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IPEJUCJIOBUE K TPETLEMY H3TAHUIO

B TperheM m3jaEAM KHErA HOXBEPrIach CYMECTBEHHOI
nepepaborke. Coxpameno n3IoKeHe HEKOTOPHIX 00mMHX BOI-
POCOB B TEPBEIX TIABAX, YTO HO3BOJHIO0 YMEHBLITATH 06DbeM
KHHTH TO CPaBHEHMIO CO BTOPLIM M3JaHHEM. 3aTo BBejeHa
HOBAA TriaBa O HEATPOHHEIX 3Be3faX H <Y6PHLIX JBIPAXH.
3uaynTeNbHO JOMONHEHO H3JI0KEHN® TEODHH MIPOMCXOKIe-
HuA U 2BOJNIONHH 3Be3l. YUYTEHH IOCIeNHHe MTOCTHKEHUS B
oroii GypuHo passmBalomeiics oGIacTH acTPoPH3MKM.

Aemop

U3 NPEINCIOBUA K INNEPBOMY HM3JAHHIO

AcTpoHOMEA — BePOATHO, JPeBHEHmas m3 BCeX HAYK —
Tepe;xuBaeT B Hame BpeMs HACTOANMYI0 pepoiomuio. Beem
H3BECTHH yCIEeXH paKeTHOHl aCcTPOHOMIM, IPORJIajLBaromeit
YeA0BERY OYTh B KOCMOC, I03BOXAIOMEl BIepBLe B UCTOPHM
nameil HAYKH CTABUTDH HKCIEPIMEHTH B MERINAHETHOM Ipo-
CTpaHCTBe.

OrpoMHN JIOCTIKCHHA PANIIOACTPOHOMEN, japmei yde-
HLIM HOBLIe MOIIHEe Merojn ucciaegopanus Comnma, ramax-
THEK, Me;R3Be3finoil cpenst... Beluru HOBHe yemexm I cTapoif,
ONTHYECKOI acTPOHOMHIL.

Ho camoe BajkHOe T COBpEMEHHOIl ACTPOINOMHH TO, 4YT0
TemepnL ONA MO;KET HCIOAL30BATL JIA WBYUeHusa Hebecmnix
T OTPOMIGIE HKCOEPHMEHTANBHLIT I TEOPeTHIeCKMIl Mare-
puaN, HakoIIenusdi coppemenmoil (msukoif, ocobenno noc-
TIReHA aroMuoll u apepuoii guanrn. Mo temeps moireM
TOHATH M HCCHeNOBATh TO, UTO BERAMU Ka3aJoch Hepaapenn-
MLIMI BaTQJKAMII: Y3HaTh TEMOCpaTypy BHYTPI M Ha HOBEpX-
HOCTH BBE3M, OMPEACTITh XHMIUECKIT cocTaB nebecHnX Tel,
HAlTH HCTOYHUKH 3BE3/IHOH DHEpPTHH, HCCHAeNoBaTh IYTH DBO-
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JIOMUA 3BE3T U T. K. M T. I I ®A1040M K PEIICHUIO BCOX DTHX
mpofiaem ABIAETCA Jusnka.

3jech, B 9TOH KHIKKe, BHl y3MaeTe, KAK C IOMOMEI0
[MKOMBHEX 3HAHHI mo gmamke MokHO pasolparses B cTpoe-
HEN 3Be3q U OOHATH IMPOLECCH, IDPOTeKAIONpie B mX Hejpax,
H3YUUTEH DBOJIOLHIO 3BE3N. Bonee Toro, mpounran ee pumma-
TeJbHO, BEL I CAMH HAYIHTECh PACCTUTHBATEL MHOTIE Xapak-
TEPHCTHKI 3Be3J, HANPIMED, ONPE/RNAT TEMIEDATY PEL 3BE3],
econl M3BECTHEL HX MAacChl M DajHyCHl, Y3HABATH NO cpepueil
IIOTHOCTH MePEeMEHHBIX 3Be3k Hepiojnl X koxebaHuii, Bui-
CONTEIBATH MOJEKYIADHBIL BEC 3BE3JIHOT0 BEmecTBa, HAXO-
ANTH MOIHOCTH MCTOYHIIKOB 3Be3AHOI sueprum 1 ap. Homed-
HO, BCe aTo BHL Gymere menarh mpuOIIZKEHHO, HE ¢ TOIl TOU-
HOCTBIO, KOTOpag TpebyercA mpH COBPEMEHILIX HAYIHEIX
HCCJIEIOBAHIAX, HO BCC RE BOOJHE JOCTATOYHOIN AJTA TOTO,
uro0Ll HMETh TPABHJILHOE DPEACTABIEHIIe O 3BE3jlax.

