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NPEAUCIOBHE

INocoenHue rofpl 03HaMEHOBAHbI OYPHBIM IPOrPECCOM B H3Y-
yeHun Bcesenno#i. K BakHeHmUM M3 MOJYUYEHHBIX pe3yJ/bTa-
TOB OTHOCSITCSI OOHApYKEHHE HCKJ/IOUUTENbHBEIX IO CBOEH cuie
KOCMHYECKHX KaTacTpop — B3PLIBOB B SiipaxX raJakTHK H OT-
KPBITHE CBepX3Be3J, — OueHb JaJeKHX OOBEKTOB HeOObYaHHO
BBICOKOH CBETHMOCTH. ITH OTKpPBITHSI NpPHUBJEK/IN BHEMaHHE
HE TOMbKO (DU3MKOB M acTPO(H3MKOB, HO TaKXKe M BCeX, HH-
TEePecyIOUXCsl Pa3BUTHEM HAYKH.

Co B3pBIBHEIMH IIPOLECCAMH YacCTO CTaJIKMBAJIHCh H paHee
IPH HCCAEOBAHUSX 3Be3LHOro Mupa. HenaBHHe OTKpBLITHS
TIOATBEPAMIN OOMBUIYIO POJb B3PHIBOB B KHU3HH HE TOJbKO
3Be3Jl, HO M THMraHTCKMX 3BesiHbIX cHcreM. Onmako 10 cux
MIOp HE HMEJIOCh IIOC/IELOBATeNbHOrO H JOCTYIHOTO IJIsI HecIle-
IIMaJIUCTOB H3JIOXKEHHUS CBEeHMH O BCeX BHIAX KOCMHUECKHX
B3PLIBOB — OT COJIHEYHBIX BCIBINIEK JO B3DLIBOB B siipax
rajaktak. llesp mpensaraeMol KHHUMM — B KaKOH-TO Mepe
3aMOJHUTh 3TOT MpOGes.

OcHoBHOe MeCTO B KHHre YyiesteHO (H3MUECKOH CTOpOHE
paccMaTpHBaeMbIX KOCMHYECKHX sIBJIeHHH. BMecte ¢ Tem
B Hell IPOU3BOAUTCSI MHOTO YHCJIEHHBIX OLEHOK, HeOOXOLHUMBIX
nJs GoJiee IOJIHOTO IpefCTaBAeHUs O B3phBaX. [IpuMeHsieMble
IVl TaKHX OLEHOK HeCJIOXKHble (OpMYyJsl B OOJbIIHHCTBE
CBOEM 3HAKOMBI BCeM, H3y4aBIUMM (PU3HKY B CpeLHEl IIKOJe.
B Tex camyuasix, xorga Tpebyercst BbIBOZ (DOPMYJIBI, OH OCHO-
BBIBAeTCSl Ha IPOCTBIX DACCYKAEHUSIX. XOTS 4YacTO OHHM H
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HEJOCTATOYHO CTPOrH, HO OTPAXKaOT (PU3UYECKYIO CYLLHOCTb
BOIpoOCa.

OO6bsicHeHHe IPHUPOABl OINHCHLIBAEMBIX B KHHUre SIBJCHHH
COCTaBJISIeT OIHY U3 Haubosee CAOXKHBIX COBPEMEHHBIX NPObJIeEM
¢usuku. EcTecTBEHHO MO3TOMY, YTO YTEHHE KHUTH, HE OrpaHH-
qHBaiolleecss BOCIPUSITHEM JIMIIb BHEIIHEH CTOpPOHBI Jena,
IoTpedyeT OT YMTaTe/s H3BECTHHIX YCHJIMH. ABTOp Hajeercs,
4TO 3a TPYAHOCTH, C KOTODBIME BCTPETHTCS YHTaTesNb, OH OY-
JeT XOTs Obl YaCTHYHO BO3HArpaxkieH OTKPLIBLIEHCS IIEpes
HHM BeJHYECTBEHHON KapTHHOHM TIpaHAHO3HEHIINX IpPOLECCOB
»KU3HU BceJieHHOI.

Ilo mMHeHHIO aBTOpa, KHHIa JOCTYIHAa BCeM 00JafaoUM
cpenHuM obpasoBaHHeM. llpeicTaBisieTcsi HECOMHEHHBIM, YTO
3HAKOMCTBO C METOLAMH, KOTOphble IPUMEHSIIUCh MpH MoJyye-
HHM TeX MM MHBIX BBIBOLOB, Ji€JIaeT 3TH BLIBOJBI ropasfo 6osee
yOequTeNbHbIME OJis1 4yuTaTensi. [IoaToMy B KHHre YIEJIEHO
CPaBHUTENbHO 00JblIOe BHUMAHHE OMUCAHHIO METOLOB HCCIe-
JOBaHHA, XOTs, H3-32 OIDAHMYEHHOCTH ee OObeMa, HX HE BO
BceX CJaydYasiXx yJajJochb M3JOXKHTb JOCTATOYHO MOAPOOHO.
K cuactbio, cefluac ecTb pSIA XOpOLIHX KHHUT, 1O KOTOPBIM
yyuTaTeJb, 3aHHTEPECOBABIIMHCH TEM HJIM HHBIM BOIPOCOM,
3aTPOHYThHIM B TEKCTe, MOXKET O3HAKOMHUTBHCSI C HUM MOApOOHee.
CrnuCcOK TaKUX KHHT, JAJeKO He TOJHEBIN, JaeTcss B «3aKio-
YEHHH».

HekoTopble H3 3aTparuBaeMbiX B KHHIe BOIIPOCOB 10 CHX
[Op paccMaTpHBAaNHUCh TONbKO B HAYUHBIX CTaThsIX M CHCTe-
MaTHYeCKH OOCY>KIaloTCsl BIEPBbIE, HANPHUMEP, DOJIb B3PLIBOB
B 3BOJIIOLHH HEGeCHBIX TeJl. DT0 0OCTOSTENBCTBO MOMKET Clie-
JlaTb KHUTY HHTEpecHoi M JJs Gosee KBaNUGHUIUPOBAHHOI'O
qyTaTesNs.

ABtop ray6oxo 6maromapen C. A. Kamnany u B. B. Hsa-
HOBY, O3HAKOMHMBIIHMCSI C KHHUIOM B PYKOIHMCH H CHEJIaBIIHM
MHOZKECTBO Upe3BbIYAalHO II€HHBIX 3aMeuaHHi, a TaKxKe
I'. B. Tenbdpelixy 3a psil COBETOB OTHOCHTENbHO § 5 KHHIH
u 3. A. Ilu6ato 3a aameuanus mo §§8 u 9,



§ 1. UTO TAKOE B3PblB?

B3pbiBHbIE OPOLECCHl BCTPEUAIOTCS B NPHUPOJE TaK 4acTo,
H HCIONB3YIOTCS B PA3NHYHBIX OO/ACTAX TEXHHKH HACTOJbKO
IIHPOKO, YTO, BEPOSITHO, ceHyac HEeT HHKOro, KTO He HMes Obl
npeicTaB/aeHHsi O B3pbiBax. Ho 1 MOHMMaHHS CTOJb CJIOK-
HbIX SIBJIEHHH, KaK B3PLIBbl B 3Be3JaX, OOLIUX MPeNCTaBJIEHHUI
O B3PLIBAX HEJOCTaTOYHO. Bo-mepBbIX, SIBNEHHS, Ha3blBaeMble
B3pbIBAMH, OLIBAIOT BbI3BaHbl PA3JHYHLIMU NpuuuHamu. Tak
B3PLIB I1aPOBOrO KOT/IA NPOHCXOIMT, KOrla JaBjeHHE napa
B KOTJIe BCJIEJCTBME IeperpeBa IPeBbLUIIAET JHOMYCTHMOE,
a cHapsj B3pbLIBaeTCss B pe3y/bTaTe XHMUUECKON pEaKLUUH
CrOpPaHHsl B3PLIBUATOrO BELECTBA. BO-BTOPLIX, B3PLIBbI pas-
JIMYHBI M 110 CBOMM BHEWHHM 0cOOeHHOCTsIM. TO, YTO Mbl BUAUM
IpH 3JIEKTPHYECKOM paspsiie, He IOXOXKe Ha sIBJIEHHs, Hab-
Jojaemble NpH 3emieTpsiceHuu. [Ipexkiie uyem 3aHUMAThbCS
H3YUYEHHEM KOCMHYECKHMX B3PLIBOB, HYXXHO BbISCHHTb, YTO
€ BCe-TAKH OKasblBAaeTCsl CaMbIM CYILECTBEHHBLIM B sIBJIEHHH
B3pLIBA, KaKHe IIPOLECCHl CJEAYeT OTHOCHTb K B3PBLIBHLIM?

OGLIYHO B3PLIBOM HA3bIBAIOT TAKOE H3MEHEHHE (hu3Hye-
CKOrO COCTOSIHHS Tesla, KOTOPOe CONpPOBOXKIAETCSI OYEHb OLICT-
pbIM IIPEBpalleHHeM SHeprHH U BhIIEJIEHHEM ee B OKPYKAIOLYIO
Cpely. ITO ONIpefiesIieHHe MO3BOMSIET OOBENUHUTL B TOHATHH
B3phIBa, Kas3ajoCh Obl, CTOMb HECXOLHbIE MPOLECCH], KaK suep-
Hbll B3DBIB M BCIbIUIKA MOJHHH, YAAp METEOpPHTa O 3eMJII0
M B3pLIB 0alyIoHa C rasoM U Jpyrue.

HenpeMeHHbIM YCTIOBHEM BCSIKOrO B3pbiBa HOJKHA OLITh
ObicTpOTa Mepexofia OAHON (opMel 3Hepruu B Apyry. Ecnn
npouecc nepexofia pacTAHYT BO BPEMEHH, TO XapaKTepHbIE
uepThl B3pbiBa He BO3HHKaOT. Hanpumep, B siiepHOM peakTope
HEIPepLIBHO OCBOOOXKAACTCST SHEPTHsi 32 CUET MELJIEHHO Ipo-
TEKAIOIUX SANEPHBIX PeakUHil, HO 3TO He SBJISETCS B3PHIBOM.
Ecmu ke peakuust cuibHO ycKOpsAeTCs M KOMHUECTBO
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9HEepPruH, KOTOPOE JOJKHO BBIIEJNHTHCS 32 4ackl, 0CBOGOK/A-
€TCsS 32 HECKOJNLKO CEKYH[, TO MOXKET IIPOH30HTH B3DHIB.

B sToM maparpade Mbl 3afimeMcst H3yyeHHeM OOLIMX CBOHCTB
B3DLIBOB, C/IYYaOIIHXCs] B 3E€MHBIX YycJaOBHsX. [Ipu B3pbiBe
IPOHUCXONUT IpEBpAllleHHe XHMHUYECKOH, siiepHOH, 3JeKTpH-
YECKOH MM MEXaHHUYECKOH SHEeprHH, B 3aBHCHMOCTH OT HPHUpO-
Ibl B3pbIBA, B TEIIOBYIO 3HEPUHI0 H H3JyuyeHHEe. B HEKOTOpHIX
ClnyyasiX CYLIECTBEHHAsT 4acTb OCBOOOJAMBILNENCS MpPH B3phiBe
9HEPrHH YHOCHTCS M3 06/JacTH B3phIBa YaCTHIAMH — MPOTO-
HaMH, 3JIeKTPOHAMM M ApyrumH. Haxownen, GoJsbiunast KHHETH-
yecKasl SHEpPTUsi MOXKET ObITb NpHOOpeTeHa OTAENbHBIMH 4Yac-
TsIMH B30pBAaBLUErocsi TeJsa.

3HauuTeNbHAsT YaCTh SHEPTHH, OCBOGOXKIEHHOM B MpOLEC s
B3pbIBa, NpeoOpasyeTcsl B SHEPrHIO ABHXKEHHs OKpY:KaromieH
Cpefibl; 3TO OOBIYHO M BOCIHPUHHUMAETCst KaK camast XapakTep-
Hasi yepTa B3pBIBHOrO nponecca. [Ipu B3pbiBe GOMOBI, HAmpH-
Mep, NPOHCXOAMT CHJILHOE paclUMpeHHe BO3Ayxa H3 obsacti
B3pbiBa. [IBHKeHHME Cpelbl BO3HHKAeT IJIaBHBIM 00pa3oM 34
CYeT TENJIOBOW JHEPTHH, JIUOO HEeNOoCPeNCTBEHHO BbIAEJHBIIEH-
Cs TpH B3pbIBE, JHOO 00pa3soBaHHON M3 APYrHX BHIOB OCBO-
OoxaenHoi sHeprud. IlosTomMy M/Isi MOHHMAaHHsSI CYLIHOCTH
B3DLIBHBIX SIBJICHHH [OJI€3HO BCIIOMHHUTb OCHOBHBIE MOHSITHS,
OTHOCSLIHECS] K TEIJIOBOX 3HEPruu.

UTo :xe HMeeTCsl B BHAY, KOIZa IOBOPSIT 06 OCBOGOKACHUH
TennoBoit sHepruu? O BhIIeNEHHH Tema CyAST [0 TOMY (akry,
4TO Tesa, TBeplble, KUAKHE WJIM ra3oo0pasuble, IIpHUIErar-
IMe K TOYKE B3pbIBA, HarpeBaloTCs, T. €. UX TeMIeparypa
yBeIMYHBaeTCsl. BCSIKOe TeNMO COCTOUT M3 OTAENbHBIX YACTHI, —
aToMOB HJIM MoJieKyJ. Ilox rtemmepaTypoil Teja IOHHMaeTs
Meépa CpefHel SHepruu JBHIKEHHS COCTABJSIOLUX €ro YacTHI.
Uem Gosblne TeMmeparypa, TeM OBICTpee IBHKYTCS YACTHIIHI.
CnemoBaTe/bHO, MPH B3phIBE BO3pACTaeT KHUHETHUECKAs] SHEp-
Il YaCTHIL, HaXOASUHKXCS B 00/1aCTH B3pbIBa. Tak, Hampumep,
NpH B3pbIBE IIOPOXa B MATpPOHE B pe3yJbTaTe OuYeHb OBICTHO
NpOTEKaoIel XHUMHUYECKONl peakUUH TropeHHss obpasyercs
HarpeTelfl ras. XUMHYecKasl SHEpPTHUsi, COAepIKalascss B MOpo-
Xe, Iepelnia B KHHETHUECKYIO SHEprHi0 YacTHI[ rasa.

YacTuipl HarpeToro rasa mpU CTOJKHOBEHUSIX IPYT C IpY-
rom OOMEHMBAIOTCS 3Hepruefl, HO CymMMapHasi 3HEprUsi BeeX
YacTHL rasa, HaXOASIIUXCSl B HaHHOM OObeMe, IPH 3TOM He
mensietcsi. KHHeTHYecKasi Heprusi Kax/JIOH 4YacTHLBl paBHA
[I0JIOBHHE INIPOM3BEJIEHHsST MAcChl YaCTHIBI HA KBaJApaT ee CKOo-
poctd v. Ecnu ClOXHUTL 9HEPTHH BCEX YaCTHI| rasa M CyMMy
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pasjielIuTh Ha HX UHCJO, TO MOJYYNM BEJNHUHHY CpEfHEel sHep-
1 — —5
FHH YaCTHUBl —- mv®. 3jeck v? — cpejlHee 3HaueHHe KBajpa-

o

Ta CKOPOCTH, & BEIHYMHY " v* naseBaior CpellHell KBajipa-
THUHOM CKOPOCTBIO *). B rase Bcerfa HMeeTCst HEKOTOpast JHOJs
qaCcTHL CO CKODOCTSIMH, 3HAUHTENbHO MNPEBBLIIAIOUMUMH Cpel-
HIOKO KBaJpaTHUHYIO CKOpPOCTb, a TaKXe YaCTHIBl CO CKOpOC-

TSMH, MeﬂbmnMn]/ v,

TeMnepatypy TeJ MPHHSITO ONpeNe]siTb B TaK Ha3blBaeMOH
abcosmoTHOH 1Kajde (B rpagycax KesbBuHa, 0603HAYaEMbIX
°K). B sToil mxane Hayajo OTCYeTa COOTBETCTBYET HYJEBOMH
SHEPrMH YacTHIl. JKCIEPHUMEHTH I[10Ka3ajd, YTO CKOPOCTH
YaCcTHIl 'a3a JOJKHBI YMEHbLIATHCS 10 HYJs, C NpUOIMIKEHU-
€M ero TeMIepaTyphl K 3HaueHuo — 273°,16 mo mpuMeHsteMoit
B oObitenHol xusHu wkane Lenscust (° C). [Tostomy Hawanto
oTcueTa abCOMOTHOH TemmepaTypbl — HYJbL rpanycoB Kesb-
BHHAa — COBIaJaeT C yKasaHHBM 3HaueHueM B ° C.

AG6comoTHast TeMneparypa T M CpelHsisi KHHeTHYecKast
9HEpPrusl YacTHI[ CBsI3aHbl COOTHOIUEHHEM

mv: 3
— =g kT, (1)

3
rie—- k — KO3(pbhHIMeHT mponopuyoHadbHOocTH. OH OKa3shl-

BaeTcsl OTVIMYHBIM OT EJWHHUIBI, IIOTOMY YTO MacmTal Iuka-
JEl TeMmmepatyp BBIOMpajcsi H3 COOODa)KeHHil IMpaKTH-
yeckoro ynobctBa. Benmunna k, HaspiBaemMasi MOCTOSIHHOI
Bonbumana, B cucreme enumHun, CGSE  umeer 3Hauenwue
1,38 - 10 1% ape/epad.

ITo ¢opmyne (1) MOXKHO BBLIMHCIHTb CPENHIOID CKOPOCTb
JBHKEHHs] YacTHIl rasa B 3aBUCHMOCTH OT TeMmepatyphl..Tax,
Hanpumep, npH Temneparype 15° C, coorBercrBytomneit 288° K,
CpelHsist KBalpaTHYHAsi CKOPOCTb MOJIEKYJIb a30Ta, HMeloLieil
Maccy 46,6 - 10 =24 e**), paBna 467 m/cex.

*) Cpenusisi KBagpaTHuHas CKOPOCTb He COBIajaer, BoobLie TOBO-
psi, co cpepnelf CKOpPOCTbIO. DTO MOMXKHO BHJETb XOTs Obl HA NpHMepe
CHCTEeMBI U3 JBYX YaCTHL, HMEIIHX CKOPOCTH U1 U vy. s Hee 12 =

2 2
_ v+ . =, v; + vy \2
=— a xBajpaT cpelHedl CKOPOCTH paBeH (v)? = 5

vf + vg + 20,0, - =
=_— < - .O6buHO v? 1 v? 1J151 Ta3a PA3HATCS HE OUEHb CHIBHO.

#*)Maccy MOJNEKYJNBl MOXKHO HalTH, pasieluB Maccy rpaM-MmoJe-
KYJIbl Ha YMCJIO MOJIEKYJ B Hell (uucio ABoraipo, pasuoe 6,0 - 1028).
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YacTuipl HAarpeToro rasa JABHXKYTCSI BO BCe CTOPOHBI;
OH CTpeMHTCsi 3aHSITh OOJbIUMH OOBEM, T. €. PACIIHPUTHCS.
Ecin npu JBHKEHHHM B HEKOTOPOM HANpPaBJEHHH YaCTHILEI
BCTPEYAIOT MPENsTCTBHE (IJIsT [POCTOTHI MPHMEM, YTO 3TO
TBepJasl CTEHKa), TO OHH, yAapssicb B CTEHKY, CTPeMsITCS ee
caBuHyTh. st Toro uytoGBI YAEp:KaTh Inperpany, Tpebyercs
NPUJIOKHUT CUITY. BennunHa 3TOH CHJIBI, OTHEeCEHHAs! K eAHHH-
He IJIOMAAX CTEHKH, IpPEeJCTaB/seT HaBJeHHe rasa.

HauGosee 3ameTHBIE MOCTEACTBHS B3PLIBOB, B UaCTHOCTH,
HX paspyuaioumue AeHcTBHS, 00yCI0BIEHb HMEHHO JaBJleHHEM
Harperoro rasa. IIo3TOMy CTOMT YyZeNHTb BHHMaHHE BOIDOCY
0 TOM, KaK YaCTHLAMH CO3ZaeTCs JaBJeHHe U KaK ero BeJIHYHHA
CBsi3aHa C TeMIepaTypoll M IJIOTHOCTbIO rasa. Dopmyna,
KOTOPYIO MBI cefiyac mosydum, OyJeT moJje3HOf Ham B JAajb-
HelileM, [PH HU3YYEHHHM KOCMHYECKHX SIBJACHUH.

Ecnn yacTHna maccel m JABHXKETCS CO CKOPOCTBIO U, TO
roBOpST, YTO OHA 00JaZaeT KOJHYECTBOM JBHIKEHHS mU.
KomnuecTBO JABIDKEHHsI B CHCTEMe TeJl €CThb BeJIMYHHA COXpa-
HSIOMmAsICsl — OHO 6e3 yyacTHsl BHEUIHMX CHJ He MOXKEeT HH
HCUE3HYTb, HY BO3HUKHYTb,— TAKOB OJHH M3 OCHOBHBIX 3aKO-
HoB (pusuku. ITyctb 3a 1 cex B 1 cm® crenku ynapsier N gacTi,
JBHXYIIAXCSI TNEPIEHAUKYJ/ISIPHO K HEH CO CKOPOCTBIO 0.
B Tom ciyuyae, Korza 4acTHUBl HPUJIHMIAIOT K CTEHKE, OHH
IepealoT e €XeCeKyHJHO KOJHMYECTBO [BHIKEHHsI, DaBHOe
Nmu. B cnydae ke, KOrja 4acTHIBI OTPayKalOTCSI OT CTEHKH
KaK MSYMKH, OHH M3MEHSIOT HalpaBJeHHe CKOPOCTH Ha MPOTH-
BomoJioxHoe. [lo/HOe H3MeHeHHe CKOpPOCTH YAaCTHIIBI PAaBHO
Torja v—(—u) = 2v, MOITOMY KOJHUYECTBO MABHKEHHS, Iepe-
IaBaemoe MMH 1 c¢m® crenku, cocraBasier 2Nmu.

CortacHO XOpOIIO M3BECTHOMY H3 (U3UKH 3aKOHY Hblo-
TOHA, M3MEHEHMEe KOJHYeCTBa ABIKEHHS 32 €AHHUIY BpeMeHH
paBHO JedcTBylomell cuie. B ganHOM ciyyae Takofl CHJION
SIBJISIETCS] CHJIA, YAEPXKUBAIOLIAsl CTEHKY, HOCKOJIbKY HMEHHO
BJsiarozapsi el CTeHKa OCTaeTCst Ha MeCTe, a YaCTHIBI OTPaKatoT-
cst. dra cuia, Kak Mbl yKe FOBOPHJIH, U IPEJCTaB/sET JaBie-
HHEe Trasa, KOTOpOe, CJeJOBaTeNbHO, paBHO 2Nmu.

JlonycTum, 4TO ras 3ak/oueH B KyO M YaCTHUIBI rasa Mo-
IyT JBHraThCsl JIMIIb IEPNEHJUKYJISIPHO K TpaHsM Kyba.
IIpUYeM Bce OHHM HMEIOT OJHO M TO e 3HAauyeHHe CKOPOCTH.
Torza B CTOpOHY KaxJIOi u3 rpaseil 6yJeT HanpaBisiTbCH
OZHa InecTasl JOJsI BCeX YacTHI. 3a OLHY CEKyHIY JO Iper-
pazpl LOJMETAT JHIIb Te M3 YacTHL, KOTOpble HAXOASTCS OT Het
Ha paccTosiHWM, He OosblueM YeMm v. Dosee nanekue 4acTHIb
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3a 9TO BpeMsI JoJeTeTb o0 rpaHu He ycretoT. CrefosartenbHo,
3a CeKYHAY Ha OIHH KBaJpAaTHHI CAHTHMETD KaxKIOH TIpaHH
fomajaeT OfHa IuecTasi 4yacTb OT OOIIEro YHCJAa YacTHll, 3aK-
JIOUEHHBIX B CTOJIGHKE C ocHOBaHWeM | cm? U BHICOTOH U.
Ecau uucio yacTuil B 1 cm® rasa n, To, IOCKONBbKY 06bEM 3TOr0
cTOIGMKA YUCJIEHHO PaBeH U, OH COJEpP:KHUT BCEro nu YacTHlIl,

1
W3 KOTOPBHIX YAapsieT B JaHHyio rpab N = —— nv  yacTHi.
[TosTOMY [IJIsi BEJIMYUHBI [aBJEHHUs] HA IpaHb MONYYaeTCsl BbI-

paKkeHue —ls—nmvl’.

CpenaHHble HaAMH IPEJIONOXKEHHST O XapakTepe JBHIKEHHUS
YaCTHI[, KOHEUHO, He OCYILECTBJISIOTCS B AEHCTBHTENbHOCTH.
Ha camoMm fese 4acTHLbI rasa JBHXKYTCS C Pa3JIMYHBIMH CKO-
pOCTSIMH H IO BCEBO3MOXKHBIMH yriaamu K mnperpage. Ho,
TEM He MeHee, OKa3blBaeTCsl, YTO M IIPH TOYHOM BBIYHCICHHH

JaBJEHHUS IIOJMYUAETCA TaKasl K€ BEJIHYHHA 3 meUz, npuyeM

nog v HAAO MNOHHUMATb CPEOHIOI0 KBaApaATHYHYIO CKOPOCTb

yactun rasa. Tak kak cormacuo dopmyne (1) mo? = 3kT,
TO BeJMUHHA HaBIeHHUs, o003HauaeMasi HaMH P, ompezessieTcst

COOTHOLLIEHHEM
P = nkT. 2)

®opmyna (2) siBnsiercst Apyro#l (opMOH 3amHMCH H3BeCT-
HOrO M3 IIKOJBHOrO Kypca ¢Gusuku 3akona Kmamefipona.
He#icTBuTeNnbHO, 4YHCAO wacTui 7 B 1 cm® paBHO umcay gac-
THI[ B rpaMMm-monekyje A (uucny ABorazpo), JIeNeHHOMY
Ha 3aHuMMaeMblil e ofbem V. IloxcraBasisi B dopmyny (2)

A
BME€CTO 7 OTHOILUEHHE v U YUYHUThIBAsA, Y70 IIPOHU3BEIECHHUE

Ak =6-10% . 1,38 - 10¥1¢ = 8,3 - 107 spz/epad - moas
H eCTb BeJMYHHA YHHUBEPCANbHON ras3oBOH IOCTOSIHHOH R,

nonyyaem BblpaxkeHue 3akona Kianefipona: PV = RT.
Crenka, B KOTOpYIO YIapsiOT YacTHIbl rasa, CUHTANIach
HaMH «HIeaJbHO OTpaxKawllei». ITO 03HAYAET, YTO YACTHILBI
Hoc/ie OTpaXKeHHUs] UMEIOT Ty K€ CKOpOCTh ([0 BeJHYHHE, HO
HE I10 HampaBJeHHUI0), YTO U JO CTOMKHOBenust. Ecnu xe Benu-
YHHA CKOPOCTH B pe3y/bTaTe CTOJKHOBEHHS MeHseTCsi, T. €.
CTEHKa He SIBJISeTCs HAealbHBIM OTpaxkaTesjeM, TO NMpH YAape
MeHsIETCS] M KHMHEeTHYeCKast SHeprusi yacTHubl. I1ycTb ckopocTb
YaCTHIIbI, JleTqlledl K CTeHKe, paBHA Uy, 4 NOCJE CTOJKHOBE-
HHsI OHa HMeeT CKOpOCTb U,. B ciyvae, Korja v, MeHbLIE Uy,
9
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1 mus
YaCTHIA MNOTepsaa 5HEePruio, pPaBHYIO PasHOCTH ’%U—l——gv—)
IlotrepsiHnas sHeprusi pacrnpefenunach Mexay aToMaMHd, CO-
CTaB/IAIOIUMH CTEHKY, H 3aCTaBH/a HX JBHraThCs ObICTpee
(aToMbl B TBEpAOM TeJe TaKike HAXOASTCS B JBHKEHHH, HO
OHO HMeeT KoneGaTenbHbI!l Xapakrtep). Temmeparypa CTEHKH
YBEeJIMYMIACh: ra3, OTAAB YacTb CBOEH JHEpPrHH, Harpesa mpe-
rpapy. Ecniu ke TemmepaTypa CTEHKH Bhllle, 4yeM rasa, ToO
HaJleTalolye YacTHIB ra3a CHa0:KaloTCsI B MOMEHT CTOJIKHO-
BEHHUs! JIONOJIHUTeNbHOH 3SHepruel, oTOHpaeMOil y YaCTHIL
CTEHKH H, OTPasUBIUHChb, HMEIOT CKOPOCTb OOJbINYIO, YeM [0
ynapa. Takum obpasom, Harperoe TBeplOe TEJIO, COMPHKA-
casicb ¢ Goslee XONOZHBIM r'a3oM M OTAAaBasi rasy 4acTb CBOEH
SHEpPruH, HarpeBaeT ero.

Bepuemcs Temepb K M3yuyeHMIO B3phIBOB. [lociie TOro xak
SHEprusi, MOCHYyxKHUBIIAs HCTOYHHKOM B3pbIBA,— XUMHUECKAs,
slepHasl WU Jpyrasi — npeobpasyercsl B TEIJIOBYIO SHEPIHIO,
JlaBjieHHe rasa, oOpasoBaBIIErOCs NPH B3pbIBe (HUJIH HMeEBIIe-
rocsl paHee BO B3pHIBAIOIIEMCS Tese), CHJIbHO BO3pacTaer.
Cuna paBnenusi, JNefCTBYsi Ha OKpYIKAlOIIHE TesNa, 3acTaB-
JisleT MX JBUratbCsi ¥, 3Hau4KT, coBepiiaer pabdory. Takum
IyTeM YacThb 3HEPrHM B3DbIBA I[IEPEXONUT B MEXaHMYECKYIO
(KHMHETHUYECKYI0) SHEPTHIO.

Ha stom npuHuHMme OCHOBAaHO NEHCTBHe JBHUraressi BHYT-
PEHHEro Cropasysi, B LMIMHAPAX KOTOPOIO NPOHMCXOAUT CEPHS
HeOoNbIINX B3pHIBOB. [laBieHue rasa, oGpasoBaBLIErOCS! MPH
B3DLIBE TOpIOYell CMeCH, 3acTaBisieT JBHraTbCsl MOpPLIEHb H
yepes ero IocpeacTBO, HANpHMep, aBTOMOOHIIL. DHEPTUsl B3pHI-
BOB IIPM 3TOM YaCTHYHO pacXOAyeTcsl Ha HarpeB LHJIHHApA
U TOpIIHS.

B Tex cayuasix, KOrja B3pHIB IPOHUCXOILMT BHYTPH TBep-
JOro Tela M JaBjeHHE OKAa3blBaeTCsl HAaCTOJNbKO OOJBLINM,
UTO CHJIBI CHEIJIEHHS] MEXIY YacTsIMH Teja He MOr'yT eMy Ipo-
THBOCTOSITb, IIPOMUCXOZMT paspbiB Tena. OrtopBaBluMecs IIpH
5TOM yacTH 00/analoT KUHEeTHYecKOoi 3Heprueil. Tak IpPOUCXO-
JIHUT B3PLIB CHApsifa, KOTOPBI HAa CBOEM KOHEYHOM 3Tare CBO-
JUTCS K MpeoOpasoBaHHIO TEIVIOBOI SHEPTHH B MEXaHUUYECKYIO.

IIpomeccsl nepexosa TenoBOil SHEPTHHU B SHEPTHIO IBHKE-
HHUSI XKHIKOCTH HJIM ra3a 3HAYUTEJbHO CJIOKHee OIMHMCaHHOro.
B sTHX ciydasx IBHKEHHE OCYIIECTBJsieTcsl B (OpMe B3pPbIB-
HO¥ BOJIHBEI — XOPOLIO H3BECTHOTO BCeM siBjeHHs. [leficTBHeM
B3PLIBHOM BOJIHBI, HampHMep, BbIOMBAIOTCSI CTeK/aa B JOMe,
HaXOJseMCs JOBOJbHO [aJIieKO OT MeCTa CH/IbHOIO B3PLIBA.
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BappBHYI0 BOJIHY HHaue Ha3bIBAIOT YHAPHON BOJIHON. Cefiuac
MB CXEMaTHUECKH PacCMOTPHM 00pa3oBaHMe yAApHOH BOJIHBI,
npuyeM OIPAHHMUUMCs JIMUIb yAADHHIMH BOJHAMH B rase —
¢ KHIKOCTAMU IPH H3YUEHHH KOCMHUYECKHX B3DHIBOB He IpH-
XOIMTCS HUMeTBb Jea.

YiapHasi BOJIHA IpeICTaBasieT coBo¥ ocobyio hopmy nBH-
;KeHHst rasa. B moBceHEBHO! KM3HHM MBI BCe BpeMs BCTpeda-
eMcs C pa3IMYHLIMH BHJAMH JBHKEHHs BO3lyXa. B yactHocTH,
KoJe6aTe/ibHOE JBH:KEHHe BO3/yXa NPOHUCXOIMUT IIPH pacIpo-
cTpaHeHHH 3BYKa. VCTOUHHMK 3ByKa NEepHOIHYECKH BHISHIBAET
cxKaTHe MpHUJETaloIero K Hemy c/1osi Bosfyxa. B atom cmoe
IaBJeHHe BO3PACTaeT M BO3AYX B HEM CTPEMHTCSI PACIIMPUTHCS,
B CBOIO OYEpEelb CKHUMasi CJICLYIOLIMH, MPUMBIKAOUMH K HeMy
cinoii. TlociefoBaTeNbHOCT OBICTPO YepeLyIOIMXCS CKATHH
M paspexeHHH BO3llyXa H IPEICTaBJseT COOOH 3BYKOBYIO
BOJIHY. B OOBIYHBIX YCJHOBHSIX CKOPOCTb DACIHPOCTPaHEHHS
3TOl BOJIHEI B BO3Lyxe okKoso 330 m/cex.

HsmeHeHHs] IUVIOTHOCTH BO3JyXa IPH CKATHSIX H paspe-
JKEHHSIX B 3BYKOBOI BOJIHE OueHb MaJsbl. [103TOMy roBopsrT,
4TO 3BYKOBBIE KOJEeOaHHs NPEACTaBASIIOT cO00H cabbple BO3MY-
ILEHHUS] COCTOSTHUST Bo3Lyxa. CKOpOCTh pacnpoCTpaHeHHsT TaKUX
BO3MYVIUEHHI OIpefensieTcss IBHKeHHeM MoJeky.a. Begp pac-
IIHpeHHe CKATOr0 CJOs rasa NMPOHMCXOAUT B pesy/abTaTe pas-
JieTa COCTABJISIIOIIUX €0 YaCTHIL U CJAELYIONHHA CI0H COXMETCS
JIMIIb TOTJA, KOTAA «II0UYBCTBYET» AEHCTBHE YACTHIL pACLIUD sIf0-
merocsi cnost. [losToMy-TO HafijleHHOe HaMH Bbllle 3HaueHHe
cpenHell KBaZpaTHYHOH CKOPOCTH MOJIEKYJ a30Ta IO HOpSILKY
BEJIMUMHBI COOTBETCTBYET SKCIepUMEHTAIbHOMY 3HAYCHHIO CKO-
poctu 3Byka*). CiiefioBaTe/IbHO, UeM BBHILIE TeMIepartypa rasa,
TeM OBbICTpee B HEM pAacCIpOCTPaHSIIOTCS! 3BYKOBBIE KOJEGaHUS.

B3pblB OGBIUHO CONpPOBOXKIAETCSI CHJIBHBIM BO3MYIIEHHEM
COCTOSIHHSI ras3a, KOTOpPOe M HashiBaeTcsl YJApHOH BOJIHOH.
BosHuKHOBeHHE yJapHOH BOJNHBI CBSI3AHO C GBICTPHIM M CHJIb-
HBIM CXaTHeM Trasa. JTOT Inpouecc yI06HO paccMaTpUBaTh,
npefcTaBUB cefe, YTO B OUEHb AJUHHYIO TpYOy, HAINOTHEHHYIO
rasoM, YCKOPEHHO BABHraercst mopmiedb. lIpenmonioxuM, 4To
CKOpPOCTh IOPIUHSI yBENHUHUBAETCsT CKaukamu (puc. 1) —
Belb YCKOpDEHHOe JBHXKEHHE BCeria MOXKHO HpUONUKEHHO

*) CoBnajeHne OKasbIBAaeTCsl HE BIOJIHE TOUHEIM, MOTOMY UYTO CXKa-
THE BO3JyXa NPOM3BOLHTCS HE TOJBKO MOJIEKYJNaMHM, JETSIHMH B Ha-
NpaBJleHHH PAacHPOCTPAHEHHS 3BYKA, HO H ABHXKYILMMHCS MOJ YIrJIOM
K HeMy, Tak 4TO CKOPOCTb HX B JJaHHOM HANpaBJEHHH MeHbIUe.
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NMPeACTaBUTh KaK pe3yJsbTaT GOJbIIOro uucna ckaykooBpas-
HBIX HM3MEHEHHMH CKOpOCTH.

B mepsyio ouepeir coxmercsi ras BGIu3u mopuHs. Tak
KaK BHauajle CKOPOCTb MOPIUHA Mala, TO BO3MYIIEHHe rasa
cnafoe M pacIpoCTpaHsieTCsi CO CKOPOCThbIO 3ByKa. OHO He
MOXKET Cpasdy OXBAaTUTb BeChb a3, 3aKMOYEHHBI B Tpyoe.
[TostomMy B rase cyuecTByer o6/acTb, 3aTPOHyTasi BO3MYIIe-
HueM (BOJIHA CIKATHSI), H He-
BO3MYILIEHHasi 00/1acThb.

B pesynbrare cxxaTus ras
HarpeBaetcsi. (JTO sBIEHHE,
XOpOLIO H3BECTHOE BCSIKOMY,

boems 3aMeTHO XOTs OBl IpH HaKa-
. 1. Vamenenne cxopoctH nop- YHBAHUH BEJIOCHIIEJHOM Ka-
WHA CO BpeMeHeM. Mmepel.) eno B TOM, uTO
pabora, NpOM3BOAHMAS IPH
BIBUIaHHM MOPIIHS B TPYOy, JIMIb YACTHYHO PACXOLYETCs:
Ha cooOuieHne rasy KHHeTHYecKoil sHepruu. UYacTuiel rasa
CTaJIKMBAIOTCA C JBHXKYILUMCS IIOPIUHEM H IIOCJHE OTpare-
HHSI OT Hero o6/afaloT OoJblIel KHHETHYECKON SHepruei,
yeM IO CTONKHOBeHusl. [lopuieHb OT[ZaeT wacTuuaMm CBOIO
KHHETHYECKYIO 3SHEPrHio, NPHYeM MOJNy4YeHHAs WUMH SHEpPrus
pacnpefiessieTcsl cpefid ApYrux yacTtuu. B pesyibrarte cpenHsis
SHeprusl 4YacTHll, T.e. TeMIleparypa rasa, YBeJIHYHBAETCS.
Taxk kax uyacTuubl rasa o01aJalT MPEHUMYINECTBEHHOH CKO-
pOCTbIO B HANpaB/JEHHH [BHKEHHS IOPIIHS (Belb OHH IOJY-
YalOT OT HEro HeKOTOpOe KOJNHYECTBO ABUIKEHHS), TO BeCb ras
B BOJIHE CyKaTHS JABHUIKETCS KaK IIeJI0e B TOM Ke HaNpaBleHuH,
YTO W INOpIUEHb. i

[lpu caenyiomem CKaukooOpasHOM YBEJNHUYEHHH CKOPOCTU
IOPINHSI MO ra3y CHOBa pacnpocTpaHuTcsi BosMmyiueHue. [lo-
CKOJIbKY Tra3 Harper MpeAbIYIIHM CiKATHEM, OHO MpOHLeT
OrICTpee MepBOHAYATBHOTO U I03TOMY HArOHHT I'PAHHILY BOJIHEL
cxkatusi. Ho meperHath 3Ty TpaHUIY BO3MYLIEHHE HE MOXKET,
IIOTOMY YTO CKODOCTb BCEX 3BYKOBBIX BOJH B HEBO3MYILEHHOM
rase (Brepeld BOJIHBI C3KATHsI) OfHA U Ta xe. JorHaB rpaHuiy,
BTOPOE BO3MYIEHHE YBEIHUHT Iepenaj JaB/JeHHS H IJIOTHOCTH
Ha He#l. Tlocnenyoniie BO3MYILEHHS, BO3HUKAIOLIHE DU Jajlb-
HeHIeM YCKOpPEHHH IMOpIUHS, NPOLOJKAIOT YBEIHYUBATHL De3-
KOCTb Tepexojia OT 06JIaCTH CKATOro rasa K HeBO3MYLIEHHOMY.

[lpu OOLIYHBIX TEUEHHSIX rasa TeMmIeparypa M IUIOTHOCTb
B HeM IJIABHO MEHSIIOTCS OT TOYKHU K TOYKe. B paccmarpHBaeMoM
JKe clyyae co3jaercsi HHOe TIoJoxeHHe. Korza cKopocTb

S Crooms ngpumn
(e
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MOpUIHs CTAHET HOCTATOUHO Gonbuiok, OyieT 34AMETHO, 4YTO
COCTOfIHHE rasa CKaykooOpasHo uameHsgercsa (puc. 2). Ta mo-
BEDXHOCTb, HAa KOTOPOH INPOHUCXOAMUT 3TO H3MEHEHHE, Hashl-
BaeTcs (DPOHTOM ynapHOH BoMHbI. CHila BOJNHBI ONPEENseTCs
nepenajoM jaBiieHus Ha ee ¢poHTe. Uem Oosblie naBieHHe
3a (DPOHTOM IO CPABHEHHIO C JABJIEHHEM B HEBO3MYLIEHHOM
rase, TeM CHJbHee BOJIHA.

Jalrerve
2a3a

[IpaxTuyecks GPOHT yAapHON BOJHEI — 3TO OYEHb TOHKHIL
CJIOA rasa, BHYTPH KOTOPOTO M MEHSIOTCS BeJUYMHEBI, Xapak-
TepH3YIOLHE COCTOSIHME rasa — IJIOTHOCTb, TeMIeparypa H
naBneHue. OpoOHT BOJHEH

IBHXKETCA B Ty XKe CTO-

pPOHY, UYTO M TOpIUEHb &: xzzg Comamsii 203

(6picTpee TmopuIHA), 3a-

XBaTblBas BCe HOBBIE 00- .

jJactu rasa. [lpu 3Tom Gponm ydapwod foms
ras ymjJoTHAeTCs H Ha- s, l
rpeBaeTcsi, moaydas of-

HOBPEMEHHO HEKOTOpYIO I 7
CKOpOCTb B HamnpaBJeHHH

IBHXKEHHS] BOJIHBL. acemone

B o6pasoBanuu ynap-

HBIX BOJIH IpPH B3phIBax Puc. 2. Pacnpepenenue naBlieHHs B
DOJIb TIOPIIHS HrpaeT pac- rase, 1o KOTOPOMY pacn;}om‘paﬂﬂ-
o ercs yjpapHasi BosiHa. lTyHkrdpou
MHUPAIHNCA Ta3, AaB-  ppepcrasieHo HaualdbHOE TOJOXKEHHE .
JeHHe B KOTOpOM, Kak nopuIHs.
MBI YK€ OTMeyasu, BO3-
pacTaeT B pe3yJibTaTe ero HarpeBa. Eciu ycnoBusa paciuu-
pPEHHSI BO BCe CTOPOHBI OJMHAKOBBI, TO (PPOHT BOJHBEI HMEET
topmy chepbl ¢ ueHTpoM B Touke B3phbiBa. Ilocme Toro
KaK NpONYKTH B3phIBA PACIIMPUAHCh U OXJAAMJIUCh, [aB-
JieHne B BoJHe nanaeT. BoaHa ocnabasieTcsi, IOTOMY UTO
ee 5Heprus 3aTpauyuBaeTcsl Ha HarpeB U IpHBEJEHHE B JBHU-
’KeHHe BCe HOBBIX MacC rasa, a KOMIEHCALHH MOTepb SHEepPTHH
He TIPOMUCXOMHUT.

KonuyecTBo BelectBa, 3axBaTbiBaeMoe (DpOHTOM cdepu-
YecKOH yNApHOH BOJIHBI, BO3pacTaeT MpH ee JBUKEHHUH OT TOd-
Ku B3pbiBa. Ha paccTosinuu R OT 3TOH TOUKH OHO IIPONOPIHO-
HaJbHO R?, T. e. miomany chepri. IToaTomy cuma chepuyeckoi
BOJIHBI YMEHbIIaeTCsl C pacCTOsIHHEM ropasno ObiCcTpee, ueM, Ha-
npuMep, cujia 06pa3oBaHHON MOPIIHEM B TpyOe IJIOCKOH BOJHBI.

B sHepruio ynapHOil BOJHBI MOXKET NEPeXOAUTb B KOHeU-
HOM cYeTe 3HeprHd, BBUEJAUBIUAACS INPH B3pbIBE B APYTHX
13



¢dopmax, a He TOMBKO TeruioBas. Tak, HalpHMep, H3JYUCHHE,
BO3HHUKIIIEEe B IIPOLECCE SePHOr0 B3PhIBA, 38 OUEHb KOPOTKOE
BpeMsl HarpeBaeT BO3AyX BO/MHM3H TOUKH B3puiBa. JlaBieHue
TaM yBEJHYMBAETCS M IPH DAaclIMpeHHH HarpeToro BO3LyXa
cosfiaeTcst yAapHasi BOJIHA, pacrpocTpaHsiouascs Ha 60Jb-
1I0e pPacCTOsIHHE.

JleficTBHe CHJBHON yIApHOH BOJNHBL CKasbIBaeTCsi, BO-
[epBbIX, B TOM, YTO €0 IPHUBOASATCS B ABHKeHHe OOJbIIHE
Macchl BellecTBa M, BO-BTOPHIX, B HAarpeBaHHM rasa, BHI3LIBAIO-
weM ero cBeyeHHe. O6a 3TH 06CTOSITENBCTBA OKa3bIBAIOTCS
OYeHb BaXKHBIMH MJIsI HCC/EOBAaHMSI KOCMHYECKHX B3DPBIBOB,
TaK KakK [0 IBMKEHHI0 H CBEYEHHI0 HeOeCHHIX TeJl MOXKHO
CYIMTb O CHJe KOCMHYECKHX B3DBIBOB M JDYTHX HX OcCOGeH-
HOCTSIX.

B sakimouenue storo naparpacda, A0 TOrO Kak NepeiTH
K M3YUYEHHMI0O KOCMHMYECKHX B3DBIBOB, CKayKeM O KOJHYeCTBEH-
HBIX XapaKTepUCTHKaX B3phBOB. [Ipexie Bcero, B3pHIBEL
pasjIMyaloTCs 10 KOJMHMYECTBY OCBOOOKAaeMOH Hepruu. B xa-
YeCcTBe YCJIOBHOH €IMHHULLI NPHHUMAETCS SHEPTHS, BhlIesieMast
TIpH B3pblBE€ OJHOIO KHWJOrpaMMa CH/JIbHOIO B3pBIBUATOI'O Be-
uectBa — TpuHHTpOoTONyoaa (THT). Ona, paBra 10° xamopufi.
OnHa kamopusi sKBHBaJieHTHA 4,18 - 107 aproB (eAHHUILl SHEP-
ru B cucreme CGSE) wunu 4,18 mxoynas (eIHHHI SHEpPTUH
B cucreme CH)*).3Haumt, B3pwiB omHoro kmiorpamma THT
NPUBOAHUT K OCBOGOKIEHHIO SHEPIHH B KouuecTse 4,2 - 1013 ape
unu 4,2 - 108 doc. Tlo BrIIE/NEHHIO S9HEPT U MEraTOHHASI TEPMO-
snepHasi OGom6a COOTBeTCTByeT MuJIMHOHY ToHH mau 10° ke
THT. CnenoBarenbHO, B3pbIB Takoi GoMObl faet 4,2 - 10%2 gpe
SHeprHHy.

JleficTBHe B3pblBA Ha OKPYKAIOLIYIO Cpely 3aBHCHT He
TOMBKO OT OOINEro KOJIMYecTBa OCBOOOJUBIIEHCST 3HEPTHH,
HO ¥ OT TOro, HaCKOJbKO OBICTPO OHA Bhiesnstercs. [Ipu Hene-
HMH 3HEprHH B3pbiBa Ha BpeMs, 32 KOTOpOe BhlfieJIMIach SHep-
THsl, TOJydYaeM BeJMUYHHY, HA3EIBAeMYI0O MOIIHOCTBIO B3PhIBA.

Eciu, Hanpumep, B3phIB MeratoHHO#l OoMOB 3aHHMaer
4,2.102

1/1000000 cexyHABl, TO €€ MOIIHOCTb COCTaBJSIET 05

= 4,2 . 10%8 gpe/fcex uru 4,2 - 102! doc/cex. Eppnuia MOLIHO-

CTH, COOTBETCTBYIOWAsl OZHOMY JKOYJ/IIO 3a CEeKYHAY, Ha3bl-

*) B naabneiiwem mbl 6yaem nonbsosathesi cucremoll CGSE, a uu-
Taresb NPH XKeJaHHH CMOXKET NMepPeBeCTH Ty HJM HHYIO BEJIHUHHY B CH-
cremy epuuny CH, noabsysch yKasaHHLIM COOTHOUIEHHEM.
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BaeTcs BATT, a B ThICSYYy pas GoJbluasi BeIMYHHA — KHJIOBATT.
Takum 06pasoM, MOIIHOCTb MEraTOHHOH OGOMOBI COCTaBJsIeT
4,2 - 10'® xujaoBaTT, TOTfa Kak MOLIHOCTb CaMbIX KPYIHBIX
THIPO3JIEKTPOCTAHIHH HE INPEBOCXOAHUT HECKOJbKHX MHJIHO-
HOB KHIOBATT. [lfiss BbIpaGOTKM 3HEepPruM, paBHOI OCBOOOLUB-
mefcs mNpH B3pbIBe MeraTOHHOH OoMObl, Tpefyercsa OoJee
JECSITH CYTOK paboThI 3/I€KTPOCTAHIMH MOILHOCTbIO 4 MHJIIHO-
Ha KWJIOBATT. BesuudHa MOIIHOCTH OCOOEHHO CYLIECTBEHHA
JUIsT 3€MHBIX B3DBIBOB, TaK KAaK MMEHHO €l OIpelesiercs
paspyuaoiiee AeHCTBHE B3pBIBA.

§ 2, METOAbl U3YYEHUS KOCMHYECKHX
B3PblBOB

BrisicHenye TPUPOILbl 3€MHBIX B3DBIBOB OOBIYHO HE BBI3BI-
BaeT 3aTpyAHeHu#. He TONMbKO mpH CO3JAHHBIX HCKYCCTBEHHO,
HO M IPH €CTECTBEHHBIX B3pbIBaX ObIBaeT H3BECTHO, Ipeobpa-
30BaHHE KAKOH SHepruH Bhi3Baso B3pbiB. OCHOBHOE BHHMaHMe
oBparaercss Ha M3yueHHe 3¢(HeKTOB, CONPOBOKAAOIHNX B3phI-
Bbl, TAKMX, KaK YAapHble BOJHbLI, 3BYKOBble BOJIHBI, CBEUEHHE.
OTH sIBJIEHUS] PErUCTPUPYIOTCS HENOCPEACTBEHHO IPH IOMOLIH
pas3/IHYHBIX IPHOOPOB.

Ilpr HccmenoBaHHM K€ KOCMHMYECKHX B3pBIBOB 3ayacTylo
TPYIHO CKa3aTb C YBEPEHHOCTbIO, KAKOB HCTOYHHMK 3HEpPrHH
B3pblBa. JTOT BONPOC MOXKET OBITh pelleH TOJAbKO IOc/e TIia-
TEJIbHOrO H3YyUeHHsl BCeX NOCTYNHBbIX HAOGJIONEHHIO SIBIEHHH,
BBI3BAHHBIX B3PbIBOM.

Tpynuoctii 8 uCCTeZOBAHHM KOCMHYECKHX B3DBLIBOB, KakK
U JAPYTrUX aCTPOHOMHUECKUX SIBJIEHUIH, O0O0YCJOBJIEHB! [VIABHBIM
06pa3oM Ype3BBHIYANHON YAANEHHOCTbIO KOCMHUYECKHX OObBEK-
TOoB OT Habuofatenell. Paccrosnue gnaxke 1o Oumxaiiiero
K 3emse uefecHoro Tesa, JIyuml, Oojee ueM B JeBATb pas
PEBOCXOLHUT JIUHY 3eMHOro sxBartopa. ComHIe e HaxO4HTCS
B 400 pas panpumie oT 3emsH, yem JIyHa, — Ha pacCTOSIHHM
150 MumanHoHOB KumomMeTpoB. M naxe 3Ta BeJNUUMHA OKAasbl-
BaeTCsl OYeHb MAJIOH MO CPABHEHHIO C PACCTOSIHHEM, OTAEJSH-
MM Hac OT COCEIHMX 3Bes].

Hust pefictBusi mo6oro npubopa, PCIOJIb3YEMOIO IpH H3Y-
YeHHH B3pbIBa, HYXKHO, 4TOOBI JO mpubopa HolLIa HEKOTOpas
yacTb 3HEpPruH, OcBoOOoAMBIUelics NpH B3pbie. Ilomyyaemas
3eMHBIMM HaOJIOJATEsIMH HOJsT SHEPIHH B3phIBA, MPOHCIUE-
1Iero Ha OTAaJIeHHOM HeGeCHOM Tejie, HHUTOXKHO MaJja, 1oToMY,
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YTO 3Ta SHEPTHs NPH yJaJeHHH OT TOUKH B3phiBa, pacmpocTpa-
HSSICb II0 IPOCTPAHCTBY, 3aHuMaeT Bce Oosbuiuil 06BEM.
HaszoBem mnoTokom 3Heprud F KOJHYECTBO ee, POXOASIIee
yepe3 IJIOWALKY B | cm?, pacnosoKeHHYIO NeprneHAHKYISIPHO
K HallpaBJIeHHIO pACIpOCTpaHEeHHMs SHepruu 3a 1 cex, ¥ HaldeM,
Kak MeHsieTcst F C paccTosiHHeM OT TOYKH B3pbiBa. [lycTw
HOCHTEJNISIMH 3HEPTUH SIBJISIOTCS YacTHIbI, pasJfeTaloliHecs
OT 3TOH ToukH. Ec/iy 4acTuibl B IPOCTPAHCTBE He MOIJIOLIAIOTCS
M HOBBIE TaM He BO3HMKAIOT, O IPH HEHU3MEHHOH CKOPOCTH
YaCTHI, SHEPTHUst, MpoXoisias yepes Mo0yio chepy C LEHTPOM
B TOYKE B3DblBa, OAMHAKOBA. DHEPrHs »Ke, IPHXOLALIAsICS
Ha 1 cm?, obpaTHO nponopluoHANbHA IJIOMALH Chepsl H,
3HAUYHUT, KBajpaTy ee pajauyca. [losTomy NOTOK 3SHeprud B
JIaHHOM MecTe 00paTHO MNPONOpIHOHAaNeH KBajpaTy paccros-
HUSI 10 TOYKH B3DhIBA, T. €. AJs IOTOKOB Fy um F, Ha paccros-
HUSIX ry U Iy UMEEeM COOTHOIUEeHHE

LA S 3)

dra dopmysa ocTaercsi CIpaBefIMBOH HE3aBHCHMO OT TOTO,
0 KakOW 5HeprHM HIET peub, eClH TOJIbKO OHA paclpocTpa-
HSIETCS OJMHAKOBO BO BceX HampaBleHHsX (uIM B Hpelenax
KOHyca C BepIIHHOH B TOUKe
B3pbIBa). B uacTHOCTH, MJIsI
CBETOBOH 3Hepruu (QopmyJia
(3) maer XOpolIO H3BECTHBIH
U3 Kypca Qu3HKH 3aKOH Oc-
nabJjieHust CUJIBl CBeTa C YAa-
JIEHUEM OT HCTOYHHKA. Eciau
Ha TyTH K Habaojparemnio
SHEprusl JAHHOIO BHJA HC-
ye3aeT, HampHMep, MeXaHH-
yeckasl SHeprust NepeXONHT

B TEIJIOBYIO, TO IIOTOK 3HEp-

Puc. 3. PacnpocTpanenne sHeprHu 6
OT TOUKH B3phiBa. IloTok sweprun [HH YMEHbIIACTCS OBICTpEE,
u3meHsiercst o6parHo npornopuHo- UE€M CJAEAYET H3 dopmyael (3).
HaJbHO TowmanH cdepsl ¢ LEHTPOM [Tpubopsl Ha 3em1e He
B TOUKE BSPLIBA. B COCTOSIHHM 3aperuCTpHpPO-
BaTb MEXaHHYECKYIO SHEPTHIO
Jaxe O4YeHb CHJIbHBIX B3pBLIBOB, NMPOHCXOASALIMX Ha 3BE3haX.
yﬂ,apm;xe BOJIHBI, PacCIpOCTpaHsoUHecs B MEXK3BE€3JHOM rase,
3aTyXawT Ha CpaBHUTEJBHO MAJIOM P&_CCTOHHHI/I OT TOYKY
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B3pbiBa. Kpome TOro, CKOpoCTH YAApHBIX BOJH B COTHH H
TBICSTYM Pa3 MEHbIE CKOPOCTH PACIPOCTPAHEHHS H3JAYUYEeHHS.
Jlyu cBera, uToGhl HofiTH OT OnmMxaHIIMX 3Be3l A0 3eMJlH,
3aTpayuBaeT roinl. A MexaHHYecKas 3HEpPrHsl B3pHBA, €c/lH
Obl W Jomwia OO 3eMJIH, TO HACTOJbKO ocnabieHHOH H C Ta-
KMM OIO3JaHHeM, YTO ee HEBO3MOXKHO OblI0 Obl HpPHIHCATb
TOMY HWJIH HHOMY B3pBbIBY.

Tak ke II0X0 OGCTOMT N0 C HEHNOCPEACTBEHHOH perH-
cTpauveil Ha 3emse BCeX JPYFHX BHIOB 3HEPrHH 3BE3JHOIO
B3pBLIBA, KPOME 3JIEKTPOMATHHTHOIO H3JY4YeHHs (OHHOH U3
(hopM KOTOPOTro sIBJsieTCsT BUAUMBI cBeT). CyllecTByeT, IpaBia,
TeopeTHYecKasi BO3MOXKHOCTb HAaOJMIOJEHHS] YaCTHL, JEeTSIIHUX
CO CKOpOCTbIO, MOYTH PABHOH CKOPOCTH CBeTa, TaKHX, HAIpH-
mMep, kak HeHTpuHO. OnHakO nNPHOOPHI, PErucCTPUpYIOLIKe
JACTHLLI BHICOKHX JHEPruil, 1Moka He 06/1aJaroT AOCTaTOYHOH
YYBCTBHTEJNbHOCTbIO, YTOOBI «3aMeuaTh» CTOJb CJabble MOTOKH
YyacTHL OT 3Be3[JHBIX B3pHIBOB, KaKHe MOMKHO OXHAaTh Ha
3emse. Bmecte ¢ TeM, NOCKOJbKY 4YacTHLbI, oOJajaroliye
3apsJoM (3JIEKTPOHBI, IPOTOHEI), BCAEACTBHE PAa3/IHYHBIX BO3-
JeMCTBUH [ABHMKYTCS B IMPOCTPAHCTBE HE [IPSIMOJUHEHHO,
NpPHUIHCATh INIPOUCXOXKIEHHe HaOJMI0JaeMblX YacTHIL KOHKpET-
HOMY 3Be3LHOMY B3DBIBY HEBO3MOXKHO.

[IpakTHyecKH eIHHCTBEHHBIM HCTOUHHKOM HH(OpPMALHH O
KOCMHMYECKHX B3pBIBAX IOKA OCTAeTCs 3JEKTPOMArHHUTHOE H3-
JyueHue, uayuee u3 obmacTy B3phBa. [109TOMy OHH H3yyaloT-
Cs TeMH e METOJAMH, KOTOphbie IPHUMEHSIIOT B aCTPOHOMHHU
IJ1s1 UCC/efoBaHus (PU3HUECKUX CBOHCTB HeOGECHBIX TeJl — Belb
TOJbKO H3JIyUEHHE 3THX TeJd M MOXKeT OnTh HabmxaeMo.
O TtoM, Kak, aHaJW3UPYsl JOXOAsdiiee JO HAC H3JydeHHe He-
GecHBIX Tes, Y3HAIOT O NPOMCXONSIIHMX HA HHUX IIpoueccax,
H pacckasbiBaeTcst B 3ToM naparpade.

DJIEKTPOMAarHUTHOE H3JIyueHHe BO3HHKAeT MPH HepaBHO-
MEpHOM (YCKODEHHOM) JBH:KEHHH 3JIEKTPHUYECKHX 3apsijoB.
Jlio6oil 3apsin cos3jaeT B MpPUJIEraiollieM IIPOCTPAHCTBE 3JEK-
Tpuueckoe nose. Taxk HaswBaioT 00/acTh, B KOTOPOH INpPOSIB-
JiseTcs JefiCTBHe TOro 3apsia Ha Joboit apyro#l 3apsin. [Bu-
XKyliyuecs: 3apsiibl CO3LAIOT TaK:Ke M MarHUTHOE IoJe. ITO
XOpOLIO H3BECTHBIH (DAKT, AEMOHCTPHUPYEMBIH NPOCTHIMH OIbI-
tTamu. Hanpumep, Bce 3HawoT, 4TO BOJMH3H NPOBOAHHMKA C TO-
KOM OOHapY:XHBaeTCs NeHCTBHE CHJIbI HA MarHuT, a 3TO H 03-
HayaeT MPHUCYTCTBHE MArHUTHOro moJs. TOK Ke NpelacTaBs-
nsgeT co6ofl ABHAKYLIHecs] 3apsibl. Takum ofpa3oMm, BOJIH3H
ABHXKYIIEroCst 3apsiia CYLECTBYIOT [Ba IOJsI — 3JEKTPH-
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yeckoe ¥ MarHuTHOe™). O HHUX roBOpST KakK O €IMHOM 3JIeK-
TPOMArHUTHOM IIOJIE.

[Ipy u3MeHEHHH BeJHUHHBl MJAH HanpaBleHHs] CKOPOCTH
3apsa CO3LaBaeMO€ MM 3JIEKTPOMarHUTHOE IIOJIe TaKxe Me-
HseTcsl. BCskoe H3MeHEeHHe MOoJsi paclpOCTPaHSIETCsT CO CKO-
pocteio 300 000 xm/cex (3TY CKOpPOCTb MPHHSATO 00O3HAYaTh
OyKBOH ¢). ITH H3MeHeHHs IOJIsI NPEICTaBASIOT COOOH 3JeK-
TPOMArHHUTHBIE BOJIHBL. Tak, HamnpuMep, 3JeKTPOH, OTOPBaB-
IIHHACS OT aToMa M JIeTSLHUH psSIMOJHHEHHO, NpH BCTpeue
C TPOTOHOM, MMEIOIIMM IIPOTHBOINOJOXKHBIA 3apsifl, HCIbITHI-
BaeT JeHcTBHe IOJsS NpoTOoHA. HampaBieHHe CKOPOCTH JBHKe-
HHSI JIEKTPOHA H3MEHSIeTCs [OJ, JeHCTBHEM CHJIbI IPHTSKEHHU S
K IPOTOHY. OJEKTPOH JBHKETCS He IO NpsIMOH, a IO KPHBOII,
HasbiBaeMOH rumepGosiofi. B mpouecce ABHKeHHsI KHHe-
THYECKAs IHEPTUsl 3JeKTPOHA YMEeHbIIAeTCs — YacTb €e Ie-
PEXOOUT B SHEPrHi0 3JEKTPOMACHUTHOIO IOJSI U YHOCHTCS
B MNpPOCTPAHCTBO. Tako#fl NpoLlecC HAa3bIBAeTCsl —H3JIydECHHEM
Ipu CBOGOJHO-CBOOONHBIX TEpexofaX, NMOTOMY YTO 3JIEKTPOH
ocTaercsi CBOOOAHBEIM, HE CBSI3aHHBIM C aTOMOM.

B ToM ciyuae, KOrfa 3JeKTpHUECKHI 3apsij Kojaebmercs,
T. €. ero JBMXEHHE IOBTOPSeTCS C HeKOTOPLIM MEPHOIOM,

noJie, co3faBaeMoOe 3apsioM, Me-
8 HfAETCSI TaKkKe INEepHOLUYECKH.
PacnipoctpaHsonecst U3MEHEHH S
MOJIsST Ha3bIBAIOTCSL  3JEKTpOMar-
y HHUTHBIME  KosieGanusimu.  OHH
IIpeJCTaBISIOT cO00H BechbMa Bax-
HBIA BHJI 3JIEKTPOMAarHUTHHIX BOJIH,
TaK Kak BCSIKOe M3MEHeHHe IO0JId,
B 4YaCTHOCTH, M MpH CBOOOLHO-
| ] ¥ CcBOGOAHOM IEpPEXO/E, MOKHO Npel-
A CTaBUTh KaK CYyMMY KoJseGaHHi.
[Mpocreiiuit npubop ans o6-
' pasoBaHHUsl  3JMEKTPOMArHUTHBIX

Tesb. lenepatop KoJjeGaHHi o
HepHONHUECKH H3MeHser na- KONCOAaHHMIl — ero HasbBalOT AH-
npaBienHe IBHXKeHHS 3aps-  TTOJbHBIM H3Jy4aTeEM — MOKHO
10B B AmmoNe. COCTaBHUTh M3 IABYX OTPE3KOB IIpO-
BOJHHKA, COEIMHEHHBIX C TeHepa-
Topom (puc. 4). 'edepartop 3acraB/seT 3/JEKTPOHEI B MPOBOA-
HHKe JBHUraThCsl TMONEpeMeHHO B Ty H JPYTyi0 CTOPOHY.
*) Ha camom Jese mosie OT Ji0G0ro 3apsna OXBATHIBAET BCE NpPO-

CTPaHCTBO, HO €ro HanpsixKenHoCTb }/61:1836’1‘ OBICTPO H TNPaKTHYECKH
nojie MOXXHO 06Hapy)1me JIMIIb JOCTATOUHO GJIII3KO OT 3apsana.

[ Jevevamar |
Tenepam

noneb [

o>

S

Puc. 4. JunonbHbii H3dyua-

1Q



DHeprus, NEPEeHOCHMas! 3JEKTPOMACHUTHBIMH BOJIHAMH, pac-
[IPOCTPAHSIOIUMHUCS OT TAKOro H3JydaTessi, BOSHHKaeT B pe-
3yJbTate pabOoTbl CHJIBI, H3MEHSI0 e HampaBleHHe JBHKe-
HUSI 3apsJiOB B IIPOBOJHUKE.

Ilepuon cosparomuxcs KoaeGaHHI ONpefessieTcsl NepHo-
JIOM CHJIBI, JeHCTBYIOIe# Ha 3apsiibl. BmecTo mepHoma koJje-
GauMst ynoOHee XapaKTepH30BaThb YacTOTOH, pABHOH YHCIY
gonebauuit 3a 1 cex. JInsl yBeJMUeHUsS] 4YaCTOThI KosmeOaHH,
T. €. JJISI TOro, YTOGE! 3JIEKTPOHBI B MPOBOAHUKE Yalle MEHSIH
HaNpaB/IeHHE CBOEro IBMIKEHHS, HYIKHO 3aTPaTHTb 3a TO IKe
BpeMsi Oouibiie paborel. CrefjoBaTeNbHO, C BO3paCTaHHEM 4Ya-
CTOTHl 3JIEKTPOMArHUTHBIX KOJNEOAHHII pacTeT M MOIIHOCTb
H3JIyUeHHsl, KaK B CJydae, KOrja KoueOsercss COBOKYIHOCTb
3apsioB, TaK U NpH KoJiebaHUsX OTAENbHOrO 3apsifia — 3Jex-
TPOHA.

Hapsiny ¢ uacroro#l koneGauuii, KOTOPYIO Mbl 0O03HAUUM V,
UCIIOJIb3YeTCS BEJIMYMHA, HashiBaeMasi JJIMHON BOJHBI U 000-
3Hayaemast A. JITMHA BOJIHBEI CBsi3aHa C 4YacTOTOH MHpPOCTBIM
COOTHOIIEHHEM:

Ao (4)

N

Cumbicst cooTHoureHus1 (4) oueBnfeH. JleHCTBHTENBHO, 32 OIHY
CeKyHJIY BOJIHA MPOXOAUT PACCTOSIHUE, PABHOE ¢, U Ha OTpPe3Ke
TAKON MJIMHBI JOJIKHBI YMECTHTLCS BCE HCHYINEHHBIE 32 3TO
BpeMs BOJIHBI. UHC/JI0 BOJMH PaBHO Vv, TO3TOMY pACCTOSIHHE
MEeXAYy COOTBETCTBYIOIIHMH TOYKaMH JBYX COCEJHHUX BOJIH,

c
CKaxeM, MexXIy HX rpebusaMu, 6yner ol

JlnuHa BOJMHBL 3JEKTPOMAHHTHOI'O H3JYUYEHHS] OIpese-
JISIeTCST XapaKTepOM HCTOUHMKA KoJebanuii. B OTHOImEeHHH
ee BeJUUYMHBl HET Or'paHHYEHHH, T. €. MOKET CYILEeCTBOBATb
usaydenne ¢ go00d pauHON BoJsubl. CBOHCTBA H3JIy4YeHHUSs
3aBUCAT OT A. [losToMy passuyarT TOT HJIM HHOH BHJ 3JEKT-
pPOMAarHUTHOrO H3JYUEHHs] B 3aBHCHMOCTM OT TOrO, KaKoBa
obsacth JJIMH BOJH (OMalasoH), COOTBETCTBYIONIMX JAHHOMY
Buny. Tak, U3/ayuyeHye ¢ AJHHAMH BOJH OT HECKONbKHX ThICSIY
METPOB JI0 HECKOJIbKHUX MHJJIHMETPOB OTHOCST K paJHOH3JY-
yenuio. B pajuofnamnasose B CBOIO ouepeldb BbiLeNsOTCs obsa-
CTH JJIMHHBIX, CPEIHUX, KOPOTKHX, METPOBBIX, CAHTHMETPOBBIX
1 MHJJIAMETPOBBIX BOJIH.

Usnyuennto, BUAMMOMY TIJ1a30M, COOTBETCTBYET JOBOJBHO
y3Kas 06jacTh IIKaAbl JIHH BOaH OT A = 4 . 10 5 cm 1o
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A=17.-10-5 cm, HaspiBaeMas ONTHYECKHUM [MaraszoHOM
Ele cpaBHHMTENbHO HEAAaBHO, JIET TPHAUATL-COPOK Hasal, NpU
HCCIeflOBAHUH HEGECHBIX TeJl MPHXOJUJIOCH OrpaHHYHBATHCA
UX M3JIyUeHHeM JHUIb B 3TOM yuacTke wkajibl. Ilpy A = 4 X
X 10—®% ¢m usnydyenme BOCIPHHHMAETCA Kak uMerolee Quose-
TOBBIA 1BET, a npu A =6,56—7 - 10 =5 cm — KpacHeift. Jdau-
HBl BosIH Gosbumie 7 - 10 —5cm COOTBETCTBYIOT TaK HasLlBae-
MoMy HH(ppakpacHoMy HaJydeHuto. VIH(ppaxpacHBIH JHanasoH
CMBIKaeTCqd C JHMAana3OHOM MHJIJIMMETPOBLIX BOJIH.
Paspenenne 1uxanpl AJHH BOJIH Ha JAHANa30Hbl YCJIOBHO
U BbI3BAHO TJIaBHLIM 00pa3oM TeM, YTO CYLIECTBYIOLHE IIPH-
eMHHMKH MOTYT PErHCTPHpPOBaTh H3JyYeHHe JIMLUIb B KaKoOM-
au6o onHoN ofsnacté AJMMH BOMH. Tak, Hampumep, pajHOIpH-
eMHHKH COBEpIIEHHO HEUYBCTBHUTEJNbHBI K H3JYYEHHIO OITH-
YecKoro JuanasoHa, a rIJa3 He BOCIPHHHMAET pPaAHOBOJIH.

Onmuveerud
dvanason

] f—

Huppa -

HPQCHBIU
Uanasor
1 L

Jfammo - Penmeen Padvoduanasor

-u3ny YEHUE  U3JTYYEHUE

.

/j-" /f"" we welw w? o wtow A bom

Ynempaguonemoboe
uIyYEnuE

Puc. 5. Ulxkana painud BOJAH 3JeKTPOMArHHTHOrO H3Jy4eHHS.

Kpome TOro, cmoco6HOCTb MPOHHKATh CKBO3b 3E€MHYIO aTMO-
chepy Taxkxke HEOAMHAKOBA AJISI M3JYUYEHHs] PasJUYHBIX ATHH
BOMH. ATOMBI M MOJIEKYJIBI, COCTaBJsiomue artmocdepy, pac
CEeHBAIOT M IOIJVIOUIAIOT SHEPrHI0 3JEKTDOMArHHTHBIX KOJIe-
6aHuil, HO NMO-PasHOMY, B 3aBHCHMOCTH OT YaCTOTHI KoJIeOaH M.
Hampumep, OmNTHYecKOe H3JYYeHHE CHJIBHO pAacCeHBAeTCs B
oGJakax, HO MaJjoO pacCeUBAeTCs MPH HUX OTCYTCTBHH, a H3JY-
yeHHe B MHJIJIUMETPOBOM JHAalla30HE IOTJIOUIAEeTCsI MOJEeKY-
JaMH BOJAbI, HaXOAsALIMMHCA B aTMocdepe, ropasio CHJIbHee,
M 3TO MOIJVIOLIEHHE CYIIECTBEHHO Jax€ IPH OTCYTCTBHH 00ia-
KoB. [lJIsT METpPOBEIX M CAHTHUMETPOBBLIX PAaJHOBOJIH 3€MHas
aTMoc(hepa CpaBHHTeJBHO mpospauHa. Mamyuenne xe ¢ Golb-
(IUMU JJIMHAMH BOJIH IOIJIOIIAETCSI U OTPaxKaeTCsi BHEIIHHUMH
cnoamu atmocdepsl. O mpHYMHAX 3TOrO SIBICHHSA oApOGHO
rooputcs Hike (§ 5).
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Taxum o6pasom, ykasaHue Ha AUanasOH IJIHH BOJH M3JY-
YEHUS OMpEJENseT XapaKrep IIPHEMHHUKA H3JIYUCHHS H JOCTYII-
HOCTb 3TOTO H3JIyYeHHsl AJisi HaOJMIOASHHII CKBO3b aTMOChepy .
Huxuue cinoun atMochepr! 3eMJIH COBEPLIEHHO HEIPO3payHbI,
B UYaCTHOCTH, IJIl H3JYyUYeHHs! C AJHHAMH BOJH, JEXKAIUMH
B uHTepBajse oT 3 - 10 ~%cm po 10 ~%cm. Habmonenue wusiy-
yeHHs HeOECHBIX TeJ B 3TOM Auana3oHe (yJabTpadHoJeTOBOE
W3JyYeHHe) BO3MOXKHO TOJNBKO NpPH YCJIOBHM BbIBOAa npubopa
W3 HHXKHHX CJIOEB aTMOC(Ephl ¥ OCYLIECTBASETCS IIyTEM yCTa-
HOBKH COOTBETCTBYIOIIMX IIpUGOPOB Ha KOCMHYECKHX pake-
TaX U HCKYCCTBEHHBIX CIyTHHKaX 3emau. Ho jgaxe B Taxux
ycnoBusx B obmacta ot A=9 .10 —%cm no 10 —6 cm nocrynuo
HaOMIONEeHHIO MU H3aydeHHe CoOJIHIIA M TeNT COJNHEUHOH
cucTeMbl. V3nyyeHue 3Be3f B 3TOM INPOMEXKYTKE AJIHH BOJH
o 3eMIu He JOXOIHT, IOTOMY YTO pa3peKeHHBIH ras, 3arnoJ-
HSIOMIME MeXK3Be3JHOe MpPOCTPAHCTBO, /ISl HEr0 HEmpo3padeH.

UacTb IIKaJbl IJHH BOJH, COOTBETCTBYIOIIAS 3HAYCHUSM A
ot 10 ~6cm 10 10 —8 cm, HaspIBaeTcsl 06JACTHIO PEHTTEHOBCKOTO
H3JIyuyeHHs, a H3JyueHHe Oojlee KOPOTKHX BOJH HAa3BIBAIOT
raMMa-jydaMu. OTH BHABl H3JIYUEHHsI HE MPOXOAST CKBO3b
TOJILLY 3eMHOH aTMocepbl M KX, KaK H yJAbTpadHONETOBOE
U3JyyeHHe, TpHXOAHUTCH HabmoaTb, BLIHOCS amnaparypy
3a ee Ipelesbl.

[lpepcraBieHne O TOM, YTO 3JIEKTPOMACHHTHOE H3JYyYeHHe
HMeeT BOJHOBYIO NPHPOALY, MOATBEPIKAAETCS PSAOM OIBITOB.
OnHako 3TOMYy IIpPENCTaBJIEHHIO, Kas3ajoch Obl, IPOTHBOpeYaT
apyrue (akTel, yKa3bBAOIIHE, YTO B PsILE CAyYaeB H3JAyUeHHe
BezieT ce6si KaK MOTOX yactuil. Ha camoM Aene, HUKaKOro mpo-
THBODEUHSI HeT, a YyKa3aHHOe OOCTOSATENbCTBO OOBSICHSETCS
CJIOKHOCTBIO SIBJIEHHS. DJIEKTPOMArHUTHOE HM3JYUEHHE HEJb3 s
TIOJIHOCTBIO OMHCaTh, COMOCTABISISl €ro JHUIbL C OLHOH H3 ABYX
BO3MOXKHBIX (hOpM TepeHoca HeprHH — YacTHUAMH HJIH BOJ-
haMH. B HeM MpOsIBASIOTCS M CBOWCTBAa YacTHIl, H CBOHCTBA
BOJH. Mbl He HMeeM BO3MOXHOCTH 3J€Ch OCTAHABJIMUBATHCSI
Ha OOCYKIEHWH 3TOTO MHTEPECHEHIero BOIpOCa, TaK Kak
yuuig Obl JaJeKO OT TeMbl KHHTH.

B panbrefimmem Mbl yacto OyneM MOJb30BaThbCs IIPEACTaB-
JeHueM 00 H3JIYUEHHH, KaK O IIOTOKE YaCTHUI[. DTHU YaCTHUILEI
HaspBAIOT KBaHTAMM HU3JydeHuss uaAd (oroHamu. DOTOHBI
JIETST BCerJa CO CKOPOCTbIO ¢ M HPHM 3TOM KaXKAbll H3 HHUX
obnagaer sHeprueil Av, rje A — Tak Ha3blBaeMasl MOCTOSHHAS
[Tnauka, paBuasi B cucreme enuuun CGSE 6,62 10 —27 gpe- cex.
[Mpu paHHOM TIOTOKE B3HEPrHMM UHMCJO KBAHTOB B HeM
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TeM MeHbllUe, ueM BB YACTOTa H3JyueHus. [losTomy CBOMI-
CTBA H3JIyUeHHs, KAaK IIOTOKA YaCTHL, CHJIbHEE MPOSIBJISIOTCS
Np¥ MalblX JJHHAX BoMH. Manayuennme B pagmonmanasone
B OOJIbIIMHCTBE CJIy4yaeB YAOOHee MPEACTABMSATb KAK BOJHBL.
YabptpadHoseToBoe, PEHTIEHOBCKOE M, TeM GoJiee, ramma-
H3JIyyeHHe IIPOSIBJISIOT ce6s1 B OCHOBHOM KaK YacTHIbI. ITO
UrpaeT CYLIECTBEHHYIO pOJb B YCTPOHCTBE IPHEMHHKOB MJISI
H3JY4eHHS] TOrO WJIM HHOrO BHJAA.

XoTa B Hacrosiiiee BpeMsi TeXHHKa HaOJ/IIOJeHI« yJabTpa-
(bHOMETOBOrO M pPEHTreHOBCKOrO H3JYyYeHHH OBICTjO pas3BH-
Baercs, MOYTH BCS MMelomasicss HMHGoOpManusi O HeGeCHHIX
TeJaX M B3pHIBAX HA HUX INOJyYeHA U3 HAGMIONEHUH OonTHye-
CKOro M panuoussnyueHusi *). Huxe Mbl OyeMm roBOpPUTh IJ1aB-
HbIM 00pasoM 00 3THX BHAAX H3JIYUYEHHS.

B KauecTBe NpPHEMHHKOB, PETHCTPUPYIOIIMX ONTHYECKOE
M3JIy4eHHe, NOMHMO TIJ1a3a CJaIy:KaT (OTONNIACTHHKH K ¢oTo-
aJieMeHThl. HenocTaTkoM QOTOMIACTHHOK KaK MPHEMHHKA H3JTY-
UYEHHS SIBJSETCSI UX MaJbfl «KO3(DhHLUHUEHT OJNEe3HOro JeHcT-
BUs». K3 ThiCSYM momaBHIMX Ha MJIACTHHKY (DOTOHOB TOJNBKO
OJlMH-/IBa PETHCTPUPYIOTCS €lo, OcTaBJasis cjiel. [opasno Goiee
3(p(heKTUBHBIM HPHEMHHKOM OKas3biBaeTcsl (POTO3JIEMEHT, Ipe-
00pasyIomui SHEPryui0 U3JYUYeHHUs] B SHEPTHIO JBIKEHHUS dJIeK-
TPOHOB. Y COBpeMEHHBIX MPHUOOPOB TOTO THIA, MPHUMEHSIEMBIX
I/l M3YyueHHs] HeOeCHBIX TeJs, KO3(DpHUIHEHT HCIIONIb30BAHHUS
CBETOBOIO TMOTOKA BBICOK — M3 KaXKABIX JeCATH (OTOHOB,
NONAaBIIUX R npuOOp, pPErucTpUPYeTCs OXUH-IBA.

YesnoBeuecku# ryas, sIBJSIONIMACS OYeHb YYBCTBUTEJIbHBIM
NPHEMHUKOM H3JIyYeHHsl, Kak IpuUOOp uMeeT OosbLIOH Heno-
CTaTOK: Pe3yJsbTaThl HAOGMOAEHHUH CMabblX MOTOKOB H3JydYeHHSs
Hesb3st OBICTPO M aBTOMATHYeCKH 3adukcHpoBaTh. [loatomy
cefiyac HaO/IOEHHUS] HEMNOCPELCTBEHHO TIJIa30M INPOH3BOASTCS
penko. CyuecTByIOT, IOMUMO YKa3aHHBIX, U [PYTHe IPHEMHHUKH
ONTHYECKOTO H3JYYeHHsI, O KOTODPBIX 3IeCh Mbl PacCKasblBaTh
He OynaeM.

Jnsi Toro 4yToObl YBEJIHYUTb KOJUYECTBO 3SHEPTUU H3JY-
YeHHsI, NOCTYyHAWIEe# B NPHEMHUK, NOPUMEHSIOT TeJNEeCKOIBL.
Teneckon-peduiekTop HMeeT mnapaboJjHyecKoe 3epKajo, obia-
Jaroliee CrocoOHOCTbIO COOMpaTh B OXHOHM TOuKe — (oKyce —
Bce Iajawinipe Ha Hero Jayus. KomuuecTBO cBera, cobupae-

*) HckaioyeHne B 5TOM oTHOLIeHHH npexcrasisieT ColHue, yiabTpa-
¢GHOIETUBOE H PEHTTEHOBCKOE HM3JyYeHHS KOTOPOro B MOCJELHHE Tojbl
ycneuio Ha6JaIOAIOTCH CO CNYTHHKOB M Daker.
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MOr'0 TEJIECKOINOM, BO CTOJBKO pas 60JbIle  [OTNAJAOLIETO
HEMOCPEACTBEHHO B IJia3d, BO CKOJILKO IIJIOUIaAb 3€pKaJia IIpe-
BOCXOJHUT ILJIOIIALbL 3paydyka. ¥ camoro KPYIOHOro U3 COBpEMEH-
HBIX ONTHYECKHUX TEJECKOIIOB AHAMETDp 3€pKaJjia paseH 5 m.
ITnomanu 3€pKaJsia " 3paykKa OTHOCATCS KaK KBaApaThl HX

nuameTpoB. Tak xKak nuamerp 3pauka 0,5 cm, To 3epKaio 3TOro
(6002 __ 106

TeJecKona cobGHpaeT B 05T = 10® pa3 Gosbiue 3HEPTHH,

ueM rJIas.

[lpy HabmoOZeHHSX H3Jy4YeHHs] B pAJHOAMANA30HE JJIs1
YBeJHUEHUs] KOJHMYECTBA MPUHUMAEMOH 3SHEPrHH HCIIONB3YIOT
panuoreneckonsl. Manydenue coGupaercsi MeTalJHUecKoi aH-
TeHHOH — mnapabonuyeckoil Jubo miaockoli. Pasmeprl mapa-
OOJMYEeCKHX aHTEHH H3MepsIoTCsl JeCSITKaMH METpOB, a IJIO-
CKHUX — COTHSIMM MeTPOB. IIOCKOJBbKY 1O mJIOIAAH CcOGHparo-
med SHEprui0 TOBEPXHOCTH PAaiHOTEIeCKONbl BO MHOTO pas
IIPEBOCXOASAT OITHYECKHE, TO OHHM CIOCOOHBI OOHApYXKUBATh
OYeHb cJiabble HCTOUYHHUKHM H3JYy4eHUs], HEJOCTYNHbIE I[0Ka
s onTHyeckux HabmopeHu#i. CoOpaHHAasl aHTEHHOH SHeprus
panyuoussyueHus: mo Kabesro HampaBJsieTCs B NpPHEMHHK, TIe
CUTHA/Bl YCHJIMBAIOTCSI, MOLYJHUPYIOTCS M 3aTeM HIYT B 3alHd-
CBIBAIOILIEE HX YCTPOHUCTBO.

Kaxkass xe wuHbopMmanust H3BAeKaeTcss H3 HaOJIOJeHUN
9JIEKTPOMATrHUTHOrO H3nyuyeHusi? KoHeuHo, mnpexne Bcero
TaKAMH HaOJIOJEHUSIMH OIpeJessieTCs] MOJOXKEHHe HCTOYHHKA
U3JIyueHHs Ha HeOe, dopMa HCTOYHHMKA, a MPH HM3BECTHOM
PacCTOSTHHH O H3JY4Yalolero HeGeCHOro Teja TaKKe pasMephl
Tesa U oflee KOMUYECTBO M3/1y4aeMOl SHEPruu. DTUX CBeLeHHU
OOBIYHO HELOCTATOUHO JJIsi TOro, 4TOOBI ONpeneNuTh (QU3u-
YeCcKoe COCTOsIHHEe HeOecHOro Tena, W TeM GoJiee, AJISI BhIsIC-
HEHHUs TPHPOABI IMPOHUCIIENIIEr0 Ha HeM B3phiBa. Ilopasno
Bosiee OOWIMPHYIO HHGOpPMALHIO O (U3HUECKOM COCTOSTHHH
HeOECHBIX TeJ MOJYYaroT, HCCIefysl He ofiee, MM, KaK I'OBO-
pST, MHTErpalbHOE HX H3JYYeHHe, a U3JyuyeHHe B OTHEJbHBIX
Y3KUX TNPOMEXYTKAxX IJIUH BOJMH. [lJIs1 Jydmiero MmoOHUMaHHUS
METOJIOB TAKUX HCCJEeJOBaHUN TO3HAKOMHUMCS oApoGHee ¢ mpo-
neccami, 06yCJOBAHBAIOIIMMY H3JIyUeHHe Tesl. Tak Kak nojas-
Jstioiee GOMBIIMHCTBO HeOECHBIX Tesl COCTOMT M3 rasa, NpH-
YeM MMEIOIIEr0 BBLICOKYIO TeMIepaTypy, TO Mbl OpPaHHYHUMCSI
ONHCAHHEM TMPOUECCOB CBEUEHMS] HArpeTtoro rasa.

a3, xax U Bce Apyrue Tena, COCTOUT H3 aTOMOB, Ipel-
CTaBJSAIOIIMX COOON CHCTEMBI 3apsDKEHHBIX 4YacTHU. BOkpyr
fllpa aToMa, MMEIOLIEro IOJOXKUTENbHBIA 3apsl, ABHXKYTCH
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SJIEKTPOHBL, 3apaA KOTOPBHIX oTpuuarenes. Ecau 3apsal sapa
paBeH cyMMapHOMY 3apsly SJEKTPOHOB, TO aTOM HAas3bIBAIOT .
HEHTPANbHLIM, a B TOM CJIydyae, KOrjla 3TO YCJOBHE He BHIIOJ-
HsieTCs — HMOHOM. IlpocTefiniuM M3 BceX SBJISIeTCSl aTOM BOLO-
pona, obnanaiouiuil BCEro OAHHM 3JEKTPOHOM. SApo aroma
BOJIOpPO/ia Ha3LIBAETCs [IPOTOHOM. ¥ CJIELYIOMIEro 0 CJAOKHOCTH
atoMa — Trefust — s4po, BUETBEPO MPEBOCXOLSILIEE 10 Macce
AIpO aToMa BOAOPOAA, COCTOMT H3 JABYX INPOTOHOB H JABYX
YaCTHIl, HA3bIBAEMbIX HEHTPOHAMH, JIHIIEHHBIX 3apsifia U OYeHb
O/IM3KHX II0 CBOEl Macce K MPOTOHY. DJIEKTPOHOB B aTOME
rejqus Takxe IBa.

OHeprus ABHXKEHHS 3JIEKTPOHA B TOJIE siipa HE MOXKeT
ObITb ITPOM3BOJIBLHON. JIIs1 KaxKAOro aTtoma CYILECTBYeT HEKO-
TOpbI HA0OP (COBOKYNHOCTb) AOMYCTHMBIX 3HAUEHHU SHEPrHU
3JIEKTPOHA — 3JHEPreTHYeCKHX COCTOstHHA atoma. O mpHYHHAX,
BbI3LIBAIOILHX 3Ty OCOOEHHOCTb CTPOEHHS aTOMOB, PaccKa3aTh
3JleCb He IPEACTABSAETCS BO3MOMXKHEIM, TaK KaK COOTBETCTBYIO-
mas TeopHus CJAHIIKOM ciaoxHa. OTMETHM TOJbKO, YTO YKa-
3aHHBIH (haKT TNOATBEP)KLEH OrPOMHBIM YHCJIOM (DH3HUYECKHX
IKCIIEPHUMEHTOB.

Sopo aroma M 3JIEKTPOH B3aUMHOr NPUTATHBAIOTCS KakK
YyacTUubl, O0O6Majarolmue IPOTHBONOIOXKHBIME 3apsiiaMH. Ora
CHJla TIPUTSIXKEHHS YPAaBHOBEIHBAETCS JPYTroHM CHJOH, BO3HH-
Kalolled BCAENCTBHE NBMMKEHHSI 3JEKTPOHA BOKpYr sifpa *).
YroObl yAAIHTb 3JMEKTPOH OT SIApa, [EPEBeCTH ero Ha OpOuTY
GOJIBbIIEr0 pajuyca, HYKHO COBEepIHTb paGOTy MpPOTHB CHJIBI
3JIEKTPOCTATHYECKOrO B3aUMOAEHCTBHSI ero ¢ sjgpoM. Eciau
e, HaobOpOT, 3JeKTPOH NpHOJIH3HTCH K sIpy, TO B aToMe
ocBOGOUTCS HeKoTOpasi 3Heprusi. BeJeNcTBHE YKasaHHOU
BBIIIE OCOGEHHOCTH CTPOEHHS aTOMa — JONYCTHMOCTH TOJbKO
HEKOTOPBHIX OINpeleJeHHBIX 3HAueHHMH SHEprud 3JeKTPOHa,
aTOM MOXKET IIOIJIOIIATh M OTHABaTb SHEPTUI0 TOJbKO OTAENb-
HbIMH MOPIIUSIMH, COOTBETCTBYIOUIMMH PA3HOCTH SHEPTHH ABYX
JONYCTHMBIX JJIsI HErO COCTOsIHME. HJacTo roBopsT HE O COCTOSI-
HMH, a 00 3SHepreTHYECKOM YDOBHE 3JeKTpoHa. Kaxiomy
COCTOSIHHIO aTOMa COOTBETCTBYET HEKOTOpOe OIpelesIeHHOe
3HAUEHME SHEPrHU 3JIEKTPOHA M Hepexoj aToMa H3 OJHOro
COCTOSIHHSI B ADYroe MpeacTaB/iseT co60il HM3MEHEHHE 3Hep-
reTHYECKOr0 YPOBHS 3JIEKTPOHA.

