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Iocsaujaerca namaru A, [. CAXAPOBA

OT ABTOPA

B xu3HM MHe oueHb Be3sno. CrpallHas Cmupanb penpec-
cuét 1937 roga packpyuyuBanach COBCEM DsOM, OLHAKO Me-
HSi 4 MO ceMbio Bor musnoBas. Boiiny s nmpowen 6e3 enu-
HOrO paHeHHs, XOTsi OOJIbIUMHCTBO Apy3ell NeTCTBAa HE BO3-
BpaTHJHCb AOMOH. B KaMnaHHIO IPOTHB «KOCMOIOJIHTOB»
MHOTHe KOJJIerH OblIM yBOJIEHBl, HO H 3Ta yallla MHHOBaJ/a
MeHsl.

M cpean MHOrux cYacT/IMBBIX NOBODOTOB B MOeH CyAbOe
sipkoil  muThlo npoxomut obuienune ¢ A. JI. CaxapoBbiM.
C HHM 51 IO3HAKOMHJICS ellle 10 BOHHBI, KOTZA Mbl yUH/IHChb
Ha (usHueckoM ¢akyabrere MI'Y, a mocse BofiHEI pado-
taqu B @usnueckom uucruryre AH CCCP (®HAHe).

Cefiuac, korna Bcsl cTpaHa nouuraer Anppes JImutpue-
BHYa, OblI0 Obl B pycJe MOABI Ha3BaTbCss ero japyrom. Ho
yBbl, XOTsl MHOrokpaTHO 3a 50 JeT Hallu NYTH NepeceKka-
JIHCb, Jpy3bsIMH Mbl He ctaju. Jla 1 M He QyMalo, 4To Ta-
Kas spuafimlasg MHHAMBHAyasbHOCTh, Kak A. JI. Caxapos,
morsa Obl HaXONHTbCA C KeM-HHOYAb B TaKHX OTHOLUCHHAX,
KoTopble OOBIYHO ONpefessIoT Kak npyxeckue. Hamwu cBsa-
34 HOCHJIH B OCHOBHOM HayyHBIi XapakTtep (o6cyxKieHue
npo6saeM, o6MeH HaessMH H ctathsiMH). OJHAaKO HHOrJa OHM
BBIXONUJIH 3a Y3KONpOo(eCCHOHaJbHble PAMKH H 3aTparuba-
Jin o6lLledesoOBeyecKHe LEeHHOCTH.

Tak, B cepenuHe mMATHAECSATHIX TOAOB B OJHO M3 BeCbMa
peakux mnoceueHufi Caxapoeim ®MAHa (on yxe Toraa
pa6oTa; B CBEpXCEKPETHOM LIEHTPE KOHCTPYHDOBAHHS BO-
JOPOJILIOro OPY2KHS) y HAac IO MOell HHHLHATHBe BO3HHK J0-
BepHTeJIbHBIA Pa3roBop, CyThb KOTOPOTrO NPeBOCXOAHO OTpa-
xaer MHpoBO33peHHe AHapess JIMuTpueBuua. $I cmpocua
CaxapoBa 0 NpHYHHaX, NOOYNHBIIMX €ro IOCBATHTb CeOf
NpHKJaJHbIM NpobjemMaM, BMeCTO TOro yTroObl 3aHHMAaTbCA
yucToil Haykofi. BocmpousBoxy cyTh ero orera: «[loaa-
raio, yto orcraBaHue Coserckoro Colo3a B CO3ZaHHH BO-
AOponHOA 60MOBI cO3faeT MPeANOCLIIKH [Jisi €ro YHHYTO-
XeHHs. flnepHoe paBHOBecHe cjenaer GOJbLIYIO BOHHY  He-
BO3MOXKHOM H 3TO, BEPOSITHO, NPHBEAET K COJIHKEHHIO pas-
HbIX COLIMAJIbHBIX CHCTEM>.

Hywmaercs, 4To 3TO NpOpPOYECKOe NpeACKas3aHue — OCHO-
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Ba xpymeBCKoﬁ NMOJIHTHKH. Ilosaraio, 4yro H coBpeMeHHasd
nepecTpofika CBsi3aHa C HAESMH, BHICKA3aHHBIMH elle TOr-
na Anppeem IImutpueBnueM. B cepeinHe IIECTHAECATHIX.
rofloB Hayajlach €ro npaBo3alllHTHas AesATeJbHOCTb. Cpeau
MHOTHX BecbMa HEeOXKHAAHHBIX IIOBOPOTOB OHAa HMeJa OLHO
Bd)KHOG NoCJeACTBHE — Caxapoa BEpHYJCA K YHCTOH ¢u-
3fike. B psany pasmenoB 3TOM. HayKH, KOTOPHIM OH NOCBSi-
Thi ce6sl, clelyeT Ha3BaThb B MEPBYI0 OdYepefb KOCMOJIO-
TMI0 — HayKy O IPOHCXOXKJEHHH.H 35BOJIIOUHH BceseHHOH..
1 Ha3Bas ee NepBOH MO ABYM NpHYHHAM. Bo-mepBBIX, MHe
npeacTaBJseTcss, YTO HMEHHO B KocMoJjoruu ycmexu A. 1.
1nau6oJiee BIeyaTJsIOUIHE H, BO-BTOPHIX, HMEHHO B pa3Mblll-
JIEHUSIX O TMYTAX Pa3BUTHA KOCMOJIOTHH Hall¥d HYyTH CHOBA
nepeceksnch. B KocMoJOTHH. ClefyeT, Ha MOH B3ILJAA, OT:
METHTb [Ba €ro pesyJbTarTa:

1. HMurepnperauus 6apHoHHON acumMeTpud Merarasak-
THKH Ha OCHOBE T'HIIOTE3Bl O HeCTaOUJIbHOCTH NMpOTOHA (3Ta
TeMa pasOupaercs B Gpouiiope).

2. B cBoeii nmocsienneii ony6aukoBaHHOH pabGore (XKyp-
HaJ 3KCIHepHMEHTaJbHOH M TeopeTHYecKoil ¢usuku, 1984,
T. 87, c. 375) CaxapoB pasBHBaeT HJeI0 O BCEJEHHbBIX CO
CJIOXKHOH TOnosoruel U 00 H3MEHEHHH CTpeJibl BpPEMEeHH
Npu NpOXOXKAeHHH BceseHHOH uepes CHHIYJSPHOCTb (3TO
noHATHe pasdbsAcHAeTcs paJjee). Celfiyuac ata uaes npHoo-
peTaer 3HAYHTEJNBHYIO NMONYJSPHOCTD.

B ynomsanyroii pa6ore A. JI. CaxapoB BbICKasbiBaer
BeCcbMa HeCTAaHJapPTHYIO TOYKY 3peHHs Ha aHTPONHBIA NPUH-
LK, KOTOPOMY INOCBsLLEHAa 3HayHuTe/bHAs 4acTb OPOLIIOPHL.
On orMernsa: «HekoTopble aBTOpBHI CHHTAKOT aHTPONOJOrH-
yecKHH nmpuHUMI (cefiyac Gojiee NPHHAT TEPMHH <«aHTpOI-
Hblfl npHHUHN». — M. P.) HenJoOXOTBODHBIM H Jaxe He CO-
OTBETCTBYIOLIHM HayyHOMy MeToAy. S ¢ 3TuM He corJaa-
CeH».

M B 3akiioueHHe O HEKOTOPHIX NPHYMHAX, NOOYAHBLIMX
MEeHsl HaIHCaThb 3TO KpaTKoe npejuciaoBue. Ilpu nocaenneit
nawei Geceme, MpOHCXOAHMBINEH mo3jpHed BecHoi 1989 r,
Ol N0XaJ0BaJCs MHe Ha HEAOCTAaTOK BpeMeHH JJis aKTHUB-
110 HayyHOH paboThl H OTPAHHYEHHYIO BO3MOXKHOCTb IOMO-
raTtb JIOAAM. B 4acTHOCTH, OH CKasaJ, YTO HOJIYy4HJ IHCh-
MO OT ABYX CTapyllek, 0ObSIBHBILHX FOJNIOJOBKY B 3HaK NpO-
TECTa NpPOTHB 3aKDHITHA B HX cese uepkBH. OfHako 3aHs-
TOCTb OOLIECTBEHHbIMH [@JAaMH B IOCJEJHHE AHH €ro KHu3-
1M He T0O3BOJIMJIA HENMOCPeICTBEHHO BMEWIAThCS B 3TOT KOH-
(aukT. § Ke co CBOEH CTOPOHBI 1€ OUEHHJ BEJNHKYIO Hjel0
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KOHKPETHOTO «MaJ/Ioro» rymMaHusma (HHOrga HaxoAasillerocs
B TDOTHBODeYHH C Hjeell YCTAaHOBJEHHS <HAEaJbHOTO MO-
psixka» B MHpOBOM Macwrabe) M HHKAaK He IpOpearnpo-
BaJjl Ha ero cJoBa. 7

Xots, Bckope mocse Gecefibl, MHe cTaJja sICHOH MOs 06s-
3aHHOCTb: MOMBITATLCH € HOMolbio 3anucky Caxaposa yaa-
JAMTb 3TOT KOH(DJIHMKT Ha MeCTe, i TaKylo MOMbITKY He Mpej-
npunan. Moe oulymenne BHHB nepei AHapeem ,[[MHTpne-
BHUeM ycyryGiisiercst TeM, 4TO 312 Gecena Gbiia mocieiHei
H HUKOMAA He BO30GHOBHTCA.

B Moem pacnopsiKeHHH NOYTH €IHHCTBEHHAs BO3MOX-
HOCTb, XOTsi Gbl B HEOOJbIIOH CTeMeHH, CMATYHTb 3TO THAXK-
KOe OILyLIeHHe: TIOCBATHTb 3Ty OpoIIIopy, B KOTOPOH usna-
raworcs u ero uaed, Auppeto Imurpuesnuy Caxaposy: '



EBELEHUE

Eme 10—15 netr Ha3aj ka3asnoch GeccnopHBIM, YTO 3BO-
Jiouua Haweld MerarajgakTHKH, Kak LeJOro, onpeaensiercs
HCKJIIOYHTEJbHO CHJIaMH TpaBuTalllu. Pasymeercs, u paHee
NPEBOCXONHO MOHHMMAJH, YTO BO3HHKHOBeHHe B Meraranak-
THKe HEOLHODOJHOCTeH (HYKJOHOB, aTOMOB, 3Be3], U raJjak-
THK) 00653aHO M JADYrHM B3aHMOAEHCTBUSAM 3Ji€MEHTapHBIX
uacTul — caaboMy, 3/1€eKTPOMarHMTHOMY H CHJABHOMY, ONHA-
KO I110J1araJjioCb, 4TO Ha BCEX 3Tanax CBoeil 3BOJIIOLHHU paCUIH-
peHne MeTtaraslakTHKH OnNpejensieTCsl HCKJIOYHTENbHO ypaB-
nenuamMu JfHlTeHHa, T. e. rpaBuTtanuell. KapauunasabHoe
H3MEeHeHHe B MHPOBO33PEHHAX Ha 3BoawilHl0 Meraranak-
THKH npousoumno Ha py6exe 70-x u 80-x romos, Koraa
CTaJI0 NPAaKTHYECKH OOLeNpH3HAHHBLIM, YTO HA CaMbiX paH-
HHX 3TanaX 3BOJIOUHH XapaKTepHCTHKH MeTarajakTHKi
00yCJ0BIHBAIOTCS BCEMH B3aumoaeHcTBUAMH. XOTS 3TOT
NOAXOA H CyLLeCTBEHHO YCJOXKHHJ BeCbMa NPOCTYI0O H Ha-
rAsAnyIo TeopHio, npeasoxennyio A. ®puamaHoMm (cMm. pa-
Jee), OAHAKO Oll yCTpaHHJ oveHb OoJblive €€ TPYLHOCTH
i NPAaKTHUECKH pEUIHJ BaXKHbIH MHPOBO33pEHUYECKHH BO-
npoc 06 OTCYTCTBHH €HHCTBEHHOCTH MeraranakTHkH.

[Tposorom K TakoMy paiMKaibHOMY, MOHCTHHE PEBOJIO-
UHOHHOMY MOBOPOTY B KOCMOJIOTHH TOCJYXKHJ NpOrpecc B
TCOPHH 3JIeMeHTapHbIX 4YacTul. PasBHTHe 3TOH TeopuH M
KOCMOJIOTHH MpPOXOAHJO MapaJ/iieJbHO H B3aHMOCBS3aHHO.
bonee Toro, BO3HHK/Aa COBeplIEHHO HOBas, He HMeollasn
anagoros curyauus. Kocmosorus, koropas Bcerpa Oblia
BeTBbIO aCTPOHOMHHM M TEOpHH TDAaBUTAllMH, OKa3aJack, NO-
BHAHMMOMY, €IHHCTBEHHBIM MOAXOAOM K NpoBepke 00beAu-
HEeHHOH TeopHH B3aumopnefictBuii yactul. [lo cymecrsy, oc-
noBHasg Hied NaHHOH OpPOWIOPLI H COCTOHT B HJIJIIOCTPAllHH
3TOTO MJIOAOTBOpPHOro cuMOHo3a. OnHAKO mpexje yeM MNpH-
CTYNHUTb K TNOCJEA0BAaTEJbHOMY H3JIOXKEHHUIO COBpeMeHHOMH
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KOCMOJIOTHH H ee CBfI3H C YaCTHUAMH, MOJIe3HO MOSICHHTb
yTBep:KAeHHe O pellarouledl poJu KOCMOJIOTHH B THpPOBEpKe
TEOPHH YaCTHI, NOCKOJbKY paHee ObLIO aKCHOMOH yTBepIK-
JeHHe, UTO 3Ta aKUHs — IpeporaTHBa yCKOpHTeJeH.

HanoMHHM oOCHOBHYI0O Haero oGbelAHHEHHs B3aHMOJeil-
crBHil. OObeHEHHAsT TEOpHS [OJKHA XapaKTepH30BaTbCs
€/HHOl KOHCTaHTOH 3Toro BsauMopeiictBusa. C mnepsoro
B3rasga Tnojgo06Hoe TpeGoBaHHMe KaxerTcs abCypAHBIM, NO-
CKOJIbKY BCe YeThbipe B3aHMOJEHCTBHS XapaKTepH3YyIOTCs
CBOMMH OTJHYHBIMH IDYyr OT Apyra KoHcraHTamH. OJgHaKo
3TO yTBepXKJeHHe KapAHHAJbHO HeBepHO, MOCKOJBKY TO,
4YTO OOBIYHO Ha3blBaeTCcss KOHCTAHTaMH B3aHMOJeHCTBHH, OT-
HOCHTCSI K HH3KO3HepreTHYeCKOMy Ipejeny, T. €. K B3aHMO-
ReACTBHIO YaCTHL B OOBIYHBIX 3€MHBIX H aCTPOHOMHYECKHX
yClOBHSAX, KOrja TeMrnepatypa I HeBeJlHKa, a 3Heprus ua-
CTHIL CpaBHHMa C HX Macco# nmokos. OpHaKo NpH yBeJHYe-
HHH HX SHEpPrHH BeJHYHHBl KOHCTAHT MeHsoTcdA. Ilostomy
cefiuac BecbMa ynorpebHTeseH TepMHH «OeryllHe KOHCTall-
Tbi». BeJHUNHBl KOHCTAHT B3aHMOAEHCTBHS 3aBHCAT OT Mac-
Cbl  (HMIyJbCa) YaCTHL-MEPEHOCUHKOB B3aHMOAEHCTBHUA.
OkasbiBaercsi, 4YTO TpH HMIyJabCce (Macce) 4acTHI-NepeHoc-
yukoB =~ 100 I'sB Geryiine KOHCTAHTBI 3J€KTPOMAarHHTHOro
u caaboro B3auMopeicTBuil cpaBHHuBaWTCHA. [loaToMy HMeH-
HO TpH 3THX 3HepPrusx BO3HHKAeT eIHHOe 3JeKTpocjaaboe
B3auMOJeHCTBHe, Teopusi KoToporo Oblia pa3Buta OGoJee
20 ser nasag C. Baiin6eprom, L. T'mawoy u A. Canamom.
Aueprus 100 I'3B BnosiHe «yesioBeyeckasi», LJOCTHXKHMAsA Ha
YCKOpUTEJISIX, H NO3TOMY OCHOBHOE TpelICKa3aHHe 3JIeKTPO-
caaboii TeOpHH — CYILEeCTBOBAaHHE YaCTHI-NEPEHOCUHKOB C
maccoit =100 3B (rak HaswBaemble W*- u Z-6030HBI) —
Obi0 Gsectsiile noAaTBepxkAeHo B 1983 r. B skcmepuMeHTax
Ha YCKODHTeJsX.

OfHaKO KapIHHAJbHO HHas CHTyalus BO3HHKaeT INph
nonmbiTKe 00BEeNHHHTb 3JEKTpocjgaboe M CHJIbHOE B3aHMO-
nefcteusi (Bosbwoe o6bennHenue). Teopus mpeackasbiBa-
eT, YTo Takoe ob6belHHEHHe NOJIKHO NPOH30HTH NPH Macce
uacTHi-nepeHocyHKoB =~ 10'° I'sB. Yro6wl npeacraButh cebe
rPaHJHO3HOCTh 3TOT0 Macuitaba, HallOMHHM, YTO YCKOpH-
TeJib, ONOSICHIBAIOMIHE BCIO 3eMJI0, MOXKeT TeHepHpOBaTk
yacTHLBl C Maccoi, He mpesnatouwei 107 I'sB™*, 1. e. na

* Mbl HCHOJB3yeM 31ech «3Hepretudeckue» eamuuun: 1 T[sB co-
orseTcTByeT Macce =~10-2 r,



8 TmopsAaKOB MeHblle, TpebyeMoii Teopheii* Bosbltoro. 06b-
€ HHEHHSI.

Eule Gosee Bmeuat/isieT BeJHUYHHA MacChl, XapakTepHOM
a1 00belHHEHHs BCeX YeThipex B3aHMOIEHCTBHI (BKJIO-
yas rpaBHTalHI0). 3/leCb BOSHHKAeT TaK Ha3blBaeMas NJaH-
roBckas macca 1075 r =109 I'sB.

Taknm 06pasoM, MOMBITKH HENOCPEACTBEHHOTro oOHapy-
"JKeHHsl 4acCTHI-ReDEHOCYHKOB, OO'be/IHHSAIOIINX TPH H YEeTHI-
‘pe B3auMojelicTBHsA, oOpevyeHrl Ha Heynauy. M sueck muc-
KJIIOUHTE/bHO O6OJblIOe 3HAYEHHEe TNPHHALJEXKHT, IO-BHAH-
MoMy, KocMoJioruu. Bce pesno B TOM, 4TO Ha DaHHHX '3Ta-
nax ssosouun MerarajlakTHKH TeMrnepartypa A0JXKla ObITh
OYeHb BeJIHKa H 1peBbILIaTh (B JHEPTeTHYECKHX eJHHHLAX)
MacCbl YaCTHL-NEPeHOCUHKOB OODbeJHHEHHbIX B3aHMOHEHCT-
Buit. IlosTOMy MopmesnMpoBaHHE INPOLEECOB, NMPOHCXOAAUIHX
11a cCaMblX PaHHHX 3TaHax pa3BHTHA MeTarajlakTHKH, ROJIK-
‘HO CMOCOOCTBORATH IpPOBepKe 00beHHEHHBIX TEOPHH.

‘HEKOTOPBIE ONPEJEJEHUA

Cefiyac B KOCMOJIOTHH CYHECTBYET TE€PMHHOJIOTHUECKHH
xaoc. JTO0 He YJIHBHTeNbHO. TepMHHOJIOrHS, KaK IpPaBHJO,
lle. ycreBaeT. OTCJAEXKHBATh OBICTPO INporpeccHpyloline o06-
JlacTH HayKH. A cefluac KOCMOJIOTHSI HaXONHTCSI Ha mepe-
JOMHOM 3Tale M MO3TOMY €CTeCTBEHHO, YTO K HOBHIM IO-
HATHSAM npHcnocabauBaloT crapeie TepmuHbl. Hanpumep, no
CHX NOp 1Jisl onpejeseHus Habgawogaemoro npubopamu npo-
CTPAHCTBa, 3aNOJHEHHOTO 3Be3JaMH M TrajlaKkTHKaMH, HC-
NoJB3YIOTCS JBa TepMHHA: «MertaranakTukas u «Bcesen-
nasi». Elle coBceM HeLaBHO MNOJaraJjH, 4to Bce Hab.aronae-
Moe eCThb H BCe Cylllee, H IIOTOMY 3KBHBaJEHTHOCTb OOOMX
TepMHHOB KasaJjach ecrecTBeHHOH. OJHAKO OCHOBHOH MH-
POBO33peHUYECKHH IepeBOPOT 3aKJ/I04aeTcs B pa3pyLIeHHH
atoll uaiio3nd. Cefiluac GOJBIIHHCTBO KOCMOJIOTOB YBEpEHBI
(v aBTOp pasjensieT 3TO MHEHHe), yTo HabJwnaeMoe —
JUIb HUYTOXKHAsT YyacTh Bcero cyuero. Iloatomy ecrectBen-
Ho (u ;maxe Heo6x0auMoO, BO H30exkaHHe HeLOpa3yMeHHil)
pasnenuth 06a TepMHHA, COXpaHHMB 3a HalJiozaeMoil 00-
JaacTeio mpoctpanctBa (¢ pasmepom ~ 10?8 cm) HasBaHue
«MeraranakTukas, a Bce Cylllee Ha3bBaTh BceseHHOH.

OnHaKo BO3HHKAeT €CTeCTBEHHBIH BOMPOC: OrpaHHYHBa-
I0TCS JIH 3THMH ABYMsl NOHATHSMH BCE THIaHTCKHe (CpaBHH-
TENbHO C ueJOBeYeCKHMMH Maciutabamu) o6GpasoBanus?
B COOTBETCTBHH C COBPEMEHHOIH KOCMOJIOrHeil (koTopas H
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6yJeT COCTaBJAATb MNPeAMET: NAaHHOH OpelNopbl) MOKHO
TBEpO OTBETHTh OTpPHUATENbHO. Bo-mepBbIX, mo- BHHMOMY,
CYLIECTBYIOT OOBEKTHl, CPaBHHMble IO pa3MepaM C HamieH
MertarajakTuko#, HO C HHbBIMH (H3HYECKHMH CBOHCTBaMH.
Mu 6y11eM TakHe 00beKThl ‘Ha3LIBATb MeTarajakTHKaMu C
MaJieHbKOH OYKBBHI.

. M HakoHel, JOJIKHBI CyIIeCTBOBATb T'MraHTCKue (Mo He-
KOTODBIM OLlEHKaM C pasMepaMu- ~ 108 cm) nyswvipu, xo-
TOpbIE YACTO HA3BIBAIOT MHHH-BCeJEeHHBIMH. M XxoTa noao6:
Hoe coueTaHue, MpHJIaraeMoe K CTOJIb OTPOMHBIM OODBeK-
TaM, eBa JH caMoe yJlauyHoe, Mbl He OyAeM HapyllaThb yCTa-
HOBHUBLUYIOCS B CaMoe MOCJefHee BpeMs TPajuIHIO. -

VOCMOJ'IOI'M‘!ECKI/IE MOJEJ U R

B nepBou YeTBepPTH HAILero. CTOJIETHs YeTKO ccpopvmpo-
BaJIOCh  TIpeJCTaBJeHHe 0 MeraraJjakTuke :Kak -COBOKYIIHO-
CTH 3Be3J]] H TaJaKTHK. B TeuenHe I/IHTEJbHOTO BpEMEHH
MeraranakTika OTOXJeCTBJAJACh cO BceseHHOH,. H. HexO-
TOpbIE OTIOJIOCKH 3THX IIpeJCTaBJeHHH coxpammucr; hilo]
CHX MOp.

IlepBble NOMBITKH ONMHCATb NPOHCXOXKAGHHE H 3Bomoumo
‘MeTarajakTHKH OCHOBBIBaJHCb Ha CHOPMYJIHPOBAHHOM: B
1916 r. o6wei Teopuu oTHOcHTeJbHOCTH — OTO (A. Diin-
wireitn, B. ne Curtrep, A. A. ®puiMaH) H, MO CyLIeCTBY,
MpPeJBOCXHUTH/IH OCHOBHble MOJeJH 3BoJoLHH Meraranak-
TMKH. KopeHHble IpHUMHBl TAKOH «yJauH», B H3BECTHOH CTe-
nenu, nopapox Ilpuponsl, ckoHcTpyHpoBaBlieli MeraraJjak-
THKY MaKCHMaJibHO IPOCTO.

Pacuiudppyem 370  yTBepKAeHHe. YpaBHEHHS OTO
(Bmpouem, Kak u Ji00ble ypaBHeHHS [BHIKeHHs) He Ompe-
NeJISI0T NOJIHOCTBIO 3BOJIOLHIO 00BeKTa B NPOCTPaHCTBE—
BpeMeHHd. Heob6xoauMo 3azaTh ellle HayaJjbHble YCJOBHA.
Kpome Toro, npaBas yacte ypaBHeHuli OTO ompenensiercs
TaKk Has3biBaeMBIM ypaBHEHHEM COCTOSIHHS Marepud B Me-
TarasakTHke, CB3BIBAIOIHM JaBJieHHe p M IJIOTHOCTb 3Hep-
THH €& MaTepHH.

Pasymeercst, HauajbHble YCJOBHS NIPOHCXOXIeHHsT Me-
TaraJakTHKH HHUKTO He 3HaJ. [loatomy oHH ¢cpMmyJupo-
BaJIUCb M3 COOOpakeHHH MNPOCTOTHl M HA3LIBAIOTCS TeMeph
OCHOBHBIMH KOCMOJIOTHYECKHMH TNocTysnataMu: Meraranak-
THKA Ha JPOTAXKEHHH BCEX 3TAaNOB CBOEH 3BOJIOLMH sBJA-
Jgace (4 fABJAETCS) OXAHOPOAHHIM H H30TPONHBIM OOBEKTOM.
DTo oueHb CHJbHOe TpeOOBaHHE H, KaK Mbl YBHAHM JaJee,
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OHO MNPAaKTHYECKH ONpejeJisieT 3BOJIIONUI0 MerarasakTHKH.
OnHako ropasjo BaxHee, YTO OCHOBHbLIE KOCMOJIOTHYECKHE
HOCTYJ1aTbhl CPAaBHHTEJNbHO XOPOWIO coraacyiTcs ¢ HabJjio-
nenuamu. HanbGosnee npocroe (oaHako poBOJbHO Trpy6Goe)
JIOKa3aTe/IbCTBO H30TPONHH MerarajakTHKH MPOBOAHUTCA
IyTeM MOACYETa YHCJIA TaNakKTHK H HX CKONJIEHHH B . pas-
HbIX HaIpaBJCHHAX, HO B OJHHAKOBBIX TeJECHBIX YIJax.
B npenenax owuGOK H3MepeHHH 3TH NOACYETHI LAIOT OAHY
H Ty Xe nudpy.

BoJee TouHyio oueHKy H30TPONHH MeTarajakTHKH A3iOT
#3MEPEeHUs] MHTEHCHBHOCTH DEJIMKTOBOTO H3Jy4eHHS C TeM-
nepatypoii ~3 K. Kak u3BecTHO, 3T0 H3JyueHHe eCcTb pe-
3yJbTaT 3BOJIOLUHH (OCTHIBAHHSA) TEPBHYHOLO H3JAYUYEHHS,
BO3HHKILUEro B NepBble MIHOBEHHS KH3HH MerarajakTH-
KH *. C ToyHOCTBIO ~10~* HHKAKOTrO OTKJIOHEHHS YIJIOBOTO
pacnpejesieHusi PeJHKTOBOIO H3JyYeHHS OT H3OTPONHH He
obunapyxeHo. C Takofi e TOYHOCTbIO H30TPOMHO H MPOCT-
paHcTBo Meraranaktuku.

C xyauie#l TOYHOCTBIO BBLIMOJHSETCS MOCTYJAT OAHOPOA-
HOCTH MeTara/JlakTHYeCKOro NpOCTpaHCTBA. B Maubix Mac-
mwrabax o4eBHAHO, 4TO MerarajJakTHKa HeOZHOpOAHA. DTO
ciaeayer u3 cyuecrsoBaHus CosiHeYyHOH CHCTEMBI, 3Be3f,
ranakTik #.T. . OpnHako caMble 6GoJblline 06pa3oBaHHA B
Meraranaktuke — CBEPXCKOMJIEHHSI — HMEIOT pasMepbl
~10-% Rm (Rm=~10% cM — paanyc MerarajakTHKH B CO-
BpeMeHHYI0 3m0Xxy). C Takoli TOYHOCTBIO MOXHO MOJaraTh
npoctpaHcTBo MeraranakTHkd onHoponHbIM. C 3TO#t oOro-
BOPKOH MBI H MPHMEM NOCTY/1aT OAHOPOAHOCTH.

[Ipakruueckn Bce rJjaBHble Monesaun MeraranakTuku 6a-
BHPYIOTCS Ha OCHOBHBIX KOCMOJIOTHYeCKHX moctyJjartax. Ox-
HaKO (pu3UYeCKHe NPeANOCHIIKH B Pa3jIHYHBIX MOJEJAX Cy-
INECTBEHHO OTJHYAJHCh ApPYr oT Apyra. A. DiHwTefH
(1917 r.) ucxonun H3 MHOTOBEKOBBHIX yOeXIeHHH O BedHOH
HensMeHHOCTH MeTaranakTHKH (KOTOPYIO TOTJa OTOXKIAECTB-
asan co Beenenro#l). OfHaKO ero NOMBITKH MOJYYHTb CTa-
Tuyeckoe petlenne ypaBHeHHH OTO npH OCHOBHBIX KOCMO-
JIOTHUECKHX TMOCTyJaTax OKOHYMJHCh Heyznadeii. Ee KopHu
oueHb TJIYGOKH, XOTS H HMEIT NPOCTYI0 HHTEPNPETalHIO.
I'paBuTauus XapakTepH3yeTCHs NPHTAKCHHEM, T. €. CHJIa-
MH OIHOTO 3HaKa (B OTJMYHE OT 3JeKTpoaunaMuxu). [lo-

* Bo.ee ronpo(mo c PEHKTOBLIM H3JyYeHHEM MOXKHO NO3HAKO-
MuThcs B Kumre: Hosnkos M. 1. Ssomouus Bcenenwoit. — M.:
Hayxa, 1983.
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3TOMY CTaTHYECKOe pellleHHe CHCTeMB T'PAaBHTHPYIOLUIHX Ten
HEBO3MOXKHO. DHHIUTeHH, ONepKUMbIH HAeedl CTALHOHAPHO-
ctu BcenenHoil, BBes B cBOM ypaBHeHUA ad hoc CHJIbl OT-
TaJKHBAaHHS, KOTOpHE B KOCMOJOTHYeCKHX Macuitabax Tou-
HO KOMIIEHCHPOBaJ/IH Gbl rpaBHTALHOHHBIE CHJIBI H OTIpeaessi-
Ju Obl CTAaTHYHOCTb CHCTeMbl. KOHKpETHO 3Ta Hjesi peaJu-
2oBajiach Jo0aBjeHHEeM B MEepBOH YacTH ypaBHeHHs OHH-
wrefiHa KOHCTaHTH A=~10"% cm~? (Tak HasbiBaeMbii A-
uner). Croab MaJjoe 3HaueHHWe 3TOH KOHCTAHTH OOYCJOBH-
J0 6e3HafeKHOCTh ee O6HapyxKeHHs B JabopaTOpPHBIX yc-
JIOBHSIX M BMecTe C TEM peaJii30BaJjio PYKOBOASINYIO HJAEIHO
OHHWITeiHa — CTaTHYHOCTb MeTarajaKTHKH.

