






















































































































































































































































































THADOAHAMEKE ODmMe KadeCTBEHHBIe MM M KOIAYeCTBEH-
HEBI¢ pPesyNbTATH.

ambonee KpyOHEe BHUXpH B COBOKYIHOCTH IBHIKO-
HU# TypOyJXeTHOr¢ CIOA-IPOTOCKOIIEHHS — BUXPEBEIE SIPa;
cBOGH DHEprUell OHE CHOCOOHH HOJNEpKUBATL ¥ LHTATH BHX-
pu MeRBmIMX wmacmTafoB, mpmYeM €O BpPEeMeHEM JOJIKHA,
OO-BEAUMOMY, (DOpPMUPOBATBCA CTPOMHAS HepapXds BHXPER
¢ KaCKajHOA nepexaded DHEPIUAM OT HEMHOTHX XKPYHHEX
BEXpel K OoxblroMy vZCTy BHEXpedl MeHBmero Macmraa.
B caMpIx MenKEX BHXDPAX BHEPrAA TUAPOXHEAMAYECKEX
ABEJKeHMH [HCCUOEDYET — HepeXofUT B 3HEPrEI0 TemJIOBHX
[ABHEHHA 9YacTAL DON HeiicTBMEeM BA3KOro TpeHUMA. B cpep-
Hax MacmTalax cmocobEa, mo-BHA{ERMOMY, YCTAHOBHTHCA TYP-
fyIeETHOCTh KOJMOTOPOBCKOTO TEmA. [{1A Hee XapaKTepHO
OTCYTCTBUE, B CpefHEM, BHHEIeEHRIX HAOPABIEHMH, T. e.
CTATECTAYECKAA uM3oTpomasa. HomewHo, caMEle KDYOABIe BHX-
p¥ OpercTaBAAIT COO0R CHIbLHbIe HEOTHOPDOTHOCTH B JBHIe-
HEOP CPEAN A ¢ HAME CBASAHH CHJIBHHE OTKIOHEHHS OT
H30TPONHUMA; 3THA OTKJIOHEHWSA OT RX30TPONUM HAKAK He HCIe-
3aX0T TIPHE YCpeNHEHAN BBHAY TOrS, 9TO YHCIO0 KPYIHBEIX BHEX-
pelt HeBeNEKO - HX, CKa#eM, He Goxeme pecarka. Ho meopmo-
poriiocTs ORICTPO BaMBIBaeTCA B KBCKaje BHXPeH, ¥ B BEXDAX
¢ pasMepoM, B HOCKOJBKO pa3 MeHHIIHM, OPHUeHTHApYIOIee
prmAaMe KPYOHEBIX Buxpel yike Bd ckasbiBaeTCA.

Ecxm cpasfure RapTHAY TYPOYIEHTHOIO CIOA-IPOTOCHOD-
JdeRna ¢ rumoTesou Bednasexkepa — ['amMoBa, To MoxHO 3a-
METHTb, TpeHe BCero, 9T0 B Hamed KapTAHe LEIHKOM
COXPAHANTCA IPHABIeKATeIbHbIe depTH TYpOYIeHTHOR Koc-
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MOTOHHY, e¢ TIyfoKkme M cojepkarenbmble dE3AYECKHe HIem.
BaecTe ¢ TeM OpPUHNUOWANHEO IO-HOBOMY pemIaeTcs BOOPOC

0 OPHUPONe NOTANAKTEYeCKOR TYpOYIeHTHOCTH — OPOTOrajlak-
THYSCKHE BHXDA BO3HHMKAKT KAK SaKOHOMEpPHOE CIelCTBHE
BCeH NpefieCTBYIOIMEH SBONIOOWY MeTaraTaKTUIeCKOHR CTPYK-
TYpsl B M30TPONmHOK pacmmpaiomieiaca Beexemmon. Te camsie
I3MKeHUd, KOTOpHIE CO3JAIT KpymHOMacmrabRbIe Crymie-
HAA — ob1aKa MeTaradaKTUYeCKOH Cpefpl, DOPOKAANT U
BUYTpeHAWe TYPOYJIeHTHEIE BHXPH B CIOAX-OPOTOCKOMIIE-
muax, Jl1a o0BACHeHEs WX HPOUCXOMAeHHAS He TpeldywTcs
HUKAKUe CHeMAaNIbHbe OPEeANONIOKeHUA, He HYKHLI THOOTe3bl.

Haprura TypGyIeATHOTO CIOA-HPOTOCKOIISHHA NO3BONAET
HC TOJIBKO HKAQTEeCTBEHHO, HO M KOJUYECTBEEHO OO0BLACHUTEH
OolcTpoe BpameHme TANAKTUK., JHAA o0Ie XapaKTepHCTHKU
CHOMIEVHI TATAKTHR, MBI MOMKeM OpemcTasuTh cefe, Kankue
CKOPOCTH HMEJNUCh B OTHAJTeHHLe BpeMeHa B )OPMAPOBABIIAX
X IBH;KeHOAX cpexsl. YT100H opm Bo3pacTe MmEpa B HECKOIb-
KO MBNIMAPHOB JIET OCTAHOBHTH KOCMOJOrAYecKOoe pacmmpe-
HUe MAacCChl rasa, CpaBHMMOH ¢ MacCOi KPYOHBIX CROONEHHH
raxakrak (10" macc Conmma), coGCTBeHABIE CKOPOCTHE OTXEIH-
HGIX Y9IACTKOB Cpelbl TOMMHB OBITM OPHEOIMKATHCA K TH-
cA4e KAJOMETPOB B CeKYHAY. JTO M eCTh Té CKOPOCTH, ¢ Ko-
TOPHIMM MOFJIE CTAIKMBATRCA KpPYOHBE o0TaKa rasa,
$opMupYsT OpE TAKUX CTONKHOBEHEAX CIOH-HPOTOCKOMIeHHSA.
Beuay obme#t xaoTHIHOCTH ABHsKeHUI 00IAKOB CpefEl, CKOpo-
CTE BCTPEYHEIX ¥ CKOJB3AmMEX (KAacaTelbHBIX) ABUIKEHDI
Obiim B OONMBIIMECTBE CIIYYaeB CPABHUMBI MeEXIY CO6oIL.
A PTO 03HAYAET, 9TO W B TAHTeHOWANIBHOM pasphlBe OTHOCH-
TeJbAbLIE CKOPOCTH CJI0OGB MOTNIH NOCTATATh TOK Ke THICAYH
KEJOMETPOB B ceKyHay. C TAREME CKOPOCTAMYM CBA3aH GOMb-
uoit 3amac KHHETHYeCKO# SHepruu, I AMeHHO OH PacXOmyer-
CA—IpM pacmafe TAHTeHOHUAJIBHOrO pa3pEiBA — HA BO3OYXR-
feRue TypOyIeHTHHLIX BUXpeit B OpoToCKomnenam. HomewHo,
9acTh JTOH HHEpPruUm TepsAeTcd, HePeXOoduT B TewIo B
peaylbTare BASKoro TpeHEA. IlopTOMY mame B caMBIX KpyO-
HEIX BHXPAX CKODOCTE MOTYT OBITH B JECATKE pas MeHLINHAS
HCXOOHOM CKOPOCTH TAHIeHNUAJBLHOrO pa3peiBa. Ho ® »TO
yKe BOOJXHe CHOCOOHO oGecmeqnTsh OBICTPOEe BpaINOHME allaK-
THK, BO3HUKAOIIEX B peaynsTare ofocobiesma smxpeir. Uro-
O ranakTEKa, mogobmaa mameir [anakrmke, Bpamalacs co
“cxopoctsio B 300 kM/c (ma pacerosammm or memrpa, GAESKOM
K ee paguycy), AOCTATOYHO BHXPeBOH CKOpOCTH B 30 Ka/C B
ra3e TPOTOCKOINeHUSA.

Mosxso ponarars, 4ro CHONMeRHA TCANAKTHK, HOF0GHBIE
ckomnenuio B [leBe, K KoTOpOMY HOPHEAGJIeMAT A Hama [a-
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JAKTUKa, BOZHAKIE n8 TypOyaeaTHHIX cioes., B arax ckomie-
HMAX HONaBAAKINAA YaCTh FAJIaKTWR CHUpAIbHEIC, IpEIEM
¥MeeTcH He(OoabIIce 9ECI0 TAraAHTCKAX cnmpaned. BosMoaHo,
TUTaBTCKEE CHEDAI® — 3TO0 000coOMBIIMeca BEXpEBHIE HAPA,
TOrAA KaK COMPANBHBIC FANAKTHKA MeHBIIEX MAcC BO3HUKAH
s Buxpedl TypOynemarHOro Kackaja. CKomiemps 3TOro TaNa
HAaSHIBAKT HENPABMWILHBIMHU — OHU KIOGKOBATHE, He 0O0HApY-
YKOBAXT YIOPAXOICHHOro o0mero CTPOSEMA UM OPABUJIBHOMN
BupmMoil ¢opmel. B aToM, BepogTHO, mpossigerca GYpHEIN H
X80TAYeCKH XapaKrep BHYTPEHHUX [ABHKeHAR B HCXORHOM
TYPOYIEHTHOM CIIoe.

B npormBomone:KA0CTE 3TOMY IMEIOTCA, B MEHBIIEM YHCIC,
OpaBRAbEBIE CKOLJIeHUs, NOA00HEEIe CKONIEHUIO P{oma, dopma
KOTOPHX BechMa Onuara K cepuIecKod WIW BIUIHAIICOUTAINL-
noti. Mo:kHO BosaraTh, 94TO TaKHe CHOIJIGHHS BOIMAKIHM H3
DPOTOCKODMERAR BBOMIONEOHHOI0 HPOHCXOAeRHs — «Oun-
HOBY. DHYTDeHHAA IUHAMEKA TAKMX [IPOTOCKOUIEHWH cHo-
KOiiHe#; B HEX HET TAQHT€HRAAILBHX pA3PHBOB, CHOCOOHBIX
HOPOAATh MOHIHYX BHYTPEHHIOK TypOymreRTHOCTB. {lo-BHaE-
MOMY, He CAYYAHHO B OPABIIBHBIX CKOOJEHUAX Bcerxa upe-
005afalvT He cOEpalbEbe, A& JIANTAYECKHEE TrallakTOKH,
BpamjeEEe KOTODHIX, ecI# OHO BooOlme MMeeTcH, TOpasno
crabee, YeM BpalieRne CHUPAJEM.

CIINPAJIBHAS] CTPYRTVYPA

Coupansanx raxaktux He MeHee 70% or odmiero wucaa
BANUMEIX TaJaKTHK, B IOTOMY MOMHO CKasaTh, 9T0 COUPAL-
HHI y30p — 3TO0 HE peAKoe sABJeHme, 4 cKopee oObIYHOE CBOH-
CTBO FAJJaKTHEK. BMeCTe ¢ TeM PacHpPOCTPAEEHHOCTH COApANIEi
yKa3KBaeT HA TO, YTO BTOT y30p AOKeR ORITL jpomiro-
MUABYLIBM.

B compaapBEBIXx pyKaBax TralaKTHK COCPefoTOdYensl MX
caMHe ApPK@e B MONoxeie 3Be3nbl. MMeHHO HO3TOMY CIMpals-
HBI Y30D OTYETIMBO BUJEH B BechMa yHaleHHBIX raJakTHKAX,
XOTA Ha [OJAI0 COUPAIBLHEBIX PYKABOB IPUXONATCH B KarKEoM
ciygae me Oonbllie HeCKONIBKHX NPONEHTOR HONIOI MAaceH
raJaKTHKH.

Yame Bcero mMeioTCA ABe COUPAILHBIE BEeTBH, 3aKpyUn-
BAIOIIMECS B ONY U Ty A€ ¢TOPoHY. DriBaioT B Holee clOK-
Thle COADAIH ¢ TPeMA-YeThIPhbMA He3aBACUMLIMU BeTBAMM,
KOTOpHe eme B CaMm HepepKo BeTBATCA. BeTBH Bcerpja IesnaT
B IUIOCKOCTH BpalmeHHA ralakrmku. damie scero BeTBu Golee
WJIM -MeéHee INAPOKO OTKPBITH, HMHOFAA 3AKPYyYeHHl O%eHb
TECHO M NPeACTABAAIOTCA HOYTA KoNbUaME, Y BEHKOTODHX
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LANAKTUEK EMeeTcsa mepeMBIIKa, Oepeceramulas AOpPO; B 3THX

CIy9agx COHPANHE HAYMHAIOTCA ¢ KOHIIOB MEepPeMBIYKH.

Ha pume. 32 noxazams! pasnmuable TUOH TaraKTZK, opra-
OM30BAHHLIC B BHE TAK HA3BIBAEMOl KaMepPTORHOH AmarpaM-
1B, mpenmromennoit J. Xabbmrom. «Pyuxa RameproHa» — 5To

ANINUOTNYECHe Tallak-

N TAKN, HAYBRHAA ¢ NOJI-

-~ HOCTRIO cdepHIecrmx

/Q. A KOHYAfA JHH30BUJ-
/Q HBIMH, 4 ¢(HOMKHU Ka-

MEepTOHA» — COMPAIH ¢
@ mepeMBIgKo ®  0es
; ~ , Hee, pacIOJOMeHHBIE

' B IOpPATKe Pa3BATOCTH
WM PACKPHITOCTH CHHU-

Pre. 32. Tunul ranakrax oo Xaéony. paxsHOro ysopa. Hor-
Ma-TO MYMAXH, 9TO 3Ta

[0CIeA0BATSIBEOCTh HMEET SBOIIOIMOHHBIA XapaKTep, T. e.
Kaplad TaJaKTAKa HAYWHAET CBOI0 B3BOJIONAI Kak cdepm-
dJecKas, 3aTeéM CraHoBHTCA Bce Gonee ymimomeHHOH M, HAKO-
mern;, o6pacraer companbEsiMu BeTBaMu, (Ceigac ara Touna
apeEAa ocrasiena, Ilo coBpeMeHEHLIM BO33PDEHHAM THI TaNaK-
TUKE ompefensercd ycroBuaMu ¢(OPMEPOBAHUA: eCIHM OHa
BO3EMKIA M3 Bpamawmuierocsa obnaka rasa, 10 GpITh eit cnn-
pansHOH, ecnim ®3 HeBpamaoimmeroca (urm crabo Bpamaio-
I(erocA),— TO DIIUOTAYECKOI.

Yro e TaKoe COMPAIBHBIA y30p?

B npepsrie rogsl u3ydYeHMS TANAKTUK HpegHoIaraloch,
9T0 COMPAJIbHEBIE PYKABa IpPeNCTABAANT c000if CTPyHM CcBeTA-
meroca rasa, BHIOPOINEGHHBIE W3 I[EHTPA TAlaKTHKA B 3aKpY-
YeHNOBEe B coupaiu ce spamieameM. M3 rasa ofpasoBriBanucs
3Be3JBI, KOTOPHle COXPAHAIA B CBOEM DACHOONO0MEHHAM H JBH-
JKeHUHI NepBOHAYAJIBHYI0 COHpaihHYI0 dOpMY rasoBoro py-
KaBa.

Bexope, ogEako, BREISCHRIOCH, YTO COUPATH TAKOI0 IPOUC-
XOAIeHASA NOMKHAB OBICTPO Pa3pyaThCs HM3-33 HEOTHOPOMHO-
CTM BpameHUs ralaxkTdK. Bpamerme opHOPOXHO, T. €. HOPOHUC-
XOMUT ¢ TOCTOAHHON  YIVIOBOA CKOPOCTBRIO, TaK e,
KaK Bpameame TBEPAOro TeNa, TONMEKO BO BEYTPeHHel obimacTn
TAIaKTHKHA; B OCHOBHOM e o0beMe MTUCKA, BHe dTod obnacry,
Bpamesue He OfHOponHoe, a gmddepemnuansroe, T. €, YIiao-
Bag CKOPOCTh HE MOCTOAHHA, a m3Memserca (yOmiBaer) mo
Mepe NMPHOIMKeHAA K KPAal TAIAKTUKH, JTO HEOIHOPOAHOE,
muddepennuansioe Bpamenue DOMHOCTHIO PA3MBIBALT TAKOH
CTPYUERIM cOmpaXbueli y3op 3a 3—4 ofopora ramraKTHKY.
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Y1065l DTOr0 HE DPOUCXORUIO, TpedyeTcA KaKoi-10 momod-
HATeNBHBIH aKTOP, KOoTOpHI# moMor 6K COAPAILHOMY DYKaBY
VCTOATH OPOTHEB pa3MbIBaEUMA, B KagecTBe Takoro ¢arropa
OpeAsaranuck MArHOTHBIe HOJNA radakTuk. CauTanocs, 4To B
cOMpPANILHEOM pyKaBe, KAK B TPyOKe, ra3 ymep/KMBaeTCA Mar-
HOTHBIM HOJEM, CHJIOBHIe JMHAM KOTOPOTO BEITAHYTHI BIOND
stofi Tpy6ku. Ho, Kak BHACHMIOCH, MATHHNTHBIE HOJA TANAK-
THK capmKoM ciaabsl, 49To0m 3dPeKTUBHO OPOTHUBOCTOATH
nagpdepeRNTUANLHOMY BPANIEHUIO,

CoBpeMeHRMHA Baradx Ha OpUPOAY CHHPAILHOIO Yy30pa
ratakTuk chopmupopanca B mocaegsme 15 mer Ha ocHOBO
coscem uaplX muei. B 1964 r. JIun Usa-Lsao x ®. Uy npep-
JNOMUIA PACCMATPHBATH CHOMPAJBHYI0O CTPYKTYPY KaK BOJ-
Hy *), pacumpocTpaEANIIYIOCA N0 MUCKY ramaktoka. Ecam
OepPBOHAYANBHEBIE NPeJCTaBICHMA CBA3LIBANA COUPANbHHH
Y30p ¢ RAKUMB-TO CTPYAMHA Ha¥ TpyOKaMm, cOmepHKamuMHE C
€CaMOT0 Ha4ala @ BCe BpPeMsd CVINeCTBOBAHUA ONHA H T Ke
GACTHUIB, TO BOJHOBAA KOHIIENIMA OPEIIOIAraeT, 4T0 COHA-
paib — TO0 COCTOAHHE YIUIOTHEHWA, PACHPOCTPAHAIMEEeCA N0
MUCKY U OepeXopmfAmee OT ONEUX ero gacTum K apyram. Ilpu
3TOM IOJ JACTHNAMM HYMHO NOHHMATh U cOOCTBEAHO JACTHUE
MEK3BE3AHON CPeAnl ™ Neable 3Be3fihl, YMKe HMEIOIIUeCH MM
BO3HUKAKIOHUE B TUCKE TaJaKTUKH,

Boanma cospaer yninoTHemEe B pacOpeleleHHd WACTRI,
HO He Tam|T ;X 3a coboi, a mepeXOOHT OT OJHHEX JACTHN K
ApYTEM, COSHABAA YIIIOTHEHMe B EOBOM MeécTe M M3 BOBHX
9acTUI. TaKoBO CBOMCTBO BCAROTO BOJHOBOTO mpomecca. B Tou-
HOCTU TO e HNPOHMCXONHMT, HAOpUMEp, M B BOJHAX EHA Boje:
ecId GPOCUTH KaMeHb, BONBEL OYNyT paCcXOIUTHCA KOJNBLUAMN,
HO BOXA He oTTeKaer 3a mmMuz. Illenka, Gpomrensad Ha BOmy,
He MONNEIBET 3a BONEON, a O6yNeT TONBKO paCKAYHBATHLCH
BeEepX H BHH3, He CXOXHA C MeCTa.

Bonsa =Ha BOe COBNAeT KONbHEBHE YONOTHEHAA, OCIM
soga memoxsu:kea. CoBceM DHAaYe BRIMIANAT BONHA, 6CAH B
BONE KHMeeTcA ofMiee Rpamedme — KOrga OBa, CKameM, CTe-
KeeT B BODOHKY WJIH ee pacKpydMBaloT, Kak Ja¥l B CTakame
qaigol 0KKoE., B 2TOM caydae, Kak Beaxmd HaGmogan,
BONHA B BOIE M3 KOJBIEBOM CTAROBHTCA CHEpajIbHOR. Jr0 xe
caMoe NPOHCXOOMT B B AHECKe Bpamaiomeidcd rajakTHKE.

Korevno, cpelia, YacTAOaMA KOTOPOHM CAYKAT [OAHIe 3BOa-
gei, e OYeHL MOX0)A Ha Bomy. Ho BonmOoBbie mpomeccw B
CaMHX PasARYHLIX CpeNaX B BhlcmoX cremeHE NOmOGmEM. Ma-

*) MEOro paHsme CXOZHKO MACH BLICKA3LIBALNCH b. Jduaabns oM,
RO B IOBOIBHO OoAOKHoM, He HariAxmok wmaremarmupcroil Popwme.

4 L B. I'ypesny, A. . Yopumm o1



TeMaTEIECKad TeOpEA BQIH BO BPAMAIMIEMCHA AHCKe, 06pa-
30BAHEOM 3EeanaME, Omira moctpoeHa. Jlmmom m IHy, a sazem
ycosepmencTaopazach J1. C. Maposrmkom, A. M. Qpupnarom
g apyroME mcciesoBarenama, OHa HOIHOCTHIQ COOTBETCTRYLT
HATJAMAKIM OPEICTABICHAAM O CIHAPANBLHEIX BOZHAX Ha BOJL,
HOYepOEYTHM H3 IIOBCeJHERHBIX HAONIOfeHWH; pasymeeresd,
0Ha YYHUTHIBAET ¥ KOHKpeTHble 0COGCHHOCTHE NHCKA FalaKTHKH
KaK Cpedpl, IO KOTopo#f pacupecTpamsaeTcA BONHA. IIpexpe
pcero, NPUHAMAETCA BO BHEMAHEE, YTO NHACK HAXOXATCE B
cOOCTBEeRHOM IONe TAMKeCTH, CO3MaBaeMQM €ro 3Be3jaMm Mo
MeK3BEBIHBIM rasoM; B pacdeTax HCHOOJIB3YIOTCA CBEJCHET
0 pacOpefe’eHEd OIOTHOCTH B CKOPOCTH JBCKA M T. I.

I'naBEoe CBOMCTBO BOJHQBOrO CHEPANKHOIO Yya30pa — ero
OHODOJHOe BpAIIeHMe. XOTA IMCK TAJAKTHKE BPaINaeTCA
nad@epeAnnaNsE0, KAPTUHA COUPAABHOIO Y30pa BPAIIAETCA
BCS KAK IEoe ¢ MOCTOSHHOR yINoBol cKOpPOCTBIO. JTO 3aMe-
waTelbHEOe O0OCTOATENhCTBO Cpa3y CHEMAeT BCe TPYHHOCTH,
cBA3AHEHE ¢ AAPPepeEIUATbENM BpameHdAeM, HA KOTODhIE
RATANKUBAIUCH OEPBOBAYANLENe Teopmd. MMemmo 1o aroi
IpEIMEe COMPANLHEIE y30p 0603HAYALTCA CTONB IeTKO X ACHO
¥ COXpPAaHAET HA BCEM HPOTAMeHME THCKA ralaKTUKHA DOJHYI0
PeryIApHOCTh, HHKAK He McKamaeMyo auddepeRnuanbHbEM
Bpamienu oM.

Nrax, BoMHA cO37aeT VOIOTHEHAA B PACHOPeeIeHUHN 8Be3[
@ rpeGAN BONEBL HMEIOT BUJ CHHPANBLHEIX PYKaBOB, PACKHHYB-
INMXCA 00 BCeMy AUCKY ranmaktdkd., Ho TIOTHOCTH 3Be3f B
3TMX TPeGHAX He TaK YK BEIHK3, OHH DACHONOMKEHH TaM
JHIOB HeMHOTO rylle, 94eM B CpefHeM IO JUCKY,— BCero mpo-
nentop Ha 10, me Gonvme. Takoi cjabrlit KOETPACT HUKOIKA
ne 6e1 O 3aMedeH Ha oTorpadHAX MANEKAX TANAKTUK,
eciy OB B COWpPAILHEOM pPYKaBe 8Be3fnl Opnm OK TaruMz
JKe, 9T0 ¥ BO BCEM JHCKE.

Bce memo B TOM, WTO BMeCTe CO 8Be3JTaMd B CHOHPATbHEIE
pyKaBa CrymaeTcs Me:3Be3gHHRIA ras @ 08 KOHAEHCHUPYeTCA
TAM B 8Be3IbI, KOTOPHIE HA HAYANBHOUA CTAXUE CBOEH DRONKO-
UE 09eHb APKHU ¥ CHIBHO BBITEAAIOTCA CPeE JPYTHEX 8BE3[
nucKa. HaOmogeaus mefTpasabHOr0 BOXOPOHA B AUCKe HAUIeH
PanarTurn (mo ero M3NyYeHMK) B PAfAOA7AANA30He HA AJMUHE
BOMES 21 cM) TOKAa3RBAIOT, 9T0 ra3 XeHCTBHATENHHO 00pasyer
coupanbnble pyxaBa (pmc. 33). Uro6m pykaBa 4eTko ouep-
YABANUCH MOJOABIME 3BeafaMu, TpefyeTca HOCTATOYRO BBICQ:
Kag CKOpPOCTh IpeBpameHHsa rasa B 3Besjhl M, KpoMe Toro,
He CIAIKOM 6OIBIIAA MIATEIHLHOCTh DBONIONUHA 3BE3IH Ha ee
nadanbuoll Apkro# crammu. W To, @ Apyroe, mo-BUAEMOMY,
BRIIONEACTCA FIA DeadbHRX (U3AYIeCKUX YCIOBMI B ramak-
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toxax. IpogoAmuTensEOCTy HAYANHHOR a3pl DBONIOHAA AD-
KUX MAacCCHBHEIX 3Be3[ MeHpllle BPpeMeHH, 3a KOTOpPOe PYKaB
BOJHBI 3aMEeTHO CMECTHTCA OpHA cBoeMm ofmeM BpamieHHH.

Y. Poteptc 1 C. B. [Iukearuep paspaboranu uaTepecHyio
KapTHHY 3Be3foo0paszoBaHAa B CHOADAXbEBIX pyKasax. Oua

&
Sl g H
Qﬁfll%, _‘{,_Pa i ||I|Hi ity
e
H QT
Pmc. 33. Cxema cnmpams- I”i:é l”l L}*F JHII l””m
HpIX pyKaBoB I'amaKTHKm : ! | !
mpenencrnn  atowaprors 1 © il  rammin
soR0po7. | | Iy
ll ”] ||||..|I|lll““ ||I“H|

TG
ORI

OCHOBHIBAETCA HA AHANH3e THAPOAEHAMAYECKHX NPOIECCOB B
MeX3Be3qHOM raseé, BBRI3BAHHBIX OTHOCHTEJIBHBRIM JHA'KEeNHAeM
rasa ¥ COEPAILHOT0 pyKaBa., CKOpocTs BpameHHES CHIDANL-
HOTO y30pa M CKOPOCTh BPANIEHHWA AUCKA TANAKTUKH Pasnmd-
BE. ¥I3-3a 9TOro ras npoTeKkaeT CKBO3b CHMPANBHBIA pyKas
Wiy, 9T0 TO Ke, CIUDAIBHBIA PyKan aBmmerca mo rasy. Ortmo-
CHTeJbHOE ABHMKEHUE ra3a M PYKABa XapPAaKTePH3YIOTCA CKO-
pocTAMA, KOoTepse Oonbile CKOpocTH 3BYKa B rase. Moxmo
CKa3aTh, 4TO ra3 OpOTeKaeT 4Yepe3 PYKAB CO CBEPX3BYKOBOIl
ckopocThi. Ilo aToff ppEYMEEe BRO3HMKaeT yAapHag BOJIa
(1 3gechr TomKe yAaapHBIe BOJIAGI!) HPH «CTONKHOBEHUH» rasa
c pykasoM. B ygapHOi BoAHe ra3s nperepuesaeT CHIHHOS CHIA-
THe, KOTOPOE, BePOATHO, B CAYKAT «COYCKOBBIM MEXaHU3MOM»
LA, ipoHecca 3Beano00pasoBatHud,

Ecau orAocCHTENbHOE BpalicHde ra3a W COAPATHHOT® Py-
KaBa — eANHCTBEHHAA OPUIAHA 3ne3n006paaonaﬁnﬂ, TO HYH{HO
O/REIATh, 9TO0 B TOM KOJbIE AHCKA TAIAKTHEKE, rae ofe CKo-
pocTH ‘BpameHES COBOANAIOT (a TAROE NEeHCTBHTEILHG BO3-
‘MOKHO), 3Be3H000paszoBaHue 3aTPYAHOHO M CAMO 3TO KOMIL-
110 — OHO HABHIBAETCA KOALHOM KOpPOTATIMY — HOMIKHO OBITH
GeganiM MOMOABIME aBesfaMm. HEUKALWX OpU3HAHOB TEMHEIX
KOAel, KOTopHle uUPOYePIABAIN OW CHEPIAGHHI Yy30p, HAK

arrr—
—
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6ynT0 He 3aMedaeTcA. BepoATHO, 9T0 03HAYAET, YTO HOMAMO
MexagmaMa PoGeprca ~ IIukensnepa nme#cTBYIOT B apyrme
npoHecch, HHAGRAPYIOIOAe 3Be3n006pa303anne, 1A KOTOPHIX
He TpeGyercss OTHOCHTENBHBIX [BMKEHHA M R0CTaTOYHO XOTA
681 BE6ONBINOr0 YOJOTHOHEA MEK3BE3NHOr0 rasa CHEpPAJLHOM
BOJHOH,

B Teopmm cOMpanbHOH CTPYKTYPH, OPH BCeX ee O9eBHA-
NBIX MOCTMIKEHMAX, HMeeTCA HOMAJO0 TPYAHAIX BOIPOCOR,
ocralomuxca moka Ged orpera, CaMmilf mpMHENMORMATLHABIMA. A3
NAX ~ HAOpaBjeHEMe pPacOpOCTPAHEHAHA COUMPAJLHOA BOJHEL
HOeT W BOJHA OT IMEHTpa HAPYXY HIA, HaoOopoT, 0T Kpad.
TaXaKTHKE K ee HeHTpy? MDaKTHUecKM 3TO BOIPOC O «TeHepa-
TOpO» CORPAJBHOH BOJHBEI, T. €. O TOM, IIe M Kak Boabymua-
eTCA 9Ta BOJHA.

MareMaTH4YecKas TeOpHAsS COMPATBHOUA CTPYKTYPH! BO Bpa-
marpmeica TPaBUTAPYIOIOEH cpede yKasnlBaeT HA TO, 9TO BCA- .
K0 cladoe BOBMYMeHHmE IOJIKHO PACHPOCTPAHATLCHA B TaKOh
CpERe B BEMe COMPATBHON BOJHK C TeM MM HHEM YHCIOM
BeTBeit M cKOpOCTHIO Bpamesna, Ho moueMy B Kammoil mammoi
raJJakTHKe pealmsdyercd MMEHHO OfHA JAHHAA — U3 MHOME- .
¢TBAa JODYCTAMEIX — CHAPAJbHAA BOTBA ¢ BHOJHE ompepeseH-
HBIM YMCIOM BeTBell M CKOpOCTHIO, OHpenenseTcH, BEPOATHO,
ycnonnﬂmn Bo3Oympeaus Boamul. Jlmem m Iy Doxaararor,.
uTO éHEepaTop COMPANBHOM BOXHEL HAXOAHTCA Ha mepudepun
ralaKTHIeCKOTO MUCKA M HpencTasifer co6olt sHaumMTeNLBOE
CryieHne ANA, BO3MOMEHO, HeGONBLIYI0 TANAKTUKY-CIHYTHAK.
Takoro poga 06BeKT KeACTBATENIHHO .COOCOGEH C€O37aBAThH
CBOEM II0NeM TATOTeHHMA OIperieleHHEIe BO3BMYIIeHAA B 06nieM
pojlle TATQTEHAA AMCKA TANAKTHKH, M ITM BO3ZMYUISHMM JION-
KAK BO30YMIATHL B AUCKe COEPaJbHYIO BOJHY. Bonma Takorq
DPOHCXOKACHUA PACHPOCTPAHAETCA K IEHTPY TaJakTHKH.
Cropocrs BpainenEs COMPAJLHOTO y30pa OOPEReNseTcA UpPH
3TOM CKOPOCTBI0 ofpamesns «reHepaTopay BOKPYr IeHTPA
TaJaKTUKE, ® CAM 9TOT TeHEPAaTop — CTyMleHHe MWJIM Trajiai:
THKA-COYTHEUK — JOJKEH HAXONUTLCA Ha KOHIEe ONHOH Hp
COMPATLHBIX BETBEIA,

‘MspecTHO HeMan0 mpEMepOR TANAKTMK, KOTOPHIE -TeHCTRH-
TeJbHO WMEIOT T¢ WM HHble CTYMEEMA HA  KOHNAX CBOHMX
CHEPATHLERIX sersell. Takxosa ¥ compannmag TalaKTHKa B
cosseanua I'omwmx Ilcor (cmM. pmc. 18). Ina mameit Tanaxre-
K BHEINHRH reHEpaTop MOr OB HAXOJAETHCA HA PACCTOAHNY
15 xme or ee mEATPA, HA CaMOM Kpalo ralaKTEIECKOro HECKa.
Cxopocts Bpamenms (nnnennaa) COCTAaBJAET TaM OpHEOTHEBA-
rensHo 160—200 xM/c: aToll BerHUmHOlM .0Ipeaensaerca, oHe:
BUIHO, B YIA0BaA CHOPOCTH BpPAIMIEeHEA BCOro CHOHPAJLHOIrO
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y30pa, OfUIIAKOBAA IO BCeMY rallakTuicckomy amcky. Ke upn-
HATO BHIPAYKATH B efuHUIaXx KM/ (C-Kic). YKasamnoi aunei-
HO{ CKOpOCTHM oTBedaer yrioBas cxopocrs 11—13 km/(c-xme).
VraoBasg CKOPOCTh BpamleHHsa pAucka l'aJakTuKm B paioHe
Conpma npubaaautenasno Basoe Mempme: 2020 M/ (c-KOe).

CoupasnbHBIi y30p, MMEIONIIH ABA pyKaBsa H BPaIaXOLIHA -
cA ¢ YKA3aHHO{ YIIO0BOM CKOPOCTHIO, Kaxk OyATO He TPOTHBO-
YET JAHRBIM O XapakKTepe pacupejleJeHMsS HeHETPAJLHOTO
BOIOPOJia B ZucKe nameil ['anaxTuki.

Ho 3T nmamEHe Bce Keé He 09eHb ONpejeJieHHB; OHH M-
NYCKAIOT N COBceM HHYI0 BO3MOKHOCTh. VIMemHO, MOKHO
IPeAIOI0KMTE, 4YTO «TeHepaTop» HAXOAMTCA He CHApYMY,
a HaoBopor, B meATpansaoil obnactH lamaxruks. Merounmkom
8030y jleHUA COUPAIHHEIX BOJH MOIJa OR CAYKUTH THAPORM-
HaMMYeCKasA HeYCTONUMBOCTE, PA3BUBAIONIAACA B NEHTPAILHON
06IAaCTH TANAKTHIECKOro AMCKa Oaarogapa ocoboMy Xxapaure-
Py KpuBo#l Bpamenma B 3TOit 006jacTH. JTO UAeA BHABHHYTA
A. M. ®puxvanom n B, JI. Tonsgenko. Kak cumrasor JI. C. Ma-
posruk u A. A. Cyuxos, coMpaqbHaA BOIHA MOMKET BO3DYH-
MaThCA TaK:Ke KakuM-Iub0 HeCMMMETPUYHEIM 00pasoBandeM, .
BpamleHHe KOTOPOIO BLIBHIBAET BO3MYINEHME OIS TATOTEHMA
rajaKTRYECKOro Iucka. Takoe TeJ0 AOMKHO OBITH CYINECTBOH-
Ho HecepUMIHEIM, TAK KaK [IA cdepsl moje TATOTEHUA HO 3a-
BECHT OT TOrO, BpAINAeTCH OHA AIAM HeT. ITO MOMKOT OBITDH
. mepeMbIuKa, MOXOKas Ha Te, KOTOpHe HAOIONAIOTCA Y HOKO-
TOpPHIX TaJaKTHK,— cM. XxaG6roscKkylo pumarpamMy. Ilepembruka
MO HA BPAUlaThCA BOKPYT CBOEH KOPOTKOL OCH.

CKODOCTE BpalleHMsA B EHTpalbHOHR obnactm [amakraxm
Gonpme, veM ma nepugepun. 1o 3Tl DprunHe U COMpATLHKLE
~ y30p TaKOTo MpPOMCXO:KAEHMA BpaniaercA ObICTpee, IeM B Kap-
TyHe BHENIHEIr0 TeHepaTopa; BepoATHeS BCEro, YriIoBaA CKO-
pocts Bpamesns B 20—25 kM/(c-kuc). Ilpm atom pocraraer-
CA COTJIAaCHEe M C HAaHHKIME O pacOpefeleHNH -HeATPAJIBLHOrQ
BOAOPOIA B C TeMH CBeJCHHAMHE, KOTODHIMH MBI PACHONAraeM
0 BpalleAuM BHYTpeHHEX obnacredt l'anaKTurm. '

UnrepecHo, uTo B 310M clyuae Connne HAXOTHTCA B KOAb-
e KOpOTaIMH, e CKOpOCTh Bpamenma gucka [anakTEKA
CKOPOCTS . BpameRMs COUMPAIbHOTO yaopa Onm3KH npyr X
apyry. Hax samesaer JI. C. Mapounmk, ua-3a 9T0ro, BO3MOM-
HO, W CIOKIICA TOT KOMIUIEKC YCIOBHEH, KOTOPHIA ofecmeum
popmaporanme miameT Bokpyr ConmAua @ camMo passETHO
wasaa pa Jemqe. Ecam Tak, To HOMCK APYIAX MARHOTEBIX
CACTOM H,— KaK 3HATH,— HAKKX HEBAIN3ANAA CTOUT BOCTH
AMOHAO B HAUPABNOHHHE Koubla KopoTanuu B l'amakruxo...
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TIIABA YETBEPTAAS

POKEHNE U 3BOJIORNA 3BE3N

Bonee pesATHm JecATHIX BeuecTsa Hamledl [amakTmEM
COCPEOTOYEHO B 3Be3JaX; €CTh TAJaKTMKW, B KOTOPHIX Ha
sseansl pprxomaTca 99,9% macew. Mup 3pesn mmoroobpases,
HO BCe ke OOnpImmACTBO W3 HEX nogobuo mamemy Connny.
B sroit rmase Ml paccraxeMm o0 Connane M Apyrux «o0rrInnIxy»
3Be3nax, 0 Hylncapax m Oapcrepax, cOBCeM He IOXORTX HA
Conene, 06 ofpasoBaEwm HEPBEIX 3Besy I alaKTUKH, 00 9BO-
TIOIMROBHOM IYTA 3Be3[Ihl, 0 OpOmeccax 3Besnoo0pasoBamms
B COBPEMEHMYI0O 3HOXY M, HaKOHEl, 0 YepPHHIX AbIpax — KO-
HeYHOM COCTOAHAN 3Be3f HeMaloil MaccH,

COJIHIE M 3BE3[IHI

Coname m mwbaa jpyram nojobuasd eMy 3Besga — 37To
cepuyeckadg Macca TopAdero rasa, yaep:KHBAEMOTO ero cob-
CTBEHHBIM TATOTeHHeM. TATOTeHMe CTPEMHTCH CIKATh Tas,.
cOMM3HATH, HACKONBKO 3TO BOZMOIHO, BCE £TO YacTHOEL. [[aRniie-
IlEe ropAYero raza AedcTByer, 0YeBUIHO, B IPOTHBOIOIOMKIIOM
HaOpaBjieHdH, OO CTPeMHTCA pacHmupHaTs ras. Cmia TaArore-
LUWA HAnpaBleHa K NeHTPY 3Be31H, a CHJIA JABIGLHH Hapy-
AY; B MX OpPOTHBOOOPCTBe YCTAHABIHBACTCA H MOEEPIKMBA-
eTcA paBHOBECHE, B KOTOPOM 3BE€37a MokeT InpeGHIBATH MUJI-
AAOUBI M MMJLIAAPIB JeT. -

B meapax Connia naBleHHe HOCTHraeT NeCATE MEIJHAD-
nos atMmocdep, a TeMmeparypa — YeTRIPHAZUATE MOIIHOHOD
rpajycoB. BricOKoe pmaBienne ¥ BRICOKAsl TeMOEPATypa MON-
MeP/KABAIOTCA B 1eNTPANBIOH o6nacTu GIarogaps Hempepsii-
0 HAYIHUM A7eDHBIM peaKUWAM NOpeBPAINeHMsA BOTOPOZA B
rennii. Brigensevasa TaM smeprag mpocauMBaeTcd B BIjie UO-
ToKa porouos depes marepman ConHuma K ero mOBCPXHOCTH, u
3aTeM cBo0OOgHO m3anyuaercA BoBHe. [kecekyunso Coapue
uanydaer 4-10*° J[)x smeprmm. HanGoarmas wacts mamyuae-
mofi Comnmem 3meprum DpEXojRTca Ha oromst (mam,— 1a
BOJINOBOM fA3blKe,— 3JJ6KTPOMAIHATHEIC BOJHBI) BAAUMOM ria-
30M YACTH CIIEKTpa,
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[lpm coBpeMeHHOM TeéMOe NpOM3BOACTBA M B eNeRna -
pHOpruM «AnepHHIT peaxrop» Coanna abecneyed TrOPIOYMLL -
eIme HA JECATKA MUIIEAPAOB JeT. ITa oueHKa HONydaeTcsa Ha
GCHOBAHHEM TOrQ, YTO IpPH OpeBpameHdH BOJOpPOJA B reJni
BBIIENAETCA B BHAE SHEPIUE M3NydeHHEA OKOJIO OFHOrO HpO-
JleATa dNEPruy HOKOS BEINecTBa, T.e. mpubrusurensuo 10 (i
Ha Kaxgsiii TpamM Bogopona. IIpa macce Bomopoza B Conmne
nopagka 10 T 310 o3magaer 3amac smeprzma oxono 10% Jim.
Ilenenue sroit smeprmy na cpermmocts ConEHua @ paet Ipo- :
MEXKYTOK BpeMenum, B Teuemme koroporo Comsne cnocobmo
CBETHTH 34 CYeT AJEePHBIX PeaKIMil B ero Hejpax.
SaMeuaTeabHAd UIEH ANePHLIX NpEBPAINeHHH Kak MCTOY-
gnka cgetumoctz Connua m 3Bean BeaBEmEyTa B 20-e rogmr
pamero Bexa A, DOMUBEITOHOM — QCHOBOIGJIOM(HMKOM TeOpAU
CTPOSHES W IBONIONEHA 3Be3. Pa3paboria (PU3ETECKAX OCHOB
3BO3RHOil AHEPreTHKY Ha 0aze COBPEMEHHOI ANepHOH PUBHKI -
7 KBaHTOBOI Mexammkm mavaTa B 30-e roget I'. Bere m nojxna- .
geHa 3aTEM MHOTMMM HCCIeZ0BATeNAMM PA3HBIX CTpaH. ITa
pafoTa HpPOROIKAETCA M Pa3BUBAETCA [0 CHX IOD C YYETOM
HOBHMX FOCTTKEENH (PESMKM W ACTPOHOMMH. -
He Bce, a ToABRO GONBIMHCTBO 3Be€3J YCTPOEHE! TaK, KaK
Conmrme; Ho Bce (€3 ACKIOYEHMS 3Be3lbl HAYAHAKT CBOE
CYIReCTBOBAHA® C COCTOSHMA, NpE KOTOPOM KaKpas M3 HEX,
nogoGro Coxmny, OpencraBideT cobod mrap, HOJAep/KEBaE-
MBIi B pasmosecdm Orarogapa 0Canamcy CI THTOTeHES M-
JIaBNeHNA ¥ HATPEBAEMEBINl M3HYTPM SACPHEIMUM DEeaKuuAMH,
IIPOTEK2OMBEME EDHE BEICOKOH TeMmmepaTtype B ee Hefpax.
IIpomonmure1bHOCTh KMBHH 3BE37Ll B TAKOM HAYAIBHOM
COCTOMRHAN 3aBECAT OT 3aIacCOB AJEpHOM 3HEPTEH H CKOPOCTH
ee pacxomonanns. Yem Gonrlre Macca 3Beapsl, TeM Goubine ee
SHEePTeTRYECKAE pecypc; HO BMECTe C TéM H CBETHMOCTEH 3Be3-
ne ToMe TeM Oonbmre, seM Gonbme macca. Jlam OGombrmmx
3Beaj, Kovopbie B Tpu B Oonee pas Maccmeaee ConHua, cBe-
THMOCTH HPOEGPEAOHANLHA KyOy MacCK — 9TO H3BECTHC H H3
IpAMBIX GCTPOHOMEIECKAX HAOMOZEHud B K3 COBPeMOHHOI
TeopuH BHYTpeRnero cTpoemda 3pesn. Kcia 3Bespa aMeet,
cxameM, maccy B 00 macc Conmma, To ee fApgepHOe ropioues
MOAET GHITh H3PACXOJO0BAHCG 33 HECKONAKO MUINHOHOB JET.
Mosuo ckasars, aTo Conmme erHe 09€HbL ROJIT0 HE BHIM-
ieT @3 CBOSTG HCXOJHOr0, MIANEHYECHOro COCTOAHMSA, TOTHKA
KaK ?BONIENA Oodee MACCHBHSIX 3Besf| IPOTEKaeT TOpasfoc
GoicTpee M HOCAe HCICPHAHMUA 3HATUTEIHHOA NOIH AALPHOTO
ropIovYero MacCHUBHEIO 3Be3bl KOMMHB, 6CTECTBEHHO, Mperep-
HeTh CYI{eCTBCHALI® U3MEECHEA B CBOEM YCTPOMCTBE, YBOHA-
Hile HX H3JIeKo OT HAYaAbHOrG COCTOANHA,
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FPABUTALTMOHHAA KOHIEHCAIINA

3peannl 06pasyloOTCA ¥ OOCTHTAOT COCTOAREA, HOT06HOTO
Conuny, B pesyipTaTe T'DABUTANIMOHHOM KOHJeHCANHHA pas-
pe)KeHHHX 061aK0B rasa. Jra mies, BOCXOIAMAA eme I{ng-
Tody (BCIHOMHMM IHTUPOBAHHOE B IlaBse BTOPOM# ero 3HaAMe-
HUTOE «KOCMOTOHMTECKOO MUCHMOY), CIYHHUT MCXOJHEIM IIYHK-
TGM COBPEMEHBOM 3Be3gHOR KocMmoroHum, B onmcriBaeMqfi
HrloTomOM KapTHHe parMeHTanud OJHOPOAHOE cpegHt u ob-
pasoBaHme 3Be37 IOPOHMCXOMUT WOJ JeHCTBMEM OIHMX TOJbKO
FPABETANMOBHEIX CHJI B IPeNOI0;KeBMH, YT0 EUKAKHAe ApYyrae
caiIBl, ecTE OHM BoolIne HMeIoTcHd, 3TOMY He OPemATCTBYIOT.
WaTepecro mpormBonocTaBresne y HrloToHA ABYX Ciydaes —
KOHEUHOTo M OeCKOHEYHOro upocTpancrs (a Bepmee, ofbe-
MOB), 3aIOJHEHAHIX BemecTsoM. B mepBoM caydae Bce perme-
cTBO CoOEpaeTcd B eJUHOE TENO, a BO BTOPOM IPOHCXOIMT €ro
PparMenTamug, pacuajy Ha MHOMKECTBO OTJEIBHEIX CI'YCTKOB.
Ilpm GeckomeunoM ofbeMe . 0ZHOPOAHOM pacupereleHNH
BelleCTBA B HEM BCe TOYKH IPOCTpPAHCTBA PABHOINPABHLI H
HNOTOMY HET HMKAKOH BEIZEeleHHOH TOYKHA, X KOTODOH KaK K
HeHTPY Moriao 681 cobparbcAd «BCE BemecTBO BceneHHOM,
Ezmuore neAarpa HeT, a 0QHOPOOHOE paclpe/eleHre BeileeTBa
HEYCTOMYMBO B HE MOIKET OCTABATbCA B IOKOe. JHAYUT, M B
caMoM Jiere MOJNMKHO OHITh 6eCKOHEYHO MHOTO HEHTPOB, BOKPYT.
KOTOPHIX COOMpAalOTCsa OTHEeILHEIe MACCH BEINeCcTBA.

Ho uro Taxkoe 6eCKOHEYHOCTH DPOCTPAHCTBA HJIH 06BEMA
B 9TOM paccy;kaeHmu? beCKOHEYHOCTH paKTHYeCKM 03Hagaer,
9T0 DPOCTPAHCTBOMHBIE pasMep pacUpegesieHMd O04YeHb BEJMK
N0 CPaBHEHMI0 ¢ KAKHM-TO APYTUM pPa3MepoM, CIY:KaiqUM B
KagecTBe MepK®, B KayecTBe XapakTepHoro macmraba. Ho-
BEYHOCTH )K€ He O03HAYdeT HUUero, KpoMe COM3MEPUMOCTH MIM
Oam3ocTH 3TMX ABYyXx pasMmepos, Ecam pasmep obnacrs, 3aHA-
TOIl BEmecTBOM, MHOIQ 0ONbIIe XAPAKTePHOTe Macurrada, To-
Npom3oineTr pasbMeHMe pemecTBa Ha (PATMEHTHI; €CHE Ke
TAKOr0 CHJIBbHOTO HepaBeHCTBA HeET, TO MAacCa OCTAHETCA OXH-
HOM M 6yneT CKAMATHCA KaK IeJoe.

Bepoarao, sTo ® moppasyMesan HEBIOTOH B cBoeM HOCMO-
roEmdeckod mEchkMe 1692 r.; Ho d9ro cKpEIBaeTca 3a Xapak-
TePHRIM MAcCIITaboM [JIHEH, YAANOCh BHACHATH TOJBKO
k. lxeacy 8 1902 r. IIpocrparcTeennniit MacmTad 3agaer-
€A, N0 CYOecTBY, CRIAME, IPENATCTBYIOIIEME TPABUTANAH,
CHJIAME [aBJIeHUA, O0A3AHHEIME YHPYTOCTH Bem[eCTBa. OTOT
MacmTat HocAT Ha3BAHME MKAHCOBOM ANMHEI,

B cymumocta, npornBo6opeTBo CHI TATOTEHUS N FABICHHSA
B Da3pesKeHHON CDefie mMeeT TY ke MpPAPORY, UTO ¥ B 3BE3-
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ne. Ho B 3pesne sTm CRIB y:Ke JOCTHIVIE, TAK CKasaTh, Komd-
poMucca, CpaBEANECH PYT ¢ APYTOM IO BeJMYUHE W YCTamHo-
BWJIH, TaKuM o0pasoM, paBHoBecHe. B rpasmrTapylomel mo
cpene Taxkoro 6anamca CUM HET: IOKA Cpefa OfAHOPOAHA, B Heil
neiicTByeTr TONbKO cHaa TArorenud. Cmia e naBlenud BOS-
HAKAEeT TOrga, KOrga AMeIOTCA HeONHOPOAHOCTH NAaBICHESA,
T. @. er0 mepenajsl oT OXHOTO MecTa K apyromy. Cmra masme-
HHA BCerfja HaOpapleHa M3 o0IacTA BBICOKOTO JaBJICHHA B
CTOpPOHY oOnacTm Husxkoro pnpasiemmd. [lepemanpi papienws
JNeHCTBHUTEIbHO DOABIAITCA, KaK TOJALKO B cpene obpaaylor-
¢ KaKue-1ubo ciayvaiapie crymenmsa. Cyasba cTymenns, a ¢
medd m cygspfa Bcero pacupefeieHMsA BeIECTBa, 3aBUCHT OT
TOT0, KAKAaA CHJIa OXKAKeTCA Hpeodaajalomei — CHrMaIoan
CTYIIeHME CHJIa ere coOCTBEHHOr0 TATOTEHMA MJIM PaCTAIKM-
BaOmee fAelicTBMe CHIBl [aBlIeHWsA, BO3HUKMEN Onxarofmapsa
mepenagy HAaBJeHUA MeKIY BHYTPEHHOCTBHIO CTYIEHEA H OK-
pymaioimeHd ero cpefod.