*) Taxoe mpeacTaBneHne o xapaxTepe CHJ, AeHCTBYIOLIMX B aToMe,
SBJSETCH BecbMa HETOYHLIM, HO JJIsi KaueCTBEHHOTO OOBACHEIHs Mpo-
IIECCOB CBEYEHHsI Taza OHO JOCTATOYHO. '
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B arome, He HCHIBITHLIBAIOLIEM BHEIIHHX BO3JEHCTBHH, SJEKT”
POH IBIKETCS II0 TOH M3 BO3MOXKHEIX OPOHT, KOTOpas SIBJIsIETCS
6nmxaiineil K sApy. JTO COCTOSIHME aToOMa, B KOTODOM OH
o6J1aaeT HAaUMEHbIIeH SHeprHeil, HasbiBaeTCsi OCHOBHEIM. ATOM,
HAXONALIMHACS B OCHOBHOM COCTOSIHHH, HE CHOCOGEH H3JyuHThb
SHEPTHIO — Bellb HET TaKUX OoJiee HU3KHUX IHEPreTHUYECKHUX
ypOBHell, Ha KOTOpLIE MOr Obl HMEpeHTH 3JeKTPOH. 3aMeTHM,

(Jobodho -clobodyere
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Puc. 6. Atom Bozmopoxa u ero sHepreTnyeckue ypoBHH. CieBa: kxpyro-
Bble OpOUTHl dJIEKTPOHA (BHHM3Y JaH MacliTal), cnpaBa: cxema 3Hepre-
THYECKHX YPOBHEH ¢ 0603HayeHHEM Pas3HUYHBIX NEPEeXONOB JEKTPOHA.
3awTpuxoBaHHas 06J1aCTh COOTBETCTBYEeT CBOGONHOMY 3JEKTPOHY
(runep6onuyeckue op6urel). CiaeBa yxasaHa 3SHEPTHs COCTOSHHH B
snexTponBoabTax (1 96 = 1,60 - 10712 spe), oTcuuTHIBa@Mast OT OCHOB-
HOTO COCTOSIHHSI, SHEPrHsi KCTOPOro NMpHHATA PaBHOM HYJIIO.

YTO B COOTBETCTBHUH CO CKA3aHHLIM HaMH paHee 3JIEKTPOH A0J-
KeH OBl OBl H3JYUaTh U B 3TOM COCTOSIHHH, MMOCKOJbKY BCSKHH
3apsif, ABUTasicb He IpsAMOJHHeNHOo, u3ayyaeT. Ho B Mmacmra-
6ax aToMa, KaK rOBOPSIT, B MUKPOMUpE, IIPOUCXOJUT HapYIIEHHE
3aKOHOB, YCTaHOBJEHHBIX IIPU OMBITaX C 3/JAEKTPOMArHHTHBIM
MOJIEM M BbIBEIEHHBIX TEOPETHUYECKH JJIsi Tes OOJbLIIHX Mac-
mTaGoB — MakKpoMupa. B MHKpOMHpe CYILECTBYIOT OCOOHIE
3aKOHBI, H3YUaeMble B CIelHanbHON 00/acTH (hDU3HKH, KOTOpast
HasbIBaeTCsl KBAHTOBOH MeXaHUKOH.
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HacTuip!, COCTaB/SIOLIME a3, NPHU CTOJKHOBEHHSIX OGMe-
HHBAIOTCS] KHHETHYECKOH 3SHeprueil. ITH CTOJKHOBEHHS He
Bceria ObIBAIOT NMOXOXHMH Ha yIapbl yIPyrux mapoB. B ToM
Clydae, KOrja aToM CTaJKHBaeTCs C YaCTHIEl, KMHEeTHYeCKas
9HEPrusi KOTOPO Oosbille DPa3HOCTH 3HEPrHil KaKOro-JH60
U3 JONYCTHUMBIX COCTOSIHHH aToMa M OCHOBHONO COCTOSIHHS,
aTOM MOXKeT IIepeHTH M3 OCHOBHOIO COCTOSIHHSI B Jpyroe.
Takoft nporecc HasbBarOT BO3GYxkAeHueM atoma. OH 3akioya-
eTcsl B [lepeXxofie 3JeKTpoHa Ha Gosiee BRICOKHI SHEpreTHUEeCKHUI
ypoBedb. B paccmarpuBaeMoM ciyuae BO30YXKIEHHe aroMa
[IPOHUCXOMHUT 3a CYeT TeIIOBOH SHeprHH rasa.

Atom ocraeTcst BO3GYKIEHHBIM, KaK IPaBHJIO, OYEHb MaJoe
BpeMs — MOpsjiKa CTOMHJIJIMOHHOH HOJMH CEKYHJBI, II0 HCTe-
YEeHHH KOTOPOrO OH BO3BpalIaeTCst B OCHOBHOE COCTOSIHHE JTHOO
cpasy, /MO0 dYepe3 MPOMEXKYTOYHbIE COCTOsIHHMsS. IlpH aTOM
aTOM HCIIyCKaeT 3JEKTPOMAarHUTHOe H3JydYeHHe — OIUH HJIH
HECKONMbKO (poToHOB. OOuiasi sHeprust (OTOHOB paBHA TOM
KHHETHUECKOH 3Hepruu, Kotopasi Oblla 3aTpauyeHa Ha BO3-
OyxeHue aTtomMa. TakuM 00pa3oM, B KOHEYHOM cCYeTe 4YacTb
TEIJIOBOM 3SHEPTHH rasa I[epelnia B 3HEPUHI0 H3JYYCHHS.

Ecnun KuHeTHyecKasi SHEpPrusi YACTHLBI, CTaJKHBAOLIEHCS
C aTOMOM, JOCTaTOYHO Be/JHMKa, TO 3JEKTPOH MOXKeT ObITb yJa-
JieH Ha OOMbIIOe pacCTOsiHHE OT sifipa, T. €. MOMPOCTY BBHIOHT
u3 aroma. Ilpu Takom mnpouecce, HasblBaeMOM HOHH3anMed
CTOJKHOBEHHEM, OOpasyioTcsi MOH H CBOOOIHBI!, He CBsI3aH-
HBIH ¢ aTOMOM 3/1eKTpoH. CBOGOJHBIE 3JIEKTPOHBl BXOAST B CO-
CTaB rasa M MOI'yT OOMEHHBATbCsl SHEpPTuell ¢ APYrMMH YacTH-
navu. Bo30yxaeHne W HOHHM3AIMsI aTOMa BO3MOXKHEI, BOOOIIE
roBOpsl, HPH CTONKHOBEHHH ero c¢ Jo00H yacTHuel, JIHIIb
Obl SHEpTHsT YaCTHIIBI Oblia A0CTaTOYHO Oousbimoii. Ho oco-
GeHHO 3(h(eKTHBHEIMH B 3TOM OTHOIIEHHH SIBJISIIOTCS 3JIEKTPOHBL.

B rase mpoucxomsiT u mpoueccel, oGpaTHBE TOJNbKO 4YTO
PacCMOTPEHHBIM, T. €. IepeXOf 3HeprHH H3JydeHHs B TeIJIo-
Bylo 3Hepruioo. Taxk ciydaeTcss, HampuUMep, KOrja aTtoM BCTpe-
yaeT (DOTOH, 3HEpTHsl KOTOporo GofblLie, YeM HYXKHAs IJs
MOHHU3alHH. Torja IPOHCXOLHT OTPHLIB 3JEKTPOHA OT aToMa,
NpHYeM CBOOOIHEBIN 3JIEKTPOH 3a cueT M3GbITKA HEprHH (oTo-
Ha cHaxeH HEKOTOpOH KHHETHUYeCKOHl 3Heprue#l, pacmpe-
Iensiomesicss 3ateM cpeiu Apyrux vactuu. Ilo-uHomy mpo-
HCXOIHT IIpeoOpa3oBaHHe 3HEpPTruH, KOTZa (OTOH He MOKeT
HOHHM30BaTh aTOM, a JHIb B036GyxnaeT ero. Ecau 3a To Bpe-
Msi, KOTODOE aTOM OCTaeTcsl BO3OY:KIEHHBIM, OH YCIEeT CTOJ-
KHYTbCsI C KAKOH-THO0 yacTHUEl, TO MOXeT nepeiaTh ed sHep-
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THIO, 3aTpaueHHylo Ha Bo3OyxaeHue. KuHeTHUecKasi SHEprus
YaCTHIbl YBEJHYHTCS, aTOM K€ NepeHleT B OCHOBHOE COCTOSI-
HUe 6e3 u3nydeHdsi. Tak Kak (OTOH B KOHEUHOM CUeTe HCYe-
3a€eT, TO TOBOPAT, YTO B 3TOM IIPOIECCE IPOU3OILIO HCTHHHOE
TOIJIOWIEHHE H3Jy4YeHHsl, T. €. €ro SHeprus mepeiwia B Tell-
JIOBYIO 3HEPrHIO rasa.

ATOMBI MOXHO 3aCTaBHTh H3/1y4aTh, JHIIb [PEIBAPHUTENBHO
cHabpuB ux suepruefi. [Tomumo uwactuy camoro rasa, Bo3Gyk-
J€HHe aTOMOB CIIOCOGHBI BHI3BIBATb YACTHI[bI, IONAJAOIHE
B ras H3BHe, €CJHM OHH 006/MajaioT IOCTATOYHON KHHETHUECKOMH

Puc. 7. CnekTp H3/1yuyeHHs BOAOpOjaA.

SHeprued, MM Najamliee Ha ras 3J€KTPOMAarHUTHOE H3Jy-
yeHHe — NMOTOK (GOTOHOB. Bo3OyiKIeHHBIE T€M WU HHBIM CIIO-
coO0M aTOMBI HCIYCKAIOT H3/Jy4eHHe He Jo00H AJIHHEI BOJHBI,
a JHIb Takhe (OTOHBI, 3HEPTrHs KOTOPHIX paBHA Pa3HOCTH
SHepruil aToMa B KaKHUX-MH60 JBYX COCTOSIHHSIX U3 JOMYCTH-
Moro Habopa HX

KonuyecTBo 3HEpruH, H31y4yaeMOl TEJIOM, 3aBHCHT OT JJIH-
HBl BOJIHBI M3JyUeHHS. DTy 3aBHCHMOCTb HA3bIBAIOT CIIEKTPOM
U3JTy4eHHs Tejla. B crekrpe H3syueHHs rasa, He COZTEpIKaIlero
HOHM30BAaHHBEIX aTOMOB, HM3JyuYe€HHe COCPeILOTOYEHO TOJNbKO
B Y3KHX IPOMEXYTKAX IUKa/dbl JJAHH BOJH. OTH NHUKH H3Jy-
YeHUs] Ha3bIBAIOT SMHCCHOHHBIMHM CHEKTPANbHBIMU JIHHHUSIMH.
BesnnuuHa COOTBETCTBYIOILErO NPOMEXKYTKA IIKAJIBI AJTHH BOJIH
HasblBaeTCs IUMPUHON JHMHMH. Kaxknasi JIMHHSI COOTBETCTBYET
Iepexofy MexAy [BYMs SHEPreTHYeCKHMH YDOBHSIMH 3JIEKT-
poHa B aTome, T. €. (JOTOH B 4aCTOTe 3TOH JIMHHH H3JyYaeTcsi
IIpU TEpexoje 3JEKTPOHAa C yPOBHs, Ha KOTOPOM OH obsaja-
er GoJibliell 3HepTHeH, Ha YpOBeHb C MeHbIIeH# 3Hepruei.
HlvpuHa nMUHHE XOTS M MaJja, HO BCe K€ OTJIMYHA OT HYJId,
TaK KaK 3HepTHsl aToMa B BO30YKIEHHOM COCTOSIHUH HE SIBJISI-
€TCSl CTPOro OmpefesIeHHOH. B cuay chnenHpUKH CTPOSHHS
MHKDOMMpA MOXKHO YTBED2KAaThb JIHIIb, YTO CYIIECTBYET HHTEP-
BaJl 3HaueHHUH, NpaBja, OYeHb Y3KHH, B KOTOPOM JIEKHUT U 3Ha-
YyeHHe 3TOM 3HeprUH — 3HepreTHYeCKUH YpoBeHb, KaK TOBO-
pAT, He De30K, a «pasMasam».

CniekTp H3/1yueHHsI rasa, COLEpPIKAIEro HOHbl U CBOOOLHLIE
3MeKTPOHbl (TaKOH ra3 HasbBAlOT IIa3MOH), OTJIHYAETCS
OT CIIeKTpa HEHWOHHM30BAHHOIrO rasa. DJIEKTPOHB! IJ1a3Mbl, COe-

27



NHHSACH C HOHAMH, 06pa3yloT HEHTpalbHbE ATOMbI,— MPO-
HCXOJMT, KaK rOBOpST, peKOMOHHanus atomoB. [TonHasi sHEp-
rust aToma, o6pasoBaBLIErocsl M3 CBOGOLHOIO 3JIEKTPOHA H HO-
Ha, MEHbIIE, YeM OHA OblIa y 3THX YACTHIL JO HX COENHHEHHS:
Belb AJS TOro, 4ToObl rpeoGpa3oBaTh aTOM B [BE OTAEJIbHBIE
YacTHIBl, HALO 3aTpaTHTb 3SHepruio. Manaumexk sHepruum npu
pPeKOMOMHAIMH YXOLUT M3 CHCTEMbl 3JEKTPOH — HOH B hopme
u3aydyeHusi. MoHamu MOryT 3aXBaThIBATBCSI SJEKTPOHBI C JIO-
O0ii KHHETHUYEeCKOH sHepruell u, 3HAUWT, YXONSIIMH H3JIHIIEK
9HEprHH B pasHBIX Caydasx pasjudyeH. [losTomy mpu pexom-
OuHauusx miaasMa GyfeT usJaydyatb (OTOHbI HE B OTAEJbIIbIX
4acToTax, a B IIMPOKOM HHTepBaje dactoT. O TaKOM H3Jyue-
HHUH TOBOPAT, UTO CNIEKTP €ro HelpephIBHLIA.

HenpepriBHEIM crexTpoM 00/1aaeT TaKKe H3JIydeHHE
IJ1a3Mbl, BO3HHMKAIOIEe NpH CBOOOLHO-CBOOOJHBIX NEPEXOAAX.
Msmenenue sHepruu sJeKTpOHA NPH TAKOM IEpexoje 3aBHCHT
OT YCJIOBHH CTOJIKHOBEHHS ¢ nportonamd. [lostomy mpu pas-
JIMYHBIX CTOJIKHOBEHHAX M3JYydaroTcs (OTOHBI pasHON 3HEp-
FMH, UTO M CO3JaeT CIVIONIHOA CHEeKTp.

IloMHMO yKasaHHBIX NpOLECCOB, 00pasoBaHME CIJIOLIHOIO
CTeKTpa H3JydeHHs B Tesax OOJbIIOH, JIOTHOCTH, Kak TBep-
JOBIX, TaK M ra3oo0pasHbIX, BbI3BIBAETCS CHJBHBIMH B3aHMO-
OEHCTBHUAMH MEXAY aToMaMH. DTH B3aHMOJEHCTBHS MPHBO-
AT K CMELIEHHIO HEpPreTHYeCKHX COCTOSTHUH aTOMOB M Iepe-
KPBITHIO CIEKTpaJbHBIX JHHHH.

Ecnu mexny Tenom, H3JTyyeHHe KOTOPOrO HMEeT Herpe-
PBIBHBIM CIEKTpP, W HabmojaresieM HAXOMUTCS Pa3perKEHHbIH
ras, TO BHJ CIEKTpa YyCJOxHfETCs. DTO TeJ0 Hcrmyckaet dho-
TOHBI C /M0G0 YacTOTOMH, HO AaTOMBI rasa MOTYT BO30YXKAaThCs
TOJIbKO TEMH H3 HHX, YacTOTBEl KOTOPbIX COOTBETCTBYIOT KAKOfi-
au00 CreKTpanbHOM JHHHH. JIMUIL B 3TOM CJydae 3HEpPrHUs
¢dotoHa mpeBpamaeTcs B SHEPrHI0 BO30yxkIeHHs aToma. Ilpu
o0paTHOM Iiepexone BO30YXKAEHHONO aToMa B HCXOIHOE CO-
CTOsIHHME TaKOH ke (oTOH OyIeT H3JIyyeH aTOMOM, HO Hanpas-
JIEHHe, B KOTOPOM OH IOJIETHT, MOXET ObITh JIOOBIM H OYEeHb
MaJio BEepOsTHO, YTOOBl OHO COBHANO C TNE€PBOHAYANbHBIM
Hanpasnenuem®). ITostomy, Kak mpaBuio, (GOTOH, JIETEBLIHIA

*) Ilpu 6onblioM xomuyecTse (GOTOHOB B UACTOTE AAHHON JHHUH
OHHM MOTYT OKa3aTh Takoe [eHCTRHE Ha BO3OYKUEHHbIH aTOM, UTO H3Jy-
yaeMmblil OTOH MOJIETHT B TOM JKe HalPaBJAEeHIH, B KAKOM JeTea dorol,
BO3GYAMBILMH aTOM (Tak Ha3biBAaEMOE BLIHYKIEHHOE H3ayuenue). Ilpwu
u3yueHHd HeGECHLIX Tesl B psijie CAydyaes, HanpiMep AJs paguoAnana-
30Ha, 3TOT 30hdexT Ba)KeH.
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B CropoHy HalJiofaressi, B pe3yJbTaTe OMHCAHHOIO TIIPO-
mecca (Ha3bIBaEMOI'O pAaCCesTHHEM CBeTa) He JOHIeT K0 Haburo-
JlaTess.

CymiecTByeT u JApyras BO3MOXKHOCTb — B0O30YyxKJEHHBIH
aToM MepeHdNeT B HCXOLHOE COCTOSiHHE He Cpasy, a MOCJeNo-
BaTeJbHO, IIPOXOAS yepe3 APYTHe COCTOSIHHS. DJIEKTPOH KIPHI-
raet» Ha HUXHHE JHEpPreTHUeCKHE YPOBHH 10 TeX IIOp, NOKa
He BepHeTCst Ha HCXOAHBIE. B 3TOM ciyuae (pOTOH, BhI3BaBIUHH
BO30y:KIEHHE aroMa, HCYe3aeT, a BMECTO Hero HCIyCcKaercs
HECKOJbKO (POTOHOB MEHblIell 3HEepTHH.

Haxonen, B030y:xIEHHBIH aTOM, CTOMNKHYBUIHCh C KaKOH-
aub0 yacTuuell, MOXKeT HepenaTh eil SHeprui0 BO3OYKICHHS.
Torga ¢oTOH TakXKe HCUE3HET, €ro JHEprusi MNpPEeBpATHUTCSH
B TEIVIOBYIO 3Hepruio rasa. Bce mepeuucieHHbe HPOLECCHI

I

Puc. 8. CrnexTp ¢ JHHMAMH lioryolwenust (yactb crnextpa Connua).

YMEHBIIAIOT YHCJAO0 JOXOAfAMX [0 Habmojarens ¢HOTOHOB
B yaCTOTe JAHHOH JIMHHH, IO CPABHEHHIO C KOJHYECTBOM TeX,
Yy KOTOPBIX YacTOTa He COOTBETCTBYeT JIMHHH. Takue (OTOHBI,
eCcny Jaxe M HCYe3aloT, HalpHUMep, NPH HOHHU3AUUM HMU aTo-
MOB, TO B ropasno MeHblue#l cremeHud. CrnocoGHOCTb aToma
3aXBaThlBaThb HOHHU3YIOIUH (OTOH HECpaBHEHHO cjabee, uem
crnoco6HOCTh K BO30Y:kAeHuI0. Ha gecTKM THICAY HCUE3HYB-
X (TMOIVIOIIEHHEIX) (DOTOHOB C YAaCTOTOH JIMHHM IPUXOILHUTCS
OfLMH TIOTJIOLIEHHBIY (JOTOH HEMPEDPLIBHOTO H3JyUeHHs C 6u3-
ko#l yacroTtoil. [loaTomy Ha mouTH HeocnabNEHHOM SAPKOM (oHe
HENpPEPHIBHOrO H3JIyyeHHs B MECTe, COOTBETCTBYIOLIEM CIIEKT-
pasbHOH JiuHMH, OyZeT HaOMo4aThbCs y3Kasi TEMHAs IOJIOCKA.
Taxue moOMOCKH HA3LIBAIOTCS CHEKTPAJBHBIMU JHHHUSIMH IOIJIO-
WEeHHsT U SBJASIOTCS BaXKHeHme#l O0co6eHHOCTBIO CIEKTPOB
u3aydenusi 3Be3n. B cmextpe ConuHua ouu Oblin  OoGHapy-
KeHbl eme B Hawyage XIX B. u HasBaHbl (paynrogepo-
BBIMH JIHHHSMH (7O HMEHH BIEpBLIE HCC/IELOBABLIETO HX
YYEHOrO).

B3aumozedicTBue H3JNyueHHS C BelECTBOM MNOJIXKHO BHI3bl-
BaTh, KaK MBI BHIUM, psJ ocoGeHHocTell y Hab/0faeMbIX
cnexTpoB HeGecHelX Tesq. OHH-TO W JAIOT BO3MOXKHOCTH OIIpe-
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JenaTb U3 HabMIOAEHHUH CreKTpoB (PM3M4YeCKHe CBOMCTBA 3THX
Tesq. OOBLIMHO 1J1s1 [OJNYYEHHsI CIEKTPA JIYUH H3 TeJeCKoIa,
BOCIPMHHMAIONIErO TOJAbKO 0Olee H3JyuyeHHe 3Be3fbl, Hampas-
JISIIOT B NIpHOOp, HasbiBaeMblll crekTporpadom. B mpocteiimem
U IIHPOKO yNoTpebssientoM B aCTPOHOMMH IPHU3MEHHOM CIEKT-
porpage HCIONb3yeTCsl CBOMCTBO IPHU3MbI IIPEJOMJSATh JYUH
pasUYHBIX AJIMH BOJH B pasHoil cremeHu. CoOpaHHOe TeJe-
CKOIIOM H3JlyuyeHHe HeOeCHOro TeJsa, IpejcTasJjsiouiee cob6oH
CMech H3Jy4YeHHH pasAMYHBIX JJIMH BOJH, Y3KUM IIYYKOM
najgaer Ha npusmy. Ha doronnacTuHke, NOCTaBJEHHOH 3a
NPU3MOH, BCJEJCTBHE HEOAHHAKOBOTO IIpeNOMJIEHHS Jydell,
COCTaBJ/ISIIOLIMX NYYOK, MoJydaetcst mosocka®). Kaxpo# navxe
BOJIHBl B IIOJOCKE COOTBETCTBYeT OIpeleJeHHOe MEeCTO H 3TO
JlaeT BO3MOKHOCTb MCCJEJ0BaTh H3Jy4eHHe C TOH MM Apyro#
JMUHON BoOJHEI. HabsoneHus H3jJyuyeHHs B NOBOJNbHO Y3KHX
yyacTKaX LIKaJbl AJHH BOJH IIPOBOASITCS TaKiKe U 0€3 CIeKT-
porpadoB, Npd MOMOLMU (UABTPOB, KOTOpPbIE MPOMYCKAIOT
CBeT TOJBKO C HEKOTOPBIMH ONpe/ieIeHHbIMH 3HaueHUsIMH
JJIMHB BOJHBI, @ OCTaJbHOE H3JyyeHHE 3aJep:KUBAIOT.

[To HabionaeMOMYy CIIEKTPY ONpeLeNsieTCs SHeprusi, U3Jfy-
yaemasi TEJIOM B Da3iMYHBIX JJIMHAX BOJMH. Ha ocHOBe aTHX
JAHHBIX, OCOGEHHO OTHOCSIIMXCS K CIEKTPaNbHBLIM JIHHHSM,
HaXOAAT TeMmIlepaTypy H3Jydalollero rasa, JaBjeHHE B HeM
H ero XHMHYeCKHH cCOCTaB.

Ormpezienenre XUMHYECKOIO COCTaBa OCHOBAHO Ha TOM, 4TO
aToOMy KaxIOro M3 3JIEMEHTOB, KaK H KaKIAOMY HOHY, COOT-
BeTCTBYeT CBOS CHCTeMa CIEKTpPaNbHBIX JHHHH, CBs3aHHas
¢ HabopOM 3HepreTHYECKUX YpOBHe# JaHHOro aroMa. CrekTpul
aTOMOB PAa3/JHYHBIX 3JIEMEHTOB M HOHOB TIIATeNbHO HCCJIENO-
BaHBl B J1a00paTOpHUSIX M pacCUMTaHbl TeopeTHUYecKH. Buaro-
Japst 3TOMy MOXKHO, Habuofast B CIeKTpe H3JydeHHs HEeKO-
TOpPYI0 MOCJAELOBAaTeNbHOCTb CIEKTPAJbHBIX JHMHHH, YCTaHO-
BUTb, KAKOMY 3JIeMEHTY OHM IpHHaJjexaT. TeM caMblM ycTa-
HaB/JAMBAeTCs] NMPHCYTCTBHE JAHHOrO 3JIeMEHTa B H3JYyYarolleM
Tesne. B crmexTpax HeOecHBIX Tesl OObIYHO HabJojaeTcst OYeHb
MHOTO JIMHH# U pasobpaTbcsi B TOM, KakKHe U3 HHUX IpHHaLJIe-
KAT TOMY HJIH HHOMY 3JIEMEHTY, OblBaeT OYeHb TPYJHO, TeEM
Bosiee, 4TO JajJeKO He BCe JHHHU NAHHOTO 3JEeMeHTa Haxo-
JATCS B ONTHYECKOM JHara3oHe.

*) Muoria npu3Ma CTaBHTCS Ha NyTH Jyueli, BXOISUIMX B Teje-
cxon. [losyyaemble STHM MyTeM CNEKTPbl HEJ0CTATOYHO MPHTOAHBI A1
IeTaNbHBIX HCCIENOBaHHUI.
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Ilocne Toro xak omnpelesieH KaueCTBEHHBIH COCTAB H3JY-
qalollero Tesla, HaXOAST M OTHOCHTENbHOE COAEpKaHUe aTOMOB
pa3/IMYHBIX 3JIEMEHTOB IyTeM CpAaBHEHHsSI COOTBETCTBYIOIIMX
UM CHEeKTPaJbHBIX JUHHH. Kak mpaBmio, yem Gosbile KOJH-
YeCTBO aTOMOB JAHHOIO 3JIEMEHTa B M3JyYaloleM (MU IIOrJIO-
AOIIeM) CJI0e rasa, TeM sipue 3TOT 3JeMeHT celsi nposBISET,
T. €. IPHHAJJIe)KAIlHMe €My CIeKTpajbHhe JHHHH CHIbHee
BBUICJSIIOTCA Ha (DOHe HeIpephIBHOrO uajaydeHHs. [IpuHuum
TaKHX HCCJAENOBAHMH, KaK MBI BHIUM, JOCTaTOYHO IIPOCT,
OCYILEeCTBJIEHHe K€ HX TpefyeT BecbMa OOJbIIOA pabOTH.

OrHocHuTeNbHAST HHTEHCHBHOCTb CIEKTPANbHBIX JIHHHUI Of-
HOTO M TOrO Ke 3JIeMEeHTa 3aBHUCHT OT TEMIepaTyphl rasa.
Bospacranve KHHETHYeCKOH SHEPrHM H CKOPOCTH YacTHIL
rasa, BbIpaxaioleecsl B MOBBIIEHHY €ro TEMNEPATYPhl, BhI3bI-
BaeT Gojiee yactoe Bo3OYxKJeHHe aToMOB. [lopuum sHeprum,
[oJlyyaeMbie aTOMaMH MPH CTOJKHOBEHHSIX, YBEJHUHBAIOTCS,
U TIO3TOMY 3JIEKTPOHBI B aTOMax IepexoisTt Ha Oojiee BHICOKHE
sHepretuyeckne ypoBHH. COOTBETCTBEHHO BO3pacTaeT pOJb
(bOTOHOB, CBsI3aHHBIX C II€PEXOJAMH C BBLICOKHX YpOBHEH,
a 3TO CKa3hBAeTCss B COOTBETCTBYIOMIEM H3MEHEHHH BHIA
CIIEKTpA.

Ilpn mnoBbIIEHHH TeMIepaTyphl rasza BO3pacTaeT TaKxke
YHCJA0 HOHHM30BAHHBIX aTOMOB rasa, TaK KaK YBeJHYHUBAETCsI
HOHHU3YIOIAsl CIOCOOHOCTh YacTHil. [losToMy € pocToM TeM-
nepaTypbl MOSIBJASIOTCS M YCHJIHBAIOTCS JHHHH, NpHHALJIe-
JXamye HoHaM. [lJist OTprIBa OT aTOMa KaxKIOTO CJELYIOIIEro
aJeKTpoHa HeoOxoiuMa OO/biuasi Heprus, yeM AJIst OTPHBA
npenpiayiero. CrefoBare/bHO, MOSIBIEHNE B CIEKTpe JHHUH,
OpUHAJIeKAlUNX aToMaM, JIHIIEHHBIM ABYX M 0oJiee 3JeKTpo-
HOB, IIOKa3biBaeT, YTO SHEPrHs YaCTHIl rasa, a 3HAUUT, H ero
TeMIeparypa, JOCTaTOYHO BHICOKH.

ComnocraBnsist pe3yJ/ibTaThl HaGMIOJEHUE JHHUH C BHIBOLAME
J1a60paTOPHBIX HCCIENOBAHUE U TEOPETHYECKHX PaCyeToB CTPO-
€HHUSI aTOMOB, y3HAIOT, Kakasl JOJisI aTOMOB HaXOJHUTCS B TOM
HJIM MHOM 3HepreTHYeCKOM COCTOSTHHH M KAKOBO COJepiKaHue
HOHHM30BAaHHBIX aTOMOB IO OTHOIIEHMIO K HelTpaabHeM. [lo
3THM JaHHBIM OIpelesisieTCsl TeMneparypa H3Jydarolero Tesaa.

ConeprxaHue HOHOB II0 OTHOMIEHHIO K YHCJAY HeHTpalbHBHIX
aTOMOB TOI'0 XK€ 3JIeMeHTa, TaK HasblBaeMasl CTEleHb ero MOHH-
3alMH, 3aBHCHT He TOJbKO OT TeMIEpaTypbl, HO U OT IIOT-
HOCTH rasa. 1o 00CTOSITENbCTBO HCIOMb3YIOT AJIsI ONpefiesIeHH s
IVIOTHOCTH MO CIEKTPAJIbHBIM JIHHUAM, MpHHALIeKAIUM Hel-
TPaJbHBIM aTOMaM M HOHAM TOr0 HJM HHOrO 3JjemeHrta. [lpu
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GoJiee BBICOKHX TeMIepaTypax CPaBHHBAIOT JIHHUU OMHOKPATHO
A4 JBYKPaTHO HOHHM30BAHHEIX aTOMOB.

VisBnexkaemas u3 HaGMOJeHHH H3JTydyeHHs HEOECHBIX Tel
uddopMalus HE OrpaHUYMBAETCS IIEPEYHUCIEHHBIMH Xapak-
TePUCTHKAaMH HX cocTostHusl. OKasbiBaeTcsl, MO CHEKTPaJbHbIM
JIUHUSAM MOXKHO OOHapyXHUTb IPUCYTCTBHE B IIPOCTPAHCTBE,
3aHMMaeMOM Ia30M, MArHUTHOTO MOJSI M HaHTH HAaIpsKeH-
Hocte mnossi. IlofobHbie ompefesneHusi IMIKPOKO pacmpocTpa-
HUJIMCb B IOCJEJHHE T'Ofbl, TaK KaK BBISICHHJIOCh, YTO MarHuT-
HBIE 0151 UTPAIOT CYIIECTBEHHYIO POJIb B PA3JHYHBIX IIpoleccax,
npoTeKalIut BO BceneHHOH M, B YaCTHOCTH, B KOCMH-
YeCKHX B3phiBaX. B CBs3M ¢ 3THM Lenecoo6pasHO CKasaTh
3JleCb XOTs1 Obl KOPOTKO O BJIMSIHUM MarHUTHOIO I10Js1 HA CBOH-
CTBa H3JIyYEeHHS.

Kak. 610 o6HapyxeHo eme B 1896 r., ecny H3nydalomui
ra3 HaXOJUTCS MexJAy IOJIOCaMH CHJILHOrO MarHuTa, TO Ha
MecTe KaxJIOH M3 SMHUCCHOHHBIX JIMHHH IOSIBUTCS HECKOJIBKO
OTIeNbHBIX JHMHHUH: TrOBOPST, YTO JIMHMM B MarHUTHOM IIOJI€
paCUICIVISIOTCSI HA COCTABJISIIOIIME HJIH KOMIIOHEHTH. Pac-
CTOSIHME MEXIY KOMIOHEHTAM# 3aBHUCHT OT HaNpSKEHHOCTH
nosst. DTO sIBJIEHME, NOJydYHBINee HasBaHue 3(dekra 3eemaHa
(0 UMEHH OTKPBIBIIErO €ro TOJJIaHACKOrO YYeHOro), CBSI33HO
C BJIMSIHMEM MarHMTHOIO NOJISI Ha JBMXKeHHe JI000ro moMe-
IIEHHOI'O0 B TIIOJIe 3JEKTPHUYECKOro 3apsiia. BiausiHHe mnoas
CKa3bIBaeTCsl M Ha ABMIKEHHM 3JIEKTPOHA B aTome. MarHuTtHoe
nosie HU3MeHsleT Habop JAOMYCTHMBIX HEPreTHYeCKHX COCTOsI-
HHI: BMECTO OJHOI'O BO3HHKAeT HECKOJbKO OJIHM3KHX COCTOS-
HHIl, Y KOTODBIX pasjuuyde B BEJHYHHE SHEPrHM IIPOTIOPIIMO-
HaJbHO HamnpsKeHHOCTH mossi. COOTBETCTBEHHO, BMECTO OJHOM
JIMHUY, BO3HMKAIOIIEH NPU Iepexofie 3JEeKTPOHa C ITOro Hep-
FeTHYECKOr0 YPOBHS, HAOJIONAETCS HECKOMIbKO JIMHUM, IPHYEM
paccTOsiHMEe MeXAy KOMIIOHEHTaMH JIMHHH OKasbiBaercs Mpo-
TOPIIMOHANIbHLIM HAIIP SKEHHOCTH TOJS.

BHelrHee MarHMTHOE NOJE HE TONbLKO pAaCIIeNVseT JIHHHUIO,
HO M NPHUAAeT OCOOBIH XapakTep M3JYUYeHHIO, HCIyCKaeMOMY
B Ka){IOH M3 KOMIIOHEHT. JTO H3/ydyeHue 00JajaeT OCOOBIMH
CBOMCTBaMH: OHO OKa3blBAaeTCsl IIOJISIPU30BAHHBIM.

B sBjeHHH NOJAApH3aLUM CBeTa NPOSIBISIOTCS BOJNHOBBIE
CBOHCTBA 32JIEKTPOMArHUTHOro usjydenus. Ilpouecc pacmpo-
CTPAHEHHS 3JIEKTPOMAarHUTHBIX BOJH 3aK/IO4YaeTCss B IEPHO-
JMYEeCKOM HM3MEHEHHMH HaIlpsSKEHHOCTH MOJsi BAOMb Jyda. Tak
KaK HanpsKeHHOCTh NPe/CTaBaseT co0oi CHy, TO OHA Xapak-
TEpPHU3YyEeTCsl HE TOJNbKO BeJHYHHOH, HO U HampaBJeHHeM, U BOJ-
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HAa pacnpoCcTpaHsieTCsl B HANpaBJEHHH, NEePHEHAHKYJSPHOM
K Hanps»KEeHHOCTSM 3JIEKTPHYECKOrO M MArHHTHOTO IOJeH.
Ec/n BO BceX TOYKaX BIOJb BOJHBI HaNDSKEHHOCTb 3JIEKTPH-
YyeCKOro noJig (BEKTOp IOJIs) OCTaeTCd B OJHON M TOH XKe IJIO-
ckoctu (puc. 9), TO mpejcraBisfeMoe 3TOH BOJHOH H3JIyueHHe
HA3bIBAIOT JIHHEHHO N0JIsIPH30BAHHEIM.

XoTa I/ M3MYYEeHHsl Ka)KIOrO aToMa CYIIECTBYET oIpe-
JieJieHHast IJIOCKOCTb KosieGaHMi, 3aBHCAILAdA OT OPHEHTALHH
aToMa, M I03TOMY HMCIYCKaeMBbIl MM CBET IOJAPHU30BaH, H3Jy-
uyeHHe, HAyLIee OT HeOeCHBIX TeJs, OObIYHO HE MOJIAPH30BAHO.
Ileno B TOM, 4YTO 3TO H3JyYeHHe CO3/aeTcs OONbLIAM YHCJIOM

A

M /7
/ 7
, WW

Puc. 9. PacnpocTpanenne JHHEHHO NOJISIPH-

30BAHHOrO 3JIEKTPOMACHHTHOIO H3JYYEHHSI.

dnexTpuueckui| BekTop E£ BO BCeX TOYKaX

BOJHBI HAXOAMTCSt B ONHOH H Tofi e o
CKOCTH.

aTOMOB, pACIIOJIOKEHHBIX [APYr OTHOCHTENbHO Jpyra HpOH3-
BOJIbHBIM 00pa3oM W BCe BPEMsl MEHSIOIMX CBOK OPHEHTALHIo
N0 OTHOweHHI0O K Habmojartemo. [lostomy B HabuozaeMoMm
U3JyUeHUH HeGeCHBIX Tes HeT NPeHMYINECTBEHHOH IJIOCKOCTH
KoJieOaHUH 3JeKTPUUIECKOTO BEKTOpa.

Ilonsipu30BaHHBIA: CBET MOXKET IIOJYy4aTbCsd U3 HEnoJaspHu-
30BAHHOI'O €CTeCTBEHHBIM NyTeM. Tak, HampHMEp, €C/IH 3JEeKT-
pPOMArHUTHOEe H3JyyeHHe paccerBaeTcss Ha aToMax, TO CBeT,
HIYIMH [OJ INPAMBIM YIVIOM K HanpaBJeHHIO Nafalolero
H3JIyUeHHs, OKas3blBaeTcsl INoasgpu3oBaHHBM. OOHapyxeHUe
NOJISIPU3aLMN CBeTa IPOM3BOAMTCS IPH IOMOLIM KDPHCTAJJIOB
HEKOTOPBIX BeIUeCTB, 06/aJaioluX 3aMeyaTeslbHbBIM CBOHCT-
BoM. OHH NpPONYCKAOT TONBKO TaKoe H3JydeHHe, y KOTOPOro
IVIOCKOCTb BEKTOpa I0Jid NapajjelbHa HEKOTOPOMY Hanpas-
JIEHHIO, Ha3bIBaeMOMY OCbl0 KpHucrannaa. Ecam mpu moso-
poTe KpHCTa//a KOJMYECTBO NPONYCKAEMOr0 MM CBeTa H3Me-
HSIeTCSI, TO 3TO 3HAYUT, YTO CBET YACTHYHO IOJISPHU30BaH,
T. €. COCTOMT M3 CMECH JIMHEHHO NOJsIPH30BAHHOIO W HENOJIs-
pusoBaHHOro csera. Eciam e NpU HEKOTOPOM MOJIOKEHHH
KpHCTaJjla CBET BOBCE He IPOXOAMT CKBO3b HEro, TO 3TOT CBET
HOJIHOCTBIO JIMHEHHO IOJISIPU30BaH.
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OGuapy:xeHue JNMHEHHON TNONAPH3AUMH H3JIYUEHHS, HIY-
IIEr0 OT HEKOTOPBIX KOCMHYECKHX TeJ, IIO3BOJIMIO CHAeNaTh
OYeHb BaKHbIE BBIBOABI O XapakTepe KOCMHYECKHX B3DBLIBOB.
O6 sTom GyzeT HATH peyb B COOTBETCTBYIOLIEM MECTE KHHIH.
Uro e KacaeTcs TOJsIpH3aliK, Bo3HHKawied B 3dderrte
3eeMaHa, TO OHa HMMeeT JpPYrofl Xxapakrep — 3TO TaK HasbIBa-
eMasl Kpyrosasi IOJsIpH3allusi. BeKTOp HampsI:KeHHOCTH 3JIEKT-
PHYECKOro HOJsI B CAydae M3JyueHHsl, 00/1afaoLero KpyroBon
HOJIsIpU3alyell, MEHsIeT HalpaBjeHHe, HO ONpeleseHHEIM 06pa-
30M, a MMEHHO, KOHeEll ero OIIUCHIBaeT OKPYXKHOCTb. B 3aBH-
CHMOCTH OT TOT'O, IPOMCXOJHT JIX BpaIlleHHe [I0 4aCOBOH CTpe/IKe
(ecnM cMOTpeTb HABCTpeUy H3JYUYEHHI0) HJAM B IPOTHBO-
[IOJIOXKHOM HalpaBJ/eHHH, FOBOPSIT O JIEBOH HJIH TPaBOH Kpy-
ropoil mnoasipusauuu. VsnayueHne B JIMHHH, PpaCIIEIIEHHOH
MarHMTHBIM [OJIeM, IIpH HaO/IIOfeHHH BIOJb HEro obJjajgaer
KpYyroBoil nosasipusauved. Ilpu 3TOM HampaBJ/ieHHSs NOJSIpHU3a-
UMK OOKOBBIX KOMIIOHEHT pACLIEIJIEHHOH JIMHHH (a TOJBKO
OHH M BHIHBI IIPH TaKOM HaOJIOAEHHH) IPOTHBONOIOXKHEL
U 3aBHCAT OT TOrO, HalpaBJEHO JIU I0Jie CJIeBa Halpaso WM
cripaBa HaseBo. [Ipu HabmiofeHHH B IJIOCKOCTH, MEpIEHIH-
KYJSIDHOH K HaNpSIKEHHOCTH IOJIsl, BUIHBI TPH KOMIIOHEHTHI,
IIPUUEM H3JIyueHHE B KaxKIOH M3 HUX JIMHEHHO NOJISIPH30BaHO.
W3 nabmopenu#i paciuensieHdsi JUHUA B MAarHUTHOM IIOJI€
MOXKHO, TakKHM 00pasoM, HafiTH He TOJbKO HAIpsKEHHOCTh
MoJIsl, HO M €ro HarpasJ/eHHe.

Kax MBI rOBOpHJIH BHIE, BaKHeHIeH XapaKTepHUCTHKOH
BCSIKOTO B3pbIBA $IBJSIETCS] KOJHYECTBO OCBOOOAMBIIEHCS IIpH
B3pEIBE 3SHepruH. KHHETHUYEeCKyI0 3HEprHio, MONYUYHBIIYIOCS
B pesy/JbTaTe KOCMHMYECKOTO B3pBEIBA, MOXKHO OIpeleNHTh,
HaxXOAsl CKOPOCTH J[BMKEHHMSI KOCMHYecKHX Tes. IHorma arto
JenailoT, Habaofasi ABHKEHHE HeNOCPE[NCTBEHHO B TEJIECKOII.
B GonbmuHcTBE XKe ciyuaeB, CKOPOCTh IBHKEHHsI HEGECHOro
TeJa ONpEJeNsioT MO chnekTpy. IIpy 3TOM MOJB3YIOTCS Tak
HasblBaeMbIM NpHUHUMIOM Jlonsepa, corsiacHo KOTOPOMY YacTo-
Ta H3JY4YEeHHUsI, HCIyCKAeMOro JIOObLIM HCTOYHMKOM, 3aBHUCHUT
OT CKOPOCTH [BMKEHHSI HCTOYHHMKA IO OTHOIIEHHIO K HabJo-
Jaremo. YKa3aHHYIO 3aBHCHMOCTb HETPYAHO IOJYYHTb ITyTeM
IPOCTBIX PAaCCyXKAEHHH.

Ecin UCTOUHHK M3/yuyeHHs H HaGMIONATENb HE CMEIAI0TCS
JpYyr OTHOCHTENBHO ApYyra, TO YacTOTa H3JIYUeHHs, BOCIHpH-
HHMaeMoro HabmrojareseM, He OTJIIHYaeTcss OT YacCTOThl HCIY-
CKaeMOro H3/Jy4yeHHs, KOTOpylo o0003HauuM v,. PaccrosiHue
OT HCTOYHMKA [0 HaG/MIOfaTeNsi NPOXOJUTCS CBETOM 3a HEKO-

34



TOpoe BpeMs { M paBHO moaToMmy ct. JlomycTHM Temepb, 4YTO
pacCTOsIHME MeXIy HHUMH YBEJIHYMBAETCS CO CKOPOCTBIO U.
3a Bpemsi ! IBHXYIIMICS HMCTOYHHMK, KaK H HENOABHKHBIN,
HCIIyCKaeT fv, BOJMH. Panee 3T0 KOJIMYECTBO BOJIH YKJ/IaJbiBa-
JIOCb HA OTpe3Ke IJHMHOH ct, a TPH JIBIXKEHHA OHO JOJIKHO
YKJIaJbIBaTbCsl Ha OTPeE3Ke IIJ'II/IHOI/I ct + vt. B cayuae Henoz-
BHKHOI'O MCTOYHMKA JJIHHA ONHOH BOJHBI A, M3JIyU€HHsl, MpH-

ct
HUMAaeMoro Ha6JI}OILaTeJ'IeM, paBHa }7 . Ecnm xe HCTOUHHK
0

¥ uHabogaTesb yAaMslOTCs ApYyr OT Apyra, TO IpHHHMaeMoe

ct + vt
H3ayuenne OyIeT UIMeThb JJIMHY BOJHEI, PABHYIO }‘:—T_:_ . Cre-
0

JIOBaTeNIbHO, MEXAY A H Ay CYIIECTBYET TaKasl 3aBHCHMOCTh:

A= by 4 Ag— . (5)

C yZIanenueM HCTOYHHKA OT HAOMIOAATE/sI JJHMHA BOJHBL H3JY-
yeHHsl pacTeT, & YacTOTa COOTBETCTBEHHO yMeHbluaercsi. [IpH
COMUKEHHUH HCTOYHHKA C Ha-
GJrofateseM IOCJHeIHHE BoC-

ct
NpHUHUMAET H3JIYYEHHE C MEHb- 2,
el AJHHOH BOJMHBI. B nempe-
PBIBHOM U3JIYUE€HHH 3TOT 3PeKT

TPYJHO 3aMETUTh, HO Ha CIEK- ct+ut X
TpaJbHHIX JHUHUSAX, o6naza- — A

IOIIMX MaJIofl ILIHPHUHOH, OH
CKasbiBaeTcsl CHIbHO. B 3aBH-
CHMOCTH OT HaNpaBJeHHUS [BHU-
KCHHST CHEKTpa/ibHasi JIMHHS,  pyc. 10. MavmeHeHHe LIHHb BOJ-
O6pa30BaHHaH JABHKYILIHUMCS Hbl H3JIYUEeHHS BCJIENCTBHE ABH-
HUCTOYHHUKOM, CMeEIaeTcsl B CTO- XKeHUA HCTOUHHKA.
pPOHY KOpOTKHMX BOJH (K (hHO-

JIETOBOMY KOHIY CIEKTpa) WM IJHHHBIX BOJMH (K KpacCHOMY

KOHIY). Benuuuna cmemenus pasHa A, —

Hopmanbhoe mosoxkenue JUHUK B CIHEKTpe, T. €. €€ JJIHHA
BOJIHBL Aq, OIpENE/SIeTCs] SKCIEPUMEHTANLHO MM IIyTeM pac-
uetoB. CpaBuuBast HaG/I0aeMOE MOJIOKEHHE JIHHHH B CIEKTpE
U3Jy4eHUsT HeOECHOro Tejla C ee HOPMAaNbHBIM IIOJIOXKEHHEM,

v o
HaxXOJAT BEJUYUHY CABHUra JIHHHH 7\07 U IO HEU CKOPOCTb

JBHKEHHSI 3TOTO TeMa U BIOJb Jiyuya 3PEHMs II0 OTHOIICHHIO
K Ha6monareno. [To semubM MaciuTaGaM Takde OIPeJE/EHHS
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He OYeHb TOYHBl — B JYUYIIMX CJAydasx owmuOKa UMeeT mops-
J0K | Km/cex, HO TaK KakK CKOPOCTH KOCMHUECKHX TeJ H3Me-
pSIIOTCST JECSITKAMH M COTHSIMH KHJIOMETDOB B CEKYHAY, 3Ta
TOYHOCTb SIBJISIETCS] BIIOJIHE YJOBJETBOpUTeJbHOH. K coxaie-
HHMIO, YKa3aHHbIM TYTEM MOMKHO HaHTH He BCIO BEIHUYHHY
CKODOCTH Tejla, a TOJNbKO IPOEKIHI0 CKOPOCTH Ha JY4 3peHHs.
Bce ckasauHoe 006 wu3JyueHHH B OITHYECKOM JHalla3oHe
IpUMEHHMO, BOOOIIe roBopsi, ¥ K pajuoudiyuenuio. I[lpasnia,
pajzuousysydeHne HeOeCHBIX TeJ JaeT HHOTO poJa CBEAEHHS
006 uX (DM3HYECKOM COCTOSIHHH, YEM Te, KOTOphIe IOJYUYeHbI
U3 ONTHYeCKHX Hadmogeuui. [eso B TOM, yTO OGOJNBLIMHCTBO
YacTOT CNEKTPaJbHEIX JIMHUH aTOMOB, BaXHBIX AJIsI HCCJENO-
BaHHH COCTOSIHUSI KOCMHYECKHX OOBEKTOB, paclOIOXKEHO B
ONTHYECKOH M yAbTpaduOJEeTOBOH 06/7acTSX LIKaJAbl 3JEKTpO-
MarduTHBIX BOJIH. B pazuozmamnasoHe Majo NPUTOAHBIX AJIsI
Habmonennit nuaui. OpHako u3 HaGMIONEHMI H3NyYEHHS
HeOeCHBEIX TeJl B PauoyacToTax MOXKHO Yy3HaTb 00 HX crenudu-
YECKHX CBOHCTBax, He MPOSIBJSIOMIMXCSI B JPYTHX JAJIHHAX
Bosd. Kpome rtoro, pazumousnyueHue obnafaeT upesBbYAHHO
IIEHHOH OCOOEHHOCTBIO: OHO HE TOJbKO NPOXOAHT CKBO3b Te
caon aTMocdephl, KOTOpHE He MPOMYCKAT H3/JydeHHE B ONTH-
YEeCKOM AuanasoHe, HO NIPOHHMKAeT u 4depe3 06acTH MEeXK3Besl-
HOIO INIPOCTPAHCTBA, 3aNOJHEHHEEe 0o0JaKaMM XOJOJHOrO rasa
M OBUIM W HeNpo3payHble AJsi BUAMMOro udaydenus. ITostomy
HMerolLyecs CBeJeHHs O CTPOeHHH yhajeHHbX or CosHla yac-
Te# Haulell 3Be3JHOH CHCTEMBI OBIM MOJYYeHBl B OCHOBHOM
IIyTeM HCCJEJOBaHUH KOCMHUYECKOTO pPafHOH3JIYy4YEHHs.

§ 3. COCTOSSHUE BEUWECTBA BO BCEJIEHHOH

Kocmuueckuil B3phIB 3akiioyaercss B OBICTPOM H3MEHEHHH
COCTOSIHMSI Kakoro-mubo HebecHoro Ttena. CijeloBaTeabHO,
nepes TeM Kak paccMaTpUBaTb passiHyHble BHAbI KOCMHUYECKHX
B3DLIBOB, HEOOXOZMMO IMOJNYUHTb OTYET/IHBOE IIpelCTaBJeHHEe
0 ¢opMax BemecTBa M SHEPTHH, NPHCYLIUX Pa3JHYHBIM TeJIaM.
BrisicHeHue BOTIPOCOB, OTHOCSIIMXCS K PasHbIM BHAAM 3HED-
THH, MBI OTVIOXKHM JO CJeAyiolero naparpada, a 34ecb KpaTko
OXapakTepH3yeMm CTpOeHHe HeGeCHBIX TeJs, T. €. ONHIIEM COCTO-
SHHSI, B KOTOPbIX HaXOAMTCS BEHIECTBO B JOCTYIHOH HaIIUM
HabmogenusiM obmactd BcemenHo#.

B3prIBbl MOTYT NIPOMCXOAMTb Ha JIOOBIX HEOECHHIX Tenax,
BKMouast JIyHy u TJIaHeThl COMHeYHOH cucTembl. Ho B 3TO#
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KHHTre Mbl He OyJieM rOBOPHTh O B3pHIBAX HA MJAaHETAX H HX
CIYTHHKAX, TaK KakK IO CBOeH MpHUpOJe OHH, BePOSITHO, ropas-
J0 G/MKe K 3eMHBIM B3DhIBaM (H3BEPIKEHHSIM BYJIKAHOB, 3eMJIe-
TPSICEHHSIM), 4eM K 3Be3JHbM. [103TOMYy MBI He GyJeM OCTaHaB-
JIUBATbCSI M HAa OMMCAHHH COJNIHEYHOM CHCTEMEI, TeM GoJee,
4TO €€ CTPOEHHE IIHPOKO H3BECTHO II0 MHOI'OYHCJICHHBIM IOMY-
JISIPHBIM KHHUTaM.

Kak noxaswiBatoT Hab/mofenus, Beenennas siBasercst B oc-
HOBHOM 3Be3[HOH, T. €. NpeoGsajaroniasi 4acTb HMEIOIErocs
B Hell BellecTBa COCpPefOTOYeHA B 3Be3fax. EcrecTBEHHO, 4TO
Mbl OoJbllle BHHUMaHHS YAEJUM 3Be3faMm, a Takxke u CojHLy.
Xorst ConHlle sIBJsieTCST caMoil OGBLIYHON 3Be3qOd, HO GJaro-
Japst ee OCOOOMY IOJIOKEHHIO (CPABHHUTENBHON OGJIH30CTH K
3eMHBIM HaOJ/II0aTesIsIM) O Hell H3BECTHO ropasfio GoJblie, 4eM
0 JLpPYruUX 3Be3Jax.

3HAKOMACh C JIOOBIME KOCMHYECKHUMH SIBJIGHUSIMH, TIOJIE3HO
BO3MOKHO CKOpee NpHUBBIKHYTh K MaciirabaM 3Be3JHOI0 MHpA,
T. €. K DacCTOSIHUSIM, OTAENSIOLIMM Hac OT 3Be3[, K pasMepam
3Be3ll U 3BE3IHBIX CHCTEM. IJTH MaclTadbl CHJILHO OTIHYAIOTCS
OT 3eMHBIX, M JJs ONpejeseHus: pacctosiHuil B Kocmoce mpu-
MEHSIIOTCSI CBOH, OCOGbie METOJHI.

B ucropuuecku mepBOM H [0 OCJEIHErO BPEMEHH IJIABHOM
crocobe OIpeleseHus PACCTOSHUN O TeJ COJHEYHOH CHUCTEMbI
1 O/MkaluX 3Be3]] HCIONb3YeTCs SIBJICHHE TaK HasbiBae-
MOro napaiakTH4eCKOro cmemreHusi. Kak Xopouio u3BecTHO,
IpH NepeMelleHUU HabMojaTeNss mpeaMer, GIU3KHH K HEMY,
KaxeTCsl CMEIIAIOIUMCST OTHOCHTENbHO 0oNiee NANeKHX Mpef-
METOB, cocTaBjasomux (oH. BenuuyuHa 3TOro Kaxyuerocst
napanakTHIECKOr0 CMeIeHHs] TMpeiMeTa 3aBHCHT Kak oOT
TOr0, HaCKOJbKO TepeMecTH/ICs HabJsojartesb, TaK U OT pac-
CTOSIHHSI MexIy HUM U mnpenmetoMm. [lapanmakthueckoe cme-
IIEeHHEe INIPU OJMHAKOBOM CIBHIre HaO/IOAATENsI TEM MEHbIle,
yeM Jasbllie HaXONUTCS IIPEAMET.

Paccrosinust oT 3eMsd 10 Tes1 COJMHEYHOH CHCTEMbI HHUTOXK-
HO MaJibl IO CPABHEHHIO C pacCTOsTHUSIMHU o 3Be3X. [Ipu mepe-
MeIleHNH HabmofaTessi 10 3eMHOM MOBEPXHOCTH HampaBJeHHe
Ha 3Be3lly NpaKTHUeCKH He MeHsietcs. Ho 1sist nBYX Habmofa-.
TeJIeH, BUAAIIUX, Hampumep, JIyHY M3 pasHbIX TOYeK 3eMIH
B OlMH M TOT XK€ MOMEHT, HalpaBjeHHe Ha Hee OyJeT pasJuy-
HBIM M COOTBETCTBYIOIIEE CMelleHue JIyHBI 3aMeTHO Ha ¢oHe
3Bessl. PaccrosiHue Mexny HaGMOfaTeNsIMH, TaK K€ Kak BHIH-
Moe yryioBoe cmenteHue JIyHbl (IpH nepexoje oT OfHOro Habio-
uaressi K JAPYromy), HETPYAHO H3MEPUTb M 3aTeM IOJYYHTb
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paccrosiude ot 3eman 10 JIyuwl. OHO OKashIBaeTCsl paBHBIM
B cpennem 380 000 xm *). Ha stoMm paccrosinuu panuyc 3eMJIH
YKJAJEIBAETCSl IIECTHAECAT C JIMIIHHM pas3. AHaJIOTHYHBIM
crioco6oM ompeneneHo U paccrosiupe oT 3eman no ComHua.
OHo cocraBisier 0K0JO 150 MHJIJIHOHOB KHJIOMETPOB, 4YTO
B 400 pas Gosbite pacCTosiHUS 10 JIVHEHL.

) /{m

JemnA

Puc. 11. Onpegnenenue pacctosiuis 10 JIyHsl.
HenocpeicTBeHHO H3MepsieTcsl yrod & M Ayra
AB Ha 3eMHOIl NMOBEPXHOCTH.

Kak Mbl yxe Cckasanu, nepemMenieHye o 3eMHOH [MOBepXHO-
CTH NPAKTHYECKH HE BJIMSET HA BHAUMOE MOJOXKEHHE 3Be3J.
,Onnaxo mnepememenue Habmona-
§ tens Bmecre c 3emielt mpu ee
nBmxkenny  Bokpyr CosaHua 3a
nonroga Ha 300 MUIJIHOHOB KH-
JIOMETPOB VK€ CKashlBaeTcsl Ha
BUAMMOM IIOJIOXKEHHH  OJU3KHX
3Be3J, OTHOCUTEJNbHO GoJiee paJe-
KUX. OTH H3MEHEHHS OueHb Ma-
JIbl — MeHbIE  OJHOH CEKYHIbI
IYTH, HO, TNIPUMEHSIT OYEHb TOY-
Hble aCTPOHOMHYECKHE HHCTPYMEH-
THl, HX OIPEJEJSIOT BIIOJHE YBe-
peHHo, ecau oHH Gonbme 0”,01.
W3 raxkux usMmepeHuil HaILIH, YTO
Jaxe O/kafiiune K HaM 3Be3bl
Puc. 12. Ilapannaxruueckoe HAXOAATCSA B COTHM ThICAY pas
cmeulenue 3pess Beaeiactsue  Janblie, demM Comanue.  UTo6nI
OpGHTANILHOrO ABHXKEHHST  FPEOJOJIeTh 3TO paccTosHue, ¢o-
Semnn soxpyr Conxua. TOHY, JIETAEMY CO CKOPOCTBIO
300 000 xm/cex, Tpebyercs He-

CKOMbKO JieT. TakoB MOPANOK pacCTOSIHUE MEXIY 3BE3JaMH.
Jnst u3mepenuss CTOJb GOMBIIMX PACCTOSHUN B aCTPOHOMHHM

S

*) Tak xax Jlyna JBHIKETCS He IO OKPYIKHOCTH, TO €€ PaccTOsiHHe
OT 3eM/H HEOLHHAKOBO B pasHble MOMEHTHI.
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MO/b3YIOTCS ABYMS €IMHH IlaMH: CBEeTOBLIM TI'OJOM U mnapce
KoM; 1 cBeroBoil rog pasen 9,5 10'7 cm,1 mapcek (nc) ‘pa-
BeH 3,26 cBeroBoro roga. Paccrosiue [0 Gamkamiuen
k Cousuuy 3Be3nbl (o u3 co3Besjusi lleHTaBpa) cocraBjser
4,3 cBeTOBOro roza.

Ha taxux OrpOMHBIX pacCTOSIHHSIX AMCKOB 3Be3ll YBHIEThb
Henb3si. Jlaxke npu HAG/IOACHUSIX C TIOMOLIBIO CaMbIX OO0Jb-
UIHX TEJECKONOB BCe 3Be3Jbl IPEACTABJSIOTCS TOYEUHBIMH
HCTOYHHKaMH cBera. [lysi ompejesieHuss pa3MepoB Bcex, 3a
uckmoyesreM CosHna, 3Be3ll NIPUXOJHUTCS NPHMEHSTh KOCBEH-
Hble METOIbl, OCHOBAHHBEIE HA ONpeleNEHHH HX TeMIeparyp.
A rtemmepartypel, KaK Mbl yxKe TOBODHJH, MOXHO HAXOLHTb
[I0 CHEKTPY HAYINEro OT CBETHJIA H3JYUYEeHHH.

CnekTpbl HOYTH BCeX 3Be3J COAEep:KaT MHOMKECTBO JIHHHH
norJioneHusi. M3 aToro 3axi/oyaior, 4To BHELUHUE CJIOH 3Be3[bl,
ee arMmocepa, COCTOST M3 paspekeHHOro rasa. ToT ¢oH,
Ha KOTOPOM BHJHBI JIHHUH MOIJIOIIEHHS — HellpepbIBHOE H3JY-
yeHHe — BO3HHKaeT Ha OoJiee ry6OKOM YpOBHE, B CJOSIX,
HasblBaeMbIX (oTocthepol 3Be3[ml.

Ilyrem ananusa nuuuit morJyomeHuss B crnekrtpe CosHia
HAITY, YTO TeMIlepaTypa rasa, COCTaBJSIOIIEro atMocdepy
Conuna, 6muska k 4700° K. V¥V GosabmuHCTBA APYrHX 3Besj
TeMmeparypa B arMocdepe OTIHUAeTCS OT 3ITOTO 3HAUEHHS
He GoJjiee yeM B 2—3 pasa, XOTS CYLIECTBYIOT H OUEHb rOpsiyHe
3Be3fpl ¢ TeMmmeparypamu nopsiika 100 000° K. B 3aBucu-
MOCTH OT TOI'O, JIHHHH KaKHX 3JIEMEHTOB Ipeo6/afaioT B CHEK-
TPE 3Be3Jpl, €e OTHOCST K TOMY WJIH HHOMY CIEKTPaJbHOMY
kaaccy. CHexTpasbHBIN KJacC 3Be3Ibl OMpelessieTcsi 3Haye-
HUSIMH TeMIIepaTypbl U JAaBJeHHs B ee atMmochepe. B rtaba. 1
IpHUBOAATCS O0003HAUYEHHSI CHEKTPaNbHBIX KJacCcOB OYyKBaMu
JIATHHCKOro ajgaBuTa (3TH O0003HAUEHHS CJOMXKHJIHCH HCTO-
pUYECKH M INOPSIAKY OYKB He cJefyeT NpHUAaBaTh OCOOEHHOrO
cumbica). Tam ke YKasblBalOTCS 3JEMEHTHI, CIEKTpajbHble
JINHMH KOTOPBLIX Haubosee XapakTepHH AJs1 JAHHOrO KJjacca,
a Takxe CcpelHHe IJs KJacca TeMIepaTyphl, HaXOJHUMbIe IO
3TuM JuHHAM. Ha Jertanusauuu 3ToH KAaCCHU(HKALMH MBI
HE OcTaHaBauBaeMcsi. 3aMeTuM, uTo COJIHIIE OTHOCHTCS K KJIac-
cy G.

Ilpu cymecrByomux B atMochepax 3Be3Jl YCJIOBHSIX Belle-
CTBO He MOXKeT HAaXOAUTbCS HH B KAKOM JDYrOM COCTOSIHHH,
Kpome rasoo6pasHoro. [Ipu 3TOM ras atoMapHBIH H JHIb
Y CaMbIX XOJIOLHBIX 3B€3J, (MX Ha3hIBAIOT 3Be3LaMH MO3JHHX
KJ1accoB) aTMOC(ephbl COIEpPKAT MOJEKYJIBI, MPELCTaBJISIONIHE
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Ta6numa )

O6o3nauenue 0O 3 A F G
CrEKTPasbHOTO
KJaacca
XapakrepHbie Houbt Heiir- Bogo- Bogo- Houkbl
auuun (ane- resns paJin- pon poj u W aTo-
MEHT) Hble HOHBI Mbl Me-
aTOMbl MeTasl- | TaJJ0B
reJust JI0B
Temnepartypa 30 000° | 20000° | 10000° 8000° 6000°
B °K

O60o3HayeHue K M S C
CMEKTPasblioro
KJlacca

Xapaxrep- Atombl Me- Mougexy- Mounexky- Monexy-
Hble JIHHHH TaJIOB H Jbl OKHCH | JIbl OKHMCH | JIbI LHaHa
(aJ1eMeHT) pasnnunble | tHrana TiO | uupkonus CN

MOJIEK Y JIbI ZrO

Temnepa- 4000° 3000°

Typa B °K

coboif coenuHeHue ABYX HJH OOJbILEro yucjaa artomoB. Ilpu
TemIeparypax, mpeBocxoasmux 4000°, maxke caMble YCTOIi-
yuBbIe MOJIEKYJIBI pacnajaioTtces (Auccouuupyior). ITomumo
XHMHYECKHX COeJMHEHHH, YKasaHHBIX B Tabmauue, B aTMocde-
pax XOJOAHBIX 3Be3J, HUMEITCA M ApPYrue, HO 3TH HauboJjee
3aMeTHO ce0s mNposBJAAIOT B INOIVIOLIEHUH CBeTa.

[lo crnexTpaM 3Be3j] HaxO4AT U XMMHYECKHH COCTaB 3Be3f-
HbIX atMocdep. OHU CHIBHO OTJIHYAIOTCS OT 3eMHOH aTMocepsl
TI0 OTHOCHTEJIbHOMY COJEp KaHMI0 Pa3IHYHBIX 3JeMeHTOB. [loy-
TH BO BCeX 3Be3jax HanboJee paclpoCTPaHEHHBIM 3JIEMEHTOM
OKa3biBaeTCsl BOJOPOX, cocTaBasiowuit oxono 60% Bceit
maccel rasa. Cienyiomum 1o macce sIBJseTCs resuil, a Ha Bce
GoJiee TsIKENBble 3JEMEHTbl — KHCJAOpOX, asoT, YIVIepon, Me-
TaJJIbl — TpUXOAUTCS JHIWb 1—2% oT 06LIero KoJauuecTBa
rasa. ToJbKO y OueHb HeOOJbINOTO YHCIa 3Be3[ HabJofaeTcs
IIOBLIIIEHHOE COJEPIKAHME TSIKENbIX 3JIEMEHTOB K CpPaBHHU-
TeJbHO MaJoe COXEepPIKAaHHE BONOPOJA.
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dusuyeckue YCI0OBUsi B aTMocdepax 3Be3l XapakTepu-
3yIOTCS HE TOJbKO BBICOKOH TeMIepaTypoi, HO H O4eHb MaJloi
IUIOTHOCTBIO BelecTBa. Umeso yactun B 1 cu® rasa, cocrasis-
JOLIETO COJHEUHYI0 atmochepy, mopsaka 104, 4yTo B cOTHH
THICSY Pa3 MeHbIe, YeM YHCJIO YacCTHIl B TaKOM Ke OObeMe
Bo3iyxa y mosepxHocTH 3emau. [Ipu TemmepaTypax B ThICSUH
| JECSITKH THICS4 FPALycoB a3 ILJIOXO NMPONYCKAaeT H3JTyueHHe
¢ JUIMHAMM BOJIH onTHyeckoro nuanasona. Cioil, comepkaui
BCEr0 HECKOJIbKO IPaMMOB rasa Ha | cu® miomajnu, Hempospa-
yeH Jaxke IJIsI U3JIYYeHHsI B HENPEPLIBHOM CHeKTpe. YBHAETS,
YTO NPOHCXOIUT B 3Be3jie IMyOxKe 3TOrO CJI0sl, HeNlb3st — Jyd
cBeTa HENOCPeNCTBEHHO OTTYAa He JOXOAHUT A0 HabJiojartess.
CirefoBaTe/IbHO, KOMIHMYECTBO BellieCTBa B HOCTYNHBIX IJIs Ha-
6iroieHAsT 06/IacTsIX 3Be3fbl BecbMa MaJsid, B pacuyere Ha 1 cu®
ee IOBEPXHOCTH, 10 CPABHEHHIO C COOTBETCTBYIOLIMM KOJIHUe-
cTBOM 3eMHOH atMmocheprl. Hamomuum, uto Ha 1 cm® moBepx-
HOCTH 3emiH npuxojutcss Oosee 1 xe Bosjgyxa.

B 3Be3fie HeT pe3KOH rpaHUlBl MekAY atMmochepoil u GoJee
ray6oKkHMH c10siMH. Ilo Mepe yriyGJieHus: B 3Be3[y MJIOTHOCTb
rasa BospacTaer. Tax Kak HEmpO3payHOCTb ra3a OYyeHb OLICTPO
yBeJMYHMBAETCSI C POCTOM IJIOTHOCTH ¥ TeMIepaTypbl, TOJIIH-
Ha aTMOCc(Qephl COCTaBJsIeT OYeHb MaJyi0 AOJIO pa3Mepa 3Bes-
Ibl. 3a MOBEPXHOCTb 3Be3fbl MpPHHHMAaeTcs, rpybo roBops,
TOT YPOBEeHb, [VyG:Ke KOTOPOro Huuero He BHUAHO. PaccrosiHue
3TOTO YPOBHS OT LEHTpa M CUHTAeTcsl pajguycoM 3Besinl. Ilpu
OIpEefleIeHUH PaJUyCOB 3Be3J N0 HX HM3JYYEHHIO OCHOBBIBAIOT-
Csl Ha OOLIMX 3aKOHAX M3JydyeHHs], K KOTOPbIM Mbl H Ie-
pefizem.

M3 noBceqHeBHOrO oONBITA XOPOLIO HM3BECTHO, 4YTO 4YeM
CHJIbHEE HarpeTo TeJso, TeM OOJbLIe SHEPrHH OHO H3Jydaer.
31oT (haKT UMEeT MECTO KaK JJisi TBEPABIX TeJ, TaK Y JJIs rasa.
OznHaxo m3nydyaTtenbHasi CIOCOOHOCTh PA3/IMYHBEIX TeJ HE OfH-
HaKoBa. JDKCIIEPHMEHTHI MMOKAa3aJH, YTO OHA CBsi3aHa CO CHO-
COOHOCTBIO Tesa MNOIJIOmATh IONajalollee Ha HEro H3JydyeHHe.
Jlyuie Bcero morsowmialoT CBET TeJla yepHOro usera. Iieaib-
HOe TeJI0, KOTOpOe MOIJIO 6Bl NOIJIOmATh Bee Najaioliee Ha HEero
3JIEKTPOMAarHUTHOE H3/JyyeHHe, Ha3hBAlOT aB6COMIOTHO YEPHBIM
TeJqoM. Bee peasbHBIE MPHPORHBIE Tela OTPaxaloT HEKOTOPYIO
JOMI0 mnafjalomell Ha HUX 3HEPTHH M II03TOMY MOrYT JIHIIb
B TOI WJIM HMHOH CTeNeHH NPUOMMKATBCS MO CBOEH MOr/OoMa-
TEeJNLHOH CIIOCOGHOCTH K abCoJMIOTHO uepHOMY Tesy. Hanpumep,
CPaBHHUTEJILHO XOPOIUO BOCIIPOM3BOAHT CBOMCTBA TAaKOro Teja
METaJIM4eCKHH Iap, OKpAalleHHHH B YEPHBHIA IBET.
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s abcoMmoTHO UYepHOro Tesa HMEET MECTO 3aBHCHMOCThb
MEexJly €ro TeMNepaTypoil W KOJHUECTBOM HEPrHH, H3Jydae-
MO} C eJHHHIBI MOBEPXHOCTH. ONBITHBEIM IyTeM ObIIO OGHApY-
JKEHO H 3aTeM JOKA3aHO TEOPETHUYECKH, UTO dHeprusi £, usiy-
yaeMasl C eOMHHIBI IOBEPXHOCTH abCOJIIOTHO YEPHOro Tesa
3a eIUHHLUY BpEMEeHH, JOO/MKHA ObITh [PONOPIHOHATLHON
YETBEPTOH CTENMEHH ero abCoMIOTHON TemrnepaTypel T:

E—=oT*". (6)

KoapuuneHntT nponopuHOHaJbHOCTH G B 3TOM COOTHOLIEHIH,
Ha3piBaeMoM 3akoHoM Credana — Bosabumada, B cucreMe eju-
uuty, CGSE paseu 5,7-10-5 apefepad’-cex-cm?.

Manyuyenne aBcoMIOTHO 4EPHOTO Tejia 00JafaeT eie OXHHM
Ba)KHBIM CBOHCTBOM. 3aBHCHMOCTb KOJIMYECTBA H3JIyYyaeMoi
9HEepPruM OT IJIMHBI BOJIHBI HM3JydYeHHsi (T. €. CHEKTp H3Jyue-

HHUSI) TIOJHOCTBIO Onpeze-

. JiseTcsl 3HaueHHeM TeMmIepa-

600" K ( Connae) Typsl Teda. UToOB He yc-

JIOKHSATh H3JI0XKEHHUS, MBI He

2760°K (Bonsgpamobas namna)  GyneM TPUBOAMTL GOPMYY,
BHIPAXKAIOILYIO 3Ty 3aBHCH-
MOCTb, ¥ OrpaHHYHMCS Ipa-
(bHUECKHM TpEeACTaBICHHEM
0 | 2 3 4 5§ g 7 cnekrpa abCOJIIOTHO YepHO-
Lruna Bomme, 10” cu ro Tejla MNpH pPAasIHYHBIX

Puc. 13. Pacupepesenue sueprun ?;::e?g)ﬁx TEMNEpaTypbl

B CclleKTpe aGCOJIOTHO YEPHOTO TeJsa
NpH pasMYHbIX TeMIepaTypax. Kak BHAHO H3 3TOroO pH-
CyHKa, ueM BHIIIe TeMmIepa-
Typa, TeM MEeHbIE JJIHHA BOJHBI A, COOTBETCTBYIOLIAS] MAK-
CHMaJILHOMY KOJIMYECTBY H3JIyUyaeMO SHePrHH (B €JHHHYHOM
IPOMEXyTKe AJHH BOJH). ToyHOe BbIpakeHHe 3aBHCHMOCTH
MeXNy A,.. U T, Ha3piBaeMOH 3aKOHOM BuHA, HMeeT BHI
My = 222 (7)

max — T ’

Humencubrocme

1930 °K (Nnams cbevu)

ecau A, BbipaxaTh B caHTHMeTpax, a I B ° K.

OcHOBHO! BK/aj B M3JyyeHHE BHOCHT Ta OGNACTb [JIHH
BOJIH, KOTOpas OMH3Ka K A, OTO H3JIYueHHE Ompejelsier
mBeT Tesa. Takum o6pa3oM, W3 3aKoHAa BHHA MOKHO HailTH,
KaK I'PH H3MEHEHHH TEeMIIepaTyphl H3JYYaIOUIero Teja JOJKEeH
MEeHSITbCsl ero IBer. Tak, Hanpumep, npu T = 4500° 3Haue-
HUe A, =0,0-107% cu, YTO COOTBETCTBYET H3JIYUEHHIO
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kpacHoro usera. IIpn temmneparype, Gmuskoit k 6000°, umeem
Amas =~ 95,0-10—° cu. H3nyuenue B 3TOH JJIHHE BOJHBI 2KeJ-
TOro 11BETA.

Hu ozxna u3 3Be3n He 06J1afiaeT IOJTHOCTbIO CBOHCTBaMH
aBcooTHO uepHoro Tesna. Ho, NOCKOMbKY BemecTBo (oTo-
cthepbl XOPOWIO MOIJIOIAET H3JYYEHHE, CYMTAIOT, YTO H3JY-
yegue dorochepbl GJIU3KO K H3JMYUEHHIO aBGCOJIIOTHO YEPHOTO
Tesla. OTO INPEIIONOKEHHE SIBJISETCS JOBOJLHO TIpyObIM, TakK
Kak HaO/aroJaTesNb BOCIPUHHMAET OLHOBPEMEHHO H3JydyeHUe
pasJIMuHbIX cjoeB 3Besfpl. Ilpu yrayGiennu B 3Besfly TeM-
meparypa noselliaerTcsl. B Tex cnosx, rje o6pasylorcsl JIHHHH
IIOTJIOIIEHHS, T. €. B aTMoctepe 3Be3[pl, TeMIepaTypa HHXKe,
yeM B (ortocdepe, SBJSIONEHCS OCHOBHBIM HCTOYHHKOM H3JY-
yeHHs] B HenpepuiBHOM crekTpe. Kpome TOro, B pasHBIX
yuyacTKax JJIMH BOJIH NpO3payHocTb (hoTocdephl HEOAHHAKOBA,
[I09TOMY H3JIyYeHHe B 3THX Y4acCTKax COOTBETCTBYET pa3JIHy-
HBIM TemIilepaTypaM. TeM He MeHee, HpPEAINOJOXKEHHE O TOM,
4yTO 3Be3Jbl ABJSIOTCS HICANbHBIMH H3JIyyaTeNsiMH, He IIpH-
BOAUT OOBIYHO K 3HAYUTEJBHBLIM OLIMOKaM B HX pajuycax,
HaXOJUMBIX 10 H3JIyYCHHIO.

OfLuee KOMHUECTBO HEPTHH, H3JyuaeMol 3Be3Jol 3a | cex,
HaA3bIBAETCS CBETHMOCTbIO 3Be3fbl. LEe npuusito 0603HAUaTh
oykBo#t L. Cuntasi, yTo 3Be3/a, pajHyC KOTOpoi paBeH R,,
H3JyyaeT Kak abCOJIOTHO 4YepHOe Teao c Temmeparypod T,
CBETHMOCTb IOJIYYHM, YMHOXKHB 3Hepruwo £, ompelenseMylo
cootHomenneM (6), Ha nJOMmALb NOBEPXHOCTH 3BE3MbI:

L = 4nR* 6T*. 8)

Hast HaxoxkpeHus papumyca u3 GopMyabl (8) HYKHO, IOMHMO
TeMIlepaTyphl, 3HaTh H CBETHMOCTb 3Be3fnl. OHa ompeesser-
Csl IO TOMY KOJIHYECTBY JHEPI'HH, KOTOpOe JIOCTHraer Habiio-
Jartesst, TPH H3BECTHOM pPAacCTOSIHHM JO 3Be3IHI.

Haiigem, nns nmpumepa, cBetumocTb CosHua; oHa yKaxeT
HaM IOPSJOK 5TOM BeJHYMHBI, XapaKTepHBLIH JIJs1 MHOTHX
3Bes[. HemocpenCcTBeHHBIMH H3MEDEHHSIMH MOJYYEHO, YTO 3a
I cex na 1 cm® moBepxuocty 3emusn nomagaer oT Conxua 1,4X
X10% spe sHepruu. dra BeNUYHHA HA3LIBAETCSI CONHEUHOH
nocTostHHON. Ho cToNbKO e 3Hepruu JOJ/KHO majaTh 3a | cex
Ha o0y0 MJIOMWANKY IIOanbio B 1 cm?, eciu oHa yjuajieHa
or ConHua Tak e, Kak ¥ 3emJsi, H PACoJoXkeHa MepIeH-
JUKYJNSIpHO K conHeuHblM JyuaMm. CrepnoBaresnbHO, oOluee
KOJTUYECTBO HEPTHH, H3/ayuaeMoil CosHLeM 3a | cex, HaXOLUTCS

43



MyTeM YMHOMEHHS COJMHEYHOH [OCTOSIHHOM Ha IJIomAAb
chephl, paguyc KOTOPOi paBeH paccTostHuio OT 3emau 10 CourH-
ua. Ceetumocts Cosinua L - (3HakoM (+) 0603Ha4aloT BeIHIHHBI,

orHocsmueca k Conuuy) pasaa: 4m(1,5 - 1071%)2 . [,4 . 108 =
= 3,9 - 1033 spe/cex.

Haiinem renepb no dopmyae (8) seanuuny R .. B kadectse
TQ npuMeM npubaukeHHoe 3Havenue 6000°, KOTOpoe Haxo-
ILuTCcA U3 3aKoHa BuHa: Mbl 3HaeM, yto CoMTHIE XKeJITOro 1BeTa, a,
KaK OTMeYa/JoCh BBIIE, TAKOH IIBET HMeET TesO C TeMIepary-
poit 6000°. dro sHavenme orHocuTcsl K potochepe Cosnna.
To ke camoe 3naueHue Temmeparypsl dotocheps CosHia mo-
JIydaeTcsl, eclid OIpeleNdTb ee 10 HAKJIOHY KpHBOH, Xapak-
TepHU3yIoLel 3aBHCHMOCTb H3/1y4aeMOil B HENPEPHIBHOM CIIEK-
Tpe 3Hepruy OT JJIMHBI BOJHBI u3aydenus. Mcnombsys ¢op-
myJay (8), umeem: R = 700 000 xm. Tax Kak BUIMMBIH paguyc

Cosnua B yriioBoit mepe u paccrosuue A0 COJIHIA H3BECTHHI,
TO RQ HAXOAMTCSA H HE3aBHCHMO OT CJeJIaHHBIX MPEeLNoJoNKe-

Huii. OxaspiBaeTcsi, YTO HalJeHHOe HaMH 3HaueHue R',\) OuYeHb

6MM3KO K HabJI0faeMoMy .

Hasa ppyrux 3se3f npumesenue ¢dopmyJsl (8) naer exui-
CTBeHHBI! C1oco6 OnpefefeHus HX pasMepoB (ECJH HE KacaTb-
Cs CpPaBHUTEJNbHO MaJIOrO YHCJIa 3Be3l, HaXOAAmHXCA B (OTO-
MeTpHYECKHX ABOHMHBIX CHCTeMaX; O HUX OyJeT CKa3aHo M03Ke).
3HayeHHe TeMIepaTypbl 3Be3lnl, BXoisduiee B (8), oueHuBaeT-
Cqd O ee H3JYUYeHHIO B HENpEepLIBHOM CIIEKTpe H Ha3bIBaeTCs
sdpdekTuBHON TeMmmepaTypoli. Temmepartypa, ompeznenseMas
0 JIMHHAM IIOIJVIOIIEHHS U COOTBETCTBYIOIAA aTMochepe 3Be3-
OB, npubausntenbHo Ha 15— 20 % Huxke 3bdexTHBHOH TeM-
nepaTypel. i Coania sHayenue ahdeKTHBHON TeMmepaTyphl
paBHo 5800°, a Temmepatypa Bo3Gyxkuaenus 4700°.

Ilpu onpeneneHuH CBETHMOCTH 3Be3[bl II0 KOJHYECTBY
NPUHHUMAaEeMOH OT Hee SHepruu H3JydeHHs 5Ta 3Be3fla CpaBHH-
BaeTcsl C KaKUM-JHOO U3 TeX HUCTOUHMKOB, AJIs1 KOTOPBIX H3JY-
yaeMas dHeprua uspecTHa, Hanpumep c Couanuem. Ilpu sTom
yUYHuTBIBaeTCS, YTO MOTOK SHEPrHH H3MeHgeTcs oOpaTHO mpo-
MOPLMOHANBLHO KBaApaTy paccTOsiHMA OT HCTOYHHKA H3Jyde-
uua (cM. § 2). Paccroauuda no Gmukafmux 3Be3f, YIaJeHHBIX
ot Conuua He Gosiee yeM Ha 100 CBETOBBIX JIET, OIPEIENISAIOT-
Cd MO HX napajJaKTHYeCKHM cMelnenuam. s Apyrux 3zesf
3TH CMelleHHs HAaCTOMBKO MaJlbl, YTO UX He YJaeTcsl H3MepHTb,
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4 3HaudT, HeJb3ss Y3HATH pAacCTOSIHHSI, HEOOXOAHMBIE MJISt
onpelle/leHusl CBeTUMOCTel. B TakHX Clyuasix HCHOJb3YIOTCS
GoJiee CJIOKHBIE CHOCOOBl HENOCPECTBEHHOrO  ONpeJeJeHHus
cgeTHMOCTEH 3Be3[. B ocHOBe HX JIEKHUT NOJYYEHHAS MYTEM
HCCJIENOBaHUS GMIKANIINX 3BE3J, 3aBHCHMOCTb MEXIYy BEJH-
guHOH CBETHMOCTH 3Be3[bl JAHHOTO CIEKTPaJbHOrO KJjacca
M pSIOM OCOOEHHOCTEH B JIMHHSIX TNOMJIOWEHHS €€ CIeKTpa.
CreKTpbl K€ MOXKHO IOJydYaTb H JAJs1 OYEHb NalleKHX 3Besf.
Jlnsi HUX CHayaja IO CIIEKTPY HaXONAT CBETHMOCTH, a 3aTeM
[0 CBETHMOCTSIM MOXKHO OMpEJCNUTb H PacCTOSHHS.

ITo cBeTHMOCTSIM 3Be3/bl CHJIbHO pas3/H4aloTCst APYr OT JApY-
ra. ConHle OTHOCHTCS K 3Be3flaM OTHOCHTEJNbHO MaJioif CBe-
THUMOCTH. 3Be3ipl nopobHble CosHLy M GoJsiee ciabble, H3JY-
yarolue Hepruio nopsinka 10%% ape/cex uny MeHbiie, Ha3HBAIOT
kapaukamu. Camble ciabble KapaMKH 00/1afaroT CBETHMOCTBIO
B THICAIUM pa3 MeHblieil, yem y Connua. Hapsiny ¢ atum cyiue-
CTBYIOT 3Be3/bl, Ha3blBaeMble TMIAHTAMH H CBeDXTHFaHTaMH,
npesocxopsuue CoJHie 0 CBETHMOCTH B COTHH H THICSYM pas.

Mex1y CBETHMOCTSMH M TeMIepaTypaMH 3Be3j oGHapy-
yKeHa 3aBUCHMOCTb. Ecim ansl KaxJoH 3Be3bl OnpeenuTb
CBETHMOCTb, CKaKeM, B €MHHIaX L , ¥ CNeKTpaJbHEIH KJjace,

XapaKTepH3yIOmKH TemIepaTypy, a 3aTeM HaHeCTH COOTBET-
CTByIOIIIHE TOYKH Ha rpadHK, TO MOJTYUYHTCA AHATpaMMma,
nono6Hasi usobpaxkeHHOH Ha puc. |4. Brepsole Takas nua-
rpaMMa Obwia mocTpoeHa acTpodusukaMu [epuiunpyHroMm u
Peccenom. TlogaBisonee GoMbIIMHCTBO 3Be3[, MONagaeT B 00-
JIaCTb TaK Ha3blBaeMOil TJIaBHOH IocsiefoBatesbHOCTH. s
HHUX, KaK Mbl BHIHMM, CBETHMOCTb, DajiHyC M TeMmmeparypa
CBsI3aHBl He TOJbKO coorTHomeHHeMm (8). Temneparypoit ompe-
JeJsleTCsl CBETHMOCTb, IIpaBla, HE BIIOJHE TOYHO: MOXKHO
yKa3aTh HEKOTOPHIH CpPaBHUTENbHO Y3KHH IIPOMEXKYTOK BO3-

MOXKHBIX 3HAUEHHH CBETHUMOCTH, COOTBETCTBYIOUIUX NAHHOH TeM-
neparype.

B npaBoll BepxHell yacTH JHarpaMmbl BhIAEJsIETCS I'pynna
3Be3J, — THTAHTOB H CBepXIUraHToB. VX Masno mo cpaBHEHHIO
co sBesflamu tuna CoaHua, HO OHH GJlarofapsi CBOeH BHICOKOH
CBETHMOCTH 3aMeTHBI Ha ropasfo OOJbIIHX PacCTOSTHHSX, YeM
Kapiauku. [loatoMy cospgaeTcsi BreYaT/IEHHE MHOIOYHCJEH-
HOCTH TMTaHTOB W CBEpPXT'HTaHTOB.

Pannycel 3Be3n siexaT B OdYeHb IIMPOKHX Tpepenax. Y
KapJIMKOB, OTHOCSIIIUXCSI, KaK BHIHO H3 JQUarpaMmbl, K CII€K=-
TpaiabHbM Kiaccam G, K u M, ouu nopsaxka 0,1 R'_'——IRO.
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I'MrauTel ¥ CBEPXTHraHTH PAHHHUX CHEKTPAJbHLIX KJIacCOB —
O, B, A— umelor paguycel nopsifka 5R®—10R®. Temnepa-

TYpbl TUTAaHTCKUX 3Be3f, kaaccoB K 1 M HH3KHM U HX Oosbluas

Temmepamypa
N
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Crrenmparsheld Kracce

Puc. 14. Ouarpamma CHEeKTp — CBETHMOCTb.

CBETHMOCTb CBsSI3aHA C OTPOMHLIMH PasMEpPaMH IMOBEPXHOCTH.
Papuychl y HMX B COTHH a3 IPEBOCXOAST COJTHEYHHIH.
Cpenu 3Be3j yacto BCTpevaloTcsi (IpHUOIM3HTENBHO OfHA
3Be3Zla M3 KaXkIbIX JECSTH) OCOOEHHBIE, C OUeHb MaJbIMH
paguycamu. Mx HasweBaoT GesbiMH KapJaukaMmu. Temneparypa
Genoro kapnauka Gosbine, yem y CosHia (II03TOMY IBET ero
U3JYUeHHs ronyOoil uau Oenbifl), a CBETHMOCTb B JECATKH
pas Mmenbie. Vcrnomb3yst coornoinenue (8), HETPYAHO NOJY-
YUTH, YTO STH 3Be3[Hl OUeHb Masibl 110 cpaBiienHio ¢ CoJHieM
M [0 CBOMM pa3MepaM CKOpee HAINOMHMHAIOT [JIAHETHI.
Hapsany ¢ paguycoM ¥ CBEeTHMOCTbIO OJHOH H3 BarKHEHIINX
XapakKTepHCTHK 3Be3Jbl sIBJsETCsi ee Macca. ¥ HeOecHBIX Tes
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Macchbl MOXKHO HaXOLHUTb TOBKO 110 CO3JaBaeMOMY MMM TSIO-
tenuo. Haunem c ompepemenuss maccel ConHua. OHa Haxo-
nuTcst 1O TOMY JelicTBhio, KoTopoe CoO/IHIE OKas3blBaeT Ha
coceJiHUE TeJa, B 4aCTHOCTH Ha 3em/o. ITo JeHiCcTBHE ompeje-
JIsileTCsl 3aKOHOM BCeMHpHOro TsiroTeHHs1 HbioToHa:

F::GM12M"'.
r

©)

OH BBIpaXKaeT BEJUUYHHY CHJBI NPHUTSKEHHS F, JefcTByOIIE
Ha Teso ¢ Maccoit My, co CTOpPOHH Tesda ¢ Maccoit M, mpHu pac-
CTOSIHHHM MeXAy TefaMu, pasBHoM r. KoabhdHuHeHT mnpomop-
nuoHanbHOCTH G Ha3hIBA€TCs MOCTOSTHHOM TSFOTEHHs. B ToM
cayyae, xorga My, My, ru F BblpaxeHbl B CHCTEME €JMHHIL
'CGSE, BennunHa G = 6,67-10—8 cm®.cex=%-27'. Ona onpe-
JlesleHa TyTeM H3MEpeHHsl B JabOpaTOpHH CHJLI B3aHMOJEH-
CTBHSI JBYX TeJ C MU3BECTHBIMH MaccaMH. Tak Kak 3TO B3auMO-
JieficTBHE O4eHb c1a00e, TAaKOH OMNbIT, MPHHIMIHMAIBHO IPO-
CTOH, SIBISIETCSI TEXHHYECKH BECbMa CJIOXKHBIM.

Ecay oTHOCHTebHASI CKOPOCTb ABYX TeJN, NPUTSATHBAMOLIMX -
¢ ApPYr K ApYTy IO 3akoHYy HbioToHa, JOCTaTOUHO MaJja, TO
OHM J[BHXKYTCS BOKDYI OOIEro ueHTpa TsiKecTd. Ksagpar
nepuona obpauienuss P nponopunoHateH KyOy cpelHero pac-
CTOSTHUS MEeXAY HUMH:

. 4
GO T Y (10)

ITomoxus M, = M(‘-’\’ a 3a M, npHHSIB Maccy KakoH-JHGO

IaHeTsl, noaydaeM u3 (10) ONMH M3 3aKOHOB JBMKEHHS MJa-
HeT Boxpyr Coamua, ycraHosjeHHbX Kemmepom B XVII B.
¥3 HabmofeHuH, emme 10 OTKpLITHSI HblOTOHOM 3aKOHA BceMup-
Horo tsaroreHus *). [Ipumenum dopmyay (10) x cucreme Cosn-
ue — 3emas, npenedperas AeficTBHEM ApYrux nmaner. [lepuogn
obpalueHust AJs1 3eMIH, KaK H3BECTHO, HA3LIBAaeTEsi TOAOM

U cofepxur 60-60-24-365 %ceic. Vcnonbayst aTo 3Haue-

Hue P u BeJUYMHY.CPelHero paccrosiHus oT 3emau Lo CouHia
a = 150 000 000 #m, moaydaem, uto M_. + M 3oy, =

= 2-10% e.

*) Bupaxenue 3axona Kemiepa B ero mepBoHauajbHOH Qopme
He COLepXkajo Macchl MJIaHeTbl, HO TaK Kak 3Ta Macca BCEerha ropasio
MeHpUIe COMTHeYHOH, TO 3aMeTHOH omWHOGKH He MNOJIyYasoch.
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Tak xaxk macca 3eM1H (HaxoguMasl TO H3BECTHON BEJIH-
YHHE YCKOPEHHsI CHJ/Ibl TSDKECTH g Ha 3eMHOH IIOBEPXHOCTH)
paBHa Bcero 6 - 1027 e, To cienoBaTesbHO, st M - HMeeM

3gayenye 2 - 10%% e, uro B 330 000 pa3 npeBOCXOIMT Maccy
Semsu. .