B tom xe 1917 r. B. ge Currep pewmna ypaBaenus OTO
pH JOMylleHHH O JOMHHHDOBAHHOCTH A-ujeHa Hajg Apy-
TMMH CJaraeMbiMH B ypaBHeHHsAX OJfiHwteiiHa*. B stoM
cayyae ne Cutrep MoJy4uJ YAHBHTEbHbIH pesymﬂar. Mac-
wrabHblll ¢akTop @ (paccTosiHHE MeXAy MABYMS «TOUKa«
MH», HallpHMep TraJakTHKaMH) J0JKeH H3MeHATbCA 3KCIOo-
lleNKHaNbHO CO BpeMeHeM f:

a~ ebt b=const. (1)

M Hakoneu, B 1922 r. A. A. ®pugman nomyyus pelleHHe
ypaBHeHHH OOlLell TeODHH OTHOCHTENbHOCTH 6e3 A-useHa,
TaK CKasaThb B HX NepBO3JaHHO# ¢opMe. EcrecTBeHHO, 4TO
pelleHHe OKa3aJ/0Ch HECTALHOHAPHBIM, HMEIOUIUM A/ Cpas
BHHMTEJILHO MaJbIX 3HaueHHH cTeneHHYIO GopMy:

a~ 2)

ITapamerp b, B 3TOM ypaBHEHHH ONpEAENsiCs ypaBHEHHEM
COCTOSIHHSA, T. €. 3aBHCHMOCTbIO JaBJIEHHS p OT IVIOTHOCTH
sneprud e. PpuaMan pomycrtuJs, 4to MerarasakTtuka Bcer-
La COCTOfJIa TOJIbKO M3 BelleCcTBa (TaK Ha3niBaeMasi XOJO0K&«
nas BceseHnas). B atoM cJiayyae ypaBHeHHE COCTOSIHUA
HMeeT BHA:

p=0 (3)

H bl_‘2/3.

B 1948 r. I'. A. 'amoB caenan B paMkax moaenn Dpum+
MaHa leyI“OG ,ELOI'IYU-IEHI/IGI Meraranamnxa BHayaJjie COCTOof=
Ja HCKJIYHTEJbHO H3 H3JMYUYEHHA. Bel.I.IGCTBO XKe «BO3HHK-

* HUcropuyeckn ne CHTTEp HCXOAHMJ M3 HHOH (OZHAKO SKBHBAJIEHT-
Hoit) umen. OH motpeGoBan, 4YTOGHl BHITIOJHSAJCH COBEPIIEHHBIA KOCMOs

JIOTMYeCKHH TMPHHUMN — M30TPONHA B 4-MEPHOM NPOCTPAHCTBE—BpE-
MEHU.
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Jo» B pesysabTate peakuuu tumna y+y>et+e— (y, et
€~ — COOTBeTCTBEHHO (OTOH, NMO3UTPOH H 3JeKTpoH). Ta-
Kasl Momesnb TOJyyn/aa Ha3BaHMe Tropsved Bcesennoi.
B sToM ciyuae ypaBHEHHE COCTOSTHHSI HMEET BHA:

‘ p=¢/3, 4)
a by =1,.

Onnako xocMmosiorust H3o6usoBaja mapagokcaMu. JfH-
wreiH, ae Currep ¥ PpuIMaH NOJYYHJIH CBOM peLIeHHS,
ucxons w3 ypasHenu#i OTO. Ho B 1934 r. 3. Mujau u
B. Makkpu nokasasiu, yto cootHowenuss (1) um (2) cue-
ayior ne tosbko H3 OTO, HO M H3 HbBIOTOHOBCKOH TEOpHH
rpaBuTauuy *. BrpoueM, HeTPYAHO NOKa3aTh. 4TO MJS HJ-
JIIOCTPATHBHOTO BHIBOJZA 3THX COOTHOILUGHHH MOXHO 000ii-
THCh 0e3 NONMyLIeHHH OTHOCHTE/JbHO [MHAMHKH pacllHpe-
HHSl. _

 Kocmosornyeckne nocTysathl HaCTOJBKO CHJbHbBIE Tpef-
fI0JIOXKEHHS, YTO CaMH IIPeACTaBJAIOT 3Ty AHHaMHKy. IlpH-
BElEM CXEeMy [0Ka3aTeJbCTBA ITOTrO MOJIOXKEHHS.

Paccmorpum nBe «ToukH» (rajakTHkH) B Meraranak--
tuke. Tlycts paguyc-BekTOp MeXIy STHMH ABYMS TOUYKAMH
riz.. B camofi obmeit ¢opme cKOpoCTb pas3beraHus ranak-
THK. : : '

vig=H (r12, t)r12. (5)

dta ¢dopMmysa ecTb C/IEACTBHE OTCYTCTBHS BBIJENEHHBIX Ha-
npasjeHuii, B mpoctpaHcTBe (m3orponuu). M3 oxnopoaHo-
CTH IIPOCTpaHCTBa cJjenyeT, 4To GyHKuuss H He 3aBHCHT OT
r. [Toatomy cdopmyay (D) MoxHO 3amucatb B popme

vp=-2— =H(l)a. (6)

U3 coobpaxeHuit pa3MepHOCTH B NMPOCTEHILHX CJAyuasx cJje-
nyet, uto H(f) ectb nu60 KOHCTaHTa d, JHOO HMeeT BHJ
b/t. B nepeom caydae uMeeM

a=const (7)
(mpu d=0),
o~ ebt (8)
(d=0).
Bo BTOpOM cayuae
a~tb 9)
* [Toapo6HBIli BHIBOL 3TOTO MOJIOXKEHHA COAEPIKHTCH B KHHIE aB-
TOpa: DjeMeHTapHble 4acTHUBl U CTPyKTypa Bcesennoit. — M.: Hay-

ka, 1984,
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Taxum o6pa3oM, OCHOBHbLIE 3aBHCHMOCTH MacliTabHOro
tdakropa a(!), nonyuenuole ShHwmTeliHOM, Ae CuUTTEpOM H
®puamMaHOM, B 3HAUHTE/bHOH CTENMEHH ONpeAesslloTCs KOoC-
MOJIOTHYECKHMH MOCTYJIAaTaMH.

OnHako 6b10 6b rpy6oil OWIHOKOHA moJsaraTh HOJIHYIO
9KBHBAJIEHTHOCTb NpeJCcTaBJeHHA 0 Merarasnaktuke, cieny-
omux #3 OTO H HBIOTOHOBCKOH TEODHH TpPaBHTALHUH HJHU
TEOPHH Pa3MepHOCTH. 34eChb €CTb BeCbMa NPHHLUHNHAJAbHBIH
NYHKT, H MBI OCTAHOBHMCS Ha HeM NoxpoGHee.

B paMKax HbIOTOHOBCKOH TEOpHH PacCMaTpHBaercs 3BO-
JIIOUHS] TPABHTHPYIOLLETO 1iapa B TPEXMEPHOM €BKJIHMI0BOM
npocTpaHCTse. Ilocnennee sBisissercst HOHOBBIM MpPOCTPAHCT-
BOM, 'a llap, CHMBOJIM3MpPYIOWHA MeTaranakTuky, HeKUM
o6bekToM B 3TOM mpoctpaHcTee. B OTO xe rpaburauu-
OHHOE B3aHMOAEHCTBHE CaMO ONpele/sieT XapaKTepPUCTHKH
AIPOCTPAHCTBA.

OnHo u3 pewenuii OTO ¢ yuetom KOCMOJIOTHUECKHX
NOCTYNaTOB TpeACTaB/sieT pacllupeHne TPEXMEpHOH cdepsl.
OpHako 570 pacwmpenue OCYLIeCTBJ/IACTCA HE B MPOCTPaH<
ctee EBkiinaa, a gBasfeTcs 3BOJNIOHHEH NOJHOCTbIO aBTOHOM=
1oro o6bexra. Jaa MaTeMaTHKOB (0COGEHHO 3aHMMAIOLIHX~
csl ;mcpcpepeuunanbﬂou reoMeTpueli) aBTOHOMHEIE HEEBKJIH<
LOBbl MPOCTPAHCTBA NpHUBBIUHBIE NOHsATHS. OpHAKO acTpo«
HOMaM M (H3HKAM HYXKHO CHeJaTh OlpefesieHHble YCHJHS,
yTOGbI BOOODA3HTh aBTOHOMHOE CdepHueckoe (HIH KaKoes
au60 MHOe) HeeBKJMAOBO npocrpaHcTBo: Hanpumep, Hao-
6paxkenHe ccepsl Ha JUCTKe OGyMard JHIIb 3aNyThIBAeT CH«:
TYaIHIO, " IOCKOJBKY ' JIHCT, €CTECTBEHHO, OTOXAECTBISETCH
C (JOHOBBLIM €BKJIHLOBBIM NMPOCTPAHCTBOM.’

Orpomuoe pocruxkenne OTO, B 4YacTHOCTH NpPHUMEHH-
TeJIbHO K KOCMOJIOTHH, 3aKJ/04aeTcs B HeOGXOXHMOCTH aHas
JI13a THIOTE3bl O HEEeBKJHL0BOCTH MPOCTPAHCTBA CBepX060Jibe
wux 06bekToB — MerarasakTHKH, MHHH-BCEJIEHHBIX H Bce—
JIEHHOH.

MOJAEJH METATAJIAKTUKW U HABJIIOLEHHUA

‘B nepBoil ueTBepTH HAIUEr0 CTOJIETHS aMepHKAHCKHHA
aCTpPOHOM B. Cnafidep o6uapyxui, uto us 41 uccaenonan-
HOH UM raJjlakTHkH 36 ypanasiorcs ot Hac. B 1929 r. amepu-
kanel O. Xa66J OKOHYaTeJbHO YCTAaHOBHJ, YTO 3TO MPOHC-
XOLUT C TOAABJAWIIEH YaCThIO ra/aKTHK, IpHUEM OTHO-
CHTeJIbHAS CKOPOCTb HX ABHIKEHHS MOAYHUHSETCS COOTHOLIe-
o (6), HaspiBaeMoMy Tenepb 3dkoHoM Xa66sa. Koncrau-
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Ta B 3TOM 3aKOHe Ha3blBaetcsa mocrosHHo#l Xa66.a. [lo co-
BpeMEHHbLIM AaHHbIM, B Hally 3MoXy nocrosuHas Xa66.aa

Hy=2-10-18 c-1, (10)

Pasberanne rajakTHK NPOTHBOPEUHT Hjee CTALHOHAPHOCTH
MeraranakTiuku H, CJ€10BaTeJbHO, OUPOBEPraeT MOje/b
OfiHIITeiHA, KOTOPbIA BIIOC/JEACTBHH I0Jaraj, 4To BBeae-
HHe A-unena B ypasHenus OTO — camas kpynsas ouwuG-
Ka B ero HayyHoi Onorpadun. Kak yBunuMm najee, nonro0-
HOe MokasHHe He OblI0 BMNOJIHE ONpPaBAAHHBIM.

Hns nonnoTH ciepyer ckasaTbh, YTO CTallHOHapHas MO-
Aenb obnanana u Apyrum HepoctatkoM. [TpoctpancTBo Me-
TarajlakTHKH B PaMKax Takof MOAeJH OblJ0 HEYCTOHUYMBO.
Hanpumep, ecnu 6bl B KaKOH-TO MOMEHT CHJIbl IPUTSAKEHHA
HEMHOIO NpPeBLICHANH Obl CHJIBl OTTAJKHBaHHsA, TO NPOCTpaH-
cTBO MerarasakTHku Hayasno Obl NMPAKTHYECKH HEOrpaHH-
YeHHO cxKuMaTbCA. Mopnenb MeraranakTHKH, TNpeAJOXKeH-
Has ne CHTTepoM, cpasy Xe Bbi3BaJia Cepbe3HOE BO3pae-
HHe. OHa COOTBETCTBOBaJIa COBEPLICHHO HEOGBIYHOMY B TY
NIOpy YpaBHEHHIO COCTOSHHS

p=—c¢. (1)

HeoG6biunocts ero oueBnaHa. B sio6oii cucreme, cocrosiueit
H3 peaJbHbIX YacCTHL, yBeJHYeHHEe MJOTHOCTH 3SHEPFHH €
BJeyeT 3a COOOH W yBesuueHue AaBjeHus. YpaBHeHue (11)
HPOTHBOPEUUT 3TOMY MNpaBHay. Kasansocb, YTO e€IHHCTBEH-
HBi O0BEKT, IJIi KOTOPOro YLOBJIETBOPSETCS COOTHOLIEHHE
(11), sto a6ecoatorHo mycroe mpoctpanctBo p=g=0. Onna-
KO MeraranakTuka 3anoJiHeHa BEIeCTBOM H H3JyUeHHeM.
IMoatomy Monmeab ne Currepa oTBeprajacb LOJNroe BpeMms
H JIHUb CPAaBHHTE/bIIO HENaBHO HayaJa HHTEHCHBHO 00-
€yX1aThCA (CM. paJaee).

Hrak, ocransace mopmear ®punmana. Paccmorpum no-
ApoCiiee ee NOCTHIKEHHS.

1. Coraacho 3T10#i MoaenH, Bo3pacT MeraranakTHKH

lo=~1/Hy=20 mapa. Jer. (12)

D70 BpeMs XOpOIIO COTracyercs C H3MepeHUSMH BpeMeHH
XH3HU crapbix 3Be3x (10—15 mapa. sert).

2. B coorBercTsHH C TOpsiuedl Mojebl B Meraranak-
THKE NOJIKHO CYLIeCTBOBaTb H30TpPOMHOe H3ydeHue ¢ =
~b K. Kak u3BecTHO, aMepHUKaHCKHE PalHOACTPOHOMUI
A. Tlensuac u P. Buabcon B 1965 r. oTKpbAM Takoe H3nay-
uekie (Ha3BaHHOe BMNOCAEACTBHH penHKTOBHM) ¢ T=3 K.
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310 H3/yyeHHe Obl0 mpeackazano I'. A. TaMoBbIM, H GbiTh
MOJXeT, CIpaBefJIHBO Ha3biBaThb Mojeab ropsiueéi Merara-
JNaKTHKH Mojesbio ®punmana—IamoBa, onHako Mbl He 6y-
€M H3MEeHSITb YCTaHOBHUBIIYIOCS TEPMHHOJOTHIO.

3. B coorBetcTBHH C ropsiueil Moaenbio Oblia paccuH-
raHa foJs a-yactHy B MeraranakTuke. PacuerHoe 3Haue-
HHe (=~25% mo Mmacce) xopouio corsnacyercsi ¢ Habamwone-
HHSIMH XHMHYECKOTO COCTaBa 3B€3J U MeXraJaKTHYeCKOro
rasa.

4. Oco60 HYXXHO OCTAaHOBHTbCSI Ha HHTephpeTauHH 6a-
PHOHHOH -aCHMMeTpHH MeTarajakTHKH.

Kax wusBecTHO, MeTarajsiakTHKa B OCHOBHOM COCTOHT M3
{1POTOHOB, HEATPOHOB H 3JIEKTPOHOB H B Hell MPaKTHYECKH
OTCYTCTBYIOT AHTHIPOTOHBl H MO3HTPOHBI, XOTSl B COOTBET-
CTBHH C NPHUHLUHIOM 3apsJ0BOH CHMMETPHH YacTHUbl H aH-
TUYACTHILI JAOAXKHBI ObIIH Obl NPUCYTCTBOBAaTh B pPaBHOM
KosnyecTBe. DTO sABJEHHE H Ha3biBaercsi 6apHOHHOH acCHM-
meTpuel. Bnjore go Hayana 70-Xx rogoB TOCHOACTBOBaJa
cjelymollass TouKa 3peHHs. MerarasakTHka COCTOHT H3 paB-
HOro yhcja obaacteit — JoMeHOB. B onHux M3 HuX (B ua-
CTHOCTH, B Halllel) TrOCHOACTBYIOT YaCTHLBI, B APYTHX («aH-
THIOMEeHaX») — aHTHYaCTHIH, TaK 4YTO B LneJoM B Mera-
rajJlakTHKe OCYILeCTBJIsIeTCS 3apsiioBasi CHMMeETpHS.

OnHako 3Ta rHnoTe3a NpocyllecTBOBaJja Hefoaro. B cps-
31 C pa3BHTHeM DAaKETHOH TeXHHKH H NpHOGOPOCTpoeHHS
6ypHO mporpeccHpoBaJfa y-acTpoHOMHs. B pamkax 3Toil Ho-
BOH HayKH BeCbMa HHTEHCHBHO H3y4aJoCh KOCMHUYECKOE H3-
JyyeHHe B AHanasoHe sHeprui £, =0,1—1 MsB. Ecau 6u
CylIeCTBOBAaJa AOMeHHas CTPYKTypa MerarajakTHKH, TO Ha
rpaHHLax JOMeH — aHTHAOMEH IPOHCXOAHJA Obl aHHHUIH-
JSIHSL 9JMEKTPOHOB M IO3HTPOHOB MO cxeMe: et+4e~—-2y.
B 3T0ii peakuud BO3HHKAaJIH Obl Y-KBAHTHL € SHeprHed
E, =0,51 M3B. OxHako HHKaKO{ JIHHHH H3JyueHHs BOJM-
31 sHepruii =0,5 M3B o6HapyXHTb He yJnajoch, YTO IMOJ<
HOCTbIO 3aKpBIJIO THIIOTE3Y O JOMEHHOH cTpykType Merara<
JaKTHKH. )

M Ttorja Haua/jH BCIOMHHATh O 3aMeuaTeJbHOH rumore-
3e, koropyto B 1967 r. Boickaszaa A. 1. Caxapos, uHrepnpe-
THPOBABIUKHA GapHOHHYI0 aCHMMETPHIO Ha OCHOBe ABYX IO+
JNOXKEHHH:

1. HacTHUB M aHTHYACTHIIBl pacnafalorcsi C HECKOJbKO
Pa3JHYHBIMH BEpPOSTHOCTSMH.

2. TIpOTOHBEI W QHTHNPOTOHH SBAAIOTCS HeCTaOHJbHbLI-
MM YaCTHIAMHU .
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Ecan mepBoe nosioX<eHHe OCHOBLIBAJOCh Ha HEKOTOPLIX
YCTAHOBJIGHHBIX palee 3KCIepHUMeHTaJbHHIX (akrax (pac-
napax K-uactuu), 1o Bropoe OBLIO UPE3BBHIYAHHO HETPHBA-
aJbHO M CBHETeJbCTBOBAJO O mpopoyeckoM aape Caxapo-
Ba. YKe B TO BpeMsi OBLIO IOKa3aHO, YTO BpeMS KH3IH
nporoHa npesbimiaer 10%8—102° jer, 4To NMPeBOCXOAUT Bpe-
Msl CyluiecTBOBaHHS MerarasakTHKH IO KpaliHed Mepe Ha
18 mopsaaxos. Ilosromy nosroe Bpemsi rumotesa Caxaposa
He mpusHaBaJach. Ee peHeccaHc Hauyascs B cepenune 70-x
TONOB B CBA3H C 0O0beAHHEHHEM B3aHMOJLEHCTBHH 3JeMeH-
TapHbIX yacTHu. B pamkax Dosblioro o6befHHEHHS HAO0J-
XKeH cyllecTBOBaTh X-6030H, mepeHOCAIIHH caaboe, 3Jek-
TPOMAarHUTHOE H CHJbHOe B3aHMoOAeHCTBHSA. dtorT X-6030H
OLICTPO pacmajaeTcs Ha NPOTOH H JpPYrHe YaCTHIBI, TaK XKe
Kak X-0030H ‘Ha aHTHNPOTOH M aHTHYaCTHUbL. BeposTHOCTH
STHX PACMA0B HECKOJBKO DA3/HYalOTCA, UTO M JOJIKHO
'l'lpHBeCTH ‘K OapuoHHOM acummerpuu. CyllecTBOBaHHe
X (X)-6020H0B HOJMKHO GBLIO OOYCJOBHTb HECTaGHABHOCTD
TipoToHa.-OnHako u3-3a Goasiuoi (= 10'° I'sB) maccsl aTHX
‘6030HOB; Bpe\m H3HH NPOTOHA JOJIXKHO mpeBbiaTh 10%0—
103" ger. i

B nauase 80-x rogoB 6biM CO3AaHbl GOJbLIME YCTAHOB-
ku BecoMm no 10* T asis mouCKOB pacmajga mpoTtoHa. Belio
‘ycTaHOBJeHO, uTO: f),>32 sner. Xots HenmoCpeACTBEHHO pac-
Taj MpoToHa He Obl OOHApY2KeH, OLHAKO CeHuyac HHKTO #3
‘cepbesiibix TeopeTHKOB He' COMHeBaeTcsi B ero HectabHJb-
TIOCTH.

B pamkax Bosabuworo o6benuHeHHss OBIJIO NOLCYHTAHO
OCHOBHOe HA6JII0aeMoe OTHOIUeHHe 7y [np=~108—10'0 (n;
‘N — COOTBETCTBEHHO CpejHHe KOHIEHTpauHH (POTOHOB H
-npoToHoB B MeraranakTtike). B npemenax 3KCnepHMeH-
TaJbHLIX OIIMOOK M Heonpeae/eHHOCTeH NapaMeTpOB TeO-
pHH pacueTHOe M HabJslogaeMoe 3HaueHHss 3TOrO OTHOLUe-
"HHSl XOPOWIO COTJIacylOTCs APYF C APYTOM.

Takum o6pasoM, Bce HabJjrogaeMble mapamerpbl Mera-
raJaKTHKH HHTepIpPeTHPOBAJHCh B paMKaX (PpHAMaHOBCKOMH
‘MozeJH *

NPOBJEMbI ®PUIMAHOBCKO¥ MOLEJNH
INpoGnema cunryasproctu. M3 dopmyn (2)—(4) cne-
ayet, uto npu f—0 macwrabHbiii ¢paktop a—0, u ciaeno-

* Mbl 3lech He 3aTparHBaeM MNpOGJeMYy MNPOHCXOXAEHHS FaJaKTHK.
Teopun poxaeiHsi rajakTHK CyLIeCTBYIOT, OAHAaKO NpoGiema He HMeeT
OANO312iIOr0 W OGLIENPH3HAHHOTO pelleHHs.
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BaTesIbHO, «B HavaJe» (npumepHo 15—20 mapa. et Hasan)
CyLecTBOBaJl MOMEHT, KOria pa3mepbl MerarasakTHKH 00-
pallajMCh B HYJb, a IJIOTHOCTb YaCTHL, — B GECKOHEYHOCTS.
Xotsa ¢opmyabl (2)— (4) noayueHbl BeCbMa NPHOJHKEHHDIM
MeToJ0M, OJHaKO H CTPOTHe BLIYHCJEHHS, OCHOBAaHHbIe Ha
OTO, npuBoasitT X TOMy Xe 3akjawouenHwo. IlosBjenne cHi-
FyJsIpHOCTH B pelueHHd PpHAMaHA CTABHT JBE Cepbe3Heii-
uige mpo6seMbl. Bo-nepBbiX, BeCb (M3HYECKHH OMNLIT INOKA-
3bIBA€T, YTO NOsIBJeHHe OECKOHEUHOCTH B TEODHH O3Haudaer,
YTO 3Ta TEOpHA NpPH NpPHO/IH)KEeHHH K 6eCKOHEYHOCTH CTa-
HOBHTCSl HenpuronHo#d. M BO-BTODLIX, BO3HHKaeT BOIPOC:
yTo 6bL10 TIpH £<<0?

OG6blyHo (emie 10—15 sger Hasan) oGa Bompoca JHGO
ob6xoxuau, 160 Ha HHX AaBaJid BecbMa CTpaHHble aas u-
3ukH oTBeTHl. Hanpumep, npu {<0 Tepser CMbICJ NOHATHE
BpeMeHH, a Meraranakruka (BcesenHas) Bo3HHKJA NpH
t=0 u3 «Huuero». MHe KaxeTcs, C TOUKH 3peHHA (H3HKA,
ropasno «JorHyHee» rumoresa «bozkecTBennoro TBOpe-
HHS>.

dusnyeckuii ke Bompoc (M cepbe3HeHIUHH) oCTaeTcs.

INlpoGnema naockoctHoctu. Enle B Hauajne mnpouuioro
B€Ka 10J/araJjH, YyTo eJHHCTBEHHAsl reoMeTpHs CHOpPMYJIHPO-
‘BaHa Gosiee AByX Thicsiu Jer Haszaj EBkaupom. OgHako @
cepeauHe mnpouutoro crosetus B paborax H. M. Jlo6aues-
cxoro, S1. boapau, K. Taycca u B. Pumana 6bl10 mpoje-
'MOHCTPHPOBAHO, YTO CyIUeCTByeT OeCKOHeYHOe YHCJO He-
TIPOTHBOPEYHBLIX T€OMETPHI C eIHHCTBEHHLIM OTJIHUHEM O
€BK/IHA0BOHl — B 3THX FeOMETPHAX He BBINOJHSAETCS NATHi
‘moctyaar EBk/auAa: yepes TOUKy, JieXKalllylo BHe NpPSIMOI,
MOZKHO MPOBECTH OAHY H TOJbKO OLHY IapaJelbHyI0 Ji-
HHIO (NIPAMYIO).

[IpocrefiluumM ¥ HaunGosee HarJsiAHLIM [PHMEPOM HeeB-
'K/JHA0BOH TEOMETPHH SBJAETCS TeOMeTPHs Ha JBYMeEpHOIi
‘cpepe. B 3tom cayuae posib «IpSIMBIX» HIpPaloT OoJblune
KpYyru (mepeceueHus IJOCKOCTEH, NPOXOASAILIUX dYepe3 LEeHT)
ceprl, ¢ ee NMOBEPXHOCTbIO). B 3TOM ciyuae uepe3 jwobyio
TOUYKY, JleXKaulylo BHE «NPAMOf», He/ib3sl IPOBECTH HH OJHY
napaJjJeJieHylo. Bce GoJsbiiie XKpyrH Inepecekarorcs (mo-
IpobOHee cMm. nanee pasnen «['eomerpust BeeseHHoI»).

BBHay cyllecTBOBaHHSI 6€CKOHEUHOrO YHCJa BO3MOKHbIX
reoOMeTpuii BO3HHKAaeT BOIDOC: KaKOBa e TreOMeTpusl Ha-
wero ¢uanyeckoro npocrpancrea? Camble pasHOOOpasHble
HCCJel0BAHHS pACCesiHHS 3JeMeHTapHbIX yacTHI (0coGeHHO
3JIEKTPOHOB), a TaKXKe acTPOHOMHueCckHe HabJ/l0feHHS CBH-
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LeTe/bCTBYIOT, uTo B HHTepBaJse 10-1€—10% cM mpoctpas-
CTBO €BKJHA0BO. Jla B B OCHOBe KJAaCCHUECKOH (H3HKH
(MeXaHHKHM M 3JEKTPOJHHAMHKH) JI€KHT fomyllieHHe o0 eB-
KJIH0BOCTH NPOCTPaHCTBA.

3ameruM, yto peueHus ypaBHeHnit OTO mpu BmGOpE
KOCMOJIOTHYECKHX IIOCTYJaTOB B KaueCTBe HayajibHHIX YC-
JIOBH OTHIOAb He ONpeJeNsloT €BKJIHAOBOCTH NMPOCTPaHCT-
Ba. BosMoXHB Takxke pelleHHd B (opMe KPHBHIX TMPOCT-
paHCTB — TpexMepHO#l c¢eprl u rumepbosouna (Tak Ha-
3biBaeMble MPOCTPAHCTBA NOCTOSIHHOH KpHBU3HEI). Broi6op
onpejensercss CpefHeil NJOTHOCTbIO po B MeraranakTuke.
Ecau pp< pwp=~10% r-cM~3, TO pelleHHe COOTBETCTBYeET
rinepGoOJIOHAY, a ecaHu pPo>pup — TO Ccdepe. Beanuuna
Prxp Ha3blBAaeTCsl KPUTHYECKON MJIOTHOCTbIO. B Haweit Me-
TarajJakTHKe BbINOJHAeTC reoMerpHs Eskaupna. Tem ca-
MbiM CpeJHfid MJOTHOCTb BelllecTBa OJHM3Ka K KpHTHYE-
CKOH.

M Ttorza BO3HHKaeT BOMpOC: MoyeMy cpein OecuucieH-
HOro uucjaa BO3MOXHbIX reomerpuii Ilpupona BriOGpasa eB-
KJHAOBY? DTOT BONPOC Ha3biBaeTcs NpoG6JeMOH MJIOCKOCT-
HOCTH.

lIpo6aema ropusonta. B coBpeMeHHYIO 3MOXy pasmephl
Meraranaktuku Rmo=~10% cm. Bpems fmo ee CyllecTBOBa-
Huag (=3-10!7 c) ycTaHOBJEHO MO BpEeMeHH JKHU3HH CaMbIX
cTapbix 3Be3l. TakuM o6pasoM, Rmo=~cCimo U pa3mepn Me-
TarajakTHKH NPeBOCXOJHO COTJIACyIOTCA C BEJHYHHOH Tro-
PH3OHTA, T. €. PACCTOSIHHEM, KOTOPOE€ NPOXOJHUT CBET 3a Xa-
paKkTepHCTHYECKOe BpeMs CyLIeCTBOBaHHs MeraranakTHKH.
CnepoBarenbHo, HeHabsofaeMble pa3Mepbl He IPOTHBOpE-
YaT NPHHIHNY OTHOCHTEJNbHOCTH: HHpOpMalLHsd O COOBLITHAX
pacnpocTpaHsieTcss CO CKODOCTbIO, He MNpeBHILIAOLIeH CKO-
poctb cBera ¢. Takoe mpOTHBOpeuHe BO3HHKJO GBI, €CJH,
HampuMep, BpeMsl XH3HH fmo Oblio Gbl Menbule 100 jer
nan Ryo>10% cm.

Takum 006pasoM, coBpeMeHHble HaOJIOLEHHA XOpOLIO
COrJ1acyIoTcsl ¢ MNPHHIIUIOM OTHOCHTENBHOCTH — CYILeCTBO-
BaHHeM ropH3oHTa coObiTHH. OfHAaKo HHas CHTyanus cy-
wectBoBana (B paMkax mopxenud ®puamana) B paHHHE 3MO-
Xd npH fv<imo. HefcTBUTENbHO, B COOTBETCTBHH C OCHOB-
HBIMH coOTHOWeHHsiMH (2)— (4) Rmo~ 1P (b<1). Pasme-
pbl ke ropusonta rg~*t. IlosToMy B panHue 3MOXH OTHO-
lleilve pasMepa TrOpH3OHTa K pasMepy MerarajakTHKH
ra/Rm~t*~!, 1. e. craHoBsAtcs MmeHblwe |. CjenoBare.lbHO
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B pannue 300XH MerarajakTHka coCTOsIa H3 MHOXKeCTBa
NpHYHUHHO-HECBSA3aHHBIX obJacTed.

Hanpumep, no HekoTopeIM oueHKaM npH Rm=1073¢ cm
yucsao Takux obsacrei ~10%. C mepBoro B3rasiza 310 00-
CTOATE/IbCTBO KaxKeTCsl BIOJHE HeBHHHBIM. OJlHAaKO OHO BbI-
pacraer B Cepbe3Hyl0 mpobJeMy, eCJH MBl BepHeMCS K 3a-
MeyaTeJ bHOH M3oTponuH Merarasaktuki. Kakum obGpasom
BeJINKOe MHOXEeCTBO NPHYMHHO-HECBSI3aHHBIX 06JacTefl MOr-
JIH «NOACTPOHTbCA» APYT K APYTY, 4TOOBI ONpeNeHTb Td-
KYIO H30TDOINHIO?

DTOT BONPOC H COCTaBJseT Npo6/eMy rOpH30HTA.

Takum o6pas3om, BO3HHKaeT CTpaHHas curyauus. Ppui-
MaHOBCKast MOJeJb IPEBOCXOAHO OMNHCHIBAET BCe HabJo-
AeHHs, ONHAKO COACPXKHT PAJ TEOPETHYECKHX NpobseM, Ko-
TOpble YKa3biBalOT Ha ee He3aBeplueHHoCcTb. Celiyac Mul
IIDHCTyNaeM K H3JI0KEHHIO HJeH, KOTOphe, NO-BHAHMOMY,
JHUKBHIHDYIOT 3TOT AE€PEeKT (PPHIMAHOBCKOH KOCMOJOTHH.
OpHaxko mpexpe yeM pacckasaTb 006 3THX HJeAX, Cjaepyer
cienaTh OJHO OTCTYyIJICHHE,

BAKYYM

TepMHH «BakyyM» B COBPEMEHHOH (H3HKe HCIIOJb3yeT-
cst B ABYX cMbicaax. IlepBrifi — HauboJiee pacnpocTpaHeH-
HbIi — COOTBETCTBYeT BeCbMa pa3pekKeHHbIM rasaM. Bro-
poit (Tak Ha3biBaeMblil (U3HUECKHIH BaKyyM), HCIOJb3ye-
MbIft B TEODHH IOJIE€H, COOTBETCTBYET COCTOSAHHIO, B KOTOPOM
MOMHOCTbIO OTCYTCTBYIOT DeaJslbHble YaCTHIIHI.