Cmna taroremus TeM Gojbmre, 4yeMm 0oablme Macca Cryme-
BEaA, 9eM 0onbIDe ero pasMep, m MOTOMY OHAa CHOCOGHA npe-
0foJieTh NPOTHBOAEMCTBHe NABIEHEA, OCIH 3TOT pasMep Upe-
BOCXOIUT HEKOTOPHU KPUTHIECKUMHA pasmep, COOTBETCTBYIONIHM
PAaBEHCTBY 10 BejJHEYMHEe O0GEX NIPOTHBOOOPCTBYIONIMX CHUIL.
Hpurugeckmit pasMep m ecTh JURMACOBA [ITHHA. A yéno-
BAe PasBUTHA TPABATANMOHHOY HEYCTOMIMBOCTHM,— KpHTEpHik
JimKnaaCca,— COCTOMT B TOM, YTO pa3sMep CIymeHEA [OJIKeN
6BTL Gonbme BTOX KpurmiecKod pummbl. Mommo cKasars,
gro Conmme m BooOme ni0baA 3BesHa, B KOTOPOX CHIEI TArO-
TeHUS ¥ AaBIeHEA YPABHOBEMMBAXT APYT APyra, AMeIoT pas-
Mep, PaBHHH KAHCOBOHR JuHe,

Ho mmmAcoBa OAMHA — 3TO He YHHMBepCalbBasi LOCTOAH-
Had, OFEHAKOBAZ BCETAA M BCIOXY, & (UaEmdeCKad BelHYNHA,
3aBHECAIMAA OT KOHKPETHRIX YCJIOBHM — 0T JABICHUA U IUJIOT-
goctn cpepbl. Oma Tem Ooxnvme, yeM Ooneme pnasieHue H
MEHBINE ILIOTHOCTE, ITO MBI y’Ke 3HaeM IO KapTHHe IpaBnTa-
IMAOHHOM HEyCTOMYMBOCTM B pacmzpsAlomeiica cpepge Bcemen-
HOH, 0' KOTOPOR TOBOPMIOCH B Tlase BTOpod. Kcmu m3pecTHH
dr3mgecKkue yCcI0BUA B JIO3BE3THOM cpelie, TO MOMKHO ONEHHTH
KPUTAIECKYI0 JUKMHCOBY AJUHY M TeM CAMBIM HAaWTH pasMe-
pHl crymeHuii, Ha KOTOpHe CpeRa cmocofHa pacmamaTbes,—
BepHEee, HMIKHIOIO IDAHNIy 3THX PasMepoB.

DusmdecKre YCHOBAA CYIMECTBOHHO PA3JEIAOTCA B pas-
HEle- 3OoXM 8Beafoofpazopamma. llepsrle spesawn I'anaxrokm
BOBHMKANE B CIKMMAIOUeMcA - DPOTOTalaKTHIecKoM oGnake,
npudeM 3Be3no06pasoBaHMEe M HOCHYAKUIO NPHIMHOH, KOTO-
pas ‘OCTAHOBMJIA B KOHHe KOHIOB CHaTHe NPOTOrANAKTHKA
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KaK [elore. BoaMOMHOCTh (PparMeHTAIUM NPOTOraNAKTHYO-
cxkoro obnaxa Tpebosana, uToOnl ero pasMepn HaMHOro Hpe-

¥ — NAMITATTLITLTO J\ﬂo‘l"‘llnt‘l’_
BGGXQAHHH H}EHHGGB}, HHHE}r Terﬁa E YV iiCdliriLim L, wt:cu.xucu;l."

THI B HEM MOLIE MMETh pas3Mep, HPeBOCXOASIUA KpHTHIe-
CKYI0 AlmHYy. B 3TOM CMBICIe IPOTOTANAKTHYECKOe O0NAKG —
3T0 OecromeuHas cpeja B KaprmEe HrroToHA; Benbp Oeckomeu-
HOCTEL BCeTAa 03HadaeT (PaKTHYECKM SHAYUTEJILE(OE Ipeohia-
RaH@e 9ero-To Hajg IeM-To *).

3Be3/IbI, BO3HAKAIOIEe B COBpeMeHHOM cocToAmmm [anak-
TAKHA, POKOAIOTCA B IIOTHBIX M XONOZHBIX Ta30-IBLIEBHIXK
o61aKax, cMILHO OTIMYANINEXCA IO CBOMM CBOicTBAM OT 06-
Jaka-mpotorarakrTakd, Ho m 37eck pasMepal HCXOAUKX o0~
J4KOB JOTMHB! OBITH MHOFQ GOJBINE [KEHCOBOM AAMEEBI, YTO-
6 obnaka Mornm pacmamaThed Ha (pParMeHTHI

KACKAJTHAA OPATMEHTALIUA

IIpororataxkrmueckoe 06Xak0 pacHajajloch He Henocpen-
CTBEHHO HA CUYCTKHM, MMeIOIZXe 3Be3JHBIE MACCH, CKoOpee
BCOr0, CHadana (POPMHMPOBANECE Tropaszo 0ollee MAacCHBHBIO
VONOTHEHUA, KOTOPEI® B CBOI OYepefbh pPACHAXANUCL 3aTeM
Ha Bce 0ojee Mejakme (PparMeHTHhl, HOKA, HAKOHEN, Hé BO3HHK-
JM CTyCTKH BBEBIHLIX MacC, laKasi mociegoBaTelbHas ¢ppar-
MEHETAXWA BOBMOIKHA, 0YeBAXHO, OPH YCJIOBHA, YTO DIKHHCOBA
AIEHA DOCTeNEHHO YMEHBMIaeTcsa B XOue o0mero CHiaTEA u
00naKa B MeJOM, M KKIOr0 U8 (PParMeHTOB, Ha KOTOPHI® OHO
pacnagaerca (pmc. 34).

JxzmacoBa gumHEA HOMCTBETONBHO YMEHBIIACTCH B XONO
carag. M odemr BamHO, Wro oma yMeHEbmaerca OwcTpee,
geMm oO0muit pasMep Bcero ofuiaka mpm ero cskaruu. Ilo aroir
OpPHYAHe H MOTYT KaK Pa3 BO3HEKATE BCe Gomee MedKue m HO
pasMepy B HO Macce parMeHTEL

Taxroe nosemeHEe MKHHCOBOM ANAAN ONpPENENAETCH 0CO-
OBIM XapaxTepoMm M3MeHEHHA NABNOHHA M IINOTROCTHE B CIKHA-
maomemess o6maxe, (DparMemTEI, ma KOTOpEIe paclHagaeTcH
HpoToTallaKTMIecKoe 067ako, MBTYIAOT QPOTORK B ORPYHRAI0-
Iee HX NPOCTPAHCTBO M TOM CAMBIM TepAIOT YacTh CBOOH
anepran. IIpm sroM, onHAKO, ONE He OXNANKTAIOTCHA, TAR KAK
TOIIOBAA DHEPruA KarKaoro PparMeHTa TOCTOAHHO BO300HOR-
JNAETCA A DOHOJIHAGTCA NpPH CRATHHE 33 CYOT T'PABATANUOHHEOMN

*} TompKO B KOCMBAOTWE GeCROMETHOCTH MRPA KAK (21070 HMEET
Ae YFHOCUWTeNbALH, 8 ABCOMIOTHBIKR CMEICH: BCIM O65HLEM HPOCTPAHCTSA
GeCHDEBYCH, TO OH Ha CAMOM JBAC GOCHOWEWSH, T, ®, HO BMPAIRAGTCA

EEKAKON KOBOHMON RERAWINAON, 8 Ao MPVOTO MHGTC GOMABLOIE HAKDIO-TO
Apyroro 00bema,
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sHepra®. B pesyasrare CHSATHE IPORCXORET IPB MOYTH Lo-
CTOSEHOH TeMmIeparype, OAM3KOM K JeCATE THCAYAM Ipa-
IyCOB,

JT0 3HAUEHES TeMOEpaTYPHl COOTBOTCTBYOT T'PAHHMIIE M-
Iy HMOHW3OBARHHHIM H HEeHOHW3OBAHHLIM COCTOAHMAME BOJO-
pOfia — OCHOBHOT'O 3J6eMeHTA DPOTOrajlaKTHdecKoro rasa. lipm

i
1

Ay

Prc. 34. 3aBECEMOCTE MIKHHCO-
BOY MACCH OT NIOTHOLTH B XOJie
KacKanHOH ¢parMeETATEL.
Il:xeECOBA MAaCCa — 3T0 Macca
pemecTea B o6nacT® ¢ pa3Mme-
POM, PABHBEIM JKAHCOBOX RINEE,
[1o obemm ocam — norapudmuge-
ckag mxana, I — o6aacTs Dpo-
3pavHOCTH, Ifle CiXaT#e Coupo-
BoixnaeTca dparmenTanmeir; 2 —
0bHACTS HENPOIPAYROCTH, INe
npedcXonmr cxatas fes Qpar-
MEHTATME,

+——H"——"_——""'

3
!
]

AReeass Xams (8 Malval LoTHye)

Y N
'.‘e,

Flerrmrrerrmmuns = lmus. ¥

LIHLTITT LG GfLm™

Oonee BHICOKOH TeMHmepaType SIEKTPOHHI M SApa OTAEIeHEH!
APYT OT APYra XaOTHYEeCKEMM TEIIOBBIME IBMKEHHAMHE, NpH
fonee musKoB TeMmeparype Hamnmﬁ BJEKTPOH M MOH 00be-
nEAA0TCA, 06pasysa aTOM, KOTOpEI ydaCTByeT Kak Ieioe s
TenIoBOM ABuw:KeHmH, JIOHM30BARHEIA ras MOBOJNBHO DHEPTHY-
HO BRICBeYHBaeT (POTOHHE Orarogaps sNeKTPUIeCKOMY B3aMO-
NedCTBHI0 [BHKYINUXCA DJIEeKTPOHOB ¢ HoHam:, Hpome Toro,
OpHu TeMueparype, OMA3KOH K TecATHE THICATIAM TPagyCcoB, KOr-
a B Cpele MOABIAITCA YKe I HeHATDPAILEELIE ATOMBI, TeINOBaA
BHEPrUs JaCTHI JOCTATOYHO BelWKa, 9T00Bl UDH MX CTOXKHO-
BeHUsIX JPYr C IpYToM acbci)emmnno B030Y;KIaTH aTOMH, IIe-
peaBaTh CBA38HHLIM B HHUX 3JMEKTPOHAM 3aMETHY0 OO
SMEPru® TeIUIOBHIX JIBMKeHMA. JTa IHEPrHA YAep;KUBaeTCA
B ATOMAaX HeJOJIF0, B ATOMEL cOpacrIBalOT MBOHITOYHYIO dHEP-
T'¥I0 CBOMX SIEeKTPOHOB B BHAe KBAHTOB HM3nydeHmHA, POTOHOB,
KOTopEle GHeTpo mokmpator crymenme. Ilpm 6Gonee HmBKmMX
TeMOepaTypax HEBO3MOMHO CKOILKO-HEOYIBL CYICCTBEHIIOE
H3Ny9eHRe, 00s3aHAOe CBOOOIHEIM 2J€KTPOHAM, TaK KAaK OHH
ye B OONBIIAHECTBE CROEM BXORAT B aTOMEBI; M3JYyJeHme aTo-
MOB TOjke OpH 2TOM He 3pdexTuBHO, MO0 BHEPrUs TEITOBHIX
IBHEHAN CTAHOBATCA CIAMIIKOM MAJIOH, 94T005I CTOIKHOBOHEA
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YacTEX MOILIHM NEpPeBOZATHL ATOMBL B BO30YHKIEHHO® COCTOA-
une. Ecim K ToMy e B cpeme He ycmesalorT ofpasoBarscs
MOJEKYasl BoZopona (mas Bo30YmpaeHWs MOoNeKya Obuio Om
AOCTATOYHO W MEHBIIMX BHEPruil TemIoBOro JABHMKEHHAA),
To mpu Temueparypax muwe 10° K manyuenme smepram m3 cm-
cTeMEl BOO0MIe, MOMHO CKa3aTh, HE IPOUCXORMT,

B c:mumaomeMcd rase gecTByeT Kak Ob CaMOpOLYARPOB-
Ka TeMmeparypel. I'as JoBONBHO Nerko oxdampgaercs RO Tpa-
HAYHOTO 3HAYEHHA TEMOEPaTYpH B HEeCATH THICAY TPAAYCOB,
HO manbHeilmee oXJIaiRkIeHAMe yiKe HEeBO3MOIKHO. Bceakoe e
HOBHIMIEHEE TEMIEPATypPsl CBePX STOr0 BHAYEHHA 84 CYOT pa-
3orpepa rasa OpM CRATHA HeMeJeHHO YCTPaHIercA A3IYyde-
ameM. I[loaroMy B TeueHme BCero upomecca ciKaTus obxaxa
TeMoeparypa cama coboit mognepKuABaeTCA BOIUBM YKazaHHN-
T0 BRITENEHHOTO 3HAYEHHA.

Pacyersl moxrasmiBaxor, urQ npm Ttemmeparype 10* K
maoraocTE oT 10-% r/cm® mo 102 r/cm® (mocnenuAg penmunm-
Ha COOTBETCTBYET TEIHMYHOA INIOTHOCTH TalaKTHKH, T. €, Pau-
TAYECKHE IIOTHOCTH OPOTOralaKTH4ecKoro ofnaxa B COCTOA-
HHE, Korja ero ofiiee c:RaTue NOPEKPAIIAeTCH), JUKHHCOBA
paaEa coctasasger npubausurensao 10**—~3-10* cM. B o6Bbeme
¢ TaKMMH pasMepaMd COTEpIKATCH MAacCChl 0T MWIIMapAa -go
TpEpGaTE MuanaoroB Mace Connnma. MMerno TaKme crymedun
BOBHEKAIN W NpeTepneBatn, BepOATHO, JalbHeEHImee CiKaTueo
B $parMeHTanEI0 HPE IOYTHM HEA3MEHHOH TeMmeparType.

Or xapakrepuoif Benpumurn 10%*—3-10*! cm prrECOBa ANA~
Aa yObIBaeT CO BpeMeHeM [0 BCe MEHLIIEX 3HAYCHMH IO Mepe
CYKATAA M BO3PACTAHMWA IIOTHOCTE OOABINOro 00NAKA, B BMO-
cTé ¢ Hell yMEHBINAIOTCHA, KAK MBEl VKO TOBOPHJIHA, M MaCChl
dparmernToB BEyTrpm sroro obxiakra. Ilpomomkaercss nm aror
mpomecc HEOrpaHWYEHHO JO CKONBb yrogmo Maimx Mace? Her,
paHO MM DO3THO (PparMeHTAanMA OCTAHOBUTCH W NANLHOHIHOO
JHApoGiieBne MANBIX CCYCTKOB CTAHET ViKe HEBO3MOMIHBIM,

Jlexo B TOM, WTO OpHE BO3PACTAHEH IUIOTHOCTH BEMSCTBA
doToraM, YHOCAMAM U3 CIYIMEHMs 9aCTh €I0 dHePraH, CTAHO-
BATCA BCe TPYMHE® BHIXOMHTH M3 CTYMeHAA HAPYRy. Ecau npm
HA9aBHLIX, CPABHATEIBHO MAJHX IIOTHOCTAX OHM HOKMAAA®
KaMIbIA 13 PparMeETOB GecOpensATCTBOHHO, He BCTPOYAA HM-
KaKUX BaTpygHeHRH, To DpE 0oJbmed WIOTHOCTE HA NA/b-
HOHITAX CTAJUAX CKATUA (QOTOBHI, TAK CKA3AThH, BACTPOBAOT
B Cpexe M NDONBHTAOTCA K TpaHAIE d)parmen'ra MHOro Mox-
JIeHHee, 9eM OPA CBOGONHOM HpPOTeTe, MCHAITHBAA BCO BPOMA
mo AOpore B3aMMOMEHCTBMA ¢ aTOMAMm HIH DAGKTPOHAME, OT-
KIOHAIIIUMA HX OT npamonnnennom aytu. A3 npospaxmoroe
$parmerTa oTom YXOXAT WO MPAMOH, a Hs HOHPOSPATHOLO —
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o0 JIOMamO¥ NEHUF, KOTOpPad He CKOpPO NPHBOTHT e€Tr0 K CBO-
OonHo# moBepxHocTH. [Ipo3pauynnlit pparMeHT TepAeT LOITO-
MY 3Heprul0 cpasy u3 Bcero caoero obbema, a HeNpO3pavYHBIH
TOJHKO C IOBEPXHOCTH II0 Mepe TOTO, KAK ee JOCTHATAKT Poit-
NeHHEle BHYTpH ob6BeMa - PoTOHHL.

Hax tospKo ¢PparMeHT CTAHOBRATCA HEOPO3PAYHEIM, COOT-
HOIIeHAE MEMIY ero pasMepoM E KEHCOBOH KpHTEIECKON
NIAHOHE, ompenendeMol AaBIeHHeM # NIOTHOCTHIO, H3MEeHAOT-
cA. B npospaunsix PparMenTax yMeHbOICHHE NKEHACOBOM JiId-
HH NPOUCXOTHAT, KAK MBI TOBOPMJIA, OHICTPee, YeM YMEHBIICHHA
pasMepoB IPH CHKATHM; Teleph ke — M3-3a BaMeIeH: OTBO-
7la 9HepPrdAM — IKAHCOBA JITHHA HAYHHAET YMeHLIIATHCHA 3HA-
YUTENILHO Me[JeHHee, TaK YTO pa3Mep (PparMenTa ycCmeBaer
cpasy - ee morHarb. flcHo, 9To JanpHeiimas dparMenTanuA
HEBO3MOIKHA, Pas AKMHCOBA MIWHA yHe He Mala IO CpaBHe-
HUIO C PAasMepOM CTyCTKa. Ho'Mepe TaJbBeAmero HaIyTesas
9HEPrAM BoBHE [;KAECOBA [NIMAA BCe Ke YMEHBIaeTCH, HO pag-
Mep. CTYCTKa OBICTPO «IOMCTpamBaeTCA» IOJ ee TeKyinie -Ho-
Bhie 3HauenmA. CoxkaTHe QparMenTa, TaKAM o0pasoM, Mpomoi-~
MaeTCHd, HO HAET y’Ke CPABHATENHHO MeJJNEeHHO M He COmpo-
BOROAETCA JanbHeAmEM ero apobienmeM.

«Ilocnegunit» CrycToK B KacKkane d)parmemannn EMelo-
mEd. pasMep, CpaBHAMBIA ¢ JUKEECOBOM 1ImHOE,— 310 B
eCTh mpAMep KOHeIHOro o6beMa, He CHocoOGHOro K (parMen-
TAIMBEH, © KOTOPOM MBI TOBOPUIM BHIME B CBA3M C HHIOTOHOBOMI
KAPTHHOM TPABATANMOHHON KOHEEHCATIUH,

HNpes wackagmoir ¢parMenTamEd, OCTAHABIMBAEMOH He-
npospaynocTsio, suasmayTa @O. Xoinom B 1953 r. Henasno
ero ydeEuk M. Pmc nmokasanm, d9ro «mociegmumity dparMenTt
AMEeT MACCy, PABHYK NPHOGIM3ATEIHLHO ONHOK COTOH MECCHI
Coxrpa. 3aMeqaTeNbHO, YTO 3TA BEIMUYRMAA NPAKTHIECKH ‘He
32BHCHUT HE 0T KOHKPETHHX MEXaHA3MOB H3TYYeHAA (DOTOHOB
m3 Cpefl, EE OT IPOIECCOB, ONPeNIeNAIONTAX ee Hempospad-
HOCTH. I pEEMMaETCA UMb, 9TO CHKATHE HA CTATEE OpO3pad-
HOCTR OpOTEKaer Op® MOCTOAHHOH TeMIOEpaType OKONIO0 IecH-
TH «FHICAY TPAXYCOB — PA3YMHEOE IPENOJIOMKEeHHE, KAK -Mb
BRJIGJIR BRI, — H' TOTAa Macca «IOCAENHEr0o» CrycTKa BBIPa-
JKZeTCH Tepes ONHM JIAIIb YHUBepCalbHEIe (PU3EIECKHAe -Io-
CTOAHHEG, TaKHe, KAk TPABATANMOHHAA NOOCTOAEHAA, KBAH+
TOoBaSg: ocToAHEaA JInaHka, CKOpPOCTH CBeTa M- Macca aToMa
nogopoAa; Macca «mocnegHero» parmenta OIu3Ka K- BBBECT-
HBM 110 ACTPOHOMEYeCKMM Ha0l0neHAAM HaMMeHbIIAM 3BE3H-
HBIM MaeCaM.

Kepruea KackaxHo# pparMenTanum, segymeii k dopMupo-
BAHHI® DBEPBHIK -BBe3x B Hamrell | adlakTEKe W B: APYTAX FajAaii-
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THKAX, KPAaCHBAa M HPOCTA, HO OHA HE OXBaThIBaeT, KOHETHO,
BCOr'0 MHOTO00DPA3UA PUIMILCKHX HPOTECCOB B CRUMAIOHEMCA
nporerajlaktadeckoM o0nare. IloaToMy He HY:KHO HyMaTh,
9T0 BCe 3Be3dBbl IEPBOr0 IOKOACHAA HOJKHBI 00A3aTEIbHO
EMETh O9€Hb MaJjbple MAcChl. YUeT TAKAX HeusOe KHBIX H ecTe-
cTBeHHBIX (DAKTOPOB, KAK TYpOYIHM3amAA IPOTOraJakTudecKoi
Cpefbl, CTOJKHOBeHHAA 00JIAKOB, BO3HHKIIOREHUE B cpejie yuap-
HBIX BOJIH H T. II., 3BHAYHTEJIHHO YCIOMKHAET K oboraujaer Kap-
tury. M Xxors MHoroe emie ocraerca He o4edb MOAPOOHO U3Y-
9eHHBIM, TeM He MeHee BHIACHAETCA, ITO B IEPBOM ITOKOJICHAM
MOTYT OBITH HE TOJHKO 3Re3[bl MaJbIX MacC, HO K HOBOABHO
KpyUHBIe 3Be3[bl C MACCAMH, B JIECATKU Pa3 MPEeBLIOIAIONHMH
maccy CoaHma.

M manple u KpymHBIC 3Be3JIbI HAUHHAIOT CBOC CYHIECTBO-
BaHUE Kak CRAMAKMEEcHd U yike He Npo0Aminecs CryHIeHU,
HpoTO3BE3[bl, TeMIIepaTypa KOTOPHX TOCTENEHHO BO3pacTaer
113-3a TOr0, 9TO BHIHOC SHEePTHM #3 INX HAPYKY HHET MepJiet-
HO TOCHe JOCTUKEeHUS Hempo3padnocTu. B mx BHyTPeHHEIl
CTPYKTYPE IPOUCXOJAT IPH HTOM CYNeCTBEHHBIE M3MCHEHUA:
INIOTHOCTh HE OCTAeTCS OJHOPOAHOE BO BCeM o0LeMe, OHAa Bbi-
cTpee HapacTaeT B IeHTpe, deM Ha uepudepnn. [learpanpuas
06JIaCTHh CTAHOBUTCH CO BpeMerieM Bce 0ojee INIOTHOH, & II0TO-
My u Gonee ropAdeil, ¥ HAKOHEI, B Hell 3aropalorcsa AgepHLIe
peaknmu. fIneprnoe sHeproBEIeNeNRe IIOBLIIIAET LIEHTPATLHOE
NAaBJleHKEe HACTOJHKO, UTO OHO YKe CTAaHOBATCS CITOCOGHBIM
ypaBHoBeCHTh rpasuTanuio. OGuiee csKaTue MPOTO3BE3NAE Hpe-
KpPamiaercsd, a BHIHOC DHEPTUM ¢ ITOBePXHOCTA HAPYIKY KOMIICH-
cupyeTcH ANCPHBIMA MCTOYHAKAMHA B meHTpe. Tar cryujewme-
HPOTO3BE3HA HPEBPAMACTCA B 3RE3[0Y. JTO TOCHCHEHAA CTaIAA
IrPpaBUTANMOHHOE KOHAGHCATHA 3aHMMaeT, B 3aBHCHMOCTHA OT
MaO0Chl 3Be3fBL, OT HECKOJbKAX MUITHOHOB JIeT A MACCHBHBIX

3Be3J 710 COTEH MUJJIMOHOB JIOT [IN BBE3, MeHee MaCCHBIHLIX,
yem ConHre.

MEMI3BE3NHAST CPEAA

JBC3Bl HEPBOrO HOKOJCIUA B CROGM GONLITAHCTBE MOTRU
6bITH U He 0YeHb MACCABHBIMHE;, HO TO HEeMHOIHE U3 AHX, MBC-
ca KoTopsix 8 10 mnw 50 pas npeswimana maccy Conmna, cmo-
cOBHEI HPPTOPUETHh BHATUTENLHLIC YBONONNOHNBE N3MCHOHN A
H HpeRpameHuA 3a JECATh WK CTO MWITUOHOB JeT, ¥. €. 3a
BpeMsd, He MNpPEBBINIAIONEE HPORONMHATENHHOCTL O0IHOTO CHKA-
Tua OpoToranarTuku. llocaenHee cocTamisieT oT HeCROMBPHUX
COTSH MEJUINOHOB [0 HeCKOMbKHEX MMWIIHapioB der. Maccan-
HBIO 3BEBHEI UCYOPHLIBAIOT CROM ATEPHBIC UCTOYHWKA DHOPTHU
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8 ropasgo Gonee Ouierpom Temume, uem Coxmue. Ilocae cropa-
HYA B HeJPax 3BeSJH BOZOPOHa & 06GpasoBamEf M3 HATY Le-
JHA AJET CHHTe H Oolee TAMEUKY, DACMERTOB, BIJKQTEH 110
Heesa, & NOTOM 3Re3a MOKeT B3QPBATHCSH, BNOpOCHB B OK-
pyxanmyio cpeny ofpasosaBiuuecs B Hell paHee, & TaKEe K
B CaMOM LPONECCe BIPHIBA, THAMKEILO JIOMEHTHL

BeposTHO, B IEDBEHE COTHE MHINTHOHOB JIOT CYNIECTROBA-
naf Bamelt IaZakTHKE 1 APYTEX ralakTEE MOLIO IpORIQHTH
B QCHOBHOM HAKONICHWe B HPHPOfE DIOMEETOB, (0lee THMe-
JBIX, 9eM BOROPOX H renumil. HocMmgeckas cpefa CTaHOBRRACH
co BpeMeHeM Bce Gonee m Golee GOraToil TaKEMHU dIeMEETaMT,
KaK Yriepof, KECIOpof, a3oT u T. A. HamoMuaM, 4ro mepsmu-
noe semecTeo Bcenernoit, #3 KoToporo GopMEpOBANEKCH, Uep-
BbI€ 3BE3[BL, cofepxano sogopon (70—75% mo macce), remumit
(25—30%) = mEwrommsie (10°%) mpumecw nefitepms, ma-
TEA ¥ APYTEX JIETKEX 3JeMeHTOB. UTO Ke KacaeTeg 3Be3n

NMACTTONUINTTIIY TN AT
[aa ™ Kaindns e o )

b ITrOUVATTEITZYAY 1roamamnsr
el P WY AL

-

HOXOICHEM, TGO HOXOOEMM MaTCRHAIOM A BX
00pa3oBaHMA CIYKHT Cpema, 3Hasurensso, xo 1—2%, ofera-
INEHBAasd YIiAepoiOoM H RPYTHMHE TAKENBIMH 3IeMEHTaMR®, BhI-
OpOINeHHBIMHA B30PBABIIEMECH 3BE3NAME NEPBOIC NOKOICHHH.
Poxs atolt mpuMecH s Xpomecca 3Be3R000pA30BAEAA X BBO-
JTIOUAY 3Be3N], Bo3HEKHOBEHEA CoIHNA, IIAHET, 3aPOMKEOHEA
"KA3EA Ha 3eMie, 09eBh BAKHA.

la3, ocrasmuiica mocie o6pasoBaEHA DepBEIX 3Be3N, oce-
NaaX K NesTpy cucTeMbl Ecam mpororallaKktEka obxapana 3Ha-
WITEIbHBIM MOMEHTOM BPAIOEENs, TO OCEJAHZe ra3a K IMeHTPY
CMEHANOCH ero HAKOMJAeHWeM B MERTPANLHOM NIOCKOCTH Ia-
JAKTUKE, KOIfa MeHTPO0eKEAA CIIIa OKA3EBAIACH CPARHAMOLL
¢ rpapuTanEoEHOH. Tax gopMupoBaTach, HO-BUTAMOMY, ILIO-
cKaf nomcHcrema Hameill [amartnru,

Janpreiimee 3re3q000pa3oBaHze MOIJIO HPOACXOXATS TOMb-

KO B NEHTPANBHHYX ofnactax [alaxTEKE u B ee IIOCKOCTX,
[0 HMEJTHCH 3HAYATEILEBIE MACCH Ia3a, 0GOTAIIEIHOr0 TH-
siegpiMA daeMentamMu. OHO HpofoMHaeTcad M B CORPEMEHNYIo
3L0XY B CIHPATLHHX PYKapax IanaKTWKd, rje, COMTACHO HA-
6IIOeHRAM, COCPENOTOYCHBl caMble MOJONkle W fpKie 3Bea-
Abl, 3aMedYaTenpbREo, 9TO POYKAeHHE 3Be3/| HOBEIX IOKOJeHRAH
OpOMCXONUT Kak 6H HA HAMMX Iia3ax ¥ OOTOMY B OTIWYIE
‘0T mpobieM, KoTopsle ME 0GCYIAlH paHee, 30ech BO3MOMKHO
gpAMoe HAGMIOIATeIbHOe H3YyYeHIe KOCMOTOHEYECKOro Hpo-
necca.

" Hymso, ogHaxo, cpasy cKasarh, 4T0 TPAJANEOHHLIE OIITE~
geckze nalllofieHusd, T. €. HaGMONeHdd B BANUMOM CBETe C
IMOMOIOBI0 ONTHYECKAX TEHSCKOIOB, CUIBLHO 3ATPYLHAIOTCS

TeM 06CTOATENBCTBOM, ITO MEl CAMU HAXOXUMCH B pucke ['a-
b33 )



JMAKTHKA ¥ CMOTPEM HA Hero m3pyTtpu. lIpucyrcreme B gucke
A B TOM 9HACJIE BOKPYT HAC 00;1aKOB 1asa U KOCMUYECKOH ITHIA
MemiaeT HaOJIONeHUAM B HANpaBleHMH TUToCcKOCcTH l'alakTa-
KH: Ha JydYe 3PeHHA OKA3BIBAETCA CIUMIKOM MHOLO TAKHEX 00-
JAKOB M OHE 3aCJAOHAIT OT HAC TO, YTO IIPOECXOAUT HA Boro-
mux paccTogHEAX. Jluns B 6amakoit obracTm ¢ pajgmEycoM
upaGausuTensHo 2 Kuc, 1. e. 6-10*' cM, HaGmoneruda nucka
TayakTUKE B OOTHYECKOM AHAamazoHe enie BoaMokasi, Ho gma-
Metp aumcka — 30 xme, T. e, 10°* ¢M, wro B nBaguaTs pas
Ooannie,

Tonmuaa cnosa rasa u ustau cocrasager 300 ue, 1. e. oKo-
no 10" cm. Hotomy-To onrmueckue HAGNIOIEHHA HE BIOJS,
a molepeK IJIOCKOCTH JACKA MU BO BCAKOM ciay4ae moa GoJb-
MIHMA YIVIAaME K HeH OKAa3blBAOTCA BOOGLIe BO3ZMOMKHBIMUE;
u3NIyYeHne, IPUXOJAMIee K HAM II0 3TUM HANPABIGHUAM, HO-
MIOIMAeTCA, K CYACTHIO, He3HATATEILHO.

Fopasgo Oonee »PPerTEBEHHIMU CpeCTBAME W3YYCHMHA
nacka Manartmrm obGaamaeT paguoactpoHoMus. PajgmoBoimbi
CAHTHMETPOBOTO M MHJLIAMETPOBOTO [UAIA30HOB CBOGOHO
PacOPOCTPAHAIOTCA B JHCKE, MPAKTHYECKH HE IIOTIAOMAACH B
obnarkax raza @ e, Ocofoe 3HAYEHEE WMEIOT PATUOACTPO-
HoMmEueCKEe HabaOnenud Ha HamHe BoldHH 21 cM. B 40-e rogst
Bag ge Xwoacr 7 M. C. llIrnosckuii o6parmi® BHAMAHHES HA
TO, 4T0 HeHTpaNLHBI® aToMH BOjopona B naddysHOH cpene
necka [anakTEKE [OMKHEB W3ay4aTh pagmosonsy 21 cwm.
970 M3TyUeHHE CBA3AHO ¢ IEPEXOJAMHU IJEKTPOHA B ATOMO BO-
AOPGAA C OJHOTO IHEPreéTuYecKOro YpoBHA HA APYroi BOIM3N
.0CHOBHOT0, HEBO30YKIEHHOTO COCTOAHAA aToMa. JTH YpPOBHA
OY0HE '6IN3KYA PYT K HPYry A PAa3jAUdalOTCA TOJLKO B3AMMHOK
opmenTanmed CIHEHOB, T. €. COOCTBEHHBIX BPAI{ATENILHRIX MO-
MOHTOB $7[pa A 3JIEKTPOHA: - HA YPOBHe ¢ 0ojee BHICOKOH ImOP-
rEe# crmHBI MApAJIeNLHSI, HA YPORHE MEHBIIeH JHeprad oHH
amTHHAPAJINeabHel. 1l0 MATEHCHBHOCTH H3NIYYeHAA HA ITOi
ONuAe BOJHLI MOKHO CYAUTh 0 KOHIOHTPANMH H TEeMIepATy-
pe He#rparsHOoro pogopona. B 1951 r. pagmonmanysernme droik
OPAPONH! OELIO NeACTBATONLHO 3aPETHCTPHPORAHO,

JlansEefimine HCCIETOB&HEA MOKAZAIW, ITO HOHTpPAALHBIH
BOZOPOH; ‘PACOpEeerR’ BHIOTE g0 paccToAnw# B 20 Kamc oOT
mouTpa Tamaxkraka. TeMneparypa Mem3BesgHoro aToMapHOTo
HoATPATEHOTO BoOAopona cocTamiadaeT okroio 100 xemsmumos.
Cpenpsa KOBNEHTPANEA B MHCKe OIIM3KA K OMHOMY aTOMY BO-
AOpOna B KyOHIeCKOM OQHTHMeETPe, UTO COOTBOTCTBYOT -NAOT-
mocta 107%* r/cM®, cpasmmmoit co cpejgmed miaoTmOCTEIO T'a-
AAKTHHKH ‘B 1OJ0M: TONMEAA CIOA HEHTPANHLHOTO BOROPONAR
okono 200300 nc; 3mavaroabHaAs FacTH HORTPAISHOTO-RONO-
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PO/ CKOHUEUTPHPOBANA B CIHPATHHKX PYKABAX PymagTuru,
JIMerHO HO pacHpefiClenmio HedTpazsHOro BOXOPOIA, A3TY-
wapomero Ha BoxHe 21 cM, m CYAAT B mepByio o4epesn o CId-
PANBHOI CTPYKTYpe I‘anahmhu

Ouens BaxHO, 9T0 B muddysHoit cpene IamarTExE mpa-
CYTCTBYIOT MOJEKYJBI, Tak:Ke OPOABIAIIGNE ce0a H3nydeHueM
B paguoaranasone. Ha sonae 18 c¢Mm cBeTHT MoneKysa rmppo-
remna OH; manygerme Me;x3pe3nHOr0 rugpoxcmia GelIo mpe[-
ckazaro V. C. IlrnoeckaM B 1949 r. m oOnHapy:xeno HabIO-
nareasro B 1963 r. NMarercmBHOCTE 3TOrO M3NydeHOA IO HA-
IPABICHNIO N3 HeHTpa [alaKTEKY OKA3alach JOBOJLHO 3HA-
apTennBoii. Ilosaree 0u110 00HAPYIKEHO eIne OKOJ0 HOJIYCOTHH
pasn@uHsIX Moaeryda — Boasl H.0, Bomopona H,, oxmen yrie-
pora CO m mp. [loBoapHO HEORKMAAHHHM OBII0 OGHADY:KEHE®
TARKX CJOKHBIX MHOTOATOMHBIX MOJEKYJ, KAk, HAUpaMmep,
aradon C,H,OH. Cumcox MoNeKyJ, oTKDHITBIX B MeX3Be3J-
HOIf cpee, UONOJHAETCA KaMIHG roj.

PacupeneneHue MOJIEKY]d, WA, BepHee, OGIAKOB Cpepsi,
GoraThix ‘MOJIEKYJIaM¥u, He IOBTOPAET paclpefielieHne aToMap-
HOTO HeATpaapHOro Bomopoda B nucre Nanaxtarm. MomgeRyist
OKHACH. YIJIEpONA COCPENOTOYeHBl TIHARHEIM 006pa3zoM - B mpe-.
felax KoAbl[d BOKPYD HEeHTpa ['alaKTuKe, BHEIOHAA Ipagana
KoToporo mpabammaercs K opbure ComEua (ee paguyc oxeiuo.
10 ®nc), a BHYTpEeHHAA I'PAHMLA MMeeT PAJAYC OKONO 3 KiC.
HamGoapluag MIOTHOCTH MONEKYd HAGMIONAETCS MEXKAY pa-
AAYOaMA NPHOIW3ATENBHO 4 W 7 KUOC, IEe TOMIIUHA KOJBHA
cocramiger 100 me, 9To0 BABOE-BTPOE MEHLINE TOMINUHEL CNOA
HeHTPaIbHOIO BOHOPOA.

TeMpepaTypa cpefsl B o6JIACTAX, IJie HAOMIOTAIOTCA OKACH
yoiepoa @ Apyrue MONEKYJdHl, COCTABIAGT UPUOIH3ATORLHO
10 xenspumuor. lIpm cTomp HUBKEX TeMreparypax CTOJKHOBE-
HAA: MOT'YT BO30YMIATh TOJNBKO CAMBIE HE3KOHEPTHYREI® CO-
CTOAHUA MeIeKyld. B MolleKyle OKWCH yIIepoda 9TH COCTOHA-
HAA - CBA3AHH C 66 BDAIEHAdM BOKPYr COOCTBeHHOR OCH.
CronxmoBenaa IpE YKAasagEHON TeMmepaType cOOCOGHM NpH-
BOCTH K IOABNOHHMI0 BpameHma (caMoro - ciadoro ®3z paspe-
DIeHHBIX, WIA 9TOH MOJIEKYALl SAKOHAMH KBAHTOBOH MOXAHW-
KH),.a 0CTAaHOBKA, NPOKPAINCHNE BPAINGHHA COIPOBOMKZAOTCH
H3JIy9eHAEM KBAHTA IEKTPOMATHHATHBIX BOJH, COOTBOTCTBYIO-
mere- numse -soamst 2,6 MM, Maryuenme Memaneannot OKMCH
yriepoka Osiio Buepssie oTkpeiTo B.1970 r. A.-Ifenawacom n
P. Buncorom : (KoTopse HATHI0 TOJaMH DAHLIIe OTKDPRUIN Be-
JTHAKTOBOE nanyqenne) B HX COTPY/IHEKAMH,

CRaMBIo. PACHPOCTPAHOHARIO. MONTOKYAN B qucke [asawra-
K — MoqieRy:ibl -Bogepona Hi Monexynapusik Bogopon =

113



MeRaBeafBEoiE cpefe ORI OTKPMT IO €r0 YIBTPAPAOIeTORMIM
NAEAAM V3NVYCHHS ¥ NOIIOIReHES. JTO CTAJO BO3MOKHEM
meamge B 70-6 TonbL, KOLKA MOXYYHIA PazBHTHe BEHeaTMocdep-
HAag acTpoRoMusA. (YIbTpadroleroBoe MALYUeHEe. HeGeCHEIX
Tel, Kpome CoIEma, morxolmaeres aeMHo# aTMocgepoir.). Hon-
Hag Macca MOZRGKYIHDPHOro BOJOpona Onu3ka, BEPORTHO, K IOI-
HOM, Macce aTOMapHOro Bojgepoja B NACKe [ anakrmum, 91y
OBeIKY NOIYIAWT Ha OCHOBARUE CBEJCHHMA 00 0THOCHTEABLHOM

Pac. 35. Pacnmpepent-
HHe  MOJeXYJIZPHOLO
(1) m aremapmero (2)
pojopofa B jucke [a-
JAKTAKK.

Rowirermpanus, om~7
&
o

F 77 77
Fagcmosyue om LEwmpa, Xe

COFeP/RAHUE MOJEKYRAPHOrO ROMAOPORA K OKHCH YIJKePOHA
B OIM3KEX MOJIEKYIIPHEIX 00JIaKaX, B KOTOPHIX YIA0TCH He3a-
BHECEMO ONpegeNuTh HOTHOe THCIO MOIeKYN 060EX BUROB (HAIA
3TOT0 MCHOXB3YIOTCK NaHHEbIE PaEoraOnonenui u faxasie a0~
JIONeREE B PEHTTEHOBCKOR W YABTPADUONETOBOH YACTAX CHEKT-
pa ¢ 60pTa KOCMUZeCKIX anBapatoB); B TAKMX 06IaKAX MOJEKYN
BOTOPOia OKA3KIBAETCH NPUOIUIATONRHO B HECATDH ThICAT pas
GonpOIe, YeM MONEKYN OKBCH Yriaepoxa. HemocpegcTReHHEIE
HaOIIOZeHEA MONEKYJIZPHOr0o BOJOPONA 3ATPYHHHATONBELI HA
GQABIMAX PACCTOAHUAX, HO, KAK DOJIAralT, YKa3aHHOE OTHO-
INCHAE ABNAETCA THIWYHNM IXR MOJEKYJIAPHBIX 00JaKoB ra-
JNaKTRUecKoro nucka. Ecam Tak, To MOMEKyJAPHHIA BOZOPON,
KaK. @I OKHCh YIIepoLa, COCPENOTQUeH HPCUMYIIECTBCHHO B
KOJbOe MOJeKynapHsIXx ob6xakxos; ero ofmee pacmpejesenme
COBCEM HHOE, 4eM paclpejesciiie aTOMAPHOTO BOKOPOHR. JTO
pasjamune WLIOCTPEPYeT puc. 39.

Ilponexomaenne mMolexy’a, ocobenBmo MHOTOATOMHEELX, 06A-
3aHO, MO-BUAUMOMY, (PHBUKO-XENBYECKUM NPOIeccaM, B KOTO-
PBHIX AKTEBHAA PONb OPHEAJIEKAT KocuBdeckod melam., Hoc-
MPYeCKEe OBIJEHKE — 3TO MeJbyalimizme TBepAble YaCTHUIEL,
IpeNMYMeLTBeHHO YINepo/iaEble NIE ¢ NPUMECHIO IIba C pa3-
MepaMp - 1074—10~° cm. OBm cuoocofnst 3QdexTHBEO. HOIIO-
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IMAaTh BHAAMEIA CRET, H [MIABHBIM 0ODA3OM H3-3A HUX BaTPYI-

NOHBI, KAK MBI I'OBOPDHJH, -OUTHYESCKHE iHaﬁJIIOJIeHHH B HHCHe
anaggggg Ha JOJI0 UEIIA HPEXOEUTCA OKOJIO ONEOLO IIpO-

r A m e A SPivama  an ps S AL R e e S P A S AN VAL,

ImeHTa MaCChl Me;K3Be3FHOU cpebL. ATOMH, H&T&JIR—HB&IO}I_LHGCH
HA KAKYO-TEGO NEUTEHKY HAPDA OX CAYIAMHBIX OAYMIAHAAX,
HPUXAIAIOT K €6 HOBEPXHOCTH U IMONYYAIOT BO3MOMKHOCTH XHA-
MAYECKU B3aAMOMEMCTBOBATL MEXIY co00H # 00BeTuBEATHCA
B MOIEKYJH. YCJOBHA HA NOBEPXHOCTH IBIIMHKE REHCTBU-
TEJdbHO OIATONPHATHE AJIA 9TOT0: KOHLEHTPAIZS ATOMOB OKa-
8HIBAETCH BAECHh ropasjo BHINE, YeM B CpPefHEM B MEJK3Re3fi-
HOM cpefe, @ K TOMY Ke Y ATOMOB B UX «CIIOKOHHOM» COCTOA-
HEA OKashIBaeTCs HOCTATOYHO BPEMeHH [ 3aBepHIenHsd
XAMAYECKHEX HpoUeccoB. B pTHX XmMMAUeCKEX IpERpaIneHAAX
IIOBGPXHOCTH NEUIMHEA ATPAET POJdb M KOJOHI H KAaTaXM3aTO-
pa. TagoM myTeM B Me’K3Be3NHO# cpelie CIOCOOHLI 00pa3eBHI-
BAThCS OUGHb CIQKHEIE OPTAHAYECKHE MOJOKYIEI, HaLpuMep,
AMBHOKHCIOTHL *).

Cama ke UBIIEEKA UUPd.dlele., HO-BUTUMOMY, B IIPOTH-
JREHHBIX ATMOCQEPAX XONOJHBIX 3BE3[ — KPACHBHIX THI2HTOB,
GOTaTHIX THAKENBIME 3IEeMEHTAMH, IPeKAE BCELO YILOPOTOM.
Ilpuw mcTewenmmm BemecTsa H3 amombep 3TAX 3RE3X H ero
PpaccesHE B HPOCTPAHCTBC KOCMAYECKAe UHIIAHKA IepemMe-
HARATCA ¢ Ta3000pa3HBIM BOIIECTBOM MEIKIBE3AHOU -CPEHI.

IIpocrtpancrTeeHnas IIOTHOCTH Tago~IBIIEBOH Cpenel Me-
HAETCA ©o0Jlee MM MeHee DPEryisipHO JMOb B COMBIAX MAaC-
mTabax, CPABEUMBIX C PasMepaMH BCEro rajJaKTHIeCKOro JH-
oka. Taxkoe KpymEOoMAacmTabHOE pacTpexnenelne I BOAOPOAA
HOKA3aHO HA PHAC. 3D; KOCMEYECKAA HEIIb, B COOTBETCTBHE
CO CKA3AHEBIM BEINIE, ACCOMUAPYETCA ¢ MONEKYJAMN ¥ HOTOMY
mopTopAeT WX pacmpenenerme. B meumimdax Ke Macmrafax
pacupefefieAde ra3a ¥ ObLUMA WPaHHe HEPerylsipHO B KIod-
KOBATO, 06JJACTH NOBBHICHEOH KOOUASHTPAUEA TepeMeIRawTCh
BOYTH OYCTHRIMEA 00beMamMpm WU o0BeMaMn, 3aN0THeHHHIME
ropuaEM (¥ MIIIEOHA LPAfyCen) W O9eHbh BAsPe/KeHNMM
razeM. COpINOHAA, 00JNaKa, HMGIOT MIOTHOCTH, pas B 10 mpe-
BHIMIB QLY -CPENHIOO IWBTHOCTD CPeNst. B TAIFRIHOM ebnaxe
pasmepoM B 40 wure 50 mc COMOPIKHTCA MAcCR MO ¢TA THIOAT
MEN e MIGUIROHA COJHEUHBIX mace. (O6mee wACIO TarmX
obutaxes —9—40 reicAT.

Vonans xaoTAYIeCKH HePOMENIAdTes B WPOCTPAHCTBE € KO-
BOJBHO GOILHIEMHA UKOPOCTAMH, [HocTaramnmmm 6—8 rm/c.
Hpose Tor6, 0HA, KOHEUHO, YyIACTBYIOT BMecTe ¢ AHoKoM [a-

*) BapofATHA, TAX0e NpPOUCXOMENeHEE ‘BMOIOT OPraEIYeCEEe COONH-
HeHEA, (OEAPYRBBREMBie B 0CBHOM THIE ‘METEOPRTYB — XOEZPATAX,
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NAXTHEKHE B ero ofmeM BpalieHEWH; HAIOMHUM, 9T0 BOJM3R
Conuma nmHeiHAA cKopocTs aroro ppamenma 220—250 km/c,

JMernHO B 3THX CTYMIEHEUAX, CPABEATEILEC XOJOXHBIX H
naoTENX obrakax, mpomcXogar o6pa3oBaEEe 8Be3l B COBpe<
MeHHYIO 310Xy. Ho mpesxie ueM mepedTm X aToMy BOUPOCY,
CHajKeM HEMHOTO 0 HeKOTOPHIX APYTAX CBOMCTBAX Me’K3Be3J-
HOH cpesl, TaK)Ke BAKHEIX JJ14 IHOHAMAHNA MEXaHH3MA 3BP»-
noobpazoBanAA.

Memapesnaang cpena B aucke [aJaKTWKW IIPOHM3AHA Mar-
HATHBIME OONAME. X0TA 00 BX CYMECTBOBAHUM JOTafLIBAMIHACE
y:Ke NAaBHO, mpsAMoe Habmonarexsroe ofHApy:xeEWe A mccie-
JOBaHWE Me;K3Be3[IHHX MATHUTHHIX OoJe#l CTAN0 BO3MOKHEIM
aams B nocaegane 20 ger., MarEuTHEIE DOAA PErACTPAPYIOTCH
o EX:BIHAHA HA CBOHCTBA PAJHOBONH, HCITYCKAEMBIX ATO-
MAMH ¥ MoJeKyjaMmu, HaXofamumuweda B 3Tux nmoaax. IHonsa
BIMAIOT M HA PACHPOCTpAHENEE PANHOBOJH B MeK3Be3NHOM
cpene (ITpm OPOXOKIEHEE 4epe3 HAMATHOYEHHYIO CPegy mpo-
MCXOAHET MOBOPOT ILIOCKOCTH LONAPHASAGAY D€ KTPOMATHATHOM
BOJIHEI) .

MareuTHEe IOJA TPOYHO CBA3AHHI ¢ 06IaKaM\ MerK3Bes]i-
HO# ©pexsl W ABEKYTCA BMecTe ¢ HEMH, O0mee Hanpasierwme
MATHETHHX CHJIOBHX JIHHEZ COBIANAET ¢ HAUPABJIeHEEM BET-
Belt cnmpanpHoi# cTpyKTyps [anzakrukm. Hampamermocts
MATHETEOTO. ToiA B qucKe lanaktErm coctasager 3-10-°%—
10=% aperen, (), 4To B COTHM THICAY pA3 MeHbIIEe HANpPH-
MeFHOCTH MATHETHOTO IIOJA 3eMJIN.

Iepsaie. coobparkennsa o CYMECTBOBAHWM MeK3BE3][HEIX
MATHETHBEIX UoJie# 6BLIM BHICKA3aHH B CBA3M ¢ IpoOaCMOi
yaep:kanua B Lanakraxe kKocMmueckmx aydedt. Hocmmueckue
Xyed—5T0 .3apAAennbie JacTansl (UpoToHsl, Anpa Gonee T~
AENBIX 3JIOMEHTOB, & TAKMKe DIEKTPOHH), NBMAYIMHECH €O
cropocTAMHE, GIM3REME K cropoctm csera *). Omm nposopst
p ['amaKTMKe, K&K IOJIaralT, He MeHee HEeCKOIBKUX MEJIIHO~
HOB JIeT, TOrIA KaK IpHE CBOOOTHOM NpolieTe MOKHHYIZ OLl.ee
3a.07T9: TIcAS JeT. VX ymep:xuzsalor B o0beme anaktarm mar- -
HUTEAE [10JIA, DACTABIAWINAE 3apA:KeHHbIC JACTHIH JBHTATH:
C% :BHOJH MATHATHLIX -CAJOBHX JUAWA 0 COZPATHHEIM, . BAE-
TOBEIM: ; TPAeKTOpEAM. MaramTHOE NOJIe HEMeeT CIOMEYIO
CPPYKTYPY CHJIOBHIX AHHEHN, H KOCMHYECKEM JyIaM UPHXO-
AATed - JONro «HeTiAThY B ob6beMme [anmaxrmkm, npesxge dem
OHH-BHIXOTNAT A3 Hero Bapy:Ky (pmc. 36). dta kaprTERA WoNHO:
CTBIO. ~HOETBEPIKIACTCA COBPOMEHHEIME HAGNIONCHAAME MeKr
3BCBAHHX MATHATHRIX HOJEH..