Mbl monydusiM mpeACTaBJE€HHE O TOM, KAaKOB IOPSILOK
BEJIUUMHLI MacChl 3Be3[pl. AHAJIOIHUHLIM ITyTeM II0 COOTHO-
menuo (10) HaXOAST MacCH JPYTHX 3Be3l, BXOASIIUX B JBOH-
HbIe cHCTeMbI. [IBOHHON 3Be3-
JI0il Ha3BIBAETCS TAKAsI CHCTe-
Ma M3 IBYX 3Be€3], B KOTO-
poit obe OHH, B3aHMHO IIpH
TSATUBAsICh, JBHUKYTCSI BO-
KPYr LEHTpa TSKECTH CH-
creMbl. IlofoGHEBIE CHCTEMbI
BeCbMa pAacIpOCTpaHEHH B
3BE€3JJHOM MHpE —B HHX BXO-
nut 6osee 209% Bcex 3Be3f.
JIBOITiHO 3Be3701 OKa3anach
U caMasl sipkKasi W3 3Be3] He-
6a — Cupuyc. MHoroseTHHe
HabmoJeHnst OOHApYXKUIH,
4TO ee CMellleHHe Ha Hebec-
HO! cdepe He NpsSIMOTHHEN-
Puc. 15. Bugumas op6ura Cupuy- HO, KAKHM OHO JOJIKHO OBLIO
ca. a) )Kupuoii KpuBOii MOKa3aHO Gpl OLITh, €CJAH Obl BHI3BIBA-

NBHIKEHHE TJIaBHOH 3Be3Jbl, TOHKOH
KpUBOi  H306pa)KeHO  JBHXKEHHE JI0Cb TOJIBKO IBHKEHHEM 10

CIyTHHKA; 6) IBHXKeHHe Kommowey- OTHOLUCHHIO K Consny. ITpu-
TOB BOKPYT O6I1ero MeHTpa TskecTH  YHHA, BHI3BIBAIOLAS MCKPHUB-
(3Recb UEHTP THKECTH NpPEANoNa-  JIeHHe MYTH — MPUCYTCTBHE
raeTcsi HEMOABHIKHBIM, @ Ha PHC. a) o
ero JABHIKEHHE OTHOCHTeNbHO CoJlH- BO/H3H Apyroif 3Besfbl. OHa
ya 0603HaueHO NyHKTHpHOH xpu- BHAHA JIHNIL B TEJECKOI.
BOH); 6) IABHXKEHHe CIYTHHKA BO- OGe 3Be3nBl OBHAKYTCS II0
KPYr TJIaBHOI 3Be3Jbl. 3JUIANITHIECKUM OpGHTaM BO-
Kpyr uQoeHrpa TsaXKEeCTH CH-
CTeMBI ¢ nepHojoM oxoao 50 ser. 3Be3fpl yAaleHbl JPYr OT
JIpyra Ha pacCTOsiHHe B JABajuath pas Gosbiuee, 4eM 3emisi
or ConHua.

Takue JBOHHBIE CHCTEMBI, Y KOTOpHIX, GJarofapsi G0JbILO-
MY pAacCTOSIHHIO MEXAY KOMIOHEHTaMH (COCTaBJSIOIIMMH),
o0e 3Be3Ibl HaOMIOAAIOTCS HEMOCPENCTBEHHO, HA3bIBAIOT BH-
3yaJbHO IBOMHBIMHM 3Besfamu. V3 HabmofeHHH BH3YalbHO
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[IBOMHBIX 3BE3[L HAXOAAT PACCTOSIHHE MEXIY KOMIIOHEHTaMH
a ¥ nmepuol obpamenus P, yTo JaeT BO3MOXKHOCTL 1O (hopMyJie
(10) OmpeleNHTb M CYMMY MAacc KOMIOHEHT. Ecnu nabmopa-
[oTCSl JBUIKEHHS] KaXKIOH U3 KOMIIOHEHT B OTAENbHOCTH, a HE
TOJBLKO OTHOCHTENBbHOE ABHIKEHHE OJHOHM H3 HHX, TO OIpeje-
JSIeTCS Macca KaxIOH H3 3Bes3l.

B ToMm ciaydae, Korjja B JBOHHOH CHCTEME KOMIIOHEHTHI Ha-
CTONBLKO OJIU3KH, UTO He pasiensioTcs NpH HabMIOJEHHH B Te-
JIECKOII, IBIKEHMS HX U3yuyaroT mo crekrpam. ITpy obpamenun
BOKDPYT LEHTPA TSKECTH CHCTEMBbI KaxIOH M3 3Be3J], CKO-
pOCTb €€ IO OTHOLIEHHIO K HAGJI0aTe/io BCE BpeMsl MEHSeTCs.

o’ HM/CEK
AR N4 4
/ \
| \
| \' +4)
\ |
N N a4
3| 0l COREY
S 17/76’/107
X l \\ /
—40\41 \\J/
C/,
/ ;
Vnd _50
~——p=10 cyniok———>
Puc. 16. [Buxeuns B clieKTpadbHO IBOHHON cHcreme { Boubwoi

Mepgennup. Cnesa noxkasano JABHXKEHHE KOMIOHEHTOB OTHOCHTENbHO
ofliero LEHTPa TSKECTH; ClpaBa — KPHBbLIE CKOPOCTeil KOMMOHEHTOB.

OT0 H3MEHEHHe CKa3biBaeTCsi B IEPHOAMYECKOM CMEILEHHH
CNeKTpalbHBIX JHHHUH, BhiBaHHOM 3(dexrom Hommepa. Cu-
CTEMBI, ¥ KOTOPBHIX HAOJIOJAIOTCS TOMNbKO MEPHOAHYECKHE CMe-
IIEHUSA JUHUH B CIIEKTPaX, HA3bIBAIOT CINEKTPaJbHO JBOHHBI-
mu. Tlepuonsl obpaineHusi 3Be3f, B CIEKTPANbHO JBOHHBIX CH-
CTeMaX CPaBHHUTEJNBHO MaJbl U JIHIIb B PEIKHX Clydasx H3Me-
pstiotcsl rogamMu. OOBIYHO XK€ OHHM COCTABJISIIOT HECKOJNbKO CY-
TOK, a MHOrZa jJaxe JOMH CyToK. Habmofienusi CnekTpaabHO
JBOMHBIX CHCTEM TakKe NAIOT CBEIEHHS O Maccax 3BesJ], HO
MeHee TIOJHbE, YeM MOJydyaeMble II0 BH3YyadbHO JIBOHHBIM
3Be3JaM.

Pacnosioxkenue 3Besf B IBOAHOH cHcTeMe MOxKeT ObIThb Ta-
KHM, UTO NPHU CBOEM ABHIKEHHH 3B€3Jbl 10 OYEPENH IIOJHOCThIO
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MM YaCTMYHO 3aropaKHBalOT APYr Apyra oT Habmoparensd,
"axonserocss Ha 3emse. JIiyu 3pennss HaGmofaTeNs JIEKHUT
B OpOMTANIBbHON IJIOCKOCTH (MJIOCKOCTH, B KOTOPOH IBHXKYTCS
3Be3fipl) Wian OJMH30K K Hell. B aToM cayuae cucreMy HasbiBa-
10T GOTOMETPHUYECKH JBOMHON HJIH 3aTMEHHOH NEpEMEeHHOH,
TaK Kak 3aTMEHMsl MPHUBOAST K BHAMMBIM H3MEHEHHAM B Hal-
JIIOJIaeMOM  M3JIYUEHHMH CcHCTeMbl. DOTOMETPHYECKHX JBOHHBIX
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\
)
/
K Habmo Jamentd

L p

/
Momerme 3ammenud  Bpems

Bocnpurnumaemoe
UBIYIENUE CUCTIEMEI
(Oreck)

Puc. 17. CxemaTHueckoe u306paxKenie
3aTMEHHOH NepeMeHHOH B MOMEHT 3aTMe-
nus. KpuBas npencrapisieT NepHOXHYe-
CKOe H3MeHeHHe HabJI0faeMOT0 H3JyYeHH s
3Be3Jbl, BLIBBAHHOE NOBTOPSIOLIMMHUCS 3a-
TMEHHSIMH (BCJELCTBHE pasJHYHOH SIPKO-
ctH ofeux 3Be3l H3MeHeHHe OJiecka B
MMHUMYME€ 3aBHCHT OT TOro, Kakas H3
3Be3J]| 3aTMeBAaercs).

CHCTEM HM3BECTHO HE OYeHb MHOIO, IIOTOMY YTO ODHEHTAIIHs Op-
OUTANBHON IIOCKOCTH J060# JBONHOA CHCTEMBI MO OTHOILE-
HHIO K 3€MHOMY HaO/moJaTeNi0 SIBJASETCS IPOM3BOJILHON U
TOJABKO Y Mal@{ JOJNH CHCTEM 3Ta ILIOCKOCTb PaCIIOJIOKEHA
TaK, 4TO HaOJIIOZAOTCS 3aTMEHHs. TeM He MeHee, HCCJIeNOoBa-
uue (GOTOMETpHUYECKHX [BOUHBIX CHCTEM Jajl0 OY€Hb MHOTO
CBEleHHH He TOJbKO O Maccax 3Be3J], HO TaKiKe O CTPOEHHHU
3Be3], U OCOOEHHOCTSIX HX CBEUYEHHS.

Hrax, Haly 3HAHHS O Maccax 3Be3] OCHOBBLIBAIOTCS TOJIb-
KO Ha pe3yabTaTaXx H3yuyeHHs J[ABOHHBIX cucTeM. Ho, kax
IIPABHJIO, 3Be3/bl, BXOAALLME B 9TH CHCTEMBI, [I0 BCEM IIpPH3HA-
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kaM AaHAJOTHYHBEl OJHHOYHLIM 3Be3fam. [losTomy cumTaior,
yTO HMEIOLIMecs] JaHHble O MaccaX XapaKTepUs3yIOT Bce 3Be3-
npl. Y GOMBIIMHCTBA 3BE3Jl MACChl HE OYeHb CHJIbHO OTJIHYAIOTCH
or cosHeuyHo#. Camasi maccuBHasi 3Be3jja 00/afaeT Maccoil
npu6au3uTesbHO 100M ). Y KpacHBIX KapJHKOB MacChl B 5—
10 pa3 meHbie, yem y CouHua.

OGHapy2<eHa 3aBHCHMOCTb MEXIY BEJHYHHON CBETHMOCTH
3Besibpl L U ee maccoli M.3rta 3aBHCHMOCTb MOXKET OBITh Ipe-
cTaB/eHa, Kaxk IIPONOPIHOHANLHOCTh CBETHMOCTH IIPHOJMH-
3UTENbHO TpeThell cremeHu macchl: L ~ M3, OHa ue siBisiercst
cTporo#, a, Xak roBOPAT, CTATHCTHYECKOH, T. €. BO3MOXKHBI
JIOBOIBHO 3HAYMTENbHBIE OTKJIOHEHUS OT 3TOH 3aBHCHMOCTH
B Ty WIH HHYIO cTOpoHY. Kpome Toro, ykasaHHOI 3aBHCHMO-
CTH CNEIYIOT He BCE 3Be3/ibl, a JHIIb 3Be3[bl NVIABHOH IOCIe-
noBatesqbHOCTH. COBpeMEHHBIE IIPEJCTaBJICHUSI O CTPOCHHH
3Be3]l NMO3BOJHJH MONYYUTb TaKyl 3aBUCUMOCTb L or M u
TEOPETHUECKH.

JIBOHHBIE CHCTEMBI fIBJSIIOTCSI IPOCTEHIINM BHAOM Hebec-
HbIX OOBEKTOB, HAa3blBaGMbIX 3Be3IHBIMH CHCTeMaMH. 3Be3I-
Hasl CHCTeMa — 3TO TpYINa 3Be3J|, XapaKTepHU3yeMbIX KaKH-
MH-THOO OOLIMMH CBOHCTBAMH, OTHOCSILMMHCS B IIEPBYIO
ouepe/ib K ABHMKEHHSIM 3Be3J M HX IOJOXKEHHI0 B IIPOCTPAHCT-
Be. MHorna B cucreme, cocrosiiiell U3 HeCKOJNbKHX 3Be3J, (TPH,
yeThipe M Oosiee), OHH HAXOASTCS HACTOJNbKO OJH3KO APYr K
IpYTY, YTO CBSI3aHBI CHJAMH B3aHMHOI'O NPHUTSKEHHS U JOC-
TaTOYHO AOJIOe BpeMsl ABHKYTCS OKOJMO OOLIEro LEeHTpa Ts-
xectH Takue cHCTeMbl HasBaHbl KpaTHbIMH 3Be3fiamHd. OueHb
MHTEPECHBIM [PHUMEPOM KPaTHOH 3Be3IBl MOMKET CIYXKHTb
Kacrop — camasi sipkast M3 3Be3J CO3Be3fUsi DJiu3HeLOB.
Eme B XVIII B. oHa 6buia u3BeCTHa KakK BH3YaslbHO [BOMH-
Hast, a B XIX B. Obuia o6Hapy:KeHa TpeTbs 3Be3la CHCTEMBI
Ha pacCTOsHHH, B 12 pas OosblueM, uem B3auUMHAas yAaseH-
HOCTh 3Be3Jl mapel. FccnenoBanue ke CHEKTPOB IOKasamno,
UTO Kax[asi M3 9THX TpeX 3Be3] sIBJSETCs CIeKTpPalbHO 1BOH-
Hoit cucremoli. Takum obpasom, Kactop npexcraBasier coGoi
IIECTEDHYIO CHCTEMY.

B cucremax ppyroro BuIa — 3Be3JHBIX CKOIVIEHHSIX —
YHCJIO 3Be3J, 3HAYUTENbHO OOJIbINe, a CBS3b 3Be3[ APYL C ApY-
rom ropasjo cnabee, yeM B KPATHBLIX 3Be3aX. 3Be3IHbIE CKOII-
JICHHs] JIeJATCST Ha [Ba BUAA — pAacCesiHHbE, MM OTKPBITHIE,
CKOIJIEHHS! U IIAapOBble CKOIVIEHHsI. PaccesiHHOe CKOIIeHHe —
3TO I'pymnna M3 HeCKOJbKHX JECSTKOB MM COTEH 3BesJl, IIpH-
ONUM3HUTENbHO ONMHAKOBO YAateHHbX OT COJMHIA M HMEIOLIHX
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oueHb GaH3KHE KaK MO BeJHYKHHE, TAK M 10 HalpasjieHHO CKO-

octd ApuxkeHHs. ONHO M3 CaMbIX H3BECTHHIX CKOTUIEHHH Ta-
xoro tuma, Ilmesnsi, comepxur Gojsee 250 3Be3[, HO JHIIb
HECKOJbKO H3 HHX BHIHBI HEBOODYKEHHBIM TIJasom. Pacce-
qHHBIE CKOIUIEHHSI 3aHHMAIOT Or'pOMHbIe OG/IacCTH NMpPOCTpaH-
ctBa — ux pasMepbl 10 — 100 cBeTOBBIX JIET.

[IJapoBble CKOIJIEHHS! MOJNYYHMJIH TaKOE HasBaHHE, MOTOMY
yTO OHM HMEIOT MOYTH chepuyeckyio (GopMy. ITO OUEHb KOM-
nakTHble Tpynmnbl 3Be3f. [Ipu. Juamerpe BCEro B HECKOJLKO
pas GosbIIeM, YeM pasMep pPacCCesiHHOIrO CKOINIEHHst, wwapo-
BOe CKOIJIEHHE COJEPIKHT COTHH ThICSY 3Be3f. [loaTomMy BO/IH-
34 IIEHTPA CKOIIEHHs] H300pakeHHsl 3Be3Jl CIMBAIOTCS, 06pa-
3ysi IPOCTO APKYI0 o6iacTb. UHCIO 3Besl, MPUXOLAIMXCS HA
enuHuIy oObema, ckaxeM, Ha KyO c pebpom B 10 cBeTOBEIX
JIeT, BHYTPH IIApOBOTO CKOIUIEHHS] B JNECATKU pa3 OoJblue,
uyeM B OKpYXKaiomeM ero mpocrpaucree. Ha 3Besfpl mMapoRbIX
CKOMUIEHUH JeHCTBYeT TSrOTEHHE CO CTOPOHBl APYLHX 3BE3J
CKOIJIEHUSI. DTO JefCTBHE rOpasfo CH/IbHEE, YeM B OTKPLITEIX
CKOIIJIEHHSIX, TaK KaK B MOCJHEIHHX PACCTOSHHUS MEXKAY 3Be3-
IaMH OTHOCHTENbHO BEJTHKH.

3Be3Hble CKOMIEHHSI TOO M JPYroro BHAA BXOAAT B CO-
CTaB T'paHHO3HOI 3BE3LHON CHCTEMbl, HasbiBaeMOH ['amakTu-
koit. Opuo#i us 3Be3x [amaktuku siBasiercsi Cosnue. OcHOB-
Hasl 4acTb 3Be3Jl, COCTABJSIONHX ['a/lakTHKYy, COLEPKHUTCS B
Mneunom ITytu. Ilpu Teneckonmuueckux HaOMOAEHHAX pa3-
JIMYHBIX YYaCTKOB 3TOH CBETJIOH IOJOCH, I[epecekaiiel
Bech HeOGeCHBIH CBOJ, BUAHO, YTO OHA COCTOMT W3 C1abkiX 3Be3l,
HepasJMHYUMBbIX HPOCTBIM IV1a30M. 3Be3[ibl, BXOAsIIHe B [ anak-
TUKY (IOJACYEThl MOKAasasiH, YTo OOIliee YHCIO HX INPEBBIIIAET
COTHIO MHJIJIHApAOB), PACIOJIOXKEHBI JIaBHBIM 00pasoM BOJIH-
3H HEKOTOpPOH IIIOCKOCTH (rajakTHyecKod miaockocTH). [a-
JIAKTHKA OKAa3bIBaeTCsl CHJIBHO CIVIIOCHYTOH CHCTEMOH 3Be3J,
¥ ecsii Obl ee MOXXHO OBLIO YBHIETH C pebpa, TO OHa BHIIVIsALENA
Obl MpUOMU3UTENBHO TaK, KaK H306pakeHo Ha pHc. 19.

Ilpu naGmonenun lanakTHky B miaHe (CBEPXY) MOXKHO
OblIO Gbl 3aMETHTL APYLYIO ee 0COBEHHOCTb. 3Be3libl B I'anak-
THKE He pacrpefeseHbl paBHOMEpPHO IO JHUCKY, a KOHUEHTpH-
pyOTCS B Tak HAa3bIBAaeMBIX CIHPAJbHBIX pYKaBaX, HAYIIHX
M3 ee neHTpa. XOTs Mbl HaXOLHMMCs BOJH3H TajaKTHYECKOH
TJOCKOCTH M HE MOXKEM IOCMOTpPeTb Ha Hee CBepXY, 3aK/lo-
YeHHe 0 Bufe [ajakTHKH yHanoch crenaTh [0 pe3yJabTaTaM
MoJCYeTOB 3Be3], Ha GoTorpadusix B pasHYHLIX 06/1acTsIX Heba
, B OCOGEHHOCTH, 1O pafHoHabmoaeHusaM. O TOM, KaK BBITJISIIHT



lanakruxa B muane, MOXKHO CymuTh no BuLy Apyrux aHalo-
THYHBIX eff 3Be3JHbIX cHCTeM. DoTorpadust nmofoGHO# CHCTEMBI
npusogurcst Ha puc. 20. CosHiue pacrosioxeHo B OLHOM H3
ClHpanbHbIX PYKaBoB l'anakTuxu Ha paccrostumm 30 000 cBe-
TOBEIX JIET OT ee leHTpa. Panuyc Tanakruku — oxoso 50 000
CBETOBHIX JIET.

Puc. 19. Cnupanbuas ranakTHka, BHAuMas ¢ peb6pa (NGC 4565).

CBoeoBpasHo pacmo/iokeHbl B ['amakTike mIapoBble CKOI-
JieHusi. Bce OHM HAaXOASITCS B ee LIeHTPaIbHOH 06JacTH, IpHUUYEM
JIOBOJIbHO CHMMETPHYHO OTHOCHTENBHO IEHTpa, Co3/aBast Kak
6bl ero obosouky. ['OBOpSAT, UTO LIAPOBHIE CKOIJIEHHsT o0pa-
3yioT cepuueckoe ramo (opeos) I'amaxTuky.

Bee 3Besnpl [amakTUKH HCHBITBIBAIOT CHJY B3aUMHOIO
IPUTSKEHHUsI. 3Be3flbl, HaXOJsIIMecs: B leHTpaJbHON obJac-
TH, JeACTBYIOT KakK LIeJoe Ha 3Be3/bl, PACIIOJIOKEHHbIE OJIIKe
K nepudepuu. [lostomy Tsarorenue sacrapisietT nepudepUiHbe
3Be3/nl, BKJouass CosiHIe, BpamarthCst BOKpYr ueHTpa lanak-
THKHM Hamopjo0ue TOro, Kax IJIaHeTH BpallaloTCsl IOH JeHcT-
BueM TtsiroteHuss CosHua. ITO JIBHUKEHHE NPOUCXOAUT B COr-
Jacuu ¢ 3akonom Kemsepa, T. e. mepuopn oOpallieHHs B paccro-
sIHUe JIO LEHTpa cBs3aHbl cooTHomeHueM (10).

[Mepuon ofpawenuss ComHua Boxpyr ueHTtpa [amakruku
HeTpPYIHO Ha#iTH, 3uasg paccrosxue CosmHua OT UEHTPA H ero
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. Cnupanbuas ranakrtika, BupuMas «B miaane» (NGC 5457).




ckopocTh. Tlockombky BO Bpaulenu [alakTuku we yuacTBYIOT
OOBEKTH, PACIIOJIOKEHHBIE 3a €€ NpeleslaMi, TaK HasblBaeMble
BHETQJIaKTHUECKHEe TYMaHHOCTH, TO, ONPENEIHB MO OTHOUICHHIO
K HUM ckopocTb CoJHIA, TeM CaMBIM HAlLIH CKOpPOCTb €ro
obpamenust v. Ona cocraBasier oxono 280 xm/cex*). Comuue
CcOBepIIaeT IOJHEIH 06OpPOT BOKPYr LeHTpa [afakTHKH 3a

2na
BpeMs P ==, IJie a—ero paccrosiuue 0 uentpa. Hcrmoas-

3ys M3BECTHbIC 3HAYEHHS & ¥ U, HAXOAMM, yto P = 260 MuJI-
nauoHam Jet. Terneps Jerko nmo ¢opmyne (10) mosyyuth u Ty
Maccy M, TSAroteHHe KOTOPOH BhBbIBaeT jBukeHue CoJHIA
(maccoit Co/iHua 1O CpaBHEHMIO ¢ M MOXHO, KOHEYHO, IIpe-
neGpeub). OxasplBaeTcst, 4yTO oflLIasi Macca BceX 3Besl, HAXO-
asmuxest 6nmxe K uentpy [anaktuku, yem CosiHue, paBHa
JABYMCTaM MHJIIMApJaM COJIHeYHbIX Macc. [lepuon obpauieHus,
a 3HAYHT, M YIVIOBasi CKOPOCTb, H3MEHSIETCS C DACCTOSTHHEM
OT neHTpa Il'anakTHKH H, CJIe0BaTeJNbHO, OHA BpAllAETCSI
He KaK TBepjoe Teso.

3BesHBIE CHCTEMBI COLEPIKAT, TIOMHMO 3Be3Jl, TJe BellecTBO
VIJIOTHEHO, CKOHLEHTDHPOBAHO, TaKXKe H BEIIECTBO B pac-
CesTHHOM MM AH(DPY3HOM COCTOSHHMH, XapaKTepHU3YIOLIEMCsI
Kpaiine MaJofl MJIOTHOCThIO. KocMmuueckuit B3pbiB  OOBIYHO
CONPOBOXKIAGTCSI pacCessHHEM BEIeCTBA M Kakas-TO JOJs
HaOmopaemoro HeiHe AuGGY3HOro BellecTBa BO3HHKJ/IA, IIO-
BHUIMMOMY, B pe3yJabTaTe OYpHBEIX IIPOLECCOB, BHI3BABIIMX
nepexof YacTH 3Be3IHOH Macchl B (OpMYy pa3peReHHOro rasa.
HccnefoBanue COCTOSIHUSI W IBHKEHHsT JH(D(Y3HOrO BEIEeCTBa
B 006/1aCTH KOCMHUYECKOI'O B3phIBa SIBJISIETCSI HCTOYHHKOM OUEHb
BaXKHBIX CBEJIEHUH O XapaKTepe B3phIBa.

3Be3jpl BecbMa pasqHYaOTCS IO CBOEH CpefHeH IMJIOTHO-
CTH, T. €. IO CTEIIEHH KOHIIEHTPALUH B HUX BemecTBa. Ho naxe
y CaMbIX pa3peKeHHBIX 3Be3]| IVIOTHOCTb BO MHOTO pa3 GoJblle,
yeM y AuddysHoi cpenbl. st cpaBHEHHSI NOCMOTPHM, KaKOBBI
€ CpeIHHE IJIOTHOCTH 3Be3J|, OmpelessieMble KaK OTHOIIEHHe
Macchl 3Be3libl K ee o6bemy. MX Jierko Ha#iTH, BOCIOJbL30BaB-
IINCh TeM, 4YTG HaM y2Ke M3BeCTHO O Maccax H pajamycax
3Besl. Cpefusisi MIOTHOCTb HanbosbIIasi y OEJBIX KapJHKOB.
B omHoM KyGHYeCKOM CaHTHMETpe BellecTBa Gesoro KapJuka

*) IMomumo yuacTHsl B oblieM JBHKEHMH BOKPYT UeHTpa [ajakru-
KM, 3Be3fbl ABHXYTCA XAOTHUECKH APYT OTHOCHT@bNO Apyra. Kax
NpaBIlIo, 3TH CKOPOCTH cocTaBasioT 10—20 xat/cex, 4TO ropasno menn-
ure, yeM 3HaueHHe CKOpocTH, ofyc/aoBaeHHOl BpaulenHeM lamaxTugi.
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COMEPKUTCST Macca MOpsAKA ONHOH TOHHEI, a Y HEKOTOPBIX
M3 HHX U B JIECSITKH pas Gonblias. IT0 COOTBETCTBYET COJAep-
Kauuo npubnusurensHo 1030—103! gacruy B 1 cm®. Cpenuss
mioTHOCTh rasa B Cosuie B 1,4 pasa mpeBOCXOAMT IIJIOTHOCThb
BOJIBI, TaK UTO Ha | cm® MpUXOAUTCS B MHUJIJIMOHBI pPa3 MEHbIIE
YaCTHIL, YeM Ha TaKoil ke oObeM BellecTBa 6e/oro KapJjuka.
Camele Gosbinpe mo 06beMY 3Be3[bl, KpacHBIE TMI'AHTHI, SIBJS-
1oTcs1 U HauMeHee mIoTHeIMH. OHH cozmepixar B 1 cm® B cpeg-
HeM 1015—10'6 yacTuu, YTO B THICSIYM pa3 MEHbIIE, UYeM YHCIO
yactl B 1 cm® Bo3ayxa y moBepxHocTH 3emau. Ho naxe sta
BEJMYHHA OTPOMHA IO CPABHEHWIO C IJIOTHOCTBbIO AH(GhY3HOro
BemiecTna *).

B cpene, sanoHsoell NPOCTPAHCTBO MeXIY 3Be3LaMH,
Ha | cu® IPUXOIUTCS BCETO HECKOJIbKO aTOMOB. Pacnperenenue
rasa B NPOCTpPaHCTBe KpaliHe HepaBHOMepHO. OCHOBHasi ero
yactb cobpaHa B OTrpoMHBle O6Jaka, rie IOTHOCTE B 10—
15 pas Brime cpepeit. O6smaxa, TSHYIIHECS HA COTHH U Jlaxe
THICSTUM CBETOBBIX JIET M IOJYaC HMEIOLIie Maccy, KoTopas
B JECSTKH ThICSY pas IPEBOCXOAUT COJNHEUHYIO, XaOTHUECKH
JBIDKYTCSI CO CKOPOCTSIMH HECKOJBKO KHJIOMETPOB B CEKYHZY.
ITomumo rasa, B 3TUX 06JaKaX YacTO COJEprKATCsl TBEPAbE
yacTHYKM  mnomepeyHukamu 10—*—10—5 cu. KonueHTpauus
TAKUX YaCTHIl, COCTABJSIOMIMX MEXK3BE3JHYI0 NblIb, YAUBH-
TeJbHO Mana — Ha | xm® mpuxopurcs Bcero 40—50 nbuin-
HOK. OpHako BCHeNCTBHe CBOeil OOJBbIIOH MPOTSKEHHOCTH
o6/1aka OKasbBalOTCH JHOO IOJHOCTBIO HENpO3pPauHbIMK JJIs1
M3JIyUeHUsT PaCIOJOXKEHHBIX 32 HUMH 3Be3[, JUOO H3JydyeHHe
9THX 3Be3]l JOXOAMUT 1O HAC CHJIbHO ociabieHHbM. I[Tbiib
o Mmacce cocraisieT Bcero 1—2% ot obumwe#l Maccel Mex-
3BE3JHOrO BEILEeCTBA.

Yuactku Heba, 3aHATbE CPABHUTENbHO OJNHU3KHMH K HaM
rasoBO-NbLIEBEIME OOJaKaMH, MPENCTAB/ISIOTCS TEMHBIMH Ha
¢dorne oxpyxalcmwux #x obmacrefl, rhe BHIHO MHOXKECTBO
Janexux 3Be3j. Takue obJaka Ha3bIBAIOT TEMHBIMH JH(DY3-
HeIMH TymanHocTssMH. O pasMepax, IJIOTHOCTSX H paccTo-
AHUSIX OT Hac IuddY3HEIX TYMAHHOCTEH CYAST [0 BEI3BIBAEMOMY
HMH ocsiabyieHMI0 OOIIero U3JydyeHUs JaleKuX 3Be3J]| U MO TO-
My, KaK OHH IIOIVIOLIAIOT H3JyueHWe B PAa3JMYHBIX IJHHAX
BonH. I'a3, 3anonHsOMMA MeX3Be3[HOe IPOCTPAHCTBO, CIIO-

*) TlpuBenennbie uH@pe He XapakTepHU3YIOT, KOHEUHO, COCTOSIHHS
Tasa B LEHTPaJbHBIX 00JAacTsiX 3Be3], TIAe MJIOTHOCTL 3HAUMTETbHO
Bhimre cpenueii. Tak, B uentpe Cosnna mioTHocTs npesocxonit 100 2/cu®.
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cofeH morsiowaTh U3JAyYeHHe B CNEKTPAIbHBIX JHHHAX. [103-
TOMY B CIIEKTPax Ja/leKUX 3Be3Jl, M3JyueHHe KOTODHIX HPOXO-
IUT CKBO3b TOJLLY MEXK3BE3[HOrO rasa, MOSIBJSIOTCS JOTMOJI-
HHUTEJIbHBIE JIMHUHM TIOIVIOLICHHS!, HA3blBaeMble MEK3BE3JHELIMH.
[To HMHTeHCHBHOCTH M CMEILIEHHIO ITUX JHHHA HAXOIAT pac-
IpeJieJIeHHe TIOT/IOMIAIOLIEro BeIlecTBa B IPOCTPAHCTBE U CKO-
POCTH JIBMXKEHHSI TYMaHHOCTEH.

MorHBIM CPEACTBOM H3YUEHHUST MEXK3BE3IHOM CPEMIbl CYKAT
panuonabmofienuss. B GoJbuie#l 4acTH mpocTpaHCTBa TeMIle-
patypa Mexs3Be3[HOro rasa Hu3Ka, mopsixka 100° K, u on
He CrOCOOEH HM MCIYCKAaThb ONTHYECKOE H3JIyuyeHHe, HH IOrJIo-
math ero. IlpaxkTHdeckH Bce aTOMBI BOJOpOAa IpH TaKOH
TeMIepaType HaxoJsATCsl B OCHOBHOM 3HEPreTHYECKOM COCTOS-
HHH, a ]Il [IepeBOjia aToMa U3 3TOrO COCTOSIHUS B Oumxafimiee
BO30YXKJEeHHOe SHEPTUM ONTHUYECKHX KBAHTOB HEJOCTATOUHO.
Ho y artoma BOmOpOJa OCHOBHOH 3SHEPreTHYECKHH YPOBEHb
COCTOMT M3 JIByX OYeHb OJH3KHX TaK Ha3BIBAEMbIX IOLYDPOBHEH,
pasHOCTb 3HEPrHH KOTOPBIX COOTBETCTBYET 3HEPTHH (DOTOHA
C JJIMHOM BOJHBI 21 cm. DOTOHBI C TAaKOH JJIHHONH BOJIHHL,
OTHOCSINEHCA K Xopomo Ha6aofaeMOll YacTH pajuojHamna-
30Ha, MOryT H IONIOIATbCS H H3JIy4aTbCs MeK3BE3JHBIM
Bojloposom. baarofapss 3ToMy cyacTIHBOMY OGCTOSITeNIBCTBY,
yJAaJoch H3y4YHThb paclpejeneHde XoJoAHbIX o6makoB Auddys-
HOTO BellecTBa B Jalekux ofnacTsax ['ajJakTHKH, B TOM 4YHC/IeE
¥ B HEJOCTYNHBIX [IJIs1 ONTHYECKHX HaOMIONEHHI ee 4YacTsx,
3aKPBITEIX B0slee OIM3KUMH K HaM [a30BO-IbLIEBEIME 00JIaKaMH.
[TeuIbi0 pafHOM3JIyUeHHE MOUTH HE OcsabiiseTcs.

I'azoBo-nblIeBble 06MaKa — TEMHBIE TYMAHHOCTH — pAacIo-
JIaraloTcsi CPABHUTEIbHO TOHKHUM CJ10eM BOJIHM3H rajlakTHYecKoH
IJIOCKOCTH, NPHYeM NPEHMYIIECTBEHHO, KaK H 3Be3lbl, B CIH-
panbHBIX pyKaBax. Eciu Obl Mbl MOrJIM B3IVISHYTh Ha l'ajak-
THKY C pefpa, TO 3aMeTH/JH OB B ee IJIOCKOCTH CHMMETPHH
TEMHYIO II0oJIOCy, HOZOOHYI0 TO#, Kotopast BHAHA HA pHC. 21.
310 ¢oTorpadus OLHOH H3 CHHpAAbHBIX 3BE3[HBIX CHCTEM,
noxoxeit Ha ['anmakTuky u BuHauMO# ¢ pe6pa. Temuas mosmoca
B €€ IUIOCKOCTH CHMMETDHMH CO3JaeTcsl CJI0eM MeXK3Be3JHOIr0
BEILIECTBA, CHABHO MOIVIOMIAIOMIEr0 CBET 3Be3Jl, PAaCIONOKEH-
HBIX B 3TOH IJIOCKOCTH.

Mexxny 3Be3fof U MeK3Be3[HOH Cpelloil HEeT Pe3KOH IpaHH-
usl. Tl7oTHOCTE rasa B aTMocdepe 3Be3zEl C yaaJeHHeM OT (hoTo-
cepbl yMEHBIIAETCs MOCTEIEHHO M JOCTHIaeT S3HayeHHH,
XapaKTepHBIX [Js1 MEX3BEe3JHOTO rasa, JHUUIb HA JOBOJbHO
GonbIlIOM paccTosHUM. Tak, Hanpumep, B CaMbIX BHEIIHUX
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obactsix atmocepsl CosHIA, HA PACCTOSIHHK OT €ro NOBEpX-
HOCTH, paBHOM HecKOJAbKHM panuycam ConHua, Ha 1 cm?®
Bce eme npuxoxutcst 10%—10° aTtomoB, 4YTO B THICSIYH pas
BoJiblite, yeM B MeXK3BE3[JHOH cpele.

Bremnune obmactu atmocepr CosHila, HasblBaeMble COJI-
HEYHOH KOpDOHOH, SIBJASIOTCS, IO CYLIECTBY, OOMIMPHOH

Puc. 21. TemHuriit cyiofi moryolarouiero cBeT BellecTBa XOPOIIO
3aMeTeH Ha 3TOM CHHMKe chnupasbHoit ranakTukd NGC 4594,
BHAMMOH c pe6pa.

raszoBoii o6osoukoi. B To#l mau uHOH (hopme rasoBhie 000J0U-
KH CYLIECTBYIOT, IIO-BHIMMOMY, Y BceX 3Be3l. B nanbmeii-
IieM HaM NpHAeTCs MOApoOHO paccMaTpHBaThb OOOJNOYKH 3BE3],
BOSHHKAIOIIHE IIPH CHJIbHBIX KOCMHYECKHX B3phIBax. B3pniB
MOXKET KakK CO03aThb OOONIOUKY, TaK M JeHCTBOBaTh Ha YiKe
HMeromLytocst 000J0UKY 3Be3fnl. VIMeHHO 6/aronapsi H3y4eHHIO
razoBblX 060JIOYEK B3PHIBAIOIIMXCS 3BE3J, Mbl U pacrojaraem
JOBOJIbHO OBLIMPHLIMH JaHHBIMH O IIPHPOZE KOCMHYECKHX B3Pbi-
BOB. B cBs3M c BpyalolleACs pOJbIO Fa3’OBBIX OOONOUEK B
HHTepecylollel Hac mpobieMe pacCMOTPHM TOAPOOHee HpO-
LlecChl UX CBEYEHU.

OgnHolt W3 mNpuUYMH, BBI3BIBAIOLIMX CBeueHHe AuGHy3HOro
BeIeCcTBa, SIBJASIETCS JeHCTBHC HA pPa3per<KeHHBIH a3 H3JyUeHHs
Fopsiuefl 3Be3fbl. JTOT NPOLECC OCOOEHHO XOPOIIO HCCJIENOBaH
MIsi Tak Ha3biBAaeMbIX IJIAHETAPHBIX TyMaHHOCTe#, IO CyIie-
CTRY, IpeACTaBJASIOLUX COO0H I'HIaHTCKUe 3Be3/Hble 0G0MOUKH.
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O6bIYHO nJIaHETApHBlE TYMAaHHOCTH HMEIOT BHJ CBETJIOTO
JMCKa WJIH KOJblLla, B LIEHTPe KOTOPOTO pacroJioxKeHa 3Be3za *).
Ml BHIMM JIHLIb NIPOEKIMIO TYMaHHOCTH, 4 HA CaMOM Jele
oHa cepHueckoi dopMel. IlomepeuHyky mnaHeTapHbBIX TyMaH-
HOCTEHl OrpOMHBI — MOpsiika cBetoBoro roga. OOiiee omTH-
YecKOe H3JIyyeHHe ILIaHeTAPHON TYMAHHOCTH BO MHOTO pas
CHJIbHEE, YeM H3JyyeHue LEHTPAJbHON 3Be3/bl B TOH Ke CHeKT-
panbHo# obsactd. CiefoBATENbHO, H3JIYUYEHHE TYMAHHOCTH
HE MOKeT OBITh IPOCTO PACCESTHHLIM B HEH H3J1yYEHHEM 3BE3JHL.
OcoOulff  XapakTep CBEUEHHsS] TYMAHHOCTH [OJTBEPIKAACTCS
U BHIOM €€ CrieKTpa. B HeMm TIJIaBHYIO pPOJib MIPAlOT 3MHCCH-
OHHBIE JIMHHM, TNpHHAJJeXKAlle atoMaM BOJOPOAA, TesHd,
JABaXKAbl MOHH30BAHHBIM aTOMaM KHCJIOpOAa W IpYTHe, TOrAa
KaK B CIEKTpe LEHTPAJbHON 3Be3Abl 3THX Juuuil HeT. Kax
MBI Y2K€ I'OBOPHJIY BHIIIE, CIEKTP, COCTOSIIHHA U3 SMUCCHOHHBIX
JIMHUH, XapaxTepeH [1Jis1 H3JYyUeHHs] HAIPETOr0 pa3pekeHHOro
rasa. Kakum xe myTteMm BO30Y:KIAeTCsl CBeUEHHe MJIaHETAPHHIX
TyMaHHOCTeH, OTKyZa, B JJaHHOM cJiydyae, OGepercs H3Jaydyaemas
sHeprusi? OTBeT HA 3TOT BOmpoc GBI JaH elle B TPHUALATHE
rofel. PaspaboranHasi TOrza TeopHsl CBeUeHHS IJIaHETaPHBHIX
TYMaHHOCTEH CBHIrpasa BaXKHYIO POJIb B OOBSICHEHHH CBede-
HUSI 3Be3JHbIX O000JIOUEK M, CJEIOBATEJhHO, B HCTOMIKOBA-
HUHM DpAa3/IMYHLIX SBJIEHHH, CBSI3aHHBIX CO 3Be3JHBIMH B3DHI-
BaMH.

LlentpanbHast 3Be3fa OOBIYHO MMEET OY€Hb BHICOKYIO
TeMiieparypy — nopsinka 100 000°. M3 sakoxna Buna caenyer,
UTO NP TAKOH TemMIepaType OCHOBHAS YacTb 3HEPTHH HCIyc-
KaeTcsi 3Besgoil B o6jactd JnuH BOJH 3-10—8—5-10—%cm.
Wsnyuaempie B 3Tof oGnacTH (HOTOHBI, HMEIOIIHE 3HEPTHIO
Ha nOPsiioK OO0JblIyilo, 4eM (DOTOHBI ONTHYECKOIO YydacTKa
CIeKTpa, CHOCOOHB HOHH30BAaTh AaTOMbl BOJOPOAA, TIejHs
H JIpYTUX 3JIEMEHTOB, COCTABJSIOLIMX TyMaHHOCTb. B nuas-
Me, 00pa30BaHHON W3JydeHHEM 3Be3[bl, [POHCXOASAT PEKO-
MOUHAIUH aTOMOB.

Won, coemuHssiCh C 3JEKTPOHOM, B OIHHX Clydasix cpasy
o6pasyeT aTOM B OCHOBHOM COCTOSIHHH, B JPYTHX K€ CHauasa
noJIy4gaeTcsl BO3GYXKAEHHBIH aToM. Bo3OyKAeHHbI aToM, nepe-
X0l B COCTOSIHHSI C MEHbLIeH 3Heprue#, H3Jjydyaer (OTOHHI,
COOTBETCTBYIOIHE CHEKTPaJbHEIM JHHHAM. Takum o6pasoM,

*) Tlepsue naGuiogatend 3THX TyMaHHOCTeH HasBalll HX MjaHe-
TapHbIMII H3-3a YHCTO BHEUIHETO CXOACTRA C AHCKAMH HEKOTOPBIX MJjaHeT
COJTHEYHOH cHCTeMbl. HHKaKOro OTHOLIEHHS K IJlaleTaM OHH He HMeoT.
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B IUIAHETAPHBIX TYMAaHHOCTX MCTOYHHKOM SHEPTrHU CBEUEHUsI
CTY’KUT H3JIyueHHe Topsiuefl LEHTPaJbHOH 3Be3Abl B HEBHIU-
MOH yabTpaduomeToBoll obsacti crmektpa. OHO nepepaGarhi-
BaeTCsl B TYMaHHOCTH B ONTHYECKOE H3Jy4YeHHEe, NPEUMYIIEeCT-
BEHHO B YaCTOTaX CIEKTPaJbHBIX JHHHI. OmucaHHBIN mpouecce
nepepabOTKU HM3JYUYeHHs] Ha3biBaeTcsl (QIyopecleHInel.

dnyopecueHnus OyAeT OCYILECTBIATbCS OECIpensiTCTBEH-
HO TOJNLKO IIPH TOM YCJOBHH, 4TO aTOM 3a BpeMs Iepexoja
B JJpyroe COCTOSIHHE HE CTOJKHETCS C yacTHue# (u1u GoToHOM),
KOTOpasi MOKeT BO3OYIHTb €ro WJIH OTHATbH Y HEro HEepTrHI0.
[lo cmexTpy TyMaHHOCTEH MBI BHIHMM, YTO NEPEXOAbI aTOMOB
B COCTOSIHHSl C MeHbluell sueprueil mpoucxoaar. CrenoBarelb-
HO, KOHLEHTpAaIHs YaCTHI| B CPefle, COCTABJSIOMEH TYMaHHOCTD,
W 4Yuca0 (OTOHOB, NPHUXOASIIHXCS Ha eNUHHLY ee 00beMa,
JLOCTATOYHO MaJsibl. DTH K€ YCJIOBHS BBIIOJIHAIOTCA B 000J04-
KaX 3Be3] M MEX3Be3[HOM rase. [103TOMY pacmosO:KeHHBIH
BOJMIM3H ropauux 3Be3x (kiaaccoB O u B) ras mosmkeH usnayyarh,
NpHYeM CIIEKTP ero u3JayueHusl (IOfOOHO CHEKTpY IJIaHeTap-
HBIX TYMaHHOCTEH)COCTOUT H3 3MHMCCHOHHBIX JuHUH. Ecau xe
TeMIeparypa 3Bes3[sl HENOCTATOUHO BHICOKA, TO H3JydeHHe
3Be3/lbl HECIIOCOOHO BO30OY:KAaTh CBeUEHHe ras3a, HaXOASLIEroca
OKOJIO Hee.

Caetsitupecsi 06/1aCTH MEXK3BE3IHOHU Cpellbl Has3hBalOT CBET-
JbpiMU  JHDDY3HBIMM TyMaHHOCTAMH. [loMHMO TymaHHOCTEH,
H3JIyUeHHe KOTOPhIX BO3SHHKAET nyTem (IYyOpeCcUeHINH, CYLIe-
CTBYIOT M JIPYrHe CBETJbie TyMaHHOCTH. OHHM BHAHBI, NOTOMY
4TO COepKallasicss B HHUX I[bUIb OTpa)kaeT CBeT OJIH3KUX
3Be3. Takyio TYMaHHOCTh MOXHO Cpasy OTJIMYHTDL IO €e CIIeK-
TPY, TaK KaK OH aHaJOrHYeH CNEKTPY OCBELIAIoNIeH 3BE3JbI.

Buisi Cnekrp, COCTOSIIMH W3 SMHCCHOHHBIX JHHHE, MBI
BpaBe 3aKJ/IIOUHTb, YTO B CBETAIEMCA Trase INPOMCXOAAT
BO30Y:KAEHHE aTOMOB M HOHH3allUd, CONPOBOXKIAoUIasaAcd pe-
koMOuHanusamMyu. OnHaKo NMPUYHHON HOHHM3alMK BOBCe HE 00:-
3aTeJIbHO JOJKHO ObITh H3JyUeHHe ropsauell 3Be3fibl. BosmoxkHO,
HanpuMep, YTO CTAJIKHBAIOTCS JBa Tra3oBbiX oOOJaKa, JeTs-
e HaBCTpPeuy APYr APYTY CO CKOPOCThbIO NECATKOB KHJIO-
MEeTPOB B CEeKyHAY. YacTh KHHETHUYECKOH 3Hepruu 00JaKOB
Oymer cHayajia 3aTpaueHa Ha HOHHM3aIHI0 aTOMOB IyTeM CTOJ-
KHOBeHH#. PEKOMOUHHPYACH, 3TH aTOMBI OYAYT U3J1yYaTh dHEp-
THIO, B 3HAUMTCJbLHOH JONE, B 4aCTOTaX JHHHE. B 1momoOHBIX
CJIyyasix, C KOTOPBIMH MBI BCTPETHMCS B Ja/lbHEHIIEM, B 9HEPTHIO
H3JIyueHHs1 IEepPeXOfUT, B KOHEYHOM Cuere, KHHETHYECKas
3Heprug rasa.
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HccnenoBanue sMUCCHOHHBIX JIMHHE B CHEKTPax TyMaHHO-
cTell M 3Be3[HBIX 000JIOUEK JAeT MHOTO CBEJEHHH O XapakTepe
HCTOYHHKA CBeueHHsi (B YaCTHOCTH, O TeMmIeparype 3Be3IHl,
BO30Y2KHaloIell CBeueHHe, €C/IH OHO CBs3aHO ¢ (ayopecueH-
uuell) U O COCTOSIHMM H3Jydampouiero rasa. Tak, Hampumep,
O IJIOTHOCTH rasa MOXHO CYAMTb IO SIPKOCTH TYMaHHOCTH,
KOTOpasl ONpefessieTcss YHUCAOM (OTOHOB, H3JyUaeMbIX €l
B TOH WJIH HHO! CNEKTPaJbHOHN JHHUK. ITH HOTOHB BO3HUKAIOT
npH pexoMOHHAUMAX, T. €. IPH BCTpeuax HOHOB C 3JEKTpOHA-
my. YacTora BcTpeu 3aBUCHT OT TOrO, HAaCKOJNbKO BeJlHKa
CKOpOCTb yacTull (ompefensieMasi TeMIepaTypoil rasa) H Kako-
Ba KOHLEHTpauusl yacTHLl B rase. KoJsxyecTBO HCIyCKaeMBIX
efMHHULE! oObeMa TYMAHHOCTH 3a OJHY CEKYHAY (OTOHOB
OlpeiesisieTCs] 110 MHTEHCHBHOCTH JHHHUH. Ty Ke BEJHYHHY
B 3aBHUCHMOCTH OT TeMIIepaTyphl U IJIOTHOCTH ra3a HaxOmAT
IyTeM pacueToB [0 H3BECTHBHIM XapaKTepUCTHKaM aTOMOB.
CpaBHeHne HabMOZaEeMON BeJIMUMHBI C BBIBOJAMH TEODHH
JlaeT 3HAUeHHUs TeMIlepaTyphl M IJIOTHOCTH rasa, cOCTaBJfAIo-
IEro JaHHYIO TYMAHHOCTb. ¥ Ka3aHHBIM IIyTeM MOJYYHIIH,
yto B 1 cm® oObeMa IJIaHETAPHON TYMaHHOCTH COLEPIKHTCS
103—10* aTomMOB, a KOHUIEHTpAlUs aTOMOB B CBeT/IbIX AHPDY3-
HeIX TyMaHHocTssix B 10—100 pa3 menbme. TemmepaTypa ke
y Tex u y gpyrux oxosao 10 000° K.

Mbl paccMmoTpend passuuHble (HOPMEI, B KOTOPHIX HAaG/I0-
JlaeTcsl BEIECTBO, cocraBisiomee [amaxTuky. OcHOBHas
ero uactb — Gosee 90% mO Mmacce — cofpaHa B 3Be3JH,
OCTaJbHOE MPHXOIUTCSI HA TEMHblE H CBET/Ible TYMAaHHOCTH *).
Boeixonss 3a mpenensl l'anakTHky, MBI BCTpeYaeM BelIECTBO
B sTux xe Buuax. OxpyxKaioomee OPOCTPAHCTBO COAEPIKHUT
JpyrHe 3Be3J(Hble CHCTEMBl — raJIakTHKU, MHOTHE M3 KOTOPBIX
OueHb IIOXOXKM Ha Hally 3Be3LHYI CHCTeMY, a JpyrHe o
BHEIIHOCTH CHJIbHO OT Hee OT/IMuatoTcsl. HeT ocHOBaHME cuH-
TaTb, YTO XOTsI Obl Y HEKOTOPHIX M3 TaJaKTHK 3Be31Has U AUpD-
¢ysHasi GopMbl BelECTBA He SBASIOTCS Npeob/afalonuMH.

Cpennee paccTosiHMe MeXIy ralakTHKaMH NOPsjKa MHJI-
JIIOHA CBETOBHIX JIET. B IpOCTpaHCTBe, JOCTYIHOM HabJoje-
HHSIM C €aMbIMH OOJBIIHMH H3 COBPEMEHHBIX TeJIeCKOIOB —
BCs1 9Ta 006/1aCTh HasbiBaeTcsi MeTaranakTHKOM — COJEPIKUTCH
CBBIIIE JIECATH MUJIJIHAPJAOB TralakTHK. lalakTHKH HMeoT

*) HekoTopas nosst, BEpOSITHO, OY€Hb MaJsasi 10 CPABHEHHIO C KOJIH-
YecTBOM 3BE31HOIO BEL[eCTBA, MOMXeT OLiTh CKOHUEHTPHPOBAaHHOH
B KDYIHBX Teaax, MONOGHBIX IJaHeTaM COJHEYHOH CHCTeMbl.
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TEHJEHIIHI0 K CKYYHBaHMIO. BCTpeyaroTcsl rpynmbl MM CKOfi-
JIEHHS] TaJaKTHK, HACYUTBHIBAIOIIME COTHH U THICAYH UJEHOB.
Mexny rajakTHKamMH HeT aGCOMIOTHOM NYCTOTH, HO BEIIECTBO,
3amoJIHAI0ILEe MEXKraJaKTHYeCKoe NPOCTPAHCTBO, OUeHb pas-
pexxeno. Cefiuac HET €IHHOI'O MHEHHSI O BO3MOMKHOM 3HAUEHHH
TJIOTHOCTH MEXKTaJlaKTHYECKOH Cpejibl, HO BpsJ JIM OHA COZEp-
KHT GoJiee leCATH aTOMOB B OfHOM KyGHueckoMm meTpe. [TpocToit
NMOJCYET, KOTOPHIH MOMKET CAeNaTh CaM YHTaTelb, MOKAKeT

eMy, uTo OOJblIAs 4acTb BellecTBAa B MerarajakTHKe cocpe-
JIOTOYeHa B raJakKTHKaX, a 3HauuT, U B MacmTabGax Mera-
ralakTHKH 3Be3fiHasd ¢opMa CYIIECTBOBAHHS BeIIeCTBA OKa-
3piBaeTcsl ryaBHOM. OpHAaKO HelaBHHE OTKPHITHA TIPaHIHO3-
HeHIIMX sBJeHUH B MeTaramakTHKe, TaKHX, KaK CBepX3Be3-
JBl WJIW B3DHIBBL B fpax ralakTHK, 3aCTaBJSIOT 3aAyMaThCd
0 TOM, HEeT JIH BO BcesenHo#l KaKHUX-TO HHEIX, €lle He H3yuyeH-
HBIX (OpM CYIIECTBOBAHUS BeILECTBA.

§ 4. QHEPI'HSl KOCMMYECKHX TEJI

3afiMeMcs Temepb BONPOCOM O pOJHM Pa3JHYHBIX BHIOB
SHeprun BO BecesenHoii. O BaXXHOCTH 3TOro Bompoca AJas
HHTepecyomell Hac npobieMbl KOCMHYECKHX B3PhIBOB HeE
IPHUXOAMTCS MHOrO TOBOPHTb, TaK KakK Bce mpouecchl Bo Bce-
JIEHHOH, B TOM YHCJI€ U B3PHIBBI, CBSA3aHEI C MepeX0JoM SHEeprUH
U3 ofiHOU dopMbl B Apyryto. He 3Had, B Kakux ¢dopmax comep-
JKHUTCS SHEPTHA B JaHHOM HeGeCHOM TeJe, HeBO3MOXKHO MOHAThb
NPUPOAY IPOHUCIIEAINEr0 HA HEM B3phIBA.

OO6uiero onpejeneHust NMOHATHS «IHEPTHs» yYepe3 KaKHe-TO
Ipyrue, Gojiee NpocTele IOHATHS B Hayke HeT. [IpexcTas-
JIeHHe Xe O Pa3/JMYHBIX BHIAX SHEPUHH H crmocobax BbIYHC/IeE-
HHSl KOJHMYECTBAa HEPrHH TOr0 HJIH HHOTO KOHKPETHOIO BHJIA
HMeeTCa Y Kak[oro, uayuasmero ¢usuky. Ilpu Bcem BHAMMOM
MHOroo6pasuu (OpM 3HEeprHu ee IMOYTH BCErAa MOXKHO Ipel-
CTaBUTb JMHUO0 KaK NOTEHIHAIbHYIO, JHO0 KaK KHHETHYECKYIO
9HEpPrHui0, XOTd MJd HEKOTOPBIX BHAOB (HampHMep, 3Hepruu
MarHuTHOTO IIOJS) 3TO TPYAHO *).

SHeprusi, 3aBHCALIAA TOJbKO OT B3aHUMHOTO IOJOXKEHHS
TeJl, HashiBaeTcsd MOTEHNMANbHON, O6e3pasinyHO, paccMar-
pHBaeM JIH Mbl TIOJIOKEHHE IIaHeThl OTHOcuTenbHO ConHIa,

*) Tloapo6HOe M CPAaBHHTENbHO AOCTYNHOE o6CyKIeHHe BOMpoca
0 dopMax 9HePTHH YHTATEJdb MOXKeT HaiTH B «DellHMaHOBCKHX JIEKIHIX
no ¢usuxe», 1. I, ra. 14 (M3a-Bo «Mup», 1965).
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IIOJIOKEHHe YaCTHLEl asa cpefu APYTHX YacTHI[ HJHU IOJIOKe-
HHe 3JIeKTpoHa B atoMe. KuHeTHueckasi »ke sHepTHs 00YCJIOB-
JieHa IBUKeHUEM Tesl WM yactull. Koraa JBHKeHHE CHCTEMbI
TeJ W/ YaCTHL NIPOSIBJSETCS B JOCTAaTOYHO GOJbIUHX, MaAKpO-
CKOIMHMUECKHX, Macimrabax, TO Mbl FOBOPHM O KHHETHUECKOH
SHEPrHH B OOBIMHON (opme, H3yyaeMOH B MexaHHKe. Pac-
cMaTpHuBas JBHkKeHHe (OTOHOB, Mbl TAKXKE HMEEM JEJI0 C KHHe-
THYeCKO#l 3Heprueii. M nBMKeHHsSM B MHKDOMMpDE, HampUMED,
IBHKEHHSM MOJEKYJ TBepJOro Tena, 4acTHL BHYTpH aroma,
HIM aTOMOB B rase COOTBETCTBYeT KHHETHUeCKas JSHEprusi.
O6RIYHO KHHETHUECKYI0O 3SHEprui0 MHUKDPOCKOIHMYECKHX JIBH-
JKEHHII OTHOCSAT K BHYTpeHHe# sHeprum Tesa. Ilpyras gacTb
BHYTpPEHHEHl 3HEpPrHH CO3JaeTcs B3aHMOLCHCTBHEM 4YacTHL,
COCTABJSIIOLIMX TeJ0, H CBf3aHA C pPAaClOJOXEHHEM YacTHIL
B TeJie — 3TO NOTeHLHaAbHAs 3Heprus.

OrpoMHBIM 4YHCJIOM (PHU3UUECKHX OIBITOB II0KAa3aHO, YTO
SHEPrusi He MOMXKET HH HcYe3aTb, HHM IOSBIATbCS  BHOBb.
B sTOM 3axiioyaercst 3aKOH COXpaHeHHs 3Hepruu. Ecau pac-
CMaTpUBaTb HEKOTOPYIO (PH3HUYECKYI0 CHCTEMY, HE YUHTHIBaA
ee B3aMMOJEHCTBHS C APYTHUMH CHCTeMaMH, TO MOXHO YTBep-
XKJaTh, 4TO B TAKOM CHCTeMe CyMMa IOTEHIHaNbHOH M KHHe-
THYEeCKOH 3Heprud ocraercst mocTostHHOH. OfHAKO MOJNHOCTBIO
H30JIUPOBATh CHCTEMY OT APYTHX TesJ HEBO3MOXKHO M BbICKa-
3aHHOe YTBepKACHHUE BEpPHO JHIb NpHOMHKeHHO. Jlobas
(usuyeckass cHcTeMa OOMEHHBaeTCsl JHEpPruedl ¢ ApYruMH
TeJlaMH M B ONHHX CJAydasix 3THM MOXKHO InpeHeOpeub, a B
Ipyrux Henb3s. Hampumep, u3yuas [BH:KEHHE IJIaHET BOK-
pyr ConHua, He yYHTHIBAIOT JEHCTBHS Ha HHUX APYTHX 3Be3f,
IIOCKOJMIbKY PacCTOSIHUS JO 3Be3[ oyeHb BenHMkH. Ho Ha 1BH-
JKeHHH COJIHEYHOH CHCTEMBI B LI€JIOM BJIMSIHHE 3Be3l, COCTaB-
Jasomux l'anmakTuky, ckasblBaeTcsi: KaK MBI 3HaeM, B pe3yJlb-
TaTe UX NpHTsKeHUs1 COMHIE JBIXKETCS BOKPYT LeHTpa I'anak-
THKH. CylecTBYIOT M JpyTHe BHJBI BO3JEHCTBHI — KaKasi-ToO
JIOJIs1 M3JIy4eHHs 3Be3J| JOXOAMT A0 IIaHeT, Ha HHX IajaioT
KOCMHYECKHe JY4YH M T. II. Takum o6pasom, CYIIHOCTb 3aKOHA
COXpaHeHHsl 3HEPrdH He B IOCTOSTHCTBE ee KOJIMYeCTBa B JaH-
HOM CHCTeMe, a B HEBO3MOXKHOCTH JJIsi SHEPTHMH HCUYE3HYThb
HIH OBITh CO3JaHHOH.

Kax Ham y»Ke M3BeCTHO, B JOCTYNHOH HaG/ofeHHsM obJa-
cTH BcesneHHONl OCHOBHasi JOJIsI BellecTBA HAXONUTCS B 3Be3-
Jax. IlosTomy CTOHT HayaTb M3yueHHe pacHpele/eHUs SHepruu
BO DBceneHHoli uMEHHO C OEHKH SHEpruH, 3aKIOUYeHHOH
B 3Be3flax. Ec/id He rOBOPUTh O CaMbIX BHEIUHHX CAOSIX XOJOJ-
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HBIX 3Besjfi, TO MOXKHO CU#TaTb, YTO 3Be3/pt COCTOST M3 rasa,
COIEpIKallero TOMbKO HOHbI M 3JIEKTPOHBEI. Tak Kak BOLOPOJ
SIBJISIETCST TPE00IAJAIOIIUM XUMHYECKHM 3JIEMEHTOM, TO YHCJIO
yacTHL, B rase, COCTaBJSIOIEM 3Be3lly, rpy6o rosopsi, BABOE
GosibLIIe YyHCJa aTOMOB BOLOpOJA — Bedb KaxIbl aToM Jaer
JBe YaCTHLEI, MPOTOH H 3JEKTPOH. MoeKynapHbIiH Bec BOO-
pozia paBeH eJIMHHIE H, C/IEJOBATeIbHO, CPEIHUH MOJEKYJIsp-
HBIM Bec 3Be3JHOrO BellecTBa GJNH30K K !/,.

YacTHip! rasa JBUXKYTCS, U UX 0Olasl KMHETHYECKasi SHep-
THsl COCTaBJIsIET TEIIOBYIO SHEPrHI0, 3aK/IIOUEHHYIO B 3Be3Je.
Hapsiny ¢ sTuMm, Kaxpuas U3 yacTHIl I'a3a NPHUTSATUBAeT Jpyrue
[0 3aKOHY BCEMHPHOI'O TSITOTEHHsl. IJTO JeHCTBHE Tropasjo
CylIeCTBEHHEe, uYeM 3JIeKTpOCTaTHueckoe. XOTs mJasMa co-
CTOUT W3 3apsIKEHHBIX YaCTHI[, OHA B LEJOM SIBJsIETCS HeHT-
panbHOI — B JIOOOM JOCTAaTOYHO GOJbLIOM ee o0beMe cyMmMMa
TIOJIOKUTE/IbHBIX 3apsiiOB paBHa cyMMe OTpHuaresnbHbIX. Cie-
JIOBATEIbHO, BEIECTBO, HAXOAsIIeecs: B JaHHOM OO0beMe I11as-
MblI, HE HCIIBITHIBAET CHJIBI 3JIEKTPOCTATHUECKOTO B3aUMOJEH-
CTBHUSI CO CTOPOHBI ApYroro ofbema. JDTOro Heslb3sl CKasaTh
0 TSArOTEHHH — JeHCTBHe Ha J0Oyl0 YacTHIy BCeX JpYrux
YACTHL, CKJaiblBaeTCsi. TakuM 00pa3omM, IOTEHIHAaJbHAs
SHEeprusi 3Be3[bl IPAKTHYECKH OOYyCJIOBJIEHA TOJbKO TSIrO-
TEHHEM.

OueHNM BeJMYMHY MOTEHIMAJbHOH 3Hepruu 3Be3jgnl. OHa
ompefensieTcss padoTOH, KOTOPYI0 HYXKHO 3aTpPaTHUTh IIPOTHUB
CUJ TSATOTEHHsI, 4TOObl «pasHECTH» 3Be3qy IO YacTHiaM Ha
TAKUE DAaCCTOSIHMs, TIe HX AeHCTBHE Jpyr Ha Jpyra CTaHo-
BHUTCSI HHYTOXKHO MaJblM M HM MOXKHO mpeHe6peub. B aTom
MOJIOXKEHUH MNOTEHUHAJbHYI0 SHEPrHI0 MOXHO CUHTATh paB-
HOU Hymo. IToCcKOMBKY /st TOro, 4TOObl MPHATH K COCTOSIHHIO
TeJa C HYJeBOH 3Heprueil, pabora noykHa ORITb 3aTpayeHa,
TO NOTEHIMANbHYIO 3HEPrHI0 TesJa CJelyeT CUUTaTh OTpHIa-
TeJbHOH. DHEPTHsi e, 3a CUeT KOTOPOH MOXKHO COBEDIUHUThH
paboTy, B JaHHOM CJyyae TeloBasl, sIBJASETCS IOJIOXKH-
TeJIbHOH.

Briuncsienue paGoThl NMPOTHB CHJ TSFOTEHHs, TpeGyemoi
IJIsT «pa3HEeCeHHMsI» 3Be3[bl, NMPOM3BOAUTCS NPH MOMOIIHM METO-
IOB Bhiciiefl MateMaTHKd. [IpUHIMI 3TOro BHIYUC/IEHHS CpaB-
HHUTeNBHO HecjoxeH. [IpeAmosnararoT, 4TO OT 3Be3[bl IOCJHe-
JIOBATeJbHO OTPBIBAIOTCSI TOHKHE CJIOM BENIECTBA U BBIYUCISIOT
paboTy, KOTOpYI0 HYXKHO 3aTpaTHTb HAa YIaJeHHEe KaxKIOro
U3 CJIOEB, a 3aTeM CyMMHPOBaHHEM HaxoAsT paboTy IO yaale-
HHIO BceX c/10eB. TOYHOe BBEIYMC/ICHHE BO3MOXKHO TaKiKe JIHIIb
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ripy H3BecTHOM cTpyKType 3Besnl. ITockomibKy pacmpefefieHne
IJIOTHOCTH B 3BE3Jie HaM He H3BECTHO, NPHAETCs OTPaAHHYHTBCH
TOJIBKO  IIOPSIAKOBOM OLEHKOH BeJNHUMHEI I[TOTCHIHANbHON
SHEpruM.

[Tpenmosoxum, YTO OT 3Be3lBl Cpasy OTPHIBAOT CJOH,
3akJovalouil B cefe MONOBHHY €€ MacChl, H YHOCSAT 3TOT
cn0# Ha GeckOHewHO OoJsblloe paccTosiHpe. sl yIPOLIEeHHSs
NpHMeM TaKXke, UTO Macca 3TOro CJOsI COCPefOoTOYeHa B TaKOM
XKe, KaKk M OCTaBLIasiCs macca, Iinape, T. €. Mbl CYHTAeM, 4TO
3Be3jla COCTOHT M3 ABYX paBHBIX uacTel, LEHTPHl KOTOPHIX
yIalleHb! APYT OT Apyra Ha paccTosHme —5-, rae R, — paguyc
sBe3fibl. Cuia B3aMMOJEHCTBHSI STHX 4yacTell OIpelensieTcst
¢dopmysof (9), B KOTOpPOH HYXKHO moOMoxUTE M, =M, =

= 5" (M4 —Macca 3Besib) u r = %*— OnHako ¥ mpH TaKoM

YIPOIIEHHH OCTAeTCs TPYJHOCTb — MBI yMEEM BBEIUHC/AATD
paboTy JiHLb B Clyyae, KOTJa CHJa TOCTOSIHHA, a NPH yAaje-
HMM Macc APYTr OT JApyra BeJHYMHA CHJIbl yMEHbIIAETCS.
Ilockonbky cuna yOplBaeT C paccTOsiHMEM OBICTPO, MBI
TMOJICYMTaEM TOJMbLKO Ty paboTy, Kotopast moTpefyercs, 4yTOOBI
YBEJNHYUTh PAaCCTOSTHHE MEeXAY IeHTPaMH MacC BABOE — OT

R .
- 10 Ry. Cuny e Ha 9TOM nyTH Gy[eM CYHMTATh [IOCTOSHHOMN
H TEM CAMbIM B KaKOH-TO Mepe KOMIIEHCHPYEeM HEYUYTEeHHYIO

HaM¥ pabOTy Ha PacCTOSIHMsIX, O0abIKX, ueM R,. Torxa Bemu-
YHHA MOTEHLHANbHON 3Hepruu U mONydHTCS paBHOI

U_*F&—_G(_—A;Ii)q_fi—_cj_wj_ (11)
- 2 = (5%)2 2 2R, "

Briuncnum snavenne U mo dopmyne (11) ana Conuua.

Panee MbI HalIy, qToMO= 2-10% ¢, a R® =7 .10 cxu.
[Ipr 3TUX 3HAYEHHSAX MOJYYaeM, UTO NOTEHIHANbHAS SHEPTHUS

Comnna mopsinka 1048 gpe. Ecau clienaTh TOYHOE BBIYHCJICHHE,
TO MHOJYYUM BENHYHHY B HECKOJbKO pa3 GoJblIyio — Belb
«IpoGJieHHe» 3Be3flbl He B3aKaHUMBAETCH «DA3HECEHHEM» ee
Ha JBE YacTH.

Crnenyer NOMHHTB, 4YTO BeiuuuHy U HeNb3s CUMTaTh 3a-
NacoM SHEPrud 3Beslibl, a, HA000POT, 3TO IHEPrHsi, KOTOpast
RoMKHA Obla BBEIITHTHCS, €CIH 3Be3fia o0pasoBasach myTeM
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CXKaTHsl PaccesHHOro BemectBa. [Ipu yMeHbIIEHHHM pajuyca
3Be3[bl, HampuMep, BJBOE, MNOTEHLIHMANbHAd 3SHEpPTruUs ee U
YBEJMYUTCS 10 aGCOMIOTHON BeNMYHHE B JBa pasa, OCTaBasCh
oTpuuaTenbHOll, T. e. Oymer pasuoi 2U. CremoBatesbHo,
oHeprus, pasHas U, nepemta B gpyrve dopmel. Teoperuuec-
Kd 3amac MOTeHIHAJbHOM 3SHEpPrHHd B 3Be3[e MOXKHO ObLIo
Obl CUMTATh HEOI'DAHHYEHHBIM, €CIH OBl PajgHyC 3BE3JHl MOT
cTaTh CKOJIb YTONHO MaisM. Ha camMoM ke Jiese 3Be3fia Crocos-
Ha C3KaTbCS TOJNbKO N0 HEKOTOPOro KOHEYHOro o6beMa, M 3Hep-
r'usl, BeIENSIONIAACH NPH CKATHH, BCETAa OCTAeTCHd KOHEUHOM.

MoxHO 10Ka3aTh, ONATb-TAKH HCIOJNb3Ysl METOABI BBICILEH
MaTeMaTHKH, Ba)KHOE YTBEpXKIEHHE, HAa3blBaEMOe TEOPEMOi
o Bupuane. CornacHo 3Tofl TeopeMe BO BCSKOH YCTOHUMBOH
CHCTEMe UYacTHll, He HCILITHIBAIOIIUX JeHCTBUSA BHEIUHUX
[0 OTHOINEHHIO K HeH CHJ H B3aHMOJAEHCTBYIONIMX II0 3aKOHY
TACOTEHH S, BRIpaxkaeMoMy (opMysioil (9), HMeeT MecTo Clenyio-
mast 3aBUCHMOCTb MEXKAY INOTeHIHaNbHOH 3Hepruedt U u Tem-
JI0BO# sHeprue#l T CHCTeMBI:

9T — — U, (12)

T. €. YIBOEHHAs BeJHYHHA TEIUIOBON SHEPIHH DaBHA BEJTHYHHE
NOTEHUHANbHOH, B3ATOA C OOpaTHBIM 3HAKOM. 3Be3fy ¢ OOJb-
[ION TOYHOCTHIO MOXKHO CUHTATH CHCTEMOH uYacTul, He I[OJ-
BEPXKEHHBIX BHEIIHAM BO3JEHCTBHSM, I[OTOMY UYTO ApYrue
3Be3/lbl TOYTH He BJHSAOT Ha COCTaBJISIOIIHE €€ YaCTHIBL.
[Toatomy dopmyda (12) npuMenuMa K 3Be3fie, U IPU ee TIOMOLIH
JIETKO OIleHHBAeTCs TemoBasa aHeprus 3Besgul. [as CosnHua
OHa, Tax e KaK ¥ NMOTEeHLIHANbHAas SHeprus, nopanka 1048 spe.

TemsioBas sHEprus 3Be3[bl pacrpefiesserTcss Ha BCe COCTaB-
JISIOLIHE 3BE3]ly YaCTHIIbI, HO HE B ONMHAKOBOH Mepe. B Heppax
3Be3]lbl TEMIlepartypa BhIe, YeM B ee NOBEPXHOCTHBIX CJIOSIX H,
COOTBETCTBEHHO, SHEpPTHs [BMKEHHS 4YaCTHI TaM OoJIblle.
TeM He MeHee, WMHTEPECHO BBIYHCJIUTb CDENHIO IJs1 BCeH
3Be3bl JHEPrhi0, NPUXOAAILYIOCA Ha OAHY dactuuy. Ita
BeJMYHHA [O3BOJHUT HANUTH CpelHee 3HAUEHHe TeMIepaTyphl
B 3Be3JeE.

INopcunraem umcno uwactun B Comuue. IlpuHmMas, 4TO
OHO ILIEJIMKOM COCTOMT M3 BOZOpONA, HaxoimMm umciao N aTomMoB
B Co/iHlle, paBHOe OTHOIUGHMIO €r0 MacChl K Macce rmy atoMa
Bozopoga *) (my = 1,65 - 10—2* 2). Tak kak M®= 2. 10% e,

*) Macca myy monyyaercst AeJeHHEeM MAacChl TPamM-aToMa Ha 4HCIIO
Asoraznpo.
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To moanyuyaem N =~ 10%7. YuuteiBass, yto B CoJHIE AaTOMEI
HOHU30BaHbI, HMeeM JJis OOMEero 4uc/ia YacTHL B HEM 3Ha-
ueHHe, NpUMepHO paBHoe 2 - 10%7.

OrHoienye o6me#t TtemwroBoit sHepruw Conduma K YHCTY
cofiep:Kamuxcss B HeM uyacTHy mopsigka 10—° gpe. Cpenusst
SHeprusl 4acTHIBl rasa CBsi3aHa ¢ ero Temmeparypo#l dopmy-

. . my? s
moft (1), u3 koTopodt mpu o ==10 jpe mOJyyaeMm, uTo
Temnepatypa B Heigpax CoJiHIIa COCTaB/SIeT B CpeiHEM OKOJO
5. 106 °K. B ero uexTpajbHbIX 00JacTsIX TeMIeparypa
BHILIE IIOJYUEHHOTO CpeJHero 3HaueHHsT H COCTABJSET, Kak
HalileHo u3 Oosee NOAPOOHBIX pacyeToB, OKOMO 15 MHMIIHO-
HOB I'pPajyCcoB.

He mnpencraBnsieT TpYIHOCTH H OLEHKA BEHUHHB Taso-
Boro fasjeHust BHyTpu CosmHua. s Hee MOXKHO MpHMEHHTb
tdopmyny (2). Cpennee 3HaueHwe n — yuciaa yactul B 1 cmd
COJIHEYHOT'0 BeIIECTBA — OINpele/sieTCs], KaK OTHOIIeHHe ofle-
ro ypc/iIa YacTHL, TONbKO YTO HAIEHHOIO HaMH, K 00BeMYy

4
Conuua, paBHOMY —RY. BBHINOIHMB COOTBETCTBYIOLIHE BEI-

YHCJIEHH ST, TIOJIYUUM [JIst n 3HaueHHe OKoJIo 4 - 10%% gyactui/cm?,
a jnsa aasneddst P penuuuny P=3 - 10" dun/cm®, T. e. coTHH
MHJIJIMIOHOB atMocdep.

Cronp orpoMuasi (o 3eMHBIM MacluTabaMm) BeJMYHHA IdB-
JIeHHsI B HeJpaxX 3Be3Ibl MOXET BhI3BaTb YIMBJEHHE H Faxe
HeZloBepue. Ho Jierko nmoHsiTh, 4TO 3Be3/ja NPU MalOM JaBJIEeHUH
B Hell NpocTo He Morya Obl CYIIECTBOBATb M «Cajach» Obl
K LIEHTPY MOZ JeficTBHeM COOCTBEHHOrO TsIroTeHusi. JleficTBH-
TeJIbHO, KakK OOCTOMT JeJio, Hampumep, Ha 3emse? Meur 3HaeM,
YTO BeC Tesa OGYC/IOBJEH MPUTSKEHHEM 3TOrO Teja B Hampas-
JeHUH K UeHTpy 3emsd. JlaBieHHe atMochepsl — 3TO ee  Bec,
OPUXOJSINUACS HAa eLHHUNY 3eMHOH IOBEpPXHOCTH; OHO COC-
TaBJAsieT OKoMo 1 ke Ha 1 cm®, 4TO M HA3HIBAIOT AABJEHHEM
B oguy atmocdepy. Ilpu yruaybnenun BHYTpb 3eMlH K Becy
atMocheprl [J00aBiseTCS] BeC PACIIONOXKEHHOIO Haj AaHHBIM
ypoBHeM cjiost 3emau. JlaBnenue GBICTPO BO3pacTaeT ¢ yaane-
HUEM OT I[IOBEPXHOCTH Briyob 3eMJIHd U B ee IEeHTPaNbHBIX
06/1aCTSAX JOCTUTaeT HECKOJNbKHX MHJJIMOHOB aTMocdep.

AxanornyHoe mMONOXKEHHE HMeeT MecTo M B 3Besfle. Ha
Ji060M YpOBHe B Heil IaBJeHUe OmpelensieTcsl BECOM CJOsI
rasa, HaxOAsINErocss Hajl 3THM YypoBHeM. Tak Kak Macca
3BesIbl OUeHb BeJHKa, TO H Bec, MPUXOASMMHCS Ha eJHHHILY
IJIOLIAAH CJI0sI, DACIIONIOXKEHHOro, HampuMep, IO CepeluHe
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MeXIy ee IEHTPOM M TOBEPXHOCTbIO, ropasjo 6oJbiie cooT-
BETCTBYIOIEH BeJMYMHBL 1js1 3eMmad. ['as, cocTaBasiomu#
3Be3ly, MOXET IIPOTHBOCTOSITb 3TOMY BeCy JHIIb Osaronap st
oueHb OOJIBIIOMY JaBJEHHI0O B HeM, KOTOpOe O0OYCIOBIEHO
KaK 3HAYUTEJbHOM IJIOTHOCTBIO, TaK M BBICOKOH TeMIepaTrypot
BEIIeCTBA.

3Be3bl pPa3sHBIX KJACCOB Pas3NHMYalOTCS 110 BENHYHMHE TEM-
rnepatypsl M faBneHus: B ux Henpax. [losyuennsie st CosHiia
3HAUEHHUS] XapaKTepHbl A OOJNbIIMHCTBA 3Be3x. ¥ CaMbIX
XOJIONHBIX 3BE3], TEMIIEPATYpa B LEHTPAJIbHON 001aCTH HECKOJIb-
KO HIDKe, HO M OHA COCTaBJ/IsleT HECKOJbKO MHIJIJIHOHOB rpany-
coB. T'a3, obnajawomuil CTONMb BBICOKOH TeMIepaTypoil, KOJ-
KeH H3JyyaTb OrpPOMHOe KoJuuecTBO sHepruu. O6GpasoBas-
mpecss B HeM (POTOHEBI, TOTJIOMIASICh ATOMaMH U 3aTeM CHOBa
H3JIy4asiCb, TIOCTENEHHO TMPOABUraOTCS BO BHEIIHHE CJOU
3Be3/bl. JIOCTUrHYBIIHE TMOBEPXHOCTH 3Be3Jbl (OTOHEI HCITyC-
KaloTCS €10 B NPOCTPAHCTBO M KAKYIO-TO JOJIO MX MbI BOCIDH-
HHUMAaeM KaK CBET 3BE3bl.

Kak mb1 yOexnaeMcsi, BHyTPU 3Be3Jbl JOKHO COIEPKATh-
Csl, TIOMMMO OOBIYHOrO rasa, COCTOSILErO U3 YACTHI BelleCTBa,
MHOXKeCTBO ()OTOHOB, COCTABJISIIOMIMNX «DOTOHHBIH ras». [loncuu-
TaeM 06LIyI0 3Hepruio GOTOHHOro rasa, T. €. SHEPruio 3aKJio-
YEHHOTO B 3Be3Jle M3JyJeHHS.

Ilo cBOMM H3/y4aTeJbHBIM CBOHCTBAaM Hejpa 3Be3/bl OUEHb
CXOZHBI C a6COMIOTHO 4YepHbIM TesoM. OTHOCHTeNBHO JI060ro
ofbeMa BHYTPH 3BE3Jbl MOXKHO CUHTATb, YTO OH [MOIJIOILAeT
BCIO MAJAOILYI0 HAa HEro sHEpTHio M I10-
3TOMY C TIOBepXHOCTH, OrpaHHUYHMBaIO-
me# 3T0T o6BeM, JOMKHO H3JIydyaTbCs
CTONIbKO K€ HETPUH, CKOJBKO HM [O-
rJomaercs. Jlio6asi TOBepXHOCTb BHYTPU
3Be3/bl M3Jy4YaeT KaK MOBEPXHOCTb ab-
COJIIOTHO YEPHOrO TeJa.

ITpencraBuMm cebe 1apoBYIO MOBEPX-
HOCTb OYE€Hb MAJIOro pajuycar,O0XBaTbl-
BAIOIYI0 HEKOTOphiE 0O0BEM BHYTPH
3Be3jbl. B aTO#l 0O/sacTH, a 3HAUYUT, H
Ha TpeLTIoNaraeMoli mapoBoi moBepx-  LAC. 22. Pacnpoctpa-

HeHHe H3JIy4eHHS BHY-
HOCTH TemnepaTypa T TPaKTHYECKH rpy waposoro ofbema.
onuHakoBa. C MOBEpXHOCTH I11apa BHYTPb
ero ussiyvaercss 3a | cex KONHYECTBO
sHepruu, paBHoe 4mr’cT*. OOTOHBI HAaXOASTCS BHYTPH Iuapa
JUWb TO BpeMsl, KOTOpoe MM TpefyeTcs, uTOObl MPOJETETH
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CKBO3b HEr0 CO CKOpOCTbiO ¢ *). (MOTOH, NBHNKYIMACH BIOJIE
2r
pajuyca, 3aTpauMBaeT Ha NYTb CKBO3b INap BpeMs —-. Hc

(bOTOHBI HCIYCKAIOTCS NOBEPXHOCTbIO BO BCeX HaNpaBJEHHsX
U JIeTST HE TOMbKO BJOMb AMameTpa liapa, HO U IO XOpAaM
Bosee neranbHbIll pacuer mo3BoJsieT HaHTH, YyTO NyTh (POTOHE

4 o
B 1ape B CpeJHEM COCTaBJIACT 3 r. CJIeILOBaTeJIbHO, B KaxKJblH

JAHHBIH MOMEHT B oObeMe IIapa CONEepPKHUTCsS SHEPrHs H3JY-

4 r
UeHHs, paBHas 4nr2-oT4-T—C—.

4
Pasjenns nomyyennyio BeIMYHHY Ha OObeM Imapa —- ur?,

Ha#ileM IJIOTHOCTb H3JMYYeHHsi, T. €. KOJHYECTBO JHEPTHH
U3JIyueHMs, npuxopsmelics Ha | cm®. Kak Mbl BHAUM, OHa

40 1y
paBHa —— T*. Toyno BBHYHCIAUTL OGIIEE KOJMYECTBO SHEPTHH

H3Jy4eHHs B 3Be3fie E,,, MOXHO JIMIIb DU H3BECTHBIX 3Haye-
HuaxX T gnas xaxzaod obsactd 3Be3fpl. OfHAKO NpaBHABHBIA
NOPSIZOK  BeJHUHHBl E,,, NOJYYHM, YMHOXHB IJIOTHOCTDb
H3JIy4eHHs, COOTBETCTBYIOULYIO CpeiHel ,TeMnepaType 3Be3[pl,
Ha o0BeM 3Be3Nibl:

4

40 4 3
Tt:p'_g‘ JTR{. (13)

Elnn = T
B (13) Benmuunna R, o3Hauaer pajuyc 3Besibl. Fcnosbsys
u3BecTHble 3Havenus T., © R, nana CoaHua, Mbl HaXomuMm,
uT0 E 0@ =~ 10*® ape. Takum 06pasoM, sHeprHsi H3MyUeHHs,
sakiouensoro B CosHie, ropasgo MeHbIlle, YeM ero TemJIoBast
9HepPTHsi. DT0 XKe COPaBeNJIUBO H LJA APYTHX 3Be3.
3Be3/ia HENpPepHIBHO H3J1yYaeT SHEpTHI0 CO CBOeH NoBepX-
HOCTH B [IPOCTPAHCTBO, IPHYEM 3TO €CTh, [0 CYIIECTBY, U3JyUe-
HHe HarpeToro rasa u obecrneynBaeTcsi OHO TEIVIOBOH 3Hepruel
3Be3/bl. TensoBasi SHepTHsI, COAEpIKaIIasiCsi B 3Be3/e, JO0JMKHA
BCe BpeMsl BOCIOJHSThCS, HHAYe OHA 3a CPABHHUTENHHO KOpPOT-
KHH CDOK BCsl M3pacXofyercsi Ha usiyuenue. Hampumep, mas
Conuua, usayvaomero execekyugso 3,9 - 1033, spe, 3a-
KJIOYEeHHOH B HEM TeNJIOBOM SHEPruH He XBaTHJIO Obl Jaxe
Ha TPUAUATb MHJLTHOHOB JieT. Mbl ke 3HaeM, XoTg Obl.lO
JIaHHBIM TeoJIorHH, yTo u3nyyenue CosHua OblIO NPHOIU3H-

*) Ecan yacTb GOTOHOB MOTJIOLIAETCS, TO BMECTO HHX B 3TOM 0Gbe-
Me o6pasyeTcst Takoe e 4Hca0 ¢oToHoB. [To3TOMY B JaHHOM paccyx-
JeHHH MOTJIOUleHHe H3Jy4YeHHs MOXKHO He NPHHMMAaTbh BO BHHMaHHe.
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TENIbHO TAKMM K€, KaK H B Hacrosiliee BpeMss, Oosiee MHJI-
Juapjaa Jer.

OueBupHO, UTO 3aTpaueHHasi Ha H3JydeHHe sHeprusi CoJH-
1a He MOrJa CKOJbKO-HHOY/Ib CYIIECTBEHHEIM 00pasoM MOroJ-
HHUThCSI 3a CyeT MpeoOpasoBaHUsi MOTEHIHAJBLHOH SHEPrHH.
Haxe ecsiu CoJHie BO3HUKJIO U3 OYEHb pPa3pexeHHoro obJaka,
IIOTEHI[Ha/bHAS SHEPTHs KOTOPOro (B YKa3aHHOM BEHILIE CMBIC-
Jie) Obla 61M3Ka K HYJIO, TO OCBOOOAMBINASICSI TPH CHKATHU
obnaka no TemepemHero pasmepa CosHUA SHEPTHS MOPsiiKa
10%8 gpe He Morsia OGECIeUHTh CTOJIb JJIHTEIHHOTO CBEUEHHS.

Ananoruynasi CHTyalHsi HMEeT MeCTO H JUisl JPYTHX 3Be3J,
1o KpaHHell Mepe TeX U3 HHX, KOTOpble OJIM3KH O CBOEH CBeTH-
MocTH M Macce K CosHuy. 3HaAuHT, B 3Be3JaX CYIIECTBYIOT
KaKHe-TO BO3MOXKHOCTH IIONOJIHEHHS] TEMJOBOH 3HEPTHH —
3aracel 3HEpruu B CKPHITOM Buje. OleHKa 3THX 3aI1acOB CTAHET
JIJIs1 Hac BO3MOIKHOR MOCJ/Ie TOro, KaK Mbl 03HAKOMHMCST C OlHHM
M3 OYeHb BaXHbIX TIONIOKEHHE TEOPHH OTHOCHTENBLHOCTH,
a UMEHHO C SKBHMBAJIEHTHOCTBIO MacChl M SHEPTHH.

TeopHsi OTHOCHTENBHOCTH 3acTaBHJa OTKa3aTbCs OT IIPH-
BBIYHOIO IIPEACTABJIEHHS O Macce Tesia, KaK BeJHYHHE NOCTOSIH-
Ho#i. OxasnIBaercsi, YTO Macca 3aBHUCHT OT CKOPOCTH JBHXKEHUS
Tena. M3MeHeHHe BETHUHHBI MacChl KaK Mephl CONPOTHBJIEHHS
Tesa JeHCTBHIO HAa HEro CHJbl 00YCJIOBJIEHO 3aKOHOM COXpaHe-
HHUSI KOJIHYecTBa JBUxKkeHHsl. KoJMUeCTBO JBUXKEHHS HE MOXKET
BO3HHKHYTb U3 HHUero, 6e3 yuacTsi cujbl. EciH, B 4aCTHOCTH,
cuna F, peficTByroliast Ha TeJo, IOCTOSIHHA, TO 32 BpeMsi { OHA
H3MEHHT KOJIHUECTBO MABHXKEHHSI mv (m — Macca Tena, ¥ —
€ro CKOpOCTb) OT BEeJNHUHHEI (mu), A0 3HaYeHHUs (mv),, NpHUEM

(mo); — (mu), = Ft. (14)

OnHO M3 OCHOBHBEIX IOJIOXKEHHH TEOPUH OTHOCHTEIHHOCTH
COCTOHT B TOM, YTO HEBO3MOXKHO HHKAaKOe JBHKEHHEe CO CKOpO-
cThio, OOJbIIEll YyeM CKOpOCTh cBeTa ¢. Eciau ckopocTh Tena
B HauaJie JeHCTBHsI CHJEI Obla yKe OJH3Ka K €, TO CKOJBKO
6Bl CHJIa HH JEHCTBOBaJia, OHA HE MOXKET CYIIECTBEHHO ee yBe-
auunTh. KoMHuecTBO Ke JBMKeHHsT OyIeT BO3pacTaTb H IIpH
JOCTaTOYHOM GOJIBIIIOM BpeMeHH JeHCTBHSI CHJBL BeJHYMHA
(mv), Moxer craTh CKOJMb YrofHo Goubiuod. ClefoBaTeqbHO,
IPU CKOPOCTSIX JABHMKEeHHsI, OJM3KHX K C, Macca TeJa MOJ JeH-
CTBHEM CHJIBI pPacTeT, T. €. YBEJHUYMBAETCS COIPOTHBJIECHHE,
OKa3bIBAEMOE TEJNIOM H3MEHEHHIO COCTOSIHMSI €ro JBHIKEeHHSI.
UeM ObiCTpee JBHKETCS TeNo, TeM OoJibllle €ro HHEpIHs.
3aBHCHMOCTh MacChl Tela OT CKOPOCTH €ro  JBHKEHHs
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onpenensaeTcs (tJOpMyJIOI';I

02
]/1_0_2

BBIBOJL KOTOPOH mortpeboBas Obl CIAHMIIKOM MHOIO MecTa M MO03-
TOMY 3/IeCh MBI €ro He IPUBOAHM. C HHUM MOXKHO II03HAKOMHTbCS,
B YaCTHOCTH, Mo KHHre «bBecempl 0 TEOpHH OTHOCHUTEIHHOCTHY»
B. I'. Kysueuosa (u3g. AH CCCP, 1963).

Bennuuna m, mpencraBisier co60f 3HaueHHe MacChl TeJa
IpH PaBHOH HYJIO CKOPOCTH M HAasbiBAaeTCsi MacCof MOKOS.
3aBHCHMOCTb MacChl OT CKOPOCTH CKasblBaeTcsi JHIIb IIPH
3HAUEHUSIX U B JIECATKH TBHICSY KHJIOMETPOB B cekyHIy. llaxe
TNPH OTPOMHOH B 3eMHBIX YCJOBHsIX cKopocTd v = 1000 xm/cex

2

U
H, COOTBETCTBEHHO, BEJIHUUHE v = W,sﬁaqem{e m OTJIN4YaeT-

cst OT m, MeHee, ueM Ha 0,002% . ITostoMy u3MeHeHHe Macchl,
BbI3BAHHOE [IBHIKEHHEM, 3aMETHO TOJbKO y OueHb OBICTPBHIX
YacTHL, ABHKYIMUXCS CO CKOpPOCTbi0, OJIM3KOH K CKOPOCTH
CBeTa, HAIpUMep y YacCTHIl, Pa3rOHsieMbIX MAarHUTHBIM IOJIeM
B ycKopHTese (CHHXPO(ha3oTPOHe), MJHM y YacTHI], COCTaBJIO-

4
MHAX KOCMHYECKHE JIYUH. Ecan ' HaMHOI'0O MeHbIUEe €IUHHUIBI,

TO cooTHouleHHe (15) Mexxay Maccoll M CKOPOCTbIO NMPHOIHKEH-
HO MOXKHO 3amucaTbh B BHIE
U2

1 mgv?
m:mo(l—l—T—cz—):mo +'207. (16)
[Ipu % < % 3TO COOTHOLIEHHE BEPHO C TOUHOCTHIO 10 0,005%/,* ).

OY€Hb MaJIO 1O CpaB-

v vl
*) Tak Kak npy —— JOCTAaTOYHO MaJbIX, .
c C
02 (l 1 02)9 1—9 1 o2 I o4
eHHio ¢ —, To umeeM \l——55 %) =1—2.5—F +—F7 -7 =~
HEHHio 2’ 2 ¢ gt 1A
v2
~ 1 — =, Ilosromy
c? -

1 1 1 _
v T o2\ R
Vi-% ]/(1—‘2—0—) =7
1 ov? 1 ot 1 v
sty ety ety

34ech Mbl BOCHOJb30BAJHCH  H3BECTHOH  GOPMYJNOH  IJs  CYMMBI
6eCKOHEUHOH TreoMeTpPHYECKOil NporpeccHu (co 3HamMeHaTesNeM, B JAaH-

I v
HOM ciayuae, —g- 7)
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TakuM o06pasoM, OKasblBaeTcsl, 4TO BCJELCTBHE MIBHKEHHS
TeJla Macca ero yBeJHYMBAeTCs Ha BeNHYMHY KHHeTHYeCKOH
9Hepruu, jesne”Hoi Ha c®. Ecau 370 yBesHMYeHHe MaccChl, paB-
HOe m — My, 0003HauuTh Am, TO HOIYYUM BaxKHYIO (GopMyJay

Am= L. (17)

c?