Takast curyaumns ompeneJsier aBe (dH3HUECKHE KapTHHDI.
B nepBoit — BakyyM 3TO IycToe mIpocTpaucTso. Bo BTO-
poll — (HU3HYECKHH BaKyyM COOTBETCTBYET KOHIEHCATy 4a-
cTUl ¢ ueJyblM cnuHoMm (6o3oHoB). Takoil KOHIeHcCaT BCaen-
CTBHEe KBAHTOBLIX 3((eKTOB XapakTepH3yeTCs CJeAYIOLIHMHU
CBOHCTBAMH: 1) OH COOTBETCTBYeT MHHHMyMY B 3Hepretuye-
CKOll 3aBHCUMOCTH CHCTeMBbl OT QYHKIHH ¢, ONpEeAeJsIoler
ee COCTOsIHME; 2) NpH CYILIeCTBOBAHHH peaJbHBIX UaCTHIL
KOHAEHCAT CTPEMHTCH «3aTalluTb» HX K cebe, a He «Bbl-
TOJKHYTb», KaK 3TO HMeeT MeCTO B peasbHbiXx rasax. Ilo-
3TOMY (PH3HYECKHH BAaKyyM XapaKTepH3yeTCsl 9K30THUECKHM
ypaplieHueM cOCTOsiHusl p=—¢ (CM. cooTHoweHue (11))*.

* O cBoficTBaX Bakyyma Kak KOHAeHcaTa 0030HOB CM. CTaTblo
HO. A, Kupxuunua, A IO Jlunie B exerogunke «Hayka u uye-
noseyectBo». — M.: 3uanue, 1982,
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Bakyym He cienyer ceGe NpeacTaBaATb KaK COCTOSIHHE,
B KOTOPOM peaJsibHble YaCTHILBl HE HCHBITBIBAIOT HHKAKOro
B3aUMOJEHCTBHA. BaKkyyMHOe COCTOsIHHE HCNBITLIBaeT He-
NpepbLiBHBIE H, B H3BECTHOM CMBICJE, IIPOTHBOMNOJOXKHbIE
BosfeficTBusi. C OZHON CTOPOHBI, CBOiCTBA GO30HHOTO KOH-
A€HCaTa TaKOBHI, YTO OH CTPEMHTCs yAepiKaTb BCe COJAEp-
KalllHecs B HeM YaCTHIBl, a C APYyrod — ypaBHeHHE CO-
crosinus (11) ompepesnsier ero HecTaGHABHOCTB. DTH NOJAP-
iible CBOMCTBa BaKyyMa INPHBOJSAT K TOMY, 4TO AJs obpa-
30BaHMA peaJsIbHBIX YaCTHIl H3 BaKyyMa HeOOXOAZHMO 3aTpa-
THUTb 3HEPTHIO (H HHOTAA JOBOJIBHO 3HAYHTEJLbHYIO), a .C
Apyroii — BaKyyM HeNpepeBHO MOPOXKAaeT BHPTyaJbHbIE
YaCTHIb, BpeMs KH3HU fv KOTOPBIX ONpejeJsieTcss NpHHIH-
noM HeOoNpeJe/IeHHOCTH H OueHb MaJjo (iv~=h/mc?). Hanpu-
Mep, AJs 9JeKTpPoHOB fy=~1022 c. BupTyasbHble yaCTHIb
1abJI04aTh HENOCPEACTBEHHO HeJb3sl, OJHAKO HX CyllecT-
BOBaHHe MpOSIBJISAETCH BO B3aHMOAEHCTBHH C peaJbHLIMH
yactHuaMHd. MoxHO 06pa3HO ckasaTh, YTO BaKyyM Hempe-
PLIBHO «KHMNHT», HO He «BbIKMIaer». HaubGosiee u3BeCTHHIH
«BaKyyMHbIH» 3¢(eKT — CABHT 3HEepPreTHYEeCKHX YypDOBHEH
B aTOMe BOJAOpPOJa, 00YCJIOBJEHHbII B3aHMOJEHCTBHEM ABH-
KYILHXCS aTOMapHBIX 3JIEKTPOHOB C BHPTYaJbHBIMH 4aCTH-
HaMH Bakyyma. D10 sBJeHHe, uMeHyemoe addexrTom JIaMm-
6a — Pesepdopra, npoaeMOHCTPHPOBAJNO (C TOYHOCTHIO
Jl0 BOCHMOTO 3HaKa) IPaBHJIBHOCTb COBPEMEHHBIX NpeA-
CTaBJIEHHH O BaKyyMe.

BAKYYM WU A-UYJEH

Bakyym — abcosI0THO omHOpoaHasi cpefa, XapakTepH-
syeMas CBOEH MJIOTHOCTBIO JHEPTHH &y H, CJIeOBaTelbHO,
rpaBUTALHOHHBIMH XapakKTepHCTHKaMH. IlosToMy OH 3kBH-
BaJIeHTEH MO CBOHM CBOHCTBaM BBeJeHHOMY DHHIITEHHOM B
ypaBHenuss OTO A-uneny. Ilockonbky A~ 1/r? (r — npau-
Ha), T0 H3 coobpakeHHH pa3MEepPHOCTH CJEeLyeT, YTO CBS3b

mMexay A-4JeHOM H ey HMeeT BHI: [A]=[GC%]. Yrobu

TOYHO CONOCTaBHTb A-UjeH B ypaBHeHHAX ODHHIITeHHa R
3HEPTHIO BaKyyMa, CjlellyeT BBeCTH COOTHOLICHHE

A= 8nler (13)

ct
970 BaxKHOE COOTHOIIeHHe GblIO BIepBhie (B 1965 Tr.) mos
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ayudeHo B Jlenunrpase 3. B. I'iuHepoM, koropblit oTaetus,
4YTO (PU3HUECKHU BaKyyM M eCTb Ta (OopMa MaTepuH, AAH
KOTOpOil CnpaBelJHBO «KPHMHHAJbHOE» ypaBHEHHE COCTOA-
Hus (11), u moaToMy Bakyym MoxkeT OBITb CpejoH, 3BOJIO-
LHOHHMPYIOLIeH IO 3KCHOHEHLUHAJbHOMY 3aKOHY, BbIBEJEHHO-
my pe Currepom. ['JiMHep HOMyCTHJ, 4TO JAe-CHTTEpPOBCKas
MOJe/b MOXKeT OBbIThb Haya/bHBIM COCTOSIHHEM B Pa3BUTHH
MeTtaranakTHKH.

Oaunaxo B paborax I'HHepa OTCyTCTBOBAJ aHalH3 KOH-
KPEeTHbIX MOJleJlell BO3HHKHOBEHHSI BaKyyMa H Nepexoja ot
Je-CHTTepOBCKOH MoJesHn K (ppHAMaHOBCKOH. He oueHb sicuo
6bl10 TaKXKe, A/ 4ero, COOCTBEHHO, BBOAHTb [e-CHTTEPOB-
CKyI0 CTajuio, eciu Moaenb Ppuamana xopouo o6bsCHAAA
Bce HabJI0faeMble XapaKTepUCTHKH MeTraraakTHKH.

B TeueHHe AsMTe/BHOrO BpeMeHH K NpeasoxeHuo [niu-
Hepa He BO3Bpalllajuch, Noka B 1979 r. coBeTckHil (U3HK
A. A. Crapo6GHHCKHH CHOBa He TpHLIEJA K [e-CHTTEPOBCKO-
My ONHCaHHIO Haya/JbHOH CTaiMH 3BOJIIOLHH Meraranak-
THKH, HO C MHBIX no3uuui. OH pemas ypasHenus OTO c
KBaHTOBbIMH nonpaBkaMmH. Kak H3BecTHO, mocsenoBatelib-
Has KBaHTOBasi TeOpHs IPaBHTALMH OTCYTCTBYeT, HO B He-
KOTOpOM TpHONHKEHHH, He CAHUIKOM 3260TACh O 3aMKHYTO-
CTH TEODHH, MOXHO COCTaBHTb KBAHTOBBIH aHAJIOr ypaBHe-
Huit OTO. B strom npubamxkennn CTapoGHHCKHI CHOBa MoO-
Jgydus peumeHde fe CuTTepa, KOTOpOe HMeJO- BIOJHE Ompe-
Ae/NeHHOe Ha3HayeHHe — H30aBHTbCS OT OCHOBHOrO Aedek-
Ta (pHAMAHOBCKOH MOAENH — CHHIYJAsApHOCTH. [leHcTBH-
TeJIbHO, KCIMOHeHIHaJabHOe pewleHHe (1) He HMeeT CHHrY-
asipuocti npu (—0. OxHaKo H3-3a ypaBHEHHS COCTOSHHA
p=—¢ oHO HectabuabHo. [loaTomy noxxon CrapobuHckoro
XOpOLIO OMHCBIBAET NEPeXoi OT [e-CHTTeDOBCKOH CTalHH
K (pHIMaHOBCKOH, HO He peluaer NpoOJ/eMbl CHHIYJASDHO-
CTH.

B 1981 r. amepukaneu A. I'yc cHoBa BepHyJCS K Hjee
FnuHepa, npenJoXKHB KOHKDETHBIH MeXaHH3M BO3HHKHOBe-
HHUSl [e-CHTTePOBCKOH CTaAHH H YCTAaHOBHUB CBS3b MeXAY
Hel M pelleHHeM HEeKOTOPbIX OCHOBHBIX Ipo6JeM KOCMOJO-
TUH.

B cBoem aHanuse I'yc omupaJicss Ha 3aBHCHMOCTb IJIOT-
HOCTH MOTEHIHAJbHOH 3HepruuH V OT BOJIHOBOH (PYyHKUHH @
BakyyMa. DTa 3aBHCHMOCTb IpeJCTaBJeHa Ha pucC. 1 u ume-
et caeayoiine ocobenuceru: npu ¢=0 dynkuua V(p) ume-
eT BecbMa MJIOCKHH MakCHMYM; IpH @ =@m70 3Ta QyHKUHS
HMeeT MHHHMaJblloe 3HaueHHe.
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Puc. 1. 3aBHCHMOCTb MJOTHOCTH 3HepruH V(@) o1 BoJHOBOH GYyHKNMH
rakyyma. KpyXok npeicTaB/iseT Haua/ibHYI0 CTafiHi0 pa3fyBaHHs, KO-
Jopoe TPOHCXOAHT Ha MJOCKOM YyyacTke 3aBHcuMocTH V (@), a 3akan-
41BaeTcs NPH Q=@m

Kax H3BeCTHO M3 MeXaHHKH (HJIH, TOYHee, H3 TEOPHH
\VCTOHYHBOCTH), CHCTeMa CTPEMHTCS OKa3aThCsl B COCTOSI-
LHH, B KOTODOM MOTeHIHaJbHas -IHepruss MHHHMAaJbHA.

[To I'yey, cyuwecrsyer crenymowmui cueHapuit (mobumoe
€JIOBO COBpPEMEHHBIX KOCMOJIOroB) o6pa3oBaHHS MHHH-BCE-
JeHHBIX — CTPYKTYp, 00YCJIOBJIEHHEIX Jle-CHTTEPOBCKOH CTa-
auel, ans o6o3naueHuss Kortopoit I'yc BBes TepMHH «HH(-
nsuna» *. BHauase MHHH-BCeJeHHbBIE 3aHHMaJlH BeCbMa Ma-
bt o6beM. OGBIYHO TOBOPAT O NJAHKOBCKHX pa3mepax
{(Gh/c®)'2~10"% cM, NOCKOJIbKY Ha 3THX (MM MEHbUIHX)
pacCTOSIHUAX 3aBeJlOMO CYLeCTBEHHHEl KBaHTOBble 3((EKTH,
KOTOpble TPH NOMHHHDOBaHHH BaKYyMHOrO COCTOSIHHSI Npeo-
XOAST NJIOCKHH ydyacTok 3aBucuMocte V(p) (cm. puc. 1).
Ha stom yuacTke H pa3BHBaerTcss HHOJASLHOHAS CTajAHA.
Ha neii ¢dopmupyeTcs OrpoMHBIA «Ny3bipb» (MHHH-BCEJIEH-
1as), paamMepbl KOTOPOro CyLIeCTBEHHO NpPEBHIIIAIOT COBpe-
MeHHble pa3mepbl MerarajakTHKH. OHeprusi BaKyyMa BO
BpeMsl TaKoil MepeCcTPOHKH MepeXOLHT B peasibHbie YacCTH-
LLbl, KOTODbIE, B3aHMOJEHCTBYSI MeXAy co6ol, H MOPOKAAIOT
6apuoHHYI0 acuMMerpHIo. IloTHOCTL 3Hepruu ey BakyyMa
CYylIeCTBEHHO yMeHbluaeTrcd: ev<em (8m — CyMMa NJOT-
HOCTell 3HEPTHH BellleCTBa H H3JydyeHHs). B 3TOoT MoMmeHT
MHHH-BCEeJIEHHBlE paclafaloTcs Ha MeTarajJakTHKH, KOTO-
pble pasBuBaiorcs no Ppuamany. [tepecrpoiika Bakyyma n
o6pa3oBaHHe MeTarajakTHK [POHCXOAUT B MOMEHT (=
~1073% ¢ nocsile Hayasa BO3MYLIEHHSI BaKyyMa.

* Muorna (mo Jluwie) ee Has3biBalOT cTaiucii pa3fyBaHHus.



Cuenapuii ['yca pemaer npo6.1eMy NJOCKOCTHOCTH M [O-
pu3oHTa. UTOOB NOHATb XOH pAaCCyXKIeHHH, HAMOMHHM OC-
HOBHYIO HJel0 nudpepeHIHaNbHOH reOMEeTPHH: BCIKYIO KpHU-
BYl0, HO T/1afKYyl0 MOBEPXHOCTb MOKHO MpPEACTaBHTb KakK
COBOKYMHOCTb OECKOHEYHO MaJbiX IJIOCKOCTeH. MHuuu-BCe-
Jgennass (mo I'ycy) HacToJIbKO NpeBHIIIaeT HayajbHble pas-
Mepbl MeTaraJakTHK, YTO BCe€ OHH NpeACTaBJSIOTCS IJO-
CKMMH MOBEPXHOCTSMH H, C/1€J0BaTeJbHO, OMHCBIBAIOTCSA Teo-
Merpueli EBkanna.

Boicokass cTeneHb H30TPOMHH, XapakTepHas AJst eBKJH-
J0Ba NPOCTPAHCTBAa H BO3HHMKAIOLIas Ha HavyaJpHOH CTaguH
pPa3BHTHSI MeTaraJlakTHK, COXpaHsieTcsl Ha NMpOTsAXKeHHH Bce-
ro BpeMeHH HX 3BOJIIOUMH, a TOPH30HT BHAMMOCTH BCeria
paseH cty (Im — BpeMs cyllecTBOBaliHag MeraranakTukH).
Tak pewaercs npo6semMa ropH3oHTa.

XAOTHYECKOE PA3YBAHHE

I'yc, a Takxke n jgpyrue (QU3HKH Cpasy Ke OTMeTHJH
ieI0CTaTOK OMHCAHHOTO Bbille cleHapus. [ly3bipu — MHUHH-
BCeJIEHHble — JOJDKHBI OBIJIH POXKIATbCH CJAHILKOM 4YacTo
H NMO3TOMY CTaJKHBAaThCsl Apyr ¢ Apyrom. Ilono6Hble croJik-
HOBEHHS HCKaXkaau OBl OJHOPOLHOCTb TNPOCTPAHCTBA, YTO
nposiBHIOCh 6bl B nabuopenusax. A. JI. Jluuge mpensoxun
HCnosib30BaTh MHyio ¢opmy 3aBucumoctu V(g). Ilpu tem-
nepatype 7—-0 sta 3aBucCHUMOCTb HMeeT dopMy, NpeacTaB-
JieHHy10 Ha pHC. 2, a. Kak mpaBuso, BakKyyMHble BO3Mylle-
nust npu ¢—>0 He MOryt nmpeojoJieTb NOTE€HUHaJbHbIH 6apb-
ep U NMO3TOMY HX pa3Mepbl CPaBHHMBI C NJIAHKOBCKOH MJIH-
noit ~1073% cm. M3peiaka, o1HAKO, 3TH BO3MYyLIEHHS MOTYT
HpeBbIIATh BLICOTY 6apbepa HJAH TNPOXOIHTb uepe3 Hero,
0o6pa3ys MHHH-BCeJeHHble. BecbMa CyllleCTBEHHO, UTO 3aBH-
cuMocTh V(@) mpH MaJjbiX 3HAUEHHAX ¢ JOJKHA OBITh HO-
CTaTOYHO TJOCKOH, UTOGHl pa3jyBaHHe IPOI0JKAJIOCH [0-
cTaTouHO aoJsro. Beibop moTeHuHana ompenefsercss xapak-
TEPUCTHKAMH BakyyMa. B cleHapHH XaOTHYECKOro paspy-
BaHUS BAKyyM COCTOHT H3 CKaJsIpHLIX (CIHH paBeH HYJIO)
3JIeKTPOHeATpaJbHBIX YACTHIL, TaK Ha3blBaeMbIX 4YaCTHL
Xurrca. KoHcTaHTa uX B3aHMOIEHACTBHsS OYeHb MaJia, H IO-
9TOMy OHH He oOHapy)KeHbl Ha yCKopuTe.1aX. Bo3MOXKHa H
Apyrasi NpHYHHA, 3aTPyAHANIIAs HACHTHOHKALHIO XHITCO-
BHIX YaCTHL: cJHlIKoM Gosblias uX Macca. Ha coBpemen-
HBIX YCKOPHTENSAX HaJeXXKHO «0OHAPYKHUBAIOTCA» YACTHIE C
maccolt =~ 100 I'sB (B anepreTHyeckux eauunnnax). Hesbss
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Puc. 2. a) TlnotHocts sHeprun V(@) npu T—0 B MOZeNH XaOTHYECKOH
BcesenHoii. PuaykTyupylollee BO3MYIleHHe (WIapHK) NPOXOAMT uepe3
noTeHUHa bHbli 6apbep; B 3TO BpeMs OCYIUECTBJSETCS «Pa3ldyBaHHE»;
6) 3aBHCHMOCTb INIOTHOCTH TNOTEHLHAJbHON 3HeprHH V(¢) npu 58

HCKJIIOUHTB, YTO Macca YaCTHI XHITCa CYLUIeCTBEHHO MpeBLI-
LIaeT 3TOT npejeJ.

Pasymeercss, BO3HHKaeT BONpPOC: MOXHO JIH CEpbe3HO
o6cyX1aTh XapaKTePHUCTHKH YacCTHIl, He O0OHapyKEeHHBIX Ha
oneite? [los0XKHTEABHBIH OTBET CJEAYET M3 aHaJU3a CTPYK-
Type oOGbelUHEHHOH 3JekTpocnaboii Teopun Baitn6epra—
I'msmoy—Canama. 3ta TEOpHs INPEBOCXOJLHO COrJacyeTcs
C ONBITOM, a YaCTHUDBl XHITCA — ee HCOOXOAUMBIH 3JIEMEHT,
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[TosToMy NOMCK 3THX YaCTHIL, SBJSIETCHA, NOXKAJYyiH, 3agaueh
HOMep OJAHH JJSl yCKOpHTeJell HoBoro mokoJseHus. Cienyer
OTMETHTbh, UTO 3aBUCUMOCTH V (p), CXOnHLIE C TpeacTaBJeH-
HbIMH Ha DHC. 2, BOSHHKAIOT H B JPYTHX MOJEJSIX BakyyMa.
[To cymecTBy, cueHapuii 6a3upyercs Ha NBYX JOMYLIEHHSX:
1) cymecTBoBaHHe HeCKOJbKHX (60JIbllle OZHOr0) MHHHMY-
MOB, NpHYeM MHHHMYMBl NpH @70 KOJKHBEl pacnoJiaraTh-
cs1 HuXKe, ueM V(p) mpu ¢=0, u 2) M0CTATOYHO MJIOCKa%
3aBucumocTb V(p) BO6aH3H ¢=0, pas toro uyrobnl ycmenaa
Pa3sBHTLCA HHOAALHSA.

BakHefIMii 3JeMEHT XaOTHYeCKOro: pasfyBaHHA —
pa3bpoc B HAYaJbHBIX YCJIOBHSAX, ONpELEJSIOWHX pa3JiHiuHe
XapaKTepUCTHK MHHH-BCEJEHHBIX, HX pPa3MepHOCTb, Maccey,
KOHCTAHTHI, YHCJIO B3aUMOAEHCTBHI H T. 1.

Pasbpoc HayaJbHBHIX YCJOBHH OIpenessieTcsi MHOTHMH
($hakTopaMH H, B YaCTHOCTH, H3MeHEHHeM HauaJbHOIl TeM-
nepaTypbl, KOTOpoe BJjle4eT H3MeHeHHe (HOpPMbl MOTEHIH-
ajgpHoro 6Gapoepa (puc. 3, 6 mpu T—o00), a TakKe KBaH-
TCBBIMH (JIYKTyalHsIMH, HMEIOIIMMH OuYeHb O6OJblUyI0 Be-
JIMYHHY "[JISl PAcCTOSIHHH, He NpeBBIIUAIOIIHX IJIaHKOBCKHE.

Xaoruueckuil cueHapuii CHHMaer TpyAHOCTb Mogjenu I'y-
ca, 0JHaKO He pewaer Npo6jeMy CHHIYJSPHOCTH, T. €. Ha-
YaJbHOTO COCTOSIHHS. B pamMkax XaoTHUeCKOro cleHapus
BO3HHKAalOT MHHH-BCeJIeHHble, KOTOpble IIPHMEpHO uepe3
10~% ¢ nocsie cBOero BO3HHKHOBEHHS MEPEXOAAT Ha (pHA-
MaHOBCKHH pexxkuM. Ilo omeHkam, pasMepel MHHH-BCEJeH-
HBIX MOTyT JOCTHTaTh KOJIOCCAJbHOH (IO HallMM MacluTa-

K .
6aM) BesHuMHBL: =~ 1010 cwMm,

BEYHAS BCEJIEHHAM

Bonpoc o npupoje HayaJbHOIO COCTOSIHHSI B HHQJALH-
OHHOM ClleHapHH OCTaeTcsi OTKPHITHIM. OOLIYHO ero CBSI3bI-
BAaIOT C HavaJbHbBIMH BO3MYIIEHHSIMH B BakKyyMe B oO0nbe-
Me C JIHHEeHHBIMH pa3MepaMH, paBHBIMH NJAHKOBCKOH MAJIH-
ne Iy Ilouemy BriGupaercsi 3Ta AJnHHa? B cooTBETCTBHH
¢ OTO knaccuueckasi TeopHsl TPaBUTALUH BepHa BHJOTb A0
NJaHKOBCKHX paccTosiHui. KBaHTOBbIe 3(Q(heKTH HaYHHAIOT
CKa3blBATbCS JIMMIb NMpH NPHOJHXKEHHH K 3THM [JIHHAM, a
npu IS Iy craHoBsitcs omnpepeastomrMu. OnHako nocae-
JOBaTeJbHAsT KBAHTOBAas TEOpPHsl IDABHTALlUH OTCYTCTBYET.
BosBUIMHCTBO (H3HKOB I0JaraloT, 4TO ONHCAHHe IpOLEC-
COB, NPOHCXOAAIINX HA NMJAHKOBCKHX AJHMHAX, YAeJ TEOPHH,
cfveniusiolleli Bce uersipe B3amMonedcTsus. Onuako Ta-
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Kasi TeopHs cefiuac OTCYTCTBYeT, H KOJOCCaJhHble MHOTO-
JeTHHE YCHJHA MO ee CO3[aHHUI0 He YBEHYaJHCb YCMeXoM.
ITonHoe omHcaHde BaKyyMa ecTb COCTaBHAas 4acTb TaKo#
6ynyweli TeOpHH, a MOKA NPHXOAHTCSH OrpaHHYHBATBCA MO-
JeNbHBIMH TIPeACTaBAeHHAMH.

CpresiaeM HeCKOJIbKO 3aMeuYaHHH OTHOCHTEJbHO XapakTe-
PHUCTHK NJaHKOBCKOH o6JactdH. IliaHKOBCKHe BeJsHUHIILL,
BBefieHHble M. [1nankoM B 1899 r., xapaxkrtepusytorcs Tpems
¢byH1aMeHTaAbHBIMH MOCTOSIHHBIMH, ONpPELENsIOIHME TPH
yHHBepCaNbHbIX (HU3HYECKHX SIBJEHHS: TpaBHTAUHIO (KO-
cranta G), KBaHTOBYIO TeOpHIO (f) M TEOPHIO OTHOCHTE/b-
HOCTH (¢). M3 3THX KOHCTAaHT MOXHO COCTaBHTb CJedy-

Gh
JollHe TJaHKOBCKHE BeJHYHHB: AJHHY [p= (—03— 12~
~1073% cm, Bpewms tp1=(—g5£ 12=10-% ¢, maccy mp=
he V12 o 10-5 = 109 -3
= (T) 2=10">rmu nﬂOTHOCprpl—‘h—GZ"VIO r-cMm—3,

B n.uaHkoBcKo# 06J1aCTH MaTepHsl UpE3BBIYANHO CHJIBHO
¢ayktyupyer. ExBa sim B Heli CyLeCTBYIOT OT/[eJ/IbHbie 4a-
cruuel. CKopee MOXKHO FOBODHTb O HempephiBHOM, BaKyyMo-
o6pa3Hofi cpeje.

[Tocne 3Toro orTcTym/jeHus HapucyeM BO3MOXKHYIO KapTH-
Hy OyZLyllero MHHH-BCeJIEHHOH, NMpPUHUMAas 3a €ro 3TaJoH
aBoJioLHI0 Hawell Merarasaktuku *. TlpeanoJsoxum, uto
CpeiHsAs NJOTHOCTb BellecTBa MerarasakTHKH P> Pgp. TOr-
na nabaopaeMoe ceffuac paclUMpeHHe CMEHHTCSI CXKaTHeM,
nJOTHOCTh P OyieT yBeJHUHBATbCA (TAaK Ha3biBaeMmas 3a-
KpbiTasi MerarajgakTuka) M yepe3 HEKOTOpPOe BpeMsl [10-
cTurieT nJjaHkoBcko#d. Hampumep, nns MeraranakTuki,
HoJIHast Macca KoTopoit paBHa =~ 1080 r, sto cayyures, Kor-
na ee pasMmepn Oyayr ~10-'0 cm. B stom masnoMm obGbenme
6yneT HaXOAHTbCS BaKyyMooOpasHasi MaTepHs, KOTOpas Mo-
JKeT BHI3BATh K XKH3HH HOBYIO MHHH-BCeJieHHylo. M a3TOT
npouecc 6yneT NpoJ0JKAaTbCsl HENPephiBHO H OeCKOHeYHO.
CaMoe CylleCTBEHHOe 3aKJI0YaeTcs B CJeAYIOWleM: NpH me-
pexoje OT OXHOH MHHH-BCEJEHHON (MJIH MeTarajJakTHKH) K
JpYruM allaJorH4HbiM 006beKTaM BOBCE He 00s53aTedblio,
uTo6H (DYHAAaMEHTaJbHble NOCTOSTHHBbIE (KOHCTAHTHl H YHCJO
B3aHMOJAEHCTBHII, pa3MepHOCTb IPOCTPAHCTBA, MacCChl yac-
THI) HOBTOPSJIHCb. ECTeCTBEHHO NONYCTHTb, YTO OHH MeHA-

* Mogenbhuiii aHaJM3 CaMOBOCCTAaHaBAHBalOIleHdcs Bcenennoft mpo-
sen A. Il. Jlunae,
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Puc. 3. «Beunasi» BceneHHas. KaXJAb# «OBajl» NPeACTaBASET MHHH-
BCEJIEHHYI0 €O CBOHM Ha60opoM (YBIaMeHTaJbHbHIX KOHCTAaHT, KOTOpas
B TNpollecce 3BOJIONHH TOPOXAAeT HOBYIO MHHH-BCEJEHHYIO, H TaK MO
GeckoHeuHocTH. Ha pHcyHke H306paeHbl TONOJIOMHYECKH CBSI3aHHBE
MHHH-BceneHHble. OnHako cefiyac Heab3si HCKIIOYHTb, 4YTO BceseHHas
COCTOHT H3 TONOJIOTHYECKH HecBA3aHHHIX oOgacreil. Byksofi M cumso-
JMYeCKM noMeuyeHa Hama MerarajlakTuka, sBAsIOLAsiC BecbMa MaJioi
YacTblo OJHOI MHHH-BCEJEHHON

I0T CBOe 3HaueHHe NpH TpaHcHOpMAalHH ONHOH MHHH-BCE-
JIEHHO# B JpYTYIO.

CxemaTHYECKH TaKas KapTHHa NMpPEACTaBJeHa Ha pHC. 3.
Heo6xonuMo, 0fHaKo, NOAYEPKHYTh Upe3BhHIUaHHYI0 cXeMa-
THYHOCTh pHCcyHKa. Kaxpas samrpuxoBaHHas 06/1acTh MO-
XeT HMeTb CBOIO H, OLITb MOXKET, BeCbMa BEICOKYIO pa3Mep-
HOCTb H CJIOXKHYIO reoMeTpHuecKylo KoHdurypauuio. «Cre-
neHb 3aIUTPHXOBAHHOCTH» YCJOBHO O3HAauaeT pasjHuue (u-
3HUYECKHX 33aKOHOB B 3THX 00/1acCTSX. '

I anee, no-BuANMOMY, BO3MOXKHH JBa BapHaHTa. B mep-
BOM (OHOBOE TIPOCTPAHCTBO OTCYTCTBYeT M Bcesennas —
COBOKYNHOCTh BeCbMa IPHYYIJHBBIX TeOMeTpPHYECKHX (¢H-
ryp. Bo Bropom BapuaHTe cyliecTByeT ()OHOBOE NpPOCTpaH-
crBo. Hampumep, i mpoCTOTBl MOXKHO AONYCTHTb, YTO Ta-
KOBHIM fBJsieTcsi N-MepHOe TNpPOCTPaHCTBO MHUHKOBCKOTO
(N>3), 3anosHeHHOE BaKyyMOM, B KOTODOM pOX/JalOTCH
MHHH-BCEJIEHHbIE, pacmajalolluecs 3aTeM Ha MeraraJak-
THKH,
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B sTuX CHTyauusAx He BO3HHKAaeT BONPOC O Hayaje Me-
Tara/JakTHK HAH Bceseunoil. BcenenHas cyilleCTByeT BeuHO.
BeunocTp, KOHeYHO, He (H3HUECKOe TNOHATHE, OHa HMeeT
OTHOCHTE/IbHBIl CMblCJ. MOXKHO CKas3aTb, YTO BpeMs Cy-
ecTBoBaHHsl BcejienHOH BecbMa BeJHKO CpPaBHHTEJIbHO CO
BpeMeileM cyllecTBOBaHHA Merara/jakTHKH (HalOMHHM,
tm~10'" ner). Uro Obisio panee (Hanpumep, 101°0 jer Ha-
3aa) — npocto GeccMbic/eHHbIH Bompoc. B Takol kapTu-
He He BO3HHKAeT — Jaxe TeOopeTHYeCKH — INpoObJieMbl CHH-
rynsproctd. KoHkpeTHO pellleHHe 3TOH mpo6seMbl, B 4act-
HOCTH, 3aKJ/louaercs B cjeayioumeM. Kak nokasaau P. Ilen-
poy3 u C. XoykuHr, Jio6asi CHCTeMa, 3BOJIOLHSA KOTODOH
onpeje/asercs rpaBHTalMedl M KOTOpas y/JOBJETBOPsET KOC-
MOJIOTHYECKHM MNOCTyJ/aTaM, 0053aTe/bHO CTPEMHTCS K CHH-
rynsgpHoctH. OpHako «BeuHasl» BcesieHHass CylLleCTBEHHO
HEOAHOPOAHA H MO3TOMY K Hell Teopema Xoykunra—Ilen-
poy3a HempHMEHHMa.

B HapucoBaHHOH cXxeMe HeT HYX/bl CyLIeCTBEHHO Me-
HATb T€ OTHOCHTE/bHO NPHMHTHBHBLIE NpEACTaBJIEHUs O Bpe-
MeHH, KoTopble cefiyac cyulectBylor. Hanpumep, Bpems
MOXXHO ONpeNeJHTb KaK Mepy HalpaBjeHHOH (OT NPHYHHBI
K CJEeACTBHIO) 3BOJIOLHH 00bekTa. Takoe onpejeseHue, Ko-
TOpPOE MOXXHO HCMOJb30BaTh B Ipefenax MeraranakTHkH,
6e3 Tpyna pacnpocrpaHsieTcs H Ha BceneHHylo.