* 0 KOCMEYECKMX JYY4X MOKHO DPOIRTATL B HAY3IOO DODYIAD-
moit keare B, JI. T'arabypra (1967)
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JBuragce B Me:3Be3gHLIX MATHATHRIX IT0JAX, ObICTPHIO
3JMEKTPOHHE KOCMEYECKAX JTydedl WM3IYydarT pPagHOBOJHEL, KO-
TOphle NedCTBATENHbHO HAOMIONAIOTCA KAK ofImee pafUoOH3ILy-
weHne I'anmarTaxka. Haprmaa Tanakraxa s pagmonydax (mert-
POBOTO MHANA30HA) BKJIIOYAeT B ceGf TPE IMABHHEX CTDPYKTYp-
HBIX 3JeMeHTa — chepmueckoe (mmm, MoKeT OBITH, ClHerxa
VIUTOIDeHHOE) TaJio, THCK
A meHTpaNsHOE AApo. Ilo
CBOEM pazMepaM panHo-
rajo 0 pagEofguEcK Oius-
KA K 3Be3ajHOMY Tajio 7
3Be3XHOMY NICKY; 00-
TACTh ITOBBIMIEHHOTO Pa-
HOH3IYYeHAA B IEHTPE —
AAPO — AMeeT YIUIOIOEeH-
Hy10 opMy, Kar Obvl DOB-
tTopaomyw dopmy ra-
JAKTHYECKOTO [JACKA ¢
paszMepoM (B ITOCKOCTH
ndEcka) oronmo 300 me. Pme. 36. JIBmxerme sapseHHoN
Hpnpona pagHoM3nyve- TaCTANRBl BXON6 MATHUTHOX canopod
HAA H3 rajo @ Axpa Ta CEEAA
JKe, 9TO ¥ U3 JECKa, T.e.
3T0 H3JYYEeHHE JIEKTPOHOR KOCMHUYECKUX JydIedd B MarAmi-
soM moye. OTciofa, B 9aCTHOCTH, CJIEAYeT, YTO MATHHTHO®
oJie — BO3MOKHO, HECRoJIbKo Ooitee cmaboe, aeM B AHECKe,—
nMeeTCA ¥ B rajxo [aIaKTAKA, a B ee ANpe Moje 3HATATEIAbHO
CIUThHEE.

Mesxny TpeMa KOMIIOHEHTAMH MEK8BE3THOH Cpejbl — ra-
30-OBIeBHIMHE OOJIaKaMF, KOCMHYECKAMH Iy9aMy ® MAaradr-
HRIM I0JieM — cymecTsyeT ocoboro poxa paBHorecme: obnas
PHOPTAA KOCMHYECKHX JydYeidl, SHEpPrAgd MATHATHOrO WOJIA H
KEAETHIECKAA DHEPIrud XaoTHIECKHAX JBM/KeHAH 061aKoB npu-
CAm3HTeNIbHO paBHBI MekAy coboil, [lo cmx mop ocraeTca He
BHONHE SICHBIM, KAK 3T0 3HEpPreTHIECKOe DABHOBECH® YCTAHaR-
uBaeTcA W pmogmepskmpaercd. Ho HecoMHEHHO, 9TO MOMKIY
o6naxaMu, mojeM B KOCMEYECKEMHE JyYaMA WUMEeTCHA TOCHAR
B3aMMOCBA3b; TaK, KOCMUYOCKHE JYYA MAOBOIBHO UPOYHO
«OPAKJICCHEI? K CHJIOBHM JHHAAM OOJNA, KOTOPH® ‘B CBOXK
odepegb HPOYHO &UPEBA3AHBI» K ABHKyMHEMCA o0TaKaM.
Y1061 aTa cpA3p AeficTRETONLEO O5lNa 9P PeKTABHOH, A IIan-
H0O, B3AAMHO, 3HEPrdA BCOX TPOX KOMIOOHEHT CPEASl NOMMKAB
6aITH, OYeBHHO, CPABHUME MOMXAY coboil. B pacuere na opunm
KyGH'IGCKHH CagTHMET] oGbeMa 'aIaKTHKKM KasK{gas HB DTHX
omepruil cocrasaaeT B.cpegreM 10" T,
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Henanape mceliegoBanua NOKA3and, ITO CXOKHOE CTPOPHME
AMCIOT H NACCKEE TOACWCTEME NPYTHX TaIakTHK, Goratmx
nepdysaod cpemoll m MonmommMmuE ApPKEME 3Be3gam#. Hampe-
Mep, B Srmcaiimied K HaM THTARTCKOM COMPATBHON I'aJAKTHRe,
TyMansocTn AHmpoMesl, TOMKe PasiEIAT (ollee WIH MeHee
PaBEOMEPEHHA C¢X0#l HeHTpalbHOro BOJOPOAA H KOILLOO Tazo-
DHACBHIX 001aK0B, COTEPKAIAX MEM3BE3NHHO MOJNERYIHL
B 3T0 KoJbI[0 IOTPY;KEHH CaMble APKWe 3Be3Isl TYMAHHOCTH,
obpasyomue ee cumpaxpHH#E y3op. Habmomaerca m  pagmo-
raJg0 3TON raJaKTUKA,

Muoro raza @ OHTE HMeETCA B HETIPABEJBHHX TalaKTH-
KaX, Takmx, KaK Donsmoe Marenranmoso Ofnaro —onmn na
o6berTon IO:mHOrO Heba. Tam ke mabmwaaercs & Goasmioe
JUCI0 0Y4eHL APKUX, 09€Hb MOJOAHIX 3Be3f, 9TO ¢ MOJBOH He-
COMHEHHOCTBI0 YVKa3slgaeT Ha CBA3b 3Be3focOpasoBaHEA ¢
npacyTcTeueM HeoGxommMoro A atoro pmddysHoro, paspe-
JKEHHOT0 MaTepuaa. |

Tonsko B 3XANENTAYECKEX TAJAKTEKAX HE3AMETEH MeK-
3Be3[HAKY ra3 B CKOABKO-HUOYb 3HAYNTEIPHEIX KOJHYIECTBAX.
Ho taMm oTCYTCTBYIOT M MOJIOZBIe 3Be3jbl, a IIPOMECC 3Be3No-
06pa3oBaHAA, MO-BAJUMONMY, HABHO 3ABEPHIEICA. ITH TajJaK-
THKH EMEIOT TONbKO chepHIecKyIo NofcucTeMy (Kak npasuio,
B TOH WIZ EEOH CTeleHHm YNIOIMeHHyo), GAE3Kyl Mo cTpyK-
Type K 3BE3[IHOMY COCTaBY K rajo mamei lamaxkTaxu. Jponio-
ONOHHEEE ITPOHECCH B SANANTAYECKUX TAJAKTUKAX NPOTEKAIOT
09€HEbh MeNJeHHO, OHM ITOYTH 3aMepPIH, XX 3Be3[bl MCHAKITCA
Ha HPOTAKERUA MHANJIHADPHOB JeT, W TOJBKO B CaMbBIX IIEHT-
panBELIX 00XacTAX JTAX TAJAKTAK eIne <IpoHoJKaerca
’KR3EB», HO 34TO B 9THX 0ONACTAX BOSMOMKHB TAKEE MPOABIC-
HEA AKTHEBHOCTH, 10 KOTOPHX OUelb NANEKO CIAPAIbHBIM HIH
HelrpaBMIbHBIM TrajakTukaM (cM. 06 3ToM B rmase mAToi).

MOJIOJBIE 3BE3JIHI

Kaptuma oOpasoraHpa mepsbix 3se3n [ANaKTUKK, KOTO-
PYIO MBI OHMCAJE B HA49aje HTOH fIABH, OCHOBHIBANACH IOYTH
ICKIIYATEISHO HA TeopeTHYeCKHX coobpamkenmax., Yrto me
KAacaeTCA HOBHX HOKoJeHmit 3Be3li, o0pasyomIaxca B COBpe-
‘MEHIYI0 300Xy, TO 3/IeCh BWMEIOTCA IpPAMBIe W OOIIEpHBIE Ha-
OaIoaTeNIbHbIe CReNeHA.

Habmogesus onpefenernHo yKa3slBAIOT HA TO, 4TO CaMEle
MOJIOT[Ele 3Be3Obl HAXOZATCA TaM, e COCPeNoTOYeHBl Goxb-
mue MaceH mud@ysHOro, paspesKeHHOro BemiecTsa. ToABKO
9T0 BOBHAKIIKME 3Be3[bl HAOAIOMAOTCA B QONHIIAX W INIOTHEIX
MONEeKYJIAPHLX obaakax. Habaogalorea game @ npoTo3se3sl,
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HDOTPY:KeHHHeEe B CFyIIeHNUA rasa W OBUIH, B3 KOTOPHX OHE 00-
pazoBanHECh. TaK, AaCTPOHOMBEI IOJAraT, 9YTO JABRO yiRe W3-
BeCTHAA, HO He BIIoJHe 00n3HAA 3Be3fga 1 Teasma m HeKoro-
pele gpyrae nomobHble el 3Be3qsl — 3TO B JAEHCTBHTEIBHOCTH
IpPOTO3BE3/, T. €. IJIOTHRIE CTYMEeHuA, pa3orpeBaeMuie IpHA
CIKATHH 3a CYeT NOTeHUHAJNHbHOH IHEpPrEM TATOTEHHA, a HO
BCJIEJICTBAE ANEPHLIX peaxuuit, CBeTAMOCTH NPOTO3BESN TOITH
TaKadA jKe, KAK y 3Be3]| TOil jKe MAacchl; HO UX pPA3MepHl 3aMeT-
HO BonpIDe H TOTOMY IPOTO3BE3IR, 0CODEHHO AX ITOBEPXHOCT-
HBIE CJOHM, 3aMeTHO XOJIOfiHEee, a X CBEeT KpacHee, UeM y Y:Ke
chopMupopaBmExca 3Be3)]. 3Be3asl Tama T Texapma o6nreHO
HOTPY/KEHs B TEMNLIe TYMAaHHOCTH.

YmeuTeNLHOE UPOABJEHME  IIPOTO3BE3d — KOCMUYeCKHe
Ma3epsl. Y CTpoiicTBa, H3oOpeTeHHbE M HOCTpoeHHLEe PHIUKA-
MH ¢ HEeMAJBIME VCHIAAMHA, NeHACTBYIOT, OKABHIBAETCH, CAMH
coboit B KocMmuecKoii cpege. Hak umssectmo, mMasepusiin adg-
eKT Bo3HUKAET TOrJa, KOTJA cpeja, B KOTOPOH pacmpocTpa-
HACTCA H3AyYeHHE OT KaKoro-Iu60 HCTOYHWEKA, HAXOMMTCH,
TaK CKa3aTh, B AKTUBAPOBAHHOM COCTOAHEY, T. €. KOr[a B Hei
AMEeTCHd AHOMAJBHO MHOTO BO3GYHEEHERX aTOMOB HJIH MOJe-
KyJ. AKTHBAamAdA, BJIH, KAK FOBODAT, 9HepreTUdecKaa HAKag-
Ka, Cpembl AOMMHA OCYIIECTBIATHCA KAKAM-TO NPYI@EM, Ho-
cToponHEuM ueTogRuKOM. (DoTOHK ¢ DHEPrHmei, cOOTBETCTBYIO-
el nepexogy ¢ Bo30YKIEHHOTo YPOBHA PHEPrHH aroMa HANH
MOJERYIB HA OCHOBHOM, GYRYyT BH3EIBATH HpU CBOEM pacmpo-
CTpaHeHHEK B TAKOH cpefie HATYyIeHHE HOBHIX (DOTOHOB TOH e
3HepPIUd, BRIHYHJAA aTOMBl B MOJNEKYIsl BO3BPAMIATLCA B He-
BO30OYIKIeHHOe COCTOAHUE, B peaynprate HoTOK OTOHOB JaH-
HO DHEPTEH MOKeT ORA3aThCA, TAKEM o0pasoM, 09eEh CY-
IECTBENHO YCHIEHABIM *).

Takoe HEORHIARHO MHTCHCEBHO® H3NYICHAE H3 MONEKY-
napuslx ofraxos B Boaemmo#t Tymammocrm Opmons u 68110
obrapymeno B 1965 r. B paguoacTpoHOMAYECKAX HabMOmend-
Ax Ha jAnnHe BOAHE 18 ¢M, COOTBETCTBYIOHIEH NHEepexXOomy ¢
B030YRIEHHOF0 HA OCHOBHOU YpOBEHb PHEPTHH B yiEe YHOG-
MoHasmeitca moxeKkyxe ruppokcmya. [lo upgee, BbHICKazaHHOM
. C. HgaoBckaM, 370 H3NYICHAS 00A3aHG Ma3epHOMY Mexa-
HA3MY, AeHfcTBYONEMy B DIOTHHX 06iaKax, HPEBPAINAIOMHX-
cA B HPOTO3Be3[sl, NJIM B NOBEPXHOCTHBIX CIOAX NPOTO3IBEBA,
Ha6amoncana HoKa3aNa, 9T0 HaLydeHue HPAXOTAT U3 JOBOJb-
HO IIOTHHIX YYACTKOB Cpeisl, Ifié KORNPHTPAIEA dHaCTHLU,
TJaBELIM  08pasoM, NO-RBEFAMOMY, MOIERYJ — cocTaBliger

*) HamoMeumM, 910 CJIOBO «Mazep» — 01 «microwave amplification
hy stimulated emission of radiation», T. e. €MEKPOBOXHOBOC yCHACHH®
CTEMyIEPOBAHELIM BCAYCKAHAEM HM3NyIeHHAr,
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10°—~10° ma xy6mueckumii camtmMerp. PasMepEl H3anyvalommx

o6nacreit — oKOsI0 ONHOE coToil napceka. Temmeparypa me-
mpr"r'nn mmnvmapw‘_q HnHﬁHHQHTPHLHO B TBI{‘FI"‘I‘V KenhRUHOR

A DA P =rs=a= S AN —_—=tAAL AT A ! A A W Ay

BepOHTHO, EMEEHO TAKEME H JOJNKHH OBITH yCIOBEA B 060-
N0YKe OPOTO3BE3NEL *).

Boopoc 06 mCTOYHEKe SHEPreTEYeCKOR HAaKAIKHE, HeohXxo-
IEMOH IIA YCUICHHA HM3IYICHHA, 0CTAECTCA HOKA OTKPHITHIM
(Bo3MOXEO, 0OHa o0ecnegmBaeTCA MNOCTATOIHO MOIIEHM HH-
@paKpaCERIM M3IYIeEHeM HArpeToil nblNA BMIE CaMO# mpoTo-
3Be3NH); HO B IONb3Yy rAOOTE3H 000I09eK DPOTO3BE3]] KaK
cpems A MasepHOro B5¢derTa caymET TOT PaKT, 9TO B
GoJBIMUX MOJEKYIAPHEIX 00NaKaX, rue BaOMIOmaTCA Masep-
HHe HCTOYHEKH, BCEra EMEIOTCHA TOIBKO dT0 00pa3oBaBHIHE-
cA MONOMBIe, APKEE 3BE3Bl — BEPHLIE YHKa3ATENsH DPOMOJIKA-
101erocA mpoIecca 38e31000pa30BaENA.

Ilpespamersue DpoTO3BE3THI B 3BE3AY COOPOBOIKIACTCA
CYMECTBeHHHME H3MeHeEHMAME B OKpY:Kaloue# ee cpepe.

rTAAATATE Fal oY TFYY YIF} YT A TTYe

JTO CBA3AEO opespe BCEro ¢ BIAHAHHEM Ha Cpeny HIIY4E€HBA
3BE3Mbl, KOTOPOE CTAHOBATCA 0Ooleeé KOPOTHKOBOIHOBEIM.
Ilo mepe nporpesa NoBepXHOCTH 3BE3JBI IBET HCIYCKAEMOTO
€10 MATYydeHHA MEHAETCA 0T KPACHOr0 K roxybomy **); B ms-
Jdyd9eHNE NOABIAITCA B (OTOEHN yInpTpadHONETOBO# TacTH
COeKTpa. OTH «ropAdZey (POTOERL PAa3pPYMAOT MOIEKYIH,
yIsTpadBoIeTOBOE H3NYyIeHNEe 3aCTABAACT MOJEKYIEI BOTOPO-
Jla JECCONEEPOBATH HAa ATOMBL. 3aTeM, IPE NOABICEHA B W3-
JYyYeENH 3Be3Nsl eme §oree KOPOTKOBOIHOBEIX (POTOROB, IpPO-
UCXOMHT TACCOMHAANEA ATOMOB BOAOPOZIa HA ONPOTOHH H DJIEKT-
POHEI, B Ta3 CTAHOBHTCHA WOHU30BAHHEIM.

Worm3oBaaEkil Boopoy o0pasyeT BOKpYr 3seaunt cdhepH:-
yeckHi cI0#, HaspiBaeMuil B acTpoEoMzE 30H0H H 1I. ®oTo-
HH NPOU3BOAAT HE Pa30rPeB - HOEM30B3HHOTO Trasa, OTXaBafg
CBOIO DHEPIrHIO SIEKTPOHAM ¥ OPOTOHAM, TAK 9T0 TeMIepaTrypa
ra3a B 30Ee H II nocruraer necATm ThicAd rpagycoB. Tak Kak
ras 3fecr ropa3go ropsadee, 9eM B OKpy:KalomieMm 3Ty 30HY 00-
narxe (rme remneparypa He seime 10—100 xenrpmBOB), TO U
flaBlleENe B 30B¢ MOBW30BAHHOTO BOZODONa Gonxpmie, IeM CHa-
pyRE. ITO CO37AET CHIY, KOTOpaA 3aCTABIAET LOPAIYI0 30HY
pacmupPATHECA, IOK3a [aBJeHHe BEYTPH HeEe HE CPABHEAECTCA C
BHEIIHEM [aBICHHEM,

*) Hocae xKocMEYeCKEX MAa3epOB HA IBAPOKCENE OHIIA OTKPHITH
H Ma3epH Ea BONAHHIX- Napax, ®8NyYamme pagmoBolny 1,35 cm. Us-
T€HCHBHOCTh «BOJNAHEIXH MA3ePOB OKABANACH NAa’Ke eIe BHIIIE.
- **) HenesHniik CTep:KeHb, HaTDEBAEMHE HAa OrHE, TOHE CTANOBRT-
€A CHAUANA KPacBhIM, & NP JanbHeHIEeM NOBHIIEBAR TEMUEPATYDH
nexopaT «ao Gerore KareEBA» W CTAHOBHETCA rolyOHM,
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3orer [ 1] nanyuaior BuARMEIE CBET B DOTOMY YKe JABHO
A3BECTHH acTpoEoMaM. HamestHO YCTaHOBIEeHa W EX CBA3bL C
MOJIOnNbIME 3Beamamu. [Ipm sTOM wame BCero BEYTpPE Kamoi
TaKOi SOHEI UMEETCA He OJHA, & HeCKOJIBKO MOJONKX TOPAYUX
ape3q. JT0 MACCUBHEE W ApKue 3pe3abl. OHm mpEHAzdeKaT
r ®naccaM O m B mo coexTpanpbEOE RiIaccHPEKANAN, B KOTO-
poil BCe 3BESTH, B 38BHCHMOCTH OT MX IBETA HeNATCA Iia

0 - :
9 rraccos, obospaqaemnx Gyxsamu O, B, A, F, G, K, M, R, N

B DOpAMKe H3MEHEEHMA NBETA OT Toaydoro K KpacEomy. (Comnm-
e NOPHHANICIKET K NPOMEKYTOTHOMY, cpeqaaEoMY Kiaccy G;
Oa CPeNHIO 3eIIeHOBATO-3KEITYIO 9acTh COJMHEYHOTO CHEKTpA
OPUXOUTCH MAKCUMYM YYBCTBUTEABRHOCTH rnaza.) Ilo Bcem
NPU3HAKAM, IO KOTOPSIM CYAAT O BO3pacTe 3Be3j, 3BE3[sl
knaccoB O 1 B — 310 caMple Moaojsie 38e3ab B I'anakruke *).

SaMezaTensuafd ocobeHHOCTL 38e37% KraccoB O m B co-
CTOMT B TOM, 4TO OHE B OOJBIIMHCTBe CBOEM O00BEIEHAIOTCA
B IPYOOBl, HACYATHIBAIOUIHEC /[0 HECKOJBKEX COTEH 3Be3].
Takme rpyonsr Bassisaor OB-acconmanmmamum. Haw smep-
Beie 3ameTHa B. A. AmGapumyMsB, 3T0 0OGCTOATEILCTBO YXa-
3BIBAET HA TO, 9YTO 3Be3dsl 00pasyloTca HE mOONUHOYKE,
a KOJUIeKTHBEO, rpynmaMu. Boxee roro, coriracso HOBeHmuM
MaHHBIM, MOIO[EIE 3BE3JIH MPAKTEYECKH BCETHA COCTaBIAIOT
IPpYOOUPOBKA TOTO HIM HEOro pona. HauwbGoree KpymmbLe
M3 HEUX — FEraHTCKHe 3Be3NHELIe KOMILTEKCH, O0HApyrKeHHBbIE
1). H. Eppemosnim. Iloutm Bce u3secTHEe B ['amakruie
OB-acconranuy ABIAKTCA YaCTAME 3BE3JHMX KOMILICKCOB
HJIH OYeHEb MOIONBIX 3Be3BHX CKOINIEHEHHA, KOTOpHIE TOMKe,
KaK NOPaBEIO, BXOXAT B 3Be3AHEIe KOMIUIEKCH. TRORYHLIA
BO3PACT 3BE3] B 3BE3JHBIX KOMIUIeKCax Be npeskimaer 50 mm-
JHOEOB JIeT.

3Be3NEbie KOMIJIEKCH, HECOMHEHEO, 00paaywTcs B 0O0IL-
M¥X MOJEKYINAPHBIX 06JaKaX — CAMEIX KDPYOHRIX CTYIMeHmsX
rasa ¥ OHJW. BAayTpe Emx HaGIIOZAIOTCA ¥ MOIEKYJIAPEBIE
Masepsl-nporosse3an], ® OB-acconmanmmm, u 3somm H II.
Ilpy 3TOM WHOrAA YHaeTCA HPOCIERHTH HIOCHE[OBATENBHOCTH
cOObITRI, PA3BUBAIIINXCA B MONCGKYIADHOM obnaxe ® cBf-
snBaoImmEx nporoasesasl, OB-acconuanuz u sors H 11 8 exu-
HYIO 9B0JII0IIOBEHEYI0 11eNb,

Hanboree smauuTenbEOE OTKPHITHE B 3TOH obmacTm cre-
NaHO HEeCKOIbKo uner Hazan A. Bnaay (Tomnammmsa). Or yera-
goBui, 4To OB-acconuand®. COCTOAT B3 NOATPYNN, BACTHUTEHI-
pajomux xaxkaasa or 5 mo 20 3sesn, OpHYeM TH DOATPYDUH

*) Togpofmee 0 mBeTe W CMEKTpaxX 3Be3f, O CBA3R BX MACCH, CBé-
TAMOCTY ¥ BO3DacTa ¢ NBeTOM CM, REmry B. A, BopoRnopa-Bexbsmn-
mopa (1980}, .
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hacnomaraiorca B oGbeMe acCONMANUy OO0 BO3PACTY: HOATPYyN-
0a CaAaMBIX MOIONBIX YINEHOB AaCCONHALYXN JEeKUT HA OFZHOM
Kpaio acCOMMAIU?, TOTa KaK CaMbBle CTapHe ee WIEHHBL CO-
CTABAAIOT DOATPYNOY, JeXKAaMYI0 Ha OPOTHBONOI0KEOM KPaIo
accomumamun, TaKadg BO3pacTHadA NOCIEROBATENLEOCTh B
MeCTONOJOMEe BN DONrpynnx O3HAYaeT, 4T0 3Be3K000pa3ona-
HUe, MOPOAUBIIEe ACCONEANEI0, MPOTEKANO IOCHEHOBATEINb-

TYYITNACTY TIATTIETITTEIAAN TTMIATTOAY DBANTTIAITITANOYIIEN n-rrnrn'rr oDAYTLYTIITIrTY
D1 IVL KL Duuml.unauuu, ApEaviYl puJnHRnDuULVRAT Udglluid Dulibiiiiiuia

MHEUOAYPOBANO XPYryK BCOBMKY B cocegreil oGmxactm. Ilo 06-
JaKy PpacopoCcTpaHANACh KAaK OB BOIHaA 3Be3x000pa30Banyd,
dopMUpoOBaBNIaA 3Be3NHl CHAYaja HAa OHOM €r0 Kpai, a 3a-
TEM NePEeMeIaBagcA K NPOTHBOMON0KEOMY Kpalo.

b. Qaurpne n Y. Jlaga mamam npocroit w yOenuTeabEEIR
KOCMOTOHMYECKUH MeXaEWM3M, CHOOCOOHEIE npmsecTH K oOHa-
pysxensomy bnraay ssmermio., OBm Hcxogumm H3 TOro, 4T0
061acTh HOHU30BAHHOrO ¥ ropsadero somopoxa, oomacrs H I,
BO3HUKAIOMAA BOKPYT HOBOPOKIEHEBOH 3Be3fqsl kracca O mau
B, pacmupsaeTcs W TOAKaeT mnepen co0oll OKpy:Kaloldid ee
xoxonuux ras. CKopocTH, coo0maemere TaKEM 00pa3oM XOI0/-
HOMY rasy, cocrasuaor 5 wim naxe 10 ®M/c, uro Gomnme
CKOPOCTH 3BYKa B 3TOM raze (DOCAeZHAA He NPEBHIDAET Of-
BOro KEIOoMeTpa B cekyHAy). IlosroMy B xomogEOM MONEKy-
ISPHOM raze BO3HWKAeT yJRapHaA BOIEHA, KOTopas QOpMEUpY-
eT 3a CBOEM (PPOHTOM CIOP C3KATOro M pa3orperoro rasa.
MocTenermoe oxIa)feEne ra3a u3-3a HILYICEAA BegeT K ero
nafpHeldmeMy YHIOTHEEWIO, H 4Yepe3 NEeCKOJIbK0 MIJIHOHOB
JeT TemMmeparypa H JAaBIeHHE B HeM YOARYT HACTOIBKO
(a mIOTHOCTE HACTONBKO BO3PACTET), YTO CTAHET BO3ZMOMKEA
FPABATANYORHAA KOHTEHCANZA CIOA.

Hak Mb rosopmim B Hadalxe 3T0H IIABH, KOHZEHCAUMA
CONPOBOKAAETCA KacKanHoil ¢dparmenranmeil semecrea. B ye-
NOBHAX Faso-NBUIEBOH CpefRl B MOIEKYAAPHEHX o0jaKax osa
BPOTEKaEeT Be COBCEM TaK, KAK B NEPBEYHOM rade DpoTO-
raganteke. Happumep, 3gech yiKe HEBO3MOMIEC NOANEPRAHEE
TeMOepaTyps Ha YPOBHE AECATH THICAY KEILBUHOB; OXJaM(-
feE¥e I'a3a BPA BAIWINE B HeM OPEMeCH yraepona, K@CHO-
pOfa, &30TA CHMMKAeT TeMIEparypy Ao SHRYEHNHA, B COTHH
pas mempmax. Ho, BepoATHO, IMEHHO HO3TOMY B TAKOM HpO-
Hecce CHOCOGHBI POMUIATHCA BPEEMYIHECTBEHHO SBE3ALI 60/b-
moi Macchl. Momonrie MacCHBHME 3Be3ibl — BCErNa 3Be3HbI
xaaccor O m B. A 310 o3HAUAeT, 9T0 GHM B CBOI OTépens
Tome PopMapyior bokpyr ceéa sony H II; mosas soma H IY
cosnaeT WOBYID VAAPHYI0O BOJHY B CBEKEM MOJEKYAAPHOM
raze; KOTOPaA elie Jepe3 HeCKOIbKO MUIMIHOHGB JET HOPOMK-
NaeT HOBYX BCHBIIIKY 3Be3ngooGpasopanma, [Ipenecc cmosa m
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CHOBA HOBROPACTCH, HNepemeniaf 09ar 3pe3noodpazosamus
¢ oxEbro xpas obxaxa Ha HPyDOI.

B 310l KapTWHe HAXONAT HArIAAHOe OOBACEEEWE ® CaM
(aKT CyHIecTBOBAEMA 2BE3NHHMX HOAIPYET. PABHOIG BOBPACTA
B GAHEOCH a0COM@AauM®, H BO3PaCTHAA WO .JMEROBATEXLHOCTH B
pPacHOFeEeHAY NOATPYHRIL

Boree Toro, meqapBO WOABMIRCH JpAMEIE BaGIIOTaTeR®H-
Bbl¢ JaHHBe O BOJHAX 3Be3N000pP2S0BABHA, PAcIPOCTPARS-
IOmMEXCA B GONBRMIMX MONEKYAApPHEX obnakax. Hanpumep, ap-

Prc. 37. Bomma 3pes-
geoGpasoBap®s, pac-
HpOCTPAaBAIOIAACA ¢
BOCTOKa HA 3amajg B
MONEKYIAPHEOM Ofaa-
we. I— «cTapafA» 80-
ga H II co «crapoii»
ooArpynuoi 3eesy O
n B; 2— emonomas»
zoga H 11 ¢ monemoit
moarpynnon apeag O
# B; 3—mporosses-
FH, 4 — @posT ymap-
moix Boxmel. Ha acr-
POBOMHYECHEX HapTax
BOCTOK ClleBa, & da-
UaJ cIOpaBa.

Kag TYMAaEHOCTb B CO3Be3xuHM KHaccHomem, mpeacTaBiIfIoONas
cofoii cBeTAmeeca o0IaK0 HMOHEM30BAHEOL0 BOXOPOA3 € TIO-
TPYKEEEHIME B HeT0 MOIOABIME BBe3faMy, SBXHETCA, KaK
NoKasasy panwoBabIIOeEnA, 9acThi0 KPYIEOTO MOMEKYAAD-
fnoro obxaka pa3mepoM B &) mc. Cama rymammocts Kacemo-
nen (pme. 37) cocrour w3 neyx som H II. Kpa#ras socrou-
nasg 308a (ee obosmawalor IC 1805)— 3To moBOMLHO cTapas,
naddyseaa sona H I, xoropas pacmrgpserca u paccemBaert-
¢, obmamaa BHYTIpE ceb6s DOATPYHNEY DO KpailEel Mepe n3
meapnare 3Be3n kiaaccos O m B, namee x sapmagy or mee pac-
nonaraeTcs Oomee MOIOHAA N MeHee paspexieHunad sona H II
(ee oGosmagalor IC 1795), KoTopaa Toke pacmupaercsa. Ona,
6e3yCcI0BHO, COLEPAHUT MOJOTLIE 3Be3ObLl, HO OHM CKDHTHL OT
Hac ofnakaMm rasa B DHIHE. 3adafBaf [paEANA MONOMOK
30oER H II msumxerca s ray0n MolderyJasapHoro obnaka., B6ru-
3¥ 9TOll rpapHELEl IMeeTcd HEeCKONbKO BecbMa XOMUAKTHEIX
HCTOYEOKOR PafUOM3Iy9eEUA B #W3Iydemms B BEPpakrpacroil
0071a¢TH CIIEKTpa — 3TO MAaCCHBEBIE IPOTO3BE3[IL UNE TONLKO
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aro chopMEpOBaBMEECH MAacCCU3Ebie 3Be3dbl. VIMemHO Tan n
JOJKES BHINAANKETH BONHA 3BE3N000PAa30BAHUA B MONEKYIS]-
"HoM obJake.

Ho 9To moposuno nepBhie ApKAe 3Be3J5l, ¢ KOTOPHX Eada-
Jach «IeOHAA pearnua» 3Be3noobpasosamua? Hecommento,
3TO CBA3aHO ¢ KAKEM-TO BECIDHEM BO3ACHCTBHEM HA MOJEKY-
JApHOoe oOnaxo. Mosxer OHITH, Ha HEro HAJETeN0 Ccocemuee
MOIEKYIAPHOE 00JaKo — BeAh O0IaKa XAaOTIUYEeCKH TBUMKYTCA
APYyr OTHOCHTENbHO Apyra B mucke lagakruxm. Cropocts
CTAJIKMBAIOIIAXCA 00:IaK0B OoNbINe, YeM CKOPOCTH 3BYKAa B
HX BEINeCTBE; DOITOMY TaK0e CTOIKHOBEHHE MOTJIO IPHBECTH
K (opMEPOBAHHI0 YIApHOW BOXHHI 0[a CONPHKACAIOOIAXCA
KpaAx o0saKos. BepHee, BO3HUKAIOT /[Be YIapHHE BOJESHI,
KOTOPEIE PACOPOCTPAHAIOTCA B Pa3HEIE CTOPOHEI OT NOBEPXUHO-
CTH CONPHKOCHOBEHIIA OGXAKOB, I B KaI0M U3 HEX 33
¢$poaToy ynapEOI BOMHBI QOpMEDPYeTCA ol YOIOTHEHHOrO
ra3a, COOCOOHBIEA OpeTepOeTh KaNbHEEUMYI0O IpaBETATEOKHYIO
KoHneHcauuio u ¢parverranumio. IIpasga, paczer mokassisa-
€T, 9TO BEPOATHOCTH TAKAX CTOJIKHOBeHN# He 09eHb BENHKA;
BpAN IE MOMKHO oxujars Bo Bceil I'azarrmke Goxee ogmoro
CTOTKHOBEHEA 34 Ka’KAble [eCATh MOIJIHOHOB ner. [nsa mab-
JIOIAEeMOro TeMIa 3Be3f000Pa30BAHIA B MONEKYIAPUBIX 00-
TaKax 3TOro, HO-BOIUMOMY, HEXOCTATOYHO.

JIpyraa BO3MO/KEOCTH CBf3aEa ¢ B3PHBAME 3Be3n Ma
MOSEHEX 3TaNax HX JBOJNIONEM. Takrdme B3DHIBH BaOAKOgand 8
pame# I'azakTeke W BaOJIOJAIOT B JPYTEX TaI3KTHKAX KaK
BCUBIMEKY CBEPXHOBHIX. IIpm TakoM ABMeEnE 000TI0YKa 3Be3-
Oel, 2 TO M BECh ee MaTepmaly, BEHIOpaceBaeTca ¢ Oonbmof
CKOPOCTBIO, 9TO CO3[aeT B OKPYMKAONIEH cpene  B3PHBRYII
yRapayio BOARY. Ecam 5T0 OpOM30OmI0 He 09€EH JAaXeKo OT
COCONHEr0 MOJEKYIAPHOro obiara (B Ipemenax HECKOIBKEX
HApCeKOB), TO B 3TOM ofraKe BIOOIHE MOMKET BOIHAKHYTH
FOCTATOYHO 3RAYATENLHOE YIJOTHERHE, ITOOBI «DOAMKedb» B
HeM Hmpomecc 3se3noo0pa3oBaHyA.

Haromen, yrapesle BOJHEL B MOXEKYIAPHBIX o0xaxax Mo-
I'yT BO3HMKHYTH Giarofapsa cogpalbHOR BOJHE NIOTHOCTH B
gpacke amaxrore. Bpamerme nucka I'anaktke npespauia-
6T PacUpOCTPAHAIAECA B HEM BO3MYIUEEHA B.CHEPAIGHBIO
BOJHBI (cu rJaBy TPeThHi0). JTH BONHBl «HARATHIBAIOTCAY» HA -
XOMONHEIH ras 06IaKoB O CKOPOCTBIO, KoTOpaA Gonbime cxo-
POCTH 3BYKa B ra3e, 94T0 W NOPOAIaeT B obmaxax yaapebe
BOJNHM. ACTPOHOMBI-3aMETHIIM, YT0 B MOJNEKYIADHHX o0Xakax,
' Je'RAMPX . BIOAb cuEpanbEbIX pykasoB, 308kl H II. merpewa-
0TCA Yamle, 96M B Tex 00MaKax, KOTOPEle HaXOHATCA BHO PY-
KaBoB. B03MOIKHO, 3TO KaK pas XN CBA3AHO C YAAPHLIME
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BOJIHAME, KOTODEIe BO3OY:H[IalOTCA B 00IaKax COEpaisb-
HHMH BONEAME M LOPOKAAT B CBOK OUYepexb TOPATHEe
3Be3/Hl.

Bo3M0KEO, Bce TpM MEXaHH3Ma, 0 KOTOPHIX MBI CKa3alH,
COOCOOHEI TAK HIM MEAa9e NeHcTBOBATH B PEANbHBIX YCIOBHAX
Me3BE3NB0N CpeaH; BO BOAKOM CIy9ae Ha OCHOBANHUE TeX

HAHHBIX, KOTOPBle Cefi9ac MMeIOTCA, HE OJHOMY H3 HEX Hellb-
2H {‘ITI"DPTTPJTPWFIH OTTATH nnannnumennp

F_ A A = Al = VS e A

,'[[pyron BOLPOC, KOTOPHE BO3EMKAET B CBA3H ¢ KAPTHHOM
NEeNHOH PEeaKnud 3Be3[000pa30BaHHA, IPEACTABIALTCS, HOMa-
nyit, 6onee TpyansiM. Kak o6sacEETS BA 3TOM DyTH O6pagsoe-
BaEHE He TOIBKO MAaCCHBHBEIX 3Be3d KiaccoB O m B, Ho u
oORI9ERX 3Be3f, n0xo0HEx CoxrEIy, KoTOpHX Gonpme Bcero?
OTH 3Be3NBl TOKe BO3EHKAIOT MyTeM IDABUTAUHOHHOM KOE-
Fencanuy M )parMeETaNHMH BeIecTBa W, BEPOATHO, B TeX e
BCIOEIIIKAX 3Be3000pa30BaBUA, KOTOPbIE BOPOMKIAIOT MACCHB-
HEHe 3Be3nbl. [IpoOnerme O6oabIIOro CrycTKa HA KpPYOHEIS
parmMeBTH BpAx gH 00XONETCA 0e3 MOABIEHHA «OCKOIKOBY
MEHBIONX MaCC, KOTOPBIX MOMKeT ORITh MROL0 60Jbme 1o
9HCIY, 9€M MACCHBHEIX parMeHTOB.

B npomecce npobrerna, DOpoKaOMEM XOCTaTOYHO OOIE-
moe 9#CI0 (PParMeBTOB, MOLYT HeHCTBOBATL BeChMa OOmume
CTATHCTHYECKAE 3aKOHOMEPHOCTH, He 3aBHCAINAE OT OPHEPONH
()parMeETHPYIOIMAXCA TEI M OT KOHKPETHHX MAaXaEE3MOB
¢parmenranun. B 40-e rogmt A. H. Hoamoropos o6parmn
BHEMAHEHE HA TO, 4YT0, COrTacHO MEHOrOYHCICHHHBIM 3MIOEpYYe-
CKUM. TaHHRIM, Pa3MepPsl B MacChi JACTHYEK 30]I0Ta, BEIMKIBA-
eMBIX .¥W3 30JIOTOHOCHOTO NecKa, BCETNA pacOpeleneskl Mo
BUOJEe ODpeReneHEoMY (morapmdMmdecKd EBOPMAILHOMY)
zaxory. Hamborpmee 9HCIO 9acTAN UMeeT HEKOTOPYIO Ccpej-
HIOI0 ‘MacCCy, & MEHpm@X M OONpMuEx [O Macce YaCTHI TeM
MEHBbIEe, 9eM CHJIbEEe OTImdde WX MacCsl OT CpegHeil.
A..H. KonMoropos noxasanm, 9ro Takoe- pacnpenellieHde BO3-
HEK3eT B 04eBEh OONBIIOM YHCTEe CaMbIX PasnoofpasHsIx
npoueceos apobieBmA, wa®, XxaK Mu OBf cKazanH, KacKagHOH
@parMeETaNMA, KOTa HWCXOMHAA Macca IMOCIeNOBATEIBHO fiC-
NyTCH ‘Ha BCE Menpmue wacrh, IIpH-3ToM m WMCXonEAA ‘Macca,
U 13000% ee parMeRT MOTYT DACHANaThCA B KAMKIOM OTHENTL-
HOM auTe ApobjieEHA Ha NPOU3BOJABHOE TACHO (BParMeHTos,
IPOUSBOILEO PACOPENeNeERRIX IO MaccaM. HYMHO TOXbKO,<
0o ~8TO ' MOBOJIEEO - CAAEHOE YCIOBHE,~— YTOOH BEPOATHOCTH
cbpamemanm B ‘KayK[[OM aKTe He S8BACEJAa OT BEJUYAHDL!
ACXOTNHOM ‘MaCCH.

AcTpenoMudecKre TagALIe O MaccaX 3BR3N. TEOPETHTECKUA
¥ pabmoRaTenpEbie: €000pajkedmn o TeMO® X BBOJIOHUH
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no3sonuau 3. Conmmrepy (CIIA) moctpomrs aMnupAvecHwmis
3aKOH pacrpemenesEusa 3Be3x mo MaccaM., Corraceo aToMy 3a-
KOHY 9HCI0 3B€3[ ¢ TaHHOH MAacCOM TeM MeHbIie, 9eM 0oibme
ara Macca (puc. 38). B ornmuame ot pacupenenerus A. H. Hox-
MOropOBa, 3TOT 3aKOE He BHIJENAET HAKAKOW cpegmeid, THOHY-
noit maccel. Ho on, Bepoarso, He pacopocrpagdaercd HA 3Bea-
Bl CAMEIX MAlBIX MaCC, HOTOPEIX, HNO-BEAAMOMY, HOIMKAQ
OBITHL BCE Ke MeHbOIEe, ¥eM TH-

i3} OAEHBIX — 3T0 03HAT2eT HAJIH-
71 qHe «3aBala» K MaJIBIM Mac-

‘ oy A caM B KeMCTBUTEILHOM pacOpe-
HeleHdy 3B8e31. Pealnpapiit 3a-
KOH pacoipefencHuda 3Be3d IO
MaccaM — € YIeTOM TAKOIro ¢3a-
Bala» — BPAX IH MOMKET OBITh,
OJTHAKO, CTPOTO CHMMETPHIHEIM

i ' ‘ ’ ' OTHOCHTENIbEO KAaKOU-TO0 TH-
z 1 J ; a;>" OUIHOM MAacchI: CKOpee BCero,
.L.g.(__ﬁ_!_) EMeeTcs mepeBeC B CTOPOHY

o Manex mace. W3 comocrasme-

Prc. 38. Pacmpepgeiierme 3Bes[
M0 MAaccaM., [-— BoAd IONHOH
MACCHI [TAHBOX COBOKYWHOCIH
3BE37, NPEXOXAMIAACA HA €JH-
BAYEEBIN JorapEdMuIecKmid WH-
TOPBANL MAacC 3BesH (maMepeH-
HEIX B CORECWHHAX Maccax Mg).
1 — gaxor Coimmrepa, 2 — pac-
Irpefienedne HOIMOTOPOBA.

HHA 3TEX coo0paKeHui ¢ Teo-
puet A. H. Hoxmoroposa cixe-
AyeT, 9T0, MO-BHIAMOMY, HAMeE-
CTCA OOpefelenHAR 3aBHCU-
MOCTH BEPOATHOCTH (parMes-
TaO¥¥ OT MAacChl (pParMeHTOB
(r. e. npw 06pA30BABIE 3BE3X
HapynraeTca ycIOBYe, OPEHA-

TOe B MaTeMaTUIeCKOi Teopun) .
Taxaa 3aBHCEMOCTE [IOMKHA HMETHCA B TOM CAYYa®, KOITIa
PaBMEpPEI PPATMEHTOB B KaJK[OM aKTe NpPOAIeHHS IUIHDL He-
MEO‘E‘O TPEBbIIIATOT J;}K_;EHCOBY JAJIURY.
(xema HaCKaZHOH ()PArMeRTANAK, 0 KOTOPOH MbI IOBOPUIH
B GBASH ¢ TMepBHIMU 3Be3famm l'amaxrmxm, meiicTByer ¥ g
BBe3} WOBBIX DNOKONEHWH, XOTA KOHKpeTHsle (DH3AIeCKMe
upomeces! (TeTHIOOTBON, OXTa’KACHEE M HaTPeB asa) MMeT
B aroM Cirywse wHOM xapakrep. Tlocmemosarenpmasm Teopus,
ROFBNTAIOMAN 'OOBACHUT, KAK XA8PAKTEDHBIC MACCH 3BOaN,
TaR ¥ PacupeneilcHHe 3BE3[f M0 MACCAM, JOJKHA COIETATH B
cebe mEeW KACKANHOM (parMeRTam@M C YHEBEDCATLUEIMU
PeayAbTATANY TEOPUH BEPOATEOCTEMH, MORoGHEIME 3aKoRY Hoxn-
MoTopoBa. TaKan TeOPEA HOKa eme He HocTpoera. Ho mmTe-
pecED, 9TO KacKajHaa ¢parMeHTanWsA npd sse3neoBpasvpa-
RUY HCHCTBUTONbHO HPOHCXOJMT TAK, 9TO PasMepn (parmes-
ToB BIUBRE K KpUTHTeCKOH [RUECOBON [UIMHe, B WOTOMY
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MOEO. OKURSTE, ITO 34HOH PACHPeNeNCHUS 3RO3HE IO MACEAM:
Ba €3MOM Kell® JoEeE OLITL NeenMMTPEIEEM OTROCHION L~
HO THOHYHOX MAaCChl, H& UTO % YKaskiBaeT 3axkom Cenmmrepa.

HEYCTOWIHBOCTR U OBJEAKA

Urar, 3Be3[bi HOPHLY NOKOICHRS ofpasywre® B obmamax
MOTCKYRAPHEOrG BONOPONS, BOFATHIX NPYIEME MOJOKYIaME X
KocMHEYecKOH HELIBI0. Ho kak BOSHEKAIOT cayu 373 o0raxa?

Dusmzecroe cOCTORENE MEMIBEIAROH CPERE ONPENeRTCTER
B HepBYH® OuepeRb NPORecCAME HArpeBa H OXIaMCeHEA.
Harpep ocymecTBIfACTCR KOocMBIeCKUMu Iyuamm (Todmee,
TeMHE DX SaCTHRAMHE, KOTODHIE HMEIOT CPABEUTENLR0 HRIKYI®
pEEPrE0} M (POROBHIM DEHTIT¢HOBCKAM N3IydeHHeM DBeenen-
116H, KOTODOe CKRIAREIBAGTCH, MO-BHERHMOMY, M3 H3NYyvYeHEA
TAKEX ¥CTOYHAKOBR POHTIOHOBCKMX JYyYeH, RAK CKONIGREA
rataKkTuK. BOnmam ropAYEx APKEX 3Re3[ ACTOYRAKOM Harpesa
MEM3Be3EOF0 Fa3a MOKET CAYKET, ¥ BITVICHUE 3Be3xR
(kak 9T0 mpoMEXoxET, HanpmMep, B 30max H II). Oxnampe-
HEHe o00S3aHO INaBHMM 00pas0M CTONKHGBEHHEM aTOMOR H
MONGKYX JPYT ¢ QEPYroM; OpE CTWIKBOBCHUAX IIPORCXOHET
BO30Y ¥ [ZeHME aTOMOB M MOJEKYlI 3a CUYeT DHePTHEHM UX XaoTE-
YECKOre NBYIKEHEA, BO3BpPAINASCh NOTOM B NCXOZHOEe HEBOS-
Oy ZeBHO® COCTOAEME, aTOMHBI M MOJEKYJIHl BHICBEIUBRNT
NOJYSCEHYI0 MMHA 3HEPTHIO B BAKE (OTOHOB, KOTODHE YVXOXAT
U3 Cpefsl. Tak TenioBaA SHepPrus YACTULE NPEBPAMACTCA B
H3JydYenne U TePASPCA CPEeIoH.

JEeprusa, KOTOPYI0 KMKIHH IEeMeHT Cpeds! IOIyIaeT B
eTHENIY BpeMeRNW HK3BHe IpPE HArpeBe, HPONOPHAOHANLEA
YECAY 49actHH B 3TOM aneMeHTe. Ho moTeps aBeprum npemop-
IHOHAJbHEA HKBAApaTy YHCIA 9YacTHH. Pasrmeme 3T0 CBA3AHO
C TeM, WT0 HArpPeB NPOUIBONHATCHA (UYREMH» YaACTHZAME —
KOCMWIECKEMA JyYaMP WIX POHTTEHOBCKEME (OTOHAMA,
a oXAaKJeHEEe TpeOyeT MapHOro CTOUKHOBEHAA CAMHEX YSETHI
rasa apyr ¢ apyroM. IfosToMy B egWBWUHOM axTe Harpema
Y49aeTBYPT ONMA YaCTHHA ra3a, a B eJHHEYIOOM AKTe OXIasK-
eEHg — [Be; OTCIfia H CleXyeT HPOMOPHBOBAJILEOCTH CKO-
pocTE HaTpepa IfepBOill CTeHEHH YHCNAa YaCTHL, a CKOPOCTH
OXTaKIEBUst — BTOPOM CTeNeHH, KBANPATY YHCIA YaCTHI.

Taxoii xapaxTep HarpeBa ¥ OXIXKICEHA [elaer Cpeny
HeYCTOMYUBOI: OHa He MOKeT O0CTaBaThCH OHOPOIHOLN,
a CTpPeMHTCH DacmacTeCA HA CCYDEHHST, OOrpY:ReHpbie B
Oonee paspesieEHBId ras. JTa HeEYCTOMYMBOCTH DOXO0RA IO
CBOEMY KOHCTHOMY pPEe3yIABLTATY HA I'DABHTAMUOHAYIO HEYCTOH-
YUBOCTE, 0. KOTOPOM ME y’He MHOToe 2HaeM, HO ee (PHsHueCKHl
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MeXaHU3M COBCeM WHOI, 00 HHKAK He CBA3aH C IpPaBUTanyed
A HeJHKOM ONPENielAeTCs TEIIOBEIMHE DpONeccaMd. MosTomy

TaRyI0. HEYyCTOXIUBOCTE HASHIBAIOT TEHIOBOM.

Yro6p! 06BACEUT, OPHEPOAY TEOIOBOM HEYCTOUIUBOCTH,
npefcTaBEM cefe, 9TO MEK3BE3THBIA ras HAXONHUTCA B TAKOM
COCTOAHZY, YTO €r0 IIOTHOCTL ONHOPOMHA, & HArpes B Karm-
NOM dIeMeHTe Cpefbl TOYHO KOMOEECHPYETCA OXIaKIeHHEM,
ycrs Temeps KaKOH-TO BIEMEHT rasza OKa3alCa HEeMHOTO
Gollee TIOTHEIM, €M OKpYHAWIUad ero cpema, T. €. YHCIO
9acTHO B HEM HEeMHOTo 0oxpIme, 3eM B PaBHOM eMy ob6beMe
OfEOPOXHOH cpexst, B sToM 3Ie€MeHTe, 0UeBHIHO, CPa3y HApy-
fraeTCA 0ANAHC HAPEBA M OXIAKIEHHA: H TO U Apyroe Oypmer
HpPOBCXOPUTE B HeM GHCTpee, YeM B OKpY:Hawomeid cpepe,
HO OXJIAMK[EEHEe ONepeRaer Harpes, TaK KaK OXI&KIeHME

BCTBHTeIbHee, 9eM HAarpeB, K 4YACILY dYacTAN. J3HAYAT,
TéMnepaTypa rasa B 3TOM 3IeMeHTe ynajgeT OO CPaBEEHUIO
¢ OKpYRAOMeEN Cpefol, & CJIeJ0OBATENbEO, YOAKeT U KaBIEHUE
B HeM. Ho TOrna BHEMmEHee, 00Nee BEHCOKOe [aBIEHHE CpeJbl
6yfeT CHUMATH . 3IEMEHT, CTPEMACh BOCCTAHOBHTH B HeM

e;xEee naplenwe. I3-3a 3TOro OIOTHOCTH, & ¢ Hell W mpeol-
3;1:1359 OXIakIeHHda HaJ HArpeBoM BO3pPAcTyT eine OonbIne,
TeMOepaTypa W JAaBJIeHEFe ymagyT no emie Oomee HM3KUX 3HA-
YeHEWH, M BHeNIEee JABJIEHHE COMKMeT 3JEeMEHT eine CUIbHee.
HoaroMy, pas HawaBOIECH, C’HATHE NaHEOTO dlXeMeHTa Oymer
BCe HAapacTarhb H Hapacrarb. flsremume pmefcTBHTENBHO HMMeerT,
KaK. MRl BUIAM, Xapakrep EHeycrToiumsocTm: XI060e cxaboe
VIUIOTHEEDe B MEK3BE3HOH cpeje He PaccachBAeTCH, a CaMO-
IpoM3pONILEO YCHIEBAETCA CO BPpEMEHeM.

