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Beeoenue

Kocmonoeuss — yuenme o OeckoHeuHOM BceeneHHolt kak o
CBSI32aHHOM LIETIOM M 000 BCCH OXBAUCHHOW HAOMIOACHUSMU 00IacTu
Mrupa xax o yactu BceneHHOI Bcerja COCTaBIISIIIO HEOTHEMIIEMYIO
qacTh ACTPOHOMMUU. B IIOCICAHUC  ACCATHIICTHUSI  KOCMOJIOIus
CKJIaJBIBACTCS B CAMOCTOSTEIBHOC HAMPABICHUE HAYKHU, CBSI3aHHOE C
¢uzukoii. Ilpu paccMOTpeHHHM W3MECHCHHH, MPOUCXO/SIINX BO
Bcenennoi, xocMonorust OIH3KO COMPHUKACACTCS C KOCMOTOHHCH,
H3y‘lal0]l[eﬁ MOPOUCXOXKACHUC U Pa3BUTUC KOCMHUYCCKUX TCJI U HUX
CHCTEM, —3BE3]T, 3BE3AHBIX CKOIUICHUM, TaJTaKTHK, TYMaHHOCTEH [1].

ACTpOHOMUYECKYIO H  (DUBHUCCKYIO OCHOBY COBPEMEHHOM
KOCMOJIOTHMH COCTaBJISIFOT, BO-TIEPBBIX, JaHHbIE HAOIIOJCHUH,
KaCaroIiecs CTPOCHUS U CBOMCTB M3BCCTHON HaM 4dactu BceeiacHHOM,
JOMOJHACMBIC JAHHBIMHA O CTPOCHUU BCHICCTBA, U, BO-BTOPBIX, 3HAHUIL
0 (PM3MYCCKUX 3aKOHAX B3aMMOJACHCTBHUSI M ABIKCHUS marcpun. B
CBOUX OOOOIICHUAX KOCMOJOTHS MO CYIIECTBY HANpPAaBISIETCS
¢unocopueii 1 He MoxeT OBITh MOCIEIOBATCIBPHO HAy4HOH 0Oe3
¢unocodckoil OCHOBBI, coAeprkalIel MPaBHIBHYIO TCOPHIO MO3HAHUS
U PACKpBIBAIOLICH 00IIUE 3aKOHOMEPHOCTH MATEPHH U €€ JBUKCHUSL.

KocMomoruueckie = Teopuu — pa3HBIX — SMOX  CYIICCTBEHHO
pasiniaroTCad B 3aBUCUMOCTU OT TOI'O, KaKHUC (I)I/ISI/I‘ICCKI/IC NPUHITAIIBL
" 3aKOHBI MPUHUMAKOTCA B Ka4YCCTBC YHUBCPCAJIbHBIX. BLIBOI[LI n3
9TUX TCOPHUH [JOJDKHBI TOATBEPKAATBCS WM XOTS OBl HE
OPOTUBOPCUUTDH Ha6J'IIOI[eHI/IHM, a TaKKC TIPCACKa3bIBATH HOBBIC
saBleHUs. B Hacrosmiee Bpemsl CUHMTAaeTCs, YTO STOMY TPEOOBAHHIO
HAWITY4IIIUM 00pa3oM YIOBICTBOPSIOT pa3paOOTaHHbIE HA OCHOBE
oOwIei  TEOpUM  OTHOCUTCABHOCTH  JWHINTCHHA  OJHOPOIHBIC
M30TPOITHBIE MOJEIH HECTAIIMOHAPHOI Topsriuel BeeneHHOTA.

Ha MPOTAXKCHUU BCell UCTOpHUU CCTCCTBO3HAHUSA KOCMOJIOTHUA
SIBSLNACh  APEHOU OXKECTOYCHHOM, YacTO BEChMA APaMaTUYECKOU
OOpbOBI MATEPUATUCTHUYCCKUX WM HACATUCTHUYCCKUX KoHremuuii. He
MpeKparieHa 3ta 0opsda u ceituac, U OHa Ja)xe 000CTPUIIACH B CBSI3H C
00IIMM KPHU3HCOM COBPEMEHHOM TEOPETHUCCKON (DUBUKH.
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Kocmozonus — obnactp Hayky, W3YYArOINAsi MPOUCXOKICHHE U
Pa3BUTHE KOCMHYCCKHX TET M UX CUCTEM, —3BE3. M 3BE3AHBIX CHCTEM,
ramakTuk, TyMaHHocTeil, COMHEUHOW CHUCTEMBI M BCEX BXOMAIIUX B
mee ten — Connna, miader (Bkimrodas 3EMITIO), HMX CITyTHHKOB,
acTepouaoB (MU MaNbIX IIIAHET), KOMET, METCOPHUTOB [2].

Kocmoronnueckue runotessl XVII — Hauana XIX BB. oTHOCHIHCH
rIIaBHBIM 00pa3oM k mpoucxokacHuto ComHeuHol cuctemsl. JInmp B
XX B. pa3BuTHE HAOMIOAATEIBHON M TCOPETUUECKOW acTPOPH3NKH U
(M3MKH TO3BOMHIO HAYATh CEPbE3HOC U3YUCHUE MPOHMCXOKICHUS U
pasBuTHs 3Be31, a B 60X romax Havanoch M3y4CHHCE MPOUCXOXKICHUS
Y Pa3BUTHS FATIAKTHK.

KocMomorust 1 kocMOroHusi mponuid OOJbIIOW MyTh U BCErAa
ObLTM  apeHON OXKECTOYCHHOW OOpbOBl MaTEepPHATMCTHYECKOH W
HUICATUCTHYUCCKON macomornii. MaTepruamiucTiuaeckas —MIACOIOTUs
OCHOBBIBANACH HA HAOMIOACHHUIX U IKCIICPUMEHTAX, HICATHCTHICCKAS
— Ha YTBEP)KACHUSX, BBITCKAIOIINX H3 «OOIICHPU3HAHHBIX» TCOPHUN
TOCMOACTBYIOIIMX INKON. JTO OCOOCHHO CHIIBHO MPOSBUJIOCH B
CpeIHHEC BEKa, KOrga JoOble MPOONEMBI  PEIIATHCh  ITyTEM
COOTBETCTBYIOIIMX CCBLIOK Ha Oulneiickue Tekctel. Ho u B
HACTOSIIEE BPEMsI MHOTHE NPOOJEMBI PEMIAIOTCS TMONOOHBIM KE
oOpasoM, mpaBga, ccelikamMu He Ha bubmuro, a Ha Teopuro
OTHOCUTEIBHOCTH  OJWHINTEHHA, JOTrMaThl KOTOPOH  HAapyIIaTh
3ampemeHo, O  YeM  JaXKe  HMCIOTCS  COOTBETCTBYIOLIHE
MOCTAHOBJICHHUS.

Han Beeit coBpemenHoi Haykoi o BeeneHHOi kak equHOM EToM
— KOCMOJOTMEH W HAyKOW O TMPOUCXOKACHUH U Pa3BUTHH
KOCMUYECKUX Tel — KOcMoronmedl surtaer TeHb OOmeil Teopuun
otHocutenbHOCTH A.JMiHInTeHHA [3].

Teopust OTHOCHTENPHOCTH DUHINTEHHA — YHCTO MaTeMaTHYCCKast
TEOpHs, MPCHEOperaromass KakuM Obl TO HHU ObLTO (pU3HUECKUM
CMBICIIOM pPacCMaTpPUBACMBIX CIO SBJICHUI, B TOM 4YHCIE H
kocMuieckux. OOmas Teopust OTHOCHUTEIBHOCTH — BTOpas 4acTh
TCOPHH, CHUTAIOIIASCS TCOPHCH IPABUTALIMU U SKOOBI OTBETUBIIAS HA
BCE OCHOBHBIC BOIPOCHI MHPO3JAaHMs, HA CAMOM JENE HE OTBEYACT HU
Ha KakK{e BOMPOCHI MO TOW NPUYHMHE, YTO OHA HE pPaccCMaTpUBACT
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(u3HUeCKHE MPOLIECCH U BCE CBOAMUT K MPOCTPAHCTBCHHO-BPEMCHHBIM
UCKKCHUSIM. B STOH «Teopuu» NpOCTPaHCTBO HCKPUBIETCS, a
BpEMsl 3aMEIUIACTCS, YeM HCKIIOUYaeTCs Kakas Obl TO HH OBLIO
BO3MOXKHOCTh HM3Yy4eHHUs (u3mueckux mponeccos. Crpammaercs,
OTHOCHUTEIBPHO  YEro  <WUCKPUBJLSICTCS»  NMPOCTPAHCTBO,  BEIb
«UCKPUBICHUE» €CTh (YHKLIUS KAKOrO-TO HE HCKPUBICHHOTO
aprymeHTa. BMecTo m3yueHus peanpHBIX IporeccoB BO Bceenennoit
COBPEMCHHAsI HAayKa KOHTIHPYET MAaTEMaTUYeCKUMH (HOpMylaMu U
BCC CBOIUT K (DCHOMCHOIOTHH, T.€. K BHCIIHEMY OITMCAHHIO, HE
HUHTEPECYSCh MPUYMHAMH KOCMHYECKUX CTPYKTYP U SIBICHHHA. DTO
Tymuk [4].

Bbope6a 3a BOCCTaHOBIEHUE MAaTEPUATUCTUIECKOH METOIOIOTUU B
HayKe HE yTHUXaeT U ceiyac. OkecToYeHHE MPOTHBOOOPCTBYIOIINX
IIKOJI HE CHajgaer, XoTs caMa Oopnba, KOHEYHO, mproOpera WHBIC
¢dopmbl, yeM 3TO OBLIO B CPEAHEBEKOBbE. MOXKHO KOHCTATHPOBATH,
YTO, IO KpaiiHeill Mepe, B (U3HKe M MPUMBIKAOIIM K HE 00IacTsaM
HAyK{, B MEPBYIO OYepeab, B KOCMONOTUU U KOCMOTOHUHU CETOIHS
[JIABCHCTBYET MACATHCTHYCCKAsT MeToxonorust [5-8], yrBepxaaromast,
YTO B3aUMOACHCTBHE HEOECHBIX TEN MPOHCXOAUT dYEpe3 IMyCTOe
MPOCTPAHCTBO, 4TO 3¢up — Pu3ndeckas cpeaa, 3amoJHSIOMAs BECh
KOCMOC M SIBIISIFOIIASICSL CTPOUTEIBHBIM MATEPHAIOM AJISI BCEX BHIOB
BEUIECTBA M TOJEH B3aUMOACUCTBUI, B MPUPOAEC OTCYTCTBYET.
OtrcyTcTByeT HE MOTOMY, 4YTO 3Ta CPEAa CYWECTBYET WIH HE
CYLIECTBYET, & MOTOMY YTO OHA HE HY)KHA JUIS MOCTPOCHUS TCOPHUHU.
Tem He MeHee, Oe3 NPUBICUCHUS O3TOW MaTEPHATBHOH Cpeabl
HEBO3MOYKHO HU OOBSICHUTH y)KE M3BCCTHBIC SIBIICHUS, HH OMPEICIUTb
HOBBIC HaPaBJICHHU UCCICIOBAHUN KOCMOCA.

HeoOxomuMo HamoMHUTh, YTO MAaTCpUANHCTHYCCKAs HayKa O
KOCMUYECKUX CTPYKTYpaxX U SBICHUAX 00s3aHA UMECHHO ONPEICIUTh
MPUYHHBL, [0 KOTOPBIM CTPYKTYPH HMMCIOT TOT WM HHOH BHI U
mpeoOpasyioTcess U3 oxHod (OpMBI B JPYIyl, a TaKKe MPUYIMH,
MOYEMY KOCMHYECKHE SIBICHUS IMCIOT IMEHHO TOT BHJ, KOTOPBIA OHU
HMCIOT.

Pazobpatbcst BO BCEM 3TOM MOXKHO, TOIBKO IIOCTABHUB 33Jady
BBUSICHCHHSI BHYTPCHHETO MEXAaHHM3Ma KOCMHYECKUX SIBJICHHUH, a 3TO
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MOXKHO  CAEJaTh, TOJIBKO BBEOSI B  PACCMOTPEHUE OOIIYIO
KOCMUYECKYIO cpeny — 3¢Hp, SBISMIOIMUNACI CTPOUTEIbHBIM
MaTepHaIoM AN BCEX BHUAOB BCIICCTBA M HEOECHBIX TEJ, MBHKCHUS
KOTOPOro OOYCIIOBIUBAIOT BCE (DM3MUCCKUE SIBJIICHUS, BKITIOYAS U BCC
siBieHus kocmudeckue [9, 10].

3amaueii HacTosAIIEH KHUTH SIBISICTCS PACCMOTPEHHUE MyTed
PCLICHHUS TOCTABICHHOH MPOOICMBI.



10 T1aBa 1.

NnaBa 1. CtaHOBNeHNne KOCMOJIOMMU U KOC-
MOTOHUU

1.1. CtaHOBNEeHue Knaccuyeckom KoOcMornormu

Hwxke usnaraercst mosuims oQUIMATBHON HAYKH OTHOCHTEIBHO
TOrO, YTO MPEACTABIICT Co00i BceneHHas, U TONBKO B HEKOTOPBIX
MECTax K 3TOi 00LIel KapTHHE J00aBISIOTCS KOMMEHTAPHH.

Bcenennoii sBnsercst Becb MHp, Oe3rpaHHYHBI BO BPEMCHHU U B
MMPOCTPAHCTBE U OCCKOHEYHO Pa3HOOOpa3HbIil Mo TeM dopMaM, KOTO-
pbic MPUHUMACT MaTepHs B mporecce cBoero passutust [1]. Beenen-
Hasl CYLICCTBYET OOBbEKTUBHO, HE3aBUCUMO OT CO3HAHMS YCTOBEKA €€
nosHarouero. BeeneHHas cOACPIKUT TMIaHTCKOE MHOXKECTBO HeOec-
HBIX TEJ, MHOTHE M3 KOTOPBIX MPEBOCXOAS 3EMIII0 MHOTJA BO MHOTO
MIJUTHOHOB pas.

Mareprann3m CYUTACT, YTO PA3TUYHBIC SIBJICHUS, MPOUCXOIIIINC
BO Bcenennoit, B3anmocssizansl u oOycnosnensl. CyxaeHust o Bee-
JICHHOW B LIC/TOM, OCHOBAaHHBIC HA BCEX HAYYHBIX 3HAHUSX, COCTABIIS-
10T 3amady kocmonoeuu [2]. TlpoucxoxaeHue M pa3BUTHE KOCMHYC-
CKHX TEIl X MX CHCTEM, — 3B€3/, 3BE3AHBIX CKOIUICHHUII, TaJaKTHK, TY-
MaHHOCTEH COCTABISICT 33424y Kocmozonuu [3].

Uctopus mo3nanmst BceenenHoit siisiercst oaHoil m3 Hambomee
ONECTSUMX WILTFOCTPALMI JCHHHCKOH TCOPUH MO3HAHMS, COTJIACHO
KOTOpPOil «...YemoBeueckoe MBILIICHHE IO TMPUPOAE CBOCH CIIOCOOHO
JaBaTh M JaCT HAM a0COJIOTHYIO MCTHUHY, KOTOPas CKJIabIBACTCS M3
CYMMBI OTHOCHTEIIBHBIX HCTHHY [4].

Ha nepBbIx cTyneHsx pa3BUTHs KyIbTypbl IpeacTaBicHus o Bee-
JICHHOW OTrPaHUYMBAINCH 3HAHUEM OMIKANIONX K JKUIBIO YETOBEK
pEK, Top, JeCOB M Hambolee 3aMETHBIX HEOCCHBIX CBETWI. B nmaims-
HEUIIEM 3TH 3HAHHS CTAIM PACIPOCTPAHSTHCS HA 3HAYUTCIBHBIC 00-
JaCTH MOBEPXHOCTU 3EMITH; CIACAYIOIIHM STAIOM OBLIO YCTAHOBIICHHE
rapoodpasHocT 3eMJIM U OTHOCHUTEIIBHO YIAJICHHBIX HEOCCHBIX CBE-
THUIL.
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Hawubosee passutsie npeacTaBicHus 0 BeeneHHOM, KOCMOCE U €ro
3aKoHax copMHpOBATHCh B MEPHUOX pacisera rocynapcts JpeBHei
I'peunu, rae ObLIM CO3AaHBI YCIOBHS ISl CHCTEMATHYECKUX HAYIHBIX
nccacaoBaHuid. B cIe HepacwICHCHHONH CTUXUHHO-ANUAICKTHYICCKOM
Hayke (puaocodum) IpeBHUX TPEKOB yUCHHUS O OeckoHeuHOCTH Bee-
JICHHOW 1 OCCKOHEYHOCTH MHPOB, 0 BeuHOCTH BceeneHHOH, 0 aBrke-
Huu 3emian Bokpyr ConHIIa MPOTHBOCTOSIIH TOCIOACTBOBABIIEMY TO-
rIa YYCHHIO O MPOCTPAHCTBCHHOW OrPaHUYCHHOCTH MAaTCpUaNTbHOU
BceneHHoi#l, OCHOBaHHOMY Ha TCOLCHTPHYECKOH CHCTEME MHpa.
VIMEeHHO TPOTHMBOCTOSIHME JBYX KOHLENMLUH YCTpOcTBa MHpa — re-
JIMO- U TCOLICHTPUYIECKON — 03HAMEHOBAJIO IEPHO PA3BUTHS APECBHEH
Hayku U (UIOCOGUU U ONMPEACTUIO HAMPABICHHUC UCCICAOBAHUN B
00NacTH KOCMOJIOTMH IO TOrO MOMEHTA, IOKa CTOIb €CTECTBEHHAS U
MOHSATHASI HAM T'eIHOLICHTPUIECKas CUCTEMa He moOeanaa B JONTrod U
yIOpHOU OOpbOE JTUTEIBHOCTBIO B THICSYCICTHS, U 3ACCh INIABECHCT-
BYIOIOYIO POJb CHITPANO Pa3BHTHE HAYYHBIX METOJOB MO3HAHMS, OC-
HOBaHHBIX Ha OMbITE U SKCIICPUMEHTE.

B teucHue ThicsueneTuit B EBpone Ovlio Mano mpuOaBieHO, HO
MHOTO€ N03a0bITO U3 TOrO, YTO OBIJIO U3BECTHO YUCHBIM AHTHYHOCTH.
CBsIICHHOE MHCAHHUE SIBISUIOCH KAHOHOM, M3 KOTOPOrO YepHalucCh
OTBETHI Ha BCE BOMPOCH!. JIumb apabbl 1 MPUMBIKAIOLIIME K HUM HApO-
JBl TIOCTAPaNUCh HOBBIMH HAOTIOACHHUSAMHU YTOYHUTH CTapbic acTpo-
HOMHYCCKHUE JAHHBIC.

Hns pasBuTHss HAyKd Hy)KHAa Obllla TpPUKIagHAS MOTPEOHOCTS,
HYy>XHa OblJa HOBas CTYIICHb B Pa3BHTUH MPOU3BOJICTBA M TOPIOBIIH,
CTUMYTHPYIOIUX reorpaduueckue OTKPHITHSI M Pa3BUTHE HaOmoAa-
TEMPHOU aCTPOHOMHH. JTa 3M0XA MOPOJUNIA «THTAHOB IO CHIIC MBIC-
7M1, CTPACTH U XapakTepy, MO0 MHOTOCTOPOHHOCTU U y4eHOCTH» (JH-
rensc). OgHMM W3 TAaKUX THUTAHOB OBLT TOJBCKUA  YUICHBII
H.Konephuk.

Counnenne Konepunka «06 obpamennn HeOecHBIX cep» — oa-
HO M3 BBIJAIOIIUXCSl MPOU3BEACHHH B HCTOPUHU Hayku. VIMeHHO ¢ He-
ro, MO BBIPAKCHUIO JHIENbCA, «..HAYHMHACT CBOC JICTOMCUHCICHUC
OCBOOOXKICHUE €CTECTBO3HAHMS OT Teomorum» [5, ¢. 8, 165].M13 Hero
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CNIEAOBANO, YTO «...0JHOTO ITUIIb ABMDKCHHS 3EMIH JOCTATOYHO IS
OOBSCHCHHSI MHOTHX BHIUMBIX HEPABCHCTB HA HEOE.

Ilepesopor, coepiuennsiii B Hayke H.Komeprukom, yxe B 16 B.
MpHUBET K TOMY, 4TO oOmactb BceneHHOH, cTpoeHHEe KOTOpoi B oc-
HOBHOM OBIJIO MPABHJIBHO MOHITO M KOTOPAasl MOABEPTIach JalbHEH-
LIEMY H3YYCHHUIO, JocTuria pa3mepoB Bceli CONHEUHON CHCTEMBI.
Huametp 370 cucteMsl cocTaBisii okono 10 Mupa. kM, CBET MpoXo-
qun 310 paccrosaue 3a 10 vacos. Craso siCHO Takke, YTO 3BE3/bI Ha-
XOAATCSl OT HAC HA PACCTOSHUSAX, BO MHOTO pa3 MPEBBILIAIOLINX pac-
CTOSIHUSL IO TUTAHET, HO acTpoHoMus 17-18BB. Oblia B OCHOBHOM ac-
TpoHOMuEel COTHEYHOH CUCTEMBI.

Wnewn o 6eckoneunoctn Beenennoit Berasunya bpyHo, 3a uro ObLn
CONOKEH Ha kocTtpe. Ero maen HaMHOro onepeaniy CBOKO 3MOXY, HO
OH HE MOT MPHUBECTH HU OTHOTO (PaKTa B IMOIb3Y ITOTO YTBEPIKACHUS.

HNoraun Kemiep, onupasice Ha HabmogeHuss Tuxo bpare u wuc-
MOJB3Ysl TEIUOLICHTPHUCCKYIO0 cucTeMbl KomepHuka OTKpBIT 3aKOHBI
HeOecHoi Mexanuku, a Heroton yxe B XVII B. nx 00001mui1 B cBoeM
3HAMCHHUTOM <3aKOHE BCEMHUPHOT'O TATOTCHUS.

Kocmomnorus Herotona Bmecre ¢ ycnexamu actpoHomuu VI u
XIX BB. onmpenenuia TO MUPOBO33PCHUE, KOTOPOE HA3BIBAIOT KIACCHU-
yeckum. CyTb €ro CBOIUTCS K CICAYIOLIEMY.

Bcenennas 6eckoHeUHa B MPOCTPAHCTBE M BO BPEMEHH, OHA BEY-
Ha. OCHOBHBIM 3aKOHOM, YIPAaBJSFOIINM JBM)KCHHEM HEOCCHBIX TEl,
SBISICTCS. 3aKOH BCEMUPHOro TsroteHus. lIpocTpaHcTBO HHMKak He
CBSI3aHO C HAXO/SIIMMHCS B HEM TEIAMH, OHO WIPACT MACCHBHYIO
pONp <« BMECTUIHINA» HEOCCHBIX Ted. Mcuesnum BApYr Bce OHH, MpO-
CTPAaHCTBO M BpPEMsl COXPaHWIHCh Obl HeM3MEeHHbIMHU. KommdaecTBo
3BE3[, IJIAHET W 3BE3JHBIX CHCTEM BO BceleHHOH GecKOHEYHO Benu-
k0. Kaxknoe HebecHOE TeI0 NpOXOANT ATUTEIbHBINA MyTh Jku3HH. 1 Ha
CMCEHY MOTMOLIMM WJIH, TOYHEEC FOBOPSI, MOTaCIIuM 3BE3JaM BCIBIXU-
BAaOT HOBbIC, MOIIOBIC COMHICTIONOOHBIE CBETHIA. XOTs ACTAIU BO3-
HUKHOBCHHSI U THOENM HEOECHBIX TEN OCTABAINCH HESCHBIMH, CIIC B
Havaje XX CTOJETHsI FOCHOJCTBOBANA YBEPEHHOCTh, YTO OCCKOHEY-
HocTH BceneHHOH B MpocTpaHCTBE TapMOHUYHO COOTBETCTBYET €€
BEYHOCTh BO BPEMCHU.
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TouHsle onpenenacHUs PacCTOSHUI M0 OMKANUIIMX K HAM 3BE3[
BriepBhIe ObLTH MpoBeAcHBI B KOHIC 30 roxoB 1940 B., TOorma u Ha-
yanach OrpoMHas paboTa Mo M3y4eHHIO Hamed [ amakTuku, moneped-
HUK KoTopoi okazancs paseH okono 30 Teic. mapcek wian okono 100
ThICSTY cBeTOBBIX neT umn 10 (vummmapa mummapaos) kv. OxHako
MHOTHE BaXKHBIC OCOOCHHOCTH M JCTaau CTpocHus | amaktuku ocra-
FOTCSL CIIE HE M3YYCHHBIMH, U MHTCHCHBHOE HCCIACIOBAHUC UX MPO-
JOJDKAETCS.

B 20x rr. 2010 croaerus Oblia BBISICHCHA BHETATAKTHUCCKAS
MPUPOJA CIHUPATBHBIX U JJUTHITHYCCKUX TYMAHHOCTCH, OKa3aBIIUXCS
CaMOCTOSTCIPHBIMU TAIAKTHKAMH, T.€. CUCTEMAaMHU TOTO KE MOPSIKA,
yTo ¥ Hama ['amakThka. 9TO MO3BOIMIO MOCTABUTH BOMPOC 00 yCT-
porictBe MeTraranakTHku Kak KOCMHYECKOIM CUCTEMBI 0OJIEE BBICOKOTO
MOpPSIIKa, B KOTOPYIO Hama [anakTuka u ee cOceAn BXOAAT B KAUCCTBE
OTJCIBHBIX HJICHOB.

BaxkHO MOAYEPKHYTH, YTO MO KJIACCHYCCKUM MPEACTABICHUIM
POKACHUEC U TUOCITh MUPOB B LIEIOM HE M3MCHSICT OOJUK CTPYKTYPHI
Bcenennoii. Herue, Muinap /sl €T Ha3ad, CIIyCTsS MUJUTUAPABL JICT, B
OyIylieM OHAa OCTAHETCs, B CYILIHOCTH, OAHOH u Toi xe. Hemsmen-
HOCTh KOCMOCA Kak Obl MOJYCPKUBA/ia OPCHHOCTh M HEMOCTOSHCTBO
BCETO 3EMHOTO.

Takum oOpa3zoM, KiIaccuueckass MEXaHUKa MpHUBETa K MPEACTaB-
JeHUAM O ctannoHapHocTH Bceenennoil. B Helt MoryT mpomcxoauTs
camble pa3HOOOpa3HbIC MPOLIECCH, HO B LIEIOM OHA BCErga COXpPaHs-
eTcsl OTHOI U ToM ke. Maes craumonapHoct BeeneHHoM mpocyime-
cTBOBaia B ecrectBo3HaHum (paxkrudecku 10 20x rogos XX croie-
TS, XOTS yke B cepenune XIX cronmeTus k Hel ObLTH MPEIbSBICHBI
MPETEH3UHU, CBS3aHHBIC ¢ TAK HA3BIBACMBIMH KOCMOIOTUYCCKAMU T1a-
pazokcamu.

CoBpeMEHHBIC ACTPOHOMUYCCKHUE WHCTPYMCHTBI HE IO3BOJISIFOT
JOCTHYb IpeaenoB MeTaraaakTHKH U € JOCTOBEPHOCTBIO HEM3BECTHO,
CYLIECTBYIOT JIU TPaHUIBl Y 3TOU cuctembl. QIHAKO HMHCTPYMEHTHI
MO3BOJISIFOT HAOMIONATh OTAAJICHHBIC WICHB MeTarajiakThKH, Haxo-
JUIIIAECS OT HAC HA PACCTOSHUAX MIJUTUAPAOB MAPCCKOB, T.€. MOPSIKa
107 kM u Gonee. Ha eme Gomee qanekux paccTOSHUIX MOTYT HAGIEO-
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JAThCS KBa3apsl, OTKPHIThIC B 1963 1. DTO HOBBIN BHA KOCMUYECCKHUX
00BEKTOB, OTJIHYAOIIUXCS UCKIIOYUTEIBHO OOIBIION CBETUMOCTHIO.

Bce u3noskeHHOE BBILIE OMUPACTCS HA JAHHBIC ACTPOHOMHUYCCKUAX
HAOFOICHHA, T.€. MPEACTAB/ISICT COO0M BBIBObBI, CACTAHHBIC HA OCHO-
BC OMBITHBIX JAHHBIX U MOXKET CUMUTATHCS MCTHHOM, XOTS M HE MOJI-
HOH, T.C. OTHOCUTCIPHOU UCTHUHOM.

OrpanndeHHOCTh M3y4eHHON YacTu BeeneHHol HukonM oGpazom
HC MPOTHUBOPCYMUT HACC O MPOCTPAHCTBEHHOW OcckoHeuHocTn Bcee-
aeuHoM. OHAKO cama MOCTAHOBKA BOMPOCA O MPOCTPAHCTBEHHON KO-
HEYHOCTH Wi OeckoHeuHocTH BeeneHHoit Opla cBsi3aHa ¢ Kiaccude-
CKAMU TPEACTABICHUSIMHU 00 aOCONFOTHOM MPOCTPAHCTBE U 00 abco-
JIOTHOM BPEMCHHU.

CoBpemMeHHast TeopeTryecKas (pr3nka MPUHIMIUAATIBHO TTO-HHOMY
CTaBUT BOIPOC O MPOCTPAHCTBEHHONH M BPEMCHHON MPOTSKEHHOCTH
Bceenennoit [1]. CormacHo mpeACTaBACHUSAM COBPEMEHHOM (DH3HKH,
OMUPAFOLICHCS HA TIOCTYIATHl U BHIBOABI OOIICH TCOPUU OTHOCUTEITB-
HOoCcTH A.JHHINTEHHA, MPOCTPAHCTBCHHBIN 00BEM, 3aHHMAEMOH JIto-
Ooii peampHOIl mam BooOpaxkaemoii (!) cucremoit HEOAWHAKOB ISt
HaOMFOIATECH, MBIKYIIUXCS MO-Pa3HOMY OTHOCHUTEIIBHO 3TOW CHC-
Tembl. Terepp MMEHHO omymeHus HaOMromaTenel MPUHHUMAKOTCS 32
WCTHHY, a MOCKOIbKY Y BCEX HAOIIOJATE/ICH OLIYIICHUS Pa3HbIC, TO U
JICIAFOTCSL BHIBOJBI O TOM, YTO OOBCKTHBHBIX MapaMeTpoB y BceseH-
HOW HET, YTO BCE 3aBUCHUT OT OLIYINCHUN HAOIIOAATENCH, U 3TO MPH-
BOJUT BCIO CUCTEMY 3HaHHUI 0 BceneHHON k Qu3mueckoM uaeanu3my
U K JaBHO PaCKpPUTHUKOBaHHOU (priocodun Maxa: momararomero, 4ro
3aMa4a HAYKH — HAWTU CBS3b MEXKIY HAIIMMHU OLIYIICHHUSIMH.

Ha camowm jese, mosBACHUE BCE HOBBIX TCXHHUYSCKUX CPEACTB Ha-
OJIFOICHUS, TIO3BOJISIFOINUX CYLICCTBCHHO PACHIHPUTH MPEICIBI J0C-
TYIHBIX HAONIOICHUMA, MPUBOAUT K YTOYHCHHUIO YXKE HMCIOLIUXCS
JAHHBIX, K TOSBJICHUIO HOBBIX (DAKTOB, K HOBBIM OOOOIICHUSM U K
HOBBIM TCOPHUSAM. 3JCCh HH B KOGM CJIy4ac HEIb3s CKATBIBATHCI K
MPEACTABJICHUSAM O TOM, YTO CYIISCTBYOLIASl PEATBHOCTh KAaK-TO 3a-
BHCHUT OT TOTO, YTO O HEH AYMArOT MCC/ICI0BATEIN, YTO OHH OLIY IHAOT
M HA YTO OMHUPAOTCA. 3ajadya HCCICIAOBATEICH HE BO3BOAUTH CBOH
JIOMBICITBI B paHr abCo/oTa, a u3y4arh TO, YTO €CTh M HCMPEPHIBHO
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YTOYHATH CBOW MPEACTABICHUS 00 M3y4acMOM MPEIMETE, MOHMMAs,
YTO caM MPEAMET, B JAHHOM ciiydae BcereHHas, HUKak HE 3aBUCHT OT
TOrO, YTO O HEH IyMArOT YUCHBIC.

K 70~ rogam 20 B. KOJIEKTUBHBIM TPYJOM ACTPOHOMOB Pa3HBIX
crpan ycranosieHsl (?!) crneayromme BaxkHbie cBoiicTBa Meraraiak-
THUKH:

1. T'amakTuku B HEH HE pacnpencCHBl PABHOMEPHO, OOMBIINHCT-
BO X COCPEIOTOYCHO B CKOILUICHUSIX MJIM TPYIIAX TalakTHK (3TO €CTh
HaOMI0AaTCIbHBIN (PAKT);

2. Nmeer mecro 3akoH (?!) B3amMHOro yaajeHHs rajakTHK CO
CKOPOCTSIMH, TPOMOPLIHOHATBHBIMI PACCTOSIHUIO ME)KAY HUMH, B CO-
otBeTcTBUU ¢ 3akoHOM XabOma (Ha caMoM Jene, 3TO €CTh BOJbHAsS
TPaKTOBKA, MPOU3BOJIBHOE UCTOIKOBAHHE HAOM0gaeMoro akra cMe-
LICHUS CIIEKTPOB M3MYYCHUN B AJTMHHOBOIHOBYIO 00JaCcTh, TAK HA3bI-
BacMoe «KpacHOE CMEIICHHEY);

3. B nuamazoHe MUITMMETPOBBIX PAJHOBONH Hama 4acth Bcee-
JICHHOH PaBHOMEPHO 3aIlOJHCHA PaANOU3TYICHUEM, IFIOTHOCTh KOTO-
POro COOTBETCTBYET HM3MYUCHUIO a0COMOTHO HEPHOrO Teia C TEMIIe-
parypoii 3K (HabnroaeHHbIH (HakT). DTO U3TYUCHNUE HA3BIBAIOT PEIIHK-
TOBBIM M3IyUCHHEM, T.K. npeamnonaractes (1), uto oHO mpeacTaBIsSeT
€000 0CTaTOK M3MYyYaTEIbHBIX MPOLIECCOB, MMEBIIMX MECTO B OUCHb
OTJAJICHHYIO TPOIITYIO 3TIOXY, CBA3aHHYI0 ¢ HagamoMm (?!) cymecTso-
BaHUSI MeraragakTuku.

VYka3zaHHbIC TpU (aKTa JIeKaT B OCHOBE MHOTOYHCICHHBIX COBpE-
MEHHBIX KOCMOIOTHYECKUX CXCM.

Kak Bmano, coBpemenHoe yueHume o BcemenHoil mpenacrasiser
co0oii cMech OOLIMPHBIX HAOMIOAATCIbHBIX (JAKTOB U HE MCEHEE 00-
LIMPHBIX WX 0000meHni u ToakoBanuii. Ho ecnu mepsas yacts 6a3u-
pyeTcsi Ha OOBCKTHBHBIX JAHHBIX, TO BTOpAas 4acTh — 00OOIICHUC U
TOJIKOBAHHE — OCHOBBIBACTCSI HA BOJIBHBIX JOMYIICHUSX, HE HMCIOIIUX
K MaTepHaTu3My HHKAKOTO OTHOLICHWS, 3AECh, B MEPBYIO OYCPEIb,
HY)KHO HasBaTh mnoctyratsl OOmeld TEopHH OTHOCHTEIBHOCTH
A.DHUHIOTEHHA, NPUHAMblE «MUPOBBIM COOOLIECTBOM YUCHBIX» 32
abcomoTHyt0 uCTHHY. Hukakue HHBIC MOCTPOCHHS, YYHUTHIBAOLINC
BCC aCTPOHOMHYCCKUE HAOMIOJCHUsS, HO He coorBercTByromue Cre-
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uuaapHOi u O0Iuei Teopun OTHOCUTETBPHOCTH A.JWHINTCHHA, HE pac-
CMaTPUBAKOTCS, HE JAOMYCKATCS K OOCY:KACHUIO U TPETUPYIOTCS KaK
mwxeHay4uHbie. OHAKO BOMPOC O KOHKPETHBIX PEISTUBUCTCKUX MOJC-
asx MeraraakTuKi OCTaeTCs MPEIMETOM JUCKYCCHI, KaK 3TO U ObI-
BaCT BCErAA MPH YMO3PUTCIBHBIX MOCTPOCHUSX, MMCIOIIUX B CBOCH
OCHOBE HICATUCTUICCKYIO METOAOIOTHIO.

1.2. CtaHOBNEHUE KNnaccnyecKom KOCMOroHumn

@dyHAaMEHT HAay4YHOM IUTAHETHOH  KOCMOTOHHMH  3aJIOXKHII
WN.HproToH, KOTOpBI 0OpaThin BHHMAaHHE HAa 3aKOHOMEPHOCTH JBH-
skeHUs TnaHeT. OTKpPBIB 3aKOHBI MEXaHUKU M 3aKOH BCEMUPHOTO TsI-
roTeHus1, HpI0TOH mpuIen kK BEIBOAY O TOM, YTO YCTPOHCTBO ILIAHET-
HOU CHCTEMBI HEC MOXET OBITh CTCUCHUEM CITyYaHHBIX 00CTOSTEIbCTB.
[Tocne 3TOro psIOM YUEHBIX OBLTH BBICKA3aHBI TUIIOTE3Bl O MPOUCXO-
JKICHUU IUIaHeT [3].

B 1745r. XK.brod¢on BbIcKazam rUmoTe3y O TOM, YTO IUIAHETHI
BO3HHKIIU U3 CTYCTKOB CONHEYHOrO BEIIECTB, HCTOPTrHYTHIX M3 ComH-
[[a yZapoM OrPOMHOI KOMETHI (B TO BpEMsi KOMETHI CUYHTATINUCh Mac-
CHBHBIMH TCIIAMH).

B 1755r. M.Kant onyonukoBan kaury «BceoOmast ectecTBeHHAS
HCTOPUS M TeOpHUs Heba...», B KOTOPOH OH MOCTABHII BOIPOC O €CTe-
CTBCHHOM MPOHCXOKJCHHU BCEX HEOCCHBIX TEI W BIEPBBIC Aanl KOC-
MOTOHUYECKOE OOBSICHCHHE 3aKOHOMEPHOCTH JBIDKCHUS IUIAHET.
Kant mpeamoxkui rumoredy 00 00pa30BaHUU MUIAHCTHOW CHCTEMBI U3
paccestHHOM MaTepuH, 3alOIHSIOMEH BCE MPOCTPAHCTBO 3TOM CUCTE-
MBI ¥ HAXOJSIIIEHCS B €ANHOOOPA3HOM BpPAIIATCIbHOM JBM)KCHHH BO-
KPYT LeHTpanbHOro crymmenus — ConHua.

B xonue 18 B. B.I'epuiens, Habaronas HEOO B MOCTPOCHHBIC UM
OONBIIKE TENECKOMBI, OTKPBLI TYMAaHHOCTH OBaJIbHOH (hopMbl, oOna-
JAIOIIUC PA3IMYHBIMH CTEHCHSIMH CTYLICHUS K ILCHTPAIbHOMY SADPY.
Bosnukna rumore3a 00 00pa3oBaHHUU 3BE31 U3 TYMAHHOCTEH MTyTEM HX
CTYIICHHS.
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Omnwmpasice Ha 3T HaOmoaeHus ['epmens v Ha 3aKOHOMEPHOCTU
nerokennst mader, [1.C.Jlanmac 8 1796r. BeIABUHYIT THIIOTE3Y O MPO-
ucxokaeHur COMTHEYHOM CHCTEMBI, BO MHOT'OM CXOJHYIO C THITOTE30i
Kanra [6]. Cormacuo rumotese Jlammaca B pe3ysbTaTe yCKOPCHHUS
BpaIllCHUS TIPU CXKATUH Pa3peKCHHAS BHCINHSAS YacTh TYMaHHOCTH
(mpotsoxennas atmochepa obpasyromerocs ConHIIa) CTAHOBUTCSA BCC
Oolee CILTFOCHYTOH, a Korjaa LEHTPOOSKHAs CHiia Ha SKBATOpPE CTana
paBHA M0 BEIUYHMHE CUIIC TATOTCHUS, OHA PHHST YCICBULICOOPAZHYIO
dopmy. BemectBo Ha ocTpoMm peOpe HCUCBHUIBI MEPECTAIO YIACTBO-
BaTh B JaJbHCHIIEM C)KaTHH, a OCTaBajJOCh Ha MecTe, obpa3sys raso-
BBII AWCK. 3aTeM MUCK Pa3NeNuiIcCsS HA OTACIbHBIC KOIbLA, U BEIIECT-
BO KQ)KJOT0 KOJbLIA IPEBPATUIOCH B CTYCTOK, MPEBPATHBLIMICS 3aTEM
B ruiaHety. [Ipu ckaThm 3THX CTYCTKOB MPOLIECC 3a4acTYIO MOBTOPSLI-
Csl, IPUBOAS K OOpa30BaHHUIO CIYTHUKOB IuIaHeT. LleHTpanbHblii cry-
CTOK TymMaHHocTH npesparuiics B ComHIe.

lNunoresa Jlamnaca ObicTpo 3aBOCBaja MPU3HAHKE, OJHAKO YKE B
cepeaune 19 B. BBISBISUTUCH BCE HOBBIC HEIOCTATKU THITOTE3bI, arpe-
0J0JICT KOTOPbIE B TO BPEMsI HE yaanock: runoresa Jlanmaca e cMor-
Ja o0bscHUTh MeaneHHoe BpameHue ConHua, mpsSMOe BpaIICHUE
MTAHCT, HAJMYNC CITyTHUKOB C OOPATHBIM JBWKCHHUCM M CITyTHHKOB,
nepuox 0OpamIeH st KOTOPBIX MEHbBLIC IEPHOJA BPAIICHUS [IAHET.

B 20-30x rozax 20To0 croneTusi MHUPOKOH M3BECTHOCTHIO IMOJb-
3oBajachk rumoresa Jx.JlKuHca, CunTaBINErO, YTO IIAHETHI 00pa30-
BaJIMCh M3 PACKAJICHHOIO BEINECTBA, BhIpBaHHOro u3 ComHIa mputs-
JKCHHEM IMPOJICTABIICH MOOIN30CTH MACCHBHOM 3BE3/IBI.

[NMpuBneueHne COBPEMEHHBIX acTPO(U3UUCCKUX JAHHBIX B CEpe-
muae 20 B. mMO3BOIMIIO TIO-HOBOMY pa3Buth ucto Jlariaca o6 otaene-
HUU BEIIECTBA OT CKUMAIOIIETOCs MPOTOCOIHIA B PE3yIbTaTe HACTY-
IJIEHUS POTAlMOHHON HeycToiumsBocTH. I'mmotesa Jlammaca ceirpana
BBIJAIOLIYIOCS PONb B MCTOPHM HAYKH U OO HACTOSIIETO BPEMCHU
MMECT HEMAJIO CTOPOHHUKOB.

OO6pasoBaHue mIaHET W3 MPOTOILIAHETHOrO OOMaka Haubosee
nonHo uccneaosano O.10.IImuaroMm, ero COTpyIHUKAMH H CTOPOH-
HUKaMH. AHaIM3 mpoLecca akKKyMYIBILHUN TUIAHET U3 POst TBEPIBIX TEI
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no3soiaua LImuary ykasate myTe K OOBSCHEHHIO MPOMCXOXKICHHUS
MPSIMOTO BPALICHHUS TUIAHET U 3aKOHA IVIAHCTHBIX PACCTOSHHA.

CyIecTByeT TakKe psia rUHoTe3 0016 4acTHOrO XapakTepa, Ha-
mpuMep runoressl npoucxoxaerus Jlyasr — [bx.Jlapsuna, npeamnona-
raromero, uro Jlyna ormenunace or 3emmu, U, HA000OPOT, UTO 3EMIIS
3axsatuia JlyHy, kotopas okasanace Ha OpOuTe BOIM3U 3eMITH.

Crenyer, omHaKko, 3aMETUTh, YTO TJIABHBIM HEJOCTATKOM BCEX
KOCMOTOHHUYECKHX THITOTE3 SIBJSIETCS HE TO, YTO OHH HE OXBATHIBAIOT
BCEX MPOOJIEM MPOUCXOXKICHUS IIAHET, & TO, YTO OHH HE 3aMKHYTBI,
T.C. OHU HAYHHAIOTCS C YK€ CYLICCTBYIOIICTO M HEU3BECTHO KaK IPO-
MCLICUICTO BELUICCTBA — TYMAHHOCTEH, ()parMEeHTOB TBEPAOTrO BELIE-
CTBA U T.IL., KOTOPBIC CaMU IO ¢e0C B3SIMCh HEM3BECTHO OTKyAa. 1o
’K€ OTHOCHUTCS K 3BE3AHOM KOCMOTOHHMH, UCCIEAYIOMEN NPOUCXOXKIE-
HHE U 3BOIIOLMIO 3BE3/, TO )KE OTHOCUTCS M K TATAKTHYCCKOH KOCMO-
TOHHUH, HUCCICAYIOMCH MPOUCXOKICHUC W 3BOMIOLMIO Tamaktuk. W
XOTs HaOmrozatenbHbie (DaKThl HE BBI3BIBAIOT HUKAKUX HAPCKAHMIA,
TPaKTOBKH (DaKTOB, OIMUPAIOLIMECS HA KOCMOTOHHYCCKHE THIOTE3BI,
rpemar cambiMi (paHTACTHYCCKUMU TPEINOI0KCHISIMU, TeM OoJiee,
YTO MPEAMOIOKCHUS KACAIOTCS ATUTESIBHBIX MIEPHOI0B, HCUHUCISIEMBIX
MIJUTHOHAMH U MIUUTHAapAamu JetT. W yxke COBEpIIEHHO HE MPHUHUMA-
IOTCS. BO BHMMAHHE MPOLIECCH, KOTOPHIC HYKHO YUUTHIBATH B TOM
cly4ae, ecli KOCMHYECKOE MPOCTPAHCTBO 3aI0HEHO 3(UPOM.

OfHO# M3 BOKHEHIIMX KOCMOTOHHYCCKHX MPOOIEM B H3YYCHHH
Bcenennoil siBsieTCsl OmpeneiecHHE €e BO3pacTta M BO3pacTa COCTaB-
asrorux ee yactedl. MICXOAHBIMU KITFOYEBBIMH MOMCHTAMH 31CCh SIB-
asrorest akt (?) B3aMMHOrO yJancHUs TanakTHK Hu 3akoH Xa0bia,
YCTaHABJIMBAIOLIMKA MPOMOPLHOHATBHOCTh MEXKIY PACCTOSHHUEM OT
3eMaH O COOTBETCTBYIOIMMX KOCMHYECKUX OOBEKTOB M «KpacHbIM
CMEIICHUEM> CIICKTPOB.

3axon Xab0ia [1, 7] orpeaernseTcs kKak

UO_U
Vv=Ccz=Hr, z= ——, (1.2)

Do
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rae V —CKOpPOCTh YAAICHHS FAIAKTHKH; C —CKOPOCTh CBETA; Z — OTHO-
CHUTENBHOE HM3MCHCHHME HYACTOTHI CIEKTPA; I — paccTOSIHUE 10 OOBEK-
ta, kv; H = 108 ¢t = 60xm/(c- Mmapcek); v, —9acTrora UcIyckae-
MOT'O CIIEKTPA; D —YacTOTa MPUHUMAEMOrO CIICKTPa.

®axr (?) B3aMMHOro ymancHus rajakTHK, COCTaBisromux Mera-
TalakTHKY, CBUACTEIBCTBYET O TOM, YTO HEKOTOPOE BPEMs TOMY Ha-
3a] OHa HAXOAWJIACh B KAYECTBCHHO MHOM COCTOSIHHH M Oblna Gomee
miotHOH. B coorBercTBuu ¢ OOweit Teopuel OTHOCHTEIBHOCTH
JiinmTeliHa Bes Macca BeenenHo#t Oblia cocpegoTodcHa B OAHOMU
Oe3pasMepHO TOUKE, IMEHYeMO# cuHTYIsIpHOi. [To pacueram Teope-
TUKOB, 17 MUJITHAP/OB JICT HA3a] 3Ta TOYKA B30PBaIach, M C TEX IOP
BCsl Matepust BeeneHHON pa3neraeTcs BO BCE CTOPOHBI, O YEM U CBH-
jgerenbeTByeT «KpacHoe CMEIICHHE» CHEKTPOB, KOTOPOE B APYrOM
KOHTEKCTE HUKEM HE PAacCMaTPHUBACTCS, XOTA THO00C SBICHUE MOXKET
UMeTh OECUMCIICHHOE MHOYKECTBO TOJTKOBAHUI.

Ucxons n3 HAOMIOACHHBIX 3HAYCHUI CMEIICHUS CIIEKTPOB HANOO-
Jee yIANCHHBIX TaNaKTUK, HA OCHOBaHHMHM 3akoHa Xa0bia, ycTaHOBIe-
HO, 4TO Bo3pacT Bcemennoit cocrasmser 17 mmpa. ner. Ilpu stom
cpexHuii Bo3pacT rajakTtuk oneHusaercs B 10 mupa. ner. Oagnako cy-
HIECTBYIOT TaJaKTHKU, BO3PACT KOTOPBIX 3HAYHTEIBHO MOJOXKE, HO,
BEPOSITHO, HET TAJIAKTHK, BO3PACT KOTOPHIX CYIIECTBCHHO MPEBBILIACT
20 mapa. net. Tak cunraer opuumanbHass KOCMOIOTHS.

CornacHo JaHHBIM BHETaJaKTHYCCKOH aCTPOHOMHH, HEKOTOPBIC
CKOILJICHUSI U TPYIIIB TAAKTHK UMEIOT CTONb OONBIIYIO AWCIEPCHIO
CBOUX YJICHOB, YTO CHJIbI B3aHMHOTO IPABUTALMIOHHOTO MPHUTSKCHUS
raJakTUK-YICHOB CKOIJICHUH HE MOTYT VAEPXKaTh MX B CKOILICHHSX,
TaKWe CKOIUICHUS MOJDKHBI pacmactees. llepuon, HeoOXoauMBbIi amst
pacmaza, OleHUBACTCs B OOMBIIMHCTBE ciay4yaeB B 1-2 mipa. ner. Ox-
HAKO MMCIOTCS TPYIIbI TaTaKTUK, KOTOpPHIE pacmaayTcs B Oojee Ko-
porkue cpoku — uepe3 200-500mumaronos ner. Tak kak COBpeMEH-
Hasl 3BE3JHAs JWHAMHKA OTBEPracT BO3MOXHOCTb (pOpMHpOBaHUS
CKOILJICHUH W TPYII W3 pPaHEe CO3JAHHBIX HE3ABUCHMBIX TaJaKTHK,
MPUXOANTCS AOMYCTUTH, YTO 3TU LU(PBI ONPEACISIFOT M BO3PACT UJIe-
HOB 3THX TPYHI. JTO O3HAYAECT, YTO CPECOH TaNaKTUK BCTPECUAKOTCS U
04YCHb MOJOABIC (MO CPABHEHHIO CO CPEIHHMM BO3PACTOM) OOBEKTHI,
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T.€. YTO MPOLECC BO3HUKHOBCHMS HOBBIX TAJAKTHK MPOJOIKACTCS U
Ha COBPEMCHHOM 3Tarie pa3BuTHs MeTaraiakTuky.

CoBpeMeHHast KOCMOJIOTHS cYUmaem AOKa3aHHbIM, uto Merara-
JAKTHKA 3BOTIOLHOHUPYET, W «TCOpUs cranuoHapHOU BcemeHHOI»
VK€ MOYTH HE HAXOAUT CTOPOHHUKOB.

CospemenHoe yucHre 0 BeeaeHHOM paccMaTpuBaceT U mpoOIeMBbl
CYLICCTBOBAHUS JKU3HU BO BeeneHHoM.

IMockoneky ramaktuku coaepskar oonee 100 mpa. 3Be3 kaxkaas,
a YUCIIO TAaKWX rajakTuk B Meraranktuke cocrasiser He meHee 100
MHUIITHOHOB, TO obIee umcIo 38e3x Bo Beenennoii mpessmaer 10,
[TosTOMy €cTECTBEHHO BO3ZHHMKAET BOMPOC O YACTOTEC BCTPEUACMOCTH
OPTraHUYECKON YKU3HHU Ha IUIAHETaX, CYIICCTBOBAHUE KOTOPBIX BOKPYT
JTHUX 3BE3J CUUTACTCS OUCHD BEPOSTHBIM.

OueBuaHO, YTO M3BECTHBIC Ha 3emuic (DOPMBI JKU3HU HE MOTYT
CYLIECTBOBATh MPHU BCEX BO3MOXKHBIX (DU3HUECKHX YCIOBHUIAX HA IIa-
Hetax. Takux ¢opm Het Ha Jlyne u, BepostHo, Ha CaTypHe mmn Ypa-
He. K coxanenunio, Onojoruu He Aajaoch BBUSICHUTH NMPEICTIbHBIC 3HA-
YCHUS MapaMeTpoB (PH3MYECKUX YCIOBHH Ha IJIAHETAX, JOIYCKako-
LUX CYHICCTBOBAHUE 3EMHBIX (DOPM KHU3HU. DTH MPEICITbI HAKJIAIbI-
BAIOT OrPaHHYCHUS HA TEMIICPATYpPy, 3HAYCHUS IIIOTHOCTU aTMoc(e-
PBI, YCKOPCHUS CHITBI TSDKECTH, MPOJOKUTCIBHOCT CYTOK H COCTaB
atMocdepsl. JJomKHO UrpaTh ONpeACICHHYIO POIb M HATHIHE KUAKHX
OacceitnoB. Tem He menee. Tpyano ceOe mpeactaBuTh, YTOOBI STH
MPEaCTbl ObLTA HACTONBKO Y3KMMH, YTOOBI JIHINb HUYTOXKHAS YacTb
IJTaHET UM yaoBieTBopsia. [losTtomy B BhICIICH CTEICHH BEPOSITHO,
410 B MeraranakTuke CyIIECTBYIOT MIJITMAPABI TIAHET, HA KOTOPBIX
HMCIOTCsI OOJee WM MCHEE MOAXOMIIINE YCIOBHS ISl BO3HHKHOBE-
HUSI OPraHUYCCKON KU3HU. ECTECTBEHHO, UTO BO3MOKHOCTH IOSIBJIC-
HUSl PA3yMHBIX CYLICCTB KaK BBICIICIO 3Tama mpouecca Ouoiormde-
CKOTO Pa3BUTHsI CBS3aHA C OONEEC CTPOTMMH OrPaHUYCHUSIMH, HaKJIa-
JBIBACMBIMH Ha TUANa30H, MOCTOSHCTBO U ATHTEIBHOCTh COXPAHCHUS
onpenencHHbIX (pu3ndeckux yciaoBui. [losTroMy BmomHe BO3MOXKHO,
YTO BHE3EMHBIC IIMBHIIM3ALNN BCTPEUAOTCs BecbMa peako. OxHako u
B 9TOHM mpoOneMe Jaiblie HEKOTOPBIX JOra 0K MPOABHHYTHCS HE yaAa-
J0Ch.
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Hakonen, Bo3MokHa m Oojice IIHpOKas MOCTAHOBKA BOMpPOCA.
MoxHO, HE OTrpaHUYMBAsCh U3BECTHBIMU Ha 3emiie (opMamu »KH3HH,
n3y4aTh B OOIIEM BHIEC BO3MOXKHOCTb CYIIECTBOBAHMS CHCTEM, BOC-
MPUHUMAIOLINX, XPaHALIMX H I[epepalaThIBAIOIINX HH(POPMALHIO,
HaYMHAs OT CaMbIX 3JIEMCHTAPHBIX J0 HamOomee cinoxubeix. Heco-
MHEHHO, 00Jiee ITUPOKHUHA KIacC IIAHET MOXKET OKa3aThCsl MPUTOJHBIM
JUTSL PasBUTUS HA HUX MOJOOHBIX CHCTEM, CCITU ACHCTBHUTEIBHO W3-
BECTHBIC HaM (DOPMBI JKH3HU SIBIISIIOTCS HE CANHCTBEHHBIMHU.

He obormna cBonM BHUMaHHEM COBPEMCEHHAs HAayKa M IpoOnemMy
B3aMMOOTHOWICHUH uenoBeka n Beemennoit. Mcnonmb3oBanue opyauid
TPyZa MO3BOMHIO YETOBEKY CTaTh X031uHOM 3emuiu. [losiBieHue opy-
JUIl YMCTBCHHOTO TPYAa M Pa3BUTHE TEXHUKU BOOOILIEC TMO3BONMIO
€My BBIITH 3a MPEAEbl 3eMHOTO IIapa M OBIAJCTh OMFDKANIINM KOC-
MHUYECKUM MPOCTPAHCTBOM. B OyayieM 4eIoBeK MOCETUT BCE MIaHe-
THI U TPOHUKHET maxxe 3a mpeaensl ComHewHoil cuctemsbl. TexHunka
MO3BOJIMJIA YENOBEKY MPUCTYIHTH K mepenenke npupoast 3emmu. Ilo-
CTPOCHBI KaHAJbI, CO3AaHBI HOBBIC MOPsI, IPOOHUTHI B TOPaX OrPOMHBIC
TYHHEITW, B MYCTBIHAX BO3HUKAKOT canxel. [IpaBaa, k coxaneHuio, Ha-
OMIOAArOTCS U OTPHULIATCTBHBIC SBJICHUS. MOTUOAIOT OTACTbHbBIC BUIBI
’KHUBOTHOTO MHpa, 3arpsi3usercs armochepa. Ho B memom npeodpaso-
BaHUSI MPOUCXOIAT B COOTBETCTBHH C MOTPEOHOCTSIMHU YETIOBEUECKOTO
obmectBa. Her coMHeHHsI B TOM, YTO C TCUCHHEM BPEMEHH YCIOBEK
HaYHET nepeaenbiBaTh Beenennyro. Co3manue HOBBIX HEOSCHBIX TET —
HCKYCCTBCHHBIX CITYTHUKOB SIBJISICTCS JHIOb IEPBBIMU IIATAMU B STOM
HanpasneHuu. Het comHeHMs, 4TO MPOJOKEHHE ACATCIBHOCTH He-
JIOBCUECTBA B 3TOM HANPABJICHUH OKAXKET OTPOMHOC BJIISIHHC HA JaTb-
HEHIIHIA MPOrpecc Yen0BeYECKOro o0IecTna.

TakoBa nmo3unus opuUUATPHON HAYKH B 0OnacTH mu3ydeHus: Bcee-
JIEHHOI.

1.3. Kocmonoruyeckue napagokchbl

Ha KaXXI0M 3Taric pasBUTHUA KOCMOJIOTUU HaXOAWINCh YYCHBIC,
KOTOPBIC Imojiarajd, YT0 B OCHOBHOM B KOCMOJIOTUYICCKOM YUCHUU BCC
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OCHOBHBIC HpO6J’ICMH PCHICHBI, U OCTAJIOCHh YTOYHUTH TOJIBKO HCKOTO-
peic actamu. Ho magpHEHIIE WICCICIOBAHUS OTKPHIBATH BCC HOBBIC
O6CTOHT€J’IBCTBa 1 IOABJIIJIINCH HOBBIC HpO6J’ICMH. Heuro ananorny-
HOE IPOU3OIUIO U C KJIACCHMYECKOW KOCMOTOHHEW, OCHOBAHHOI Ha
OPOCTBIX HPIOTOHUAHCKUX MPCACTABJICHUAX aCTPOHOMOB O IMPOCTpaH-
CTBC U BPCMCHU.

Domomempuueckuil napadokc

IlepBast Opewrs B 3TOH CHOKOHHOW KIaCCHYECKOW KOCMOTOHHH
obna npobura eme B XVIII B. B 1744 r. mBednapckuii acTpoHOM
K. Ile30, M3BECTHBIN OTKPBITUEM ISTUXBOCTOW» KOMETHI, BBICKA3al
COMHCHHE B MPOCTPAHCTBCHHOHN OcckoHeuHoctu Beenenuoit. B Ty
MOPY O CYLISCTBOBAHUHM 3BE3HBIX CHCTEM M HE MOJ03PEBA/IH, a MOTO-
My paccysxkaerus [1le3o kacamuce TOIBKO 3BE3.

Ecmu npexnonoskuts, paccyxaan Lle3o, uto B GeckoHeuHoi Bcee-
JICHHOM CYIIECTBYET OCCUMCICHHOS MHOXECTBO 3BE3J U OHH PACIIPE-
JICJICHBI B MPOCTPAHCTBE PABHOMEPHO, TO TOTJa MO JIFOOOMY HAIpas-
JICHUFO B3TJISLI 3CMHOTO HAONFOJATEIISI HEITPEMECHHO HATBHIKAJICS HA Ka-
Kyr0-HHOY b 3Be3ay. Jlerko moacuuraTh, uTO HEOOCBOA, CILIONIb HE-
MPEPBIBHO YCESIHHBIN 3BE3aMU, UMENT Obl TAKYHO MTOBEPXHOCTHYIO SIP-
KOCTh, uT0 aaxke ConHie Ha ero ()OHE BBITVIAACIO Obl YCPHBIM IISIT-
wom! Heszasucumo ot [le3o B 1826r. k TakuM K¢ BHIBOJAM MPULICT
Hemeukuii actporom I'.Omebepc. ITO mapagoKcanbHOS YTBEPIKACHUC
MOJIyYHJIO B ACTPOHOMHH HAMMCHOBAHHMC (POTOMETPHUUYCCKOro mMmapa-
nokca Ille3o0-Onsbepca. TakoB ObLT HEPBBIA KOCMONIOTHYCCKUI mapa-
JIOKC, TIOCTABUBIIIHIA TIO COMHCHUE OGeCKOHEUHOCTh Beenennoii [8].

M36aBUThCS OT HErO MBITATKUCH MO-Pa3HOMY. MOKHO JOMYCTHUTD,
HAIMpUMEP, YTO 3BE3bl PACIPEIACIICHBI B MPOCTPAHCTBE HEPABHOMED-
Ho. Ho Torga B HEKOTOpHIX HANpaBICHUSX HAa 3BE3JHOM HeOe OBLIO
OBI BUIHO MAJIO 3BE3/, a B APYTUX, €CIIH 3BE3] OCCUMCICHHOSC MHOXKC-
CTBO, UX COBOKYITHAsI SPKOCTh CO3AaBas Obl OCCKOHCYHO SIPKHUE MSITHA,
4yero, Kak M3BeCcTHO, HeT. Korma OTKPBLIN, YTO MEXK3BE3JHOE MPO-
CTPaHCTBO HE ITyCTO, a 3AMOHCHO ra30BO-IIBLICBBIMU OOIaKaMu, HE-
KOTOPBIC YUCHBIC CTAIH CUMTATh, YTO TAKUC OOJIaKa, MOTJIOMAsl CBET,
n30aBSIIOT HAC OT (poTomerpuueckoro mapaaokca. Ognaxo B 1938r.
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axkagemuk B.I'.®DeceHkoB qoka3ai, 4TO MOTJIOTHB CBET 3BE3], Ia30BO-
Hy.]'IeBI:IG TyMaHHOCTI/I BHOBb nepenanyanoT HOI‘J'IOH.[GHHYIO nmMmn
SHEPTHIO, a 3TO HE M30aB/IsLCT HAC OT (POTOMETPUUCCKOrO Mapa OKCa.
Taxum 00pa3om, BOMPOC HA MHOTUE TOIbI OCTABAJICS OTKPBITBIM.

T'pasumayuonnslii napadokc

B konme XIX B. Hemeukwuii actponom X.3eaurep oOpaTui BHUMA-
HUE W Ha IpYrod mapagokc, HEM30CKHO BBITCKAIOMNN W3 MPEICTaB-
JeHus o OeckoHeuHocTn Bceenmennoit. Herpyano moacuurats, ecnu
ONuUpaThesl Ha 3aKOH BceMUupHOro taroreHus HerotoHa, uro B Oecko-
HeuyHOH BceneHHol ¢ paBHOMEPHO paclpeleNcHHbBIMH B Hell Hebec-
HBIMH TETaMH 3HEPTUs TATOTCHUS (TPaBUTALMOHHBIA MOTCHLIHAI) CO
CTOPOHBI BceX Tell BceleHHOW Ha JaHHOE TENO OKa3bIBACTCS OECKO-
HEYHO Oombwoi. PezympTar 3aBucHT OT crocoOa BBIYUCICHHS, MPH-
YeM B 3TOM CIy4Yac OTHOCHTCIBHBIC CKOPOCTH HEOECHBIX TEI MOTIU
Ob1 ObITH OeCKOHEYHO GonmpIuMu [9].

OnHO BpeMs Ka3anock, YTO BRIXOA M3 3aTpyIHEHUs HaiineH. Ecnu
3BE31bI 0OPa3yIOT 3BE3MHBIC CHCTEMBI, TC — FANAKTUKHU, TAIAKTHKH, B
CBOIO OYEPEb, CBEPXTANAKTUKH, U TaK 10 OECKOHEYHOCTH, TO B TAKOH
monenu Bceenennoi, npeanoskennont Jlambeprom u [lapmase, mupo-
3naHue OyOET COCTOSATh M3 MEPaApXUH MATCPUATBHBIX CHCTEM Pa3HbBIX
MaciTadoB. MoXHO moka3atk, YTO B TAKOH <«uepapxudeckoii» Bee-
JICHHOHM, HECMOTpsI Ha ee OecIpeeIbHOCTh, IPABUTALIMOHHBIA Hapa-
JIOKC, TaK e Kak U GOTOMETPHUYECCKHHA, OYIET OTCYTCTBOBATH.

OpxHako HaOMIOACHUS MTOKA3ajId, UTO, MO KpaliHel Mepe, B mpee-
Jax JOCTYIHOW HaM YacTH MUPO3AaHus BceneHHas He COOTBETCTBYET
cxeme Jlambepra-Ilapmabse 1, Takum 00pa3oM, rpaBUTAI[HOHHBIN Mapa-
JTOKC Pa3peiicH He ObII.

Tepmoounamuueckuii napadokc

B cepeanne XIX B. OBLT OTKPHIT BETUKUI 3aKOH HNPUPOIBI — 3a-
KOH COXPaHCHH HCPTHH. MPH BCEX CBOMX MPEBPALICHHUIX H3 OJHOTO
BHJA B IPYrod HEPrus HE UCYE3aeT M HE BOZHHKAET u3 Huuero. O06-
mee KOMUYECTBO SHEPTUU OCTACTCSl MOCTOSHHBIM. JTOT 3aKOH, MHO-
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JKECTBO pa3 MPOBCPCHHBIN OIBITOM, MPAKTUKOW, M HBIHE CUHTACTCS
OCHOBHBIM 3aKOHOM IPHPOJBI.

Tepmoauaamuka — pasaea GU3NKH, U3YYAOLUIMIA TPUPOAY TEILIO-
BBIX TPOLECCOB M Pa3M4YHBIC MPEBPALICHHS TEIIOBON sHepruu. To,
YTO TEILIOBAsI SHEPTHsL, KaK M APYTUE BUIbI SHCPTUH, HE UCUC3ACT MPU
CBOHMX MPEBPALICHUSIX M HE BO3HHKACT U3 HUYCTO, €CTh YACTHOC BBI-
pakenue [lepsoro 3akona («lepsoro Hauanxa») tepmoxunamuku. Ho
B TCPMOAMHAMUKE CYIICCTBYECT BTOpPOI 3aKOH, TOBOPSIINIT HE O KO-
JMYECTBE SHEPTHH, a 00 ce Ka4eCTBeE.

Bropoii 3akOH TEPMOAMHAMHKHA COCTOMT B TOM, YTO IPH BCEX
MPEBPAILCHUSX PA3IUYHBIC BUIAbI SHCPIHH, B KOHCYHOM CHUCTE, Iepe-
XOIST B TEILIO, KOTOPOE, OYay4H mpeaoCTaBACHO caMo cede, paccen-
BACTCsl B MHUPOBOM IMPOCTPAHCTBE. TEII0 MOXKET MEPEXOUTh TOIBKO
ot OoJjiee HarpeToro Tena k MeHee Harperomy teny. M xorma Bce TeMm-
MepaTyphbl YPaBHSIOTCS, BCE MPOLIECCHI OCTAHOBSTCS U HACTYIHUT BCE-
oOurast cmepthb. Ee Tak u Ha3Bamu — «lemmoBast cMEpTh».

B xoze paccyxaenuii o «TemnoBoil cMepTH» HEMEUKHI (QH3HK
Pynoned Kraysuyce, chopmynuposaBmuii npodsiemy B 1850r., BBEen
HEKOTOPYIO MAaTeMAaTHYCCKYIO BEIUYMHY, HA3BAaHHYIO UM SHTPOIHCH.
B OykBanbHOM mepeBOIE ¢ IPEUECKOTO <GHTPOMHS» 03HAYACT «o0pa-
LICHUC BHYTPb», TO €CTh 3aMBIKaHUC B ceOe, He Hcrmomb3oBanue. [1o
CYLIECTBY K€ DHTPOMHUSI €CTh Mepa OSCHOpsIKa B KAKOW-THO0 CHUCTE-
Me Tea. Yem Gombine Gecropsinok, Tem Oombine u 3HTponus. o yr-
BepkacHuio Kiaysuyca, sHTponus BCIOAy B MHUPE, B KOHCIHOM CUCTE,
TONBKO BO3pacracT. Mup HEYKIOHHO CTPEMHUTCS K MOJTHOMY Oecro-
PSILIKY, €r0 SHTPOMHS CTPEMHUTCS K MAKCUMYMY .

«Yem Gonpmie Beenennas npubamkaercst K 3TOMY MPEACTbHOMY
COCTOSIHHIO, B KOTOPOM JHTPOITHS JOCTUTHET CBOETO MaKCUMyMa, TEM
MCHBIIE MMOBOJOB K AaJbHEHIIMM M3MEHEHHsM, — rucan Kmaysuyc. —
A eciu Obl cocTOsiHUE OBIIO, HAKOHEI, JOCTHTHYTO, TO MPCKPATUINCH
Obl Bce m3MeHEHMs, U BeeneHHast 3acToiia Obl Cpe BEYHOTO MOKOSI»
[10].

OmwenoMisromee BHEYATICHUE, MPOU3BEICHHOE BTOpBIM 3aK0-
HOM TEPMOIWHAMHKHM HA ECTCCTBOUCHBITATENCH, OBLIO OCOOCHHO
CHJIBHBIM €LIC M MOTOMY, YTO BOKPYT CEOSI B OKPY’KAIOLICH HAC TIPH-
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poae oHu He BuAeau (akrtos, ero onposepratouux. Haobopor, kaza-
J0Ch, BCE MOATBEPKAAIO MpauHble mporHo3el Knaysuyca.

Hu omun marepuanuct, TBepAo 3Harommid, yro BceenenHas He
MOKET UMETh KOHIA, HEC MOT COTJIACHThCS C MOAOOHON TOYKOU 3pe-
Hus. Ha onposeprkenne Broporo 3akoHa TepmoanHamuku ObLy Gpo-
IICHBI CHJIBI BCEX MATCPHUATUCTUYCCKA MBICTSIIAX KPYITHBIX YUCHBIX.
IIseackuii yuensii C.Appennyc nucan, 4ro «...ecau Ob1 Bropoit 3a-
KOH MMEJI YHUBEPCAIbHBIN XapakTep, BEAYIIUA K TCIUIOBOMY BBIPOXK-
JICHUIO BCel BeemeHHol, To 3Ta «CMEpPTh TeIia» 3a OCCKOHEYHO J0I-
roe BpeMsl CYIIECTBOBAHUS MHPa AABHO ObI YK€ HACTYIUNIA, YEro, OX-
HAKO, HE CIIYYUIOCh. VMK HY>KHO TOMYCTUTb, YTO MUP CYIICCTBYET HE
OCCKOHEYHO JONTO M YTO OH MMEN CBOE HAYaso, 3TO, OJHAKO, MPOTHU-
BOPCUHUT MEpBOi yactn mojokeHus Knmaysmyca, ycraHapBauBaromei,
YTO PHEPTUsl MHpPa MOCTOSHHA, MO0 TOrga MPUIIIOCh OBl JOMYCTHTH,
YTO BCS HEPrusl BO3HUKIA B MOMEHT TBOpeHus. Ho 310 mns Hac co-
BEPLICHHO HEMOHSTHO, U MBI JOJDKHBI TIOMCKATh CAy4ast, s KOTOPO-
ro ¢opmyna suTponuu Knaysuyca He mpuiaokuMa.

Mpavusnas rumoresa XOTs. M IOABEPIIa COMHEHHIO BCCOOLTHOCTh U
CTporyro o0s3aTenpHOCTh «BToporo Hawama», HO OHa HE CMOIJA
YIOBJICTBOPUTh ONTHUMHUCTHYCCKH MBICIINUX yueHbIX. [loaTomy mo-
HCKU OBLIH TMPONODKEHBI, HO OHM OBLIM HAIpaBICHbl HE Ha Iepe-
CMOTpP MCXOAHBIX MOJIOKCHUH, MPUBEAIINX K KOCMOIOTHYICCKIM <1a-
pazokcam», a Ha M3bICKAHUE TAKUX MOCTPOCHHH, KOTOpbIC ObI, HE 3a-
TparuBasi HCXOAHBIX MOMCHTOB, Jalu OBl BCC XKE BAPUAHT BBIXOJA U3
CO3JIABIIETOCS TYIHKA.

Bosznukna amprepHaTHBA: MHOO OTKA3aThCs OT OTHOTO M3 Hadam
TCPMOANHAMUKH, TUOO B TOH WM HHOW (HOpPME MPHU3HATH BO3MOXK-
HOCTh mapagokca. OT Hauaa TEePMOANHAMHUKH HE CTATH OTKA3BIBATHCS,
100 OHU MPEACTABILIIOT 3aKOHBI, PErYIUPYIOIIHE IPOLIECCHI, KOTOPbIE
MPOTEKAIOT B MATECPUATBHOM MHPE.

INapamokc ke, CBS3aHHBIA C YTBEP)KICHUSMH O JAJCKOM IIPO-
LIJIOM, HE MPEACTABISIET <IIPSMON YrpPO3bI» M3BECTHBIM TOTAA 3aKO-
HaM HayKH, U €rO pa3peliCHHE MOXKHO ObLIO OTOABHUHYTH Ha HEOIpE-
JICIICHHOE Oy ay1iee.
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B 1895r. memeuxuit ¢usuk JL.bombiiMaH MpeaIoKuiI BEPOSTHO-
CTHYIO TPaKTOBKY «BToporo Hauana». BombiiMaH He cOMHEBaCs, YTO
Bcenennas GeckoHewHa B mpocTpaHCTBE M BO BpeMeHu. OH mosarai,
YTO, B OCHOBHOM, OHA IIOYTH BCErAa U mpedbiBacT B coctossHuu «Ter-
noBoi cmepTr». OZHAKO MHOTAA B HEKOTOPHIX €€ paOHAX BO3HHKAIOT
KpailHC MaJOBEPOSTHBIC OTKIOHCHUS ((paykTyammu) OT OOBIYHOTrO
cocrostaust Beenennoii. K ogHol u3 HuX mpuHaiexkut 3eMis ¢ e
HACEJICHUEM U BECh BUIMMBIN Hamu kocMoc. Ha 3emue, a MoxkeT OBITh
U TAE-TO €UIc B KOCMOCE, CO3JAUCh YCIOBUS, ONAaronpusTHBIC IS
BO3HUKHOBCHUSI M Pa3BUTHS JKU3HH BIUIOTh A0 CTAIHH <MBICISLINX
cymects». Ho 310 aumme ciydaitHoe U KpaitHE MaJIOBEPOITHOC OTKJIO-
HEHHEe oT HOpMeI. B menom ke, mo bonpumany, Beenennas sto 6e3-
OpC)KHBI MEPTBBIA OKEaH C HEKOTOPBIM KONMHYECTBOM OCTPOBKOB
JKU3HH.

VYxe B 20M cTONeTHH MOCIEIOBATEIN TEOPUH OTHOCHTEIBHOCTH
OWHIITeHHA Hammi WHOE OOBsicHEHHWEe BeuHocTu Bceenennoit. Ilo-
ckonmbKy BcenmeHHas pacmmpsieTcs, YeMy CBHICTEIBCTBOM SIBIISICTCS
«KpacHoe cMeIeHe» CeKTPOB OTAAICHHBIX TalJaKTHK, TO MBI HMEEM
JIENO ¢ HEe3aMKHYTBIMHU IPOLIECCaMH, MO3TOMY, Mmoka BceneHnas pac-
mmpsiercs, To «lemnoBoi cMeptu» He Oyaet. [Ipasaa, 3arem oHa Hau-
HET CKUMATbCs, HO TOTAA OHA COXKMETCS B Oe3pasMEepHYIO CHHIYJISp-
HYIO TOYKY, B KOTOPOH cOCpeaoTounTcs Besi Macca Beenennoi, n Bce
MPOLIECCH OCTAHOBATCS. JTO, KOHEYHO, He Ta «lermmoBas cMepTh»,
koTopyio mpeackazan P.Knaysmyc, HO HEKOTOpBIIT ¢¢ SKBUBAJICHT, KO-
TOPBI HAC HE JOMKEH OCOOCHHO BOJNHOBATH, MOCKOIBKY HAC TOXKE K
3TOMY BpeMeHH, HaBepHoe, He Oyaer [11]. Ho Takoe oObsicHeHHE TOXKE
MaJo KOro yIOBICTBOPHUIIO.

B cepeanne 1910 cronmernst cpeau eCTECTBOUCHBITATENCH COCTOSI-
Jach KPYIHAsl AUCKYCCHS O TOM, YTO JOJDKHO SIBISATHCS MEPOU JBIKE-
HUSl — KOTMYCCTBO ABIDKCHHS L = MV, T.e. Mpou3BeICHHE MacChl IBU-
JKYIIErocsl Tea Ha CKOPOCTh B MepBod creneHH, wiu sHeprus W =
MV/2, B (hOPMYIBHOE BHIPAXKCHHE KOTOPOil CKOPOCTh BXOHUT BO BTO-
poii cTerneHu.

Pasbupasice ¢ mepamu aprkeHusi, ®.JHrenbC B CBOCH HM3BECTHOM
pabote «/lnanexruka npupoas [5,c. 77-79]
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JHrenbe MoKas3al, YTo Y BCSKOrO JBMIKCHHUS €CTh JBE COCTABIISIO-
mye — He YHUYTOXKaeMasl ¥ yHHdIToxkaemas. He yHudroxaemast gactp
CHOCOOHA BOCIPOW3BOAUTHCS B SIBHOM IBIDKCHHH. A YHHUTOXKAEMas,
3TO Ta YacTh, KOTOpas MEPEXOAMT B TEIUIO U YXKE BOCIPOU3BECTUCH B
SIBHOM JIBIDKCHUHU HE MOXKET. JTO M €CTh <TIOTEPHU», HO MTOTEPH HE ab-
COJIFOTHBIC, TIOCKOJIBKY ABIIKCHHE BOOOIIE HE YHHYTOXKACTCS, a IMOTe-
PH JTHIOb C TOYKH 3PCHUS IIOCTABICHHOM LICTH.

CeromHs 3TOT MEPEX0] MOXKHO OLICHUTh KaK MEPEXoJ 4YacTd JBU-
JKEHUSI ¢ MAaKpPOYPOBHSI HA MHKPOYPOBCHb, BHYTPb ABMIKYIIUXCS TEI.
[TosTomy, koraa Tena oOMEHUBAIOTCSI SHEPTUCH, 3TO 3HAYMT, YTO OHU
O0OMCHHUBAIOTCSI TOM YaCThIO DHEPTHH, KOTOpas CHOCOOHA MepeiTH u3
(dopMBl SIBHOTO ABIKEHHS B (pOpMY TEIUIOBYIO. DTa BTOPAsl 4acTh B
OOJIBIIMHCTBE CTy4acB OKa3bIBACTCS HEOOPATHUMOM, TOrJa 3TO MOTEPH.

OnHako 31ech HAIIIIOCh HEKOTOPOE MCKIIOUEHHE M3 BCEX MPOLEC-
COB, CBsI3aHHOE C (hopmMHpOBaHHEM dPUPHBIX (ra30BBIX) BUXPEH, B KO-
TOPBIX MOTCHLUAIbHAS HEPTHS OKPYKAIOLWICH BUXPb Fa30BOH CPEIbI
Croco0Ha CaMOMPOU3BOBHO HEPEHTH B POPMY KHHETHUCCKOU SHEP-
TUH BPALICHUS BUXPS, a 3aTe€M B miporiecce Autdy3uu BUXPs CaMOIpo-
M3BOIIBHO K€ BO3BPATUTHCS OOPATHO B TEILIOBYIO (POPMY SHEPTHU OK-
py>Karomeu cpebl.

B cBoe Bpems coserckmii yuenbiii 11.K.Omenkos, oTkpeIBIIHIT B
MEYaTH AUCKYCCHUIO MO XONOAWTbHUKAM, MOKA3all, YTO OTHOLICHUE K
k03 PHULIMEHTY MONE3HOrO ACUCTBHSI, CIOXKUBIICECS B MUPOBOH Hay-
Ke, HEC KOPPEKTHO. DTO OTHOLICHUE O HEBO3MOXKHOCTHU MOTYUCHHS KL
OoJbIIe COMHULBI B JTFOOOH CHCTEME HYKHO NEPECMOTPETD, UCXOIS U3
crenyromux coodbpakenuii [12].

1. DHepruro, T.e. JBM)KCHHE MATCPHH B MPOCTPAHCTBE M BPEMCHU
HEIb3sl HU CO3JaTh, HU YHHUTOXHTB, €€ MOXKHO MPE0oOPa30BaTh TOIBKO
U3 0JHOH QOpPMEI B APYIVIO.

2. KoapduumeHToM None3HOro ACHCTBHS HY)KHO 00O3HAYHUTH OT-
HOLICHUE BETUYUHBI SHEPTUM, MOJE3HOH I JAHHOrO KOHKPETHOTO
HCHONB30BaHUs, KO BCEH 3aTPAYEHHOM HA 3TO 3HEPTUU.

3. O01iee KOMMYESCTBO SHEPTUH, 3aTPAUCHHON Ha JIFO00M mpoiece ¢
Y4E€TOM HEUCHONIb3YyEMOU YaCTU SHEPTUH, BOCIIPUHUMAEMOU KaK MOTE-
PH, Ha BXOJE TIOOOW CHCTEMBI M Ha €€ BBIXOJE BCEr 1A OXHO U TO JKE.
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4. C 3T0# TOYKHU 3PEHUS KIIJ JIFOOOr0 XOJIOAUIbHUKA, CCIIA YIUTHI-
BaTh OTJABAEMOE MM BO BHE TEIUIO, BCerga OOIbINE €IUHMIbI, I1O-
CKOJIBKY OH OTJAET B BHJE TEIUIA HE TOJBKO Ty 3HEPTHIO, KOTOPYIO OH
moTpPeOIsIeT U3 CETH, HO U TY DHCPTHI0, KOTOPYIO OH MPHUHYIUTCIHHO
oTOHMpacT y MOPO3UIbHOH Kamepbl. Eciy ke B KayecTBE MOIE3HOTO
TEIJIa paccMaTpUBaTh TEILUIO CaMOM XOJOAMIBHOM KaMepbl, TO KIIJ
Bceraa OyJaeT MMETh OTPULATENBHOC 3HAYEHHE, MOCKOIBKY B MOPO-
3WIBHOM KaMepe TEIUIO HE BBIACTSCTCS, & OTOUpaeTCsI.

5. IloaTtomMy Bce TEPMOIUHAMUYECKHE MPOLIECCH HATO paccMaTpu-
BaTh HC TOJIBKO C TOYKHU 3PCHHUA KIIA, KOTOPOC mopa yTOYHUTH, HO U C
TOYKHU 3pCHUA PAaCCCUBAHUA UJIN KOHILICHTPALUU SHCPIruu B IMPOCTPAH-
CTBC.

B Hacrosiee BpemMs BO BCEM MHPE CO3AaHO MHO)KECTBO YCTPOIICTB,
Y KOTOPBIX KITJ 60.]'[]:]_[[6 CAUHUILIBI, HO 3TO O3HAYACT, YTO OHHU KaAKHUM-TO
o0pa3oM 3a0HpaOT SHEPTHIO M3 HEKOTOPOTO pe3epByapa, KOTOPBIH
00s13aH CYIIECTBOBATh, IMOCKOIBKY HA CAMOM JENe JOMOTHHUTCIbHYIO
SHEPTHUI0 CO3AaTh HENb3sI, €€ MOXHO TOJIBKO OTKyJa-T0 B3sTh. OOpa-
30BaHUE 3(PUPHBIX BUXPEH — IIEMEHTAPHBIX YACTHUI] BEIICCTBA U 3aTCM
UX pacmag v 00CCICUMBACT IMOCTOSHCTBO KOJIHYCCTBA JIBHIKCHUS, a,
CIEAOBATEIbHO, M DHEPruu BO Bceil BcemeHHoil: mpu oOpazoBaHuu
BHUXPEH YaCTh SHEPTUU OKPYXKAIOLIETo 3(upa MEPEeXOTUT B SHCPTHIO
BpAILCHUU TENa BUXPEH, a MPH UX pacmajc BO3BPAINACTCS OOPaTHO B
cBoOOaHBIH 3¢up. Takum 00pa3oM, 3aeCh, KaK U B JIOOBIX MPOLIECCAX
MaKpOMHpa MPOUCXOANUT MEPEXO] SHEPTHU U3 OTHOT'O UEPAPXHUECKO-
rO YPOBHS OpraHM3alUKi MATCPUH B APYIOi, a 3aTeM BO3BPAILACTCS
obpatHo. OTiuune ¢ OGOMBIIMHCTBOM MPOLIECCOB MAKPOMHPA 3aKIIO-
qacTcsa B TOM, YTO B HUX SHCPIUsd, NCPexonss U3 MakpOypOBHSA — ABU-
JKCHUA MAaKpOTCJI, MCPCXOAUT B SHCPTHUIO MHUKPOYPOBHS — TCILJIOBOC
JBWDKCHHE MOJICKYT W OOpaTHO HE BO3BpAaIIAcTCs, HO M 3[E€Ch NPHU
(opMHPOBAaHUM Ta30BBIX BUXPEH, HANPHMEP, BO3AYLIHBIX, MPOUCXO-
JUT TpeoOpa3oBaHUE TEIUIOBOH SHEPTUM CPEAbl — MOTCHLIUAIBHOMN
SHEPTHUU JABJCHHUS aTMOC(epbl B KMHETUYECKYIO SHEPIHs BPALICHUS
BUXPCH, a 3aTeM, MOCNIEC pachaja BUXpeh (CMepUci, IUKIOHOB) MPOWC-
XOAUuT BO3BpAT HUX KHHCTUYCCKOM OHCPruu BpalicHUsA B TCILJIOBYIO
sHepruto atmocdepsl. [Toaromy I1.K.Omenkos Obin mpas, yTBepxKaasi,
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910 HOI[O6HI:I€ OpoHcCChl HAAO pacCMaTpuBaTh C TOYKHU 3PCHUA pac-
CCUBAHUSA U KOHLICHTpALUU SHCPTUU.

1.4 CoBpeMeHHO€e COCTOSAHUE KOCMOJIOrMU M KOC-
MOroHUMn

BozHukHOBEHHE COBPEMEHHON KOCMOJIOTHH CBSI3aHO C CO3AAHHMEM
PEIATHBHUCTCKON Teopum TaroTeHust A.JiHmreiiHa B 1913-1917r.
[11]. Ha nepBom 3Tame pa3BUTHS PEISTUBUCTCKON KOCMOJIOTHH TJIaB-
HOC BHHMAaHHEC YACISIOCh TeOMETpur BCeneHHO# — KpHBH3HE MpO-
CTPaHCTBA-BPEMCHH U 3aMKHYTOCTH IpocTpaHcTBa. Ha BTOpoM sTame
paboramu A.®puamana [13] Obuto MOKa3aHO, YTO HMCKPUBJICHHOEC
MPOCTPAHCTBO HE MOXKET OBITh CTALIMOHAPHBIM, YTO OHO JOJKHO pac-
IIUPSATHCS WA CKUMATHCS, YTO OBLIIO IPU3HAHO 32 UCTHHY TOCTE OT-
kpeitust B 1929r. 2.Xa00mom «KpacHOro CMEIIECHUs» CICKTPOB JAa-
JCKUX TalakTHK. TpeTuil 3Tam HAYUHACTCS MOMACISIMH TOPSUCH»
Bcenennoit (2-1 monosuna 40x romos, I'.I'amos) [14]. OcHoBHOE
BHUMAaHUC TENephb NepeHocutest Ha ¢u3uky BceenenHolt — cocrosiHue
BeLICCTBA U (DM3MUYCCKUE IMPOLIECCHI, MAYINHC HA Pa3HbIX CTAIUIX
paciuupenust BeeneHHO#, BIrOUast HAanboIee paHHUE CTAIUH, KOraa
COCTOSIHUC OBLITO HEOOBITHBIM.

B coBpemennoii kocmoeonuu [3, 15-21]paccmarpusarorcst pas-
JMYHBIC MOJCIH MPOUCXOXKICHUS U 3BOJIOLMHU IUIAHET, 3BE31 U ra-
JaKTUK. 31eCh BBLABUTAIOTCS PA3IMYHbIC TMIIOTE3bI, OCHOBHBIMH W3
KOTOPBIX SIBIISIFOTCSI KOHLICTIMN KOHLICHTPALIMU TIEPBOHAYAIBHO JH(]-
(by3HBIX Ta3a U MBLUTH, O MPOUCXOKACHUNA KOTOPBIX HE TOBOPHUTCS HH-
4Ero, a TaKKe KOHIICTIHS Pachaja HaXOSLIErocs B HEKOTOPBIX 00-
JacTSAX MPOCTPAHCTBA <«CBEPXILJIOTHOr0» BEINECTBA, KOTOPOE M CIY-
JKUT MATCPHATIOM [Isi 00pa30BaHMs TaJaKTHK U 3BE3[, O MPOUCXOXK-
JICHUH 3TOTO BEINECTBA TAKXKE HE rOBOpUTCS Hudero. Hampumep, cy-
IIIECTBYET HECKOIBKO THIIOTE3 O MPHYMHAX UCIYCKaHMS rasa sapamu
ragaktuk (cm., Hanpumep, [15]). CyTh UX CBOZUTCS B OCHOBHOM K
TOMY, YTO B spaxX TaJaKTUK MMEETCsS OOJbLIOC YMCIIO 3BE3X WM
OonpIuas mMacca, pacrnaj KOTOPOH M BEJET K MCTCUCHHIO ra3a U H3Iy-
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yeHusiM. CyIIeCTBYET TakkKe MPEANOIOKCHHE O TOM, YTO B LICHTPE
Sapa UMEETCS TaK Ha3blBacMasl YepHas ObIPa, OJHAKO 3TO MPEAIOO-
JKCHHUE VKE HUKAK HE BSDKETCS ¢ (DAKTOM HCTCUCHHS ra3a U MOXKET B
JY4LIEM CITydae ONPaBAATh HATHYIHE SJICKTPOMATHUTHOTO U3TYUCHUS.

N3noxxeHHBIE TUHOTE3bI MPEICTABIIFOTCS BECbMa HCKYCCTBCHHBI-
MU, TIOCKOJIbKY OHH MOAPAa3yMEBAIOT HEKOTOPBIC HEOOpATUMBIE MPO-
ueccel. KpoMme Toro, Hamuuue B sigpax ranakTHK CBEPXILIOTHBIX 00pa-
30BaHUM, CKOIJIEHUM 3BE3J MJIM YEPHOM ABIPHI, B CBOIO OUEPEAD, TPE-
OyeT OOBSCHCHMS MPUYMH HX HAXOXACHUS WM TOSBJICHHUS B JTHX
sIpax.

B coBpeMeHHOI KOCMOJIOTHH MPHUHITO HECKOIBKO TUIOBBIX O0B-
SICHEHHMI HAOMI0qaeMBbIX sIBJIeHUH. K HUM oTHOCATCS:

— «KpacHoe cMeIIeHHE» CIEKTPOB JANCKUX TalakTHK, KOTOPOE
OOBSICHSICTCS TOJIBKO KaK Pe3y/bTarT MOMmIepoBcKoro 3¢dexra pasde-
raHvsl TAJIAKTHK U pacupeHus BeeaeHHOM; apyrue BO3MOXKHBIC 00b-
SICHCHUSI HTHOPUPYIOTCS;

— B3PBIBBI TAJIAKTHK WIH UX SACP KaK MPUYUHA MOSBACHUS IIHPO-
KHX SIPKHX TI0JI0C CIICKTPOB;

— TOPMO’KCHHUE B MATHUTHOM ITOJIC 3JICKTPOHOB KaK MPUYMHA HETC-
IJIOBOTO M3TYYCHHUS, & TAKXKE HEKOTOPBIC APYTHE.

Ilo MHEHHIO COBPEMEHHBIX KOCMOJIOTOB, BCE TPH YIIOMSHYTBIX
BBILIIC Mapagokca — (POTOMETPUICCKUIA, TPABUTALIMOHHBIN U TEPMOIH-
HAMHYCCKUN Pa3pemaroTcsi, €CIM NPUMEHUTh K KOCMOJIOTHH TEOPHUIO
OTHOCUTEIBHOCTH JHHINTEHHA, B KOTOPOH YACICHO BHHMAHHE KpU-
BH3HE NPOCTPAHCTBA-BPEMEHH, Onaroaaps ueMy BceneHHas 3aMkHyTa
cama Ha ce0sl, a TakKe ec HE CTALIMOHAPHOCTH, OTKPBITOH COBETCKHM
¢uzukom OPpuamanom B 20 roxel mpourioro cronerus. PaboTer
OpuamMaHa MOMyYHIN MPU3HAHKE TOCNIE Toro, kak B 1929r. amepu-
KaHCKHI acTpoHoM Xa001 oTkpsL1 3akoH <«KpacHOrO CMEIICHUS»
CHOCKTPOB [JANCKUX TalaKTHUK. OKAa3aloCh, YTO CIEKTPHI TaNaKTUK
CMCLICHBI B CTOPOHY KpPacHOH 4YacTH, IpUYeM TeM OOJbIIe, 4YeM
Janplie OT Hac Haxomarcs 3Tv ranaktuku. Otcroga ObLl caenaH Bbl-
BOX O paciiupeHUH BceleHHOW B pe3yabTare Tak HA3BIBAEMOrO
«bopImoro B3peIBaX.
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Cwmeicn Bomemmoro B3peiBa crneayromuii. Korma-to Bceenennas
ObljIa COCPEIOTOUCHA B OAHON Oe3pa3MepHOI TOYKE, HA3BAHHOW CHH-
TYJSIPHOH, 1 nMena 6eckoHewHO Oompinyio mmotHocTh. Ho moTom oHa
B30pBajach, U ¢ TEX MOP BCE CLIE PA3JTICTACTCS BO BCE CTOPOHBI, YTO
SKCIEPHUMEHTAIPHO M moATBepkaacT «KpacHoe cMmemeHne» Criek-
TpoB. bonbioit B3peIB — akT pokacHUS BeeneHHo# mponsoren mpu-
mepHo 15-20mmpa. mer Tomy Hazax. [loka uro mporiece uaer B oaHy
cTopony. Bo3morkHo, uTO uepe3 HekoTopoe BpeMs Beenennast HauHeT
CKMMAThCS M CHOBA COOEPETCSl B CHHTYJLIPHYIO, T. €. O€3pa3MEpHYIO
TOYKY, & MOTOM CHOBa B30pBeTcs. Toraa 3To OyAeT «myIbCHPYOLIas»
Bcenennas. Ho moxa 3To HesicHO.

B coBpeMeHHOI KOCMOIOTHYECKON TUTEPATyPE MHOTO BHUMAHHS
yaenseTcs mporeccaM, MpOUCIISAIM BO BceleHHO# B mepBbie MO-
MeHTBl mocie BspeiBa [3, ¢. 257]- uepe3 KOpoTkoe Bpems MOCIE
B3priBa —uepes 1 ¢, uepes 1 mc u gaxe yepe3 1 mxe. Ho cocrosinue
Bcenennoit 10 BapeiBa, ckaxkem, 3a 1 ¢ no BapeiBa, He paccmarpuba-
eTcs, TaK KaK CYUTACTCS, YTO 3TO OECCMBICICHHO: CaMOW KaTeropuu
BPEMCHH TOTJa HE CYLICCTBOBAIIO, TOCKOIbKY HHKAKHX MPOLIECCOB HE
0b10 BOOOIIE. OTCYET BPEMEHH HCUHCISCTCS TONBKO C MOMEHTA
Bonpmoro B3peis. TeopeTnku cunTaroT, YTO MACS PACIIUPSIOMICHCS
Bcenennoil mo3BonmiIa paspeliuTh BCE YHOMSHYTHIC MapagoKCHI,
BIIPOYEM, JJIsl Pa3peliCcHUs] TEPMOAWHAMHYECKOTO MapajoKkca 3Tou
UACH OKa3zanoch HexoctatoyHo. [losTomy mpuBnekaercst ZOMONHU-
TEMBbHOE OOBSCHEHHE, B COOTBETCTBHU C KOTOPBIM JTI00ast CKOb YrOX-
HO Oombnast yacte BceneHHOW HE SIBNSETCS 3aMKHYTOW, W IOTOMY
BBIBOJ O HensOe:kHocTH «IerioBoii cmepTu» HeBepeH. pasaa, Takoe
paccykacHue MPOTUBOPEUUT UACE O 3aMKHYTOCTH BcelneHHOM, BhITe-
KaroLIeH U3 TEOPUU OTHOCUTEIBHOCTH, HO 3TO HE TaK BaXKHO, KaK IO-
JararoT BCE T JKE TCOPETHKH. 3aTO OCTANbHBIC JBa MapaJoKca paspe-
LIAFOTCS BIOJIHE YCIICIITHO.

B nenom ke Best Beenennas omHopoaHa M n3oTpomnHa. 1o 6a3u-
pyercs Ha IByX mocryiarax [3, ¢. 256]:

Hocrtynar 1. HamnyummM ommcaHueM TIpaBUTALMOHHOTO MOJIS
SBIIIOTCS. YPAaBHCHHsI JUHINTECHHA, OTKYZAa M BBITCKACT KPUBH3HA
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MPOCTPAHCTBA-BpeMeHH. (DTUM moCTYIMpyeTcs (DakT, YTO JTydIne
DUHIITCIHHA Y)KE HUKTO M HUKOT A HUYETO MPUAYMATh HE CMOYKET).

Hocryaar 2. Bo BeenenHol HET KakuX-1u00 BBIACICHHBIX TOUYCK
(omHOpOaHOCTH BCeneHHOI) 1 BBIACICHHBIX HampasieHui (31ech To-
JK€ BCE SICHO: HUKTO HE MHTEPECYCTCS, CYLICCTBYIOT U TAKHE BBIIC-
JICHHBIC HANPABJCHUS, Pa3 B COOTBETCTBUU C IMOCTYJIATOM WX HET,
3HAYWT, ¥ UCKATh HE HAJO).

OpxHako €CTh €IIC U TPETUH MOCTyJaT <«ropsucii» BceeneHHoi, B
COOTBETCTBUM C KOTOPBIM MHPU OYCHb MAJIBIX 3HAYCHUSX HHTCPBANa
BPEMCHHU OT «Hauana» BceaCHHO# HE MOTJIH CYIIECTBOBAThH HE TOIBKO
MOJICKYJTI U aTOMBI, HO ¥ aTOMHBIC sIIpa, CYIIESCTBOBA/IA JIUIIb CMECh
pasHbBIX 3eMeHTapHbIX Yactuil. Ilpu 3tom mnpu t = O mmotHOCTB
Bcenennoit Obiia OECKOHEYHO BEIHKA, U BCS OHA ObLIa COCPEI0TOUC-
Ha B 0OC3pa3MCPHON <CHHTYISIPHOW» TOYKE MPOCTPAHCTBA, a YEpe3
0,01 cexynay mocne «bosbIIoro B3pbsiBa» MIIOTHOCTh yraia g0 10t
riem®, OO6cyskaaroTcst MoJeu OTKPbITONH BCeeneHHON u 3aMKHYTOM
Bcenennoii. B nepsoit mogenu pacmmpenne BeenenHoH MoOXeT mpo-
HCXOAUTh OSCKOHEYHO, BO BTOPOU — PACIIUPECHUE MOKET CMCHHUTBHCS
cxarrieM. Hu o mpuannaax «bosbioro B3peiBa», HA O TOM, 4TO OBLIO
JIO 3TOT'O B3PBIBA, COBPEMCHHASI KOCMOJIOTHS HE TOBOPUT HUYETO.

Ecnu x aToMy 100aBUTH, UTO ypaBHEHUSI DWHINTCHHA MPU PABCH-
CTBE HYJIIO KOCMOIIOTMYCCKOTO YjICHA A MPHUOOPETAIOT MPOCTOU BH,
TO 3TO, KaK pa3, ¥ CBUACTCIBCTBYET O MPABUIBHOCTH U KPACOTE TEO-
pun DHHIITEHHA.

KocMmonorunueckas noctossHHas A BBeaeHa DiiHmreiinHoM B 1917T.
B CBOM YPABHCHUs, YTOOBI 3TH YPABHCHHS MOIJIH HUMETh PEIICHUE,
OMMKCHIBAIOIICE CTALMOHAPHYIO BCeeHHY 0, U yI0BICTBOPSIIN TPeOO-
BaHUIO OTHOcuTenbHOCTH HHepuuu. [lpu A < O3ty cumel obecrmeyn-
BaIOT OPUTSDKECHUE Mace, a mpu A > 0 —oTTankuBaHue, BO3PACTAIOIICE
C YBGIIMYCHHUEM PACCTOSHUS, a HE yObiBaromiee! DU3nueckuii CMBICIT
BBCACHUS KOCMOJIOTMUYECKOM MOCTOSIHHOM 3aK/II0YACTCs B JOMYIICHUN
CYLIECTBOBAHMS OCOOBIX KOCMHYECKHUX CHII, MMPUPOJA KOTOPHIX HEH3-
BECTHA, HO 3TO W HEBAXHO.

IMockonmeky TpeOoBaHuE cCTarMOHApHOCTH BcenmeHHOW oTmano B
CBSI3U C OTKPBITHEM pasderaHus rajaktuk, To JhHmrTeitH B 1931r.
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OTKa3ajICs OT KOCMOJIOTHYCCKOM MOCTOSIHHOM, KOTOpas M0 CHX IOp
CUMTACTCS MPUOIUKCHHO PABHOM HYJIO, XOTS JOMYCKACTCS U Apyras
BO3MOKHOCTh: KOCMOJIOTHYECKAs MOCTOSIHHAS KpalHEe Maa, HO BCE
JKE HC PaBHA HyIIO McocTaBsier A ~ 107°° ev 2.

B coorserctBun ¢ mpeacrasiacHusmu OOmieli TEOPUU OTHOCH-
TENBHOCTH TMOJHASI Macca BcenmeHHON KOHEYHA M OMPEACISICTCS BBI-
pakenuem [11 (1917)]:

R V32
M= 2n°R’ = 4r° — = — (1.2)
X xp

3mech R — pamuyc YeTBIpEXMEPHOrO MPOCTPAHCTBA 3aMKHYTOU
Beenennoit. Ipu A =~ 10> e R = 3-1G" om.

Oitaurreitn ormedaet [3, 11], 4To monoKuTENbHAS KPUBH3HA TIPO-
CTpaHCTBa, OOYCIOBICHHAS HAXOASALICHCS B HEM MaTepHeH, momyda-
€TCS U B TOM ciay4ae, eciu A = 0, u 9To moCTOsIHHAsT A HY»KHA IS TO-
ro, 94ToObl 00ECHECYUTh KBAa3HCTATHUYECKOE PACTIPEACICHHE MaTCpHH,
COOTBETCTBYIOIIEE (PAKTHISCKAM CKOPOCTSIM MEPEMEIICHUS 3BE3 .

Ha >t10i1 ocHOBE B COBpEMEHHON KOCMOJOTHH PAacCMaTpHUBAIOTCS
ryiaBHBIM 0oOpa3om aBe mojaenu Bcenenuoii. B oaHON ux HUX KpH-
BHM3HA IPOCTPAHCTBA OTPHUIATENBHA WM B Ipejene pasHa Hymro. [Ipo-
CTPAaHCTBO OECKOHEYHO, BCE PACCTOSHHS CO BPEMEHEM  Heorpa-
HUYCHHO BO3pacTaroT. JTO TaK Ha3blBacMas OTKpbITas MoJAcib. B
JpYrol — 3aMKHYTOM MOJACIHM KPUBU3HA MPOCTPAHCTBA IONOXKHUTE-
JbHA, MPOCTPAHCTBO KOHEYHO, HO CTOIb JK€ OE3rpaHHYHO, YTO U B OT-
KPBITOM Mozenu. B aTol Mozxenm pacumimpeHne cO BpEMEHEM CMEHU-
Tcsl cxarneM. HavanpHble craguu 4t 00enx MoJeleH OANHAKOBBI —
JOJDKHO CYLIECTBOBATh OCO00E HAYATIbHOE COCTOSIHHE ¢ OCCKOHEUHOU
IJIOTHOCTBIO Macc M OCCKOHEUHOW KPUBU3HOW MNPOCTPAHCTBA U
B3PBIBHOE, 3aMEIJISIOINEECS CO BPEMEHEM, PACIIHPEHIE.

CymiecTByeT emie U TPETHH BapHaHT — BapHaHT «ropsucii Bcee-
JICHHOM», MPEAIONaratoniii BBICOKYI0 HAYaJIbHYIO TEMIIEPATYPY
Bcenennoii, uto Takke sBmasercs mocryiaroM. M3 sToro mocrtymara
BBITEKAET, UTO TP OYECHDb MAJbIX 3HAYCHUSIX HAYAIBHOTO BPEMEHH HE
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MOTII CYILICCTBOBATh HE TOMBKO MOJEKYJBI WM aTOMBI, HO JaXKE U
ATOMHBIC SApa: CYLIECTBOBATA JHIIb HEKOTOpPAs CMECh Pa3HBIX 3e-
MEHTAPHBIX YaCTHL, BKITIO4ast (POTOHBI U HEHTPHHO.

Ecnu B caMblii «Ha4a bHBIA MOMEHT, T.¢. pu t = O mIoTHOCTE p =
o0, 10 yke mpu t = 0,01c¢. MI0THOCTh CHIKACTCS JO 3HAUCHUS P = 10"
r/em®. B cratee «Kocmomorms» [3, c¢. 257] Haam mmmer, uro
«...HE3HaHHE TOrO, YTO MPOUCXOJWIO MPH IUIOTHOCTSX, HAMHOTO
TIPCBBIMAONINX SACPHYIO (3a mepsbie 10 ¢ pacimipenns), He Memaet
Jgenate Oonee MM MEHEEe JOCTOBEPHBIC CYXICHHS O Oonee Mmo3THUX
coctrogHuAX, HaumHast ¢ t = 0,01c».

OCHOBHBIMH HAOTFOAATCTIBHBIME  (haKTaMH, MOATBEPIKAAFOIIUMU
HE CTAllMOHAPHOCTh BcelaeHHOW M TO, YTO OHA ropsyasi, CUUTAIOTCS
kocMonoruueckoe «KpacHoe cMerieHne», oTkpeitoe Xadomom B 1929
r., 1 otkpeiToe B 1965 r. penukroBoe paamomsmydenue. M Tompko
KPHUBH3HA MPOCTPAHCTBA HEMOCPEACTBCHHO HE MOANACTCS H3MEpe-
HUIO, HO U OHA OmpeAeicHa KOCBeHHO. [Ipu 3ToM cpegHss MIOTHOCTb
CBeTsIIErocs BerecTsa okasamack pasHoil 10°-10%° r/em®. Ho Tax
KAK KPUTHHUECKAs CPEAHss MIOTHOCTh cocraBmser 6-10°%° r/em®, To
HEITb3sl TOYHO CKa3aTh, kakoBa BceeneHHast — OTKpbITasI, T. €. pacIuupsi-
fomascsl Oe3rpaHUYHO, WM 3aMKHYTasl, T. €. OHa HAYHET Yepe3 HEKO-
Topoe BpeMsl cxxumathbest. Ho Bee, 4To kacaeTrcst MpoIioro, scHo.

B mpouecce mpopaGoTKu COBPEMEHHOW KOCMOIOTHH BO3HUKIH
HEKOTOPBIC TEOPETHYECKUE TPYIHOCTH, HATPUMEP, OTCYTCTBHE TEO-
PHH AN U3YYCHUSI COCTOSIHHS BELIECTBA CO CBEPXBBICOKOW ITOTHO-
CTBIO, HAXOXKACHUE MATEMATHKH TSI H3YUCHUS COCTOSIHHS BEIECTBA C
OCCKOHEYHON IIOTHOCTHIO, MOTPEOOBATIOCH OOOOIICHUE IOHSTHUS
BPEMCHH AJIs1 HOATBEPIKACHUS OECCMBICICHHOCTH MOCTAHOBKU BOIPO-
ca 0 TOM, 4TO K€ Bce-Taku Obito 10 t = 0, 37ech AemaroTcs muinb mep-
Bbiec maru. Hemoctarouno paspabotaHa TOMONO-THSL HMPOCTPAHCTBA-
BPEMEHH, HE COBCEM TOYHO ompeacneH Bo3pact BcenenHoii, He 00b-
SICHEHBI 3apsimoBas cummerpus BeenenHoit, mpeobnaganue BemecTsa
HaJ AaHTHBCLICCTBOM, HET YOCOUTEIbHOW TCOPHH BO3HHKHOBCHUS
3BE3] U rajakTuk U T. 4. Ho 5TO Bce HUKAK HE CKa3bIBacTCI Ha OOIIEi
VBEPCHHOCTH B TOM, YTO OCHOBHBIC NECPECYHCICHHBIC BBIIIC (hyHIA-
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MCHTAJIbHBIC MOMCHTBI PCHICHBI MPABUJIBHO, U KOCMOJIOTUA B LC/IIOM
HaXOAUTCA Ha BCPHOM ITyTH.

1.5. Metacdmsunuyeckme owMbKN cCOBpeMEeHHbIX
KOCMOJOrMU 1 KOCMOIrOHUN

yTBCp)KI[CHI/IC O TOM, 9TO COBPCMCHHBIC KOCMOJIOTHUA U KOCMOTI'O-
HUA HAXOAATCSA HaA BCPHOM ITYTH, BBI3bIBACT 60.]'[]:].[[1/16 COMHCHMUA.

B camom gerne, kak ObLTO MOKa3aHO BBIIIC, COBPEMEHHAsE KOCMO-
JIOrud W KOCMOI'OHUSA TIOCTPOCHBI II0 TUIIOBOMY IIOCTYJIaATUBHOMY
npuHiuny. OHu Ga3HpYIOTCS Ha MOCTYNATaX, KAXKIBIA U3 KOTOPBIX
MOKET U JOJI2KEH 6I:ITI: noABCPIHYT COMHCHUIO.

% k3 MOCTYJIATOB TCOPHUU OTHOCUTCIIBHOCTU BBITCKACT, UTO PACIIPO-
CTPaHCHHE TPABUTALMM MPOUCXOAUT CO CKOPOCTBIO CBETa Kak Ipe-
JICIIBHOM CKOPOCTH PaCIpOCTpaHeHUs T0ObIX curHaios. Ho rpasura-
LHOHHOE B3aMMOJCICTBHE TEI STO HHOE, YeM 3JICKTPOMArHHUTHOC
B3aUMOJCHCTBHE M PACIPOCTPAHCHHE CBOMCTB 3JICKTPOMArHUTHOTO
SIBJICHHSI — CBETA HA IPABUTALIMIO HE mpaBoMepHO. Kpome Toro, B cBoe
Bpemst emne Jlammacom GbLTO MOKA3aHO, YTO CKOPOCTh PACIPOCTPaHE-
HUs TpaBUTALMK HE MEHee, ueM B 50 MITH. pa3 mpeBbIIIAET CKOPOCTh
CBETA, a BCS COBPEMCHHAs HEOCCHAss MCXaHUKA MCXOAMT M3 CTATHYC-
CKHX PacyeToB, TEM CaMBIM, I10JIarasi, 4T0 CKOPOCTh PACIIPOCTPAHCHHUS
IPaBUTALUH HECOM3MEPUMO OoIbIe CKOpocTH cBeta. Ecmm ObI 310
OBIJIO HE TaK, TO 3TO JICTKO OOHAPYKUBAIOCH ObI OTKIIOHCHUEM I10J10-
SKEHHS TUTAHET OT PACUCTHBIX, T.K. Jaxke s JIyHbl mpHeOperats 3a-
nasabIBAaHUCM I'PABUTALIMOHHOI'O MMOTCHIMATIA HCJIb34.