CrenanHoe HaMu OrpaHH4YeHHe, YTO U HAMHOroO MEHbIUEe ¢, BHI-
3BaHO TOJIBKO CTpPEeMJICHHEM K YIPOLIEHHI0 BbIBOJA W HE dAB-

JISIeTCSI CyILIeCTBEHHBIM. Jta (opMysia BepHa IpH J000M 3Hade-
v

HHH — .
C

CootHoutenne (17) ycraHaBsaMBaeT CBSI3b MeEXIy Maccoi
1 sHeprued. XoTs OHO HaMH 3Jiech BBIBEJEHO IJIsi ciydas,
Korja £ KuHeTHuecKasl SHeprusi, HO IIOCKOJbKY 3Ta SHEprust
ecThb pesysbTaT NpeoOpasoBaHUsI JSHEPrUU APYrHX BHJIOB,
MOXKHO yTBEp:KJaTb, YTO BCSKOH SHEPrHH COOTBETCTBYET
HeKoTopasi Macca. DHeprusi 4 Macca He OJJHO H TO :Ke: MOBOPIT,
UTO OHH SKBHMBAJ/IEHTHBI, T. €. U3MeHEeHHe SHEepruy Tesa Bcerja
MPONOPIHOHAJNBEHO HU3MEHEHHI0 ero Macchl.

BcesiencTBue 5KBHBAJIEHTHOCTH MacChl M SHEPrHH, TeJay
CBOHCTBEHHA OIpejiesieHHast 9HepPrusl, ec/d OHO U He JBHIKETCS.
Macce moxosimerocsi Tesa, paBHOH 71, COOTBETCTBYET SHEPTHUS
nmokost E, = myc®. TIpH HEeKOTOpHIX YC/IOBHUSX 3Heprus £,
MOXKET IMPeBpPaTHUTbCA B JpPYyrue BHAbBl 3HEPrUH, HAIPHUMED,
B M3snydeHHe. Takoe npeBpalleHHe HA3bIBAIOT aHHUTHJSHHEH
(«yHn4TOKeHHEeM»). To, YTO mpoueccsl AHHUMMASIMH HabJo-
JIAfoTCsl B IeHCTBUTEIbHOCTH, OJIeCTSINE MOATBEPIKIAET 3aKJIO-
YyeHHe TEOPHUH OTHOCHTENBLHOCTH O CBSI3M MacChl H 3IHEPTHHU.
OnHo M3 TakMX MHOrOKpaTHO HAaOJIIONABIIMXCS SIBJIECHHH —
AHHHTHJISINMS 3JeKTPOHA IIPH BCTpeue C Jpyrodl yacTuief,
Ha3blBaeMo# mnosuTpoHOM. [lo cBoell Macce M 1O BeMYHHE
9JIEKTPHYECKOro 3apsiia 3TH YacTHIbl He OT/JIMYaoTCsl Jpyr
OT Zpyra, HO 3HAKH 3apsijioB y HUX NPOTHBOMOMOKHEL. Coenu-
HSISICh, 3JIEKTPOH H IO3UTPOH IIepecTaroT CYIeCTBOBATh H IIPH
5TOM BO3HHMKAET H3sydeHHe. DHeprusi moJyuyUBIuuXcs GOTOHOB
cocraBaster 1,6 - 10~6gpe, uTO B TOUHOCTH PaBHO IPOU3BEJE-
HUIO yJIBOeHHOH Maccel sJjektpoHa 2,9 - 10-82 Ha kBagpar
CKOPOCTH CBerTa.

Macce 3Besgpl M, cootserctByer aHeprust M, c?. Hast ComH-
na, Hanpumep, Moc* = 1,8 + 10%* gpe. D10 3HaUEHHE B COTHH
THICAY pa3 IMpeBbllIaeT TemioByo 3sHepruro CoJHia, 4YTO H
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[OHATHO, [OCKOJNbKY CPEJHHE CKODOCTH JBHIKeHHS 4YacCTHIL,
cocrapJsiomux CosiHUEe, MaJbl [I0 CPaBHEHHIO CO CKOPOCTBIO
cBera. Benuuuna M,c® ompefensieT NOJHBIN 3armac SHEPrHU
sBesabl. Ho Jlaneko He BCS 3Ta SHEPTHs CIOCOGHA B YCJOBHAX
3Be3ibl mepedTH B Apyrue BHIbI SHEPTHH.

[TonHast aHHUTHJAANMS BO3MOXKHA TOJNBKO B TOM clydae,
KOT/ia 4aCTHIbl U COOTBETCTBYIOIIME AHTHYACTHIIBI COLEDPIKATCS
B ofHaKkoBoM Kosuuectse. O CosiHie U APYyrux 3Besfax I'amnak-
THKM HeT OCHOBaHMH JyMaTb, 4TO OHH B CKOJBKO-HHOYIb
CYLIeCTBEHHOH uacTH COCTOAT H3 aHTHBellecTBa. IlosTomy
XOTsl B HHX ¥ BbIpaGaTbiBaeTCsl SHEPTHs IyTeM paccMaTpHBae-
MbIX HHXKe TEDMOSLepHBIX peakUHH, HO 3TO NIPHBOIUT JIHIIb
K He3HaYUTeJbHOMY YMEHbIIEHHIO MaccChl 3Be3[bl.

OmpenequM H3MeHeHHe MacChl BellleCTBA B pe3yJbTaTe
BbIPaOOTKH SHEPTHH IPH PeaKuUsiX TaK HasblBAEMOro IPOTOH-
NPOTOHHOTO HHMKJa. STH peaKuuH, N0 COBPEMEHHBIM BO33pe-
HHSIM, SBJISIIOTCSI HCTOYHHKOM 5Heprud cBeuenust CoJHia
M NOJOOGHBIX eMy 3Be3l. OHH CBOAATCSI K 0OpasoBaHHIO sep
aTOMOB TeJHs M3 siiep aTOMOB BOAOPOJA — IPOTOHOB.

SInpa Bcex 4TOMOB, KpoMe BOZOPOJA, SIBJSIOTCS CJOMKHBIMH.
OHH COCTOAT M3 MOJIOXKUTENbHO 3apSKEHHBIX YacTHIL{ — IIpO-
TOHOB M YacTHI[ NOYTH TaKOH 3Ke Macchl, JIMIIEHHBIX 3apsifa —
HeATpOHOB. HamoMHHM, 4TO siZpO aToMa re/ust (HasbiBaeMoe
TaKxe o-4acTHIel) COCTOUT U3 JIBYX IIPOTOHOB M ABYX HEHTpO-
HOB. YacTHIb! B sifpe aToMa CBsI3aHbl OCOOBIMH BHYTPHSIIEp-
HBIMHM CHJIaMH, JeHCcTBHE KOTODBIX CKasbIRAeTCS TOJNBKO INpPH
OYeHb MaJIbIX PACCTOSIHMSAX MexkAy dacTuuaMH. [lasi Toro
uytoOBl yJANUTh, HANpHUMep, M3 Q-YaCTHIbl IPOTOH, HYHKHO
npoussectd paboTy NPOTHB BHYTPHUSAEPHBIX CHJ, T. €. 3a-
TPATUTb SHepruio. DTa dHeprHsi Has3bIBaeTCsi SHEPrueH CBsI3H
IpOTOHa B c-YacTHue. IIpH coenMHEHHH Ke NBYX IPOTOHOB
H JBYX HEHTPOHOB B 0-4aCTHILY AOJIKHA OCBOOOXKAATHCS HEp-
THsl, paBHAsi MX 9HEPTUM CBSI3H.

He ocranaBiuBasicb moka Ha YCJIOBHAX, NPH KOTOPHIX
MOXKET NPOUCXOJUTb 0Opa3oBaHHE Q-YaCTHIL U3 IPOTOHOB, pac-
CMOTPHM MOC/efOBaTe/dbHEIE 3TaNkl 3TOTrO UMKAA. Ecau npu
BCTpeUE JBYX NPOTOHOB (MBI YCJOBHO OOO3HaYaeM IIPOTOH
6yKBOH p) UM yjacTcs NOCTATOYHO COJIMSHTHCS, TO BO3MOXKHO
ofpasoBaHue siipa aToMa Jelrepusi . (TstKesnoro Bogopoxa D2?),
KOTOPO€ COCTOMT M3 NpPOTOHA ¥ HefiTpoHa. HelitpoH, BXogamus
B cocraB D2, nonyuaercs u3 nportoHa. IlpeBpallenne nporoxa
B HEHTPOH CONPOBOMKAAETCS HCIYCKAHHEM IOJIOXKHTENbHO
3apsIKEHHOH YacTHLBl — MO3UTPOHA e+ (0 Hel Mbl yKe rOBOpPH-
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Ji Bbile), ¥ ocofoi yacTHIB, HE UMelollel 3apsina — Hedi-
TpuHO (0603HavaloT ee y). KpoMe TOro, npH CoefMHEHHH YaCTHIL
BBIIEIAeTCS (QOTOH OueHb OOJIbLIOH SHEPIHH — y-KBaHT. Peak-
1ust o6pasoBaHusi D? cxeMaTHUeCKU 3alHChIBAETCSI CJIEYHOIIIM
o6pasoM:

P+p—>Dife vy ()

ITosutpon e* B JanpHeHIleM AHHUTHJIMPYET, BCTPETUBLIHCH
C KaKUM-JIH00 CBOGOIHBIM 5JIEKTPOHOM, M IIPH 5TOM NOJYYaIOT-
Cs1 elue JiBa Y-KBaHTA.

slgpo pefitepusi, COENUHAACH C JOCTAaTOYHO OJM3KO NOXO-
LIeIUUM K HeMy NPOTOHOM, 00pasyeT HOBYIO YacTHLy — SAPO
usotona renus He®, copepxalliee gBa npoToHa M HEHTpPOH.
Ora peaKUUs Takxke NPOTEKAET C BBIAEJIEHHEM HEePTHH B BHJE
V-KBaHTa:

D* -+ p— He?® + y. (IT)

Ionyunsineecs: anpo He® Moxer BcTymath B pas/iuuHble peak-
MY, HO B 3Be3fax Haubo.see 9acTOH SIBJIsSIeTCS PeaklHs MexLy
nByMst qactuliamu Hed. OHa npoHCXOAHUT COracHO Caeayioled
cxeme:

He® + He® — He* +p +p + v, (ITI)

T. e. BelleT K oOpasoBaHuio a-yactHibl (He?), iByX 1poToHOB
U y-KBaHTA.

Taxkum 0o06pa3oM, B HTOre NPOTOH-NPOTOHHOTO LUKJA peak-
M BMECTO 4YeTblpeX NPOTOHOB NOJYYalOTCS ®-4acTHLa, He-
CKOJIbKO Y-KBaHTOB M HeHTpHHO. Macca MOKOSI Q-4acTHILBI
My« MEHBLIE Macchl YeThipeX NMPOTOHOB 4m,. BenuuuHa pas-
HOCTH 4/, — Mpye U ONPENENsAeT KOJUUECTBO BELIECTBA, JKBH-
BaJICHTHOTO BBLIE/NHUBLIEHCS SHEPTUH, a OTHOLIEHHE 4'"1’_4_”1'"_*2
€CcTh JHOJISI MacChl, COOTBEICTBYIOIIEH SHEPrHH, Bblpg6a-
THIBAEMOH B peaKLUsIX NPOTOH-NPOTOHHOrO nukaa. OHa cocras-

4.1,0081 — 4,0039
JIsieT Z.1.0081 = 0,007 (3HaueHHs] MacC 37eCb B3ATHI
B eIMHHMIAX aTOMHOro Beca). Kak Mbl BHIMM, Macca BellecTBa
B pesyJsbTaTe NPOTOH-IPOTOHHOTO LHMKJA YMEHbLIAeTCs BCETO
Ha ceMb [JecsAThiX MpPOLEHTa OT Macchl BOAOpPOJA, COJAEpIKaB-
Lierocst B BelIECTBE.

TepMosipepuble peakuuy NPOUCXOASAT B IJIasMe JIMILUb
NpHU ONpefieIeHHBIX YCJIOBHSIX, He pealM3YIOLINXCsl, HanpuMep,
BO BHELIHHX CJIOSIX 3Be€3] UM B MeK3Be3JHOH cpefe. [lasieKo
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He IPH KaxKIOf BCTpeYe IBYX NPOTOHOB ofpasyercst anpo
atoMa Jaefitepus. IIpOTOHEI, KakK ORMHAKOBO 3apsKEHHbIE
YaCTHUB!, HCIBHITBIBAIOT JEHCTBHE 2JIEKTPOCTATHUYECKOTO OTTajl-
KUBaHUs, TeM OoJblliee, uyeM OJMXKe OHH HAXOHASTCS APYr
K 1pyry. ITpoToH Kax Obl OKpyKeH Nperpajoi, mpensircTBYIo-
mefl COMMMKEHHIO C HHMM JAPYroH HOJOXKHTENbHO 3apsiKEeHHOH
yactuupl. IlosatoMy ynorpebisitor ocofoe BbIpasK€HHE — [OBO-
pAT, YTO y IIPOTOHA CYILECTBYeT IIOTeHIUaJbHBH Oapbep.
BuyTpusizepHble ke CHJBI MPHUTSKEHHs O4eHb OBICTPO yObiBa-
0T C PACCTOSIHUEM H TOJIBKO NPH PACCTOSIHUSAX MEXy YacTUIa-
MH nopsigka 10~'3 cu MJIM MEHBUIHX OHH NPEBOCXOAST CHJIBI
3JIeKTPOCTATHYECKOTO OTTaNKUBaHHusl. CleIoBaTesbHO, SAPO
aToMa JefitepHst obpasyercs JIHIIL B TOM ClIydae, KOTAa OTHO-
CHTEJbHAsl CKOPOCTb CTaJKHBAIOLIUXCSl IPOTOHOB HACTOJBKO
BeJMKa, YTO COOTBETCTBYIOLLAsl €H KHHEeTHYecKas 3SHeprus
JOCTaTo4Ha JIJIsl TIPEOJ0JIeHH s ToTeHIanbHoro 6apbepa. OfuH
U3 IPOTOHOB, NPOOHBIIHCHL Yepe3 Gapbep B 00/1acTh AeHCTBHS
BHYTPHSIIEPHBIX CHJI, NpeBpallaercst TaM B HedTpoH. AHalo-
THYHBIH IOTEHIHAJbHbIH Oaphep OXHOMMEHHO 3apsKeHHBIM
YacTHLaM TPUXOAMTCS TNpPeojoseBaTh W IPU APYTUX TepMOs-
JEPHBIX DeaKIusX.

Ecou temmepaTypa mJjiasMbl HEJOCTATOYHO BBICOKa, CKa-
KeM, 3—5 MHJUJIHO0:i0B IPaJyCoOB, TO IPOTOHOB C HEOOXOAUMBIM
J151 TIPEOJIOJIEHHS] TOTeHUHaJbHOro Oapbepa 3HaYeHHEM CKO-
pPOCTH NOYTH HET W IPOTOH-IPOTOHHAS] DPeaKIMs He HIeT.
[Tpu Temneparypax ke, GJM3KHX K 15 MHJ/IHOHAM I'DajycoB,
CPaBHHUTENBHO OOJbllAst [0JIST YaCTHL, MMeeT 3HeprHio, M03BO-
JSIOULYI0 MM HOJOHTH K JPYroH dYacTHIe IOCTaTOYHO OJH3KO
st o6pasoBaHUsi GoJiee CJIOXKHOIO siipa. TakuM 06paszoM,
OLHO M3 HeOOXONUMEIX YCJIOBHH NPOTOH-NPOTOHHOIO UMKJA —
9TO BLICOKasl TeMIepartypa mJasMel — mopsinka 15 - 108 °K.
C mpyroit CTOPOHBI, [J1s1 TOrO YTOOB! BCTPEYH IPOTOHOB IIPOHC-
XOJHUJIH 4acTo, TpefyeTcs BhICOKAst KOHUEHTPALHUS STHX YacTHIL.
O6a 3TH yCJOBHSI BHINOJHSIOTCS B IEHTPAIbHBIX 00/acTaX
CosnHIIa M CXOLHBIX C HHM 3Be3f. Bomopon siBaisiercs: mpeo6-
JajamomuM asteMeHToM B CoJIHIIE H B HenpaX €ro HOHHM30BaH.
UHco npoToHOB B LeHTpanbHuIX ofsactsx CoJsiHIa cocTas-
astieT npuMepHo 10%° cx—3, a temmepartypa TaM 15 MMJIMOHOB
rpagycos. Maymue B CoJiHUE PpeaKuHH NIPOTOH-IPOTOHHOIO
IMKIa obecreynBaloT HaOmignaeMblHl BBIXOJ SHEPrHH H3Jyde-
Hust 3,9 - 1038 ape/cex.

DHepTHUsl NPH IPOTOH-IPOTOHHOM LMKJIE BLIIGJSETCS NPeH-
MyIIecTBeHHO B (hopMe Y-KBaHTOB, M IIPH B3aUMOAEHCTBHH
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& BellléCTBOM 3Be3fbl MpeBpallaeTcsl B TeloBylo 3SHeprhio.
Hexkoropasi yacTb 3HeprHHM yHOCHTCS HeHTpPHHO. DTa yacTHIA
obJiajiaeT 3aMeuaTesbHBIM CBOHCTBOM — OHA HACTOJBKO cjabo
B3aHUMOJICHCTBYET C JIOOBIMH JpYyrHMH YacTHIAMH, YTO NPaKTH-
yecKHd OECNpEnsiTCTBEHHO MPOXOIMT CKBO3b Toqly CoJHLA.
[Torok HefitpuHo M3 CoJiHUA U APYTHX 3Be3]l IPOHM3LIBALT BCe
MPOCTPAHCTBO U HAXOASIIHECS] B HEM TeJsa, BKJoYas 3eMJIIo,
He TPOU3BOZS INPH 3TOM HHUKAKHX HENOCPEACTBEHHO 3aMETHBIX
a¢derToB *).

[Tpeo6pasoBanne Bcero Boaoposaa, copepzxauerocst B Con-
ue, B rejuil Moxer gath 2-1033=0,6-¢*.0,007 = 7,6-10%
3pe. Ilpn HabmofaeMOM B HACTOsiIlee BpeMs PacXoje 3Hep-
M Ha H3JyyeHHE, 3TOr0 KOJMYecTBA AO/KHO XBaTHTb Ha
2-10'8 cex, T. e. Ha JIECATKH MHUJIHAPJIOB JeT.

Bce omucaHHble BHABI SHEPrHMM OTHOCSATCSI K BHyTpeHHeH
sHepruy 3Besnpl. Ho 3Besga o6/amaeT W MeXaHHUYECKOH 3Hep-
ruelf, oOycJIOBJIEHHOH, BO-NIEPBBIX, NBHKEHHEM ee KakK I1eJOoro,
M BO-BTOPbIX, B3aMMOJECHCTBHEM 3Be3Jbl C JPYTHMH TeJaMH
BXOJSILIMMH B 3Be3JHYIO CHCTEMY.

[To nHabuonaeMeIM cnekTpaM 3Be3j, Obli10 06HAPYXKEHO, 4TOo
MHOrMe M3 HHX CPaBHHUTeJbHO OBICTPO BpAILAIOTCS BOKPYT
cBoell ocu. CKOpOCTb JBHKEHHSI Ha SKBATOpPE 3Be3Jbl, CO3LaH-
Hasl BpallleHHeM, COCTaBJisieT ReCSITKM, a HMHOrja JaKe COTHH
KHJIOMETPOB B ceKyHAy. MenseHHoe BpaleHHe, NpHBOAsLLEe
K 3KBaTOPHAJbHBIM CKOPOCTAM B HECKOJBbKO KHJIOMETPOB
B CeKyHJy, IO CIeKTpaM 3Be3f 3aMeTHTb TpyaHo. OjnHako
xopouo usBecTHO, 4T0 CoOJHLE BpalllaeTcs U JIHMHEHHas CKO-
pOCTb BpallleHHsl Ha €ro sKBatope paBHa 2 km/cex. MoxHo
noJiaraTh, 4TO 3B€3Ibl, Y KOTODPEIX IO CIeKTpaM He YAaJoch
oOHapyXHUThb BpallleHHsl, Bce Ke 00.,1aJaloT BpallaTeJbHOH
CKOPOCTBIO TAaKOTO e MOpsIIKa HJH Jaxe HeCKOobKO 6oJbLiet.

3HaueHHe CKOPOCTH B Pas/MYHBIX TOUKaX BHYTPH Bpallaio-
1eHcst 3Be3pl He OJHHAKOBO U 3aBHCUT OT DPACCTOSIHHSI JaHHOH
TOYKH OT OcH BpalleHusi. [103ToMy JIjisi TOYHOTO BBIYHC/ICHHA
KUHETHYeCKOH 5Hepru¥ HeoOXOZMMO 3HaTb paclpeneneHue
BelllecTBa BHYTPH 3Be3bl. Eciiu cuuTaTth, YTO BELIECTBO 3BE3ALI
He OUYeHb CHJIBHO CKOHLEHTPHPOBAHO B €€ IEHTPaJbHbIX 00-
JIacTSAX, TO MOPSIAKOBYIO OLEHKY KHHETHYecKOH SHepruu Bpa-
IEHH ST MOXKHO MOJIYYUTh, IPHUHSB BCIO MacCy 3Be3Jbl COCPEROTO-
YeHHOH Ha OJZHOM H TOM XK€ pAacCTOSIHMM OT OCH BpalICHHH,

*) IlpoM3BeNEHHBLIMH HELABHO OMNbITAMH GbIIM 3apErHCTPHPOBAHEBI
(B OueHb MaJioM YHCJE) HEHTPHHO COJHEUYHOrO INPOHCXOXKIEHHS.
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¢kaxeM, Ha paccTOSIHUM %, rae R, — pafuyc 3Be3fbl. ﬂpu

YIJIOBOH CKOPOCTH BpallieHHs, PaBHOH ®, JHHeHHas CKOPOCTh
Macckl B 3TOH MOIEJH COCTaBHT 2n}32iw U IS KHHEeTHUeCKOH

SHEePruH Bpamlenus E,, noayuurcs GopMmyna

Eyp = - My (nR40). (18)

Tax Kax Haxomumass us unadmofeHudi CosHua JuHeHHAas
CKOpOCTb Ha ero axkBartope 2nR -0 =2 - 105 cx cex, TO N1
ero HePrUM BpallleHHs MoJyyaeM Bequuuny E.,o = 10%® gpe.
Ona Mana HO CpaBHEHHIO C TEMJOBOH 3Hepruedl. Y 3Be3fdl,
Bpaulamolefica ¢ 6oabIIof cKopocThio, Hanpumep, 300 xm/cex
Ha 9KBaTope, 3HEPrHs BpalleHHs Moxer jgoctHub 1047 gpe.
YKasaHHOe 3Ha4ueHHe CKOpPOCTH OJIM3KO K MPEeNbHO BO3MOXK-
HOMY, TIOTOMY 4TO IIPM CYIIECTBEHHO GoJblIell CKOPOCTH 3Be3/a
JomxHa ObIThb PasopBaHa Ha YacTH IEHTPOOEXKHBIMH CHJIAMH.
CnepoBatenbHO, jaxe Yy HaubGojee OLICTPO BpallarOIUXCH
3Be3]l JHEPrHsl BpAIleHHs] MEHblIe TeJOBOH 3Hepruu *).

Mexanndeckast 9HeprHsa 3Be3J], BXOJSIIHX B JBOHHYIO
CHCTEMY, MOXKeT GbITh BechMa 3iiaunTenbHol. Tlycrs, Hanpumep,
JIBE 3BE€3/Ibl C MacCaMH, PaBHBIMU COIHEUHOH (M 1= M= M),
BpaLIalOTCsl BOKPYT OOLIEro IEHTPa TSKECTH, NpHYeM pac-
CTOSIHHE @ MeXJy HHMH Takoe xe, Kak oT CosHua J0 3eMJH.
Ilockonbky ckopocts V' y ofeux 3Be3n ofHa H Ta Xe, TO HX
KHHETHYeCKas SHeprus pasHa % (Mit+ Mo) V2= M V2
Ckopocte V cBsi3aHa c mepHogoM oOpallleHHsi COOTHOLIEHHEM

2n~—g—~
na :
pP= — =7 Hcnonb3yss 310 cooTHoweHHe H (opMynay

GM .
(10), momywaem, uwro V:=__0 a KuHerHYecKas 3HEpIHUS

a ’
GM%D
HX — = Ilpn a = 1,5 10"® cm, KuHerHYecKas 3HeprHs

3Besq cocraBusier 104% spe. B cayuae xe, Korma paccrosiHue
MeXJy KOMIIOHEHTaMH CHCTeMbl B CTO pa3 MeHblle (TakHe
CHCTeMBl BCTPEYAIOTCS CPAaBHUTEJNbHO Yacto), HX 3Heprus

*) Tak Kak Ha NMOBEPXHOCTH MHOLHX 3Be3] CYLIECTBYIOT MarHHT-
Hble TIOJfl, CJHENOBaJo 6bl OUEHHTb H MAaCHHTHYIO 3HEPTHIO 3Be3Jbl.
Ceityac 3T0 cjenaTh TPYIHO, OCKOJbKY HAM HEH3BECTHBI NOJS BHYTDH
3Be3/l. BeposTHO, MarHHTHAS 3HEPTHS 3HAUHTENbHO MEHbIIe TemJOBOH.
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paBHa 10%® spe, T. e. TaKOro ke mopsiaKa, Kak H TelJaoBasi
sHeprus 3sesl. TakuM ob6pasoM, ueM OoJsiee TECHOH sIBJIsIeTCS
JBOMHAs CHCTeMa, TeM OoJblle 2Heprust BXOASIIMX B Hee
3Be3fl. DTOT BLIBOJ CleflyeT, KakK JIerko BHIETh, U H3 TeOpeMbl
o BHpHane (coorHowenue (12)).

B sBesgubix cHcreMaxX, 3aHHMalOIHUX GoJblIOH 00BEM
U COJepxKallluX MHOTO 3Be3l, TAKMX, KaK IIapOBbie CKOIJIEHHS
ajakTHKH, TOMHMO KHMHETHYeCKOH SHepruu 3pes] M TyMaH-
HOCTeH H NOTEeHUHANbHOH SHEPrHH HX TSATOTEHHs, CONEPXKUTCS
«paccesiHHas» dHeprusi. B Hee BKJIoUaercss 3HEPTHs pasJHy-
HBIX H3JIyYeHHH, B 4aCTHOCTH, U3Jy4eHHs 3Be3]l, KOCMHYECKHX
Jyded M MarHHTHasi SHEPrHsi, paclpele/neHHble IO BCeMY
IPOCTPAHCTBY, 3aHHMAaeMOMY 3Be3[HOH CHCTeMOH.

Kaxpas us 3pe3n [anaktuku o6gagaer COOCTBEHHBIM,
TAK HasbiBaeMbIM IEKYJSPHBIM JBHXKEHHEM OTHOCHTEIbHO
JIpYyrux 3Besj. dta CKOpoCTh B cpenueM paBua 10—20 xm/cex.
CnenoBate/bHO, HA KaXAYIO 3Be3[y NPHUXOIUTCS KMHeTHYecKas
sHeprus nopsgxa 1045 — 1048 spe. Ckopoctd 3Besl, BbI3BaH-
Hble BpallenueM Bcell [allakTHKM BOKPYT ee HeHTpa, OoJiblue
IIeKyJISIPHbIX, H COCTaBJSIOT HECKOJbKO COTeH KHJIOMETPOB
B ceKyHAy. D10 JaeT okoso 1048 spe Ha Kaxnyio 3Besny [anak-
THKH, a Ha Bcio cucreMy 10% — 109 spe. CorsacHo teopeme
0 BHpHaJie TAKOro Xe I0pPsAKa A0/KHa ObITh U NOTeHLIHAIbHAS
sHeprus [amaktHky.

Bennunna «paccesinuofly sxHepruu B I'anaktike B THICAYH
pa3 MeHbllle IOJYYeHHOH BeJHYMHbI MeXaHHYeCKOH 3SHepruu
U, mo-BHAUMOMY, He mpesbimaer 1036 spe. Tlockosabky mioT-
HOCTb STOH 3HEPTHH — COfiepKAHUe SHEPrud B eluHHIe 00b-
eMa — OYeHb MaJsia, TO OOJIbIIOE KOJHMYECTBO ee He MOXKeT
JOoCTaTouyHO OBICTPO IepedTH B APyrde BHAb H, BEPOATHO,
posb TakHX (OPM 3SHEPrHH B BO3HHKHOBEHHH KOCMHYECKHX
B3DBIBOB He CTOJIb CYIIECTBEHHA, KaK SHeprHH, COCPeJOoTOYeH-
HOH B TNJIOTHBIX HeOeCHBIX Tesax.

§ 5. B3PbilBbl HA COJIHUE
U UX BJAUAHHUE HA 3EMJIIO

Baaronaps nameft 6ausoctn K CoJHIy, Jaxe CpaBHUTENb-
HO cJabble SIBJIEHHSI Ha €ro NMOBEePXHOCTH, KOTOPhie Mbl 00Jb-
el yacThio He 3aMedaeM Ha IPYrux 3Besnax, Xopoiuo HabJio-
naiorcsi. DoJsiee Toro, B psifie ciaydaeB HX MOC/EICTBHS HEIO-
CPENCTBEHHO OIIyIIaloTcs obuTatensaMd 3eman. K Takum
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SIBJICHUSIM OTHOCSITCSI M HEOOJIbIIHE 0 KOCMHYECKHM MacliTa-
6aM B3peBBl Ha noBepXHocTH CoJHIA, HA3bIBAEMBIE XPOMO-
chepHLIMH BenbKaMHu. OueHb MaJjiof JOJH SHEpPTrUH, BBIIETHB-
me#cs npu  XpoMocthepHO!l BCHBINIKE H JOCTHriuef 3eMJH,
OKashbIBAeTCsl JOCTATOUHO, YTOOEI M3MEHHTb COCTOsIHHEe 3eMHOH
atMoc(ephrl, BEI3BAB HAPYLICHHS] PAJHMOCBSI3H, MOJSIDHBEE CHSI-
HHs U pyrue addexTe. [losToMy H3ydeHHe NpHUpPOALI XPOMO-
ChEpHLIX BCHBIIIEK INIPEACTABJSIET HE TOJBLKO TEOpEeTHUeCKHH
untepec. IloHsiB MX Xapaxrep, Mbl HOJYYHM BO3MOXKHOCTDb
IIPECKa3kIBaTh XPOMOCGhEpPHbIE BCIHBIIKH H 3a0JaroBpPeMEeHHO
[OPUHUMATL Mephl K YMEHBIIEHHIO BpEIHBIX IOCJELCTBHI
JeHCTBHS BCTBIIIEK Ha pasiHuHble O00JAaCTH yesoBeyecKoh
JesITebHOCTH.

Ilpexkae uweM geTanbHO paccMaTpHBaTh XpoMochepHble
BCIILIIKH, 00paTHMCsl K JPYrHM IpoLeccaM, MPOHCXOISILIHM
BO BHEMIHHX cJosiX CoJHIIa M TECHO CBSI3aHHBIM CO BCIBLIIIKAMH.
B nepByio ouepenp peur NOHIET O MSITHOOOpAa3oBATENbHOH
nesarensHocTH CouHua. IIsiTHa NpeACTaB/SIOT OXHY H3 HaH-
Go/iee 3aMETHEIX H XOpOIUO HM3BECTHBIX OCOGEHHOCTEH MOoBepX-
HocTH CoJHIA.

Mer yxxe orTMedasH, 4YTO IOBEPXHOCTb J110OOH 3Be3NH,
a 3Hauut, ¥ CoJiHIA, OHpenessieTcsl YCJIOBHO, KaK TOT CJIOH,
ray0ke KOTOPOro HHYero Hesb3si YBHIETh BC/IENCTBHE HENpO-
3payHOCTH 3BE3JHOTO BellecTBAa. JTa IOBEPXHOCTb M IIPHMBI-
Kaiomue K Heft ciaon CosHua HasblBaeMEE, KaK Mbl 3HAeM,
dotoceport, He HaXomsTCs B CHOKOHHOM cocrosinuu. [IpH
HaOJ/IIOZEHUN B TeJeckon obHapy»KHBaercsl, 4to ortochepa
COCTOHT M3 CBeTJIbBIX siueeK HJIM 3epeH. Suefiku 3TH, HaskclBae-
Mele rpaHyJamy, uMetorT B nomepeunuke 500—1500 xm u or-
JeneHsl Ipyr ot Apyra Oojee TeMHBIMH NPOXKHJIKaMH. OHHM
OKa3bIBAIOTCSI OUEHb HEJOJIrOBEYHHIMH 00pa3oBaHHSIMH. 3a He-
CKOJIbBKO MHHYT OJIHH IpaHyJbl HCUE3al0T, 4 Ha MecTe HX IIo-
SIBJISIIOTCST ApYTHe.

I'panyssl mpezncraB/siioT co60H BHAMMBIE HAMH BHELIHHE
00/1aCTH rasoBbIX Macc, NOAHMMAIOIHUXCS H3 TIIyOHHBEL (OTO-
ctepel. DtoT raz uMeer Gosiee BBICOKYIO TeMmepatypy (mpH-
6smsutensuo Ha 100° K), ueM okpyKarolast €ro cpena, IJoT-
HOCTb €r0 COOTBETCTBEHHO MEHbIIe IJIOTHOCTH CPejlpl H M03TO-
My OH «BCILIBIBAaeT» K nmoBepxHoctH CosHua. Tam ras Hajgydaer
4acTb CBO€Hl 3HEPrMH B IPOCTPAHCTBO, OXJaXKIaercs, H 3a-
TEeM, CTAHOBSICh TsKeJiee OKpyKawoulell cpelpl, NOrpykaercs
Bray6nb oTocepsl, ycTynast MECTO HOBBIM IIOPLUSIM HArpETOro
rasa. Takoli croco6 mepeHoca 4acTH TENJIOBOH SHEPTUH H3 HEIp
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ComHua K ero IMOBEpXHOCTH HasblBaeTcsl KOHBEKTHBHBIM
TIEPEHOCOM.

BpeMmsi OT BpeMeHH Cpend TpaHyJ MOSIBJISETCS] MHOMKECTBO
HeGOJIbIINX TEMHBIX 0OJiacTeH, KOTOpHIe, CJAMBAsiCh, 00PasyioT
OSITHO. B monepeuHuxe NSTHO MOXKeT ObITb OT HECKOJBKHX
THICAY [0 HECKOJIbKMX JEeCATKOB ThicAY KHJIOMeTpoB. Yatie
ISITHA pacIoJjiararTcs IPyNnaMy, NpUdYeM B TpYIe HMeeTcs
JIBa caMbIX OOJIBIINX «[JIaBHbIX» nsaTHa. O6JacTtb, 3aHHMaeMas
TPYNNOH MNATEH, HHOIJA COCTaBJSET 3aMETHYIO [OJIO0 BCEro

Puc. 23. Crpoenne GoJbliofl TPYMHbLl COJHEUHBIX MATEH.

qucka Cousuua. TIpomo/iKUTENBHOCTh KU3HH ISITEH ObIBaeT
Pa3JHYHOM — ONHM H3 HHMX CyILIECTBYIOT NEHb-iBa, a APYyTHe
Hab/I0AI0TCsT MECSILaMH.

Yacro rpymmna nsteH, ABurasch mo gucky CoJHuma, CKphl-
Baercs 3a ero KpaeM, a 3aTeM, NpUOIH3HTEbHO yepes 14 nHell,
TIOSIBJISIETCS] HAa TIPOTHBOIOJOXKHOM Kpaio JUCKa. TaKoe JByKe-
HHEe sBJsETCS, OUYEBHIHO, caeicTBHeM Bpauenus CoJHua,
0 KOTOpPOM Mhbl TOBOpHJIHM BhIiumle. VIHTepecHO, YyTO MsATHA, pac-
TI0JI0XKEHHbIe BOMH3H COMTHEYHOTO SKBATOPA, ABUKYTCS IO JUCKY
6eicTpee, 4eM yaaJeHHble oT sxBatopa. OTciofa 3aK/IOYaloT,
yro CoJ/IHIIE BpalllaeTcst He Kak TBepjoe Teso. TOYKH, HaXOoxs-
uecss Ha 3KBaTOpe, COBEPUIAIOT IOJHBIH 060POT BOKPYT
ocu Conrna 3a 25 cyTok, a ToukH Ha mupore 30° — 3a 26,2
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cyTok. [I[pHuuHbI 2TOrO SIBJIEHUST He BLISICHEHBI, HO OHO, COTJIACHO
HEKOTODBIM TEOPHSIM, MOXKET HIpaTh CYIIECTBEHHYIO pOJIb
B nsiTHOOOpa3oBaTenbHOH AestesbHOCTH CoJHIA M CBSI3aHHBIX
C 3THM Mpoleccax.

Temnass BHyTpeHHsiss 00/acTh TsATHA HAas3KBAETCS €ro
TeHbl0. BHemrnue, GoJsiee cBeTibie 06J1aCTH, HUMEIOIIHE BOJIOK-
HHCTOE CTpPOEHHE, COCTaBJSIIOT NOJNYTeHb NsiTHAa. Temmepatypa
BHYTpH TeHH IsATHa Ha 1000—1500° HHxKe, yeM TeMIepaTypa
noBepxHoctd CosHua BHe nsitHa. COOTBETCTBEHHO, H3/IydaTe/b-
Has criocoOHOCTb rasa B nsTHe cjabee. M3myuenne ¢ equHHIbI
NJIOLIaM TIPONOPIHMOHAJBHO, KaK Mbl 3HAaeM, YeTBEpTOH crere-
HH TeMmmepatryphl. [loatoMy pasnMude B TeMIepatype MexILy
nsaTHOM H oTochepoit Ha 25—30% NpUBOAUT K YMEHbBIIEHHIO
SIPKOCTH B IISITHE B HECKOJIbKO pa3 IO cpaBHEHHIO ¢ dortocte-
poit. OHO KaxeTrcsl TeMHBIM JIMIIb 10 KOHTpAcTy ¢ 6oJee sipKOH
doroctepoii, sBaswomelics torom. Cama xe 1o cebe SIPKOCTb
NsiTHa OYeHb BeJMKa — Belb r'a3 B HEM HMeET TeMIepaTtypy
B HECKOJIbKO THICSY TpajLyCoB.

ITockonbky noBepxHocte CoJiHIIA BHYTPH ISITHA H3JydaeT
MEeHbIlI€ SHEpruH, 4eM BHe €ro, TO B 3TOM Mecre (HoTOChephl
CYIIECTBYIOT KakHe-TO (DaKTOphl, IPENsTCTBYIOLIHE BEIHOCY
SHEprMHM Ha IIOBEPXHOCTb. IlOHMIKEHHOe H3JIyYeHHEe ISITeH
CBSI3BIBAIOT € HAO/OJAEMBIM INPHCYTCTBHEM B HHX CHJIbHBIX
MarHUTIBIX [OJIeH.

Wccnenyss sddekt 3eeMana B CcHeKTpaX BBIXOASIIETO
U3 TMATEH W3JyYeHHs, HAUJIM, YTO HAaIlpsKEeHHOCTh I0JSs
BO MHOIMX H3 HHX JOCTHTAeT HECKOJbKHX THICSU 3pcref *),
IpHYeM MSITHO 3aHMMaeT MHOT[A IJIOMafib B COTHH MMJIJIHMO-
HOB KBaJIpaTHBIX KHjoMeTpoB. [ToJsie Takoro mopsiika cosjaer-
s B LIEHTPE KOJIbLIA PAJHYCOM b CM, ecsii NPOIYCKaTb 10 HeMy
ToK cusof 1000 a. st cpaBHEHUS] HATIOMHHM, YTO HAIIp SKEH-
HOCTh MArHHTHOTO MOJIST 3eMJH, AeHCTBYIOLIErO Ha CTPEeJKY
KOMIlaca, COCTaBJISIeT HECKOJbKO JecsThiX joJiell 3pcrena.

B of6nactH, 3aHsiTof TpyNIOH NSTEH, IOJie NPHUCYTCTBYET
He TOJIbKO B CaMHX MSITHaX, HO ¥ B IIPOCTPAHCTBE MEXY HHMH.
Tam oHO crabee, yeM B NSITHAX — €r0 HaIpSIKEHHOCTh MOP sif-
Ka JIECSITKOB, a HHOTZIAa H COTEH 3PCTeJ, ¥ PACIpe[eseH0 OueHb
HEOJTHOPOJHO.

*) EXMHHUA HaNpsIKEeHHOCTH MaruutHoro nods B cucreme CH
HasbIBaeTCss aMIEePBHUTOK HA MeTp (as/m). MexAy eAMHHMUAaMH Hanps-
xenHoctH B cucTemax CGSE n CH umeer mecTo cielyiouee CoOTHO-

uenne: 1 5 = 103 as/ .
4x
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[lo nonstpusaumd HsJyueHUss B KOMIOHEHTAX JHHHI,
pacuienJieHHBEIX BeaefctBHe addekra 3eeMaHa, ONpenessiercst
HanpaBJ/IeHMe MarHUTHOrO NOJst B msiTHaX. OKasblBaercs, 4To
MarHeTusM OJHOro M3 OOJBIUMX, TIJIABHBIX INSITEH B IpyINe
OCBIYHO MPOTHBOIOJOKEH MAarHeTH3My APYroro rJIaBHOIO ISIT-
Ha B TOM CMbIC/IE, B KAKOM MPOTHBOIOJIOXKHE! CEBEPHBIH U 103K~
HbI MarHHTHBIE nosoca 3eMJid. BHYTpH msiTHA MarHdTHbIE
CUJIOBbIE JIMHMU HalpaBJleHbl NPHOJIH3HTENBHO HEPIEHIUKY-
JSIPHO K noBepXHocTd CoJHLA,
T. €. IOJYYaeTcs, 4YTO JIHHUH
Kak OBl BXOJSIT B Of[HO U3 IJIaB-
HBIX MSATEH IPYNIBI U BBIXOAST
U3 Jpyroro.

Xopolo H3BEeCTHO, UTO CH-
JIOBBIE JIMHHH MarHUTHOrO IOJISI
He MOryT IIPephLIBAThCS — OHH
3aMKHYTH. [103TOMY H3 yKasau-
HOI'O DPAacCIIOJIOKEHHs] JIUHUH B
TpyNIe IMSITeH CHeJaJH BBIBOJ
O NPHUCYTCTBHH IIOf| MOBEPXHO-
ctbio CostHIIa H30THYTOrO My4YKa
CHJIOBBIX JIHHHI (CHIIOBOH TpYC- Puc. 24. Cxema, HJJIOCTPHPYIO-
KH), T. €. IONOGHS MOAKOBO- masi CBA3L COJNHEUHLIX TUATEH D
06pa3HOI‘O MarsHura, IoJcaM MarHHTHBIMH ITOJISIMH.
KOTODOTO M COOTBETCIBYIOT
narda. Hexoropele siBiennst B atmMocepe CouaHia, O KOTOPHIX
MBI CKa)Ke€M HEMHOrO MO03Ke, II0Ka3blBaloT, UYTO M HaJ MOBEpX-
HocThio COJIHIIA CHJIOBBIE JIMHHM 00pasyioT mojo0He Ayru HiH
nerad. Takum o06pasoM, COJIHEUHble MATHA NPEACTABJSIOT
coBol MecTa IepeceyeHHsl KOJbLA, COCTOSIIEr0 M3 MarHUTHBIX
CUJIOBBIX JIMHHH, c mnoBepXHOCTbio COJIHIA: YacTb KOJIbIA
HaXONUTCS IIOJ, COJIHEYHOH NOBEPXHOCTHIO, a APYyras yacTb —
Haj HeH.

[TpucyTcTBHEM NOZ NATHAMH CHJIBHOTO MArHHTHOTO IIOJIS
OOBSICHSIIOT M HX OoJsiee HH3KYIO, YeM Y OCTajJbHOH IOBEpX-
noctd CosHua, TemmepaTypy. Kak Mbl yke rOBOpHJIH, 3HAUH-
TeqbHAsl JOJS 3Heprud, usaydaemo# CoJsiHLEM, BLIHOCHTCS
U3 r/y60KHX CJIOeB MyTeM KOHBEKIHH, T. €. ABHKEHHS] K MOo-
BEpXHOCTH OTHOCHTENBbHO rOpsYHX Macc rasa. Tak Kak 9TOT
ras COIepKHMT HOHH30BaHHBIE aTOMbI, TO OH SIBJISIETCS I1J1a3MOH.
MarusuTHOE TOJIE BJMSIET HA ABHXKEHHE 3apsKEHHBIX UYaCTHIL
U, B YaCTHOCTH, ero JefcTBHe Ha MJjasMy TaKOBO, 4TO OHO
MPENsSTCTBYeT KOHBEKTHBHBIM [ABH:KEHHsIM IOZ nsTHOM. ITos-
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TOMY B ISITHE Ha NOBEPXHOCTb BBLIHOCHTCSI MEHblE HEPTHH,
yeM B cocefiHell ¢ HUM obsactd CosHua. B pesysbprate maTHO
OKasblBaeTcst GoJiee XOJIOZHBIM, 3HAUHT H He CTOJb SIPKHM,
KaK ocrafibHas QoTocdepa. YUacTKH e BOIH3H HSITHA MecTa-
MH CTaHOBSITCSI ropsiiee, Kak IIOKasblBaeT IPHCYTCTBHE OKOJIO
nsited Oosee spkUX obsactedl  ¢otoctepbl, HasBIBaE€MBIX
(hakesamH.

Han ¢orocdeposi CosHiia HaXomUTCs aTMochepa — CJIOH
rasa, CrocOOHBIH IOIVIOIIATh H3JyYeHHe TOMBbKO B CIEKTPaJb-
HBIX JIMHHSIX H, COOTBETCTBEHHO, HCIyCKAIOUIMH H3/1yueHHe
TaKXe JIHIIb B 3THX AJIHHAX BOJI (Peub 3Jech Mier 00 OnTH-
yeckoM H3Jaydenun). OOiee H3/ayuenHe atMocdepbl Ha (hoHe
ApKo# (orocdepbl OOBIYHO HE3aMETHO, TaK KaK I/a3 BOCIPH-
HHMaeT CBeT, HcIycKaeMblll (otocdepoil Bo BceM ONTHUECKOM
JManasoHe, a JOJsl JUHHNA B HeM HeBesnka. OfHaKO OHO XOpO-
II0 BHJIHO BO BPEeMsI IOJIHOTO COJIHEYHOrO 3aTMEHMsI, KOrja
¢dortochepa CosHua 3akpbita JUcKoM JIyubl. Ta yacTe aTMmoc-
Gbeprl, KOTOpasi MPOEKTHPYETCS Ha HeOcBelleHHoe HeBo, 00-
pasyer cBetyioe Kosblo BOKPyr Cosuua. CHeKTp H3/ydeHHs!
3TOTO KOJbI[a COCTOHT M3 SMHCCHOHHBIX JMHHUH, KaK U JOKHO
6BITh, NTOCKOJBbKY H3/1y4aeT CJOH ropsadero rasa, rnpospadHbId
B 4aCTOTaX HemnpephlBHOrO crekrpa. CpaBHHTENBHO OOJblIast
JIOJIST U3JIyYeHHs] KOJblla NPUXOAUTCS Ha JHHHIO BOJOPOJA,
pacrosioXeHHyI0 B KpacHOH o6JiacTH criekrpa (ee 0603HadaioT
Hq). B pesysabrare uBer Hab/ofaeMoro cjosi atMocheprr
ConHua KpacHblff; 3TOT C/I0H Ha3BaJM XpoMochepoll — 1BeT-
HO#l cdepoll (CI0BO «XpoOMa» IO-TPEUecKd O3HauyaeT IBET).
X pomocdepa mpocTHpaercss A0 BBICOTHI 15—20 ThICSd KHJIO-
MeTpoB Haj moBepxHocThio CosHua. Crpoedre ee HEONHOPOX-
Ho. OHa mnpejcTaBJsieTcsl COCTOSILEH M3 OTHENBHBIX CBETJBIX
BOJIOKOH, KOTOpPbIe JOXOISIT [I0 CaMblX BHEIIHHX Pa3peKeHHBbIX
obyacteli atMocepnl, HasbIBaeMBIX COJHEYHOH KOPOHOH.

Tak Kak xpomocdepa OKyTBIBaeT BCIo MOBepXHOCTh ConHIa,
TO B JIMHHSIX JOJ/IKHBEI U3/1y4aTh HE TOJLKO Te ee YacTH, KOTophle
IPOEKTHPYIOTCS Ha HeBO, HO U 0OJacTH, MPOEKTHPYIOUIHECs
Ha JucK. Kak MBI y:xe roBopHuiH, obiiee uaaydenue porocdep bl
«3abuBaer» aTMoctepHoe H3jydeHne. Ho B dacrorax JHHHEI
nabmolaeMoe H3/ydeHHe XpoMmocdeprl ropasio Gosiblle, yeM
dotochepsl B TeX ke ydacTkaX JyMH BoJH. [losTomy ecsu
HabmogaTh Auck CosHua B OueHb y3KOH 06/1aCTH CrieKTpa —
BHYTPH JIMHHH, OyJieT BOCIPHHUMATbCS B OCHOBHOM H3JIydeHHe
HAXOAAIMXCSI Hal JUCKOM obsacTel xpomochepsl H JIHIIb B
Masno#l yactH—uaaydenue orochepsl. Ilomobuele Hab.srome-
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Hist TPOM3BOASIT P moMowLi pubopa, HasbiBaeMoro crektpo-
renorpadoM, KOTOpbIE (DHKCHpYeT HW3JydeHHe, HAylilee OT
CosiHLa JIMIIb B Y3KOM TPOMEXYTKe JJIHH BoJH. Portorpaduu
CosHlla, CHATHIE B jiyyaX KaKOH-JU00 H3 CHJIbHBIX CIIEKTpaJib-
HBIX JIMHHH, JAIOT pachpejeseHHe H3JIyYeHHs B 3TOH JHHHH

Puc. 25. CnexrporennorpaMma Conuua B nyuax He (4 an-
pens 1959 r.).

no aucky CoJsHUA M SBJSIOTCS, 10 CYLIECTBY, CHHMKaMH
XpoMochepE!.

Ha cuumkax CosHia — crexrporendorpaMmax, MOJTy4YeH-
HbIX, HamnpuMep, B Jy4aX, COOTBETCTBYIOIIHX BOJOPOJLHON
auaud Hg, oOHapy)kuBaercst psii HHTEPECHBIX OCOOEHHOCTEH.
OxasbiBaeTcst, 4YTO pas/jMyHbIe 00/1aCTH XpoMochephl H3JaydaloT
HEOJMHAKOBO — Ha JUCKe BHAHBI TEMHBIE M CBeTsble 00JacTH.
Ceersible y4acTKH, HasbiBaeMble (JIOKKyJdaMM, B KOTOPhIX
u3ayyeHune xpomoctheprl B JUHMH Hy OTHOCHTENBHO CH/IbHEE,
pacrosiaraioTcsi MOOJHM30CTH OT COJIHEUHBIX IsTeH. TeMHble
xKe 00/1aCTH OY€Hb BBITSHYTH M HAIOMHHAIOT BOJIOKHA.
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Bosoxuo xaxkercss TeMHBIM JIHIIb BCJEACTBHE KOHTpACTa
c Bomee spxumH cocennumu obmactsmu aucka Comuuna. Korza
BeaencTBUMe Bpamienus CoJHLA BOJOKHO MONajaeT Ha Kpai
IHUCKa, TO Ha (oHe TeMHOro Heba OHO MPEACTaBJSETCS OYEHb
SpKUM. B 3TOM ciyyae Mel Hab/IOfaeM SIBJEHHE COJHEYHOro
nporyGepaHua. TeMHOe BOJOKHO CYIIECTBYET CPaBHHTENbHO
JIOr0, 10 HECKOJbKHX MECSIEB, JIMIIb MEJJIEHHO MEHssl CBOHO
dopmy. B6u3u nsTen Ha CHEKTpOreHOrpaMmax Hab/I0AaI0TCs

Puc. 26. Tlpory6epanen HaX TPyNmoll CONHEUHBEIX TSTEH.

¥ GLICTPO MEHSIOIIHE CBO¥ BHJ OTHOCHTEJBHO TeMHble 00paso-
BaHMs MeHBIIMX, YeM BOJIOKHA, pasMmepoB. Ha kpaio aucka
OHH TaKxke€ HMEIOT BHI SIPKHX BBICTYIOB — IPOTyOepaHIUEB.
B orminuMe OT HOJr0 XUBYLIMX IPOTYOepaHIEB, HA3bIBAEMbIX
CNOKOHHEIMH (KOTOpBIE COOTBETCTBYIOT TEMHBIM BOJIOKHAM),
9TH NpOTyOepaHUbl HA3bIBAIOT 3P YNTHBHBIMHA, T. €. HMEIOLIUMH
XapakTep H3BepIKEeHHSI.

JIlns1 HccienoBaHUs JBHKEHHE nporyOepaHueB Oblia NpH-
MeHeHa KuHeMatorpapuyeckast cheMka HX. OHa HarJIsiHO
IPOJEMOHCTPUPOBAA, YTO 3PYNTHBHBIE MPOTYOEpaHUBl 4acTo
IBHKYTCs1 OT roBepxHOcTH COJIHIIA C OTPOMHBIMH CKOPOCTSIMH
B HECKONbKO COTEH KHJIOMETPOB B CeKyHAy. B Ipyrux ciy-
yasix HaGMIOfAIOTCSl JBHMKEHHsI, HaNpaBJeHHblE, HaoG0poT,
B CTODOHY COJIHEYHOH moBepXHOCTH. IHorpa kakercsi, 4TO
nporyGepaHern, Kak OBl BTeKaeT B ISITHA.
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Ilpupona nmporyGepaHIeB A0 CHX IOp OCTaeTCs BO MHOTHX
OTHOIIEHUSIX 3arafioyHol. ITo-BUaUMOMY, IpOTy6epaHubl SBJSI-
I0TCS! YIJIOTHEHHSIMH B BEIECTBE, COCTABJISIOIEM CaMble BHeII-
HHUEe CJIOM COJIHeYyHOH armocdephi, X BHAHBI Ha Kpawo AHCKA
CosHiia 6s1arofiapsi CBoeMy MOBBIIIEHHOMY OTHOCHTEJIbHO 3THX
CJIOEB M3JYYEHHIO B CHEKTpabHBIX JUHUSAX. ONHAKO HU NpH-
YHHBI 00pa30BaHUsI TAKUX YIJIOTHEHHH, HH XapakKTep HX JBH-
JKeHHUsI Teopuell He oObsICHEHRl. B psine ciydaeB mporybepaHerr
pacrnosiaraercsi B BHAE AYrd, T. €., KaK MOXHO IoJaraThb,
BIOJb MAarHUTHBIX CHJIOBBIX JIMHHHA, TSHYMHUXCS OT ORHOr0
nsATHa K ApysoMy. JBHKeHHs] mpoTyOepaHIeB YacTO TaKXKe
HanpasJeHbl BJOJb CHJOBBIX JHHHHA moJsi. BepositHO, mar-
HHUTHBIC CHJ/IBI UrPAIOT BaXKHYIO pOJb B NPOUCXOXKAEHHH U pas-
BUTHH INpOTYyOepaHIeB.

B ofpasoBaHum nsTeH H NpOTYGepaHIEB MPOSIBISIETCS
akruBHocTh CosHua. CrenmeHb COJIHEYHOH aKTHBHOCTH IEpH-
OZIMYECKH U3MEeHsIeTCs. B OfHM rOfbl YHCJIO TSITEH M HX o0uiast
Iomanb Gosblie, B Apyrue — MeHbine. Bpemsi, Korpa «3sa-
naTHeHHocTb» CosHIAa Haubo/buiasi, HA3bBAETCS  SMOXOH
MaKCHMyMa COJIHEYHOH aKTHBHOCTH. B ator mepuon Ha CosHue
HabJmofiaeTcst TaKKe HAUGOJIbINEe TUCIIO BOJOKOH H (UIOKKYJIOB.
Ot onHOro Makcumyma 10 CJAEIYIOMEr0 MPOXORHUT HEMHOTHM
Goabme 11 JeT — mepuoj, HasbiBaeMbIHl 1 MKJIOM COJHEYHOH
aKTHBHOCTH. B TeueHHe UHMK/Ia MEHsIETCS] He TOJIbKO «3amsiT-
HeHHocTb» CosiHIA, HO M 06/1aCThb MPEUMYIIECTBEHHOI'O BO3-
HMKHOBeHHs nsiTeH. [locsle MHHMMyMa akTHBHOCTH, B HauaJse
IMKJA, NATHA NOSIB/ISIOTCS CPABHUTENBHO JATEKO OT 9KBATOPA,
Ha mupotax 30—35°. K MarCHMyMy aKTHBHOCTH CpERHSIS
IIHpOTa [sITeH cocTaJaser 16°.

HesitenbHocTs Co/lHIAa HMeeT BakHefiiee 3HAUYEHHe MJIs
BCEX 3eMHBIX IporeccoB. Ha oxpyxxamomefl Hac cpeje CHJIbHO
CKasblBAlOTCS M pA3JHYHbE IMPOSIBJIEHHUS COJHEYHON aKTHB-
HOCTH, KOTOpBi€ BJIHSIIOT, B YACTHOCTH, HAa COCTOSIHHE 3eMHOH
atMocepbl M IKH3HEAESTeJbHOCTb pAa3/IMYHBIX OpraHH3MOB.
B pamkax oTOH KHHIM HEBO3MOXKHO CKOJbKO-HHOYIb IOA-
po0HO pacckazaTh O BCeX JEHCTBHUSIX COJHEYHOH aKTHBHOCTH
Ha 3emimo. O ToM ke, Kakue adeKThl BHBHBAOTCH COJTHEUHBI-
MM B3pbIBaMH, Mbl CKa)KeM IIOC/Je KpaTKOro OIMCAHUs 3THX
B3PLIBOB.

Camo HasBaHMe B3pbiBa — XpomocdepHasl BCIIbIIIKA —
MIOKa3bIBaeT, YTO B3PBIBbI MPOHCXOAAT B atMochepe CouHua.
Ilpu BembiliKe SIPKOCTb 3HAUHUTEILHOTO Y4YacTKa COJHEUHOH
NOBEPXHOCTH BOMM3M rpymmbl nsteH (0ObIMHO B MecTe, 3aHHU-
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MaBuieMcs (IOKKYJIOM) BHe3anmHO pe3Ko Bospacrtaer. Kak
MPaBUJIO, 3TO CBS3aHO C YBeJHYEHHEM HU3JYYeHHUS B JIHHUSAX
BOJIOPOJA, HO HMHOrJa, IPH OYeHb CHJBHON BCIBIIMIKE, pacTeT
U3Jy4eHHe BO BCeX 4acTOTaX. B mocHefHeM ciyuae BCIIBIIIKA
BHJHAa B Ge/ioM cBete Ha poHe poTochepri. Bosee cabbie Benbi-
KH HaOMIOfaoT MpH NOMOIM CrekTporesnorpada.

Puc. 27. Bonbias xpomocdepHast BCMbIIKA MPH
HabmoneHHsax B Jyuax Ha (18 cenrtsibpst 1957 r.).

Bospactanue sipkOCTH B 06JIaCTH BCIBIIIKH MTPOJOJKAETCS
He 6oslee HECKONIbKMX MHHYT. 3aTeM sIPKOCTb NafaeT U yepes
30—60 MHHYT OKa3hIBaeTCs TaKOH ke, KaKoi OblIa JO BCIBIII-
KH. Pasmep 00sacTH IOBBILIEHHOH SIPKOCTH NpH OOJbILOH
BCIIBILUKE MOXeT COCTaBJSITh JNECSITKH ThICSY KHJIOMETDOB.
B rofp! coliHeyHOH aKTUBHOCTH MOKET CJYYaThCsl IO HECKOJIb-
Ky BCIBIIEK 3a JEeHb M CaMHM OHH ObIBalOT Gosiee CHILHBIMH.
B smoxy MuHHMYMa COJTHEUHOH JeSITeJbHOCTH BCIBILIEK MEHb-
e, a OueHb CHJIBHBIX COBCeM He OblBaeT. B cooTBeTCTBHU
C OTMEYEHHBIM BBIIE H3MEHEHHeM CpelHeH MHPOTHl MSITeH
3a BpeMsl COJIHEYHOro IMHKJA, B MAaKCHMyMe aKTHBHOCTH

88



BembIIKY MPOMCXOAAT B obnactsax Gosee 6ausKuX K 3KBatopy,
yeM B MHHHMYMe.

B pafioHe BCHBIIKH NIPOHCXOASIT GypHbIE JBHIKEHHUS CBe-
TALIErOCs rasa co CKOPOCTSMH B HECKOJNBKO COTeH KHJIOMETPOB
B ceKyHAy. OHHM HampaB/eHBl TIJIaBHbIM 06pasoM BBepX OT
noBepxHocTu CosHua, 06pasyst rasoBble (DOHTAHBI, KOTOPBIE
NOJHHUMAIOTCSI Ha COTHH THICSY KHJIOMETPOB. XOTs 4acTb MOJ-
HSIBIIErOCsI BEIECTBA MOKET BO3BPATHTbCS K IIOBEPXHOCTH
CoJiHIIa, MHOMKECTBO [aHHBIX YKasblBaeT Ha BHIOpachBaHUE
U3 00JIaCTH BCIBIIIKK B IPOCTPAHCTBO OLICTPO JIETSNIMX YACTHIL.
[loxkasateqpHEl B 3TOM OTHOLIGHUH HAOJIOAEHUS PafUOH3JY-
YeHUs COJIHEYHOH KOpOHBI IIPH BCIBIIKAX.

Camble BHemnue cion CosHLa, HasbiBaeMble COJHEYHOH
KOPOHOH H INpOCTHDAIOIMECST HA COTHH ThICSY KHJIOMETPOB
OT ero NOBEPXHOCTH, HCIyCKaioT OdYeHb caaboe ONTHYECKOe
n3nyueHne. OHO 3aMETHO TOMBKO B TOM Cjiydae, KOrZia H3Jy-
uyeHHe (oTocdephbl 3aropoKeHO (IKpaHHpOBaHO) Jqubo JIyHoi
nu00 HCKycCTBeHHBIM 3kpaHoM. Kopona CosHua HaXxomuTcs
B 0cOOOM cocTOosiHMM. TeMmneparypa B HeHl cocraBjiseT 1—2
MuJIIHOHA rpafycos. IlouTu Bce aToMBl B KOpOHE HOHH30BaHHI,
MO3TOMY OHA COAEPXKHT MHOIO CBOGOAHBIX 3JIeKTpoHOB. Coi-
HeyHast KOpoHa 6/1arofiapst CBOGH OueHb BLICOKOI TeMmIeparype
SIBJISIETCS] MCTOYHUKOM DAaIUOBOJIH, TpHYEM B AELUMETPOBOM
H METPOBOM JHama3oHaXx OoJee MOmHBIM, YeM oTochepa
Counnna. PagnoussnyyeHne KOpOHE! HaGMIONAIOT U BHE 3aTMEHHUH.

YCJIOBHSL paCrpOCTpaHEHHs PaAJHOBOJH B Cpelie Ompefe-
JISIOTCST KOHLEHTpanuel B Hell CBOOOAHBIX 3JIEKTPOHOB. JIEK-
TPOHHYIO KOHLEHTPALUIO0 B KOPOHE HAILIH H3 OINTHYECKUX
HaOMIOCHHH, IPHYEM OKa3al0Ch, YTO OHA YMEHbIIAeTCs C yBe-
JIMUEHHEeM pacCTOsSIHUSI NAHHOM TOYKH OT cortocdepr. Beren-
CTBHe MAaJEHUs] KOHIEHTpAIUH CBOOOLHLIX 3JEKTPOHOB K MEpH-
(Gepun KOpDOHBI, PAaJHOU3JNYyUeHHe C MajOH MJUHOH BOJHEBI
MOXKEeT BBIXOJHTb W3 INIyOOKHX CJIOeB ee, a H3JjydeHHe 60JIb-
IUMX JJIMH BOJIH JIMIIb M3 HapyxKHbIX. [lofgpoGHoe paccmoTpe-
HYe NPHYMH YKa3aHHOTO sIBJIEHUS] OTBJEKJO Ol Hac OT H3JO-
JKeHHst 0oJiee CYINECTBEHHEIX [Js1 3TOH KHUrH BompocoB. Ho
OTMETHTb 3TOT (DaKT HYKHO, TAK KaK OH OKa3bIBaeTCsl BaXKHBIM
IJIsi HCCJEeOBaHUs XPOMOC(HEPHBIX BCIBILIEK.

XpomochepHasi BCIBIIKA CONPOBOXKAAETCS PE3KHM YyBe-
JUYEHHeM paJHOM3Jy4YeHHsT TOH 0O6JacTH KOPOHBI, KOTOpast
pacmosioxkeHa HaJ MEecTOM BCIIBIIKH; B 3THX CJlydYasX IOBOPAT
0 «BCIUIECKAaX» pajuoM3nydyeHus. Bcmiecku ObIBaloT pasiud-
_HbBIMH [0 cBoeMy Xapakrtepy. OmHH (MX DDHHSATO HasblBaTh
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Berteckamu 111 TMma) mpoucXopmsiT 4yepes HECKOMbKO CEKYHJ
nocye Havana BenblUKH. OmnpefesneHHe YpOBHS B KOpPOHE,
C KOTOPOro MPHUHHMAETCs paJHOM3JyYeHHe BCILIECKA, IPH-
BEJIO K BLIBOAY, YTO (DaKTOP, BBI3BIBAIOLIUH IMOSIBIEHHE ITHX
BCIJIECKOB, DAaCHPOCTPaHsIeTCs] 10 KOPOHE OT I[I0BEPXHOCTH
Comnna co ckopoctbio 0kosmo 100 000 xm/cex. Uepes HECKOMBKO
MMHYT IOCJe Hayala BCIBIIKH BO3HHKAIOT G0JIEE IPOMOMKHU-
TedabHble Bemsleckd (II Tuma), HMCTOYHHK KOTOPBIX JBHIKETCS
[I0 KOpPOHE HapyxXy CO CKOPOCTbIO NOPSAKA THICSIYM KHJIO-
METPOB B CEKYHIY.

B kauecTBe BO3MOXKHONO MexaHM3Ma OGPa30BaHHSs BCILIE-
CKOB DajiMOU3JIyyeHHs] KOPOHBI IPHU XPOMOCGHEPHBIX BCIBIIIKAX
NPUHUMAIOT IIasMeHHble KosnebaHust. Ecam B HekoTopoM
oObeMe M1a3Mbl BO3HHKAeT H3CBLITOK 3apsiKEHHBIX YaCTHII,
HampuMmep, 3JEKTPOHOB, IO OTHOIIEHHI0O K HMOHAM, TO COBO-
KYIHOCTb 3apsi[OB, PAaCIONOXEHHbBIX B 3TOM OOBEMe, HauH-
HaeT kosnebatbcsd. KosebaHust 3apsiioB CO3JAOT, KAK Mbl
3HaeM, 3/JeKTPOMAarHMTHOe H3JydeHHe. Bri3BaThb Takue Kose-
6aHusI MOXKHO, B YaCTHOCTH, MPOMYCKasi CKBO3b IJIa3My MOTOK
OBICTPBIX 3apsiKEHHBIX yacTuu. Hactotra KoseGaHHE mpomop-
nuoHanbHa }/ n,, TAe n, — 3HAaueHHe 3JEKTPOHHOH KOHIEHT-
pauuu B miasme. BenuduHa n, AJsT KOPOHBI H3BECTHA U COOT-
BeTCTBYIOIAs efi yactora koseGaHuil OMH3Ka K HaO/0faeMoil.
Taxum o6pa3om, eclIM yKa3aHHOE TMPeNIoNOKEHHe O Xapak-
Tepe HaOJMI02EMOT0 PAJHOM3IYUEHHST CIIPABELJINBO, TO MOXKHO
clieslaTh BBIBOZ O BLIOpAChIBAHMH M3 OOJIACTH BCIBILIKH 3apsi-
JKeHHBIX yactull. [Ipy 3TOM rpymmna 4acTuI, CO3Jalolas BCIIe-
cku III tuma, mnposeraer CKBO3b KOPOHY CO CKOPOCTSIMH
nopsinka 100 000 xm/cex. Uro xe kacaercss BcmleckoB 11
THIA, TO UX CBSI3BIBAIOT C NIPOXOXKJIEHHEM IO KOPOHE U XpO-
Mocepe ynapHOH BOIHbI, KOTOpAasi BOSHUKAET NPH PaCIIMPeHHH
rasa B 00JIACTH BCHBIUKH. JTa BOJNHA TaKiKe CO3[aeT I/Ias-
MeHHBIe KoJleOaHus.

OtuM BbIBOLOM H3 HaOMIOfEHHH paJUOBCIIECKOB IOJ-
TBEPJU/ICS M3BECTHBIH YKe JECATKH JeT (akT BhIOpAChIBAHMS
u3 obsacTi XpomocepHOH BCIBIIKK MOTOKOB dacTuu. MHo-
TOYHC/IEHHBIE CBHIETENbCTBA CYIIECTBOBAHHS TAKHX IIOTOKOB
HOJyUeHbl MPH HMCCHENOBAHHM SIBJEHHI B 3eMHOH aTMocdepe,
CJIELYIOIMX 32 BCIBILKOH, B IEPBYIO Ouepelb TaK HasbIBa-
eMBIX MarHuTHbIX Oypb. Ha cocrostHue atmochepbl BIHSIOT
Kak nonagamoine B Hee u3 CosHIIA YaCTHIB, TaK H H3/IyueHHe
BCIIBIIKH, M3MEHSIOIME 3JCKTPHUYECKHEe CBOHCTBA BHEIIHHX
atMocepHbIX cJI0eB. Ham mpuuercss HeCKOMbKO mNOApOOHee
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II03HAKOMHTBCS C 9TUMH CBOHCTBaMH, IIpexie YeM MbI CMOXKEM
IIPOLOMKHUTh pAcCKa3 O HEHCTBHH BCIHBIIEK Ha 3eMJIo.

OcyuiecTBleHHe INPSIMOM pafHOCBsI3M Ha OOJbIIMX pac-
CTOSIHMSIX TOKa3biBaeT, 4YTO DPaJHOBOJHBLI CIOCOOHBI OrH0aTh
3eMHYIO MOBEPXHOCTb. HoO, NMOCKONBbKY pafHOM3/IydeHHe, KaK
U CBeT, sBJISETCS OLHOM M3 (OpM 3JEKTpOMAarHUTHOTO H3JYy-
YeHHsI, OHH JOJKHBI PaclpoCTpaHsThCs mpsMoiuHeHHo. IIpo-
THBOpeUHe MexIy 3THMH (aKTaMH JHb Kaxymeecs. [emo
B TOM, UTO BEpXHHE CJIOH aTMoche-
pbl 3eMJIM Ha BBbICOTAX MOpSIAKA
100 x¥m u OGosee cOCOGHHI OTpa-
KaTb paAnoBosHbEL. OTpaxkasch
IOC/EN0BATENIBHO OT 3THX CJIOEB
H OT 3eMJH, PaZUOU3TYUEHHE MO-
JKeT paclpoCTPaHUThCS JAJeKo 32
npejesibl IPSIMOr0 BHIEHHS.

Xopowmo H3BECTHO, YTO JIHIIb

IIPOBOJSIIIIHE 3JIEKTPHUYECTBO Tesa
MOTYT AOCTaTO4YHO 3(PeKTHBHO
OoTpaxkaTb H pacceuBaTb pajiHo-
BosiHbl. CamMa BO3MOXKHOCTb Jalflb-
HUX pajuonepefad yKasblBaeT Ha
3JIEKTPOIPOBOAHOCTD BHEIUHHX  Puc. 28. Cxema oTpaxKeHHs
CJIOEB 3eMHON aTtMocepbl. ¥ [O- ~ PaiHOBOMNH OT HoHOChepH.
BEpXHOCTH 3eMJIH arMmocdepa co-
CTOMT IOYTH HCKJ/IIOUHTEJNbHO M3 HeHTpaibHBIX aromoB. Ha
BeicoTax ke 80—300 xm B aTMochepe CONEPIKUTCSI CPABHH-
TEJbHO MHOIO HOHOB M CBOGOIHBIX 3JEKTPOHOB. IJTH XOpO-
IO MPOBOASIIHE SJMEKTPHUYECTBO CJOH aTMOC(ephbl HashIBalOT
HoHochepoH.

OrpaxkeHue BOJHBI, MAYLIEH M3 HEKOTOPOH TOYKH Ha II0-
BEpXHOCTH 3eMJIH, T. €. U3MEHEHHe ee HalpaBJIEHHs] TaKHM
ofpasoM, YTO OHa CHOBA HAyHHaeT JBHraThCsl K 3eMHOH IO-
BEPXHOCTH, NIPOMCXOIHUT BCJEACTBHE IIOCTENEHHOrO HCKpHBJIE-
HHUSI IIyTH BOJIHBI B HOHOChepe. eKTpOHHAs KOHLEHTPAIHs
B HOHOc(epe YBeJIHYHBAETCS C BBICOTOH, @ 3TO M BHI3HIBAET
BCE YCH/IMBAIOIIEECS] IPEeNOMJIEHHEe PafguOBOJH M COOTBETCT-
BEHHOE H3MEHeHHe HalpaB/eHHs BOJIHBI.

st Toro uTo6b! OTPa3UTbCsl K 3eMHOH NOBEDPXHOCTH, BOJHA
JO/KHA TPOHMKHYTh Ha KaKyio-T0 ry6uny B HoHocdepy. Ilpu
3TOM NPOUCXOIUT YACTHUHOE NIOrJIOLIEHHE SHEPTHH, IEPEHOCHMON
BOJTHOH. MexaHH3M Iporecca MOrJIOIEHH s NP UHIUIIHANBHO He
OuEeHb CJIOXKEH. DNEKTPOHBI, COZiEpKaliecss B HOHochepe, Mox
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IefCTBHEM 3JIeKTPOMarHUTHOrO TMO0Js, MEePEHOCHMOro BOJHOH,
NPHUXONAT B COCTOSTHHE KoJeGaTeNbHOrO ABUMKEHHS H B CBOIO
odepeb HCHYCKalOT 3JEKTPOMarHMTHOe H3jydexHe. Ho gactob
CBOEH SHEPTrHH [BIXKEHHS 3JIEKTPOHEI IepPefaioT TsKeNbIM
YacTHIIAM — HOHAM M He{TpasibHBIM aToOMaM, KOTODHE IIpH
JBMKEHHMH IIPDAKTHUECKW He wH3JaydarT. [losroMy Kakas-To
IOJIs TIonaBlIeH B MOHOChEpY SHEPTUH BBEIKIIOYAETCS U3 H3JY-
yeHHsd, mnepedns B Apyrue BuAel 3Hepruu. CrenosaTesnbHO,
YyeM MeHbIlle HEHTPaJbHEIX aTOMOB COJEPXKHUTCS B CJJOe, OTpa-
JKaloueM paJHOBONHEl, TeM MeHbIle I[I0TepH SHEpTHH MpHU
OTpaxKeHUH BOJH.

Crioco6HocTh HOHOC(EpEl K OTpa<eHHI0 PaJHOBOJNH 3aBH-
CUT OT NJIHMHBI BOJHBI H3aydeHus. OueHb KOpOTKHE pajHo-
BOJIHBI, HamnpHMep, IpHMeHseMble A5 MepeJaud TeJeBH3H-
OHHBIX M300paKeHHH, He OTpaXKalTCs HOHOochepoi, a CBo-
6OIHO TPOXOAAT CKBO3b Hee B IIPOCTPAHCTBO. IloTOMY-TO
npHeM TeJEeBU3HOHHEIX Tepejau M BO3MOXEH Jdllb B Ipefe-
Jax 06/1aCTH IPSIMOTO BHJEHMS CTAHIMH. BOJHBL Ke MJIHHON
oxoso 10 » u Gosee AMMHHBIE MOYTH MOJHOCTHIO 3afEpIKUBA-
fotcsi MoHoctepoit *). Tlpu sTOoM H3dyueHHe C IJIMHOH BOJHEL
10 30 m oTpakaeTcsi BEDXHHUMH ee CJI0osMu, a Gonee IJIMHHO-
BOJTHOBOE NPOHHKAET JIMUIL B CaMble HMXKHHE 00JaCTH HOHO-
cdepsl.

B0O3MOXHOCTb TNIPOXOXKAEHHSI PALHMOBOJMH CKBO3b HOHO-
chepy HJIH HUX OTPaKeHHs ONpeNesIseTCss KOHIEHTpaluen
CBOOOJHEIX 3JIeKTPOHOB B Hefl. Uem GoJibllle 31€KTPOHOB INpH-
XOJHUTCSl HA eAMHUIY o0bemMa, TeM MeHbIIle JIMHA BOJHBI H3JY-
YeHHsd, KOTOpPOe OTPAa)KaeTCs 3THM CJIOeM.

Kopotkue (15—30 m) paauoBOSHBI Jyyiiie BCEro pacrpo-
CTPAHAIOTCS B HOYHOE BpeMd. IDTOT (PakT H3BECTEH KaxKAOMY
pafHOMIOOUTEII0, TaK e KaK U TO, YTO 3UMOH NpHeM pajuo-
CUTHANOB OCYLIECTBJASETCS Jydmie, yem JjeToM. [loCKOMBKY
JANBbHOCTh PAaCHpOCTPAHEHHS] PAJUOBONH OIPENesIsieTCs CTe-
TIEHBIO TOTVIOLIEHUS UX B MOHOcthepe, TO U3 yKasaHHBIX (HaKToB
ClefyeT, 4TO KOpOTKHE BOJHEI Cj1abee MOrJIOLIATCS HOHO-
chepoll HOUBIO U B 3UMHee BpeMs. VI3ameHeHuHe BpemeHH cyTok
U BPEMEHH rojJa CBS3aHO TOJbKO C H3MEHEHHEM TIOJOXKEHHS
3emnn no otHouwreHuio K Comxny. ITostomy oueBHAHO, 4YTO
3aBHCHMOCTb YCJOBUH pacrnpoCTpaHEHHs pPaAHOBOJH OT Bpe-

*) Houyblo usiyuenue ¢ RIHHOH BosaHb 10—30 # cnocoGHQ mpoxo-
JHTb CKBO3b HOHOCHepy.
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MeHH OOyCJIOBNeHa BIHMsHMeM u3ayueHus CosmHua Ha cocTosi-
HHe HOHOChEpHI.

B uem ke 3akmouaercs: fefictBue CosHua Ha HOHOchepy?
Conuue, HapsiLy C ONTHYECKHM H3JyYeHHEM, HCITycKaeT (oTo-
HBI C OOJbIIEll 4acTOTOH, B YaCTHOCTH, B YJAbTpadHOsEeTOBON
H PEHTreHOBCKOH 06MAacTsX crekTpa. DHepruu 3THX (OTOHOB
JIOCTATOUHO He TOJBKO MJsi TOro, 4ToOBl PasOUTb MOJIEKYJIbI
KHCJIOpOZa M a30Ta, COCTaBJIsIOmIMe aTMocdepy, Ha aTOMH,
HO U yTOOBl MOHH30BATh NOJydYammuecs: aTombl. [IpH HOHH3a-
UsIX ¥ 00pasyoTcsi Te CBOOOAHBIE 3JEKTPOHBI, KOTOPHE Jena-
10T HoHOC(epy HempospadyHoi sl paguousnydenusi. Kosu-
UeCTBO YJIbTPAGUOJIETOBOLO H PEHTTEHOBCKONO H3JIYYEHHS
ConHua, nomazaroiiee B TOT WM HHOH cIOH HOHOCHEpEHI, H OI-
pefesisieT KOHIEHTPALHIO CBOGOAHBIX 3JEKTPOHOB B 3TOM CJIOE.

B To#i o6nactH, rae usayuyenue ConHua B JAHHBIA MOMEHT
He monajgaeT B HOHochepy, T.e. Hal HOYHOH CTOPOHOH 3eMiH,
aTOMBl HEe HOHHM3VIOTCS, HO PEKOMOMHAUMH HX HPOHUCXOAST.
[TosTomMy KOHIEHTparusi cBOGOJHBIX 3JEKTPOHOB B HOHOC(hepe
HOYbI0 yMeHblIaeTcsi. PafHOBONHEI B 3TO BpeMsl JOCTHIalOT
BoJiee BLICOKHX CJIOEB B HOHOC(hEpe, IPH OTPAXKEHHUH OT KOTOPBIX
MIOTEPH SHEPTHH MeHbIe, YeM B HHXKHHX CJIOSIX.

3umoti ke CoJHIle HAXOAUTCSI HU3KO HaJ OPH30HTOM H €ro
JY4d, TPEXIe YeM IMOomacTb B JOCTATOYHO TIJIyOOKHe CJIOH
aTMoc(epbl, HOJKHBI HPOHTH CKBO3b OOJBINYIO TOJLLY, YeM
JIETOM, KOTJa JIYYd NajaiT HoYTH OoTBecHO. [lostomy yabTpa-
(hHroeTOBOE H3JIyUeHHe 3MMOH IOIJIOIAeTCS B BEepXHeH aTMo-
chepe, U O HHKHHUX CJIOEB HOHOC(HEPH!, JeXKAmUX HAa YPOBHE
100—120 km Haj 3eMHOH IIOBEpPXHOCTbIO, HOXOAUT CHJILHO
ocsabentbiv. VIOHH3alHs B 9THX CJIOSIX OKa3bIBAeTCsl MeHbIle#
yeMm JIETOM, U PaJHOBOJIHLI IPOHHUKAIOT B GoJjiee BLICOKHE CJIOH
aTMocdephl, IJle TNPH OTPAKEHHH OHHM TEepSIOT CPABHHUTENbHO
MaJio SHEeprHui.

X pomochepHble BCIBIIIKH CONPOBOKAAIOTCS PE3KUMH Hapy-
MIEHHUAME COCTOSIHHSI HOHOC(epBl, KOTOPBIE CKa3blBAIOTCS B
[epBYyi0 ouepelb B H3MEHEHHH YCJIOBHH IpHeMa paJMOCHIHa-
JIOB. 3HAUMTE/NLHO TaJaeT YPOBEHb CHTHAJOB, NPHHAMAaEMbIX
Ha KopoTkuX (10—30 x) BosHax. DTO SBIEHHE, Ha3bIBAEMOE
«3aMHpaHHeM», CBfI3aHO C YyBEJHYEHHEM MOrJIOWEHHST BOJIH.
Bosubl oTpaaioTCs B 3TO BpeMsl HHKHHMH CJOSIMH HOHO-
chepbl, rie, CJIELOBATENBHO, COAEpIKaHHE CBOOONHEIX 3JEKT-
poHoB BospacTtaeT. IIpH CH/IBHOH BCIBIUKE KOHLUEHTPAUHUS
HX YBeJIWYNBAETCS HA MOPSJOK N0 CPaBHEHHMIO C TOH, KOTOpas
Obuta 10 BCOBIIKH. TakuM o06pasoM, MOXKHO 3aKJIOYHUTh, YTO
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xpomocthepHasi BCIBIIKA NPHUBOAUT K CKauyKooOpasHOMY BO3-
pactaHHio moTOKa (DOTOHOB Gosbliofl sHepruu ot CosHua.

VameHeHHe INIpH BCIBIIIKE CBOHCTB HMXKHHX CJIOEB HOHO-
chepbl JaeT BO3MOXKHOCTb PErHMCTPHpOBAaTb XpOMOC(HEpHEBIE
BCIIBIIKY HE3aBHCHMO OT ONTHYeCKHX HabmofeHu#. OcoOeHHO
HHTEPECHO B 3TOM OTHOLICHMH YCHJIEHHE O4YeHb IJHHHOBOJ-
HOBBHIX (Gosiee 1 kM) pagMOCHIHAJIOB, 00pasyeMblX I'DO3OBLIMH
paspsitamM. Taxme curHasibl, HasbiBaeMble aTMOC(epHKaMH,
BO3HHUKAIOT HEIPEephIBHO (IIOTOMY 4YTO BCErja IJe-TO IIPOHC-
XOISIT TPO3bl) M CO3JAI0T B

2 N Comaman iwllmm A TIpHeMHHKAX HEKOTOPBIH
3 IyM H  [OTPeCKHBaHHE.
N Vonusauusi HHMKHHUX CJI0EB
S . nHoHocepbl IpH  BCIIBIIIKE
S “trtpman CYIIECTBEHHO YJydIlaeT HX
e OTpaKaTeJNbHYIO croco6-
-E S V\/\ HOCTb IJIsl YKa3aHHBIX [JIHH
§§ N ~~]__| BOJH. TlosTomy Tpecku u
83 Bresannoe youpenue IIyMbl B IIpHEMHHKE IIpH
S QIMMOCPETEHD. BCIBILUKE BO3pacTarT: arT-
§§§ MocepHKH, CO3NaHHBE Ja-
S| _ A JIEKHMH pa3psiiaMH U paHee
§§°§ N HE 3aMeyaBIIMECs, Temephb

838 NpUHUMAIOTCS.
S 38 Maznumpnoe rpoue B anekTponmpoBORHOM
E\§§ camoe  arMocepel  Bcerza
§§ UUPKYJIUPYIOT — 3JIEKTpHYe-
S omupanye paciogunnod ckue Toku. OHEH co3jalT

104 30m . 30m MarHUTHOE II0JIE€, KOTOpOe
Puc. 29. Homnochepusie sipnepns, ~COCTABISET 4YacTh — 0Gmiero
BEI3BAHHblE GONBIION CcodHeyHoil ~ MACHUTHOrO MOJAST 3eMJH.
BCNBILIKOM (0 DIJIHCOHY). Ilpy yBenuyeHHH KOHLEH-
TpauHu CBOOOJHBIX 3JEKTPO-
HOB B 3TOH 06/NIacTH CHJa TOKa YBEJHYHBAETCS, MOTOMY 4YTO
BO3paCTaeT IPOBOJUMOCTb CPeJbl H COOTBETCTBEHHO YMEHbILAET-
Csl ee CONPOTHUBJeHHE. B pesysabTate npH BCHBIIKAX IPOHUC-
XOISIT U3MEHEHH I HAIIP S2KEeHHOCTH MAarHUTHOT O TOJst 3eMJITH, TaK
HaspiBaeMoe MarHuTHoe Kpoiue. (« Kporey mo-hpaHiyscku o3Ha-
yaeT KpIOYOK; 3TO HasBaHHE OTpakaeT BHJ, H3J0Ma KDHUBOH,
XapakTepH3yIoUel HalpsKeHHOCTb MOJSI NPH BCHBIIKE; CM.
puc. 29.)
Bbi3BaHHBIE OIHOIN H3 OOJBIUMX BCHBIIEK HOHOChEpHbIE
SIBJIEHUs] ~ WMOCTpHpYloTcs puc. 29. B Bepxmehr ero
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yaCTH NMOKA3aHO, KaK H3MEHsach NPH 3TOH BCIHBIIIKE IHPHHA
SMHCCHOHHOH BomopoiHo# auuun He B cnekTtpe obmacrtd,
3aHSITOH BCHBIIKOI. Belb ONTHYECKH BCIBILIKA, KaK MBIl YiKe
rOBODHJIM, CKa3hiBaeTCsl B YCHJIEHUHM HHTEHCHBHOCTH H3JIY-
YeHHsI, HAYIIEro ¢ HEKOTOPOrO y4acTKa COHEYHOH I0BEPXHOCTH
B 4aCTOTax BOJOpOAHbIX JuHHi. OHO 06ycJOBJIeHO O0fpa-
30BaHMEM B CIEKTpPe 3TOr0 H3JyYeHHUs MIHPOKHX SMHCCHOH-
abiXx JuHud. [[lupuHa JUHHK B KaKOH-TO CTEHNEHH XapaKTepH-
3yeT SIPKOCTb BCIBIIKH, a 3HAUUT U KOJHUYECTBO H3JydyaeMOH
el0 33 eJUHUIY BPEMEHH 3HEeprHH.

Kax Mbl BuguMm, noHocthepHble 3(p(heKTbl BO3HUKAOT MOYTH
OLHOBpEMEHHO C HauaJOM BCHBIIKH M IIOCTENEHHO ocyabe-
BAaIOT, B COOTBETCTBUH C YMeHbIIeHHeM ee sipkocTd. OHH CBs-
3aHBl C yCHJeHHeM yJabTpacuoseroBoro usayuedusi CosHua.
TlostoMmy u3 HaOmofeHHH HOHOChEpbl BO BpeMsl BCIHBIIIEK
ceyeT BEIBOJ 06 06pa3oBaHUK B 00JIACTH BCIBILKY HE TOJMbKO
OITHYECKOI'0, HO TaKxKe YJbTPapUONETOBOTO U PEHTIeHOBCKO-
ro H3Jy4YeHHUH.

OueHuM 3Hepru0, H3aydaeMmyio GOJBbIION BCHBIIKONH B ya-
crore nuHuH Hy. OxBaTbiBaemasi TakoO# BCIBIIKOH IJIOLIANb
MOpsiAKA THICSIYHOH JOMM IJIOMIANH BCEro COJHEYHOro AMCKa.
Jluuus H, 3anumaer oxosno 0,001 Bceil omTuyeckodl obsactu
criekTpa. Bo Bceli 3ToH 06sacTH CONHEUHBIA JHCK H3JydaeT
1033 gpejcex. B yuacTke cmekrpa, 3aHuMaeMoM JuHuedl He,
JO BCIBIUKH C e€e IJIOLAAu H3JydyaeTcsl NpUOJIH3HUTENbHO
1022.10-8-10—3 =~ 1027 gpe/cex. TIpu BCubimKe sIpKOCTb B JIHHUH
He B HECKONbKO pas IpeBhbIIaeT SPKOCTb B HENPEPBIBHOM
crekrpe. Ecnu Bemblnka mnpogosmxkanace 5—10 MuHyT (ee
MakcuManbHas (asa), To BCEro B JIHHHH €10 OYIET H3JIyYeHO
oxouo 103 spe. ta BennuuHA U ompeensieT o0ilee KOJHIECTBO
9HepPrud BO BCeH ONTHYeCKOH 006JIaCTH CIeKTpa, MOTOMY YTO
H3Jy4yeHHe B JAPYruX JIMHHUAX MeHbure, yueM B Hq. Urto ke
Kacaercsi yJAbTpadHONETOBOrO M PEHTTeHOBCKOTO H3JydYeHHH
BCIIBIIUIKH, TO, KaK IOKasbiBalOT MOHOC(hepHbIe NaHHbIE U 3aaT-
MocthepHble HAOJMIONGHHSI, HX JHEpPrusi B HECKONbKO pas, a
BO3MOKHO, M Ha IOpSIOK, Oosblie, yem omTuyeckoro. Cre-
noBarenbHO, oOmiasi 3Heprusi (HOTOHOB, H3JIy4YaeMbIX IpHU
Gombioll  xpomocthepHO# Bembliuke, mopsigka 103 ape. Ito
COOTBETCTBYET SHEPTHH B3phIBa MUJJIHAPAA METaTOHHBIX 60MO.

