDL
Ayroxoeckum B.A. 6 knuee “Obwas s¢pupoounamuxa”, 5 u3o.

I'1aBa 1. DUpHBI BUXPh — VHUBEPCAILHBIM MEXAHHU3M KOCMOCA

To, umo ooun yenogexk Hazvieaem boeom, Opy20il Hazvieaem 3aKOHAMU QUUKU.
Huxona Tecna.

PaccmoTtpum puc. 1, Ha KOTOpOM TIpeICcTaBiIeH YDUPHBINA BUXPh, KOTOPBI MOXKET OBITh IMOJIOKEH B
OCHOBY paboTsI [Inaneraproro, 3Be3nHoro u ["anakTHyeckoro MexaHu3Ma u cxeMbl paboThel KBazapos.
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Puc.1. JIBmwxenue 3(pUpHBIX MOTOKOB MO/ ICHCTBUEM IPaJUeHTOB 3(UPHOTO TABICHUS
B paJuabHOM HalpaBJICHUU — BHYTPH (JIMHEWHas 3aBUCUMOCTD - Vgp X @R) 1
BJIOJIb CTEHOK YIUIOTHEHHOTO 3¢1pa Viw (CTBOJIOBOI CIUPAIbHBINA OCTOB BHYTPU
3(HUPHOTO BUXPS), U CHAPYXKHU - 00paTHO nporopioHanbHas (Vege < 1/R);
crpaBa TOPHAZ0 — MpooOpa3 yacTH (MOJOBHUHA) 3PUPHOTO KOCMHUUECKOTO BUXPSI.

B Hacrosiiee BpeMsi HET OJHOIICHHOM TEOPUH TOPHAJIO, KOTOpast 00bsICHsIa Obl Bee 3D (HEKTHI,
MIPOU3BOIUMBIC ATUM SIBJICHUEM MPHPoibl (cM. [Tpunoskenue Nel), Mo MHEHHIO aBTOPA HE YUUTHIBACTCS
caMoe€ TJIaBHOE - TOPHAJI0 B BO3/yXe PacKpy4unBaeT QUPHBIN BUXPh C €r0 KOJIOCCATBLHOM SHEPTeTHKOM.



I'anaxmuueckuit Ipupnotii Buxpp yuacTByeT OJHOBPEMEHHO B JABYX JBHKECHUSAX:

1. K ueHTpanbHOH Y4acTH CTBOJIA, 32 CUET Pa3HOCTH S(PUPHOTO JIABJICHUS CHAPYXU Pg 1 BLEHTpe
CTBOJIOBO# yacTu BUXPS Py, , (PaKTHUECKU MPOUCXOIUT 3acachiBaHue 3(hupa u3 BHEIIHEH cpeJibl
BO BHYTPEHHIOIO YacTh CTBOJIA BUXPS U BBIOpAChIBAHUE €TI0 BJOJb CTEHOK YIIJIOTHEHHOTO CTBOJIA,
NoKa3zaHHOEe OOPZOBBIMU CTPEIIKAMHU, OTHOCUTENBFHO IMCKOBOM 00JIaCTH BCAChIBAHUS, B BEpXHEH
Y B HIOKHEH 4acTsIX CTBOJIA BUXPS, COOTBETCTBEHHO, 3T0 00sacTh “Teepoozo Tena” (Vep X ®R).

2. C Hauasiom mpoIiecca BcachlBaHUs d(prpa HauMHASTCS BpaleHue 3gpupa, B mpuiieraromei K
JIMICKOBOM 00JIACTH BCACHIBAHUS, TIOKa3aHHOE Ha pUC.] KPyroBBIMH MOTOKaMHU (Upa 10 4aCOBOM
ctpenke Vge, CKOpOCTh KOTOPOTo OyJeT 00paTHO MPOTMOPIHOHAIBHA PACCTOSHUIO 0 CTBOJIOBOM
9acTH BHXPSI, KOTOPOE 3a CUET IIEHTPOOCKHBIX CUJT YPABHOBECHT CHITY PAIHAILHOTO JaBJICHUS
a¢upa, BOSHUKAIONIETO MO eiicTBUeM rpanueHTa 3¢upHoro nasnenus Grad Pr (Vic o« 1/R).

Kpyrossie notoku 3¢upa, KOTOpble MPEACTaBISIOT CO00H MOTOKU, MPOTEKAIOIINE BO BHYTPUBUXPEBOM
HKBATOPHAIBHOM JMCKE, TEKYT cO ckopocTsiMH Vg, (puc.1l), 06paTHO MpONOPIHOHATBHBIMU PACCTOSHUIO
710 LIEHTpa OCH CTBOJIA BUXPS, C KOPPEKIMEH Ha TOJMIIHHY 3(UPHOTO 3KBATOPUAIBHOTO JUCKA, PACIIUPSI-
IOLIEr0Cs K OCHOBAHUIO CTBOJIA BUXPS.

Pe3ynbraToM BblIlIEyKa3aHHBIX IIPOLIECCOB BO3HUKAET YCKOPEHHOE paauanbHoe aBikeHue 3¢hupa (Vgy),
C OJJTHOBPEMEHHBIM BpAIaTEIbHBIM JIBH)KEHUEM, T.€. B IMCKOBON 00JIACTH BCACBIBAHUS JIBHKEHUE dpupa
MIPOUCXOUT 0 CKUMAIOIIEHCS CIUPAIM B CTOPOHY CTBOJIOBOM 00J1aCTH BUXPsI, OJTHOBPEMEHHO C YBEIJIH-
YEHHUEM CKOPOCTH 3(UPHOTO MOTOKA, C IPKO BHIPAKEHHBIM IpeolIiajaHueM paauaibHOTo MOTOKa dupa.

YcunuBaercs ero 3aKkpyuyuBaHUe, YTO MPUBENET K CUILHOMY HaJICHHUIO JIaBJIeHUs 3pupa B LIEHTpE
raJlaKTHYHCKOTO BUXPSI, KOTOpoe Oy/AeT BOCIIPUHUMATHCS B IMCKOBOM 007aCTH KaK epasumauyusn om

spupnozo euxps (Grad Pg o 1/R%), 1.x. yckopenue g « 1/R? (06bsicHeHHE B cTaThe *2).

YuuThIBasg KPYyroBo€ BpallleHUE B JMCKOBOM 00JaCTH BCachIBaHHsI, MOMEHT BpAILlEHUS MepeaaeTcs U
MOTOKaM, TEKYIIHUM BBEPX U BHU3 BHYTPH H BJIOJIb CTBOJIA 3(UPHOTO BUXPsI, IBMXKEHUE B HEM 00OpeTaer
(bopMmy crivpaiu ¢ SIpKO BBIPAXEHHBIM MTPeo0IalaHieM MPOA0JIBHOTO IBMKEHUS 3(hupa.

Ha puc.1, B cBs31 €O CII0KHOCTBIO OTOOpaXKeHUs — HaJ0 O0BETUHUTD pUc.| U puc.5, He MpopuCcCOBaH
MIEPEXOAHBIN MPOLIECC N3MEHEHHS CKOPOCTHU C SKBATOPUAIBHON TUIOCKOCTH B HAallPaBJICHUE BHYTPb U
BJIOJIb CTBOJIA BUXPSI, TPOUCXO AN B KPYTOBOM BHEIIHEH rantenu (TEpMUH MAIIMHOCTPOCHNU),
COEIIMHAIONICH TUCKOBYIO 00JIaCTh BCACBIBAHHUS CO CTBOJIOM BHXP# (HAJCIOCh YTO YATATEIh CMOXKET 3TO
MPEJICTAaBUTh B CBOEM BOOOPAKCHHH, aKIICHT JaeTCsl Ha 0a30BbIe aCTIEKTHl BUXPEBOU 3(DUPHOI MOJETIH).

D¢dupHBIi TOTOK B CTBOJIC BUXPsI 00pa3yeT ABE paCXOAIIHECs 3aKPYICHHBIE CITUPATH ¢ OOTBIINM
[1arom, MepreHIuKYISIPHbIE TUCKOBOM 00IacTH
- BCAChIBAaHUS - CUJIBHO CXKAThIE BAOJb OCH d(pUpHBIC
: MMOTOKH: BBEPXY IIpaBasi CIIUPab, CHU3Y JIeBasl.

PENATUBNCTKAR CTPYA __

CkopocTb 2¢upa B CTBOJIOBOI 00JIACTH MOXKET
IPEBBILIATE CKOPOCMb NEPEO20 368YKa 6 dpupe
(T.H. “CKOPOCTH CBETA”), YTO BIOJHE JOCTATOYHO
£ W IUTSL CXJIONBIBAHUS JIOKAJIBHBIX 3aBUXPEHU 3(hupa
/ B HpOTOHH*Z, 4TO erle 0OJIbIIe BHI3BIBACT MOHU-
7 ’KEHUE YPUPHOTO TABIICHUSI BHYTPH CTBOJIA B €TO
LEHTPAJILHOM YacTH, T.€. CHOCOOCTBYET MOIep-
KAHUIO CaMOro 3(pUPHOTO BUXPEBOTO MPOIIecca.

“nepsas chepa

‘Yperw cepa

Puc.2. Ddupnbie BUxpH, npucoenHEHHbIE K 3PUPHOMY BUXPIO MepBoii cdepsl (puc.l), Hanpumep:
1-s1 cepa - oOmacTsb siapa raJakTHKH, 2-1 cepa 00J1acTh pyKaBOB T'aJIaKTHKH,
3-s1 cpepa — 06IaCTh BOAOPOJAHOTO ra30BOTO 00J1aKa, OKPYKAIOILIETO FalaKTUKY.



1 o .
ArokoBckuM B.A. * ykazaH BUXpeBOI poIiecC pOKJICHUS IPOTOHOB B TNTyOMHHOM YacTH TajaKTh-
YEeCKOTO s/Ipa, COBIAAIOIIEe C MHEHHEM aBTOPA, KOTOPBIA YTOYHSET - KAKOW UMEHHO MEXaHU3M JICHKHT
B OCHOBE 00pa30BaHUsi CKOPOCTHBIX MPOTOHHBIX CTPYH dHpa — 3TO 2padueHmut IhupHozo 0asieHus:

“Ilpoyecc obpazosanus eewjecmea — NPOMOHHO20 2a3a 8 A0PAX 2ANAKMUK CEA3AH C COYOapeHUueM
cmpyil a¢pupa Ha evicokux ckopocmsax. Ipu docmamounou suepeuu coyoapenuti cmpyii 6Y0ym porcoamscsl
sUXpesble KOMbYd, HENPEPLIGHO OeNAUUEC U YIAOMHATOUUCCH.

Tlocneouss cmaous ux 06pa306aHu;z — docmuoicenue Kpumulteamﬁ NIOMHOCMU U 8bICOKOT
ycmoﬁtm@ocmu, 9Mo YnjiOmHeHHble 6UHMOBbLE }’n()p()u()aflbh!ble euxpu 3(])upa — NPOMOH®bL.

Hp(),lle.?/cyl’n()lﬂ-lble cmaouu - 6UXpU CAMDbIX p03H006p613Hle pasmepoe, np()()()ﬂ.v/caiou;ue oenenue u
nopoma)ammue 60 6pemMiA omux npeoﬁpa30@aﬂuﬁ 60OKpye cebs camvle pa3H006p03Hbl€ B6UHMOBblIE
603MYUEHUA, KOmOopble pacxm);zmc;z 60 6C€ CMOPOHbBL U KOMOPblE 6OCNPUHUMAIOMCA KAK 2JIEKMPO-
MACHUNIHbBLE U3TTYUEHU WUUPOKO20 OUANAa30Ha 60JIH.... “,

Jlo6aBum pacmmdpoBKy: HHOPAKPACHOTO, CBETOBOTO U YIBTPA(UOIETOBOTO ONTHISCKUX U3TYUCHHH,
W3ITy4eHUH paauoiMana3oHa, pEeHTTEHOBCKOTO H KECTKOTO raMMa U3TY4YCeHHUS, YTO B HHTEPIIPETAIIUH
aBTOpA MPEJCTABIISIET COBEPIICHHO Pa3HbIe MPOIECCHl BOZHUKHOBEHUS U MEXaHU3MBI BO3ICHCTBUS Ha
MaTepHUaabHbIe 00BEKTHI — BCE 3TO Pa3HOOOPa3HbIC BHUJIBI IBUKEHHS OPraHU30BaHHOM Y(DUPHON CPEIIbI.

Ha puc.1 He oToOpakeH mporecc 3aMbIKaHHsI BUXPEBOTO JIBOKEHUS 3(hupa, KOTOPbI HE0OX0AUM st
MOJIHOTO TPEACTABICHUS ABMKEHHS 3(PUPHBIX IOTOKOB B MIPOCTPAHCTBE, YACTUYHO OTOOpaKkeH Ha pHc.2,
MOTOKH B IJIOCKOCTH JIMCKOBOM 001aCTH BCACchIBaHUS HE MOKa3aHbI AJISl HE 3arPOMOKICHHS CXEMBI, T.K.
BO BHEIIHEH 4acTH BTOPOil chepbl, TeM Ooiiee y TpeTbelt cephl, IOTOKH KOTOPBIX, CHIIBHO 3aMeNISISICh B
TPEXMEPHOM IPOCTPAHCTBE, PACIIMPSIOTCS BECbMa 3HAUUTENBHO (OYEHB YITPOLICHHO).

Kaxxaplii mocneayronuii mprucoeIMHEeHHbIM BUXPh OyJeT Ha MOPSIKK MEHEe MOITHBIM, HO Ha TIOPSIKH
3HAYUTENIBHO OOJBIIUM IO 00BEMY 3aHIMAEMOTO UM IPOCTPAHCTBA, [IOATOMY MPUCOCTUHEHHBIC BUXPH
HE MOTYT OBITh HAPHCOBAHBI MPOMOPIIMOHAIBHO MX pa3MepaM, a MoKa3aHbl CXeMaTUYHO, KaK Ha puc.2.

Ecnu BHYTpH LIEHTpaJIbHON YacTH BUXPEBOTO 3(UPHOTO Mpolecca (puc.l), Ha3BaHHOE aBTOPOM CTaTbH

“I'pasumayuonnvin Ipupuvim I'enepamopom” * | OyIeT pacmoNoKeH 00BEKT, IMEIOIIHUNA CUITBHOE
“rpaBUTAIIMOHHOE 10JIE€”, TO HAa ONMCAHHYIO KapTUHY LIEHTPOCTPEMUTEIBLHOTO BUXPEBOTO IBUKEHUS
a¢upa HAJTOKUTCS YCKOPEHHOE IIEHTPOCTPEMUTENLHOE IBIKEHHE d(DUpa, CO3MaHHOE ITUM 0OBEKTOM.

PesynpTarom HanmoxeHus OyZeT CII0KHOE MHTETpaIbHOE IBUKEHUE 3(QUPHBIX TOTOKOB BOBHYTPh U
BOKPYT 00BEKTA, PACIOJIOKEHHOTO B LIEHTPAIBHOM YacTu 3pUPHOTO BUXPsI, 00YCIOBICHHOE CYMMapHBIM
YMEHBIICHUEM AaBICHHS 3pHpa B 3TOH 001aCTH MPOCTPAHCTBA.

Benuuunul ykazannvlx nomoxkos 6yoym 3a8ucems om napamempos KaKk 8uxpeeozo d(hupHo2o npoyecca,
MAaxK u napamempos 00veKma pasumayii — Hanpumep C8epxXmaccusHo20 36e30H020 00beKma Ul
2ANAKMUYECKO20 IPUPHOLO BUXPSL, NPU FIMOM CYMMAPHBLIL “epasumupyrowuii 3¢pgexm” pasen cymme
“epasumupyiowux s¢ppexmos "cocmasnouwux e2o npoyeccos, 8 0CHO8e KOMOPHIX 3AN0HCEH MEXAHUIM
ogudicenust 2ghupa u mamepuu noo Oeticmeuem CUi, bl36aHHbIX 2PAOUEHMAMU IPUPHO20 0asIeHUA &
npoCmMpaHcmee u 80 8pemMeHtu.

Hlpugpmom cunezo yeema u menvuiezo pazmepa, ceuvac u oanee, 6vl0e1eHbl
0J10Ku MeKcmoe, 63AmuIX 6 C60000HOM 0OCmYNne 8 UHNEPHeme u Jumepantype.

Ha eascnvle mekcmul 0anbl CCbIIKU HA UCHOYHUK UHDOpMayuu unu asmopa.
Aemop nacmoawieil cmamovu c60uU onpeodeenus gvloesisiem 060poO0BbIM YEen oM.

Texcmol 0anvl 014 CPAGHUMENbHO20 AHAIU3A OPUUUANLHOU U HE OPUUUATLHBIX KOHUERYUTL
U UX MOOENbHBIX NPeOCmasienuil, ¢ IPupoouHamuyecKum nooxooom aemopa — AEM.




I'nasa 2. DdbupHo-BuxpeBoil npuBoa ['aJaKTHYECKHUX CHCTEM

Ipupnoiit euxpe “Coaneunou cucmemot”

PaccmoTpuM conHeuHyto cucteMy ¢ nos3uiuil “I'panueHTHON DPupomHaMUKK.

Ha puc.4. otoOpaxkeH rpaduk 3aBUCUMOCTH CPEIHEH CKOPOCTH IJIAHET OT UX paccrosHus 1o ConHia,
T.K. IPAKTUYECKHU BCE MJIAHETHI ABUTAIOTCS MO AIUITUYECKUM OpOUTaM, MPHOIMKEHHBIM K KPYTOBBIM
(uckmovas [ImyToH), 4eTKO BUAHA 3aBUCUMOCTb CKOPOCTH OT paccTOosiHUSA 110 3Be3b! (ConHna),
BBIpa)KCHHAs B ACTPOHOMUYECKUX €MHULIAX (cpeaHee paccTosinue oT 3emiu 10 CoHIa).

CKOpOoCTb TUTaHETHl 00PaTHO MPOTIOPLHOHATBHA PACCTOSHUIO JI0 3BE3/bI, IOCMOTPUTE Ha puc.1 —
KpPYroBas CKOpPOCTb 3(MPHOT0 MOTOKA TaKKe 00paTHO MPOIMOPIIHOHAIBHA PACCTOSHHIO JI0 IIEHTpa CTBOJIA
3¢pupHOrO BUXPs (110 3aKOHAM JIMCKOBOTO BUXPEBOI'0 A(PUPHOTO MOTOKA).
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paccroanve go ConHua, a.e.
Puc.3. Ilnanetrsr CoqHEYHOU CUCTEMBI. Puc.4. OpOuTanbHble CKOPOCTH TUTAHET.

VYueT paciupeHus AMCKOBOTO NOTOKA 3(upa, Ipu MPUOIIKEHUIO €T0 K CTBOJY 3BE€3IHOTO A(UPHOTO
BUXps (pUCS), moTpeOyeT BHECEHUS! KOPPEKIIMU B 0OPAaTHO MPOTIOPLUOHATBHYIO 3aBUCUMOCTD CKOPOCTH
opOHUTATBEHOM Y(PUPHOTO MOTOKA OT PACCTOSHUS, YTO 00ECTIEYUT OOJIbIIIEe COOTBETCTBHE OPOUTAIBHBIX
cKopocTell 3()UPHBIX TOTOKOB IUIAHETAPHBIM HA PACCTOSHUAX BOJIM3U CTBOJIA I(PUPHOTO BUXPSI.

Puc.5. Ddupnslit BuXpb 38e31b1 (ConHile
B 1ieHTpe). CTpenkaMu yKa3aHbl
OTHOCUTEJIbHAS BEJIUUNHA U
HarpasjeHue dpUPHBIX TOTOKOB
paanaIbHOTO HANPABICHHUS.

Conneunsiii 3001 “Ilapkep” (HACA),
3anymieHHbId B 2018 roay, npubnusuics
k Connny B anpene 2019.

Obnapyaiceno HOBoe AB/ICHUE 8 NPEOeNax
uemeepmu ACmpoOHOMUYECKOU eOUHUYbI
(AU) paccmosinus medncoy 3emnetl u
Connyem (0.25 a.e.):

“Ha smom paccmosanuu 30H0 nepeoas, Ymo coJTHeYHblIl 6emep, NPeOCmasIA0uuIl coooil
NOMOK 3apajrceHHbIX yacmuy, ucnyckaemvix Connuyem, epawianca 60Kpye 36e30bl co
cKkopocmbio 3550 Kunomempoe é ceKyHoy, HaMHO20 NPECLIULAIOUWUMU NPEOCKA3AHUS
meopemuyeckux mooeneil - ¢ 20 paz eviuie yem npeononazanocsy!”.

A Ternepb MocMOTpUM Ha rpaduk (puc.6a) - Mepkypuii, orcrosimuii ot Connua Ha 0.3871 a.e., umeet

CPEIHIOI0 KPYTOBYIO CKOPOCTh 47.8 kM/cek. (puc.6), MOTOK yacTHIl, Ha pacctosann ~ (.25 a.e., qBUraics
C KpYroBO# CKOPOCTBIO /10 S0 KM/CeK. U 3TO HJIeabHO BOUCHIBACTCS B TPApHUK CKOPOCTEH IIIaHET.

Hcxons u3 nponopiuii (puc. 1) Beraucium paouyc cmeona Conneunozo 3gpupnozo séuxpa = 0.12 a.e.



oueMy ecTh pa30poc CKOPOCTEH YacTuIl - OHU HE MOTYT JJIMTEIBHO HAXOIUTCA B IIpeenax 3Toi

I1 y 0

OpOUTHI, T.K. HA HUX OyIyT BO3/IEHCTBOBATH COJIHEUHBIN BeTEp U “MarHUTHBIC TOJIS, @ JUTS TOCTIKEHUS
CKOPOCTH 3(PUPHOTO MOTOKA TPEOYETCs OTHOCUTENBHO JITUTEIBHOE BpeMsl TPeObIBaHUS Ha 3TOM OpOuTe.
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Puc. 6b,c. 3aBcHMOCTh OpOUTAIBHBIX CKOPOCTEN TuIaHeT oT paccrostuus A Comnia (b)

CkazaHHoOe BbIIIE TIOATBEPKIAET YTBEPKACHUE aBTOpa (CM. puc.6):

Ilnanemul 36e30Hb1X cucmem, umerOwUx opoumsl OIU3KUE K KPY208bIM, 08U2AIOMCA NO
opoumam, Komopuie onpeoeneHvl Kpy2o8vlmu ROMOKAMU 36€30H020 IPuprozo suxps,
CO CKOPOCIAMU, COOMEEMCMEYIOUUM KPY208bIM CKOPOCHIAM IMUX IPUPHBIX NOMOKOE.
013 INTURMUYECKUX OPOUM COXPAHAECMCA HEMHO20 D0J1ee CTI0MHCHAA 3A8UCUMOCHLL —
KObYesasn coCmagnanuias CKOpoCmu niaHemsl <~ pagna Koibyeeoil cKopocmu igupa.
Ilnanemur 60Kpyz 36€30 épaujaem Kpyz060ii HOMOK 36€30H020 IPupnozo euxps!

Bo3HukaroT Tpu Bompoca:

1. wucxoas U3 BHICOKOM MPOHUKAIOIIEH CIIOCOOHOCTH 3Hpa, MOYEeMY IUIAHEThl JOCTUTAl0T
CKOpOCTH 3(PUPHOTO MOTOKA — MPOLIECC UTUTCS HE OJJHY COTHIO MMJUIMOHOB JIET U OoJiee,
HAYMHAs OT 3apO’KJCHHUS TUIAHETHI B 3TOM 3(UPHOM TIOTOKE;

2. Kak paboTaeT MEXaHH3M MPH BBITSHYTON AJUITMIITHYECKON OpOUTE — MPUHIUITHAIBHOTO
OTJIMYHS HET, IPOCTO MPU NPUOIIHKEHUH K 3BE3/€ TUIaHETa MOATOHSAETCS KPYTOBBIMH
3(pHUPHBIMU TOTOKAMH, a MIPU yJAJIICHUH ITOATOPMA)KUBACTCS UMU;

3. axak ObITh C TpaBUTALIMEH — rpaBUTAIUS OTIPEACTACTCS PagHaTIbHBIMU 3()UPHBIMU
MOTOKaMH, CO3/IAI0IIMMHU YCKOPEHHOE ABIKEHHE dpHpa K LEHTPY 3Be3/bI (MU IJIAHETHI)
“epasumayuoHHbiM dPUPHLIM 2eHepamopom’ , KOTOPBIN MOJPOOHO OMKCAH B CTaThe *2,
Ir7ie yCKOpEHHUsI 00paTHO MPOMOPIMOHATIBHBI KBaIpaTaM pacCTOSHHUM JI0 IIEHTpa 3BE3bl.

CrnencrtBue, BBITEKAIOIIEE U3 MEXaHU3MA NOIEp KaHKsI BpPALLIEHUS IJIAHET BOKPYT 3BE3/bI:

a. TUIAHETHI JBUTAIOTCS B CHHXPOHU3ME C OKPYXKAIOIIMM UX KPYTOBBIM 3(DUPHBIM BUXPEBBIM
MIOTOKOM 3B€3/1bl, TOATOMY HHTephepoMeTphl THIA “MaiikenbcoHa” HUKAaK HE MOTYT OBbITh
MCIOJIb30BAHBI [T TOYHOTO M3MEPEHHs CKOPOCTH TUIAHETHI B JIOKaJIbHOU 3¢pupHOit cpene!;

b. moxoxkas cuTyauus, CKOpee BCEro, XapakTepHa H JUIs BpallleHHs IJIaHET BOKPYT CBOEH OCH,
I'JIe TJIaBHBIM JIBHKHUTENEM OyzaeT 3(pupHbII BUXPh IUIAHETH, 3aKPYTUBIIHNI €€, TOJIBKO 3TOT
BUXph HE UMEET JMCKOBOM 00J1aCTH BCAChIBAaHMS - OHA PACIIOJIOKEHA Ha 10)KHOM TI0JIIOCE.

Hngopmayus k pazmvluiienuio

Obpamume sHumanue Ha puc.3, wmo Ml UOUM:
1. 3emna (23.44°), Mapc (25.19) u Henmyn (28.32°) umerom npaxmuuecku 00OUHAKOBbIU HAKIOH OCU 8DAUJEeHU,
CONOCMABUMDbILL ¢ HAKIOHOM Ocu gpaujerus nianemul eueanma Camypha (26.73°);

2. Mepxypuii (0.04°) umeem Oau3Kull HAKIOH OCU COOCMBEHHO20 BPAUEHUS, CONOCIMABUMDBLIL C HAKIIOHOM OCU
epawernus nianemol eueanma FOnumepa (3.13°).

He smo nu npamoe ykazanue Ha pOOOHAUATLHUKOS SMUX NIAHEN 6 21YOOKOU OPEGHOCMU 8 NEPUOO CTNAHOGICHUS.
Coaneunoii cucmemvl (Haxknou ocetl He cognadaem c Hakaonom ocu Coanya (7.25°), 6edv naanemol, 61a200aps
SUSAHMCKUM MOMEHMAM UHEePYULU, He MO2YI CUTbHO NOMEHAMb opueHmayuro ocu epawjerus. .-AEM



Dupnotit euxpv naarnemovt no umernu “Iemnn’”

« Honsamue «zeoud» egedeno 6 1873 o. nemeyxum ghuzuxom Hoeannom Jlucmumneom.

1100 2eoudom noopazymesaemes ueypa, kKomopyio 0opazosaia ovli nosepxHocms Muposozo oxkeana, a makdice
CO0OWAOWUXCSL ¢ HUM MOPEl, NPU HEKOMOPOM CpeOHeM YPOBHe 600bl, C60O0OHOU OM GO3MYWEHUL NPUTUBAMU,
MeYeHUsMU, PASHOCHAMU aMMOCHEPHO20 OANeHUsL U TH.1.

Togepxnocmo ceouda saemcs 00HOU U3 YPOGHEGHIX NOGEPXHOCEN NOMeHYyuaa cuvl msaxcecmu. Om ceouda
omcuumvl8aOMes Hugeaupuvle gvicomul. Kozoa 2osopsm, umo evicoma Haod YpoGHeM MOPsL MAKAsA-mo, mo 3mo u
ecmy 8bICOMA OM NOBEPXHOCMU 2e0Udd 8 OAHHOU MOUKe 3eMHO20 Wapd, XOMs UMEHHO 8 IMOM MeCme HUKAKO20
MOpsL Hem, a OHO, 91O MOpe, HAXOOUMCS O IMO20 MECMA 30 HECKONLKO MbLCAY KULOMEMPOS.

Teopusux M. Monooenckuii cozoan meopuio onpeoeienus ueypul u epasumayuoHHo20 nos 3emiu no blNOJIHEHHbIM Hd
ee NOBEPXHOCMU USMEPEHUSIM, I’lpe()flO.’)lCu]l ucnoJjblzoearue «K({a3u2€0uc)a» (noqmu zeou()a), Onpe()eﬂ;leMozo Nno 3HAYeHUAM
nomenyuala Cuivbl msastcecmu Ha 3eMHOU NOBEPXHOCMU...

Hoero noposicoenust 6empos na 3emiue CoTHeuHbiM U3IYYeHueM Uil KOPUOIUCOBLIMU CULAMU CIABUM 10O
OonvbULOe coMHeHUe NOHoe COOMBEmcmene 6empos Ha 3emue eempam Ha Ypane, 00 Komopoeo*lcyda danvuie

Jemems COJIHEYHOMY meniy, I('OI’I’IOpbllZ JleaHcm Ha 60K'y 0024CeH UMemb UHYI0 CXemy 6empoes. »

1128050000 Puc.16. OOrexanue 3emin 3(pUpHBIM
BerpoM (B.B. HuzoBies):

Ha n3o0paxeHusax HabIogaeTcs mpsimoe
COOTBETCTBUE BHEUTHUX S(PUPHBIX ITOTOKOB
TUTAHETapHBIM BOJIHOTO U BO3JIYIITHOTO
0acceifHOB IUIaHETHI, JJOKAJIbHBIX 30H
yparaHoB, IPHJIMBHBIX TEUEHUH U T.II.

(pucyHku B34THI U3 Aokiana B.B. Huzosuesa).
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— Puc.18. Cxema BeTpoB Ha YpaHe
1 3eMJie TI0 IHUPOTaM

" 30w | ™= /. 30na noswviuennozo dasnenus upa;
| =0 . 30Hd NOHUJICCHHO20 0ABNIeHUA 3Pupa;
5 L=® 3. 30Ha 3ax6ama 61a2u u3 OKeand,
/ =@ 4. npucoeouHen bl MOPOUOATbHbIL
/ BUXDL 3hUpa, 3aX6amvlearowull
3UMOT 8030yX ammocghepul

-200-100 | 100 2pp M | Puc. 19. Dmroper ckopocreit
“3()UpPHBIX BETPOB™.

*1

Cmpenkamu yKa3zansvl 30Hbl HOGLIULEHHO20 / NOHUNCEHHO20
oaenenuil Ipupa na nosepxnocmu 3emau. — AEM

Ha I/I306pa)KeHI/I$IX HaGJ'IIOI[aeTCH COOTBETCTBHUEC BHCIIIHUX 3(1)I/IpHBIX IMOTOKOB IIJIAHCTAPHBIM JJI1
BOJHOI'O U BO3YyHIHOT'O OacceliHOB IJTIaHCTBI, JIOKAJIbHBIX 30H YparaHoB, IIPUJIMBHBIX TEUCHHUM U T.IL.



Wnes AurokoBckoro B.A. 0 ToM, 4TO BETpHI ¥ IITOPMA Ha 3eMJile OPOXKIAIOTCA SPUPHBIMUA TCUCHUSIMH,
MIOATBEPKIAETCS IPUBEIEHHBIMU B pa3/ielie PUCYHKaMU, Ha KOTOPBIX Ha 3eMJIe U Ha YpaHe JeUCTBYeT
eIMHBIA MeXaHU3M 00pa30BaHMs TEUEHUH B aTMOc(epe U B )KUAKOH cpesie, MPOLeCCOB B KOPE TUIAHETHI:

Ilpoueccol 6 Kope nnanemut, u 6 ee 2a30-HcUOKOU 000104Ke, hopmupyrOmcsa u onpeoenaomcs
XapaKmepom meyeHus ee 6HEeUIHUX IPUPHBIX NOMOK08, OBUIICEHUE KOMOPHIX COBNAOAIOm
no nanpaenenuio ¢ cunamu, poxcoennvimu I paouenmamu Igupnozo /lasnenus.

“I'paduenmnuan Ipupoounamuxa” NOKa3bIBAET YTO:

[TnaneTs! Bpamaet 3pUpHBINA BUXPb, aHAJIOTHYHBINA 3B€3THOMY 3(HpHOMY BUXPIO (puc.S). BHyTpn
CTBOJIA 3TOT0 A(PUPHOTO BUXPSI KPYroBasi CKOPOCTb PACTET JMHEWHO IO MAKCUMYMa, HaXOSIIerocs 3a
HKBATOPOM IUIaHETHI. B rajakTHueckoMm moJieTe riaHeTa 00,{yBaeTcst MajibIM 3(pUPHBIM TOTOKOM, TIPOP-
BaBIIMMCS Yepe3 3Be3THbIN 2(pupHbIi BUXpb (puc.19), cozparomum 061actu ¢ HeGOIBIINM MTOHMKEHHEM
WM TIOBBIIIEHUEM JIaBJIeHUs 3(hupa y HOBEPXHOCTHU IUIaHETHI 3eMils (TIPUMEp - pesyuyiue COpoKosble).

OnHOBPEMEHHO C BBIILIECKA3aHHBIM B CPEHMX IIMPOTAX HAPYXKHAS IOBEPXHOCTH IUIAHETHI ITPH Bpallle-
HUH 0O0TOHSIET COOCTBEHHBIN KPYroBOi A3(pUPHBIN BUXPb, @ BOJIM3H MOJIOCOB M HA 3KBATOPE 3ama3bIBacT
10 OTHOIIEHUIO K HEMY, YTO 00YCIOBIICHO OIU3KOH K I1apooOpa3Hoii hopMe 3emin, TOATOMY UMEeM
takue rpaduku Ha puc.17-19. O1tu 3pupHBIE TOTOKK B3aUMOJICHCTBYIOT ¢ TPAaBUTALIMOHHBIM 3(UPHBIM
IIOTOKOM, YTO M OTIPEJEIIIET OCHOBHBIE IPOLIECCHI TPOUCXOIAIHNE Ha I1aHeTe. — AEM

I[aﬂee 6y,£[yT MNPUBCACHBI CAMBIC 3HAUUMbIC COBPCMCHHLIC IPCACTABJICHUS B aCTPOHOMMUH,

a TaKk)Ke HanboJiee BayKHEIC KOMMCHTAapHuu U 3(prO,Z[I/IHaMH‘IeCKI/Ie MMpCACTaBJICHUA aBTOPA.
Temno-oupro306vim Yyeemom gbloeneHbl hpazmeHmsvl pabom asmopos, UMEWUX 3HAYUMbIe UOCU.

Ipupnwiit euxpsv 36e30o0t no umenu “Coanuye’”

Maznummnoe none

« Unmepecnas kapmuna nabnooaemesn y Maenummnoeo nons Connya - meHaemcs npumepro kaxcovie 11 aem,
onpedenss smom yuki. llepexniouenue npoucxooum npumMepHo Ha nuKe MaZHUMHOU aKkmueHOCmU, K020a
AKMUBHOCMb CONHEYHBIX NAMEH U 8CRbIUEK 00CmU2aen C80e20 NUKd. »

THouemy umenno 11 nem? Ilouemy maxcumym coaneunou akmugnocmu oaumes 4 cooa u 3amyxaem?

Ha smu eonpocwl nem omeemos. I10ka 'y aBTOpa HACTOSIIEN CTaTbU HA 3TU BOIIPOCHI TOKE HET OTBETOB.

Puc.7. MaruutHoe nosie CosiHLIa MEHSET CBOE HAaIPaBJICHUE.
HACA /SDO/ A. Crpyrapexk u np.; Wmmtoctpanuu: JI. Anveiina, (UFRN), bpaznmms.

B 2009 1 2007 rogax “marHuTHOE 1oJsie” Kak y IUIaHEThI, B nepexoanbiil 2013 roa kak y rajgakTuk,
4yTo OyaeT MmokazaHo B AajbHelnemM! MexaHn3M Takoil ObICTPOil MEepernoNOCOBKH MMOKa HEU3BECTEH.



« Hzo6pasicenusi Connya, coenannvie Obcepsamopueti conneunou ounamuxu (SDO) HACA - 10 okmsabdps 2010
200a (conneunwiii munumym), 25 dexaops 2013 200a (corneunviit maxcumym) u 25 urons 2017 2o0a (conneunwiii
MUHUMYM), 8 COYEMAHUU C HATLOMCEHUEM XYOOUCHUKA epaghuteckoeo omobpadicenus macHumnozo noas Connya.

Bo epemsl maK Ha3bleaemoco COJNIHEYHO020 YUKIIA MACHUMHROE noJje CO]ZHI/;CI MeHsI0Ch Kadxcovle 11 nem na
npomsdiCenuU nocueonux cmoaemuil. Imom nepesopom, K020a 10CHBII MACHUMHBIL NONIOC nepekovaemcs Ha
ceesep u Ha060p0m, npoucxodum 60 6pems nuKka Kasic0020 CONHEYHO20 YUKIa u 603HUKAem 6 pesyibmame
npoyecca, Hasvleaemozo «ounamo-mawunay. Maenummnoie nojs ceHepupyromcs auHaMO-MaWMHOﬁ, Komopas
sKIouaem 6 ceos epaujeHue 36€3abl, a makKoaice KOHBEeKYUo u noovem u naoenue copsdeco casa enympu 36€30bl.

Ymo kacaemcs Connya, yueHvle 3HarOm, 4mo ‘‘MacHumHvle nojist” 6O3HUKAIOM 6 €20 MypOYIeHMHbIX 6HEUHUX
CIOSIX U UMEIOM CLONACHYIO 3A8UCUMOCT om ckopocmu epawenusi Connya. Yuenvle maxoice usmepuny MacHumHvle
YUKbL OANIeKUX 36€30 ¢ (DYHOAMEHMATbHLIMU C8OUCMBaMU, anano2uunbimu ceoticmeam Connya.

HS’yllCl}Z XapakmepucmuKu Smux MacHumHrblx C601/7CW16, Y4eHble noIyduiu O4€eHb MHOZOO6€M4(HOM4MIZ cnocob Jqydue
NOHANMb MACHUMHKYIO 360JIIOYUIO HAULECO CO]ZHI/;CI, C6A3AHHYIO C npoyeccom ounamo. Bbl}lCHu]ZOCb, umo nepuod
MACHUNTHO20 YUKIIA 3a6UCUNT OM CKOpOCmMU 6pawerusl 36€306bL. TEHOEHI/;M}Z cocmoum 6 mom, 4mo bonee mMednenno
spaujarowmuecs 36€30bl UMEIOM MASHUMHbLLL YUK, KOWlOpblIZ nosmop:Aemcs 6blcmpee. »

Puc.8. N300paxeHre cOTHEYHOTO MATHA
Ha nosepxHoctu CoJHLA.

« Domo conHeunoeo nAmMHA, cOenanHoe
CambIM COBPEMEHHBIM COTHEUHbIM MeNECKONOM
DKIST, 3eprano ouamempom 4 mempa (f/2).

C smum Yukiom CONHeyHol aKmusHOCmu,
Komopwlti moavko Hawancs ¢ 2020 200y,
Mol ecmynaem 6 snoxy meneckona DKIST —
Momm Maynmun — npezudenm AURA,
pyrosoosuyeti meneckonom DKIST.

Ilsmno ouamempom oxono 16000 km — smo
kpowteunvitl hpacmenm Connya, oo 00HO U3
NePBuIX 8 HOBOM YUKLE AKMUBHOCHIU.

Temnepamypa memuou obaracmu nsamua
nemnozo gviie 4000 K°, no snavumenvro
- _ . : P XO0I00Hee, YeM Ha NOBEPXHOCTU CONHYA

i - .Ir.A : ) Lt e - (N 6000KO)
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Tokazaner cmpykmypst “macnumrnozo nons’” pazmepom ecezo 20 kunomempos (puc.8). Ilonocamolii 6u0
2opsue20 U X0N00H020 2a3d, UCX00AWe20 U3 Hoaee MeMHO20 YeHMPA NAMHA, A6IAENICs Pe3YIbMaAmoM CUTbHbIX
“MacHumubwix noneti” u eopsauux 2azo8, ucmexkarowux uz namua. Konyenmpayus “macHummnoco noas’” 6 memHou
obnacmu naAmHa npedomepawaem nepemenyeusi 2opsuux 2azos k nogepxnocmu Connya. »

JlaHHbIe, mony4YeHHbIe C UcclenoBaTenbekoro cnyTHuka Conuua - “Ilapkep’:
« Iapkep nomoe pazeadamov 00HY 3a2a0Ky: NPOUCXONHCOEHUE «MEOIEHHO20» CONHEYH020 6empa. Jlemsujue
om Connya yacmuysl hopmupyrom 06a HOMOKA, OOUH U3 KOMOPLIX O8UNCEMCA 8 084 pa3a Dblcmpee 0pyeo2o.
Hccneoosamenu yoice 3nanu, 4mo ovicmpble 4acmuybl 603HUKAIOM 0K010 notocos ConHya, No6IsACh
U3 BOPOHKOOOPAZHBIX OMBEPCMULL 8 MACHUMHOM NOJe, U36ECMHBIX KAK ‘KOPOHANbHBLE ObIpbl .

Fbrazooaps Iapkep-y, cmano noHamHo, 4mo meoieHHble Yacmuybl 8blICMAION U3 MAIbIX KOPOHALbHBIX ObID,
NOSBIAIOUUXCSL 8O3/1€ COTHEUHO20 dK6amopa. OOHAPYICEeHbl MACHUMHbBLE KOCMPOBKUY OABHO NPEOCKA3AHHBIX
NAA3MEHHBIX mMPYOOK, 8blOpacvlearowux suepauto u seujecmso CorHYa 8 KOCMOC.

Fonee mozo, ecmv ocnosanus npednonazcams, umo eokpye Connya cyuwjecmeayem cucmema Koey, maxk Kak 30H0
0OHAPYIICUT 803]1€ HE20 00AACb, CBODOOHYIO OM MENCNJIAHEMHOU NbLIU. »

Taxoso cospemennoe npe()cmaeﬂeHue Mmacnumuoeo noas Coanya, u 60061/148 36€30.




“MarsuTHOE€ T0JIe”, COTJIACHO KOHLENIUH ‘I paduenmuoi dghupoournamuxu”, IpeICTaBIsIET coOO0i

HaIpaBJICHHBIN, TICEBIOJIAMHUHAPHBIN caMO3aMKHYTBIH MOTOK 3pHpa **, BOSHUKAIOUIHNI 332 CYET Pa3HOCTH
3(UPHBIX TaBICHUN MEXIy CEBEPHBIM (TTOBBIIIICHHOE aBJICHHE) U FO’KHBIM (TIOHMYKEHHOE JIaBJICHUE)
o0nacTsIMu, CO3JAIOIIMMHK HETIPEPHIBHBIN TIEPETOK 3(pHpa, COTIIACHO epadueHmam 3PupHo20 0asieHus.

OTOT 3PUPHBII MOTOK CO3/1aETCA B 3BE3/1€ HE HEMOHATHO KaKUM TO “TUHAMO”’, @ 3BE€3IHBIM 3(PUPHBIM
BHUXPEM, KOTOPBIH BpalllaeT 3834y BOKPYT CBOEH OCH U BCIO IUTAHETHYIO CUCTEMY B TOM 4uciie (puc.l).

[TprdeM HaZ0 MOHUMATH, YTO TE€ XKE MPOIIECCH C 0OTOHOM M TOPMOKEHHEM IMOBEPXHOCTHBIX CIIOEB
XapaKTepHBI KaK JIIs 3BE3/Ibl, TaK U JUIA IJIaHET, TOJ00HO mpoiieccy, n300pakeHHOMY Ha puc. 19, uto
BBI3BIBAET B Pa3HBIX 00JACTSIX MOBEPXHOCTH 3BE3/IbI JIOKATbHBIC 3aBUXpEHUs, U Ha COJHIIE B TOM YHUCIIC.

[Tpu sTOM, Grarogapsi cBepx Mayloi IIIOTHOCTH 3pHpa, BOSMOKHO HAIOKEHUE Ha OCHOBHOE JIBUKECHUE
3(pHUPHOTO MOTOKA, TOTOKOB, UMEIOIINX JIOKAJBHBII XapakTep B OTPAHUYCHHBIX 00J1acTIX (3aBUXPEHUIT),
3a mpeenamMu KOTOPBIX OCHOBHOW A()MPHBIN MOTOK MOJHOCTHIO0 BOCCTAHABIMUBAECT CBOM MPUOPUTET.

Bo3MoxHBI U3MEHEHUST HANIPABIICHUH M BETUYHH B TAMUHAPHOM 3()UPHOM MOTOKE JTOKAITLHOTO
XapakTepa, KOTOPble BOCIPUHUMAIOTCS KAK U3MEHEHHE HAPABJICHUS] MarHUTHOTO TOJIS 3BE€3/Ibl WU
IIJIAHEThI, BOSHUKHOBEHHE “TeMHbIX MsATeH Ha COoJHIIe, KOTOPBIE SBISIOTCS MIPOCTO JOKAIbHBIM MECTOM
MPOpBIBa YQUPHBIX MACC, HAXOASIIUXCS B HIDKHUX CIOSIX TIOJ] M30BITOUYHBIM JIaBJICHHEM, U HA000POT.

“TemHO€ ATHO” (pUC.8) aHAIOTUYHO 10 APXUTEKTYPE CTPOEHUS HA CTPYKTYPBI, yKa3aHHbIE aBTOPOM
B pazzene - Bapwvienvie y¢gpupnuie npoueccol ¢ “I padouenmnoi Ipupoounamuxe”- B crarbe *4, rjae
Ha puc.53 (OmIopbl IBUKEHUS HIIEKTPOHOB IPU B3PBIBHOM AIMHUCCUU KaToa) BUAEH KpaTep U BHIOPOCHI
MaTepUH B €0 OKPECTHOCTAX — Pe3yabTaT paboThl 3Hpa, HAXOAIIETOCs O] BHICOKUM JIaBJICHUEM.

Bonee Hu3kas Temmepartypa o01acTH BbIX0a 3UPHOTO MOTOKA Ha MoBepXHOCTH COJHIIA SBISETCS
pe3ynbTaTOM ABYX IIPOLIECCOB:

1. mpouecca HarpeBa /10 BBICOKMX TEMIIEPATYp IJ1a3Mbl COJTHEUHOW KOPOHBI 3@ CUET CTOJIKHOBEHUS
PaBHOYCKOPEHHOTO 3(UPHOTro MoToKa K 1eHTpy CoJHIIa ¢ 3aXBaueHHOW MaTepuei (IbUIb U ra3) u,
HAIpaBJICHHOTO B IPOTHBOIOJIOXKHYIO CTOPOHY, COJIHEYHOTO BETpa MaTepUaAIbHBIX YacTUI U 00pa-
30BaHMIA, 4TO SBISETCS OCHOBHBIM 3HEPreTHUECKHM MEXaHU3MOM, IoYeMy 0oJiee HU3KOJISKAIINUe
CJIOU MOBEPXHOCTU UMEIOT MEHBIYIO Temneparypy ~ 4000 K°.

2. mpo1iecca OXJIaKACHUs 3PUPHOTO MOTOKA MPH MEPEX0/Ie TPAHULIBI U3 00IACTH 3aeTaHus ¢ OOJIBIINM
3pHUpHBIM JaBlieHHEM (BBIOpOC 3dupa uepe3 obracTs pasena KopoHsl 1 Tena CoHia), B 0071acTh C
MEHBLIMM d(PUPHBIM JaBiIeHUeM Ha oBepxHOCTH COJIHIA U B €70 KOPOHE.

Mexanusm “roponanbHwix Obip” maxoti e, kak u'y “memuvix namen” na Connye — npopwie s¢upa,
Haxo0sue20cs noo U30bIMOYHBIM 0ABIEHUEM, U3 HULEHCAWUX CTI0e8 36e30bl Yepe3 ee NOBEPXHOCMb 6
CMOPOHY KOPOHDL.

Oguyuanvnas eepcus HaAyKu onucviéaem npoyecc “MacHUMHbIMU NOAAMU ™, a C MOUKU 3PeHUs Meopuu
“I'paduenmnoii dpupoounamuxu”, oH onpedensemcs I10KAIbHbIMU ZPAOUEHMaMU IPUpPHo2o 0asnenus,
yuumwleas umo dasieHue dgupa Ha noarocax 6yoem gvluie, uem Ha sxeamope (puc.5). — AEM

Kcratu, MmecTononoxenue 3TuX Ablp OyIeT MEHATHCS B 3aBUCHMOCTH OT (ha3bl IUKIIA aKTUBHOCTH
ConHua, corizacHO HApUCOBAaHHOMY M3MEHEHHMIO MarHUTHBIX NoJiei Ha puc.7 (npocrnoz — AEM).

3. ”
* “I'paduenmnasn Ipupoounamuxa. Inexmpo-Maznemusm. Yacme 2. Cmamuxa. Maenumocmamuxa.”,

Aswapos E.M., Mockea, 03.20192., ( https://yadi.sk/i/CUZ26t obUIiWQ ).

’

“ I'paouenmnas dpupoounamura. Inexmpo-Maenemusm. Yacme 3. Junamurxa "Inexmpo-Maenumuvix " npoyeccos.”,
Aswapos E.M., Mockea, 08.20202., ( https://yadi.sk/i/CUZ26t obUIliWQ ).
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Penmezenoeckoe uzyuenue

Od)LtL;LtCl.'ZbHCl}Z 6epcusl — omo Hazpes y()CIIDHbLHLt GOJIHAMU OM COJIHEYHbIX 6CNblULEK IDCIS.'ZLI’-tHOLut UHMEHCUBHOoCmu
U MAcHUMHO2O nepecoe()w—leﬂuﬂ (cnm.wa—mee;—m;z mamepuu 6 nepecedeHuu MacHUummMRbvlx nmeﬁ).

Ho xo2oa ux nem (l'lul-lu.l*ly.l"l COJIHEYHOU Cll(l’l’llt@H()Cﬂ’lu), a maka: memnepamypa KOpOHbl CO.'ZHL!CI CoOxXpansiencs,
HO ¢ MeHbulel UHMEHCUBHOCMbIO U3JIY4€HUA 6 PEHNICEHE.

Bo epem COJIHEYHOU AKMUBHOCIIU NnoOBEPXHOCNTb KOPOHbI CO.'ZHL[CI NOKpbleaemcs nAaAmramu, nepecmaent usjiy4and
6 DEHNICEHOBCKOM ouanazone u KocMudeckue 30H0bl CHUMAIOM 60m maxkyrn Kkapmuny (puc. 9)

Taxoe enevuamJieHue, 4mo 6ce usjlydenue CO.?HL!G nosAeIAemcs 6 e€ KOpoHe, 4nio 6HYmpu OHO noJjaoe u mam Hu4deco
Heml. ,Z]a.v/ce acmpoHOMUs no()m@ep.7/C()aem, umo camoe copAadee mecmo Ha CO.'ZHL!Q - KOpOHAQ.

A ecnu mak, mo 5mo O0JIIICHO 20680puUmMdb O NOM, 4nio 6ce npoyeccsl, npu@()()ﬂu;ue K U371Iy4€ernuro, I’lpOLtCXO()}ZI’I’l
UMEHHO 68 KOPOHAPHOM CIlOE€.

2015/10/17 01:06

Puc.9. Koponapnas asipa Ha Comnnie 17.10.2015r. B peHTT€HOBCKOM AHana3zoHe

3a ucmopuro HabaOOeHUll ObLIU NAOEHUSL U3TYYEHUS NO peHmeeH) 00 1 ()_901neneHu, Kax 6 gespane-wapme 2019e.
Ilooobnoe, na Kopomxuil nepuood, Ha CYUMAanHble Yacbl CIYHaLoch u 8 cenmsope 2018e.

Coanye npoxooum munumym I 1-nemnezo yuxaa. Ho acmpogusuxu ne snaiom, umo mMo2io npugecmu K maxomy
NA0eHUI0 U3NYUEeHUS 8 PEHMEEHOBCKOM OUANA3one, Ha Komopoe 0adice npubopsl He NPOeKmupo8aIUCS.

1.0E-2 1.0E-2
C - craisie Benbiurk (Knace C) C - craisie Benbiu (Knace C)
1.0E-3 M -cpeanie Benbiky (knacc M) 1.0E-3 M -cpeaHre Bcnbiwky (Knacc M)
X - CHAbHbIE BCMBIWKK (Knace X) X - CHABHBIE BEMBIWKY (Knace X)

1.0E-4 A S B B B A L S SR A R B 1.0E-4
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Puc.10,11. HyneBas akruBHocTh CosHIA B 0TAEAbHBIE JHU U yackl 17.09.2018r. u 19.03.2019r.

AKmueHoCmb MOdCem CHUUMCA HUMCe 4Y8CMBUMENbHOCIU usmepumenvHou mexuuxu (puc.10-11).
Connye npocnynoce moavko k 20 mapma, u no 26.03 nemnozo wmopmuio, a no3mxice OHO ONAMb YCHOKOUNOCh, HO
¢ uznyyenuem Ha 2 nopsaoka eviute, yem 00 20.03. Juazpamma cmana posuas, ypoeeHs 00 CHOKOUHO-HOPMATbHOZO.

Bo Bpems conneuHoi akTuBHOCTH (COJIHIE MOKPBIBAETCS MATHAMU ), IPOUCXOJUT MHOKECTBEHHBII
BBIOpPOC M30BITOYHOTO 3(hupa yepe3 moBepxHocTh CoHIIa, B UTOTE MIMEEM YaCTUYHOE YMEHBIICHHUE
CKOPOCTH TIOTOKA TUIa3MEHHBIX 00pa30BaHU K TIOBEPXHOCTH 3BE3/IbI 32 CUET NMPOTHUBOABICHUS 3(upa.

“I paduenmuas Sgupoounamuxa” pacCMaTPUBACT PEHMIZEHOBCKOE U3JIYYEeHUEe KAK YOAPHYI0 IPUPHYIO
60J1HY, BO3HUKAIOILYIO TIPU COYAAPEHUHU SICKTPOHOB C ATOMAMHU aHOJA **, I[P YMEHBIICHUN CKOPOCTH
COyZIapEHUS He Xeamaem IHepeuu 013 uziyueHus Ha 6oabuiue paccmoanusn, NpudopaMu ke perucTpu-
pyeTcs Gojiee CHIIbHOE U3ITydeHUE, M XapaKTep PerucTpalun CTaHOBUTCs pBaHHbIM (puc.10,11). — AEM



Mexanusm 380110UUU nepU0Oa 8PAULCHUA NIAHEH U 36€30

(aemop “3axona Mexanuku” HeuzgecmeH, HO GUOHO YMO U3 NPOPECCUOHANOS).

« Usmenenue ckopocmu epawjenus 36e30 HEPA3PLIBHO CA3AHO ¢ 8oaioyuell 36e30. Paznuuaiomes dea yuacmka
98OIOYUU CKOPOCIU HEDEeCHbIX MmeJl:

- Ilepsulil yuacmok (naanemuslit) Xxapaxmepu3zyemcs pOCHOM CKOPOCHU 8PAUeHUS NIAAHEMbl.

- Bmopoui yuacmox (36€30Hblil) xapakmepuzyemcsi 3amMe01eHueM spaujerus 36e30bl (8ecbMa UHMEPECHO!).
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Puc. 12a. I'paduku npeacTaBiIsioT Meproibl COOCTBEHHOTO BpAILEHUS IJIAaHET
(B THSX) B 3aBUCHUMOCTHU OT Pa3MEPOB IUIAHETHI (B 3eMHBIX THAMETPAX).

Mooicno cghopmynuposams npocmoe npasuno: nepuoovt epauierus om 30 0o 6 uacos mozym npunaonedncams
Kax 36e30am, max u niaHemam, a nepuoovl epawerust ooavuie yem 30 uacos xapaxmepvl moabko 05 36€30.
Ymounsio, umo peus 30ecv He udem o0 NPUIUBHO 3AX6AYEHHBIX HEOECHBIX TeENAX, COOCMEEHHOE 8paleHUe
KOMOPBIX CUHXPOHUZUPOBAHO C UX OPOUMATLHBIM BPAUEHUCM BOKPYE UCHMPATLHO20 Med.

B conneunoii cucmeme omcymemeyiom nebecnvle meaa umerouue pasmepsl NPOMedHCYMOYHble MeNHCOY
FOnumepom u Connyem, nosmomy 01a epagura ucnonwb3o6ansl abcmpaxmusie HebecHvle mead, napamempul
KOMOPBIX NO360AI0M NOCMPOUmMb RAAGHYI0 Kpueyio. 1lo3ace Oyoem 0b0cHO6aH NpuHyun pacyema napamempos
amux HebecHvix men u Oyoem YKazano, KaKue peanbhvle 36e30bl MO2YI SGIAIOMCA UX AHATI02AMU.

Jeswiil epaghux nokazvieaem 6 yEeauueHHOM 6Ude HauaibHbIl (naanemHulll) yuacmox. On cooepoicum OanHble
NIaHem COJIHEYHOU cucmemvl (nepsvle wecms mouex), u Hekux nianem pazmepom 6 20, 30, 40 u 50 3emmubix
ouamempos. Ilpaswiii epapuk nossonsem ayyuie 8udens 6mopoll (36e30Hulll) yuacmok. OH OONoHeH 36e3001
pasmepom 6 70 3emuvix duamempos, u Connyem (109 3emuuvix ouamempos). »

Yckopenue epawienua nnanemot no mepe eé pocma.

« Mexanusm usmenerusi CKopocmu 8paujeHus 36e30 oueHb npocm. Benomnum, umo cuna, npunodicennas k meiy
€O CMopoHbl 3¢pupa, onpedensiemcs yCKOpeHuem 3pupa cK8o3b Mo meno, U, Ymo cKopocms c60000HO20 med
OyOem pasna CKOpOCmu 0BUIICEHUSL OKPYIIcaouie2o 3gupa.

Ilo mepe pocma naanemsl, ycKopeHue 3¢hupa uepes ee NOBEPXHOCHb YBEIUUUBAEHICS, COOMBEMCMBEHHO PACmen
u ckopocmsv 3pupa, Komopwiil packpyuueaem niaremy. Ilnanemmuwlil y4acmox 380110YUU 36€30 XAPAKMEPUIVEMCs
yeenuueHuem ckopocmu dgupa noznowaemozo niarnemou. CKkopocmos nadenus 2¢hupa 6 patione sK6amopa
onpeoensem JUHEUHYI0 IKEAMOPUATbHYIO CKOPOCHb 8PAWEHUS NIAHENb.

Veenuuenue ckopocmu 3¢hupa no mepe pocma nianemsi 8 KOHYe NIAHEMHO20 YYACMKA 00CMU2Aen c80e20
makcumyma. Ilocie 5mozo Ha npomsiceHuu Credyiowux Smanog 36e30HOU 801I0YUU CKOPOCHb 3¢hupa 6ydem
VBENUUUBAMbCAL UPe38bIUAliHO MeONeHHO. MOoJICHO ckazamb Ymo ckopocms NAdeHus 3pupa noumu He MeHsemcs
00CmUeHy8 c8oe20 npeded, u nocjie 3mMoeo, OdlbHeuwull pocm 36e30bl 6yoem npoucxooums npu NPAKmu4ecKu
HeusMeHHOU cKkopocmu nadenust sgpupa. Ho na nianemmnom yuacmee 360110yuu, yseauieHue cKopocmu nadeHus
agupa onepedcaem ysenuienue ouamempa niaHembl.

Veenuuenue duamempa njianemol COleOGOOfCanWlC}Z YMOHRbUIEHUEM OMHOCUMENBbHO20 pA3mepa 6HEURESO CIOA,
u 6 pesyiomame - yen106as CKoOpocnib 6pawienusl niaanemslt pacmem, m.e. YMeHbulaemcs nepuod 8pauleHuA.



Yeenuuenue ckopocmu nadenusn ypupa npooondicaemesn 00 docmudicenus RIAHEMON COCMOAHUSA
npomo3ee30ul (ceemumocmu), RPU IMOM CKOPOCHb IPUPa HA NOGEPXHOCMU 0OCIUZACH MAKCUMYMA.
Ckopocmb I¢pupa na nogepxHocmu 36€30bl OCHAEHCA HA IMOM MAKCUMYMeE ROYMU 6e3 U3MeHeHUs
no mepe oanvHeiuiezo pocma 36e30bl, Ha 8€Ch NOCAEOYIOWUTL REPUOOD €€ CYUIeCIBO6aAHUAL.

Mooicho npumepro oyeHums MUHUMATbHBLL NEPUOO 6PAUYEHUS NPOMO36€30 - OH 00INCEH DblMb 6 NPpedeax
HECKONbKUX 4aC08, Mm.e. HeMHO20 Menbute yem y FOnumepa, 3amem 001dceH ciedosams NIOCKU y4acmoK
cmaduIU3ayUY U3-3a 63AUMHOU KOMREHCAYUU OeticmayIowux 6IUsHULL, U 3amMeM YeeaudeHue nepuood.

MunumansHwiil nepuood paweHus Moxicenm coomeemcmeaosanms 3ee30am pasmepom 6 20 ouamempos 3emau
(npumepro 806oe borvue FOnumepa). »

3ameonenue epawienus 36e30bl no mepe eé pocma

« Ilpu nocmosinnotl ckopocmu n08epxXHOCMuU (TUHERHOI CKOPOCMU) paouyc 36e30bl NPOOOIIHCAEH PACU, IO
NPUBOOUTH K YMEHLULEHUIO YeTL08OT CKOPOCIU, T.e. YEETUUEeHUIO NEPU0Od ee 8PauieHus..

Puc.12.b. Ve & o => (D)

160

140

120

100

IKBaTOPHANEHAR CKOPOCLTH KM/C
Nepuop, Bpaujeua ([Hu)
&

0.00 50.00 100.00 150.00 200.00 250.00
Awnamerp

0.00 50.00 100.00 150.00 200.00 250.00
Awnamerp

C mouxu 3penusi “3axona Mexanuku”, mecmo 36e30bl HA 960IOYUOHHOU JeCMHUYE OOHO3HAYHO ONpedesemcs
J00bIM U3 08YX ee Napamempos - pasmepom iy nepuooom paujenus. OOun napamemp Hepaspbl6HO CEA3AH C
OpyauM, U He MOJCem MEeHAMbCS He3A8UCUMO om He2o. To ecmb, pasmep 36e30bl COOMEEMCMEYeMm COBEPULEHHO
onpeodenéHHoMy nepuody epauieHus 36e30bl 8okpye coocmeentol ocu. Co2nacHo opmooOKCanrbHol HAYKe, JHcelmble
36€30b1 IGOMOYUOHUPYIOM 8 KpaCHble, a coznacHo “3axony Mexanuxu”, Kpachwvie 36€30b1 260II0YUOHUPYIOM 8
Jrcenmole U CUHUE 36E30bl MAKIICE IGOTIOYUOHUPYIOM 8 JiceNmble.

Puc.12.c. DBoaronus miaHeT 1 3BE3I.

LEBPOCTL
EpaenEs

[ .
L Hoamomy Hem CMbICaa 8blOEISMb KAaxkyr-mo

0CcobenHyI0 “2nasHy”’ nocied08amenbHOCHb, MaK
C) . Kak coanacto ‘“3axony Mexanuxu” cyujecmeyem
. MOLKO 0OHA eOUHCMBEHHASL I80TIOYUOHHAS 36€30HASL
Q noCc1e008amenbHOCHb.
. B coomeemcmesuu ¢ s3moii nocredosamenbHoCmsbO
. nianema 8vlpacmaem @ 36e30y, U 3amem 6 Ceepx
. . . O A Y 36€30y (eanakmuyeckoe s10po).
. \_J I kaxcoot uHOUBUAYATLHOU NAAHEMbL UTU 36€30bl
MO MOALKO BONPOC BPEMEHU - YCIeem iU OHa
dopacmu 00 c8epx36e30bl, NPeNcOe HeM 8eujecmeo
pacnademcs, cmas HecmabUIbHLIM 8Clle0CmBUe
naoenusi 0aeieHus 3Qupa 6 npoyecce €20 NO2NOUWCHUS MHONCECMBOM COCEOHUX PACTHYUX 36€30. »

,El.na.m.r.".lp

« Brauane onpedenum ouamempul yegheuo no ux nepuodam. B xauecmee eOUHUYbL USMEPEHUSL UCTIOb3YEM
ouamemp 3emau. K cnucky 36€30 dobasiena Beea, max xax ona s181semcs (A61514Cb) SMATOHOM HYAEB0U GUOUMOT
36E30HOU BEIUUUHBL U NOHAO0OUMCA 8 OanbHeluem, 0 paciéma pacCmosHUlL 8MOPbIM MemoOOM, OCHOBAHHOM Hd
suoumom brecke 36e30. s Beeu u 3emnu nocapughm nepuooa u niowads UOUMOL NOGEPXHOCIU 8 madauye He
npugedensl (nioujadb Kpyea ¢ OUamMempom PasHbiM 36E€30HOMY).

Omo coenano nomomy, Ymo JUHeHAas 3a6UCUMOCTTb CBEMUMOCIU OM 102apUdmMa nepuodda Ha HUX He
pacnpocmpansiemcs. 3emas (K cuacmolo), NOKa ewé He CBEMUMCcs U HaX0OUMCcs Ha HA4AIbHOU 6eMBU 36e30HOlL
980IIOYUU, HA KOMOPOU HAXOOSIMCS HebeCHble mela MeHbule KpUmuiecko2o pasmepa 6 2() 3eMHbIX Ouamempos.



A Beea - nenocpedcmeerHo 8 patione MUHUMYMA 36E30H020 380NIOYUOHHO20 epaghuka. Ha smom yuacmie
APOUCX0OUM NePexo0 Om YEeIudeHuss CKOPOCMU 8PAeHUs. K 3aMeONIeHUI0 8PaeHUs No Mepe POCma 36€30.
A umenno: y "menxux" 36¢30 (menvue 20 3emHuIx Ouamempos) nepuood epaujerus ymeHbuiaemcs, a y oonee
KPYNHBIX 36€30 (8 mom uucie u yegeud), nepuoo 8paweHuss yeeaiuiusaemcs ¢ yseauieHuem ouamempad.
TIpuyunsl 5mo2o A61eHUs PACCMAMPUBATUCH 8 NEPBOLL YACMU CIAMbU NOCEAUEHHOU 36€30HOU IB0TIOYUU.

Tabnuya nepuodoe odopawienusn yegheuo 60Kpyz céoeil ocu 6 3a6UCUMOCHU 0Nl OUaMempa

HebecHoe ITepuon 3eMHBIX Jlorapudpm ITmoniane
Temno Hueit HuameTpoB ITepuona Kpyra
Semsa 1 1.00
Bera 0.46 20.00
Polaris 3.97 60.66 0.60 2890.34
6 Cep 5.37 69.78 0.73 3824.06
X Sgr 7.013 77.17 0.85 4677.16
Eta Aquilae 7.177 77.79 0.86 4752.07
W Segr 7.59 79.26 0.88 4934.01
3 Dor 9.84 85.85 0.99 5788.93
C Gem 10.15 86.61 1.01 5892.15
Y Oph 17.13 98.78 1.23 7663.09
ComnHile 27.5 108.84 1.44 9304.31
L Car 35.55 114.00 1.55 10207.21
RS Puppis 41.5 117.02 1.62 10755.19
Puc.13. Tlo gaHHBIM TaOJIUIIBI IOCTPOEHBI TPa(UKK BPAIICHUS U CBETUMOCTH.
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Jeewtit epaghux unnocmpupyem ygeauuenue nepuooa epaujeHus yegeuo no mepe yeeiudeHus ux ouamempa.
Omom epaghux sensemcst npoOoIANCeHUEM NPeobloywe2o epadurka HauaIbHO20 YUACMKA 36€30HOU 280I0YUU, HO
0711 6onee kpynHuvlx 36¢30. [losmomy na smom epaghuxe mvl UOUM MOTBKO 803PACHAHUE NEPUOOA PAUECHUSL NO
Mepe pocma 36e30v1. Kemamu, obpamume euumanue, umo napamemput Connya, Komopoe umeem ouamemp
pasnblil 109 3emubim Ouamempam u nepuood epaujerusi okoao 27 OHell, NPeKPACHO COBRAOAION C IMUM SPADUKOM.

Ilpaswiii cpagpux noomeepoicoaem JTUHEUHYIO 3A8UCUMOCTNb CEEMUMOCTU Yeheud om 102apudma ux nepuood.
Toodpazymesaemces, ymo c6emumocms 36630 NPONOPYUOHATLHA NAOWAOU KPY2d ¢ OUAMETNPOM PAGHBIM OUAMempy
36€30b1 (N10WAL NPOEKYUU NOGEPXHOCIU 36€30b1). TO ectnb memnepamypbl i C6eMuMOCmu pagHbIX Niowadel
J00BIX 36€30 PABHBL MedCAy OO0, KAK 3Mo U ciedyem u3z npedCmagieHull 0 npupooe 36630 ¢ no3uyuti “‘3axona
Mexanuku”. Takum 06pazom MOAHCHO 0OBACHUMb NPUYUHBL TUHEUHOU 3A8UCUMOCTIU C8emMUMOCmU yegheud om
Jno2apughma ux nepuooa. » - mpeoyemcs nepecmomp paccmosHull 00 yegeuo (6 oecamku pas mensvue) — AEM.

B npeocmaenenuu agmopa gvluieykazanHoeo mekcma 6bia61eHd UHMePeCcHdst 3a8UCUMOCTIb MENCOY
CKOPOCIbIO 8PAWYEHUSL 36€30 BOKPY2 CBOEl OCU U UX OUAMEMPOM, YMO CUTbHO MeHsiem npedcmasienue o
98OIOYUU NAAHEM U 3630, KOMOPOe CMAHOBUMCS NPUUUHHO-CIEOCMEEHHbIM U I0CUYECKU COTLACYeMbIM
¢ npeocmasnenuem “I paouenmnou dpupoounamuru”:

Henpepuignutii pocm zpagumupyoujux 00veKmoe - 36e30 uiu niaaHen, nPoucXooum 3a cuem mame-
puanuzayuu Igpuprnozo nomokxa ¢ npomonst “I pasumayuonnvim Ipupnvim Ilpeoopazosamenem’,
cozoannwtil 3e6e30nuvim (unu llnanemapnovim) Ipupnvim Buxpem, pocm maccol 36e30 unu naanem,
npU ROCMOAHCHEE MOMEHMA UHEPYUU, 3aMediiem CKOPOCmb epaujeHus nocieonux. — AEM.




I'nasa 3. DdupHbBI BUXPHh rAJAKTHKH 10 HMeHH “Muaeunbniii [Iyr”

CoBpemenHoe npezcrasiieHue I'anaktuku “Mineunsiii [1yTe” npencraBieHo Ha puc.l4a, a ee, CHIIBHO
YIPOIIEHHOE, CXeMaTHUECKOE MPECTaBIeHHE 0TOOpaXKeHO Ha puc. 14c.

HALWA FAJIAKTUKA U EE OKPECTHOCTHU

TANTAKTUHECKAA KOPOHA

lopsyuii ras, okpy»aroLLuin fanakTuky

BbICOKOCKOPOCTHOE
OBNAKO

BretatoLuii cryctok
CpaBHUTENILHO CBEXEro rasa

OUCK FTATTAKTUKA
CnnioweHHan cuctema
3Be3p, rasa

1 NbinK

Ny3blPb

a3, HarpeTbIi
CBEepPXHOBbLIMMU;
MCTOYHMK
«hoHTaHa»

OBJIAKO C
MPOMEXXYTOYHOM
CKOPOCTLIO
OCTbIBLLMIA ra3;
BDBBpaTHbIlZ NMOTOK
«(hOHTaHa»

BOJbLLIOE MATE/INTAHOBO
OBNAKO

lanakTvka — CnyTHUK
Mneuxoro lMyTu

MAJIOE MATEJINIAHOBO OBJTAKO
FanakTvka — cnyTHUK MneyHoro MyTu

=

= COJHLIE

1 NNAHETHI

KAPJIMKOBASA
COEPOULANBHASA
FATTAKTUKA B CTPEIbLIE
lanakTuka — cnyTHUK
Mneuroro lMyTu

TYMAHHOCTb
AHOPOMELObLI
Bnuxanwas
KpynHas
cnupansHas
ranakTuka

FANTAKTUKA

B TPEYIOJIbHUKE
CocepHas ranaktuka
CpefHel BENUqMHbI

MATEJITIAHOB MNOTOK
PykaB rasa, 0TOpBaHHOIo
oT MarennaHoBbix O6nakoB

MOTOK CTPENBLIA
«XBOCT» M3 3Be3[], OTOPBaHHbIX

OT Kap/IMKOBOW ranakTuku B CTpeJ’IbUﬁ

Puc.14a. Tanaktuka “Mieunsiii [1yTs” — coBpeMeHHasi HHTEPIIPETALIUA.
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Puc.14c. T'anaktuka “Mneunsiii I[Tyts” — cxema.

Puc.14b. Kocmuueckas Mepapxusi.

KocMmuueckast nepapxusi — IjaaHeTapHbIE CUCTEMBI, 3BE€3/IHbIE CUCTEMBI, 3BE€3AHBIE IPYIIIbI, FAIAKTUKH U
CKOIUJICHHE TaJIaKTHK IMOKa3aHbl Ha puc.14b, kak KocMuuecKkas uepapxus BeeneHHOi.

[IpencraBneno apmxenrne ConHIA U 3eMITH B SKIIUNITUKE TANaKTHKY “Mneunsriii [1yTs” Ha puc.15b
Y CXEMaTU4HO Ha puc.15a - maHO 1718 HArISAHOTO IPEACTABIECHUS BCEH CI0KHOCTH COBOKYITHOCTHU
MEXaHUKH BPAILATENIbHBIX JBM)KEHUMH, BKIIIOUas HE TOKAa3aHHOE BpallleHUuE 3eMJIM BOKPYT CBOEH OCH, HE
TOBOPS O TOM YTO BCE BPALICHUS OCYIECTBIISIOTCS C HEKOTOPOI OOJIbIIIEH MM MEHBILEH Tpereccueii.



[Touemy 3TO Ba’KHO MOHUMATh — @ TOTOMY, YTO BCE OTHOCHUTENbHbIE (K HaOM01aTeso Ha 3eMIie)
BEJIMYUHBI CKOPOCTEH U HAIIPaBJICHUE OKPYXKAIOLUX 3BE3]] B HAIICH MaJJaKTUKE, a TAKKE BHEITHUX
TAJIAKTUK U 3BE€3]1, HAJ0 II€PECYUTHIBATH OTHOCUTEIBHO KOOPAUHAT TAJIAKTUKY UJIHM JAJIEKO OTCTOSALIUX OT
Hee 00BEKTOB, CUMTAs €€ YACTUYHO HEIOJIBH)KHOM, OTHOCUTEIBHO HEKOTOPOTO MPOMEXYTKA BPEMEHH.

Morth Celestial Pole

MNorth Galactic Pole

North Ecliptic Pole

. Galactic Plane

CKOPOCTR HAIIIEH]
TATTAKTHEH - 600 xovic

= PEIVITbTHPYIOIIAS
CKOPOCTD IBWTHH

Speed of Earth's rotation at equator = 0.465 km/s

Spaed of Earth around Sun =30 km/s &

Spead of Sun around Milky Way = "35 km/s

Sun is approximately 26,000 light years from Galactic Center

Puc.15a,b. Conniie B raJakKTHYECKOM IBIDKEHUN
1 3eMJIsl B COJIHEUHOM KPYroBOPOTE.

TATIAKTHRH

OPEHTATLHAA CKOFOCTH
ABHATHHA 3EVUTH BOERYT
COJTHIA 30 wov'cex

P ATAKTHUECKAS CKOPOCTE
. II0CKOCTH
COJTHIIA 300 socfeex JEMHOM OPBHTEI

Puc.16. Pa3sHOHanpaBiIeHHOCTb U
BEJIMYUHBI CKOPOCTEH 3BE3 [,
onmuskonexamux Kk ConHiry.

[TocMOTpHUM Ha JETALLYIO 3BE3Y
1o uMeHu CoJHIIE C TUTAHETOH 110
MMEHH 3eMJIsl B Halllel TalaKTUKe
“Muneunsiit [1yts” (puc.16).

Stars in the local : 4 ' ‘ ot Buana pazHOHanpaBiI€eHHOCTb
solar neighborhood . s : JBIKEHUS 3BE3]( U3 OJINHKHETO
move randomly . d > ' okpyxenust ConHIia B Kyoe, co
relative to one another. . . X N

cTopoHoi nopsiaka 10 mapcek.

3TO TOBOPUT O JIOKAJIbHOM 3aBUXPEHHUHU (Hpa B MIPOCTPAHCTBE FAIAKTUIECKOTO pyKaBa, HUKaK He
CBSI3aHHOM C T'JIaBHBIM T'aJTAKTHUECKUM 3()UPHBIM BUXPEM M IPaBUTAILIMOHHBIM JIBHKCHUEM 3BE3]] MJIH 101
JEWCTBUEM LIEHTPAJIBHOTO CBEPXMACCUBHOTO 3BE3JHOTO 0OBEKTA.

JloCTaToO4HO MOCMOTPETH Ha puUC.16, YTOOBI yBUETh pA3HOHAIIPABICHHOE JIBU)KEHUE TPYIII 3BE3, WIN
UX aCCOLMAIINA, OTHOCUTENHHO TaJaKTHYECKUX KOOPIMHAT, JJIs IIPOCTOrO BHIBOJA — HE BUIAHO B 007aCTH
CIUPAJIbHBIX PYKAaBOB LIEJICHAIIPABICHHOIO JIBUKECHHUSI, OTHOCUTENIBHO LIEHTPA IAJIAKTUKU.

[Tpu 3TOM BO3HHMKAET BOIIPOC, YIUTHIBAS MOTOKH AU, H300paKeHHBIC HA PUC.S:
O0BUIICYMCSL U 386€30bl 8 00IACMU 2ANAKMUYLECKUX PYKABO8 NO OpOUmam oKpye yeHmpa?, uiu
HAX00AMCs 8 OMHOCUMENbHO C80000HOM nojeme, yeieKdemble TOKATbHbIMU GUXPIMU 3Pupa,
YACMUYHO NPUMATIKUBAEMBL K YeHMPY NOMOKAMU dQUpa 6 2anakmuieckom oucke?