[Mouemy pemeHo, YTO KOCMOJOTMYCCKHE MapaJOKChl HE MOTYT
OBITH PA3PCIICHBI B pAMKAX MPEACTABICHUI 00 OOBIYHOM €BKIIMJOBOM
mpoctpancTBe? Takux ocHoBaHMi HeT. KOHEUHO, €ClTU UCKITFOYUTH U3
PacCMOTPEHHSI CPEAY, 3aIOTHSIOIYI0 MUPOBOE MPOCTPAHCTBO, TO TO-
raa npuaeTcs OOpPOThCS ¢ MapagOKCaMU B MOTHOW MYCTOTE HECBKIIH-
JIoBa mpocTpancTBa. A eciau 3dupom 3apaHee HE mpeHEOperath, TO
OTKPBIBAKOTCSA COBCCM MHBIC BO3MOXKHOCTHU.
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TepmomuHaMUUECKU MAPATOKC BOOOINEC MOKET OBITH MOIBEPT-
HYT COMHEHUSIM caM 1o ceOe. Beap OH KacaeTcst TOMBKO CIIy4acB Mmpo-
CTOro oOMeHa TEIUIOM ABYX TEN pa3muuHod Temmepatypsl. Ho passe
BO BceneHHOIl cymecTByeT TONBKO TaKOro poJa HEProoOMEH M
TOJIBKO HAa YPOBHE OOBIYHOrO Termia? A Kyaa HOJCBAINCh SACPHBIC
PCaKIUK, [MOYEMY OHHM HE YYHUTHIBAIOTCA? A MOYEMy, HampuUMEp, HE
VUUTBIBACTCSl HEHCUEPIAEMOCTh MaTepuu Briuyos? Beap 310 03Haua-
€T, 4TO CYLICCTBYIOT €LIC MHOTHE, HEBEAOMBIC HAM CETOJHS B3aMMO-
neicreust!

A, KpoMe TOro, CYIIECTBYET €ILIc TOYKA 3PEHUS O TOM, YTO BOOO-
Ie TOBOPHUTh O POCTE SHTPONUHU HEBEPHO, a HY>KHO TOBOPUTH O MPO-
Leccax pacCeMBaHU WM KOHLICHTPALWW 3HEPTHH B MPOCTPAHCTBE.
KoneuHo, GONMBPIIMHCTBO MPOLIECCOB CBS3aHO C PACCCUBAHHEM JHEP-
TUU B MPOCTPAHCTBE, B HUX dHTpomus pacrer. Ho, oka3eiBaercs, Cy-
HIECTBYIOT MPOLIECCH KOHLICHTPALMH SHEPTHH, B PE3YIBTATE KOTOPBIX
SHTPOMHUSI YMCHBINACTCS. TakuM MPOLIECCOM SIBIISICTCS, HAMPHUMEP,
mpouecc GopMupoBaHus ra3oBoro Buxps — cMmepua. Cmepu — 310
MPHUPOAHAS MAlIMHA MO nepepaboTke MOTEHIUATBHON SHEPTUU aTMO-
c(epbl B KHHETUYCCKYHO DHCPTHIO ABIKCHUS ra30BBIX MOTOKOB. Ecmu
MHUPOBOE MPOCTPAHCTBO MyCTOE, TO, KOHEYHO, B HEM HET MECTa IS
MOJOOHBIX MPOLIECCOB. A €CH OHO 3aIOJHEHO ra30noAo0HBIM 3¢du-
pom? Torga Takue nponeccel 00si3anbl ObITh. HO 1151 X HaXOXKICHUS
BOBCE HEAOCTATOYHO MAHUITYIUPOBATh a0CTpakTHRIMU (hopMyramu, a
HAJI0 UCKaTh 3TU mporeccel. OHU MOryT OBITh, HAMPUMEP, B sSApax
CIIUPATTBHBIX TAJTAKTUK — UX LCHTPAIBHBIX YacTsaX. 3BECTHO, UTO SII-
pa rajakTvk, MPOCMaTPUBACMbIC HACKBO3b KaK IyCTOE MPOCTPAHCTBO,
KaKHM-TO 00pa30M T'CHEPUPYIOT BEIICCTBO B BHJAEC NPOTOHOB, 00IIAs
Macca KOTOPBIX B roj pasHa momytopa maccam Connua. B paifionax
SAep TaJaKTUK MAKCHMAalbHAs IUIOTHOCTh 3BE3Jd, KOTOPBIC W3 STHUX
mpotoHoB obOpasyrorcsa. Kak sto mpomcxoant? Henp3st nu mpencra-
BHUThH 3TOT MPOLIECC TAKUM 00pa3oM, YTO B PE3YIbTATEC COYAAPCHUS
JBYX 3aKPYUYCHHBIX CTPYH 3(Hpa, KOTOPHIA MOCTYIACT B SAPO IO
JIBYM CHHUPAIBHBIM PyKaBaM TaJaKTHKH, €r0 CTPYH COYIAPSIOTCS, U4TO
MOPOXKIAET BUXPHU 3(Upa, a 3TH BUXPHU JCIITCA U CAMOYILIOTHSIOTCS,
HEMPEPHIBHO YMEHBIIASICh B pa3vepax. B pesymprate sToro m obpa-
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3YIOTCSL MPOTOHBI — BUHTOBBIC TOpouaanbHbiC Buxpu 3¢pupa. [lpu
CKaTHX TETa BUXPS B CHIIY HOCTOSHCTBA MOMCHTA KOJHMYECTBA JBH-
SKESHHSI CKOPOCTh Ta30BbIX MOTOKOB BO3PACTACT, SHCPTUS UX YBCIMIH-
BACTCS 3a CUCT MEPEX0Aa MOTCHIMAIBHON SHEPT UM AaBacHUs 3dupa B
KUHCTHYCCKYIO DHCPTUI0 ABIDKCHHUS 3(upa B TEIC BUXPS, dHCPrUs
BHUXpsI pacTeT. ITO M €CTh KOHICHTpAIUs 3Hepruu. BroaHe mpaso-
0J00HAas TUIIOTE3A.

To e kacaercs u napagokca Ille3o-Onbbepca. Hamuune «Kpac-
HOTO CMCIICHUS» BOOOIIE CHUMACT BOMPOC C MOBECTKH JHS, TAK KaK
HEOO yKE HUKAK HE MOXKET OBITh OJHOPOJHO SIPKO-OCIIBIM: BEAb CBET
OT JAJIbHUX rallaKTUK MOKPACHEET, a OT OYCHb JAJICKUX OH OYICT YK
uH(ppakpacHbIM, HE BUAUMBIN ra3y. BoT u mojgy4aercs ta KapTHHA,
KOTOPYIO MbI HAOTFOACM.

Camo «KpacHoe cMeIeHHE» BOBCE HE 0053aTEIbHO €CTh PE3YJIb-
Tar «pa3deraHus» rajakTHK. JTO JHUINb OJHO U3 MHOXKECTBA BapUaH-
TOB 00BsiCHCHMSI. M TIPIDKUIOCH 3TO «OOBSICHCHHE» TOJBKO MOTOMY,
YTO OHO BBITOJAHO TOCIIOJACTBYFOIICH HAYYHOW IIKOIC PEISATUBUCTOB.
Ho cymecTByeT MHOKECTBO M APYIMIX HE JOINICPOBCKUX BapUAHTOB
o0bsicHeHumit aToro «KpachHoro cmernenus». OQHO U3 HUX YTBEPXKAA-
€T, YTO IIOKPACHEHUE» CICKTPOB CBI3AHO C MOTEpEl (hOTOHAMH CBO-
¢l PHEPruu Mo MEPE MPOJABMIKCHUS B pocTpancTe. Ecnu qomyctuTs,
49TO 3()UP UMEET HEKOTOPYIO BSI3KOCTh, a (DOTOHBI — 3TO BUXPCBBIC
oOpasoBanust TOro k¢ 3¢upa Tuna «ropoxkexk Kapmana» B ruapome-
XaHHUKE, TO BCC OOBACHACTCS OYCHD MPOCTO: IO MEPE MOTCPU SHCPTUH
JUAMETPBI BUXPEH YBEIMYUBAIOTCS, PACCTOSHUS MCEKIY BUXPSMH B
(hOTOHE, YBEIUYMBAKOTCS 3TO U €CTh YBEIUYCHUE JUIMHBI BOJHBI, T. €.
«rrokpacueHue» (porona. Ha takyro BO3MOKHOCTH B CBOC BpeMs 00-
paian BHUMAaHUE aHTTUICKUi yueHblit Buabsm Tomcon (mopa Kemn-
BUH). A xorma GOTOH MOTEPSCT SHEPTUN CAUIIKOM MHOTO, OH HE MO-
JKET JAjIee CYIISCTBOBATh KAaK CIUHAS BUXPEBAsS KOHCTPYKIUS U pas-
BaJIMBACTCS HA YACTH. ITO U €CTh PEIMKTOBOC m3nyucHue. Ho cye-
CTBYIOT CIIIC U UHBIC BAPUAHTHI OOBSICHCHUI TEX JKC SIBJICHUA.

Uro kacaercs mapazokca Heiimana-3emurepa, To u 31ech Ha Oc-
HOBaX KOHLECMIUU d(upa HAXOMATCS MPOCTHIC M HAJACKHBIC OTBETHI.
Ho uto0bl X MOHATH, HYKHO BCIOMHUTBH, YTO 3aKOH BCEMHPHOIO
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TATOTEHHUSI HUKOT1a HE ObLI BhIBEACH HBIOTOHOM u3 Kakoi-11ub0 du-
3UYECKON MOAETH. JTOT 3aKOH — BCEro JHIIb 0000IICHUE MaTEeMAaTH-
YCCKUX 3aKOHOB HEOCCHOW MEXaHWKH, BBIBCACHHBIC Kemmepom, kak
AMMPOKCUMaN L Ha6HIOI[eHHﬁ 3a IOJOXXCHUCM HCECKOJBKUX IIJIAaHCT
ConHevHOI crCTeMBI, TPUYEM, AMMIPOKCHMALTHUS TPOCTEHINAs, XOTSI IO
TEM BpeMeHaMm u HambOonee TouHas. OIHAKO HA MEK3BE3IAHBIC pac-
cTosiHust 3akoH HproTOHA pacmpocTpaHeH 0e3 0COOBIX OCHOBAHUIM,
MPOCTO B CUITY OYEBUAHOCTH.

Ha camom neme, 3akOH BCEMHPHOTO TSTOTCHUS JOJKCH BBIBO-
AUTHCA U3 (bHSHQCCKOﬁ MOACIN rpaBUTALIUN, a MOCKOJIBKY I'paBUTa-
st ACHCTBYET BO BCEM MHPOBOM IPOCTPAHCTBE, KOTOPOE HE MOXKET
OBITH MYCTBIM, TO 3TOT 3aKOH HY>KHO BBIBOAWUTH W3 Hauboiiee 0OIMX
(dhopm aBuxKeHUS 3QHUPa, 3AMOTHSIIOMETO MUPOBOE IIPOCTPAHCTBO, MO-
CKOITbKY TpaBUTALUS JACHCTBYET MOBCEMECTHO. Takoil HamOomee o0-
e dopmoii seisiercs auddy3ronHas Gopma, caeI0BaTCIPHO, MOXK-
HO TPEArnojaraTh, YTO IPABUTALMS €CTh CIEICTBHUE TepMoIuddpy3u-
OHHBIX TpoLEeccoB B adupe. U Takast Moeap B HACTOSIIEE BPEMs CO3-
JaHa.

Kax BeisicHMITOCH, BUXpH 3(Upa, Kak U BUXPHU JIOOOro raza — 6o-
Jiee XOIOAHBIC 00pa30BaHUs, HEXKEIH OKPY)KAOIIUIT UX ras3, 4TO U BbI-
3pIBaCT TEPMOAN(PGHY3MOHHBIE MPOLIECCHI B OKPECTHOCTSAX BHUXPCH.
BriBox 3akoHA OPUTSOKCHUS HA TAKOW MOACITBHONH OCHOBE HMPHUBOJUT K
¢bopmyne HproToHa, OXHAKO C HEKOTOPBIMH ITOMPABKAMH, KOTOPBIC Ha
6OJ'II:H.II/IX pacCTodIHUAX TPUBOIAAT K CYHICCTBCHHOMY YMCHBIICHUIO
CUJI TpPpaBUTAHUOHHOTO HNPUTSKCHUA, YCM 3TO BBITCKACT W3 3aKOHa
Herorona. A B 3TOM ciydae MecTa [JUisi Mapagokca HE OCTAaCTCs.
3BE3OHBIC CHCTEMBI M3-3a OOJBLIMX PACCTOSHUA MEXKIY HUMHU MPOCTO
TPaBATALMOHHO U30JIHPOBAHBI APYT OT APYTa.

MOo>XHO OCTaHOBUTBLCS M Ha APYTUX HATAXKKaX COBpCMCHHOﬁ KOC-
MOJIOTrHuu. HaHpHMep, CaMO TIOHATHUC MCTarajJJaKTUKU MHpcArojgaract
HAJIMYUE y HEC TPAHUIl. A TPAHULBI OMPEICICHBI 30HOH BHIUMOCTH
coBpeMeHHbIX Teneckonos! Hy, a ecnu B Oyaymem OyayT yayqIneHbI
TEJIECKOIIBI, TOTAA YTO, TPAHUIIBI MCTATATAKTHKU PACIIUPITCI? A ec-
JM y4ecTh TOT (aKT, YTO U3-3a MOTEPh IHEPTUU H3-3a BI3KOCTH ddupa
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(OTOHBI OT AAJICKUX MUPOB A0 HAC MPOCTO HE JOJICTAOT, TO, YTO ITO
3HAYUT, YTO UX, ITUX MUPOB, BOOOIIE HE CYLICCTBYCT?

Takum 00pa3oM, COBPEMEHHAsI KOCMOJIOTHsI OMMUPACTCS Ha HAIY-
MAaHHBIC TTOCTYJIaThl U JIOMUTCSA B OTKPBITBIC BOPOTA TaM, I'’IC 3TO HC
TpeOyercss. OHa oTBepracT MHOObIC MOMBITKUA Pa30OHpaTenbCcTBaA B CY-
ecTBe (hU3MICCKUX MPOLICCCOB, MPOUCXOASINUX B KOCMOCE, B YTOAY
rocroacTByroei OO0Iel TCOPUH OTHOCUTEIBHOCTH DUHINTCHHA.

To >xe MOXKHO cKa3aTh M O COBpEMEHHOH kocMoronuu. OHa M3Ha-
YaJIbHO B OCHOBY IPOHUCXOXACHHSA BCCX MaTCPUAIbHBIX O6’BCKTOB, B
TOM YHCIE U HEOECHBIX Ten moaoxkuiaa uacto OOmiel Teopruu OTHOCH-
TEABHOCTH — UACI0 «BONBIIOro B3pEIBa», U MOITOMY 00JaJaCT BCEMU
MOPOKaMH COBPEMEHHOU KOCMOJIOTHH.

1.6. MeTogonornyeckue owWmnOKN COBpPEeMeHHbIX
KOCMOMNOrMM U KOCMOIrOHUU

Bcest Tak HaspiBacMasi TCOpHS COBPEMEHHBIX KOCMOIIOTHH M KOC-
MOTOHHUH TPEACTABISIET COO0M HMICATHCTUYCCKYI0 CMech MeTadu3u-
YECKOTO Y3aKOHHMBAHUS TaK HA3BIBACMBIX «XOPOILIO YCTAHOBIICHHBIX»
HECKONBKHUX (PH3MYCCKHUX <GAKOHOB», BONBHON TPAKTOBKH OMBITHBIX
(baxToB 1 HUYEM HE OrPAHUYCHHON (haHTa3MK aBTOPOB «reopun» [21].

IIpencraBiaeHus: COBpeMEHHONH KOCMOJIOTHH M KOCMOT'OHHU U pac-
YETHI, CACTAHHBIC ACTPOHOMAMH OTHOCHTEIBHO TaJIAKTUK, OCHOBAHEI
Ha HECKOJBKHX MOJIOKCHHUAX, KOTOPBIMU SIBIISTIOTCSI MIPEACTABICHHS O
TOM, YTO:

1. Bcenennas Bo3HukIa B pesyiprare «bompmoro B3priBa» 6e3-
Pa3MEPHOU CHHTYISIPHON TOYKU, B KOTOPOH ObLIa COCPEAOTOUCHA BCS
Mmacca Oyaymeii Beenennoit, uro Beitekaer nz OOImei Teopuu OTHO-
curenbHOoCTH A.DWHINTENHA;

2. TlocraHoBka O TOM, KAaKOBBI OBLIM MPOLECCH 1O MOMCHTA
«bompioro B3pbIBa» OECCMBICICHHA, T.K. BPEMs, KaK TAKOBOE, OTCYT-
CTBOBAJIO



40 T1aBa 1.

3. Bcenennas pacmmpsiercs, 0 4yeM cBuAeTenbcTBYET «KpacHoe
CMELICHNE» CIEKTPOB JANCKUX TaAKTHK B COOTBETCTBUH C 3aKOHOM
Xabb6ma;

4. B KOCMUYECKOM MPOCTPAHCTBE 3Gup — usntieckas cpeaa otT-
CYTCTBYET;

5. B3anmMopneiicTBrE T MPOUCXOIUT HEpe3 MYCTOE MPOCTPAHCT-
BO, HA3BIBAEMOC «(PU3HMUCCKIM BAKYYMOM>;

6. 3akon BcemupHoro taroreHus HproToHA pacmpocTpaHsercs Ha
CKOITb YTOIHO OONBIINE PACCTOSIHUS,

7. Hukakoro BNHSIHUSL Ha CBET, MAYIIWI OT JAJCKUX 3BE3I U ra-
JAKTHK KOCMHUYECKOE MPOCTPAHCTBO HE OKA3bIBACT,

8. Bce sHepreTHueckie COOTHOIICHHS ONPECISIOTCS U3 GopMy-
asl  CreumanbHON Teopuu OTHOCUTENbHOCTH A.JiHInTeHHA F =
mc.

9. CkopocTh cBETa SIBJSICTCSA MPEACIBHON CKOPOCTHIO JIFOOBIX
CHUTHAJIOB, YTO Tarke BbITekaeT n3 CrenuaabHOW TEOPUH OTHOCH-
TENBLHOCTU DUHINTENHHA;

10. CxopocTh pacnpoCTpaHEHUs IPABUTALIMOHHOTO B3aUMOJACHCT-
BUSI PaBHA CKOPOCTH CBETA.

HcxonHple MONOXKEHHUS, KOTOPBIMH PYKOBOJCTBYIOTCSI COBPEMCH-
HBIC KOCMOIIOTHSI 1 KOCMOTOHHS, €CTh IO HUYEM HE OrPaHUYCHHOM
(daHTa3un aBTOPOB, BCC OHU JIOKHBI M HHKAKOrO OTHOLICHUS K pe-
aJbHOM MPUPOJE STH MOIOKEHUS HE UMEIOT.

1. Unes «bompioro B3psIBa» NPOTUBOPECUHUT 3aKOHY COXPAaHCHUU
SHEPTUH, HE YHUYTOXKCHUS M HE co3aaBaeMocTH ABkeHus. O0ocHO-
BaHHe «bompIIOro B3pHIBA» pacmmpeHneM BceneHHOI, moaTBEp-
s)kpaemMoe koObl «KpacHBIM CMEIIEHUEM» CIEKTPOB, HEJOCTATOYHO,
T.K. caMo «KacHOe CMEIICHUE» CIIEKTPOB MOXKET OBITh OOBSICHCHO HE
JOIUIEPOBCKUM 3(ddexToM, a MHOrUMH APYruMHU (QakTopamu, Hapu-
Mep, moteped sHeprum (oronamu. IlpuHsatue 3a oOocHOBaHHE
«bonpIoro B3pbIBa» MOTOXKEHUH TEOPHUH OTHOCHUTEIBHOCTH HEMpa-
BOMEPHO, T.K. cama 3Ta Teopus 6asupyercs Ha 10 mpoH3BONBHEIX MO-
CTynaTax, KaKIblH U3 KOTOPBIX HE HMEET 0OOCHOBAHUSI.
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2. Bpems ectp Mepa IBMIKCHUS, HEIPEPBIBHOCTH MPHYHUHHO-
CIICACTBCHHBIX OTHOLICHUH COObITHIA. OTCYTCTBHE BPEMEHH €CTh OT-
CYTCTBHEC IPHUYHH, IT0 KOTOPEIM MOT ITPOH30HTH «BONBIIOI B3PBIB».

3. «KpacHoe cMmelIeHne» CIIEKTPOB BOBCE HE 00s3aTEBHO CBUAC-
TEMBCTBYET O pacliupeHnu BceeneHHOH, T.K. MOXKET OBITh OOBSICHEHO
MHOTMMU JIpYTUMH (PaKTOpaMu, HampuMmep, motepei suepruu (oro-
HaMH [IPH IPOXOKICHHU HX Yepe3 KOCMUYECKOE MPOCTPAHCTBO.

4. OrcyTcTBHE B IPUPOAE 3upa ecTh BCErO JIHIIb MOCTYNAT, HU-
YeM HE JOoKa3aHHBIA. be3 ¢uanueckol cpedpl, 3amONHSOMEH Bce
KOCMUYECKOH MPOCTPAHCTBO, IEpelava SHEPrHH B3aHMOICHCTBUI
MEXKAY TeTaMU HEBO3MOXKHA.

5. BzanmopeiicTBue TEN Uepe3 MycToe MPOCTPAHCTBO B MPHHLIUIIC
HEBO3MOJKHO, & MPCACTABICHUC B3aMMOJCHCTBUS TET UCpE3 MOHATHUE
TMOJIsI, KOTOPOE €CTh «OCOOBIN BHJ MAaTCPHI», HIYETO HE OOBICHSCT U
HUKaK HE MPOSICHSET, YTO 3TO 32 «OCOOBII BUI» MATCPHUU.

6. Pacnipoctpanenue 3akoHa BceMupHOro taroreHus HproroHa Ha
BCE KOCMHYECKOE MPOCTPAHCTBO HE AokazaHO. Cam 3aKkoH BBIBEICH
Kak 00oOmeHue 3akoHOB HebecHoil mexanmku Kemnepa, mposepeH-
HBIHA TOJIBKO HA HECKOIBKUX TUIAHCTAX.

7. CBeT mpoXOOUT KOCMHUYECKOE MPOCTPAHCTBO, B3aUMOACHCTBYS
¢ xocmuyeckoi cpenor. Eciu 310 3dup, TO CBET TEpsIET SHEPTHIO HA
MPEOJOJICHUE COMPOTHBICHUS 3(QHpPa, YTO HNPUBOIAUT K YBEIUICHUIO
JUTMHBI BOJTHBI.

8. ®opmyna E = mc BBIBEJCHA DUHINTEMHOM TOJIBKO JJI1 CBETA,
U €€ pacIpOCTPaHCHHE HA BCC BUIbI MATCPUHN HEIPABOMEPHO.

9. YTBepikacHUE, YTO CKOPOCTh CBETA €CTh MPEACTbHAS BEIUIHHA
JUTSL CUTHAIIOB 000N (PM3HYECKOI MPUPOBI, HIYEM He 00OCHOBAHO.

10. I'paBuTamyst ¥ 3ICKTPOMATHUTHBIC BOJHBI, KOTOPBIMU CUHTA-
eTcs CBET, 3TO pasHble (U3UUCCKHE SBICHUS, W PACHPOCTPAHCHUC
CBOWCTB CBETa HA rpaBuTaluio HuueMm He obocHoBano. [1.C.Jlammacom
eme B 1787 1. ObIIO MOKA3aHO, YTO CKOPOCTh PACHPOCTPAHCHHUU Ipa-
BHUTAIMU HE MEHEE, ueM B 50 MJIH. pa3 mpeBsIIIacT CKOPOCTh CBETA, U
BECh OIBIT COBPEMCHHOW HAOJIFOAATEIbHOW HEOSCHONW MEXaHHKH 3TO
MOATBEPKIACT.
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Bce xocMmonoruieckre napagokchl MOTYT ObITh OOBSICHEHBI Ha Oa-
3¢ OOBIYHOU (PU3MKH B OOBIYHOM CBKIHIOBOM IPOCTPAHCTBE M PAaB-
HOMEPHO TEKYINEM BPEMEHH.

doromerprueckuii napagokc Ile30-Onpbepca ocHOBaH Ha Haea-
JAu3anpy Tpouecca u3nydeHus. Yke cam ¢akt «KpacHoro cmerne-
HUSD» CHEKTPOB, HAWAECHHBIM, MpaBaa, MOIPKE, TOBOPUT O TOM, UTO
CHCKTPBI JATCKUX 3BE31 OyIYyT CABUHYTH U JANCKUC 3BE3Abl HE OYAYT
MPOCMAaTpPUBAaThCS B ONTHYECKOM auamnasone. Ilorepst sHeprum ¢oto-
HaMH, KOTOPBIC BOBCE HE MPEACTABIIIOT cOO0H HEM3MEHHBIC BO Bpe-
MEHH 00pa3oBaHMs, HEU30CKHO MPUBEAYT K TOMY, YTO OT AATICKHUX
3BE3IHBIX 00pa30BaHMUil CBET MPOCTO He Oyaer gocrurarh Jemian. Cam
ONTUYCCKUI METOJ HAOMIOACHUI HEM30CKHO HAJOKHUT OrPAHUUCHUS
Ha PACCTOSHUE J0 BUAMMBIX OOBEKTOB, HE 3psi B OOMXOJ BBCACH TCp-
MUH «BuauMas BeeaeHnas».

VYka3zaHHbIC (aKTOphl HE CIUHCTBEHHbIC. TakuM 00pa3oM, MOsB-
JICHUE MapagoKca BBI3BAHO TEM, YTO aBTOPAMH U MX MOCICIOBATEISIMHI
HE YUHUTHIBAIACH peaibHas (PpHU3MIecKas KapTHHA MPOLIECCOB. YUET XKe
TOJIBKO 3TUX 00CTOATENbCTB — <«KpacHOro0 CMEHICHUS» U TOTEPU
sHepruu ()OTOHAMH TNPH WX MEPEMCLICHUH B MPOCTPAHCTBE, CBHIC-
TEMBCTBOM 4YEMY SBISETCS TO ke «KpacHoe CMELICHUE», OTHOCTHIO
CHHUMAET MPOOIEMBI «POTOMETPHYECKOTO MAPaTOKCa».

I'paBumerpuueckuii mapamokc Helimana-3emurepa OcHOBaH Ha
uacanu3anyy 3akoHa BceMHpHOro tsiroreHus: Herorona. OgHako cam
STOT 3aK0H Janeko He Oe3rperieH. OH BbiBeaeH HproTOHOM Kak mpu-
YHUHHAaA OCHOBA 3aKOHOB ABHMXKCHUS IIJIAHCT Kermepa, HO CaMHU 3aKOHBbI
Kennepa Obun BBIBEICHBI aBTOPOM Ha OCHOBAaHUU PE3YIbTATOB Ha-
omonenuit Tuxo bpare Tonpko 3a ueTbipbMst mianeramu CONHETHON
cuctembl. BriocaeacTeuu oka3anocs, uro Mepkypuii — camast Ou3kast
k ConHuy maHera, UMEET HEKOTOPBIC HEOOIBINNE OTKIOHCHHS OT
3akoHa Herorona (cmemenvie mepurenus), a [lnyron — camas orna-
JeHHas miaHeTa BeaetT ceOs Tak, Oyaro ComHIle HE HAXOAWUTCS B OX-
HOM Hu3 (OKYCOB 3uturca ero opOuTsl. BrIBoI ke 3aKOHA TATOTECHUS
Ha >QUpoANHAMHYECCKON OCHOBE mokaszan, 4to 3akoH HeroroHa, moc-
TaTO4YHO BCpHLIﬁ A4 OTHOCHUTCIBHO HC6OJ'ILH.II/IX B KOCMHYCCKOM
macmrrabe paccrosiauii (B mpenenax mopsiaka 100-200a.e.), va Gosb-
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IINX PACCTOSHUSAX HAYMHACT MCHSTBCS. CHIBI TATOTCHHS YOBIBAIOT
CYLICCTBCHHO OBICTpEE, YeM KBaApaT PACCTOSHHS. JTO 3HAYHT, YTO
M1aHeTsl npuTsruBarorcs K CoNHIY W APYr K APYry NPaKTHYECKH B
COOTBETCTBHH C 3akOHOM HproTOHa, a 3Be3aBl Mekay coboil He mpu-
TATUBAIOTCS, cpepa 3aKOHA TATOTECHHS OKa3alach OrPaHHYCHHOH, OH
0Ka3alcs He BCEMHPHBIM. A 3TO 03HAYAET, YTO HUKAKOTO OECKOHEYHO
0OJIPIIOr0 IPaBUTALIMOHHOTO MOTCHIHAIA HUKAKUE OTJAICHHBIC Mac-
CBI CO3JaBaTh HE MOT'YT, H I'PABUTALHOHHOTO MapagoKca B MPUPOAC HE
CYLICCTBYET.

Tepmommuaammdecknii mapagoke Kiaysuyca 0CHOBaH BCETO JINIIb
Ha MPEACTABICHUHN O PACCCMBAHUU TEIJIOBOW SHEPTHH B MPOCTPAHCT-
Be. Mexay TeM, CYIECTBYET MPOLECC KOHLCHTPALMN SHEPTUH, COOU-
paHus ee U3 cpelpl B JIOKATBHYIO 00MacTh. JTOT HMPOLIECC OOHAPYIKEH
HEJABHO NPUMCHUTEIBHO K (DOPMHUPOBAHMIO Ta30BBIX BHUXPEH, HaX
CO3JaHHEM W DHEPreTHKOH KOTOPBIX TPYAUTCS BCsl aTMocdepa miaHe-
Tol. [Ipn  dopmupoBannu cmepua gaBneHHeM atMoc(epsl MPOUCXO-
JUT YMCHBLICHUE €0 PaAnyca M KOHIICHTPALUS SHEPTUH, MPH 3TOM
JCHCTBYET 3aKOH MOCTOSHCTBA MOMCHTAa KOJm4uccTBa ABmxkeHUSI. Ko-
HEYHO, 3TOT MPOLIECC HE BEUCH, U mocie GOpMUPOBAHUS CMEPY HAUH-
HACeT TEPATh SHEPTUU M PACcCACHIBATBHCS, BO3BPAIUAs HAKOILUICHHYIO
SHEpPruro0 o0paTHO B aTMocdepy. ITOT mpouecc HUKOTAa HUKEM HE
VUUTHIBAJICSA, HO MMCHHO MOMOOHBIN 3()UPOAMHAMUYCCKUNA TPOIIECC
HMMEET MECTO B siApax rajakTHK, U UMEHHO Omaromapst emy Bcenen-
HAasl CYLIECTBYET BEYHO.

Bce mpouecchl, KOTOpbIE paccMaTpUBAIOTCS KaK MOATBEPIKICHHE
TCOPUH PACIIMPSIOMCHCS BCeaCHHOM, TAKOBBIMU HE SIBJISTFOTCSI XOTSI
OBl IOTOMY, YTO OJWH M TOT K& MPOLIECC MOXKET PACCMATPHUBATHCS C
MO3ULIMH CaMBIX Pa3HOOOpPA3HBIX TEOPUIl M MMETh CaMyl0 pa3HO00-
PasHyI0 TPAKTOBKY MPHYHH, €r0 BBI3BABIIMX. | TABHBIM 3KCIICPUMCH-
TaJbHBIM MOATBEPKACHUEM HMEIOIIETOCs SIKOOBI (haKTa pacIIupEHHUS
Bcenennoii sBasercs «KpacHoe cMmeIneHHe» CHEKTPOB JAIEKHX ra-
ngaktuk. OZHAKO TPU 3TOM YIYCKAETCS U3 BHAY TO OOCTOSATEIBCTBO,
YTO KKABIH KOHKPETHBIH (PakT MOXKET ObITh OOBSICHEH OCCUHCIICH-
HBIM KOJIIMYCCTBOM CITOCO00B, u «KpacHOE CMEIeHHE», MUPOKUE
CHCKTPBI PaMOMN3ITYUCHUS U HETCIJIOBOC M3MYUCHUE HHUKAK HE SIBJISI-
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FOTCSI UCKJTFOUCHUEM. DTO O3HAYACT, YTO BCE 3TH SBJICHHUS HE MOX-
TBEPKAAIOT TCOPHIO, & BCETO JIUIIb HE MPOTHBOPEUAT CH.

CeromHsi mpeacTaBisieTCsi HEOOXOAUMBIM OTICIUTH PE3YIbTATHI
HaOMIOACHUHA W SKCICPHUMCEHTAIBHBIX HCCICIOBAHUI KOCMOCA, KOTO-
pBIC CIEIYET CUMUTATh JOCTOBCPHBIMHU B MpEAENax KOPPEKTHOCTH Ka-
JKIAOTO MCCIICAOBAHMS M HKCIEPUMEHTA, OT TPAKTOBOK U TONKOBAHHMA
STHX JAHHBIX, KOTOPbIE BO MHOT'OM BBI3BIBAIOT HE TOJBKO COMHEHUH,
HO M TOJHOE oTpuuanue. K Takoll moctaHOBKE MPOOIEMBI €CTh BCE
OCHOBAHHSI.

Maremarudeckue (OKYChl CTOPOHHUKOB <TCOPUN» PACLIHPSIO-
meiics BeeneHHOM OCHOBaHBI HA MACANH3AINNA MAaTEMATHIECKOTO all-
napata, MPEBaTHPOBAHUS MATEMATHKH HAJ (PH3UKOI, HITHOPHPOBAHHUH
¢uznueckux mpoueccoB. Ha camom gene 3azava 3akmodacTcs HE B
TOM, YTOOBI HAWTH MATEMATHUYCCKHE BBIBEPTHI, MO3BOISIOLINE B
yiepO (QU3HUIECKOMY CMBICTY MOACTPOUTh TCOPHEIO» IMOJ BBIMBIIII-
JICHHBIC TIOCTYJIATHI, & B TOM, YTOOBI pa300parbcs C peanTbHBIMU (H3H-
YECKHMHU MPOLECcCaMH, MPOUCXOMILMIMMHA BO BceneHHO#, W HalTH
KOHKPETHBIC MEXaHU3MBI, 00CCIICUNBAIOLINE €€ BEYHOE CYIIECCTBOBA-
HUE B OecrpeenbHOM U OECKOHECYHOM MPOCTPAHCTBE.

CoBpeMeHHBIE KOCMOJIOTHS U KOCMOTOHHS SIBIISIFOTCSI PE3yJIbTa-
TOM BONBHOI'O MOCTYIUPOBAHMS M HHYEM HE OMPABIAHHBIX MaTeMa-
THYCCKUX CHCKYISLUH, OHH MPOTHBOPEYAT OCHOBHBIM IOJIOKCHHSIM
JUATCKTHYECKOTO MaTepUann3Ma U HUKAaK HE MOTYT OBITh HMPH3HAHEI
HAYYHBIMH, W, XOTSl HEKOTOPBIC UX MONOKEHHSI 3aCTyKUBAIOT BHUMA-
HUS1, OCOOCHHO TaM, IIC 3TO KAacaeTCsl OMBITHBIX JAHHBIX, B LIETOM HX
COCTOSIHUC HUKAK HEJb3s MPU3HATD YAOBICTBOPHTECIBHBIM.

KocMomorust 1 KOCMOTOHHSI HE MOTYT Jajiee Pa3BUBATHCS HA MPH-
HATOH MMH OCHOBE W BCC MUX OCHOBHBIC MOJIOKCHHSI JOJDKHBI TIepe-
CMaTpHUBATHCS.

CoBpeMeHHBIE KOCMOIIOTHSI 1 KOCMOTOHUSI, OE3YCIIOBHO, BOLLIH B
MPOTHBOPEUHUE C TUATCKTHYCCKIM MaTEPHATN3MOM U OapCcKu KHYaTcs
cBOCH «opuruHambHOCTBIO». CeromHs 3Ta 00nacTe (U3UKU SBISCT
co00ii sIpKuii MPUMEpP KAcAIN3Ma B HAyKe, 00/1a1aET BCEMHU MOPOKAMU
¢duaen3Ma, yTBEPKAAOIIEIO IPUOPHUTET BEPHI HAJ Pa3yMOM, U SIBJIS-
eTcs BIIOIHE AHTUHAYYHOW, MOCKOIbKY OOBEKTHBHO MPEHSITCTBYCT
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Pa3BUTHIO MAaTCPUATUCTHICCKUX MPEACTABICHUN 00 YCTPOICTBE MpH-
poasl. MecTo Takoil KOCMOJIOTMH M TakOH KOCMOTOHHHM — TOJIBKO Ha
CBAJIKE UCTOPUU.

Buvieoowt

1. OcCHOBHBIC TOJIOXCHHUSI KJIACCHYECKOM KOCMOIOTUU OBLIN
chopmymupoBansl M. Herotonom B XVII B. Ilo ero muenuro, Beenen-
Hasi OECKOHEYHA B MPOCTPAHCTBE M BO BPEMCHH, MHAUC TOBOPS, OHA
BeuHa. OCHOBHBIM 3aKOHOM, YIPAaBISIOIINM JBH)KCHHCM HEOCCHBIX
TEl, SBISETCS 3aKOH BCEMHUpPHOro TsaroreHus. [IpoctpaHcTBO HMKak
HE CBS3aHO C HAXOMIIIMMUCS B HEM TEJIaMH, OH MIPACT MACCHBHYIO
pomp <«®MecTHIHIIA» AN HeOecHbIX Ten. Knmaccndeckas mexaHmka
MIpUBENA K MPEJACTABICHUSAM O CTalMoHapHOCTH Bceenennoil. B Heit
MOTYT MPOHCXOAMTH CaMbIe Pa3HOOOPAa3HbIC MPOLIECCH, HO B LICIOM
OHa BCErJa COXPAaHSIETCSl OAHOU U TOU KeE.

2. B mpenenax HpIOTOHOBCKHX mpenacteicHuil B XIX cromernn
OOHAPYKHUITUCh MAPATOKCH — (POTOMETPHUCCKUH, IPaBUTALIMOHHBIN 1
TCPMOJUHAMUYCCKHH, Pa3peLICHUs] KOTOPBIX B PAMKAX KIACCHYCCKOU
MEXaHUKUA HAUTH HE YJAJI0Ch

3. CoBpeMEHHBIC KOCMOJIOTHS B KOCMOTOHUSI OCHOBAaHBI Ha TPe-
craBicHusx OOwICH Teoprun OTHOCUTEIBHOCTH JWHINTCHHA O KPUBU3-
HE MPOCTPAHCTBA M 3aMEANCHUM BpeMeHU. Cunraercs, YTO TaKuM
CocoO0M KOCMOJIOTHYECKUE apagOKChl Pa3peIiatoTCsl.

4. B coorBerctBuu ¢ OOwIcH Teopueii oTHocuTeIbHOCTH BeeneH-
Hasl Mpou3oLIIa B pe3ynbTare bombimoro B3peiBa Oe3pa3MepHON CHH-
T'YJSIPHOM TOYKH, B KOTOpOW Oblma cocpemoTodeHa Bcs macca bymy-
mei Beenennoit. C tex mop Bcenennas pacmmpstcesi, CBUACTEIbCT-
BOM uero cuutaercs «KpacHoe cMEIIeHHE» CIEKTPOB JANCKUX ranak-
THK.

5. Ha camoM zene BO3HUKHOBCHHE KOCMOIOTHYECKHX MapagOKCOB
CBSI3aHO ¢ METaQU3HMUCCKON MACATM3ALMCH TaK HA3BIBACMBIX «XOPO-
IO YCTAHOBJCHHBIX» 3aKOHOB HPUPOABI M HE YUETOM psiaa obcTos-
TEIBCTB!
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(hoTOMETPUUCCKHI MapaJoKC HEe y4en Jake 0OHapy>KEHHOro Mo3-
ke «KpacHoro cMemmeHus», mpeoOpas3yromero CreKTp,

IPAaBUTALMOHHBIA MApaJoKC HE yden Tepmoaudy3noHHON Ha
ypOBHE 3(Hpa MPUPOABI TPABUTALIMH, YTO NPUBOJANUT K TPABUTALMOH-
HOH M30JISILIAU 3BE3 I,

TCPMOMETPUUCCKHUI MapagoKCc HE YUeT BO3MOXKHOCTH KOHLICHTpA-
LMY SHEPTUU B BUXPEBBIX 00pa30BaHILIX 3dupa.

VY4er 31X 00CTOATENBCTB pa3peliacT NapagoKChl B paMKax Mpen-
CTaBJICHUN KIACCHYCCKON (DU3MKH, MPEACTABACHUNA O BEYHO CYIIECT-
Byrower BceneHHOH, eBKIMAOBOrO MPOCTPAHCTBA U PABHOMEPHO Te-
KYLIETO BPEMCHH.

6. HeoOxomuMo oTmenuTh pe3ynbTaThl HAOMIOACHUA M SKCICPH-
MEHTATbHBIX UCCICAOBAHUI KOCMOCA, KOTOPBIC CIIEAYET CHUTATh JOC-
TOBEPHBIMH, OT TPAKTOBOK M TOJKOBAHUH STHX JaHHBIX. [[ns 3Toro
HEOOXOMMO BO3POJUTH MATEPUATHUCTUICCKYIO METOAONOTHIO U TIepe-
CMOTPETh BCE OCHOBHBIC MOJOXKEHHS, KAK KOCMOJIOTHH, TAK H KOCMO-
TOHHH.
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MnaBa 2. HekoTopble NonoXxeHus
acpmpoanHaMUKu

2.1. 3chmp 1 ero posnb B KOCMOSIOTMU U KOCMOFOHUM

Ha nporspkeHHM MHOTHX JI€T B €CTECTBO3HAHHH OOPIOTCS IBE
KOHIICTIIIMY — OIM3KOJACHCTBUSA M JanbHOjACHCTBUS («actio in
distance») [1, 2].

PogoHauampHUKOM KOHUEMIMH OMU3KOACHCTBUS B COBPEMECHHOM
ecrecTBO3HaHMM ciexyer cumtath Pene [lexapra (1596-1650),
(dpanmysckoro  ¢mrocodha u marematuka. CyTe  KOHLCHIIUU
3aKJIF0YACTCSl B TOM, YTO BCSAKOE BO3ACHCTBHE OJHOrO Tela Ha APYroe,
HAXOJALIECroCss HA HEKOTOPOM pACCTOSHUM OT TIEPBOTO, MOXKET
MPOU3BOJNTECS TOJABKO OT OJHOH TOYKH MPOCTPAHCTBA K APYroit
4epe3 MPOMEKYTOUYHYIO CPEY, 3arOIHSIIOUIYIO MPOCTPAHCTBO MEXKIY
Teaamu. BozaeficTBHE OCYINECTBISETCS MyTEM CO3JaHHS MEPBBIM
TEJIOM HEKOTOPBIX U3MEHEHHII B OKPYXKAWOWIEH €ro cpeie, U 3TH
M3MCHEHUS YK€ BO3ACHCTBYIOT Ha BTOPOE TENO. JTa cpeaa Oblna
HaszBaHa UM 3(upoM, Tak, Kak OHAa HA3BIBANACh B JPEBHOCTH. B
JANbHEHIIEM 3Ty TOUYKY 3peHus Oomee dYeTKO Cc(OpMyIHpoBat
aurmumiickuit yaensiii Jhx. K. Makcsenn (1831-1879).

«JlefictBuTenpHO, — mUIIeT MakcBemn, — eciau BOOOIIE SHEPrus
MEePEAaeTCs OT OAHOrO Tea K APYroMy HE MTHOBEHHO, a 32 KOHECUHOE
BpeMsl, TO JO/DKHA CYINECTBOBATh CPEAa, B KOTOPOH OHA BPEMEHHO
npeOBIBACT, OCTABHB MEPBOC TEIO M HE JOCTUTHYB BTOPOTO».

Coserckuii akagemuk B.®.MurkeBna B padore «OCHOBHBIC
¢usnUecKie  BO33PCHHS»  yTBEpXKIANL.  «AOCOMIOTHO  MycTOE
MPOCTPAHCTBO, JHLICHHOE BCSKOTO (DM3MUYCCKOrO COACPIKAHHS, HE
MOXKET CIY)KUTh QPCHOW PaCIPOCTPAHCHHs KaKUX Obl TO HH OBLIO
BOJH... [lpu3Hanme »5¢upa, B KOTOPOM MOTYT HMMETh MECTO
MCXaHHUYCCKHUE [IBMKCHUS, T.C. NPOCTPAHCTBEHHBIC MECPEMCIICHUS
JNIEMEHTAPHBIX ~ OOBEMOB  JTOW  IMEPBOMATEPUH,  HEIPEPBIBHO
3aMONHSIOIIEH BCE HALIEC TPEXMEPHOE MPOCTPAHCTBO, CaMO I0 ceOe HE
SIBJSICTCS] IPHU3HAKOM MEXaHUCTHUCCKOU TOUKHU 3PCHUSL. .. ».
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Ncaak Heroron (1643—1727)HeCKOIBKO pa3 MEHSI CBOK TOYKY
3peHUS OTHOCHUTEIBHO (pakTa CyuiecTBoBaHus 3¢upa u 00 ero
ctpykrype. OmHako emy HE yaanoch HaiTH CBOWCTBA 3upa, KOTOPBIC
MO3BONMIN OBl YIOBJICTBOPUTEIBHO OOBSACHUTh W onTudeckue. U
TPaBUTALMOHHBIC SBJICHHUI. B KOHIIC KOHIIOB, OH OTKAa3alcs OT STHUX
MOMBITOK 3a5BUB, YTO «THIOTE3 Mbl HE M3MBILLTICM», YEM MOIOMKHIT
HA4aJ10 KPUTUUCCKOMY OTHOLICHHUIO K (PakTy cylecTBoBaHus 3¢upa B
MPHUPOAE, MO3KE BBIPA3UBIICECS B KOHLECMIUHN JATbHOACHCTBHS. JTa
KOHLICMIIMS MPEANONaracT MrHOBCHHYIO Iepelavy BO3JCHCTBUS
OJHOTO TENa Ha APYroe. JTa KOHLEMLHMS HAIIA CBOC BOIUIOLICHUC B
3akoHe BcemupHOro tarorenus M.HploToHa, B KOTOPOM OTCYTCTBYET
MPEACTABICHHUE O 3aMa3JbIBAHUH TPABUTALIIOHHOTO MOTCHLUANA.

VYxe B 20M cronetum coserckuil akamemuk S.U.Dpenkens
KAaTCrOPHYECKH  OTpPHULAT  CYHIECTBOBAHWE  MHpPOBOro  3¢wupa,
CpaBHMBAas TOHCK CBOWCTB 3dupa C <«OOroNCKaTeIbCTBOM» U
«©orocTpouTeapcTBOM» [3].

B Hactosmee Bpems oduumanmpHOW Haykoil cam  daxT
CYLICCTBOBAaHUS d(Hpa KATCTOPUYECCKUA OTPHULACTCS, a IOHCKU
CBOWCTB 3(Qupa CUUTAIOTCSA JDKCHAYKOH M BCSYECKU MPECCKAOTCS.
OcHoBaHHEM 151 3TOTO SIBSIETCS YTBEp KAcHUE A DWHINTEHHA O TOM,
YTO «...HEmb3s CO3JaTh YAOBICTBOPUTCIBHYIO TCOPHIO, HE
OTKa3aBIIMCh OT CYILIECTBOBAHWS CPEOBl, 3alOJHSIOLMCH BCe
npocTtpancTBo» [4, c. 145-146].

IIpaBma, wdYepe3 HEKOTOpoe BpeMs OJUHINTCHH BBICKA3all
MPOTHBOIOIOKHOE MHEHHE O ToM, uTo «CormacHo oOmel Teopuu
oTHOcUTenbHOCTH 3¢up cymecTByeT. @Du3ndyeckoe NPOCTPAHCTBO
HEMBICTHUMO Ge3 adupa» [5, 6], HO 3TO yike HIHUCTO HE U3MCHHIIO.

IIpoTuBOpEUNs, 3aM0KCHHBIC B BBICKA3BIBAHIAX JHHINTEHHA IO
nmosoxy 3¢upa Aaau MOBOJ ISl PACCMOTPEHUS aBTOPOM JIOTUYCCKUX U
SKCIECPHUMCHTAIBHBIX ~ OCHOB  BCEH  TCOPUM  OTHOCHUTEIBHOCTU
Oniamreitna [7]. B pesyaprate BBISSCHHIOCH, YTO JIOTHKA Kak
CIICHMATLHOM, TaK M OOLICH TEOPUU OTHOCHUTCIBHOCTH ODWHINTCHHA,
3aMKHyTa caMa Ha ce0sl, T.e. BBIBOJBI MNPHBOAAT K HCXOZHOMY
MOJIOXKECHUIO, a BCE SKCIIEPUMEHTHI TNOO 00paboTaHbl HE 00BEKTUBHO,
au00 MOryT ObITh OOBSCHEHBI O€3 MPHBICUCHHS NPEACTABICHUN
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TCOPUH OTHOCHUTEIBHOCTH, IOITOMY JIFOOBIC CCBUIKM Ha TO, HYTO
HaOmomaempie  3(Q(QekTsl  SKOOBl  MOATBEPIKIAIOT  TCOPHIO
OTHOCUTEIBHOCTH DHHINTEHHA, HCPABOMEPHBHI.

Tem He MeHee, B HACTOAIIEE BPEMS HICH, CBS3aHHBIC C
«ICHCTBHEM HA PACCTOSHUM» MPOAO/DKAIOT PA3BUBATHCS, OTHAKO
HapsAAy C OSTHM BO MHOTMX pabOTax BCE dYalle HCIOIb3YETCS
MPEICTABICHHE 0 «DU3UUCCKOM BAKYYME», <BAKYYMHOH KHIKOCTHY
U T. 1., 9TO (JaKTHICCKH BOCCTAHABIMBACT MPEACTABICHUS O MUPOBOI
cpexe mox apyrum HasBanueM [8, 9]. OOHapy)keH psiI BaKyyMHBIX
3pdexkToB — HYJACBONW YPOBEHb O3HEPTUM IOJICH, BUPTYaIbHBIC
COCTOSIHMSI YaCTHLl, MOSPU3ALMs BaKyymMa U T.II., YTO 3aCTaBISICT
OTKa3aTbCsl OT MPEACTABICHUN O BaKyyME KakK O MYCTOTE W BHOBb
MOCTaBUTh BOIPOC 00 €ro CTPYKTYpE.

Huckyccust 06 3dupe ecTh GakTHYECKH CIIOP O TOM, HYKHO JIU
HCKATh MATEPUATBbHYIO OCHOBY BHYTPCHHETO MEXaHMU3Ma SIBIICHUN HJIH
JIOCTATOYHO HAWTH MOAXOAINUNA MaTEMATUYECKUN ammapar A
BHCLIHETO OIMUCAHMS SIBICHHI. JTO CIOpP MEXAY AWHAMHKON U
¢bernomenonorueii. Ho mpu aumHaAMUYECKOM IMOAXO/C SIBJICHHE €CTh
pe3yabTaT ACHCTBHS BHYTPEHHErO MEXaHH3Ma, CKPBITHIX (opMm
JOBIDKCHUSI MATCPUH, M BHCUIHCC OIMCAHWE €CTh BCErO JIMINb
CIIEACTBUE 3TOro MexaHu3ma. [loHMMaHHEe TPUYUH, MOYEMY
(bu3ryecKoe SBICHHEC HMMCHHO TaKO€, IMO3BOSICT YYECTh MHOTHE
CTOPOHBI,  YCKONB3AIOIIME  OT  BHHMAHUS  HCCICIOBATEI,
OrPaHWYMBAIOIICTOCS  JTUINb  (PEHOMEHOJOTHCH, BHCIOHUM  €ro
OITUCAHUEM.

K  npobmemam  kocMonmormm  BCE 3TO HMEET  CaMoe
HETTOCPEACTBCHHOE OTHOLICHHE.

CeroaHst y»Ke BCEM TMOHSATHO, YTO KOCMHYCCKHE IPOLIECCHI,
MPOTEKAMOIINE B MUPOBOM IPOCTPAHCTBE, M MPOLIECCHI, IPOTCKAIOIINE
B MHKPOMHPE, TECHEHIINM 00Opa3oM CBS3aHbI APYT C APYrOM M UYTO
0e3 BBUICHCHMSI CYIIHOCTH IIPOLIECCOB MHKPOMHPA HEBO3MOXHO
pa3o0paThCsi B TOM, YTO MPOMCXOAUT B OKPY)KAIOIIEM HAC KOCMOCE.
Hemonnmanue e CYIIHOCTH KOCMHYECKHX IMPOLIECCOB MPHUBOINT K
HCTTOHUMAHHUIO MHOTHX MPOLIECCOB HE TOIBKO B OKPYKAIOLIEM 3EMITIO
MHPOBOM MPOCTPAHCTBE, HO U HAa caMOil 3eMJIe, MPSMO 3aBUCSLICH OT
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TOrO, YTO MPOUCXOAUT B KOCMOCE, B OKPYKAOLIUX 3EMJIF0 HEOCCHBIX
Temax, a TaKkKe B CHIOBBIX TIONAX, KOTOPBIMH HACHIIICHO
KOCMHUYECKOC TPOCTPAHCTBO. A 3TO, B CBOIO OUCPEIb, UPCBATO
HCBO3MOXKHOCTBIO MPOrHO3UPOBAHUS MHOTHX 3EMHBIX COOBITHH M, KaK
cnenacteueM,  karactpodpamm.  [lostomy, ecaim MBI XOTHM
MMPOrHO3UPOBATH MTPUPOAHBIC 3EMHBIE COOBITHS U M30eKaTh MOT00OHBIX
HCTATWBHBIX ABJCHUH, HCOOXOAMMO, HAKOHEI[, pa300paThCcs, Kak
VYCTPOCH KOCMOC, KAaKHE MPOIECCH B HEM MPOUCXOISIT U KaK OTH
MPOLICCCHI BIUSIOT HA 3CMHBIC SIBJICHUS, HA YKUBBIC OPraHU3MbI M Ha
YyenoBeKa. B cBoc BpeMs TIOJOOHBIMHM  BOMPOCAMM  3aHUMAJICS
coBerckmii akamemuk A.Ymkesckuit  [10], HO 3TOrOo  SIBHO
HEOCTATOYHO.

2.2. HepoctaTkm u3BeCTHbIX ruMnoTes, Teopun u
mopaeneun acpupa

Hecmotpst Ha o0ummue u pasHooOpa3ue pasiuyHBIX THIOTE3,
Mojench u Teopuit adupa [11-13], ux aBTOpaM HE yIANOCh CO3IATH
CKOJIBKO-HHOY b 3aKOHUCHHYIO U HEIPOTUBOPCUYUBYIO KAPTHHY MUPA,
OXBATHIBAIOUIYID XOTs Obl OCHOBHBIC (DOPMBI BCIIESCTBA U BH/IBI
B3aUMOJEUCTBUI. BceM 3TUM rumore3aM U MOAEIAIM CBOMCTBEHHEI TE
WM WHBIC NPUHLUIMHAIGHBIC HEAOCTATKH, HE IO3BOJHBIINC UM
pasButbcs. W rmaBHas — mpUYMHA  3TUX  HEJOCTATKOB — —
METOJ0JIOTHYCCKAS.

CeoiictBa 3¢upa (akTHUeCKH HHUKOrAa HE BBIBOAWINCH U3
M3BECTHBIX  OIBITHBIX  JAaHHBIX,  BCEMH  aBTOpAMHU  OHU
MOCTYIUPOBAINCh, HCXOAS U3 KaKUX-HUOYIb BEChbMa  Y3KHUX
coobpaskeHmii. HekoropeimMu — aBTopamut  3QuUp  MOPESAMOIAraNICS
TBEPABIM TEJIOM HA TOM OCHOBAHHH, YTO CKOPOCTH MOMCPEUHBIX
3JCKTPOMATHUTHBIX ~KOJICOAHMIA BEChbMAa BBICOKA M COCTaBJISICT
BCJIMYKHY, PaBHYIO CKOpoCTH cBeTa. [Ipu 3TOM BCe Takue aBTOPHI HE
VYIH TPOCTOH BEIIM, YTO HU B KAKOM CILIOLIHOM TEJIE, B TOM YUCIIC U
B TBEPAOM TEJIC PACHPOCTPAHCHHE IMOMEPCUYHBIX BOIH HEBO3MOXKHO,
PacIpoCTPaHsIThCS MOTYT TOJABKO MMPOAOIBHBIX BOJH, KOTOPHIC €CTh
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3BYK, T.€. BOTHOBOC PACHPOCTPAHCHHE MAIBIX ILIOTHOCTEH CaMmoro
storo tena. Ilonmepeunsiec koneGaHus PacHpPOCTPAHSIOTCS TOJNBKO Ha
TPaHULIE CPEX PA3IUYHON IUIOTHOCTH MPU HAIUYUU IONEPEYHOM
BOCCTaHABIIMBAOLICH (MOTCHUMAIBHOM) critbl. [IpumepaMu sBisItOTCS
BOJITHBI Ha TIOBEPXHOCTHU BOJBI, HA YIIPYTUX MEMOpaHax WM CTPYHAaX.
31eCh HAMUIO PA3HOCTh IUIOTHOCTEH CPEJ, HATMYUC DPA3ACIISIOIICI
Cpeapl MOBEPXHOCTH M TMOIMEPCYHAS BOCCTAHABIMBAIOLIAS CHIA — B
MEPBOM Cy4Yac, TPAaBHUTALMOHHAS CHJIA TSDKECTH, BO BTOPOM U
TPEThEM CIyUASX — YIIPYTOCTh MaTepHaa.

PacnpocTpanenue k€ MONMEPEYHBIX KONCOAHUH B CILIOLIHON
cpede, HE UMEIOIIEH Pa3HOCTH IUIOTHOCTEM M MOIMEPEYHOM
BOCCTAHABIIHBAIOIICH CHITBI BOOOIIE HEBO3MOXKHO. JTO, B HACTHOCTU
3HAYUT, YTO OJJICKTPOMATHHUTHBIE BOJHBI, B KOTOPBIX SIBHO
MPOCMATPUBAIOTCS  TMOMEPEYHOCTh BEKTOPOB  SICKTPUUCCKOU U
MArHUTHOM  HANpsDKCHHOCTCH  ApPYr JAPYrY H  HAaIlpaBlCHUIO
pacmpocTpaHeHUs, HE SBISIOTCS  BOJTHAMH B OOBIYHOM CMBEICIC.
KaxoBa ux cTpykTypa ¥ moueMy OHH MPOSIBIISIIOT BOTHOBBIC CBOMCTBA,
— 7en0 JgandbHedmmx wucciaegoBanmii. Ho »TO0 He BOJHBL B
MEXaHHMYECKOM MOHUMaHUH. 10 jke OTHOCUTCS U K CBETY.

[ToctynupoBanue CBOHCTB 3drpa MpON3BOIUIOCH BCEI A, UCXOAS
U3 KakuxX-HUOYIb YACTHBIX CBOMCTB KAaKHX-THOO KOHKPETHBIX
speHnii. Hanpumep, HeroroH, B3sSB B OCHOBY IIpSMOJIMHEITHOE
pacmpocTpaHEHUE CBETa, OJHO BpeMs Mpenmnoiaran, 4to u 3dup
COCTOUT M3 HEKOTOPBIX KOPIYCKYI, B3aUMOACHCTBHE KOTOPBIX MEKAY
coboii He ompenmemsinock. Mak-Kymnox, mnmoHmmas, dYro B
3JEKTPOMArHETU3ME TMPHUCYTCTBYET BpAIICHUE CPEABI, MONArai, 4To
3(hHUp COCTOMT U3 <GKUPOCKOIMOB» (TMPOCKOINOB), HE 3aJaBas Jaxce
BOMPOCa O TOM, HYTO 3TO 3a <OKHPOCKONBI» M OTKYAa OHH MOTJIH
nosiBUThCsI. DpeHens Hazensa 3¢Gup CBOWCTBOM CKATHS B CpPeAax, a B
CBOOOMHOM MPOCTPAHCTBE — aOCOMIOTHOW HEIMOJBIKHOCTBIO U
BCCMPOHUKHOBEHHEM. JIOpEHL MOAXBATHI 3Ty HMACKD, HO HAICTHII
3(¢up CBOHCTBOM H3MEHATh KOHQOUI'YPALIUIO SIECKTPUUCCKOTO IO
aTOMOB TpPH WX JBWOKEHHM cKBO3b 3dup. U Tak manee. Bee 3To ects
WAcanu3M  YHCTOM  BOJBI, IOCKOJABbKY  CBoWcTBa  3(upa
MOCTYIMPOBAJIHCE, 3aTEM MOJ STH MOCTYJIaThl HOATOHSIACH TEOPHS, a
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Jlaee IMPOoBO3IIAINaNach UCTUHA TEOPHH W COOTBETCTBUE ITPHPOIBI
HMMCHHO 3TOM Teopuu (a HE COOTBETCTBHE TCOPHH MPHPOJC).

Kpome 3toro, y Bcex aBTOpOB THIIOTE3, MOJACICH U Teopuil 3dupa
OBIIIO CIIIC TPH CYIMICCTBEHHBIX HemocTarka [14].

IlepBsIit HEXOCTATOK COCTOSUT B TOM, UTO BCE THITOTE3BI, MOJEIN U
Teopun 3(upa, HAUMHAS C CaAMBIX MEPBBIX M KOHYAS MOCICTHHUMH,
paccMaTpuBaIM ONPEACICHHBIN y3KUM KPYT SIBJICHHM, HE 3aTparusas
ocrampHbIX. Monemu Jlekapra u HpioToHa, €CTCCTBCHHO, HUKAK HE
MOTIIM  yYECTh  SJCKTPOMATHUTHBIX  SBICHUH, TeM  Ooree,
BHYTPHATOMHBIX B3amMonewcTeuil. B paborax ®apanes, Makcsemnna,
Jlopenna, I'epma wm gpyrmx wmccinemoBaTeneil HE  YUHTHIBAJIACh
TpaBHTAINl, ¥ HE PACCMATPHUBAINCH BOIPOCH CTPOEHHS BEIIECTBA.
Crokc n ®peHenp B CBOMX paboTax NBITATUCH OOBSCHHUTDH JIHIIb
sieHUsT abeppaunn. B mexanmudeckux wmoxensx Haese, Maxk-
Kyanoxa wu pmanee B.Tomcoma u JIx.Tomcona paccmaTpusaics
TIaBHBIM 00pa3oM KpYr SIEKTPOMATHUTHBIX SIBICHUH, TMpaBia,
B.Tomcorn m JIx.TOMCOH mBITAINCh BCEC JKC B KAKOW-TO CTCIICHH
MPOHHUKHYTh B CYTh CTPOCHUS BELICCTBA.

Takum obpazoM, HU OgHA TEOPHsI 3Qupa HE MbITAIach JaTh OTBET
HM HA  BONPOCH CTPOSHHUS BEIIECTBA, HW HA OCHOBHBIE BB
B3aUMOJACUCTBHM, TEM CaMbIM OTOPBAB UX APYT OT APYra.

BropelM  KpymHBIM ~ HEZOCTATKOM MPAKTHYECKH BCEX 0O€3
WCKJIIOUCHUS TCOpUid u Mojenei a¢upa, kpome moaencii HeroToHa u
Jlecaxka, sBmsgercss TO, YTO OOJBLIMHCTBOM aBTOPOB  3GHP
paccMaTpuBancs Kak criomHas cpeaa. Kpome toro, mmu s¢wup
paccMmarpuBaiicd Kak WAcaJIbHAS JKUAKOCTh WM WICATBHO TBEPAOE
teno. Takas wMeradusuueckas wuacanuzauus CBOWCTB  ddupa,
JONyCTHUMAst AJsl OXHUX (DU3UYCCKUX YCIOBUI WM SIBICHHMA, HO HE
JIOITyCTHMAs JJIS1 IPYTHX, PaclpOCTPaHIACh aBTOMATHIECKH Ha BCE
MBICTHMBIC (PH3MYECKHUE YCIOBHS U SIBICHHS, YTO HEMUHYEMO BEJO K
MPOTHBOPCUHSIM.

TpersuM HEZOCTAaTKOM MHOTHX TEOpPHH, KPOME IOCIETHUX,
B.Tomcona m [x.ToMmcoHa, SBISICTCS OTPHIB MaTCPUU BCIICCTBA
aTOMOB M dYacTul OT Marepud d¢upa. IPHp BBHICTYHACT Kak
CaMOCTOSITEIbHASL CYOCTaHIMsI, COBEPLICHHO HEIOHATHBIM 00pa3oM
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BOCIIPHHUMAIOIIASl HHEPTUI0 OT YACTHI[ BCINECTBA M MEpEIAroInast
SHEPruio yacTuuaMm Bemecta. B paborax ®penens u JlopeHua tpu
(haKTHUCCKH HE3aBHCHUMBIC APYT OT APyra CyOCTaHLWMU: BEINECTBO, HE
3aBucsmee ot 3¢upa; 3pup, CBOOOAHO MPOHUKAIUN CKBO3b
BCIIECTBO, U CBET, HEMOHATHBIM 00pa3oM CO3JaBACMBIA BELICCTBOM,
meperaBacMblii  BemecTBOM S(UpPYy M BHOBb BOCIHPHHUMACMBIN
BCIIECTBOM COBEPLICHHO O€3 Kakoro Obl TO HHU OBLIO PAaCKPBITHUS
MEXaHHM3Ma BCEX ITUX INepeJayd U MPEBPALICHHH.

XoTs1 aBTOpaMH TEPEUYMCICHHBIX BBIMIE THUIOTE3, MOACTCH H
Teopuii 3¢upa cam (GakT CYIICCTBOBAHUS CPEAbl — IMEPCHOCUUKA
SHEPTrUU B3aUMOJEHCTBUII M OCHOBBI CTPOCHMSI BEIIECTBA —
VTBEPXKAANCS TMPaBHIBHO, IICPCYUCICHHBIC HEJOCTATKH CACNIAIH
MPAKTHICCKA HEBO3MOXKHBIMH HCIONB30BAHAC STUX TEOPHH H HUX
pa3BUTHE B paMKaX HCXOJHBIX MPEIIOCHIIOK.

OnHako riaBHBIM HEAOCTATKOM BCEX TEOpHUIl M Mogenei 3dupa,
Kak OBLIO CKa3aHO BBIIIE, SBISLIOCH (PAKTUYECKOE MOCTYIUPOBAHHC
ero cBoictB. Hukakux ¢uIocopCKkux MM METOJONOrHIECKUX OCHOB
onpenencHus (QU3NUCCKUX NapaMeTpoB 3(QUpa NPaAKTHYECCKH HHUKTO
HUKOTJa HE BBLABHTal. B 3TOM miaHe ompelelncHHE HapamMeTpOB
5pupa HOCHIO TakoW K€ TOCTYJIATUBHBIA XapakTep, Kak U
VTBEP)KACHUE 00 €ro OTCYTCTBHH B mpupone. dusmueckue cBoiicTsa
3(upa HE ONMPEICTSUTUCh U3 M3BECTHBIX OMBITHBIX JAHHBIX, KOTOPBIX
OBLIO B TC BPEMEHA SIBHO HEJOCTATOYHO, a MOCTYINPOBAIHCEH, UCXOS
U3 BKYCOB Ka)KIOro aBTopa koHuenuuu. Ho Bce OHM CXOmWIHCh Ha
TOM, 4TO 3(Up MPEACTABISICT COOOI HEUTO HacaTbHOE U abCOTIOTHOE,
HampuMEp UACATBHYIO KHAKOCTh. OJOdup o0magan CBOHCTBOM
6CENPOHUKHOBEHUSL, MpUIeM cam MEXaHH3M 3TOTO
BCCMPOHUKHOBCHHSI HUKaK HE OOOCHOBBIBAICA. MEICIBP O TOM, YTO
MpH TMPOHHKHOBCHUU CKBO3b BEIICCTBO 3(HPHBI MOTOK MOXKET
TOPMOBUTHCS B CHITY BSI3KOCTH WJIM JPYTUX NMPHYHH, HU pa3y JAaxe HE
00cy»Kaamace.

Apup Dpenens, tak ke kak u 3¢up JlopeHua, — 310 abconrommuo
HenoaBMkHBIA 3¢up. Idup I[epua obmagact CBOHCTBOM OBITH
abconomHo 3aXBaUCHHBIM JABIDKYIIUMCS TesioM. Jdup v Makcsemia
— 3TO aOCONIOMHO UOealbHasl XUAKOCTb, B KOTOPOH JCHCTBYIOT
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3akoHbl Buxpeil ['empMronpua. Makcsenn He oOpaTHia BHUMaHUS Ha
TO, 4TO, 1O ['enpMronmpIy, BUXpH, a y Makcsemia MarHuTHOC TIOJIC —
3TO BUXpEBbIC 00pa3oBaHus 3QuUpa, He MOT'YT HH 00pa30BBIBATHCS, HU
Hcue3aTh B MICATBHOM KUIKOCTH, YTO SIBHO MPOTHBOPEYUT OIMBITAM
Mo 31eKTpuuecTBY. TakuMm o0paszoM, uodeanuszayusi CBOWCTB >¢upa
cpa3y ke oOpekana Bce MOZOOHBIE TEOPHHM HA NMPOTHUBOPCUHS U Ha
MOPaKCHHE.

To, uto Takas uacanu3zanws >upa Obljia TPUHATA HA BOOPYKCHUC
MHOTMMH aBTOPaMH  CaMBIX Pa3HOOOPA3HBIX KOHUEHIMHA 3dwupa,
METOJOIOTMYECKH MOXKHO MOHSATh, IOCKONBKY JaHHBIX I OOoJee uin
MEHEE MPaBUIPHOTO ONpENCNCHUS CBOWCTB 3¢dupa TOrga He
CYLIECTBOBAIO: ECTECTBO3HAHUE HE HAKOMMIO CBEACHUI O MOBEACHUHI
SJEMEHTAPHBIX YACTHI[ BCLICCTBA M WX B3aHMOIPEBPALICHUSX,
raszosasi JUHaMuka He Obina pa3puta. OZHAKO HEKOTOPHIC MOMCHTEI
VK€ M TOrAa ObLIM M3BECTHBI, HO MM HE MpUAaBajioch 3Ha4dcHus. Ha
BCEX  JTamax  pasBUTHI  CCTCCTBO3HAHUS  MOXKHO  OBLIO
chopmymupoBaTh  TpEACTaBICHHE 00  o0mux  (U3UICCKUX
uHBapuantax. llocrymupyss cBoiictBa 3dupa, MOXKHO OBLIO
MPEAIOKHUTh B KAYECTBE MOJACTH U Ta30BYIO CPEAyY, XOTs Obl HCXOS
M3 TOro, YTO cpela JODKHA ECTECTBEHHBIM OOpa3oM 3amoNHATH BCE
MHUPOBOE MPOCTPAHCTBO M HE OKA3BIBATH 3aMETHOT'O COMPOTHBIICHUS.
OnxHako HHYErO 3TOrO CAENaHO HE OBLIO, YTO CBUACTEIBCTBYET O
HEIOCTATOYHOW pa3paboTke METOAONIOTMYCCKUX OCHOB  (PH3HKH
MPaKkTUYeCKH HAa BCEX JSTamax pa3BUTHI  ECTCCTBO3ZHAHMSL
JuanekTiaecknii MaTepualin3M B ONPENEIEHHOM CTEIEHN BOCIIOTHIIT
3TOT HpoOET, HO, KaK MOKA3bIBACT OMBIT, OH TaK M HE CTaN PadovuM
WHCTPYMEHTOM A BCEX, KTO TBITANCA pa3padoTaTh TEOPHH,
TUIIOTE3Bl U MoJenu 3¢upa, u, TeM Oonee, He CTal pyKOBOACTBOM IS
TEX, KTO OrYIbHO OTPHLAT U TPONODKACT OTPULATh €ro
CYLIECCTBOBAHUE B MPHUPOJE.
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2.3. Bceobwume cpusnyeckue MHBapmaHThbl Kak
OCHOBAa KOCMU4YECKUX ABTEHUN

[Ipobnema onpeneneHust BceoOMUX (HU3NUECCKUX WHBAPHUAHTOB U
ee peleHue moapoOHO paccMOTPEHHBI B KHHre 2 Hactosmux «Hawam».
3mech MPHUBEAEM KPATKOE U3T0KEHHE 3TOr0 MaTepHaa.

Kax wu3BecTHO, pe3ympTatoM IHOOOr0 3KCIEPUMEHTA SIBISIOTCS
COOTHOIICHUSA MCXKAY (I)I/ISI/I‘IGCKI/IMI/I BeanuruHaMH. B 3aBucuMocT ot
TOrO, KaKHue n3 3THUX BCIINYHH CUHUTAIOTCA IIOCTOAHHBIMHU,
HC3aBUCUMbBIMU HHBapuaHTaMH, OCTaJbHBIC BCIUYHUHBI, KOTOPBIC
CBsI3aHBbI C CPBBIMU COOTHOIICHUAMU, MNOJIYyYCHHBIMU B
OKCIICPUMCHTC, OKa3bIBAOTCA NCPCMCHHBIMU. B HCKOTOPBIX Cliydasix
BBIBOJbI U3 HOI[O6HI:IX COOTHOIIICHUI OKa3BIBAIOTCI CTOJIb Ba’XHbIMU,
qTo CYyHmCCTBCHHBIM O6p3,30M BIIUSAIOT Ha pa3BUTUC BCCTO
CCTECTBO3HAHUS. 3AECh BO3MOXKCH MPOH3BOJ, YTO H JEMOHCTPHPYIOT
MHOT'OYHUCJICHHBIC ITPUMCPBI.

Tak, B pe3ynpraTe 3KCICPUMCHTOB IO OMPEACICHHIO MAacChl
JacTuLlbl IIpU HpI/I6J'II/I)KCHI/II/I €C CKOpOCTM K CKOPOCTH CBCTa
MOTYYACTCS CIOXKHASI 3aBUCHMOCTH, CBS3BIBAIOINASI HAMPSIKCHHOCTb
mojid KOHACHCATOpa U HAIPAXCHHOCTh MArHuTHOTO IIOJIsI, 4YCPC3
KOTOpBIC MPOJETACT YaCTHUIA, C €€ 3apsSA0M, CKOPOCTBIO IIOJETa,
paamycoM KpPUBU3HBI TpacKTopuu M Maccoil. IIpuHsarme B kadectse
WHBAPUAHTOB, T.C. HE3aBUCHUMBIX OT JPYIHX BEJIUYHH OO0
KOHerTHOﬁ BC/IMYUHBI, Cpal3y XK ACIACT 3aBUCUMbBIMU APYT OT Apyra
Apyruc BCJIMYHUHBI. Ecnu HUHBapUaAHTHBIMU CUHUTAKOTCS
HaMps>KCHHOCTU  JJICKTPUYICCKOIO W MArHUTHOIO nojaeH u 3apsang
YacTULbl, TO HW3MEHUYMBOM M 3aBUCHMOM OT CKOPOCTH IIOJ€ETa
OKAa3bIBACTCs MacCa YaCTHILIbI. OI[HaKO, CCJIn CUUTATh WHBAPHUAHTOM
Maccy, TO Ty JE 3aBHCHMOCTb MOXKHO HWHTCPIPETUPOBATh KaK
OOHAPY)KCHHUE 3aBHCUMOCTH 3apsiia OT CKOPOCTH, Ha YTO ObLIO
ykazano bymem [15]. Ecim ke y4uects, uTo mpu MPUOIMKCHYM
CKOPOCTH YaCTUIBI K CKOPOCTH CBETa (CKOPOCTH pPaCIpOCTPaHCHHUS
SJICKTPAYICCKOrO TIOJNA) B3aUMOACHCTBUC MEKIAY HYACTHICH W TIONEM
JAOJKHO YMCHBINATHCA (HO aHaJiorum € PpoOTOpOM ACHUHXPOHHOTO
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JBHUTraTes, ABIWKYLIIMMCS B OCTyLmIEM MAarHUTHOM IMOJE), TO Ta K
3aBHCHUMOCTB JOJDKHA TPAKTOBATHCS KaK 3aBHCHMOCTh KO3 duurcHTa
B3aUMOJACUCTBHSL MEXAY 3apsDKCHHOM dYacTHIEM M IOIeM MOpHU
HEM3MEHHOCTH 3apsaa U macchel. KctaTi, MIMEHHO 3Ta MHTEpIpeTaLs
SIBIIACTCA Haubomee BEPOSITHOU HNpUINHON MOJTYYEHHBIX
3aBHCHUMOCTCI, HO OHAa HHUKOIAAa PaHEe HUKEM HE Mpeaiaraiach.
Moryt ObITh 1 UHBIC HHTEPIPETALUH STOIH 3aBUCUMOCTH.

B Teopum orHocuTenpHOCTH ~OJWHINTEHHA 3a  BceoOLme
WHBAPUAHTBl TPUHATHL CKOPOCTh CBET4, T.€. YAaCTHOE CBOWMCTBO
(ckopocTs) HacTHOrO sIBACHUS (CBETA), M YCTHIPEXMEPHbII HHTEPBA,
B KOTOPOM THPHUpPALICHUS KOOPAWHAT CBS3aHBl C TPHPALICHUCM
BPEMECHH HE€pe3 TY K€ CKOPOCTh CBETA. JTO, BO-IIEPBBIX, MOCTABUIIO
BCEC BHIBI B3aMMOJCHCTBUI B 3aBUCHMOCTb OT CKOPOCTH CBETa, XOTS
CKOpPOCTb CBETA €CThb BEIMYMHA OJJICKTPOMATHUTHAS M HE WMEET
HUKAaKOTO OTHOIICHHWS HH K SICPHBIM, HH K TI'PaBHTALIMOHHBIM
B3aMMOJCUCTBHSIM, BO-BTOPBIX, NPHUBEIO K MPEICTABICHUIM 00
WCKPHBICHUU TMPOCTPAHCTBA U 3aMEIICHUH BpeMEHHU. [Ipsmbiv
PE3yNbTATOM 3TOTO 6bIOpA WHBAPHAHTOB SIBHINCH H3MCHYHUBOCTb
Macchl MPH HM3MCHCHUU CKOPOCTH TEl, M3MEHCHHE UX pPa3dMcpoB,
SKBUBAJICHTHOCTh DHEPrHH W Maccel U T.n. Ecmu Obl 3a BceoOrnue
WHBAPUAHTHI ObLTN BBIOPAHBI HMHBIC BEIMYUHBI, TO M PE3yIbTaT OBLI
Obl COBCEM HHBIM, U TECOPHS OTHOCHUTCIBHOCTH HMena Obl COBCEM
WHOU BUJ WUJIH €€ HE ObLIO OBl BOOOIIE.

[TosToMy moaxox k BBHIOOPY BCEOOLIMX HWHBAPHAHTOB JOKCH
OBITh IPUHIUIHATBHO HHBIM.

Kax noka3zano B kuure 2 Hactosumx «OCHOB» Ha POJIb BCCOOIIHNX
(U3MUECKIX WHBAPUAHTOB MOTYT MPETCHAOBATH JIMIIb TAKHUE
(¢u3HUeCKHEe BENUYHMHBI, KOTOPHIC HPUCYIIH abCONMIOTHO BCEM
(¢u3HUeCKHUM  SBICHMSM ¥, TaK WIA UHA4Ye, MPOSBISIOTCS
CYLICCTBCHHBIM 00pa3oM B TOOBIX (popMax CTpOCHHs MaTepuu Ha
A1000M €¢ YPOBHE U MpH JIOOBIX BUAAX B3aMMOAcHCTBuiL. ExuHCTBO
MPHUPOABI 3ACTABISACT M JII MHUKPOMHpPA, U AT MAaKpOMHPa HCKATh
BCEOOIIE HHBAPHAHTHI TONBKO CPEAN BEIUYHH, MPUCYTCTBYIOLMINX HA
1r000M YPOBHE OPraHH3aLHX MAaTCPUU M CYIIECTBCHHBIX AT THOOBIX
SIBIIEHUH.
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TakuMu  KaTCrOPUSMHU  SIBJSIIOTCST  COOCTBCHHO — Mamepust,
npocmpancmeo u epems. CymeCTBOBAaHUE MATCPUU B MPOCTPAHCTBE
U BO BPEMCHH CCTh [JGUMCEHUe MATCPUU. ITO W SIBISCTCS OCHOBOM
BCEro Mupo3gaHus. B cuiay BCEOOLIHOCTH STH KaTeropuu BCEria
JTOJKHBI CUUTATHCS. UCXOMHBIMU MPHU PACCMOTPECHUU JTFOOBIX CTPYKTYP
OpraHu3alui MaTePUu, JIOOBIX MPOLECCOB U JHOOBIX (hHU3MICCKUX
SIBJICHUM TIPUPOABL.

Kak BceoOmme kareropuu s BCEX YPOBHCH OpraHu3aliud
MaTepUH, COOCTBCHHO MATCPHs, MPOCTPAHCTBO, BPEMSI U IBIDKCHUC
TEM CaMbIM BBICTYIAIOT B KA4YE€CTBC (PU3MYCCKUX BEIHYUH, HE
3aBUCSINUX HU OT KaKHUX YaCTHBIX (DOPM OpraHU3aIHH, YaCTHBIX
BHUJOB JBIDKCHUS WM YACTHBIX sBicHuii. Clieq0BaTEILHO, BCCOOIIME
(pu3MUCCKUC MHBAPHUAHTHI HE TOCTY/IMPYIOTCS, a OMPEACISMIOTCS Ha
OCHOBC OOOOINCHUSA BCEX M3BCCTHHIX CCTCCTBO3HAHHUIO OIMBITHBIX
JAHHBIX, KAK 3TO U JO/HKHO OBITH MPH MATCPHATUCTHICCKOM OIXO0C
K M3YYICHUIO TPUPO/IBL.

I ucnonp3oBaHWS WHBAPUAHTOB B MPAKTUYCCKUX — IICTISX,
HY>KHbI HCKOTOPBIC CAUHUYHBIC TAJOHBI. 3a TAKUC 3TAJOHBI HYXKHO
MPUHUMATH MO0 CBOWCTBA KOHKPETHBIX MATCPUATIBHBIX CTPYKTYP,
aub0 CBOWCTBA KOHKPETHBIX MATEPHUAIBHBIX MPOLECCOB, IO
BO3MOXKHOCTH, MaJiO 3aBUCSINUC OT APYrUX (PU3UUCCKUX BIUYMH.
31ech BCC 3aBUCHUT OT KOHKPETHBIX TPCOOBAHMIMA, MPEABSBISIEMBIX K
9TajJOHYy B 3aBUCUMOCTH OT TIIOCTABJICHHBIX LCICH W3MCPCHUS.
VikecToueHue TpPeOOBAHMIA MHPUBOIUT K YCIOKHCHHIO 3TAJIOHA H
TPYAHOCTSIM €0 MPUMCHCHUSI.

Hampumep, ans  ObITOBBIX — Ligel  BIOAHE  JOCTATOYHO
KCIIOIb30BaTh B KAYCCTBE ATAJIOHA TO, UTO HA3BIBACTCS CCKYHIOM, T.C.
1/3600 pmomto 1/24 wactu comuewneix cytok. Ho ams  apyrux
COCLMATBHBIX LEJICH HY)KCH YK€ aTOMHBIA 3TajgoH. 10 ke u Ams
MPOCTPAHCTBA, TO K€ U /IS MACCHI.

Heobxoamumo OTMCTHTD OJHO BasKHEHIIICE CBOICTBO
WHBAPUAHTHBIX BEMMYUH. DByaydu HW3HAYAIBHBIMH, 3TH BEIHYHUHBI
CTPOro MOAYMHSIOTCS MpaBuiaM agauTuBHOCTU. OO 3THX BEMMYHUHAX
HEJIb3s] TOBOPUThH KaK O HEITMHCHHBIX, TAK KAaK MIMCHHO OTHOCHUTCIBHO
HUX JO/DKHBI MPOBOAUTHCS H3MEPCHUS M OLCHKH BCEX OCTAIbHBIX
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BenuuuH. ClienoBaTebHO, HENb3sl PACCMATPHUBATH UCKPUBIICHHUE JTy4a
cBeTa BONM3M IPaBHTALIOHHBIX MAacC KaK Pe3yNbTaT <HCKPUBICHHSI»
MPOCTPAHCTBA, a HYKHO paccMaTpuBaTh (UIUUCCKHHA IMPOLIECC
WCKPUBICHUSI Tpackropun (OTOHOB CBETa TOA BO3ACHCTBHEM
IPaBUTALH WU B PE3YyIbTaTE APYTUX IMPOLECCOB.

Henp3s roBoputh 0 3aMKHYTOCTH IPOCTPAHCTBA, CCHITASCh HA
ONTUYECKUII U TIPaBUTALUOHHBIA MAPAJOKCBI, a HYXHO HCKaTh
HEY4TCHHbIC (pu3nuecKkue (PakTopsl B TEX PACCYKACHUSX, KOTOPbIC
MPHUBETH K TMOSBICHUIO MApPaJOKCOB M KOTOPBIC HOCAT abCTPaKTHO-
MaTEeMATHYCCKUI HICATH3UPOBAHHBIN XapakTtep.  JTH  SBJICHUS
PacCMOTpPEHBl aBTOpPAMHM MApaJOKCOB HAa CaMOM IPUMUTHBHOM
VPOBHE, XOTsI IPUPOJA TFOOOro SIBICHUS CYIIECTBCHHO CIOXKHEE, 3TO
3HAYHT, YTO ABTOPAMH HE BCE OOCTOSATENBCTBA YUTCHBI.

Henp3s roBopurh 0 AMCKPETHOCTH MPOCTPAHCTBA M BPEMEHH HaA
VPOBHE MHUKPOMHPA, TaK KaK AUCKPETHOCTD TIOOOI BETMIMHBI MOKHO
ONPEAECIUTD TONBKO OTHOCUTEIBHO APYTrOM aHAJIOrOBOM BENMUYUHBI, U
JUIst OOIeH MHBAPUAHTHOM BEIMYUHBI, SIBJSIOMICHCS HMCXOXHOM s
BCEX OCTaJbHBIX, TAKOE IMOHSITHUE, KAK AUCKPETHOCTb, KPUBU3HA WU
3aMKHYTOCTb HE MOTYT CYIIECTBOBATh IPUHLIUITHATIBHO.

IIpocTpancTBO M BpeMs BBEICTYHAIOT HApsAAy C MaTepuei Kak
OOBEKTUBHBIC KATCTOPUH, HE 3aBHCALIME OT KAKHX-TUOO YACTHBIX
YCIOBUM U SIBICHUM, B HUX IPOUCXOJSIINX, IIOTOMY 4YTO OHH
OTPAXKAKOT 6CH0 COBOKYIHOCTb JBIDKCHMM MaTEpUM BO BCEU
Bcenennoil Ha Bcex MEpaApXUUECKUX YPOBHSIX OPTaHM3AIMH MATEPUU
U HE 3aBUCAT HH OT KakuxX dYacTtHocTed. Bcroay, B mroOBIX
(OPMYIBHBIX 3aBUCHMOCTSIX 3TH BEITUYHUHBI MOTYT BBICTYIATh TOIBKO
KaK apryMEHThl M HHKOTJA HE MOTYT SBISATHCS (PYHKIUSMH Yero Obl
Tt0 Hu Obuio. CjeIOBaTENBbHO, HCMONB30BAHUC  MPHUHIUIIOB
JUATCKTHYECKOTO MaTephalu3Ma Ha BCEX YPOBHIAX (HH3HUCCKOTrO
MO3HAHUS HEHM30CKHO MPHUBOAUT K CBKINWAOBY HNPOCTPAHCTBY H
OJHOHAIPAaBICHHOMY HENPEPBIBAEMOMY BPEMEHM.

Bo Bcex cnydasx KaKyImuxcs «HETHMHEHHOCTEH» MPOCTPAHCTBA U
BPEMCHH HY>KHO WCKAaTh HCYYTCHHBIC TTyOHMHHBIC MPOLIECCHI, B TOM
YHCIC U HA YPOBHIX OPraHU3alMU Matepuu, Oomee ImyOOKHX, HYeM
OpPTaHM3AIMI MATEPHUH B <AIIEMEHTAPHBIX>» YaCTHIIAX BEIIECTBA.
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Hanvure BceoOumx Gpu3nueckux HHBAPUAHTOB AJIS1 BCEX YPOBHEH
OpPraHu3allil MAaTCPHUM M CYIICCTBOBAHME HEIPEPBIBHOM LIEIH
MPUYHHHO-CIICACTBCHHBIX OTHOLICHUH MEXIY YACTHBIMHU SIBJICHUSMH,
TAKXKEC OXBATHIBAIOIICH BCC VPOBHH OPraHW3alid  MAaTCPHH,
3aCTaBIIIOT NONAraTh, YTO HUKAKHX MPEANOYTUTEIBHBIX MACIITaOO0B
MPOCTPAHCTBA M BPEMEHH B MPUPOJC HE CYLICCTBYET, H MO3TOMY HdA
6cex YPOBHAX OPeAHUAUUU MAMEPUU OelCmEYIOm O0OHU U me MHce
Qusuueckue 3aKOHbI 1 HUKAKUX <OCOOBIX» 3aKOHOB ISl SIBICHHMA
MuKpomupa He  cymectByeT. Orcioma  BeITekaeTr — ocoboe
THOCEOJIOTHYCCKOE 3HAUCHUC aHATOTUH MEXIY SBICHHUSIMU MAaKpo- U
MHUKPOMHpA.

Uetbipe BceoOIIUMX WHBApHAHTA:  ABIDKCHHEC M TPU  €ro
COCTABIISIIOLINE — MATEPHsI, IPOCTPAHCTBO U BpeMsl, 00JIaJa0T CEMbIO
OCHOBHBIMH CBOMCTBAMH:

— HaJHYMEM BO BCEX CTPYKTYpax U SIBICHUAX, BKJIIOYAs
KOCMUYECKUE

— COXPaHCHHEM TNPH JTHOOBIX MPEOOpa30BaHMUIX;

— OecpeACIbHOM ICTUMOCTHIO;

— aJIUTHBHOCTHIO,

— JIMHEUHOCTBIO;

— HEOTPAaHUUCHHOCTBIO,

— OTCYTCTBHEM KaKUX-TUOO MPEANOYTUTETBHBIX MACIITA00B HITH
MPEATIOYTHTENBHBIX OTPE3KOB.

N3 >THX CBOWCTB MHBAPHAHTOB C HEOOXOIMMOCTBIO BBITCKAIOT
CBOICTBA HAILIETO PEaIbHOTO MHUpA!

1) HECYHHUYTOKUMOCTh M HE CO3JAaBACMOCTb MATCPHH, MMPOCTPAH-
CTBa, BPEMECHHU U JIBUIKCHUS,

2) eBKJINAOBOCTE KOCMUYECKOTO MPOCTPAHCTBA,

3) paBHOMEPHOCTh TEUCHHSI BPEMEHH BO Bee BeeneHHOi;

4) GecripeaenpHas ACTUMOCTh MATCPHH, MPOCTPAHCTBA, BPEMECHU
U JABVDKCHUS,

5) mpucCyTCTBHE MaTEpPUU M ABIKCHHS B JTIOOOM, CAMOM MaJICHb-
KOM 00bEME MPOCTPAHCTBA B JIFOOOM MECTE KOCMOCa,
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6) HEpPEpPHIBHOCT MATEPUATBHBIX MPOCTPAHCTBEHHBIX CTPYKTYP
(BKJIrOYAs TOJICBBIC) M MPOLIECCOB BO BPEMEHH (OKOHYAHHE OJHUX
MPOLIECCOB AaeT HAYAIO APYTHM IPOLeccam);

7) mepapxuueckasi OpraHM3alis MATCpPUH B MPOCTPAHCTBE H
MPOLIECCOB BO BPEMCHH;

8) oanHaKOBOCTh (PU3UUECKIX 3aKOHOB HA BCEX YPOBHSIX OpraHM-
3aMy MATCPUH U B T1000# Touke BeeneHHoi;

9) oamHaKOBOCTh (PUBMHYECKUX 3aKOHOB BO BCEX TOYKAX
KOCMHUYECKOr0 MPOCTPAHCTBA M HA 3eMJIC B MPOLIJIOM, HACTOSIIEM H
OyayuiemM Ha JTr000M OTPE3KE BPEMCHH;

10) Cseaenne Bcex mporieccoB (BKITHOUAs BCE TaK HA3bIBACMBIC
(byHIaMEHTATbHBIC B3aMMOJCHUCTBUS) K MEXaHHUKE — MECPEMCLICHHUIO
Macc MaTepuu B POCTPAHCTEC;

11) Beckoneunocts 1 OecnpeaeabHOCTs BeeneHHO#H B mpocTpaH-
CTBE,

12) BeckoneuHOCTh 1 OecnpeaeabHOCTh BeeneHHOM BO BpeMeHH;

13) IMocrostanstii (B cpeanem) Bux BeeneHHoi BO BCe BpeMeHa.

Orcroga crnexyer, B 4acTHOCTH, 4TOo BceleHHas Bcerja mmena,
uMeeT u OyJeT UMETh B CPEIHEM OTUH U TOT )K€ BUA, UTO CICACTBHUS
BCEra BO3HUKAIOT MOC/C MPHYUHBI K HE MOTYT MEHSTBCS MECTAMU H
YTO CYLICCTBYCT HEMPEPBIBHAS MPUIMHHO-CICACTBEHHAS LICTb BCEX
COOBITHIA.

2.4. KauecTBeHHbIe cBOMCTBA 3dmpa B
OKOJ103€MHOM NpPOCTPaHCTBE

WM3noxeHHAss BBIIIEC MCETOOJIOTHS  ITO3BOJIACT IMOJOUTH K
OIPEACIICHUIO KaueCTBCHHBIX CBOMCTB 3¢upa [16, c. 103-108].

OcHoBHBIC CBOICTBA d(upa Kak MHPOBOH CPEIbI, SBIISFOLICHCS
OCHOBOH CTPOEHHUSI BCEX BUJOB BEIIECTBA U OTBETCTBEHHOM 3a BCE
BUIBI B3aUMOJIEHCTBUMA, HEOOXOIMMO BBIBOOUTH TOJBKO Ha Oase
aHajm3a o0IUX CBOMCTB peajpHOoro mupa. [Ipu atom crneayer yuects,
YTO HUKAKUX OCOOBIX CBOWCTB HA YPOBHEC MHKPOMHpPA U HAa YPOBHC
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3¢upa HA Yy MaTEPHUH, HA Y MPOCTPAHCTBA, HU Y BPEMEHHU HET. JDTO
3HAYUT, YTO SQUP HOTUMHSICTCS TEM K€ (PU3MUECKHM 3aKOHAM, YTO
Makpo- u Mukpomup. Orcroma BBITEKAaeT, 4TO 3QUP JOHKCH
MPEACTABIATE COOOH OXHY U3 OOBIYHBIX CPEA — TBEPAOC TEINO,
JKUAKOCTb WM a3, 0O HUKAKKUX APYTUX cpel B Makpomupe Het. [pu
STOM W3 BCEro OECKOHEYHOTrO pa3HOoOOpasusi CBOWCTB PEaTbHOrO
MHUpa, B TEPBYIO Ouepelb, HEOOXOAWMO VUUTHIBATH CBOICTBA,
CBSI3aHHBIE C Iepejadeil  3HEPrum  B3aUMOACHCTBUH U CO
CTPYKTYPHBIMHU NPEOOPa30BAHUSIMH MATCPHH.

W3 npakTHkM eCTECTBO3HAHWS HW3BECTHO, YTO KOCMHYECKOE
IPOCTPAHCTBO SIBJISICTCSL HU30TPOITHBIM 110 OTHOLICHUIO K
PACIpPOCTPAHCHUIO JTIOOBIX DHEPrETUYCCKUX TMOJACH U BO3MYIICHHH.
N3 3TOr0 CBOMCTBA KOCMHYECKOTO MPOCTPAHCTBA BBITCKACT CBOHCTBO
3(upa 3amONHATH ECTECTBCHHBIM 0O0pa3oM 3TO MHPOCTPAHCTBO 0Oe€3
MyCTOT U JUCIOKAlUi, mo3ToMy 3(GHP HE MOXKET OBITh HU
KUAKOCTBIO, HU TBCPABIM TCJIOM, KaK 3TO MPCANOjaarajoCcb MHOTrUMU
aBTopaMu paHee. B ycooBHAX HEBECOMOCTH IKHAKOCTH IIOJ
ﬂeﬁCTBHeM CHJI ITOBCPXHOCTHOTO HATSKCHUA OOJKHA CO6I/IpaTI:C$I B
mIapsl, YTO NPUBEIO0 OB K 0OPA30BAHHUIO MTyCTOT MEXAY mapamu. s
JTr000r0 peanbHOro (U3NUECKOro TBEPAOTO TENA XapaKTEPHbI TC WU
unbie gucmokanuu. M 1o, u apyroe mpuseno Obl K HEPABHOMEPHOMY
pacnpeaciacHUI0 Mmojicii B Bakyyme, HO 3toro Her. QaHako 3¢wup
MOXKET SIBISITBCS TA30MO0A00HBIM TEJIOM, TAK KaK TaKOe TENO 00IaaacT
CBOWICTBOM €CTCCTBEHHBIM 00pa30M 3aIOJHATH BCE MPEIOCTABICHHOE
€My HPOCTPAHCTBO O€3 MyCTOT U JUCIOKALINHI, U A2KE YCPEAHATH CBOE
pacnpeaeneHue, eciii OHO OYEeMY-THOO0 HApYIICHO.

N3 ¢dakra manoro compoTHBICHHS >(upa IBKCHHIO TEN, B
YACTHOCTH, BBITEKACT, YTO 3(QHp AOMKEH 00nagaTh OTHOCHUTEIBHO
Majod IMJIOTHOCTBIO U Mol Bs3KOCThIO. Ecnm Ob1 3dup obmazan
6OJ'ILH.II/IMI/I crjiaMu  CHOCIUICHHUA MCXKAY CBOUMH YaCTAMU, 3TO
CKa3ajoch Obl HAa ABWKCHUM ILIAHET, OJHAKO 3TOro He HabIromaeTcs.
lNazomomoOHast cpema  XOpOLIO  YIOBICTBOPSET M JAHHOMY
TpeOOBAHUIO B OTIMYHE, HAIPUMEDP, OT TBEPAOro Tena.

U3BecTHbIC OOMBIINE CKOPOCTH PACHPOCTPAHCHHS BO3MYIICHUH B
MPOCTPAHCTBE 3aCTABILIIOT Moiarate y 3¢upa OOJbIIyI0 yIPYrocTs,
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YTO W SBIUIOCH MPUYMHON TOTrO, YTO HEKOTOPHIC ABTOPHI CUHTAIH
3¢up tBepabM TenioM. OgHako OosbLIAS YIPYTOCTh XapaKTepHA HE
TOJBKO JJIsl TBEPAOrO Tea, HO M s TI0OOro TeNa MpH YCIOBUH, YTO
SHEPTUsl B3aUMOACUCTBUM MEXAY €ro 4aCTHULAMU HOCHUT PEaKTHUBHBIN
XapakTep W HE MEPEXOJWT B TEIUIO, T.6. CpeAa o0NagacT MabIMH
morepsiMi. TakuM 00pa3oM, MO COBOKYITHOCTH BCEX TpPeOOBaHMI
CBOWCTBAM MaKpOMHpPa YAOBICTBOPSIET TOIBKO ra30noJo0Has cpeaa.

PaccmoTpuM HEKOTOpBIC XapaKTEpHBIC SBICHHS MHKPOMHUpPA H
BBITCKAIOIINE U3 HUX TPEOOBAHHS K 3IEMEHTY CPEIBI.

Kak wm3BecTHO, Tak Ha3bIBaGMbIC SJICMCHTAPHBIC YACTHLBI
BeIIeCTBA 007aJalOT CBOWCTBOM B3aMMHOIO IPEOOpa3OBaHHMI.
N3BecTHO Jake BBIpAKEHHE, YTO <«IH00As 3ICMEHTApHAs YaCTHLA
COCTOMT M3 BCEX OCTaJbHBIX», T.C. B PE3YNbTaTC B3aUMOIACHCTBUS
MEKIy CO0O0M MBYX WM 00JICEe YaCTUL] MOKET OBITh IMOJTYYICH BEChMa
IIMPOKUH CHEKTp YacTui apyroro Buzaa. llpu sTom He cymecTByeT
TAKUX OJIEMCHTAPHBIX YACTHL, KOTOpbIE HE MOriau Obl OBITH
Pas3ioKEHbI HA APYTHE WM HE MOTYYaTUCh Obl B Pe3yJIbTaTe ACICHUS
Jpyrux yactui. He cymecTByeT Takoke pa3aenbHbIX IPYITI YaCTHL, HE
mepexoqIIuX Jpyr B apyra. Bce 93To o3Hadaer, 4to 6ce
INeMEHMAPHbIe YACHUYbI 6EU{ECBA COCIMOSIM U3 OOHUX U meX Jice
yacmeit, U3 0OHO20 U MO20 Jce CMPOUMENIbHOZO0 MAmepuaid, a
W3BCCTHBIA OKCIICPUMCHTANBHBIA (PAKT <«POXKICHHUSI» YacTUL B
BaKyyMe TIpU ONPEACICHHOM COOTHOLICHHHM TMOJCH  MOXKET
paccMaTpuBaThCs Kak (aKT OPraHU3aLH STOrO JKE CTPOUTEIBHOTO
MaTepuana, COICpPKaIIerocss B BaKyyMe, B 3JICMCHTAPHBIC YACTHULIBI
BemecTsa. Eciau Obl Takoro Marepuaia B BaKyyme He ObLIO, TO M HE U3
yero Obto Obl mM  oOpazoBeiBarbes. (CleaoBaTENbHO, HAMULO
eOuHCcmeo  mamepuu  QUIUUECKO20  GAKYyMA U Mamepuu
INEMEHMAPHBIX YACMUY, GEU{ECMEd.

Paccmorperne B3amMOJEMCTBHMI YacTHI[ BEIIECTBA JAPYr C
JPyroM, B PE3yJNbTaTe KOTOPBIX MPOHMCXOAUT NpeoOpa3oBaHUEC HUX
¢bopM M BHAOB, MOKA3BIBACT, YTO STH B3aUMOACHCTBHS SIBISIOTCS
PE3YIBTATOM MEXaHUYECKOTO MEPEMEIICHHUS YACTUL] B IPOCTPAHCTBE.
IIpy »>THX B3aUMOACHCTBHSAX COXPAHSIOTCS BCE MEXaHHYCCKHE
mapaMeTpbl — OJHEPrusT M HMIyJbC. ECAM CUYHTATh MATEPHUIO
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HEYHHUYTO)KHMOW, TO UMCIOLIMA MECTO B PsIC COYAApEHUil deghexm
macc modxcem 6vlmb OMHECeH 3d ciem nepexood Yacmu Mamepuu
u3 cocmaea yacmuy, 6 okpyxycarouyro ux cpedy. CrenoBaTensHo, 6
OCHOGe 63aUMOOCCmBUsl  INeMEHMAPHBIX HACMUY, Beujecmed
Jlexcam 3aKOHbl MEXAHUKU .

YacTi 37€MECHTAPHBIX YaCTHIl BEIIECTBA TAKXKE MEPEMECLIAIOTCS B
MPOCTPAHCTBE B COCTABE CAMHUX STHX JJICMEHTAPHBIX YACTUL. ITO
YIIOPSIIOYCHHOE JBIDKCHUC HaOIr01aeMO COBPEMCHHBIMH
MU3MEPUTEIBHBIMU cpeacTBaMu. [locme ke Toro, Kak B pe3ynbTare
B3aUMOJCWUCTBHS M MPEOOPa30BAHHS  <OJICMCHTAPHBIX  YACTHI»
BCLICCTBA YACTh MaTCPUM IMEpelLIa M3 COCTaBa 4YaCTUL[ B
OKPY’KAIOIIYIO0 CPEAY, UTO MPOSBISIETCS Kak AC(EKT Macc, 3Ta 4acTh
MaTepUM Ha COBPEMCHHOM YPOBHE HM3MCPHUTCIBHONH TEXHUKH
CTAaHOBUTCS HE HAOIIOAACMOI COBPEMCHHBIMH mpuOopamMu. JTO HE
03HAYACT, OIHAKO, €¢ OTCYTCTBUS, a (haKkT HE HAOIIOAACMOCTH JO/IKECH
paccMaTpuBaThCSl KAk~ BPEMCHHBIA.  paHO WM TO3IHO
COOTBETCTBYIOIIHE MPUOOPHI MOT'YT OBITH CO3AaHBI M TO, YTO CErOIHS
He HabOII0AaeMO, B Oy IyIIEM CTAHET HAOIIOJACMBIM.

Taxkum obpasom, mpeactasicHue 00 3dupe kak 0 razomnoao0HOI
cpeme MOXKET OBITh NPUHATO M HA OCHOBAHHMHU AQHAIM3A IOBCACHUS
AIEMEHTAPHBIX YACTHII ITPH MX B3aUMOJCHCTBHSX.

Bosnukaer Bompoc, kakuM ke oOpa3oM YacTHIBI 3QHpa MOTYT
VACP/KUBATBCS B COCTABE JJICMCHTAPHBIX HYACTHI[ BCINECTBA, CCIU
a¢up sBasercs razom? OTBET HA 3TOT BOMPOC MPOCT, €CIH YYECTH,
YTO DJICMCHTAPHBIC YACTHLBI BCIICCTBA MPEACTABILIIOT  COOOM
TOPOHJATTHBIC BUXPEBBIC oOpa3oBaHusI VIIOTHEHHOT O
razonogobHoro 3¢upa. OcHoBaHHEM IJIsi OJOOHOTO YTBEPXKACHUS
CIy)KUT TO OOCTOSTEIBCTBO, YTO HMMCHHO TOPOHMIANBHBIC BHUXPH,
OKPY>KCHHBIC TIOTPAHIUYHBIM CIIOCM, SIBJISIFOTCSI € AMHCTBECHHOMN (popMOit
JBIDKCHUSI, CIIOCOOHO# yaepKaTh B 3aMKHYTOM 00BEME YIUIOTHCHHBIH
ras.

Pasnuuue ymenmpHOW MacChl DIIEMEHTAPHBIX YACTHUL[ BELICCTBA
TpeOyeT MOMyLICHUSI CKMMACMOCTU CpPeIbl B LIMPOKHX MHpeaeaax —
CBOWCTBO, KOTOpPHIM 00NajgaeT TONbKO razomomoOHas —cpena.
3HAYNTENBHBIC CHJIBI M JHEPIHU B3AUMOACHCTBHIA MEXKIY TEIaMu
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JETKO MOXKHO OOBSICHHTh OONBIIMMH JABICHUSIMH U CHIAMH
VIOPYIOCTH, KOTOPBIMHU CIIOCOOCH 00najgaTh ra3 Onmaromapst BICOKOU
CKOPOCTH NEPEMELICHHUS B IPOCTPAHCTBE €0 YaCTHL.

CoBMECTHOE pPacCMOTPEHUE BCEX IECPCUHCICHHBIX CBOWCTB
PcaIbHOrO MUpPA MO3BOILSICT MPUIUTH K BBIBOAY O TOM, UTO:

apup — muposas cpeda, 3aAnNONHAOWAS 6CE MUPOBOE
npocmpancmeo,  oopazyroujas — 6ce  6uUObl  Geujecmed U
OmeemcmeeHHds 3a 6ce 6UObI 63auUMOOelicmeuil, npeocmasisiem
co00il peanvuplii, m. e. 8A3KUI U CHCUMAEMDLIL, 2a3.

JTOT ra3 COCTOMT H3 CYLIECTBEHHO OOIEE MENKHX, YeM
3JIEMEHTAPHBIC YACTHLBI BEIIECTBA, YACTUL, KOTOPHIE LIETIECO00pazHO
Ha3BaTh TAaK, KaK OHHM HA3bIBAIUCh B ApeBHOCTU JlemokputoM, —
Auepamu (HC WMCIOIMMH MEpPbI), T.C. (PU3HUCCKH HEICTUMBIMU
yacTssMu Marepuu. Pasymeercs, CBOWCTBOM HEIEIUMOCTH OHU
HAJCNCHBI YCIOBHO, BPEMEHHO, O HAKOIUICHHS CBEACHHUN O pa3HO00-
pasuu aMepoB U MX B3AMMHBIX MMPEBPALICHUSIX U IPEOOPa30BaAHMUIX.

[lepememenns aMepoB B MPOCTPAHCTBE U MX B3aUMHBIC COyaape-
HUSl 3aCTaBJSIIOT MONAraTh, 4TO I YacTeH aMEpPOB TAKKE XapakTep-
HBI 3aKOHBI MEXaHHKH M YTO YacTU aMEPOB TaKKe 0OpasyioT cpeny,
3aMOTHSIOIIYI0 MHPOBOE MPOCTPAHCTBO. JTa CPEAa TAKKE ra3omnono0-
Ha, €€ DJEMCHTBI MEIbUYC aMEPOB, 4 CKOPOCTU ICPEMCINCHHS B
MPOCTPAHCTBE CYIICCTBCHHO BBIIIE, YE€M CKOPOCTH MEPEMCIICHUS
amepoB. COBOKYITHOCTh 3THX YACTHI] B MPOCTPAHCTBE MPEACTABIISICT
coboit a¢up-2, bonee ToHKHHA, yeM 3¢up-1, 0Opa3zoBaHHBI aMepaMH.
OnHako Ta ke JOruka, MpuMEHEeHHas K 3Qupy-2, 3aCTaBIsIeT CUUTATh
€ro 3JEMEHTHI COCTOSIINMU U3 3¢upa-3 1 Tak 10 OECKOHEYHOCTH.

HenocraTounocte cBeaeHuii o cBoictBax s¢wupa-1, xoTopslil B
JanpHedmeM OyAeT HasbsBaTbCcs MPOCTO 3(GHUPOM, 3aCTaBISCT
OrPaHUYHTHCSI OMIPEACICHUEM CBOMCTB TONBKO 3TOrO 3dupa.

Ha s¢up pacnpocTpaHsroTCs BCE 3aKOHBI OOBIMHOM ra30BOM MeXa-
HUKH, IOCKOJIbKY Ha BCEX YPOBHSX OPTaHU3aLNH MATEPHH JCUCTBYIOT
OOHHM M TC K€ 3aKOHbI. ['azoBas MeXaHHKa MPOLLIA ONPEACICHHBII
MyTh PA3BUTHUS B IPYTUX OONACTAX CCTECTBOZHAHMS U TEIEPh MOXKET
OBITh C YCHEXOM HCHOJb30BaHA sl PACUCTOB MAapPaMETPOB, Kak
camoro 3¢upa, TaKk M BCEX MaTCpUANBHBIX OOpa30BaHHil W mOiei
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B3aUMOJCHUCTBHI, CTPOUTEIBHBIM MATEPUATIOM KOTOPBIX OH SIBIISICTCA,
U CYIIECTBOBAHUE KOTOPHIX OH OOYCIIOBIMBACT CBOMMU JABHIKCHUSIMH.

Tot daxr, uro 3pup okazancs razom, MO3BOJSICT CHIATH TPOOIEMY
TopMOXkeHUsl TmaHeT B 3¢upe. Koneuno, adup, kak U Beskuil ras,
o0nagaeT OMpEACTICHHOW BS3KOCTBIO, HO 3Ta BSI3KOCTh OKa3anach
CTONb MAaJoH, YTO MJIAHETHl TOPMO3ATCS B HEM HE3HAYHUTEIBHO,
COKpaiIias CBOI CKOPOCTh B 2-3 pasa 3a MHOTHUEC MUJUTAAPIBI JICT.

Adup obraamaer Maaol MIOTHOCTHIO, HA 11 MOPSAKOB MCHBIIC
IJIOTHOCTH BO3IyXa HA IMOBEPXHOCTH 3EMIH, HO B TO KE BpPEMs
OTPOMHBIM JaBJICHUEM, MPCBBILIAIOIINM AaBjicHue atMochepst Ha 32
MOPSIIKa, TO €CTh BO MHOTME MWJLTHAPABI MHILTHAPAOB MUJITHAPAOB
pa3. DToMy JABJICHHIO COOTBETCTBYCT TMTAHTCKAS YIACIbHAS SHEPTUs
TCIUIOBOTO ABIMGKCHHSI €T0 MOJICKYNT — &MEpPOB, MOITOMY IS JTHOOBIX,
CaMbIX BBICOKOIHEPIETHYCCKHX TMPOLECCOB B  TIOOOW  TOUKE
MPOCTPAHCTBA BCErAA CCTh HEOOXOIAMMAS SHEPIHsl, KOTOpAas MOXKET
OBITh KCIONB30BaHA STHM IPOLIECCOM.

3anoHsMsS BCE KOCMHYECKOE MPOCTPaHCTBO, 3dup obmamaer
CyMMapHOH MacCO MHOTOKpPaTHO, B COTHH MHIJIMOHOB pa3
NPEBBIIAOMICH MacCy BHIUMBIX HEOCCHBIX TN, MO3TOMY, CTaBs
3amady pasodparbCs € (PU3MKOW MMPOIECCOB, MPOUCXOISIIUX B
KOCMUYECKOM TPOCTPAHCTBE, HEMb3s MNpeHeOperaTb MpPOLIECCAMH,
MPOUCXOISLINMU B 3upe.

C »TuX mnNo3uuMid W JOKHBI  PacCMAaTpUBaThcs — TrOOBIC
KOCMHYECKUE CTPYKTYPBI U SIBICHUS.