M nakoneu, nocjejHHA 1O CYeTy, HO HE MO BaXHOCTH
BOMPOC: MOXKHO JIH 3KCMEePHMEHTaJbHO NPOBEPHTb HaPHCO-
BaHHYyI0 31€Cb KapTHHY? Ha 3TOT BOmpoC MOXHO OTBETHTb
ABosiko. I[lpsmas onbiTHasi mMpoBepKa COBPEMEHHON KOCMO-
JIOTHH HeBO3MOXKHAa. Mpl obpedyeHbl OrpaHHuYHTb HabJjiofae-
HHUs pa3Mmepamu Meraranaktuku (=~ 102 cm). OnHako cyule-
CTBYIOT HaJeX/bl Ha CO3/aHHe IONHOH (HeMOoJeJbHOH) Teo-
puu 00pa3oBaHHS H 3BOJIOLUHH BceneHHOH, a TakXe Koc-
BeHHble 3KCIIepHMEHTaJ/bHble yKa3aHHdA, K KOTOPbIM Mbl H
nepeiiieM jpaJgee.

AHTPOIHbIN NPUHLUHUN

Konephuk, oTcTanBas reJHOLEHTpUYECKYIO Moaeab Cou-
HEUHOH CHCTEMBI, HH3BeJ 3eMJII0 10 CTaTyca psA0BOH MJa-
HeThl. B (DH3HYeCKOM acnekTe 3TO MOJOXKeHHe abCoIOTHO
npasujbho. OfHAKO B HEKOTOPOM OTHOLIEHHH 3eMJs fiB-
JIAETCA HCKJIOYHUTENbHBIM KOCMHUECKHM OOBEKTOM: OHA —
€JIHHCTBEHHO H3BeCTHas HaM oOuTesNb pasyma. Bce (10BOJIb-
HO MHOrOYHCJIEHHDIE) UONBITKH OOHapYXHTh BHE3CMHLIC
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UHBHIH3aLHH OKOHYHMJHCh Heyjpaueil. YMO3pHUTe/bHBHE pac-
CYyXJAEHHS Ha 3Ty TeMy eJBa JH VOenutejabHbl. MoKHO
NPHBECTH apryMeHTH Kak B MOJIb3y €IHHCTBEHHOCTH Halleh
IHBHIH3AUHH (OTCYTCTBHE CHTHAJIOB HHLIX 6oJiee pa3BHTHIX
IUMBHJIM3aLHUH), TaK H HMX MHOXECTBEHHOCTH (OTCYTCTBHE
CHrHa/ 0B OODBSACHAETCS OTHOCHTEJbHO MaJibiM BpeMEHEM
CYyLIeCTBOBAHHS LHUBHJH3ALUH).

BeccnopHo, uTo pasBuTas UHBHJN3ALHSA, €CJIH U HE YHH~
KaJbHBIH, TO MO KpaiiHeli Mepe BecbMa peIKHH (eHOMeH.
BosHukHOBeHHe pa3yMHOro cyliectsa Tpefyer camoopra-
HH3aLHH B BeCbMa CJOXKHBIX (DH3HUECKHX YCJOBHSX. ¥YXKe B
KOHIle TNpouJIoro croseTHs A. Yoasec orMeuyas, 4To vye-
JIOBEK MOTI BO3HHKHYTb Ha 3eMJe, eCJH OHa siBjsgercs
yactbio BcesleHHOH, MHOrOKpaTHO TpeBHIIAIOLIEl ee NO
pasmepaM. OH e BBICKa3aJ MbICAb O MHOXKECTBEHHOCTH
MHPOB C Da3/JMYHBIMH 3aKOHAMH H O TOM, YTO NOSIBJEHHe
4yeJ0OBeKa BO3MOXKHO IIpH BIIOJIHE ONpeJeJeHHOM COYeTaHHH
¢bu3uUeCcKUX 3aKOHOB.

Sra MBICJb BIOCJAEACTBHH HEOIHOKPATHO TpaHCHOpMH-
poBaJach, IoKa He NpHOOpesa OTHOCHTEJIbHO YCTOHUYHMBYIO
(opMyJHPOBKY, KOTOpas MOJyyYH1a Ha3BaHHE AaHTPONHOTO
npuHuuna. OcHoBHas ujesl aHaJH3a, OCHOBAHHOTO Ha 3TOM
NpHHLKIE, 3aKJA04aeTcss B MOCTYJHPOBAHHH B3aHMOCBSI3H
MeX1y CyLIeCTBOBaHHeM «HabJsiofaTtensi» ¥ KOHKPETHBbIX
¢u3nyecKHX 3aKOHOB. EcTb HeCKOJbKO (GOPMYJHPOBOK aH-
TponHoro npuHnuna. IlpuBeseM 1Be M3 HHX, MpHHaLJEXKa-
mux Bb. Kaprepy: «Hawe nosoxenne Bo Bcesennofi ¢ ne-
06X01MMOCTbIO SIBJISIETCS] PHBHJIETHPOBAHHBIM B TOM CMbIC-
Jie, YTO OHO JOJI2KHO OBbITh COBMECTHMO C HAlIMM CYyILECTBO-
BaHHeM, Kak HaOJjiwjaTtesel» (Tak HasblBaeMblH «cjaabbiiis
auTponHblil npuHuun). M «Bcenennaa ponxua OLITh TaKoH,
urcObl B Hell Ha HEKOTOPOM 3Talle 3BOJIIOUHM JONyCKaJoCh
cyllecTBOBaHHe Halaogatesnefi» («CHIbHBIH» aHTPONHbIN
NpUHIHKI).

Bor omMH W3 TPHMEpPOB HCNOJb30BAHHS  aHTPOMNHOrO
NpUHUHNA. YiKe MHOro AECATHJETHH CyLIeCTBYeT 3MNHpH-
yeckoe COOTHOILEHHe, CBSI3bIBalOlllee MaKPOCKONHYECKHe H
MHKDPOCKONHUeCKHe napamerpbl Merarasakruku. Ilo mopsa-
KY BEJHYHHbI ’

~ ang02 4

H0~ ) (1 )

(nanomuum, uto Hy — mnocrosHHas Xa66/a B Hally SII0+
2

XY, ag= Gf;’zp -~ Oe3pasMepHas MNOCTOAHHAs# TIpaBUTALHH,
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agmpc?
a BpeMs XKH3HH Meraranakruku [m=1/H, Jlanee ucnoab-
ayeM aHTponHbifi npunuun. Haubosee mnpocras Moaednb
BO3HHKHOBEHHA «Habawogatensi» (no kpaiileit Mmepe, ecau
€ro OTOXIEeCTBHTb C YesJoBeKOM) Tpebyer CYIIEeCTBOBAHHSA
3se3n tuna Coauua. Ilpouecc 3BOIOUHH MaTepHH, HPHBO-
AAulefi K MofABJeHHIO HabawogaTtess, BecbMa [JIHTeJEH, H
BEPOSITHOCTb €r0 peasH3alni YBEJHYHBAETCA C yBeJHue-
HHEeM BpeMeHH fs cyliecTBOBaHHS 3Be3i. O HaKo OYEBHJIHO,
yto BpeMmsl s fm. Iloatomy «unabulonaTesb» BO3HHKAET,

eCJIH BBINOJNHAETCS ONTHMaJjbHOE COOTHOWeHHe fs=im. M3
3T0r0 NpHOJHKEHHOrO DaBEHCTBA H CJeLyeT COOTHOLIeHHe
(14).

Ha ocHoBe aHTpONMHOro NpHHUHNA MOXHO HHTEpIpETH-
pOBaTh H HEKOTOpble HHble 3arajo4yHble COOTHOMIEHHS.

TemM ne MeHee nonyjaspHOCTb aHTPOMHOTO MNPHHIKNA
cpenn GH3MKOB He CJHIIKOM BeJHKa. ABTOPY NpeacTaBJsi-
eTcs, 4To 3TO OOCTOSATEJNbCTBO He CJaydyaiiHoO H 06ycJIoBJH-
BAeTCs HeCKOJbKHMH apryMeHTaMH.

1. B ocHOBY aHTpOMHOrO HPHHIIHNA IOJOXKEHO He BMOJI-
He OolpejeJieHHOe TOHATHe «Habawaatens». Ecan oroxpe-
CTBHTb €ro C pa3yMHBIM CyOBEKTOM, TO TOrJa B OCHOBY
¢$usuveckoro 3akolia 3akAafbiBaeTcss GHOJOrHYECKOE MOHSA-
TPe, C TOYKH 3penHs (Hu3HKa TaKike BeCbMa HeOoNpejeJieH-
noe.

2. AHTponEBIl TNPHHUHMI TOJBKO HMHTEPIPETHPYeT, HO
MOYTH [HYEro He TMpeACKa3biBaeT, T. €. XapaKTepHayercs
OPAaKTHUECKH HYIEeBOH 3BPHCTHUECKOH CHNOCOGHOCTBHIO.

mp — Macca nportoiia). Bpems xKu3HH 3Be3fnl fs=

3. Ecan ne npuberaTb K TEOJOrHUECKHM apryMeHTaM,
TO HEesICHO, Mouemy BO BceJsieHHOI [0JKHO CYyLLeCTBOBAaThb
pasymHoe cyuectso. Herpyano npeacrasuth cebe merara-
JaKTHKY, MHHH-BCeJEHIIYIO HJIK BceleHHYIO, B KOTOPOH pa-
3ym otcytcTByer. C ApYyrofl CTOPOHbLI, MOXHO BOOOpa3HUTh
cebe Bcesennylo, YCTPOEHHYIO O 3aKolaM, COBEpLIEHHO OT-
JHYHBIM OT TeX, KOTOpble NeHCTBYIOT B MeraranakTHke, HO
B KOTOpOil cywecrByer Pasywm.

OnHako, HeCMOTPSI Ha HepeyHcaeHHble ge(deKThl aHTpPOl-
HOrO IPHHUWNA, 32 HHM MOXKHO YHCJHTH JBa OOJBIIHX JO-
CTOHHCTBA. JTOT NPHUHLHI BIEPBble MOCTABHJ Ha HAayYHYIO
OCHOBY BONpOC: TOYEMY Halll MHD YCTPOeH TaKHM, KaKHM
Mbl ero nabgmogaeM? PaHee OrpaHHYHBaJHCh BONPOCOM:
Kak yctpoed Mup? IlpeacraBaseTcss TakKe CyLIECTBEINILIM,
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4TO aHTpOﬂHblﬁ NPpHHUOHA BbIBEJ BONDPOC O MHOX2KECTBEHHO-
C¢TH MHDOB H3 06J1aCTH JIOTalOK H MHCTHUYECKOTO TyMaHa B
np06.nemy, HaxoAsllyloCs: B KOMIETEHUHH HayKH.

NPHHUHUN UEJECOOBPA3HOCTH

YuuThiBass OTMeueHHble BbIle 11€JOCTATKH aHTPOMHOTO
NpHHINANE, ero CjeayeT MOAHGMHLUHPOBATHL B [ABYX Hampas-
JeHHsiX. Bo-mepBBIX, MOJIOXKHTb B OCHOBY He HECKOJBKO Hp-
paHHOHa/pHOe MNOHSTHE «HabJlopaTensi», a H3BeCTHbEe H
YeTKO onpejeJisieMble (H3HYeCKHe OOBEKTHI, H, BO-BTOPBIX,
HCI0J/Ib30BaTh XOPOLIO H3yuyeHHble B J1a60paTOPHBIX YCJO-
BHSIX 32KOHOMEDHOCTH [IJI1 HX aHaJau3a M INOoCJefylolled
3KCTPANoOJsALUKHH B 00JaCTH NPOCTPAHCTBA, PACIOJNOXEHHbI®
BHe MerarajakTHKH.

MoOXHO NpenJoXKHTh CJeAyIolyio (POPMYJIHPOBKY: 3aK0+
bl (H3HKH He TOJIbKO JOCTaTOYHbl, HO U HEOOXOAHMBI AJA
CO3/laHNSl U [AJIATEJbHOrO CyUIeCTBOBAHHA OCHOBHBLIX CBfle
3aHHBIX H YCTOHYHBBIX COCTOSIHHH: aTOMHBIX filep, aTOMOB,
3Be3J, U rajJakTHK. DTOT NPHHUHN — IpPHHUHA HeJecooB-
pasHoCcTH — Gas3HpyeTCs Ha XOpOLIO H3yYeHHBIX ¢H3HYe-
CKHX OOBEKTax H II03BOJIsIeT, KaK Mbl YBHAHM JHajee, Cles
JaTh HEKOTOpbie NpencKasaHusa *.

Mpur 3necs He Oynem neTastbHO -H3jaratbh 06OCHOBaHHE
5TOr0 NPHHIHUNA, a OCTAHOBHMCS Ha pacCyXAeHHsAX, MNpH-
BOASILIUX K HEMYy, H HEKOTOPHIX BbIBOJAX, KOTOpble M3 Hero
CJIeAYIOT.

ApryMeHTE B nosib3y NpHHOMIIA LesecooOpasHOCTH Oa-
3HPYIOTCS Ha MBIC/JIEHHOM (T€ODEeTHYECKOM) CLeHapHH 3BO-
JOUdA QpUAMaHOBCKOH MerarajakTHKH NpH MaJjoM H3Me-
IleHHH M[apaMeTpoB, ONpeeJAIUHX (H3HUECKHe 3aKOHO-
vepHocTH. Boobule rosops, Takod moaxox 6/KM30K K CTaH-
LapTHOMY METOAY HCCJIeJOBaHHs YCTOHUHBOCTH (DU3HYECKOH
cucTeMbl. B Tako#l cHcTeMe BCerja CyLIeCTBYIOT UHCJEHHble
riapaMeTphbl, BapbHPys KOTOpBIE MPOBEPSAIOT ee YCTOHYH-
BOCTb. IIpUMeHHTE/NbHO K TaKOMy 0O/bIIOMY (IO yeJoBeye-
ckuM MacuitabaM) 06bekTy, KaKk MeraranaxkTHka, B paMs
Kax mogo6HOTO NOAX04a MOXHO TOBOPHTb 00 yHMBEpCaJb«
ubIX (PH3HYECKHX KOHCTaHTaX.

[lo cywecTBy, NPHHUHKN 11€/1€CO00PA3HOCTH 3aKJIOYaeT-

* Tloapo6HO O NpUHLMIE 1LeJeco06pPa3HOCTH CM. YXK€ YNOMAHYTYIO
KHHTY aBTOpa: OJieMEHTapHble YaCTHUB M €TPYKTypa BcenenHoit. —
M.. Hayka, 1984.
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csl B jiOKa3aTenbCTBE HEYyCTOMYHBOCTH CTPYKTypnl Mertara-
JAKTHKi 10 OTHOLIGHHIO K YHCJIEHHOMY H3MEHeHHIO ¢(yH-
JaMEHT&a/bHBIX MMOCTOAHHBIX. MBI PacCMOTPUM JIHUIb TpPH
npuMepa TaKol HeyCcTOHYMBOCTH, OTOOpPaB HX TNO NPHHLH-
My NPOCTOTHl H HATJIALHOCTH.

Ilpusiep 1. Macca sasexrpona. Kax u3BeCTHO, BOLIOPOL—
a6co/110THO YCTOHUHBBIH 371eMeHT. OIHaKO B NpHIHILHIE MO-
HEeT CYILeCTBOBATb peaklHus

e+p—>n-+v (15)

(e, p, n, v — COOTBETCTBEHHO 3JIEKTPOH, NPOTOH, HeHTPOH
v wefitpuHo). OfHAKO 3Ta peakuHs 3ampellleHa CaMbIM Cy-
POBLIM 3aKOHOM — 3aKOHOM COXpaHEeHHs 3HepPrHH (Macchl).
B 3HepreTHueCKHX eAHHHLAX Da3HHIA A MmN MexX1y Macca-
MH HefiTpOHa H mpoToHa paBHa 1,3 MsB, B To Bpems kak
Macca agaekTpoHa me=~0,0 M3B. Tlosromy pacmag HeiiTpo-
Ha Ha NpPOTOH, 3JI€KTPOH H (aHTH)HEHTPHHO BO3MOXKEH, a
peakuus (15) B mpupone He ocyllecTBJSETCH.

¥YBequuHM MBIC/JIEHHO Maccy 3JeKTpoHa BTpoe. Torzpa
peaklHs, KaKk TOBODHTCH, «NpOXOAUT». M uTO Xe H3 3TOrO
cienyer?

Kak usBectHo, uepe3 10° ser mocse Hauasna pacuimpe-
Husg B MerarasakTHke 06pasyloTCsi aTOMbl BOJOPOAA. ITOT
HepHoJ UCKJIOUHTENbHO BaXKeH, NOCKOJbKY Hepexon rops-
yeii nasMbl B aTOMbl O3HaUaeT BO3MOXKHOCTb KOHJEHCAlHH
YacTHI B CKOIJIEHHsl W rajakTHkH. Ecau 66l B uctopun Me-
TarajJakTHKH He Obljio Obl 3pbl HEHTPaAJbHOTO BOLOPOAA, TO
H3JIyueHHe 3apSKEeHHBIX YacTHI, MJ1a3Mbl NpensTCTBOBAJIO
6bl X KOHIEHCAUHH B TaJaKTHKH.

B ciyuae «yTsiKeJE€HHOro» 3JIEKTPOHA aTOMBI BOAOPOAA
(npotoubi) 6yayT O6LICTPO H HEOOPATHMO MEPeXOLHTb B Hell-
TPOHBl W HEHTPHHO, H 3Be3Jbl I'IaBHOH NOCJeJ0BaTeJbHOCTH
(tuna nawero CosiHIA) BO3HHKHYTb He CMOryT. Bce cko-
NJieHHs, TalaKTHKH H,. OBITh MOXeT, GoJiee Meskue 06paso-
BaHusi OYLYT COCTOSITh HCKJIOUHTEJBHO H3 HEHTPOHOB. ITO
Mbl M Ha3biBaeM HEYCTOHYHBOCTBIO CTPYKTYypbl Meraranak-
THKH.

BosHHKaeT BONPOC: BEeJHKO HJM MaJjo yBeJHYeHHe Mac-
chl asiekTpoHa BTpoe? Takoft Bompoc B (u3HKe caM mo cebe
JIHIIEH cMblcsa. ViMeeT CMBICJ JHIUb BONPOC O BeJHUYHHE
H3MEeHeHHs] CPaBHHTE/JBHO C KaKoOH-JH60 XapaKTepHCTHYe-
ckoil BesuunHOH cucreMbl. Cefiyac Ha YCKODHTEJNsX XOpO-
II0 H3yYeH CHEeKTP Macc 3jJeMeHTapHbx #actuu. OkasbiBa-
€TCsl, UTO OH HMeeT Pe3KHH MaKCHMyM B 006J1aCTH Macchl
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nporoHa myp=2000 me. SIcHO, uTO yBEJMYEHHE MACCLI file
BTPOE OYeHb MaJ0O CPAaBHHTEJBIO C OTHOIICHHEM Myp/Me~>
~=2000.

Mpumep 2. Ycrotuusocre Oelitona. [efiton — Takxe
a6GcostoTno cTabuabHas YacTHUA, COCTOsAILAs H3 INPOTOHA
u Hefitpona. OIHAaKo, KaK H3BECTHO, HEHTPOH B CBOOOAHOM
cocrosiHud  pacnagaercsd. CraGHABHOCTL Ke HeHTpOHA B
JeHTOHe HMeeT MNPOCTYI0O HHTepNpeTaluio. DHePrus CBA3H
MpPOTOHA M HEATPOHA IpEeBBILIAET PA3HHLY MacC MexXJy HH-
MM H NOITOMY B JefiToHe aHaJor peakuuu (15) (c mepeno-
COM HeHTpPOHa B JIeBYI0 YaCTb) OCYLIECTBHTbCA He MOXKET.
OpHako, ecqiu yBeJHUUTb pas3HHuly Macc Gosee yeM BJBOE.
TO HeATpOH HOJIKeH Obl1 OBl pacnanatbCsi, NMpefonpeens:
HecTaOUJbHOCTD JE€UTOHA.

JefiToH sBASeTCS [OBOJBHO 3K30THUECKHM 3JIEMEHTOM,
H{ TO3TOMY, C NMEpPBOTO B3rJsiLa, MOXHO IOAYyMaTh, YTO €0
XapaKTepUCTHKH He [OJKHBI CKa3aThCsd Ha rJ06aJibHbiX
XapaKTepHCTHKaX TaKHX THTaHTCKHX oOpa3oBaHHil, Kak Me-
TaraJakTHKH HJIH MHHH-BCesjeHHble. Ho Takoe Bmeuatsenwe
omn6oyHo. JlefiCTBHTENBHO, B COBPEMEHHYIO 3MOXy pOJib
meliToHa B CTpykType MerarajsakTukd HHuTOXHa. OnHako
COBepIIeHHO HHasl CHTyallHs CylleCTBOBaJa B MepBble MH-
HyTHl nocie obGpasoBaHHsl MeraranakTHki. [lefiton Obia
HeoOXONHM [AJIS1 HYKJIeOCHHTe3a BCeX CJOXHBIX 3JeMeli-
TOB.

MeHHO Ha 3Tame KOCMHYECKOro HYKJeoCHHTe3a obpa-
30BaHHe CTaOHJBLHOTO [NeHTOHa fABJSAETCS HEOoOXOXUMBbIM
3BEHOM [ NOCJeAyIOLleH reHepalMH «-YaCTHI, KOTOpbie
yXe B Mpouecce 3Be3JHOH 3BOJIIOUMH CJHBAIOTCA B Gosee
TSAKeJible 3JeMeHTHl, B 4aCTHOCTH yryepox. HecrabuabHocTb
neliToHa paspyluuia Ob BCIO LeNb HyKJ/J1eOCHHTe3a. B stom
cllyyae B MeTarajakTHke (MHHH-BCEJEHHOH) OTCYyTCTBOBAaJH
6bl TAXKEJblE 3JeMEHTDI.

Tlpumep 3. O seauyune KOHCTAHTOL CilAbHO20 83GAUMO-
OeiicTeus. B mpoTHBOMOJNOXKHOCTb JAEHTOHY YacTHUA, CO-
grosiliasi U3 ABYX mpoToHoB (GumporoH 2He), necrabuibHa.
OnHaxko, XaKk NOKa3biBalOT OLEHKH, yBeJHUEHHe KOHCTaH-
bl CH/JBHOrO B3aHMOJEHCTBHS Ha HECKOJbKO MPOLEHTOB
ofBecneunsno 6b crabuibHOCTh OGunpoToHa. B stom cayuae
KapauiajbHO M3MEHHJCS Obl XapaKTep KOCMHYECKOro HYyK-
jJeocu:iteda. JleHCTBUTENBbHO, B CJjydae CTabuIbHOCTH 6u-
npoToHa CYyWECTBOBA1a Obl peakius

p+p—*He+y, (16)
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Puc. 4. Pacnpelenenne 3JeMeHTapHBIX 4YacTHL no Maccam. Ilo ocu
abCLUCC OTJIOXKEHH! JIOTapH(pMbl 3HAYEHHH MacC 3/€MeHTapHLIX YacTHil.
[Mo ocu opAauMHAT — OTHOLIEHHE YHCJIA. HaCTHI A s Ha eIHHHLY MacCH

m
B aorapudmuyeckoM Macuwitabe Alg——. IlyHKTHpHas XpHBas — am-
m !

P
NpOKCHMalHst 3SKCNMEPHMEHTAJNbHBIX JaHHHIX. 3a €XHHHIY MacCoel NpHu-
HATa Macca IPOTOHA Mip

KOTOpasi peasiu3yeTcs MO 3JEeKTPOMAarHUTHOMY B3aHMO-
IeHCTBHIO, T. €. HA MHOTO NOPAAKOB OBICTpEe, YeM peakUHH
tuna (15), o6ycioBaeHHble cJabbiM B3aHMOJEHCTBHEM.
B TakoMm cjyyae NPOTOHH Y€ Ha NEPBOM 3Talle «BHIrope-
Jau» OB MOJHOCTBIO, 4TO NPHUBENO Obl K KapAUHANBHOMY H3-
MEHEHHIO BCeH CXeMbl 3BOJIONMH 3Be3l. OCHOBHas TepMo-
silepHasl peaklHUs — CJIHSHHe NPOTOHA H HEHTPOHA — He
peaJausoBasach Obl, T. €. 3Be3/ibl OBl OLICTPO «yracJju».

Takum o6pa3oM, HE3HayHTE/JbHOE H3MEHEHHE UYHCJIeH-
{10r0 3HaueHHus (pyHZAMEHTAJbHBIX NOCTOSHHBIX NPHBOJMT
K paJHKaJbHOMY H3MeHEHHIO (H3HUECKOH CTPYKTyphl Me-
TaranakTHkH. MHaye: 3Ta CTpyKTypa HeyCTOHYHBAa K H3Me-
HeHHIO 3HaueHHWH (PyHJaMeHTaJIbHbIX KOHCTAHT.

Takasi «noxcTpoiika» YHC/JAEHHOro 3HauyeHHS (yHIaMeH-
TaJbHBIX INOCTOSHHEIX K CJIOXKHOH CTpykType Meraranak-
THKH NIPHBOIUT K HEOOXOAHMMOCTH (€CJH HCKJIOYHTb THIO-
Te3y DBoxecrBennoro IIpoBHIeHHSI) NONYCTHTH CYILECTBO-
BaHHe MHOTHX MeTaraJJakTHK (MHHH-BCEJIEHHBIX) C Da3HbIM
nabopoM ¢yHaaMeHTaJbHBIX KOHCTAHT.
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AyeT, YTO BOIH3M MAcCH NMPOTOHA My B paclpeieseHHu cy-
uiecTByeT pe3kHH MakcuMyM. Ilpumepro 909% Bcex uacTuu
HMEIOT Maccy, 3HayeHHe KOTOPOH HaXOAHTCS B HHTepBaJe
{1o+2) mp.

[lpuBeneM npyroe BaxKHOe JJisi Mac paclpefeseHHe
{puc. 5), cienaB mpeaBapuHTe/NbHOE INOsiICHeHHEe. B ¢usHKe
$/leMEHTapHBIX YaCTHL, CyLIeCTBYeT MOHSATHE H30TONHYECKUX
veMelicTB (MyJbTHIIETOB). YacTHubl, BXOAfAILIHE B OAHH
MYJIbTHILIET, MMEIOT OJHHAKOBBle KBaHTOBblE uHCja (KpO-
¥e BeJHYHHBl 3JIEKTPHYECKOrO 3apsiia) W MOYTH OJHHAKO-
Bble 3HaueHHA Macc. B npenesiax ofHOro MyJbTHIJIETA Mac-
cui oranyarnTcs Ha 0,1—1%. HanGosee wussectHbie mpen-
CTaBHTEJNH  HM30TONHYECKHX  MYJIBTHIJIETOB — HYKJIOHBI.
K aToMy ceMelCTBY OTHOCATCS NPOTOH M HelTpoH. PasHuna
mace mp—mp=~10—3 mp. DnekTpHyecKuit 3apsif NPOTOHA
jjaBeH 3apsily 3J1€KTPOHA, a 3apsj HeHTpOoHa — Hy.l0. Bce
0CTaJIbHble KBAHTOBblE YHCJA OOEHX YaCTHI[ TOXIECTBEHHBI.

Ha puc. 5 mpeacraBieHo pachpenesieHHe pasHHL Macc
$aCTHL, BXOAAILHUX B OAHO H TO 2Ke H30TONHYECKOE CeMeii-
erBo. Kaxkjpas Touka Ha THCTOrpaMMe — pas3HHLIA Mace
uaCTHIL OJHOTO MYJbTHIJIETA, BhIpa*keHHas B M3B. 3ame-
THM, YTO Ha DHCYHKe IIpeJCTaBJIEHBl ceMefiCTBa, MacChl KO-
TOPbIX H3MepeHbl ¢ HanOOoJblleH TOYHOCTHIO.

[Tocne neMOHCTpPaUMH 3STHX XOpOLIO YCTAHOBJEHHBIX
LaHHBIX TepelileM K HX aHaJH3y, NpeJBapHUTEJbHO OTMETHB
ONlHY M3 OCHOBHBIX Ip00/eM (H3HKH dJ€MEeHTapHbIX yac-
THI, — TnpobJeMy HepapXHH Macc.

dra npobJseMa, pelleHHe KOTOPO#l B paMKax COBpEMeH-
HOi TEODHH IIOJIHOCTBIO OTCYTCTBYeT, 3aKJIOYaeTcs B CJe-
aywoueM. Kak ynomuHasoce panee, macca X-6030Ha, OTBeT-
crBenHoro 3a bosbuioe o6benuHenne, mx =105 m,. Bo3Hu-
KaeT BOIDOC: MoyeMy OTHOLIeHHe mx/mp=10'> cTosib Besu-
KO N0 cpaBHeHHIO ¢ enuHuuel? [lupak eme B 1937 r. ot-
Meyas (M Ha Hall B3rJsf, BIOJHe CIpaBelJIHBO), UYTO BCe
6eapasMepHble QYHIAaMEHTaJbHble KOHCTAHTHI JOJKHEI ObITh

=

Eme GoJiee ipaMaTHueCKHH BOIIPOC BO3HUKAET B CBSA3M @
NJaHKOBCKCH Macco#t mpi=~10'% mp, oTBETCTBEHHOH 32 06D~
e/HHEHHe BCeX dYeThipex B3auMogeilctsuii. K 3rtofi cepuu
npo6JeM NPHMBIKAET TaKKe BONPOC O MaJOCTH MacChl 3JI€K-
TpOHa.

YnoMmsHyThifl moctysnatr Jupaka He nMeeT YeTKHX KOJIH-
YyeCTBEHHBIX KPHTEPHEB, OCKOJbKY B 3TOM ONpELe/eHHH HET
5TAJIOHOB M aHaJoroB JaHHOH (yHAAaMeHTaJbHOH BEJHYH-
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Hbl. UTOOB! YCTPAHHTh 3TOT Ae(dEeKT, BOCMOJAb3yeMCsl pacmpe-
JesjeHHeM, MpeACTaBJeHHbIM Ha puc. 4. Moxno chopmyin-
poBaTb MPOCTYI0 3aAayy: KaKoBa BepOSTHOCTb CYyLIECTBO-
BaHHsl yactuu B HHTepBaJse 0—3 me n 10'°—10" m,? Oxa-
3bIBA€TCS, YTO BEPOSITHOCTb YACTHL HMeTb OUYeHb MaJgylo
maccy cocraBasier =~ 107°—10-5, a BeposiTHOCTD MMETb Mac-
Cy, aHoMaJbHO 6oJbllylo, elle MeHblle — = 10740—]10—*.
XoTa 3KCTpamoJisiLHsl B CTOJNb 0OJbIIMX HHTepBaJax (2)
MOPSIIKOB) BCerja COAep:HT OO0JbliHe HeONpeaes]eHHOCTH,
TeM He MeHee 3Ta MNpoueAypa JlaeT IOJYKOJHYECTBEHHOL
IpEeACTaBJIeHHe O BEPOATHOCTH «MOSIBJEHHA» YaCTHI C aHO-
Ma/JbHBIMH MaccaMH. Kak Mbl BHAMM, 3TH BEpPOATHOCTH HC-
KJIIOUHTEbHO Manbl. TeM He Mellee NOSIBJA€HHE YaCTHIL C
TaKHMH MacCaMH Ha ONbiTe HJH B TEOpHH fBAdeTcs (ak-
ToM. Kak coBMecTHTh 3TH 006a, KasaJocb OLl, NPOTHBOpe-
yuBble yTBepxkAeHHA? OTBer paeT NPHHUHN LeJsecoobpas-
HOCTH.