Pasputne TemIOBOH .HeYCTOMYIUBOCTA OCTAHABJIKBAGTCH,
KOTZa ra3 B C/KEMAKIIEMCA 2IEMEHTE OXNAAHRTCA HACTOMABKO,
9YTO TeNJoBajg JEEPrWA ero YacTHI OKayKeTcdA Yime HemoCTa-
Touno# fus B03GyuerEWs atomos HM Momexyd. Torma oxumark-
NeHEe D1eMEHTA IPEKPAmaeTci M YCTAHABIUBAGTCA €ro pas-
HOBECHE. C OKpYy:Ralomed cpenoir. Xora TeMmepatrypa B TaKoM
YOAOTHEHHH. HIKE, 9eM B OKDPY/XawIued cpejie, HO 3aTO
UAOTHOCTH 0jbIMe, M DOoTOMY fasiaerue (a OHO NPOMOPHHEO-
HaJNihHO. JPOM3BENEHAIO TEMIIEPaTypsl Ha LIOTHOCTE) CTAHO-
BRTCA, B KOHUE KOHIOB -DaBEBLIM [aBIACHHI0 OKPYKAKOLek
cpeisl. Bemnee naBieEwe BOCCTAHOBHJIO B 3IEMOHTO MCXOK-
HO® . AB/eHUe, HO YiKe IPU MEHbINeHR TeMOepaType u Bonpmok
WXOTHOCTR.

'Tax » Me#3Be3JHOM ra3e BOSHMKAIT IAOTHEO U XOJOBBI0
o6AaKa, OKPYKEEHbIS paape:ieHHON m 60onee HarpoeTod cpeok
Ho reopeTRYeckuM oneskaM K. @auna, C. B. [luxeasnepa

. A. Remnada, 06rako. JoN®AN uMETh KAK Da3 TaKwe:
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MacChi H PA3MEPH, KOTOpBIe CIeNyI0T M3 Habawoerdi. Pasro-
Becme 0 AABICEHIO CO Cpefloif, B KOTOPYK OHH TIOTPYMEHSI,
He fKaeT obmaxkam paccocarstdA, YMx paspymaer nmmb 3Be3fos
ofpazoBaEde, HHENOHMPYEMO€ BHEMIEWMMY BO3NEHCTBHAMI.

IToMuMO TEmTOBOH EEyCTOMYRBOCTH B MeK3Be3XHOH cperne

FeHCTBYIOT ¥ JIPYTHE OpOmecchl, COOCOOHEIe BRI3BATH €€ HEeOow -

Dcn O T --- ALOCTE
FEC. J9, 11BYCTOMUILOCTD
n ofpazoranne oﬁn‘m B

¢peae ¢ MArBOTELIAT O0-
JeM.

HOPOXHOCTL W KIoTKoBaTOCTh, OfOE M3 HOX CBA3AH C Mar-
HETEBIME OOJIAMU, KOTOPbIE TIPOHU3EIBAIOT BeCh ra3 B [IICKe
lanaxTaru, YIX coxosble IEEAR OPOXOINAT B OCEOBHOM Oapa-
TeIPHO NNOCKOCTY ['agakrdky; HAOPAKEEHOCTH MOJeH
coCTaBjIfgeT HECKOALKO MmKpoapcren. Cioir raza ¢ ropmsom-
TATBEBIMU CHIOBBLIMII AWBHAMH 007amaeT MODOXBATEIBHON
VOPYTOCTHIO: MAarERTHOE IOJNe ME[IaeT rasy ABUTaThCA IIQLE-
pex CUIOBEIX NERII, JTa «MarEuTHAA YOPYTOCThH» AeHCTBYeT
TOABKO NONEPeK [OAf, BIOJb ;K€ CIJIOBHIX JHEHI I'as MOKeT
IepeMemaTrsca cCBODOKHO.

Ecmu cayvailEo B KaKoM-JE60 Y9acTKe CpeJsl CHIOBEIS
AYEAM NOJA OPOTHYTCHA, KaK 3TO0 LOOKa3ago Ha puc. 39, To
ra3 CTAHET «(COCKANb3BIBATHY BO BOAJUEY DOJ HEMCTBHEM
CHIIK TATOTEHHA, HANPABICHHOH K NEETPANLHOA NIOCKOCTH
lamaxTexn (Ba BEameM pucyeEKe BEHuM3). Ilom TAMECTHIO 2THX
HOBHIX HOPIHEA I'a3a CHIOBHE JIAEWE eme 6olee MPOrHYTCA,
BOAAWHA YIAXYyOHTCA, M CKOPOCTHh BTEKAHUA B Hee rasa Bo3pa-
cTeT. B pesynnraTe B Cpefe BO3HNKAeT 3HAYHTENBHOE YIIOT-
HeEme — o6iaro. Hax noxasan 9. Ilapxep, Taro# npomecc
MOMeT BecbMa 3(PPeKTHBHEO [eHCTBOBATE B raze CIMPATBHBIX
pyKasos ['amaxTHKH, Ifie B COCPENOTOIEEH B OCHOBHOM CHIO-
BhI¢ IHEAE TAJaKTHIECKOr0 MArHUTHOrO IOJIA.

Haxomen, B Mem3Be3NHOM Cpefe MO:KeT pPasBHBATHCA X
IPABHTANHOHHEAA HEYCTOMIEBOCTH, elle Golee YIIOTHAIOIIAM

5 JI D. I'ypesuw, A. JI. Yepnmx 129



obnaxa. Ifma orero, mak Bcerma, pasmep obmaka JRomKeH
Obith Gonbme KpuTHYOCKOM jyxEHCOBOM pauHEl. [laa me
CIMIIKOM Xpynueix o061aKoB B 30HAaX HEMOAH3OBAHHOTO

- W L Lo TR S A L W T TR T R bt et riohih bt da)

HUIO Ha BoaHe 21 cM, 9T0 ycaoBue, mo-BUJAMMOMY, He BBHIIOJI-
agercs. OgHaKko KpynHble o6laKa B KOAbIE MOJEKYJAAPHOTO
BOJIOpPONA B Aucke I'aaKTMKM MMEIOT pa3MepHl, CpaBHEMELIE
¢ KPDUTHYECKOH JJMHOH, COOTBETCTBYIOHIEH HX IJNOTHOCTU M
TeMIepaType. JT0, BEPOATHO, 03HAYAET, YTO TPABUTAIHMOHHAA
HeycToligymBocTh JMbO JeiicTByer ceituac, ambo JeicTBOBaNA
paHee, npupaBas obaaxaM ux nabawjgaeMble pasMepwl.

HHN3HL 3BE3IHI

Ycuaende cnabwix HeofHoponHocTcl b auddysHOM BeUie-
CTBe, BO3HNKHOBeHMe 00JaKOB, MX TPABHTAIMOHHAZ KOHTEH-
camusa ¥ (dparMeHTaIMA — BOT o0uiee HalrpaBmeHde IPOLECCA,
KOTOpHI BefieT K (POpMHPOBAHUI 3BE3]] @ 3BE3THBIX KOMII-
aexcos. Ilpu Bcem pa3amuMM KOHKPETHHIX ()U3UUECKHX IIPO-
IIeCCOB B HM3HAYAJBHOM  BOJOPOJHO-TEAHEBOM  BeIlleCTBE
NPOTOTATAKTHKM 1 B COBDEMEHHOM ME;K3BE3HOM rase, 9ra
HOCHE/I0BATENLHOCTh COORITHII OMHAKOBA JIAA IIEPBLIX 3Be3]
Fanaktuke m 1718 3Be3n HOBHIX ee mokodeHMi, Ma m camu
3BE3JIbl, POM{ABUINECA MMITHAPABI JIeT Ha3aJl M BO3KHKAIO-
e B COBPEMEHHYIO JIIOXY, OY€Hb IOXOMKHU JAPYT Ha jpyra
B CBOUX TVIABHBIX, IPMHININATLHBIX CBOICTBAX. E

3Be3qsl Beex MoxodeHuil B Hamel IataxTtnke m B apyrux
TATAKTHKAX HAUMHAIOT €BOW YBOJIONUK C COCTOAHUA, TIONOG-
HOTO HBHemineMmy coctofnuio Coamna. Pasmwuma wmemnay
3Be3JJaMM Pa3HBIX IOKOJCHUH — Pe3yIAbTAT MX Jjadbneitnuell
OBOJIIONMH, TEMII M KOHEUHBII UTOT KOTOPOH CaMKIM pajuKaib-
HEIM 06pa3soM 3aBHCAT OT 3Be3JHBIX Macc. OmpenemeiiHbie
YePThI CTPYKTYPHI U HBOJIOMUOBHOTO IOYTH CBA3AHEL TAKMKE C
XUMUYECKHM COCTaBOM 3Be3Jl: COJlep;KaHHe DIEMEHTOB, 0olee
TAHENABIX, YeM BOJIOPO M TeJu#l, HEYKIOHHC BO3PACTaeT OT
IOKOJMeHUA K HoKoneHuio. Ho Bajxkmee Bcero macca 3sesfsl.
HKaxk w1 ysxe rosopmim, e ompesensiercss B mepByio oYepeb
OPOAOIKUTENLHOCT, NpeObIBaHUA 3BE3H B HAYATbHOM,
«COTHEYHOM)» COCTOAHHH, KOT/la OHA M3NYy4YaeT DHEPTHIO 3a
CueT AJIePHHIX NpeBpaeduil B ee HeJpax.

3Be3fta, Macca KoTopoii mnpesmmaer Maccy Coagma B
HECKONLKO MecATKOB pa3 (mampumep, sBesfa Kiaacca O)
HaXO/NTCA B TAKOM COCTOAHNHE He Ooiee 3—8 MERIIMOHOB NeT.
JAna spes3nnt ¢ Maccoit ConBIa 5TOT mEpHOX 3aTATHBAETCH HO
13—15 Muammapmor ner. dBespa ¢ Maccoil, BiBoe MeHbIeH
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maccsr Conana, ocTaercA B HAYAJHLHOM COCTOAHUA [OYTE CTO
MIJIIAAPOB JIeT. OTH JAHHBI® HYKHO CONQCTABHTH ¢ BO3DA-
croM I'anmaxturm. C MomenTa o6pasoBamuA [anaxTEEm mpouI-
no 12—15 muaamappos ner. Orciona, o9esmgHO, CAeRyeT, 4TO
U3 3Be3[ IepBOr0 IHOKOIEEMA TOJHKO HAMMEHee MACCHBEEIE,
C MacCaMH, MeHBIIMME COJHEYHOH, MOryT HAGIIONAThCA Ceii-
yac B CBOEM IepBOEAYAJBEOM cocTodHEAE. VIMemmo Takme
3Be3NbI' M’ COCTABJAIOT CaMOe CTapoe HacejgeHme I ajlaxkTuiu,
HacelneEme ee cepuuecKoi mojcucreMsl. Boaee mMaccuBEbIe U
Ooiee ApHKWe 3Be3XHl, KOTOPHIE TO}Ke HMENNCH TAM KOTAA-TO,
JIABHO COILIM CO CI[€HEL

Vcuepnar 3a HECKOTHKO MHIUIAOHOB JIeT 3aIllachl BOIODOJA
B IEHTPAJBHOM CBOeH 30He, MACCHBEAA 3BE3/la BCTYOAST B
HOBYIO (pa3y sBosonud. SepHEle peakKIUA OIPOTEKAT Temeps
He B €e Afpe, COCTOALIEM Yie MEeTNKOM U3 rejusd, B KOTOPHIA
«rieperopes» BOJIOPOX, & B TOHKOM CJ0€ BOXOpPOZA BOKPYT
3TOro A7/[pa. 3Be3xa ¢ TAROTO POJa CA0EBBIM MCTOUHHKOM yBe-
JUTABAET CBOI® CBETHMMOCTEL M Kak 0rl pasbyxaer. M3-za yBe-
JUYCHHA pasmepOB CEUMHaeTcAa TeMnepaTypa IIOBePXHOCTHBIX
CTOeB 3Be3qHl H IOTOMY €€ IBeT CTAHOBHTCA H3 roayboro
rpacauiM. Tak 3Be3ga kmacca O nnm B npespamaerca B 3Bes-
7y HOBOTO THIA — KPACHEI THTAHT.

I/I3M9H8HHH TEéM BpEeMEéHeM IIpO]EIGXOJ],ﬂT H B TelINeBoM
Aagpe spe3gsl. OHO IOCTEIEHHO C/KAMAETCA U PA30TpeBaeTCs;
rorja reMmeparypa xocrurmer 100—150 mmmrmomos rpagy-
COB, reJUil 3aropuTCA — B HEM HAYHYTCA sjlepHBIe peaxnma
CIUAHAA Tpex fAxep TeXua B AApo yriaepoaa. CpAzamvoe ©
9THM DHEPTOBHII¢NIeEWe eme Oojee pa3orpeBaeT AAPO W BO3-
pocmee B HeM JIaBJeRHEe OCTARABIMBAET cxKarTme, Bmecre ¢
TeM VBeIHMIuBAETCHA 00IMaA CBETHMOCTH 3BE3[EI, MUTAEMAafd
Teneph A CIOEBBIM MCTOTHHKOM M I'ejimeBHIM AxpoM. Hak mo-
KasHBAIOT pacyeThl, HECKOJAbKO MOBHIMAETCA H3-34 DTOTO W
IOBePXHOCTHAR TeMImepartypa aBeaasl. Ho o1a crajua giamrcA
BEJI0AT0, OHA KOpoYe IepPBORAYAILHOH, «CONHEYHON» CTAnAM,
O 3aBeplIaeTCA UCUYepIaEUeM Teadd B INIOTHOM TOpsideM fAfpe.

Yro mpoucxoguT cO 3Be3j0l Aanbme? 3sesga TepseT CBOIO
000N0IKY — ee BapYHKHbIE CIOM OTAENAITCA OT A/pa U pacmm-
paoTed, 06pasyda To, YTO ACTPOHOMEBI HAGIIOMAIOT W3JABHA M
HA3BIBAIOT ILJAHETAPHOI TyMauaocTwio *). Uto e Kacaercs
AApa, To, eCIM ero Macca He Ooxwhre, aeMm 1,2 maccsr Conrma,
oHO oOHRa)KaeTcad ® IpefcTaeT KaK 3Be3ga MaJoro pasMe-
pa ¢ MOBOABHO BEICOKO# Temmeparypo#t. Taxwme 3Be3nw

*) 06 stmx mATepecmEIx ofnerrax cM., kmmry M. C. IIKaoBcKoro
(1982).
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MSBeCTEBL KaK Oesnble KapsHKW — Oeiable H3-3a HX OBETa, CO-
OTBETCTBYIOIIEr0 BEICOKOH TeMmepaType HOBEPXHOCTH, & Kap-
JAKE @3-3a HeOONbmoOH cBeraMocTH. Manadg cBeTEMOCTH CBA-
3aHa ¢ MAJHIM pasMepoM H3Tydalomed mOBEPXHOCTH 3BE3JILI:
pajuyc Gesoro kapiHuxa pas B cro MeHbme paauyca Comnra,
T. €. CPABHEM ¢ pajuycoM JeMan. VIzxydaa cBeT U NOCTENEHHO
OCTBIBAfA, TH 3BE3JEl 32 MHIIAAP] JET WJIN OKOJO0 TOro Cra-
HEYT HEBHJHUMBIMY, TOAHOCTLI0 UBAYVIAB CBOI TEILIOBYIO DHEp-
raro, HAKaKHX [PYrOX ACTOYHAKOB SHEPTMY B HUX YiKe HeT
1 3T0 (PaKTHYECKM HEM3MeHHOE COCTOSRUE — COCTOsiRme Oe-
JBIX KAPIHNKOB, IPEBPATUBINUXCA B «YepHLIE» KapJiuKua, sB-
nagerca QURANBHON cragmeit 3BOAIAEM GOJLIIMHCTBA 3Be3].

Hearo mopobroe oxmaaer, mo-sujpaMoMy, u Bame CoxH-
ne. Yepes 8—9 Muaamap/ios JeT OHO IPEBPATHTCH CHAYATA B
KpacHBIII THraHT, 3aTeM, cOpocuB o000d09KY, cTamer OelnbIM,
a mochae M «9ePHBIM» KAPIUKOM,.

Cynrba Gonee mMaccEBROMN 3Be3nsl mBEas. Mcuepmap 3amace
AJEPHOTO TOILIEBA, OHA TOMKE cOOCOOHA OT/JeJIATL OT cebA
0607109KY, HO 9TO IHPOECXOUT HE CIOKOMHO M ILTABHO, 4 B BHU-
Tie MOUIHOTO B3PEIBA, BepoATHO, MMEHHO TAKUM B3PBIBHEIM
npoieccaM M 00g3aHBl BCUBIIIKD CBCPXHOBHIX 3Be3]. B aAp-
JEFIIA TAKOTO POJA CBETHMOCTH 3Be3/IBl BO3PACTAeT 3a He-
CKOIBKO JIHEH B COTHH MWJJIWOBOB pas, W 3aTeM B TedeHHe
HeJlea WO MecAlia 3Be3Nla U3jydaeT 0oNblle cBeTa, YeM Ije-
dasg  ranakraxa. Ofosnouka, orfenwBMAscA OT CEPAIERHHEI
3Be37161, OLICTPO paCIIEPAETCA, CO3ABASA B MEK3BE3J{HOHE cpe-
fe YRAPHYI BOTEY (CHOCOGHYI0 «IOMMEdby BOJHY 3Be3I0-
o6pasoBamuA; cM. Belize). OcraToK e, /AP0 3BE3MABI, GBICTPO
CHUMAETCH, U €CJIM €T0 Macca He mpesbiaer aByx mace Conn-
ITa, pesBpalgaeTca B HEUTPOHHYIO 3Be3/Y.

Heiitponnas 3Besga ¥MeeT DAOTHOCTb, CPABHAMYIO C
NI0THOCTEI0 aToMHEIX fAnep, 10 rfem®. Cromp cmasHOC yI-
JoTHeHMe 00s3aHO COOCTBEHHOMY TATOTEHHIO 3BE3/IBI, KOTO-
poe npu YKA3aEHOH Macce He NO3BOJAET CKUMAIOIIeicA cep-
IIBHHE 3BE3[Ibl OCTAHOBUTLCA HA COCTOAHHHE (EN0TO KapiamKa.
Panuwyc HeATPORHOE 3BE3/Ibl OKOMO NECATH KHIOMETDPOB, T. €.
upnGIN3NTEILHO B CTO THICAY pa3 Mensme pamuyca Coamia
HIN 00 KpadHEH MepPe B LIECTHCOT Pa3 MEHbINE pajayca 3eM-
JM,— 9T0 pa3Mep He 09eHH DOABIIOTo ropoja.

BCOBIMKA CEEPXHOBHIX H3BOCTHLI M3[IABHA; APKOE ONMCA-
HHe TAKOTO ABIEHEA, OpoHcmenmero B Hamel anaxktake B
1054 r., mMeeTca B KmTACKAX XPOHMKAY. «3BE3Na-TOCTHAY,
KaK BA3HIBAIOT €¢ XPOHUKH, Oblna BUJIHA Jake JHEM, ycTylas
oneckoM Toxnko Comxmny m Jlyme. OGomouxa, cOpomennas »
9TOM cOOBITEM, BHAHA HA Hebe [0 CuUX IIOP — BTO 3EAMERHATAS
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KpaGopujaas TYMAEHOCTD, H3yddeMag acTpeHoMaMua jxe 6o-
Jee NBYX BeKOB. A Re#TpPOHHAA 3BE3[A — OCTATOK BCIIBIOTKA
cBepXII0BOi — Obia of6Hapy:keHa B nenTpe Hpabosmamoid Ty-
mangmoctu B 1967 r.

Bensimkm €BepXHOBBIX B COBPEMEHEHOM COCTOARUR ['arak-
THKA — PenKoe ABAEHUe, IPOUCXodAlNee B CpelHeM He Talle,
geM pa3 B ¢To aer. [locnenmEow Beorimky b namedt Ianawrto-
ke Habawopax B 1604 r. W, Hemnep. B gpyrux ramaxruoxax
BCIIGIMIKE CBEPXHOBBIX TPOHCXONAT OpPHOAAIMTENLEO € TOIl
Re TaCTOTOH, TAK UTO CJAeHA B TeYSHME I'oja 38 HeCKOMLKHMIM
COTHAMII rajJaKTHE, MOKHO HABEPHAKA 3aperHCTPHEPOBATH IO
KpaitHeil Mepe O/IHO COOBITHE TAaKOro poja.

Heiitporuasa 3Besga » HKpaCormgmo# tyMaHBOCTH OBLIA
ofEapy:ReHA Kak ICTOYHUK ROPOTKUX PAgHOUMIYABIOB, pe-
IyIAPHO nostopaioimaxea ¢ nepmonom 0,033 c¢. 310 neobsr-
JaiE0 KOPOTKUIl IePHAO; NEPEMEeHRLI¢ 3Be3/15I U3BECTHH J(aDB-
HO, CPelA EUX HMEKIOTCHA H 3BE3/ILI ¢ PETYIAPHBIMA IepIoiH-
YeCKUMH U3MEBEeRHAMKY OJIeCKa, 1o CTONDb MAJBIMIA HEePNOJaMA
0071a1a10T TOABKO myascapsl, oTkpeiTeie B 1967 r. Heiirpon-
nag 3zezfa B HpabosujHo# TymMaHHOCTH — Oyabcap, o0Hapy-
JHeHEEHIH opOnM T3 mepBHIX. CaMBIM TepBEIM OBLT DyabCcap C
nepuonod 1,33 cexyEABI, OTKPLITLIT IPYNIOIT pagoacTpoHO-
MOB 10][ pyKoBojcTBOM 9. Xplomma, Ceigac M3BECTHO 60M00
COTEH TYABCAPOB W JIIA MOJABIAIONIET0 TX GOJLIIMECTDA MHe-
PHOJ ClEeJI0BABUA HMIYJILCOB ONN30K K OJIEON CeKyHpe.

IlepmonaBOCTy MBAYIERHA LyJAbCAPOB CBA3aHA ¢ HY GHI-
CTPHIM BpaIeEWeM: 3Be€3/la MBIYydaeT Y3KUI IYYOK pajuo-
BOJH, MONGOHBIH 1yay maara. Habnionarens, momanalolqui e
B3TOT JYY, BHAHT IEPHOANYECKN IOBTOPAKITHECT HMIYILCH
m3nyaernsd, Ho um onaa o6rramasa 3se3ja, ax Coxmne, Ha fa-
e 0oslee IJIOTHEIE Oenblit KapamK,— He Morjaa 651 BpaUlaThCA
¢ DepUOJOM, XapaKTepPHHM JJIA OYAbCAPOB,— OHA HEMeJ|IeH-
Ho OBITa ORI pA30pBAEA IEHTPOOEIKHBEIME CIUDIAMU. TOJLKO
HeATPOHHAS 3Be3a MOKeT YCTOATH M BpalDAaThCA KaK BOJ-
YOK, He pa3pymaeMas MeETPoOeKHBME CHIAMH: OHA OWelL
INOTHEAA, JOCTATOYHO KoMmaKTHas miIg storo. (HamoirmaMm,
YTO OpPA 3aNaEHOM Hepuoje meETpobe;xBad cHla IPAMO MPO-
DOpIUOEAIbHA pajHyCcy BpaIalouierocd tena.) ITH coodpa-
JKERAA W IOCIYMUIN, COOCTBEHHO, MEepPBBIM H CAMBIM CILJb-
HHIM apryMeETOM B IIOAB3Y TOTO, ITO IIYNBLCAPHI — 3TO HEHT-
POEHBIE 3BE3JHL,

B 70-e rogel OBUIE OTKPHITHI TaKe ITYJABCAPEI, M3IY4aio-
IiZe Ee PAXHOBOJEEL, 4 IJTABEBIM 06pPa3oM PCHTTE€HOBCKHE Jiy-
au. ViMu oxasanmch HeATpPOEHBIE 3BE371bI, BXONAIKE B COCTAD
IBO#REIX 3BesHEIX cucreM, O6 METEpeCHBIX ABJIEHUAX B TeC-
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HEIX JBOAHBIX CHCTEMAX MBI pDacCKa;keM HEMHOTO NO3Ke,
a cefigac BepHeMCH K CyApbe MACCHBHOR 3BO3/IE, WCYEpHAB-
meil 3aDachl AAEPHOr0 TOIIHBA, B PACCMOTPHM (PH3UTZECKHe
opoxneccsl B GeThIx KapiAuKaX M HEHTPOHHKIX 3BO3/AX.

Yem Oonbpme Macca 3BO3QLI, TeM CHIbHEE ee cobcTBeHHoe
raroTene. TAToTeAde CTPEMHETCHA CHKATH 3BE3Ny, M eCad TeM-
oepaTypa ¥ JaBjende B HOH y)Ke He DOAIOpKHBAeTCA ANep-
HEIM 3HEProBHIGIEENEM, TO TATOTEEHI0 HUYTO He MEIIaer.
Onraxko no Mepe VIUIOTHEEMA 3Be3[bl IPH TPABUTATUOHHOM
CHATHH B ee BemecIBe IDOABIAETCA COBCeM OCOORIH pox yI-
PYrocTH, BMKAK He CBASARHOHN ¢ TeMmeparypoi B oOBIZHBIM
fapieEmeM, OOABAHHBIM TEIVIOBHM [BHGKeENOM  9ACTHIL
Haxe npm HyIeBoH TeMIeparype BelleCTBO 00XamaeT HEHC-
yeszalomeil yopyrocTbio, HIMEme OTRIONG He TelJIOBYI TpH-
PORy: B 9THX YCIOBHAX HeHCTBYIOT 2¢P@eKTH KBaHTOBOH
MeXaEuKZ, 0Jaroflapf KOTOPHIM BO3HMKaeT 3P¢PeKTUBROE
naBjJeEne gacTul Benmectsa *). I'az B TaKoM coCTOAHMM Ha3bl-
BAaIOT BEIPOKJOEHKIM, IPUI€M HPH YBeIHYEHWH IJOTHOCTH B
COCTOAHN® BBEIPOMK/CEHMA OBICTPOe TPUXOAAT Te HACTHILI Ta-
38, Macca KOTOPHIX MeHBbIIeE,

B cMecH 37eKTpoHOB U Aep, U3 KOTOPOo# COCTOAT CHiMMa-
JOMAsACA 3BE3Ja, NePBEIMA CTAHOBATCHA BHIPOKICHEBIMU JJIEK-
TpoEbl. BOSHHRAIOIMAA W3-38 BTOr0 NOUOJIHHTEIbHAA YUDPY-
TOCTb OCTARABJHBAET CHKATHE 3BE3]Ibl, €C/IM €e Macca He Ipe-
permaer 1,2 maccel Conmna. Pacuer aroif KpETHYecKoir Maccs
cnenan suepssre I, YamnpacexapoM. 3Beafa, B KOTOpO# TA-
TOTeEne YPABHOBEIIEHO KBARTOBOMEXAEWIECKUM dPPeKToM
TABJIGRMSA BRIPOMKISHHOTO rasa IeKTpoEoB — 3ro fenniit Kap-
auK. flcno, 4ro ocThiBaEEe Genoro KapiaWKa He CIOCOOHO MO-
BJIMHTE HA JIaBJEHEMEe BHIPOKIOHHEEIX SJEKTPOHOB — OEO OCTA-
HETCA TeM ke M IIpd TeMIepaType aOCOJIOTEOTO HYJIA.

IIpu Macce, mpesbimalomeit waHpgpaceKapoBCKHHA npepel
(1,2 maccst Conmma), maBieEMe BHIPOKACHHBIX JICKTPOHOB
HeJOCTATOYEO, YTOGEI NPOTHBO/IeMCTBOBATH TATOTEHHIO M OC-
TaHOBUTE ero. (:xaTme 3Be3fBI IPOIOIIKAETCH, AOCTHTAITCH
BCé O60NpIIAE MIOTHOCTH, U BMECTE ¢ 3THEM HM3MEHAeTCH COCTAB
BeIIecTBA 3Be3NhI: MEKTPOHBI KAK OB BJaBIUBAIOTCH B sAApa
B CIFBAIOTCA ¢ OPOTOEAMH, OpeBpamad HX TeM CAMHEIM B
HeliTporsl. CiasiERe 37EKTPOHOB ¢ IPOTOHAME COIPOBOKIaeT-
¢ poxgeEAeM 60 bIIOro YHCIA HEATPHHO; 0EM CBOOOJHO IIO-
KEJAIOT 3Be3y, YHEOCH H3 HEe BCIO TY 9HOPIUI0, KOTOpas BhHIe-

*) O crolCTBAX CBEPXUNOTHOrO BemecTBa ¢M, KERTy A, G, KoMmas
meima (1976).
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JENach OpPHE CKATHR Orarogaps M3MeHEHHIO IPARBATAREOHHO:
HoTernAATLHEOK DHEPrAE 3BE3IH.

Teneps, TPE DPOROMKAIOMEMCH CRATHH, HACTYNAST 0Ye-
penb HEETPOHOB IEPOXONATL B BEIPOKAEHHOE cocrosHme. Boz-
HORAIOMe® B BX rase JONOJIHATEABHO® XABIEHHe CIOCOOHO
OCTAHOBATH CIKATHE 3Be3JR! B CKOMIICHCHPOBATH €€ CofcTBex-
HOe TATOTOEWS, 6CHE MACCa 3Be3JEl He IPEBEIIAET ABYX MAach
Congna. TakaM OyTeM BO3HMKAET CBepXIIOTHAA 3BE3Na, KO-
TOpDAA W EHABHBAETCH HEATPOHBOK 8BE3NOH, TAK KAk COCTOBT
IMABEEIM 00DA30M M3 HeHTPOHOB M yAep:KUBAaeTCH OT CIKATHA
gmarogapsa MX KBAaHTOBOMexaEWIecKoMy 3PhdeRTy maBaeHms.
Teopuyo HeATPORBBIX 3Be31 MOCTPOWJI 3aH0Jr0 HO0 HX OTKDHI-
™, eme B 30-e romw, JI. /. Jlammay. Torma omm mpepcras-
JIANEACH JUMb FEODOTeTHYECKEMHM OOBEKTAMH, HO HX CYIecT-
BOBaHMe B IpApoOJe HeM30EeKEO CIOJ0BAJ0 A3 3aKoHOB ¢m-
BOKA,

3amernM, 10 GHICTpOe BpamieHWe HeHATPOHEBIX 3Be37, Je-
Jaomee HX MagKaMA — OYJIbCAPAMH, — OpAMoe CJe[CTBHC
CRIBHOTO c:KaTuf. Bce 3Be3Nsl Tar WAM WHAYE BpamaioTeH,
BpamaercA m Hame Coxmne ¢ mepuomoM oKoxo mecama (Tou-
Hee, HA €r0 3KBATOpPe meprox ofpalmenas cocTaniaer 26 nued).
Ilpm cxaTem, yMeHbIIEHAR Pa3Mepa BpamleEHe BCAKOTO TeNs.
yOricTpsieTcs (BCOOMHMM TAaHIOOPOB EA JBAY — MPEKUMAA
pyKA K Teny, OEX 3aMeTHO YOBICTPAIOT CBO@ BpamieHHe).
Ilepuoa Bpamerns y0siBaeT IpoDOpHEOHANLEO KBAJApPATY pas-
mMepa. Ecmm CoxBmme c:xarb o0 pasMepa HeHTPOHEOH 3Be3NH,
0HO GymeT BPAMATHCA ¢ HEPHONOM OKONO ONHOMK COKYHIHI, TH-
DAYHEIM [ DYALCAPOB,

Odverns BakHO H T0, YTO IPH CIKATAH 3BE3JH BO3PACTAET
HC TOABKO CKOPOCTh BPAIMERMA, HO TAKKe M 06 MaCMUTHO®
noJe — OEO YCHmIMBaeTcss o0paTHO mpOMOpHEOHANBEOC KBagpa-
Ty paguyca. IIpn mocTurkeEAR MIOTHOCTEl, XapaKTePHLIX A
HeATPORBOH BBO3/IKI, MATEATHOS® IOJI® MOMKOT OKABaTHCA B J6-
CATKE B COTHH MWIJIMAPAOB pa3 CHIBHES, Y6M B HCXOXHOM
cocrosiEmm 3Be3nbl. Cpemmee mone ConAnma cocrasiisfier mpH-
GrusatensEo 1 J; Opm c:armu Mo pagayca HeATPORHOI 3Bes-
I €ro0 BAOPAMENEOCTh OKazamack Om paBmoi 10*° 3. Ha-
CHOJHKO MOMKHO CYIRTh, MATHATHBEI® MNONA IYARCAPOB 6Ije
cunsnee, no 3-10'* 3. VMermmo MarmurHOe noie u GopMapyer
NY90K PAAMOBOJH, HM3JYZaeMEIX IyJbCapoM, & JTOT NYYOK
BpamaeTca, KaK JyY MasgKa, ¢ ¥acToTold BpameHMA HEeATpOH-
Hoit ssesnn, CosmecTHO® fAeifcTBEe BpAlleRNA W MATrEMTHRX
mojeil ofecneuymBaeT HMCKIKNYHTONHHO YATKYIO DPOryJaApHOCTH
DOCJEeR0BATEIBHOCTE HMMIYJIbCOB ¢ DEpHOROM, DPABERM Bpe-
MeHHE OHOro 0G0POTA BBE3JIH, M 9TOT NePHOM BRITED/KABACTCH
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¢ OIPOMHOH TOYHOCTBHIO — J0 BOCHMOLO 3HAKA. JTO OTHOCHTCSH
T K pajiEoOyabcapaM U K PeHTT€HOBCKUM IIYyJAbCapaM.

Hawxosa cyns6a 3Besafpl, Macta HOTOpPOE IpeBLInTaeT
npeaea B IBe  codHeyHERle  Macew! CuMan  TATOTEEHMA
I 9TOM CJIyYae CTOJb BEJUKHA, YTO HAKAKAA YIPYTLoCTh Be-
IecTBa — EM TeIUTOBasA, HH KBAHETOBOMEXAaHWYECKad — He MO-
JKeT MM TpoTuBocTodTh, (CHtaTHe TaKOil MAaCCHBHON 3Be3[hL
Iocjle MCYepIaHns] HCTOIHHKOB ANEPHOH JHEePIHH IPOMCXOAUT
Hey/lep:KUMo ¥ Beo0paTHMo — oOa IpenpallaeTcsi B YEPHYIO
ABIPY.

O wepERIX gRIpax ceifuac cABIMAME Bce. Bce B HAX Iopa-
AcaeT BooOpaKeHHe: COo3JaBaeMoe @MU TATOTeREHe CTOJDb Re-
JUKO, 9TO JAYIH CBETA He MOLYT BBIXOJHTH M3 HAX, a JYIH,
OpoxojAmue IOOAM30CTH OT 9YepPHHX BP, HCKPUBAAITCA I
3axBaTHBAOTCA EMH. [lajke reoMeTpRYeCK®e CBOMCTBA IPO-
CTPaHCTBA ¥ TeYEeHHe BpeMeHH BOJM3U YePHBIX ALID A3MERAGT-
CA CAMBIM OPRYYAAHBEIM 0OpaszoM. UepHBe JAHIPHI cO3/1al0T B
NpOCTPAHCTBE 6€3JJ0EREBIe BOPOEKH, B KOTOPEIE (3aCaCHIBAET-
CA» BCe —HU CBET, W JacTHOBL. Pajuyc Taxkoit BODOHKA Cpas-
HAM € pagjdycoM HeHTPOHHO# 3Be3fbl; OH COCTaBIAET HeE-
CKOJILKO KAJIOMETPOB.

MEoroe MoaEO OBIIO OB PACCKa3aTh O YEPHBIX AHpax *),
HO IUIA HAC ceddac BaXKHEE BCEeTo Oj{HH BOIPOC: CYUIECTBYIOT
au omm B mpupose? C TeopeTHYECKOU TOYKM 3peRUA depEbIe
ABIPBI CTOND Ke HeM30eKHBIH pe3ynsTaT OBOJIONHAM 3Be3f,
Kak Genple xapaukm uau meliTponHrre 3pe3jisl. Ho gcno, uro
HAOMIOeRNA YepHBIX bIp 3aTPYABEHBl CaMO# HMX IPHPONOii.
Besnanesxno Obiio 6B MCKaThL MX B BHJle YEPHBIX TOYeK HA
ri¢be; cxopee BCero, o6 MX CYIIECTBOBAHMHA MOMEO CYAHUTD
JHAOIL 110 KOCBEHHLIM IIPU3BaKaM.

Ecay, manpemMep, gepHad JAbIpa CocTaBiafgeT ABOUEYI0 CH-
cTeMy ¢ OOBI9HOI 3Be30d, TO MO O0COOEHHOCTAM IBHIKeHEA
9TOUl 3Be3ls! MOKHO B OpPEEIUIOE YCTAHOBHTH, YTO ee KoM-
DaHbOHOM — BEBUIUMBIM — ABAAETCA ZepHasg nwipa. 06a 00B-
eXTa B JIBOHEO@ cmcTeMe BpamalTCA BOKPYr HX 00mero
HEeHTpA TAMECTH, M W3MepAss IapaMeTpel OPOMTEHI OOBIYEON
3Be37El, MOMULO OIeHUT:, MacCy HEeBHEIMMOr0 KOMIOABLOHA.
Koneano, roMnapboE Mo;er OHITH He BROER IPOCTO IOTOMY,
9T0 3T0 O9eHb cjJabasdA, RO B OCTANLHOM BIIONHE OOBIYEAA
sBeaga, Onmako ecam omeHKAa MacChl KOMIIAELOHA JlAeT BeJH-
YuHY, OpeBbImIalOmy© ase Maccsl CoaBi@a, 910 Oymer o3ma-
TaTh, YTO BeBUJUMEIA IAPTHep — JIEHCTBATENLHEO YepHAA

*) Cm. xeerm WU, [I. Hoeuxoma (1976), C. A. HKHamxama. (:1977)1
HU. C. Ilxnoecxoro (1977)
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neipa. Bemb 6yap oT0 oO0bIYEag 3Beaga Goabmoll  Maceh,
e¢ uanydenue Obino 6p1 3ameueHo. (Hamommmm, aro m Gennte
KapJIHKA, ¥ HEUTPOHHBIE 3Be3J[bl, KOTOpPhHIE TOMKE MOINH Obl
OBITH LEBHAUMBIMH B IBOMHOM CHCTeMe, 00MaXal0T MeHbIIUME
maccaMn.) JMeeTcs HecKOABKO HCTOYHHKOB HA Hebe, OTHO-
CUTENLHO KOTOPBIX MOKHO HOJI03PeBATH, 4TC 9TO JIBOHHEIE
CECTeMEBI C YepHBIMH JHpaMu. TaKoe, mampmMep, HCTOYEMK
pPeHTTeHOBCKOI'0 M3dyYeHusa B co3pesnmm Jebena (ero massa-
nee — JIeGepp X-1). Onmaxo DonRag YBEPEHHOCTH IIOKA OT-
CYTCTBYeT — Eeo0X0/JEMbI HOBHE M HOBBle HaOGIIOmenud, HOjI-
pepragMbie CTPOroMy M TIMAaTeabEOMY amanuay. U Bce ske
BpAJ JHA MOMEO COMHEBATHCA, YTO UepHEIE NBIPH CYIMECTBY-
JOT: ¥ MACCUBHBIX 3Be3]l EeT MHOIO IYTH, 9€M IpeBpauleBHe
B YEPHYI0 NBIPY Ha (UHANLEOE CTAgdH 3BOJIOIOUA. B Ha-
welt T'anakTUke AOMKHEL OBITH, BepPOATHO, MWIJIHOEHBI, €CAU
HEe COTON MIUTHOROB YEpPHBIX /BP, HY/KHC TOJbKO HAYYHATHCSH
ux Haxonars. Ilo myrauBoMy szamevanuio fI. B. 3eaxnnosmua,
JepHHIE JIBIPHI €CTh Be3je, TAe He JOKA3a\0, YTO OX HeT)

TECHLIE IBOMHEIE 3BE3[1bI

JBOIONEA 3Be3R — 9T0 OOMIMPHEAA 06IACTE HCCIeNOBaE@
B COBPEMEHHOU acTpomauKe, ¥ HAII KPATKAK OUEPK JANeKO
ee He HMCYEPIBIBAaeT; uMeercsa Oombmas HAYIHO-NOIOYAAPEAA
JAUTEPATypPa, M0 KOTOPOYU 3aWHTEPECOBARELIA IUTATENXD MOKET
OnEKe DO3HAKOMHTBLCA ¢ BTOM 00sacTHIO: KPOMe YMe Ha3BaH-
meix Belme Keur G, A. Hannama (1977) m U. C. Ixrosexoro
(1977), ynomamem KEurm P, JIm. Teimepa (1973, 1975),
I0. H. Edpemopa (1980). B saxnoderne raaBsl 0 OpoRCxOK-
JICEMY ¥ 9BOJIOIMM 3Be3[ MBI XOTeJ:d ORI PACCKA3aTh 0 HOBBIX
Pe3yabTaTaX MCCIEN0BAHMI, elNe IIOYTH He OCBEIIERHEIX B
aATepaType Oid URTATeNeH-HecHenmuaImcroB, Pednr 3gech
noitger o (EamYeCKMX OPOLECCAX B TECHBIX IBOMEBIX CHCTE-
Max 3Be€3J M HECKOJLKo Oojdee moapoGEO 06 oxEOM 3aMeua-
TEIHbEOM THIE DTHX CHCTEM, ¢ KOTOPHIM CBA3AHC HENABHO OT-
KpblTOe HABIeHHME KOCMHAYECKHMX BCILIECKOB pDEHITEHOBCKOTO
E3NyICeHAA.

Ecnm gse 3Be3gnt 06pasyioT HOCTATOYHO TECHYIO CHCTEMY,
TaKY0, 9TO PACCTOAEME Me:KIY 3Be3laMH CPABEEMO ¢ BX
pajjuycaMmd, B3aEMOjielicTBHe 3Be3N-NAPTEEPOB He OUPAHKYH-
BaeTCA TOALKO TeM, d9T0 OHM BPAIATCA BOKpPYr obmero
Henrpa TaxecTd. OJYems BAKHO, YTO B 9TOM CIy9ae BO3MOMKHO
IepeTeKadue PBellecTBA ¢ ONEOH 8Be3 N Ha [pPYIYIO DOR
Je#cTBAeM TDaBATANMOHHOIO HNpHATAKEHHA,

137



Kasgmas 3Be3%a B TECHOM Hmape mMeeT CBOI (B0HY BiHAA-
HEA®, B Opefenax KoTopol mpeobnsfaer ee, a He HmAPTHED],
cofCTBOHEOS TATOTOHMS. JTY 30HY HAZHBALT nonocTei0 Poma
GUULIBCANVU 1aivivnnv. Uiy aviiy 4 a
(uo mvemm ¢Qpamnysckoro acrpomoMa XIX Bexa, KOTOphuA
HSY9aJ B3AMMHOE TATOTEHHE HJAHET M MX CIYTHMKOB, HO WO-
CTPORX ¥ OGIIYI0 TeopHio, IPUMEEEMY0 K ABOMHBIM 3Be3/laM).

Puc. 40. poman cucTema
a3pean, - I, 2-—nmonocrm
Poma, 8-~ BRyTpERHAA
TouRa Jlarpaamxa,

9TE 30HEI MOMKHBEL, OJeBEEO, CONPHKACATHCA B ONHOH TOYKe
HA JEEHWH, CoefMEAIMel MeHTPH 3Be3A: B HOM cmia TArore-
HESA OTCYTCTBYOT, HOO ofHA 3BE3/ia CO3JaeT B Hed CHIY TAro-
TEeEWA, TOYHO TAKYIO }Ke I0 BeJHWIWEe, 910 M ApYyrad, oo npo-
THBONONOKAYI0 Mo HanpaBienuio (pac, 40). Haa sroil Toukm
TO:Ke eCTh CUeNXATLHO® Ha3BaXMe — BEYTPEeHHAA Touka Jlar-
pamxa (Do wMeHE Opyroro QpaHIY3CKOro y4eHOro, BEAMEHH-
TOr0 MareMaTura B MexaEmKa X VIII—magana XIX Bs.).
Ecar maccsl 3837y OJMEAKOBEL, TO TOYKA Jlarpamma aesur
HOCepeTREe MEe;KIY HAMHA; ©CId Macchl Pa3Hple, TO OHA, €CTe-
CTBEHHO, OJIIHe K MeEee MAcCHBHOU 3BO3Je, TaKk KaK IOJIOCTH
Powa TeM o6mupree, 9eM Gonbmme mMacca 3ne3gbl *).

O0Men BemecTBOM MeA{Iy 3BesJaMH BO3MOKOH HBYMA
pytaMa: Jmbo ¢3Be3J(EBIA BeTep» NpPOHMKA®T M3 MOJOCTH
Pomra «cBoeit» 3sespgri B moiocTs Pomma sBesjsl-KOMIIaHKOHS,
aua00 oHA W3 3Be3][, TAK CKAa3aTh, NepeNoaHAET CBOI IOJOCTh
Poma.
~ 3peapaHid Berep ORI OTKPHIT NOpe:xge Bcero y Coxama
{(commeynsiif BeTep); OKA3aIOCH, UTO NPOMCXOAMT HONPEDPHIB-
HOO® HCTeYeH¥Ee ILTIABMEI COJTHEYHOMN KOPOHEI B ME;KILIAHOTHOS
npocTpancTBo, ¥ 6ojsiee MacCHBHHX M ropatux, zeM Comnne,
SBO3X DOTORE NNa3ME WHTCHCHBHES; OHM MMEIOT BIONHE HO-
CTATOYHEIE CKOPOCTE H JOCTATOYHHIA 341AC HKABETHIOCKOH

*) B nmocwmenEeM CcI¥ygJae NMONOKEHHS TOYKE JIarpamKa Ompenels-
¢TCA He TOALKO TATOTOHMEM BBO3N, HO H ReATpobeskmoft cHioK, BO3-
HEKgOmed H3-3a TOro, ITO CAMA DT TOUKa, HAK ¥ 3Be3[N, BPAMAETCH
BOKPYT MEATPA MACC [{BOAHOK CHCTEMBEL.
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sHepruE, 42T005 HABCOIlAa IOKHHYTH 3Be3/ly, HPEonoaeB ee
npETAKenRe, B MBoiiEO# cucTeMe KaKag-To TacTh YacTRI,
DOREHYBIIAX OJHY 3Be3qy, MoO:KeT OBITh 3aXpaZeda IoJeM
faroTeHda Apyrolt 3Besuml.

Topasgo GOxpMIMe NOPIUE BEMECTBA MOTYT mepeiiTa or
ONEOH 3Be3/Ibl K APYrod Ea BTOPOM IIYTH, KOT/A JIeJ0 HE orpa-
HEAIABACTCH HCTOYOHHEM M3 KOPOHBI 3Be3Nbl. SEAYHTENBLHBIH
nepe6poc BemecTBa OT ORHOH 3Be3NH K ApYrof coocobeH
OYeEbh CYMECTBORHO NOBAMATHL BA XapaKrTep AaabHeumei 3Bo-
Jiolaa 00eHx 3Be3X B TeCHOH mape.

MHorue MATEePeCHEIe YepPTHl LPONECCOB TAKOIO POjla BHI-
AcHeHH HejlasHo B paGorax A. I'. Macermu, A. B. Tyryrosa
w JI. P. YOrrenscona. Bonee MaccusEas M3 ABYX 3Be3y mapHl
Depeoit IepexOomET EA Ty CTAgWI0 SBOJICHUH, HA KOTOpOi
OPOECXOART cOpoc 060a09KKM. SHAYUTENLHYIO NOAI0 BellecTBa
9Tolk 060M0YKE cHOCOOHA 3aXBATHTL BTOpafd, MeHee MACCHE-
Hasg 3Be3Na; HO YBEJIHYUB MAcCy 3a CUET BEIecTBA CBOETO
AapTHEEpa, 9Ta 3Be3fla CTAHET Temeph Honee MACCHBHOM, M mo-
TOMY TEeMNI ee 3BOJIONMH Bo3pacTeT. Bckope B oHa HAYHCT
pacmupATHCA, IOpHIEM pa3Mepbl ee O00J0UYKH CTARYT CTOJIL
3RAYUTEJbHBIMH, 9TO BEYTPH 9TOH O0OOJOYKM OKaMKeTcd K
OCTATOK I€PBOM 3Be3fbl, yCcOeBMHH Y:Ke NPEBPATHTECA B
meitTpoEHy0 3Be3ny. llocienmas, mewradce B cpene 060-
JOYKH, TOPMO3UTCA (KAK CIYTHAK B IUIOTHBIX CHOAX 3€MHOI
arMoc(epsl), DpEOIMMAETCA M3-3a4 DTOr0 K ANPY BTOpOL
8BE3Bl M B KOEI¢ KOENOB 00pasyer BMecTe ¢ HUM HABOMHOE
TeCEOe ANPO BEYTPH efuEo# oSmupmoit odomouxu. 3amedga-
TeAbHO, 9TO TAKHE OOBEKTH — JiBe KOMIAXTHBIE 3Be3NLl B 00-
mwelt 000J0YKe — HEJJABEO OOBRApY:eHH OPAMBIMA ACTPOHO-
MUYEeCKUMHA HAOJIOqeHAAMM,

He Memee mETepecEBIe COOBITHSA B TECHOHR JBOXHOMR cucCTe-
Mé Pa3BHBAITCA W TOIJIA, KOTHA HepeTeKaHdWe BemecTBa C
olHO# 3Be3[bl Ha APYIYIO He CANMKOM 3EAYATENLHO, 110 OJIHA
W3 3Be3j| y)Ke YycIena NpeBpAaTATHCA B HEHATPOEHEYIO 3Be3Ny.
PaccraskeM B ¢BASH ¢ 9TEM 00 OTKPBITHH # HCCIENOBAHUN
(apcTepoB — BCOBIMIEYHBIX MCTOYHMKOB PEHTTEHOBCKHAX Y-
veid. Ix Haspamme IPOMCXOMIHT OT ARTJIMIACKOTO cJI0Ba «bursty,
9T0 3HAYMT BCIHIIIKA, B3PLIB.

To, @ro 3Be3j Bl MOryT H3Ay4YaTh HE TOJALKO BHAMLIA
CBeT, RO W EEeBH/UMBlé TIJa30M 3IeKTPOMArHMTHBIE BOJIHHI
PeHTTeROBCKOTO JMANA30HA, BHIACEHAOCH B Tocaenasme 15—
20 neT, Korga NOABHAMCH CIeNUAJbHBIE DPEHETTeHOBCKHE Tele-
CKOOH, YCTAHABJMBACMHO HA BHICOTHEIX OaaloHax, paKerax,
COYTHHKAX ¥ BBRIHOCHMEIX B8a IIpefeasl 3eMHOH aTMochepn
(KoTopas He mponycraeT K HaM KOCMHZECKHe DEeHTIéHOBCKHE
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ayae). Cpegm sBespy Hameit I'anakTukzm M3BOCTHO YiKe He
MEHe® CTA TAKMX pemTremoBcKux 3Besy. Conane me rpmmaj-
JeMAT K IX YHCIY, XOTA €ro PeHTTéHOBCKOE HM3IYIeHZE pe-
MRCTpEPYIOT yKe masmo, ¢ 1948 r., owo saMerHo nmmB Io-
roMmy, ato Coanme oOueds 6nmsko K mam. Ha réex paccros-
UEAX, HA KOTOPHIX HAXOAATCA TANaKTAYeCKHe HCTOTIHHKH
PEHTTeHOBCKAX JyIeH, COMHEeIH PEHTreHOBCKAHN UOTOK ObLT
O CcOBepIIeHHo HeoU{yTHEMEIM.