BosmymeHnus uoHocdephl, co3jaBaeMble KOPOTKOBOJTHOBBLIM
H3JIy4yeHHeM BCIIBIIKH, BO3HHKAIOT, KaK Mbl TOIbKO YTO OTME-
4ajy, OJHOBPEMEHHO C ONTHYCCKHUMH SIBJICHHSIMH, IOTOMY YTO
06a Buga H3NYYEHHs] PACHPOCTPAHSAIOTCS C  OJMHAKOBOH
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¢kopocThio. Hapsiay ¢ 5TUMH BO3MYIUEHHSAMH, IPHOTH3UTENLHO
yepes CYTKH IIOCJe BCHBIIKH, HAa 3emJye IPOMCXOAAT Apyrue
CBsI3aHHBle C Hell SIBJIEHMS — MarHuTHEIE OYpH U yCHJICHHe
NOJNSIPHBIX CHsHUE. MarsHuTHOll 6ypefl HAa3bIBAIOT CHJbHBIE
H JauTeNbHbIE (B CpeiHEeM OHH IIPONOJIXKAIOTCS CYTKH HJIH
JlBOE) HapYIUEHHs COCTOSIHHSI HOHOC(ephl Haj BceHl MoBepx-
HocTbio 3emnu. Bo Bpems Oypu HapyluaeTtcss pajuOCBs3b
Ha BCeX YacTOTaX H Jae NpOBOAHAS CBS3b. DTO IOKA3BIBAET,
4TO BepxXHHe 061acTH HOHOChepbl H3MEHSIOT CBOH CBOHACTBA
U 4acTHYHO paspywaioTcs. Bo BHYTpPeHHHX €€ C/0SIX CHJIBbHO
yBEJNHYMBAETCS] HOHM3ALHUsT M COOTBETCTBEHHO PACTYT 3JIEKT-
pHYeCKHe TOKH, TaK 4TO CO3j]laBaeMble 3THMHM TOKaMH MarHuI-
HbIE ITI0JISI B CBOIO OdYepelb HHAYLUUPYIOT TOKH B JIHHHSX CBSI3H.
Te xe HOHOC(EpHBIE TOKH BBEI3BIBAIOT CHJIbHBIE KOJeOAHUS
Ha6/0flaeMOil HANpPSIKeHHOCTH MarHUTHOTO IOJsT 3eMJIH, YTO
U TIOCTYXKUJIO OCHOBaHMEM JJs Ha3BaHUS «MarHUTHas Oypsi».
BosHuMKHOBeHHE MarHUTHBIX Oypb CBSI3BIBAIOT C JeHCTBHEM
Ha HoHOchepy 3eM/IH 3apsKEHHBIX YaCTHI[, IPOTOHOB, JJIEKT-
POHOB M aTOMHEBIX sifiep, BHIOpAChIBAEMBIX U3 O0JIACTH XPOMO-
chepHOll BCHBIIKH. YacTHubl, YCKOPEHHBIE YAApHOH BOJHOM,
JEACTBHIO KOTOPOHl IPHMIMCHIBAIOTCS MENJIEHHO pacmpocTpa-
HSIOMECS II0 KOpPOHe BCIUIECKM paguousaydeHus: CouHua
IT tuna, jgocruraioT okpectHocteil 3eman. Tam OHH 3axBaThl-
BAIOTCA €€ MAarHUTHBIM IIOJIEM H IIONajaloT B 00JIACTb TaK HA3hI-
BaeMbIX PajMalHOHHBIX MOSICOB 3eMJ/H, YAAJEHHBIX HA THICSUU
KHJIOMETPOB OT ee moBepxHocTH. O6nanast 6oJbIIOl SHepruei,
IIOTOKH 3THX YaCTHI, MOT'YT IIPOPHIBATbCS B HOHOC(EpPY H Mpo-
H3BOJUTb DA3pYIIEHHE YacTH HOHOC(HEpEH!, a TaKXKe HOHHU3AIMI0
aTOMOB B Hell CBepX TOH, KOTOpasi BbI3BaHa yJbTpadHONETO-
BoIM u3sydeHueM CosHua. OGbIMHO 3TH BO3MYIUEHHS CJELYIOT
3a TEMH BCILIIIKAMH, KOTOpble IIPOM3OUIIM BOJU3H 1lEHTpa
conneyHoro pucka. CiefoBaTesNbHO, MOTOKHM YacTHI, BhiGpa-
CbiBaeMble M3 00/1aCTH BCHBIIKM U GoMOGapAHpyiomue 3eMHYIO
at™Mocdepy, HampaBleHbl HTPHOIM3HTENBHO MEPIEHIHKYJSIPHO
Kk nosepxHocTH Connua. IIOTOKM 3TH mpeAcTaBIsIOT CcOGOI
obsaKa IIa3Mbl, COHEPIKAUIME TAKKE M MATHUTHBIE IIOJISI.
CusioBEle JIMHHH II0JIsI CBsI3aHbI C IJ1a3MOH, KakK TOBOPHT,
«BMODOKEHBI B Hee», M IIEPEHOCSTCS BMeCTe C OOGJaKaMmH.
3apsiKeHHble YaCTHUBl JBUXKYTCS BIOJb MACHHTHBIX CHJIO-
BbIX JIMHHE Ha BHICOTE B HECKOJNBKO THICSY KHJIOMETPOB Hajl
NOBEPXHOCTbIO 3eM/IH (B paJMallMOHHBEIX [0sicaX 3eMJIH);
Y MarHdTHBIX MOJIOCOB CHJIOBBIE JIHHUH DACIIOJNOKEHB! GIIHKE
K noBepxHOCTH 3emsu. [TosToMy 3apsiKeHHBIE YacTHIBI TaM
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NPOHUKAIOT ¥ B Gosee riyGokue ciiod atmocdepst. Crankus
BasiCh C aTOMAaMH U MOJIEKYJIaMH, YacTHIB! IepefaloT UM YacTb
CBOeHl 3HEpPTHH U BO30OYKAAIOT TAKUM IyTEeM CBEYeHHE aTMO-
chepsl, HasblBaeMOe MOJSPHBLIM CHSIHHEM.

YacTtuupsl, BLISHIBAIONIME MAarHUTHEE OYpH M IOJSPHBIE
CHSIHHUSI, JIOJKHBI IIPOXOAUTL paccrosinve oT CosHua A0 3eMnu
(150 MJH. km) TPUOIU3UTENBHO 32 CYTKH. 3HAUUT, HX CKOPOCTh
1500 — 1600 xm/cex, utO TPHUOJUBUTESBHO COOTBETCTBYET
CKODOCTH pacIpocTpaHeHHs pajfuoBcivieckoB II Tuma. 3to
HY2KHO CUHTaTh CpefHeHl CKOpOCTbIO, TaK KakK «pa3MasblBaHHe
II0 BpeMeHH» SIBJIEHHs] MarHuTHOH OypH IIOKasblBaeT, 4TO
He BCe YaCTHIBl JOCTHUraloT 3eMJH OJHOBpeMeHHO. BriGpa-
CHIBaHHE K€ BCeX UX MIPOHUCXOLHUT, MO-BHAUMOMY, HJIH B MOMEHT
BCIIBIIIKM MJIM Cpa3y »Ke 3a HHUM ¥).

Hayuenne nelicTBHSI MOTOKOB YaCTHL, HA MarHUTHOE IoJe
3emsin mokasano, YyTo Macca BCeH CTPYH ILIa3MHl, BHIOpOLIEH-
HOIl IIpH BCHbILKe, nopsinka 108 2. Tlpu ckopocTH 3TOrO Belle-
crBa 1500 xm/cex ero KHHETHYecKasl SHEPrHsi COCTaBJSET
oxkomo 103* ape. Takum oOpasoM, SHEprHsi, BbUIEJSIOLIASCS
npu OosblLIOH XpoMocdepHOH BeHblmKe B (hopMe KHHETHIECKOH
SHEPrMH BHIOpACHIBAEMBIX 4YacTHL[ (KOPMYCKYJSIPHOE H3JY-
ueHHe), B THICSYM pa3 Oosbllle SHEPrHHU OITHYECKOrO H3JY-
yeHus **),

3ameTHM, YTO M IpH OTCYTCTBHM Belbilek CoJHLE HCmy-
CKaeT IOTOKH YaCTHI, COCTABJISIOMMX TaK Ha3bIBaeMbIH «COJ-
HeyHbll Betep». OJHAKO CKOPOCTH YacCTHI[ COJHEYHOrO BeTpa
B JIECSTKH pa3 MeHbIle, YeM CKOPOCTH B NOTOKax, o6pasoBaH-
HBIX BCIIBIIIKAMH.

[Ipu oueHp CH/IBHBIX BCHEINKAaX Ha 3eMJe Habmofaercs
emle OfMH HHTEpecHH 3(deKT — Bo3pacTaHHe HHTEHCHBHO-
CTH KOCMHYeCKHX Jyde#i. KocmHuyeckue JydH, O KOTOpHIX
nofpo6Hee OyZeT TOBOPHTHCSI IO3Ke, IPEJCTaBJSIOT COO0H
YaCTHLE! (SI[pa aTOMOB M 3JIEKTPOHBI), ABHXKYIIHECS CO CKO-
pocTbio, GMM3KOH K CKODOCTH CBeTa, H OO/afaioliHe [O03TOMY

*) IloToku cBeTsimerocst rasa, JABHIXKyliMecsi BBepPX OT 06JacTH
BCIBIIIKK («BCIBILIeYHble BHGPOCH»), HMEIT CKOpPocTb B 2—3 pasa
MeHbLIyI0, 4eM YyKasaHHaf. CiefoBaTelbHO, JHGO 3TO pasjHYHEBIE
HOTOKH, JHOO 3a BpeMs CBOEro NyTH 10 3eMJIH MNOTOK YCKOpseTcs.
B6uusun CosHLa NOTOKOB €O cKopocTsiMH nopsaka 1500 xm/cex He
HabJ10al0Ch.

#*) CyuiecTByIOIHe OTPLIBOUHbIE JaHHEHE O PEHTTeHOBCKOM H3Jy-
YeHHH BCIBILIEK IO3BOJSIOT AyMaTh, YTO €ro 3HePTHS, XOTS H CHIBHO
MIPEBOCXOAUT ONTHYECKYIO, HO MeHblle 3HePTHH KOPMYCKYJISPHEIX
MOTOKOB.
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Gonpuolt sHeprueil. OHH 3aMOMHSIIOT KOCMHUYECKOE MPOCTPAH-
ctBo. TeMm H3 yacTHL, SHEprusl KOTOPBIX JOCTAaTOYHO BEJHKA
(:KecTKoe H3/yyeHHE), CDaBHHUTEJNbHO cjaboe MarHUTHOE IoJe
3eMIH HHUTJe He MpPeNsITCTBYeT NPOHHKATb K IIOBEPXHOCTH
3eman ¥ OHH HaOMIOZAIOTCS HA BCeX WMpoTax. YacTHubl ¢
MEHbLICH 3Heprueifl (Msrkoe H3JyueHHe) OTKJIOHSIOTCS Mar-
HHUTHBIM [OJIeM M IONajaiT NpPeHMYLIeCTBEHHO B 06/acThb
MarHUTHBIX IOJIIOCOB 3eMJIH.

YBenuueHHe MHTEHCHBHOCTH KOCMHUYECKHX JIyyell B BBICO-
KHX WIHPOTaX 3aMeuaeTcss NPHUOAM3UTENIBHO dYepes dyac Iocie
CHJIBHOI XpoMochepHO! BCHBILIKH. Tax Kak B 3KBaTOpHa/b-
HbIX 06/acTsiX 3eM/IM aHaJOruyHbill 3ddeKT OTCyTCTBYeT, TO
MOXKHO TOBODHTb 00 0Opa30BaHUM IPH BCIBIIIKE TOJbKO MSIT-
KHX KOCMHMYECKHX JydueH. YUHThBasi, 4To Ha nyTb oT CosHua
Jo 3emin UM Tpebyercss B 3—4 pasa Gosblie BpeMeHH, YeM
¢oToHAM, MOJIyyaeM BeJIMUHHY CKOPOCTH 3THX YaCTHIL IOPsKa
100 000 xm/cex. Oueprust NPOTOHOB (KOTOPEE COCTABJSIOT
OCHOBHYIO [IOJII0 YacTHL KOCMHYECKHX JydyeH COJIHEYHOrO
IIPOMCXOXKIEHUST) IpPH Takoil cKopoctH pocturaer 10—3 ape
Ha OfiHYy vacTuny. Taxk Kaxk Bcero IpH BCIIBIIKe B (opMe KOc-
MHUYECKHX Jyuell ocBoGoxkznaercst o 10%% gpe, To o6liee KOMH-
YecTBO OBICTPBIX YacTHI[, OOpPa30BaHHBIX BCIIBILIKOH, COCTAaB-
Jasier npumepHo 1025, uyto pmaer 10'° 2 BemecrBa. BeposiTHO,
STH 4YaCTHIbI, NPOXOASI Yepe3 COJHEYHYI0 KOPOHY, TepsioT
TaM HEKOTOPYI0 uYacTb CBOeH 3HEpPrud, BBI3bIBAS BCIIECKH
paguousayuenus III tuma.

[ToToxu kKOocMHUeCKHX Jiydell U (DOTOHOB GOJBLIOH 3HEPTHH
OT XpomocthepHOH BCHBIIKH IPH BCTpede HX C KOCMHYECKHM
KopabjseM MOryT &HITb ONACHBIMH /s yYacTHHKOB IIOJETa.
OTH yYacTUIBl CIOCOOHBI MPOXOAMUTb CKBO3b TOJICTHIH CJIOH
BEIIECTBA, M KOCMHUYECKHH KOpab/ab He sIBJIsETCSI HaNeKHOMU
3amMToil OT HUX. Jlasg 0e30macHOCTH KOCMOHABTOB IOJIETHI
Jyulle COBepllaTh B TO BpeMsi, KOI[a BCHBIUEK HET MM OHH
cnadpie. IlostomMy HccnenoBaHMe MPHUPOABI BCHBILIEK M IIPH-
UHH HX BO3HMKHOBEHHSI, KOTOpOE II03BOJIUT IIPOTHO3HPOBATh
BCIIBILIKY, UMEET [IepBOCTeNeHHOe 3HaYeH e JIJ1s1 KOCMOHABTHKH.

3a Bpemsi OGosbmo#l xpomochepHON BembiwkH  (500—
1000 cex) B cpaBHUTENLHO MaJIOf 4acTH Xpomocdeps! Bhle-
JistleTcsl PUOIU3UTENBHO CTONBKO Ke SHEPrHH, CKOJIbKO H3JY-
yaetcst ConmHueM 3a 1 cex. KakoB ke HCTOYHHK CTOJIb OTpPOM-
Ho#l sHepruu? OKOHUATENBHOTO OTBETa HA 3TOT BOIpPOC IIOKA
HeT. Kak MBI cefiluac yBHAWM, AaHHbe HAOMIONEHHH yKashlBa-
0T Ha CBsI3b BCHBILEK C MAarHUTHBIMH TOJISIMH.
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Mexny coNHEYHBIMH ISITHAMH IIPOTHBOIIOJIOXKHOH MOJISIPHO-
CTH CYILECTBYeT TOYKa, B KOTOPOH HaIIPSIKEHHOCTb MArHUTHOIO
IOJIsT paBHa HYJIO, a [0 006e CTOPOHEl OT Hee HampsSKEHHOCTh
BO3pacTaeT, U HaINlpaBJICHUSs] CHJIOBLIX JIMHUH IIPOTHBOIOOXKHH.
Taxkue TOUKM HasLBAIOT HeHUTPadbHBIMH. XpomochepHbie
BCIIBIIKKM OOBIYHO IIPOMCXOJST OKOJIO HEHTPANbHBLIX TOUEK
U CONpPOBOXKJAIOTCS] U3MEHEHUSIMH KOH(DUIYpaUMH MoJsl BOIU3H
MeCTa BCHBIIKH, a B psjie CAydaeB M yMeHbIIEHHeM Hampsi-
»keHHocTH moJsi. [losTomy pacmpocTpaHeHO MHEHHE O TOM,
4TO SHEPrHUsl BCIBINKH YepraeTcsl U3 SHePTHH MarHUTHHIX II0-
Jedt. TlpeanonaraeMeifl npouecc nepexoja MarHMTHOH SHEPTHH
B KHHETHUYECKYIO JHEPTHI0 M B H3JIyyeHHe CJOXKeH H He J0
KOHIa BrificHeH. O HeM MbI 3[leCb TOBOPUTH He OyJieM, a OLEeHHM
JIMIIb 3HEPTHI0, 3aKJIIOYEHHYI0 B IIOJE.

Benpimka oxBateiBaeT 00beM XpoMocdephbl, PaclOsIOXKeH-
Hpl Hal miomaneio mopsaka 10Y—10%20 cu? (oxono opHoM
TBICIYHOH ILIOMmAAX JOHCKa). Bricota Xpomochepsl OKOJIO
2 - 10° cm. TlosTomMy BenMUMHA YKa3aHHOrO oGbemMa — IpH-
GnusurenbHo 10%° cm®. HanpspkeHHOCTH [OJIST B AKTHBHOH
o6macTti BOunsn un tcn, TaMm, Ae CJAYYaroTCs BCIBIIIKH, MOXKET
COCTAaBUTb HECKOJbKO COTEH 3pcTe]l. JHEpPrHsl MAarHHUTHO-
ro noast E,,, B €IHHHIE 0ObeMa — IJOTHOCTb MarHUTHOH
9HEPTHH — CBsI3aHA C HaNpsDKeHHOCThIO nosst H  cooTHO-
IIeHHeM .

Eyorn = 1 (19)
(BbiBOZ 3TOH (hOpPMYJIBI 3aHST OBl CJAHIIKOM MHOIO MECTa).
Hcnonbsys gopmyay (19), monyuaem, uto npu H = 100 spcren
BenuunHa E,, ~ 4 - 10% spe. Takum oGpasoM, Becb pac-
cMaTpuBaeMbii 00bem comepxkut 10%2—10%% spz marmuTHOM
sHepruu. Ecnn 60sbiuasi 4acth €€ MOXKET OueHb OLICTPO mepei-
TH B SHEPTHI0 H3JYUEHHS] HWJIH KHHETHYECKYIO, TO IPOH30HAET
B3DHIB-TOH K€ CHJIBI, YTO U Gosbiuasi XxpomocdepHast BCIBIIIKA.
Ho Bce ke coszaercst BHeyat/eHHe, YTO MATHHUTHOH 3HEpPrUH
J7151 GOJTBINKX BCIBIILEK HELAOCTATOYHO, TeM GO0Jee, YTO BCIIBIIIKA
BHayajle 3aHUMaeT CPaBHUTENbHO Malkil 06beM. [To-BuaMOMY,
OKOHYATENBbHBIH OTBET HA BOIPOC 00 HCTOYHHKE SHEPTHH XpO-
MocepHBIX BCIBIIIEK CBSI3aH C HCC/IEJOBAaHHEM HE TONbKO HX,
HO U APYrHX KOCMHUYECKHX B3pHIBOB. OHAKO BPSL JIH MOXKHO
COMHEBAThCsl B CYLIECTBOBAHHH KaKOH-TO CBSI3H MEXAY XpO-
MOCEPHBIME BCIBIIIKAMH M MAarHUTHBLIMH IIOJISIMH.

Haxe ecsu 6yJeT N0Ka3aHO, YTO MArHUTHBIE HOJIST MIPAlOT
B IIpOLIECCE BCIBILIKH ONPENESIOLLYIO0 POb, IPHPOJAA BCIBIIEK
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CTaHeT MOJHOCTBIO SICHOH JIMIb II0CJAEe TOro, Kak Oynper
MOHSIT MEXaHW3M, IPUBOASIIMHE K BO3HHKHOBEHHIO IOJied Ha
Comuue. OOenpuHATON TEOPUHM IPOUCXOXKAEHHS MAarHuT-
HBIX Tmosell HeT uu Jnsi ComHua, HY T JPYTHX KOCMHUYECKHX
Ten. B OOHUX TeOpUSX MpearoJaraeTcsi, 4To CHJbHBIE Mar-
HUTHBIE TOJIST CYIIECTBYIOT B IEHTpaibHbIX obmactssx CoJsHua
U YacTb HX JHEpPrHH I[epPHOJAUUECKH BBLIHOCHTCSI BO BHEIIHHE
ciaou Cosnua. B TO e BpeMsi B OfHOI M3 HEJaBHHX TEOpHI
ee aBTOp HCXOmuT u3 npucytcTBus y ConHua ciadoro (Hamps-
JKEHHOCTbIO OKOJIO 1 3pcrefa) oOLIEro MarHUTHOTO IOJS,
CHJIOBBIE JIMHMM KOTOPOrO pAacloJIOKeHBI, KakK IpejnoJara-
eTcsi, B TOHKOM cJjioe BOmusu mosepxuocty Cosuua. Pasmuune
B cKopocTH BpamieHust CojiHlla HA PasHbIX IIMPOTAX MOXKET
IIPUBOJUTDL K MEPUOLHUECKOMY BO3SHUKHOBEHHIO CHIIBHBIX IOJIEH
B 5KBaTOpHajbHbX oOsactsax Cosuima. Jta TeOpUS HEIIOXO
oObsicHsIeT HaAOMIOJaeMble OCOOEHHOCTH LMKJa COJHEYHOH akK-
THUBHOCTH, HO BCTPEYaeTcsi CO 3HAUUTEJNbHOH TPYAHOCTBIO IHEP-
FeTHYECKOro XapakKTepa. JHEPTHs IoJell B KOHEYHOM cyeTe
eCTb ImpeoOpa3oBaHHasi KHHETHUYECKasl 3HEpPTUsl BpalleHHs
ConHiua, TOuHee, Ta YacTb KHHETHYECKOH 3HEPTHH, KOTOpas
obycJjioByiena GOJbIIEl YrJOBOH CKOPOCTbIO JBHKEHHSI KBa-
TopuanbHeIX obsacteit. Ee, Kak mokasam pacueT, MOXeT XBa-
TUTb HA o0pasoBaHMe MAUHUTHBIX MOJIEll JIHIIb B TeUeHHe
HECKOJIbKHUX ThIcsY JieT. TakuM 06pasoM, KaK 3TO yacTo ObIBaeT
B Hayke, OOBsICHEHHe OJHOH TpPYMNbI SIBIEHUH CTaBUT HacC
nepe], HeOOXONMMOCTBIO DEUINTh HE MeHee CJIOKHBble 3aJauH,
B JIaHHOM CJiyyae, HAHTH, YeM BHI3LIBAETCSI U MOJJIepKHBAETCSH
pasnuune ckopocT Bpamenust CosHUIA Ha pasHbIX IIUPOTAX.

§ 6. BCIIBILIKHK 3BE3]]

3Be3/IHble B3PHIBHI [I0 CHJIE MOTYT GBITh BECHMa PAa3JIHYHBIMH.
Hauas ¢ cambix c1abbix U3 HEX, MBI 3aTeM IepeiiieM K B3phIBaM
ropasfio GoJsblero Maciura6a — BCIBIIKAM HOBBIX 3Be3]l.
BspblB Ha 3Be3fe NpOSIBASIETCS], IIpexJe BCEro, B PE3KOM
YBeIMUEHUH €€ H3JIYYeHHsl, T. €. B BO3PACTaHHUH SIPKOCTH
3Be3Jpl. [I03TOMY Takue B3pBIBBI U HA3bIBAIOT BCIBINIKAMH.

MoIHOCTh ONTHYECKOrO HU3JYUYEHHS Jaxe GOJBINON XPOMO-
cdepHo#t Benbiuky Ha CoJIHIE HE COCTABJSIET U OLHOH ThHICSY-
HOU OT MOIIHOCTH H3Jydenus Bcero Cousnua. Takast oTHO-
cuTesbHO ciabasi Bembliika Ha 3Besfe tuna ConHua uau 60-
Jiee IPKOH HE MOxkeT ObIThb 3aMeyeHa C COBPEMEHHBIMH Cpefl-
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CTBaMM HAOMIONEHUH, MOCKOJbKY 3Be3[bl YAAJEeHHl OT Hac
He MeHee ueM Ha HEeCKOJIbKO CBETOBHIX JIeT. BeposiTHO, BCHEIII-
KM, IO MOIIHOCTH aHAJOrMYHblE XpOMOc(hepHBIM, CBOHCTBEHHBI
OoueHb MHOTHM, €CJH He BceM, 3BesfiaM. Ho 1jist Toro utoGbl
KX MOXKHO OBLTO YBHAETb, 3B€3/la B ONTHUECKOH 0OJIACTH CIEKT-
pa JOJIXKHA H3JyYaTb B COTHU pa3 MeHblle 5Heprud, yem CoJiH-
ne. [losToMy camele cjalble U3 3Be3[HBIX B3DBLIBOB, IO Mac-
Taly COOTBETCTBYIONIME XPOMOC(EpPHHIM BCHBIIIKAM, MOTYT
HabJI0JaTbCSl JIMIIb Y 3BE3]-KapJHUKOB, IpHYEM CaMbIX GJIH3-
KHX, Ha paccTosiHusAX He Oosee 30—50 CBETOBHIX JIET, TAK KaK
Ha OONBIIMX pPacCTOSIHUSX 3TH 3Be3[bl BOOOLIE HE BHIHBL.

HauMeHee sIpKMMM 3Be3flaMH SIBJISIIOTCSI, KaK MBI 3HAeM,
KpacHele kapauku. Obnanast BaBoe MeHbmieil, yem y Cosdua,
TeMIIEpaTypod M Ha MOPSJOK MEHBIINM PaiHycoM, OHH H3IY-
yalT [0 CPaBHEHMIO C HHM B COTHH pa3 MeHbIE SHepruu. B
ONTHYECKON ke 00JIaCTH OTJIMYHME H3JIYYeHHS KPAcHOro Kap-
JHKa OT uanydeHust CosHuA elle pasuTesibHEE, TAK KaK OCHOB-
Hasl JOJsl 9HEPrHH, HCIYCKAaeMOH KpAaCHBIM KapJIHKOM, IIpH-
XoouTcsl Ha HHOPAKpPacHYIO YacTh CHEKTpA.

3Be3ja-kapJauK Kjaacca M, mosayumBmuasi oGosHaueHue UV
u3 co3Be3gus Kwura *), oxasanach nepBoii W3 TeX 3Be3ll, Ha
KOTOPbIX ObLIM 3aMeueHbl cjabble B3DHIBBHI, [10 CHJIE COOTBET-
CTBYIOIMEe OOJIBIIMM COJHEUHBIM BCHBHIIKAM. 3TO OIHA H3
caMblX ONM3KMX K Ham 3Be3ll — ee paccrosiipe ot CosHua
cocraBaseT 8,6 cBeToBOro rojga. KpacHbie KapJuk{, Ha KOTO-
pPbIX HaGJIONAIOTC ST BCIBINKY, CTAJNH HAa3blBaTh 3BE3[laMH THIA
UV Kura.

XapakTepHOH 0COOEHHOCTbIO BCIBIIEK Y 3Be3]| THIA
UV Kura siBisiercst 4pe3BblYaiiHO OGbICTPOE BO3pacTaHHe H3JYy-
YEHHs 3Be3[bl B Haya/le BCIBILUKH, HE BCTPEYAIONIEECS] HH Y
Kakoro uHoro Ttumna 3Be3l. OHO MOKET YBEJHUHUTHhCS B AECATh
pas 3a HeCKOJAbKO CeKyHJ. Pasnuuve BCHBILEK [0 CHJIE 3HA-
ynrenbHO. [Ipu COMBINMX BCHBIIIKAX H3JyUeHHE 3Be3jbl YBe-
JIM4HBaeTcss 6oJiee yeM B CTO pa3,NpH CaMbIX CJIaGhIX— B HECKOJIb-
KO pas, npHyeM 3TO 3aHHMaeT He 6oJee, yeM OfHY-ABE MHHYTHI.
3arem IPOHUCXOMUT CIIajl U3/IyUeHH s, Goee MeIJIEHHbIH, H yepes
10—20 muHYT M3/yueHHe 3Be3[bl OKA3LIBAETCS TaKHM e,
KaK ¥ JIO BCIBIILKH.

B HOpMa/IbHOM COCTOSIHMH, M€Y BCIBILIKAME, ONTHYECKOE
u3nyuenue 3Be3fnl TMna UV Kura umeeT MOLIHOCTH OKOJIO

*) O6o3nauenre OXHOH HJIH ABYMS 6YKBaMH JaTHHCKOro ajidaBH-
Ta npumeHseTcs AJIst 3Be3J, MEHSIOUHX CBOH GJleCK—IlePEeMEHH bIX 3Be3].
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102° spejcex. 3a BpeMsl CHJABHOH BCIHBHIIIKH €0 H3Jy4aeTcs
JononHuTeNbHO Gosee 1032 spe B 3Toll ke 0BMacTH CHIEKTPA,
a mpH caabofl BemblliKe — 3Heprusi mopsinka 103! gpe. Takum
obpasoM, BembiikH 3Be3n tuna UV Kurta no usmydaemoin
B ONTHYECKOM JHalasoHe SHePruH MOAOOHBE! CaMbiM OOJbIIHM
xpomocepHbM BenbliiikaM Ha CosHue. Bembliiku, mpu KOTO-
pbix HaOmofaeMoe  H3JydeHHe 3Be3Lbl  BO3pacTaeT B
LecATh Uy GoJiee pas, NPOHCXOLST B CpeJHeM OJHH pas 3a
HECKOJNIBKO CYTOK, 4 OueHb cjabble BCIBIIKHU (IPHUBOASILKE
K YCHIEHHIO Hu3nydeHus: B 1,6 — 2 pasa) — JecaTku pas
B CYTKH.

CxoncrBo Benbinek 38e3, tuna UV Kura ¢ xpomocdepHBIME
BCIIBIIKAMH HE OrpaHHYMBaeTcsi ObICTPOTONH BO3paCTaHUS H3JY-
YyaeMOH 9SHEpPruM (BO3MOXKHO, YTO XpomocepHasl BCIIBIIIKA
BHayaje INpPOTeKaeT HECKOJIbKO MelJseHHee). CneKTpajbHEBIe
HaOMIONCHUST I[IOKa3alH, YTO BO BpeMs BCIBIUKH 3Be3Jbl
UV Kurta JuHHH BOJOPOZA CHIBHO PACIIHPSIOTCS, ¥ SHEPLHsi,
H3JyuaeMasi 3Be3llofl B COOTBETCTBYIOIIMX IJHHAX BOJH, BO3-
pactaet. AHaJOrnyHOe sIBIeHHe HaOJIofaeTcsi, KaK Mbl 3HaeM,
U IpH COJNHEYHBIX BCHBIUKAaxX. Ho Hapsny ¢ yKasaHHBIMH
CXOJHBIMHA YepTaMmH B CIEKTPaXx BCIBILEK OCOUX BHAOB B HHX
MMEeTCs] M CYLIeCTBeHHOe pasiudue. Kak mpaBuio, H3mayde-
HHE XpOMOCQEpPHEIX BCIIBILEK 3aMETHO YBEeJHUYHBACTCH TOJIbKO
B yacToTax JHHHH, TOrZa Kak mpeobsanaioniasi L0Jsi SHEpruu
u3nyuyeHus npu Bembimkax 3Be3fsl UV Kura oTHocuTCsl K He-
NpPEPLIBHOMY CIEKTPY, IVIaBHBIM 00pa3oM B CHHEM M roayotom
uBeTax. BmpoueM, BO3MOXKHO, 4YTO 3TO pas3jHuyue, XOTS OBl
4acTHYHO, OOBSICHsIETCS] ropasfo OOoJbIIeH SIPKOCTBIO COJIHEY-
HOH ¢QoToctheprl B ONTHYECKOM JHana3oHe, Ha ¢OHE KOTOPOH
HelpephBHOE H3JyuyeHHe XpOMOCGhEpHOH BCIBILKH TPYAHO
3aMeTHTh.

HenaBrno mpu nomomu OGONBUINX pafHOTENECKONOB Yia-
JIOCh 3apETrHCTPHUPOBATh HM3JyUYeHHe PafHOBOJIH IIPH BCIIbILKAX
y HekoTophlx 3Be3z tuma UV Kura. OTu BcmiecKH pajHOHs3-
JIyUeHHs] OOBIYHO IPOUCXOASAT OJHOBPEMEHHO C BO3DaCTaHHEM
ONTHYECKOrO H3JyYeHHsi, HO HHOTJA OIEepexKaloT ONTHYECKYIO
BCOBIUKY HAa 1—2 MuHyTh. PajHoBCI/IECK NPOAO/IXKAETCS
10—15 MuHYT, npuyem 3a 3TO BpeMsl B PaJHOLHANa3sOHe H3J]Y-
yaercst sHeprusi, B 100—1000 pas meHbIIast, 4eM B ONTHYECKOM.
Honsi papuoussnydeHus: B OOLIeH SHEPrHH BCIBILIKH OKashl-
BaeTcst 60Jiee BLICOKOH, UeM Y COJIHEUHBIX BCIIBILIEK, TAe 3Hep-
rusi pajluOBCIIECKOB COCTABJSIET JHIIb OKOJO ONHOH CTO-
TBICSTYHOH YacTH BCell M3JyYEHHOH 3HEpruH.
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O Tom, KakoBHl NpHYHHBI Benbimék 3Besp tuma UV Kurd
U KaKasl 3Heprusl mpeBpaiiaeTcsi B H3JyuyeHHe, JO CHX IIOp
HUUEro Hesb3sl CKasaTb C yBepeHHOCTbIO. OXHAKO ObICTPOTA
[POTEKAHUs BCIBINKHU H, B OCOOEHHOCTH, BGO/bINasi CKOPOCTb
najeHuss Gecka JaJd OCHOBAaHHE CUHTAThb, UTO B3PHIBEI IIPO-
HCXOAAT B CaMblX BHEIIHHUX CJOSIX artMocdep 3Besj, TIfe
IJIOTHOCTb BelllecTBa Mana. [{eficTBHTeNbHO, B3PHIB MO, TIOBEPX-
HOCTBbIO 3Be3flbl BbI3Basl Obl MOBHIIEHHE TeMIepaTypbl (OTO-
ceprr. ITocnenyromee oxnaxuenue dorocdepsl MOXKET IpPOHUC-
XOZUTb JIUIIb B pe3ysbTaTe H3JIYUYeHHs! €l0 SHEpPTHH B Mex-
3BE3JIHOE TIPOCTPAHCTBO. Tak Kaxk ¢oTtocepa Hempos3payHa
IJIsl HU3JY4eHHsl, TO MPOLECC ee OCTHIBAHMS JNOJKeH 3aHSTh
IpPOJOJIKHUTEeNbHOe Bpems. [Ipospaunasi xe IJs1 H3JYyUEHHS
B IIMPOKOM HHTepBa/e IJIHH BOJH aTMocdepa 3Be3Ibl MOXKET
ObITb Harpera MOYTH MTHOBEHHO M 3aTeM OYeHb OLICTPO IOTe-
PSATh IOJYYEHHYIO SHEpPrHIO, MOCKOJbKY H3JydeHHe BBIXOLUT
U3 Hee OecrpensitcTBeHHO. CliefioBaTeNbHO, M B OTHOLIGHHH
CBOeH JIOKamu3auuHu Bemblukd 3Be3n tHna UV Kurta cxopHbl
C COJIHEYHBIMH.

Pannoussmyuenne XpoMochepHbIX BCIIBIIIEK CBSI3LIBAIOT, KaK
Mbl YK€ TOBOPHJIH, C IIPOXOXKJAEHHEM uepe3 CaMmble BHEIIHHE
cimon CoslHIIA TIOTOKOB OBICTPHIX YacTHI[ M3 0OJACTH B3pHIBA.
BeposiTHO, aHAJIOrHYHBIM TIPOLIECCOM BBI3BAHBI M BCIJIECKH
panuounssydenust 3ee3q Turna UV Kura. Takue paiuOBCI/IECKH
CIyKaT II0Ka €JUHCTBEHHBIM CBHJETEJNbCTBOM BHIOpAaChIBAHHUS
3THMH 3Be3[aMH IIPH BCIBILKAX YACTHI[ CO CKOPOCTbIO, CPaB-
HHUMOH CO CKOpPOCTbIO CBeTa. MBI perucTpHpyeM JHIb TY AOJIO
SHEPrHH YacCTHIL, KOTOpasi IEPeXOIUT B ONTHYECKOe H pajHo-
usnyyenne. DoJiee 3HauyuTesNbHasi 4YacTb 3HEpPrHMM B3pLIBA,
€C/IM CYIMTb MO COJIHEUHBIM BCIIBIIIKAM, JOJKHA YXOIHUTb
C MOTOKAaMH OBICTPBIX YaCTHI, B YACTHOCTH, KOCMHYECKHX
Jiyyed, DPEHTTEHOBCKOI'O H3JIyUEHHS] H Y-KBaHTOB, KOTOpHIE
noKa TpyAHO Habuofath. [Toatomy Benmunna 1032 spe, koTopyio
Mbl yKasaj{ BbIllle [JIsi SHEPTHH, H3/JIyyaeMOil B ONTHYECKOM
IHanasoHe npH GoJibinoil Bemblike 3Besanl THma UV Kura,
BPsi 1M XapaKTepH3yeT BClo SHeprHIO B3phiBa. Becbma BeposT-
HO, 4TO oOfimee KOJNHYECTBO 3HEPrHH, OCBOOOXKAAEMOH IIpH
TaKOM B3phiBe, ropasjgo Gosbue — mopsifka 1034—10%° ape.

Haxe ecnu npennosioxuTh HalHUHE CHIbHBIX JIOKATbHEIX
MarHATHBIX MOJell BO BHEWHHX caosix 3Be3n tuma UV Kura,
TPYAHO mpencTaBUTH, YTO SHEPrUs, COAep:Kallasicss B UX aTMO-
cepe, morma mocrurath sHaueHusi 10%—10%° spe. B cBsisu
C 3THM BO3HMK/A THIIOTE3a O TOM, UYTO BEILECTBO, HeECyiee
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B CKpBITOM BHJE SHEPrHIO, KaKHM-TO NyTeM BLIHOCHTCS H3 HEAp
3Be3lbl B 66 ATMOCHEpY . TaM SHepTHs BHE3aNHO OCBOGOKIAET-
Csl, IpHYeM OCHOBHAsl €€ YacTb MEPeXONHT B KHHETHUECKYIO
SHEPrHI0 — SHEPruio ObICTPhIX yacTHl H ¢oToHOB. K coxaie-
HHMIO, B DaMKaX HalluX TelNepelHHX KOHUEMIMH 00 HCTOYHHKAX
3BE3JIHOM 3HEepPruH TPYAHO YKa3aTh KOHKPETHBIE BH[BI Iepe-
HOCHMOH M3 HeJp 3Be3/bl SHEPTHH U IPOLECCH, COIPOBOKAAI0-
e ee nepexof B Apyrue BHAB 5Hepruu. Ho TpyAHOCT 00b-
SICHEHUS] TeX MJM HMHBIX SIBJCHHH NIPHUPOABI BCerja SBJISeTCs
CTHMYJIOM JJIs1 Pa3BUTUSI HcciefioBaHuH. C OTKPBITHEM HOBBIX
SIBJICHUHl COBEpLIEHCTBYIOTCSI H COOTBETCTBYIOLIME (DH3HYECKHe
TeopuHd. HecoMHeHHO, Tak OyIeT M ¢ OOBSICHEHHEM NPHDPOMBI
3BE3[HBIX BCIIBIIIEK.

Beneimky, xapaxTepHsyeMble H3/yyeHHeM OIDOMHOH IHep-
MM B ONTHYecKoW obmacTé crnektpa (B MUJJIHOHBEL pas 60Jb-
wel, yeM M3ayyaemasl mpd Benblmkax 3Besn tuma UV Kura),
IIPOMCXOLST y TaK HasbiBaeMblX 3Be3J] THna T Tesbna u psna
Jpyrux. Ha onucasuy 5THX B3pBIBOB MBI 3€Cb OCTaHaBJIUBATL-
csl He CTaHeM, TaK KaK HMEIOIIMecsi OTPLIBOYHLE NaHHbe Ha-
O/Ir0leHUH He NaoT LeJbHOH KapTHHH siBaeHUs1. CTouT, ONHAKO,
3aMeTUTb, 4TO mO OHICTPOTe NOABEMAa M CHAja H3JIYYeHHs
BCIIBIUKK 3Be3f THna T Teabna coBeplieHHO He MOXOXKH Ha
conHeydsle. OHUM NPOROIKAIOTCS HECKOJBKO 4YacoB, a HMHOTAA
u cyTox. KakoBa Obl HE Orla mpupoza Benblniek 3Be3f T Tedb-
114, 3HAUUTeNbHAs JOJISI SHEPTUH IIPH STHX B3PHIBAX OCBOOOXK-
JaeTtcst He B aTMocepe 3Be3fbl, a IIyOxke, H BHIBLIBAET HArpen
NIOBEPXHOCTH 3Be3[nl. Eule pas mopuepkHeM, UTO KaK Y 3Be3[
tuna T Tenbna, Tak M y APYrux 3Be3f CO CBETHMOCTbIO, IIpe-
BOCXOJALIeH CBETHMOCTb KPACHBIX KapJIHKOB, BO3MOXKHHI H CJlla-
Oble B3PBIBEI, HO BhI3BIBA€MOE MMM JONOJHHUTEIbHOE H3JyUYCHHE
OyzneT ocraBaThCsl He3aMeYEHHBIM Ha (poHe OOIIEro H3JIyYyeHHs
3Be3JIHI.

M3 cunbHBIX 3Be3JHBEIX B3pPHIBOB HauOOJIee XOPOLIO H3YYeHb
BCIIBIIIKH HOBBIX 3Be3fl. Korza B HekoTOpoM MecTe HeGa 3ame-
qaeTCsl JOCTAaTOYHO sIpKasl 3Be3ja, KOTOPOH paHblue He OBLIO
BHIHO, € Ha3bIBAOT HOBOH 3Be3noii. KoHeuHo, oHA OKa3bIBaeT-
csl «HOBOM» Juub Ajs1 HalmiofaTenss — oOHAapyXKeHHe HOBOH
3Be3lbl Ha Hefe CBSI3aHO He C €e POXKIEHHEeM, a SIBJseTCS
pesy/abTaTOM BO3DAcTaHHUsl M3JAYYEHHs] KAKO[-TO 3Be3Jbl B Je-
CSTKM H Jlajke COTHH ThICSIY pas. ['paHIHO3HBIE KOCMHYECKHE
B3DLIBHI, NPHBOASAIINE K NOSIBJEHHIO HOBBIX 3Be3J, CJIydaroTcs
CPaBHUTENbHO 4aCTO — KaxK/AblH Iof 0GHAD yKUBAETCS HECKOJIb-
KO TakKHMX 3Besl TOAbKo B cocennux c¢ CouHneM of/acTsx
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TanakTUKH. Ec/lH ’Ke BCHBIIKA HOBOI 3Be3Abl NPOUCXOJMT,
CKa)keM, Ha paCCTOSIHHH JECSITKOB TBICSIY CBETOBBIX JIET OT
CosiHua, TO OHa, CKOpee BCEro, OCTaHeTCs He3aMeueHHOH.
TlosTomy cnenyeT cyutaTh, 4TO B [ajakTHKe BCIBLIXHBAeT
ropasfio GoJbllle 3Be3jl, 4eM Mbl HabJliofaeM, BEPOSITHO, CBEILIE
cra 3a Trof.

Tak xak HOBBIE 3Be€3Jibl OTKPHIBAIOT CJAyyaHHO — 3apaHee
HEeH3BECTHO, KaKasi M3 3Be3J, BCIIBIXHET,— TO CaMbIH MepBLI
3Tall B3pbiBa, HauboJiee HHTEPECHEBIN IJ15 BBISICHEHHS MPHPOJIbI
B3pbIBa, He ynaercs Habmofatb. [loaToMy Bce TrumoTesHl
0 XapakTepe B3pbIBOB, BLI3BIBAIOLIWX BCIIBILUKH HOBBIX 3BE3J,
OCHOBaHBl Ha pe3y/bTaTax HaOMIOJEeHHN [OCAENCTBHH ITHX

B3PBIBOB.

| IS SN I Sne UM M S S EENES SR S SSSE SN AN SENAL A A

7 l Seymon i

3B. Bemsuna

Boems

Puc. 30. Kpupas 6necka HOBON 3Be3Abl, BCMBIX-

HyBileit B cosBesxuu Opaa B 1918 r. Buaumeiit

6eck ee B MOMEHT MakcHMyMa Gbll JHUIbL He-

mHoro MmeHbiue, yeM y Cupuyca — camoil sipkoit
3Be3/bl Heba.

V3sBecTHrle HOBble 3Be3Jbl, BCIBIXHMBABLIHE 32 NEPHOJ
Hay4yHbIX HaOMIONEHUH, KaK Mbl YCTAHOBMM HMXKe, HaXOJATCH
OT Hac B cpe/lHeM Ha PAaCCTOSIHUH B HECKOJbLKO THICSY CBETOBBIX
JeT. IlosToMy onTuYeckue HAOMIOACHUS IOKa SIBJASIOTCS €JMH-
CTBEHHBIM HCTOYHMKOM MH(opManuu o HuUX. Hu pazuousmyue-
HYe HOBBIX 3Be3Jl, HH JIPYTrHe BHIbl UX M3JYYEHHS [0 CHX IIOp
He Habmofanu, HO 3TO CBs3aHO, IO-BHAUMOMY, He C OTCYTCT-
BHEM TAaKUX H3JIYYeHHH, a C HECOBEpIIEHCTBOM COBDEMEHHBIX
HabJoaTeIbHBIX CPEICTB.

Viamenenne uamyueHHst 3Be3fbl CO BpeMEHeM XapaKTepH-
8YIOT TaK HaswBaemoll KpHBoil Onecka. [List npuMepa, KpHuBas
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Grecka O(HO! U3 HOBBIX 3Be3J| MpuBOAUTCS Ha pHc. 30. Manyue-
HUe 3Be3lbl (HJIH, KaK FOBOPSAT, ee 0JiecK) Ha 5TOM PHCYHKe
YKa3aHO B OUYEHb IMHPOKO YyHOTpebisieMblX B acCTPOHOMHH
YCJIOBHBIX €MHMIAX — 3Be3LHBIX BeJIMUHHAX. B OCHOBY OIpe-
JIeJIEHHUsST 3BE3JHOM BeMUMHBI KJANeTCs Clefylollee yCIOBHE!
Bo3pacranue Osecka 3Be3fsl B 100 pas coOTBEeTCTBYeT yMEHb-
IeHHI0 Ha D ee 3Be3JHOH BeJMMUHHLL. 3HAYUT, H3MEHEHHE
6/ecka Ha OJIHY 3Be3[HYIO BEJHUYMHY ecTb €ro H3MeHeHHe

B %/100 = 2,512 pasa. Takas cucTeMa eIHHHI[ CJIOXKHJIACh
elme B JPEeBHOCTH M OOIENpUHsITa cpelu Habmonarejed 3Besf,
MIOCKOJIbKY CPaBHUBATh GJIECK IBYX 3Be3J B 3BE3JHLIX BEJHUH-
HaxX ropasjo Jierue, uyeM ecjd Obl OH BhHIpaxasCs B 3HEPreTH-
yecKHX epuHHIax. Il Hac ke yHoOCTBO TAKOH CHCTEMBI
COCTOMT B BO3MOMKHOCTH 0OJiee KOMIAKTHOTO M300parKeHHs
KPHUBEIX Orecka.

Puc. 31. Cuumxu Hoso#i Opsaa 1918 r. B pasHble roAbl, M0 KOTOPbIM

BHIHO yBesquyeHHe pasamepoB ofomouxku. Ha cuummxax 1933 u 1940 rr.

3aMeTHO o0pa3oBaHue, sBJSIONleecss CTYCTKOM ra3a Ha KOHIEe OCH
o6osouxH (yKasaHO CTPeNKOi).

Kax Mbl BUHM U3 mpejcTaBIeHHON KpHBOH O/ecka, U3Jjyue-
HHe HOBOM 3Be3Jbl CHayasla OueHb OBICTPO pAacTeT, a 3aTeM,
JOCTHI'HYB MakCUMyMa, CIajaeT, HO Tropaslo MeJJieHHee
H He I7Iafko, a CKayKooOpasHo.

Uepes HECKOJbKO JIET MOCJAE BCIBIIKH HA MecTe HOBOH
3Be3/lbl YacTO BHAHA CBeTIas TYMaHHOCTb B (hopMe JOBOJBHO
NPaBUIBHOTO Kpyra WJIM 3JUIHICA, HallOMHHAoUlas IJlaHerap-
HYIO TYMaHHOCTb. Ee CeKTp COCTOHT M3 SMHUCCHOHHBIX JIMHHH
M, 3HAYuT, 3Ta TYMAHHOCTb O6pasoBaHa paspeKeHHLIM CBETS-
IIUMCST ra3oM. Bupumelil paguyc TYMaHHOCTH, T. €. YroJ,
TI0L KOTOPLIM OH BHJEH, yBeJHuHBaeTcst co BpemeHeM. Omnpene-
JIUB CKOPOCTb BO3PACTAHHs TOrO yIia, MOXKHO, ofpamasch
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B NpOILJIOE, HE TOMbKO ONpPEeleNHTh MOMEHT, KOrjla TYMaHHOCTh
BO3HHKJIA, HO H TOYKY, M3 KOTOPOH HaualoCh pacClIHPEHHe.
INocJie TOro Kax 3TO CHeJaHo, BCerfa OKasblBaeTcs, YTO TYMaH-
HOCTb BO3HHMKJIA B MOMEHT BCIIBIIIKM HOBOH, & B TOUKE, H3 KOTO-
poil TPOHCXOJHT ee pacmupenue, BuAHa 3Besaa. Orciona
HeTPYAHO CHeJaThb BBEIBOL O TOM, YTO HPH BCIBILIKE KaKOH-TO
3Be3JIbl KaK HOBOI, OT Hee OTIEJNSIOTCS BHELIHHe CJIOH, 00pasy-
1olle paciumpsiolLyocst o6osouky. Korzna
- 060J104Ka JAOCTATOYHO pacIIMpUTCS JJsl TO- RemR,
ro, utoGbl ee paguyc CTaj 3aMETHBIM, MBI
¥ BHAHM ee Kak TYMaHHOCTb.
Tymanuocts,  oOpasoBaHHast  IIpH
BCIIBIIIKE HOBOH 3BE3[bl, MPEACTaBJIseTCs
KpPYyToM JiHLIb B MpOeKiiK Ha Hebo. Ha ca-
MOM JieJie oHa HMeeT cdepHueckyio ¢op-
Mmy. T'as, cocrapisiiowuii nepefHiOl0 4acTb
paclIupsomeicss TYMaHHOCTH, JOJIKeH
JBHraThCsl B HAIly CTOPOHY, a HaXoAs-
muficss Ha [POTHBOIOJIOKHON CTOpOHE &2
chepsl — yransitbess ot Hac. Iloatomy co-
ryiacHO mpuHUuNYy Jonnepa JIHHHY B CIEKT-
pe H3JydyeHHsl, MAYLIEro OT NepelHed Io-
Jycdepsl, CABUHYTCSI B CTOPOHY KODOTKHX
BOJIH, a TMpHHaJJIexkaluiue yaaksomeMycs y
rasy — B CTOPOHY J/IMHHBIX BOJH. [lo Be-
JIMUMHE CMELIEHHsl JHHHE omnpefensercss Puc. 32. Cxewa,
CKOpOCTb pacmupeHusi tymaHuoctd. Oxa- ﬁﬁ?ﬁcﬁﬁgﬂﬁ‘;‘:ﬁﬂ
3BIBAETCSI, UTO TYMAHHOCTH, BOBHHKAIOUME  paccrosmmii 10 HO-
OpH BCOBIUKAX HOBBIX, PACLIMPSIOTCA C  Bo# 3Be3Abl MO Ha-
OrPOMHBIMH CKOPOCTSIMH — OT HECKOJbKHX  OJiofaemomy  pac-
coteH 10 1500—2000 xm/cex. [Ipu takopp HPEHUIO TyMAHHO-
8 cTH, 06pa3oBaHHOH
ckopocru 3a 10 Jer (3,2 - 10° cex) pamuyc oy penpmke. B
TyMaHHOCTH  yBesquuuBaercss Ha 10—  ppoexumn wa me-
10 cm. Gecuyio coepy Ty-
Kaxk BenuumHa pajguyca TYMaHHOCTH, “c"fa“l;jloﬂcglf’cﬂ gg;‘;‘_
TaK M ero H3MEHeHHe CO BPEMEHeM B YrI- 11606 p a3HOI.
JIOBOH Mepe MOTYT OBITb HOJNYYeHbl HEmo-
CpeJCTBEHHO, IMyTeM cpaBHeHUs ABYX ¢ororpapuil TymaH-
HOCTH, CHSATBIX OJHA 4Yepe3 HeCKOJIbKO JeT Iocjae APYroi.
Ecsiu, ckaxewm, yroJs, mnoj KOTOpbIM BHIEH pajlyc TYMaHHOCTH,
U3MEHUJICS Ha BEJIHUHHY Qp— Oy, TO NEHCTBHUTEIbHOE YBEJIH-
yenye pajuyca 3a 3TO xe BpeMsi R,— R; CBSI3aHO C Qlp— Qg
cooTHOIIeHHeM R,— R, = r (xy,— @), Tle r — pacCrosiHue
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or nabmonarenst 10 HOBOM 3Be3fibl *) (cMm. puc. 32). Tak kak
BeMMyMHa R,— R; HAaXONUTCS] HE3ABHCHMO OT C,— Oy 11O CKO-
POCTH paCIIMpeHHs] TYMaHHOCTH (KOTOpasi B CBOKO O4Yepelb
T0JIy4aeTCst MO CABHUTY JIHHHH B €€ CIIEKTpe), TO U3 IpHBEIEH-
HOIO COOTHOLIEHHS ONpEJe/IsIeTCs] ¥ PacCTOSIHME JI0 3BE3Jbl 7.
JI7sl BeNMHUUYMHBl Qy— Oty CAMBbIX SIPKHX K3 HOBBHIX 3Be3J] ObLIO
nosy4yeHo sHauveHue nopsigka 10” 3a 10 set. [Tockoabky R,—
— R, =~ 10" cm, TO paccTostHHe JO THX 3BE3J| OKA3bIBAETCS
HOPSIKA THICSTYM CBETOBLIX JIET.

Ouenb cyiiecTBeHHA [JIsI CYXKAEHHS O CHJIE B3pPbIBa, MPOMC-
IIE/IIEro B 3Be3/e, U BBISICHEHHsI €r0 XapaKTepa OLEeHKa MacChl
BEIODOIIIGHHOTO M3 3Be3lbl B MPOCTPAHCTBO BEINECTBA, T. €.,
B JJaHHOM CJly4ae, MacChl pacIUMpsomeicss TyMauHoCTH. st
TaKOH OIEHKHM MOXKHO BOCIIOJIb30BATbCsl H3BECTHOU BEJTHUHUHOH
pajyuyca TYMaHHOCTH, 10 KOTOPOMY OIpelessieTcsi U ee 00beM.
B TO xe BpeMs 10 3MHCCHOHHBIM JIMHHSIM B CIEKTpPE TyMaH-
HOCTH, KaK MBI TOBOPHJIH B § 2, MOXKHO HAfTH HE TONBKO OTHO-
CHTEJIbHOE COEpKaHUe Pa3/IMUHBIX JEMEHTOB B Hefll, HO U YHUC-
JIO aTOMOB KaKAOrO 3JjemeHTa B 1 cm®. YMHOXKHUB rMosydeHHOe
TaKMM IyTeM YHCJIO aTomoB B 1 cu® Ha maccy aroma BOJOpOJa
(sBAsIIOIIETOCA  TPEOGIAAIOIIMM  3JIEMEHTOM) M Ha 00BeM
TYMaHHOCTH, BBIYHCJISIIOT MacChl Tymanuocteil. OHH OKasanuch
nopsigka 102°—10%° 2, yt0 NpPHUGIUSUTENBHO B CTO pas Ipe-
BBIIIAET Maccy 3EeMJIH.

Huxe MBI cKaxkeM moipofHee O TOM, KaKHe 3Be3/Ibl BCIIBIXH-
BalOT KaK HOBbIE, a 3/1eCb OTMETHM JIMLIb, YTO 3TO KapJHKH,
HMeIOIIMe pajuyC Ha MOPSIOK MEHbIe COJHEYHOro M Maccy
B HecKOMbKO pas meHbunyio, yem Counue. Ecium maccy o6o-
JIOYUKH pAaCIpeleNuTh [0 BCeH MOBEpXHOCTH TaKOH 3Be3lbl,
T0 Ha | cm® aTO#f mosepxHoctH mpumercst 10% @ (4m- 10M0) %=~
=~ 10® 2 BemectBa. Macca armocdepsl 3Be3fbl, NIPHUXOAL-
masicss Ha 1 cm?, KaK Mbl TOBODHUJIM paHee, T[OpsIAKa He-
CKOJNbKHMX IpammoB. CJIeI0OBaTeNbHO, BEIIECTBO, BHIOPOLIEH-
HOe B3pBIBOM, COCTaBJIsLIO (hoTocdepy U GoJiee ryGOKHE CIOH
3Be3/bl. JlaBnenue rasa Ha TOM YPOBHE, IJle TPOU30LLEJ B3pbIB,
OBLIO paBHO Becy COPOLIEHHBIX NMPU B3phIBE CJOEB rasa B pac-
m

GM
yeTe Ha 1 cm® moBepXHOCTH. Bec 3TOT cocraBisieT T; prroll
7
4 *

*) Yroa @y — o1 3€Ch BXOAHT B PajiHaHHOH Mepe, T. €. 0y — 0=
(00 — 00y)”
=""o06965 + THe (% — o;)"” — BeJIMYMHA 3TOr0 yrIyla B CEKYHJAX
LyTH.
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rie m— Macca 060s0ukd. C yKa3aHHBLIMH BhIE 3HAYEHHIMH
MR, ¥ m nonydaem, 4To JaB/JeHHe HAa YPOBHE B3pHIBA JOJK-
go 6uiTh mopapka 10%3—10 2/cm - cexk®, T. €. B MHIJIHOHH
pa3 Gombuie, yemM B atMocdepe 3Besfibl. COOTBETCTBEHHO, TaM
JIOMKHA OBITb OYEHb BHICOKAsl TeMIepaTypa — MIJITHOHLI
rpafgycoB — H OGoJbllasi IVIOTHOCTb rasa. KoHeyHo, CJIoH,
JIEXKABIIME HaJl YPOBHEM B3phIBA, OBLIM COBEpIIEHHO HENpOo3-
pauHBl [Js1 H3JY4eHHs] C J060H IJHHON BOMHEL.

Cyzst o mpuOMU3UTENBHO chepHUecKoit popMe TYMaHHOCTH,
00pa30BaHHO! MPH BCHBIIKE HOBOI 3Be3[bl, MOXKHO MMOJAaraTh,
UTO B3PHIBOM OXBaThIBaeTCSl BeCb CJIOH 3Be3[bl, Jexailui
Ha HexkoTopoM YypoBHe. COpacriBaemMasi 000JI0YKa I[I03TOMY
MMeEeT, KaK M IOBEpXHOCTb 3Be3Jlbl, cdepHueckyro dopmy,
XOTsl, TO-BHIMMOMY, CHJIa B3phHIBA MOXKeT OBITh HE COBCEM
OZIMHAKOBOH B pasHBIX HAMpAaB/IEHUSX, UTO M BHI3LIBAET Ha-
6J/I07laeMYI0 MHOTA «OLHOOOKOCTbY TYMaHHOCTH.

B cBere Toro, 4yTo HaM yKe CTaJO H3BECTHO O XapakTepe
B3DbIBA B HOBOIl 3Be3Jle, HETPYIHO MOHATh HabmoJaeMble MPU
BCIIBIIIKE H3MEHEHH s U3/ YUCHHUs 3Be3/ibl. B pe3yJbTaTe B3pHIBa,
Ha HEKOTOPOM ypOBHE B 3Be3/ie, IVIyOOKO O] ee TOBEPXHOCThIO,
0CBOOOKAAeTCST MHOro sHepruu. UacTb 3HEPrHU pacXomyeTcs
Ha HarpeBaHMe rasa B CJ10e, OXBAaUEHHOM B3DHIBOM, U JaBJEHUE
rasa B CJIO€ BO3paCTaeT HACTOJNbKO, YTO BEC BHEIUHUX CJIOEB
3B€3Jlbl He B COCTOSIHHHM €r0 YpaBHOBEeCHTb. [103TOMy Hapyx-
Hble CJIOM 3Be3Ibl HAUMHAIOT pACIIMPSATHCS M H3JIyYaromast
MIOBEPXHOCTb YBEJIMYHBAETCs, & 3TO MpPOSIBJAsETCS] B OLICTPOM
BO3pacTaHUM HabmogaeMoro 6JecKa 3Be3[Hl.

JIMHHUY NOTJIOIEHH ST B CIEKTPe HOBOU 3BE3Jbl IPU YBeJHUe-
HUH ee OJiecKa OKAa3BIBAIOTCS CMELIEHHBIMH OTHOCHTENbHO
HODMaJIbHOI'O TMOJIOXKEHUS] — JJIMHA BOJHBL Y HHX MEHBIIE.
IIpuuuHa caBUra TUHUI CTAHOBUTCSI OUEBH/IHOI, ECITH YUECTh,UTO
B 3TO BpeMsi IPOUCXOAHUT pacClIMpeHHe BHEIIHUX CJIOEB 3BE3[H,
IIpHUYEeM MBI MOXKEM BHIETb [BHKEHHE TOJIbKO TOH YacTH MOBEpX-
HOCTH, KOTopasi ofpalleHa K HaM. B crmekTpe H3JyueHHs,
HIYIIEro OT JBMIKYIIErocsi B HAIYy CTOPOHY UCTOYHMKA, JIMHUH
U JOMKHBl OBITb, COIVIaCHO mpHHHMNY Jlomiepa, cMeleHs!
B CTOPOHY KOPOTKHX BoOJH. IIpumeHeHue dopmyJis! (5) mOKas3bl-
BaeT, 4TO CKOPOCTb [BHKEHHsI MOBEDXHOCTH HOBOH 3Be3Jbl
—mnopsanaka 1000 kx/cex, uto B 061ieM coryiacyeTcsi Co CKOpPOCTBIO
paciiMpeHHust TYMaHHOCTH, HabJ/ioaeMo#l BIIOCJENCTBHH OKOJIO
9TOH 3BE3[Hl.

Pacmupsomuecs BHEIUHHE CJIOH 3Be3[bl MpelCTaBlsioT
coGoit ee obonouky. ITo mMepe yBenuueHus: paguyca o6OJOUKH,
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Ha €JMHHLY IUIOLIAJH ee IIOBEPXHOCTH IPHXOJUTCS BCE MEHbLIE
BelecTBa. Uepes HECKOIbKO CYTOK IIOC/]e B3pHIBA (T. €. yepes
105—5-105 cex) y GosbIIMHCTBA 3Be3] pajdyc OOOJOUYKH Ipe-
BocxonuT 10'3 ¢y M, 3HAUMUT, OH B THICSAYM pa3 OOJblIe, YeM
paguyc sBesppl. KosnuecTBO ke BeLIECTBa, NPHXOJSILIEECs
Ha 1 cM® ee MOBEPXHOCTH, K 3TOMY BpPEMEHH YMEHbLIHTCS
B MHJIJIMOHBI pPa3 MO CPaBHEHHIO C TeM, YTO ObLIO B CaMOM
Hayale pacLIMpeHHsl, KOIJaee paiuyc Obwl OMH30K K pajguycy
3Besjipl *). CiiezioBaTeIbHO, €CJIM BHAYa/le MPUXOAUIOCH OKOJIO
108 2 BemectBa Ha 1 cm® 06OMOUKH, TO Yepe3 HECKOMBKO CYTOK
KOJIN4eCTBO ero 6yzet mopsifika 10 e, T. €. CTONBKO XK€, CKOJIbKO
COIEpKUTCS B arMmocdepe OOBMHON 3Be3[bl (B pacueTe Ha Ty
xe maomans). O6osoyka K 3TOMY BPEMEHH CTAHOBHTCS IIPO-
3paYyHON AJISI ONTHUECKOrO M3J1YYEHHs B HEIPEPHIBHOM CIIEKTDE,
Kak M aTMocdepa 3Be3Lbl. lemepb YK€ MOXKHO BHAETb, UTO
IPOUCXOLUT BHYTPH OBGOJOUKH.

Hanbueliinee Bo3pacTaHue MOBEPXHOCTH OOOJOYKH HOBOH
3Be3/Ibl IPH €e paCIUIMPEHHH YK€ He NPHBOAUT K YBEJHUYEHHIO
6iecka. Panee ofosnouxka wu3snydana BO BceX MJIHHAX BOJH
HETPEPHIBHOIO CIIEKTpA, HO Temepb, MOLOOHO aTMocdepe 3Be3-
JIbl, OHA MOTJIOIIAET M3JIyUYeHHe TOJIbKO B CIHEKTpaJBHBIX JHHU-
sIX ¥, COOTBETCTBEHHO, H3JyyaeT [JIaBHbIM 00pasoM B 3THX
JnnuHax BosiH. HaGmonaembll e 6J1eCK OnpejesasieTcst B OCHOB-
HOM KOJIMYECTBOM JHEPrHH, H3JyyaeMOH B HEMPepPhLIBHOM
CreKTpe, T. €. H3aydeHuem ¢ortochepsl, a 000J04Ka YKe HE
siBsietcst otocepoit. CreoBaTenbHO, MOMEHT, KOraa OJeck
3Be3/lbl HAHGOMbIINH, XapaKTepUayeTcsl TeM, 4TO-B 3TO BpeMs
060JI0YKa CTAHOBHTCSI TPO3PAyHON AJIsI BHAMMOIO HEIPEpHIB-
HOT'O H3JIyUYeHHUsI.

Bocnosnb3yemcsi ke BO3MOMKHOCTBIO «3arJIsiHYyTb» BHYTpPb
060JIOUKH HOBO! 3Be3Jbl M IIOCMOTPHM, 4TO NPOHCXOIHT IOJ
HEll uepe3 HECKONbKO CYTOK TIOCJHe THTFaHTCKOrO B3phIBA.
Kouneyno, B 310 BpeMsi paguyc OGOJNOYKH €Ile Tak MaJ, 4YTo
HHKaKOil TYMAHHOCTH HA ee MecTe 3aMeTHTb HeJb3sl ¥ 3arys/bl-
BaHHE BHYTPb COCTOHUT JIMLIb B M3YUEHHH CIIEKTPA H3JIydYEHHs,
BBIXOASIIIETO H3-T0f 0060/0uKH. TTOCKONbKY HA HEro HakKIajbl-
BaeTCsl M H3JydyeHue OOGOJOYKH, TO B IeNOM HaOmomaembli
CNIEKTpP HOBOM 3Be3/Ibl OKa3bIBaeTCst OUeHb CJ0XKHBIM. OH Xapak-
TEpHU3YeTCs] KaK IMPHUCYTCTBHEM HENpPEePLIBHOIO H3JYUEHHsI, TaK

*) KonnuecTBo BewecTBa Ha | cm® ¢ paclinpeHxHeM O6ONOUKH AOJ-
KHO HM3MeHSTbCsl 00paTHO NMPOMOPUHOHAJBLHO KBajapaTy ee pajuyca.
B aTom Jerko y6GenuThCcsl NMPH NOMOIIH pacCy:KAeHHH, aHaJOTHUYHBIX
NPOBOAMBIIMMCS B CBsI3H ¢ ¢opmynof (3).
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U HalU4YMeM OSMHCCHOHHBIX JIHHUH M JIMHHE [OrJIOIIEHHS.
HenpepriBHOe H3/ytueHHe OCOOEHHO CHJIBHO B CHHEll U (uoJe-
TOBOH 00/1aCTAX CHEKTPA, YTO YKA3bIBaeT Ha BHICOKYIO TEMIIE-
paTypy H3Jydamollero rasa.

ITockonbKy pacmupuBIIasicss 06OMOYKA 3BE3ABI MPOLOJ-
JXaeT U3JyyaTb 3HEPrHi0 B AJHHAX BOJH JIHHHE, TO He YIUBH-
TeJIbHO, YTO B CIIEKTPe HOBOH 3Be3Jbl COLEPKATCS IMHCCHOH-
Hple guHHH. [locie Toro xak oGoJouka craja MPO3PayHoOi,
MOXHO BHJETb HE TOJNbLKO NPHOMMKAIIIYIOCS K HaM YacTb
00OJIOUKH, HO M IPOTHUBONONOXKHYIO ee mosaychepy, KoTopas
TaKxe H3JaydyaeT B JHHUAX. [l03TOMYy SMHCCHOHHASI JIMHHS
obpasyercss BCel OOOMOYKOH M SIBJISIETCS] CHMMETPHYHOIN OTHO-
CHTEJbHO HOPMalbHOrO (HECMELIEHHOr0) MJist 3TOH JIHHHH
MIOJIOKEHU S, XapaKTepHsye-
MOr'0 JJIMHOH BOJIHBL A,.
Tlonnast mwupuHa JTUHUK OI-
peliesisieTcsi CKOPOCTBIO pac-
muperus: 060s04yku v. JIu-
HHUsI COCTaBJieHa H3JyYeHH-
eM, MAYIIHUM OT pas3/HYHBIX
yactedl OOOJOUKH, KOTOPBIE
JBHKYTCS [0 OTHOIIEHHIO K
HabmofaTen0 € pasHbIMH
ckopocTsiMu. Tak Kak ‘Hau- v
BoJsb1Iast U3 CKOPOCTEH MpH-
O6/MKeHUs paBHA U, a Mak-
CHMaJIbHasi CKOPOCThb yiase-
HHUs1  COCTaBASIET — U, TO, Ppc. 33. Cxema pacuumpsiomeics
CJIEI0BATEJNbHO, [IOJIHAA IIH- 060J04KH 3Be3isl. HacTb 060J104-

v KH, HAXOAAWASCA MeXAy 3Besfol
puHa JIMHHH 2AK0=2A0?. u HabawojaTeaeM, CO3LaeT JHHHH

NOIJIOEHH S B CNEKTPe, CMelleHHbIe
Ecau BHYTPH O0GOJOUKH BcaeAcTBHe  apderra omnaepa.

pacroNoKeH HCTOYHHK HE-  Dyycconnble JHHHM — CO3RAIOTCH
[IPEPLIBHOI'O HU3JIYUEHHUSI, TO Bcell 060JIOYKOH.

IpHA IMOIVIOLIEHHUH HU3 3TOro

U3JIYYeHHSs IepeliHell YacTbio ABHKYIIEHCS: 000M0UKH KaKO#-TO
JOJIX 3HEPrUH B AJIMHAX BOJTH JUHUH JOJXHBI BO3HUKATh THHHU

K nabnwodamesg

U
IIOTJIOIIEHHSI, CMELIEHHbIE Ha BeMHUMHY Ald, = Ko?.TaKHe

JIMHHH TIOTJIOLIEHUSt W Habmiojaiotcsi. Biarogapst Hempepbi-
HOMY H3JIY4EHHIO He IPOUCXOJUT Pe3KOro craja 6/ecka 3Be3Jbl
Toc/ie MAKCHMYMa, KaKOTO MOXKHO OBUIO OXHIATh BCJIEACTBHE
yMeHbIUEHHS] HENpO3pPayHOCTH OOOJOYKH.
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INomumo JuHub, npHHAANEKAMUX 0BOIOYKE 3BE3TBI H CME-
IICHHBIX II03TOMY Ha BelMHUuHy AL,, B CHEKTpe HOBOI 3Be3[bl
nocjie MakCHMyMa ee OJIeCKa eCThb MHOTrO JIHHHM, elle CHIIbHee
CABHHYTBIX OT HOPMAa/NBHOIO MOJNIOKeHHsI. [10 BesiHunHe CIBHra
9TUX JIMHMH HaXOAsT, YTO OHM BO3HHKAIOT NPH IOTJIOUIEHHU
(hOTOHOB, HCIIYCKAEMBIX HCTOUHHKOM HENPEPLIBHOTO H3JyUYeHHS,
B [IOTOKAX rasa, ABUXKYILMXCS B CTOPOHY HabJ/ofaTens: B 1,5—
2 pasa GeicTpee, yeM 060s104Ka. [T00GHEE Ke MOTOKH JBHKYT-
Cs U B IpYruxX HanpaBJeHHUsiX. TakuMm oOpasoM, HCCIe0BaHHe
JIUHUA B CIEKTPaX HOBHIX 3Be3[ 10Ka3aslo, Y4TO IOCJEe B3phiBa
HOBasl 3Be3Zla OCTaeTCs B TEUEHHE HeNesb W Jaxe MecsleB
oueHb akTHUBHOM. V13 Hee BrIGpachIBalOTCS MaCCH rasa, JeTsiiye
CO CKOPOCTAMH 2—3 THICSYM KHJIOMETPOB B CEKYHLYy. ITOT
ra3 He TOJIbKO IIOIJIOIIAeT, HO H HCNYCKaeT H3JyueHHe B JJIU-
HaX BOJIH JIUHHH, a U3 Tex 6osiee MJIOTHEIX CJIOEB rasa, KOTOphie
pacnosioxkeHnl OJHXKE K 3Be3le, BHIXOLHUT TAKKE W HENpephIB-
HOe u3ayqeHue. [lyreM JeTasbHOrO HCCIENOBaHMS JHHEHUATHIX
CMEKTPOB HOBBIX 3Be3J, HALIK, YTO B Pa3JIMYHEIX HallpaBJIEHHSX
BEIIECTBO BLIOpackBaeTCsi HEOLMHAKOBO.

Xorsa BelOpachiBaHWe, HJIH, KaK FOBOPSIT, HCTEUEHHE rasa
M3 HOBOI 3Be3/ibl IIOCTENEeHHO ocsabeBaeT, HO BpeMsi OT BpeMe-
HH MOILHOCTb HCTEUEHHS BHE3AIHO YCHJHBaeTCsi. B pe3yJb-
TaTe IPOHUCXOJUT BO3paCTaHHE H3JAYyUYeHHd B HENpepLIBHOM
CTNIeKTpPE, BbIpa)kaiolieecss B yBeJHYeHUH Oiecka 3Be3JHl.
ST0 sBJeHHE HA3bIBAIOT BTOPHUHOH BCMBILIKOH. BTOpHUHBIE
BCIBIIIKYA MNpPeACTaBAsAT CO60# B3phIBEl, HO OoJiee cuiabble,
yeM IepBbll B3prIB. Takum 06pa3oM, 3a TJIaBHEIM B3pHI-
BOM B 3Be3fle, KOTODPHIH NPHBOAUT K OTPBHIBY OT Hee Ha-
DYXHBEIX CJ0eB, clefyeT 1uenass cepus Gosee caabeix
B3PHIBOB.

Taxk Kak CKOpPOCTb ABMIKEHHS rasa, BHIODACEIBAEMOr'0 3Be3-
Jlof Iocyie OTphIBa OT Hee O0O0JIOUKH, CYIECTBEHHO IPEBOCXOJHUT
CKOPOCTb OGOJIOUKH, TO I'a30BHIE MOTOKH HACTUTalOT 000JOUKY
H «noAroustors ee. O BO3pacTaHHM CKOPOCTH OOOJOYKH, BHI-
3BaHHOM 3THM IIPOIIECCOM, Mbl V3HaeM II0 YBEJIMYEHHIO CABHra
06pa3oBaHHLIX €10 JUHHUE norsomenus. [To-BunuMoMy, ocobeH-
HO MOIIHLIE NOTOKH ra3a H3BEprarTcs 3Be3JON elle JO TOro,
Kak Oleck HOBOH 3Be3Jbl JOCTHraeT MaKcUMyMa. Briauuu-
Basicb B 0OOJIOUKY, 3TH IOTOKH Da3phLIBAIOT €e Ha OTHAeJbHBIE
gactd. [loaTomMy-TO TyMmMaHHOCTb, KOTOpasi, KaK Mbl 3HaeM,
noaydaercss W3 pacmupsioimeiicss 000J0UKH, OOBIYHO He SIB-
JIIeTCS] BIIOJIHE OJHOPOZHOH, a COCTOUT M3 MHOXKECTBa CryCT-
KOB HWJIH 06JIaKOB,
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HeonHOPOOHOCTE CTPYKTYPBl OGOJIOUYKH Y HOBOH 3Be3jbl
H OTKJIOHeHHe GOpMbl 000NOYKH OT cdepHYeCcKOH BHauase
GLIBAIOT HE OUEHb 3aMeTHEIMH. B JnajsbHeHIueM, BCJIEACTBHE
pAacIIMPeHHs] TYMaHHOCTH, IJIOTHOCTb ra3a B HEH yMeHbILaeTcs,
€ro uaJydaTeslbHasl CIIOCOGHOCTb MajaeT, ¥ HauMeHee IIOTHBIE
YaCTH TYMAHHOCTH CTAHOBSTCSI He3aMeTHbIMH. B 3TO Bpems
TYMaHHOCTb YacTO NPEJACTABJISETCS COCTOsIed U3 OTAeJbHBIX
CBETSILIMXCS CI'YCTKOB, PACHOJIOKEHHEIX K TOMY K€ He BIIOJIHE
CHMMETPHYHO OTHOCHTE/IbHO 3Be3lpl, oOpas3oBaBlieil TyMaH-
HOCTb.

Puc. 34. O6onouka Hosoit ITepces 1901 r. Ha stom cHuMKe, momyuen-
HOM uepe3 MATbIECAT JET I0ocje BCIBIKH, XODOLIO BHJHA HEOLHOPOX-
HOCTb OGOJIOUKH.

Oco6eHHO XOpOLIO M3yyeHA CTPYKTypa TaKOH TYMaHHOCTH
IJIsT OJHOM M3 caMbiX GIM3KMX K HaM HOBBIX 3Be€3Jl, BCIILIXHYB-
meit B 1918 r. B co3Beszguu Opaa. Ilpu aHanuse CHUMKOB
CIIEKTpa TYMAHHOCTH OOHApPYKUJIOCH, YTO BEIECTBO B HeH
KOHIIEHTPHPOBAJNIOCh B OTHEJNbHBIX KOJIbIEOOpPa3sHBIX 30HAX,
uMeroux ooy ock. Ha Konmax ocu pacmojaraiuch JBa
OCOGEHHO KpYMHBIX crycTka rasa. OIHH H3 3THX CIyCTKOB
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B COPOKOBBLIX TOAAX, KOTJa OH JOCTATOYHO YIAMUJICS OT 3BE3JHl,
CTaJ BHIHMBIM Ha (OTOCHHMKax (cM. puc. 31).

BCOBILIKK NIPOTEKAOT Y pas/HyHbIX HOBBIX 3Be3J, HEOJHHA-
KOBO. OTIHYalOTCs CKOPOCTH [IBHKEHHsI OOOMOYEK, MacChl
ofomoueKk M JHeTand H3MeHeHHH Omecka u crektpa. OIHAKO
CPBIB 000JIOUKH TpH B3PhiBe M IOCHELYIOIIEe MOIHOE HCTeue-
HYe BELIeCTBA XapaKTepHH! [/1s1 BceX HOBBIX 3Be3Z. IIpH oneHke
SHEpTHH, OCBOOOXKZAeMOH B3pPBLIBOM B HOBOH 3Be3fie, KOTOPOH
MBI cefiyac 3aiiMemcsi, 6yzeM HMeTb B BHUIY HEKOTOPYIO «cpel-
HIOIO» HOBYIO 3Be3ly.

Haunem c xuHetHuecKof sHepruu obojouku. Maccey,
BBHIODOIIEHHYIO HOBOH, OLEHHBAIOT I[I0 Macce TYMaHHOCTH,
oxpyxamome#l 3Be3ny. TyMaHHOCTb ke ObIBaeT BHUAUMOU yepes
HECKOJIbKO MecsllieB, a dalle — 4epe3 HeCcKOAbKO JIeT Ioc/e
B3peiBa. K 3TOMYy BpeMeHu BhiOpachlBaHMe BeIEeCTBa B OCHOB-
HOM 3aKaHuyuBaercsi. Takum o0pas3oM, BeJHYHHA MaCChl, MpH-
BopuBIiasicss Hamu panee (10%—10%0 2), Bkmouyaer B cebst
KaK Maccy IIepBOHAYalbHO COPBAHHBIX CJIOEB 3Be3Jbl, TakK
H Maccy BHIODOIIEHHOrO II03e BemlecTBa. [IpH  ckopoc-
TH pAacCLIMpeHHsl TyMaHHOCTH nopsiika V = 1000 xm/cex =

2
= 108 cmjcex pnsi KuHeTHUecKoii sHepruum ee E,, =%
HaxonuM suauveHue 10%5—10%° spe.

[ToBepXHOCTHBIE CJIOM 3BE3JAbl HCILITHIBAIOT HPUTSIKEHHE
CO CTODOHEHI TeX ee o6JsacTefl, KOTOpHIE PACIIOJNOKEHBI ITyOKe.
Ha mnpeozonenue 3TOro NpPUTSIKEHHS NpPH OTPhIBE OGOJOUKH
JonkHa ObITh 3aTpaueHa sHeprus. OOO3HAUMM BEJIHYHHY
ee uepe3 E.,. Ilpumenssa just oueHku E,,, TOT xXe mpuem,
YTO M JJI51 OLUEHKH MOTEHI[MaJbHON 3HEpruu 3Be3fnl (cMm. § 4),
HETPYAHO HaiTH, 4t0 Eyppy = gﬂ%n , Tle M, n R, — Macca

*
U pajiiyCc HOBOH 3Be3lbl, a m — Macca 06oouku. [Ipu ykaswl-
BABIUMXCS HaMHU BhllLe 3HaueHUaX M, R, U m monydaem Jjisi
E,., snavenwe mopsaka 10%° spe.

Ha npeopnosienne npUTsKeHUsT 3Be3/kI B COOGLIEHHE 060J10Y-
Ke OGOJBIIOH CKODOCTH PpAacXONyeTcsl JIMIIb YacTb 3HEPTHH,
OCBOGOIMBIIIEHCST NP B3phiBe B HOBOH 3Be3je. [lpyrast yactb
ee BEIXOJUT U3 3Be3/bl B (hopMe H3/IyYeHHUs1. SHEPruio H3JIyUeHUs
HOBOH 3Be3jpl, BepHee, Ty €e JIOJI0, KOTOpas MIPHUXONUTCS
Ha BHIMMYIO 4acTb CIIEKTpa, ONpENeNsioT MO KPUBOH GJecka.

KpuBas Gnecka JaeT 3Ha4YeHHe 3BE3[HON BEJHYHHBI 3BE3JHI
B J000# MoMeHT. Tak Kak paccTOsiHHE [0 3Be3fbl M3BECTHO,
TO MOXKHO HalTH 3BE3JHYI0 BeJMUYHHY, KOTOpasi Obua Ob
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y Comuna Ha TOM 2Ke paccTosiHHH. M3 3THX JaHHBIX IO/TyYeHO,
YyTO B MOMEHT HaMBhIClIero OJieCKa HOBbIE 3Be3nl Ha 12—16
spe3qublx BeaumuuH sipye Cosnua. CrefoBaTtenbHO, MOII-
HOCTb UX H3ayueHHs1 B 105—10¢ pa3 Gombme, uem y CoisHia,
T. €. HOBasl 3Be3ia B 3TO BpeMst uaayuaer 103°—10%0 gpe/cex.
Jisi OoOLIEero KOoMHYecTBAa SHEPrHH, H3JIYUeHHOH 3Be3noi
B IIepBHE HECKOJbKO MECSILIEB IIOCHE B3phIBA, HAXOJST, YUHUTHI-
Basl M3MeHeHHe ee Onecka, BeqMYuHy nopsigka 1046 gpe.

Ilpu BCHblILKE HOBAasi 3Be3La, MOMHMO HM3Jy4YeHHsI B OITH-
YeCKOM JHAana3sOHe, MOMKET HCIYCKAaTb 3JIEeKTPOMarHUTHOE H3-
JlydeHue JpYrux IJIMH BOJH, a TaKXKe KOCMHYECKHE JIYUH.
Ceffyac HeT JaHHBIX JJIf ONEHKH SHEPTHH HEBHIUMBLIX H3JyUe-
HHI HOBOH 3Be3fbl. B0O3MOXKHO, 4TO TaM OHM HI'palOT OTHOCH-
TeJbHO MEHBINYI0 pPOJb, YeM B COJHEYHBIX BCIBINIKAX, TaK
KaK B3DBHIB B HOBOH 3Be3Je HPOUCXOIUT IMIyOOKO M SHEprusi
9TUX H3JYyUYeHHH B 3HAUMTEJNBHOH YaCTH MOXKET YCIETb IIpe-
BpPaTHUTbCS B TEIIOBYIO 3Hepruwo. Bo BCskoM ciydae, MpoH3-
BeJIeHHbIE OLEHKH II0KAa3bIBAIOT, YTO OOIlee KOJHYECTBO OCBO-
GoxxfaeMOll IIPH B3DbIBE HOBOH 3Be3[bl SHEPIHMH MOXKET IIpe-
BeicUTb 10%% ape. Ilo KoMHUECTBY 3HEPrUH BCIbBIIIKA HOBOH
3Be3Ibl OKalhblBaeTcss 3kBuBajeHTHOH [0*—10' Gosbunx
COJIHEYHBIX BCIIbIILIEK.

Ha Bernbmikg HOBBIX 3Be3J| IIOXO0XKH, II0 CBOEMY Xapakrepy,
u3MeHeHusl OnecKa y TaK Ha3bIBAEMBIX MOBTOPHBIX HOBBIX.
OTH 3Be3lbl BCHBIXMBAIOT Kaxiele 30— 40 Jjer. 3a He-
CKOMBKO CYTOK Oneck 3Be3fnl Bo3pacraer B 103 — 10% pas
U 3aTeM TNajaeT HaCcTOMIbKO OBICTPO, YTO Yepe3 HECKOJb-
KO MeCsILIeB [OCJIe BCIBIIKK OH MOYTH TAKOH Ke, KaK U [0 Hee.
Ilpu Benbllike B CIEKTpe 3Be3Lbl BO3HHKAIOT LIMPOKHE 3SMHUC-
CHOHHble JIMHHH. Takue JIMHHM TPUCYLIM, KaK MBI 3HaeM,
TONIbKO M3JIyYEHHIO pa3peKeHHOro rasa, IpHYeM 3HAUHTelb-
Has INUPHHA HX JOMKHA OOYCJIOBJIMBATbCS OOJBIIOH CKO-
pOCTBbIO IBMIKEHHS rasa.

MoXHO TpeANoNOXKHUTb, YTO y INIOBTOPHBIX HOBBEIX 3BE3J
OpH Bemelmike oOpasyeTcss ofonouka, HO Ha dororpadusx
9THX 3Be3Jl, CHSITHIX yepe3 HECKOJbKO MecsleB HJH JeT [0ce
B3pbIBA, TYMaHHOCTeN He oOHapy:kuBaeTcsi. BepositHo, 060J10U-
Ka INIOBTODHOH HOBOH 3Be3bl CONEPKUT CPABHUTEIbHO MaJo
rasa — B 100—1000 pas menbie, yeM 060/J104Ka HOBOH 3BE3MbI.
K ToMy BpemeHH, KOrZa paiuyc OOOJOYKH YBENTHYMBAETCS
HACTOJbKO, YTO €€ MOXKHO ObLIO Obl 3aMETHTh, IJIOTHOCTb asa
U €ro H3jydaTesbHas CIOCOOHOCTb CHIbHO CHHKAIOTCS U CBEYE-
HHE TYMaHHOCTH HEJOCTATOUHO [Jist 00pa3oBaHHs H300paxKeHHsI
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Ha coromactunke. KuHetHueckasi SHeprus Takoil 0060J0d-
KM JIOJ2KHA OBITb B TBICSIYH pas MeHbIle, 4eM y OGOJOUKH
HOBOH 3Be3fpl. YUTO :Ke KacaeTcs KOJHYECTBA JHEPrHH, H3-
Jy4aeMO¥ IpH BCHBILIKE IOBTOPHOH HOBOH, TO €ro OLEHKa
JJis ONTHYECKOro J[HamasoHa II0 KPHBOH OJiecKa MIPUBOIHUT
K 3HaueHHo mopsinka 10%2—10%% gpe.

Uepes HECKOMBKO JIET [10C/E€ BCIBIIKH MOBTOPHOH HOBOM
3Be3Jlbl He 3aMETHO pasHHUILI HH B ee OJieCKe, HH B CIIEKTpe
II0 CPaBHEHHIO C TeM, UTO HaGMI0Aad0Ch O BCOBINKH. CUuTaoT
[I03TOMY, 4TO COCTOSIHHE 3Be3JBl B PE3Y/IbTATE BCIILILIKH CKOJb-
KO-HMOY/b CYLIECTBEHHO He MeHsieTcsl, a pa3 Tak, TO IPHYHHE,
BLI3BABLIME BCIILILIKY, HOJKHBI yepe3 HEKOTOPOE BpPEMSI MPH-
BECTH K €€ MOBTOPEHHIO.

IIoBTOPHEIMH BCHBIIIKAMH XapaKTePU3YIOTCST TAKKE 3BE3]IbI,
HasblBaeMble HOBONOJOOHBIMH, HJIH, [0 CBOEMY IIPOTOTHIY,
spesgamMu tHna U DBuawusuenos. Bosbiune B3phiBE HA 3THX
3Be3JlaX NPOMUCXOJST IO HEeCKONbKY pa3 B roi. Ilpu kaxmom
B3pBIBE MOIIHOCTb H3JY4YEHHS 3Be3[bl 34 HECKOJIbKO YacoB
(a MHOrZA 3a CYTKH HJIH 1Boe) yBenuuuBaercsi B 20—50 pas.
3Besfa o6/ajaeT MOBHINEHHBIM GJECKOM HECKONBKO CYTOK,
nocjie yero OBICTPO BO3BpAIAeTCss K IEPBOHAYAIbHOMY CO-
CTOSIHHIO.

B crnexrpax Takux 3Be3l, NOJYYEHHBIX B MPOMEXKYTKaX
MeXJy BCHBLIIKAMH, BHIHBI OYeHb NIMPOKUE U CHJIbHBIE IMHUC-
CHOHHBIE JIHHHH, 00pa30BaHHbIE H3JyUYEeHHEM aTOMOB BOJOPOA.
CnenoBate/bHO, BOKPYT 3Be3[ibl OOGBIYHO eCTh 060JIOUKA.
OznHako nBHKeHHe B 3TOH 0GOJIOUKE, MO-BHIHUMOMY, HE CBs3a-
HO C e paclupeHHeM. Bembliika He BIHSIET 3aMETHBIM 06pa3oM
Ha CIEKTp OGOJIOUKH — OH COXPAHSIETCS] IOUTH HEH3MEHHBIM
J0 caepyomell BembllUKH. HeT ocHOBaHME AyMaTh, UTO B3pHIB
na 3Besfie THna U BiiusHenoB cBsi3aH cO 3HAUMTEJbHBIM BHIODO-
COM BellecTBa M3 Hee. MoxeT GHITb, 3TH B3PHIBBI 3aTPATrUBAIOT
JIMLIb CaMble BHELIHHE CJIOH 3Be3fpl. Obmas sHeprusi, usJayuae-
Masi B OITHYECKOM JHana3oHe B pe3yJabTaTe B3phIBA TAKOH
3Be3pl, nopspka 103°—10%0 ape.

Jlo HenaBHEro BpeMEHH OCHOBHBIM JOBOJOM B IOJb3Y
TUNoTessl 00 OXMHAKOBOU NPHPOJE BCIBIIEK HOBHIX 3Be3f,
IIOBTOPHBIX HOBHIX 3Be3J W 3Be3x tuna U DBuusHenos Gwuio
BHEIIIHEe CXOJICTBO H3MeHeHHI HX O6secka MOpH BCIBIIIKAX
(mpu coBepireHHO pa3iuyHOM Maciitabe siBneHust). Ho ucmosb-
30BaB /sl HaGMIOJEHUI 3Be3l, BCHBIXHBABUIUX JECSITKH JIET
HasaJ, KakK HOBhIE, caMble GOJIbILIHE MHCTPYMEHTH (B YaCTHOCTH,
ISTHMETPOBBI TENIECKON), OGHAPYKWIH, UYTO STH 3Be3[bl
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JBOHBIE. AHamoruyHoe O06CTOSITENBCTBO OBUIO YCTAHOBJIEHO
IJ1s1 TIOBTOPHBIX HOBBIX ¥ 3Be3j Tuma U Biusunenos.

Cama 1o cefe IBOHMCTBEHHOCTb 3THX 3Be3]| HE IMPHUBJEKJA
6bl 0cO60ro BHHMAHHSI — Beb OUeHb GOJIBINON IPOIEHT BCEX
3Be3l ['ajakTHKU BXOOUT B JBOIHBbIE cucTeMbl. OIHAKO MOYTH
BCe [BOHHBIE 3Be3[(bl, B KOTOPHIX I[IPOUCXOJMJIH BCIBIIIKH,
06J1afaloT O0COOEHHOCTSIMH: BO-TIEPBHIX, OHHM OKa3bIBAIOTCS
OYeHb TECHBIMH CHCTEMAaMH; PACCTOSIHHE MEXKAY KOMIIOHEHTaMH
B HHX BCEro B HECKOJbKO pa3 GoJbllle UX pajuyca, MO3ITOMY
nepHof oOpaiieHUst 3Be3]] BOKPYI OOINEr0 LEHTPa TSIKECTH
CHCTEMBI Ype3BbIYaHHO MaJl— BCEr0 HECKOJIBKO YacOB; BO-BTOPHIX,
KOMIIOHEHTBI CHCTEMbl — 3Be3[bl-KApPJHUKH, NpUYeM OJHa U3
HHUX OOBIYHO HMMeeT OYeHb MaJIbil pajlyC W HANOMHHAeT 6esoro
Kap/JauKa. Maccel 3THX 3Be3 MOpsIAKA HECKOJbKHUX JAEeCSITBhIX
cotHeyHoH Maccel. [lpuHajexHOCTh BCeX 3Be3f paccMaTpH-
BaeMBIX THIIOB K JBOIHBIM OCOOOTO BHZAA BpsiA JIH CjaydaiiHa.
[To-BupuMOMY, H TIpOIECCHl, BBLI3BIBAIOUIME BCIBIIKH 3THX
3Be3l, MMEIOT MHOro ofIiero.

Eme 10 oTkpbiTHS ABOMCTBeHHOCTH 3Be3f Tuna U Buuswe-
[IOB M IIOBTOPHBIX HOBEIX 3Be3] Oblla OTMeueHa HHTepecHast
3aKOHOMEPHOCTb, CBsI3aHHAsI CO BCIBIUKAMH Te€X H JpPYTHX.
CuauaJjia Hamwy, 4to Te 3Be3/ipl THna U BinsHenos, y KOTOphIX
CpeJHHH MpOMEXKYTOK MEXIY BCIBIIKAMH (LHKJ) JJIHHHEE,
UCIILITHIBAIOT U Oojiee cHAbHBE Benblimuky *). To xe camoe,
KaK 0Ka3ajoch, MUMEeT MECTO U /I TOBTOPHEIX HOBHIX 3Be3J.
VsMenenne Gjiecka mpy BCIBIIKE TeM CHIbHEE, YeM IJIHUTE/b-
Hee UMKJA. lHTepecHO, YTO HA OCHOBE 3TOHl 3aBHCHUMOCTH
B 1934 r. 6bLIO BRICKA3aHO MPEANOJIOXKEHHE O BCIIBIIKE I0OBTOP-
ot HoBoi#t T Cemepuo#t Kopouwl uyepes 80—100 Jser mocie
npenpiyme#l Benbiuky 1866 r. u, aelcTBUTENBHO, B 1946 1.
3Ta 3Be3Jla BCIBIXHYJA.

Ecnu ponycTuTh, YTO HOBHIE 3Be3/(bl BCIIBIXUBAIOT B TEUCHHE
CBOEH JXM3HU HE OJMH pas M 4TO JJIsT HHUX YKasaHHAsl 3aBHUCH-
MOCTb TaKxKe CrpaBe[JIiBa, TO INpH HAOMIOJaeMOM Y 3THX
3Be3J] HM3MEHEHHHM OJecKa BO BpEMsI BCIBIIKH HM HYXKHO
NpUMUCATh AJMUHY LUHKJIA MOPSIAKA HECKOJbKHX TBICSY JIET.