Pe3ynomamot, nonyuennvle npu u3yueHuu coOCmEEeHHbIX 0BUNCCHUIL 36€30

« B umoee gvinonnenus mpex mMesucOyHaApoOHbIX Npopamm Gomozpapuueckux HabaoeHull 6ce2o Hebd, d
maxaice Opyaux pabom u36ecmuo 00j1ee MULIUOHA COOCMBEHHBIX O8UNCEHUL 3630, npudem 0Jis 36e30 00 9-i
BENUUUHBL CNUCOK UX COOCMBEHHBIX O8UNCEHUL NPAKMUYECKU UCYEPNAH.

Ha ocnose smux nabnrooamenbhvix OaHHbIX 8bINOIHEHbL MHOOYUCICHHBLE UCCICO08AHUS OBUNCCHUTL 3630 8
OKpecmHnocm:x CO]ZHI/;CI, a makvice Kunemamuxu u ounamuxu Haweu I araxkmuxu. Ommemum CﬂealeLbﬂ/le
sadCHeuuue pesyibmamaol.’

o Connye 08udcemcs no OMHOWEHUIO K OIudCauuum 36e30am co ckopocmoio 20 km/c 8 HanpaesieHuu
anekca - mouku na nebecnoii cepe ¢ koopounamamu AR = 18"00", Decl = + 30° (okono 36e3001
4-11 ¢enuuunsl x Herculis). Ilo omuowenuro k opyeum, 6onee darexum 36e30am, CoaHye 08uicemcs
HEeMHO20 Obicmpee U UsMeHsiem HanpasieHue 6 CmopoHy 6oavuux AR.

e Bce 36e30bi 6 OKpeCmHOCmAIX CO]ZHI/;CI obnaoarom napaiiakmu4ecKum 061/IJfC€H1/l€M, ompascaroum

o gbakm osudIcenus CO]ZHI/;CI. Omo napaniiakmudeckoe 061/1.?fC6H1/l€, MaKk Hazol8aemblil 6eKOBOLL napajniakc,
36€30blL MOJICEN CILYIHCUND Mepoﬁ paccmosinus 36€30bl OM CO]ZHI/;CI. Paccmosinus 0o mro2ux 36e30 6
Tanaxmuxe Ol’lpeaeleHbl C NOMOWbIO 6EKOBBIX NApAlIAKCO6.

o Vemanoenen ¢hpakm ouppepenyuanvrozo spawenus I anakmuxu. Connye HaxoOumcs Ha paccmosHuu
8.2 knk om yenmpa I anaxmuxu u emecme ¢ OpyeUMU OIUNCAUUUMY 36€30AMU NPUHUMAE YUaACTUe 8O
spawjenuu I'anaxmuxu. Ckopocms 3moco epawenus okono 250 km/c, yenoeas ckopocms 06paujeHus.
0,0053"/200, nepuoo obpawenus nopsoka 230 man rem. Yacmu I anakmuxu, Haxooswuecs daudice K
ee s0py 6 yeumpe, obpawaromes bvicmpee, a wacmu Ha nepugepuu - medieHHee.

e Bce 36e30061 6 [ anakmuxe Kpome 00ujeco nepeHoCHo20 08UNCeHUsE 001A0AOm euje UHOUBUOYATIbHBIM,
MAaK HA3b18aAeMbIM REKYAAPHBIM 0guxcenuem. /leusicenue Connya 6 Hanpasienuu co3eezoust Herculis
ecmb neKkyIsipHoe osudicerue, a ogudicenue 8 Hanpaeienuu Cygni - nepeHocHoe, oduee ¢ Opyumu
OnudCAtUUMU 36€30AMU, 0OPAYATOWUMUCS 0KOI0 siopa T anakmuxu.
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Puc.17. Ilpumepsl rpynmoBbIX CKOPOCTEW M BEKTOPOB IS 3BE3AHBIX KOHIIIaMepanuil (qanueie GAIA).

Benuuuna oucnepcuu nekyisipHuix ckopocmetl 36€30 npedcmasisiem coooll XapaKmephvlil OUHAMUYECKULL
napamemp 00HOPOOHOU 2pynnsl 36e30. Yem maccusree 36e30bl (36e30bi-eucanmol kiaccog O, B, F, M), mem
MeHbuLe OUCnepCUU CKopocmetl, Hanpomus, y 36e30 manvix macc (xapauku G, K, M) oucnepcuu bonvuue.



U3 cpasnenus nadbaooaemvix oucnepcutl cCO6CMeeHHbIX 0gudceHUll (pazmeprocms - ""/200) Kakol-nuby0b
O0OHOPOOHOU 2PYNNbl 36€30 U OUCNEPCULL UX JIVUEBbIX CKOPOCMEll (PA3MEPHOCHIb - KM/C) MOJNCHO NOTYYUND
HAOEJICHbIE OYEHKU PACCMOAHUSL, MAK HA3bI8AEMbIIL CPeOHUL (CMAmUCmuyecKull) napaiiaKc 00 ucciedyemo
epynnol 36e30. Ha ocHose 6eK0BbIX U CPEOHUX NAPATIAKCO8 36€30 COCMABILEHbL OCHOBHbIE 2e0MempUuiecKue u
KuHemamuueckue npeocmagnenus o I arakmuxe. »

MecrHan rpynna ranasruk Bennuia
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ConHe4nHan cucTema

Hawa Manakruka - Mneunsi Nyt

Puc.18.
CkopocTu ¥ HanpaBJIEHUS
BEKTOPOB JIBIKEHUS TJIAHETHI
3emns, Connna, ['amakTuku
“Mueunsiii [1yTs”, 1 rpymnmnst
raJlakTUK ckoruieHus “‘/leBbr”
B “Benukom AtTpakTope”
BcenenHoi.
Puc.19.
Kapta ckopocreii 3Be37

rajakTuku Mireunslii I1yTs.
(National Astronomical
Observatory of Japan)

['pynnoBoe aBukeHuUE 3B€3/1, MpeICTaBIeHHOE Ha puc. 19 (TpoBoIMIOCH aBTOMATUYECKOE U3MEPEHNE
TIBUKEHUS 3B€3]1 TalmakTuku anmnaparom GAIA), ObLTIO BUAUMO HCIIOTHEHO 10 CHEHATILHO OTOOPAHHBIM
3BE3/1aM, KOTOPbIE BKJIAIBIBATUCH B O(UITHAIBHYIO KOHIICTIIIHIO ABMXKEHUS, a KaK ObITh ¢ puc.16?

Ecnu BHUMaTenbHO paccMOTPETh HalpaBIEHUE IBUKEHUS 3B€3]1 (CTpenok Ha puc.19), To MoxkHO
0OHaApPYXUTb, YTO YACTh U3 HUX HE MEPIECHIUKYISAPHBI PaIyC BEKTOPY, poBeaeHHOMY 13 1eHTpa GC,
U CMOTPSAT HapyXy — T.€. UMEIOT paJlualbHOE IBWKEHUE OT LIEHTPA, CO CPEIHEN CKOpOCThIO ~ 20 KM/C,
Y TIPAaKTUYECKU HUKTO BOBHYTPb, K LIEHTPY!

Peun BeIIIe HaET 00 YCKOPEHHOM JABUKEHUH (U K LIEHTPY TaTaKTUIECKOTO BUXPSI:
— 6 banodxce (vacmuuno u 6 bape), pabomaem epasumayuoHHoe npumsdxicerue no 3akonam Kennepa,
8bI36AHHOE CUTLHBIM 2PAOUEHINOM IPUPHO20 0aBIeHUs, YMO NPUBOOUM K YCKOPEHUAM 36€30,
06pamHO NPONOPYUOHATBHO KEAOPAMAM PACCMOSHUAM 00 yenmpa (ges o 1/R).

— om epanuy 6andica (e0e npumsdiceHue yice He pabomaem) u 00 SpAHUY 2ATAKMUKU 2PAOUEHM
3pupHo20 0asneHus: CUTbHO criabeem, Smum Jice 00BACHAEMCs U YeeludeHue pazopoca ckopocmell
U ymonujenus 36e30H020 2aNAKMUYecKo2o Oucka Ha nepughepuu earakmuku (gyg ~ & 1/R).

Dmo 2080pum o mom, umo 6 pykaeax ne paéomarom 3axonst Kennepa (gz o< 1/R), a cywecmeyem
cnaboe “npumankueanue” K yeHmpy u K naockocmu oucka (gvg ~ o 1/R) a¢gpupnvimu nomokamu,
MEeKYWUMU 8 2aNaAKMUYECKOM OUCKe N0 3AKOHAM BUXPEB020 08UNCeHUs dgupa (puc.5), komopule He
Mo2ym yoeparcams 36e30bl HAd KPY208bIX OpOUMAax 60Kpye YeHmpa 2aiakmuku, U npoucxooum pasiem
36€30 C MOMEHmMA 8bliema ux uz spawjarouie2ocs aopa (uw/uiu oandxca). — AEM



Henumpanovnas oonacme I'anaxmuxu

Onucarnue yenmpanwrot oonacmu I anakmuxu ( hitp:/artefact-2007.blogspot.ru/2012/11/13.html ).

« LlenmpanvHole obracmu (10pa) MHO2UX 2AIAKMUK OY€Hb AKMUBHDL, OHU AGIAIOMCS UCOYHUKAMU
UHMEHCUBHOO INEKMPOMASHUMHO20 U3LYUEHUsL 80 8CEX OUANAZOHAX OIUH BOJIH.
K cnupanvuvim eanaxmuxam ¢ akmuHblMu 10pamu OMHOCAMCS, HAnpumep, m. H. cetipepmosckue 2aiakmuku ¢
anepeosvioenenuem 0o 10* ape/c 6 yenmpanvroii obnacmu.

B I'anaxmuxe yenmpanvrnas ob1acms CKpblma om HAc MOUHbIM CJIOEM NbLIU, OCIAOIAIOUWUM CEem 8 OeCAMKU
muicay pas. Oonaro ucciedosanust 6 un@pakpacuvix (UK) nyuax nozeonunu ycmanosums, umo I anaxmuxa umeem
36830H0€ A0pPO, NOX0JICee Ha CNOKOUHbIe (HecelihepmosceKkue) aopa earaxmuk muna Sb u Sc.

Ceemumocms yenmpanvhoti obonacmu anaxmuxu (R = 1 k1K) ve npesocxooum nosudumomy 10%% spe/c.
OCHOBHOIL 6KIAO 8 CEMUMOCTIb OAIOM 36E€30bl KPACHbIE 2USAHMbL U CEEPXSULAHMNbL, d OCHOBHOU BKIAO 8 MACC) -
36E30bI-KapAuKy NO30HUX CHEKMPAIbHBIX Klaccos. B camom yenmpe I'anaxmuxu, 6 npedenax 1 napcexa (nk),
HAX00Mest QUCKpemHble UCIOYHUKY paouo-, UK- u penmeeHo8cKo2o usnyuenus.

B yenmpe 'anaxmuxu 0061410 6blO€ns10M MPU 0OAACTIU:

- Ilepsas, umerowas paouyc 4 KRK uHmepecHa 0coOeHHOCMAMY KUHEMAUKU U pACnpedenetus 2a3d.

- Bmopas obnacme paduycom R = 600 nk exirouaem 6 cebsi 36E€30HbLIL 06AN0MHC ¢ MACCOU, paBHOU 4 MApO.
macce Connya u 0Koaosadeprwlil 2a308ulit ouck ¢ maccot 600 man. macc Connya.

- Hakxoney, okpecmuocmo yeHmpa ¢ paouycom 6 HeCKOIbKO NAPCeK08 HA3bIBACMC sl A0POM
(vacmo A0pom HaA3wI8AION 8000UE 8CIO YEHMPATbHYIO Yacmb | arakmuxu).

He UCKJIIOY€HOo, Ymo pacnpedeﬂeﬂue eeulecmea 6 yeHmpe Tanaxmuxu ACUMMEMPUUHO. Bo mnoeux CnupaibHblX

2anaKmuKax ooHapyicena nepemvluka (6ap), 8 yeHmpe Komopou pacnoyiodceHo 10po, d On KOHYOG e€ 0mxoosim
cnupanvhvle semsu. Taxas nepemviuka modxcem Ovime u y Hawel I anakmuxu.

Oonacmo R < 4 knk.

30ecv obHapycusaemces pesroe (npumepho 6 4 paza) nadenue ooujeti NIOMHOCMU 243d NO CPABHEHUIO ¢ NUKOM
nIOMHOCMU HA paccmosHuu 4-5 KnK.

Konvyo nuskoeo cooepoicanusi eaza (0Ovipa 6 2azosom oucke) msanemces 0o paccmosinuil R = 600 - 700 nk om
yenmpa, e0e Macca eaza Ha eOuHUYy no8epxXHocmu oucka noockakusaem om 4-5 0o 500 macc Connya na napcex.

Maccwt eaza 600 man. mace Connya, cooepoicawgecocs 6 oonacmu ¢ R = 600 nk, 6onee uem docmamouuo 0
mo2o, umobbl npu PasHoOMepHoOM eé pacnpedeienuu eHympu noiocmu ¢ R =4 Knk. 3anoinumo yKazanuyio obipy.
Omcroda 803HUKIIO npeononodcerue, umo 8 oonacmu ¢ R < 4 Knk 2az ucnolmai CuibHyo nomepio MoMeHma
KOJIUYeCmea OBUNCEHUsL U3-3a MYPOYIeHMHOU 6513KOCMU UTU U3-3A MOPMONCEHUSL 8 SPABUMAYUOHHOM NOJLE

8PAWYAIOUEUCS NEPEeMBIUKU U CODPALCSL 8 camom yenmpe I anakmuxu.

DOma mouxa 3peHus: anbmepHamueHa Opyeum SUnome3am, Co2iacHo KOmopuvim 2az 6 oonacmu R <4 knk uiu
ucuepnaics 8 pe3yibmame UHMEHCUBHO20 36e30000pa306anus, uiu OvLl 6b10pouLer U3 yeumpa I anaxmuxu.

banoowe u 2azoewtit ouck (R < 600 nk).

Oma obnacms ocobenno apra 6 UK-ouanazone na eonne 2mxm. UK-paouayus, npedcmasnsowas coboti
nepepabomanHoe novlivio Oojiee KOPOMKOBOIHOBOE UZIYUEHUE 36E30 Oandica, UOEm 6 OCHOBHOM U3 0OIACIU C
R <200 nx u umeem pe3xuil NUK UHMEHCUBHOCMU 8 CAMOM yeHmpe I anaxmuxu.

Tux svioensemcs daxce 6 npedenax 1nk om yenmpa, umo ceudemenbcmayem o0 CUIbHOU KOHYEHMpayuu 3630
8 OueHb HeboabUOM 00béMe siopa [ anakmuxu.

Lenmpanvras yacme 6an0AHCA NOSPYIAHCEHA 8 UOHUZOBAHHDIU 243 - OKON0A0epHbIL 6000poonbill (HII) ouck
nonepeunuxom = 150 nk. On xopouio npocnedxcusaemcs 61a200aps c60emy menio8oMy paOuoU3IY4eHUIO.
IIpeononacaemcs, umo uoHusayusL 2a3a 0OYCI061eHA MOIOOLIMU 36E30aMU CneKmMpabHo2o Kiacca O.

B oonacmu 3ouet HII 36é30nas macca = 1,5 mapo. macc Connya, obwas macca eaza = 12 man macc Connya.
bonvwas vacme 2aza 06vedunena 8 001aKa MOIEKYIAPHO2O 8000P00d, CPeOU KOMOPLIX 0COOEHHO U3BECHIHbL
KOMNIEeKCvl MONeKysipHuIx 0ooaaxoe Cmpeney A u Cmpeney B, pacnonoscenuvie 8 yenmpaibHoU yacmu 0KoJo-
A0epHO20 QUCKA.



Habnodenus paduousnyuenus @ MUHUSAX U 6 HENPEPLIBHOM CHEKMpe 0OHAPYICUBAIOM HEOObIUHOEe pacnpedeenue
U KUHemMamuxy 2aza enympu 6anooica. Ilo-euoumomy, éeco eaz cocpedomouer 30eco 8 OKON0A0EPHOM OUCKE C
R = 600 - 700 nk, naknonénnom k nIOCKOCMU 2aNAKMU4ecko20 skeamopa noo yeiom 22°.

Juck 6vicmpo epawgaemces u pacwupsemcsi co ckopocmsamu 100-200 km/c.

Cymecmeoeaﬂue HAKJIOHEHHO20 2A306020 OUCKA OCAONCHSIEN peutlerHue eonpoca o npoucxoofcdeﬂuu c2asa e

oandoce. Eciu on nonan myoa 6 pesyibmame naoenus uz ooracmu R <4 knk, mo mpyoHo o0bacHums nosejieHue
HAK/10HA OCU 8PAUEHUA.

Hopo I'anaxkmuku.

Habniooaemoe uznyuenue sopa I anaxmuxu umeem MakCuMaibHylo UHMEHCUSGHOCIb HA 60He = 2 MKM
(unppakpacnolii ouanaszon). B ungpakpacuom ouanazone npeumyuiecmeeno usiyddaem nolib, Hazpemas 36E30amu
bandoca (camu 36E30bl HEBUOUMDL U3-3A CUNbHO2O NO2NOULCHUSL USTYYEHUS 8 ONMUYECKOM OUANA30HE).

Ho 6 s0pe ['anaxmuxu oonapysicenvt u komnakmuvie MK-ucmounuxu, camolii uHmepecHbulil U3 KOmopuix -
IRS 16 - umeem pasmepot oxono 0,1 nx (puc.20).

B smom patione naxooumcs paouousnyuarouas oonacmo HIL - Cmpeney A 3anaouwiii (puc.24). [Ipeononaea-
emcsi umo oHa cooepacum ckonaerue 0-36€30. Memoodom paduournmeppepomempuu co c8epxXOIUHHOU OA30U 8
eé yenmpe Obll 0OHAPYIHCEH, NOACATYI, CAMbIL YOUSUMENbHbI 00bekm I anakmuxu.

3 Puc.23. U3odoter UK-m3mydenus nenTpa Hameii ['anaktuku
- 25°58 50 Ha BojHe 2,2 MmkM. Kpectukom otmeueH ncrounuk IRS 16,
55 HaxXOJAIIMICS B LIEHTPE 3BE3IHOrO OanazKka [ anakTuky.
ITo ropu30HTaIBHON OCH - IIPSIMOE BOCXOXKICHHUE.
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Puc.24.
N30(h0ThI TETIOBOTO paAMOU3TydyeHHs HeHTpa ["anakTuky. S000 ;
o -J0° M ] i 1 i A
IToxasan pamuouncrounuk Cmpeney A 3anaousii. 748"  1'a® 17227 174" o

Omo upe38uIuaiiHo KOMNAKMHBIN UCIOYHUK HeMEeNni068020 paduousiyyerus pazmepom mervue 0,001, m. e.
menvwe 10 acmponomuueckux edunuy. buvino evickazano npeononodcenue, 4mo ox A675emcs YEPHOU ObIPoll ¢
maccou = 1 man. macc Connya.

1o uznyuenuro Ha eonne A = 12,8 mxm (nunus Nell) yoaroce evbisichums 0cobenHoOCmu 08UINCEHUS 8 CAMOM
yenmpe ['anaxmuxu, 6 ooracmu ouamempom 1 nk. Bolnu oOnapycenvl 6oaviuue Xxaomuyeckue ckopocmu u
paouanvroe pacuuperue 8euecmaa, HatloeHvl NPUSHAKY e20 epaujeHus co ckopocmoio 00 200 km/c.

Omcroda Hatioena macca enympu smoti oonacmu: M= 5 man. macc Connya.

Takum 0bpasom, eciu 5mo 8euecmeo cocpedomouero 8 36630ax, mo KOHyenmpayus 3630 6 sope I anaxmuxu
6 MULIUOHDBL pasz boavuie, wem 6 okpecmuocmu Connya. Oce epawenus siopa npoxooum uepes ucmounux IRS 16,
KOMOPULLl, 603MOICHO, ABIACMCS YEHMPOM 366301020 DAN0NCA.

bonvwoii unmepec npeocmasnsiem xum. cocmag sopa I anaxmuxu. Ilockonvky 6 siope I anaxmuxu 36€30nas
NIOMHOCHb UCKTTIOYUMENLHO 8bICOKA, MOACHO OBLIO Obl 0AHCUOAMD 30€Ch CYUIECIEEHHO UHYIO KAPMUHY d80110YUU
XUM. COCTNABA 8ewecmsd, UHoe cooepicanie maicenvix snemenmos. OOHAKo HAOMO0eHUs NOKA HUYe20 He
2080PAM 6 NOB3Y IMO20 NPEONOJIONCEHUS.



Oxaszanocv, ymo memnepamypa 301 HIl ¢ siope 'anaxmuxu eéviute, yem 301 HII 6 cnupansuvix pykasax, a
NOCKONILKY 1A MEMNEpamypa onpeoensemcs 0meo00M Meniomsl 3 C4EMm U3IYYeHUs MANCENbIX JNEeMEHMO8, MO
VKA3aHUBI (DaAK UHIMEPNPEeMUPYemcs Kax Omcymcmeue NoSbIUEeHH020 COOEPICANUSL MANCENBIX INEMEHTNOE 8
sa0pe Ianaxmuxu. Smom 6v1800 Modcem Obimb 0UeHb BaAXHCEH 01 NPABUTLHOLO NOHUMAHUS XUMULECKOU I80II0YUU

Tanaxmuku 6 yenomy». »
(«Duzuyeckuti SHYUKIONEOUYecKull ciosapsy. - M.; Cosemckas suyuxionedus. 1983).

« HAopa eanaxmux - KOMnaKmHwle MACCUBHbIE C2YWEHUS BEWeCBA 8 YeHMPATLHOU 001ACTU MHOSUX 2aNAKMUK
(y HeKomopwIX 2anaKkmuk aoep nem, nanpumep, ux vem y bonvuwiozo u Manozo Mazennanogvix Qonaxoe -
cnymnuxoe naweii Ianakmuxu). Ha (homoepagpusx psaoa Apkux u MACCUBHBIX 2aNaKMUK 6UOHbI KPYIHbIE
ILIUNCOUOATLHOU (hOPMBL YeHMPOB. c2yujetus, NOayuusuiue Hazeanue «0andicy (om aunen. bulge - pinyxiocms).

Aopa eanaxmux pacnonazaiomes 6Hympu 6a10x#ca u Ha e2o (hone 6b10enaomes Kax bonee aproe 0opasosanue.

B 6anooicax u sopax earaxmux oOnapysicensvl 3663001, 2a3 U NuLIb. 3663061 PACNONIONCEHBL C BLICOKOU NPOCHMPAH-
CMBEHHOU NIOMHOCTNBIO, CGOUCMBEEHHOU 0UeHb MACCUBHBIM KOMNAKMHBIM CKONJIEHUAM. BHympu s0ep unozoa
BUOHBI 36€30000pa3HbIe AOPLIUKU - KEPHBL (YACMO UMEHHO UX HA3bI8AIOM AOPAMU 2ANAKMUK).

7 18
Pazmepur kepros cocmasnsiom neckonvko napcek, maccuol - 10°-10° Mgy, (vacc Conrnya), mo ecms 8 HUX
saxatoyero ne bonee 1/10 000 maccol munuunol cnuparbHOU 2a1aKmuK.

MCG oz12050
MGC 3227

Puc.25. I'anakTUKy ¢ aKTUBHBIMU SApaMU (B KPYXKKeE).
@omo NASA/Swift/NOAO/Michael Koss and Richard Mushotzky (Univ. of Maryland).

| MR RS 00 Puc.26. TlpencraBnenus o siApe rajlakTHK.
Hecmomps na manvle, no cpasnenuio ¢ 2anakmuxot,
pazmepuvl U Maccy, 8 HeKOMOPuIX A0pax 2a1AKMUK
NPOMeKaiom epaHoUuO3Hvle No IHEP2OBbLOCNEHUIO
npoyeccol.  Omxyoa bepemcs snepeus? - AEM
B yenmpe I'anaxmux Haxooumcs ceepxmaccusHast
“yepnasn ovipa’”, 6oKpy2 KOMopol paAuaAIOMcs
cmapule 36e30bl CO CPEOHUMU CKOPOCAMU OKOJIO
200km/cex. u bonee (no nocreonum danrvim 0o 5000

paBuTaUMoHHOE none

' . = km/cek. u bonee 6oausu “‘wepnoti Ovipvr” — AEM).
: : XapaxmepHnuwiti npumep:

P T T - K 2AAKMUKAM € AKMUBHBIMU A0PAMU OMHOCUMCSL He
bonee 1% om obwezo uucia 2anaKxmux, MOWHOCMb
UBTYYUeHUs] AKMUBHBIX 80ep 2aNaKMUK Ha, 80aHe 50 MKM 8 UHppaKpacHom ouanazome, pagHo Cymme uziy4eHusl
OCMANBHBIX 2ANIAKMUK BMeCMe 635MbIX. »

A smo u3 obracmu nce0OHaAY4HOU hanmacmuxu — 2106a1bHaAA OWUOKA 6A308bIX MOOeell, KOmopble
He OnUpPAalomcs Ha peaibHble 00beKmugHbvle OaHHble UsMepeHull, ymo byoem nokazano Hudce. — AEM



yeHTpa

Puc.27a. Pexkonctpykuus ranaktiuku “Mneunstii [1yrs” — yactuunsit Bua cooky (100 ThIC.CB.JIET).

raul-l-a-m&:,ﬂccnwc —dt

PEHTICHOBLKOC MIAYHEHNHE ——b
50 THC. CBETOBMX AET

Macurwfi MyTs

Puc.27b. Pexonctpykius ragaktuku “Mueunsiii [1yTs” — qo6aBiieHbl 001aCTH PEHTTEHOBCKOM
panuanmu (my3sipu @epmn), B maciurade 1:1 x puc.27a., cneBa B ramma-kBaHnTax oosbiie 6 GeV.

O6nactu peHTreHOBCKOH paauaiuu (my3bipu @epmu), BOT 4TO MUIIET >xypHas Nature (¢ KymopaMu):
https://ab-news.rw/amp/2019/03/22/rentgenovskie-trubyi-soedinyayut-mlechnyiy-put-s-tainstvennyimi-puzyiryami-gamma-izlucheniya/

« Heoaeno obnapysicentvie cmpykmypol MOZYym NOMo4b 00BACHUMb UCTIOYHUK 08YX euje Doiee KPYIHbIX
0CcobeHHOCmell: 2UeAHMCKUX NY3bIpell, UCHYCKAIOWUX 2AMMA-YUU, UTU 8bICOKOIHEPLEMUYECKULL CEem,
OOHAPYIHCEHHBIX HAO U NOO NAOCKOCMbIO 2ANAKTNUKU.

se gvicoxue «Ovimogule mpyovly, C6emAuUecs: peHmMeeHOGCKUMUY JIVYAMU, NpOCmuparomes om yenmpa Mueunozo
Ilymu. Ux oonapyacunu nadonooenuem co cnymuuxa XMM-Newton Eeponeticko2o KOCMUYECK020 a2eHmcmad.

Peumeenoscrkue I’I’lpy6bl, NPOMAINCEHHOCMbBIO 6 COMHKU CBENIOBBIX JIEM, KANCEMCHA, COCOUHATOM camma-ny3velpu c
UEHMPOM caAllaAKMUKU, COO61L)ICUOI’I’1 6 JiICYypHale Nature 21 mapma. PaHee, HAMEKU Ha makKue cmpyKmypebl, ObLU
06Hapy.’)/C€Hbl ANOHCKUM PEHM2CEHOBCKUM CNYMHUKOM Suzaku.

1o cnosam acmponoma Mapra Moppuca uz Kanughopruiickoeo ynusepcumema (Jloc-Auooicenec) - “mpyoa”,
wupunot oxono 300 ceemosvix nem (92 nk.), modcem nepedasams dHEPeUIo U3 YeHMpA 2alaKmuKy 6 ny3vipu
2AMMA-U3NY4eHUsl.

Kaoxcowvi eamma-nysvipv asisemcs: 00beKmom, pasmepom 6 HeOOIbULYI0 2alaKmuKy, U UCIOYHUK
IHepeemuyecko2o ceema cep 0wl 3a2adKo ¢ momenma ux omxpwvimus 6 2010 200y. /{na eamma-nyuei mpe-
OVIOMCs BbICOKOIHEP2EMUUECKUe YACMULYbL, KOMOPble MOZYM OblMb 6b10EEHbl, 83PbIATOUWUMUCS 36€30aMU UTU
CBEPXMACCUBHOTL YEPHOU ObIPOTL 8 cepiye 2aIaKMUKU, KO20a OHA GbIPLIEAETN BeUleCMBO U PA3PLIEAETH 36€30bl —

Kaxue 83pulearoujuecs 36e30ul 6 yenmpe 2aiakmuxu u ‘uepuvie ovipor” ?? — AEM



Obnapyoicernue “mpyo” ne modcem mouno onpedenumy makoit ucmounuk!. Ho smo daem 6onee uemkyro
CBA3b MENCOY YEHMPOM 2ANAKMUKU U NY36IPAMU, 2080pum acmpo@u3suk L{zrons-Xau Yocao usz Iapseapo —

CMUMCOHOBCKO20 YeHmpa acmpo@u3uKu. »
Nature. Vol. 567, March 21, 2019, p.347. doi:10.1038/s41586-019-1009-6.

G. Ponti et al. An X-ray chimney extending hundreds of parsecs above and below the Galactic Centre.

Puc.28a,b,c. [Iga Gospiuux mysbips “Depmu’ raMMa-u3ydeHust (ClIeBa) CBA3AHBI C CEPALIEM IalaKTUKH
“IBIMOBBIMHU TpyOaMu”, KaX/1asi IJMHOW B COTHU CBETOBBIX JIET (IIOKAa3aHO Ha PEHTI€HOBCKOM CHUMKE CIIPaBa).

O6nacte peHTreHoBckoi paauanuu ["anaktuku “Mneunsiit [1yts” (puc.28) ToBOpUT 0 TOM, UTO B
yenmpe Hawiell 2anaKmuKu Cyuiecmeyen Keasap ¢ 06yXcmopoHHum 0xcemom (IpaBaa xKaJlkue ero
OCTaTKH 10 OTHOLIEHHUIO K IEPBOPOJHOMY B IECATKH KHIIONAPCEK), UMEIU{Uil ObICHIPO pacuiupaio-
W{UIICA CME0J ¢ OTHOCUTEINIBHO “‘ciiabbiM BeIOpocom™ (puc.33). IlpaBaa oH pa3roHseT HOHU3UPOBAHHBIN
MaTepuaia 10 3HEPTUH, JOCTAaTOYHOU JJIs CO3AaHUsl PEHTT€HOBCKOIO M3JIy4Y€HHUsI HAa PACCTOSTHUAX
nopsiika 25000 cBeT.JIeT, a 3TO ~ 8 KIIK. HaJl ¥ 10| LIEHTPOM T'aJlaKTUKH !

60 000 ly

Puc.29. Uckpusnenune ['anaktuku “Mueunsiii [IyTs”, cBepXy ranaktudeckas MOJEIb.

O6partute oco0oe BHUMaHUE Ha pa30eranue 3Be37] B pacTyllei, ¢ pacCTOSHUEM OT LIEHTPa, TOJIIHUHE
raJlakTHYECKOTo JTUCKa, HAaUWHAas ¢ KOHIIa OalKa, a Takke U3ruo.

CTBOJIBI TAJTAKTHYECKOTO 3(UPHOTO BUXPS HECKOJIBKO HAKIIOHEHBI (prc.28C), UTO BUAMMO BBI3bIBAET
HEKOTOPOE MCKPHUBJIEHUE FAJIAKTUKHU B TNIOCKOCTH TaJJaKTUYECKOTO JICKa, 0TOOpakeHHOE Ha puc.29.

N3rub, cBsi3aHHBIN ¢ HAKIIOHOM CTBOJIOB 3(DUPHOTO TaTaKTUYECKOT0 BUXPS K IJIOCKOCTH JAUCKA, MOXKET
TOBOPUTH O MEJUIEHHOM Pa3BOPOTE raTaKTUYECKOTO BUXPSI B TPOCTPAHCTBE.
3TO NMOATBEpKACHHUE - TPaBUTAIMA 3a IpeaesioM dammka (+0apa) mpaktuuecku He padoTaet (puc.29).



Buszyanuzayua ounamuxu oo0vekma Sgr A* ¢ ungppakpacuom ouanazone.

« Hp}um HA mMom mecme, 20e HaxX0O0Uumcs uepHas ()blpa, Mbl 8UOUM }ZpKLHJ UCMOYHUK C MAKUMU ceoﬁcm@a,tm,
Komopblx Hent'y 36e30 6OKpYye. On 20pa3()0 Aapue 6 bonee ONUHHBIX BOJIHAX, Yem 3663()6[, U K momy aice On
HenO()@Ll.?/CQH, mo20a KaK nocieonue 6 yenmpe T'anaxmuxu ()GLL?/C)/I’I’lC}Z HA OCPOMHbBIX CKOPOCMALX.

Camoe 2nasnoe ne 6 mom, 4mo 3a(])ul<cup()@aH0 U3JIy4eHue niasmovl 60Kpye Heco, a 6 mom, 4mo OHO OKA3AaJjsl0Cb 6
gviculell cmenenu HENOCMOAHRHBIM, NPpUYEM €20 APKOCmb MEHAEMC A Ha Gpe,lf'leHHOIJ wKkane He()e.%, OHell u oaxce 8

npedenax 00Ho2o uaca! Bvlno owywenue, umo moi 6uoum kax yepras ovipa oviuum. Ilepekpecmumcesa naoo!

10 ntona 2003 r. 16 wrona 2003 T. 17 wiona 2003 1.

Puc.30a,b,c. Iunamuka Sgr A* B undpaxpacHom auanazone 3,8 mukpos (2003 rox).

Bcezo 3a neoento ¢ 10 no 17 uions 2003 200a 6neck oovexkma ynan ¢ 12,2" 0o 13,8", umo osnauaem ocrabnenue
6 uemvipe paza. [lpu 5mom MakcumaibHas CKOPOCMb Yeacanusi HabI0aLACh 6 KOHye: 3a nocieonue 40 munym
0bvexm ocnab 6 0sa pasa!

Ha yenmpanvuom puc.29b ykasaua apras 36ezoa S0-2, komopas 6 2002 200y noumu caunacey Ha Hede ¢
obvexmom Sgr A*, npoiioa om nezo na paccmosinuu écezo 120 a.e. B 2003 200y ona cnosa pazoenunace ¢ HuM,
yuos esepx na paccmosnue oonee 0,05" u no3gonus nad.a10dams NAA3MY OKOLO YEPHOU ObIPbl 0€3 HALOIHCEHUSL.

Hecmomps na mo, umo umenno sma 3ee3da coenana cencayuio 2002 2ooa o "6nuskom npoieme K YeHmMpaivbHol
uepnotl Ovipe I anaxmuxu", pexopocmenom ocmaemcs 36e30a S0-16, komopas 6 2000 200y nponeciacy 0koo
uepHoll ObIpyvl HA ewje MeHbuuem paccmosnuu - 90 a.e. Ha cnumke 16 uions ona e08a npossuidacs. »

[IpuBeneHHbIE BhIIIE JaHHBIE U3MEPEHHI TOBOPAT O TOM, YTO JaHHBIE IO CBETUMOCTHU 3B€3]1, 0COOCHHO
CBEPXMACCHUBHBIX, CHJIBHO 3aBHCUT OT MHOTUX BHEIIHUX (DaKTOPOB HaM HE M3BECTHBIX HU BO BPEMEHH,
HU B IPOCTPAHCTBE, IOTOMY OTIOpa Ha CBETUMOCTh 3TO CIIMIIKOM 3bIOKasi OYBA JJIsl TOCTPOSHUS LKAl
PacCTOSIHUI U MAacC aCTPOHOMUYECKUX OOBEKTOB.

Busyanuzauua ounamuxu 36e30 6okpyz oovexkma Sgr A* (2011 200).

Hogeiimme nanHbie MOATBEPKIAIOT KOMIIAKTHOCTE 00nacTeil 1ieHTpa Hamel ['anaktuku, 16-netHue
HAOJIOICHUS TIO3BOJIUIIN OMIPENIETUTh OPOUTHI HECKOJIBKUX 3BE3], BPAIIAOIIUXCSI OKOJIO LIEHTpa
PagvoN3IIydEHUS - IPEATIONOKUTEIBLHO Sgr A*.

OpnHa n3 neHTpanbHelX 38e37 S0-2 mposerena OT “UepHOM AbIpbl” HA PACCTOSIHUHU, COCTABIISIOIINM
Bcero 17-Mb CBETOBEIX 4acoB, T.¢. Ry = 17 cBeTOBBIX YacoB ~ 18.36*10"* m. = 122 a.e., IBUTasch CO
cKOpocThIO Vgp2 ~ 5000 km/c¢! (1aHHBIE ACTPOHOMUYECKUX HAOIIIOICHUH).

Ha puc.31. npencrasiieHa peKOHCTPYKLIMS IBUKEHMS 3BE3]1 IEHTPA TAJIaKTUKU 3a 16 JeT, Ha pUCYHKE
000I0IHO OCTpPOIi cTpenkoit o6o3HaueHo pacctosiaue ~ 8000 a.e.



Hunamuxa 36e30 u oovekma Sgr A* (Cmpeney A, 2011 200).

2011.7
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Puc.31a,b. PeansHoe amwxenue 38e31 ¢ 1997 mo 2011 rojsl B 1IeHTpe HaIlei ralakTHKH.

W3 pacdera OGanmaHca cuJl CIIEyeT, UTO Macca 3Be3/bl Sgr A* cremyer:
Ma+ = (Vso.2) *Ry / (G*Mg), = 3.51¥10° Mg, { m*V*/Ry = G*(m*My=/ Ry?) }, rze:
M A+ - Macca HeHTpaJIbHOM 3Be31ibl Sgr A*, Mg = 1,989-10°" kr (Comnue),
G =6.6*10""" m>-c*kr', Ry = 18.36¥10" m,

YcKOpeHHe Ha TTOBEPXHOCTH Sgr A*- ga« = 1.84%10° m/c. { gax = gs*(MA* /Mg ) / (Rs/ RA*)2 3,
rJie paguyc 38e36 SgrA* He 6onee Ry« = 5.0¥10' M= 0.33 a.e., Rg = 6.96%10° m,
(603mo01cHbLLL paouyc Lllsapywunboa 0ns 36e3061 Sgr A*c maccon 3.51%1 0° Mg— Rg;, =0.065 a.e.).

Tpu macce My« = 3.51%10° Mg 36e30a Sgr A%, 6osce ne obnzana 6vims "uepnoii Jvpoi” !
B smom nem nuxakoii Heobxooumocmu (npurnyun OKKamvl), m.x. 60Kpye Hee Hem aKKPeyuoHHO020 OUCKd,
Pazmepom 6 mulCAYU A.e., XapaKmepHozo O1s “20puzoHma coovimuil”, a Haobopom — 6 2mou obracmu,
gokpye SgrA*, epawaromca na bonvuiux ckopocmax cmapwie 36e30vul, muna SO-2. — AEM

WuTterpansHoe n3obpaxenue (puc. 32a,b,c) meHTpa rajJakTUKH B TPEX AUara3oHax U3IyuYeHHU U ee
MoOJIeNIbHOE TpeacTaBieHue (puc.33) MO3BOJISIET C/IeNIaTh BECbMa CEPbe3HbIN A(PUPOTMHAMUYECKH BBIBO/T
O TaK Ha3bIBa€MOMU “depHOM AbIpe” Sgr A* U UCTUHHBIM “‘yNpaBisAOIUM rajgakTuku “Mueunsiii [TyTs”.

Ecnm sta cxema (puc.33) 1ocTaTOuHO TOYHA, TO HEHTP rAJIaKTH4ecKoro 3pupHoro Buxps (ykasaH
Ha cxeMme Kak Ark), rie BUIHBI OCTaTKH CTBOJIOB JKETOB BMECTE C UX “KpOHAMHM’’, CMeIlleH OT 3Be3/Ibl
Sgr A* (koTopast Kak ObI SIBISIETCS [IEHTPOM TPABUTAIIMH SI/IpA TATAKTUKH ) KaK B TUIOCKOCTH JTUCKA, TaK

Y BHU3 T10 OCH JIUCKA HA BEeJIMYUHY MOpsiAka = 25 nk.! — (nodpobnee na cmp.23).

36e3061 yenmpa I'anakmuku yoeprcuearomcsa He YeHMPAnbHOU C6EPXMACCUBHOI 36€3001l UNU
“uyepnoit Ovipoit” ¢ “uepuvimu dodaskamu’”, a 2aNAKMUYECKUM IPUPHBIM BUXPEM, CONOCHIABUMBIM
no pazmepam c I'anakmuxy, obecneuugarouum “2pagumayuio’ 36e30HbIX 00paA306aHUIL K YEHMPY
2a1aKMUKU 6HYmMpU 2a1aKMU4ecKo20 A0pa-0anoxca u/unu oapa 3a cuem 2paoueHmos IQpuprozo
oaesnenus, u cozoawuiezo caadoe “npumankueanue’” IPUpHLIMU NOMOKAMU 36€30HBIX PYKABOG
2a1aKMU4ecK020 OUCKA K A0PY 2a1aKMUKU U K R10CKOCHU 2AN1aKmuyeckoz2o oucka. - AEM

Crnenyet oOpaTuTh BHUMAHUE, YTO JPKETHI UIMEIOT BECbMa IIIMPOKUI CTBOJI, HO YPE3BBIYAHO KOPOTKH
— BMecTe ¢ KpoHamu He Oosiee 100 mK. Kaxaplii (BMECTO CTBOJIOB JUIMHHOM B IECSATKU Kuiomapcek!), T.e.
HAXOJATCs TITyOOKO BHYTPH TaJIAKTUYECKOTO S/Apa, M Kak Oy/IeT MOoKa3aHo Jajee, CIoCOOHBI TOIBKO
HAJyTh TaK Ha3bIBAEMBbIC My3bIpH “DepMu’ YCKOPEHHBIMH YACTUIIAMH — HCTOYHHKOM raMMa H3JIy4eHUSI.
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Puc.32a,b,c. Llentp ranaktuku “Mneunsiit [lyts” B ontuueckom, K- (B 1ieHTpe) U paano- nuanazoHax.
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Puc.33. Cxema nenrpa ranaktuku “Mieunsiii [1yTs” mo paano-uzobpaxenuto puc.31b. (1 gen.=75mk.)

Henmp canakmuuecxkozo 3¢hupnozo euxpa “Arc” asnaemcsa yeHMPOM RPUMANCEHUA 2ATIAKMUKU !

/

a He C6EePXMACCUBHDLIL 36€30HbLIL 00beKm, umerouwjuil Hazeanue Sgr A*. — AEM

a puc.34 useToM BeleIeHa 00IaCTh AAPA FalakTUKK “MiedHbIi b
H 34 0 ‘M ITyrs”

@ = (7-8) mas = 62 +/- 4 a.e.,

B Heit MO>XHO BBIIETUTH 00JIaCTh MAKCUMAIBHOM HHTEHCUBHOCTHU PAAMON3ITYUSHHSI, TOJyYeHHON Ha

npejene pa3peieHus paIuoTenecKona ¢ paclIupeHHoi 0a3oii, auamerpom He Oosee = 1 mas =~ 8.2 a.e.,
YTO HEJJOCTATOYHO, 00Jiee YeM Ha MOPSIOK, A BepuHUKAIIMK 3Be3/1bI Sgr A* B ONTUYECKOM JHana3oHe.




W3 storo cnegyet 4to y 38376l SEr A* (1 B OKpy>Karollel ee u3ydarolien cpee), nojl 2pomMaoHbim
2pasumayuoOHHbIM ROMOKOM IPUpa K 3BE31e, COBUZACNICA CREKMD U3IYUEHUA U3 ONMUYUECKOIl 30Hbl
K HUJICHEll UHPAKPACHOUL 2paHuye U 8 paduoOuana3oH, MEXaHnu3M KOTOporo OyJeT MOsSCHEH aanee,
IMOYCMY B OIITHUYCCKOM AUAITa30HC €€ U HC BUAHO, 4 B pPCHTICHOBCKOM JIMAaIla30HC BCA 30HA CBECTUTCHA
BeCbMa MHTEHCUBHO (puc.28c)!

[=]
—

Puc.34. Buaumoe paguon3o0pakeHue eHTpa Hallei
lanaktuku (Sgr A*) Ha anmuHe BOJHBL 1,3 cM
(c) VLBA+GBT / Gwinn et al. (ApJL, 2014).

Sgr A*, VLBA+GBT, 23.8 GHz

Crnenyet o0paTuTh BHUMAHUE HA TO, YTO 00IACTh,
BHUJIUMAsi CIUIOIIHOM B pajrioInana3oHe, He BUHA B
OTNITUYECKOM JIMANa30He KaK UCTOYHUK U3ITy4CHUS
(x ToMy ke OyZeT cMelleHa 10 KOOPMHATaM).
Ckopee 6cezo 30ecv euona opyzasn oonacms (“Arc”)?

Relative Declination (mas)

B uentpe narna Sgr A*(puc.32c, 33 ) pacnosioxxeHa
ceepxmaccuenblil 36e30Hblil 00beKm, UMEIOIIHNI

TPaHuUIly O0JNACTH TPaBUTALUK Ry *, 30 NPeoesami

. 2
KOMOPOU 3aKOHbl NpUmMsaAMCenus He pabomarom *

Relative Right Ascension (mas)

ITo ananoruu ¢ epasumayuonnou epanuyett Connya, paauyc Kotopoii Zgs = 49-50 a.e., onpenenum

pagnyc epasumayuoHHoU epanuysl 36e30ul Sgr A*:
~ ~ ~ — 12
ZoA+ = 93670 a.e. = 0.45 nk. (Pg A+ = 0.9 1K.) { Bea* = Bys ¥ (Ma+/ Mg) " }

BoT nmouemy a1t cBeieHHs IPaBUTAIIMOHHOTO OanaHca ralakTUK B OPUIMAIBHON TrajlaKTHUECKOM
MO/IeJIM IOTPEOOBATIOCH BHECTH “TEMHYI0 MATEPHIO”, TOTOM “TEMHYI0 SJHEPIruI0”, U Aajee ... 4YTO-TO
“TeMHO-4epHOro”’, 6e3 MOHUMAaHUS CYTH MEXaHU3MOB yAEP)KaHUs 3BE3]l B MPE/IEIax raJlakTUK!

BeleckazanHoe OKa3bIBACT MPOCTOTY M KPACOTY A(PHPOANHAMHUECKOTO Mo1xoaa “I paduenmmnoi
Ipupoounamuku’” npu 0ObICHEHNH ACTPOHOMHYECKHX SIBIICHUH TaM, rie opHUIUaNnbHas BEpPCUs HAYKH
MOJIHOCTBIO 3aXO/IUT B TYIHK, TEPSAsS MPUIHMHHO-CIEICTBEHHYIO CBS3b, YTO BUIHO U3 TEKCTA COOOILICHHS.

I'nasa 4. DdbupHbiii BUXph. TBepaoTeIbHOE BPALLICHUE S/APA.

«Ananusz osudicenus: 36e30 noomeepacoaenm, 4mo 6bINYKI0CHb 6 YeHMpe Haulell 2a1aKmuKu A611emcs
MACCUBHBIM BAPOM, 0OUH KOHEY KOMOPO2O NPAKMUYECKU Mo4Ho Hanpaeiek 6 cmoporny Connya.
Ipu smom 6ap epawgaemcs Kaxk meepooe menoy. (22.12.2011, 15:40, Mcx) ».
http://www.rnd.cnews.ru/natur_science/news/top/index_science.shtml?2011/12/22/469956

« Aopo zanakmuxu epawjaemcsa Kak meepooe meno. B cavom oene, nuneiinas ckopocms epawenus V, yenosasn
ckopocms @ u paccmosnue R 00 yenmpa spawenus césazanvl paserncmeom V= o *R.

Tlosmomy moavko npu epawjeruu, N0O0OHOM 8PALYEHUIO MEEPO020 Meld NPU NOCMOAHCIEE Y2080l CKOPOCIU
W, y 6cex MOYeK NUHEUHAA CKOPOCHb 6PAUEHUA RPONOPULOHAIBHA PACCIMOAHUIO O YECHMPA.

Mut 6uoum, umo y eanaxmuxu NGC 5055 kpusas cxopocmeti cnavana, 0au3 yenmpa, O1U3Ka K npamotl.
Omo noomeepicoaemen epauwjenuem a0pa KaK meepoo2o meud, max KaxK yKazoleaem, 4mo JUHeUHas CKOpoCmb
épaweHusi NPONOPYUOHATILHA PACCMOAHUIO OM YEHMPA 2a1aKMuKu, a yeio6as CKOpocmb NOCMOSHHA.

3amem Kpueasl OmMKJIOHAEMCst On }’lpﬂ,lf'l()lj, JUHelnble CKopocmu ﬂp()()().?.?/CCUOI’I’l e603pacmanitsb, HO HE MAakK 6blCI’I’lp(),
KAaK noyvuilocsd Obl no }’lpﬂ,lf'l()l/vl. Omo o3ravaem, 4mo yenoeasdi CKopocmbv 6paujeHusd nasunaem y66[60]’l’lb no mepe
y()a.vehzuﬂ om yexsmpa cajlaKkmuKu.

3a HeKOI’I’lOpOIZ mouKoiu VMEHbUEHUE yZ.?O@()LVl CKopocmu yatce He MOHCEM KOMNEHCUPOBAMbCA )YBEIUUEHUEM
paccmosinusl, npou3@e()eﬂue C()*R, a C.7€()06al’l’l€.7bl—l(), U JIUHeUHAs CKopocmb HadYurarom y66[601’l’lb...»

Onucanue meepoomenvhozo sopa I anaxkmuxu ( http.//artefact-2007.blogspot.ru/2012/11/13.html )
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Puc.35/36. T'paduku ckopocreii miuanet [anaktuku “Mneunsiii [Tyts”.

« B/-zympeHH;m qacmov 6apa 2ANAKMUKY YACMUYHO HAXOOUMCS 8 30He I’I’l@ep()()l’l’l@.’lbl—l()e() epawernus ()MCKCI, a
BHEULHAA 4acnlb — 6 30HE ()Lt(j)(j)epeHLﬂtCL'ZbH()Z() 6pawerusl.

«banoxc nawein I'anakmuxu epawjaemcsa Kax meepooe meno 00 paccmoanus ¢ 1 knk om yenmpa (eciu ne
CUUMAmMb CAMbIX BHYMPEHHUX 00aacmel, 20e CULbHO GUAHUE «YEHMPATbHO20 MOHCTNPAY), MO eChlb CKOPOCHLb
0poOUmMAnNbHO20 O8UINCEHUA 36€30 TUHEHO 603pacmaem no Mepe YOaieHus onm yeHmpay.

(«36e3001, canaxkmuxu, Memazanaxmuxay. — 3-e u30., nepepa6. u oon. — M,: «Haykay, 1981,

The flat rotation curves of spiral galaxies
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Puc.37. I'paduku ckopocreii 38e31 ["anakTuk Puc.38. Kpusas Bpamenust M33 (1o HaOIIOACHHUIO).

(NGC 4378, NGC 3145, NGC_1620, NGC_7664). (Mano n3obpaskenue ['agakTHKH pasMepoM ~ 7 KIIK.)

« Bpawenue 36e30 6 canaxmuyeckom yenmpe cogepuieHHo He noouunsemces zakonam Kennepa, xoeoa nuneiinas
CKOPOCMb YMEHbULACTNCS C Pa0uycom (00pamuo nponopyuoHaIbHa K8AOPAMHOMY KOPHIO U3 paouyca).

C 00mHO1 CMOPOHDL, MO NOHAMHO, HOMOMY YMO GNUAHUE UEHMPATIbHOU YEPHOUL ObIPbL PACHPOCHPAHAECMCA
MOALKO HA CAMYI0 OUMICATIULYIO K Hell 001acmb.

Ho ecnu xunemamuxy eanakmuueckozo s0pa, Xoms u ¢ 60IbUUMU HAPEKAHUAMU, elfe MOINCHO NPUHAMb K
c8edenuio, mo no OUHAMUKE 803HUKAIOM HEPA3PEULUMbLE BONPOCHL. »

«Teepoomenvno epawaroniasca nepemuviuxa (oap)»
(Opuoman A.M., Xonepckos A.B. « Duzuka eanakmuyeckux OUcKosy.

« Ilpu nocmpoenuu eanaxmuyeckol Kpugol 8paueHust UCNOAb3VIOM KUHEMAmuyecKue OaHHble 2430601
KoMRoHenmol u Opyeux oovekmos (OB-36e30, nianemapuuix mymanrnocmet, yegheud, oonacmeti HI u HII,
VenepooHbIxX 36€30).

Bce kpusbie spawenus, 6 0chose KOMOPLIX edcam 0aHHble HAOIOEHUL MOJI00020 HaceneHus, Oydem
obosnauams Vgas . Ommemum 0se Xapakmepuvie 0COOCHHOCMU HA HAOa00aemMol Kpugou epawenus I anaxmuxu:

— JOKAIbHBIL MUHUMYM (npoeub) 6 okpecmuocmu opoumsl Connya (r' =6 + 11 knk),;
— JIOKQAIbHBIL BHYMPEHHUL MAKCUMYM GHYMPU YEHMPATbHO20 KUIONAPCEKd. »
Dusura 2anraKmuyeckux OUCKos. (Dpll().WCIH, X()I’ZepCK()(f.




« B pezynemame cpasnenus 6anoxca u 6apa okazvleaemcs, 4mo 6 YeHmpe 2aiaKmuyeckoeo OUcKa 08d
APUHUURUATILHO PA3HBIX 00bEKMA 8PAULAIONICA MEEPOOMENbHO, NpUYeM ) 00HO20 — 8PAU{EHUE UCIHUHHOE
(6anooic), ay 6mopoco — 60JIH08As UILIO3UA, AHATOSUYHASL CRUPATIbHBIM DYKABAM. «Dapbl u CRUPAIbHbBIE PYKABA
- 9MO 60JIHbL U3OBIMOYUH O HIIOMHOCHIU, 20¢ 36E30bl BDEMEHHO CKANIUBAIOMCS 8 ,, KOCMUYECKOU NpodKe “y.
(Ppancyasa Komb «Psbb 6 canakmuieckom npyoy».

Lanakmuku ¢ HANOHCCHHBIMU 36€30HBIMU_CKOPOCHIAMU.

NGC 3145

Puc.41. NGC 1620 (moBepHyTa, 3e7eHast JTUHUS) Puc.42. NGC 7664 (Oupro3zoBasi JIMHUS)

Ha puc.39-42 na nzo0pakeHus! raJlakTUK HaJIOXKeH rpauk CKOpPOCTEH B TOM e JTMHEHHOM MaciiTade
JUTSE COOTBETCTBUS MTPOCTPAHCTBEHHBIX MACIITA00B TATAKTHK U TPAPUKOB CKOPOCTEH, TIPU ITOM:
- IUHEIHbIX uacmu 2pagurkos ckopocmeil coomeemcmeyem o6anoxcy (“Teepoozo mena”) canakmuk,
- IGHO UOHA HEOUeBUOHOCMb GIUAHUA A0PA HA NPOUECCHL 8 CRUPATbHBIX pyKasax 2anakmuk. - AEM

Ecnu npearnonoXuTh 4yTo 3B€3/1bl PyKaBHOM 00IACTH ralakKTUK HAXOAATCS MPAKTHYECKU B CBOOOIHOM
MoJIeTe, ¥ TOJIbKO HEMHOTO MPHKUMAIOTCS K IIEHTPAM U B TOJIILY IUCKOB MOTOKAMHU T'aJJaKTHYECKOTO
3(HUPHOTO BUXPS, KaK TIOKA3aHO HA PUC.S, IPH 3TOM OHHU UMEIOT CKOPOCTH, KOTOPBIE UMEIH TPH BBIXOIE
U3 yMEHbBIIAIOUIErocs Aapa (BUXph ciadbeeT), 0COOEHHO B paiioHax 0apa, ¥ ¢ y4eTOM CpeiHel paanab-
HOM CKOpOCTH OT LeHTpa = 20 KM/C, KaKk B Halllel FaJlakTUKE, TO “TalaKTUYECKHE pyKaBa’ BBIPACTAIOT U3

2
BpaLLAIOIIErocs sAApa, yXoasd U3 Mo IpaBUTalMu BUXpA ¢ ggp « 1/R (pnc.43) - 3Be37bI pazoeratorcs!
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Kpupsie Bpamenns amaktuku (pucyHoK u3 paborser [260]), nonaydennbie pasHbIMU
apropamu: [470] — crommnasn roscras aunust, no ganusim HI, CO, Re = 8,5 knk; [1186] —
wrpuxosas Juans, CO, Ha, Re = 8,5 knk; [48] — nyHkTHpHas JHHHS, [0 JIy YEBBIM CKOPOCTSIM
U CODCTBEHHBIM JBHMKEHHAM KJaccu4deckKux nedeny, He = 7,1 Knk; |214| — CILIOIIHAS TOHKAaA
munust, Juist caydaes Re = T5knk u Re = 8.5 knk; [49] NITPUX-IIVHKTHPHAS JIMHUH, [10
KHHeMaTHIecKuM napamerpam cucremsl OB-accommaimii, Ro = 7,1 knk; [968] — o (mo simmmm
21 em), O (HI), + (CO), Re = 8,2knk; [420] — ckopocts Bpamenns no HI (), as obaacreii
HII (o), Ry = 8,5knk; [300] — cxkopocTb BpaleHusi, OJy4YeHHAsS W3 AHAJIN3a KHHEMATHKH

miaanerapabix tymannocteit 1 AGB-3sess (A), Re = 7,9 knk

Puc.43. KpI/IBaH BpalCHUA AJ1d MOJIOAOTO HACCIICHUSA l'amakTuky — TaHHBIS Ha6HIOHeHHfI.

I'panuna “meepdozo mena” ranaxruxu “Mneunsiii [1yTs”, ocHOBBIBasCh Ha prc.43, IPOXOANUT MO JUAMETPY
@ = 0.40 knk., Ha Touke nepernda rpaduka ckopocTeit OT JIMHEHHO Kk kpuBoii o Kerutepy.

Dddexr “meepoozo mena’” ranaktuku “Mneunsiii [TyTs” HE MOXKET OBITH OOBSICHEH B paMKax
CTaHJAPTHBIX T'PABUTAIIMOHHBIX MO/IENICH, OH MPHUCYI] TOJIBKO CTBOJIOBOI YacTH JII000TO BUXPS, BKIIOYAs
s(HpHBIE BUXPH BCEX Pa3MEPOB OT MPOTOHA J0 TFAIAKTHUK.

Pacnpenenenue ckopocTeil B CTBOJIC BUXPSI COOTBETCTBYET MOKa3aHHOMY Ha pHC.l —3TO U ecTb,
CBOWCTBEHHOE “meepoomy mesy”, XapakTepHOE U3MEHEHHE JIMHEUHOW CKOPOCTH 3BE€3/1 IPU BpPAIICHUH
BOKpYT LIEHTpa rajakTuku 10 auamerpa (.40 KnK. — BHyTpEHHsIS 4acTh CTBOJIA TaJJaAKTUYECKOTO BUXPSL.

BuyTpu cTBOJIa cCamMmoe MUHUMATbHOE Y(PUPHOE NABJICHIE, MAKCUMAaIbHBIE CKOPOCTH BbLIETA d(hupa B
JDKETBI, OTPaHUYCHHBIE CTCHKAMH U3 YILTIOTHEHHOTO 3(Upa, 32 CYET IOCTATOUHBIX CKOPOCTEH BpaICHUS
y CTEHOK CTBOJIa, & CyMMa 3THX CKOPOCTEH Ha MHOT'O MOPSIKOB MPEBBIIIAET CKOPOCTh CBETA B 3TOM
o0BeMe TPOCTPaHCTBA, YQUPHBINA MOTOK CIeTKa 3aKPYUEH - IPOJ0IbHAS CKOPOCTh CHITBHO TIPEBATUPYET.

YacTups! (MpOTOHBI, 31EKTPOoHbI), “T'a3” (Bomopod, renud, ... ) u “IIbub” (MaTepuanbHble CTYCTKH, ...),
momnajas B 00J1aCTh BCAaChIBaHUsI, PACIIOJIOKEHHYIO B HA BXOJIE B CTBOJIOBYIO YacCTh, Pa3TOHSIOTCS Jaliee
BHYTPH CTBOJIOB JI0 OKOJIOCBETOBBIX CKOPOCTEH U BBIIIE MOIIHBIM 3()UPHBIM TOTOKOM.

B pesynbraTe Mbl MIMeeM BCe BUBI H3IIYYCHHH - OT pajuo JI0 TaMMa U PEHTI'eHa, BCE 3aBUCUT OT BHIA
MaTepHaAIbHBIX 00BEKTOB, MPEBATUPYIOMINX B 3PUPHOM MOTOKE B JTAHHBIM MOMEHT BpeMeHH. Ecnu npu
3TOM B 3(DMPHOM MOTOKE MOYTH OTCYTCTBYIOT MaTepHalibHbIe 00BEKTHI, TO MOTOK 3(upa He OyJeT BUJCH,
HO “MarHuTHOE noJje” *3, CO3/1aBa€MO€ 3TUM TIOTOKOM OyJeT MPeCTaBICHO B UUCTOM Buae. — AEM



I'1aBa 5. DdbupHblii BUXph. CIUpaAJbHBLIEC PYKABA.

«3a» U «00» «KHEKOMOPOU MOYUKU))

«3a HeKOmOPOoUl MOYKOIL» HAYUHAIOMCS. CRUPATbHBIE PYKABA 2ANAKMUYecKo20 Oucka. Ilpuuem «cnupanbhbie
PYKasa npeocmasisiiom coboul 801Hbl NIOMHOCHU, HAPACMAIOWUe 00 HETUHEUHBIX AMNIUMYO U3-30 PA36UMUS
2UOPOOUHAMUYECKUX (HEONCUHCOBCKUX) HEYCIMOUMUBOCIIEN 6 2A3080M 2ANAKMUYECKOM OUCKE Y.

(A.I'"Mopo3zos, A.B.Xonepckog «@u3suka /luckosy. I'nasa « uopoournamuueckas KOHYenyus ).

« Bpawenue cnupanvhvix pykasoe meepoomeibHo, HO «2a1aKmuieckue OUCKU, 8 KOMOpPbIX HAO00aromcs
CRUPAIbHBLE CPYKHYPbL, 6PAWAIOMCA OUPPepeHUuanbHo, a He KaK meépooe meso. mo ecms yenosas
CKOPOCMb 8PAUEHUS He ABNAEMCS NOCMOAHHOU, d YMEHbUACTNCS OM YeHMPA OUCKA K 20 nepugepuiLy

(Anexceit @puoman «HM3 Heusnu CRUPAILHBIX 2ANAKMUKY).

1. «3a nexomopoii mouxoiiy om yenmpa cnupaibHol 2alaKMuKU epawjerue 36e30 nepecmaen Oblms
MeepOOMenbHbIM U CMAHOBUMCS QU depenyuarvoHuiM. 9mo dce uHmepecHo2o0 nPoUcXooum «3a» U «00»
VOUBUMENbHOU «HEKOMOPOU MOUKUY.

To ecmb 3¢pghexmuas eanakmuneckas cnupaib, SKIOYAOUASL MUTIUAPObL 3630 — HMO HA CAMOM Oeile
nepemewjarouuecs: 6OKpye YeHmpa 2aiakmuku 601Hbl NIOMHOCMU, d 243 U 36€30bl NPU 00pAueHUlU BOKpPY2
OAHHO20 YeHmpa mo YNIOMHIAIOMCS, NONAOAs 8 KBOJIHY», MO «PA3PENCAIOMCI», BLIXOOS U3 Hee.

Tanaxmuyeckas cnupans, 6pawarOwasics Kaxk yenoe (No3moMmy u 2080psam o ee «meepoomenbHOM
B8paUeHUUY), HA CAMOM dele NOOOOHA MOPCKOU 80JIHe, Habe2arowell Ha bepee, HO HA CAMOM Oelle HUKYOd He
«bezywerny.

2. «/lo HeKomopoli MOUKU» 3aKAHYUBACTNCS 2ANAKINUYECKU YEHMD, 8PAarouulics meepoomenvbHo - «V 6cex
MoYeK JUHENHAsl CKOPOCMb 8PAWeHU NPONOPYUOHANbHA PACCIOIHUIO OM YEHMPAy.
B omom mecme y 2/3 cnupanvuvix eanakmux HaxoOumcs nepemvluka — «o6apy.

«bap canaxmuxu -snemenm cmpyKmypol MHO2UX CRUPAILHBIX U HENPAGUILHBIX 2ANAKMUK, 6bI2TAOUM KAK
GbIMAHYNIOE YHIIOMHEHUE U3 36€30 U MEMNHC36€30H020 2a3d, Jlexcanjee 8 NJ10CKOCmU OUCKA.

Llenmp 6apa obviuno coenadaem ¢ yenmpom oucka. Eciu y eanakmuxu ecmv 6ap, mo chupanvHvle 6emsu
HAuUUHAIOMcs Om KOHY08 bapa, a ne u3 yenmpa 2anaxmuxuy. («bap Ianaxmuxuy).

H306paricenue munuunoil cCRupanbHoll 2a1aKmMUKy ¢ NePemvlukoil. Ima 2anakmuka Haxo0Umcs 6
cozeezouu bonvuozo Ilca u umeem nazeanue NGC 2217. B yenmpanvnoit yacmu 3moii 2a1aKmuKu 4emKo
6UOHA NEPEeMBIYKA, COCHOAWAA U3 36€30 U OKPYHCEHHAA 06AIbHBIM KOTbUOM.

Cnupanvnsle pyKaea Imoil 2anaKmuku opmupyrom npakmuuecku uoeanbhsle konvya. Onu umeiom
2071y006amule Ygem, YUMo 2060PUN 0 HAJIUYUUU 20PAUUX, APKUX MOTIO0bIX 36€30, POHCOCHHBIX 6 00/1aKaAX
MedHc38€301020 2a3a.

Lenmpanwsnstii 6ap évienadum 3 HAYUMENbHO APYE 01A200aAPA HATUUUIO 30€Ch Dolee CAapbIX 36€30.
B 3moii zanakmuke 6uonvl maksice memHusle RPAKMUYECKU YEPHbLE PE2UOHBl, KOMOPbLE 2060PANL O
2yCcmoil nylau, 610KUpyouieil RPOHUKHO8EHUE céema

«Y xonyoe bapa, 20e nauunaromcs omemarowue CRUPAIbHbLE PYKABA, UX JTUHEUHASE CKOPOCTb U IUHEUHAS
CKOpoCmb OughghepeHuuanbHo 8pamaruezocs OUCKa co8naoarom (eciu 6ap Hcecmrko Ces3aH o CHUPAIAMU).
Oma obnacms OuUcKka y KoOHYo8 6apa A615emcs MeCnom 0CHOBHO20 — KOPOMAYUOHHO20 PEe30HAHCA
2ANAKMUYECK020 OUCKAY.
(©puoman A.M., Xonepckog A.B. « Duzuka zanakmuyeckux ouckosy, cmp. 399. I'nasa 7.)

Mooenuposanue ounamuyecKkux Mooeell 2ailaKmuK

Huoice npusedennl pezynvsmamol nocmpoenust Ounamuyeckux mooeietl ons S0-eanaxmux NGC1167, NGC4150, NGC6340,
6 KOMOPbIX UCNOIb308ANUCH OAHHbIE HADII0OEeHUN pacnpedeneHus OUCnepCcUul CKOpocmell 8 OUCKAX.

Hucnepcus ckopocmeti 60016 1y4a 3peHust no OAHHLIM HAOMIOO0EHUT CPABHUBAEMCS C OUChepCUell CKOpocmell 6
MOOenU MAKCUMAanbHo2o oucka. Kax eudum, oucku ecex mpex S0-2anakmux okazvleaomcs «20psuumuy 0axce npu
MAKCUMATbHO 0onycmumou macce (puc.44).



Dmo MoACHO paccmMampusams Kax apeyMeHm 8 noib3y mo2o, Ymo 2aiakmuKku 6 NpOuLioM no08epeaiuch
BHEUHEMY epABUMAYUOHHOMY BO3MYWEHUIO, NO-UOUMOMY, 8 PE3YIbIMame mecHo20 63auUMOOeCMEUs ¢ ONU3KUMU
2ANAKTNUKAMU UAU NO2AOUJeHUS OOCNATNOYHO MACCUBHBIX CHYMHUKOS.

Dghpexmusnocmv nocnednezo npoyecca noOMEEPHCOAEMes YUCICHHBIMU IKCNEPUMEHMAMU.

I pasumayuonnoe gosmywenue 2a30601 cocmassiouelt OUCKa 00HOBPEMEHHO MOodcem Obimb NPUUUHOL, NO
KOMOPOU 2a1aKmuKy ObICIMPO TUUUTUCH 3ANACA MENHC3GE30H020 2a3d U3-30 6CHbILUKU 36€30000pA306aHUS,
npuodpems @ peyrvmame c8oUCMSd, XapaKmepHule 05 TUH30BUOHBIX CUCTHEM.

s cpasnenus na puc4d4 npusedernvl pezyiomamol mooeaupoganus 01 SBa-eanaxkmuxu NGC 2273, y komopot
36€30HbIUL OUCK eClU U nepespem, Mo HeCULbHO.

Mooicho cosopums 0 cogmecmumocmu HAOIO0AEMBIX OYEHOK € NPEONOLONCEHUEM O MOM, UMO 36€30HbIl OUCK He
1008epeancs OUHAMUYECKOMY HAcpegy U OUCHEPCUsl CKOPOCHell 3630 6 HeM COOMBEMCMEYen MUHUMATLHOMY
3HAYEHUI0, 00ecnevusaIoujemy e2o paeHOBeCHOe K8AZUCMAYUOHAPHOE COCTOSIHULE.
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Puc. 4.36. Jncenepeun ckopocreit aaa NGC 1167, NGC 2273, NGC 4150, NGC 6340. Kpe-
CTHUKH — JIMCHEPCHS CKOPOCTEH 3BE3JI Cohs 10 AaHHbIM Habmojgenuii Baonn Gomsmoi ocu,

TOUKH — BJOJbL MaJOH 0CH; JIMHNA (KBaapaT) — Jucrepens CKOpocTell 3Be3/1 ANCKa BAOJb JIyia
SPEHHS B MOASH MAKCHMAILHOTO JMCKA BJIOIhL BOJALIION oci. Beprukanknas ¢Tpeika oTMedaeT
VCIIOBIYIO IPaHiIyy basipka

Puc.44. Tunamuyeckue moaenu SO-ramaktuk NGC 1167, NGC 4150, NGC 6340.

B smom NGC 2273 cxo0Ha co MHOSUMU CRUPATIbHBIMU 2ANAKMUKAMU O0Lee NOZOHUX MUNO0E, 20e OUCnepCus
ckopocmelti 36e30 Ha OOTLUOM NPOMSAICEHUU OUCKA, NO-BUOUMOMY, OIU3KA K HOPO2OBOMY 3HAYEHUIO.

s ecex uemvipex 2anaxmux 6 MOOEAX MAPACUHATLHO YCIOUUUBO0 MAKCUMATbHO20 OUCKA KOMNO-HEHMbL C
Zu c*r, kaxk u ux omuoutenue ¢ /c*r (puc. 4.37) ymeHouaromes ¢ paccmosiHuem om yenmpad.

Lpu smom ymenvuierue ¢ g npoucxooum HedoCmamouHo 6bicmpo OJi mo2o, 4moobl MOIWUHA OUCKA
0CMasaIacL NOCMOSIHHOLL: 80 6CEX CYHASIX OHA 6o3pacmaem ¢ pocmom r. Tom dice 661600 credyem u OJisl PeaibHO
U3MePSIeMbIX 3HAUeHUL OUCNEPCUU CKOPOCMEN 36€30 PACCMAM-PUBAEMBIX 2ANIAKMUK.



U3 ananuza oucnepcuu ckopocmeti 6007 6OIUIOU U MATIOU OCU ROLYYAIOMCS CPEOHUE 3HAUCHUsL C Z/C*r .
Oxazanocw, umo 6 unmepsane (1-2)Lo smo omuowenue cocmasnsem 0,6—0,8 u nemHo2o nonudcaemcs Ha

nepugepuu.

THosuoumomy, cnaboe 36e30000pazosanie 8 COBPEMEHHYIO IN0XY 00YCI0IEHO MAKUMU COOLIMUAMU 8 UCTNOPUU
IMUX 2ANAKIMUK, KOMOPBLE 0OHOBPEMEHHO NPUBENU KAK K CUNbHOMY OUHAMUYECKOMY PA302pesy 36e30H020 OUCKA,
MAK U K NOBbIUEHHOMY MeMNy UCYEPNAHUsL 2a3d U, KAK CIe0Cmaue, K 8blCOKUM NOKA3AMEISIM Yeemd.

Mooicno npednmoofcumb, unio 5mo C6A3aHO C NPUIUBHBIMU 6030€UCMBUAMU UTU C aKeruueﬁ HeOONbUILUX

36€30HbIX UCTEM.
Xoooe I1. F'anaxmuxu — M.: Hayka, 1992. http.//ritz-btr.narod.ru/hodge.html .

MoenupoBaHHe CI0KHO MMOCTPOEHHBIX 0OBEKTOB € OOJIBIIUM Pa3HOOOPA3UEM COOTHOLICHUN BETBEH
(ecau OHM CYIIECTBYIOT), X KOJIMYECTBA, COOTHOIICHUS pa3MepoB Oalka, 0apa 1 BeTBEH, CKOpoCcTel
3Be3/1 B PyKOBaxX TOBOPUT O TOM, YTO BBIIICONMCAHHBIE MOAEIH IIPHU CO3/IaHUH TEPIIAT Kpax, OCHOBAHHBII
Ha HE MOHUMAHHUHU TTI00aJIbHBIX MPOLIECCOB, YIPABIAIOMIMX KaK BPAIIEHUEM OT/ACIbHbBIX YaCTeH rajlakTH-
KU, TaK U yJepKaHUEM UX B paMKaX eMHOU cucTeMbl (OyneT oObsICHEHO B NanbHelmem). — AEM

Meonennste 2anaxkmuueckKue 0apvl 6 CRUPAIbHBIX 2ATAKMUKAX.

« Hensiemces 1w «HeKOmopas mouKka» Mecmom KOpomayuoHHo2o pe3onanca? Hem.
3ona Kopomayuu HaxoOUMCcA 3HAYUMENBHO OAbULE O YEHMPA — a UMEHHO, ThAM, 20€ 2aNaKMu4ecKull OUcK
yorce «y8epeHHoy epaujaemcst OuhepenyuaibHo.

«l anakmuueckas 6onna niomHocmu pacnpocmpansiemcs om yenmpa I anakmuxu no cnupaiu.

Oma cnupanvHas 0aHa NIOMHOCIU 00PAWACTNCS BOKPY2 2AAKIMUYECKO20 YEHMPA ¢ NOCMOSHHOU Y2l060U
ckopocmyvio (He 3asucsawel om paccmoanus om yeumpa I anakmuxu). [losmomy cnupanvhulil y30p npu epawjenuu
coxpamsemcs. mom y30p ecmvb Kapmuna pacnpeoeietus niomHoCmu.

Ymo owce Kacaemcest OmMOeNbHbIX «4ACTUYY BEUECNEa — 36€30 WU MeNC36e30HbIX 001AK08, CKOPOCMb 8PALYEHUs
KOMOPBIX 3A8UCUM OM PACCMOSHUSL OM yenmpa 1 anakmuxu, mo oHu npu céoem 0BUICEHUU Nepecekalom
CRUPATLHYIO CIPYKIYPY. 36€30b1 6X00M 68 CRUPATIbHBII PYKAG U, MUHOBAS €20, BHOBb GbIXOOAM 8 NPOCMPAHCIEO
medncoy pykasamu. Kax? Kakoit mexanusm, eciu pykaea smo zpynnel spawarougucs 36e30? — AEM

Ha pacemoanuu 10-15 knk om yenmpa I'anakmuku (noka paccmosanue moyHo He U38eCmno) cKOpochib
2A1AKMUYECKO20 8PAMEHUS COBNAOAEN CO CKOPOCHIbIO 8PAWEHUS CRUPATIbHO20 Y30pa. Ima obaachs
ROJIyuUNIA HA36AHUE 30Hbl KOpomayuu. Bonuszu Hee 36e30b1 HUK020a He nepeceKkaron CRUpAaibHble PyKasd.

HEKOWlOpble aesniopwsl ciumarom, 4mo COﬂHl/;e HAXO0UMCsL KAK pas 6 30He Kopomayuu 1 4mo dnio oKazanio
peutarnuiee 6iudAHue na npoucxoofcdeﬂue arcusnu 6 Conneunoll cucmeme.

Kax sosnukarom 6 I anaxmuke 60JiHbl NJIOMHOCMU, YMO ABJIACMCA UX (CEHepamopom) - 5mom 6onpoc
ocmaenmcs noKa HepeuLeHHbIM. BOS’MO.?!CHO, pa3ea07<a maumcs 6 npupode camoeo I'anakmuueckozo yenmpa,

OmMKYOa pacnpocmpaHsiomcst 60IHbL NIOMHOCHIU. »
«36e30nasn cucmema - Ianakmuxay.

Kemamu, na nocmaenennulii 6 ompwigke «HepeuleH by 6ONpoc Nociednue Ucciedo8anus Oaiom y8epeHblll
omeenm: «KUMEIUWMILCA 6 YeHMPe 2aTAKMUKU 6ap 0elicmeyem KaK 2eHepamop, 030YiHcoarouiuil u

RO00EPIHCUBAIOUAUITL 6OTIHBL NIIOMHOCHIU.
JI. C. Mapounuk, "®@usuxa Kocmoca”, 1986.

O npupooe Hun308UOHBIX 2ATAKMUK.

Qusuka eanakmuyeckux ouckos. @puoman, Xonepckos.
Cpeou eanakmuk paHHux MOpGhOI0SULECKUX MUNOS Yauje 6CMpPedaenics nepespenmocms 36€30H020 OUCKA.
Ilo cmpykmype nuH308UOHble 2ANAKMUKU CXOOHBL CO CRUPATbHBIMU 2ATAKMUKAMU OONee NO3OHUX MUNOS,

001A0as1 MACCUBHBIM 36€30HBIM OUCKOM, d 80 MHOUX CLYHASX - U QUHAMUYECKU 0O0COOICHHBIM, OKOLOA0EPHBIM
OUCKOM, PA3BUMbIM OANONCEM, U MEMHBIM 2410, ONPedeNTIOUUM CKOPOCHb 8PALYEHUSL UX GHEWHUX 0Oacmell.