2.5. OnpepeneHne YUCrEHHbIX 3HAYEeHUN
napameTpoB 3cupa

YucneHHbIC 3HAYCHUS MApaMeTpoB 3¢upa B OKOIO3EMHOM
MIPOCTPAHCTBE KaK PEAThbHOTO ra3a MOXKHO OIPEJEIUTh HA OCHOBAHHUU
W3BCCTHBIX  DKCICPUMCHTAIBHBIX  JAHHBIX, XapaKTCPU3YIOLINX
(u3MuecKUe  MPOLECCHI ¢ YYETOM  MPEACTaBICHUN 00 WX
aupogunammueckoii cymHoctu. [lockonbky (uznueckue sIBJACHUS B
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HCCIICIOBAHbl B 3€MHBIX YCIOBHUSX, MOXKHO T'OBOPUTH O 3HAUCHHSX
mapamMeTpoB dS¢upa MO B IHPOCTPAHCTBE, HEMOCPCACTBEHHO
OKpY’KaroIeM 3eMITI0, PachpocTpaHssi UX Ha JAPYrue odmactu
Bcenennoit muie mo Mepe YTOUHEHHs YCIOBHH HAXOXKICHUS d¢upa B
stux obnactiax. [lapamerper adupa, Takue, Kak MIOTHOCTD, JABICHHE,
TeMmrmeparypa W JAp., MOIYT B Jpyrux ooOmactsax BcenenHoit
CYLICCTBCHHO OTIMYAThCA OT MapamMeTpoB 3(uUpa B OKOIO3EMHOM
mpoctpancTBe. 00 3THX OTAMYHAX MOXKHO B HPHUHLMIE CYAHTh HA
OCHOBE BHE3CMHBIX HCCIICAOBAHUM, ACTPOHOMHYCCKUX HAOTIOACHUN 1
.. [lapamerpsl >¢upa BHYTPH BelIECTBA TaKXKE CYLIECCTBEHHO
OTJIMYAIOTCS OT NapamMeTpoB d¢dupa B Bakyyme. B nannoM maparpade
BBIYUCILIIOTCS JTUIIb NapaMeTpbl 3¢upa B CBOOOTHOM OT BELICCTBA
OKOO3€MHOM TMPOCTpaHCTBE. PacueTsl NPOM3BEACHBI HAa OCHOBE
MpeACTaBICHUI 00 3(QUPOIUHAMHICCKOH CYLIIHOCTH 3JCKTPHICCKOrO
MOl BOKPYT MPOTOHA M O BHYTPCHHEH CTPYKTYpPE CaMOro MpPOTOHA.
IlepBoe gaeT OCHOBY AJisl ONMPEACTICHUSI MAacCOBOM IIIOTHOCTH 3(dupa,
BTOPOE — AJIsl ONIPEICICHHS HIKHEH rpaHuLpl AaBiacHus B adupe. Bee
OCTAJIbHBIC TMAPAMETPBl TOMYYCHBI IMYTEM MPOCTHIX PACUYCTOB C
MOMOIIBIO COOTHOLICHHH ra30Boii AnHamuku [16, c. 108-116].
N3 comocraBneHus yaeIbHON SHEPTHH SICKTPUICCKOTO MO

eE?
Wep OO 1.1
2

C YJ€IbHON KUHETUYECKOM 3HEPrueii ra3oBeIX CTPYyH

oV
w=00 , (1.2)

2
rae & — JWDJICKTPUYCCKAss MPOHUIACMOCTh Bakyyma, F —

HANPSDKEHHOCTD JJIEKTPUYECKOro Moisl, O, — IUIOTHOCTh 3dupa, V —
CKOpOCTb MepeMeIneHus 3¢upa.
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Otcroga BHOHO, YTO MOCKOJBKY IOKA3aTElU CTENEHEH & U 0O
passsI 1, TO

& = 8,8510%d'm " =p = 8,8510" krm ™2 (1.3)

gro coorBercTByeT B3rmsiaam O.@penens (1823) u coorBercrByeT
MPCACTABICHUSM ONTHKH O CBSI3H KO3(pQUIMIEHTA NPEIOMICHUS
BEILECTBA U €0 OTHOCUTEIBPHON IUAJIEKTPUUECKON MPOHUIIAEMOCTH.
Orcroga ke CIeayer, HTO SJICKTPHYECKAs HANPSIKCHHOCTb
XapaKTepU3yeTcss CKOPOCTHIO MepeMeIeHust 3(hupa H, CleI0BaTEIbHO,

E, B/ =V, mlc (1.4)

Ilpu srom crpykrypa mOTOKOB 3(upa, 00pasyroumx
ANEKTPUYECKOE MOJIE, OTCIOIA HUKAK HE BBHITCKACT.

Kax mokazano B [11, c¢. 313—314]snexTpudeckoe mojic MPOTOHA
o0pasyeTcst ero BpAICHWEM, 3aXBaTBHIBAIOIIAM OKPYXAOIUHN 3(up.
CyINHOCTD 3JICKTPHYCCKOTO 3apsiga MPH STOM ONPEACTSCTCS Kak
LUPKYJSIIUS ITIOTHOCTH MOTOKA 3(pHpa 1Mo NOBEPXHOCTH MPOTOHA!

9, Ki=p,V S, xrlc, (1.5)

31ech Vi — MOCTYMaTeIbHAS KOJIbLIEBAs CKOPOCTh MOTOKOB 3(upa
Ha OKBAaTOPE NPOTOHA, < — IUIOMAAb IOBEPXHOCTH IPOTOHA.
IMockombKy BACKTPUYCCKHI 3aps] MPOTOHA, €ro Pa3Mepsl U, TEM
caMbIM, TUIOIIAMh TIOBEPXHOCTH W3BECTHBI, TO W3 TPUBEIACHHOIO
COOTHOIICHUS OMPEACIICTCS CKOPOCTh MOTOKOB 3(hupa Ha SKBATOPE
nporona. Ona okassiBactcs passoii 1,15-16" m/c, a obmas ckopocTs
MMOTOKOB HAa TMOBCPXHOCTH 3(dupa ¢ y4YETOM KOJBLCBOH U
TOPOMIATHHOU COCTABJISIIOIINX PaBHA 1,6-1(31 M/C, YTO MHOTOKPATHO
MPEBBIIIACT CKOPOCTh CBeTa. M3 3TUX COOTHOWICHUH C YYCTOM
Pa3BUBAIOIIUXCS IICHTPOOCIKHBIX CHJI OMPEACIISICTCS JaBiacHue ddupa.
OHO OKa3BIBACTCS PABHBIM MMOPSAKA 10* Ia, uro ma 32 TopsIKa
BBILIIC, UM 3HAUCHUE MaBJICHHE B aTMocdepe 3emiin.
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Tabauya 1.1.
Ilapamempul r3¢pupa 6 okonozemuom npocmpancmee
ITapametp Benmunna Enununa
H3MEPEHHS
Ipup 6 uenom

ITnoTHOCTB 0,= 8,85.10" KOM

JlaByicHue P>1,316° Hwm™

VnensHOE w>1,316° I

JHEPTOCOACPKAHHIE

Temmneparypa T<10* K

CKOpOCTh MepBOro 3Byka | vy > 4,3-16° Mt

CKOpOCTh BTOPOro 3ByKa | Vo =c = 3-10 Mt

Kos(¢uument Ttemmepa- | a~ 4-10 M2t

TYPOIMPOBOTHOCTH

Koappumment ke~ 1,2-16° krmc o Kt

TEILIOMPOBOTHOCTH

Kunematuyeckas x =410 MoC

BA3KOCTh

JuHAMIYIECKAS BA3KOCTD n~3,510° KO.M ¢

IToka3arems agnadbarTsl 1-14 -

TennoeMKoCcTb pu c > 1,418 Moo KT

MOCTOSTHHOM JIABJICHUH

TemnmoeMKkoCTs Ipu oy > 10" Moc KT

IIOCTOSIHHOM 00BEME

Amep (dnemenm r¢hupa)

Macca m, < 1,5-10™* KT
Tnametp d.< 4,6-10% M
KommdecTBo B e quHMIIES n, >5,8- 162 Mo
o0BeMa

Cpemuss qmuHA Ao < 7,410 M
CcB00OTHOTO Tpodera

CpemHss CKOpocTh u.~5,4-16° Mc

TCIUIOBOTO ABHKCHUA
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Ocrampable mapaMeTpsl 3(upa B OKOIO3EMHOM IPOCTPAHCTBE,
npuBeacHHbe B Tabn. 1.1., ompenenensl mo ¢opmynam OOBIYHOI
ra3oBoii Mexanuku [16, c. 108-116].IToxpoOHO pacuer mapaMeTpos
3(upa B OKOJI03EMHOM MPOCTPAHCTBE NPUBEACH B KHUTE 2 «Hauam».

[IpuBeacHHEIE B TaOmUIE YHCICHHBIC MapaMmeTpel 3dupa
OTHOCSTCS TOJIBKO K OKOJIO3EMHOMY IPOCTPAHCTBY, KOTOPOE, MPABJA,
PacCIpOCTPaHIETCS M HAa BCE OKOJOCOMHEYHOE IpocTpaHcTBo. Ho B
Jpyrux obnactsx BceneHHOW 4HCICHHBIC 3HAUCHHS MApaMETPOB
3(pupa MOryT CYIIECTBEHHO OTIHYAThCS OT MapaMeTpoB 3dupa B
OKOJIO3EMHOM TIPOCTPAHCTBE, IMapaMeTpsl amMepa — €ro macca u
pas3Mepsl TOKHBI COXPAHUTHCS.

Buieoowi

1. Ha mpotsbkeHHMn Bceil MCTOPUHM Pa3BHTHSl €CTCCTBO3HAHHS B
HeM OOpOJHCh ABE KOHLETIIUU — OMU3KOACHCTBUS, MPeaOIararomei
HAIMYHE B MHUPOBOM IPOCTPAHCTBE (U3MUECKOH cpeapl — 3¢wupa,
o0ecreunBaOmIero Mepeaayy JHEPrUd  B3aMMOJCUCTBUS  MEXIY
TEmaMH, W JATbHOACHCTBHS, MPEAIMONATalomero OTCYTCTBHE TaKOU
cpeapl. B HacTosmee BpeMs B €CTECTBOZHAHHU T'OCHOACTBYCT
KOHLICITLHSI JATbHOACHCTBYSI.

2. B mpupoae cyuecTByeT ra3onoqo0HbIA 3(Up, SBISFOLIUANACS
CTPOUTEIBHBIM MATEPUATOM U1 BCEX BEIICCTBCHHBIX 00Opa30BaHHI
OT 3JICMEHTAPHBIX YACTHUI] BEIIECTBA OO0 BceneHHOH B LenoM, T€ HITH
UHBIC (OPMBI ABIDKCHUSI KOTOPOrO OOYCIOBIHBAIOT BCE BUIBI
(M3HHECKUX B3aMMOACHCTBUI BeUIECTBA M BCEX BUAOB (DPHU3MUCCKUX
sBICHUN. D(UpoIuHAMUYCCKas: KOHLUCMUUS MO3BONSCT BBISCHUTD
BHYTPCHHHIA MEXaHM3M ITFOOBIX KOHKPETHBIX (PH3HUCCKHX SBICHUH H,
TEM CaMbIM, ONPEACITUTD UX (PU3MICCKUE TPUIUHBI.

3. Ha ocHoBe aHamormii c OOBIYHOH Ta30BOM MEXaHUKOU
VCTAHOBJCHBI OCHOBHBIC MapaMeTpsl 3@upa B OKOJIO3EMHOM
MPOCTPAHCTBE U €ro IJIEMEHTa —amepa. JPHUp UMEET IIOTHOCTh Ha 11
MOPSIIKOB MEHBINE IUIOTHOCTH BO3XyXa 3eMHOW aTMocdepbl, HO
00naaeT BHICOKUM JABICHUEM U SHCPIOCOACPKAHUCM.
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NnaBa 3. UcxoaHble AaHHbIe AnAa paccMoT-
pPeHnss KOCMUYECKUX ABNEHUN

3.1. ddmpoanHammnueckan ctpyktypa BceneHHon

Actponomsr cme B Hauajae 2010 cromeTus oOpaTuiId BHUMAHKC
Ha MEPapXUYECKOE YCTPOHCTBO kocMoca. Kak BBIsICHUIIOCH, pacmomo-
JKCHHC MaTCPUU B KOCMOCE HOCHT OIPCICICHHBII MOPSIIOK.

K.3.IlponkoBckuii B cBOCH crathe «IdupHbIii ocTpoB» [1] BbI-
CKa3aj CIPaBEATHUBOC MPEAIIONOKCHHUE O TOM, UTO BCS BUAMMAS HAMU
yacTh BeeneHHOM 3akiroucHa B IApPOOOpa3HOM CKOILICHHu 3¢dupa,
omuOCsi OH TOJBKO B ompenencHuu (opmbl ckomneHus. OH MHIIeT,
YTO TaKUX CKOIUICHUH 3¢upa, BKIIOYAOMMX B ceOsl ralakTHKH, B
KOCMOCE OECKOHEYHOE 4YHCIIO, M MEXKAY CKOIUICHHSIMHU Supa —
<«3(UPHBIX OCTPOBOB» HAXOAMUTCS HHAS, HEBEIOMAs HAM MaTepusl.

ACTpOHOMAaMH YCTAaHOBJICHO, YTO JIUIIb HEMHOTHE TaJaKTHKH CY-
IIECTBYIOT OTACIBHO OT OCTaJbHBIX, caMH Mo cebe (OHM Takxke H3-
BECTHBI Kak ranaktuku noss). Ctpykrypsr u3 npuvepro 50 ramakruk
HA3BIBAIOTCSl TPYNIIAMH TalakTHK, a OOJee KPYIHBIC, COXCPIKAIIUC
MHOTHE THICSYU T'AJIAKTHK B MPOCTPAHCTBE MOMEPEUHUKOM B HECKOJIb-
KO MEramapcek, Ha3bIBAIOTCS CKOIUICHMSAMH ramakTuk. CKomnmeHus
TalakTHK 3a4acTyI0 HAXOJSTCS MOJ BIMSHHUCM OJHOW THUTaHTCKOMN
SJUTUNITUYCCKON TaJaKTHKH, KOTOpas 3a CYET MPUIMBHBIX CHI CO
BPEMCHEM DAa3pyLIACT TajJaKTHKH-CIIYTHUKA W YBEIUYHBACT CBOIO
Maccy, nornomas uX. CBEpXCKOIICHUSIMH HAa3bIBAIOT THTAHTCKUE CO-
OpaHusl, coaepIKalre JECITKA THICSY TaJaKTHK, BXOSIINE B CKOILIE-
HUSl, TPYIIIBI MM PACIOIOKEHHBIE OTAenbHO. B MacmTabax cepx-
CKOIJICHUH TaJaKTUKU BBICTPAMBAIOTCS B MOJOCHI M HUTH, OKPYKako-
mue OoOmMpHBIE PaspeKEHHBIC MycTOTH. B Oompmux MmacmTadax
Bcenennas mpeacraér u3oTpomnHOit n ogHOopoaHoi. Hama INanakrrka
SIBISICTCSL OAHOW W3 raJakTHK MECTHOH TpyYIIBI, BIACTBYS HaJ HEIO
BmecTe ¢ Tymannocteio Armpomensl. B MecTHoii rpymmne momneped-
HUKOM OKOJIO OJHOrO Meramapceka, Haxomasarcst okono 30 rajakTuk.
Cama MecrtHas rpynma ssisiercst yactbto CsepxckoruieHus JleBbr,
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IJIABHYIO posib B KoTopom urpaer Ckxorutenne JleBs (B koTOpOE Harma
lanakTika HE BXOIHMT).

Ooparuaer Ha ceOst BHUMAHHUE TO OOCTOSTENBCTBO, YTO HA KAXKIOM
HepapxuueckoM ypoBHe nopsaka 60% ctpykryp cobupaercst B OTHO-
CHUTENBHO HEOOMBINONH OONACTH MPOCTPAHCTBA, B TO BpeMs Kak OcC-
tanpHeie 40% pazOpocaHbl MHPOKO. ITO KACACTCS CBEPXCKOILICHHMA
rajJjakTUK B BHIUMOHN dYacThU BcCeaeHHOI, CKOIUIEHHMNA TrajakTUK B
CBEPXCKOIUICHUSX, TPYII TanakTuk B ckorieHusx. Cozmaercs Brme-
YaTICHUE, YTO CTPYKTYpPa KAXKIOTO TAKOTO YPOBHS MPEACTABISET CO-
Ooti TopoumanpHyo dopmy, u 60% mmagmux CTPyKTYp coOupaercs
MMCHHO B LICHTPAJIbHOHM YacTH TAKOTO TOPOHZA, B TO BPEMs Kak OcC-
tanpHbie 40% paszOpocansl Mo BceMy octambHOMY ero teny. C mosu-
Ui 3(pUPOINHAMUKH 3TO OOBSICHIETCS MPOCTO: TOPOUAATBHAS CTPYK-
Typa NPEaCTaBISIECT cOO0M BUXPb, 3AMKHYTBIH caM Ha ceOsl, 3TO CIHH-
CTBCHHAs YCTONHYMBAsI B IPOCTPAHCTBE U BO BPEMEHU CTPYKTYpA, CIIO-
coOHasl TOKaIN30BaTh YIUIOTHCHHBIN ra3, KAKOBBIM sBIsieTCs d(up, B
OTPEIENCHHON 0o0nacTy mpocTpaHcTBa. IMEHHO B Takod CTPYKType
CYLICCTBYIOT OPTaHU30BAHHBIC TPAJUCHTHBIC MOTOKU 3(Hpa, B KOTO-
pBIX, Onarozapsi rpaJUCHTHBIM TCUCHUSIM JaBJICHHE 3(Upa MOHUKECHO
Y MO3TOMY TYAa BTATHMBAIOTCS MIAIIIUC CTPYKTYPHl K UMCHHO B TOM
COOTHOLICHUH, B KOTOPOM OHU HaOIIOJAOTCS.

OTU CTPYKTYPHbBIC COMHHLEBI, KaK W JTIOOBIC OpraHW30BaHHBIC
CTPYKTYPHI, CO BpPEMECHEM JOJDKHBI Pa3pyLINThCS, HO HA UX MecTe 00-
PasyroTcsi HOBbIC MOJOOHBIC CTPYKTYPHI M TaK 10 OECKOHEYHOCTH.

Janee uayT ranakTHKH, CTPYKTYPHAsI OPraHU3aLIs KOTOPBIX pac-
CMOTpEHA HIDKE, OCHOBHBIM 3JIEMEHTOM KOTOPBIX SIBIISIFOTCSI LICHTPBI
BHUXpeoOpa3oBanHuii 3upa, B KOTOPEIX COOCTBEHHO M POXKAACTCS BE-
mecTBo. ['amakTHKy TOXKE CO BpEMEHEM pa3pyLiaTcs, HO M Ha UX Mec-
T€ 00pa3yOTCsl HOBBIC raJTAKTHKH.

OCHOBOI1 COCTaBISIOIICH BEMIECTBA SIBIISIIOTCS MPOTOHHBI, 00pa3o-
BaBIIMECS B LICHTPAX BUXpeoOpa3oBaHus >QHUpa, B CHHPAIbHBIX Ta-
JAKTHKaX TaKUMHU LIEHTPaMH SBIBIIOTCS MX SIAPA, B KOTOPBIC C MEpU-
(epun ranakTUKU CTEKAKOTCs CTpyH 3¢upa, odpa3zoBaBLIMEcs B pe-
3yIbpTaTe pacnaja MpOTOHOB, T.C. pacmaja Bemectsa. M3 mpoTOHOB
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(bopMHUpYIOTCS 3BE31bI, KOTOPBIC (DOPMHUPYIOT IUIAHETHI, TC — CITyTHH-
KU.

Cam >¢up Taxke IMEET HEPAPXUUCCKOE CTPOCHHE BIIyOb: AMEpHI
— <«MOJCKYIB» 3(upa, BEPOSTHEES BCETO HMCIOT TOPOUAATIBHYIO
CTPYKTYPY, CTPOUTEIBHBIM MATCPHAIOM KOTOPBIX SIBIISETCS emme 0o-
J1ee TOHKU# ¢up — «@Up-2», COCTOSALIHNI U3 KAMEPOB-2», U T.1.

Kaxxnpiit Bce 6onee ToHkuit 3¢up obramact Bce MEHBLICH IIIOT-
HOCTBIO, HO BCE OOIBIICH TEIJIOBOM 3HEpruci, Oaaromaps Bce 0OIb-
1Ieil CKOPOCTH TEIIOBOro ABIbKeHNUS. U Tak 10 OECKOHEYHOCTH.

Pasymeercst, Bce 3TO €CTh BCEro JUIIb (PU3MIEeCKast MOALITb, OHA-
KO MOJEIb BHYTPCHHE HEMPOTHBOPEYMBAS M COOTBETCTBYIOLIAS BCEM
W3BECTHBIM CETOJHS HAOMIOAATETBbHBIM (aKkTaM.

3ajmaueii COBpeMEHHBIX HCCICAOBATEICH HA JAHHOM STare pa3Bu-
THSI €CTCCTBO3HAHUS 3aKITIOYACTCSI B TOM, YTOOBI pa3odpaTbes ¢ 3du-
pom-1, umu mpocTo ¢ 3QUpoM, T.€. ¢ TEM CTPOUTEIBHBIM MATEPUATIOM,
U3 KOTOPBIX COCTOHT BEILIECTBO.

3.2. Kpyroo6opot acpupa un Kpyroob6opot aHeprum
BOo BceneHHom

3.2.1. Kpyzoobopom 3¢hupa 6o Bcenennoii

OCHOBHOI#1 37IEMEHTAPHOI YacTULCH BEIIECTBA SBISCTCS MPOTOH.
910 cregyeT U3 TOro, YTo B MPOTOHAX COCPEAOTOUEHA OCHOBHAS Mac-
ca mo0Ooro BEIIECTBA, a HEUTPOHBI SBISIOTCS TEMH K€ CAMBIMHU MPO-
TOHaAMU C NMOTrPaHUYIHBIM CJIOCM, 3KPAHUPYIOIMUM HUX KOJBLCBOC Bpa-
IIEHUE OT OKPY’KAIOIIETO 3(HpPa, YTO AETAET UX IIEKTPUIECKU HEU-
TPaJIbHBIMU. 3J’I€KTpOHHI:I€ 000JIOUKH €CTh OPUCOCANHCHHBIC BUXPU,
oOpa3yeMble CaMUMH IPOTOHAMH, a (DOTOHBI €CTh PE3YIbTAT Kojtebha-
HUH 3THX BUXPEH — 3MEKTPOHHBIX 000m0uek. CaMu ke IPOTOHBI €CTh
TOPOUAAIbHBIC BUHTOBBIC BUXPHU YINIOTHCHHOI'O 3(1)I/Ipa, OTACIICHHBIC
MOTPAaHUYHBIM CIOEM OT OKpy»Karomero ux 3¢upa. Takum obpazom,
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BCC BELIECTBO COCTOMT M3 ra3omogo0HOro 3¢upa, KOTOPHI U SBIISCT-
CA UX CTPOUTCIIbHBIM MAaTCPUAJIOM.

OG6paszoBaHue TOPOUAATIBHBIX BUXPEH — MPOTOHOB MPOHUCXOAUT B
pe3yapTaTe XaOTHYECKOTO TEPEMELIMBAHHUS  BBICOKOCKOPOCTHBIX
CTpy# 2¢upa, NpudeM YCTORUYMBBIMU OKA3BIBAIOTCS TOJIBKO TE BUXPH,
KOTOpBIC 3aMBIKAIOTCSI caMH Ha cebst, o0pasyst Topouasl. Takue To-
POHIBI CAMOIPOU3BOIBHO ACTATCS HA 0OJee MENKUE, OJHOBPEMEHHO
YIUIOTHAACh, WU 3TOT MPOLCCC MPOUCXOAUT OO0 TCX IIOP, IIOKa IIIOT-
HOCTb IMPOTOHOB HC AOCTUTHCT KpHTquCKOﬁ BCJIMYUHBI, TOrAa IIpo-
LIECC OCTAHABIMBACTCS, HO BOKPYI MPOTOHOB 00Pa3yeTcsi MPUCOCAN-
HCHHBI TOPOMJAIBHBIN BHXPh CIab0 cxkatoro 3dupa, B KOTOPOM
BHHTOBOC IBIDKCHUE 3(pHpa MMECT 3HAK MPOTHUBOIMOJIOXKHBIH BHHTO-
BOMY ABUXKCHUIO 3(1)I/Ipa B TCJIC IIPOTOHOB, UYTO U BOCIIPUHUMACTCA KaK
ANIEKTPOMATrHUTHOE MOJIE OTPULATEIBHOrO 3apsiaa. Takoe oOpa3osa-
HHC — IPOTOH C MIPUCOCINHCHHBIM BUXPEM CCTh aTOM Bogopoxaa. Aapa
BCEX ATOMOB MPEICTABILIIOT OO0 HAbOp TOMBKO MPOTOHOB WM HEU-
TPOHOB, T.C. TCX KC IMPOTOHOB C 3KPAHUPOBAHHBIM IOTrPAHUYIHBIM
ciaoeM. bonpmie HUYEro B sapax HET, HUKAKAX YACTHUI], KOTOPBIC HA
caMoM Jene 00pas3yroTCsl TONBKO B PE3yJIbTaTe COYAAPECHHHA TEX KE
HNPOTOHOB WU HEUTPOHOB C APYTMMH HNPOTOHAMU WM HEUTPOHAMMU.
ITH YaCTULIBI — OCKOJIKH SIACP, U BCC OHU HEYCTONHYMBBI U PACIIAJAFOT-
Csl IOCTATOYHO OBICTPO.

Ilo OpomeCTBUU OMNPCACIICHHOIO BPCMCHU — Ui IIPOTOHOB 3TO
MUJUTAAPABI JICT, MPOTOHBI  PACHaJAIOTCS W BHOBH OOpAINAIOTCSA B
cBoOoansbiit 3¢up. Ho ecnu mpu obpazoBanuu 1 yIioTHeHUHU 3¢upa B
MPOTOHAX JABJICHUEC OKPYXKAMOMIEro ux 3(upa MOHIKACTCS, TO IMPU
pacnaje MpOTOHOB YIIOTHCHHBIH B HUX 3(UpP BO3BpAIIACTCS B OKPY-
JKAIOLIYIO Cpeay, U JaBieHue d¢Gupa B 3TOH 0ONACTH MOBBIIIACTCS.
OTa pa3HOCTh AABJICHHUIA MEXKIYy OONaCThIO, B KOTOPOIl MIPOTOHBI pac-
MaJaroTCs U 00NACTHIO, B KOTOPOW OHU OOpPA30BBIBAIOTCS, 3aCTABIISCT
3¢up nepemenarbcs u3 00aCTH MOBBILIICHHOTO JABJACHUS B 00/1aCTh
MOHIKEHHOTO JABJICHUS, TJ¢ BHOBb 00pa3yrorcs mpoToHbl. OOpaso-
BaBILUHIICS U3 MMPOTOHOB M aTOMOB BOJOpPOJA ra3 pacIuMpseTCsi, COOU-
paeTcst B 3BE3Abl M YAASCTCS M3 LCHTPA BUXpeoOpa3oBaHus OO B
cocTaBe 3Be3[, MO0, HE BXOAS B COCTaB 3BE3A, MPOCTO, Kak ras. Ilo
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OpomecCTBUM BPCMCHHU IIPOTOHBI pacnagarOTCd, U BCC HAYUHACTCA
BHOBbBb.

Takol kpyrooGopoT BEUCH, U Takoe MpeodpazoBaHue CBOOOIHOTO
3(upa B YIUIOTHEHHBIH B MPOTOHAX MPOHMCXOTUT B PA3HBIX 001aCTIX
Bcenennoii, mpudyem Bo3paT ocBoboamBLIierocs 3¢upa B UCXOIHOE
MECTO HE 00s3aTEJICH, 3TO MPOUCXOIUT TOJIBKO B CIHPATBHBIX pyKa-
BaX TaJlaKTUK, KOTOPBIC U ABJISIFOTCA Ha,I/I6OJ'I€C YCTOP'IQHBLIMH rajak-
THkamu. B APYTUX rajJakTukax 3(1)I/Ip nEPEeXoaAUT OT OAHUX TaJIaKTUK K
JPYTUM, B pe3yJIbTaTe OJHU TaJaKTUKH PacrajaroTcs, a Apyrue oopa-
3VIOTCS BHOBb. TakoBa B LIENOM cXeMma Kpyroobopota s¢wupa Bo Bee-
JICHHOU.

Ocraercst OTKPBITBIM BOIPOC, TAC, KaK M H3 HEro oOpasyroTcs
3JCMEHTHI 3(HUpa aMepbl, KOTOPHIC TOXKE JAOLKHBI KaK-TO 00pa30BbI-
BAaTbhCA U pacnaaatbCd, IpaBAd, UMCA BPCMs KU3HU, MHOI'OKpPATHO
MPCBBIMNAIOMICC BPEM CYIICCTBOBAHUSA IIPOTOHOB. Tem ne MCHEC, UX
BpCMs CYHICCTBOBAHUA OOJIKHO 6LITI: KOHCYHBIM, a MCXAaHH3M HX
pacmaza u oOpa3oBaHHs JOMKEH CYLIECTBOBaTh BCeraa. BoamoikHO,
3TO MPOLIECC MPOUCXOAUT B CAMHUX MPOTOHAX, HO CEHYac 3TO yCTaHO-
BUTb HC yAaCTCA.

3.2.2. Kpyzoobopom snepeuu 6o Bcenennoii

B cepennne 1910 cromeTHs cpeny ecTeCTBOUCIBITATENEH COCTOs-
Jachk KpymHas AMCKYCCHS O TOM, UYTO JOJDKHO SIBJIITHCS MEPOM IBYDKE-
HUSl — KOTMYCCTBO JABIDKCHUS L = MV, T.e. Mpou3BeIcHHE MacChl IBU-
JKYIIErocsl Tea Ha CKOPOCTh B TMepBod creneHH, wiu sHeprus W =
MV/2, B (hOPMYIBHOE BHIPAXKCHHE KOTOPOil CKOPOCTh BXOHUT BO BTO-
poii cTerneHu.

Ha 31y amckyccuro HaJoXXuMIach TPEBOra, CBI3aHHAs co Bropeim
HAYalIOM TEPMOJMHAMUKH, B COOTBETCTBHH C KOTOPBIM TEILIOTA, T.C€.
BHYTPCHHISI SHEPTHs Tl CIOCOOHA MEPEXOJUTh TONBKO OT Oonee Ha-
TPeToro Tema K MeHee Harperomy. VM3BeCTHBI B TO BpeMs aBCTPHIA-
ckmif uccnegosatens P.Kmaysuyc caeman u3 3Toro BeIBOX 0 HEM30EK-
Hoctn «TermnoBoii cmepTi» BeeneHHOI, B COOTBETCTBHH C KOTOPOU €O
BPEMEHEM TEMITEPATYPHI BCEX TN BO BCEW BceneHHOM BBIPOBHSIOTCH,
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M BCE MPOLIECCHI OCTAHOBATCS [2]. DTO MpeAnoIoKeHHE BBI3BANIO Ma-
HUKY cpean (U3MKOB, TeM OoJiee, uTo Bee 0e3 UCKITIOUCHHS U3BECTHBIC
B TO BPEMsI MPOLIECChl CBUACTEIBCTBOBAIH UMEHHO 00 3ToM. OcraBa-
J0Ch, TIPaBJa, HEMOHATHEIM, MOUeMy ke BO BceneHnHol, kotopas, Be-
POsITHEE BCETO, CYLIECTBYET BEYHO, A0 CHX HOpP HE MPEKPATUIUCH HPO-
LIECCHI, YTO 7K€ UX MPOJOJIKACT MOAACPKUBATh. 10raa Ha 3TOT BOIPOC
OTBETA HE HAILIIOCH.

B xonue 19to cromerust aBctpuiickmii ke ¢usuk JL.boapuman
BBICKA3aJT MPEANOIOKEHUE O TOM, YTO MPH BCEOOIEM PABHOBECHH Ma-
TCPUHU B HEW COXPaHSIOTCS (DIYKTYallUH, KOTOPBIC U MOTYT CIIOCOOCT-
BOBATh MPOJOLKCHUIO MPOLIECCOB, HO 3TH (PIYKTYalluK HOCAT CITy4aii-
HBIH XapakTep U 1mo3ToMy Bo BcenenHoi moutn Bee cimydvaitHo. Taxoe
OOBSCHCHHE €CTECTBOUCIIBITATEICH HE Y IOBICTBOPHIIO.

VYxe B 20M CTONETHUH MOCIEAOBATEIN TEOPUH OTHOCHUTEIBHOCTH
OWHIITeHHA Hammi WHOE OOBsicHeHWEe BewuHoctu Bceenennoit. Ilo-
CKONMbKY BceneHHas pacimupsercs, 4eMy CBUACTEIBCTBOM, KaK OHH
cUHTaroT, ABmseTcs «KpacHOE CMEIICHHE» CIEKTPOB OTAAJICHHBIX ra-
JAKTHK, TO MBI IMEEM JEN0 C HE3aMKHYTBIMH IMPOLIECCAMH, TIO3TOMY,
noka Bcenennas pacummpsiercs, To «lemnoBoii cmepTu» He OyaeT.
[IpaBna, 3aTeM OHa HAYHET CXKUMATHCSI, HO TOTIA OHA COXKMETCS B Oe3-
Pa3MEpPHYIO CHHTYISIPHYIO TOYKY, B KOTOPOU COCPEIOTOYHTCS BCS
Mmacca BceeneHHOM 1 BCe MPOLEeCCh OCTAHOBATCS. JTO, KOHCUHO, HE Ta
«TemnnoBas cmepTe», KOTOpYyIO mpexackazan P.Kmaysnyc, HO HEkoTO-
PBIH ec SKBUBAICHT, KOTOPHII HAc HE MODKEH OCOOECHHO BOJHOBATH,
MOCKOIIBKY HAC TOXKE K 3TOMY BpEMEHH, HaBepHoe, He Oyaet. Ho Takoe
OOBSCHCHHE TOKE MAJIO KOTO yIOBICTBOPHUIIO.

Mexnay tem, Beenennas cymecTByeT BEUHO, HUKAKHE IPOLIECCH B
HEH HE MPEKpaLIaroTCsl, IEPexXoas U3 0JHOH (OpMBI IBIKECHUS MaTe-
pHH B APYIVIO, YTO MPOTHBOPEUUT YTBEpP:KIACHUsM BToporo Hauama
TEPMOJUHAMUKU. DTO MPOTUBOPECUUE MONYYUIO HazBaHHe TepMoau-
Hamu4eckoro napaznokca. Cieayer, oqHaKoO, 3aMETUTh, YTO B IPUPOIC
HE CYIIECTBYCT HUKAKHX MAapagoOKCOB, U THOOBIC MapagOKChl — 3TO Ma-
PaTOKChl TCOPETHUYECKHUE, SBIIOINECS CICACTBUEM HE y4UeETa TEope-
THKaMH Kakux-To ¢pusuueckux (akropos. To ke camoe Mpou30mLIo u
B HACTOSIIEM CITy4ae.
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Heo6xomuMo MOMHHUTB, YTO CYIIECTBOBAHHUEC MATCPUH B MPO-
CTPAHCTBE M BO BPEMCHHU BEYHO M YTO STO ABIKCHHE HHU CO3IATh, HU
VHHYTOXKUTH HEJb3s1 HUKAKHMHU CIOCOOaMH, MOXKHO TOJBKO IpeoOpa-
30BaTh ABIKCHUE U3 OJHOU (hOPMBI B APYIYIO, H TaKOEe MpeodpasoBa-
Hue Bo BeeneHHOI nponcxoauT HenpephIBHO.

IT.K.Ommenxos [3, ¢. 206-319]o6paTui BHUMaHKE HA TO, YTO Clie-
JOyeT MI0oH Mporece paccMaTpUBaTh C MO3ULMN PACCCUBAHUS U KOH-
LCHTPALNU SHEPTUU B MpocTpaHCcTBe. Bee mporeccsl, paccmaTpuBac-
Mble BTOpbIM HavalIoM TEPMOIMHAMUKHU 3TO MPOLECCHI PACCCHBAHMS
sHeprud. Ho B TO ’ke BpeMsl CYIIECTBYIOT IMPOLIECCH KOHLICHTPALH
SHepruu, kotopsie BropeiM HauansoMm He yumThiBatorcs. Takum mpo-
LECCAMU SIBISTFOTCSI MPOLIECCHI, MPOHCXOMSIINE B TaK HAa3bIBACMBIX
TEMIOBBIX HACOCAX HJIH, MPOLIE FOBOPs, B OOBIYHBIX XONOANUTbHUKAX.
B xonoaunpHHUKAX TEMIO MPUHYAWTEIBHO OTOHpaeTcs OT Oonee Xo-
JOZHOW MOPO3WIBHON KaMepsl U MepeaacTcs Oolee ropsueMy Kamo-
pudepy. IosTomy ki 1r000ro X0I0JUIBHUKA, ECHA BBLACIIEMOE UM
TEIJIO paccMaTPUBATh KaK MOJC3HYIO SHEPTUI0, BCErAa OOMbLIC ¢Iu-
HULpI, TOTOMY YTO B Kamopudepe BBIACIACTCS SHEPTUTs, HoTpedse-
Masi HACOCOM U3 CETH ILIIOC JHEPrusi, OTOOpaHHas OT MOPO3HIbHOI
kamepsl.. Ho ecnu 3a mone3Hoe TEIio NpuHSTh TEILTO, BRLACTIEMOC B
MOPO3UIBHOM KaMepe, TO K OyAET IMETh OTPHLIATEIFHOE 3HAUCHHE.
IIpaBaa, ormeuan toraa OIIEnKoOB, MPUPOAHBIX MPOLIECCOB TUIIA TEI-
JIOBBIX HACOCOB CIIE HE HAWACHO, HO OHM HECOMHECHHO CYLICCTBYIOT.
OxHako Tereph Takue MPOLECChl 0OHAPYKEHBI, U mpodiema «Iermio-
BOH cMmepTn» BceneHHOI MOeT OBITh pelIcHA Ha HOBOM YPOBHE.
ITUMH TIPOLIECCAMH SBISIOTCS TEPMOAMHAMHUYUCCKHE MPOLIECCHI, MPO-
TCKAIOIIUE B Fa30BBIX , B TOM YHCIE 3QHUPHBIX BUXPSIX IPU UX 00pa3o-
BaHUH.

ILLK.OwmenkoB, OTKPBIBIINN B IEUATH AUCKYCCHUIO MO XOJIOIHIIb-
HUKaM, TOKa3aJl, YTO OTHOMICHUE K KOA()(PUIIMEHTY MOIC3HOrO ACHCT-
BUSI, CTIO’KUBLICECS B MHPOBOI Hayke, HE KOPPEKTHO. ITO OTHOILICHHE
0 HEBO3MOYKHOCTH TOJTYUCHHS KIA OONbIIE €JUHULBI B JTIO00H cHcTe-
M€ HY>KHO IIEPECMOTPETh, HCXOIS U3 CIEIYIOUIIX COOOPaKeHUH.
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1. DHepruto, T.c. ABIKCHHE MATCPUH B MPOCTPAHCTBE M BPEMCHH
HEIb3sl HU CO3JaTh, HU YHHUTOXKHTB, €€ MOXKHO MPE0OPa30BaTh TOIBKO
13 0JHOH (QOpPMEI B APYIVIO.

2. KospdupeHToM mone3Horo ACHCTBHSI HYKHO 0003HAYUTh OT-
HOLICHUE BETUYUHBI SHEPTUM, MONE3HOH I JAHHOrO KOHKPETHOTO
HCIONB30BaHUs, KO BCEH 3aTPAYEHHOM HA 3TO 3HEPTUU.

3. O0wee KOMMYECTBO SHEPTHHM, 3aTPAUCHHON Ha JTF000H mpoIece
C Y4ETOM HEUCHOIb3YEMOH YacCTH SHEPTHUH, BOCIPUHUMAEMOM KaK MO-
TEpH, Ha BXOJE TI0O0M CUCTEMBI M Ha €€ BBIXOAE BCErAa OTHO H TO XKeE.

4. C 310l TOYKHU 3PCHUS KITA JOO0r0 XONMOAUIBHUKA, €CITH YIUThI-
BaTh OTAABACMOC WM BO BHC TEIUIO, BCErAa OOMbIIC CAWHULBI, MO-
CKOITBKY OH OTAACT B BHJE TEIUIA HE TOJBKO Ty SHEPTHIO, KOTOPYIO OH
MOTPEOSET U3 CETH, HO M Ty HEPTHUIO, KOTOPYIO OH NMPUHYAUTEIBHO
oTOHMpacT y MOPO3UJIbHOH KaMmepbl. Eciu ke B KayecTBE MOIE3HOTO
TEIJIa paccMaTpUBaTh TEIUIO CaMOM XOJOAMIBHOM KaMmepbl, TO KIIJ
Bceraa OyaeT MMETh OTPULATENBHOC 3HAYCHHE, MOCKOIBKY B MOPO-
3WIBHOM KaMepe TEIUIO HE BBIACTSCTCS, & OTOMpaeTcsI.

5. IlosToMy BCce TepMOIUHAMHYIECKUE MPOLIECCHl HANO paccMaTpH-
BaTh HE TOJBKO C TOYKH 3PCHUS KIIJ, KOTOPOE MOpa YTOUHUTH, HO H C
TOYKH 3PCHHS PACCCHBAHUS WM KOHLICHTPALWHU SHEPTUU B MPOCTPaH-
CTBE.

B Hactosmee BpeMss BO BCeM MHPE CO3JAaHO MHOMECTBO YCT-
POMCTB, Y KOTOPBIX KIX OOIBINE €IUHHUIIBI, HO 3TO 03HAYACT, YTO BCE
OHU 3a0MparoT SHEPTHIO U3 HEKOTOPOTO pe3epByapa, KOTOPhIA 00s3aH
CYLICCTBOBATh, MOCKONBKY JOMONHUTEIBHYIO SHEPTHIO CO3AaTh HEIb-
35, €€ MOXKHO TOIIBKO OTKYAA-TO B3SITh.

Pas0upasce ¢ mepamu aprokenns, @.JHrenbc B CBOCH H3BECTHOI
pabote «/lrmanexkruka npupoasr» [4, c. 67-81]mokasas, 4To y BCIKOro
JBYDKCHHSI €CTh JBE COCTABISIOLINE — HE YHHUTOXKAEMas W YHUUTO-
»kaeMasi. He yHHYTOXKaeMast 4acTh CIOCOOHA BOCIPOHM3BOAUTHCS B SIB-
HOM JABIJKCHUHU. A «YHHUYTO)KAEMasi» —3TO Ta YacTh, KOTOPAsl IEPEXO0-
JUT B TEIUIO U YK€ BOCHPOU3BECTHCh B SBHOM JBM)KCHUH HE MOXKET.
JTO M €CTh WIOTEPU», HO MOTEPH HE AOCOMOTHBIC, MTOCKOIBKY JABIKE-
HUE BOOOIIC HE YHUYTOXKACTCS, & MOTCPH JHIIb C TOYKH 3PEHHS IO-
CTaBJICHHOU LIECTN.
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CeromHs 3TOT mepexo] MOKHO OLICHUTh Kak MEPEexXo] YacTh IBU-
JKEHUSI ¢ MAaKpPOYPOBHSI HA MHKPOYPOBCHb, BHYTPb ABMIKYIIUXCS TEI.
[TosToMy, KOraa Tena HE MOTHOCTHIO OOMEHHMBAKOTCS DHEPTHEH, 3TO
3HAYHT, YTO OHH OOMCHHUBAIOTCS TOJNBKO «HE YHHYTOXKAEMON» YacCThIO
sHepruu, Bropas yacte, koTopas nepexoauT u3 (GOpMBI SIBHOTO IBU-
JKeHUs. B ()OPMY TEILIOBYIO, B OONMBIIMHCTBE CIYYaCB OKA3BIBACTCS HE-
00paTHUMO}i, TOTIa 3TO «TIOTEP».

OgHako HAILIOCH HMCKITIOYEHHE M3 BCEX HMOJOOHBIX IPOLECCOB,
cBsi3aHHOE ¢ (hopMupoBaHUEeM dPUPHBIX (ra30BBIX) BUXPEH, B KOTOPBIX
MOTCHLHMATIBHAS SHEPTHUsl OKPYIKAIOLIEH BUXPb ra30BOH CpPeIbl CIIOCO0-
Ha CaMONPOM3BOIBHO MEPEHTH B HOPMY KMHETUUCCKOM SHEpruu Bpa-
LICHUS BUXPS, a 3aTeM B mpouecce Aud(y3un BUXPsI CAMONPOU3BOIIb-
HO >K€ BO3BPATUTHCS 0OPATHO B TEILIOBYIO (POPMY SHEPTHUU OKPYIKAIO-
el cpesl.

Nmenno Tak ¢opMupyroTes B 3eMHOI atMocdepe atMochepHbIe
BUXPH — LIUKJIOHBI M cMepuu (TopHano). OTHOcHTENbHO HEOOIbIIAS
SHEPrys 3TUX BUXPEU B Havaje MX oOpa3oBaHMUs 3aTEM BO3PACTACT 3a
CUCT TEIJIOBOM 3HEPruu (IaBICHUS) OKPYIKAIOLWICH UX aTMOC(HEPBI, U K
KOHLY )OPMHUPOBAHMSI 3TH BUXPU 00NAIAIOT YK€ OTPOMHOM paspyLuu-
TEAbHOU CHITOMN.

B coBpeMeHHBIX THIPO U a3poAHHAMUKE (HAKTHUCCKH HE JEIacTCs
pasnuyIHid MEXKAY KUAKOCTHBIMU U Ta30BBIMH BUXPSMH, U 3TO SBISET-
Csl HICTOYHUKOM MHOTMX HEIOpa3yMeHHil B 3toil obmactu. Ha camom
JeNe, HECMOTPSI Ha COBIAACHHE HEKOTOPBIX XapaKTEPUCTHK ra30BbIX
U KUIKUX BHUXPEH, MEXKIY HUMH CYLICCTBYIOT U MPUHLMIHAIBHBIC
OTIHYHS. DTU OTIHYHS KPOITCS B CAMOU MPHUPOAE ra3a U >KHIKOCTEH.
B xuakocTH MOIEKYIBl HEMOCPEACTBEHHO COIPHKACAIOTCS IPYT C
JPYroM, MO3TOMY CXATHE YKHIKOCTH — 3TO CXKATHE CAMHX MOJCKYIL.
I'a3 ke COCTOMT W3 MONEKYI, HAXOASALIMXCS HA 3HAYHTEIBHBIX pac-
CTOSIHUSIX IPYT OT IPYyra, M CXKATUC ra3a MPOMCXOAUT 3a CUET COKpa-
LICHUS ATUHBI cBOOOmHOrO mpobera monekyd. [lpy ogHux u Tex ke
VCHJIMSX CTEICHb CXKATHS ra3a MHOTOKPATHO MPEBBIILACT CTCICHb
CoKatusl SKUAKOCTU. [I[pUHIMITUATBEHO TO JKE€ OTHOCUTCS M K paspexke-
HUIO. MIPH Pa3PEKEHISI KUIKOCTH HY>KHO OTOPBATh MOJIEKYIIBI APYT OT
Jpyra, IpeotocB CHIY UX CLEIICHHS APYT C APYrOM, Ha YTO TPATST-
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Cs1 3HAUMTENBHbBIE YCUINS U JONOIHUTEIbHAS SHEPTH, TP pa3peske-
HUU rasza yBEIMYMBACTCS ATUHA CBOOOTHOrO mpolera, a I 3TOro
HYXHBI YCHJIHS 3HAYUTCIBHO MCHBINWC.. DTH Pa3NUu4Hs CTPOCHUS
JKUAKOCTEH M Ta30B OOYCIOBHMIM COOTBETCTBYIOINUC Pa3IH4Us B
CTPOECHHH >KUJIKOCTHBIX M T'a30BBIX BUXPEH, UTO MPAKTHIECKU HE YVIHU-
TBIBAETCSI COBPEMEHHOM ra30BOM JUHAMUKOU.

Cpean paznuysbix (akTOpPoB, OTIUYAIOMINX JKUAKOCTHBIC U Ta30-
BbIE BUXPH, BAKHEUITUMH SBIISIOTCS HAJTAYIHE TIOTPAHUYHOTO CJIOS Ha
MOBEPXHOCTH M Pa3peKCHUEC BO BHYTPEHHEW OONACTH, XapaKTEpHBIC
JUTSL TA30BBIX BUXPEH M OTCYTCTBYIOIIME B JKUIKHUX BUXpAX. [Toatomy
PacCMOTpPEHNE Ta30BBIX BHUXPEH KaK BHUXPEBBIX HUTEH, ITOTIMHSIO-
IIFIXCS 3aKOHY MOCTOSTHCTBA LIAPKYJISAIINH, YTO XapaKTEPHO IS KU~
KOCTHBIX BHXPCH, AN Ta30BBIX BHUXPEH MOXKET OBITh HPUMEHEHO
TOIBKO MPH MAaJbIX MHTEHCUBHOCTSIX M HHMKAaK HE MPHUTOJHO IS HH-
TEHCUBHBIX Ta30BBIX BUXPEH, CKOPOCTH ITOTOKOB Ta30B HA MOBEPXHO-
CTH KOTOPBIX BEIHKA U AAXKE MPUOIMKACTCSI K 3BYKOBOM.

Ha moBepXHOCTH MHTEHCHBHBIX Ta3oBbIX BHXpEH oOpasyercs mo-
TPAHUYHBIN CIOM, TOIIIMHA KOTOPOrO COCTAaBSET BCErO HECKOJIBKO
MIPOLIEHTOB OT PaJnyca BHUXPs, HO MIMEHHO 3TOT CIIOW YAEP’KUBACET Te-
JO BUXPS OT pa3pylICHHs, KOTOPOH €ro mogBepract LEHTPOOSKHAs
cmta. B aToM morpaHWYHOM C€I0€ NMPOWCXOAMT IEPEINa] CKOPOCTH,
TEMIIEPATYPHI, JaBICHUSA, BI3KOCTH OT 3HAYCHWM HAa IOBEPXHOCTH
BHXPSI IO 3HAYECHUN TUX IIApaMETPOB BO BHELTHEM ITPOCTPAHCTBE.

Bo BHyTpeHHel obmacTu ra3oBOro BUXpS LCHTPOOC)KHAS CHNA
BpAILCHUSI BRIOPACHIBACT MOJICKYJIbI K CTCHKaM BHXpsl, Onaromapsi de-
My BHYTPEHHE JaBJICHHE CTAHOBUTCS MEHBIIEC BHEITHETO AABJICHUS, U
3Ta Pa3HOCTh JABJICHHUU 3aCTABIIET TEIO Ta30BOT0 BUXPS CKUMATHCS.
CaMm Takoil mpouecc CKaTus MPOUCXOJUT IO 3aKOHY ITOCTOSHCTBA
MOMEHTA KOTHYECTBA ABMIKCHUS, YTO MOAPOOHO PaCCMOTPEHO B MeEp-
BOW YaCTH HACTOsIICH KHUTH B maparpade 4.3 <HEPreTuka ra3oBbixX
BUXPEII».

Ilpu cxxaTnm Tena BUXPS BHEIIHMM JABICHHEM IPOMCXOIUT Iepe-
pacnpeaeacHrue SHEPruid MeX Ay BHEIIHEW CPEAOU U TEJIOM BUXPSI: IO-
TEHIMANbHAS SHEPTHS BHEITHETO NABJICHUS Ta3a YMEHBIIAETCS 33 CUET
paspekeHus raza BOIHM3M Tena BUXPS, IMOCKONBKY IS BHEITHETO ra3a
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00beM pacHHpseTCs 3a CHET YMCHbLICHUsT 00beMa BHXPS, 4 SHCPIHS
TEIsl BUXPSI YBEMYUBACTCS, YTO BBIPAXKACTCS B YBEIHMUYCHUU CKOPOCTH
ero BparueHus. Bce 3TO MPOMCXOANT €CTECTBEHHBIM 00pa3oM 0e3 Ka-
KOro Obl TO HU OBLITIO BHEIMHErO BO3ACUCTBUS U, TAKUM 00OpPa3oM, 3TO
€CTh CJIy4ail caMONPOU3BOIBHON NPUPOJHOU KOHLUEHTPALMHN SHEPTUH,
a HE €€ pacCeHBaHMs, KAK BO BCEX OCTAIBHBIX CIYUYasX.

Ecth Bce ocHOBaHMS mojaraTh, YTO IMEHHO 3TOT MPOLIECC MPOHC-
XOAMT B SIIpax CHHMPATIbHBIX TAJAKTHK, B KOTOPHIX Olaromapst CTOJK-
HOBCHHIO CTPYH 3(HUpa Ha BBICOKHX CKOPOCTSX B LEHTPE TalaKTHUKH,
00pasyIoTcs TOPOUJANBHBIC BUXPU. JTH BUXPH CAMONPOU3BOIBHO Je-
JSITCSL U VILTOTHSIEFOTCSL JO TEX TMOP, MOKA B CTCHKAX BUXPEH IIIOTHOCTD
HE JOCTUTHET HEKOTOPOr0 KPUTHYCCKOTO 3Ha4YCHUs. Torga JelneHue u
yIIOTHeHHEe npekpamarorcs. Ho oOpa3oBaHHbIC IIIOTHBIC METKHE
BUXpH (IPOTOHBI) 00PA3YIOT yXKE MaKporas, 00JaJaroIHii rpaBUTALIN-
OHHBIMU CBOMCTBaMH, YTO 3aCTaBISECT MPOTOHHBIN ra3 coOHpaThcs B
oOnaka, 3aTeM KOMIIOHYIOIIMECS B 3BE3Ibl. 3BE3Bl BBIXOIAT M3 sIAPA
(Bokpyr siapa Hamieit ['anakTHKu COCPEIOTOYCHBI UCKITFIOUYUTENBHO MO-
JIOBIC 3BE3/bl), KOTOPHIC MO CIUPATBHBIM PyKaBaM ABIKYTCS K Iie-
pudepun COUpaNbHON ranakTHKU. 32 BpPeMsl CBOCTO MYTH B COCTABE
3BE3] MPOTOHBI TEPSIFOT CBOIO SHEPTHIO 3a CUET BSA3KOCTH 3Qupa, yBe-
JVYUBAIOT CBOH AMAaMETp U TEPSIOT ycroiuuBocTh. Ha mepudeprn
TaJakTUKH HTPOTOHBI PacHajaroTcs M PacTBOPSIOTCS B 3dupe, masre-
Hue 3(upa moBBHIIACTCS, a B SAPE TaJaKTHKH JABJICHHE OBLIO MOHU-
’KEHO 3a CYCT YILUIOTHEHUS 3(upa B MPOTOHAX. ITa PA3HOCTh AABJICHUI
MeKAy nepudeprei raJakTHKH U €€ SIpOM 3acTaBisieT d(up nepeme-
martecs oT nepudepun K sapy, 3TOT mpouecc HabIromaeTcs B BHIC
c1aboro MarHUTHOTO TOJISl B PyKaBax CIOMPAIbHBIX raJakTuk (MopsaKa
8-10mxkIc).

Takum o0pa3oM, B CIHpambHBIX PyKaBaX rajakTHK oOpa3syeTcs
Kpyroo6opot 3¢upa: ot sapa k nepudepuu B BUAC IPOTOHOB B COCTa-
BEC 3Be3l, OT mepudepun K sapy — B BHIAEC CBOOOIHBIX 3aKPYUCHHBIX
cTpyit a¢upa. ITOT MPOLIECC MOXKET JIIUTHCS BEUHO, A0 TEX MOp, MOKa
BOJIM3U TajakTHKH HE OOpa3yercs HOBBIM LICHTP BUXPEOOpa3OBaHUA,
KOTOPBIA JAacT HA4Yal0 HOBOW TajaKTHK{, HO TaM OyJET MPOUCXOJUTh
TO K€ camoe.
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W3 m3noxenHoro ciexyer, uTo BO BeeneHHoH cyImecTByeT Kpyro-
obopot 3¢upa, YTO KOIUYCCTBO ABIKCHHUS B HEW MOCTOSHHO U 4TO
HHUKAKOTO YPAaBHUBAaHMS TEMIEPATyp B HEH HE MPOU30UIET HUKOTIA.
Bcenennas umena, umeer u OyIeT UMETh B CPEIHEM OAMH M TOT K
BHJ ¥ Oy/JET CYIIECCTBOBATh BEUHO.

3.3. ddhmpHbIN BeTep. PeanbHoCTb U hanbcudum-
Kauma

Ucropus mouckos 3¢pupHOro Berpa [5) sBiasieTcss 0OJHOH M3 caMbIX
3aIyTaHHBIX HCTOPUH COBPEMEHHOTO €CTCCTBO3HAHHS. 3HAYUCHUC HC-
CIEAOBAHUHA 3(UPHOrO BETPA BBIXOAMT AANCKO 33 PaMKH HCCICIOBA-
HUH KaKoro-mubo 4acTHOTO (PH3MYECKOro SIBICHHS: PE3yIbTaThl Iep-
BBIX Pa0OT 3TOr0 HANPaBICHHS OKAa3any PEIIAOLICe BIHMSHUEC HA BCE
ecTecTBO3HaHNE XX croneTus. Tak Ha3bIBAEMBbIN <«HYJIEBOH pPe3yilb-
TaT» MEPBBIX SKCIepUMeHTOB A.Maiikenbcona u 3.Mopmu, BBIION-
HEHHBIX 3TUMH HccnenosarenssmMu B 1881u 1887rr., mpusen pusnkos
XX B. K MBICIH HE TOIBKO 00 OTCYTCTBHH HAa 3€MHOH NMOBEPXHOCTH
3(UpHOrO BETpa, HO M K YOSKACHUIO, 4TO 3(Up — MUpoOBas cpena,
3aMONHSIOIIAs. BCE MPOCTPAHCTBO, HE CYLIECTBYET B mpupoxe. Huka-
KHC TOIOKUTEIBHBIC PE3YIbTaThl, MOMYYCHHBIC 3TUMH H APYTHMU
HCCIeI0OBaTeIsIMU B Ooliee MO3AHUE TOIBI, YXKE HE MOoKomedamu 3ton
yBepennoctu. U maxke xorga cam A.Qinmrein B 1920w 1924 rr.
CTall yTBEpP)KIaTh, UTO <«pH3UKa HEMBICTHMA Oe3 3dupa», 3To He U3-
MEHUJIO HHYETO.

OnHako, KaKk BBIICHSETCS TENEphb, B 00IACTH 3PHUPHOro BETpa B
CBOC BpEMs PSAOM YHUCHBIX OBLIH MPOBEICHBI BECbMa COJHMIHBIC pa-
60Tbl. HekoTopbie W3 HUX Jalu HCKIFOYUTEIBHO OOraThlii MO3HUTHB-
HBIA MaTepuai. K HuM, KOHEYHO ke, B TIEPBYIO OYEPEab HYKHO OTHE-
CTH HCCIICAOBAHHS, MPOBEICHHBIC 3aMEUATCIBHBIM aMEPUKAHCKUM
yuaeHbiM mipodheccopom KaiicoBCKko#t mikomel mpukiagHoi Hayku Jaii-
tonoM Knapencom MumiepoM, mOTpaTHBIINM HA STH HCCICAOBAHMUS
MPaKTUIECCKU BCIO >kn3Hb. He ero BuHa, a ero u Hama 6e1a B TOM, YTO
BCC MONYYCHHBIC MM M €ro TPYIIONH PE3yNbTaThl COBPEMCHHHKAMU
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VUEHOro U Oonee mo3aHUMH (PU3HKAMH-TCOPETUKAMU OTHECEHBI K Ka-
Teropun «ee mpusHaHHbx». K 1933r., korga uccnegosanus Musiepa
Y €ro IPYIIbl ObLTY 3aBEPLICHBI, KON PESTUBUCTOB — ITOCICIOBA-
tenert CneuuanbHON TCOPUM OTHOCUTEIBHOCTH A.JWHINTCHHA MPOY-
HO CTOsUIa HA HOTrax W OJUTENBHO CIEAMIA 32 TEM, YTOObI HHYTO HE
Moro nokonebats ee ycTou. TakoMy «HENPHU3HAHUIO» CIIOCOOCTBO-
BaJIM TAKXKCE PE3YIbTATH SKCIICPUMEHTOB, B KOTOPBIX HEKOTOPHIC APY-
THC aBTOPBI, BOBCE HE Kenasl TOro, HAACIAIH OIIHOOK M HE MOTYIHIH
HY»XHOro s¢pdekra. Ix He HY)KHO OOBHHATH B NPCIHAMEPCHHOCTH
TAaKOro MCXOJA. OHM MPOCTO HE MPEACTABNISLIN ceOe mpupoay sdupa,
€ro CBOMCTBA, €ro B3aWMOJCKCTBHE C BEINECTBOM, M MO3TOMY MpHU
MPOBEACHUH SKCIICPUMCHTOB UMH OBLITH JTOIMYIICHBI MPUHLHIHAATBHEIC
OMOKH, HE MO3BOMBINKE UM J0OUThCS ycrexa. CerogHss mpuuuHbI
STHX HEyJa4 CTATH COBEPIICHHO MTOHSTHBI.

Opxnako HaJ mpo0IeMOit 3(UPHOTO BETpa BCE CIIC TATOTSCT Hera-
TUBHOC MHCHHC TaK HA3bIBACMOH <«HAYYHOH OOIICCTBCHHOCTH, U 3TO
SIBJISIETCS. CEPbE3HOM MOMEXOM I BOCCTAHOBJIEHHUS NPEACTaBICHUN
00 a¢upe u pazsepThiBaHUN PAOOT B 3TON YPEIBHIYANHO MEPCIICKTHB-
HoU obmactu ectectBo3HaHUs. CeromHsi HEOOXOAUMO KPHTHYCCKH
MEPEOCMBICITUTD BCIO UCTOPHUIO TIOMCKOB 3(UPHOTO BETPa XOTS OBI AT
TOr0, YTOOBI MOHATh MCTHHHOE TMOJOKEHUE B 3TOM BOMNpPOCE U B Oy-
JOYIIEM HE JAOMYCKaTh OLIMOOK, KOTOPBIC Pa3IHYHBIMH HCCIEIOBATE-
JSIMA OBLTH JONYIIEHBI, YTO U SBHIOCh HEMOCPEACTBEHHON MPUYNHON
0TKa3a OT JaTbHCHIINX UCCICAOBAHUI B ’TOM HANPABJICHHH.

Hcrok mpobiemsl 3pupHOro BeTpa — sIBICHNUE adeppaliu CBETa B
acTpOHOMUH, KOTOpoe ObL10 oTKpeITO Jlk.Bpamneem B 1728 r. s
o0bsicHeHHs abeppauuy ObLT BBICKA3aH PsI THIOTE3, Haubomee Iio-
JOTBOPHOHM W3 KOTOPBIX Okasamack rumote3a O.Ppenens o Hemon-
BIDKHOM 3(¢upe, BbIABHHYTasA UM B 1825r. 1 3aTeM MCHomb30BaHHAS
X.JlopeHueM B ero 31eKTPOANHAMUKE ABIKYIIUXCS cpex [6].

Jx.K.MakcBenn HE3aZ0mro IO CMEPTH OTMETWI [/], 4TO mpu
JBYDKCHHM 3eMJIM CKBO3b 3(HpP HA €¢ MOBEPXHOCTH JOJDKEH MPHUCYT-
CTBOBaTh 3(UPHBIA BETEP, KOTOPBIH COOTBETCTBEHHO MOJDKCH H3Me-
HATh CKOPOCTh CBETa, pacmpocTpanstomerocs B 3¢upe. K coxare-
HUIO0, OTMe4an MakcBemn, Bce METObl U3MEPEHHSI H3MCHEHHS BpeMe-
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HU TPOXOXKJICHHS CBETA HA OTPE3KE MyTH TPEOYIOT BO3BPALICHHS CBE-
Ta B UCXOJHYIO TOUYKY, OSTOMY Pa3HHUIA BO BPEMECHH OKAa3bIBACTCS
3aBHCSIICH OT OTHOLICHUS KBAaJIPaTOB CKOPOCTEH 3upHOro Berpa u
CKOpPOCTH CBETa, a 3TO OYCHb Malas BEIUYHMHA, M €€ MPAKTUYCCKU
HEITb3sl H3MEPHTB.

Hecmotps Ha 310, B 1880r. A.Maiikenscon paspadboran mpudop —
UHTEPPEPOMETP C ABYMSI MEPECCKAIOIIUMUCS ONTUICCKUMH MYTAMH, C
MOMOIIBIO KOTOPOro MOJAOOHBIC H3MEPCHHS CTAIH BO3MOKHBIMU. O1-
HAKO OKa3anoch, YTO IOIYYCHHBIC PE3YJIbTAThl HE COOTBETCTBYIOT
0’KHJACMbIM U OTKIOHEHUS HAXOAATCS B MPEAETax BEITUYUH OLIHMOOK
[8].

He yaosaerBopuBiumch pesynpraramu skcriepumenta 1881r. u B
CBSI3U C BBICOKOH YYBCTBHTEIBHOCTHIO MHTEp(epoMeTpa K BUOpALIH-
oHHbIM nomexam, Maiikenscon 1886—1887rr. coBmecTHo ¢ mpodec-
copoM J.Mopnu mpoAoKUI paboTy, CYIIECTBEHHO YCOBEPIICHCTBO-
BaB MHTEP(EPOMETP U MOMECTHB €ro Ha MOIUIABOK, MOTPYKCHHBIN B
PTYTHYIO BaHHY, YeM U30aBUIICS OT BiusiHus BUOparmii [9)]. Pesynpra-
THI BHOBb OBLTH IOJIOXKHUTEIbHBIMH, HO OHH BHOBb HE COOTBETCTBOBA-
¥ OXKUAABIIMMCS, TaK KaK JAaBald 3HAYCHHE CKOPOCTH 3(PHPHOTrO
BETpa, o kpaiine mepe, B 10pa3 menpinee. BozHuk Bompoc o mpuyu-
HaX TaKOr'0 HECOOTBETCTBUSI.

B 1892r. Ix.®uipkepansaom u X.JlopeHIIeM HE3aBHCUMO APYT
OT Apyra Obla BbICKa3aHa THIOTE3a O TOM, YTO IPUUHUHON OTCYTCTBUS
CMELICHUST HMHTCPPECPCHLUMOHHBIX IOJIOC MOXKET OBITh COKpAIICHHUE
mied uHTepdepoMeTpa NpU IBIKCHUH BEIICCTBA IICY CKBO3b 3QHP:
MPOUCXOAUT AeopMmaryisi Moms KaKIAOTo 3apsiaa, a MOCKONBKY BCE
CBSI3U B BCIICCTBE MMEIOT 3JCKTPHUCCKHIA XapaKTep, TO aTOMBbI cONu-
3aTCs (WIMPHHA TETa MPU 3TOM MPONOPLIHOHAIBHO YBEIUYUTCS). TO-
raa ObLIO BBICKA3aHO MPEAMOIOKEHUE O TOM, YTO Pa3MHIHbIC BEIIe-
ctBa OyIyT, BEPOSTHO, MPETEPIEBATh PA3TMYHOE OTHOCHTEIBHOE CO-
KpalleHHE, a MO3TOMY MOXKHO OYAET YIOBUTh Pa3HUILY B COKPALICHUN
JIBYX CTCPKHCH, BBIMIOJHCHHBIX M3 pa3HbIX MmarepuaaoB (Obuim wmc-
MOJTb30BaHBI CTAllb U COCHOBasI ApeBecuHa). [Iposepka 3toro oOcTos-
TEMBCTBA HE MPHUBENA K MOIOXKHUTEIBHEIM pe3yiapTrataM. OgHako Obina
BBICKA3aHA MBICITb O TOM, YTO HENPABHUIBHO NMPOBOANUTE SKCIICPUMCH-
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THI B MTOJBATBHBIX KOMHATAX, TOCKOIBKY MOBEPXHOCTHBIC CIIOU 3EMIIN
MOTYT 3KpaHHpOBaTh (HUPHBIC MOTOKH, U YTO LEIecO00pa3HO MOJ-
HSTh HHTEPPEPOMETP HA OTACTBHO CTOSIIYIO FOPY.

Ckopocmy, xM/c
Ckopocms, KM/c

Cudepuneckoe epems, 1 Cudepuseckoe epems, 1

36 912 15 18 21 24 0773769712715 18 21 24
08.02.1926r:

01.04.19251:
80
40 4

40

Asuntym, Tpajn
Asumym, Tpaj

10

w
Cropocnis, xM/c

Cropocnb, xM/C

W

Cuoepuueckoe spems, 4
07376912 15 18 21 24 Cudepuuecroe epems, 4

80 01.08.1925r 077376 9 12 15 18 21 24
40 120 15.09.1925r

40
80

Asumym, rpaj
Asumym, Tpaj

Puc. 3.1. ®parmenTsI 3ammuceii d3¢upHoro Betpa rpymmoii JI. K.Musiepa na
rope Maynt Biicon B 1925r.

B 1905r. 3.Mopnu u JI.K.Muiepom 3KCriepuMeHThI ObLITNA HPO-
JIO/bKEeHbI HAa EBKHIoBBIX BeicOTax HA BhicoTe 250 M Hax ypoBHEM
Mopst. Peayaprar Opin TBepIO 3aMKCHpPOBAaH: MAarHUTYAa 3(PHPHOTO
Berpa cocrasuina 3—3,5km/c [10].
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Hanee paboTs! 6b1n pogokensl npogeccopom . K.Munepom,
KOTOpBIA MOTPATH HAa MPOBEACHHE SKcIepuMeHTOB okono 40 rer,
3aBepiiuB ux B 1925r., momokuB ux B BammHrTOHCKOW akaieMuu
Hayk [11] u BeimycTHB coorBeTcTBYROIMil oTyet [12] (puc. 3.1).

DKCIEPUMEHTHI TIPOBOAMINCH B 0OcepBaTopun Mayut Buncon Ha
Beicote 6000¢yToB (1860M) ¢ momorupko 6ompImoro naTEphepOMeET-
pa. Musiepom u ero rpymnmnoii Obina coOpaHa rpoMaHas CTATHCTUKA:
tonbko B 1925r. Geiio BemmosiaeHo 6onee 100 000orcueros. B pe-
3ymbpTare ObIIO OOHAPYKEHO, YTO CKOPOCTh 3(UPHOrO BETpa Ha STOH
BBICOTE cocTaBisieT okono 10 km/c, a ero HampaBieHHE HE OpOUTAIIb-
HoeE, a rajaktuieckoe. C y4eTOM M3MEHEHHUsI CKOPOCTH BETPA MO BHI-
coTe OBIT CAETaH BBIBOA O YACTHYHOM 3aXBaTe 3QUPHOr0 IMOTOKA
3emiei, 9TO BIIOJIHE COOTBETCTBYET CETOAHSIIHUM IPEICTABICHHUSIM
ra30BOM JUHAMUKHU O 3aKOHOMEPHOCTSIX MOTPAHHIHOrO CJI0sl U 00 00-
TeKaHuH mapa (3eMITu) ra30BbIM TOTOKOM.

B pesyaprate pabor Mumnepa, nmocraBusmero B 1905-1907u
1921-1925r. cepuio IKCICPUMEHTOB ¢ HHTEPHEPOMETPOM, YHACIIC-
JOBaHHBIM UM OT Maiikenbcona u Mopiu, BBISICHUIIOCH, YTO UMECTCS
YETKas 3aBUCHMOCTbh CKOPOCTH 3(PUPHOro BETPa OT BBICOTHI, PHUUCM
Ha MOBEPXHOCTH 3EMITH, KaK 3TO U Ob1jI0 mokazano B 1881u 1887rr.,
OTHOCHUTE/IbHASL CKOPOCTh 3(UPHOro BeTpa Maia u Ha Beicore 250 M
HaJ YPOBHEM MOps COCTaBIsieT mpuMepHO 3 km/c, a Ha Beicote 1860m
—or 8 mo 10 km/c. Takum 0Opa3om, OTHOCHTEIbHAST CKOPOCTH dPup-
HOTO BETPA HAPACTAET C BBICOTOM.

B pesyabprare 0OpaboTku maHHBIX MUiep HAIIET, 4TO HAIMPAB-
JcHue 3(UPHOTO BETPA TAKOBO, KaK €CAH Obl 3eMJISI B CBOCM JIBHIKC-
HUU B HENOABIDKHOM 3(Upe NMepeMemanach o HaMpaBICHUIO K 3BE3-
ae cosesaus Jlpakona (ckmoHeHume +65°, mpsAMOE BOCXOMKICHHE
262°). BeposTHast MOrpelIHOCTb B SKCIEPUMEHTaX Musiepa He mpe-
BhImana 2°.

O momy4eHHBIX pe3yapTaTax Muiep JOMOXKWI CHEHUaNTbHOU
koH(pepeHuun, coopannont 4—5 despans 1927r. B o6cepatopun Ma-
yaT Buncon [13], a 3aTem omybvkoBan OOAbITYI0 0030PHYIO CTATHIO
B 1933r. [14].
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[Tony4yennsie Muninepom pe3yiabpTaThl HAXOAATCS B MOTHOM COOT-
BETCTBUU C TeOpUEH 0OTEKaHHS Mapa MOTOKOM rasa.

ITpu obtekanuu mapa raz oOpa3yeT MOrPaHUIHbIA CIOW, MPHYCM
OmykadIye K MOBEPXHOCTH TENA CIIOU ABHIKYTCS BMECTE C TEIOM, a
OTJANCHHBIC HMCIOT HEKOTOPYIO MPOMEXKYTOYHYIO CKOPOCTh, MNpHU
STOM, HAYHHASI C HEKOTOPOT'O 3HAYEHHSI, CKOPOCTh raza COOTBETCTBYCT
€ro CKOPOCTH B CBOOOAHOM MHpocTpaHcTBe. MHaue roBops, morpaHuy-
HBIA CITOW MMCET OMPEACICHHYIO TONLIMHY, ONPEACIIEMYI0 apamMer-
pamu u rasa, ¥ mapa.

B TOuKax ¢ koopAWHATAMH OTHOCHTENHHO IEHTPAIbHON OCH Ta-
30BOTO MOTOKA Qorp = 109,6°norpaHHqHLn71 cioii orperBactcs. Haun-
Hasl C 3TOM KOOPAHMHATHI, Ta3 JODKCH OBITh HEMOABHMIKCH OTHOCHTEIIb-
HO IIapa Ha Pas3IMYHOM OT HEro0 PAcCTOSHUH BILIOTH O OTOpPBABLIC-
rocsi ¥ MPOXOMALICTO Ha HEKOTOPOM PACCTOSHUH OT INapa MOrpaHuy-
HOT'O CIIOSI.

PaGoTbl aHanoruyHOro HarmpaBleHUS ObLTN MPOBEACHBI U JPYTH-
Mu uccnegosaremsivu. Ha Toit sxe kondepenuun P.Jhx.Kennenu co-
o01mmI, 9T0, mocie Toro kak Mumiep onmyOoIuKoBan CBOM PE3YIbTaThl
B 1926r., um, Kennenn, Obi1 mpuayman u pa3pabotaH APYrou mpu-
6op, boee mpoCTOit, HO OONIAJAIOIINIA, [TO €0 MHCHHIO, YPE3BBIYANHO
BBICOKOH YYBCTBHUTEIbHOCTHIO, cocTasupiuer 0,001 mHTepdepeHuu-
OHHO#1 TOTIOCH! (XOTS Pa3MBITOCTh KpaeB MHTEP(HEPCHIIMOHHBIX TTOIOC
cocrasisier 10—-20%! —B.A.). [IpuGop Obli1 3amakoBaH B repMeTHY-
HBIF METaJUTHYCCKUH SIIUK, KOTOPBI ObLt 3amonneH reiaveM. K Ha-
yany 1927r. npuGop ObLT OTIaKEH, U BCE SKCIICPUMEHTHI yIKE ObLIN
nposeacHbl. Hukakux pesynpratoB Kenneam He momywmn, o 4eM U
JOJOKUT HA KOH(EPEHIIUU. JDTO OBLJIO UM KCTOJKOBAHO HE KaK HE-
MPUIOZHOCTh €ro Mpubopa, TIIATETHPHO H30JHPOBAHHOTO Onaromaps
METaNTUUYECKOMY SIIIHUKY OT MPOHUKHOBCHHS 3(QHPHBIX IMOTOKOB, a
Kak OTCYTCTBHE B MpUpoAEe 3QUpHOro Berpa. belam u apyrue aHamo-
THYHBIC MOMBITKH, HANPHMEP, MOABEM HHTEPPEpOMETpa Ha CTPATO-
crare Hax bproccenem B 1926r. 3mecy uccnenosarenu A.llukkap u
E.Ctasnp Toxe 3aKynopuin mpuOOp B METATUIMICCKUH SIIMUK. Pe3yb-
TaThl B 3TOM ciIy4yac ObLIH HeonpeaeaeHHbmu [13].
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B 1929 r. A. Maiikeneconom comectHo ¢ @.I'Ilucom wu
@ ITupcoHoM OBLTM MOBTOPCHBI SKCIEPHUMEHTHl MO OOHAPYKCHHIO
a¢uproro Berpa [15, 16], Ha 5TOT pa3 BMOJHE YCHCUIHO 3aBCPLIMB-
LIMeCs: Ha TOH JKe BRICOTE B oOcepBaTopuu MayHT Buiicon umu ObL10
MOTYYCHO 3HAYCHUE CKOPOCTU BeTpa 6 km/c. YMEHBIICHUE CKOPOCTH
M0 CPAaBHCHHIO C JAHHBIMU MuITepa Jerko OOBICHSCTCS TEM, UTO B
ornmyue ot Muiepa MaiikenbCOH MPOBOANI SKCIEPUMEHTHI B (DyH-
JaMEHTAITBHOM JOME, CTEHBI KOTOPOTO HECKOIBKO CHHU3HIN CKOPOCTh
3(UPHBIX TOTOKOB.

Takum 00pa3oM, HET OCHOBaHWIl CUATATh «TBEPAO YCTAHOBIICH-
HBIM» OTCYTCTBUE B NpUpoAc 3(Upa HA OCHOBAHHUU PE3YIbTATOB KC-
MEPUMEHTOB, poBeAcHHBIX B 1881u 1887rr. HaoOopot, 3T padoTH!,
U, B OCOOCHHOCTH, paboThl Muiiepa, onpeneieHHO TOBOPST B HOJb3Y
CYLIECTBOBAHUS 3Hpa, & HCONPEACTCHHOCTh KPATKOBPEMEHHBIX MPO-
BEPOK APYTMMH aBTOPAMH MOYKHO CKOPEE OTHECTH K HE TINATEIbHOM
MOJTrOTOBKE SKCIIEPUMCEHTOB, YEM K KAKHM-THOO T0Ka3aTeIbCTBAM.

HHuTepecHo ormernts, uTo MMIItepoM NHOIYUIEHO HaNpaBIICHHE
3(upHOro BeTpa, HE COBMAAAOIICE ¢ OXKUAAEMBIM B TIOCKOCTH OpOU-
to1 3emiin Bokpyr Comnia. Ero pesyipratel oTpaxkaroT Jake HE
ctonbko asrwkenne 3emin BMecte ¢ Conauem u ['amaktukoir B MUpO-
BOM MPOCTPAHCTBE, CKOJIBKO ABIDKCHHE S(UPHBIX NMOTOKOB BHYTPH
lNamaxrukn.

B 1929-1933rr. MaiikenbcoHoM u ero corpygaukamu (Maii-
KeabcoH yMep B 1931r.) ObLT MOCTaBICH KCIICPUMCHT B YaCTHUHOM
BakyyMe. CKOpOCTh CBETa M3MEPSIACh B JKEIC3HOW TPyOE ATMHOM
1600m u auamerpom 1 M, pacnonoxxennoit Ha MaynTt Buicon. Bo3s-
OyX U3 TpyOs! Obl1 oTkavyaH. BausHus 3¢upHOro Berpa oOHapyKEHO
HE ObLIO, UYTO U HE YOUBHUTENBHO, MOCKOJIBKY METaJIBl O0IaAaroT
OCOOCHHO BBICOKHM 3(HPOJMHAMUYCCKUM COMPOTUBICHHEM U JKe-
ae3Hbie TPYOsr SKpaHUpPYIOT 3pdekr. C TakuM Ke YCIEXOM MOKHO
MBITATHCS U3MEPSITh BO3AYIUHBIA BETEP, AVIOIIUI Ha yIHIe, MPHOO-
POM, PacCIOIOKEHHBIM B 3aKyITOPCHHONW KOMHATE.

B 1958-1962 rr. rpymma aMepHKaHCKOTO HCCIEeIOBATEIS
U.TayHca, wn3oOperaTenst Maszepa, MBITAIACh H3MEPHTh CKOPOCTh
3(UpHOTrO BETpa C MOMOIIBIO ABYX Ma3epoB, PACIOIOKCHHBIX HA IO-
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BopoTHOoH mardopme. Ilpeamonaranocek, 4To 3QUPHBINA BETep AOI-
JKCH, YCKOPSIS CBET, M3MCHATh YACTOTY MPHHUMACMOTO H3TyUCHUS.
Addekra momyueHO HE OBLIO, YTO OBIJIO UCTOJIKOBAHO aBTOPAMH KaK
OTCYTCTBHE 3()PHOTO BETPa B IPUPOJE.

VYKka3aHHBIH SKCHEPUMEHT cOAEprKan rpyoeiimyro ommoky: s¢hup-
HBIA BeTep MOT ObI M3MEHUTH (pa3y CHUrHana, HO HUKAaK HE €ro 4acTo-
Ty, TIOCKOJBKY JOIUICPOBCKHHA 3((EKT y B3aMHO HETMOABIIKHBIX HC-
TOYHUKOB KoJeOanuil (Ma3epoB) u mpueMHHUKa (HH-Tep HePCHLIHOHHON
KapTUHKM) BCETAA M MPUHLIUITHAAIBGHO PABEH HYJIIO.

B [5] onmcanbl mepedrcICHHbIC SKCIICPUMEHTBI U TIOCTaBIICH BO-
Mpoc 0 HEOOXOAMMOCTH BO3BpaTa K MpoOJIEME CYLIECTBOBAHMS B IPH-
poae a¢dupHOro Berpa.

B Hacrosmee Bpems psimoM HCCIEIOBATENCH B WHULIMATHBHOM
MOPSIIKE TPOBOAATCS pabOThl MO HCCICAOBAHUIO 3(QUPHOro BeETpa.
IOtu paboThl BHIMOIHSIOTCS C HCHONBb30BaHUEM 3(PGEKTOB MEPBOro
nopsiaka (3ddexT mpomopioHaNieH MEPBOW CTEHCHH OTHOLICHHUS
cKopocTd 3(HUPHOrO BETpa K CKOPOCTH CBETA) — M3MEpPCHHs (ha3bl
CHUTHANA B PaJuoIUana3oHe U U3MEPEHHS OTKIIOHCHUS JTyda J1azepa OT
€ro CpPEeIHEro MoNoKeHus. Pe3ynpraTel 3THX paboT NOATBEPIUIN Ha-
avyre 3(QUPHOro BeTpa JaXKe HA MOBEPXHOCTH 3EMIH, OZHAKO OHHU
MOKa HE MOKOJICOATH CTOPOHHUKOB TCOPHH OTHOCUTEIbHOCTH.

B 1998-200Zr. B Xappkose B MHCTHTYTE paariodH3UKH U IJICK-
tponnkn HAH Vxkpawunel rpynmoit HO.M.I'anacBa Obln BBIOTHEH
OONBIION KPYT MCCIEIOBAHUI MO BIMSIHUIO METCOPOIOTHMYCCKHX YC-
JIOBUIl Ha pacnpOCTPaHEHUE PAAOBOIH 8-MITUMETPOBOrO IUANA30-
Ha Ha 6aze 13 kM. [Ipu 3ToM OBLIM BBISBICHBI CYTOYHBIC U FOJOBBIC
Bapuaruu. OOpaboTka pe3ynpTaToB MOKa3aia MPAKTUYECKH MOTHYIO
Koppemsiuumio ¢ pesynpraramu Mumnepa 1925r. [17]. Takum oOpasom,
OCHOBaHHMH, Ui TOTO, YTOOBI CUHMTATh OTCYTCTBHE S(UPHOro BETpa
SIKOOBI MTOATBEPKICHHBIM JKCIEpUMEHTANBbHO, HET. Haobopor, mpo-
BCACHHBIC IKCIICPUMEHTEHI SICHO TIOKA3aITH, 4TO 3()PUPHBIN BETEp CyIIe-
CTBYET, YTO OH HAPACTACT C BBICOTOH M YTO OH MMEET ralakTUIECKOE,
a HC OpOWTAIBPHOE HAMpaBCHUE. JTO O3HAYACT, 4TO PabOTHI IO
3(UpHOMY BETPY JOMKHBI OBITh MPOJOTKEHBI, B YACTHOCTH, C MIPOBE-
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JCHHUEM SKCIICPUMECHTOB Ha BEPIIMHAX TOp U B KOCMOCE C ITOMOIIBIO
CITyTHUKOB.

Uro maxyt maMepeHus 3pUpPHOro BeTpa A HAYKH U HPAKTHKH?
s Hayky OHM JagyT BO3MOXKHOCThH IOJNYYUTh 3HAYUTEIBHO Oonee
MOJHBIC MPEACTABICHUS O MPOLIECCAX, MPOTCKAIOIINX B OKOIO3EMHOM
mpocTpaHcTse, U mpoucxoasmux B ComHeunoit cucrteme u B [NamakTu-
K€, U, HaKoHell, 00 ycTpoiictee BeeneHHO B 1ieoM.

Hns  mpakTUHecKHX WLeNell  CHCTEMAaTHYeCKOE HCCIICIOBAHHE
3(UpHOTrO BETpa B OKOJIO3EMHOM H 00iee OTAAICHHOM MPOCTPAHCTBE
MO3BOJIUT CBOCBPEMCHHO OOHAPYKHMBATh U YUUTHIBATH BIIHSHHE KOC-
MHUYCECKUX (aKTOpOB Ha mpouecchl, mpoucxonsmue Ha 3emue. Ilo-
CKOITbKY BcE 0€3 MCKITIOUCHUS MPOLIECCH WHEPLIOHHBI, TO IO COCTOS-
HUIO MapaMeTpoB 3(HUpa — €ro IJIOTHOCTH, BSI3KOCTH, TEMIICPATYPHI,
M3MCHCHUSIM HaNPaBICHHA M CKOPOCTH 3(HPHBEIX MOTOKOB B OKOJIO-
3EMHOM MPOCTPAHCTBE MOXKHO CO BPEMEHEM HAYYHTHCS MPOrHO3HMPO-
BaTh OyAYIOHE 3EMHBIC MPOLECCH. JTO B CBOKO OYEPEIb IO3BONUT
CYLIECTBCHHO COKPATUTh MHOTUE HETaTUBHBIC MOCICACTBHS KOCMUYE-
CKOTO BIMSHUS HAa 3EMIIIO, a BO3MOXKHO MPEAYNPEAUTh HIN JaKE
MOTHOCTBIO UX U30CKATE.

Ho rnaBHoe, 0 yeM CBHIETEIBCTBYET HATHMYUE 3QUPHOrO BETPA B
CIHPATIBbHBIX PYKaBaX TalakTHKA — 3TO O (DaKTEe HATUYUS JBHKCHHUS
s¢upa B KocMIdeckoM TpoctpaHcTee. Ilo cioxuBmemycs B 3¢upo-
JUHAMUYECKON KapTUHE MHUpPA MPEACTABICHHUIO, B LIEJIOM 3TO JBHXKE-
HHUE HICT OT nepudepun Hauei [amakTuku K ee UeHTpy, sapy, B KO-
TOPOM B PE3YJIbTATEC CTONKHOBEHMs ABYX CTPYH 3¢mpa, mocrymnaro-
UM 1O ABYM CIHPATbHBIM pyKaBaM, OOpa3yloTCs TOPOHIATbHEIC
BUXpH. OJTH TOPOHIAIBHBIC BHXPH MHOTOKPATHO VIUIOTHSIOTCS U
MHOTOKPATHO JAENATCS Ha Oolee METKUE TOPOHIANbHBIC BUXPH, B pe-
3yIbTaTe Yero oOpa3yroTcs MPOTOHBI, M3 KOTOPBIX 3aTteM (OopMHpY-
FOTCSI 3BE3BI.

B Hacrosimiee BpeMsi HaWICHBI MPOCTBIE CIOCOOBI H3MEPEHUS
s¢upHoro Berpa. OauH U3 ONPoOOBAHHEIX CIIOCOOOB 3aKTIOYACTCS B
M3MEPCHHUH OTKIOHEHUS MOJIOKEHUS Ta3epHOro ayva MoJA AaBICHHUCM
3¢upHOro BeTpa MOIXOOHO TOMY, KaK H3ruOacTcs MoJ BETPOBOU Ha-
IPy3KOH KOHCOJIBHO 3akperuieHHas Oamka. IloaTomy mosBnsiercs: Ha-
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JIeK1a Ha BO30OHOBIEHHE PabOT MO MCCIICAOBAHUIO 3(UPHOTO BETPA,
YTO IIOMOKET BOCCTAHOBUTH 3(1)I/Ip B CCTCCTBO3HAHUM.

3.4. Obpa3oBaHue NPOTOHOB U aTOMOB BoAopoaa B
Anpax cnuparnbHbIX ranakTuk

3.4.1. Cmpykmypa npomona, ezo odpazosanue u pacnao

Kax u3BecTHO, acTpoHOMaMu OOHAPYKECHO, YTO U3 sApa HAIICH
coupanbHOU ['amakTWKM WCIycKaeTcsi HMPOTOHHO-BOJOPOAHBIA ras,
obmast macca kotoporo cocrasiser nopsaka 1,5mace Connua B rox,
1.¢. mpivepro 3-16° kr/rox. TTporcxosxKaeHme 3TOro ra3a A0 CHX Hop
He BbUICHEHO. IIpeamonaranocs BHavane, 4yto B sape ['amaktuku Ha-
xoauTcs OonpIuas pacmnajaromasics Macca BEIIECTBA, OJHAKO BCKOPE
BBISICHUJIOCh, YTO BHYTPH SIAPO HE COACPKUT HUKAKOTO BELICCTBA,
OHO, Kak OBbl, ITyCTOE, M U3 3TOH WITyCTOTHI» BO BCE CTOPOHBI HCITyCKa-
€TCs BIIOJIHE BCLICCTBCHHBIN ra3. Pemenus nmpobiemsl Ha 0ase cyiie-
CTBYIOUIUX NMPEACTABICHUM HE HAUIEHO.

B cootBercTBHM ke ¢ MpEACTaBICHUAMH 3()UPOIUHAMUKA 3TOT
ra3 ectb pe3yabTar BUXpeoOpasoBanus d¢upa B sape ['anakruky, Ky-
Ja MO CIHUPANbHBIM pyKaBaM MOCTYIAIOT MOTOKH 3¢dupa oT mepude-
pun 'anaktuky. DTH HOTOKH NEPEMELIMBAIOTCS U TyPOYIU3UPYIOTCS,
YTO MPUBOAMUT K BUXpeoOpaszoBanuto >¢upa, a 3ateM K Gopmuposa-
HUIO MPOTOHOB U aTOMOB BOAOPO.A.

Kak mokasan Posenxex [18], moBepXHOCTh MOrPaHUYHOrO CJIOS
IJIOCKOU CTPYH CTPEMHUTCS CBEPHYTbCS B PsII JABOMHBIX CHHPAJICH
(puc. 3.2, 3.3),00pa3yst BUXpH, OCH KOTOPBIX MEPIICHINKYISPHBI Ha-
MPaBICHUIO CTPYH W TpagueHTty ckopoctu. llomyuusiumecs Buxpu
HAYHYT CaMOIIPOM3BOJIBHO CKUMAThCS, YMCHBIIAS PAINyC U YBEIHU-
YHUBas OKPYKHYIO CKOPOCTb.

Buxpesbie meTnu 00pa3yrOT MOTOK rasa, KOTOPBIA CTPEMHUTCS
pacLIpuTh METII0, B PE3yIbTATE YETO 00pa3yeTcss BUXPEBOE KOIBIIO.
ITO KONBLO MPU 3HAYUTEIHPHOM MPEBBIIICHUH JHAMETPa KONbLA HAX
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auamerpoM ero tena (mo Jluxrenurreitny D/d> 86 [19]) Heycroiiunso
OTHOCHUTEIBHO ()OPMBI.
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Puc. 3.2 HeyCTOf/I‘II/IBOCTL IOrPAaHNYHOIO0 CJIOSI MEKIAY NMOTOKAMH rasa:
CTpEIIKaMH YKa3aHbl HaIlpaBJICHUA TEUECHUN; 0071aCTU ITOBBIIIICHHOT'O JIaBJICHMS
0003HaYEHBI 3HAKaMU +, L[I/I(l)pI)I COOTBETCTBYIOT CTaAAM  Pa3BUTHA IIPpOIIECCa
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Puc. 3.3.11ocitetoBaTe IbHOCTD CTANI 00pa30BaHHSI BHXPEBBIX KoJIeI]

©000

CtpemiieHHE CHCTEMBI K MHHUMYMY SHEPTHH CO3JACT CHUIIBI, Ha-
MPAaBICHHEIC HA PaCIIMPEHHE IIOMAAN TETEb U COMMKEHUE Tepece-
Karomuxcs vacreil merenb. [Tockompky B IEpeceKaromuxcs YacTax
HETENb HANPABICHUE BPALIECHUST OJUHAKOBO, 3TU YAaCTU COJBIOTCS, HO
TYT K€ METIU CHOPMHUPYIOTCS B CAMOCTOSTEIBHEIC BUXPEBBIC KOIbLIA,
KOTOPBIE OTJEIIATCA APYr OT Apyra. IlomyumBinrecs KoabIia IMOIBEPT-
HYTCsI AambHEUIIEMY AeJCHUI0. Takoe aeneHue OyAeT MpOoaoKAThCS
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JIO TEX TIOp, MOKa JUAMETP TETa TOPOMAA HE CTAHET COM3MEPHM C pa-
auycoMm coOCTBEHHO Topouaa. B pesymerare dopma Tema Topouma
npuOIM3UTCS K MWAapoBoi (BuXpb Xuiia), MPH 3TOM CTCHKU TOPOUAA
OVIyT YILIOTHCHHBIMHU.

Hasee KOIbIEBbIE BUXPH HAYMHAIOT CAMOITPOM3BOIBHO COKMMATh-
Csl JaBIICHUEM OKPY KAIOLIECH CPebl M IETUThCS HA BCE OOJee METIKUE
TOPOHIATIbHBIE BUXPH.

Paccmorpum atot mporecc. ToHKkast BUXpeBast HUTh WA LIEITHKOM
TPaAMCHTHBIA CIOW B C)KMMAEMOM Ta3c HEYCTOHUMBBIC 00pa30oBaHMS,
YCTOHYMBBIM SBIIIETCSI TOJIBKO BHUXPEBOE KOIBIIO, TO €CTh BHXpb,
3aMKHYTBIA caM Ha ceOs. B TakoM BHUXpe morpaHU4HbIA c10i 0OBONa-
KHBAET BECh BUXPb U HE JACT €My PaccachlBaThCs, O KpallHEU Mepe,
J0 TEX MOp, MOKa HE PaccoceTcst caM morpanuyHbid cioil. Ho Hanbo-
Jee YCTOMYMBBIM — BUHTOBOM TOPOUAAIBHBINA BUXPb, TAK KaK Ipaju-
€HT CKOPOCTH Ha €ro MOBEPXHOCTH MAKCHMAJIECH U, 3HAYUT, BI3KOCTh
MOTPAHUYHOrO c10s1 MUHUMaIbHA. OOpa30BaHUIO TAKUX KOJEL U3 JIH-
HEHHBIX BUXPEH WM U3 TPAIUECHTHOTO CIOS JOJDKHBI CIIOCOOCTBOBATH
JaeopMaiy BUXPEBBIX HUTCH, BBI3BIBACMBIC KaK IMOJEM CKOPOCTEH
Cpeabpl OKOJNO CaMHUX MCKPUBICHHBIX BHXPEBBIX XKI'YTOB, TaK U TypOy-
JCHTHBIMH (DIIYKTYalMsIMA BHYTPH JKI'YTOB, 4 TaKOKE TYpOYJICHTHO-
CTBIO OKpy»Karomen cpeasl. Kpome Toro, BIOIh 0cel BUXPEBBIX JKTy-
TOB Pa3BHBAIOTCS KONEOAHUs, B PE3ybTATE YErO BIOJb TENA BHUXPS
00pa3yroTcsl CTOSMME BOMHBI PA3IHYHOA IMHBI, CIIOCOOCTBYIOIINC
pa3aeneHII0 BUXPEBBIX JKIYTOB HA OTAEIBHBIC YUIACTKH, KOTOPHIE B
JanbHEHIIEM COCUHSIOTCS monapHo, oopasys nernu [20] (puc. 5.11).

Kak m3BectHO [21], BUXpeBOE KOIBIO MHAYLHPYET B OKPYKAFO-
el cpeie MOTOKM rasa, IPH 3TOM CaMO KOJIBIIO, ECIM OHO HE YILIOT-
HEHO, IEPEMEINAETCS B IIPOCTPAHCTBE CO CKOPOCTHIO

r D 1
= (In———). (3.1)
4D d 4

VYIIOTHEHHOE BUXPEBOE KOJBLO OYICT MEIICHHO Pa3rOHSTHCS.
OnHako mpu MCKaKeHUH (POpMBI KOIbLA HAMPABICHUE IMMOTOKOB rasa
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MEHSICTCSI, U €CJIH YaCTH KOJbIA CO3AaayT OOLIMil MOTOK, TO 00pa3y-
FOTCSI TIETITH, KOTOPBIC Cpa3y JKe PacIpaBIIsOTCS.

MuHIMYMY SHEPTMHM TaKOHl CHCTEMBI COOTBETCTBYET MHHHUMYM
OTHOLICHUS

[/S= min. (3.2)

3aece | — cpeansin qmuHa, a S — oAb MONEPEYHOTO CEUCHUS
00IIero A1 ABYX IETENb MOTOKA rasa.

PaccmotpenHBIil MexaHH3M OOpa30BaHUSI W JACICHHUS BHXPEBBIX
KOJICL] HE SIBJSCTCS CAMHCTBEHHBIM. JleJieHne BUXPEBBIX KOJCL MOCTE
uX 00pa3oBaHUs JETKO BHACTh HA MPOCTOM OIBITE, €CU B OaHKY cO
CIIOKOMHOM BOAOI C BBICOTHI 2—3 CM KAaIHYTh KAILTI0 YepHHUI (PHC.
3.4).

Puc. 3.4.06pa303aHne U JejieHnne ToponjJa/JibHbIX BUXPEBLIX KOJI€I B KNI~
KOCTH IIPA Na/ICHUN KallJIn

IepBoHauansHO 00pa30BAHHOC B PE3YAbTATE MOMAJAHUS KaruTh
YCPHUJI B BOAY TOPOMAATBHOC KONBIIO HAYMHACT pacmnaaThcs Ha 60-
Jiee MEJIKHUE TOPOUIABHBIC KObIA, KOTOPBIC B CBOIO OUCPEAb JCISAT-
¢ Ha elne 0oj1ee MEJIKUE U T. ..
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Takum 00pa3oM, XaOTHYECKOE CMEIUCHHE MOTOKOB KHIKOCTH
TaKKE CIIOCOOHO MOPOAUTD JCSIIIUECS TOPOUIAIbHBIC KOIbIa. B pe-
3yJabpTaTe OOpa3yIOTCS TOPOHMIAIBHBIC Ta30BBIC BUXPH, HMCIOLINE
dopmy Oybmuka (puc. 3.3), KOTOPBIC VILTOTHSIOTCS, ACNIATCS, CHOBA
VILIOTHSIFOTCSI, CHOBA JCATCS JO TEX IMOp, MOKAa IJIOTHOCTh CTEHOK
BUXpEH HE JOCTHUTHET HEKOTOPOrO KPUTHYCCKOrO 3HAYCHUS, TOTAA
JCTICHUE TPEKPAINACTCS.

OKCMEPUMEHTABHBIM ~ MTOATBEPIKICHUCM  CaMOMPOU3BOIBHOTO
CXKUMAaHUSI BUXPCH SIBISCTCS 00pa30BaHUE BUXPEH Y BXOIOB B BO3AY-
X03a00pHUKH CAMOJICTOB: MPH BXOJHOM OTBEPCTHH BO3AyX03a00pHH-
KOB 0KOMO 1 M°. 06pPa30BABIIMIACS HA €IO BXOJE BUXPh UMEET THAMET]
okono 4—6¢m (puc.3.5).

Puc. 3.5.CixaTne ra3oBoro BUXps Ha BXo/e B BO3/IyX03200PHIK PeaKTHBHO-
0 IBUraTelIsi caMosieTa (Ha CTOsIHKe)

BuHTOBOI BUXPEBOH TOPOWA raza MPEACTABISICT coOol 00paso-
BaHHUC TUIIA CBEPHYTOH TPYOBI, B MOJOCTH KOTOPOH AABICHHE U ILIOT-
HOCTb Ia3a HIDKE, YEM B CBOOOAHOM Cpeze, HO B CTEHKAX a3 CyIecT-
BeHHO ymioTHeH. CTeHku TpyObl BOMH3M LEHTPaIbHOH ocu odecrie-
YHMBAIOT B TOM MECTE HanOOIEe BHICOKYIO INIOTHOCTD rasa (MCKiIrouas
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COOCTBCHHO OCEBOC LICHTPAIBHOC OTBEPCTHE), 3Ta 00IACTh MOXKET
OBITh Ha3BaHA KEPHOM (SIPOM) TOPOHIATBHOTO BHXPSI.

B BuxpeBOM ra3oBoM TOpPOWAE, CTPYKTYpa KOTOPOro OnM3Ka K
3aMKHYTOW TpyOe€ C YIUIOTHEHHBIMH CTCHKAMH, OTYCTIMBO BBLACIISI-
I0TCS KEPH — IICHTPAIbHAS 9acTh, IMEIOMIAs OCEBOE OTBEPCTHE, 000-
J0o4Ka, 0Opa3oBaHHAsI BHEIIHUMH CTCHKAMHU TOH ke TpyOBI, U morpa-
HHUYHBIM MOBEPXHOCTHBIN CIIOH, YACP>KUBAOLIUII Ta3 B YINIOTHCHHOM
BHJE B creHKaxX. JImHMM Toka rasa B TOPOMJAIBHOM JBIDKCHHU B
CTCHKAax TPYOBI MPOXOJAT BO BHYTPEHHEH YacTH TOPOUAA Hepe3 IUIo-
aab, CYIIECTBEHHO MEHBINYIO, 4eM cHapyxu. Iloatomy ckopocTs
TOPOHIATIBHOTO JABIDKECHUS ra3a B IEHTPAIBHON YacTH TOPOWJA 3HA-
YUTENBHO OOJBINE, YEM B HAPYXKHBIX cTeHKaX. OJZHAKO MOMHAs CKO-
POCTh ITOTOKA HE MOXKET M3MEHHTHCS, TaK KaK JHEPTUIO0 JBIDKCHHS
MOTOKA IUIOTHOTO ra3a OTAATh HEKYJa, IO3TOMY JHHMS TOKA ra3a Me-
HSCT HAIMpPABICHUC. K TOPOUIATBHOMY HAIMPABICHUIO J00ABISCTCS
komprieBoe. 1lo Mepe ymaneHus or ocu TOpa TOPOUAAIBHAS COCTAB-
JSIFOIIas CKOPOCTH YMEHBIIAETCS, a KOJbIEBAsl COCTABJLIIOINAS HA-
pacrtaer. JIprkeHHE raza B CTCHKax TPYObl NPUOOpPETacT BUHTOBOU
XapaxTep.

Kax mokazanu sxcniepuMEHTHl ¢ OOBIYHBIM JBIMOBBIM TOPOHIOM,
Takas 3aMKHyTas camMa Ha ceOs BUXpeBas TpyOa HMMEET 3JUIHIICOU-
nansHy0 hopmy (puc. 3.6).

Puc. 3.6. CTpyKTypa ABIMOBOI0 KO/IbIIA. BhITycKas JbIM B BO3/yX depe3 Ko-
Hell TpyOBl, MOKHO YBUZETbh, YTO 3TO TYyI'O CBEPHYTas TOPOUAAIbHAs crmpais. OJHa-
KO 3TO BCEro JIMIIb IIepeXoHasl CTPYKTYpa, KOTopasi B JalibHeieM GopMupyercs B
JIAMUHAPHBIA TOPOUIAIILHBIA BUXPh
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Huamerp takoro Topomza D menpme aByx, HO Oomee OXHOTrO
auamerpa TpyOsr d u cocraBisier mpumepro 1,7d, anamerp BHYTpPEH-
HETO OTBepCTHs Topa & paBeH mpumepHo 0,25, a oTHOIICHHE 0CEBBIX
pasmepoB syuturnca pasao npumepro 0,7:1 (TaHHbBIC 3aMMCTBOBAHBI U3
paboTsl [22] 1 OTHOCSATCS K CTPYKTYPE BO3AYIIHBIX ABIMOBBIX TOPOH-
noB) (puc. 3.7). [Anst 3pupHBIX BUHTOBBIX BUXPEBBIX TOPOHIOB COOT-
HOLICHUS pa3MepoB U (opMbl OYAYT, BEPOSTHO, HECKONBKO HMHBIMH,
HO BPSII JI 3TO CYLIECTBEHHO.

Puc. 3.7. TopongaabHbIil ra3oBblii BUXpH B pa3pese

3HaK BUHTOBOIO JBIKCHHUSI B TOPOUAE OMPEICISCTCS TEM, KaKkou
3HAK BHHTA MMEI K 3TOMY BPEMCHH ra30BbIil OTOK B OKPYKAIOLIEM
rpocTtpancTse. Eciii B HeM yrke CyIecTBoBajio ABIDKEHHE CTPYH rasa
OINPEICICHHOTO 3HAaKa, TO W BHOBb OOpPa30BaHHBIC TOPOHMJANBHEIC
BHUXpH OYyIyT UMETh BUHTOBOC JBIDKCHHE TOTO JKE 3HAKa. JTO 3HAYMT,
YTO €CIH B HEKOTOPOW OONACTH MPOCTPAHCTBA YK€ CO3AaH XOTS OB
OJUH BUXPEBOW BUHTOBOU TOPOH I, TO M BCE OCTAIBHBIE 0Opa3yoLIHe-
cs1 Topor bl OyOyT UMETh TOT K€ 3HAK BUHTOBOT'O JBIKCHHS.

Buxpr ToponganeHOH (OpMBI IpeaCTaBIsSeT cOOON 3aMKHYTOE B
(dopme Toporga (Tuna OyGnuka) BuxpeBoe odpazosanue. Ecnu paau-
yc Tena Topouza [ MHOTOKPaTHO MEHbIIE pazuyca topouaa R, To
BHYTPCHHSSI CTPYKTYpa BHUXPS HE OTIHYACTCSA OT ONMHMCAHHOH BBIIIC
CTPYKTYpPHI JHHEHHOro BUxps. OIHAKO €Clii 3HAUCHHS PagUyCOB CO-
M3MEPUMBI, TO KapTUHA CYLECTBEHHO MeHseTcs. [Ipu comzmepuMbIx
paamycax Tela TOpPOHWJAa M CaMOro TOPOHMJA PAa3HBIE YaCTH CTEHOK
TpyOBl — YIFIOTHEHHOTO B HHUX rasza HAXOMITCS HE B PABHOM IIOJIOXKE-
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Hun. Ta 9acTh CTEHOK, KOTOpas HAXOAWUTCS OMIDKE K LICHTPaIbHOU
OCH, MMEET OOIIYIO IUIOIAJb CEUCHHS CYIECTBEHHO MCHBIIE TOI
YaCTH CTCHOK, KOTOPast HAXOAWUTCS BAAIN OT OCH.

ToponnanpHeIi MOTOK Ta3a, 0Opa3yroKi CTCHKH, JOJDKEH MOJ-
HOCTBIO MPOUTHU U 4epe3 OJHO, U uepe3 Bropoe ceueHue. OmgHako mo-
CKOITBKY ILIOIIATb BTOPOTO CCUCHUS 3HAYHTENBHO OOJBIIC MUIOLIATU
MEPBOrO CEYCHUS, TO TOPOHAATbHAS CKOPOCTb Tra3a BO BHCIIHEM Ce-
YCHHH JODKHA ObITh 3HAYMTEIFHO MEHBIIE, YeM BO BHyTpeHHEM. [1o-
CKOJIbKY CKOPOCTh TOPOHMIAIBHOrO JBIDKCHHS B LICHTPAIBHON YaCTH
TOpOHJA BEIUKA, TO CTPYS [0 WHEPLIMU OYIET BBIHOCHUTHCS BIOJIb OCH
U BECh TOPOH[J NPHOOPETET GOPMY TYKOBHLIBI.

Jl1st Toro uToOBI TOPOMAANIBHASL CKOPOCTh Ta30BOTO MOTOKA CHH-
3UJIaCh, OHA JOJDKHA OBITH MO0 MoraleHa 4eM-TO, MO0 U3MEHUTH
HanpasieHue (puc. 3.8).

D
D

a)

(&)

Puc. 3.8.Pacnpenesienne CKOPOCTeii ABILKEHHIT CTEHOK TOP OH/IA/Tb-
HOr'0 BHXPSI: g — TOPOHAATBEHOTO; O — KOJIBLIECBOTO
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I"acuth ckOpoCTh B JAHHOM CITy4dae HEYeM, IOCKOJbKY ra3 B CTCH-
Kax TOpPOHJA YIUIOTHEH U OTAATh SHEPTHIO BO BHE WU B3SITh €€ OTTY-
Ja Henb3s. ClaeaoBaTeIbHO, CKOPOCTh MOTOKA ra3a OCTAHETCS MOCTO-
STHHOW, HO OHA BBIHY>KJCHa OyJeT U3MCHHUTh CBOC HAIPABICHHE IEP-
MEHIUKYISIPHO MEPBOHAYANBHOMY HaIpaBjcHUIo. B pesymprare BO3-
HUKAET KOJBLICBOC OBIKCHHE BCETO TOPOUAA, M B KKIOH TOYKE €ro
MOBEPXHOCTH UMEET MECTO COUCTAHHE TOPOUIATBHOIO M KOIBLEBOTO
JBYDKCHHH, KOTOPBIE B CYMME Jar0T BUHTOBOE ABIDKCHHE CTCHOK TO-
pouza.

[IpoToH sBRsIeTCSI OCHOBHOM YacTUIEH Beero (PU3MIECKOro MHpa.
JTO cAEAYET U3 TOrO, YTO HEUTPOH SBISICTCS TEM K€ MPOTOHOM, HO
OKPYKCHHBIM TIOTPaHHYHBIM CJIOEeM 3(HUpa, B KOTOPOM TACHTCS KOJb-
LIEBOC BPALICHUE U TEM CAMBIM HCKIFOYACTCS SIEKTPHIECKOE MONeE, a,
CIIEAOBATENIBbHO, B ATOME Macca MPOTOHOB COCTABIIIET MOYUTH B UCTHIPE
TBICSYH pa3 OOJbIIEC MACCHl SJICKTPOHHON 00OTOYKH, HO M caMa dJICK-
TpOHHAs 000N0YKa €CTh BUXPb 3(Hpa, CO3TAHHBIA TEMH e MPOTOHA-
mu. UTo KacaeTcsl CHIOBBIX MOJICH B3aMMOICHCTBHM, TO BCE OHM, TaK
WM WHAaue, TMOPOXKACHBI TeMH ke mpoToHamu. [losTomy paccmotpe-
HHUE CTPYKTYPbI BEIIECTBA HCOOXOANMO HAYHHATEL CO CTPYKTYPHI HPO-
TOHA.

ITockonbky €AMHCTBEHHBIM BHIOM ABIKEHHS 3(Hpa, CHOCOOHBIM
B 3aMKHYTOM 00BeMe coOpaTh YIUIOTHEHHBIH 3¢Hp, ABISIETCS TOPOU-
JANbHBIA BUXpPb, CTPYKTYpa MPOTOHA JOJDKHA OBITH OTOXKICCTBIICHA
HMCHHO C TakoH cTpykrypou. [lomoOHBIE BUXpH MOTYT 0Opa30BBHI-
BaThCs B PE3YNBTATEC MPOCTOTO COYAAPCHUS CTPYH rasa, ecliu CKOpo-
CTH COYAAPSIOIIUXCS CTPYH JOCTATOYHO BEMHKH H, COOTBETCTBEHHO,
IPaAuCHThl CKOPOCTEH HA TPaHMLAX CTPYH 00EeCIeUnBarOT BOZHUKHO-
BCHHE BUXPEBOTO JBIKCHHS.