B sakiouenue atoro naparpacda OCTAaHOBUMCS Ha HEKOTOPBIX
TUnore3ax, KOTOphle OBLIM TIPENJIOKEHBl [1Jsi O0BbsICHEHHsI
Bermblliex. B ocuoBe /000H TEOPHH B3pBEIBOB JOJIKHO JIeXKaTb
TO HMJIM HHOE MpeAnoJoxeHHue 06 HCTOYHHKAX SHEPTHH B3pLIBA.

*) DTa 3aBHCHMOCTD CTaTUCTHYECKas, T. €. OHA CKa3hIBa€TCsd HE NI
OTAEJNbHOH BCHOBILUIKH, a JHIIb KOTAa paccmaTtpHBaeTcs 60JIbIII0E YHCIO
BCIbIIIEK.
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B HekOTOphIX M3 paHHHX THIOTE3 O NPHPOJE HOBEIX 3Be3f
IpEmnoJarasoch, 9T0 SHEPrHsl H3JydaeTrcsl DM CTOJKHOBe-
HHSIX 3Be3]] 3a CUET HHEPrHH HX ABHXKEHHs. DTa TOUKa 3peHHs
B CBeTe JIaHHBLIX HOBBIX HAOJIOJIEHHH MpelCTaBJsieTcs COBEp-
LIEHHO HECOCTOATENbHOH, XOTst OBl IIOTOMY, YTO BCIBIXHBAIOT
KaK HOBble JIMIIb 3BE3Jibl OMpENeJeHHOr0 BHIA, a CTOJKHOBE-
HUsI, Jaxe ecid Obl OHM OBIIH JOCTATOYHO YACTHIMH, HOJIKHEI
cyyaThCsl Y 3Be3] Jo0siX THNOB. I1o 3TOH e mpHYMHe HeBep-
HBl U JIPYTHe TUTIOTE3bl, OObSICHSIONINE BCIBIIIKY HOBOH 3Be3/bl
Cly4yalHBIMH BHEUIHUMH BO3JeHCTBHSIMH.

Onno Bpemsi Obla paclIpocTpaHeHa THIIOTe3a, DaccMar-
pHBaBLIasl BCOBLIIKY KaK Pe3yJabTaT BHE3AIHOro yMEHbIICHHS
pajadyca 3Be3ipl H Iepexofia BCJCIACTBHE 3TOMO YacTH MOTEH-
ManbpHOH 3HEpPTrHM ra3a B TEIJIOBYIO SHEPrHIO H H3JydeHHE.
Ho mpenmnosiosxkeHne o CyIeCTBEHHOM H3MEHEHHH CTPYKTYDHI
3Be3/Ibl [IPH BCIIBILIKE, [0 KpaliHell Mepe /sl IOBTOPHBIX HOBBIX
3Be3J[, IPOTHBOPEUHT HaOmoNeHHsM. Kpome Toro, mpouecc
BEIXOJIa 3HEPTrHH, OCBOOOIMBIUEHCS TAaKMM IIyTeM B HeApax
3Be3lpl, JOJIXKEH MPOXOJHTh COBEPILEHHO HHAadue, 4eM HabJio-
JlaeMasi BCIIbILTKA HOBOH 3Be3JIBl.

Teneps cuMTaeTCS] YCTAHOBJIEHHBIM, YTO, BO-IIEPBEIX, BCIILILI-
Ka HOBOH 3Besfipl (M, TeM GoJee, MOBTOPHOH HOBOH), 00yCJ/I0B-
JieHa BHYTPEHHHUMH MpOLEccCaMH B 3Be3[e M, BO-BTOPHIX, YTO
IpU BCIBIIIKE HE TPOHCXOJUT CYIIECTBEHHOIO M3MEHEeHHs
CTPYKTYPE! 3BE3IHI.

CorJyiacHO COBpeMeHHBIM BO33PEHMSIM, HEPTHs, pacxofye-
Masi TpH BCIBIMIKAX HOBBIX 3Be3si, 0OeCHeYHBaeTCs s1epHBIMH
PeaKI¥sIMH, HO OTHOCHTENBHO TOTO, B KakKoH o0sacTd 3pe3fpl
IPOTEKAIOT TH peakKIMH, HEeT eIMHoro MHeHus. OfHM Hccle-
JOBATeIH CUYHUTAIOT, YTO B3PLIB I[POMCXOIHUT CPaBHHMTEIBHO
HersyOOKO, B IepHU(epHuIecKHX C/OSX 3Be3[bl, a COrJacHO
Jpyroif TouKe 3peHHs SHEPrHsi B3phIBa 0CBOOOXKAETCA B LIEHT-
pasnpHBIX obOjacTsiX 3Be3fbl. B mocsienHeM ciydae IpenmnoJa-
raercst, YTO SHEPTHsI NEPEHOCHTCH M3 HeAp 3Be3Ibl HapYKYy
yZApHOH BOJIHOH, moJ AeHCTBHEM KOTOPOH MOryT GLITh COpBa-
Hbl BHENIHHE CJIOHM 3Be3[Bl, 00pasyrolliie pacLIMpSIOLLyoCs
obosiouky. OpHaKo 3Ta TeopHst He OOBsCHSIET MHOTHE (DaKThl,
H3BECTHEIE U3 HaO/MOIeHUH BCIBIIIEK HOBBIX 3BE3]], B YACTHOCTH,
MOIIHOE HCTeUeHHe BellecTBa U3 3Be3Jbl I0cse OTphiBa 000J10U-
KM ¥ BTOPHUHbIE BCIBILIKH. IIO/KHO OBITh, O/HKE K HCTHHE
Te, KTO CUHTAET, UTO NPH BCIHBILIKAX HOBLIX 3Be3J], HOBTOPHAIX
HOBBIX ¥ 3Be3j Tuma U D/H3HenoB B3phiBaAMH OXBATLIBAIOTCS
JIMLIL BHELIHHE 00/1aCTH 3Be3[.
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Ceffuac HET TeOpHM BCIIBIIIEK HOBBIX 3Be3], KOTOpasi COr-
Jjacyercsi XoTsl Obl C OCHOBHBIMH K3 H3BECTHBIX JAHHEIX HabJo-
nenui. [To-unuMomMy, B Oy ayiiel TEOpHH BCHBILIEK AO/KHA YUH-
THIBATbCS JBOMCTBEHHOCTb 3THX 3Be3Jl, TAK KaK IPHCYTCTBHE
B6/IM3H HOBOH 3Be3[pl APYroH 3Be3spl JOIKHO CKasblBaTbCS
Ha BHYTPEHHEM CTPOEHHH M Ipoleccax OCBOOOXKACHHS SHEPIHH
B HOBOH 3Be3fle. Kpome Toro, Moxer HMeTh 3HaUeHHe NPUCYTCT-
BHe Ha TIOBEDXHOCTH HOBOH 3Be3[bl CHJIbHBIX MArHHTHBIX
mosie, O CyILIECTBOBAHMH KOTOPEIX T'OBOPHT XapakTep BhI-
OpachlBaHHsI BEIECTBA U3 HOBOH 3Be3[pl 1I0C/IE B3PEIBA. BO3HHK-
HOBEHHIO MOJiell MOXKeT crocobcTBoBaTh ObICTpOE BpalaTesb-
HOe JBHXKeHHe 3Be3jipl, BXOAsIIEH B COCTaB TECHOH Naphl.

§ 7. CBEPXHOBBIE 3BE3Jbl

B XpouMKax ¥ JIETOMHUCSIX pasHBIX HApOJOB HapALy
C OMHCAaHHEM HCTOPHUYECKHX COOBITHH 3aperdcTpUpOBaHbEl U He-
0ObIKHOBEHHBIE HebecHble siBjeHHsl. OIHUM U3 HHX, YIIOMHHae-
MBIM B psijie XPOHHK, ObLIO mosiBjenre B 1054 r. HeoGbdaliHO
SIPKOH 3Be3Jbl, KOTOPYIO BHJEJNH B TeUeHHe LEJIOro Mecsna
Jaxe B AHeBHOe BpeMms. OTMedyeHO, 4TO MO CBOeMy OJecky
3Ta 3Be3Ja B JIECATKH pas IPEBOCXOJUJA CaMOe SIPKOe IOCJ/e
Cosmuua u Jlyuer cBetuyo — Benepy. Ha ToM mMecre Hefa,
IJle COrJIaCHO JIETOMHCSIM HaXOAWJach 3Be3fa, cefiuac Habuo-
JlaeTcsl TYMaHHOCTh, Ha3BaHHAs M3-3a ee cBOeoOpasHOro crpoe-
nust Kpabosugsoli. Ilpu cpaBHeHHH ¢ororpaduit TyMaHHOCTH,
CHATBIX C HHTEPBAJIOM B HECKOJbLKO JECSTHJIETHH, He TOJBKO
OoOHApYKHJIH, 4YTO OHA pacliupsieTcss, HO M YCTAHOBHJIH,
YTO pacuIupeHue npojosxaercs okosno 900 ser. Taxum obpa-
30M, €CThb BCE OCHOBAHHSI CUHTATh, YTO BO3HHKHOBEHHE TYMaH-
HOCTH CBSI3aHO CO BCIBIIIKOH HEOOBIUHO SIPKOH HOBOH 3BE3HI.

CpaBHHB CKOpOCTb BO3pacTaHHs yria, MOJ KOTOPbIM BHIEH
pamuyc KpaGoBHIHOH TyMaHHOCTH, CO 3HAYE€HHEM CKOPOCTH
paculupeHHs, ONpejeJeHHON N0 CABUIY CIEKTPaJ/IbHBIX JIHHHH,
HalllIM, TaK Xe KaK M JJIsT TYMaHHOCTeH, OKpy:KalolHX
HoBbIe 3Be3nbl (cM. § 6), paccrosinve mo Hee. OHO cOcTaBJsieT
oxoJsi0 5000 cBETOBLIX JIeT, T. €. OOJbIlE, YeM PacCTOSTHHE JIO
MHOTHX M3 HOBBIX 3Be€3]| MOCJEJHEr0 BpeMeHH. Bumecre c TeM,
Osleck 3Besjpl NPH BCIBIIKE, JaBliefl pPOKIEHHE TYMaHHOCTH,
B COTHH pa3 MpPEBOCXOZHJ OJIeCK caMbiX SIPKHX H3 HOBBIX
3Besf. CuenoBatenbHo, KpaboBuiHasi TyMaHHOCTb BO3HHKJA
npu ropasfo GoJjiee CHIBLHOM B3phIBE, UEM BCIbIIIKA HOBOH
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3Bes/bl. 3Be3/Ibl, B KOTOPBIX CJYYaiOTCs CTOJb CH/IbHbIE B3PHIBH,
Ha3bIBAIOT CBEPXHOBBIMH.

BCHBIIIKK  CBEDXHOBBIX MNPEACTABJSIOT CO00H HACTOJBLKO
rpaHAMO3HbIE KOCMHUECKHe KaTtacTpodbl, 4TO MX HaOMIOfaroT

Puc. 35. Kpa6GoBujaHasi TyMaHHoCTb. BBepXy: CHUMOK B Jyuax
HENpPepLIBHOTO CHEKTPa, BHH3Y: CHHMOK B JiydaXx JuHHH He .

Jaxke B TOM CJyyae, KOTZa 3Be3jia pacnosoxkeHa B JaJieKoH
sBe3fHOA cucreMe. Hanpumep, B ramnaxtike, HaskiBaeMoH
TYMaHHOCTbI0 AHJpOMe/Ibl, YAa/I€HHOH OT HaC Ha MHJ/ITMOHBI CBe-
TOBBIX JieT, B 1885 r. BenbIXHYIa 3Be3/ia, B HECKOJIBKO THICAY pa3
GoJsiee sipKasi, 4eM 3aMeUaBlIHeCs: B 9TOH TYMaHHOCTH OOBIYHbIE
HoBble 3Besfpl. Ciydaroleecst MHOrJA BHE3allHOE YBeJNHYeHHe
SPKOCTH KaKOH-MMO0 H3 JaJeKMX Tra/JakTHK O3HauaerT, 4To
TaM NOSIBUJIACh UMEHHO CBEPXHOBAsI, IOCKOJIbKY OJIeCK BCIIBIX-
HyBIIeH 3Be3bl CPaBHMM ¢ OOWHMM O6JeCKOM MHJIHApIOB
3Be3J, STOH CHCTEMBHI,
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Benbiniky cBepXHOBHIX 3Be3f B [anakTHke Ciiydarorcs pefs
KO0. /3 Bcex 3Be3HbIX BCIILILIEK, TAK MM HHAYe OTMEYEHHBIX 34
HOCJEeHAe JIBe THICSUM JIET, MOXKHO C YBEDPEHHOCTLIO CUHTAThH
BCIHIIKAMH CBEPXHOBBIX MeHee jecsitka. CaMble HeJaBHHE H3
nux Habmonanuces B 1572 r. actponomom Tuxo Bpare u B 1604 r.
ero yueHukoM KemnepoMm. Ecnu B I'anakTuke mnocie 3Toro u
BCIIBIXHBAJIH CBEPXHOBBIE, TO B CTOJb YAaJeHHbIX oT CoJlHIA ee
obsacTaX, YTO 3TH BCHBIIKH OCTAaJHCh He3aMeUeHHBIMH (B
YACTHOCTH, H3-32 CHJILHOTO IOIVIOIIEHHSI CBeTa B MeXK3Be3JTHOM
[IPOCTPaHCTBE).

Te paHHEIe 06 M3MeHeHHsX OJecKa U CHEKTpa CBepXHOBOH
3Be3/bl BO BpeMsl BCIILILIKH, KOTOPBIMH pacHoJ/iaraetT COBpeMeH-
Hasl AacTPOHOMMsSI, MOJYYeHbl MOYTH HCKIIOYHTEIbHO IIyTeM
HabJmoJeHNH 3Be3/l, BCINBIXUBABIIHNX BHE Hallell 3Be3JHOH
cucreMsl. B TanaxTike ke M3yyaioT TYMaHHOCTH, BO3HHKILHE
[PU BCIBILUKAX CBEPXHOBBIX COTHH M ThICSUM Jer Haszan. [lo
9TUM TYMaHHOCTSIM BOCIIPOM3BOJHUTCSI MeXaHHUYecKass KapTHHA
SIBJIEHHST U, B YaCTHOCTH, OLIEHHBAETCS KOJMYECTBO BElECTBA,
BHIOPOILIEHHOTI'O 3Be30Y B pesyJ/bTaTe B3phIBa.

CBepxHOBast 3Be3fa B JAPYroH rajnaktuke MoxeT Habuio-
JIaThCsl TOJNBKO HA MEPBBIX 3Tamax BCHOBILKH, Korja  6seck
3Be3/bl JOCTATOYHO BEIHK M 3aMETHO CKasklBaercss Ha oOIied
CBETUMOCTH 3TOH rasmaktuku. CucreMaTHYeCcKHe MOMCKH CBepX-
HOBBIX B JpPYrHX TrajaKTHKax IPOU3BOJSTCS YyKe CBBIIIE
TPHAUATH JIeT INyTeM nepuoaudeckKoro ¢ororpadupoBaHus
GoNbIIMX IPYNI rajaktTik. Ecau npu cpaBHenuu dororpadui
OJHOH M ToH Xe obsacTH Heba OOHapyXKHBAWOT, YTO SIPKOCTb
Kako#-qubo M3 TraJakTHK yBeJHYHIach (3TO 3aMedaioT IO
GoJiee CHJIBHOMY IOYEDPHEHHMIO HEraTHBa B COOTBETCTBYIOIIEM
MeCTe), TO HAYHMHAIOT CJEINTb 32 HU3MeHeHHeM SIPKOCTH 3ToH
raJakTHKH M TaKHM IYTeM NOJMydaloT KpuBYio Osecka cBepX-
HOBOH 3Be3pl. [IoHATHO, 4TO mpH 3TOM crocobe HabJOneHHH
TPYZHO 3aXBaTUTb He TOJIbKO KPaTKOBPEMEHHBIH NepHOJ yBeaH-
ueHHs OJiecKa 3Be3/ibl, HO H MOMEHT ee MakcHMaJbHOro OJ1ecKa.

CpepxHOBasi B Jpyroifi rajakTHKe o0Jajaer JOCTATOYHO
60s1bIIMM GJIECKOM Jij1sT TOTO, UTOOBI OBITH pa3JIHYMMON B Teye-
HHe HeCKOJIbKHX MecsieB. 3a 3TO BpeMs ¥ [OJIy4aloT ee KDUBYIO
6secka, a Takxke Qororpaduu crnexkrpa 3Be3mpl. o 1965 r.
OOHApY:KEHO CBBIIlEe COTHH BCIBIIIEK CBEDPXHOBBIX, HO JIMIIb
4acTh U3 HHUX OBLIA OXBaueHa HaOoJeHHsMH OoJiee MM MeHee
NOJHO. 3aMeTHM, KCTaTH, 4YTO, CONOCTABHMB JAaHHBIE O YHCIe
3aMeyeHHbIX BCOBIEK C OOMMM YHCJIOM TajaKTHK, NOABEp-
TaBIUMXCs] MCCIENOBAHHIO, MOXKHO OLEHHTh YacTOTy BCIBIIIEK.
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OxasbiBaercs, uto BooSIie B rajakTHKE BCIBIIKA CBEPXHOBOH
NPOMCXOJUT B cpefHeM ofuH pa3 3a400—600 ser, a B THraHT-
CKHX CIMpa/bHBIX 3BE3[HBIX CHCTEMaX, NOJOOHBIX Hallell
lFanaxkTHKe, CBEDPXHOBble 3Be3[bl IOSIBASIOTCI B HECKOJBKO
pas uare.

Kax xe MeHsieTcs 6/1eCK CBePXHOBOH 3Be3[Ibl IPH BCIbILIKE?
B 5TOM OTHOLIEHHH CBEpXHOBble HANIOMHHAIOT HOBbIE 3BE3JbI
(mpu 6CsbineM Macutabe siBsieunds). Odenb GbICTpOE BO3pacTa-
uue OJsecka (3a HECKONbKO IHEH OH JOCTHraeT MaKCHMAaJbHO-
ro 3HAYEHHS) CMEHSETCs CPABHUTENBHO MEJJIEHHBIM CIIafOM.
[To xapaxTepy yMenbluenus Ojiecka Hocjie MakCHMyMa OT4eT-
JINBO BBIJEJISIOTCS JBAa BHJA CBEPXHOBBIX 3Be3[l, CHJIbHO Das-
JIMYarolyecs, KaK Mbl BCKOPEe YBHHMM, U B APYTHX OTHOLIEHHAX.

Y CBepXHOBBIX, OTHOCHMBIX K I THIy, OsiecK yMeHblIaercs
0e3 KaKux-jHOO KojeOaHHH, MOHOTOHHO, M NajeHHe OJsecka
3aHHAMaeT JOBOJIbHO O0oJbIIOe BpeMs. 3a ToJ| MOC/Ee BCIBIIIKH
Osieck 3Be3npl OciiabeBaeT B HECKOJbKO COTEH pa3. ¥ BeCeX
3Be3]l 3TOr'0 THUIa KpUBble OJiecKa IOYTH B TOYHOCTH COBIAJAIOT,
TOrJIa KaK HOBblEe 3Be3[bl OUEHb CHJIbHO OTJIHYAIOTCS JAPYT
OT Jipyra mo JeransiM KpHuBoi Osecka. CepxHoBble II TtHIa
XapaKTepH3yloTcs OO0JbIIHM pa3HooOpa3ueM KpHBBIX OJecka
u ObICTpBIM TajeHueM Ojiecka CIyCTs HPHOIHM3HTENBHO CTO
IHEeH mocsie MaKcHMyMa.

Kak Mbl 3uaeM, mo KpHBOH OJjiecka HOBOH 3Be3fbl IIPH H3-
BECTHOM DPACCTOSTHHH JIO HEe OLIEHHBAETCS SHEPrUs H3JyUeHHSs
HOBOIH 3a BpeMs BCIBIUKH. TakKUM ke IyTeM ONPEeRessoT
M KOJIMYECTBO IHEPTHH, H3/y4aeMOH B ONTHYECKOM JHAana3oHe
[IpH BCIBIIIKE CBEPXHOBOH. 3aMeTHM, YTO H JJIs1 HEKOTOPhIX
U3 CBEPXHOBBIX 3Be3]l, BCIBIXMBaBIIMX B Haumled I'anaxTHke,
H3BECTHBI OLEHKH OJiecka B MaKCHUMyMe H3 HCTOPHYECKHX
HCTOUHHUKOB, a Aas AByX u3 uuX (1572 r. u 1604 r.), uabumo-
JABUIMXCS OTBITHBIMH aCTPOHOMAaMH, HMeIOTCs U 6osiee TOUHbIE
JlaHHble O OJiecKe U ero H3MeHEHHSX.

Paccrosinus 10 5THX CBEPXHOBBIX HEJABHO ObLIH OIpejese-
Hbl 110 0Opa30BaHHBIM IIPH BCIBIIKAX TyMaHHOCTAM. UTO ke
KacaeTcsi CBEDXHOBBIX 3Be3jl, BCIBIXHYBLIIMX B IPYrHX rafak-
THKaX, TO PAaCCTOSIHUS N0 HUX HaXOMATCS OCOOBIMH MeTOJaMH,
0 KOTOPBIX paccKasbiBaeTcsl B CjeayiolleM mnaparpade.

B MaxcumyMe GJsiecka CBEpXHOBaAsl 3Be3fia H3/ydaeT B COTHH
MHJIMOHOB pa3 Oosblre sHeprud, yeM Cosxue. CpepXHOBbIE
I tMma oKashIBAalOTCS HECKOJBKO Oosiee SIDKHMM, 4eM OTHO-
camyecss kKo II TMmy, M H3ay4alOT B 3TOT NEPHOJ OKOJO
104% 3pe/cex, Torma KakK MOIIHOCTb H3Jy4eHHs CBEPXHOBOW
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IT tuma — 10°—10% spe/cex. 3a Bce BpeMsi mocjie B3phiBa,
moKa 3Be3ja OCTaercss NOCTYNMHOH HaOJ/IONEHHSIM, CBepXHO-
Bast I TMna Hcmyckaer B ()OpMe ONTHYECKOrO H3JIYYEHHsT SHEp-
ruio nopsiika 1048 spe, a sBesna II THma — okoso 1047 spe.
PasyMeercsi, H3JydeHHe He JIOJ/DKHO OrpaHAYMBATLCS OITH-
yeckol o6/acTeio. Bo3MoxkHO, 4TO Obllee KOJMHYECTBO HEPTUHH
usaydesuss B 10—100 pas OGosblie yKasaHHBIX 3HayeHHH
u cocraBjsier 104°—10% ape.

[To cmexTpaM HOBBIX 3Be3], YAAQJIOCh MOJYYHTH JOBOJIBLHO
[OJIHOE NpeJCTaBJeHHe O TOM, KaK TMPOTeKaeT BCIBIIIKA B IIe-
pHOJ MaxcHMasnbHOro OJjiecka M B HOCHe[ylomlee BpeMsi. B
cjly4yae BCIIbIILIEK CBEPXHOBBIX 3Be3]| CIEKTPHI HE JAIOT BO3MOXK-
HOCTH BOCIIPOM3BECTH BCIO KapTHHY BCIHBIULIKH. HecKo/bKo
Jqyyiie jeno oOGCTUMT cO cBepXHOBBIMH Il THma, ¢ KOTOpBHIX
MBbl U HayHeM.

CnexTpbl cBepXHOBBIX II THIa, CHsITBIE IOCTE MaKCHMyMa
6siecka, B OOLIEM MOXOXKH HA CHEKTPbl HOBBIX 3Be3] B COOT-
BeTCTBYIOLIMA mnepHox. TaM, Tak Xe KaK U B CIEeKTpaX HOBHIX,
nHanboJsiee 3aMeTHOH OCOGEHHOCTBIO OKAa3bIBAIOTCS 3IMHCCHOH-
Hble JIMHMH HJIH, JIy4ylle cKasaTbh, IOJIOCHI, MOCKOJBKY OHH
OueHb WHPOKH. Ec/u cuuTaTh, YTO H3JIyYeHHE B 3THX I0J0CAX
BBIXOJHT H3 pacluupsiomercss 060/MOYKH 3Be3fbl, a IIHPHHA
nosioc 06ycJ/IoB/IeHa, KaK H y HOBBIX 3Be3ll, addekroM [lomaepa,
TO JJIsl CKOPOCTH OOOJIOUKHM IOJIy4yaercss OueHb OoJibluast
BesuunHa. I[lMpuHa mosocel 2AA, cBsi3aHA CO CKOPOCTBIO

2
o= (o §6),
rae A, — AJMHA BOJIHBI COOTBETCTBYIOUIEH JIMHMH IIPH OTCYT-
CTBHH JOIJIEPOBCKOrO cMellleHHs. M3 uaGmoneHHil HaXoasT,
24N
Ao
CKOPOCTH pacluMpeHHs] OOOJOUKH Yy HOBBIX 3Be3]] He BCTpe-
qaTCs.

Benegctre cBoeil oueHb GOJBIION MHPHHBL HOJIOCH!, I HITH-
ChIBaeMble aTOMaM pa3/IHYHbIX 3JIEMEHTOB, MEPeKPHIBAIOTCS, H
CIIEKTP CBEPXHOBOH OKasblBaeTCsl BeCbMa HEINOXOXHMM Ha
CMeKTphl ApYruXx 3Besf. IToatoMy ocraloTcsi COMHEHHsI B Ipa-
BHUJIbHOCTH OTOXKAECTBJICHHH TMOJOC, T. €. B OMNpeJeJNeHHH
NPHUHAIJIEKHOCTH, UX TOMYy HJIM HHOMY 3JIEMEHTY, a 3HAuMT,
M B OIEHKAX CKOPOCTH pacUIMpeHHsi 0OOJIOYKH II0 3THM MOJO-
caM. OpHako 3a HeMMEHHEeM JPYruX JAHHBIX NPHXOZMTCS NPH
OLEHKAaX SHEPTHH B3pbiBAa U JPYTHX HCCICIOBAHHUSIX HCIOJb-
30BaTh 3HAUEHHsI CKOPOCTH, HAXOJHUMBIE IO LIMPHHE IOJOC.
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Ecnu pnst cnexTpoB cBepXHOBHIX II THma eme MOXKHO
IPEIJIOKUTL BEPOSITHOe OOBbsICHEHHE, TO INPHPOAA CIEKTPOB
CBEPXHOBBEIX | THma 1O cHX mop ocraercst 3arago4Hoii. B HHX
He YIaeTcsl BBIIEIUTH II0JIOC HJIH JIMHUHA, KOTOpbIe BCTPEYatoTCs
B IPYTHX 3Be3[HBIX CIEKTPaX H MOryT OBITh OTHECEHBI K TeM
HJIH HHBIM 3jieMeHTaM. EJHHCTBEHHBIM HCKJIIOYEHHEM SIBJISIOT-
csl IBe JIMHMH B KDPAcHOH YacTH CIeKTpa, IJHHBEI BOJH KOTOPBIX
COBINAJAI0T C XOPOLIO M3BECTHBIMH JIMHHSIMH aToMa KHCJIO0DPOJa.
OHH CTaHOBSITCSI 3aMETHBIMH Yepe3 HeCKOJbKO MeCseB IocJje
MaKCHMyMa O0Jiecka, H ILIMPHHA HX COOTBETCTBYET CKOPOCTH
nuxeHHst nopsinka 1000 xm/cex. B ocranbHOM Ke CIIEKTp
CBEPXHOBOH | THIIA COCTOHT M3 psijia MPOMEKYTKOB, B KOTODPBIX
M3Jy4eHHe HHTEHCHBHO, Yepeiyloluxcss ¢ OoJiee TEMHBIMH
uHTepBatamu. IIlMpHHA 3THX NIPOMEXKYTKOB H HX MOJIOXEHHE
MeHsIoTcsl co BpemeHeM. Ofpanaer Ha ce0si BHUMaHHE CXOZ-
CTBO BCeX CBEPXHOBbIX | THIa, He TOJBKO IO BHAY CHEKTPa
U TPOHCXONSINIMM B HEM H3MEHEeHHsIM, HO TakKxe M IO Cpo-
KaM 3THX H3MeHeHud.

Kax Mbl BHIUM, H3 CIEKTDPOB CBEPXHOBBLIX 3Be3J IOKa He
yIlaeTcsl U3BJIeUb JOCTATOYHO OOIIMPHOH MH(OPMAaIHMH O IPHPO-
ne Benbiimek. [TosToMy GOJMBIIYIO LEHHOCTb JIJIsi H3YUeHHs
CBEPXHOBBIX MpENCTaBJASIIOT HaOJIOLEHHsI TyMaHHoCcTeH, ofpa-
30BABLIMXCS NPH BCHBINKaX. B3pbiB, MPUBOAAMMN K BCHBIIIKE
CBEPXHOBOH 3Be3[bl, JOJKEH COIPOBOXKAATHCS HACTOJBKO
MOIIHBEIM BEHIGpACHIBAHHEM BELIECTBA, YTO 00pasyroliasicss BOK-
pyr 3Be3npl 000JIOYKA CONEPKHT ropasfo OoJibiile rasa, 4em
o00JI04uKa HOBOH 3Be3[pl, H OCTaeTcsl BUAHOH COTHHM M THICSYH
qer. B Tom, uT0 310 MMeer MecTo, yOexuaerT XOoTs OBl CYIIECT-
BoBaHHe KpaGoBHiHOH TYMaHHOCTH B cO3Be3fuH TesbLa
Ha mecte BenblmkH CeepxHoBo#t 1054 r. Temeps H3BECTHO
yKe OKOJIO MeCSITH CBEIJBIX TYyMaHHOCTeH, NPOHCXOXKJIEHHE
KOTODBIX YBEpEHHO NPHIHMCHIBAETCS! BCIBIIIKAM CBEPXHOBBIX.
W3 uux, momumo HauGosee O6mauskoll K Connny KpaGosun-
HOH TyMaHHOCTH, OCOOEHHO HMHTEpecHbl TaKxke BOJIOKHHC-
Thle TYMaHHOCTH B CcO3Be3fuM Kaccuomen M B CO3Be3[MH
Jlebens.

Y TyMaHHOCTHM, BO3HHKINEH I@IPH BCHbIIIKE CBEPXHOBOH
B JPYroH rajakTHKe, sIPKOCTb HOJIKHA ObITb IOpasjio MEHbIIIE,
yeM Yy 3TOH rajJakTHKH, a pasMep TYMaHHOCTH HMYTOXEH
[I0 CPaBHEHHIO C Pa3MepoM rafiakTHkH. [losToMy Taxkue TymaH-
HOocTH HabJ/ofaTh He YIaeTcsl U NMPHUXOOUTCS OrpaHHYMBAThHCS
TOJBKO H3yUeHHeM OCTaTKOB CBEDPXHOBBIX 3Be3J, B HauIeH
3Be3JHOH CHCTeMe.
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B msTHAeCSTEIX TofiaXx Obl10 oOHapy:keHo, 4to KpaGosui-
HAsl TYMaHHOCTb SIBJISIETCSI MOIIHBIM HCTOYHHKOM DajHOH3JIy-
yenusi. Kak ycTaHOBHJIM B JanbHefineM, H BCe APyrHe TyMaH-
HOCTH, 00pa30BaBIIHeCs] IPH BCIBIIKAX CBEPXHOBBIX 3Be3J,
M3JTyYaloT MHOTO 9HEPrHH B pajuonuanasoHe. OnrTHyeckoe xe
M3JydeHHe 3THX TyMaHHOCTeHl dYacTo ropasio cnabee, 4YeM
pafHoH3IyYeHHe.

Puc. 36. BosokHHCTas TyMaHHOCTb B co3Be3fiuu JleGens (nasbiBaemas
«[leTaeit»).

HccnenoBanye pajuoM3/IydeHHs] OCTaTKOB 000JI0YeK CBepX-
HOBBIX 3Be3]] 0Ka3a/10Ch BaxKHEHIINM CPEJCTBOM JJIsl PACKDPBITHS
(bU3HYECKHX CBOACTB 3THX OOBEKTOB, a 3HAYUT, W JJd H3Y-
YeHHS B3PHIBOB CBEPXHOBBIX. [l TOro 4TOGH NOHSITH IPH-
pomy pajuoussydenusi KpaGoBHAHOM U APYrdX pOJCTBEH-
HBIX eH TyMaHHOCTeH, HaM MpPHAETCS JAOBOJILHO 0 JpOoOHO
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PacCMOTPEeTb  pas/MYHEIE MEXaHU3MBl 3JIEKTPOMAarHHTHOTO
U3JIyYEeHHs.

Mbl yxe roBODHJIM Bbiue, B § 2, 4TO 3/MEKTPOMACHHTHOE
U3JlydyeHHE BO3HHKAeT MNPHM M3MEHEHHH CKOPOCTH [BHKEHHS
SJIEKTPHYECKHX 3apsifIoB. B nyasMe TensoBble CKOPOCTH OTHE/b-
HBIX YACTHI BCe BPEMsI MEHSIOTCSI B Pe3yJbTaTe CTOJKHOBEHHH
uX gpyr c gpyroM. OGpasyiomieecss IpPH 3TOM H3JyYeHHE
HasbIBAeTCS TeM/IOBHIM. O IpyroM MeXaHH3Me 3JIEKTPOMAarHHT-
HOrO H3JIy4eHHMsl, IJa3MeHHbIX KoJebaHHSX, YIOMHHAJOCh,
KaK O BO3MOXKHOH HpHYHHE BCIIECKOB COJIHEYHOrO pajHo-
usnyueHusi. Ho wnabmopmaeMoe pacnpenenesde paguoHady-
YEHHsT OCTATKOB 000JI0YeK CBEPXHOBBIX MO JJHMHAM BOJH He
corJacyercst ¢ TeM, YTO JalT 3TH MeXaHH3MBl. Kpome Toro,
B 0GOHX CIyyasX CO3ZAeTcsi H ONTHUECKOE H3JyueHHe, IpHYeM
B YCJIOBHSX, NMPUCYIIHX pacCMaTPHBAaeMBbIM TYMAaHHOCTSIM, OHO
JO/DKHO OBITb rOpasfio CHJIbHEE DanHousyueHus. [losToMy
IPUXOJMUTCA HCKaThb JAPYyrHe NyTH, 4YTOObl OOBSICHHTH Hab-
JuojiaemMoe panuoussydenre KpaGoBHAHOR M IPYTHX MOLOOHBIX
efl TyMaHHocTelt. Cpefill pasnUYHbEIX MEXaHH3MOB P aJMOHU3Tyye-
HHUST BHAHOE MECTO 3aHHMAET TaK HasbiBaeMbIH 'MPOMarHUTHBIH
HJIH MarHHTHOTOPMO3HOMH, KOTOPBIA MBI H PACCMOTPHM cHavaJa.

Kak xoporro usBectso, 2/eKTpoH, ABHXYIIHHACS B MAarHHT-
HOM II0JI€ TIOTepPeK MArHHTHBIX CHUJIOBBIX JIHHHH, HCILITBIBAET
JEUCTBHE CHJIBI, Ha3biBaeMOH JIODEHIIOBCKOH, KOTOpasi HCKPHB-

P JsieT ero Tpaekropun. Ecau
HanpasJIeHHe CKOPOCTH JBHKe-
HHS U NepHeHJHKYJSIPHO K CH-
JIOBBIM JIMHHSIM, TO BeJHYHHA
JIODEHIIOBCKOH cHubl F ompene-
JsteTcst (popMyJioH

-

™
Mt d——T

V

<

'=-uH, (20)

Puc. 37. HénpaBneHue cuanl F,
JefcTByloLeH Ha 9JeKTPOH, JBH-
Kywpiics B MALHHTHOM TNOME.  ppe [} o3ugyaeT BeJMUMHY Ha-

HanpaBienne CKOPOCTH 3JIeK-
TpoHa H HAnpsuKewHocTH moss  [IPF2KEHHOCTH NOJIS M € — 3apsij
H yKa3aHO CTpPeNKaMH. anektpoHa. Cusa F Hampas-
JIeHA TIepTeHAHKYJISIPHO K CKO-

POCTH 3JIEKTPOHA H CHJIOBBIM JHHHMAM noas (puc. 37) *).

*) I1pu nHOM HanNpaBJeHHH CKOPOCTH (GOPMYJsia BMECTO U COLEPIKHT
ee MPOEKIHIO Ha HanpaBJieHue, NePNeHAHKYASPHOe K CHIOBLIM JHHHUSIM.
Torna, MOMHMO ONMHCHLIBAEMOrO HHIKEe KPYTrOBOrO ABHIKEHHS, 3JEKTPOH
IBHXKETCS M BLOJNb JHHMI, T. €. ONHCHIBAaeT CHHUpafb.
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B TtoM cjaydae, KOrZa Ha IyTH 3JEKTPOHA MArHHUTHOE MOJe
He MeHsIeTCsl, OH NOJ JeHCTBHEM CHJIbl F ONHCHIBAET OKPYXK-
HOCTb. Pajnuyc 3T0H OKpYKHOCTH R MOXKHO ONpENeIMTb, MpH-
HSIB BO BHHMMaHHe, YTO cHsia F J0/KHA YyPaBHOBEUIMBATHCS

o o o meu?
HEeHTPOOe:KHOH CHJIOH, paBHOH 13 (m, — Macca 3JeKT-

mguc
eH *

Taxum o6pasoM, JBHKEHHE 3JEeKTPOHA B OLHODOLHOM Mar-
HHTHOM II0JIe TIOBTOPSIeTCS] Uepe3 OINpPeNeJIeHHBIH MPOMEXYTOK
BpeMenn, TpeSylomuiicst Ljasi TOro, 4Tobbl ONUCATH IOJIHYIO

2nR 2nm,c

OKDYXHOCTh. ODT0 BpeMsi (IIepHOJI) paBHO == -
Jlisi yactoThl 3Ke IIepHOIMYECKOro JBHMKEHHs IOJydaercs
3HayeHHe

poua). Hcnoabsyss cdopmyay (20), maxoguMm, 4to R —

eH

Vy 55—,
H ™ 2nmc

(21)

C rtaxoff xe YacTOTOH NPOUCXOJST BbI3BaHHBIE [BHKEHHEM
3JIeKTPOHA M3MeHEeHHs 3/eKTPOMArHUTHOrO IOJIsA, T. €. aJeK-
TpoMaruuTHble Kosebauusi. CrefoBaTesNbHO, H3Jy4YEeHHe, HC-
MyCKaeMOe 3JIEKTPOHOM, MABMKYIIMMCSI B MarHMTHOM TIOJe,
HMeeT YacCTOTy V.. Hapsily ¢ HHM HCIycKaeTcsi H3JyyeHHe
U C 4YaCTOTAaMH, KPATHBIMH V., IOTOMY YTO JBHKEHHE 3JIEKTPO-
Ha SBJSIETCSl IEPUOAMYECKHM HE TOJbLKO C YacTOTOH V.,
HO M C 3TMMH YacToTaMH. YacToThl nv,,, KpaTHble OCHOBHOMH
YacToTe, Ha3BBAIOT O0eDPTOHAMH, MPHYEM TOBOPST, YTO IOPS-
JIOK o6epToHa TeM Bbllle, YeM Ooublie 1. OUeBHAHO, YTO MEPUOS,
obepToHa n-ro IOPsiAKa B n pa3 MeHbIIe OCHOBHOIO NepHOAa
obparmenusi ajekrpona. IIpeoGmanatomasi 4acTb HEPTHU IPH
U, MHOrO MEHbIIEM ¢, H3Jydyaercss B OCHOBHOH 4acTOTe WV,
a He B o0epToHAX. 3aMeTHM, 4TO BooOule (opMyJia AJsi OCHOB-
HOH uacTtoThl (21) B TOM ciyyae, KOria CKOPOCTb JBHIKEHHS
3JIEKTPOHA He MaJjia 10 CPABHEHHMIO CO CKOPOCTBIO CBETa, JOJIXK-
Ha ObITb yTOYHEHA.

OueHuM YacToTy MarHUTHOTOPMO3HOIO H3JyYeHHs B cla-
60M MarHuTHOM TmoOJe, HampuMep, npu H = 10—3 apcren.
IMoxcraBus B popmyny (21) ato 3Hauenne H, a Takxke e=4,8 X
X10=1931.-c1. en., m, = 9,1-10~8 2, uaxomum v,, = 2,8X
X 10® cex—' 1, COOTBETCTBEHHO, OYeHb OOJIbIIYIO AJHMHY BOJHBI
Ay =107 cm. CnefoBaTeNbHO, MarHUTHOTOPMO3HOE H3JydeHHe
B 06/aCTH CAHTUMETPOBBIX M JEIMMETPOBBIX BOJH MOXKET
Habmogarbesi TOJNBKO INPH  HAJHYHM JOCTATOYHO CHJIBHBIX



mone#t ¢ H = 102—10% spcren. Tpymuo pomyctith, 4TOOH!
B OFPOMHOM OGbeMe TYMaHHOCTH MAarHHTHOE MOJIe MOIJIO ObiTh
HACTOJIbKO CHUJIbHBIM. [103TOMy MarHHTHOTOPMO3HOH MeXaHH3M
B €ro KJacchueckoil (opMe HENPHMEHMM JJsi OOBsICHEHHUS
reHepalyy pajUoU3/IyyeHHst B 00OJIOYKAaX CBEPXHOBbIX 3BE3J.

Xapakrep MarHMTHOTOPMO3HOTO H3Jy4eHHsI OKasbIBaeTcst
COBEpUIEHHO HHBIM, €CJHM SJIEKTPOH JBHIKETCS B MarHHTHOM
T10JI€ CO CKOPOCThIO, OUeHb GJIM3KOI K CKODOCTH CBeTa. JHEPTHUsi
TAKOrO 3JIEKTPOHA, HA3BIBAEMOrO DPEJSTHBUCTCKHM, BO MHOIO
pa3s 6oJiblile SHEPTHH, COOTBETCTBYIOLIEH ero Macce NOKOSI 72,.
PenstHBHCTCKHE 3JIEKTPOHBI B HPOCTPAHCTBE, Hapsay C JAPY-
MMH dYacTHIaMH OOJIBLUMX SHEpruf, COCTaBJSIOT, KaK Mbl
3HAeM, KOCMHMUeCKWe Jy4yd, BO3HMKaIOLl¥e, B YaCTHOCTH,
IPH KOCMHYECKHX B3DbIBAX. ¥ CKOpPEHHsI JaCTHI[ IO CKOPOCTeH,
OYEHb Maji0 OTJIMYAIOMIMXCS OT ¢, NOCTHUrAOTCsl M B CIelHalb-
HBIX YycTpoHcTBaX. DblJO 3aMeueHo, 4TO KOrja CKOPOCTb
9JIEKTPOHOB, OINHUCHIBAIOIIMX B CHJIBHOM MAarHMTHOM [OJIE
TAKOI'O YCKODHUTENs] (CHHXPOTPOHA) OKPYMKHOCTH, JOCTHIaer
3HAYeHMH, ONM3KHX K C, ITH 3JCKTPOHBI HCIyCKalOT CBET.
[T03TOMYy-TO 3JIEKTPOMATHHTHOE H3JIydeHHe PesISITUBUCTCKHX
3JIEKTPOHOB IIPH JBUKEHHM UX B MarHATHOM IIOJIe H HasBalH
CHHXDOTPOHHBIM. IIpHposa CHHXPOTPOHHOrO H3JyYeHHs Ta
e, YTO U MArHHTHOTOPMO3HOro, HO 3(P¢eKThl, CBsI3aHHBIE
C TeOpHeH OTHOCHTENBHOCTH, CYLIECTBEHHEHIIMM 06pasoM BJIH-
SIOT HA ero CBOHCTBA.

OG6bluHOe MAarHMTHOTOPMO3HOE H3JyUeHHE paclIpocTpaHsi-
eTcsl OJMHAKOBO BO BCEX HAMNPABJ/IEHHUSX, NEPIeHIHKYIAPHBIX
K HamnpaBJIeHHIO CHJIOBHIX JHMHHHA. CHHXDPOTpPOHHOE XKe H3Jy-
UeHHe HCMYCKAeTcsi y3KMM IYYKOM BJOJIb TOFO HampaBJeHHs,
B KOTODOM B JAHHBIH MOMEHT ABHKETCsS 3JeKTPOH. Mbl ocra-
HOBHUMCSI TOJIKO Ha KauyeCTBEHHOM OOBSICHEHHHM INPHUHH 3TOrO
SIBJICHHUSI.

[TocmorpuM, Kak H3JaydaeT pEJISTHBUCTCKHMEI 3JMEKTPOH
NpH JBHXKEHHHM Ha yyacTKe OKPYMKHOCTH MexXJIy TOYKaMH
1—2—38, pnuna kotoporo As. B Touke 2 ero cxkopocTh Harl-
paBJieHa K HabJronaTeno, a Todkd J ¥ 3 pacrosoxeHbl CHMMET-
PUYHO OTHOCHTEJbHO 2 M Tak OJIM3KO K He#, UTO BCIO AYry
c GOJIbIIOH TOYHOCTBIO MOXKHO CUMTaTh MpsIMOH (puc. 38).
[TycTh 3MEKTPOH MPOXOAMT STOT yyacTok 3a Bpemst At'. Hany-
YeHHE JIEKTPOHA 32 3TO BPeMsI yCIIeeT PAcIPOCTPaHUTLCS BJIEBO
OT TOUKH 2 Ha paccrosinue %2 (¢ A¢'— As), a BIpaBo, B CTOPO-
Hy HabuonaTessi, Ha paccrosiuue 72 (¢ At'+ As). Tak kak
CKOPOCTb 3JIEKTpOHA O4eHb OJIM3Ka K ¢, TO BelHYHHA AS MaJio
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orymuaercst ot ¢ At’. Tlosromy obmacTb mpocTpaHCTBa, OXBa-
YyeHHass M3MEHEeHHeM 3JIeKTPOMATHHTHOIO MOJIs, T. €. 3aHsTast
U3/y4YeHHEeM, CIpaBa OT 3JEKTPOHa Tropasgo G6oJiblle, yeM
cleBa OT HEro, H, C/EJOBaTe/NbHO, SHEPTHs H3JIy4eHHs cocpe-
JoToyeHa TIJIaBHBIM 00pasoM crpaBa. Ho 310 M o3Hauaer,
YTO ABHKYIUMACS 3JIEKTPOH H3JyyaeT SHEPTHIO MpPEUMyLIecT-
BEHHO B HAaNpPaBJICHUH CBOEr0 ABHKEHHS. 3aMeTHM, YTO B
HanpaBJIEHUH, TNePNeHIUKYJSIPHOM K IJIOCKOCTH JBMMKEHHS,

Puc. 38. HsnyuyenHe pesiTHBHCTCKOTO 3JIEKTPOHA B MarHUT-
HOM ToJie. [IIOCKOCTh ABHMKEHHS 3JEKTPOHA MNepHeHAHKYJIspHA
K MarHHTHBIM CHJIOBBIM JIHHHSIM.

SHEPrUsl 3JMEKTPOHOM He HCIyCKaeTcsi, TaK KaK YCKOpeHHs
B 3TOM HampaBJIeHUH HET.

Teopusi IBUXKeHHS PeJNATHBHCTCKOTO 3/1EKTPOHA B MarHUT-
HOM II0JI€ TIOKA3hIBAET, UTO 3JEKTPOH, 00/1aJat0uil CKOPOCThIO
U, M3JyyYaeT 3SHepPrHi0 B Ipefenax oOdeHb Y3KOrO KOHyca,

yroJl pacTBopa KOTOPOro ¢ paBeH

o=} 1-5, (22)

a ocb COBIAfaeT C HaNpaBJIeHHEM CKOPOCTH 3JIeKTPOHA B JiaH-
HBIA MOMEHT.

CHHXPOTPOHHOE H3JyUyeHHEe OKa3aJoch OIHOH H3 BaxHeH-
WHX ocoOeHHOCTEH MHOTHX OOBEKTOB, HCILITABLIIMX KOCMH-
YecKu# B3pbIB. [103TOMY AJISI JIYYLIEero MOHUMAHHS ero IpHpo-
Ibl Lenecoo0pasHo JaTh 31eCh BHIBOA (HOPMYJIbI, XapakTe-
pH3yIomiell 3aBHCHMOCTb YaCTOTBI STOT'O M3JyUeHHUs! OT SHEPTHH
3JIeKTPOHA.

Yacrora v, oOpalleHHsi DeJNsITHBHCTCKOrO 3JEKTPOHA B
MarHMTHOM MoOJie ompefessiercs: opMyJiof, aHaJorHyHOH (21),
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HO B KOTODOH y4TeHa 3aBMCHMOCTb MAcChl 3JIEKTPOHA OT €ro
CKOpOCTH. JTa 3aBHCHMOCTb yCTaHaBJMBaercst (oopMyiof (15).
CnenoBatesbHO, A5l v, HMeeM
ef v?
vy = ]/1.__07. (23)

2nm,c

2

U
Tax xax 1 — — HaMHOro MeHbLUe EMHALEI, TO YacToTa o6pa-

IIEHHS PENATHBHCTCKOrO 3JIEKTPOHA Maja IO CPaBHEHHIO
C ee 3HaUYeHHEM MJIsI HePeJISITHBHCTCKHX 3JIeKTPOHOB.
PenaATHBHCTCKHH 3/IeKTPOH H3JyyaeT He B YacToTe V.
Ero usmyyeHHe MOKHO NpPEACTaBHTb KaK I0C/IEJ0BATENbHOCTh
OYeHb KPaTKOBPEMEHHBIX BCIIBIIIEK. DJIEKTPOH JeJlaeT IOJHbIH

1
O60pOT 3a BpeMs o a u3JlydyaeT B JaHHOM HampaBJEHUHU
0

B % pas MeHbllee BpeMsi, KOTOpOe Mbl 0603HaduM Af. Yuu-

mec
eH ’
HabmogaTenb ABHraJCsS C TOH XKe CKOPOCThbIO, YTO H H3Jydaro-

UIHH 3JIEKTPOH, T. €. MOKOWJCS Obl OTHOCHUTENBHO HCTOUHHKA
H3Jy4eHHst, TO HabJ/iojaeMasi TPOJOI:KHTENbHOCTh BCIIbIIIKH

TakxKe paBHsanach Obl Af. Ho Habmomaresnb, HaBcTpeuy KOTO-
pOMY JIETHT 3JIEKTPOH CO CKOPOCTBIO U, BHIMT BCIHBIIKY B Te-

e 4
YeHHe MEeHbIIero BpeMeHH Af - At(l — T) 10 sBJCHHE

ThiBast GopMysbl (22) W (23), Haxomum Af = Ecnn 6b1

TOro e XapakTepa, YTO M pacCMOTPEHHBIH Bblle 3ddhexT
Homnuepa. Ilpu v, oueHb GJH3KOM K ¢, HMeEM

v2
1 ——
. mge v\ mee 1 me v?
At= Zq (I“T)"‘ H o =g e%(l—‘c?)- (24)
c

ITockoMbKY NPONOJ/KHTENBHOCTh BCIBIIKH BO MHOrO pas
MeHbllle IepHoja OOpalleHHs] 3JIeKTPOHA, M3JydeHHe [PH
BCTILIIIKE COOTBETCTBYET BBICOKOMY OOEpTOHY 4YacTOTBI V.

Yacrora 3Toro obepToHa v, MOpsKa i e
_ 2H 1
Ve T ey T (25)

2

PeATHBUCTCKHH 3JIEKTPOH H3JIydaeT SHEPTrHI0O H B GecKo-
HEYHOM YHCJIe JPYrHX OOEPTOHOB, T. €. HCIyCKaeT H3JydeHHe
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B IIHPOKOH IIOJIOCE YacTOT, IO CYIIECTBY, B HENPePLIBHOM
cnektpe. OfHAKO MaxkCHMyM 3HEPTHH H3Jy4EHHs! COOTBETCT-
ByeT, KaK I[I0KaseiBaeT TOUHBIH pacuer, dactote v == 0,5v,,
a 3aTeM B 00e CTOpPOHBI OT MaKCHMyMa HHTEHCHBHOCTbL H3Jy-
yeHUs OBICTPO Crajiaer.

DHeprusi peNsiTHBHCTCKOrO 3JIEKTPOHA OINpefessieTcs: Bhipa-
JKEeHHEM

L (26)
v2
l/l —
KOTOpOe IoJydyaeTcss Ha OcHOBe ¢opmyJel (17), ycraHaBiu-
Balolle# 3aBUCHMOCTb Macchl Tesa OT €ro CKOPOCTH NPH yueTe
9KBHUBAJICHTHOCTH Macchl W 3Hepruu (cMm. § 4).

[lpu momomu dopmysn (25) u (26) BeIHUHHY v MOXKHO
IpelCTaBUTb B BHIe

v eH( E )2 (27)

Tmee \mec®
ITockonbKY y peNSTHBHCTCKOrO 3JIEKTpOHa BelHyMHa E BO
MHOT'O Pa3 IPEBOCXOJHUT 11,c%, TO OH CIIOCOGeH H3/1y4aTh (POTOHbI
ropasfio Oosbllell sHepruM, yeM HepeasiTHBHCTCKHH. Ilyctb,
Hanpumep, H = 10—2 spcren, a CKOpPOCTb 3JEKTPOHOB U OT-
auyaercsi ot cHa 0,01% (ux sHeprusi E npa 3TOM IPEBOCXOJHUT
m, B 10* pas). MakcuMyM H3/ydeHHst TaKHX 3JIEKTPOHOB
COOTBETCTBYeT uactote v =~ 1,8 - 10'% cex—!. [lnuHa BOJIHBI
3TOro U3JydeHHst 0Kos1o 10—2cm U OTHOCHTCS K HH(PaKpacHOH
o0/acTH CIEKTpa, TOTZA KaK HEepeJSITHBUCTCKHME 3JeKTPOH
B TaKOM XKe [oJie HCOYCKaeT OYeHb MJMHHOBOJHOBOE Dajuo-
H3JIy4eHHe.

Kax noxaseiBaer ¢opmyasa (27), yacrota v, BOJIH3H KOTO-
poil M M3JIydaeT IJIaBHBIM 00pa3oM PeJISITHBUCTCKHE 3JEKTPOH,
3aBHCHT OT 3HEPrMH 3JeKTpoHa. B peanbHOM MCTOYHHMKE
CHHXDOTPOHHOrO H3/JyYeHHs CyLIeCTByeT TO HJIM HHOE pacrpe-
JieJieHre 3JIEKTPOHOB IO SHEPrHusM, Has3blBaeMOe 3HepreTHyec-
KAM CIIEKTPOM 3JIeKTPOHOB. IJo3TOMYy CHHXPOTDOHHOE H3Jy-
YeHHe TAKOrO MCTOYHHMKA 3aHHMaeT LIHPOKYIO 00/1acTh 4acCTOT
B HEMPEePBIBHOM CIIEKTPE, a paclpeleseHHe SHEPTHH B HeM
3aBHCHT OT XapakTepa 3HePreTHYecKOro CHeKTpa 3JIeKT-
POHOB.

PensTHBHCTCKHA 3/1€KTPOH H3/yyaeT B OJHOH IJIOCKOCTH,
NePHEHIUKYMSIPHOR K CHJIOBBIM JIMHHSIM MarHHTHOIO [MOJISI.
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BexTOp HanpSKEHHOCTH 3JIEKTPHYECKOro IOJsT B PacHpoCT-
paHsolecss OT 3/1eKTPOHA 3JEKTPOMArHHTHOH BOJIHE JIEHKHT
B 9TOH ’Xe IJIOCKOCTH. [T03TOMy CHHXPOTpPOHHOE H3JydeHHe
BCerja SIBJSIETCSl JHWHEHHO MOJISIPU30BAHHBIM, NpHYEM IJIOC-
KOCTb IIOJIIPU3ALMH IePNeHIMKYJ/sPHA K MarHHTHOMY IOJIO.
[Toasipusanysi CHHXPOTPOHHOIO H3JIy4YeHHs! NO3BOJsIeT oOHa-
PYKHBaTb €r0 B COCTABE H3JYUEHHsI HEOECHBIX Tell, IOCKOJIbKY,
KaK Mbl 3HaeM, X OOBIYHOE TEeNsIOBOE HM3JyuyeHHe He NOJsIpH-
3oBaHo. EcsM HempepbiBHOE H3JyueHHe KaKOro-aubo oGbekTa
OKa3bIBAETCSI B 3HAUHTEJNHHOH CTeNeHH JMHEHHO NOJsIpH30BaH-
HbIM, TO HE TONIBKO MOXKHO YyTBEpXKJAATh, YTO YacTb 3TOTO
H3JIyuyeHHs] MMeeT MAarHHTHOTODMO3HYI0O OPHPOAY, HO H
ONpeesIUTh HamlpaBJieHHMe MAarHUTHOrO moJsi B HCTOYHHKE
H3JIyUueHHs.

B mactosiliee BpeMsi eIMHCTBEHHBIM MeXaHH3MOM, CIOCOG-
HbIM OOBSCHHTb pajHonaayyeHne KpaGoBHIHOH TyMaHHOCTH
M JIpYyrdX OCTaTKOB 00OJIOYEK CBEPXHOBBIX 3Be3[, SIBJSETCS
CHHXDPOTPOHHOe H3nydyeHHe. OueHb BECKHM JOBOZOM B IIOJb3Y
3TOr0 B3IrJIAJa OBLIO HCTOJKOBAHWE ONTHYECKOI'O H3JyYeHWsi
KpaboBuznro#i TyMaHHOCTH. TeoperHueckoe INPeANONOKEHHE
O TOM, YTO M OHO CO3JAeTCsl CHHXPOTPOHHBIM MEXaHH3MOM,
Ob110 yOemuTeNbHO NOATBEPIKIEHO, KOrja HalLTH, 4TO OQITH-
YecKOe HU3JIyYeHHe TyMaHHOCTH 3HAYMTENbHO IMOJSIPH30BAHO.
A nocne Toro Kak YCTaHOBHJIM, YTO ONpeleNeHHOe IO €ero
NOJISIPU3aLHA HalpaBJeHHe MArHWTHBIX CHJIOBBIX JIHHHH COB-
najaer ¢ OOJYyYeHHBIM IO NONSIPH3aUMH DaJMOH3JIydeHHs,
BBIBOJL O CHHXPOTPOHHOH npupofe uanyuenHs: KpaGosuuaHoi
TYMaHHOCTH CTaJ] HEeCOMHeHHbIM. ITocKOMBKY dYacToTa ONTH-
YeCKOro HM3JyYeHHs] B JECSTKH ThICSIY pa3 OoJblle YacTOThI
paJMoH3Iy4yeHH s, TO, KaK cJefyeT U3 ¢opMmy.el (27), sHeprus
3/IEKTPOHOB, OTBETCTBEHHBIX 32 00pa30BaHHe ONTHYECKHX (OTO-
HOB, NOJIXKHA B COTHH pa3 INpeBbIIIaTh SHEPrHIO0 TeX 3JEeKTPO-
HOB, KOTOpPBHIe co3ZaloT papuocnekTp. CienoBateabHO, NOBOJb-
HO CHJILHOE ONTHYecKoe MajyuyeHne KpaGoBHIHOH TyMaHHOCTH
yKasbiBaeT Ha NPHCYTCTBHE B HeH PeNIITUBHCTCKUX 3JIEKTPOHOB
OYeHb BBICOKOH 3Heprud. B 3TOM OTHOIIEHHH OHA OTJIHYaercs
OT psiia APYTHX TyMaHHOCTeHl — OCTATKOB 060JIOYEK CBepX-
HOBBIX, Y KOTODBIX ONTHYECKOe H3JIyyeHHe CHHXPOTPOHHOI'O
IIPOMCXOXKICHHST OTCYTCTBYET HIIH OKa3blBaeTcsl O4eHb ClalbIM.
Tam, mno-BHIMMOMY, 3JIEKTPOHOB CTOJNb BBICOKOH 3SHEpruH
HOYTH HET.

[To HabmoneHHsIM CeKTpPa PafHOH3IYYEHHS H ONTHYECKO-
ro M3Jy4YeHHs OLEHHBAIOT COZlePKAHHE B TYMaHHOCTH 3JIEKTPO-
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HoB pasnuuHbiX 3Heprufi. [usa KpabGosumHo# TymaHHOCTH
Halll/Ig, 4TO UHCJO 3JEKTPOHOB, 00/ajaiomux 3Heprued E,

" 1
B HeHl TMPONOPUHOHAJNBHO EI—G JJI51 SJIEKTPOHOB CPABHUTENBHO

MaJI0¥l SHepruHu (NAOLUX PaJHOU3/TyUIeHHE) U IPONOPIHOHAb-
1 .
HO 7 A1l 3JIEKTPOHOB, AAIOLKX ONTHYECKui cekTp. Ilo aTum

JaHHBIM, YYHTHIBAsl TaKxKe 3HaUeHHe HaIpSKEeHHOCTH MarHHT-
HOro moss B TymMaHHocTH H =~ 10—* 3pcren, moJydYeHHOe
[0 MOLIHOCTH PaJHOM3JIyUeHHUs], ONPENENIIN OOLLYI0 SHEPTHUIO
peIsITUBHCTCKUX 3JIEKTPOHOB B Hell. Oxasasock, 4to KpaGo-
BHIHAsl TYMaHHOCTb COJEPKHUT OK0JO 10%" pensTHUBHCTCKHUX
3JIEKTPOHOB ¢ OOuell sHeprueil mopsinka 10%® ape. Kosanue-
CTBO MarHUTHOH 3Hepru# B KpaGoBHIHON TYMaHHOCTH JIErKO
HaXOJUTCS 1O ee H3BECTHOMY OOBEMY M HAIpSIKEHHOCTH IMOJIsl.
Omo cocraBasier 1047—10%8 ape.

obnajiaeT XapakTepHOH BOJIOKHHCTOH CTPYKTypo#. Amnaio-
TMUHBIA BHJ HUMEIOT M JAPYru€ TYMaHHOCTH, BO3HHKIIHE IMPH
BCIBIIIKAX CBEPXHOBbIX. CHHXPOTPOHHOE H3JIyYeHHE CO31aeTcst
B Cpefie, 3aHHMailled IPOCTPAHCTBO MeXJY BOJIOKHAMH.
KoHnnentpauust cBOGOZHBIX 3JIEKTPOHOB B 3TOH cpefe, Ompe-
JieJIeHHAsi 110 BJMSIHHIO MX Ha PACIpPOCTpaHeHHe DajHoH3Jy-
yeHHs1 (TaK HasbiBaeMOMY (apajeeBCKOMYy BpAIeHHIO IJIOC-
KOCTH €ro INoJIsipu3aluy), cocraBiaser y KpaboBunHo# TymaH-
Hoctu npuMepHO 1 ssekTpoH B 1 cud. Tlpu 3anuMaeMoM TyMaH-
HOCThIO oGbeMe mopsiika b5 - 10%% cm® Bcero B 3THX 0O6MacTsIX
ee OkasblBaercss npubausutTensHo 10°8 smekrpoHoB. Kpome
TOr0, TaM JOJ/KHO OBITb M COOTBETCTBYIOUIEE KOJHYECTBO
aTOMHBIX s14ep, IJIaBHbIM 06pasom nmpoToHOB. Cile0BaTeNbHO,
ofast Macca rasa B IPOCTPAHCTBE MEX]Y BOJOKHAMH MOPSJ-
ka 1032 g, 1.e. 0,1 M@. Crout 3ameTuTh, UTO U3 Kaxapix 10°
3JIEKTPOHOB B 3TOH 00/1aCTH TYMaHHOCTH B CpeJHEM JIMIIb
OMH SIBJIIETCS PEJISTHBHCTCKHUM.

MznyuyeHne BOJIOKOH XapaKTepH3yeTcst SMUCCHOHHBIM CIIEKT-
POM, CBHIETEJNbCTBYIOIHM O JOBOJBHO BEHICOKOH HX TeMmiepa-
Type, paBHo#t npumepHo 20 000° K. BoJsiokHa 3aHHMAIOT MaJsyio
Yactb 06beMa TYMaHHOCTH, HO GJiarofapsi CpPaBHUTEIBHO 00JIb-
IOH KOHIEHTpAUMH rasa B HHX — mopsinka 10® aTomMoB B
1 cm®, nx obutast macca Takxke 0kos0 0,1 M. TIpHUHHEI, BBI3bI-
BalOIlie cBEYEHHe rasa B BOJIOKHAX, He BIIOJHE SICHBL. Bos-
MOXHO, 4YTO 3TO CBeueHHe BO30YXKIAeTCsT CHHXPOTPOHHBIM
H3JTyyeHHeM B yJbTpaHoJIeTOBOH 00/1acTH CIeKTpa, Cco3ja-
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BaeMbIM DENSITUBHUCTCKUMH  3JIEKTPOHAMM OueHbL OOJBIIOH
SHEprHH.

B nocnennee BpeMst NpH BHeaTMOChepHBIX HaGJIONEHHSX
o6napyxuau, yto KpabGoBHIHASI TYMaHHOCTb SIBJSIETCS] MOII-
HBIM HCTOYHHKOM H3JyUEHHS B PEHTIE€HOBCKOH 06JacTH CIIEK-
Tpa. B03MOXHO, 4TO OHO TaKXKe CHHXPOTPOHHOT'O MPOHUCXOXK-
nenusi. Yacrora HabMofaBILErocss PEHTTEHOBCKOrO H3JydYeHHs
Ha TpH-YeThIpe MOPsAKa BbILe, YeM YacTOTa OITHYECKOrO.
[Tostomy »3Heprusi 3/1eKTPOHOB, CO3JAIOLIHX PEHTTEHOBCKOE
M3JyueHHe, JO/IKHA ObITh cor/aacHo ¢opMmyse (27) B AeCATKH
pa3 OGojblle, YeM Yy 3JEKTPOHOB, CO3MAIOIIHX ONTHYECKOE
H3JIyueHHe.

HMsyuenne octaTkoB 000/I0YEK CBEPXHOBEIX 3Be3]l NPHUBEJIO,
KaK Mbl BHIMM, K O4YeHb BaXKHBIM BbIBojaM. OKkasbiBaercs,
Y4TO B_pesy/bTaTe B3pbiBa CBEPXHOBOH 3Be3jibl BOMM3M Hee
obpasyercst _00/IBIIOE __KOJMYECTBO - PENSITHBUCTCKUX  _YaCTHI
1 MarHuTHOe mojsie. O6iast 3Heprust YaCTHIL K IOJISI faxKe Yyepes
COTHHM JIET IIOC/Ie B3PbIBA OKAa3bIBAETCS! MO MOPSIIKY BENHUHHBL
TaKOH e, KaK 1 BCsS 9HEPTHsI, HCIycKaeMasi B IIPOLECCe BCIIBIII-
KM B ONTHYECKOM J[HanaszoHe. 3a cyeT OCBOOOAMBILIEHCS MpH
B3DbIBE SHEPTrHM HE TOJMBKO CO3[AeTCs H3JydyeHHe M MarHuT-
HOe TI0JIe, HO, KaK U B c/yyae HOBBEIX 3Be3J|, coobmaercs: 60J1b-
masi ckopoctb oOpasoBaBlrefics o6omouke. Ceftyac MBI H
o0paTHMCsl K OLleHKe MeXaHHUYeCKOH SHepruu B3phIBa.

O6osouka cBepXHOBOH 3Be3bl PacCUIMPSIETCS] B MeX3Be3-
HoM rase. Berpeuaromuecsi ¢ 060104K0H 4acTHIIBI MEXK3Be3THON
CPelbl €l0 3aXBaTHIBAIOTCSI M INOITOMY Macca OOOJOYKH HpH
ee pacllMpeHHMH pacreT. TakK KaK CKODOCTH JABHXKEHHS Mex-
3Be3JIHOH cpebl BechbMa MaJsbl IO CPAaBHEHHIO CO CKOPOCTBIO
000JIOUKH, TO MOXKHO CYMTaTh, YTO JOoOaB/IeHHE rasa He H3Me-
HsIeT ee NePBOHAYaNbHOTO KOJH4ecTBa JBMKeHHs. ITOCKOILKY
Ha 000JI0YKY BHELIHHE CHJIBI He NeHCTBYIOT, KOJMYECTBO JBH-
EeHHUA ee JO/MKHO ObITh IIOCTOSIHHBIM, a 3HA4YHUT, CKOPOCThb
Oyzer yMeHbIIATbCS NPH YBEIHYEHHH MAcchl.

ITycts my, — Macca 060/I0uKH U ¥, — ee CKOPOCTh B HauaJje
pacmmupenust. Korma o6osouka ypasisieTcsi Ha pacCTOSTHHe
r OT 3Be3bl, OHA 3aXBaTbIBAeT NPHU ITOM BeCh ras3, HaXofs-

o 4
mufics B cdepe, 06bEMOM -5 nirs. CrnegmosaTenbHO, Macca

000JIOYKH K 3TOMY BpeMEHH YBEJHYHBAETCS] Ha BeIHUHHY
4

—~ W%, A€ p — IVIOTHOCTb MeX3BE3JHOro rasa. Ckopoctb
000/MOYKHY ¢ Ha PACCTOSIHHH ¢ OT 3Be3]bl ONPENeNHUTCs H3
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CJEAYIOLEro: paBe€HCTBA, BLHIPAXKAIOILIECIO 3aKOH COXpaHEHHSd
KOJIMYEeCTBA €€ IBUXKEHUS:

(mo - % m’3p) U = myU,. (28)

OueBHIHO, 4TO CKOPOCTh ¥ OYAET 3aMETHO MEHbLIEH, YeM U,
JIMIIb TIOCJe TOro, KaK KOJHMYECTBO 3aXBaYeHHOrO OOOJIOUKOMH
rasa CTaHeT TOrO 2Ke IOpsiKa, 4YTO H IlepBOHAyYa/bHAsT Macca
o6osmouxnu. Ilpumenum dopmyay (28) x obosnouke 3BE3IH,
BcnbiXHyBIIeH okoso 300 ser Hasan B co3Be3guu Kaccumomen.
Srta 060J10YKa paCIIUPSIETCs] B HACTOSIILIEE BPEMST CO CKOPOCTBIO,
oauskoi x 7000 km/cex, T. €., NO-BHAMMOMY, CKOJBKO-HHOYIb
3aMeTHO HE 3aMelJusack. Bmecre ¢ TeM, Macca 3aXBaueHHOIO
ei0 rasa Benuka. Ilpm pagumyce obosnouxu r~7 - 10*® cm
U cpeqHed IJIOTHOCTH MexX3Be3fHOH cpempl p ~ 10—2* 2 oma
nopsigka Maccel Cosnua. Takum o6pasoM, HepBoHaYasbHAast
Macca 000JI0YKH JOJIKHA Oblia B HECKOJIBKO Pa3 NPeBOCXOAUTh
Maccy CoJHua.

PeanprocTh Takux Gonbiimx Macc 000JIOYEK MOATBEPIKIA-
eTcsl IpUMEpOM TyMaHHOCTH B Jlebene (Tak HaswBaemasi «Ilet-
Js1»). CoBpeMeHHasl CKOPOCTb ee paciuupenust okosao 100 xu/cex,
a pagmyc — nopsiika 1020 cm. Macca TymMaHHOCTH, oIlpefe-
JIeHHast 1o ee 00BeMY M IUIOTHOCTH (KOTOpasi, KaK Mbl 3HAeM,
HaxXoO4UTCs MO JHHeHYaTOMYy CHEKTpY), paBHa HECKOJbKHUM
cotHsM Macc Co/sHua. ATO COOTBETCTBYET MACCE MEXK3BE3LHOrO
rasa, 3ak/JIOYEHHOro B cepe ykKasaHHOro paguyca. Tax Kak
CKOpPOCTb ¥, 000JIOUKH II0C/Ie B3pbIBA COCTABJIsIA, KaK H Y APY-
rux cBepxHoBuX Il Tuma, oxomo 6000 xm/cex, TO IJist MacChl
ee my, coraacHo popmyJe (28), mosyyaeMm 3HaueHHe B HECKOJb-
Ko Macc CosmHua. B3prlB npousomes, HO-BHIMMOMY, OKOJIO
50 000 Jser Hasan.

Kak paccmoTpeHHble npuMepsl, Tak MU psi ApPYrHx IOKa-
3KIBaeT, UYTO CBEPXHOBBIe 3Be3fbl 11 Tuna, co BemblIKaMu KOTO-
PBIX CBSI3aHO BO3HMKHOBEHHE 3THX TYMaHHOCTEH, CHOCOOHBI
cOpaceiBaTh 060J104KY ¢ Maccoit mopsgka 10 M. . CrnexoBartenn-
HO, M CaMM 3TH 3Be3Jbl JOJKHBl ObITh OUEHb MACCHBHBIMH.
Kunernueckasi sneprusi Taxkoil obosouxy mopsuxa 105% ape,
UTO B THICAYM pa3 NPEBLILAET ONTHUECKOE H3JIYUEHHE 3BE3J(bI
3a BpeMsi BenblIKA. O TOM, HAaCKOJILKO OpPOMHA 3Ta BeTHYH-
Ha, MOXKHO CYIMTb XOTsl Obl mo TakoMy ¢axry: ComHLy, npu
TerneperHell MOIHOCTH €0 M3JYYeHHs, AJIsI TOr0 YyToObl HCIY-
CTHTh COOTBETCTBYIOLIEE KOJHYECTBO 3HEPrHH, NOTpeboBa-
JIUCh OBl JECSITKH MUJJIHAPJOB JIET.
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Kunernyeckass sHeprusi TYMaHHOCTH, OOpa3OBaHHOHM IpPH
BCIIBIIIKE CBEPXHOBOH | THIA, ropasio MeHblle IPUBEIEHHOIO
3HauyeHHUs, TaK KaK Macca TYMaHHOCTH Ha IOPSILOK MEHBIUE,
yeM y 060M0yKM cBepxHOBo# II Tuma, a CKOpOCTb ee BCEro
oxoso 1000 xm/cex. Sra sneprus nopsinka 10%° spe, yto GMU3KO
K 3HA4YeHMIO, INIOJYYEHHOMY IIPH OLEHKEe OOIero H3JydeHHs
3Be3/bl 32 BpEMSsl BCIILIIKH.

KakoBbl e HCTOUYHMKH OrpPOMHOH 3HEPrHH, OCBOOOXKIA-
IoLIelicsl NPH BCIBILIKe CBepXHOBOH? (OueBHIHO, YTO HH Tel-
JIOBasi, HU JIYUHCTAsl SHEPrHUsl 3Be3/Ibl, JaxKe eCH Obl OHH MOIIH
MIHOBEHHO IIPEBPATHUTbCS B MEXAaHHUYECKYI0 3HEPruio, HE B
COCTOSTHMH oOOecreunTh HaOm0JaeMble CKODOCTH JBHIKEHHS

ofomouex Gobmol Maccel. OBmas sHeprus 3Besmbl M,
17151 3Be3f ¢ Maccoli nokost M, = 10— 30 M@ mocturaer 3Ha-
uenuit 10%5—105¢ gpe. Tlpu simepHBIX peakUUsiX CHHTe3a TsiKe-
JIBIX 3JIEMEHTOB (IO Keje3a) M3 BOLOPOLA MOXKET OCBOGOXK-
JaThCsl, KaK Mbl YBHIUM HECKOJbKO MO3Ke, SHePrus, 3KBU-
BajlleHTHasi NpUOIM3uTeNnbHO 1% wMaccel mnokosi. [lostomy
npeBpamienne Bcero 10% Bomopona, comepikaierocst B 3Besfie
¢ maccoit 30 M), B TsI2KeNble JEMEHThI, MOXKET, BOOOLIEe I'OBO-
psi, obecrmeuuTb HaOIIOfaeMOe IIPH BCIBIIIKE CBePXHOBOH
KonHuecTBO SHeprud. OnHako, Kak Mbl 3HaeM, siiepHBIC
peakuuH B OOCBIUHBIX YCJIOBHSIX IIPOTEKAIOT OYeHb MeJJIeH-
HO M MIHOBEHHOE [IpeBpaileHHe BOLOPOJA B XKeJje30 He-
BO3MOXKHO.

Jpyrofi BO3MOXHEBIH NYThb OCBOOOXKIEHHS] SHEPIHH, COZEp-
xKameficss B 3Besle, COCTOMT B YMeHbIEHHH ee pajuyca. Ilpu

U3MEHEHHH pajuyca OT 3HaYeHUdA R¢ J10 R’, IIOTEHU HaAJb-

Hasi 3HEPrus 3Be3[bl YMEHbIUAETCsT OT BEJIHYHHBI MOPsiAKa
2 2

M
—G—* 1o —G —# . CorsacHo Teopeme BHpHana (cM. § 4) noo-
BUHA OCBOGOAMBIIECS 3HEPrHH, T. e. (ONATb O MOPSAKY
2 2
1 M M,
BEJIMYHHBI) - (G Ei — G }—2—’) , TIpeBpainaercss B TEIIOBYIO
N # *

sHeprmo. Ecnu panuyc 3Besfibl YMEHBUIUTCSI JOCTaTOYHO
OBICTPO, TO OCBOOOXKAEHHE ITOH SHEPIUHU LOMKHO HOCHTh Xapak-
Tep B3pbiBa. IIpHM NONBITKaX OOBSCHUTL SIBJIEHHE BCIBIIIKH
CBEPXHOBOH YacTO IMpeAroJaralT [103TOMY, YTO OHA BHI3HI-
BaeTcsi GBICTPBIM CXKAaTHEM 3BE3IHI.

B COOTBETCTBHM C OLHOH M3 rMIOTe3 O NMPHPOJE BCIBILEK
cBepxHoBbiX Il THma, monyyuBHIEH HOBOMBHO IIMPOKOE pac-
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NpOCTpaHeHHe, CXKaTHe MPOHCXOAMUT BCJENCTBHE MOCTEIEH-
HOTO HCUEpIaHHUsl HCTOYHMKOB 3HEpPruu, o0ecrneyrBaolux
u3JyueHue 3Be3lbl. B § 4 moapo6HO pacckaswBalIoCh O TOM,
uto u3sydyeHue CosHLA MOALEPIKUBAeTCs 3a CYET NpEBpalCHH s
BOZOPOJia B I'eJIUAl NPU peakUHsiX NPOTOH-NPOTOHHOIO IHKJA.
B uentpanpHbix obsactsix CoJsiHuA, TIe IVIOTHOCTh MOpsiAKa
100 2/cm® u TeMnepaTypa OKOJIO 15 MHJIJIHOHOB I'PafycoB, 3TH
peaxknMH MpPOTEKalOT CpPaBHHUTEJNBHO MeJJIeHHO — IIpeBpallle-
HYe 3aMETHOH LOJM BOLOpPOZA B resiuil 3aHuMaeT GoJiee JECSITH
MHJIIHAPAOB JIeT.

CKopoCTb TepMOSIIEPHBIX peakuuil OueHb OBICTPO YBEJH-
YHBAeTCsl C BO3PAcTaHHEM TeMIepaTyphl I/a3Mel. B LeHTpadb-
HBIX YacTsIX MAacCCHBHOH 3Be3Jpl, y KOTOpOH, HalpuMep, Macca
M, = 10M@, remnepaTypa 3Ha4MTEJbHO BbIIE, YEM B IEHT-
pe CosnHua — oxosmo 20 MHIJIHOHOB rpaxycos. Ilostomy Bozo-
pOJl TaM MpeBpallaeTcss B resiUi («cropaeT») ropasfo ObiCTpee,
IIpUYeM He TOJMbKO B XOJe IPOTOH-IIPOTOHHOrO LHKJA, HO H IIPH
peaxkuusix TaKk Has3blBaeMOTO YIJIEpOLHOro LHKJa.

Korma Bomopon B UeHTpadbHBIX 00JACTAX MacCHBHOH
3BE3/lbl B OCHOBHOM BBIFODHUT, TO IIPH CYLIECTBYIOLIMX TaM
B TO BpeMsi TeMIleparypax, OMM3kuX K 20 MHJIJIHOHAM TIpa-
LyCOB, APYTHe sIEPHBIE PEaKUHMH MEXAY TSDKENbIMH SIApaMU
HE TpPOMCXOAsT. Jleqo B TOM, YTO CHJIBI OTTAJIKHBaHHs, Heii-
CTBYIOIIHE MEXIY TSDRKENbIMH sIApaMH, Oosblue, 4eM MEexXAY
MIPOTOHAMH, OTOMY YTO 3apsiinl siaep Oosbiue. CnefoBaTeNbHO,
LIS TIPEONOJIeHHsT NOTeHUHaMbHOro Gapbepa Tpebyercst GO/Ib-
masi SHeprusi YacTUll, T. €. AJsI NPOTEKaHHs peakiHM HyXKHa
Bosiee BbICOKast TeMmmepartypa.

[TockonbKYy TOCJe BBICOpaHHUsS OCHOBHOH HOJMH BOZOPOLA
B 3Be3Jle He OKAas3bBaeTCsl JOCTAaTOYHO MOIIHONO MCTOYHHKA
SHEpPruu, TO BCJENCTBHE H3JYYEHHs] OHA OXJaxKHaeTcs U JaB-
JIeHHe rasa B Hell mafaeT. PaBHOBecHe B 3Besfie IIpH 3TOM Ha-
pyluiaeTcst ¥ TSrOTEHHe HAapYKHBIX CJOEB 3Be3Jbl K LEHTpY,
He KOMIIEHCHpYeMOe TrasOBBIM [aBJEHHEM, NPHBOIHUT K CxKa-
THIO 3Be3Jbl. :

B pesyabTaTe TaKoro CaTHsi M COINPOBOXKIAIOLLETO €ro
npeo6pa3oBaHusl NOTEHIHAJbHON 3HEPTHH B TEIJIOBYIO, TEM-
mepaTtypa M IUIOTHOCTb B siipe 3Be3[bl, KOTOPOE B 3TO BpeMs
COCTOMT IJIaBHBHIM 00pasoM M3 renusi, yBejuuuBaiorcsi. [lpu
BO3paCTaHHM TeMmmepaTypbl npubmusurensHo a0 100 MumaH-
OHOB TIpajycoB, a IUIOTHOCTH — fo 10% e/cm®, HauuHaercs
npeBpaienue sigep He? (w-yactum) B siipa GoJiee TSAKEIBIX
snemeHToB. CHayaja M3 JBYX «-4acTHl oOpasyercst sipo
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atomMa OepHJIUs: .

He! -+ Het 2 Bes”, (1V)
KOTOpOE I0C/]Ie NPHCOCAHHEHHSI K HEMY elle OHOH c-UaCTHILBI,
npeBpamaeTcss B SAPO aToMa yriepoza:

Bes 4 He® — C'2, V)

AHaJIOl"I/I‘-H—IO, oyTeM  MOocCJed0BaTeJbHOro NPHUCOCIUHEHUS
Q-49aCTHI, BO3HHKAIOT U fdAJpa aTOMOB KHCJI0OpOAa, HEOHA H
MarHus:

Ct2 + Het — O‘G, (VI)
0'® 4 He! — Ne, (VII)
Ne20 4 Het > Mg?t, (VIII)

Bcee peaknun (IV—VIII) sIBASIIOTCSI 9K30TEPMHUECKHMH, T. €.
CONPOBOXK/IAIOTCS BbIIEIEHNEM 3SHEprHH.

Pacuer nokaseiBaeT, 4TO K TOMY BpeMeHH, Korjga ofpa-
syercss Mg?4, renuil B sipe 3Be3fbl McuepibiBaercsi. Tax Kak
«SIIEDHOTO TOIJIMBAa» He XBaTaeT, B HeApaX 3Be3[bl JaBJEHHE
YMEHbIIAeTCsT M sApO CHoBa cxkuMaercs. CykaTve NpPHBOIUT
K CHJIbHOMY YBeJHYEHHIO TeMreparypbl. llpu Temmepartypax
nopsjKa Tpex MUIaHapioB (1) rpanycoB y:xe BCTYNAIOT B peak-
MO JpYyr ¢ JApyroM o0pasoBaBILIMeCs] paHee siapa aTOMOB
¥ BO3HHMKAIOT emie Oojee Tsixesble sjpa, MPeHMYIIeCTBEHHO
xeqesa Fe®S. SIxpa atomoB ¢ GOIbIIMM aTOMHBIM BECOM TaK¥Ke
06pasyloTcsi, HO OHM HEYCTOMUMBHI U ObICTpO pacnazfatores. [Toa-
TOMY CepAIEBHHY 3Be3/bl MOXKHO CUMTATh COCTOSILIEH 3 3Kese3a.

Macca sizpa atoma xesesa paBHa 55,86 (B IIKajse aTOMHBIX
BECOB), TOrJa Kak ofmiasi Macca MsTHAECSITH [IECTH TPOTOHOB,
3aTpaueHHbIX Ha oOpa3oBaHHE 3TOro sifpa, cocrasiasieT 56,46.
CnepoBatesbHO, NMpU BCeX peakIUsiX, HauHHAasi ¢ 0Opa3oBaHHUs
JlefiTepHst, NOJKHA BBUIETUTbCS SHEPrus (BK/IIOYash SHEPrHIo,
56,46 — 55,86 ) )

56,46 7
ofuiell Maccel ITIOKOSI HMEBINErocst BHayale BOJOPOAA. ITO
MaKCHMaJbHO BO3MOXKHOE KOJIMYECTBO SHEPTHH, OCBOOOKIAIO-
eecst IyTeM siiepHbIX peakIii.

Iloce OKOHYaHMST 3IK30TEPMHMYECKHX SAEPHBIX peakuHi
LeHTpanbHble 00MacTH 3Be3fbl CHOBa cxuMaioTcsi. Korza

YHOCHMYIO HEHTPHHO), COOTBETCTBYIOIIAS

*) DTo SIAPO HEYyCTOHYHMBO M OYeHb GLICTPO pacnanaeTcss Ha ABe
o-yacTHubl. OnHAKO HEKOTOpasi oUeHb MaJasi 4acTb fJep 3a KOPOTKOe
BpeMsl CBOEro CYIeCTBOBAHHS yCIleBaeT COEAHHHTbCS C CL-4aCTHUAMH
(peakuus’ V).
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TeMIlepaTypa TaM BCJAENCTBHE CKaTHUs JOCTHIHET 8 MHJJIHap-
JIOB I'pajycoB, NPOHMCXOAHT sjepHasi peakluss 0coforo BHJA.
CBsI3aHHAsl C TMOIJIOLIEHHeM TemJja (HZOTepMHYecKas). 3Ta
peakuysi 3ak/ayaeTcss B pacmaje sgep e’ Ha a-yacTuiml
u HeiiTpoHel. OHA MPOHUCXOAUT OUYEHb OBICTPO, SIAPO 3BE3JBI
pe3Ko oxJaxkaaeTcs. TaK Kak JaBleHHe B 3Be3Jle NajiaeT, OHa
HeyJepKUMO cnafaeT k ueHTpy. CnajaHue 3Be3fbl BLI3LIBAET
pe3Kuil moAbeM TemmepaTyprl K Hefl. [lostoMy B npumeraromeit
K SIIPY 3Be3Jbl 06JaCTH, TaM, IJie «siIePHOe TOIUIMBO» HE BBIIO-
peno, HayuHaloTcss OypHBIE TepPMOsIepHblE DPeaKIHH, T. €.
MPOUCXOLUT B3phB. COpackiBaeTcst 060MIOYKA 3BE3/bl H B HUTO-
re Habuonaercst ceepxHoBasi 11 Tuna. Taxkum obpasoM, XOTH
CXKaTHE 3Be3bl COMVIACHO DACCMOTPEHHOH TOUKe 3pEeHHs] H
UrpaeT OYeHb BaXKHYIO POJIb B MOATOTOBKE YCJAOBHH JJIs1 BCIbILI-
KM, CaMa BCIIbIIIKA MPEJCTaBasieT COO0N TepMOsIepHBIA B3PHIB.

Pacuetsl mo 3T0# cXeme B3pbIBa IPOU3BOIMMIUCH [JIs1 3HAUE-
HHs1 Macchl 3Be3nl 30 M H Maccel 060/104KH, paBHOH 10 M@).
Ecam ydyecTb, YTO TepMOSIAEDHBIMH DEaKUUsIMH NPH B3PHIBE
OXBaThIBAeTCsl 3HAYUTENbHAsi 00MacTb 3BE3JE, TO BbIACJICHHE
B HHX 3HEpPruH, COOTBeTcTBYylome# 1% Maccel mokosi, naer
[0 TOPSIKY BeJHUYMHBl HaOJIIONaeMyI0 SHEpPrui0 BCIIBIIIKH
cBepxHoBo#l Il THna.

Meb1 monpo6HO OCTAaHOBHJIMCh TOMBKO Ha ORHOH M3, THIO-
Te3 O mpHUpoje Bemblmek cBepxHOBbIX II Tuma. Ilposepka ee
U IPYTHX THIOTe3 3aTpyJHUTENbHA, O3TOMY ceHuac, 1o-BHIY-
MOMY, IpexXJeBpeMeHHO IOBOPUTb O TOM, YTO HaM H3BECTeH
MEXaHH3M BCIIBIIEK 3THX 3Be3Z. UTO e KacaeTcsl CBepXHOBBIX
I tuna, y KOTOpBIX Macca IO BCIBILIKK mopsiika Maccsl CoJtHIa,
TO IJIsi HHX TOXe paspabaTbiBajach TEOpHs, OCHOBaHHAs Ha
IPEJTIONOKEHHH O TepMOSIEPHOM B3PBIBE C YUACTHEM TSI3KEJBIX
siep, HO 3Ta TEOpHs elle MeHee HaleXKHA.

PesynbTaThl HCCTEOBaHUSI BCIBILIEK CBEPXHOBBIX 3Be3[
IOMOIJIM JOOHTbCS yCrmeXoB B mpo6JeMe MPOUCXOXKACHHUS
KOCMHMYECKHX JIy4yeH, SsIBASIOmEHCS ONHOH M3 caMblX YBIe-
KaTeqbHbIX oOnacTefl coBpeMeHHOH GH3HKH. XOTs €LHHOr0o
MHEHHsI OTHOCHTENbHO MeXaHH3Ma YCKODEHHsI 4acCTHI 10 CKO-
pocrefi, GIU3KMX K CKOPOCTH CBETa, HET, 0Ka3aJOCh BO3MOXK-
HbIM YCTaHOBHTb BaXHYIO pOJb BCIBILIEK CBEPXHOBBIX 3Be3[,
KaK HCTOYHHKA KOCMMYECKHX JIydyeH.

SnexkTpoHamMu GOMBUION SHEPTMH HE OrpaHUYMBAETCs, IO
BCEHl BEPOSITHOCTH, MHOMKECTBO PEJSITUBHCTCKMX YacCTHI, BO3-
HUKAIOIMX B Pe3y/bTaTe BCIBILIKH CBEDXHOBOH 3Be3lbl. Mol
He B COCTOSIHHM IOKAa 3aMETHUTb B KOCMHMYECKHMX HCTOYHHKAX

139



PeJISTUBHCTCKHE INIPOTOHLI U GoJiee TsKENble $Ipa aTOMOB,
IIOTOMY YTO OHH H3JyyaloT OYeHb MaJjo SHEPrud B cJabbIX
MarHUTHBIX IIOJISIX, KOTOpBIE CYIIECTBYIOT B TYMaHHOCTSIX.
OnHako ecTb OCHOBaHHS IpeAlosnaraTb, YTO 3SHEPrust BceX
PeJSITUBHCTCKHX UYacTHLl B OOOJOYKAX CBEPXHOBEIX 3Be3[
B JIeCSTKM pa3 MPEBOCXOAUT 3SHEprHIo 3jekTpoHoB. O6miyo
SHEepPrhi0 KOCMHUYECKHUX Jiyuedl B TYMAHHOCTH OOBIYHO CUMTAIOT
N0 TOpPSIAKY BeJHUYHHBl PABHOM MarHUTHOH 3HepruH. Ecau
Obl 5Heprusl mossi OblIa CYIIECTBEHHO MeHbILe, YeM 3HEpTHs
KOCMMUYECKHX JyueHd, TO 3TH 4YaCTHUUbI, [ABHrasiChb IpAMOJIH-
HellHO, yCKoJb3ajau Obl U3 TYMaHHOCTH. Belp OHU yiepxHBa-
I0TCSI TaM JIMIIb [IOTOMY, YTO MAarHHTHOE IOJe HCKDPHUBJSET
X IYTb. _

Ofmas >Heprusi peNsITUBUCTCKUX YacCTHUL, HAXOASIIUXCS
cefiuac B KpaGoBuaHoil TymaHHOCTH, oueHuBaeTcs B 5- 1048 ape,
a B HEKOTODBHIX JPYrHX TYMaHHOCTSX — OCTaTKax o6oJo-
yeK CBepXHOBBEIX, OHA Ha INOPSJOK Oosbine. Ta 3HEP-
rUsl IIOCTENIEHHO pacTpaudBaeTcss Ha H3JayuyeHnme. Kpome
TOrO, TYMAaHHOCTb paciuupsieTcsi, 00beM ee YBeJIHYHBaeTCs
U COOTBETCTBEHHO YMEHBIUAETCs] MJIOTHOCTb 3HEPIHHM MarHWT-
HOrO T1OJsi, a 3HAYUT, H HampsiKeHHOCTb mnoas. [leiicTBHe
39THX JABYX (aKTOPOB JOJIKHO INPHBOAUTH K IOCTENIEHHOMY
YMEHBIIEHHUIO [OTOKA H3JYYeHHs] OT DEeNSITHBHCTCKHX YaCTHIL.