Om 0CHOBHOU MACCHL CRUPATLHBIX 2ANAKMUK NO30HUX MUNO8 UX OMAUYdem 6 cpeoHem Doee 8blCOKas
cgemumocms 6an0HCa, HUKAs KOHMPACMHOCHb CRUPATIbHBIX 8eMEell U UX OMCYMCMEUe, 04eHb HU3KAL
nosepxnocmuas naomuocmo eaza (HI) u, xax cneocmaue, kpaiine ciaboe 36e30000pazosanue.

Cywecmeayem yenvlil psio npooOiem, C83aHHbIX ¢ 00bIACHEHUEeM HADII00aeMblX 0COOCHHOCMEN OUCKOBLIX
2anakmux paHHux munos. Ilpedcoe 6cezo, HEACHO, AGNAOMCS iU TUHZ0BUOHbBLE 2ANIAKMUKU TOSUYECKUM NPOOOII-
JHceHuem MOpponocutecKkoll noC1e008amenbHOCU 2alakmuk Sd-Sa, ompadcaroweil yciogus ux Gopmuposanus u
xXapaxkmep nociedyroujell « CHOKOUHOY 3801I0YUU, TUOO UX OCODEHHOCI.

Dmo pesynomam 63aumo0eiucmeust 2aiaKmuK ¢ OKPYICeHUeM (MeplHCUH2, AKKPeyUst MEIKUX CIYMHUKO8, Homepsi
2asa, ceéA3anHas ¢ dasieHuem eHewnell cpeost). Cpeou TUH308UOHBIX 2ANAKMUK, OCUCMBUMENbHO, MHO20
00bEKMOo8, CMPYKIMypa KOMopwiX NO360JI5em NPeononioicCums d(Hpekmusnoe gHeulree sozoelicmaue (Hanpumep,
OUHAMUYECKU U XUMUYECKU 000COONIeHHbIe OKON00epHble OUCKU, 0CODEHHOCIU PAOUATbHO20 NPODUIIAL APKOCTIU
U maxue HeobbluHble OeMAnU CMPYKMYpbl KAK NOJSAPHbLLE KOJbYA).

Tanakmuxu SO 6 6oeamvix CKONACHUAX, NO-BUOUMOMY, 00PA3YIOMC D1A200APs B030CUCBUIO MENCSANAKNU-
YeCK020 2a3a HA MeHC38e30HYI0 Cpedy, Ymo NPsSMO Uil KOCBEHHO NPUBOOUN K YMEHbULEHUIO ee KONUYecmed U
«OCMAHOBKEY» AKMUBHO20 36€30000PA306AHUSL.

Ouesuono, s¢hpexm oxpydcerus 30ecs uspaem Kiouesyro poib, 0 Hem C8UOemenbCmeayen Kaxk 0oaee HUu3Kul
NPOYEeHM 2aNAKMUK PAHHUX MUNO08 8 OaNleKux ckonienusx (3¢pgpexm Butcher—Oemler), max u 6oiaee HuzKue memnvi
36€30000pA306aHUS 8 2ANAKMUKAX, HAXOOSUWUXCSL 8 O0ee NILOMHOM OKPYHCEHUU.

Oonaxo cpedu calaAKMUK paniux munoe Hemajlo U calakmukK noJjisl, UCmMopusl Komopuolx MoxHcem ObIMb UHOLL.
He menee uUHmepecHa u npo6ﬂema codepmcaﬂuﬂ 2a3a 6 MUH308UOHBIX 2ANAKMUKAX.

Jaoice 6 mex cayuasx, 20e HI npucymcmeyem @ 00HApYICUMBIX KOIUYECTBAX, €20 NOJHASL MACCA OKA3bIBAETNCS
KaK MUHUMYM HA NOPAOOK MeHblUe, YeM MOANCHO ObLI0 Dbl 0JCUOAmb 8 pe3yibmame npocmo2o 6038pama 8
MedAHC38e30HYI0 cpedy 2a3d, copacvleaemo2o npod36OIIOYUOHUPOBAGUIUMU 36E30AMU OUCKA.

3afwemuM, umo CKyaHOCWlb qubopfwauuu O moJjyurne 36€30HbIX OUCKOB TUH308UOHBIX 2ANAKMUK PAHRUX MUNoe6
3ampyOH}zem ux cpasHeHue ¢ dpyewwu 2ANAaKMUKamMu no 00beMHOU NIOMHOCIU 243d UL OAGIEHUIO 2a3d 6
NAOCKOCMU OUCKA.

Ocmaemcst maxoice OMKpbsLNMbIM 60NPOC 00 omHOCUMENbHOU O0JIU MEMHO20 2410 8 OUCKOBLIX 2ANIAKINUK PAHHUX
munos. 9mo cesa3aHo 8 nepeyio ouepedb CO CHIOJAHCHOCAMU OYEHKU KPUBBLLX 6PAULCHUSA HA OobLUILUX PaAcCmosHUusAx
om yeumpa caladKkmuxKu no Cl6C0p6uu0HHblM 36€30HbIM JTUHUSIM.

Jna HebonvbuL020 KOIUUecmsea MUH3068UOHBIX 2ANAKIMUK NOTYYEHbl OOCTHAMOYHO NPOMSNCEHHbIE KPUGbLE
8pawyensl no HeUmpanLHoMy 6000pody. Coenacno pabomam, CKOPOCMU 8PAUIEHUS IMUX 2ATAKMUK HEPEOKO
VMEHbUAIOMCSL K nepughepuuus, Ho mem He MeHee Kpusble 6paujeHus mpeoyiom npucymcmeus: 00CmamouHo
MACCUBHO20 MEMHO20 2a10.

bonvwoii pazopoc mouex na ouacpamme Tanru—Duwepa (cemumocmvb—Cckopocms 8pawjeHst) 0jist TIUH308UOHBIX
2ANAKMUK 2080PUM O 3HAYUMENbHOU HEOOHOPOOHOCHU UX C8OUCME (CM., Hanpumep, U CCbLIKU 8 MOl pabome).
06 smom dice caudemenbCmayen U aAHanu3 OUCHepPCUl CKOPOCmel Cmapblx 36e30 8 OUCKAX 2ANAKMUK.

On nokazvieaem, 4mo y 4acmu OUCKOBbIX 2AIAKMUK PAHHUX MUNOE OUCNEPCUsL CKOPOCMEN 3630 CYUeCMEEHHO
npesviuiaem MUHUMAIbHOE 3HAUeHue, mpedyoujeecs 015 SPASUMAYUOHHOU YCMOUYUBOCIU OUCKA, 8 MO 8PeMsL KAK
OJIs1 CNUPATBHBIX 2ANAKMUK 001ee NO30HUX MUN08 OUCHEPCUsl CKOPOCMEll 36€30 OUCKA, NO-GUOUMOMY, OIUZKA K
NOPO20BOMY 3HAYEHUIO.

Oonaro cpasHumenbHo HU3KUe MOYHOCMU OYEHOK OUCNEPCUL CKOPOCMEN 36€30 OUCKO8 3d NPEOeNaMU SIPKUX
bandoicetl u CLoACHOCIb pazoeiienuus OUCNEPCUU HA T, P, 7, — cocmasisowue 0enarom nodoOHbLL 661600 UL
npeosapumenbHbiM.

CpasHerue 0anubIX HAOIHOCHUN ¢ OUHAMUYECKUMU MOOCTSAMU, 8 KOMOPbIX OUCNEPCUst CKOPOCmell 36e30 OUCKA
- KaK 8 nJI0CKoCcmu OUCKd, max u 8 NepReHOUKYIAPHOM HANPAGIeHUY - ONUZKA K KPUMUYECKUM 3HAYEeHUSIM OJis €20
OUHAMUYECKOU YCMOUNUBOCTU, NO3BOIAEH CYOUMb 00 0COOEHHOCMAX OUHAMUYECKOLU 980IH0YUL OUCKA.

Ilpu conocmasnenuu mooenvuvix ¢ u Habvdaemvlx ¢ 0bs 3nauenuil ducnepcuu ckopocmeti cmapuvlx 36¢30 OUCKA
80016 VYA 3PEHUSL, MOJICEM Peaiu3068amvpcsi 0OHA U3 Mpex CUMYayuil:



Cl) cobs <c'. Ucxo0s u3 KOHYenyuu yCI’I’l()L?’-lLt@()CI’I’lLt ()LICKCI, l’lthX()()LLlf'l K GbIGO()y, umo macca ()LICKCI, npurnaAmast 6
.1»10()e.7u, nepeoyeHena, u 07151 6LINOJIHEH U yciosus OUHAMUYECKOLL yCI’I’l()L?’-lLt@OCI’I’lLt K 603MYWERUAM 6 NJIOCKOCMU
OUCKa U U32UOHBIM 603MYWEHUAM OH ooJicer Obimb boJlee «IeSKUM.

6) 3uauenusi cobs u c’ 6 npe()e.mx owubox us.l»zepel-mit cosnaoarom. B smom cysae MOdICHO cosopumsb O MOM,
Ymo OUHAMUYECKUE Heycmoﬁlmeocmu npu d)op.mtp()@al-mu OCHOBHOU MACCHI OUCKA «BbIGEAUY 36€30HbIU OUCK HA
MAPIHCUHATIBHO yCI’I’l()L?’-tLt@()e cocmosinue, npu Komopom ()ucnepcuﬂ CKOp()CI’I’leL? 36e30 011pe()e.mmc;z l’l()@erH()CI’I’lH()LVt
NnJ10OMHOCMsHO ()LICKCI, €20 CKOpOoCmblo 6pAULCeHUA 6 3A6UCUMOCMU 0Nl PACCMOAHUA T, U 6Hyl’l’lpel—ll—lel7 CI’I’lpyKI’I’lyp()L?.
Cpe()u He@SClLLHO()el?Cl’l’l@y)‘OlL)luX CNnUpaabHblX calaKkmuK mont eapuarHm, I’l()—@u()u.lf'l().lf'ly, ecmpedaemcs daue 6ceco.

8) c obs > ¢, mo ecmv nabarOOAEMAs OUChepcus CKOPOCMell 3630 Gblile MOOETbHbIX 3HAYEHU,
COOMBEMCNBYIOUUX MAPICUHATLHOL YCTMOUYUBOCTU QUCKA. B makom ciyuae ecmv 0CHOGAHUE CUUMAb, YN0
36€30b1 QUCKA 8 Npoyecce I80I0YUY NPUOOPeTU U3OLIMOUHYIO (011 YCIMOUYUBOCTU OUCKA) IHEPLUTO CTIYUALIHBIX
08UNCEHULL, MAK YMO OUCK OKA3ALCA OUHAMUYECKU NepecpembiM.

Omo mozno bwvi CILYIHCUND CEUDCMENIbCMBOM moceo, 4mo 36e30H0¢e HaceleHue OUCKOB0U NOOCUCMEMbL 2ANAKMUKU
K020a-1ub0 I’lO()@epZCl.YOCb CUTIBHBIM cpaBuUmMAayUOHRHRbIM 6O3MYULEHUAM, HANpUMED, 6 pe3Vibniame noclouleHusd
MACCUBHBIX 36€30HbIX ULU 2A306bIX CnYymHUKO6, Uil oice npu mecHom 83auUMoO0eucmeul ¢ OIUKUMU COCEOSIMU.

Bo 6Hyl’l’lpel—ll—lel7 obnacmu 2a1aKMUKU OUHAMUYECKULL Haepees, 6 npuHyune, Moascem ObIMb OONONHUMENLHO CEA3AH
C paspyuwenuem KOHmpacniHoco 36€30H020 6apa. ,ZZY}Z nocmpoeHus OUHAMUYECKUX MOOelell calaKkmuK, Kkomopuole
oarom OYEHKU OMHOCUMENLHOU MACCHL OUCK / 2AN10 UL MmoJuuUrbl oucka.

Heobxo0umo umemsn OYEHKU CK()p()CI’I’leL? epawenust u ()ucnepcuu CKOp()CI’I’leL? 36€30 HA B03MOIICHO DOIbULEM

paccmosinuu om yeumpda, npudem HceianesibHo no ()Gy.lf'l OCAM 2cAIAKMUKU, umooOwl OO BO3MONCHBIM 011pe()e.7umb
()ucnepcuio Cl(OpOCI’I’leL? no pa()LtCl.YbH().Hy U 6EPMUKATIbHOMY HANPpAEGIAEHUAM.

A ecmb 1u 6000we Iaunmuyeckue (J1un306vie) 2ai1aKmuKy

« Paccmompum cumyayuio, crosicuswiyrocs ¢ eanakmuxou UGC1382, ¢ komopoti earakmuueckuii 2¢hupHuiii
BUXPY ewé He 8UOeH NOTHOCIBIO 8 ONMUYECKOM OUANA30He U3-3a HeOOCMAMOUHO20 KOAULeCmad HapabomaHHo2o
2a30Nb11€8020 MAMepuad.

Puc.45a.b.c. I'anaktuka UGC 1382: a) - onTrueckoM, b) - ¢ 1o6aBkoit ynbTpa-
¢$uoIeTOBOrO AMANa3oHa, C) — ¢ HAJIOKEHNUE BOJIOPOIa HU3KOU TNIOTHOCTH.

« Cnesa, 8 onmuueckom ouanazone, UGC 1382 gvienssoum npocmotl S1aunmuieckol 2aiakmuKko.
Ho koz0a acmporomvl dobasunu yiempaghuonremossiil u 2iyOOKull ONMUYecKull OUana3oH, mo 0OHAPYICUTUCH
CRUpaibHule PYyKAsa (cepeduna).

O0veduHUs 5mo co CHUMKOM 8000p00d HU3KOU NJIOMHOCIU (NOKA3AHO 3€1eHbIM CNPABa), YueHble 0OHAPYICUIU,
ymo UGC 1382 siensemcs cueanmckoil.



Tonvko ghomoepaghuu coenannvle 8 yrompaghuonemogom cnekmpe no38oJam Yeuoens UCUHHbIE PA3MeEPbL
3uUpHO20 BUXPSL 0OPA3YEMO20 YEHMPATLHOU 36€3001 2aNaKMuKu. ModcHo npednonodicums, 4mo no mepe
HApabomKu HOB02O BeUeCmB8a C8epx36e3001, YPUPHDIL 8UXPL OVOem 3aNnOIHAMbCA 6CE danbuLe U OdIbULe, U CO
8pemenHeM, Cmanem 0OCMYNHbIM OISt HAOIOCHUS. U 8 BUOUMOM OUANA30HE. »

HekoTtopsie HenpaBuiibHbIC (TICKYJISIPHBIC) TAJIAKTUKHA MOTYT MPEJICTABIIATh COOOM ralakKTUKK, HaXO/Is-
IIMECs Ha Pa3IMYHbBIX ATaIaxX MepexoHOTO mnpoiecca oT KeriepoBckoro Buxps k ["aakTiuueckomy.

Bo3HuKaeT 3aKOHOMEPHBIIT BOTIPOC — eCcimb it 071t OPYeUX SAAUNMULECKUX SANAKMUK CbeMKU 80 8CEX
mpex npueedeHHvIX OUANA3ZOHAX - ONMUYECKOM, YIbMPAPUOLEMO80OM U pACHpedeNeHUs 8000P00a
BHYMPU U BOKPYe 2AIAKMUK, KOTOPOE TIOCTABUIIO OBl TOUKY B TIOHMMaHHUH ATAIIOB X Pa3BUTHSI.

Ilo MHEHHUIO aBTOpA CIIMpaJIbHBIE TAJIAKTUKY HAYMHAIOT CBOE Pa3BUTUE U3 AIIJIUIITUUECKOTO SApa
(Oanmka), c HOCTENEHHBIM “BBIIBUKEHUEM  CIUPATBHBIX PYKaBOB, [0 MEPE YMEHBIIECHUS TPaIMECHTOB
3(HUPHOTO JaBJICHUS BHYTPH FAIaKTUYECKOTO BUXPSI B IIPOIIECCE OTEPU NOCIETHIUM SHEPIUU Ha MPeJIbl-
AYILEM 3Tale pa3BUTUSL.

Ha puc.45 otoGpaskeH OJIMH U3 nepexoOHbIX IMAnoe pazeumus 2a1aKmuk - CIIpaNbHbIe pPyKaBa ele
HE 0TOOpaKAIOTCS B ONITHYECKOM JHaa30He, HO 3a4aTKU BUIHBI YK€ B yabTpaduosere, K TOMY K€ BCe
OKPYKEHO TPOMAJIHBIM KOJMYECTBOM BOJIOPOA U MOJIOABIMU 3BE3/IaMH, HApaOOTaHHBIMU TaIAKTUYECKIM
3(UPHBIM BUXPEM:

- U3 2aNaAKMUK C AKMUBHBIM KEA3APOM 8 UeHMpPe ¢ MOUIHBIMU OTTUHHBIMU 0XHCEMAMU MA020
ceuenus, Co30aAHHbIMU 2USAHM CKOUL IHEP2EMUKOU 2ANAKIMUYECKO20 IPUPHO20 6UXPAL,

- 8 CRUPATIbHYIO 2AJIAKMUKY C HEBUOUMBIMU OZPBI3KAMU 0MHCEN 08 00161020 Ouamempa, u A0pom
6ecma mManozo pamepa c 6ecbma OTUHHBIMU CRUPATbHBIMU PYKAGAMU - OCHIAMKAMU ObLI0T

POCKowiu 6uxpeso2o Ipupnozo 2anakmuieckozo npoyecca. — AEM

I'1aBa 6. DdbupHbiii BUXpL 1o nMenu KBazap

Xooac I1. "Tanakmuxu'" (M.: Hayka, 1992.) Bvioepoicku ¢ cokpaweHusmu.

IEPBBIV KBA3H3BE3JIHBIH OB BEKT

« Hcnonw3ya noewvle cuivbHo ycosepuieHcmeosannvle memoowl, kK 1960 2. paduoacmponomsl cmoziu ¢ ouens
8bICOKOU MOYHOCbIO onpedefmmb noJodIcerue 00OH020 U3 IMUX UCTNOYHUKOE — 3C 48.

Puc. 46. Kaptsl pacupeneneHus: paauou3IydeHUst
Y ONITUYECKOU SPKOCTH (Ha BPE3KE) IS
KBazapa, u3BecTHoro kak 0957 + 227.

22°48"15"

Koeoa onu nanecnu e2o na Ilaromapckuii amaac neba,
MO OOHAPYIHCUTU HA IMOM Mecnie O0B0IbHO CAOYIO Hudem
0COOEHHO He 8bIOETAIOUYVIOCS PAOU036€30Y, KOMOPAs
U3IYYaNa 02pOMHOE KOIUYECHBO IHEPLUU 8
paouoouanasoHe.

00” =

4745 .
Cnexmp npueooun 8 HeOoymMeHue 6cex, Kmo e20 Uoei.
6MECMO Henpepbl8HOLL NOAOCHL CBEMA 6CeX PA3IUUHBIX
Y8emos, Kax 3mo HaOIdAemcs y 36630, SMom CHeKmp
coCmosii u3 c1aboil nOJLOChL ¢ PLOOM APKUX IMUCCUOHHBIX
JIUHULL, U 6Ce OHU HAXOOUNUCH 8 HeNOO0OAIOUUX MECAX.

30” ||

L . e : Obwiuno obHapysicusaemvle 6 36E30ax U 2a308blX 00IAKAX

heomo,os s s s
09_57 36 35 34 33 Xumudeckue dJeMeHmvl UMeron XapakmepHvle Habopol
ONUH 80IH IMUCCUOHHBIX TUHULL U, KA3ALOCb, HU OOUH U3 HUX He umen coomeemcmeus 8 aunusx cnekmpa 3C 48.

Hoesvie mauncmeennvie paaMOMCWlO’-lHMKM — Keaszapwul - HA 6u0 OblIU 3ee3doo6pa3ﬂbmm, HO Kas3ajauco
COCMOAWYUMU U3 HENOHAMHO20 Mamepuadjd. »



PEIHIEHUE 3AT'AJIKH (4mo ne max ¢ Kpacnvim cmewenuem?)

« B 1961 &. na I[lanomapcrom meneckone 0wl NOJIYHUEH CREKMP CAMO20 APKO20 U3 Keasapos 13-1i eenuyunbl -
3C 273. Cnexmp Ha npossieHHol niacmunke ovli oueHb noxodic ha cnekmp 3C 48: na ¢hone craboeo
HeNnpepuleHo20 CNeKmpa GUOHENCS PO APKUX IMUCCUOHHBIX TUHULL

Ho cpedu mrooicecmea nunuti MOJNCHO ObLIO Y3HANMb HAOOD, He HADIIO0ABUWUIICSA 8 CneKmpe OpPy2020 Kea3apd.
Jlunuu HaxoounuUcy He HA CBOUX MECNAX, HO UX 83AUMHOE PACTIONONCEHUE, UHMEPBATbL MEeNCOY HUMU U
UHMEHCUBHOCIU DLLIU 8 MOYHOCMU MAKUMU, KAK HAOO.

Oodnaxo eecv HAOOP AuUHULL KAK yenoe Obll CMEWEH 8 KPACHYI0 CMOpOoHy cnekmpa (puc. 47). Omu, 6o acex
OCTNANLHBIX OMHOULEHUAX HOPMALbHbIE TUHUU, ObLIU MAK CUTLHO COBUHYMbL 8 KPACHYIO CIMOPOHY, YMO 4ymb ObL1O
He ocmanucy HeysHaunvimu. Kemamu, 6 cnexmpe 3C 48 vl me dice camvle aunul, HO COBUHYmMbLE ewé Oanviie 8
KpacHom nanpasienuu. B smom ciyuae cepuio ne y0aniocs 0nO3Hamv u3-3a mozo, 4mo HeKomopbwle U3 U3gecmmblx
JUHUL OKA3ANUCH CMEWEHHBIMU 3a npedensl cnekmpa!

Paszymeemcs, acmponomam 6vinu 3naxomel évizvieaemvie s¢ppexmom Jonnepa kpacnvle cmewenus. Keazapol
JHce nopadsCcany 02pOMHbLIMU cKopocmamu yoanenus om nac. Camvie bonvuiue ckopocmu 36€30 6 Haulell
Tanaxmuxe cocmasnsirom oxono 400 km/c (npumepro 1 muniuon muns 6 uac, unu 1,5 muniuona km/vac).

36e30000pasnvle Ha 6U0 KEA3APbI UMENU KPACHbIE CMEWEHUsl, COOMBEMCMBYIOWUe MAKUM OONBUUUM CKOPOCHIAM,
kak 150 000 km/c (oxono 325 munnuonos muns 6 uac uau 500 MULIUOHOE KUTOMEMPOS 8 HaC).

B osmowm cryyae onu ne mozau Ovime 36é30amu nawell I anakmuxu, ROmMomy umo, 08uedaacs max 6uicmpo,
00IICHBL OBLIU CKOPO NOKUHYmMb Maeynwiii Ilyms u yHecmuco 8 mesceanaxmuieckoe npocmpancmeo.

bBvino npednosicerno mnoeo eunomes, Hekomopbvie U3z HuX Heienvie i npocmo cmpaunsie. bonvwuncmeo ux
OCHOBBIBANOCH HA MOM NPEONOIOANCEHUU, YO KPACHOE CMeleHue 8bl36aH0 dhgexmom Jonnepa, ciedo8amenbHo
K6a3apuvl yOausIOmcs Om HAC ¢ 02POMHBIMU CKOpocmAMU. Bvliu paccmompenvl u Opyaue 803MOdNCHbIE NPUYUHDL
KPACHO20 CMewjeHus, 6KI0YAs e20 2pasumayuoHHoe NPOUCXoxcoerue. DUHumeln nokasal, ymo CUIbHOe
2pasumayoHHoe noie aHaloeuuHo sggexmy Hdonnepa ysenuuugaem Oauny 801HbL C6ema.

Huwuy 8adepoda Puc. 47. KpacHble cMeleHHs KBa3apoB 10 100HBI
él cnexmpae TaKOBBIM y OOBIYHBIX TAIAKTUK, HO OOBIYHO UX
3C 273 3HAUEHUS TOpa3ao OobIe

Omom cosue yoaémes (xomsi u ¢ mpyoom) yeuoemsw 8
cnexmpe Connya, 61azo0aps e2o 601bUON Macce, U 8ecbMd
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I | ; 3amemeHn 6 cnekmpax 36€30 - benvix KapJjiuKkoes, 0cpoMHblLE
I L L NJI0MHOCMuU KOmopuslx 6bl3bl6AI0NT 3HAYUMENIBHOE KPACHOE
4&&4? 5&‘?& Eﬂaﬁ cmeuyeHue us3nydaemoco ¢ n06eEPXHocmu ceema.
A auna Baaws: , aHeCmpeMsi
Auwnuy Bodoso da Obnapysicusanucy K8azapul co 6C€ OONLUUMU KPACHBIMU
ﬁaﬁaﬂm E'a aa‘ﬂ' CMeueHuAMuU, u on epaeumaquHHOﬁ Mmooenu KpAacHO2cOo
ﬂﬂ_b E"ffﬂ'?f.‘.‘.' CMeueHUAl NPUULIOCb OMKA3amsCs. HUKaKas gbu3u14ec7<aﬂ

cucmema ¢ mp66y6]l/lbl]l/lu 0151 IMUX CM@W@HMIZ OCPOMHBIMU
cpasumayuORHbIMU NOJAMU HE MO2/lA CKO./Zb-Hu6yab 007120 cyuiecmeosanmso.

Ceuuac (1992) uzeecmno b6onee 3000 ksazapos u uzmepeHuvie 0Jis HUX KPACHblEe CMEUeHUs HAX0O0SIMCS 8
npeoenax om HecKoIbKux oecsmuix 00 3,8 (3mu 3HaueHus npedcmasisiion coO0l OMHOUWEHUS ETUNUHBL COBUSA
ONUHBL 8OIHBL K ONIUHE BONIHBL OISl NOKOSIUE20Csl 00beKma). »

KOCMOJIOTHYECKHH CIIOP

« Haubonee BEPOAMHBIM obvsicHeHuem KpPAaCHbLX CMEWEHMIZ cmaa mak Hassvleaemasl KOCMojlocudeckas
2unomesa. nooooOHoO canaKmuKkam, Keasapol yaaﬂ}llOWlC}Z om Hac 6 pamkax 061/14620 pacuitupernus Bcenennoti u
noJjydaemsle U3 KpacHvlx CMEWEHMIZ epomadnble CKopocmu Keaszapoe coeopAn 0 mom, 4mo OHU HAxX00samcs Ha
paccmosinuu camulx 0anéKux 2anaKmux.

Kpacnvie cmewenus nekomopwix K6azapoe 2opazoo bonvue, yem y 100l UccIe008AHHOU 2ANAKMUKY, —
smom ¢haxm cmasum Hac nepeo ewjé 0OHOU NPodIEMOl.

Tanakmuxu ¢ maxumu OOTLUUMU KPACHBIMU CMEUEHUSMU He HAOII00aomcs NPOCMO NOMOMY, YO HA MAKUX
PACCMOAHUAX OHU CTUUKOM Ca0ble, YmModblL UX MOJUCHO ObLIO YEUOemb U USMEPUMD.



Omo o3nauaem, 4mo no ceMUMOCHU KEA3apbl NPEGOCX00sAm dadice camvle apKue uz earaxmuk. Hanpumep,
ceemumocmov 3C 273 npumepro 6 100 pas bonvue ceéemumocmu HOPMAIbHOU 2USAHMCKOU 2AIAKMUKU, U NPU IMOM
00vexm evienaoum Kax 36e3oa. feno pezynsmam adconiomno HenpasuabHoil unmepnpemayuu cnekmpa. - AEM

U mym. xax 6yomo s3motui npobaemvl ObLIO HEOOCMAMOUHO, Y MHOSUX K8A3APO8 OblLId OOHAPYICEHA NePeMeH-
Hocmb Onecka. Hanpumep, oxazanoce, umo y 3C 273, 3apecucmpup0o8aniozo Ha NOJIYHASUUXCS 6 medeHue Oolee
50 nem nampynenvix cnumxax I apsapockoii obcepsamopui, 61eck 6 meuenue 3mo2o Nepuoda MeHsics
HeNnpaguibHbIM 00PA30M.

— T 7T Puc. 48. CBeTUMOCTH KBa3apoB 0OBIYHO
MEHSIOTCS OBICTPO M HEMPABHIIBHBIM 00pa3oM.

S

Kozoa acmponomsr cmanu usmepsame dneck
K6Aa3apos npu NOMOWU homMos1eKmpuU4ecKux
@omomempos, mo 06Hapy;ICUU, YMO HEKOMOPbLE U3
HUX CUIbHO NepeMeHHbL U UX CGeMUMOCU MO2YM
Menamvces 60 MHo2o — Odadxce 6 100 pas.

Spracme,
3fezdnoie Beruvuros
S
|

%
o

B HeKomopbulx ciyvasix b1ecKk MEHsICS OYeHb 6blcmp0

72 14 15 78 EY Ha NpOMsICeHUY 6ce20 00H020 OHsL (puc. 48).

a . Omo omkpvimue nocmaguio KOCMONO02ULECKVIO
~ama ] foaé_p b 7984 cuda UHMEPNPemayuio Keasapos 6 oueHb mpyoHoe

noJjioJicerue. Eblcmpo MEH}UOWMIZC}Z 06vekm ne modxcem 6vimsb 0UeHb OOJILUILM.

S

Tax, ceem npoxooum 3a OeHb paccmositue 8 0OUH C8EMOBOU OCHb, U eClU 3d IMO 8pemMs HADIHAen s
HAuUMeNbHOe U3MeHeHue OJleckd, Mo U3IYUaowuil 00bekm 00aXHCeH Obimb Menbiue 1-20 c6emosoco ousl.

B npomusnom ciyuae niodvle usmenenus O1ecka OKaiCymcs CMA3aHHbIMU U3-34 8PEMEHU, KOMopoe mpebyemcs.
ceemy om OanbHell wacmu 00vekma, umoosl docmuyb onudicHell 0t Hac yacmu (puc. 49).

Jmo paccmosnue He Mowxem Puc.49. TlpennosiaraemMslii pa3mep KBazapa.
Geime donewe 1cbemolboao Gus
UHANE UIMEHEHUS 0/1BCKE

@Bym 3ambrfamecs Coenacro 00HOU U3 eunomes, 3mu 00beKmMbl OEMOHCMPU-
— f . .
POBATIU KAKOU-MO HeONCUOAHHbL d(hghexm cmapenus céema,
Chem om Enummney npu Komopom e20 OJUHA 8OJIHbL MEHSIEMCSL CO 8PEMEHEM.

COpo e, Ceemogoti OeHb ouenb Mall - 6ce20 ub NOPSOKA Pa3mepos

Conneunoti cucmemot (Ouamemp opoumst Ilrymona
cocmasisiem oKo0 NOJOBUHbL C8EMOB020 OHs).
O8nare Kaxk mosicem o6vekm pasmepom 6cezo moivko ¢
kBa3apa Conneunyio cucmemy usnyuams ceema ¢ 100 paz 6ovuue,
yem 2anaKmuKa u3 CoOmeH MuaIuapooe 36302

Omozo nuxmo He 3nai. Paduoacmponomol ewyé 6onvute obocmpunu npoodiemy, Ko2oa npumeHuIu OJis
HeNnocpeoCmEeHH020 UMePeHUs OUAMEMPO8 K8A3ap08 HOBbI MENOO MEeNCKOHMUHEHMANbHOU UHmepghepomempuu
U YCMAHOBUIU, YMO MU 00BEKMbl O4eHb MATICHbKUE U UMEIOM OY€Hb CLONCHVIO CPYKIYDPY.

R 2 o
CBom om daneHeld  Jemng

cmopoHs!

Ces3annvle ¢ 3a8UCUMOCMBIO Meofcdy pasmepamu u qbﬂykmyauuﬂfwu bnecka COO6pa.?fC€HM}Z c060pAm 0 nMom, 4mo
pasmepsl Keasapoe 00JIICHBL OBIMb MATILIMU: 8 npomueHoM Ciyuae USMEHEeHUA bnecka OKAANCYmcs CMA3AHHBIMU U3~
3d pa3nvlx 3HAYEeHU 8peMenU, sampadueaemoco c6emom ons npuxoda K HAM.

Puc. 50. T'amaktuka NGC 4319 u kBazap
Mapxkapsn 205.

Kocmonoeuueckas UHmepnpemayusi Kasaidaco
HACMOJIbKO HEMbZCﬂMMOIJ, unmo mMHocue acmpoHOMbl
cmanu 6 KOHYe KOHYo8 cuumanib Keasapvl MeCmMHbIMU
obvexmamu.

Bovimv mooicem, 5mo 363061 KAkumM-mo o6pazom

fﬂ'ﬁﬂﬁmu’fﬂ sévlcmpenusaemsle us nawetl I'anakmuxu ¢

NGC 4319 a. 40 2
1VOOBUUSHBIMU CKOPOCIAMU
C HEGOALWUN NaoKap ST 205
KPACHEIM ¢ OONbUUM KpacHuIM Unu, mooicem bObimsb, Kpachoe cmeuyeHue 8bl136aH0

aﬁg& SHUEM CNEHJ:EHUEH KAaxKum-mo HO6bIM qbu3ulleCKuM AeNeHuem, oniudHbvIm
v=1800 km/c v=21 008 xm/C om s¢ppexma JJonnepa?




T'unomesa necocmosimenvua: 6 HacmoAwee epems OONBUIUHCINBO aAcnmpoHOMOe6 cuumaeni ONU3KO
PAacCnolodfCerHble HA Hebe u306pa.7/ceHu;z npocmuimu onmuvecKumu COBNAOCHUAMU - HA CAMOM 0ejle 00beKmbl
HAX00mcs Ha COBEPULEHHO PpA3TIUYHBLX PpACCMOARUAX.

Tocneonssn 603MOIHCHOCMb, KA3A/10Cb, NOLY4uU1Ld n()()meepJ/C()eHue, K020 acnpoHnoMbl 06Hapy.7/cu.7u OnuU3K0
PAacnolodfCerHHble u306pa.7/cehzu;z ()ny u bonee 006vEeKMos ¢ COBEPULEHHO PpA3TTUYHBIMU KPACHBIMU CMEWEHUAMU.

O0un u3 3a2a004HbIX cuydaes, K020a HeoObIuHbIlL 00BEeKm ¢ OOIbUIUM KPACHbIM CMeEWerHuem (261.761KI11L[KG C

IMUCCUOHHBIMU TUHUAMY, uzeecmHas kak Mapkapan 2035) oxazvieaemcs ceéazannvim ¢ 2anakmuxoti NGC 4319
¢ HeDONLUWUM KpaACHbIM cmeweruem. (puc. 50). »

Hcceneoosanua Xanomona Apna (Halton C. Arp)

( http.//www.haltonarp.com/articles/research_with_Fred.pd f)

Ha caitme X. Apna ( http-//www.haltonarp.com/articles )
npusedeHo OobUoe KOIUYeCmE0 NPUMEPO8 NOOOOHBIX
BUZVATILHO CA3AHHBIX 0OBEKMO8, HO UMEIOWUX PA3TUYHbLE
KPAcHble CMeujenus.

Kax oice max nonyuaemcsi, umo éce nodobuvle 00vexmol (a ux
yorce COmHuU) Mbl HAOI00AeM KAK 00HOBPEMEHHO NPUOBIBUUMU K
Gunuwy? (umeemcs 66Uy HAOIIOOAMEND). .

C mouxu 3penus 2unomesvl 0 3a6UcUMOCU cKopocmu Ceema
om epasumayuy, peuleHue 0aHH020 NAPaAJOKEd:

CKopocmu ceema epaeumauueﬁ YR 00D EKINOG.

Puc.51. NGC 7603 (u3 cratbu X. Apma). . :
o~

Jna cnupanvnou I'anakmuxu NGC7603:
- (Z=0.029, V= 8568 km/c, R=466 man. ce.iem.) cesizana ¢ coceonell earakmuxoi Object 1,
- (Z=0.057, V=16601 km/c, R=902 mnn. ce.1em.) npu nomowsu ceemﬂmeeoc;z mocma (puc.51).
B ceemsiyemcs mocme 6vinu 0bHapydicenvl K8a3apbl:
- object 2, Z=0.243, V=64203 km/c, R=3500 man. cé.rem. (paznuya Z=0.214, 6 wacmomax fy/fo; = 1.214),
- object 3, Z=0.391, V=95496 km/c, R=5200 man. ce.1em. (paznuya Z=0.334, 6 wacmomax fy/fo, = 1.334).

- YKa3aHO yMeHbuleHue YACMOm U3NYyYeHUsA, KaK Pe3yibmam cuibHol zpasumayuu Keazapos! — AEM

Ecnu cyoums no pasnuye ux xpacnvix cmewjenutl, eaniaxmuky 00ANCHbL ObIMb HA 3HAYUMETbHBIX PACCMOSHUSX
opye om Opyea: coceomsist 2anaKmuKa 00NCHA HAX00Uumovcs Ha 436 man.ceemosvix iem danvuie (nawa I anaxmuxa
omcmoum om onudicatiueni “‘coceoxu’”’, earakmuxu Anopomeovt M31 (NGC224), éceeo na 2,9 munn. ceem. nem,).

(“IIpoucxooicoenue keazapos u ckonaenutl earaxmux”. Xonmon C. Apn.)

Xoamon Apn — coepemennwtii I'anunein acmpouzuxu!

Xonmon APII (Halton C. Arp) - npogeccuonanvbhuiii acmpoHom KOmopulil panee 6 cgoell Kapvepe, Obil
accucmenmom Josuna Xabona. On 6win nacpaxcoen npusom Inen b. Yopnep, Knuenenockoii pemueti
Hbvioxomba, [lpemueii Anexcanopa ¢on ' ymboreoma 3a 8blcoKue HAYUHbIe QOCHUICEHUSL.

Mnoeo nem paboman é oocepsamopusx Maynum-Bunocon u Ilaromapckoii. Cozoan uzgecmuuiii Kamanioe
"Cneyugpuueckue Ilexynapuvivie) I anaxmuxu”, 6 komopom codpanvl degpopmuposannvie uiu "nenpasuivhuie”
2aNAKMUKU.



Apn obuapyoicun, beps pomoepaguu ¢ 6oaLUUX MENECKONOS, YMO MHO2UE
K8azapwl (K6A3U36E30HbIe 00BEKMbL), UMEIOUUE YPE3BLIUAIHO 8bICOKOE
Kpacnoe cmewienue 7 (U yOausaiomes 0m HAc 04eHb ObiCmpo, U OO0IHCHbI
ObIMb PACNONIOdCEHBI HA OOTLUOM PACCOAHUL OM HAC) u3udecKu
CBA3AHBL C 2aNAKMUKAMU, KOMOPble UMEIOM HU3KO0E KPACHOE CMeljeHUe
U, KaK U36€CMHO, PACNON0CEHbL OMHOCUMEILHO PAOOM C HAMU.

Apn umeem ghomoepaghuu mHo2ux nap Keazapos ¢ 6bICOKUM KPACHbIM
cmeuenuem, Komopuvle CUMMEMPUYHO PACHOTIONCENbL C 00eUx Cmopon
2ANAKMUKU C HUBKUM KDACHBIM CMeujeHuem, Komopas npeonoiaeaemcsi ux
pooumenem. Imu cOeOUHeHUS NPOUCXOOAM HAMHO20 bosiee Hacmo, uem
8EPOSIMHOCIb CIYHAUHO20 COBNAOCHUSL.

Us-3a homoepadghuii Apna, npeononodxcenue, ymo 0ObEKMbl ¢ BbICOKUM
KPACHbIM cMeuyenuem 00NCHbL Oblmb 04eHb 0aleK0, Ha YeM OCHOBAHA
meopust "borvuozo B3pwiea" u ecs "cmandapmuas kocmonozus” mepsiom
cmoicn! Omcroda cnedyem nodxcruocms meopuu bonvuiozo B3apuiea.

Tooasnarwowee 60rbUWURCMEO acmpOopu3UK08 NPoOyem Hallmu onpasoarue HabIwoeHull Apnom ces3aHHbIX
2anakmux u K8azapog "unnosusimu wiu "yenosvimu U3yanbHbiMu cosnadeHusmu”.

Ho, 6onvwoe xonuwecmeo usunecku c8A3aHHbIX KBAZAPOS U SANAKMUK € HUSKUM KPACHBIM CMEWEHUEM,
Komopule o1 cghomozpaghuposan u Kamano2u3uposa, oeiaenm maxKoe coenadenue Mail08epoImHuim. mo
NPOCMO CAYHACMCA CAUUKOM HACMO.

3akmouumenvulil npumep 8 onpogepaicenue mesuca "Kpacroe cmeujenue pasro paccmostuio” oaem
crnedyiowee uzoopasicenue earaxmuxu NGC 7319 (cmeuenue 7 = 0.0225).
Manenvxuti 00vexm, 0603HaueHHbIl CMPEnKoll - 9mo keasap (cmeuwjenue 7 = 2.11)

Taxoe nadawoenue Keazapa mexcoy 2an1aKmuKoi u 3emuei
HEBO3MOMCHO, eciu Keazap Ovli Obl 8 Ooee uem 0e6AHOCHIO
b 9 paz oanvwe canakmuku NGC 7319!
: Cmewenue Z = 2.0875, 6 uacmomax fy/ f =Z+1=3.0875
— uacmoma meHwvuie 6 ~ 3 paz uacmomul OKpyyHcenus !!

Quasar

—AEM
Apn npas 6 eco ymeepocoenuu, 4mo Kpachoe cmeujeHue
6bI36AHO 2/IABHBLIM 00PA30M CAMUM 00BEKMOM, AGTAIOUUMCS
MOAOObIM, U MOILKO IMOPOCMENECHHO, U3-30 €20 CKOPOCHIL.

Puc.52a. KBazap B ranakrtuke NGC 7319,
(puc.52b 3t0 prc.52a B GonbIIOM pa3penieHun!).

Tlosmomy, Keazapul He camble ApKue, HaUbO1ee OMOAIEHHbLE U OBICMPO NEPeMearuuecs 00beKmol 6
0603pumom Kocmoce, onu — camoie monoovie o6vekmut! »

bpaso, 30pasviii cmvica socmopacecmeosan!!

Abcypoom asnaemca maxoe paziudue 6 pacCmOAHUAX AOCOIIOMHO C8A3ZAHHBIX 00beKMm0g!
Oduuuanovnuyio mooesib Kpacnoz2o cmeuwiernus npuoemces nepecmampueams! — AEM

« Xonmon Apn abconromuo 00CmogepHo O0KA3AL, Mo MaxK Hazviéaemoe “Kpachoe cmeujenue’” s181s1emcs
UHMESPANbHBIM U CKAAObIBACHICS U3 HECKOLLKUX NPOYECCO8:

1. cosueom cnexmpa (8 KpacHyio uiu (huonemogyio CmopoHy) — Kax pe3yibmam npoeKkyul 6eKmopa
CKOPOCMU HA NPAMYIO, COCOUHAIOWYIO HAOT00ames ¢ Habao0aemMbiM 00bEKMoM — NO IMUM OAHHbIM
Gopmupyemcs cogepuieHHO HenpasuIbHblL pe3yabmam no paccmosHUIM 00 00beKmos;

2. cosueom chekmpa (6 KpacHylo CmopoHy) — Kaxk pe3yibmam ‘‘cmapenus pomonos’ 6 eaxyyme —
9M020, HO NOKA He YYUMbIEAeMO20, BUOA FHEPLEMUYECKUX NOMEPL 8 PAHBIX OUANAZOHAX U3TYYEHUS,
KOmMopble NPUHUMAIOM 8€COMbLE SHAYEHUS NPU NPOXOHCOEHUU 2POMAOHBIX NPOCMPAHCME KOCMOCA,



3. cosueom cnekmpa (8 KpacHy cmopony) — pe3yavmam 6030eticmeust puauuecKux XapaKxmepucmux
K8a3apoe Ha npoyecc usnyyerus, ymo nposasui Xanmon APII, 6 pe3yromame ue2o0 npoucxooum
MOWHENW Ul cO8U2 CNEeKmMpPa, KOMopuvlli MHOZOKPAMHO RPEBOCX00um “KpacHoe cmeujenue” om
00NNEPOBCKO20 COBU2A, HO He NPUSHAEMCS OPMOOOKCANbHOU 8epcueli HAYKu (000asieHo agmopom).»

Puc.52b. lNanaktuka NGC 7319 noka3ana B 60JbIIOM (opMate ist MOATBEPIKIACHHUS HEBO3MOXKHOCTH OIIHOKH.

Jlanee OyzaeT moka3aHo, YTO MOLTHEHUIIIMIA CABHT CIIEKTPA, YKA3aHHBIN BbIIIE B TPETHEM ITYHKTE,
SBIISICTCS PE3YNbTATOM BO3CHUCTBUS BUXPEBOTO 3(DMPHOTO Mpoliecca 3Be3/1, KBa3apos, 0J1a3apoB UM
JIPYrUX CBEPXMACCUBHBIX 00BEKTOB, HA IUCCHUITALIUIO SHEPTUU U3ITyUCHHUS.

Ilocneonee npueooum K ymeHbUleHUIO USTYYUEHHOU YACMOMbL 3d npedenamu 6030eicmeus 00veKkma
U3JIYYEeHUS 6 J1I000M YaACIOMHOM OUANA30He — 8 NEPEYIo 04epedb 6 ONMUYECKOM U PA0Uoouanda3one,
npuU NPOXOICOCHUU CUZHANA Yepe3 OBUNCYUUECS C YCKOPEHUEM IPupHble ROMOKU, HAX00AUUEC NOO
oeiicmeuem zpaduenmos Ihupnozo dasnenusn (6azosvie nonamus ‘I paouenmmuoti Ipupoounamuxu”).

,ZIO HACMOAULE20 6PEMEHU HEM UBMEPEHUA CKoOpocmuU ceema maoJjlbKo 6 00HOM Hanpawzeuuu!

Cropocmb ceema, aenaacy ckopocmuio “3eyka” rghupa, 3aeucum om oagieHusn Ihupa ¢ OAaHHOU
odacmu npocmpancmea, a 3HAYUM O0JINHCHA 3A6UCEMb U OM GETUYUHBL 2PDAGUMAUUU, KAK
YCKOPEHHO020 0sudicenus rpupa, a makKiyice om Hanpaeienus oguxcenusn sgpupa. - AEM




Burxmop Amoapuyman - “B3pwoie na oxceme 2arakmuxu M87” unu

«Hecmb npopoka 8 omeyecmee ceo0eM» (cmapocnagsHCKull S3bIK)

Kak npomuenuku ykpanu y Amoéapuymana B.A. pesontoyuonuyio uoero uepapxuyecKozo
oenenusa «/lozee30nozo Aopona» u nazeanu e2o «4epnoit /[oipoiiy.
http://vambartsumian.org/lib/pdf/ambartsumian.pdf
AmOapuymsiH, BukTop AMa3zacnoBuy, -
Axagemuk AH CCCP (1953, unen-koppecrnonieHt ¢ 1939).
Axanemuk AH Apmsiackoit CCP (1943) u e€ npesuaent (1947—1993),
npe3naeHT MexIyHapoJHOr0 acTpPOHOMHUYECKOro coro3a (1961—1963).
Co3aan Teopuio 0 MPOUCXOXKIECHUU U SBOMIOLINMHN 3BE3]T U 3BE3HBIX CHCTEM.
AmbapuymsH pabotan B 006JacTu PU3MKH 3BE3] U TYMaHHOCTEH, 3BE3MHOM
ACTPOHOMHH U AWHAMHKH 3BE3HBIX CHCTEM, KOCMOIOHUH 3BE3 M TAJIAKTHK,
a TaK)Ke MaTeMaTHKH: MMEET TPY/AbI [0 00paTHBIM 3a/1a4aM CIIEKTPaTbHOTO
aHanm3a JuQQepeHIanIbHbIX OlepaTOPOB.
OcHosarenp bropakanckoii actpoduzndeckoi 00cepBaTOpUu.
JBax sl ['epoit Conmanucruyeckoro Tpyna (1968,1978).
Haumonansueiii 'epoit Apmennu (11 oktsa0ps 1994).
JBaxxae! naypeat Cramunckoii npemun (1946, 1950).
Jlaypear I'ocynapcrBennoii mpemun Apmsiackoid CCP (1988).
Jlaypear ['ocynapcrBennoii npemun Poccuiickoit @enepammu (1995).
Jlaypeart [Ipemun XKronsa XKancena, a Taxke Apyrux Harpaza v 3BaHUI.
( https://wiki2.org/ru/AmbapirymsiH, BukTop AmazacnoBud )

« C 0asnux nop 20cnoo0cmeo8aio HenoKoaeoumoe npedcmagienue, 4mo 2ailaKmuk U 36e30bl NPOU3OUWIU U
NPOUCXO00AM U3 2A30NBLIEGOU MAMepUU 8 npoyecce ee cayweHus (konoencayuu). Paccyscoenus Oviau npocmoi:
HUKAKUX OpY2uX NPUYUH, Kpome 3aKOHA 8CEMUPHO20 MA20meHus, 60 Bcenennoii nem, u 6ce, 4mo mvl Haba00aem -
9MO, 8 KOHEYHOM UmMoze, pe3yabmam Oeucmeus 9moeo 3akoua. Iloumu 6ce acmporomvl Mupa He3vl0.1emo
NPUOEPACUBAIUCS IMOLL NEOPUL COMHU JIem, PACUUPSIL U COBEPULEHCTNEYSL ee.

B namuoecamuix 200ax npowtnoco cmonemus B.A.Ambapyymanom 66110 Yemano8ieHO U UM HEORPOGEPHCUMO
00KA3aH0 HauYUe COBEPUIEHHO NPOMUEONONONCHO20 npoyecca 60 Bcenennoii — nogcemecmmnozo odpazosanus
36€30 U 2ANAKMUK U3 C8EPXNIOMHOU MAMEPUU, KOMOPAsL KAMACmpo@puUuecKu 63puleaemcs u pacnadaenics.

Ipu smom eewecmso nepexooum u3z C6epXnIOMHO20 COCMOsHUsL 8 Menee naomuoe. Coenamv Mmaxoil 661600 emy
Y0anocy 61a200aps O0CKOHAILHOMY UIYUEHUIO HECTNAYUOHAPHBIX NPOYeccos 60 Beenennoil.

Oonako 3ma Kouyenyusi OTUMenIbHoe PemMsi YNOPHO He NPUHUMALACH MHOSUMU ACIPOHOMAMU, NOKA
becuucienHble HAOIOOamMeNbHble OAHHbIE, 8 MOM YUCIE U COOCMEEHHble HADIOO0Ee s, He YOeOUU uUx 6 Smom.

30ecy ymecmno acnomMHums 0cmpoymHoe samedanue geaudaiuieco gurocopa Hmmanyuna Kanma —
n0boe Hogoe Yuerue nepesicusaen mpu smand. CHA4ala eco He samedarom, sanem onpoeepzarom u, HaKoHel,
“yayuwmaiom”, npucnocabauean K ceoum uHmepecam.

Puc.53. 'anaktuka M8&7, BeIpbIBaeTCS PENATUBUCTCKAS CTPYSL.

Hmenno mak omueciucs MHO2UE ACMPOHOMbL U K HOBOU KOHYENYuu
Ambapyymana.

o cux nop Hekomopule CMOPOHHUKU NEPBO2O, MAK HA3bIBAEMO20
KAACCUYECKO20 HANPABNEeHUs, 6Ce ewje YNOPHO NblMAalomcs
06Hapyscums 80 Bcenennoll npoyecc KOHOeHcayuul, c2yujeHust u mem
camvlm OnpoBepeHyms KOHyenyuro Amoapyymsua.

Iloxka um ymozo ne yoaemcs!

Jlpamamuyeckas bumea uoet npoOOINCAEMCs U Ce200HS.

Ilpasda no kanmogckomy onpeodeneruto, KoHyenyus Amoapyymsana
yotce npoulid CK803b 86PpEMeHA «He 3dMeUdHUA» U ONPOBEPIHCEHUS U
ceunac 6oulL1a 8 nepuood YIyuuleHus u nPUCNoCcoOienus K meopusimM YePHuIX Oblp U AKKPeyul 6eujecmead:

¢ ROpaA3UmMenbHOoll OeCRPUHYUNHOCIBIO - 6CE HAUDOIee MOUIHbLE AKMUGHbBLE A0PA 2ATNAKMUK
Amobapuyymana (nanpumep, M87 u 0p.) nepeumenogvlearomcs 6 uepHie Ovipol!




brwopaxanckue acmponomer xopouto nomuam, xoeda pannei eecrotl 1957 cooa Ambapyymsan enepegvie pacckasan
0 AGAEHUU AKMUBHOCTNU A0EP 2ANAKTNUK.

Ha yuenom coseme, nouemy-mo na b6ymaze, a e Ha 0ocke, Kaxk 0ObIYHO, OH 00120 PUCOBAT KAPAHOAULOM YTNO-THO
ouenb noxodicee Ha HedoIKCnoHuposannyto earaxmuxy M87 - NGC 4486, /leea A (Virgo A), u co crosamu, umo
MAKUX 2ANAKMUK € MOUWHBIMU BLLOPOCAMU U3 AOPA MOACHO OOHAPYIHCUMb 0UEHb MHO20, NYCTUIL PUCYHOK NO DYKAM.

Omy eanakmuxy Ambapyyman 0aeno samemui. Omyuemausslll, 2UaHmMcKull 8blOPOC U3 A0Pa 0ZPOMHOU
2ANAKTUKU 8 CBOE 8PeMsl NPOU3BET HA AMOAPYYMAHA Heu32naoumoe 6nedamieHue MacumabHocmoio npoyecca.

Oma eueanmekas paouoearakmuxka umeem @ ONMULeCKUx ayiax 0coOeHHoCmb, KOMopast ee gvloensem cpeou
Opy2UXx ITUNMUYECKUX 2ANAKIMUK. U3 Hee UCXOOUM 20y0as CMpYsl CO CYUWEHUAMU, KOMOopble UCHYCKAIOMm
noNApu306antoe usnyuernue. Tom gaxm, ymo cmpys ucxooum u3 YeHmpa, He OCMAasisen COMHEHUs 8 MOM, Mo
30echb udem 8ulOPOC U3 A0PA 2ANLAKMUKUL.

C Opyeotii cmoponbl, Haauyue NOAAPUIAYUL UTYUEeHUs ceyujenull, usmepennou baaoe, ykasvieaem na mo, umo
MeXAHU3M C8eUeHUs, eCiii He NOJHOCMbIO, MO YaACMUYHO aHA02UYeH Mexanusmy ceeuenus Kpabosuomnotl
mymanHocmu. Imo o3Hauaem, Ymo uayieHue eplopoca umeen Hemeni080e NPOUCXOHCOEeHUE, A CHEKMD
C2YULen Ul A6NACMCA HenpepbleHbIM.

Omcroda cnedyem, umo 8 C2yWeHus X Cmpyu UCIMOYHUKOM U3LYUEeHUs AGNAIOMCS He MOIbKO 36€30bl, HO U
oughghysroe sewecmeo, Haxoosujeecs 8 Mom JHce COCMOAHUY, Ymo u sewecmeo Kpabosuonou mymanHocmu.

Hnovimu cnosamu, 6 dImMmux CCYUWenuAx MOMNCHO
npeéno.aaeanlb 3HAYUMENbHOE Koauvecmeo 31€eKnmpono6
BbICOKOU IdHepcUuuU. BCKOpe cma’ilo NOHAMHKHO, Yo
UCMOYHUKU paduoumyqeﬂuﬂ PAacCnoslodNCeRbl no 6cemy
06196,11}/ camoul 2anaxKmuKu.

Bosmooicnvl 0sa npeononosicenus:

1). pensmugucmckue 31eKmpoHvl Obiau
HEeNnocpeoCmaeHHo 6b10poULeHbl U3 A0Pa 2ANAKMUKU,

2). u3 a0pa 6vlopouiensvl 00beKmbl, KOMOpble AGAIOMCA
UCMOYHUKAMU PEIAMUSUCHCKUX ITIEKMPOHOE
(npomonoe - AEM) cmotb bicoKoil IHepeuu, 4mo ux
CUHXPOMPOHHOE U3NYYeHUe COCPeOOMOYeHo 6

M87 Nucleus and Bright Knot in Extragalactic Jet onmuueckoi obnacmu.
Hubble Space Telescope + STISIMAMA  ACSIHRC

Puc.54.B3peiB Ha mxere B ranaktuke M87

Ozpanuuumuvcs nepeoti 2unome30tl He803MOICHO, NOCKOIbKY 6 IMOM Clyuae Helb3s Oy0em noHAmb
cocpedomoveHue ONMULEecKo20 U3Y4eHus: 6 Maiom obveme ceywenuil. Ilosmomy Haoo dymamy, 4mo UCMOUYHUKU,
ucnyckaowue 1ekmponut (npomonst - AEM) evicoxou snepeuu cocpedomouenvl 6 camux IMux c2yueHuUsIx.

Taxum obpazom, Ambapyymsn ewe 6 1950-x 200ax npuxooum K ROHUMAHUIO NPUPOObL PACCMAMPUBACMBIX
ceywenuil na odiceme.

OHu A6TAIOMCS KOH2IOMEPAMAamu 001aAK08 PeIMUSUCICKUX JNEKMPOHOB 2A308bIX 00IAKOE8 U HECMAYUOHAPHBIX
36e30. Tlpuuem nyscHo 3amemumo, Ymo 8blOPOULEHHAS U3 AOPA MAMEPUsL 8 KOPOMKULL CPOK NPespaujailacs 6
nOO00OHbBIE KOHENIOMEPAMbl.

Omuccuonnas aunus 1 = 3727, nabmodaemas 6 ooracmu sopa M87, daem, no-euoumomy, npeocmasieHue o
ckopocmu 8b16p0Cos U3 10pa. Ambapyymsn oyenusaem nopsdoK CPOK08, 8 meueHue KOMopPblX MO2Ym

6
npoucxooums nodooHvle npegpaujenus. Onu okaszvisaromes nopsioka 3°10° nem.

Omcroda Ambapyyman oenaem 8adxiCHbIl 6b1600. HAPAOY € OefleHuem 10ep ealakmux 6 npupooe Mozym
APOUCX0OUMb NPOYECCHI BLIOPOCOE U3 S0ep 2ANAKMUK OMHOCUMETbHO HeDOIbULUX MACC.

Omu 6bl6p01u€HHbl€ MACCbL MO2ym 6 KOpomKue CpOKU npespaiiamsCil 6 KOHallomepamsl, cocmoAue u3
MOJIOObIX HecmayuoHAapHblX 36630, MedHC36€30H020 2434 U 00NAK08 uacmuy BbICOKOIL IHepcUuuU.



Lanaxmuxa M87 ¢ omuemausbim 8610pOCOM U3 A0PA U, OCODEHHO CO CSYWEHUAMU HA Ddceme, NPeOCMasisiiad
OnecmawyO 0eMOHCMPAYUIO HeCMAOUIbHOCMU U aKMUsHOCmU ee si0pa. Bozmooicnocms evibpoca macc uz aoep,
npeocKazanuas AmoapyymsaHom, YOusUmenbHolM 00pazom noomeepouiacs cnycms 50 iem:

Ha Kocmuueckom meneckone Xaoon ¢ 2002-2006 zooax owin 3apezucmpuposan
KOJ10CCAIbHBLIL 63PbI6 C2yUieHUsl, Oauxcaiuiezo K aopy zanakmurxu M§7.

3a wecmv nem ceemumocms Ha dsmom ceywgenuu eospocia 6 90 pas! (puc.54).
K coorcanenuio, Ambapyymsna ysice He ObLIO 8 JHCUBBIX, U OH HEe CMO2 00pA008AMbCS GONIOWEHUID C80e20
npeosuUOeHUs. ... »
FO.JI lax6azan. Ambapyyman: dmanst JCusHu U HAyUHble KOHYEeNnyuu.
M.: Monooas eeapous, 2011, c.138, 240. Cepusi — XKusnv s3ameuamenvHulx arooetl, 8binyck 1249.

Paouozanakxmuxa Jlebeoov A
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Puc.55a. Pagmoranakrtuka Jlebenp A ([esa A). Puc.55b. JleGenp IA, panuon3odoTsl
Ksazap 3C 274 (M87), NGC 4486.

Hotspots

)

Puc.55c. Pagnokapra ucrounuka 3C 274, JleBa A. 12"}
( http://www.astronet.ru/db/msg/1188595 )

4000
« Jlebedb A — camvlil MOWHDBIL 6HE2ANAKMUYECKUL UCHOYHUK i
paouousiyuenus cozeezous Jlebeow.
L'azo60-nvlnesotui cioll 8 yenmpe 2aiakmuKu 00ycilo61usaem
XapakmepHoe pazosoenue ee ONMU4ecKo20 U300PaANCeHUs.
Onmuyeckumu Memooamu 0OHAPYIHCEHO UZTYUEeHUE CUTLHO
UOHU308AHHOU NAA3MbL 8 001ACMU A0PA 2ANAKMUKLU.

Kpacnoe cmewenue canaxkmuxu z=0,057, (m.e. paccmosnue
00 Hee 200 Mnx. (puc.55a) paouousobpadicenue Jlebeow A.
Yenosoe paccmosnue mesicoy sprkumu obracmamu

KOMNOHEHMO8 080UNOU cmpyKmypbl okono 2' (= 80 knk).
Bepxnuii npeden ckopocmu pasnema komnonenmos pasen 0,02 C. (?) B a0pe obHapysicern KOMNakmmubiil
PAOUOUCMOYUHUK C YIIOWECHHBIM CNEKMPOM (C MATbIM 3HAYEHUEM CHeKMPATbHO20 UHOEKCA).

N 44
Ionnas paduocsemumocms 6 paduoouanazone 0soiinoii cmpykmypur = 3X10™ spe/c.
Cpeodusisi ckopocmy yoaneHust Om HAc 2arlaKkmuK cKonieHus ¢ cozee3ouu Jleevl cocmasasiem 1000 km/c. »

AmbapuymsiH, Bukrop AmazacnoBud, ObLT OJJUH U3 HEMHOTHX acTpO(U3UKOB, KOTOPBIN HE MPUHSIT HUA
“O0JIBIIIOTO B3PBIBA”, HU POXKJICHHUE KOCMHUYECKUX O0OBEKTOB U3 TPABUTAIIMOHHOTO CITUMAHMS ra3a U MbLITH
B IPOMAaJIHBIE KOHTJIOMEPAIINH 3BE3THBIX CKOTUIEHUH. V1 0H ObLT 6€3yCIIOBHO MPaB.

To, uro orcrauBan B.A. AMOapuyMsiH, HaXOAUT MOATBEP)KICHUE B 3MIOXY PACI[BETa PalioacTPOHOMUH,
HO C TIPaBMJILHOM MHTEpIpeTalen MoTyudeHHBIX Pe3yIbTaToOB B BUJIE H300paxeHnuit (puc.55a.b.c):

OmMYemaueo 6UOHO CHOKHoGeHUe 0xcemos Keazapa 3C 274 paduozanaxmuxu Jlebeov A ¢
MeNC2aANaKmu4eckou cpeooil, poxicoeHue 2U2AHMCKUX MACC 6euyeCnEeHHOIl cpedbl 8 001acmsax
CMOIKHOBEHUIL 2AIAKMUYECKO20 MaAcuimana, 001adaruwux 2uzanmcKkou Inepzemuxoi. — AEM



JlaHHbIE, IPUBOJUMBIE B 3TOM CTAThE, TOJBKO MOATBEPKAAOT CKa3aHHOE UM JTaJICKHUE I'OJIbI
JIBAJIIATOTO CTOJIETHS, 32 UCKITIOUEHHEM MOJKET OBITh TOTO, UTO 2LU2AHIMCKYIO OHEP2EMUKY HeCym He
INEKMPOHDL, a A0PA 8000PO0A — NPOMOHDBL, POHCOEHHBLE 8 YEHMPE 2ANAKMUYECKO20 IPUPHO20 GUXPS
K8asapa u 6 36e30ax 2anakmuKu, pazoeHaHHble 8 0HCemax 00 C8emoBbIX U C8EPXCEEMOBbIX CKOPOCME.

Ho 06 sTom AMOapiiymMsiH 1ake U He MOT IpeAroararh, T.K. TeopeTuieckas 6a3a DpupoIuHaMuKy,
KaK €IMHOM BCEJICHCKOM cpejibl, TOT/1a ellle He Obuta pa3paboTana AIOKOBCKUM B.A.

Axmuenas 2anaxkmuxa Ilenmaep A

Hawnbonee n3BectHast N3 akTHBHBIX TalakTHK - LlenTtaBp A (paanoranaxruka NGC 5128)

WHOLE JET

-

DUST LANES

Puc.56a. X-Ray u Pagno uzo0paxenus

HCTOYHUKA B rajlakTuke LleHtasp A.
Agtopsr: X-ray - HACA , CXC, P. KpadT
(CfA) u ap. ; Pagno - NSF, VLA , M.Hardcastle
( U Hertfordshire ) u ap .; Ontuuecknii - ESO ,
M.Rejkuba (ESO-Garching).

n3o0paxenue B ranaktuke Llenrasp A.
Iloacnenue:

Llenmasp A Haxooumcs 6ce2o 6 11 MULIUOHAX CBEMOBBIX €N OM HAC, MO SUSAHMCKAS HLIUNMUYECKASL
eanaxkmuxa - oaudcavuiasn K 3emne akmueHast 2aiaKmuxd. Imom cocmagHoll 810 2alakmuku 00veounsem Oanuvle
uzobpaxcenuii 8 penmeenosckom ( Yanopa ), onmuuecxom ( ESO ) u paouo ( VLA ) ouanazonax.

Llenmpanvuas obaracms Llenmaspa A npedcmasnsem coboii 6ecnopsi0ok us 2azda, nbliu U 36€30 6 ONMUYECKOM
ceeme, HO U pAOUO-, U PEHM2EHOBCKUE MENECKONbL OMCIEHCUBAION 3AMEHAMETbHYIO CIPYIO 8bLCOKOIHEP2eNi-
yacmuy, mekywyto u3 aopa 2ailaKmuxi.

Hcmounuxom sHepeuu yckopumens KOCMUYECKUX 4aCmuy s818emcs 4epras ovlpd, Macca KOmopou npumepHo 8
10 munnuonog pas 6orvute maccol Coanya, coenadarowas ¢ ApKuUM peHmeeHO8CKUM NAMHOM 8 YeHmpe
2aNaKMUKU. DHepeemuiecKkas cmpysl, 8blpblarowancs U3 akmueHo20 A0pa 2alaKmuKy 6 1eblil 6ePXHULL Yeol,
npocmupaemcs npumepno Ha 13000 cgemosuvix em.

Bonee kopomras cmpyst 8bixo0um uz A0pa 8 nPOmMuUBONOJIONCHOM HAnpasienuu. [pyaue apkue penmeeHoscKue
namua 6 Ymotii 0oaacmu - 080UHbLE 36€30HbIE CUCIEMbL C HEUMPOHHBIMU 36€30aMU WL YePHbLE ObLPbL 36€30HbIX
macc . Axkmusnas eanaxmuxa Llenmaesp A, éeposmmo, A611emcs pe3yibmamom CIUusHUs O CRUPAIbHOU
eanaxkmukou okono 100 muniuonos iem Hasao.



Tanaxkmuxa Pictor A

Acmpopusuxu nonyuunu uzodpadicenue 0xicema, UCXooaue2o U3 4epHoll Ovipsl 68 yenmpe caraxkmuxu Pictor 4,
KOMOpblil NO c80ell OuHe OKA3aIcs 8 mpu paza boavue ouamempa Mueurnozo nymu.
Taxoice um yoanocsy noayuums uz0opagicerue 0xicema, UCxoosaue2o 8 00pamHom Hanpasienuu (counterjet).

Habniooenus nposoounu 3a 4epHoii ObIpoil ¢ ROMOUbIO PEHM2eHO8CK020 meneckona Yanopa 6 meuenue 15 nem.
Honyuennvie oannvie conocmasuau ¢ oannvimu paouomeneckona ATCA (The Australia Telescope Compact Array).

Puc.57. T'anaktuka Pictor A. CoctaBHOE H300pakeHue - BUIHA MAaCCHBHAs YepHas IbIpa, JKET,

0OpaTHBI JHKET, IENECTKU PATUOU3ITydeHUs, U Topsuee MAITHO Ha KOHIIE JKETa.
@omoepagus: M. J. Hardcastle et al / Monthly Notes of The Royal Astronomical Society, 2016

B pezynvmame, onu nonyuunu cocmagnoe uzobpaicenue, Ha KOmopom Omuemanuo UOeH 0HiCem, UCX00SUuUl U3
ueprotl Ovipvl. Habniooaemulii 0dcem s1615emces camvim OIUKUM K Haulell earakmuke, e2o onuna cocmagasem 300
MBICAY CEEMOBHIX JIem, 6 MO 8pemsl Kak ouamemp Mnueunozco [lymu cocmasasiem 100 muicsiu c6emoswvix niem.

Taxoice na nOaYHEHHOM U300PAINCEHUU MOIHCHO YBUOEMb CAObIL 0OPAMHBIIL 0dCem, UCXOOAUULL U3 YEPHOUL ObIDbI.
E20 omnocumenvnyio ciabocmv MO*CHO 0OBACHUMb 0OPAMHBIM OBUNCEHUEM NO OTMHOUEHUIO K TUHUU GUOUMOCTIU
¢ 3emnu. [lemanvroe penmeenosckoe uzobpadicenue o0xcema no3gosienm npeonosiodHcUums, 4mo o1 Habmodaemcs @
pe3yivmame npoyecca CUHXPOMPOHHOSO0 UBYUECHUSL.

Cupromp()Hﬂoe usnydernue 603nuxaem gcreocmeue YCKOperus 3ap}l.7/C€HHOL7 uacmuybl (@ OaHHOM cuyvae
aﬂekmp()hﬁa), ucnslmbsleaemoco e npu OBUIICCHUU 8 MACHUMHOM nojae. B maxom cuydae, 31€Knmporbl O0JIICHDL
Kaxkum-mo 06pa30,w NOCMOAHHO 3AHOB0 YCKOPANbCA 60 6PEMA 08UdICEHUSA 6 Odceme.

O0Haxo kax 3mo 803MONCHO, yueHble HOKA 00BACHUMY He MOZYH.

B mo orce 6peMA, YUeHble Omeepeilt 6O3MONCHOCMb HAIUYUA 06pamH020 KOMNMOHOBCKO2O PACCEAHUA.
Panee onu npe()n()ﬂaeaﬂu, umo 2JeKmpOonrbsl, jemsauiue om llepHOIJ ()blpbl CO CKopocmbio ceema, mocym 08U2AMbCA
uepes (j)OHO@Oe KocmudecKkoe usilyiernue, ocmasuieecs 6 pesyjibmame bonvuozo 63pblea.

Kozcoa 6blC7’npO ()(?MDIC)/’ZL)H/ILYC}Z INIEKMPOH Cmajlkueaemcs ¢ d)omom),w IMO2O U3TLYHUEHUA, OH MOJHCeEM nepe()aeanlb
emy SHepcuro nocpe()cmeaw 06pamH()20 KOMNNMOHOBCKO2O pACCEAHUA, 6 pe3ylbmame 4e€c0 MOINCHO Habnooamsy
oorcem 6 DEHNICEHOBCKOM ouanasome.

Oonaxo sprocmo u SHepeust 0dcema He cCOOmEemcmeyen Mo, Ymo noAYYUIACy Dbl 8 pe3yabmame Y4acmus
hoH06020 KOCMUUECKO20 U3TYUEHUS, NOINOMY YUEeHble OMEEP2U MY MOOEb.

Camu uepnvie Oblpbl He U3IyYaiom HuKaxkoz2o ceema. Ias, npu nadenuu Ha uepuyio ovipy, hopmupyem
AKKpeyuonuvlll OUCK, 20e Hacpegaemcsi 00 memnepamyp nopsaoka 10 munnuonog epadycos Llenvcus.

B pezynvmame smozco 6o3nuxaem mackoe peHmeeHosckoe uznyyenue. Qomomnvl Hecmroc0 peHmaeH08CK020
U3BTYUeHUs], KaK GbIACHULU HeOABHO YUeHble, POACOAIOMCs 8 €€ KOPOHe — PA3PedNCeHHOll 2opayell obaacmu,
PACNONOINCEHHOU HAO OMHOCUMENLHO XOL0OHBIM OUCKOM.

Kpucmuna Ynacosuu.




I'nasa 7. DdupHbiii Buxpb 1 CniupaanHbie PykaBa

M1, cneyuanucmei no aspoduHamuke, ece20a CKPOMHEE U He bIMaeMcsi USMEHUMb OCHOBHbIE npedcmassieHusi
yesip8eqecKo20 pasyma unu emewamscs 8 0ena muocmueozo ocrioda u boxecmeeHHo20 [posudeHust!
Teodop poH KapmaH.

« Ha cnumre (puc.65) meneckona «Xao6a» saneuamnena carakmuxa NGC 4414, ona pacnonosicena om nac na
paccmosiHuu 62 munn. ceem. aem 6 cosgezouu Bonocvr Beponuku. NGC 4414 omnocumces k kame2opuu ioOKKY1IeH-
MHBIX 2ANAKMUK - MAK HA3bI6AIOM CRUPATbHbIE 2ANAKMUKU, HE UMEIou{ie YeMKO 6blPANCEHHBIX PYKABOE.

IHopsaoka 30% u3zeecmublx CRUPATIbHBIX 2AIAKMUKU S6IAIOMCA (JIOKKYIeHMHbIMU (SCTECTBCHHBIC I[BETA).

« ﬂflﬂ CO30aHUA KapmuHKU ObLIU UCNONb3068aHbL makdce Oannble CLOAH08CKO20 lzﬂl(j)pO(?OZO 0630pa Heba.

Puc.58. NGC 4414 - ranaktuka 6e3 BbIpaKEHHBIX CIIUPAIBHBIX PYKABOB.
(ABTOp Ha3Baxi Obl ATy ranakTuky “IlonmuPykaBHOIT)
Image Credit: NASA, ESA, W. Freedman (U. Chicago) et al., &
the Hubble Heritage Team (AURA/STScl), SDSS; Processing: Judy Schmidt)

Dnokkynenmuule CnUpaibHble 2AnAKMUKU 0€3 XOPOULo GbIPANCEHHBIX CRUPATLHBIX PYKABOG - AGJIAIOMC

00801bHO pacnpocmpanentvim munom earakmuk, u NGC 4414 - oona uz Oaudrcaiuiux noooOHbIX eaniaKkmux.

36e30061 1 2a3 0KOIO BUOUMOSO KPASL CHUPATLHBIX 2AIAKMUK ObICIPO OBUICYMCA NO OpOUme OKpy2 YeHmpa, 0
00vsICHEe U Ye20 He0DXOOUMO SPABUMAYUOHHOE NPUMAICEHUE DOTLUON MACCOU HEGUOUMO20 MEMHO20 Gelecmad.

Hccnedosanue pacnpedenenus obviunoz2o u memnozo geujecmea 6 NGC 4414 moarcem nomousb yenogeuecmay
JyuuLe NOHAMs 0emanu CMpyKmypbl 6cell 2alaKmuKi, KOmopvle MOJUCHO 6yoem 0000uums Ha 6ecb K1acc
DROKKYIEHMUBIX CNUPATLHBIX 2AIAKMUK. ACTPOHOMbL MAKdICce HAOCIOMCsL ONpedenums MmouHoe paccmosHue 00
NGC 4414, ymo nomosicem ymouHums wKauy paccmosuull 6 oanekou Beenennoiiy.

( Acmponomuueckasn xapmunxa Ouay 20.11.2016 ) «NGC 4414 ¢hnoxxkynenmnas cnupanvhas aiakmurd ».
(Triangulum, Pinwheel Galaxy, Meccve 33, NGC 598)

@DIOKKYJICHTHBIE CIUPATbHBIC TATAKTHKH SBISIOTCS CKOPEE BCETO CTAPbIMU T'aJJaKTHKaMH, B KOTOPBIX
rajJlakTHUeCKuil 3(UpPHBII BUXPh YTPaTHII CBOIO MOIIHOCTb, M CIOCOOEH, 3a CUET CHJI, TOPOKICHHON UM
IpaBUTALIMN, YAEpXKaTh 110 3akoHaM Keruiepa TOJIbKO MalleHbKOE, YMEHBIIAIOMIEECS SAPO.

C nepudepuu sapa JaBHO YIILIH, U TPOJI0JDKAIOT YXOUTh, B OTHOCUTEIBHO CBOOOIHOE TIaBAHUE,
POJIUBILKECS B SIIPE 3BE3/IbI, €/1BA MOITAIKUBAEMbBIC IIECHTPOCTPEMHUTEIBHBIMH 3(DUPHBIMU IOTOKAMH, B
pe3ysbTaTe Yero CO3/1aeTcs BIICUATICHUE, YTO OHU KPYTATCS 110 KPYTOBBIM OpOUTAM BOKPYT sJIpa, HO 3TO
He Tak! MHOXECTBEHHOCTh PYKAaBOB — 3TO OOMAaHKa M3-32 HEPAaBHOMEPOCTHU TPYIIIOBOTO U OJIMHOYHOTO
BBIX0/1a 3B€3]l U3 sI/Ipa TaJIaKTHKH, OCOOCHHO eclii y Hee B Oake He oOpa3oBaics 6ap. — AEM



Cnupanvnste I'anaxmurxu ¢ banoycem u 6e3 ne2o.

Bonvuuncmeo uzeecmmuuix CRUpPAbHbIX cANIAKMUK UMEIOM nepemuluKky, Uil KaK e2o euie nasvlearom, ”6ap”.

Oma nepembsliyka cocmoum u3 ApKux 3663@, Komopasi BbIXO0UM U3 2ANAKIMUYECKO20 yenmpa u nepecexkaem
caiaKkmuKy nacepeduﬂe. C}’lupaflbl-lble 6EMeEU 6 MAKUX cAlAKMUKAX HAYURAIOMCA HA KORYAX Nepembluex, mozaoa
KaK 6 00bIYHbLX CRnUpAaIbHblX cAlAKMUKAX OHU 8bIX005M HenacpedcmeeHHO us ;zdpa.

B 2005 200y, npu pabome ¢ meneckonom Cnumyepa u, 0CHOBbI8AACH HA bOAee PAHHUX HAOII00EeHUSX, ObLILO
yemanogaero, umo Mueunwiti [lyms maxoice ciedyem omHocums K CRUPATbHbIM SATAKIMUKAM C NePeMbIUKOLl.

Puc.61. Pinwheel Galaxy (M 101) Puc.62. NGC 1232 (moxoxa Ha Ham lanaktuky?)

BeI111e mokaszaHbl pa3HOBUTHOCTH CIIUPATBHBIX TAIAKTHK, 0OpaTUTE BHUMAHKE Ha BBIPOXKJICHUE SI/IEP
raJlakTHK, €CJIM UX pacCMaTPUBATh B MOCIIEOBATEILHOCTH, YIUTHIBas Macitadbuposanue, or NGC 1232
(puc.62) =>M51 (puc.59) => M101 (puc.61) => M33 (puc.60), y nocienHent sa1po npakTHIeCKu
MOJHOCTBIO BBIPOKICHO — OCTATUCH OJHHU CIIUPATBHBIE PYKaBa, YTO TOBOPUT O CTAPOCTU TAIAKTUKH.