B cootBerctBHM ¢ mpeactaBncHUSMH 3(QUPOIUHAMUKU MPOTOH
€CTh TOPOMIAIBHBIA BUHTOBOH BHXPb C YIUIOTHCHHBIMU CTCHKaMH,
CTPYKTypa KOTOPOTO COOTBETCTBYET HEKOTOPOMY MOAOOHIO TPYOHI,
3aMKHYTOW B KONbLO. BUXpeBoe IABIDKCHHE, OJHAXKIBI BO3ZHHKIICC B
cpexe, OyaeT crnocoOCTBOBATH MOSIBIICHHIO BUXPEH B APYTHX 00IaCTIX
Cpeabpl TOTrO K€ HAMPABJICHHS, YTO U yXKE CO3JAHHBIN BHXpPb. 10 ke
Kacaercss U BuHTOBoro nswkeHus. CoszmanHble B siape [ amaktuku
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BHUXPH OJHOTO KaKOr'0-TO 3HAKA BUHTOBOTO ABIKCHUS OyIyT CHOCO0-
CTBOBATh TOMY, YTO BO BCEM IPOCTPAHCTBE siApa OYIYT CO3AaBaATHCS
BHUHTOBBIC TOPOUABI OAHOI'O U TOI'O »KC BUHTOBOI'O 3HAKa — J'II/I6O TOJIb-
KO TIpPaBOBUHTOBBIC, J'II/I6O TOJIBKO JEBOBHHTOBBIC, KAKOro HMCHHO
3HaKa IpcACTOUT BBISICHUTH B 6yI[yH.[€M. Ho 10 >xe oTHOCHTCS M KO
Bceit Beemennoii. IloaTomy B mpenenax Bcenennoil Bpsng mm moryr
CYLIECTBOBATh 00IACTH HA OCHOBE TaK HA3BIBACMOW <«QHTUMATCPHU,
T.€. HA OCHOBE aHTHIIPOTOHOB. Takue aHTHIIPOTOHBI MOTYT OBITh CO3-
JaHbI Wb UCKYCCTBCHHO.

Ha puc. 3.9 nmpeacraBnena cTpykTypa HpOTOHA M JAHBI SITIOPEI
IUTOTHOCTEM, a TAKXKE DIMIOPBI TOPOUJATBHON U KOJBLIEBOM CKOPOCTEM.

Xors obmas gopma MpoToHa MPUOIIDKACTCS K MIAPOBOI, OHA BCE
ke TakoBOHM He siBisiercs. [losToMy y mpoToHa HE MOXKET OBITH MOJ-
HOI CUMMCTPHUU HU 3JICKTPUICCKOr0, HU MarHuTHOrO HOHeﬁ, X CUM-
METpHsT BO3MOXKHA TONBKO OTHOCHTEIBHO OCH, MPOXOASINCH Hdepe3
LICHTP MPOTOHA.

W3 Takoro mpeacTaBieHus cpasy Ke BBHITEKAECT HAIMIHNE B IPOTO-
HC KCPpHA — CTCHOK TI)Y6I:I, HaxXoasAmuXxcs B IICHTPC NPOTOHA, a TAKKC
HEOOBINOr0 OCEBOrO OTBEPCTHS BHYTPU MPOTOHA. BHyTpH TpyOBI B
pe3ynbTaTe ACHCTBHS LEHTPOOCKHOM CHITBI AaBICHUE 3(Upa JOKHO
OBITh MMOHIKEHO MO CPABHECHUIO C BHCINHUM JABJICHHEM 3(upa, XOTs
IJIOTHOCTH 3(Upa MOKET OBITh U OONEe BBICOKOH, €CITM TEMIIeparypa
3(upa BHYTPH MPOTOHA HWKE TeMIlepatypbl BHewmHel cpeapl. K Ta-
KOMY OPCINOI0KCHUIO MTPUBOAUT COOOPAKCHUE O TOM, YTO BHEIIHUC
CTCHKHA IIPOTOHA AOJ/IKHBI TAKXKC HMMCTHh IOHMXXCHHYIO TCMIICPATYypPy
OTHOCHUTCIIBHO BHCIITHET O 3(1)I/Ipa H3-3a HaJIU4IUA Ha CrO MOBCPXHOCTU
rpaAuCHTHOI'O TCUCHU.

I"acuth ckopocTh B JAHHOM ClTydae HE4eM, IOCKOJIbKY ra3 B CTCH-
Kax Topouaa yIIJIOTHCH U OTAATh SHCPIUI0 BO BHC WJIN B3AThH CC OTTY-
Ja Henb3s. ClaeaoBaTeIbHO, CKOPOCTh MOTOKA ra3a OCTAHETCS MOCTO-
SITHHOHM, HO OHA BBIHY’KJCHA OYJCT M3MCHUTH CBOC HAIPABJICHUC TEP-
MIEHAWUKYIAPHO IEPBOHAYAILHOMY HAIpaBjeHHIO. B pe3ymnbrare BO3-
HUKACT KONBLEBOC OBI)KCHUE TOPOHIA, M B KKIOH TOUKE €ro Tema
HUMEETCSl COUETAHUE TOPOMAATBHOTO U KOJIBLEBOr0 ABMXKEHHUH, KOTO-
PpBIC B CYMMC JAOT BUHTOBOC ABMXKCHHUC CTCHOK TOpOMAA.
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Puc. 3.9. CTpykTypa npoToHa: g) MOMepeuHbI pa3pes; 6) SIIopa INIOTHOCTY;
6) DIIOpa TeMIIePaTyp; 2) SIopa CKOPOCTH TAHTEHIMAIHHOIO ITOTOKA; O) SITopa CKO-
POCTH KOJIBLIEBOT'O [IOTOKA

INockopKy ceueHHE MOTOKA B LIEHTPE TEIAa IMPOTOHA MMEET IS
TOPOHJATBHOTO MOTOKA CYIIECTBEHHO MEHBINYIO ILIOMAAb, YEM CEUE-
HHUE MOTOKA B HAPYKHBIX CTCHKAaX MPOTOHA, TO CKOPOCTh MOTOKA B
LEHTpe OYAET CYIIECTBEHHO OONbINE, YEM B HAPYKHBIX CTCHKAX.
WHepuuoHHbIe CHIBI 3aCTaBAT TEIO MPOTOHA BBITSHYTHCS B LICHTPE
BJONb OCH, & C MPOTUBOIOJIOKHOW CTOPOHBI B CBSI3U C HAPACTAHHEM
CKOPOCTH JODKHA 00pa3oBaThCs BOPOHKA. B memom 310 mpuBemer k
TOMY, 4TO (popMa MpoToHA Oyaer HamoMuHaTh (GopMmy Kymoia («va-
KOBKI») MIPABOCIABHOM LICPKBU.

Ilepexox moToka 3¢upa U3 BHYTPCHHEH YacTH TOPOUIA B HAPYXK-
HBIC CTCHKH COIPOBOYKAACTCS CHIDKCHHEM CKOPOCTH IMOTOKa B TOPOU-
JanpHOM HampaeicHud. Ho moTOKy Hekyza OTZaTh CBOKO JHEPTHUIO
JBYOKCHHSI, IIOTOMY YTO BHEIHUH 3(HpP, OKPYKAIOMHN MPOTOH, HMEET
MaNyi IUIOTHOCTB. JTO O3HAYAET, YTO MOTOK 3(upa Mo BhIXOAE H3
LEHTPATBHON YacTH BBIHYKJICH H3MCHHTh CBOC HANPABICHHC JBHIKE-
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HHUE, COXpaHssl o0IIee 3HAYCHHE CKOPOCTH: TOPOUAATIBHOC HAIPABIIC-
HUE TpeoOpas3yercss B KOIBbLEBOE BOKPYT INIABHOW OCH NMPOTOHA, KaK
9TO U MOKa3aHO Ha puc. 3.7.B pesynaprare B HAPYKHBIX CTCHKAX MPO-
TOHa 00pa3yeTcsi BUHTOBOC ABMKCHHUE — OTHOBPEMEHHOE CYLICCTBOBA-
HHE TOPOMTAIBHOTO M KOJBLEBOro (BOKPYT TJIaBHOH OCH TOPOHIA)
JBYDKCHUU.

ToponganbHbIIT BUHTOBOM BUXPB BBIAYBACT M3 CBOCH CEpEIUHBI —
LCHTPATBHOrO KaHala — BUHTOBOH MOTOK 3¢upa. B neHrpe mporona
MOTOK 3(Mpa MPaKTUYECKH HE UMEET TPAJUCHTA CKOPOCTEH, 3aT0 OH
CKaT, M 3TO 03HAYAET, YTO TeMIiepaTypa 3(upa B 3TOM MECTE U BSI3-
KOCTb MOBBILICHBI, OHU HMECIOT XOPOLIEE CLEIIICHUE C TEIOM CaMOro
MPOTOHA, U MO3TOMY MPOTOH PaboTaeT Kak ABHUraTelb, MEPETOHSIO-
Ui CKBO3b ceOst okpy»karomuii ero s¢up. IlocTynarensHoe nBrxke-
HHUE 3TOr0 MOTOKA MPeoOpa3yeTcsl B TOPOUIATBHOE JBIDKEHUE d(hupa
BOKpPYT TENa MPOTOHA. JTO ABIMKCHUE BO BHCINHEM OTHOCHTEIBHO
MPOTOHA MPOCTPAHCTBE MOAYMHEHO 3akoHy bruo-Casapa, T.e. TOMy ke
3aKOHY, YTO U MAarHUTHOE TOJIC MPOTOHA, €r0 CKOPOCTh yOBIBaET 00-
PaTHO MPONOPLIMOHATBEHO KyOYy PacCTOsSHHUS.

VYObiBaHHE CKOPOCTH KOJBIEBOTO JABIDKEHHUS TMOTOKOB 3(upa,
Pa3MBIBAEMOr0 TOPOUAATIBHBIM JBM)KCHHEM MPOMOPLHOHAIBHO KBa-
paTy paccTosHusl.

B TopomganbHOM ABMKEHUM OAMH OOBEM ra3a BOBJICKACT APYIroOi
3a CUET MPSIMOTO HAa HEro JABICHUS, B KOJBLICBOM K€ COCCAHUE CIIOU
3aXBAThIBAIOTCS 32 CUCT BA3KOCTU 3(upa. ITO MPUBOIUT K TOMY, UTO
TOPOUAATBHOC IBIKCHUE OYIET OXBATHIBATH BCE OKPYIKAIOIIEE MPO-
CTPAHCTBO, KOIBLEBOE JKE IBMIKCHUEC MOXKET UMETh ABA COCTOSHUS —
OXBATHIBAIOIICE OKPY)KAIOLIEE MPOCTPAHCTBO WM JIOKATH3YEMOE B
MpeAenax MOTPAaHUYHOTO CNOsl, B KOTOPOM BCIEACTBHE OONBIIOrO
3HAYCHUS IPAJUCHTA CKOPOCTH BSI3KOCTh M TEMIIEPATYPA 3HAUUTECIBHO
CHIDKCHBI.

®opmo0OpazyomKM JBUKEHHEM TSI IPOTOHA SIBISETCS TOPOU-
JaNbHOC ABIKCHHE 3(Upa, KOTOPOE BOCTIPHHUMACTCSI KAK MATHUTHOE
TOJIC, TUM U OOBSICHSCTCS TOT (PakT, YTO MATHUTHBIM MOJIEM, a, Clie-
JOBaTEIbHO, U MArHUTHBIM MOMEHTOM OONaJar0T M MPOTOH, W HEW-
TPOH, a TaKXKE BCE APYTHE AIEMCHTAPHBIC YaCTHLBI Bemnecta. Komb-
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LIEBOC K€ ABIKCHHE (hUpa BOCHPUHUMACTCS KaK SJICKTPHYCCKOE TO-
ne. Ilpn nmokanmm3anuy KOIbIEBOTO IBIDKEHUS B IPEAEIax MOrpaHHd-
HOTO CJIOSl 4aCTHIAa BOCOPHHUMAETCA KaK 3JIEKTPUIECKN HEUTpaIbHAS.

J¢dupoanHamMHUECKHE MapaMeTpsl MPOTOHA M HEUTPOHA PacCUu-
taHsl B [23,c. 185-207.]

3HaK BUHTOBOT'O JBIDKCHHUS B CTCHKAX BHXPEBOrO TOPOHIA OMpe-
JIeNsIeTcsl TeM, Kakod 3HAaK BHHTA MIMET K 3TOMY BPEMEHM Ta30BBIH
ITOTOK B OKPY>KarOIIEM IPOCTpaHCcTBe. Ecii B HEM yrke CyIIecTBOBAIO
JBWDKCHHE CTPYH rasa ompeesieHHOTO 3HaKa, TO U BHOBb 0Opa30BaH-
HBIC TOPOHUJANTBHEIC BUXPH OYAyT UMETh BUHTOBOE ABHIKCHHUE TOTO XK€
3HaKa. JTO 3HAYMT, YTO €CIIM B HEKOTOPOH OONACTH MPOCTPAHCTBA
VK€ CO31aH XOTs Obl OOUH BUXPEBOH BUHTOBOI TOPOW, TO M BCE OC-
TaJbHBIC 00pa3yIoUIHecss TOPOUIsl OYAYT UMETh TOT K€ 3HAK BHHTO-
BOTO JBIDKCHHS. DTO K€ O3HAYACT, YTO B 00;1aCTH, B KOTOPOM oOpa-
3VIOTCSI MPOTOHBI, HE OYAYT 00pa30BBIBATHCS YACTHLBI C JPYTUM 3HA-
KOM BUHTA, T.c. OyayT (OpMHPOBATECS TOIBKO MPOTOHBI, U AHTUIIPO-
TOHBI TaM 00Pa30BBIBATHCS HE MOTYT. DTUM M MOXKET ObITh OOBSICHEHO
TO 0OCTOATETBCTBO, YTO BO BeeneHHON aHTUIIPOTOHBI HE OOHApYKE-
HBI, OHH MOTYT OBITh CO3JaHBI TOJIBKO HCKYCCTBEHHO.

IIpoToH, kKak ¥ BCAKHIA Ta30BBIM BUXPH, ITOCTETIEHHO TEPSET CBOIO
SHEPTHIO0 BPALICHUS W3-3a BI3KOCTH 3(QUpa, U, KaK BCAKUIH ra3oBbIHA
BHUXPb, TEPSIOMIMM SHEPTHIO, YBEIUINBACT CBOU pa3Mmep. Y BEIUINBa-
eTCsl M BHYTPEHHEE OTBEPCTHE IPOTOHA, U TETIEPh €T0 COCTOSHHE, KaK
aToma BOJOpPOJA, CTAHOBUTCS HeycToHunBbIM. BHemHue moroku s¢u-
pa mpu ONpPEACIECHHBIX BHEUIHUX BO3AECHUCTBUAX HA aToM, IEPEKITIO-
YAIOTCS U CHOBA 3aMBIKAIOTCS Uepe3 BHEITHEE KOJIbIO. Takoe cocTos-
HUE MPOTOHA MMOCJIC MOTEPH UM 3a MHOTO JeT — nopsiaka 10-20mmpa.
JIeT HEPTUH, CTAHOBUTCS OONEEe YCTOHYMBBIM BCICACTBHE PacIIHpe-
HUSl €r0 BHYTPEHHETO OTBEPCTHS, M aTOM BOAOpOAa oOpariacTcs B
MIPOTOH, a BOAOPOA — B IUIA3MY, KOTOpasl pasjieTaeTcs, Tak KaK Bce
MIPOTOHBI TENEPh CTanu HadnekTpusoBaHsl. [Iponcxoanut B3peB. Bos-
MOYKHO, 3TO U HAOMIOJACTCS MPH B3PhIBAX CBEPXHOBBIX 3BE3[ WU MPHU
B3PBIBHBIX BOJIHAX, MOBTOPSIOIINXCS HEOAHOKPATHO V HEKOTOPBIX
3B€31.



Hcxonnbie JaHHBIC VIS PACCMOTPEHHA KOCMITYCCKIX ABJICHHIT 103

OxHaKo MOTEPs! SHEPTUH ACIACT U CaM MPOTOH HCYCTOWYUBBIM, U
MMPOTOH MCPCCTACT CYLICCTBOBATHL KaK BI/IXpI:: OH pPacTBOPACTCA B OK-
pyxaromeM 3(puUpe Tak e, Kak B BO3AYXE PacTBOPSETCS OOBIYHOE
JBIMOBOE€ KOJIbIIO. ECITH 3TOT mpoLecc MpOU30MIeT paHbIie, YeM Oy-
YT MEPEKITIOUCHBI MOTOKH 3(Upa B JICKTPOHHBIX 000I0UYKAX aTOMOB,
TO B3pBIBA HC MPOU3OMACT, BECh MPOLIECC PACTBOPCHUS MPOTOHOB B
3(upe mpor30iaAeT CIOKOITHO.

3.4.2.Tpu ycmoituusvix cocmosinus npomona

IIporon — TopounaabHBIN BUHTOBOM BUXPH 3(rpa —obpa3yer Bo-
KpYyr ceOsl TOpOMAaIbHbIC BUHTOBBIE MOTOKH crabo cxkaroro 3¢wupa,
KOTOPBIC BOCIIPUHUMAKOTCA KaK MArHUTHOC M J3JICKTPUUCCKOC IIOJIA
IpoTOHA. Takas cucrema yCTOﬁqHBa U MOXCT CYWICCTBOBAThH MUJIITU-
apasl JIeT.

Ecnu CKOpOCTH C6J'II/I>K€HI/I$I MPOTOHOB B ra3c¢ TaKOBbI, YTO CIIO-
COOHBI MPEOXONCTh CHIIBI JJICKTPUUCCKOTO OTTAIKHUBAHUS, TO [Ba
IIPOTOHA Pa3BEPHYTCA AHTHIIAPAIIETIHHO, TOCKOIBKY IPH 3TOM Ha MX
niepudeprn 00pa3yeTcs YPE3BbIYANHO BHICOKHIA IPATHCHT KOIBIEBBIX
CKOPOCTCH. Y CTOHYHMBOCTD TOPOUJATBHOTO TCUCHUS HNPUJICTAIOIICTO K
MpOoTOHY 3¢upa BOIM3M MOBEPXHOCTH MPOTOHA HCKIFOUYUTEIBHO BBI-
COKa, TIOCKOJIbKY TOPOHIAIBPHOE TECUCHHE 3Hpa CO3JACTCS HE CTOJNb-
KO IMOBCPXHOCTBIO, CKOJIBKO BHYTPCHHUM OTBCPCTHUCM IIPOTOHA, I'AC
CLICTIJICHUE TIOTOKA 3(upa ¢ TEIOM MPOTOHA BBICOKOE M3-3a OONBLIOH
IJIOTHOCTH M BBICOKOW TEMITEpaTypbl NPOAYBacMoro 3¢upa. Y cToi-
YUBOCTb K€ KOIBLECBOrO MOTOKA MPUIICTAlOMIEro K MpoToHy 3dupa He
BBICOKA, TIOCKOJIbKY 3TO TCUCHUE BOIM3U MOBEPXHOCTHU MPOTOHA CO3-
JACTCsl TOTBKO €ro MOBEPXHOCTBIO 32 CUET BI3KOCTH B CIOAX 3dupa.
ITpu 3ToM Temmepartypa 3¢upa 3aech HU3Kas, IPAIUCHT CKOPOCTH OT-
HOCHTENBHO BBICOK, CIIEI0BATEIBHO, U BA3KOCTh HEBEIMKA.

Ecnu nBa npoToHa conpukacaroTcs APYr C APYroM B Mpene-
JIaX TOTPAHUYHOTO CJIOSI, TO TOPOUAANBHBIE MOTOKU OYAyT Clia-
00 BO3aeiicTBOBATh Opyr Ha Apyra. KobieBoil e moTOK OqHO-
r0 MPOTOHA B IpeAesax 3TOr0 MOTPAHUYHOIO CJIOSI OKaXKETCS B
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KOHKYPCHTHOH CHUTYaLUH MO OTHOIICHUIO K KONBLEBOMY IOTOKY BTO-
poro mporona. CuTyauusi OKaKeTCsl HEYCTONYUBO#, OXUH U3 IOTOKOB
OyZeT TOPMO3UTHCS. DTO MPUBEIACT K TOMY, YTO TPAIUCHT CKOPOCTH
KOJIbLICBOTO ABIYKCHHSI Y TOPMO3SIIErOCs MOTOKA HAYHET BO3PACTaTh,
a BSI3KOCTD MajaTh. B pe3ynprare Bce KOIbLEBOC IBIKCHUE OKAKETCS
3aMKHYTBIM BHYTPHU 3TOT0 MOrpaHu4gHoro ciost. [Iporon mpesparurcs
B HElTpoH (puc. 3. 10).

Puc. 3.10.B3anmojeiicTBIe MPOTOHOB W MEXaHI3M 0Gpa30BaHNs HeliTpoHA

To, 9YTO HEWTPOHBI MOTYT OOpPA30BBIBATHCS TOIBKO BHYTPH sIICP
aTOMOB, IMOATBEPKIACTCS TEM, YTO B CBOOOJHOM COCTOSIHUU HEHTPO-
HBI HE MOT'YT CYIIECTBOBATh CKONBKO-HUOYAB JONTO: OHU CAMOMPOU3-
BOJIBHO IPEBPALIAIOTCS B POTOH (CPEeaHEE BPEMsi YCTOMIMBOCTH CO-
craBiser Beero 16 muu.). Cumraercs, 9To mpH 3TOM oOpasyercs u
3JICKTPOH, HO HA CAMOM JEJIC 3TO BOBCE HE 00s3aTENBbHO, TaK KaK BE-
POSITHEE BCEro MPOCTO IMOTPAHHYHBIN CITOW HEUTPOHA MpeodpasyeTcs
B HOTPAHWYHBIA CIIOW MPOTOHA 0E30 BCSIKOTO POXKICHUS SNEKTPOHA.
JTO MPOUCXOTUT MOTOMY, YTO B OCBOOOJMBIIEMCS M3 aATOMHOTO siApa
HEUTpOHE HUYTO Oolee He MPEIITCTBYET BOCCTAHOBICHHUIO €ro 00bIY-
HOT'O KOJIBLICBOTO JBIDKCHUS, HO HA 3TO YXOJIHUT HEKOTOpOE Bpemst (10
16 mun.).

B oOpazoBaBmeMcsi B aTroMe HEHTPOHE B MOTPAHHYHOM CIIOC
KOJIBIIEBOE JBIDKEHHE 3AMBIKACTCS IOTHOCTBIO, IIO3TOMY HEUTPOH M
BOCIIPMHMUMAETCSI KaK 3JIEKTPHUYECKH HeiTpanpHas dactuma. Ho 3a
CYET 3TOTO HMOTPAHUIHOTO CJI0S, B KOTOPOM BSI3KOCTh IOHIDKEHA, IIe-
pepacnpenensieTcss 1 TOpOuAaTbHOE ABHIKCHHE, KOTOPOE ocIadseTcs
BO BHEITHEM mnpocTtpancTse. [IpakTika 3T0 MOATBEP)KIAET, TAK KaK Y
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MPOTOHA MATHUTHBIA MOMEHT COCTaB/sieT 2,79 siACPHOr0 MarHeTOHa,
a y HelitpoHa Tonpko 1,91snepHOro MarseTosa.

Macca HeiiTpoHa, paBHas 1,67482-10" xr, Gomnbe, uem Macca
nporoHa, pasras 1,67252-10" kr ma semmunay 0,0023-10r. Do
JIETKO OOBSICHATCS TEM, UTO 3(Up, BXOASIIMN B COCTAB NOIPAaHIIHOTO
CIOsI HEUTPOHA, YUUTHIBACTCS B €r0 Macce, B TO BpeMs Kak 3¢wup,
JBYDKYIOUICS BOKPYT MPOTOHA, JBIKCHUE KOTOPOr'0 BOCIPUHUMACTCS
KaK 3JEKTPOMArHUTHOE TMOJIC MPOTOHA, B MacCe MPOTOHA HE YUHUTHIBA-
ercsl.

OnHako BEIPBaHHBIA U3 sApa U HPEJOCTABICHHBIN caMm ceOe Hew-
TPOH OKa3bIBACTCS MEHEE YCTOWYMB M PACIAAACTCsl HA MPOTOH H BJICK-
TpoH ¢ nepuogoM nojiypacmaga 11,7+0,3vun. Marepuaaom st co3-
JaHMsI 3NCKTPOHA SBISICTCS 3(UP HOrPAHHYHOrO CIIOS, KOTOPBIH KOJI-
JancupyeT B YACTHLY, OYIydd OTOPBAaHHBIM OT mHpoToHa. OgHako
Haubojee BEPOATEH APYrod BapHaHT, MPHU KOTOPOM MOTPaHUYHBIN
cJ10# paccaceiBaeTcs B 3upe, He 00pasyst ICKTPOH.

CyuiecTByeT elie U TPEeTbe YCTOHYMBOE COCTOSHHUE MPOTOHA, PU
KOTOPOM BOKPYT MPOTOHA OPTaHH3YETCS BTOPUYHBIA BUXPh — TaK Ha-
3bIBACMBIi <TIPHCOCANHCHHBIN BUXPb» (TCPMHH, BBEACHHBIA B ad3po-
guHamuky H.E.JKykoBckum). Takoi BHXph MOMy9aeTcs, €CM BHELI-
HUE TIOTOKHU 3(Upa, paHee 3aMBIKABIINECS Yepe3 LCHTPAIbHOE OTBEp-
CTHE MPOTOHA, OYIYT 3aMBIKATHCSI BOBHE. B TakOM BHXpPE KOIBIEBOE
JBWDKCHHE OYJET MMETh TO K€ HANPABJICHHE, YTO U KOJNBLEBOC ABH-
JKCHHE TPOTOHA, a TOPOUAATBHOE — MPOTHBOMOI0KHOE, MOSTOMY 3HAK
BHHTOBOT'O JBIKCHUS M NIPUCOCAMHCHHOTO BHXPsl OyIET MPOTHBOIMO-
JIO’KEH 3HAKy BUHTOBOTO JBM)KCHUS MPOTOHA, YTO U OYJET BOCIPHHHU-
MaTbCs KaK OTPULATEIbHAS MOISIPHOCTD SJICKTPHUYCCKOTO 3apsiaa Bee-
IO NPUCOCAUHCHHOTO BHXPS — ICKTPOHHOH 00omouku atoma. Ilo-
CKOITbKY KOJBIICBOC IBIDKCHHCE LCTHKOM 3aMBIKACTCS BHYTPU 3TOU
BHCINHEH 0OOMIOYKU U HE MPOHHUKAET BO BHEIIHIOK 007acTh, BCS CUC-
TEeMa B JJICKTPUYECKOM OTHOLICHHH OKAa3bIBACTCS HEUTpanmbHOM. Tak
obpasosasicst atom Bogopoza (puc. 3.11).

Takum o6pa3oM, MPOTOH MMEET TPH YCTOMYUBBIX COCTOSIHHS, U3
KOTOPHIX MIEPBOC M TPEThE — COCTOSIHUE CBOOOJIHOrO MPOTOHA U aTo-
Ma BOJOpPOJA YCTOWYHMBO B CBOOOJHOM COCTOSIHHUH, & BTOPOE — CO-
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CTOSIHHE HEUTPOHA YCTOMYMBO TOJBKO B COCTABE ATOMOB, COAEPKa-
X HC TOJIBKO HGfITpOHI:I, HO U IPOTOHBI.

n H
THozpanuynvii

IpucoeounenHviii
BUXPb

Vi Vi Ve
6

a)

8)

Puc. 3.11.Tpu ycToHYNBBIX COCTOSIHIS IPOTOHA: g — COOCTBEHHO IIPOTOH;
6 — HEWTPOH; 6 —aTOM BOJI0OPOJIa

PaccmotpenHblii MexaHu3M 00pa3oBaHUs W pacmaga HEHTpoHa
MO3BOJSICT OOBSCHUTD, MOYEMY H3TydacMblid U3 sapa [ amakTuku ras
COJEprKaT TONBKO MPOTOHBI U SApa BOZOPOAA U NOYEMY KOCMUYCCKHUE
JY4YU COCTOSIT MPAKTUYICCKHU TOIBKO U3 MIPOTOHOB.

B coznanHOM B aToMe BOAOpPOAA MPUCOCIMHEHHOM BHXPE IBIHIKE-
Hue 3(upa NmoaIepPKUBACTCS 3a CYCT SHEPTHU MOTOKOB 3(upa, ucre-
KaOLIUX U3 MPOTOHA, T.C. 3a CYECT DHEPTHH BIECKTPOMATHUTHOTO MOJIS
MPOTOHA. DHEPrHsl JKE STOrO MOJIS YEPIacTcss U3 MPOTOHA. TakuM 00-
pasoM, SHEPrusl MPUCOCANHEHHOTO BUXPS — JCKTPOHHON 000IOYKH —
YEepIacTCs U3 SHEPTHUU SAPa, a BCSA CHCTEMA — SAPO aToMa U €ro dJIeK-
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TPOHHaA 060.]'[0‘11(3, — ABJISICTCA OAHHUM LCJIIBIM, U TOJBKO C TAKHUX ITO3H-
LM aTOM LIEIECO00Pa3HO PACCMATPUBATE B JATbHCHIIICM.

3.5. lpaBMTaUMOHHOE B3aMMogenCTBUE KaK pe-
3ynbTat Tepmoancg py3noHHbIX npoueccoB B apupe

3.5.1. Kpamkas ucmopus pazeumus npeocmaeienuii o 2pasu-
mayuu

I'paBuTanmst (TAroTeHME) BCErAa CUMTAIACH U [0 CHX IOp CUUTA-
eTcs caMOl 3araJodHod U3 BeexX cui npupoasl. OT APYrux CHIT IpaBH-
TALMIO OTJIMYAET TO, YTO €€ HEIb3sI SKPAaHUPOBATh WIIM M3MEHHUTH HU-
KaKHM HCKYCCTBEHHBIM CIIOCOOOM.

O cBoiicTBax aToMOB MMETh TspkecTh yrmomuHan Jlemokpur B 1V
B. J0 H. 3. OH yIIOMUHAI B CBSI3H C 3THM, YTO ATOMBI COCTOSIT M3 ame-
POB — MCTHHHBIX HEAEIMMBIX YACTHULAX, KOTOPBIE XOTA M SBIIIOTCS
YacTsSMHU aTOMOB, TSDKECTBIO HE 00mamaroT. 3a 3To JleMOoKpuTa KpUTH-
KOBAJIH BCE TOCIEYIOIINE €CTECTBOUCITBITATENH.

IlepBsie BhICKa3bIBAHUS O TSATOTCHUU KaK BCCOOILIEM CBOWMCTBE TEI
oTHOcATCs K aHTHYHOCTH. Tak, ITnyrapx mucan: «Jlyna ynama Obl Ha
3eMITI0 Kak KAMCHb, YyTh TOJIBKO YHHUTOXKHIACH ObI CHJIA €€ TOJICTax.

B XVI B. k npobiemMe MPOUCXOXKACHHUS TATOTCHUS BepHYJIcs Pene
Hexapr. XapakrepHbie 4epTsl yueHHs JlekapTa — M3rHaHWE U3 HAYKH
0 MPHUPOAEC MOTACHHBIX CBOMCTB M YKa3aHHE Ha BO3MOXKHOCTb OObsIC-
HEHHS (PU3MYCCKUX SIBICHUH ABMIKCHHEM — OOYCIOBUJIHM €ro JKUBY-
YeCTh, U HAYYHOE HANpAaBICHHE, PYKOBOJCTBYIOIIEECS NPHUHIIUIIAMH
Hexapra, Ha3pIBACTCS KAPTE3MAHCKUM WM KUHETHYECKHM. B mams-
HeHmeM B OOpbOY C 3TUM HAIMpPAaBICHUEM BCTYIWIA HbEOTOHOBCKAS
IIKOJIA.

B coorBercTBum ¢ yueHnem Jlekapra XapaKTEpHUCTHKOW MaTepHUU
SIBIISICTCSI MPOTSDKEHHOCTD B JUTHHY, ITUPUHY U TIYOHHY, T.C. F€OMET-
puueckast popma. s Jlekapra HET mycTOro MpOCTPAHCTBA, HE 3a-
ronmHeHHOro marepuei. M3 yuenns Jlekapra ciexyer, 9ro paBHBIE
00BEMBI comepKaT OAMHAKOBOE KOMUYECTBO MaTepun. MaTepuasibHas
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YaCTUIBI BaThl IUTIOC HEOIIyLIAcMas HAaMH MaTepHs, HANOJTHSIOLIAS
MPOMEXYTKH, JAIOT B cyMMe, o JlekapTy, TO ke KOJNUYeCTBO Mare-
PHH, KaK W MaTCpPHAIBHBIC YACTHILBI TAKOro e oObeMa CBUHIA.
IIpencraBiaenue o Macce He BeipaboTaHo [lexapToMm, TOMY ecTh Bec-
kre ucropuueckue npuunHsel. Ho rmasHoe, uto ectb y Jlekapra, 310
€ro YBEPEHHOCTh B TOM, YTO B3aUMOACHCTBHE MEXKIY TEIAMH HEMBIC-
auMo 0€3 HaTM4us MOCPEACTBYIOMICH cpeasl. JlelicTBrue He nepeaact-
Cs "Uepe3 MyCTOTY, a TOMBKO uepe3 MaTepuro. B cesa3u ¢ atum Jekapt
paspaboTan mpeacTaBICHHE O BUXPAX 3(Hpa, JBIDKYLIUX IUIAHETHI.
On ocyxnaer I'anunes 3a 1o, 4TO, M0 MHCHHUIO TOTO, TeNa MNAJAIOT B
mycTote: «Bce, uro oH ([ammieit) roBOPUT O CKOPOCTH TEIN, Maaro-
IIHUX B MyCTOTE, HE NMEET OCHOBAHUS,; OH JAOJDKEH ObLT OBl peaBapH-
TEIMBHO OMPEACIUTH, YTO TAKOE TSHKECTh, M €CIU OBl €ro ONMpPEACICHUE
OBLITIO BEPHO, TO OH 3HAN ObI, 4TO €¢ HET B mycToTe». JlekapT npas: B
a0COMIOTHOM MyCTOTE HET CPEeIBl M MIOTOMY HET HUKAKOH CBSI3M MEXKAY
TEIIOM, OKPYKCHHBIM ITYCTOTOH, U 3eMIICH.

B XVI u XVII BB. B EBpone Bo3pomunuce A0Ka3aTelbCTBa B3a-
UMHOro TsaroteHus Tena. OCHOBaTedb TEOPETUUECKOH acTpOHOMHU
N.Kennep, aHamu3upyss MHOTOJETHHE PE3yIbTaThl HAOMIOACHUH AaT-
ckoro actponoMa Tuxo bpare, BeIBen cBOM 3HAMEHHTHIC TPH 3aKOHA
HeOecHOM Mexannkn. OH cYUTalN, YTO JBM)KCHHE IUTAHET HE C€CTh XOTS
OBl YIOPSIIOYCHHOE, HO CAaMOMPOHU3BOJIBHOE OMY»KAAHUE. OHO MPOHC-
XOAMT MOJ NCHCTBHEM HEKOTOPOrO BHELIHETO arcHTa, U 3TOT ArcHT
ectb Comnue. Ero aelictBue ocnabeBaeT Mo Mepe yIATICHHS TIAHCTHI
ot Connua. Kemuep roBopui, 94To «TsKECTh €CTh B3AUMHOE CTPEMIIC-
HHC BCEX TEI», HO HHUKAKHX IOMBITOK TMOHSATh MPUYHHBI TAKOTO
cTpemiicHus OH He caenan. Kemep mertancs HaiiTi o0yt NpuauHy
JUTsT OOBSICHEHUS! MTOBEICHUS IUIAHET W MOHSJ, YTO TAKOH NMPUYIMHOH
spisiercs: ComHIE, B KOTOPOM HAaXOJHUTCS <«IBIKYINAS AyINa» BCeH
IJTAHETHOU cucTeMbl. B obmactu actpoHomuueckoro 3nanHust Kemnep
CBOVMHU 3MITUPHICCKUMH 3aKOHAMH Jaj1 BESUHbIH U He3bIOMeMBIH (yH-
JAMCHT AMHAMHUYCCKOH aCTPOHOMHH, HO (PHU3NYECKOS OOOCHOBAHMC
TTAHETHBIX JIBIDKCHHUH Y HETO COBEPLICHHO OTCYTCTBYET.

HeroToH 3amancs Lempi0 HAWTH COUHBIN 3aKOH, U3 KOTOPOTO BBI-
TeKaIH OBl BCE KCIICPOBCKHE 3aKOHBI HEOCCHO# Mexanuku [24, 25].
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Takoit 3ax0H ObLIT UM HAW/JICH U HA3BaH 3AKOHOM BCEMHPHOTO TATOTE-
HUA.

MM,
F= -G ——. (3.16)

C YUCTOM TOr0o, 4YTO CUJIa TATOTCHUA HUMCCT BCKTOpHLIﬁ CMBICJI,
3TO 3aKOH MNCPCITUCHIBACTCA B BUAC

MM,
F=-G—r. (3.16)

3necy F — cuna nputspkenus ayx mace My - My apyr k gpyry,
G = 6,67-10" kr ¢ % — rpaBUTALMOHHAS TOCTOSIHHAS, [ — PACCTOS-
HHUE MEKIY LICHTPAMH MacC.

HproTOH MHOTO CHIT MOJOXKHI HA TO, 4TOOBI HalTH (pusnHeckue
NPUYUHBI TATOTCHHUS W TBITAICS MPUBJICYb AT TOM Henu 3¢hup —
cpeny, 3amoIHSIOLIYIO BCE MUPOBOE MPOCTPAHCTBO.

OxHako HBIOTOHOBCKHE MPEACTABICHUS 00 3(pUpe HOCHIM YUCTO
KA4CCTBCHHBI M BO MHOTOM MPOTHBOPCUMBBINA XapakTep. ITO MOKHO
OOBSCHUTD TEM, YTO, MMPABHUIIBHO MPEATIOI0KHIB CTPYKTYPY 3dupa ra-
30rmo100H0#, HprOTOH HE MMENT BO3MOKHOCTH Pa3BHTh 3Ty HICKO, I1O-
CKOJIbKY CBOWMCTBA ra30B B TC BpEMCHA M3yucHbI HE Obutn. Pesynbpra-
TOM CTaJIH Pa3HOOOPa3HbIC MPOTUBOPEYMS, U, B KOHLIE KOHLOB, Hbro-
TOH OTKA3aJICsl OT CAMOW HJCH TOMBITATHCS HANTH (DH3MICCKUE OCHO-
BBI TSITOTCHHSL.

B konue «Principia»Hstoron rosoput: «Tsrorenne k ComHiry
COCTaBJISICTCSl M3 TATOTCHHS K OTJCIbHBIM YACTHLAM €r0 M MPH yIa-
nernu o1 ConHIa yOBIBACT B TOYHOCTH MPOITOPLIMOHAIBHO KBagpaTaM
paccrostauit gaxe 10 opoutsl CaTypHa, 4TO CICAYET U3 MOKOs adenu-
B IUTAHET, U JAKEe 0 KPaHUX adenueB KOMET, €Ci 3TH adennu Ha-
XOmATCs B TIOKOE. [IputnHy jk€ 3THX CBOMCTB TATOTEHHS 51 10 CUX TIOp
HEC MOT BBIBECTH U3 SIBICHHUI, THIOTE3 JK€ S HE M3MBILLLO. Bee e,
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YTO HE BBIBOAUTCS W3 SIBJICHUH, JOHKHO HA3BIBATHCS HITOTE3010. I H-
more3aM ke Metadusudeckum, (GU3NICCKUM, MEXAHUUICCKUM, CKPbI-
TBIM CBOHCTBAM HE MECTO B IKCIICPUMEHTATIBHOH (procodum».

OnHako 3T0 OBLIO CKa3aHO MOCNIE TOro, Kak mombiTku HproToHa
BBISICHUTh (DM3MUCCKYIO0 HMPUYUHY CYIICCTBOBAHHS TATOTCHUSI OKOH-
YIINCh HEYAAYEH, a B Pe3ymbpTare U ObLIO CACTIAHO TAKOC 3asIBICHHE,
KOTOPOE BBITJISLACIO TaK, KAk OyITO MCKATh TAKUE MPUYMHBI HE HAJO.

Co Bpemen Herotona ¢usmka pasgenunace Ha JBE MPOTHUBOOOP-
CTBYIOLIME INKOIBI — KAPTE3HAHLICB M HBIOTOHHMAHLECB. KapreznaHiist
MpeArnoIarany o0s3aTenbHOE HATMINEe MUPOBOH CpPebl — IEPEHOCYH-
Ka B3aMMOJACHCTBHUII, HBIOTOHHAHIBI ¢ oTpuiani. Kaprezuanist
BCIOAY HCKATU (U3MYCCKUIA MEXaHHW3M SIBJICHHHA, OHH BO MHOTOM
omnoOaINCh B KOHKPETHBIX MOCTPOCHHSX, HO TBEPAO 3HAIH, YTO TAKOH
MEXaHHU3M €CTh y Tr000ro sBiaeHust. HplIoTOHHAHLEBI Jke mpeamonaraiu
HAIMYUE V MaTEPUAIbHBIX OOBEKTOB HEKOTOPBIX BPOXKICHHBIX
CBOWCTB, KOTOPBIC JOCTATOYHO OIMHUCATh KaK HEKOTOPYIO (eHOMEHO-
goruto. KapresmaHupl JONyCKadW B3auMMOJCHCTBHE TEN TOJBKO NpPHU
MPSIMOM  CONTPUKOCHOBCHHH 3JIEMEHTOB MPOMEKYTOYHOTO arcHTa —
3¢upa, 4T0, BOOOIIE-TO, Cpa3y HPEANOIArajg0 ra3omnogo0HOE CTPOe-
Hue 5(upa, HEIOTOHUAHIIE Jomyckanu «actio in distance» geiicteue
Ha PacCTOSIHUU Oe3 Kakoro Obl TO HH OBIJIO MPOMEKYTOYHOTO arcHTa.

CoBpeMEHHBIE CTOPOHHUKH TEOPHHM OTHOCHUTEIBHOCTH B (HHIIO-
co(h)CKOM IIIaHE SIBISIOTCS MOCICAOBATEISIMA HBIOTOHHAHLICB. ABTOD
STHX CTPOK — IOCICAOBATEIbHBIA KAPTEC3UAHEL.

Ha mpotsbxkeHnn MHOTHX JIeT GU3UKH HUCCICIOBATHN MPOOIEMY K-
BHBAJICHTHOCTU MHEPTHOU M IpaBHTALMOHHON Macc. Cmebich mpoO:e-
MBI 3aKII0YaNICs B TOM, YTO OBLIO HESCHO, MOMYYaIOT JIU BCE TEa B
OJHOPOJHOM TPABUTALMOHHOM IOIIE OZHO U TO K€ YCKOPEHHE WU
HET, YTO PACCMATPHUBAIOCH KaK MpoOieMa 0THOPOAHOCTHU TATOTCHHUS U
yckopeHus Ten1. PasHuua B TATOTCHHH M MHEPLMKA MOria ObITh 00Y-
CIIOBIICHA TAKXKE U TEM, YTO BEC TET CO3AaBAJICSI BECOMOW MaTepHcH, B
TO BpeMsl KaK MHEPLMOHHBIC CHIBI CO3JABAINUCh BCEM MaTepueu, or-
pannucHHON 00beMoM Tena (mo ekapty). B axcrepumente Hamo Obi-
JI0 MCIOJb30BaTh TEa C PA3IMYHBIM YACIBHBIM BECOM M TaK, YTOOBI
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MPOSIB/SUTMCH OAHOBPEMCHHO WM TPABUTALIMOHHBIC, M HHECPIMOHHBIC
CHTBI.

IMocranoBka mpoOieMsl, O-BUAUMOMY, npuHamIe:KuT [ anuicto,
KOTOPBIN MIPEATOKUI UCIIONIB30BATh AT 3TOH e MasTHUK. HproToH
MMPOU3BE] TOYHBIC OMBITHI C KAYaHUECM MAsSTHHUKOB U3 Pa3HBIX BE-
LICCTB, YTO B MPHUHIMUIE MO3BOLIO OMPEACTUTh PA3HUIYY MEXKIY
WHEPLIMOHHON U TsAroteromedt maccamu. Jleno B ToM, 9TO B Ka4aHUU
MasITHUKA y4ACTBOBAU CHJIBI HHEPIUH U TSATOTCHUS OJHOBPECMCHHO.
Beps Bemectsa pasmnunoit morHoctu (v HeroToHa — 30710TO M 1epe-
BO) W TIOMEINAas WX B OJMHAKOBBIC KaJO0YKH B IECHTPE Macc, HeroToH
YCTaHOBUJI C BBICOKOWM TOYHOCTBIO MX 3KBUBAICHTHOCTH. [lo3Hee, B
1828r., beccenap mo TakoMy Croco0y HMCCICIOBAI 30JI0TO, Cepedpo,
CBUHELI, JKCJIC30 U PsiJ APYTUX MATCPHUAIOB, BKIIOYAs BEIISCCTBO Me-
TCOPUTOB, U HE MOT 3aMETUTh HUKAKUX OTKJIOHCHUH OT MPOIMOPIIHO-
HAJBPHOCTH MHEPTHOH M TSDKEIOH MACChl. JTa TOYHOCTH ObIja MOBBI-
IICHA B OMNBITAX JTBEIIA C KPyTWibHbIMU Becamu. C Bbicouaiieit
TOYHOCTBIO OBIJIO JOKA3aHO, YTO MHEPLIMOHHAS Macca, MPOSBISIOLIAs-
Csl B YCKOPCHHBIX ABIKCHUSX, U TPABUTALMOHHAS MACCA IS BEIICCTB
JT000r0 XMMHYECKOr0 COCTaBa COBEPLICHHO SKBUBAICHTHEI. M3 3TOrO0
BIIOCJAEACTBUM OWHINTEHMHOM OBII COEIaH BBHIBOL 00 OJUHAKOBOM
MPUPOJAC CHJI MHECPLMH, BOSHHUKAIOIIUX MPU YCKOPCHHOM JABHKCHUU
TN, U CUJ TSATOTEHUS, 4TO, OC3yCAOBHO, HEBEPHO, XOTS U OOIICIIPH-
HiATO. C TakuM k€ yCIIEXOM MOXKHO TOBOPHUTh 00 OJMHAKOBOU (pu3u-
YCCKOW MPUPOAC CUJIBI TATOTCHHUS U CHITBI TIPYKUHBI, YICPKHUBAOLICH
rpy3 Ha TOM OCHOBAHHUH, YTO OHU MPOU3BOST MOJAOOHBIC [0 PE3YIIb-
TaraM ACHCTBUS, XOTS U B MPOTHUBOMOIOKHOM HAPABJICHHUH.

YucneHHOE 3HAYCHUE MOCTOSHHOMN TssroteHust G ObLIO orpeaerne-
HO BriepBeic aHruiickuMm usukom I'.Kasenaumem (1798), u3mepus-
LM B JJa00paTOpUu CUJIBI TIPUTSHKCHUST MEXKAY ABYMS CBHHIIOBBIMU
mapaMu — MaJicHbKuM 1 0osipinuM. Ha 3ToM ocHOBaHMM uM ObLia OI1-
peaeacHa CpeAHss IIOTHOCTh 3emun okojo 5 mmu 5,5. B Iapmke
¢uzux KopHro u3Mepsut u3MeHEHHs Beca mapa, KOraa Mo/ HEro Moj-
HOCW/JIM OPYroi map ¥ TMOAYYHMI CPSAHIOK ILIOTHOCTh 3emiau 5,5.
Bepnon boiic okono 1900r. TmmatenbHO M3MEPUIT TPUTSDKCHUE 3010~
TOrO mapa JAPYyruM, CBUHIIOBBIM, M HAIICI COBPEMCHHOC 3HAYCHUC
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k03 (PHLIMEHTa HBIOTOHOBCKOTO TMPHUTSDKCHUS, a TAKKE YTOYHHI
cpenHroro mIoTHOCTS 3emiun 5,52 [25,c. 22].

B teopun tarorerus HeroroHa cmcTeMa, HaXOAAIMAsCS B OTHO-
POZHOM TIONE TATOTCHHS, COBEPIICHHO JKBUBAJCHTHA B MEXaHHYE-
CKOM OTHOILICHHHM PAaBHOMEPHO YCKOPCHHOHW CHCTEME OTCYeTa. JTO
00CTOSTENBCTBO, M3BECTHOE OoNee OBYX BEKOB, W MOCTYKUJIO BIIO-
CACACTBUHU MCXOMHOW TOYKOU IS DUHINTCHHA MPH 000OIICHUN YacT-
HOIl TEOpPUHM OTHOCHUTEIBHOCTH HA ClIydall YCKOPEHHBIX ABMKCHHIL.
I'paBUTALIIOHHOE MONIE MOXKHO <«CO3JATh», CCIH COOOIIUTh YCKOPCH-
HOC JBW)KCHHE CHCTEME OTCYETa WM, HA0OOPOT, YHHUTOKUTH», CCITH
OHO UMEETCSI, APYTUM MPEOOPa30BAHUCM.

3akoH BceMupHOro TsaroreHus: HproToHa BOBce HE OBLT cpasy
MPHHAT MUPOBOI Hay4HOH oOmecTBeHHOCThIO. [locie BbIxoga B CBET
HBIOTOHOBCKMX «Hayam» TBOPUECTBO aHTTIHICKOW HAYKH IO JTHHHH
HEOCCHOM MEXaHHMKH HaJOJr0 HCCIKAET, JaTbHEHIIee Pa3BUTHE TEO-
PHH TATOTCHHSI MEPEXOIUT HA KOHTUHECHT M CTAHOBHUTCS BaXKHCHIIIM
U3 TeX 3aJa4, KaKHe CTaBUT mepen coOol (panmysckas Hayka. Opan-
y3cknil yuensid Anexcu Kimog Kinepo obnapysxun, uro 3akoH Heto-
TOHA HEJOCTATOYCH ISl OOBSCHEHUS ABYKCHUS TyHHOro niepures. OH
MPEATIOXKII JOTIOTHUTh 3aKOH HBIOTOHA APYrHUMH MalBIMHU YICHAMH,
yOBIBAIOLIVIMU B TPETHEH M YETBEPTOH CTEMEHSX IO PACCTOSIHHUIO. JTO
OBLJIO PE3KO OMPOTECTOBAHO (DPAHITY3CKUM K€ akageMuxoMm JKopskem
broddonom, 3asBUBLINM, ITO «BCSKUN (PU3MUSCKHI 3aKOH JIHIIb I10-
TOMY SIBJSIETCSI 3aKOHOM, YTO €r0 BBIPAKCHHE 00NaIacT CAMHCTBCH-
HOCTBIO 1 mpocToToi». OxHako Bckope Knepo Hamen y cedst ommoky
U coryacuics ¢ 3akoHoM HeroToHa.

OxoHnuarenpHbBIl TpuyM( 3akOHA BCEMUPHOrO TATOTECHUS MPO-
m3omren Toraa, korma A.Kmepo B 1768r. Ha oCHOBaHMU pacyeTOB B
COOTBETCTBHH C 3THM 3aKOHOM MpEAcKa3al ACHb MOSBICHUS Ha HEOO-
cBozxe komersl [ammest — 12mapra 1759rozaa [26, c. 257].[osBrenne
KOMETBI TOYHO B YKa3aHHBIH JCHB SIBUIIOCH ONECTAINNM MOATBEPIKAC-
HreM MexaHuku HeroToHa.

K cepeanne XIX cronmetus BBISCHWIOCH, YTO PACIPOCTPAHCHHE
3akoHa HproTOHa Ha BCrO OeckOHEUHYIO BceleHHYr0 MPUBOIUT K Tak
HAa3bIBAEMOMY I'PAaBUTALMOHHOMY MapagoKCy, OTKPHITOMY HEMELIKHMU
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yuenbiMu K. Hetimanom n X.3emurepom. CyTh mapagokca 3aKIr04YacT-
¢ B TOM, YTO B KaXAOU TOYKE MPOCTPAHCTBA I'PABUTALMOHHBIN MO-
TCHLHAT OKa3bIBaeTCsl OcCKOHEYHO OonpmM. B Hacrosiee Bpems
CUHTACTCS, YTO 3TOT MapPaJOKC MPECOAOICH B PaMKaX PESITUBUCTCKOMN
KOCMOJIOTHH.

B cosnannoit A.Jiinmrelinom B 1916 1. O0meit Teopun 0OTHOCH-
TCIIBHOCTU WJIH, KaK €C HA3bIBAIOT, «TCOPUU T'paBUTALIUN> MMO-UHOMY
npeacrasiicHa Best mpobsema Tsarotenus. Q000muB BeiBoAb Crienu-
aJTbHOU TCOPUU OTHOCHUTCIIBHOCTU Ha rpaBUTALUIO U TIPOU3BOJIBHO
MOJIOKUB CKOPOCTh PACIPOCTPAHCHUS MPABUTALIMN PABHON CKOPOCTH
cBeTa, DWHINTCHH OOBSICHUI MPUTSHKCHUE TEI TEM, YTO MACCHI, IMO-
MCIICHHBIC B MPOCTPAHCTBO, CO3AAI0T B HCM I‘paBHTaLIHOHHI:Iﬁ IIOTCH-
LHAJ, KOTOPBIM HCKPUBISET MPOCTPAHCTBO, a4 HMCKPHUBJICHHOE MpPO-
CTPAHCTBO 3aCTaBISIET MAcChl MPUTATHBATHCA. TakuMm oOpasoM, ¢pusu-
YEeCKHI CMBICIT OBLIT €IIe Pa3 3aMCHEH KBAa3UT'COMETPUUCCKUM .

3.5.2. Tepmoougppysuouuvie npoueccol 6 3¢pupe kaxk ocrosa
2pasuUmMayUOHHbIX 83aUMoOelicmeuii men

Kak u3BecTHO, rpaBUTALIMOHHBIC B3aUMOACHCTBHSI MPUCYIIH JTEO-
ObIM TemaM, OOIamaroIM MAaccod, M, CIEAOBATENBHO, 3TOT BHJ
B3aMMOJCUCTBHI HOCUT HamOonee oOImuii XapakTep, COMPOBOXKIAS
r00bIC APYrHUe SIBACHUS W B3aUMOJCUCTBHS, U MO3TOMY TPaBUTALI-
OHHBIC B3aUMOJCHCTBHS TO/DKHBI MMETh B KauecTBE (pU3MUEcKOil oc-
HOBBI HE MCHEE 00wui B ABMkeHUs d¢dupa. Takum Haubomee 00-
MM BHJIOM ABMKCHUsS 3¢upa sBiasercs aud(y3HOHHOE IBUIKCHHUE
MOJIEKYT 3(hupa — aMepOB.

Nmenno nuddy3noHHOE ABHIKCHHE COMPOBOXKIACT JIFOOBIC IpPY-
IHUe ABKCHHS M COCTOSIHUS Ta30BOil CPEbl, KAKOBOM SBISICTCS dup.
IMpu 3tom auddy3uoHHOE JBIDKCHHE CYINECTBYET U MPH OTCYTCTBHH
JPYTUX BHIOB ABIDKCHHS — MOCTYIATCIBHOrO, BPAIATEIBHOTO HIIH
konebarenpHoro. CrenoBaTenbHO, MOXKHO MHPERNOTIOMXKHTh, YTO HaM-
Oolee pacmpocTpaHeHHOE ABIKeHUE 3¢upa — nudHy3HOHHOE — U SIB-
JSIETCsL OCHOBOW HamOOIIee PAacHpPOCTPAHCHHOIO BHAA B3aMMOJCHCT-
BUIl —'PaBUTALIUOHHOTO.
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ITockoneky mud¢y3HOHHOE ABMKCHHUE €CTh B3aUMOACHCTBHC MY-
TEM VIOPYIHX COYIApCHHU OONBIIOrO YHCIA YAaCTHUI, TO OHO MOXKCT
HMMETh MECTO JIMIIb AN OONBLIOrO YMCIA 3THUX YACTHL M HE UMECT
CMBICTA JJIsI OTAEIbHOM YacTHLbI, A KOTOPOU XapaKTEpPHO B 3TOM
cly4yae JHIOb MOCTYNaTeIbHOE OBMKEHUE B mpoctpaHcTee. Crienosa-
TEBHO, TPaBUTALMS KaK MPOsBICHUC AU(PPY3MOHHOrO ABHIKCHUS
BO3MO)KHA JIMIIb MPHU HATHYHM COBOKYIMHOCTH aMepoB. JTO 00CTOS-
TEMBCTBO HE OBIJIO MOHATO HEKOTOPBIMH HCCICIOBATEISIMH TBOPUECT-
Ba JlemokpuTa, B yacTHOCTH AnekcaHApoM AQPOAMICKAM M BCEMH
MOCNEAYIOMKUMHU BIUIOTh IO COBPEMCHHBIX, KOTOPBHIC KPHUTHKOBAIU
JlemokpuTa 3a YTBEP:KICHHUE TOTO, UYTO aToM (COBOKYITHOCTH aMEPOB)
HMEET TSHKECTh, & aMEP — YacTh aTOMA — TSHKECTH HE HMEET.

ITockompky TrpaBUTAIIMIOHHOE B3aUMOCHCTBHE CBA3aHO C BEIIECT-
BOM, PACCMOTPEHHE E€rO IMPUPOABI 1eIeco00pa3HO Ha4YaTh C aHAIN3a
B3aUMOJICHCTBUSL BeuiecTBa u 3dupa HA ocHOBE audpdy3rnoHHOrO
JBIDKCHUSL.

I'paBuTaniioHoe B3aMMOJCHCTBUE TEl, MPOUCXOAALICE B PE3YJIb-
tare TepmoaArdGy3MOHHOrO Tporecca B IGHUPE, OKPYKAIOIIEM 3TH
TEena, CICAyeT pacCMaTpHUBaTh, B NEPBYIO OUepelb, Kak CICICTBHC
OXJIXKICHHS 3(Hpa MOBEPXHOCTHBIMHU CIOSIMH HYKIIOHOB, 00pa3yro-
mux sapa atoMoB. K atomy nobasrmsiercst oxnaxaeHue 3¢upa Takke U
BCEMH MPUCOCANHEHHBIMU BUXPSIMHU — SIEKTPOHHBIMU OOOIOYKAMH U
obomnoukamu BaHn-nep-Baanbca, HO MX BKJIaJ B TPABHTALIMIO HEBETHK
B CHJIy MaJOCTH MAacCHl, & TAKXKC B CHJTY HE3HAYUTEIBHOCTH ITOHIMKE-
HUSI HIMHU TEMIIEPATypHI 3¢Hpa M0 CPABHEHHIO C HYKIOHAMHU.

B pesynprate oxmakacHus 3¢upa MOBEPXHOCTSIMH HYKIOHOB B
3(upe BOZHUKACT TPAAUCHT TEMIEPATYP U, KaK CICACTBUC, TPAAUCHT
nasnenuii (3.12).

Kaxaprit aTom Temna, monasmiero B Mojic rpaJucHTa JABICHUH, Ha-
YHHACT HCIBITHIBATh PA3HOCTh NABJCHUI 3(upa: co CTOpOHBI Tena,
0o0pa3oBaBIIEro TPagWCHT TEMIICpaTyphbl, JaBicHue >3(upa Oymer
MEHBIIIE, YEM C MPOTUBOIOIOKHON CTOPOHBI. To ke OyIeT u co BTO-
pBIM TenoM. Terna HaYHYT MOATATKUBATHCS S(HUPOM APYT K APYTY.
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Puc. 3.12. MexaHn3M rpaBHTAIHOHHOTO B3aNMO/EiiCTBHS TeJI. M3MECHEHIE
TeMIIepaTyphl U JIaBIeHus 3¢upa BOIU3HU IPaBUTAIMOHHON MacChl U I'PaBUTAIMOHHOE
B3aUMOJIEICTBHUE JBYX Macc

Beime OblT0 MOKA3aHO, YTO YACTUIBI BELICCTBA MPEIACTABIISIIOT
co0oit BuxpeBbie oOpa3oBaHus d¢upa. B BUXpEBHIX jke ra30BbIX 00pa-
30BaHMSIX TEMIIEpaTypa rasa BCErJa HIDKE TEMIICPATYpPHl OKPYKaro-
el BUxph cpensl. baarogaps tepmoanddyznonHOMY mporeccy npo-
HCXOJUT TEIFIOOOMEH MEXKAY BHXPEM U OKpY’Karowen ero cpenoi. B
pe3ynbTaTe TEMIOOOMEHA TEMIIEPaTypa BUXPS MODKHA HEMPEPBIBHO
MOBBIIIATHCS 33 CUET MPHUTOKA TEIUIA U3 OKPYKAIOLICH BUXPb CPEIBI, a
TEMIIEPaTypa OKPYKAIOIIECH BUXPb CPEIbl JODKHA CHIDKAThCS. Takim
00pa3oM, BOKPYT Ka)KAOTO BUXPs 3QHpa UMEET MECTO HEYCTAHOBUB-
MIHHCS TEPMOANHAMUYECKHH Tporiecc. Bpems ero 3asepineHus 3aBu-
CUT OT MHOTHX COCTaBJIIOIIUX, B YACTHOCTH OT OTHOIICHHS ILIOTHO-
cTeit a¢upa B BUXPE U B CBOOOAHOM MMPOCTPAHCTBE, OT KAYECTBA TEII-
JIOBOTO KOHTAKTa MOBEPXHOCTH BUXPS M ¢BOOOAHOro 3¢dupa, oT pas-
HOCTH TEMIICPATyp BUXPs U CBOOOmHOrO 3(upa, or ko3dduimecHra
TEIIONPOBOJHOCTH CPEAbl H OT HEKOTOPBIX APYruX (pakTopos.

I'maBHBIM ACHCTBYIOIIMM JHMLIOM B CO3JAHHH TPAaBUTALIMOHHBIX
CHUT SIBJISIFOTCSI HYKITOHBI — TPOTOHBI M HEUTPOHBI, TAK KAK UMEHHO OHU
SIBILIIOTCS. MAaKCHMAJIbHO VIUIOTHEHHBIMH BHXpSIMHU 3(upa ¢ MUHH-
MaNbHOW TEMIIEPATYypOH, CICAOBATECIBHO, MMCHHO OHH SIBJISFOTCS
TJIABHBIM OTPULATEIBHBIM HCTOYHHKOM TEIUIA, OXJIKAAIOLIINM OKPY-
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KoUK 3PP, CO3TAIOUIMM B HEM TPAIUCHT TEMIICPATYPBl M TEM
CaMbIM TPAANCHT JABICHUS.

Camu HYKJIOHBI, 00famasi HAMBBICUICH IUIOTHOCTBIO W SIBJISISCH
LECTbHBIMHU TEJIAMH, TIOABCPIKEHBI BO3ACHCTBHIO TPAINCHTA AaBICHHS,
JIpYrue BUXPEBBIC 00pa30BaHMs — JJICKTPOHHBIC 000IOYKH, 000TOUKH
Ban-aep-Baanbca, crpyu adupa u T.m. — ONPEACTABISIOT COOOM IMPo-
HHUKAIOLINE CTPYKTYPHI, K TOMY K€ MMCIOIIIE MATYIO YACIbHYIO Mac-
CY, BIMSIHAC KOTOPBIX HA IPABUTALIMOHHBIC MPOLIECCHI HE CTOIb CYIIC-
CTBEHHO.

Takum 00pa3om, s YSACHEHHS CYIIHOCTH TIPaBUTALMOHHOIO
B3aMMOJCHCTBHS HA JAHHOM 3Talle LIEICCO00pa3HO OCTAHOBUTHCS Ha
rPaBUTALIMOHHOM B3aUMOJCHCTBUH TOJIBKO HYKIOHOB.

B cBs131 ¢ BBICOKO#T CKOPOCTBIO IBMKCHMS 3(pripa Ha IIOBEPXHOCTH
NPOTOHA W, B CBSI3M C OTHM, 3HAYMTCIBHBIM TPAJHCHTOM CKOPOCTH
MOTOKa BOKPYT Ka)KAOrO MPOTOHA TEMIICpATypa CHIKACTCS, M B OK-
PY’KaroIeM MPOCTPAHCTBE BOZHHMKACT TPAJHCHT TEMIEpartyp sdupa.
CrenctBueM TpaglicHTa TEMIICPATYp SBISCTCS TPAAMCHT JAaBICHUIN
3(upa BOKPYT MPOTOHOB.

Kak nokaszano B [27], rpagueHT TeMIepaTypsl B TPEXMEPHOM IMIPO-
CTPAHCTBE MOKHO MPEACTABHUTH B CIICAYIOIIEM BHIC!

kd
gradT= —@(r, 1), (3.3)
r.2

rac q — MOIITHOCTH TCIIJIOBOIrO UCTOYHHKA,

1 0 1 o —o°
D)= —rP— (-—Je @) ro= 25t (3.4)
2 or roorng

Ipu atom M @ (r,t) = 1. (3.5)

r —0.



Hcxonnbie JaHHBIC VIS PACCMOTPEHHA KOCMITYCCKIX ABJICHHIT 117

Ho rpagueHT TemmepaTyp NPOIMOPLUOHAICH OOIICH MOIIHOCTH
TEIIOBBIX UCTOYHHUKOB Q, moaTomy

kQ
gradT= —@(r, 1), (3.6)
r.2

a MOIITHOCTD TCILIOBBIX MCTOYHUKOB — IMMPOTOHOB, 3aK/IIFOUCHHBIX B TC-
JIC, IpOonopuroHa/IibHa Macce Tcia, T.C.

Q~ M, (3.7)

TaK YTO B OKPY:KCHUU Tea, UMEIOIIEro maccy M, rpagucHT Temmepa-
TYP COCTaBHUT:

k.M
gradT = —ZcD (r,v) (3.8)
r

PesympTupytomas cuia, ACHCTBYIOIIAS HA MPOTOH, HOMABINHA B
MoJie TPAAMCHTA TEMIIEPATyp MEPBOrO MPOTOHA, OYACT IMPOMOPIHO-
HaJbHA PAJUCHTY JaBJICHUS U 00BEMY BUXPS:

F = S,LlsegradP = V,gradP. (3.9)

OTa cuiaa He 3aBHCUT OT OPHCHTAIMU Tela B MPOCTPAHCTBE, IO-
CKOJIBKY OHA OIPEICTICTCS 00BEMOM TENa U IPAJUCHTOM JaBICHHS
s¢wupa.

OTHOIICHHE TEMITEPATYPHI K JABICHUIO, TAK JKE KAK U OTHOLICHHUC
UX IPaJUCHTOB B 3(UPE B OKOIOCOTHEYHOM MPOCTPAHCTBE COCTABIIS-
er

7, grad, m, 2-1,5-10"
= = = = (3.10)
P, grae, Xp, 3-1,38-13°8,85-10
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=8,2-10** K I1a.

I'paBuTanioHHasi MOCTOSIHHAS MOXKET OBITh BBIPKCHA 4epe3 ma-
pamMeTpsl 3¢upa 1 mapaMeTpsl IPOTOHOB — IIEPBOTO [0, CO3JAIOLIETO B
MMPOCTPAHCTBE T'PAIUCHT TEMIIEPATYP, U BTOPOTO [J, BOCIPHHHMAIO-
IIETO TPaJUEHT AABICHUH, CO3JAHHOTO 3THM TPAaJUEHTOM TEMIIEpa-
Typ.

N3 BeipaxkeHus 3akoHa BceMupHOro TsiroreHus Herorona creny-
€T, ITO

My1My2
Fplp'g =G——= VzgradD]_, (311)
2

rae G — rpaBUTAIIMOHHAS MOCTOSHHAS, My1 U My, — MACCHI MEPBOTO U
BTOPOrO MPOTOHA COOTBETCTBEHHO, V2, — 00BEM BTOPOro MPOTOHA, a
grad®; — rpaaueHT gaBjicHUi B 3upe, CO3MaBACMbIN TIEPBBIM MTPOTO-
HOM, I —pPacCTOSHHUC MCKAY MPOTOHAMU, U YIUTHIBAS, UTO

3o, 3

grad®>; = ———grad; =—— grady; (3.12)
i, 2

AT = Rpl grach, (313)

rae k = 1,38-10—231}1(-K_1 —mocTosiHHAs bompiMana; p3 = 8,85-10%
KM ° — mmoTHoCTh dupa; My = 1,5-10"* kr — macca amepa; N, =
5,8-10% M™% — kommuecTBO aMepoB B eauHMLE 06beMa 3dupa, Tomy-

qacM

3kna Rpl AT:
G=———-, (3.14)
Mo1 Pp2
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3aeck Ry — paguyc mepBoro mpoToHa; ppz — INIOTHOCTH BTOPOTO MPO-
TOHA.

TaKI/IM O6p3,30M, rpaBUTaAllMOHHAA MOCTOAHHAS CBA3BIBACT Iapa-
METpHI 3¢upa, MapaMeTPsl MPOTOHOB — CO3AAOIICTO TPAIUCHT TEMIIC-
paTtyp B 3pupe 1 BOCOPUHUMAIONICTO TPAAUCHT NABICHUH, CO3AaHHBII
5TUM IPAAUECHTOM TEMIEPATyp, W HEPENan TEMIEPATyPsl HA MOBEPX-
HOCTH TIEPBOro MPOTOHA, OJaroaapst KOTOpoMy U Co3aaH B aupe rpa-
JUCHT TEMIICPATYPHI.

Otcrofa rpaBUTAIMOHHAS CHJIA B3AMMOICHCTBUS MEKIY TPOTO-
HaMHU MOXKET 6LITI: BbIpa’kKCHaA Kak

3K, Ry AT1V,,
Foipo = : (3.15)
22

N3 nonyueHHOro BEIpakeHHs BUAHA (PU3MUecKas MPHUPOAA CHI
IPaBUTALUH. PONIOPLHIOHATIBHOCTD YHCITY aMEPOB B COUHHLE 00BEMa
a¢upa, paguycy mepBoro IpOTOHA, CO3JAOLIETO TPAIUEHT TEMIEPA-
Typ B 3¢upe, 00beMy BTOPOro MPOTOHA, BOCIPHUHUMAIOLIETO IPaIH-
CHT JABJICHUWI, CO3NaHHBIA THM TPaJHCHTOM TEeMIepaTyp, u odpart-
Hasl MPONOPLIMOHATBHOCTh KBAAPATY PACCTOSIHHMS MEXAy HuUMH. Bcee
MPHOOPENIO MPOCTOM (PU3MUECKUN CMBICT.

I'pagveHT Temmeparyp Ha MalbIX PACCTOSHHUSAX YMEHBIIACTCS
MPONOPLUMOHANBHO KBaApPaTy PACCTOSHUS, a HA OOJBIINX PACCTOSHU-
SIX YMCHBIIACTCS 3HAYUTEIBHO ObICTpEE.

ITo mepe ynanenust OT BHXpeH 3dupa — YaCTHIL BEIIECTBA — TEM-
nepaTypa 3¢upa noBeIIAETCS A0 HEKOTOPOro 3Ha4eHus 1, XapakTe-
PH3YIOLIETO TEMITEpaTypy 3¢gupa B cBOOOAHOM OT BUXPEH MPOCTpaH-
CTBE.

Takum 00pa3oM, rpaBUTALIMOHHOE MOJIE MOTYYACT TPAKTOBKY KaK
MoJIC TPAJUCHTA JABJICHUS B 3(Upe, BBI3BAHHOTO IPaJUCHTOM TEMIIC-
paTyp, BO3HUKIIMM BCICACTBHE OXJIKICHUS 3(pHpa morpaHHIHBIMU
CIOSIMU HYKIIOHOB, YTO MOATBEPIKICHO YHCICHHBIMH pacueTamu. [lpu
9TOM MOIYYaeT €CTECTBEHHOE (PH3MUECKOe COACpPIKAHHME TPABUTALH-
OHHAs TIOCTOSIHHAS, B KOTOPOW OTPaKEHBI MapaMeTphbl HYKJIOHA, CO3-
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JAfOLIEro rpaBUTALMOHHOE mone, (Macca), mapaMeTpbl APYyroro Hy-
KJIOHA, BOCIPHUHHUMAIOLICTO TPABUTALMOHHOE mMoie (Macca u 00BbeM
WA CPEAHSS TUNIOTHOCTB), TTAPAMETPhl CPEAbI, COACPIKAIUCH IPaBHUTA-
uoHHOoe Tosie (K03 PUIMEHT TEmIONMPOBOIHOCTH CBOOOIHOTO 3(du-
pa) U, HAKOHEL, YHCPTETUUCCKOE COACpKAaHUE mmpouecca (TerIoBoi
MOTOK), TIPH 3TOM 32 BpeMsl CYILECTBOBaHUS HyKiIoHa mopsiaka 10-20
MJIpA. JET HArpeB MPOTOHA 33 CYET TEIUIOOOMEHA C OKPYKAIOLINM
3(UpoM MPOU30HACT HA HIYTOKHO MATYIO BETHYHHY .

[Ipu panpHeWIneM YTOYHEHUH 3aKOHA T'PABHTALIOHHOTO MPUTS-
JKEHUSI Macc B MEPBOM MPHONMIKEHUH MOXKHO IMO-TIPEKHEMY CUHTATH
IJIOTHOCTh CBOOOAHOTrO 3(upa p,= CONSt,Tak kKak M3MEHEHUE IITOTHO-
CTH SIBISIETCSl CIICACTBHEM M3MCHCHUS JABICHUS B CpEAe, a B IPaBH-
TAIOHHBIX SIBICHUSIX B3aHMMOJCHUCTBYIOIINE CHIIBI CYIIECTBEHHO Ma-
JIBI TIO CPABHEHUIO C CHJIAMU APYTUX B3aUMOJCUCTBUIL.

[Moxacrasmss 3nauenne grad’ v y4uTHIBast, YTO MOIIHOCTD TEILIO-
BOrO MCTOYHHKA MPOMOPLHOHATIBHA YHCIY MPOTOHOB U, CIICIOBATEIb-
HO, Macce, MoJay4yaeM 3HAuY€HUE CHIIbI, JEHCTBYIOIIEW Ha Maccy co
CTOPOHBI TEMIICPATYPHOTO OIS 3GHUPA, CO3AAHHOTO APYTOi MACCOM:

M; M,
F=G— o, 1), (3.16)
2
.

rae 3Hauenue O(r, t) ucuncasercs mo popmyne (3.4).

1 0 1 « =

O t)y=——r?— (—— [ e da); ro= 2/at. (3.17)
Jor or rrir

IMpu atom M @ (r,t) = 1. (3.18)
0
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Takum 00pa3oM, yaamoCh BIIEPBBIC BBIBECTH CTATHUYCCKUI 3aKOH
IPaBUTALIMOHHOTO MPUTSDKCHUSI MACC, HE MpUOEras K armpOKCHMALN
SKCICPUMEHTAIBHBIX JAHHBIX, KaK 3TO ObUTO0 caemaHo HeroToHOM.
[NMpuBeaeHHOE BBIPAXKEHHUE MPAKTHYCCKH MPEINOIaracT MIrHOBCHHOC
pacmpocTpaHeHUEe rPaBUTALINM, YTO B HMPUHLIUIIC COOTBETCTBYET pac-
yetaM HeOEeCHOU MEXaHHKH.

[NonyueHHoe BBIpaKEHHE OTIHMYACTCS OT HM3BECTHOTO 3aKOHA
Herorona Hamuuuem B mpaBoii yacTu 3atyxaromei ¢pyukumm O(r, t),
KOTOpast BKIro4YaeT B ceOst maTerpan ['aycca, moutu He M3MEHSIOLIHUI-
Csl HA OTHOCHTEIBHO MAJIBIX PACCTOSHUSAX U PE3KO YOBIBAOINMIA, HA-
YHHAS ¢ HEKOTOPOTO PACCTOSHUSL. DTOTO BIIOJHE JOCTATOYHO IS Pa3-
peLICHHs M3BECTHOrO Mapagokca 3eaurepa, MOCKOIbKY Ha OOIBIINX
PACCTOSIHUSIX CHJIBI YOBIBAIOT 3HAYMTENBHO OBICTPEE, HeM KBaJgpaT
paccTosHusl. DTO 3HAYUT, YTO rpaBHTaloHHbIC cuibl ComHuA mpo-
crupatorcs He ganee npeaeaoB CoTHEUHON CHCTEMBI U 3BE3/bI, HAXO0-
JUSIIIAECS HA 3HAYUTCIBHOM PACCTOSIHUM JPYT OT APYra, HE MPUTSTH-
BAKOTCS APYT K APYTY.

B Tabmuue 3.1 npuseaenst 3HaucHust pynkupm D(r/ro) or pac-
crosaust ot CoHLA, BEIPQKCHHBIC B a.€. (ACTPOHOMHYECKAs CAMHHULIA
= 149,6mmH. kM.)

Tabnuya 3.1
rro 0,0 0,025 0,0 0,1 0,2 0,5 1, 20 3,0
R a.. 0,0 10 20 40 80 200 40 80D 120(

o)) | 1,0 | 0,98 | 094 089 078 048 017 0J06 °10

LenecooOpa3no HanloMHHTE, 4TO B mpeacnax g0 10 a.e. HaxomsT-
Csl IJTAHETHI COTHEYHOI cucTeMbl 10 CaTypHa BKIIOYHUTEIBHO (paanyc
opbutsr Catypra 9,539a.¢.), a B mpeaenax n1o 20 a.e. pacrmomoKeHbI
noutu Bce ma”etsl Comaeunoit cucremsl. I[locnennsas nanera Coi-
HeuHOH cucrembl [lmyron Haxoautcs Ha paccrosHuu 39,75a.e. ot
ConHia, 1 HAOMIOACHUSAMH YCTaHOBIICHO, YTO ISl Hee 3akoH HeroTo-
Ha y>Ke COOI0AAETCs HE TOYHO. Y UHTHIBAsI, YTO OrpKaimas 3Be31Has
cucrema — bonpmas LlenraBpa pacnosnokena or ConHua Ha paccros-
mum B 1,31nc = 4-1¢ MIIPA. KM, T.€. /Tg= 1000,a ocTambHBIC 3BE3IBI
CIIE AanbIle, MOKHO C YBEPEHHOCTBIO MOJAraTh, YTO 3BE3IbI HE HC-
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MBITHIBAIOT B3aMMHOTO TPaBUTAL[MOHHOTO MPUTSHKECHUS U TPABUTALH-
OHHO H30JIMPOBaHbI APYyr OoT apyra. OTcroma CAeayeT, YTO HUKAKOrO
«CPaBUTALIMOHHOTO MAPaJ0Kca», YCTAHOBICHHOrO B cepeamne 19+o
CTOJICTHS HEMEIIKUMU yueHbIMU HeliManoMm u 3enurepom, CBSI3aHHOTO
C CYMMHPOBAHHEM TPABUTALMOHHBIX IOTCHIMAIOB 3BE31 B OO0
TOYKE MPOCTPAHCTBA, HA CAMOM JICJIC B MPUPOIC HE CYIICCTBYET.

Takum 0Opa3oM, MOXKHO TOJIararh, YTO PACCTOSHUS B IpeacIax
JIECSITKA ACTPOHOMUYCCKHUX CAVHMII JICKAT B MPEACIax ACHCTBUS 3a-
xoHa Herorona. OtknoHenus ot 3akoHa HerotoHa, eciau Obl OHU OBLIN
CYLIECTBCHHBI, JOJUKHBI OBLIM OBl CKA3aThCS B MOTPEIIHOCTSIX MU
onpeaeacHun Mace yaajaeHHbX o1 COTHIIA MITAHET U B HOTPEITHOCTIX
[PH OMPEACIICHNH MapaMeTpoB Haubosiee yaaneHHoi ot ConHua mia-
Hetol [LyTOH, mockombKy 3KcHEHTpucHTET OpOuThl IltyTOoHA Ham-
6ombmmii u cocrasiser 0,25 (s FOmmrepa — 0,05; 119 Carypna —
0,06; mis Ypana — 0,05;111 Herrryna — 0,05).0xHako u3BeCTHO, UTO
nmeHHo opbura [lnyToHa He yknaapiBaercs B 3akoH Kemuepa, motomy
yto ComHiie He HaxoauTes B okyce ammurica ero opourtsl. CrydaiHo
am?

OskuIaeMbIM CICACTBHEM OTKJIOHCHHUSI 3aKOHA TPUTSHKCHUS TEI
ot 3akoHa HproTOHA sIBNsICTCS. OTKIIOHEHHE (DOPMBI TPACKTOPHH KOMET
OT DJLTUICOUAATBHON. BETBH TPACKTOPUH KOMET: HA YJAJICHHBIX yda-
CTKaX BETBU OPOHUTHI JOKHBI ObITh 0OJCC Pa3BECACHHBIMHU, YEM ITO
Ob1I0 OBI B CJTy4a¢ TOYHOTO COOTBETCTBUS 3aKOHA MPUTSHKCHUSI 3aKO-
Hy HproTOHA, 1 OfHA ¥ Ta K€ KOMETA JO/DKHA MOSBIISATHCS HECKOIBKO
MOKE, YEM ITO MPEIYCMOTPEHO TOUHBIM 3akoHOM HpioTona. OxHako
OCHOBHBIM CJICIACTBHEM SIBJIICTCA TO, YTO 3BE3ABI U TAJAKTHKH JOIDK-
HbI MPUTITUBATHCS MEKAY COOOU CHIaMH, CYIICCTBCHHO MCHBIIIMMH,
YeM 3TO CIACAYCT u3 3akoHa HeloTOHA, a, TOYHEE, IPABUTALHOHHO BO-
00111¢ HE B3aUMOICHCTBOBATD.

Bce cacnanHbIe MPEANON0KEHUS O MPUPOAC TPABUTALUHU TPEIIIO-
JararoT CBKJIMI0BOCTh MPOCTPAHCTBA.



Hcxonnbie JaHHBIC VIS PACCMOTPEHHA KOCMITYCCKIX ABJICHHIT 123

3.5.3. I pasumayuonnsie sonnl

ComHeHuUs B aOCOTFOTHOM CIPaBEAIMBOCTH HBIOTOHOBCKOTO 3a-
KOHA BCEMHUPHOTO TSATOTCHHUSI OBLIM CBSI3aHBI CIIE M CO CKOPOCTHIO
pacnpocTpaHeHus FPaBUTALIMOHHOTO B3aUMOACHCTBYSI.

W3 npencraBneHnii TECOpUU OTHOCHTEIBHOCTH JUHINTECHHA CIEAY-
€T, YTO J11000e B3aNMMOJCHCTBUE MCEXKIY TEIaMH HE MOXKET pachpo-
CTPAHATBCSA CO CKOPOCThIO OONBINEH, YEM CKOPOCTh CBETA. JTO XKE
OTHOCHUTCS M K CKOPOCTH pachpocTpaHeHus rpaButauui. Ha stom oc-
HOBaHMHU JWHIITEHHOM ObLNa MpeAcKa3aHa BO3MOXHOCTb CYIIECTBO-
BaHMs BO BeeneHHOM rpaBUTAIMOHHBIX BOJIH [28]

B nensax nposepku yreepikacHust OOwmeil Teopruu OTHOCHUTEIBHO-
cti DWHIITEHA O BO3MOXKHOCTH CYLIECTBOBAHHUSI TaK HAa3BIBACMBIX
I'PaBUTALMOHHBIX BOJH — MOMEPEYHBIX BOJH, H3TYYaEMBIX YCKOPEHHO
JBIDKYIMUMHCSA MaccaMu (IBOMHBIMH 3BEC3JAMH) U PaCIPOCTPAHSIIO-
IIMMHUCS CO CKOPOCTBEO CBETa OBLIM MPOBEACHBI COOTBETCTBYIOLIHE
uccnenosanus.. s obnapyxenus takux BonH B CIHA JTx.Bebepom
u B CCCP B.b.bparunckum Oblin CO3JaHBI CHCHUATBHBIC JCTCKTOPHI
B BHIC LWIMHAPUYCCKUX ATIOMUHHEBBIX OonmBaHOK Maccoil 1,5 T c
JATIYNKAMH, CIIOCOOHBIMH YJIaBIHBATh KONCOAHUS LIIMHAPOB MPH
MOCTYIUICHIH TPABHTALIMOHHBIX BOJH, €CITH, KOHCYHO, STH BOJHBI B
MPOCTPAHCTBE PACIPOCTPAHSIIOTCS CO CKOPOCTBIO CBETA, a HE C OOJb-
e ckopocthro. PaGorer mmumuck Gomee 15 jer, pesymbraTel Bee
BpEMsI IPEHOAHOCHIINCH B OTHETaX KaK HEOMPEICICHHBIC, HO, B KOHIIE
KOHLIOB, OBIJIO MPU3HAHO, YTO TAKHX BOJIH B MPHPOJC HET, MMOCKOIBKY
OHU Tak W He ObLTK 0OHapy»eHHI... B 3ToM Bompoce mpasa okasanachk
HeOecHass MexaHuka, a He OOmas Teopusi OTHOCHTENBHOCTH OJifH-
HITEMHA.

Caeayer OTMETHTB, YTO C YYETOM CKOPOCTH DPACHpPOCTPaHECHUS
rpaBUTALUH 3aKOH BCEMHPHOro TAroteHus HproToHA MOMKEH MMETh
BU:

r M1M,
Fl- —)= G

S (3.16)
C: rt?
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3mech ¢, — CKOPOCTh PACIPOCTPAHCHHS IPABUTALIMOHHOTO B3au-
MOJCUCTBUSL.

JTO IUHAMHYECKOE BBIPAYKCHUE, YYHUTHIBAIOLICE 3aIa3IbIBaHHC
IPaBUTALMOHHOTO B3aMMOJCHCTBH, OOpalacTcss B CTATHYECCKYIO
¢dopmyny HeloTOHA, HE YUUTHIBAIOIIYIO 3amMa3IbIBaHUs, TOIBKO TOTAA,
KOTAa CKOPOCTh PACHpPOCTPAHCHHS TPaBUTALIUM PUHUMACTCS PaBHO
OECKOHEYHOCTH, T.€. Cp = 00.

B 1797r. B «M3n0keHUU CUCTEMBI MUPa» (PPaHLy3CKHIA yICHBIN
ITeep Cumon Jlannac mokasan, 4To U3 pacueToB BEKOBOT'O YCKOPECHUS
Jlynbl crnemyer, YTO CKOPOCTh PACHPOCTPAHCHHS TPABUTALIMN HE Me-
Hee, ueM B 50 MutH. pa3 Beimie ckopoctu cera [29]. Itu pacuersl HU-
KOrJa HUKEM He ObLIH ompoBepruyThl. He ompoBepray el OHU U Cero-
JTHSL.

Jtu pacyersl caenaHsl Jlammacom Ha OCHOBaHMHW aHATU3a BEKO-
BBIX yCKOpeHuil JIyHbI, 1 UM MMOKa3aHO, YTO €Clii OBl rpaBHTALMS Pac-
MPOCTPAHSIACH CO CKOPOCTBIO CBETA, 3HAUCHHE KOTOPOH K TOMY Bpe-
MEHH OBLJIO YK€ XOPOIIO U3BECTHO, TO Hab roAaeMoe nonokenue Jly-
HBl OTJIMYAIIOCh OBl OT PACYETHOrO, HO 3TOrO HET, OTCIOAA M OBLIO
HAICHO, YTO CKOPOCTh PACIpPOCTPAHEHUS TPABHTALIMA MHOTOKPATHO
MPEBBILIACT CKOPOCTh cBeTa. YTO k€ TOrAa rOBOPHUTH O pacyerax IMo-
JokeHU# maaHer BOkpyr ComHLA, PacCTOSHUE MEXKIY KOTOPBIMUA U
ConHIleM MHOTOKpPATHO MPEBBIIIACT PACCTOSHHUE OT 3eMiu 10 JIyHBI.
Tam 311 ommbku Obn Okl eie Oosiee oueBuAHBIMU. Ho mpu Takmx
CKOPOCTSIX I'PaJUCHThI AABICHUI BOJNH HAa THOOOU JETEKTOP OKAXKYTCS
MCUC3AIOIIEEe MaJbIMK, MPAKTHYECKH HE OCTABISIOLIMMU IIAHCOB HA
UX OOHApyKCHUE.

CoBpeMeHHas HeOECHAasi MEXaHHMKA OINCPHPYET HCKIIOYUTEIBHO
CTaTUYCCKUMH OPMYyIaMH HIOTOHOBCKOTO 3aKOHA, TEM CaMbIM MOJI-
YaJIMBO MTPEANIONAras UMEHHO OCCKOHEYHO OOIBIIYIO CKOPOCTh pac-
MPOCTPAHEHHS TPABUTALIMOHHOTO B3aUMOJCHCTBUS M TaK K€ MOT4Ya
OIpOBEprasi BHIBOJA TCOPUH OTHOCHTENBHOCTH JDHHINTCHHA O BO3MOX-
HOCTH CYLICCTBOBAHHS I'PABUTALIIOHHBIX BOJIH.
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3.6. Kocmuueckue uzinydeHus
3.6.1. Kocmuueckue nyuu

Kocmuueckue iyyu — moTok 4acTHL BBICOKOW SHEPTHH, IPEUMY-
IIECTBEHHO MPOMOHO0G, TIPUXOAAIINX HA 3EMIII0 M3 MHPOBOTO MPO-
CTPAHCTBA HEePBUYHOE U3IYYeHUe, A TAKKE POKICHHOS UMH B aTMO-
chepe 3emiu B pe3ynbTare B3aUMOJCHCTBHS C ATOMHBIMH SPAMU
6MopuYHOe u3iydeHue, B KOTOPOM BCTPEUAIOTCS MPAKTHYCCKH BCE
M3BECTHBIC 3JEMCHTAPHbBIC YacTHIbl (OCKOIKH aTOMHBIX saep, oOpa-
3VIOIIMECS NPU B3aUMOACHUCTBUH MPOTOHOB KOCMHYECKHX JIyYEH €O
crnoxuabivu siapamu) [30]. TpeacraBisiercss HEOOXOIUMBIM OMpPEc-
JUTh OCHOBHBIC MapaMeTPhl UMEHHO MEPBHYHOTO M3IYUYCHHUS KaK OC-
HOBHOU MCXOJHOM COCTaBIISIOIIEH BCETO KOCMHUYECKOTO U3ITYUCHUS.

CymiecTBOBaHHE KOCMHYECKHX TTy4eH ObLTO ycraHoBieHo B 1912
r. B.I'eccom mo mpom3BoauMoOil MMU MOHH3AIMKA MOJICKYJ BO3IyXa:
BO3PACTaHHEC MOHHM3ALUH C BBICOTOH MOKA3bIBAIO MX BHE3EMHOE MPO-
nucxoxacHue. HaOnroneHus cieqoB 9acTHI] KOCMHYECKHX JIy4eH B
kamepe BunbcoHa, moMeImeHHOH B mone 1aboOpaTOPHOrO MarHUTa
(B.A.Cxobenbiun, 1927)u OTKIOHEHHS UX B MATHUTHOM TIOJIC 3eMJIIH
C MOMOIIBIO ra30pa3psAHBIX CUECTYMKOB, IOTHUMACMBIX B cTparoche-
py Ha Oamnonax.(C.H.Beprnos u P.Munmmken, 1935-1937)noka3zany,
YTO MEPBUYHBIC KOCMHYECKUE JTY4H MPEACTABISIOT cOOOW MOTOK 3a-
PSDKCHHBIX YacTHIl, B OCHOBHOM, HPOTOHOB (siaep Bozopoxa). [pu
STOM OBLIN M3MEPEHBI M SHEPTHU OOJNBLICH YACTH YACTHL KOCMHUYE-
ckux ayueit (qo 1513B). OxHako ¢ momorpko saepHbIX poTorpadu-
YECKUX OMYIIbCHi, MOTHATHX Ha BbicoTy mopsiaka 30 kv (b.Ilutepe u
ap., 1948)B cocraBe MEpPBUYHBIX KOCMUYECKHX JIydei ObLin OOHApY-
JKEHBl M CleAbl sacp Oonmee TSDKEMBIX 3JIEMEHTOB, YEM BOAOPOX,
BILIOTh 1O JKEJe3a.

BonmpmimHCTBO YacTUI] MEPBHUYHOrO KOCMHYECKOTO H3ITYUCHUS
mmeet suepruro 6omee 10° 3B, a SHEPTHs OTACIBHEIX YACTHI[ JOCTHTA-
er 10°%-10°* 5B. ITnoTHOCTS OGIIErO MOTOKA SHEPTHH, MPHHOCHMOI
KOCMHYECKUMU JTydaMu Ha 3EMITI0, COCTABIISICT HOPSAKA O,OlapF/CMZ,
Ype3BBIYAIHO Malia [0 CPABHEHUH C M3TYyYaeMBIM Ha 3EMITIO TTIOTOKOM
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COJIHCYHOH DHEPruM M CPaBHUM C JHEPrHEH BHIUMOIO H3TYHCHUS
3BE31.

B macmrabax Beert ['amakTrku cpegHssl IUIOTHOCTh SHEPTUU KOC-
MUUECKHX JIyHucH OTHOCHTCIBHO Bemmka u coctaBmser 1sBlev’, T.e.
MOPSIIKA BCEX APYTUX BUAOB SHEPTUU TATOTCHUS, MATHUTHBIX IMOJCH,
KUHCTHYICCKOM SHEPTUU JABIDKCHUSI MEXK3BE3JHOTO Tasza, SHEPrHH
3JICKTPOMATrHUTHOTO U3TYyUCHHUS 3BE3 1.

B Hacrosiiee BpeMst YCTaHOBIICHO C BBICOKOW CTEICHBIO TOYHOCTU
(0,01%),uT0 MOTOK KOCMHUYECKHX JIy4eil M30TPOIICH, T.C. HE 3aBHCUT
ot HanpasyieHus. C pocTOM SHEPrHM YacTHI] KOCMUYECCKUX Tyde ux
WHTCHCHBHOCTh  CHAauaja MEIJICHHO, a 3aTeM Bce Oomee pe3Ko
ymenbmaercs, mpu sueprisix 10 — 10° 5B unTeHCHBHOCTS KOCMH-
YECKUX JIyUEH MaJaeT Mo SKCIOHEHITUAIBHOMY 3aKOHY et

92% vacTHl HEepBUYHBIX KOCMHYECKUX JIVUCH BCEX HEPruil co-
CTaBILIIOT MPOTOHBI, MPUMEPHO 7% —0-4aCTHLIBI U JTHIUb HEOOMbIIAS
nons (~ 19%) mpuxoauTcs Ha sApa BIEMEHTOB OONCEC TSKCEIBIX, YEM
Bogopox u renuii. Hecmotpst Ha 370, sapa ¢ Z > 1uecyt okono 50%
BCCH SHEpruM KocMudeckux mydcii. OcoOCHHO BEMUKO B KOCMHUYE-
CKUX JIyuax COACpKaHHe Aacp nmerkux snemeHton Li, Be, B, ecrecr-
BEHHAs PACIIPOCTPAHCHHOCTh KOTOPHIX Upe3Bbiuaiino mama (107 %).
Nmeetcst Taxoke n3dbITok Tsokensix saep (Z > 6)U3 sroro caexyer,
YTO B KOCMHUYECKUX JIy4axX MpPeoOIafacT YCKOPEHHUE TSDKENBIX sIep.
IIpennonaraercs, 4To JIErKKe siAPa BO3HUKAIOT 3a CUET PACIUCILICHUS
TSDKETBIX SLACP MPU UX B3aUMOACHCTBHH C MEK3BE3JHBIM BELICCTBOM.

B nepuon ¢ 1966mo 1971rr. B KOCMUYECKHX Ty4ax OOHAPYKEHEBI
S1pa, 3HAYUTEITBHO TSDKETIEE JKENe3a, BILIOTh 10 ypaHa. OOHapyKeHBI
TaKOKE SJCKTPOHBI ¥ TO3UTPOHBI (~ 1%) 1 POTOHBI BHICOKHX DHEPTHiA
—y-kBanThl (~ 0,01%rmpu sueprusix > 100MaB).

B Hacrosmee BpemMs B COOTBETCTBHHM C  THIIOTE3aMU
B.JL.Tun36ypra u M.C.IIkmosckoro (1955) 0CHOBHBIM HCTOYHHUKOM
KOCMUYECKUX JIyYCH CUUTAIOTCS B3PBIBBI CBEPXHOBBIX 3Be3a. He or-
puas moJoOHYIO BO3MOXKHOCTb, CIEAYET, OJHAKO, YKa3aTh Ha CIIe
OJHO BO3MOXKHOC HAIPABJICHHUE, CBSI3aHHOE C 3(HUPOIMTHAMUKOU.

Besxmii ra3oBeIif TOpOMJANBHBIN BUXPh, HPEAOCTABICHHBIA CaM
ceOe B OKPYKAIOLICH €ro ra3oBoi cpeae, HAaYMHACT CAMOITPOU3BOIBHO
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Pa3rOHATHCS. DTO KACACTCS W BCEX BHUIOB A(UPHBIX TOPOUIATBHBIX
BHUXpCH, B TOM YHCJIC MPOTOHOB, DJICKTPOHOB, TO3UTPOHOB U JIFOOBIX
JPYTUX 3IEMCHTAPHBIX YACTHI BEIIECTBA. JTO K€ KacaeTcsl U oTo-
HOB — CTPYKTYD, MOJOOHBIX H3BECTHBIM BUXPEBBIM Jopokkam Kap-
MaHa, COCTOSALIUX U3 MHOTUX JTUHEHHBIX BUXPEM.

CaMopa3sroH TOpOHMIATBHOIO ra3oBOr0 BUXPs OOYCIOBJCH TEM,
YTO €ro BHCIIHSS MMOBEPXHOCTh B3aUMOACHUCTBYET C OKpPYXKArOLICH
ra30BOM cpemoii Onarogapst BSI3KOCTH CPEAbI, KOTOpPasi B CBOIO OUCpeIb
00YyCIOB/ICHA XAOTHUYCCKUM TCIUIOBBIM BIKCHHEM MOJICKYJ CPEIBI,
MEPEAAFOIIUM KOJHUICCTBO JBIGKCHHS U3 OAHOTO CJIOSI TCUCHUS CPEIbI
K COCeIHUM CJIosiM. B 3TOM cMBICIIEC TOpOMIANbHBIN BUXPh MOA00CH
KOJICCHOMY MapoXOAy, OTTANKHBAIOLIErO KojecaMH BoAy u, Oiaroaa-
Ps 3TOMY, ABIDKYIIEMYCS BIICPE.

IIporoH, SBIAACH TOPOUIAIBHON CTPYKTYPOH 3dupa, Takxke 00-
JaJacT CBOWCTBOM CaMOpasroHa, KOTOPOE B OOBIYHBIX YCIOBHSX HE-
3aMETHO, HO B YCJIOBHSAX KOCMOCA Mpu OOJIBIINX BPEMEHAX CYIIECTBO-
BaHUS MIPOSIBJISICT CCOsl B MOTHOU MEpe.

B cootBerctBum ¢ ypaBHeHHMEM HBIOTOHA IS BS3KOCTH CHIIA,
co3JaBaeMasi IIOTOKOM JKUAKOCTU HJIH Tra3a Ha IUIOCKOCTh, PacIofo-
SKEHHYIO BJOJIb TIOTOKA CPE/IbI, COCTABIISICT:

F=#n S dv/dx H. (3.17)

3mecs 7 = 3,5-10°kr-m ~ ¢! — BaskocTs 3dhupa B OKOTO3EMHOM
MpoCTpaHcTBE (BKMIOYaAst Omipkaiimme odaacti kocmoca), §; — Imio-
IaJb BHCLIHCH MOBEPXHOCTH IPOTOHA, AV, = 3,76:10°° m/c — repe-
MajJ CKOPOCTH MOTOKA 3¢upa MKy BHEITHCH M BHYTPCHHEH TOMIIN-
HOI TIOrPAHMYHOrO CI0S Ha MOBepxHOCTH (horoma, dx = 10°m  —
TOJIIUHA MOTPAHMYHOTO CHOSI.

Nmes B BUAY, 4TO MPOTOH — TOPOHIAIBHBIN BUXPH 3dupa, hopma
KOTOpOro mpubmmkeHa k popme chepsl, 1 9TO paanyc MpoToHa Ip =
1,12'1015M, MOTyYaeM 3HAUYCHHE IO MOBEPXHOCTU MPOTOHA
= 15,75-10°v%

Craeayer OTMETHTB, YTO, C OZHOW CTOPOHBI, HE BCSI MIOBEPXHOCTh
mpotoHa 3¢ (PEKTUBHO YYACTBYET BO B3aMMOJCHCTBUH C OKPYXKako-
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M 3GUPOM B MJIAHES CO3MAHUS YCKOPSIOLICH ero cuibl. OQkomomo-
JIOCHBIE 007aCTH HE MapasIC/IbHBI ABHJKCHUIO MPOTOHA, MO3TOMY
3¢ dexkTrBHAS MI0IATL MOBEPXHOCTH AOKHA ObITh TOpsiaka Ha 20 —
25% menblne, yCIIOBHO — 12-10*°m? Toacrasmss TIPUBCICHHEIC BHI-
IIIC 3HAYCHUS BETUYMH, TOTYIHM:

F=23,510%12-10°-3,76-10°%10"°= 1,6-10*H.

VuuteiBas, 9To Macca IpoOToHA My = 1,67-10°" kr, momyunm yc-
KOPEHHE MPOTOHA 32 CUET €r0 OTTAJIKHBAHHS OT OKPYXKAIOMIETO (-

pa:
a=F/my,= 1,6:10°71,67-10” = 10 "'m-c?, (3.18)
ITO JACT YBEIUYCHHUE CKOPOCTHU 3a TOJ

AVIAt = at = 107-365- 24- 3608 3 m/c.rox (3.19)

Ecrmu 6b1 3aBUCHMMOCTh HapalquBaHHUs CKOPOCTH OCTaBamach OB
MOCTOAHHOM, TO I TOTO, YTOOB HAPACTUTH CKOPOCTH MPOTOHA IO
CKOPOCTH CBETA, MOHAA00MUIOCH ObI BCETO

T=clav=3-1§/3=1CF ner = 100ms. rer. (3.20)

Ha camom gene yckopeHue MpOTOHA MPEKPATHTCS PaHbINE, BO-
MEPBBIX, [0 MPUYMHE BO3PACTAHUS CONPOTHBICHUS S(HPHON CPEIbl
Opy MPUOTIDKCHUN CKOPOCTH IMPOTOHA K CKOPOCTH CBETA, a BO-
BTOPBIX, BCICICTBHE HAIMYHUS Pa3HOOOPA3HON MEK3BE3THOM Cpeapl —
rasa, mbLIx  T.II

Kak yka3zano B [30], m10THOCTE MTPOTOHOB HA YPOBHE 36MHOU Op-
OUTBI COCTABISICT HECKOIBKO JACCATKOB YaCTHI[ B OJHOM KYOHYECKOM
cantumerpe. s JanpHEHUIMX pacyeTOB NPUHUMACTCS 3HAUCHUC
uncna wactun B 50cvm > nm Nops = 5.10 M2

Cpenssist TUTOTHOCTh SHEPTUU KOCMHYECKUX jTydei B [amaktuke
BenuKa ¥ coctasysier npumepao 13B/ev’t. . 10 sB/v® uim
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Wi = 1,6:10™ Jhx/v°.

10 SHAYUT, YTO IMPU OKOJOCBCTOBBIX CKOPOCTAX YaCTHULl B MCXK-
3BC3AHOM MPOCTPAHCTBC NUMCCTCA

n=10/4,7-16=21-10°w"

3
win 1 yactuma Ha 470M° ralakTHYECKOTO MPOCTPAHCTBA.

ILnoTHOCTE Cpeapl KOCMUYCCKUX JIYUCH, UCXOI U3 MPEATIONOKE-
HUSI HATMYHSL B HUX TOJIBKO MPOTOHOB, COCTABUT:

Prn =My, = 1,67-107-2,1-10° = 3,5-10%kr/v’. (3.21)

OTcroza 4ncio YacTull B EAUHUALIE 00bEMA MEK3BE3IHOIO KOCMU-
YECKOTO M3TYUCHUS COCTABIISCT

n, = 3,5-10°%1,67-10*' = 2,1-10>m3,

OTHOLICHNE IUIOTHOCTEH KOCMUYECKOTO H3TYYCHHUS HAa YPOBHE
opOutel 3emiu 1 Ha YpoBHE 3Be3xHOro paccrosaus (3,9 mapcek) co-
CTaBJIACT:

5-10
Ny = ——— =2,4-1¢.
2,110

OrHorieHue miomaaei chep, UMEIOIMUX COOTBETCTBECHHO PaANyC
opOuTH 3eMITi U paJuyc, paBHBIA PACCTOSHUIO IO OnrpKaiimel 3Be3-
JIbI, COCTABUT

R. 3,6-186
nr=(—)?%= (——)? =581 (3.22)
Rpﬁ 1,516
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CoBrniagcHUE MOPSOKOB BEIUYMH CBUACTEIBCTBYET O TOM, YTO
HMMCHHO W3iydeHus 3831 THUna CONHEYHOro BETpa SBISIIOTCS UCTOY-
HHUKOM KOCMMYECKOI'0 M3IYUEHHUS U YTO CAMOPA3rOH MPOTOHOB U APY-
I'UX YacTHL 0OCCIICYMBACT BCE MAPaMETPhl KOCMHYECKOTO H3TyICHUS.

Taxum 06pa3oM, IpeaCTaBICHNUE O CAMOPA3TOHE MMPOTOHOB, TAKXKE
KaK U JPYrUX YacTUI] — 3JICKTPOHOB, MO3UTPOHOB U aTOMHBIX SJEp,
MO3BOJSICT OOBSICHUTh HATUYUC Y YACTHI] KOCMUYECCKUX JTY4EH BBICO-
KHUX CKOPOCTEH, HAJIMYHE Y HUX Xa0TUUYECKOr O TEIIOBOTO ABMKCHUS —
OTCYTCTBHE KOHKPETHOTO HCTOYHUKA M3IY4CHHSI U PABHOMEPHOCThb
pa3sMeleHus] YaCTULl B KOCMUYECKOM MPOCTPAHCTBE.

Pacuer sHeprum gacTHIl KOCMUYECKHX JIYHIEH B HACTOSINEE BPEMS
HCXOIUT U3 MPEAMOIOKCHHS POCTA UX MACCHl MPH MPUOTIDKCHUH UX
CKOPOCTU K CKOPOCTH CBE€TA, T.€. U3 MPEANOIOXKEHHs, 4TO UX Macca
yBemUuuBacTcsl mo 3akoHy CrenuanbHOW TEOPUH OTHOCHTEIBHOCTH
OUHIITEHHA B COOTBETCTBHH C BBIPAIKCHUCM

Mo v
= f= \ (3.23)
14 c

m

rac My —Macca MOKOsI YaCTHIBI, V —CKOPOCTh YaCTULBI, ¢ — CKOPOCTh
CBCTA.

OxHako, UCXOAS U3 TOTO, YTO CKOPOCTh CBETA SIBISICTCS MPCACIIb-
HO JOCTIDKAMOM ISl Caydas camMopasroHa 4acTHilbl B 3¢Hupe, moiy-
9UM 3HAYCHUC KMHCTUYICCKOW SHEPTUH YACTHUI] KaK

W= —\ (3.24)

a MpcACIbHBIM 3HAYCHUCM 6y2[€T BCIIMYHHA

mec®  1,67-10%-(3-16)?
Wpmp = = =7,5-10" ik = 4,7-103B (3.25)
2 2
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AJ11 COCTaBHBIX SAACP BCIMYUHA
w, = 4,7-16 Z 5B, (3.25)

rae Z —aToMHas Macca siapa, Iuisl SIEKTPOHOB, Macca KOTopeiX B 1852
pas3a MEHBIIE MACCHl IIPOTOHA, 3TO MPEACTBHOE 3HAUCHUE COCTABUT:

w, = 2,54-1065B.

COOTBETCTBYIOIIUI PaCUeT SHEPTUM YACTHUI[ KOCMUYCCKOTO U3Ty-
ueHMsI, HO 0€3 ydeTa M3MECHYMBOCTH MacC C BO3PACTAHUEM CKOPOCTHU
MPUBOJUT K CKOPOCTSM YACTHUL[, MHOTOKPATHO IPCBHIIIAOIIAM CKO-
pocth cBera. OTcr0Aa BHITCKAET HCOOXOAMMOCTh MEPECMOTpPA 3HAUE-
HUI SHEPTUil 4acTUIl HE TOJBKO AJISI KOCMHYECKHUX JTy4eH, HO U AN
YCKOPHUTEIICH YacTHIl, A1 KOTOPBIX y:ke oO0o3HaueHa sueprust B 1000
u 6onee 3B, uTo mpu 0OBIMHOM MOJCUETE TAKKE MPUBOAUT K CBEPX-
CBETOBBIM CKOPOCTSIM.

3.6.2. Donosoe uznyuenue

®oHOBOC HM3MYyYCHHE — JJICKTPOMATHUTHOE HW3IYYCHUE, 3arof-
HsroIIee HabmromaeMyro 4acTh BeelleHHOM YacTo Ha3bIBAKOT PENUKTO-
BbIM manmydeHueMm [31]. Oxnako Ha3biBaTh (POHOBOE H3ITYUCHHE pe-
JMKTOBBIM COBEPIICHHO HEMPABOMOYHO, HOO 3THM CaMbIM CHHTACTCS
Kak OBl y)K€ JOKa3aHHBIM, YTO (DOHOBOEC HM3IYUCHHUE SBILSICTCS IEpe-
JKUTKOM JIPEBHEH SBOMIOLMH paciuupsitorneiics Bceenennoit, obpaso-
BaBLICHCS B PE3yIbTaTe B3pbiBa «aroMa-otua». OmHako B AeiHCTBU-
TEBHOCTH TAKOW B3I HA BOHHUKHOBCHHE U pa3BuTHe BeenenHoit —
MPOCTO OJHA U3 THIOTE3, Aajneko He camas myqmas [32]. Cuuraercs,
YTO HamU4Me BO BCENEHHOH pelMKTOBOro M3My4YeHUs MOATBEPIKIACT
npeanoxenny B 19461 I'.A.I'aMOBbIM THIIOTE3y TrOpsYci MOACTH
Bcenennoii, cormacHo kotopoit BeencHHas Ha paHHHUX CTagusSX pac-
LIMPEHUS XapaKTepU30Baiach HE TOIbKO BBICOKOH IJIOTHOCTBIO, HO U
BBICOKOM TEMIEPATYPOIl, AOCTATOYHOM AJIA MPOTEKAHUS SASPHBIX pe-
akumit. OgHako, mockomeky caM (akt «Havana Bcenennoii», «bonb-
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LIOrO B3PbIBA» U APYIHX MOAOOHBIX CKOJb 3K30THYCCKHX, CTONb U
OCCCMBICIICHHBIX YTBEPIKICHHUH SIBISICTCS aOCYPAHBIM, CYAUTH O MPO-
LIJIOM COCTOSIHUM BceneHHOo# mo mapaMeTpaM pelHKTOBOTrO M3Iyue-
HUSI HE SIBJISICTCSI BO3MOYKHBIM.

PenukroBoe m3mydenne Obito oOHapyxkeHo B 1965r. B pamuo-
JUara3oHe 3JICKTPOMArHUTHOTO U3IY4CHHU Ha JMuHE 7,35CM 1o Ha-
OMIOACHUSIM C MOBEPXHOCTH 3EMITH C TIOMOIIBIO paguoreneckomna. Ha-
omoneHus Ha quHAx BOH oT 50 cm 10 0,5 MM CBHACTEIBCTBYIOT O
TOM, YTO PEIUKTOBOC M3IYyYCHHE PABHOMEPHO (C MOrpEUIHOCTHIO HE
6omee 0,01%)pacnpenencHo mo HebecHOM chepe Mo IIMHAM BOTH OT
100cm mo 0,05mMm ¢ makcumymom Ha 0,2 MM B TIOJTHOM COOTBETCT-
BHU CO CIIEKTPOM abCOTIOTHO YEPHOT'O TENa.

OTHOCUTENPHO HEAABHHE HMCCICAOBAHMS MOKA3alIH, YTO OTHOCHU-
TEMBPHO 3EMIIH PENUKTOBOC M3TYUCHUE UMEET aHU30TPOIHIO, IKBUBA-
JICHTHYIO cMelieHuIo Bcell COTHEYHON CHCTEMBI B CTOPOHY CO3BE3IUS
JIpBa co ckopoctpio nopsiaka 400 km/c, Y4TO MOPOAMIO MPEATOKEHHIE
(B.JL.TuH30ypr) MCronp30BaTh PEIUKTOBOC H3IYYCHHEC B KavdeCTBE
abCOMIOTHO HEMOABM)KHOM 0a3bl OTCUeTa.

B Hacrosmee Bpemsi 0OHapy»KEHO, YTO B HANPABJICHUH CO3BE3ANS
JIpBa cyIIecTBYEeT HEKOTOpAas aHW3OTPOMMS MPOCTPAHCTBA — CMELIE-
HUE CIICKTPOB PEIUKTOBOTO M3TyUCHUS.

CornacHo skcnepuMeHTaM, IPOBEACHHBIM Ha OOpTy camonera Y-
2 (HACA) Kopuom, Yunkuacom, Cyvurtom u ap. [55], nonytdeHs! cre-
JOVIOILIME PE3yIbTAThl: CKOPOCTh IBMKEHUSI 3EMIH OTHOCHTENBHO (o-
HOBoro m3nyueHus cocraBisier 320—390km/c 1 BEKTOP CKOPOCTH Ha-
HpaBIcH B TOUKY ¢ KoopauHatamu o, = 12h + 1h; 8 = 32° + 21° B ra-
JAKTHYECKOH CHCTEME KOOPAHMHAT 3TO HANPABJICHHE UMECT KOOPAHHA-
o1 L = 194°;5 = + 65°.TlocaeqHue uzMepeHus KpymHOMACIITaOHOM
aHu30Tponuu (OHOBOrO H3My4dcHUsT BCENEHHOH MO OTHOIICHUIO K
ConHeunoit cucreme ObLTH Mpou3BeacHbl B 1977T. rpynmoi aBTopos
n3 bepxim. [lomydenst ciexyrommye pe3yabTaThL:

v =390 + 60km/c; o = 11h + 0,5h;5 = 6" + 10°. (3.26)
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OnHako creayeT 3aMETHTh, YTO TPAKTOBKA MOJTYUCHHBIX PE3YIIb-
TaTOB KaK CBUACTEIbCTBO ABMKCHMST CONHCYHOH CHCTEMBI B 3TOM
HAMPaBICHUH SIBISACTCS MOCICLIHOW, HOO B HAIMPABICHUU CO3BE3IHS
JIpBa WMeEeTCS PS4 TPAIUCHTHBIX MapaMeTpoB 3(PHUPHOrO IMOTOKA,
HUMEIOIIETO TMEPHCHANKYSIPHOC HAMPABICHUS. JTHX TPAJAUCHTOB
IUTOTHOCTH, AABICHUSI, TEMIICPATYPHl U T.I. JOCTATOYHO, YTOOBI 00B-
SICHUTD sIBIICHUE HEe cMmemeHrneM COTHEHYHOH CHCTEMBI B CTOPOHY CO-
3Be3aus JIbBa, a M3MECHCHHEM MapaMeTpoB (POTOHOB, MPOXOISIIHX
4Yepe3 rpagueHTHBIC IIOTOKK 3(HUPHOTO BETpa.