PertreHoBckEe IYy9H - 3TO JICKTPOMATHHTHBIE BOIHSI,
UpuHaLIekanze K 6o1ee KOPOTKOBOIHOBON 061aCcTH, €M BH-
MUMLIE cBeT ® yaeTpadHmomeroBoe u3nyuenme. MM coorBer-
cTBylor gnmmsl BoaH or 100 mo 0,3 A (amrerpem)*); dorount
PEHTIeHOBCKAX Jydel#l EMeI0T, B COOTBETCTBHE C ITHM, JHep-
rum or 0,1 mo 30 ®sB (xmnosnexrpomsoast), mwaz 10—
3-10—** T, Camble ApKEE M3 PeHTreHOBCKHMX 3Be3[ M3NYydaI0T
B PeITrCiOBCKOM [{EAlIA30olle B AECATHL THICAY pa3d Oonbime
saepri', uem CONMHIE BO BCEX MMEHAX BOMH.

r
T)nl -—-r-nnnnn Arro 2ADANTLY NATITITITOTNAMN T Y. T_‘rn.II T‘re

T N, - oTY
L LvilvDuiwaw DLV O L VLJLIL iGNV L urL UELJLIP XAV A

peMen-
uocTL0, Henrotoprle 001a7al0T BCKIOYETENLHO TOTHOM I0-
STOPHEMOCTEIO, CTPOTOY perylIApHOCTLIO Kogebammit 6ixecka c
MePROOM B CeKYIIEI HAR HONH CeKYHABL. JTO yiKe YIOMIHAB-
MAeCs DPeHTrelloBCKHe NYabcaphl. bapcrepsl — oCoOwIl Kaace
PEATreHOBCKUX TIePEMEeHHBIX 3Be3fi, O0HADYREBAIOIIEX KO-~
POTKMEe M 09eHDL APKEe BCULIIIKA PEHTreHOBERUX Iydeit miaum-
TEIbHOCTBI0 0T HeCKONBKOX CeKYHI IO HeCKOJIBKEX MEHYT.
Benpiuru caemyroT ogHa 3a Apyroil @eperynsapHo, 0e3 Kakoii-
nm6Go TOYHOIl HepHOAMIHOCTH. 1B KramIoit @3 HEX Hm3NTydaerca
CTOJBKO BDHEPTHM B BHUJe PCHTIeHOBCKUX Iyded, CKOIBKU
CosiaIe BO BCEM CBoEM CIERTpe HCIOYCKAaeT 34 HeJeld.

HNx ncropua magamacs B 1975 r., KoTna rpynna CoBeTCKEX
nccaemoparened coobuEaa o HabaIoOMeUNI KOPOTKHX M MOon-
IIBIX BCIUIECKOB DEHTTEHOBCKOr0 W3TydIeHUS, 3aPermCTPUpo-
BAHABIX annapaTypoi, ycraHoBmeHHoil Ha cnyrHmre «Hoe-
Moc-428». Bcrope aMepHKallcKHe acTpPOHOMEI 00HapyKmmm
BCUBINTKE PeHTTeHOBCKOTO H3JNydeHEmA B IEHTPe IIAaPOBOro
«nesguoro croumenma NGC 6624, B KOTOPOM HECKONHKEMM
rogaMyu paHee Onlna Halgema PeHTTeHOBCKAR 3Be3lla — ONHH
173 CAMBIX APKEX BCTOYHHKOB PEeHTTeHOBCKEX Jydeil b ['amak-
taxe. Celigac ma3pecrmo 32 Oapcrepa, 8 M3 KOTOPHIX NpPEHAN-
IeRAT, KaK OJATal0T, MAPOBBIM CKROMIeHHAM named [amax-
THKH.

Hapacranme 6necka rtanadmoro OapcTepa OPOMCXONHT
06BITHO 3a BPeMsT OT HECKONBLKHX fojdell COKYHIH N0 NecATH

*y { A=10-8 cm.
140



cexynx (pmc. 41). 3arem 3a BpeMA OT HECKONLKEX CEKYHR 10
HECKONBKEX MEHYT Oneck yOBIBaer A0 MCXOJHOTO YPOBHA #
10BAA BCUBIITKA NPOMCXOJAT depe3 HeCKONLKO 9acoB MM
Hecronbko mEcH. HeroTopsie GapeTepsl HIOTIA «OTHIIOFAIOT-

~ 7z

b

Q p

S

S
Puc. 41. Tunuanan sa- §
BUCHMGCTE Grecka 6ap- 8| e
CTCPA GT BPOMCHE. S

-~
J+1c Boerts

1+70y

CAY» Ha HeNeld M MeCAISl, H HOCTe TAKOK IaCCHBUOL (a3n
CHOBA «OMMBAIOTY» @ ONATH AAIT BCUBINIKY PeHTTEOBCKoH
CBeTEMOCTH.

ITouru Bcerpa Benmmkm GapcTepoB UpoACXomAT Ha (OHE
Ile WCUE3AIOTHEH, XOTHA W HEeCKOJILKO MeHSIOUIeMCH CO BDOMe-
HeM, PEHTTeHOBCKOM CBETEMOCTE 3Be3JHI.

Pacuonoyernme GapcrepoB Ha Hefe OTHIONE He XAOTHIHO

¥ He opmopondo (puc. 42). BOMLIMHHCTBO UX COCPENOTOUEHO

Puc. 42. Tonomemrme [ poonir e .o ,.' TaRaNIUR L
Gapcrepos B lamaxTi- °
Ke. **

NGCH6Z4

B HalupapleHund Ha neHTp Famaxtukd. 310 06CTOATENLCTBO M
IOCHYRUIO OYeBUIHEIM HAGMIONATENLHEIM YKA3aEAEM HA TO,
wro Gapcrepel npuEafiesxar Hamed @amaxrure. Orciona
clefyeT TakKKe, 9TO THOMYHOE DACCTOAHHe 0 BapcrepoB —
‘nopanka 10 xme; 970 paccToARMe, CpaBHEMOE C TeM, KOTOpoe
‘ornexsier ColENe OT LIeHTPa I alaKTUKH,

Uamepas npmxonsmuil K TelecKomaM HOTOK DPEeHTIEHOB-
ckpx nydelt @ 8HAaA THENEYHOE PACCTOAEEE X0 HCTOYHEKA,
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MOKHO HAHTE ero CoOCTBOHHEYI0 CBeTHMOCTH, T. 6, HONAYK
JHEPIHI0, U3NYIAEMYI0 MM eMHOCeKYHIHO BO BCe CTOPOHHI.
Oxa3alloch, 9T0 BO BpeMf BCOBIMIKE 0apcTep M3IyIaeT HamK-
nyio cexyagy or 3-10° mo 3-10°* JIx. (HamommuM, aro mox-
gag csetTuMocts Conmna 4-10% Br.) Ilonnaa smeprus scobimi-
KA, MOXydaeMaf YMHOKEeHHEM CBEeTHMOCTH HA IIPOKOIIKHUTENb-
HOCTH M3nyveHds, cocraBuger ot 3-10°** mo 3-10% .

Quenr BaKHAA XapaKTepucrdKa Oapcrepa — COOTHoONMIEHUe
MeXIY BCUBIIeTHOH CBETEMOCTHI0 ¥ Hemcuedaomed, douo-
poit cBeTmMocThI0. ORA3BIBAETCA, UTO 38 BpeMA MeXIy IBYMA
THOMIELIME BCOHIOKAMHE (CIOKORHBIMY» UYTeM H3NYYaeTCH B
eCATKE M COTHH a3 Goibmme JHEPrHH, 9eM B KaI0H OTIedn-
HOM BCOBIMKe, KaKoH GBI APKOH oHa HM OGmA.

He MeHee BayKHO [A1A UOHMMAHEA UDPEPONBI 6apcTepoB M
Opyroe WX CBOHCTBO. YCTaHOBIeuo (U0 BUAY cUHeKTpa HX
PEHTTEHOBCKOTO M3NYYeHrA), 910 BO BpeMsA BCIEIIIKE 6apcTep
CBETHTCA TaK, KAK CBETENACH OBl IIOBEPXHOCTH Tena, Earpe-
TOro G0 TeMIIepaTyp:l UPUONUBATENBHO B TPUALUATH MUIIHO-
HoB rpagycos. [Ips Takoll TeMIeparype BCAKOE TJO U3NYUaeT
Golblle BeeTo JHEPrmM UMEHHO B PEHTTEHOBCKOM NUANA30HE
BOJIH 3MeKTPOMArHUTHOIO M3NYICHHUA.

3Has 3aKOHE! CBeYeHHs TOPAYUX Tel W BeJUIWHY H3IY-
YaeMOil B eZUHHIY BpeMeHH JHEPIHH, MOMHO pPAaCCUHUTATH
miomagh UOBePXHOCTH, obeclieurBaninell mpy namHEOM TeMlle-
paType JawEYI0 cBeTMMOCTh. M BOT BEIACHMNOCH, 9TO BO Bpe-
MA BCTHIIKYM GapcTep CBETUTCA TAK, KAK CBeTHNAch GBI Ha-
rperas po TPEALATH MEIIMOHOB TPAyCOB IOBEPXHOCTH MIApa
c pagnycom npzbmusmrensio B 10 kM. Ho kak pas raxme
pa3aMeps ® WMeKT CaMble MJIOTHEIE M3 HM3BECTHHIX Cceiluac
KOCMEYEeCKEX TeJ — HEeMTPOHHLIe 3BE3THI,

BeiBog 0 TOM, 9TO PEHTTeHOBCKUAE BCUBINIKA CBA3AHHL ¢
HeHTPOHHEIMHU 3Be3NaMH, He ORI HEORUNAEHBEIM, ¥YJ)Ke U3Be-
CTHEIe K TOMY BpeMeHE DOLCTIBeHH:EIe OOHOKTH, PeHTTEeHOB-
CKEe IIyIbCapEl, HECOMHEHHO IpPeJCTaBIAIOT COGOU HelTpoH-
Hbie 3Be3gel. ECTh BCe OCHOBAEMA NONAraTh, YTO HIMYICHHO
PeETTeHOBCKMX NYI5CApOB 00A3aHO LPOMECCY AKKPEIHH, T.e.
3aXBaTy BHEIIHETO BeIeCTBA I'PABHTANMOHHELIM LIONEM Heir-
ponnoit 3Besnnl. Iax 6o mokasamo fI. B. 3eanmoBuuew,
. 1. Hosuxoseim & U, C. IlknosckuM, aTo ABICHME CIYKAT
UCTOIYHMKOM DHEPIAM BCEX PEHTTeHOBCKAX 3BO3J.

daxBaThlBaeMoOe BeINecTBO CPEIBAGTCA MM MCTeKaeT o
OOBEPXHOCTH 3Be3JRI-KOMIARLOHA B TECHOU IBOMHON CUCTEMS
® 3aTeM, YCKOPAACH OPH ¢BOGOIEOM HMAfEHAE B WOJNE TArOTe-
DA HeHTPQHHOH 3Be3fnl, npdobpeTaer 3HAYATENHHYI) CKO-
POCTh B KAHeTHYecKylo sHeprumio, HeusGemuoe CTONKHOBOHHS

142



¢ MOBEPXHOCTHIO HEHTPOHHOM 8Be3JH NPEBONHUT K NpERpAIe-
HEI0 KAHCTUUECKOR SHeprud DAfaI0Mero BeMeCTBA B TOILIO.

. 1k & (oY, Pttt P N R T e g Y —

B. pesyyibTareé 9TOr0 IOBEepXHOCTH ueJdTpOHHOH 3B93I.LBI— BCH
NOBEPXHOCTh MJHA TOJBKO KaKOe-TO UATHO Ha HBH paaorpe-
BaeTCA JO0 BBICOKMX TeMIEepaTyp B MUJIMOBEL M NCCATKH

Pmc. 43. Cxema peHTTe-
HOBCKOTO IyJbCapa. AHKK-
penmsA BeIecTBa 3aMaray-
yeBHOH 3Besnoit. Wamyue-
He IOpAYMX DATeR, I —
CHJIOBBIE JHEHMR MATBHT-
HOTO DoOnA, 2— 0Ch Bpa- -
MEHMA BeHTPOBHOHK 3Be3-
RBl, J-—ee MargaTeag
och, 4 — DafleENe JaCTHUIE
B MarBETHEIE BOPOHKHE,
5 — ropsadme UATEA ¥y Mar-
ERTHEIX TONIOCOB, § — W3-
NydeEHe TmATEH,

MEJITMOHOB rPafycoB H HAYHHAET CBeTHTHCA, MCOYCKAA TIaB-
HEIM 06pasoM (B COOTBETCTBMM €O SHAYCHHEM TEMIEPATYpHI)
PEeHTTEeHOBCKUE JYUH. |

B peHrremoBcKMXx UynnCApax AKKpenMA YIPaBIAeTCA
MATHUTHHIM LOJIeM; OOje He JaeT BemecTBY ABHTATHCA IoNe-
peK CHJOBHIX JMHHA H MOTOMY DOTOK BeHecTBa HPUXOIUT
Ha MOBEPXHOCTH HEATPOHHOHN 3Be3[IEl HE PABHOMEPHO CO BCeX
CTOPOH, & TONLKO 9epe3 cBoeoOpasHbie BOPOHKM, CO3JaBaeMble
IS BeIeCTBA MATHUTHEIM HOJeM BOAUSH MATHHETHEIX TOAI0-
coB. (WapectHo, UTO TAKOTO POJA BOPOHKE AJIA MEMKIIaHET-
HOTO BeINecTBA H HKOCMHYECKHAX Jyuedl HMeOTCA ® BOaR3H
MATHUTHBIX TOJIOCOB 3eMJAM — MMeHHO HM3-3a BTOr0 TaM Ha-
6mogaTcs monApuke cEARMA.) Mommo npeguomarars, 9T0 B
pesyaBTaTe TAKOTO POa HalpaBlIeHHON 8KKpelMH HA NOBEpPX-
NOCTH HeHATPOHHOX B8Be3IHl BOAE3H ee MONIOCOB coa,t:alorcﬂ
ropauge marsa (pme. 43). Bpamemme meiirpomHO 3BeSHEHI
BOKPYI' OCH, HAKJIOHeHHOE (KAK M B Ciydae 3eMimm) K Mar-
HUTHOH OCH, IPOXOJANel 9epe3 MATHUTHEIe MOAIOCH, CO3AAET
spPexrT MagKa: APKoe NATHO TO BAXHO, TO HE BUIHO HA(II0-
marenio, Ilepmop mosAsnmeHAA NATHA ecTs WepHoy BpaIleHHEA
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HedTPOHHON B3Be3JLl — OTTOT0 OH H BBLIEPREABAETCA C 0on-
mMoif TOIYHOCTHIO.

EcTecTBeEHO CUUTATH, 9TO ¥ 0apCTephl — 9TO HE OXMHOY-
HEle HeMTPOHHEIe 3Be3[bl, & HEUTPOHHEIe 3BE3OH B TEeCHBIX
EBOIHLIX CACTEMAaX C liepeTeKaEueM BellleCTBa M AKKpeIHei,

| f
J
\c\\’i LA
g

O
0 Pac. 44 Cxema Gapcrepa.
Alcrcpemm Harpes ®m m3ny-
o JeBHC BCeil MOBCPXHOCTH,
o -
/ o

PSRN
J‘i&

Ho nouemy e BoJEWX CIyYaAX HeHTPOHHAA 3Be3ka OPOABIA-
eT ceb6s KAK PEHTTeHOBCKHM DyNLcap, 4 B APYIUX KAk peHrT-
reHoBcKuit Gaperep?

Tor daxr, 9r0 EMOYABCH H3NTyueHHsA 6apcTepoB CIEZYIOT
OfHMH 3a RPyrEM 0e3 Kakoro-Tubo YeTKOTO IePHONa, 03HAYA-
eT, 09eBUIHO, 9TO MeXaHU3M felcrBUa OapcTepoB He CBA3aH
HE ¢ coOCTBEHHEIM BpAIeHUeM HeHTDPOHHOM 3BE3IEI BOKDYT
CBOEH OCH, HU C ee NepHONUIeCKUM OpOUTANPHEIM NBUMKeHAeM
B gsofimo#t 3Be3gmoll cmcreMe. Muage 6apcrepsl 6nini 651 ra-
KEMH e XOPOIIMME IacaMH, KaK M UYILCAPHL

Ilpomomxan 910 pacCy:KgeHde, HYXHO, TO-BUIUMOMY, Io-
OyCTHTH, 9TO HUKAKUX APKUX rOopAYRX NATeH Ha HeHTPOHHOH
3Be3ne Oapcrepa, B OTIWYMe OT PEHTTeHOBCKOTO MIyJbCapa,
OBITH He JOMKHO. JHAYMT, MATHMTHOE TIONEe, CO3TA0mee B
OYyXLCAPAaX BOPOHKHE H TOpPAYMEe UATHA OOJ HEMHM, B CJIydae
6apcrepos mubo orcyrcrsyer, mubo HEHOCTATOUHO CHALHO,
9TO0Bl YUPABIATL MOTOKOM BemeCcTBa, IepPeTeKalomero ¢
¢HOPMAXbHOKY» 3Be3IHI HA HEATPOHHYIO 3Beany. :

ITpa axkxpenmum, He EAIPABNAEMOX MATHATHLIM HONeM, Ia-
feHme BemecTBa HTPOUCXONAT Golee WIA MeHee DABHOMEPHO
Ha BCI0 NOBePXHOCTh He#TpoHHOM 3Be3fgn. Torga Bca mo-
BepXHOCTH MOKeT OBITHL pasorpera JO BEICOKOM TeMIePaPypHl
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7 oHa Oyger @31ydYaTh PEeHTTeHOBCKHE AYIM B TeUYGHHE BCEro
ppeMeEH, HOKa HPOHCXOJHT akkpenma (puc. 44). Hamerca
pasyMHBIM CBA3ATE UANYUEHHmE TAKOTO LUPOMCXOMICHHA C TEM
$oHOBEIM, HEmCIE3AI0MMEM PEHTTeHOBCKAM UOTOKOM, KOTODPHIM
perucTpUpyercs, KaK YUOMEHANOCh, OT OonsmmAcrsa Oap-
CTEpOB. |

Habnopenma maroT Beamuuny uopanka 10°° Br pns domo-
poit cBeTEMOCTH 6GapcrepoB. Jlerko omeHHmTH TeMn aKKpeIdH,
cuocobHBIH ofecmeduTs Takylo cpetuMocts. Ilpu magemunm -
TpaBHTALMONHOM IONe HeHTPOHHOH 3Be3NEI BEIMECTBO PA3To-
HAETCA X0 CKOpocTeHd, NpEGImHKAomUuXCS K CKOPOCTH CBeTa
3:40* cm/c. (Togumee, 3Td CKOPOCTH COCTABAAIOT OTF OFIIOi
OATOH X0 ofEO# TpeTH cropocTH csera.) CooTsercrsyiomas
KEHeTHUeCKaA 3Meprdd npeBpainaercsa B TelJo OpH CTONKIO-
BeHUY BeIMeCTBA C IIOBEPXHOCTHI0 HeliTpOoHHOIl 3Be3xs! 1 3a-
TeM M3NXYy4YaeTCA B BUJe IIOTOKA pPEHTTeHOBCKHX Jydel.
CosgaBdeMass TpH 9STOM CBeTHMOCTE €CTH TPOR3BEIEHAE
HOJNOBIIEl KBAIPATA CKOPOCTH HNameHHsa Ha MacCy BeldecTBa,
ROCTHIAIOMYIO €:{eCeKYHIHO HOBEePXHOCTH HEHTPOHHOI 3Be3-
gel. Jlerko BUmeTs, YTO YKa3aHHOE BHIOe HaBIIOXATENLIOE
3gadeHEde (QOHOBOM CBeTMMOCTH MOMeT OBITL ofecmedeno,
eclId la UOBEePXHOCTEL 3Be3gsl nagaeT execerymgmo 10V r
BEIEeCTBA.

NHTepecro, 9T0 Tako# ke BeAMYEHE IOTOK aKKpeHapye-
MOTO BEeIIecTBa M3BECTOH 110 HE3aBACHMEIM JAHHHIM O PeHT-
reHoBCKUX nmyibcapax. CoBnamemme BpAN Jm caydaiigo: c¢xo-
pee, OHO YKa3HBAET Ha TO, U4TO COOOpaXkeHHA O IIPEPOME
QoHOBOH CBeTUMOCTH OapcTepoB, KOTOPHIE ML 31eCH OBCYHi-
naeM, cornacylres ¢ obmell KapTwHOH (H3UTECKHX Mpomec-
COB B TeCHBIX NBOHHBIX CHCTeMAaX.

HaxroBa cyanba BemecTBa, BRIUABIIET0 HA IOBEPXHOCTH
HefiTpoaHO# aBe3xs? Cpesxmil ra3, 3axBaveHHbldl HefiTpoHHOM
3Be3goi, 60oraT BogOpogoM. JTO BeIMECTBO, IOTEPAHHOE BHELI-
BEMH CJIOAMH «HOPMANbHOW» 3Be3Nsl, KOMOAHROHA HeM-
TPOHHOH 3Be3XBI B TECHOM JBOMHOM CHCTEME, W OHO COREPIKHT
Be Menee 70—75% (mo Mmacce) Bomopoma, okomo 25—30%
remdss u okono 1% Gomee ramentix nneMenrtoB. B Bomopone,
PasorpeToM [0 BBICOKMX TeMUeparyp M ciKatoM Ao Goxbrmmx
OJOTHOCTEX OpH ygape O LOBePXHOCT: HEHTPOHHOM 3Be3jH!,
MOTYT Ha9aTHCA TepMOANEPHHIe peaKIuy NpeBpameHds BO-
HOpoJa B TeJdHi — TOYHO TaKue ke, KakK ¥ Hempax Comnma u
APYTHX MOZOOHEIX eMy 3Be3f.

Brigensawmancsa Opd 3ToM sHepPTHA NoGapBHTCA K obmeMy
Pa3orpeBy NOBePXHOCTH HeHTpoHHOH 3Besgsl, Jra RoOaBKA
HeBeNIEKa OO CPABHEHHIO ¢ KMHETHIECKOM aHepruell majieHus
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pemecrsa. Bajkmee, oaHAKO, TO, UTO B PeayABTaTe TEPMO-
AAepHRIX peaKIMi Ha DOBePXHOCTH HEHTpOHHOM 3Be3ABI 00pa-
ayerTcsa caoi renusa. ViMeHHo 3HecCk, B Cloe IellddA, PAa3BUBAKT-
cf IpONECCH, OlipefieNAioNde sABIeHMe O6apcrepa. ,.

CornacHo pacderaMm, 8TOT CIOH MMeeT TOAIMUAY UPUGIu-
3UTENIBHO B OFUN MeTpP, MIOTHOCTH CBHIIIE MRIIMOHA TPaMMOB
B KyOmJecKoM CAnTHMeTpe M TEMIEPATYDPY -OKOMO OXYMRI-
adapga rpapycos. Ilpu Takmx ycnoBusx cmocofEa NpOTeKaTs
peaknua o0benuHedmA TpexX fAmep relds B ALPO YIJIepola;
DTy peaKuuIo B AZepHOU PmauKe HA3HBAIT TPOUHEIM anbda-
npomeccoM (ARpo renmA — 310 annda-zactuna). Ms-3a upes-
BBI9AaHHO BBICOKOM TeMUeparypHOM TYBCTBATEALHOCTH TDPOM-
Holt. amesda-LIpolecc MOMET PAa3BEBATHECH B3pHIBooOpazHO,
B rendesoM cloe OH NpOTEKaer CTONL CTPEMHUTENBHO, ITO
TeMIOepaTypa CJH0A MOMeT MOACKOYMTH, HAUpUMeEp, BIBOe 3a&
HECKONLKO COTHIX J0Neidl CeXyHAst. Pas magaBmuck, TOpeHHE
TeJAEA HIET CO BCe BO3PACTAIOLUE# CKOPOCTHIO, MOKA BECh OH
He NPeBPATUTCA B yraepoxg *).

Ilpu cropamuu ogmoro rpamMma reaus seigensercsa 10" I
pHeprud, CKONBKO BCETO 3HEPTUHM BEIZENAECTCH 34 BCUBIIUKY?
Hns orsera ma BTOT BOIXPOC HYKHO, O9EeBMIHO, 3HATH MAaCCy
TeJIAEBOTO CJIOA.

Bepoarmo, renuii momHOCTHI0 CropaeT 3a OXMH B3pPHIB; €ro
HAKONNIeHAe IIPOACXONMT 38 BpeMa MexxAy B3apeiBamMu. Beps
A OMEeHKA NPOMEKYTOK MEMNIY IBYMA DPeHTTeHOBEKUMHU
pcobimKkaMud mopagka 10° ¢ m monp3ydAck yiKe UoNydYeHHOM
onenxod maa cropoctm arkpemuz (10 r/c), maifimeM, uro
Maeca cioa cocrasnser 10°* .

Tenmepr yMHO®MM 3Ty Benmu®HY (0HA, KCTATH, HAXOZHUTCA
M A3 IpUBefeHHEIX BBINIe MAapaMeTPOB TeUeBOTO CIOS) Ha
9HEPTHUI0, BHIEIASMYI0 OIHUM TDPAMMOM rejHddA, ¥ TeéM CAMHM
UOJYy9MM OLeHKY MONHOU DHeprud BeublmrM: 3to gact 10 Ik,
Takaag BerwudHA XOpomo coriacyeTca ¢ HAOMIOLATEILHBIMHA
AAHHEIME, 0 UYeM yiKe GLLIO CKalaHo.

Mo:xHEC OLeHUTE: TaKiKe M TEOUYHYIO UPOJONKHUTEIbHOCTE
BCOBIIIKE. /A 9TOro HYKHO BOCHOJAL30BATHCA CBEJeHUIMH
d3 fAgepHoil (PUBMKE 0 CKOPOCTHE BHIZeJeHUS OHEPIMM IpH
TPOHHOM anbha-mponecce B 3ABHACHMOCTH OT HJIOTHOCTE M
TeMIepaTyps Bemiecta. A yKa3aHHHX BEIIE XapaKrepd-
CTHUK TelMeBOro CI0f Nonywaerca mpubmusurensmo 10 Jhx
9HePTAH HA KaKMEIE rpaMM BemmecTBa B cerygmxRy. IIpm macce

P

*) Bo03MOXBOCTb B3PHIBHOIO TepMOANECPHOrO TOPEHHA BO BHEIIEHX
QIOSX 383N NoKazaEa TeopermueckE JI. J. I'ypermaeMm m A. H. JleGe-
panckeM Gomee 30 mer mazap. JHeraasmnie pacuers: g Gapcrepos
nposenm B, JInionx, II. Ixoce, 3. B. IprMa,
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CIIOf- 10 1 310 KaeT WUONHYI0 CKOPOCT, DHEPIOBEIIOTERHS
oxono 10** Br. Ora Bemauuma BecbMa GaIM3KA K TUINIHOH
gaGmiofaeMoit cBeTUMOCTE fapcrepa BO BpOMA pPeHTTEHOBCKOM
BCOBIMIKY.

Teopus xopomo 00BACHAST TAKKe B COOTHONMICHH® MEKRY
BCOBIMIEYHON M CIHOKOHHOM cBeTHMOCTBI0O Gapcrepa. Bce aro
[03BONAST CYUTATH, 9TO NPUpPOJA H3XY4YeHUA OapCTepoB pas-
TafpaHa.

Mu BoCmON®30BANMCE CBeKMM HpEMEpOM OapcTepoB —
OUeHh MHTEpPeCHHIM H CaMUM IO Cefe, 4YTOORI PaccKasaThk
HEeCKONbKO moZpobHEe, 9eM B OPYrUX CIAyd9aAX, 0 TeX IYyTAX,
KOTOPHIMH ACTPOHOMUYECKHe HabiopeHUA U (pmamuecKad
TEOPUA HIYT K pelleHUI0 3aTraJOK ¥ DOCTAHOBKE HOBHIX IPO6-
TemM B MCClegoBamud OeCKOEEYHO MHEOT000PA3HOTO MHEDA
38e3l. OT mpoTo3Be3/], NPOABNAIOMAX Ce0f KAaK MEeMK3Be3HbIe
Ma3epel, 710 HeATPOHHBIX 3Be3jl, mynscapos A Oapcrepos,—
JRE3HG 3Be3[] OT MX DOMKIEHHA IO CAMEIX HO3XHHMX 3TAUOB
9BONIOLMY BCe ACHee NpelcraeT mepel HAME HEObl0 YIUBH-
TeXbEBIX IpeBpamenuil, depegoil B3PHIBOB, MHATAHHUW, BCIEHI-
mekK... Moao HaneaThCA, 4T0 MBI He O4YeHb NAJIEKE OT TOTrO,
uro0Bl, TOBODA CIOBAMA OJJEHETTOHA, <(HOHATH, HAKOEeI,
TAKYIC LPOCTYIO Bellib, KAK 3BE3XaY,



TIABA OTATAGgH

——

OBOJIOIHUA 3BE3[IHBIX CHCTEM

B mcropmE Kakmoit TalaKTUKE OBIIA KOPOTKAS, 110 TIOAHAS
COGBITUAMHE 9®HOXa, KOIMa ee BemeCTBO B BUZe olaaka Tasa,
TONBKO 9TO BEIZENHUBIIETOCH M3 IIPOTOCKOILIEHUSA, CIKUMAIOCH
non necrsueM coOCTBemHO#M TpaBuTau@AM. B atoM mpomecce
DPOMIANACE, UepBHe 3Be3E, (QOPMUPOBANUCE NOJCECTEMSL
TAIAKTEK, TaKHe kak ramd @ guck mameit Iamaxruxm. Obia-
Ko rasa OpPeBPAIIAloch B 3Be3NHYH CHCTEMY, & 3Be3gHas
cHCTeMa TOCTUrala CBOEro YCTAHOBHEBIIErOCH, CTALMOHADPHOLO
COCTOAHEA. 110CHe 3TOr0 U3MEHeRHsA B Hel NPOTeKAI:A TOPaasio
MeIIeEHee M MMemm CoBceM apyroli xapakrep. Jlams B nen-
TPANbHEIX OBNACTAX TANTAKTHK, HX AJDPAX NPOMCXOIWIZ W
OpoMCXOJAT OBICTPHIC aKTUBHLIe upomeccel. Hpome Toro,

h 14
B CIMpaJbHBIX TalaKTHKAX HOPOZOMRANOCCE M OPOLOIIKacTCA

dopMEpOBaHAE MONOABIX 3Be3q M3 Ta3a M UBIIM MX IJOCKHX
DORCHCTEeM, I'leé CYU(eCTBYeT 04YeDIABAEMBId 3TUMHE 3Be3jaMu
CUMpAaTLHBIH Y30D.

B a3rtofi TmaBe MEI paccKa)keM 006 9BOJNIOTUM 3Be3XHBIX
cuCTeM; peusr BYyneT HATH M O TAJAKTHKaX, B O 3Be3EHHIX
CKOMIEeHNAX BHYTPH rajaKkTHXK,

OT NPOTOTANAKTHKH K 3BE3JHOW CHCTEME

Ofocobrenre UPOTOralaKTEYSCKUX CTYIIEHHAH MPOMCXOnd-
10, HO-BUEIMOMY, GIaToZaps HIPORMHAMEYECKEM MpOoNeccaM
B TA30BOM IPOTOCKOIJIEHHH; NANbHeHIIas 9BOJIOLMA IPOTO-
rallakTR ONpeJeNANnach UDeXTe BCOro HUX COOCTBEHHRIM
TATOTEHMEM, KOTOPOe CHHUMAJO BTH paspeeHHble o0daKa Jo
na_6nmnaeumx pasMepoB TaJAKTHK.

[pasdTalMOHEOMY CHATHAI0 He MEIUIAIOT CHIL JABJICHEA,
TaK KaK Ta3 NPOTOTATAKTHKE OBICTPO H JIETKO OXJAMKEAeTcHd
JI0 TeMIEepaTypPHl OKONO JeCATH THICAY Ipafycos. [laBnenue,
COOTBETCTBYIONIee 3TOoM TeMieparype, He CIOCOOHO HMPOTHBO-
CTOATEL o0meMy TATOTeHHMI0 Bcedl upororayaxtuxd. Iloaromy
BO3pacTadde INJIOTHOCTH HPOTOraJaKTUKA OF JHAUYeHHA
10-?" 1r/cM®, xapaxrepHo AR TpoTocKomdenuir (4 coBpe-
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MEHHBIX CKOLJIEHHN!) [0 THOMYIHON IJIOTHOCTH TaMaKTHAK
10-2* r/cM® DPOMCXOAMT Tak, UTO BCO TACTUIRI O0IaKa Kak
6pl cBOGONHO IamaloT B HX 06ineM moae TATOTeHUA. ¥ BelHue-
H@e IJOTHOCTH 00JaRa B THLICAYY Pai3 COOTBETCTBYET YMeHh-
IMeHAI0 ero Pa3Mepa B NecATh pas.

Hak gonro gamres 310 ¢Bolonoe najgeruc? OxaspBacTesd,
310 01:0 TPeOyeT NMPUOIUBWTENIBIIO TOTO K BPEMCIH, KOTODO®
OpPOILIO OT HAaYala KOCMOJOTHYCCKOTO pACIIEDPEREA 1O 00o-
coOnenusl TPOTOCKOIIEHHI, T. €, OKOJI0 TpPeX MMmILIZAApP10B
JTeT. JTO COBHAmeHUC He cayuakimo. /leno B ToM, 94TO AHHAMY-
Ka KOCMOJOTMIECKOTO PACIIMPCHHSA, CHEPKUBACMOrO, & 3aTeM
1 OCTAHOBIEHNOr0 B e3yILTATE PA3BOTIA [PABHTANIONIIOLM
1eyCTOHYMBOCTE B 00BeMe NPOTOCKOINCHEA, OMPCAeNASTCS
cuaaMz CcoOCTBeHHOrO TATOTEHIIS BEINECTBA, 1 TONLKO MM,
Toullo Tak jKe H UPOIECC CKATHA IPOTOraJaKTEYECKOrO
001aKa, YaCTH OPOTOCKONIEHRA, YUPABJIACTCA TONBLKO CHIAMHA
cro codcrpenmoro TAToTenud. IlostoMy B pumaMuke rpapuTd-
pylomieif cpefbl HMeeTCS CUMMETPHSA OTIIOCHTEXLHO MOMENTa
OCTAHOBKH, KOIMA UPOMCXOZMT cMela PACHINPERHA NAIIIOTO
o0beMa CHATHOM: paciiupeHdie ¢ yBelodeHAeM pasMepa,
FaOpEMep, B fgecATk pa3 rpelycr TOro ke BpeMeHH, 4TO H
CJKaTHe 0T 3TOTO pa3mepa ¢ yMenblOeHIieM €ro B JCCATHL pPas,
JTo OYeHE IIOXOXKe HA [BHKeHMe KamHd, OpomredHOro BepTH-
KAJIBHO BBEPX: CKOJIBKO BpeMerll OH JeTHT N0 BEICHIed TOYKH,
CTONBKO e M IajaeT 3aTeM BHIZ. B BRICIIell TOUKe KaMeRb
Ha MU OCTAHABJIRBAETCHA,— B HAIIeM CJAydYae 3TO TOMe COOT-
BETCTBYeT OCTAHOBKEe, CMeHe DACIIMDEHHA CxaTHeM.

BOsn3m MoMeHTa 0CTAMOBKII, IIeNOCPEJCTREHHO Nepen UM
U Cpasy Locie Hero, CKOPOCTI DPacWIHpeHIsd, a 3aTeM H. CHa-
TES, Malel, ¥ 6GoJpmie Becero BpPeMenI YXOQAT KAk pas Ha
10, 9TOOBI «lEPEeBANUTE» depes OoCTAaHOBRY. [lanvmeiniee sia
CATIe DPOMCXOMUT ¢ ycKopennem (KaK II BCAKOe CBOOONHOS
nagenne) m Tpedyer y:Ke MenbImero ppeMeHnd. 1049HO Tak
e, U0 CUMMETpmH, IPeNIIecTBYIONee CHATHIO PACIIIpEHHs
'IPOMCXONAT CHagana 6wIcTpo, a 3areM 3aMepugercd. Kciam
upzHaTs 3a 100% Bpems pacmmEpesns §o MOMEHTa OCTAHOB-
Ki, TO NJA YBelIddenia pa3Mepa, CKaskeM, OT ONuoil necAToi
MAKCUMATLHOTO RO MAKCEMAJIBLHOrO UOTPeGyercs He MeHbIOE
95% aroro speMenu. C TOIHOCTEI0 JO BHECKONBKEX ODOIGHTOB
1 BpeMA CIKATHUA OT OCTAHOBKE [0 YMEHBIIeHMA pas3mepa B
MeCATH Pa3 MOMKHO U03TOMY COBIAfATE C BpeMeHeM, NpoTex-
HIMM OT HAYANA PACLUIAPEHHS.

Wrak, c;xarde ODpOTOTANAKTHKE NIUTCA OKOIO TPEX MMI-
JAUAPHOB net. 3a 3TO BPeMsA HPOMCXONUT LIPEBpAINeHue rasoBo-
ro obmaKa B 3Be3jNYVI0 CHCTeMy, KOTOPAA 3aTeM YiKe He
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CIKEMAETCH ¥ HAXONMTCA B YCTOMYMBOM, IOYTE HEH3IMEHHOM
cocToanmu. [lepexon or C/KATHA K YCTAHOBHBIIEMYCA CTAIIHO-
J2ADHOMY COCTOIMEIO CBA3aH ¢ ApoOieHMeM IPOTOTANAKTHKHE
na (PparMenTH, B KOTOpDHX HAYMHAETCH 3Be3N0o0pa3oBanme,
Ilox pmeiicTBHEEeM rpaBHTALHOHHON BEeyCTOMUABOCTH, pasBHBAIO-
Ieiics B OPOTOTaJaKTAIeCKOM O0naKe, BO3HMKAIOT CIyUIeHUA
¢ maceamz 3-10'—10° mace Comnia. Haxk M rosopunm B

™I wammn ALANALY EMUTTIHTLTIY r"\nnrunumnn ma TOHMmMAMmLIn
IJLGDG 10].1)!31}].\}1!., LﬂaUUDl. JPJ.I.I.JLJJI.JL yu.:.a.uua.la.vu, AR LK J\ULUPD.I.U

pacoajaeTcA IPOTOTAJAKTHKA, ONPENeNAITCH YCIOBEEM TIpa-
BATANUOEHOM BeycroluEBocTH, KpETepHeM [[:xmuca, Ux Be-
NEYMHa OHEHMBAEeTCA K3 TOTO pacdeTa, YTO TeMOepaTypa
HPOTOTATAKTAYECKOrO rasa GMM3Ka K MeCATH THCAIAM Tpajxy-
COB, & e€ro IUJIOTHOCT:, H3MeHsmercs B mpepenax ot 10~* no
10-* r/cM®. BepoaTHO, 3epe3 HECKONBKO COTEH MEILJIAOHOB
JjeT MOcAe HAagaja CHATHA TPOTOralJaKTHKA NpEeBpallaercs
M3 CIUIOMEOro o0jaKa raza B COBOKYNHOCTH OTHENbUBIX (dpar-
MEeHTOB — ToMe 00maxoB, Ho Ooxee mnoTHBIX. B mpotoranax-
TEKe ¢ Macco B ¢To mMumrmapnoB Mace Coaspa, cpaBHAMOIA
¢ Maccod nameir I'alakTEKE, MOMKET HMCTBECA HECKOJbKO
JECATKOB KPYNHEIX 00JIaKOB ¢ MacCaMH H0 MHJIIEapia Mace
ConEnma m cotam m ThicAYM 0o0Nee MelKmX OO0JaKOB ¢ Mac-
CaMH B HECKOJBKO COTEH ™ JECATKOB MUJLIMOHOB Mace
Coxana.

Bea cosokynmmocTy 00nakoB c¢Bo0onuno majnaer K NeBTpY
NPOTOrAIAKTUKA; BMeCTe ¢ TeM HMMeloTCH emle B coOCTBerHbIe
ABEMEHENA O00NaKoB, NONOJHHTENBHHE K KX CBobommomy
nNajgednio, IOPOMKJEeHHLIe W yCdlerHble, KAK B caM# obiaxa,
TPaBATATHOHNEON HeyCTOHYUBOCTBLIO, MEACTBYION[ER BHYTpPH
npororajJakTake, V3-3a cOOCTBEHHBIX RBHKEHHMH, AMeEIONIIHX
HeperyIaApHeIA Xa0TAYECKHA XapakTep, 00Jaka CTAIKABAIOTCSH
Apyr ¢ npyrom. IHlpu Tak@x CTONKEOBEBHAX MarepHal 00JaKOB
Pa3orpeBaeTcA H CHEMAETCHA; HA 9JTO pacxoxyeTcaA TacTh
KUHETHYECKOM DHePTME CAYI&iiHOro NBUeBAA 00IaK0R, 3aTeM
D POHCXONAT OXJaKIeHde, W3JXyIeHme YHOCHAT DTy DHEPIHIO W3
NpOTOTralakTAKHA EapyXKy. Biarogaps rakoMy oTBONy BHEpPIUH
¥ BO3MOKHO NPOROJKeHHe o0mero c/xaTeA BCedl COBOKYIHO-
CTH 00IaKOB.

Ogenp BaKHO, YTO yOIOTEHEHHEe O0GJAKOB M3-38 WX CTOJK-
HOBEHHAR Jpyr ¢ IPYTOM CO3aBal0 YCJIOBHASA ad OICTpOrO
pasBHTEA B HEX XacKamHod dparMenTanmm, Deiymed K
dopMEPOBAHNIO NEePBEIX 3Be3) radakTuxy. Hamboxee maccns-
HBle 3Be3[bl, BO3HEKAIOIEE B HTOM QNpomecce, YCHEBAJW He
TOJXHK0 IONHOCTHIO CPOPMHAPOBATECA, HO H OPOHTHE BECh IHMKI
BBONIOLME OT COCTOAHUA LPOTOBBE3ABI K COCTOAHHUIO, WOXO0-
roMy Connny, B panee, no HCYepHAHBH 3amacop CBOGM Axep-
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goft PHEPTHH, OHY MOIIE B30PBATLCA KAKR CBePXHOBHO. 3Be3f6
¢ Maccolf B HOCKOJBKO necATHoB Macc Commma tpebyerca
ga 9T0 He 6066 HECKONBKHX JeCATHOB MWJUIMOHOB JeT, 4TO
gAMOTHO MEHbINé BpeMeHD o6mero CcHaTHA HPOTOraNakK«
TERE.

IIpz B3pHIBAX CBEPXHOBHIX npoucxonmio oboramenne
IIPOTOTATAKTHKE NPOTYKTAMHE TePMOANEPHOIO CHBTE3a B Mace
CEBHBIX 3BO37laX, T. O, seMenraMu, 6ojiee TAKeNEIMHE, I6M BO<
nopoR 4 renmid, B pesynsraTe mOBHIE TPYNUEX 3pe3f pOHKas
JECH U3 BemecTsa, Bce Oonee m Gonee GOraToro yriepomoM,
KACIOPOZOM, a30TOM, MeTaliaMdm, UeM no3me BO3HAKAXA
nanEag IpyHna 3Besfl, TeM B Gonbmeit cTenenmH NepBAYHaA
BOZOPOTHO-TEJINEBAA CPeNa OKazLIBalach 00OTAMIERHOR THM(E-
TEIMHE 9JIeMeATaMm u TeM 0onee GOraThIMH STHMH BJIeMEHTAMHE
HOKELI 66ITH 00pasylomaeca U3 3TOR cpeqnl 3Be3sl. 1ak KaK
9TOT IHpPOLECC NLPOTEeKaeT IpH INPONOKAIONIEMCH CHKATEH
razoBOd IPOTOraJaKTHEHA, T0 POpMHpOBanme 3Be3] IPOHCXO-
TAT BCe Oammre M 6iamike K mMEeETPY Bced B8TOM COBOKYIHOCTH
3pe3 W TasoBHIX oGnaxoB. Ha ocHOBAaEAEM TakHX coofparxe-
AE# MOYKHO OKHZATH, GTO BBeSNH BHYTPeHHHX o0nacTeif,
¢pOpPMEpPOBABIINXCA B TAKOM IIPOLECce TalaKTEK, KOIKHEL
OTIMIaThCH II0 CBOEMY COCTaBY OT 3Be3] BECMIANX ofiacreii:
yeM Gamike K IEHTDPY, TeM Oonpme fgomxHo OnITh B 8Beagax
TAMKEJBIX 3]€MEHTOB.

JTOT BHIBOX BAaXOMUTCA B XOPOIIEM COTIACHE ¢ ACTPOHO-
MITeCKEME NABHBIMH O CONEepKaHHE TAKEILIX JTOMOHTOB B
geesnax raino, cepEdecRolt mopcmcTeme namel [amarTEkwm,
a TaX)ke H B QIIAOTAYECKAX TATAKTHRAX, NONOOHKIX Mo cBOelH
CTPYKTYpe 1 8Be3THOMY cocraBy rano lamaxruxm. Tem cambiM
HRXOOUT MORTBEPKHAGHZEe 00Imee NPeACTABICEMe 0 TrasoBBHIX
IPOTOT&N&KTHAKAX, 0 POpMUpPOBAHOMN 8BESX B XONe HX IPaBH-
TAEORHOTO CHATHSA,

Ho cEX mop MK HWKaK Be VIHTHBAIA TOro obCTofTenb-
CTB3, YTO IPOTOTANAKTHKA MOKET 06anaTh BEAYHTENHEBIM
ppamienaeM. Bpamenwe NeACTBETENHEO Be OYeHhL CYIIECT-
BeHHO HA HATYAJIBHBIX CTAXEAX CIKATHA, IOKA DEeHTPOOE;KHBIO
canel MHoro cixabee cmm tarorerms. Ho mo Mmepe cixarma
Bpamenue MNOKHEO YORCTPATBCA — TAR BCOrfa HPOHCXOXHAT
B ¢ OPOTOTAJaKTAKOH, ¥ BooOme ¢ JI0OHIM TOIOM, pasMephl
KOTOpOro yMembinaworca. BMmecre ¢ TeM Bo3pacraoT ¥ MeHTPO~
OeHEEI® CANH. IJTH CANH He MeIIal0T CHKATHIO BIOIb OCH
BpaIienAA, HO CHOCOGHE MPOTHBONEHCTBOBATH CANE TATOTOHAA
B HaOpaByeHHAX, Oomepeddanrx K ocd., Ilo oroil mpmumne

CREMameeca o0nako. CTaHOBETCA M3 mouTh cdepureckoro.

BCo Gollee YIIOIMEEHEIM, CTPeMAch OpEEATH PopMy HHECKAS,
1538
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B KOTOPOM C3HaTHC D0 DONEPeYHBIM K OCH BpPAINeHmEs Balpak-
NenHAM 3aMeJIfeTCH, & 3aTeM M BOBCEe NMpeKpariaercd, KOrja
uenrpobe:rHEag CHia YPaBHOBEIIMBAET B 3THX NanpaBleHRAX
CHIY TATOTEHHSA,

Jra ofniag TeunmennuA NpOABAANACE M B CHKEMARMIelics
npororanaxkTuke. Hy;KHO TONBXO HMETH B BHIY, 9TO YacTh ee
BEIeCTBa yclejda npeBpPaTUTLCA B 3Be3/Ll Na HepBORAYATLHON
CT&JIAW, KOIJIa Bpal[enue elle Ie NoBiusno Ha ofmyio dgopmy

Prc. 45. CoppanpHEas ralakrEKa CO CIOEM TEMHHX ra30-NEIACBHX 06«
JAKOB B €€ JHCKe.

Puc..46. Hefonbman siiuOTRYeCKan TaaKTHRA — COYTHEK TAJNAKTAKE
ABAPOMENEL

OPOTOTANAKTEKE, JTH B8Be3OHl CO3NANT Taxo, adepmIecKyrr
nopcrcremy lanaktakd, OcTasmmiics DOCHe 9TOTO Ias NOJIKEH
ObLI DpomO/KATE NafeHHe, NpEYeM 00 Mepé 6ro YINIOTHeBHH
Bpamesse YORCTPANOCH, DOKa LenTpobe;kHasm CHIAa He OCTa~
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HOBMIA CKATHE NOLECPER OCHM BPALICHAA; CIKATHE KE BOTS
oc¥ TPOKOMIKANOCH U IPUBENO B KOHIE KORNOB K 06pa3oBa-
1HHIO BPAINAIOMIEIocA NUCKa — IJIOCKOH monmcHcTeMsl Lananti-
ki, Tax (POPMUDPOBANMCE ¥ ApPYrHe CHEPAABHBIE TANAKTHKI,

obrapymupaoline ObICTpoe BpalleHme CBOMX ILIOCKEX
moncucreM (pEC. 45),

Ecam Bpamgesse OpoTOTasiakT

HKHA ¢ CaMOr0 HagajJd OueHb
crabo HIA BOBCE OTCYTCTBYeT, TO, OYEBHJHO, HeT NpPHYMH,
KOTOpHle MOIJIM OBl 1PUBECTHE K (OPMUPOBAHUIO B HEX TUCKOB.
Ofmee cRaTHE NPOTOrAJAKTUKE H 06pasoBanMe B Hell 8BesT
BeyT B ITOM Ciaydae K (DOPMHEPOBAHHI0 Gojlee WIE Mepee
chepUTeCKOM CHUCTEMBI; TaK ROSHUKAIN 3JAHITHYECKHC
ralaKTEKY, JEIIEHHbIe GhcTporo spanfends (puc. 46).

ABMIWEHHE 3BE3[ B TAJJAKTHKAX

JIEATUIECKAA TAIAKTUKA DPeAiCTaBAfAeT CO60i COBOKYH-
poCTh 3Be3N, 00pasyoImEx eguiylo CHECTEMY, CBA3AHHYIO 06-
M TAroTerdeM 3Be3l. Haskmas 3seama numaercs B ofmeM
noJe TACOTEHAA CHCTEMBl H IIe HCHOBITHIBACT NEeHCTBEA HEKa-
KHX HHBIX CUJ, KpOMe cHX TAroTenuA. MOMKHO CKa3aTs,
yTo 3Be3fa CBOGOIHO manaeT B moJe TATOTEBUS cEcTeMul. [la-
nad TaKUM 06pa3oM € KaKOI-TO BBICOTAI K LENTPY CACTEMBI {10
PalEYCy, OHA YCKODAET CBOE NBUMKEHHE, & KOI[A NOCTUIAeT
LeHTPANBHOH 00JacTH, TO TaM, 0OYEBHIHO, He OCTAHABIMBAET-
¢, & OpOCKAKABAeT LEHTP M HAUITHAET 3aTeM YAAIATLCH OT
HEFO K NPOTHBONOJOMKHOMY Kpalo cucreMbl. Temepsn aBmKe-
HEAE OPONCXOAMT HE ¢ YCKOpeHEeM, a ¢ 3amepienueM (ronol-
BEO JIBHJKEHHWI0 KaMHA, OpOMIEHHOr0 BePTHKAIBLHO BBEPX),
Tak KaK 9TO JBH)KeUHe HANpPABJICHO OPOTHB CEIBI TATOTEHEA,
felicTBYIOINEH#, Kal BCerfa, B HampapleHm# X nenrtpy. Cko-
POCTh 3BE3ABI YMEHLIIAeTCA [0 Mepe YHajeHdAA OT LeHTpa
, HAKORell, 3Be3/la OCTAHABJIMBAETCH HA MHET (KaK KaMeHb B
BRICOIEH TOUXKe), ee CKOPOCTh ofparnaercd B HYJb. 3aTeM Ha-
wmgaeTca o0paruoe majende K IEHTDY, 3Be3Ja MOCTHArAET €ro
A, MEBYA 1IEHTD, BO3BpAUJaeTCH BHOBL B DOJNOIMKEHHE, ¢ KOTO-
POro HAYAJOCH €€ Hajelne, a 3aTeM 3HTOT LUK JBHKEHBA
IIOBTOPAETCA BHOBL M BHOBb.