Oco6eHHO GBICTPO TepSIIOT CBOK JHEPTHIO 3JEKTPOHEI, CO3-
JAloIlle PEHTIeHOBCKOE M ONTHYECKOe H3JyyeHHe TYMaHHOCTH.
B Kpa6oBujgHo#i TYMaHHOCTH OHH CYIUECTBYIOT H TeNepb,
a 3TO O3HauyaeT, yTO 00pa3soBaHME PEJSITUBHCTCKHUX 3JEKTPO-
HOB IIPOJIOJIZKAETCsI U J0JIroe BpeMs nocie B3puiBa. 3a 900 ser,
OpOoLIeJIINX II0CAe B3pbIBA, BO3HMKIIME B MOMEHT B3pbIBa
«OTITHYECKHE» K, TeM GoJjiee, «PEHTIEHOBCKHE» SJEKTPOHBI JOJ-
3KHBI OBLTH NOTEPSTh SHEPTHIO U HE MOIVIM Obl H3/1y4aTh B 3THX
nquanasoHax. Cefiyac MBI- HE MOMKEM CKas3aTb, I[I€ BO3HHKAIOT
T1oc/Ie B3pbIBa PEJSTUBUCTCKHME 3JIEKTPOHB — B 3Be3Jie MM
B TYMAaHHOCTH, TaK KaK MeXaHHM3M HX 00pasoBaHHUs HEM3BECTEH.

CpaBHHUM KOJHYECTBO KOCMHYECKHX JIydyeidl B MEXK3BE3JHOM
MPOCTPAHCTBE C TeM, YTO JAIOT BCIBILIKH CBEPXHOBBIX 3Be3J
B T'anmakruxe. Ilo KosMuecTBY pensiTHBUCTCKHX YacTHI, BJe-
TaloIUX B atMocdepy 3emaH (3TH HAOMOAEHUS MPOBOAMIHUCH
IpU IIOMOIIM KOCMHUYECKHX paKeT), HALLIM, YTO HX 3HEprus,
npuxoisimasicss Ha 1 cu® npocrpancTsa, mopsiika 10712 spe.
B npocTpaHcTBe YacTHLB TEPSIOT CBOIO dHEprHio 3a 10 cex,
CTa/lKMBasiCh C aTOMaMM Mexk3Be3[HOH cpelbl. Beero B Iamak-
THKe TpH ee obbeme 1098—10% cm® comepxurcss 1036—
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1057 spe sHepruu B (opMe KOCMUUECKHX Jydedl. 3a OAHY
CeKyHIY TepsieTcs, cjefoBaTesnbHo, 10%49—10% ape.

Ecnn npuHSATH, 4YTO OFHA CBEpXHOBasl BCIBIXMBaeT pas
B 300 JreT 1 mpH 3ToM 06pa3yioTCsl KOCMHYECKHe Jy4d ¢ obuel
sHepruefl mopsanka 10%° spe, To 3a OOHY CeKyHAY K oOmeH
sHepruu Jqyuell B [anakTuke B cpenHeM jpobasasercs 1040 ape,
T. €. BeJIMYHHA, OJU3Kas K IOTepe SHePrHH MpPH CTOJKHOBEHH-
ax. CrefoBaTesqbHO, CBEpPXHOBBIE 3Be3Jbl CIOCOOHBI Hempe-
PBIBHO MOTOJHSTh 3HAYUTEJIbHYIO YacThb yOBUIM SHEPTHH KOC-
MHYECKHX JyueH. SIBASIOTCSH JM OHM OCHOBHBIM HCTOYHHKOM
KOCMHUYECKHX JIyyel — cKa3aTh TPYLHO, TAK KaK MbI elle Majo
3HaeM 00 yXofie 3TUX Jyuell u3 [amaKTHKU B MeXKraJakTHUeCKoe
npoctTpaHcTBo. Ho, BO BCSIKOM Ciyyae, MHOTHE M3 TeX YacTHIL,
KOTOpHIE BJIETAIOT B 3€MHYIO0 atMOC(epy M pacilemsioT B HeH
slpa aTOMOB, KOTZa-TO BBHIIVIM M3 HELP CBEPXHOBOH 3Be3Jbl
M CTPAHCTBOBA/IM CPEIH MEX3Be3JHbIX MarHHTHBIX IOJIeH
JO TeX MOp, MOKa He BCTPeTHJHCh C 3emiel.

§ 8 B3PbIBbl B SANAPAX TAJIAKTHK

TIpocnexxuBasi pas/iuyYHblE 3Be3[HblE B3PHIBHI B IOPSAIKE
YBeJIMUEHHS] MX CHJbl, Mbl 3aKOHYHJ/IHM BCIBIIIKAMH CBEPXHO-
BbIX 3Be3f. Jlosiroe BpeMsl CUMTANH, UYTO 3TH BCIIBIIKH SIBJISI-
I0TCS CaMbIMH TPaHIHO3HBIMH H3 KOCMHYECKHX KaTacTpod.
Ho 3a nocnenHne HECKONBKO JIeT OOHAPYKeHBI CJe[ibl HeCpaB-
HEHHO 00Jiee MOIHBIX KOCMHYECKHX B3PHIBOB, OCBOOOXKIAIOLIMX,
KaK Mbl YBHHMM, SHEpPTHIO, SKBUBAJEHTHYIO MHJ/IJIHOHAM COJI-
HeuHbIX Macc. ITOHATHO, UTO Takue B3PHIBBHI HE MOTYT CJIy4YaTh-
csl B OTHeNbHBIX 3Be3fax. OHH HpPOHCXOAST B HEHTPaNbHBIX
obsacTaX (a4pax) rajJakKTHK — 3Be3JHBIX CHCTEM, MAcChl KOTO-
pBIX H3MepsOTCA Muanuapiamu Mace Conmxua. B atom mapa-
rpade Mbl paccKakeMm O B3phIBax B fipax ralakTHK, HO Mpel-
BApUTEJbHO II03HAKOMHMCSI HECKOJbKO MOAPOGHee, UYeM MbI
JeJajd [0 CHX I[Op, C MHPOM TalaKTHK.

MHorue 43 rajakTHK IOXOXH Ha Hamy [ajakTHKy Haju-
yHeM ChOUpanbHbIX BeTBeifl. OHH Ha3BIBAIOTCS CIHUPaJbHBIMH.
Ha6Jiro1ai0Tcsl TakKe 3Be3/JHblE CHCTEMbl CPaBHHUTEJNBHO IIpa-
BUJIbHOH 3JIJIMITHYECKOH (hOpPMBI U 6€3 3aMETHBIX CIHMpPaJbHBIX
BETBEH. DTH TaJIaKTHKU MONYYHIM Ha3BaHHE SJJIUNTHUECKUX.
CyniecTBYIOT 3Be3JHEIE CHCTeMBbI, He oOJajaroipe Kakoi-mudo
creruduyeckoll (HOpMOH H IpeiCcTaBJSIONIMecs IPOCTO TyMaH-
HeIMH 0o0bekTaMH. OHHM Ha3BIBAIOTCS HEMPaBUJIbHBIMU Trasak-
THkaMu. TakoBbl ABe Onmxaifimme K [alakTHKe CHCTEMBbI —

141



Manoe u Bonbmoe MarennanoBer O6/maka. YKa3aHHbIE KJac-
Cbl HJIM THNBl FallaKTHK — OCHOBHble. PasjuyaioT U npome-
JKYTOUHBIE [TOJKJIACCHL.

B ranakrukax, pacrosioxKeHHbIX JOCTATOUHO GJHU3KO K HaM,
MOXKHO DasJIMUUTh OTHENbHBIE SIPKHE 3Be3[bl, a TaKKe IIapo-
Bble CKOMJIEHHSI U SIPKHE Ta3oBhie TYMAaHHOCTH. 151 mOfOOHBIX
00BEKTOB, BXOASIIMX B [alakTHKy, H3BECTHA 3aBHCHMOCTb
MeXIY HX BHAHMMBIM OJieCKOM (3BE3LHON BeNHUMHON) M pac-
crossuveM pgo Cousnpa. CregosaTenbHo, 10 HabmogaeMont
3Be3/{HON BeJIMYHMHE TOrO HJIM MHOro oObeKTa B ApYrofl rajnak-
THKE MOXKHO Ha#TH M paccrosiuue 1O Hee. Takum myreM ObLIO
YCTAHOBJIEHO, YTO KAaXIOMY TMOJK/IACCy TalaKTHK COOTBeT-
CTBYET OIIpeNe/IEHHOe CpeJHee 3HaueHHe HHTerpajbHoro OJe-
cKa *) raJlakTHKH, [pHHALJexaiell K 3ToMy MOAKJaccy.

Bmecre ¢ TeMm, BHAMMBIH OJeCK TaJaKTHKH 3aBHCHT H OT
€e paccTosIHMS IO HAC: OH H3MEHsIeTCsI, KaK U3BEeCTHO, 06paTHO
IPONOPLUHOHANBHO KBafpaTy paccrosius. [lostomy, 3Has
K KaKOMY THNY OTHOCHUTCS rajakTHKa, 10 ee OJIeCKy MOXKHO
CPABHUTENbHO HAJEXKHO TONYUYUTh PACCTOSIHHE IO 3TOH rajax-
THKH, Jaxe eClI¥ B Hell He yaaercsl Das3/jIMUUTb OTAEAbHBIX
3Be3l. THI JXe ralakTHKH ONPEJe/IsIeTCs! e BHELUIHUM BHJIOM.

[Mocne TOro Kak B [BaiuaThIX TOJAX TEKYLIErO CTOJETHS
IpH oMoy 2'/,-MeTPOBOro TeJieCKona ObUIH IO YUEHBl CIIeKT-
pbl CaGbiX H, C/EOBATEJIbHO, OUYEHb JANEKHX FajaKTHK, 00-
HApYXUJIACh 3aMevaTesibHasi 3aKOHOMEPHOCTb. JIMHHM B CIEK-
Tpax yZaJeHHBIX FalaKTHK OKAa3bIBAIOTCS CMEIIEHHBIMH B CTO-
POHY IJIMHHBIX BOJH (K KPAacHOMY KOHIY), NpHYEM 3TO CMe-
IeHHe MPONOPIHOHANBHO PACCTOSIHUIO TalaKTHKM OT Hac.
OTOT 3aKOH BbIpaxKaercst (hopMyJsoi

A—}i\‘ e -iZ—-r, (29)
rie AM — BeJHUHMHA CMEILEHHS JIMHHH, A — HeCMelleHHas
IJIMHA BOJIHBI, r — PAcCTOsIHHE 10 TralakTHKH H H — Tak
HasplBaeMasi IOCTOsiHHAsI Xa66ma. Jas Benwuuubl H  us
COBpeMEHHBbIX HabMoleHH# mnosyyeHO 3HaueHHe, ONH3KOe
K 30 km/cex Ha 1 MHUIJIHOH CBETOBBIX JIeT. DTO O3HAYAET, 4TO,
HaNpHUMep, B CIEKTPe rajlakTHKH, yAaJeHHO# OT Hac Ha 300
MHJIJIIOHOB CBETOBBIX JIET, JIMHMS C JJIHHON BOJHEI A CMelleHa

310 —9
30 23102 A = 3-1072A.

*) HHTerpaibubiM GJecKOM TajJakTHKHM Ha3bLIBAIOT HabJiofaeMblil
cymMMapHbiii GJeCk BCex BXOASIHX B Hee 3Be3] H TyMaHHocTell.
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«KpacHoe cmemenue» JMHHH B CHeKTpax Janiekux ranak-
THK 00ycsaoBaeHo sgdekroM [omnepa u siBIsSeTCs pe3ynabTa-
TOM CBOeOOPAasHOrO [BHXKEHHS TaJakTHK. XapakTep 3TOro
JBHKEHHSI TAKOB, YTO BCE NaNaKTHKHU KaXKYTCsl JBHKYIILHUMHCS
oT Hac. Ho 3To Hu B KOefl Mepe He 03HAUAET MPEUMYILECTBEH-
Horo mnoJsoxkenuss [anmaktuku B Meraramakrtuke. IIpocto Bce -
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0000

900

00 \— ' .

Lo Lo by b oy
8 70 72 74 76 78 20
Buduman semrvura

Puc. 39. CBsidap MexLy BHAHMOI 3Be3AHOH BEJIHUHHOH TrajlakTHKH H
cMemeHneM aunuil B ee crnekrpe. (UeM Goublie BuINMas 3Be3jHas
BeJHYMHA TaJlaKTHKH, TeM Jajblle OT Hac OHAa HAaXOXHTCS.)

raJlakTHKH B3aUMHO YJANsOTCs APYr OT JApyra H Habmoza-
TeJlb, HaXOAAILMHCA B KakoH-1HOO najlekoil 3Be3JHOH cucTe-
M€, JOJKEH BHIETb, KaK BCe APYrHe ranakTHKH, B TOM YHCIe
u Hama lanakTuka, yjpansiorcs ot uero *). Ilpupoma atoro

*) Hnnoctpauuell Takoro nosoxKeHus OyJleT, HalnpHMep, JBH-
XKeHHe TOYeK II0BePXHOCTH pa3JyBalOIIerocsi PEe3HHOBOTO IapHKa.
Hu oiHa M3 HHX He HMeeT PEeHMYIUIeCTBEHHOr0 DOJOXKEHIsI, HO BCe
TOYKH YRaISIOTCS OT Jio6oft panHOil Toukw.
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«pa3beraHus rajakTHK» OKOHUATeJbHO He BhISICHEHA, a 00CYXK-
JEHHeM Pa3/IMYHBLIX TEOPHH 3TOTO SIBJIEHUS MBI 3[€Ch 3aHHMATh-
¢ He MOxeM. MBI roBOpHM O «KpaCHOM CMEIUEHHH» TOJNbKO
Kak 00 3(dekre, Ha OCHOBE KOTOPOTO HAaXOISIT PAaCCTOSTHHS
JO caMbIX YyZAaJieHHbIX OOBEKTOB B MeTaranakTHKe.

TTo cBouM pasmepaM B cpefiHeM HAUGOJBINMMY U3 TaJaKTHK
SIBJASIIOTCST cnupanbHeie. OHM e colep:kaT M GoJiblle 3Be3f,
4eM raJlakTHUK{ IpYrux TUnoB. Cpely CIHpaNbHBIX TajJaKTHK
BBIIENSIIOTCST caMble KpYIHble, TaKHe, Kak Hama [amakTuka,
HasbiBaeMble FHraHTCKUMH. CaMble MajieHbKHE M3 TrajlaKTHK,
KapJMKOBbie, HACUUTHIBAIOT BCEro AECSITKH MHJIJIHOHOB 3Be3J.
Onyg, KaK MNpaBWUIO, MPHUHALIEKAT K THUIY 3JIHITHYECKHX.

Maccrl ranakTHK HaxoAAT TeM K€ IyTeM, 4TO H Maccy
Hawell [amakTuku — mo ckopoctd Bpamenust (cm. § 3). Has
lanaxTukK ObLIO MOJMYYeHO 3HaudeHHe oxoso 2- 107 MG, OHo
XapakTepHO IJisi THTAHTCKHUX TrafiaKTHK. B OOJBIIHHCTBE XKe
cyuaeB MacChl ralakTiK cocraBisntor 10°—101 M.

OueHp sipkasi LeHTpanbHAsl 061aCTb FaNaKTHKH, HMeIoast
IIONIePEYHHK MOpsiiKa HECKOJbKHX JeCSITKOB CBETOBBHIX JIET,
Ha3bIBaeTCs sIIPOM FalaKTHKU. Slfpa Ha CHUMKAax pasjiHdaoT-
Csl TOABKO Yy CaMbIX ONHU3KUX K HaM TaJlakKTHK, HamnpuUMep,
y TyMmaHHOcTH AHZpoMmennl (ee oGosHawaioT M 31, Taxk kKak
II0J, 3THM HOMEpOM OHa COJEpIKHUTCS B KaTaJore, COCTaBJIEH-
HOM acTpoHoMOoM Meccre). Ho naxe y 9THX rajakTHK CTPYK-
TYypy sIpa YCTAaHOBUTb I[0Ka He YAajock. PaHee mnpexmnosa-
rajuoch, 4TO siipa CIHMPaJbHBEIX TalaKTHK MpeJCTaBAsIOT CO00H
IIPOCTO CTYIIEHHS 3Be3Jl, HO pe3y/abTaThl HabmoJeHui, 0 KOTO-
PBIX MBI CKaxKeM HIDKE, YKa3blBalOT Ha Gosee CIOXKHOE HX
CTpOEHHE.

[Ipu M3yYeHHH CTPYKTYpHI siiep TajlakTHK, Ka3anochb O,
HauboJsIee eCTECTBEHHO MpesK/e BCero 00paTUThCs K siApY HaeH
lanagruku. Ho OHO HaCTONBKO 3aKPHITO MOTJIOHIAIOMIMMY
CBET TIa30BO-IbUICBBIMH 00JaKaMM, YTO Ja)ke MpHUJerarouye
K s1py oOJacTH Mbl He MOxkeM BHAeTb. OKpEeCcTHOCTH sfpa
TanakTHKY HCCIeNOBaHbl IPH MOMOILIY PafHOaCTPOHOMHUECKHUX
meTonoB. HekoTopble pe3ysbTaThl 3TOr0 HCCIEN0BAHHS OYAyT
TaKKe H3JIOXKEHH jaJee.

BonbUIMHCTBO 3Be3J, CIHPAIbHON TaJlaKTHKH COAEPKHTCS
B LEHTPATbHON 00nacTu (OMCKe). B crnHpasibHBIX Xe pyKaBaX
COCpPEIOTAUMBAIOTCS THUraHTCKHE TropsiuMe 3Be3Jbl KJIacCoB
O u B #, COOTBETCTBEHHO, TaM e PaCIIOJIOXKEHbI CBETSILIHECS
[oJ JeHCTBHEM 3STHX 3Be3J]] 00/acTH MexK3Be3JHOro rasa. B
obmactsax, Oomee OMM3KMX K ILEHTPY, OTHOCHTEJHHO MHOTO

144



XOJIOAHBIX THraHToB. IIpocTpaHCTBO MeXKAy BETBSAMH He IYCTO,
HO 3B€3], M rasa B HeM TOpa3fo MeHbIle, 4eM B BETBIX.

O6 u3nyyeHHH ralakTHK B ONTHYECKOM JHAMA30HE 3Jech
MHOTO TOBOPHUTb HE MPHXOAHTCS, TaK KaK OHO 0OYCJIOBJIEHO
TEeIIOBBIM CBEUEHHEM 3Be3Jl M MeXK3Be3[JHOH cpelbl, O KOTOPOM
moAPOOHO paccKaspiBaloch Bele. Ho, MOMHMO ONTHYECKOrO
NHanasoHa, FalaKTHKM HUCIYCKAOT SHEPTHI0 H B PaJHOyYacTo-
Tax. B uwactHocTH, Hama [anmakTHKa TakKe BJSIETCS HCTOY-
HHKOM panuousnyueHus. [lpm 3ToM JHIL ee H3JaydeHHe Ha
CAaHTUMETPOBBIX M JEIUMETPOBLIX BOJHAX MCXOIMUT IJIABHBLIM
o6pa3oM OT Harperoro rasa, a GoJiee IJHHHOBOJHOBOE —
IpeHMYIIeCTBEHHO CHHXpPOTpoHHoe. OHO HCIyCKaeTcst peds-
TUBHUCTCKUMHU 3JIEKTPOHAMU NIPH UX ABHKECHHH B MeXK3Be3AHBIX
MArHUTHBIX TOJSX.

Jlnss HabmopaTenst, Haxopsuerocs BHe [alakKTHKH, OHa
npelcTaBunach Ghl OTHOCHTENBHO CJIa0bIM HCTOUHMKOM pajiHo-
U3JIYYEeHUs: B DaAZMOAMANA30HE OHA M3JYyyaeT B COTHH THICAY
pa3 cnabee, yeM B onTHYeckoM. OJHAKO CYIIECTBYIOT 3Be3LHEIE
CHCTEMBI, ITIOTOK pajHOM3JY4eHHsST OT KOTOPBIX B THICHYH H
JECATKH THICSY pa3 MHTEHCHBHee, ueM OT Hawell ['amakTuku
H HOJOOHBIX €fl 3Be3JHBIX CHCTEM —— HODMAJbHBIX TaJaKTHK.
Taxue CHJIbHO H3JYYAIOUIYE B PAIHOAHANA30HE OOBEKTHI HA3bI-
BalOT pajHoralakTHKaMH.

B psime cayuaeB papMorajgakTHKH YJaloCh OTOXKAECTBUTD
C cHCTeMaMH, HaGMIOfaeMBIMH M ONTHUECKUMH CpPeICTBAMH.
Ho GriBaeT, YTO UCTOYHHK paJHOU3JYyUeHHS He 3aMeTeH B BH-
IuMoM cBete. Torja MOXKHO TOBOPHTb IIPOCTO O IHCKPETHOM
HCTOYHMKe pajuousiyyeHus. Yacto B Tex ciayuyasx, KOria
BUJEH ONTHYECKHH OOBEKT, COOTBETCTBYIOMMH paguoragakTH-
K€, €ro yrJIOBhle pasMepbl OKa3bIBAIOTCS Opasjo MEHBIIMMH,
yeM pasMep paJHOMCTOYHMKA. DTO O3HAuaeT, YTO OCHOBHAsI
Macca rajakTHK{, W3 KOTOPOM BHIXOJAMT H ONTHUECKOe, U pa-
JMOU3JIYUEHHe, OKPYXKEHAa OuYeHb MpPOTSKEHHON 006/1acTbio,
He pamomed onTtudeckoro wusayueHusi. [logo6Hbie o6macta
CYIIECTBYIOT M y HEKOTOPHIX HOPMa/bHBIX ralakTHK, HO HX
pajHOU3NyueHNe OKa3blBaeTCs CJabbM.

Ecnu npuHSTH, Y4TO H3JYyYeHHMe PaJHOTalaKTHK SBJSETCS
TEIJIOBBIM, TO NPH HAGMIOJAaeMOH pagHOSIPKOCTH HX AJs TEM-
[epaTypbl H3JYUYaomero rasa IMONYYHTCS BeJHYHHA B MHJI-
JHapabl rpafycoB. IIpu cTonb BLICOKHX TeMIepaTypax ONTH-
UeCKOe H3JIYUeHHe MIOJIKHO B OTPOMHOE 4YHCJO pas IpeBoc-
XOIMTh pajauousiyyeHHe. Ho MOMHOCTL H3JIyYeHHS pa-
JKOTaNaKTUKN B paffof}ana3OoHe CpaBHHMMa C MOLIHOCTBIO ee
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OnTHUYECKOro usayuenus. CieoBaTesIbHO, H3JyUeHHe pajuora-
JIAKTHK B OCHOBHOM HeTemynoBoe. lMeeress MHOro JaHHBIX,
YKa3bIBAIOIIUX HA TO, YTO OHO, KaK ¥ AJMHHOBOJHOBOE PajiHO-
usnydenne [anakTuku, OOYC/IOBJIEHO CHHXPOTPOHHBIM MeXa-
HusMoM. OJHHM H3 BaxKHEHIIHX JOBOJOB B HOLIEPIKKY 3TOH
TOUKM 3peHusi siBiseTcs HabJjrofaeMas B PANE CAydaeB 1oJs-
pHU3alUs H3JAYYEHUS pajyoraJakTHK He TOJBKO B PaJH0O4acTo-
Tax, HO U B OITHYECKOH 06JacTH.

Hubopmauus, nmomyuyeHHast M3 HaOMOAECHHEI pajuoranak-
THK, 0Ka3a/jach YPe3BLIYAHHO BaXKHOU Jjsl H3yueHHs] B3PHLIBOB
B siipax ralakTHK. B mepByio ouepelb CKaxkeM O pajHora-
JaKTHKe B co3Besguu JleGens, HaswBaeMoil «JleGenp Av.

SO

SN

/4

Puc. 40. CxemaTHueckast CTPYKTypa HCTOYHHKA pajpuo-

uanyyenus Jlebenpr A. B nenTpe H306pakeH ONTHYECKI

nabuaiofaembii 06beKT — rajgakTHKa ¢ LBOHHBIM SILPOM.
3awTpuxoBansl 06JacTH PafgHOH3AyUEHHS.

B 1954 r. ObIO mMOJMYYEHO ONTHYECKOE H300parKeHHEe TOTrO,
OIHOTO M3 CaMbIX MOIIHBLIX, BHEraJakKTHYECKOI0 HCTOUHHKA
panuounsnydyeHusi. I1o BesuUMHE «KPAaCHOrO CMEIEHHs» JUHHUI
B CIIEKTPe IPH IOMOIIM COOTHOLIeHHs (29) Hamwiu, 4yTo pac-
cTostHue HcTouHMKa JleGenp A ot Hac mopsiika 500 musiHO-
HOB CBeTOBBIX JIeT. [Io HaGMIOJaeMOMY MOTOKY H3JYYeHHS OT
3TOH pajMOralakTHKH TIPH H3BECTHOM pACCTOSIHHM JO Hee
cleJlaHa OleHKa OOIero KOJMYecTBa H3JyyaeMoN B pajuojiua-
nasone sHepruu. OHa pana BeauuuHy nopsiaka 10%° ape/cex,
4TO ropasgo GoJiblle, yeM BCe H3JyueHHe [aJakTHKH B OITH-
YeCKOM M pajHofManasoHax. BuauMmoe wnsoOpaxeHHe paiHo-
ranakTuky Jle6enb A cpaBHUTENBHO C1a0oe U SHEPrusi UsJjayuye-
HUsI B 9TOH 06/IaCTH CIIeKTpa JaxKe MeHblle NPUBEIEHHON Be-
JIUYHHBL.

Haubosiee /o0GONBITHON OCOGEHHOCTBIO panHOraiakTHKH
JleGenp A, cpasy ixe mpubiekiuell k cebe BHUMaHHE, SIBJSIETCS
ee JBOMCTBEHHOCTb. Mexny HBYMSI MPOTS2KEHHBIMH HCTOYHH-
KaMH pPaJfOM3JyYeHHsi, IEHTPHl KOTOPHIX YAAleHBl APYr OT
npyra npubnusuresabno Ha 500 ThICSIY CBETOBBIX JIET, HAXO-
JUTCST ONTHYECKH sipKasi o6nacTb B JIeCSITb Pa3 MEHbIIEro
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pasmepa. Jta 06/1acTb B CBOIO OYepelb COCTOHMT H3 ABYX yacTei.
Takum ob6pasom, papuouctouHuk JleGemp A MOXKHO mpejcTa-
BHTb KaK TajlakKTHKy C ABOIHBIM SIPOM. B NIpPOTHBOMOJIOXKHBIE
CTOPOHBI OT s1Jpa ABHMIKYTCS [Ba THIAHTCKHUX CTYCTKa MJ1a3Mbl
CO CKODOCTbIO TBHICSIMH KHUJIOMETPOB B CEKYHIY.

B ranakruke JleGemp A cojepixartcst OrpOMHBIE a3OBble
obnaka, ABHXKYLIMECS XaOTHYECKH C GOMBINMMH CKOPOCTSIMH.
Taxko#i BbIBOZ ObUI CHlesiaH HA OCHOBe HAGIONEHHI ONTHYECKOr0
CIEKTpa 3TOH rajaKTHKH, B KOTOPOM MPHUCYTCTBYET MHOMKECTBO
SMHCCHOHHBIX JIMHHH, XapaKTepHBIX JJIsI Ta30BbIX TYMaHHO-
creil. ITo mupuHe MMHUA ¥ HALLIK, YTO OHM BO3HHKAIOT B rase,
OXBayeHHOM O€CIOPSIIOYHBIMHM [BHKEHHSIMH, CKOPOCTH KOTO-
pPHX AoxoAsT Ao 500 xm/cex.

B nepBoe Bpemst mocie OTKPHITHS JBOHCTBEHHOCTH HCTOY-
HukKa JleGenib A 3Ty O0COGEHHOCTb MBITAJNHCh OOBSICHAUTbL Mpef-
NOJIOXKEHHEeM, 4TO Mbl HaO/MI0faeM [Be CTaJKHUBAIOIIHECS TH-
FaHTCKHE ralakKTHKM. JTa TOYKA 3pEHHs Telmeph OCTaBJeHa
IO PsALY IPHYHH, B YACTHOCTH INIOTOMY, YTO MPHAEPIKHUBASCH
ee, TPYAHO MOHATb, KAK BO3HHKAeT OIPOMHOE KOJHYECTBO
u3nyyaeMof 3Hepruu. IIpH CTONKHOBEHHH TraJIaKTHK JIHILb
OYeHb Masasi 4acTb OOIEero 3amaca KHHETHYECKON 3HEprHH
MOXKET IepeXOfMTh B pajuousnyueHue. Kpome Toro, cTosKHO-
BeHHs TMIaHTCKHUX TaJaKTHK TaKOro BHJA, KaKOH Mpejpnona-
raacsi B caydae JleGenp A (ctankuBaiooTcs siipa, HMeIOIHe
OYEHb MaJlble PasMephl), HCKJIIOUHTENLHO MAJOBEpOSITHEL. Ecan
OBl OHM TIPOMCXOAHMIM, TO TOTAA ropasfo Gojiee MHOrOUYHCJIEH-
HBIMH JIOJI2KHBI ObIM Obl ObITh HEIEHTPaJbHbIE CTOJKHOBEHHS
KapJ/JHKOBbIX TajaKTHK, KOTOPHIe, ONHAKO, HE HaOJIOAAIOTCS.

CyurecTByeT U COBEpIIEHHO HHOH B3IVIsi HA NPHUPOAY Kak '
ucToyHuka JleGenp A, Tak M APYruX paiHorajgaktuk. [Ipen-
nojaraercst, yro B sipe lamaktuku JleGegp A HeKoTopoe
BpeMsl Hasaj IIPOH30IIeJ B3DPbIB, IPH KOTOPOM OHO pasJiesu-
Joch Ha fBe 4acTH. OJHOBpEMEHHO B TPOTHBOIOJOXKHBIX Ha-
NpaBJeHUsIX ObLIM BHIOPOINEHBI JBE MacChl, KOTOphe U HAGJIO-
JaloTcsi cefiyac KaK LEHTPbl PaJHOH3JIYyUeHHS.

Bospact papuoranaktuku Jlebenp A, T. e. Bpemsi, mpo-
lefiliee 1oc/ae B3PhIBA B ee Siipe, OLEHUBACTCS PAa3JIMYHBIMU
nytsiMa. OHo He MeHee 10° Jjiet, a BeposiTHee Bcero, ropasjo
Goabure — 10%—107 Jer. MoOIHOCTb H3/IYUYEHHst TOH pajHo-
rajJakTHKH cefiuac mopsinka 10%% aspe/cex mim Gonee, W Her
OCHOBAHHII MpeAnosaraTh, YT0 OHO IOCJ/Ie B3PHIBA ObLIO MEHBILE.
IlosTomy 3Heprusi, OocBOOOAMBIIAsICSI B pe3yJbTaTe B3pHIBA
U CJeJ0BaBIIMX 3a HHM IMPOLECCOB, COCTaBHJA IO MeHbIIeH
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mepe 1056—105%8 spez. ITockoMbKY Mbl Hab/M04aeM TOJBKO H3JY-
yeHHe B OTHENbHBIX 06/1aCTsIX CIIEKTpa, H, KpOMe TOro, paHee
M3JIyYeHHEe MOIJIO ObITh GO0JI€e CHIBHBIM, TO MOMKHO IPEAIO-
JIOXKHUTb, YTO SHEpPrusl B3phiBa JOXOAMIa 10 10%9—10% spe.

CTpyKTypa HEKOTOPBIX APYTHX MOIIHBIX BHeraJakTHYeCKHX
MCTOYHHKOB paJlou3/IyueHusi, Hanpumep, Llenrasp A, Ileus A,
OUeHb II0XOXa Ha Ty, KOTopasi HaOJIOAaeTcsi y HCTOYHHKA
Jlebenp A. 3710 HBOHHBIE paJHOralaKTHKH, Y KOTOPBIX LEHTDHI

Puc. 41. Tanaktuka M 87 (MCTOUHHMK pajguoHu3-
ayuenus [esa A). CnpaBa sameTeH BbIGpOC H3
sAApa 3TOH rajakTHKH.

PalMOM3JIyUeHHsT PAaCIOJOXKEHbl CHMMETPHYHO OTHOCHTEJNbHO
ONTHYECKH HabmiofaeMoll rajakTHKH, HAa 3HAUUTENLHOM pac-
CTOSIHUH OT Hee. Bo Bcex 3THX c/aydasix B3pbIB B siipe IpH-
BOJIMJ K BEIOPOCY BeIECTBa B JBYX MPOTHBOMOJOKHBIX Halpas-
JIEHHSIX C NPHUOMU3UTENBHO OLHHAKOBOH MOIIHOCTBIO.

C sIB/IeHUSIMH, KOTOpbIe BBI3BIBAIOTCSI B3PHIBHBIMH [IPOIIEC-
CaMH, OXBAaTBIBAIOIUMH 3HAYUTENbHYI0O N0 OOBEMY 4YacTb
3Be3JHOH CHCTEeMBI, MBI BCTpeuaeMCsl U B TaKHUX TrajJaKkTHKaX,
rlle ABOHCTBEHHOCTH He 3aMeyaeTcs. OueHb MHTepecHOH B
3TOM OTHOILUEHHH OKa3aJjach FMTaHTCKas 3JJUITHYECKAs rajak-
tika M 87, ynaneHHas or Hac Ha 50 MHJIJIMOHOB CBETOBBIX
Jer. Ora cucreMa, Halmojamomasics Ha HeGe B CO3BE3UH
JleBBl, M IO HOJNIOXKEHHIO, H 1O (popMe COBNALaeT C CHJIbHBIM
HCTOYHHUKOM pafuousayuenus: [ema A.
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Ha ¢otorpaduu tymaunocta M 87 (puc. 41) xopowo BUAHO
ceeTsiieecss 00pasoBaHHE — CTPYsl, WIH BHIOPOC, HCXOJSIIHUN
U3 LEHTPaNbHOH YacTH TlalaKTHKH. ITa CTPYS CONEPKHUT
HECKOJIbKO CTYCTKOB, ONTHYECKOE H3Jy4YeHHEe KOTOPBIX OKa-
3aJ10Ch CHJIbHO MOJSIPU30BaHHBIM. [lJIMHA CTPYH cOCTaBJsIeT
HECKOJIbKO TBhICSIY CBETOBHIX JIeT. LIBeT ee u3nyueHus: rony6oi,
a CIIEKTP 3TOrO HM3JyYeHHs] He COLEPIKUT JHHUH. PaccrosHue
OCHOBHBIX CI'yCTKOB B CTpye OT IIEHTpa rajJlakTHKH He MeHee
HECKOJIBKHX JHECSITKOB THICSIY CBETOBBIX JeT.

Ces3b cTpyH ¢ sigpoMm ramaktuke M 87 JocTaTtoyHO OTueT-
JIIBA U HE OCTaBjsieT COMHEHHS] B TOM, 4TO CTPYs BO3HHKJIA
B pe3yJbTaTe B3pBIBHOIO Ipolecca B siipe. BrniOpaceiBaHHe
raza u3 sigpa ramaxtuka M 87 mpopos:kaercsl, Kak [MOKasbl-
BaeT XapaKTep ee CIEKTpa, U B Hacrosee BpeMmsi. B cmekrtpe
OMU3KOH K SApPY TaJaKTHKH 00JAaCTH IIPUCYTCTBYIOT 3MHC-
CHOHHBIC JIMHUH, CMELICHHBIE B CTOPOHY KOPOTKHX BOJH. [lo-
BHJMMOMY, 5TO CMeIleHHe BBI3BAHO [BIKEHHEM CBETSIIUXCS
ra3oBhIX Macc. [l CKOPOCTH [IBHIKEHHSI IMOJy4YaeTCsl BesH-
YHHA MOpPSIAKA THICSYM KHUJIOMETPOB B CEKYHIY.

PamnousnyueHne HCXOIHT Kak H3 sjipa TalakKTHKH, TaK
U U3 OKpYKalolleH ero MmpoTs:xKeHHOH o6nacTH pasMepoM Mo-
psIiKa CTa ThICSIY CBETOBBIX JIeT. KpoMme Toro, CHIbHOe pajiHo-
H3JIyUeHHe, OCOOEHHO 3aMeTHOe Ha KOPOTKHX (JELHMEeTPOBBIX)
BOJIHaX, npucyie U crpye. Ilo cunbHON nossipusandy ONTH-
YeCKOr0 M PafHOM3JYUeHHs] CTPYH 3aKJ/IIOYalOT, YTO OHO 00y-
CJIOBJICHO CHHXPOTPOHHBIM MexanusmoM. Kaxk u B Kpabo-
BHJIHOH TYMaHHOCTH, ONTHYECKOE H3JydeHHe SBIsSeTCs Mpo-
JOKEHMEM PpaJHOoCcleKTpa B CTOPOHY KOPOTKHMX BOJIH.

OuieHKa HANpSKEHHOCTH MAarHUTHOIO NOJs B _CIpye IpH-
BOIHUT K 3HaueHHsM rnopsiixka 10-* spcren. B Taxux mousx
9JIEKTPOHB! GOJBIION SHEPrHH, CO3LAIOLIME ONTHYECKOE H3JY-
YeHHe CTPYH, JOJKHEBI MOTEPSITh OOMNBLIYIO YacTb CBOEH 3HEp-
THM  (KBBICBETHUTBbCS») MPUOMHU3UTENBHO 3a Thicsyy JeT. Ho
CTPYSl CYLIECTBYeT MO MeHbleHl Mepe [EeCATKH ThICsSd JIeT,
ec/M TNPUHSITb, YTO CKOPOCTb BhIOpachiBaHMs Oblna GJaH3KOH
K ckopoctH cBeta. HauGosee xe BepOSITHO, YTO B3PBIB B sifipe
IIpoU3oIIe] MHJUIMOHBL JeT Haszafl. CieloBaTesNbHO, peNsiTH-
BHCTCKHE 3JIEKTPOHBI, JAIOII}e ONTHYECKOe H3JydeHHe CTPYH,
He ObUIM BHIOpOLIEHB! W3 SIApa, a MOJYYHIH CBOIO OOJBIIYIO
3Hepruio yxe B Hefl. Kax Mbl BHIMM, NPH B3PLIBE B sI[pe ra-
JakTHKE M 87 u3 Hero GbL10 BHIGPOIIEHO HEKOTOPOE 00paso-
BaHHe, JO CHX IIOP SIBJSIOIIEECS] HUCTOYHHKOM PENSTHBHCTCKUX
YACTHLI.
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MomHocTs HaiyueHHst CcTpyH mopsitka 10%° spefcex. 3a
MHJJIMOHEL JIET, MpPOLIeJIIre II0C/]e B3pHBa, OHA JOJMXKHA Obuia
Hernyctuth Beero 10%6—10%7 spz sHepruu B BHIE U3JNYUEHHS.
31eCch MBI ONSITh HMEEM TO 3Ke 3HAUeHHe JJIsi MHHHMaJbHOIO
KOJIMUecTBa SHEpTHH, OCBOOOKIAEMOH B pe3yJbTaTe B3phIBa
B sJipe rallakTHKH, KaKoe II0JyYeHO BRI J/I5 SHEePIHH B3pPhI-
Ba B ucrounuke JleGegp A u apyrux. KonuuecTBo aHepruw,
0CBOOOXKIAeMOH IPH TaKHX B3PEIBAX, B JECATKH MHJIJIHOHOB
pa3 GoJblue, YeM 3HEPTHsl BCMBIUKH CBEPXHOBOH.

Puc. 42. Tamaxtuka M 82. (Pororpadus B HenpepLHIBHOM CNEKTpe.)

Hab6mionenus: G1u3KOM K HAM HENMPABHILHOW TaJaKTHKH
M 82 panu oueHb HMHTEPECHYIO KapTHHY [BIDKEHHH rasa,
BLI3BAHHLIX CPABHUTEJNBHO HENAaBHUM B3DLIBOM B ee spe.
B aToli rajakTHKe, HECMOTPS Ha ee HeNpaBWIbHYIO (opmy,
MOMKHO BBLIIEJHTh JBa MPEHMYILECTBEHHBIX HanpaBJeHUs —
OIHO 1O Haubosblell BHITSHYTOCTH WU APYroe eMy NepleHjH-
KyaspHoe (puc. 42). DyaeMm HasbiBaTh HX GOJNBLION M MaJsIOH
ocsiMi. Brosnp magoi ocu M 82 BupHa cucrema BoJOKOH. OHHU
M3JIyYaloT NJIaBHBIM 00pPa30M B YaCTOTaX CHEKTPAJbHBEIX JHHHIH,
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Puc. 43. Tanakruka M 82. (Pororpadus B Ayuax auuud Ha.)
Xopowo 3amerHa BOMOKHHCTasl CTPYKTyPa B LEHTPaJbHOH YacTH.
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a He B CILIOIIHOM CIEKTpe, NpHYeM OCOGEHHO MHOrO SHEPTHH
BBIXOJHUT B JJIMHE BOJHBI BOLOPOAHOH JuHuM H,. ®ororpa-
bus TYMaHHOCTH, CHSATasi C ONTHYECKMM (HJILTPOM, IIpO-
NYCKAIIYM JHIb H3JyyeHue B JUHHH Hy M B HeGOMBIIOM
COCEJHEM YyuyacTKe IHKalbl IJHH BOJH, XOPOLIO JeMOHCTpH-
pyeT cucTeMy BosOKOH. CpaBHuBast puc. 42 u 43, Mbl BHIUM
TakXke pasjduhe MexAy OOJIaCTsIMH, NPEUMYIIECTBEHHO U3JY-
YAOIUMHE B JHHEAYATOM CIIEKTpe, ¥ 00/acTAMH HEeNpephIBHOTO
usayuenusi. BosokHa pacnpoctpansiorcsi Ha 10—12 ThICSY
CBETOBBIX JIET OT LEHTpa TaNaKTHKH.

[lo cmeleHHIO JIUHMH B CHEKTPax BOJIOKOH YZAloCh ycTa-
HOBHTDb, YTO COCTABJAIONIEE HX BEIIECTBO JBIKETCS OT LIEHTpa
rajakTHKH co cKopocTeio okoso 1000 xm/cex. Hnst toro yro-
6bl DPOUTH C TaKOH CKOpPOCTbIO paccTtosiHhe B 10 Thicsid CBe-
TOBBIX JeT, Tpefyercss TpU MuanoHa JseT. CrefoBaTenbHO,
B3PLIB B fllipe rajakTHKH, KOTOpPBLIH BbI3BaJ TaKoe IBHKEHHE
rasa, IpPOH3OIIeN HECKOJbKO MHJIJIMOHOB JIeT Ha3af.

ITo cBoell BONOKHHCTOH CTPYKType LEHTpajbHble 00/1aCTH
M 82 nanomunaior KpaGoBHAHYIO TYMaHHOCTb. JTO CXOACTBO
YCHJIMBAETCS TAKXKE U TEM, YTO U3JyuyeHHe BOJOKOH M 82 cHJb-
HO nossipu3oBaHo. Haxkonen, kak u B ciayyae KpaGoBHAHOI
TYMaHHOCTH, obsactb M 82, 3aHsAtass BOJOKHAMH, SIBJSIETCS
HCTOUHHMKOM paauousiyueHusi (IpaBia, HE OUEHb MOIIHBIM).

B cBere 3THX (aKTOB  eCTeCTBEHHBIM IIpEICTaBJSIETCS
BBIBOZ, O CHHXDOTPOHHOH NpHpPOAE H3JAy4YeHHsT BOMOKOH M 82
B uyacTOTax HempephBHOro crnexkrpa. CpoeoGpasnast dopma
BOJIOKOH, ofpasywoomux Ayrd (cm. pHc. 43), ob6yciaoieHa,
[IO-BUAMMOMY, JeHCTBUEM MAarHUTHBIX IOJeH Ha [jIasMy —
OHAa JBMKeTCSl BIOJMb CHJOBBIX nuHU# moas. Ilocne Toro Kak
no HaOJMIOJEHUSIM I[OJNSIpPH3alMH OIpeleUIM HalpaBJeHHe
CUJIOBBIX JIMHUE MarHUTHOTO TIOJsI, 0Ka3aJ0Ch, YTO HarpabJe-
HMe CHJIOBBIX JIMHMH B 0OmEeM COBHAJaeT C HaNpaBJICHHEM
BOJIOKOH.

CBeuenue BOJIOKOH ramakTuka M 82 B cmexTpajbHBIX
JUHHSIX MOXHO OGBSICHHTb TaK e, Kak M B caydae Kpa6o-
BHIHOH TyMaHHOCTH. Tam HMeloTCsl, NO-BHIMMOMY, peJsiTH-
BUCTCKHE 3JIEKTPOHBI HACTOMBKO GOMBINOH SHEPTHH, YTO OHH
M3/1y4aloT  (POTOHBI, COOTBETCTBYIOLIHE  YJbTpadHOJeTOBOH
obnacTu crnekrpa. ITH (QOTOHBI CIOCOOHBI BO3GYKAATb ATOMBI
rasa H cosjaBaThb, TeM CaMbIM, €ro H3Jy4eHHe B YacToTax
crniekTpajbHblX JuHHil. OGHApyKeHHe PEHTIeHOBCKOro H3Jay-
yeHHs] ranakTHKU M 82 mosBo/IsleT MpeANOJNOKHUTb CYIIeCTBO-
BaHWe B Hell 3JeKTPOHOB erie OOJbIIEH 3IHEPTHH.
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XOTs1 0 CTPYKTYpE, CO3AAHHO B3PHIBOM B siJipe, LIEHTPa/b-
Hble 00/1aCTH raJakTHK1 M 82 BHeInHe CXO[HBI C TYMAHHOCTSIMH,
BO3HHUKUIMMH MDH BCIBIIKAX CBEPXHOBLIX, 3TH SIBJCHHS CO-
BEPILEHHO Pa3JIMuYHBL 10 cBOeMYy Macwraly. dHeprus E, u31y-
YeHHUs FallaKTHKU B 4acToTe JIMHUH, JOXOASINAS 0 3eMHOro Ha-
GaiofiaTesst, COCTaBIsIeT NpUGMU3UTENbHO 2- 10~ gpe/em®-cek.
Tak Kak pacCTosiHHe r JO STOH TraJlakKTHKH OKO0JOo 25
MUJJIMOHOB CBETOBBIX JIET, BCEr0 €I0 H3Jydaercss 3a OJHY
CeKyHLY B JuHuHM Ho aHeprusi 4nr?E, ~ 10* spe/cex. Ilon-
uyepKHeM, 4To u3aydeHue M 82 HacTOIbKO HHTEHCHBHO CIIYCTSI
MUJIJIMOHBI JIET [10C/Ie B3phIBa, Torga Kak KpaGoBuuHasi TyMaH-
HocTb yepe3 900 JsieT mnocje cBoero 0OpasoBaHHMS H3JYy4aeT
B TOH ke suHHH OKoslo 10%* ape/cex.

Halinem XHHeTHYeCKyl0 SHepruio rasa, JABIXKYLIErocss OT
sopa M 82. Macca 3toro rasa BBHIUMC/ISIETCST [0 BeJHYHHE
3aHMMaeMoro uM o6beMa M MJIOTHOCTH. OO6beM, Ompe/eseHHbli
IyTeM M3MepeHHs] (OTOCHUMKOB rajlakTHKH, OKasaJjcs IOpsii-
kKa 108 cm3. KoHUeHTpanus aToMOB BOJOpOJA B H3JyUalolleM
rase OLEHHBaJjach II0 HabmonaeMOMy MOTOKY H3JydYeHHs
B nuHuK Hy 1 cocraBasier oxoso 10 atomoB B 1 cm3. Crenosa-
TENbHO, Ofllee YHCJO aTOMOB B yKa3aHHOM oObeme mpuO/u-
suTenbHO 10%%, a Bcs Macca rasa, €CIM OH COCTOHT IIpeHMYy-
IIECTBEHHO M3 BOZOPOAA, OKojo 2-10%° 2. Brime Mbl yKashl-
BaJId, 4TO CKODOCTb JBHMIKEHHsI BOJIOKOH Onuska k 10° cm/cex
U, 3HAUUT, KHHeTHYecKas 3Heprusi ux mopsinka 10%° gpe.

OO61ee KOJIMYECTBO 3HEPTHH, OCBOOOAMBILEHCS NIPH B3DhIBE
B siipe ranakTukd M 82, moMuMO TOJMBKO YTO BHIYMCJIEHHOH
KHHETHUYeCKOH 9HePTHH, IO/KHO BKJIOYATh TAKXKEe SHEPTHI0 KOC-
MHYECKHX Jyyell X MarHHTHOTO IIOJISI, KOTOpasi B HacToslee
Bpemsi oreHuBaercst B 1035—105% ape. Kpome Toro, usmyuenue
rajJakTHKH 3a BpeMs, IpOLIeAlIee IOCTe B3PbIBA, JOJKHO
coctaBsATh He MeHee 10°°% spe, a BoaMoxHO, u 1038 gpe. Takum
obpasoM, JJIst SHEPrHH B3phiBa B sjpe rajakTuku M 82 mosy-
yaercst BenumyuHa nopsiaxka 10%6—10%7 spe, uT0 mMpakTHYECKH
COBIAZlaeT C dHeprued B3phHIBOB B SIApPax APYrHX rajakTHK.

B3pblB B siipe raJakTHKH BbI3bIBaeT, KakK Mbl BHAMM, Oyp-
Hble JBHXKEHHs rasa BOMM3M sgpa. B cBsA3m ¢ H3yueHHeM
TAKHX B3PbIBOB OONBIIONH HHTEpec IpPeACTaBJsIOT «ceddep-
TOBCKME» raslakKTHKH (Ha3BaHHbIE 110 MMEHH HCCJeJOBaBIIEro
MX YYEHOro), y KOTOPBIX siApa OKasblBalOTCSl 0OMAcCTIMH He-
OOBIYHOH aKTHBHOCTH. XapakTepHOH OCOOEHHOCTBIO TaKOro
fpa sBAsieTCsl ero O4eHb OoJbIlasi IPKOCTb 110 CPABHEHHIO
C ocTanbHOH uacThlo rajaktuku. Kpome Ttoro, B cChekrpax
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afep ced(epTOBCKHMX TrasakKTHK COJEPIKATCs 3MHCCHOHHbIE
JHHUH, TNPHHAJIEKAIUe TIJaBHBIM 00pasoM HOHH30BAHHBIM
aTOMaM pas/MYHbIX 3JIEMEHTOB. JIMHHH OYeHb IIHPOKH H
CNOXKHOH CTPYKTYphl. OHH COCTOSIT M3 OTHENbHBIX «ITHUYKOBY.
HMcxonst U3 TakoH CTPYKTYPHI, NPHHHMAIOT, YTO JIMHHH 0Gpa-
30BaHbl B TMFAaHTCKHX KOMIJIEKCaX XaOTHYECKH JBHKYIIMXCS
rasoBblX 00J1aKOB. TaK KaK HampaB/leHHs ABHXKEHHSI HM3Jydaro-
WHX Macc rasa HEONMHAKOBBI, TO PA3JUYHEL M HX CKOPOCTH
BJIOJIb JIyua 3penHsi. ITosToMmy-TO M3 psiia SMUCCHOHHBIX JIMHHH,
[0-pa3sHOMY cCMellleHHBIX 3¢hdexToMm [lomnepa, JOMKHA HOJY-
YUTbCS [IHPOKAst SMHCCHOHHAS JIMHHS C «IHYKaMu». 1o M3Me-
pEeHHMsIM IUMPHHBI JIHHHH HallIH, 9TO CKODOCTH JBHKEHMS
rasoBelXx Macc cocTaBJjsiioT oT 500 mo 3000 xm/cex.

OpHolt H3 HauGoJiee H3BECTHBIX celhepTOBCKUX rajakKTHK
(Bcero uX OOHApPYKEHO OKOJIO AECSTH) SIBJIsIETCS CIIHpaJbHasl
ranaktika NGC 1068 (NGC — o60o3Hauenye xartajora TyMaH-
"Hocredd, 1068 — HOMep B 3TOM Katasore). PaccrosiHue 1o
3TOH rajakTHka OxoJo 40 MHJJIHOHOB CBETOBBIX JeT. SIpo
TAKOH TraJIaKTHKH HeJb3s Pa3/IMUHTb HA DENpOAYKUHH ¢oTO-
CHHMKAa — OHO BHJHO JIMIIb Ha OPHI'HHAJBHOM HeraTuse,
KaK sipKasi 3Be3ia B ee IleHTpe; pasMep sipa mopsinka 100
CBETOBBIX JIET MJIM MeHee. B 1eurtpe cHuMKa BHIHA spKas
o0/1acTb — 3TO CBeTsilMecss raskl, OKpyxxaromue sapo. OHu
TaKxKe JaloT CIEeKTP, COCTOSIIIMH H3 S5MHCCHOHHBIX JIMHHH.
Ho B TO Bpemsi Kak JIMHMH B CIIEKTPe CaMOro siipa, KOTOpble
OBblJIM OIHCAHBl BBILLE, IIHPOKH, OKPYXKAIOMMUH sAPO ras Ja=-
er ropasfo OGosee y3kue JHuHHH. CJenoBatenbHO, OBICTPO
JBMXKYIIMECsT MacChl ra3a COCPENOTOYEHBl B CaMOM  sjipe
raJakTHKH. :

CpoiicTBa rasa B siipax ceH(pepTOBCKHMX rallakKTHK — XHMH-
yecKMH cOCTaB, IIOTHOCTb M TeMmIlepaTypa — HEOLHOKPaTHO
OIpefieNIsIINCh [0 JIMHEHYaTOMY CIIEKTPY €ro H3JydeHHs.
B pesyubrare, nHanpumep, nasNGC 1068 O6ri10 ycTraHOBJEHO,
YTO ras COCTOHT B OCHOBHOM H3 BOJOPOAA, KOHIEHTpaIHA
KoToporo B cpenuem nopsiaka 10° atomoB B | cm3, Temneparypa
rasa oxoso 20 000°. TasoBrle KOMIIEKCH (06saka), MO-BHAH-
MOMY, pacrpefeseHsl 10 sIAPY rajJakTHKH KpalHe HepaBHOMEp-
HO M HX oOwu# o6beMm paBen 10%°—10%" ¢u®. Macca rasa
B siipe B CpefHEM OKOJO MuJnHoud M@ (y IpyruX ranakTHK
3TOr0 BHJa MoxeT jocturath jgaxe 107 M), a KHHeTHYeCKas!
sHeprusi ero mnopsaxa 10%5—10%¢ spe. Bolmie Mbl MOMY4H/IH
TaKOe jKe 3HaueHHe [/ SHEPTHH B3phbiBa B sifipe rajlaKTHKH
M 82. Bosmoxuo, uTO OypHble ABHKEHHMsS B siipaX cefidep-
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TOBCKHX rajlaKTHK TaKiKe CO3[aHBl KaKHM-TO B3DEIBHBIM IIPO-
meccoM. Bo Besikom ciydae, Apyrue OOBSICHEHHS IOAOGHOMH
aKTHUBHOCTH sJep, HampuMep, TePMOSIEPHBIMH DPeaKIHsIMH,
BCTPEYAIOTCSI C CEPbE3HBIMH TPYAHOCTSIMH.

[asoBrle o6naka mpH cBoeM OECIOPSIIOYHOM JBHKEHHH
BCE BpeMs! CTaJKHBAIOTCs APYT C IPyroM. BesenctBue orpom-
HBIX CKOpOCTell JIBHXKEHMSI 3TH CTOJKHOBEHHSI  IPHUBOLAT
K Pas3orpeBy rasa —- HEKOTOpasi 4acTh KMHETHUECKOH SHepruu
ob6/akoB mepexoiuT B Temmo. Habmonaemeiil JMHeHYaThIN
CIeKTp siApa ceHdepTOBCKOH TrajlakTHKHM H IIPeACTaBJIsIeT
co00f CcrmeKTp H3JydYeHHMs pasorperoro rasa. B uacrorax
JHHHH SsIIpOM H3sydaercss okoso 104*—10%% spe/cex. Ecmu
Obl BCSI KHHEeTHYecKasi SHeprusi o0JIaKOB MepeXOoju/Ia B H3Jy-
yeHHe, TO U B 3TOM CJlydae ee xBaTujio Obl Ha 103 cek, T. e.
Ha HECKOJbKO COTeH Thicsy JieT. Ho mIpakTHYecKH pajieko
He BCsl KHHETHUYeCKasl SHepTrHsi MOXKET INPEeBPaTHThCS B HaOJIIO-
JlaeMoe H3JIyyeHHe, II0O3TOMY KHMHeTHUecKast SHeprdsi He B
COCTOSIHMM IIOJJepKHBATh CBEUeHHe siipa Jaxe B TeuyeHHe
takoro cpoka. CIpyroi CTOpPOHbI, Mbl 3HaeM, 4TO B3PBIB B sipe
mo0oit U3 cefihepTOBCKUX ranakKTHK He MOr IIPOM3OHTH paHee,
4eM HEeCKOJIbKO MHJIIHOHOB JIeT Hasaj. Benb rasy, Jersiiemy
U3 00JacTH B3phEBAa CO CKOpPOCThIO mopsimka 1000 xm/cex,
TPeOYIOTCS] MUJIJIMOHBI JIET, YTOObI IPOATH PACCTOSIHHE, paBHOE
paauycy obmactu cBedenus: — 10°2—1022 cu. ITosTomy mpuxo-
JUTCSl CYHTATh, 4TO JHUOO CYLIECTBYIOT KaKHe-TO NYTH MOX-
JepKaHHusl IBUKEHHS rasa («IOfKauka» B Hero SHEpTHH), JH-
00 KHHeTHUYecKasl SHeprusi rasa panblie Oblia GosblIeld, yem
cefivac. Ho toraa sHeprust B3pblBa JOJIKHA CYLIECTBEHHO Ipe-
BBIIIATh yKa3aHHOe 3HaueHHe 10%°—10°¢ gpe.

B cefiepTOBCKHX rasnakTHKaxX COIEpP:KHUTCS BOJM3H LEHTPA
He TOJBKO ras, HO 4 3Be3fibl. OHH-TO U CO3JAI0T B HA6J/II0laeMOM
CNIeKTpe JIMHHHU TOIVIOLIEHHSI, XapaKTepHble Jisi 3Be3]. JIMHHH
BO3HHMKAIOT B CIIeKTPaX OTHENbHBIX 3Be3[, a B CyMMapHOM
CeKTpe OHHM HabJofaloTcsl IOTOMY, YTO BCe 3Be3[bl JaHHOrO
Kjacca HMeIOT HeJOCTATOK H3JIyUeHHs] B yacrtoTaX JHHHH.
Habmonaemoe wuanyuenne siapa cefipepTOBCKOH rasakTHKH
B HENPEpHIBHOM CIEKTPE CO3[aeTcst 3Be3faMH U oHO B 5—10
pas cuibHee OOIIEro M3JydeHHs] B SMUCCHOHHBIX JIMHHSX.
Onnaxko mockoJIbKY H3JYYEHHE B SMUCCHOHHBIX JIMHHSIX pac-
npefensiercss Ha HeOOJIbLIOE UYHCJIO CPaBHUTENBHO Y3KHX
YYacTKOB CIeKTpa, B KaXJOM M3 3THX YyYacTKOB IIOTOK H3Jy-
YEHHSI JOCTATOUHO BENHUK sl TOrO, YTOOBI JIMHUS Oblia XOPOLIO
3aMeTHOM Ha (poHe HeNpepLIBHOrO CIEKTPa.
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SInpa HEKOTOPHIX U3 CefihePTOBCKUX TajlaKTHK, B YaCTHOC-
TH, YHOMsHyTOH Bpime ranaktiku NGC 1068, HcuyckamoT
JIOBOJILHO CHJIBHOE PaJHOH3/IyYeHHe CHHXPOTPOHHOIO NPOHC-
xoxnenus. Ilo-BunuMoMy, aKTHBHOCTb 3THX siiep NMPOSBJISIET-
Csl He TOJIbKO B OypHBLIX IBHIKEHHSIX I'asa, HO U B 06pa30BaHUH
PeNATHBHCTCKUX yactun. OOmas 5HeprHsa pPeNsTHBUCTCKUX
gactun B aape NGC 1068 Toro ke mopsiika, 4TO M KHHETH-
yecKas 3HEPTHs rasa, MJIH HEeMHOTO MeHBIUE,

ITompeneM Temepp HTOr CKAa3aHHOMY B 3TOM maparpade.
OkasplBaercs, CyIIECTBYIOT pasjiMuHble BHIB 3BE3AHBIX CHC-
TEM — TaIaKTHK, XapaKTepHBX 0COGeHHOH aKTHBHOCTBLIO
CBOHX sfiep. DTa aKTHBHOCTH BHIpAXKAercs JHGO B CHIBHOM
pajMOH3IyueHHH, HIylieM U3 objacTd simpa, /6o B Buibpa-
CHIBAHMM lasa M3 siApa, aubo, HAKOHEl, B XaOTHYECKOM JBH-
JKEHWH Tas0BbIX Macc BOM3H supa. Bo Bcex ciyyasix 3t
0CO6EHHOCTH MOMHO NPHINCATh B3PHIBY B AApE TaJaKTHKH,
[POU3OLIENIIeMY COTHH THICAY MJM MUJIJIMOHBI JIET Haszam.
B3peiB BHI3BasM OCBOGOKAEHHE OTPOMHON 3HEPrHH— HE MeHee
1056—10%7 spe, B pasianuHbIX ee (opmax.

Pasymeercs, ciydan, Korga mabuofaercst 3HaUHTENbHAS
AKTHBHOCTb B fApaX TaJaKTHK, HE OrPaHHYHUBAIOTCH pac-
CMOTPEHHEIMH BRIIIE pUMepaMu. Her takme cOMHEHUH B TOM,
YTO C PacCLIMPEHHMEM HCCTeNOBAHUH BHErajaKTHYeCKUX O0OBEK-
TOB JIO/DKHBI OOHApYXKMBATbCSI BCE HOBBIE CBHIETENbCTBA
aKTUBHOCTH fJep rajakTuk. [Ipu oleHKe BO3MOKHOCTH Hal-
JIOJIeHUH B3PEIBOB B SIAPaX FaJaKTHK HYMKHO HMETh B BHLY, UTO
B3DBIBHOH MPOIIeCC B HUX HE MOXKET MOBTOPATHCSA 4acTo, a nefi-
CTBHE Ka)KIOro B3pBIBA NPONOJMKAETCS MaJjioe 10 CPaBHEHHIO
C BO3DAacTOM TasaKTHKH BpeMs. B ocraibHOe BpEMsI aKTHB-
HOCTb s1l€p MoxeT ObITb HH3KOH M OGHApyKHBATLCS IIOITOMY
TONIBKO Y caMeIX O/IM3KHX TajlaKTHK.

3aMeTHBI NPH3HAKY aKTHBHOCTH B AP U Halled 3BE3NHOH
cucreMbl — [ajaktuku., Pamee maMum orMeuasach HEROCTYII-
HOCTb UEHTpaJbHLX ofnacrefl [ajakTvRH JIJs H3yYeHUs
ONTHYECKUMH CpPeACTBaMH. HeKoToprie CBEJEHHS O CTPOEHHH
anpa TanmakTHKH ynamock MNOJNYYHUTH pagdHoMerogaMH 6jaro-
Iapsi TOMY, 4TO DaJHOM3JIyYeHHEe CPaBHHUTENLHO Majo 3anep-
JKHBaeTcss MeX3Be3sJHOH cpemofi. B mewtpe lasakTHKH Haxo-
JsiTCS IBa OYeHb CUJILHBIX HCTOUHHKA PANHOU3JIYUeHHS, KA IblH
43 KOTOPbIX KMeeT IIOIEePeYHHK TOpsiiKa JeCsATH CBETOBBIX
jer. CHekTtp 3Toro H3jydeHHs! YKas3blBaeT Ha ero CHHXPOTPOH-
Hyl0 TnpHpoxy. TakuMm o06pasoM, 1O XapaKTepy H3JIyYyeHHsd
fApo Hawell [ajJaKTHKH CXONHO C sIApaMH APYTHX Ta/JakTHK.
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U3 ueHTpaibHeIX obnacrell T'aflaKTHKH MPOHCXOIHT HCTE-
yeHHe rasa cO CKopocThio OkKoJio 100 xm/cex. 3a omuH TOX
ARpo BEIOpAChIBAET MacCy rasa mopsifika cojHeyHol. Mcxonas H3
3TOr0, MOMKHO IPEANOJIOKHUTH, UTO KOHIIEHTPAUHUs rasa B sIpe
TanakTHKY 1O CPaBHEHUI0O C OCTAJbHOH €e YacThlo OueHb
BeJHKa: Begb INpPH CBOMX MajbIX pasMepax SiIpO JOJIXKHO
cojiepkaTh Maccy B MHJIIHOHBI Macc CoJHua.

PaccmoTpenre BO3MOXKHOH MPHUPONBI SINep ¥ HX POJIH
B 9BOJIIOLMH TaJaKTHK Mbl OTJIOKUM 1O LecsToro maparpada.
3zech e CTOUT KOPOTKO PACCMOTPETh BOIPOC O TOM, B COCTO-
SIHHM JIM M3BECTHble MCTOYHHKH SHEPrHH 0OeCneydTh ee
oceoboxkenre B KosaudectBe 10%6—10%7 gpe 3a KopoTKoe
BpeMsi.

Ot npenmosoxenusi, OOBSICHSIOMIETO OCBOOOXKIEHHE SHEp-
TUM B PAJIHOrajJaKTHKaX W APYIrUX rajakTHKax ¢ B3pbIBAIOLIU-
MHCSI SIIPAMH CTOJIKHOBEHHSIMH MeXJIy HHMH, Ge3yc/IOBHO,
HY*HO OTKAa3aThCsl, TAK KaK aKTUBHOCTb O4YeHb YacCTO IIPOSIB-
JsieTcss B SIAPaX OJNUHOYHBIX TaJlaKTHK. [IpHYHHY B3pHIBOB
HYXHO HCKaTb B CaMOH NpHUpOJe sep TrajaKTHK.

He pemaer mpoGsieMbl U TUIIOTe3a O TPEBPALIEHUH ITIOTEH-
[MaJbHOH SHEPTHH B JPYTHE ee BHAB NPU CKATHH 3BE3HOH
CHCTEMBI, NOCKOJBKY B Clydae rajlaKTHK HM3-32 HX OTPOMHBIX
pasMepoB TaKOe MpeBpalleHHe He MOKET MMeTb KaTacTpodH-
yeckoro xapakrepa. Kpome Toro, Temepb HOCTATOYHO XOPOIIO
H3BECTHO, YTO B3DPHIBBI JIOKAJH30BaHBl HMEHHO B O4eHb MaJblX
o0beMax, 3aHUMAaeMbIX si[paMH raJakTHK.

Bousbiuye TPYIHOCTH BO3HHKAIOT M _NPH OODBSICHEHHH B3DHI-
BOB B SIIPAX Ta/laKTHK TEDMOSIAEPHbIMH pEaKUHsIMH. |IpHHH-
Masi 3TOT MeXaHH3M OCBOOOMKIEHHs] SHEPrMH, HYXKHO CUHTaTh,
4yTO B MasioM 00BeMe siIpa cOmepKUTCS OOJIbIIOe YHCIO 3Be3J,
6LICTPO MPEBPAIAIONIUXCS B CBEPXHOBEIE — B CPELHEM JOJIKHO
BCIEIXMBaTh 1O OfHOH 3Be3fie B rof. [IpHUMHE! CTOJB YacThIX
BCIBIIIEK HENOHSITHHI, HE TOBOPsI O TOM, YTO HaOJIONeHHs He
yKas3elBAIOT Ha OOJbIIYIO KOHIEHTPAUHUIO 3Be3] B sApax
ranakTdk. Kpome Toro, momo6HBIH MeXaHH3M HHYEro He Jaer
JUIs TIOHHMaHHsT NPUPOABl OJHOCTOPOHHUX BHIOPOCOB M3 f71pa,
TAKUX, HampuMep, Kak y rajaktuka M 87.

Taxkum 00pasoM, OTKDLITHE B3PHIBOB B sJpax TraJaKTHK
IOCTaBHJIO HayKy Hepef HeoOXONUMOCTRIO COBEPINEHHO HOBOTO
HOAXOXA K mpobJeMe npeo6pasoBaHMs SHePrHd U BElIECTBA.
JI0 M3JIOKEHHA CYLIECTBYIOMMX B3IVISIOB Ha 3Ty mpobmeMy
MB! 3afiMeMcsi ellle OfHAM THIIOM OOBEKTOB — CBEPX3BE3JaMH.
TTo macmitaGy ocBOOOMKAEHHST SHEPTHM OHH B COTHH M THICSYH
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pas NPeBOCXOAST Jaxke B3PLIBH B siApaX rajakTHK. [103TOMY,
XOTSl H HEH3BECTHO, MMEeM JIM Mbl NPH H3ydeHHH CBEPX3BE3JL
JeJ0 CO B3PBIBHBIMH IIPOLECCAMH, HX HCCIefoBaHHEe IpPel-
CTaBJISIETCS] BEChMa CYLIECTBEHHBIM MJIs1 [OHMMaHHsI MPUPOJIBI
KOCMHYECKHX B3PHIBOB.

§ 9. CBEPX3BE3/ibl

OTKpBITHE U HCCIEOBAHHE CBEPX3BE3J CTAJO BO3MOXKHBIM
6sarofgapsl HernpepEIBHOMY COBEPIIEHCTBOBAHMIO C KOHIIA COPO-
KOBBLIX TOJIOB TEXHHKH pajroacTPOHOMHUYECKHX HaOMIoneHuH.
IIpn momomu GOJIBIIKX TENECKONOB YAAN0Ch JOBOJBHO TOYHO
ONpPENENUTh NOJIOXKEHHE MHOTHX HCTOYHHKOB PaJHOU3JyYeHHsI
Ha yebe. BosBIIMHCTBO HCTOYHHUKOB, HaXONSIMUXCA BHE Hallel
lajnakTHKH, npencTaBisier coboH paguorajaKTHKH; C HeEKO-
TOPBIMH M3 HHMX MBI yXe MO3HAKOMHJIMCh. PajuoranakTHKH
(maxke Te, KOTOpble MOKa HE OTOXKJAECTBJIEHBI C ONTHYECKHMHU
00BeKTaMH) SIBJISIIOTCSI IPOTSIZKEHHBIMH 06pa30BaHUSIMU C BIIOJI-
He U3MePHUMBIMH JHaMeTpaMH.

B 1963 r. 6bl10 0OHApy:KeHO MATh  UHTEHCHBHBIX JHCKPeT-
HbIX HCTOYHHKOB DaJHOM3JIyYeHHSI, KOTOpble Hesb3sl OblIO
OTHECTH K pajuorajaktikaM, TaK KaK HX YIVIOBBIE Da3Mephl
OKa3aJ/IUCh OYeHb MaJBIMH [0 CPaBHEHHIO C pasMepaMM Trajak-
THK. TTOCKOJIbKY B 5TOM OTHOLIEHHH OHM HATIOMHHAIOT 3BE3IBI,
MX HasBaJi <KBa3M3Be3IHLIMH» (MONOOHBIMHM 3Be31aM) pajHo-
HCTOUHMKAMH — COKpallleHHO «KBazapaMu». B Hame# mute-
patype ymoTpebJslioT TaKkKe HasBaHHMe CBepX3Besjgpl. B Hac-
Tostiiee BpeMst (1966 r.) yxe H3BECTHO OKOJIO HOJYCOTHH
"cBepx3Be3l. /X o0o3HaualoT TeMH HOMepaMH, MOJ KOTOPBIMH
OHY BOLLIM B KaTasiol' TUCKPETHBIX PaJHOMCTOUHHKOB, HAIpH-
Mep, 3C 273 — 310 HCTOYHHK C HOMepoM 273 B TperbeM KeM-
OpUIKCKOM KaTaJiore.

[Ipu noMomu HATHMETPOBOTO TeJNEeCKONma YAAJ0Ch HE TOJb-
KO HaJIe3KHO OTOXECTBUTh HEKOTOPHIE CBEPX3BE3[H! C UCTOUHH-
KaMH{ OITHYECKOr'0 M3JIyUeHHs, HO M TOJYyYHUTb HX ONTHYECKUH
criekTp. CBepX3Be3/ibl MPEACTABISIOTCS CJIa0bIMH 3BE3[0UKAMH,
OKDY:KEHHBIMH eJle 3aMeTHBIMH Ha (oTom/JacTHHKaX TyMaHHOC-
TsMH. B cnekTpax cBepX3Bes], NPHUCYTCTBYIOT LIMPOKHE SMHC-
CHOHHble JIMHUH. DTH JIMHUK NPHUHANIEKAT aTOMaM BOAOPOJaA,
KHCJIOPOJa, MarHMst ¥ IPYTHX OObIYHO COZEpIKANIMXCSI B TyMaH-
HOCTSIX 3JIEMEHTOB, HO BCE OHHM O4YeHb CHJbHO CMeIleHbl B CTO-
pPOHY JJIMHHBIX BoJH. OTHOIIEHHe CMelleHHsT JUHHH Al
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K JJIHHE BOJIHBL €€ A, OKa3bBaeTCsl OJHHM H TEM Ke JIJisi BCeX
JAHHH CIIeKTpa JaHHOM cBepx3Besnbl. Jlisi CBepX3Be3jbl
3C 273 ato otHowenue papHo 0,16, a gast 3C 48 ero BenuunHa
0,37, y Ipyrux xe cBepx3Bess eine Oosbine. Benencreue
TAKOTO CMEIleHHUs! JIMHUH CIEKTPhl CBEPX3BE3J MMEIOT HeOOhIY-
uplft BUA. Hanpumep, nuHus Bomopona Hp, kotopasi nosmkHa
HaXOMUTbCSl B 3eJeHOH O0OJacTH CIeKTpa, B CIIEKTPe HCTOY-
urka 3C 48 oxaspiBaeTcst B KpacHOH o6sacTd M T. II.

JIOMyCTHMBI JiB€ TOYKH 3DEHHs] OTHOCHTENBHO PACIIOJIONKe-
HHSl CBEDX3B€3] B IPOCTPAHCTBE H, COOTBETCTBEHHO, NMPHYHHBI
«KPaCHOrO CMelleHMs» JHHME B MX crektpax. CBepxsBesysl
MOTYT HaXOZHThCSI BHe 'a/lakTHKH Ha OrpOMHBIX PACCTOSTHHSIX
ot Hee. B aToM ciiyuae cMeleHHe JIMHUE B UX CIEKTPaX HMEET,
NO-BUIUMOMY, Ty Ke INPHPOAY, YTO U «KpacHOe CMelLleHHe»
B CHEKTPaxX JaJieKuX rajaktHk. Eciu ke cBepx3Besipl HaXo-
nsrcs B [amakTHKe, TO Hesb3st IPHUIHCHLIBATDL CMeEIleHHe JTHHUK
B HX chnekTpax JedctBHio sddexra [lomnepa, Tak Kak IpH
CKOPOCTSIX CBepX3Be3] INOPsAKA CTa ThICSY KHJIOMETPOB B
CeKyHIy Mbl Obl 3aMeTHJIM MX IBHIKEHHE CPEeIH APYrHX 3Be3f.
Habmopenus xe He MOKa3BIBAIOT MEPEMEINEHUS] 3THX OOBEK-
TOB OTHOCHTeJNbHO 3Be3], ['amakTHkH. IIpHHSB, 4TO CBepx-
3Besbl NpHHajexaT Hamel [anakTHKe, Mbl JOKHBI IPHUIH-
caTh CMeIleHHe HX CIeKTPasbHBIX JHUHHH KaKOMY-TO APYroMy
thakTopy, a He ahdexty Homaepa. PaccMOTpHUM elne OfHY
M3 IPHWYHH, BbI3BIBAIOIIMX «KPAaCHOE CMeIleHHe» JIHHHE —
IefiCTBHe TSTOTEHHs, U BBISICHHUM, B KaKOi Mepe OHa crocobHa
OOBSICHHTL XapaKTep CIIEKTPOB CBEPX3BE3JL.

Jst Toro 4ToOB! (DOTOH MOT YJIETETb C [IOBEPXHOCTH 3BE3JbI,
OH JIOJIZKEH IIPEeOJ0JIETh €€ TArOTEeHHe, T. €. COBEPIUHTh paboTy
TNPOTHUB CHJIbI TsKecTH. EciaM sHeprust ¢oToHa paBHa hvy,

V
To, cornacHo ¢opmyse (18), oHa SKBHBaJIeHTHA Macce —6—29

Cuna F, nefictByromasi Ha TNIOBEPXHOCTH 3Be3lbl pajuyca Ry
Ha Takyl Maccy, paBHa
M, hv,

F=G=
R? ¢

#*

0y

rie depes M, obo3HaueHa Macca 3Besjpl. [IOCKOJNBKY mpH
ylaneHdd (OTOHA OT MOBEPXHOCTH 3Be3fsl AeHCTByoIIast
Ha HEro cHja He OCTaercsi IOCTOSIHHOHM, TOYHOE BbIYHCJEHHE
pabotbl TpeOyeT HNPUMEHEHHs] METONOB BhICLIEH MaTeMaTHKH.
Ho mnyrem paccyxneHu#, aHajOrMYHbIX NPOBOAMBIUMMCS B
§ 4 npu oueHKe MOTEHUHANbHOH SHEPrHH 3Be3[bl, HETPYLHO
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NOHATH pesyJ/bTaT TaKoro Bhiuucsenua *). OkasplBaercs,
pa60Ta oo yjaaJieHHio q)OTOHa C IIOBEPXHOCTH 3B€3/bl
4 — GM, v,
T R, 2"

Tax xax ¢oToH, yJeras, coBepiaet paboty, TO ero SHeprHs
JOJIZKHA yMeHblIaTbcsl HA BesMuuHy A. JlosereB no Habsrona-
TeJsl, (OTOH HMeeT 3HePruio Av, KOTopasl cBsi3aHa C €ro
HNepBOHAYAJILHOR 3SHeprued Av, ciaelymomuM obpasoMm: Av =

o GM,, hv,
= hv, — e CrnenoBaTte/ibHO, yMeHbIIEHHE YacTOThI
*
¢dorona Av, = v—v, onpenensiercs GopMyJIoh
Avy _ GM,
T TR (30)

Vamenenne JnuHBI BOJHBI H3ayueHHs1 Aly = A—A, (C
c
yUYeroM, 4T0 A, = —v;—), HaxoauTcsl U3 (30) B paBHO

GM,

Ay Rc?

Mo T GM, (31)
_

Jlast GOTOHOB, yJIETAIOMHUX C OBEP XHOCTH OOBIYHOM 3Be3/bl,

BEJIMYHHA —XL ouenb Masa. Hanpumep, B cayyae Connua, y
0

KoTOporo macca cocrasisier 2-10%% 2 u panuyc pasen 7-10%cu,

AN
HMeeM x” = 2.10-8, Tagoe u3MeHeHHe MIJMH BOJH JIH-
0

HHE TpPyIHO 3aMeTuTb. Jlisi TOro ke, 4toObl BEJHYMHA
7»00 6b11a nopsifika 0,1, 3Be3fia ¢ Maccoll, paBHOH COJIHEUHOH,
Jo/iKHa UMeTb paguyc okoso 10 xm. Bieck sBe3nbl mpomop-
UMOHaJleH KBafZpaTy ee paguyca. JlomycTuM, 4YTO 3Besga C
paguycoM 10 xm u TeMnepatypoit nopsinka 10 000° (o KoTopoit
MOXHO CYIHTb IO JHMHHSIM B CIIEKTPe CBepX3Be3Jlbl) HMeeT
Ty Ke 3Be3JHYI0 BeJMYHHY, 4TO M HabmiofaeMasi y CBepx-
sgesnl 3C 273. Takasi 3Besfa JOJIKHA HAXONUTHCS TOPasjo
6smxe K COJIHIY, YeM BCE H3BECTHHIE 3Be3jbl, U BCJIEACTBHE
nemxenns CosHna cMematesest no Heby. OTcyTCTBHE Ke 3aMer-

*) Mbl cyHTaeM, YTO CHJIA OCTaeTcst IOCTOSIHHOM Ha NyTH,paBHOM R,
a 3aTeM BOBce He JeHicTByeT Ha (oToH. Ilpunumas Gojbliee 3HadeHHe
CHJIE, Mbi KOMIEHCHPYeM TO OOCTOSITEILCTBO, 4TO MNpeHeGperyan ee
pa6oTot Ha paccTosiHHH, GoabpueM R.,.

160



HOTO CMeILleHHSI CBEPX3Be3] II03BOJMJIO YTBEPXKAATH, YTO
paccTosiHMe J0 HUX He Menplue 60 000 CBETOBEIX JIeT.

BriBop 0 OOJMBLIMX PACCTOSHHAX 10 CBEpPX3Be3] MOATBEp-
XKaaeTcss M JaHHBIMH pajuoHabmomenu#i. Mpymee oT HHX
pajuousydeHue (B JJHHe BOJHBI A = 21 cm) HCHBITBIBaeT
TAKOe K€ IIOTJIOLIeHHe B Mex3Be3fHOH cpefe [anakTHKH,
KaK U M3JydeHHe papuoraiaktuk. CrenoBaTe/bHO, H3JIyYyeHHe
OT CBepPX3Be3J MPOXOIUT CKBO3b BCIO ['a/laKTHKY, UTO MOXKET
OLITH TOJILKO B TOM CJIydyae, eCJIM OHH HaXOAsTCs Ha nepudepHH
lanakTikd HJau ke BHe ee. UTOOBl COBMECTHTH NOJOOHBIE
paccTosiHHst ¢ HabumomaeMbIM OJIECKOM CBEPX3Be3[ H BeJHYH-
HOH «KPaCHOrO CMeLleHHsl», ompejesasemoll mo dopmyJe (31),
HYXHO IPEANoJIOXKHTb, 4TO pajUyC CBEPX3Be3[bl NOPsIKa
102 c¢m, a macca ee 10° M. Ho Teoperiueckoe HccienoBaHue
MPHBOJHT K BBEIBOLY, YTO 3BE3Jbl C TAKUMH 3HaYEHHUSIMH pPajuy-
ca M Macchl CyIecTBOBAaTb HE MOTYT.

W3 Bcex npHUBEIEHHBIX JAHHBIX C HECOMHEHHOCTBIO BBITe-
KaeT, YTO TSATOTEHHe He B COCTOSIHMH OOBSICHHTH KPaCHOTO
CMellleHHsT» JIMHHH B cHeKTpax ceepx3Besf *). Ilostomy He
OCTaercss HHMYero HHOro, KakK IpPHHSITb, 4YTO CBEPX3Be3Jbl
pacrosoxeHsl BHe ['anakTHKH, a «KpacHOe CMelleHHe» Yy HHX,
KdK U y JaJeKUX TaJaKTHK, BBIBBAHO [BHIKEHHEM, CKOPOCTb
KoTOporo TeM OoJiblile, YeM Ja/ibliie OT HaC HAXOJAUTCS CBEpX-
3Be3na. Ham 6blj10 He0OX0ONMMO JOCTATOUHO NMOAPOGHO PAacCMOT-
peTb NaHHEIE, NPHBOASIIME K TAKOMY 3aKJ/IOUEHHIO, IOTOMY
YTO OHO SIBJISIETCS UPE3BBIYAKHO CYINECTBEHHBIM JJisi MOHHMa-
HHSI IPUPOJBI CBepX3Be3f. BeiBox 06 HCK/IIOUMTENHHO 60/IBLIOH
CBETUMOCTH CBePX3Be3[ (2 OH U BBI3BaJ MOBEIIIEHHBI HHTEpec
K HHM CO CTODOHBI y4eHbIX) 6asupyercss TI'’JIaBHEIM 06pasoM
Ha HCTOJIKOBAHMH «KPACHOTO CMEIUeHHst» JHHUHE, KaK 06yCc/oB-
JieHHoro aggexroM [lommepa. _

' 3aBHCHMOCTb MEXIy BEeJIHUMHOH CMelleHHs1 JHHHH AX,
H CKOPOCTBIO ABHXKEHHS v onpefessiercst GopMyJol (5) TONbKO
B TeX CJydYasX, KOTa U MaJd 10 CDaBHEHMIO CO CKOPOCTBIO
cBera (ckaxeM, v << 0,1c). IIpu 60ABIIKMX CKOPOCTSIX HYXKHO

*) CuenyeT UMeTb B BHAUY, UTO HJISl YCTOHYHMBHIX CBEPXIJIOTHHIX

AN
3Be3] (opalysa BepHa JHIIL A0 3HAUYEHHH To— < 0,3 u Ak, BoOOIE
0 ~

He MoxeT cTaTbh Goubiue 0,6h,. Tak kak Tenepb H3BECTHL CBEPX3BE3AbI,
Y KOTOPbIX %> 1, To, oueBHIHO, HX «KDacHOe CMeLleHHe» He MOXET
ObITh BLI3BAHO TATOTEHHEM CTALHOHAPHOI 3Be3AbI.
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NOJIb30BaTbCA TeM BhIpaxeHHeM s addekra Jlomaepa, KOTo-
poe naer TeOpHUs OTHOCHTEJBHOCTH:

v
2._
= —— (32)
0 U
Vi-G+i-+

4 e . o
OueBHAHO, uTO KOrZa —- Majl MO CPAaBHEHHIO C eAMHHLEH,
dopmysa (32) maeT mMpaKTHYECKH TOT KE pe3yJsbTaT, YTo U 60-
v
nee mpocras ¢opmyaa (5). Ecan e — J0CTaToYHO G/IH3KO K

AN o
€IHUHHLE, TO BEJHUHHA —}\‘—0 MOXKET CTaTb OYeHb OOJIbIIOH.
0

[IpuHuMasi Tenepb He BeJHYUHY CMEIIEHHs JMHHH, a CKO-
pOCTb U TNPONOPLHOHAAbHOH pPaCCTOSIHHIO JO CBEpX3Be3J
(c x03()PHLHEHTOM NPOTIOPIIMOHANbHOCTH, PpaBHBIM NOCTOSIHHON

Xa66sa), HaxomuM,yTo cBepx3Besfa 3C 273, y KOTOpOIl % =

= 0,16, ynanena or nHac npubausutesbHo Ha 1,8 MHINHapaa
CBETOBBIX JIeT. PaccTosiHMs O IPYrHX M3BECTHBIX CBEPX3BE3[
eme 6oabme. Takum 06pa3soM, OHM DTHOCSTCS K CaMbIM jaJe-
KHUM U3 HabmojaeMblx B MeTarasakTiHKe OOBEKTOB.

HecmoTpsl Ha HCKJ/IIOUHTENbHYIO yJAJEHHOCTb CBEPX3BE3]L
OT 3eM/IH, HEKOTOphble M3 HHX SIBJISIIOTCS ONTHYECKH HE OUEHb
cnabeiMu o6bexTaMH. Tak, cBepx3Besga 3C 273 umeeT BHIHU-
MbIi 6siecK 12,6 3Be3HO# BestHuuHbl. TaKkoil ke 61eCK HMeJ0 Obl
Conuue, ecau ero ygaauTh OT Hac Ha 1300 CBETOBBLIX JIET.
IlockonbKy 3Ta cBepx3Be3fa HaXONUTCS Ha DPaCCTOSTHHH
B 1,3-10% pas GosbieM, TO 2HEprusi, U3/ayyaeMasi €0 B ONTH-
YecKo# yacTu cnekrpa, B 1,7-10'% pa3 mpeBOCXOLHUT SHEPTHIO
usnyyenust CosHia U coctaBisteT okosno 104 gpe/cex. Vsmy-
yenue ucTouHunka 3C 273 B mHbpakpacHO#l 06/aCTH CIEKTpa,
KaK c/aenyeT u3 HaO/IOfeHHIl, B IECSITKH pa3 MPEBOCXOLHUT
onTuyeckoe. I109TOMY MOIIHOCTb BCErO H3JYYEHHSI MOIKET
npesbiaTh 3- 1047 spe/cex. VI3 aTOi 3HEPrUHM Ha JOJIO pajHO-
U3JIy4eHHUsT NPUXOIUTCs okoJsio 10%* ape/cex. ToT e mopsmox
BeJIMYMHB T0Jy4YaeTcsi JJIsi MOIIHOCTH H3JIYUeHHsI CBepX-
spesfinl 3C 48, Haxopnsielics B [Ba ¢ MOJNIOBUHON pa3a JaJblie
ot 3eman, uem 3C 273.

CpaBHuBasi MOJNyYeHHOe 3HayeHHe MOIIHOCTH ONTHYELKOTO
U3JIyUYeHHUs] CBEPX3BE3bl C COOTBETCTBYIOILEH BEJHUHHON AJsI
lFanaxTuxu (oxomo 10%% aspe/cex), yGexmaeMcss B TOM, YTO
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B ONTHYECKOM JHaNa3oHe CBepX3Be3bl H3Jy4aloT 3SHEPTHU
Ha JBa mnopsjika Gosnbine. Hama 3BesfHasi cUCTeMa OTHOCHTCS
K UHMCIY THFaHTCKHX rajakTHk. OObBYHAs »Ke TralakTHKa
usaydaer oxono 10*% aspe/cex, T. €. B TEHICAUYY pa3s MEHbIIeE,
yeM cBepx3Be3fga. CnenoBaTesbHO, CBepX3Be3bl, HaMHOIO
IPEBOCXOAS IO CBOEMY H3JYYEHHIO TallaKTHKH, ABJSIOTCS
caMbIMHM MOIIHBIMH HCTOYHHKaMM H3Jy4yeHHs BO BceseHHOM.

MoxHO OblIO OBl OXHAATb, YTO H pa3Mephl CBEpX3Be3]
COOTBETCTBEHHO BeJIHKH, HO, KaK 0Ka3alocb, OHH Tropasio
MEHbIllE Pa3MepOB raJaKTHK. JTOT OYeHb HHTEPECHBIH BHIBOJ,
[OJyYeH He TOJbKO Ha OCHOBE HEMOCPEJCTBEHHBIX H3MEpeHHH
YIJIOBBIX [MaMeTPOB, COCTABJSIOLUINX, KaK [OKa3alH pafuo-
Habmojenus, He Goaee 0,1 Anamerpa OOBIYHON ralakTHKH *).
JanHple O mnepemMeHHocTH OJiecka CBepX3Be3[ 3acTaBJsIOT
CYHTaTh, YTO MX IONEPEUYHHKH elle MEHbIIE M He IPEBOCXOAAT
HECKOJIbKHX CBETOBHIX JieT. [lepemeHHOCTb G/ecka CBepX3Be3j
ABJsieTcss U caMma 10 cefe OueHb JIIOOONBITHBIM (DAKTOM H MEI
pacckaxkeM O HeH moApoOHee.

Yxe Gosee mojsyBeka MPOU3BOLUTCS MepUHOAHYEcKOe (oTo-
rpapupoBaHHe pa3JMYHBIX obnactell HeGa IJsT peuleHHs TeX
WJIH MHBIX acTpOHOMHYecKHX mpobiaem. HccienoBaB HECKOJb-
KO ThicAY (DOTOCHHMKOB TE€X YYaCTKOB HeGa, IZie HaXOASTCSH
caMbie SIDKHE M3 CBepX3Be3J, HallIH, 4TO HX OJIECK 3aMETHO
mensieTcs (mpuOJH3UTENbHO B ToaTOopa pasa 3a 10—15 zer),
MpUYEeM H3MEHEHHS HMEIoT Xapakrep KoJjebauuii. Ectb nan-
Hble, I03BOJISIIOLINE MOJ03peBaTh CYIIECTBOBaHHE KoJeOaHHH
Bnecka ¢ MepHOLAaMH B HECKOJIbKO MeCsleB H, BO3MOXKHO,
B HECKOJNbKO Helenab. Ho ecnu faxe OrpaHHYHBaThCs JIHIIb
YBEPEHHO NOJNYYeHHBIM NPHOIH3UTENbHO JECATHICTHUM IepHO-
JloM Ko/sieGaHui, TO ¥ TOrja MOXKHO YTBepKJaTh, 4TO NONEpey-
HHUKH CBEpX3Be3Jl YAUBHTEJIbHO MaJlbl, €CJIH y4ecThb HX OrpOM-
HOE H3JIyyeHHe; OHM B JECSATKH ThICSY pa3 MeHbIUe Ioneped-
Huka [anakTuku.

UTo6kBI MOHSATE, KaK M0 HaGIIONeHUsIM NIepEMEHHOCTH O/ecka
CBepx3Be3Z Obl1 CcIejaH TaKOH BBIBOL, BCIHOMHHUM OJHO M3
BaXKHEHINUX I[OJNIOXKEHHH TeopuH OTHOCcHTeabHOCTH.  OHO
3aK/MIOYaeTcss B HEBO3MOXKHOCTH MIJs JIOOOr0 BO3JAEHCTBHSA
pacmpocTpaHATbCSA CO CKOPOCTBIO, IpEBBILIAMOUIEH CKOPOCTh
cBeta. Tak Kak sIpKOCTb BCEro HCTOYHHMKA H3MEHAETCS 32

*) PamuoMeronsl mNoka He JaJH BO3MOXHOCTH ONpejequTh Ala-
MeTp 6oJiee TOYHO.
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10 JneT, TO ero pasmephl He mpeBocxoAsAT 10 CBETOBBIX JIET.
[IpuHumas GOnbinHe pasMephl HUCTOYHHKA, MBI JOJXKHBI ObLIH
6bl ZOMYCTHTb, YTO BCE €r0 YACTH H3MEHSIIOT CBOE H3JyuyeHHe
COIJIaCOBAHHBIM 00pa3soM, He MMesl KOHTAKTOB C JpYTHMH
gacTsMH. Takoe MpeAno/oKeHNe HeJleno, MOCKONbKY HHUKaKas
4acTb MCTOYHHKA HEe MOXKET «3HaThby», YTO IPOHCXOJUT B APYrou
4acTH, ynaneHHol oT Hee Gosee yeM Ha 10 CBeTOBBIX JIET.