C nosuumii 3¢pUPOANHAMUKH KaK MPHYMHBI CYLICCTBOBAHHS PeE-
JMKTOBOTO H3JTYyYCHHUS, TaK M BECh MPOLIECC BBITVISLAAT HECKOIBKO
HHaYe.

Kax mokazano J[.K.Mwumanepom B 1921-1925rr, 3dupHseiii BeTep
o0aysaer COTHEYHYIO CHCTEMY M, COOTBETCTBEHHO, 3EMITFO CO CTOPO-
HBI 3Be3abl ( co3e3aust [pakona (26° 174.), uTo, B mpUHUUIE, IO
ACTPOHOMHUYCCKHUM HM3MEPCHUSM PEITUKTOBOrO HM3MYHYCHHUS MOIJIO OB
BOCHPHUHHUMATHCS KaK aHU30TPOITHSI IIPOCTPAHCTBA MITH KaK ABIKCHHC
Beeit ConHeuHOM cucteMbl Kk 3Be3ae ( coszeesmus Jpaxona. OgHako
TaKUX JAHHBIX MOJTYYEHO He ObLIO, a Oblna 0OHApYKEHA aHH30TPOIIHS
PEHUKTOBOrO M3TYyYCHHUS B HampasicHuH co3Be3aus JIbBa, T.c. B Ha-
MPABJICHUH, TOYHO MEPICHINKYISIPHOM OTHOCHTEIBHO HAIPABICHUS
Ha 3Be3ay ( cos3Be3aus Jpakona, uto tpedyeTr oObscueHus. Oquu u3
BAPUAHTOB TAKOTO OOBSICHEHUSI MOXET OBITh PACCMOTPCH C MO3ULIMI
3(pupoguHAMUKH.

Kak m3BecTHO, quist TOro 4toObl OOHAPYKHUTH PAa3HOCTh IBYX BE-
JUYHMH B MPOCTPAHCTBE, HYXKHO, YTOOBI ObllIa BO3MOXKHOCTh OJHUM U
TEM K€ MHCTPYMCHTOM OMPEIACIUTh ITY BEIUYHHY B IBYX B3aHMHO
MPOTUBOIMOIOXKHBIX MPOCTPAHCTBCHHBIX HAMPABICHUSX. Takas BO3-
MO>KHOCTB 33 CYET CYTOYHOTO M OPOHTAILHOTO BpAIICHUs 3EMJIH Ce-
TOJHS CYIIECTBYET YV Bcex obcepBaTopuii, pacmoiokeHHbIX B Cesep-
HOM monyiapun. ComocTaBisiTh ke MEXAY cOO0M BETHUUHY PETUK-
toBoro m3nyueHus B CesepHoM u HOxHOM monmymapuu HeueM, T.K. B
0sxHOM mOTymIapuu HeT HeOOXoaMMBIX obcepBaTopuii. Kpome toro,
OTHOCHUTEIbHASI CKOPOCTh CMEIIEHHS 3(hupa B OTOKE 3 (pUpHOro BeTpa
psia au mpeBbimaeT 3HaueHue nopsiaka 40-50 km/c, u 3Ta CKOpPOCTH
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YMEHBLIACTCSI C YMEHBLICHUEM BBICOTHI 0 3HAYCHHIA mopsiaka 1 km/c
(Tamaes). CnemoBaTenabHO, A7 OOHAPYXKCHUSA TAKOW AHU3OTPOIMH
HY>KHBI CIICLIMAJbHBIC MHCTPYMEHTBI, KOTOPbIX moka Her. [lostomy
AHH30TPOMNUST PETUKTOBOTO HM3IYUCHHS B HAIMpPABICHUU BIONb Ha-
mpaByicHUsT 3(UPHOTO BETPA HE MOrJIa ObITh OOHAPYIKCHA, B OTIHYKC
OT camMoro 3(UPHOTrO BETPa, KOTOPBIHA OBLT HE TOIBKO OOHAPYKEH, HO
Y U3MCEPEH.

B T0 ke BpeMs mepHneHINKYIIPHOE OTHOCHUTEIBHO HANPABICHUS
3(UpHOTrO BETpa HANPABICHHE AHU30TPOMHH PETUKTOBOTO M3TYUCHUS
Ha cosBesauce JIbBa rOBOPUT O TOM, YTO B HANPABJICHUU 3TOTO CO3BE3-
JUSI MOTYT HaXOAMUTHCS aHU30TPOITUH WHOHM HMPUPOIBI, U TAKHE aHU30-
TPONMH ACHCTBUTENBHO CYINECTBYIOT. Peub, mpekae Bcero, MOXKET
UATH 00 aHM3OTPONHH TOro k€ 3(PHUPHOro BETpa B MEPIICHIUKYISP-
HOM OTHOCHTEJBHO €r0 CKOPOCTH HANPABJICHUU.

Kak yxe ynomuHanoce, 3upHBIH BeTep 00s3aH CBOEMY MOSIBIIC-
HUIO TIOTOKaM 3(¢upa, Bo3BpaIlaomuMcs ot nepudepun ['anaktuku k
ee sapy. Beck 3TOT MOTOK B 1I€7I0M MpecTaBIseT coboi TpyOy ¢ yII-
JOTHEHHBIMU CTCHKaMH, B KOTOPBIC 3aCAacChIBAIOTCS 3BE3IBI, UTO, KaK
W3BECTHO, MOATBEPXKICHO HAOMIOACHUSAMH. B CIHPAIBHBIX pPyKaBax
3BE3JbI PACHIONOKEHBI Kak Obl B CTCHKaX TPYOBI.

Puc. 3.13.Pacnpenesienne ckopocTeii IOTOKOB 3(upa B CHINPATLHOM pyKa-
Be I'asmakTikn
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Takum oOpaszom, morok 3¢upa B pykase cnupanbHoil [ anaktuku
€CTh B LIEJIOM OOJBLION BHUXPEBOW MOTOK, B KOTOPOM CKOPOCTH Ha-
MPAaBICHBI, BO-NICPBBIX, MEPICHAUKYISIPHO OCHU TPYOBI C OTHOCHTEIb-
HO MalbIM CMCLICHHEM BJOJIb OCH, BO-BTOPBIX, CKOPOCTH HOTOKOB
VBEIMYIHUBAIOTCS B CIIOSIX, ONMIKE PACIONONKECHHBIX K OCH TPYOBI (pHC.

3.13).
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Puc. 3.14.Crpykrypa poToHa: IIPOJI0IbHOE cedeHre (@), TolepedHoe ceUeHre
1ipu crmHe —1 (), TollepevyHoe ceUeHue mpu crmae +1 (6)

@®oTOH BOBCE HE MPEACTABISICT COOOW BOJHY, 3TO JOCTATOYHO
IJIOTHAsI BUXPEBAss KOHCTPYKLUS, COCTABICHHAS W3 JIMHCHHBIX BUX-
peit U 001amaONIYI0 COOCTBCHHON YCTOMYMBOCTRIO UM COOCTBEHHOM
guHamukon (puc. 3.14, 3.15) [33].

Ilepexoas u3 0gHOro CNOSI NOTOKA B APYroM, (DOTOH HE OTCIECIKU-
BaCT MIHOBCHHO BCE M3MCHCHUS OKPY)KAIOLICH CPEeabl, KaK 3TO OBIIO
ObI C BOTHOM, a NIMEET HEKOTOpoe 3amaszasiBanue. [loaTromy GoTOHBH!,
MPUXOAAIINE K HAOIIOJATEII0 C OXHOW CTOPOHBI, M MPHUXOISIIHNE C
Jpyroi, OyIyT UMETh HECKOJBKO Pa3HbIC MapaMeTpsl, UTO U HaOro-
Jacrcsl.
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Puc. 3.15.Buxpesast fopoxkika Kapmana — 6imkaiimuii aHasior goToHa: a) —
CTPYKTypa IOTOKOB; 6) — Buxpu KapmaHa B Boje. Kamepa JBIDKeTcS BMecTe ¢ BUX-
pSIMIE; ) — Iopokka KapMaHa 3a KpyroOBBIM IUIAH [poM Tipu Re = 105p jeBoit yacTu
BUJTHA HaYyaJbHAs CTA ST 00Pa30BaHISI IOPOKKH; ) MOJICTIMPOBAHIIE JIOPOKKHU B BO3-
JYIITHON cpejie; 0) — CTPYKTYpa IMOTOKOB BHXPEBOU JOPOKKM Ha KOHEUHOHM CTajiu

CYIIECTBOBAHMA
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Bce 3TO HE MPOTHUBOPEYHUT CYLISCTBOBAHHIO OOHAPYKCHHOTO
Munepom B 19051 1925rr. u 'anaessim B 2002r. 3¢dpupHOro Betpa.
BepostHo, MOryT ObITh HaiiIECHBI W MHBIC OOBSCHEHUSI TOrO Xe -
(ekra.

IIpencrasaser GOMBIION HHTEPEC paCHPEACICHUEC HHTCHCHBHOCTH

PEIUKTOBOrO M3MydeHus 1o crekTpy vactoT ot 0,05mm g0 100cwm ¢
koM Ha 0,2mm (puc. 3.16) [31].

— 7N

R N N T I I
100 10 1 01 o

Puc. 3.16. CrieKTp pe/IHMKTOBOr0 U3JIy4eHHUs], MPAKTHYSCKH COBIIAIAFONIIIT
€O CHEKTPOM H3JIy4eHHs1 a0COTI0THO YePHOro TelIa ¢ Temieparypoii 2,7K

I'panuny yasTpaduoaeToBOro U3Iy4eHUs COCTABIISCT JTUHA BOJ-
Hel B 0,4 MxM, nH(ppakpacHoro — 0,7 MkMm. J{ns Bomopoza pe3oHaHc-
Has JymHa BomHbl coctaBister 0,1216mxm, mis renus — 0,0584 J1nu-
Ha BosHbl B 0,05 MM o3Hauaer Hauano paspyuicHus (pOTOHOB, ATUHA
Bonabl B 100 cM — monHOE ux pacTBOpeHme B 3¢upe, korga GhOTOHBI
MPEKPALIAIOT CBOC CYIICCTBOBAHUC KaK BUXPEBbIC 00pa3oBaHHS (-
pa. Onmpasice Ha 3akoH XaO0ma, OTCIOIa MOXKET OBITh HAWICHA AJIH-
TEMBHOCTD JKU3HU (DOTOHOB KakK HOCHTEICH nH(pOpManuu (IinHa BOJI-
uer 70 0,05MM) ¥ Kak OKOHYAHUS CYIIECCTBOBAHUS (POTOHOB KakK pe-
mvkToBoro uanydenus (qmuaa Bonasr ot 0,05Mm 10 100¢Mm).

Oueprus (oroHa onpeaensercs 3akoHoM [ Inanka

E=tv. (3.27)
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VuureiBas, 9ro

A=clv, (3.28)
HOJTy4acM
. E,—FE AE AL
z= = =-H , (9)2
E E c

W B mpenene

dE d
—=—H — (8)3
E (o

Wuterpupyst u yuurteiast, uro mpu L = 0 E = E;, monyuaem:

¢ _10—26L _ lo—lOt

E=FEs¢ =Fqe Fe , (3.32)
rae paccrosaue L uamepsiercst B MeTpax, a Bpems t — B rogax.

Taxkum 0Opa3oM, MOTYYAETCS €CTECTBCHHBIN 3KCIOHCHIHATBHBIH
3aKOH yObIBaHUs 3HEPruu (POTOHA, YTO MOXKHO CUHMTATh HE PE3Y/bTa-
ToM «pasderanus BeeaeHHON», Kak 3TO celyac MPUHSTO, a Pe3y/IbTa-
TOM BSI3KOCTH 3(¢Hpa, B KOTOPOM HPOXOAUT (POTOH.

OTHOIICHNE IIMH BOJIH OJHOTO M TOrO k¢ (hOTOHA B Pa3HBIC MO-
MCHTBI BPEMEHHU COCTABUT

A2 E, At/3,3-167
=¢ , (3.32)

)\40 E2
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3mece AT, ¢ — MPOMEKYTOK BPEMCHHM MEXKAY 3TUMH MOMCHTAMU
BPEMCHH, OTKY 1

At =3,3:1¢" InAy /A, c =10° InA, /A, meT.

Mornoapie 3B€3AbI, M3MYyYAIOIIUE MAKCHMYM CBETa, UMCIOT TOIY-
0O¥i IBET, YTO COOTBETCTBYET JJIMHAM BOJH OT 4,2:10"m 10 4,9-10"M,
¥ BECh AMAIA30H JJIUH BOJH penukroBoro usaydeaus ot 0,05mm mo 1
M. obpasyetcs B mpomexxyTke BpemeHu ot 20 no 150 mapa. aer. Ot
Ooyiee TANbHUX 3BE3[ CBET HE JOXOAUT, T.K. (JOTOHBI MONHOCTBIO TE-
PSIIOT YCTOWYIMBOCTD M PACTBOPSIIOTCS B 3(HpeE.

1ot 3Tan ABKCHUS (POTOHA HACTYMACT HA MOCICAHEH CTaauu
ero cyuecTBoBaHus yepe3 pems nopsiaka 10-20mipa. aer mocne ero
oOpasoBanus. 3a 3T0 Bpems (OTOH TepsieT dHepruto B 2,7—7,3 pasa.
ITorepst sHEpruM (HOTOHOM JOMKHA CKA3ATHCS HA €r0 YCTOWYIMBOCTH.
Crpykrypa ¢oToHa paspyruaercs, KEpPHBI YK€ HCUEPIIATH CBOIO SHEp-
THIO M HE CYIIECTBYIOT, OTOHBI APOOSTCS HA OCKOIKH, COYAAPSIFOTCS
JPYT € APYrOM U 00pa3yroT, €CIIM MOXKHO TaK BBIPA3UThCS, «HOTOH-
HBIA Ta3», B KOTOPOM OHHU CTAaJKHBAIOTCS APYT C APYTOM H TEPSIOT
MEPBOHAYAIBPHOC HAIPABICHUE, YTO U HAOMIOAACTCS, T.K. HHKAKOTO
BBIICIICHHOTO HATMIPABICHUS Y PETUKTOBOTO M3ITYUCHUS HET.

Otcroga creayer, 4TO mpeacibHAas PAaHULA HHCTPYMEHTAIbHBIX
BO3MOXKHOCTEH onTHku cocrasisieT nopsaka 10-20 munnuapaos cee-
TOBBIX JIET, & (POTOHBI MOTHOCTHIO PA3BATMBAIOTCS U OOpaINAOTCS B
cBoOomHbIN 3¢up uepes 150 miapa. ger mocne ux oOpa3oBaHUs aro-
mamu. Ha camom gerne Opictpee, T. K. STOT MPOLIECC K KOHIY CYLIECT-
BOBaHUsL (POTOHOB YCKOPSICTCS, KaK U y JHOOOH ra3oBOil BHUXPEBOM
CTPYKTYPHI B CBSI3H C YBEIUYCHUEM WX Pa3MEpPOB U YCKOPECHHUEM IIO-
Tepu 3Hepruu. Pasymeercs, MOIyHUEHHBIC OLCHKH HOCST CaMbli MpH-
OMVKEHHBIN XapakTep.

Craeayer oTMETUTh TakkKe, YTO K KOHIY CBOCTO CYLICCTBOBAHUS
CKOpOCTh ()OTOHOB B MPOCTPAHCTBE 3aMEISICTCSI U COCTABISICT OKOIIO
37%c. Pacnyxmee Teno (GOTOHA IUTIOC 3aMEIIEHHAs! CKOPOCTh YBeE-
JVYUBACT BEPOSTHOCTh CTOJNKHOBCHHS (DOTOHOB, MHPUXOIAIIUX OT
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Pa3sHBIX JAJIEKUX 3BE3] C PAa3HBIX HAIPABJICHMI, 4TO eme Oomee yc-
pEeRHSAET HapaBJIEHUS WX JBIDKEHUH B IIPOCTPAHCTBE.

Buvieoowt

1. Marepust Bo BeeneHHO# cTpyKTYpHO OpraHu30BaHa IO Uepap-
XHYCCKOMY MPHUHLIHITY

— 3¢up, IIEMCHTH KOTOPOro aMephl COCTOAT U3 3(upoB Oosce
rITyOOKOro YPOBHS;

— (GIIEMCHTAPHBIC YACTULBI»,

— aTOMBlI,

— MOIICKYJIHI,

— BCLIECTBO,

— IJTAHETHI,

— 3BE3BI;

— ranakTUKy,

— IPYIIIbI FATAKTHK;

— CKOIIICHUS TaTaKTHK;

— CBEPXCKOIUICHUS TaIaKTUK.

2. B npenenax ramakTHK MEPEMEIIAIOTCS Macchl 3¢upa, KOTOphIe
o0ayBaroT HeOecHbIC Tena. DGUPHBIN BeTep, 00AYBAOIIUN 3EMITIO,
ObL1 OOHapyskeH amepukanckum wucciacaosareaem J.K.Muamepom B
1921-1925cr., HO ero paboThl OBLITH OTHECEHBI K KATCTOPUH <«HE MPH-
3HAHHBIX.

3. OCHOBHBIC YACTHIIBI BEIIECCTBA MPOTOHBI 00PA3yIOTCS B sApax
COHUPATBHBIX TaJaKTHK, BOKPYT IPOTOHOB 0Opa3yrOTCs 3JICKTPOHHBIC
000JI04KH KaK MPUCOCTUHECHHBIC BUXPHU 3(upa, y KOTOPHIX 3HAK BHH-
TOBOrO ABYDKCHHS 3(pHpa MPOTUBOIOIOKEH 3HAKY BHHTOBOT'O JBIIKE-
HUSl B TEJIe MMPOTOHA, 3TO U €CTh aToMbl Boxopoaa. [IpoTon umeet tpu
VCTOMYHBBIX COCTOSHHSI — Kak COOCTBEHHO MPOTOH, KaK HEHTPOH U
Kak aToM BOJOpPOJAa, HO HEHUTPOH YCTOMYMBO MOXKET CYIIECTBOBAThb
TOJIBKO B COCTaBE aTOMHOrO sapa Omaromapsi COCEACTBY MPOTOHOB,
MOJICPKUBAIOIIUX OrPAaHUYHBIH €10 3¢upa B HEUTPOHAX.
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4. I'paBUTALMOHHBIC B3AUMOJCHCTBUS — pe3yabTaT TepMoauddy-
3MOHHBIX MMPOLIECCOB B 3(prpe, BOSHUKAOUINX B PE3YIbTATE OXJIAXKIC-
HUS TIPUJICTAIOMIUX CJIOCB d(Hpa MPOTOHAMH, B PE3YIbTATC YCTO B
MPOCTPAHCTBE 0OPA3yIOTCS TPAIUCHTHI TEMIICPATYP U AaBicHumiA. [ 'pa-
BUTAIIMOHHBIC B3aMMOJICHCTBHUS PACIPOCTPAHSIOTCA B MPOCTPAHCTBE
BCCTO JIMIIb HA HECKOJBKO COTCH a.€., CICA0BATEIBHO, 3BE3/bI, HAXO0-
JAIIACCS Ha 3HAYUATCIBHO OONBIIMX PACCTOSHUAX IPYT OT ApPyra, Me-
Ky cOOOM TPABUTAIMIOHHO M30IUPOBAHEI.
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FnaBa 4. CTPyKTypbl ranakTtuk u ux npeoo6-
pa3oBaHuA

4.1. KpaTtkass UICTOpUSA OTKPbLITUS U COBPEMEHHbIe
npeacTtaBrieHUs O rarnakTukax

CroBo «ranakTuka» (0T rped. yoho&iog — MIICUHBIH) MPOUCXOIUT
ot rpedeckoro HazBanus Hawmei ['amaktixu (Kyklos galaktikos osna-
YaeT «MOJIOYHOE KOJBLIO» — KaK ONMUCAHUE HAOII0AacMOTO SIBICHHS
Ha HOYHOM HeOe). Koraa acTpoHOMBI MPEAMOI0KIIM, YTO PA3THIHBIC
HEOCCHBIC OOBEKTHI, CUUTABLINECS CIIUPATbHBIMI TYMAaHHOCTSIMU, MO-
IYT OBITH OTPOMHBIMH CKOIUTCHHUSIMH 3BE3/, 9TH OOBEKTHI CTAIN HA3bI-
BaTh «OCTPOBHBIMH BCEIECHHbIMUY». HO 04€BHAHO, YTO TaKOE MCIIOIB-
30BaHHC TEPMHHA HCYMECTHO, IOCKOJbKY MOHsITHE <«BceneHHas»
BKJIrOYaeT B cebst BcE cymiectByromee. [103ToMy TEpMHH BbIIIET U3
yroTpeOacHus, U ObLT 3aMCHEH HA TCPMUH aJaKTUKA», KOTOPBIN
TETEPh MPHUMEHSIETCSI KO BCEM MOJ00HBIM 0OBbekTam [1, 2].

B 1610rony I'anuneo INamuneit obnapyxui, yto Mneunsiii [1yTs,
KOTOPBI OH PEIINT UCCIACA0BATh CBOMM TEICCKOIIOM, COCTOUT M3 OT-
pomHoro umcna ciadwix 38634, B cBoéM Tpakrate 1755roma, ocHo-
BaHHOM Ha paborax Tomaca Paitra (Thomas Wright), Ummanyun
Kant npeamonoxun, uto ['anaktika MOKET ObITh BPAIAFOLIMUMCS TC-
JIOM, KOTOPOE COCTOHUT M3 OTPOMHOrO KOJNUYECTBA 3BE3, VACpKHIBAC-
MBIX TPABUTALHMOHHBIMU CHIIAMHU, CXOJHBIMU C TEMH, YTO ACHCTBYIOT
B ComHeuHoH cucteme, HO B Oonpimux Macmradax. C Hamero mecra
BHYTpH [anakTvku MOMyYMBIOUIICS AUCK OyAET BHUACH HA HOYHOM
HeOe Kak cBerias mojoca. KaHT BeICKasaml M MPEAMOI0KEHHE, YTO
HEKOTOPBIC U3 TYMAaHHOCTEH, BUAMMBIX Ha HOYHOM HeOe, MOTYT OBITh
OTACIBHBIMU TaJaKTHKAMH.

K xonuy XVIII cronerus Llapaes Meccbe cocTaBun karasior, co-
naeprkarmmii 109 sipkux TyMaHHOCTEH, BCNIEI 32 KOTOPBIM IOSIBHIICS
karanor u3 5000TymannocTelt Yunpsama I'epruens. [Tocne moctpoiiku
cBoero teneckona B 1845roay mopa Pocc cmor yBuzaers pazmuuus
MEXIY SJUTHITHYCCKUME U CIIMPAJIbHBIME TYMaHHOCTSIMU. B HekoTo-
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PBIX U3 3TUX TYMAHHOCTEH OH CMOT BBIJACIUTD U OTACIbHBIC UCTOYHH-
KM CBETa, 4TO mpumaBaio rumorese Kanra Oosblinyi0 mpasaomno o0-
HOCTh. OHAKO BOMPOC O TOM, SIBJISSFOTCS JIU OTH TYMAHHOCTH OTICITb-
HBIMH TaJIAKTUKAMHU, OCTaBaiCs CHOpHBIM a0 Hauana 1920x romxos,
Koraa Onarozapsi HOBOMY TEIECKOIy DIBUH XaOOm jaid Ha HEro or-
BeT. OH CyMeNn pasrisieTh BHCIIHUE YaCTH HEKOTOPBIX CHHPATbHBIX
TYMaHHOCTEH KaK CKOILICHHS OTJC/IbHBIX 3BE3N U OMPEACTUTh CPEIU
HUX HepeMeHHbIe-ehenasl. ITO MO3BOIMIO MY OLCHUTh PACCTOSI-
HUE 10 OTUX TYMAaHHOCTCH: OHM HAXOAWIUCH CITUIIKOM JAJICKO, YTOOBI
ObITh vacTeio Mieunoro Ilytu. B 1936 Xa66n moctpoun kiaccudu-
KalWMI0 TaJaKTHK, KOTOpPas MCIOB3YETCs MO CEH JCHb M HA3BIBACTCS
IOCJICAOBATEALHOCTRIO Xa001a.

B 2004roay camoii nanékoii raJakTHKONW U3 TEX, YTO KOTrJa-Tudo0
HaOII04aMNCh YEIOBEYECTBOM, cTajna ramaktuka Abell 1835 IR1916.

TanakTHKoii CErOJHS HA3BIBACTCA OOJBINAS CHCTEMA U3 3BE3T,
MEX3BE3AHOrO rasa, OblIM, TEMHOH MaTtepuu M, BO3MOXHO, TEMHOMN
SHEPTUM, CBSA3aHHAS CHJIAMH TPABUTAI[HOHHOIO B3AUMOCHCTBHUS.
OGbraro ramakTuky cogepxar ot 10 mummmoros (10') 10 HeckOmbKIX
TPUILTHOHOB (1012) 3BE3/, BPAIAOLIUXCS BOKPYT OOIIErO LCHTPA Ts-
sxectu. Kpome otaempHBIX 3BE31 M paspe:kEHHON MEK3BE3THOM cpe-
JIbl, OOMbIIAST YACTh TATAKTHK COACPIKUT MHOKECTBO KPATHBIX 3BE3N-
HBIX CHCTEM, 3BE3IAHBIX CKOIUICHUN M Pa3iuuHBIX TymMaHHocTei. Kak
MPaBUJIO, AMAMETP TAJAKTHK COCTABISCT OT HECKOJBKUX TBICSY 0
HECKOJIBKUX COTCH THICSY CBETOBBIX JICT, 4 PACCTOSHUS MCKIY HUMU
HCUYHCIIIIOTCS MUJITHOHAMM CBETOBBIX JICT.

Cuuraercs, uto okoo 90 YoMacchl raJakTHK MPUXOJUTCS HA J0-
70 TEMHOM MATEPUU U SHEPTUH, MPUPOAA ITUX HCBHIUMBIX KOMIIO-
HEHTOB TNOKa HE m3yueHa. CyHICCTBYIOT MHEHHUS O TOM, YTO B LICHTPE
MHOTHX (CC7M HE BCEX) TajakTHK HAXOIITCS CBEPXMACCHBHBIC uép-
HBIC JIBIPHI.

MekranakTHaecKoe MPOCTPAHCTBO SIBJISICTCS MPAKTUYCCKU YKUC-
TBIM BaKyyMOM (IIyCTOTOI) CO CPEIHEH MIOTHOCTHIO MEHBIIC OXHOTO
aromMa BCIIECTBA Ha KyOwdeckuii wmetp. Bo3moxkHO, 9TO B
HabmonacMoi yacti Beenennoit Haxoautes okomno 10M ramakruk.
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CylnecTByeT TpPH OCHOBHBIX BHAA TaTaKTHK. 3JUTUIITHYCCKHUC,
CIUpaJbHBIC M HEMPABUIIbHEIC. BO MHOTHX ClTydasX OYCHb yIO0OHBIM
OKa3bIBACTCS X HECKOJIBKO O0sice moapodHoe Xab0I0BCKOE ACICHUE
Ha moABHIBI. XabbmoBckoe Acnenue (vau kamepToH Xab0:a), oxBa-
TBHIBAIOIIECE BCC TaJaKTUKH, OCHOBBIBACTCS HA MX BHU3YaJIbHO BOCIPH-
HHUMAaeMOM CTpocHHH. BerencTBue 3TOro OHO MOXKET HE YYHUTHIBATH
OYCHb BA)KHBIC XaPAKTCPUCTHKH TATAKTHUK — TaKWe, HAPUMEP, Kak
TeMI 3BE31000pa30BaHUsL.

Hama ramaxrika Maeunstii I1yTs, Ha3piBaeMas taxoke mpocto I'a-
naktukoil (¢ OoipwIOit OYKBBI), SIBISIETCS OONBIION AMCKOOOpPA3HOM
COHpATbHOU TalaKTHKOH C MepeMBlYKkod, AuaMerpoM okono 30
kunonapcex (mmm 100 000cseroBwix siet) u Tommuuoi B 3000c¢BeTO-
BBIx 1eT. OHa comepxur okono 3x107 3Bé3xm, a eé oBmas macca co-
crasser okono 6x10" mace Commua.

PykaBa crmpanbHBIX TalakTHK CBOMM BHJIOM TIOXOXKH Ha
JorapuMHUUECKYI0 cnupaib — (HOpMy BOIH IUIOTHOCTH TajaKTHUC-
CKOro rasza, OTMEUYCHHYIO 00IacTsMH 3BE30000pa30BaHMS. WMEHHO
MOJIOJBIC SIPKHE 3BE3ABI PAHHHUX CICKTPATbHBIX KJIACCOB JAIOT BHIH-
MYIO KapTHUHY CHMPATBHBIX PYKaBOB.

OtaenbHBIC 3BE3bI, 3BE3HBIC CKOIUICHUS M Ta30BbIe OOaKa He-
MPEPHIBHO JABIKYTCS B TANAKTHUKE, MPHUCM KXKIBIH 0OBEKT OMMCHIBA-
€T CIIOXKHYI0 HE3aAMKHYTYIO TPACKTOPUIO BOKPYT LIEHTPA MAacC rajak-
tuki. Ho HemocpeacTBEHHO M3MEPUTh MEPEMEIICHHUE 3BE3] MU 00-
JaKOB ra3a HeBO3MOXKHO. OTpeIeIeHHe CKOPOCTH ABKCHHSI Pa3IIH-
HBIX 00BEKTOB OCHOBAaHO Ha 3(ddekre omnepa, U mpou3BOAUTCS MO
M3MCPCHUSM CIBHUTA JMHUN B uX criekrpax. Jlmsa 3Be3q — 310 JTUHMK
MOTJIOIICHUS, TSl 00IAKOB MOHM30BAHHOTO ra3a — JIMHUU U3TYYCHHUS
B onTu4eckoM croekrpe. ms oOnakoB X0J0ZHOro rasa, He U3Iydaro-
IIEr0 CBETA, MCIOIB3YIOTCS PAAUOIMHUM U3TyYCHHs Bogopoaa (mmm-
Ha BOJHBI 21 CM) WITH MOJCKYISPHBIX COCTUHCHUHN, TIPEKIE BCETO —
mosiekyibl CO; OONBUIMHCTBO 3TUX PATHOIMHUAN JICKUT B CAHTUMET-
POBOM M MHJIZTUMETPOBOM JHarna3oHax. Pasymeercs, n3aMepeHust JaroT
JWIIB BETUYHMHY MPOCKIMH CKOPOCTH Ha JIyd 3PEHHs, & BOCCTAHOBIIC-
HHUE IMOJTHOTO BEKTOPA CKOPOCTH TPEOYET OMPEACICHHBIX MPEIIOIIO-
JKCHHUI 0 XapaKTepe ABMKCHHSI OOBEKTOB.
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OreHka CKOpPOCTEH rasa M 3BE3J B raJaKTHKaX UMEET OJHY OCO-
OCHHOCTb. OOBEKTHI, CKOPOCTH KOTOPBIX OMPEICIIIOTCS, OOBIYHO HE
BHIHBI 110 OTACIBPHOCTH, TaK YTO U3MEPCHHS JA0T HEKOTOPHIC CPEX-
HUE 3HAYCHUS CKOPOCTEH B JAHHOM MecTe ranaktuku. [Ipu sTom kax-
Jas 3Be34a MU 00JaKo ra3a MOXKET UMETh CKOPOCTb, 3aMETHO OTJIH-
yaromyocs ot cpexHeil. [loaToMy 4acTo roBOpST HE O CKOPOCTH OT-
JETBHBIX OOBEKTOB, @ O CKOPOCTH rasa Wiv 3Be3] AAHHOTO THIA B OI-
PCACACHHOM 00/1aCTH raTaKTHUKH.

CkopocTH ABHIKCHHUS rasa W 3BE3J COCTABJISIOT OT HECKOJBKHX
JECATKOB KAIOMETPOB B CEKYHIY B KapJIUKOBBIX ranaktukax g0 200—
300 km/c (B peakux cayuasx — 10 400 km/C) B THTAaHTCKUX CHHPAIIb-
HBIX TaNaKkTHKAX.

Bce ranaktuku BpalaroTcs, HO HE Kak TBEPAbIC TENA: OpOUTAIb-
HBIA TIEpuoJ OOBEKTOB BO3PACTACT C YBCIHMYCHHEM PACCTOSHHS O
LeHTpa BpauieHus (LEHTpa Macc) ragakTukd. [Ipu 3ToM COBOKYII-
HOCTb 3BE3J W MEK3BE3JHBIN ra3 MOTYT MMETh Pa3iHYHbIC CKOPOCTH
BpAIlCHUS Ja)KC Ha OJWHAKOBOM PACCTOSHHM OT LICHTPA. XapakTep
BPAILUCHUS TaJAKTUK PA3THIHBIX THIIOB TAKXKE HE OJUHAKOB.

Kax u 3BE3xpI, cimpanbHBIC pyKaBa BPAaILIAOTCS BOKPYT LICHTPA
Macc, HO C TIOCTOSIHHOM (HE 3aBHCAINCH OT pacCTOSHHS IO LICHTPA ra-
JaKTUKH) YIJIOBOH CKOPOCTBIO, YTO O3HAYACT, YTO BPEMsI OT BPEMCHHU
3BE3IBI MPOXOIAT CKBO3b CIHpaibHble pykaBa. CuuTaercs, UTO CIu-
paNbHBIC pyKaBa SBJISIOTCS OOMACTSAMU MOBBIICHHON IIIOTHOCTH, WM
BOITHaMH II0THOCTH. Korma 3BE31pI MPOXOIIT CKBO3b PYKAB TallaKTH-
KH, OHH 3aMEIJISIFOTCSI, HECKOJIBKO YBETHYHBAS CPEIHIOK IIOTHOCTb
pykaBa. [logoOHbIE «BOJHBI», COCTOSINME U3 MEIJICHHO CAYIIUX Ma-
IIMH, MOYKHO VBHICTh Ha TCPEMONHEHHBIX Xoporax. B pesynpraTe
BO3HHUKAIOIICH HCOAHOPOAHOCTH TPABUTALMOHHOrO MOTCHIHAMA (=
10—20 %) @oroHsrOUMI?» MEXK3BE3AHBI Ta3 PasroHsCTCS 10
CBEPX3BYKOBBIX CKOPOCTEH M TOPMO3UTCS O «HabOerarouuii», oopasys
VIAPHYIO BOJIHY CO 3HAYMTEIBHO MOBBIIICHHOHW, MO CPaBHEHUIO CO
CPEIHCH, MIOTHOCTBIO. PykaBa 3aMCTHBI MOTOMY, YTO IOBBIIICHHAS
IJIOTHOCTh CITOCOOCTBYET (DOPMUPOBAHUIO 3BE3T, M3-32 HErO CIIH-
paNbHBIC PYKaBa HACEICHBI MOJIOIBIMU TOIYOBIMH 3BE3IAMHU.
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HexoTopseie cripaibpHbIe 1 HEMPaBUIBHBIC FATAKTUKH OTIHYAOT-
Csl SIPKUMH 3BE31000pa3HBIMU SIIPAMH U CHIIBHBIMH LIMPOKHMH JIH-
HISIMH M3IYYCHHS B UX Crekrpax. [lepBeiM oOpaTui BHHUMaHHE Ha
TaKyl0 OCOOCHHOCTb M BBIACIH/ TaJAKTUKH C 3THMHU MMPHU3HAKAMH B
otaenbublil k1ace B 1943r. Kapa Celidept, mo ero uMeH: OHU MOy~
YN Ha3BaHUE cel()EePTOBCKUX ralakTHK. BrocneacTBun okasanock,
YTO TAKUE TaNaKTHKH HM3IY4alT B  yIbTPadHOICTOBOM U
PEHTTCHOBCKOM auamna3one; B Hacrosiuee Bpemst (2006)akTuBHOCTH
Cei(hePTOBCKUX TaTaKTUK OOBICHICTCS NPUCYTCTBHEM B HX sapax
CBEPXMACCHBHBIX UYCPHBIX ABIP, HA KOTOPHIC MPOMUCXOAUT AKKPECLIUS
raJaKTH4eCcKOro rasa.

B 2003 roay Maiiknom [punkyorepom (Michael Drinkwater)is
yausepcutera Kuncaenaa (University of Queenslandjsir otkperr
HOBBIH BHJ TaJaKTHK, KIACCU(HUUPYEMbIH KakK yIbTPAKOMIIAKTHBIC
KapJIMKOBBIC TaTaKTHKH.

4.2. CTpyKTypa cnuparnibHOMN ranakTtukm

Ecth OCHOBaHMsI 1M0arate, 4TO CPEAM BCEX THIIOB IAJAKTHK HAH-
0osice cTaOMIBHBIMU 3BE3IHBIMH OOPA30BAHUSIMH  SIBJSIOTCS rajiak-
THKH CIIAPATBHOM CTPYKTYPHI, B TOM 4ucie u Hama [ amakruka. Takux
rajakTUK Mo CTaTucTuke BO BceemenHoi cymectsyer 6onee 60% ot
001ero uncna rarakTuk. Bee ocTanbHbIC TUITBI TATAKTHK — 3TO TC HITH
WHBIC TICPEXOAHBIC (DOPMBI, AMHAMIYCCKA HEyCTOHumBHIC. [loaTomy
LEe7eC000pa3HO PaCCMOTPETh UIMEHHO CTPYKTYPY CITUPAIbHOI rajgak-
THUKH Ha TIpuMepe Harei [amakTuky.

IlepBast monsiTka onpeaenuts Gopmy Mneunoro Iyt u momo-
xenne Connua B HEM Oblia mpeanpursaTa Yuibsmom [epuieaeMm B
1785roxy mpu mOMOINM TINATEIBHOTO MOACUYETA 3BE3M B PA3TUUHBIX
yuyactkax HebOa. Mcrmomb3yst yCOBEPLUICHCTBOBAHHBIN BapUAHT METO/A,
Kanreitn (Kapteyn)s 1920 roxy caenman BHIBOA O MaICHBKOH (xua-
metpoM B 15 kumonapeek) cruttocHyToi ranaktuke ¢ ComHiem BOIH-
3u rieHTpa. Jpyroii merox, ucnons3zosannsiii Xapioy [lemm (Harlow
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Shapley)u ocHoBaHHBIN Ha MOACYECTE INAPOBBIX CKOILICHHIA, Jaj CO-
BCEM JAPYIYIO KAPTHHY — IUIOCKUN JUCK AuameTpoM okomno 70 kuio-
napcek ¢ ComHuem, Haxog muMces Janeko ot ueHrpa. Oba uccieno-
BaHUS HE OBLIM TOYHBI M3-3a TOTO, YTO HE YUUTHIBAIHU IMOTJIOLICHUC
CBETa MEXK3BE3IHBIM ra3oM B IIOCKOCTH TanmakThkd. CoBpeMeHHas
kaptuHa Hameh ['amakrtuku mossunace B 1930 roxy, xorga PoGept
JToxymayc Tpymmaep (Robert Julius Trumplemsmepun stor 3¢ dexkr,
n3y4as pacnpelesiCHHE PACCESHHBIX 3BE3IHBIX CKOIUICHHUH, KOHLCH-
TPUPYIOIIUXCS B MIOCKOCTU [ amakTuku.

B 1944 roxy Xenapuk Bau ne Xymer (Hendrik van de Hulst)
MPEICKA3al CYILICCTBOBAHUE PATUOUIIYICHUS C JIMHON BOMHBEL B 21
CM, M3JIy4aeMOro MEX3BE3IHBIM aTOMApPHBIM BOJOPOAOM, KOTOPOE
obu10 0OHapykeHo B 1951 roay. D10 H3mydeHHE, HE MOrIOLAEMOE
MBLIBIO, MO3BONMJIO JOMOMHUTENBHO M3yuuTh ['amakTuky Onarozaps
JOIUICPOBCKOMY CMEIICHHIO. JTH HAOMIOACHHS MPHUBEIH K CO3IAHHIO
Momenu ¢ mepembrukoit B neHtpe [amakruku. BmocnexctBuu mpo-
rpecc paaroTEeIECKONOB MO3BONNI OTCICKUBATh BOJOPOX H B APYTHX
ramaktukax. B 1970x rogax crajgo MOHATHO, YTO oOwmias BUAMMAS
Macca ragakTuk (COCTosmast U3 Macchl 3BE3M M MEK3BE3AHOrO rasa),
HE OOBSCHSCT CKOPOCTH BPALICHHS raza. JTO HPHUBEIO K BBIBOAY O
CYILIECTBOBAHUN TEMHON MaTEPUH.

Hossie HabmoacHus, mpousseAaéunbic B Havane 1990x romos Ha
Kocmuueckom Teneckorne mMenn Xab0ma, mokasany, 4to TEMHAsT Ma-
Tepus B Hamed ['amakTike HeE MOXKET COCTOSTh TOJBKO M3 OYCHB Clia-
ObIx 1 Mambix 3BE34. Ha HEM Taroke OBLIN MOYyYEHBI M300PasKCHUS
Janékoro kocMoca, nomyumBmmie Hassanust Hubble Deep Fieldu
Hubble Ultra Deep Fieldjokazasmue o4eBHAHOCTS TOTO, YTO B Ha-
mcit BeeneHHOM CyImecTBYIOT COTHH MUJUTHAPAOB TaTAKTHK.

JaHHbIc MHOTOICTHUX HAOMIOJCHUIA U UX CTATHCTUYCCKOU 00pa-
OOTKM TO3BONIMIIN YSICHUTh (OPMATbHYIO CTPYKTYPY Hamen | amakTu-
ki (Mneunoro mytu) [3]. B Hacrosiimee Bpemst OCHOBHBIC CBEICHHUS O
HEU CBOJATCS K CIEAYIOLIEMY.

Bce xommoneHTHI ['agakTvKu CBsSI3aHBI B CAMHYIO TUHAMUYCCKYIO
CHCTEMY, BPAlIAIOLIYIOCH, KaK CYHTAIOT aCTPOHOMBI, BOKPYT Maloit
OCH CHMMETPHUH. 36MHOMY HaOIOJATEII0 OHA MPEIACTABISICTCS B BHIC
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MuIiedHOrO MyTH M BCETO MHOECTBA OTACIBHBIX 3BE3J, BUAMMBIX Ha
HeOe. ['anakTuka COCTOMT M3 MHOXKECTBA 3BE3J PA3TUYHBIX THIIOB, a
TaKXKE 3BE3JHBIX CKOIUICHHI W acCOLUALMi, ra30BbIX M MBUICBHIX TY-
MaHHOCTEH M OTAENBHBIX aTOMOB U YACTHL], PACCESIHHBIX B MC)K3BE3I-
HOM TIPOCTPAHCTBE.

B cocrase INamaktuku mmeercs mopsaka 10" 3Be3n, Gompmas
YacTh WX 3aHUMACT 00BEM JTHH3000pazHON (POPMBI C TOMEPEUHUKOM
okomo 100Teicsty 1 TommpHOM 0k0mo 12 Teicsy cBeToBhix siet (1 cBe-
ToBOI Tox = 9,463-16° KM), 1..10% M 1 10°° M cooTBeTCTBEHHO.
MeHbIuass 4acTh 3amofHAET MOYTH CEpUUCCKUil 00BEM PaauycoM
okono 50 ceerosrix ner (5-1G° m). IToBepXHOCTS MMAPOBOTO CKOILIC-
HUS —3TO CTAPbIC HKEITHIC 3BE3HI.

3HaYnuTeIbHAS YaCTh MOJOJBIX 3BE3J CKOHLICHTPUPOBAHA BOKPYT
HEOONBIION LCHTPAIBHOW 00IACTH, Ha3BaHHOW sapom [amakTukw,
IJIOTHOCTH 3BE3[ 34ECh HAUBBICIIAS IO CPABHCHHIO C APYrUMH obrac-
Tamu [amakTukm.

N3 sapa mcrmyckaercs MpOTOHHO-BOJOPOJHBIA Ta3, Macca KOTO-
poro cocrasaser nmpumepro 1-1,5maccer Conmama B rom, t.e. (2—
3):10® kr. CkOpOCTh HCITyCKAEMOro sApPOM Hamiei I'anakTuku rasa B
paauasbHOM HampasieHHH npumepHo, 50 km/c, 3Ta CKOPOCTh MagacT
B okpectHocTsx Comuua 1o 7 xkm/c [4]. U3 sapa BeIxoasT aBe crmpa-
7M1, B KOTOPBIX 3BE3JBl PACIIONOKCHBI KaK B CTCHKAX TPYyO; AajblIe OT
sapa HaxoAuTCs OOIbINE CTaphIX 3Be3[, OMIDKE K sAApY — OompLie Mo-
JOABIX, OJHAKO B CHOHPATIX €CTh BKPAIUICHUS, B KOTOPBIX TAaKKE
HMCIOTCSI HEOOMBIIHNE CKOIIJICHUSI MOJIOABIX 3BE3 .

B cnmpansx mmeercst c1aboe MarHUTHOE MOJIE, KOTOPOE HAYMHA-
eTcs OT sApa U okaH4uBacTcs Ha nepudepun [NamakTiku, HE 3aMbIKa-
scb. DTO MarHuTHoe moje Obuto oOHapykeHo B 1949r. Xomnom u
XuITHEpPOM Ha OCHOBE HaOmrOACHMI momspusanmu csera [5]. Hanps-
JKCHHOCTb MAarHHTHOTO IOJSl CIHUPATBHBIX PYKAaBOB lanakTuku co-
crasasier 10-25mkI'c [6-17]. B pabore [7] ykaseiBactcst Ha CBsi3b
3Be30000pa3oBaHus ¢ MarHUTHBIM moneM [ anakruku. Mmerorcst pas-
JVYHBIC THIIOTE3Bl O MPOUCXOKACHUH MATHUTHOTO MOMS CIHPATBHBIX
PYKaBOB, B YACTHOCTH, BBICKA3bIBAIOTCS MPCATIOIONKEHHUS O TOM, YUTO
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MarHUTHOE TOJIC SIBJSETCS CICACTBUEM TYPOYIH3aLUU MEK3BE3THOTO
rasa.

Cnupaimu HaXOAATCsl B OOIICH TTOCKOCTH, B OTOU K€ ILIOCKOCTH
HAXOOUTCS TEMHAs MOJI0CA rasa U MbLIH, HAXOMIIIASLC C Hapy»KHOM
CTOPOHBI CITUPATIEH.

Bce xommoHeHTH! ['afnakTHKy CBSI3aHBI B CAMHYIO AUHAMHYCCKYIO
CHCTEMY, BPAlIAOLIYIOCH, KaK CYHTAIOT aCTPOHOMBI, BOKPYT Maloit
OCH CHMMETPHUH. 3eMHOMY HaONIOJATEII0 OHA MPEACTABIISICTCS B BHIC
MutedHOrO MyTH M BCETO MHOMECTBA OTACIBHBIX 3BE3J, BUAMMBIX Ha
HeOe. ['anakTuka COCTOMT M3 MHOXKECTBA 3BE3J PA3TUYHBIX THIIOB, a
TAKXKE 3BE3OHBIX CKOIUICHHI W acCOLUALMi, ra30BbIX M MBUICBHIX TY-
MaHHOCTEH M OTAENBHBIX aTOMOB U YACTHL], PACCESIHHBIX B MCXK3BC3I-
HOM TIPOCTPAHCTBE.

B cocrase INamaktuku mmeercs mopsaka 10" 3Besn, Gompmas
YacTh WX 3aHUMACT 00BEM JTHH3000pazHON (HOPMBI C MOMEPEUHUKOM
okomo 100Teicsty 1 TommpHOM 0komo 12 Teicsy cBeToBhix siet (1 cBe-
ToBOI Tox = 9,463-16° KM), 1..10% M 1 10°° M cooTBeTCTBEHHO.
MeHbIuass 4acTh 3amonHAET MOYTH CEpUUCCKUl 00BEM PaguycoM
okono 50 ceerosrix ner (5-1G° m). IToBepXHOCTS MMAPOBOTO CKOILIC-
HUS —3TO CTAPbIC HKEITHIC 3BE3HI.

3HaynuTeIbHAS YaCTh MOJOJBIX 3BE3J CKOHLICHTPUPOBAHA BOKPYT
HEOONBIION LECHTPAIBHOW 00IACTH, Ha3BaHHOW sapom [ amakTukw,
IJIOTHOCTH 3BE3[ 34CCh HAUBBICIIAS IO CPABHCHHIO C APYrUMH obrac-
Tamu [ amakTukm.

N3 sapa mcryckaercs MpOTOHHO-BOJOPOJHBIA Ta3, Macca KOTO-
poro cocrasister, npumepHo, 1-1,5 maccet Comuma B roa, T.6. (2-
3):10® kr. CkOpOCTh HMCITyCKAEMOro sAPOM Hamici I'anakTuku rasa B
paauaIbHOM HampaBiieHuH, nmpumepHo, SOkm/c, 3Ta CKOpOCTh MagacT
B okpectHOCTx Cosaia 10 7 xm/c. U3 sapa BHIXOAAT ABE CHvipand, B
KOTOPBIX 3BE3JbI PACIIONIOKEHBI KaK B CTCHKAX TPYO; Aanblle OT sapa
HAXOIUTCS OONBIIE CTAPBIX 3BE3H, OMMKE K sApy — OONbIIEe MOTOABIX,
OJHAKO B CIHUPATSIX €CTh BKPAIUICHUS, B KOTOPBIX TAKKE UMEIOTCS
HEOOJBINNE CKOINICHHUS MOJIOABIX 3BE3.

B cnmpansix mmeercst c1aboe MarHUTHOE MOJIE, KOTOPOE HAYMHA-
eTcs OT sApa U okaH4uBacTcs Ha nepudepun [NamakTiku, He 3aMbIKa-
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scb. DTO MarHuTHoe moje Obuto oOHapykeHo B 1949r. Xomnom u
XUATHEPOM Ha OCHOBE HAOMIOACHUI nonsipu3aunu csera. Hampspken-
HOCTb MAarHUTHOT'O MOJISI CIIUPATTBHBIX PYKaBOB [ ajJakTHKy cocTaBisieT
10-25wmkIc [6, 7, 18].B pabGote [7] yka3biBacTcs Ha CBsI3b 3BE34000-
pasoBaHusl ¢ MarHMTHBIM mojdeM [amaktuku. MImerorcs pasnudHbie
TUIOTE3Bl O MPOHMCXOKICHUU MATHUTHOTO MOl CHHPANBHBIX pyKa-
BOB, B YACTHOCTH, BBICKA3bIBAIOTCS MPEAMNONOKEHHUS O TOM, YTO Mar-
HUTHOE IIOJIE SIBIIETCS CIEACTBHEM TYPOYIM3ALMU MEX3BE3IHOTO
rasa.

Crmpamn HaxomsTcs B OOIIEH IUTOCKOCTH, B 3TOH K€ IIOCKOCTU
HAXOOUTCS TEMHAs MOJIOCA rasa U MbLIH, HAXOMIIIASLC C Hapy»KHOH
CTOPOHBI CITUPATIEH.

4.3. Kpyroo6opot achupa B cnupanbHON ranaktuke

C y4eToM HM3MO0XKEHHOT'O BBIIIC MPEICTABISICTCS CICAYIOIIUI Me-
xaHm3M 3¢upooOMeHa BHYTpH [ amakTuky, KOTOpBIH M oOecmedmt
CO3aHUE UMCIOIICHCST CTPYKTYpHI (puc. 4.1).

Ctpyu 3dupa, nepeMernaromuecs mo CHHpaIbHBIM pykaBam [ a-
JAKTHKH OT mepu()epud K SAPY, BPHBASICh HA BBICOKOH CKOPOCTH TO-
psAKa NECATKOB THICSY KHIOMETPOB B CEKYHAY U XaOTHUCCKH Iepe-
MEIIUBASCh, OOPA3yIOT MHOTOYUCICHHBIC TOPOUAATIbHBIC BUHTOBBIC
BHUXPH, KOTOPbIE, CKUMASICh, OMHOBPEMCHHO ACTATCS M, B KOHLIC KOH-
110B, 00pa3yroT MPOTOHHEIH ra3 [9-12].

Kaxnpiit mporoH obpasyeT BOKpYr ceOsi MPHUCOCTUHCHHBIA BIXPb
3(upa — 3ACKTPOHHYIO ODOIOUKY, YeMY CIIOCOOCTBYIOT COYIApPCHHUS
MPOTOHOB JAPYr ¢ ApyroM. B pesynprare oOpasyercss NPOTOHHO-
BOJOPOIHBIN ra3, KOTOPBIH, pacmupssAch, yaausercs u3 sapa [amax-
THKH.

[IpoTOHHO-BOAOPOIHBIN Ta3, KOHLECHTPUPYSCh Omaromaps BO3-
HUKIOUM CHJIAM TPaBUTAINH, COOMPACTCs B 00JIaKka, KOTOPBIC, CxKUMA-
siCb, 0OPa3yIOT 3BE3Ibl. 3BE3Abl HMCIOT PAIHATIBHYIO COCTABIISIOLIYIO
CKOPOCTH, MOCKOJBKY Ta3, 00pa3oBaBLIMIA UX, TAKYHO CKOPOCTh YKE
HMeET, U YIASIOTCS OT SIAPA € TOH JKE CKOPOCTBIO, YTO H ra3, T.. CO
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ckopocThio mopsaka 50 km/c. YacTh 3TuX 3BE31 MONAIACT B CIIHPATb-
HBIC PYKaBa, a YaCTh B HUX HE MOMAIaCT.
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Puc. 4.1.9¢pupoquHaMudeckasi CTPyKTypa CIUPAIbHON FAJIAKTUKH: @ —BUJ
Ha IUIOCKOCTh; 6 —BUJL COOKY.

Te 3Be3/1bI, KOTOPBIE MONATH B CIIUPAIBHBIN PYKaB, ABIDKYTCS Ha-
BCTpeuy S(UPHOMY MOTOKY, MPUTEKAIOIIEMY B SIIPO OT mepudepun
lamakruku. OOpa3oBaBiuascs, HO €IIe MOJTHOCTBIO HE C(OPMHUPOBAB-
mascCsa 3BE3aa UCHBITBIBACT COIPOTUBJIICHUC CBOCMY ABMMKCHUIO, Ha
MPEOAOJIEHUE KOTOPOr0 OHA TPATUT YACTh CBOEH KMHETHUIECKOM SHEP-
ruy, a, KpoMC TOroO, BHYTPH IIOTOKa CKOPOCTHU 3(1)Hpa HC OAUMHAKOBBI, U
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3Be3[a HAYMHACT 3aKPY4HMBATHCS 3TUM NMOTOKOM. B cBsi3u ¢ TeM 4to
3Be3[a MPOJODKACT CKUMAThCS TPABUTALIMOHHBIMU CHIIAMH, TO Ha-
KOILJICHHBI MOMCHT KOJIMYECTBA ABMIKCHUS 3aCTaBISIET €€ camopac-
KPY4HBAThCS, YTO MPUBOJHUT K YCKOPEHHOMY BpalleHuo. B pesympra-
T€ €€ IOBEPXHOCTh CTAHOBUTCI HEYCTOMYMBOM, HA HEW BO3HUKAET OJI-
HA WM HECKOIIBKO MPHIMBHBIX BOJH, OTPHIBAIOLIMXCS OT Hee. Macca
OTOPBABLICTOCS BEIICCTBA y>KE UMECT BHYTPEHHEE BpallICHUE, U3 HEe
HAYMHAIOT (OPMHUPOBATHCS IIIAHETHI, OPOUTHI KOTOPBIX JIEXKAT B
IJIOCKOCTU dKBaropa 3Be3abl. llpu stom Be3me Oyaer obGecreueHO
MpSIMOE BpAILCHHE, T.C. BPAIICHHE OPOUT M CHOPMHUPOBABIIMXCS I11a-
HeT OyIeT MPOUCXOANTh B IUTOCKOCTH 3KBATOpa 3BE3IBI U NMETh Ha-
MpaBICHUE BPAILCHUS TO K€, YTO M cama 3Be3Ja. Bce 3Be3abl, Haxo-
Jsyecs BONMU3K APYyr APYra, BPaINAlOTCs B OTHY U TY K€ CTOPOHY,
3BE3Ibl, HAXOASALIMECS HAa MPOTHBOMIOJNOKHBIX CTOPOHAX CIHPAIH,
JIOJDKHBI BPALIAThCS B MPOTHUBOIOIOKHBIC CTOPOHHI.

J¢upHbIA TOTOK, JBUTAACh MO CHHPATBHOMY pykaBy | anaktuky,
o0pasyer CTPYKTypy THHA TPyObl, Bpamasch BOKPYI OCH CIHPATH.
ITpu moxxoxe k sapy 'amaktuku 3pUpHBIA MOTOK CYyKaeTcsl, YBEIHU-
YHBACT CKOPOCTh M HM3MCHSCT HAIPABICHUE C TAHTCHLHAIBHOTO Ha
ocesoe. Bo BHemHe# obnacti TpyObl 0Opa3yeTcst MOrpaHuyHBIN CIIOH,
HE TMO3BOJSIOUMHA 3)HUPY HOKUHYTh TEIO TPYOBI, a LEHTPOOESKHAs
CHJIa BBITOHSCT 3QHUP K cTeHKaM TpyObl. [losToMy B cTeHKax cru-
PaNBHBIX PYKAaBOB IFIOTHOCTH 3(HUpa BBILIC, YEM BHE CITUPATBHBIX PY-
KaBOB WM BHYTpH HUX. IMCHHO B CTCHKAX rpaJHEHT CKOPOCTH 3(upa
OTHOCHTEIIPHO BEIUK, MO3TOMY 3B€3[a, KOCHYBIIASCS JAXE Kpas
CTCHKH, OYIET 3aTeM 3aCOCAaHA B CTCHKY TPYOBI. ITHUM U OOBSCHSIETCS
TOT (hakT, YTO 3BE3ABI B CIUPATBHBIX PYKaBaX HAXOISITCS MMCHHO B
UX CTeHKaxX. BHemHeMy HaOmOAaTEmo 3aKpyUCHHbIH MOTOK 3¢upa B
COHPATBHBIX PYKaBaX JOJDKCH MPEACTABIATHCS KAaK MArHUTHOE TIOJE.

Pacuer nokaseiBaet, 4To OCEBOE CMELICHUE 3(Hpa COCTABISICT B
paitore Conreunoii cucrems Bcero 10°>-10°m/c. I10 o3Hauaer, uro
3a oXMH OOOPOT BOKPYT OCH CIHPATBHOTO pykaBa 3(pHp OKa)ercs
cvemennbM K spy Ha 10°-10° km. B paiione e sapa CrimpaibHbIe
PYKaBa CYIIECTBCHHO YMEHBINAIOT IUIOLATb MOINCPEUHOIO CEUCHHS,
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YTO BBI3BIBACT 3HAYUTCIBHOC (Ha HECKOJIBKO MOPSAIKOB) VBCIMUCHHC
TeueHuUs 3(hupa B OCCBOM HAMPABJICHUU.

Taxkum oOpa3om, B mpeAeiax COHPAIbHOTO pykaBa MOTOK 3dupa
JBIDKETCS [0 CIIMPAITH ¢ TIEPEMEeHHBIM marom (puc. 4.2,a), 4to Harmo-
MHHACT KapTHHY CTOKA BOABI B BaHHOU (puc. 4.2,0).

7 C"%;/
I \ \
a) 6)
Puc. 4.2.]IBm:keHne Mo cnypaJjii ¢ epeMeHHbIM MAroM: a — JIBIDKeHve d(u-

pa B CIIMpaJIbHOM pyKaBe FaJ'IaKTI/IKI/I; 0 — JIBMDKEHHE BOJIBI IIPU CTOKE B OTBEPCTUE

Kak u B kaxmoli ctpye rasa, o MoBEPXHOCTH MOTOKAa 00paszyercs
MOrPAHUYHBII CJIOH, B KOTOPOM HMEETCS TPagdeHT CcKopocTtu (pwc.

4.3,q).
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Puc. 4.3. Teso B rpaameHTHOM MOTOKe d1pa: a — MepeMelleHre Tena B 00-
JaCTh HaUOOJIBIIIEr0 I'paJueHTa CKOPOCTeil ra3oBoit CTPYH; 6 — CO3/[aHIEe BpalaTellb-
HOTO JBIDKEHMS Tejla B TPAJMEHTHON cTpye Traza
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OG6pazoBaHHast B LieHTpatbHOU oOnacTy 3Be3aa OyJeT 3aTsHyTa B
3TOT MOTPAHUYHBIN CJIOM, TaK KaK JABICHHUE d(upa CO CTOPOHHI rpa-
JMEHTHOTrO TeueHHs OyaeT wmeHbine. JIrobas 3Be34a B MOrpaHHYHOM
CIIOC OKAXKETCSl TOJ BO3ACHCTBHEM 3(HPHOrO MOTOKA, HMEIOIICTO
IPagUCHT CKOPOCTH, YTO BBIHYIAWT €€ HAYaTh BPALIATCIBHOC IBHIKC-
HHUE, OChb KOTOPOrO HAINpPABICHA MEPICHIUKYISIPHO HANPaBICHHIM
ckopoctu u rpaaueHra (puc. 4.3,0).

Ha ¢ororpadusx cnupaipHBEIX ranakTUK BUAHO, YTO BOIH3M sapa
IJIOIAAb CCUCHUS CITUpajcH COKpallaeTcs HE MCHEE, YeM Ha Mops-
Jgok. Eme Ha oguH mopsiaok cokpaTuTrcs TonmuHa motoka d¢upa. C
VUETOM HM3MCHCHHS HampaBlicHHs 3(QUPHOTO BETpa B paiioHE sapa
HY>KHO M0JIaraTh, 4TO CKOPOCTh 3(PMPHOTO BETPa B CAMOM SAPE COCTa-
BUT HE MeHee 4eM 1 Teic. kM/C, a IIOTHOCTh d(Hpa YBEIUIUTCS HE
MCHCC, YEM Ha OJVH HOPSIIAOK U COCTABUT 107 xr/n®,

K Tomy Bpemenn, xorga 3Be3za, mepeMeInasch Mo HHEPLHH, OKa-
JKeTcsl Ha Kparo ['anakTHkH, HYKIOHBI, 0Opa3yrOIIUe BEIIECTBO 3BE3-
Il U €€ IUTAHET, MOTEPSIIOT 3HAYUTEIBHYIO YacTh HEPIHH M pacma-
JOyTCsl, BEpHYB 3(up, ux odpa3yromuil, B CBOOOJHOE COCTOSIHUE.

PacTBopenue BemecTa B 3pupe MOKET MPOUCXOTUTh CHOKOWHO,
a MOXKET HOCHTh M B3phIBHOU Xapaktep. Ilocmemnee cBsizaHO C TeM,
YTO MOTEPSBLIMI SHEPTHIO MPOTOH YBEIMYUBACTCS B pa3Mepax, cooT-
BETCTBECHHO YBEIMYHBACTCS M €ro BHyTpeHHee oTBepceTue. CocrosHne
aToMa CTAHOBHTCSI HCYCTOHYMBBIM, IPH HEOOIBIIOM  BO3MYILCHHUHU
3(UPHBIA MOTOK MPHCOSAUHEHHOTO BUXPSI MOXCET M3MCHHUThH HAIPaB-
JICHUE 3aMbIKAHHS U BHOBb, KaK 3TO OBIJIO HA MEPBOH CTaAUU CO37a-
HUSl TIPOTOHA, 3aMKHYTbcs uepe3 ero meHtp. [Ipomecc 3meck Toxke
JOJDKCH HOCHUTD JIaBHHHBII xapakrtep. Toraa 1octaTodHo OBICTPO BCs
3BE3Ja OKAXKETCS COCTOSIICH W3 HOHH3MPOBAHHOTO Ta3a, KOTOPBIN
HUYEM HE YICP)KUBACTCS. 3BE34a B3PBIBACTCS, YTO M MOXKET SIBUTHCS
MPUYUHOM B3PHIBA TAK HA3BIBACMBIX CBEPXHOBBIX» (2 TOYHEE, CBEPX-
crapbix) 38e31. OJHAKO MOCTEIIEHHOE PACTBOPCHUE BEIECTBA OBIBACT,
BHANMO, Yale, YeM JIaBUHHAsSI HOHU3ALMSI BCErO BernecTna 38e316l. Ha
STOM CYIIECTBOBAHHE 3BE3[, NOMABIIMX B CIIHPAIbHBIC PyKaBa rajiakx-
THK, IPEKPAINACTCS.
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3Be3pl, HE MOMABIIME B CIIUpPATIbHBIC PyKaBa TalakTUKH, Oojee
WJIM MEHEE PAaBHOMEPHO PaCHPEAEIISIOTCS B TEIECHOM YIJIE M JBUTA-
FOTCSI TTO PAgUyCy OT siApa, 00pa3ysl MapoBOE CKOINICHUE BOKPYT sSapa.
OHU HE UCOBITHIBAIOT HA CBOCM ITyTU COHPOTUBICHHUSI BCTPEUHOTO
[TOTOKA, OHM HE BPAINAIOTCS U COOTBETCTBEHHO HE MOTYT MMETh ILIa-
HETHBIX cucTeM. [lockonbky Ha paHHEHW CTaxUM OHM HE OMBIBAJIHCH
3(UpPHBIM MMOTOKOM, TO HUKAKOTrO JAOMONTHUTEIBHOTO I'PAANCHTA CKO-
pOCTEl X HYKJIOHBI HC UMCITH, TIO3TOMY MX YCTOWUUBOCTH HIDKC, YCM
y IIPOTOHOB, ITONABINMX B CIMpPATIbHBIE PyKaBa. Bpems cymecTBoBa-
HUSl HYKJIOHOB 3BE3[ INAPOBOTrO CKOIUICHUS JOJDKHO OBITh MEHBIIE,
YeM Y 3BE€37, HAXOSINUXCS B CIHPAIBHBIX pykaBax ramaktuk. Cra-
PCIOT 3TH 3BE3BI OJHOBPEMEHHO, a 3aTEM PAcTBOPSIOTCS Ha mepude-
puu mapoBoro ckorureHus. I1o3ToMy Ha TOBEPXHOCTH IIAPOBOTO CKO-
IIJICHUS BCE 3BE3.IBI CTaphIE.

PactBopenue B 3¢dupe BemecTsa 3B€3] IMAPOBOTO CKOIICHUS CO3-
JAcT Ha TMOBEPXHOCTH LIAPOBOrO CKOIUICHHS H30BITOYHOC IABJICHHE
s¢upa. B To ke BpeMs B IUIOCKOCTH T'aJaKTHKH CIHMPAIbHBIC PYKaBa
CO3JAI0OT MOHIDKCHHOE JAaBJCHHE d(Upa, MO3TOMY BECh U3OBITOUHBIN
3(uUp ¢ HOBEPXHOCTH IAPOBOT'0 CKOIICHHUS YCTPEMIIIETCS K OOKOBBIM
ITOBEPXHOCTSIMH CHHMPATIBHBIX PYKABOB U Jajee MPUHIMAET yIaCTHE B
obuiem moroke. [lotoku a¢upa, uaymKe OT MAPOBOrO CKOIUICHUS K
CIAPATbHBIM PyKaBaM TaJaKTUKHA 3aXBATHIBAIOT B CBOCM JBIDKCHHH
ra3 W IBIIb KOCMHYECKOTO IMPOCTPAHCTBA M COCPEJOTOYMBAIOT ITY
MacCy B IUIOCKOCTH TaJaKTHKH, MTOCKOJIBKY MMEHHO 37ECh OKa3bIBa-
FOTCsL 00/1aCTH ¢ MUHMMAJIBHBIM JABJICHUCM M MaKCHMAaJbHBIMHU Tpa-
JUCHTAMH cKopocTeld 3¢upa. TakoBO, BEPOITHO, MPOHCXOXKICHHE
TEMHOU ITOJIOCHI BJIOJIb PYKABOB CIHPATBHBIX IATAKTHK.

B I'amakTike mMeeTcs COrIacoBaHHOE JBIKEHHME BCEX €€ KOMIIO-
HEHTOB — BCIIECTBA B BUJAC raza U 0Opa30BaHHBIX MM 3BE3, C OJHOI
CTOPOHBI, U TIOTOKOB 3¢upa, ¢ APYroi. ITo ABIKCHHE YCTOHYUBO U
MOJKET AIUTHCS CKONb YTOXHO JOJTO, IIOKA CTOIKHOBEHHE KOMET B
HEH WK B COCCIHCH raJakTUKE HE MPUBEACT K CO3JaHUI0 HOBOH 00-
JacTU BUXPeoOpa3oBaHus, KOTOpast MPH JOCTATOYHO OOJNBILINX pa3Me-
pax u OOMpLION HaYaNbHOU YHEPTUU HE OKAKETCS YCTOHYMBOM, TOTAA
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3Ta 007aCTh MOCTYXKHUT HAYATIOM POXKICHUS HOBOH T'aJIAKTHKH H BO3-
MOYKHO MPUBEIET K M'HOCTH YK€ CYIIECTBYIOIIYIO.

Taxum oOpaszom, B Hatueli | 'agakTuke, SBISIOLICIHCS TUIIOBOU ra-
JAKTHKOM CIHPaIbHON CTPYKTYPBI, OCYIIECTBISICTCS KPYrooOOpOT
a¢upa: ot sapa [anaktuku k nepudepun — B cocTaBe 3BE3A H MEXK-
3BE3JHOTO rasa, oT nepudepuu K sapy — B BHAC MOTOKA CBOOOJHOTO
a¢upa, Toro camoro <«@pupHoro Berpa» («ether drift»),mo mosoay
KOTOPOI'O TaK MHOTO OBbIIO OaTaIvii.

Craeayer oOpaTuTh BHIMAHHE HA TO, YTO B CIIUPATBHOM ralakTHKE
OCYLIECTBISICTCSl YCTOMYMBBINA KPyroodopot 3¢dupa, KOTOpBIA MOXKET
JUTATHCS. HEOMPEAETICHHO JOIT0 — COTHH U THICSMU MHJUTHAPIOB JIET, a
MoOr ObI JJIUThCS U BEYHO, €Cii Obl BO BCeneHHON HE cylecTBoBamu
JPYTHUE MPOLECCH, O KOTOPBIX PEUb MOWIET HIDKE.

ConHeuyHas cucteMa CyIIeCTBYeT mpuMepHo 5,5 mpa. ner [14], a
paccrosinue, Ha kotopoM CoJHE4Has cHCTEMa OTCTOMT OT siapa ['a-
JaKTUKH, COCTAB/SIET MPUMEPHO 2/3 ragakTU4ecKoro paamyca, He-
TPYAHO MOJCYHUTATE, YTO MPH PABHOMEPHOU CKOPOCTH ABIIKCHUS 00-
ICC BPeMsl YCTOHYMBOCTH BewiecTBa cocraBisier 8—10mpa. ner.

Ecmu ke yuecth, 4TO B cocTtaB l'ajqakTHK{ BXOTUT MPHMEPHO
8-10° 3Besx co cpeameii maccoii, pasHoii Macce CoHI, TO BpeMs
YCTOMYMBOCTH BEIIECTBA MOXET OBITh ompenencHo u kak S50 mupa.
aet. Takyro pasHUIY O BPEMEHHM YCTOHYMBOCTH BCLIECTBA MOYKHO
OOBSCHUTP HEPABHOMCPHOCTBIO IBIDKCHHS 3BE3J OT siApa K mepude-
PHH, 3aMEATICHUEM STOrO ABIDKCHHMS, YTO BUJHO V)K€ HA MPHUMEPE H3-
aygaeMoro u3 sapa [amakruxu raza.

Bosnukaer Bompoc, Bpammaercs 1 Hama ['amakTuka, Tak xe Kak u
JpPYTUE CITUPATIbHBIC TATaKTUKA?

Kax n3BecTHO, 0 BpallleHUH TajJaKTHK HCCICIOBATENN OO CUX IOP
CYIHITU TIO ABMDKCHHIO 3BE3] BOKPYT LeHTpa. OJHAKO ecau CyAUTh 0
MEPEMEIICHUIO 3(PUPHBIX CTPYH BHYTPH CIIMPAIbHBIX PYKABOB, TO BbI-
BOJ JOJDKEH OBITh Apyroii: I'anakrtrka Bpamaercs, HO B IPOTHBOIIO-
JIO’)KHOM OTHOCHTENBHO ABHIKCHUS 3BE31 HampasicHHU. |IpaBUibHBIM
OyzaeT Takol BRIBOA: pykasa ['aJakTHKy B MPOCTPAHCTBE B OCHOBHOM
COXPaHSIIOT CBOC MOJIOKCHHE HEHU3MECHHBIM, 3BE3Jbl B HUX MEpeMe-
MIAFOTCS OT sApa K nepud)epud, a MOTOKU 3Qupa B CHHUPATBHBIX PyKa-
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Bax JBIDKYTCS B OOpaTHOM HampaBiICHUHU. 1O k€ MPOHCXOAUT M BO
BCEX APYTUX CHUPAIBHBIX FaJaKTUKAX.

4.4. Mopdornormnueckas Krnaccudukaumm ranakTmk

K HacrosimmeMy BpeMEHM OIMPEACTICHBI OCHOBHBIC THITBI IAJaKTHK
U 3BE3JHBIX 0Opa3oBaHuii B Habmoxaemoi Beenennoit [23—45].

Mopddonoruueckast knaccupukarys ralakTHK, KOTOPYIO MPEAIo-
)kun B 1922 1. amepukanckuii actpoHoM J.Xab011, HocHT (opMaib-
HBI XapakTep, MOCKOJIbKY TaJaKTHKH PacKIacCH(ULIMPOBAHBI 10
BHEUHEH (opme (CrppanbHbIe, DIUTUITHYCCKHAE, UPPETy/SIPHbIC, T.C.
HE MpaBUIbHBIC, U T.IL.). Bropas xmaccupukanm Xad6maa ornugaercs
OT TEPBO HEKOTOPBIMHU JOMOIHEHUSIMH, HO He cyinectBoM [19]. To-
crenyromue asropsl Bar nen bepr, Bokynep, e n apyrue yrod-
HSUTH Xa0OTIOBCKYIO Kiaccu(pukanuio, oOpamaiy BHUIMAHIE HA TC UIH
MHBIC JACTAJIH, OXHAKO M B OCHOBE MX KIACCHU(HKALIH JICKATH OOIbIIE
(opmapHbIC, HEKEITU CYIIHOCTHbIC, MpHHLMITEL (prc. 4.4).

B coorBercTBUU ¢ 3TUMH KTACCH(HUKALISIMA BCE BUABI TATAKTHK
JCTISATCS HA CIICAYIOIIHE:

1) cnupanvhbie ranakTHKWA, XapaKTECPHBIC ABYMSI CPABHUTEIBHO
SIPKMMH BETBSIMH, PACIIOJI0KCHHBIMHU BOKPYT siIpa Mo cnupanu. Bersu
BBIXOAT MO0 U3 SPKOro siapa (Takue rajakTHKH 00O3HAYaAKTCI S),
1100 U3 KOHIIOB CBETIION TICPEMBIYKH, TICpeceKaromieii sapo (o6o3Ha-
qarorcst SB);

2) anaunmuyeckue ranaktuku (E), mveroume Gopmy smtumncou-
J10B,

3) uppezynsapusie (Henpasuabhbie) radaktuke (l), nmeromue He-
MPaBUIBHYIO (HopMy.
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Cnupa/lebl@ CANAKMUKYU

Dnaunmuueckue eanakmuxi

-,

Henpasunvrvie
eanaxmuxy

SBb *-aﬁw

EO B3

Crnupanvusle canaxmuxi ¢ 6apom

Puc. 4.4. Mopdonoruueckasi Kiaccupukanium raJaktuk mo Xaooumy: pas-
JIMYHBIE TUIIBI TAJIAKTHK PACIIONOKEHbI Ha CXeMe TaKUM 00pa3zoM, UTO OTHOCUTEIbHOE
coJiepKaHKe B HHX I'a3a M MOJIOJIBIX 3B€3] YMEHBIIIAETCS CIeBa HAIIPaBo.

ITo cTemeHn KIOYKOBATOCTH BETBCH CITUPAIbHBIC TAJAKTHKU pas-
JCTSIFOTCSL HA TOATUNBL ¢, D 1 ¢. Y MEPBBIX U3 TAKHUX TaJaKTHK BETBH
aMOp(dHBI, Y BTOPBIX HECKOIBKO KIOYKOBATHI, Y TPETHUX OUCHb KJIOU-
KOBAThI, a SAPO BCETAA HESIPKO M Mano. Y CTAHOBJICHO, YTO KJIOYKOBA-
TOCTh CITUPATBHBIX BETBCH M MX TONYOH3HA PACTYT C MOBBIIICHUEM B
HUX TFOPSYUX TOXYyOBIX 3BE3[, UX CKOIUICHUH U JUPPY3HBIX TYMaHHO-
creid. LleHTpanpHas mapoBasi YacTh CIHPATBHBIX TaJaKTHK >KENTee,
YEeM BETBH, M COACPIKAT CTAapbic 3Be3Abl (HACEICHHE 2-TO TUIA) U TO-
raa Kak IJIOCKUE CIUPATbHBIC BETBU COCTOST M3 MOJOIBIX 3Be31 (Ha-
ceaenue 1-ro tuma). [T10THOCTE 3BE31 pacTeT ¢ MPUOTIKCHUEM K JK-
BaTOPUANBHON IOCKOCTH. CUHMTAEeTCs, YTO CIHPAIBHBIC TaJaKTUKU
BpAINAIOTCS BOKPYT LICHTPA TaaKTHKH, HA nepudepuu yrioBas v Ju-
HEWHAs CKOPOCTH YOBIBAIOT. B crimpanbHBIX ranakTHKax sapa UMEIOT
mbo mapoByio dopmy, mubo dhopmy Opycka (bapa), U3 KOTOPBHIX U
HCXOJST BETBU CNUPATIBHBIX FAIAKTHK.
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B Hacrosiee BpeMst OTKPBITBI KOJNBLEBBIC U AUCKOBUIHBIC TaNIaK-
THKH CO BCEMH IPaJalisiMi OOMIHSI TOPSTYHX 3BE31 U MbLIH. OTKPBITHI
SIUTMIITHICCKUE KAPJIMKOBBIC TATAKTUKA C HU3KOW MOBEPXHOCTHOMU
SIPKOCTBIO, & TAKXKE MHOJKECTBO JATCKHX KOMITAKTHBIX FAJIAKTHK C OT-
POMHBIMH KpacHbIMH cMemeHnsiMu. Ho Hambomee KOMIAKTHBIC U3
HHUX UMCIOT roiyOoBaThiil 1BeT. Te U3 HUX, KOTOPBIC 00IaAIOT MOLI-
HBIM He Menl08blM PAINOU3IYUCHACM, Ha3bIBAIOTCS N-ranakTHKaMu.
3Be31000pa3HbIc HCTOYHUKH C TAKHM HM3ITYyYICHUEM HA3bIBAIOTCS KBa-
3apamu (KBa3W3BE3AHBIMU PATUOMCTOYHUKAMH), & TATAKTHUKH, 0071a-
JAFOLINE MOLIHBIM PAAUOU3TYYCHHEM H UMCIOIINE 3aMCTHBIC YTIIOBBIC
pasMepsl, — paauorajakTukamMu. Te U3 HHUX, KOTOPBIE UMEIOT 0C000
MOIIIHOE HETEIIIOBOE PaIHON3TYICHHE, 00NaIa0T MPCHMYLIICCTBCHHO
SJUTANITHYCCKON (hOPMOIA, BCTPEUAIOTCS U CIUpaIbHbIe. B ramakrukax
Ceiidepra MMEIOTCS MOLIHBIC BBIOPOCHI ra3a M Cnaboc HETEMIOBOE
pagHoHn3IyuCHHE.

Hapsiny ¢ ramaktukamui B KOCMHYECKOM IMPOCTPAHCTBE CYLIECT-
BYIOT TOYCUHBIC PAAUOUCTOYHHUKH, ONITHYCCKH HEBUAUMBIC. Bpemst ot
BPEMCHHU B3PBIBAIOTCS TaK HA3bIBACMbBIC CBCPXHOBBIC 3BE31BI, MOILI-
HOCTh H3JIYYCHUS KOTOPBIX BecbMa BBICOKA. CYIICCTBYIOT TaKKe
MyJIbCApBl, KOTOPBIC MPEAMOI0KUTEIBHO SBIISIOTCS OBICTPOBpALINAO-
IIUMHCS 3BE3JAMHU C Y3KAM JIY4OM H3IY4CHHs. B KocMu4eckoM mpo-
CTPAHCTBE MMCIOTCSI 00JaKa rasa, MbLIH, KOTOPHIC TAKKE HMCITYCKAIOT
ANIEKTPOMArHUTHOES wu3nydeHue. [lpeamonaraercs, YTO B KOCMOCE
HUMEIOTCSI TAK HA3BIBACMBIC «UCPHBIC ABIPBI» — OOBEKTHI, B KOTOPHIC
MOJKET OE€3BO3BpPATHO MPOBAIMBATHCS BELICCTBO, TaK YTBEPXKIACT
OOIast Teopusi OTHOCHTEIBPHOCTH JWHINTEHHA, HO OHM moKa (?) He
OOHapyKEHBI.

O paccTosHUSX OT 3¢MHOr0 HaOMIOAATENs IO 3BE3IHBIX M raak-
THYCCKUX OOBEKTOB CyAaT mo «KpacHOMY CMEIICHHIO» UX CIIEKTPOB.
CoBpemMeHHas Touka 3peHus npunuckiBacT pakt «KpacHoro cmerne-
HISD» PACIIUPCHUIO BCEMCHHOH, Tak 4YTO CKOPOCTh MEPEMCLICHUS
00BEKTa MPSIMO MPOIMOPLMOHAIbHA ero yaaneHuto. [Ipeamonaraercs,
YTO HAa KaXIBIC MIUTHOH MAaPCCK CKOPOCTh YIAICHUS 00BEKTOB BO3-
pacraer Ha 100km/c (3axon Xa0bima).
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Craeayer 3aMETHTh, YTO MPUYUHBI TAKOTO YCTPOUCTBA KOCMHYC-
CKOrO MPOCTPAHCTBA, MPOHUCXOKICHUE W B3aNMOJCHUCTBUC OOBEKTOB
(aKTHUCCKH HE YCTAHOBIICHBI, BBICKA3bIBACMBIC MPECAMIONOXKECHUS O
MPOUCXOKICHNUY, SBOIIOLMH OOBCKTOB U MX B3AHMMOJICHCTBUH HOCST
B OCHOBHOM CIEKYJISITUBHBINA XapaKTep.

4.5. PyHKUMOHanbHas knaccudukaumsa ranaktmk

BoccranoBieHue koHuemuu 3dupa co3macT MPUHIMITHATBHYIO
BO3MOYKHOCTb MO-HHOMY MOJOWTH K KJIACCH(PHKALIIMH TaTakTHK Ha OC-
HOBe ux (yHkuponuposanus [43, 44]).Hu B xoem ciaydae HE MPETCH-
IOysl Ha TONHOTY TaKoH KiIacCH(PHKALWY, MOMBITATHCS MPEIIPUHSITH
TaKy¥O MOIBITKY BIIOITHE CBOEBPEMEHHO H LIEIECO00pa3HO.

IIponecc obpazoBaHus BemecTBa — MPOTOHHOTO rasa B sApax ra-
JAKTHK CBSI3aH C COYIAPCHUEM CTPYH 3(HUpa Ha BEICOKHX CKOPOCTSIX.
IIpu mocraTodHOW 3HEPrHM COyIAPEHHWH CTPYH OyIOyT pokIaThbces
BHUXPEBBIE KOJIbIIA, HETPEPBIBHO ACIAIIMECT U YIUIOTHsIomuecs. I1o-
CIEAHSS CTamusl UX 00pa30BaHUS — JOCTHIKCHHE KPUTHUYCCKOW ILTOT-
HOCTH W BBICOKOH YCTOHYMBOCTH, 3TO YIIOTHEHHBIE BHHTOBBIE TO-
pougaibHbIe BUXpHU 3¢upa — npoToHsl. IIpoMexyTouHble cTagun —
BHUXPH CaMbIX Pa3HOOOPA3HBIX Pa3MepoOB, MPOJODKAIOIIHIE ICICHHE U
MOPOXKIAIOIINE BO BPEMs 3THX MpeoOpa3oBaHUil BOKPYr cebs cambie
paszHoOOpa3HbIC BUHTOBBIC BO3MYIICHHSI, KOTOPBIC PACXOIATCS BO BCE
CTOPOHBI ¥ KOTOPBIE BOCHPHHUMAIOTCS KaK 3JIEKTPOMArHUTHBIE M3y~
YEHMSI ITUPOKOTO JAHaria30Ha BOIH.

Hauano co3manuto sixpa HOBOH ralakTHKH MOXKET JATh CTOJIKHO-
BEHHE KOMET, POXKJICHHBIX IUTAHETHBIMH CHCTEMAaMH BHYTPHU CYIIECT-
BYIOIIUX TanakTHK. KoMeTsl, YMCI0 KOTOPHIX B KaKHOH TalaKTHKE
COCTaBIISIET COTHH MUJUTHAP/IOB, ITOPOXKAAIOTCS IIJIAHETAMHU B PE3YIIb-
TaTe BBIOpOca M3 TEN IUIAHET Hakomueimerocsi taM 3¢Qupa. Bripsas-
mascsi BO BHELIHEE MPOCTPAHCTBO CTPysS 3¢Hpa NpeBpamactcs Ha
BBIXO/IE€ M3 TE€JA IUIAHETH B TOPOWIANBHBIN BUXPH, BO BHYTPEHHHX
00NacTsIX KOTOPOro CKOpPOCTH 3(QUpPHBIE CTPYHM MOTYT JOCTUIaTh
CBEPXCBETOBBIX CKOpPOCTEH. Ampo komeTsl — COOCTBEHHO TOPOHI —
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MOXKCT UMCTh pasMCp MCTPOB, HO MOXCT UMCTh pa3MCp U ThICAY KU-
JOMETPOB, YTO OBIBACT PEIKO.

CTONKHOBEHHE KOMET BECbMa HE YacTOC SIBJCHHE, HO BEPOST-
HOCTb TAKOro CTOJKHOBCHHA OTHIOAb HC HYJICBas. CTOHKHOBGHI/IC KO-
MET JOCTATOYHO KPYITHOrO pa3Mepa CIOCOOHO CO34aTh HOBBIA Oodar
BHXpeoOpa3oBaHusl BHYTPH raiaktiuk. HecMoTpst Ha To 4TO caMu Ko-
METhI IMCIOT OTHOCHTEIIHO HEBBICOKYIO CKOPOCTh, CTPYH 3dupa, 00-
pasyromuc TCjI0 KOMCThI, ABUXKYTCA BHYTPU KOMCTBI CO CKOPOCTAMU,
MHOT'OKPAaTHO HPCBBIINAIOMUMU CKOPOCTh CBCTA, U COYAAPCHUC TAKUX
CTpY! MPHUBOIUT K BO3HHKHOBECHHIO HOBOH oOmactu BHXpeoOpa3oBa-
Hus 3dupa.

B obmactu BuxpeoOpa3oBaHUs CaMOMPOU3BOIBHOE JACICHUE U YII-
JOTHCHUE BUXPEH 3dupa MpouCXOAsMT M0 TEX MOp, MOKA IIOTHOCTH
3(upa B CTCHKAX BUXPCH HE MOCTUrACT KPUTUYCCKOW BEIHMYMHBI, HA
9TOH cTagum — CTagud 00pa30BaHUs MPOTOHOB — JajbHEHINEE Jeie-
HUE W YIIIOTHEHHE npekpamarorcs. [IpocToil pacder mokaseiBaeT, 410
NPH CYLICCTBYIOLICH B OKOJIO3€MHOM MPOCTPAHCTBE IJIOTHOCTH 3pupa
VIUTOTHCHUE MPOUCXOIUT Ha 28 MOPSIAKOB, YTO BEACT K MaACHUIO AaB-
acHus 3¢dupa B odnactu BuxpeoOpazoBanus. [lajgeHue qaBieHus mpu-
BIICKACT MOTOKHU 3(Hpa U3 CONPSHKEHHBIX 00JacTe, YTO MPUBOAUT B
JBIDKCHUC BECh OKPY KArOIIHiA 3(up, ¥ MPOLECC BUXPEOOpa3OBaHMUS
MPOJOIIKACTCS.

IMockonmpky TmepBOHAYAIBEHO MPOLIECC BUXPEOOPA30BaHUs OBLI BbI-
3BaH IMCPCMCIIAOMMMUCA B MPOCTPAHCTBC KOMCTAMHU, TO IIOCJIC UX
CTOJKHOBCHHMSI MX O0OLICE HANPABICHUE MEPEMCINCHHUS LICHTPA BHXPE-
00pa3oBaHMs M3MEHSCTCS, U HOBBIH ILICHTP BUXpeoOpa30BaHUs — SAPO
OyIyLICH TalakKTUKA MOKET VAAIITHCS U3 CBOCH TajlakKTHKH B JTFOOOM
HarpasJICHUHA, BKJIIOUYAsA X BO3MOXXHOCTb BbIXOAA 3a MPCACIIbI rajak-
THKH, B KOTOPOW OH 00pa3oBacs.

Ha tom 3Tane pa3sutust HOBOro LIEHTPa BUXpeoOpa3oBaHus, KOraa
nporecc 00pa3oBaHUs BELICCTBA MPOXOIMUT YXKE TOCTATOYHO HWHTCH-
CHBHO, HO HOBBIX 3B€37 00pa30BaHO €IIe Mao, COyaapeHust SQUPHBIX
CTpYH WM JAEJICHUE BHXpEH OYAYyT MOPOXKIATh BCEBO3MOXKHBIC BHHTO-
BbIC HCYIIOTHEHHBIC 3(UPHBIC CTPYKTYPHI, PACTIPOCTPAHSIOIIUCCS BO
BCC CTOPOHBI 1 BOCIIPUHUMACMBIC U KaK CBCTOBBIC, U KaK paAuOU3ITy-
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YEHHSI ITUPOKOTO CIIEKTPA YaCTOT. ITH U3IYUCHHS HE SKPAHUPYIOTCS
JPYTUMH 3BE3JaMH IO MPUYHMHE TOTO, YTO UX eme Majo. Takoe oopa-
30BaHHUC BIIOJIHE CIIPABEIIUBO OTOXICCTBUTH C MIOUEUHBIMU PAOUO-
UCMOYHUKAMU, TIPAKTHYICCKH HEBHIUMBIMU B ONTHYCCKOM JHAIa30-
HE.

Ecnu B pesynprare BuxpeoOpa3oBaHus 00pPa30BaIOCh TAKOES KO-
JMYECTBO BEIIECTBA, YTO OHO CHOCOOHO COOMPATHCS B 3BE3IBI, TO TO-
rJa TaKoe SAPO CTAHOBUTCS BUAUMBIM YK€ OOIEe SIPKO, U OHO MOXKET
OBITH OTOXKACCTBICHO C K6A3APAMU — MOIIHBIMH PaIHOUCTOYHUKAMU
MaJION MPOTSKEHHOCTH.

JlanpHeiilnee HapalIMBaHUE YMCIA 3BE3J NPUBEICT K TOMY, YTO
Y4aCTh M3MYUCHUSI HAYHET SKPAHHUPOBATHCS 0OPAa30BAHHBIME 3BE3AaMHU.
Takue ramaxtuku noayunntu Hazsauue Celipepmosckux.

VYBenmueHue uncia o0pa3oBaHHBIX 3BE31, HAPALIMBAHNUE UX YHCIA
NPUBEAYT K YBCIUYCHHUIO Pa3MEPOB HOBOW TaJAKTHKUA M CHIYKCHHIO
WHTCHCUBHOCTU PaJHOM3Ny4YCHUs. JDTO paduozaiakmuxu. OHH eme
JOCTATOYHO KOMITAKTHBI M U3Ty4ar0T OTHOCHUTEIBHO MOIIHOE ONTHYEC-
CKOC M PaJMOU3TyYCHHUE, IPEBHILIAIONICE CPECIHNUC JAHHBIC.

JlanpHeiilnee HapaIqUBaHHUE YKCTA 3BE31 U UX YIAJICHUC U3 30HBI
sIpa MPHUBEAYT K YBEIUYCHHUIO Pa3MEPOB TadaKTHKU. 3BE3Ibl PABHO-
MEPHO PaCHPOCTPAHSIOTCS BO BCEX HAIMPABJICHUSX, IPU JOCTATOUHOM
YHCJIC OHHM CTAHOBSITCSI BUAHBI Kak uiaposvie ckonienus (puc. 4.5,a).
Bospacr 3Be31 B 3TOM HIApOBOM CKOILICHHH MOKET OBITh PA3THIHBIM
B 3aBHCHMOCTH OT BPEMCHH, MPOIICALIErO ¢ MOMEHTAa MX 00pa30Ba-
HUsI, OHH MOTYT OBITh MOJIOABIMH, & MOTYT OBITh U CTapBIMH, HO 3TO
YK€ HE BO BCEM 00BEME, a HA MOBEPXHOCTH. B 3aBucHMOCTH OT uncaa
3BE31 MCHSCTCS U HHTCHCHUBHOCTb HUX H3NIy4CHHs, Y OONee CTaphix
rajJakTUK OHO JOJDKHO OBITh MEHBINE, M LBET MX JODKEH ObITh Oomee
JKEJITBIM.

HauunHas ¢ ompeaesneHHOro MOMEHTA BEIIECTBO, 0Opa30BaHHOE B
SAPE M COCTABISIIOLICE TEAO 3BE3bI, OKA3bIBACTCS HEYCTOMYMBBIM.
[TpoTOHBI OTEPSIIM SHEPTHIO 3 CUET BI3KOCTH OKPYXKAKOLIETO d(Hpa,
Y OHM HAYMHAIOT PACTBOPATHCS B OKpYyKaromeM s¢upe. ITO Mpowuc-
xoxuT Ha nepudepun ramaktukd. [Ipu pacnaze yrutoTHEHHBIH 3dup
MPOTOHOB MEPEXOANUT B CBOOOJHOE COCTOSHHUE W JaBicHHE 3dupa B
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MIPOCTPAHCTBE BOKPYI TaJaKTHKH Bo3pacraeT. PasHocTh JaBieHuit
MEXKAY nepudepucei, rae AaBICHUE YBEIUYCHO, U SIAPOM, TIC AaBie-
HUE YMCHBIICHO, 3aCTaBIET 3(UPHBIC MACCHl BO3BPAIIATHCS K SAPY U
BKITIOYATHCSI B MPOLECC BHUXPEOOpa3oBaHHs M 00pa3oBaHHS HOBBIX
MPOTOHHBIX MACC, U3 KOTOPHIX OYAYT (OpMHUPOBATHCSI HOBBIC 3BE3IBI.

8) 2)

Puc. 4.5.Pa3mvHble BWIbI TAJIAKTHK. @ — IIIAPOBOE CKOIUIEHUE; 6 — TUIIOBAS
CIMpabHas TalakTHUKa, BUJ Ha TUTOCKOCTD; 6 — CIIMPATbHAsI TAIaKTUKa, BUJL IO yT-
TIOM; 2 — CIHpaNbHas TATaKTHKA, BU] COOKY
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ITo Mepe ycTaHoBnEHMs mporecca POPMUPYIOTCSI BETBH FaNaKTHK,
MOCTEIICHHO MPUOOPETAOLINE CHHPANbHYI (GopMy MO aHAIOTHH C
BOJOBOPOTOM. B 3THX BeTBsiX 00Opa3yrOTCs ABa MOTOKA: 3BE3/bI JIBU-
JKYTCsl OT siapa K mepudepud, 3QUpHBIC MOTOKH IBIDKYTCS OT MEpU-
¢bepun x sAapYy, a cCaMU BETBH B OCHOBHOM COXPAHSIIOT CBOC TOJIOXKE-
HHUE B MPOCTPAHCTBE HCM3MCHHBIM. TaKOBBI CHUPANbHbIE 2AIAKMUKU
(puc. 4.5,6—2).

3mech BO3MOXKHBI BapuaHThl. Ecin mponecce BuxpeoOpa3oBaHus B
Sapax rajakTHK, UCUEPIIaB OKPYKAIOIIUI 3up, COXpaHHUT CBOKO WH-
TCHCUBHOCTb OO TOr0O MOMCHTA, KOrga K HCMY HAYHCT IOCTYyIaThb
3¢up oT paHee 00pa30BABIINXCS B €rO SAPE 3BE3M, TO HPOLIECC BUX-
peobpazoBanus OyaeT MOAACPKAaH, U CIUPATbHAS TATAKTUKA OKaAKET-
cs ycroitumBoii. Torma oHa CMOXKET CYIICCTBOBATh HCOMPCICICHHO
jonro. Hanuiue B cnmpanbHBIX pykaBax 00IacTeil ¢ MOTOIBIMH 3BE3-
JaM{ TOBOPHT O TOM, YTO B 3TUX OOJACTSIX HAYAJCS MPOLIECC BHXPE-
O6pa3OBaHI/I$I " CO3JaHUs HOBBIX AACP TaJIJaKTUK CO BCCMHU BBITCKArO-
UMK OTCIOA mochaeacTBusiMu. Pasymeercs, BoBce He 00s3aTENBHO,
I1TO6I:I OTU gApa PCaIbHO CTAIN POAOHAYAIPHUKAMU HOBBIX T'aJIaKTHUK,
OHU MOTYT U HE OBITh MOAAEpKaHbl SQUPHBIMU MOTOKAMH, HO HPHH-
QUIINAJIbHO TaKas BO3MOXXHOCTb CYyHICCTBYCT

OxHaKo eci MHTEHCUBHOE BUXPEOOPa30BaHUE B SAPE FATaKTHKU
HCUCPIIACT OKPYKAOIIUI 3(pHUp IO TOro, Kak HOBbIE MopuuHU S(dupa
HAYHYT NOCTYMaTh OT CBOCH mepudepuu, To BUXpeoOpa3oBaHUEe Mpe-
KpPaTHUTCs, JABICHHC B LICHTPE ITOCTEIIEHHO BBIPOBHSCTCS W 3dup,
TI032KE BLII[CHGHHBIﬁ B TPOCTPAHCTBO IIpU pPaCTBOPCHUU BCHICCTBA,
ocTaHeTcs TaMm e, Ha nepudepun. [Ipu 3Tom ecnu cnupanu yxe Ha-
yanu oOpa3oBBIBAThCS, HO WHTEHCHBHOCTH OOpaTHOro TOKa 3¢upa B
HHUX OKa3aJ0Ch HEAOCTATOYHO TS MOMACPKAHMSI BUXPEOOpa30OBaHUs,
TO PACTBOPCHHUE BEINECTBA 3BE3] OYICT MPOMCXOAUTh U B PAHOHE STHX
criupaneii. Bokpyr rajmakTuku 00pa3yroTcst ABE 001aCTH MOBBIIIICHHO-
rO JaBJCHUS 3Qupa, B KOTOPHIX OYAYT IPOUCXOTUTH BSUTBIC MPOLIECCHI
CTOJNIKHOBCHHS CTPYH M 00pa30BaHUsI OTHOCUTEIBHO ATHMHHOBOJIHOBO-
ro paxuou3ayducHus. B camoii k¢ TaakTUKE CIUpaTbHBIC BETBH HAY-
HYT JAcopMHpOBAThCs, pacHamaThcs, U TajJaKTUKa HAYHET MproOpe-
TaTh AURMUYecKyro HopMmy.
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Bce 31 mporiecchl MPOUCXOAT B HOBOW rallakTUKE O€3 yueTa To-
ro, YTO K€ JEIAETCA B TOM rajakTUKE, U3 KOTOPOU BBIPBAIUCH KOME-
ThI.

Kaxk Y2KEC YIIOMUHAJIOCh B CBA3U C ACJICHUCM TOPOUIAJTBHBIX BUX-
peit a¢upa U UX YIUIOTHCHHEM, B HOBOM IICHTPEC BUXPEOOpa30OBaAHUS
JaBicHUE 3(HUpa CHIKACTCS, W 3TO 3aCTABISIET YCTPEMIATBHCS TYZAA
BCE HOBBIC MAacchl 3(hupa, KOTOPHIEC BKIIOYAIOTCS B MPOLIECC BUXPEOO-
pasoBaHud. O6HaCTb MOHM>KCHHOI'O JaBJICHUS HAYUHACT PACIIUPATHCA
U JAOCTUTACT B MEPBYIO OYEpPEAp TOM TAIaKTUKU, KOTOpPas MOPOAMIIA
3Ty HOBYIO 00nacts BuxpeoOpasoBanus. U ecnu panee, 10 MOSBICHUS
HOBOrO LICHTPa BUXPEOOpa30BaHUS OCBOOOJUBIIUMCS B PE3yIbTATE
pacmaza BemecTBa 3¢HP HANPABILLICS K SIPY CBOCH TalaKTHKH, B
KOTOPOM 3TO BEINECTBO OBLIO 00pa30oBaHO, TO TEIMEPh OCBOOOIMB-
umiics 3¢up OyACT HAMPABIATHCS K HOBOMY IICHTPY BUXpeoOpa3oBa-
HUs.

Jlance HOBBIN Oyar BUXpeoOpa30OBaHMs, CHIDKAsS JaBlIcHUC 3¢Hpa,
Oyaer crocoOCTBOBaTh Mepekavke 3dupa u3 coceAHNX 00IaCTeH cTa-
poii ranaktuku k cede. [lagenne nasneHus s¢upa BHIZOBET YCKOPCH-
HOC PA3JIOKCHHE BEINECTBA 3BE3J M MEXK3BE3THOW cpelbl B Omrpkaii-
IMX K 3TOMY OYary OOJaCTsSX CTapoil rajakTHKdA. DTOT mporecc Oy-
JET MOJACPKUBATh BUXPEOOpPa30BaHUE HOBOTO IICHTPA, KOTOPbIH Oy-
ACT MOCTCICHHO BBIXOAWUTH 3a MPCAC/IbI TAJIAKTUKU, 3aXBaThbIBas BCC
HOBBIC TIOpLUN 3(1)I/Ipa " BCHICCTBA U HapamuBasi CBOKO MOIIHOCTS.
[Ipu mocTaTOYHOW MOIIHOCTH IOTOKH 3(HUpa HAYHYT 3aXBATHIBATH U
3Be31bl, YTO OyAeT HAOMIOAATHCS B BUIE TOHKOTO 3BE3JHOIO MOCTHKA
MEKAY ranakTUKOW — POAUTEIBHHUILICH HOBOTO odara BHXpeoOpa3oBa-
HHUA U 5TUM O4aroM. OI[HaKO caMU 3BC34bl MPAKTUYCCKNU HC YIaCTBY-
0T B OpoLEcce BUXpeoOpazoBanus. JI(QUPHBIC TOTOKH, 3aXBaTHUBIINC
3BE31bI, OYAyT yCBaWBaThCs HOBBIM LIGHTPOM BUXPEOOpa3oOBaHMS,
CO3JaBasi HOBBIC 3BE3[bl, HO MPUOBIBIINC U3 TAJAKTHKU 3BE3IbI OYIYT
MPOCKAITB3BIBATh CKBO3b 3TO LICHTP, 00pasys «XBOCT» —3BE3IHBIN MO-
TOK, NMPOHU3BIBAIOIIUA HOBBIM LIEHTP M BBIXOAAIINI JAJEKO 3a €ro
npeaensl. ImuHa 3TOro «XBocTa» OYAET ONPEaCIAThCS BPEMEHEM YC-
TOWYMBOCTH HPOTOHOB. Ilocne MX pacmaza Ha KOHLIE «XBOCTa» BBI-
cBOOOAMBLIMIACS 3PHUP OTOPABUTCA K APy HOBOW TrajakTUKH, ISl TO-
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ro 4TOOBI IPUHATH yIacTUe B BUXpeoOpazoBanu. I1oTok 3Toro sadupa
OT KOHI]A «XBOCTa» K SAPY HOBOW TajakTHKU HAOMIOJATEISIMH JOJ-
JKEH BOCHPHUHHMATHCS KaK ¢1a00e MATHUTHOE TOJIE.

HoBblit neHTp BUXpeoOpazoBaHUs €CTh SAPO HOBOH TaTaKTHKH, a
MOTYYMBIIASCS CHCTEMA M3 JBYX TalaKTHK MONYYHIA B AaCTPOHOMHUHU
Ha3BaHHUE JGOUHbIX 2aiiakmuK. Briepsbic Takue ABOWHBIC TajJaKTUKU
Obuin  oOHapykeHsl B 60€ Trogsl COBETCKMM  acTPOHOMOM
b.A.Boponuossiv-BenbsivuaoBeiM  [20—21]4mcioMm HECKOIBKHX COT,
ceivac MX YHCII0 HACUUTHIBACT ThICA UM (puc. 4.6).
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Puc. 4.6. B3anmogeiicTByIone ralakTUKN, g — CXeMa B3auMOJICUCTBUS Tra-
TMaKTUK; 6 — (ororpadust JABOUHON ralaKTHUKY.
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Takum oOpa3oM, B JBOWHBIX rajakTUKaX OJHA — cTapas, THOHY-
mas, OTAAOIASI CBOIO MaTEpHI0 — 3(QUp APYToil ranakTUke — HOBOH,
yCBaMBAaOLICH 3TOT 3¢up.

Onnako manee cyxpOa 3TO HOBOW ramakTHKH OYACT 3aBHCETh OT
TOr0, COXPAHUTCS M HOBBIA LICHTP BUXPeoOpa3oBaHHUs A0 TOrO MO-
MEHTA, KOrAa 3Be31bl, 00pa30BaHHBIC UM H yLICAINHE HA nepudepuro,
HAYHYT PacrajaThcsl, mpeoOpas3ysich B CBOOOTHBIN 3(Up, U YCIEET TN
ocBOOOAMBIIHIICS 3pUP BEPHYTHCS K HOBOMY SIIPY.

Ecmu 3TOT mpouecc ycreBaeT HauaThCs A0 TOrO MOMEHTA, Kak
okpyskaromuil 3¢up OyICT UCIOIB30BAH J0 YPOBHS HEKOTOPOT'O MH-
HIMAJIBHOTO JABJCHUS, TO JAaJlee BECh IIPOLIECC CTAHET CaMOBO300-
HOBISIEMBIM M Ha4YHET (JOPMHPOBATHCS CTPYKTYpa OyayIuel crupaib-
HOH TaJaKTUKA CO BCEMH MTPOMEKYTOYHBIMHU CTaIUSIMU.

3mech BOBMOXKCEH 3Taml, KOTAa 3BE3Obl CTAPOU TalaKTHKH IOYTH
MOTHOCTBIO PACTBOPUIIHCH B 3(pHpe, KPOME OCTATKOB MEPEMBIUKU Me-
kay ranaktukamu. OOpaszoBaBIINECs] CIIHPATA HOBOW TallaKTHKH Oy-
JyT TOTJa 3aMBIKAThCSl Ha 3TH OCTaTKu. [IPUHIMITHAIBHO MOYKHO pac-
cMaTpuBath 0ap Kak MPOTSHKCHHOE SIIPO MM KaK OCTAaTKH ObIBLICH
MEPEMbBIUKHA MEXKIY TaTaKTUKAMH, HO TaKOE MPEANOIOKEHUEC BEChbMa
HCKYCCTBEHHO, Y OHO B JANBHECHUIIEM JOKHO OBITh YTOUYHECHO.

Ecnu ke mponecc Bo3BpaTa adupa OT 3831 B HOBOH ralnakTHKE HE
yCIIEET HANaaAnuThCs, a 3(Upa B OKPYKAIOIIEM HOBBIH LICHTP BHXPEOO-
pa3oBaHUsl OKaXKETCS HEAOCTATOYHO AN MOAACPKAHHUS TIpolecca
BHXpeoOpa3oBaHusl, TO OH HAYHET 3aTyXaTh, TOTJA Pacraj BELICCTBA
Ha mepudepun ralakTHKH OyIeT MPOHCXOAMTh Oe3 oTcoca 3¢upa
(puc. 4.7).laBnenue Ha nepudepun OyaeT Bo3pacTars, 4TO 3aCPIKUT
pacmaj BEHmIECTBA 3BE3J, ONHAKO ITOT INPOLECC PACTBOPEHUS 3BE3X
OyAeT mpoAOIKATHCS, XOTS M MEAJICHHEE, YeM B CIIMPATIBbHBIX Talak-
THKaX, B KOTOPBIX M30BITOUYHBIN 3()Hp OTCACHIBACTCS OT NEPUPEPHH U
VXOAUT K siApy. Takue ralakTUKd ¢ OCTAHOBHBLIMMCS IPOLIECCOM
BHUXpeoOpa3oBaHus OyAyT MEJJICHHO TasTh, Kak oOIaka B 3¢MHOH aT-
mochepe. BeposTHO, TakMMH raqakTHKaMyd H SIBJISIOTCS TalaKTHKH,
VK€ HE UMEoLIHe cBoero sapa — Marennanossl obnaka, Konckast ro-
JOBa, a TAKXKE TaJaKTHKH KOJbLEBOW (OPMBI U HEKOTOpPBIC APYTHE,
HBIHC HA3bIBACMbIC HENPABUTbHBIMU .
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Puc 4. 7.Hel'[paBI/I.]'Il>Haﬂ raJJaKTUKa — IMOCJIeIHAA CTa/lusl CyIeCTBOBaHUA
3B€3/THOI'0 CKOILVICHHSI

Becp ocTanmpHOM ra3 U BCEBO3BMOMKHBIC U3TYUCHHS], HAXOASIIUCCS
B MPOCTPAHCTBE, MUMCIOT T€ JKC MPHYMHBI 00pa30BAaHUS U, B KOHLC
KOHLIOB, PacraiyTcs U mepeiiayT B cBOOOAHBIH 3(up, a HA UX MECTO
SOpaMy TaJakTUK OyIyT oOpa3oBaHbl HOBBIC MACChl BCINECTBA M H3-
aydeHuit. 3nyueHus Takke OyAyT co3aaBaThCsl 3BE3AaMU, U CyapOa
ux OyZeT Ta xe.

Takum o0pasom, 3pupoanHAMHYECKUI TOIXOM MO3BOJISICT CHCTE-
MaTH3HPOBATh OCHOBHBIC BHETATAKTHUCCKHE OOBEKTHI HE MO (op-
ManbHOMY, a N0 (YHKUHOHATBHOMY HpH3HaKy. DyHKUMOHATbHAS
KIaccu(UKays TaNakTHK OMUPACTCs Ha MOHHMAHUEC BHYTPEHHETO
mporiecca oOpasoBanus u pacrasa Bemectsa (puc. 4.8).

ITocnenoBaTembHOCTh TaNaKTHK B TAKOH KIACCU(MUKALIMH MOXKET
BBITVISIACTh CICAYIOMIMM 00pa3oM:

— TOYeYHbIe PAAMOMCTOYHHKH U X APOOIICHHE IO THIIAM B 3a-
BHCUMOCTH OT MHTCHCHBHOCTH, COCTABa CIICKTPA M PACCTOSHHS; 3TO
LCHTPbI BUXpeoOpazoBanus 3dupa u OyayImuye sSapa ranakTHk;
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— KBa3apbl — ObIBIINEC TOUCUHBIC PAAHONCTOYHHKH U siapa Oyay-
[IUX TaIaKTHK;

— CeiipepToBCcKHE raJakTHKU — OBIBIINE KBa3apbl U Oyayioue
paanoraNakTHKH,

— paauoranaktuxku — OviBIe CelihepToBCKUE ralakTHKH U OY-
JYLIHE [APOBbIC CKOIIICHUS 3BE31;

— LIApOBbIe CKOIJIEHHs1 — ObIBIINE PaJUOraIakTUKKA U OyIyIve
CHOHUPaTbHEIC FATaKTUKH,

— CHHpaibHbIe FAJAKTUKH U UX JPOOIICHHE MO TUIAM, HAIpU-
Mep, O YHCITY CYLICCTBYIOLIIMX B HUX HOBBIX OYaroB BUXpeoOpa3oBa-
HUSl, TPU3HAKOM KOTOPBIX SIBISCTCS HATUYMC CKOTUICHHH MOJOIBIX
3B€3[ B Pa3MHYHBIX OONACTIX TaNaKTUKH, STO OBIBIIME INApPOBHIC
CKOILIICHUS,

— JUTMOTHYECKHE TAJAKTHKH, KOTOPhIC MOYKHO PAaCCMAaTpPUBATh
Kak OBIBIINE CNHPAIBHBIC, B CIHPAIIX KOTOPBIX MPEKPATHIICS MOTOK
a¢upa ot nepudepun K HEHTPY, BUXPEOOPa30BAHUEC MPEKPATHIIOCH,
Spa YTPaTHIN aKTUBHOCTD, & CITUPANTH PACHAHCh,

— NBO#HbIE TAIAKTHKH, JCTSIIUCCS MO MPU3HAKY COOTHOIICHHUS
MAacc CBSI3aHHBIX TaJaKTUK, U3 YErO MOXKET OBITh CAENAH BBIBOA O MO-
MEHTaX 00pa30BaHMs HOBOW U rMOENN CTApPOil ralakTHKH;

— raJIaKTHKH, B KOTOPbIX OTCYTCTBYHT siipa («obmaxa), aems-
HIHecs MO0 MPU3HAKY 3aKITIOUCHHON B HUX Macce U MO yICIbHOH IUIOT-
HOCTH, XapaKTEPH3YIOIIUX UX BO3PACT; STO THOHYIIHE TaTaKTHKH.