Tunomesa o nanuuuu nepemvluky 6 Hauell 2alaKkmuKe ObLIad 6bI0BUHYMA HA OCHOBE MHO2OYUCICHHBIX OAHHBIX C
paouomeneckonos. brazodaps uzobpasicenusim co Cnumyepa, pabomarouie2o 8 UHGPAKPACHOM OUANA30HE,
OaHHOE NPeOnoodCeHUe NOIYUUIO0 0OOCHOBAHUE U NOOMBEPICOCHUE.

Esponetickas FOxcnaa Obcepsamopus oana uzoopadicenue munuyHou CnupaitbHoll 2alaKmuky ¢ NepemMbluKol,
IMa 2aNAKMUKA HAX0O0Umcs 6 cozge3ouu bonvwoeo Ica u umeem xodogoe nazeanue NGC 2217.

B yenmpe SMOU 2ANAKTMUKU YEemKO 8UOHA nepemslyka, cocmoAauwias u3 36e30 U OKDPYIHCERHRAA OBATIbHBIM KOJIbYOM.
C}’lupafleble pyKaea oMo 2anaKmuKu qbap,l»zupyiom npakmu4ecKku uoeanbHovle KoJibya. Onu umerom 20.71)/60(?61}116[6
yeent, unio 2o60pum 0 HAIUYUU cOpAHUX, APKUX MOJIOObIX 3663@, pO.?deeHHblx 8 001aKaAX MedHC36€30H020 2a3d.
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Puc.63b. M109
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Puc.65. N'amaktuxka NGC 2217 Puc.66. I'amaxtuka Xora

Ha puc.63-66 npeacraBieHbl raTakTHKU ¢ OOJIBIIMMHE TaTaKTHYECKUMHU SJIPaMU, pa3Mepbl KOTOPBIX
npesbimaior 20% auaMeTpa rallakTUKU, HaXOAIIUECs B MIEPEX0/ie OT FOHOCTH K 3pEJIOMY COCTOSIHUIO:
NGC 217(puc.65) => M109(puc.63) => M95(puc.64) => Xora(puc.66) (pykaBa OTOPBAIUCH OT SI/IPa).




Puc.67. 'amaktuka NGC 4725

« L{enmpanorwiti 6ap 5motl 2aiakmuKy 8bleasi0um
SHAUUMENbHO sApue, 61a200aps HAIUYUIO 30€Ch
bosee cmapuix 36e30.

Buonwvl memnvie, npaxmuuecku ueprvle pecuomsl,
KOmopule 2080psAm 0 2yCcmoul nuliuy, O1oKupyowel
NPOHUKHOGEHUE céemda. »

[TocmoTpuTe nanee Ha TIIETHOCTH MOMBITOK
O0OBSCHUTH BpallleHUE 3BE3]l B “‘CIIHPATHHBIX
pykaBax’’ C MPUBJICUCHUEM I'PAaBUTALIUOHHBIX
MEXaHU3MOB HaXO/SIIUXCS B HUX 3BE3/.

Bce 3BC3/JIbl HAXOAATCA B CPCAHCM APYT OT ApYyra Ha paCCTOAHUAX, MHOT'OKPATHO (B COTHH U ThICAYHN
pa3) MMPEBOCXOAAINX TC pACCTOAHUS, HA KOTOPBIX CIIC JOTATMBACTCA UX I'paBUTALUA.

Hanpumep: s 38e371s1, Mmaccoit 10 ConHu, npenen aelicTBys rpaBUTaluu cocrasisieT ~160 a.e., a
pacCTOsTHUE MEXy 3B€3/1aMU, B OKOJIOCOJTHEYHOM MPOCTPAHCTBE, paBHO =1 nk (>206 ThIc. a.e.), 4TO HA

3 nopsiAka 0oJibIe PacCTOSTHUM AeWCTBUS TpaBUTAIMS, JJaXKe sl 3BE31 ¢ Topasio Oosbliei Maccoii!
36e30bl He npumazusawmcea 0py2 K opyeyl! — AEM

Teopus cnupaibHblX pYKago8 KaK 60J1H NAOMHOCHU NOO COMHeHUuem!

«['pynna yuenvix-acmpornomos u3z Ynueepcumemckozo koaneodica 6 Jlonoone (University College London),
sozenaesnsemas [oceticonom Xanmom (Jason Hunt), npouzeo0s ananuz nepeoeo nabopa daunvix DRI, coopantbix
Kocmuueckum meneckonom Gaia, 0OHapyscuiu 6Hympu Haweli earaxmuky, earaxkmuxu Mneunozco [lIymu,
00Cmamouno HeoOblUHOE 36€30H0e CKONIEHUE.

Omo cronnenue omauuaemcst om Opyeux CKONJIeHUll mem, Ymo 6xo0sujue 8 He2o 36e30bl Q0CMAMOYHO DbICMPO
B8PAWAIOMCSL KAK 8OKPY2 YeHMpPA CKONIEHUsl, MAK U 8OKPYe C80ell cOOCMEEHHOU OCU.

"Hatimu cmonb unmepecroe ckonieHue 0viio coscem He npocmo. Beov dannvie nabopa Gaia DRI codepocam
JUUD UHDOPMAYUIO O OBUNCEHUU 36€30 8CE20 68 08YX USMEPEHUSX. Y2108as CKOpOCmb, OAIbHOCMb U Opyeue
napamempul O8UNCEHUS BLICUUMBIBAIOMCS NO UMerowuMcst Oanubim” - pacckasvieaem [iceticon Xanm, - "Touno
Max JHce GblCUUMbBLEAIOMCS NAPAMEMPbL OBUINCEHUSL CKONJLEHUSL U KAACOOU 36€30bl 8 OMOENbHOCHU OMHOCUMENbHO
yenmpa Mneunoeo Ilymu".

Coenacho npouseedeHHbiM pacuemam, OOHAPYIHCEHHAsL 2PYNNA 36€30 8PAWACMCS BOKDY2 YEHMPA CKONIEHUS HA
20 xkm/cex bvicmpee, nedxcenu Haute COlHYe 8pauiaemcs 60Kpye YeHmpa 10KAIbHO20 CKONIEHUS.
Tomumo smoeo, Kaxcoas 36e30a CKONJICHUsL 8PAYAEMCs 20pa300 bblcmpee BOKPYe C80€l OCU, HEdCeIU CPeOHsis
CKOPOCMb 8PAUECHUS 36€30.

Ivimasco 00vscHums HabaI00aeMble A671eHUS, YUeHble NPEONONONCUTU, YO €20 NPUYUHOU ABTISAeMCsl
2PABUMAYUOHHOE GIUAHUE OOHO20 U3 O8YX DONLUUUX PYKABOE Haulell 2aniakmuku - pykaea llepces. 36e30ul,
KOmopble Haxo00Amcs no3aou 3mo20 pyKaed, UmMeron 00bIKHO6EHUE YCKOPAMbCA 6 medeHue ONUmel1bH020
6peMeHU NOO 6IUAHUEM ZPAGUMAUUOHHDIX CUJI PYKAGA.

Pesynomamol, nonyuennvie epynnoii /piceticona Xanma, nucwbl8aiomesi 8 obe cyuecmsayrouiue meopuu
OMHOCUMENILHO OUHAMUKU NPOYECCO8, NPOUCXOOSUMUX 8 CHUPATIbHBIX PYKABAX 2AJLAKMUKU U 8 UX OIUNCAUUUX
okpecmuocmsx. Ho bonvue 6ce2o 3mo 6ce Nucvbl8aemcesi 6 meopuio, onpeoesieMyr MoOeIsmMu maxKk Ha3bl8aeMblX
N-men, coenacrno Komopoui 6ect pyKag 6 yeiom nepemeuwiaenca ¢ maKoii yce CKOpOCMbI0, KaK U 6xo0aujue @
Hezo 36€e300l. .

(«Acmporombr 0OHapysicunu yenoe ckonienue ObiCmpo 8pauarouuxcs 36e30 6 nawel eaiakmuxey. 28 nosabpsa 2016).

«...Acmponomvl paccuumanu, Yymo 0OHAPYHCEHHAS UMU SPYINA 36€30 8pawyaemcs 80Kpye yenmpa Mieurnozo
nymu co ckopocmuvio npumepHo 20 KuiomMempos 8 CeKyHOy, Ymo 3HAYUMENbHO 8blule, YeMm CPeOHsisi CKOPOCHLb
epawerus 60Kpye yenmpa I anaxmuxu opyeux 36e30, HAX00SUWUXCA NPUMEPHO HA MAKOM Jice YOdIeHUU Om eé
yenmpa.




Jna o6vsacHenus smux Hab.a00eHUll KoManoa Xanma npeonoioicuia, ymo uzovlmoyHoe YyeKopenue, noryyeHHoe
IMUMU 36€30AMU, MOACEM ObIMb CEAZAHO C SPAGUMAYUOHHBIM 8030€LICMEUEM 00HO20 U3 2IAGHBIX CNUPATbHBIX
pyKasoe canakmuxu Mueunsiii nymo — Pyxasa Ilepces.

Omo obvscCHeHUe, 8 8010 0uepedb, MOJIcem Oblib OCHOBAHO HA OOHOM U3 08YX PA3IUUHBIX NPEOCMABICHULL O
npupode dgudicenusi cnupaivho2o pykasa Ilepces eoxpye yenmpa nawetl I anaxmuxu.

Coznacno nepeoii u3z IMux mooeieil CRUPAIbHbLL PYKA8 0BUMNCEMCsl Yepe3 2anaKmu4ecKuil OUCK KaK 8071HA C
HOCHOAHHOU CKOPOCHIbIO, (I 6MOPAsL MOOEb NPEONONA2ACH, YO 0BUNCCHUE CRUPATIbHO20 PYKABA NPOUCXOOUN
€ MOl Jce CKOPOCHIbIO, WO U 08UNCEHUE IMUX 36€30.

Pesynvmamut, nonyuennvie komanoou Xanma, He 0aiom 803MONCHOCHU OOHO3HAUHO ONPEOeIUMbCs 8 NOIb3Y
00HO020 U3 DMUX CYEHApUes, OOHAKO Jyduie COZNACYIOMCA CO 6MOPOIL U3 IMUX MOOeTIell. »

(«Acmporomsl 0OHapYCUBaAIOM 2PYNINY DLICMPO OBUNCYUUXCS 36e30 8 Hawiell I anakmukey.

«Astronomers detect a fast rotating group of stars in our galaxy». (November 16, 2016).
Hccnedosanue nosasunocs na cepgepe nped8apumenbHulx Hayunvlx nyoaukayutl «Fast rotating

group of stars observed in Gaia TGAS: a signature driven by the Perseus arm?» (2 Nov 2016).

Cnupanvnas cmpykmypa

180° Puc.68. Pacnpenenenue B MI0CKOCTH
x I . T"amakTHKHU MOJIOABIX 3BE3IHBIX
CKOILICHHH.
Bemew Mepces

« Hccnedosanue npocmpancmeenHozo
pacnpedenenus OB-36e30 u 36e30HbIX
accoyuayuti, 301 HII, ckonnenuti pannux
CneKmp. Kiaccos, 00120NnepuoOUteckux.
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g° ® Comiye (§)

X ffegeuds ¢ nepuodom
P=I0 cymow

270° e yegheuo nokasano, 4mo 8 OKPecmHoCmu
Connya (0o 2-4 knk) smu o6vexmol
x % pacnpeoeiienvl He PABHOMEPHO, A 00pazyiom
by X HECKOAbKO C2YWEeHULl 8bIMSHYMOU (hopMbl
o Bemas Cmpensya ( e 68) v Yy qb P
x % X x ¥ % puc.0o/.
x ..
Obnacmu (30m) HII u nepemennuvix 36¢30-
* Monodute ssesdnste chonnenur | yedheyd ¢ Gonvummu nepuodamu. Lugpel na
. T wn o Bodopodusie myMawHocmu

Kpasx pucyHKa — 2aiakmuyeckue 00120mol.

B opyeux eanaxmuxax, noxoxcux na nauty,
maxue 00vexmuvl 00pa3yIom CNUpaIbHLLE
6emau.

Tlosmomy 603HUKIIO ecmecmeerHoe npednoodicenue, ymo 6 okpecmuocmu ConHya mvl HAOII0OOAeM Yacmob
cnupanvhou cmpykmypwl I anakmuxu. B nocieonue 200bl y0anocs onpeoenums cnekmpogomomempuieckum
memoodom (cm. Paccmosanust 00 Kocmuueckux 00bekmos) paccmositis 00 MHO2UX OGIEKUX eUSAHMCKUX obnacmell
HII, xomopuie, no nabawdenusm Opyeux eaiaKxmuk, 0cooo omuémaueo 0OpUCcO8bIBaArON CRUPAILHYIO CIPYKIMYPY.

Bpe3yﬂbmame 0KA3A710Ch B03MONCHBIM NO IMUM OAHHBIM nocmpoums KApmuHRy CnupajlbHblX semeell 6
3Hauumenvrwvle obnacmu I anaxmuxu. prnHOMaCWWla6HCI}Z cnupajibHas cmpyKkmypa Tanaxmuxu uémko

BLIABACINCS MAKIICE NO OANEKUM nyascapam.

Cnupanvhuvle 6emesu, onpeoessemvle N0 NPOCMPAHCIMEEHHOMY NOJONACEHUIO NYTbCAPOB, XOPOULO
COOMEEMCMBYI0M GemesIM, HaudeHHbIM no noaodicenuro 301 HII (puc.69).

Ilo-suoumomy, 6 6emesx Haxo0AMcsi 6 OCHOBHOM Hauboee ApKue U NOmMomy Hauboiee MOI00ble NYIbCAPbI.

B mo orce epems bnuskue k Connyy nynvcapul, cpeou Komopulx OOIbUUHCNEO UMeen HUSKYIO paouo-
ceemuMocmo, He 0OHAPYICUBAION CA3U CO CRUPATILHLIMU PYKABAMU.

Cropee 6ceco, smu, bonee cmapbvie 6 cpeOHeM, 00beKMbl YCHelu PAcCesmbCsl 8 NPOCMPAHCMEe, VoS U3
CRUPAIbHLIX emeell, 20e OHU POOUTUCH, U3-3d O0bUoU Jucnepcuu ckopocmetl (~100 km/c).



SKBUAEHCUTbI pacnpeeneHns Monoabix o6vekTos BONU3u ConHya
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Puc.69. Monoasie 3Be3HbIe 00pa3zoBanus BOim3u CoHIa.

. 16 .

Haowce 3a kopomkoe epemsi ceoell scuznu (=5 10° nem) nynvcapol ycnesarom yiimu 0aieko om mMecma c0e20
pooicoenus. Aunanuz npoghuneti iunuu 21 cm 05 pA3HLIX 2ANAKMULECKUX 00JI20M HO360JIUIL COENAMb 8blB00, UMO
Medc36E30HbIIL 6000p00 6 I anakmuke makice KOHYEHMPUPYEMCs 8 CNUPATIbHbLE BEMEBU.

Cnedyem, o0uako, umems 6 GUAY, YUMo IMda KAPMUHA 8ECbMA YYECMEUMENbHA K NPUHAMOL KPUBOLL 8PALYEHUSL U
K OMKIOHEHUIO CKOPOCTel 6000p00a 0m Kpy2osblX, 00WenpUHAMOU KapmuHsl 6000POOHBIX CHUPATILHBIX PYKABOS8
noka ne cywecmayem. OHO qyuuie 6ce2o cCOOmMBEEmcmeyem Mooeiu 08YX-pyYKAGHOU CRUPATLHOL CIMPYKMYPbI.

LImpuxogvimu TUHUAMYU OMMEUEHbL The YUACMKU, 20€ Hem HAOENCHO20 ONPedeneHusl NOA0NCEH U] 6eMEell.
Yxazanwr nonoswcenue Connya (O) u yenmp I anaxmuxu. Pacnpedenenue 0anékux nyivcapog 6 niockocmu
Tanaxmuxu. Ha smo pacnpedenenue nanosicenvl ompesxu cnupaiet (puc.69).

Haxoney, ewé oono nezagucumoe noomeepaicoenue cyuecmgosanus CnupaitbHoll CmpyKmypul 0aio u3yuerue
odgudicens MOI00bIX 36€30 6 npedenax 4-5 knk om Coanya. OHO NOKA3AN0, YMO NOJE CKOPOCHell IMUX 36¢30
makoice umeem CRUPAIbHYIO CIPYKMYpPY.

B oxpecmnocmu Connya cywecmayrom mpu odracmu KOHYeHmpayuu Moioovix 06vekmos ( puc. 69 ):
- B 00noii uz Hux naxooumcs Connye, eé naz. pykasom (éemewto) Opuona.
- Bmopas nabniooaemcs 6 nanpagnenuu om yenmpa I anakmuxe, Ha paccmosinuu 1,5 knk om
Connya (semew llepces).
- Tpemws naxooumcs 6 nanpasienuu yenmpa I anakmuxu , Ha paccmosinuu okono 1,2 knk
(6emeb Cmpenvya).
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Puc.70. Pacnpenenenue ruranrckux 301 HII B

IJIOCKOCTH [ aJlaKTHUKH.
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Puc.71 Pacnonoxenue mynbcapos, kak u 304 I,

YKa3bIBACT HAa CYHICCTBOBAHUC CIIMPAJIbHBIX BETBEH.

Hannvie o npocmpancmeennom pacnpeoenenuu 301 HII, nyrvcapos u neiimpanvnoeo 6odopooda (puc.68-69)
noomeepaicoarom cyuwecmaosanue eemeelil llepcess u Cmpenvya, HO He nO360a510M 00HAPYdCcUmMb pykas Opuona;
He 0OHAPYICUBACTCS OH U 8 CIPYKIYpe NOJIA CKOpOCcmell 36€30.

1709m0My cdumarom, 4mo pyKae OpMOHa - 9mo Hebonbuioe omeemeienue om CnupalbHO2O pyKaea, KaKkue 4acmo

HAb00aomcsi 8 0p. 2alaKMuKax.

Hccnedosanue nons ckopocmetl 36630 ¢ okpecmuocmu Connya no3eonuno yemanogums, umo npu Ry = 10 knk.
u Wy =25 xm/(cxnk.) paccmosnue om Connya 0o éemau Ilepces = 2,4 knk., 0o éemeu Cmpenvyam =1,8 knk.

Cnupanvnas cmpykmypa 6 I anakmuxe 06Hapyscu8aemcs maxice no eaiakmuieckomy 2amMma-usiyieHur u
HeNnpepul8HOMY PAOUOUSTYYEHUTO.

T K

400 | .
300 .
200 .
100 .

o 5 ; 1 § 1
40 20 0 340 320 300 280 260 240 220 200
lanaxmuveckan doszoma [,°

Puc. 72. JlonrotHoe pacnpeesieHne paJuou3IydeHUs FalaKTHUECKOro ra3a Ha 4acToTe
408 MI'u, Ty, - sspkocTHast Temneparypa. CpaBHeHUE ¢ pUC. 87 MOKa3bIBAET, YTO CTYIEHbKU
pacIpeeneHns B OKpecTHoOCTH [ = 335, 320 1 290° cOOTBETCTBYIOT HATIPABICHHSM BIOIb
CHUpaJIbHBIX BETBEH, BBISBICHHBIX MO pacnoioxkenuto 301 HIL

st uHmeHCcUu8HOCMuU 2a1aKMu4ecko20 uiydeHus 6 niockocmu I anakmuxku xapakmepHo obujee ymeHblueHue
- 0
UHMeEeHCUBHOCMU 8 0be cMopoHbl om HanpasieHus Ha eé yenmp (I = (), komopoe npepvisaemcsi 6 OMOEIbHbIX
UHmMep8anax 00a120m CMyNeHbKaM U 0axjce GCaecKamu unmencusHocmu (puc.72/73).

THockonvky 6 I'anaxmuxe oughghysnoe uznyuenue 8 camma- u paouo- OUana3oHe G03HUKAem 2i1asHbIM 00pa3oM
8 CNUPATILHBIX 8em6siX, 20e Doble 2a3d, KOCMUYECKUX iydell t O0bule HanpIHCEHHOCHb MAZHUMHOZ0 NOJIS, MO
Hanpaeienue, 8 KOMOpPom Habrvdaemcs uzdvimounoe usnyuenue ("cmynenvra”, 6cnieck), coomsemcemesyem
HANpagieHuro 60016 CRUPAIbHOU 6EMBU.
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Ha puc.73 euona cmynenvra 6 obnacmu 1~ 285- 300°, a uz puc.72 cnedyem, umo 30eck naxooumecs
npooonxcernue sgemeu Cmpenvya, pacnoiodcenHoe 800b ayua 3penus (m. H. eemeb Kuns).

Taxue dsice cosnadenus MON*CHO ysudems 0Jis Op. Gemeell, NPUYEM He MOAbKO HA pUuc. 72, HO U Ha puc.73.

Hakxonunoce MHO20 OGHHBIX, NO36OAIOWUX CHUMAMb, YMO CRUPATbHbIE 6eMEU - 0OIACMU C2YUujeHUs. 36830 U 2a3d
- npedcmasnAom coboll CRUPAIbHbIE 60JIHbL RIOMHOCIU, 08UdICYIyUecs: 6 niockocmu I arakmuxu. »

Omeemul B.A. Ambapuymsana Ha 60NPOCHL 0 CRUPATIbHBIX 8CHEAX 2ATAKMUK.

1. «...Bom obpazey unmepecnoti cnupanvrot earakmuxu ¢ I'onuux Ilcax M51 (NGC 5194, NGC 5195,
Arp 85), naxoosuetics na paccmosnuu 1300 kunonapcex. Mozyuue, sipkue, myeo 3akpy4yeHnble
CRUPAIbHbBLE PYKABA, OUHAMUYECKASL (hopMa, - 60 UIMO NPUBLEKACM GHUMAHUE 8 IMOU 2ANAKMUKE...

Tanaxmuka, nazeisaemasn Booosopom, eOurncmeennas cRUpaibHas 2an1aKmuKa, KOmopas umeem
00CMaAmMOYHO KOHMPACHIHbBIE 86€MEU, OPY2dsl 3AMeHaAMENbHASL 0COOEHHOCMb MO 2ANAKMUKY - HAIUYUE
cnymuuxka NGC 5195. Ooun pykag npociexcusaemcs nOYmu Ha ROIHbLL 000pom 80Kpye ApKo2o A0pa.

Jlpyeoil - menee konmpacmuulil - Modicem Obimv npociedcer 00 e2o causanus co cnymuuxom NGC 5195.
AO0pa 0CHOBHOU 2anaKMUKU U ee CHYMHUKA UMEM 0OUHAKOBYIO APKOCHb., MOJICHO nooymams u 0 c8s13uU ux
NPOUCXOACOCHUSL UTU, O KPALIHell Mepe, 00 UX 83aUMOOeUCMEUL.

Hanuuue cnymuuka, Haxoosuje2ocs Ha KOHYe CRUPATbHOU 6em6U, 6Ce20d HAMAIKUBALO HA MbICb, YO
OHU BOZHUKAIONM NPU G3AUMHOM YOANEHUU O8YX UIU HECKOIbKUX SANAKMUK, BO3HUKIUUX U3 0OHO20 A0pd.

Mooicro npednonodxcums, Ymo CHymHUK CIYHauHO NPOEKMUpYemcs Ha 3K8amopUaiIbHyr0 NiI0CKOCHb
cnupanvrotl eanakmuxu M51. Ilo muenuro Ambapyymsana, mom gaxm, ¥mo CRUpaibHbllL PYKAS He
nPOOOIICAEMCS, U NOYMU He NPOOOINCACTCS 3 CHYIMHUKOM, S81eMCsl CePbe3HbIM C8UOCMEbCIEOM
npomue 3moeo npeononodicenus, u oopazosanue muna M51 neivss cuumamso pe3yibmamom HPOCmMoco
NPOEKMUPOBAHUSL.

Kax 6vin0 yrazano b.A. Boponyoesvim-Benvsmunosvim, 5mo oOun u3 munoe 080UHbIX 2alAKMUK, 6
KOMOPOM KOMNOHEHMbL CEA3AHbL MENHCOY COOOL MOUHBIM CRUPATbHBIM DYKABOM, A He MOHKUM 80JIOKHOM.

Omo, no-6UOUMOMY, HACMUUHO 0OYCIIOBIEHO MeM, YMO PACCMOAHUE MeNCOY KOMIOHEHMAMU, N0 KPAaliHell
mepe, Ha COBPEMENHOU (haze pazeumuist CUCINEMbl, CPAGHUMEbHO HEeBeNUKO.

B ciyuae M51 smo paccmosinue nopsioka 6ce2o mpex mulcsid napcex.

Puc.74. Tanaktuka NGC 3561B ¢ BeiOpocom.

Cywecmesosanue eanaxmuk muna M51 noomeepoic-
daem 2unomesy 0 CA3U MeHCOY NPOUECccoM 0e1eHUA
neP8OHAUANIbHO20 A0PA U 00PA306AHUEM CRUPATIb-
HbIX PYKABos...

B oanvretiwem Ambapyymsn obHapysicun Ho8bwlll
8b10pOC U3 A0paA, KOMopwlll Apn enociedcmeuu Ha36a.
Ambartsumian's knot - yzen Ambapyymsana, 6wiio
euono, umo uz canraxkmuxu NGC 3561B evibpouien
BNPABO MACCUBHDILL C2YCMOK, OH C8A3AH C A0POM
2aNaKMUKYU MOHKOU cmpyetl (mpaekmopuet
ceycmKa)... »

B.A. Ambapyymsn. «Breearakmuyeckas acmpoHOMUsL U AKMUsHbvLe A0pa SaNAKMuK.



2.

«...Ilpednacaromes u unvle ecunomesvl, 0OBACHAIOWUE CRUPATILHYIO CIMPYKIYPY 2A1AKMUK.

Ilo B.A. Ambapyymsany cnupaivhvie 6emsu hoOpMUpYIOmMces U3 0036€30H020 8euiecmad, KOmopoe
cocmassem cepOyesury ealaKkmux u npu 63puleax blOpacvleaem CnupaibHble 6ema.

B oanvretiwem 6 camux 6emesax npu npoo0oadicamyemcs pacnaoe CGepXniomHo20 eujecmed 00pazyiomes
36€30bl U MYMAHHOCMU. DmMa 2unome3a Majio paspabomana, maxk Kak npupooa 0036e30H020 8eujecmad

ocmaemcst HesICHOU. .. »
B.A. Ambapyyman. « Cnupanvhule 36e30Hble cUCHIEMbL » .

«...[lamas ecunomesa - e3puvienas. OHa onupaemcsi Ha A6ieHUs, C8UOemeNbCmaywue 0 60IbULON
usuueckol akmugHocmu 0ep 2alaKmuK, U C8A3aHA ¢ NPEONOJIONCEHUEM 0 HOPMUPOBAHUU 36€30 U3
CBEPXNIIOMHO20 Geujecmaa.

OcHogHble ee NoN0JICeHUs, 8bICKA3aHHble B.A. Ambapyymsarom, cocmosim 6 mom, Ymo « CRUpPAIbHbIE
6emeu 2anaKmuK opmMupyIomes u3 6ewecmad, bLOPACHIBAEMO20 AOPOM 2ANAKMUKU 6 Pe3YIbmane
63PbIBHO20 NPOYecca.

Omo seugecmeso - ceepxniomuoe u yice 8 001acmu CRUPAIbHBIX 6EMEeH NPU NPOOOINCAIOUIEMC
npoyecce pacnaoa uz He2o hopmupyromcsi 36e30bl U HONYMHO 8bloeIsiemcs Ouhhyznas mamepusi.
Daxmuuecku 6cs mamepust A0pa Nepexooum 6 CHUPAIbHbIE 6EMGU...» - 6om 2iasHan muicay! — AEM

« B3pwienas eunomesa mano pazpabomana, max Kax usuyeckue colUCmea Ceepxniomio2o 6eujecmed
HesicHbL. Bo3MOdICHO, umo ecmpemsimcest mpyoHOCMU, C8A3AHHbIE C HeOOXO0OUMOCbIO CYUeCMBO8AHUS
O0NILULO2O MOMEHMA BPAUCHUS Y MaAmMePUL 00 ee 8bIX00d U3 0pa.

[lnst mo2o umobwl evblOpouLeHHas Mamepus U 00PA306aHHbLE €10 CHUPAIbHbBLE 6EMEU VUACTEOBANU 60
B8paujeHUY 2aNAKMUKYU MAakK, KaK 9mo NoKA3ul8arm HAOI00eHUst, HeOOX00UMO, UmMoObl C8EPXNIOMHOE 0PO,
U3 KOMopPo2o oHu GbLIU 8bIOPOUUENDL, BPAULATIOCH UCKTIOYUMENbHO ObICIMPO. .. »

(B.A. Ambapyyman. « lIpobrema npoucxosicoenus cnupaibHbIx 86emeell aniaKmuxK. »

[Ipennonoxenne AmOapirymsina B.A. 0 mpoucxoxeHnu 38e3]1 Ipu “B3pbIBax’’ U3 BHIOPOCOB sapa
WIN U3 JDKETOB KBa3apOB rajlakTHK, XOPOLIO JIOKUTCS (0cOOEHHO mocieHee) Ha 3pUpOoANHAMHYECKYIO
MOJEJb, B KOTOPOH CIMpaibHbIE PyKaBa HaXOATCs BHE M0JIsSI TPABUTALIMN TallakTUK. — AEM

Protrusions

Meirczeezonvie oemoncmpauuu

Eta Carinae Homunculus Nebula .
Puc. 75. B3psIB cBEpX HOBOM

“Ora Kapune”.

« llocmompume nedasHo 630p-

oge. saswyrocs 36e30y Ima Kapune,
Model $ Model KOmMOopas 6bl38aa Nos6LeHUe

e e pl» o Aclng gy Sm Ear AHOMATLHBIX chepuyecKkux

\ obpazoeanuil.

Ecnu 6 npocmpancmee npouc-
X00um 63puvl8, Mo mpaouyUOHHAs.
s - |/ Hayka cxazana ovl, umo oH Oyoem
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36e30a Ima Kapune obpazosana 0se pacuupsrowguecst c@hepvl co cemosbiM OUCKOMU MeNHCOY HUMU.
Dusuka He umeem mooenu, CHOCOOHYIO yoepcams maKylo CIPYKmMypy 6 npocmpancmee 6axKyyma.

Ecnu ov1 ne 6110 2¢pupnozo oasnenus, popmupyrouiezo cghepul, mozoa é3puvlé pacuiupanca ovl u3z yenmpa! »

31ech BUJICH €JMHCTBEHHBIN BapuaHT 00pa30BaHMs IBYX MCEBIO cdep (10 MOCIeAHUM JaHHBIM TIOUTH
MOJIBIX BHYTPH) pa30eraromuxcsi B pa3Hble CTOPOHBI MOCTIE B3PbIBa, CKOPEE BCEro ABOWHOMN 3BE3/Ibl JTa
Kapumne, xoraa asa 3(pUpHBIX 3BE3JHBIX BUXPS, TPHOIU3UTEIHHO OJMHAKOBOM MOIITHOCTH, HO TPOTHBO-
I0JIO’KHO HalpaBJIE€HHBIX, COLLJIUCH B “‘CMEPTEIBHOM ™ COYIapEHUN.

[Tpousomien 0TCKOK B MPOTHUBOIIOJIOKHBIE CTOPOHBI ATUX S(UPHBIX BUXPEBBIX 00pa30BaHuUil, KOTOPbII
yIapHBIMH BOJIHAMH BBIHEC 32 COOOW Macchl, BBIIYB M3 HUX J[Ba ITy3bIpsl HEMIpo3pauHoil maTepun. — AEM



Tanakmuku ¢ noaApHbIMU KOJIbUAMU

« Ewé ooun npumep 6 noomeaepoicoenue nawiell 2unomessbl 0 CMpyKmype u mexauuzme o0pazoeanus 2aiakmux.
Omo eanaxmuku ¢ noaapHulmu Koavyamu, oona uz komopoix NGC 46504 npedcmasnena na puc.76.

Puc.76a. 'anaktnka NGC 4650A.

s cpasnenus psoom nomewen
00UH U3 PUCYHKOG UTTIOCIPUDYIOUJUX
Hawy 2unomesy. Pucynox nepesep-
HYM, Ymo0Ovl COBNANU HANPABTIEHUS
3aKPYYUBAHUSA PYKABOE 2ANAKMUKU.

Mooricno 3axnrouums, umo
eanaxkmuxa NGC 46504 naxooumcs
Ha smane, K020a ONPOKUObIGAHUE
C8epXx36€30bl YIIce 3A8EPULUTIOCH, U €€
0Cb 8paujerus coenadaem c
2ANAKMUYECKOU NIIOCKOCIbIO.

C@epxs@es()a COXpAHUIA CKOpOCmMb 6pAULEeHUA ()()CI’I’lClI’I’l()’-lHy}O ons /10()()ep.7/ca1-mﬂ 3AMEeMHO20 9K6amopuaibHoco
6UXDA, K()I’I’l()pbll? 3aN0JIHEH 2a30NbLIEEOL .1~zamepueit. Ilo eu()u.lwzo.lwzy, nepesopom ceepxsees()bz npouszouten Ha
OMHOCUMENbHO paHHeM smane, 3d cueni ZHAYUMENbHOU MACCHL NIIAHEN — CnymHuKkoe, ”y()aw—me” coyemarnue
0p6uma.7b1-1b1x NOJIONCEHULL KOmopblxX UHUYUUPOBAJIO 0/1p0/<u()b16a1-1ue 36€300bl.

Puc.76b. T"amaktuxka NGC 660.

Ha ¢pomoepaghuu oeticmeumenvro
BUOHBL MHO2OYUCEHHbIE NIAHEmbl U
ux epynnol. Ocobenno bonvuuue
SPYNRUPOBKU NIAHEN HAXOOSMCS
KaK pas 6 Mecmax, omxyod Ha4uHa-
10m 06pazo6vleamsbCs pyKasa
2ANAKMUKU.

Co spemenem yenmpanioHas 36e30a
2ANAKTNUKY 3AMEONUT C8OE 8pauye-
HUe U ee IK8AMOPUATbHBIU BUXDb
COKPAmumces u usmeHum gopmy u3
OUCKOBO2O 8 DILIUNMUYECKULL /
6epemenoo0pasnblll;

bonvwas wvacmo 2aza u nviau cocpe()omoqumcﬂ 6 pyKaedax, Konmopwle yseaudam c60r0 ().'ZLtHy u niomHocnib, U 6
pesyibmame Mbvl 6}/’()6.11 umemaos ()6blllHy}0 CnupatbHyo caiaKkmukKy. B omoti ceszu npe()cma(imem uHnmepec
eanaxmuxa NGC 660 Komopas Kaxk pas HAX00UmMCcsl Ha dmane Ko20d 0Cb epauleHus L[eHI’I’lpCLYbH()L? ceepxsees()bz eu;é
H€ NOJIHOCMbIO NOBEPH)YNIACH 6 NOJIOJHCEHUE napaijliejibHoe C 2aNaKmMu4ecKoll 0Cbio.

Coomeemcmeenno oco IK8AmMopualbHOcO BUXDA HAX0OUMmMcsi 8 nepexm)/-m.w COCMOAHUU U3 nepneH()uKy.mpH()eo
NOJIOJAHCEHUA NO OMHOWERUIO K cAIAKMUYECKOMY BUXDIO, 6 NOJOJNCERUE C()(ma()aiou;ee C caladKmMu4eCKuUMm 6uxpem.

Kak u e npedbz()yme.tfz cuydae, Haauyo OoIbULIOE KOIUYeCmE0 NiaHem CNnYMHUKOB U UX CKONJIEHUS HA Y4aCmKax
2aNaKmu4eckoll njioCKoCcmu OI’I’le()Cl npocinesNcusaromcs 3a4amKku pyKagsoe.

A maxoice HAIUYO MEHbULAsA NjionHoCcnb 2a30NblL1e60U mamepuu 6 2aNaKmMu4ecKkoll nJI0CKOCmu no CPABHERUIO C
3/(66[]710pua.7b1-l()[t NJIOCKOCMbIO cAldKmu4ecKkoco ﬂ()pa, umo ykassvleaem Ha OonbuLUL 603pacm IKeamopuailbHO2o
6UXDA NO CPABHEHUIO C cAJIAKMUYECKUM 6UXPEM. Buono KOJIbYO 6OKpYe caldKmu4ecKkozo yeumpa, 6 ()ny mecmax
Komopoco cd)op.tfzupoea.mcz) sadvamiKu ()ny npomueoiencaiux pyKasoes. »

LIanakmuxu ¢ noIApHuIMU KOTbYaMu ewé mpedbyem eecbma 0ocmoamenvHo2o usyyenus. — AEM



Oovacuenue no bTP Pumua uzoopaicenuil 36e30 u 2ai1aKmuk

« To, umo suoumoe cocamue 36630 He OMPaANHCaem Ux UCHUHHOU opMbl, NOOMEEPAHCOAIOM U OMKIOHEHUSL OM
meopemvl Llatinens, no Komopoul nomoca 36e30bl, pacnoodiCeHHble Oaudice K e€ 20padum Heopam, OONHCHbL CUSIND
MHO20 sapue sxeamopa. OOHAKO U3MEPEHHAs pAZHUYA MEeMNePamyp HeGeluKd, Ymo CUIbHO 03A0auueaen Y4eEHbiXx.
Pewenue 3acaoxku 6 mom, umo peanvro 36e30a wapooopasHa, a NOMoMy, X0mby U 8bI2AAOUM IIIUNCOUOATLHOL,
Hazpema no4mu pagHoOMepHO.

Cmpannvie sapuayuu opmvl omxpsimsl y 36e3061 bemenveetize: 36e30a, umesuias kpyeyo hopmy, 3a
HECKOIbKO JIem CICANACH 800Jb ROJIAPHOU ocu Ha 15%, ne usmenus Apkocmu u cKOpOCmu 6PAUeHUS.

Ilo meopuu Pumya npuyuna — 6 6apuayusax eUOUMOoU (popmul 36e30bl, 8 3a8UCUMOCIY OM HANPAGLeHUs eé
ckopocmu no opoume. “Pacmsiocenue” u “cocamue’ He MeHsiem ApKocmu, edb 3Mo JUlb 8UOUMOe, A He
peanvroe coicamue. Bom u y muearowux 36630 — mupud u yegeud, exarouasn Honsipnyro, omxkpwimsl cogcem He me
usMeHeHust (hopmvl, Kakue npeonucvieaia meopus. Ilo meopuu nynvcayuii Konebauus aprocmu yegeuo u Mupuo
8bI36AHBI UX PAZOYBAHUEM-COYMUEM, 4 HA 0elle 8UOHO MO BbImAUSANUe, THO OKpPY2leHUe 36¢30.

Omo doxazvisaem, umo 36€30bl PU3ULECKU He MEHAIOMCA, d Koaebanus Onecka 8vi36arnvl 3¢hghexmom Pumya om
VCKOPEHHO20 08UICEHUSL 36€30 NO OpOUmMe, KOMOpoe MeHsem maxice ux suoumyro ¢opmy. Taxue nepuoduurvie
sapuayuu opmvl OMKpLIMbL U 8 08OUHOU 36e30¢e f§ JIupvl, Mucanus KOMopou 0aHO CEA3bIBAION UMEHHO C
OpoOUMANLHLIM 08UIICEHUEM, A He ¢ NYIbCcayuell.

Bpawenue moacem u max cocams uzobpasicenue 36e30bl 0016 IKEAMOPA, YMO OHA CIAHEM HANOMUHAMb ObIHIO,
BONPEKU OOBIYHOMY CHCAMUIO 36E30 8001b OCU 8pAUYEHUs, HAN00oOUue muikebl. [10000HbIL d3¢hhexm dasHo omKpbim
VY 2anaKmuK: MHO2Ue JLIURMUYEcKUe 2alakmuKky umerom eud “oOviHu”, a He “‘moikevl”’; u 00bACHEeHUL 9mMomy 8
pensmusucmckou acmpogusuxe ne ovLio. Ilo Pumyy memamopgosza “muikevl”’ 6bi36aHa OnmMuyeckum 3@pexmon,
PACMAHYBUUM UZ00PAdICEHUE 2ATAKMUYECKO20 A0PA 800/b NOJIAPHOU OCU UIU CHCABUUM 80016 IK8amopa (puc.77).

Puc.77. Uckaxenue Buna Bpamaromuxcs ['anaktuk. Y nansrommicsa Kpau rajlakTUKA BUAEH
OTCTAIOIIUM OT MPHOIMIKAIOMIETOCs, ISl TAJTAKTUK C KOJIBLAMU U DJUTHIITUYECKUX.

Hnmepecro, umo npu maxoi degpopmayuu OUCK 2ANAKMUKY, OKPYHCAIOWULL AOPO, NOKAIHCEMCSL PACNONOHCEHHBIM
He 800Jb IKEAMOPA, a 600.1b KOPOMKOU OCU A0pd, OWUOOUHO NPUHAMOU 3a NOTAPHYIO. DMO 0OBACHUM NONSPHbIE
KONbYA CRUPATbHBIX 2ANIAKMUK U 2A30NbLIE6ble OUCKU ILIUNMUYECKUX 2ANAKMUK, PACNOIONCEHHbIE 800Ib UX
KOPOMKUX Ocell U mem 03a0aqusuire acmpo@usuxkos, 6000a60K dmu OUCKU U KOIbYA 4ACIOo 0eqhoOpMUpOBaHsl No
Kpasim, 86U0Yy pasmvlmusi 60016 TUHUU NOAEmMa. A pazeaoka 6 mom, 4mo HAbA0OAIOM JUlb UCKANCEHHYIO KAPMUHY
- 8pawyerue, MeHsis CKOpOCMb CEema, euwé U 8blMASUBAEN PASMHONCEHHbIE U300PANCEHUS 2ANAKMUK 800/b
mMpaekmopuu ux noiéma, Ymo UHMepnpemupyon Kaxk eblopoc (0dxcem) anakmuku, ckaxcem y oovexma /eea A.

Omu “gvibpocvl” yacmo HabOam 8 paouoouanasone 8 hopme 080UHbIX paduouzobpadcenuti. Ho onu énoane
Mo2ym Obimb 3ana30bl8aAWUM U ONEPENCAIOUSUM U300PAdICEHUEM OOHOU U MO JHce, UL O8YX CES3AHHBIX,
2aNaKMUK, BUOUMBIX 8 ONMUYECKOM OUANA30He HA CepeOuHe PaAcCmOHUSL Medcdy ceoumu ‘‘paduonopmpemamu”
(acmponom H.A. Kosvipes omkpulLn noxosicue onepedcaroujue u 3anazobléaroujue u300paxiceHust uy 36€30). »

Cemuxos C., bannucmuueckas meopusi ceéema npomue mEmMHbIX CUll KOCMOCd,
"Texnuxa-monooéxcu" Ne6, 2012.

Cnedyem npucmompemscs k meopuu TP no cmpannvim uzodpasicenusam 36e30 (2a1aKmuk), OHU He
BNUCHIBAIOMCA 8 CMAHOAPMHYI0 MOO€Ib — CKOPOCHb C8ema 6 0OHOM Hanpasienuu He usmepena. — AEM




I'nasa 8. DdbupHbiii BUXpb. Paagnonzoopaxxenus KBazapos.

Paouo-uzooparxcenus keazapoe u PaouoAcmpon

1O. Kosanes — ooun uz pykogooumenei npocpammuol PanuoAcmpon (c kyniopamu):
« Mot moscem ckazamob 00HO3HAUHO, YMO HAWE NOHUMAHUE 00 YPOGHE APKOCHIU
U3IVYUEHUA UX A0eD USMEHUNOCh HA NOPAJOK. OHU OKA3ANUCH APYE KAK MUHUMYM
8 0ecsamb paz no CPAGHENUIo ¢ meM, YN CHUMANOCh panee »

« Mot 06cyarcoaem amom 60npoc yoice HeCKOIbKO Jem, U NOKA Hem 6HAMHO20 (DU3U1ecKo20 00bACHEe s,
KOmopoe y0081emgopuio 6bl DONLUUHCMEO YueHbIX. MHozue padbl makomy OmKpulmuio, no30pasisiiom KOMAnoy
npoexma, Ho Npu SMoM “deutym peny”, nolmasico 00bACHUMb MO Pe3VIbmam, 6KI04aAs HAC CAMUX.

Cltl/l}’l’laﬂOCb, umo uslydernue Kkeazapoe obvacHAemcs CUHXPOMPOHRHBIM U3TYUEHUEM IJIEKMPOHOB.
Puc.78. PagnoActpoH.

Coenacno pacuémam meopemuxog
npoyecc uziyuerus 6yoem npoucxooums
Kamacmpog@uuro, m.e. 0ueHb Oblcmpo u
oueHb 3hhexmusHo.

Omo 3Hauum, movl 661 HAOIIOOANU BCHBIUKY
6 K8azape, 8 Xo0e KOMopoul 3 HECKOJIbKO
4ACO8 UNU HECKONIbKUX OHell DHepeUst
UCUePNANach, U APKOCMb K8A3APA Pe3Ko
ynana.

Cltu}’l’laﬂ()Cb, ymo mol cmoziu Ovl
3apezsucmpuposantb U3y4eHue 6ceco
HECKOJNIbKUX KB8A3ApO6 6 Hebe Ha ONUHHBIX
HA3EeMHO-KOCMUYECKUx 0a3ax.

Ho na camom oene mol Ha ce2o0Hsl He MONbKO ycneutHo }’lp()HaﬁWO()a.?Ll, HO U uamepuiu 3nadumovle CUcHAalbl ons
bonee cma namuoecsamu ﬂ()ep AKMUBHbIX 2AIAKMUK.

Omo COBEPULEHHO nOl’I’lp}ZCCUOZ/L)lLHJ pesyibmam, 6 KOI’I’lOpblIJ Majulo Kmo eepuli, nepe@opaqu@ammuﬁ Hawu
npe()cmameﬂuﬂ 0 Keaszapax, Konmopbsle COXPAHAIUCH HA NPOMANCEHUU COPOKA Jient.

T'00 pabomwl npoexma Paouoacmpon noxasan, umo:
a. Hopa Keazapos oKa3AIUCH APUE KAK MUHUMYM 6 0CCANb PA3 NO CPAGHEHUIO C eM,
Umo cuumaioch panee;
b. Hznyuenue K6a3apos Heb3sA 00bACHUNY CUHXPOMPOHHBIM USIYUEHUEM IEKIMPOHOE,
Kak 3mo denaemces cenuac.
B ooxazamenvcmeo ckasannoco éom evioepoicka uz Bukuneouu:
« Ilo cospemennvim npedcmasienuam, Keasapvl npeocmasisiom cooou aKkmuguvle 10pa eaiakmux Ha
HA4AIbHOM dMane pazeumusl, 8 KOMopulxX C8EPXMACCUBHAS YEPHAS ObIPA NO2IOWAC OKPYICaIoujee
seujecmeo, Qopmupys aKKpeyuoHHslll OUCK .

OH u A615emcst UCHOYHUKOM USIYYEHUS, UCKITIOUUMETbHO MOWHO20 (UH020A 6 OeCAMKU U COMHU PA3
npPesviuLaUie2o CyMMAPHYIO MOUWHOCHb 8CeX 36630 MAKUX 2ANIAKMUK, KAK HAUWA ) U UMEIOue20 NOMUMO
KOCMONIO2UMECKO20 2PABUMAYUOHHOE KDACHOe CMeujeHue, npedckazantnoe A. Diinwmertino 6 ooweti meopuu
omuocumensuocmu (OTO) ».

¢. Ilpu makom 00bACHeHUU NOYUACMCA, YMO K8A3ap APKO U3NYUAl Obl HECKOIbKO YACO8 WU
HECKOJIbKUX OHEll, nOC/1e Ue20 €20 APKOCHIb PEe3KO 0bl Ynaia; Hada00eHUs JHce NOKA3blearonl,
Ymo Keazapol u31yuaron cmaduibHo.

Bom menepy, ycunue ceéou nosuyuu nadaooenusmu npoexkma PaouoAcmpon, npucmynum k 00vscrHenuo
«3a2000UHBIX» CBOUCME K6A3apos (puc.79).
Kaocywascs ckopocms nepemewjenus spkoi oonacmu 0xicema cyujecmeeHHo npesvluiaent CKOpoCcms ceemd.



Oonarxo smo oocmoamenvcmao ne onposepeaem CTO Diinwmerina, nOCKOIbKY peanrbHasi CKOPOCHb OBUNCEHIUSL
APKOU 061acmu MeHbuLe CKOPOCMU c8emd, a GUOUMOE CEEPXCEEmOo8oe J8UlCeHUe 00YC08IEHO HANPABIEHHOCTbIO
oddicema 6 cmopoHy 3emau.

Puc.79. Cepus nocienoBaTenbHbIX PaIHoON300paKeHHIMA
JokeTa kBazapa 3C 273.

B mom aice 1963 200y 3C 273 b6vin omoosicoecmenet ¢ MOuHbIM
PAOUOUCOYUHUKOM.

JUL 1977 MAR 1978 Paouomeneckonsl mozoa He Oviiu cmoib MmouHvL 8 ONPeoeseHuU
Hanpaegienus npuxo0a paouo8oIH, KaK Cetyac, NO3MoMy 36€30Hble
koopounamst keazapa 3C 273 6wiau onpedenensl nymem Hab.I00e st e2o
nokpwuimus JIynoii  na obcepsamopuu «llapkckom» 6 Aecmpanuu.

Taxum 06pazom, nepeod u3yMIeHHBIMU 630PAMU ACMPODUIUKOE NPEOCA
COBEPULEHHO HeOObIUNbIT 00BEKM, SAPKO CEEPKABUIUIL 6 BUOUMOM U
paouoouanasone NeKmpoMacHUMHBIX 60JIH.

Ha oaunwiii momenm obnapysiceno yace bonee 20 moicsay maxux
JUN 1979 JUL 1980 36€300N0000HBIX 00BEKMOB, YACIb U3 KOMOPLIX XOPOULO BUOHA MAKICE 8
PEHM2eHOBCKOM U PAdUOOUANA30He.

Obvexm 3C 273 HecKobKO pa3 MeHsil CE0I0 APKOCMb Noumu 6 2 pasza, a uHo20a, Hanpumep é nepuod ¢ 1927
no 1929 200 6 3-4 paza. Haoo cxazams, umo penomen nepemeHHol Aprocmu Obli 0OHAPYICEH euje panblie.
Tax, uccredosanus, nposedennvle 6 Llyakosckoii obcepsamopuu 6 1956-m, nokazanu, ymo s0po earaKmuKu
NGC 5548 0ocmamouno cunvbro uzmeHsem co pemeHem c8010 APKOCHb.

Tenepb cneyuanucnvl NOHUMAOmM 6C10 6ACHOCIMb 9020 Ha6.fl}Oa€H1/l}Z, HO HeCKOJIbKO Oecsamunemuil Ha3ao
Y4€eHble ObLU y6€.’)f€a€l—lbl, umo usjiyuyernue on ﬂdep 2ANAKMUK 8 ONMUYECKOM OUAna3one 00ecneyusaemcs
UCKTTIOYUmMel1bHO J»tuﬂ.,wapda,l»m Ha)COa}ZZ/Lﬂ/DCC}Z mam 3663@, U 0aoice eciu HeCKOJIbKO MblCAY U3 HUX N0 KAKUM-NO
npuvYuHam nocacHyni, nmo c 3emnu smoeo 3amemmuo He 6}/@67’”.

3uavum, paccyscoanu yuenvie, OOTLUUHCINGO 36€30 6 A0Pe 2ANAKMUKU QOJINHCHBI «MUSAMbY CUHXPOHHO!, Xoms,
KOHEUHO, YIPAasisimb NOOOOHBIM OPKECMPOM He NOO CUTLY HU 00HOMY Oupudicepy. Takum o6pazom, UMEHHO U3-3d
cgoell abCoNOMHOU HENOHAMHOCIU 9MA OMKPbIMUE U He NPUBIEKILO K cebe 0c00020 GHUMAHUS.

ﬂaﬂbﬂeﬁmue Habno0enus nokasajuau, 4¥mo U3MEeHEeHUe UHMEHCUBHOCMU U3TTYUEHUA C nepuodaw HECKOJIbKO
mecsyees - ons Keaszapoe sejenue 06blllH0€, u pasmep obnacmu U31y4enusl ne npe@ocxoéum paccmosinusl, kKomopoe
npoxodum ceent 3a omu cambvle HECKOJIbKO MeCAlYes.

Z]fl}l mMo20 4mobdbl USMEHEHUs 60 6cex MOYKax ooracmu npoucxodufm CUHXPOHRHO, HYIHCHO, ymoowvl MH(ﬁOp,Mal/ﬂ/l}Z
O HAYUHANOWEMC A USMEHEHUU yCnena ootimu 00 6cex moyex. HOH}ZI’HHO, unmo mamepus Keasapa uziydaent ceem ne
no Ko,waHde, a e cuiy npoucxoéﬂu;ux HA HeM npoyeccoes, Ho (ﬁakm CUHXPOHRHOCMU, MO eCnib OaHO(?pe,MeHHOCI’I’lM,
UBMEHEHUA yCJlOGI/HJ U 6€JIUYUHBL U3TIYHUEHUS YKA3bledem HA KOMNAKNMHOCMb OAHHO20 K6A3U36€30H020 00beKmd.

Honepelmuk bonbuuHCcmea Keaszapoe, }/lO—(?LlaLM"ZOJ"Zy, He npeesbvluiaem 00H020 C8emoB8020 eoda, ymo 6 100 moicsu
pas Menvuie pasmepos cajilaxkmuKku, a ceemsiant OHU npu 3nom nopoﬁ KAk yenasa COmus caiakmuk.

Ipoutno coscem HeMHO20 8peMeH, U XUMUYECKULL COCAG U3LYHAIOWUX 001acmell K8a3apoe Obll ONO3HAH NO
CNEKMPANbHbIM TUHUAM U36ECTNHBIX XUMUYECKUX DTIeMEHINOG.

Booopoo u cenuii na keazapax udenmuunsl 3eMHbIM, 601 MOJLKO CHEKMPbL UX U3IYUEHUS, KAK 0KA3AL0Ch,
CUNBHO CMeWeHbl 8 KPACHYI0 CIOPOHY U3-3a Oobutol ckopocmu yoeeanus. — Ckopocmo au 2 - AEM

Ha cecoonsuunuii denv naubonee pacnpocmpanena mouka 3peHusi, CoO21acHo KOmopou Keasap - 3mo
ceepxmaccugnas uepnas ovipa, MAUsarowas 6 ceds oKpydicaruee 8euwecmso (aKKpeyus eeuecmed,).

1o mepe npubnudicenus K 4epHoll Ovipe 3apsdiCeHHble YACTUYbI PA3LOHAIOMCS, CIMATKUBAIOMCSL, U MO NPUBOOUM
K CUTbHOMY U3TYYEHUIO C8emd.

Ecnu uepHas dbzpa npu smom umeent MOwHoe MmacHummnoe noie, mo OHO OONOIHUMENbHO 3aKpydueaent
I’ZCZOCZK)WMG yacmuysvl u coﬁupaem Uux 6 moHKuUe ny4Ku, dofcembz, pasiemarowiuecs om noiocoes.



1100 Odeticmeuem MOWHBIX SPABUMAYUOHHBIX CUT, CO30ABAEMBIX YEPHOU ObIPOLL, 8EUIECTNBO
VCMPEMIAEMCs K YeHMpY, HO OBUNCEMCS NPU SMOM He N0 paouycy, a N0 CYHCAIOUWUMCS CRUPATAM.

3C 273 and its Jet Hubble Space T e Puc.80. Ontnueckoe nsobpaskerme 3C 273,

IIpu 5mom 3aKoH COXpaHeHUs: MOMEHMA UMNYIbCa
3acmasisiem epawanwuecs Yacmuybl 08UAMbCs
gce bvicmpee no mepe NPUOTUNCEHUS. K YEHMPY
YepHoll ObIPbL, 0OHOBPEMEHHO COOUPAsL UX 8
AKKPEeYUOHHBILL OUCK, MAK YMO 6CSL KKOHCIMPYKYUSY»
keazapa yem-mo nHanomunaem Camypu ¢ e2o
KObYAMU.

ESO New Technology '_Fl-i D

Palomar Sky Survey
B akkpeyuonnom oucke ckopocmu wacmuy oueHs
BENUKU, U UX CIMOJIKHOBEHUS NOPOAHCOAIOM HE MOTbKO
SHep2uuHble (POMOHBL (PEHMEEHOBCKOE U3IYUEHUE),

HO U Opyaue ONUHbL BOJIH NEKMPOMACHUMHOO
UBTTYYEHUS.

Hpu CMOJIKHOBEHUAX DHEP2UA YacCmMUYy U CKOpOCmb Kpy206020 08uUICEeH U YMenvuaomcs, OHu nOMUXOHbKYy
npuﬁauofcaiomc;z K ltepHOIJ dblpe u noziowmaronics ero. ﬂpyeaﬂ Uacmov 3apANCEHHBIX Yacmuly Hanpaeiiemcs
MASHUNHBIM nNoJlemM K nojarocam ltepHOIJ ablpbl u evliemaem ommyda C OZPO,WHOIJ CKopocmbio.

Tak obpasyromes HabaOOaemble YUeHbIMU OHCembl, ONUHA KOMOPbIX docmueaem 1 MiH. c6emosblx nem.
Yacmuywsl 6 ddiceme CMAaKUBarOMes ¢ MeNC36E30HbIM 2A30M, U3MYUASL PAOUOBOTHDL.
B yenmpe axxpeyuonnoeo oucka memnepamypa omrHoCumenbHo Hesvicoxas, ona docmueaem 100 000 K.

Oma obnacmo usnyuaem penmeenosckue ayuu. 4Yyme danvuie om yeHmpa memMnepamypa euje HeMHo20 HUdice -
npumepno 50 000 K, mam uznyuaemces ynompaghuonem. C npubaudicenuem dice K epanuye akKpeyuoHHo20 OUcKa
memnepamypa nadaem u 8 9motl 001acmu NPOUCXOOUM UBTYYEHUe DNIeKINPOMASHUMHBIX 80IH 8ce DObuLell ONUHbL,
8N1I0Mb 00 UHPPAKPACHO20 OUANA30HA.

He naoo 3abvieamov u 0 mom, umo ceem om 0anexKux K6a3apos NpuUxoOUm K Ham CUIbHO «NOKPACHEGUUUM».
s KonuuecmeeHHo020 onpedenenus CmeneHu NOKPACHeHUs: AcmpoHOMbL UCHOIb3YIOM OYKEY %.

Hmenno svipascenue z+1 noxasvieaem, 80 CKOILKO pa3 y8eIUUULAC ONUHA 80THbL DNEKMPOMACHUMHO20
u3yueHus:, 0oiemesuieco oOm UCMouYHuKa (keazapa) 0o 3emuu.

Ecnu nosgnsemcesi coobuerue, umo oonapysicen keazap ¢ z=4, mo 3mo o3Havaem, ymo yibmpaguonenogoe
uzyuenue ¢ onunoil eoanvt 300 nanomempos npespawiaemcs 6 UHPpPaKpacrHoe uziyuenue ¢ OJUHOU 60JIHbL
1500 nanomempos.

Yacmoma uznyyenus ymenouiaemces 6 5 pas, u smo ue npeoen!! - AEM

Kemamu, ons uccnedosameneti na 3emae smo donvuias yoaua, 6e0b yIvmpaguoaemosas 4acms CHeKmpa
noanowaemcs ammocgepou u d3mu IUHUU HUK020a Obl He Hab100aaucy. 30ech Jice OMUHA BOHbL 3d CHUen KPACHO20
eMewenusl Y8erutunach, Kaxk 6yomo cneyuaibio sl mo2o, 4modvl Rpotmu CK603b 3eMHyI0 ammocgepy u 6vims
3ape2ucmpuposantoil 8 npubopax.

Coenacno opyeotl mouke 3peHus Kazapwvl - 9Mo nepevie MOL00ble 2ANAKMUKY, U Mbl BPOCTO HAOII00aemM npoyecc
ux 3apoorcoenus. Cywecmsyem u npoMedCymouHvlil, Xoms 6epHee 6bl10 Obl CKa3amsb «00bEOUHEHHBIY 8aAPUAHT
2UNOME3bl, CO2NACHO KOMOPOMY K8A3ap - MO YepHAs 0blpa, NOIOWAIOWAs Geujecmao Qopmupyouerics
2aNaKMUKU.

Ha onmuyecxom usobpascenuu keazapa 3C 273 euden 0acem, ucnyckaemulii ueprotl 0vipou. Tax uiu unave, Ho
NPeononodceHue 0 C8ePXMACCUBHON YEPHOUL ObIpe 8 YEHMPe 2AIAKMUKYU OKA3AI0CH NA0OOMBOPHBIM U CHOCOOHBIM
00BACHUMb MHO2UE CBOUCBA KBA3ap08. Tax, Hanpumep, Macca YepHoll Oblpbl, HAXOOSWEUCS 6 YeHmpe MUNUYHOLL
canaxmuxu, cocmaensem 10° — 10" corneunvix mace u, credosamenvio, ee epasumayuontbiii paouyc
sapvupyemcs 6 npedenax 3x10° - 3x10"" km, umo coenacyemcs ¢ npedvidyweri oyenKoll pazmepos Keazapos. »

Ymo Kacaemcsa K6azapog, mo 014 HUX He U3GECHIHbL HU MAccd, HU Paduyc, HU paccmosanue!
Bce napamemput noo éonpocom u3-3a HenpasuibHOl MPAKMOBKe KpacHoz2o cmeuwienmsa. — AEM




Buszyanaunzaumsi paano-u3o0pakeHuii kpazapon - PaauoActpon (puc.81 - 85) u ap.

M87 (1228+126), 2009-05-23, VLBA 8.4 GHz

NASA, ESA and the Hubble Hentage Team (STSCUAURA)
Puc.81a. Ontuueckoe u paano-uzodpaxenue (crpykrypa 8.4GHz) mxera kBa3zapa B 'anaktuke M87.
m

2mas 25" ras -

HST uzobpaxerue
RM ~ -1800 ¢ Credit; F. Duccio Macchetto/NASA/ESA 15 TTu VLBA+VLA kapra
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Puc.81b. [Tonepeunslii cpe3 mxeTa. Puc.81c. Ontuueckoe u paano-uzodpaxkenue (15GHz).

Ha puc.81b XynoKHUK HENTPaBUILHO OTOOPa3MII pa3Mephbl aKKPELIMOHHOTO JUCKA 10 OTHOILIEHHUIO K
JDKETY — OH MOKeT HAXOAMTCsI JIM00 BHYTPH [7KeTa, WJIM BooO1Ie BHe ero odjactu aeiicreus ! - AEM

Puc.82. JIxer ranakruueckoro sigpa 3C84, ceepxy (core) -
HUCTOYHUK [[PKECTA, HAITPABJIICHHOI'O K HaGHIO,Z[aTCJHO.

stron—-EVN: 0716+714, 6 cm |
lPanuouaospa}ueHue
. Keaaap 0716+714

paccmosiHue: 1.6 I'miK.
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Puc.83. PamgnomzoOpaxenue mxera Kazapa 0716+714.

0.0 0.5
MilltAre secands

Ouenp uHTEpeceH puc.83 — Ha HeM oToOpakeH ket sapa kBasapa 3C84 (Ilepceit A) kak ObI paspese.
DTO0 MOJTHOCTHIO coriacyercs ¢ 3QUPOATHAMUYESCKUM MPEACTABICHUEM JKETa B BUJIE CTBOJIA APUPHOTO
raJaKTUYECKOTO BUXPSI.

Maxcumanvras ckopocmu Kpy208020 8pawjeHus u npoo00IbHO20 OBUINCEHUS Yacmuy, 6 Nepeyio 04epeds
npPoOmMoH08, 6y0em MAKCUMAIbHA Y CMEHOK CMeola 0dcema, a no yeHmpy 6yoem Heomoopaxcaemulii
c8epxceemosoll NOMOK 3upa, KOMopwvlil 60CNPUHUMAEmMCcs Kak “‘maznumuoe none’” earakmuxu. — AEM
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3C 84 (D=75 Mpc)

* 1 mas=0.35pc™ 10°R.
(Mgy=3 x 10°My,)

* Ongoingradio outburst,

gamma-ray source; limb-
brightened iet: See

Puc.84. Pe3ynbTaThl pa3HbIX BUJIOB paiio-U300paKeHUH ralakKTHUECKUX JXKETOB.

Core of Galaxy NGC 426l

Hubble Space Telescope
Wide Field / Planetary Camera

Puc.85. Snpo I'anaktuxu NGC 4261 -
B IICHTPE TFAJIAKTUKU BUJIHO SIIIPO C
KBa3apOM B ONTHUYECKUI TEIECKOIT
Xa00i1, caeBa Ha €€ OINTUYECKOE
M300pakeHNe HAJIOKEHO PaIHO-
M300paxKeHue ¢ JHPKeTaMu.

Ground-Based Optical/Radio Image HST Image of a Gas and Dust Disk

['umoTessl, 0 MexaHu3Me 00pa30BaHUS
JOKETOB KBa3apa U3 akKKpEeLMOHHOTO JIMCKa
C IEHTPAIbHOU “UepHOM JIBIPOIl”, HE BbI-
NEP>KUBAKOT HUKAKON KPUTHUKHU C IMO3ULIAN
ra3oJJMHaMUKHN U MEXAHUKH CIUIOUTHBIX
Cpell — KaK Bpalllaloliascs Iia3Ma MOXKET
BBIOPACBIBATh CTPYH MEPIICHIUKYISIPHO
CBOEH IMJIOCKOCTH BpPAILICHUS?.

| e |
17 Arc Seconds
400 LIGHTYEARS

380 Arc Seconds
88,000 LIGHTYEARS

C npyroii CTOpOHBI HE KOPPEKTHBI YTBEPIKJICHHS O elye 00CMOBEPHO He OOKA3AHHOM CYUeCmEo8aHUl
camoti “uepHoil OvIpbl”’, KOTOPas SIKOOBI SIBISIETCS OCHOBOM KBa3apoB.

Jcemut keazapa, ouamempom 0.4-0.5 nk. (puc.57), He monvko muozokpamuo (na 4-5 nopaokos!)
npesviuiaom ouamemp 2opuU3oHmMa coobtmuil “4epHoil Ovlpovl”, HO U CYUIECHIBEHHO NPECLILULAIOM
ouamemp akkpeyuonno2o oucka ( meuee 0.01 nk.).

Iloasmomy nHu “uyepnas ovipa”, u HuU AKKpPeYUOHHBLIL OUCK, HE MOZYH CO30AMb U3 BPAULAM eJIbHO20
IKGAMOPUATLHO20 OBUNCEHUSA NIA3MBL RPOOOTIbHOE 0BUIICCHUE GHYMPU CHIE014 0MCEMa MAKO20
Macwimaoda, Komopoe Had.10aemcsa — IMoO NPOMUGOPEUUm 30PAGOMY CMBICLY, OUHAMUKE CRIIOUIHOU
cpeowl, a 2nasnoe InepzemuKe npovyecca, mak u Igupoounamuxe. Kak 0v110 noxazano 6 2nase
nepeoii, “meepoomenvroe ogudxcenue” cozoaem umenno I'anakmuueckuii Ipupnviii Buxps!

Ha puc.86 npencrasiena coBpeMeHHas Moaenb KBazapa, B 0OCHOBE KOTOPO HaXOAWUTCS “depHast AbIpa”

o 6
Hanpumep maccoi nopsaka 10° Mg, ¢ pagnycom llIBapimmisaa menee 0.033 a.e. (ranakTuka, pasMepom
¢ “Muneunsiit [1yTp”), KOTOpas, HEMOHATHO Kak, JOHKHA CO3AATh JXKEThI, COMMOCTABUMBIE TI0 pa3MepaM ¢
TaJIaKTUKY — T.€. JUTMHOW B HECKOJIBKO JIECATKOB KUJomapcek!




wiparoscioe  peurrenoaccoe  MOJESIb KBA3APA Puc.86. Texymas monens Ksazapa.

n3nyNeHue W3nyueHue

CNMpPanbHOE MAarHMTHOE none Om O O

Ty A e i s — Hﬂi‘h’;i‘;‘;”;;‘éﬁiﬁﬁﬁi I;%“if;ﬁﬂf;’,g,
AT ' B . sk IIpUYEM CTBOJI KBa3apa MPaKTUYECKH
------- XA WJI€aJIbHO POBHBIN, €CIIA HET CTOJIKHO-

. YCKOpEHMe MOoTOoKa — e o
o) XAOTUYHOE MATHWUTHOE NONE —
OO paanomsnyseHiE ” BCHHU, YTO TOBOPUT O HCCOCTOATCIIb-

00 o% CC)JO i i e T O HOCTH IpemtaraeMoii Monenu Ksaszapa
ntssareras ) ABOKHE ysrne O O — Ha COBpPeMeHHBIX TOKOMaKax He yja-

° ,,& & & g g g & 8 eTcs yAep:KaTh I1a3My Ha JAECATU
e & & =~ = & & & MeTpax B CHJIbHBIX MarHUTHBIX MOJISIX!

Cros Ha mo3unusix “I paduenmuotl Ipupoounamuxu’”, sICHO BUIHO, 4TO HA puC.28b,c u Ha puc.33, 4To
B LIEHTpE Haulel ranakTuky “Mneunslii [1yTs”, cyliecTBYIOT HEKME OCTATKH CTBOJIOB JKETOB KBa3apa,
KOTOPBIE pAaCXOJIATCs Jlajiee B BUI€ KOHYCOB, C YIJIaMU PacKpbITUs Onu3kuM K 120°.

HpI/I CTOJIKHOBCHHHU YaCTUL, pa30THAHHBIX B OCTAaTKaX CTBOJIOB P’KC€TOB, C HaCTUI[AMU IIbLJIU B IBYX

001acTAX, C HU3KOU TNIOTHOCTBIO 3BE3]1, CO3JaeTCsl 00bEeMHOE raMMa u3inydeHue quamerpom @ >10 xrk.,
PacroJIOKEHHOE BBIIIE U HU)KE FJIAKTUUECKOTO MCKA — TaK Ha3bIBAEMBbIE “ny3vipu Pepmu’.

Tanakmuxa nawa noumennoeo ozpacma — Ho 0o cmapot 2arakmuku NGC 6946 eii ewe oanexo!

Omo xopouio 8UOHO O dezpadauuu 0Hcemos:
- 8MeCcmo U3 KOA0CCANbHOU OIUHbL CIBOI08, 8 0eCAMKU KUTIONAPCEK C OUaMempom He bofiee yem 8
NOJI08UHY NAPCEKA Y OCHOBANUS, U MOWAHBIM U3IYYEeHUEM 60 6CeX OUANA3OHAX YACHIOM, UMeeM
- ocmamxku 024cemos ¢ YMEPEeHHbIM 2aMMa U3IyueHuem 3a ux npeoeiamu, 8 001acmu Hao u noo
2anaKmuyeckum OUckom (puc. 28), umeroujux decoma KOpOMKUll CME0J ¢ KPOHOU, 8 npedenax
COMHU napcek, u ouamemp, Ha NOPAOOK Goabwuil, yem y “axmusnou” earaxmuxu (puc.33).

Buiwe 6vi10 nokazano, umo oeticmeue 2pasumayuu YeHmpaibHO20 C86EPXMACCUBHO20 36€30H020
. 6
oovekma, maccoit nopaoka ~ 4*10°Ms, pacnpocmpansemca na paccmosanuu e 6onee 0.5 nk., m.e.
610"
6 60 moicau paz menvue pazmepa I'anaxkmuxu, oasice ysenuuenue maccol 0o 10 10" Mg e pewsum
2pasumayuoOHHyI0 3a2a0Ky 2a1aKmMUK.

Maccol yeHmpanbHbIX C8EPXMACCUBHBIX 36€30HBIX 00BEKM 06 Kamacmpoguuecku He xeamaem 0ns
00bACHEHUA 2aIAKMUYECKOU ZPAGUMAWUU, He CRACYM CUMYAUUIO 0adce C8ePXMACCUBHbIe “UepHble

c 19
oviput”, ¢ maccoi 10" Mg u 6onee, paduyc epagumayuu KOmopwvix 6yode gce2o auuib pazmepom ~ 32 nk.,
umo 8 macumadax ealaKkmuKy Ha Mpu ROPAOKA MeHbuie Heodx00umoz2o ~ 30 knk.!

Ecnu ceepxmaccugnwiii 36e30Hblll 00beKm 0y0em Haxo0UumvCs 6HYmMpu 0xicemd, oaxice 8 IMoM cryyae
oelicmaue epasumayuil He 8bllioenm 3a pamKu e20 CMeoid - 0AHCemsl Y 80e20 OCHOBAHUSL 3HAUUMETLHO
Paclupenvl U UMerom 3HAYUMeIbHO O01buULl Ouamemp, em ouamemp cmeona 0xcema.

OcmanvHvle 36e30bl, Kak u Ilnanemot, Haxo0amcesa nHa paccmoAHUAX Opy2 Om Opyza, UCKTIOYAIOUUX
ux zpasumayuonnoe npumsayjicenue, coanacno popmyne pacuema I'pasumayuonnoi I'panuypl (X, ),
8 NPOMUBHOM CIyUae NPOU3OULLO Obl YHUUMOICEHUE 00HO20 U3 HUX, UIU 000ux. Imo o3nauaem, 4mo ux
MAccwl He y4acmeyrom 6 obuem epasumayuoHHOM npoyecce, d HOCAM MOIbKO JOKAIbHLIIL XapaKmep.

Acmoponomuueckue 00pazoeanus, umerouiue A6Hvle U CKpbimbole 0dcemul, euoumole 6 (1u/unu)
paouo, uHGpPaKpacHom, Onmu4ecKoMm, yibmpapuonemoeom uiu PeHmM2eH06CKOM OUANA30HAX,
AenA0MmMca yeHmpanvHou enympennei uacmoto I anakmuyeckozo Igupnozo Buxps.

“I'paouenmnan Igpupoounamura’ nozeonsaem 000iUmMuUCy 6 ONUCAHUYU GHYMPU 2AIAKMUYECKUX U
36€30HbIX npoyeccax 6e3 MmaKkux nocPeOHUKoes, KAk “memnan mamepusa’ u “memuasn Inepaua’” u m.n..




I'masa 9. DdupHblii BUXPb “Kpacnoe cmewenue”

lNo3HaroweMy 4ernoeeKy Hy)XHO XOmb pa3 8 XU3HU YCOMHUMALCS 80 8CEX 8eUjaX — HACKOJIbKO OHU 803MOXKHAbI.
Pene [ekapm.

Haoniwoenusn canaxmuk ¢ pazHblmu KPACHLIMU CMEULCHUSIMIU.

« Ilpu akxkpeyuu eaza na 20po earaxmuku HAOIOOAmMeNlb BOCAPUHUMACT U3YHEeHUe AKKPEeYupyoue2o 2asd Ha
HEKOmMOopOU 80HE A, UCX00siuee U3 MOHK020 IMUCCUOHHO2O0 CIOSL.

Usnyuenue akkpeyupyrowe2o eaza umeem HeKOMopoe KPAcHoe CMeujeHue z.

Ilpu pacuémax unmencusHOCMU TUHUU CNEKMPA HA 8OIHE A ObLIA 8bIOPAHA MOOENb KOMNAKMHOU 2ANAKIMUKU,
20% maccol Komopou cocpedomouero 8 obveme, duamemp Komopozo cocmagisem écezo ,02% om duamempa
eanakmurku. Macca eanaxmurxu Mr=1 0 ZKZ, paouyc earakmuxu R,=81 0"’ M, paccmosnue eaiaKmuKy om
nabmiooamens r =3-10°m.

Puc.87. VIHTEHCUBHOCTH CIIEKTpa H3ITy4EHUS.

Ha puc.87 nokazan epaghux 3asucumocmu unmeHcusHOCmu
cnexkmpa I om paccmosinus R (8 cm) 0o yenmpa 0anHou
eanaxmuxu. Kak euono, unmencugnocmos cnekmpa umeem
084 4éMKUX IKCMpemMyMa, m.e. y 2aiaKmuku 08d

IOMUCCUOHHbBIX CJI10A cpaduycajwu:
4 4
R.i=12 10"m u R,,;=2,8 -10"m.

1,58:10%

B A

T T3
Hnmencusnocmu cnekmpa uznyuenus, uoywe2o om 3mux / 1,210 2810 A\

OMUCCUOHHBIX cl0és, Onusku. I; = 1,25-1020; I, = 1,58-1020.
Kpacnvie cmewenus y nux maxue z;=2,50 u z; =2,09.

Puec. 1

Cnedyem ommemumuy, 4mo 084 OMUEAUBO BLIPANCEHHBIX IKCMPEMYMA UHMEHCUBHOCTU CNEKMpPA U3LYVUeHUs] C
onuskumu Iy u I nonyuaromes moavko 015 0080IbHO Y3KUX NPeOenos usmeHeHus maccul earakmuxu Mr, paouyca
eanakmuxu Ry u paccmosinusi 00 eanakmuxu r.

5
Ecnu 63samwb b6onee 6]11/[37()/}0 cAIAKMUKY HA pacCmosAruu r = 2’102 M., MO pacdembsl maxKaHce noKaszvlearom Haiudue
deyx IKCMPEMYMOb. Ho 6 smom cuydae Ui IMUCCUOHRHbLE cqbepbl OKdA3vbl6AOMCA O4€Hb 6ﬂ1/l3K1/lM1/l, uiu, 6 ciyvae
oanexko omcmoAmux SMUCCUOHHbLX cqbep, UHMEHCUBHOCMU CneKmpa U31y4ernust 3mux cqbep omauvaiomes 6 4-5 pas.

U 6 mom, u 6 dpyeom cuyuae 3amemums HAIUYUE CEPUl TUHUL UBTYYEHUs C PASHBIMU Z OYO0em npooIemMamuyno.
Jlna ewé 6onee bIUKUX 2ANAKMUK OMYEMAUBO NPOCIEHCUBACMCI MONBKO 0OUH IKCIPEMYM.

Tpuuém amom sxcmpemym mem spue blpadicet, yem KOMNaKmmuee 2aiakmurd.

Jlns coscem Oanéxux canakmux (¥ > 4-107m ) apko evipadicentozo skcmpemyma 60o6uye nem.

Buwi6oo.

Cepuu nunutl u3ryyeHus ¢ pasHvlmMu KPACHbIMU CMEWEHUAMU 603HUKAIOM MOAbKO Y MACCUBHBIX OANEKUX
KOMRAKMHBIX 2Q/IAKMUK 6 Y3KOM OUanaszone paccmoanuii nopaoka = 3-107u.