B sBesnnoit cHcreMe He NEHUCTBYIOT BEKAKWE APYTHEE CHIH,
KpoMe CHJ TATOTEHHA, HO CHCTEMa TeM He MeHee He CHH-
MaeTCH, 8 OCTAETCH CTAIMOHAPHON KaX uexoe. JTO BO3MOMKEO
IOTOMY, 9TO Ka’KJafA H3 3Be3[ TaJAKTHRM COBepIIaeT MUKIH-
JeCKOe NBUKeHde 0 CBOel opbHTe B mpenesax OrpaHUIeHHOr0
o0beMa MeRny KpalHEME TOYKaMB, Tfie CKOPOCThr yHAJeHHA
3BE3JBl OT NEeHTPa CHCTeMEl ofpamaerca B BYIb.
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Homeuno, coBceM He o06a3arTelbn0, YT06I 0pOETA XKammok
8BBBMEHI IPOXOMIa TOYHO Yepe3 NEeHTD CHCTeMbI; opOHTH 383y
PASMEYHE ¥ KpPOMe YUCTO DPaXMANLBLIX BOSMOKHH H 9MJIHEA-
TEYecKkne opbuTe, momoGRuIe op6uram miamer B Conmewnof
cEcTeMe, HO TOJMLKO MeBee KPYTIJIbee, ropa3no (onee BRITAHY-
teie, Bee 8TH opOMTH  paBROMEpPHO SANONHAIOT 00B8M CHCTE-
MBI, CO37aBaf ée NpaBHIBEYW cPeprmuecKy mnm B Tol mig
HHOX CTeNeRW SINHNCORAAILHYI0, CINIIOCHYTYI0O (PopMy,
Tax ycTpoeHN 3JIIANTAYECKHA® TalakTEKA ® cdepHTecKde
HOACACTEeMEl CIHEPANbHEBIX TaJaKTHK,

Jlnckr cnupajJbEEIX TaNaKTAK, B B TaCTHOCTH, JHCK Hamelk
IanakTera, aMeoT MHEOrO o0miero B gmEaMuKe ¢ CosHevHOR
cucreMoit, Ilono6no niraneraM, Bce 8BESAR AMCKa NBEMKYTCR
0 MOYTH KpPYroBhiM OpOHETaM, Ha KOTOPHX mIeHTPOGeHHe
CHANH ypaBBoBemensl cEAaMmé TAroveEEA. Ornamyme or Cou-
HeqHOW CHCTEMEl JHMb B TOM, YTO CHJBI TATOTEHHA CO3TAI0T-
¢ B FraJJaKTHKAX HEe NeATpaTbHBIM TeoM (Afpa raJakTHK me
0Y0HbL MACCHBHEL), & TJIABEBIM 00pasoM caMOME 3BesTaMd Ry
THCKa B chepraecKol ¢OCTaBIAIDICH,

Cpengme CKOpOCTH IBUMEHHs 3Be3] Hamed [anaKTAKE Kak
N0 BRITAHYTHIM, TAK B OO KPYrOBHIM OpOHTaM COCTaBIAKT
100—300 KM/c. B MéBee MacCHBHEIX ralaKTHKAaX OHE MeBnTe,
B Doslee MacCHBHEIX 060JIbIIe, HO BCErga JeMKaT B Ipegelax of
ACCATKOB N0 THICAYE KHJOMETPOB B CEKYHIY.

BYPHAA PEJIAKCALINA

@opMa ¥ BEYTpeEHee CTpOSHHE DIIHINTUIECKHX TaJAKTER
A cepAIeCKHX HONCHCTEM CIOAPANBHEIX TaJlaKTHK CHXHH-
KOM IPABHWJIBHEB! ¥ PEryAspHLI, YTOOR HX MOKHO OBLIO Memu-
KOM 00BACHATEL MCXOMBOHA POpMOE M CTPYRTYPOH NpPOTOrakax-
TEIecKoro obnaxa. IIpororaraxraveckme obrakra 6bim, cKopes
BCOTO, KIOYKOBATE!, PHIXJE U He MMeNd YeTKHX NpaBHIbHEIX
rpanpgn. Uro jKe OpHEAANO S8BE3XHBKIM cHCTeMaM MX peryJidap-
BO0e cTpoeHEne i gopMy?

Koreuno, 910 TOXe pesyisTaT NeHCTBHA CHI TATOTEHAA —
BOAb MBHX CHJ B 3BO8NHEIX cHUcTeMax Her. J(aBHO H3BECTHO,
uTO CHABI TATOTERHA BCEIJa CTPEMATCA HPHUAATH TeJaM Ipa:
BENBLEYH, OKpyriyio dopMmy; aro ompenenser dopmy Comnnma
H APYTEX sBesf, Gurypsl munaner. IIpaGrmxenne k Taro# mpa:
BENBAO0A OpPMe M CTPYKTYpPe HOFO0OHO Oponeccy peJaxcamis
B APYTEX (PUSAYECKAX CHCTEMaX — TAKHX, KaK, HaIpaMep,
ra3 ATOMOB HI¥ MOJOKYJI.

Penaxcamua — 810 Dpomece DpHOIMKOHRES CACTEMHE K pas-
HOBOCHOMY COCTOARMIO. Pemakcamus B rase CONpPOBOMACTCH
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ycragOBNIeHEeM O0IMEeH ONHOPONHOCTE pacHpene’eHHES aTOMOD
@I MONIEKYJI B BAHATOM HMH 00'beMe; OHa BeHeT K PABHOBOC-
HOMY PACIpPefleleHHI0 CHYYadHbIX TeIIOBHIX CKOpOCTel wa-
cren. B TepMOmmBaMmKke paBHOBeCHOe pacnpefedeHEe YaCTHI
00 CKOPOCTAM IOJY9IWIO HAa3BaHHe pacnpefeneHAs Makcein-
na. Pemakcamus B rase OCYymecTBIAETCA MyTeM CTOJKHOBOHMEMN

J—— P P S T &) — e

qacTHL APYT ¢ APYTOM; OPH CAYIauHBIX CTOJKHOBEHHAX Y4~
¢TAN HX CKOPOCTH H3MEHAIOTCH H TeM CaMBIM JOCTHraercd
MAKCBEJIOBCKOE pacape/eieRHe.

3BesRHBIE CACTEMB O06HAPYHHBAIOT OXpefeleHRhle NpH-
sEAKH PABHOBECHOTO cOCTOARMA. HpoMme peryaspmoi dopmm,
Ea 9T0 YKA3EIBaeT TAKiKe pacnpefieeHHe 3Bes[ IO CKOPOCTAM,
x0TOpOE, BACKONBLKO MOMKHO CYRHTH IO OxkpecTrOCTH CONHIA B
gameit amaxTmKe, HamOMEHaeT pacopeneneRme MawncBenna.
Ho cTONKHEOBEHMA 3BE3] B IaJaKTHKAX, NONOOHEIE CTOJXKHOBe-
HRAM TACTHI rasa, HEBOSBMOKHEI. 3Be3fkl He TONBKO He CTal-
KRBAIOTCA APYT € ApyroM «ro6 B 106», Ho nake gaxkTHIeCKR
g Be TMOJXONAT APYT K APYry NOCTATOYHO OJM3KO, 4TOOR BX
CKOPOCTH MOINIE IIPA HTOM — H3-3a NApHOr0 rpaBdATATAOHHOTO
BlaMONeCTBAA 8Besl — HBMEHHUTLCA CKOIBKO-HEOYIb cyie-
creenBo. OmeBKE NOKAa3sBAaXlT, 9TO BpeMA OKANaHMA OnmEs-

RN WA LW A ATA Y ATTYN LT TTDYTY anAnT WAaMIINATA AATLAIA DBNARNAsMa
KOTO IpUXUmacouna ADyas obUojJy HaMiuvivu Uldbilo LUspavia

FalaKTEK. B 3TOM cMbIciie MOMKEO CKa3aTh, UTO TaJaKTHKH
gBIAIOTCA OeCCTONKHOBHATEIEHBIME CHCTEMAMA,

1 reM Be Memee penaKcandsa 3BeSIHEIX CHCTEM BCe Ke
posMoskaa. B 1967 r, 1. Jimmpen-Bexn Bripsaayn mpegmono-
seHde, 970 oBa 00A3aBa He MAPHEIM «CTONKEOBEHHAM) BBE3J,
4 B3aMMOJICUCTBHIO KaMNXOH 3BE3H ¢ TPABHTAIMOHHEIM NOJI6M
BCeit cHcTeMH. Tarad 6ecCTONKROBETENbRAS PelaKCalds npo-
#30IIIa B Ty BOOXY, KOrJa T&JaKTHEKH eIne TOXbKo PopMmupo-
pach. Ilpw ofmem ciarnu m (pparMeBTAmUE ITPOTOrajaK-
TEKM CaMO TPABHTAIMOHHOE IOJIe CHCTEME! CHIBHO MEBANOCEH
H CO BpeMeHeM, ¥ OT OHOr0 MecTa X ApyroMy. Pomparonizecs
OMHOBPEMEHR0 ¢ DTHM B8BEBHHI MCULITHIBAIHA IO 3TOH ITPUIAHG
¢TONYKHA», IPH KOTOPHEIX HBMEBAJIHCHL MX CROPOCTH H OpOHTHI.
«TONYKA» ¥ BEI3EIBaEMEle UMY M3MEHEHHA B NBHKCEUH 3Be3J

K‘L‘l'\"lrl TTABDATNLYIIN AT OLITAUL N NAMTTANTITOLO OBADTTA AmamTIPEnamTanh
VLY KL HUDUJLD‘]U VELJLIDIIDLIVAEL s VAMUYIMNLIAS OQOUOLAOG UViWUFLILVELAIUVAUIULr,

MOJKHO CKAa8aTh, CO BCEH CHCTeMOlt B IeNoM HIH 0 KpalHel
MOpe ¢ KPYDHBIME €e JacTAMH.

JTOT mpomecc mMeN CIydafBEIA XapaxTep B TOM Ke CMEIC-
16, B KaKOM CIYJailEl CTONKHOBEHHA JacTHAN B rase. Hammoe
eAUHAYHOC MBMEHEHHE B (BH;KCHHEN NaEHOi sBesmsl Oplio HO-
NPOICKAdYEMEIM [I0 CBOEM Pe8yJAbTaTaM, HO TAKAX H3MeHeHUH
610 MBOro, OHE IPOUCXORENH HEIOPEPHIBHO, W NOTOMY HX
HTOroBoe peficreme 0GeCHeTMBANIO BO3MOMHOCTH UPOABISHEA
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ofmeit maa Bcex H3UYECKAX CHCTEM TeHAEHRUHE K YCTaHOg-
NMeHuI0 PABHOBECHA,

Bee 310 naer ocHoBaBMe BH[ETH B OPONECCe TAKOTO pPOxa
9ePTH PelaKCAIHHE; Jlnnpen-Benn massanm ero «6ypuok pe-
TaKcanuged», Penaxcanuds nedcTBHATENHHO ObuLia OYypHOM: omg
NpoTeKaNa B HEYCTAHOBMBIIEMCH, CHIBHO «BO30YMIemmomy
COCTOSTHEE LPOTOrajaKTHKH, KOTJa HMeJUChr B DEepBble 3Be3-
XBI, B XaOTHYeCKH NBHRymmecHd (CO CKOPOCTAMH B COTHM Ku-
JTOMEeTPOB B CeKYHAY) MacCUBHBIE ra3oBhe Q)parMenTsL.

-Teopra OypHOU peNaKcaDEH, KaK, BIPOIeM, B BECh KOMI-
Jnexc npobieM, CBABARHBIX ¢ npeBpanmedneM NPOTOraJdaKTHKIL
B 8BE3/HYI0O CHCTEMY, OCTaeTCA elne HeJ0oCTATOYHO 'paapa60~
TanHo#. Muoroe, onmako, yZanocs BBIACHETL He IyTeM TeEO-
PeTHYeCKAX -pacyeToB, a € IIOMONIBI0 COBPEMEHHLIX METOOR
MOZeIAPOBAHAA HA KPYIHBIX BIUMCIHTETHHBIX Mammuaax. Ma-
MEHa MOMKET IO RalleMy 3alaHHI0 Ha#TH M3MeReHHe CO Bpe-
MeHEeM CKODOCTH M IIOJIOJKEHHS 8Be3Jbl B CHCTeMe, BLISCHHTE
Ha 3TOi OCHOBe o0Imee noBejeHue cmcreMsl B megoM. OKa3sa-
ADCH, UTO 6eCCTONKHOBHATENBHOW CRCTEME IPABHTHPYIOMHX Tell
TOUCTBATENLREO CBOICTBEHRO cTpeMieRde chepr3oBaThCA, HpH-
HAMATH CO BpeMeHeM Bce Qojiee CIIameHHYI0, Peryiapryn
$opMy. 3To DPOHMCXOAET 3a BPEMA, CPABHEMOE ¢ THOHGHEIM
nepuooM ofpauleHAA 3Be3OEI B CHcTeMe, JaMedaTelbHo,
YTO pe3yJbTaT COpaBefIHB JUif 0%YeHhL MUPOKOro MEOroobpa-
BAA MCXOMHBIX COCTOAHHEMA CHCTEMEI, ¢ KOTOPHIX OPE TAaKOM
MOJENAPOBARNA HAYMHAETCH MAMUHEBIE pacyer.

9BOJIIONNA 3BE3AHLIX CKONJIEHUNA

B oramume OT rajxakTMk, IDApPOBEIE M pacCeAHBBIC 3Be3[-
Hble CKOILIEHHS HEe ABIAIOTCH 0eCCTONKHOBUTENLHBIMUA CHCTE-
MaME. BerencTere 6oJpmei noTHOCTHE CKOIMIeREH *) Kasxngan
3Begia B HUX MCOBITHLIBAET 34 BpEeMA CyIIeCTBOBAHHA CKOILIE-
HAA IO KpaliEeil Mepe HECKOJIBbKO TECHLIX COMM:KeBHH B MHO-
JKECTBO JajleKEX cOimendid ¢ [pyraMm 8Be3gamun. Bpewms
MEMIY (CTOJNKHOBEHHAMH» BCEe Ke IpeBHImIaeT BpeMa o0pa-
INeBHA 3Be3N mo OopbuTaM, pasMepsl KOTOPHIX CPaBHHEMEI ¢
pasMepaMu CKOIVIEHHA, TaK YTO 33 OXWH o6opoT 3BesKa Jmmn
C MaJoi BEepOATHOCTHIO HMCHOBITAET COIAMMKEHnHe ¢ KaKoit-1mabo
npyroii 3Be3moil. Mo B0 cKa3aTe, ITO JJIEHA CBOOOTHOIO HpO-
Gera 3Be8 B, T. €. OYTh MEXNAY NBYMA COMHIKeHEMAMH C HpPY-
TAMH 3Be2MaMH, 8aMeTHO 0olbmie pa3Mepa BCe CHCTEMSN.

*) O smeaggeix cxomnesEax cM. kemry 10, H, Ldpemona (1980).
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It o0CTosATennCTBA M ONPEReNAIOT XApAKTEDP SBOMYOLMH
SBE3HEIX CKOIJIeHnil,

B 3BeBOHBIX CRONJIEHMAX BO3MOKHA DPeNAKCAIUsF IOCpPe.-
CTBOM MapELIX COMMeHmit 3Be3fl. ITU CHUCTEMEL CTPEMATCA K
COCTORHUIO PABHOBECHA ¥ NpEOIMKAIOTCA K HeMY HaCTONEKO,
HACKOAHKO 8TO BO0OIE BO3MOMKHO B I'DABATHpPYIOL[IX CUCTe-
Max. 3pezgel NPHOOPeTaloT B pe3yJabTaTe pacOpefielieHHe 1o

Puc. 47. Illaposoe cxomiaenme B coapesnun Tyrana.

cKOpocTAM, OJHE3KOe K YHHBEPCANBLHOMY MAKCBELIOBCKOMY
pacupeleeHHI0, 0 KOTOPOM MEl yike YIOMBEHAJH,

Ho cOmmmenna bpsesm ueuslesxKE0 DpPUBOOAT K TOMY,
9T0 BPeMSA OT BpPeMEHH KaKasf-TO OIHA U3 HAX CIYYaifHO mony-
7aeT TAKYyH GONpIOyI0 CKOpPOCTH, UTO, NPEOJIONER NPHTAKEHAE
ApPYTHX 3Be3]l, OKa3nBaeTCA cuoco0HOl VT M3 CHCTEMEL
IloaTory, B OTAEYHE OT rasa, B pacopefelleHER 3B€3] N0 CKO-
PoCTAM HE XBATAET CaMBIX OBICTPHIX 3BEB]] HA BRICOKOCKOPOCT-
HOM «XBOCTe» HX pacnpenenesmA. [[edmmur GuICTPuIX 3Besf
COCTABNAET LPUMEPHO ONHY COTYX OT ofIero wmcia 3Be3)|
cacremul. Taxoe HemaleskHoe B HeHCUe3alomee OTKIOHEHIE
0T PAaBHOBECHOT0 COCTOAHHA, CBA3AHHOE C NOCTOAEHBIM <(HC-
mapeHdeM» 3Be3[,— OTNEYETENbHAA Yepra IPaBHTHPYIOIEH
CACTEMEL

B xope «HcnapETenbHO) SBONIONUY 3Be3AHEIe CKOIJIEHEA
CTAHOBATCA BCe GolJee HEOMHOPOMUKIME IO IIIOTHOCTH, B HEX
GopMEPYIOTCA KOMIAKTHBIE NERTpanbHEbe obmacTd, Anpa, oX-
PY)K6HHEIE CPAaBHHETEALHO paspe:eEHsME ramo (puc, 47).
Tlorepsa sBesq ckoDJIEEEEM MOMMET 3aBePIIMTHCA CC BpeMeHeM
€r0 MOJHBIM PaclaioM M pacCeAHUEM, KaK 370 BIEpPBEE IO-
kazan B. A, AmGapnymar B 1938 r.
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O6mas reopEA MEHAMAYECKOK HBOMONEM BBO3AHBIX O-

. 1]
File -3 V4 CATTNNADMNTICATTATNTITO OGN O NoamTaicaTrrom ™ GINCTTANOTI TR AN Y
Vi1Divhy Uuul)unumf.l'awu.\ul.lurl VLG AR L L W xa AR WEAIA A IAEGM D

pauboiee GLICTPHIX 8Be3y, paspabaTniBanace B 40-e — 50-¢ ro-
asr I, Yamgpacekapom, K. @. OropoxmaurossM, J1. 3. Type.
srueM, B. 10. JlesmnriM, T. A. ArexkanoM, Onra U3 mam6o)es
BAKHEIX €0 Pe3yJbTATOB COCTOMT B TOM, 9T0O OXaromaps «Hc-
NapETENLHORY DBONIONAN MHOrZEEe 3BE3[HBIE CKONJNCHES Mg
IPYOOsl, OepBOHAYAMbHO (POPMHPOBABIIMECH B TaJlaKTHKe,
MOTJIM NOYTE NOXHOCTBIO PaspyIIATLCA, a MX BBE3[Hl pac-
CeATHCA W pasMemaThcs 1o o0meMy 00BbeMy CHCTEMEL, ITO i
HabxromaeTcd B peadbHBIX FAJAaKTHKAX.

WUnran cygnﬁa OKUNANa, NO-BENEMOMY, IUIOTHEIE CKOILIe-

2R VA ZAKL8 ALBAN S Yy e v

7g 3Be3R, POpMHEPOBABIINECH B NEHTPANBLEBIX O06M4CTAX ra-
aaktuk. [lo mepe «ucpapenms» M3 mux mamGomee GLICTPHIX
3Be3[ IPOMCXOMRI0 ofmee c)KaTWe TaKMX cKomiaemwit, V3-aa

ITOIO napﬂ_ﬂe cONMKenn A 3Be3y CIYJalHCh B HHX BCE€ YaIne

¥ game, OpudeM 3Be3npl B TAKHX CIYUYafAX NOBOJNLHO OJH3K

MORXXONUNE yie Npyr K Apyry. Hakomenm, ma onpeneneHdBoi
CTAIEE 9BOTIONEE CHCTEMBI CTAJH BO3MOMKHEL NPAMBIE CTOJK-
HOBeUMSA 3BE3T XPYT ¢ IPYIOM,

IIpu TaKHEX CTONKHOBEHMAX 3BE3IHI NPEXOIAT B HEHOCpEH-
CTBEHHBII KOHTAKT, U AICHO, YTO IPY TOM MOMKET CANBHO M3-
MEHUTHCA HX BHYTpeHHee CTPOeHWe: 3Be3Nsl MOryT medopmu-
poBaThCA, PasOHTECA HA YACTH MM, HaoBOpPOT, CARMEYTHCA.
BeposiTaee Bcero «oGnmpande» BHEIIHWX CIOEB 3Be3[; OCBO-
GOIAOmMMUACA IPY ITOM a3 CHAYAJA PACCEUBALTCHA 10 CHCTE-
Me, a 3aTeM JOMKeH ocefaThr XK ee WeHTpY, mpeTepneBasd Tau
FPAaBETANMOHHYI0 KOHMeHCANu0 B PparMenTamuio. B pesyus-
TaTe CTABOBUTCA BO3MOMKHEIM (DOPMEpOBAHEE MOJOXLIX 8Be3y,
06pasymux APKYI0 B MIOTEYI0, KORIEHTPHPOBARHEYIO IONCH-
creMy. llpu onpenenenanix ycenosEAx (manpuMep, DpH BhICO-
KOii Temueparype rasa) opMEpyeTcs He 3Be3IHAS NONCHCTe-
M3, & eMHAA CBEPXMACCHBHAA 3Be3fa.

Ecnim wcxogHOoe 3Be3guoe CKomileBde OBLIO IOCTATOTHO
MaCCHBHEIM B coneprano, sampamep, 10°—10' zBesn, To =
CBepXMaccHBHaA 3Be3na Morixa mMmers Maccy 10°—10° conmes-
HpIx Macc. I'7aBHAf 0CcOo0eHHOCTH TAKOHK 8BE3IH — OYEHH
wHTeHCHBAOe m3nyseHme. IIpm Macce, Banpmmep, 10° Mace
Conuma cBereMocTs, 8Beansl cocrasiager 10°° Br, rtar 110
CBepXMAacCHBHaf 3Be3[a, 06pa3yIOm(anacA, €CIE DTO OKa3HIBa-
efcd BO3MOKHHIM, B NEHTPaXbHOd nnoTmOl obxacTm TaxoR
3BO3NHOA CHCTEMBI, KAK KPYUHAf SJUIHOTEYeCKAS CATaRTHKa,
MO’KET YBEJMYHATH CBETHMOCTH CHCTEeMHI B IEJIOM B HeCATHE
® coran pas. (Hamommmm, uro cBeTHMocTs mamei Tamaxraxm
cfcrasaner npubnmsareasro 3-10°7 Br.)
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CeepxMaccHBHAA 3BE3JA CBeTHT 8a CYeT CBO6H IPABHTA-
NEOHHEOM DOTEHNHAJLHOM 3HEPréM, NofTeNeHRD CHREMaACH.
Ha BariIO9ATENBHOM 9Taue CRAaTHA HACTYNaeT KoJIane,
7, &, HeyAeP:KEMOe UafieRAe BeIIecTBA K MNEHTPY, He 0CTAHAB-
amBaeMoe BEKAKEM UPOTUBONaBlenueM, B ofpasyeTca sepHas
mpa. Ho m mocxe 8TOTO meHTpanpmag 061acTh. CECTEMBI
MOKET elle JOIr0 M3INYJIaTh 3SBEPrHi0, KOTOPAA YepIaeTcA
Tepepp B3 DHEPrHM rasa ¥ 8Be3f, PASTOHAIOMAXCA 1o 6Goxb-
NEX CKOPOCTEM M CTANKHBAIOINMXCA APYT ¢ IPYTOM IpH Ia-
feBHM H& TAKYI0 CBePXMACCHBHYIO YePHYIO NBIPY.

HapTuna 8BONIONMA 3Be3HBIX CHCTEM H& CTANIAM KOHTAKT-
HRx CTOJIKHOBEHHX BKIOYaeT B cefA ¥ eme neasl pan
BaJKHBIX TPOLECCOB. 1aK, CTONKHOBEHHMS 3Be3], KOrKa OHH
EMEIOT HeYNPYTHH XapaKrep, MOTYT CONPOBOMKAATHCA CIMTA-
nzeM 3Be3n. OGpasylommpeca TakaM myTem 60jee MaCCHBORE
3Be3Hl ORICTDee BBOJIOMMORHUPYIOT H 3a BpeMa ~10° jer B
cacTeMe MoryT, Kak mojyaraer C. Koxareiir, npomexonuts MHo-
#eCTBEeHHEIe BCOBIIIKE CBEPXHOBHIX, JTO TaKKe NPHBONHT K
3HAYATENbHOMY HOBLIMIEBHUI0 CBETHMOCTH CHCTEMEL. 3aTeM
BCOBIXHYBIIME 3B€37l NPEBPAIIAIOTCA B BeUTPORHBELIC 3BE3TH,
NyJAbCaphl, 8 CaMbleé MaCCHBHEIE M3 3Be3] KOIANCHPYWT M0
COCTOAHHUA YepHHIX Neip. K cBerEMOCTH cHCTEeMHI nobaBagioT-
cA MPH DTOM H3JYYeHHe MYJIbCAPOB M HOTOK YHEPrHM OT aK-
KpeIldA BeiqecTBA YePHEIMHE JHIPAMH.

Ilo cBoMM BHEmHEM HpPOABIEHEAM LEHTpPAJbHEBE 06J1aCTH
KOHOEHTPHPOBAHAKIX 8BE3JHLIX CHCTEM HA CTAIAN KOHTAKT-
ENX CTOJKHOBEBWH HANOMHHAXT KBa3apsl HJIH AKTHBHEE
anpa raxaxktuk (cm. kpmrz 3. A, JIm6an (1977) = @. Xoii-
na (1968)). Mu pe MoxKeM, oxHaKO0, monpobmee oGCymnars
3fech 8Ty B BbICIIEH CTememH HMHTepecHyX npolieMy — Oga
COCTaBJIgeT celdac NpegMer MHOIOYUCIERHBIX HMCCIeT0BaBMM,
OflHAKO TUPE3BBIYAAHO CJOKHA H BCE eme OYeHb JJajleKa OT
peIeHEA; N0 BA)KHOCTH OHA BIIOJHE 3acHyKEBaia G 0TeNb-
HOH KHHATH,



TITABA IHDECT AR

«CKPBITBIE MACCbHI», HEUTPHH(Q
B JNHIITENHOBCKAN BAKYYM

Boepesie 0 cymecTsOBAHUA 8O Bcelemmoit Kakmx-To He-
BEAMEIX, HO OYeHb S3HAYUTEJLHBIX MacC BEMecTBa CTaJH
nonuspesaTs eme Gomee 40 mer masaj, KOrma acTpPOHOMsI
magaly Waydedde TPyNN ¥ CKOIJIEHMWIA raiaxTax. B mocmex-
A¥e TONMH HMOABWIKECH HAGNIONAaTeIbHbIE YKa3adWsa HA TO, 4TO
Hama [alakTEKa ¥ JpYTUe KPYOHBIE TAJakTAKE 06Xamaior
OOIIAPHBIMA KOPOHAMH, IPOCTHDAIMUMUCA JaJeKO 3a Ipe-
meNibl BEAMMOM 3De37MH0l cucTeMsl. KopomEE He u3aygawoT
cBeTa, Ho 3aKNI0OYEHHAA B HEX MAacca OPEBOCXOIUT, KAK MoNa-
raioT, IONAYI0 Maccy 3Be3n. [IpEpoma aTo# «CKpBITOH Maccehr»
OpeacTapiafeT co00ld OOEY B3 CaMBIX TPYAHBIX 3arajfi0k acTpo-
pomuu, OgHAKO HeTABHMWE OTKPHITHA B (H3WKE BIEMEHTAPIBIX
TACTHI, BCEJAOT HANEHKAY HA PEmerHe npobieMsl: BO3MOMKIO,
raJlakTAgecKue KOPOHH HAUOJHEHB! MENbIadIImM® FacTHIA-
MZ MaTepuu — HEATPHHO.

QusuKa HIeMeHTAPHBIX YACTHIN ¥ AacTpPodHE3mKa — JBe
00XacTH HAYKE, H3ydalomue ABJEHHA NPUPOIBI CAMBIX MATKIX
M CaMBIX OOJBIMIMX IpPOCTPAHCTBEEHBIX MacmTato,— 00Hapy-
JKEBAIOT BO3PACTAIINYI0 TeHIEHNEIO K BBIABICHHIO INIy6oxoi
BEYTpenHeH cBAsu Mexay HUME. CGTaHOBHTCHA BCe OYeBUIHEe,
Y70 CBOHCTBA 3JeMEHTAPHEIX YAaCTHI ONPEZeNANT B 3HAYO-
TeNbHON CTENEeHH CTPOGHHE W DBOTIONMEIO 3Be3]], ralaKTUR,
Bcerennoii B menoM, TOra KaK KOCMUIecKad pacIpOCTpaHEH-
HOCTh SJIEeMEeHTAPHBIX YacTHI, a, MOKeT ObITh, X caMO HX
IpOMCXOMIeHEe 00A3ansl GYPHEIM IpomeccaM B paBHel Bce-
TeBHOM.

O paxEeAmIdx ¥jaeAX, IHIOTe3aX, MOTrafkax, o0Cyxmae-
MBEIX celluac B KOCMOJOTEH ¥ (DH3UKE 2IeMEHTADHHX YACTHL
B CBA3H C KAPTHHOX pammEmx cTrandi Bceememmo#t, Mosno
npountats B crarbax 1. B. 3eanmosmya (1977, 1981),
A. 1. Hoarosa m fI. B. 3easmosmua, B xmure C. Baitmbep-
ra (1981). Mur o6pamaeMca 3mech R 9Toll Teme, 4TOORI pac-
cKa3aTh 0 KpymHOMAcIITa0HBIX AcTPOHOMHYECKHX ABIGHHUAX,
mabaionaeMerx B coBpeMenHoi Bcenermmoit, HO o0ycaoBIen-
HHX (HE3EYeCKAMH mnpomeccaMm, HPOTEKABIIEMA Ha YpOBHE
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pIeMEeNTapHbX JAaCTHI B HepBHIE MIHOBOHHMA KOCMOIOTHIYE-
CKOrO PACIIEDEHHS.

OxasBBACTCH, YTO MHOTHe NpPHHOEOYANLHBIE BHIBOTL
acTpOQM3EKE H KOCMOIOTHH 3aBHCAT OT TOT'O, CKOXBKO BO
BcelreBROM HEUTPEHO M WMEETCHA JE Y JTHX 3JIeMeHTAPHBIX
qacTHE Macca mWokof. He mcxmioweno, uTo mMermo HefiTpuHO
AaloT TAAaBHBIA BKIAX B INIOTHOCTH BEIECTBA B COBPEMEHHON
BceneRHOM H OmpEeAedA0T TeM CaMBIM JUHAMHKY KOCMOJOIU-
JeCKOr0 PacuMpedus, reOMeTpHI0 MOpa, a ¢ Heil X jJaabueii-
myo cyns6y Bceenerroit. HocMmomoruueckaa m xocmoroumde-
ckaAd poJb HeHTPMBO BeNHKa, JaJke eCau HeHTPHHO 061amaioT

Macco¥ HOKOA, XO0TA OBl H BO MHEOIO PAa3 MEHBINE MAaCChH
IOKOST BNEeKTPOHA,

«CHPBITBIE MACCBI»

Onmo m3 Bawbodee XOpOMO U3YIEHHEHIX CKOIICHHH Ta-
JaKTUR — cKomienme Koma, aam Boxocw Bepommkm. Ho ecan
cO3BE3IMe COCTOHNT A3 OAU3KHX K HaM 3Be3d mamel ['amaxTtm-
RO, TO CKomnemme HoMa HaxOZHTCA ropasno Aalblxe, NaTeko
sa mpemenamu [ajaxkrmxum. PaccToAdme m0 HEro cOCTaBAAOT
npabananrensro 140 Mo, T. e. 4-10% cm.

O paccroanmu o Homel @ npyrux cxomaedsmd (@ cmepx-
CKOIUIEHII) CYIAT OO KPACHOMY CMEIIeHWId B CIEKTPax Co-
CTABIAAIONAX WX TAJAKTUK., HpacHoe cMemeHme — Pe3yaAbTaT
KOCMOJOTMYEeCKOro pacmmpenus, ofmero pasberadug 9THX
cucteM. CropocTs, ¢ KOTOPO# cKomimemde Homa ymanserca ot
gac, BBIUUCIAEMAA Mo HM3MEePEHHOMY KpPACHOMY CMemeRmio,
ompejelnseTca moBoabHO TogHO: 6850 xM/c. 3axom Xabbna,
CBASHIBAIOINMI CHROPOCTH V¥ B3AEMHOTO YNANCHHEA CUCTOM C
paccroganeM L Memny mME, v=HL, nosponder Ha#TH 370
paccroAnte. lIpEBefieBROE BHIOIE DACCTOAHHE 70 CROMICHHS
KoMa BHIYHCIEHO B HPENOJOMEHWH, 9TO MOCTOAHHAA Xab-
gma H=50 ry/(c-Mmnec).

FcaE ©3BeCTHO PACCTOSHEE IO CKOMIEHIA, TO MOMMNO
ompefenETs X ero cobcreemmnii pasMep. [ua arToro HymHO
E3MEpHETH YTON, IOX KOTODHIM BHIHO CHOIUIEHNE, & 3aTeM
BOCIONB30BATHCA IIPOCTHIME TPUTOHOMETPHIECKEMHA COOTHO-
MIeHEHAME, CBASHBAKIIAMIA CTOPOEBl M YLl B TPEYLONbHAKS,
1Be BEPMIOABL KOTOPOr0 HAXONATCA Ha Kpasax CKOIUICHHH,
a TpeTha — Ha Jemae (pHc. 48). Crommenme KHoma BmIHO
mOX VYIIOM, COCTABIAKIIEM NPHEOIU3ATEIBHO 100 mummyT,
1. o. 1,7 rpagyca, mnm 0,06 pagmara. Torga npz paccTogBRE
p 140 Mmc mEaMeTp CKROIIGBHA COCTABAT IPHOIM3ATEIHHO
8 Muc, a pagmyc 4 Muc, anz 10% cm.

1. 3. Typesu3, A. X JepEen 168



CropocTs yAalenua oT Hac ckomrennsa Koma coorseTcTny-
eT eT0 ABMJHEHMIO KAK MeJ0T0, MIH, UTO TO 3Ke caMoe, NBMsKe-
HIIIO TeHTpa Mace ckomnerusa. IHo BAyTpE obObeMa crommenug
KayKmadg TalaKkTHEKA ABMAETCA OTHOCHTENEHO HEHTpa U 3Ty

cobCTBeAABIE OBMIKEHNS Ta-
JalTHK TOKEe HAXOMATCS o
KPacHOMY CMeIuenuo *) B mx
CIOeKTpax: KpacCHOE CMeIIeHms
©@ nia RamMI0Il TaJaKTURIL CJer-
K& OTIMYAeTCHA OT HX CDEeHero
snaveruA (mocremHee I mpu-
TIHCHIBALTCA, eCTeCTBeHHo,

CTOTITATTIIT Yo vrotmwatrer) Thr
ARV ILWAW IR LY nwan LJ‘GI“-UJ\I,y } - A Kl™

IITIHAA CKOPOCTL COOCTBEHBIX
Pne. 48. Kax maxojsnr pasmep [OBISKeIM¥ TalakKTHK &B CKOI-
rXONICHES, nenuu Homa omenisaeres npu-
OMMBATENLHO B JABEe THICHU

KIJIOMETPOB B CEKYHTY, T. e. 2-10° cat/c.

Vimeerca YyHuMBeDPCANbHOE COOTHONIEHIE, CBA3LIBAIONIEC
Maccy M & pasmep R cTanuoHapHONR rPABUTHDYIOLICH CHCTEMb]
€0 CKOPOCTAMY [BMKEHMII U COCTABIAOMEX ee Tex: v*~GM/R
(G — rpaBATanMOHNAA DOCTOSHHAA). JTO COOTHOIIEHAE HA3KI-
BaloT TeopeMo# BEprana. OHO NOBBONET HaM HaiTo Macey
GHOILTeHNA N0 H3BECTHBIM 3HAUEHHUAM CKOPOCTH COOCTBEIHLIX
IBHKEHOI IralaKTHER X pamEyca ckomneHms. Jlas CKoONIemnms
Homa ato macT Maccy 3-10'° conmeunmx mace, 9TO npubnusy-
TeJHHO B MECATH THICAY pas Goabmme Maces! Hameit [anaxkTaErg,

Takoro popna OHHAMHEYECKHEE OIEHKM Mace CRONJeHH
6s1m ctenamst B 30-e ropmr . I[snunm, a mosmmee u gpyru-
MI ACTPOHOMAaMI.

Ur006L! HPOM3BORNHUTH TAKME ONEHRM, HYKMO OBITL yBe-
PEeHHBIM, 9TO TAJAaKTHKM B CKOILIEHMH CBA3AaHBI HX O6muM
TATOTeHHEM U ABHJKYTCA B OTPAXHYCHHOM O0DBEMe, HMKOTIA He
BhIXOAA H3 Hero. IlomHOH ¥ eaUHOAYIDHOE YOEHNeHHOCTH B
9TOM Cpelu acTPOHOMOB OTHIONG He OKLI0, KOTNAa H3ydeHie
cROmIedu# TOABKO Hauumaloch. COMHEHHMA BHI3BIBAIHCH TeM
oﬁcgoacrenbcmom, 9TO0 AUHAMAIECKAs OIEeHKAa MacC CKOILIe-
HA# TpOTHROpPEURT APYIOM OMeHKe, OCHOBAHHOM 1a H3MepeHun
APKOCTA TAJAKTHEK B CHOILIeHEA. IIpm aTOM BTOpPOM MeToxe
HCXONAT M3 TOTO, 9TO OTHOIIEHUE MACCH TANAKTUKH K €€ CBe-

Paccmoziie

%) Toumee, TAKEM 1yTeM HAXOAATCH JydeBhIe CKOPOCTH, T. €. COOT-
BETCTBYIOINUE IPOEKONHA CKOPOCTEH ralaKTHK Ha Nyw apennda. Ho oOug-
EO CKOPOCTH NQ BCEM HAUPABICHHAM NpEOINSHTENBHO OJEHAKOBBI, Kak
9TO0 HMeeT MecTo AIA cromlenusa HoMa,
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THMOCTH, T. €. DHEDIUHU, H3Ny4aeMoid B eTIHANY BpeMeHH,
OEHAKOBO A TATAKTUK Kamyoro Aadmoro tuma. Kcinm Tax,
70, 3HaA, HAa KAKOM DACCTOAHHA HAXOJATCA TaJlakTHRK W
KAKOTO OHHW TUIA — CHEPANbHBIE, BIIMOTHYECKAE WIM HEIpa-
BANGHBIC,— MOKHO 0 H3MEPeHHOMY TOTOKY M3IVIeHHA OT
AuX TOACIATATE MACCY Ramuod rajlaKTHRA M MAacCy CKoue-
muA B iexoM. (Pasymeercs, u 9T0T MeTol onmMpaeTca B KOHEW-
HOM C9eTe Ha ANMAMOKY: NIPH HaX0:KIeHHH CTAHNAPTHOLO
OTHOIIEHHA MAaCChl K CBETEMOCTH WCIOAB3YeTCA TO 3Hadele
Macchbl «00pa3moBoil» TalakTHKE, KOTOpOe NAXOLAT M0 JBII-
Hedu1o ee 38e3d.) Maccsl, omesupaeMble HO CBETIMOCTI, OKa-
3bIBAJOTCA B HECKONLKO pas, & IIHOLA II B HECKONLLG (e siT-
KOB Pas, Medbime, 9eM IO TITHAMHYECHOH ONeIKe.

Bosunraer axbrepnarEsa: Aub0 CKOMJNCHILA e CRSBAID
U JHIaAMIYecKas OUEIKa WX MAacC OPOCTO IEBO3IMOIKIIA, JHOO
B CROILTEHMAX IIMEIOTCS 3HAYNTEeNbUBIE MACChl BEIl(eCTDA,
HIIKAK IIe MPOABIAIONIMe ceba B 1aTyUeIns,

Paceymorpuy cuagana mepeyro BO3MOMUOCTE.

enit croumenna HecTamLOUAPIL M UNMKAROIL pyroit Mac-
ChI, L{EOME Macehl TrajasTUR, b DX 1IeT, TO JIBiReiihs
rafaKkIlll B CKOIIEIIA XQparkTepizyiOT He ero Mmo/niyin Mac-
Cy, & CTCICHB LeCTAauuonapiceT cucreMnl. Takag TOUKa
3peHEMA Obl1a BBICKazaua © Sb-e rogel B. A. Ambapuyianon;
0l TIOCTVH{MIA OAIIIM T3 HEMTNAALUBIN HVIIKTOB KOCMOI'OLILI-
JecKoLl Tinoressl, passreaeiyoil B Biopakaucuoir acrpanusi-
gecKoil obcepBaTopuIl.

AnOapoyMsaH HpeJlol0sRill, W0 CROILICHINT TAJdRTHK
BO3HIKAIOT B Pe3yabTaTe «B3PLIBOB» INIOTULIX Te! Hauioe
TaROe TE/10 CHOCOOHO MeJHTLCA Ha PAasdaCTaIoliuecs (hhal den-
T, KOTOpble MPEBpPAImaloTCa 3aTeM B TAJaKTHRIL Jneprus
«B3pBIBa» coO0IaeT rajaktmxax Goxpiome cxopoctit. Odpa-
30BANTIC 3BE3[I MPOHCXONUT B peayibraTe fadbHeilwero ;pood-
NeBus (PPArMEHTOB; B IEHTPE e TAJaKTUKE MOAeT OCTAThb-
cH KaKkafs-TO YacTh BemecTBa B DOepsoumavaibHoil  (ophe.
Tlo3pesfiioe TeJ0 B AApe TANAKTHKU MOJKET HCULITHBATH Iif-
TagTCK@e B3PBIBLL, COMpPOBOMMAIOIMEECs BhHIGpOcaMHM 3UATM-
TeNbHBIX MAacCC BeIIecTBa, WHTEHCUBHEIM DPaJUAOH3IyUeHUEM
A T. 1.

B 5Toit KOCMOTOHMYECKON KOHIENUUM [IPUPOAA IIOTHLIX
03Be3]NBX TeJ ne KoHKpeTusupyeTed. [elaerca ndmb Hpen-
NOJIOMKEHNe, 9TO ATH Telda He 00A3aTelNBHO FAOJMKHBI YIOBIE-
TBOPATL M3BECTHEIM ceiitac 3axomaM (H3UKHE; B YACTIOCTH,
IpY IiX B3phIBaX He 00S3aTeNbHO BHIOOAHEHME 3aKOHA COXpa-
HeHud 3Heprud, He o0g3aTeNeE A HAX TaKKe U 3aKOH
coxXpaleHusa BPaIaTeabHOro MOMEUTa.
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TuioTeasl, OCHOBAHHEIE HA CTOIb PafiKaILOBIX AONYImIe-
mEAX, TPYAHO Pa3BEBaTh Teopermiecku *). Onmaxo ¢ Habmo-
MaTelqbHON TOURE 3PEHHs NpefcTapieHAe 00 aKTIBHOCTH Apep
raJakKTHE OKA3aloch BAKHEIM II HIOJIOTBOPHBIM, GOJBLION
BKJIAN B HCCIENOBAHIA 3TOT0 SIBMEHIA BHECIH GlOpaxkaHCKHe
ACTPOHOMEL.

Ho mpmea pasiera CROINIEHII CTaJRUBASTCA € ABHBIM
npormeopeuneM: rax nokasan M. 1. Rapauernes, npn ma-
GOI0aeMBEIX CKOPOCTAX TaJaKTIR B CKOMMJIEHIAX OHH MOIIH
6Bl OCTABATHLCA B COBPEMEHHOM 00bEME 3THX CUCTEM B Teye-
Hoe He Golee OZHOTO-ABYX MMJIIIADPJIOB JeT II, Cle;0BaTeNb-
HO, CAMHA CKOILIEHIIST NONKHBI CYIUICCTBOBATE HE JOJIBIIE 3TO-
ro spemernE, OfHaKoO BO3PACT TAJAKTIK B CKOINENHAX e
merpme 10—12 Munnnapnos ner, 946T0, KOHEYHO, HE MOTJO ObI
OLITH, ECIY CKOMJICHAA PA3JETAIOTCA U TaJaKTHRHE POKIaluch
B eIOHOM B3PHEIBE, MOPONIBILEM CAMO CKONIEHME.

CaTyanusa B 3HAYATEIBHOI CTENEHHM HPOACHMIACH, KOrja
BECKWi NOBOM § HOAB3Y CTALMORAPHOCTH U TPABUTALUOHHOH
CBA3AHHOCTH CKOIEHHE IpHHECIA PEHTIeHOBCKASA AaCTPOHO-
MU, OKHA U3 CAMBIX MOJNOIABIX 00NacTeif aCTPOHOMEHN, M3y-
garomiad HeGecHnle Teja Mo U3TydaeMBIM UMHA PEHTreHOBCKUM
aygaM. B 1972 r. aMeprKaHCKHe aCTPOHOMBI C MOMOIIBIO

NTTAYTIIT A w1zarxnnnaﬂnnr0 OO TTATITNRATA m:mttnrg nnn‘q‘rnngnnunrg

UMU“LLHUJHUHFUHMALAJVL A AW WA W A AT LA A L AP ALS L l;wn.n“. A FoLSF RN WY

COYTHHKA «YXYPY» OTKPHUIN TOPAIMA ras B CKOMIEHHAX Ta-
naxTEk. B cronnemnn HoMma, 0 KOTOpOM MBI TOBOPHJM BhIUIE,
TeMIeparypa rasa 0Kkasalach 04eHb BBICOKOW, OHa (OCTHTaeT
COTHE MMIJMOHOB TpanycoB (IOTOMY-TO 3TOT Tasd Il I'3aydaer
B OCHOBHOM HMMEHHO PEHTTEHOBCKIle Jyull, a He BHIAUMEBIA
cBeT WIH pajf@oBoiusl). IIpm Taxoil TemmepaType TemIoBhIe
NBIKEeHNA JacTUL ¥¥) xapaxTepusyloTca CKOPOCTHMH, Onu3Ky-
MH I TBICAUE RIIOMETPOB B CeRyHAY, 9T0 HpHOIN3UTEeNbHO
COBIIAflA€T CO CKOPOCTAMII TAJaKTHK B 970M CKOmTeuun. Ta-
KOe COBITQTeHue, a OHO OTMeuaeTcs He 'TOILKO INA IOoMBI,
HO H ONA pAKa LPYrux cKorlennil, BPAN JU CIy9ailHO; CKO-
pee, 0HO 03HaYaeT, YTO It YACTHI(BI rasa M raJakTHRN, HaxXo4q-
1Mecsa B OOLeM TpaBATANUOHEOM HOJEe CKONJIEHUA, 4IagaioT»
B BTOM TIONE MeiiCTBOTENBEO ¢ ONMHAKOBRIMIU CHOpDOCTIMY,

*) Meany npoumyM, eme B 20-e ropnr [, [knHc 3aMeriy, Ue BRa-
Basch B NOAPOOGAOCTH, UTO TPYAHOCTM ¢ 00BACKeHNEM NPORCXOKICHHA
COHPATbHLX BeTBEH TaJaKTREK cnocobOHB HaBec1:m HA NONO3peHMeE, 4T0
IEHTPBI TalaKTEK — ocobnie TOYKR, Uepe3 KOTOPLIE BEmECTRO, MOMeT
OBITH, TPOHAKAET B HAIMY BCETeNHYVI0 A3 KAKMX-TO APYTOX MHDOB. 2710
B CAMOM JIeJIe TOM{C MOBOJLTIO NAINKRALLRAM TLEHOTEIN,

**) I'as P CHONJEAUNX MOBH30BAH, H 30eCh pPeub UNET O i,ipax Bo-
aepona — IpOTOHAX,
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jax 5T0 M MOMKIIO OLITL, €CIM If FA3 M TallaKTHEKY COCTABIAIOT
eqEEYI0 I'PABOTANMOHHO CBA3AHHYIO CTANEOHAPHYIO CHCTEMY.

Ceituac ¢ G0apmImM OCHOBAHMEM, 9eM pAaHbIIe, MIOrue
ACTPOHOMBI CRJIOBHEI JOBEPATH AUHAMUIECKOK OneIKe Mace.
Ho B TakoM cirydae OYKHO TPUHATL BTOPYID 13 YKA3AWHBIX
BHIIIIE BO3MOMKHOCTEH W NONYCTUTH, UTO B CHOILIEHUAX TaXaK-
THK, KpOMé CBETAINEeroCd BemeCcTRa, T. €. 3Be3], COCTABAAI-
I{EX BHJAMEIE TANAKTHKMW, EMeeTCA HEBURAMAA Macca, KOTO-
pas I OIpefelifAeT MEHAMAKY DTUX CHCTEM.

Ha ocHOBaHHZ HOBEAMMX JAHHBIX MOMHO INOJAraTh,
770 3Ta HEBHIMMAA Macca, €CId OHa AEACTBUTENBHO CYILECT-

nyeT (‘nPinranntrnn'n TIARALIM nﬁnaqnnr BROKDVYT IENVIIIIRIX ra-

L ) el | hediedind od N od W AW R A WA LAAFLA LFLLYL NS ATE UJ.\.tIJ 1 8 L\lJ'J AL AL 1

TaKTHE, 06pa3ya X MAaCCHBHBIE X IIPOTAMIEHHLIE KOPOULIL.
K aromy seiBomy npmman fI, 9. JitHacto ¥ ero LONIErH B
TapTycxoil 006cepBATOPHNA Ha OCHOBAHUE H3YyIeHUA ABIKEHWH
KADIUKOBBIX TalaKTUK-CIIYTHUKOB MACCHBHBIX  TaJaKTHK.
HecKONBKO TAaKMX CIYTHUKOB uMMeerca y WHamteir [amakTaxw,
nabiaofanTca oEr v TyMaEHOCTH ANApPOMETsl U ¥ AeCATKA
Jpyrux ranantur. lsMmepss ckopoctH ofpaienns COyTHHEOB
BOKPYT TalaKTHR M paguychl HX opOirT, MOMHAO OLEHHTL CUIY
TArOTeBUA, AeliCTRYIOmMYI0 Ha CHYTHHKII CO CTOPOHBI MacCHB-
HOU TaJaKTHRIL.

ToprycKue acTpOToME!, 2 BCAEN 3a HOMM M aMEDUKAHCKHUE
reoperanu DK, Octpaitkep, . [Iubnc 2 A. Axun obparuan

Pre. 49. Hpupas spamme-
HAA: 3aBHCAMOCTL CKODPO- | / @ Nemm—m e —— S
CTH BpAalleENdg  JHCKA
(canomHyasdg ARMHAA) M Ta-
JAKTRK-CIY THELOD oT
pacCcToAHAA N0 THATAHT-
CKOi compaXpEON Tranakx-
THKH.

LHopoCmE

>

PIccrmosnug om YENMPE EananNmint

BIUMaHHE HA VAUBHATEIBLHYIO 0COOEHHOCTEh B MAHAMUKE TalaK-
THK-COYTHUKOB: CKOPOCTH WX oOpamenus OMUHAKOBH Ha DAas-
HEIX PACCTOAHEAX OT MEHTPANBHOM ralaKTERM (pHC. 49).

Ho Bcerma cumranochk caMo co00i pasyMerOmumMCA, ITO 9TH
CKOPOCTH TOJKEBI YOBIBATH ¢ pPaccTOAHAEM OT IeHTpa obpart-
HO DPONOPOUOHAILHO KOPHIO KBANPATHOMY H3 pag@yca opbm-
TBI, T. 8. B COOTBETCTBUE C KEIIePOBCKUM saromoM (xoTopo-
My momauEmoTes niaders B Conmewsoit cucteme). M aTo Oni-
q0 Gbl melcTBMTENALWYO TaK, ecam GH BCA Macca HEBTPaJNbHON
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raJakTuko OBlIa COCpPefOTOYeHa B IpERellax €e BYIUMOry
o0bema, 9To, COOCTBeHHO, M HOAPa3yMeBaJoch OOBIYHO.