JeficTBuTeIbHO, TeopHs HecTaOMJbHOCTH MPOTOHA Jaet
B Jorapu@MHYecKOM NpHOJHKEHHH CJeYIOLlyl0 3aBHCH-
MOCTb A./151 Bp€MEHH ero XH3HH:

ty~ mx*. (17)

[Tostomy, ecan 6e1 macca X-6030Ha Gbl1a OBl Ha HECKOJb-
KO MNOpSIAIKOB MeHblle NpeACKa3biBaeMOHl TeopHeH, TO Bpe-
Ms fp Obio Obl MeHblie BpeMeHH fy CyllecTBOBaHHs Me-
TarajakTHKH. Bce mpoToHbl pacnaJnch Obl, H BCA MaTepHs
cocrosinia 6bl M3 (OTOHOB M HelitpuHO. B Taxoit Merara-
JaKTHKe OTCYTCTBOBa/nH Obl fApa, aTOMbl, 3Be3Jbl raJak-
THKH. Hesb3s cylleCTBEHHO yMEHBIUHTb H Maccy my. Ilefi-
CTBHTEJbHO, H3 TEODHH SBOJIIOUHH 3Be3J CJeLyeT, uTo Bpe-
M HX XKH3HH

ts~ag™". (18)

Ho mp=ag!/2mp. TloatoMy ts~ (mp/mp)?, cienoBaTenbHo,
Jlaxke yMeHblIEHHe MacCChl flp) BCErO JIHUIb Ha NMOPSAOK Ka-
TaCTPOPHUECKH YMEHbIUHT BPEMs XKH3HH 3BE3[L.

YBENHYIHTD MaccCy fMe BTpPOe HeJib3sl, MOCKOJBKY 3TO NPH-
geJo Obl K KOJIJIanCy aTOMOB BOAOpPOAA C MOCJEAYOLHMH
KaTacTpOQHUYECKHMH IIOCJNEACTBHSMH (CM. MpeALIAYLIHA
pasgen). Takum o6pasoM, 4ynoBHLIHble GJYKTYyaUHH Macc
OCHOBHBIX YaCTHI[ $IBJAIOTCA 3aJ0TOM CJOXHOH rapMOHHH
Hale# MerarajakTHKH.

@D yKTyaTHBHOCTL (B 3TOM CMLIC/Je) (QYyHAaMeHTaJbHbIX
(I0CTOSIHHBIX TOATBEP2K/1aeT Takxe M bHC. 5. M3 3Toro pm-
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CyHKa CJeayeT, YTO DasHOCTb Macc A my=my—my, cyue-
(TBEHHO MeHbllle aHaJOrMYHOH pDAa3HOCTH AJA JPYTHX ce-
veficte. DBosee Toro, ecan 6bl pasHocth A my Obina Gl
paBHa MHHHMaJbHOH H3 BCeX pa3HOCTeH A m, mpeacraBjieH-
UbIX HA PHCYHKe, TO AEHTOH Obl1 6bl HeCTaGHJIBHON YacTH-
1elf, uTo npuBeso 66 (KaK OTMeuYaJsoch B NMpebIAyILeM pa3-
Lese) K KaTacTpoUYeCKHM NOCJAEACTBHSIM.

Takum 06pa3oM, MOXHO CUHTaThb NOUYTH AOKa3aHHBIMH
/Ba MOJOXKeHHA: 1) cHoekTp Macc 3JeMeHTapHBEIX YaCTHIL
( opMHpOBaJICl B npouecce ob6pasoBaHuss MerarajakTHkH
{MHHH-BCEJIEHHOH) IO HEKOeMy BEepOSTHOCTHOMY 3aKOHY H
2) ¢dynnaMeHTaJbHBIE MOCTOSIHHBlE, HeoOXonHMBble A5l (op-
MHPOBAHHsl CJIOXKHOH CTPYyKTypbhl MerarasnakTHkH, npuobpe-
T3I0T CBO 3HayeHHe B ITOT Ke MOMEHT H fABJAITCSH 60Jb-
1HUMH QJYKTyalusMH B psiAy NofoOHBIX cebe BeanuHH. JTa
&JAYKTYaTHBHOCTb HeoOXonuMa JJisl CYLIeCTBOBAHHSA CJOX-
1.OH CTPYKTYypbl MeTarajakTHkH.

CEOMETPHUS BCEJEHHOM

BepoATHO TOJBKO NPHBBHIYHOCTb, MOXKHO CKa3aTb OGHI-
JIleHHOCTb, €BKJIHJOBOH FeOMEeTDHH INpeNsTCTBYeT HaM OCTa-
:OBHTbCSI C YYBCTBOM T/1y60Koro 6s1aroropeHusi mepej 3THM
[OCTHXKEHHEM aHTHYHOH KyJbTyphl. JleHACTBHTENbHO, yiKe
JL4BHO CTaJH AOCTOSIHHEM HCTOpHH ¢usnka Apucroress,
acrpoHomust Ilrosemes unnm Maremartnka Apxumena, BeJH-
yajilllie BepLIMHBI JpeBHeH LHBHJIH3aLHH, a reoMerpus EB-
KJHIA 10 CHX NOp OCTAaeTCsi OCHOBOH IUKOJBHOH MarteMa-
THKH.

M 3pecb BO3HHMKaeT BONpPOC: B YEM JK€ CEKpETbl YAH-
EHTEJbHOH KHBYYECTH €BKJHAOBOH reomerpun? Ha Ham
B3IJIsLl, OCHOBHBIX NpPHUYHH JBe. Bo-mepBLiX, eBK/JIHI0BA T€O-
meTpusi — oOpasel NOCTPOEHHS, HA OCHOBE KOTOPOTO MOX-
HO HauaydlwuM o6pasom o0yyaTb B LIKOJE JIOTHYECKOMY
MBILIJIEHHIO, H BO-BTODHIX, reoMerpusi EBkJuza siBasercs
faxe H Mo cell I1eHb NPEBOCXOAHBIM OTparK€HHeM BHIHMOTO
11abs10faeMoro Mupa.

TeM He MeHee yKe B IPOLIJIOM CTOJI€THH HaXOAH/IHCh Ma-~
TEMaTHKH, KOTODble OCMeJIMJHCh TOABEPrHYTb COMHEHHIO
eBKJIM/JIOBY T€OMETPHIO KaK €JHHCTBeHHO BO3MOXHy10. Cob-
cTBeHHO roBopfl, B paborax 'aycca—Jlo6aueBckoro He OT-
puuasnace Bcsi reometrpuss EBkanpa. IloaBepragcs comHe-
LIMIO JIULIb 3HAMEHHTHIH HATH NMOCTyJaT.

l'aycc u Jlo6aueBckuii He3aBHCHMO APYT OT ApYyra HH-
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TaJIHCh OMLITHBIM MYTeM HPOBEPHTb EBKJHAOBY TeOMETPHI
{TouHee, cnpaBeAJIHBOCTb MATOTO MOCTYyJaTa), HO HHKAaKHX
OTKJOHEHHUH (PH3HYECKOro MPOCTPaHCTBA OT EBKJIHAOBOLU
He OOHapYKHJIH.

OnHako B HallleM CTOJIETHH CHTyalHuss H3MellHJach.
A. Dfirwireitn B 1915—1916 rr., ocHOBBIBasACh Ha HeeBKJH-
noBoii reomMeTpud (reometpuu PumaHa), cos3gan CBOIO Teo-
PHIO TrpaBHTaluuH — OOULYI0O TEOPHIO OTIOCHTEJLHOCTH.
B pamkax OTO Tena nedopMHpPYIOT NMPOCTPAHCTBO, TaK 4TO
rpaBHTALUsl NPOSBJAETC B JBHXKEHHH MO KpaTyaHHUM B
JaHHOM HeeBKJIMJOBOM NDOCTPAHCTBE JHIHSM — TIeOAesH-
YeCKHM.

OrpomHOe GOJIBIIHHCTBO SKCNIE€PHMEHTAJbHEIX JaHHBIX O
FpaBHTAallHH MOXKHO ONHCAaTb B pPaMKaX IUKOJBHOH (H3HKH
(npoctpancTBo EBK/IHIA 4 HBIOTOHOBCKHE 3aKOH BCEMHp-
Horo mpursaxenus) uam OTO. Opnako HekoTOophle (mpas-
Jla, HEMHOTOYHCJEHHBIE) $SBJEHHS (OTKJOHEHHe CBeTa B
rpaBuTanHonHoM nose CoJiHla, cMelienine nepureans Mep-
KypHsl) NpeBOCXOAHO corsacyiorcs ¢ npeackaszanusmua OTO
H [POTHBOpEYaT HbIOTOHOBCKOH Teopuu. Takux nanHbIX
HEMHOro, M M03TOMYy A0 CHX NOp NpPeANpPHHHMAIOTCS MOMbIT-
KH TMOCTPOHTb TOJHYIO TEODHIO TPaBHTALUH B MPOCTPAHCT-
B€, aHAJIOTHYHOM eBKJAHAOBY. Hsi1g Hac, oaHako, BaXHO 01-
Ho. B XIX cToJieTHH eBKJHIOBOCTb (PH3HYECKOrO NPOCTpaH-
crBa 6bia ouesHaHa. Ilocne paGor DiiHiuTefiHa GOJbIIMH-
CTBO (PU3UKOB MpPHAEPXKHUBAETCA TOYKH 3DEHHs, UTO NPo-
CTPAHCTBO HOJIKHO HECKOJbKO OT/AHYA1bCS OT €BKJIHLOBA.

Tenepp MLl mepexoaHM K OCHOBHOMY mnyHKTY. [lo cux
f0p Mbl KacaJHChb JHIIb (OpMBI NpPOCTPAHCTBA, He 3aTpa-
ruBas Bomnpoca o ero pasMepHoctH. B pamkax OTO pas-
MepHOCTb (DH3UYECKOro MPOCTPAHCTBA IoJarajach (Kak
BO BpeMeHa EBksanpa) pasuoi TpeM. HMun, ecan yx Obite
TOYHLIM, 3Ta pa3MepHoCcTb Obl1a paBna 3+ 1, rae eanHuua
COOTBETCTEYeT BPEMEHH.

Kak H3BeCTHO, B TEODHH OTHOCHTEJNbHOCTH NPOCTPAHCT-
80 H BpeMsi 06pa3ylOT eJHHLIH YeTbIpeXMepHbIH KOHTHHYyM.
Mbpl B panbHelilieM H OyfeM TFOBODHTb O UeTBIpeX H3Mepe-
HHSX 3TOr0 KOHTHHyyMa, TIojpa3yMmeBast NOJ YeTBEPTHIM
H3MepeHHeM BpeMmsd.

Hanbrefilunii nporpecc HalIMX NpeicCTaBJeHHH o ¢u-
3HYeCKOM MNpPOCTPAaHCTBE CBSI3aH C TNONLITKAMH, OTHOCSILH-
MHCSl K ABaJlUaTbiM rOfaM Halllero ctoseTHs. B 31o Bpemn
HekoTOpble (QH3NKH, BoonylleB/eHHble ycnexamu OTO, nui-
Ta/JHChb NMOCTPOHTb €AHHYIO TEOpHIO B3auMmojaefcTBuii. B re
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NlaJleKHe BpeMeHa 3TO O03HAyaJo: OObeJHHHTb B €JHHYIO
TEOpHIO [Ba XOPOLIO M3YYEHHBIX B3aHMOLEHCTBHS — 3JI€K-
TPOMarHUTHOe H TpaBHTauHOHHOe. B uacthoctu, T. Kaay-
na B 1921 r. npensoxusa npoBecTH 310 O0GbeLHHEHHE, TO-
CTYJIMPYS, 4TO (PH3HUECKOe NPOCTPAHCTBO — BpeMsl HMeeT
lle yeThipe u3MepeHus, a nsatb. C mepBoro B3ryisgga 3Ta
njes Kaxercsi abCcoJIIOTHO abCypAHONH, OCKONBKY BCE HAIH
OMBITEl JAE€MOHCTPHPYIOT, YTO (DH3HYECKOe HPOCTPAHCTBO
‘HMeeT TPH M He OoJee u3MepeHuit. OgHako (M B 3TOM 3a-
KJI049aeTcs «4yno») AJAs ycnexa oOGbeIHHEHHS He HMeEIOT
3HayeHHsl pasMepbl NATOTO H3MepPeHHs: NPOCTPAHCTBEHHO-
BpPeMEHHOIo KOHTHHyyMa. Ero pasMepnl MOryT GbiTh CKOJIb
yrogHO MaJblMH ¥ He OBITh OOHapyxeHH Ha onbiTe. UTO-
6Ll OHATH 3TO YTBEpXKAEHHe, NpeacTaBUM cebe OeckoHeu-
HBIH (MM OYeHb AMMHHBIN) HHJAMHAP. Torga Ha MOCTATOUHO
60Jb1IOM DACCTOAHHH OT Hero Mbl OyieM BHIETb BMeECTO
HHJIHHApA NPSAMYIO, CJHBIIYIOCS C OCbIO 3TOTO IHJHHAPA.
Muave rosops, ABymepHOoe o6pa3oBaHue (LHJHHAD) HaM
6yleTr KasaTbCsl OLHOMEPHBIM (MPAMOH).

D10, KOHEYHO, Bcero Julb aHajgorus. HarmsgHo mpen-
cTaBUTb cebe msATOE H3MepeHHe Mbl He MoxeM. OnpHako
yeJioBeYeCKHH yM JIOCTaTOUHO H30LIPEH, YTOOBI MpPeopoJeTh
310 mpensaTcTBHe. Mcnosb3yst aHaIHTHYECKHE METOIBI, MOXK-
10 ONpelesHTb CBOHCTBA IPOCTpPAHCTBA, He mpHberas K Ha-
TJ151 L HOCTH.

Hrak, B paMKax NATHMEPHOH TeOMETPHH MOXKHO He-
fIPOTHBOPEYHBO H €JHHOOOPAa3HO ONHCAaTh 3JIEKTPOMATHHUT-
o€ H IPaBUTAllMOHHOE B3aMMOAEHCTBHS. DTa Hjes BecbMa
BooaylueBuaa A. DiHWITeHHA, KOTOPHIH MOC/JIEIHHE NECSTH-
JIeTHs1 CBOEH XKH3HH IIOCBSITHJ DPa3BHTHIO €/HHOIl TeopHH
noasi. C Hum paboranH JHWb ero OuaHKafilllie yYEHUKH.
BoJbIIMHCTBO Ke (DH3HKOB OLEHHBAJO 3TH NONLITKH Hera-
TUBHO, OTHOCS HX K YyjayecTBaM crapeoulero reHus. Ceii-
yac J0BOJIBHO TPYIHO BOCCTAHOBHTH TOUHYIO KOHTpPapryMeH-
TaUMI0 ONMmoHeHTOB ODftHuiTeliHa. OXHAKO W C TOUKH 3pe-
HHSI COBpeMeHHOro (GH3MKa MOXKHO NPHBECTH IO KpalHeH
Mepe HeCKOJIbKO BO3DarKeHHH:

1. Teopus Kanyuwl (Bxaiouass ¥ paboThl JDfHIITelHA)
o6beNuHsANMA JIHIIb 3JEKTPOMarHUTHOE H TpaBHTAIlHOHHOE
B3auMozeficteusi. KBaHTOBble B3auUMOLeHCTBHS (CHJbHOE H
caaboe) ¢ MaauiM paguycoM cua (= 10-'3 cM) He BKaIOYa-
JIMCb B JAHHYIO TEODPHIO.

2. OrcyrcTBOBaJ MOAXOA K pasMepaM INATOrO H3Mepe-
nusi. DKCNepUMeHTaJbHble Ke JaHHble CBHIETE/bCTBOBA-
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JY, YTO BIJIOTH A0 paccrosHuit 10—'6 cM HHKAKHX OTKJIO-
HEHHl pa3MepHOCTH IPOCTPAHCTBA OT Tpex He oOHapyxe-
HO.

3. Hukaknux HOBBHIX pe3y/bTaTOB HJH NpeICKa3saHHH ns-
THMEpDHasi TeOpHsI He JlaBaJja, XOTf OHa H OCHOBbLIBaJlacCh Ha
HeNpUBHIYHOM MaTeMaTH4YeCKOM anmapaTe MHOTrOMepHOH
reOMeTpHH, KOTOpPBIH (H3UKaM CJIE0BAJIO NMPEOJONeTh IS
noHuMaHusi HoBbiXx wupell. Ilo-BupumoMmy, mostomy DHH-
IWITeHH OCTaJCd B OJHHOYECTBE M MHOroMepHas TeOopus
00beAHHEHHOTO B3anMojaeHcTBua Oblia 3a0biTa Ha MHOTHE
LeCATHIETHS.

Peneccanc npuiuesn coscem HenaBHO, B kKoHue 70-x ro-
LoB. BecbMa noy4yuTesNIBHO IIPOC/IEAHTb NPHYHHBI pPECTaB-
palHH CTapbeiX uaell MHoroMepHo#t ¢u3uku. Peneccanc Guin
He cJydaeH, oH Obli NMOATOTOBJIEH O6J/1eCTALIMMH JOCTHKe-
HHAMH B (DH3HMKe 3jeMeHTapHBIX yactuu. [lepeuncium Ko-
POTKO 3TH IOCTHXKEHHS.

1. Boia cospana W nmpekpacHO NMOATBEpXKJAEHA Ha OMB-
Te KBaHTOBOMeXaHHYeCKass oObeNHHeHHas TeopHus cjaboro
M 3JIeKTPOMAarHHTHOIO B3aHMOJEHCTBHII.

2. BBIAICHHJIOCH, YTO HCTHHHBIMH HOCHTEJIIMH CHJIbHOTO
B3aMMOJEHCTBHSA SIBJSIOTCS KBapKH.

3. BaauMozeHcTBHe MEXAy KBapKaMH OIMHCLIBAETCS HO-
BOH TeopHell — KBAHTOBOH XPOMOJHHAMHKOH.

4. B pa6orax coBerckux ¢usukos (JI. 1. Jlanaay,
H. §1. Tlomepanuyk, E. C. ®pankuH) BBISICHHJIOCH, YTO Ha
paccrosnusax ~10—% cM KBaHTOBasfg 3/eKTPOAHHAMHKA ~—
o6pa3uoBasi TeOpHS — CTAHOBHTCS NPOTHBOpeuHBOH. Bce
3JIeKTpHUYEeCKHe 3apsiibl Ha 3THX PacCTOSIHHUSAX 00pallaloTcs
B HYJb.

5. B KBaHTOBOH TeOpHH INOJisl HE yJaeTCsi CIPaBUThCA €
pPacXoAHMOCTSIMH H aHOMAaJIHSIMH.

[MocsienHHit NYHKT BaXKeH IJs MOHUMAaHHUs HieH, u3jaarae-
MBIX Jlajee, H NMO3TOMy Mbl OCTaHOBHMCA Ha HeM NOApoG+
Hee.

Kak u3BeCTHO, KBaHTOBajd MeXaHMKa MpeACKa3biBagr
BEPOSITHOCTh OCYIIECTBJIEHHSI [AHHOTO COCTOSIHHS (HampH-
Mep, BEPOSTHOCTb NOSIBJEHHS YaCTHUbI C 3aJaHHBIMH 3Ha-
YeHHsIMH KOODAHHATBl M uMmnyJbca). ITo cumbicay ompene-
JIeHHsl MOHATHS BEDOSATHOCTH 3Ta BeJHYHHA 3aKJIOUeHa }
MHTEDBaJe OT HyJssi O eAMHHIBl. BepositHocts, paBmas I,
Q3HaYaer, YTO JAaHHOe COOLITHE OCYLIECTBHTCS 06s3aTesps
Ho. BeposTHOCTb, paBHAs HYJIO, O3HAYAET, YTO OHO He ocy~
Liecteaserca Bosce. C/ie10BaTe/bHO, BEPOATHOCTbL Ile MO-
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XeT INpEeBHINATh €AHHHOY HJH ObiTh OTpHHaTes bHOH. Ta-
KOB OCHOBHOH MOCTyJIaT KBAaHTOBOH MeXaHHKH. OaHAaK0o B
KBAHTOBOH TEODHH TIIOJIA, ONHCHIBAIOILEH B3aHMOJeHCTBHE
3AeMEeHTApHbIX YaCTHU H HX foJiedl, HHOrAa BO3HHKAIOT
3WaYCHHs] BEPOSITHOCTEH, mpeBbillalomiue | H JMaxe HOCTH-
raomne OeckoHeuHblx 3HaueHHH. IlonoGHble pesynbTaTbl
Ha3bIBAIOTCS PAaCXOAHMOCTAMH. AHOMaJ/IHH TaK¥Ke MPOTHBO-
pedat OOLIMM NPHHUMIAM KBAHTOBOH MeXaHHKH H, B 4acT-
[{OCTH, COOTBETCTBYIOT MOSBJEHHIO OTpHIIATeJbHBLIX 3Haye-
uwii BeposiTHOCTEH.

PacxoguMocTH H aHOMAaJIHM, BO3HHKAIOLIME B TEOPHAX
$3aMMOJEHCTBEH, pacCMaTPHBAeMBbIX H30JHPOBAHHO, TOBO-
PAT O HE3aMKHYTOCTH M BHYTpeHHeH TNIPOTHBOPEUHBOCTH
STHX TEOpHH..

B nocneinnee BpeMs BO3HHKJIO HEKOTOpOe IOHHMaHMHE
TOrO, YTO YCTpaHeHHe DPacXOAMMOCTeH H aHOMaJHil CBA3a-
HO C CO3JaHHeM HCTHHHOH OObeJHHEHHOH TeopHeld NoJsl.
B takoli TeopHH PacCXOJHMOCTH [JOJIXKHBl BXOJHTb C pa3Hbl-
M# 3HaKaMH H, CJeJ0BaTeJbHO, KOMIIGHCHPOBATh APYT ApPY-
ra. AHOMAaJIHH MOTYT HCU€3HYTb.

PeiraolilHM MOMEHTOM B peCTaBpalHM HHTepeca K I10-
crpoeHusiM Thna Kaayuel sBJseTcs reoMeTpHuyeckast HH-
TeprpeTanus 0®belHHEHHOH TeopHH. B mpocrefiiem Bapu-
auTe 3TOH TeopHH (TAaK HasblBaeMOH CymeprpaBHTallHH),
AOMHMO UYETHIPEXMEDHOrO0 KOHTHHyyMa IIPOCTPAaHCTBA —
speMeHH, BO3HHKaeT CeMHMepPHOe KOMIIaKTHOe IpPOCTPaHCT-
BO, KOTOPOE MOXKHO NJISI HEKOTOPOH HarJIfiJHOCTH OTOXAe-
CTBHTb C CEMHMEpPHOH cdepoi.

ITono6nasi reoMeTpHyecKass HHTEPNpETALHs MOXKET Bbl-
3BaTh aCCOLHALHIO C nocTpoeHHsiMH Kagayunbsl—ifHTefna.
YrBepxkaeHue, uyro OHiHIITEHH TNpeaBHIE] COBPEMEHHYIO
MHOTOMEDHYIO HHTepNpeTaluHio 00 be IHHEeHHOR TeOpHH, Tpef-
CTaBJisieTCs HaM upe3MeDHBIM ylpolleHHeM. JleACTBHTE/b-
10, cyneprpaBHTauus ob6obliaer TeopHio Kanyuel, ogHako
Ha cOBepIUEeHHO HHOH OCHOBE — KBAHTOBOH, B TO BpeMd Kak
OCHOBOIIOJIOXXKHUKH MHOTOMEPHO! HHTepIpeTalHH HCHOJb30-
BaJid JHIIb KJaCCHYeCKHe, HEeKBAHTOBble NpeJCTaBJEHHS.

Ilepeuncsnennbie acmekThl HOBOH (DH3HKH paspelaroT I
YyHOMSIHYThHE BbIIE BONPOCH H NpO6/EMb, BO3HHKIIHE Ha
MepBOM 3TaNe PasBHTHA MHOromepHoi ¢usukH. Cefiuac roc-
moACTByeT ybexpaenne, yTo MMEHHO Ha IJIAHKOBCKHX BEJIH-
yuHax dopmupyeTcs QyHaaMeHTaJbHad (QH3HKa, COOTBETCT-
pyowas 00beAUHEHIIOMY B3aHMOACHCTBHIO.
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OcranoBaMcs noapoGHee Ha MNJAaHKOBCKOA JIJTHHE
~10-% c¢m. Dra BeJHUYHHA COBNAZlaeT C TeM KPHTHUECKHM
paccTosiHHeM, Ha KOTODOM TepsieT CMBICJ KBaHTOBas 3JjieK-
TpoiHHaMuka (mpobseMa HyJb-3apspa, cMm. Boiue). Ilo-
S5TOMY €CTeCTBEHHO NpPEeJNOJOXKHTb, UTO pPasMepsl CeMHMep-
HO#l KOMIOAKTHOH Cdepbl COBNAaLalOT MO MOPSAKY BEJHUHHH
C MJaHKOBCKUM pAacCTOSHHEM H NO3ITOMY He MPOSABJSIOTCA
HeTOCPeICTBEHHO NPH HCC/IeN0BAaHHH (H3NUYECKOH Treomer-
pun. HanomHuM, yTO cefiyac Ha ONBEITE ONpejeseHa reo-
MeTpHs JHIUb Ha paccroanuax  107!® cM, yto Ha ceMHaa-

1aTh NOPAAKOB NPEBLIIIAET NJIaHKOBCKHE pa3Mephl.

Takum o6pasom, pewraercss BTopass u3 mnpobJeM, CTOSB-
wasi mepeji Co3faTeJsiIMH MHOTOMEpDHOH eJMHOH TeOpHA
B3aHMOJEHCTBUH, — Tpo0seMa pajuyCcoB KOMNAKTHLIX pas-
MepHOCTeH.

M naxonenu, rnaBnoe. O6befnHeHHe HYXKHO AJs yCTpa-
HeHHs pacxogumocrefi W aHoMaaui. M peficTBuTenbHO, Ha
OCHOBEe HJeH CyneprpaBHTAllid YIaJOCh CIPaBHTbCA C He-
KOTOPLIMH (HO, YBHI, HE CO BC€MH) pPacXOAHMMOCTAMH H aHO-
MaJIHsIMH.

Hexkoropbnlit nporpecc B 3TOM BONpPOCe HAMETHJICS B Ha-
yase 80-Xx rogoB mocCJe BBelEHHA HAEH CYNepCTPyH
(M. Tpun, Ixx. lIBapu). B ocHOoBe 3TOH HAeH JNEXKHT NMpeA-
CTaBJ€HHE O TOM, YTO OCHOBHLIM 3JIeMEHTOM (PH3HUECKOR
TeOMeTpHH SIBJfeTCS He TOYKAa, a OJAHOMepHoe 00pa3oBa-
Hue — cTpyHa. Ilpoile Bcero (Xotd 37O U He 06513aTesibHO)
CTPYHY OTOXKAECTBHTb C KOJEUKOM, HMEIOUIHM NJaHKOBCKHE
pa3Mepbl. OfHaKO B OTJIHYHE OT TFEOMETPHYECKOH OKpYX-
HOCTH CyNepCTpyHa XapaKTepH3yeTCs TaKXke H KBaHTOBLHIMH
ypcnaMu (HanmpuMep, CIHHOM). 3/1eCh NOJIE3HO CAeJATh CJie-
nytoulee 3ameuanue. CynepctpyHa — mnpoo6pa3 HCTHHHO
3/IeMEHTapHBIX YacCTHL (HalpHMep, 3JeKTPOHOB H KBADKOB).
Pakee nosaraJgu, 4To TakHe YaCTHLBI HMEIOT HyJ/eBble pas-
Mephl, Tenepb Xe — IJaHKOBCKHE.

Boo6pa3uTh e peaJbHO YaCTHLY C NJIaHKOBCKHMH pas-
mMepaMH coBceM He mpocto. Hampumep, ornouenne pasme-
poB ToukH Ha Oymare (=~1mm) x pasmepam CosHna
(= 10" cm) paBHO «Bcero aumb» 10~'2. Jlaxe OTHOIIeHHe
pa3MepoB Toukn K pasmepam Bcesennoii (10% cm) pasno
10—2°, T. e. HAa HECKOJIbKO TNOPSAAKOB INpEBHIIIAET OTHOIHE-
HHe TJIaHKOBCKOH AJHHBI K DasMepaM TOH XKe TOUKH Ha Gy-
mare (10732).

Q6veanHenHas Teopusi, 6asupylomascs Ha HAeax Kaumy-
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UH U CyNnepCTpyH, pasBHBAJach BeCbMa HHTEHCHBHO. B reo-
PHH CYNepCTPYH IOCTHTHYTHI CJeAYIOIHe pe3ysbTaThl. Bo-
nepBbLIX, JHKBHAHDOBAHbl MHOTHE PaCXOJHMOCTH H aHOMa-
asu. Bo-BTODHIX, Ka3aj0Ch, YTO OAHO3HAYHO Oblia 3a(HUK-
CApOBaHa pa3MEpPHOCTb, KOTOPOH COOTBETCTBYET HENPOTH-
BCpeuyHBas TEOpHs CymepCTpyH. IDTa pa3aMepHOCTb paBHa
506. 3 storo umcja yeTHIpe OTHOCATCS K NpPOCTPAHCTBEH-
110-BDEMEHHOMY KOHTHHYYMY, a OCTaJbHble COOTBETCTBYIOT
KOMIIaKTHOMY 00beMy C MJIaHKOBCKHMH pasmepaMu. Opua-
KO B TIOCJIe/lHee BPeMsi yAajloCh IOCTPOHTb TEOPHH H C Jpy-
THMH pa3MepHOCTSIMH.

Ceftuac TpyIHO N1aTh OKOHYATEJbHYI0 OLEHKY TEOPHH
CymepCTpyH M ee TeoMeTpHYecKoi HHrepmperauud. Tem He
MeHee MOJKHO NOJBECTH IpeiBapHTeJbHbIE HTOTH.

1. Teopuss cynepctpyH u o6o6ieHnHas teopus Kaiy-
e — «KJaccHuecku#» obpaseu HoBoro wmbiuieHus. O6a
HanpaBJ/IeHHsl YBSA3LIBAIOTCA He C OOLIYHBIM (PH3HYECKHUM
KpHTEDHeM —— OIBITOM, a C KPHTEePHAMH, XapaKTepHBIMH
cKopee 1/ MaT€MaTHKH — YCTpaHeHHe HemocJenoBaTesb-
rocTeil M MPOTHBOpeuH# (pacxoJHUMOCTe# H aHOMaJHil).

2. Paamepnoctn 10 (cymeprpaBurauus) uaum 506 (cy-
MepcTPyHbl) He SBJSIOTCA OKOHYATEe/JbHBIMH 3HAUYEHHSIMH.
Ha nytu noctpoeHus NOCNefOBAaTeJbHOH eNHHOH TeOpHH
B3aUMOJEHCTBHH MOTYT BO3HHKHYTb HHBIe, 60Jiee CJIOKHbIE
reoMeTpHyecKHe o6pasml.

3. 'eomerpHyeckast ~ HHTepnperanuss  O6GbELHHEHHBIX
TEOpHH TNMOYTH C HeH30eXKHOCTbIO NPHUBOLHT K CJIOXKHOI
reomeTpuu. TpH H3MepeHHs HMeIOT OOJIBIIYIO BEJHUYHHY,
paBiylo paaMepaM Meraranaktuku — 102 cm, ogHako cy-
HIeCTByeT MHOXECTBO HM3MepeHHH, HMeIOIIHX OYeHb MaJylo
(cpaBHHTe/IbHO C NMPHBBIUHBIMH YeJIOBEUECKHMH Maclurtaba-
MH) MJI2HKOBCKYIO BEJHUYHHY. '

4. TlocTpouTh OZHO3HAYHYIO H IOJHOCTBIO HENPOTHBOpE-
4yHBY10 00beJHHEHHYIO TEODHIO NOKa He Y[ aJoCh.

5. TlockoJIbKY HenmocpeACTBEHHO OOGHAPYKHTb [OMOJHH-
TeJibHble Pa3MEPHOCTH HeJb3s, TO BO3HHKAeT eCTeCTBEeHHbI
BONPOC: peasibHa JIM COBDPEMEHHas reoMeTpHyecKas HHTep-
nperanus o6belHHeHHOH TeopuH? DBhbiTh MOXeT, omnucas-
Hag 3[eCh CJOXKHAas (U3HYecKass TeOMeTPHs BCero JHLb
Jgeca, KoToprle yb6epyrtcs, kKoraa OyAeT OKOHYATe/bHO IO-
cTpoeHa oObeNMHEHHasi TeOpHs?