Y 6onee bauskux eanakmux HabIOOAEMcs MOILKO 00OHO KPACHOE CMeujeHue, a OJis 4pe3sbliatiHo OanéKux
canaxmux evlbpannoti modenu (r>4-10"m ) nanuuue smuccuonnozo cnos ne evlaeneHo.

Lo smoii npuyune HaOIIOOEHUs 2ANAKMUK ¢ CEPUAMU TUHUL UTYUEHUS C PAZHBIMU KPACHBIMU CMEUJeHUAMU
Kpatine peoku. Hanommum, umo npunameie ce200Hs1 meopemuieckoe 000CHOBAHUE MEXAHUIMA U3YHUEeHUS s10ep
K8a3apos ObLiu NOCMpOoeHsbl ACMpopu3uKamu Ha ocHosanuu meopuu bonvuiozo 63pvisa. »

JILM. Tonmynosa (http://www.red-shift.info/ private/a_17a.htm).

Xaovooeckas wiKkaia paccmoanui

« B npedenax neckoabKux MUiIUOHO8 KULOMEMPOS ACPOHOMbI HAWUIU YOUBUNETLHO HAOE)CHbIE — C
mounocmoio yuuie 00noi munnuonnoi (1:10°) — cnocobvr usmepenus paccmosmui.

Ho 60 6Hecanakmuueckom npocmpancmee, 20e paccmosnus uzmepsiomcs eounuyamu 10°°—I10* km,
umerouuecst Memoobl NPUMEHUMbL C MPYOOM U THOUHOCHIL UX HEGENUKA.

Hauas 6 20-x co0ax ¢ nuonepckoii pabomul o earakmuxax Mecmuoii epynnwlt, Xabon npucmynui Kk peaiuzayuu
MUWAmMensbHo paspadbomanHtol NPOSPAMMbL NOCMPOEHUS. WKATbL PACCIMOAHUL, NPOCMUPAIOuetics 00 Kpast
HaO0oaemol Beenennoii. ..
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HO  POMEKYMOUHbIX Ha Gonsuux

PACCMORHURX PaccmaaHuUaX
UCNONLIYEM UENDAE 3YOM
Apqauuue 30e3dur Fpvauuue 2a0aK —

§ eanaxmurax muky 8 CROABHUIX

Puc.88. [Tnan Xa06na 1t onpeaeneHus paccTos-
HUH 10 caMbIX CIa0BIX U JATEKUX TaTaKTHK.

Ocoboe suumarnue on yoenun earaxmuxam M 31, M 33
u NGC 6822, 20e um bviiu omxpoimsl yegheuost, OJis
KOMOPBIX MOJICHO OBLIO UCHOIb308AMb 3A8UCUMOCTD
nepuoO—CceemumoCcmp.

Pesynomamur Xabbna 0ns smux mpéx eanrakmux
emecme ¢ oannvimu Lllennu ons Mazennanoswix

Obnaxos u npogedénnvimu baade ucciedosanusmu
paspewiaemvix Ha 3663061 eanakmux Mecmmuoti epynnol
0bpazoeanu 6a3y u nepeyio CmyneHs mpexcmyneHuamotl
Xab0O.1068CKOU WKATBL paccmosnull 60 Beenenuoil.

Tenepw, bracodaps nepecmMomperHol 3a8UCUMOCIU NEPUOO—CEEMUMOCTD OJis yedeuod u Doiee moYyHbIM
oyenkam bnecka ciabwix 3630, y HAC ecmb Dolee KA4eCmEeHHble OYEHKU PACCMOSHULL 00 JMUX 2ANAKMUK.

Bce amu eanaxmuxu oxazanucv 6 dséa-mpu pasa oanvute, yem eHavane cuuman Xa6oa. Ho paccmosnus 0o
eanaxkmux Mecmmuotl epynnuvl 00 cux nop ocmaromesi PyHOAMeHmMoMm OONbUUHCTNEA KA PACCTNOSHULL.

Hanee nian Xabbna cocmosin 8 ucnonwb308anuu OIUKUX 2ANAKMUK U UX PACCMOSHUL 0I5l KATUOPOSKU
ceemumocmeti Oojiee APKUX, yem yedeuovl, 00beKmos ¢ mem, Ymoovl UsMepams paccmosnus 00 boaee 0aIeKux
obnacmett npocmpancmaa, 20e yegheuowl yoice Heoocmyntul 100-010timosomy meneckony.

Xabbn obnapysicun, umo MaKCUMAaibHble C6eMUMOCIU APUATIUUX 36630 80 8CEX 2ANAKMUKAX OOB0IbHO
00UHAKOBLL U MATO MEHSAIOMCS NpU nepexode om 00HOU 2arakmuxu K opyeou. CredosamenbHo, uoumMblil Oieck
CamblX APKUX 36630 2ANAKMUKU 3A6UCUMN OM PACCMOSAHUSL 00 2ANAKMUKU OM HAOII00amels.

FBonvwas konnexyus niacmunox MHO2OYUCIEHHBIX 2ANAKMUK C PA3PEUIAeMbIMU APYAtiUmMU 36€30amu 0ana
Xabbny 6 pyku doxazamenbcmea 000CHOBAHHOCHIU €20 NOOX0Od.

Xab6n cobpan oyenku becka Apuatiuux 36€30 6 6OILUIOM CNUCKE 2ANAKMUK U 8 KAYeCmae mopo2o uaza
NPOKAIUOPOBAL PACCMOSHUSL 00 HUX, CPABHUBASL FMU 3HAYEHUS OJIeCKA CO C8EMUMOCMAMU CAMBIX APKUX 36630
8 2ANAKMUKAX MECMHOU 2PYNNbl, PACCIMOAHUSA 00 KOMOPIX ObLIU U38ECTHBL NO Yeheuoam.

28 000 3x10'— 7
CkopocTtu 19 26
,§ ranakTunk .
k.. 2x108— ]
g 10 000 |
(&1
=
=
& 104
'y
o 500 1000 , ] : |
Pacemaanae | makw chemalerx nem L 100 200 300 200 Mnk

Puc. 89a,b. 3aBucumocTs Xab01a MeXTy CKOPOCTBIO yIaJICHUS TATAKTUK U PACCTOSTHUEM JI0 HUX
(crmeBa), a TaKKe MEKYy CKOPOCTBIO U UX BUJUMBIM OJIECKOM (CTpaBa).

Haxoney, xabb106ckuii cnucox, paspeulaemvix Ha 36€30bl, 2alaKmuk 0al emy OYeHKY NOTHOU CEeMUMOCHU
2anakmux u oucnepcuu 3motul eerununsl. Ha mpemvem wiaze on npumenun 5mu 3HAUeHUs: C6emumMocmell K eujé
bonee 0anéKum earaKmukam 3a npeodesiom, 20e pa3peuanmesi OmoenbHvle 36E30bl.

Omom nocnednuil wiaz ModxcHo owiio “‘0omsanyms” 0o Kpas eudumou Beenennotl, u on nodeén Xaboaa k
onpeoenenuio pazmepos u hopmul éceil Beenennoii. B smom nepuood Xabon, B. M. Caatihep, Munomon Xotomacou
U Opyeue acmpoHoMbL OOHAPYICUTU, YIMO HEKOMOPbIE U3 2ANAKMUK, CO2LACHO Pe3YIbmamam usmepeHutl
O00NNEPOBCKO2O CMEWeHUSl CHEKMPATbHBIX IUHULL, OBUNCYMCIL ¢ NOPAZUMENbHBIMU CKOPOCTSAMU.




B 1928 2. kocmonoe H. I1. Pobepmcorn obpamui 6HUMAHUE HA KOPPETAYUIO IMUX CKOPOCMell ¢ O1eCKOM
2ANAKMUK - CKOPOCMU OANEKUX 2alakmuk doavuue y boiee ciabwvix 00vekmos. Xabon noxazai, umo 3mo
ceUOemenbCmayem o0 makom pacuupenuy Becenennotl, ymo ckopocms OMHOCUMENbHO20 OBUIICEHUSL 2ATIAKMUK
NPAMO NPONOPYUOHATLHA PACCIOSHUIO MENHCOY HUMUL.

Toumu y écex eanakmux HAOIIOOANUCH KPACHBLE CMEUJEHUsL, YIMO 2080PULO O MOM, MO OHU OM HAC YOQNSIOMCL:
2071y0ble cMeweHUA OblIU TULL Y HECKONbKUX 2a1aKmMUK Haweit Mecmnoil 2pynnsl u y HeCKOIbKUX 4/1eHO6
onuskux ckonnenuii. Oka3anoce, ymo eanaxkmuka 6 Anopomede dgudicemes kK Ham co ckopocmuio 300 km/c.

CkopocT m Puc.90. Ckxopoctu 'anaktuk, BHU3Y
ranakmmk ¥ rpaduK COOTBETCTBYET aBTOPCKOM
MHTEPIpPETAlM CKOPOCTEH rallakTHK.

Ho smo wacmuuno ceszamno ¢
YIEHCMBOM €€ 6 2PaBUMAYUOHHO
83auUMOo0elticmeyrowell epynne
(6b1mb ModICem, Mbl HAXOOUMCSL C Hell
o 8 K8A3UOPOUMATLHOM OBUICEHUU) U

L Ta 3 & w& “ ; v ! Yacmu4dHo ¢ opoumailbHbIM OBUNCEHUEM
100 200 L—"’gg'OV 400 500 6C p

nawezo Connya 6 Mneunom Ilymu.

Ink =3,09-10"°m

PaccrosiHMe oT 3eMNnu Jo yaaneHHbIX ranaktMk (Mnk)

Hcxo0a uz nocuku pasencmea nynro unmezpaivhoi ckopocmu I'anakmux 6o Bcenennoii,
epaghuk cxkopocmeii I anakmuk Heo0X00umMo nogepuyms mak, Kak 3mo noxkazano na puc.90,
Ymoobl MunUA CKopocmeil cmana 2opuzonmansvioi om nuyna. Tozoa y I'anakmuk 6yoym Kak
nonodcumenbHbvle, MAK U OompuyameibHvle CKopocmu 013 1106020 naonwoamena! — AEM

Ho ece 6onee danéxue canakmuxu om nac yoanaromes. Cpeouss cKopocms yOaneHust Om HAc 2aniaKmux
cxonnenus 6 cozgezouu Jlegvl cocmagnsem 1000 xm/c. B nacmosiwyee epems acmponomsvl 0OHAPYHCUU 0OBEKMbI,
yoansowuecs co ckopocmamu, pasHvimu 80 u 6o1ee npoyenmos ckopocmu ceema.

Ymo camo no cebe abcypoHO. Npu pazeome 8 YCKOPUMeNsx 2NeKmpoHO8 U NPOMOHO8 NPUXOOUMCS HA KAANCOOM
uaze 000assMb dHEPeULO, OJis NOOOEPAHCAHUS OBUICEHUSL C OKOJLO CEEMOBbIMU CKOPOCMAMU 8 8AKYYME, d MYm
yenvle 2anakmuky O8UNCYMCs — KIMO IMOM 6HEWHUL AKMop, KOMopblil 0baadaem sxepeuetl, 00Cmamo4Hou Ol
pazeona 00 smux ckopocmei? C pazeumuem MmexHUKU npuxo0uUmcs nOCmosiHHyo Xabona ece epems yMeHbUaAmb,
umo Obl He NPeBbICUMb CKOPOCHIb C8eMd 2aIAKMUKAMU, YOAIEHHbIX OM HAC HA epaHuyax Habawdenus. — AEM

Ce513b MeHCOY CKOPOCMAMU 2ANAKTNUK U PACCMOSHUSAMU 00 HUX U36ECMHA KaK 3aKkona Xaoona, a koa¢h@uyu-
yuenm nponopYUOHAILHOCMU HOCUM Ha3vléanue nocmoannoi Xabona H (puc.89a).

Hccneoosamenu 06viuno oboznauarom eé Hy - unoexc 2ogopum o mom, 4mo peusb uoém o co8pemenHom
sHayenuu nocmoanno Xabona H. B npowiom eenuduna nOCMosHHOU Mo2ia Oblmb UHOU. - 9Mo HAOI00aemcs Ha
OONLUUX PACCMOAHUSAX, 8 3A6UCUMOCIU OM MO20, NPOUCXOOUNLO iU pacuuperue Beenennou ¢ nocmosnnoll
CKOpOCMbIO, TUOO OHO 3aMeONANOCH UNU YCKOPATIOCh. »

HenpaBuibHoe npeacrabiieHne 0 “KPacHOM CMeLleHUH” JaeT HellpaBWJIbHOe NpeacTaBjIeHue 000
BCEM: PACCTOSIHUSAIX, CKOPOCTAX U Maccax raJIaKTHK, IPaBUIIbHOE NIpeJCTaBlIeHO aanee. — AEM

Kpacnoe cmewenue - xapakmepucmuka CKOpoCmu c6ema KOCMUUECKUX 00beKmO08.

Tueynyes C.I'. stiguncev@yandex.ru

« Bnepsvie keazapwi oonapysicunu ¢ 1960 e. kax paduoucmounukuy, cosnaoaouue 8 ONMuUYecKkom OUanazoHe co
cnadvimu 36€30000pa3HLIMU 00EKMAMU.

Obnapyaiceno yorce 6onee 5000 keasapos. Bruscaviwuii uz nux u naudonee apxuti (3C 273) umeem O.aeck 0kono
13" u kpacnoe cmewgenue Z = 0.158 (umo coomseemcmeyem paccmosnuio 0kono 2 Mapo. C6emoebix iem,).

Tpunumas, ymo smo KpacHoe cmeujeHue 6vi36aHo 3¢pgexmom /lonnepa, 603HuKUIE20 8 pe3yibmame YOaneHus
K6a3apos, 00 HUX onpedenunu paccmosanue no 3axony Xaoona. B 2000 200y 6viiu onpedenena 2anaKkmuxa ¢
Kpacuvim cmeuienuem Z 0xono 6.5.



Camvie danékue keazapul, 01a200apsi CE0ell 2U2AHMCKOU C6EMUMOCHIU, NPEBOCX00AULeli 6 COMHU Pa3
CEEMUMOCTNG HOPMATBHBIX 2ANAKMUK, GUOHBL Ha paccmosanuu 6oaee 10 mapo. ce. nem. H3zyuas daudcativiue
K6azapul, yOaioch Onpedeumy, Ymo OHU PACnoNa2aiomcst 8 A0pax KPYNHuIX SAl1aKMUuK,; eposimHo, 3mo
XapaxmepHo u 0151 OCMATbHBIX K8A3APOE.

Hepeeyﬂﬂpﬂaﬂ nepemernHocnlb bnecka Keasapoe nokasvleaem, 4mo obnacmos cenepayuu u3iydenus umeeni Manwlil
pasmep, CpaGHuMbllj C pasmepom Conneunoti cucmemsl, OMHOCUMENIbHO MACCbL Kedzapa U3eecmmno, 4mo Oonda
ModHcen 00Cmu2ams MHO2UE MUTIUOHbL MACC COJZHUCI.

Taxum obpazom, 6 Kauyecmee UCXOOHBIX OAHHBIX O PACHEMA NPUPAUEHULl CKOPOCIU 8 2PASUMAYUOHHOM HOTe
K6asapa umeem maccy, komopas ‘‘00cmuzHem comeHn MULIUOHO8 COMHY ™ U KPACHOEe CMeweHue, GelUuUuHbl
xkomopozo om 0.158 oo 6.5.

Pacuém npouzeooum no arcopummy, KOMmopwitl UCNOAb306AIU OISl HEUMPOHHOU 36€30bl.
Ipu smom 3a0aém kaxoe-mo 3uauenue maccel kéazapa, Hanpumep 10 man. macc Connya, u noodupaem e2o
paouyc, npu KOmopom noayuaem 3a0aHHoe KpacHoe cmeulenue.

Tonyuenvl credyroujue pesyrbmamo:
npu macce keazapa pagnoii 10 man. macc Connuya, noayuaem e2o paouyc, pasnwtii 42.19 paouycos
Connuya, ckopocms ceéema ymenvuiunacey Ha 239921 km/c, npu smom kpacroe cveuienue Z = 4.0073.

Tax kax ona Habwdamens Ha 3emiie CKOPOCMb C6ema, NPUXOOAULe20 Om Keazapa (AHAIOSUYHO ¢ HEeUMPOHHOT
36€30011), bydem MeHbule Ha 8elUUUHY 3aMedNeHUs e epasumayuell Keaapd.

Ckopocmb ceema, npuxoosauiezo om Keazapa pagna paznocmu (299792 — 239921), kpacroe cmeuienue
onpeodensem Kak Z = 239921 /(299792 — 239921) = 4.007. IIpu 3mom coomuowenue R/M = 29.32.

Pacuémmnvie sxcnepumenmul, pe3yiomamsl KOMOPHIX XOPOULO COBRAOATOM C ONBIMHBIMU OAHHBIMU, NOKA3bIEAIOM,
4mMo KpacHoe cmeujerHue 6 CHeKmpax u3nydeHull YoaréHnvlx 00bexmos Beenennou xapakmepusyem cmeneHs
VMEHbULeHUsI CKOPOCTU CEeTd SpAsUmMayieli Smux 00beKmos, KOmopoe ConposoNCOAemcst YMeHbUeHUeM
4acmomol, (PUKCUPYEMOUl Ha NPUEMHUKeE.

Taxum obpazom, 3Has 6eIUYUHY KPACHORO cMeujeHust (Z) 6 cCnekmpe usiydeHust KOCMU4ecKo2o 00beKma, MOMCHO
onpedenums ckopocmuv ceema (C’) npuxodsiyeco om s3mozo obwvexma k nHabmodamento va 3emne C’'=C/(1+Z), sma
Gopmyna npumenuma 05 1H0ObIX BENUYUH KPACHO2O CMEUJeHUSL.

B ogpuyuanvnou nayxe cywecmeyem opyeoe nonumanue Kpacho2o CMewenus, KaxK 6eIUYUHbl XapaKxmepusyroujetl
ayuesgyio ckopocmu (V) yoanenus kocmuueckux 00vexmog 6 pacuiupsaowelics nocie bonvuoeo B3pvisa Beenennoil.

fc+r
LIpu smom kpacnoe cmewjenue onucblearom eblpadlceHuem C-V , a.Jy4esyro CKOpOCHib ONPeoensiion no
oDl

BLIPAIHCEHUIO (+2*+1 no geruuune 1yuesotl Ckopocmu onpedensiom paccmosmue 00 obvekma K=V 1H,

Oguyuanvras Hayka He NPUSHAEM B03MONCHOCMU OMAUYUSL CKOPOCMU c8ema om HOMuHaavHou 299792458 w/c,
00HAKO Ccywecmsyem pso UCcie008anUll, KOMopuvle HanpsaMyIo NOKA3bl8AIOM €€ 3A8UCUMOCTb O SPABUMAYUL.

Takoevimu sigasaromes sxcnepumenmol Ilaynoa-Pedxu no onpedenenuio epasumayuonHo20 KpAacHo2o CMeueHs.
3emau, sxcnepumenmol No USMEPEHUIO SPpASUMAYUOHHO20 KpacHo2o cmeujenusi Coanya, IKCnepumMeHmbl no
paouonoxauyuu Mepkypus. »

(IIpunoowcenue Ne 1. Paoapuvie usmepenus omnocumenvhoti ckopocmu céema 6 kocmoce). — AEM.

« lanakmuxa 1106020 muna (1UNMUYECKas, CRUPAILHAS, UTU HENPABUTbHAS) MOXCEM Bbl2NIA0emb KAK Kea3ap.
Omo 3asucum om 08yx pakxmopos — Maccvl 2alaKmuKu U paccmosnus 0o Heé. O mom, 4mo 3mo OeucmeumenbHo
mak, ceudemenbCmeyen COBnadeHue 00U paouoKkea3apos cpeou 6cex Keazapos u 00U paduo2aiakmuk cpeou
ecex eanaxmux. M 6 00HoMm, u 8 Opyeom ciyuae sma 005l COCMABAen 0ecsimumvlCsiuHble NPOYeHmd.

Bom menepb MOJMCHO 00BACHUMb BCe uemoulpe «3a2A00UHbIXY CEOUCMBA Keasapoes:

1) Hanuuue 6 cnexmpe Kéazapa cepuil TUHUIL C PAZHBIMU KPACHBIMU CMEUeHUAMU.
Obvacnenue. Dmo 3a8ucum om pacnpeodeneHusi Maccvl no 00bEMY eaniaKmuku.
Tloxooice, umo umenHo NOBLIUIEHHAS KOHYEHMPAYUSL MACCHL 8 A0pe NOPOIHCOAem 603HUKHOBEHUE O8YX
UBIYUAIOWUX C10€8 2a3a.



Puc. 91. Cnextp ¢ 2 KpacCHbBIMH CMELEHUSIMH.

bvina paccmompena modenv eanaxmuxu, y
xkomopou 20% maccol 6bL10 COCPeOOmoUeHo 6
obveme, duamemp KOmopoz2o COCMasisien 6ce2o

f AN 0,02% om ouamempa anakmuxu, y makou
[{ f / o\ % ‘ 2aNAKMUKU ObLIO 084 IMUCCUOHHBIX CIOSL. »
[ | S-aiil i 9
3 f g Habnwogatens
- ’ P C ) patmon Cabugivesy

2) Oczpommuasa mougnocme u3nyyenus
Keaszapos, npegocxooauian na 2-4 nopsaoka
MOUWHOCHb UTYYEHUA CAMBIX MACCUBHBIX
2ANAKMUK, »

WS

Botue npugedeno IxcnepumenmaibHoe nOOMEEPIHcOeHUe 3A6UCUMOCHIU e TUYUHBL
Kpacnozo Cmewenusn om yposus I pasumauuu oonacmeii, yepe3 Komopwle npoxoount
ceemoeoit cucnan! Mooenv Kpacnozo Cmeuienusa (KC) oonyxcna coomeemcmeosams
Habnwooenuam!

Ozpomnaa mougnocms u3nyuenus Keazapos, onpeoenennasn no Kpacnomy Cmewenuio,

A6NAEMCA J10HCHOU HA HECKOTbKO NOPAOK0s, moodenv KC ne coomeemcmeyem naonrwoenuam!
- AEM.
3) « Habnrodenusa nap Keazapos, yoansaiouiuxcsa opyz om opy2a co c6epxceemosoil CKOpoCHbio.

Oo0bsicHenue. Oba smu c60UCmMBEa 0OBACHAIOMCA 3A8LIUUEHUEM PACCMOAHUS 00 K8A3apd, HAUOEHHO20 1O
saxony Xabona.

Paccmosinue 0o keazapa nekoppexmuo onpedensiemcs no ¢hopmyine Xabona, mak kax paccmosiHue
3A6UCUN HE MOJIbKO Ont KpACHO20 CMEWERUA, HO U OM MACCbl cAJIAKMUKU. ®0py1~zy.,7a sasucumocmu maka.

z=8B wM"’ , B —xoncmanma.
DOma 3aeucumocms HANOMUHAEM NO (Z)OPJIQ 3axon Xaboaa = A- r, A — koncmanma.
3akon Xabbna 6€PEH MOJIbKO 6 cpedHe,w ons COBOKynHocmu cajqliadKkmuK pasHblx macc:

Ja Kaxcooit omoeibio 63amoul 2ai1aKkmuKu 3axKon Xaoo.1a moycem 0amo
001bLULYI0 NOZPEUIHOCHIb, Um0 U npoUCX00um 6 cayuae ceoiicme 2 u 3.

Puc. 92. T'anaktuka NGC7603 ¢ okpyxeHUeEM.

THoscuum 5mo Ha KOHKPEemHOM npumepe CRUpaIbHOU
uanakmuku NGC-7603:

- emewerue 2=0.029, V=8568 km/c, R=466 man. ce. nem;
NeIarLE) | Co3annas 2azoeoti nepemvluxoti ¢ cnymuuxom Objectl:
ey | - crewenue Z=0.059, V=16601 km/c, R=902 man. ce.nem.

Object |
(z=0.057)

Hanuuue (?Ll3yafle01/7 C6A3U cosopum O mom, 4mo 0ba >mux
00vexma Haxo0smces Om HAC HA OOUHAKOBOM paccmosinuu.
Ho KpAacCHoe cMewenue cnymriuKka 6 0sa pasa bonvuLe
KPACHO2O CMEU,eHUA cA/IAKMUKU.

Ecnu paccmosnue 0o nux éviuuciame no ghopmyne Xaboia, mo noayuumcs, umo cnymHux ¢ 06a pasa
Odanvue, uem carakmuxa. Ouudka oovICHAECS meM, ymo & 3aKone Xabona ne yumeHo COOMHOULEHUe
macc CnymHuka u 2aiaKmuKu.

B oannom cryvae eanakmuxa é 4 paza maccugnee cnymuuxa.
Ipu nomowu ceemaue2ocs MOCmMa, 0OHAPYI’CEHbl 0OBLEKMbL, He BRUCLIBAIOWUECS. 8 MEOPUIO!

Keasap - object 2: - kpacnoe cmewenue £=0.243, V=64203 km/c, R=3.5 mapo. ceemoguix nem u
Keaszap - object 3. - kpacnoe cmewenue Z=0.391, V=95496 km/c, R=5.2 mapo. ceemosuvix nem. »

Cnymnux I'anakmuku NGC7603 (Oovexkm 1) suoumo umeem ypogenv “zpasumayuu’ eviuie
camoui I'anakmuku, 66udy HATUYUA 2ATAKMUYECKO20 IPUPHO20 8UXPA OOIbULEI MOUIHOCHU.
Mooenv Kpacnozo Cmeuwgenusn (KC) ne coomeemcmeyem naonwoenuam! - AEM.



Puc. 93. Pacnipenenenue nioTHOCTH KBa3apoB.
OTHOC. RPSCTE. AMASTHOCTE KEAlAPOR

4) Ocnoenas macca Kea3apoe pacnoi0NicenHa om
3emau Ha paccmoAnUU, COOMEENCMEYIOUIeM KPACHOMY
cmeuwenuio 7~2.

0,5

00bIUHAs 201AKMUKA, NO380JIsIe 00BACHUMD

0 ocobeHHocmb pacnpeoenenuss Keasapos no 6euyuHe
4 & o 100 12 KpacHozo cmewjenus z. /lna ucciedoganust oviaa
ucnoavzosana baza dannvix Ha 23760 keazapos.

1
1
Il « O0bsicHenne. Touka 3penus, 4mo Keasap — 5mo
LR
[ |

i

I

i

2,5 Hauunas ¢ z = 0,1 koruuecmso keazapog dvicmpo
Yeenuuueaemcs ¢ yeeiuieHuem .

Maxcumym yucia keaszapog npuxooumcsi Ha npomedicymok 1,8 <z <2,5. A npu z > 2,5 ¢ pocmom z
KOAUYECMBO K8A3APO8, COOMBEMCMBYIOUUX OAHHOMY z, Oblcmpo yovieaem (puc.93).

Jlna nonumanust 5motl 3a8UCUMOCIU HYICHO yuecmsy ciedyouue hakmol:
1. Ocnoenas macca 2anakmuk — 3mo 2a1aKmuku ¢ marvimu maccamu. Hanpumep, 6 Mecmuoii epynne
eanaxkmux 6oxaee 50 eanaxmux. M3 nux kpynuvie 2aiakmuky (CHUpaIbHvle U SIIUNMUYEcKUe) cCoCmagiaom
yymo 60avwe 2%. Ocmanvhvle uieHbl CKONIeHUs — 2ANIAKIMUKU MATbIX MACC.

2. Kpachoe cmewenue eanakmuxu 3a8ucum He moabKo Om pacCmosHusl ¥, HO U OM MACCbL:
uem menvuie macca, mem Goviie kpacnoe cmewenue: Z = B+/M"’ | B - koncmanma.
Oma popmyna o3navaem, ymo 0iist 08YX paOOM PACNONONCEHHBIX 2ANAKMUK KPACHOE CMeujeHue
Oydem 6obuLe Y MOU 2aIAKMUKU, MACCA KOMOPOU MeHblUe.

3. Ha unmepeane 0,1 < z < 1,8 npoucxodum ecmecmeenHoe 603pACmanue Yucia Habaooaemvlx 2aiakmux
(k6azapos) ¢ pocmom paccmosnus v. Ilpuuém pocm npoucxooum @ 0CHOBHOM 3a CUéM 2aIAKMUK MATbIX
mace, nomomy umo maxux earakmux 98% u onu nepgvimu ¢ ygeauueHuem paccmosanus r npuoopemaiom
oonvuOe Kkpachoe cmeujerue.

Ho 3amo makue manvie canaxmuxu ¢ ygenuyenuem v 6bicmpo nepexooam 6 HeHadiooaemoe cocmosue,
Max Kax ux oaeck cmanogumcsi ciabee gaykmyayuil poHa HOUHO20 Heba.

Ipu z ~ 2 npoucxodum noaroe ucuepnanue ciabvix 2aiakmux KaxK UCTIOYHUKA K8A3APOS8 U 8 KAUeCmae
K6a3apos nauunaiom gvicmynamse 2araxmuxu 0Oavwux macc. Ipuuém, yem boavue macca, mem maxue
2ANAKTUKU pedice 6CMpedalomcs. Imum 00bACHAemcs Cnad Kpuso npu z > 2.

Taxum 06pd3’0]l/l, omxkaz om cunome3svl bonvuioco 63pbvlea 6 noJib3y 00BsICHEH U KpPACHO2O CMEULeHUA U3TYUEeHUEM
AKKpeyupymrouieco 2ca3a no3eojisiem 00BsCHUMb 8CE CBOUCMBA Keaszapoe, komopble 00 HacmosAweco e6pemenu
cuumaiomcs 3a2a004nviMu. B mom uucne noyemy OCHOBHAA Macca Keasapoe umeem Kpachoe cCmewenue z ~ 2. »

Obvacnenue céa3U KPACHO20 CMEW|EHUA ¢ U3TyYeHUeM aKKPeuupylouezo 2a3a HeKoppeKmHuo, m.x.
panee 0bl1a NOKA3AHA 3A6UCUMOCHb KPACHOZ20 CMEU|eHUs OM 2PAGUMAYUOHHO20 NYMU U3TYyYeH U,
CO30AHHBIX 2ANAKMUYECKUM IPUPHBIM GUXPEM UTU IPUPHBIM 8UXPEM OMOENbHO20 Keazapa. - AEM

« O0no gpems dadice 8bLOBULANACH 2UNOME3A, YO CPOK JHCUSHU KBA3APOB HEGEIUK U BUOUMbIE Celtac K8a3apul
cmanu Keazapamu Tulb HeOd6Ho, d OCHOBHASL MACCA K8A3apos yoice yeacad. Ho om amoii cunomesvl npuiiiocs
OmMKaA3amvCsl, MAK Kax eti npomugopeuam Haoa00eHus K8a3apos ¢ 60IbUUMU KPACHLIMU CMeUeHUSIMU.

Heoaerno 6vi1 omkpeim xeazap, komopuwliil umeenm Kpacroe cmeujerue 7,085!! »

« Taxum obpazom, zpasumayuoHnoOe KpACHOe CMeujeHue CREKMPAnbHbIX TUHUI XAPAKMEPHO 011 6CeX
Zpasumupyrowuux 00beKmoe — uem 00abvuie Macca 00beKma U MeHbuie nPU IMOM €20 pamepnl, mem bojivuiee
cMeujenue puxkcupyemca Ha NPUEMHUKE, MO eCIb 2PAGUMAUUOHHOE KPACHOE CMeu|eHUE ABTIACHICA 8CE20
JUULb XAPAKMEPUCMUKOU RAPAMEMPO8 ZPAGUMUPYIOULE20 00beKmMa U HUKAK He XAPAKMEPUCMUKOI CKOPOCHU
yoanenusn o0vekmos om naonrooamens! »

I'pasumayuonnoe Kpacnoe Cmeuwienue 3mo cywiecmeennan uacmos Kocmonozuuecxkozo Kpacnozo
Cmewienus 014 00eKmM o6 ¢ CUbHO BbIPANCEHHOIL 2PAsUmMayueil, NOPOHCOEHHOI 2aNAKMUYECKUM
IPupHBIM GUXPEM, 3G 8bIUEHIOM CMEU|EHU, 8bI36AHHO20 OUCCURAWUENl IHEPLUU U3NYYEeHUTl npU
HPOX0XHCOeHUU NOCTIEOHUX Uepe3 2UAHMCKUE MedczanakmuydecKue npocmpancmea! - AEM




Keanmoegwiit_zaxkon_Xaoona (v, = nHy)

Anemanosg C. b. “Keanmosuviii 3axon Xa6onra vn = nHO”,
"Unoicenepuasn guzuxa” (Ne3, 2014), http.//alemanow.narod.ru/hubble_if. pdf

« 3axon Xabbna ces3amH ¢ KpACHbIM CMeujeHuemM NEeKMPOMASHUMHBIX K8AHMO8, NOIMOMY, 8 COOMBEMCMBUU C
K8AHMOBOU (QU3UKOL, OH Q0JHCEH DbIMb NPEeOCMABIeH He MOIbKO 8 KIACCUYECKOU, HO U 8 KBAHMOBOU (opme.

s smozo 6 kiaccuueckyio popmyny 3asucumocmu Kpachoeo cmewenus om epemenu z=Hgr/c=Hyt
Haoo nodcmasums epems 00H020 nepuoda koieoanus T = 1/v, 20e v — wacmoma ¢pomomna.

Honyuum kpacroe cmewenue 3a o0ur nepuood konebanus ZT=HgT=Hy/v uvZT=Hy - geruyuny, Ha
KOMOPYIO YMEHbUIAeMCs Yacmoma ()omona 3a nepuoo Koaebanusi (v; = vg — v) u, coomseemcmeento, v n =nHy -
K8aHmogyio (opmy 3axona Xabona, 2o0e n - Yucio cOBEPUEHHbIX KOeOAHUL 3 NPOUOEHHOe PACCMOSIHUE

n=t/T=vr/A=rv/c, v, - pa3sHocmo 4acmom vy, =vg— v, A=c/n

T.e. nocmoannas Xaoo1a - IMo K6anmoesas eeuNUHA, HA KOMOPYIO YMEHbUIACHCA YACMOma homona 3a
00UH NEpuoo KOJ1eOAHUA 6HE 3A8UCUMOCHU OM OJIUHBL 80JIHbL, 4 YMOObL ONPEOeIUNb HACKOIbKO YMEHbULULACH
yacmoma ¢omoua, Hao0o NOCMOSHHYI0 Xabb1a YMHONCUMb HA YUCTO COBEPULEHNBIX KoneOanull: vy, =nHy -
hopmyna KOCMON02UUECKO20 KPACHO20 CMEWEHUsL HaCTnOmblL (YOMOHA.

Hanpumep, pomon ¢ wacmomoii 61 0™ 1 y (A=51 0’ M), npotios 40 mecanapcex (r =1.234-1 0 M),
cogepuium yucio Koneoanuii n =r /A =rv/c = 2.47-1 o’ Ilpu smom e2o wacmoma ymeHbuUMcs HA
vu=nHy=2.4710"x 2.4.107"* I uy =591 0" i U, U KpacHoe cmeweHue oyoem
2=v/v=5.910" I'y/610" Iy=0.01 (z=vn/v=nHy/v=rvHy/cv=Hyr/c=Hyt=0.01).

Ha manvix paccmosanusx - nonnoe coenadenue ¢ Kiaccuieckum 3akonom Xaoona:
z=Hyr/c=2.410""° Ty = 1.234:-10°* m) /3:10° m/c = 0.01.

Jluccunayus snepeuu pomona 3a 00un nepuod konevanus Er = hHy=1.61 0! Jlouc - kKeanm ouccunayuu
Inepzuu pomona, coomsemcmeenno, hHy /& =1.810"% ke - keanm macco, a maxcumansnoe (npeoenvhoe)
YUCTIO KONeOAHUTL, KOMOPOE MONCEM COBEPULUND POMOH 3a CEOK HCUZHD!

N=E/Er=hv/hHy =v/Hy, 20e E - suepeus ¢pomona.

Tocne npedcmasnenus 3akona Xabona 6 keanmogoul ghopme vy = nHy cmanosumcs 6uOHO, umo KOcmonozu-
Yyeckoe KpacHoe cmeujeHue 4acmomsl homoHa umeem KeaHmogyo npupooy u 3asUCUm MoabKo Om KOIU4ecmad
Koaebanuil 3a npotioenHoe paccmosinue. T.e. 3mo keanmoswiil 3¢hhexm, eoe umeenm mMecmo UMEeHHO OUCCUNAYUS
SHepauu 801K U3z-3a "packayuxu’” 6aKyyMHuIX QayKmyayuil. »

«B xonye 1980-x npobrema "packauxu” 6akyymuvix Qaykmyayuil 3auHmepecosana MHOSUX YUEHBIX. »

He 6visaem npu sgpgpexme /lonnepa 3agucumocmu om Koauvecmea Ko1eOanuil.
Ecnu wacmoma ¢ kascovim nepu-00om ymenvuiaemesi Ha NOCmosiHHyro Xabbna, mo makou npoyecc npedcmasisiem
ouccunayuio 3Hepauu 80JH, a He d¢gexm Jonnepa.

Umobbl bisecmit KAHMOBbLIL 3aKOH Xaboa, 00cmamouto HoOCHUmams KpAacHoe cmeujenue Yacmomst (homona
3a 00uH nepuod koneoanusi. T.e. K8aHMOBwI 3aKOH Xabbna 6b16€0eH YUCTNO MAMEMANUYECKU, NPOCTNBIM U JI02U-
YecKU NOHSMHBIM CROCODOM, ROIMOMY OH NOCMENEHHO NEPEXOOuUn 8 Kame2opuio 0OWEenpUHAHHBIX U Yice ecib
nOUMU 80 8CEX PYCCKOSA3LIUHBIX INEKMPOHHBIX IHYUKILONCOUSIX:

«... HOCIOAHHAA XaOONa - IMO 6eNUUUNHA, HA KOMOPYIO YMEHbULAEMCA YaACOoma pomona 3a 00un nepuoo
Konepanus 6He 3a6UCUMOCHU OM OJIUHbL 60JIHbl, U YHOObL ONPEOETUMb HACKOIbKO YMEHbUIUIACh Yacmoma
omona, naoo nocmoanuyro Xaoona ymHoyicumes Ha YUCA0 cO8ePUIEHNBIX Koaedanuii: v,= nHy.

Keanmoswiil 3axon Xabona (Keanmoewiii 3axon Kocmonozuueckozo Kpacnozo Cmewenus) enacum, ymo
yacmoma QbOmOHa npu KasHcoom Koebanuu 60aHbl YMeEHbUAEemcs HaA KBARMOBYIO 8E€IUHYUR), DABHYIO NOCMOSAHHOU
Xabo6ra vy= nHy, smo nabaiooaemcs Kax KpAcHoe cMeuieHue. »

THocmosannas Xabo61a npeocmasisiem Keanm “kpacrnozo cmeuienus’.

H3-3a moceo, 4mo nepuod Konebamnusi 6cé eépems yeeaudueaemcs, 4acnmoma YMeRbulaemcs o 6peMeEHeEM tno

—Hot . Hot
3aKOHY IKCNOHeHmbl V(1) = vy e ! a onuna eonmbl pacmém AMt) =g e ot
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3aBMCMMOCTb HacTOThl OT PAaCCTOAHMA. 3aBWCMMOCTb ANWHbI BOMHbI OT PACCTOAHUA.
Ceepxy Ha rpacuke — Bpems. Ceepxy Ha rpadurke — Bpems.

Puc.94. 3aBucuMOCTb 4acTOTHI (3HEPTUH) OT PACCTOSHUA.  3aBHCUMOCTD JUIMHBI BOIHBI OT PACCTOSHHUA.
CBepxy Ha rpadukax - Bpems.

Ha epaghuxe suorno, umo 3a 9.3 munruapoa nem (2.9 cueanapcex) vacmoma ymMeHbulaemcs 6 08a pasa.
—Hopt
Yacmoma ¢hpomona npsamo nponopyuonanvia suepauu, coomeememeenno, E() = Ege """ - popmyna samyxanus
¢omomna, 20e nocmoaunas Xabbaa npedcmasisienm NOKA3Amenb 3amyxanus 31eKmpoMaAcHUMHbIX KOJeOaHUllL.

HLUH/H/;O NnoaHoe cosnaoeHue ¢ IKCNOHEHYUATIbHBIM 3AKOHOM 3amyxaroujux Konebanuil. »

« Paboma naypeamos Hobenescroii npemuu 3a 2011 200 no uzyuenuro omoaiéHHblx c6epxXHO8bIX 36¢30 muna la
noomeepouna, 4mo Habaoaemoe KpacHoe CMewjeHue Yacmomol Kax O OIU3KUX, MAK U 015 YOAIEHHbIX 2ANaKMUK

~Ho't
coomeemcmeyem v(t) =vpe ' - hopmyna 3a6ucumMocmu uacmomsl (pomona om epemeni.

Buipaoicenue ompasicaem sxcnonenyuanbhsiil 3aKkoH 3amyxarowux koieoanutl, eoe Hy - noxazamens 3amyxanus,
npeoCmasiAIOWULl 8eIUNURY, HA KOMOPYIO YMEHbULAENC YACMOMA 3d 00UH NEPUOO KOACOAHUSL.
T.e., ecnu t pagro nepuody xonebanus t = 1 /vy, mo, Hezagucumo om yacmomsi, ece2oa v(t) = vy —Hy.

Hanpumep, ons yoanéunuvix earaxmux, Haxoosuuxcsa Ha paccmosnuu 3.3nk (t =10.76 mapo. nem = 3.43+1 0" cex),
Habodaemoe KOCMoI02UYecKoe KpacHoe cmeujerue 0yoem:

2=0o—v®) /v)=vy/vO)—-1=1/e "' —1=¢""-1=13,
a e z =2, kak cuumaemcs no meopuu pacuiupenus Beenennotl, omciooa u aprocms C8ePXHOBLIX HUMICE. »

«Ipu cmewenusx z=2... ckopocms v = 0.8c... paccmosinue no kpacuomy cmeweHuio - cocmagnsem r = 3.3 I'nk
(no s¢hgpexmy Honnepa)» http.//ru.wikipedia.org/wiki/Kocmonozuueckoe _kpachoe_cmewenue

« B pabomax naypeamos Hobenescroii npemuu 2011 2. 6vi10 00Hapysimceno, 4mo 6 YOaiEHHbIX 2aNIaKMUKax,
paccmosiHue 00 KOmopwlx ObLIO onpedeneHo no 3axony Xabona, ceepxrnosvie muna la umerom sipkocms Hudice motl,
KOMOopas um noiacaencs.

Unvimu crosamu, paccmosinue 00 3mux 2aiakmux, 8blHUCIeHHOe o Memody "cmanoapmubix ceeu" okazvieaen-
cs1 bonbule paccmosiHusl, 8bIYUCIEHHO20 HA OCHOBAHUU PaHee YCIMAHOBIeHHO20 3HaYeHus napamempa Xabona.
boin coenan 661600, umo Bcenennas He npocmo pacutupsiemcsi, OHA pacuiupsaemcsi ¢ yckoperuem! »
http://hepd.pnpi.spb.ru/ioc/ioc/line%6209-10-2011/n5.htm

« Umax, uzyuas yoanénuvie om 3emau ceepxnogvie, aaypeamvl OOHAPYHCUTU, YMO me KAK MUHUMYM HA
uemeepmy myckiee, uem npeocKkasvléaem meopus - Smo 03HAUAen, 4mo 36e30bl PAcnOIONCEHbl OAbULe, YeM
Ce008alo U3 pacuémos. » http://lebed.com/2011/art5913. htm

« T.e., uzyuas yoanénuvie cepxnosvie, 1aypeanvl 0OHAPYICUTU, YO PACCIOSHUE, PACCUUMAHHOE NO dpghermy
Jlonnepa, ne coomeéemcmeayem peanibHOMy paccmosnuio 00 36e30. Ha cecoousuunuii oenv ceepxnosvie la nabdmo-
oaromes 6niiomo 00 7 = 2.



Ipu 7 = 2 paccmosinue, gvruuciennoe no s¢hgpexmy lonnepa, 10.8 mapo. ceem. nem (3.3I'nk),a no memooy
"cmandapmuuix ceeu" - 14.8 mapo. ceem. nem (4.5I'nk) - kpacroe cmewerue pacmém 3KCHOHEHYUATbHO

_ Hot -
z=e —1. Omcrooa oenarom ownboumblLl 8b1800, umo smo Bcenennas pacuiupsienicsi SKCNOHEeHYUAlbHO. »

Cesepxy Ha epaguxax - gpems..
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1 — 3aBHCHMOCTER PACCTOAHMA OT KPACHOI'O CMELIEHHA  3aBHCHMOCTE CKOPOCTH PACLIHPEHHA OT KpacHoro
no  Teopud  pacwHperus  Beenmennoit (o cmemeHms 1o MoguHuupoBaHHOMY  3(iexTy
HiMeHeHHoMy  addexty  Jomuepa). 2 - no [lomiepa (B NpoUeHTaX OT cKopocTH cBeTa). CBepXy
KBaHTOBOMY  3akony  Xabbrma (mo  meTomy Ha rpauke — BpeMA.
«CTaH/apTHEIX ceeuy). Ceepxy Ha rpaHKe — BpeMs.

Puc.95. 1 - no meopuu pacuupenus Bcenennoti 3asucumocms cxopocmu om KpacHo2o
(no s¢pgpexmy Honnepa). cmewerust no 3¢ghexmy Jlonnepa
2 - no K6aHmMogoMy 3axony Xabona u (8 npoyeHmax om CKOpoCmu céema,).

no memody "cmandapmuwix ceeu”).

«... macumabuwiti paxmop Beenennoii 6edém cebs acumnmomuuecku npubnuzumensho max. a(t) ~ €’" -
Bcenennas 6yoem sKcnoHeHyuabHo pacuupsmscs, u 9Mo2o He 04eHb-Mo 0HCUOAIU PAHbUUE.
To ecmb 5mo ecmv yckopenHoe pacwuperue Bcenennoll, a panvuie, no CmaHOapmHoll meopuu, 8bIX0OUL0, YNO
Bcenennas oonscna pacuuupsamocs ¢ 3ameoneHuem. »

Hot . .
«..a®~e"... z+1=ag/a®), 20e a(t) - kocmonozuueckuii MacuimabHolil Gaxmop 6 momenm epemenu t,
aap - e2o GeIUMUHA 8 HACMOosIee BPEMS.

Hot
Ilo memooy "cmanoapmusix ceeu” ycmanosieHo: ag/ a(t) = e 7 20e al /a(t) = 7 + 1, coomeemcmeenno,
Hot

Hot
t+1=¢"" uz=¢e"" — 1 Bospacm ¢pomonoe t =In(z + 1) /Hy.
T.e. acmponomuueckue HadAIOOEHUA NOOMEEP-IHCOAIOM, YMO KPACHOE CMeuleHUe NOOYUHACMCA
IKCHOHEHUUAIbHOMY 3AKOHY 3AmMyXaoumux Koaieoanuil, 6 NOJTHOM COOMEEHICIEUN ¢ K6AHMO8bIM 3AKOHOM
Ho't .
Xaoona z=¢""" =1 (knaccuueckuii saxon Xabona z=Hyt).

Koeoa npu uccnedosanuu yoanénuvix eanakmux 0vi10 0OHAPYIHCEHO, YMO KOCMOA0SUUECKOe KPACHOe cMeujenue
NPOUCXOOUM O IKCNOHEHYUATLHOMY 3aKOHY 3aAMYXAIOUUX 91eKMPOMASHUMHBIX KOleOanul, a He no s¢gghexmy
Jlonnepa, mo paou cnacenus meopuu bonvuiozo é3pviea, éonpexu 3akonam Quzuku, 066110 PUOYMAHO
CKA304HOe 00BACHEHUE - YCKOpeHHOoe pacuiupenue Bceenennoii mémmuoi cunoii (Fnepeueit). »

«Témnas snepaust 8 KOCMOLO2UU - 2UNOMEMUYECKUL U0 dHEP2UU, 66COEHHDIIL 8 MANEMATNUYECKYI0 MOOelb
Bcenennoti paou obdwsacuenus nabmoodaemozo e€ pacluuupenus ¢ yCKOpeHUeMm. »

B paznene 6bu10 clienano MpaBUIIbHOE 3aKIIOYEHHE O SKCIIOHEHIIMATBHON 3aBUCHMOCTH “KPacHOTO
CMEIIEHHS” OT PACCTOSHUS (BPEMEHU MPOXOKIACHHUS U3TYUYEHHs) OT HaOII0aeMOro 00beKTa — T.€. €ro
JIMCCUTIAIMU, HO 3TO OBLJIO C/AETAHO pajy JIATAaHHs AbIP CTAHJAPTHOTO NMPEACTABICHUS B KOCMOJIOTHH O
“O0JIBIIIOM B3pBIBE M pa3oderaromieiicst BCeeHHON — A bl Opy3vs kak He caoumecy... — AEM




I'nasa 10. DdupHbiii BUXPb. ApXuTtekTypa ['aJakTuku.

A noHsan, 8 yem sawa 6eda. Bbi criuwkom cepbe3Hbl. Cepbe3Hoe UL - eue He rpu3Hak yma, 2ocrnoda.
Bce enynocmu Ha 3emre Oenaromcsi UMEHHO C 3MuM ebipaxeHueM. Bbi ynbibatimecs, eocrioda. Ynbibatimecs!
lpueoputi N'OpuH.

Ycekopenue cpasumupyrowezo oovexkma u I'padouenmuot Igpuprozo /lasnenusn

PaCCMOTpI/IM B3aUMOCBA3b MCIKY:

- YCKopenuem 606001020 nadenusn Qg = f(R), co3maHHOTO “CHJIBHO TPaBUTHPYIOIINM” TaTaKTHYSCKUM BUXPEM
W CBEPXMACCHUBHBIM 3BE3HBIM O0BEKTOM, H

- 2paouenmamu Igpuprozo oasnenus Grad Pg, co3naronmmu yCKOPEHHE MaTEPUATBHBIX 00BEKTOB 00IaCTH
“CHIIbHOM TpaBUTALMK”’, TOPOKIECHHOM BUXpeM [ pasumayuontozo gupnoeo llpeodpasosamens I'y = g /R.

3nas cwisl (AF; u AF,) [kg*m*s™], 1eiicTByIONIHUe Ha 3IEMEHTAPHBINA 00BEM MATEpPHANBHOTO TeNa dvy,
HaxoJIIerocs: B 3UpHOit cpene, ¢ rpaaueHToM s¢uproro nasienus Grad Py, umeem:

=> => => => =>
AF;  +AF, =0; AF; =dm*a;, =p*dV*a, ;

=> =>
AF, =-k*dS*Grad Px *dR; rue
=>
- ag [m*s'Z] — YCKOpEHHE CBOOOTHOTO MAaJICHHSI, CO3JaHHOE ‘‘TpaBUTHUPYIOIINM” 0OBEKTOM,

=>
-Grad Py~ [kg*m™*s”| — rpagueHT 3pMPHOTO JaBJIEHHs, CO3IaHHbINA Y3PUPHBIM BUXPEM,

-p [kg*m'3 | — MIOTHOCTH MAaTEPUU, HAXOAIICHCS MO ISHCTBUEM rpaiueHTa d3PUPHOTO TABICHUS,

- k — 6e3pazmepHbIif KOAQPHUIUEHT rPaBUTAIIMOHHOTO S(UPHOTO CLEIUICHHS ¢ MATEPHAIBHBIM 00BEKTOM.

bespasmepnbiii koaghpuyuenm k epasumayuonno2o s¢uphozo cyennienus ¢ MamepuaibHoim 00beKmoM,
86€0eH a8MoOpoM 8 BbIPAINCEHUE CUTbL, BOHUKAIOWE 8 MAMEPUATbHOM 00beKme Npu NPOX0oXHCOeHUU Yepes
He20 2(hUupHO20 NOMOKA, HAX00AUe20Cs NOO Oelicmauem 3Pupa, 08ULarUeLocs C YCKOPEeHUeM, Uz-3d
epaduenma 3¢pupHo2o oasnenus, cozoannozo I pasumayuonuvim Ipupnoim I[lpeodbpazosamenem.

Puc.96. Yckopenue, r¢pupHoe
JIaBJICHHUE, U TPATUCHT
3(UPHOTO JABJICHUS B
obnactu 3emin.

IpaHuua noeepxHocmu Grad Py
3emnu Ry = 6.3*10°m

HaeneHue acpupa Pe= --1/R+C
(no Y — wwiKana cuneHo pacTsiHyTa) Jns HarnaaHOCTH TpadMKu

IMOKa3aHbl HE B OJIMHAKOBBIX
Macirabax:

- rpacduk Jasrenus Sgpupa
~® Pr 1o ocu Y 3HAYUTEIBHO
CHJIBHO PacTSHYT 10

l Pe = 1.3*10°° kg*m’2 I OTHOIIEHUIO K rpaduKy
rpaguenTa 3pUpHOTO
JaBJICHUSL.
'paduexnm 3¢hupHO20
daenenusi Grad Pg o< 1/R? - rpaduk I paduenma Igup-
60 Hylicece agcie noeo Jlasnenus Grad Pg

- o ocu R coBmanmaer ¢
rpaKOM YCKOPEHUs IO
ocu R, amo Y cMmemieHo
HYJIEBOE TIOJI0KEHUE, 10
OTHOIIEHHIO K rpaduKy
naBieHust 3pupa, CUILHO

YckopeHue ce0600H020
4

nadeHus ay ons 3emnu

P (o7 menTpa) THiC.EM
L.
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MacTpoeH Ha caliTe yotx.ru




Tonvko upezsviuatino mandas 007 2paoueHma 3PupHo2o 0asieHus y4acmayem 6 CO30aHul Cul, Oeucm-

BYIOWUX HA MAMEPUATILHBILL 00BEKmM, M.K. 83aAUMOOeUCmEUe d3PUpHo20 NOMOKA NPOUCXOOUM MOTbKO C

;zdpamu amomoe mamepualbHblx 061961('77106, HO He Cc camumu amomamu, 4no npedcmaeﬂeHo 6pa60me *2,

K03 puyuenm k epasumayuonno2o s¢pupnozo cyenienus NPAKMULECKU Ype3eblLatino MAlas eIU4UHA.

3aHI/H_HeM ypaBHeHI/Ie paBeHCTBa CHUJI.
p*dVg*a, =- k*(dS*dR)*Grad Py u dVg=dS*dR, otkyna nosyau:
ag_> =-k*p'*Grad PE_>;

3Hast OTCYTCTBHE 3aBUCUMOCTH YCKOPEHUS CBOOOIHOTO MAaJICHUsI MAaTePHAIBLHOTO Tela OT €ro
IUIOTHOCTH, @ UMCHHO dag/dp = 0 u ag 7 f(p), 1 /11 HE3aBUCHUMOCTH YCKOPEHHS OT IIOTHOCTH HAJI0
II0JIOKUTH K NponopumoHansHeM p, T.€. K= p,

Beenem koadduiment k = ky *p, mocie gero OyneMm uMeTh:
=>

= % =>
ag =-ky" GradPg ;
*s?] = ky [m’*kg"'] * Grad Pg [kg*m™*s7];
ag [m*s™] = ky [m™*kg™] rad Pg [kg*m™*s]; roe
- ky [m**kg™] — yIeIbHOE 00BEMHOE CIIEIJICHHE YCKOPEHHOTO MOTOKA 3()Hpa “IpaBUTHPYIONIEr0” 00beKTa
C MaTepHAILHBIM TEIIOM, C Pa3MEPHOCTHIO 00pAaTHOMN TUIOTHOCTH MaTEpUATBHOIO O0BEKTA.

YckopeHue a, MaTepuajJIbHBIX O6I>CKTOB HaXOOAIMINUXCA 110 HeﬁCTBHCM S(PUPHBIX ITIOTOKOB B
g s
MPOCTPAHCTBE, NMPSAMO MPONOPLUUOHANIBHO “I paduenmy Ipupnozo /asnenusn” - Grad Pg,
KOTOPBIN ONpeeNnsieT BeNMUMHY M HallPaBICHHE YCKOPEHUS MaTepHATIbHBIX 00BEKTOB.

YuuThiBas 00paTHO KBAJPATHUHYIO 3aBUCUMOCTh YCKOPEHHS CBOOOHOTO MAaJCHHUS OT pajuyca 10
[IEHTPa “TPAaBUTUPYIOMIETO” 0OBEKTA:

a, = go*(Ry /R)? = go*Ro2 /R go*Ro2 ~= Const (B 0603puMoM Gynymem) **; rie
- 8o 4 Ry — ycxopeHue u paguyc o0beKTa TATOTEHHUS Ha IOBEPXHOCTH HYJIEBOTO YPOBHS;

OObenuHss 1Ba MOCTIETHUX BBIPAXKEHUS TTOTYYUM:
Grad Pg = a5/ ky = (€*Ro’/ ky) / R
Grad Py = Mg / R?; 06o3uaunm (Z9*Ry’) = Mg [m**s™] = Const u 1/ky = kpy,
Grad Pg [kg*m™>*s?] = ky, [kg*m™] * Mg [m**s?] / (R [m])*;
- pamuyc R, n3MeHeHust KOTOpOro HaXOAUTCS B Ipeiesax (Hanpumep it 3eMiu, puc.96):
- oT ueHTpa I pasumayuonnozo ¢upnozo Ilpeobpazosamens u nanee
- 10 paguyca Zy, II€ OKAaHYMBAECTCs IpaBuTanus 3eMin (ag = 0 npu By ~= 49-50 a.e.)
- Mg [m’**s*] — 06beMHOE YCKOpeHHe, KOHCTAHTA U JAHHOTO “TPaBUTHPYIOLIEro” 00beKTa,

- km [kg*m™] — yJebHOE MaccoBOE CLEMIEHHE YCKOPEHHOr0 0ToKa Y()HPa “IpaBUTHPYIOMEro” 00beKTa
C MaTepHallbHBIM TEJIOM, C PA3MEPHOCTBIO IUIOTHOCTH MaTEpHUAILHOTO O0BEKTA.

“I'padouenm Ipupnozo /lagnenusn’ - Grad Pr umeem 0Opamuo KaopamudHyro 3a8UCUMOCHb
no paouycy R, é3amozo om yenmpa I pagumayuonnozo Igpupnozo Ilpeoopazosamens - I'gy
“epasumupyiowezo” 0bvekma 00 mecmononodicenus, 20e onpeoensemcs Grad P.

2g 2g
P = _[ Grad Pg *dR = _[ Mg * R?%*dR =-2 Mg (1/R -1/ &) + C, yuntbiBas R, >> R,
R R

Pg =+ C -2 Mg /R, uro otobpaskeno Ha rpaduke (puc.96).

Ipupnoe lasnenue Pg, 601u3u “epasumupyioweco’ 00vbekma, usmMeHsemcs Ha eIUdUmy,
obpamuo nponopyuonanvryio paruycy R, ezamomy om yenmpa I pagumayuonnozo
Ipupnozo Ipeoopazosamensn I'y 0o mecmononodcenus onpedenerus Pg.




B paboTe +% G110 T0KA3aHO, UTO BENUYHHY g ~= 9.8 m/s’ Ha IOBEPXHOCTH TLIAHeTa 3eMJIsl, HMEFoIei
IpaBHTAIMOHHBIH >(upHbIT TpeobpazoBarens Iy ~= 1.54%10° 572, oGecrieunBaet 5GuUpHBIi IOTOK,
JIBUTAIOMIHHCS C YCKOPEHHEM K LIEHTPY 3eMIIH 4epes ee MOBEpXHOCTh, paamycom Ry ~= 6.38%10° m co
ckopocThio Vg ~= 10° m/s, COOTBETCTBYET MaBleHHe d(Hpa B OKOTIO3EMHOM IIPOCTPAHCTBE, PABHOE
penmunne Pg ~= 1.3%10° kg*m'z.

pupoounamuueckuil nPUEOO 2AnNAKMUYECKUX CUCTIEM.

HanmomanM, 9T0 10 JaHHBIM, TIOJTYYEHHBIM C TIOMOIIBIO paaroTeneckona PagnoActpon (c 6a3oit
MU3MEPEHUs, pACIIUPEHHOM B KOcMOC /10 150 ThIC.KM.) - AUAMETp JHKETa KBa3apa — 3TO TMaMETp CTBOJIA

rajlakTH4ecKoro 3(h)MPHOro BUXPs B IIeHTpe ranakTtuku M87, cocrasiser = 0.5 nk.! (puc.61a,b,c).

B ranaktuueckom sape, eciu pacroiosKEHHBIH BHYTPH HETO CBEPXMACCUBHBIN 3BE3/IHBINA OOBEKT €
aKKpEIMOHHBIM AUCKOM arameTrpoMm He Oosee 1000 a.e., n300pakeHHBINH HA puc.26 (HE B IPOIOPIINH), TO
OH MOXET HaXOAATCSl BHYTPU BUXPEBOTO CTOJI0a raJlakTHYeCKOTo 3(pupHOTO BUXps quamerpoM ~ (.5 nk.
(=100000 a.c.), BbIIIEyKa3aHHOE 03HAYACT YTO JMAMETP CTBOJIA BUXPS HA J[Ba MOPsKa OOJIbIle
“CBEPXMACCHBHOIO 3BE€3/IHOTO 00BEKTa” BMECTE C €r0 “aKKPELMOHHBIM TUCKOM ™, IPH €r0 HAJTMYUU:

Buympucmeonoeas uacmo 2canaxmuuecko2o 3Qpupro2o euxps ouamempom om 0.5 nk u 0o 4.0 nk.
naxooumcsa enympu Kepnoe 2anakmuueckux saoep, ouamempom 400 nk.

Crnenyer moHUMaTh, YTO OCHOBHYIO BEJIMUMHBI IPABUTALIMOHHOIO BO3JIEHCTBUS TAJJaKTUYECKOIO s]1pa
Ha 3BE3[IHYIO M Ta30BYI0 CHCTEMbI T'aJTAKTHKH, OKA3bIBAET UMEHHO TaJIAKTUYECKUH 3(pUpHBIN BUXPb
(puc.1), yauTbIBas TakKe BIOKEHHOCTh 3()MPHBIX BUXpeH (puc.2).

Co3naHHas ralakTHYeCKUM d(PUPHBIM BUXPEM, Pa3HOCTH (UPHBIX JTABICHUH B siipe U Ha nepudepun
rajlaKTHKH, T.€. TPAAUEHT 3(UPHOTO AaBJICHUS, KOTOPBIN B sIIpE TaJIaKTHKH MPOSBISAETCA - KaK 3 (PeKT
“nputspkeHus’’ 1o 3akoHaMm Kemepa, ¢ 00paTHO KBapaTHYHOM 3aBUCUMOCTBIO OT PACCTOSHUS JI0 LIEHTPa
BUXPS, TAKXKE 00€CIIeUnBaET BpaIIaTeIbHOE JBIKEHIE BOKPYT LIEHTPA BUXPS M0 3aKOHAM CKOPOCTEH,
00paTHO MPOTIOPIMOHATILHBIX ITHM K€ PAaCCTOSIHUAM, UCKITI04ast 001acTh “TBepAoro Tena’.

ToT ke ranakTnyeckuit 3PUPHBIA BUXPb YACTUYHO YAEP>KUBACT 3BE3/IbI C TA30BOM COCTABIISAIOMIEH
MaTepHuH, B Ipeieiax ONpeleIeHHBIX PACCTOSIHUN OT IIEHTPa, 10 3aKOHY ¢1a00T0 “TipUTaIKUBaHUS
paboTaromIero ToIbKO B pyKaBax rajlakTHKH.

« I pasumayus eanakmuxu onpeoensemcs 6 nepayio ouepedsb He MAccoll “4epHoti Oblpbl”’, HAX0OAUeliCsl
8 KepHe A0pa 2aiaKmuku, a 2UeaHmcKoU MAccoll YCKOPEHHO 08UNCYUE20Cs 8 BUXpe dupa, CO30AHHO20
zpaduenmamu IPupHozo dasnenusn (crmompu deticmaue SMux Cul no aHano2uu co cmamveii ).

B acmponomuu ona 6ananca cun He Ha0o npusieKams Hy “TEMHYI) MATEPUIO”, Hu “TEMHYIO
JHEPIHUI0”, HU npoyue “TeMHbIe IBIPbI” ... — 30ech 6 cune 3akousl “I paouenmmuon Ipupoounamuxu”:

I Hao cozoanuem I'anakmuk pabomaem 6csa snepzus okpyycarouiezo ee ygpupa! I

Hcmounukom epasumauuu canaxkmuxu (“Mueunviti [lyms ) aenawomcesa ne “veprnvie Ovipvl” muna
ceepxmaccusnvix 36e30 Sgr A%, Sgr 01, Sgr 02.., a cueanmcxuii anaxkmuyeckuii Ipupnotii Buxps
(“MW?), npuuem 8 yenmpe 2aiaKmuuecKko20 IPUPHO20 BUXPs 806CE He 0DAZAMENLHO 00AHCEH DbIMb
CBEPXMACCUBHDIU 36€30HbIUL 00bEKM, - He UM _onpedensemca zpasumauusn anaxkmuku!! (puc.97).

B nentpe Nanaktiueckoro D¢upHoro Buxpsi BHyTpH CTBOJIA MOXKET HAXOAUTCS IaXKe Takasi CTPYKTypa
KaK “aKKpeLMOHHBIM TUCK - pacKpyuyeHHas BUXPEM MaTepus U JOBEACHHAs 10 COCTOSHUS TLJIa3MBbl,
KOTOpasi IOTOM YHOCHUTCSI JUKETAMH 3a MPEAETbI Spa WIH FIaKTUKH

A “‘depHas apIpa” TIPEICTABISAET COOOMU, W HeeUOUMBbLIL Ipup 6aKyyma, HaXOASIIUNCS B IIEHTPE
TaJIaKTUKU 110 MaKCUMaJIbHO HU3KUM 3(prHBIM JaBJICHHUCM, CO3JaHHOI'O I'aJIAKTHYCCKHUM 3(prHBIM
BUXpeM (peasibHast 007acTh OTCYTCTBHSI MaTEPUU — T.€. BAKYyMHasl JbIpa), UM CBEPXMACCHUBHBIH
3BE3/IHBII OOBEKT, YOpaAGuiuil 4acmomasl u3ny4yeHus u3 ONMU4ecKo2o u UHGPAKPaAcHo2o0 OUaAnazoHoe.
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Puc.97. CtBomnoBas yacTh ranakrudeckoro 3¢upHoro Buxpsa “MW” ranakrtuku “Mneunsiii [TyTs”.
( okazamenvcmeo cywyecmeosanusn I'anakmuuecxkozo Igpupnozo Buxps ).

Ha puc.98 noka3zanbl 30HbI JeCTBUS TaJaKTUYECKOT0 3(pupHOro Buxps tuna “M W’ Ha MaTepuanbHble
KOMIOHEHTHI TAIAKTUKH, JUIsl CPABHEHUS TIOKa3aH 3()UPHBIN BUXPh CBEPXMACCUBHOTO 3BE3IHOTO 0OBEKTA
(“‘uepHOI ABIPBI”), IOLO3PEBAEMOTO PAHEE B CO3/IaHUU I'PAaBUTALMM FAIAKTHKH.



I'anakTuka ¢ KBaszapom (tuna “Mneunsii [y’
Yy

TI'anakmuueckuii 3gpupnsiii 6uxps MpaBMTaLMUA CBEPXMaCCHB- NpuTtaxeHue
Snpo - Bank (Brarovast bap) HOTO 3Be3HOro 06beKTa FanakTUYecKoro
(«Cmeon Ipupnozo Buxpa») ®, =~ 0.9 nk. 3¢dupHoro Buxps
Kepu aopa - Ksasapa “MN”
P Quasar
( céepxmaccugnblii 36e30Hblil 00bEKM )
Axkpenuonnblii Jluck wiu crappie seesapl @ < 600 -:- 1000 a.e.
“/Ioicem I'anakmuueckozo Buxpsa” I
I'a3 ¥ NbLIb WM NOKUJIBIE 3BE3/bI D= 3.8-:-3.8 nk.
&= “I'panuya Kepna (Kern Border) == < 4.0 nk. I -PE_CorBal
“Cmeon I'anaxmuu. Buxpa” D
== [ panuya “Teepdozo Tena!” /)]
I'anmakruyeckoe SAnpo @ = 1.0-1.2 knk.
&= “I'panuya I'anaxmuueckozo Aopa (Boundary of Core Galactic)” == -PE_CorGal
Teso Bamaka (wall 0 = 2.0 knk.) @ = 4.5 Knk.
* “I'panuya Aopa (Boundary of Core)” = @ = 5.5 Knk. -PE_GaIBal
Ilepexoonas 30na Kk HUZKOU epasumayuu (Ha4ano) @ = 5.5 Kknk.
Hauazo [araxmueckozo ducka 0~ 0.3 knk. @ = 5.8 Kux. Grad Pig
Hepexoduaﬂ 30HA K HU3KOU epasumayuu (Koxey) & = 6.0 knk.
“I'panuya Buxpeeou I'pasumayuu (Boundaiy of Vortex Gravity) ’ == -Pg Grvwor
_
Cnupanwvnsvie I'anakmuueckue Pykoea D = 6.0 -:- 60 knk.
3Be3na no umeHu CoJiHIe <~ 8.2 knk., @ = 16.4 Knk.
_
9= “I'panuua F'anakmuxu (Border Galaxy)” == @ = 60 -:- 65 knk. -Pg ExT
“I'panuya I'anakmuuecxko2o Ipupnozo Buxpa” (Boundary of Galactic Ether Vortex) )

Puc.98. 3onbl 3¢ upHOTO NaBIEHUS U IPABUTALMU TAJAKTHYECKOTO A3(PUPHOTO BUXPS (CM. pHC.2).

Apupoounamuuecxkoe onucanue 2araxkmuxuy muna “Mneunviig Ilymo”

- KepH sapa rajaktuk “MW”, @ = 4.0 nk, ¢ “kBa3apoM” — raJJaKTUYECKUM BUXPEM, U CAMBIMU
CTapbIMU 3BE3/IaMH, Y MOJIOJIBIX M 3PEIbIX TaTaKTHUK BHYTPU MOXKET OBITh aKKPEIIHOHHBINA JTUCK;

auano “Cmeona I'anakmuueckoco Buxpa” (/Dcema)

- FTAJAKTHYEeCKUI CTBOJI 3P UpPHOro BUXps (JxkeT),
i ranaktuk tuna “MW”- BaytpeH. @ = 4.0 nk. ymHoi = 100-150 nk., 1 HapyxHbIl @ = 400 nk.
tonuuHou = 500 nK., y Mosioapix ranaktuk ket @ = (0.5+1.0) nk., nmuaHoM 10 = 50-150 Knk.;

- “Teepaoe Ten0” ranaktuku “MW” @ = 400 nk., B HEM KOHLIEHTpALMs TOXKHUIIbIX MACCUBHBIX 3BE3/,
KOTOPpasi BPaIllaeTCsl KaK “meepooe meno” BHYTPU 2alaKmuiecko2o cmeona 3PUpHOro BUXPS;

- KPOHA raJJaKTHYeCKOro JKeTa — yIapHOE CTOJKHOBEHHE BBIOPOCOB JKETA C COCEAHUM 3(DUPHBIM
BUXPEM WJIHM C MaTepPHAIBHBIMHU 00JaCTAMHU OKOJIOTAJTaKTUYECKOTO IIPOCTPAHCTBA, B PE3YNbTaTe Yero
CO3JIaI0TCs 007aCTH MaTepPHATIbHBIX YJAPHBIX BOJIH U U3ITYUYCHHI.




panuya “Cmeona I'anakmuueckozo Buxpa” (Trunk of Galactic Vortex)
- raJaKTU4YecKoe s/IPo - MacCUBHAS 4acTh, @ = 1.2 KIK., 00JIBIION IIIOTHOCTHIO 3BE31, Ta3 U MbLIb;

- FAJAKTHYeCKHii 0aJUIK - MEHEE TUIOTHAs BBICTYIAOMIAs 3Be3/JHast 4acTh sapa @ = 4.5 KIK.,
tonmuHou = 1.0-1.2 KNK., ¢ MEHbIIEH Ira30BOI COCTABIISIIONIEH, UYEM B rajJaKTUYECKOM SIJIPE;

- TAJAKTUYECKHIi 0ap - BHENIHSS YaCTh FATAKTHUECKOTO Oanmmpka @ = 5.5 KIIK., TJIe PacoI0KeHbI
CHJIBHO BBITSIHYTBhIE OpPOUTHI 3Be3/1 HaJIK-a 32 €ro mpeaenoM, — (MOXKeT U He ObITh), Ha nepudepun
nepexoJ ot 3akoHoB Kerepa (~1/R?) k 3akoHam nputankupanus (~1/R);

“I'panuya I'pasumayuu Ipupnozo Buxpa” (Boundary of Gravity Etheric Vortex)
- TAJAKTHYEeCKUIi ANMCK — IICEBJI0 CTPYKTYpa ranakTukyu, @ = ot 5.8 knk. 10 @ = 60-65 knk.,

T.K. OJIHU YacCTHU “IUCKa” JBUTAIOTCSI BHYTPH JIPYTHX €r0 4acTell HE3aBUCHUMO JIPYT OT Apyra 1 co
CKOPOCTSIMH, HE TIOJIAIOIIUMHUCS YETKOM JTOTMYeCKOH popManu3ayu (KpyTo cKazaHO — HO BEPHO);

- raJaKkTHYecKHe CMpalibHble PYKAaBa — IICEBJIO CTPYKTYpa rajlakTHKi, @ = 6.0 KnK. 1 710
@ = 60-65 Knk., KaXyascs COupaibHas CTPYKTypa OpraHu3aluy cOOOIIECTB 3BE3] U Ta3a 3a
npenenoM Oammka u 6apa, BO3ZHUKIIAS KaK pe3ylbTaT BpalleHus 0ammk-a (1 6ap-a, eciiu OH ecTh)
C BEIOPOCOM 3BE€3]1 32 MPEEIIbl — IPU CTAPSCHUU TATAKTUKU JrHaMeTp Oapa (OanmKa) yMEeHbIIaeTCs;

“I'panuya I'anakmuuecxkozo Ipupnozo Buxpa” (Boundary of Ether Galactic Vortex)
- raJaKTu4Yeckuii 3GUPHBIIA BUXPB — CO3/IATENb U PA3PYIIUTENh FaJaKTHUK U 3BE3/1 32 CYET BUXPEBOTO

IBWOKEHUS d(hUpa B IOKATHHBIX 00JACTIX MO JEHCTBHEM IPaIUEHTOB A(DUPHOTO JABICHHUS,

Kpacnoe cmewenue — kamenb npemKkHO8eHUA COBPEMEHHOUL acmpoHomuu!

lNonumuka criuwkom cepbe3Hoe deso, Ymobbl dosepsimb eé nonumukam - LLlapns de onnb.
@u3uka - criuwKom cepbE3Hoe 0erio, Ymobbl 0osepsimb eé chusukam - AEM (uHxeHep).

KpacHoe cMmerienne — 310 KoMIuiekcHOe moHsATUe B “T'pagueHTHON DPrupoanHaMuKn.”, 3aBUCIIEE, KaK

ObLIO MOKA3aHO BBIIIE, OT MHOTHX (PAKTOPOB, KOTOPBIE HE YUUTHIBAIOTCS O(DUIIMATLHON acTPOHOMUEH:

1. cMmermieHne 4acTOTHI U3TyUEHHsI, BOZHUKAIOIIEE BOJIM3M BEChbMa MAaCCUBHBIX 3BE3/THBIX OOBEKTOB
APU NPOXOACOCHUU IMO20 U3YYEeHUs 0Nl CUTbHO 2DAGUMUDYIOUUX 36€30HbIX 00bEKM 06 3a
npedesnvl 0elucmeus ux 2pasumayuu, TPOUCXOAUT C YMEHBIICHUEM YaCTOTHI (SHEPTHH) B
JBM>KEHUH MTPOTUB 3(PUPHBIX MOTOKOB, ABUTAIOIINUXCS CO 3HAYUTEIBHBIM YCKOPEHUEM K 3TUM
3BE3/IHBIM O0BEKTaM I0J1 AEHCTBUEM I'PAJAUEHTOB A3(PUPHOTO AaBICHUS ( X-ITPOTOPIMOHATBHOCTB):

fo = o1 — Afbg 5 for1 =1, (1 - a*ln(xz)), Zss <X < 2Zgp, Grad Pr :OC'I/RZ, rae:
X — paccTOsIHUE, MPOIIEIIee U3TyICHHEM B cpene dPUpa ¢ GU3NUECKUM YCKOPEHHEM ggp O 1/R%;

a — x0dpPUIHMEHT Juccunayuy SHEPTUN U3TYICHHUS; Bss — PAIUyC 00bEKTa IPABUTAIINY;
. 2
ZRcB — TPENEIbHOE PACCTOSHUE ACHCTBUS IPABUTALINH C Pr3HUUecKiM yekopeHueM ggg X 1/R%;

2. CMCHICHUC YaCTOTHI U3JTYUCHU S, BOSHUKAIOIICC BOJIM3H BECbMa MAaCCUBHBIX 3BC3JHBIX 00BEKTOB
[P NPOXOKIAECHUH ITOTO U3IYUCHUS K CUIbHO 2PASUIMUDVIOULUM 36€30HbIM 00beKmam u3-3a
npeoenos Qeicneusn ux 2pagunmanuu, TPOUCXOAUT C YBEITMUEHUEM YaCTOTHI (3HEPTUH) B
ABWXXCHUU C COHAITPABJIICHHBIMHA B(I)I/IpHBIMI/I IIOTOKaMH, ABHUTI'alOIMMMHUCA CO 3HAYHUTCIIbHBIM
YCKOPCHUCM K 3TUM 3BC3IHBIM 00BEKTaM oA HeﬁCTBHCM rpaAuCHTOB B(I)I/IpHOFO JaBJICHHUA:

foo = fme1 + Afvg 3 fmr1 = fn (1 + @*In(Za - X)%), 0 < x < Zgp, Grad Pg~oc1/R’, rye:

X — paccTosIHUE, MPOIIEIIee U3TyYCHHEM B cpere dPUpa ¢ GU3NUECKUM YCKOPEHHEM ggp O 1/R%;
a — x0dpPUIHEHT anmuouccunayuu YHEPTUN U3ITydeHUs; ss — PAANYC 00HEKTa TPaBUTAIIIH;
ZRcB — TPEIEIbHOE PACCTOSAHHUE ACHUCTBUS IPABUTALUH C (PU3MICCKHM YCKOPEHHEM g X 1/R%;




3. cMelieHue YacToThl, BOZHUKAIOIIEe IPU MPOXOKIACHNE U3TyUeHHs yepe3 ciabo “rpaBUTHpYIOIIEe”
MIPOCTPAHCTBO B MEXK3BE3THOM BaKyyMe TaJlaKTHK, HPOMUE cul Iuproz0 npumankKueanus:
fi = fin — Mg 5 fiorn = fi (1 — £*In(x*?)), 0(1) <x < Bgv - Bep, Grad P = o I/R, rre:
X — paccTosiHue, MpOoIIeIiee U3TydeHHEM B cpere dpupa ¢ yekopenueM gay = < 1/R;
f — kK03hOUIHMEHT AUCCUTIALINN SHEPTUH “IPUTAIKUBAHUA; R — PAJNYC OaHKa raJakTHKY;
Zcy — NPENEIIbHOE PAaCcCTOSIHUE JEMCTBUS “TIpUTAIKUBAHUS ¢ yckopeHueM ggy ~ o« 1/R;

{ Omauuus cun “epasumayuu’, paboma Kkomopuix ochosana Ha npunyunax “I pasumayuonnozo Iup-

Hozo Ilpeobdpazosamenn’”

, CO30a0We20 CUTbHOE NOHUICEHUE dIPUPHO2O OAGICHUs 8 YeHMPAX NAAHeN,
36e30 u eanaxmux, om cun “Sgupnozo Illpumankusanusn’, 0elicmgayiowux 6 2aiakmuyecKkom 36e30HoM
ducke, 3aK1I04AeMcs 8 MOM, Ymo nepughepueti 2anakmuiecko2o dpuprozo uxps (cm. puc.l u puc.5)
€030aemcst paznocmv IPUPHOLO OABNEHUSL MEAHCOY OKONOSANAKMUYECKUM NPOCPAHCMEOM U HAPYHCHOU
CMOPOHOUL 2anamuyecko2o a0pa (u banoica), podcoaroujee npoyecc “NPUMAIKUCAHUA" 36€30HbIX 00-

BEKMOG K 2ANAKMUUECKOMY S0Py U OUCKY, KOmMOopble He noouunsaomces sakonam Kennepa - ggy = < 1/R 1.