HesapucumocTs CKopoCTe#X CHOYTHMKOB OT PaJRyCcOB HX
op6HT 3aCTABNAET CUUTATH, ITO MACCA MEHTPAIbHOU ralaKTH-
K¥ He OrpaHEYMBAeTCA Ha CaMOM Jele 3Be3JaMH, JeKalliuMmu
B mpedenax ee pumuMoro o6nema. Hpome Bummmeix 3Bea,
ROMHLL CYIECTBOBATh M KAaKWe-TO MBEIE TATOTEIOMYAe MACCH,
pacmpefieliedHbe 110 TOpasfo GoabmeMy 00beMy BOKDYT Ia-
TaATCKOE ramakTux®, He Te 1 5To MacCH, KOTOpHe paHee
6bLIE 3aMedgedsl HO AWHAMHOKe CKOOMeHHii? — TaKas JOTramka
HalpalImBaeTcs caMa Coboil,

Tar BOSHEKIIO TpencTaBleHHEe O HEBEAOMBIX KODOHAX ra-
JAKTHEK, B KOTOPBIX IMIaBHBIM 00pasoM W COCPeNOTOUeHa, BEpo-
ATHO, CKpHITas Macca cromrermil. I{opoBr mpocTupamTea Ha
foIbIMIME PACCTOSIHAA B JOCTUTAIOT OpOMT CaMBIX NANBHUX
COYTHHKOB, TAK UTO BTH CHYTHEKM JBMKYTCA He B IYCTOTE,
a ¢peau HeBUAMMBIX Macc. TAroTeoman Macca, KoTopas meii-
cTByeT IpH 3TOM HAa Ka{[bIi A3 COYTHUKOB, CKIANBIBACTCH
M3 MAacChl BUJMMEIX 3B€37] H CKPHITOX MAaCCHI, BARIIOUEHHOR B
apefierax opOUTHI AaHHOTO CIYTHUKA.

lajakTuka BMeCTe ¢ MAaCCHBHON HeBUIUMOE RODOHOHE m
ceMedCTBOM CIOYTHMKOB O0pa3syer CTamZoHAapHYIO I'PaBHUTa-
HUOHHO-CBA3AHEYI0 CUCTeMY; TaKafd CHCTeMAa MOIY4YMJIa Has-
BaHMe J(TEOepralakTERa». H TrADeprajgakTake WOJIBOCTHIO
npoMeEuMO o0imee COOTHOIMEHHMe MEKAY DapaMeTpaMu Ipa-
BOTANMOHHO-CBA3AAALIX CHCTEM, TEOPEMa O BUPHAJE, B KOTO-
poit Temeph HYMKHO TOJABKO MOHMMATE U U R Kak CKopocTs m
pagmyc opOHTE CHyTHUKA, a M — Kak MacCy B Lpefesax ero
opGuTrl. IIpy meEaMeHHOH CKOPOCTH U M3 3TOT'O COOTHONIEHHA
cileqyeT OUpeleleHHas 3aBHCUMOCTE MACChl CKPHITOLO Bellle-
CTBAa OT PACCTOAIMHA A0 IMEHTpA: Macca HapacTaeT IIPONIOPIIO-
HanbAo paccroarmioo: M«R. Ilpu Bospacrammm Maccer 1o
9TOMY 3aKOHY LOJOTHOCTH BemecrBa yObiBaeT Hapyxy obpar-
HO INpPONOPOHOHAJHHO KBANpaTy pAaCCTOAHMA OT TeHTpa.
Ha mocraTodmoM yhaaleHUX OT HEHTpAa NIJIOTHOCTL TAajmaer
6picTpee O CXOIHAT HAa HeT.

B mocmemsume roubl K MAaHHBIM O KapiXKOBHIX IaJaKTUKaX-
COYyTHHKaX OpHOABWAUCE H JaHHBIE O [ABMHeHnd 006JaK0B
HeATPANbHOIO BOMOPOAA BOKDYI' MACCHBHEIX TallaKTHK: UX
CKODOCTHE TaxXKe Hé 3aBHCAT OT pamgmyca op6uTel. O0BexTH
060ero poma OpOCHEKUBAIOTCA HA PACCTOAHUAX, TMPeBHIIIAIo-
IMAX Pajdyc BATEMOTO Tejla IeHTPaJbHOM TalaKTUKL B
HECKOMBKO Pas, a To X B HECKONBbKO NecATKoB pas. VI3 aToro,
B COOTBETCTBEH C TOIBRO WTO CKaBaHHBIM, CIefyeT, 9T0 H
HOoJHEASA Macca TATAKTHRE BMECTe C €6 KODOHOH B HeCKONBKO
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pas MK Aaite B HOCKOILKO HeCATKOB paa Gonbmme cyMMapHOH
yaccH! BHNEMEIX 3Be3f. THOHYHAA rAmepraiakTEra mpnémm-
gHTEILEO B 3D pas MaCCUBHee ee LEHTPAJHHOH ralaKTHRH.

T'umepraiakTHEKH NPEACTABIAKT €00010, IIO-BHIAMOMY,
yCTOMUMBEIE CHCTEMBI TeJ, CBA3ABHLIX OOUIEM IIPOMCXO3 e~
goem. CocTaplAlOmAe HX OGBEKTH — OT MACCHBHOM Lien-
TpalLHod ralZakTuRE (EBOrga B HEHTPE® CHCTEMH BMECTO

\l l_l'll_ll'l ) L B L A

77

CRYIIRUKE

5 CULHEYRY COCITEMOIIL LORNYT

Pre. 50. TanakTEKU-COYT-
ARKO 11a J@arpamme Cpe-
THMOCTD — PACCTOSHDE
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F LR VA 607 YELTRT, N8

ONHOI TAMAKTHKY HAMGAINICA JDCTATONIO TeClias nRapx Kpyu-
HHIX FalalTHXK) /10 LapInKOBBIX TaJauTHR-CIYTNIILOY Ua Iig-
padiepull — 00P&a30BaJACh B EUHOM Lponecce, OUJIC v BIHEM
§ CTpPOCIIE CHCTEMBI B IEJOM, H CTPYKTYpPY BCex e 'Lieuos.

HabaroqaTeabdAble anuele 0 RapANKOBHX ralakiuKax,
cobpaunnie m usyzennse B. [. HKapauemnesoif, cnenmans-
BHle WCCIOeTOBaHUA IMUepralakTHk, upoBexendnle 8 Tapryc-
Kot 00CepBaTOPHY, MO3BONAIHN BEIABITE HHUTEPECHOE CBOUCTBO
prEx cucreM. [amaKTUXuU-CIYTOHKH, 00pamAOIINECA BWOKPYL
NeRTpa CECTeMHl, OLIBAIOT K SITMOTHYOCKAMM, B COMPANbNLIMA,
¥ EeHPABEAGLEGIME; [0 HMIENTAYECKHS COYyTIAKA ropasfio da-
l0e BCTPEYAIOTCSA BO BHYTPeHIHX 00IaCTAX CUCTCMBI, Y6M Ha ee
Kpagx, TOrMA KAk CHHpajbHLe W HEODABHIbHKE CHYTHAKH
HaceJAI0T rIaBHEIM oOpasoMm nepudepmio cmctemsl Ia mma-
rpaMMe, IpeficTaBlglomeH JaEHEe O CIyTHARAX mame# Tanax-
THRA X TpeX [APYrux HOXOGHMX et I'ATAKTHK, SIIANTAYECKHe
¥ HeSAMuITAIecKHe (T, e. CIXpalbHble X HelIpaBANBELIe) CIyT-
HEKD OKAa3alECh JOBOJIBLHO T6TKO Pa3fleIeHHBIMH: ICPBhIE Ha-
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CeNAIOT INIaBHBIM 00pa3oM 00JacTh caesa OT NPOBCACHHOR Ha
nmarpaMMe pasfgenfiomefl  nUHAE, a BTOPBIE — COpaBa
(pmc. 50).

JTOT (PAKT YKasLiBaeT I1a IOBBILICHHYIO CTeNeHb Oprami-
SQUUD ¥ PeryaApHOCTH THIEPraJaKTUK no CPABHEHMIO ¢ 06my-
AslMu rpynmaMu rafxaktir. [lo-Bimumoiy, mpocTpancTeenmoe
pasfenegue SHIIUITHYECKIX H HEeITHNTHYECKOX IaTaKTHR
BO3HUKJIO Ha Tofl cTagmu (pOPMIPOBRHHEA BTHX CHCTEM, Koria
B HEX MMeJOoCh eIe HeMalo Iasa, pacopefielleHHOI0 L0 BCeMy
ux o0peMy. B KoHLle KOHIOB 3TOT Iasd 0CeX Ha LEHTPAJLHEYIO
rajlakTOKY, HO IpesKNe OH YCIEH WOBJNATh Ha BILKYLIICCH
CKBO3DL HEro KapiiIKOBHIe TaldakTHRH. Kcau Kapimkobas ra-
JaKTHKa 06Jagaer cOOCTBEHMBIM MEK3BE2IULIM FasoM, TO Oua
MOM(eT COXPAHHTH ero IPH CBOeM NBIIKEHHI JUIIL B CIydYae,
KOT[4 TPaBETALOHHAA CBA3L ME/K3BE3THOIO rasa LHYTDH
9TO raJakTHKU CHIbHee, 1eM BCTPEYHBIA «BeTep» pacipesne-
JIEHHOr0 Ta3a IENepralaxkTUKm. «Berep» MosxkeT npeodmamatsb
HaJl TaXoi CBA3BIO BO BHYTPeHHeIl 061acTt CIICTeMBl, TAe III0T-
HOCTH pacHpefiesleHHoro rasa 6onsme, W IOTOMY B 3TOM o6aac-
TU TaJlaKTERE-KAPIAKE He CHOCOOHBl yIePHaTs MeK3Be3THpIN
ras  TepPAIT ero yKe depe3 HeCKOJbKo 060pOTOB IO CBOHM
opbutam. Ho ramakToka, NHUIeAHAA Me;K3BE3THOTO Ta3a, NoJ-
JKHA BAIIAANETH, KaK JIIHNTHYECKAA TalaKkTHEa: B Heli HeT
SIPKAX MOJIOABIX 3Be3N, XapPAaKTEPHBIX AIA GOraTHIX Ia30M CHU-
palsHBIX M HENPABHAbLHLIX TalJaKTHK, & HMEETCHA JEINE OCTOB
CTapHX 3Be3N, mofo0HnE cepruecKoll cocTasnAKOmell Fameit
Faraktoku. Bo BHemARX e 9acTAX CHIEPrajakTuy, Ime
IIJOTHOCTE pacmpefie]eHHoOro ra3a HUMKe, BBIMETAHHE Memx-
3Be3J(HOTO rasa u3 TaJaKTHK-COYTHEROB Menee addexTupuo,
I TaM BIOJHE MOLYT CYIECTBOBATh KAPJIHKU COOPAJLHOTO A
HENpPaBWIbHOLO THIIOB.

Ecanm 70T rasoanaMide CRAR nponece AeiicTBATENbIO GBI
apexTEBEH, TO AONH{HA IPOSABATHCA eile OJHA 0COOEHHOCTH B
pacupeiede A FATaKTHEK-COYTHREKOB — 0oJlee MAaCCHEBHBIE CIIYT-
HUKHE MOIYT COXPAHHTH CBOM MEMK3Be3NNUBIH ras Ha MeHBIIHX
PaccTOARAAX OT NEHTpPa, YeM MeHee MACCHBHBIE, TAK KaKk B
HepBhIX TPABHTANHOHHASA CBA3h rasa CO 3Be3aMHu CIUIbHee,
yem BO BTOpEIX. Ho mMeBHO 3T0 MbI ¥ BafoM Ha pmc. 30; o
BEePTUKAJBHON 0CH YKAaBaHAa CBETHMOCTH IAJaKTHK, HO, OUEBH]I-
HO, oHa TeM Ooixpme, geMm 00apie Macca TAaJaKTHRE, Tax dT0
Gonmee MaCCEBHbIe TFallakTHKH BCEX THIOB PAaCHONaramTCH Ha
RUarpaMmMe BblIe MeHee MAacCUBHBIX. B corsacmu co ckasal-
UBIM COHpANbAbLIE A HENPaBMJILHBIE TaJaKTMKH B  Bepxnei
YaCTH AHArpaMMbl paclojaraloics iepee (T. e OJaKe B IeH-
Tpy), 9eM B HEH/KHEH ee gacid,
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B rumepralaKTEKaX, B CKONJEHHAX ATAKTHE CTANHOHAD-
HOCTH ¥ CBASAHHOCTH AOCTHETAIOTCA GiarofapA HAJUYMIO B HAX
(CKpEITO# Macchl». Ho xaxoBa mpmpoja 571oif Macchl — RoeMA-
gecKasg INbLIb, XONOXHBIE CTYCTKN ra3a, DOTYXNIUE 3BesyHl,
nnafeTHl, a, MoeT ObiTh, W UepHBIE Anphl (mocaemuie Beer-
fa Ha IOMO3PEeHUH, KOTTa B aCTPOLOMEE BOSHIIKAIOT TPy IIbiC
3arafiki) ...? BrICKa3bIBAIOCE HeMaN0 IPenmos0sme i, Ito TILa-
TeIbEBIH adanns mabaomaTenbBEBIX JAEHBIX PE3KO COXPATHT
qOCI0 TEOPETHYECKH MOIYCTHMBIX BO3MOMKIIOCTEIl, U OCTeeH-
HO CJOKUIOCH X CTANO PACIPOCTPAHSHHBIM MI(EHIE, YT0 CKPhI-
Tasg MacCa CKIAABIBABTCA CKOPEGE BCETO0 M3 OYeNb MAILIX M
09eHb Cna0bIX WO 6eCKy 3Be3j, ROTOPbIE CHMIKOM TYCK.IHI,
yTo0BI WX MOMKHO Obino Habmionats. Ho Jaske 11 ¢ 2TIMIL Tino-
TeTUUYECKUMHE 3Be3MaMO — YePHBIMHU KapPAUIiaMI, KAaR X Ha-
8BAJHX B JHTEpaType,— ObIIO AANeKO He Bce sicmo. Hanpnmep,
TEOPUA 5BRe31000pasoBaHuA MOKABEIBAET, UTO TAKHE 3BCANLI
He MOIJHA DOKIATHCA B OOMNX, €AMHBIX KOMIJEKCaX ¢ o0bid-
HBIMO 3Be3flaMHd, & MAcCOBOE DOMKIEHIIe OTHMX TOJBKO «Mej-
KUX» 3Be3J TPYAHO COYJIACOBATH C MBBECTHRIMHU COOOpantcnusa-
ME 0 KOCMOTORMIECKOM IpPOLIECCe B TaJaKTHRAX.

Ho ¢ 1980 r. Bceofmee BruMaHe OPRBIACKIA COBCEM Mnasn
BO3MOIKHOCTh, Ha KOTOPYIO €IIe FeCKONLKIME YofaMH paHee
yrasanu  acrpodusmrm  DymamemTcKoro - yHEBEPCHTETA
Il. Mapxe z II. Canan. Orm BHABMHAYIE IOOOTESY O HEMTPH-
HO KaK BOCHTeJAX CKpBIToll Maccewl. [1s 3TOrO, OHAKO, Hel-
TPEHO TOJKHBI OBITH JaCTUNAME, o6JazatomiAMm Maccol mo-
woa. Korma secmoit 1980 r. rpymma mocxroBexux (uarkon-
JKCIIEPUMEHTATOPOR TOA pyxoBoncTBoM B. A. Jlo6umosa co-
ofmuia 06 OTKPBLITHM MAacChl IIOKOA HejiTpino, IHIOTE3a
Maprca u Caxram moryumnna ¢msmueckoe ofocroBaHme.

= R e e e A wt AW rwwrw

B {u3uueCKEX BKCIEPUMEHTAX, MPOBOIBLINXCH B SU-€ T0-
Ol ¢ pafHOAKTMBHKIMA sAApaMu, OblIO ycTamosaeno, ITo AAPO
TPUTHA — TAMKENOT0 M30TONa BOJOPOAA, HPII CBOEM pacmaje
IpeBpaIaeTcA B AAPO Ielus, HCOYCKAA BICKIPOH, HO, KPOMC
TOTO, TEPAIOT MW eIe HEeKOTOpYIo TacThL CROeM~ dleprmilL
B. INayau npepmnonoRua, 9T0 9Ty ODHEPIIHI0 YHOCAT KAKUHe-TO
HeH3BECTHBIE TACTMOBI, KOTOpPhle B OTHUX OKCIEPUMEHTAX
ocrawTca HezapernctpupopasHnyu (pme. 51). Omu ne 7ou-
JKHBl IMeTh IeKTPAYECHOro 3apAfa M JTUM MOXO0MM na Heli-
TPOHBI, OTKPHITHIE HE3aJONr0 70 TOI0, HO TOIBRO I0Pa3Jo
Jerde ux. [lo npennoskenuio 3. MepMu UX HASBAMU Ha HTATL-
ANCRUM Aay HeMTPHHO, T. €. MaJeubiie Lelrponbl
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NanpEefimme HACCI6JOBAHEA NO3BOJHEIA BHABHTH MHOTIHe
#X cBOHCTRA, W TIABERIM OKa3aloch TO, WTO HENTDPHHO 0geny
¢nabo B3aEMOMEHRCTBYIOT APYr € APYIOM H C WHEIMH DJIeMen-
TapESIME ZacrEnamn *). B magame 50-x romop #x ymamocs
HEIOCDEACTREHHO 3aDEerucTpHpoBaTh B  DKCHEPEMEHTAX Ha

Jnenmpay
O

Hpomoy

®
ABmLHeanaung

Pac. 51. PajuoakruBnniit pacnajg Tpatisd.

MOL{HEIX ANEGPHHX peakropax, a B 70-e rojger 6611u ofHapy«
JKeTlBl M [epsbie KOCMUYECKEe HeATpHHO — HeilIpDHUH) Or
Consna. Beino maiifieno TakiKe, 9T0 CYLHECTBYIOT TDR COpTA
Heid1plHo: aneKTpornsie (KOTOpHe N UOSABIAIOTCA OpHE pac
mafe TPATAA), MIGOMHBIE, PORpamom{uecd OOHITHO BMecTe
MIOOHAMH, X Yay-HedTpUHO, POKUAIINECH BMECTe ¢ Tay-M
30manMy.

Onuaxo Ko HoCJeHEr0 Bpeseta 0¢Tal0och HEACHEIM, AMO0T
ua neilvpado Maccy TOKOA, T. 8, TAKY Maccy, KOTOopod gac-
IS G00,0a8T B COCTOARNA NoKoa, Coraacmo Te0pERA OTHOCEH-
yeARlo. 11 Macca Kaysjoro Tela 3aBHCHT OT TOro, KaKOBa €ro
CHOPGETDH, T DTA 3ABUCHMOCTD TeM 3aMeTHee, YeM QimiKe CKo-
poCTh T€lia K MAKCEMANbHO BOBMOMKHOH CKOPOCTE — CKOPOCTH
cpeTa., ¥ QoroHa, KBAHTA CBeTa, Macca HeIAXKoM 00A3aHA [BE-
JHeHMI0, [OKOH QJA HEro HOBOBMO:KEH, (DOTOH CYMIECTRY6?
WO B IBEMKEHEE. Bo Bcex PKCUEpEMEHTaX, NMPOBOAEBIIHX-
¢ ¢ HeiiTpHEO, BTH JACTUIH HAXONHIACH B JABHAMKEHHMD, a BX
Macca NCKOA He MOAJaBallach A3MEPEHMIO; OKA3LIBANOCH BO3-
MOJlIbiM JTAME YCTAaEOBHTH, 9TO OHA BO BCAKOM ClIydae Bo
MHOI0 Pa3 MeHBINGe MAccChl DISKTPOHA, NPHICM HE HCKIIKOYa-

%) Us gernipex (pymiuaMeETANBLERX B3ARMONEHCTBUX OPUPONE —
BNeKTPOMACHRTHOIO, CMABHOrO (AxepEoro}, caadoro (yopasasomers
PagA0OKIABHAIM DACHaj0M) @ TpaBAIANUOHHAOIO ~— HEHATPUHQ Yy1ACI-
BYIOT AHIOb B ABYX NOCJAJHAX,
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foch, 9TO OHA MOJKET OBITH H WPOCTO pPaBHA HYIIO, KAK paBHA
pyai0 Macca moKoa GOoToHaA.

IlopBimeHAe TYBCTBATENBHOCTH (PHSAYECKEX upzbopos
po3soamiao B. A. Jlio6amosy = ero COTPYIHEKAM HANUTH Bec-
kme OBOJBL B WONB3Y TOrO, 4T0 Macca UOKOA HeliTpuuo me
paBHa BYI1. B TpagmnmMonnom mus HeATpUHHOH PA3HKT SKe-
IepEMENTe ¢ pacuajoM TPATHS HEUTPHHO BENE Ce6A KAR Tac-
TANEL ¢ MACCOH TMOKOA, KOTOpad UPHOIRBUTEIBEO B TPUALATE
THCAT Da3 MEHBINE MacChl BIEKTPOHA, CYETABINErOCA 1O TOTO
*aMOM JIerKOU vacruned, mMemmedl Maccy nokos. ABTOpEHL
'IHTAIT CBON DPE3YNLTAT IIOKA ITO JHNIL IPETBAPUTEIBIBLY,
10 ecId OH WOATBEPMUTCA, 9TO UPHBEJET, BEPOATHO, K mepe-
CMOTDY OUDENEICHHEIX WPEJCTABICHNA B TEODHH HIeMEHTAp-

HEIX JACTHI; 0YeHb Ba;KHbIE CIEICTBHA CBASAHEL C 9TEAM H JUIS
aCTPO(PH3AK T,

HEWUTPUHHBIE KOPOHBI

CoriracHO COBDEMEEHRIM KOCMOIOTHIECKITM npeacTaBaeny-
AM HEHTPMHO — OfTHU H3 CAMHX pPACIPOCTPAHERNDbIX YacTI
30 Beenenmoft. Ix mpmxoparen B cpenmen apuMepHEo no 450
Ea KauKJblidl KyOMdeckmit camTEMerp mpocTpamcerma. Ilo pac-
IPOCTPAHEHHOCTE HeHTPHHO JUMIL HEMHOTO YCTYmamoT (oro-
%M, HO HX NPUOIEBUTENbI0 B MEINEADA pPas  boabmie, wem
hpOTOHOB U BIEKTPOHOB. BAKEO, UTO 3TOT BHIBOL KOCMOIOIM
PuKaK He 3aBECHT OT TOTO, KMEIOT JH HeATDPUHO Maccy IOKOA
117 BET; OF CIeyeT H3 NEpBBIX NPEEOMNOB PH3UKM, I NOTO-
Ky €CTh BCE OCHOBAHAA CUHTATH €T0 BUIOJIHE HAEHIIBIA.

B cBoeM uopmaBagonieM GOJBIIMHCTBE KOCMUIYECKIe meii-
1pEEO (KaK B (POTOHLI) AMEIOT KOCMOJOTHYECKYd HpLPOAY —
OB HE HCUYMICHRl 3BE3MaMU AJIH APYIEME TelaMd, a BO3-
EMKJIE BMECTE C NPOTOHAME, BIEKTPOHAME, HeATpOHAME I IPY-
raMy sacTunaMu 15—18 manauappos mer masan. Eenm ueii-
TPUHO MMEIOT Maccy TIOKOf, OHE HE MOTYT ObITH paccedub
PaBHOMEDHOC II0 BCeMY NPOCTpaHCTBY Bceazenmoit, a monoduo
BCeM 9aCTHIAM C MacCO# IOKOH, T. €. TeM JKE MPOTOHAM,
BIGKTPOHAM H T. H., MOJAHEL CTYIIATHCA B 0ODA3OBAHIA TOTO
EIE BHOTO MacmTaba mopy BIEAHMEM X B3AEMHOIO TATOTCHES,
U3 mrx He BHIATeT HOiadeTa WX 3BE37a, HO OHH BIOJHE MO-
IYT COOEPyKaThCA B MER3BE3NHOM UPOCTPAHCTRE TaJaKTUK,
oHE CUOCOOHBI TaKiKe CO3NATH BOKPYT ralaKTEKU OGMHPEOE
obnaxo, Kopody. Ecnu BepHa yKasamHasd BLIUNE OEHKA Mac-
¢l TOK0A HeHTPHHO, TO KOCMHYECKHX HEHTDHHO MOCTATOURO,
91008l HAMIOJHATH KOPOHKI FaJJaKTHK, C/IEJaTh HX TAKHME Mac-
CHBHHIMY, KAKHME OHH H NPEACTaBAAKTCA IO AHHAMEKE ra-
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JAKTAK B CKoUNenmil. B aToM criyyae rajakrTwKd W HX CKom-
NeRWA UPefCTABAAIOT Co0OM JuIh NerREM cBeTAmMiicA ysop,
YKpamaomuit rEraaTCKEe 00PA3OBAHAA, COCTOALINE NOUYTH W3
OMHAX JIIIE HEeHTPHHO.

OTkpsITAE MacChl IIOKOA HEHUTPHEO IIPOJHBACT HOBHIX
cBeT I Ha OpobieMy tI)opMﬂpoaaHnﬂ KOCMHYECKIX TeJ H3 Of-
HOPOTTHOTO BEmIecTBa paEEelt Beexernoir. IIpu To# Macce mo-
KOf, KOTOPYH COO0MAIOT dKCUEPHMENTATOPS], B BBEIY OIDOM-
Horo mpeolOuafaHusA U0 JYHCIY, HeHTPHHO OKA3RIBAIOTCA Mpe-
o0nanawoIIEZMA pHOJIAZATENREO B OECATh Pad H MO TOJHOM
Macce majg Bcemm npyramm dacrzmamz Beemesmoit. imm ompe-
nengerca obmee woae TATOTEHRA KOCMUIECKON cpearr, X Cob-
CTBEllTloe B3AUMHOE UPUTAMKEHNZE 3acTaBJAET HeHTPAHO colm-
paTbcAd B OTPOMHBIE 0 PasMepy E Macce CrymIeHHs, a BCe oC-
TaJdbNGIC FACTEOB (33 HCKIOueEHeMm (OTOHOB) cleqylT 83
HeTPUII0, YBIE€KaeMble TPAaBHTATHOHHLIM IMOJEM 3JTHX Cry-
menmit. HefTpEO NPABANIEIKAT, TAKAM 00pa30M, 0YEHE BakK-
uHasg polk B KOCMOTOHHE TIAKTHEK B CKONCHHIA,

Cor;tacEo Teopmu, paspabareisaemoi rpynmoit f1. B. 3eax-
[OBHZUA, TOCIeI0BATENBHOCTD COOBITHN B 3U0XY (POPMHUDOBAHHAA
TaJaKTUR TaKoBa, YTO cHauala QopMEDYIOTCH HeliTpAHHbIe
CTymeHma ¢ Maccoll caMBIX KDPYUHBIX CHOILIEHHH M CBepx-
cKONeddil rarakTak. I'a3 «OOBIYHEIXY 9acTHO, 3aXBAaYCHHBI
STAME; CTYIIEHAAMH, ODETEPUEBAaeT CKATOE H pPasoTpes, mO-
TOM HacTydaeT ero OXJasigeHHe, a BCIER 32 TeM H (parmen-
Tam®EsA 1anboliee MIOTHEIX CJI0EB Ha NPOTOCKOIIEHNA H IIpo-
roranantzku. CaMm K€ CBepXCKOUJEHHs, KaK CHCTEMBI, CO-
gep/Ramme MHOIo TaJaKTEK H I[eJBIX CHOWJIEHHM, IIPHE 3TOM
He HCTE3aI0T, a UPONOKAKT CYMECTBOBATE, XO0TA OHH MOTYT
A He OBITH CTOIh CBASAHHBIME I CTATHOHAPHBIMH, KaK rajak-
THKE B CKOuNeHHA, B xome obmeil (hparmMearamn cpesl HoM-
TPAHO TOHLE HCIIEITHIBAIOT CKyUYHBaHme, 06pasya 10, 94T0 B aCT-
pPOHOMAYECKEX HAOMIOASHZAAX, 0 KOTOPHIX IOBOPHJIOCH BHIMIE,
npoaBiafeT cebd Kak KOPOHHI MacCCUBHBIX TaaKTHK.

B aTolt KaprEHEe He BCce IIOKA 9T0 paspaboTaBO OXHHAKOBO
noipo6Ho, BO3HAKAIOT MOBOJNBHO CIOMKHLIE BEJIWHEHHEI® 3aja-
9¥ rPaBETANEOBHOr0 B3aBMO/elicCTBAA HeUTPREHHEOR COCTABIAI-
{6l MPOTOCKONIeHHEN ¢ ra3oM, npEYeM B caMoil He#TpHE-
HOHM coCTaBIAIOIIER BO3MOKHEL B3aEMHO OPOHHKAIOIIAE HOTO-
ke m 1. 1. Hambomee xopomo m3ygema ceiigac, Omxaronaps
paboram I. C. DBucmosaroro-Horama, B. H Jlykama,
. JI. HoBrrosa, Hauansman Craj@a mpomecca, KOITAa HCXOM-
Hble HeOZHOPOMHOCTH, OXBAaTLIBAION[ME MAacchl CBePXCHomIe-
HAfA, NPeACTaBIANR coGod crabhie BOBMYymEHHNS, YCHIEBAC-
MBbIe TpaBHTAMAOHHON HEYCTORYMBOCTBIO,
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‘B coorBercTBnE ¢ mamEBIME o PETNKTOBOM HBIyYeHpH @
CBELICHHAMII 0 Macce OKOA HellTPHHEO caepyer BEJIEIOTH TpR
PA3NATHbLIE STOXW B SBOJTONEN UEPBAYEBIX AOTaTaKTIYeCREY
BO3MYINEHHIA. }3 IEPBYI0, CAMYI0 PAHHIOW H3 HAX, BIMBIIYIOCH
ge Ooaee ROIeH CEKYHIBI OT HaYaaa KOCMOJOITYeCKOro pacI-
PeHEA, HEUTPNHO MCOBITEIBALE CTONKEOBEHHA MeXNy coboi 11
C IPYTUMHA 9acTHTAaMY, OOMEeHNBasch pHeprueii H EMUYIbCOM
0xaromapa crTaboMy BsamMoTeicTRHIO *), mBCe JaCTHUL COC-
TaBIANE BMECTE eIUHYI Cpeny, HaXomHBIIYIOCH B TePMOnA-
HaMAYeCROM DaBHOBECHH; TEMUeparypa Cpemsl GBLIa TaR pe-

IHK&, ©ITO TEMIOBLIE CKODOCTH BCEX WACTHN UPHOIEMANECL K

CKCpOCTH cBera. Bo Bropymo smoxy, MIABIIYIOCH IpHE6GIU3M-

TEILHO CTO TBICAT JIeT, caboe BaamvojeiicTBue yrke Hecyuie-
CTBEHHO H3-33 NANIeHHA IUIOTHOCTH M TEMHEDATYDE CPelH B
XOfe ee ofmiero pacmEpenm#, HeiiTpmuo NEPEeCcTaoT CTAJIKH-
BATHCA W B3aWMOMEMCTBOBATE MEMAY cOB0K & ¢ OPYTEMA Yac-
THIAMH, HO OCTAlOTCA elle DEeIATABHCTCKIME B TOM CMBICHE,
970 CROPOCTE WX TENJIOBHIX [BHKCHHH CPaBHEMBI CO CHOpo-
cTei0 cBeTa. Hocmmueekas cpema B 31y smoxy cocromT ms
ABYX KOMNOHEHT, B3AHMOJEUCTBYIONIAX TOJBKO I'DaBHTANEON-
HO,— B3 0ECCTONKHOBNTENBERX HEATPUHO II CMECE BemecTsa
¢ goToramu. B Tpersio smoxy, masmyioca mo cmx uop, bec-
CTONKHOBATENbHAA HeUTPUEHAA KOMIOHENTA ABIACTCH ViKe
HEPEIATEBHCTCKOM,

[TpEANEDUaNBELIM PESYILTATOM TOpUR Judmuna, won-
HOCThI0 COXDaHAKNIAM CBOE 3HAYeHWE, ABIAETCA TO, UTO HC-
XONHbIC BOBMYIIEHNS, AaKe B HEPBYI0 3UOXY, UPEACTABIAMNM
co00# BEKOTODYIO CTPYKTYDPY B TOM CMEBICIE, 9TO OX aMulH-
TyAsl (caMZ mO cefe u ManEle) Ha MAOTO IIOPAJKOB HpeBOC-
XOMZAZ YPOBEHb CTATHCTUYECKHX QuyKTyamzmi B cpege. IIpm-
poia 9THX BaTPABOYHHX BOSMYMmEHHH OCTaeTcd TOKA Hels-
BECTHOH, M TOJBLKO B’ camoe mocleTHee BpeMsd TOABMIAch
HaJIeH A CBA3ATH EX ¢ KBAHTOBO-TPaBMTAIMIOHHEIME NPOHEC-
caMu BOJNH3M KOCMOJIOTHYCCKOI} caarynapnocta. Ho paroneii-
nrasg cyrbba caabsix BO3MYNIEHHH BO BTOPYIO I TPCTLIN DIOKIS
MOKeT OBITh TpPOCNesKeHa NOCTATOYHO YBEpEHHO.

Jns pasepTEs rpasmTanuonBoll meycroftimeocTn neofxo-
AAMO, 4TOOBI TATOTEHAI, CTPEMAMEMYCH COMH3ATH TACTHMHI,
He MeIal® XA0TUYECKHE TEWIOBLIe NBIReNHA dacrmn, Jas
TOro 49r00Bl IpaBHTAOEA OHIa JNOMEHEpYMAM $HarTOPOM,

*) 3pgecy crobo «craboe» — RA3BAHAE OJHOTO H3 YeThipex (QyHAa-
MEeHTAJILALIX TWNOB BSAMMOMeHCTBHII, KOTOpPOEe B DPACCMATPOBAaEMLIX
ycJIOBHAX GRLIO gocraTouno addextrBEO Gaarogaps GOXbOION dEeprum
CTANKHBAIINMXCA JACTHX ¥ GOIABINOE JaCTOTE HTHX CTONLIOBEEMM.
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pasMep 061aCTH BOSMYNIeHEs JOJNAEH NPeBOCXONHTH KDHTE-
YeCKYI0 BEIHUMHY, HAB3BIBAEMYIO [HKEHCOBOM [IEHOM.

B mepBhié [BE SMOXA 3BOMIONHE BO3MYINEHZH [UKHHCOBA
piEHEa OprIa CTONb BENAKA, ITO HpEﬁHE}I{aEIaCL K PacCcTOAHAD
no ropuscHTa. Ho mpE mepexofe K TPerseil amoxe, KOrja Teg-
JOBBIE CKOPOCTE HEHTPHHO CTRHOBATCA HEpeNATHBHACTCKAMA,
[KARCOBA MIEHA yO6BIBAET — CM. PHC. 52, rjie NOKa3aHa 3aBu-
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.CHMOCTH OT BPEMEHT M/KMACOBOIl MACCHI, T. €. MACCEl HeMTPHIIO.
3aKII0YEHHEIX B 061acTI MKIECOBA pa3Mepa. Jta Macca 1oc
TUTAET MAKCIMYMa Ha rpaniue BTopoll u Tperheil amox, anect
ona cocrasiaser 4-10*° macc Connma.

Kar zamermnam Canam nm Mapke, Macca, qaeaevas 3TaM
COOTHOIMERMEM, ROMKHA ATpaTh KJIIOYEBYI0O DOIL B JII000M
cueHapin KOCMOTOHMYECKOro mpouecca. [eficTBuTenbno, oHa
yKA3pIBAEeT lAHMEHbINee [0 pasdMepy H Macce BO3MYMIEHHS,
oTOpre MOMRET GecrnpensiTCTBCHEO PacTH H YCRIMBATBHCA BO
sce Bperena, B reopiuu fI. B. SenbpoBuua ¢ ueil cBABBIBaeTes
Macca IepBBIX 000COOAMIONTHXCA HCATPIIHEEIX crymenni, [{aa
9TO BEIEEJOHHOH MaccLl aMOMHTYHA BOSMYIIEHNI CYMTaeTCA
ganfoapmieidl B TPeThI0 3MOXY, KOTJa UPOHCXOTHT IIEPEXO] kK
crafiid CHALHBIX BOBMYUIEHHI ® BaumHaeTcs 000CODICHHE
OTHENBEBIX Mace, HAIONIAX 3aTeM HATalo KOCMHTIECKEM CHC-
TeMaMm. BecbhMa BayKHO, YTO YKa3amHad Macca JEeHCTBHTENBHO
faz3Kka K MaccaM CKONJIEHMNE A CBEpXCKOUNGHUH.

JaRITIIATEIbHAA CTafuA KOCMOTOHEIECKOTO IPOIEcca Ha-
gajlach, TO-BEIEMOMY, UpHd Boapacre mApa B 1—3 mammnmapna
aet. OnHEol @3 3aMeyaTeIbEHX 0e 0COoDERHOCTe ABIASTCH TO,
910 HEeHTPHHHKIe CTYNEHAA (POPMAPOBAIHCH HE H30JHPOBAEHO
IPYT OT Apyra, & BCErga BO B3aAMOJEHCTBHEH, MpAYEM OHE Kak
051 memana MeRIy cofoid Bech MMeBIIEACH B HaJHIHH MaTe-
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pual, crpeéan ero B yniaoTHeEEEe ciaol. B cBow ouepens sTi
CJIOIE‘E COEAMHAIOTCA H TEPECEKAnTCA IPYr ¢ APYToM, o0pasysi
AYeHKA HeUPaBWIBHOM (OPMEL, X BCe B LEJOM HpeicTaisaer-
¢A KaKOi-TO KBABHYUOPANOYEHHOH, ceTzaToll CTpPYLTYpOIL,
oTAadeHEO HAaOOMHHAIOMEl UYelXmHEEE cOTHl (cp. piuc. 15, ua
KOTOPOM NIPEJCTABJIEH DPesyNbTaT MAMIZHAOIC MONENIPOnanTs
nmopobHOTO IIpomecca).

B nmocnemnme roprr cralm NOABIATHCA HEKOTOPHle HA(MIO-
NaTeIbHBIE TAHHE, KOTODHIE, KAK MOJAraioT, YKasHBAwT Ha
70, UTO TaKad AYCHCTAA «CBEPXCTPYKTYpa» JedCTBUTENLI0
cymiecTsyeTr Bo BCenennoi u, BO3ZMO:RHO, HMEET VEIBCPCA.ib-
HBIA XapaKkTep, T. €. mpodBagiomzics nobclony B Mrpe. Ha
KpynHOMacmTaGEoil Kapre MHpa TIPYyOORl ® CKOTUICIIA ra-
JaKTZK OKa3LIBAITCA B PANE H3BECTHRIX CIyYaeB pacilolio-
JKEeHHRIME TpPeAMYNIeCTBEHHO B CPaBHHTENBHO TOHKUX CJIOAX
HJIH 1eT0YKaX, CIYKAaMEX CTeHKaMH S9eeK ¢ pasMCpoM OKO-
1o 100 Mme.

Baxuefimze pe3yasTaThl TEOPEM 06pa30BallA TalakThR,
DOJYYeRnHHE paHee, n0 OTKPBITHA MAacChl TOKOA uei‘x:rpnno,
MeINKOM OCTAITCA B CAJIE W B HOBOM KapTHOe Mmpa. ¥ miouien-
HBle CIYHIeHHA-OPOTOCKOMIeHAS, «OMEBBEIY, O KOTOPHIX MH
rOBOPHJIE B IIaBe BTOpOH, o6pasyorcs U 3mech; XOTH CHAA
TATOTEHHS, oUpenersoman nx ¢GopMupoBasue, CO3/laerca 1e
'10ABKO CaMOM rasoM, HO TJIABHBIM 00pasoM HeHTpHUHO, (U3HKa
«BIUHOBY OT BTOrO HE OYEeHh MeHseTcA. B crymeuiiax-uporTo-
CHOMICHAAX U B 3TOM caydae 3deKTEBHO fefCTBYIOT Ia30-
JMHaMAYecKEe MEXaHHWSMEI, CO3JalMIue B Cpene 3aBUXpeH-
HocTh, OpMHPYIOUIEE BpalalomIEecd CTYCTKHE Iasd, Crocod-
HBEle IPEBPATUTHCA B COHEPAILHBIE TalaKTHKY,

3AKPBITASI BCEJIEHHAA?

Ycpenrenras U0 BCeMY OPOCTPAHCTBY WJOTHOCTSL LEUIECT-
Ba rafakTeK (T. e. aKTEAUECKA WI0THOCTE GapHOHOB — IpU-
$OHOR B HEHTpoHOB) cocTaBiger NpPHOIH3ATENBHO 10-%0—
10-** r/em®. Ecnp mefirpmno (m amTmuediTpEAO) BCEX TpEX
COPTOB EMEWT Maccy TOKOA, AaBaeMylo BRCIEpPHMENTATOpaMH
NI BIEKTPORHBIX HERTpuUHO, TO UX CpeJHAA MIOTHOCTH COCTa-
por BenmuEny (1+3)-107* r/em®. CospeMenHsle OLEHKM
KPUTHIECKOH KOCMOIOIEYECKOH MIOTHOCTE MAIOT SHAUCHHE
(1+-0,5)-10~*° r/cM’. /I3 cpaBHEHEA NJIOTHOCTH meiiTpUIo ¢
KPHTEUYECKOH ILIOTHOCTBIO BHOHO, YTO obe BENHYHIILL 6.7111314;1
npyr k ppyry. He mcriouaercesa pame, IT0 MIOTHOCTD IENTPH-
HO IIPEBOCXONAT KPHUTHIECKYIO TJIOTHOCTD. Yaer HeATPHEO,
06ManalOmuUX MacCod HOKOf, MOET pPajHRAILHC M3MEHHTH
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BHIBOX O CyAbOe KOCMOJOIZIecKOrc paclIHpeHHS K TIeOMeT-
pDHE MHDpa.

Ecim #e yURTHBATE HEATPHHO, KaK 9T0 GaKTAIECKA I ne-
JAJI0Ch BCETAA [0 OTKPHITHA MOCKOBCKHX JKCIEDPAMEHTATODOB,
TO CpeNHAA IIOTHOCTE BeesleRHAol oupeeNeEHo MeHbIIE Kpu-
TA9ecKoR IIOTHOCTH, & 370, Uo TeopEm Dpmamana, osHagaer,
YT0 KOCMOJIOrMYECKOe pacmEpeHue Gymer NMPOROMKaTHCA He-
orpagugenHo ® o0veM Bcememmoit GeckomeueH. Ecam se B
«HeUTPHHEEOM» MRADe HICTBOCTE G0NbMIe KPATHIECKOH, TO 3TOT
BEIBOJ, MO/JKEH H3MEHHTHCA Ha IPOTHBOHOIOKEBIA: DacmIEDe-
HEAe He BEYHO, OHO PAHO HIHE TO3NHO CMEHHTCA CHHaTHUEM;
sMecTe ¢ TeM m o0beM Bcenenmoiti RYKHO CuATATH TOrMA
KOHEYHBIM, OTpaHHYEeHARIM. BMECTO OTKpPHITOM Mogean Bceenen-
HOH HY}KHO HPHHATH 3aKPHITYIO-MOJENB.

B romegnocTm 00beMa sakpheiToili Bcenemmoll HeT HEYEro
IPOTEBODETAINEro O0IAM NpUHIANaM (HIAKA, HO OFHAX
TOAPKO IPHHIENOB HETOCTATOUYHO NJIA PEmIeHAsd BOIPOCa o
KOHeUHOCTHE H 0eCKOHEWHOCTH, 37ech TpeOywrcs mabaiona-
T@NbHLIE, ACTPOHOMAYECKHE KPATEDPHA X TOJIBKO OHH CHOCO6-
HHI [aTh OTBET Ha 3TOT BOUPOC.

OpmseM m3 Takwx KPATEpHEB ABNAETCH €CTECTBEHHOe Tpe-
6oBamme, aT00BI BO3pacT Bcenemmoif, BBIYmCAAOMEIE Ha oC-
HOBAHHE TOH HIH HHOX KOCMOJOTHYECKON MOJENH, OB He
MEHLINO® BO3PACTa CAMEIX CTAapwX 3Besn I'amaKkTERE, 3Besnmsr
cfeprueckof NONCHCTEMH CYHIECTBYIOT 0O KpalHe# wMepe
12 Manamapaos ner, @ 3TO0 gaeT HEMKHEE JOOYCTAMBIH mpemen
eo3pacra Beenemnoit. Emme Gouee RecTrmit mpexen —15—18 mmi-
JTHEAPAOB JeT — clegyeT H3 BO3pacTa ATOMHEIX AXep, OLOHH-
8aeMOro 1O pacupoCTpaHEHHOCTH HEKOTOPHIX pagEoaKTHB-
HBIX m3oTomoB *), flemo, uro Beenenmas me MoxeT 65ITH Modo-
#e, 9€M TO BEHIECTBO, M3 KOTOPOTo OHA cOCTOHT. Ho aToMy-To

YCIOBHIO B He YHOBIETBOPHAET B3AKPHITAA KOCMONOTHIECKaA
MOeJIs: pPacCYHTAHHLIA Ha €e OCHOBE B03pacT DBcemeHHoil
llo1yJaeTcA CIEMEKOM ManakiM, mesbme 10 mmanmappos aer.

Harepecro, aro eme 8 1966 r. C. C. Tepmreitn =
f1.B. 3enpzosmY nonygmIHE orpaEMYeHEE MAaceEl IOKOA Heli-
TPHEO, HCXONA H3 Tpe6oBanuA, YToOH CBA3AHHAA ¢ HeHTPHHO
AIoTHOCTS Beenemmod Oblna TakoBa, YTO COOTBETCTBYOMEN
el Boapacr Mupa ObUr GBI AOCTaroYHO BeNEK. Bepxmmit mpe-
flell MacChl IMOKOA HeHTPHHO OO TAKOH KOCMOJOrEIecKod
OImeHKe ORI KecT9e CYIMecTBOBABIIAX TOrAa SKCIOPHMEH-
TANBHEIX, Ja00PAaTOPHEEIX OrpaHmYendit. JTo OBIT OmmME B3

*) 06 m30TONBERX MeTOREX ONEHKR BO3pacTa Afep MOKHO NPOYH-
TaTh B KERre fl, M, Kpamaposckoro u B, II, Ueuena (1378),

176




NepBRIX UPHEMEDOB, Ha KOTOPHIX NEMOECTPEpOBalach riybo-
Kafd BHYTDOEHAA CBASh MemAy dHEsMKodl Makpommpa m Bee-
JEeHHOH B I€NOM.

Ceitzac, mocne OTPLITHA MacCCH TOKOA HEHTPHHO, 3aauy
MOMHO, KaK MBI BENHM, OODATHTh @ MO A3BECTHHIM 3EATOREAM
Macchl M ROHOEHTPANAH HEHTPHEO BBLIYRCIHTH BO3pacT Bce-
neHBOH. KECiu Takoe BHIYACIEHME MPOBONETCA Ha OCHOBE MO-
felZ 3aKpEITOH Beenennolt, To BosAmKaeT cepresnoe IPOTHBO-
pedHe — BO3DACT MUpa OKashIBAETCH, KAaK MBHl CKAa3all, MEHb-
IIAM BO3PAcTa 3Be3N ¥ PafHmOaKTEBEBIX smep. Bomee Toro,
@ B MOJIeNH C ILIOTHOCTBIO, PaBHOW KpHETHYECKON (uto Tome
JOUYCHAETCA NPHBENeHHBIMH BHITEe BeIFUHHAMY UJIOTHe-
CTeil), BO3pacT MEpa MEHbIIE BOAPACTA ATOMMELX nep.

SHHIITEAHOBCKIY BAKYYM

B upemmpmmEmMaeMmix ceituac mommITRax UPEOf0NIeTh UPo-
TABOpEYHEe, IIOCTPOHTh HOBYI0 KOCMOIOTHUECKYK KapTHHY,
BBIIBHIralTCA [aleKo MOyI[He FUUOTESH ¢ NPHpONe KOCMONIO-
TAYeCKOT0 PAaCIIMpeHdd, IpexIaraloTcs oGo0meHns Teopam
@panvana. IMomanyit, camoe waTEpecHOE 0606meREe TaKoro
poja OCHOBAHO H2 NPeACTABICHEE O HeOOLIYHON BaKyyMomo-
Robuoit cpene, 3anonEMIOMme# Beo Beenermyo.

Unea Takoil cpempr BOZHEWIa y OiEmreiima, Kornma B
1917 r. om BmepBEle NPUMEHEN TONBKO [TO COBTAHHYH HM

00IIyI0 TEOPMIO OTHOCHTEIBHOCTH K KOCMOIOTHE. B KauecTse
ACXOTHON UDPEANOCEIIKE K TOCTDOGHHK (DH3MYLCKON KOCMO-
NOTHE JHHIITEAH UPAHAT TONOTE3Y AeaTbHON PeryaapHOCTH,
HAHBLICIIER cuMMeTpud Beemennoll B mexoM. dra caMMeTpas
OTHOCHTCA KaK K [POCTPaHCTBEHHKIM CBOUCTBAM MHpa, TaK H
R ero IoBefieENI0 BO BpeMeEH., CHMMETPHEA BO BPEMEHH — 3TO
OIHMHAKOBOCTh BCEX MOMEHTOB B HCTOPHRM BceleHHON, ee He-
A3MOHHOCTh ®M BeYHOCTh. MaKcmManbHag OpocTpaHCTReHBAA
CAMMETDHSA — PaBHOUDABHOCTE BCEX TOYEK (ONHODOTHOCTSH)
H paBHONDABHOCTh BCeX Haumpasinemmii (@soTpommAa) B npo-
CTPaHCTBe.

IJTH cooOpaKeHmA He CJIefOBAlIA ¢ HeOOXONHMOCTHIO HH
B3 caMOi TeOpHHA OTHOCHTENbHOCTH, HE M3 KaKAX-IHOO (Iep-
BHIX UDHHIANIOB) HIX M3BECTHEIX K TOMY BpeMeRm (HakToB
acTporomMum. Omm upencraBasnm cobo o6obmerme HHTYH-
TABHBIX [PEACTABIEHEHE 0 rI00aNbHEIX CBORCTBax Mmpa, KO-
TOphI@ BOCXOIAT K HCTOKAM HAYKW HOBOrO BpeMenH: 3eMisd
He ecTh 1eETp Bcenemmoil. Conane — olga M3 MHOTEX B3Be3,
pacceAEEBIX B UPOCTPAECTBE; WIaHETH! X 3BE3IBl BO3EMKIN

Mo IpexJe OFHOPOAHO pAcCIpefeleHHOr0 M0 BceMY MEpPY
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pemectBa (Kak monaranm HeIOTOH); TEeRYIOEM MOMEHT B ucTO-
pEd MHpA — 3TO MAT MEXIy 6eCKOHEUHBIM UPONLIEIM U 6ecKo-
HeuHBIM OYVIyniaM | T. [.

[IpocrpadcTBeEHass CHMMETpHA MHpa JelcTBHTENbLHO
MaKCEMalbHa, ¥ ceiiyac, Jepes meCcThIecAT JIeT MOCIe 3apOorK-
KeHOA cOBPeMeMHOU KOCMOIOTHEN, MBI DACTONAaraeM HEcOMHeH-
HEIM HMIEPHYECKHIM J[OKABATEILCTBOM H30TPOInH  (dusmue-
CKXOTO TWPOCTPAHCTBA — OTKPHITO pEIHKTOBOE H3IYUEHHE I
YCTRHOBIEHA €r0 H30TPOIIHL.

CuMMeTpHss MHEpa BO BpEMeHH, KAK Ml TeUeps 3HaeM,
oTcyTcTBYyeT; Bcenemmas pacmimpsiercsl, MCUBITHBAA pasHo-
o0pa3Hble SBOTIONAOHEERE H3MeHeHAA, C TEOPETHYECKOIT TOUKN
3peHZA HEBO3MOKHOCTh IIOK0S B CTATHYHOCTH BO Bceenenmoii
cIeflyeT W3 B3aKOHA BCEMHUPHOTO THATOTEHHS — TAK KaK Bce
TeJJla OPHATATHBAIOTCA JpPYr K JPYyry W CHIa OX B3aHMHOTO
HOPHTAKEHNS] HUYEM Iie KOMNEHCHPYETCA, DTH Telda NOJAKHH
HaXxOpuTeca B ABmkenmn. IIpm obmeil omropomrOCTE pacmpe-
NeleHHA BemiecTBa TaKkoe [OBM/KeHUe o3mauvaer 1m0 obmee
c;katHe, nm00 o0mee pacuiApenHe MEpa. OTOT BHIBOX U ObLI
unoxyden A. A. ®pramMarom na ocrOBe 06miell TEOPHHM OTHOCL-
TENLHOCTH, cay:amiell o000mieEAeM HBIOTOBOBCKOrO0 B3aKOH4
BCEMHUPHOTO TATOTeRHA. JHHIITEHH NOAHOCTHIO NPHUAI TEo-
puio OprgMaBEa B cTal HA €ro TOYKY BpEHIs, X0Td NOHAayary
1 ge 6e3 Konebanmmii.