Kak Mbl BUAHM, CBepX3Be3/bl CHIbHO OTIHYAIOTCS OT BCEX
THIIOB 3Be3JHbIX CHCTEM, KOTOpbleé HaMH pAacCMaTpUBATIHCh
JO CHX IOp, OrpOMHOH KOHUeHTpauue# sHepruu. HMsayuas
B CTO pa3 GoJblle 3HepruH, uem Bcsl 'anakTuka, cBepX3Besja
uMeeT 0o0BeM TOro e INOpsiiKa, YTO M CyMMapHbIH 00beM
BCeX 3Be3] ['ajlakTHKM H, TakMM 006pasoM, BIIOJIHE ONpaBAbl-
BaeT CBOE Ha3BaHHe.

M3 mpucyTcTBHS 3MHCCHOHHBIX JIMHHI B CNEKTpe CBEpX-
3Be3/lbl CHEJaNH BBEIBOJ O CYIIECTBOBAHHH BONHU3H 3THX OOBEK-
TOB OOMIUpPHEIX OOnacTell pa3pexeHHOro rasa. TyMaHHOCTH
BOKpYT HauGosee GIM3KHX CBEpX3Be3J 3aMETHHI, KaK MBI YXKe
yIOMHHaMH, U HA Qororpadusix. SMUCCHOHHbIE JIUHHH NpeJ-
CTaBJSIIOTCS HAJOXKEHHBIMM Ha OYeHb CHJILHEIM HeNnpepbIBHBIH
cnekTp. MsnyueHue B HENpEephHIBHOM CNEKTPE MCXOJHUT H3
caMoil cBepx3Be3fbl M HabioLaeMbie KojebaHHs ee GJeckKa
BBI3BAHbI VMMEHHO H3MEHEHHSMH HHTEHCHBHOCTH HeENpephIB-
HOro criekTpa. Pasmepbl TYMaHHOCTEH BO MHOrO pas IpeBoC-
XOJAT NMONEePEYHHUKH CBEPX3Be3J — OHM MOpSJKa CTa CBETOBLIX
qgeT. TlostoMy ob6bem HX O4eHb BEJNHK M, HECMOTpsl Ha pas-
PEKEHHOCTh COJepIKaIerocss B HHUX rasa, SHEpTHs, H3Jayyae-
Masi TYMaHHOCTBIO B CIIEKTpasbHBIX JUHUAX, Beero B 10—100
pas MeHbIle, ueM H3JyyeHHe BceX 3Be3J] [alakTHKH.

Macca rasa, COCTaBJSIFOLIEr0 TYMaHHOCTh, opsinka 10° M@ .
Cyznst nmo GonmbIuo#f IIHpHHE SMHUCCHOHHBIX JIHHHE, ra3 JABH-
JKETCSI C OPPOMHBIMH CKOpOCTsIMH, HocTHraiomumu 2000—
3000 xm/cex. Ho paxe mpH TakHX CKOpOCTSIX ras He pasJe-
TaeTcss B 1mpocTpaHcTBO. Ilo-BHAMMOMY, OH Yylep:KHBaerTcs
CHJIOH TSATOTEHHSI CaMOH CBEPX3Be3Jbl, Macca KOTOpOH HOJXKHA
O6biThb mo3TOMy He Menee 108 M@.

B03MOXHO, YTO TYMaHHOCTH BOKDYI CBEPX3Be3J, HMEIOT
CTOXKHYIO CTPYKTYPY H COCTOSAT M3 OTHEJNbHBIX O0Jiee MJIOTHBIX
CTpy# unu BOMOKOH, Kax KpaGoBupHas TymaHHocTb. Ha
CXOJCTBO 3THX OOBEKTOB C OCTATKAMH BCIHIIIEK CBEpPXHOBBIX
3Be3]] (KOHEYHO, 1P OTPOMHOM Pa3/IHYHK MacTaboB sIBIEHHUH)
yKa3blBaeT M XapakTep pajHoM3JydeHHsi cBepx3Besl. Ilo
HaOMIONEHHBIM CBOHCTBAM HM3JYyYeHHST HX B pPaJHo4acToTax
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U, B JACTHOCTH, MO €ro InoJigpusamuu CchAeJaJd BbIBOL O TOM,
YyTO OHO CO30aeTCsA CHHXDPOTPOHHBIM MEXaHHU3MOM. Cneno-
BaTeJbHO, B TYMaHHOCTHX, Opr}KalOHJ,I/IX CBEpPX3Be3/JHl,
HMeeTCsT JOCTAaTOYHO MHOro pPeASITUBUCTCKUX 3JIEKTPOHOB,
IBHXKYIIHUXCA B MArHUTHBIX IOJISAX. CHHXpOTpOHHbIM Mexa-
HHU3MOM CO3JaeTCsI, BEDOSITHO, © HEKOTOpas JN0JisI ONTHYECKOIo
H3JY4CHHs1 CBEPX3Be3Jbl B HEMNDEDPBIBHOM CIIEKTPE, TaK Kak
HabonaemMmoe HU3Jy4YCeHHE YaCTHYHO ITOJSAPHU30BAHO.

Puc. 44. ®ororpadus csepxsseann 3C 273.

CneBa BHHM3y 3aMeTeH BhIGpoc. Dosbluoit pas-

Mep «3Be3llbly 0GbsiICHSETCS (OTOrpadHyecKHMH

s¢pekTaMH H He COOTBETCTBYeT ee HCTHHHOH
BeTHYHHE.

[To cBoum pasmepam wusJayyamomas B pafgHOYacTOTax
06/acTh 3HAUUTENHHO MPEBOCXOXUT OONACTb  ONTHYECKOTO
u3nyyenusi. Hanpumep, y cBepxaBesnnl 3C 273 oHa mpocTH-
paercst GoJiee ueM Ha THICSIYY CBETOBHIX JieT. OIeHHUB IO CBOH-
ctBaM panuoussayuenusi 3C 273 HanpsnKEHHOCTb MarHUTHOTO
nojs B TyMaHHocTH H, damwu, uto H > 2.10—3 spcren.
CrnenoBatenpHo, oOIiee KOMMYECTBO MATHUTHOH  SHEPIHH

o

Eyarw B TYMaHHOCTH, DaBHOE NPOU3BENEHHIO g Ha oOmem

165



MCTOYHHKA DaJiHOU3NyyeHHsi, mopsuka 1037 spe umu Gosblue.
Biuskoe x sTOMy 3HaueHHe NOJKHA MUMETh SHEPTHs PeJISITHBE=
CTCKHX 4YaCTHll, COAEpKallUXCsi B TYMaHHOCTH.

Cyns mo CTpyKType HEKOTOPHIX CBepX3Besj, BO3pacT HX
M3MepsIeTCs] COTHAMHM ThicsY JeT. Tak, cBepxssesga 3C 273
SIBJISIETCS. JBOMHBIM pafgHOUCTOUHHKOM. Opnud GoJiee ciabbii
HCTOYHHUK (B) IO TOJIOXKEHHIO COBIALAET C OCHOBHBIM 3Be3J0-
00pasHbIM HCTOYHHKOM OITHYECKOrOo wusJyyeHusi. Jlpyroi
paguoucToyHuk (A), cnabo uanydarouUii B ONTHYECKOH 06-
JIaCTH, HAaXOAHUTCsl Ha BHAMMOM paccrosinuu 160 000 cBeToBBIX
jger oT B *). OH CHIBHO BHITSIHYT BIOJb Hampasieuust AB
U IpejcTaBisercss cTpyell Mau BribpocoM u3 B. Ecnu umeno
MecTo oTaeneHHe A oT B, TO OHO CIYYHJIOCh HE paHee, UeM
2 - 10° ner Hasaj, a mo Bcefl BEPOSITHOCTH, FOPasfio paHbIle,
TaK Kak BDSJ JIM CKOpocTb JBuxkeHHss A Obura 6/1H3Ka K CKO-
pocTH CBeTa.

Ha dororpadpusx TymMaHHOCTH, OKpy:Kawoime# cBepX3Besny
3C 48, 3ameTHB 06pa3oBaHUsl, MOJOOHBIE KIyTaM C IJHHOH
He menbuell 200 000 cetoBbIX JeT. [10-BHIHUMOMY, 3TH KTy TH
ObIM BBIODOIIEHBI M3 CBEPX3BE3[bl M, CJIENOBATEJNbHO, OHA
HaXOJHUTCS B COCTOSIHMM aKTHBHOCTH IO KpalHeH mepe yike
HECKOJIbKO COTEH THICSY JIeT.

B cuny ckasaHHOro, €Ctb OCHOBAHHSI CUMTATb, YTO H3JY-
YEeHHE CBepX3Be3] MpPOLOJKANOCh C TOH K€ MOIIHOCTBIO, YTO
U Temepb, a MOXKET OhITh, M Oosiee BHICOKOH, He Menee 1013 cek.
3a 370 Bpemst cBepx3Be3zna uanydaer 10%—106 gpe. Koneuto,
HaJlMyHasl SHEPTHsT MArHUTHOI'O IO H  PEeISTHBHCTCKHX
YaCTHI[ HE B COCTOSIHHH O0eCrmeuYuTb CTOJb AJHTENBHOrO CBe-
YeHHs, Jaxe ecnu Obl BCsI OHA MOIVIA [IPEBPATHTbCS B H3JY-
yenue. [lostomy s3jecp Bcraer Ta xe mpobjema, C KOTOPOH
MBI YK€ BCTPETHJIHCh, pacCMaTpHBasi B3pbIBB! B siApax rafiak-
THK, HO B eme Gosee ocTpoit ¢opme: npobjaeMa HCTOYHHKOB
CTOJIb OrPOMHOI'0 KOJIMYECTBA JHEPIHH H3JYYEHHS.

B cBsasu c obHapyxeHHeM HEOOLIYHBIX CBOHCTB CBEpX-
3BE3J, MOSIBMJIOCh MHOXKECTBO T'HIIOTe3 [JIs1 OObSICHEHHS IpH-
pomel 3THX 00beKkToB. OJHAKO NpPHYHMHBI CBEYEHHS CBEpX-
3Be3J, N0 CHUX IIOp OCTAlOTCS 3arafoyHelMH.Tem He MeHee,
HMEeT CMBIC/J KOPOTKO CKasaTh O HEKOTOPHIX H3 IpeNJIOKeH-
HBEIX THIOTe3, TOCKOJAbKY HX Heylaya, B KOHEUHOM Cuyere,

*) Hcrunuas BennuHHA paccTosiuusl AB MOXeT M IPEeBOCXOAUThb
yKasaHHOe 3HayeHHe, TaK KakK HaMH HaGuiofaeTcss TONbKO NPOEKLHS
AB na mueGecuyio cepy.
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[IOMOXKET JIyUllle MpeLCTaBJASTb BO3MOXHBIE IYTH JIJSI CO3-
nauusi B OYyAyIleM MPaBHIbHOH TEODHH CBEPX3BE3I.

CorJyiacHO OHON M3 TaKHMX THIIOTE3 CBEYEHHE CBEpX3Be3Jlbl
06yC/IOBIEHO GOMBUIAM YHCJIOM BCIBILEK CBEDPXHOBBIX 3Be3J
B KaKOM-TO OOBeKTe, IJie KOHIEHTpauHs 3Be3J, BelMKa M pac-
CTOSTHHE MeXIy HUMHM J0CTaTOYHO Masid. Ec/ii BCmBILIKA OLHO
3Be3bl B COCTOSIHHM BBI3BaThb BCIBIIIKM B COCEIHHX 3Be€3jax,
TO BO3HHUKAeT CBoeoOpasHasi «uemHasi peaxkudsi». Ho Bompoc
0 TOM, BO3MOXKHA JIX Takasl «IeMHasl peakiusi» BooOie, ocTa-
ercss OTKpHITEIM. Kpome Ttoro, HabmofaeMyil0 CTPYKTYpY
cBepx3Be3, B yactHocTd 3C 273, TpyAHO COracoBath C 3TOH
rurnote3oii. [IpuBefieHHbIe COOOpaKeHHUsI, a TakKXKe H psf Jp)-
IHX 3aCTaBJSIIOT OTKa3aTbCsl OT OOBSICHEHHSI CBEYECHHsS] CBepX-
3Be3], YKa3aHHBIM myTeM. BooOlie TepMOsiiepHblE peakKlHH
SIBJSIIOTCST  CPABHUTEJNbHO Masod(peKTHBHBIM CIIOCOOOM OC-
BOGOXK/IEHHUS] JHEprMH — B XOA€ 3THX peakUHH MOXeT Bbl-
JIETUTbCSI SHEPTHsI, COOTBETCTBYIONIAsl TOMbKO 1% Bcedl Macchl
nokost. He cmacaer momokeHHsT M MBICAb O TOM, UTO
TepMOsiIepHbIE PeakUHH MPOMCXOLSAT B Tejae ¢ maccoit 108 —
10¥ M@, Tak kKak Toria HaGmoJaluCch Obl COBEPIUEHHO HHbIE
SIBJIEHUsI, YeM Te, KOTOphle Mbl BHIMM y cBepx3Bes]. Ilo-Buau-
MOMY, CJe[lyeT HCKJ/IOUUTh TepMOsiiepHble peakKlHH KaK OCHOB-
HOM MCTOYHHK CBEUEHHsI CBEpX3Be3[.

Topasno Gosee ahheKTUBHBIM CPEICTBOM IMOMYYEHHs GO/Ib-
IIMX KOJHMYECTB 3HEPrHH SIBJISETCS] HCIONb30BaHHE IIOTCH-
UManbHON sHepruu TsiroreHHsi. Ecaum macca tena paBHa M,
TO IIPH 3TOM Ipolecce, BOOOIIE rOBOPSI, MOXKET OCBOOGOAHTLCS
no 0,8 Mc? snepruun. IlockonbKy MacChl CBepX3Be3J HOJKHBI
npesbiiath 108 M@ = 2 - 10** 2, TO BbIIe/NeHHe 3HEPrhH,
COOTBETCTBYIOLee 3HAUHUTENbHON H0Je 3TOH MacChl (CKazKem,
ofHOM mecsitoft), naer BenmyuHy 10%% spe, uTO HOCTATOUHO
J7151 oOBsICHEHHS CBeueHHst cBepx3Besj]. [losaTomy B mociennue
FOJ(bl YCUJIEHHO pa3pabathiBaiach THIOTe3a 00 OCBOGOXKAEHHU
SHEPruH B CBEpX3Be3Jie B pe3y/bTaTe ClajlaHus (CKOJJIarcar)
Tela rUraHTckoil maccel B 10°—10° M@ x ero uentpy. Pac-
CMOTPHM HEKOTOpble OCOOEHHOCTH IIpoLecca KoJjJamca.

Temo ¢ pmocraTouHo GosbiIoONH Maccod (IIPeBOCXOZSLIEH
10° M) He MOXKET HAXONUTHCSI B YCTOMUYUBOM COCTOSIHHH, TaK
Kax JaBjeHHe BHYTPH HEro He B CHJIaX IPOTHBOCTOSAThL TSrO-
TeHuio. [ToaToMy ecnu Takoe TeJNO Kak-To 00pasoBajioch, OHO
JOJMIKHO CrajaThCsi K CBOEMY LEHTPY — KOJIJIAICHPOBATh.
Ilpn ymeHbmeHHnH paamyca Tena OCBOGOXKIAETCSI SHEPrHsl.
Honyctus, aas mpoCTOTHI, 4TO BHauaje paiHyc Tena Obul
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OueHb BeNHK IO CPABHEHMIO C KOHEUHHIM €ro 3HaueHHeM R,
MOJTy4M, cOrmacHo (12), YTO KOMHYeCTBO SHEPrHH, OCBOOOXK-
JaeMOH npH CKaTHHU Tena Mmaccel M, npHOIH3UTENbHO PaBHO
%. Vcnonb3ys 310 BhIpaXKeHHe, HETPYAHO HaAHTH, 10 KaKOH
BEJIMUUHB! JOJKEH YMEHbIIUTHCSI Pajuyc, 4TOOBI MPU CXKATHH
Tena ¢ maccoit 108 M@ ocBoBonunach HEPrudst B KOJNHUECTBE
10% spe. dro 3mauenwe R cocraBiaser 3-10'% cm.

Ilpy BLIUKCTEHMH SHEPTHH Mbl II0Jb30BANUCH 3aKOHOM
BCEMHPHOrO TSICOTEHHSI, MO KOTOPOMY CHJIa TSTOTEHHS TeJsa
o6paTHO MpOMOpLUHOHANbHA KBaZpaTy pacCTOSIHASI A0 HEro.
B coorsercTBMM ¢ 0fmefl TeopHeH OTHOCHTEJIbHOCTH, 3aKOH
HeioTona mnepecraer OhITb BepHBIM Ha MasblX PacCTOSHHAX
or Tena. OH HYXKIaeTcss B TONpaBKaxX, KOrga pacCTosiHHE 7

o 2GM
HEBEJNKO II0 CpaBHEHHIO C BEJHUYHHOH Rk: R

Ha3bIBae-

MO# rpaBHTalMOHHBIM panuycom. IIpu M = 10% M@ BenHuH-
Ha R, ~ 1,510 cm, yro GIM3KO K IOJYYEHHOMY BBILIE
sHauenuto R. ITostoMy mpHu oOuUeHKe KOHEYHOro pajuyca IO
0cBOGOAMBIIEHCS TIPH CXKATHH 3HEPIHH HaM HYMKHO Oblio Gl
yuecTh |mompaBkM K 3akoHy HeioroHa. Ho ato He oueHb
CHJIbHO, M3MeHsieT BeNMuMHy R, KOTOpasi ocTaeTcs GIH3KOH
K R,. CrenosarenbHo, 4ToGhl B Tedte ¢ Maccoit 108 M@ 3a cueT
CxKaTHs OCBOGOAMJIOCH KOJNHMUecTBO 3Hepruu 102 ape, OHO
JOMKHO YMEHBbUIMTh CBOM pajuyc A0 3HAUeHHsi mopsiaka Ry.
C npuGnuxeHueM pajuyca KOJJIANCHPYIOWIEro Tena K
BeJMYHHe R, CHJbHO MEHSIOTCS CBOHMCTBA H3JIyYeHHs Tesa.
B uactHocTH, BHpousMeHsieTcst dopmysa (30), ompenedsionias
BEJHUMHY [PaBHTAIMOHHOIO «KPACHOrO CMeINEeHHs» (DOTOHOB.
Bmecto (30) TeopHst OTHOCUTENbHOCTH JaeT COOTHOIICHHE:

GM R

— 254 5

AVO — Rc . R
Vo T 20M - ~ R, ’
V- Y-S
KOTOpOe, KakK JIerko BUJETh, nmpu R, HamMHOro GosblieM, 4eM
R,, npespamaercs B ¢opmyay (30). Ilpy R = R, us coor-
HomeHus (33) monydaercss, uto Avy = — v,, CcMelleHHe
yacTOTHI paBHO camol uacrtote. IloaToMy [0 YyZAaJdeHHOro
HabJsonatessi U3JMydeHHe JI0O0H 4YacTOThl V, C IOBEPXHOCTH
Tela He MOKeT JOHUTH — BCSI SHEprust H3JY4eHHs] pacxony-

€TCs1 Ha MpeofoJIeHHe TATOTeHUA. CJIeLLOBaTeJ'IbHO, KoJljiarl-
CHpYIOIEE TeJO NMPH AOCTHKEHUH UM DA3MEPOB, OIpeNe/IsieMbIX
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rpaBHTALMOHHBIM DA/UYCOM, NepecTaeT ObiTh BHAMMBIM. Ecin
BO3MOKHO M JlajbHelilllee CxKaTHe Tesa, TO OCBOGOKIAIONASICS
IIpH 3TOM 3HEDTHUsl He CMOXKET MOKUHYTh ero. Taxoe cOCTOSIHHE
HA3LIBAIOT TPABUTAUMOHHBIM CaMO3aMbIKAHUEM.

IToBepXHOCTb KOMJANCHPYIOMIETO TeJa JBUKETCS YCKO-
pEHHO, IO 3aKOHY CBOGOAHOro majeHus B moje TskecTH. C
npub/IMKeHHeM BeJIMYHHBI pajdyca K R, CKOpPOCTb IOBEpX-
HOCTH TpHOJUKaAeTCss K cBeToBoi. [lns HaOmogatess, moMe-
IIEHHOI0 Ha IIOBEPXHOCTb TeJa, BpeMsl JOCTHKEHHs YPOBHS R,
3aBHCHT OT IIOTHOCTH Tesa. [IpM IIOTHOCTH, HampuMep,
COOTBETCTBYIOIIEH CpefHEH COMHEYHOH, OHO COCTaBJISIET MeHee
yaca. HabmonaTte/mo e, pacrosoXeHHOMY AajieKO OT MOBepX-
HOCTH Tejla, IO Mepe COKpalleHHs pajuyca ee CKOPOCTb OyIeT
Ka3aTbCsl yMEHbINAIOMEHCST M JOCTHKEHHE [0BEpPXHOCTbIO
paguyca R, saliMer, ¢ TOUKH 3peHHs TaKoro Hab.aroparens,
OeCKOHEYHOe BpeMsl.

Pasnnua B Xofe BpeMeHH BOJNH3H IOBEPXHOCTH KOJJAIM-
CHpYIOIIEro TeJ1a U BAAIH OT Hee SIBJISIeTCS ellle OfHUM HHTepec-
HbIM 3¢GbeKTOM TeOpHH OTHOCcHTeNbHOCTH. OHa, Mo CYIIECTBY,
U BbI3blBaeT I'DaBUTAIOHHOE KpacHOe cMemleHuey. [ledicTBHU-
TEJIbHO, €CMM Ha TOBEPXHOCTH Tesa HCIYCKAeTCsl H3JyuyeHHe
C 4acToToH vy, TO BpeMsl OfHOro kKosnebaHus Af, = vl— 310

(V]
e M3JydeHHe LJIs JaNeKoro HalmioJaTesnss HMeeT 4acToTy v,

o 1
a COOTBETCTBYIOIIMII WHTepBan BpeMeHH Af= —-. Tak kak

v =", Vl — 213—324 , TO At = —LOQ‘(}T/[ . CnepmoBaTebHO,
l/l ~ Rc?

Bpemst, MpOTEKlLIee MeXIy IOCAe0BaTeNbHbBIMHE COOBITHSIMH
Ha TOBEPXHOCTH KOJIANCHpYIOLIEro Tesa, 6yneT MeHble AJs
HaOJoaTessi, ABUXKYIIErocs C IOBEPXHOCTbIO, 4eM IJs Ja-
Jexoro Habmoparensi. C npubnmxenneM R x R, pasHuua B
XOJle BpeMeHH YBEJHUMBAETCS.

XO0Tsi Ha OCHOBe THIIOTe3bl O KOJIJIAliCe MACCHBHOTO TeJa
B IpHHIMIE MOXKHO OOBSICHHTb SIBJE€HHME CBEpX3Be3l M 3Hep-
reTHYeCKH M 1o Maclutaby BpeMeHHM, 3Ta THIOTe3a BCTpeyaercs
CO 3HAUUTENbHBIMH TpyJAHOCTSIMH. IIpexze Bcero OTMETHM,
YTO CYIIECTBYeT psifi OOCTOSITNbCTB, HPENsSTCTBYIOMHMX 00-
pasoBaHHIO Tea1 CTOMb Oo/ablod Maccel. Kpome Toro, mpu
KOJLJIaTiCe JIOMKHO BO3HHKATb MHOXKECTBO TPYJAHO HCClexye-
MBIX 3¢deKTOB, BIHSHHE KOTOPHIX Ha BEChb MPOLECC OCTAETCs|
HesicHbIM. Hampumep, BospacTaHHe CKOPOCTH BpAIUEHHs! IPH
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CXKaTHH JOJIKHO IIPHBOAHTb K DAasJeNeHHI0 CHKHMAIOIIErocst
tesa Ha yactH. OkasbiBaeTcsl TaKKe, UTO KOJJamc cdepuyec-
KOro Tejla He CMOXKET JaThb HEOOGXOAHMOrO BHIXOfA 3HEPTHH
BCJIEACTBHE TIPABHTALlHOHHOIO caMo3aMbiKauusi. Takum o6pa-
30M, NIOKa HE IPHXOAMTCS TOBOPHTh O 3aKOHUYEHHOH TEOpHH
CBepX3Be3Jl, OCHOBBIBAIOIIEHCS HA THIOTe3e 06 WX KOJJIAICE.

B sak/mouenue storo maparpacda sametum, urto B 1965 r.
Oul  OOHApYKEH HOBBI KJAcC OGBEKTOB — TaK Has3hiBae-
MBle KBa3H3Be3JHble TaNaKTHKH. IOTH OOBEKTH IO CBOEMY
M3JIYY4EHHIO B ONTHYECKOM J[ManasoHe IOJOGHBEI CBepX3Be3laM,
HO OTVIMYAIOTCS OT IOCJAEJHHX OTCYTCTBHEM 3aMETHOI'O PajHo-
ussnyyenusi. JlanbHelillee HCC/IefOBaHNEe KBa3H3Be3NHBIX Tra-
JIAKTHK MO3BOJIHT, BEPOSITHO, IM1y0OxKe MOJOUTH H K MOHHMAaHHIO
MpUPOAbI CBepX3Be3J.

§ 10, POJIb B3PbIBOB B PA3BUTHUHU
3BE3] U TAJIAKTHK

BricTpoe coBepleHCTBOBaHHE METOAOB acCTPO(HU3HUECKHX
HabMOJeHUH I[O03BOJMMIO MNONYYUTh OOmHpHEeHAmy0 HHOP-
Manuio o Hefecunlx Tejax. OHa 3ak/oyaeTcsl, Kak Mbl 3HaeM,
B XapaKTEDPUCTHKAX H3JyueHHs] HeOECHHIX TeJ H OKa3bIBaeTCs
Kak Obl 3amudpoBanHoil. PacimubpoBeiBas 3Ty HHbDOpMAIHIO
Ha OCHOBE COOTBETCTBYIOIIMX (DH3HUECKHX TEOpHH, MO Xapak-
TEpUCTHKAM H3JyUYEHHS BOCIPOH3BOJSAT KapTHHY IIPOLIECCOB,
MPOHCXOASIIIMX B 3Be3Zax M TymanuHoctsix. CosnaHue W yTOu-
HEHHe HAaY4YHOH KapTHHBI CTPOEHHS HEOECHBIX TeJ SIBJSIETCS
OueHb CJOXKHBIM JEJIOM, IOCKOJBbKY peub HJAET O Ipoleccax,
B OoNbIell YacTH HEJNOCTYIHBIX JJIsI HEIOCPEeACTBEHHOTO
HaOJIOfeHUs], HAIpHMEp, IPOHCXOAMIUX B HeApaxX 3Be3f.

Eme Tpyzuee u3yyaTh HOyTH Pa3BUTHS 3Be3J, U 3Be3AHBIX
cucteM. IOTH OOBEKTH CYHIECTBYIOT H 3BOJIOIHOHHPYIOT B
TeueHHe MHJIJIHApJOB JeT, a HabJoAaeM ME HX BCEro HECKOJb-
Ko Jecsituneruii. IlosToMy 1O Mepe HAaKOIVIEHHSI JaHHBIX
HabJofleHuil BpeMsl OT BpeMeHM HacTymaeT Iepuoj, KOrja
HMEIOIIHeCs] THIIOTe3bl O MPOHCXOKAEHUH M DPa3BUTHH 3Be3]
HE B COCTOSIHHH CHCTEMAaTH3HPOBAaTb M OOBSICHUTH C €LUHOM
TOYKH 3peHHs BaxkHeHinue (paxTei. Torza NpUXOAUTCS B3TVIfA-
HyTb HA BCIO OpOGJEMY II0-HOBOMY.

Bcero ueckoabKO JieT Hasah OGOJBIIHHCTBO aCTPOHOMOB
CUMTAJNO, YTO 3Be3Jbl M TYMaHHOCTH BO3HHUKJIH H3 paccesiH-
HOoro, JuddysHOro BemecTBa IyTeM ero YIJIOTHeHHs (KOH-
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]:LLHC&HHI/I) B Hacrosillee BpeMsi MHOTHE H3 IaHHBIX Hab6Jo-
neHHll He YKJIalbBalOTCs B PaMKH 3ToH rumoTessl. OcobeHHO
GoMbIIME TPYLHOCTH B HEH BO3HHUKAM IIOC/AE OOHAPYXKEHHS
B3PBHIBOB B slpax TaJlaKTHK.

BspbiBbl B siipax ralakTHK SIBJSIOTCS JHIIb 3BEHOM B pac-
CMOTPEHHOH HaMM B 3TOH KHHre MOC/IEI0BAaTENbHOCTH KOCMH-
uyeckHX B3pbiBOB. CymMMmMHpYeM [aHHBIE O CHJE DasJHYHBIX

B3pbIBOB B Tabnuue.
Ta6buaunma 2

Hassanue Connue Benbixupaio- | Horonogo6- [ToBTOpHBIE
oG beKTa HiHe 3Be3J bl Hbi€ 3BEe3Jbi HOBbBIE
Dueprist

B3phiBa (9pe) .| 1030—]1034 10321035 103%—]1041 1042—1043

Illxana Bpe-

MeHu (cex) . . 103 103—3-103 104—103 107—108
Haspanne Hogsie Ceepxnospie | SIAPA Fanak- | Cpepxamsessini
o6neKTa THK

Dueprus

B3phBa (9pe) .| 1044—1045 | [049—]1052 10%5—1059 105°—1061
[Ikana Bpe- '

meuu (cex) . .| 108—10° 1011—1012 1013—1014 ?

ITon mkanoii BpemeHH B Tabi. 2 MNOHUMaeTCsl NOPSIOK
BeJIMYUHbI [IPOMEXKYTKa BPEMEHH, B TeyeHue KOTOPOro B JaH-
HOM OOBEKTE OTUETJIMBO DA3JIMYAIOTCSI IOCJEACTBHS B3PHIBA.
UTo e KacaeTCsi BPEMEHH, 3aHHMAEMOro CaMHM B3PBIBOM,

TO OHO, MO-BHIMMOMY, BO Bcex ciaydasix mango. [laxe npu
CTO/Mb CHJIBHBIX B3PHIBAX, KaKHE MDOHUCXOAST B HOBBIX 3Be3-
Jax, Bpemsi B3phiBa He Oosee 10* cex.

Kak Mbl BuauMm no Taba. 2, AuanasoH CHJIbl KOCMHUYECKHX
B3DHIBOB  OUYeHb LIMPOK. JHEPTHH CaMbIX Cl1abblX M CaMbIX
CHJIbHBIX M3 H3BECTHBIX B3PBHIBOB passnyailoTcst 6osiee yem B 1030
pa3. QueHb MHTEDECHO, YTO IPH TAKOM DAsIHYHH B MaciuTate
B3DBIBOB HMEETCsI 3HAUMTENbHOE CXOICTBO B QTHOLIEHHH COMPO-
BOXK[IAIOIIHX B3PBIB IpoLECCOB. [T KOCMHYECKHX B3DhI-
BOB XapaKTepHO OOpa3OBaHHE 4YaCTHI[ GOJIbINOH 3SHEPTHH,
B YaCTHOCTH, DEJNSITHBHCTCKHX 3JIeKTPOHOB. Kpome Toro,
BCE B3pLIBbI OKA3bIBAIOTCS CBSI3AHHLIMH C MArHUTHBIMHE _T10JISI-
MH; HWMEHHO B MarHHTHBIX IOJISIX DPEJNSITHBUCTCKHE YaCTHIbI
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H3J1y4dIOT 3HEPruio, KakK B paAHOAHAnas3OHe, Tak # B OINfH-
YECKOM. JTO M3JyyeHHe HaOGMOJaeTcss W NpU CHabblX U TpH
CHJIbHBIX B3pHIBAX.

Ilpu KaxkI0M KOCMHYECKOM B3DBIBE HE TOMLKO 06Pa3yloTCs
PEJIATHBHUCICKHE YaCTHLbl, HO M BhIOpAChIBaeTCs ras co CKOpO-
CTSIMH OT HECKOJIbKHX COTEH JI0_HECKOJIbKHX THICSY KHJIQMETPOB
B cekyHAy. CremeHb KOHIUEHTpAIMH OCBOGOXKAAOLIEHCS B
00/1aCTH B3pHIBA IHEPrMH OOBIUHO OUEHb BeJHKA, M B3PbIB
OKasblBaeT CHJIbHOE BO3LEACTBHE HA OKPYKAIOIIYI0 Cpeny.

B3peIBEl NpeACTaBASIIOTCS OY€Hb PACIPOCTPAHEHHBIM BO
BceneHHoll siBIeHHEM M CHYXKaT, [O-BHIMMOMY, KpaiHHM
BhIpaxKeHMeM HaO/ofaeMol TeHJEHIMH K pacCestHHIO (JLHC-
CHIIAlMH), XapaKTepHO! [Jis1 3Be3], U 3BE3[HLIX CHCTeM. Pac-
CEHBAeTCs1 B IIPOCTPAHCTBE BELIECTBO — INIPH BHIGPACHIBAHUH
€ro M3 3Be3]], pacCeMBaeTCsl SHEPTUsl — IPH H3JTYUEHUH 3BE3J.
ITpOTHBOIOMOXKHBIM [UCCHIIAIIMK IIPOLECCOM SIBJSIETCS] KOH-
JieHCaLUs] BelecTBa M SHEpPrHH, KOrfia BeIecTBO U3 GOJIbILIero
ofbeMa KOHIEHTPUPYETCsI B 3HAUUTENBHO MeHbIuell 06JacTH
npocTpaHcTsa. B macmrabax 3Be3j MM TYMaHHOCTEH Ipolecc
KOHJleHcauuK Auddy3HOro BelecTBa IO CHX MOp He HaGJo-
Jancsi. M3 aToro He ciefyeT, KOHEYHO, YTO TaKOH IpOIECcC
He IPOHUCXOAMT MMM HeBodMoxkeH. OpHako HaGmIOLaeM Mbl
B IIPHPOJE MMEHHO IHCCHIIALHIO.

Brictporo ocBoGOXKZEHHSI 3HEprHH, T. €. B3phiBA IPH
KOHJIEHCAlMM BeIlecTBa, 0:KMAATh TPYAHO, TaK KaK Mpolec-
COM KOHJIEHCAIlMM . 3aXBaThIBaeTcst OOJbIIONH 0GbeM — Belb
MAaCCHBHEBIE Tesla JOJKHBI TOTZAa BO3HHKATh M3 OUEHb paspe-
2KeHHoro rasa. CKOpOCTb e pacIpOCTpaHeHHs JoO0ro BO3-
MYIIEHHSI B 3TOM O0beMe He MOXKET IIPEBOCXOJUTb CKOPOCTH
CBeTa.

Kakoe xe MecTO 3aHHMAIOT KOCMHUYECKHE B3DHIBE B CXEME,
npeanoJsaramiiell o6pazoBaHue 3Be3]| U rajlakTHK U3 AHDDY3-
Horo BemiecTBa? CorslacHO 3TOH cXeMe 3Be3[lbl BO3HHKAIOT
IyTeM YIJIOTHEHHS] B HEKOTOPOH 06JIaCTH MEex3BE3JHOH Cpelbl
U BHadaje INPEACTaBJSIOT COO0fl OrpOMHEIE rasoBhle INAPHL.
IlpennmonaraeMeii mporecc 06pasoBaHUS TaKUX I[APOB K3
00JIaKOB MEK3BE3LHOr0 rasa CJHIIKOM CJIOXKEH H MBI 3JeCh
€ro OIHUCHIBaTL He OyneM. XoJ 3TOro mpolecca JOJKeH 3aBH-
CeTb OT YCJIOBHH, CYLIECTBYIOIIHMX B Cpelie,— ee IBHKEHHS,
IPUCYTCTBHUSI MArHUTHOrO MOJS H T. II.

Hcxonnasi temmepaTypa rasa, M3 KOTOpPOro o0pasyercsi
3Be3[a, NMpHHUMAETCs] HEBBLICOKOH, MOSTOMY BHadajie BO BHOBb
o6pasoBapiueiicst 3Be3fie TeMmrepaTypa HuH3ka. COOTBETCTBEHHO
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Ma/lo M JaBJeHHe rasa B Heil. Taxk Kak ras He MOXKET MpOTH-
BOCTOSITb CHJIAaM TSACOTEHMs, 3Be3fa JOJNKHA CIKUMAThCS,
a TeMIepaTypa B HeIpax 3Be3Jbl IPH 3TOM [OBHIIATHCST —
3a CYeT mepexoia MOTEHIHANbHON 3HEPrHH B TerioByl. Ho
[OKa TEMIlepaTypa He CTaHeT NOCTAaTOYHO BHICOKOM JJIsl TpOTe-
KaHUs B 3Be3[le TepMOSIEPHBIX DeakKiyil, CBeUeHHe CIKUMaIo-
[IEroCs Ta3oBOro Iapa OO0YC/IOBJEHO JIHIIb MpeoOpa3oBaHHEM
[OTEHIHAJbHOA SHEPrHH B TEIUIOBYIO.

IIpeBpamenne xX0/0LHOrO ra3oBOro 1apa B 3Be3/y HUKOria
e HaOMIOLANOCh, ¥ 3Ta CTaius pPa3BUTHS 3Be3] SIBJSETCS
YHCTO THIOTeTHYeCcKo#. [IpoM3BOmMMHCH JIHMIIB pacueThl JJisi
IIapOB PasIMYHOH MacChl, MOKa3bIBAIOIIHE, KAK JOJXKHO Me-
HATbCS CBEUEHHe [Iapa IPH YMEeHbINEHHH ero pajuyca. Bpems
CKaTHSl OKAa3bIBAeTCs CHJIbHO 3aBHCSINUAM OT MAacChl Iapa.
L1t 3Be3j ¢ Maccoli, CYIIECTBEHHO NPeBOCXOJSIIEH COMHeY-
HYI0, AJHTENbHOCTh CTaIMU CKATHs OLEHHBAETCS B COTHH
TBICAY JIeT, NMpH Macce, PABHOU COJHEYHOU,— B MHJIJHOHBI
JIET, a Y rasoBOro Imapa, [0 Macce COOTBETCTBYIOILIEro Kpac-
HOMY KapJIMKy, CTafMs CXKATHs AOJIKHA NPOJOJIKATHCS MHII-
JIAPABI JIET.

Korpa temnepaTypa B Hefpax 3Be3[bl JOCTATOYHO BO3pa-
CTET, TaM CTaHYT IIPOUCXOAMTH sIepHble pPeaklHH U OHa mepe-
CTaHEeT CxUMaTbcs. HauwHaeTcsi CIeAYIOMHUE 3Tan 3BOMIOLUU
3Be3/lbl, HAa KOTOPOM €e CBeueHHe MOJJEPKUBAETCSI 3a CUeT
OCcBOOOXKIEHHsS] BHYTPUSIEPHON 3HEPrHH. Bomopox B 3Besje
B XOle TepMOSIIEPHBIX pEakuUH [OCTENeHHO IPEeBpallaeTCst
B reJIMH, IpUyeM IpeAnoJaramT, YTO 5TO IpeBpalleHie orpa-
HUYMBAETCS JIMIIb LEHTpalbHbIMH oOmaacTsmMu 3Be3fnl. Ilpo-
ecc BHIrOpaHHsl Bojopoja Obl1 omucaH Beime. B § 7 paccka-
3BLIBAJIOCh TaKXKe O peaKUHUsX, KOTOphle MOryT HATH Mocie
BHITODAHHsT BOZOPOJA. 3a BEIFOPAaHHEM BOLOPOAA CJENyeT
CKaTHe 3Be3lbl, BLI3bIBAIOIEe JanbHelllee [OBLIIEHHE TeM-
nepatypsl B ee Heiapax. OHO mpekpaiaeTcsi mocjie TOro, Kak
HayMHAeTCs] BLIFODAHHE TeJIUs M pEeakiMH MexAy ApYruMH
TSKENBIMH SIPAMH.

PacueThl, cieianHble B COOTBETCTBHH C 3TOH CXEMOH 3Be3[-
HO¥ 3BOJIIOIMH, [OKa3a/lH, YTO IPOLECC BBIFOPAHUsI BOZOPOLA
MOT' 3aKOHUYHTBCS JIMIIb Y JOCTATOYHO MACCHBHBLIX 3Be3[, (C Mac-
co#t, mpeBwlimaromed 1,5—2 M@). UTo ke kacaercsi 3Be3j-
KapJMKOB, TO B HHX «BOJOPOLHOE TOIJIMBO» pPacXOAyeTcs
OYeHb MeJJIeHHO M OHM MOTI'YT H3JyyaTb HEPTHIO 3a CYeT Ipe-
o6pa3oBanusi BOXOPOLA B TeHH B TeueHHe GONBINETO BpeMe-
HH, 4eM mpedmosiaraeMelii Bo3pacT [amakTHku. SBOMOLHUS
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TAKHX 3Be3J| J0JIZKHA NPOXOAHTL MO3TOMY 6e3 CYIIECTBEHHOIrO
M3MEHEHHS HX CTPYKTYPH M CBEYEHHA. DTO ¥ BHUAHO Ha NpH-
Mepe CosHia. Kak MOXKHO CyIWTH MO JaHHBIM FeOJOTHH H IHa-
neoHToNoruy, cBeyenne CoJaHIA 3a TOCTENHHE HECKONbKO
MMJITHAPJOB JIET He MEHSAJNOCh 3HAUUTEJIbHO.

DBOJIIOLL ST 3Be3/bl, CBsI3aHHAS C NOCTENEHHBIM BHITOpaHUEM
«SJIepPHOrO TOIVIMBA», NPOHCXOLHT, COIJIaCHO pacyeram, 06e3
CYLIECTBEHHOl MNOTEepH Macchl 3Be3loH. JIHmb Ha mnociefHeM
3Tane 3BOMIOLHH THTAaHTCKOH 3Be3Jbl KaKas-TO J0JId BEleCTBa
MOXKeT OTHEJHTBLCS OT Hee M yJeTeTb B NMPOCTPaHCTBO. Ho HeT
OCHOBaHHH MNpPHIHUCHIBATH 3TOMY TMPOLECCY B3PLIBHOH Xapak-
Tep. Ckopee, norepsl Macchl HOJKHA IPOHCXOAUTD ITyTEM HCTe-
YeHHs rasa M3 3Be3lbl.

3aMeTHM, 4TO yKa3aHHas HaJleKO He NoJiHasg CXema 3BOJIO-
uuu paspaboTaHa JHLIb /151 OJUHOUYHBIX 3Be3]. Baaumozehct-
BHA MEXKAY 3Be3LaMH, BXOAAMHUMH B JBOHHYIO CHCTEMY, MOTYT
3(h(}eKTHBHO AEHCTBOBATh Ha COCTOSHME BeIeCcTBAa B HUX (BHI-
3piBasi B HEM CHJIbHBIC IBMKEHHS) U H3MEHATh TeM CaMbIM
XOJ BOJIOLHH.

Kak ™Mbl BHAeNH U3 ONHCAaHHA 3BE3LHBIX B3PBLIBOB, OHHU
CBOUCTBEHHBI 3Be3ZaM HeGOJIbLIONH CBETHMOCTH M MacChHI (eC/TH He
KacaTbCs CBepxHOBbIX Il THma). Bo Becakom ciydae, Iyisl 3THX
3Be3/l PaCCMOTPEHHAasi CXeMa 3BOJIOLHH He MPHBOJHUT K He00X0-
JUMOCTH 3Be3JHBIX B3phIBOB. [109TOMY, OCTaBasich Ha TOH TOUKe
3pPEHHSI, 4TO 3Be3Jbl BO3HHKAIOT M3 JU(PY3HOro BEIIECTBA,
B3DLIBBRB 3Be3aX HYKHO CYHTATbh YeM-TO NOGOUHBIM, HE CBH-
3aHHBIM C OCHOBHBIMH 3BOJIOUHOHHBIMH TnpoueccaMu. Bos-
MOXKHO, ONpEeNeJEeHHYIO pOJib B KOCMHYECKHUX B3pbIBaX HIpaeT
JBONCTBEHHOCTb 3Be3Z. Ho MOXKHO CKa3aTb C yBepEHHOCThHIO,
YTO B3DBLIBEI CAYYAlOTCA M Ha OJUHOYHBIX 3Be3Jax.

XoTsl B3pEIBHBIE INPOLECCH U HE Ka)XyTCsl CBA3aHHBIMH
C 3BOJIIOLMe!l 3Be3[pl, BOSHUKIIEH H3 rasoporo objaka, B OT-
JENbHBIX CAYy4asiX OHH MOT'YT OKas3blBaThb BJIMSHHE Ha 3BOJIO-
nmo. B pesysbrate CHIBHBIX B3pLIBOB 3Be3fla TepsieT Maccy.
Tax, c6paceiBanue 3Be3/|0i 060MOUKH C MAcco#, NpeBbllIaIe
COTHEYHYIO (4TO, NO-BHAMMOMY IPOHCXOAHUT IIPH BCIBILIKAX
cBepxHOBbIX I THDa), NOMKHO CONPOBOXKAATHCA MOMHOH nepe-
CTPOHKOH 3Be3fnl.

Pacnpocrpaneno MHeHHe 06 00pa3oBaHUHU HE TOJIbKO 3Be3J,
HO TaKxKe rajakTHK U Ja)Ke CKOMJIEHHH rajakTHK U3 AHpPy3-
HOMU cpelbl. MBI y2Ke OTMeuasu, YTo cefiuac MexKrajakKTUYeCKUH
ras sBJdeTCa KpalHe Da3spexkeHHbIM MU, NO-BHAHNMOMY, OCHOB-
Hasl JoJ4 BeilectBa MeTaraakTHKH COCpelOTOYeHa B 3Be3faX
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B nmepuofi mpeanoJaraeMoro (pOpMHpOBaHHsS ralakTHK IIOT-
HOCTb MEXKTraJJaKTHYeCKOH Cpeibl MOrJa OwTb ropasno 60iib-
ey, yeM cepyac.

B mnoxTBepiKAeHHE T'HIOTE3Hl O BO3HUKHOBEHHH 3BE3L U
ranakTux u3 JuddysHOro BellecTBa MPUBOASTCS ABA BarKHBIX
nosoja. Ilpexkne Bcero, cKOmIEHHS rasa H NBUIH BCTPEYAIOTCS
B TeX 06/1aCTSX MPOCTPAHCTBA, TAE HMEIOTCS 3Be3hl, KOTOphle
MO2KHO CYHTaTh MOJIOABIME. OTCIOfa Ie/1aeTCs BHIBOJ, UTO TAKHE
3Be3JBl ellle He NOKHHYJNH 06sacTe cBoero poxiexusi. C apy-
roil CTOPOHEI, MHOT'HE H3 OLMHOUHBIX 3BE3J, JBOMHBLIE CHCTEMBI
i 6oJiee CJI0XKHBIE 3BE3JHble CHCTEME], B YaCTHOCTH, [aJaKTHKH,
o6safjaroT OO/BIIMM MOMEHTOM BpameHus *). Kax poxassl-
BaeTCsl B MEXaHHUKE, MOMEHT BpallleHHsi JIOGOH CHCTeMbI He
MOXKeT MeHSITbCsl 0e3 ydyacTHsl BHENIHHX CHJI. DTO OJHH U3
3aKOHOB COXpaHeHHs, CTOMb Ke (GyHAaMeHTaJbHBI, Kak
U 3aKOH COXPaHeHHus 3Heprud. B 60/bIION Macce XaoTHUECKH
IBHIKYLIErocsl rasa OTHeJNbHBEIE 4acTH — o6Jaka — BCEraa
006/1alal0T 3HAYUTEAbHBIM OOLIMM MOMEHTOM BpaineHus. ITosrto-
My, CuuTas 3Be3Jbl U FalaKTUKH BO3HUKIIMMH ITyTEM KOHIEH-
CallMH PacCesiHHOIO BEILEeCTBa, MOXKHO €CTECTBEHHO OOBSICHUTD
Hab/ojaeMble MOMEHTBI BDAIlleHHs 3BE3J W 3BE3JHBLIX CHCTEM.

I'umore3sa O BO3HHMKHOBEHHH pas3/MYHBIX HEGECHBIX TeJ
OyTeM YIJIOTHEHHS BellecTBa, OBIBIIErO NepBOHAYANBLHO B
O4yeHb pa3peKEHHOM COCTOSIHUM, HMeeT OOJIbIIYI0 HCTOPHIO.
Eme B XVIII B. dunocop Kaur u maremarux Jlammac mpej-
moJsiarajii, 4TO COJIHEYHasi cHcTeMa o6pasoBajach MyTeM KOH-
JeHCallud ras3a, COLEePIKAaBIIerocsl B HEKOTOPOH MepBHYHOH
TyMaHHOCTH. B mocsenyrolee Bpemsl X MONOGHLIM HIESM B TOM
MM HHOH (opMe HEeONHOKDAaTHO BoO3Bpalnaiuch. B Hayazne
XX B. JIXUHC BBIBHHYJ THIIOTE3y O BO3HHKHOBEHUH 3BE3J
IIyTeM CrYIIEeHHs BElIeCTBA B CINHPAJbHBIX rafakTHKax. [IpH
9TOM MpEANOJaarajoch, 4YTO LEHTPasbHBIE YacTH TralakKTHK
COCTOSIT M3 rasa, a B CIHpaJbHBIX DYKaBax ras KOHAEHCH-
pyercsa B 3Be3frl. [Tocie Toro kak OblIO OGHApYKeHO (B COpO-
KOBBIX I'0J]aX), 4YTO M LleHTpPaNbHbIe 00JAaCTH TajakTHK COCTOST
TPEHMYLIECTBEHHO U3 3Be3[l, a He U3 rasa, TEOPHIO NPOHCXOXK-
JCHUST 3B€3J NPHUILIOCH CYIIECTBEHHO BHIOU3MEHHTb.

IlpenmosnaraeMerfl COBpeMEHHOH TeOpHell MyTh pPa3BUTHS
Tanaktiku cBOAMTCH B OCHOBHEIX YepTax K CJELYIOIIEMY.

*) HanomHMM, 4YTO MOMEHTOM BpPalleHHs Ha3bLIBAETCS NPOU3BE-
JleHHe CKODOCTH BpamaTeJbHOIro ABHIXKEHHS TejJa HA €ro Maccy H Ha
PaccTossHHe 1O OCH BpaLleHHS, a JJIs CHCTEME!, COCTOSIIed H3 MHOTHX
TeJd, cyMMa TakKHX NPOMU3BeJeHHIl, B3fITHIX JAJS KaxKAOro M3 Tel.
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Hama Tanaktuka 10—15 Munauapnos Jer Hasaj mnpeacTaB-
Jissia cobo¥ rasoBoe 06/MaKO, B KOTODOM IIPOMCXONUNH XAOTH-
yeckue JIBHKeHHA. [10 XMMHYeCKOMY COCTaBY OHO GbLIO MOYTH
HCKJIIOUHTENLHO BOJOPOAHBIM. [lpu paspaboTke cxeMbl 3BO-
JIOIMK o0JlaKa HCHOJBb3YeTcs P IPEANONOKEHHHE O TOM,
KaK ras TepsieT KHHETHUECKYIO SHEPruio, M o mpouecce Gop-
MHDOBaHHUS U3 rasa 3Be3J U 3Be3JHbIX CKOIUIEHHH B PasIHIHBIX
obmactax I'anmaxkTuku.

Topsune (Mononpie) 3Be3[bl GOMBINOH CBETHMOCTH PACIIO-
JaraioTcs BOMM3M IJIOCKOCTH ['allakKTHKH — B ee CIHpa/bHBIX
BETBSIX, IJle HMMeeTCs TaKxKe MHOrO0 rasa M IbUIH. 3Be3[bl,
06pasysicb M3 rasa C MaJbIM COJEPKaHHeM TsKeJbX siep,
B Ipolecce CBOeH 3BOJIOLMH JOJKHBI IepepabaThiBaTh BOJO-
pol B reaum#l u Apyrue GoJjiee TsKesble 3JeMeHTl. IloaTomy
BEIECTBO 3Be3Jl oboramaercs TsKeJbIMH 3JeMeHTaMH. V3
BCEX 3Be3J, NPOUCXOJAUT HCTeUeHHe BelIeCTBA — C TOH HIH
MHOH CTeneHbl0 MHTEHCHBHOCTH. B pesysbTaTe BhIGpachiBaHHs
3Be3JlaMM ra3a B IIPOCTPAHCTBO OOOraiaercsi TSKEJbIMH 3Je-
MEHTaMH U Mex3BeslHas cpeza. [lostomy 3Besznmi, o6pasyio-
IIHeCS] U3 MEXK3BE3JHOH Cpellbl M03Ke, AO/KHBI UMeTh GoJbiee
COIEPXKAHHUE TSKENbIX 3JIEMEHTOB, 4YeM 3Be3[lbl, BO3HUKIIHE
paHee.

YKazaHHBIM IIyTeM OOBSCHSIOT OCOOEHHOCTH 3Be3]l PA3HOr0
BO3pacTa. BospacT 3Be3l yAaeTcsl JOCTATOYHO XOPOIIO OTIpe-
JeMUTh B TOM CJydYae, KOTAa OHH BXOHST B COCTaB 3BE3LHBIX
CKOmeHnH. PaccesiHHbIE CKOIVIEHHS TMIPEACTABAAIT COGOH
00pa3oBaHUs, CYIIECTBYIONINE CPABHUTENBHO HeHoaro — 1—2
muwinnapaa JeT. OHH [OCTENEeHHO «DPAaccachiBAOTCS» CpeNy
IPYTHX 3Be3ll, IVIaBHEIM 00pasoM IOA JEHCTBHEM TATOTEHHS
Macc, He BXOASLIMX B ckomeHus. IloaTomy cam daxr cymect-
BOBaHHSI PACCESTHHOrO CKOIUIEHHSI YKasblBaeT Ha TO, YTO BXO-
JsIMe B HEro 3Besfibl 3HAUHUTEIbHO MOjoxke ['ajakTHKH. ITH
3Be3[bl NO/IKHBI ObLIM 00pa3oBaThbCs COBMECTHO: CJydaliHas
TPYNIUPOBKA COTEH 3Be3l, 00MafaloIluX OOMmUM JBUXKEHHEM
H JPYrUMH CXOJHBIMH YepTaMH, COBEPIICHHO MCKJIIOYAeTCS.
[ITapoBeie :xe 3Be3HbIE CKOIJIEHHA KOMIAKTHBI, Pa3pyIUAOTCs
ropasfo Mej/IeHHee, yeM paccesiHHble, U SIBJSIOTCS, MO-BUIU-
MOMY, ropasjo OoJiee craprivu oOpasoBaHusMu. Cornacue
HabmojaeMbIX 0COGEHHOCTeH TeX U APYTHX CKOIIEHHH C Teope-
THYECKHMH BBIBOJAMH CBHAETEJNbCTBYET O BO3MOXKHOCTH 00BsiC-
HeHusl HaOMoJeHuH Ha OCHOBe ONMCAHHOH BBILIE CXEMBI «flep-
HOH 3BOJIIOIUKY 3Be3/. 0 3T0 coBepIeHHO He CBSA3aHO C BONPO-
COM O TOM, KakK BO3HHKJA cama [anakTuka.
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HavanpHas cragus o6pasoBaHUs rajlakTHK U3 Ju(pdysHOH
CPeAbl B €llle MeHbIeH CTeNeHH AOCTYNHA JJIsI TEOPETHYECKOIrO
H3y4yeHusi, yeM oOpasoBaHMe 3Be3J. 3Jechb Mbl He GyleM roso-
pPHTb O DAa3JHUYHBIX OOCYXKIABIIMXCSI MEXaHHM3Max 3TOro Mmpo-
mecca, MOCKOJBbKY OH He OTHOCHTCS K TeMe KHHUrH. Ho 3ametnm,
YTO HH OJUH U3 MpENJOXKECHHBIX MEXaHM3MOB He IMperycMmat-
pHBaeT BO3MOXKHOCTH CTOJIb CHJbHBIX B3PHIBOB, KOTOpbIE
Hab/moJaloTesl B sIApax ralakTHK.

Mebl yxke ymomMHHANH O TOCIOACTBYIOMIEH Ha COBPEMEHHOM
sTane pasBUTHS 3Be3l M 3Be3[HBIX CHCTEM TEHIEHLIHH K pac-
CeSIHMIO BelecTBa W 3Hepruu. Bceiopy Habmofaercs: mepexon
OT KOHJIEHCHPOBaHHKIX ()OPM CYIIECTBOBAHHSI MaTepUH K MeHee
mI0THEIM. [loMHMO B3DHIBOB, SIBJASIIOILMXCA KpaHHed GopMmoi
IMCCHIIAaTHBHBIX TMPOIECCOB, HEIPEephIBHO IPOHUCXOAUT YXOI
BEIIeCTBA M SHEPTHH U3  3Be3fl Oosiee CIOKOMHBIMH MYTSMH.
Ha ocHOBe aHanusza pasiHYHBIX HAaGMIOJaeMBIX IPOLECCOB
IMCCHNAUMK BO3HUK/IA THIOTe3a O INPOUCXOXKIECHUH 3Be3]
U TalakTHK, [IPOTHUBOINOJIOXKHAS TOH, KOTOpas TONBKO 4TO
paccMmatpuBanach. CorJacHO 3TOH THMOTe3e M 3Be3Jbl U rajak-
THKH 00pasyloTcsl INpPH IepexXofe MaTepHH H3 HEKOTOpPOro
CBEPXIIJIOTHOrO COCTOSIHHSI B HabmojaeMble (DOpMBbI BellecTBa
H 3HEpruu.

BecbMa ocHOBaTe/bHBIE JOBOALI B NOJb3Y TAKOH KOHIEMIINH
[OJYYEHBI TIPH HUCCJIEJOBAHUH 3BE3IHBIX CUCTEM, COLEPIKAIIHUXCST
B-d"amakTuKe, M CHCTEM ranakTuk B Metaranakruke. Haunem
C TepBBIX M3 3THX OOBEKTOB — 3Be3IHBLIX CKOIJeHu#l [anak-
THKH. MBI yXe OoTMeuasnd, YTO CKOIUIEHHS He MOryT ofpaso-
BBIBATbCSI IIyTEM IPYNIHPOBKH 3Be3J[, POAUBIIMXCS B PasHBIX
MecTax. 3Be3Jibl, BXOASIIHE B CKOIJIEHHSI, 4 TAKXKe B JBOHHEBIE
u 0Oo/lee CIOXKHbBIE CHCTEMBI, BO3HHMKJ/IH COBMECTHO.

Oxkomo pBajuaTH JeT Hasaj ObUIH OGHApYXKEHB 0COOhIE
CKOILJICHUSI 3Be3]], HasBaHHbIE 3Be3IHBIMU acconuauusMu. Kak
yJanoch YCTaHOBMTb, BO3PACT 3Be3[HLIX acCOLManui H3Me-
psieTCs HeCKOJbKUMH MUJJIHOHAMH JIET, YyTO OYeHb Majo IIo
cpaBHeHHIO ¢ Bo3dpacToM ['ajakTuku. Tem cambiM OBIIO MOKa-
3aHO, 4TO 3Be3jooOpasoBaHMe B [ajakTHKe MNPOJOJKAETCs
U Tenepsb.

Jpyrum BUAOM O4ueHb MOJOJBIX 3BE3[HBIX CHCTEM SIBJISIOTCSI
TaK HasbiBaeMble KpaTHble 3Be3fbl THIA Tpamendu. B oObIk-
HOBEHHBIX KpPAaTHBIX CHCTeMax JiBe U3 JIOOBIX TPeX 3Be3J, CHCTe-
MBI HaxofAsiTcsl OIM3KO JpYr OT Apyra, TpeThs ylajleHa OT HHX
Ha pacCcTOsIHHEe B JIECATKH pa3 OoJblnee. B cHcTeMax xe THIA
Tpaneuun paccTostHust OT 060U 3BE3JbI IO OCTAIbHBIX OXHOIO
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nopsiika. TaKuX CHCTEM CPaBHUTEJNBHO MaJO U BCE OHH COCTOSAT
U3 TOpPSYHX 3Be3[ GOJbUION CBETHMOCTH, TaK ke KaK U 3Besl-
Hble acCOlHAllUHU.

M3 Teopermueckoro HCCIELOBaHUS ABHXKEHHH B CHCTEMax
tuna Tpaneuuu cjenyer, 4to Hof0CHBIE 06pPA30BAHUA JOJKHEL
pacnajgatbesi 3a 1—2 MusanoHa Jjet. [Ieso B TOM, 4TO 3Be3la
MOXKET YJep:KHUBAThCS B CHCTEME JIHINb CHJIaMH TSTOTEHHS

Puc. 45. 3Besguas cucreMa «Tpanemiisi» B HEHTPaJbHOH YacTH CBeET-
Jgo#i tymannoctd OpHoHa.

CO CTOPOHBI JPYrHUX 3BE3], H €C/IH OHA NMpHOOpeTaeT KHHETHUe-
CKYI0 3HEprHuio, JOCTATOYHYIO IJIsI NPeoJONeHHs] 3THX CHI,
TO YXOIHT U3 cHcTeMmbl. [IpH JIBIKEHHH 3Be3[ B CHCTEME THIA
Tpanenuu npoHCXOAST OUeHb TeCHbIe COMHKEHHS HX 3a BpeMs
HECKOJbKHUX 000POTOB 3B€3Z BOKDPYT LEHTPA TSKECTH CHCTEMBI.
ITpu TakoM cOMKKEHHH OfHA U3 3Be3], MOKET HACTONbKO YBEIHU-
YHTh CKOPOCTb, YTO ee KHHETHYeCKasi SHeprusi IPeBLICHT
HeoOXOAUMYIO JJs yXofa u3 cucreMbl *). Jljas HabmomaeMbix
cucreM THna Tparenny, npy yuete Mace U ABHKEHHE BXOAAILHUX
B HHX 3Be3J|, IyTeM pacueToB HalUIH Bpemsi, Tpebyomeecs
IJIsT JOCTaTOuyHO ONHM3KHX BCTpeY 3Be3J — OHO OKasajoCh
nopsifka Munnona Jer. CleoBaTe/lbHO, CaMO CYILIECTBOBAHHE

#) B o6bluHbIX KPaTHbBIX CHCTeMAaX ABHXKEHHS 3Be3A NMPOHCXOAAT
npu6au3uTeabHo 1o 3akonam Kemsepa, cOiaHXKeHHH 3Be3x He Inpo-
HCXOIHT, MO3TOMY TAKHe CHCTEMBI YCTOHYHBLI, MO KpaiiHei Mepe B Te-
YeHHe MHJIHApAOB JeT.
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cucTeMbl TumMa Tpanelyuu MOKashiBaeT, UTO BXOASIHE B Hee
3Be3/lbl BO3HHUKJIH HeJaBHO H coBMecTHO. [Ipu ciayyafHbIx
cOMMKEHUIX OLMHOYHBIX 3Be3] 06pa3oBaHHe NOLOOHBIX CHCTEM
IpaKTHYECKH HEBO3MOKHO. [lo-BHAHMMOMY, BCce 3Be3[bl CHCTe-
MBI BXOJMJIH B COCTaB KaKOTO-TO MAaCCHBHOI'O IJIOTHOTO TeJa
1 00pasoBaich NpH €ro JeJeHHH.

C cucreMaMy Mbl BCTpeyaeMcsl ¥ B Mupe ranaktuk. Cyuect-
BYIOT JBOHHBIE TalaKTHKH, CHUCTEMbl H3 HECKOIbKHX TallaKTHK
U CKOIUIeHHs!, BKJIOYalOlHe B cebst ThICAUM ranakTHK. Kpat-
Hble TaJaKTHKH BCTPEYAIOTCS CPABHHUTEJNBHO YacTO W CpelH
HUX TaKKe BBIIENSIOTCS CHCTeMBl THIA Tpanenuy U 0OOBIKHOBEH-
Hble cHCTeMbl. VI3 Tex xe coobpaeHHH, KOTOphie YKa3bIBANUCh
IJIS 3Be3l,, BXOLSIIMX B KpaTHYWO cHcreMy Tuna Tpanenww,
CJIeyeT, YTO TaJIAKTUKH, COCTABJSIOIUE TOLOOHYIO CHCTEMY,
BO3HHK/IH COBMECTHO M3 0oJiee MacCHBHOrO 0OpasoBaHHS.
CxopocTH IBHKEHHH TalakTHK B KpaTHOH cHcTeMe OGBIYHO
TAKOBBI, UTO Ha OAMH OOOPOT rajakTHKa 3aTpayHBaeT OKOJIO
MUJITHApAA JIeT, YTO He OUeHb MaJIO II0 CPABHEHHIO C BO3PacTOM
rajaktik. [10aTOMy B 3HAUUTEJBbHOH YacTH CHCTEM TalaKTHK
eule He IPOH3OLIH JOCTATOYHO TeCHble COJIMMKEHMS TajaKTHK
H MHOTHE CHCTEMbl NPOCTO HE YCIeNaH pa3pyUIUThCH.

Pacnian HeXOTOpBIX KpAaTHBIX CHCTEM rajakTuk Tuma Tpa-
IeHUH MPOUCXOIUT INPSIMO «HA rJasax». XOpPOUIHH IpHMEp
3TOro Jaer Tak HasbiBaeMblii «Keuurter Credana» — cucrema
U3 msiTH ragaktik. CKOpOCTh OJHOH U3 FajlaKTHK 3TOH CHCTEMBI
ornuyaercss Gosee uyem Ha 1000 xkm/cexk oT cKOpOCTEH ApYTHX
4JJeHOB KBHHTETAa, Y KOTODBIX PAa3HHIA B CKOPOCTSAX HE Ipe-
BocxomuT 100 km/cex. st Toro ytoObl yAepKaTh TalaKTHKY,
JIBHXKYILYIOCS C OTHOCHTeNbHOH cKopocTbio 1000 xm/cex,
B CHCTEME, MAaCChl OCTATbHEIX IaJaKTHK JOJIKHBI OBITH [Opaslio
OOMBINMMH, YeM BCTpeyalolfecsl y TallakKTHK JAHHOTO THIIA.
CrnemoBatesqbHO, Mbl HaGMOLAeM YXOJ OZHOH M3 TalaKTHK
u3 «kBuHTera Credana». MoKHO ObLIO ObI IPHUBECTH M ApYrHe
IIpUMephbl PACIAJAOMUXCS CHCTEM TajaKTHK.

B NBO#HBLIX rajakTHKax, a Takxke H B 0oJiee CJOXKHBIX
cucTeMax, B psile cayyaeB HaO/IOLAIOTCS CBETsIIHecs 00paso-
BaHUS — «IE€PEeMbUKH», HAYIIHE OT OLHOH TalaKTHKH K ApY-
rofi. D10 eme OAHO YOeJHTEIbHOE MOATBEPKACHHE TECHOH
CBSI3H TaNaKTHK, BXOASIIUX B OAHY CHCTeMY, 00YyCJOBJIEHHOH
OOIIHOCTBIO HX IIPOHCXOXKICHHS.

Urak, psii AaHHBIX yKas3blBaeT Ha COBMECTHOe 00pasoBaHHe
He TOJIbKO 3Be3[, HO U FMraHTCKHX 3Be3/{HbIX CHCTEM H3 KaKHX-
TO MacCHBHBIX Tesa. C 3TOH TOUKH 3peHUS CTAHOBHUTCS IIOHAT-
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HBIM H Xapakrep TaKuX «IBOMHBIX ralaKkTHK», Kak Jlebelp A,
LleuraBp A u zApyrue. Ilo-BUAHMOMY, MBI HabmofaeM B 3THX
cayyadx TranakTHKM, oOpas3oBaBIIMECsT M3 OJHOrO Teja TakK
HEJlaBHO, UYTO OHM €NIe He YCIEJH IIOJHOCTBIO pPasieUThCS.

Puc. 46. Ckomenue ranakTtuk B cospe3nun «Bosocsl Beponuku».

[lockomnbKy 00e ranakTHKH yAadsioTCst APYT OT LPYra ¢ OrpoM-
HOH CKOpOCTBbIO H, CJIEeLOBaTeNbHO, 00/afal0T OUeHb OOJbIION
KHHETHUYECKOH 3Hepruefl, npouecc o6pa3oBaHus 3THX rajaKTHK
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Puc. 47. Cucrema ranaxkTHk Tuna Tpameuny, HasbiBaemas
«kBHHTeT CT!




HMeJI, BepOSTHO, XapaKTep B3phiBa. I[loc/encTBHsi TaKOro
B3pDbIBA CKA3bIBAIOTCS B HHTEHCHBHOM PaJMOU3JIYUEHHH Tajak-
THK, OOYCJOBJEHHOM IIPHCYTCTBHEM B HHX pPeJSITHBHCTCKUX
YACTHII.

Taxum o6pasom, HaOJIOAEHHS TaTaKTHK JAIOT BCe HOBHIE
NOATBEPIKAEHHUST TPEANooxKeHHI 06 00pa3oBaHHH TralaKTHK
U3 JPYTHX MJOTHBIX M MAaCCHBHBIX Tesl. B mpouecce pa3BHUTHA
00pa30BaBWIMXCS TAJAKTHK NPOUCXOAUT W POXKICHHE 3Be3J.
Kax MBI yrke 3HaeM, B3PBIBBI B SIApaX TaJaKkTHK B psifie cIyyaes
NPUBOAAT K OAHOCTOPOHHEMY BBIOPACHIBAHHIO CTPYH BellecTBa.
Moxuno momarath, uTO cnHpaJbHBEE pYKaBa TalaKTHKH obpa-
3yIOTCSl B pe3yJsbTaTe B3pHBOB B ee siape. Ilpu aToM u3 sifpa
BEIOPACHIBAIOTCS CIYTHUKHY, TIPENCTaBIsiomue coboil HeBOob-
1IHe raJakTHKH. '

Puc. 48. [IBe rajakTHKH, COeIHHEHHbIE TIePEMBIYKOH (HETATHB) .

CnyTHHKM ecTb M y Hamefl [aTakTHKH — 3TO JBe Hempa-
BUJbHBIE FaJlaKTHKH, HaspiBaemble MarenaagoBsiMd O6JaKamu.
Vmerorcst ocHoBaHH#A cyMTaTh, uyTo MareanaHoBel Q61aka
coefuHeHbl ¢ ["amaKTHKOH NPOTSKEHHBIMH OOpasOBaHUSMH —
pepeMblukaMd. B ramakTuke M 5] Ha KOHIle CHHpaJbHOl
BeTBM 3aMeTHa KapJHKOBas TralaKTHKa — COYTHUK. AHajo-
TMYHOe sIBJIeHHe HabMoLaeTcss B Y APYTHX CHCTEM, B YaCTHOCTH,
y TyMaHHOCTH AHIpomensl. Kak siBIeHHe TOTO ke THIa, MOXKHO
paccMaTpHBaTh U NEPEMBIUKH MEXKIY JBOHHBLIMH I'ajlaKTHKAMH.
HacTo 2TH NePeMbIUKH -OKA3HIBAIOTCS TPOJONKEHHEM CIIHPasib-
HBIX pyKaBoB. [loaToMy HOMyCTHMO BOOOIIE CYHUTATh, 4YTO
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ClHpaJ/ibHble pYKaBa TadJdKTHK pPa3BHJAHCh U3 HGPEMbIL{GK
MEXKAY ABYMSl CHCTeMaMH, oﬁpasosasmmmca H3 OJHOrOo Te-
Aa. Toraa BO3HUKHOBEHHE 3THX PYKaBOB NOJI?)KHO OBITH CBSI-
3aHO CO B3DBIBHBIMU IpOLECCAMH B s1Apax rajakTUK.

Puc. 49. Marennanoss O6naka — cnyTuuku anaxtuku: ciesa Bonb-
moe Mareananoso O6naxo, cnpasa Manoe Marennanoso OG6aaxko.

EcrecTBeHHO, UTO CleJIaHHEIA BLHIBOJ HH B KOeHl Mepe Hesb3s
cyuTaTh OKOHYaTeJbHbIM. 10 Mepe HakomseHHs HabsrolaTelb-
HBIX JaHHBIX O TalaKTHKaX MOKET 0Kas3aTbCs, UYTO CYLIECTBYET
npyro#i, Gosee sthdekTHBHEI croco6 o0pa3oBaHUs CIHpa/b-
HOM cTpyKTyphl. OfHako Hajuuue XOTsI Okl B HEKOTOPHIX
cnyuasix cTpy# U BEIOPOCOB, NOX0XKHX Ha pyKaBa, yCTaHOBJIEHO
JOCTATOYHO HAaJE¥XKHO.

['umotesa O DPOUCXOXKIEHHH TalaKTHK IyTeM JiesIeHHUs
KaKUX-TO IJIOTHBIX Tel Kak OYATO Obl NPOTHBOPEUHT JAHHBIM
0 HaJHUYUH Yy TralaKTHK OOJbIIMX MOMEHTOB BpalleHHS —
BEeIb TAKOE TEJO B CHJIy CBOErO Majoro pasMepa He MOMKET
o6nanaTh GOJMbIIMM MOMEHTOM BpaiueHus. Ho ¢ 3akoHOM co-
XpaHEeHHs] MOMEHTa BpalleHHsi COBMECTHMO IpeAINoJIOXKeHHe
0 BO3HHKHOBEHHH H3 IUIOTHOTO Teja JBYX o0pasoBaHufl,
BpaIlaOIKXCcsl B IPOTHBONOJIOXKHBIE CTOPOHB. ToOrza HX
BpauatebHble MOMEHTHl OYAYT BeJTUUUHAME Pa3HBIX 3HAKOB, U
XOTSl y KaxKIOU M3 CHCTEM MOMEHT BpalleHHS BeJHK, B CyMMe
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Ias oB6oux o6Gpa3oBaHUM OH MOXeT OniTh MajpiM. Habuone-
HHsI TAKUX NBOMHBIX CHCTEM TaJaKTHK, KOTOphHIE, II0-BHIUMOMY,
BO3HHKJIH COBMECTHO, NIOKA3bIBAIOT, YTO B GOJBLIIKHCTBE CJIyYa-
eB HalpaBJieHHs BeTBell (CIIHpAbHBIX PYKABOB) Y KOMIIOHEHT
naphl MPOTHBONOMOXKHBL. A 9TO MOXKET OBOPHTb U O MPOTHUBO-
HOJIOKHOCTH HAaNpaBJeHUH BpameHHsT OOEHX TralaKTHK.

CorslacHO paccMaTpHUBAEMOH THIIOTE3€ 3BE3JbI BO3HHKAKOT
B BLIODOIIEHHbIX M3 spa COHPaJbHBIX pYKaBax, KOTOphie
CoZiepKaT OueHb TJIOTHHIE H MaccuBHHC Tesa. [Ipu neseHuu
3TUX TeJl MOTYT 06pa30oBaTbCsl HE TOIbKO 3Be3/bl, HO H BEIIECT-
BO B paccesHHOM (nHM(p(dy3HOM) COCTOSIHUM — ra3 M IIBUIb.
IlosToMy cymiecTBOBaHHE TOpsSYMX (MOJOABIX) 3Be3l B TeX
Ke obsmacTsx l'amaxkTuku, rje UMeeTCss MHOTO TIBUIM ¥ rasa,
OTHIOJb He SIBJAsIeTCSI BECKHM JOBOZOM MPOTHB paccMaTpuBae-
MOM TOUKH 3DEHHS M YKa3aHHEM Ha NPOHCXOKIEHHE 3Be3J
u3 AucddysHoro BemectBa. C TeM ke ycrnexXoM MOXKHO CUHTATh,
YTO NPHCYTCTBHE MOJIOABIX 3Be3J U rasa B OLHOW WM TOH e
06J1aCTH CBHIETENbCTBYeT 00 HX COBMECTHOM 0Opa3OBaHHUH.

Hu npupopa H03Be3NHBEIX TeI, HH Ipolecc 0Opa3oBaHUs
U3 HHX 3Be3]l H Iubdy3HOro BemecTBa MOKA He BhISICHEHBI.
OzHako, Kak NOKa3biBaeT CYIIECTBOBAHUE, 3BE3LHBIX aCCOIHA-
HH, mpouecc 3Be3fo00pazoBaHUst B ['alaKTHKe IPOLOJIKAET-
cs M Temepb, XOTs1 (OPMHDOBAHHE €e CIHPAaJbHBIX PYKAaBOB
OTHOCHTCsI, NO-BHAHMOMY, K JajiekoMy mpoiwioMy. [lostomy
c/IeflyeT HOIYCTHTb, UTO H3 (IIPOTO3Be3[» — OOBEKTOB, BHIOPO-
IIEHHBIX sApoM [anakTHKH, 3Be3lBl MOTYT 0Gpa30BBIBATHCS
He cpasy, a cmycTsi Gojlee WM MeHee 3HAUHTEJNbHOE BpeMs
nocie Bei6poca. Celiuac TpyJHO CKa3aTh YTO JIHGO KOHKPETHOE
0 opMax CyIecTBOBaHHS NPOTO3Be3/l. BeposTHO, OHHU ABJSIOT-
csl OueHb IIOTHHIMH M HECBETSIIMMHCS TeJIaMH.

Ilepexon oT mpoTo3Be3l K Apyroil ¢opme CyIeCTBOBAaHHSI
BELIECTBA — 3BE3JHOM, MOXKeT HMeTb Xapakrep B3phiBa. Ha
3TO YKasblBaeT B Psifie CAydyaeB 3HAYHTeNbHAsi CKOPOCTb 3Be3]l,
BXOASIIMX B 3Be3JHble aCCOLHAIMH, KOTODasi He MOMKET ObITh
npuobpeTeHa IyTeM CTOJKHOBeHHH MX Apyr ¢ apyrom. Iloka
TaKUX B3PBIBOB, O KOTOPBHIX MOKHO OBLTO OBl CKa3aTh, 4TO OHHU
COIPOBOKAAIOT POXKIeHHe 3Be3l, He Habmopanu. Ho, ckopee
BCEro, 3TO CBA3aHO C PEAKOCThIO MOJOOHBIX B3pHIBOB. 13 cpas-
HeHHUsl yHucsa 3Be3[HBIX acconuanuii B I'anmaktuke npu ydere
BpeMEeHU HX KU3HH (OT BO3HUKHOBEHHS 10 PacCesTHUsT) C O6UIHM
4yHcaIOM 3Be3l ['asaKTHKM TNoJyyaeTcsl, 4TO OfHA AaCCOLHALIHS
IOJI:KHA TIOSIBJSITLCS 34 BpeMs NOpsifiKa Teicsud JjieT. Ho takas
OlEHKa IPEANojiaraeT MOCTOSIHCTBO CKOPOCTH 3Be3J000paso-
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BaHHUsI 1 BO3HUKHOBEHHE BceX 3Be3[ uyepe3 accouuauuu. bosee
TOYHBle IIOACYETHl IIOKasa/ld, 4TO B oOKpecTHocTsx Co/aHIA
(cxaxeM, Ha paccTosiHuu 10 000 cBeTOBEIX JIET OT HEro) pOKIL-
HUe OJHOH 3Be3ZHOH acconManuy AOJNKHO MNPOHUCXOLMUTH OLUH
pas 3a 100 000 mer. HaOmoneHus: e HX MPOJOJKAIOTCS BCETO
JeCSTKH JIeT.

Takue KOCMHYeCKHe B3pPBIBBI, Kak, Hampumep, O6oJbliHe
Beneiky 3Bess tina UV Kura, a takxke T Tenbna u HEKOTO-
pBIX JpYTHX, He CBSI3aHBI, II0-BHAMMOMY, HENOCDEACTBEHHO
c oOpasoBanueM 3Be3J. Ho, cylss mo xapakrepy BCIBIILEK,
HX MOXKHO CYHTaTb IPOJOJKEHHEM IPOLECCOB, CONpPOBOXKIAB-
IHX pOXAeHMe 3Be3l. B pamkax us3jaraeMoil CHCTEMbI B3IJIs-
IDOB Ha 3Be3[000pa3OBaHHe BHICKA3HIBAJNIOCH MPEANONOKEHHE
O TOM, UYTO BCIHBIIKH BBbI3BIBAIOTCS MONAJaHHEM B IIOBEpX-
HOCTHBIE CJIOM 3Be3[Bl OCTaTKOB JO3BE3[JHOIO BEIIECTBa, COXpa-
HUBIIErOCsSl BHYTPH 3BE3JHL.

B paccMOTpeHHBIX 37ech COOOpaKeHUAX O NyTaAX o0paso-
BaHUsl 3Be3], U 3Be3IHBEIX CHCTEM €CTb, KOHEYHO, OYeHb MHOI0
HeonpejesnenHoro. Cefflgac HaM HHMYero He H3BECTHO O CTPYK-
Type I03Be3fHOro BemecTBa. [ToTpeGyeTcsi, BO3MOXKHO, yray0-
JeHHe u 0OoOmieHHe HEKOTODPHIX OCHOBHEIX 3aKOHOB (U3HKH,
yTOOGK! MOXKHO OBIJIO OTBETHTb HA BO3HHKAIOLIMeE B CBSI3H C IPO-
Gaemoll pOXIEeHHS HeOeCHHIX TeJ BOMpPOCH. Moxer OHITh,
HAaKOHEIl, YTO M BCS 5Ta KOHIUEMNIHUs B CBeTe HOBBHIX Habmofe-
Hull 6yzet otBepruyTta. OfHAKO B HACTOSIIEE BPEMSI OHa KaKeT-
cst 6oJsee IEJABHOM, YeM FHIOTe3a O POKIEHUH 3Be3] H rajakTHK
nyTeM KoHJeHcanuu Auddy3HOro BellectBa. Eciau cunTath,
yTO HeOecHble Tesa 00pasyloTCst HPH KOHJEHCALMH, TO KOCMH-
yecKHe B3PHIBbI Pa3HbIX MacuITabOB OKa3bIBAIOTCA MPOLECCaMH,
He CBSI3aHHBIMH C OCHOBHOH JHHMe#l 3Bosonud. B mpeamoso-
JKeHHH e 00 IBOMIOLUH BellecTBAa OT GoJiee NJAOTHBEIX (OpM
K MeHee IJIOTHBIM KOCMHYeCKHe B3DBIBE COMPOBOKAAIOT pe3 KHe
nepexoirl MaTepHHM M3 OXHOH (hOPMBI B APYTYIO U SIBJAAIOTCS
BaXXHbHIM 3TalloM pa3BUTHsS HEOECHEIX Tell.



3AKJIIOYEHHUE

B oTO#f KHure 3aTpPOHYT IIMPOKUH KPYT KOCMHYECKUX
SIBJIEHH#I, NPOMCXOASINUX OueHb JaJeko OT 3emnau. Bepo-
SITHO, NPH YTEHHM €e Y MHOTMX BO3HHK BOIIPOC O IpaKTHyec-
KOH HEeHHOCTH NONOOHBIX MCCIELOBAHHA H BO3MOXKHOM IIpH-
MEHEHHH HX pe3y/bTaToB. UTO KacaeTcs COJHEUHBIX BCIBIIIEK,
TO 00 MX BJHSIHHM Ha Pa3/IMUHbiE 3eMHBI€ NMPOIECCH MBI YKe
ropopunu. B uactnoctH, Obl1a nOAUEPKHYTa HEOOXOLUMOCTH
B OyJyliem INPOrHO3UPOBAHHMS BCHOBIIEK JJIsi OOecneyeHus
6e30IIaCHOCTH KOCMHUYECKHX MOJMETOB. B3phiBBI Ha JPYTHX
3Be3fax Hu, TeM OoJiee, B3pLIBB B SIAPaX TrafakTHK 3eMJIo
HENoCcpeNCTBeHHO He 3arparuBailoT. OfHAKO HCCIenysl Takue
B3DBIBbI, MBI HMEEM JeJI0 C NPOLeCCAMH HCKJIOYHTENLHO BBICO-
KOH 3HEpPruM, HEBOCHPOU3BOAMMBIMH Ha 3emiae. [loartomy
TPYAHO IEPEOLEHHTb pOJb IJsI HAayKH 3THX (KOCMHUYECKHX
Jnadoparopuily, Ije NPUPOAON CTABATCS IKCIEPHMEHTBI I'H-
FaHTCKUX MaciuTadoB.

OO6wensBecTHo, YTO (DyHIAMEHTOM TEXHHYECKHX JHOCTH-
KEeHUH siBJsieTcsl ryOoKoe mNo3HaHHe (HDUSHYECKHX 3aKOHOB.
Msyyass HOBble, moayac COBEPIUEHHO HEOXKHAAHHbIE, THIIbI
KOCMHUYECKHX SIBJI€HHH, MBI [OJy4aeM BO3MOXKHOCTb YTOYHE-
HUsA (PM3HUYECKHX 3aKOHOB. 3Jechb YMECTHO HAaINOMHHTh, YTO,
HanpuMmep, JEHCTBHE MOIIHEHINero M3 HM3BECTHLIX HaM MCTOY-
HHMKa 3HEPTHM, TepMOsiIepPHBIX peakuuil, ObUIO cHayajla H3y-
yeHo gist COHIA M 3Be3[ W JIMIIb I103Xe MoJo0HAast peaxius
Oblla OCYILIECTBIEHA B 3EMHBIX YCJIOBHSIX.

Celtyac TpyIHO NPENINOJOXKHTE, YTO B HeJaleKoM Oymyiem
yAacTcsi WKPOKO MCHOMb30BATh TE INPOLECCHl OCBOGOKIEHHUS
SHEPruM, O KOTOPBIX MBI HajleeMcsl y3HaTh, M3yuyasi KOCMHYEC-
KHe B3PBIBBEl, XOTsS HEKOTOpble 3((heKTh B3PHIBOB, BEPOSITHO,
U MOXHO OyIeT MOAEeNHpOBAaTh K HAHTH MM NPHUMEHEHHE.
Besikoe pacmimpeHue HamMX 3HaAHHE O MHPE, B KOTOPOM
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MBI KHMBEM, TaK WM HHaye CKasniBaeTcsd B UeJOBEYeCKOMH
IpaKTHKe, HO He BCErJa MOXKHO NpefBHAeTh NYTH HCIOJb30-
BaHMUSl 3THX 3HAaHHH.

Uurateab BhpaBe INOCTaBHTL M APYroll Bompoc — rie
[OJMYYeHBl H KOMY IpHHALJIekaT H3JI0KEHHbIE B KHUTe Pe3yJlb-
taTel HccnenoBaHuil? OFHAKO OTCYTCTBHE B TEKCTE CCBUIOK
Ha KOHKPETHBIX aBTOPOB (3a HCKJ/IOUEHHEM TeX CJIyyaes,
Korfa GaMHJIUs cTajla HapHIATeJAbHOH) He cayyaiino. Ksyue-
HHEM OIIHCAHHBIX SIBIEHHH, COCTABJ/ISIOUIUM 3HAUHTENbHYIO
o6acTe acTPO(U3MKH, 3aHHMAJOCh H 3aHMMAeTCs MHOXKECTBO
HaYYHBIX YUYpexXIEHHH, W TOT WJIM HHOI BKJaJ B HErO0 BHEC/IH
COTHH, €CNIH HEe THICSYH, YYeHBIX. [IOHATHO, YTO B paMKax
JJAaHHON KHHUT'M HEBO3MOXHO OBLIO JaTh OLEHKY pOJIH OTHENb-
HBEIX YYeHBIX, /la 9TO U He BXOLWJIO B ee 3ajauy. Mel coobianu
JIMIIb YCTAaHOBJEHHbIE (haKThl, HEOOXOAHMbIE /5 NOHHMaHHUS
o61Iell KapTHHB! ABJAEHUI B3pLIBOB. HO Bce ke Mbl 37ech yIo-
MSIHEM O KpYHHEHIIHX HayyHbIX KOJJIEKTHBAX HalleHl CTpaHBl
H 3apy0OerKHbIX, BHECIIMX HauboJjiee 3aMeTHRIH BKJaj B pobie-
My KOCMHYECKHX B3DEHIBOB. YU€Hble, KOTOphle IPH 3TOM
YIOMHHAIOTCS, SBASIOTCS, KaK I[IPaBHIO, OpPraHH3aTOpaMH
HJIH PYKOBOAHTEJSIMH 3THX KOJIJIEKTHBOB.

Haunem ¢ xpomoctepueix Benwoiinek. B CCCP nauGoisee
OOIIHpHEIE HCCAeJOBaHHs B 3TOH 0OJacTH IPOH3BOASTCS
Kpomvckoit acrpodusuyeckoit obeepBatopueit (KpAO), pyxo-
Bogumo#t A. B. CeBepuriM. B Toli ke oGcepBaTOpHH, a TaKke
B bropakaHcko#l acTpodusuueckoii 06cepBaTOPHH aKTHBHO
U3ydJaloTcsl BCIIBIXMBAIOIIME 3Be3[bl Pa3MHYHBIX THIOB.

HoBrie 3Be3fipl NPHUBJIEKAIOT BHUMaHHE YYEHBIX yXKe MHOT'He
necsatku Jet. OcoGeHHO Ba)kKHBIE H HHTEDECHbIE HaGMI0JeHHS
ux npoussBonguance B CIITA Ha oGcepBatopusix Mayut Buicon
u Mayur I[lajomap npu NOMOIIM KPYHNHEHIIMX ONTHYECKUX
tesneckonoB (2,5 m u 5 m nuamerpom). C 3THMH Ke HHCTPY-
MeHTaMH HalOJIoJa/luCh CBEpXHOBbIE 3Be3[bl, B3PLIBHI B sIApax
FajJakTHK M CBepPX3Be3Jbl, KOTOPhe AOCTYIHBI JHIIb GOJbIIHM
tesneckonaMm. Cellyuac KpymHbIE HHCTPYMEHTHI BBOASITCS H Ha
ApYyrux o6cepBaTOpHsX, HO pOJb 3THX 0OcepBaTOpHil mHpoO-
JOJI2KaeT OcTaBaTbCsl 3HauMTeNbHOH. TeopeTHuecKHMH Hcce-

JIOBaHHSIMH BCIIBIIIEK HOBLIX 3Be3J 3aHUMalOTCsl B JIGHHH-
rpajckoM YyHHBepcHTeTe nofx pykoBojactBom B. B. CoGoueBa,
B KpAO u Mockse 3. P. Mycrens u 1pyrue, a Tak:xke B AcTpo-
(usnueckoM uHCTHTYTE BO Ppannuu (3. P. Mlanman), B AHrIuny,
CIHA wu gap. crpaHax.
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TymanzocTH, 00pa3soBaHHbIE BCHHINKAMHE TaJaKTHUECKHX
CBEDXHOBBIX 3BE3J[, U3YYaJHCh KaK ONTHYECKH, TAK U PaLHO-
veronamu, B CCCP u 3a py6emom — B Ascrpanuu, CIIA.
B uyactHocTH, B JleHuHrpanckom yHuBepcuTeTe M BropaxaHe
6bula HONPOOHO HcC/efoBaHA HOJsipu3anust usnyyeHusi Kpa-
GOBHIHOM TYMAHHOCTH U TMOATBEPKIEHBI IIPEATIONOKEHH ST O CHH-
XPOTPOHHOH MHpHpOAe ee usaydeHus. [IpoGieMbl CHHXpPOT-
pPOHHOrO H3JIyyeHHs! B NPHMEHEHHHM K CBEPXHOBBLIM 3Be3JaM
euie 10 3TOro cranu paspabatbiBaTthesi B DU3MUECKOM HHCTH-
tyre AH CCCP mm. Il. H. JleGeneBa u B AcTpoHOMHYEC-
koM mHcTHTyTe mM. I1. K. HlreprGepra B. JI. Tuus6yprom,
M. C. IIk10OBCKHM M APYTUMH.

HayueHne B3phIBOB B sipaXx TallaKTHK U HCCAEJOBaHMe
CBEpX3Be3J, MHTEHCHBHO NpoBoAuTcs B DropakaHckoil 06-
cepBaTOpuH, Bo3ryasasieMoll B. A. AMBapuyMsiHOM, H B KpYyII-
Hefimux obcepBatopusix CIIA (I. T'puncreits, A. CoHpunx,
M. IImuar). MsyueHme 3TuX OOBEKTOB B pagHO[HanasoHe
npoBopunock B AHrauum (Manwectepckas rpymma), CIIHA,
ApcTpanuu u APYrHX cTpaHax. B TEOpeTHYECKOM IJIaHe CBepX-
sBe3abl akTuBHO H3ywaiorcsi B CCCP (AH CCCP — rpymna,
BosriasiasieMass 1. B. 3enppoBuuem), B Anrnum (®. Xoiun
c corpyaHukamu) u B CIHIA (Bap6umxu). .

B mnocnexgHem maparpabe Mbl FOBOPHJIH O CYLIECTBOBAHHU
IBYX TOYeK 3peHHs] Ha oOpasoBaHue 3Be3n. ['MmoTesa o KOH-
JeHCaluuy 3Be3J, W ralakTHkK u3 Auddy3HOro BellecTBa pas-
BHBajlaCb BO MHOTHX CTpaHax; YKaxeM JJsl IpuMepa TIoJ-
aanzackoro yduerHoro . Oopra u amepukasckoro JI. Cnur-
uepa. IlpoTuBomosiokHAast KOHUEMUKMS 0Opa3OBaHUS 3Be3f
U3 CBepXIVIOTHBIX Tes mnpHHajglexur B. A. Ambapuymsiay.
OH cuHTesupoBal B HeH pe3yJbTaThl HCCIEJOBaHUl He-
CTalMOHAPHBIX 3Be3X, C OXHOM CTOPOHBI, U H3YUYEHHs] 3Be3-
HBIX CHCTEM, B YAacTHOCTH, OTKPHITBIX MM 3BE3IHHIX accolua-
IUH, — C ApYroi.

STUMH 3aMeYaHUSIMH HCTOPHUYECKOr'0 XapaKTepa Mbl H 3aKOH-
upM KHHry. Jlo6aBuM sumb HeGOJBIIOH CIHCOK HAyyHO-IIO-
IYJASPHON JIMTEPATyphbl, KOTOPHIH MOXKET HPHUIOAUTBCST TEM,
KTO 3axoueT moApoGHee pa3oOpaTbCsl B OTIAEAbHBIX BOMpOCAX,
0 HeOoOXOAUMOCTH Oeryio 3aTPOHYTHIX B 3TOH KHHTeE.
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