4. cMelIeHre YaCTOThl, BOSHUKAIOIIEE MTPH MPOXOKICHUE U3ITydYeHUs uepe3 ciaabdo “rpaBuTHpyomiee”
IIPOCTPAHCTBO B MEK3BE3/ITHOM BaKyyM€, COHANPAsieHo curam “I¢pupnozo npumankuganus’:
fio = fio + Afyg 3 fiwr = fi (1 + f¥In(Rey — x)*?), 0<x < By - Bcs, Grad Pr = o I/R, rre:
X — PaccTOsIHUE, MPOIIEIIee U3ITydYeHUEM B cpene d(upa ¢ pusmdeckum yckopenuem gy = o 1/R;
B — KOdPPUIMEHT anmuduccunayuu SHEPTuu; Lep — PaaANyc OanKa raJaKkTHKH;
Zcy — NPENEIIbHOE PAaCCTOSIHUE JEUCTBUS “TIPUTAIKUBAHUS ¢ yckopeHueM ggy ~ o« 1/R;

5. CMeIlEHUe YacTOThl, BOSHUKAIOLIEE TP MPOXO0KIEHUE U3ITYUEHUS YEPE3 MEKTATAKTUUECKOE
MPOCTPAHCTBO B MEXKTAIAKTUYECKOM 3()UPHOM BaKyyMe Ha TUTaHTCKUX IMPOCTOPAX BCEICHHOM:

fpr1 = f,* Exp(-y*x/Rvc), Grad Pg =0, rne:
X — pacCTOsHHUE, POLIE/IIEe U3IYy4CHHEM B cpejie ¢ PM3UYECKUM YCKOpEeHHeM g = 0;
Y — k03()(ULHUEHT SKCIOHEHIINATBHON AUCCUIIAIMN SHEPTHU U3IIy4eHuUs B cpefe ¢ g¢~ 0;

MG — PaccTosHUE ¢ pusnueckuM yckopenueM g¢ ~ 0, Ha KOTOPOM U3MepseTcsa Kod3(hhHULUEHT Y;
( Hanomunaem gopmyny Keanmoesozo 3axona Xaoona, onpeoenus Exp(~y*x/@vic) kax ¢pynxyuio
Exp(-Hy*x/c), 20e noxazamenv cmenenu - Hy*x/c = - Hy*t, Ho npasunvsio ompasicaem peaibHyo
B03MOINCHOCIb ONpedeseHUs pACCMOAHUA X, KOMOPOe MONCHO USMEPUMb € NOMOUbIO
napannakca, Ho He 8pemsl t NPOXoXCOeHUs uiydeHus 0o nabaooamens, 2oe {y /v = Hy/c } ).

6. CMelIeHUE YacTOThI, BO3HUKaroLIee 3a cueT dddekra Jlomiepa B MeXralrakTUIECKOM BaKyyMe:
fa=for1 £ Afy 5 farr =fa /(1 £ Vs/c), rae
Vs - CKOPOCTh JBIKEHUS 00BEKTa M3IIyYCHHUS,
€ - CKOPOCTh CBETa B JIOKAJIbHOW 00JIACTH MPOCTPAHCTBA, TJI€ HAXOJUTCS OOBEKT U3ITYUEHUS,
3aBHCHUT OT JaByieHUs 3(pupa B JaHHOM 067acTH (Kak MEepBOH CKOPOCTH 3BYKa OT JABJICHUS);

IIpumep uzmenenusn uacmom u3iyyeHus IpU MPOXOKACHUU CPCABI C PA3HBIMU XaAPAKTCPUCTUKAMHU OT

mecra reHepanui (fo) 10 MecTa perucTpauuy npuIeamero u3nydeHus (freg) B yIpOoIIeHHOM BUJE.
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2
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PI/IC.99a,b,C. H3menenne HBHY‘ICHHOﬁ YaCTOTHI CUTHaJIa IPH BBIXOJAC N3 CBEPXMACCUBHOI'O 3BEC3JHOI'O 00BEKTa.




I'paduku Ha prc.99-100. HOCTPOEHBI MO HIKETPUBEACHHBIM (OopMyIam:

a). MaJIeHHe YacTOThI YQUPHOTO BUXPSI PH IPOXOXKACHUH uepe3 obnacts ¢ Grad Py =~ oc 1/R’:
for1 = fu (1- a*In(x?)), - 3¢upHbIi “OM” BUXph ABUKETCS BHYTPU 30HBI “TpaBUTALUH
¢ geg ¢ 1/R? OT CBEpXMACCHBHOTO 00BEKTa H3ITYICHHS;

b). mageHue yacToThl A3PUPHOTO BUXPS MPU MPOXOXKJIEHUH uepe3 obnacts ¢ Grad P = 0:
9 ¢

far1 = fu * Exp(-y*x/Rqv), - 2pupHbIil “OM” BUXpb BHE “TpaBUTALMK, “TIPUTATIKUBAHUS;
- Rcv — paccTosiHUE, TPOXOUMOE 3(PUPHBIM BUXpEM ¢ gGe=0;

C). YBEIMUYEHHE YaCTOTHI 3(UPHOTO BUXPS IPU MPOXOKICHUHN uepe3 oonacts ¢ Grad Pr = o 1/R:
for1 = fu (14 f*%In (Bs-x)*?), - 3upHsIit “IM” BUXpb ABIKETCS BHYTPH 30HBI “TPUTAIKHBAHHS
¢ g = & 1/R K 00BEKTY perucTparum.

- | Uenmp agbupHo20 e .

- /| euxps annunmuv. o : lnaHema e

| Fanakmuku o = | Fanakm. Cucmeme
\\ gy 1/R? gevx /R

3?; R~ 0.5 knk. o Mexzanakmuyeckuii | Rev ™ 30 Kk

. = 8aKyym

: ez Ruc = 500Mnk.

: - |f1=0.33fp £,-0.28f,

. 5 =

n? 1.0 e | [free0=0.30f

Puc.100a,b,c. I3MeHEeHNE N3TYYCHHOM YaCTOTHI CUTHAIA MTPY BBIXOJIE U3 IIEHTPa rajJaKTHUECKOT0 BUXPAL.

KpaCHOG CMCIHICHUC HAa OUYCPCAHOM I3TAIIC IIPOLccca:
Af = fh— fh+1, A= ;Vn+1_ ;\'n, fa=Cn/ ;\'n , fnt1=Cn/ ;\'n+1;
Af=Cn /)\.n— Cn /)\.n+1 =Cn*(;\.n+1 —_ ;\.n) / ;\.n+1* n, (fn— fn+1)/fn =(;\.n+1 —_ ;\.n)/;\.n+1, Af/fn =A;\. / ;\.n+1.

B ¢dopmynax BBeaeHBI MOHATHS:

fa — gyacToTa Havaja N -ro 3Tamna ABmxkeHud “OM” 3¢hupHOro BUXps
b
for1  —dacroTa KoHILA n -ro (Hadana n+1-ro) Aramna aBuxeHus “OM” 3hUpHOTO BUXPS
b
M — JUIMHA BOJIHBI HaYaja N -To dTala ABIKEHUSI “OM” r2pUpHOTO BUXPS
b
An+1  — JUIMHA BOJIHBI KOHIIA N -r0 (Haudaiga n+1-ro) 3tamna asmxeHusa “OM” a3¢pupHOro BUXps
b
Ca — Ckopocts “OM” a¢pupHOTO BUXpS B 001aCTH ITAlA MPOIIECCa ABHKECHUSL. .

Ecnu nctouHnkom u3nydeHus OyIeT He CBepXMaCCUBHBIN 3BE3HBIN 0OBEKT, a KBa3ap UJIM €ro aHaIor
(6mazap u nmpouue), To rpaduK H3IMEHEHUS YaCTOThI U3 MydeHus (puc.97a,b,c) OBICTPO CABUHETCS BHU3 -

npH +Zg = 2.0 cIBUT 4acTOTH! npousoiier Ha Benmuunny Af = 2/3*fy npaxTiuecku ¢ Hauana raduxa Ha puc.97a,
Ha IyTU AJMHOM B 5 KUJIONAPCEK, U CABUT COXPAHUTCA A0 MpUEMa U3JIy4YEHUS B CUCTEME PErHCTPALHN.

Yckopenue u “I'pagumavuonnviii Ipupnwiii Ilpeoopazoeamens” 36e30u1 Sgr A*

. - . 2
I'pasumayuonnwiii Igupnotii Ilpeoopazosamens 11st Sgr A* (BBeIEHHBIN aBTOPOM *7):

Tk sgrar = 1.84-10° w/c? / 5.0-10" m = 3.68%10°° ¢, e
I'e =g /R - I'pasumayuonnsiii Igpupnuiii [lpeobpazosamens 00BbEKTa TPAaBUTAIIH.

I'pasumayuonnsiii Igpupnwiti I[lpeobpazosamens NOPOKIACTCS TATAKTHUESCKAM d(DUPHBIM BUXPEM B €TO
LEHTpPE, KaK pe3yabTaT CHILHOTO MOHWKEHUS 23(UPHOTO AaBICHHS, ITyTeM OTKAuKU U3 IIEHTpa Kak 3¢pupa,
TaK ¥ MaTepHUaJbHBIX 00pa30BaHHI U YAaCTHI, Yepe3 TaK Ha3bIBaeMbIE “IUKEThI KBa3apa.



Jlns aiyuueco nOHUMAHUSL 0 2PABUMAYUU 8 UBTONCEHUU A8MOPA, NPUBEOEHbI 8bIOEPICKU U3 PAOOMDBL:
“I'pasumayus u uHepyUst KaK peaxyus Ha yCKOPeHHoe Osudicenue 3¢gupa”,
Aswapos E.M., Mockea, 11.2018e., ( hitps://vadi.sk/i/szq5mDq9 mGo8g ).

(DOpMlebl cpasumayuOHH020 RPUMANCECHUA

« Tozoa cuna epagumayuoHHO20 NPUMSANCEHUsL (NPUMATKUBAHUS) NPeOCMAaHem 6 6eKMOPHOU hopme:
F, = m*g” [Kke*m/c] (1)

Bsedem nonsmue — epasumayuonnwlii npeobpazosamens 3upHoO20 NOMoOKa 00beKma msa2omenus, uau
I'pasumauuonnsiii Igpupnsrit Ilpeodpazosamens, npedcmasisarowuii coboll yckoperue c800600H020 NAOeHUs,
npugedeHHoe Ha eOUHUYY OIUHbL PAOUYCA 00EKMA MACOMEHUL:

= gR [c?], [Te=f(g R)] @)

F, =m*I'y*R, rae 3)
YVCKOpeHue c60600H020 NAOEHUs gy HA NOBEPXHOCMU 00beKma macomenust paouycom Ry, npunsamoim 3a Hynesou
(6azosbie usmeperus), SmMo cpeoHeKsaopamuitble 3Ha4eHus Ha OoaLUOU 8blOopKe uz nnap gy’ u Ry’ no ecetl
3emne, yuumuleas umo yckopenue 06pamHo nPONOPYUOHATLHO KAOpamam paouycos, 4mo 9KCHEPUMEHMAbHO

noomeepicoeHo!:

g=g*(Ry’/R?), re go-(E"gw)/n u Ry-(Z"Ry)/n 4)
u Ha paduyce R epasumayuonnslii npeobpazosamenv 3upHo2o nomoka oyoem:

I'e= gR = g*(Re/R*)/R = (29*Ry’) /R’ (). (5)

2
u evipavicenue (29*Ry°) = Const 015 0ob6vexma mscomenust 8 0603pUMOM UHMEPBALe BPeMeHU! »

3aKOH_2pasumMAauuOHH020 RPUMANCCHUS qbopmwzupvemc;l makK:

« Cuna Ilpumsasxcenun (npumankusanus) mamepuanvrozo mena I, (k2*m/c%), npunoscena k yenmpy macc smozo
mena, npamo nponoOPYUOHAILHA Macce 3mo2o mena m (K2), SpasumayioHHOMy npeodpazo6amenio 3upHo2o
nomoxa I'y (¢°) 06vexma mazcomenus, u nponopyuonansna paduycy R (m), nposedennomy om snuyenmpa
obnacmu 3¢upHo20 6cacvli8anus 00veKxma msacomeHust 00 YeHmpa macc MamepuaibHo2o meid.

[ pasumayuonnwvlii 3¢pupnbwlii npeobpazosamenb 00beKmMa macomeHus, 00 0asieHueM 3Pupa 60 BHeUtHeM
npocmpancmee, co30aem J1aMUHAPHBILL YeHMPOCMPEMUMENbHbLU 3QUPHBIL ROMOK, NPOBOOUM CHCAMUE MO0
BUXPEBO2O NOMOKA, PUHATLHBIM IMANOM KOMOPO2O SGIAEMC A MAMepUanu3ayus npomoHo8.

I'pasumayuonnwii Ipupnsiii Mpeobpazosamensy obvekma mazomenus I'y (), nponopyuonanen 6asoeomy
yekopenuio c60600H020 nadenus gy (m/c’) u obpammo nponopyuonanen kyby paduyca R (m), nposedennozo
om 3nuyeHmpa ooaacmu PYUPHOCO BCacbIBaAnUs 00 YEHMPA MACC MAMEPUATLHOLO Med.

I'pasumayuonnwiti npeobpasosamens 3¢pupHo2o nomoka odecneyusaem epagumMayioHHoe yYcKkopeHue c60O00H020
nadenusn g (m/c’) ons mamepuansrozo mena na yoanenuu R (m) om snuyenmpa o6racmu s¢puprozo écacvisanus u
npeobpazosanus, m.e. Om SNUYEHMPA SPAGUMAYUY 00BEKMA MAOMEHUS.

B popmyne cunvi mancecmu - F = m*g = y*(m*M3)/R’ umeiomes dse neussecmuvie y u M3 ! npoussedenue
Komopwix svipascaemcs uepes I pasumayuonnblii s5¢pupnuiii npeobpasosamens I'y = y*M3 /R’.

T.K. MedHcOoy MamepuanbHbLMU Meaamu NPUMAICEHUS He CYUeCmyem, NPUMSIiCeHUue co30aem mobKo
I'pasumayuonnwviii Ipupnwii Illpeoopaszosamens 00veKma mazomeHus, U no U3MePEeHHOU GelUlUHE
YCKOpeHus g MOJACHO OyO0em onpedenums moavbKo ux npousgedenue y*M3z 0ns 06vekma mazomenus. »

[Tocnennue npencTaBisAOT COOOH BpaIAIOUINICS CTBOJ BUXPS, IOJOOHOTO B MEXaHU3ME TOPHAJIO:

muametp ctBoia = (0.5 + (4-5) nk. (crapenue) anmuuHou = (30-150) knk. +~ 100 nk., ¢ Kaxa0i
CTOPOHBI TAJJAKTUKH COOTBETCTBEHHO (BTOPbBIE YUCIIA JIsI BEIPOKACHHOTO TaJJaKTUYECKOTO BUXPS),
CTCHKH KOTOPOTO YILIOTHEHHBI 23(HPOM 32 CUET IEHTPOOCKHBIX CHJL.

BuyTpu cTBOJIa 3(pUpHOTO BUXPSI TPOJOIBHOE IBHKEHUE d(prpa 3HAYUTEIHHO MPEBBIIIAET KPYTOBOE
IBMKEHUE, TIPU OTKAa4YKe 3(hupa U MaTepuu Bo3HUKAET I paduenm Igupnozo /laenenus, HarpaBlieHHBIN
OT LIEHTpPA rAJIAKTUYECKOTO BUXPSI — T.€. LIEHTPA “TpaBUTALMK FajJaKTUYECKOIO spa.




Taboauna napamerpoB I'paButaunonHoro Jdupnoro IpeodpasoBares gy,

g (w/c}) Rewickm) Tr=g/R(cD)  p i)  plTee*10°) 1/0 (cyTox)

Sgr A* (g=1.84-10° u R=5-10") Tgo=3.68*10° p=17,7%10° 308 >1000 22

Commue  (g=271. m R=695) Tgo=039*10° p=141*10>  3.62 25.4
- Mepkypmii (2=3.68 u R=2.44)  Tpo=1.51¥10°  p=5.42%10"  3.59 58.8
_Bemepa  (g=8.88 m R=6.05)  [g=14710° p=525*10"  3.57 243
“Zemmst (2=9.80 m R=6.38)  Ip=1.54*10° p=552¢10"  3.58 1.000
~Mape  (g=3.68 m R=339)  [go=1.14*10°  p=3.94*10" 3.46 1.025
_Jiyna  (g=1.62 m R=0.87)  Dpo=1.86*10°  p=3.35%10> 1.80 27.32
_OmnTep (g=24.0 m R=69.9) Do =0.34*10° p=133*10° 391 0.414
_Carypn  (g=9.74 m R=582)  D[p=0.1710° p=0.69*10"  4.05 0.444
_Vpam  (g=7.51 m R=253)  D[p=030510° p=129*10"  4.30 0.718
_Hemrtyn (g=11.0 m R=24.6)  Dpo=045:10° p=1.64*10"  3.64 0.671

. . 2
(B Tabmuiy 100aBiIeH CBEPXMACCUBHBIN 3BE3IHBII 00BEKT Sgr A*, 10 TaHHBIM, BEIYUCIICHHBIM paHee *°).

Ilpumepol cmeuweHuil cnekmpoe Keazapos 8 2aiaKkmuKkax

« B onvime Ilaynoa u Pebke, svinonnennom 6 1960 2. ¢ nomowwvio s¢hgpexma Méccoayspa, wacmomol
CPABHUBANIUCH 8 NPOYECCEe UCNYCKAHUSL HUNCHUM UCIOYHUKOM 2AMMA-U3YYeHUSI K 6ePXHEM).

buviio obnapyosiceno, umo wacmomul s0epuvix npoyeccos ' u f 6 paouoakmusHwvix u30monax, 0OuH u3
Komopwix pacnonazancs na esicome H=20 m nao opyeum, omuocunuce kax f'/f =1—g*H /c*, umo
coenacyemces u ¢ npedckazanuem OTO, u umeem nonnoe cosnadene 8eIUyUHbl 4aCMoOmHO20 CO8U2d NO
bannucmuueckoit meopuu Pumuya c usmenenuem wacmomsl (3¢pgpexm Pumya), 2oe:

U3Iyyamend HAXOOUMCs 8 YCKOPEeHUU a = g, HanpasieHHOM 6HU3, KOMOPOe GIUsAen Ha YACHOmY
f ' usnyuenus, npuxoosueco om ucmoyHuKa K noeiomumento Ha evicomy h:
2
no sgppexmy Pumya f'7f =1—a*h /c.

S¢ppexm Pumya I’ =1*(1+ a*L /e ) nepexooum 6 xXa00.106CKUIl 3aKOH “KpacHo20 cmeujenusn’”
I’ = I*(1+LH/c), ecnu nonosxcums 3uavenue H = a/c = VZ/(R *c), »
HO umeem _coeepuienno _opyzou cmoici! - AEM

ITo popmyne Putna B pacuére capura AL Haj0 ydecTs nepeMeHHOCTh a(R) 1 HHTErpupoBaTh NPUPOCT
sutiss Bonas! dA = (M/c’)* (a*dR) Ha kax10M 3eMeHTapHOM yuacTke mytu dR, nnterpupys Bois R,
nosyaum dA = A*G*M*dR / (Rz*cz) B npenenax u3meHeHus R ot R+, paBHOro paanycy 3Be3bl, 10
RgA*, PABHOTO PaMyCy OKOHYAHHS ITPABUTALUK 3BE3/bL, I1¢ a = 0.

B urore oOmuii capur aiuHbl BOJHBEI AA= AGM *(1 / Rpx -1/ ReA+) /c? , WK C Y4ETOM Rga+ >> Ras,
z =AML = G*Mgas / (Rax *c?), 1 3Ha5, 9TO g o+ = G¥*Mga« / Rps’,
z =AML = ga+ *Ra+ / ¢* = 1.84*10° m/c* * 5.0%10" m. / 9.0%10"° m/c*> = 0.102.

YMeHBIIICHHE YacTOThI OT CBEPXMACCUBHOTO 3BE3/IHOTO 00BEKTa SErA* Ha CTOPOHE pEerucTpaIiy:
fo / freg= (1+2) =1.102, fr,,=1,/1.102.



Hpumep ona cnupansvnoi Lanakmuxu NGC 7319, (puc.52a,b) /emewienue 77319 = 0.0225/

Jlnst kBa3apa, HaXOSLIEToCs BHYTPU, HO HE B LIEHTPE TallaKTUKU, cmeujenue Zg = 2.11, (cpednee
3HaueHUe 8 pacnpeoeieHul no cmeweHuam), keasap kax ovt 6 90 paz oanvuwe canakmuku NGC 7319!
OdunnanbHO TPUHATO YTO YMEHBIIEHUE YACTOT M3ITYYEHHUS - 3TO HE Pe3yJbTaT CHIIHOM “TpaBUTALUU
LIEHTpa KBa3apoB”, umo adconwomnuo adcypono! Ilpu 3ToM U3MEHEHHE B YaCTOTAX COCTABJISET:

fo/f = 20 - Z7319 +1 = 3.0875, umo neobx00umo npasunvHo uHmepnpemuposams!

s Keazapa, co ceepxmaccusHbLM 36€30HbIM 00bEeKMOM 8 UEHNIPE, HAX00AUe20Csl He 8 YeHmpe 10pa

2ANAKMUKU, 8eTUYUHA OONOIHUMENbHO20 cMewenus T = 2.087 o3nauaem, umo 4acmoma u3ny4eHus Ha
npueme menve uznyuernnou ¢ 3.087 pasa.

Vasmpaguonemosoe usnyuenue c A =300 nm npespawaemcs 6 uH@dpakpacrHoe usiyyerue ¢ OTUHoOU
60HblL A = 926 nm, onmuyeckoe usnyuerue ¢ A = 540 nm — npespawaemcs 8 UHPAKpacHoe uziydenue ¢
A =1666 nm, a ungppaxpacroe uznyuenue - 8 paouo OUANA30H, Mm.e. ONMUYECKOe UIYUeHUe YOATeHHOMY
Hab00amento He OOCMYNHO 6 pe3yibmame 2U2aHmMCcKo20 “KPACHO20 CMEW|eHUA ", He 2080psi 0 NOMEPSIX
yacmomst “IM” uznyuenuu no nymu!

CwmernieHue CrieKTpa 4acToT, Ui kKBazapa cpeanei Beauuunbl (i ranaktuku NGC 7319), cocraisier
z=2.11, rae I pasumayuonnsiti Ipupnuiii I[lpeobpazosamens TamaKTUIECKOTO Y(HUPHOTO BUXPS CO3TACT

JOTIOJIHUTEIBHOE CMellleHHe + Z = 2.1, 0 OTHOILIEHUIO K CIBUTY CAMOM ralakTUKH (Z7319 = 0.0225).

Io sddexty Putua ecmewsenue 7 nponopyuonanvno yckopenuio g, Komopoe, Ha 2panuye cmeona
ypupnozo suxps keazapa NGC 7319 (Ouamempon @ = 2*10a.e.), = ¢ 200 pa3 Govuite, ueM y “cBepX-
MAaCCHBHOTO 3BE3THOr0 00bekTa” THIa Sgr A*, maccoi = B 3.5-10° macc Connua (D = 0.33a.e.), 1.c.

nputshkenue I pasumanyuonnozo Igupnozo Ilpeodpaszosamens 2anakmuueckozo IQupHozo euxpsa Ha
MHO20 ROPAOKOG 001bUIe, YEM Yy “CBEPXMACCUBHBIX 3BE3THBIX 00BEKTOB”, TUTIA SGrA*, U ere OOJIBIIHX.

IIpumep ona cnupanvuou Ianakmuxu NGC 7603 (n.1):

-(Z1=0.029, V= 8568 km/c, R=466 man.ce.nem.) ceszana c coceoneii earakmuxoi Object 1,
-(Z>=10.057, V=16601 km/c, R=902 mnan.ce.nem.) npu nomowu ceemauwe2ocs mocma (puc.51).
B ceemsawemca mocme Oviiu 0OHapydiceHvl K8a3apovl:
- object 2, Z3;=0.243, V=64203 km/c, R=3500 man.ce.nem. (£;.;=0.214, 6 uacmomax fo;/fr.c =1.214),
- object 3, Z;=0.391, V=95496 km/c, R=5200 mnan.ce.nem. (£,.,=0.334, 6 uacmomax fy3/freq =1.334).

B cBsi3aHHBIX 00BEKTaX PACCTOSHUS HAJI0 PUHUMATD 10 OOBEKTY C HAUMEHBIINM CMEIIeHueM (Z7).

OOBEKTHI, UMEIOIIHE OOJIBIINE CMENIEHU Z, U CBSI3aHHBIE C 00BEKTOM Z 1, UMEIOT, CIEA0BATENLHO,
0oJiee MOIIHbIE TAJIAKTUYECKUE (UM 3BE3/IHbIE, KBa3apHbIE U T.I1.) 3(UPHBIC BUXPH, CO3AIONINE CUIBHOE
MOHMKEHUE Y(PUPHOTO AABICHUS B IIEHTPaX 3TUX 001acTe, U IpU MPOXOKACHUH U3ITyISHUI Yepe3 3TH
o0JiacTu ¢ “CUIbHOI IpaBUTAIMEN” yMEHBIIAIOTCSA YaCTOTHI BO BCEX U3JIYUEHHBIX JUANA30HOB - fy/freg.

Heyumennuwtii hpakmop, moycem eauamo HA YACMOMY U3TYUCHUS (eunome3a)

EcTb eme ouH KpuTepuil H3MEHEHHS YaCTOThI H3JIYUEHUS, CBSI3aHHBIN C YMEHBIIEHHBIM 3(PUPHBIM
JIABJICHUEM B LIEHTPE TAIAKTUKH ¥ BOJIM3U CHIILHO TPABUTUPYIOIIUX 0OBEKTOB, PH 3TOM JIOJDKHA
YMEHBIIHUTCS “CKOPOCTh CBETA’, MPOMOPIUOHAIEHO YMEHBIIIEHHOMY d(UPHOMY JIaBJICHHUIO.

CmMerieHue 4acToThl, BOHUKAIOIIEE BOJIM3H BEChMa CBEPXMACCUBHBIX 3BE3THBIX O0BEKTOB, HCXO IS U3
COOOpayKeHU, YTO SHEPT sl U3IYUYEeHHUs POTIOPLHUOHATIBHA YacTOTe U3nyueHus fx, 1 morepu sHeprun
MPONOPIMOHAIEHBI YCKOPEHUIO CBOOOJHOTO MaIeHUS HA IIOBEPXHOCTH IPAaBUTHPYIOLIETO 00BEKTA, U3
Yero CJIeAyeT YTO MOTEPH YaCTOThI MPOMOPIIMOHATIBHBI YCKOPEHUIO CBOOOTHOTO MaICHHUS B MECTE
U3IIy4eHUs], YIUThIBas 4To Ha paguyce HIBapummnbaa fyss = 0, umeem:

Afgss = fss *(gss / gsn ), Inss = fss — Afgsss fnss = fss *(1 — (Zss / gsn)), TOE
fss - YaCTOTa U3JTY4YEHHUS Ha MOBEPXHOCTU TPABUTHUPYIOIIETO CBEPXMACCUBHOTO O0BEKTA,



fyss - yacToTa M3MY4eHHUs Ha BBIXOJE M3 O0JIACTH I'PAaBUTALMU CBEPXMACCHBHOTIO OOBEKTA,
Afgss - majmeHne 4acToThl u3nydeHus fss mpu mpoxoxkieHnn 001acTH rPaBUTALH
CBEPXMACCHBHOTO 00OBEKTA,
gss - YCKOpeHHEe CBOOOIHOTO Ma/IeHUS Ha IOBEPXHOCTH CBEPXMACCUBHOTO 3BE3THOIO 0OBEKTA,
gsh - YCKOpeHHEe CBOOOTHOTO Ta/IeHHsI Ha TIOBEPXHOCTH “UepHOM ABIPHI” TOM K€ Macchl, Ha
KOTOPOM 4acTOTa U3Iy4EHHUs TOJIKHA BBIPOJUTCS B HOJIb;
(m.x. AEy o¢ m*gss*h, npu m u h puxcuposannom AEs o¢gss, yuumvisas umo fgss & Ej;

noayuum 3agucumocms: Afgss & (gss/ gsn), 20e npu gss = gsh, = fnss =0, Afcss = fss.

Hpumep ons_ceepxmaccuenozo 36e30n020 o6vexkma (n.7) maccoii 3.51%10° Mg ¢ pamgmycom 0.33 a.e.:

M3menenne gactoThl Afgss cocraut 3.88% (umm 3.88%107) na ynanenuu h ot ero noBepxHocTH 3a
MpeAesioM JEHCTBUS €r0 TPaBUTALIUN:
Af(;ss = (f(] - fss) / f(] = Zss / gsh = 3.88*10-2, NJIn 3.88%, fss / f(] =1+ Af(}ss = 1.048, rac
gss = 1.84*10° m/c? YCKOpPEHUE Ha MOBEPXHOCTH CBEPXMACCUBHOTO 3BE3IHOTO OOBEKTA,
gen = 3.87*10° m/c* yckopeHue Ha “IIOBEPXHOCTH YEPHOMN ABIPHI”, TOM e Macchl U fsp = 0,
{ gsn = 8ss* (Rss/ Rsp)? = 1.84%10° m/c” * (0.33 / 0.065)* = 4.74*10° m/c* }.

YmenbieHHas yactora usinydeHus Afgss = 0.038 f, npu nmxeHnu npotus noToka 3¢upa, IBUTaoLIe-
TOCSI C YCKOPEHHEM OT 00beKTa H3lydeHust Maccoii 3.51%10° Mg ¢ paxmycom 0.33 a.e., 3a cueT u3MeHe-
HUS TTapaMeTPOB CPEIbl, OKPYKAIOLIEH 00BEKT H3IIyYeHHs, 2 MIMEHHO U3MEHEHHE XapaKTePUCTUK U
MOBEJICHHE aTOMOB, U B TIIEPBYIO OUEPE/Ib MPOTOHOB M AJIEKTPOHOB MPH CHIIBHO YMEHBIIIEHHOM 3(UPHOM
TaBJICHUH, YIUTHIBASI YTO OHU CAMU TOXKE COCTOSIT U3 CBEPXYIUIOTHEHHOTO MaKCUMAIIbHO 3(Hpa.

[IpencraBieHHbIH BbIIIe HEYYTCHHBIH (aKTOP M3MEHEHHS TapaMeTPOB U3ITy4eHHUs, KaK (YHKIIUU OT
naBiieHus 3(UPHOI cpelibl, SIBISIETCS TUIIOTE301 aBTOpa (HE YTBEp KICHHEM ), TPEATIOKEHHOM IS
TambHEHIero 0OCy K AeHuUs, T.K. TOKa HEMOHATHO KaK MOYXHO Oy/IeT 3KCIIePUMEHTAILHO MOATBEPIUTh
WM OIIPOBEPTHYTH CKa3aHHOE 3TOM ITyHKTe!

Lanakmuka - postcoenue, M0J1000CHLb, 3DE1I0CMb U CHAPOCHLD.

1. Pooswcoenue I'anaxkmurxu.

Posxxnenue ['anakTuky HaUMHAECTCS C MOMEHTA, KOT/Ia K Pa3pO3HEHHON TpyIIe 3BE3/, UIIH K 3BE3THOMY
CKOTUICHHIO, TIOJIXOAUT CBOOOIHBIIN 3(UPHBIN BUXPh TOCTATOYHON MOIIIHOCTH U 00beMa, 4yTo Obl BOOpaTh
B ce0s1 ATy IpYIIY, UITH 3BE€3]JHOE CKOIUICHHUE, MTOJHOCTHIO MIIM OOJIBIIYIO €T0 YacTh.

CB00OAHBIN APUPHBINA BUXPh MOKET BOSHUKHYTH B PE3YJIbTATEe CTOJKHOBEHHS JABYX IaJTAKTHUECKUX
3(pUPHBIX BUXpeH MO nepueprn ralakTUK B OMPEIEIIEHHBIX MPOCTPAHCTBEHHBIX PACTIOIOKCHUSIX.

B pesynbrate co3naercs siapo ['anakTuku, B KoTopoM padoTaroT 3akoHbI Keruiepa, B IeHTpe KOTOPOTO
oOpasyeTcs CHIIbHOE MOHMKEHHUE Y(PUPHOTO AaBICHHUS, T.K. 3PHUPHOMY BUXPIO IOMOTAIOT 3BE3/IbI, TIepe-
pabaTbIBaIOIINE OKPYKAIOIIHA 3P B MPOTOHHI (BOAOPO) - MaTepHall pa3BUTHUS | alakTUKU.

Haunnaer ycunuBarthcsi HEBUIMMBIN paHee CTBOJ FaTaKTUYECKOTO 3(pUPHOTO BUXPsI, KOTOPBIil MoICBe-
YUBAETCA Pa3rOHSAEMBIMU B CTBOJIE IIPOTOHAMH U MAaTEPUAIIHBIMU CI'YCTKAMH, OTOPBAaHHBIMU OT 3BE3]
(naHer), MOMaBIIUMHU B 30HY JIEHCTBUS CTBOJIA 3()UPHOTO BUXPA.

2. Onocmo I'anakxmuxu.
[TpoucxoauT packpyTka Mmpoliecca — 3acachblBaHUE BCEe OOJIBIIETO KOJMYECTBA MPOTOHOB (BOOPOIA) U

MaTepUH MPUBOJHUT K YBEIHMUCHHUIO Pa3HUIIBI 3PUPHOTO AAaBICHUS MEK/y BHEIIHEH, [0 OTHOIIEHHUIO K
I"anaxTuke, 3pUpHOI CpeOH, U TOHMKEHHBIM JaBJICHUEM B IIEHTPE TaJITaKTHUECKOTO F(UPHOTO BUXPSI.



B03HUKHOBEHUS CTALIMOHAPHOTO IPaHEeHTa Y(PUPHOTO NABJICHHUS, POCT MOTOKA CI'YCTKOB MaTepHH U
MIPOTOHOB B CTBOJIE BUXPSI, TOSBJICHUE U3JIy4YEHHUH B palio, ONTHYECKOM, BKITIOUasi MH(PPAKPACHBIN 1
yIAbTPaHOIETOBBIH, U PEHTT€HOBCKUH THAIa30HBL.

Ha sToM 3Tarne B ONTHYECKOM JMara3oHe pyKaBa rajJakKTHKH MOTYT HE POCMATPUBATHCS - BUIHBI
TOJIBKO B YABTpa(uoJIeTOBOM Juana3one (puc.44).

[TporcxouT MHTEHCUBHOE 3Be3000pazoBaHue B sape ['anakTuku 3a cuer ycuienus s¢pdexra
BCAChIBaHUS 3(prpa U3 MEXTAIaKTUYECKOM Cpelibl U I0CTaBKa €ro K 3Be3/iaM sipa sl mepepaboTKH B
IIPOTOHBI, 3BE3]Ibl PACTYT 110 Macce, YBEIIMYUBAsi TAKUM 00pa3oM I'paHeHT 3(pUPHOTO JaBJICHUS.

B 3Be31ax mpoucxoauT HHTEHCUBHOE MpeoOpa3zoBaHue 3pupa B MPOTOHBI 32 CUET YMEHBILIEHHOTO
3(HUPHOTO JABJICHUS B SJIpax rajlakTHK, U YeM OJIMKe K LEHTPY, TEM JaBlieHHe d(pHrpa MEHbIIIE, U
2paAsUMAayUOHHOMY dPUpPHOMY npeobpazoeamento 3BE3] Jerdye MaTepruain30BbIBATh d(up.

Cucrema maTepuanu3aly d3pupa pacKpyunBaeTcsi yObICTPSIIOIIUMUCS TEMITAMH.

3. Monooocmo I'anaxkmurxu.

Snpo I'anaktuku npruoOpeTaeT MapoBylo, UK OIU3KYI0 K HEll popMy, CTBOJI TaJaKTUYECKOTO BUXPS
s¢upa CUIBLHO CKUMAETCS PaabHBIM JaBJICHUEM CHAPY)KU 33 CUET 3HAUUTEIIBHOTO IpajueHTa 3up-
HOTO JaBJICHUS, 3(Up BHYTPU CTBOJIA CUIIBHO PACKPYUYEH U Pa30THAaH.

CTBOJI BBIXOJUT 3a MPEAEIBI Apa FAJIaKTUKY, IPEBPALIASCh B AIUHHBIA TOHKHM ralaKTUUECKUN JDKET,
C BBIOPOCOM I1JIa3Mbl, YCKOPEHHBIX TPOTOHOB U YaCTHII, PE3YJIbTAT COYAAPEHHS IPOTOHOB C TIa3MOH.

Hecranmonapssie 3Be3/1b1 B3pbIBAIOTCS U BBIOPACHIBAIOT OOJIBIINE MACCHl MATEPUU B BUJIE Ta3a U IMbLIH,
MOCTABJISIS B LEHTPAIBHYIO YacTh TaJaKTHYECKOTO 3(UPHOTO BUXPS MaTepHa, U3 KOTOPOTO POXKAAETCS
aKKPELMOHHBIN TUCK B IIEHTPE H3PUPHOTO TaTaKTUIECKOTO BUXPSI, B KOTOPOM MOYKET HaXOIUThCS, WM HE
HAXOJIUTHCS, TOCTATOYHO MACCHUBHBIN 3BE3HBIN OOBEKT, KOTOPBIA CO BPEMEHEM BBIIYETCS B JIKET.

[Touemy pacKpy4rBaeTCsl aKKPELUOHHBIN JUCK TyMaio OOBSICHATH HE HAJO - 3TO paboTa 3(UPHOTO BUX-
psl BHYTPH CTBOJIA, KOTOPBIA, C OHOM CTOPOHBI MOJMUTHIBACTCS Ta30M U MBUIBIO FAIAKTUYECKOTO S/Ipa, a
C IpYroi CTOPOHBI OTCACHIBAETCS CTBOJIAMH JIKETa; KyCKU ITUIa3Mbl M IPOTOHBI Pa3TOHSICh BEIOpAChIBa-
I0TCS 32 NIPEAETBI A1pa, @ 3aTEM U FIAKTHKH C KOJOccaabHOU sHeprueil (puc.53).

C MOJI00CTH HAaUMHACTCS U CTapeHue | anakTuk, KOTOpoe 3aK/IIoYaeTcs B mpoliecce BEIOpoca 3Be3 I,
UMEIOIINX CKOPOCTb, JOCTATOUHYIO ISl HOKHIAHUA Apa ["anakTuky — Tak HauuHaeTcs: 00pazoBaHHe
rajJJlakTHYeCKUX PYKaBOB, OpMa KOTOPBIX 3aBUCHUT OT HEIIAPOBUAHOCTH siipa [ alakTHKH.

4. 3penocmo I'anaxmuku.

SInpo mocTeneHHo U3 MapooOpa3HOTO MPEBPALIACTCS B JUIMITHYECKOE, T.K. TaJaKTHUECKUH S(UPHBIHA
BUXPb PACKPYTHJIICS 32 CUET MOAMUTKH SHEPTUH OT MEXTaJIAKTHIECKOTO 3(Upa, HAXOIAIMIETOCs O
60ab1KM >PUPHBIM J1aBJICHUEM, IPAaBUTAIIMOHHOE BO3JICHCTBHE B INIOCKOCTH SKIUIITUKU B OCHOBHOM
noauuHseTcs 3akoHaMm Kemutepa, s11po ocraercs He MeHee ~20% 0T quameTpa rajJakTHKU.

B nanpaBieHuu, neprneHuKyJIspHOM TUIOCKOCTH SKIUITUKH, TIPOUCXOJUT OTKIIOHEHUE OT 3THX
3aKOHOB, 0COOEHHO Ha nepudepuu sapa, T.K. 3QUpHbIE TOTOKU AUKTYIOTCS BUXPEBBIMU IPOLIECCAMHU
(puc.5), KOTOpbIE ¥ PUBOJAAT K 3TUM OTKJIOHEHMSIM.

IIpu 3TOM MOKET BOHUKHILYTh f@p — HEKOTOPAsl BBITSHYTOCTh (HE CUMMETPHS) siipa — KaK pe3ysbTar
CTOJIKHOBEHHS C Oy Ia0IIMM 3(DUPHBIM BUXPEM CpEIHE MOIIIHOCTH, MITH 3aXBaT CO CTOPOHBI CO3BE3-
IIWiA, KOTOPbIE MIPUBEIH K UCKAKEHUIO (DOPMBI si7jpa, KOTOPOE, CO BpPEMEHEM, BCE PaBHO JOJDKHO IPEBpa-
TUTHCS B AJUTUITUYECKOE, MT0J1 ACHCTBUEM I'PaBUTALIMOHHBIX CHJI TATAKTUYECKOTO 3(UPHOTO BUXPSL.

C xoH1I0B 0apa ycuIMBaeTCs MOOET 3B€3]] U 3BE3IHBIX 00pa30BaHUM U3 si/ipa B COHUPAIbHBIE PYKaBa.



CTBOJ raJIakTHUECKOTO BUXPS BCTAJ BO BCEH CBOEH Kpace, BbIIAs JaJeKo 3a npenaensl ['anaktuky, ecnu
HeBJaJeKe OyaeT MPOXOJUTh COCEAHUN FIPUPHBIN BUXPb, TO JHKET YIAPUT CBOUM BHIOPOCOM B HETO, KaK B
HEKYIO Mperpajy, CTBOJ HAYHET pa3pyIIaThCs U MPEBPATHTCS B KPOHY, popMa KOTOpOi OyaeT 3aBUCETh
OT MOIIHOCTH COCEHETO A3(PUPHOTO BUXPS, CO 3HAYUTEIHHBIM BBIICTICHUEM dHEPruu (puc.55 u pucs7).

[Tpu coymapeHun Matepus 3aKpyduBaeTcsi, 00pa3yioTcsi TpaBUTALIMOHHBIE 3(UPHBIE TpeoOpa3oBaTesn
— KaK LIEHTPHI 3apOXKACHUS 3BE3/] U IUIAHET, U HAKOHEL BCTIBIXMBAIOT HOBBIE MOJIObIE 3B€31b1! OHU
MIO/IXBATHIBAIOTCA MepUepUHHBIM H3PUPHBIM TaTAKTUIECKUM TOTOKOM U CO BPEMEHEM JIOCTaBIISSIOTCS B
rajJlakTHYeCKUI TUCK MPUTAIKUBAHUEM d(UPHBIX IIOTOKOB, 32 CYET CHJI TPAJAUEHTOB 3(UPHOTO AABICHUS.

OT 1eHTpa raakTu4eckoro 3(pUpHOTro BUXps U3 CTBOJIA, B HAPABJIEHUHU OCH, TIOJI MaJIbIM YTJIOM
pacxoxaeHusi, OyJeT UMeTh MECTO MOIITHOE M3JIydeHHE BO BCEX UAMa30Hax OT PaJuo 10 PEeHTreHa U
raMMa U3JIy4€HHs, a TAKXKE IIOTOK BBICOKO DHEPIreTUYECKUX YaCTHUIL

BoT oTKkyna GepeTcs KOCMUYECKOe U3ITydeHUE C SHEPTHel MPOTOHOB B IECATKHU, U JIa)Ke COTHH MEHTa
AIIEKTPOHOBOJIBT (TIOCIIEHNE JaHHbIE U3MEpeHUi noka3anu suepruto B 500 PeV u 6onee!).

BHyTpH rajiakTHKu MOTYT CYILIIECTBOBAThH 3(PUPHBIE BUXPU CPEIHUX MACIITA00OB, CIIOCOOHBIE CO3/1aBaTh
KBa3aphl, 6J1a3apbl U APYrHe BUXPEBBIE CTPYKTYPHI, C BEChbMa MOIIHBIM T'PaBUTALMOHHBIM Y(PUPHBIM
BUXPEM, UMEIOIIUM JONOJHUTENbHOE “KpacHoe cMereHue” nopsaka 2.0 u 6onee (puc.52a,b).

Ot Ganmxka (Oapa) MoCTeneHHO yOeraroT 3Be3/bl B CIMPAJIbHBIE pyKaBa, KOTOPbIE 3aHUMAIOT IIPH 3TOM
3HAYUTENIbHYIO YacTh TaJIaKTHUKH, B IPOCTPAHCTBE KOTOPOT'O MOXKET OBITh ML U T'a3, “IpUTAIKUBAHUE”
CIHMPAJIbHBIX PYKABOB MOJIEP’KUBACTCS €IIle Ha IOCTAaTOYHOM YPOBHE, YTOOBI 3B€3/bI B PaAUATBHOM
HarpaBJIeHUU yoeraiu ¢ HeOOJBIIONH CpeHel CKOPOCThIO opsiaka 20 KM/Cek.

5. Cmapocmo I'anaxmuxku.

SAnpo rajakTUKM CUJIBHO YMEHBIINIIOCH 10 pa3Mepa - MeHee 10% OT MoaHOoro quamerpa rajJakTUKy, U
MPONOPIMOHAIBHO MO TOJIIMHE SJIpa TaJaKTUKH, OaJK OTCYTCTBYET MJIM MPAKTHUECKH JIerpaupoBall.

JI>keT BBIPOKIAETCS M3 BEChbMa MaJloro auaMeTpoM A0 1.0 K., Ho 4pe3BbIYaitHO OOIBINON ITHHEI,
BBIXOJISIIETO JJAJIEKO 3a MPeJIeNbl TaJTaKTUKH, B BEChbMa IIMPOKUH - 10 4 KNK. U 00jiee, HO MaJlol JUTHHBI,
HE BBIXOJIALLIEH 3a ITPEAEN HE TOJIBKO SIpa, U JaKE MEHBIIIE TOJIIIUHBI TAIAKTUYECKOTO JUCKa.

Bce 3710 siBiIsieTcst pe3ynbTaToOM CHIIBHOM JECCUTIAIMel SHEPTUH TaTaKTUYECKOTo 3(pUPHOTO BUXPA,
00YCIIOBJIEHHOTO CHJIbHBIM aICHUEM MOIHOCTH 2pagumaylOHHO20 3¢pupro2o npeobpazoseameis, U, Kak
CJIEJICTBUE, 3HAUUTEIBHO YMEHBIIEHO “TBEPAOE TENO ’, 3HAUUTEIBLHOE CKAThl I'PAaHULIBL, T/I€ ACHCTBHE
rpaBuTaMu paboTaer no 3akoHam Kermsepa, pacripocTpaHeHHe “TIPUTATIKUBAHUS CXOIMUT Ha HET.

CrniupanbHble pyKaBa 3aHUMAIOT MPe00IaIatoIIyI0 YacTh TATaKTUKH, B HEKOTOPBIX CIIydasix OHU
OTPBIBAIOTCS OT OaJi/Ka Ha 3HAYUTEIHHOE PACCTOSIHUE, B IIPOCTPAHCTBE KOTOPOTO MOXKET OBITh MbUIb U
ras, WiH, HOYTH CBOOOTHBIN OT HUX, TAJTAKTHUECKUI 3(DUPHBII BaKyyM.

IIpumepom Takoi raJakTUKA MOXKET CIIY)KUTh Hallla ranakTuka ‘“Mueunsiil IIyTs”, 111 KOTOpBIX
XapaKTEpHbI CIEIYIOINE TPU3HAKHU:
- pa3mep sipa BMecTe ¢ OalbKJIeM COCTaBIsieT MeHee 8% OT IuaMeTpa rajJakTHKH,
- XOpOILIO pa3BUTAasl CUCTEMA IaJJaKTUYECKUX PYKAaBOB C 3aKpPYUYHUBAHUEM,
- MQJIEHbKHE U IIHUPOKHUE JHKETHI C KPOHAMU HAXOJAUTCS BHYTPH SApa TaJaKTUKH,
- 3B€3/1bI OCYIIECTBIISIIOT MOOET HE TOJIBKO U3 s/1pa, HO U3 PYKaBOB,
HO 3TO MOYETHAsl CTApPOCTh.

Ha nam Bek xBaTuT!, 6€3 THTAaHTCKUX KAaTaKJIM3MOB B OJIMDKANINIYIO Tapy MUJUTHAPJIOB JIET.



6. Cmepmob I'anakmuxu.

['maBHBIM KPUTEPUEM CMEPTHU TAJTAKTHKH CJICIYET CUUTATh MPAKTUYECKOE OTCYTCTBHUE S/Ipa UK OHO
MPEHEOPESIKUTEIILHO MAJIOT0 JIUAMETPa, JDKET MPAKTHUSCKU BBIOXCS U HE MTPOCIICKUBACTCS B IICHTPE
raJIaKTHKH, 3BE3/Ibl PACCCUBAIOTCS M TAJTAKTHUCCKUE PYyKaBa TEPSIOT CBOIO CTPYKTYPY, OTACTbHbBIE
3BE3/IHBIC CKOTUICHUS UM KOHTJIOMEPAIIUH, TBIKYIUECS OJTHOHANIPABIICHO, CIIE MOAICPKUBAIOT CBOIO
CTPYKTYPY 32 cueT HeOOJIBIIOTO JIOKATHHOTO YPUPHOTO BUXPSI.

Pacnao u pazoee, ece 6 npoutnom...
K nexomopomy 36e30nomy 006pazosanuro cpedne2o pasmepa u3 mMoi00bix 36e30 nodoulel
0uYepedHoll c80O00HDLI, 0OCMAMOYHO MOWHBLU, 2ATAKMUYECKUL PUPHBIL BUXDD.

Koponws ymep, oa 30pascmeyem Kopoin!

Tpancopmauus 3¢hupnvix suxpesvix ppaxmanoe - om Illpomona K I anakmuke

D¢upoarHaMUUecKoe MPEACTaBICHHE MPOTOHA, KAK MUHUMAJILHOTO CTa0MIIBHOTO 3(HUPHOTO BUXPS B
MaKCHUMAaJIbHO CKaTOM BHEIIHUM 3()UPHBIM JIaBJICHUEM COCTOSHUM, SBJISIET COOOH CxKaThIi B popMmy,
NpUOIIMKEHHYIO K apy (pasHOBUAHOCTD TOpa) 3PUPHBIA BUXPb, UMEIOIINI KaK KOJBIEBOE, TaK U
TOPOMIAILHOE BpallleHHe 3pHpa, PH 3TOM Yepe3 LEHTPAIbHYIO 00JIaCTh Y3KOT0 KaHaja MPOKaYHBAaETCs
BHEIIHUH 3(pUp, ¢ OJTHOBPEMEHHBIM 3aKPYUYMBAHUEM BJOJIb OCH KaHAaJIa.

@®aKkTUYEeCKH B LEHTPAIBHON 001aCTH MPOTOHA 00pa3yeTcsi MOJ0CTh, 00pa3oBaHHAs CTEHKaMU 3(hupa
KaK B CTBOJIC TOPHA/I0, BJIOJIb KOTOPBIX MPOKAYMBACTCS BHEIIHUH, [0 OTHOIIECHUIO K TETy MPOTOHA, 3up,
MPAaKTUYECKU Oe3 COMPOTUBIICHHS U HA MAKCUMAIILHOW CKOPOCTH, C KOTOPOI IBUTAIOTCS YaCTHIIBI d(pHpa.

OO6pa3zyemast TOBEPXHOCTh SIBJISETCS TUIIEPOOIIONIOM BpAILlEHHsI TPAKTHYECKH MPSIMOM JIMHUM, TIO
KOTOPOM JBHXKYTCSI YaCTHUIIBI 3Hpa, C OOJIBIIUM COOTHOIICHUEM JUTHHBI TUIIEPOOJION A K €T0 TUAMETPY.

Taxum oOpa3om oOpasyercst BXoAHAas d(pHpHasi BOPOHKA CO CTOPOHBI BCACBIBAHUS, C TIOHUKEHHBIM
3(HUPHBIM J[aBJICHHEM B 00JIACTH €€ BX0Ja, M BbIXOIHAsl 3(hUpHasi BOPOHKA, B 00JIACTH KOTOPOU CO3/IaeTcs
n30BITOYHOE A(PUPHOE JaBICHUE, CO3/]aBaeMOE HAllOPOM MOTOKA 3(Hpa, pa3roHAEMOro BHYTPU KaHala
(cTBOJIA ApUPHOTO BUXPsI MPOTOHA!) 0 MpPEAETbHBIX CKOPOCTEH, YACTUYHO 3aKpyUeHHAs B Ty XKe
CTOPOHY, KaK M KOJIbIIEBOE JIBUKEHHUE 3(hrpa B IPOTOHE.

DTOT BHEITHUH, 110 OTHOIIEHUIO K MTPOTOHY, MOTOK A(Upa, 3aMBIKAETCS YACTUIHO CaM Ha ceOsl, Coen-
HSICh, CO BXOJISAIIUM BO BXOJHYIO 3(pUPHYIO BOPOHKY, 3PUPOM, BOCTIPUHUMAETCS BHE TeJa MPOTOHA KaK
“MarHUTHOE MoJie”, a He 3aMKHYTasl 4YaCTh BHELIHErO MOTOKA, UMEIONIAasi 3HAUUTENIbHOE BpallleHHe, KaK Ha
BXO/JIe ¥, 0COOEHHO, Ha BBIXOJIE, BOCIIPUHUMAETCS KaK €ro “‘CriuH’.

Takas Mozenb MOATBEPKAAETCS IKCIEPUMEHTAMU TI0 PACCESHUIO AIEKTPOHOB HA ITPOTOHAX, IPOBEAEH-
HbIX Ha CTaH(OpacKkoM auHelHOM yckoputene (SLAC), st onpeaeneHus AaBieHUs] BHYTPH IIPOTOHA, C
CHJIBHBIM IIPOBAJIOM JABJICHUS B 00JaCTH MPUOTMKEHHON K OCH CUMMETPHUHU, MAKCUMAJIbHOMY 3HAYCHHUIO
TaBJICHUs B CpeHeH 001acTH TOPOUAAIBHOTO Tejla MPOTOHA.

Kcratu naBnenue, moJCUMTaHHOE O pe3yIbTaTaM 3KCIIEPUMEHTA, Pa30IIOCh Ha OJUH HOPSIOK, C
JaBiieHHEeM 3¢Hpa B MPOTOHE, PACCUUTAHHOE 110 d(PUPOIMHAMUYECKON Moienn AIIFOKOBCKUM BLA. -
3TO OYEHb XOpOIlIee MPUOIIHKEHUE, YYUTHIBAS YTO UAET PEUb O YUCIIAX CO CTETICHSAMHU - 10* wm 10°%
OOpartuTe BHUMaHUE YTO IPOTOH — 3TO 3(PUPHOE TOPHAIO (PEMTO YpOBHS, B KOTOPOM JBMXKEHHUE d(hupa
HOJUUHSETCS pacipeeneHuto I paduenmos Igpuprnozo /lasnenus Ha caMOM HU3KOM YPOBHE aOCOIIOTHO
CTaOMJIBHOTO COCTOSIHMSI MAaTepUH, TIOKA HEJOCTYITHOM YEJIOBEUYECTBY B €r0 CO3JJaHUU.

[Tpu mepexoje Ha ypOBEHb ATOMOB MBI OIISITh BCTPEUAEMCS C ApXUTEKTYPOid A(PUPHOTO BUXPS OoJiee
BBICOKOT'O YPOBHSI, KOTOPBIN MOJATBEPXKAAETCA CO3JJaHUEM CUCTEM Ha SIEPHO-MarHUTHOM PE30HAHCE,
I aTOM BBICTYIIAET KakK LEJI0€, HE3aBUCUMO OT CJIOKHOCTH BHYTPEHHEH CTPYKTYPBI — €CTh BBIXOJIHAS
BOPOHKA 3(UPHOTO BUXPS aTOMa (€ro CIMH) ONpeAeIseT AadbHEeHIe MaHUTYJISIIUN C HUM, KaK C IH-
HBIM LEJBIM, MO/ IEHCTBUEM ‘DJIEKTPOMArHUTHBIX UMITYJIbCOB™ B U3MEHIEMOM ‘‘MarHUTHOM I10Jie”.



Dgupnwiii [Ipomonnwiti Buxps poxaaercs B 007acTH CHIIBHO IOHIKEHHOTO d(DUPHOTO JaBJICHUS B
He/Ipax IUIaHeT U 3Be3]l, CO3AaHHOT0 [ pasumayuonubim gupHvim IIpeodbpazosamenem, SBISIOMUNCS
[EHTPATBHOU 001acThio [l1anemapHo2o uinu 36e30H020 Iguproeo Buxps, Onaronaps 4eMy pacKpy4eH-
HBIC JIOKAIIbHBIC BUXPHU CIKATOTO 3(prpa CXIIOMBIBAIOTCS B IPOTOHBI.

Taxum 0Opa3oM IpoTOH 04eHb MOX0X 1Mo popme Ha [Tnanerapusiit nnu 3Be3aHbINH DdupHbIe Buxpu,
C TE€M K€ MBI BCTPETHMCS, eciii OyZieM paccMaTpuBaTh [ anakTuyeckuii BUXpb, Te, HE3aBUCUMO OT THUIIA
3(HUPHOTO BUXPsSl KOTOPBIH €ro K€ M MOPOAWI, OTINYHS OyIyT 3aKII0UaThCS B CKOPOCTSIX IBUKCHHS
s¢upa B 3TUX BUXPSAX U B Pa3HBIX MACIHITa0ax MPOSBICHUH MaTepHAIbHON CYIIIHOCTH - 31€Ch MBI BUJIUM
XapakTepHoe sl 3pUPHOI cpebl MPOsBICHHUE:
GHYMPU KAK020 1ub0 0016U1€20, RO MACWIMADAM, IPUPHO20 6UXPA MOYM CYULECIEOBAMb
HECKOIbKO I(PUPHBIX 6UXPeEll MEHbUIUX MACUIMAD06, U MHONCECH 80 IPUPHBIX GUXPell
3HAUUMENbHO 00/1ee MEHLUIUX MACUIMAd0s, U MAK Oajlee 6ce YMEHbULAACH 6 PA3MEPaX.

BHyTpu 3¢upHOTO BUXPS, CO3ABIIETO U YIEPKUBAIOIIETO [ aJaKTUKH, MOXKET CyLIECTBOBAThH 3(DUPHBIi
Buxpb KBazapa, u He 0JluH, CyIIecTBYIOT 3(upHbIe BUXpU 3Be31HBIX CKOIJICHUH, a TAK)Ke BEJIMKOE
MHO>KECTBO 3B€3/IHBIX 3(UPHBIX BUXpel ¢ ux [lmaHeTapHbIMU 3OUPHBIMH BUXPSIMH.

Ha BepXHUX ypOBHSIX MEHSIOTCS TOJIBKO MacIITalObl U BIOKEHHOCTh CTPYKTYP 3(DUPHBIX BUXPEH.

Besne BuiHA 071HAa apXUTEKTypa CO3UIAHUS MaTePHAILHBIX 00pa30BaHUI — CO3JTaHKE B IICHTPE BUXPS
MOHMKEHHOTO 3(DUPHOTO JIABJICHUS, [0 OTHOIICHUIO K 3(pUpy OKpyXKaroliel cpepl, ajee 3apadoTaroT
3aKOHBI T'PAJAUEHTOB A(PUPHOTO AABICHHS, KOTOPbIE U YACPKUBAIOT MATEPHUIO OT pa3pyIICHUS.

D¢dupHBIi BUXPb, €CIIH OH HE YIIOTHSIETCS JI0 TUIOTHOCTEW MaTEpUaIbHBIX YACTHII, TO OH HE BHJIUM B
CIIEKTpax ONTUYECKUX U3ITyYEHUH U CEHCOPHOU YYBCTBUTEIBHOCTH, KOTOPBIE JOCTYITHBI YEIOBEYECTBY
HETMOCPEICTBEHHO, HO YACTUYHO JIOCTYNEH MHCTPYMEHTAIBHO — HAPUMEp “‘MarHUTHOE ToJjie”, KOTOpoe
NpeJCTaBIsieT co00M ncesdomopoudanvroe, 1aMUHapHoe, 3AMKHYIMOe Camo Ha cebs, 8uxpegoe 08UMceHUe
s¢pupa **, ¢ ApKO BHIPAKEHHBIM MPOIOILHBIM TedeHueM 3dupa (B “I'paguentHoit DdupomHamuke”),
I “PEHTIEHOBCKOE H3IIyUeHHE”, KOTOPOE SBICTCS NPoO0IbHOU dupHoti yoapHoii 6oinoti *', wm T.H.
“3IIeKTPOMATHUTHOE H3IydeHHe”, SBISIOLICECS NPOOOIbHON APupHoill 601HOT **, 1 T.1., CO3IAHHBIX
I'paouenmamu Sghuproeo Jlasnernus.

B cuity HeBUAMMOCTH JIOKAIBbHBIX BUXPEBBIX APUPHBIX 00pa30BaHU pa3HbIX MacIITabOB U Pa3MEpPOB,
Y OTCYTCTBHS MPSIMBIX HHCTPYMEHTOB UX (DPUKCAIIMU U BU3YaIU3allUH, TOSBISETCS MPEACTaBICHUE, YTO
B IIPUPO/JIe TaKUX 00pa30BaHUI HE CYIIECTBYET, XOTS MHOTHE MTPOSBICHUS ABIKEHHS STHX BUXPEBBIX
3(pUPHBIX 00pa30BaHMUN BBIXOIAT 3a MPEebl BOBMOXKHOCTEH OMMCAaHUS CTaHAAPTHOM MOoeH (YaCTUYHO
ONMCAHHBIE B TEKyLIeH paboTe) HAOMIOIAIOTCS - HO OOBSICHEHHS HET, JaJiee OHU MpeatoTcs 3a0BEHUIO.

He pa3zo0OpaHbl MexaHU3MBI €111e MHOTHX PUPOIHBIX SIBICHUH ¢ O3ULIUHN “DPUPOTUHAMUKH . . ..
[IpencTouT rUraHTCKUN TPYA CO3UTAHUS U OOPHOBI 32 UCTUHY, HO JOPOTY OCHIIUT UAYIIUH.
PaGoThl XBaTUT MHOTMM MOKOJICHUSIM TBOPIIOB U MBICIAIMUX EcTecTBOMCHBITaTENEH.

IIpupooa He et GopMyll, OHa HE 3HAET HU UHTETPAIOB U TG PepeHIINaIoB, HU JUBEPreHIUuN 1
pPOTOPOB, HU “TiIcK” U “KcH” (PYyHKIIHIA, OHA HE 3HAET HU MAcc, HU JUIMH ¥ BPEMEH, HH “UCKPUBIICHHBIX
MPOCTPAHCTB” U “KBAHTOB”, HE 3HACT HU PENUTHIA, HU aTen3Ma, He 3HaeT Hu “‘JloOpa”, Hu “3ma”.

Ho ona co3nana camoe yHUBEpcaabHOE - ABM)KCHUE U BpalleHue 3(pupa - Kak IepBUYHYIO0 CYOCTaHITHIO,
cpeny, u3 Kotopoii poxknaercs Kusup — ot [Iporona no ["anaktuk, oT nojaHoro Xaoca J10 BBICOKOOpPTra-
HU30BaHHOTO Pa3yma, peanusys eraemuwiii 3axkon Bcenennoii:

Henpepuoieuwtit npouecc mpancgopmavyuu Ipupa
u3 neovimus ¢ boimue (/Kuznv) u oopammno.

[To3HaHME CKPBITBIX MEXaHU3MOB Tiepexoa0B Jdupa B beitue u oOpaTHO
- BOT IJ1aBHAs 3ajJlaya pa3BuTusa UenoBeuecTBa Ha Onmxkaiiee Oyayiee.




Ilocnecnoeue

“Obpamumcs K HelenvlM NPEONON0NCEHUSIM O HENpepvleHO pacuupsarowelics Beenennoil, komopule
MAK J#ce XOMsm He3amMemno i 3aMemHo UCHOIb308amy OJid 3auumsl OUOIEUCKUX cKazanuil”.
K.3. Huonkoeckuii, "Bubnus u Hayunvle mendenyuu 3anaoa”.

« Kax 3amemun Luonxosckuii 6 ceoeli cmamve "bubnus u nayunvie mendenyuu 3anada”, sma meopusi
6036pawaem HAc K MEMHBIM CYeGepUsM 0 HAYale MUpA U aKme e20 MEOPEeHUsl U3 HUYe20 (U3 CUHSYIAPHOCIU),
6o36pawaem k Beenennoil, oepanuuennoi, kax y udeanucmog I[lnamona u Apucmomens, Hexoti XpycmanbHOU

cgepotl.

Heoapom cosopsam, umo uz-3a eunome3svl ““‘bonvuioeco 63pwvisa’ eviensovieaiom yuwu Bamukana,— 6edv énepgvie
NPeONOANCUL MY TNEeOPUIO 8AMUKAHCKULL céaujennuk XK. Jlememp, umo 2o8opum o 10HCHOCMU, HEHAYUHOCTNU
’

meopuu. He cnyuaiino /Joic. I'amos, paszsusas u nponazanoupys meoputo ““‘bonvuioco B3pwisa”, ucnonvzosan 6
c8oUX pabomax mepmuHoI02Uu0 Apucmomeins.

Jlpyeoti cmoponnux meopuu “pacuupsioweticsi Beenennoii u bonvuwioco B3pwiea” — A. D00unemon, passusai 6
PAMKax nayku Hemamepuaiucmudeckue uoeu, packpumuxosar C.H. Bagunogvim, Apbim npOmueHUKOM 3o
meopuu. He cnyuatino u 060ocHosanue sma meopus Hauila 8 meopuu OMHOCUMENbHO-CIMU, CIMOJb Jice
abcmpaxkmmuoll u HeHay4-Holl — OCHOBAHHOU HA NOCMYAATAX, KAK U penucus — OCHogannas na doemax. Omcrooa u
MPAKmMosKa “Kpachoeo cmeujenus” - Kax ciedcmeusi pazbe2anus 2ailakmux 8 pacuupsioueticsi BeenenHotl.

Ho ceemavie uoeu maxux yuénvix kax Pumya, Beirononvckozo, Xabona, nodo6ro udesim ux npeomey -
Apucmapxa, Bpyno, I'anunes, noodgepenuco 2OHeHUsIM cO CIOPOHbI OPUYUATLHOU HAYKU U PeTUULl, CIPEeMUBUUUXCS
nPOOIUMDb 81ACTN MPAKOOECUsL.

Tlosmomy Heobx0ouma Kocmonoeus, 00vbACHAWASA Yakmbl HA OA3e UHCMPYMEHMATLHBIX HAOTIO0EHUIL.

Ecnu Beenennas 6ezepanuuna, beckoneuna @ npoCmpancmee u pemMeni, mo e€ cogcem He 0013amenvHo Hcoém
cmepmy, ub0 0Jisk OMKPLIMBIX CUCTHEM 3AKOH Y8EIUUEHUsI SHMPONULU He bINOIHACCS, NOIMOMY HAUL MUD OOIIHCEH
JHCUMB BEYHO U HE CMApemb CO 8peMeHeM, MouHee, Cmapems U NapaiieibHo OMOAACUSAMbCAL.

Tax Bpyno u Luoaxkogckuii NROHUMANU 8eYHYIO MOIOOOCMb Beenennoii. »

Wx Touka 3peHus Halula NOATBEP)KICHHE B OTKPHITOM B. A. AMOapuyMsiHOM (akTe poxaAeHUs U
00pa3oBaHus HOBBIX 3BE3]] B BEIOPOCAX KBAa3apoB, MPOTEKAIOLIETO OJHOBPEMEHHO C HEU30EKHBIM
yracaHueM U OTMHpPAHHEM CTaphIX 3BE3], KCTATH TOXKE OOJIBIIOTO MPOTUBHHUKA KaK aOCypIHOM TeopuH
“Bboaswmoro B3peiBa”, Teopun “pacumpsiomeiicss BeeqeHHoH”, Tak 1 Teopun 00pa3oBaHMs 3BE3/1 U
IUIAHET MyTeM aKKpELUHU U3 ra3a U MbUIM OKPYXKAIOIIETro MPOCTPAHCTBA.

« OObIYHBIM OONAEPOBCKUM YUUPEHUEM HENb3sL O0BACHUMb, NOYEMY V CAMbIX OANEKUX 2ANAKMUK, CYOs NO
HAOMIOO0EHUAM, TUHUU YeM Oabule mem CIMAHOBAMCs wupe, OJis 2ANAKMUK He CIMOLb OMOAIEHHBIX SMO YIUUPeHUe
oKadicemcest u 606ce HezamemuuviM. [lepeusnyuenue ceema s0ep 2ailaKmux 6paujarOuumMcs 00IaKom 2aza 0aém
cogue TuHULl Oe3 UX YuUpeHus.

Ecnu nunuro nocnowenusi 0aém ne eanaxmuka, a 061axo 2aza e0e-mo Ha nymu K Hetl, mo KpacHoe cmeujerue
JUHUY 6Yy0em npOnopPYUOHAIbHO PACCMOAHUIO 00 0011aKd, UOO MOJIBKO ¢ 9MO20 PACCMOSIHUS HAYHEM PACMU CO8U2
JIUHUY NOSTOWEHUS, U MAKUe JUHUU NO2TIOWEHUS MENCLANAKMULECKO20 2A3d ¢ NPOMENCYMOUHBIMU CMEUJeHUSMU
OelicmeumenbHO HAOeHbl.

Aesnenue kocmuyeckou oucnepcuu - "aghgpexm Tuxosa-Hopomana", no umenu acmponomos, He3agucumo
omxpulewux smom sgppexm 6 1908 2., 3axarouaemces 6 3anazObl8aHULU 3AMMEHUL OBOUHBIX 36E30 8 CUHUX JIYUAX NO
CPABHEHUIO C KPACHLIMU JIVYAMU.

O6Hapy.wceH0 Hecosnaoenue MOMEHMo8 onmu4ecKkux, peHmeeHoO6CKUx upaduo—ecnbnuek OOHUX U mex Jice
KOCMUYECKUX 00DEKMOE6 - YeM 6blllle Yacmoma ceema, nem Husice e2o CKopocnib npuxoda:

—paduoumyqeﬂue obeonsem onmu4eckKoe,

- onmuyeckoe ob2onsem PERMSEHOBCKOE U3TTYUEHUE,

- d PERMeEHOBCKOE U3TTYUEeHUE obeounsiom camma-iyvu. »

M3BeCTHBI MHOTOYHCIICHHBIE CJIydau, KOrJa HU3KOYaCTOTHOC paJUuOU3TyYCHUC OTCTa€T OT BBICOKOYAC-
TOTHOI'O U3JIYYCHUA U OIITUYCCKOIO, Ha6J'IIOI[aeTC$I Y CBCPXHOBLBIX, ¥ 6apCTep0B BCIIBIIIKA Ir'aMMa- U PCHT-
TCHOBCKOI'O M3JTYUCHUS ONCPCIKAOT ONITHYCCKUEC, TOCIICAHNUM K ACTCKTOPAM INPUXOAUT PATUOU3ITYUCHUC.



[TocnenHee MOATBEPKAACTCS TEM, YTO PATUON300pAKEHHS PYKaBOB CIIMPAJIbHBIX TAJIAKTUK OTCTAIOT
OT UX ONTUYECKUX N300pakeHu, Oyayun moBEPHYTH HAa HEKOTOPHIH yrou. [Ipobieme kocMuueckon
mucniepcun “T'paguentHol DdupoauHaMuke” MPeICTOUT AaTh €€ H3PpUpoTuHAMUYECKOe 0ObICHEHHE.

« HApyeoui paxm, omeepearowjuii podicoeHue u meniogylo cCMepms Mupa,— 3mo OmKpulmue 36630 u CKOnaeHull,
NOABUBLUUXCS, CYOsL NO OYEHKe UX 803Pacma, 3a MHO2Ue MULIUAPObL Jiem 00 pacyémuoeo momenma “bonvuiozo
63puvisa”. A paz 36€30bl u 2anaKmMuKu NPOOOINCAIOM NOAGIAMBCS, MO YN0 CYUTNAMD, YMO 6CE OHU POOULUCD
O0OHOBPEMEHHO 6 eOUHOM aKMe MEOPEHUs U 8ce OOHANCObL YMPYM. V 2anakmux, YOAnéHHbIX HA paccmosnue
~ 10" ce. nem u Gonee, peanvo éviaenen sghhexm mozo, umo “KpacHoe cymeujenue”’ HUNCe Moo, KOMopoe
npeonucvieaem 3axKon Xaboaa, m.e. ecms depuyum KpacHo2o cMeujeHus:, NOCMasUusUtl 6 mynux KOCMoa02uro.

s eco 00vACHeHUs He npUOyManu Hu4e2o J1yuuieco, Kpome Kaxk cuecms Beenennyrto ne npocmo pacuupsiio-
weticst, a ewé u YCKOPEHHO, — 3a C4E€M GblOYMAHHOU “MEMHOU SHepeuu”.
s eanakmux srce, QONOIHUMENLHO NOMPeDO8aANacy ‘‘UepHas mamepust” 05l CUT0BO20 YOePICAHUS 36€30 6
2ANAKTNUKAX — KAMAaAcmpo@puyuecku ne X6amano CUl epasumayuu, oaxice 000asus, Hukem ne 00KA3aHHYI0 8
« ” - 10 /
peanvrocmu, “uepnyio ovipy” maccoii ¢ 10" u 6onee macc Conrnya! » (C.A. Cemuros)

Kak ObITh C TPUXOI0OM, MPAKTUUECKH MTHOBEHHO, CUTHAJIA U3 PEAJIbHOTO MOJIOKEHHS 3BE3/1 B JaHHBIN
MOMEHT BpeMeHH, 0OHapyXeHHOe 3KcrepuMeHTanbHO Ko3bipeBsiM H.A., TBaX1bI TOATBEPKACHHOE
JOPYTUMH IpyNIaMH UCCIEN0BATENEH.

B no6aBok KozeipeB H.A. mokazai, 4To 3Be37aM KaTacTpo(uyecku He XBaTaeT AACPHON SHEPTUU IS
MOJIEp>KaHUs TOPSHHsSI B TEYCHHH OTBEACHHOTO UM >KU3HEHHOTO 1ukia. Otkyna e€ Opars? Het oTBeTa!

370 naeT npsAMoe yKasaHue Ha 3(pUPOIMHAMHYECKYIO OCHOBY HEKOTOPOTO BUAA U3TyUEHHH 3BE3], C
MaKCUMAaJIbHBIMU CKOPOCTSIMH JIBMKEHUS 3(PUPHBIX TOTOKOB, MHOTOKPATHO MPEBBIIIAIONIUX CKOPOCTh
CBETa, M0Ka €11€ HEN3YYEHHOM NPUPO/Ibl, YEIOBEUECTBO JKIAET HOBBIX “MeHnaeneeBbix” u “Tecn”.

“OduponnHamMuKa”, Kak MOJICJIbHOE MTPECTaBICHUE MUPA, HaYaTasi BEJIMKUMHU ChIHAMH YeJIOBEYEeCTBA —
ecrectBoucmbiTarenssMu XIX u XX cronetus, Hadano cBoe nmodenHoe Bo3poxaeHue B XXI cromerun,
TEOpeTHUYECKHE Havyaja KOTOPOH ObLTM CO3/JaHbl HAIIMM COOTEYECTBEHHUKOM Aytokoeckum B.A.

B XXI Beke mpuIio Bpemsi TATAaHWUYECKUX TpaHc(opMaluii Kak B MOJIMTHUYECKOM YCTPOHCTBE MUDA,
TaKk U B HAy4YHOM, U KaK npeapekanoch - Mup neeuoumwiit cmanem Mip-om euoumvim.

O Illo3nanuu Mip-a Ucmunnozo

Ilo3HaHuE OJKHO OCHOBBIBATHCS HA HEMPOTUBOPEUNBOI PUUMHHO-CIIECTBEHHOMN JIOTHKE, POLIECC
no3HaHus crpoutcs oT Onucanuii U Mogenei, uepe3s @opmanmzanuio, B CucreMy 3HaHUM, HUICKOJIBKO
HE MPOTHUBOPEYAIINX HAOIIOJCHUAM U SKCIIEPUMEHTaM, 00CYKIaeMbIX OTKPBITO U HEMPEIB3ATO.

Ecnu Moens mpoTUBOPEUUT 3KCIIEPUMEHTY, TEOPHUS OTOPAKOBBIBACTCS, IKCIIEPUMEHT MPOBEPSAETCHL.
Hayka momkHa O0b1Th 0cBOOOXAeHa 0T [locTymaroB u Jlorm, ¢ onmopoit Ha DKCIIEPUMEHT.
Hacrano Bpemst nosnHocThI0 MeHATH M ieonornueckue [loaxoast Ha Mcrennbie 3Hanus!

ABTOD HE SBIISIETCS NPOTUBHUKOM BEPOBAHUI JIIOAEH KaK TAKOBOM — 3TO MX HEOTHEMIIEMOE MPaBO, HO
SBJIIETCS KATETOPUYHBIM IPOTUBHUKOM CO3JaHMs “BEpOBAaHUI” U “NIOKIOHEHUI B MPOLECCE MO3HAHUS
OKpYXKAIOILEro HaC MaTepUAILHOTO (PU3UYECKOTO U TOHKOTO 3()HPHOTO MHUPOB:

— IInamon mue opye, no Ucmuna dopoxce! ( Cokpam ).