IlepeeiM oTknmKOM OiiEmiTeiira Ha pabory Dpupmvanma,
onybamroBamEy B 1922 r. B Bemymiem MEREYHapOXHOM
srRypEare QHU3MKOB, ObUIa KpaTHag KpUTUYECKAs 3aMETKa B
TOM e JKYDHalIe, B KOTOpo# ocHOBHOH BHIBOA @Dpnmamama
xapaKTepusoBajicA Kak ommOouusiit. Berope, ognakro, mocie-
IoBala BTOpPAA 3aMeTKa; B Hell JUHmMTEHH nmEcad: «... MOg
KPATHEKA, KaK A ydenuaca us umebMa PpuamaHa, cooduienno-
ro Mue r-uoM HpyTKOBBIM, OCHOBHIBAJIACh HA OMIMOKE B BBHI-

uncaernax. f cumraxn pesynsrarsl PpuaMana DpPEBUILHBIME
¥ IIPOMUBAIINAME HOBBIH CBET?.

Orxprerrue 3. Xa66:10M 0611ero KOCMOMOTIITECKOTO PACHIH-
PeEnA OKOHYATEeAbHO HOATBepAmIe Teopuio Ppmmmana, coob-
Ao eff HameKEyio HabmImonaTeIbHEYI0 OCHOBY. Iloanmmee,
NOABOAA HTOIE TEOPeTHUYECKEX MCCIeNOBAHMI, 3aTO0'KHBIINX
$yHRAMCHT COBDEMEHHOH KOCMONOTEH, JitEmrTeiid ITAcalt,
YTC IIEPBBIM Ha 3TOT yTh crymua Pprnmamy.

Pemraiomem apryMenToM B TEOPETHEYECKOM CIOPE ABIAET-
Cfl dKCHepEMEHT & Habmiomenmme. B atoM cMmcae Teopms
- pacmapAwineiica Beelednoll oKasatack BepHOH, a Exem cra-
TEUeCKON Beenemnoil, HemsMeEEOH Bo Bpemenu, GLLIE 0CTAB-
neEsl. Homewyno, B TeopeTuuecko# Mmopmenm crarEvecKoii Bee-
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JeHHOH, KOTOPYI IOCTPOEN OSHEmITeHiH, HEKaKOi IIPAMOIL

omubKA He ObuT0 (B UATEPOBANHOM BHINe 3AMETKE CI0BA 06

omubKe B BHIYHCIEHEAX OTHOCHIEACH HE K OT0 COBCTBEHHOI
TEOpAH, a K HDPOBEPOYHBIM BHIYACICHHAM, NPONETAHHBIM UpH
pasGope paborn Ppramana).

B Mmomexm O#EmTeliHa comepianca oweHD BAIKHEL »1e-
MEHT — CMEJIafAd THUOTE3d, IIO3BOJNAINIAH COBMECIATH CTa~
THTOOCTE MHPa € 33aKOHOM BCEMHPHOTO THAroTemms. Crarmu-
HOCTH TpeboBama, wrofBI, KpoMme BemecTsa, HCUBITEIBAIOIErO
BCEMIpHOE TArOTEHHe, HMEJICA KaKOH-TO MOCTOPOEHHHWI @O
OTHOIICHHIO K HEMY CUIOBOM (DAKTODP, CUOCOGHBIA ypaBHOBE-
CAThL CHJBI B3aHMHOIO NIpDHATAMKEAHS BCEX Tel B MacIiTabe
Beesennoit, paccmarpmsaemoit Kax nemoe*). B kauectse
TAKOT0 (PakTOpa OBUI UDHUBIEUSH [IMOTETHUECKLIl BaRyyM —
OfXOpojluasg cpefa, e OpPOABIAKMAA ceOS HHYEM, KpoMe ...
AHTHTDABUTANEH, T. €. CHOCOOHOCTH OTTANKUBATL APYT OT

(3]
Kpyra saxouamupeca B Heil Tena,

JdTa cpena o6IafacT MIOTHOCTHIO MACCH H dHE|THH, HO,
TCM HE Meuee, MLl Ha3biBaeM AHTHOTPABUTHPYOIUYIC CPeAy
Jditnurreiina vakyyMom (caM OH, HACKOJBKO HA3BCCTIO, OTOK
TepMLHOJIOTHEI He MOIb308alIca), TAK KAK B Hell HeT IINRAKIX
PeaJBIbiX "acTH; KPOMe TOro, oHa 00JagaeT TeM 0coOBIM
CBOLCTBOM, 4TO ABIKENLE fI NIOKOI OTHOCHTEIBNG DTOLL cpe-
Bl HePagNIuINBl, anpumep, MBI siaeM, 9To upu (BILECININ
OTHOCHUTEABHG Ta3a BO3HIUKACT, TAal CKAIATh, BCYPEYLILHT
BeTep MACTUI, MOJEWYI HIL arToMOB, (1 (0ACHDTAL, CHROMLRO
HacTiuD B efNHHIY BPEMEAN MPOHOCHTCA DTUM ¢ BCTPOMY
yepes eNHHUYIYIO HONEPEUHYIO NTOMIAZLY, MOMIG YIHATL
CKOPOCTL «BETpay», a 3HAYLT, H CKOPOCTDL HALLEro 18ILReRHs
OTHOCATEAbBOro rasa. lipw upmitenny e B silninreiilioBcKoil
cpe/ie HIIKAKOI0 «BCTPETHOI0 BETpa» HE BO3HUKAET; BHIXOTHT,
910 Cpefa MOKOUTCA OTHOCHTEeNBHG HAC, & MK NOKOHMCH
OTHOCHTENBHO Cpefibl, Kak OB MbI HH WepeMelIalHCh B IPOCT-
padcTBe ¢ NIOBIMH CKOPOCTAMEM B JIO0BIX BanpaBleHUAX.
JT0, KOHEYHO, COBCeM OCOOEHMHOe, VNUBUTENHHOE CBOMCTRO
Cpensl; HO Kak pa3 3THM CBOMCTBOM U QOaMtell o0Janarth
BaKyyM —Be[lb B MYyCTOTC HHEKAKOTO ¢«BeTpa» MUKOTAA,
eCTeCTBeHHO, He BogHmKaer. MomHO c¢Kasath, 4To JHifmmiTeii-
HOBCKAsA cpefa o0dafaeT MeXampmYeCKMMH CBOHCTBAMHA Baky-

*) Pasymeercs, B macmrafax ConmeuHoii cHCTeM:, _ OTREISLUBIX
3Be3Jl i TaJaKTHK BCe OCTABAJOCH (N0-CTAPOMY» E HHKAKOH KOMUEHCA-
AN TATOTEHAA DTHEX Ted He OHINO; CKOMUEHCHPOBAHHEIM JAO/KEO (L0
OLITH NMIOB MOJe TATOTeHHA KOCMOJOIMIecKOro Macmralda, coagaBaeMoe
00muM O HOPOZHEIM, B CPefiHeM, paclpefeeaneM BeNIecTBa,
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vMa, T. €. TAKUMH ero CBOMCTBAMH, KOTOPbie NPOSBISIOTCA B
OTHOIIEHUH JBH/AKEHH[I Tel (Ha 9T0 O00OpaTma BHOManme
3. B. Tanuep).

JTO CBOMCTBO OIiHMITEIIIIOBCKOI0 BAKYYMA ONIICHIBAETCS
oxpejeIemnbIM COOTHOLICHTIEM MEKIY €ro MIOTHOCTLIO MACCH
Py, HIN IIOTHOCTHIO BHEPIHI €,=p,C’ U JaBIEHIIEM p,, KOTO-
poe ToKe MOJ:KHO OLITL NpHOHNCAno 9Tol cpefe: &,=—p,
Hu ogma «HOpMalXLHam» cpefa He HMeeT JaBielHs, KOoTopoe
G510 OB MPOTHBOMONOAEO 1O 3TAKY €€ IVIOTHOCTH JHepram
M PaBHANIOCH 661 eit mo Monyaio. Ho nMermo mpm Tawoii m
TONBKO TAKON CBSA3W MeMKAY MaBJIeHHEM II IUIOTHOCTBIO Cpega
lle CO3[AaeT «BCTPEYHOr0 BeTpay, KaK OBl MBI HU IepeMelia-
JUCH B HeH,

leyroe He MeHee YAHMBHTENLHO® CBOHCTBO aNTAIPABATH-
pylomieit cpennl (cBA3aHHOe € YKA3AHOBIM COOTHOIIEHAEM
MEKIY ee IJOTHOCTLIO M JABJEHHEM) — 3TO ee NOJHAf OJHO-
POJHOCTH B IPOCTPAHCTBE U HEeN3MEHHOCTL BO BpeMenIL. [lmoT-
HOCTH M JaBjeHMEe 3UNMTEeHHOBCROr0 BaKyyMa BCIOTY OMEHA-
KOBLI ¥ He MEHMIOTCA ¢ TeYeHmeM BpeMeHN. JTUM CBOHCTROM
AHTATPABATHPYIOWIAL CPpefla 00dafana B CTATHYECKOH, Beak-
110 CHMMETPHYHOH KOCMOJOIHYecKoil KapTafe Jiiamreiina,
Omna coxpaHfeT ero @ B TeOp:M pacumpaomeiica Beenernoii:
MIOTHOCTL M faBieHUe «HOPMAJIbHOrO» BellecTsa yObiBaer
IPH pacUIMpeHnH, & ¢ BAKYYMOM IPH 3TOM HE9ero He IpoHe-
XOAAT.

IInoTHOCT, BaRyyMa He MEHSETCA CO BpPeMeHeM, @ 9To
03HayaeT, 4T0, IO CYL(ECTBY, pedys HIET O HOBOH MMPOBOi
nocrofunoil. Ee Benmumnma gomxnma OsITL ompejeleHa IyTeM
acTpoHOMAmYECKUX HabdIofleAmH, B eCaIM oHA AelcTBUTENbHO
OK&s;KeTCs OTIMUHOM 0T HYJIS, TO TeM CaMpIM M OymeT permen
BONPOC O CYIIECTBOBANHMN B NPHEPOJe CTOJL HeOoOBIUHOIT cpe-
I(bI, paBHOMEpPHO pa3imToit mo Bceil Bcexenmofi. Tanme mab-
aofenns — geao Oyayuiero; ceifuac ;Xe MOMKHO JHIUL YTBEPIK-
AaTh, YTO ILIOTHOCTL Py, BEPOATHEE BCEro, He MO:ieT CHILHO

IPEeBOCXOMMATH COBPeMERNYI0 IUIOTHOCTH BEILECTBA BO Beenen-
HOII; B IPABIOMOMOOMOM MOMEeNTd, O KOTOPOIl MBI CRaMeM HITRe,
(Imrypnpye'r p-<107* r/ex’. (Hamommmm, uto mxoTmocTS,
CBASAHHAA C HEHTPWHO, COCTaBIAET NPHOIOIUTENHHO
10-2% r/ewd.)

Hy:xH0 OoTMETHTH BCe Ke, UTO YKas3aHNAA 30eCh BeNXHUI-
Ha — 3TO. IO CBOEMY CMBICAY TOJLKO BEPXHHII mpenet ILiot-
HOCTH BAKyyMa: BaKYYM He MOMKeT UMETh ILNIOTHOCTL, IPEBBI-
HIAJOIIY0 YKA3aHHYW BEJHYMOY, HO 3THM, OUEBIHO, HE
HCKIIOUAGTCH elife, 1T0 ero NAOTHOCTH MOKeT W IIPOCTO pas-
HATHCA HYJIIO.
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BeanoCTs M LCU3MEHHOCTH JUHITEI{lIOBCKOr0 BaKyyMa
Bcerjga BBIBBIBATHM ONpeHesdeloe HegoyMeHHe. UTo 3TO 34
cpela, XOTOpasg BIMAET xa Jpyrde cpeas!, CO3JaeT CHUJIEI,
YOpaBIAINES ABHMEHMOM Tejd, a caMa HEKAKAM BIASHMAM,
HIKAKOM NPOTEBONEMCTBUAM He moapep:Kera? IT1o meiicTBE-
TeX5H0 CTPaHHOE 06CTOATENLCTBO, KOTOPOMY 0 CHX MOp Ier
o0BacHerma. Moker ObITH, UTO-TO YAACTCHA BLISCHUTE B Oyay-
mieM, Korga OypmeT ycranopjiciia npapoja dIMUTEIHOBCILOro

A

Puc. 53. 3aBUCIMOCTHE Maders

A
MOMIY  IJIOTHOCTLIO R JSlestempe
MHEpA B €T0 BO3PACTOM § Modens
B «CTRHAADPTOOMY MO- §| Zuwdwawz

X

N

genu @pmamana ® B
Mofenn JlemeTpa.

e S

Bpems

BaKyyMa, orja oua OYIeT MOHSTA W 0CO3HAHA 1a OCHOBAHKMA
o0mEX npejcTaBIenmi 0 hHILKE MAKPOMUPA.

Hax Mbl yKe roBOpIUIN, aHTUTPABATHDYIOLIAN BAKYYM
caMm mo cele coBMecTHM ¢ pacmunperueM Bceenennoi. [lostomy
BO3MOJRHBI COOTBETCTBYIOImIEe 0000ILIEEAA <«CTAHTAPTHBIX»
KocMomoraueckux aoneneit Ppmavana. Onm mMenucs, cober-
BeHHO, Ve m y cayoro PDpuavmada B ero KIacCHyecKax
paborax 1922—24 rr. Mogpofusiit ananms Takmx Mopeneit
nposex mo3auee sN. Jlemerp, suecmmit B 30-e roger 3maum-
TeXBLHEBE BKIAJ B HCCIEOBAHHE CBA3HW MEXIY KOCMOJOTHYe-
CKEMH MOJENSMI U peallbHBIMM acCTPOHOMUYECKAME HAOIIOe
TeEASIMA,

Bosspamasgce K mpobaeMaM, KOTopule BO3SHHKIR B
KOCMOJOTHT B CBSI3H C OTKPHITAEM MACCEl NOKOT RefTPURO,
ofpaTEM BHEMaHWe HA TO, 9TO B MOJEJAX ¢ aHTUTPABATHPYIO-
INAM BAaKYyMOM U3MeHAETCA CBA3b MeXKIY IJIOTHOCTLIO MHApA
¥ ero BospactoM. BMecTo 0fHO3HAYHOH BaBRCHMOCTH MY
OTHMH BeIWUHHAMNA, KOTOpPAs HMeeTCA B «CTAHJAPTHBIX®
Momenax PpmaMmama, 37eCh NOABIAETCA HOBBIA «CBOOOJEBIM
mapaMeTp» — ILIOTHOCTH BaKkyyMma. U B npumunane stor mapa-
MeTp MOMKHO BHIGpaTh TAKWM, 9YTO BOBpPAcT Mmpa OYymer nocra-
TOYHO ReduK, Pmc. 33 manwcTpapyer BTy BO3MOMKHOCTE:
B 0000IlenHEOA MOMENN ONpPeHedeHEOrc THIIA — 66 HA3hIBAIOT
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Monenablo Jlemerpa — 3agaunoil mmoTHOCTI (ropu3oHTAILHAA
IIPePHIBIICTAS JHHHA) MOMeT OTBeuaTh Bo3pacT Bcedemxoii,
saMeTHo Goapinmii, uemMm B Mmojenu (Dpramana Ge3 Baryyma.
B oToM clyuae 1IOTHOCTH DIIHMITEHOBCKOrO BaKyyMa Cpas-
HIIMA ¢ NIOTHOCTHIO BEL[ecTBA, T. €. (DAKTHUECKH HelITpmuo:
0,2 (10~*--10"%%) r/car’,

MuTepecHo, 1T0 B KOCMOJOTUUECKIIX MOIEAAX ¢ afiuureil-
HOBCKIIM BARYYMOM CBfI3L MeIy TreOMeTpHEll MIpa H ero
JUHAMAKON HE ¢TOJL OJHO3HAUHA, KAK B «CTAHTAPTHOII» MO-
penm Dpuamana, rae OTKPHITOMY NOPOCTPAHCTBY COOTBETCTBY-
eT 0eCKOHEeUHOe N0 BpeMeHHM paciDHpeHme, a 3aKPLITOMY —
cMena pacmupenus cratueMm., B Momennm Jlemerpa ofmem
MHOpa KoHeden, Bcejepmas 3aMKHEYTa, HO ee pacliIpeHme
OpOTOJI/KAETCS HEOTPAHEYEHHO BO BPEeMEeHH,

Taxag »onexr DBcesenuoil maxoguTes, KakeTcs, B corjia-
CHE CO BCeH COBOKYIHOCTHIO ACTPOHOMMIECKHX CBeJenwii i
JRCHePUMERTANLHX PAKTOB (PH3UKH,

U Bce e 3T0 eie OTHIOAL He OKOHYATENBHBII OTBET Iia
BOOPOC O KOHEUHOCTHE W OECKOHEIHOCTH MHpa, KOTOpHIM m3-
XapHa 3aEmMaer BoobOpaskemme diomeil. Hak mmcax B 1743 r.
Jioxonoc0B,

CoMHeHHII DOJNOR Bam OTBET

O ToM, 970 OKpecT OIMMKHHX MeCT.
CxamuTe #, KOJIb OPOCTPAHEH CBET?
M g9ro mMajelimnx Jale 3Be3p?



SAKJIIOYEHHAE

B sToit Kopre Ml CTPCMAABCH MOIRAKOMHUTH UUTATEAA €
CaMbIMM BAJKHBIMH M CAMBIMA HMHTepeCHLIME ¢QaxraMam =
ageAMi HoBoH o0macTH acTpodm3IKH — KOCMOrONMHM rajak-
tEK ¥ 3pe3l. L aJlakTAKU CTaJdm TpeaMero KOCMOronmade-
cxnx mceaenoBanmit ¢ 20-x ronoB mamero Beka, Korja £smia
HAMeNN0 YCTAHOBIEHAa HX NefCTBETeIbLHAA NPHPOa H GHa-
9aJ0Ch, 9TO DTG HE TYMANIIOCTH, T. €. Fe MAaJHe 00JaKa Tasa
W IBIIH, HAXOAAImMecs liehHoJajleRy oOT Hac, & OTrpOMIn=?
3Be3rabBIe MEPBI, JeJKAINe BHE HALICH 3Be3H0oi CHCTeMLl H:
pyenp Oojpmax paceroanmax or Muaeunoro Ilyru. B massa-
HIIIX HCKOTOPHIX TANRKTHK FO £EX TOP COXDANMINCE CResnl
pacIpoCTPaHeIHsIX HOKOTHA LPeJICTABICERR U B3IIANOB, Tak
410, HAIDUMED, OAMKAIIIYIC K TaM FATAHTCKYIO CIEPANLuYI0
ralasTHRy B cefinac ene nasbizalT Tymaunmnoctbio AHTOMe-
nnl, Pasrurne mociaeoBatenhHoll KAPTUHL! BOBWHKHOBOMT S Y
OBOIIIILA 3BE3J TOME CTAJC BO3MOMIHBEIM JUHIND B MOCJEIHUe
poJineKa Gaarojaps’ yenexaM mafaIoaTennlioil acTpPONGMEN O
paspaboTre @uslYecKOR TeopuM, IO3BONHEBIIENd MOUHTL HPH- -
pPOIy cBeTRMOCTH 3Be3q. OTKPHITHA E MCCIENCBAHEA B 0)j1ac~
T KOCMOAOTHA NPOSCIIIN B NCCIENIIIe AeCATINETUS MHOT08
m3 TOI'0, UTO Kacaercd OpeinICTOPHY TFalaKTHK ® 3Be3f, Hu-
3MYECKOr0 COCTONNHA Da3pe;KeHIIoro BelIeCTBa, B3 KOTOPOTO
ond FePUMPOBANEACE B OMCHL OTIAjJeNnble BpeMeHa.

YiraTeap MOr 3aMeTHATH, 9TO B OCHOBE BCeil coBpeMcHHOR
KOCMOJMOTHU JeRNT ofma JDyHmaMenTaabBas ujes — BOCXO-
ermasn k HploTony mies IPaBATAlAONROIl HEYCTONTMBOCTH.
BemecTBo He MOMeT OCTABATLCH OJHOPOMHO pAacCCeANObIM B
IpocTpancTBe, HOO B3amMHOe NPHTMNiellme BCeX YaCTHI, Be-
ijeCTBAa CTPOMHATCA €O3JaTh B HEeM CryUlelldA TeX WIH HWHBIX
MacmrTadoB ¥ Mace. B pammeit Bcenemmoit rpaBETammonnas
HeyCTOHUYMBOCTE YCHAMBAJIA MEePBOHAUANBIILIO OYeHB Clabnle
HeperyJIAPHOCTH B PACOPOJENOERN U /BHKEEUN BOINECTBA T B .
ONpENeNeHHYI0 DIOXY NpHBONA K BO3HHKHOBOHHIO CHIBHBIX
neognopogHocTeit: «b6aIEEOBH»— nporockomaennir. I'papmmama
9THUX CJOEB YINIOTHENUs CJIYKWIE yNaPHEI® BOXHEI, Ha (PpomH-
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TaX KOTOPHIX NEPBOHAYANLHO HeBpamiaTeldbmoe, (e3BEXpPeBse
IBI;Kemue BemmecTBa npuofperano 3aBuxpemEmocTh. Pacmax
CI0eB Ha OTAeldbHble CIYINENHA TO/Ke IPOMCXOMILI, NO-BRxH-
MOMY, M3-3a IPaBUTAUHOHHOII HeYCTOIYMBOCTH, H 9T0 maio
HAUaJ0 mpoToralakrikaM. MEorme H3 HAX OKa3nIBangCL
OBICTPO BpANIAIOLIMICA OJarogapsa B3aBIXPEHNOMY COCTOs-
HTI0 BemecTsa, W3 Koroporo oum Qopmuposanicsk. Dparmen-
TamuA OPOTOTallaKTHYecKuX 00;TaK0B B pe3ylnbTare OX rpaBHE-
TanroONHON HEYCTOMUIBOCTH BeJa K BO3HNKHOBEHHIO NCPBHX
3Be3, ® O0JaKa mpeBpaIAJOch B 3Be3JHLIE CHCTEMEI — ra-
Jaktmke., Te @3 mAX, KoTopble olramann OBICTPEIM RBpalme-
HEEeM, DpHOOpeTain M3-3a ITOTO JABYXKOMIOHENTHEYIO CTPYK-
Typy — B HEX (QOpMHpOBAMICH rano Golee 1M Menee cgepn-
gecKoil (OPMLI @ JHCK, B KOTOPOM BO3HUKAIN CIHpaiLHHe
pyKaBa, Tie H JI0 CIX IIOP HPOJOIKAETCA pPOMRICHHe 3Beaj.
IIpoTOrajaKTHKI, Yy KOTOPLIX Bpaulenme OBLIO MejJieHIee Wi
BOBCE OTCYTCTBOBAJIO, NPEBPAINANHECH B BJLIANTHUECKIE Hiand
HempaBmibAbe ramaxTuril., llapamnersHo ¢ 8TEM Ipomeccom
NPOUCXONAI0 (POPMUPOBAHNE KPYIHOMACITAGHOH CTPYKTYPHL
BeeneHBOl — BO3HAKAAKE CBEPXCKOIUIEHAS TaJaKTHK, KOTO-
phie, COENAHASCH CBOEMA KpasMmm, o6pa3oBaim mofobme sde-
eK WM OU9eImOBIX COT; AX YAAJI0CL PACHO3HATH B IOCIeTHUS
TOJILL

Taropa B caMmpix O0IMAX depTax KapTEHA KOCMOroHWYE-
CKOro nporecca Bo Bceiernod, KOTOPOd MOCBAUIEHA 3Ta KHM-
ra, @ HaM OCTaeTcd JIAIIL DPacCKa3aTh 00 OJHOM YaCTHOM,
eMEENYAOM CIYJae BO3ARKHOBEHHSA 3Be31LI, BIOJHe ODLIYHOM
¥ JasKe 3aypANHOH cpeam MIIIHApPAOB 3Bedp namell I'amaxra-
Km, Ho caMoil Baskmoi nusA mac. PacckamkeM B SBaKNIOUEHHe O
posupKHoBennu Connua m ColxHeUHOH CHCTEMEI.

Conpeusas CECTeMAa CTajla B IOCHENHES rOAbI MpPeIMeTOM
MPAMBIX IKCIEPNMEeHTANbHBIX, a He TOJLKO HabiIogaTelbHBIX
nccrenopanuii, IomeTsr MeMOIaHeTHBRIX KOCMIYECKIX CTaH-
nuil, opOrTaNLEEIX JabopaTopuil, skcmenmmmn ma Jyuy mpz-
HECIH MHOOKeCTBO HOBRIX KOHKDETHRIX S8HAEEE o 3ewmie,
0KOJII03€MEOM mpocTpaHcTBe, miamerax, Conmme, Tem cambiM
C03/1aeTCs COBEPIIERHO HOBAS OCHOBA JJIf PA3BHTHS KOCMOTO-
pra CoJiHeYHOM CHCTeMLL.

[poncxomuenne Conmeunoil c@mcTeMsl GbLIO0 MCTOPHUECKE
nepBod npodxeMoil KocMoronmm, cdopMynmpoBauno Xaw
npobrema ecrecTBeHHBIX Hayk., B 1644 r, JlexapT BHIBEAYH
KOHIIENTEI0O IPOTOCONHEYHOH TYMAHHOCTHE — BPAIAIOUIELOCH,
3aB@mxpennoro ofaaka raga @ OLLIA, B HEATPe KoToporo ¢pop-
mupopanoch Coamme, a na mepmdiepam — mIapeTsl € HX
coyraukamMu, Cronermem mo3:ke IHamt, a 3atem Jlannac,
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pasBUBAS 3TY HJI€I0, HCCJACIOBAIR JAIIAMAKY BPALNAIOIIErOCH
"AraKa Ha OcHOBe Mexanmmikm Humortona., Crxmmasgcen non Jeit-

[#1O R PLR el WAL RS2 A2 LSRRl Al] S A AV A VALl Faval aTR LRFAN 20 AANS

¢TBHeM CcOOCTBEHNOro THATOTeHNmA, O00JaKO Bpaufdjloch BCO
gricTpee, MPORCXOAMIO €ro COMIOUINBAHIE B JUCK, IT 11a Ompe-
MeeHAOM 3Talle H3-3a BO3POCHIAX NEHTPOOeHLIX CIT OF
Kpag AHCKa IIOCIeJ0BATENLAO OTAENANACL OBICTPO Rpailarn-
muecA Koanma. B pgarpmeitineM MaTepHad OTIEILHLIN 1i01ell
ToJKeH OBLT KOHI@HCHPOBATHCA H M3 HET0 00pasoBo.iich nma~
HeThl — KKAAA Ha cBoeil opbure. B Takoif aprue 110.1y9a-
a0 HArIAAHOe ofbACHeHme BasKuelinice ¢BoiicTBO Co.liieunoit
CHCTEMBI — TO, 9TO ee NIAHETH ABIKYTCA mo (mouTit) Kpyro-
BEIM OpOHTaM, OPOUTHI Je/KaT B OAHOM MIOCIIOCTII H 11JI&IICTL
BPAIIAJOTCA 1O OpPOUTAM B OJHY CTOPOHY — B TY, B KOTOPYIO
Bpal{aeTcss BOKPYyr cpoeit ocu u camo Coauue.

Fopasgo Tpynauee 6pu10 00BACHHTH ApPYrue 3aKOHOMEPHO-

crm B Coameunolr cmcreMe B B IepByi0 ouepenr pacnpemele-
HJe BPAINATeIHLHOr0 MOMEHTa MeKIy CnnnﬂeM A NIaHeTaAMI,

Al KA Vs WA A NSV AF AL W kW ARL W TR EA AL v e A A ALEaiamA W A L iTa

Ha nnamerst mpmxogutes Macca, cocTapasiomnas scero 1/700
noxio Maccs! ConHna; Bpau{aTeNbHBIA e MOMEHT, CBA3AHHELA
¢ mx opOuTanbpALIM IBMMeHueoM *), cocrasaser 98Y% scero
momeHTa Bpamenns Conmeunoit cmcremsl. Ha cobcrBerHOE
spamienne Conunma BOXDYT ¢BOeil ocu ocraercs Toabko 2% or
o6imero MomeuTa cHcTeMLl. JlpyruMm caoBaMH, BpPALIeHZe
OKA3AIOCHh NOYEMY-TO KpaidlHe HepaBHOMEPHO pacupefeleH-
OLIM [I0 Macce CHCTEMBI OT €e HenTpa HAPYRY: NOAaBIAIIAn
43CTh MAacchl HAXOOATCA B CAMOM IEHTpE, a NOTABIAKIIAA
JacTh MOMENTa — CHapY/KM.

3aMeuaTelILABM fBJASeTCA To obcTosiTennberso, wro JOmm-
Tep o06naaeT BpAIMATEILALIM MOMEHTOM, INIPEBOCXOHAIINM
momeRT Conmpa Gomnee uem B TpEaOaTh pas. (Macca I0auTepa
2:10* r, pangnye ero opbutsr 7,8-10% cu, opfmranbEas Cko-
pocts, 1,3-10° cM/c; onenKa MOMEHTA BPALIEHHA HOJAYYaeTcH
nepeMHEOieNHeM 3Tix Tpex BexmunwH.) MomerT Catypia coc-
TaBIfgeT MeHee MOJ0BEAL MoMenTa IOnuTepa, a MOMenT Beex
0CTANBHLIX IIAHeT BMecTe — MeHee deTBepTH Momenta HOun-
Tepa.

Taxoe pacupefieieAAe MOMEHTA BIKAK He MOM{ET NOay-
YATECA HPH HOCHEIOBATENLHOM OTTENCHIl SKBATOPHAIBHBIX
konen oT Bpamalomerocs obnaxa. IIpodiema momenta ocra-
BAJAChL HO pemIeHHol # B psajie JAPYIHX KOCMOIOLIIYMECKIIX

*) JlonAa MoMeHTa, CBA3aEBas ¢ coOCTBeBHLIM BpAMmMeNnHeM ONALCT
BOXPYr ¢BOmX oCell, npepedpe;RUMO MaJd IO CPABHEHHI0 C MOMENTUM
ux GpOMTANBHEOIO ABHAGHMA,
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MoJeneil, BHIIBETABMHEXCA B MPOILIOM B O0CYKTaeMBIX B Tok
unn mnofl gopme m B Hacrosmee BpeMsa. B 1745 r. Bogdoxn
TPEIIONOMKET, YTO BEeIMeCTBO MWIAHeT 65110 BripBaBo 13 Comm-
Ia PONeTABMEM OKOIO Hero mebeCEHIM TemoM (Hampmmep,
xomeToil)., [I:KEHC B Havamge Hallero Beka, a 3a HEM H Jpyrame
KOCMOTOEHCTHI, BILTOTS A0 40-X roJoB CYATAIH, YTO BellecTeo
mnageT Morio 0bITh BopBaHo u3 Commna (KoTopoe Morio 6
K 9TOMY BPOMEHR BIOJHS cQOPMEpPOBATHCH) H8-33 GIHIKOro
mpoxo:xAeHma opHOM m3 cocefmmX 3Besd. Ilpepmozaramoce,
9T0 cuija TATOTeHHA NIponerapmell 3Be3mpl cosgaBana CTpyi
pemlecTBa, meTeKaBmero u3 Comxuna. BemecTBo eTpym ocrapa-
JOCH TéM Ee MeHee IDABHTAIMOHED CBA3aBHbIM ¢ COIEmeM n
mocie YIAJXOHHA 856305l M3 Hero @ (hOPMHPOBANHCH NJIAHETH,

B peanpEBIX yCIOBHAX TecHOe CONMKEHHe 3Be3f, COMpO-
BOMKI(AIOMEECA HCTeYOHHeM BeImecTBa, IPeJiCTas3ifgeT cobolo
Kpaiine ManoBeposTHoe cobriTme, Homewmo, mmYero mHe smas
0 pACHpPOCTPAHOHHOCTH IVIANETHHIX CHCTEM, He BIMA BOODLIe
HRKaxOll JHpyro#t cHcTeMsl, KpoMe uameil, MH HO MoieM
HCKIIOYETE BO3MOMHOCTH eJAIHYHOr0 COGHITIS TAKONO poIa,
Ho ¢ TeopeTHueCKOil TOYKHM 3peund ITPennoiomsenne ob ouenn
6IE3KOM MPOXOMIIEHME 3Be3] BBINIAJNT CANIIKOM HCKYCCT-
peEHbIM, CyIIeCTBEHHO TakKe, UTO YCIOBHA AMH KOUJEHCA-
ua maneT B Bulpomensolt u3 Coanua cTpye, wo-BOAUMOMY,
He6IATONPHEATHH, If ee BLUIECTBO JOMNIHO CHOPEE PacCesTsed,
geM coOpaThes B CryCTHIL, |

B coporosbie rogst O. I0, IHlMmaxgr, a 2ateM n misefckni
$msur X. AJLBeH HCCIEOBANII BO3MOKHOCTH 3aXBaTa Mpo-
TOIISHETHOr0 MaTepmaina npd npoxo:xfaenmn Commua dgepes
ras3o-melieBsle 00.aKa, KOTOPLIE MOTJIM BCTPEWaTLCSI Ha ero
myra B aucke Danaxrmrn, Tpynuocreir ¢ Xomnercariieir @ Mo-
MEHTOM BpalleHls Ue y/(AaeTcd, KakeTcs, M3beitaTh H B 3ToH
KapTHHE,

IMupoxnmit cnexTp MumeHmil m waell comepurcs B cbopaD-
re «IIpomexossaene Coxmeunoil cmeTeMBI», BhlmIefmeM b
1976 r. non penaxmmeir I'. Pmsca. WMexoqusin nynmuToM Mno-
TOX COBPEMBHHHIX KOCMOTONHUYECKHX CXeM OCTAeTCS mpef-
CTaBIeHHE® O eNHHOM HMCXOJHOM BpAMAIONieMCSs TIa30-Iblie-
BOM obnake, m3 Koroporo opMmposannch CoJNHENS W IMIATETHL.
B 3Tolf KApTHEe, BOCXOAANIEH K KIACCHUECKO TrHImoTese
Mexapra — Hanra — Jlannaca, Moryr, BeposTHO, Ha#iTH peme-
HEA@ TAKA@ BOHPOCH KOCMOTOHHH, KAK BOIPOC 0 XEMHYECKOM
cocrape COMHENA K niadeT W BONPOC 0 KOEAGHCALAW Bel[ecTBa
B MPOTOMJIAHETHOM 00JaKe; mp@EBjedeHue HOBLIX MAeHd IMO3BO-
JgeT HaXeAThCA K HA pelleHue KAYeBoil mpofreMsnl — mpcb-
JeMBl MOMEHTR,
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B coBpeMenmnix UCCIEeT0BABRNAX mo KocMoroEmm Conmed-
gOl CHCTEeMBI HCXOMAT H3 TOro, YTO MATOPHAIOM IPOTOmJa-
petHoro o6raxa Oblia MeK3Bes HAf Cpefa, XUEMOUeCKMit
cOCTAB KOTOPOM Maso OTJIHYANCA OT COCTaBa cOBpPeMeHHoi
MeAK3BE3HOH Cpelbl. TsiKelble BHeMeHTHl, Ha KOTOpHIe IpH-
XOfATCA nNpEONH3UTENBHO [gBA mponeHTa (IO Macce), ObLIM
cOCPEIOTOYeHEl TIJIABHBIM 00pasoM B MBIIIHKAX; BOXOPOAA
amenocs 70—75%, a remms — orono 28—23%. Ilpm cmarme
of1aKa IOJ JedCTBEOM COOCTBEHHOH CHIHL TAMKECTHW ero Bpa-
JleHAe YCKOPANOCH, ¥ PAHO WM MO3MHO NEeHTpolerRuad cuiIa
cTaIa MemaTh CHATHI0 momeper ocm spaimenus. CxaTie ke
BIOJIHb OCH BPALIEHHUSA IPOJOIKAIOCH, NpAYeM HBUTUHKI — BTH
MaJble IIOTHHI® Tela — ocelaliilm K cpefmHeil, DKBATOPHAIbHOM
MIOCKOCTH obxara OblcTpee, 4eM BONOPOJHO-TEIAEBLII raa3.
B cpexmeir miocKoC¢TH o0MaKa OLIIRHEKA HAKAIJIABATUAChL M
IOTOMY TaM JOBOJBHHO 9aCTO JODKHBI ObIIE NPOMCXONOTH HX
CTOMIKHOBEHHA MAPYT ¢ APYroM, OpH KOTOPBIX TaCTHIBl MOTIA
cimmathcs B Oolee KpymHBle TBepfAble Téla. B pesyarrare
BO3HAKAJ NOBOJLHO IJIOCKHHA AMCK, COCTOABITMIA INIABHLIM 00-
Pa3oM M3 TAKHX Tel, a TaKHKe B OTJENBHHBIX IBLLIMHOK,

BeposaTHO, BMecTe ¢ (popMHpPOBAEWEM THCKA HTPONCXOTDI
M JAPYroi mpomecc — B MeHETpe O0NaKa BO3HEKAJO0 ILIOTHO®
ra3oBoe CryIjeEme, KOTOpoe MmpPEeBPATIIOCH 3aTeM B 3Be3qy,
A B ee Heapax 3aKIIACE TepMoamepnbie peaxnmd. Comane
CTAJI0 TOrda HArpeBaTh OKPYMKalOllee erc BeimecTBO, B M3-3Q
3TOr0 BOJOPOA H Ieidil MocTemeHHO YIETYYRBAIACH W3 Oama-
kot k¥ Coxany ofaacTu, YXOAUMIW B HAPY:KAYI TacTh 00JaKa.
XpEMAUecKAE# COCTAB NPOTONRAHETHOro obiaka cTal HEONHO-
PONEBIM: OHO pasfienmnoch Ha obmacts, Oam3kyio k Coxmny,
rae npeofIanany TAKeNdbie DIeMeHTH, cOOpaHABIe B MBUIHEKA
¥ ofpasopadHble W3 HAX TBepjble Tela, I mepmdepmio, Ife
XUMIYECKOH COCTAB OCTAICH MOUYTH MPEKEMM.

Bor moueMy IIaHeTH, KOTOpHe (OPMHEPOBAIACEH B3 MAaTe-
pHaia MpPOTOILIAHETHOro 0fraKa, OKA3alHCh CTOMDL Pasiimumbi-
MA 10 ¢BOoeMY (H3WYeCKOMY COCTOAHHI W XHEMAUYECKOMY
cocTaBy. Bo pmemmedi ofmacrm, Ha unepmdpeprnu Conneumoi
CHCTeMBl, BOSHAKAJIA rasoodpasabie Mapsl — OXaHeTHl, COCTOsI-
e CIaBEBIM o0pazoM m3 Bojopona & restus — [Ommrep, Ca-
typE, ¥Ypau, Hemrym. Bo BEyTpeBEeil 001acTH BOZHMKAJM
TBepIbl® IIAHETH, B BelecTse KOTOPHIx mpeoOragaior die-
MeHTHI, Oonee TaKensle, 9eM Bojopox m rexmi. Tam, rne
dopMEpoBazacs 3emis, reTydde BemecTsa, I B IEPBYIO 0We-
peab BOJOPOR B TeIHWY, HCOApMIACH MOYTH NOJHOCTHIO,
m moToMy 3emnua, m raxie Mape, Bemepa, Meprypmii oxasa-
JHCH TBEPIBIMH,
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B paborax JI. 9. I'ypesmza, A. WM. JleGexnucroro,
B. 10. Jlesura, B. C. CagporoBa moctpoera nmompofuas xap-
TRHA (PPATMOHTANUH MPOTOIIAHETHOrO0 OGJIAKA B PA3IMYLbIX
ero cuosx. OKaszaioch, 9T0 B BTOM HpOLECCe BO3HHKANE He
HEIOCPeICTBEHHO ILTAHEeTH, a CHavala 601ee MeIXHe CIYCTKH,
KOTOpHEle MOTYYHIN HaspaHme nuiameTesmmaneil, Ilocrememnoe
CIMAHM® THX CI'YCTKOB, 00beTHHEEHAE IUIaHETe2AMAaNed B mia-
HOTH NpeacTaBIanc coGoll dWEANBHYIO cTagulo (opMmposa-
mna Conuedsoff cmeTEMBL

OfgHako OCTAeTCA BOIPOC: KAK 3KE BCE-TAKE BOBEHKIQ
mEabxoofaeMoe pacOopefeleHNe BpAIDATENIBHOr0 MOMEHTa B
Conmeunoir cucreMe? MuTepecHas Hed Ha 5TOT CUET BHICKA-
sapa HegasHO J. M. [IpobsimesckmM. VIcXOABBIM IYHKTOM ero
rEOOTe3bl CIYAKAT OBONBHO HEQKUIAHHBIA pe3yxbTaT umc-
JIEHEOT0 MOXeIHpPOBAHAS IPOTIONAM BPAIIAIOIIErocs IPABUTA-
pylomero ofnaka., Takoe IMCIeEHO® HCCIEI0BAHDE, MPOBEICH-
moe P. JIapcomoM, mokasano, 9To Mo Mepe CIKATHA B YCKOPEHEDA
Bpamenna 00JaK0 NpeBpaimaeTea HO B NIAJKNE MIOCKAH THCK,
a Bo ppamalomuiica 6y6xak — Top, Ho Bpamarmuiics top Gea
MeHTPAIBEON Maccsl — afcONIOTHO HeYCTOWIWBasA KoHQHrypa-
mea (970 goxasamo B. A. AmtonmommM). OHa momkEa pacma-
MaTbCA Ha OTAeIbHEIE CIYCTHH, BPAUIAOIIAECA BOKPYT HX
00mero meETpa Macc.

3. M. JIpoObimeBCKEE IIOIaraeT, 4T0 BepPOATHEE BCOro
06pasyioTcaA ABA JOBOIBHO KPYIHKEIX CTYCTHA M MHOMKECTBO
Ipyrax, Menee MaccHBERX. OJIEE W3 KDPYDHBIX CIYCTKOB Nfe-
ppamaerca co BpeMeneM B Conmmme, a Apyroi B caMyio Mac-
ceery0 mnanery Coxmewnoit cucremst — Omurep. Ho mo aroro
MeKIY CTYCTHAME IIPOHCXOIHT CIOMHOe B3aUMoneiicTBue, ¢o-
IIPOBOMAIOIIeec MOpPeTeKaRNeM BelllecTBa € OJHOTO W3 HEX
Ha Apyroil (kak, HampuMep, B TeCHOH ABOWHOHE cucteMe OHap-
crepa), BemecrBo meperexaer B BHAe CTpym ¢ Oy/ymero
IOmnrepa x Oynymemy Coxeny. Ilpm arom Boxpyr mporo-
CONHETHOTO CTYCTKA 00pa3yeTca aKKpPeNWOHHKIY NWCK, Bpame-
HEIe KOTOPOr0 MOMKET OKA3aThCA IPOTHBOIOIOKHBIM OCEBOMY
BpaleE|i0 CaMOro 8TOro crycrixa. Rorjga Marepman qHCKA 0ce-
MaeT Ha MOBEPXHOCTH CI'YCTKA, OH 3aMe//IfeT 0CeBOe BPAITEHES,
IIo sroit npumamue ppamenne Conana oKassiBaeTCA Me TeHEBIM,
a er0 BpallaTexrsHBII MOMEHET COOTBETCTBERHO MAaTbIM.

HonuuecTBenHbBIe OHEHKE OCTAXOTCS, NPaBRa, He CIAIIKOM
oIpeJeleEHRIME, I morpebyerca eine, IMO-BUIMMOMY, HEMAJo
yemnmii, mpese 1eM mpobreMy BpamareabHoro Momerta Cod-
HEYHOH CHECTeMEBI MO}KEO OyHer CIMTATH pPeNIeHHOM.

Muoroe mOMKEBI OPOACHHTSH eINe AacTPOHOMHYSCKHe Ha-
6nromenns, CBA3AHALIO ¢ MOKCKAMH APYIAX MIAHETHHX CACTEM.
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Bepmp [0 CHX mOp HeT emle Habi103aTelIbHEOI0 OTBETA HA NPHE-
OANANLOBEIA BONpoOC: mpencrtabaser am coboift Conumeunan
cmereMa o0BIUNOC WIEH MCKIIOTHETENBHOE sBiCHIIe? l3mecrtio
Jmb, 9T0 Yy ojmoil m3 6mmmaiimnx ® Coanuy 3ses;t— Tak
HA3bIDAEMOII JIeTsINeli 3Be3pl DapHapga — ofmapy/keH Hen-
AEMBII CIIYTHHK,

- JTOT CNYTHHK HE MOMKeT ObITh 3BeE3J0H (A1 3TOro
ero Macca CJININKOM Mala) M mpefcTaBiIfgeT cofod IMeHno
graEery. ¥ 0olee OT[ANEHHBIY 3Be3] CHYTHAKII CTONH MAOM
Macchl MPH COBPEMEHHBIX BO3MOKROCTAX HADII0/1eHRI ellle He
MoryT 6b1Th o6napysxensl. 3pesna Bapuapna HaxoquTes o Hac
Ha paccTOAHHEN 1,8 me, m TO 00CTOATEALCTBO, YTO V €IHHCT-
BeHHOMN OIM3KOI 3Be3Hl, 414 KOTOPOIl 8TO OKA3aT0Ch BO3MOIK-
HEIM, 0OHapy:KeH MIaHeToNnog00HI COYTEAK, HeXaeT BEeposT-
HBIM IPEAnoIoAene, 9TO AX Hajgdume MoMKeT ObITs OBBIIERIM
ENISL 3BE3]] ONpeaeNeHHbBIX TAIIOB.

Bepuemca, oanaro, k¥ Comueusiofi cmcTeMe u 3apepmnyM
paccKa3 MCTOpHe# Hamied miameTn — 3emuu, Jlranereammann,
‘W3 KOTOpPBIX OHA (POpPMEpOBATACH, CTANKHABAJIMCH H OTTOIO
CAUMAJACH, PA30TPEeBANACH B MOIVIH pACILIABIATEHCA. BoaMomk-
'HO, AMEHHO TaK BO3HOKIO TOpsAYee pAaCIIABICHHOE HAAPO
,Bewmm 3eMIIA @ B COSPeMERHOM COCTOAEME UMeeT PaCIUIABICH-
“HOE AP0, PA30TpeB HOTOPOTO co3faeTcA ceffgac Graromaps
POIMOAKTHBAOMY pacnany TaMKedbIX aToMEBRIX aAmxep. HAapo
3eMNHE COCTOMT TJIAaBHBIM 00pA30M W3 jKenesa (€ NPAMECHIO
PHEKeIA), a BONODPOJ, KPEMHMI, MATHAK @ AX CoequHeEHS
BCILIELIM B CBOE BPEMA M3 I'OPAYUEr0 PACIIaBA K MOBEPXHOCTII
O, OCTHIB, 00pa3oBajH 3areM OKPY/KAIOMYI AP0 TBEPLYIO
MauTH0. M3 KEpeMmmeBLIX HOpO, DMEIOLEX MeHBINYIO IIIOT-
HOCTb, BO3HIKNKM KOHTHLEHTHL. A maubolee Jierkme ageMeHTH
H AX XAMAYECEHE COTHICHEI o0pA30BAMI OKEeaHbl II ATMO-
cthepy Semutu.

Atvocdepa m OKeamsl HOWTYMAIN CPejoil, B KoTopoll 3a-
poKIaTach Kmanp Ha Jemue. B cMecn raszos aTmocdepnt
Moram 06pa30BbIBATHCA CJ0HBIE OPraHUUYecKue MOJCKYIILI;
9TOMY crocobcTBOBAIO yasTpadhmoneTosoe manysenue CoiHLa,
a, MOMeT OLIThb, @ MOIOEbIe T'PO3BI, KOTOPHIE, KAK HOITAIOT,
Oyimesanm Torga B armocgepe. Beposarmo, TaruM myTeM po3HH-
KaJr MHAOIYIE AMHEHOKICIOTHBIC H JPYrHe opramiyecrLiie Co-
cnunennsa. [lomagas ¢ qoMasiMu B oXeall, OIIE GBLTH CHOCODHEI
co31aBaTs TaM Oodee CIOMHBIE, MINMHHIbBIE LEMOTKE MOJIeKy —
fenKE B OYKJIECNHOBLIE KICIOTLI, B3 KOTOPHX MOCTENncHio gGop-
MHPOBAJIHACH [IePBbIe JKIIBEIE KJIETKH, PA3BIBAIHNCH MPOCTEIInIC
(OpMEI pacTHTeNLHOCTH, TakKne, Kax Bogopocam. Ilospnee
pacTelHs MOARIIACE I HA CcyLie,
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ITocTenenHsle H3MEHCHMA OPOHCXONWIH TeM BpeMEHeM H
B armocgepe. Ee mepsoHavansEbIil cOCTAB CHIBHO OTIMYAICH
0T COBPEMEHHOIO: MMeJIOCh MHOTO BOAOPOJA H Ieldsd, BONODO-
flccofepiHallEX Ta30oB — AMMEAKA, MeTaHa, BOJAAHOLO Iapa.
Bomopox m remmit, caMble JeTKHe K3 JIEMeHTOB, yJieTyddsa-
JHCH CO BpeMeHeM, B arMocdepe MOABHICA KHCIOPOJ — riaB-
HEIM 00paszoM OGaaromapa pacTeHHAM, BHPAOATHIBAIOIOMM €ro
B mpollecce OPOTEKAOMIero B HHEX (POTOCHHTe3a. «Briamixasm»
KHCIOPOJ, PACTeHUs CO3NABAIN OJIaroOpHATHBIE YCIOBAA IIA
3apO;KTEeHUA RABOTHOLO MUPA HamIel mIaHeTsL,

Morna au 3BOMIOLEA TAKOr0 POJa, OPHBOJALIAA K BOIHUK-
HOBEHMIO ;RH3HM, a 3aTeM M pPasyMma, NPOTEeRaTh H Ha JPyrax
miageTax, B APYIrEX 3Be3HEIX cucTeMax? Ramerea, mer nmka-
KOx OCHOBAHMII OTPUIATH TAKyIO Bo3MO;KnocTh, Mmuerne, gro
pasyMHuas JKO3Hb CYIlecTBYeT He TOIDLKO la 3JeMie, CUuTap
meecs HeCKOALKO CTONEeTHII Hal3a  CPCTHTECKIIM, CTAX0 Ceifual
IOYTH 9TO OOIHenpIaAaThIM. Ero Upuaep:KusaioTcs He TOMBKG
DATY3MACTLL «JIETAIOINIIX TApPeJoR», HO H ydeHble, THIATCILHO
aHAME3UPYOIIEe B NocIeJEHe [OAbI BO3MOMKHOCTI lexeHa-
I[paBJCILIHBIX MONCKOB BHE3EeMIIBIX IIUBUI3aLMiT. BiecTe ¢ Tem
HUKALRIIME JOCTOBEDHLIMH JaHIGIMH 0 KOHKPETHHX IpHMepax
X0TA ObI caMbIX UPOCTHX (GOPM 'RUIHK THe-THO0 KpoMe 3eduIn
MEI cefidac He pacmoliaraell.

YuraTenp, BepPOATHO, COTAACHTICHA € TeM, 9TO Kam{[ag u3
IBYX BO3MOMHOCTeIl — MHORECTBEHHOCTE 0DIITACMBIX MIIPOB H
VENKAIbUOCTh pasyMa Ha 3eiae —caMa 1o cebe B phicmiei
CTemeHu yBIEKATeNbHA O cuocobila BOIUOBATEH BOOOpasKeHHUC,.,
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