Hawano stomy mpomeccy, kak ObBUIO MOKa3aHO, MOXET JaTh
CTOJIKHOBCHHE KOMET, 3apOAMBIIMXCS B OJHOH M3 CYIIECTBYIOLIMX
ramakTik. OKOHYAHUE 3TOrO MPOLEcca 3aKIOYACTCS B PACTBOPCHUU
Macchl BEIIECTBA T'MOHYINCH rajakTHKA M NEPEXOAE ¢ MaTCpPUH B
cBoOOaHbI >¢up. JlaBneHue B 3¢upe OymeT MOBBIIIEHO, H 3TO CO3-
JACT JOTOIHUTCIbHBIC YCIOBUS UL HCIOIb30BAHMS STOH MACCHI
s¢upa OmKaNIIIMY Pa3BUBAOIIMMUCS TATAKTHKAMU.

BepostHo, Moryt ObITh HaiigeHbl M Opyrue (HyHKLIHOHATIBHBIC
MPHU3HAKH, KOTOPBIC MOTYT OBITh MOJIOKCHBI B OCHOBY (DYHKLIMOHAJb-
HOU KJ1acCU(HUKALNH ralIaKTHK.
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Toueunvre
paouo-
UCTHOUHUKY,

Cetighepmoscrue
eanaKmury

Hlaposvre
CKONNCHUA

Cnupanvhvie

Keasapur
2anaKMuKY

Cmankusanue
Komem

Onnunmudeckue
2anaxmuxu

Konvyesvre
2an akmuxy

Henpasunvnvie
2anaKmuKy

Ceoboonwiii agpup

Puc. 4.8. dpupoqunammveckasi GyHKIHOHAILHAST KJIaccHpIKANusI rajak-
THK

Buvieoowt

1. B Hactosmee Bpemsl YCTaHOBIICHO, 4TO BO Bceil BcenmenHoi
HUMECTCA MHOXKCCTBO rajJaKTHK, CaMHU TAJAKTHKH COCTOAT M3 MHOXKC-
CTBa 3BE3J, U BO MHOTUX M3 HHUX MPOJOIDKACTCS MPOLIECC 3BE31000pa-
30BaHU.

2. HauGonee ycTOHYMBBIME CICAYET CHUTATh CIIHUPATBHBIC raNak-
TUKH, KOTOPBIX 6OJ'ILH.II/IHCTBO U B KOTOPBIX UMCCTCA AP0, OKPYIKCH-
HOE MOJIOABIMH 3BE3JaMU, IBE CIHPAIH, UMEIOLINE TpyOUyaroe ceue-
HHUE, B CTCHKaX KOTOPBIX COCPEIOTOYCHBI 3BE3JbI, U CHEPUUCCKYIO
mankKy CTapbIX 3BC3J, PACIOJOXCHHBIX TNPUMCPHO HA pPaBHBIX pac-
CTOSIHHSIX OT LICHTpPA A1pa.

3. Bonpekn ycTaHOBUBIIEMYCSI MHCHHUIO, MEKAY TalaKkTHKaMU
OTCYTCTBYCT I'PaBUTALIMOHHOC BSaHMOI[eﬁCTBHC, noTOMYy 4YTO AaJib-
HOCTb €r0 PACHPOCTPAHCHUS COCTABIISIET BCETO HECKOIBKO COTEH a.c.

4. CymecTByromas KIacCH(PUKALMS TalakTUK, paspaboTaHHAs
aMEpPUKAaHCKHM acTPOHOMOM XaOOmoM, co3maHa Ha Mopdororude-
CKOW OCHOBE, T.€. OHAa NMPUHUMACT BO BHUMAHHUC (POPMY ralaKkTHK, HO
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He X MexaHu3M. Mopdomoruueckas kiaccupukanys He PacKpHIBACT
pa3BUTHS TaJaKTUK W IOCICAOBATEIPHOCTH MEPEXoJa OJHUX rallak-
THK B JAPYTHE.

5. Ilpeanaraercs ¢yHkumoHanpHas >¢upoauHaMUUecKas (QyHK-
LUOHANBHAS K1acCH(pHKALMS TaJakTHK, OCHOBAaHHAS HA MPEICTaBIIC-
HUU 0 Kpyroodopote 3¢upa B rajakTukax u Bo Bceil Becenennoii. Jta
KIaccu(pUKaLysl YUATHIBACT 3apOXKACHHUE, Pa3BUTHE U THOCIb raiak-
THK U MEPEX0 OJHHUX (OPM TrajakTHK B APYTHE.



172 T'1aBa 5.

NnmaBa 5. ConHe4yHaa cuctema u KOCMoOC

5.1. 3Be3abl n UX 3BONOLUA

36e30b1 — camocBeTAIINECS HEOSCHBIC TE/a, COCTOAIINE U3 pacKa-
JICHHBIX Ta30B, M0 cBocH mpupoae cxoaubie ¢ Conaiem. OCHOBHBIME
mapaMeTpaMu 3Be31 SBISIFOTCS X Macca, paguyc M CBETUMOCTD (Io-
HOC KOJMYECTBO M3IY4acMOi SHEPTUH), BHIPAKACMBIC OOBIYHO B JI0-
JSIX Macchl, paguyca u ceetuMoctr ConHila, a Take 3¢ QeKTrBHAS
TEMIIEPaTypa, CHEKTPAIbHBIA KJACC, 3BE3JHAS BEIMYMHA, KOTOPYIO
uMena Obl 3Be37a Ha cTaHgapTHOM paccrosiuun 10 mapcek, u mokasa-
TEb UBETa (PAa3HOCTh 3BE3AHBIX BEIUYNH, OMPEACICHHBIX B ABYX pas-
HBIX CIIEKTPAIbHBIX 00TACTIX).

3Be3aHBIl MUp upe3BeIYaiHO MHOrooopaseH [1-7]. Hexoropsie
3BE€3/1bl B MIUJITMOHBI pa3 mo oobemy Oospure u sipue ConHua (36e30bi-
2U2AHMBL), UX CPEAHSS IUIOTHOCTh B COTHU THICSY Pa3 MEHbBLIC TIOT-
HOCTH BOJBI, B TO KC BPEMsI HIMEETCS MHOXKECTBO 3BE37, KOTOPHIC IO
pas3MepaM U KOMHYECTBY M3Ty4aeMOH MMU SHCPTHH 3HAYHTENBHO yC-
tynator ConHuy (36e30b1-Kapiuku), uX CpeaHss IUIOTHOCTh B COTHU
TBICSY pa3 OOMbLIC MIIOTHOCTH BOJBI.

VY HEKOTOpBIX THUMOB 3Be3X OJIECK NMEPUOAMYECCKH MEHSIETCS, 3TO
nepemeHHbvle 36e30bl. |'paHIMO3HBIC M3MEHCHHsI, COIMPOBOXKIACMBIC
BHC3AIMHBIMH YBCIMUICHUSIMU OJICCKa, MMPOUCXOIST B HOBBIX 36€304X.
Ewe Gomnpuire n3MEeHEHHUs IPOUCXOAAT BO BPEMs BCITBILICK C8EPXHO-
8bIX 36€30.

3BE3IBI COCTOAT U3 TEX JKE XUMUUCCKUX SJIEMEHTOB, YTO M BCE TE-
na Ha 3emiie. B Hux mpeoGmagaror Bogopox (70%)u remmii (25%),a
TaKXKe KUCIOPOJ, a30T, XKele30, yriaepoa, HeoH. OcTalbHBIX 3JIEMCEH-
TOB MaJo.

B macrosmee Bpems pa3paboTaHO HECKOJBKO TEOpHil, 0OBsc-
HSIOIIMX MPOMCXOXKICHUE U XapakTep MoBeXcHHs 3Be3d. Muorue
MPOLIECCHI 3BE3THON 3BONIOLMU OOBSICHEHBI MMM BIIOIHE YIOBICTBO-
PHUTENBHO, TEM HE MCHEEC HEKOTOPBIC BOIPOCHI, CBSI3AHHBIC C MPOKC-
XOXKJICHHEM 3BE3[l, PACOPEHCICHHEM HX B TajaKTHUKaX, a TAaKKE UX
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SBONIOLHEH OCTarOTCs OTKPBITBIMA. OAHako 3(PHPOAMHAMIYECKUAN
MOJXO0J MOXKET HECKOIBKO JOMOTHATh UMCIOIIUECS MPEACTABICHUS.

B coorBerctBUM ¢ 3(HpOAMHAMHYECCKUMH MPEACTABICHUSIMHI
MPOTOHHO-BOXOPOIHBII ra3 oOpa3yeTcs B pe3yabTaTe COyIapEHUs Ha
OOMBIIMX CKOPOCTSIX (TBHICSYM KHJIOMETPOB B CEKYHAY) 3(UPHBIX
CTpyil. ITH cOymapeHHs MOTYT UMETh MPHUYUHOM, HAMPUMEP, COyaa-
PCHHUE KOMET, B TelIaX KOTOPBIX 3(HPHBIC CTPYH IBIKYTCS CO CBEPX-
CBETOBBIMH CKOPOCTSIMH, W COYJAPEHHE MOTOKOB 3(Hpa, MOCTy-
MAKOLUIKX 110 COHPATBHBIM PyKaBaM TalakTHK OT nepudepuu B sapo.
IIporonsr 00pa3yrOTcs B pe3yabTaTe BUXPEOOpa30BaHHS ITOTOKOB
3¢upa, UX CaMONPOU3BOIBHOIO YIUIOTHCHHS M MHOT'OKPATHOTO JeJe-
Husl. Bokpyr npoToHOB 00pa3yercst 3neKTpoHHas 000I0UYKa KaK MPH-
COCAMHCHHBIN BUXPH 3dupa.

B pesynpraTte NOHIKEHHST B MPOTOHAX TEMIIEPATYPhl OTHOCH-
TEIBHO TEMIIEPATYPHI OKPYKAOIIEro 3rpa BO3HUKACT ITPaBUTALIUOH-
Hoe (Tepmoanhy3nOHHOE) B3aMMOACIHCTBHE MPOTOHOB APYT C APY-
rOM, ¥ MPOTOHHO-BOAOPOJHBIN ra3 HAYMHAECT COOUPATHCS B YILIOTHE-
HUSI, TIPU 3TOM BO3HUKACT TPABUTALMOHHAS HCYCTOMYUBOCTB. HEM
Oonplie cobupacTcsl ra3a BMECTE, TEM CHIIbHEE MPOTOHBI NMPUTSTUBA-
10T K ceOe ra3 u3 okpy»xaromiero npocrpancrea. OOpasyroTcs 3Be3bl,
TENa KOTOPBIX MPOXOKAKOT CKUMATHCS.

[IpoTons!, 0Opa3oBaBIIKEe 3BE3BI, IMCIOT MAKCHMATBHYIO IIOT-
HOCTb M MHHHMAJIbHBIE Pa3MEphl, CKOPOCTH MOTOKOB 3¢Hpa B Temax
MPOTOHOB BEITUKH, YCTOWYHMBOCTh MPOTOHOB MakcumanbHas. [1oToku
3(upa B IPUCOCTUHEHHBIX BUXPSX — AIEKTPOHHBIX 000TOUKAX TAKKe
HMMCIOT OTHOCHTEIIBHO BBICOKHE CKOPOCTH, a pa3Mephl 3TUX 000I04YeK
TAKXKEC OTHOCUTEIBHO HeBemuku. [lostomMy wactorsl, m3mydaembie
TAaKUMHU MOJIOJBIMH ATOMaMH, CABUHYTHI B 007aCTh KOPOTKUX BOJH, U
MOJIOABIE 3BE31bl, OOpPa30BaHHBIC HENABHO CO3JAHHBIM IPOTOHHO-
BOJOPOAHBIM Ta30M, UMCIOT TONyOOH I[BET U CHCKTpP, CABHHYTHINA B
(uoneToByIO 001aCTS.

ITo Mepe crapeHus 3Be31 pa3Mep NPOTOHOB YBEIUYMBACTCS Kak 32
CYET MOTEPH SHEPTUU H3-3a BSA3KOrO TPCHHS 00 OKpy»Karomuii 3¢wup,
TaK | 32 CUET MOrJIOIICHHS UMH 3(QUpa OKPYKAIOIIEro MPOCTPAHCTBA.
IIpu coxpaHeHHH MOMEHTA KOTHYECTBA IBMIKCHUSI CKOPOCTh IOTOKOB
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3(upa B TEIE NPOTOHA YMCHBINACTCS, YCTOMYHMBOCTD MMPOTOHA CHIDKA-
ercs. YBEIHMYMBACTCS pa3MEp W MPUCOCTUHEHHOTO BHXPS — dJICK-
TPOHHOUM OOONOYKH aToMa, a €ro yIpyroctb yMeHbInaercs. Temepb
TOT K€ aToM OyIET M3My4yaTh SHEPTUI0 HAa MOHIKCHHBIX YacTOTaX,
CHCKTP M3IYYCHUSI COABUHETCS B KPACHYIO CTOPOHY. 3BE3ABI MOMKEI-
TCIOT, & B JAIbHEHIEM M MOKPACHCIOT, 3TO OyIET V>KE HaKaHYHE UX
ruoenu. [IpoToHBI HAYHYT pa3BajMBaTBCS U PACTBOPATHCS B 3dupe.
[No-BuanMoMy, B CIIHPATBHBIX TATAKTHKAX 3TO MPOMCXOJUT HA HX
nepudepur: B CIMPATBHBIX PYKaBax Ha Kpasx AWCKA, a B cdepe, Ok-
PYXKaroLmen HeHTPATbHYIO 0071acTh, B TOBEPXHOCTHBIX CIIOSIX.

3Be3pl, MOMABLIME B FPAJHCHTHBIC MOTOKH 3(Upa, HAYHYT Bpa-
markcs, 4To OyJeT crmocoOCTBOBATh 0OPAa30BaHHMIO BOKPYT HHX IIa-
HCTHBIX CHCTEM.

IIpencraBasier MHTEpEC OLEHUTH SHEPTETHUCCKHEC BO3MOYKHOCTH
3BE31.

ITocne Toro xak mMpoTOHEI OOPA30BATIKCE B SAPE FANAKTUKH, MEXK-
Oy HUMH BO3HUKACT TPABUTALMOHHOC B3aMMOJCHCTBUE, U OHU HAauH-
HAIOT coOMpaThCsl B 3Be3Abl. B3ammMoneiicTBuE MPOTOHOB B 3BE3Aax
MPHUBOIUT K UX CJIMIIAHHIO, 00Pa30BaHUIO U3 MPOTOHOB HEHTPOHOB U
nmanee anb(a-uactuin. [lpu oOpazoBanumn kaxxa0# agbha-4acTHLbl BbI-
pemsiercst sHeprust 28,3 MaB, kotopas peanusyercst B BUAE CXJIOIBI-
BaHUS HYKJIOHOB M BbIOpoca 3()MPHOrO MOTOKA M3 MEXKHYKIOHHOTO
MPOCTPAHCTBA.

CXIT0TIBIBaHNE HYKJIOHOB NPUBOJUT K MOSBICHHIO BOJH HA UX ITO-
BEPXHOCTH U, KaK CICACTBHE, K BBICOKOYACTOTHOMY 3JIEKTPOMArHUT-
HOMY H3Iy4eHuIo. BeiOpoc 3pupHBIX CTpyH NPUBOINUT K YCKOPECHHUIO
MPOTOHOB, MOMABIIKX MO HUX, OTCIOAA BBICOKAsI TEMIIEPATYpa MOJIO-
JIBIX 3BE3], & TAKXKE K 00pa30BaHUIO TYPOYJICHTHOCTESH U cCaMOMy pa3s-
HOOOPa3HOMY 3JEKTPOMAr-HUTHOMY HU3TYUCHUIO.

JanpHelye  SHEPreTUYECKUE MPOLECCHl  MPOXOMAT,  IO-
BHIMMOMY, KaK MOJ BO3ICHCTBHEM COCIMHCHHS HYKIOHOB B ajbda-
YACTHLBI, TAK U B CBSI3U C SHCPIETUKON CAMHUX MPOTOHOB — JABMYKCHHUS
3(UPHBIX TOTOKOB B TEJIC HYKIOHOB.
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[IpyHIMOMATPHO JHEPreTUKU CAMSHUS NPOTOHOB B  anbda-
YaCTULBl JAOCTATOYHO [T OOBSICHEHHS SHEPTUU W3TYYCHHS 3BE3L.
Ipocmeaum 310 Ha pumepe Comaia [8].

Kax wu3BecTHO, 3HEprus cBsi3u ajnbda-dacTuill cocTtaBiser 28,3
M5B, um 4-10%2 Ik, uto cocTaBisieT Ha Kaxasiii Hykaon 1072 JIk.
ITpu macce Comnna 1,99:16° xr B Hem COICPIKUTCS 1,2:167 HYKJIO-
HOB, ¥ SHeprusi ux cesiseii cocrasmser 1,2:10° Jx. Mommocts 06-
mero m3nyuennst Conrra cocrasser 3,83-16° Br. U, crexosarens-
HoO, Bcs 3Heprus ComHua m3pacxoayercs Ha uamydenue 3a 100 mmpa.
aet. Ecam ke y4ecTp 3KCHOHEHLMATPHOC MAaJCHUEC WHTCHCHBHOCTU
m3nyueHus co spemeHem, To 100 mapa. et OyaeT HE CPOK H3IyHe-
HUS, & IOCTOSTHHASI BpEMEHH, OOIIUH Jke CPOK OyIET B HECKOIBKO Pa3
Gompme. 3a 310 Bpems Conrue motepsier Ha u3tyucHune 6-10" gom
cBoci Maccel. Takum 0OpazoM, B MPUHLMIE, MPOLECC CIUSHUS HY-
KJIOHOB B ajb(a-4acTuiy oObSICHICT NPHUPOIY SHEPTETHKH H3TYICHUS
3BE31.

OnHako cieayer OTMETUTh, YTO HA CAMOM JENE MOTCHIHAIbHBIC
BO3MOKHOCTH SHCPICTUKHM 3BE3J 3HAUMTEIbHO Oombiie. B paccmor-
PCHHOM BBILIE MPOLIECCE HE YUTEHA COOCTBEHHASI SHEPTUS MPOTOHOB,
KOTOpasi HA MHOTO TOPSOKOB OOIbINE, WeM DHEPrusi CHHTE3a anbda-
yactull. C Ipyroil CTOPOHBI, YCTOHYUBOCTh IPOTOHOB CYIIECCTBEHHBIM
00pa3oM 3aBHCHT OT NOTEPH UMK COOCTBEHHOM 3HEPruH, KOTOPAask Te-
psieTCs BCICACTBUE BS3KOCTU OKPYIKAIOIIEro MpoToHsl s¢upa. 1 ecnu
BpEMsI CYIIECTBOBAHU MPOTOHOB coctaBister 10—20mapa. neT, To 310
03HAYACT, YTO YACTh SHEPTUH, U3TyYAEMON B MPOCTPAHCTBO, CKPBITAS
oT HaOmroaTencH, CYyIECTBEHHO MPEBBIIIACT SHEPTUI0 ICKTpOMar-
HUTHOTO U3IY4CHHUS, (PUKCUPYEMYIO HAOTIOAATEISIMU.

JHEpreTUKa 3BE31, B NPUHIUIC, 00CCICUNBACTCS TEPMOSACPHON
peakupeii cuHTe3a Bogopona B reauid. OgHaKo cneayer y4ecTh U TOT
(akT, 94TO BCe HEOCCHBIC TENA HEMPEPHIBHO IMOTIOMIAOT 3Pup OKpy-
JKAIOIIETO MPOCTPAHCTBA, Y MOCKONBKY TEIIOBAsI SHEPTHUS €O BbILIE
TEIJIOBOM SHEPruu 3upa B NMPOTOHAX, TO HIACT HEHPEpPBIBHAS MOA-
MUTKA MPOTOHOB 3TOH BHEINHEH 3HEPrHei. DTO 03HAYACT, UTO CyM-
MapHasl SHEPTHs U3TYyYCHHS 3BE3/bI 32 BCE BPEMS €€ CYILICCTBOBAHUS
MOET OBITh CYIIECTBEHHO OOIBIICH, YeM BEITUYMHA SHEPTUU TEPMO-
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SIEPHOTO CHHTE3a, PACCUMTAHHAS WCXOAS W3 TEKYIIETO COCTOSHUS
3Be3Ibl. JTO 3HAYHUT, YTO W BPEMs CYLICCTBOBAHHS 3BE3IbI MOXKET
0Ka3aTbcsl OONMBIINM, UM PACCUUTAHHBIM M3 3aTpaT SHEPTrUHU HA H3ITy-
YCHHE.

B cootBercTBMM C 3THMH NHpPEICTABICHUSMH MOTYT OBITH pac-
CMOTPEHBI W MEXaHM3M pacmaja CBEPXHOBBIX 3BE3J, M MEXAHNU3M
MyJIbCAPOB. 3IECh TAKKE MOTYT OBITh BBHICKA3aHBI HEKOTOPHIC MPEX-
TTOJIOXKEHHI.

ITo Mepe moTepn 3HEPTrUM MPOTOHAMHU MX pa3Mep YBEIHMIHUBACTCH,
COOTBETCTBEHHO B IIPOTOHAX VBEIWIHBAECTCA M MX ICHTPAIBHOE OT-
Bepctre. llonokeHne 3(QUPHBIX MOTOKOB, OOpPa3yIOIIUX MPHCOCAU-
HCHHBIC BUXPH — BJICKTPOHHBIC OOOIOYKH, OKA3bIBACTCSl HEYCTONHYH-
BBIM, U €CITH paHee S(QUpPHBIC MOTOKH 3aMbIKATKCh BO BHEIIHEM OTHO-
CHUTEIBHO IPOTOHA TPOCTPAHCTBE, TO TEMEPh OHM CTPEMSTCS 3aMK-
HYTBCSI Yepe3 LIEHTPAIbHOE OTBEPCTHE MPOTOHA. DTOT MPOLIECC CIO-
co0eH HapacTaTh TaBUHOOOPa3HO MO BCEH OCHOBHOM Macce 3BE3Ibl, U
B KOPOTKOE BPEMs BCS Macca 3BE3/bl MPEBPAINAECTCI B COKATHII IPO-
TOHHBIHN a3, KOTOPBIA B3PBIBAETCS, ITOCKOIBKY BCE IPOTOHBI UCITBITHI-
BalOT B3aHMHOE JJIEKTPHUUECKOE OTTamknBaHue. He mckioueHo, 9ro B
3TOT MPOLIECC BOBIEKAIOTCS U SNEPHBIE PEAKIIMHI CHHTE3a IPOTOHOB B
aeiTepuit, Tputui, renuii-3 u anb(a-4acTUIEl ¢ BRIACICHUEM TOMON-
HUTEIbHOU SICPHOU SHEPTUH.

Uro kacaercst mynbcapoB, TO MPEACTABICHUE UX Kak OBICTpOBpa-
IIAFOINNXCS 3BE3] BEChMa NCKYCCTBEHHO. bonee oueBnaHON SBIIETCS
MOJETb JCUCTBUTEIBHO MYJIbCUPYIOIIEH 3BE3AbI, B KOTOPOU pacHpo-
CTPaHAIOTCS MPOJOJIBHBEIE BOIHBI CKATHS TEla 3BE3ABI U MTOIIEPEIHBIC
BOJIHBI, TIPOXOJSINNE IO €€ MOBEPXHOCTH. Toraa cTaHOBUTCS IOHST-
HBIM OTHOIICHHE ITEPHOAOB U3TyUSHHS, IOPOXKAAEMBIX BOTHAMH CKa-
THS C BEIOPOCOM 3JICKTPOMArHUTHOM SHEPTHH U MOZYJISLIUH H3ITY-
YCHUSI, — UMH SIBIISIIOTCS MOTepedHbie BOIHbI. CaMo ke TelIo 3Be3Ibl
BOBCE HE 00s3aTENBHO JOJDKHO BpaINAThCs C YaCTOTOH Mynbcauui, a
M3IYYCHUE BOBCE HE JOJDKHO OBITh Y3KOHAIPABICHHBIM, IMOCKONBKY
rpeOHEH BOTH Ha IOBEPXHOCTU MOXKET OBITH MHOTO.

B paccMoTpcHHOI KapTHHE BHETATAKTHYCCKON aCTPOHOMUH HE
HaIlUTH MECTa ITyJbCapbl — ITyJbCHPYIOIINE 3BE3IbI M CBEPXHOBBIC
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3BE3Ibl, OJHAKO MO (PU3UYECKOH OCHOBE STHUX 3BE3J TAKKE MOTYT
OBITH BBICKA3aHBI HECKOTOPBIC MPEIAIOI0KCHUS, OCHOBAHHBIC HA d(H-
POAMHAMUYECKOM MOAXOAE. ITO TEM Oolee MPaBOMEPHO, MOCKOIBKY
HHUKAKO# (pU3M4eCcKOil OCHOBBI COBPEMCHHASI KOCMOTOHHSI B OTHOLIC-
HHUM 3TUX O0pa30BaHHUl HE MpPEAIAract, OrpaHUYMBASsCH JIUIIb (hEHO-
MEHOJIOTHCH. 31ECh TOXKE HYKHO HE 3a0BIBaTh, UTO JHOOOH (hakT MO-
JKET UMETh OCCUHCICHHOE MHOXECTBO TPAKTOBOK, CYIICCTBYIOLIHE
CCrOJHS B HAYKE THUIOTE3BI O MPOLECCaX, MPOUCXOMIINUX B ITyIbCapax
U CBCPXHOBBIX 3B€3[aX, HC JO/DKHBI CUMTATHCS CAMHCTBCHHO BO3-
MO’KHBIMH, TaK K€ KaK W MpeJIaracMbic HIDKE 3(HPOINHAMUUCCKUC
MOJICTH MPOLIECCOB, MPOUCXOMSIINX B 3TUX 3BE3AaX.

Kak usBecTHO, nyibcapst — 310 cnaOble HCTOYHHUKH ITyIbCHPYO-
LIECTO PaJVON3ITYUCHHUS, BCIIECKH KOTOPOTO CIEAYIOT APYT 32 APYIOM
C OYCHb MEAJICHHO M3MeHsrommmces nepuogom. Io tumy paamonsiy-
YCHHSI MYJIbCAPBI OTJIMYAIOTCSI OT BCEX M3BECTHBIX JIPYTHX MCTOYHH-
KOB PaIMOM3IYUCHUS, XAPAKTCPUIYIOIIUXCS JTHOO MOCTOSHHOW WH-
TCHCHBHOCTBIO (TaTAaKTHKHA M PAJAMOTATIAKTHKH), JTHOO PEryIspPHBIMH
BCIUICCKAMH PaIHOU3TYUCHUS.

[IpoBeneHHbIC MCCIEOBAHMS MOKA3AMH, YTO MAKCHMyM H3IIy4e-
HUSI TyJbCAPOB MPUXOJUTCS HA METPOBBIC BOJHBI, OJHAKO B OJHOM
HMIIyJIbCE MMEETCS Pa3dpoc YacToT: CHavajda M3mydaroTcs Oomee Ko-
poTkme, a 3areM Oonee [IMHHBIC BOJHBI. B mpuHIMIE 3TO MOKHO
OOBSCHUTH OCOOCHHOCTSIMU MTPOXOXKIACHHUS BOJH B ME)K3BE3IHOM TIPO-
ctpanctee. llepuoast ummnyipcoB uaayueHus coctasistor ot 0,033¢
mo 3,75c. Ilepuoapl MEIICHHO BO3PACTAIOT, BPEMsI, B TCUCHUE KOTO-
POro mepHoa YBEIUYUBACTCS BABOE, COCTABISICT MUJLIMOHBI U JCCST-
Ki MIULTHOHOB JieT. COBpEeMEHHAsi KOCMOTOHUSI OOBSICHSICT ITYJIbCaphl
TCOpHEH «BPAINAIOIIETOCs] MasKa», B COOTBETCTBHH C KOTOPOU MYyJIb-
capbl TPCACTABISIIOT COOOW OBICTPOBPALIAOIIYIOCS HEHTPOHHYIO
3BE3/Y, UIMEIOINYIO Y3KUIl Tyd U3Ty4CHHUSL.

Onnako 3()UPOAMHAMUYCCKHN MOAX0/] MTO3BOSICT HPC/TIOKUTE U
uHyI0 MoJenb. He Bo3pakast mpOTHB BBICOKOI! IJIOTHOCTH BEIIECTBA B
MmyJbcapax, MPEACTABUM IyIbcap Kak OONMbIION YIIOTHEHHBIN 3¢dup-
HBIH TOPOH, MO MOBEPXHOCTH KOTOPOTO PACIPOCTPAHSIOTCS BOJHBI,
MpPHYEM CaM TOPOUA YAEpKUBaeT 3¢up Omaromaps TOPOUAATBHOMY
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JBIDKCHHIO 3QHpa M HAJIWYHIO HA €r0 MOBEPXHOCTU MOTPAHUYTHOTO
CIOSL 1 IMEET HE TOJBKO TOPOUAATBHOE, HO M KONBLEBOC BPAIICHUC
IO THITY MPOTOHA.

[IpoxokaeHue BOIH MO MOBEPXHOCTH CO3JAET U3MCHECHUE MeXa-
HUYCCKUX HANPsDKCHUHA B MOBEPXHOCTHBIX CNOSX, Onaroaaps dyemy U
BO3HHMKAET u3mydeHue. OTHOLICHWE YACTOT MEPUOAA HMITYJIbCOB K
YacTOTE PAAHOU3ITYUYCHHS XOPOLIO COTNIACYETCS C MPEACTABICHUSIMU O
CKOPOCTH PaclpOoCTPAHEHUS MOMEPEYHBIX BOJIH, MPOXOISIIIUX IO TO-
BEPXHOCTH TENA C MPOJOJIbHBIMH BOJTHAMH, MPOXOASIIUMH B CAMOM
tene. V3noxeHHas MOAeIb MOKET OKa3aThes 00Jee mMpaBaonog00HOM,
HEXKENIM MOJEINb «BPAINAIOMICIOCH MasKa», IPOUCXOKICHUE U (YHK-
LUOHUPOBAHUE KOTOPOro MOKA HE NMEET OOBSICHEHUS.

Uro kacaeTcst Tak Ha3bIBACMBIX C8EPXHOBBIX 36€30, TO U 37CCh I10-
JOXKCHHUE C UX OOBbSICHECHHEM aHAIOrudHO. CBEPXHOBBIMHU 3BE3JAMU
SIBILSTEOTCSL 3BE3JbI, UCTIBITABINNE KATACTPO(UUCCKUI B3PbIB, 32 KOTO-
PBIM TOCNEAOBATO OFPOMHOE YBEIUYEHUE MX Onmecka. B makcmmyme
OIecka CBETIMOCTh CBEPXHOBBIX 3BE3.1 MPEBHIIIIACT CBETUMOCTD TAKUX
3Be3q, kak ComHie, B MIIUTHApAB pa3, MPEBOCXOAS HHOTAA CBETHU-
MOCTh BCCH raJaKTHKH, B KOTOPOH OHHM HaxomsaTcs. Makcumywm Oue-
CKa HACTYMACT MPUMEPHO Yepe3 2—3 HEACTU IOCIC B3PhIBA, MOCIC
yero ee Oneck cHmkaercs u B TeueHue 100cyTok ymeHbImaercst B 25—
50pa3. B cpeanem B ranaktuke, mogo0HOM HAIlEH, BCIIBIXUBAKOT OJI-
Ha-IBC CBCPXHOBBIC 3BE3AbI B CTOJNCTHE. ACTPOHOMBI OTKPBIBAIOT
MOJTOpA-ABA ACCITKA CBEPXHOBBIX 3BE3]l CKETOJHO.

ITo xapakrepy nu3MeHeHHs Onecka cO BPEMEHEM U CIICKTPY CBEPX-
HOBBIC 3BE3[bI pa3dcisitorT Ha aBa tuma. CBepx3se3gs | Tuma , kak
mpaBuiao, B 3—5pa3 sipue cBepxXHOBHIX || THIA M XapaKTepU3YIOTCS
Ooyee MEIJICHHBIM YMCHBIICHHEM Ollecka mociae Makcumyma. Jlms
cnekTpoB cBepx3Be3n || Tuma Hambonee XapakTEpHBI MHTCHCHBHEBIC
JIVIHUY M3ITYYCHUS, TOTAA Kak A7 cBepx3Be3x | Tmma — oueHs mmpo-
KHC JTMHUY TOrIomeHus. JIpyruM OTIHIUEM SBIISICTCS PUCYTCTBHE B
CIEKTPE CBEPXHOBBIX 3Be3[ || THMA CHIBHBIX TUHHUA BOAOPOAA, MOYTH
MOTHOCTBIO OTCYTCTBYIOIIMX B CIICKTPAX CBEpX3Be3[ | Tuma.

[IpoaykTamMu B3pbIBa CBEPXHOBBIX 3BE3J SIBISIOTCS PACIIUPSIIO-
muecs ¢ 60sbioit ckopocThio (10 20 ThiC. kM/C) Ta30BBIC 0OONOUKY U
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myJIbCapsbl. OCTaTKI/I CBCPXHOBBIX 3BC3J ABJIAIOTCA HUCTOUYHHUKAMU pa-
AUOU3ITYUYCHHU WU TCIIJIOBOTI'O PCHTTCHOBCKOI'O U3JTYyUCHUS.

JdupoanHamudeckass MOAETb MEXaHH3Ma B3pBIBA CBEPXHOBOU
3BE31bl OCHOBBIBACTCS HA MPEACTABICHUU 00 yTpaTe SHEPTUU MPOTO-
HaMU C TCHCHUCM BPCMCHU.

ITo Mepe TOro Kak MPOTOHBI TEPSIIOT CBOKO IHEPTHUIO, UX Pa3MEphI
YBCIUYINUBAKOTCA, COOTBECTCTBCHHO YBCINYUBACTCA U LHCHTPAJIBHOC OT-
Bepctre. C OompeneneHHOro MOMEHTa JOCTATOYHO THOOOro TOMYKA,
IITO6I:I 3(1)I/IpHI>IC MOTOKH, 3aMbIKaBIMNUCCA BO BHCIIHCC IMPOCTPAHCTBO
U J0 3TOr0 BPEMCHU OOpPa30BBIBABIUHE IEPBBIH MPHCOCIMHEHHBIN
BHUXPb — 3JICKTPOHHYIO OOOIOYKY, M3MCHUIH CBOE HANpPaBICHUC U
CTalli 3aMBIKAThCS YEPE3 3TO OTBEPCTHE. ATOM CTAHOBUTCSI HOHH3H-
POBaHHBIM.

Ilponiecc moHM3anMM MPOXOAUT JABHHHO, TaK KaK B HCYCTONYH-
BOM COCTOSIHUU HaXOAUTCSI MHOXKCCTBO aTOMOB, B IICPBYIO OUCPCAb B
MOBCPXHOCTHBIX CJIOAX 3BC3AbI, IMMOCKOJIBKY B 3TUX CJIOAX TCMIICPATY-
PBI HIDKE, Y€M BO BHYTPCHHHX, CIIEJOBATEIBHO, CKOPOCTH TepeMelIie-
HUsI aTOMOB MEHBIIC U IPAJUCHTHI CKOPOCTEH 3(upa HA MX MOBEPX-
HOCTSIX MCHBIIIE, a 3HAYUT, BA3KOCTh d¢upa Bbie. Ipouecc nonnsa-
LUU PacTIPOCTPAHSIETCS MO MOBEPXHOCTH U B TIyOHMHY CO CKOPOCTBIO
3BYKa U B TCUCHHE HECKOIBKUX YACOB CIIOCOOCH OXBATUTh BCE obiac-
THU 3BC31bI, B KOTOPBIX MPOTOHBI HAXOIAATCS B HGYCTOﬁQHBOM COCTOSA-
Huu. OueHp ObICTPO OoMbIIHE 00MACTH YILIOTHEHHOI'O ra3a OKasbiBa-
FOTCSI HOHU3HUPOBAHHBIMU, BCC IPOTOHBI OTTAJIKUBAIOTCA APYT OT APY-
ra, IPOUCXOJUT B3PHIB.

IIpencraBasier MHTEpEC OLECHUTH YCKOPCHHE, KOTOPOE MOIy4acT
HNPOTOH Ha IMOBEPXHOCTHU 3BE3/bl B PE3YyNbTATE TAKON NOHU3ALUH.

Ecnu npeaACTaBUTh MApaMCTpPhI 3BC3Abl AHAJIOTUYHO COJIHCYHBIM,
Te. M, = 2:10° xr u R, = 7-16 ™, 10 uncno MPOTOHOB B 3BEC3IC
COCTaBUT

M, 2-1%
N, = = =1,2-10 mr. (5.1)
m, 1,67-10°
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Ecnu mpeamnonoxuTh, 9T0 MOHU3UPYETCS BCE TENNO 3BE3BI, TO €€
3apsa COCTAaBHUT

Q. =N, e=1,2.16"1,6-10" = 2-16°Ku. 5.2
p

KynoHoBckas cuma oTrramkuBaHus, ACHCTBYIOMIAS HA MPOTOH HA
TIOBCPXHOCTH 3BC3AbI COCTABUT:

Q.ce 2-1%- 1,6-10"
F= = =6-10 H (5.3)
4ie,RP 41-8,85-10%-7-10°

U, CIICIOBATEIBHO, YCKOPEHHE, KOTOPOE MONYYUT HPOTOH, YIAJSIO-
LIUICS OT 3BE31bI, OyIET PABHO

F 6- 16"
a= = =3,6- 1 mc? (5.4)
m 1,67 16

10 yckopeHue Oyaer OOblne YCKOPEHUS CHITBI TSDKECTH Ha IM0-
Bepxuoctu Conana B 1,3- 16° pas!

PeansHOE yCKOpEHHE TPOTOHOB OyAET BCE KE BO MHOTO pas
MCHBIIIEC TIOTOMY, YTO, BO-TICPBBIX, HE BCE TEIO 3BE3/bI OJHOBPCMEHHO
HOHU3UPYETCS, STOT IMPOIECC PACTEKACTCS BO BPEMCHHM, 32 KOTOPOE
BEPXHHUE CJIOU IUIa3Mbl OTOMIYT OT 3BE3[bI, 4 BO-BTOPBIX, BOOOIIC HE
BCC TEJIO 3BE3/bI BKIIFOYACTCS B MPOIIECC, OCTACTCA HEKOTOPBIM OCTa-
TOK OT 3B€37bl. T€M HE MEHEE, BUIHO, YTO MPOLIECC 0OBATBHOW HOHH-
3alUU CIIOCOOCH O0ECIICUNTh SHEPTHIO B3PHIBA CBEPXHOBOW 3BE3[HI.
IMo mepe ymaneHust OT IEHTPa B3phIBA YCKOPCHHE MPOTOHA OyAeT
CHIDKATbCI HE MCHEC YEM B IISITOU CTCIICHU pacCTodHUsA, TaK KaK BCIA
Macca pacTblIACTCS B MPOCTPAHCTBE. ITO 3HAUUT, UTO MPH YIATICHUN
HA JCCATUKPATHYIO BEIMYMHY PaAUyca YCKOPECHUE YMEHBIINATCS B 10°
pa3, a mpu yianeHMH Ha cto pagmycos — B 10 pas. A yxke mocre
yaaneaus Ha 10 MUILIHOHOB paanycOB YCKOPECHHS BOOOIIE OOJIbINe



Cose4ynast CICTEMAa H KOCMOC 181

HUKAKOrO HE OyJeT, pa3fieT rasa OyAeT mpogoKaThCs MO HHCPIHH.
Ha camoMm nene 3TOT mpeaen HACTYNMUT paHbLIE, YTO COOTBETCTBYCT
HAOTIOACHHSM.

K sTOoMy k€ COOBITHIO MOJKHO MOJOUTH C APYTOH CTOPOHHI.

Cpenusist mmotHocts ContHIIA paBHA 1,41-16 xr-m3, 310 3HAUMT,
uTO B 0ZHOM Kybometpe comepxutcs 10°° mpoToHOB, T.¢. paccTOsHIE
MCXKAY COCCTHUMH TPOTOHAMH COCTABJISICT 100 m. IIpu obpatueHuun
aTOMOB BOAOPOJA B MPOTOHBI CHJIA OTTAIKUBAHUS MEKAY MPOTOHAMU
OKaXETCsI paBHOU

o (1,6:10)

F= =
der?  41-8,85-101.107%°

=2,3.10 H. (5.5)

U OPOTOHBI MOJIYYaT YCKOPEHHE, PAaBHOE

F 2,3-10°
a= = = 6,85-1F m-c?. (5.6)
an, 21,6751
Ilonnas xe CKOPOCTh NPOTOHA MOXKCT COCTAaBUTDH
v = [ adt=[ adr(ot/or) (5.7)
nin
V2 =[adt=]adr (5.8)

Fo Fo

[ToacraBmsist COOTBETCTBYIOLIME YKCNA, HOTYYAEM, YTO CKOPOCTH,
JAOCTUTHYTAd ABYMS IIPOTOHAMHU B PE3YIBTATC TOJIBKO UX BSaHMOﬂCﬁ'
cTBH, cocTaBisteT 26 kv/c. OMHAKO TTOCKOIBKY B3PHIBACTCS BCE TEIO
3BE3/1bI, TO CKOPOCTh BHEIIHUX CJIOCB BO3PACTET MHOTOKPATHO.

Yto KacaeTcs 3BE3A-KapiauKOB, HCUTPOHHBIX 3BE3T U T.II., TO CJIC-
JIyeT yKa3aTh Ha CILIC OAHY BO3MOXXHOCTh X OOBSCHCHHUS Ha OCHOBC
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s(puporuHaMuIecKuX mpeacTasicHuid. [IpuHIUNMampHO, B KOCMOCE
BO3MOXKHO 00pa3oBaHUE KPYMHBIX 3(PHPOIMHAMHYECKHX TOPOHIOB,
MPHYEM yYACTHE B UX CTPYKTYPE U OOBIYHBIX HEHTPOHOB HE UCKIIIO-
yaercs. VX BHeIIHME mapaMeTphl Malo 4eM OyIyT OTIUYAThCS OT ma-
paMeTpoB HEUTPOHHBIX 3Be3[. BomHbI, mpoxoasimue mo ux moBepXHO-
CTSIM U B ryOuHe, OyAYT CTUMYIHPOBATh M3TYUCHUEC BO BHCINHIOK
cpeay. 3Aech cpasy K€ MOMydaeT OOBSICHCHUE BBICOKAs CKOPOCTh
BpAIUCHUSI 3BE3/bI, MOCKOJIBKY €€ BPALICHUC BO3HUKACT BCIICACTBUC
TAKOTo >K€ MPeoOpPa30BaHUsl TOPOHIATBHOW CKOPOCTU B KOIBLEBYIO,
KaK 5TO MPOHMCXOAWT B Tele MpoToHa. dakTuyecku mymbcapel MOTYT
0Ka3aThCs OJHOW M3 Pa3HOBHUAHOCTCH TakuxX Topomaos. Ho ecTh cme
U IPYTUE COCTANSIOLINE — CKOPOCTh MPOXOXKICHHS BOJH IO TEIY TO-
pouAa Wiy mpocTo BUOpaLMs camMoro TOpOHAA. Y IPYrocTh Teia TO-
pouaa BHONHE OOBSICHSCT CKOPOCTh MPOXOXKACHUS MOBEPXHOCTHBIX
BOITH M YacTOThl BHOpaLMif, MPUBOASIINE K BO30OYXKICHHIO MpHIIC-
FaroIUX CI0EB 3(Hpa, KOTOPbIC H BOCIPHHUMAIOTCS KaK H3TyYCHHE.

Takum obpaszom, 3pupoarHAMIYECKUN MTOAXO0] MOXKET HECKONBKO
JOTOTHUTh MPEICTABICHUS O BO3HHKHOBEHHH, 3BOJIOLHM U rudenu
3BE31 M 00 MX HEPIECTUKE.

5.2. ConHue KaK TunoBas xerras 3Be3fa.

Kax uzsectno, CosHile mpeacTaB/sieT coOOl pacKaCHHBIN I1/1a3-
meHHbIN 1map. Macca Comnnia 1,99-160 kr, u 310 99,866%Maccel
Beeil Comneunoit cucrembl. Ocrambapie 0,134%, B OCHOBHOM, 3TO
Macca IIaHeT. Y CKOPEHHUE CHIThI TshKecTu Ha moBepxHocTr ConHia —
273,98m-c72 wmm 280, T. ¢. B 28 pa3 GOIbIIC YCKOPCHHS CHITBI TSDKC-
cru Ha 3emuie [8].

CounHiie, KaKk 3BE3/a, SBIICTCS TUIMYHBIM KCITHIM KAPIUKOM U
pacrojiaractcs B CpeIHEH 4acTy TJIaBHOU MOCICAOBATEIEHOCTU 3BE3T
muarpammsbl ['epiimmnpysra-Peccena. ConmHiEe pacmoioKeHO BHYTPHU
ONHOH W3 CIHUPATBHBIX BCTBCH HAICH [ alakTWKN HA pPaCCTOSHHUH
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okos10 10«kmc ot ee uentpa. Ilepuoa obpatnenns CoHIa BOKPYT LICH-
tpa 'anakruku okono 200MnH. 1eT, BO3pacT — OKOIO S MIIPA. JIeT.

IIpennonaraercs, uto coxepxanue Bogopoaa B ConHie mo Macce
okono 70%, remust okono 27%, BceX OCTaJbHBIX 3JIEMEHTOB OKOIO
2,5%.Ha ocHOBaHHH 3TUX MPEANOI0KCHHM BRIYHUCICHO, YTO B LICHTPE
Connna temmeparypa coctasmsier 10-15 muH. rpaaycos KenbBuHa,
IIOTHOCTH 0KOJI0 150 ThIC. Kr/MS, T.€. B 150 pa3 IJIOTHEE BOIBI, JaB-
nenne oxono 3-10 armochep.

Cunraercst, 4YTO HCTOYHUKOM SHEPTHH, MOMOTHSIIOIIM TOTEPH Ha
M3IYYCHUEC M TOAJCPKHBAIOIIMM BBICOKYIO Temmeparypy ComHua,
SIBILIIOTCS SLACPHBIC peakuuu, npoucxoasume B Heapax ComHua, mpu
KOTOPBIX BOJOpoA mpesparnaercs B reauit. Ha ComHue BO3MOXXHEI 2
TPYIITBL TEPMOSIACPHBIX PEaKIMii — TPOTOH-TPOTOHHBINH (BOIOPO-
HBIH) LUK U yriaepoansiii ki (ki bere). Ho nanbonee BeposiTHO,
gto Ha ConHie mpeodiagacT NPOTOH-IPOTOHHBIN LUK, COCTOSIIUN
13 3-X peakUui, B EPBOI M3 KOTOPBIX U3 SIEP BOAOPOa 0Opa3yIoTCs
JEUTPOHBI — siApa ASHUTEpHsI — TSDKEIOr0 BOAOPOJA, 3€Ch BBIACISIECTCS
1,135M»3B Ha HyKJI0H, BO BTOPOM U3 sACp ACHTEpUs U BOAOPOAA 00-
pasyroTcsl aTOMBI T'emusi-3, 3AECh MOMONHUTEIBHO BBLICISIOTCS CIIE
1,82 M3B Ha HyKIIOH, B TpeTheil cTaanu oOpa3yroTcs sapa YCTOH4IH-
BOT0 M30TOMA TEIUS ¢ aTOMHON Maccoil 4, mpu 3TOM JOHOTHUTEIBHO
Boiaesierces e 4,14MbsB Ha HYKITOH.

Ilepenoc sneprum u3 BHyTpeHHHX cinoeB ComHI@ B OCHOBHOM
MPOUCXOAUT IMYTEM IOTJIOWEHHS SJICKTPOMATHUTHOTO H3IyUCHUS,
MPHUXOAALICTO CHU3Y, W Mocieayromero nepeusnyueHus. Ilepenoc
SHEPTUU JBW)KCHHEM TOPSYEro BEIIECTBA M3 BHYTPCHHHX CIIOCB, a
OXJIKACHHOTO BHYTPh (KOHBEKLHSI) HIPAcT CYIUCCTBEHHYIO PONb B
BEPXHHX CJOsX, KOTOpas HaunHaercsl Ha riayouHe 0,2 comHeuHbIX pa-
quyca u umeet TonuuHy okoio 10 teicsa km. B emme 6omee BrICOKHX
ciosix — B atmochepe ConHIa MepeHOC SHEPTUH OISITh OCYIIECTBIIS-
ercs m3nydeHneM. HakoHen, B BepXHEH 4YacTH COMHEYHOH KOPOHEI
OONIBIIYIO YAacTh HHEPTUM YHOCSAT MOTOKH BEIIECTB, IBIIKYIIHCCS OT
ConHia, 5TO Tak Ha3bpIBACMBIN COMHEYHBIN BeTep. TemmepaTypa B ka-
JKIOM CIIO€ YCTAaHABIMBACTCS HA TAKOM YPOBHE, YTO aBTOMATHYCCKU
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OCYILIECTBIISICTCS! OaNaHC YHEPTUH. KOTHYCCTBO MPHHOCUMON SHEPTUU
W3HYTPH PABHO CYMME BCEX IHEPTETHUICCKHUX IOTEPD CIIOS.

Bpamenne ComHiia BOKpYr ocH MPOUCXOINUT B TOM JKE HArpaBlie-
HHUM, YTO U BpaIICHUC 3EMITH, B IJIOCKOCTH, HAKIOHEHHOM Ha 7°15’ k
miockoctr opoutsl 3emnu (3xnumrke). [lepuox Bpamenus Comnia
HEOAWHAKOB Ha pasHbIX mupoTax. OauH 060pOT OTHOCUTEIBHO 3eMITH
TOYKHM ¢ reorpaduyeckoit muporoil 17° copeparor 3a 27, 275cyToK;
BpeMst 0bopoTa Ha Toii ke mupore CoNHIIA OTHOCUTEIBHO 3Be31 (CH-
naepudeckuii meprox) — 25,38cyrok. YrimoBas cKOpOCTh CHICpHHUC-
CKOTO BPAIICHHS B TCUCHHUE CYTOK M3MCHSCTCS C reauorpagpuucckoit
HIIPOTOU (P IO 3aKOHY

o = 14,44 — 3 sin2p. (5.9)

Cxopoctp gerkeHust ComHIA OTHOCUTEIBHO COBOKYITHOCTU OITH-
sKafmux 3Be37] cocrasiser 19,7xm/c.

IMpuunns Bpamennst ComHua ¢ 3¢UPOANHAMUYICCKUAX TO3ULIMH TS
K€, UTO M Y BCEX 3BE3J, MOMABIINX B PyKaBa CrUpaibHOM [ anakTuku.

B paspeskenHOM rase, oOpasyromeM 3Be3Ay Ha HAYaIbHOM 3Tare
ec pazBuTus, 3QUPHBII BETCpP OKA3BIBACT JAABJICHUE HA KAXIBIH HPO-
Ton. [Tpu cxopoctu s¢puproro serpa 10° m/c u mnorHoCTH 3dhmpa 107
10 kr/m® wmeno PeiiHOMBACA COCTABHT:

Re =vD/y = 10-1,12-10"/ 4-10 = 3-10%, (5.10)
STOMY 3HAYCHHUIO OYAET COOTBETCTBOBATh KO3(PQHUUEHT T000BOrO
conpotusnenus Cy = 1000.Ilockonpky MUAENb MPOTOHA COCTABISCT
10’ M? To nelicTByrOMAs CHITa T0G0BOrO COMPOTUBICHIS
F = cyp,SV = 10-10"°.10%.1¢ =10*" H. (5.11)

Ipu macce 1,6-10% kr mpoToH MOr GBI TIOTYYHTH YCKOPCHUE

a=F/m=10%"/1,6-10 =6-10°mc™> (5.12)
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3a CyTKH MPOTOH TPUOOPETET CKOPOCTh mopsiaka 5 wm/c, a 3a rox
nopsiaka 2 km/c.

Ha camom geme 3ta ckopocTs OyaeT CYLIECTBEHHO MEHBINE, Tak
KakK, BO-TICPBBIX, YCKOPEHHUE MPOUCXOANUT HA OXHON CTOPOHE 3BE3MBI, a
Ha TMPOTHUBOIOIOXKHOW CTOPOHE MPOTOH TOPMO3HUTCS, W YCKOPCHHE
MPOUCXOAUT 3a CYCT PA3HOCTU CKOPOCTEH 3(UpHOro BeTpa, T.c. 3a
CUCT TPaJHMeHTa ero CKOPOCTEH, a, BO-BTOPBIX, 00Opa30BaHUC 3BE3bI
COMMPOBOXKIAACTCA €C CKATUCM, YTO NPUBOAUT K B3aUMHOMY SKpPaHU-
POBaHUIO MPOTOHOB. JTO 03HAYACT, YTO (PAKTHUCCKH HEMOCPEICTBCH-
HO TI0J] MIOBEPXHOCTHBIM CIIOEM S(UPHBII BETEP PE3KO CHIKACT CKO-
POCTh, M, YCKOPEHHE, MOTYYCHHOE MOBEPXHOCTHBIMUA aTOMAaMH rasa,
MepepacpeIesieTCs] Ha BCIO MAcCy 3BE3/IbI.

[Nocrostnnas BpemeHn HakorieHus Macchl CONMHIIA B HACTOSILICE
BpeMsi coctaBisieT mpumepHo 2 mipA. yer. [Ipu Bospacte Connuoa
OKOMO 5,5MIIpa. JeT 3TO 03HAYACT, YTO €ro HavajibHas Macca Oblia B
15 pa3 mensbine, uem ceituac. Oguako B obmactu sapa lagaktuxu
IJIOTHOCTH 3(Hpa HE MeHee YeM Ha Jpa mopsaka Oompme. Cienosa-
TCJIBHO, B TO BPCM MOCTOSHHAS BPCMCHU HAKOIUICHUSA MaCChL 6]:1.]'[8,
SHAYUTCIIbHO MCHBIIC.

JTO O3HAUAET, YTO HA caMoM Jeie HadajpHas mMacca ComHua Obl-
7a ewme MeHbIne u coctasisiia He 6onee 0,013na4yeHus macce ConHna
B HACTOSILIICE BPEMSI.

I'paguent ckopoctu 3upa B paiione siapa ["amakruku B morpaHu-
YHOM CJI0C CITUPATBbHOI'O pyKaBa JOJI>KCH UMCTh IOPAAO0OK BCIUYINHBI

Av 16 mc™? 16 Mt
gradv = = = =10°—— (5.13)
5 0,8c 0,3-3,1-1b M

rac O — TOMIKHA MOTPAHUYIHOTO CJI0S B PYKAaBE CIUPATbHON TajlaKTH-
KH, YCIOoBHO mpuHsaTas pasHoi 0,3 mapcek Ha ocHOBe aHamm3a (oto-
CHUMKOB CIMPATBHBIX TAJAKTHK.

Ipu auamerpe Connua nopsiaka 10° M (Macca MeHbIIe, YeM B Ha-
CTOSILICE BPEMs, HO M YIUIOTHCHHE CLIC HEAOCTATOYHOE) Pa3HOCTh
ckopocrett a¢upHoro motoka Ha kpasx CosHLA cocTaBisiia
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Av, =Dc gradi, = 10 -10™° =10 mc ™ (5.14)

OTcrona pa3HOCTh CHJI, ACUCTBYIOIIUX HA MPOTOHBI, KOTOPHIC HA-
XOJSITCS Ha MPOTHUBOMOJIOKHBIX cTopoHax CoNHIA, COCTaBIISICT

AF = cy(vi® = V) = 260, VAVLS, =2-16-10"10°%10%10%=

=2.10"H. (5.15)
31ech IOTHOCTH upa mpuHsTa paBHOi p, = 100 xr M, T.c.
Ha OJWH MOPSIOK BBHIIIC, YeM B OONACTH HACTOSIIETO OKOJIO3EMHOTO
IIPOCTPAHCTBA, @ CKOPOCTh 3upHoro Berpa mpursta V, = 10 m-c ™.
st Toro 4ToObl JOCTHYb CKOPOCTH TEYCHHMS ra3a MO MOBEPXHO-
ctu Connra, pasuoii 2000m/c, motpedoBanocs Obl BpeMst

2.£02-1-6,7-16"
T = V,-2my/AF = - = 10° ner = 10mmpx. ner. (5.16)

Takum oOpaszoM, HadH4us rpajrcHTa 3QHUpHOro BeTpa B mOrpa-
HUYHOM CJI0€ 3()UPHOro MOTOKA, YCTPEMIISFOLIErocs K siapy [anakru-
KH, OoJee 4eM AOCTAaTO4HO, 4To0B obecneunTh packpyTky ComHua,
TeM Oortee, €ClTU YIUTHIBATD €ro MOCICAYIOMEE CXKATHE, B PE3YIbTaTe
KOTOPOro JalbHEHINAs CaMOPACKPYTKa MPHBEACT K €uie OOMbImeMy
YCKOPCHHIO €rO BPALICHHS.

PeanpHO mpomecc men, xoHedHO, ciokHee. Ilo mepe cxarms
ConHIa €ro IIOTHOCTh YBEIHMYUBAIACH, & CHIIBI, ACHCTBYIOIOHE Ha
MPOTOHBI, YMEHBIIATIUCH BCICACTBUE 3KPAHUPOBKU HX APYT APYTOM.
ITpu 3Trom ConHue nmepeMenanock B 00IacTb PACIIUPSIIOIINXCS pyKa-
BOB, TI€ M CKOPOCTb S(UPHOr0 BETpa, M TPATUCHT €ro CKOPOCTH
ymenpmarorcs, CoHIe HAKAIUTMBAIO MAcCy, U MOMCHT KOJIMYCCTBA
BpALICHHS TIEPEPACIPEACISIICS HAa BCIO €0 MACCy, MMOTOMY JTHHEITHAS
CKOPOCTh ABUMKCHUSA CTO IMOBCPXHOCTHBIX CJIOCB YMCHBINATIACH.
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Takum 00Opaszom, Ha paunueit craauu obpazosanus CosHIE UMe-
JI0 MacCy 3HAYUTEIIFHO MEHBIIYIO, YCM B HACTOSILICE BPEMSI, ITO Kpaii-
HEW Mepe, Ha JBa MOPsAKa, a IMPU CKATHU €r0 CKOPOCTh BPAIICHUS
MOTrJIa OBITh 3HAYUTENIBHO BHILIE, YEM celdac. B mampHeHmeM e mo
Mmepe morotieHus 3¢upa macca ComHua pocia, JUaMETP TOXKE YBe-
JMYHBANICS, COOTBETCTBCHHO CHIDKANACh CKOPOCTh BPALICHHS, ITOKa
HE JOCTHUIJIA CYLIECTBYIOIIECTO 3HAUCHUS 2 KM/C.

AHaHOFI/I‘IHO npoucxoauia paCKpyTka BCCX 3BC3[, IOIABIINX B
MOTOKM 3(Hpa B CTEHKAX cnHpaibHbIX pykaBoB [amaktuku. Y3 storo
CIIEAYET, YTO HANPABICHUEC BEKTOPA BPALICHHS OIH3ICKAIMIX 3BE3J,
PACIIONOKECHHBIX BIOIb OCH CIIHPAJIbHOrO pyKaBa, COBIAJACT C Ha-
mpaBjicHueM Bektopa BpamncHus CONMHIEA, a HAXOASIUXCS B IOIC-
PEYHOM OTHOCHTEIBHO OCH PYKaBa HAIPABICHUU MOCTCIICHHO MCHSI-
ercs mo mepe yaanenus ot CoiHua.

5.3. ConHeyHasa cuMctema Kak arnemeHT Manaktmkm

Bompocy BosumkHOBeHHss COMTHEYHOW CHCTEMBI U OOBSCHCHHIO
OCOOCHHOCTEH €€ CTPOCHUS MOCBSATHIM CBOHM YCHIIHSI MHOTOYHCIICH-
Hble ucciaeaosatenu, Hampumep Hekapr (1596-1650)Kanr (1724—
1804), broddon (1707-1788)Jlannac (1749-1827) Napsun (1845—
1912), Xoiin (1944, 1958)Koiinep (1951), Mak-Kpu u Hexotopsie
apyrue. Hanbonee npu3HaHHOI B HACTOSIICE BPEMsl SIBISCTCS KOH-
perupst O.10.IMImuara (1891-1956).IToapoOHsbiii 0630p OCHOBHBIX
rurnore3 usnoxex B [9, 10].

OCHOBHBIC BOIPOCHI, HA KOTOPBIC HY>KHO OBLITO JaTh OTBET aBTO-
paM runore3, ObLTH CIACAYIOLIHE!

1. Kakum 00pasom BooOure npousomnia ConHeunas cuctema’?

2. Tlouemy mnomasisitomast 4actb Macchl COMHCYHOW CHCTEMBI
(99,87%)3akaroucHa B Connre?

3. Tlodyemy mIOCKOCTH OpPOHT BCEX ILIAHET M BCEX OCHOBHBIX
CITyTHHUKOB COBIAJA0T C INIOCKOCTBIO COTHEYHOrO 3KBAaTOpa?
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4. Tlouemy Bce mnaneTsl U camo ComHie oOpaInarTcst B OGHOM U
TOM >Kk¢ (IPSIMOM) HATPABICHUH?

5. IloyeMy caMu ITAHETHI TAKKE BPAIIAIOTCS BOKPYT OCH B TOM
JKE TIPSIMOM HATPABICHHUH ?

6. Ilouemy OONBPIIMHCTBO CITyTHUKOB OOPAIACTCsl BOKPYT CBOUX
IJTAHET TAKOKE B IPSIMOM HATPABICHHH ?

7. Ilouemy, HECMOTpPsI HA MAJTYIO MAaccy, CHCTEMa IUIAHET HECET B
cebe ocHoBHOIT (98%) opOuTanbHBINT MOMEHT?

B o630pax rumore3 ykaszanel ux Hegoctatku. OQTBedas Ha 4acTh
BOIPOCOB, Ka)KAas TUIOTe3a HE HAILIa OTBeTa Ha Apyrue. [Ipakrmde-
CKU HHU OJHA TMIOTE3a, UCKIo4as, pa3se, rumore3y Jekapra, He mana
OOBSCHCHHS MPOUCXOKICHUS MaTepuania, H3 KOToporo obpasoBanach
Conneunass cucrema. Ho rmaBHBIM HEZOCTATKOM THIOTE3, IIO-
BHIVMOMY, SIBISICTCSI OTPBIB BOIPOCA MPOUCXOXKICHUS U CTAHOBJICHUS
ConHEYHOI CHCTEMBI OT FATAKTHYCCKHUX MPOLECCOB. D PUPOTUHAMUKA
BIICPBBIC MO3BOMSCT PACCMOTPETh 0COOEHHOCTH cTpocHUsT COMHEUHOI
CHCTEMBI B CBSI3H C 3THMH MPOLIECCAMH, YTO JACT BO3MOXKHOCTh OTHO-
CHUTENBHO MPOCTO OTBETUTh U HA BCE MEPEUHCICHHBIC BBIIIE BOIPOCHI.

Beime ObIO mMoka3aHo, 4TO B Hpelenax CIUpaibHON [ amakTuku
OCYLIECTBIIETCSL  Kpyroobopot 3dupa — k sapy 3(pupHbIE MOTOKH
VCTPEMJISIFOTCSI B CIIMPANIBHBIX PyKaBax, OT siaApa 3GHUp YXOAUT B BUAC
c(OPMUPOBAHHBIX TOPOHJANBHBEIX BUXPEH — MPOTOHOB C MPHCOCAU-
HCHHBIMH BHXPSMH — JJICKTPOHHBIMU oOoioukamu. OOpazoBaHHBIN
ra3 — BOJOPOJ — COOMpAacTCs B 3BE3/bI, KOTOPHIC MO HMHEpIMK (ras,
pacIIupssICh, YCTPEMISICTCS U3 SApa) MPOJAOIDKAIOT ABUIATHCS K IIc-
pudepru ['anakrukm.

Kak mojaran Musiep, ckopocts 3(¢HPHOrO BETpa B HACTOSIICE
Bpemst B paiione ComHewnoii cuctemsr cocrasmsier okoiao 400 km/c,
XOTSI, €CNIM OMHPATHCS HA TCOPHIO MOTPAHUYHOrO CIOS, TO JAHHBIC
Toro ke Mmiepa mator 3aBbiieHHy0 BenmurHy. [lo marasM Muo-
aepa, a¢upHsIii Betep B patione COMTHCUHOW CUCTEMBI MMECT HAIPAB-
nenue ot 3Be3abl ¢ ([zeta) cossesaus [paxona (64°, 17,34), T.€. B
HATPaBICHUH, TCPICHANKYISIPHOM OCH CIHUPAIBHOTO PyKaBa, KOTO-
pas B patione ComHEYHOH cHUCTEeMBI HampaBiicHa K co3Be3auto JIpBa
(15°, 114). Oanako, UCXOAS U3 AAHHBIX TOTrO ke MusIepa 0 TOM, 4TO
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Ha Beicote 1860m ckopocts 3¢duproro serpa He npesbimaer 10 km/c,
M, YYUTHIBAsl, 4TO arMocdepa C YBEAMYCHHEM BBICOTHI YMCHBINACT
CBOIO IJIOTHOCTh U CIIOCOOHOCTH 3axBaTa 3(UPHBIX [TOTOKOB, CIICAYET
rmoJjiarath CKOpPOCTh 3¢upHOro Betpa B paiione COMHEYHON CHCTEMBI
nopsiaka 50 km/c.

Ha nosepxnoctu ConHIa 1O 3KBaTOPY COOTHOLICHUE MEXKIY CH-
JTaMU TIPUTSDKCHUS U LICHTPOOCKHOTO OTTATKMBAHUS B HACTOSILICE
BpEMsI PABHO

F. MRS VPR (2-192%.7-16

kHT: = =
Fr  GmMcR:. GM: 6,67-101,99 16

2-10°, (5.17)

MO3TOMY HE MOXKET OBITH PEYH O TOM, YTOOBI YaCTh BEIIECTBA MOTIIA
oropsatbes o ColHUA Mo AeiicTBUEM HEHTPOOEKHOH cuibl. OgHAKO
Ha paHHeW craanu oOpaszoBanus CoNHLA MOJIOKEHHE MOIIO OBITH CO-
BCEM HHBIM.

Kaxk yxe ymomunamocs, macca ConHua BHagane Oblia, Mo Kpaii-
HEHi Mepe, Ha ABa mopsaka Menbie. Ilocne cxatus ero pagnyc 3Ha-
YUTCIBHO YMCHBIIUIICS, & CKOPOCTh BPAIUCHHS 3HAYUTCIBHO YBEIH-
guiack. Eciu Obl mpu 3ToM mmotHocTs CONHIA ObIIa TAKOM KE, Kak
ceiiuac, TO €ro paanyc COCTaBHUII Obl BEIUYHMHY, MPHUMEPHO B S pa3
menpmyto. Ecmu Ob1 k ToMy BpemeHu CoONHIIE HAKOIUIIO BECh CBOIL
BpaLIaTeIbHBI MOMEHT, TO IIPH MEHBLICH MacCe CKOPOCTh JBIKCHUS
€ro SKBATOPHAIBHBIX CIIOCB IO CPABHEHHUIO C CETOTHS CYIIECTBYIOIICH
cocrasuna Ob1 He meHee 1000 km/c 3a cdyeT MEHBINEro, 4eM ceidac,
nuametpa u eme B 100pa3 3a cuer MEHbIIECH MacChl.

C y4eToM H3N0KEHHOro, MPHBEICHHOEC COOTHOLICHUE LIEHTPO-
OCIKHOI CHJIBI K CHJIC TSDKECTH CTANO OBl

<T1

1,4-10-(10)
Kee = = = 16 pas! (5.18)
F 6,67-10"-2.16°
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JT10 03Hauaer, uTo runore3y JlapBHHA, BEICKA3aHHYIO HM IO OT-
HOLICHUIO K Bompocy obpasoBanus JIyHbI, Kak OTOpBaBIICHCS YacTH
3eMiIH, MOXKHO MPUMCHHUTh U IO OTHOIICHHUIO K 0Opa30BaHWIO BCEH
ITAHETHOW cucTeMbl: mpu ckatui ColdHUIA HA MEPBOW CTAAMH €rO
SBOJIOLMM HA €ro MOBEPXHOCTU HA SKBAaTOPE JODKHA ObLIA BO3ZHHK-
HYTh NMPHUIUBHAS BOJIHA, KOTOPAasi BCICACTBUE MPEOONagaHus LEHTPO-
OCXKHOI CHITBI HaJ TATOTCHHEM OTOpBAatach M Jaliee pacrnanach Ha
YacTH, TaK KaKk B HEH MMCIOTCS BHYTPECHHHC BPALICHUS. JTH YaCTH
c(hOPMHPOBATHCH B INIAHETHI, C KOTOPHIMH MPOU3OLLIO TO JKE CAMOE —
y HHX oOpa3oBanmuch crmyTHHKH. [Ipu 3TOM Takoil mpouecc Mor mpo-
U30UTH OAHOKPATHO, HO MOT' NMPOU3OWTH M MHOTOKPATHO, CO3JaBas
MOCEAOBATEIPHO NPUIMBHBIC BOIHBI, BBIOPACHIBAsST WX BELIECTBO B
SKBATOPHATIBHON IIOCKOCTH M (OPMHPYsT HMOOYEPEIHO TEM CaMBIM
mnaHeTsl. Kakoil BapuaHT ObLT HA caMOM Jeje, YCTAHOBHUTD IMOKa 3a-
TPYAHUTEIBHO.

OtopBaBLIKECs MTAHETHl HAXOIWINCH MO-NPEKHEMY IO BO3ICH-
ctBHeM d¢upHoro Berpa. OIHAKO Temeph CIEAYET YUECTh, YTO CHIIB,
PacKpy4IHBarOIIUC IJIAHETHI MO X opOuTaM, JCUCTBYIOT 3HAYUTEIHHO
s dexTrBHEE TEX KE CHJ, MPOAOKAMMX packpyuusBath ConHIe.
ITO mpoucxXomuT u3-3a Toro, uro ComHue cocTaBaseT OOIbIIYIO0 Mac-
Cy, U SKpaHHPYIOLIEe ACHCTBHE BEUIeCTBA sl 3(UPHOrO BETPa 31ECh
3HAYUTEIBPHO OOJbBIIE, YEM B MalbIX MaccaX. A TJIaBHOE, AHAMETP
ConHua MeHbIne, yeM guamerp opout mianer. ClienoBaTeibHO, pas-
HOCTb CKOPOCTCH B IpaJHICHTHOM TCUCHHH AJIs1 OPOUT ILTAHET OOJbIIe,
YeM TS TOBEPXHOCTHBIX cnoes ColHLA, a 3HAYHT, OpOUTATIBHBIA MO-
MEHT y IUIaHeT OyIeT HapammBaThes ropasno 3¢QeKTHBHEE, YeM Y
Connua (puc. 5.1).

Hakonen, mornomenue 3¢upa IIaHETAMH YMEHBIIHUT CKOPOCTB
BpAILUCHUS JHIIb NPONOPLHOHATIBHO HakomieHHor macce. Y ComnHuoa
’K€ CKOPOCTB BPAILUCHHUS 3aMEIISIETCS M 32 CUET MACChl, U 32 CYET yBe-
JMYCHUS ero paxuyca. Takum oOpa3oM, NMPEBBIIICHHUE 3HAYCHUS Op-
OUTaIPHOTO MOMCHTA ABIDKCHHS IUIAHET HAJ 3HAYCHHEM MOMCHTA
BpaeHust ComHUA SBISETCS BIIOTHE 3aKOHOMEPHBIM.
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Puc. 5.1. Bo3unkHoBeHHe IIAHETHOIT CIICTeMbI W HApaNINBaHIe OPOUTAID-
HOT0 MOMEHTA ILUTaHeT 101 BO3/lelicTBIEM rpajiieHTa 3pIpHOro BeTpa

CooTBercTByrOIUM 00pa3oM MOKHO OOBSCHUTh U BPAIICHUC
IUIAHET M MX CIIYTHUKOB B MpsiMoM HampasieHnn. OCHOBHO# TPy AHO-
CTBIO MPU OOBSCHCHUH 3TOr0 (pakTa SBISAETCS MPEATOIOKECHUE O TOM,
YTO razoo0pasHble Telna MODKHBI BPAIIAThCS MO 3aKOHY MOCTOSHCTBA
LIUPKYJISLUAN CKOPOCTH

[vdl = const, wmav=1I/2xr, 19)

Y, CJIC0BATENbHO, IIyOuHHbIe cion COMHIIA JO/KHBL BPAIIAThCst ObI-
CTpee MOBEPXHOCTHBIX, YTO MPHBOAUT K OOPATHOMY BPALICHUIO OTO-
pBaBuuxcs mMacc. OHAKO TaKOE YTBEPKICHUE HEBEPHO.

VYka3aHHBIN 3aKOH CIIPaBEJIUB JANCKO HE BO BCEX CAyYasx. ITOT
3aKOH PEabHO UMEET MECTO IMPU COXPAHCHUH IMOCTOSIHHOHN ILJIOTHO-
CTH U oOmer A7 Bceil Macchl MpUYUHBI packpyTku. Hudwero storo B
JAHHOM ciyuae Her. B HauanpHOU craguu obpasosanust CojHIA €ro
cKaTHE COMPOBOXKAATOCH yIioTHEeHHEeM. PackpyTka ke maccel ConH-
1A MPOUCXOAU/IA MYyTEM PACKPYTKH €ro MOBEPXHOCTH, MPHU ITOM I10-
BCpXHOCTHLIC CJIOHN OOJIKHBI ABUTATBHCSI 6I:ICTpCC BHyTpCHHI/IX. I/I3'38,
STOr0 OTOPBABIIHECS MAcChl 00s3aTenbHO OYAYT UMETh MPSIMOE Bpa-
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menue. Takum 06pazoM, 3TO GakT HAXOAUT MPOCTOE U ECTECTBEHHOE
oObscHenue. To jxe OTHOCUTCS U K CITYyTHUKAM ITIaHET.

TpyanocTs npeacrassier 0OpaTHbIN (aKT — rpyImIa MajbiX CITyT-
uukoB KOnurepa (VIII, IX u XIl), cnyraukn ®e6 Carypua u Tpuron
Henryna umetor He mpsimoe, a oOpaTHOe BpaticHue. B npunnmme,
€CIT TojaraTh, YTO B MOBepXHOCTHOM cioe fOmurepa n Hentyna B
MOMEHT 00pa3oBaHUsl UX CIIYTHUKOB BCE )K€ MMEIO MECTO COXpaHe-
HUE [UPKYILILHA CKOPOCTH, TO M 3TOT CAy4all Mmony4aeT oObSICHCHHE.
Ho 370 TpeOyeT crenuanbHbIX HCCICA0OBAHUM.

ITocne obpazosanms maaHer ConHewHas cHcTeMa MPOJODKACT
CBOU MyTh BAONb HOTPAHUYHOrO CJIOSI CIUpajibHOro pykasa. Harmpas-
JeHue >(HUPHOro BeTpa MEHSICTCS, TaK JKC KaK M HAMPaBICHHUE €ro
rpaaueHTa. CoJHLEC OKa3bIBACTCS MMOJ BO3ACHCTBUEM CHJI, MOMCHT
KOTOPBIX HAKJIOHEH K ero ocu. Kak 1 BO BCSIKOM T'MPOCKOIE, HAYMNHA-
eTcs MPELEecCus], YTO M MPUBOAUT K HAKIOHY och BpameHus ConHna
Ha 7° TI0 OTHOLIEHUIO K €TI0 TIEPBOHAYATBHOMY TIONOKEHHIO. B cBsi3M ¢
TeM, uto ComHIle He MPEACTaBIsIeT COOOH CINTOLTHOTO TBEPAOTO TENa,
€ro MOBEPXHOCTHBIE CIIOM COXPAHSIIOT MPEKHIOK OPHCHTALMIO, KaK U
IJIOCKOCTh OpOMT IIaHeT. B HacTosiee BpeMst mpereccus 3aKOHYICHA,
TakK Kak IPaJucHT CKopocTei 3¢upa B JaHHOH obaacTy Mad.

Takum 00pa3oM, pacCMOTPEHHE MPOLECCOB OOpa30BaHUS U CTa-
HoBneHUsT COMHEYHOH CHCTEMBI Kak pe3yibTara MpPOLECCOB, MPOTe-
Kaomux B [amakTuke, MO3BONSET HA OCHOBE 3(UPOJUHAMUKH CCTE-
CTBCHHBIM 00pa3oM OOBSCHUTH OCHOBHBIC OCOOCHHOCTH CTPOCHUS
Conneunoii cuctemsl. KoHeuHO, BRICKa3aHHBIC MPEATIOIOKEHHUS MO-
I'YT OPETCHA0BATH JHIIb HA POJIb THITOTE3BI.

W3 u3noxxeHHOro, KPOME BCErO MPOYETro, CIACAYET BBIBOA O TOM,
YTO COOCTBCHHOC BPAIICHHE UMECIOT TOIBKO 3BE3bI, MOMABIIKE B TO-
TPAHUYHBIN CJI0 COMPAJIbHBIX PYKaBOB | amakTuku. ITH 3BE34bI MO-
IYT UMETh U CBOU IIAHCTHBIC CHUCTEMbI. 3BE3[bI XKE, HE MOMABIINE
TyJa, COOCTBCHHOTO BpPAlICHUS HE MMCKIOT U HE MOTYT MMETh CBOMX
IUIAHETHBIX CUCTEM.

Kax u3BecTHO, B HacTosIEee BpeMst OPOUTHI TTAHET PACIIOIO0KEHBI
Tak, uro B 1766r. nemeukwuii ¢husuk W.J[. Tutmyc cymen BoIBECTH dM-
MUPUYCCKYIO 3aBHCUMOCTb, KOTOpast Ojaromapst paboTaM HEMELKOro
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actponoma M.3.boae monyunna mupoKy0 H3BECTHOCTh. JTa 3aBUCH-
MOCTh, Ha3BaHHas mpaBuioM Twummyca—boxe, ycranaBmuBaer, 4TO
BBIPOKCHHBIC B aCTPOHOMHYCCKUAX CAMHUIAX PACCTOSHHS OT IUIAHET
o Comara mogumsbstorest 3asucumoctu 0,4 Mepkypwuii); 0,7 Bene-
pa); 1,0 Gemus); 1,6 Mapc); 2,8 acrepouast); 5,2 {Omurep); 10,0
(Carypn); 19,6 Ypan); 38,8 {Liyron) ¢ morpeurHocThiO HE Oosice
3%. HentyH BRIMagaeT M3 3TOH 3aBHCHMOCTH. JTa 3aBUCHMOCTH IIO-
ayueHa craeayrommm obpazom. K uuciaam mocnenosarensuoctu O; 3;
6; 12; 24; 48; 96; 192; 384iauunas ¢ 3, mpubasssiercs yucio 4, a
3areM Bce uncna gaenarcs Ha 10. DakTudaecku 3TO0 reoMeTpuyYecKast
MPOrPECCHsl C OMPEACICHHBIM HAYalbHBIM CABHIOM. Y IOBICTBOPH-
TCABHOTO TEOPETHYCCKOTO OOBSCHEHHS 3Ta SMIUPUYUCCKAs 3aBHCH-
MOCTB J0 HACTOSIIEr0o BpeMeHH HE monmyumia. OgHako, Onupasch Ha
3(UPOANHAMUYCCKUE MTPEACTABICHUS O CYIIHOCTH MPOLIECCOB, MOKHO
BBIABHHYTh OMPEACICHHYIO TMITOTE3Y O (PU3MUECKON CYIIHOCTH yKa-
3aHHO# 3aBucumoctu (puc. 5.2, 5.3).

ConHiie, BpaIuasce, SBISETCS OTHOCUTEIBHO MACC OKPYKAFOLIETO
ero sdupa HEHTPOOCKHBIM HACOCOM, KOTOPBIHA IO 3KBATOPY BHIOpA-
ChIBAcT 3P BO BHEINHEE MPOCTPAHCTBO, a IO CBOMM IOIIOCAM BTSI-
TMBACT €ro BHYTPb. B pe3ynbrate B 00MaCTH MOTIOCOB MMEETCS CTOK
3¢upa, a o Bcemy 3KBaTOPY — UCTOK. B pesyaprate Bokpyr ComHia
00pa3yroTcss JBa TOPOMAAIBHBIX IMOTOKA: OJAWH B CCBEPHOM, a BTOPOI
B 1ookHOM yactu Comuia. B miockocti skBaropa mpu 3Tom 00pasyer-
CsI IJIOCKUH TPAJAUCHTHBII MOTOK, B KOTOPOM MaKCHMAJIbHAsI CKOPOCTh
U COOTBETCTBEHHO MAaKCHMAJIbHBIN IPAIUCHT CKOPOCTU OYAYT JCKATh
B IUIOCKOCTH dKBaTopa. MMeHHo 3xech OyaeT MHHHUMYM JaBIICHHUS
a¢upa, ITO 3aCTaBUT ILIAHCTH CTAOMIM3UPOBATHCS UMEHHO BOKPYT
miockoctd. [lanee moToku OYAYyT pacXomUThCsS M HANPABIATHCS K TO-
nrocam. K mepBoii mape ToponganbHbIX MOTOKOB MPHCOCAUHHUTCS BTO-
past mapa, K Hell TPeTbs M T.A. CO BCE YBEIMYHMBAIOIIUMUCS pa3Mepa-
MH, KaK pa3 COOTBETCTBYIOIIUMH YKA3aHHBIM BBILIC 3aBHCHMOCTSIM.
IMonoxkenue mmaHeThl craOunmu3upyercs Omaromapst motokam 3¢dupa,
BBITAJIKUBAIOLINX €€ B MPOCTPAHCTBO MEXIY BHXpsimu. Uto kacaercs
MOTOKOB, HAYLIMX B MOMCPEYHOM OTHOCHTEIIBHO IIOCKOCTH 3KBATOPA
ConHila HammpaBICHUY, TO KXIas MJIaHETa JBa pasa 3a Mepuoj oopa-



194 T'1aBa 5.

meHnst BOkpyr ConHIa mepecekaet STy IUIOCKOCTh M UCIIBITHIBACT B
OJIMH TMOJIYIECPHO/ JABICHUE B OAHY CTOPOHY, B APYroil MOIYIEPHOT
— B APYTYIO CTOPOHY, B PE3y/IbTaTe COXpaHss IMOIOKCHHE CBOCH op-
6I/ITLI HEU3MEHHBIM. Takum O6p3,30M, BIICPBBIC BHICKA3bIBACTCS I'UIIO-
Te3a 0 GusHueckoM 000CHOBaHHHM 3aBUcHMOCTH Tunmyca-bone.

Puc. 5.2. BropuuHbie BUXpH, HHIHIHPYeMbIe KOJIeOTIOMIMCS IITTHIPOM
Teuenwst BokpyT IWITHH/Ipa TT0I00HBI TeueHMsIM BOKpYT CoNHITa Kak IIeHTPOOSKHOT0
Hacoca.

T T 1 T T
04 07 10 16 28 5,2
asucumocms Tuyuyca - booe

Puc. 5.3. Topounaiabubie Buxpu d¢upa, co3naBaembie ColIHIIEM, 30HBI T0-
HILKEeHHOTO TaBJjeHus] 3(pupa, cooTBeTcTBYIoNINe 3aBucnMocTu T nnmyca—bope.
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5.4. ConpoTtuBneHue apupa aBUXKEHUIO Heb6eCHbIX
Ten

OHMM U3 OCHOBHBIX M TPAAULMOHHBIX BO3PAKCHHUIl MPOTUB CY-
LICCTBOBaHUSI 3(upa SBISICTCS NPCANONIOKEHHE O TOM, 4TO 3HP
JOJDKCH OKa3bIBaTh COMPOTUBIICHUE ABIKCHUIO IIJIAHET, B PE3YJIbTATE
YEro 3TO JABIDKCHUE MPEKpaTHTCs, U Ianetsl ynaayt Ha Comnnue. B
CBSI3U C 3TUM MPEICTABISCTCS MOIE3HBIM CIAEIATh COOTBETCTBYIOIINE
OLICHKH.

Kak ussectro [11, c. 30], conmporusieHue, oka3piBacMoe Cpeaoit
JBIDKYIIMMCS TENaM [IapooOpa3Hoil GOPMBI, OMPEICISICTCS BBIPAXKE-
HUEM

F = Cup.SV, (5.20)

rae ¢ = f (R; Re= vD/y —uucno Peiinonpaca. s adupa kunemat-
ueckas BsskocTs y = 4-10 v® ¢7L
CornacHo pacuery, ams Comanuma, Mepkypust, Benepst, 3emiu,
Mapca, Catypna, Ypana, Hentyna u [lnyTona xak mist opoburansHo-
ro, Tak W JJIS TaJaKTHYECKOro MBIKCHHUH KO3(duimeHt 1060BOro
comporuBiicHus ¢y = 0,1, 1 FOmurepa ¢ = 0,4 fabn. 5.1).
3aMensIcHUE TeN COCTABUT

a=-FM, (5.21)
OTKyZa U3MCHEHHE CKOPOCTH 3a BpeMst At cocTaBuT:

AV =a At. (5.22)

B ta6n. 5.1u 5.2nmpusenens! aanneie, paccuutannsie 1 ComHua
U 11 OCHOBHBIX IUTaHeT COTHEYHON CUCTEMBI.
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Tabnuya 5.1

HeGecnoe M, xr S M2 V ran d, M Re Cw

TEI0 m/c Re,

CorHIe 1.99.16° | 1,52.16° | 4.1G 1,418 | 310 0,1

Mepkypuii | 3,24-16° | 1,79-16° | 4,81 | 4816 | 10 0,1
2,316

BeHepa 4,86-1¢° | 1,2.16" 3510 [1,2.10 |2516 |01
4,510

3eMsa 5,97-16* | 1,27.16* | 3.1d 1,310 | 2616 |01
3,816

Mapc 6,39-16° | 3,55.16° | 2,410 |6.816 | 1,410 |01
1,6-16

fOrmrep 1,9-16" 154.16° | 1316 | 1,418 | 2816 |04
1,810

CarypH 5,68-18° | 1,05.16° | 9616 | 1,118 | 131 |01
1,1-16

VpaH 8,73.18° | 1,82.16° | 6,816 | 4,816 | 10 0,1
3,216

Henrryn 1,03.16° | 1,62.16° | 54.16 | 4516 |10 0,1
2,516

II1yToH 5.1G* 12716 | 4716 |1,316 |2516 |01
6-10

Tabauya 5.2

He6ecnoe Fran, KT Fops: KT Qran, M-C 2 aop5,M-C_2 Avr 3a | Av, »na

TEJI0 TOJ TOoJ

CoiHIe 1.147 - 5.10% - 4,5.107 | -

Mepxypuit | 1,3-16° | 1,6-18° | 3,8.10" | 5,8.10®* | 3,2.10™ | 3,8.-10™

BeHepa 7,816° | 6,5:18° | 1,6.10° | 1,410 | 1,3.10" | 1,2.10"

3eMisa 9,0.16° | 5,2.18° | 1,5-10% | 8,5:10™ | 1,2.10™ | 8,5-10%

Mapc 2,416° | 3,8.16° | 3,8.10% | 5,8.10"" | 3.10° | 7,8.10%

fOrmrep 3,810° | 4,8.16° | 1,9-10% | 2,6:10® | 1,6:10" | 2,5.10%
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CarypH 6-10* 4.10% 1.7.10% | 8.10™ 8,5-10" | 2,5.10%
VpaH 7.8.16° | 3,8.16° | 1,5-10% | 4.10" 1,2.10° | 2.10%
Henrryn 1,1.16* | 2,1.18° | 1,210 | 2.107° 8.10™ | 1,2.10%
II1yToH 9.10? 1,216 | 1,8.10% |2510"® |1,5107] 1,6:10%

Kax BuaHO u3 Tabnmi, M3MEHEHHE CKOPOCTU ILIAHET 3a TOA He-
3HAYUTEIBHO A1 JAHHOTO 3Tana — raJakTHIeCKOe U3MEHEHUE CKOPO-
cru cocrasmser npumepao 1070 rox™, opburamsroe 10-10" rox ™
OT TEKYLIECrO 3HAYCHUS, UTO, KOHEUHO, HEb3s1 OOHAPYKHUTh MPSIMBIMU
m3MepenusmMu. Creayer Takke OTMETUTh, YTO 3aMEJICHHE CKOPOCTH
JODKHO HOCHTh JKCIIOHCHIMANBHBIN XapakTep, T.C. MPOLIECC MOMKET
MPOXOKATECS 3HAYUTEIBHO TOINBINEG, YEM 3TO CICAYET M3 MPSMOIt
skcrpanossiiun. Kpome Toro, He cieayer 3a0biBaTh, 4TO HPU pacue-
TaxX YYTCH ITUIIb OOUH (PaKTOp COMPOTHBICHHMS, MOTHAS K€ KapTUHA
MOYKET OKAa3aTbCsl 3HAYUTEIBHO CIOXKHEE, U MOXKET CHOCOOCTBOBATH
BBUSIBJICHHIO HE TONBKO (DAKTOPOB 3aMeINICHUS JBIDKCHHUS HEOCCHBIX
TEI, HO M UX YCKOPCHUSI.

5.5. ConHeuHble NATHA N CONMTHEeYHbIN BeTep

C noxoOHOM ke MO3UIMH MOXKET OBITh PACCMOTPEHO U MPOUCXO-
JKICHUE COTTHCUHBIX ISITCH.

Kak u3BectHo, B porochepe (Bepxueit gactu armocdeps) ComH-
A YacTo HAOMIJArOTCs COJMHEUHble MATHA U (akensl. ComHeuHbIC
ISITHA — 9TO TEMHBIC 00pa30BaHMUs, COCTOSAIINE, KAK MPaBuiIo, u3 0o-
Jiee TEMHOTO siipa (TCHHU) M OKPYKAFOIIEro ero MONMyTeHH. Jlnamerpor
msred gocturaroT 200 teic. kM. MHoOrga msaTtHO OBIBACT OKPYXKEHO
cBeriioir kaemkoil. CoBceM MaJCHBKHE IISITHA HA3bIBAIOT IOPAMH.
Bpewmst xH3HU MATCH OT HECKOIBKHX YacOB 0 HECKOJBKUX MECSILICB.
B msaTHax mMeeTcs ABM)KCHHE BELICCTBA — BBITCKAHUE HA Oolice HH3-
KAX YPOBHSX M BTCKaHHE Ha 0OJICe BBICOKUX, CKOPOCTH JBMIKCHHS
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nocruratot 3 km/c. [Tsrtaa xomoanee dorocdepst Ha 1-2 Teicsun rpa-
aycos (4500K u miwke). Beneactsue atoro Ha done dorochepsr msT-
Ha KaXyTcs TEMHbIMH. Bce comHewHble maTHa OOMAAarOT CHIIBHBIM
MarHUTHBIM TIOJICM, JOCTHUTAIOLIAM Uil KPYIHBIX ISTCH HAMPSDKCH-
Hoct 50003pcren.

OOBIyHO WSITHA OOpPA3yIOT TPYIIIEI, KOTOPBIE IO CBOEMY MarHUT-
HOMY TIOJIF0 MOTYT OBITh YHUIOISIPHBIMH, OHITOSIPHBIMUA U MYJIBTH-
MOJSIPHBIMH, T.C. COACPKAIMUMH MHOTO ISITEH Pa3IM4YHON MOSPHO-
CTH, 4YacTo 0OBEIUHEHHBIX OOl MOMyTeHbI0. [ pynImel maTeH Beeraa
OKpY’KEeHbI akeramMu U (QIOKKyIamMH, MPoTyOepaHamMu, BOIH3H HUX
HHOTIA POUCXOSIT COTHEUHBIC BCIIBIIIKH.

Ob6pamaer Ha cebss BHHUMaHHE TO, YTO MPOCTPAHCTBO B PaiOHE
ConHevyHOI cHCTEMBI HE COBCEM HM30TPOIHO, HA YTO 0Opallajiv BHU-
manve MHorue uccaenoarenu. Tak A.A.IllnuransHas [12] ykassiBa-
€T Ha PE3KYI0 aCUMMETpPHIO akTUBHOCTH COITHIIA: Ha €ro MOBEPXHOCTH
Ha CEBEPHOIl CTOPOHE BCIBIIIKK MPOUCX0As nmpuMepHO B 1/5 pa3a 4a-
e, YEM Ha FO’KHOM CTOPOHE.

CpeaHeronoBoe 4uciio HaOFOAACMBIX MSITCH U AKTUBHBIX O0Jac-
TCH, a TaKKe CPEAHsSs IUIOLIA[Tb, 3aHMMAacMasi MU, MCHSETCS C Iie-
puogom okoiio 11 jer. DTo CpeaHsst BENUUYMHA, MPOAOLKUATEIBHOCTD
JKE€ OTACTBHBIX LUKJIOB COJTHEYHOW aKTMBHOCTH Komebnercs ot 7,5 1o
16 ner. B 0CHOBHOM ISITHA BCTPEYAKOTCS B TaK HA3BIBACMBIX KOPO-
JACBCKHUX 30HAX, mpocruparomuxcs oT 5 10 300 rexmorpaduucckoit
LIMPOTHI IO 00C CTOPOHBI CONHEYHOro 3kBaropa. Ha camom sxBaTope
U Ha TOJIOcax WX He ObiBaer. Yame HaOMOAArOTCS OHITOISPHBIC
TPYIIIBL MATCH, COCTOSALINE M3 ABYX KPYMHBIX IITEH — TOJIOBHOTO U
MOCNEAYIOMEro, UMCIOIUX MPOTHBOMOIOKHYI0 MArHUTHYIO MOJSIP-
HOCTB, M HECKOJIBKO Oornee menkux. [8, ¢. 152].

HecmoTps Ha obuirie MOTYHYEHHBIX JAHHBIX O ISITHAX B PE3YJNbTa-
T€¢ MHOrOJIcTHUX HaOmrogcHutt 3a CoTHIIEM, COBPEMCHHAST KOCMOJIO-
THSI IMEET O CTPYKTYPE ISITCH BEChbMa OTPBIBOYHBIC MPECACTABICHHUS, a
0 MPUYMHAX WX BO3HHUKHOBCHHS HHKAKOTO MPEICTABICHUS HE UMECT
BOOOIIE.

IIpencraBiaeHus 3GUPOIMHAMUKN O IMATHAX HOCAT Oojee KOH-
KpeTHbIi xapakrep (puc.5.4)
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Paccmotpenne rpamueHTOB ckopocteil B cBsizu ¢ poibio ComHila
KaK IIEHTPOOEKHOTO 3(UPHOTO HACOCA 3aCTABISIET CAENATh BBIBOI O
TOM, 4TO B paiiOHaX KBATOPA U MOMKOCOB 3AMETHOTO IPaJHEHTa CKO-
pocreii HeT. TlockonbKy MATHA BO3HUKAKOT B OOTACTH CEBEPHOTO U
F0’KHOTO MOTYIIApHii B mosce mupotT oT 5° 10 30° , MOKHO BHICKA3aTh
MPEANONOKEHHE, YTO HATMYME OOMBLIOrO TPagMEHTa CKOPOCTEH To-
TOKOB 3(Upa B 3TUX 061ACTAX CTHMYTHPYET MOSBICHUE OTHOCHTENb-
HO YCTONYMBBIX BUXPEBBIX TOPOUIATbHBIX 0OPA30BaHMUIA, KAKOBBIMU U
ABIAIOTCS COMTHEYHbIE TIATHA.

P
Sh

6) 8)

Puc. 5.4. OopasoBanne nsiteH Ha Comnne: a — ColHIle Kak I[EHTPOOSKHBIT
Hacoc, IMepeKaunBaroNmii 23Gup; 6 — IOTOKU 3QuUpa B paifoHe VHUITOISIPHOTO IISITHA; 6
— TIOTOKM »drpa B paifoHe OUITOISIpHOTO IIATHA. 1 — HalpaBleHue Tojicoca dupa; 2
— BeIfyBaHue d¢dupa 1o 3kBaTopy ConHila; 3 — 061acTh MaKCHUMATHHBIX TPaIUEHTOB
3(UPHBIX TIOTOKOB W 00JIACTh BO3HUKHOBEHUSI COMHEUHBIX ITITEH; 4 — MOBEPXHOCTH
ComHia; 5 —o01acTy HAOMIOJaeMBIX COTHEYHBIX IISITEH.
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Torga cTaHOBHUTCS TOHSATHOW HMX MPHPOAA. BUXPEBBIC TOPOUIbI
BOmM3nM noBepxHocTé CONHLA MOTYT MMETh JABa MOJOKEHHS: IIEPBOC,
IpU KOTOPOM IUIOCKOCTh TOPOMAA MEPIICHAMKYISIPHA TUIOCKOCTH II0-
BEPXHOCTH, MMOJOBHHA TOPOHIA MpU 3ToM Haxoxutcs B Tene ComHIa;
BTOpPOE, MPH KOTOPOM ILIOCKOCTh TOPOMAA COBIAAACT C IIOCKOCTBIO
nosepxHoctu Conuifa. B mepBoM ciayuae Mbl ©MeeM Ha OBEPXHOCTH
paspe3 TOpoMaa TIOMEPEK €ro MIOCKOCTH (OWIOJSAPHBIC TISATHA), BO
BTOPOM — IO ITUTOCKOCTH (YHHUIOJSIPHBIC TISATHA), B KOTOPBIX MPOCMAT-
PHUBACTCS TOJIBKO LCHTPAIbHAS YacTh Topora (kepH). MympTHITONSP-
HBIC MATHA MPEIACTABIISIOT COOO0M, BUAUMO, XaOTHICCKUIA HAOOp OuIo-
JSIPHBIX M YHHUIIO/SIPHBIX TsITeH. B Buae «asiteH» HaOII0Jar0TCs TOMb-
KO KOMITAKTHBIC pa3pe3bl ToponaoB Ha mosepxHoctr ConHua, nbo ta
4acTh, KoTopas Haxogurcs BHe CONHLA, MMEET 3HAYUTEIBHO MCHb-
LIYIO0 TUIOTHOCTh U OOJBINKE pa3Mepbl, ¢¢ HAOMIOACHHE 3aTPyAHH-
TEIBHO.

OOGpamaer Ha ceOs1 BHUMaHKUE M TOT (aKT, UYTO MEPHUOTUIHOCTD
MOSIBJICHUS! TIATCH COBMAJACT C MEPUOAUTHOCTHIO OOPAIICHUS BOKPYT
Connia Tspkenbix mianeT. B mepByio ouepenp, FOmurepa u CatypHa,
Ha 4TO OOpallajd BHUMAHHE CIIC APCBHUC aCTPOJIOTH. DTO HAIPaB-
JICHHE MCCICIOBAHO SIBHO HEIOCTATOYHO, M MPOBEICHHUE HCCICAOBA-
HHC B 3TOM HAIPABJICHUH MOXKET CYIICCTBEHHO IMPOSICHUTH OOLIYIO
KapTHHY.

ConHeuHbIil BeTep MpeACTaBisieT COOO0I MOCTOSHHOE PaanalibHOS
HCTCYCHUE TIIA3Mbl COTHEYHOW KOPOHBI B MEKIUIAHETHOE MPOCTPAH-
crBo [13]. OOpa3oBaHue COTHETHOTO BETPA CBSI3aHO C IOTOKOM DHEP-
I'HH, TOCTYNAOIUM B KOpoHY U3 rinybokux cioes Connua. [locrosn-
HBIA HArpeB KOPOHBI, uMMerommeil temmepatypy 1,5-2 man. rpangycos,
HC YPaBHOBCIUMBACTCS MOTEPEH SHEPTUHU 3a CUYCT HM3IYUCHHS, T.K.
IUTOTHOCTh KOPOHBI Mana. VI30BITOUHYIO DHEPrHI0 YHOCSAT HYACTHULBI
ConHEeYHOH KOPOHBHI.

B ocHOBaHHU KOPOHBI YaCTHUII UMEIOT CKOPOCTh MOPSAKA COTCH
Mm/c, Ha paccrosHuH Heckonbkux pamuycoB or Commma (R; =
6,96-16v) oma mocruraer 3Bykosoif cxopoct: B miasme 100-150
kMm/c, a Ha paccrosiHuM 1 a. €., T. €. y OpOuTH 3eMiIn Ha PaCCTOSHHUU
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TopsIKa 1,5-161 M ot ueHtpa ConHIa CKOPOCTh MPOTOHOB ILIA3MBI
cocrasyster 300-750xm/c.

VYckopenune yactun B Ommkaimieii or mosepxHocTr ConHIIa 30HE
CBSI3aHO C HEIPEPBIBHBIM TMOCTYILNICHHEM B okpyxaromee ComHie
MPOCTPAHCTBO MPOTOHOB M anb(a-dactry u3 Hexp Comnua. [To mepe
ymanenust or Comnua mmotHocTs COMHEYHOro BETpa YMEHBINACTCH,
JaBJICHUE MAJACT, U IPAANCHT JABJICHUHA YCKOPSET YACTHLbI, IpUIA-
Bas TEM CAMbIM UM YCKOPEHHE. 3JeCh BCE OOBIYHO.

5.6. KomeTbl: npoucxoxaeHue, CTPYKTypa u 3BO-
noums

Komertsr (ot rpeu. kometes 3Beszma ¢ XBOCTOM, OYKB. JIJIMHHOBO-
nocerit) — tena CONMHEUHOM CHCTEMbI, MMCIOINUE BUJ TYMAHHBIX 00b-
€KTOB, OOBIYHO CO CBET/JIBIM CT'YCTKOM — SIIPOM B IICHTPE U XBOCTOM.
KomuuectBo komer B ConHEWHOW CHUCTEME YPE3BBIYANHO BEIMKO U
Jocturact coteH Mmuumapaos. OaHako HAOMIOACHUSIM JOCTYITHO
JMIIb Majoe YHCIO KOMET, 3aXosimux BHYTpb opbutel HOmutepa.
Komersr HabmrogaroTcs TOrga, KOraa €€ sapo — HEOOBIIOE JICASHOS
Teno — npubmmkaetes k ComHIyy Ha paccrosiHue, MeHbinee 4-5 actpo-
HOMMYCCKUX CAVHMII, T.C. Ha paccrosaue mopsiaka 600-750maH. kM.
Toraa ono nporpesaercs aydamu CofHI@, U U3 9apa HAYHMHAIOT BbI-
JCTATHCS Ta3 U MbljIb. Tak cuurarot yuensie [14-17].

B otnmumne or miaaHEeT KOMETHI JBHXKYTCS IO BBITSHYTHIM TPAcK-
TOPHUSAM, MOAXOAS OMM3K0 K 3eMIIC U APYTUM ILIAHETaM, HO JaNbHSS
4acTh OpOUTH — aeuii — y MHOTHX KOMET BBIXOJUT JAJICKO 3a Mpe-
naenbl COTHEUHOM CUCTEMBbI. A HEKOTOPBIC KOMETHI M BOBCE B HEC HE
BO3BPAIIAOTCS.

K 1971r. Obu10 BBIYHCIICHO OKONO 1 THIC. CHCTEM 3JICMEHTOB KO-
MET, PE3y/IbTAaThl BHIYUCCHUN CBEICHBI B COOTBETCTBYIOILIUE KATAJIO-
ru. CymecTByIOT KOMEThI KOPOTKOMCPHUOAUYCCKUC C MEPUOAOM 00-
pamenust Bokpyr Comuna menee 200 €T U ATHHHOMCPUOIUUICCKHE C
Oospium nepuogoM. Komersi, 001aam0mue runepOoIHIeCKUMHU Op-
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ourtamuy, yaanssick ot ConHua, HaBcerga mokuaaroT ComHEUHYIO cHc-
TEMY, YXOIS B ME)K3BE3AHOEC MPOCTPAHCTBO.

Komersr gacto COIPOBOXKIAAOTCA MCTCOPHBIMU ITOTOKaAMHU U JAXKC
JUBHSAMH, KOTJA Ha 3EMITI0 OOPYIIMBACTCS ICIBIA PON «1aJarOInX
3Be3x». Jlo 3emun, mpasaa, JOETAOT ML HEMHOTHE, OHH IOy H-
7 Ha3BaHue OONMUIOB, OONMBIIMHCTBO JKE <3BE3A», 2 HA CAMOM JEne
MAaNCHbKHUX YACTHILI, CTOPACT B BEPXHUX CIOSAX aTMOChEpHI.

COBpCMeHHbIC YUYCHBIC HNPCACTABIAOT KOMCTBI B BHUJIC TJIOTHOM
«TOIIOBBI» U Pa3PEKCHHOrO ra3oBOro XBOCTa. Y OOJNBIIMHCTBA KOMET
B CEPCIMHE TOJIOBBI HAOMIOJACTCs 3BE31000pasHoe wiau auddysHoe
SIPKOE SIAPO, MPEACTABIIONICE COO0I CBEUCHUE LICHTPAIBHOM, HAUOO-
Jee IJIOTHOU 30HBI Fa30B BOKPYT UCTUHHOTO SIAPA KOMETHI.

Ilo COBPCMCHHBIM HNPCACTABJICHUAM dApa KOMCT COCTOAT U3 BOAS-
HOrO rasa ¢ mpuMmechio «ipaoB» apyrux rasoB (CO, NH; u gp.), a
TAaK)K€C KaMCHUCTBIX BCHICCTB. IbimMHKM YacTUYIHO BBIACIAIOTCA U3
sIpa Mpy UCIIAPCHUH JIbJO0B, YACTHYHO O0pa3yIOTCS B €r0 OKPECTHO-
CTSX MPH MOCTCAYIOMCH KOHACHCAIMU mapoB. ['a3 u mbLib CO3Aar0T
BOKPYT siApa TYMaHHYIO 0007104YKy — aTtMocdepy KOMEThI, HHOTAA Ha-
3BIBAEMYIO KOMO¥, KOTOpasi H COCTABISIET BMECTE C SIAPOM T'OJIOBY KO-
MeThl. 1'0710Ba KOMETBI M €€ XBOCTBI HE MMCIOT PE3KUX oqepTaHHﬁ.

AtMmochepa KOMETBI HEMPEPBHIBHO PACCEHUBACTCS B MPOCTPAHCTBE
U CymCCTBYCT JIHUIIb TOrJd, KOrja MmMpPOUCXOAUT BBIACJICHHUC ra3oB U
e U3 siapa. Ilox aelicTBueM CBETOBOrO JABICHUS M CONHEYHOTO
BCTPAa — INOTOKOB YaCTHUL], BbIACIACMBIX COJ'IHL[CM, rasbl U MIbLJIb YHO-
CSITCSL OT s1Apa, 00pa3yst XBOCTH KOMET.

C‘II/ITaCTCH, YTO Ta30BBIA XBOCT ITOSBIISCTCS Y KOMCTBI, KOrJja OHa
npubnmwkaercs Kk ComHiy. ACTpOHOMBI NONAraroT, YTO CaM Tra3 sIBJIs-
€TCSl PE3yIbTATOM HCIAPCHUS TENa KOMETHI MO BO3ACHCTBHEM COJI-
HCYHOT'O CBCTA. COHHG‘IHBIﬁ CBCT OTTAJIKHUBACT BBIACTIACMBIC KOMETOI
ra3 v 4acTUIlsl, 1 o0pa3yeTcs «xBocT». [IpaBaa, ObIBAIOT KOMETHI U C
JBYMsI «XBOCTAMU», OIWH, HanpaBicHHbIH or CONHIA, a BTOPOU — K
CounHity, TOYHEE, BIICPE O HAMPABICHUIO ABMKCHUS KOMCTHI. A ObI-
BacT U OONBIICE HYHCIO «XBOCTOB», U OHH Pa30pOCaHBI BECPOM, TYT
vk ConHile kak OyATO U HU IPUYCM.
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HaGOnroneHust mokasaju, 4TO KOMETHI OBICTPO TEPSIOT BELICCTBO U
caMmble CTOMKHE M3 HUX JKUBYT HE Oolee YeM YCIEBAIOT COBEPIIUTh
HECKOJIBKO ThICSTY 000poTOB BOKpYT COINHIIA, 3TO BpeMsl Ype3BbIUaiiHO
Mano ¢ kocMoroHuueckort Touku 3penus. Ho ux B ConneuHolt cucre-
M€ MUJITHAPbI, ACTPOHOMBI COOOIIAIOT IMUPOKON MyOIUKE TOTBKO O
HEKOTOPBIX M3 HHUX, TE€X, KOTOPhIC MOTYT OBITh HAOMIOJAEMBI HEBOO-
PYKCHHBIM T71a30M.

B cBs13u cO BceM M3II0)KEHHBIM BOZHHKAIOT CJICIYIOIIUE BOIPOCHI:

1. KakoBo mponcxXokJeHHE KOMET?

2. IloueMy KOMETBI HMCIOT BBITSIHYTBIC OPOUTHI, PE3KO OTINYAFO-
[Ipecs OT OPOUT IUIAHET, KaK MOTTH C(OPMUPOBATHCS TAKHE OPOUTHI?

3. IIpoxoasaT M1 KOMETHI B CBOEM CYIIECTBOBAHWUHU KaKUE-THOO
CTaIUU DBOIIOLAN ?

4. Yem 0OBSCHUTH, YTO HA MECTE KOMET BCKOPE OOHAPYKUBAKOTCS
TPYIIITEL METCOPUTOB?

Moryt ObITh 3aJaHBI ¥ APYTHE BOIIPOCHI.

CoBpeMeHHas Hayka BBIABHHYJIA JBE THIOTE3bl O MPOUCXOXKIC-
Huu koMmeT. CoriacHO MEpBOH W3 HUX, BBIABUHYTOH COBETCKUM ac-
tpoHoMOM C.K.BcexcBATCKMM, KOMETHI SIBISIOTCS PE3yIbTaTaMU
MOIIHBIX BYIKAHUYCCKUX M3BEPKCHUHA HA OOMBIIMX TUIAHETAX M X
crytHuKkax. [To BTOpoi rumorese, BHIABHHYTOH TOMUIAHACKUM acTpo-
HOoMOM S1.00pTOM, KOMETHI MPUXOAAT U3 THTAHTCKOTO KOMETHOIO 00-
naka, okpyskarouero ComHeUHY0 CUCTeMY. DTO 00IaKO MPOCTUPACT-
cs1 Ha orpoMHbie paccTosiHust — A0 150 Teic. acTpoHOMHUYECKUX €au-
HUL ¥ 00pa30Bajoch TOTJA K€, KOrJa M BCE IUIAHETHI. 1YT, Mpasia,
CTAaHOBHUTCS HCIOHITHBIM CYIICCTBOBAHHME KOPOTKOIEPHUOIIMUECKUX
KoMeT, oOpammatommxcs BHYyTpu CONHEUHOU CHCTEMBI B MpeAenax
opoutsr FOmutepa. Ho 310 cnichiBaeTcst Ha BO3MYIIAKOIICE ACHCTBUC
mnanetr. OfHAKo mepBas TMIIOTE3a HE MOATBEPXKICHA CTATHUCTHKOMH, a
BTOpPAsl HE MOATBEPIKICHA ACTPOHOMHUYCCKIMH HAOTIOACHHUSMU.

Macca xoMeT paccuuTaHa H3 OTPaKATEIBHON CITOCOOHOCTH KOMET
B MPEINONI0KEHH, YTO KOMETBI COCTOST W30 JIbJA, MO3TOMY PACUET
WX MacC JacT OpPCACHIbl OT 10" 1o 10" mo MOTYT OBITh OTJCIIbHBIC
xoMeTHI ¢ Maccoit 10 10°" kr [18]. OxHaKo, ecliu CIMTATH KOMETHI Ca-
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MOCBETAIIUMHUCS 00BEKTAMHU, TO OTPAXKATEIbHAS CIIOCOOHOCTH OyIeT
Y2KC HU IPU UCM, a MaCChl KOMCT COKPATATCA HA MHOT'O ITOPAAKOB.

C nozunuii >3puUpoJMHAMUKA MOKET OBITh BBICKA3aHA THIIOTE3a O
MPOUCXOXKACHUU, CTPOCHUU U 3BOJIIOUN KOMCT, OT/IMYAROIIAACS OT
BBIICITPUBCACHHBIX.