3HaHUs JOJDKHBI HEMPEPHIBHO YTOUHSTHCS B IPOLIECCE PA3BUTHS, U CAMOE TJIABHOE:
- 3Hanusa 00nHCHBL ObIMb 8 C60OO0OHOM 0OCHIYne Uenogedecmey Ha 0e3603Me30H0I 0CHOBe —
TOI'/1a CKOPOCTh IIporpecca BO3pacTET Ha MOPSAKHU, a BO BeeneHHOM MoSBUTCS AOCTOMHAS IUBUIIM3ALIMS !

Aswapos Eseenuti Muxaiinoguu, ejen(@mail.ru .




Hpunoycenue Ne 1. ( K pazmviuinenuro..., u3dpantoe 6 noomaeepircoenue )

Buxps Operona (CIIIA) — chepuyecknii Top I3Hepruu 3emian

Meuo Yunxox. “Hayka Eouncmea’.

« ... Buxpv Opezona - camas uzeecmunasn ooracmo anomanuti ¢ CLUA. Buxps Opecona nayuno usyyaics
MHO20 Pas, U 0COOEHHOCMU €20 N08eeHUsl HEOOHOKPAMHO NOOMEEPIHCOANUCD !

1. Buxpv Opezona umeem chepuueckyio popmy...

2. B yenmpe Buxps npoucxooum nanomunarouee 0blmMoxo0 08udicerue dHepeunt, ROOHUMAarowecs 6
6030yX. Mo yKazvieaem Ha mo, 4mo noie OelcmeumenvbHo umeem Gopmy cepuieckoeo mopa.

Boons yenmpanvrotl ocu 0sudicenue snepeuu Ovicmpee, yem 8 Opyeux 001acmsx, Kak Mvl U OHCUOATU.

3. Dunepeus 6 yenmpaivvix obaacmsax obradaen cnupaieéuoOHbLMU CEOUCMEAMU.

B kascootl konkpemnoi mouke HamMa2HUYEHHbIIL MASMHUK 6PAWACMCSL N0 CRUPANEBUOHBIM KPY2AM....

4. Buxpb 0emoHcmpupyem ouelsb CUibHble INeKMPOMASHUMHBIE GUAHUSA.

B Tauncmeennom JJome (nazsanue 0oma, NOCMPOEHHO20 HA GUXPE) 3aNPEUieHo Noab308AMbCs KUHOKAMEPAMU,
AKOObI NOMOMY, UMO UHMEHCUBHBIE DNIEKMPOMASHUMHbIE IHEP2UL MOV 8bI3bIBANL NOIOMKU
YYECMEUMENbHO20 000PYOOBAHUSL.

5. B Buxpe nabniooaiomcs si8Hble AHOMAIbHbLE USMEHEeHUs pasumayul. B oonom mecme, na 3emne Hapucosan
Kpye, u uem Oaudice bl NOOXOOUMme K Kpyey, mem CULbHee GbIHYHCOEHbL HAKIOHAMbCA, 6II0Mb 00 CeMU 2padycos
dyeu om ucmuHHo2o nepneHouxyaapa. [leimasce suinpamumucs, 6vl ynaoeme. B opyeom mecme, memna cmoum
HA 0OOHOM KOMYEe U MOJCEm OCTABAMbCA 8 MAKOM noaodxceHuu 36 yacos. B mpemvem, mau kamumcs no
HAKJIOHHOU NAOCKOCMU U “Kamumcs 66epx ...

6. Buxpw obnadaem uemko pazepanuieHnbiMu MacHUMHbIMUY noarocamu. Mul yoice eudenu oeticmaue “‘cghep
eHympu cghep”’ 8 As1eHUL MOPHANO, MaKdHce Mbl HaOA00AU Mo npu éocnpoussedenuu Ipgexma Cepna 6
nabopamopuu, eévinonnennom Pougunvim u I'oounwim.

7. L{enmp cpepul anepeuu naxooumces ¢ 3emue. Imo 4emKo y8a3ul8Aemcsi ¢ 0AHCUOAHUAMU MO20, YMO maxue
DHepeemuUecKue nPoYeccbl MO2yn co30a8amocsi 0OIACMAMU NOO NOBEPXHOCIbIO 3eMl, 20€e HCUOK00OpasHoe
gewecmso aumocgepvl ObIcmpo meuem 8 opme GOPOHKU. ..

8. Buympu Buxpsa, om 001020 mecma K Opy20my, peanvHo MEHAEMCs pa3mep 00beKmog. Imo 16HO 3aMemHO
enazamu Habmodamens u Ha pomoepagusx. B Buxpe, 06a uenosexa 00uHaK08020 pocma Mo2ym pacxooumsCsi 6
PA3HBIX HANPABTIEHUSAX, U 8 3A8UCUMOCIU OM MO0, 20€ OHU CMOsIM, 00UH Oyoem Ka3amuvcs gvluie, a Opy2ot
Hudice. Eciu ux nomenams mecmamu, xasxicooe mecmo Oyoem 0eMOHCMPUpo8amy me dice GIUsHUSL Ha UX POCH
omuocumenvro opye opyea. To ecmv, mom, Kmo Ka3aics nudce, cmauem eviuie, u Haobopom. M 61o6b 2mo
coomeemcmeyem HaO.II00eHUAM PeHOMEHA MOPHAOO0, NPEONONALAIOUUM, YTHO HA MAMEPUIO OKA3bIBAIOCS
6ecoMa onpedeneHnble GIUAHUSA, CNOCOOHbIe USMEHAMb UX CIMPYKIMYPY 00 CUX NOP HENOHATHBIM CHOCODOM.

9. Usmenenue pazmepos 06beKmos HeGO3MONICHO UBMEPUIb UHCIMPYMEHMAMU. DMOo NPOUCXooum nomomy, 4mo,
pabomas 6 IMux 0O1ACMAX, USMEPSIOWUE UHCIMPYMEHNbL MOodice MeHsaom céou pasmep. Taxum obpazom, 6
Buxpe “sce omnocumenvro”, a mouHvle uzmepenus He 603MOACHbI, OCIMAEMCsl MOJIbKO U3VATbHOE
HaO00eHue.

10. Teuenue spemenu 6 Buxpe mensiemcs Ha wemeepmuv ceKyHObl. [lockonbky Dunwmelin npeonoioicui, Ymo
NPOCMpPAHCcmMEo U pems 00vbeOuHenvl 6 eounoe “nonomuo’’, 1odvle usMenenus 68 Kauecmse npoOCmpanHcmea
OQOMIIICHBL NAKIHCE USMEHSAMb U KAYECMBO BPEeMEHU.

11. B yeumpe Buxps naxooumcs Kopona, cocmasisiowast 00Ky wecmyro 8eluyuibl camotl cgrepol. M 6106w, 3mo
6eCLMA UEMKO VBA3bIBACMCSL C HAX0OKAMU 0-pa [IMumpuesa u omuemaugo nabniooaemcs na homoepaghusx
NPUPOOHBIX CAMOCEEMAUUXCS 0OPAZOBAHULL.

12. B Buxpe ymenvuiaemcs ecmecmeeHnas CKOpoChib 2pasumayonino2o yckopenus. Qbviuno epasgumayus
PACNPOCMPAHAENICA CO CKOPOCHmbio 32 ¢hyma 6 ceKyHdy, 6 mo 8pems KaK 6HYMpU GUXPS OHA NOHUICAEMCsL 00
29,16 pymos 6 cexynoy. Dmo oznauaem, ymo oOuwull, HANPAGIEHHLIL BHU3 AP YeKm COOMHOUEHUS MENHCOY
epasumayuetl u resumayuell 8 0opazosanuu ymenvuiaemes na 10 %, umo cosnadaem ¢ ucKyCcCmeeHHbIMU
epasumayuoHuvimu 3 exmamu, nabmooaemvimu 6 I enepamope Cepna na Oonee 3SHAUUMENbHOM YPOGHE.

13. Buympu Buxps, épemenamu, K020a 4eio8ex Cmoum 6 onpeoeieHHbIX Mecmax, O Modicem udems
Yen08euecKylo aypy. Jmo npeononazaem, Ymo MazHUmHoe uiu OU0IIeKmpuiecKoe noje YCuiueaencs
onepeuamu Buxps. U 6106b, Mbl 6uouM, Kak ueiogeueckue cyujecmea QyHOamMeHmaibHo 3aumMo0eicmeyiom ¢
IMUMU CUTAMU.

14. B nexomopuix mecmax Buxpv npoussooum yeaumenvckue agpgexmot. Henvcon cooowun, umo y He2o
ovLa cunvras 6016 6 cnune. Koeoa on xo0un uau cuoen 6 onpeoeieHHblx mecmax Buxps, 6o npoxoouia 6
meyenue HeCKONbKUX MUHYm. Imo co8epuenHo yeasvieaemcs ¢ cooowenuimu 0-pa Cepaa, c8A3aHHbIMU C
ucyenreHueM CULbHbIX 0AHCO208 HA Juye, NOIVUeHHbIX npu pabome ¢ I enepamo-pom, numaowum e2o 0om
anepeuel. Hux Henbcon 3amemun, ymo ama sHepeemuyeckasi CMpyKmypa 0O4eHnb HanoMuHaem MazHummoe
none, (hopmupyroujeecsi OKpy2 CmepiHCHe8020 MASHUMA. .. »




TopHano - padoTa HAX MaTepuen

(Amumpues. Daekmpozpasuounamuieckas KOHyenyus mopHaoo.)

AHOMAJIHH CBEYEHHUA B TOPHAIO

B uccnedosanuu 0-pa Anexcess M. /[mumpuesa muvl ACHO 8UOUM, KAK MHO20 NPOOLEM CYUeCmayen 6
co8peMeHHbIX MoOensx. M 6H06b, Mbl HAUUHAEM PACCMOMPEHUE C HEKOMOPBIX KIIOYEe8blX Qpas, 6blOCIEHHbIX U3
MHO2UX HAOII0OEHUL (DEHOMEHOB C8eUeHUs 8 MOPHAOO, COOPAHHBIX J[Mumpuesvim.

* OCHEHHbIL AP 8 BOPOHKE

* MOJHUSL 8 BOPOHKOOOPA3HOM 00NIaKe

* JICenmas ceepraruas NOBEPXHOCMb 60POHKO0OPA3HO20 001aKa
* HenpepuvleHbLE MOTHUU, OKPYHCAIOUUE MOPHAOO

* OCHEHHAsl KOJIOHHA 8 MOPHAO0

* ceemAwUecs 001aKa, OKPYACaruue mopHaoo

* ceepKaiowee cusiHue mopHaoo

* ceepkaiowee ceemsaujeecs 001aK0 6HYmMpUu G0POHKU

* OYCUHKOOOPA3HbLE MOHUU, OKPYICAIOUWUE MOPHAOO

* 83PBIBAIOUUECS OCHEHHbLE UUAPDL, CEA3AHHbIE C MOPHAOO
* BPAUAIOWARACS NOLOCA MEMHO-CUHE20 C8eMma 8 BOPOHKE
* c8emosoll 3exm “npazoHuuHO20 Kojeca” U3z 60POHKU.

Paccmampueas smom cnucok ceoticms, cpasy sce CMAHOBUMCL AICHO, MO MOPHAOO CO30aI0M 02POMHbLE
Koauwecmsa ‘‘c0000HOU dHepeuu”.

IIpeocmasnaemces, umo, mo Koauvecmeo snepeuu, komopoe noaydan Cepi npu nomowu 2upoKamyutex,
O1e0Heem no CpasHeHUIo ¢ meM KOAUYeCmeoM SHepeul, Nompebo8asuumMcs 0lisk RPOU3800CMEA MAKO20
NOCMOAHHO2O KOIUYECMBA CEeMAUUXCS PeHOMEHOS..

DEHOMEHOJIOI'HA TOPHAJ/[O
30ecb Mbl KPAMKO paccmompum 0cemb NYHKMO8, YHOMAHYMbIX 6 pazoene 2.1 cmamou JImumpuesa,
o3aznasiennol ‘Qenomenonocus mopHaoo”’, s mo2o, Y¥moobvl HOIHOCHbIO OCEEMUMb AHOMAIUU, KOMOPble
cedyem NPuHAMb 80 GHUMAHUE, U3YUAsi MOPHAOO.

BOPOHKOOBPA3HBIE OBJIAKA BE3 “PO/JHUT EJIEH”
B nynxme nomep 1 npusooumcs ymeepacoenue, npomugopeaujee mpaouyuonHou mooeiu mopruaoo bpykca: 6
pade cyuaes npeocmasisnemcs, Ymo pooumenbckoe 0baaKko ne omaeuaent 3a hopmMuposanie 0POHK00OPa3HOc0o
obnaka.

B cnyuae, cooowennom I'B. Yobycom, éoponka nokunyna oo1axo u 08ueaiacy nepeo, 6cKope Hao Hetl
00pazo6anocs Hogoe 0baako, docmuezas evicomsl 10 km. 3amem, uepes HeCKOMbKO Yacos nocie 00pa306ansl
H0B020 0011aKa, GHYMPU He20 OblLla 3amMedeHd CUNbHAS MOTHUA...

Topraodo bpyxca npuxooum uz [lanxasn, Kumai, om uenosexa, nivlgyueo Ha io0ke 6 mope. Ha nosepxnocmu
6000l BOKpY2 T00KU OPY2 HAYANO BO3HUKAMb PACNBLICHUE, YepPe3 0UeHb HeDONbULOL NPOMEIICYMOK BPEMEHU OHO
npespamuioch 60 8paAwjaOWyIOcs KONoHHY 0koaol0 m wupunoi u 6 Mempos 6biCOmou.

3amem KOMOHHA HAYANA OHUEHb OBLICINPO YEENTUUUBAMBCS 8 pa3Mepax. Xoms NOHAYAy HAO YUKIOHOM He
00pa306b16410Ch 001AK08, 8 KOHYE KOHYOS, NOABULOCH ObICMPO memueroujee 001axKo.

B oboux cnyuasx npeocmasnsemces, umo 05t (YYHKYUOHUPOBAHUS 60POHKOOOPA3H020 001aKa He mpedyemcs
pooumenvckoe obnaxo. Eciu Ovl y Hac He ObLI0 ammochepHoU npukuisl 0Jist hOPMUPOBAHUS BOPOHKU, M0O20Ad HAM
HeueM ObLI0 6bl ee 00BACHUMb, KpOME KaK udeell 0 MoM, Ymo Mo HeGUOUMOe dHep2emuiecKoe oopazosamue.

OO0Hako eciu noO3emHuble OBUINCEHUSL NPOU3BOOSIN BPAWYAIOUYIOCS BCBIUUKY SJIeKMPO-2PASUMAYUOHHOU SHEP2Ul,
NOOHUMAUelicst 68epx U coduparowell 60Kpye cebs 8600y Ul ammocgepy, mo2oa 6ce HaUUHaAem y6s3vl8amucs
bonee yemxo.

JImumpues npueooum yenwvlii psi0 AHOMAIU, NPEONnOIALAOUUX, YMO HYMPU MOPHAOO Mamepust CHOCOOHA
MeHsAMb opMY - CMAHOBUMbCS He BUOUMOLL U/UTU NPOHUKANMb CKBO3b OPY2YI0 MAMEPUIO.



Omo nonodcenue cmano8UmMcs UEHMpAajibHbIM 015l HAUUX nocxzedymmux 06cyOfC06Hu11.

B mpaouyuonnvix mooensax maxue cayuau 0ObI4HO 0OBACHAIOMCSA HAYYHBIM HAOIOOCHUEM MO0, MO GHYMpU
€amoeo 80POHKOOOPA3HO20 001AKA 8030YX HANPAGISACMCI BHU3 C 0ZPOMHOU CKOPOCMBIO, HO KO20A 8bl Usmepsieme
CKOPOCb O8UIICEHUS 8030YXA 8 CMEHKAX 001IAKA, 8 HUX 8030YX OBUNCEMCSL 86EPX CO CKOPOCHIbIO OM
100 00 200 mempos 6 cekyHOy.

B 06menpu3HaHHblx meopusix MAaKou 6He3anHbulll noeopom HanpaejleHusl 08UdICeHUs 6030yWH020 nomoka
UcCnojib3zyemcs 07151 00BACHEH UL MHO2UX AHOMAIbHBIX C06blmu11, CBA3AHHbIX C mopﬂado.

J-p Amumpueg yoeoscoaem paccmompems 0Ooiee cepbe3no, CHOCOOHO iU maKoe 00vbsACHeHUe NPOTNUEONOONCHBIX
B030YUHBIX MeYeHUll YOEPIHCAMbCsl 8 CEEMe HUINCECIeOVIOWUX CBUOCMENbCE.

Ilepsole HeckoIbKO NOAONCEHUTL POKYCUPYIOMC HA Udee 0 MOoM, Umo Iphhexmbl mopHaoo Mo2ym CulbHO
omauMams s Opye om opyea 0aice 8 Mecmax, Haxoo0suWuxcsl Ha PpaAcCmosiHUU HECKOJIbKUX Mempo8 opye om opyed.
Koneuno, smo pesxo omaunaemes om paspyuieHuil, 8bi3b18AeMbIX YPA2anamu u Opy2umu popmamu ocobennocmetl
1n02000bl:

* Bopomka evipeana ¢ KopHem s010HI0, pa30peas ee Ha KycKu. Yiell, Haxo0auwuics 6 HeCKOIbKUX Mempax om
depesa, 0Ccmaiics He NOBPENCOCHHBIM.

* JlgyxamaoicHbulll OepessHHblll oM emecme ¢ odumamenamu Obll NOOHAM U pazopear Ha Kycku. Cocmosiwas uz
mpex cmyneHex 1eCmHuyda, 8e0Viydas K 6X0OHOU 08€epU, U CKAMEUKA HANPOMUE Hee OCMANUCH HA Mecme.

* Ta oce soponka omopsana 08a Koieca y Cmossute2o neped 00MoM A6MoMOOUIs, He NOBPEeOUs OCMAIbLHYIO
4ACMb MAWUHB, A MACTANHAS IAMNA, CMOABUASL HENOOAIEKY, NPOOOINCANA 2OPeMmb.

Kacasco cumyayuu ¢ mawunoti, npedocmagnsemcs, 4mo Kakum-mo 00pazom sHepeust mopHaoo 0ciadbuia
pebpucmule 601mbl, Kpensiwue Kojieca K Maulune, U blc60000ULa UX, He N08Peous OCMAIbHOU Yacmu
asmomoouns. Eciu Obl memaniuueckas Cmpykmypa 6ce2o asmomoouis 0vlia Kakum-mo oopazom ociadiena
UBMEHEHUSAMU SHEP2ULU MOPHAO0, mo20a peopucmolie OOIMbL RPOCMO Obl OMBANUIUCH NOO OABIEHUEM, d
0CMANbHAS YACHb MAWUHBL MO2IA Dbl CONPOMUBTAMbCS NOBPENHCOCHUIO.

3uas mo, 4umo cetiuac mvl 3uaem 0o agbupﬂoﬁ dHepcuu, u ee omeemcCcmeeHHoOCmu 3a cozoanue mamepuu,
npedcmaeﬂ}zemc;z, umo 6 maxKux ciyvasix.:

6 BbICOKO-IHEPLEMUUHBIX BPAUATOUUXCS NOJIAX MOPHAOO MAMepUs nepexooum @ bojiee 8biCOKoe GUOPAYUOH-
HOe coCTostUe, NPU KOMOPOM OHA 8PEMEHHO MeHsiem (a3y u cnocoOHa npoxooums uepes Opyeyio Mamepuio.

Kozoa mopnaoo yxooum, u suepeemuueckue 3Qpexmol ucue3arom, Mamepus. 6HO8b 8036PAULACNICI 8 CE0e
00bIYHOE cOCmOosiHUE U MBEePOOCHIb.

Xoms gvlueusnodfcennvie UCMopuu OblIY UHMEPECHLIMU, CHAYALA Y HAC He ObLI0 UX OOKYMEHMAIbHO2O0
noomeepoicoenus. B nosiope 1915 2ooa, ¢ Kanszace, moprnaoo Great Bend obnadano camvim donviuum wuciom
CBAZAHHBIX C HUM AHOMATUIL:

bBoin oOnapyoicen dicenesnblil noJdCapHblil 2UOPAHM, NOJHBIN 0OJIOMKOB.
JKenesnvlii KysuiUH 6616€pHYI0 HAUSHAHKY, 8 HE20 80YI10 Nemyxd, U u3
2OPIBIUKA KYBUIUHA MOPUATA MOTBKO €20 2071084 .

30ecb MO2*HCHO 6Udemb, YMO Udes HCENE3HO20 NONACAPHOLO 2UOPAHMA, CHOCOOH020 “HanoIHumcs” 0010MKaAMU,
A6HO Hapyuiaem 3aKonbl Gusuxu. Kax 661 Obicmpo ne 08uaiucs 00J10MKU, OHU He MO2TIU NPOUMU Yepe3 MemaJil.

Oonako eciu 06bIuHO MEePOas Mamepust 2UOPAHMA CMaia eubKoll U NPoHUYaemou 0jist Opy2ol Mamepuu, mo2od
8ce 0OBACHACCSL OYEeHb NeCKO.

Jlpyeue coobwenus 06 2mom mopHado cpasy e NPUHUMATUCL 34 PAHMAZUU, HANPUMED, KO20A JHCeNe3Hbll
KYBUUH 8b16epHYN0 HAUSHANKY. OOHAKO U 2UOPaHM, U KVEUWUH ObLIU COCNaHbL U3 Jicesie3d, Memaiid, Kpatne

uyecneuneirbHo20 K MacHUnHbIM NOJIAM. VZE; pa607’l’lbl d-pa ﬂmumpueea Mbl 3HAEM, UNO C mopﬂado C653aHbl O4Y€Hb
CUJIbHbLE IIEKMPOMACHUMHbLE AHOMATIUU.

B cnyuae sviseprnymoeo nausnanky Ky8uiuna, 8eposimmo, mopHaoo Kakum-mo o0pazom usmeHu10 cocmosnue
Mamepuu Ky8uiuHa U COeiano ee MaeKoul Kax pe3una. 3amem, npu HAIuuuy HU3K020 0A61eHUs 6030YXa HYMpPuU
mpyouvl, 60/1ee 8bICOKOe dasienue GHYMmpuU Ky8uluHa 60pye 6b1364J10 CUIbHLILL NOPbIE GeMPa KAK apmuiiepuiicKoe
opyoue, npu dMOM Gbl8EPHYE KYGUIUH HAUSHAHKY.



Taxoe noanocmuto npedckazyemoe s6ieHue co30aencst 8 mom ciydae, Koe0a MOHKUU 2AACMUYHbIN MAMepUa
83pbl6aemcs NOOOOHbLIM 00pazom. AnanocuuHo, nemyxa 60yn0 6 KVSUiUH, CIAasuULl NPOHUYAEMbIM 0I5
Quzuueckoll mamepuu, a nosdice, KAk MoabKO MOPHAOO NPOULILO, U KYSULUH 3aMEepOell, NemyX GblCYHY 207108)
Hapyoicy, umoowl dblluams U NONBIMAMbCSL Yoelcamo.

B xauecmee UHMEPECHO2O 3aMeUAHRUA, czzedyem npueecmu qubOpMaHUIO, npednwzaeammym, umo uejnoeedecKkue
cyuiecmea uno020a cnocooHwvl np0u3eodumb OUY€Hb 6blCOKUE 6u6pauu0HHble IdHepcUuuU, Komopble Mo2cyni 6bl3bl6AINb
makue Jice USMEeHeHUus 6 viemallie.

Xossaiixa paouo mox woy Jlopa Jlu onybauxosana cmamsio na catime www.lauralee.com, 20e onucvieaem onvim
nocewerus cemunapa no “‘ceubanuio nodxcex”. Koneuno, ¢ 1970-x eooax sxcmpacernc Ypu Iennep 6vin nepgoim,
nYyOIUYHO NPOOEMOHCTNPUPOBABUUUM CNOCOOHOCTb U3LUOANb MEMALT, 8 HEKOMOPYIX CVHASIX OH NOSGISINCA HA
PAouo u 8081EKAN ayOUmMopuio 8 KOJLIEKMUGHbI IKCNEPUMEHI NO U3LUOAHUIO TOJCEK.

MHnozue t100u, 6Kk0uas MaileHbKux oemetl, cooouwan 06 yYougieHuu npu OOCMUICEHUU MAKo20 Jice ycnexa y
cebs 0oma. Ha nocewennom Jlopou Jlu cemunape, 8bicmynaiowuil Moe NOOHUMANb IHEPSUIO U IHMYZUAIM
VUACMHUKOB 00 OUEHb BbICOKO20 YPOBHS, 0OHOBPEMEHHO UX NPOCUNU OEPAHCAMb 6 PYKAX JOHCKU UTU GUIKU U
uz2eubaAmeb UX MOALKO € NOMOUSBIO KOHYESHMPAYUU.

Xoms cama Jlopa Jlu u ne npeycnena 6 uzeubanuuy 104K, OHA BUOELA, KAK MYAICUUHA OEPAHCAT GUTIKY 3A PYUKY U
3acmasisn 3y0Ybl MEONEeHHO ONYCKAMbCA U U3eUOAMbCsl, Kak OyOmo 6UiKa niasuiach noo 0eticmeuem 6blcoOKoU
memnepamypbi.

Ho 6 smux cnyuasx memnepamypa cepebpsinbix npubopos He NosbldIdch, U Hu2oe NoOIu30Cmu He Oblio
UCMOYHUKA Menia, 00CMAmMoYHO20 O/l NIAGNEHUs, Kpome Mo2o, (pgexm Obll 0ueHb KPAmKOSPEMEHHbIM.
Oonaxo 6 meuenue 5 unu 10 cekyHO, K020a Memail CMAHOBUILCA 2UOKUM, YYACTHUK MO2 U32UOAMb U NpUOaA8ams
emy obyto Jceraemyro popmy.

CredosamenvHo, npedcmasisiemcs, 4mo eOUHCHEEHHbIM 00bsCHeHUeM DblLI0 Obl cliedyioujee: HeKue HeYl08UMbLE
Gopmbl dnepeuu cnocobubl UsMEHAMb MOJEKYJIAPHYIO CIMPYKMYPY Mamepuu, 0eias ee 6oaee 2ubKoil u
nponuyaemotl, uem 0ObIuHO.

Cnocobnocms uenogeyeckux Cywecms co30asams maxKue dHepeemudeckue nos Mol yice Habao0anu 6 pyceKux
uccnedo8anusax no menekunesy, npogooumeix ¢ Kynaeunot, Bunoepadosoii u Epmonaesvim. Hauunas paccmampu-
6amMb MaxKue AHOMAIbHLLE UBMEHEHUS 8 (DUSUUECKOU Mamepuu OoJiee cepbe3Ho, Mbl 0OHAPYICUBAEM, YMO CO8pe-
MeHHble K8AHMOB8ble MeoPUl HyHCOAIOMCs 8 nepecmompe, U 3mo 6yo0em paccmompeno bojee 0emanbHo.

Bosepawasico k nepgoHauanbHOMY NOIOHCEHUIO, MOJICHO 8UOEMb, YMO GIUAHUE, AHALOCUYHOE GIUSHUIO Yeloge-
YeCKOU NCUXUKU HA Memal npu “‘uzeubanuu” 1odcek, 8 6ojiee KpYnHOM macuimabe Habuoo0aemcs 6 SHepeemuiec-
KUX NOJISIX MOPHAOO U 8KAOYaem opyaue eudvl mamepuu. Eciau 6bl coobumanocs moavko 00 02paHuyeHHOM Yucie
OMOENLHBIX CIYUAE8, MO20A CKENMUKU ObICMPO COUaU Dbl UX CLYXAMU.

Oonaxko, paccmompeg ucciedosanue 0-pa JImumpuesa, Mvl OOHAPYHCUNU, MO OH NPUBETL PO YOUBUMETbHBIX
axmoes 6 smoii oonacmu. [lonv3ysace danHviMu, Komopbsle oH yumupyem uz pabomolr @.Y. Jlina u T. ' pazyruca
u3z baynoepa, Kanugoprus, ¢ 1993 200y, mvt mModicem 00NOIHUMD CRUCOK euje DONbUUUM KOTUUECTNBOM AHOMAULL:

* Manenvkas eanvka npodoueaem iucm cmekia Kaxk nyis, u, npoxoos uepes Cmekio, He oopasyem Ha Hem
HUKAKUX MpPeujun.

* O0Ha docka npoutnia uepes 0pyeyio, He pazous nocieoHIon, Uil He 8bl3636 HUKAKUX GUOUMBIX NOBPENHCOCHULL,
06e 0ocKu npocmo “‘cnaasunucsy .

* Budenu, umo ceopesuias u 00y2aueuiasncs cmapas 0epessaHHas NAAHKA NPpoouia CmeHy 0epegsaHH020 OOM.
IIpotiios ck6o3b cmeny, c1adbvili NOPUCMbILL KOHeY c2opegulell NIAHKU OKA3AICSA He NOBPENCOEHHBIM, XONis
NOMOM O4€eHb JIecKO PACCLINAACS 8 NPAX.

* Jlucmok Knegepa 60aucs 6 MEEpOyIo WMYKAMypPKY HACMObKO 21yO0K0, Ymo 0CMaguil nocie ceds YemKo
BbIPAICEHHBIIL CI1E0.

* Pama 6opom, cOenannas uz 3 cm moawunbsl JHceie3Hoeo ucma, Oblia npoouma coCHO801 NAKO.



Tocne o3naxomnenust ¢ smumu axmamu, bl800bl MPAOUYUOHHBIX VUEHBIX NPEOCMABIAIONC NOYMU CMeX0-
MBOPHBIMU, OHU CUUMAIOM, Ym0 MaKue 3¢ pexmvl MO2ym c030A6ambCs HU YeM UHBIM, KAK “‘8bICOKUMU CKOPOCIsL-
Mu epawgenus’”’. 30ecs npoucxooum s6Hoe HapyuleHue 6cex U38eCmublx 3aKk0H08 uuxu! EOuncmeenubvlll cnocoo,
KaKUM JUCI K1egepa Moz 80A8UmMbCs 8 OUIMYKAMYPEHHYI0 CIEHY, - 9Mo eciu 0bl cama CmeHa Ha KOPOMKOe 8pems.
cmana makou Jce 2UOKOU U meKyuell KaKk HCUOKOCHb.

Hem opyeozo obvsicuenus u 6 ciyuae 08yx CHAABUSUUXCS OOCOK, KVCKA COCHOBOU NANIKU, NPOOUBULIE20 MPEXCaH-
MUMEmMpPo8bLil MEEPObILL MEMAJ, UIU CIA00U 00y2nuuielicsi NAAHKY, NPOweOulell U He Pa3pyuueuielicss CK803b
CcmeHbl 0oma, ecaiu coboarmes ece obwenpunsmeie 3akousl usuxu. Ho, eciu npu npoxosicoernuu mopraoo
Mamepus CMaHo8UMCcsl HICUOKOOOPAZHOU U NPOHUYAEMOLL, M020a 8ce HAOTOOeHUs CHMAHOBANCS ADCOIOMHO
ecmecmeeHHbIMU.

Mul guoum, umo @ npucymcmeuy MOWHIX SHepeull MopHaodo, Mamepus OelUCmeUmenbHO MOANCen COBePuLamy
hazosvie uzmenenus u daxce ucue3ams U3 Hauiel uzgecmuoll pearvrocmu. Eciu mol npodondcaem cuumamo, ymo
amombl U MOJEKYIbl COCMOSM U3 MeepobiX “‘uacmuy’”’, mo20a 6ce 3mo He umeen CMulCid, HO NPe0oCmasiaemoe
oanee HOBOe CBUOEMENbCMEO NPeOnoaazaem, Ymo amomsl — MO NPOCHO NeKMPOMASHUMHbIE NOJISL SHepUU, d
cama snepausi — 3mo usmepsemoe nposigleHue HeeUOUMO20 HcUOKoobpasnozo “sgpupa’.

B makom cnyuae, y amomoe bonvute cubkocmu 0151 uzmenenus: yacmomol. Hupopmayus o bepmyockom
Tpeyeonvrure obecneuum HeobdX0OUMoe QOKA3AMENbCMEBO, KAK MaKoe Modicen Obimb.

CTEHKH BHYTPHU CTEHOK
Ilynkm nomep 5 6 cnucke Imumpuesa o penomene mopHaoo ciedyiowuil: 60Kpye OCHOBAHU 60POHKO-
00pasH020 061aKA Hacmo HADII0OAEMCs KPY2iblil 6UXPb, 00pA3VIOWUL KOJOHHY NbLIU UL 800bl, NOOHU-
Maowyrocs, a 3amem nadarouyio Ha 3emar, Gopmupys Kackao.

B nexomopuix ciyyasx maxoil kackao docmueaem 8vicomol 2/3 camoti mpyoul, u 0asice Modcem Oblms wiupe,
uem peanbHas 8blCOMA 80POHKO0OPa3Ho20 obnaxa. I1ockonbKy mpaouyuontsie meopuu 00pa306a-Hus
B0POHKO0OPA3HO2O 0ONIAKA HE UMEIOM IMOMY 0OBACHEHU, IMO 8NEHUe NONPOCHY USHOPUPYEMCS.

OO0HaKo 80 MHOSUX CTYYAAX HAOMO0AEMCS, YMO GOPOHKA UMeen 6MOPYIO CIEHKY, NOJIHOCHbIO OKPY-ICAIOUWYIO
nepeyio, 00pasys OpOMHUK uu Kongepm. Takace UOHO, UMO 8MOPAs CMEHKA 8PAUACTCS C 8bICOKOL
CKOpPOCMbIO.

B peokux cryuasix nabarodaemces, umo 0pOHKU 001A0AI0M NOXOACUMU HA O)YCUHKU CIMPYKIYPAMU, YO
O3Hauaem, 4mo emMecmo 21a0KOU KOHUYECKOU OpMbL OHU COCMOAM U3 CHepuyecKux ny3vipell.

Hcnonv3zys unghopmayuio npedvioyyux enaeg, 6ce 3mu 0aHHuble MONCHO 00BACHUMb CYUECHB08AHUEM
cehepuueckux sHepeemuyeckux cun “8akyymmozo oomena’. Kax éuono uz sxcnepumenma Powuna u I'oouna,
nosmopuguiux pesynvmamul 0-pa Cepia ¢ 2eHepamopom, Qopmupyemcs cihepuieckuii mop UOHUIUPOBAHHO20
UBTLYHEHUSL, 3ameM €20 OKPYiICcaem pso HUSKOMEeMNEPAmypPHbIX MACHUMHBIX “CmeHoK .

Cnedosamenvho, npeocmasnnemcs, Ymo uoes “‘CmeHox 6Hympu Cmenok”’ 3a2He3008aHHbIX IHEPSeMUUECKUX
noaetl 81emcst BMOPUYHBIM NPOOYKIMOM dMUX IHEP2emu4ecKux noJell.

B cnyuasx mopnaoo, 0ononnumenvHble CMEenKu 3axX6amuléaiom Nblib Uil 800y, U 00 ONPedeNeHHOl CMmenenu
oenarom ux UOUMbBIMU.

A noxooicue Ha OycuHKu 00pazoeanus, Habadaemvie 8 BOPOHKe, MO2Yym Oblmb Oonee MeTKUMU ChepuiecKumu
SHEPeeMUYECKUMU NOJIAMU, OBUNCYWUMUCS CKBO3b DONbULee Nojle, cO30aiuee MopHAOo.

CKAYKOOBPA3HBIE /IBUKEHUA
Ilynkm nomep 6 ouenv kpamkuii. A UMEHHO: NOYMU 80 6CeX CLYHASIX, BOPOHKA KACACMC S 3eMU MOIbKO 6
OMOENbHBIX KOHKPEMHBIX MECMAax u nepeoguzaemcs ne meodjieHno u niasHo. Ckopee ona ckavem ¢ 00H020 Mecma
Ha Opyeoe. Taxoe ciyyaemces moeod, K020a MOPHAOO MOAbKO POPMUPYEMCS.

U 61066, MOJICHO 5ACHO 6UdEemb: UmMOObL HAOIIOOANUC, MaKue 3¢)heKkmbl, A6ieHUs NOO NOBEPXHOCHIbIO 3emau
KAKUM-mo 00pazom O0IAHCHbI 83aUMOOCUCIBOBAMb C IHEPSUAMU MOPHADO.



« ... [lpusodumces paxm, umo 100U u HCUBOMHBLE MO2YIM NOOXEAMBIEAMbCS MOPHAOO U NEPEHOCUMbCS  HA
paccmosinue om 4 00 10 km, 0cmasasice i cusbiMiu U HeBPeOUMbIMU, el Obl OHU GHYMPU HENPEPLIBHO BPAUYATIUCD
C OUEHb BbICOKOLU CKOPOCHbIO, IMO ObLIO Obl He 803MOJICHO. A 6om ecau “‘anmuepasumayuortoe’ nose
yoeporcusaem ux 6e3 6pauyeHuss, mo 6ce CIMaHOBUMC HAMHO20 D0iee BEPOSMHbIM...

Ananoeuurno, 6 00HOM cyuae epynna 2,5 caumumemposvix MOJIOCKO8 bvlia nepenecena Ha 160 km u onyuena
Ha 3eM10 8 HeDOIbLULOM Mecme.

HepeHeceHue coeepulailocs L;e]lbllj qac npeofcde, yem nosAsUNIOCh camo 001aKo mopﬂado...

17 utons 1940 200a, 6 depesne Mewepol 6 patione 2opoda I opvruii 6 Poccuu, mopHaoo 6bl8aiuio Hapyicy
MbICAUY cepedpaHbIX MOHEm YemblPHAOYAmMoz20 8eKa, U 3Mo He OblI0 “UCKadiceHuem epemeHl”’, nNOmomy 4mo OuLio
O0OHAPYIHCEHO MECMO 3aXOPOHEHUS MOHEM. 30ech 8adiCHO, Ymo, Nocje nepeHecetusl Ha HeCKOIbKO KUIOMEmpoas,

MOHembl nadau 8 04eHb KOMRAKmHou ooaacmu. [Ipuuem naoaiu Mmonemul U3 poOumenbCcko2o 001aKa, a He U3
camoul mpyoo...

B 1879 200y, mopnaoo ¢ Upsunee Heodcuoanno 6Cmpemuiocs ¢ HeOagHO HOCMPOEHHBIM JHCELE3HOOOPOIHC-HbIM
Mocmom Onunou 75 mempos u secsimyum 108 monn. TopHado nooHsn0 u nepeneciio 6eco mocm... XKenezo cmano
NACMUYHBIM KAK PE3UHA, U CULAM BHYMPU MOPHAOO JIe2KO YOAI0Ch €20 COZHYMb - HA00 NOHUMAMb, YO MEemall
useubaemcs MoIbKO 6 CIAOLIX MECMAX Ui NPOCMO PEEMCA... »

PAJIAPHBIE UBMEPEHHW S OTHOCHUTEJBLHOW CKOPOCTH CBETA B KOCMOCE

Bpaiian I. Yonnec, 7210 12-e Asenro, Canxkm-Ilemepoype, CLLIA.

Mesicnaanemuuiil paduoiokamop (padap) npedocmasisien nepeyrd 803MONACHOCHb OJist NPEOOOAEHUS
MEXHUYECKUX mpyOHOCHell U NPOU3BEOEHUs. PEUAloWux IKCnepumenmos. Paouorokayuonnsie nadirodenus
NO3BOJIAIOM USMEPSIMb PACCMOSHUSAL ¢ MOYHOCMbIO 1.5 KM, npuiuém eOuHCMEeHHOU 8ANCHOT NEPEMEHHOU 8 HUX
ABNAEMCS OMHOCUMENbHASL CKOPOCTb C8EMA 68 KOCMOCe.

Puc.II1. Jlokauust Benepst
Owmnbkn paguonokaumm Berepbl

MNepBan pagnonokala BeHepbl B HUXKHEM coeguHern (11-12 anpena 1961 1)
BBISBUMNA Y PafapHbIX AMCTaHL Ui BeHepsl pacxoxaeHns ¢ acheMepuiHbIMI Ecnu bv dse padaprvie cmarnyu,
~1000 kM. TpUYMHE — B HETOHYHOM 3HaYEHWM CKOPOCTW CBETA, Kak nokasanu: PACNOI0JICEHHbIE C O8YX CTNOPOH
3emnu, 00HO8pemenno HabOaIU
Benepy 6 meuenue nusicnezo
COeOUHeHUs], MO CO30AHHOe
spaujeruem 3emau MaKCUMaibHoe
pasiudue 6 pacCmosiHuu,
BLIUUCTIEHHOM NO 08YM MEOPUsIM,

: v l “ cocmasuno ool 260 km.
B.Il. Cene3Hés — nuoHep B.l' Yonnec C.A. Basunesckuii Ima pasnuya 60cnpunanacy vl
KocMuueckoii HaBurauuu (CCCP) (CLUA) (cccp) KaK ysenudenue paccmosnns mexcoy

3emneti u Benepoii.

L,=cT,=clL/c-V)

Owuboynas meopusi nokazana ovl,
umo Benepa 00Ho8pemenio

] A E=eT= L=cT= HAXOOUMCSL HA PA3HOM
: cLi(c+ N é® cL/(c- 2e0YEeHMPUUECKOM PACCMOSHUU
L,=cT,=cL/c+V) ( /)@ 36MJI5(I £ (om 3emau — C.C.).

OnybauxoganHvle paouoIoKayUOHHbIE OAHHbIE MEHCNIAHEMHBIX UBMEPEHUL NPeOCMABISIIOM C8UAEMENbCNEO
pomus ¢ meopuu.” Jlabopamopus Jlunkonvha npouseend ucuepnbieaiowull ¢ aHanU3 6¢ex padapHblX OAHHbIX
enioms 00 1966 2.

Tlpedckazvleaemas SUHWMENHOBCKOU 00Well meopuell OMHOCUMENbHOCIU 3A0ePIHCKA 8PEMEHU, XOPOULO
cognadarouas 011 AMepuKanckoi paduorokayuoHHo cmanyuu wmama Maccauyceme, cocmasnsna 1.57,
onst Iyspmo-puxanckoii cmanyuu dwviia yoice 0.97, a ons Kpvivmcerkoi cmanyuu 6 CCCP nonyyanacs 7.10.

Cmamws ymeepocoana: "llpasda, npu usyuenuu puc.4 ne scHo, Kax 00bACHUMb CUCEMAMUYEcKUe
pacxoodicoenust epemenu 3a0epaicku, nonyuenno2o ¢ CCCP, ¢ nonyuennvim 6 Apecubo u pacxosicoenuii ¢
nabopamopueti JlunkoavHa 015 nepuoda epemenu (uonv 1964 2.), koeda éce mpu epynnvi Hab0oau Benepy.



Omo necoenadenue Henb3s YCMPAaHums, NPUHAE RPOCMO, YMo pasuvie 00cepsamopuu
NOMBL30BANUCH PASHBIMU COUHUYAMU BDEMEHU.

Omo asHoe pacxodicoenue, bonee uem 6 nams pasz npeeocxosiuyee YROMIHYmbvle OUUOKY UsMepetus 0CIaémcsl,
maxkum oopazom, HeoovscHénHbiM. " OuubOYHAs Meopust MOJHCE MAaKICe OOHAPYIHCUMb USMEHEHUsL 8 PACHEMHBIX
oucmanyusx, Komopule 6y0ym nponopyYUOHAIbHbL 6APUAYUAM 68 OMHOCUMETbHOU JIV4eBOL CKOPOCMU OMOENbHOU
paoaproti cmanyuu u Benepul.

Teopus ¢ npedckazvléaem HUYMONCHLLE 8APUAYUL, COOTNEEMCMBVIOWUE MAKCUMATLHO OYEHUBACMOMY KOIUYEC-
MEY NPOXOOUMO20 PAOUOTYYOM CIOSL NIA3MBL, 8 MO PEMsL KaK C+Vv meopusi npedcKasvléaem cyujecmeeHuble
sapuayuu. Tem camvim paouoIokayuontslie OAHHbIE CHOBA NPEOOCMABIAen C8UOCTNENbCNGEO NPOMUE C THeOPULL.

Onybauxosannulii nabopamopueti Jlunkonvra 6 1961 e. ¢ ananus ecex padapuvix uzmeperuil noodicenus Benepol
HA2IA0HO NOKA3AJL PACXOAHCOCHUS 6 PACYEMHBIX GEIUUUHAX d.€. (ACMPOHOMUYECKOU eOUHUYbL), KOmopble Oblau
3
MHO20 DONbULE UX NPEOETbHBIX OYEHOK NO BCeM BO3MONCHBIM OUUOKAM.™

Onu codepaicam edceOnesHyIo cocmagaowyio RPONOPYUOHATLHYIO USMEHEHUSM CKOPOCMU, GbI36AHHBIM
spaweruem 3emau, 30-OHe8HYI0 COCMABAAIOWYI0, KOMOPAsi NPONOPYUOHATLHA USMEHEeHUAM 6 3emHo-JlynHom
8payeHUlU, U CUHOOUUECKYTO (20008Y10) COCMABIAIOWYVIO, KOMOPAsi NPONOPYUOHATLHA USMEHEHUAM 8 OPOUMATbHBIX
ckopocmsax omuocumenvro Connya.

= Puc.I12. Ommbku nokanuu
oe==me_ OLLUMOKN KOCMUYECKONW PagMoNoKaLunm
-~ s ?
- E Omu uzmenenus He moaenu
= 1 T} — /T 5 s I i
CTO: v=2L/c, L=ct/2; BTP: t=L/c+L/(¢c-v,) Goimb GbI36AHb
o AL=(®; — 0,)R R, -sin[(®, — ®,)f]/2c= epasumayuoHHbLMU
. sapuayusaMu, NOCKOJIbK
~3350-smn(0,0117) kM puayl Y
] NOJIHBIU C AHANU3
* At=AL/c~0.,011s1n(0,0117) ¢ nabopamopuu Jlunkoivha
* = 0 — MOMEHT HWXHEro CoeANHEHNHA norasai, 4mo 6eaUdUHbl Macc
njiaHem npeoenbHo OUKU K
wl o “+ [H 7w . | mem, 4mo UCHOIb308A
F 4 a ] |2
af le ¥ R z‘}wywm IS B LLEE Hboroxom6 npu evruucienuu
z A ’e LA I e
FMmr dooo 5 2 : 5 ol 917 aghemepuo, UcnoIb3068aHHbIX
E | 1 & c“ / .
s Y o g EmeyE A Wtw. | 8 pacuémax
8 m [ . ~
¢ i 4 k. MV KOHUSHTpaLWM 3nekTpoHos | 4CTMPOHOMULECKOT eOUHUYDL.
S & il B naame N~0.1 cm ~* [10]
" el i ol " Ha AnnHe BonHb A~ 0.3 m Jlabopamopus ycmpanuna
I A 7 o
il apngemme 7 A EERIHEI anuHa (~(hayNy 1 -12-10° m, MU PACXONHCOCHUS NPU
108 HI \il IIE‘W ! . .~ . 9
TR T, % 9 @ g5 W g % @ 4TO Mopsaka L~ 42:10°m oyenKe OaHHbIX, UCNONb3YA
OTKMOHEHWUS pagapHblX PaAcCTOAHUIA BeHepbl OT acheMepuaHbIX, HalngeHHbIE Kpueyio, nocmpOoenHyio no
B KWIOMETpax (a, kpecmsbl) [19] U CBETOBLIX MUNNUCEKYHOAX (8, KPYXKU) Memooy HAUMEHbUIUX
[20, c. 242], B CcpaBHEHWW C NPOTHO30M AL W AT U3 Teopun Putua (MyHKmup). K8aopamos.

B csoeii knuee "Paduonoxayuonnas acmporomust” cmpanuya 159 Upsun U. lllanupo 3asensem:
"Eciu meopus HenpaguIbHa, 8eludUMbl NApAMempos OyOym, Kak npasuio, bloupamscs u3 OAHHbIX MAaKum
€cnocoHoom, KOMopulil NO360JISIEM 3AMACKUPOBANb HECOOMBENCMBU MeopuU (Hanpumep, eciu 3a0eticmeyemcs
KpUBas, HauMeHbuux keaopamos).™

Cmpanuya 170 smoii knueu nokazvigaem, umo 6 1961 2. amnaumyoa 30-0OHesHbIX KOACOAHUU, USMEPEHHBIX HA
yacmome 440 MI'y, npumepro 6 namo paz doavue, vem amniumyoa 30-OHedHbIx Konebanuil 8 bonee NO3OHUX
usmepenusix, Ha wacmome 1295 MI'y. Dmo ceudemenvcmeyem o mom, umo yacmo 30-0OHesHbIX apuayuii
coomeemcmeayem nPoxoOUMOMy (PAOUOLYYOM) CLOI0 NAA3MBL.

Amnaumyoa 3mozo Ko1edaHusi NOAYUAencs Yepecyyp GeauKd, Ymoosl eé MONHCHO ObLIO 00BACHUMD 8
PAMKAX ¢ meopuu, HO MAKYIO 6EIUYUHY MOICHO OACUOAMb HAUMU, eClU CKOPOCMb C8ema ecmy c+v.

Llanupo onybauxosan cmamvio 6 "Scientific American”, 6 Komopou OH NPeOCmasul CeUOEeMeNbCMBO,
nooxpenasioujee npeockazanue Junwmenina o mom, umo npumsicenue ConHYa OONAHCHO YMEHLUIUMNbG CKOPOCTD
ceema, ecnu pomonsl, ucnyuennie padapom, npoxodam psoom ¢ Connyem.”

Tockonvky DiiHuwmetin 0CHOBbIBAN 3O NPEOCKA3aAHUe HA (POMOHAX, UMEHUWUX, NOOOOHO YACUYAM, MACCY, MO
OHO NOOMBEPIHCOAEN HLIOMOHOBCKYIO KOPNYCKVISAPHYIO MOOEIb 8 MO Jce CIENneHU, Ymo U ¢ MOOEb.



A npouseén ¢ u c+v ananuz 6ocbmu uz onybnuxosanusix 6 1963 . cepuii nabuodenui.” Ypasnenue (1) Goino
UCNONIL308AHO OJIs1 BLIYUCTIEHUS. PACCMOSHUSL OM PAOAPHOU CIAHYUU 00 NOBepXHOCmU Benepuvl no ¢ meopuu:
De=tc/2-tv/2(1),
30ech t - 8peMsi O8UNCEHUs pa0apHo2o ayua; v = dc/2f - omnocumenvhas iyyesas ckopocmb, NOIONCUMENbHAS NPU
conudicenuu u ompuyamenvHas npu yoarenuu, d - donieposckoe cmewenue, f - wacmoma, Dg = tc/2 no epemenu
OBUICEHUSL OMPAIICEHHO20 YU, PABHO20 t/2 6 ¢ meopull, HO He 8 C+V meopui.

T T T T Ypaeuenue (2) 3a0aém paccmosnue o c+v meopuu
U OCHOBAHO Ha MOM pakme, umo c+(c+2v)=2(c+v).
Bmopoui unen oboux ypasnenuii (1) u (2) oenaem
NONPABKY 8 pACCMOAHUL HA 8PEMsL O8UIICEHUS VU,
BEPHYBULE20CA K NEPeOamyUKY.

s.e. X 1078

20 —

Ecau ona cmanoeumcs noaodcumensHotl, mo
CKOppexmupyen paccmositue, npueeos e2o K momy
8pemenuU, Ko20a 1y NOKUHY Nepeoamyux.

s L Dg=t(ctv)2-tv/2=1tc/2 (2)

Hononnumenvuvle danmvie u 60IbUUHCIEO
UCNONb3YeMbIX (POPMY ObLIU NOUEPNHYMbL U3
"AMepukancko2o 3¢hemepuoro20 u Ha8UAYUOHHO20
w L anomanaxa” u eco "lloscnumenvroz2o npunodxcenus”.

Hcnonvzoeannas 6eauduna acmpoHoMU4ecKoll
eounuywsl cocmasasina 149 597 850 km, — mo orce
3HAYeHUe UCNONb306ANI0Ch U 6 AHANU3E 1aDopamopuu
| Jlunxonvua.

TlockonbKy 01O 6bLI0 ONpedeneHo 8 MOMEeHm
HUDJICHE20 COeOUHEHUS, BETUYUHA C QOJIHCHA Oblmb
OU3Ka K genuune ¢+v, NOCKOIbKY OMHOCUMENbHAS

0 ' L ' ' opbumanvras ckopocms (3emau u Benepul 60016 nyua
JD2437 / 400 420 ko 460 .
spenus — C.C.) 6vi1a Ob1 HY1EBOII.

Puc.I13. I'paduk pacxoxIeHUI MEXTY CPEIHUMH TeIHOIICHTPUYECKIMHU panyc-BeKTopaMu Benepsl,
paccunTaHHBIX 110 Tabnuam HeiokoM0a, BO3MYIIEHHBIX pagnyc-BeKTopoB Herokom6a N, 1 pac4éTHBIX
pamapubix pacctostauii E (¢) u G (c+v) mpeoOpa3oBaHHBIX B TeTHOLIEHTPUUECKUE PATUYC-BEKTOPBHI.

Cpeonue senudunvl hopmupyiom Mamemamuiecku YuCmulil JIIUNC, MAK Ymo 6apuayuu 6 GelIUdUHAX
PACXOIHCOCHULL He MO2YN UM cO0mEemcmeaosams. I10CKonbKY NOHbIIL ¢ AHAU3 8CeX PAOUOLOKAYUOHHBIX OAHHbIX
04l 8eUHUHbl NIAHEMAPHBIX MACC NPeOelbHO OaU3KUe K mem, Ymo ucnoav3osan Hviokomob, u nonpasku epemenu
Hvroxomba ons onmuueckux OaHHbIX ObLIU OCHOBAHYL HA ¢ meopuu, Kpueas E 0ondcna coomsemcemseosams N 6
npeoenax MaKCUMAaibHO B03MONCHOU OYEHKU OUUOOK PAOAPHBIX OAHHDIX.

Paoapnvie oannvle npedcmasisiiom ceudemenscmeo npomug ¢ meopuu, nockoavky N—E pacxooicoenus muoeo
bonvuLe 110601 603MONCHOU OWUOKU, U OHU NPONOPYUOHATLHBL USMEHEHUSAM 8 OMHOCUTNENbHOU JIYYEeEOl CKOPOCIU
padapnoii cmanyuu u Benepul.

Touxu na xpusou G puc. 1 uzobpadsicarom eauyunsl no dpemepudam, KoOmopwvle s paccuumal, UCNOIb3ys Memoo
Koysnna uucnennoco unmezpupoganust opoum u eenudunsbl RAAHemapHvlx macc no Hotokomoy.
Obpamume sHumaHnue Ha 61U3KOe co2nacue medxncoy 3akoHom Hvtomona u e2o c+v xopnyckynapuoti meopuel.

U 5mo Hecmompsi Ha mo, YMo 6erUUUHbL NIAHEMAPHLIX Macc no Heiokomby Obliu 0CHOBAHBL HA C NONPABKAX
8pemeH, U He OblI0 COeNaH0 HUKAKOU NONbIMKU UCAPAGUNb PACCMOSHUS OJIsL OWYMUMO20 3herxma npoxooumoii
JIYHOM NAA3MbL, NOCKOIbKY OAHHbIE OJis PA3HBIX YACMOM HA MOM MOMEHN 8pEMeHU U 01l MO CIAaHyuu Obliu
HeOOCMYNHb.

Cpasnumenvno 61uskoe coenadenue medxcoy oannvimu u 3akonamu Heromona —
IMO CUOEMENbCME0 6 nOIb3Y ¢ + v Kopnyckyaapuou meopuu Hotomona.



H3MeHeHHEe X012 BPEMEHH IIPU PA3HOM I'PABMTALIMOHHOM IMOTEHIIMAJIE

Kpacnoe cmewenue kax xapakmepucmurxa cKOpocmu c6ema om KOCMUYECKUx 06vexmos.
Tueynyes C.1.

« Paccmompum uzmenenue x00a 6pemenu 8 yCio8Uusx pasHo2o pasumayuoHH0o20 NOMEHYUAIa Ha npumepe
cnymuuxa TJIOHACC (H = 19100 km), komopblii nocvliaem paouoCusHaibl NPUEMHUKAM 3eMIe.

Paouocuenan na nymu ¢ opoumsr nonyuaem npupawenue ckopocmu 0.16 m/c 6 epagumayuontom none 3emuu.
Ipu smom cueHan npudbvieaem Ha 3ema10 uyms ObICIpee, Yem e20 0XHCUOAIOM, H.e. NpUbbIsaem 3a 8pems.
t; =19100000/(299792458+0.16)=0.0673710742149 c.

Habniooamenv na 3emne cuumaem, ymo cueHan 00axiceH npudbvlms 3a epemst
t, = 19100000/299792458 = 0.0673710742183 c,
U y8uoes, 4mo CUeHAaI NPUWLén panvuie, 0eraem 6ble00 0 MOM, YUMo 8pemMs Ha opoume uoém yyms ovicmpee, d
UMEHHO 8 (] — 1))/t = - 5.25 *IO‘Mpa&

Ecnu npu smom paccmompems cmeujenue cnekmpanrbHulX IUHUL pAOUOCUSHANA, MO 0OHAPYICUM CMeujeHUe 8
Guonemosyro cmopouy

Z=Wa-v)v = (©-C)C=_016/(299792458+0.16) = - 5.25*10°".
B IMOM ciaydae umeem mecmo USMEeHerue 4acmonivl paduocueﬂcma Ha npuéMHuKe no CpaeHeruro ¢ uacmomoﬁ

CnymHuKa 6 coomeenicmeue ¢ 6blpasxCceHuem v =¥ ,|’|:1 * Z).

Ly

Ecnu cuenan co enymuuxa I'"TOHACC omnpasnsemcs ¢ uacmomoi “0 = 1808 prr Y, MO NPUHUMAEMCIL HA

npuémnuxe ¢ uacmomori ¥ =¥o!U+2) =1608.00000084p/,
Credyem ommemumop, 4mo 0isi KOMIEHCAYUU AKOObL PEAMUBUCICKUX 3D Gexmos uacmoma, gpopmupyemas
OOPMOBLIM CMAHOAPMOM YACMOMbL, ¢ MOYKU 3PEHUs HADII00AMes, HAX00AWe20Cs HA CRYMHUKe, CMeujeHd

% - =10 _ 10
ommuocumenvro 6a3060t na omuocumenvuyio eenuyuny Lviv=-436*10"" moumy coenaoaem c - 5.25*10°"°),
m.e. 4achl CNYmHuKa nepeo e2o 3anyckom Ha opoumy uckycCmeeno 3amMeONaomcs Ha YKA3aHHYIO eIUUY.

Buecme ¢ mem 6uono, umo axodvl omauuue x00a epemenu Ha opoume u3-3a pasHuybl 2pasumayuOHHIX
NOMEHYUANO8 MOUHO PABHO PAZHOCU MEHCOY 0AHCUOAEMBIM BPEMeHeM NPUOBIMUSL CUSHANA ¢ OPOUMbL HA 3eMII0 U
€20 peanbHbiM 8pemMerHeM npubbImus (N0 OMHOUWEHUIO K 6DEMEHU 6 NYMUL).

Ilpasunsnviii yuém coommuouieHuii mexicoy CKOPOCMbIO U YACHOMOI 0IHbL PAOUOCUZHATIA NO360JIAEM
2060pUMb 0 HE3AGUCUMOCHU X00A 6PEMEHU OM 3HAYEHUA ZPAGUMAYHORIO20 NOMEHYUANA.

Hpunoycenue Ne 3. banucmuuecxkana meopus Pumuya - bTP. (Omoenvnvie 2nasot)

C.A. Cemuxos

§ 1.10. 3¢pghexm Pumuya

Ecnu cxopocms ucmounuka nepemeHua, u NPUHYUN OMHOCUMETbHOCMU He NPUMEHUM, MO
CKOpOCMb C8ema 3asucum om CKOpOCmu UCMOYHUKA 6 MomeHm ucnyckauus. C 3mozo momenma
CKOpOCMb 4acmuy OCmMaémcs HeU3MeHHOU U He3agucauell om OdlbHelwe2o 08udceHus... Bonua,
ucnywenuas 6 momenm t'=0, nemum co CKOpocmvio c... 3amem CKOpoOCmb pacnpoCmpaHeHusl
yeenuuumes, u cmavem c+v' ons goanvl, ucnywennou ¢ momenm t 0 . Ilosmomy sma eonna
HacmueHem npeodvlOYuYo Ha HeKomopom paccmosanuu x (), 3amem 0b2oHum eé.

Banomep Pumy, "Kpumuueckuii ananus oowei 21eKmpoouHamuxu”.

« Pumy evisen coomsemcmeyowyio popmyny T/ T=1+(1/C)dL/dt, 2oe dL/dt — ckopocmob uzmenenus
paccmosinus L mesicoy ucmouHukom u npuéMHUKOM Ha MOMEHm pecucmpayuu usiyyenus [8].

Tlockonvky L=V, *t + a,*t2 /2, u ckopocmo dL/dt =V, + a,*t =V, +L*a,./C (V, u a, — nyuesas ckopocms u
yekopenue Ha momenm ucnyckauus, t=L/C — epems, 3a Komopoe ceem npuxooum om UCmoOUHUKA K NPUEMHUKY),
mo noayuum npocmyio gpopmyny T7/T=I+V, /C+La, /C* , naiidennyio eviuie u yuumoléaiouyio cpasy u s¢gexm
Jlonnepa, u s¢hgpexm Pumya.



B opueunanvnou 3anucu Pumya [8] cunmes smux 3axono6 evlensoell ciedyiomum 0opasom:

dt’/dt = (l-u,/C)/(l-r*w,’/Cz ) =1—(1/C) dr/dt , 30ecw dt', dt — snemenmapnvie unmepsaivl 8pemenu
MedHCOY UCTYCKAHUEM 08YX CUSHAN08 (HaACMUY-PEOHO08) U UX RPUEMOM, U, — IYYeBdst CKOPOCHb NPUEMHUKA, W, —
JIy4egoe YCKOpeHue UCTOYHUKA, I — PACCMOSIHUE MeHCOY UCHOYHUKOM U NPUEMHUKOM.

ShpexT Putuya Puc.I14. Dddexr Puria.
8L 1T L 8 c'=c-V1,
t'=t+L/c dt =140 O Ny P Pumy ucnonvzosan smy
&t ¢ ¢* ot de'lot= -cv/ot = -a,
popmyny, 0abel noxazamo, Ymo
; V. L éc La, a/lekmpuiecKkoe 6o3oeticmaue
di'= (1 - " dt 4= (l =) Ede B (1 * o2 Jdr 00H020 3aps0a — Ha Opyeoll,
SdJCDEKT ﬂonnepa SCDCDEKT PMTLla 3deucum He mOﬂVbKO on ux
. , R V874 OMHOCUMENLHOU CKOPOCTU U
ONWHaBOMHBl A'=cdt'=2| 1+-- MN=cdt'=} 1+—L
z 2 r ($1.7), Ho u om ayuesoeo
i _l " -
f oA v, , T N L VCKOPEHUsL UCTOYHUKA
yactota f —lfdr—f(H?J f'=1/dt :f(H 62’] w,"=a, (§1.8).
onfepoBckoe 3
ﬂcmeu.lpeme - AV n La, oAy Loy ITocneonee npusodum k momy,
MHUMas ckopoeTs A € ¢ ? 7 AT e YUMo KOHYEeHMmpayus
ranaktuka ; n'=n (I—L*ar/c‘z)
BO3MOXHbIN NpuUMep A= M1+LHc) H=T12%Re Peoros, 60U3U 8MOPO2O 3apsod,

achpchbekTa Putua —
KpacHoe CMellieHne
B CMEKTpax ranakTtmk

) npu =200 km/c| OMaU4aemcs: om KOHYeHmpayuu n
) / R=0,002 Mk | P€OHOS, UCnyweHHbIX PAGHOMEPHO

OBUINCYUUMCSL 3APSOOM.

H=V?R¢ ~ Km/c
H~ 70 W

Konyenmpayus peonog mensiemes nomomy, 4mo 6ce peonvl, UCHYWeHHble 8 medeHue unmepsana epemenu T 6
Hanpasienuu 6mopo2o 3apaoa, npudym K nemy 6 meuenue nepuooa T'=T (I + L*a,/C*).

A pa3z sneKkmpon 80 6cex HANPAGLEHUSIX UCILYCKAEM 8 KaXCObIL NPOMeNCymoK epemeru T 00Ho u mo e uucio
PEOH08, MO NPU YCKOPEHUU 3apsiod KOHYEHMPAyusi U Yacmoma y0apo8 peoHos 0 0py2oul 3apso O0JIICHA
uzmMenumocs, ananocuyno yacmome ceema = f(1 — L*a, /C? ).

Ilo moti sice npuuune mensiemcsi u apKkocms ceema I om yCKOPEHHO 08UNCYULe20Csl UCIOYHUKA: 6C5L DHeP2ls,
ucnyujennas 6 meuenue spemenu T u nepeHocuUMas peonami, npuxooum K Hadao0ameinto 3a npoMexNCymox
T =T(I + L*a, /C?). To ecmb, 6031€ NpUéMHUKA KOHYEHMPayus céemd, NIOMHOCHb NOMOKA €20 oHepaul,
HazvléaemMas APKOCcmvlo, 00JxCHaA uzmenumovcs 0o snavenus I'=1 (1 — L*a, /C’ ).

Omo umeem Knouegoe 3HayeHue 0isi NOHUMAHUS RPUPOObL NEPEMEHHOCTU KOCMUYeCKUXx ucmounuxos (§ 2.11).

Pumyesa ¢hopma 3anucu "mparncihopmayuu epemennvlx unmepeanog” npueooum K UHmMepecHoMy 6bl800):
u a¢hghexm Jlonnepa, u s¢pcpexm Pumya — 5mo c60e20 poda 3aKoH COXPAHEHUS. YUCIA BOJIH, COXPAHEHUS BPEeMEHU,
UHaye 20680ps,— 3aKOH HENPePbIBHOCIU NOMOKA 8PEMEHU (AHAIOSUYHBLIL 3AKOHAM COXPAHEHUS 3apsa0d, MACCyl U
HEeNnpepbiHOCMU UX NONOKOB).

Ecnu oucmanyus mesicoy ucmounuxom u npuémMHuKom ¢ mevenuem epemenu ne mersiemces dL/dt=0, mo,
HE3a8UCUMO O MO020, KaK OGUINCYMCS UCOYHUK U NPUEMHUK, YACTOMA He Q0INCHA MEHAMbCS, NOCKONbKY, 8
NPOMUBHOM ciyuae, Ha ompeske L ¢ meuenuem epemeru 80HbL TUOO HAKANAUBAIUCHL Obl 00 DECKOHeUHOCU, U0
coBcem ucue3anu, 4mo He03MONCHO.

Tlosmomy, ecu uCmouHUK U NPUEMHUK YCIMAHOSIeHbL HA OOHOU U MO Jce Niamgpopme, mo, He3A8UCUMO O
mMo2o, ¢ KaKou CKOPOCMbIO Ul NOCIOSIHHbIM YCKOPEHUEM OHU OBUNCYNCSL, NPUEMHUK 6YO0en pecucmpuposams
6ceeoa yacmomy ucmounuka. Eciu sce oucmanyus pacmém dL/dt>0, mo u uucio 6onn na neti 001x4CHO
NPONOPYUOHATILHO PACTU, A 3HAYUM, NPUEMHUK NO2TLOWAEm BOJIHbL Pedice, C MeHbULEl YACMOMO, YeM Ux
ucnyckaem ucmouHux.

Taxum obpazom, s¢ppexmur Pumya u JJonnepa cocmasnsiom, no cymu, 0ono yenoe. Hmeem mecmo xkax 6ol
eounviil dppexm Jonnepa-Pumya (3HP) T/T = 1 + (1/C) dL/dt, uacmuvie nposignenus Komopoeo — 3mo yoice
co6emesenno sgppexm Jonnepa T7/T =1 + V, /C unu s¢ppexm Pumya T7/T =1 + L*a, /C’

IIpu nepexooe uz 0oHoll cucmemvl omcuéma 6 Opy2yto, 0OuH 3¢hpexm nepexooum 6 opy2oil.
Ho, xax cnedyem uz meopuu Pumya, peonol, Hecyujue ceemogyio 801y, 6ce20a pacnpocmpansiiomcsy
NPAMOTUHENHO U C HEUSMEHHOU CKOPOCTbIO, 0adice NPOX00s uepes Mamepuaibible Cpeobl.



Cpeoa Huxoum 0opazom He enusem Ha 0sudicenue peonos. [losmomy ayu dondicen, scmpeuas cpeovl,
PACNPOCMPAHAMbCA 8 MOM Jice HanpasieHuu, C108HO NYJIA, NPOUUBAIOUAsl CIEKIIO.

To, umo smom npsAMOoU UCXOOHBLI Y4 UCUe3dem U BO3HUKAEN HOBBLU VY, UOVIULL U3 CPedbl 8 HOBOM
Hanpaenerul, Kaxk pas u 00Ka3wvleaent, 4mo noo 0eticmeuem nadaoujezo ceema cpeod 2eHepupyem emopuyHsle
BOJIHbI, KOMOPbLE 2ACAM ROCPEOCEOM UHMEPPEPEH YUY UCXOOHBIL JIYY U NOPOACOAIOM HOBbIU, UOYUIULL 8 UHOM

HanpaejieHuu.

Ipoucxodum nepeusnyuenue sHepauu, 3a Cuém ye2o Mvl HAOI00aemM He UCXOOHDIU C6em UCIOYHUKA, a JTULUb
emopuuHoe usiyuenue cpedvl. imax, 6 3epxane u 6 npusme mvl HAOII0OAEM CEEM He CamMo20 UCOYHUKA, a C8en,
nepeusiyuéHHbIlL amomamu ompasicaoueli u nperomiusiioueli cpeoul (Puc. 36).

Ilo moti sice camoti npuqune mensiemcst CKopocmo céema 6 cpede. Beowb peonsi, kax ymsepoicoaem Pumuy, scezoa
UCTLYCKAIOMCSL 3aps0amu ¢ 0OHOU U MO Jice CKOPOCMbIO, PABHOU CKOPOCTU C8eMa, U 9MA CKOPOCHb COXPAHIEMCS
Ha 6cém ux nymu. C moil dice CKOPOCMbI0 UCHYCKAON PEOHbL U KOJeOIouuecs 3apsobl cpeobl.

Tlosmomy ucxoonas 601HaA U 6MOPUYHDBLE BOJIHbI, UCNYUCHHBLE 3APA0AMU CPEObL, PACNPOCMPAHSIIONCIL CO
ckopocmovio ¢. QOHAKO CNOJICEHUE IMUX 80JIH 0aém HOBoe pacnpedeieHue peornos. M, xoms camu peorvl 08uxicymcs
CO CKOpOCmbIO ¢, 0Opasyemvie UM pacnpeoeiierus NIOMHOCMU CMEWAIOMCes ¢ Opyeotll,— MeHbULel CKOPOCMbBIO.

Taxum obpazom, OJis1 ORUCAHUS CBEMA, OBUNCYE20CS 8 cpede, Viice HeOOCAaNOYHO PACNOIA2amb OOHUMU TULUD
Xapakmepucmukamu UCMOYHUKA,— HYHCHO YUUMbIEANb NAPAMempbl CPedbl, KOMOPAsL CAMA CIMAHOBUMCS

UCIMOYHUKOM 6OJIH.

Oonaxko, 8 kocmoce, 8 0e36030YUHOM NPOCMPAHCMEBE,— BOZHUKAIOM OMKAOHeHUs: om meopuu Maxkceenna. Cyos
no pe3yibmamam paduojiokayuu U ACmpoHOMUYEeCKUX HAOII00EHUH, ucue3aem npeumyuec-meeHHas Cucmemd
omcuéma, céA3aHHAS ¢ AMMOCEHEPOU, U CKOPOCIb C8eMA HAYUHAEM I6HO 3A8UCEMb 0N CKOPOCHU UCTHOYHUKA.

Umak, ecau osudcywuiicss UCMoyHUK cooduaenm ce0i CKOpoChs ceemy, 8 Kawecmee 000a6Ku K CKopocmi ¢,
mo, npu NONAOAHUU 8 NPO3PAUHYIO Cped)y 3a CUEM BMOPUUHO20 UZYHEHUsL CPeObl U CIONCEHUS €20 C U3YHeHUeM
naoaroujeti 6OIHbL 3Ma 000ABKA NOCMENEHHO UCYE3HeN, KAK NOCMENeHHO mepsien 20PU30HMAIbHYI0 CKOPOCHb
npeomem, 8blOPOULIEHHDBIIL U3 OKHA N0E30a U MOPMOUMbIL CONPOMUBLEHUEM 8030VXA.

Hcxoonas éonna, nonaoas 6 cpedy u 3acmasisisi Koieoamvcst e€ 2NeKmpoubl, Nepeusnyiaemes JIMumy 6ecuucieH-
HOIMU PEMPAHCISIMOPAMU U, NPU TOM, 2ACUTNCSA 3a CYEM UHMeEP@DEPEHYUU ¢ UOVIUMU OM HUX GIMOPULHBIMU
BOIHAMU. DMOM NPUHYUN U3BECMEH 8 JNIeKMPOOUHAMUKe KaKk "meopema noeawenus Jeanvoa u Ozeena.

BannucTuyeckuin NpUHUKUN 1 ero NPoABMNEeHUsa B KOCMoce

3dpchext Bappa y ABONMHBIX 3BE31 W 3K30NNaHeT
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BannucTtuyeckud npuHuunm: ¢' = ¢ +V
Npu nepensnydeHun ¢’ =c+ iV, k=11 <1
LNWHa nepensnyyeHusa /= 1/ 2x(n—1 )~ (haNy L,
rne 7~ AfWHa BOMHbI, #— NokasaTtens npenoMneHus, §
a,= e>/mc?~2,82- 10713 a1 — knacecuueckuit paguyc
3nekTpoHa, N — KOHUEHTpaL WA SMEKTPOHOB (MOHOB) -
[ns ABOMHLIX 3B€34 [~ 1 CB. roga, L ~ 103 cB. NeT, k=I/L 1073
[nsa peHtreHoBcKux nynscapos Cen X-3, Her X-l, SMC X-I
k< 10°[9], I=(hagN)y™t ~ 2- 101 M ~ 200 MITH. kKM~ 1 a.e.
npu nepuogax P ~ 1 ¢yT 1 ckopocTax 17~ 100 Km/c,
papunychl OpBUT NyNbCapoB cocTaBAT R ~ P17~ 10 MIH. KM < [

Puc.IIS. ITpunuun BTP.

Oouaxo 6 npumenenuu k BTP sma
meopema Ovlia enepsvie UCCIeO08AHA
Jlowc. Doxcom [2], komopulii nokazar,
umo, emecme ¢ 2auieHuemM nepeudHoL
BOJIHbI, MEPSEMCS MAKIACE
ungopmayust o ckopocmu eé
UCTNOYHUKA.

Tlosmomy 6 oanvhetiuem 6yoem
UHO20a HA3BIBAMb MO NPABUIO
nozauienus y ceema 006a8ouHol
CKOPOCIU UCTMOYHUKA —

"npunyunom Doxca".

Omom npunyun umeem 6ovuULOe
3HAYeHue 8 U3Y4eHUU MHOSUX AGTIeHU
KOCMOCA U OCOOEHHO 8ANCEH 6 3eMHbIX
1a00PAMOPHBIX IKCHEPUMEHMAX.

HHmepeCHo ommemunitsb, 4mo HeKxomopbvle ﬂa60pam0prle IKCnepumeHnivl oelicmeumenbHo nodmeepdwzu, umo

ceem nocie NPOXoACOeHUsl CK8O3b cpedy npuobpemaem eé ckopocme.

Beow, coenacno BTP, ckopocmo pasua ¢ omuocumenvro ucmounuxa. Cpeda dice, uepes KOmopyro npoxooum

ceem, cama Hadurnaem uepanib pojib UCMOYHUKA ceena.



U mouno, xax noxaszanu ysice 3emMHvle d9Kcnepumernmol, ckaxcem onvimul Y. Kanmopa [4] u M., J[yniuwesa
[47], npo3paunvie niacmunky OONOIHUMENLHO COOOWAIOM CE0K) CKOPOCMb V U3IYUEHUI), OMUYe20 CKOPOCHLb
CBEMOBbIX IyYell CMAHOBUMCA He ¢, a CTVv. Pe3yiomamol 5mux 5KCHepUMeHmos, HeCMOMPsL HA UX MUAMenbHy0
NOCMAHOBKY, NbIMANUCL OCnOpums U 3amyutegams [153].

Oonaxo docmamouno yoeoumenbro 3mo2o HuUKkmo ne coenan. Koeoa ceemosoii nyy na ckopocmu c+V éxooum 6
B3eMHYI0 ammocgepy, mo e20 dNeKmpuieckiue KoNeOanus packauuearon dIeKmponsl 8 amomax 8030yxa. Bubpayus
INIEKMPOHOB POANCOAem 8MOPULHOE U3TIYHeHUe, UMeIouee CKOPOCTb C.

B umoee, no mepe osudicenust iyua uepez ammocgepy u npugedeHust UM 8 KOaeOaHusi 6CE€ HOBLIX IEKMPOHOE, €20
SHepeusi 6CE DObULE PACCEUBACMCS, NEPEX00si 8 SHEPSUID GIMOPUUHO20 UZIYUEHUS, IeMAue2o 6 6030yXe CO
CMAHOapmMHOU CKOPOCMbIO C.

Kax nokaszan @okc, makoe npusedenue ckopocmu céema K ¢ NPOUCX00UmM 8 cioe 8030yxXa moawuno oxono 10
em. Tax umo k Momenmy, Ko20a c8emogoll Iyy NPotuoém 6o Moy ammocgepol, €20 CKOPOCHb OKANCEMCS
PABHOIL ¢ Oe3 BCAKUX C1e008 HAUANLHOU CKOPOCTU UCIOYHUKA.

Ewé acppexmusneti ckopocms uCmounuKka 2acumcsi npu 08UNCeHUU u3JiydeHust bojee 8bICOKUX Yacmom u 6 boee
naomuwlx cpedax. Dokc evruucaun [2], wmo 6K1a0 CKOPOCMU UCTOYHUKA 8 CKOPOCMb C8eMA IKCHOHEHUUAIbHO
cnadaem no mepe O8UNCEHUST CUSHALA 6 Cpede, NPUYEM XapaAKmMepHAast OIUHA, HA KOMOPOL MO 6KAA0 CHUNCACMCS
6 e = 2,7 pa3, cocmasnsem d =1/2x (n—1).