Ha 3Tor BOmMpoOC, BepOSiTHO, CjegyeT OTBETHTb OTpHLA-
TeJabHO. VICTHHHAsi reoMeTpHsi MHpa He HMeeT TPH MNpOCT-
pPAHCTBEHHLIX H3MeDeHMS, TpH NpOTSKEHHBIX pasMepa Xa-
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paKTepHBl JIHIIb IJs Halled MerarajakTHKH, KOTOpOH OT-
HIOb HE HcuepnbiBaercsi Becb MHpP. OO 3TOM CBHAETEJIBCT-
ByeT cjepyiomuil ¢akt, naBHO obHapyxeHHbll I1. Dpeude-
cTCM. B eBK/JHMIOBBIX HPOCTPAHCTBaX C Pa3MepHOCTBIO 60Jb-
ille Tpex He MOIYT CYyLIeCTBOBaThb aHAJOrH IJIaHET H aTo-
MOB. DTOT €JHHHYHBI (aKT MOr Obl MOCUHTATBHCS Kypbe-
20M, OHAKO aHaJH3 MHOTHX HHBIX (DaKTOB* mOKa3kIBaer,
UTO CTPYKTypa Halleft MertaranakTuiku (CyliecTBoBaHHe
aTOMOB, 3Be3J1 H T. A.) KpaliHe HeyCTOHYMBa K UHCJIEHHOMY
3HaueHHI0 (YHAAMEHTaJbHBIX MOCTOSIHHBIX (CM. NpeabIny-
iHe pasgenbl). ENHHCTBEHHBIH BLIXOA — 3aKJIOYHTh, YTO
MeraraJakTHK (MHHH-BCEJEHHBIX) MHOTO H OHH Xapakre-
pH3YIOTCA pasJHYHbIM HabopoM ¢yHAAaMEHTAJbHLIX IOCTO-
STHHBIX, B TOM 4YHCJe U pa3MmepHocTeil. PasmepHocTs, paBHas
TpeM, XapakTepHa AJs Hallell MerarasakTHkH, He Hcuep-
neiBampllefi Beenennoil. 9ta pasmepHoCcTh — OCHOBa Cylle-
CTBOBAHHSl INJIAHETHbIX CHCTEM H INPEKPAaCHO BIHCHIBaeTCH
B NPHHIHI 1eJeco06pa3HOCTH.

Hcrunnass pa3MepHOCTb MHpa — BCero Cyliero — Be-
auka (3aBefoMo OoJsblue Tpex). B MomeHT of6pasoBaHus
Meraranaxktuku (15—20 mapa. ner Hasajx) Bce NpOCTpPaH-
CTBEHHble Pa3MepHOCTH, KPOMe TpeX, KOMIaKTH(hHIHPOBa-
JIUCh, YMEHBIUK/INCh JO NJAaHKOBCKHX Pa3MepOB.

Cefiyac reomerpHio Merara/JlakTHKH MOXHO MpeJacTa-
BHTb cebe caenymoomum ob6pasoM. Ha Gosablinx paccros-
HHAX (BNJIOTH HO pa3MepoB MeTarasakTHKH) HpPOCTPAHCT-
BO €BKJHIOBO M TpexmMepHo. Ha ouenp mMaabix (=~10-3
CM) — TreoMeTpHs MHOIOMEpHAa H HEeBKJHIOBA.

Taxkum o6pasoMm, CylmleCTByeT MHOrO KOCBEHHBEIX JIOBO-
JI0B, OCHOBAaHHBHIX Ha 3KCIEDHMEHTaJbHBIX (aKTaXx H CBH-
IeTeJbCTBYIOIIHX B MOJb3y BeuHOH BceseHHOH, cocrosiei
(ann pacmapmaroliefics Ha..) W3 MHOXECTBA CaMBIX Pa3HO«
0o6pa3HBIX 1O CBOHMM CBOHCTBAM MHHH-BCEJEHHBIX H MeTa-
rajakTHK.

NMPOUCXO)XAEHUE BCEJIEHHOMH
W TEOPUS 3JEMEHTAPHBIX YACTHIL

B cepennne 80-x romoB cpenn (HH3HKOB-TEOPETHKOB Ha-
6aionanach HeKoTOpas 3HQOPHS OTHOCHTEJNBHO MEPCTEKTHB
6J1M3KOTO TOCTPOEHHSI €JIMHOH TEODHH BCEX B3aHMOAEHCT-

* Cm. xHury astopa; leoMerpus, AHHaMuKa, BceaenHas, — Mu
Iayka, 1987, o
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BUA. JTH HaleXIbl CBA3LIBAJHCbL C yTBEp:XKJAeHHEM (KOTO-
poe BIOCJEACTBHH OKa3ajJoCb HEBEPHBIM) OTHOCHTEJIbHO
eNHHCTBEHHOCTH (H3HYECKOTO TIPOCTPAHCTBA, B KOTOPOM
NUKBHAHDYIOTCS BCE€ BHYTPEHHHE IIPOTHBOPEYHS TEOPHH.
Ilocne Toro Kak 3TH HajeXAbl HE ONPAaBIAJNHCh, HAMETHII-
Cc# HEKOTODHIH CIaj HHTepeca K CyNepTeOpHUsM, YTO 3aMer-
HO [0 yMEHBIUEHHIO uHucJa MyOJHKaUyui Ha 3Ty TeMy.

Kak ormeuanoch paHee, cOBpeMeHHble TEODHH BKJIIOYa-
10T OTPOMHbBIE MACChl Mx H Mpl, COBEPINEHHO HEeNOCTYMHbIE
JNIST HEeMOCpeNCTBeHHBIX HCCAeJOBaHHH. EQMHCTBEHHBIH KOC-
BeHHBIH 3KCNEPHMEHT B 3TOH o6sacTH — M3yyeHHe pacrna-
Ha NpOTOHAa — He yBeHYyaJsCs yclmexoM, XoTs OJs o6Hapy-
XKeHHsl 3TOro ¢eHomeHa B cepenuHe 80-X rofoB CTPOHJHUCH
orpoMHble yCTaHOBKH. ITo3TOMy 3KcnepuMeHTa/bHBIN Gasuc
Teopuil, 05beANHSAOIINX TPU W/K YeThipe B3aHMOLEHCTBHA,
ApaKTHYECKH OTCYTCTBYeT. Bce CBOAHTCA K NMONBITKaM ycTa-
HOBHTb (DH3HUECKHE 3aKOHBH IO IJ06abHBIM HAOJIOAEHHAM
XxapaKkTepHCTHK MeTarajlakTHKH M COIIOCTaBHTb HX C BbIBO-
JaMH TEOpHH.

31ech ecTb KapiHHAJbHOe OTJHYHE OT OObEeIHHEHHOTG
aaekTpocnaboro B3aHMOLEHCTBHS, KOTOPOE ONEPHPYET C
BOOJIHE «UeJOBeYeCKHMH» Macwtabamu (=100 my), no-
CTYMHBIMH JJisl JeTaJbHBIX HCCJeJOBaHHH Ha yCKOpHTe-
nAX.

Ha pamr B3rasa, TpyAHOCTH B NOCTPOEHHH 3aKOHUYEHHOU
o6beJHEHHOH TEOpHH 3aKJIUaloTCsl He TOJbKO B OTCYT-
CTBHH 3KCIIEDHMEHTaNbHOH 6a3bl, HO H KOPEHATCS B CaMOM
noixone. MeToH COBpeMeHHOH TEODHU OCHOBAH Ha IOHCKAX
afileKBaTHOH CHMMeTpHM (Hampumep, CyNepCHMMETPHH) HJIH
1oBbix (yraMeHTasbHbIX 060bekTOB (cTpyH). Ho B pamkax
TAKOro MOAXO0Ja OCTAalOTCS HEeH3MEeHHBIMH, 3alaHHBIMH Ia-
paMeTpbl TEOPHH H, B 4aCTHOCTH, MacChl yacTuu. Kak Mbl
morsin yGenuTbCcst, B HayaJbHbIl INEPHOJ BO3HHKHOBEHHS
MeraranakTuky, BHAHMO, 00pa30BBIBAJHCh YACTHLLI C Le-
JabiM crnekTpoM Macc. Kopoue rosops, mocsenoBaTesbHast
¥ 3aKOHUYEHHAs TeOpHs AOJI)KHA BKJIOYaTh, Kak 00si3aTesib-
bl 3JIeMEeHT, NepEeMEeHHOCTb (yHAaMeHTaJbHbIX IOCTOSAH-
HBIX — MacC, pa3MepHOCTH NMPOCTPaHCTBA, KOHCTAHT B3aH-
mogeiicTBHil. K3 3TOll nmporpamMbl ceffyac peasiH3ylOTCA
JHLb TEOPHH C NMEepeMeHHO pPa3MepHOCTBIO.

OnHako HemocpejcTBeHHble HabJ10/leHHA — Ja H COBpe-
MeHHasi KOCMOJOTrHA — CBHAETEJbCTBYIOT O TOM, YTO, lia-
YyHHas CO BpeMeHu pacuwiHpeHuss Meraranaktuka (=1 c),
KOHCTaNTbi He n3MeHAMHChb, CjefoBaTe/IbHO, 3HaYeHusa dyii-
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JaMeHTaJbHLIX TMOCTOSHILIX MOTJAH  (PHKCHPOBATLCS HA
oueHb MaJjbix BpeMenax (/m<l c), ckopee Bcero Ha Bpe-
‘MeHax =~10-% ¢, a 3T0 yXe NpaKTHYECKH COBNAajJaeTr €O
BpeMEHEM BO3HHKHOBelinsi MeraranakTuky (MHHH-BCeJeH-
noit). CaenoBaTesbHO, MOJIHAsH €lHHAS TEOPHA 3JIEMEHTap-
HBIX YaCTHL H TEODPHS BO3HHKHOBEHHS MeTara/JlakTHK (MH-
HH-BCEJIEHHOH ), NMO-BHAMMOMY, ABa Da3ubiX acnekTa OJHO-
ro siBJIEHHSI.

VcTHHHAs B MOMHAs TeOpHS — CHHTE3 KOCMOJIOTHH W
TEOPHH 3JIeMEHTapHBIX 4aCTHU. B mouckax 3Tol TeopHu cJje-
LyeT YYHTbIBaTb H BePOATHYIO H3MEHUHBOCTb €e Tapamer-
poB — (dyHIaMEHTalbHbIX KOHCTAHT.

ECCE HA TEMY: HET MPOPOKA B CBOEM OTEYECTBE

B Hacrodilee Bpems CTasno0 MOJHBIM yTBepXAeHHE, KO-
TOpOe 4acTO NMPOMU3HOCHTCH HAa TMOBBLILIEHHBIX TOHAX: MbI
TaM-TO H TaM-TO 4YyJOBHUIHO OTCTaJlH or 3amaza. 3TOT
«KDHK JAYyLIH» COBEDLIEHHO HE OTHOCHTCA K KOCMOJIOTHH.
3necb MOXKHO 6e3 BCAKOH DHCOBKH CKa3aTb, YTO «MbI BIie-
penu naaHeTh Bceii». Bosee Toro, coBpemMenHas TeopetHye-
CKas KOCMOJIOTHS B 3HAUHTEJbHOH CTeNeHH Co3[aHa COBeT-
CKHMH y4yeHBIMH. §1 xoresn 6l Bce e orosopHTecsi. KocMo-
gorua Gasupyercs Ha OTO, a K co3malHI0 TEOPHH OTHO-
CHTEJIbHOCTH ODHHINTEHHA COBETCKHE (DH3HKH TNpPaKTHUECKH
He HMeJH OTHolleHHs. HecoMHeHHO, YTO B OLEHKaX OTHO-
CHTe/IbHOH 3HaYMMOCTH HaYYHBIX NOCTH)KEHHH Bcerja cylile-
CTByeT 3seMeHT cyObekTuBiocTH. C 3TOH OroBopkoil a1 mne-
PEUHCJII0O OCHOBHLIE, 3TalHble JOCTHXEHHSI B Pa3BHTHH KOC-
MOJIOTHH.

1. Teopus pacummpsiomeiica Meraranaktukn (A. A.
®punman, 1922—1924 rr.).

2. Teopus ropsiueit MeraraJakTHKH, Tpeackasaine Cy-
LIeCTBOBAHHA PEJHKTOBOTO H3JydYeHHS, TeOpHS KOCMHUe-
ckoro Hykaeocuuresa (I'. A. I'amos, 1946—1949 rr.).

3. HccnenoBanne BakyyMa Kak NepBHTHOH Cpefbl, B KO-
TOpoH obpasyioTcs MeraranakTtukn (. B. Inunep, 1965—
1970 rr.).

4. Murepnperauuss 6apHOHHOH acHMMeTpPHH Ha OCHOBE
runoresbl 0 Hecrab6usabHocTn mportona (A. II. Caxapos,
1967 r.).

5. OcHoBornosiaraollee yyacTHe B CO3/1aHHI TEOPHH pas-
nysawowefics muun-scenenton (A. I. Jlunge, A. A. Crapo-
€iulicku#, 1979—1982 rr.).
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Cuutaio HeoOXOLHMBIM TaK¥Ke OTMETHTb NEPBOKJACCHBIE
wocMosiornyeckne wikoanl B Pusnvyeckom wuuctutyte AH
CCCP, UHcturyTe sinepHbX HccnegoBanuit, Mucrturyre teo-
peTHuecKoll GH3MKM H APYTHX Hay4HBIX yupexpaenusx. Mie
RpEJCTaBJseTCS, YTO B PAAY AOCTHXKEHHH II0 KOCMOJOTHH,
P3BHBIX [0 3HAYUMOCTH NEPeYHCJEHHbIM, MOXHO NOCTaBUTh
JAELIb OJHY M3 MepPBbIX KOCMOJOTMYECKHX MojeseH, mpej-
roxennyio ge Cutrepom (1917 r.), u unrtepnperanuio npo-
61eM (pUAMAHOBCKOH MOJEJNH B paMKax HHQIALHOHHOH
mogenn (A. I'yc). Ho ecan B TeopeTHuecko# KOCMOJIOTHH
HeKoTOpast HAMJIIMA M CYLIeCTBYeT, TO HabJjofaTesabHas
KapTHHa coBepulendo papyras. OCHOBHBlE JOCTHXKEHHS B
3TOM HanpaBJeHHH (OTKpbLITHE pacliMpeHHss MeraranakTi-
ki O. Xa66soM u pesaukroBoro usayuenuss A. Ileusuacom
u P. BusbcoHoM) Oninu crenansl 3a pybexoM. BeposTho,
B TAKOM NPOTHBONOCTABJIEHHH €CTb CBOSI 3aKOHOMEPHOCTD.
Xopolllke TOJNIOBHE ecTb BO BCeX CTpaHax, a Xopollas 3IKche-
puMeHTaJbHasl 6a3a — TOJBKO B BHICOKOpa3BHTHIX. Ho 3To
yke u3 obsactu porafok. Tem Gosee uTo nopa mnepeiTH
K OCHOBHOH TeMe 3TOro pasiejia: TEpPHHCTHIH NMyTb COBET-
CKOH KOCMOJIOTHH.

[Tocne nepsoii mny6ankauuu A. PpuaMaHOM peLieH:s
OTO, moaeaupytoulero paciunpeHue Meraranaktnki, 66110
ony6/HKOBAHO KpaTKOe KPHTHYeCKOoe 3aMeuanne A. DHH-
mTefiHa, B KOTOPOM OH INOABEpPraJ COMHEHHIO NpaBUJbHOCTh
atoro peweHus. OfHAKO HAaLO OTHATb NOJIKHOE BEJHKOMY
(u3HKy — OH BCKOpe OTKa3aJjCs OT CBOEro OTpHIlaTe/bHO-
ro BepaukTa. K coKa/eHHIO, aBTOD TEOPHH <«paCLIHpA-
jotleficas BcesleHHOH» He CMOr TNOJYYHTb IOJIHOE YIOBJET-
BOpeHHe OT NpU3HaHus JDiliHluTteliHa. Bekope (B 1925 1.) on
HEOXKHJaHHO CKOHYaJCcs B Bo3pacte 37 JIET, H €ro Teopk
HayhHaeT XHTb CTPaHHOH, TIOYTH (DAaHTACMATrOpHYECKCl
xkusHbo. Ha 3anane teopus PpuamaHa HHTEHCHBHO pac-
BHUBAeTCs W MOJyyaeT MOLLHYIO NOAAEPIKKY B HaOMIOAEHHSX
(2. Xa66.s1, 1929) kpacHoro cmelleHHsi B CNEKTpaxX rajax-
THK. PaKTHUeCKH NepeoTKPbIBA€TCS H pa3BHBAETCS pelle-
Hue ®puamaHa OenbrHiicCKHM acTpO(MH3HKOM H pEJHTHOs-
HbIM festeneM JK. JlemeTpom.

Onnaxo B tpuanateix rogax B Coserckom Colose Haj
¢hprIMaHOBCKOH TeopHell crymialorcs rposnbie Tyun. Cpeni
MHOTHX «apryMeHTOB», BBIABHIAE€MBEIX «YYEHBLIMH» OT H[IEO-
JIOTHH, ynoMsany aBa: 1) B onHO# u3 cBoux pabor @puamall
Has3BaJ CHHIYJSIPHOCTD MOMEHTOM «COTBODEHHSI MHpa» H,
C/1e0BaTE/NRHO, 0 MHEHHIO KDHTHKOB €r0 TeOPHH, MLITAJC:I
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C moMolupi0 (GH3HKH [OKa3aThb cCyluecTBoBanue bBora;
2) oxMH H3 TJIaBHBIX NpPOMAraHAHCTOB TEODHH paCIIHps-
ouerica BceenenHoii — ab66at JleMeTrp — Obla mpesupeH-
ToM BarnmkaHckofi AkageMuu HayK, H yXKe MOITOMY Takas
TeopHsi Oblja JIHIIb NponaraHaoil ¢uaeraMa.

Ilo aTuM W HHBIM NpHUYMHAM Ha (PHIMAHOBCKYIO TeO-
PHIO [JIMTEJbHOE BpeMs CYyLILeCTBOBAJO CTpoxalmee Taly.
JImub mocse cmepry CrasnnHa ee HavaJu aKTHBHO Da3BH-
BaTh H B CoBerckom Coloze.

I'. A. TamoB, OfHH H3 OCHOBaTeJeHl TEOPHH O-pacmaja
aTOMHBEIX Siep H aBTOp MojesH ropsiuefi BceseHHoH, 3Mn-
rpupoBaja u3 Coserckoro Cowosa B 1932 r. B csoux Bocno-
MHHAHHAX OH YKas3blBaeT, YTO TJIABHOH NDHYHHOH ero. pe-
lieHus: 6bla BCeBO3pacTalollasi XKeCTKOCTb BJaCTeH, pacTy-
mas usoasiuus Coerckoro Coro3a ¥ NOYTH MOJHOE Mpe-
KpallleHHe HayYHbIX KOHTAKTOB C 3apy0e KHLIMH y4eHbIMH.
OxoHuaTe/qbHOE pellleHHe OCTAaTbCs 32 py6exkKoM OH MPHHAJ
B 1934 r., xorpa coBerckHe BJjactu ortkasanu [l. JI. Kanu-
ue B BHIe3JHOH BH3e. BnioTh no camMoro mocJjieJHero spe-
MeHH yNOMHHaHHe O BKJajle ['aMoBa B KOCMOJIOTHIO CUMTa-
JOCh BeJHYAHIIHM TIpexoM H Obl1o abCOJMIOTHO 3anpe-
14 EeHO. ,

Tparuuna cyapba 3. B. I'nuHepa, yuactHuka OTteuect-
BEHHOH BOMHBI, moTtepsiBlIero B Gosix pyky. Ilocse - oKoii-
YaHHs BOMHBI OH 3aKOHYHJ HHCTHTYT M Hayas paboraTb B
ogHoMm u3 3akpuiThix HMU, HO Gbln Bckope apecroBaH. Oc-
BoGoxaeH Obln Julib mocje cmMeptd CranuHa H Hayana 3a-
HuMaThcsl (usnkoii Bmecre ¢ JI. . I'ypesnuem B JleHuu-
rpaackoM (H3HKO-TEXHHYECKOM HHCTHTyTe. 3hech B 1965 r.
OH MNpEeJJIOKHJ CBOIO HAEI0 O pellalollell POJH BaKyyMma ia
HayasbHOM cTaiuu 3BoJonud Meraranaktuky. OnHaKo 312
HJes BCTpeTHJa BpakaeGHoe OTHOLIEHHE CO CTOPOHBI HEKG-
“TOpPBIX «BeLyLIHX» COBETCKHX KocMoJioroB. HecmorTps 1a
nopnepxky A. JII. CaxapoBa, mpeicraBHBliero ero pa6orty
B XypHan «Hokaansl Akanemnn Hayk» B 1970 r., I'nuuep
C TPYAOM 3alllHTHJ KAHIHAATCKYIO LHCCEPTALHIO, Ja H TO
He B cBoeM poiHoM Du3srexe, a (HAaCKOJbKO MHe H3BeCTIIO)
B r. Tapry. IloxTopckass eMy coBceM «He cBerHaax. I[lo-
3TOMy (2 MOXKeT ObITb, H IO HHBIM AONOJIHHTEJNbHLIM NIpH-
uugam) B cepepuHe 70-x rogoB oH smurpuposas B CIIA,
TJe, KaK MHE KaxeTcs (Cyns MO0 HeMHOTOYHCJeHHBIM myo-
JMKauMsAM), TaK H He CMOr mpHOJM3HTbCA No MacuuTabatt
K MPOPOYECKHM HJEeSM O POJH BaKyyma.

U nakonen, o paGorax A. JI. CaxapoBa mo HATepnpe-
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Taukyu GapnoHHo# acumMertpun. Hayunwii aBropurer Caxa-
poBa OBl CJHMIIKOM BBICOK, YTOOH ero pa6oTa KPHTHKOBA-
jiacb. OHa NpPOCTO MOYTH MOJHOCTBIO 3aMaJyuBagacb. Jla-
JKe TIONBITKH ee LUTHPOBAHHA MOTJIH NPHBECTH <«OCJYILHH-
KOB» K HeXeJaTeJbHbIM «OpPraHH3aLHOHHBIM» IOCJEeNCTBH-
aM. I mMory (mo cob6CTBEHHOMY ONBLITY) MPHUBECTH JIOOOMBIT-
1yl0 DeakiuHI0 pelaklud Ha 3Ty 3aMeuartelibHyI0 pabory.
B nepBeifi pa3 MHe pefakTOp NOCOBETOBAJ] BHOpOCHTB (a-
musnio Caxaposa. 51 coctaBHa pOpMysy, KOTOpPOH BHOCJIEA-
CTBUH HEH3MEHHO NDHAEPIKHBAJCA: «KAaK OBLIO TOKa3aHO
B Coserckom Coiosze B 1967 r., mpOTOH MOXKeT pacnafaTh-
ca». Kak npaBu/io, pegakTop CHpaluxBaJ: <A TIOUeMy BHI
He yKaxeTe aBTOpar».. «A, Caxapos.. — 3aJyMUHBO TrO-
BOPHJI PEJAKTOp, OTBOAS TIJa3a, — JaBalTe OCTaBHM Bally
(opmyanpoBKy». Ho HHKTO M HHKOrza He mpepaJjaraj MHe
BbI6DOCHTb aHOHHMMHOE LHTHPOBAaHHE, YTO YKa3blBajoO Ha
npefefbl rJIacHOCTH K GJaroxesjaTesbHOe OTHOUIGHHE ps-
noso#i uutensurenuun K A. JI. Caxaposy.

TakeBbl Cyab6bl OCHOBOMOJIOXKHHKOB KocMoJjorni B Co-
BetckoM Corose. ByneM HapgeATbCs; YTO «yalla CHA» MHHET
KOCMOJIOFOB MOCJI€BOGHHOrO NOKOJIEHHS.
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MPUNOXXEHUE

TpyaHbid  cTapt
KOCMMYECKOro Teneckona

Muccuio «lllartaa» CTC-31 ceMb seT XAalH YueHble MHOTHX CTpan
mupa. B xome srtoro nosera «JluCKaBepH» NPEACTOSJIO BLIBECTH Ha
opGury Kocmuueckuii Teneckon M. Xa66aa (KTX) pecom Gosee 10 v
W miuHo# 13 M — xkpynuefimuit u Haubojiee COBepILEHHBIH anmapat
[/ aCTPOHOMMYECKHX HCCJeNOBaHHH M3 KocMmoca. (O6 HCTOpHH ero cos-
nanus u ycrpofictee cM. Ne 11/86 u Ne 5/89).

K momenty katactpods «Uennenaxkepas samyck KTX nnamupo-
Bajacs B OKkTsabpe 1986 r. Ha GopTy «AT/iaHTHca» B XoAe MHCCHH
«61 Jxeil», onHako Tpareaus Ha Mbice KaHaBepan npusena kK TOMY,
4TO TeJeCKON OCTaJcs B XpaHuauule ¢upmbl «JIokxua» B r. CaHuseii.n
(wr. Kanudopuus). 3a BpeMs 5TOfi AJHTENbHOH OTCPOYKH AASI KOCMM-
yeckoro TeJseckona Osulno paspaborano Gosee 3(dekTHBHOE MporpaM-
MHOe obecnmeyeHHe, MOATOTOBJEHbl YJAy4YlLIeHHble COJIHEUHbie OaTapeH,
yCOBEepIIEHCTBOBaHb MHOTHe JpyrHe KOMOOHeHTH. JInmb 4 OKTa0ps
1989 r. camoaer «Ianekcu» BBC CLIA pnocrasua Teneckon u3 Kaiu-
¢opuun B Llentp um. Kenuepu (wr. Puopuna), rae anmapar Obid
pasMellleH B 3JaHHM BEPTHKaJbHOH MOATOTOBKH MOJE3HOH HArpy3KH.

Ilocse BbIHYKAEHHBIX TNEPECTAaHOBOK B oblleM rpadHke mOIeTOR
«IllatT0B» nnawosas nata crapra CTC-31 Guuia nameueHa Ha 26 Map-
ta 1990 r. (B nepuoi mOATOTOBKH K BO30GHOBJIEHHIO YE€JHOYHHIX MO-
neros KTX crosn Ha naTtofi mo mopsaky mnosuuuu.) OnHako B siHBape
1990 r. nocnenosaja HoBas OTCPOYKa H3-3a NOJO3PEHHH B HEHalewX-
HOCTH 3aJHeli CEKUMH NpPaBOrO0 TBEPAOTOIVIHBHOrO yCKOpHTeas «JlHcka-
BepH», KOTOPYIO OblJO NPHHATO pellleHHe 3aMeHHTb. BricTpoe Bhimosne-
Hue 310l paboTh nossonnmao HACA Bmecto oxwuaabimerocs 18 ampe-
JISl Ha3HaUMTh cTapT Ha 12, a 3ateM u Ha 10 ampeas. 30 mapra KTX
6ol pa3MmellleH B rpy3oBOM oOTceke «JIHCKaBepu», KOTODHI HaXOAH.CA
Ha craproBofl naowanke «39 Bu»,

3a uckaoyeHHeM KoMaHaupa «Juckasepu» Jlopena IllpafiBepa, Hul-
AGLIHHA SKHMaX COCTABHAM aCTPOHaBTHl, HalpaHHBe elle AJA MOJeTa
«61 Jlxeit» (nepBoHauaJbHO 3KHNax Bo3raasasan Jlxor fur). Bropoit
nuaot Yapabs BoageH, actponaBth-cnennanuctsl CtuBed Xoyan, Bpyc
Makxkengauce u Karpus CannnBer — Bce OHM YYaCTHHKH NPOIIJBIX
noJyeto «lllarTnioB», a JABOe MOCAEZHHX HMEIOT ONKIT PaGoTEH B OT-
KPHITOM KOCMOCE H COTHH dacoB TpeHHpoBOK no pemonty KTX B or-
KPbITOM KOCMOCE.

Yrpom 10 anpens skunax 3aHsan Mecta Ha Gopty «[Iuckasépu»,
OAHAKO 3a 4 MHHYTHl JO Dacu€THOr0 MOMEHTa NYCK OBL1 OTJIOXKEH —
o0Hapy)KHJacb HenoJajKa B OAHOH H3 BCIOMOraTe/bHHIX CHJIOBBIX YCTd-
HOBOK. DTO YCTpPO/CTBO NPHIIJIOCH 3aMEHHTb, 9TO 3ajepkano «Jlucka-
sepu» Ha 3emse 10 24 anpeas. B 3TOT NeHb JMWIB HAa CYHTAHHBIE MH-
HYTbl OTCYET BPEMEHH <«3aCTPs/» H3-3a KOMMbloTepHoro cG6os, mocae
yero «[lUCKaBepH» YCTPEMHJCS CO CBOHM LEHHHIM Ipy30M Ha OpGHTY
Bbicotofi 611 kM.

B nepsbii pabounii neHb, KpoMe OObIMHBIX oOmnepaunuit obecnedeHdHsn
aonera, C. Xoyiau BbMOJHHA NPOGHOe nepeMellleHHe AHCTAHLHOHHONQ
MaHHNYJATOpa AJA NOATOTOBKM K Pa3BePTHIBAHMIO TEJNECKONa, Hamedeil-
Homy Ha 19-M BuTKe (uepes 29 4 mocne cTapra),
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Onepauny BblBeAGHHA HAYAMUCh C 3aXBaTa MAHHOYJNATOPOM CIe-,
(MaNbHOrO ZepxaTeis Ha Kopnyce TeJecKONa H pPacKphLiTHS 3aMKOB
kpennenus annapara. 3aTeM «Xa66a» Gbll NOAHAT MAHHNYASTOPOM
L TPY3OBBIM OTCEKOM H pPa3BepHyT TaKHM 00pasoM, 4TOObl MOIVIH
PACKpHITbCS JABE €ro OCTPOHANPAaBJECHHBIE AHTEHHLl M MaHeNH COJIHEd-.
Hblx Gartapeii. OGe onepaunu 3aTsHysauch. I'HOKHe NaHeJaH COJHEYHDLIX
Gatapeil, MOZOGHO JieHTe M3 pYJETKH, BBITATHBAJHCb H3 CIELHAJbHBIX
6apabaHoB, OLHAKO eCJH C JeBOH NaHeJbl0 BCe LIJO INIaJKO, TO npaBas
1i€OXUAAHHO 3aCTpsJa, PAaCKPYTHWBLIKHChH JIHIIb Ha OAHY H3 NATH CBOHX
cexunii. ActposaBtel B. Makkenmauce u K. CaniuBeH MOrJH BpydHYy1o
BLINOJIHUTD 3Ty OMNEpalHuio, OLHAKO .NOKA OHH TOTOBHJIHCH K NpPOryJKe
B rPY30BOi OTCEK, Ha3eMIbie CNeLHAJHCTHl CyMeall «AHCTAHIHOHHO» pe-
wuth npoGaemy. B HTOre MexaHuueckas pyka <OTHYCTHJIa» TeJecKon
NpHMEpPHO Ha TOJTOpa 4aca Mo3xe niaxHuposasuierocs. OpHako Tpyn-
HOCTH NPOJOJIKAJHCh, B TeueHHe CJEAYIOIIHX CYTOK HeMOJaAKH B CH-
cTeMe CBSI3H H YNpaBJeHHs 3alepiKaju pacKpbiTHE KPHILIKH annepryphl
rejieckona. K MomenTy BuinmosineHHs 3Toil omepaunu (27 anmpens) «[uc-
KapepH» yNanu/cas Ha 74 KM OT Teseckoma, 4yTo6Gbl ero ONTHYecKas CH-
cTeMa He MOJBeprajach BO3/JEHCTBHIO CpPelbl, 3arpsi3HEHHON BBHIXJIGNAMH
MaileBpOBBIX  [ABHXKKOB «JlHCKaBepu». IIOCKOJbKY MOBTOPHOFO. COMHIKe-
WSl C  TeJECKONOM He NoTpeGOBa/och, 3KHMax «JIHCKaBepH» MOr Ha-
45Th NOATOTOBKY K BO3BpallehHio Ha 3emo. [Jo npusemaenns 29 an-
peass Ha Gase DABapic acTpOHaBTLI BBINOJHHIH pPsf SKCIEPHMEHTOB,
B TOM YHCJe 0 BbipallMBaHHIO KPUCTAJIOB, MPOH3BOACTBY MOJIMMEPHLIX
meMGpaB H H3MeDEHHIO YPOBHs pajiHalHiH.