Kax Op1110 mOKa3aHo BbILIE, BCE HEOCCHBIC TEla MOTIOMIAIOT 3(Up
U3 OKPY>KAIOIIETO MPOCTPAHCTBA, KOTOPBIM BXOAUT B HUX B CPEAHEM
CO CKOPOCTBIO, PABHOH BTOPOM KOCMUYECKOM, JJTsi 3€MJIM OHA PaBHA
11,18xwm/c. 3a cuer mornoueHus 3dupa Bce HEOCCHBIC T HapaIy-
BAIOT CBOIO Maccy u pactuupsitores. [lornomenue 3dupa pacnpeaesns-
CTCA IO MOBCPXHOCTHU TCJI HCPABHOMCPHO, TaK KaK PA3HBIC YUYACTKHU
MOBEPXHOCTH IUIAHET M3-3a HAIMYMS PA3HBIX MOPOJ MMCIOT Pas’HOE
3(UPOANHAMUYECKOE COMPOTHUBIICHUE, TO3TOMY HAKOILICHUE d(dupa B
rayOuHE Tella MPOUCXOJUT HEpaBHOMEPHO. YacTHYHO HAKOILIICHHBIH
3¢up mepepabaTeiBacTCs B BEIICCTBO, a YaCcTh €r0 HAKAIUIMBACTCS B
I‘J'IY6I/IHHI>IX CJIOAX, co3aaBasi B HCKOTOPBIX MCCTaxX I/I36I>ITO‘IHOC JdaB-
JIeHHE, YACPKUBACMOE MOPOJAMHU, UMCIOIIUMH BBICOKOC d(HPOINHA-
MHYCCKOC COIIPOTHUBJICHUC, TAKUMU MOPOAAMU SABJIAIOTCSI J'IIO6I:IC TO-
KOMPOBOASINNE ITOPOBI.

Hakonnenue masieHus >gupa HE MOXKET MPOIOKATBCS OCECKO-
HeuyHO. OH HauuHaeT AuOO0 MPOCAYMBATBHCS HAPYXKY, 3aBHXPSSACH H
CO31aBasi TaK HAa3bIBACMbIC T'COMATOTCHHBIC 30HBI, JTU00, CCIH HAKOI-
JeHue 3¢upa umer ObICTpee, YEM pPaccachlBaHHE, YACPKUBAOLINC
3(up HOpoBl MPOPHIBAIOTCS, H TOrAa CTPYS 3(Hpa BEIXOTUT HAPYKY
mo mopoaaM, KOTOPBIC MMCHOT BBICOKYIO AUBJICKTPUYCCKYIO IIPOHU-
LAGMOCTh M M3-32 3TOTO SIBISIFOTCS 3(HPONPOBOJAMH, T.C. KAaHATIAMH,
HUMCIOIIUMH Majoe 3(PHUPOANHAMUYCCKOE COMPOTHBIACHUE. Takummu
mopogaMu ABJIAIOTCS .]'IIO6I:IC HC MOPUCTBIC U30JIATOPHI.

[Mocme Toro kak cTpys a¢upa 13 U30IATOPA BHIPEIBACTCS HAPYIKY,
OHa CTAJIKHUBACTCA C IMYCTBIM MPOCTPAHCTBOM, B KOTOPOM AUIJICKTPU-
YecKasl MPOHHUIIACMOCTh PaBHA CAMHULE, U S(PHUPOANHAMUUCCKOE CO-
MPOTHUBICHUE Al CTPYHU PE3KO BO3pAcTacT. ITOr0 JOCTATOYHO IS
TOrO, 4TOOBI CTPYs CTaja CHavala PacIIHPSTHCS, a 3aTeM CBOpAvH-
BAaTbCA B TOPOUI, Cro Kpas KaCaroTCsI MOBCPXHOCTU 3CMJ'II/I, mOopPOAbI
KOTOpOﬁ HUMCHOT JUSJICKTPUYUCCKYIO MPOHULIACMOCTD BBIIIC, YCM CBO-
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00JHOrO MPOCTPAHCTBA. DTO CIOCOOCTBYET 3aBEPIICHUIO (hOPMHPO-
BaHMs 3(UPHOrO TOPOUAA, B COCTAB KOTOPOTrO TEHEPh YIKE BKIFOUH-
JIMCh TIOBEPXHOCTHBIC MTOPOJIHI.

JdupHblii TOpoua — cucTeMa ycTolunBas U SHeproemkast. ['pagu-
CHTHI 3(HUPHBIX MOTOKOB BHYTPHU TOPOHIA CO3JAIOT CHUIBI, JOCTATOY-
HBIC [T OTPBIBA M YACPKAHHS B HEM OTOPBAHHOTO OT MOBEPXHOCTH
3emmu BemectBa. Cam e 3UPHBIA TOPOHI, KaK M BCSIKHHA Ta30BBIHA
TOPOMJAIBHBIA BUXpPb, BHCIIHCH MMOBEPXHOCTHIO OTTAJIKHBACTCS OT
OKPY’KAIOIICH CpeIbl U MEPEMELIACTCS B MPOCTPAHCTBE B HAIpaBc-
HHUH, B KOTOPOM ABIKYTCS IIOTOKH (Upa B €ro LEHTPE, T.C. B TOM KE
HAIPaBIICHUH, B KOTOPOM IiepeMerancs 3Gpup B cTpye, oOpa3oBasiieii
toporg. Takum oOpa3oM, BHIPBABINASCS W3 HEAP IUIAHETH d(UpHAs
CTpyst 00pa3yeT Ha €€ MOBEPXHOCTH TOPOUAAIBHBIA BUXPb, KOTOPBIT
3aXBaTHT B CBOC TEIIO0 HAXOMIIIYIOCS B HEM MOPOJY, YacTh IMPOHECET
4Yepe3 BEpX TOPOHJA U PACCHIILIET IO OKPY)KHOCTH B BHIE KOJIBLIEBOTO
Basia, HEOOBIIYIO YaCcTh COOCPET B LICHTP B BHAC FOPKH, a BCE OC-
TajJbpHOE yTamur ¢ coboit (puc. 5.5,a). Jlanee Bce Oymer 3aBUCETH OT
TOrO, KaKOW CHJIbI M KAKOH MOIIHOCTH ObI1a MCXOTHAsI CTPYs ddupa.

Ecan MOIIHOCTD ObliIa OTHOCHTEIBHO HEBEIHMKA, TO TOPOU MOCITE
¢dopmuposanus (puc. 5.5,6) GpicTpo moTepser ycroiuuBocTh. Torma
MMPOU30MICT B3PHIB ¢ Pa3dpocoM HAOPAHHOIO BEINECTBA U A(UPHBIX
crpyii. I'paaneHTsI 3(UPHBIX MOTOKOB CO3MAAYT CHITBI, KOTOPBIC MPO-
M3BEAYT PaspyLICHHs, IPUYEM TI0 OCH CTPYH CHJIBI OyIyT HAIpaBiic-
HBI B CTOPOHY IepeMerneHus d(upa, a OKOJI0 CTPYil HAIPABICHHOCTD
cun Oyzet k ctpysim. Cuitbl MOTYT OBITh OYCHB OONBINUMU, JOCTATOU-
HBIMH JJIsI Pa3pyLUCHUS TIOPOJ, 3AAHHIA, JISCOB.

Ecau MomHOCTh MCXOAHO CTPYH OObIuasi, TO TOPOUA BMECTE C
BCLICCTBOM YMYHUTCS B KOCMHYECKOE MPOCTPAHCTBO, U B KOCMOCE
nosiBUTCS HOBast komera. OOnaaas, Kak U BCSAKHiA ra30BbIi BUXPb, ca-
MOJBIKCHHEM, TOPOUAATBbHBIN BUXPb 3(Hpa, OTTANIKUBASICH OT OKPY-
Karouero 3¢upa, MOCTEIEHHO HAPACTHT CKOPOCTh M OpOHTAIBHBIH
MOMEHT, MEPEX0As Ha Bce 00JICE BHITSHYTYIO OPOUTY IO TEX TOp, IMO-
Ka ero sHeprust He Oyaer ucuepnana (puc. 5.5,6).
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Puc. 5.5.00pa3oBaHIe KOMETbI: @) HAUaIbHBIA 3Tall; 6) (POPMUPOBAHIE 6) BbI-
XO0J] KOMETHI B KOCMOC; 2) 00pa30BaHe 3a/IHEro «XBOcTa»; 0) 00pa3oBaHue Iepe;THe-
IO «XBOCTa»; ¢) pa30poc BEIecTBa; ) METCOPHBII TIOTOK, OCTABIIMIICS ITOCITE KOMe-
THI

OnxHOBpEeMEHHO TOpoWAanbHBIN BUXph OyaeT (opmupoBarbest B
oOpasoBanue Tuma TPyOsI, 3aMKHYTOM Ha ceOs. CoOpaHHOE MM BEIIe-
CTBO OYAET COCPEAOTOUCHO B CTEHKAX 3TOH TPYOBI, TAK KaK UMCHHO B
HUX MAaKCHUMAJICH I'PAANCHT TOPOHIATBHOH CKOPOCTH, CIIEI0BATEIBHO,
BCE BELIECTBO OYJET 3acachlBaThCs B 3TH CTCHKH. [lorpaHuuHbIN croit
3(upa Ha MOBEPXHOCTH TPYOBI HE JACT pa3dpackiBaThes HU 3QHUPY, HHA
3axBauCHHOMY BemiecTBy. OJHAKO OO TeX HOp, moka 3(UPHBIA BUXPb
HC HAYHET TEPSITh CBOIO SHEPTHio 3a cuet qudy3uu u 3a cuet npeod-
pa3oBaHUs HEPTHH BPAIICHUS B SHEPTUIO MOCTYMATEIBHOTO JBHKE-
HUSL.
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HanpHelnasi 3BONIOLUSI KOMETHI CBsi3aHA C MOTEPEH JHEPTHH
3(upHBIM BUXpPEM 3a CUET BM3KOCTH d(upa u npeoOpa3oBaHus €ro
SHEPTHH TOPOHJANBHOIO BPALICHUS B SHEPrUI0 NOCTYMATEIBHOTO
JBVDKCHHSI KOMETHI, C CyOMMMAaIiel 3aXBa4yeHHOTO KOMETOH BeLecTBa
U C PsiaoOM ApYrux (pakTopoB, MOMHBIH YHET KOTOPHIX TpeOyeT oOT-
JEMbHBIX HccaeaoBanuii. OmHaKO M 34eCh MOXKHO BBICKA3aTh He-
CKOJIbKO HPEAMOI0KECHUH.

3axBauCHHOEC TOPOHAATBHBIM BHXPEM BCIIECTBO IMOABEPracTcs
pas3Mony BHYTPH BUXPS, TaK KaK B HEM HMCIOTCSI IPaJUCHTHBIE TIOTO-
ki 3¢HUpa U BOIHHUKAKOT OONBIINEC CHIIBI, PA3PHIBAIOIINE BEIICCTBO.
ITU cuabl MOTYT OBITH CTOJb BEIHKH, YTO Pa3phlB BELIECTBA MOXKET
MPONCXOANUTh HE TOIBKO HA MOJECKYISPHOM HIM aTOMHOM, HO M Ha
saepHoM yposHe. [loaToMy BHYTpH 3QHpHOro Topomuaa MOXET Mpo-
HCXOOUTh TPAHCMYTALMS BEIICCTB M BJIEMCHTOB, BEPOSTHO, 3THM U
OOBSCHSCTCS SIEMEHTHBIA COCTAB METCOPUTOB, B KOTOPHIX MOBBILICH-
HOC COJCPKaHUE Keje3a 00YCI0BACHO HAaMOO/ICE BHICOKUM 3HAYCHMU-
€M DHEPIUH CBS3CH HYKIOHOB B aTOMHOM siape »kene3a (ar. Bec 56 =
14 anpda-yacTHi) MO CPAaBHEHHIO C SAPAMH APYTUX BJICMEHTOB, Ha-
XOASIOUXCSl CICBA M CIpaBa OT HEro B NMEPUOIMYECKON Tadnuue, a
Taoke nmoseieHHOE coaepxkanue SiO, (ar. Bec 28 + X16 = 7 + 24
anbda-uacturer) 1 MgO (ar. Bec 24 + 16 = 6 + Anbda-gacTurip).
Hanuume apyrux S7I€MEHTOB — aJIOMUHUS, KalbIHs, KUCIOPOAA,
KPEMHHUSI, MarHusi, HUKENS B CEPbl OOBSICHSICTCS TAK)KE OTHOCHTEIBHO
BBICOKOM yAEIbHOM SHEPrUei CBSI3U HYKIOHOB B UETHBIX SAPAX, XOTA
M HECKOJIbKO MCHBIIEH, ueM y skerne3a. [Ipu aToM He nmeeT 3Ha4YeHuH,
KaKOH cOCTaB 3JIEMEHTOB OBLT 3aXBaueH KOMETOH B MOMCHT €€ POXK-
JCHUSL.

Ecnu wacte sHepruu BpamieHusl BUXpPs NOTEPsIHA, TO U HOTPaHHY-
HBIA €0 Ha MOBEPXHOCTH BUXPS OCNAa0EBACT, U OH HAYMHAET MPO-
MyCKaTh HAKOIUICHHOE BemecTBo. [Ipu 3ToM YacTe mepeMonoToro
MBLICOOPA3HOro BEIIECTBA OTOPACKIBACTCS BUXPEM HA3ad, U 'y KOMETHI
o0pasyercsi «XBOCT», KOTOPBIA CTaHET BUJCH, Korja kKomera OyaeT
npubmwkarecs k Comuuy (puc. 5.5,2). Ecnu sxke morepu sHepruu erue
YBEIUYATCSI, TO MOTPAHUYIHBIN CJIOM U B LEHTPAIbHON 4acTH TOpOuAa
pas3MoeTcs U MEPECTaHeT yAeP KUBATh BEIIECTBO. Toraa yacte pa3mo-
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JOTOrO BEIIECTBA HA OOJBIION CKOPOCTH BEIOPACHIBACTCS BIIEPEH, H Y
KOMETHl 00pa3yeTcss JOMOJHHUTCIBPHO K 3aJHEMY CLIC W IEPEeIHUN
«xBocT» (puc. 5.5,0). A ecmu motepu SHEPruM CTaHYT eie OOIbIue,
TO BEIIECTBO HAYHET pa3dpaceiBaThCsi BO BCE CTOPOHEI (puc. 5.5, ¢).
OTO 3HAYUT, YTO KOMETA OIM3Ka K riuOemu.

ITockonbky npu moTepe SHEPIHHA BUXPEM CKOPOCTh BPALICHUS €TO
3aMeIIIeTCs, TO KPYIHbIC 00pa30BaHusl BEIIECTBA — OYIYIIIEC METEO-
PUTHI, 3aXBaYCHHBIC BHYTPECHHECH YACThIO BUXPs, COOEPYTCS BMECTE,
KaK 3TO IPOUCXOTUT C YAWHKAMHU MOCTIEC MOMEIIMBAHUS Yasl B CTAKaHE.
ITocne momHOro paccaceiBaHus 3(PUPHOTO BHXPS HA MECTE KOMETHI
OKa)KETCSl BCErO JHIIb POH METCOPHUTOB, KOTOPbIH Oonblie HE Hapa-
IIMBACT OPOMTATBPHOrO MOMEHTA, HE NMPOM3BOJUT HHUKAKHX TPAHCMY-
Tauui, a IPOCTO JICTUT MO MHEPLIUU 10 TOH ke opOuTe. A KOMETa IM0-
ruona. OmHaKO MOCKONBKY pachax KOMETH €CTh MPOLIECC MOCTEICH-
HBII, METCOPHBIN MTOTOK U €0 POAUTEILCKAS KOMETa MOT'YT B TCUCHUE
JOJITOr0 BPEMEHH cocyiuecTBoBats (puc. 5.5,01c).

BermecTBo, HaKOIIEHHOE KOMETOH, CTAHOBUTCS POEM METEOPH-
ToB. Tak mercopHsiii motok JIeoHu T, e:keroqHO BuauMbIiii 15 HOSOps,
B 1866 . OBl OTOXKAECTBICH ¢ OpOUTON Ccraboil KOMETHI, KOTOpas
Bckope ucuesna. [Todxe BoceMb METCOPHEIX MOTOKOB — JIupumer, Ak-
Bapuasl, [lepcennst, xakoounugsr, Opuonuasl, Taypuasl, Jleonu-
Ibl, Brsnuapl, nossnsromumecs: eKerogHo, ObLIH YBEPEHHO OTOXKIECT-
BJICHBI ¢ KomeTamu [7, ¢. 285-292).

IIpencrasasiercs, uto moxoOHas BEPCUS UMEET MPABO HA CYIIECT-
BoBanue. Ha ¢ororpadusax komerst XWSKyTakd, MONYYCHHBIX B
I'maHoit Poccuiickoii oOcepBaropun Axkagzemun Hayk HaygHBIME cO-
tpyzuukamu M.C.I'yceBoit 1 H.A.CokonossiM B mepuoa ¢ 14 no 21
mapra 1996 r. [19], oT4eTnIMBO MPOCMATPUBACTCS TOPOHIAIBHAS
crpykrypa kometsl (puc. 5.6, a). Tam sxe mpusenensr (ororpaduun
KOMET, HaXOMIIIUXCSI HA Pa3HbIX cTaausx pa3sutus (puc. 5.6,6—0).
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8) 9)

Puc. 5.6. ®ortorpadum KomeT: a — KoMeTa Xuskyraku, 1996T., oTHeTIHBO
BHJTHA TOPOUJIATIbHAS CTPYKTYpa; 6 — koMmeTa Mkes—Cexn, 1965rT., y KOMETHI BepeTe-
HOOOpa3HbIN 3aJ[HUI «XBOCT»; 6 — koMeTa Mkest, 1963r., 3aHMiA «XBOCT> pacpeH
U pacIervie; e — kometa Apenpa—Pomnana, 1957., y KOMeTHI OSBUIICS — TIepeTHUIL
OCTPHINl «XBOCT»; 0 — KoMeTa Mapkoca, 1957r., BemecTBo paccemBaeTcsl, KOMeTa
Onm3Ka K THOeImn
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AdupHbIC TOPOUIB POXKAAOTCS [IAHCTAMHU, MMO-BUIUMOMY, I0C-
TATOYHO YacTO, HO Ha 3eMJIC Yalle STO MPOUCXOANUT B OKCAHE, UEM Ha
cymre. Bo-TiepBBIX, MOBEPXHOCTH OKCAHOB B JBa pasa OOIbINE, ueM
MOBCPXHOCTh CyImu. Bo-BTOpEIX, JHO OKCAHOB TOHBINEC, & AUIICKTPH-
YCCKasl MpOHULACMOCTh BOAbI BBICOKA, TaK YTO YCJIOBHUA W HJIS IIPO-
XOXKJICHHS 3QUPHBIX CTPYH, U Il 00Opa30BaHUS BUXPEBBIX TOPOUIOB
34CCh JIYYIIC. Nmerorcss MHOTOYHCIICHHBIC CBUACTCIIBCTBA MOPSAKOB O
TOM, KaK M3 BOABI BBIPHIBAIOTCSA U yxomsaT BBepX Hekue HJIO ceporo
uBeta u Osroaueodpasznoit popmer. He Oyaymue i 310 komersi? U
HC IIOTOMY JIK dApa 6OJ'ILH.II/IHCTB8. KOMCT, C KOTOPbIMH BCTPCUACTCHA
3emust, cocrosT u30 npaa? Ho ecte cBuaeTenbcTBa U APyroro poja,
KOrAa MoJ BOJAOH Ha OONBIION ITyOMHE BUIHBI KPYITHBIC 3aMKHYTHIC
BHUXpeBbIe 00pazoBaHus. MoKeT OBITh, 3TO TOXKE TOPOHIBI, HO Y HUX
HC XBaTWJIO SHCPIrUM AJIsd I[aJ'ILHCI‘/'IH.ICFO NCPCABMIKCHUA, U OHHU 3a-
CTPSLTH B BOAC?

0,8u

AT

28m

Puc. 5.7.Crpykrypa CacoBckoil BOpOHKH

Ha cyme nogoGueie cmyyan Toxe ObiBanu. IlogoOHEIX 0Opa3oBa-
uuti Ha 3emsie mHorme gccsatku. Ha CeBepe mmeeTcss MHOXKECTBO
KPYTJIBIX 03€p, B KOTOpBIC HE BrmamaroT peku. B ropoge Cacoso Ps-
3aHckor obmactu 12 anpens 1991r. Houbto 0OpaszoBaiach BOPOHKA
guameTpoM B 28 M u rimyouHoi okono 4 m. [Ipu stom ncuesno 1800t
MOPOJBI, @ B OKPECTHBIX JOMAax OBIIM BBIJABICHBI HAPY)XKY OKHA H

asepu [20] (puc. 5.7).
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Puc. 5.8. Pebedp moBepxHocTn uctnHHoro qHa Ilyuex-KaTyHckoil mm-
MAKTHOH CTPYKTYPBI: a — acTpoOJIeMBl B LIEIOM; O — IIEHTPAIbHOIO TIOJHATHS; 6 —

)
CBO/Ia IEHTPAIIBHOI'O ITOAHATHA BBIIE M30IUIICHI 0,5 kM. CooTHoIIIeHHE BEpTHUKATIb-
HOI'0 ¥ TOpU30HTAIILHOT'O MacmTa6oB 1:3.
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CBHIETETBECTBOM TOMY SBISETCS Takke, Hampumep, llyuex-
Karyuckas acrpoGriema, oOpa3oBasmasicst mopsiaka 175 MyH. et To-
My Hazaj, ool Auamerp koTopoii cocrasisier 80 kM, B KOTOPOH,
MO JAHHBIM I'PABUMETPUYCCKUX CHEMOK M CEHCMHYECKOro mpoduim-
POBaHMSI, UIMEETCSI KONBLICBOH Ke100, MMCIOIIUN BHCIIHUN JHAMET
40-42xm u rybuny 10 1,6 kM B BOCTOUHOM cekTope u A0 1,9km —B
3amagHOM. B HeM cCyIecTByeT LEHTPaTbHOE MOJHITHE, M3BECTHOC
1oJ, Ha3BaHHueM «BOpPOTHIOBCKUI BBICTYI», KOTOPOE MMEET AHAMETP
B cBoA0BOI yactu 8—10kM, B ocHoBaHuu 12—14xM u BO3BBHIIIAETCS
HaJ JHOM KOIBIEBOro >keiaoba Ha 1,6—1,9 kM, mpuuem KpyTH3HA
CKJIOHOB B €ro OCHOBaHuM omueHuBaeTca B 35 —40°. Bep-munHas
YaCTh MOAHITHS MPEACTABISICT COOOM MIOCKUI KOJIBIICBON CBOJ C MIC-
pemagom BoicoT 10 200 M, B HEHTPE KOTOPOro €CTh BIAJHHA pa3Me-
pom 3x5 kM u rayounoi 10 525M [21] (puc. 5.8).

A uT0 xe MOXHO cka3aTh 0 JIyHe, Ha MOBEPXHOCTH KOTOPOW Cy-
LIECTBYIOT COTHHU <AcTpoOIeM», UMEIOLINX JHAMETP MHOTHE ACCATKH
U COTHU KHJIOMETPOB? Bce OHM MMEIOT KONBLEBBIC Babl, YACTHIHO
paspylICHHBIC BCICACTBHEC  OOJBIOMX  MEPENagOB  TEMIIEPATYP
(maem  +110T, mousto —1207C), y He menee 10%u3 HUX coXpaHH-
Jack LeHTpanbHas ropka (puc. 5.9).

ITonoGHoe siBnenne Ha Jlyne B paiioHe kpatepa AnbQoHC, JTUB-
mieecst BCEro OKOJ0 3-X MUHYT Habmroman B HossOpe 1958r. m3sect-
Heid actpoHoM H.A.Ko3zeipeB, KOTOpoe OH YBEpEHHO OTHEC K BYIIKa-
HUYECKOMY H3BEPIKEHHIO, HO KOTOPOE HE MOTJIO OBITh TAKOBBIM XOTS
Obl B cuTy cBocH kpaTtkoBpeMeHHOCTH. [lomoOHbIC sSIBICHUS HEOTHO-
KpaTHO HaOmoJamrck Ha Mapce B BuAE sipyaiieii BCOBIIIKA aTOMHO-
BOJOPOJHOTO YPOBHSI CBETUMOCTH C PACLIMPCHHEM CBETOBOTO ISITHA
JI0 HECKOJIBKUX JECATKOB KHIOMETPOB B TCUCHHE HECKOIBKUX CEKYHA.

He wuckmroueno, uto 3HameHuTsii <I'yHrycckuit mereoput» 1908
. BOBCE HE OB METCOPUTOM. BEIb HUKAKUX CJICAOB CAMOTrO METEO-
pHUTa TaK U HE HAIILTH, 4 BBIBAM Jicca U penbed) OKPYKaroIeH MECTHO-
CTH HANOMHHAET Mo cBoed (opme acTpoOneMy, MOKET OBITh, U HE
Takyro Oombinyio, kak [lTyuexx-KatyHckas, Ho Bee xe... Y mpou3orwio
BCC STO HEMOCPEACTBCHHO HAJ OOHAPY>KCHHBIM IMOPKE TEOJOTHYe-
CKUM pa3ioMOM.
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ii YeTBepTH (110 PUCYHKY HEIICKOro ac-

Puc. 5.9.I1oBepxHocTh JIyHBI B 1IepBO

TpoHoMa V.Kienerirrer)
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Ecnmu ydectp, uTo Ha BCEH MOBEPXHOCTH CYLIM 3EMJIH HMECTCS
Bcero mumpb okono 150 6onmpmmx acTpobiaeM, U €Cau MPEanON0KHTh,
YTO BCE OHM MMEIOT Bo3pact MeHbmni, yem [Iyuex-Karyrckas, to
MOTYYACTCs, YTO KaKAash KPYIHAs acTpoOieMa MOSBIIETCS HE valie,
yeM 1 pa3 B muumnon net. Ho menkue actpobiemer Tuna CacoBckoit
MOSIBIISIFOTCSL 3HAYUTEIBHO YaIlE.

IIpencraBasiercs, uTo ocHoBHas Macca koMeT B ConHEUHOH cuc-
TEeME MosIBUIACH Onmaroaaps e ruaneraM, a Conniy. Haubosee Bepo-
STHO, YTO B OOJNIACTH COJTHEYHBIX ISITCH, KOTOPBIC CAMH MPEIACTABIISIIOT
co0oit a¢upHBIC BUXpH, POPMUPYIOTCS TOPOUJANBHEIC BUXpHU 3(dupa,
KOTOpBIC 3aXBaTBHIBAIOT B CBOC TEIO COTHECYHOE BEIICCTBO M YHOCST
ero ¢ coboi. Jlanee, yxke BBIHISM U3 COTHEYHOrO Tena U 0OpeTsl caMo-
CTOSTENBHOCTD, S(QUPHBIA TOPOUAATBHBIN BUXPh HAUMHACT HOPMHPO-
BaThCs B KOMETY, a 3aXBaYCHHOC BEIIECCTBO HAYMHACT (POPMHUPOBATHCS
B pasnu4HbIC MOpoasl. Hukakix BEIOPOCOB y 3TOr0 BUXpPs B HAYAIb-
HBII NEPHOA HET, MOTPAHUYHBIN CIIOM €Ie YCTONYUB, U HUKAKOE Be-
LIECTBO U3 Teiaa Oyaymied KoMeTsl He BhIOpaceiBacTcs. IlosTomy cam
MOMEHT POXKACHHUS KOMETHI MOXKET OBITh HE BHACH Ha (OHE camoro
Connma. Tem He MeHee, Takol HpoLIECC BECbMa BEPOSITCH.

Takum oOpa3oMm, pOXKACHUE KOMET MPOHCXOAWT HE AaNCKO 3a
mpeaenamu CoiHEuHOU cucTtemsbl, a B camoii COTHEUHOM CUCTEME U
y4acTBYIOT B 3ToM npouecce U Comnie, u Bce miaHetsl ConmHeuHON
CUCTEMBI.

Buvieoowi

1. B ocHOBEC BO3HUKHOBEHHSI M BOJIFOLIMK 3BE3[ JICKAT CBOHCTBA
npoTOHA, OOpa30BaHHOrO B LIEHTPAaX BHXpeoOpaszoBaHust ddupa u
quGYHIUPYIOLIETO MOC/IE UCUSPIIaHUS 3armaca YCTOHYHBOCTH.

2. Connue u Bcro CoNHEYHYIO CUCTEMY HEOOXOIMMO paccMaTpu-
BaTh HEC U30JHUPOBAHHO OT JPYTHUX KOCMHUUCCKUX SBICHHMIA, a, IO Kpaii-
HCH Mepe, Kak oauH u3 sneMeHToB [anakruku. CojHIE Tak ke, Kak U
Bce 3Be3aBI HAICH [anakTHKH, BOSHUKIIO U3 TIPOTOHOB, CO3AaBINUXCS
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B siape [amakTuku B pe3yabpraTe COyaapeHus 3QUPHBIX CTPYH, MOCTY-
MAOLUMX B IO CIIUPANbHBIM pykaBaM. [ paBUTALIOHHOE B3aMMOCHCT-
BHE 00eCneUmIo COOMpaHHe MPOTOHOB B 3BE3AY, KOTOPAas yAAINIACh
n3 obnactu sapa M jmanee IOBIDKETcS K mepudepun anaktuku, rae
MPOTOHBI PACTBOPSATCS B 3(HUPE, KOTOPHI BO3BPATHTCS K SAPY B BUAC
3¢dupHoro Berpa.

2. PazpaboranHas >¢upoguHaMuvecKas: MOACTb BO3HUKHOBCHUS
u paszutisi COMHEYHON CHCTEMBI MO3BONSIET €CTECTBEHHBIM 00pa3oM
OOBSICHUTh OCHOBHBIC OCOOCHHOCTH €€ CTPOCHHMSI U MMapaMeTPOB — CO-
CpeAOTOUCHUE OCHOBHOU Macchl cucteMsbl B ComHie, a opOUTaIbHOrO
MOMCHTA B IUIAHETAX, COBMAACHHE IUIOCKOCTH OPOUT IIIAHET M HKBa-
topa Connia, npsimoe HampasieHue spamicaust ComHia, opoutaabHO-
ro JABIDKCHUS IUIAHET W BPAIUCHUS IUIAHET U MX CITYTHHUKOB BOKPYT
CBOHUX OCEil.

3.3¢up B cuiy CBOCH BS3KOCTH OKa3bIBACT COMPOTUBIICHUE JABH-
JkeHHI0 HeOecHbIX Ted. OmHAKo, 3TO CONPOTUBICHUEC OTHOCUTEIBHO
HEBEIHKO, U MOCTOSIHHAS BPEMEHH M3MCHEHHS CKOPOCTEH HEOCCHBIX
TEn A7 OpOUTAIbHOTO W TaJaKTUYECKOrO ABIDKCHHH COCTABISECT
npuMepHo 3—30mmpa. ner. Ha ¢one apyrux BmusHuI Ha HeOECHBIC
Tena ¥ HEOECHBIX TEN APYT HA APYra 3TO BIMSHHUE HE CYIICCTBEHHO.

4. Ornocurenpho 3¢upa CosHile padoraeT Kak HETPOOSKHBIN Ha-
coc. ConHeuHbIe MATHA €CTh PE3yNbTaT 00pa3oBaHUs 3PHUPHBIX BHX-
peit B Tene CosHIa B 001aCTAX ¢ MAKCUMAJIBHBIM TPaIUCHTOM CKOPO-
cTeil TOTOKOB, D(HUPHbIC BUXPH 3aXBATHIBAIOT BEIUECTBO U BBIPHIBA-
FOTCSL HAPY’KY, YTO M BOCIIPHHUMACTCS KAK COJTHEYHBIC MSTHA.

5. OCHOBOI KOMET SIBJISIFOTCSL TOPOUIAIbHBIC BUXpH 3(upa, oOpa-
30BaBIIMECS B pe3yibTare BeIpBaBmIuxcs u3 Teaa CoTHUIA U INTAHET.
Komerts! 3abuparor Bemectso ConHua iy miaHeTsl U yHOCAT B Koc-
MOC, TJ€ CHavYana pa3MalblBalOT BEIIECCTBO JO HYKJIOHOB, a 3aTEM, IO
MEpe PacTpaThl SHEPTHHU, U3 HYKIOHOB (POPMHUPYETCs BEIIECTBO, Mpe-
HMMYIIECCTBCHHO TaKUX MOPOJ, SApa aTOMOB KOTOPBIX COCTOST 3 Iie-
Joro yucia agbda-yactul. B pesymprare moTepu KOMETaMH SHEPTUU
paccacsiBaTCs OrPaHUYHBIN CITOW 3Qupa cHavada Ha BHELIHEH, a 3a-
TEM Ha BHYTPCHHCH CTOPOHE TOPOHMIOB, YTO MPHBOIUT K BEIOpOCAM
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BCICCTBA W3 TENa KOMETHI, 00pa3ys CHayana LIMPOKHH 3aTHHN
«XBOCT», a 3aTEM Y3KHI MepeaHUIL.

ITocne pacrpaunBaHust KOMETOM HEPTUU HA €€ MECTE OCTACTCS
POl METEOPUTOB.
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FhaBa 6. 3eMmna U KOCMOC

6.1. U3 uctopum usyyeHmsa 3emnum

Nsyuenuem 3emmu JIOAM HAaYaad 3aHUMATHCS CIIC B TIyOOKOM
apesHocTH. OCOOCHHO MHTECHCHBHO HAYKH O 3EMJIC HAYaid pa3Bu-
Batbes B 19u 208B. B Hacrosiee Bpems Tonsko BAKosckux guciu-
i o 3emie cymectsyer 34 BAK — Bricmas arrecrarpionnas ko-
MUCCHS, MPUCBAUBAIOIIAS YUCHBIC 3BAHUS).

Kazanoce Gbl, 4TO Tpy TAKOM BHUMAHHH BCE OCHOBHBIC BOIPOCHI
CTpocHHS 3eMJIH JAOJDKHBI OBITh U3YUYCHBI, OMHAKO 3TO HE Tak. Jlo cux
[OP HE PEIICHBI TIABHBIC TPOOICMBI, CBI3AHHBIC C BOIIPOCOM: MOYEMY
3ems yCTpOoeHa UMEHHO Tak, a He nHaue. JTo kacaercs Gopmbl 3eM-
AU — OHA UMeeT (hopMy Tak HA3BIBAGMOrO «EOMIa», HEKOE Mmomodue
rpyLId, €€ CEBEPHAs! YacCTh MPHUIOAHITA OTHOCHUTCIBHO DKBATOpPA IO
cpaBHCHHIO ¢ FOkHOU wacThio HA 400 M. DTO Kacaercs e¢ HaKJIOHA —
23,26,5' OTHOCHUTEIBPHO ILIOCKOCTH JKIUNTUKH. JTO Kacacrcd U
BHYTPEHHETO CTPOCHUS 3EMIIH, TPSACTABICHUE O KOTOPOM B 3HAYM-
TENBHOHN CTEIICHU HOCUT TMITOTCTHYCCKUN XapakTep. Takux BOIPOCOB,
PCIICHUE KOTOPBIX OCTAB/ISCT KEJIATh JIyIIIET0, MHOKECTBO.

K cepeanne 2010 Beka mpeacTaBUTENH ABYX KOHKYPUPYIOLIUX
KOHICTILMIA OBITHS — MACATUCTHYCCKON M MAaTCPUATUCTUICCKOM CyIIl-
HOCTH MUPOBO33PCHMUSI COLITUCH HA TOM, YTO TCIEPh 3EMJIS — IPSIX-
Jasi cTapylika», OCTBIBAIOINAS IJIAHETA, HA KOTOPOH OTACIBHBIC 3EM-
JCTPSICCHMUSI, U3BCPIKECHUSI U APYTUC CTUXUUHBIC OCACTBHUS SIBJISFOTCS
HUYEM HHBIM, KaK KOHBYJIbCUSIMU yMuUparomero cyocrpara. Ha mpak-
TUKE BOCTOPXKCCTBOBAJIA BO3HUKINAS OKOJO JBYX THICAY JICT HA3ajd
KOHICTILVS «OE30TBETHOH ILTOCKON 3¢MHOMI TBEPIU».

IIpu 3ToM cO31aBAIOCh BOCYATICHUE O AOCTATOYHON M3YUCHHO-
CTH ILIAHETHI 3eMJIsI, JOCTATOYHOM, KaK Ka3ajaoCh, IS YCIICIIHOTO
PCIICHUS IEPBOCTEIICHHBIX 3334 CaMO COOOM Pa3yMEIOIIEroCs «TreX-
HUYECKOro mporpecca». B oCHOBY 3TOro «iporpecca» ObLIN MOI0Ke-
Hbl HAYYHBIC CBEACHUS O CTPOCHHUM 3EMJTH, KOTOPHIC CUUTAIIUCH JOC-
TATOYHO MOJIHBIMH, & B YaCTU UHXCHEPHOH I'CONOrMH U CTPOUTEIBCT-
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Ba Jake (PyHIAMECHTAIbHBIMU. 3aKOHOMEPHBIM CUHTAIICS T'€OIUHAMU-
YECKHU IOTHIIb W MOTHOE OTCYTCTBHE AKTHBHBIX PAa3JOMOB Ha ILIAT-
¢dopmax. JIroObic aHOMATIBHBIC SIBICHHS, BKITIOYAS M 3eMIICTPICCHUS,
KBATU(QHULUPOBAIIUCh B TAKOM MOHHMAHUM KaK CIYYailHOCTH, Ha KO-
TOpPBIC MOXKHO OBLIO He oOpamarte BHUMaHMs. B kpaiiHem cmydae,
JOCTATOYHO OBIIIO YCHUIIUTh KOHCTPYKLIUU COOPY>KEHHM.

JTa KOHLEMIMs, NPUHATAs CEHCMONIOraMH BCEro MHpa, 3aBena
CEHCMOJIOrHYECKYI0 HayKy B Tynuk. Her HU ogHOro acmekra cericMo-
JOrUH, B KOTOPOM Habmromascs Obl CYIIECTBEHHBIH MPOTPECC: 3TO Me-
XaHHU3M U SHEPreTHKa 3eMIICTPSICEHUH, UX paspyaromue GakTopsl U
CONYTCTBYIOIIKE SIBJICHHSI, MTPOTHO3 U CTPATErusl CEHCMO3aIIUTHI H T.
1. Bonee Toro, MmanoMonisbie, HO He MEHEE OMACHBIE, TAK HA3bBIBACMEBIC
nokanbueie 3emuerpsicernst (JI3T), eciu TakoBBIC BCTPEUAIOTCS HE HA
Kaskase, a B tientpe Pycckoit pasaunst (UeproObus, CacoBo, Mock-
Ba...) YaIe BCEr0 HEC HACHTUPHUUUPYIOTCA. Takoe MOJIOKCHHUE B
CCHCMOJIOTMYECKON HayKe OOBSICHACTCS WUPPALMOHATBHOCTBIO CYIIC-
CTBYIOLICH MapaIurMsl.

Bo BTOpoit nonosune 2010 cToneTHs BOZHUKIA NOTPEOHOCTD 00-
paTHTh BHUMAHHUC HA CYIIECCTBOBAHHE HA 3EMIIC TaK HA3bIBACMEBIX I'€O-
MATOrCHHBIX 30H M AHOMAJBHBIX SIBICHHA. JTO CBS3aHO B MEPBYIO
o4epeap ¢ TeM, YTO MHOTHE aBapuH U KaTtacTpoQbl, MPOUCXOASIIINE C
HA3EMHBIM, BO3IYIOHBIM M MOPCKHM TPAaHCIOPTOM HE YAABalOCh
nacHTHuIuposars. KpoMe TOro, BBISICHUIIOCH, YTO MHOTHE Macco-
BbIc 3a00ICBaHMs TIOACH CBSI3aHBI C MX JITUTCIBHBIM MPEObIBAHHEM
Ha ONPEACICHHBIX TeppUTOpHsIX. Bee Gomee cTaHOBUTCS SICHBIM, YTO B
STHX HETaTHBHBIX SIBICHUSIX MOMHMO CHCTEMBI YCIOBEK — MAIIWHA
y4acTBYET TPETHH (PAKTOp — MATOTCHHBIC MPHPOAHBIC SIBICHMS, HA
KOTOpBIC ATUTEIBHOE BpeMsl He obpamanu gommkHoro BHuMaHus. Ho
HE YHYET BIHMSHUS 3TOro (pakropa yBOAUT PACCICAOBAHHE PE3YIbTATOB
MATOTCHHBIX SIBJICHHUI OT MX PEaNbHBIX MPUYMH, YTO AAJICC CTAHOBHUT-
CsI YK€ HETCPIIFIMBIM.

B Hactosmee BpeMsi HEKOTOPBIMU HCCICAOBATEISIMU paspadora-
HBl (PU3MYCCKUE U MATEMATHYECKUIE MOJCITH, & TAK)KE TCOPHH U THUIIO-
TE3Bl FEOMATOrCHHBIX SBICHUI. WX HEZOCTaTKOM SIBISETCS OTCYTCT-
BHC MPEICTABICHUN O (QU3MYECKOM COICPIKAHUU PACCMATPUBACMBIX
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MPOLIECCOB, O BHYTPCHHEM MEXaHU3Me, 00YCIOBIUBAIOLIEM 3TH MPO-
necchl. OTCYTCTBHE TaKUX MPEACTABICHUHA NMPUBOIUT K YHCTOH (e-
HOMCHOJIOTHUH, T. €. K YUCTY TOJBKO TaK Ha3bIBaACMBIX Ha,6J'IIOI[aCMI:IX
MapaMeTpoB. JTO 3aCTABISICT aBTOPOB MOJCICH, THIIOTE3 U TEOpUU
CJIcAoBaTb MCTOAY BBIABMIXKCHUS IIOCTYJIATOB WJIXM SMIIUPUYUCCKU HC-
CICI0BaTh CBSI3M MApaMETPOB, O€3 KAKOro Obl TO HU OBLIO aHAIM3a U
BBIABJICHUS TNPUYNH CYIICCTBOBAHUSA 3TUX cBa3eil. TunmmuHOM B 5TOM
CMBICJIC SIBJIICTCSI TCOPHSI OTHOCHUTEIbHOCTH A.JWHINTEHHA, BOLICI-
mas B HayKy B Hadane XX BEKka U 3aMCHUBIIAS (QU3HUCCKHA MeXa-
HU3M SBIICHUN OpOCTPaHCTBCHHO-BPCMCHHBIMU U CKAXKCHUAMU. Ho
3TOTr0 SIBHO HCAOCTATOYHO JJIsI ITOHUMAaHU (bHSquCKOﬁ CyTU sBJIC-
HUM U BRIPAOOTKH HEOOXOAUMBIX PCKOMCHIALIHIA.

CornacHo ruapocraruueckort moxenau akamemuka O.1O.IMmwuara
[1] mpomomkaBImasicss KaAKOE-TO BPEMSI aKKPELHs HECOPTHPOBAHHOTO
BCLICCTBA IJIAHCTHI MPU AOCTHXKCHUN KPUTUYICCKOT'O paanyca nNpuBciia
K 3¢ dexTy rpaHIro3HOro OOPYIICHUS U YIVIOTHEHHS (CXJIOMBIBAHUS)
3TOrO BEIIECTBA, B PE3YJIBTATE YETO MPOM30IICI ANHAMUYCCKHUIA Pa3o-
rpeB BILIOTH 10 pacruiasicHus. [locie 3Toro B Tele IUIAHEThl Hava-
nace rpasurtanmonHas auddepenumanus BemecTsa, u 'y IIporozemian
obpasoBanace ropsaas armocepa. Jlanee cieayroT pa3TuaHbIC BapH-
AHTBI 30HHOM IIJIABKH. HCHpCMeHHbIM BO BCCX BapUaHTaX CUUTAIOCH
OJHO: C MOMCHTA JMHAMHYCCKOrO Pa3orpeBa pa3BUTHE 3EMIIH IO
TOJIBKO IO JIMHUU TIOTCPU HCXOI[HOﬁ OHCPruu, K OCTBIBAHUIO U VYII-
JIOTHCHUIO.

B pesynbrate 3THX nponecco y 3emiu copmMupoBanack TBepaas
KOpa, MOKPHIBAIOLINE €€ TEIIbIC MOPCKHE OACCEHHBI M YIICKUCIIO-
azorHas armocepa. A manee, Okoja0 3 MJPI. JICT HA3ad, MacCOBOC
oOpasoBanue mpocTeimmx cTpykryp 3emHoBoanoro bMOCa naudano
CHHTE3UPOBATh U3 CBS3AHHBIX (POPM MOIEKYISPHBIA KHCIOPOX, YTO U
OIPEACINIIO BCE YCKOPSIOLICECS Pa3sBUTHE BCErO KUBOTrO. BeHIom
TBOPEHHSI BCETO OKOJIO MUJIJIMOHA JICT Ha3aJ CTaJ YCIOBEK Pa3yMHBIA.

Beigsunytas eme B 1906 . amepukanckum ydeHbiM [.®.Pumom
TUIOTE3A CXKATUS — CXPYMUUBAHUSL — YIIPYTOM OTAAYH B MOPOJAX KaK
npuunde 3emierpscenns (3T), crama OCHOBHOH CEHCMOIOrHYECKOM
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napagurmoii Ha uensiii Bek [2]. TIpuHuMnMansHO 3Ta rUnoTesa Omu-
panach Ha UICK0 CTALIMOHAPHOCTH 3EMITH B LICIIOM.

Hanexo He Bce yueHbIe nepBoi momoBuHbl 2010 BEeka pasac/suiu
MPEACTABICHU O cTabUIbHOCTH TIaTgopM. Yike B Hadaje BEKa Cy-
LIECTBOBAJIO MPEACTABICHUE O TOM, YTO PEKH Ha miuardopmax TeKyT
MO pasnoMaM, pa3IeiIOIUM KOHCOMUAUPOBAHHbBIC OJOKH 3eMHOI
kopel. CTpyKTypa <«&OJOTOrO JIbJA%» COCTABILIIOIINX ITaThopMy O10-
KOB ONpEIEISICT XapakTep 3aleraHusl MOpox OCaI0YHOro Yexna U Co-
craBjseT ocHOBY yucHust o (pammsax. Axamsemuk H.C.Ilarckuii BHEC
ocoObIli BkIax B omucaHue MophocTpykTyp Pycckoii miatdopmsr
(aBmakoreHs!, AMAMMPBI, MATOAMIUTUTYAHBIC CYOBEPTHUKAIBHBIC pas-
JoMbl U Ap.). VIHCTpyMEHTaIbHO 3TH AOJITOXKHUBYLIME T'€OJHHAMMIYC-
CKHE CUCTEMBI CTATH KapTHPOBAThCS TONBKO B cepeanne 80X roxos.

I'pomagHyr ponb B pa3BUTHUH HOBBIX 3HAHWI O 3eMlle ChIrpanu
PE3yabTaThl MCCIICIOBAHUIA MO TOMCKY ypaHoBHIX pya (1947-1963)
MOMOIIBIO OIMPEACICHUS TeMusl, 00Naaromero BHICOKOW MpOHULIAC-
MocTbI0. JleTanpHble HccneJOBaHUs Ja)Ke Ha YPAHOBBIX MECTOPOXKIC-
HUSX KXKIBIA pa3 MOKAa3bIBaM, YTO MAKCHMAJbHBIC KOHLICHTPALMU
TEJHS CBSI3aHBI HE C JOKATBHBIMH, JAXKEC OUYCHb OOraThIMU PyIaMH, a ¢
O0paMISIOMMMU HMX YHACICAOBAHHBIMA AKTHBHBLIMH Pa3JiOMaMH.
IMpuuem akTUBHBINA (PACKPBHITHIA B HACTOSINEES BPEMs) XapakTep pas-
JOMOB OJHO3HAYHO OLICHUBAICS MO 3ISOIUM B HHX OTICIbHBIM
TPELIMHAM, [0 UX BOJOra3000MIBHOCTH H IO CaMBIM MO3IHUM (op-
MaM YaCTUYHOTO MHHEPATBHOrO 3aIOIHCHUS.

B pesyabrare Oplia mokazaHa 3aKOHOMEPHAs CBSI3b AHOMAJHI re-
J¥sL C TIIyOMHHBIMH JOJITOKUBYIIMMHU Pa3IOMaMU M KOCBCHHASI CBSI3b
C HaXOSIIIMMHUCS B TEX JKE€ paszaoMax 3HIOTCHHBIMU pyaamu. Dazoit —
HOCHUTEJICM T'elTUs SIBISIFOTCS YKHITbHO-TPELIMHHBIC BOABI U PACTBOPCH-
HBIC B HUX Tras3bl FTyOMHHOTO MPOUCXOXKICHUS, CPEAM KOTOPBIX Ha
MEPBOM MECTE CTOWT a30T, 3aTeM — BogopoA. Takum obpasoM, remuit
CTaHOBHUTCSl YHHBEPCATIbHBIM WHIUKATOPOM TIIyOHMHHBIX, MpPOHUIIAC-
MBIX (YTO 3HAYUT — COBPEMEHHBIX) aKTUBHBIX pa3nomMoB. Ha sTom oc-
voBaunu B 1963r. BUMC — BcecorosHbiii HHCTUTYT MUHEPATBHOTO
CBIPbsI HA4aJl PErHOHAIBHYIO TEIHUEBYIO ChEMKY, OKa3aBLIVIOCS OXHUM
n3 Haubonee 3P PeKkTHBHBIX CTOCOOOB CTPYKTYPHOrO Ir€OTOrHICCKOrO
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kaprupoBanus. B 1969r. 3akoHOMepHast CBS3b MCITYCKaHHUS TEIUs C
TCONIOTHYCCKIMH pa3ioMaMy Oblia 3aperucTPpUPOBaHA B KAUECTBE
HAy4YHOro OTKpBITUSI Ne 68 3akOHOMEPHOCTh paclpelIciCHHs KOH-
LEHTpaUni Trenus B 3eMHOU Kope» ¢ mpuoputeroM ot 30 pexabps
1968r. [3].

B xommuiekcHpix (Ha 0Oase renus) HMCCICIOBAHUSX, HAYATHIX B
1976r. 1 mpoxoIKABLIMXCS TPH Toa ObLIIO MOKA3aHO CIIEAYIOLIEE:

1. dusuka 3eMICTPSICEHUI HE Ta, KOTOpas MPEAoIaranach paHee,
KCXOAS M3 MPEACTABJICHUIN O JaBUHHO-HCYCTOHYMBOM TPEIIMHOOOpA-
30BaHMs U AujaTaHcHO-AU((Y3HMOHHON Moneneil ouara, OCHOBaHHOU
Ha CXPYMYUBAHUU (T.€. YCHIMBAIOIIMXCS B XOJAC BO3PACTAOIIUX M-
HAMHYECKUX HArpy30K aKyCTHYCCKHX IIYMOB U (DOPIIOKOBBIX TpEC-
KOB) MOPOJA JIFOO0ro cocTtaBa B 007IaCTH TBEPAOI 3eMHOM KOpPbI (IIpH-
mepHo 10 50 kM riryOHuHOI);

2. MexaHu3M 3eMICTPSCEHUI, OCHOBAaHHBIX HA TEX K€ MPEICTa-
BIICHUSIX, HE TOT;

3. IlpuanMaBmmMiicss 3a NMPEABECTHHK 3eMIICTPICEHHI «o0Opa3»
CBSI3aH C MAaJIOM3BECTHBIM TI'€OAMHAMHYECKAM MPOLECCOM BO3MYIIE-
HUS BCEX IeOPH3UMUCCKUX MOJEH M CPel C BBIXOJOM Ha MATOJOTHIO.
Oxazamock, 4TO 3TOT «OOpa3» YHUBEPCATBHOTO INTYOMHHOTO MPOLEC-
ca, MPOUCXOMAIIETO, B TOM YHCIE, H B ACCHCMHYHBIX YCIOBHIX.

B navyane 90x rozoB o0beM wWH(pOPMALWK O NMPHHIUIHATLHO
WHOM CTPOCHUHU 3eMJIM JOCTHT KPHUTHYECKOro 3HaucHus. braromaps
napamIeabHbIM HCCIICAOBAHUSAM E.B.bapkosckoro (Nd3),
N.I1Komemosa (MOU), H.C.Illamosanosoii  (I'mapomeriieHTp),
B.V.Poanonosa (MU®U) 1 apyrux cTajo MOHATHO, YTO 3EMIIS SIBIIS-
eTcs MPUHLMNHNATIBHO HHOH [0 OPTaHM3alUH U SHEPTrETHKE CUCTEMOHU.
B 70 xe Bpemst U.JL.I'ydpensa (MD3) coBmecTHO cO crienmamucramu
HITO «JIyu» Munatoma P® skcnepuMeHTAIbHO MOKa3all, YTO MpH
MOBBIIICHHBIX TEMIICPATYPE U AABICHUU BOAOPOJ W TN PacTBOPSI-
FOTCSI HE TONBKO B YPAHOBBIX PYAAx, HO U BO BCEX KPHUCTAIIMYCCKUX
¢dopmax MHHEPAIOB U MOPOA, mpeodpa3ys WX B METaCTAOHMIbHBIC
SHEPrOHACHILICHHBIC CHCTEMBI (peoOpa3oBaHms MO CXeMe «hu3mUc-
CKOHM B3pBIBYATKU»). TeM cambiM 3TH aBTOPBI HA HOBOM YPOBHE BOC-
npousBenu pedyibrarel dkcrepuMentoB J.K. epaunra (Pazuessrit
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uHcrutyt), JLJLIoxuna (UI'EM), B.B.Yepaeiauesa (I'MH),
K.IT.®moperckoro (CEOXU) u A.}0.Hamuora (HedtstHoit nHCTHTYT),
nponssoausuxcs B 1930-1960x rogax, Ha KOTOphIE B yrape aMepu-
KaHCKHUX TICEBJOOTKPBITHI HUKTO HE OOPATHI BHUMAHHUS.

Baxnyro pons B MHPOPMAITMOHHOM B3pBIBE ChIrpaia MexayHa-
poaHast HayuHas koH(pepeHuus «l codusnka u coBpeMeHHbIH Mup»,
nposeacHHas 9-13asrycra 1993r. 8 MI'Y. B cGopHuke Te3ucos oka-
3anock 0koiao 20 cooOIIeHHH, B KOTOPBIX 3eMITsl XapaKTEPU30BaIach
VK€ COBCEM HE Kak «MepTBas KaMeHHas TeepAb». B sBape 19981
MPOLIIO COBEINAHHE HA TeMy «[EKTOHWKA W FeOAMHAMHUKA: OOIre U
peruonaneubie acrekter» ([MH, TEOC MIY). OcoOsiii mHTEpEC
npeacrasnser goknan H.MU.ITasnenkosoit (UD3) «Ceiicmudeckue Mo-
JEITU 3€MHOU KOPBI M BEPXHEH MAaHTHUH U HX I€0JI0ro-reousmiaeckas
TPAKTOBKA.

Bo Bropoii monosune 2010 CTONETHSI HEKOTOPBIMHU HCCIICI0BATE-
JSIMH pa3paboTaHbl PU3MUYECKIE U MATEMATHYCCKAE MOJEITH T'eOnaTo-
TEHHBIX SIBIICHUM.

B pa6orax HUrops Konecuukosa (Pycckoe pusmueckoe obiiecTro)
M3TI0KEH MEXaHHM3M LUKIMIECKOro cOpoca MarHHTO3JICKTPHICCKOM
SHEPTHUU IJAHETHl B BHIC HEMTUHEHHBIX W JUCKPETHBIX IPOLIECCOB,
O0YCITOBICHHBIX <«KBAaHTOBAHHOCTBHIO» VIJIa HYTALK OCH BPALICHUS
3emun. Kornemnmusa KoiecHukoBa yJ0BIETBOPUTETBLHO COTIPSTAETCS C
3JCKTPOMATHUTHON MOACIBIO (a30BO-UMIIYIBCHOTO COOCTBEHHO IT0-
aeBoro mpoctpancTsa 3emiu npodeccopa MOU Uropss Komeinosa.
W3 nocnegHedt cneayeT Hanuyue OCOOBIX KBAHTOBBIX TOKOB, 3aMbI-
KaIOIIUXCS B OOMACTH TCKTOHHUYCCKHUX Pa3noMoB, B obmactu takmx
Pas3ioMOB MPEATIONATacTCs MEPEKOMMYTALIUS TEIUTYPHUICCKUX TOKOB U
cOpoC SHEPTHUH B BUAC H3MYUCHUH U YEAMHECHHBIX BOTH-TUIA3MOHIOB.

[TonoOHBIX TEOPETUUECKUX MOWCKOB MHOTO, HANPUMEP, MOJCITb
3JEKTPUICCKOrO B3aNUMOJCHCTBHS 3eMIIN ¢ BEpXHEH HoHOC(epol mo-
crpoena JIbBoMm IloxmenpHbIX. 10 ero skcrepruMeHTanbHBIM JaHHBIM
SJEKTPUYIECTBO BOOOIIEC HIpacT BEAYLIYIO POIb BO B3aUMOCBSI3SIX
reoQU3MIECKUX ¥ aTMOC(EPHBIX MPOLIECCOB.

TeopeTnueckue HccIeqOBaHUS MOATBEPIKIAIOTCS SKCIICPUMCH-
tanpHeiMu HaOmogeHusiMu. Cotpyzuuk [IHMMMam Kocmuaeckoro
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Lentpa umenn Koponesa Anapeit HeBckuii KOMHYIECTBEHHO omucalt
¢u3nKy paanonay3bl, BO3HUKAIOUICH MPH BXOXKICHUN KOCMUYECKOTO
ammapara B IUIOTHBIE ciou atMocdepsl. OOpa3yromuiics mpu 3ToM
MOTCHLMAT OLICHUBACTCS B MUJITHApAbl BonbT, cuia Toka ompenerns-
ercs Maccod Tena. AHamorndHble 3((EKThl MOKa3aHbl U A METEO-
PHUTOB, YTO MPHBOAMT K DSICKTPOPA3PSAHBIM B3PbIBAM OrPOMHOU
momuocTy. Hampumep, mns TyHrycckoro mereopura pacdeTHas
MOIIHOCTh B3pbiBa cocraBuiaa nopsaka 20 meratoHH Tporuna. ['u-
TAaHTCKUE TMOTCHIUAIBI BO3HUKAIOT TAKXKE MPH MOA3EMHBIX aTOMHBIX
B3pBIBaX, NPUYEM B (PH3HKE ovara 3eMICTPSCCHUI U ATOMHBIX B3PbI-
BOB, no gauHbM crenuanucta OU®3 PAH HMocuda I'yhensaa, Toxe
MHOT'O OOLIErO.

B 80« rogax mHCTpYMEHTAIIbHBIC MHOTOKAHATBHBIC KOCMIYECKHE
HCCIICIOBAHMS OKPY’KaoLIEH cpeasl MPUOOPETH MAaCCOBBIA XapakTep.
Bo3MOKHOCTD CKaHMPOBaHUS 3EMHOIN MOBEPXHOCTH PacHpOCTPaHH-
Jack Ha OOIBINYIO YacTh 3eMIIM. XOTS TAKOTO POAa HAOMIOACHHS IO
CyLIecTBY OBLITH CTyYalHBIMH U Yallle BHIMOTHSIUCH B paMKax Malo-
MH(GOPMATHUBHBIX M JAXKE MCEBIOHAYYHBIX MPOrpamMM, HO JaKE B HHUX
HE MOTIIM OCTaThCS HE3aMEUCHHBIMH HETIOHSTHBIC «AHOMAIbHBICY SIB-
aeHus. C ydeToM TOro, 4to moJOOHBIC SIBICHHS PETHCTPHPOBATHCH
HA3eMHBIMH U aBHAUMOHHBIMU (BbicoTa 10-12 kM) paguoNOKaIOH-
HBIMH, PaJUOPEICHHBIMU U IPYTUMH CPEACTBAMHU HAOMIOACHUH, Mac-
COBBIII MHOTOKAHAJIbHBIN XapakTep UCCIEIOBAHUM MEPEBET PETUCTPA-
LU0 aHOMAJIHMI U3 CIyJaiHOU B 3aKOHOMEPHYH0. OCTaBajaoCh TOIBKO
VIUTbCS MHTEPIIPETUPOBATh TAKOTO poJa (aKThl M HAXOJUTh UX CBSI3U
C MEPBONPUYMHAMY, a HE OTMAaXUBAThCs OT MOCTymarommeil napopma-
WU, KaK 3TO CAYYHIOCh CO 3HAMCHHUTOH (hpa3oit kocMoHaBTa Bragu-
mupa Kosanéuka B 1977roay. Bo Bpems nmometa KOCMOHaBT cOOOLIHIT
Ha 3emiro «BIpKy Ha MOBEPXHOCTH OKEaHa OYrpbl M BIAIWHBI», HA
ugto u3 L{YIla emy orBernmu: «Bomoas, Tl ycraji, orgoxuul..»

I'maBHBIM MemaromuM GakTopoM B HONy4CHHH HH(OPMALIUH, SIB-
JSUTach BE3JCCYINAsi CEKPETHOCTD, HAMpUMep, (pakr mporubaHus mpo-
TOHHOTO CIIOSI MOHOC(EPBI, 3apEerHCTPUPOBAHHBIA 10 MOoMeHTa Yep-
HOOBLTBCKOM KaTacTpodsl, CTaN H3BECTCH TOMBKO uepe3 6 net, a cek-
PETHBIC paHee ceiicMOrpaMMel, 3aperuCTPUPOBABINUC OINEPEKAOIICE
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B3pPBIB 410 peakTopa 3eMIICTPSCECHUE, ObLIM OOHAPYKEHBI U TTPCIaHBI
TIIACHOCTH JTUIb uepe3 9 jer.

Tem He MeHee, B pe3yabTare MpPoBeACHHBIX 3a nocneanue 20 ner
200 croneTuss MHOrOYHC/ICHHBIX, XOTS M Pa3pO3HCHHBIX HCC/ICI0BA-
HUH KaYeCTBCHHO M3MEHHIITUCH MPEACTABICHUS O IIAHETE 3EMIIS:

— BBISICHUJIOCH, YTO 3€MJISL SIBJISICTCS IPEACTBHO SHECPTOHACHIIICH-
HOU CHCTEMOH, YMEIOIIEH aKKyMyIHpOBaTh M cOpachlBaTh IHECPTHUIO
PasHBIMH CIIOCOOAMH U B Pa3HBIX MacIITadax;

— OTKPBITHE Ta30BOr0-TEIUEBOrO ABIXAHUS 3EMITU HOATBEPIHIIO
MPOTEKAHUE «XONOJHOr0» CHHTE3a XUMHUYECCKUX 3JICMEHTOB B HEIpax
3eMnu 3a CYET MOTJIOLCHHS JHEPTrUHM BTEKAIOIIEro B Hee ddupa u3
OKPYKAIOIIEro KOCMHYECKOT0 MPOCTPAHCTBA,

— ceicMuKa, Kak )EHOMEH MPHUPOABI, OKA3aIach MPSIMBIM CIICACT-
BHEM (YHAAMEHTATIBHBIX SBOIIOLMOHHBIX MPOLIECCOB IIAHETHI U Te-
HETUYCCKUA C HUMH CBSI3aHA, KaK B IUIAaHE MEXaHM3Ma peaau3aliu
3EMIICTPSICCHUI, TAK U HX SHEPTCTHKH.

ITocTeneHHO BBISICHSAETCS, YTO HAJ OBEPXHOCTHIO 3EMIIH HATUYC-
CTBYIOT HE TOJIBKO HM30TPOITHBIC 3JICKTPOMATHUTHBIC M TPABHTALIMOH-
HBIC TMOJISI, KaK 3TO PaHEee MPEaIoaaranoch, HO M LENbIA Psia CTPYKTY-
PHUPOBAaHHBIX MPSIMOYTONBHBIMU STYCHKAMU-CETKAMU TMOJIEBBIX 00pa3o-
BaHUI HEH3BECTHOM MPHUPOIBl U MPOUCXOXKACHUS. JTHU DHEPreTHYC-
CKHE CETH OMPEACISIOTCS MOKA TONBKO € IOMOLIbEO OMOI0Kauy, Qu-
3WYECKAN MEXaHH3M KOTOPOH COBPEMEHHAsl OPTOJOKCATIbHAS HAayKa
OOBSICHUTD HE B COCTOSIHHH. A MOCKOJIBKY METO/bI OMONIOKALIUU PO-
JOJDKAIOT OCTaBaThCs JOCTATOYHO CYOBEKTHBHBIMH, TO M JAOBEPUC K
HUM CO CTOPOHBI HAYYHBIX KPYTOB OCTABIISCT JKENATh JTYUIICrO, U 3TO
OJHA W3 OCHOBHBIX NPUYMH MOBEPXHOCTHOI'O HCCICAOBAHUS CNaObIX
MOJICBBIX CTPYKTYP, BCEBO3MOXKHBIX IMOJOC, THHUAN CETEH, 30H H APY-
rux oOpaszoBaHuil. 7Sl HAYKH 0Ka3all0Ch COBEPIICHHO HEOXKUAAHHBIM
CYILECTBOBAHHUE MPSMOYTOIBHOI rnobansHoit peterdatoit cetu (PC),
OPHCHTUPOBAHHOW MO CTPaHAM CBETA, CO CTOPOHAMH, HAMPABICHHBI-
MU Ha CEBEP-IOT C INArOM OKOJNO 2 M M BOCTOK-3amaj C IIaroM OKOIIO
2,5 M. Peretku 00pa3yroT SHEPreTHUYSCKUE MIOCKOCTH, HIYIIUEC OT
MMOBEPXHOCTH BBEPX B KOCMOC, OTOOPAXKAIOT OYCHB Cl1adbie uryKTya-
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UM TPABUTALMOHHOTO MO M COMPOBOXKAAIOINMEC HX JJICKTPOMAr-
HUTHBIC MIPOLICCCH MEXKIY 36MJICH M KOCMOCOM.

Nmest nmpudyaiuByi0 BHYTPEHHIOK CTPYKTYPY U Pa3HYHO BOCXO-
JUSIIIYIO MM HUCXO/SIIIYIO SHEPTETUUECKYI0 HHTCHCHUBHOCTD, TOIOCHI
PC ycrnoBHO pa3mencHbl HA <«IIONOKUTEIBHBIC», (OTPULATEIBHBIC» U
«HeiTpanpHbie». CaokHas cynepno3unus monei u y3nos PC obpasy-
€T AMArOHAJBHBIC CETKA M 30HBI, KOTOPBIC, KaK MPEAIONAraeTcsi, siB-
JSFOTCS TEOMATOTCHHBIMH. JTO OTHOCHTCS K Y3JIaM MPSIMOYTOIBHBIX
cerok J.Xaprmana, @.Ilefipo, 3.Burmana, Kk JuaroHaaIbHBIM CETKAM
M.Kypu u ap. ITu 30HB HEHNPEPHIBHO MMOAMUTHIBAIOTCS SHEPTCTHKOMN
3(HUPHBIX MOTOKOB, MOCTYMAIIIX B 3EMITI0 M3 KOCMOCA.

6.2. AchpmMpoaHaMNUECKMN MEXAHU3M «<KpUCTanmnm-
YECKOM CTPYKTYPbI» 3eMnun

[Tonsitus o crpykrype 3emmn 3a mocneanne 30 neT U3MEHSIOTCS
KOopeHHbIM oOpasoM. IlpencraBineHue o6 amMmopdHOI, BO MHOIOM OZ-
HOPOJTHOU CIOUCTON CTPYKTYype, 0Opa3oBaHHOW KOHICHCALMCH Mep-
BUYHOTO MBUICBOrO 00JaKa, MOCTCIICHHO 3aMCHSCTCS HA BUACHHC
3eMIM Kak KPHUCTAIUTHYECKOrO OOpa30BaHUs C TPaHAMHU M Y3IaMH,
FCOPHEPIeTUUCCKUMH JIMHUSAMHU U TPOLIECCAMH, MPOTCKAOIIUMH T10[
BO3JCUCTBUSMH reO()U3NUCCKAX U KOCMUYECKHUX (PaKTOPOB.

Ceroasst uccaeaOBaTeNn N300PAKAIOT KPUCTAITMICCKYIO MOJCTb
3eMiIu B BHAC MKOCadpa-aoackasapa, Gurypsei, cocrosimueid usz 12-tu
MPaBHUIBHBIX MATHYroabHUKOB M 20-Tu TpeyrompHukoB. O Takod ¢u-
rype 3emiaH, oOpa3oBaHHOM kak Obl 1240 KyckaMu KOXKH, ITHCAT CLIe
ITnaTon.

Hexoropeie uccnenosarenu [4, 5] comocraBuim reogoruueckue
0COOCHHOCTU 3eMJTH M O4Yaru reo(hU3MUCCKUX aHOMAUN CHadana ¢
Joaeka’apoM (MHOrOrpaHHUKOM M3 JBEHAILATH ISTHYTOJBHUKOB), a
MOTOM U C MKOCa3apoM (MHOTOTPAaHHUKOM M3 ABAJALATH TPEYTONbHH-
koB). OHU ONpeaeTHITH, YTO KOT/AA JBa peOpa MHOTOrPAHHHMKA COBIIA-
JAa0T C TSHYLUMCS BAOIb ATnaHThku 3HaMEHUTHIMH CpeanHHO-
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ATIaHTHYECKUM TMOABOAHBIM XPEOTOM, TO OCTAJIBHBIC CPEIANHHO-
OKCAHMYICCKUE XPEOThI M MMIAHTCKUE HAPYIICHHUS 3€MHOIH KOPBI COB-
najaroT ¢ Apyrumu pedpamu goxekasapa. Ho eciau yBemuuuTs 4ucio
rpaHeil B THIIOTCTHYCCKOM KPUCTAIC 3€MIM M COBMECTHTH C OCBIO
ro0yca MKOoCadaAp, TO € €ro pedpaMu COBHAAYT TE XPEOTHI U pasiio-
MBI, KOTOPBIC HE COBMAJAN C TPaHsIMH Joaekasapa. Bee aTo rosopur
0 TOM, YTO TCKTOHHYECKOEC CTPOCHHE 3EMHOM KOPBI OYCHb OIU3KO K
STHM ABYM MHOrorpanaukam (puc. 6.1).

UccnenoBanust mokasany, 4TO MPAKTHYCCKH BCS BYJIKAHHUYCCKAS
U CCHCMHMYECKasi aKTUBHOCTh 3EMITH COCPEAOTOUCHA HA CTHIKAX IUIUT,
a, 3HAYMT, HA peOpax 3TUX MHOTOTPAHHUKOB. MarHUTHOE IOJIE TOKE
BITUCBHIBACTCS B UX KOH(HUTYPALHIO.

Bosee Toro, B y31ax 3TOi CHCTEMbI PACIOIOKEHBI BCE MHUPOBBIC
LCHTPBl MaKCUMAJIbHOTO M MHHHMAJIBHOTO aTMOC(EPHOro AaBICHM,
a TaKXKE MOCTOSHHBIC PAOHBI 3apOXKACHHs yparaHoB. U 4ro yauBH-
TEIBHO, MOCTOSHHBIC BETPHI MPEANOYUTAIOT AYTh BAOIb peOep CHCTe-
mMbl. I He 7rO0OMBITHO 1M, YTO PaiOHbBI, MONYYAOMINAE MAKCUMYM
COJIHCYHOH paJuanyy, TOKE o0moOoBamm y3mbl cuctembl. Camble
OoybIIE «COTHEYHBIC 3aiINKI» Onectar B y3iax 1, 17u 41.

B y3max Takoro ruraHTCKOro Kapkaca pacroiararoTcs LCHTPHI
MHUPOBOH PENUTHH U KYJIbTYPHI, OONACTH HEOOBIMHOW (ayHbl U (iio-
PbI, KPYIHCHIIAE 3a71€XKH MONC3HBIX MCKomaeMmbix u T. A. Craexyer
MOYCPKHYTh, YTO HMMCHHO B Y3/1aX MSTHYTOJbHUKOB HAXOISTCS
«rouku» CaHaepceHa, Hambolee SPKUM MPEICTABUTEIEM KOTOPBIX
sBIsIETCSl «BEepMyICKHIA TPEYTONBHUK», B MOCICIHEM HEOIHOKPATHO
(HKCUPOBAIKCH MCUC3HOBCHUSI KOPAOIICH M CaMOIICTOB, U OTMETHTH,
YTO TOYKHU MEPECCUCHUSI OCHOBHBIX (DUTYp KapKaca COBMAAIOT C OKe-
AHCKUMH XpeOTaMH, IUIAHCTAPHBIMH Pa3IOMaMM, 30HAMH AKTHBHBIX
MOABEMOB M OIYCKAHHUS 3¢MHOM KOPBI, TaK JK€ KaK M C LICHTPAMH MH-
POBBIX FCOMATHUTHBIX AHOMAJNI, MUHUMAIBHOTO U MaKCHMAIbHOTO
aTMoc(epHOro JaBICHUS. A 3TO 03HAYACT, YTO B Y3/IaX KPUCTAILTHYC-
CKHX PCIICTOK MPOUCXOAAT Pa3IMYHbIC YHEPreTHUCCKUE U BUOpPALIH-
OHHBIC (DIYKTYaILlUH, COMPOBOKIAIOIINECS OOPa30BAaHMEM COBOKYII-
HOCTH Pa3IHYHbIX MOJICH, KOTOPBIC  00YCIOBIUBAIOT UX Teodu3mHe-
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CKYIO BBIJCICHHOCTh M aHOMAJIBHBIC MPOLIECCHI, 00Pa3yIOLIHE reomna-
TOrE€HHBIE 30HBI.

Puc. 6.1. KapkacHoe cTpoeHne 3eMJIH: a) 3alla;THOE MOTYIIIapue; 6) BOCTOUYHOE
rionymmapue (1o I'oHuapoBy, Mopo3oBy u Makaposy)
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Ha nmnanere Tarke OTMEUEHBI MATh BEPLIMH MPABHIBHOTO IISTH-
VrOMbHUKA — OAWO3HBIC MECTAa TeOPH3MUCCKUX aHOMATHUI: 3HAMCHU-
TeIii Bepmyackuit TpeyronbHHMK, Tak HassiBaeMoe JlpsIBOJIOBO Mope
6mu3 Snonuwy, paiion B Amkupe, paiion Ha MlHgocrane W msTeiii — B
TuxoM okeaHe Hemaneko ot modepexbs: CeBepHOH AMEPUKH.

B ceBepHOM monymapuu CBOM MATh «TOYEK JbSBONAY», B HXKHOM
CBOM, CMCIICHHBIC HAa 36’ 1O HOIrOTE OTHOCHTENHHO CEBEPHEIX. K
OJHH, U APYTrO# ISATHYTOJbHUKH JIEKAT B IIOCKOCTSX, MapasieabHON
sKBaTOpHANbHOH, Ha mupore 28. Kaxmas u3 BepummH oBOMX MSTH-
VTOMBHUKOB OCTABHJIA B YCIOBEYECKON MaMSTH MHOXKECTBO HEOOBsIC-
HUMBIX TParcAuii: 34ech MPONaaly KOpaOliu M caMOJIEThl, HCUC3ATH
KapaBaHbl, BOSHUKANU Tai(yHBI H LIYHAMH, 3aTOPMaXKHBAIKCh CTPEI-
KH 4acOB.

B aHOManpHBEIX 30HAX BBIACTSCTCS HE TONBKO TENUH, HO TAaKKe
METaH U MHOTO IPYTUX a’po3oiei. 3emisi cOpachiBacT M30BITOYHYIO
SHEPrur0 (HAKOMMBUIMUCS M30BITOUHBIN 3(HP) B pa3muIHBIX GopMax.
B omHpx Mectax mpoHcXoIsT BHIOpOCH 3¢dupa, B APYrUX — MOrJIoLIe-
HUE, TO €CTh 3eMJIsl ABIIUT. B MecTax BRIOPOCOB MEHSIOTCS TpaBUTA-
LS, TAPAMETPBI SICKTPOCTATHIECKOTO U 3ICKTPOMATHUTHOTO MOJIEH,
X0 TMPOLIECCOB, X GopMa M CKOPOCTh MPOTCKAHHS. ITH BBIOPOCHI
HaOMIOAAIOTCSI B MOMCHTHl YCKOPEHHUS M 3aMEIJICHUS BpaLICHUS 3eM-
nu (Ha caMoM Jere, PU U3MCHEHUH OPUCHTALNH 3EMITH OTHOCHUTEIIb-
HO 0bxyBaromero e¢ dupHoro Berpa) [6].

AduposuHAMUUCCKUN TOAXO/ TMO3BONICT, XOTs Obl B ICPBOM
MPUONVDKEHUH, TPEICTABUTh MEXAHH3M MPOUCXOKICHHS <KPHCTAI-
JMYECKON CTPYKTYpBI» Hamel miaHeTsl. Pazymeercs, B 3ToM Harpas-
JICHUH JOJDKHBI OBITH TPOBEACHBI CEPbE3HBIC HCCICAOBAHHS, IMOKa
MOYKHO TOBOPHTH JIMIIb O HEKOTOPOU MpPEABAPUTEIBbHON 3(PHUPOIIHA-
MHYECKOM MOJENIN reOnaTOr€HHBIX SBJICHUN.

Brekanue aupa B Ten0 3eMITH COMPOBOKIACTCS MOSBIICHUEM HA
€c MOBEPXHOCTH W B IIyOHMHE pasiaM4YHOro poja TypOYJIEHTHOCTEH.
1O CBs3aHO C TeM, 4TO 3(up 00JaAACT BI3KOCTHIO, XOTS M OTHOCH-
TEMBHO HEOOMBIIOH, HO BIIOITHE ONMPEACICHHOM, B IOPOJAX IMJIOTHOCTh
U CKOPOCTh MOTOKOB 3QHpa pa3inyiHa, NO3TOMY BO3ZHHKHOBEHHE TYP-
OyneHTHOCTEH Hem3bexHO. Ilpr 3TOM BO3HHKAIOT YCTOMYUBEIC KPYII-
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HBIC TYpOYICHTHBIC CTPYKTYpPbI, Apodsuecs Ha Oonee MEIKUE, KO-
TOpBIE, B CBOIO odepenp, apobsrTcs Ha eme Oonee menkue. B pabore
H.Jxo3eda [7] mpuseaensr pesyasratoB pacueroB @.X.Bycce mo
KOHBCKLHHU JKHUAKOCTH B C(EPUUCCKOM CIOE, B KOTOPHIX MOKA3aHO,
YTO OJHOCTOPOHHEE YCTONYMBOE JBMYKCHHE KUAKOCTU BHYTPb cephl
MPHUBOIUT K MOSIBIICHUIO HAa €€ MOBCPXHOCTH MPAaBUIIBHBIX [C€OMETPU-
4eCKUX (DUryp THIA TPEYrONbHUKOB, KBAJPATOB U ISTHYTOJTbHUKOB
Bycce mokazaHo, 4TO ypaBHEHHUS KOHBEKLHH B CHEPHUECKOM CIOE
MOTYT UMETh HECKOJBKO CTAIMOHApHBIX pemenuil. Hekotopsie pe-
3yIbpTaThl HccaenoBannii bycce mokaszaner Ha puc. 6.2.

Otcroaa MposICHAETCST MEXaHU3M MOSBICHHS CTALMOHAPHBIX IIsI-
THUYTOJBHBIX U TPEYTOIbHBIX (PUTYP SHEPreTHUCCKUX MOTOKOB HA I10-
BEPXHOCTH 3EMITU: BEPOATHEE BCEro, 3TO MOTOKH 3(rpa, MMEIOIne
BHUXPEBYIO CTPYKTYPY, © OHU BBI3BaHBI MOTJIOIICHHEM OKPYIKAIOIIETO
miaHeTy 3¢upa Bceil ee Maccoi. ITH KPYMHBIC STUEHKH OPoOsTCS Ha
Bce Oomee MEJKHE, BILIOTh OO STUYCEK, C pa3MepaMu B CAWHULBI MET-
poB. Takum o0pa3om, MMEET MECTO WEpapxus BIOKCHHBIX APYT B
apyra a¢upHeIX cTpykTyp. Kakmas Takas cTpykTypa mpeacTaBiseT
co0oti 1ehOpMUPOBAHHBIN TOPOKUA, HOCKOIBKY TOPOUIBI OAHOTO He-
PapXHYECKOro YpOBHS COCEACTBYIOT APYT C APYTOM, U OHH BIOXKCHBI
B CTPYKTYPY TOPOHIOB CTAPIICTO HEPAPXHUYCCKOTO YPOBHS, CTCIICHbD
cokatus 3gupa y TOpouaoB pasHas B pa3HbBIX TOYKaX MPOCTPAHCTBA, 4,
KpOMeE TOro, 3(HUpPHBIC TOPOUABI HAXOMITCS HE B CBOOOTHOM IPO-
CTPAHCTBE, 4, B OCHOBHOM, B TENIC 3EMJIH, HAPYKy BBIXOAHT TONBKO HX
Manas 4acTb.

VYuuteiBas, 4To B 3¢HUpEe OTHOIICHUE JTHHBI CBOOOIHOrO mpobera
aMepoB k ero pasmepam Ha 20 HOPSIKOB MPEBBIIIACT TAKOE KE OTHO-
LICHUC AT MOJICKYJ BO34yXa, MOXKHO MOJIAraTh, YT0 MOTYT OJHOBpE-
MEHHO COCYINECTBOBATh HECKOMBKO ceTed. Bo3aMOXKHO, HIMEHHO 3TUM
U OOBSCHICTCS COCYIIECTBOBAHHUE HA IMOBEPXHOCTH 3EMIIM MPSMO-
yronbHbix ceterr J.Xaptmana, @.Ilefipo, D.Burmana, auaroHaabHBIX
cereit M.Kypu u np.
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Puc. 6.2. KonBeknusi B morpanmgHoM cepudeckom ciioe mo Bycce (1975):

a) Tpu 00pa30BaHUM B KaxIoi moiaycdepe 64 TIABHBIX TEOMETPHICCKUX (UTYp —

ISITIYTOMBHUKOB U 10 IIpOMEKYTOUHEIX (GUTYP — TPEYTOIBHUKOB; ) TIpU 00pa3oBa-

HUM B KaXJOW I10]1yC

(depe 3-X IIaBHBIX GUIYp — KBaJpaToB U 4-X IIPOMENYTOUHBIX

($Uryp — TPEyTOIHHUKOB
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C nosuumii 3QUpOIVHAMUKA TOSIBISIETCS BO3MOXKHOCTb TIIEpe-
CMOTpa HEKOTOPBIX (PYHIAMCHTAJBHBIX [TOMOKEHUH, CBS3aHHBIX C
3emicii. DTO, MPEKAC BCEro, KacaeTcs B3auMMOICHCTBHUS 3eMIH U
KOCMOCa, O YeM MOHAET peub HIDKE.

6.3. AchupHLIN BeTep n dpopma 3emnu

IToroxu adupa, Tekymue B CIUpaIbHOM pykase Hameil ['amakru-
ki, oMbIBatOT CONHEYHYIO CHCTEMY U COOTBETCTBEHHO Jemutro. Ha To,
YTO NPOCTPaHCTBO B parioHe COMHEYHOH CHUCTEMBI HE COBCEM H30-
TpomHO, oOpamami BHHMAaHHE MHOTHEC HUccaexoBarenu. Tak,
A.A lnuransHas [8] ykassiBacT HA PE3KYI0 HECHMMETPHIO aKTHBHO-
ctu ConHLa: HAa €ro CEBEPHOW CTOPOHE BCIBIMIKH MPOUCXOIST, MPH-
mepuo B 1,5 pasa gaime, 4eM Ha FOKHOU CTOPOHE. AHH3OTPOMHOCTH
MPOCTPAHCTBA MPOCIECKUBACTCS M HA YPOBHE 3EMIIH.

Ha 3emne Bynkanmueckas aesrenpbHOCTh B CEBEpHOM MOMyIIApUN
3HAYUTEIBHO Oosice uHTCHCHBHA, YyeM B FOxHoMm. B CesepHoM mosty-
HIapHH COCPEIOTOUYCHA OCHOBHAsS YacTh MaTepukoB. Ha 3emie nmeer-
cs rnobanpHas kmuMmatuueckas pasauna Ceseproro u IOxxHoro mo-
Aymapuii: Hamuure OYpHBIX COPOKOBBIX IIUPOT, OkeaHa B paiione Ce-
BEPHOTO MOMI0Ca U JICAOBOro MaTepuka B paione HOxHoro momroca,
MOHW)KCHHAS MO0 CPABHCHHUIO C CEBEPHBIMH OOIACTAMH TEMIIEpPATypa
paiioHoB HO»kHOro momroca CBUACTEIBCTBYET O MPOCTPAHCTBCHHOU
ACHMMETPHUH 3EMHBIX ITOOANTBHBIX MTPOLIECCOB.

MHorue U3 MepevrcICHHBIX SBICHAN MOMYyYaoT MPOCTOe 00BsIC-
HEHHE, CCIH Y4eCTh 00ayB 3eMii 3QHUPHBIM BETPOM, T.€. TEM IOTO-
koM 3(¢upa, B koTopoM Haxoautcs Hama ConHedHast cucTeMa M KOTO-
PBIH TEUET B cupanbHOM pykase [ amakTuku, uMest oblee Harmpasiie-
HUE OT ec nepudepuu K sapy.

®axt Hamuums 3QUPHOrO BETpa SKCIEPUMEHTATBHO MOATBEPIKACH
paboramu Munnepa u ero rpynmel B 1905-1904 manee 8 1921-1925
rr., a nozxke — B 1929r. Maiikenscornom, [Tucom u Iupconom, o uem
CYILECTBYIOT COOTBETCTBYIOLIME OTHYETHl 3THX rpymm. B pabore [6]
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MPUBEACHBI CTAThU, B KOTOPBIX M3JI0KCHBI PE3YIbTATHI MPOBEACHHBIX
STHMH TPYIIAMH SKCIICPUMEHTOB, a TAKXKE IMOKA3aHbl MPUHLHIIHAAb-
HbIC rpyOeiImne METOAMYECKHE M HMHCTPYMCHTAIbHbBIC OLIMOKH, JIO-
nymennasie apyrumu rpymmnamu (Kenneaun, Mmuarsoprom, IMikka-
pom, Crasmu, Tayncom, CeaapxombpMoM), HE TIONYYHUBIIMMH HUKAKAX
pe3ynbTaToB, OOBSIBHUBIIMMH BMECTO aHANM3a CBOMX OIIMOOK O HE
CYLIECTBOBAHUHU >(QUPHOrO BETpa M camMoro 3¢dupa kak TakoBbX. B
HACTOSILIEEC BPEMsI HCCICAOBAHUS 3(UPHOrO BETPA OCYIIECTBIISIOTCS
rpymmoii F0.M.I'anaesa (Xapskos) [9].

B pesynprare pador Mumiepa (cm. [10-13,a taxke 9, c. 71-94,
112-173]mocTaBUBIIETO CEPHIO SKCIICPUMEHTOB C HHTEP(HEPOMETPOM,
VHACJICIOBAaHHBIM MM OT MaiikenbcoHa U Mopnu, BBISICHHIOCH, YTO
MMEETCS YETKasl 3aBUCHMOCTh CKOPOCTH 3()MPHOTO BETPa OT BBICOTHI,
MPUYEM HA MTOBEPXHOCTH 3EMITH, KakK 3TO U Ob1jI0 mokasaHo B 1881u
1887 rr. Maiikeasconom u Mopau [6, c. 6-31], oTHocHTETBHAS CKO-
pocTh 3dupHOro BeTpa Mana u Ha BeicoTe 250 M Hax ypoBHEM MOps
cocrasser mpuMepHo 3 kM/c, a Ha Beicote 1860M — ot 8 o 10xm/c.

[N}

Puc. 6.3.06Texanne mapa ra3oBbIM IIOTOKOM: ¢ — HaIIpaBJIeHHE II0TOKOB; O
— BIIOpa U3MEHEHUSI OTHOCUTEIFHON CKOPOCTU II0TOKA C YBEIMYEHHEM PacCTOSHUS
OT ITOBEPXHOCTH ITIapa
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K taxum >xe BeiBomam npurien u FO.M.T'anaes [9]. Takum obpa-
30M, OTHOCUTETbHAS CKOPOCTh 3(PUPHOrO BETPA HAPACTAET C BHICOTOU.
MoxxHO TonaraTh, YTO CKOPOCTh 3()MPHOrO BETpa B MPOCTPAHCTBE
cocrasysier 50—60xm/c.

ITocne obpabotku AgaHHBIX Muep Hallen, YTO HANpPaBICHHE
3(upHOro BeTpa TAKOBO, KaK eciu Obl 3eMJISI B CBOEM [BIDKCHHUH B
HEMOABIKHOM 3(¢Hpe MepeMeInanach Mo HampaBICHUIO K 3BE3E CO-
3Be3aus [lpaxona (cknonenue +65°, mpsmoe Bocxoxkaenue 262°). Be-
pOSITHAs MOTPEITHOCTh B 3KCIIEPUMEHTaX Muiiepa He mpeBbimana 2°.
ITU KOOPIMHATHI MOYTH COBHANAIOT C KOOPAWHATAMU TOTIOCA SKIIHII-
tukd. [loxydennsie MuiepoM pe3ynbTaTthl HAXOASTCS B IIOJIHOM CO-
OTBETCTBHMHU C TEOpHEH OOTCKaHMs miapa MOTOKOM rasa [15, c¢. 227-
232]. Perenue cHCTEMBI YpaBHEHMI A1 00TekaHus mapa rpadue-
CKH H300pakeHo Ha puc. 6.3.

IIpu obtekanuu mapa ra3 oOpa3yeT MOrPaHUIHbIA CIOW, MPHYCM
OmypkadIye K MOBEPXHOCTH TeNa CIIOH ABIKYTCS BMECTE C IIApOM, a
OTJANCHHBIC HMCIOT HEKOTOPYIO MPOMEXKYTOYHYIO CKOPOCTh, NpHU
9TOM, HAYHHASI C HEKOTOPOT'O 3HAYEHHSI, CKOPOCTh ra3a COOTBETCTBYCT
€ro CKOPOCTH B CBOOOAHOM MHpocTpaHcTBe. MHaue roBops, morpaHuy-
HBIA CITIOM MMEET OIMpPEAEICHHYIO TOJNIINHY, 3aBUCAIIYIO OT HapameT-
POB U raza, u mapa.

B Toukax ¢ koopauHATaMH OTHOCHUTCIBHO LICHTPATBHONH OCH ra-
30BOTO MOTOKA Qorp = 109,6°norpaHHqHLn71 cioii orperBactcs. Haun-
Hasl C 9TOU KOOPJUHATHI Ta3 AOKEH OBITh HCMOABHIKCH OTHOCUTEIIb-
HO IIapa Ha Pas3IMYHOM OT HEro PAcCTOSHUH BILIOTH IO OTOpPBABLIC-
rocsi ¥ MPOXOMAIICTO Ha HEKOTOPOM PACCTOSHUH OT INapa MOrpaHuy-
HOT'O CIIOSI.

Ecnmu map o6ayBaercss mOTOKOM rasa, TO Ha MOBEPXHOCTH IHapa
CO CTOPOHBI 3TOrO MOTOKA AaBjicHHE Oyaer pasmuunbiM [9. c. 277—
285] . B 1060B0O#1 "acTH, HAXOAAIICHCS TIOA TPSMBIM BO3ACHCTBHACM
yJaapa moTokKa, AaBjicHHe raza Oyaer nmosbineHo. Ha 3emie 3to coot-
BercrByeT oomactu CesepHoro JleqoBUTOro okeana, MaTepUKU CrOaa
MMPOHUKHYTh HE MOTYT, TaK KaK IMOBBIIICHHOES JaBjicHue d(upa B 3TOU
obmactu Oyaer ux oroxsurath. Jlanee s3dupHbi moTok OOTEKAeT
map, odpa3yercsi TpaIueHT CKOPOCTEH B MOTPaHHYHOM CIOE, a, Ciie-
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JOBaTEIbHO, HOHIDKEHHOE qaBneHue. Ha 3emne 3To mpuBseaeT k Tomy,
4yTo U3 obnacreil Gonee Bbicokoro gamsneHus B HOHOM momyrmapuu
MaTEPHUKH MOCTEIICHHO CMECTATCS B OONACTh MOHMKCHHOTO JABJICHUS
B CeBepHOM MOIyMIAPHH, KOTOPOE OKAKETCS HECKONBKO BBITSHYTHIM
o cpaBueHuio ¢ OxxubIM nmonymapuem. B pesyasrare 3emist 10KHA
MPHHATH (POPMY HEKOTOPOTO MOXOOUS IPYINH, YTO U UMEET MECTO Ha
camoMm Jene: CeBepHOE Monymapue BEITSIHYTO MO cpaBHeHUIo ¢ FOx-

oM Ha 400Mm, Takas popma 3emmn monyunia Ha3BaHHE reouaa (puc.
6.4).

Puc. 6.4.06texanue 3emin 3GUPHBIM BeTpoM: 1- 30HA ITOBBITIEHHOTO JIaBITe-
Hust ddupa; 2 — 30Ha TOHMKEHHOTO JaBieHus d>¢dupa; 3 — 30Ha 3axBara BIaTd W3
oKkeaHa; 4 — IIpUCOeTMHEHHBII TOPOUTATBHBIA BUXPh A(PHpPa, 3aXBaTHIBAIONHI 3UMOM
BO3JYX aTMOC]EpHI.

OOtekanue 3eMHOroO mapa 3QHUpPHBIM TOTOKOM NPHUBOAMT B paii-
one FOxkHOro momroca K BO3HMKHOBEHHIO MPHCOCANHEHHOTO BHXPS
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TopouaanbHoil ¢popmbl. Ock 3TOro Topona OyAET UMETh MMOCTOSIHHOE
raJakTHYecKOe HAMPABICHHE, 2 CAMH ITOTOKH 3(upa BUXpst OyAyT BO-
BIICKATh B CBOC ABIDKCHHC AHTAPKTUYCCKHE BO3IYLIHBIE MACCHI aTMO-
cheps

OG6pazoBaHue TOPOUAATBHOTO MPUCOCIUHCHHOTO BHXpPS IOX-
TBEPrKACHO MoxenupoBanueM (puc. 6.5).

Puc. 6.500TexaHne Tella BpalieHnsi MOTOKAMI ra3a: a — 00TeKaHIe Kpyro-
Boro IpUIHMH/Ipa Tipu Re = 266 — obTekanue miapa npu Re = 118 — o6TekaHue Imia-
pa mpu Re =500

Bo3zaymHele Macchl, monasmue B 30HY 3(QUPHOrO MPUCOCAHHCH-
HOTO BUXps, OyIyT ILHUPKYIHPOBATh, MPOXOJUTh HAJ OKCAHOM, IC
OHU OyAyT HaOWpaTh BIary, a 3aTeM, NOZHUMAsCh B cTpartochepy U
OXJTKIAsICh, OyAyT HArHETaTh TyJa BO3AYX, IMOBBIIIAS JABJICHUE, U
BBIOpAcHIBATh BATY B BUJAC CHEra YK€ Ha caM JienoBbli Matepuk. Ox-
HAKO 3TO HNPOHUCXOAUT TOJIBKO 3UMOM. O6’I>HCHGHI/IGM 3TOMY MOXKCT
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CIIY>KUTh TO 00CTOSITEIBCTBO, UTO 3UMON BO3AYX HIDKHUX CJIOEB aTMO-
cepsl X00HEE, &, CICA0BATENBHO, U IIOTHEE.

ITmoTHOCTE BO3MYXA MPHU OJHOM M TOM JKC JABJICHUH TEM BHIIIC,
YeM HIDKE TEMIICpaTypa:

Ps = Pro TT (6.1)

u npu atmocepHom maBneHuu u netoM mpu Temnepatype 0°C co-
crasser 1,2928kr/M°, 3umoii ke mpu —60C cocrasmser 1,656xkr/Mm°,
T.c. B 1,28 pa3a Gonbie. [lockompky 4HCIO MONIEKYT BO3AYXA B CIH-
HULEe o0beMa YBEIUYHMBACTCS, TO M CyMMapHas CHia, BO3ACHCTBYIO-
[ast Ha HErO CO CTOPOHBI MIPOHHUKAIOIINX B 3TOT 00hEM MOTOKOB 3(hu-
pa HpONMOPLMOHATIBPHO YBETUYMBACTCA. BO3ayX HauyMHACT 3axBaThl-
BaThCsl NMPHCOCAMHCHHBIM 3S(UPHBIM BUXPEM, Pa3BUBACTCS TOPOU-
JaTbHBIA BO3AYLIHBIN BHUXpPhb, U OTOT MHPOLIECC HApPACTAET JABHUHHO.
ITO COOTBETCTBYET ACHCTBUTEIBHOCTH, TAK KaK B AHTapKTHIAC BCEraa
CTOUT YCTONYMBBII AQHTULUKIOH, a 3UMON NPAKTHYECKU BCE BpeMs
WACT CHET, HapallyBas JICASHBIC MAcChl, KOTOPBIC MOCTEIICHHO CIIOJ-
3aF0T K OKCaHy M OTKaJbIBAIOTCS, 00pa3ys aiicOepru.

B tex mecrax, rae MPUCOCAMHEHHBIM BUXPh 3dupa HauboIce
OIMU3KO KacaeTcsl MOBEPXHOCTH OKEaHa, BOZHUKAIOT TYPOYJICHTHOCTH,
YTO MPUBOJUT K BOTHEHHIO BOJHBIX MACC, HAXOSIOUXCS B 3TOM paii-
OHE. 34eCh AYIOT YCTOMYHUBBIC 3amagHbIC BETPBI, YTO OOBSICHSIETCS
nposiBiicHreM cuil Kopuonuca, BBI3BIBAEMBIX OTHOCHUTCIBHBIM IIEpe-
MeIIeHUEM 3(upa U BpalleHUEM 3eMIu. DTO U €CTh «PEBYIIUE COPO-
KOBBIC», KOTOPBIC aKTUBHO MPOSBILIOT ceOsl B 3UMHMI niepuoa. Jlerom
BCEC YCIOKAaWBACTCS, YTO TOBOPHUT O TOM, YTO C MOBBILICHUEM TEMIIC-
paTypel BO3AyXa M COOTBETCTBEHHO C YMCHBIICHHEM €rO IJIOTHOCTU
BO3AYIOHBIC MAcChl YK€ HE 3aXBATBIBIOTCS S(QUPHBIMH MOTOKAMH C
TAKOW CHIION, 4TOOBI 0OpPa30BaTh YCTOMIMBBIN BHXPb.

B xuure A.M. I'ycesa «B cHerax A"rapkruas» [18] mpuseneHsl
Pe3yIbTaThl MCCICAOBAHMS IIOTOKOB BO3AyXa IO JaHHBIM Habmroze-
HUIL.

«OCHOBBIBASICh HA MATECpHANIaX BCEX HAOMIOACHUMA, CXEMY IHP-

KYJISIUN BO3MyXa HaJ AHTaApPKTHIONH MOYKHO HPEIACTABUTh TAKOH, KAK
oHa m3o00pakeHa Ha pucynke. Ho xoHeuHo, 3710 mumnbp cxema. OHa
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OTJIMYACTCS. OT JACHCTBUTCIBHOCTH Y)KE XOTSI ObI TEM, YTO B HEH
mpeanoaaraeTes cummerpudHoe otHocutenbHO FOsxHOTO reorpadu-
YECKOTO TMOJTI0CA PACHONOKCHNUE MATCPHKA, a, CJICIOBATCIBHO, U CHM-
METPUYHAS OTHOCUTCIBHO reorpauueCKuX KOOPAMHAT [IUPKYIISLINS.
Ha camom gene meHTp 3TOH IUPKY/ISIUNA HAXOAUTCS B 0OIACTH HAU-
00J1ce HU3KUX TEMIICPATYP BO3AYXa MEKAY FCOMArHUTHBIM ITOIFOCOM
Y TIOJTFOCOM OTHOCUTEIBHOM HEAOCTYITHOCTH.

Konbuo uupkysisiuu, Kak Mbl BUIAM, 3aMBIKACTCS ITyTEM BEPTH-
KaJIbHBIX TOKOB BO3AyXa TJE-TO HAJ MAaTCPUKOM W Hajx mopem. YUro
MMPOUCXOIUT K CEBEPY OT MOPCKOW TPAHUILIBI LIUPKY/ISIIAN, MBI MOKA
He paccmarpuBaeMm. [lo kapram aTtMochepHOro MaBiACHHUS U BETpa
3TUX 00IACTEH MBI BUAMM, YTO 3[CCh C CEBEPO-3amaga ABHKETCS IM0-
CTOSIHHBIH MMOTOK BO31yXa, OOYCIIOBIMBAIOIINI CUIIbHBIC BETPHI B 30-
HE COPOKOBBIX IIMPOT. JTa HOBAS LUPKYIALHOHHAS cucTeMa, 0e3 co-
MHCHHUS, KaKHM-TO 00pa3oM B3aMMOICHCTBYET C paccMaTpHBACMO
HaMH LTUPKYJISILHAEH.

31ech CleAyeT 3aMETUTh, YTO HA CaMOM JElIC IICHTPa KOJbIa
LUPKY/SIUN BO3AyXa JAO/DKEH MEPEMEINATHCS MO MOBEPXHOCTH 3eM-
JU B COOTBETCTBHUM C M3MCHCHHEM HampaBjCHUs 3(pUPHOro BeTpa oT-
HOCUTEIBHO OCH BPAIICHUS 3EMITH, YTO COCTABJSICT OKPYXKHOCTh C
quamerpoMm 26°. Xors ¢GopMa NPUCOSIUHEHHOTO TOPOHIATIBHOTO
BUXpsI 3(upa BBIXOAUT 3a MPEACIBl BO3AYIIHOTO KOJBI@A I[HPKYIIS-
UM, CaMO 3TO BO3AYLIHOC KOJBLO MPHOOPETACT IIOCKYIO (opmy,
YTO CBSI3aHO C OTPAHUYCHHOCTHIO BBICOTHI aTMOC(EPHI.

Puc. 6.6Cxema mupKy/IsSIIIN BO3AyXa HaJ AHTAPKTH/IOI
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Taxum 00pazoM, pe3yabTaThl HAOTIOACHUH 3a MOTOKAMHU BO3IyXa
B paiioHe AHTapKTHIBI MOTHOCTBIO COOTBETCTBYIOT IMPEICTABICHHUSIM
00 ux 3(pUpPOANHAMIYECKOM MTPOUCXOMKICHHH.

[MoxoOHOe sBICHHE OTCYTCTBYET HA IUIAHETAX C MMOHM)KCHHBIM
JaBieHueM atMocdepsl, Hanpumep Ha Mapce, HO MOXKET UMETh MECTO
y IUIaHeT ¢ OONbIION IUIOTHOCTBIO aTMOC(Epbl MPH MMOHMKCHHOU
TeMIeparype.

Crexyer oTMeTuTh, 9TO (GHUPHBIA BETEP MMEET HE OTHY, a JIBC
CHCTEMATHYCCKHE COCTABILSIIOLUINE — TajJaKTHUYCCKYI0 M COJHCYHYIO
(puc. 6.7).

aupnelii eemep

oghupnelil semep 1 l 1 1 1 1 l

—_—

C : ) > @
Comeunas cucmema
—_—_— .
Conneynaa cucmema

a)

GbLYUNaHUE

cesepHozo

U 10KHO20
NOMOKOE

nomoxu s¢upa,
svIdVEaEMbIE

Connyem NAOCKOCIb

KAURIMUKU

CyMMUpOBaHIe
cesepbIx
HOMOKO8

7]

Puc. 6.7.HanpaBieHue >(pupHOTo BeTpa OTHOCHTEILHO OPOUTHI 3eMuli:
a —B Hayvaje oOpa3oBaHus COTHEYHOI CHCTEMBI U B HACTOSIIIEE BpeMsT; 6 —T0-
JIOBBIE ITepeMeITIeHHsT 3eMIIU OTHOCUTEILHO IIOTOKOB 3(Hpa, co3/iaBaeMbIX CoIHIIeM
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ConHeuHas cocTaBistromast 3pUPHOro BeTpa 00s13aHA CBOUM IIPO-
nucxoxaecHueM ComHily, paboraromeMy Kak HEHTPOOeKHBIH Hacoc. B
pe3yabTaTe MMEET MECTO M3MCHCHHUEM HArpaBJcHHs 3()UPHOro BeTpa
Ha MOBEPXHOCTH 3€MITH B TCUCHHE rOJA, OCKOIBKY HA OJHOH CTOPO-
HE OpOHUTHI 00€ COCTABISIOIINE CYMMHUPYIOTCS, @ Ha MPOTHBOMOIOXK-
HOU BBIYUTAIOTCS. B couetanmu ¢ mormomieHueM 3¢upa 3emiei, mpu-
BOSLIMM K €€ PACIIMPCHUIO, HAPAIIMBAHUIO MACCHI, 3aMCAJICHHUIO
BpaLICHHs, CIPESAUHTY (pa3IBUraHMI0) MATEPUKOB APYT OT Apyra, 00-
Pa30BaHUIO CHCTEMBI PU(TOBBIX XpeOTOB, pa3IBUTaHHIO OKCAHCKOTO
JHA ¥ ero CyOxykunu (MOAMOI3aHHIO) MO MATCPUKOBBIC TUIUTHI, 00-
Iast KApTUHA TPUYHH CTPOCHUS 3EMITH CTAHOBUTCS 0OJICE MTOHATHOM.

Ucnyckanne B pe3yrnprare BHYTPEHHHX Bo3mymieHHin ComHIeM
TOPOUAATBHBIX M (POTOHOOOPA3HBIX CTPYKTYP, 3a(pHKCHPOBAHHBIX
ABTOPOM Ha 3amMCIX KOJACOAHUH Na3epPHOro JIy4a, MO JOCTHIKCHUH UX
3eMHO#i MOBEPXHOCTH, MPUBOAMUT K KOJICOAHMSAM BEIUYUH M HAMPAB-
JeHui 3(UpPHBIX MOTOKOB HA MOBEPXHOCTU 3EMIH. JTO XKE SBISECTCS
NPUYUHON TaK Ha3bIBACMBIX MATHUTHBIX Oypb W BO3MYLICHHIl (pHC.

6.8).

nepuoo
OKONIO 7 MUH

nepuoo
okono 20 muH

nepuoo
™ "oxono 7 vac 1

Puc. 6.8. Bapnanmu 3¢upHoOro Berpa, o0Hapy:KeHHbIe IIPU H3MEPEHHsIX Ha
JIa3epHoil ycTaHOBKe
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W3 u3nokeHHOro BBIIIE BBITCKAIOT CICACTBUS, HOCSIOUC MPH-
KJIQJHOU XapakTep.

1. B Hacrosimee BpeMst 0OHAPYKEHO, YTO ONTHYECKUE H PaIHOIIO-
KALIMOHHBIC BHICOKOTOYHBIC M3MEPCHUS MOJIOKCHUN TUIAHET M HCKYC-
CTBCHHBIX CITYTHUKOB 3EMITH JAIOT HECOBMECTHMBIC Pe3yabTaThl. Pac-
XOXKJICHHUE B Pe3yabTaTax M3MEPCHHI JAcT BEIMYUHBI, CYIICCTBCHHO
OonpIIve, YeM 3TO CIEAYET U3 CYMMHPOBAHUS MPEACIbHBIX MOTPELI-
HocTel obonx metonoB. IlpeacraBasercs, YTO NPUUNHOM SIBISCTCS HE
VUET BIHSHHS 3(HPHOTO BETPA, HCKAXKAIOIIETO 3HAYCHUS JATBHOCTEH,
MOTYYCHHBIX PAIUOTOKALIMOHHBIM METOJOM.

2. Bce BamsiHust, okassiBacMbie COTHIIEM HAa 3€MHBIC MPOLIECCHI,
MPOUCXOSAT MOCPEACTBOM IMPOMEXKYTOUHOM cpelsl — 3¢upa. Y UUThI-
Basl, YTO BCE MPOLECCH UMEIOT HHEPLIMOHHOCTh, MOKHO YTBEPKAATH,
YTO U Jr00OBIC Mpouecchl Ha 3emiie OyayT UMETh 3ama3IblBaHUsI OTHO-
CUTENBPHO M3MCHCHUH mapaMeTpoB 3(upa B OKOIO3EMHOM MPOCTPaH-
CTBE, BbI3BaHHbIC nporeccaMu Ha COHIE WM UHBIMH BO3JCHCTBUSI-
MU Ipyrux kocMuueckux tein. [lo mpeaBapuTeabHBIM JaHHBIM, 3amac
BPEMCHH B TAKUX CIIy4asX MOXKET COCTABIATh HECKOJNBKO MECSLCB, a
BO3MOXKHO, ¥ O0nbIe. DTO 3HAYHUT, YTO UCCICIOBAHUS U PETYISAPHBIC
HaOmoAeHUs 3a 3QUPHBIM BETPOM M Mapamerpamu 3¢upa B OKOIO-
3EMHOM MPOCTPAHCTBE MOT'YT HCIOJb30BATHCS B KAUYECTBE JIEMCHTOB
MPOrHO3a I MPEAOTBPALICHUS WM XOTS Obl MUHHUMH3allUH Hera-
THUBHBIX MPOLIECCOB, KOTOPBIE MOTYT BBI3BATh HA 3eMIIE KOCMUYICCKUC
BIHSHUSL. MOXKHO C YBEPEHHOCTBIO YTBEPKAATh, UTO €CIU OBl UMETICS
nporHo3 HasoAHeHuil B Epporie B aBrycre 2002r., To pyKOBOAUTETH
CTpaH ycrenu Obl MPUHSITH HEOOXOAUMBIC MEPBI ISl TPEIOTBPALICHUS
Toro ymepba, KOTOPOE OHHM MOHECTH B PE3YNbTATE MONTHOW HEOXKU-
JAHHOCTH mpowuciieamero. Takum oOpa3oM, HEOOXOAUMOCTh HCCIIC-
JOBAHUSI COCTOSIHUSL 3(PUPHBIX TOTOKOB U 3(PHUPHOrO BETPA, €r0 CKO-
POCTH M HAINpPABICHUS B OKOJO3EMHOM IPOCTPAHCTBE MPUOOpPETACT
CTpaTErMyYeCcKOE 3HAYCHUE.

MOXHO TaKKe CUMTATh BIIOJIHE BEPOSTHBIM, YTO CHIBHBIC M IPO-
TSDKCHHBIC BO BPEMCHH BO3MYILICHUS B OKOJO3€MHOM 3(Hpe MOTYT
CCPBE3HO MOBIMATh HA KIMMATHYCCKUE OCOOCHHOCTH, HAIpUMEp, Ha
Te, KoToprie yxe Habmomarorcs B 2002r., xoraa Oypu, yparassl u
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JavBHU OOpymmiavch Ha EBpony u B TO ke Bpemst B MHanu, oxuaas-
nieli OObIYHBIC MYCCOHHBIC JTHBHH, HACTYIHIA 3acyXa. MOXKHO Takke
HPEIIONAraTh, YTO MEPEMATHUINBAHUE CIOEB OO, OOHAPYKEHHOE
TCONIOTaMH B PsiA PAHOHOB, SIBISICTCS CICACTBHEM HE IEPEMArHUYH-
BaHUs BCCH 3EMITH, a JTHIOb MECTHBIX H3MCHCHHH, CBS3aHHBIX C IO-
JOOHBIMH K€ BO3MYIICHHUSMU 3(UPHBIX TOTOKOB.

6.4. paBuTauus U pacwmpeHue 3emnu

Hanuume B mpocTpaHcTBE, OKPYKAOLIEM I'PABUTALIMOHHYIO Mac-
Cy, TpaAncHTa JaBICHHUS 3(upa MPUBOIUT K TOMY, YTO U caM 3Hp
HAYMHACT TMOJ €ro BO3JACHCTBUEM CMCINATHCS B CTOPOHY TPABHTALIM-
OHHOIl Macchl W TOrjomarscs €. IIocKompKy TpaBHUTAIIIOHHBIMU
MaccaMU SIBIISIIOTCS BCE TEa, TO BCE OHH MOTJIOWAIOT 3GHP U3 OKPY-
JKAIOIIETO MPOCTPAHCTBA, B PE3YIbTATE UEro MX MAacca YBEIMIUBACT-
cs. Takoe yBETUUEHHE MacChl MMPOUCXOANUT OTHOCHTEIIBHO MEIJICHHO,
HE3aMETHO, 0COOCHHO Ha (JOHE APYTUX MPOIICCCOB, OHAKO AJISI KPYII-
HBIX TET 3TH U3MCHECHHS HE TOIBKO 3aMEUCHBI, HO JaXKE U U3MEPCHBI.
[IpeamonoskeHue 0 paciupeHUd 3eMJIHM 3a CUCT MOTJIOLICHUS dGupa
6b110 BICKa3aHO euie SApkosckum [19].

Craeayer OTMETHTB, YTO YBETHYCHUE MACCHl 3EMIIM CO BPEMECHEM
€CTh peaybHbIi (akT, U OH HE MOKET ObITh OOBSICHCH, HAIPUMEP, Ta-
KAMH TPOLECCAMH, KaK ACCHMUIISALIUS JTYYEBBIX, KOPIYCKYISIPHBIX U
METCOPHBIX TMIOTOKOB, IIOTOMY 4TO, Kak mokaszaHo ['ycaposbim [20], 3a
cuer 3TuX (PAKTOPOB B TCUCHUE D MJIPA. JICT 3EMIISE MOTJIa YBEIHUYUTh
cBOIO Maccy He 6omee uem Ha 3107 yacTu ce COBPEMEHHOI MACCHL.