To ecmb nozautenue 6Kk1a0a CKOPOCMU UCHIOYHUKA UOEM meM Dbicmpee, YeMm Kopoye ONUHA 80THbL Ceema A u
eblille NOKA3amenb NPeroMIeHUss cpedbl B. [10omomy cucHan om ucmouHuKa, lemsaue2o 6 HANPAGIeHUU U3TYYeHUs
co ckopocmoio V, npu npoxoorcoenuu cnost cpedol mowunoii I, 6yoem umems ckopocmo ¢'=ctkV, 2oe k = e — l/d
<<I, Kxax evigeau Ha OCHOBE ACMPOHOMUYECKUX HaOodeHul ewé D. Ppetnonux [3] u I1. ['ymuux (§ 2.10).

Taxum 06pazom, cKOpoOCMb UCMOYHUKA NPAKMUYECKY NEPEeCAém GUsMb HA OBUICEHUE CBETNOBLIX CUSHANO8 8
cpeoe, U 0OOHAPYIHCUMD USMEHEHUE CKOPOCU CEEMA MOICHO MOTLKO 8 8bICOKOM U CBEPXELICOKOM BAKYYME, 8
omcymcmeue Ha nNymu ay4a 3epKai, TUH3 u cpeo.

He cuyuaiino, mnozue sxcnepumenmuol no nposepke OALIUCMULECK020 NPUHYUNA, 8bINOJHEHHbIE 8 3eMHbIX
VCA0BUSIX, OCODEHHO ¢ NPUMEHEHUeM JUH3, ouappasm uiu 3epra, oaiu mHumoe npomusopeyue ¢ bTP. Takue
IKCNEPUMEHMbL HEUSMEHHO NOKA3bIBAIU, YMO C8EN NOKOAULe20Cs U NOOBUICHO20 UCTIOYHUKOG IEMUM ¢ 0OHOU U
motl dice CKOPOCHbIO C.

- Puc.116. IIposepka BTP.
MpoBepka 6annNCTUYECKON TEOPUN C MOMOLLbLIO

CUHXPOTPOHHOIO U3Ny4eHNUA INEKTPOHOB A na Oene ceéem ucnyckancs ¢

; PA3HBIMU CKOPOCMAMU, HO 3d CYEM

: nepeuziy4enus HenooGUICHbIMU
amomamu cpeo, 3epKail u IUH3 9ma
PpasHuya dvlcmpo cCmupanacy, u
Odemexmopbwl (huxcuposanu
CUHXPOHHBLU NPUXOO CEEMOBLIX
cuenanos. Ilpumeuamenen 6 smom
naane onvim A.C. Mazmanuwieunu
("Onexmpomacnumnuvie aenrenus’, T.2,
Nel, 2001 2.), svinonnennwlii no
unuyuamuee I1.1. Qununnosa
(NOAKOBHUKA APMUINEPUL U
sawumnuxa BTP), no eonpeku e2o
S Tymm— 0ACUOAHUSIM HE GbISAGUBUIUILL
3anaszgblBatolje UMNynbCel CBETA, nepemenyt-léHHoro nnacTUHKoM sasucumocmu CKOpocmu ceema om
0BUIICEHUSL HNEKMPOHOB 8 YCKOpUumeine
U Hakonumese Yacmuy.
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3MNEKTPOHOB B KaMepe
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* OnbITbl Ha HakonuTenax Cubupb-1 n BAMM-3

Onvim 6w11 nosmopen cnycmsi 35 nem E.B. Anexcanoposwvim ¢ mem gice pesyasvmamom (cm. YOH, Nel2, 2011 2.).

U mom u Opyzoil onvim noxazanu, 4mo nepeudHbIll UMNYIbC CUHXPOMPOHHO20 U3LYUEHUS, CO30AHHDIUL TeMAuUMU
C 02POMHOU CKOPOCMBIO INEKMPOHAMU, U KOHMPOTIbHBLU GMOPUYHBIN UMNYILC, NEePeU3yUEHNbILL HenoOGUNCHOLL
CMEKNAHHOU NAACMUHKOU, NPUXOOSA K 0eMeKMOpPAM CUHXPOHHO, 6e3 OONOIHUMENbHOU 3A0ePAHCKU O PA3HULb]
ckopocmeti cgema. Imo counu onposepaceruem BTP u doxazamenvcmeom CTO.



Cropocmp 31ekmponos e mepsiom, a naxoosm uz popmyn CTO (npouszsoos eé yukiuunoe 060cHo8anue no
Memooy NOPOUHO20 Kpyea), UCHMUHHASL Jce CKOPOCHb MOdcem omaudamuscsi 6 pazol (§ 1.21).

Toeoa u 3anazovieanie 6MOPUYHBIX UMNYICOE OMHOCUMENLHO NEPEUUHBIX OY0em OMIUYHO OM 0AHCUOAEMO20, U
eciiu OHO MAJIO UMY KPAMHO NEPUoody Cle008aAHUS UMNYIbCO8, MO €20 Helb3s 3aMemumy. UMNYIbCbL HALOHCAMCS
opye na opyea (cmpob-3¢hpexm), umo cozdacm muumoe npomugopeyue ¢ bTP.

Tlosmomy npu 3amepax cKopocmu ceema u dINeKMpPOHO8 NPOJEMHBIM MEeMOoOOM cledyen NAA6HO MEeHMb
oucmanyuio, 0abwl uckouumes cmpoo-sghgexm. Kpome moeo, @oxc ommeuan [2], umo oyenxa onunst d, na
KOMOPOU NPOUCX00Um ROUmMu HOJHOE NEPeusyyete 8 cpeoe, Cnpaseonusa auub s ckopocmetl V<<c.

A 01151 0KOOCBEMOBBIX CKOPOCEL dNEKMPOHOE 8 YCKOpUmeie ma oyeHKa e pabomaem.

Tax, ons ckopocmu ucmounuxa V= ¢ panee nautiu ¢* = ¢/n* = c/[n-V/(c+V)]. To ecmo 051 eco uznyuenus
nokazamenv npeiomierus cmexia n=1,5 cmanosumcs pasen n*=n—V/ (c+V)=1, uz-3a uezo cunvHo pacmém OnuHa
nepeusnyuenus d = A/2w (n*-1), u ceéem noumu He nepeusnyiaemcsi.

Iloomomy nepeusnyuenue 6 CMeKkIsHHOU NIACMUHKE MOXNCEem OblmMb HeNOIHbIM. OCHOGHAS YACb C8emda NPOUOEem
CKB03b HeE, COXPaHUE CKOpocmb ¢+ V (6om u Kadcemcs, wmo nAACTUHKA He UBMEHUNA CKOPOCHb C6EeMma), U JIUlb
MARAs Yacmov C6ema NePeusiyuumcst co cKopocmolio ¢. Bom novemy na ocyunnoepamvmax, npueooumvix E.
Anexcanoposvim (cm. "Xumusi u sorcuzns”, N3, 2012 2.), napasne ¢ nepeuyHviM UMnyibCom UoeH claovlil
3anazobl8aoWUll UMNYIbLC, KOMOPbILL KAK PA3 MO2 603HUKHYNb OM NepeusiyieHusi NIACMUHKOU CO CKOPOCTbIO C.

Omo noomeepaicoaem u usMepeHHoe 3ana3obleaHUue GMOPUYHO20 UMNYIbCA OMHOCUMENbHO NePEUUHO20,
KOMopoe 8 MOYHOCHU COOMBEMCmMEyem OAIIUCMUYeCKOMY NPUHYUNY NPU KIACCULECKOL OYeHKe CKOPOCmU
anexmpora. Mnu sice, nanpomus, 3¢hghexm nepeusnyuenuss HeOOOYEHEH, HeCMOMPsL HA 8bICOKULL BAKYYM 8 Kamepe
YCKopumess u Omcymcmeue Ha nymu npsamoco 1yua JuH3 U 3epKal. »

§ 1.19. H3menenue xo0a epemenu npu ycKOpeHuu u RPUHYUR IKEUBAIEHIMHOCMU

bémmens npuoasan ucmounuxy u npuémMHUKY O0OUHAKOBOE YCKOPEHUe U UMEpP
uUsMeHenue Yacmomol. IMUCCUOHHASL Meopust 0aém 20mogoe npeocKkazanue pesyibmama.
Ecau ycxopenue 6 smom sxcnepumenme pagHo g (npunsmoe Oisl ynpoujeHus. pacuémos
NOCMOAHHbIM) U HANPAGIEHO OM UCMOYHUKA K NPUEMHUKY, — DPA3HECEHHbIM HA
paccmosinue h, omnocumenvnas — ckopocmv 60oiH Pumya u npuémmuxa 6 momenm
noenowenus — ¢ + gh/c = ¢ (1+gh/c’ ). dmo npusodum k neGorbUIOMY COBULY YaCTIOMbL
ona npuémnura na gh/c’ | umo naxodumes é coanacuu ¢ SKCNEPUMEHMOM.

IDic. Doxce, "Ceudemenvcmsa npomug smuccuoHHvix meoputi” [2]

« Coenacmo 061/14611 meopuu ontHocumelbHocnu, Ha X00 uacoe, no0ooHO cpasumayuul, 6auiem maxkiHce ux
YCKOpeHue. Ho o makom enuanuu coeopum u KiaccuveckKasa MexanuKka, CKas)cem, 6 ciydae MasanHuUKoB8sblx 4acoe,
X00 Komopblx 3asucum om YCKOPEHUA 6 moti dice mepe, 4mo u ont Culbl mAaicecmu.

Hpu YCKOpEHUU Ha MASAMHUK dedcmeyem, Kpome CUjlbl mAacomenusl, O0ONOIHUMENbHO CUNLA uHepyuu, s3acmae-
JIAOWAA KavamvbCia MAAMHRUK dawe Uil peaice. HOSWlOMy HENb3sA ompuyanmbs 1n000OH020 GAUAHUSA YCKOpEeHUA U Ha
uacmomy Konebanuil INIeKmpoHa 6 amome, d, 3Hadum, u Ha CKopocmbs X00a amoMHbBIX 4aACO8.

Taxum 0bpazom, 6 onvimax 6ce20a MEeHsAemcs X00 4aco8 (MASMHUKOBLIX U AMOMHBIX), A He CAMO20 BPEeMEHU.
Haoo, k momy srce, nomHums, 4mo mModicem nposasumvpcs u paccmMompenHulii pawee aghgexm Pumya, coenacro
KOMOPOMY HA YACMOMY U3LYUEHUs AMOMO8 Kpome CKopocmu éausiem euyé ux yckopenue (§ 1.10).

2 . .
Cosue uacmomot Af /f=al/c” , npedckazannviiit BTP, cosnadaem ¢ HatlOeHHbIM 6 ONbIMAX.

Own, Oeticmeumenvro, ObLL OOHAPYIICceH 6 IKcnepumenme béwmens, ede ucmounuxy eamma-nyuetl,
pacnonodcennomy na paccmoanuu L=d om noziomumens, npudasanu iyuesoe yckopenue a.

Cosue uacmomel eamma-yueti, usmepennbiii ¢ nomowywio s¢ppexma Méccbayspa, cocmasun Af /f=ad/c* , umo
noomeepoicoano popmyny Pumya [153, c. 136].

Jlpyeotui onvim mozo sce muna 6wl RPOOELAH ¢ BPAMAIOUUMUCI YUTUHOPAMU, 8 KOMOPBIX PAOUOAKMUBHBIL
UCTNOYHUK U NO2JIOMUMENb 2AMMA-TYyHeli PACNONIA2AIUCy HA PA3HBIX pAcCmOosaHusX Ry u Ry om ocu epawerus u,
COOMBEMCMBEHHO, 001A0AIU PAZHBIMU YcKopeHusamu a 1 u a 2. OmHocumenvbHblil cO8ue Yacmomol, 8 HOITHOM
coenacuu ¢ npedckazanuimu OTO, cocmasun Af/f=(a;R; - a; R, )/2c2 [153].



MoaTBepXAEHNA adhdekTa PuUTLa B Prc.IT7. Tposepka
KOCMOCE U1 B 3@MHbIX Na6opaTopusx

7&':%(1+da/02) Oonako, u smom pe3yibmam, HOO0OHO
nornoTuTenb onvimy béumens, neeko obwsacuumo, no
% apppexmy Pumya, erusnuem yckopenus
UCMOYHUKA HA YACMOMY U ONUHY 6OHbL
UBTYUeHUS,, KaK NOKAJCEM 6 KOHYe

napazpaga.

KpacHoe CMeLlleHne
3aKkoH Xabbna

M= A(1+LH/c)
LT

!
KBapLy Bnpouem, ne ucknoueno, umo paziudue

pUTL-3hdeKT 7&'27\,(14‘[4@ / Cz) 3emns onbiT Bemmens | #acmom ucmounuka u noznomumens 6b36aHo
n BAUAHUEM YCKOPEHUS HA COOCTNBEHHYIO

0 achchekTy PUTUA yBENUYEeHNe ANMHBI BOMHbI CBETA OT KPyTALIMXCA
rafniakTMK COOTBETCTBYeT 3akoHy Xabbra u namepeHHol NOGTOSIHHON 4acmomy A0epHbIX NPOYeCcos, AHANOUIHbIM
Xa6b6na H,=75 (km/c)/Mnk: pacuéTHas BenuuuHa H.=a,/c=74 (km/c)/Mnk GIUAHUIO epasumayuu. B makom cryuae,

npu R=2 knk n V=210 Km/c, TUNNYHBIX ANA ALPaA HALIeH W Ap. ranakTuk. PA3HbIE YCKOPEHUSL 8bI3bI6AION PA3HIL COBUL

B onbiTe Bémmens [14] HaligeHHbIl no achchekTy Méccbayapa capur uacmom HympusOepHolx koneoanutl,

4acToThl OT UCTOYHNKA C YGKOpeHueM a noateepkaaeT adpcpekT Putua. Komopbelu U pecucmpupyiom 6 onsime.

THloopobree o mexanusme 3mozo cosuea Oydem pacckasauo daree (s 3.5). Kax euoum, u 6 smom ciyuae
U3MEHeHUe NPUHUMAEMOU YACMOMbl KONeOAHUL BO3HUKAEM He OM U3MEHEHUsl X00a 8peMeHU NPU YCKOPEeHUU, d Om
UBMEHEHUsl CamMOll Yacmomyl (PU3ULECKUX Npoyeccos noo oelicmsuem yckopenus. Ha vacmomy npoyeccos,
UMEIOWUX UHYVIO NPUpOdy, YCKOPeHue b0 806ce He nosusiem, 1ubo nogausem 6 UHOU CMeneHy , KaKk NOKa3vledaem
npumep MAasmHUKoBbIX 4dcos.

Cmoum ommemumay, 4mo, NOPo, CO8US YACHOMbL 0N YCKOPEHUSL MOAICEM GOCNPUHUMAMbCS U KAK NPOsGLeHUe
epasumayuornozo coguea wacmomol. Tax, 6 useecmuom onvime Ilaynoa u Pebke, gvinoanennom 6 1960 e. ¢
ROMOWBIO Mo2o dice 3¢hghexma Méccoayspa, bviio obHapyscero, umo yacmomol 10epHuix npoyeccos f' u f6
PAOUOAKMUBHBIX UZOMONAX, 0OUH U3 KOTNOPBIX pACnoaazancsa Ha gvicome H=20 m Hao opyeum, omHOCUIUCH KAK
fYf=1-gH/c , 6 nonnom coenacuu ¢ npedcxkasanuem OTO.

MpeobpazoBaHue 4acToThl U ANUHbLI BOMHLI CBETA, Puc.I18. BTP u sddexr Méccodyapa.
obHapyxeHHoe no adpdekty Méccbayapa
Knaccuyeckoe o6bacHeHne Knaccuyeckoe 0ObACHEHWE C opyeoii cmoponsl, 04e6UOHO NONHOE
onbita MayHaa n Pedke OlMbITOB G POTOPOM coenadenue noay4eHHoU 8eUdUHbL
normnoTmTenb YACMOMHO20 CO8USA C USMEHEHUEM

yacmomsl no s¢ppexmy Pumya. Beowb 6
onvlme 4acmomul CPAGHUBANIUCD 8
npoyecce UCNYCKAHUS HUICHUM
UCMOYHUKOM 2aMMA-U3TYYeHUs K
8EpXHEM).

AT h=(1+hgle?)

OMb

h

A
&g

NCTOYHWUK

Tlpu smom, nockonvKy Ha HUdCHUL
UCMOYHUK Oeticmeyem Cuia msajicecmu,
mo yoice om Manieuuux Ko1eoanull o1
OyOdem 08u2amvcsi ¢ YCKOpeHuem a=g,
HANpasieHHbiM 6HU3.

=2 112 =y —0?RE + 2R i+ 0? (R2-R2) 262)
Ah= A" h = c"f— clf = ho*(Ra2— R,D)2e, AMh~ 0X(Ra2— R,2)/2c

THosmomy, oadice eciu cKOpOCTb UCMOYHUKA 8 ITUX KONeOAHUAX HUYMONICHA (34 KPAMKUL NEPUOO MEXAHUYECKUX
BUOPAYUTE UCHOYHUK NPOCTO He YCheem HaOpams 3aMemuol CKOpOCMiL), Mo YcKopenue nosuusem na yacmomy f'
2
UBTYYEHUs,, NPUXOOsie20 Om UCMOYHUKA K noeromumento Ha evicomy H, no s¢pgpexmy Pumya [/ f=1-gH/c" .

Bnpouem, ne ucknoueno, umo na ckopocms x00a s10EPHLIX NPOYECCO8 MALOMEHUE aUAem MAK Jce, KaxK Ha X00
AMOMHBIX, U 000A6KA 6bI36AHA UCKIIOUUMENbHO epasumayuetl (§ 1.18), moeda kax yckopenue — cogepuienHo
omecymcmeyem, 3a C4ém HA0EHCHOU PUKCAyUY UCTNOYHUKA.

Ho, enonne 603moicHo, umo npuduna cocmoum UcKaOUUmMenbHo 8 YCKOpeHu c60000H020 NadeHus g U 8
agppexme Pumya, ocobenno ecau yuecmv nepeusiyyenue ammoc@epor — amomamu u s0pamu, pacnoioHceHHbIMU
Ha NyMu ayua, 1emsayumu ¢ YCKOPeHuem g u, 3a c4ém coooujeHus ceoell CKOpOCmU ceemy, 6e0yWuUMU K CO8UY
yacmomul 0axice NPu HCECMKOM KPenieHuu UCTNOYHUKA.



Jpyeoii uzeecmuulii 3¢hhexm — usmenenue yacmomsi céema 6 epagumayuonnom none Conrnya u 36€30, Komopulii
Oiinwmetin ¢ 1911 2. 00viacHUL AOCYPOHBIM 3aMeONEHUEM BPEMEHU 8031€ MALOMEIOWUX Meil, HAPAUWUBATOUWUM
nepuoo ceemosvix Koaebanuil. Ippexm chudxcernus wacmomot ceema y Connya (no cosuey e2o CneKmpanibHulLX Ju-
HULL 8 KpACHYI0 001acmy) Ovlr omkpoim ewé 6 1897 2. u wupoxo oocyscoancs ¢ newamu ¢ 1909 2. [30, T. 1V, c. 98].

W3MmeHeHWe ITHH BOJTH CBETa W HCKPHUBIICHHUE Puc.I19. Ceer u rpaBuTaius.

CBETOBEIX Jyueii B one taroTeHus CorHua
[Ipoctoe oOBAcHEHNE PeIATHBHOTCKEX Y hekToB 10 (ppexTy PuTia

Oonaxo s5mo sAe1eHue MONCHO
Jleeko 00vACHUmMb He3 meopuu

X g g 2
~—== ropoma () WEARSMI=GMIRE) | ompocumensnocmu u MHUMO20
Y HITIIT = =1+GMIRc"

U3MeHeHUs Macuumaoba epemen,
ecnu NPUMEHUMb K1accudeckyio
Gusuxy u omxpwuimoiii 6 1908 e.
appexm Pumya:

usmenernue nepuot)a u uacmomaol
ceema om YCKOpPEHHO jiemau,eco
UCMmMoO4YHUKA.

>

idRa(R)/cz

Amombl, usnyyas xapakxmepHie

M“:,,’;_ A= ¥ CHneKmpasbHbie JUHUU, NA0AIOm 8
A?\F}-}i a(RYIRIC=)\.GM(1IR 1R =IGMIR & ammocgepe Connya ¢ yckopenuem
PacTsKeHHE BOIH CBETA OT HcKkpuBIcHHE CBETOBOTO y4a OT M3MCHCHHA JUTHHBI a B MOWHOM ecpasumayuOHLHOM

4TOMOB, JICTAIMUX ¢ YCKOPCHHEM @ BOJIHBI M CKOPOCTH CBETA B aTMOC(l)CpCZ a) Conmua B none ero

K
B rpaputanonHoM noie Conuua,  tsrotenus ot addexra Putna; 6) 3eMin ot HATPEBa TMOYBEL hoxe COﬂHua Yycropenue a

€80000H020 NAOEHUS NPEBOCXO0UM
semmoe (g=10 m/c’) 6 30 pas:

a=GMs/Rs’ =272 m/&, 20e
G=6,67-1 0" Hw /k* — epasumayuonnasn nocmosuuas, Mg =2-1 0’ k2 — macca Connya, Rg=7-1 0 m— paouyc.

Om s¢pghexma Pumya ux céem yacmomwl f u OnuHbl 60IHBL A BOCHPUHUMAENCA HA 3eMae KaK C8em Yyacmomol
2 2
f'=f(1-al/c’) u onunvt A' = A(1+al/c’), 20e L — nymo, na komopom npeodpazyemcs ceem.

To ecmy, knaccuveckuil 3¢ppexm Pumya mooice 6e0ém xk pocmy Onunbl 801HbL, NOKpacHeHuio ceema CorHya u
opyeux 3630 nood oeticmsuem ux maecomerus. OH dice, KaK YBUOUM, 6¢0ém U K HOKPACHEHUIO C8ema OaEKUX
2anaKmuK, nPOnoOpYUOHaIbHO paccmosinuto L 0o nux (3axon Xabobna, § 2.4).

Ho, & ciyuae noxpacnenus céema Connya, nyms L, na komopom nabupaemcs kpacnwiii cosue AA=A"-A=iaL/c’
Yyaice He pager paccmoanuio 00 3emau, Kax OvLio 0bl 8 uucmom saxyyme. Beow Coanye okpysceno ammocgepotl,
u a¢hghexmusnvlil nymo L MHO2O MeHblULe.

B camom dene, pocm onunet 6onnvi, no aghpexmy Pumya, cenzan ¢ mem, umo cgemosvie ayuu HACIeOyIom
CKOPOCMU UBYHAIOWUX AMOMO8, OMUE20 ePeOHU CEEMOBbIX GOJIH, UCTYUEHHbIE NO30Hee, UMEIOT MeHblUe
ckopocmu (amomwl 3ameonsiomes mazomenuem Connya) u 6cé 60avbue OMCmaiom om UCHYWEeHHbIX paHee.

B umoce, onunvi céemosvix gonn (paccmosmus medic SpebHAMU) NOCMENEHHO PACMYM 3a CY4Eém pazHulybl
ckopocmeiti. Ho ceem, cnedys uepes ammocghepy Coanya u 63aumooeicmeays ¢ eé amomamu, nepeusnyyaemcs umu
u, no meopuu Pumya, npuobpemaem cxopocmu ¢ yoice OmHOCUMENbHO dmux amomos (§ 1.13):

umenno ux yckopenue a(R) sadaém danvretiuiee pacmsicenue cemosuix GOH.

Ammocghepa u kopona Connya, umerowjasn xapaxmepuwiti pazmep Ry, npocmupaemcs na decamku paouycog Rg
2
34 8UOUMbLE SPAHUYLL CGEMULA, KAK 6UOHO npu 3ammenusx. Ha maxux paccmosinusix R yckopenue a(R)=GMs /R
cnadaem noumu 00 HYJis.

To ecmw, 6 pacuéme cosuza A\ nado yuecmuv nepemennocmu a(R) u cymmuposams npupocmer di=AadL/c’ na
Kkasxcoom snemenmapnom yuacmre nymu dL=dR, unmezpupys di=2*G*Ms* dR/(R**c’) & npedenax usmenenusn R
om Rg 00 Rp, pasnozco snewnemy paouycy kopoust Connya, 20e a = 0.

B umoce oowuii cosue onunst eonnvl AA= [1/Rs - 1/Rg]* 2*G*Mg /¢ unu c yuémom Rp>> Ry,
AX2=G*M /(Rs *c¢’) = 2,12-10°° .
Omo, Hatioennoe no meopuu Pumya, kpacrnoe cmewenue onsi Connya cosnaoaem ¢ popmynou, npeonroAHceHHOU
Ditnwmetinom 6 1911 2., cnycmsi mpu 2o0a nociie omxpoimusi Pumyem s¢pgpexma cosuea cnexmpa npu yckoperuu
[30, T. IV]. Taxoe cmewenue nunuii 6 cnexkmpe Connya OuL10 3apuKcuposano npu mounsix usmeperusx [107].



Ananocuunvlii d¢hghexm usmenenus ONUHbL GOAHBL U YACTOMbL C8EMA ObLIT OOHAPYIHCEH U 6 NOJIe MALOMEHUSL
3emau, npuuém,— ne monvko no agppexmy Méccoayspa (npu pasnuye evicom 6 20 m), HO U € NOMOWBIO paKembl,
nooussuteli cmarnoapm uacmomsl Ha evicomy 10000 km u nocwviraswieli e2o cuenanwl Ha 3emiro [26, c. 67].

Taxum 06pa30M, UBMEHeHUe Yacmomaol U OJUHbL BOJIHbL C8EMa 8 NoJie MA2OMeHUs 36M]Zu, CO]ZHUCI u Opyeux 38é30,
8€p0}ZI71H€11 6Ce20, 6bl36AHO HE camoti epaeumauueﬁ, a — YCKOPEHHbIM osudicenuem usnydarowiux u nepeusiryvarouux
amomos 8 noiie msazomenus. Mz-3a agbgbekma Pumua, a He om npeciosynioco NPUHYyUna IK6USAJIEHNTHOCMU,
YCKOpeHue u nmsconenue 00UHAKOBO npueod}zm K cdeuey yacmomel.

Umobwvl yoedumvcsi 6 59mom ewjé pas, paccmompum onvlimol, gvlsensouue, no sgppexmy Méccoayspa,
HUYMOJICHbIE COBUSU CNEKMPA, KO20Ad UCMOYHUK U NPUEMHUK HAXOOAMC Yoice He HA PA3HBIX 6bICOMAX, d HA PA3ZHbIX
oucmanyusx Ry u R, om ocu oucka, Kpymumozo ¢ yeiogoii CKOpoCmbvio @ U cO30aue20 cO8ue 4acmomol 3a CHém
yenmpocmpeMumensHo2o yckopenus a=o’R.

Cosue Onunvl eonnvl AA=A"-4, no spgpexmy Pumya, cnosa naiioém unmezpuposanuem di=jadR /¢’ =iw’ RAR/E,
6 npeodenax usmernenuss R om R; 0o R, . Omcrooa A4 /4. = [Rzz -R/} ] o’ 2¢

Tom oce pesynromam, noomeepacoéunuiil onvimom, oaém u OTO, HO clodCHel U ¢ MHUMBIM 3AMEO0NeHUEM
epemeru om yckoperus [153]. A 6 meopuu Pumya cosue cnekmpa — 5mo ecmecmeeHHoe cledcmaue
OAIIUCMUYECKO20 NPUHYUNA U NePEeU3TYUeHUs. Cemd AmMOoMaMU NPOMEIICYMOUHOU cpedbl, OUCKA U 8030VXA,
VIeUEHHO020 €20 8paujeHueMm.

Iposisienns >3¢ppexra Puria B kocmoce Puc.IT10. BTP i Xa66u1.
R e =0 (1+Lalc?) B1920xrr.
I il - "‘f}‘x\g’ e TTyps eﬂ:;; Koeoa sice cpedvl nem (unu eé

s
T
7 KB
’
'l

= 6JIUAHUE MAJl0 COGMZ cnekmpa

e b/}”ma.\' JIa Pona . )’ P
3a0aemc;z JUULL YCKOpEeRUEM
UCMOYHUKA U pacCmosArRuem 00
Heco, KdK OJZ}Z KpPACHO2O CMeEULeHUsA

=b/A, (1L |/

IIpegcKasallll

| Gonblie

\ : A CHCKTPATbHEIC no zaxomny Xabona (§ 2.4).
\ ’ b o ]
% # SN[ GHBITH Umax, nem penamusucmcrux
~ ’ ~
R / - q\ Pk o A B KOCMOCe OT ahpexmos, Komopowle Helb3s
V=N, (1-Lalc) stdexTaPuta. | 06BACHUMb NO KIACCUYECKOU
max
MHUMOE U3MEHeHWe TeMnepaTypsl Leden/], HaxoAUMoe 13 3aKoHa cMellieHus BuHa meopuu Pumya!
g &
A=M1+LH/c) Vi PaaNyC R, M| ckopocTs V., kwa| H, (RWC)MIK
(i > - . .
iy O Tt | 1000 200 133 Oona sma meopus 0aém 8cé,
SN P 2000 180 54
D A 10000 S50 5 4Umo 0OBACHALA INEKMPOOUHA-
7\" 5 CpasHITe paccumTaHHbie no dopmyne H = V4Re MuKa MaKCGEJZJZa, CTO u OTO,
H=V"/Rc 3HAUEHIA NOCTOAHHOI Xab6ra, Haiae HHble & 3a- a maroice npedcxa%zeaem 3aKOH
BUCUMOCTV OT VV U R, C MPUHATLIM B aCTPOHOMUN
KpacHoe cMelleHve B cnekTpax ranakTWk KaK| p=s5 gwic)Mnk. (sHadenna H, V, R - n3 [6) Xabbna u npouue nggbeKWIbl
pesyrneTar BpalleHWUs WX SAEp U CTapeHWUs cBeTa.

KOCMOCa, HeNOHAMHbIE 8 PAMKAX
9MUX meopuli.

Opghexm Pumya obvsicHsiem u mo, nouemy psi0 6epHvIX 86160008 DUHWMENH NOJYUUTL U3 OUUOOUHO20
nocmynama OTO 06 sK6uUBaIeHMHOCMU 2PABUMAYUOHHOU U UHEPIMHOU MACCHL.

Tlo Imomy nocmyinanty, HAxX005Ch 8 Jzugbme, Helb34 onpedeﬂumb, NOKOUMCSL I OH HA 3eMJle ULU OBUNCEMCST 80ANU
om Heé C YyCKopernuem g, omueco a]ltu BOJIHbL C8EMA OOUHAKOBO MEHSem cpasumayusi u YyCKOpeHue, KaxK

nodmeepdwzu onslmsl no analusy cosuea cnekmpa 6 YCKOPEeHHO deuycymuxwz cucmemax.

Ha oene oice, kax eudenu, npunyun d3K6U8ANEHIMHOCIU — He@ePeH, UOO SPABUMAYUOHHAS U UHEPIMHASA MACCa
UMeIOm pasHyio npupooy, U MOJICHO 2080PUMb JUUb 00 UX pasencmee, nponopyuonarsHocmu (§ 1.17).

A umo Kacaemcs pasencmea cO8U206 CneKmpa npu YCKOPEHUU u 6 nojie mazomenus, mo e€zo u c1e008auo
oxcuoams u3 IPpghexma Pumua.

HUmenno YCKOopernue ucmounuKka ceema (a He cama zpaeumauu}z) npeoﬁpazyem cnekmp.

U He sadricho, uem 8bl36aH0 OAHHOEC YCKOPEHUE A: 8PAUCHUECM, MALOMEHUEM UTLU UHOU CUIOU,
c08uU2 CneKmpa ecez0a Oyoem 0OUH U mMom yHce 6 HOTHOM CO2NACUU C ONbIMAMU.



Ipu smom, pazymeemcs, He NPOUCXOOUM HUKAKO20 PedalbHO20 USMEHEHUsI MACUmaba epemenu npu YCKOpeHuu
U 8 NoJIe MALOMEHUs: UOEM UL COBUS NPUHUMAEMOU YACTNOMbL KOLEOAHUL NPUEMHUKA, CIOBHO 6 3 ¢hexme

llonnepa.

Kax 61 mo nu 6bl]10, Henl cmbslela 2060punib 00 uzmenenuy memna meveHus 68pemMenu, ubo epems ne
mMamepuaibHo, He owymumo, mo ecmo, no00o0oHO npocmpancmey,— He nodeepwceﬂo GHEULHEMY GIIUAHUIO.
Hzmenenue d)uS’MHECKMX yC]lO(iulj MOIHCEM UBMERUMD JIUUULDL CKOPOCNb NPOMEKAHUS HEKOMOPBIX NPOYECCcos,

a epemst — onio npocmo YCilo6HAAlA mMepa amoti CKopocmu.

He cnyuaiino K.O. LJuoakogckuii ckasan no 9momy nogooy:
"3ameonenue epemenu! Iloiimume sice, Kakasa OuKasn deccmulicaiuya 3axKi04eHd 6 IMux cnogax".
Paz camo epems cyrcum mepoit MedieHHOCIU U ObICHIPOMbL, MO €20 3dMedIeHUe — IMO MaKas
Jice masmonozusn Kak "zamacnueanue macna''.

Mooicem coumvcst x00 uacoe, moacem paciiupumscs ont Hacpeea CmalbHas ]ZMHEIZKCI, HO 06menpuﬂﬂmble
C€KyH0bl Uu canmumempbsbl Om 5moco He nepecmanym ObIMb MeMu JHce CambiMu cekyﬂdamu u caumumempamu.

He 3ps u Pumy npusviéan nomMHumy, 4mo 8pems NO3HAEMCA HAMU UUb 8 NPOYECCax OBUNCEHUS mell, 8 UOe
NPOCMPAHCMEEHHO-8PEMEHHbIX coomHoutenull [8]. Umenno dguoicenue u e2o Hadodenue 0aém npeocmagienue
o0 epemenu. Conocmasienue pasHulx 0BUNCEHULL, CKANCeM, NPOOOINCUMENLHOCU NAOEHUSL 2PY3d U YUCIA KAYAHULL
MAAMHUKA, OAEM HAM MEPY IMO20 OBUINCEHUS,— MEPY BPEMEHU.

Ommemum, ymo umenno Pumuy enepeuwie, ¢ 1908 2., 3a00120 00 Jiinwimerina, paccuuman e1usHue yCKOpeHus
UCMOYHUKA HA YACMOMY RPUXOOAUWUX OHL He20 CUZHAI08 U GUOUMDBIL MACUmMAad 6pemMeny 6HYMPEHHUX
npoyeccos.

U, auwy_ cnycmsa Heckoivko aem !, s¢hchexm moii sice genunumbl Obli NPEOCKa3an JUHWMEUHOM — 6 €20
obwell meopuu omuocumenvHocmu, 0e3 ccoliok Ha Pumual! u ¢ cunomesoil o peanviom (a He MHUMOM)
UBMEHEHUU 8PeMEHHO020 Macumada. »

« Ho snauumensno sasxcueti opyeoe: énepsvie natioena gopmyna H=V’/Re, sadarowasn nocmosnnyio Xabona
yepe3 u3gecmuble XapaKmepucmuKky 2aiakmux i 0arnwas 3SHa4eHus, oueHb oausKue K Habaooaemvim. dma
HemyOpénas ghopmyna owviia evieedena asmopom 6 2003 2. u enepguvle npusedena 6 cmamve [117], nokazasuietl,
4mo KpacHoe cmeujerue ecmecmeento ciedyem u3z eunomesuvl benononvckozo u a¢pgpexma Pumya (Puc. 57).

Tonsmmo, nouemy cmeujenue UMeHHO KPACHOe, d He CuHee. Ham 6ce20d GUOHA ONIUMICHSA Yacmb 0ep 2aIAKMUK,
a ycrkopeHue mam Hanpaeienno om Hac. QO6pamHotl cmopomsl s10pa, 20e YCKOpeHue HanpaeieHo K Ham (cmeujerue
CUHee), Mbl He BUOUM U3-3d HENPO3PAUHOU CepOYeBUHbL 0PA, 3ANOJIHEHHOU MENC38E30HBIMU 0ONAKAMU 2430 U NBLIU
(Oadice ck603b 0po Hawell I anaxmuku 6 ONMuYecKkom OUANA30He HUYEe20 He 8UOHO).

HOWlOMy, CUHEe2O0 CMeUeHUsl Mbl U HE Ha6ﬂl00a€]l/l, XOm:l OHO U cywecmeyem.

Hapa,Z[OKCBI KpaCHOFO CMELICHUSA Puc.II11. BTP u xpacHOe cMelleHuE.

A nockonvbKy s0pa 2aiakmux 00bIYHO

2 .
kz ’:?\.( 1 +La2 /C ) V R, - Kasap. HaxonscbHa | Cdepunnl u yckopenue 6 11060t ux
2

TOM e yaaneHnm L, mouke (0adice Ha NoaCax 0pa)

= : 4TO W ranakTuka, HAanpaeneno K yenmpy ma2omenus,
E KBa3ap yueermHoro mo:
- Bonbluee kpacHoe
CMeLLEeHKe:
O‘ L He3a6UCUMO OM HAKIONA 2ANAKIMUKU
sHavenve Hy=am,/c

K JIy4y 3peHus, ycKkopenue oyoem

A1 KBa3apoB MHOTo
ecezoa HanpaejieénHo om Hac.

Bonblue s3HaueHUs
H=a,/epna
ranakTuk

Ipuuém nyuesoe yckopenue

?‘1 ’:7\‘( 1 +Lal/c 2 ) I‘aﬂa_KTI/IKa MAKCUMANLHO 6 Oaudcatiuiel] K Ham

yacmu 20pa, 3a cuém uzovlmKa
Aprocmu oarouell Hauboee
UHMEHCUBHbIE CNEKMPANbHbLE TUHULU, HO KOMOPLIM U HAXOOAN KPACHOE CMeujerue 2aiakmuKiu.




Taxum obpazom, KpacHoe cmeuieHue 2alaKmuK NOYmuy He 3a8UCUm Om UX HAKA0HA, OYOYUU 0OUHAKOBbIM OJis
eanaxmux, euoumuix "c pebpa” u "6 niane", co cmoporsl earaxmuiecko2o nooca.

Hmax, BTP no-ceoemy noomaepoicoaem unomesy Cmapenus c6ema u CHUMAem 6ce 03padiCeHus NPOmue Heé.
Tonazanu, umo npu cmapenuu céema éenuduna f7/f 3asucena Ovl He MOILKO OM PACCTNOAMUS, HO U OM 4ACTHOMUL f.

Kpome moceo, Hab0eHus y()aJléHHblx CANNIAKMUK nokKasaiu, Ymo nponopuyuoOHaibHoO 4acmome 6 Hux
U3MEHEHA U OJITUMEIbHOCHLb npoueccoe, Hanpumep, pacmAaHymbsl 6CRbIUIKU C6EPXHOBBLX.
CmapeHue JHce ceema, Kak cuumanu, O0JIHCHO MEHSMb JIUULL uacmomy, He 3ampazueds Mmacwmada epemMerHuU T/T.

Ha camom oene, Pumu-3gpghexm, xax ciedyem uz e2o (popmynvl, 0024CeH NPOAGIAMbC COBEPUIEHHO AHAIOSUY-
HO 0ONJIEPOBCKOMY — OOUHAKOBO HA BCEX YACTOMAX, U C COOMBENMCMEYIOWUM NPeodpa3osanuem macumaoa
” 2
epemenu T=T(1+La*r /c°). »

Hoamomy JlocudHee cuumambs, Ymo KpacHoe CMeuieHue 6bl36aHo0 6oe6ce He 583yMHOﬁ
2OHKOIU 2a1aKMUK,d UMD NIAAGHBIM UX KpyJtcenHuem 6 KiacCuideéCKkom "eanvce".

§ 1.11. Dnekmpomaznummuoie 601HbL

« B mooenu Pumya peonst 0bpaszytom 6 npocmpancmee nepuooudtvie pacnpeoeietus, Ymo 00vsACHIem 80IHOBbLE
ceoticmea ceema. M, max sce, kax ¢ BTP, smu uacmuywl credyrom cmpoiuHbMu paoamu, 80IHAMU, NOPAOOK
KOMOPBIX He HaAPYUWAemces oadice npu npoxodcoeruu yepes npospaunsie mena (dacmo 1, snuepag).

Omo dasice nozsoauno Jemoxpumy o6viACHUMb UHMEPDEPEHYUIO C8emd, KO20d OH OMMEUAL, YMOo 3d CUém
CNYMul8aHUsl, NePeMeUUBAHUs, HANONCECHUS IMUX NEPUOOUUHBIX NIEHOK, CBEN MONCEM 2ACUMbCA, UCYE3aAmb,
cozoasas 10dicHoe owyuerue [31, c. 104]. To ecmob ceem, CLOACUBUUCL CO CEEMOM, MOACEM 0AMb He MOJIbKO
ceen, HO U MeHb, d SMo U ecmov unmepgepenyusi!...

Kax noxazvieaem Jlykpeyuii [77], [lemokpum cuuman, umo Oenviil cgem ecmv CMeuleHue Y8emos, a Cam yeen —
MO He COOCMBEHHOE CBOUCBO YACMUY (PEOHO8), HO — NPOCMPAHCMEEHHAS XAPAKMEPUCUKA 00PA3YeMbIX UMU
CKONJIeHUll, NIEHOK (Nepuoo 80JIHOBbIX (PPOHMOE).

Hnmepecro, umo smu OpeeHue amomucnul, OMKpPbl68 MOIEKYIAPHO-KUHEMULECKYI0 NPUPOOY meniomol u
0asaeHUst, YMBEPAHCOAIU, YUMo, NOOOOHO MOMY, KAK Mbl He UY8Cmeyem menid, Y0apos OmMOeIbHbIX AmoMos, Mbl
He pasznuyaem y0apos omoeibHbIX CeMOBbIX B0H, OKA3LIBACMbIX YACIUYAMU, U 2113 6OCHPUHUMAEM UX JTULLb
VCPEOHEHHO, 8 COBOKYNHOCTIU, 3A CUEM GbICOKOU YACIOMbL CIEO08AHUS HACTUY U 00pa3yemblx umu pornmos [77].

B npoOmMuUBONOJO0IAHCHOCMb IMUM MEOPUAM UCMEUEHUA, NOLeBAs, 60JIHOBAA MeopUsl ceemda, OmeepcHy6 agbup Kak
C6010 Mamepualbry0 OCHO8)Y, Yatce He NO360JIA1A NOHANMb, KAK pacnpoCcmpaHniemcs ceent, ubo ne NOsCHALA, 4mo
oMo 3a mamepusl — INEKMPOMACHUNMHOE noJjie, KAKOB8bl eé CGOIZCWIGCI, pas Yot omo He agbup

Jaoce maxoti naxoouuswiil husux kax P. Detinman ne Hawén cnocoba npedcmasums noje, UHave Kaxk Habopom
yucen, NPUNUCAHHBIX KaXcOol moyke npocmpancmea. Ilosmomy nado npusnams, 4mo noie — mo He Quaudeckut
00beKm, a 4uUcmo MamemamuiecKas abCcmpakyus, pooe HeCyuecmeyiouux CUI06blX JUHULL.

Tone auws 3a0aém napamempuvl cucmeMmsl 8 Kaxcool mouxe npocmpancmeda. 1 06opsam o noie ckopocmel,
dasneHutl, memnepamyp, mo eciv,— 0 pacnpeoeienu 0aHHO20 NApamempa 6 nPoCmpaHcmae.

Tax u mb1 OyOem NOHUMAMb HOO INEKINPOMASHUMHBIM NOJIeM He CYOCMAHYUIo, HO — UCKIIOYUTNETbHO
pacnpeoenenue niIOMHOCU U CKOPOCTU NOMOKA PEOHO8 8 NPOCMPAHCMEe.

Touno mak rce, 2060psi 8 BTP 06 91eKMpoOMASHUMHBIX 80IHAX, Mbl UMEEM 8 8UOY He (hu3UYecKoe NOHAMUEe 60IHbI
— BO3MYWEHUSL, OBUINCYULE20CS 8 HEKOU HeNOOBUIICHOU cpede, 6y0b Mo noje i Qup, a noopazymesaem Julb
nepuoouyHoe, 80IHOB0E PAcnpedeieHue KOHYEHMpayuil U CKOpoCmell peoH08, HeCOMOoe UX NOMOKOM.

U sonna mym umeem nuwib MAmemMamuyecKull CmMulci. Bedb u, Ha3vl8as 601HAMU BOIHUCTIbIE TUHUU-CUHYCOUODL,
80JIHbI 0OPO2U, 2PeOHU OIOH, HUKMO He 8K1adbleaem 6 ¢80 "6onHa" usuieckull CMbICL.

Ilpobrema huzuxos npowiiozo 6exa 6 Mom U COCMOALA, YMo c60U aOCMpaKmuvle MamemamuiecKue nocmpoe-
HUSL OHU HAOENAAU (DUSUYECKUM CMBICIOM, peanibHocmblo. Taxoe ghopmanvroe onucanue npupoost U npuseno K
beccmviciuye. Pumy 6vin nepgvim, kmo cuén s¢hup u none mamemamuueckou abcmpaxyuet, panmomom [6].



A Diinwimetin, abcomomuzupys 08UdICeHUue ceema U He3pUMO COXPAHISL IPUP 8 COUX YPAGHEHUSX, He OMBepeall
€20 omKpbimo u OvL1 no cymu "yupucmom”, ne paz evicmynasuwium 6 3auumy d¢pupa, ocovenro ¢ 1920 2.
B yenom, ¢ nozuyuii BTP, o ceeme M02icHO ckazamb credyoujee:

1. ﬂsu.uceuue ceema He aOCOIIOMHO U UMeem cmau@apmuylo CKOpocmb C J1uUlb OMHOCUMENbHO
ucnycmueuieco €20 UCmo4YHuKka u CBA3AHHOIL C HUM uuepuuaﬂbnoﬁ cucmemsl omcyéma.
B 06”48.1!’1 aiydae CKopocmb céema 6 6aKyyme eCmb 6EKMOPHAA CYMMA CKOpocmu UCHMOYHUKA V
6 MOMEHmM UCRYCKAHUuA U j1yua ceema c.

2. Céem npedcmasisiem co00li nPOUECc NEPEMEHHO20 IIEKMPOMAZHUMHOZ0 6030€HCIEUsl, NEPEHOCUMO20
om 3apa0a K 3apaoy NOMOKOM JIEMAWUX CO CKOPOCHBIO C YACMUY - DEOH08, CKOPOCHIU U KOHUEHMPayuu
Komopulx pacnpeoesiensl 6 ROmMoKe REpuoOUUHbIM, 60THOBHIM 00pA30M.

3. I'enepayus ceéema, 31eKMPOMAZHUMHBIX 60H UMEEHI HENPEPbIGHbLIL XAPAKmep U 6ce20a nPOu300Umcs
Kos1iebanuem 3apaooe na yacmome usayuenusn. A ece "'keanmoswie' rghpgpexmot, Ouckpemnulii xapaxkmep
u3nyyenus, CHeKmpa,— 6bl36aHbl RPEPLIGUCHBIM CHIDOCHUEM MAMeEPUL, AnoMO08, HO He céema.

Omu nonodicenus, udywue epaspes ¢ meopueti OMHOCUMENIbHOCHU U K8AHMOBOU (YUZUKOU, NO CYMU, HUYe20 Om
HUX He COXpaHsuue, U COCMAasisiion pesosioyUoOHUIUPYIOUYIO 0CHO8Y meopuu Pumya u eco mooenu amoma.
U smo neusbexcro, nockonvky BTP bazupyemcsi Ha Ha2Aa0HOM KIACCULECKOM N00X00e, NPEOCMAssis ROCIeOHULL
e2o onnom.

Hoeu Pumya 603podunuce 6 1960-x 2o0ax, 0okazae ceoé npegocxoocmeo. Hekomopuwie, nanpumep P. Detinman,
BEPHYNIUCH K IMUM UOESIM, HE CCHLIAACL HA He2o. [lpyeue yuénvle, ckadcem 11 Myn, b. Yoanec, [{oc. @okc u Op.
HAWLIu ux cmpozoe 000CHo8aHue.

A ceeoousn BTP, evibupasicy uz 2nyxoti 060pousl U (hopcupyst 6ce NPensmcmeust, onsims blX0OUM HA O2HeBOl
pybedic, cHosa u cHOBA 0OKA3bIBAS CEOE NPEBOCXOOCMEO, KAK 8 KOCMOCe, MAK U 8 MUKPOMUPE.

Umax, Baremep Pumy nokasan, umo ceem — 3mo 8¢€ jice 80HA, HO 80HA 0cobas, kunemamuyeckas [103].
Ecnu 06v1uno no0 6onHamu nOHUMAOm 803MyUjeHUe, pacxoosujeecs 8 HenodBUICHOU cpede, mo no meopuu Pumya
C8eNm — MO BOJIHA, OBUNCYWASACS BMECTE CO CPedoli — C NOMOKOM YACMUY-PEOHO8, UCTLYUEHHBIX KOJeOTOUUMUCS
3apa0amu UCMOYHUKA U NOMOMY 3AUMCTEYIOWUX CKOPOCTb UCTOYHUKAL.

Tlomox yacmuy umeem 801H080€ pacnpedeiierie KOHYESHMpayuu U CKOpoCmu 8 NPOCMPAHCMee, CMeUujarnyeecs
emecme ¢ NOMOKOM. DMOom IK30MUUECKULL 8UO BOIH, CONPOBONCOAECMBIX NEPEHOCOM CPedbl, BCIMPEUACMC MAKNHCE
6 naasme, 6 CBY-npubopax xnucmponax [36, 4.11; 103].

B nnasme maxue 6onnvl, niemawue emecme ¢ npoMoOyIUPOSAHHLIM NOMOKOM Yacmuy, Hazvlearomes "6oinamu
Ban Kamnena" u nonyyaromes kax 00HO u3 peuwleHutl KUHemuuecko2o ypasnenus A. Biacosa, — ¢puzuxa, mnozue
uoeu Komopoeo nepexiuKaomcs ¢ uoeamu Pumya.

Kcmamu, u npeciogymsle 60JIHbL de EpOlZJZ}Z, KAk cuumairom, Oeuwcymwz emecme cC Mamepueﬁ, uacmuyamu.
Bblxodum, KBAHMOBAs MEXAHUKA 8 YEM-MO nosmopuia pumyegy Mooeinb ceema, HO uutb dma nocneomsisi oana
CeOLICMBaAM ceema HA2Is0Hoe payuonalbHoe obwsCHeHue.

Tonvxo Pumy cymen, banancupys 6aiiucmuyeckou Mooenvblo ceema, npotumu no 1e38uro Opumesl, Hu Ha Uomy He
VKIAOHUBUIUCH HUL 8 CTHOPOHY YACTRUY, HU 8 CHIOPOHY BOJIH, OCIABUIUCH HA 8blCOME 30PABO20 CMBICA.

Bce dpyeue kpenunuce 6 cmoponst u nadanu 8 6e30Hy MUCMUKU UAU 0OCKYPAHMUZMA.

Tax éo3nuxnu comuu HUW YABO (YAcmuy-BOnn), 3ausameix 6Mecmo HAYKU nyCMbLMU U HEIenbIMU 8b10YMKAMU.

o cux nop mwi paccmampusanu snekmpomachumuule 6oanvl 8 bTP kauecmeenno. Tenepw dice ons ayuue2o
VACHEHUsI NPOYecca UCHYCKAHUS U PACIPOCMPAHEHUs: c8ema pazoepém ux KOIUu4ecmeeHHo,— Ha npumepe 8cé mot
Jrce npocmetiuiel aumentul (Ounoas I epya) — Memaiiuuecko2o CmepaiCHs, no KOMmopomy meuém nepemeHHulil mox
I (t). Taxoii cmepoicenb uziyuaem 1eKmpOMASHUMHbIE GOIHbL C HACMOMOU, PagHol yacmome f Konebanutl moxa.

Tockonvky mok npedcmasisiem cooou 08uUdCeHUe 3apsi008, MO AHMEHHY MONACHO NPedCmasums 6 6Uoe
KOAEOMOWUXCSL 3aps008 PA3HO20 3HAKA, NEPUOOUUHO MeHsowuxcs mecmamu (Puc. 29).

Ilo cymu, smo — snexmputieckuii Ounoib ¢ nepemeHHbiM OUnOIbHLIM Momenmom. Coomeemcmsento, Ha 3apso,
nOMeuéHHbLL pSIOOM, OUNoIb OYOem OKA3bl8aAmb NEPUOOUUHO MeHaoueecs ¢ yacmomotl f éosdeticmaue.



IIpocmpancmeennoe pacnpeoeiienue peoHos 8 3MoM ciyuae Hocum nepuooudnsiil xapaxkmep (Puc. 30) u sersemca
MPUBUATLHBIM, NOCKOLLKY OMPAdCAem CAy4ati KA3UCmMayuoHapHo2o 6030elcmaus aHmeHnsl Ha 3apso.

Omom cayuail, npagda, Xopouio demoHcmpupyem oeccuiue homonHoU modenu. Bedv oomon, obnadas snepeueti
hf, necém unghopmayuro o uacmome xonredanuti f. OOHAKO He NOHAMHO, KAK HeNnpepvleHoe Koaebanue 3apsioos ¢
yacmomotl f noposcoaem ghomonwl uuts sHepeuu hf, 3a0annoti no K6aHMOBOU MeoPUU JULb PA3ZHOCIbIO SHEPeULL
00 U nocne u3Iy4eHus: U U3TYUEHHOU MEHOBEHHO, 3A00J120 00 3A6EPULEHUSL NOTHO20 KOACOANUS.

Tem bonee HeaACHO, KAK 2PYNNA HE3ABUCUMBIX (POMOHOB, LU 6000Ue OOUHOUHBII (YOMOH, MOJICEM 3ACTNAGUMD
npoOHbLIL 3apsA0 KoreOamvcs ¢ yacmomou f. Yuénvle necko Mauunyaupyiom ¢ (homouamu, Koeoa me usiyuaromes u
NO2N0WAIOMCS AMOMOM — 6€0b HUKIMO MOJKOM He 3HAEn MEeXAHUIMA IMO20 UTYUEHUS U MOICHO OMOENAMbC sl
MYMAHHBIMU KEAHMOBLIMU NEPEXOOAMU.

Ho ylléHble cpasy mepAoncA, eosa ux npocsm 06’bﬂCHuI’I’Ib, KAK 603HUKAON U nociowaromcs gbOWlOHbl
paduouacmamﬂoeo ouanasona 6ycmp0ﬁcm6ax muna aHmeHH, 20e 6cé npo3padro U HeEl1b35 HACHANb MYyMAaHa.

Tunomesa gpomornos mucom Obl OMNANA, CMAHb SACEH U MEXAHUIM AMOMHO20 usnyuamens (s 3.1).
Ho eciu cxopocmu konebniowuxcs 21eKmpoHo8 npudIUICaAemes K CKOpoCmu C6ema, mu UCKANCEHUs, pacmyujue
NPONOPYUOHATILHO NPOUOEHHOMY CEEMOM NYMU, MO2YIM CMAMb 3AMEMHbIMU 0adCe HA 3eMHBIX OUCHAHYUSX.

. Puc.I112. T .
[apMOHUKM LUKNOTPOHHOI 4acTOThI B He APMOHIICH M3IyReHIA

CUHXPOTPOHHOM U3NYy4YEHUN SNEKTPOHOB Tax, 6 CUNXPOMpOHax >1eKMpoHsL

1, ctV TL L<<RV .8 E L<<RIV .8 KpYmsimcsi yoice ¢ OKO0JI0CEemo8biMU
: /E\T ’T vt J ' 3 I ‘II ‘ ‘ Ly cKkopocmaMU, U coenacrho Pumyy,
|>I/L~ch\”,/: Iy F\U fei RC;/\E//z 5 OOICHbL UBTYHAMb HE2APMOHUYECKUE
le 2T !Ti,lumf | T IT.,\HH\f BOJIHYI.
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LMKNOTPOHHOE UanyyeHue, I'<<¢ Kax 3amemun aemopy npogheccop

H.C. Cmenanos, 3mo 00.191CHO
NPOAGNAMbBCA 6 YCNOINCHEHUU CNeKmpa
U3NyueHUsl, NOCKOIbKY He2apMOHUYECKULl
NEPUOOUUHBIL CUSHATL NPU PA3LONCEHUU 8
cnexkmp 0aém, Kpome OCHOBHOU

yacmomaosl, MHOMNCECMBO KPANIHbIX etl.

GUHXPOTPOHHOE U3NYyYeHue, I'~¢

Moporoeas BEMUUMHA YCKOPEHWUA ANA
npeobpasoaHua no addekty Putua
a=c*/ L~ 10V a/c? (npn L~1 m)
LOCTUraeTca B yCKOPUTENAX, rae

a=lf2/R~1?b17 M/c? (npu B~1 M, F~c)
UCKaKEHNE chopMUpYET CUrHanN

HanoMMUHaIoLL M NKNooOpasHbIN:
E’(t)~sin(wf)—sin(2wor)/2+ sin(3wt)/3—...

CnNeKTp CUHXPOTPOHHOIO N3Ny4YeHNs
MPOCTUPAETCS OT pagroYacToT 4o
PEHTTEHOBCKOrO AManasoHa.

[Nsi Norny4eHna camoro KECTKOro
U3MYyUYEHNA MPUMEHAIOT
BaKyyMWPOBaHHLIE KaHarbl

BeIBORa AnMHoA L~10-100 m Ecnu 0b6viuno anexmponst uznyuaiom

BOJIHLL UL C YACMOMOT C80€20 8paue-
HUSL, MO 8 CUHXDOMPOHE, UCNYCKAEMOe
UMU CUHXpOMPOHHOe uznyuenue, no bTP 6yoem umems ciodcHvill yacmomuwiil cnekmp. Hznyuenue noioém ne
MOLKO HA YACMOMme 8pAUeHUsl INEKMPOHA, HO U HA YOBOCHHOU, YMPOECHHOU U OpYeUX KPAmHbIX 4acmomax.

Jleticmeumensio, y CUHXPOMPOHHO20 UZYHEHUS, N0 Mepe POCA CKOPOCHU IAEKMPOHOE 0OHAPYICEHO VCILONCHE-
HUe Cnekmpa, cooepaicanye2o, Kpome 0OCHOBHOU Hacmomol, Kpamuobie el capmonuxu. Ipuuém, ¢ npubausicenuem
CKOPOCMU SNIEKMPOHO8 K C8EMOBOI, UHMEHCUBHOCHTb BbICULUX 2APMOHUK pAcmém, 6y0yuu 3a0anHa paziodceHuem 6
A0 Pypve YuIUHOPU4ecKux OyHKYul.

Ho xax pasz ¢ nomowwo yununopuueckux (beccenesvix) QyHKyuti ORUCHIBAIOM (opMy U CheKmp KuHemamuiec-
Kux 8oaH [36], cozoasaempix KiUcCmporHamu u 080UHbvIMU 36€30amu (§ 2.10) no cxoOHomy mexanusmy npu MooyJis-
Yuu CKOpOCMU 4aCmuy, HeCyWUxX GOJIHY.

He cnyuaiino, 6 knucmponax aghgpexm epynnuposanusi 91eKmponos, anaioeudnsli s¢gexmy Pumya ons céema,
UCHONBL3YIOM OISl YMHOJCEHUSL 4aCOmbl U3IyYeHus. B cunxpompounom sce uznyuenuu smom sggpexm nposgisiem-
€51 OCOOEHHO APKO. ¢ NPUOTUICEHUEM CKOPOCTIU 2NEKMPOHO8 K CKOPOCMU c8ema ux Heguoumoe BY-uznyuenue, 3a
cuém npeobpazo8arus CHeKmpda, CMAaHOSUMCsl BUOUMbBIM. KPYMAWUECs, JIeKMPOHbL HAUUHAION C8EMUMbCsl CNeped
KPACHBIM, 3amMeM CUHUM CEEHIOM.

A nockonvky uz BTP uckasicenue 2apMOHUYECKO20 CUCHANA NPONOPYUOHATLHO NPOLUOEHHOMY UM NYMU, MO,
NPUCOCOUHSISL K CUHXPOMPOHAM MHO2OMEMPOGble BaAKYYMUPOBAHHBLE KAHAbL 8b1600a UZVUEHUSL, €20 YOUémcs
nepesecmu 0azjice 8 peHmaeHo8CKull ouanason. Beixooum, maxk naswieaemas "pensimugucmcekas” 21eKmpoHuKa He
npomusopeuum, a Kax paz noomeepoicoaem BTP, onposepeas CTO u maxkceennogy snexmpoouHamuxy.



Ho, kax Hu cmpanno, umenHo ananu3 21eKmpomMacHUmHsLX 6011 no Maxceenny u npueén Junuimelina K meopuu
OMHOCUMENLHOCMU, K020a OH, NO NpuMepy KpacHobas Mouxeayzena, «0ceonasuie2oy si0po u3z nyuKi, cma
pacnucvleams, Ymo yeUOUm HabIo0amens, «0CeONAGUIUILY CEETNOBYI0 BOIHY U JIEMAWULL CO CKOPOCTBIO C8emd.

Honyuanocs, umo on 3apecucmpupyem Heu3MeHHble 3HAYEHUSL DEKMPULECK020 U MASHUMHO20 NS GOJIHbL 8
omcymemeue nooau30Cmu 3apsi008 u MoKoe, umo Hego3MoNCHo no Maxceenny. Omciooa Dinwmenin 3aKI0YUL,
umo HabaOamenb He ModCem OOCmutb CKOPOCMU PABHOI C.

Ha oene sice npobnema ne 6 mexanuxe, a 8 meopuu Maxceenia, ouubouno oaroweil OOHU U me Hce 3HAUEHUS.
NOJISL — 6HE 3A8UCUMOCTIU OM OBUNCECHUS HADTI00AMEJIS.

3amo no Pumuyy nons mensiomcs, u HaO1100amendb, 1eMAWULL cO CKOPOCMbIO C8eMOBOU BOIHbL, NPOCHO €€ He
yeuoum (6ce nost 3aHYIAMCs), NOCKOILKY PEOHbL, NEPEHOCAUUE BOTHY, He O02OHAIOM U He 0020HAIM €20, U
OMMO20 He OKA3bIBATOM 8030€UCMBUS.

Tax u Ha 6030yuwiHOM wiape, nemswem 6 NOMoKe eempa, HabIOamensb He ouyuwaem OyHO8eHUU, NOCKOIbLKY AP
JIemuUm co CKOpoCcmbvlo 8empa, mo ecmuv ¢ 00ujeti CKOpocmvio amomos 6030yxd.

Omo modwcHo nonsimo u 6e3 oopawenus k BTP, yums nuww s¢hpexm [onnepa: uem bvicmpee nabaodamens
yoansemcesi om UCMoO4HUKA, mem MeHble Yacmoma U UHMeHCUBHOCMb NpuHumMaemo2o ceema. Ipu ceemogoii
cKopocmu Habooames UHMEHCUBHOCMb U YACMOma ceema 0Opaujaiomcs 8 Hyib: HabIOamenb Hu4e2o He
peaucmpupyem, u paccyzncoenue JUHWmeluHa mepsiem cmvicl. Bom na makux HeKoppekmubix MblCl1eHHbIX
IKCNEpUMEeHmax, 6e3 npueiedeHus peaibHulX ()aKmos, onvinmos, U CMpoOULAcCs 8Csi Meopusi OMHOCUMETbHOCI.

Yoice uz smoeo euona cmenens eé "3axonnocmu”. He cayuaiino (pusuxu 6 uccied08anusx 31eKmpomMacHUmHbIX
npoyeccos 4acmo noav3ylomes npeobpazosanuamu I anunes, a ne Jlopenya, npuuém ne moavko uz y0oocmea, Ho u
NOMOMY, UMO PEeNAMUBUCTNCKUE POPMYIbL NOPOU 8000Ue HENPUMEHUMB.

Cxema ycTaHoBKu Ans TpaHcchopmauuu vactoTsl | Pucdll3. Tpancdopmarms 4acToTe!.
cBeTa, ANUTENbHOCTU U MOLLIHOGTA UMMYMbCOR

= e TaK, npu ananiusze j1d3epHsblx C6emoe6blx
N v N

npoapauHbiil  3MUTTEP Myuka I T UMNYIBCOB8 U CONUMOHOB HaACO Nepexoosm
sl SHEKIROROR 5 ‘ 6 be2ywyio cucmemy KoOpoOuHam, 08UIHCY-
At \ At =At(1+La,Ic”) WYHOCSL C OKOIOCBEMOBOLL CKOPOCTbIO,
> NG —— Hanpumep, 05t ONUCAHUSL USMEHEHULl (hopMbl
; , CrieKTpoMeTp UMNYIbCA, ONISL AHANUZA MO0, KAK OOUH
:P_\ < UMNYTIbC 0020HsIem OpYeoll U

P < " ~fi(1+La,Ic) oeil 6
[ X 63aumooelcmeyem ¢ HuM, 0OMeHUBAsACH
3 cBeTobUNETp onepauell 3a Cuém HenuHelHblxX dPghexmos.

B nabopatopun ana acpcpekTrBHOII TpaHcopMmaumn TpebyeTca
La,/c*~1na,=c*L~10"7 m/c2, npn guctanunax L~ 1 m

B none E Takoe yckopeHne a=Ee/m anekTpoHa (e/m=1,76-101 K/kr)
aocTuraetcs npu eenuunie E ~ 10° B/m — nerko peanuayemoi.

U, npumensin npeobpazosanus I anunes,
NOIYUAIOM CO2NACHbIE C ONBITNOM
pesynomamut! Tax sce u npu ananuze 601
6 niaazme Pu3UKU CNOKOUHO Nepexoosam @
be2ywyro cucmemy omcuéma, noav3yach Os
yoobcmea npeobpazoeanusmu I anunes.

Tpuuém sma dsudicywascsa cucmema 3a4acmyio Jemum co C8emoGoll U 0adice C8epXceenogoll CKOPOCMbIO (8
nIasme 8603MONCHO C8EPXCEENMOBOE PACNPOCMPAHEHIE PPOHMOE KOHYEHMPayul,), Ha KOMOpOoU npeoopasoeanus
Jlopenya 6oobwe nenpumeHumbl, U peismueUCmeKue Gopmyavl 0aiom adcypoHbie pe3yibmanul.

B sasncumocty ol BEiMENEBINESHENENIONSA E ceeT npeobpasyercd
B CBY, TeparepLosbiiVIRSRVOSRIEENI EHOBCKA 1 rAaMMa—a1anasoH

A npeobpazosanus I anunes npoodoadxcarom pabomams u HA MAKUX CKOPOCHIAX, 1€2KO NPUBOOS. K BEPHbIM
pesyasmamam. Ho ¢uzuxu, nonumas, umo smo npomugopeyum 6ykee 3axonog CTO, ocmopodicho nazvisarom
Makoti nepexoo 6 b6e2yuyro cucmemy KoOOpOUHam GopmarbHoM mepmunom "conocmasnenue 31eKmpoOuHaMu-
yeckux cucmem”, no0oono Konepruxy u I anunero, 0CmopoicHo HA3bl8ABUUM SETUOYEHMPULECKVIO CUCTEMY
JUUb YOOOHOU MAMEMAMUYECKOL MOOENbH.

Jlooicrotl okazanaco u ucxoOHas NPeonocwvlika JUHWMENHA, KOMOPbIL CHUMAT, YMO JUlb NPeodPA308aHUs.
Jlopenya coxpausirom gopmy ypasnenuil Maxceenna (kosapuanmuocms). Ha oene sce, u npeobpazosanus I anunest
He meHsom ypaguenuti Maxceenna, eciu npu nepexooe 8 Ho8yio CUCHEMY OMCUEMA COOMBEMCMEEHHO MEHAMb
sHauenus noaeu (Munrep M.A., Copoxun FO.M., Cmenanos H.C. // YOH, T. 121, 6. 3, 1977).

Hmenno makoe npeobpazosanue noneti u ymaepacoaem snekmpoounamuxa Pumya: nona neuzbescno mensomes
3a C4ém KOHEeUHOU CKOPOCmU pacnpocmpanenus gozoeticmeutl (§ 1.7).



Tax srce u 6 Kocmoce npu paouonoxayuu, kak ommeyaem b. Younec, yuénvie 0a8Ho nonv3yiomces Kiaccuieckou
2anUNeeBCKOU (POPMYNIOU CLONCEHUSL CKOPOCHU CEEMA CO CKOPOCMbI0 ucmounuxa (§ 2.1).

Bom u eévixooum, umo ¢usuxu u acmpopuzuxu, Ha cro8ax NPUHAGAsI MEOPUIO OMHOCUTHENLHOCIU, HA 0ele
0asHO NOAL3YIOMCS YopMyIamu Kiaccuyeckou mexanuxu I anunes u OAnIUCmuyeckum npUHYUNOM, U, 8 nepeyio
ouepedsb,— UMEHHO 8 MOl 001acmu, 015 KOMOPOU 3a0YMbIEANACy MeOPUsi OMHOCUMETbHOCU. OISl ONUCAHUSL
anexmpomazHumnux npoyeccos u ceema. A pacuémoi no CTO He monvKo crodichee, HO NOPOlL U 806CE HENpUEM-
Jiemul, 0agas abcypoHvle, He omaedaloujue Onvimy pe3ynvmamaut! »

« Omkpwvimotii Pumyem sgppexm yorce 6 1908 e. no360s1 npedckazams Cyuecmeo8anue u 6eIudUny KpacHo2o
cMewyenus 8 Kocmoce 3a00720 00 o2o, KaK OHO 6b110 0mKpbimo Xaboaom. 3uauum, npassl 0KA3aIUCh KaK pas
benononvckuti u LJuonkosckuil, a ne apmuu acmpoHomog - meopemuxog, nogepuguiux 6 OTO u bonvuwioti 63pwis.

Boobwe, yousumenvro, umo muocue 00 cux nop ueHopupyom Hayuusie udeu L{uoixosckoeo, xoms uMeHHO OH
nponodicun nymov 6 Kocmoc, 3an0aicun pynoamenm KoCMOHABMuUKY 1 pakemuot mexuuxu. Pazeumvie L{uonkosckum
OPULUHATIbHBIE MBICAU O CHIPOeHUU Mamepuu, ceema, uepapxuu u pazeumuu Kocmoca [159], omeepearom u
3aMAnUUBAIOM, B8UAY UX PACXONCOCHUS C NPUHAMOL MOOENbI0 MUPA.

U 6cé sice umenno oHu, Kax 6UOUM, HAXOOAM HbIHE NOOMEEPICOeHUe HA DA3e KOCMUYECKUX HAOII00eHUll U
bannucmuueckoi meopuu. Bzenaovl Luonkoeckozo unmepecsl yyice nOmomy, umo 8 peaibHoM, NPAKmudeckom
niamne on coenan Olisl Heno8euecmed HeusMepuUMo 6oable, Hem yeible UHCMUMYnbl MeopemuKos, npuoymMasuiux
abcmpakmuyo Mooenb Mupd.

Touno mak sce u benononvckuil, 6onviue uem Kmo-1ubo Opyeou coenasuiuti Oisk RPAKMUYECcKo2o pa3eumusi
CNEKMPOCKONUYECKUX MeMOO08 UCCIeO08AHUL 8 ACMPOHOMUU, COBEPULUBLUULI OZPOMHOE YUCTIO BANCHBIX
ACMPOHOMUYECKUX OMKPLIMULL, He Obll NOHAM COBPEMEHHUKAMU U MHO2Ue €20 acmpodu3uieckue meopuu, 8 mom
yycie 8 OMHOULeHUU KPACHO20 cmewenus u yegeud (§ 2.12), bvliu He3aCaylceHHO OMBEEPeHYmMblL U 3a0bImbL.

Jluws celiuac, cnycms noumu 6ex, 3mu uoeu noCmeneHHo 0opemaiom npusHanue, Haxoo0s cmpozoe 060CHO8aHUe
Ha 6aze BTP. Omu 3a6vimoie udeu benononbckoeo noayHarm HOBYI0 JCU3Hb, eCliu NPUHAMb OmKpulmblil Pumyem
I pexm u nPUHYUN CLONCEHUsL CKOPOCTIU CEETA U UCTNOYHUKAL.

Ecnu Apucmapx Camocckuii ocmanosun 6e3ymMHyio 20HKY 36630 ¢ HEMbICIUMBIMU CKOPOCHIAMU OMHOCUMENHO
Habmooameins, NPUNUCAG UX UOUMOE OBUNCEHUE KUHEMAMUYEeCKOMY d¢h¢hexmy om epaweHus 3emuu, mo
Apucmapx Benononvckuii ocmanogun 6e3yMHulil 6e2 2anakmuk, max jce 00bACHUG UX KaAdCyujeecs O8UNCEHUe
KuHemamuueckum 3¢pghexmom (YOruHeHuem ceemogulx oaH om sgpgexma Pumuya, 68udy epawenus u npuHyuna
OMHOCUMENbHOCL).

Omo xapaxkmepuzyem benononbckozo Kak 2eHUAIbHO20 NPOBUOYA U NUOHEPA ACMPOPUIUKU, CYMeBULE2O 8 C80E
8pems yuodenms He MoabKo O0bUOoe 3HAUEHUe CNEeKMPATbHBIX MemMo008 8 ACMPOHOMUL, HO U 3aMeYamelbHOe
0yOywee 5moil HayKu.

Tax sice u Pumy, omkpulé 00HOUMEHHbL dh¢hexm, no cymu, npedckasai NPONOPYUOHANLHOE PACCIMOSIHUIO
KpacHoe cmeweHue Oanékux KOCMUYECKUX 00bekmos 3a00120 00 moeo, Kak oo 0vlio omxpeimo J. Xaboiom.

Ho ceemavie udeu smux yuénwix (berononvckozo, Pumya, Xab6iaa), nooooro udesim ux npeomeu (Apucmapxa,
Bpyno, Ianunes), noosepenuce coneHusiM co CMopoHsbl 0PUYUATbHOU HAVKU U PeTUSUL, CIPEeMUBUIUXCS NPOOTUMb
enacmes mpakobecus. »

EAnHNUbLI n3amepeHus

pPacCcToAHUMN B aCTPOHOMUM

M a.e. CB. 10X oK
M B 6.6:10 ae. 1,0:107%¢ ¢cB. et 3,310 nx
ae. 1.5:10% » 1ae. 0.000015 ce. zeT | 0.0000048 nx
CB. TO71 9.46:10"° m 63271 a.e. 1 cB. TOT 0.30 ox
K 31016 nm 206265 a.e. 3.26 ¢B. aeT 1 oK




Hpunoycenue Ne 3. Cnpasounvie oannbvie

Ceepxmaccugnoz2o 36e30H020 00vekma muna Sgr A*:

M+ = 6,98-10% kr - Macca Sgr A%,

{ M =3.51-10° Mg }
Ra+ = 5.0910" m., =73Rs, = 0.33a.c. - pamuyc Sgr A%,
pas =17,7-10° kr/»’ - IJIOTHOCTH Sgr A%,

{ par = M/V = 6,98-10°° / 7-(5.0%10"%)* }

ga+ = 1.84%10° m/c’ - YCKOpEHHE Ha IOBEPXHOCTHU Sgr A%,
{ g8a» = gs*(Ma* / Ms ) / (Rs/ Ras)* }

Bea+ = 93670 a.e. = 0.45 nk. - IpelebHbIN paguyc nedcTBUs “TpaBuTauun’” Sgr A*,

Rgp = 10.24-10° m = 0.068a.e. - panuyc HIBapimmnbaa st 383761 Maccont = Sgr A%,
{ Rsh=2-G-M /c* = 2% 6.6-107'" * 6,98-10°° / 9-10'° }

[a+=3,68%10" ¢ - I'paBuTanmonsstit Ddupnsiii [IpeoOpazoBatens Sgr A *.
{ Ta»=ga+/ R=1,84-10°/5.00%10"" }

Cnpasounvle oanHble 36301020 00vexkma Connue:
Ms = 1,989-10* kr, Rs=6.96*10° m., ps=1.41 - 10* kr/m3 , G = 6.6*10°"" m*-¢ 2-xr ',

Cnpaesounvie Oannbvle 36€30HbIX PACCMOAHUIL:
1 mapcek =3.261339 cBeTOBBIX JIeT.
1 cBetoBoii rog = 0.306623 napceka.
Jo anbda LlenraBpa 1/0,76 = 1,3 napceka, = 4 ceeroBbIx jet, wiu 270 000 a.e.
3Be3Has TIOTHOCTH B okpecTtHocTH Conama =~ (.12 / K,
Cpennee paccTosiHMEe MEXY 3B€3aMU ~ 2 MapceK, WM ~ 6 CBETOBBIX JIET.
[TnotHOCTH 3Be31 B mapoBbix ckormieHusx (100 =+ 1000) 3Be3n / K.
TI10THOCTE 3Be3/1 B eHTpe saep ranaktuk (10° =+ 10°) 3pesn / mi.

Hapamempul 3dhupa u 6azoevlx uacmuuy.

Amep (3pup)  m, = 1.5%10""* kg, mmamerp D, =4.6¥10"m, p,=8.8*10™"* kg/m’,
P, > 1.3*10% kg /m’, cpeansis ckopocts ~ 10% m/c” .

OTHOLIEHUS: Pp/ P> =~ 3,2*1028, my m, =~ 1087,
[IpoTon ~ 1.1*¥10 amepos s¢upa.
DIEeKTPOH ~ 6.0¥10™ amepos >¢upa.

Ipoton (P m, = 1.67%10%" kg, D,=2.2%¥10"m, p,=2.8%10"" kg/m’,
S, =6.9%10"m’, V,=5.9%¥10"m’, E, = 938.272 MeV,

Heiirpon E,=939.565MeV (AE ,,=1.293MeV).

JekTpon (¢) m..=9.1¥107" kg, D.. =1.8%10"°m, p..=4.0%¥10"® kg/m’.
Se. =5.6¥107"m’, V.. =2*¥10"*m’, E..=0.511MeV.

Bonopon (H) muamerp Dy = 10""m, Sy =3.1¥10""m’.

B 1.0 m’ ahupa ~ 5.8*10'* amepos, uto paBHO3HAUHO ~ 10" IPOTOHOB.
TIpH posKICHHH IIPOTOHOB 06BEM ShHUpa yMEHbIIHTCS B ~ 5*10°7 pas.
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Pemenwue 3aragku (Uto He Tak ¢ KpacHeiM cMenieHneM?)
Kocmonoruueckuii ciop

HccnenoBanus XanstoHa Apra (Halton C. Arp)

Xoanron APII — coBpemennslii ["anuneit actpodpusuku!

Bukrop AmOapuymsiH - “B3pbIB Ha pkeTe raiaktuku M87” miu. ..
Pammoramakruka Jlebens A
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