Tem BpeMeneMm cncuHanHCTaM B LEHTPE KOCMHYECKHX IOJIETOB HM.
lFonnapna npeacrossa TpyAuas paboTa IO [OCTENEHHOMY BBeIEHHIO
rejeckona B CTpOfi, Ha 4TOo OTBOAWJIOCH 8 MecsueB. IIpoGaembl mo-
npexHeMy BoO3HHKand. MH)KeHepnl CTOJKHYJHCh C HapylleHHeM OpDHEH-
Tauuu npu nepexofe KTX Ha TexeBylo yacTb OPGHTLI, MPHILAOCH TaKKe
nepenporpaMMHpOBaTh TIVIABHLI yNpaBaAsiOMIMH KOMUbIOTEpP TeJecKona.
Bce aTo mpHuBeno K TOMY, YTO mepBble H306pa’keHHsi YAaJl0Ch NOJYYHTh
auitb 21 Mas. HecMoTpst Ha: A/HTEJbHYIO SKCNO3HLHMIO, THPACKOILI Crpa-
BWIHCh C 3ajayell TOYHOH OPHEHTAUMHM, H CHHMKH [OKa3a/jH BLICOKYIO
©eTKOCTb M OTCYTCTBHe BHOpauuii. OZHAKO C CaMbIMH CEpbE3HLIMH He-
noJajKaMH CNeLHaNHCThl CTOJNKHYJHCh B KOHLE HIOHS NpDH MOJYyYeHHH:
1300pakeHHH ¢ NMOMOILbIO LIHPOKOYTrOJbHOH NJaHeTapHOH KaMephl. Yue-
#hle ¢ yXacoM OOHapyXWJH Tak HasbBaeMylo cdepnueckyiw abeppa-
nuio- (T. e. ONTHYECKOe MCKa)KeHHE), CO31aBaeMyl0 3epKa/bHOH CHCTes
Mol Teseckona. BulsACHHIOCH, 4TO 3epKasia, CYHTABIUHECS CAMbIMH HIe-
AJIbHO OTUIIH(GOBAHHBIMH B MHpE, W3TOTOBJEHHl B COOTBETCTBHH C He-
vepubIMH ClelHpuKaunaME. DTO MellaeT TOYHOH (OKycHpoBke u306pa-
Mcm«m HACA npusHajo, YTO 3epKaJjia TeJecKona He HCHBITHIBAJHCh Ha
3eMyie COBMeECTIIO, MOCKOJIBKY JHJsi 3TOrO NMOTPeGoBajsoch Obl CO3JaHHE
1.pafiHe Joporocrosiuieif yCTaHOBKH. Bce 3To 03Hauajo, uTo moJopsasa
porpaMMa HMCC/JeAOBaHHH C NOMOWIbIO ILIHPOKOYTOJIbHOM IJIaHeTapHOM
xaMmephl, pa6ote ¢ KoTopoll oTBOAHJOCH 409% oT ofllero BpemMeHH Ha-
6mopennil. B To ke BpeMs 3TOT HedeKT He BJHseT Ha paGoOTy yeTnipex
RDYTHX Hay4HBIX NPHGOPOB Teseckoma.

IToxa B pykosozctee HACA M gmaxe Ha CayllaHHsX B KOHTpecce
ELIACHAJIOCh, KaKHM 06pa3oM MOIMVIH GHITh JAOMyIUeHbl MOAOGHBIE Aedek-
Tl, H3BICKHBAJHCb NYTH pelleHHst mnpo6aeMbl. HauGosee pasymMHBIM
HPe/CTABNAJIOCh MEPEHECTH YNOp B HCCIeLOBaHHAX Ha npHGOpH!, He 3a-
tponyThie aedexkrom. B HACA Taxxe BCNOMHHAM 00 YHHKaJILHO 0OCO-
CCiNIOCTH  TeJeCKONa: B3aHMO3aMEHSieMOCTH €ero cucreM (B o6uieM
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70 snementop noppaiotes 3amene). Eme no 3anycka KTX b rpadmxe
nosnetos «llartaos» 3Haumnace Muccus «CTC-68» (uionb 1993 r.), B
XOJe KOTOPOH KOMaHIa KOCMHYECKOTO Ye/JHOKa AOJ:KHa Oblja BhepBule
NpoBeCcTH oOC]yXXHBaHHe Tejeckoma Ha OpOHTe, B TOM YHCJIE YycCTalo-
BHTb Ha ero OOpPTYy YCOBepUIEHCTBOBAHHBIA BapHAHT LIHPOKOYTOMbHOIT
kamepbl. Tenepb yueHble Npei/araloT OCHACTHTL 3Ty KaMepy ChHeLHalb-
HOH KOPDEKTHpYIOLIeH JHH30Ilf, KOTOpas YCTPAHHT OOHapYKeHHYIO abep-
pauuwo. OpHako, YTOObl OCYLIECTBHTb TaKOi noJeT padee 1993 r., ue-
06xoauM0 OBICTPO NOATOTOBHTb KaMepy C KOPPEKTHDYIOLLeil JHH30I,
a TakXe HaHTH «OKHO» B rpaduke noserosB «LlarTaoB». B0O3MOXKHOCTDL
9KCTPEHHOro rnojetra (B TeueHHe OJaHKafiliMx 12 MecsiueB) mpeaycMoT-
peHa JIHIIb B CJyyae Yrposbl CyLIeCTBOBAHHIO TeJeCKONMa, H TaKo# Mo-
JieT Jo/keH ObiTh ofodpen aupektropom HACA.

s ocyllecTBleHHss PEeMOHTHOrO lojileTa B  TPY30BOM OTCeke
«IlarTna» pasMeliaercss KO.jblUeBas KOHCTPYKLHsl, K KOTOPOH KpemHTCs
Teseckon Ha Bpems pemonta. Ilo Bcemy kopnycy KTX pasmeuens no-
pydnH u 31 HOXXHOH ¢HKcaTop AJs1 ob6JieryedHst paGoOThHl aCTPOHABTOB.

OpHeHTHPOBOYHbIE MJIaHBl OpeAnosarand, Hampumep, B 1995—
1996 rr. 3ameHy cosHeuHblx OaTapeit M [AaTYMKOB TOYHOrO THAHPOBa-
HHUA, AOYCTAHOBKY MHOIOLEJEBOro CHeKTpomeTpa, pabortaiouiero B 6.ii3-
KO K HH(QpakpacHO# 006JaCcTH CNeKTPa, H YCOBCPLICHCTBOBAHHOrG
Y®-cnekrporpada, a B kKoHue 90-X IT. — YCTaHOBKY WHPOKOYTOJbHOI
KaMepbl HOBOTO NOKOJIeHHS.

KocmuyeckHii TesiecKOn BBHIMOJHHJ TPYAHbIH CTapT, OAHAKO OH [10-
fpeXKHEMY CYJaUT GoraTble NEpCNeKTHBBl AJi MHPOBOH acTPOHOMHH,

Crpanuubl  uctopum:
Coseesgne bnusHeuos*
I CANAXYTAMUHOSB

CoajlaiHe [BYXMECTHOrO KoOpad.,s, cnoco6HOro MaHeBPHPOBATb HA
op6HTe, COMNHKATBCSA C PA3NHYHBIMH O6LEKTaMH M CTLIKOBATbCS C HHMH,
BIepBbie [a/J0 BO3MOXHOCTb He MOBTOPATb TO, YTO YXKe OblI0 cAenano
B COBETCKOIl KOCMOHaBTHKe, a HMATH CBOHM MyTeM, pellasi NPHODHTET-
Hele 3agayd. OgHa M3 HHX Obla MocTaBjeHa mepef 3Kumaxkem «Jlxe-
MHHH-5» M COCTOSila B TOM, 4TOOBI COJH3HTL KOpabiub C NpeABapHTelb-
HO cOpOLIEeHHBIM C Hero KOHTefiHepoM, CHabXXeHHBHIM CHCTeMOH 3Hepro-
cHa0/KeHHs, PaAHONOKAIlHOHHBIM OTBETYHKOM, PaJHOMAsAKOM.

Kopabab Gbin BeiBesen Ha op6HTY 21 aBrycra 1965 r. ¢ actpoHas-
tamu I'. Kynepom u Y. Koupagom Ha Goprty. .

«I1»eMHHH-5» Obl1 nepBbHIM KopabJeM, 3HeprociabKeHHe KOTOPOTO
OCYLUECTB/SNOCh HE OT AKKYMYJATOPOB, a OT BOAOPOJAHO-KHCJOPOAHBIX
TONJIHBHBIX 3j7eMeHTOB. OHH-TO KaK pa3 H CTa/JH NPHYHHOH GOJBLIOro
BOJIHEHHA KaK JKHMNaxa, Tak H Ha3eMHbIX CrelHajHcToB. Bckope moc.e
BbIXOfa KOpabasi Ha OpOMTY B paboTe 3THX 3.1€MEHTOB BO3HHKJ/A HEuc-
nparuocTs. OTKas B CHCTeMe 3JHEProcHAaO)KeHHs BCeraa 4pesBblYaitio
onacen. Kopa6sb MOXKeT B pe3yJbTaTe [PEBPATHTLCS MOOPOCTY B TPY-
Ay Kese3a, MOCKOJbKY B 3TOM Cjyyae BLIXOAST H3 CTPOs BCe OCTalb-
Hble CHCTEMDI: TepMOPEryJHpOBAHHs, ODHEHTAILHH, CBSI3H, TOPMOXKEHIif

TTponosixkeune (cm. Ne 8)
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u np. K cuacTbio, Ha 3TOT pas HEHCNMPABHOCTH NPHBEJA JIHIIL K YMEHbe
WEHHIO 3anacoB HEPreTHKH Ha OOPTY, a He K MNOJHOMY BHIXOAY KO-
pabns u3 crpod. Tem nHe MeHee OT onepauuii no COJHMXKEHHIO C KOH-
TelfiHepOM NpHLLIOCh oTKasaThbcs. Ilox BompocoM okasajiach M caMma BO3-
MOXHOCTb BOCBMHIHEBHOro npe6GhIBaHHA aCTPOHABTOB B KOCMOCE, UYTO
6blI0 KpafiHe JKesjaTesqbHO NpexjJe BCero MOTOMY, YTO TpeGoBaJHCh
MeAHKO-GHOJIOrHYeCKHe JKCNMEePHMEHTH AJsi obecneyedHss OYAyIEro ABYX-
refesbHOro moJera K JlyHe. Kpome TOro, B HpecTHXHLIX LeNsX MOXHO
OblJI0 YCTAHOBHTb PEKOPA MO JJIHTeJbHOCTH OpOHTaJIbHOTO MOJEeTa, NpH-
HaQJIeXaBIlHi COBETCKOMY KocMoHaBTy B. @. BrikoBckOoMy M cocTaB-
JfBIWIMA NPHMEpPHO mATb cyTok. Ilocsennee, BnpoueM, 6BLJIO AJs aMepH-
KaHIEB HeNpHHIMNHAJIbHO, MOCKOJbKY COBETCKHiIl Kopabub «Coio3» eue
He OB TOTOB MAaXe AJs JETHHX HcmbiTaHufi. Y cnennanucros CHIA
OblIM «pa3Bsi3aHbl PYKH», HX HHKTO He TOPONHJI H OblIO ellle BpeMs
AAsi YCTAHOBJIEHHS HX NepBbLIX PEKOPAOB.

ITocne TmmarenbHoro awanu3a B LleHTpe ynpaBiieHHs MOJETOM pe-
WHIH noseT «[lKeMHHH-5» He NpephiBaTb. ACTPOHABTH MPOAOJIKAIH
CBOM 3KCNIEPHMEHTHl M HaObJl0JeHHs M, NMpo6GLIB B KOCMOCE MNPHMEPHO
BOCeMb CYTOK, 6J1arOMOJIy4HO BEPHYJHCh Ha 3eMJIIO.

Onepauun no COJIMXKEHHIO M CTHIKOBKE KOCMHYeCKOro Kopabas ¢
Pa3JMYHOrO poJa <«MHLIEHSMH», KOHEYHO, HE TepsJIH CBOeil aKTya/bHO-
CTH, MOCKOJbKY SBJSJHCh Hen3b6eXXHbMH INpH OyAYyWHX [oJeTax Ha
Jlyny. Ilostomy nepen skunmaxem «/xeMHHH-G» Oblla MOCTaB/eHa 3a-
Raya OCYUIeCTBHTb CTBIKOBKY B KOCMOCe C 3apaHee 3amylUeHHOH pa-
KETHOH CTyneHblo <«AxxeHa». B 3KcnepHMeHTe HOJIKHBL OBLIM yyacT-
soBath B. llluppa u T. Craddopa.

25 ok1s6ps 1965 r. acTpoHaBTHl PaCMOJIOXKHJIHCH B Kpecaax KaGH-
bl «JlXXeMHHH-6», TOTOBCb K 3amycky. B 3ToT e neHp Obia 3a-
nymena H «Amxena». OQHaKO Yepe3 INeCTb MHHYT INOCJe 3alyckKa BHI-
ACHHJIOCh, YTO CTyNeHb MOTepsAsach — MNOCTYIVIEHHe TeJeMeTpPHYecKoi
HHGODMaLUKKH NpeKpaTHJIOCh, pafHOJNOKaTop Ha Meice Kenneau Hauan
OTCJIEXKHBATb NATb HJH Ja)e LIECTh NeJeil BMeCTO OLHOH. DKHNaXy
NPHLULIOCh TNOKHHYTb CBOH paboyHe MecTa, MOCKOJNbKY CTajl0 OYeBHA-
HbIM, YTO JO 3anycKa CJeAylolled MHLUIEHH NPOiiAeT MHOTO BpeMeuH.
Pyxosoacreo HACA BckOpe peulIH/IO Cepbe3HO H3MEHHTb CBOH ME€PBO-
HayaJbHble (VTAaHBl H BMECTO CTHIKOBKH «[l>KeMHHH-6»> C HemHJOTHpYeMoil
CTYNeHbl0 «AJXKeHa» NPOBECTH OMepauyio mo ero c6amxkenuio ¢ «[lxe-
MHHH-7» ¢ acTpoHaBTamH IIK. Jloeasom u ®. Bopmanom Ha Gopry.

«JIxemMuHH-7» craproBas nmepBuLiM 4 nekabpsi. 12 peka6ps Lluppa
u Cradgopa Bo BTOpOit pa3 3aHsIH CBOH Kpecaa B KaGuHe «J{xeMu-
un-6».. Ilposeyyann mnocnenHHe KOMaHAB, ABHTaTeNIH DPaKeThi-HOCHTe-
a1 «Turans MOIHO B3peBesH, TOTOBSCh YHECTH amilapaT B siCHOe FO-
ny6ce He6o. M BAPYr NpOH3OWIIO HEOMHIAHHOE — OHH 3arJOXJH.
Y skumaxa Gbla B DacHOpsi)KEHHH BCEro CeKYHAa, YTOGBI OLEHHTDb
CHTYaUMI0 H NPHHATb TNpPaBHJbHOE pellleHHe. Eciu ABHratens oOTKJIO-
YHJIHCb B TOT MOMEHT, KOrja paKeéra elle OCTaBaJjach Ha MyCKOBOM CTO-
J1e, TO HHYEro Cepbe3HOro He MNPOH3OIUJIO, HO MOXKHO O6bLIO OXHAAThH
HOBOH ONacHOCTH — moxapa, B3pbiBa M mp. Ecam ke orxka3 nsurarte-
Jiedl npousowes, Korja pakera yXe collja ¢ NDYCKOBOTO CTOJa, TO Te-
nepb OHAa JOJ)KHa Oblja HeMHHYyeMO YnacTb, a 3TO YyXe KartacTpoda
€ BO3MOXHOI rubenbio 3kunaxa. Cradhdopa u Illuppa npussau eaun-
CTBEHHO INPaBHJbHOE pellleHHe H, He MelUKas, KaTamyJbTHPOBAJNCD,
XOTA paKera, KaK MOTOM OKa3aJoch, OCTajaCb Ha NMYCKOBOM CTOJIE.

- CneunanancTsl OGHAPYXHJIH NPHYHHB HEHCNIPABHOCTH HOBOJIBHO Ohi-
cTpo. M3-3a BHGpauun Kopnyca pakeTbl Pa3beNMHHJICS KOHTAKT B dJeK-
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TPHYeCKOH LlenH H BHIKMOYMI ABuratend. OLHAKO Ha CJedYIOWHA Acith
6blI0 OOBABJAEHO, YTO Aa)ie eCaH Obl ITOT KOHTAKT H He OTOlen 6w,
NBHTaTeJH BCe PaBHO MNPeKpPaTHAM Obl CBOIO paGoOTy, MOCKOJAbKY 00
9befi-T0 HeGPeXKHOCTH Ha 3aBOAe B TOIJIHBHBIX MAarucTpaisix OCTanach
MblIb OT NJIACTHYECKHX MaTepHaJ/ioB, GJIOKHPOBaBLIAs 3amycK.

15 pekabpa Cradpdops n lluppa B Tperufi pa3 pasmecTH/iuch »
KabGuHe «[]xeMHHH-6», DTa NOMBITKA 0Ka3alaCb yNayHO#l, KOpabi.b Bbi-
wesa Ha OpOHTY M Hayan ToHKY, upecaenys «Jlxemuuu-7». Ha uer-
BEPTOM BHTKE €My YIanoCh HOTHAaThb CBOIO «MHILEHb» — HAyajiCA Ccos-
MECTHBI ToJleT ABYX KopabJefl, HaXOAHBIUMXCS Ha PacCTOSIHHH BCery
HeCKOJIbKHX MeTpOB ApYr oT apyra. Ilocie mnsTHuacoBoro paxjeny
skHnax «J:KemMHHH-6» C MOMOLIbIO PYYHOrO yNpaBJieHUsn 6Jaronojayuno
chnycThacs Ha 3eMJi0, OCTaBHB CBOHX ToBapHulefi Bopmana u Jloseaia
elle Ha napy AHell Ha opOure. Mx Bo3BpauleHHe Ha 3eMJI0 MJIaHHPO-
Bajoch Ha 18 aekaGps, mocje 4eTbipHaAUATH CYTOK paGoThl B KOCMOCe.
B LleHTpe ynpaB/eHHst MOJETOM B 3TOT JAEHb CNELHAJHCTBl TPEBOXH-
JIHCb 3a HMCXOJ OMNepalmMH MO BKJIOYEHHIO TOPMO3HBIX INBHrartesed, pa-
GOTaBUIMX Ha TBepAOM TOMJHBe. [IpHUMHBI 3TOf TpeBOrn GblAH AOCTa-
TOYHO O6OoCHOBaHH. Benb HHKTO B.TO BpeMsi He 3HaJ, KaKoe BJAHAHHE
OKa:KyT YCJOBHS KOCMOCa Ha KaueCTBO 3THX ABHrarteseit mocae 300-
4acoBOro MX npeGuiBanHs B HeM. Bce mnouyecTBOBaan Gosbluoe oGaer-
YyeHHe, KOrja OpHULIO cooblLleHHe 06 yNOBJIETBOPHTEeJAbHOW paboTe cu-
CTeMBbl TODMOXKeHHS Kopabuas. [lauTenpHocTh npebbiBaHHA B KOCMAace
«JIXKeMHHH-7» cTajla COH3MEpPHMOl cO BpemeHeM, TpebyloUIHMCH AAf
nonera Ha JIyHy u o6patHo. IlocsenoJerTHulii aHanu3 mnokasan, uro
BopMman moxymen B KocMoce NMpHMepPHO Ha NsAThb, a. JloBeas Ha TpH Ku-
sorpamMma. dto 6bI0 MHOro, Ho MeHbile, 4yeM Kynep n Konpax 3a
8 nHeit moJera. )

Jloruka TpeGoBana cHeJaTh CJAEAYIOIIHH [Iar B TOKOPEHHH. KOo-
Moca, COCTOSBIIHi B oTpaboTKe omepanuili mo CTLIKOBKE ABYX annapa-
TOB.
16 .mapra 1966 roma Ha opbury Obl.1a BHIBEJEHa paKeTHaf CTV-
neib «ANXKeHa» W KOCMHMYEeCKHi Kopabab «JlxemuHH-8» c acTponapra-
mu H. Apmctponrom u II. CkorToM Ha GopTy.

Ha yeTseproM BHTKe KopaGumb cOamsmics ¢ <«Ajxenoi», a 3arem
cocthikopasics C Heil. Opsako CKOTT, o1meuas nosoxeHHe Kopabas
0 YKas3aTesi0 TOPHU30HTA, 3aMeTHJ, YTO C CHCTEeMO# cTabHaH3auuHB we
Bce B mopsaake. «Heitn, mMbl Haxkpensemcal» — c Tpesorofi ofpaTu.acs
oH K cBoeMy Komanaupy. CBsi3ka anmapaTos MOoTeps/a YCTOHYHBOCT®
U craia GHICTPO BpalaThCsl BOKPYT MONEpeuliod OCH.
~ «Y Hac BO3HHKJIHM 3JeCb cepbe3Hnle npobaembl. Mbl KyBbipKaeu-
¢s1», — COO6LIHA ADMCTPOHT Ha 3eMJIo.

MoXHO 6HJIO MPEANONOXKHTb, YTO NPHUWHON HEMOJAAKH CTax BiJ-
KON HM3 CTPOs CHCTEMBl CTaGH/IM3AUHMH TNOJIOXKEHHS OAHOTO M3 ammapa-
toB. Ho kakoro u3 Hux? K coxasenHuio, 30Ha pagHOBHAHMOCTH «a-
KOHYHJIACh, TOJIET NPOXOAHJ Hal THXUM okeaHoM, rie He GhIO Ha3eu-
HbIX CTAHOMi cJexenus. ACTPOHaBTH He HMeJH BO3MOXCHOCTH MO.Y-
YHTb HE TOJbKO KOHCYJIbTAlHIO CMEUHANHCTOB, HO. H HEOOXOAHM::a
18 aHaJM3a TejeMeTpHYecKylo HHpopmauuio. PaccuHTbIBaTh NpPHXOL-
J10Ch TOMBKO HA CBOHW 3HAHHA H ONBIT. APMCTPOHF BDPYYHYIO BKJIOUMN1
‘ABMraTeJH CHCTEMbl OPHEHTaLHH H NpHOCTanoBi ppaienne. Opuai:
OHO BO30GHOBHJIOCH, KaK TOJABKO O CHOBA BHLIKAIOUHA HX. AcTpoHausr
OTCIOLA CHeNas BbIBOL, YTO BHHOil BCEMY «AJKEHa», A PElHa OTCTid-
koBaTh OT Hee «Jl:xeMuuu», B mofoM caydae 3To. peulenHe Gulio ao-
THYHLIM, TOCKOJILKY MO3BOJISIO H3y4yaTh NOBEAEHHE annapatos no o7-
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fensHOCTH. PaccThikoBKAa NpHHeCHA -~ ellle  OJHY  HEOXHAaHIOCTh —
«[lkeMHnH» cTan -BpallaTbCsi GhICTpee, cOBeplliasi 3a OAHY . CEKYHAY
o6opor Ha. TpucTa.TpamycoB, CHTyallus CTajla OYEHb ‘HENPHATHON. Bpa-
lileHHe . IPUBOAHJIO- K Apeiidy «[[:KeMHHH» B KOCMOCE, a 3HAYUT, BO3HU-
Kajla. OMacHOCTb €ro CTOJKHOBEHHsi ¢ <«AMKeHoi». OHO MOrIQ TaKxe
cTaTh NMPHYHHOM YXYIIHIEHHS CAMOYYBCTBHsi aCTPOHABTOB, BLI3BAB Y HHX
romHory. OcTapaThcss Ha Op6HTE Ha BeCb 3alaHHPOBAHHELE CPOK Obl-
710 -Temeph Belib3fd, HO H COyCK Ha 3eMiio BO Bpaliaioniemcsi KopaGie
Gbin 3aTpyAHeH. ApMCTpOHT He NOTepsl caMooGiajaHHe W onpoGoBal
pasnMuHBle BapHaHThl CTaGHIM3allMM anmapara. ycmex MpHIIen nocje
TOTr0,. KAK OH BKJIOUHJI PEe3epBHYIO CHCTeMy CTaOH/IM3alHH, NpeiHasHa-
yapmylocA A PaBoThl Ha ydacTKe cmycka. DBcero st ycTpaHeHHA
BpalileHUs] eMy NoTpeGOBaJOCh OKOJIO AECATH MHHYT BPEMEHH, HO Ka-
KHMW ' TPYAHBIMH OHHM ObuIH. XnaLHOKPOBHe ADMCTPOHTa CHHCKalo €My
6oaslI0e yBaKeHHe B AMepHKe.

- CJrefylolmii MOJET MPEeACTaBJssl co6oi Lenouky Heynad. 3amylueH-

#ag 18 Mmas -1966 .r. pakerHas cTynmeHb «AJXeHa» H3-3a HENOJaJOK B
pakere-HocuTeNe «ATiac» He BHIULIA B HYXHYIO TOYKY OPOHTHIL, W' IKC-
MepPUMEHTH C Heil ‘noTepsAiH cMulcd. He Mellkas, cnenuandCThE: MOATO-
TOBHAK 'K 3alyCKY - HOBYIO CTYNeHb, KOTOPYIO YZAanoch ©6Jaromnonyyto
pbiBecTH B KocMoc 1 mioHs. Uepe3 JBa AHA 3a Heil NocJjefoBaJ: KO-
pabas . «IkeMusn-9».. ¢ actpoaBraMu Tomacom - Craddoprom u: KOa-
wuHoM CepHaHOM, ;
v Ha TperbeM BUTKe - alNnapaT - BETPETHICH C <MHIIEHbIO», HadaiHCh
onepauuy -mo CThikoBKe. OJZHAKQ aCTPOHaBThl OBICTPO BLIACHHJH, --1TO
Ha 3TOM. MYTH WX JKEET HeyJaya, ROCKOJbKY .CTHIKOBOYHHII MeXaHH3M
«AJKeHbl» OKa3aJCs HeHcnpaBHHIM. [IpHUIIOCE OrpaHHYHTbLCH:: JHMIb
pororpadupoBaHueM - CTyNeHH, KOTOPYIO acTPOHaBTH B CepAlax Ha-
3BAJIN «37IBIM - QIMratopoM». Ee CTHIKOBOYHBI y3eql H B caMoMm - jede
‘'HPHAABAJ eif CXOACTBO C AJJIHFaTOPOM.

“OcraBajicsi NMOCHAeAHHH 3KCIEPHMEHT, KOTOPhbifi XOTh Kak-TO MOrI
onpaBAaTh 3TOT - HEYJAYHBI MOJIET. BMECTO CTHIKOBKH C «MHIHEHBIO®
‘CepHaH clenan NpeIyCMOTPEHHYIO MPOTPaMMOil NMOMNEBITKY BHIiTH B OT-
KPBITHIA KOCMOC, YTOGHI HCHBITAaTh YCTPOHCTBO JJIsi TNeEpeABHIKEHHs B
HeM acTPOHaBTOB. PasrepMeTH3HPOBaJH KabHHY, OTKpHIAH JioK. CepHaH
Bhillleq H3 Kopabuisg, H TOTYac Ha 3eMJe YCJbILIANH €r0 BETPEBOKEH-
nelii--rosoc: «$ Hudero He BHXKY!» DBHICTPO BBHISICHHAM, 4TO ¢ 4dCTPoO-
H@BTOM Bce B IIOpsjKe — IIPOCTO OT Mepemaja TeMNepaTyp 3amoTe.o
cTekno repmoweMa. CepHaH BepHyJcs B KaGuHy, H oHH co Craddop-
JI0OM MYADO DelIHJH He PHCKOBAaTb H OTJIOXHTb BHIXOA B KocMmoc. Iloc-
je 44 BUTKCB BOKDYr 3eMJIH, Ha YeTBePThle CYTKH IOJETa aCTPOHABTH
6J1aronoJy4no NPHBORHHJIMCH B PAacYeTHOM paiiOHe.

Ilporpamma noseroB «JIXKeMHHH» MNOAXOAHJIA K KOHHIY. OcTajoch
'COBEpUINTb BCEro TPH IKCIEZHUHH B KOCMOC, HO B CBSI3H C HeyHaueii
NpeSbIAYIIErO - MOJIeTa Ha SKHIAXH MNOCHeAYIOUHMX Kopabielt J0XKHIICh
-GoJbllIne HArpy3KH (NPOJOJIKEHHE CJeLYeT),

XPOHUKA KOCMOHABTUKMU™

1. AHBAPS c¢ meica KanaBepan ¢ nmomompio PH «Turan-3» npo-
M3BENleH NepBbIl KOMMEpDYECKHil 3amycK ABYX CHYTHHKOB CBfA3H — da-
CTHOBJIaJie/IbYeCKOr0  SIIOHCKOro  ammapaTta  «J[XH-cH-caT-2» Maccoil
6,5 T ¥ anramiickoro cnytunka «Ckaiiner-4A» maccoit 1,5 T,

* Ilo cocTosiHnio Ha HioHb 1990 1,
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22 SIHBAPS c¢ kocmompoma Kypy Bo @panuysckoii Iinane . P11
«Apuan-4» BbIBElleH CNYTHHK AHCTAHUHOHHOTO 30HAHPOBamHA «CnoT-2»
u wectb ManoraGaputHhix MC3 nns paamomoGureneir. «Cnot-2» mac-
coii 1,8 T aBiAercss caMbIM KDYNHHIM (paHIy3cKHM cnyTHHKOM. Ilep-
Bblii (paHLYy3CKHii CNYTHHK aHAJOTHYHOro HasHayeHHsa <«CrnoT-1s Gwui
sanymern B 1986 r. u ¢ Tex nop mepeaan Ha 3emuo Goaee 1,5 munn
CHHMKOB 3€MHOil NOBEPXHOCTH.

23 SIHBAPS B CCCP PH <«Monnus» Ha BHICOKOJIHNTHYECKYIO
-opbuTty c BbicoTOll. anores 38892 km B CeBepHOM MOJYyLIapUH BbLiBelen
ouepennoit (35-1) MC3 «Mosunsi-3» B ueasx obecneyeHHs AajbHed
Teae(oHHOl M TenerpadHONl PafHOCBA3H M Nepelayd TeJEBH3HOHHBIX
nporpaMm no cucreme «Op6urax.
© 24 SJHBAPSI ¢ xocmompoma ¥YTHHOoypa B mnpedektype Karocuma
(SInonna) ¢ nomoupio PH «Mu-3C2-5» Ha  2J/HNTHYECKYIO OPGHTY ¢
MaKCHMaJbHbIM yAaJjeHHeM oT 3eman 500 ThiC. KM BbIBefleH SITOHCKHIi
KocMHuecKHit anmapar «Mycec-A». B cepeanmne Mapra annapar, npea-
cTaBasglomuit coboit uMAHHAP Boicotoit 80 cM, AHameTpom 1,4 M u Mac-
-coit 182 kr, mpubausuncs K JIyHe Ha paccTosiHHe OKO0O 20 THIC. KM
H. BHINOJHHJA TaM NepTypGallHOHHBEIA MaHeBp, B pe3yJbTaTe KOTOPOro
nepemwies Ha OKOJOJYHHYIO 3aJHNTHYecKylo opbuty. Ha Kocmuyeckom
-alnnapaTte HMeeTCst OTAEJseMbld 30HA Maccoii 1l Kr ¢ coGCTBEHHOH JBH-
raTtejbHOH YCTaHOBKOH, MO3BOJIAIOLIEH €My BHIATH Ha <«JIHYHYIO» OKO-
JIOAYHHYI0 OpPOHTY, OTKyAa B TeueHHe Mee€sdlla OH AOJKEH [epeaaBarTh
Ha GOpT OCHOBHOTO CHNYTHMKa (C MOC/IeAylollell nepeAadeil Ha 3eMJIO)
LasHBle 06 okpyxkawomeM JIyHy KOCMHYeCKOM NPOCTPaHCTBe.

4 ®EBPAJISA ¢ kocmMompoma CHuar B npoBHHHMH ChluyaHb ¢ fo-
moumbio PH «Besnkuit moxop-3» Ha reocTalHOHapHyi OpOHTY 3amyllieH
.SKCNIyaTalHOHHBIA KHTAlUCKHil CNYTHHK HALHOHAJbHOH CHCTEMBHl CBA3H
«YaitHacaTt-3». TouKa CTOSHHA CHOYTHHKA -Ha TreOCTAllMOHApHOH oOp6H-
Te 98° B. 4. pacnosoxeHa Hal HupoHesueil. Tpu BhiBeZeHHBIX paHee
anaJIorHYHLIX KOCMHYECKHX anmapata «pa6otaioT» Hag lOxHno-Kuraii-
CKHM MOpeM, YeTBepThIii — Haj VIHAHHCKHM OKeaHOM.