[Tornomennas Macca KOCMUYECKOT0 3Qupa MOKET OBITh YCBOCHA
3emiici TpeMst criocobamu:

Kak 00pa3oBaHUE HOBOT'O BEIIECTBA, MEXaHU3M HEro B HACTOSIICE
BpEMsI HE SICCH,

KaK HapalIMBaHUE MACChl KOKIOTO HYKIOHA H SJICKTPOHHBIX 000-
JIOUEK aTOMOB, 4TO O0NIee OUCBUIHO;

KaK HAaKOIUICHHE Macc 3(upa, KOTOpbIC 3aTeM MEPEMCEINAOTCS
BHYTPH 3EMHBIX TTOPO.



242 T';1aBa 6.

YBenudeHne Macchl 3eMITU TOTDKHO CKa3aThCsl M HA HEMPEPEIBHOM
VBEITHUCHHH CYTOK. Y CTAHOBIICHO, YTO CYTKH, B CAMOM JEJC, YBEIU-
guarorcs Ha 0,0024 3a cronerue. B Hacrosiiee BpemMs 3TO yBenu4e-
HHUE CYTOK OTHECEHO 32 CHET TOPMOXKCHUS BPALUCHUS 3EMIH MPHIIHB-
HBIMH TCUYCHHUSAMHM, OJHAKO, TaKO¢ OOBSICHCHHE NPEACTABISICTCS HE
TTOTHBIM.

Kak mokazano B paborax [19-28], MokHO cuuTaTh TBEpAO ycTa-
HOBJICHHBIM (DaKT PAaBHOMEPHOTO PACIIUPEHHS 3eMJIH, PE3yJIbTaTOM
3TOrO CTajJ OTPBHIB MATEPHUKOB APYT OT Apyra. Pacmmpenue moBepxHo-
cTH 3eMJTH B HACTOSILIEE BPEMsI IIPOUCXOIUT B CTOPOHBI OT OKCAHHYE-
ckux pudrossix xpedtoB — Ceepo- u MOxHo-ATnanTHyeckux, 3a-
nagHo-Muauiickoro, a Takxke Asctpano-Antapkrudeckoro, KOxHo- u
Bocrouno-Tuxookeanckux mogusruii (puc. 6.9).

Puc. 6.9.Cucrema okeannieckux pugToBbix XpedToB 3emimm: 1 —BocTouro-
Tuxookeanckoe mommsaTre; 2 — CeBepo-Tuxokeanckoe mogusatue; 3 — HOxwHo-
Atnantudeckuit xpeber; 4 — CeBepo-ATmaHtudeckuii xpeber; 5 — Adpukano-
AwrapkTudeckuii  xXpeber; 6 — 3amagHo-Ummuiickuit xpeber; 7 — BocTouHo-
Wummiickuit xpebet; 8 — ABcTpano- AHTapkTHueckoe momusaTtue; 9 — FOxHo-
TuxooxeaHCKO€e IOTHSITHE

[TpoBeneHHbBIC PSIIOM YUCHBIX WUCCICIOBAHUS TTOKA3AJH, YTO MPHU-
MepHO 2—2,5Mips. et Hazad 3eMIlss UMENa CYISCTBCHHO MCHBINUI
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00bEM, OKEaHBI OTCYTCTBOBAIH, a BCE COBPEMCHHBIC MATCPUKH ObLIH
CIUTHI BOSAWHO 1 00Pa30BBIBAIN OOLIYIO TBEPAYIO 000I0UKY 3eMitn —
3EMHYIO KOPY. Y CTAHOBJICHO TAKOKE PACXOXKICHUE MATCPUKOB

Ecnu Obl oTcyTCTBOBaa CYOMYKIMS — MOAMON3AHUE OKCAHHUC-
CKOW  KOpPBI TIOA MATCPHUKH, TO B COOTBETCTBMHM C pacueTaMu
B.®.briunoBa [21-24] MokHO ObLIIO OB TIOIATATh, YTO H3MECHEHUE Pa-
aryca 3eMITH COCTaBILIET B HAacTosee Bpems npumepHo OR/ot = 1,08
cMm/rox. OmHAKo MO JaHHBIM HEKOTOPBIX HMCCieAoBaHui [25] Ha mmHe
OKCAaHOB HE HAXOAWTCSI KOPbI, BO3pacT KoTopoi mpeswiman Ost 200
MIH. eT. COnocTaBIeHUE 3TOrO BO3PACcTa ¢ BO3PACTOM KOPbI MaTepu-
KOB 3aCTaB/sieT mpu3Hath (pakr Hammuwms cyOaykumu. OgHako cyO-
JOYKIUST HE MOXET KOMIICHCHPOBATh CIIPCAMHT — pa3ABUTaHUE MarTe-
PHKOB MOTHOCTHIO.

IMockonbky MUHMMATBHBIN BO3PACT KOPHI MATCPHUKOB OICHUBACT-
CI B 2 MIIPA. JICT, MOKHO TPEATIONOKNTH, YTO UMCHHO B OTO BPEMS
MPOM30LIIO Pa3ACiICHUE MATEPUKOB H, CICAOBATENBHO, 2 MIpJ. JET
TOMY Ha3aJ MOBEPXHOCTh 3eMym cocrtamisia Bcero 1/3 Bceil Terre-
peimHeil TOBEPXHOCTH 3eMiiH (ITOBEPXHOCTh OKCAHOB CEHYaC COCTaB-
asier 2/3 Beei MOBEPXHOCTH 3eMITH).

INMonaras, 4T0 CpeAHsst TUIOTHOCTh 3EMJIM COXPAHSIETCS MTOCTOSH-
HOH (ZOomyIIEHHE MPOM3BOIBHOE, OHAKO HE CYIIECTBEHHO BIMSIOLICE
HA KOHCUHBIN PE3Y/IBTAT), BHIYUCITAM MMOCTOSHHYIO BPEMCHU HU3MCHE-
HUS MacChl 3emMuth 1 Apyrux maHeT CONMHCUHOM CHCTEMBI.

Ompenenum CKOpOCTh BXOACHUS 3(dupa B HEOeCHOE Temo (puc.
6.10).

Puc. 6.10.K ompe/esieHII0 CKOPOCTH TOTJIOMIEHIS 3(Ipa IPaBATAINIOHHOI
Maccoii
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INpupamenue aauHBl CTONOA MAAAOLICTO HA TCIO U3 MHPOBOIO
MPOCTPAHCTBA 3PHpPa MOKET OCYIIESCTBIATHCS TOJIBKO 34 CUCT Pa3HO-
CTH YCKOPCHHI HA 3JICMEHTE IMHBI CTO0A ra3a, MU3MEPEHHOTO B pa-
JUATIBHOM I10 OTHOIICHUIO K HEOCCHOMY TEITy HAMPABJICHUIO, T.C.

t2

dl =—dg. (6.2)
2
CrenoBateibHO,
At
Al= ——g At =const. (6.3)
2
Taxk xak
M
g=G —, (6.4)
2
r
TO
GM
Al = A, (6.5)
22

ITiowma s TOBEPXHOCTH wIapa paguycoM I coctasisier S = 4ur, u,
ClleoBaTeIbHO, 00BEM CI10s rasa toumuoi Al paseH:

GM
AV = SAl =4nr® —— At* = 21 G M4t = const (6.6)
r2

Uit moboro MoMmeHTa BpemenH t. Otcroaa cneayer, 4to s¢up na-
JacT Ha HeOECHOE TelIO0, HE MEHSI CBOCro 00BbEMa, HEe IpeTepreBas
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HUKAKUX aquabaTUIeCKUX M3MCHCHUH, T.€. KaK TBEPIOC TEIO u3 Oec-
KOHCYHOCTU. JDTO O3HAYACT, YTO 3(QUP BXOJUT B TEIO CO BTOPOI KOC-
MHYECKOU CKOPOCTBIO, PABHOMI

G M
v = (——)? (6.7)
R

Ha 3emmn v = 11,18km/c.
Cnenyer oOpaTuth BHUMaHUE Ha TOT (hakT, 4To JIst JHOOOro He-
OCCHOrO Teja BEIUYNHA

Svii % 2K 3M
P
= (4ur?)? ———— = 241G =
M RM 4zr®
=75,4G =5,0290° xr “m ¢ ? = const, (6.8)

U YICTIbHBII MPHUPOCT MACCHl B HEOECHOM TENEe MPOMOPLHOHANICH BE-
JTHYUHE

AM PSS p,S 2QM w2 247G 112

= ( ) =po( ) =
M At M M Pr Pr-

= 6,310 p, (6.9)

JTO O3HAYAET, 4TO MO MEPE YBEIMYCHUS CPEIHEH ILUIOTHOCTH He-
OCCHOrO Tena p; OTHOCHTEIBHBIA POCT €r0 MACCHl 32 CYET MOrJOLIe-
Hus 3(upa yMeHbIIACTCS.

W3 u3mokeHHOro crnexyer, YTO0 MOCTOSHHBIC BPEMEHH HEOCCHBIX
Ten OMM3KH MEXIY cOOOH M COCTaBISIOT HMPUMEPHO 3-4 MIpPA. JET.
JTO O3HAYAET, YTO B PAMKAX UCXOJHBIX MPEANOCHUIOK — IOCTOSHCTBA
IJIOTHOCTH 3EMJIH M MOCTOSIHCTBA IJIOTHOCTH 3(Hpa B OKOIO3EMHOM
MPOCTPAHCTBE, a TAK)KE HEM3MEHHOCTU I'PABUTALIMOHHON MOCTOSHHOM
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(BecbMa yCIIOBHO) — MOXKHO MMOJIaratk, 4To 3a 3,75 mipa. aer macca
3emiIH yBETMYIHUBACTCS B € pas.
Wrak, yBenmuueHne Maccel 3eMIIH COCTaBIISICT

AM; o
= 6,310 °M; N p; = 6,310"%5,97510°/+/5,5181C° =

At
= 5,0710" xr/c = 1,610 kr/rox. (6.10)

Ipeanonoxus, uro yaensHas Macca 3emmu (5518 kr/m?) coxpa-
HACTCS TIOCTOSTHHOM, TTOYYIUM

AV;
=5,0710/5,51810° = 9,2103m%c = 2,91011n:%rox. (6.11)

At

ITockonbky cymmapHas qmuHa pudToBEIX XpeOTOB paBHa 60 ThIC.
KM, TpUpalieHHe Macchl U o0beMa Ha COUHMLY JIUHBI PU(PTOBOro
xpebTa COCTaBISET COOTBETCTBCHHO:

AM;  5,0710

= = 0,83r/mc = 2,710° kr/vrox (6.12)
At 610’
AV 9,210°

= =1,510"m%c = 4,710° »® Jron. (6.13)
At 610

Hcxoast u3 TOro, 4to CpemHee PacCTOSHHUE OT OCeHl PUGTOBBIX
XpeOTOB 10 OEPEroB MATEPUKOB COCTABIISIET 3 THIC. KM, a BO3PACT I10-
pox mopckoro gHa vy 6eperoB 200 mmH. jer (mo ocsm pudToBBIX
XpedToB BO3pacT mopoxa He mpesbimact 10 MiTH. jeT, BO3pacTt mopos
MOHOTOHHO YBEIMYHMBACTCS OT OCCH XPeOTOB K Oeperam), HAXOAUM
CKOPOCTbh MEPEMELICHHUSI TIOPOJ] OT 0cel XpeOTOB K Oeperam
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v, =310°/210° =1,510° wm/roxg = 4,7510"° wlc. (6.14)
M OpUPAINCHUC TUIOIIA N
AS/At = 26'10"1,5107% = 1,810° m*/rox = 1,8xm” frox.  (6.15)

Onnaxo Creiinepom [27] mokaszaHo, 4TO CpeAHss riodanbHas
CKOPOCTH MPHUPAIICHUS MU0 OKCAHOB COCTABISICT 3a TOCICIHUE 5
wiH. et 3,19xm?/rox. Mexoas u3 AaHHBIX CreitHepa, moay4aeM, 4to
ecrmu Obl TUIOIAah OKCAHOB PACIIMPSIACH TONBKO 3@ CUCT pacImupe-
Hust 00beMa 3emin, TO 3eMits TO/bKHA Obliia OBl PaCIIUPSTHCS CO CKO-
pocteio 2 cm/roa. Omuako mpuparneHue paamyca 3emnu R, 3a cuer
TTOTJIOMICHUS 3(Hpa COCTABIISCT BCETO

ARs  RuAVs  RyuM;
= = = (6.16)
At At At

6,3610°-5,0710
= = 1,810 " m/c = 0,56mm/rog.
35,97510°

Takoe pacxokACHHE JAHHBIX MOXKET OBITh OTHECCHO 3a CUCT HE
CTONIBKO HEBEPHOCTH M3MEPEHHIA, CKOJIBKO 33 CYET HEPABHOMEPHOCTH
mporLecca pacuMpeHust 3eMIId BO BPEMCHH, HAMPUMEP HAKOIUICHHUS
HaNpsDKCHUI B MOpOJax, a 3aTeM OTHOCHTENBHO OBICTpOro ux copa-
CBIBaHMSI.

Takum oOpazoMm, ecmu (akT packona MATEPHUKOB MOXKET OBITh
OOBSICHCH HapaIMBaHUEM MacChl M 00beMa 3EMJIH B CBSI3H C IOTJIO-
HIeHUueM 3(upa KOCMUYECKOr0 MPOCTPAHCTBA, TO U CIPEIUHT, H CYO-
JOYKIMIO HY)KHO OTHOCHUTH B OOIBIICH CTCIICHH 32 CUCT MCPEMCIICHHMS
MarMaTUYeCKUX MOKOPKOBBIX MOPOI, KOTOPOE TAKXKE MOYKET SIBIISITh-
Csl CIICACTBHEM HAKOIUICHHMS MAcChl, a OTCIOJa M HapalMBaHHs Ha-
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MPsDKEHUN U3-32 BCE TOTO K€ MOTTIOMIECHUS 3(Hpa KOCMIYECKOTO Mpo-
crpanctsa (puc. 6.11a) [28].

PaccmoTpeHHBI MeXaHHU3M pacIIMPEeHUs] 3EMIIM MOXET B Ka-
KOW-TO CTETNEHH MPOJHUTh CBET HA MPUYHHBI TOPooOpasoBaHus (pHC.
6.11, 6). B MoMeHT packoia MaTepUKH MMETH BHYTPCHHHUI paanyc,
COOTBETCTBOBABIICH paanycy 3emMiu mopsaka 2 MJpA. JET TOMY Ha-
3an. C TeUCHHEM BPEMEHH MATEPHKH, COXPAHMBIIME 3TOT PaAUYC,
OKa3aJIMCh HA MOBEPXHOCTH 3EMIIH YBEIHIEHHOTO Paauyca, YTO HEn3-
OCKHO MPUBEIO K MOSBICHUIO HANPSDKCHUN B MATCPUKOBBIX ITHTAX U
Janee — K ropooOpaszoBaHuio. MoxHO mHpeamonoxuts, uto Ilammp
cloxeH u3 60ee APEBHUX MOPOJ, UM PABHUHA, O3TOMY TaM COXpa-

HUJIOCH OOIIEE MOTHSATHE U MPOILIO 00/Iee HHTCHCUBHOE rOpooopaso-
BAaHUC.

#
~ P e
— J— 3 )
O el
pd ~ - ~ N
1 4 ~ 2/~
a) +
Mopcroe oo Mamepurosas
nauma
Pugpmogurii
oonnviit _f Ilomox
xpebem seuecmea,

0bpazoeanHblit
U3 no2nougenno2o
aghupa

6)

Puc. 6.11. Pacummpenne 3eMmin: a) — rorjomieHue >pupa 3eMieit; 6) — OJIH 13
MEXaHM3MOB TOPO0OPA30BAHUS

N3noxeHHBIH MEXaHU3M ropooOpa3oBaHuUs HE SIBISICTCS COMHCT-
BeHHbIM. Kopaunbepsl, MpoTsSHYBIIKECS BAONb BCErO 3amagHoro Oe-
pera CeBeproii u HOxxHO#M AMepHK, MPOU30LLTH WHAYE. 316Ch UMEET
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MECTO HE MOJIMOJ3aHUE OKCAHMUYSCKOrO JHA MO MATEPHK, a €ro Ha-
monm3anue Ha Oeper. IMEHHO 3THM MOJKHO OOBSICHUTH HATUIUC OBIB-
LIETO OKCAHCKOTO [JHA HA BBICOTAX B HECKOJIBKO KHIIOMETPOB. JTO
03HA4ACT, YTO MOPO/BI 3amaaHOro ckioHa Kopaumbep AOMKHBI OBITH
MOJIOKE TOPOA BOCTOYHOrO CK/JIOHA, MPUYEM, YeM OJIIKE K OKEaHy,
TEM TOPO/BI JOIKHBI OBITH MOIOJKE. B mpuHIUIE, 3TO HE TaK TPYIHO
MMPOBEPHUTB.

IMornouienne 3¢upa mpou3BOAUTCS BCeMU HEOCCHBIME Teaamu. B
Tabnuue. 6.1. npUBEACHBI PACUCTHHIC NAHHBIC YBEIUUICHUS MACChI HE-
OCCHBIX TEJ 3a CYCT MOIIOMCHUS MMH 3(PHUpa KOCMUYCCKOTO IMPO-
CTpaHCTBaA.

Tabnuya 6.1
Hebecnoe | Macca, ITnomane Vi, M/c AMIAR, AMIMAR,
TENO0 KT TIOBEPXHO- Kr/c -
CTH, M

Comnnue 1,9910° | 6,0810® | 6,181C0° | 3,3210° | 1,6710°"

Mepxkypuit | 3,2410° | 7,1510° | 4,310 | 2,7210° | 8,410

Benepa 4,8610 | 4,810" 1,0410° | 4,4510" | 9,1510°°

SeMit 5,9710* | 5,110 1,1210° | 5,0510" | 8,4510°®

Mapc 6,3910° | 1,4210" |5,110° | 6,410° 110"

FOmurep | 1,910 | 6,1610° | 6,0810° | 3,310° | 1,75107"

Carypu 5,6810° | 4,1910° | 3,6810" | 1,3610° | 2,410

Vpau 8,7310° | 7,310 2,2210" | 1,4310° | 1,6510"

Hentyn 1,0310° | 6,510" 2,4810" | 1,4310° | 1,38107"

InyToH 510 ? | 5,0710°? | 310° ? | 1,3510? | 2,7107°° ?
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CyuiecTByIOT eme JBa CIEACTBUS MOINIOLICHUS 3¢upa 3emieit:
3T0 3PUpHBIC BHIOPOCH], MPUBOISINNUC K 00Pa30BAHHUIO KOMET, M TaK
HA3bIBACMBIC ICOMATOTCHHBIC 30HBI — UCTCUCHUSI S(DUPHBIX CTPY.

6.5. leonaroreHHoe u3rlyyeHue U B3ammoaencTeme
3emnsa-IlyHa

6.5.1. I'eonamozennvie 30Hb1 U UX NPOABIEHUSA

Tepmun «reonaroreHHas 30Ha» (adbpesuarypa — ['T13) wan «reo-
naTyusg>» npearnojaract CymcecCTBOBAHUC Ha 3EMHOM MOBCPXHOCTU HC-
KOTOPHIX 00NacTell — 30H, B KOTOPBIX OIIYINAIOTCS BCCBO3MOKHBIC
reo(u3nyUCeCcKre BO3ACHCTBHS HA JKUBBIC OpraHu3mbl (OMOTY) MM Ha
TEXHUKY M coopyxeHus. ['eomarus, B 9acTHOCTH, paccMaTpHBAcT
BPCIOHOCHOE BIHMSHHC HA OPTaHM3M YEIOBEKA JIHTEIBHOIO HAXOXK-
nenust B ouare (poxyce) I'TI3. [a u camo soisinenue ['T13 npousorio
BCJICACTBUC HU3YUCHUA OYATOBBIX BCIHBIMICK TAXKCIIBIX 38,60HCBaHHﬁ
(pak, ckiepo3, apTPHUT U T. X.), IPUYPOUCHHBIX K HEKOTOPHIM I€0JI0-
THYCCKUM paﬁOHaM " CBA3aHHBIM, IMMO-BUAUMOMY, C HAPYHICHUCM MC-
XaHU3Ma UMMYHUTCTA U CTPOCHUS KJICTKHU. Nmenno NpUYpPOUCHHOCTD
K paiioHaMm 3a0ONEBaHUs U ONPEIACTHIO TOT MUHHMYM IPUYHMH BO3-
uukHoBeHus ['TI3 — nepeceucHue mog3eMHBIX BOJHBIX IMOTOKOB, IIPO-
XOAAIMUX HA Pa3HBIX YPOBHSAX, HamoxeHue (MEPEKpecT) JUHUMA Tak
HA3bIBACMBIX I'TOOATBHBIX CETOK M 00pa30BaHME I'€OJOTHMYCCKHX pas-
JIOMOB, a TaK)KE COUCTAHHE YKa3aHHBIX (hakTopos [29-31].

IMarorennoe Bozacticreue I'TI3 Ha skMBBIC OPraHU3MBI U OMPEAC-
U0 MPOPHUIAKTHUCCKYIO HAMPABICHHOCTh WX H3YYCHUS, OpUCHTA-
LU0 HAa MPEIOTBPALICHUE 3aceneHus yenosekoM paionos I TI3 u pac-
CCJICHUS JTFOACH M3 CTPOCHUI M MECT BBISBJICHHOTO Bo3aeticTBust [ T13.

N3yueHne nmaToreHHbIX MPHU3HAKOB MOKA3aJI0, YTO HauOonee Jac-
to I'TI3 HabnaromarOTCs HA TPCIIMHAX, Pa3phiBaX M Pa3aioMax 3eMHOUN
KOpPbI, IPUYCM HATOTCHHOC BOSﬂCﬁCTBHe, BbI3BIBAIOIICC HAPYLUICHUC
340POBbsI, NHOTAa OKa3bIBACT HC BCA TPCIIUHA, a TOJBKO OTACIIBHBIC



3eMuIst 1 KOCMOC 251

VYACTKH, (MMCIOIIUE [TOT4AC IUTOIAAb BCETO B HECKOJIBKO ACCITKOB U
coTeH KB. cM (ouaru, okycer). Yare Bcero 3to Mecra mepeKpeInnBa-
HUsl (DEPEKPECThI) JUHHMA, MOJOC TIIOOATBHOW CETH WM BOMSHBIX
sk, Ha ocHOBe aTux mccieaoBanuii ChOpMYIMPOBAHO CIACIVIONICS
ONPEAEIICHUE T€ONATOr€HHOM 30HBI:

«...TI0A TEONMaTOT€HHOW 30HOW IMOHMMAETCS JOCTATOYHO MPOTS-
JKEHHas reopU3NUccKas aHOMAIWsl, Ha3pIBaeMasi 30HOU pa3ipakeHHs,
BO30Y)KICHUS HIIH, TOUYHEE, PEAKTHBHOM 30HOM, B KOTOPOH HaOmoaa-
FOTCSl Pa3JIMYHOrO poJa Peakuus A Ipu JEHCTBUN HA HUX 3€MHO-
T'O URIYICHUS.

Ho roBopuths TOJBKO O BIMSHUHM T€ONATHH HA JKHBBIC CYIICCTBA
ObLTO OBl HempaBUIIBbHO. B 3THX 30HaX HapyIaeTCsl MPOYHOCTh KOHCT-
pykuuii, B pabote ammapaTypbl HOSBISIOTCS COOM W MOMEXH, cama
anmaparypa BEIXOIUT U3 CTPOSI 3AECh Yalle, YeM B APYIHX MECTax.

[TpunsaTelii cerogus nepeucHp npuanH Bo3HUKHOBeHUs [ 113 siBHO
He monoH. Cneayer mpu3HaTh, YTO reONATOrCHHbBIC 30HBI — II100ab-
HOC 3€MHOC M JaXKe KOCMUYECKOE SIBICHUE, CBSI3aHHOC C BHYTPCHHU-
MU CTPYKTYPaMHU U SHEPTreTHKON 3eMIH U APYIHX KOCMHYCCKHUX TEN, C
JBWOKCHHEM 3(HPHBIX MOTOKOB M B3aUMOACHCTBHEM ITUTOC(EPHBIX
IUTHT, C BO3ACHCTBHEM Ha 3EMITI0 KOCMHYCCKUX DHEPTU U HM3ITyde-
HUM, ¢ MePeOPOCKOM IHEPruu U3 OAHUX OOIACTEH B ApPyrue u oOme-
HOM C APYTMMH HEOCCHBIMH TEaMH. A MOTOMY Ha MOBEPXHOCTU 3eM-
JH, TO-BUINMOMY, OTCYTCTBYIOT obmactu, csoboansic ot I'TI3. Jlpy-
roe geno, yto MHorue u3 I'TI3 QyHKIMOHUPYIOT HOCTOSHHO, IPYTHE B
MyJIbCUPYIOIIEM PEKHME C MEPUOJUYCCKHM HIH alepUOTUUICCKAM
PUTMOM HITM TIEPEMEIICHHUAMHU MO MOBEPXHOCTH, TPEThU MPOSBIISIOT
ceOs1 yepe3 COTHH, THICSYU U JaKE JCCATKU THICSAY JICT, AKTUBHOCTb
YETBEPTHIX CBS3aHA C PA3THYHBIMH KOCMHUYECCKUMH BO3ACHCTBHAMHU H
T. 1. Jla u e Beaxas I'TI3 obmamaer maTOreHHBIMH CBOWMCTBAMH. A
MOSTOMY HEBO3MOXKHO JaTh rapanturo orcyrctsus IT13 B moboii me-
CTHOCTH, TeM 0oJjiee, UYTO U caMma HeI0BeUCCKasl ACITECIbHOCTD MOXKET
CHocOOCTBOBATh Kak MPOSBICHUIO cKphITHIX 1113, Tak 1 BO3HHKHOBE-
HUIO HOBBIX, U JaXC TAKHX, KOTOPHIC HE 00pa3yroTcs B MPHUPOIHBIX
YCIOBUSX.



252 T';1aBa 6.

['eonaroreHHbIC 30HBI OJMHAKOBO ACHCTBYIOT Ha BCEU ILIAHETE.
Hemenkas yuenast baunep obcnenosana 3 ThICSYH KBAPTHP U AOMOB B
14 ctpaHax W YCTaHOBHIA, YTO BCE OE3 MCKIIOUCHUS PAKOBbIC OOJIb-
HBIC CMAJIA HA MCTOYHHMKAX 36MHOTO M3TyUYCHUS, ACTH XYXKC pa3BUBaA-
JHCh, ACTMA, PEBMATH3M, CKJICPO3 MPEBPAINATUCh B XPOHUUCCKHE.
ITonsckue wuccnenosatenn obciaemosamu 1500 sxuteneit Bapruassr.
Oxazamochk, uto TOABKO 20 M3 HUX CISAT B «IHUCTOH» 30HE, MEKIY
SHEPTETUYCCKUMH JIUHUSAMU, U BCC OHM 310poBbI. M3 ocrampubeix 335
TsoKkeao OonbHbl, 108 Ha ceroaHAIIHMN JeHb CKOHYAIUCh. Bhlau cae-
JIaHBI TAK)KE MHTEPECHBIC BBIBObI: KAKABIHA U3 TEX, KTO OOIET pakoM,
JUTUTEIBHOC BPEMsI HAXOAMJICS B 30HE CO 3HAKOM «+», a KaKIblid
00IbHOI TYOEPKYJIE30M — B OTPULATCIBHO 3apsDKCHHOUM 30HE. Pe-
3yJabTaT OOMH — cMepTh [31].

K mposiBneHusIM aKTHUBHOCTH T'€ONMATOrCHHBIX 30H CIICAYET OTHE-
CTM M TaK HA3BIBACMBIC IMOJTEPreHCTBI, YTO B IMEPEBOAC O3HAYACT
«auyMHbIH gyx». [1o kOMHaTaM Ha4YMHAIOT JETATh CKOBOPOAKHU U APY-
rHe METAJUTHYCCKHUE MPEIMETHI, CABUTACTCSI MEOENb, HEM3BECTHO OT-
Ky/Ja MOSBISICTCS. BOAA, & U3 CTCH HAYMHAIOT OUThH (PaKesbl IIIaMEHH,
KOTOPBIC HAIE BCErO HUYETO HE MO/KHUraroT, HO JJICKTPOHHAS aria-
parypa, Jaxe HaxXOASCh B CTOPOHE, NMPH HMX MOSBICHUH BBIXOIUT W3
crpost. [Tonreprefict mosBISIETCs JOCTATOYHO HEOKUIAHHO, ATUTCS OT
HECKOJBKHUX YacOB J0 MHOTHX CYTOK, @ IIOTOM TakK K€ HCOKHAAHHO
HCUE3aeT.

K mposiBneHusIM aKTUBHOCTH KPYITHBIX I'C€ONMATOrCHHBIX 30H Clie-
JOYET OTHECTH TAaK)KE M MHOTHE KaTacTpodsl CaMOIETOB U kopabiei.
Ecnu mox mpuduHO# ruGenn caMosIeTOB, CBSI3aHHBIX ¢ HEOKUIAHHBIM
«IIPOCCOAHMEM» CAMOIICTOB A0 3EMHOH MOBEPXHOCTH, MOXKHO €IIe
MOAPa3yMeBaTh HHUCXOMIINUIA BO3AYIIHBIA MMOTOK (<BO3AYIIHYIO
SIMY»), TO I/l KOpaOIieH, MIaBAOMIKX M0 MOBEPXHOCTH BOIbBI, TAKOES
OOBSICHEHHE KAKETCS YK€ MCKYCCTBEHHBIM. MOXKHO, KOHEUHO, MPEA-
Mojarare, 4T0 Kopalbip MOmaa B BOASHYIO BOPOHKY, KOTOpas €ro u
3acocana, HO TOrja BO3ZHHKAET BOIPOC O TOM, MOYEMY 3Ta BOPOHKA
MOSBUIIACh B TOM MECTE, T MO0 ATOr0 HAaX HEH MPOIIJIO MHOXECTBO
CYOB, U HUKaKOW BOPOHKU HE ObL10. To 2Ke camoe u ¢ BO3AYIIHBIM
HUCXOSIIUM MOTOKOM, OCOOCHHO B ropax. Uro sSBHIOCH MPHYHMHHON
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nostByicHUsT Takoro notoka? [lodemy ero paHbiie He ObLIO, U JIETATH
MOYHO OBLJIO CIIOKOWHO, & TYT BAPYT MMOSIBUIICS ?

OdunmanbHas HayKa HE MPU3HACT CaMOro (pakra CyleCTBOBAHUS
reonatoreHHsIx 30H. [loaToMy HccneaoBaHUs HOCAT HE OPraHNU30BAH-
HBIW, a ckopee mroduTenbckui xapakrep. [IpaBaa, ot 3Toro 30Hs HU-
KyJa He ucue3aroT. V3y4eHHI0 reonaToreHHBIX 30H MPEMSTCTBYET U
TO OOCTOSITEIBCTBO, YTO IO HACTOSIIEIO BPEMEHU HE YAAIOCh CO3AATh
MpuOOp, OOBEKTUBHO (PHUKCHPYIOLIMIA UX MECTOHAXOKICHHUE, TEM 0O-
Jee, CTPYKTYPY M MHTCHCHBHOCTh M3myueHHs. M XOTs yke ycTaHOB-
JICHO, YTO B MECTaX HAXOXKJICHUS ICONMATOr¢HHBIX 30H MArHUTHOE IO-
Je 3eMIH HCKaXKaeTCs, a NA3CPHBINA JIyd HCKPUBISACTCS, U 3TO AACT
HEKOTOPYIO HAJEKAY CO3JAHUS TAKOro mpubdopa, CEphe3HO STHM HE
3aHUMaeTcs HUKTO. [loaToMy B HacTosiee BpeMs IPAaKTHYCCKU CAHH-
CTBEHHBIM CIIOCOOOM OOHAPYKEHUSI F€ONMATOrCHHBIX 30H SIBISICTCS TAK
Ha3pIBacMas OMOJIOKALUs, CIIOCO0 OOHAPYKCHUS 30H C MOMOIIBIO pa-
MOK — M30THYTHIX MPOBOJIOK, KOTOPHIC B PyKax CHEHUAITBHO HATPCHHU-
POBaHHOI'O OIEpaTopa caMu MOBOPAYHMBAIOTCS B €r0 PyKax, KOraa OH
MPOXOJUT Hax 30HOH. Ho y ckenTHKOB Takoi cnoco0 BHI3BIBACT HEAO-
BEpHE, MO3TOMY CO3JaHHE MPUOOpa OCTACTCS aKTYaTbHOM 3a0auci.

6.5.2. Ceiicmuka kak ¢pynoamenmanwvhoe sgnenue Ilpupooni

VY s13BuMOCTh TeXHOC(hEPhI HANICH LUBUIM3ALIK CO CTOPOHBI BO3-
JCHCTBUSL TPHUPOJHBIX IMPOLIECCOB HA HEE CO BPEMEHEM BO3PACTACT,
BO-TICPBBIX, [0 MPUYHHE YCIOKHCHUS €€ TEXHOCTPYKTYPHI U MOSIBIIC-
HUS HOBBIX Bce O0JIee OMacHbIX 0OBEKTOB U MPOHU3BOACTB, BO-BTOPBIX,
M3-3a paspactaHus TEXHOCGEPHI, KOraa 3acTParBarOTCI JAXKE T TEp-
PHUTOPUH 36MHOW MOBEPXHOCTH, KOTOPHIC HUKOTJa paHee HE WCIOJNb-
30BAIUCh B XO3SIMCTBEHHOW JCATCIBPHOCTH MO MPUYUHE UX <«THOIO-
ctu» [31-33].

3a CBOIO HCTOPHIO YEIOBCUCCTBO HAKOIUIIO 3HAHKE U OMBIT OMpe-
JENCHHs OmacHbIX MecT Ha 3emie. OaHako «ycnexu (pyHIaMCHTab-
HOU TCOHAYKH B TMOCICIHHEC ACCATHICTUS CBEIU HA HET THICAYCICT-
HUH OMBIT TOACH, OOBSBHUB BHYTPUILIATPOPMEHHBIC TECPPUTOPUHU
ACEUCMUYIHBIMU.
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Poxxnennas B Hempax Hayku u Borniomennas B CHullax (ctpon-
TEABHBIX HOPMAX U MPABUJIAX) KOHLCHIHS TCKTOHUYIECKON «CTaOHIb-
HOCTH» paBHHHHBIX I1aTtdopm, Bocrouno-Espormeiickoii B yacTHO-
CTH, HECET B ccOC OrpOMHBIA HeraTHUBHBIN moreHuuan. Ilocaenuuii
peanu3yercs ©KEroZHO ThICSYaMU aBapuil M KaTtacTpod B ITHX pe-
THOHAX, [A¢ CKOHLCHTPUPOBAHEI OOMbIIAs YACTh HACETICHUS TIIAHETHI,
MHOTOMHJUTMOHHBIE TOPOJA C WX arioMEpalysMH, MPOU3BOACTBO H
3JIEKTPOCTAHLMH, XUMKOMOWHATH U He()TEEPETOHHBIE 3aBOIBI, KOM-
MyHuKaun. Tak, rinodaabHbIN reOIUHAMUYCCKUN «CKadok» 1984r.,
BOBJICKIIINH B CBOIO opOuty 1 BocTouno-Esponeiickyro miardopmy, B
OJHOYACHE MOBBICHI «II0 HEM3BECTHBIM MPUYMHAM» B 2-3 pa3za KOJIH-
YECTBO Pa3phiBOB HedTe- M ra30mpoBOAOB. ITOT YPOBEHb ABAPHITHO-
CTH Ha TOIUTUBHBIX Marucrpamsix mpozepxancs 1o 1993r. B stu ke
robl HaOMIOJATUCh MACCOBBIC PA3IBIDKCHUS U Ae(hOpMaLUU MOCTOB
Ha pekax LlentpampHoii Poccun. ABapuifHOCTP Ha TpaHCHOPTE H B
cepe mpoussoacTBa OblIa OCCIIPELCICHTHOM.

B nepuox ¢ 1984r., koraa BHE3amHO aKTUBU3UPOBAIACH TEKTOHHU-
ka Bocrouno-Esponetickoit muatdopmsr, mo 1995r., koraa reoaunna-
MUKa HEBETHpoBanack 10 GoHOBOH, Ha Pycckoli paBHUHE MPOM30LLITH
TBICSYH JIOKATBHBIX TOMYKOB, MOTCHIHAIBHO CIIOCOOHBIX pa3pyluaTh,
BBI3BIBATh TCXHOJOTMYCCKHE AaBapHH, Pa3pbIBaTh KOMMYHHUKAIUH,
B3PBIBATh Ta30IPOBOIBI. ITO BTOPOU BCIUIECK reoJUHAMUKU Ha EBpo-
nieiickoit wactu CCCP B 3ToM cTonetun nocne nepuoaa koxmna 20x —
Hauasna 30 roxos.

OnHako reoduzuyeckas yI3BHMOCTb TEXHOC(EPH! 3THX MEPHOIOB
He conoctaBuMa. [losBneHnE MHOKECTBA 0OOBEKTOB MHPPACTPYKTYPEI
HapoxHoro xoszsicrea B mocieanue 50-60 ner caemano HaceneHHe
3aJ0)KHUKAMH HEIIOHUMACMBIX M MO3TOMY HEKOHTPOIUPYEMBIX HAMU
MPHUPOIHBIX MPOLIECCOB.

Ocobyro omacHOCTh Aaxke ciadas CCHCMUYHOCTh TMPEACTABISCT
st ADC, korga OJIOKH MOCTPOCHBI HEMOCPEACTBCHHO HAJ TCKTOHH-
YECKHMU TPELIMHAMU B KpHUcTauimieckoM ¢pyHaamenre. Kak mokasa-
J¥ Pe3yNbTaThl U3yUCHUS MPHIHH YepHOOBLTBCKOH KaTacTpo(bl, sSB-
JSIFOLIEHCST 0OCTOSTEIBCTBOM MECTA, MOCICOHEE BIIOJHE BO3MOXKHO,
MOCKOITBKY OOIBIIMHCTBO MEIKUX TEKTOHUYECKUX Pa3PhIBOB, TPCIINH
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MPAKTUICCKN HUKAK HE BBIPAKCHBI HA 3€MHOW MOBEPXHOCTH, a MOTO-
MY OCTaJIVCh HE BBISIBICHHBIMH IPH WHKCHEPHO-TCOTOTHYCCKUX H3BI-
CKaHHUSX.

I'eodusunueckue nccnegoanus 80x — 90x romoB mokaszanu, 4To
Pycckas paBHHMHA, cuuTaBIIascs <«aceHCMUYHOI», a MO3TOMY Oe30-
MacHOM Ha BceM mpocrtpancTse ot Kapnar no Ypamna, npossiser npu-
3HAKU HE TOJIBKO TEKTOHUYECKOU, HO M CEMCMOTEKTOHUYECKOU aKTUB-
HOCTH, TOATBEPKICHHOH Kak MaKpOCEHCMUYECKUMH, TaK U HHCTPY-
meHTanbHbiMu  HaOmroaeHusimu.  E.B.Bapkosckum  (OM®3 um
O.10.IIImuara) ObIT BBISIBICH KITACC OMACHBIX M TCO(PUINUCCKH «HE-
OKUJAHHBIX» MPOLIECCOB, TaK HA3BIBACMBIX JIOKAJIBHBIX 3eMICTpsICE-
uuit (JI3T), mpoucxoasmux Ha akTUBH3UpoBaBIIMXcs mociae 1983 r.
reOoNOrHuecKiX pasnoMax Bocrouno-Esponerickort  mmatgopmsl.
Ocob6ennocteio miaropmennsix JI3T sBusercst Oonpinas cuia yaa-
poB (10 6-106a110B) Ha OrpaHMYCHHON TUIOMAAN TPH HE3HAYNTCITb-
HO# MomHocT (M = 2-3) mpouecca, CriocoOHO# BRI3BIBATE pa3pyLic-
HUSl OTICTIBHBIX OOBEKTOB, Pa3MCLICHHBIX O€3 y4deTa CTPOCHHS KpU-
cramryaeckoro ¢pyumamenra [32, 33].

Takue JI3T nHOrIa TPYAHO OTAMYHUTH OT TEXHOTCHHBIX B3PHIBOB.
Taxk, B anpene 1991r. B Psa3anckoii 001aCTH JTOKATBHBIA TTyOUHHBIN
yaap BOmm3u r. CacoBo MpHUBEN K MHOTOYHCICHHBIM pa3pylucHusM. B
SMULICHTPE, HAXOMUWBIIEMCS 32 TOpPoAOM, oOpa3oBajach BOPOHKA B
semute, kak mipu B3peiBe [34, 35]. Ceroans moxaszawno, urto u YepHo-
OBLIBCKAs AaBAPUS TAKOKE SIBHIIACH PE3YIBTATOM CEHCMOTEKTOHHYCCKO-
ro Bo3xeiicTus Ha 4-it 6ok ADC [36, 37].

Tonpko B MockosckoM pernone B 80X roaax MpoOH30LLIH ACCST-
KA CCHCMOYAApOB, HEKOTOPBIE M3 KOTOPBIX BBI3BAIHM Pa3pyLICHUS.
Uro kacaercs TeppUTOPUH MOCKBHI, TO B T€OAMHAMUYECKOM OTHOLIE-
HUM HanOoJee aKTHBHBIM paiioHoM Hapsixy ¢ LlentpampubiM  (Sku-
manka, [lomsaka, CamoHuueckas yi.) seisercs p-u JledopToso, a
taxxke KOro-3aman ropoza — p-u mexnay JlenunckuMm u KyTyzosckum
mpocnekramu. Tak, Toapko 3a mocneauue 10-12er 3aeck Obutn pas-
pyuicHsl win mospekacHs! 3ganus: 1988r. — yia. Ioasuka; 1991r. —
Crapomonetnbiii niep; 1987, 1992, 1993r. — Kammpckoe mmocce;
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1994 r. — yn. Muxnyxo-Maxknas; 1994 r. — Anrydeesckoe mocce;
1998r. yn. OctpoButsnosa (2-it Mea. HHCTHTYT) U Ap.

Hu B ogHOM U3 3THX 34aHMI ra3a HE ObLIO B MPUHIIUIE, B TO BPE-
MsI KaK XapakTep paspyLICHUN U IPyrue 00CTOITEIbCTBA CXOHBI PU
[OJTHOM OTCYTCTBHH IMPOAYKTOB B3pbIBA. BCE 3TH B3pHIBOpa3pyIIH-
TenbHbIC Mporecchl Bor3BaHbl JI3T HCKIFOUUTETBHO TEKTOHUYECKOTO
MPOUCXOXKICHUS U MPUYPOUCHBI K PA3TIOMHBIM y371aM u 30HaM. Pas-
pyumreasabiM  paktopom JI3T sBastoTCS rpaBUTALMOHHBIC YAAPBI
WM HMITYJIbCBI, BO30YKIACMbIC M KAHAIU3UPYEMbBIC TIyOHHHBIMU
paspsiBaMy B KPHUCTALTHYCCKOM (YHAAMEHTE MPU TEKTOHOACOopMa-
LUSX.

Crarucruka nokaseiBaet, 4to MockoBckue JI3T mpoucxoast npu
OMPEACACHHBIX aTMOTCOAMHAMUYCCKAX CHUTYAILUSAX B PETHOHE, HTO
MO3BOJISICT MPOTHO3MPOBATh MPUPOAO-TEXHOTCHHYIO aBapUHHOCTH B
ropozxe B npegenax 2-3 CyToK.

Hapsiay ¢ JI3T B ropoae uMenu MECTO U MOLIHBIC CCHCMUYCCKUC
SIBIICHUSI, 3aTPOHYBIINE OOIBIINE TEPPUTOPHH, HAMTPUMED, cOOBITHS 8
utosist 1990r. Ha FOro-3amazae, KOTOPBIC BBI3BAIM MMAHUKY THICAY JTFO-
JIeH, BBIHYKICHHBIX OKUIATh CBOU JoMa. 10 ke Ob110 u B JledopTo-
Be 2 mapta 1995r., rae npou3onnio ceMb OTACIbHBIX CHIBHBIX TOJIY-
KOB B TCUCHHC 4-X 4YacOB, a COTHHU JIFOACH HAXOAWINCh HA YIHUIE J0
4acy HOYM; CaMHU 3EMJICTPSICEHUS! MTPEABAPSUIUCH PA3PhIBOM KOMMYHH-
kaunii MocBonokanana. Cooerrue 1990r. Gbri0 3adukcuposano ae-
CATKAMHU CEHCMOKAHAJIOB U JAaXKE IMOAMOCKOBHOM CEHCMOCTaHLMEH
«MuxHeBO», Haxoasmekcs B 80 kM OT KOJIBIICBOI TOPOTH.

ITomrMo ceficMOAMHAMIYECKUX TPOSBICHUII B 30HaX Pa3ioMOB
13-32 BBICOKOTPAIUCHTHHIX AeopMaliii TPYHTOB Halle, YeM B Ipy-
FUX MECTaxX, MPOUCXOMAT Pa3pPhIBbI MOA3EMHBIX KOMMYHHKAIUHA, J¢-
dopmaruil 3qaHMIA, U3-32 HOHU3ALMK CPEJ HAJ Pa3aoMaMu MpPHU BO3-
OyKICHUHU TOCICIHUX BO3HUKAKOT IMOXKAPBI, BOCILIAMCHSIOTCS Ta3bl,
napsl OcH3MHA. B 3HEProHANPsHKEHHBIX JMICKTPUYICCKUX CXEMaxX, pac-
MOJIOKCHHBIX HAJ AKTHBHBIMHU DPA3IOMaMHU, W3-3a MOHIDKEHHUS DJICK-
TPUYCCKOTO COMPOTHUB/ICHUS BO3AYXa M BCIACACTBUC MOHHU3AILMH BO3-
HUKAIOT 3JICKTPUUCCKUC TICPEKPBITHSL.
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PasnomHbie 30HBI 001aJafOT T€OMATOTCHHBIM BO3JCHCTBHEM Ha
JrOJCH, IPOXKUBAOINHUX B JOMaX, MOCTPOCHHBIX HAJ TCKTOHUYCCKUMU
«apipaMu». [ 'e0maToreHHOCTh MPOSIBISICTCS. B TNIOXOM CaMOYYBCTBUHU
Aroaci, B auckombopTe, obocTpeHun O0/e3HEH, COKpAIICHUU MPO-
JOJDKATEIBHOCTH JKH3HH. B TakuX JOMax KOMTHYECTBO CAMOYOUICTB B
HECKOJIBKO pa3 BBILIEC CPEIHErO 10 TOPOY.

CyriuecTByeT 3HaUMMasi KOPPEISILUS MEKIY SMOXaMH TCKTOHHYC-
CKOM aKTHBHOCTH H TIEPUOAAMH COLIMATbHO-TIOMTHTHYCCKUX KATAKIIH3-
MOB, KaK Ha r7100aJbHOM, TaK U PETHOHATBHOM YPOBHSIX.

CeroaHss HEKOTOPBIMH VYCHBIMH MPCANPHHUMAIOTCS TOIBITKH
paspaboTaTh HOBBIH MOAXOA K IEONMATOTCHHBIM SIBIICHUSM, BBIABHTA-
FOTCSl HOBBIC THIIOTE3bl M CTPOSITCS TCOPHH, YUUTHIBAIOIIUC JHHAMH-
YEeCKHE MPOLIECCHI B 3eMIIE.

CornacHO HOBBIM TEOPHSIM, CCHCMHKA, KaK (PEHOMCH MPUPOIbI,
SIBJSICTCSL TPSIMBIM CJICACTBHEM (DYHIAMEHTATIBHBIX DBOOLIMOHHBIX
MPOLICCCOB IJIAHETHI M TCHETUYCCKH C HUMH CBsI3aHA KaK B IUIAHE Me-
XaHM3Ma PeaTU3aLnH 3EMICTPSICCHUH, TAK U UX DHEPTCTHKH.

3eMaeTpsiCeHHsT MTPOBOLIMPYIOTCSL  CIIPEAMHTOBBHIMU  (PACLIMPH-
TEABHBIMHU) TIpoOLECCaMu B JuTocepe, KOTOpBIE, B CBOIO OYEPEab,
CBSI3aHBI C BEKOBBIM pocToM Macchl (0kos0 10Teic. TOHH/C) 1 00BEMa
IJTAHETHI BCICACTBHE MOTIIOLICHUS W mpeoOpasoBaHusi 3dupa OKpy-
JKAFOLIEro 3eMJII0 MPOCTPAHCTBA B MACCy 3€MHBIX mopox. [Ipu 3tom
00beM 3emMiu 3BOMIOLMOHHO yBemuunBaeTcs npumepHo Ha 0,1 kyO.
KM B CYTKH, 4TO BBI3bIBAacT mpupoct ruromaau Ha 0,02xB. km/rox, BBI-
PKAFOLIMICS B PAa3JBIDKCHHH TCKTOHHYCCKUX ILTAT M OJIOKOB POCTE
TPEIIUHOBATOCTH 3eMHOM KOpBI (reoanHamuka 1 poxa).

CropeauHr BBI3BIBACT Pas3rpy3Ky — MaJCHHUE JABJICHHUS B 00BEMax
MOPOJ, COIMPEACIBHBIX pa3aoMaM. ITO MPUBOIUT K TEPMOJMHAMMYC-
CKOM JeCTabMIM3aluy TIyOHMHHBIX 3HCPTOHACHIMCHHBIX (rOpsYnx
miactoB nopox. IlocaemHue COOHTaHHO cOPachIBAIOT W3OBITOUHYIO
[0 OTHOIICHHUIO K YIABIIEMY JABJICHUIO SHEPTHIO, BBI3BIBASI TCPMOIH-
HaMHUYECKUU B3PbIB, YTO U MOPOKIAET CCUCMHUECKUI UMITYJIbC.

Kpome ceficMuueckoro umiryabca, napamieinbHO ¢ HUM, TTOTOKaMU
cOporwenHo#t 3uepruu npu 3T reHepHpyIOTCs rPaBUTALIMOHHBIC CHITO-
BBIC HMITYJIbCHI, SIBIISFOIOIECS TJIaBHOW KOMIIOHCHTOH B pPa3pyLH-
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TEMPHOU CTUXHU SMHLEHTPANbHOH 30HBI. [IpomomkuTenbHble TpaBu-
JUHAMAYCCKHE UMIIYJbCHI, JOCTUTAIOLINE B OTHCIBHBIX TOYKAX HaJ
paznomMaMu HampspKeHHOCTH 1-3(, SBISIOTCS OCHOBHBIM Pa3pyLIaro-
mmM paxtopom 3T.

JBOMIOLUOHHBIN CIIPEIUHT, OTHECCHHBIH K reoguHamMuke 1-ro po-
Jla TIOAJEP>KUBACT IJIAHETAPHBIM CEMCMHYECKUM PEXUM Ha HEKOTO-
POM MHHHMAJIBHOM YPOBHE.

Poct oObema 3emmm, kpoMe TOro, MPOBOLUPYET M KPYITHOMAC-
MTAaOHYI0 HECTAOMIBHOCTh BHYTPEHHHX reocdep, YTO MPHBOIUT K
r1o0ambHON HeperysIpHOU AedopMaliy reonaa; CKaTHIO SKBaTopa —
pacTsukeHUIO ocu U Haobopor. I'obanbHas medopmaips reouma —
reoJuHaMHKa 2-TO POJa — Ha MOPSAOK MOBBIIIACT CCHCMUYCCKHI TO-
TCHLMAT [IAHETHI.

C 3HepromoTokaMu M3 TIYOMHHBIX Pa3IOMOB CBS3aHBI MHOTHE
reou3nyuecKue SBICHUS, B TOM YHCIC onTthicckue 3¢ (et — cBe-
YeHUs B atMocdepe, Kak CIeACTBHEC HOHM3AUMU Bo3ayxa. BeaeacTeue
nonnzauuy npu 3T npoucxomuT U BO3ropaHUE TOPIOYHX CPEl, B3PHI-
BBl Fa30B U IPYTUE ONACHBIC SBICHHUS.

[Tpu <«vsrkux» TekTOHOAEPOpMALHIX MOTOKK COPACHIBACMOH MO-
poAaMu PHEPruM HE3HAYMTEIBHB U HE MOTyT BbI3BaTh 31, omHaKo
MOPOXKIAIOT CNA0YI0 TPABHTALMOHHYIO JHHAMHUKY, KOTOpas, B CBOIO
oyepenap, IPUBOINUT K BEPTHKAIBHON TypOynu3auuu atmocdepsl, nu-
KJIOHaM, yparasam, cMepiam, TaipyHam, TOpHaIO.

AT™OcdepHbIe AUHAMHYECKHE MPOLIECCHl UMEIOT TCHETHYECKYIO
OOLIHOCTh ¢ CEHCMHKOM, MO3TOMY aTMO-TCOTUHAMUYICCKUC CBSI3U SIB-
JISFOTCS] BAXKHOM COCTaBJISIIOLIEH CEHCMOIIPOTHO3a.

6.5.3. Ipupoounamuueckasn cywypocmov 2eonamozennozo uU3ny-
yenus

Ilo creneHu MHTEHCHBHOCTH 3()HUPOIMHAMHYCCKHE TCOMATOICH-
HBIC SIBJICHUS CETOJHS LEICCOOOPA3HO YCAOBHO Pa3ACiuTh Ha Cjc-
JIYEOIIHC TPYIIIIHL:

— TIOCTOSIHHO JACHCTBYIOIIUE OTHOCUTCIBHO C1a0bIC JIOKATBHBIC
M3TYYCHUS, TIPUBOASIINE K MOSBICHHIO [COMATONCHHBIX 30H — 00J1ac-
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TCH BOSﬂCﬁCTBHH Ha >XUBBIC OPTaHU3MBI, 60.]'[]:].[[3.5[ qaCcTh TaKHX 30H
HMMEET Pa3Mephl JOIU U €ANHULIBI METPOB;

— KpaTKOBPEMEHHbIC (OT COMHHUI[ YaCOB IO HECKOIBKUX CYTOK)
OTHOCHUTCJIbHO CHUJIBHBIC JIOKAJIBHBIC U3TYUCHUSA, TPUBOAAINC K ITOJI-
TCpFCﬁCTaM — CMCHICHUIO MPCAMCTOB, IOABJICHUIO BOJABI B ITOMCIHIC-
HUAX, CaMOBO3TOpaHUI0 MPEAMCTOB, XOJOAHBIM S3bIKaM <IIJIAMCHU,
6LIOH.[I/IM npsMO U3 CTCH U T. II., pa3MCPBI 30H COCTAaBJIAIOT CANHULBI U
JACCATKHU MeTpOB;

— KpaTKOBPEMCHHBIC (OT €AMHUI] YaCOB 0 HECKOIBKUX CYTOK)
CUJIBHBIC JIOKAJIbHBIC H3JTYUCHUS, NPUBOAAINNC K IIOABJICHUIO CHJI,
AJO0CTAaTOYHbBIX AJISI aBapHﬁHOFO CHIDKCHHS CaMOJICTOB M 3aTOILIICHUS
CYO0B, pa3Mephl TAKUX 30H COCTABIISIIOT OT COTEH METPOB J0 JACCATKOB
U JaKE COTCH KHUJIOMETPOB,;

— KpaTKOBPEMCHHBIC MOIIHBIC BBIOPOCH! 3(upa ¢ 3aXBaTOM IO-
BEPXHOCTHOIO TPYHTA, MPHUBOJSIOHE K IMOSBICHHUIO acTpoOIeM Ha
3EMHO# IOBEPXHOCTH M 00Pa30BaHHIO M BEIOPOCY B KOCMOC KOMET;

— MOCTOSIHHOC HAKOILICHWE B 3E€MHBIX MOpojax d¢upa mpeodpa-
3YIOLIETOCS B HOBOC BCLICCTBO, B PE3YJIBTATE YCTO YBCIMIMBACTCS
mMacca M pa3Mepsl Bcell 3eMITH, MPUBOISILICE K IMOSBICHUIO HOBOTO
BEIIECTBA BO BCell Macce 3emiin, BKIOUast turocepy, U, Kak CICACT-
BHC, K MCXaHUYCCKUM HAIIPsOKCHUAM B HOpOoAaX, KPYIHBIM H JIO-
KaJIbHBIM 3CMIJICTPACCHUAM U BYJIKAHUYCCKUM U3BCPIKCHUAM, U, KPO-
ME TOTO, PETYJISAPHO MPUBOAAIICEC K OBICTPHIM (B TECUCHHUC CCKYHI W
MHHYT) BBIOpOCaM 3(HPHBIX MOTOKOB, COMPOBOXIAOLIUXCS Pa3py-
HICHUEM 3JAHUN U COOPY>KECHHI.

I/ICXOI[H U3 U3JI0KCHHOI'O BBIIIC, MOT'YT 6I:ITI: BbICKa3aHbI MPCAIIO-
JJOKCHUS O (bI/ISI/I‘ICCKOI‘/'I CYIIHOCTHU PA3INYIHBIX BUAOB I'COIaTOr CHHBIX
HSHWCHHﬁ. I'eomaroreHusie HU3TYUCHHUA BO BCCX ClIydasdaX IpCACTaB-
JSIFOT coOOW BHHTOBBIC MOTOKH 3Qupa, Oonee Win MEHee YIIIOTHCH-
HOTO.

IIpocmatpuBaroTcsl JBa MEXaHH3Ma HM3TYYCHUS! BUHTOBBIX 3(Hp-
HBIX ITIOTOKOB — ITyTCM BOBJICUCHUSA B ABHUXKCHUC CBO6OI[HOFO 3(1)I/Ipa nu
myTeM BbIOpOca CTpyii 3¢upa 13 BelecTna.

IlepBBIii BapuaHT — BOBJICUCHHE B JABIDKCHHE CBOOOIHOro 3¢dupa
MPOUCXOAUT 3a CHYET BS3KOCTH 3(upa, BCICACTBHEC HYCrO BHHTOBBIC
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MOTOKH 3(rpa B BEIIECTBE MHPUBOIAT B IBIDKCHUC MPHUIICTAIOLINC
crnou cBOOOTHOro 3dupa. ITO MOKET IPOUCXOTUTH OO B pa3iomax,
au00 Ha TpaHMLIAX MOBEPXHOCTHBIX BHXpPEH, 00pa3oBaBIIMXCS B pe-
3yJbTATE MOTIOIICHHS 3(HUPa U3 OKPYIKAIOIIETO MPOCTPaHCTBA (CETKU
Xaprmana u ap.). Ha mepecedeHrn ropu3oHTaIbHBIX BUXPEBBIX MTOTO-
KOB, 00Opa3yIoIIUX TIPaHU CETEH, BEPTHKAIBHBIC BHHTOBBIC IMOTOKH
3¢upa Oyayt Oosice MHTCHCUBHBIMHU. DTH BUXPEBBIC ITOTOKK CXKHUMa-
FOTCSI AABICHUEM OKPYIKAIOIIEro 3(¢Hpa, IO3TOMY OHU JIOKATH3YIOTCS
HA MOBEPXHOCTH B MECTaxX MEPECCUCHUI TPaHCH CeTei. DTO, BUIUMO,
3aBHCHUT U OT XapakTepa U CTPYKTYPHI HOACTHIAIOIINX IPYHTOB.

Kax ycranoBneHo, cnaGble TOKaNnbHBIC F€ONaTOr¢HHBIC 30HBI BO3-
HUKAIOT B y3/1aX CETEH, T.C. Ha MEPECCUCHUH JTHHUN CETCH. ITO MOKET
OBITh OOBSCHCHO TEM, YTO B 3TUX Y371aX MHTCHCHBHOCTD ABIIKCHUS H
IJIOTHOCTh 3(UPHBIX TIOTOKOB BO3PACTACT, M CO3JAIOTCS YCIOBHS IS
BbIOpOCa cTpyii 3¢upa BO BHELIHEE MPOCTPAHCTBO. JITO U €CTh, BEPO-
SATHO, MEXaHHM3M O00pa3oBaHMs CTa0BIX JOKAJbHBIX TCOMNATOTCHHBIX
30H. OTHOCHTENBHO € TOrO, MOYEMY UMEHHO I'€ONOTUYCCKUE HEOX-
HOPOAHOCTH SIBJSIFOTCSL OCHOBHBIMH HCTOYHHKAMH TICONATOTCHHOTO
M3IYYCHUS, CErOAHS TOXE MOKHO BBICKA3aTh HEKOTOPBIC MPEAIONO-
xeHust (puc. 6.12).

OcoOeHHOCTBIO BHHTOBBIX IOTOKOB CBOOOTHOIO 3¢upa sBIseTcs
TO, YTO STH IMOTOKH 3aMbIKAIOTCS B Topouabl. OOpaTHeI MOTOK 3¢upa
pacnpoctpansieTcs Ha OOJBLION MUIOMAIH, MO3TOMY TaM CKOPOCTU
MaJbl, ¥ BO3ACHCTBHC HA OKPYKAIOIIYIO MPHPOAY U MPEAMETHI 3AECh
HE OLIYILIACTCS.

Bropoii BapuaHT — BBIOpOC YIZIOTHEHHOTO 3(Hpa W3 BEIICCTBA
MPOHUCXOAUT IO THITY JA3¢PHOTO H3NYyYCHHS C TOW pasHHLCH, 4TO B
MopoAax 3eMJIM HaKavka SHEPTUU MPOHUCXOTUT 32 CUET HOTJIOMICHUS
SJICKTPOHHBIMH OOONOYKAMH M HYKJIOHAMHU 3(Hpa OKPYKAIOIIErO
MPOCTPAHCTBA.
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Puc. 6.12.06pa3oBaHne BHHTOBBIX IOTOKOB CBO0OIHOT0 3()Hpa B reonaToreH-
HBIX 30HAX

HakonneHne maccel 37IEKTPOHHBIMU O0ONOYKAMU U HYKIOHAMH
HE BJIMSICT HA UX XUMHYCCKUEC CBOMCTBA, MOCKOIBKY MOMEHT KOJIHYC-
CTBa JBIDKCHUS IPH YBEIMYCHUHM MX MACChl COXPAHSICTCS, a 3HAYMT,
COXPAHSIOTCS 3HAUCHHS CITUHA, 3JCKTPUUCCKOrO 3apsiAa U MarHUTHO-
ro MOMeHTa. YacTHYHO HAKAIUIUBACMBIN 3(HP HU3ITy4aeTCs, U 3TO TO-
K€ MPOSIBIISICTCS] KaK EOMATOrCHHAsSI 30HA, HO €CIM HAKOIUICHHE d(H-
pa MPOMCXOAHUT OBICTPEE, YEM €r0 PACCEHBAHUE, TO IO MEPE HAKOILIC-
HUSI MACChI A()Hpa COCTOSIHUE BELIECTBA CTAHOBUTCS BCe OoJIee HecTa-
OWJIBHBIM, U, HAUMHASL C KAKOTO-TO MOMCHTA, MPOUCXOAUT B3PBIBHOU
BBIOPOC HAKOILUICHHOrO 3¢upa, mpuieM BeIOpoc 3¢dupa u3 oJHOH vac-
TH BELIECTBA CTHMYJIHMPYET BBIOPOC 3upa U U3 APYIHX €ro 4acTei.
HawuOonbiuas BEpOsITHOCT TAKOro BHIOPOCA — B MECTAX MPOJOLKCHHUS
BIIIyOb YK€ CYLICCTBYIOLIMX Pa3IOMOB, TAK KaK MMEHHO 3[ECh HAXO-
autcst cnaboe MeCTo B mopoaax. HekoTopyro aHaIOrHi0 MOXKHO YBH-
JCTh MPH PACKOJIC JTIOOBIX KPUCTAIIOB. B MOMCHT PacKoja B 3TOM
MECTE BCErAa BO3HMKACT CBCUCHHUE, YTO CBUACTEIBCTBYET O MOZOOHOM
ke BeIOpoce 3¢upa BO BHELIHEE TPOCTPAHCTBO.
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Henp3ss cumrate, 4To Takoil BRIOPOC BCErJa pa3BHBACTCS MIHO-
BeHHO. CeromHs y»xe BBISICHEHO, YTO €CIH I€ONMaTOreHHOE U3TyUCHHUE
PaspyluTh, TO Er0 BOCCTAHOBJICHHE MPOUCXOIUT HE MTHOBCHHO, a B
TCUCHUE HECKOMBKUX MHHYT. DTO JACT OCHOBAaHHUE IOJAraTh, YTO
mpoLeccs 00pa30BaHMsT BUHTOBBIX TCOMATOICHHBIX MMOTOKOB TOXKE HE
MPOMCXOASAT MIHOBEHHO, M Ha 3TO YXOJUT ONPEACICHHOE BPEMsl, BO3-
MO’KHO, OT CAMHHL MHUHYT IO HECKOIBKHX CYTOK. B CBOKO ouepens,
OTCIOJA BBITEKACT BO3MOYKHOCTB, XOTS OBl B MPUHLIMIIC, OPraHU3ALMN
KOHTPOIS 32 Pa3BUTHUEM TAKHX IMPOLIECCOB.

B otmuuue ot cTpyit cBoboxHOro 3¢upa, B KOTOPHIX IIOTHOCTh
3(upa HECYIICCTBEHHO OTIMYACTCS OT ILIOTHOCTU 3¢upa B CBOOOA-
HOM OKOJIO3¢MHOM IMPOCTPAHCTBE M cocTaBisier mopsiaka 107 kr/v®,
cTpyu 3¢upa, BEIOPOLICHHBIC U3 BELIECTBA, UMCIOT INIOTHOCTh 3HAYH-
TEMBHO 0OJIeE BHICOKYIO, BIIOJHE COM3MEPUMYIO C IIOTHOCTBIO 3dupa
B BJICKTPOHHBIX OOOTOUKAX, T.C. MOPSAKA CIMHHI[ KI/M’, COOTBETCT-
BCHHO OYJCT BBILIC U UX YACIbHAS SHEPIETHKA.

Ctpyu ymmotHeHHOro 3¢upa He 3aMBIKArOTCS camMH Ha cels, a
VXOIIT B KOCMOC Ha 3HAYHMTENbHBIE paccTosHus. KoHewHO, Takme
BUXPH 10 MEPE YIAJICHHUS OT MCTOYHUKOB IMOCTCIICHHO Ae(opMHpY-
FOTCSI, PACIIUPSIOTCS, TEPSIFOT MHTCHCHBHOCTh M, B KOHIIC KOHIIOB,
paccerBaroTCs B OKPYXKArOIEM 3EMIIO MMPOCTPAHCTBE, HO 3TO MOXKET
MPOU30UTH HA PACCTOSHHUSX, U3MEPSIEMbIX COTHSMH TBHICSY KHUIOMET-
poB. Eciu ske oOpa3oBaHme TakuX CTPyd HOCHUT JaBUHHBINA (B3pbIB-
HOI1) XapakTep, TO MPOLECC Pa3BUBACTCS MHAYE, C 3aMbIKAHHEM d(up-
HOTO MOTOKa B TOPOHJANBHYIO CTPYKTYPY, KOTOpas €CTh HadajabHas
craaus 00pa30BaHMs KOMETHI.

Bce reonoruueckie mopoJpl UMCKOT 3HAYCHUE AUIJICKTPUUICCKON
MPOHULIACMOCTH OOJIBINC CAUHULIBI. JTO 03HAYACT, YTO COOTBETCT-
BCHHO BO CTOJBKO pa3 B HHUX VIUIOTHSIOTCS S()UPHBIC MOTOKH U BO
CTOJIBKO JK€ pa3 OHU HMCIOT MCHBIICE COMPOTHBICHHE A 3(PUPHBIX
MOTOKOB, 4eM BakyyM. [loaromy TopouganbHbie 3pUpHBIC TOTOKH, B
OCHOBHOM, 3aMBIKAIOTCSI BHYTPH CILIOIIHBIX mopod. OxHako tam, rae
HMEETCS PA3JIOM, YacTh MOTOKA TOPOHOB MOMAJACT B €ro MPOCTPAH-
CTBO M BBI3BIBACT BHHTOBOC ABIKCHHC MPHUMBIKAIOIINX CIOCB 3(Hpa,
BO3HHMKAIOT BUHTOBBIC MMOTOKH 3(1pa, HAIIPaBICHHBIC U3 TENa 3EMIIH B
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CcBOOOMHOC MPOCTPAHCTBO. JTH MOTOKH CIIOCOOHBI CBOOOJHO MPOHHU-
3bIBATh JIFOOBIC AUANICKTPUUIECCKUE MATCPHAIIBI, HO HE METAJIIMYCCKHUE,
MOTOMY YTO Ha MOBEPXHOCTH METAJIIOB CBOOOIHEBIC 3JIEKTPOHBI 00pa-
3yIOT JOCTATOYHO IIOTHYIO MOBEPXHOCTH (moBepxHOCTE Depmu), 00-
JaJAIOIIYE0 BBICOKUM 3(HPOAMHAMIYECKAM COMPOTHUBICHUEM, TAKHC
MOBEPXHOCTH 3(UPHBIC IOTOKH OTUOAFOT.

IMouemy pa3moOMBI HUCIYCKAFOT Teiuii B OOBIINX KOJUYCCTBAX?
OTBET OTHOCHUTENBHO MPOCT: MCIYCKAHUE TS CBUACTCIBCTBYET O
TOM, YTO B 00JaCTH Pa3TOMOB NMPOXOJSIT HU3KOTCMIICPATYPHBIC SIACP-
HBIC PCaKLUWH, a IMOCKOIbKY JHEPrHsl CBs3CH HYKIOHOB B ajibda-
YacTULAX 3HAYMTEIBHO BBIIIC, YEM SHEPrus CBs3CH ambga-yacTuil
MEKIy COOOM, TO pa3pyIIArOTCsS HE CBSI3H B anb(a-yacTuiax, a CBsI3u
MEKIY anb(ha-dacTUIAMH. 31ECh MOKET ObITh MMPUBEIACHO CPABHCHIHC
C KAMCHHOUW CTEHOM, B KOTOPOM KaMHH CKPCILJICHBI MEXKIy OO0 cra-
OBIM LIEMCHTHBIM pacTBOpoM. Ilpu pa3pylueHuH Takoil CTEHbI KAMHU
OCTaHyTCS LEIBIMHU, Pa3pyIICHUE MPOHACT Yepe3 LEMCHTHBIC LIBHI.

KaxoB e MexaHu3M, 3amyCKarOIUi SACPHYIO PEaKLHI0, MPHBO-
JSIIYI0O K TPAHCMYTALIMH 3JIEMCHTOB B 36MHOH Kope? 34ech MOXHO
BBICKA3aTh MPCIIONIOKEHIE O ABYX TAKUX MCXaHH3MAaX.

Bo-nepBrix, nornomenue s¢upa 3emici NpoOUCXOIUT HE OXUHA-
KOBO Pa3HbIMH NOPOJAMH, HMEIOLIIMH PA3TUYHYIO AUAICKTPUICCKY IO
MPOHHULIAEMOCTD, YTO HPUBOJHUT K PA3HBIM CKOPOCTSM 3(PHUPHBIX CTPYH
B MECTaxX CONPHKOCHOBEHHS NOpoA. I'pamueHT ckopocteid 3dupHbIX
CTpY! MPUBOAMT K BOBHUKHOBEHUIO TYPOYIEHTHOCTEH, KOTOpEIE pas-
BHBAIOTCS B BUXpU. BUXpH c:kMMaroTcss BHEIIHUM JaBICHHEM 3(upa,
VMEHBIIAIOTCS B Pa3Mepax MpPH OJHOBPEMCHHOM YBEIUYCHHH CKOPO-
CTel MOTOKOB 3(Upa yKE B CAMUX BHUXPSAX M BOSHUKHOBCHHIO B CTCH-
Kax 3THX BUXpPCH BBICOKHX I'PAJAWCHTOB CKOPOCTEH, CIIOCOOHBIX pas-
PYLIUTH SIICPHBIC CBS3M MEXKAY aib(ha-dacTULIAMH.

Bo-BTOphIX, HakorieHHEe 3¢HUpa B SMCKTPOHHBIX 00OIOYKAX TO-
MOB M MOJIEKYJ H B HYKIIOHAX SIICP AENACT UX HEYCTOWYHBBIMH, CIIO-
COOHBIMH TIOCNIC JOCTIDKCHHSI HEKOTOPOH KPUTHYECKOW BETHMYUHBI
HAKOIUICHUS BEIOPOCUTH U30BITOK 3(upa B OKPYKAOIIEE MPOCTPAHCT-
BO. DTOT U30BITOK YK€ UMEET CKOPOCTh, COM3BMEPUMYIO CO CKOPOCTHIO
3(UpPHBIX MOTOKOB B AIEKTPOHHBIX 000mo4YKkax U B sapax. Kpome To-
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ro, BHIOPOC u30bITKA 3(upa B MEKHYKIOHHOC MPOCTPAHCTBO Cpasy
Jie71aeT MEKHYKIOHHBIE CBSI3U MEHEE YCTOMYUBBIMU, HO Pa3pyIIarOTCs
TOJBKO Oornee caadrie CBI3H MEeKIY anb(ha-dacTHIAMH.

Taxk nmm HUHA4C, HO MIJIYUYCHUC I'C/id B ONPCACIICHHBIX MCCTaX
HCMIOCPCACTBCHHO CBUACTC/IBCTBYCT O IMPUCYTCTBUU B 3TUX MCCTaX Ha
HEKOTOPOH IIyOHHE SIICPHBIX MPeoOpa30BaHUil H, COOTBETCTBCHHO, O
TpaHCMyTallu 3JICMCHTOB U BCHICCTB, U MPOUCXOAUT 3TO 663 BBICO-
KHX TEMIIEPATYP.

6.5.4. Bzaumooeiicmeue 3emau u Jlynut

C apeBHEHIIUX BPEMCH M3BECTHO O BiusSHHH JIYHBI U, B 4aCTHO-
CTH, JYHHBIX (ha3 ¥ IEPUOAOB CKIOHCHHS JIyHBI HA 3€MHBIC COOBITHS.
IIpakrryeckn y Bcex HapoAoB moMuMO CONHEYHBIX CYIIECTBOBAIH
JIynHble KanmeHmapH, peKOMEHIYIOIUE MTPOBEAECHNE CEIbCKOXO3SHCT-
BCHHBIX pa60T B OMPCACICHHBIC CPOKHU, CBA3AHHBIC C ITOJIOXKCHUCM U
¢dazamu Jlynsl. B sTuX kaneHIapsx ykasslBaJoCh HE TOIBKO BpEMs
Bocxona JIyHbI, HO M 3ax0Ja, KOrja OHa OIYCKAeTCs 3a TOPHU30HT U
HAYMHACTCS JIYHHAsE HOYb — caMoe OnarompusTHOE BpeMs IS moca-
JAO0K, TapMOHUYHOI'O Pa3BUTUA CEMCHHBIX OTHOIICHUM U BCCrO, 4TO
KacaeTcsl 30POBbs YeIOBEKa U Npuposl B 1eaoM. CrneroBaHue 3THM
CpOKaM MO3BOJSLIIO MOMYYUTh Oolice BBICOKHE YPOXKau, HEXETH NpU
HUX HC BBITIOJIHCHUH, a TAKXKC COXPaHATh 34J0POBHC CBOC U HPHUPOABI.
Pexomenmanmm TyHHBIX KaJICHAAPEH OCHOBAHBI HA ACTPOJIOTHIECKOM
MOAXO0JAE K IPHUPOJAE, KOTOPBIM HPOBEPEH MHOT'OBEKOBBIM OITBITOM
MHOTUX HapoOAOB W NOATBCPXKACH pPC3yjibTaTaMU COBPCMCHHBIX HUC-
crenoBanmii [38].

OnHako ropazgo MEHbIIEC H3BECTHO O (PU3MYECKUX MPHYMHAX, BbI-
3bIBAIOIINX BCC OTU ABJICHUS, XOTA C BJIHUAHHUCM ITOJIOKCHUS .HYHI:I Ha
CpPOKH U BBICOTY HNPHUJIINBOB U OT/JIMBOB B OKCaHAX U MOPSIX HayKa B
MEPBOM NPUOTMKEHHH Pa3odpanach.

B HCKOTOPBIX pa60Tax CAC/IaHbI IIOMBITKU YCTAHOBUTH CBA3b MC-
JKAY BBICOTOH mOJI0keHHs JIYHBI 1 HEKOTOPBIMH HAapOJHBIMHU IpHUME-
TaMy, HaIIPUMEP, OMPEACIATh II0 JAT€ LBCTCHUSA YCPEMYXHU ITOXOJIO-
JaHdd U JOKAed B Omrpkaiimne nHy win o noroge Ha CamcoHOB



3eMuIst 1 KOCMOC 265

acub (10 wromst win 27 WIOHS IO CTApOMY KaJICHIAPIO) COXPAHCHHMS
moroasl Ha mocnenyromue 40 aueit [39, 40].

BBIsSICHUIOCH, ITO 3TH CPOKH KECTKO MPHBSI3AHBI K TMOIOKCHUIO
Jlynsr Ha HeOOCBOAE («BBICOKAS» WM «HHU3Kas» JIyHa) U BAUSIHHUC €€
CBSI3aHO, B MICPBYIO OYCPEIb, C OKA3aHUEM HPUIHBOOOPA3YIOLINX JICH-
cruii Jlynsr Ha 3emHyr0 armocdepy. Ho Bee nu 310?

ITouemy mmenno momHas JlyHa, T.6. monokenne JIyHBI oTHOCH-
TENBHO 3eMIiH, KOrJa €€ CTOPOHA, oOpalieHHas K 3eMJIC, MOTHOCTHIO
OCBCILCHA, OKA3bIBACT HETATUBHOEC BIISIHUC HA TMICUXHUKY, O YEM TOXKE
xoporuro u3BecTHO? [ToueMy MMEHHO 3Ta CTOPOHA BCsI U3PhITA aCTPOO-
JeMaMH, pa3Mepbl KOTOPBIX JOXOIIT JO THICSYH KHIOMETPOB M KOTO-
pBIC 0OpaMIICHBI KOJBLICBBIMU rOPaMH BbICOTOH A0 14 kM, B TO Bpems
KakK MpOTUBONONOXKHAst ctopoHa JIyHsl moutu riaagkas? [louemy Bo-
o60uie JIyHa moBepHyTa K 3e€MIIC TOJIBKO OJHOH CTOPOHOM M, KaK 00b-
SICHSICTCSL B ACTPOHOMUH, CBSI3AHO C TeM, uTo JIyHa BpaImacTcst BOKPYT
CBOCH OCH Tak, YTO MEpHoJ e¢ 000pOTa B TOYHOCTH COBIAJACT C Ic-
PHOIOM €€ BPAIICHUS BOKPYT 3eMJTu? DTO, KOHCUHO, TaK, HO HOYCMY ?

Ha mocneannit Bonpoc ectb npocToil PU3HYECKU OTBET: HOTOMY
YTO Macchl mopod BHYTpH JIYHBI pacmpeeiacHsl HEPAaBHOMEPHO WA
ec popma He coBceM mapooOpasHasi..

B camom aene, B ueHTpe Tsorectu JIyHBI, Kak U B JIFOOOM CITYTHH-
K€, CBOOOJHO BPAIIAFOIIEMCS BOKPYT 3E€MITH, CHJIA MPUTSHKCHUS 3eM-
7Y TIOMTHOCTBIO YpaBHOBEIICHA LEeHTpoOekHOoH cuioil. Ho ta wacte
JlyHBI, KOTOpasi HAXOTUTCA OMmKe K 3eMiie, 4eM LICHTP TSDKECTH,
JBIDKETCS IO MEHBLIEMY PAJNyCy, CICA0BATCIBHO, CHIIA TIPUTSHKCHHUS
3emin 3aech OyaeT Ooblie, a HEHTPOOCKHAS cuia OyaeT MCHbIIE, U
aTta 4yactp Jlyner Oyzmer mputsruBathest K 3emie. Ha nporuBomonox-
HOW CTOPOHE BCE HA0OOPOT, TaM paanyc OOIbIIE, IEHTPOOCKHAS CHUITa
Oomnblue, a TPUTHKEHUE 3eMIIM  MEHbIIC. Ta 4acTh OTTAJIKUBACTCS OT
3emnu. ITO BO3MOXKHO JIUOO B TOM CIy4ae, €CNHA MEKAY STHMH dac-
TIMH €CTh HE IOJHOCTBIO 3aIlOJHCHHOE MPOCTPAHCTBO MM Oojee
Jerkue moponsi, T. €. ecnu JlyHa BHYTpH HMEET ranrtencoOpasHoe
pacnpenencane mace (puc. 6.13), mubo, uto Gomee BEPOATHO, €CIU
¢opma JIyHBI HECKOIBKO SIITMIICOBHIHAS HIIA MIPOCTO OJHA €€ CTOPO-
Ha HECKOJBbKO BhIIyKia (popmer rpyrum).
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Semiist

Puc. 6.13. Cwibl, JieficTBYIOMIE HAa CIIYTHUK, HMEIONIIl TaHTe/Ie06pa3Hoe
pacrpe/e/ieHne Macc

Jto o3Hauaet, 4to JIyHa, HE3aBUCHMO OT HCTOPHH CBOETO MPOKC-
XOKACHUSI, — OTOPBABIIKCH OT 3EMJIU WJIA TIPUOBIB U3BHE, UMEs TIEP-
BOHAQYAJIBHOC BPAIICHUE, HAYHET MMOCTCIICHHO 3aMEIJISATh BPAIICHUC
BOKPYT CBOCH OCH, 3aTeM, MPEKPATHB BPAIICHHUC BOKPYT OCH, OyaeT
KONeOaThCsl BOKPYT HEKOTOPOrO PAaBHOBECHOTO IMONOXKEHHS, IOCTE-
MEHHO yCrokauBasick. M naxke ceromns, eciu Obl yAAI0Ch C BHICOKOM
TOYHOCTHIO COMOCTABUTh MKy COOOM aMILIMTYAbI 3aTYXAMOIUX KO-
ncOanuii JIyHpI BOKPYT PaBHOBECHOTO IMOIOXKCHUSI, MOKHO OBLTO OBI
HE TOJBKO OMPEACTUTh ACMI(HUPYIOLIYIO COCTABILIOIIYIO KONeOaHUH,
HO H, DKCTPAIOIUPYsI HA3ad, OMPEACIUTh MOMEHT Bbixona JIyHbI Ha
cBoro opOuty. IlosTomy coBmagenue nepuona BpatucHus JIyHBI BO-
KPYT CBOCH OCH C IICPUOIOM €€ BPAIICHUS BOKPYT 3EMJIH SBSICTCS HE
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MPUYHHOH TOTO, YTO €€ OJHA CTOPOHA BCErAa MOBEPHYTA K 3emie, a
CIICACTBUEM €€ CTPOCHUSI.

3HAYUTEIBPHO XYXKE ACTO OOCTOHT C BBISBICHUEM HPHUYHMH BIUS-
Hust JIyHBI Ha 3eMHBIC COOBITHS, 0COOCHHO HA UX HETATHBHYIO YacTh.

BesycnoBHO, BakHEIIIEE 3HAUCHHUE UTPACT BIMSHUC MPUTSLKCHHUS
Jlyns! Ha okeansl 1 Mopst. Croza ke MOXKHO OTHECTH M MPHIUBOOOpa-
syromee BausiHue JIyael Ha 3emuyro armocepy. Ho mpudiem Tyt myH-
HbI¢ acTpobmemsl u ocserieHHocTh Jlyner Comuuem? Tem HE MeHee,
30€Ch MOXKHO TAKXKE BBICKA3aTh HEKOTOPBIC MPEANOI0KCHHUS.

Cam daxT TOro, 4T0 MOJABISIOMIAS YACTh JIYHHBIX acTPOOIeM Ha-
XOIUTCS Ha Okaliiell K HaM CTOPOHE, TOBOPHUT O TOM, YTO 3€MHOC
MPUTSDKECHUE CIIOCOOCTBYET BBIPHIBY 3QUPHBIX CTPYH HMEHHO Ha 3TOH
CTOPOHE, HaNpUMEp, BCICACTBUE MPUTSHKCHUS 3EMIICH VINTOTHEHHBIX
Macc 3¢upa mo Tumy Toro, kak JlyHa mputsaruBaer k ceOe 3EMHYIO
atMocdepy. Ho 310 ke 3naumr, uto u Jlyna, B cBoro ouepenn, OyaeT
CTUMYITHPOBATh BBEIPBIB TAKHX KE CTPYH M3 3eMIH, a 3TO O3HAYACT
OTIPEIENICHHYIO BOBMOKHOCTD MPOTHO3UPOBAHUS MMOJOOHBIX COOBITHI
Ha 3eMIie, 4TO MOXKHO M HYKHO UCIIOIIb30BAaTh B MPAKTUKE MPOTHO3HU-
POBaHUS HA3EMHBIX COOBITHH.

OcsemieHHas cropoHa JIyHBI OoTpaskaeT k HaM COJHCYHBIN CBET,
HO TOYHO TaKKE€ OHAa OyAeT OTpakaTh u Jr0Obie (hOTOHOOOPA3HBIC
CTPYKTYpPHI, KOTOpBIC nocknaroTcss ComHIIEM BO BCE CTOPOHBI U CYIIE-
CTBOBAaHUC KOTOPBIX OOHApPYKUBACTCS HAOMIOACHUSAMH 3a OTKIOHC-
HISIMH JTA3CPHOTO JIy4ya OT HehTpansHoro monokenus (puc. 3.4). Ho
STH K€ BUXPEBBIC 3(IUPHBIC CTPYKTYPHI, co3nanHble ComHIeM, nomna-
Jas Ha JlyHy W 4acTHYHO MOrJOIIASCH €10, OYAYT CTHMYIHPOBATH
pazButHe (PUPOIUHAMUICCKUX MPOLIECCOB B €€ TENE, T.C. BHIPHIBOB
3()UPHBIX MOTOKOB, KOTOPBIE MOTYT AJOCTUTAaTh MOBEPXHOCTH 3EMITH.

Taxkum oOpa3zom, mpu pa3pabOTKE METOIOB MPOTHO30B HEraTHB-
HBIX SIBICHUHA HA 3eMJIC CIIEAYET YUECTh H MHOT'OBEKOBBIN aCTPOJIOTHU-
YECKHUU OMBIT APEBHUX HAPOJOB, Pa3yMEETCs, KPUTHUICCKU €ro Imepe-
paboras.
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6.5.5. Mexanusm 6030eiicmeus zeonamozennozo usiyyenus Ha
KOCHOe U Jcugoe 8eyecmeo

B ocHOBe Bcex IBMKEHHI BO3AyXa B aTMOC(Epe JIKHUT €ro BHYT-
PEHHsISL TEILIOBAsl 3HEPrus, T.6. KMHETHYECKAsl DHEPTHsl TEINIOBOTO
JBIDKEHUS ero MOneKysl. CKOpOCTh 3ByKa B rase Vi, CBSI3aHA CO CPEA-
HEU CKOPOCTBIO TEIJIOBOTO ABMKCHHUS €0 MOJEKYJT Vp IPOCTBIM CO-
OTHOLIEHUEM.

V,; = 0,8vr (6.17)

Jlnst Bosayxa npu Temneparype 20°C ckopocTh 3ByKa COCTABIISET
330 m/c, a cpexHsisi CKOPOCTh TEIUIOBOTO ABMYKCHHsST MOJIEKy1 — 412
m/c. IMEHHO 3TO TEIIOBOE ABIKCHHE MOJICKYI CO3JacT AABJICHHC
BO37yXa, KOTOPOE HA YpOBHE 3eMyu coctasisier /760 MM pr. cT. mwnn
10’ Ila, a 3HEProCOACPIKAHKE TCIIOBOTO JBHKCHIS MOICKYT BO3LY-
Xa, 3aKIIOYCHHOTO B OJHOM KYOMYECKOM METpe o0beMa COCTaBISET
10° ix/v.

Huxkakoe camompon3BoibHOE ABIKCHHE BO3ayxa (BETpHI, ypara-
HBI) TIPU STHUX YCIOBUSAX HE MOXKET MPEBBICUTH CKOPOCTh 3BYKA, HX
MaKCHMalIbHAsI CKOPOCTh BCErAa B HECKOIBKO Pa3 MEHBIIE, MOTOMY
YTO B HUX Xa0THYECKOE TEIJIOBOE ABMKCHHE MOJECKYJT BO3AyXa Ipe-
o0pasyeTcs B YHOPSIIOYCHHOE ABIDKCHHE MACCHI Ta3a, SHEPTUs KOTO-
poro oTOHpaeTcst y dHEPrHM TEIIOBOro ABrbKeHUs. OOmmii GamaHc
SHEPTUU BCErJa COXPAHSICTCS.

TII0THOCTS BO3AYXA COCTABISET, mpuMepHO, 1 kr/m°. B yparanax
JBWDKCHHE BO3OYyXa CO3JACT HA MPEMATCTBHS JABICHUE TAKOH BEJH-
YHMHBI, 9TO BBIKOPYEBBIBACT JCPEBbs M pa3pyluaet moctpoiiku. Ho B
s¢upe mapameTphl JPYrue. MIOTHOCTh 3¢Hpa B OKOIO3EMHOM MPO-
crpancTBe coctasaser 8,851072 kr/m>, 3aT0 CKOPOCTH 3BYKa COCTAB-
msier 4,3410% m/c, mosToMy gaBicHHE B 3(Upe COCTABISET MOPSIKA
1¢° 7l_[a, T.¢. Ha 32 mopsiaKa OONbIIe, YeM AABICHUE BO3AyXa. JTO JaB-
JICHUE HUKAaK HAMH HE OLNYIIAETCS MO TOH K€ MPUIMHE, YTO U JaBJIe-
HHC BO3AyXa: BHCIIHHEC W BHYTPCHHHUC AABJCHHS YPABHOBCLICHBI.
OmymaroTess TOMBKO TPAAMCHTHl JABJICHHH, KOTOPBIC CO3XAIOTCS
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JBYDKCHISIMH BO3AyXa WK 3¢upa. A MOCKOIBKY IIIOTHOCTh 3dupa Ha
11 nopsIKOB MEHBIIE, YEM IUIOTHOCTh BO3AyXa, TO M MPSIMOC JAABIIC-
HUe 3(PUPHBIX TOTOKOB HA MPEHSITCTBHS, KaK MPABUIIO, HE OLIYINACT-
col.

Hpyroe neno, rpaJUCHTHI JABICHUA, BO3HUKAIOIIUE IPU OOKOBOM
BO3/CHCTBAM MOTOKA rasa — BO3Ayxa wid 3(dupa HA OPEHSATCTBHC.
VYparaHHbiii BETEp CHOCUT KPBIIIH HE MOTOMY, YTO OH HA HHUX JaBUT
CBOEH Maccoi, a MOTOMY, 4YTO IOTOK BO3AYyXa TOPMO3UTCS O KpBIILY,
YTO YMCHBINACT JABJICHUC HA BEIHYMHY MPOHOPLMOHAIBHYIO KBaapa-
Ty Pa3HOCTH CKOPOCTH y MPEHATCTBUS (KPHIIIN) U B CBOOOIHOM TIPO-
CTpPaHCTBE!

fv)°
AP=—p——. (6.18)
2

Ckopocth Betpa B yparanax gocruraet g0 30 m/c, T.e. mouru 0,1
oT ckopoctH 3ByKa. ITpu 5ToM Ha 1 M® MOBEPXHOCTH MPCIISTCTBHS
neicreyer Ookosoe gasienue B 450 H, unum, uro TO ke camoe, cuia
mopsiaka 45 kr. [lonstTHO, uTO Ha KpbIiny mioiaabio B 20 KBaApaTHBIX
MeTpoB OyaeT aeticTBoBaTh cuia B 1 ToHHY BenmuuuHOi. OHA U CpBI-
BACT KPBIIILY.

B a¢upe motHOCTS 3dupa cocrasssier Ha 11 MOPSIKOB BETUIHHY
menbpmyto. Ho ckopocts B 0,1 ckopoctu 3ByKa B 3upe cocTaBisieT
yixe Bemmunay B 107 m/c. A Toraa Gokosas cuia, AciiCTBYIOIAs Ha
KK KBaIPATHBIN METP HMOBEPXHOCTH, COCTABUT yike HE 45 kr, a
10°%-10?" kr, T.e. MHOTHE MHIIHAPAB MIITHAPIOB TOHH. KOHEUHO,
9TO OPEACIbHBIC BEAHYMHBI, U B PCATBHBIX MPUPOIHBIX 3S(PUPHBIX
BHUXPSIX TaKUX CKOPOCTCH M COOTBETCTBCHHO TAKUX CHJI HC OBIBACT.
Ho Bce xe...

BokoBast cuia Bcerga HampaBiiCHA MEPICHAMUKYISIPHO 001yBac-
Mot mosepxHocTH. [losToMy 3¢HpHBII BUXPH, BRIXOJAIIUI U3 3¢MIIH,
CO3/JaCT HA MOBEPXHOCTHU MPEMATCTBUS CUJIY, HAMPABICHHYIO K LICH-
TPy 3eMiid, U MPESIMET, MOMABIIUN B 30HY ACHCTBHUS TAKOrO BUXPS,
caMoJIeT Wi KOpaOjb MOJYYHUT YCKOPCHHE BHHU3, K MOBEPXHOCTH
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3eMIIK MM KO JHY MOpsI, 4To OyaeT 1t Hero 3G ¢peKToM YBEIUICHUS
rPaBUTALIMOHHBIX CHII, XOTsS UX MPHPOJA COBEPLICHHO Apyras (pwc.

6.14).

F =4PS

Puc. 6.14.HanipaBJieHne CIUTHI TPaNeHTHOTO MOTOKA 3(pHPHOTro BUXPSI PN
B3aHMO/IeiiCTBIN ¢ METAINIHYIECKOIl [I0BEPXHOCTHIO

Craeayer oTMeTUTh, YTO Takas cuna mpu OOKOBoM oOayBe Oyaer
JICHCTBOBATh HA METAIIMYCCKUE IPEAMETHI ¢ OOBIICH CHUITON, YeM HA
MPEIMETHI HC METALTHYCCKUC. Y MCTAIJIOB CYHICCTBYET TaK HAa3bI-
BacMas «@oBepxHOCTE Depmu», cocrosmas w3 3JICKTPOHOB, TOXKC
BHUXpEH 3¢upa, HO TOCTATOYHO ILIOTHBIX, TOITOMY BHEIIHUE d(PUpHBIC
MMOTOKH HE MPOHHUKAIOT BHYTPh MCTAIA, & CKOJB3AT BAOIH UX IIO-
BEPXHOCTH, HECKOIBKO 3aTOPMAXKUBASCh. |OpMOKEHHE 3(UPHOrO
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MOTOKA B BUXPE, BBIXOJIIICIO U3 3€MITH, BONM3H METAIIIMYECKOM TO-
BEPXHOCTH H CO3JACT IPAANCHT CKOPOCTH 3(Upa; ¢ HIKHEH CTOPOHEI
— CO CTOpPOHBI BUXps JaBiicHHE >(Upa YMCHBIIACTCS, a HA BEPXHEU
CTOpOHE COXpaHseTcsi MOJHOE craTmyeckoe nasiecHue. Cozmaercs
Pa3HOCTh JaBjicHUM 3(hUpa U COOTBETCTBCHHO CHJIA, BO3ACHCTBYOLIAS
Ha BECh MPEIMET U MEPEMCINAIOIIAS €T0 BHU3.

[TonoOHBIM ke 00pazoM MOXET ObITh OOBSCHEH U (hakT mepeme-
IMIEHUS TIPEAMETOB IpU moiTeprefictax. B momrepreficrax, xpome
TOro, 3(UpPHBIE BUXPHU COOMPAIOT MOJEKYJbI BOIBI, BCCrAA COACpIKA-
HICHCs B BO3AYXE, B KAILUIM, & KAIUIH B MOTOK WIH B JIY>KH MOJOOHO
TOMY, KaK B CTaKaHE 4yasl IpH MOMEIINBAHUH JIOKCUKON YAHHKHA COOH-
paroTcs Ha JHE B LICHTP CTaKaHa.

VY H30mHOHHBIX MATEPUAJIOB MOBEPXHOCTE DepMH OTCYTCTBYET,
31aech 3(UPHBIA MOTOK MPOHHUKACT BHYTPb H30JTOPA M BO3ACHCTBYET
Ha MOJICKYJIbI, CIBUTAS X MO-PA3HOMY, B 3aBUCHMOCTH OT UX MUJCI,
T. €. IUIOLAAY MOMNEPEYHOr0 CEYCHHS. 3AECh OCHOBHYIO PONb HAYH-
HAIOT UrPaTh HE TOJNBKO CHJIBI OOKOBOTrO 00AYBA, Pa3BOpPAUMBAIOIINC
MOJICKYJbI, HO M CHJIBI JIOOOBOT'O COMPOTHBICHHS MoJekyn. U Te, u
JPYTUE CUIbl COBUTAIOT MPEAMET, Ae(POPMUPYIOT €ro BHYTPECHHIOK
CTPYKTYPY U IpH OOJBIINX 3HAUYCHHUSX MOTYT Pa3pyLIUTh €ro.

ITUM MOXKHO OOBSCHHTH BO3ICHCTBHE T'PaJUCHTHBIX 3(PUPHBIX
MOTOKOB HA YKMBbBIC OPTaHU3MBbI, KOTOPBIC COCTOST M3 BOABI U Pa3IHy-
HBIX BemecTB. Pa3Hbie MOJIEKYIbI CHBITHIBAIOT PA3HBIC CHIIBI, MIO3TO-
MY HampsrarTcs MEKMOJCKYISPHBIC CBS3H, H3MEHSCTCS XOJ XUMHU-
YECKHX MPOLIECCOB B OpPraHM3Max, MEHIETCS CTPYKTypa OHOMOEH,
OLIYIICHUE HE U3 MPIATHBIX. A MPH 3HAYUTEIBHBIX TPATUCHTAX CKO-
pocteli 3QUPHBIX TOTOKOB CHITBI CTAHOBSATCSI COM3MEPHUMBIMH C CHIIa-
MU MEKMOJICKYISIPHOTO, XUMUYECKOTO H JAXE SIACPHOTO B3anMOJCH-
CTBHI. DTH CHJIBI CIIOCOOHBI Pa3ApOOUTh OPraHU3M Ha MOICKYJIBI, Ha
aTOMBI M AK€ Ha HYKIOHBI. OpraHu3msl HCUE3aI0T, TPYIOB HE OCTa-
ercsl. ..

Ha ocHoBe 3(upoguHaMHUECKUX MPEACTABICHUIA MOXKET OBITh
OOBSCHCH M MCXAaHHM3M CBCUCHHS BO3AYXa, €r0 HOHHM3ALWU H, KaK
CIICACTBUE, MOKUTA TOPIOYHX Ta30B.
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JIroboit moTok a¢hupa BCeraa 3aKpyyueH, MOTOMY YTO B €T0 OCHOBE
JIGKUT BUHTOBOC JIBIDKCHUE 3(Upa B MPOTOHAX U 3JEKTPOHHBIX 000-
Joukax atomoB. Ilox BO3ACHCTBHEM IPaIUCHTOB CKOPOCTCH BUHTOBO-
ro MOTOKa 3¢Hpa MOICKYJbI a30Ta M KHCIOpOAa BO30YKAAKOTCS, HO-
HUBHUPYIOTCA U HAYUHAIOT CBCTUTBHC. B OPUHIOUAIIC, 3TO CBCUYCHUC OT-
HOCHUTEIIBHO XOJIOJAHOE, HO NPH BBICOKOW HMHTCHCHBHOCTH 3(HUPHOrO
IOTOKa TCMIICpaTypa MOXKCT NOAHATHCA, TOrJa TOPHOYMUC ra3bl BOC-
IJITAMEHSTCS, U IPOU30IAET B3PbIB.

Taxum obpaszom, 3GUPOJUHAMUYSCKUH MOIX0A K I€OMaTOreHHBIM
SIBJICHUSAM ITIO3BOJISICT, XOTA 6]:1 B IIPUHOUIIC, MOHATh UX MCXaHU3M, a
3HAYUT, U OOJICE CO3HATEIBHO MOJAONTH K METOJaM UX OOHAPYKCHUS U
MMPOrHO3UPOBAHUS, a AANICC — K HEUTpaIU3auu WId, XOTS Obl, MHHH-
MHU3alI BO3MOKHBIX HCTATHUBHBIX HOCHCI[CTBHﬁ.

Buvieoowt

1. Ipoucxoxaenue 3emin, Kak u Beex miaHeThl COMHEUHOH Cuc-
TEMbl, HCOOXOAUMO PaccMaTpPHBaTh B €IUHOM IpoLecce ¢ 00pazoBa-
uueMm u opmupoBanuem Comuua. Packpyrka ConHua 3upHBIM BET-
POM U YCKOPEHHE BPAIUCHHS 32 CUET IPABUTALMOHHOIO CHXKATHUS IO-
3BOJISICT TMPOSICHUTh MPOUCXOXKACHHUE IUIAHET W 3aTEM HapalluBaHHC
“MU OPOUTATIPHOrO MOMCHTA 3a CUCT Pa3roHa ux 3(pUPHBIM BETPOM

2.. 3emist, KaKk U BCE HEOCCHBIC TEA, HEMPCPHIBHO IOTJIOMIACT
3(Up KOCMHYECKOr0 MPOCTPAHCTBA, 32 CUET YEro PacLINpsIETCs], B HEH
MPOMCXOAUT 00pa30BaHKE M3 MOIJIOMICHHOTO 3QHpa HOBOTrO BEINECT-
Ba, KOTOPOE BBIXOAMT BOBHE B BHIC pu]PTOBBIX XpeOToB. 10 31O KE
MPUYHHE TPOUCXOTUT CYOAYKIUS MOPCKOTO JHA IOJ MAaTCPUKOBBIC
ITHTEHL, CIIPEAVHT MAaTEPHUKOB, HEIPEPBIBHBIN POCT HANPSDKEHHOCTH B
3eMHOM KOpe, ropoobpaszoBanue u 3emieTpsiceHus. [lpeamonosku-
TENBHO, MOrJOLICHHE S(Upa BpalNarOMUMUCI HEOCCHBIMH TEIaMH
SIBIISICTCS] IPUYUHOM MOSIBJIICHHUS Y HUX MAarHUTHOTO TOJS.

3. D¢upHEIi BeTep, 0OxyBarOMUI 3EMITIO, MPUBOIUT K HEPABHO-
MEPHOCTH pacnlpelesiCHus JaBICHU 3(upa Mo MOBEpXHOCTH 3EMIIH:
Ha CeBepe aasneHne 3¢upa Oonblne BCICACTBUE TOPMOXKCHUS dPup-
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HOTO MOTOKA, B 30HC OOTEKAHMSI MCHBIIC BCICACTBUE HATHYHS TPaIH-
eHTa ckopoctd, B HOHOM momymapuy HmpOUCXOIST OTPBHIB MOTOKA
3¢upa u 0OpazoBaHUEC MPUCOCAUHECHHOTO TOPOUIAIBHOIO BHUXPS, KO-
TOPBIA 3UMOH 3aXBaThIBACT BO3AYX. YueT o0ayBa 3emau 3(QUpHBIM
BETPOM, Kak U Bceld COMHEYHOH CHCTEMBI, TIO3BOMSIET OOBICHUTD BCE
OCHOBHBIC 0COOECHHOCTH (hOPMBI 3EMITH — BBITIHYTOCTh K CEBEPY, Ha-
avyue OOnpIION MoBepXHOCTH cyimd B CeBEpHOM MONYLIAPUH U HE-
KOTOpBIC SIBICHUS TUMa 0oJee XONOTHOrO KIMMaTa U HAITHMYUE JICI0-
BOr0 MaTepuka AHTapKTUABI, BOSHUKHOBCHHS Oypb 3UMOH B paiioHE
«PEBYIIUX COPOKOBBIX> LIHPOT.

4. 3emtst, Kak 1 Bce HEOCCHBIC TEMA, MOTIOALCT 3(up, 3a CUET Ue-
ro pacmmupsiercs. [Ipumepro 3,5-4 mapa. nmer Tomy Hazax 3emis
MpeAcTaBsIa coOOi MIAHETY MEHBIIETO pa3Mepa, MOBEPXHOCTh KO-
TOpPOH MpeAcTaBisiia coboil eANHYI0 KOpY, KOTOpas 3aTeM PacKomIo-
Jack Ha coBpeMeHHbIe MaTtepuku. C Tex mop 3eMisl paciuupsercs, U
STOT MpoLecC MPOoAOoKaTes M ceivac. M30biTrounslii s¢up B Teme
3eMIIK YaCTUYHO MpeoOpasyeTcsl B BEIIECTBO, YACTHYHO — B YILIOTHE-
HUSI, KOTOPBIEC 3aTeM MO0 MCIYCKAKOTCS B BHAC 3aKPYUCHHBIX MOTO-
KOB, 00pa3ysl r€ONaTOr¢HHbIC 30HBI, JINOO BBIPHIBAIOTCS M3 Teaa 3eM-
71, 00pa3ysl KOMETH U OCTaBJISIsI HA MIOBEPXHOCTH 3EMIIU CICABl B BH-
JIe acTpolIieM.

5. B cBsa3u ¢ TeM, uro 3emiis HEMPEPBIBHO MOTIOMACT 3up u3
OKPY’KAIOIIETro €¢ MPOCTPAHCTBA, B HEHl HEMPEPHIBHO 00pa3yeTcst HO-
BOC BCLICCTBO, CO3AAOLICE HAMPSIKCHHOCTH B MOPOAAX, M, CICAOBa-
TEIBHO, CEHCMUYECKHE SBICHHUS OYIyT MMETh MECTO BCEria, IMoka
3eMIIsl CYLNECTBYET Kak IUIaHeTa. 10 e OTHOCHUTCSI M K T'eONaTOrcH-
HBIM 30HaM.

6. Touno Tak »xe, kak JIlyHa OKka3plBacT BIMSHHC HA MPHIUBHI U
OTJIMBBI BOABI B MOPSIX M OKEaHAX, OHA OKA3BIBACT MOJZOOHOE JKE BO3-
Jeiicteue U Ha atMocdepy u Ha 3¢dup, coaepxkamuiics B 3emau. [lo-
STOMY OT MOJ0XKEHUs1 JIyHBI OTHOCHTEIBPHO 3EMIIH 3aBHCUT M AKTHB-
HOCTb CCHCMHYCCKHX MPOLIECCOB, U aKTHBHOCTh I'€OMATOrCHHBIX 30H.
Touno Tak >xe u 3emist okassiBacT Ha JIyHy mog00HBIC KE BO3ACHCT-
BHsI, HO TaM OHH MPOSIBIIIOTCS TOJNBKO Ha 3(upe, coaepKaieMcs B
tene Jlyasl. IMEHHO 3THM M MOXET OBITh OOBSICHEHO TO 0OCTOSTENb-
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CTBO, YTO MOAABIIIOLICE OOMBLIMHCTBO acTPOOIEM HAXOAMUTCS Ha
Jlyne co croponsl 3eMiH.

7. TeonaToreHHOE U3IyYICHUE OKA3bIBACT HA BCE JKUBBIC CYLICCTBA
HETaTHBHOE BIWSHHE, MOATOMY €ro HaJo nubo m3berath, OO HEW-
TpPaIM30BaTh IyTEM PACCCHBAHHSL.
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3aknoyeHue

B xocMmomornu ATUTENBHOC BpEMS LIIa U CCHYAC MPOIOIKACTCS
6oprba MEXITY IBYMs KOHIECTIHUAME Oim3koaciicteus (ot Jlekapra) u
mansuogcticteus  (or Herotoma). B coorserctBum ¢ mepBoit
B3aUMOJCHCTBUE MEXKIY TEIAMH MOXET MPOUCXOJUTh TOJBKO
MMOCPEACTBOM MPOMEXKYTOUHOM cpeabl — 3dupa, B COOTBETCTBHH CO
BTOPOM — HEpe3 MyCcTOTy. B HACTOAIIEE BpPEMS TIIABCHCTBYCT
KOHICTILIVST  JaIbHOJACHCTBHSI, OTBEPramoiasl CyICCTBOBAHUEC B
MPHUPOAE MAaTECPUATBHON KOCMUYECKOH cpeabl a¢upa.

CymecroBasiuue 10 20 B. npeacrasneHus o BeeeHHOM B cBOCH
OCHOBC 0a3upoBaiiCh HAa HBIOTOHOBCKUX MPCACTABICHUIX O
MPOCTPAHCTBE U BPEMCHH U OCCIPEICIBHOCTH PACIPOCTPAHCHUS
HBIOTOHOBCKOTO BCEMHpPHOr0o 3aKkOHa TATOTCHUS, HO HE CMOIIIH
OOBSICHUTh HEKOTOPBIX TaK HA3BIBACMBIX KOCMOIOTHYCCKUX HapagoK-
COB — (POTOMETPUYECKOr0, TPABUTALMOHHOTO H TEPMOJUHAMUYIC-
CKOro. JTO OBLIO CBSI3aHO C META(pU3UUCCKUM OTPAHHYCHUEM 3THX
MapagoKCOB, HE YYHUTHIBAIOIIMM HH BHYTPCHHETO MEXaHW3Ma, HU
COIMYTCTBYIOMIMX UM siBlicHUH, OJHAKO BMECTO MOUCKOB (PU3NUICCKUX
M METOJOJOTHYCCKUX IMPUYMH BO3HMKHOBEHHS MApaIOKCOB (pu3uku
yke B 20-M B. mpeanowin CBECTH OOBSICHCHUS K (PCHOMCHOJIOTHH, T.€.
K IPOCTOMY OMHUCAHUI0 KOCMHUYCCKUX SIBJICHUN U K IPOCTPAHCTBEHHO-
BPEMCHHBIM HCKQKCHUSM, BBITCKAIOLINM M3 dWHIITCHHOBCKOM OOMIeit
TEOPUHU OTHOCUTEIBHOCTH

B coBpemenHOIT Hayke 0 BceneHHOM, B KOCMOJIOTUH U KOCMOTO-
HUU TJIaBCHCTBYCT HACAIMCTUYCCKAS METOAOJIOTHS, OCHOBAHHAs HA
MPOU3BOIBHBIX MOCTYyaTaX Teopuu OTHOCUTEIbHOCTH A.DWHINTCHHA.
B coorBerctBHM ¢ 3THMH TEOpHsAMH BceleHHAs BO3HHMKIA B
pe3ynbrate Bompmoro B3peiBa CHHIYISIPHOW Oe3pa3MEepHON TOUKH, B
KOTOPO# pa3memanack Bcs Macca Beemennoit, u ¢ Tex mop Beenennas
pacIiupsieTCs.

IIpu 3tom kakue-muO0 APYrve OOBSCHCHHUS TEX JKE SIBJCHHIA
UTHOPUPYIOTCS U OOBSIBIISIFOTCS. CHKCHAYYCHBIMID.
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CoBpeMeHHBIE KOCMONOTHS W KOCMOTOHHSI OTBEpraror >¢up u
OMyCKAIOTCS MO NPSIMOH JDKH, OOBSBISAI <«HE NPU3HAHHBIMI» U
«DKEHAYYHBIMU» PE3yIbTaThl padoT mo 3(QUPHOMY BETPY, KOTOPBIHA
ObLT  OOHApYXEH psIOM HCCIeIOBaTelNcii, B TMEPBYIO OYEpeIb
H.KMumtepom B 1921-1925rr., TeM cambiM, ¢ OJHOU CTOPOHBI,
COBepIIas HAy4YHbI MONTOr, a C JOPYrOW CTOPOHBI, JHUIIAs ceOs
BO3MOXKHOCTH Pa3o0paTbcs B PEaabHBIX MEXaHHU3MAaX KOCMHYECKHX
SIBIIEHUH.

XoTss B aCTPOHOMHHM HAKOIUICH OONBIIOW HAONIOJATCIBHBIN
Matepuai, OH (aKTHUSCKH HE HUMEET MOA CO000H (hU3MIECKUX
OOBSCHCHHI MPOMCXOMAIINX B KOcMoce siBIcHUH. DakThuecku u
KOCMOJIOTHSI, B KOCMOTOHHSI OTKA3aJUCh OT IOHCKAa MEXaHH3MOB
KOCMUYECKUX SIBJICHUI W 3allId B TYNHK, KaK W BCS OCTalbHAs
TeopeThuieckas pu3uKa.

Beixoa u3 kpuzuca KOCMOIIOTHH B KOCMOTOHUH, TAKXKE KaK U BCeH
TCOPETUUCCKONW (PH3MKM MOXKET OBITh TONBKO Ha MYTSAX BO3BpaTa K
MaTEPHATHCTUYCCKON METOJONIOTUH U BO3BpaTa K KOHUEHIMH 3dupa.
JTO MO3BONUT MO-HHOMY B3IJISIHYTh HA BCIO MPOOIEMy, pa3pellinTh
BCE KOCMOIOTMYCCKUE TMAapagoKChl W 3aTPYOHCHUS, CBECTH BCE
KOCMUYCCKUEC SIBICHHWS B CIWHYIO CHCTEMY U  ONPEIACIUThH
(PUBUUECKYIO CYIIHOCTh KOCMUYCCKUX CTPYKTYP H SIBJICHUH.

N3 mpakTHyeckux MEpONpUsATHH B HAcTosIIee BpeMs Haubomee
CYLICCTBCHHBIMH SIBIISLEOTCSL:

B TCOPUH — BO3BPAT K KOHLICHLINH 3upa;

B NPUKIATHON YacTH — MPOBEACHHUE HCCICAOBAHUN 3(PUPHBIX
TCUCHUH HA MOBEPXHOCTH 3EMJIM H B OKONO3EMHOM IPOCTPAHCTBE C
LETBI0 YCTAHOBJICHUS UX BIMSHUS HA 3€MHBIC COOBITHS.
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