7 ®EBPAJISI ¢ xocmonpoma Taueracuma Ha lore Slmonun 3amy-
wena Apyxcrynenuaras PH H-1, mocrasuBuias Ha oKoso3eMHble OpOH-
Tel Tpu cmyTHHka. IlepBriit u3 Hux (MOC-1D) BHIBeseH Ha npHIOJAApP-
Hyl0 op6uty c HakJoHeHHeM 99° u BricoToi 900 kM. Kak u ero mpex-
wiectBeHHHK (MOC-1), sanyuwenHwit B ¢espane 1987 r., HOBHIH KOC-
MHYecKHii annmapat, HMelooluii Maccy 740 Kr, npeanasHaueH Ajs Habuio-
JeHHll M HcclefoBaHHH pecypcoB Muposoro okeana. C momollbio ycra-
HOBJIEHHOH Ha CHOYTHHKE annapaTypsl H3MepsOTCA TeMIepaTypnl Io-
BEPXHOCTH BOAH M CYIIH, coGHpaeTcsi MH(oOpMalHsa O PacnpoCTPAHEHMH
CHeXHOF0 H JIe40BOro nokposos. ITpuem HH@opmauuu ¢ 6opra HMIC3 Be-
JeTcs ABYMsl CTaHUHMSMH H4 TeppHTODHH SInoHMH H 8 cTaHUHAMH, pac-
NI0JIOXKEHHBIMH 3a ee mnpelenaMu. BTopoit cmyTHHK Maccoit 50 .xr 06-
CJY)KHBaeT paiuoJioOHTesell, a TPeTHH HCIOJNb3yeTcs MAJs NpOBeAeHus
(hH3HYECKHX HCCJENOBaHMH B YCJOBHAX MHKpOrpasHTauuH. JIsa nocsaen-
HHX KOCMHMYECKHX annapata BhIBeJAEeHbl Ha 3JUIMOTHYECKYI0O OpOGHTY
anoreem 1600 xm u mepureeM 900 kM.

15 ®EBPAJIS B CCCP PH «IIpotoH» ocyluecTBJeH 3amycK Oue-
peanoro (24-ro) HC3 «Panyra», BbiBelleHHEII HAa TIeOCTallHOHAPHYIO
op6uTy B TOuKy cTostHHsi 00° B. J. M NONYYHBLIHA DErHCTPaLHOHHDIA
nupeke <«Craumonap-0» COyTHHK, Hapaay ¢ APYTHMH TeOCTalHOHap-
oMy IC3 cesisn, a Takxe MC3 CBSI3H Ha BEHICOKOJUIMNTHYECKHX Op-
6utax GyJeT HCIOJNb30BATHCS B COBETCKHX CHCTEMAax CIYTHHKOBOrO Te-
JIeBU3HOHHCTO BelllaHHs H TeseOHHO-TeaerpadHoil pajHOCBs3HU.
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27 ®EBPAJISI B Coerckom Cowose PH «Kocmoc» Ha opGury,
GAM3KYI0' K KPYrosoif, ¢ BHICOTOA OKOJO Thicsun KM BoiBesen HC3
«Hapexna». Ha OopTy chnyTHHKa YCTaHOBJMeHa ammnapatypa HaBHra-
LLHOHHOH CHCTeMBl, NpeJHa3HauYeHHOH# [JIsi ONpelejeHHsT MeCTOHaXOXKie-
HHA CydoB Mopckoro M pri6ososHoro ¢iaotoB Coserckoro Corw3sa, a
TagXe amnmnapatypa AJs pa6oThl B COCTaBe MeXAYHapOAHOH KOCMH-
LeCKOH CHCTeMBI MOHMCKA M CNACeHHs CYJAOB H CaMOJIeTOB, TepHALLUX
veacrsre (KOCITAC — CAPCAT).

28 ®EBPAJISI B CoserckoM Cowo3e PH «llukioH» npousBeseu
sanyck MC3 «Okean». CnyTHHK npeAHasHaueH JIJs NOJYYeHHs Omepa-
THBHOH OKeaHOrpagHyecKoii HHPOpPMALHH W AAHHBIX O JeJOBOH o6CTa-
HOBKE B HHTepecax pasJIHYHBIX oTpaciedi HapoxHoro xossiictea CCCP
H MeXAYyHapoAHOro coTpyiaHuyecTBa. Ilosyuaemass co cnyTHuka HHOp-
Mmauus ob6paGaTbiBaeTcss W pacrmpocTpaHsieTcsi I'ocyfapcTBeHHBIM Hay'-
HO-HCCIe]OBAaTeIbCKHM LIEHTPOM H3Y4YeHHsi NMPHPOAHLIX PecypcoB.

1. MAPTA B Coserckom Corwse PH «Coio3» npousseneH 3samyck
aBTOMaTHYECKOrO TPy30BOro KocMHueckoro kopabas «[Iporpecc M-3»,
KOTOPHII 3 MapTa COCTHIKOBAJCS ¢ OPOGHTaJAbHBIM KOMIJIEKCOM «Mup».
Kopabnb nocraBHa Ha. 6OPT KOMIJIEKCa pacXoAyeMble MaTepHasbl H
ApyrHe rpy3sl obueir Maccoit okoJao 2,5 T, 27 ampens 1990 r. kopad.b
6uisl OTAeNeH OT.OpGHTaJbHOTO KOMIJEeKca, NepeBefieH Ha TPAEKTOPHUIO
caycka M 28 anpeasi NpeKpaTHJ CYyLIeCTBOBaHHe B IUIOTHBIX CJOAX
aTMoceper. -

14 MAPTA ¢ xocmozpoMa Ha Mbice Kauasepan c¢ nmomouwnio PH
«Turan-3» 3anyuleH CchnyTHHK cBA3H «MHTeacat-6». KocMuyeckuit an-
napaT Gbl1 BHiBeJleH Ha HepacueTHyl0 OpOHMTY BEICOTOH 145 kM ¢ Bpe-
smeideM XH3HH Ha Heil He Gosee 12 cyr. Ilocse 3TOro cpoka CmyTHHK
AOJiHeH OblJl BOMTH B IJIOTHble CJOM aTMocdepsl M cropetb. 17 mapra
YAJIOCh BKJIOYHTb ABHTaTeJH KODPEKUHH H NepeBecTH CIYTHHK Ha op-
vuTy C BhiCcOTO 260 kM. 3j4ecb anmapaT MOXeT CYLIeCTBOBaTb He-
CKOVIbKO MeCstLieB, B TeYeHHe KOTOPbIX HeOGXONHMO NpeANpHHATb Mepbi
av ero cnaceHulo., Takux cnoco6oB MoxeT ObiTb Heckoabko. OfHa w3
@upM NpefJIoAHIA HCIOJMb30BAaThb C 3TOH IeJbl0 HMEIOUHiACH B eAlfi-
CTBEHHOM 3K3eMIispe MexopburtaibHblii 6ykchp. Koncopuuym «Hurei-
car» JejiaeT CTaBKy Ha MHoropasoBblii kopabab «Cneiic lllatrta», koro-
putft. Mor Obl CHATb COYTHHK ¢ Op6HTH. ORHAKO AJsi 3TOrO NpHILIOCH
vt H3MEHHTb COCT@BJIEHHYIO Ha HECKOJbKO JIeT BIepej HpoOrpaMmmy 3a-
KYCKOB 3THX kopalaeii. K Tomy e moaroroka HeoGXOLHMOro NJs
(RACEHHs CIYTHHKa BHIXOJa KOCMOHABTOB B OTKPHITHIH KOCMOC 3aiiMer
ue Menee 9 MecsiueB. OGmiHe 3aTpaThl Ha 3TOT 3aMycK, BKJIOYas CTOH-
macte PH M Kocmuueckoro ammaparta, pacxoiel Ha ero npuo6pere-
t#e ‘U NpeACTapTOBhie ONepalHH cocTaBasioT 410 MJH. RO

3 ATIPEJIS1 B Mspaune c nomoublo Tpexcryneryatoii PH «lla-
BUT» Ha JJIJHNTHIECKYIO OKOJIO3eMHYIO ODOHTY 3amyllleH 3SKCHepHMeH-
taapublii UC3 «Odek-2». Ero Ha3HadeHHe — JeMOHCTPALHOHHblE HC-
OWTAHHS C 1EJbI0 NPOBEDKH M OTPabGOTKH TeXHHYECKHX pelleHHi, mo-
Ay4eHHA Heo6XOAMMOIo OmnbiTa NpH pa3paboTKe, NPOH3BOACTBE H 3ad-
ayckax KOCMHYecKHX ammapatoB. Ilpeawiayumiuit  cnyTHHK «Odek-i»
maccoit 156 .Kr 6w 3anyuied Takxke uspauabckoit PH «Illasut» 19 ceu-
Tabpst 1988 r. H, kak nnaHupoBasoch, B fAHBape 1989 r. powesa B miot-
#efe CJIOH aTMOC(epLl M NMpeKpaTHJ CYlLleCTBOBAHHE.

.7 AIIPEJISl ¢ kocMozpoma Cuyan mpoussesed 3amyck PH «Be-
AukHii 1N0X0A-3», A0CTaBUBLUEH Ha mpoMmexyTounyio op6uty KHC3 cBasu
c«J¥i-wacat-1». D10 nNepBbll HHOCTPAHHBIH CIOYTHHK, 3aNyLIEHHbIA KH-
Taiickoii PH Ha koymvepueckoilt ocuoBe. CmyTHHK, OGecneYHBalOWHA Te-
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JeOHHYIO  CBA3b M  DeTPaHCASLNIO TeJeBU3HOHHLIX Oepeaau  Aas
35 cTpan Asum, npHHajjiexHT KOHCOpPuUHyMy B [OHKOHre, B COCTaB KO-
TOpOro BXOAAT aHrAuiAcCKas W KHTalickass (HPMbl, a TaKXe HEeCKOJbKO
MHOCTPaHHBIX Kopnopauuii ¥ ¢upma u3 lonkonra. 3a nocTaBky cmyT-
HHKa B KOCMOC KHTaiickas TrocyAapcTBeHHas Kopnopauus «Besanxas
creda» moayunna 30 MaH. Qo — B ABa pasa MeHbEe Lcubl  8a
aHano’;anylo ycayry, sanpawdBaeMoii QpaHLy3ckHM KOHIEPHOM «ApH-
ancneficy.

11 ATIPEJIS B CCCP PH «Coto3» ocywectsaen sanyck MC3 «®o-
TOH», NpPeAHa3HAYeHHOro JJf MPOMO/IKEHHS HCCIeLOBAHMA MO0 KOCMH-
YeCKOMY MaTepHaJioselenHio. B nojere, mpoaoskaswemcs OGojee ABYX
He/leslb, NMPOBOJAHJHCH 3KCNEPUMEHTBI NO MOJYYEHHIO B YCJIOBHAX MHK-
poOrpaBHTalHH OPraHMYeCKHX KPHCTAJIOB, MNOJYNPOBOAHHKOBLIX MaTe-
pHa/IOB C YJYYLIEHHBIMH CBO{CTBAMH, 0c000 4HCTHX OHOJIOTHYECKH
aKTHBHBIX BeIlleCTB, H3y4aJHCb MNpOTEKAlOUlMe [pH 5TOM MNPOLECCHL.
B -cooTBeTCTBHH ¢ KOMMepYeCKHM COr/alleHHeM Ha cnyTHHKe «PoToH»
pasMellasiacb Hay4HO-HCCJeJoBaTeJbcKaa anmapatypa HaunonasbHOro
LUEHTPa KOCMHYECKHX HccaenoBaHui Ppanuud. 27 anpeas MaTepHajH
IKCNePHMEeHTOB GblH BO3BpalleHB ¢ OPOGHTH Ha 3eMJlo.

14 ATIPEJI{l ¢ kocmonpoma Ha Mbice Kanasepan ¢ momompsio PH
«[lenbTa-2» npoH3BeleH KOMMEpPYECKHH 3amyCK HHAOHE3HiCKOro CmyT-
nuka cBasu «Ilananma B-2P» ctoumoctbio 60 MaH. mosn. COyTHHK HMeeT
maccy 1194 kr ® ocHameH 24 peTpaHCAATOpaMH, oOecmeYHBAIOUIHMH
paclupeHHe ceTH TesleOHHOH CBS3H W YBeJHYEHHe 9HCJa TeJeBH3H-
OHHBIX KaHaJOB He TOJbKO Ha Bceli TeppHTOpHH lumonesun, BKaIOYa-
el 13 667 octposos, Ho B Manaiisuu, ®uaunnun, Taunanna, Cuu-
ranypa H Ilanya — Hoso#i I'sunen. Kocmuueckuit anmapat «[laxa-
na B-2P» ornpasien B KocMoC BTOPHYHO.

24 ATIPEJIS ¢ nomoubio KOCMHYeCKOro kopabss «JIHCKaBepH» Ha
caMyio BBICOKYIO 33 BCIO HCTODHIO IIOJIETOB MHOTOpa3oBBIX Kopalueii
«Cnefic lattn» KpyroBylo op6HTy BbICOTOH 612 KM H HaKAOHEHHeM
28,5° BhiBelleH Tejeckon HM. XaG6sa, Ha3BaHHbI npesufeHToM DByuem
«nanbonee CJIOKHLIM HCKYCCTBEHHBIM CIYTHHKOM 3eMJH, CO3AaHHEIM -3a
BCIO HCTODHIO 4ejoBeuecTBa», Tejeckon, umelowwii anuny 13,1 M, ama-
metp 4,3 M ©u Maccy okoao 12 T, pacCyuTaH Ha SKCMIyaTaUHIO B Te-
yeHHe He MeHee 15 JieT NpH YCJIOBHH peryJaspHOro OOC/HYyKHBaHHUSA Ha
op6ute. Ha ocyuiecTBieHHe 3TOrO NPOEKTA aMEPHKAHCKHE HayuHble M
NpoMbILIERHble OPraHH3auuy 3aTpatuan okoso 20 aer u 1,56—2,0 mapa.
nonn. KocMHueckHit Teseckom B CeMb pa3 MPEBHICHT 30DKOCTb CaMBIX
CuBepLIEHHbIX ACTPOHOMHYECKHX HHCTPYMeHTOB. C ero noMolibio Mox-
Ho Gyjzer HaGmonaTh BO BceneHHOH OODBEKTH, pacnosioXeHHBIE HA pac-
cTofHH R0 14 MmupA. cBeToBHX JeT. [losnarawoT, yT0 3a BCe BpeMms
paGoThl Ha OpOHTe Tejeckon nepesact Ha 3emaio Goaee 100 ThC. H30-
6paxkeHHi aCTPOHOMHYECKHX OOBEKTOB, NMOJYYEHHHIX N0 162 HayuHHIM
nporpaMmaM, 43 H3 KOTODLIX SBJSAIOTCH MeXAYHapOAHWMH. AMepHKan-
cknit actporom JI. Bactdan cpasuuBaer CO3/IaHHE HOBOTO KOCMHYECKO-
ro TejecKoma € KauyeCTBEHHBIM CKauKOM, KOTOpbli NpOM3Be] B acTpo-
HOMHE Teseckon [ajiuies.

26 ATIPEJIS B Coserckom Cotoze PH «Monnus» ocymecrs/ien 3a-
nyck MIC3 cpsasu «Mounns-1». CnyTHHK npefHasHaueH Aas oGecnede-
HMA JKCIyaTauWW CHCTeMH JajbHedl TenedoHHO-Tenerpaduoil paamo-
cBA3M, a Takxe nepenaan nporpamm Llentpanbhoro rtenesuienns CCCP
Ha NYyHKTH cetu «OpGura»,
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NPHAOXEHHE

XpoHHKa AUJIOTUPYEMBIX HONETOB !

. IlpomonxuTe/Nb-
N KocmonaBThl Kocmuue- HOCTb MOJIeTa
Jlata (epBLIM yKa3aH CKHIX ’
KOMaHAHp 3dKHIaKa) KopabJib

cyT | wac | MHH

9 anBapsa Bpanpencraitu 1. (3) 2 |«Komymb6us» 10 | 21 01

Jaun6ap b.
Berepbu 1 (l)
AiiBuH3 M. ( )
Jloy 1. (1) :
11 ¢pes- Cosiosees ‘A, (2) «Coro3 TM-9»
pajisa? BanaHzmH' A (1) )
28 despaus erﬁ'rox-l (2) «Atnautucy 4 10 18
R Kacnep [1. (1) g

Xunmepc O: (3)
Maaneiin P. (3)
o Tyior IT. (1)
24 anpenst |UlpaiiBep JI. (2) «[Tuckapepu» | 5° 1 17
o Bonnen Y. (2)

. Magxkaunauce B. (2)
’ Cannusan ‘K. (2)
Xoyaun C. (3)

! Tlpomosxenne (cm. Ne 6, 1990 r.).
2 B ckoGKax YKa3aHO YHCJIO MOJIETOB, BKJIOYafl MOC/ELHHI.
3 Jlata cTapTa 3KCMEAHUHH HAa CTaHUHIO «Mup»,

MnaHbl, RpPOEKTbl, NPOrHO3bI
AROCARHASA CYLRbBA KOMMSEKCA «CIIMK-6»

Bor yxe GoJee mBafuaTtH JerT Ha THXOOKeaHCKOM moGeperxbe MITA-
ta Kanudopuusa, B paiione 6asni BBC BaungenOepr, BeICATCA mycTY-
oulke craprosbie coopyxenus. 1o Kommaekc «CJIK-6» (B pasrosop-
HOM f3blKe paKeTYHKOB — «CIJHK-6»), KOTOpBI He HCMO/Ib30BaJCs C
Tex nop, Kak Obia 3aKpHITA, TAK M HE HAYaB OCYIIECTBJATHCS, MpO-
rpaMMa cO3[aHHA BoeHHOl opOHTanbHOi cTaHunun «MOJI». B nepsoit
nonoBuHe 80-x TromoB 34echb LM HHTEHCHBIIble PabOTLI MO MOAEPHH-
3auMM KOMILIEKCa C LEJbl0 3amyckoB ¢ Hero kopabueil «arta» ua
npunosspHrie opOuTh. B auBape 1986 r. crpouTesbecTBO 6LIIO Mpak-
THYECKH 3aKOHYEHO, H B MapTe TOoro e roma «JluckaBepu» mpes-
noJsiarajoch nepenpasuTh B Banpgenbepr ¢ pacyeToM 3amycka B HiO.le
TOTO e roja C 3KHna)keM H3 7 acTPOHABTOB, ABYMsS BOEHHO-IKCMe-
PHMEHTAbHEIMH CIYTHHKAMH M KOMINVIEKTOM HCCJIel0BaTeNbCKO# amia-
parypnl. Oauako 28 suBaps 1986 r. mpousomsa kartactpoda «Heaneud-
wepa», B MHCCHA «62-Dif», Kak H OCTasJbHble MOJIeThl, NMOBHCJIA B BO3-
ayxe. Ilepsoe BpeMs, Koraa MacuwiTabel H TNOCJAEACTBHA KaTacTpodul
ewie He ObL1M OLEHEHb! B MOJHOM oObeMe, BO30GHOBJEHHE [MOJIETOB C
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Gasbl BaupenGepr . oxpnanocs B KoHue 1987 — nasane 1988 rr. Tax,.
y#e nocae tubenn «UesaseHaXKepay MNOSABHIKCL NNaHbl OTNPABHTb Ha
6asy BanpenGepr «Konym6HIO» AJsI NPOBEAECHHS NPEANONETHBIX HCIIBI-
TaHH#, a Ha CaMOM KOMILIEKCe NPOJOJIKAJHCh NOATOTOBHTE/]bHBE pa-
6otel. Ho Heo6x0auMOCTb KOMNEHCaUHH (HHAHCOBOro yuep6a OT Ka-
TacTpods 3actaBuna B cepeinHe 1986 r. NMpHHATH pelleHHe O KOHcep-
Baluu Komnaekca jgo 1990—1992 rr. Tem BpemeneMm moaH(HKaUHH,
NpoBOAMBIIHeCs Ha Kopabnasax tuma «lllaTTa», CHHXaaH HX BO3MOXK-
nyo ITH. MakcumanbHbli Bec rpysa, BeiBoAMMHIL «Illattnom» ¢ 6asml
BanpenGepr, cTaHOBHJCS MeHblle MHOTMX mnoTeHuuanbuuix [TH (B oc-
HOoBHOM BoeHHbx HKC3), mnpexnasHaueHHblXx AJs 3anycka Ha NpHNo-
aapuvie op6utel. BBC CIHIA, ocyuiectsassiune cTpouTeascTso «CJIK-63,
CTan¥ WCKaTb JApyrue NyTH BBHIBeJ€HHs CBOHX TPY30B, Hanpumep, MNpH-
cnocabauBas MC3 nns 3amycka onuopasoBuiMH PH wnam coraawasicn
Ha BuiBeflenHe nx «llatraamu» ¢ Mpica KanaBepan Ha OpPOHTH ¢ of-
pPaHMYeHHBIM Hak/JOHeHHeM. Tak, B HacTosilllee BpeMsl NJIaHHPYeTCs, MTO
IMH, Koropyio He NpHILIOCH BHIBECTH Ha OPOHTY B XOAe MHCCHU
«62-Dit» ;¢ Gaswl BanpgenGepr, yaactcs 3anyCTHTb Ha GopTy <«ATaaH: .
THCa» B Hayase 1992 r. B xone nosera «CTC-39». oo

B asrycre 1989 r. korga Munucrepctso oGopouni CUIA oTkasa-
Joch B TepcmekTHBe OT coTpyAHuyectBa ¢ HACA, Bkulouas nuJoOTH-
pyeMble INoJieThl, [OJHas OTMeHa 3amyckoB ¢ G6asnl BaupenGepr craga
npakThyeckH HensbexHoil. DBymymee komnaekca «CJIK-6» ocraBasnoch
Heonpeje/eHHEM A0 Hayaia 1990 r.; BhicKa3biBajach, Hamnpumep, Haest
HCNOJIb30BaTh  KOMIJIEKC AJ NYCKOB  MEPCMEKTHBHOTO  HOCHTeNS
«latTa-C». B HacToslllee BpeMsi CYIUECTBYIOT Cepbe3Hble NJaHH Mepe-
o6opynosanust Kommnekca «CJIK-6» nas 3anyckos PH «Turan-4». Xors
Ha Oa3e BaupenGepr yxe npakTHYecKH rotos Kowmiiekc «CJIK-JIE»
aaa PH «Turan-4», on 6yneT HCIOJb30BaThCA JuLIL AU COYETAHHI
9TOr0 HOCHTenss C BepxHeil crynedpio Gykcupa HMVYC. Tliomwaaxa e
«CJIK-6» nomkra 6uITb mpucnocobieHa aas -Hanbojee MOLIHONO BapH-
anta PH «Turau-4-Llestasp». C 1995 r. nuanupyercs 10 3amyckop
3THX paKeT B TOJ.

MNOMONHEHME B IPYNNE ACTPOHABTOB HACA

Hunewnuit ron ormeden B HACA naGopoMm HOBOil rpynnbl acTpo-
HABTOB AJs NOJeTOB Ha 60OpPTYy KOCMHYeckHx dYeanokos. HenasHo 06b-
ABJEHO O TOM, YTO 23 4YesoBeKa, BKJIOYAs 5 MeHUHH, HAuUHHAIOT Npo-
XOIHTb CTaHAApTHble TPEHHPOBKH, nocje yero OyAyT Ha3Hayeuol . B
SKHNMAXH. 7 YeJOBEK M3 3TOH FpyNnbl TOTOBATCA B KayecTne MNHJO-
TOB, OCTaJbHble NMOJYYaT KBaJH(HKALHIO NOJETHBLIX clielnanncTos. ITpe-
auiaywuit Ha6op actponastoB B HACA ocyulectBasiacs B 1987 r.

3ABMAHBIE NEPCREKTMBLI N9 «cAPUMAHCNEACH

Koucopuuy™ samajHoeBpomeiickux cTpan «ApHancneiic», 3annma-
owmiica cooitoMm PH «Apuan», noanucaa B ¢espacae 1990 r. csoii oue-
PeNHO KOHTPAaKT —. Ha 3TOT Da3 MO 3allyCKy HA CTALHOHAPHYIO. OD-,
6uty B konue 1992 r. cnytuuka ceasH «Catkom CH-3», mpunamnexa-
Ulero aMepukaHckoit ¢upMe «AMEDHKIH KOMBIOHHKEIUeH HHKOPNOpEii-,
ten». Kasamoce, mpecTux «ApHaHCnefic> MOXeT GbiTh Cepbe3no Io-
ACpBaH MOCJe HeyJauyHOTo 3amycka B konne ¢Qespaias PH «Apunan-4»,
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Kkorja Govumn morepsunl npa snoHckux KMC3, omHako Bcero Hexeno
cycTst mocsie 3TOH KaTacTpo(bl KOHCOPLHYM KJaieT- B CBOH MOpPTdesb
emle AaBa 3akasa! | mapra 1990 r. ¢ amepHKaHCKOH ¢(HPMOH <«Xbi03»'
3aKJ/I04aeTcsi KOHTPAKT Ha 3aNyCKH COYTHHKOB CBSI3H «l 3jieKcH-4 u -6»
B 1992 u 1993 rr. MC3, Becsamue 2575 kr, paccuuTaHbl Ha 3KCIIya-
TAaUU0 B TeyeHHe 12 Jer.

Takum obpasom, «ApuaHcnefic» umeer 34 3akasa No 3amycKy CiyT-
WHKoB 00lUeli cToumocToio 2,4 MapA. moiu. Cpell HHX Ha OyepeiH
croar cnyTHukd cBsasd «TO®-1», «Cxaifiner 4-Cu», «Hurencat-2»,
«CbHC-6», mereocnyTHHK «MOII-2», CcOyTHHK AHCTAHIHOHHOIO 30HAM-
posaans 3emau «EPC-1» u ap.

«AXOTTO» MPOBYAUNCH OT CHA

OcyuiecTBHanCh nJanbl  EBpomeifickoro KOCMHYECKOro areHTCrsa
80300HOBUTh KOoHTakT ¢ AMC «J[lxorTo», KoTopast B Mapre 1986 r.
npowna B 605 kM or komersl [anses, a 3aTeM B TeueHHe YeThIpex Jer
cosépliasia naccuBHblii noset uyepe3 CoJaHeuHyio cHcremy. 19 despaan
1990 r. eBponefickHii KOCMHYECKHH LEHTP OCYILECTBHJ MePBYIO MOMbBITKY
ycTaHOBHTb cBsI3b ¢ AMC, ‘M cnycTss ABa C JMIUHHM 4Yaca Ha CTaHLMO
nmanbHell Kocmuyeckoil cBsisu HACA B Maapuae npuiuesn nepsbiii cur-
wan ot «[’)koTTo». B mocneayloolmiMe HeCKOIbKO MAHeH Ha3eMHble Ouic-
patopbl yGeAHJHCb B TOM, YTO CHCTEMbl KOCMHYECKOro IIyTeIlecTBe-
KHKA PaboTalOT HOPMAJbHO.

Ilocne mpoxona 2 uioas 1990 r. na paccrosiuuu 22 000 kM or 3ewm-
Jan «JlxkoTTO» HampaBasercss K komere [ purra—Cksaepynna, KOTopyio
aanapat Jo/XkeH mnpoitTh B Hione 1992 r. [lo caoBaM ydyeHbiX, 3ra
KOMETa He <«NPOM3BOAHT» TaK MHOrO NblIM H rasa, Kak komera [au-
Jies, OJHAKO ee YacTHUbI JOJXKHbl YeTKO PErucTpHpOBaThbCH, KOrila
«Jl)otT0» 6yAeT MPOXOAHTb KOMETY.

NOCNEAQHA BUAEOBECTOUYKA OT «BOSAAXKEPA»

Kak 6bl momBOAsi MTOr CBOEMY MHOTOJIETHEMY HCCJIEAOBAHHIO MAa-
sier CoJIHEYHO! CHCTeMbl, KOCMHYeCKHil ammapat «Bosgxep-2» nejie-
Aan Ha 3eMJI0 PAL CHHMKOB, Ha OCHOBe KOTOPbIX B HioHe 1990 r. 6bino
cdopmupoBano HeoGbiyHoe H306pakeHue. Ono nokassiBaer 6 nnaxner Coa-
He4HOll CHCTeMbl (CBeTsilllHeCsi TOYKH Ha (oHe 3Be3l), KoTophie «Bosu-
*ep» CHUMaJ, HaxoAsicb B 6 MiapA. kM oT 3emad. [lpeacraBure.in
HACA coo6uiuan, 4TO AJs CO3AaHHA 3TOM MHaHOpambl Obli0O HCMOJib-
30BaHO 64 OTAEJbHBIX CHHMKa, MOJYydYeHHbIX «Bosmxepom» B ¢eBpaue
1990 r. 3t1o nociennHe usobpaxenus or AMC, kotopas, mo npeano-
noxenusaM, mnepeceuer rpanuuy CoJIHEYHOM CcHCTeMbl B MEpPBOM JAeCH-
tanetuy XXI Beka.

KOHBEPCUSA NO-AMEPUKAHCKH

B 1986 r. B CIIA 6bian HauaTel paGoTel MO H3bATHIO 14 Mexkou-
THUHEHTAIbHBIX O6a/IHCTHYeCKHX pakeT «THTaH-2» M3 CBOHX LWIAXT, rie
oM MpoBeJM NOYTH no 25 JleT Ha GoeBOM AEXYPCTBE, H NPEBPALUEHHIO
ux B PH nns samycka cmytuukoB. Kaxnas takas PH, nox Haumeuo-
sauueMm «Turan 23-Iku», cmoco6ua aoctaButh 2180 Kr na Kpyrosyw
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opGuty BhicoTolt 185 kM. Monndukauns Guriisx HocHTenell ANepHOrQ
OpYXHs COCTOHT B [eMOHTaske GOEroJOoBOK M yCTaHOBKE (€pexolnn-
KOB H TONOBHBIX OOTekarenell nosesnoro rpysa ot PH «Tutan 34-Ilus.
[lepsuie nBe 3kc-MBP 6uian sanywenn B 1988—1989 rr. B panvuefimem
PH «Turan 23[1xu» GyAyT HcrnoJab3oBaHul Kak ass 3anyckos MC3 BBC
u BMC, tak u aasn BuiBosa cnytuukoB HACA. B gacthoctH, B 1991 r.
¢ nomouwbio 310t PH nnanupyercs swmsectn HC3 «J/lenacat-6» pas au-
CTAHUHOHHOTO 30HAHPOBAHHA 3eMJiH,

HHLUSA BHOBb EPOCAET BbiZOB

Muanfickoe arenTcTBo mo HCCAEAOBAHHIO KOCMOCA 3asBHJIO, 4TO B
1991 r. 6yner npeanpHHATa HOBas MNOMBITKA BLIBECTH Ha OpPOMTY 5-CTy-
neiwatyio PH «ACJIB». 3Dta pakera cnmocoGHa BLIBECTH TI'pPy3 HeCOM
150 wr Ha opbuty Belcortoit 400 km. [lepsuiit 3anyck «ACJIB» B 1987 r.
3aKOHYMJICA Heyladeldl — JABHraTe/b NepBoii CTyneuH He BOCIIAMEHHI-
cs mocje OTAeleHHs GOKOBBIX yckopuTesaeidl, B xome 3amycka B 1988 r.
I-a crynenb BocmaaMeHH/aach, OAHAKO 3T0 npouszowso wa 0,3 ¢ mnos-
e 3aMaHHPOBAHHOrO, YTO OBIIO AOCTATOYHO MJISI MOJHOH MOTEPH KOH-
Tpoas Haj pakeroil W ee rubean. HecmoTps wa sce neynauu, s Muaun
npojoJKajHch paboThl Hal GoJee coBepwenn .M Bapuantom P, opea-
Ha3HAYeHHOH IAs BbIBEAEHHs Ha NoaAsApHYI0 vpOuTy suicotoii 900 KM
COyTHHKA A/ AHCTaHUHOHHOTO 30HAHMpOBaHHs 3emau Becom 1105 kr,
3anyck «I1ICJIB» Takxe Moxer GuiTb ocywecTsied B 1991 r.

HOBbIN KOCMMWYECKMA NPOEKT B SMOHMM

B 1994 r. HecKOJIbKO SINOHCKHX GUPM NIAHWPYIOT C MOMOIIBIO OTEs
yectBeHHOll PH «H-2» BuizecTn Ha opOuTy cilyTHHK-nAatdopmy AAA
npoBelenusa sKcnepumentoB. llocsie HecKobKHX MecsueB npeCuLIBaHHA
B KOCMOCe annapar Ac/XeH OLITb BO3Bpallen na 3emuio ua 60pTy
«[HarTaay,
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