B oroif KHIDKKE BH ¢ Haijjiere HII ONMCAHNI Kpacor
apesjHoro Heda, HH TaK MOPAKAOIIUX HEHCKYIIEHHOTO Wi-
TaTeNA CPABHEHHII DA3MEPOB 3BE3I C 3CMUEIMIL IPEIMETAMII.
3pespuoe HebDO JeliCTBHTENBHO OYEHL KPACIBO, MO A HAC
cefiuac B8Be3L — 9TO0 OODBERT (IBHTECKOT0 WUCCIE[OBAHNA.
Tax ke rar (Quanki B 1af0opaToOpHAX H3YUAIOT PABIHULLIE
BOMIECTBA, DJICKTPHUCCKIE TOKH, MATHHTHLI® IOJIA I APYyrie
$UBIYECKIIE SBICHHA, TAaK U 3ECH MBI OYIEM H3YYaTh, Ipak-
7la, TOJBKO € HOMOLILI0O Kapaumaina u Oymari, 3Besfsl.

B cmasi ¢ arum cjenaeM oIHO CyIecTBeHIOe saMeua-
mie. B oroil kHmskke ects gopmyast. Mx me Tak MHOTo, HO
OHIl NTPAIOT BARHYIO POJAB. ITH (OPMYAR HEe MPIJIOKEHILe
K TercTy, Haobopor, OHil SABIAIOTCA ero ociosoil, IMmemno
HCNOAB3YA OTH (QOPMYJIEl, Ml HAYYMMCSA MOHUMATL I pac-
CUHTHIBATE YCJIOBHA RHYTPH 3Be3jl. (DOpMYIE, KOTODHE MBI
3/leCh IPUBO/IIIM, 09¢HL IPOCTLI II B HUX JEerK0 pasodparses.
Hexoropsie us HHX yike BCTPETATNCH BAM B UIKOJIBHEIX yued-
HUKAX ¢uanKl, Apyrue Bl yBUAUTE BIEPBHe, HO IOAPOG-
HEIC ODDACHENS, CONPOBOKAAIOIINE Ka;KAYI0 (OpPMyINy, Cfc=
ARIOT 0 HX DOHATHEMA. Do Beakoy ciyuae aBTop Ha D10 -
JieeTcs.

I'Iaflja RHIGKKA Hasweaerca «Dusura ssesmy. Ho spechb
MBI 11e OyzeM sanuMaTees (pusunoil asesym noodme. Mur Bribe-
PeM ofun pasmes oToil wayku, OpaBjga, 0ueln Goabmioil. ITo
Teopusas BHYTPEHHEro CTPOeNnHdA 3Be3]| I 3Be3qHAas JBOJIONHA.

0UEMY MBI DeIIHIII OTPAINMTITLCA ITHMII BONPOCAMH H II0-
TeyMy Boofmie BHIGpani 3Be3fl B KAYECTBE 06TLEKTA HAMETO
Accnenosanua neGecHsX Test ¢ momompbio, husnku? us sroro
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€cTh pAn npuyaH. Bo-mepsux, BajKHOCTE aTOro Bompoca:
3BEBJIEl COCTABIAIT O0CHOBY Beedermoil (66npman gacts woe-
MHYeCKOil MaTepPHH COCPEJOTOYeHA BHYTPH 3BesA), M IIONH-
MaHHe 3Be3JHON 9YBOJIONUM HMEeT OTPOMHOe 3HAYEHHe A
MaTepHANHCTHIECKOr0 MHDOBO33peHHA. Bo-Bropmx, d¢man-
YecKas TEOPHA BHYTPEHHETO CTPOGHHS BSBE3J OTHOCHTENLHO
upocra. Hak 910 HE KaeTCA mApagOKCANBHEIM HA IEPBEI
B3TIAN, HO O BHYTPOHHEM CTPOeHHN Karoli-HuGyms ymamen-
HOl 3BEBJH MEI SHaeM ropasfio Goibie, GeM 0 BHYTpeHHEM
CTpoPHHH Hamel JeMIM HIH 0 0B e p x Ho ¢ T u Coxuna,
KOTODYI0 MEl TOIATeABHO M3Y9aeM YiKe MHOTO NeCATKOB IeT.

Xota MH HEKOTJa H He momajem BEYTps CoxHma m 3Be3,
HO € MOMOIIBI0 COBPEMEHHHX (U3HIECKHX SHAHHN MOMeM
CPABHATENBHO JOIKO PACCYATATH HX CTPOCHHE M YBHATH ($H-
3HYECKHe YCIOBHA, B KOTOPHX HAXOMHTCA 3Be3JHOE BOMmECTRO.
JTH YCHOBHA OKABANACh HACTOABKO NPOCTHMH, XOTH H He-
OOMYHHMH IO CPABHEHHIO ¢ YCJHOBHAME Ha 3emie, 9To ofmm
M3 OCHOBaTeNell TEOPHH BHYTDEHHET0 CTDOGHHEA 3Besj, AHT-
aAfCKER acTpodHBUK A. DIIEHTTOH KAK-TO CKA3SAN: (HET Hil-
Yero Ipome 3Be3JRD.

IlosToMy pns pacckasa 0o BEYyTpeHHGE M CTPOEHMI
3Be3N NOCTATOYHO OJJEMEHTAPHHX CBEACHAH H3 IIKOILHOLO
Kypca ¢u3nkE, Ecim 6 MI DODNHTATHCH CTONL e moxpob-
HO, ¢ NpHBeJileHHeM OCHOBHHX (OpMYJ, pacckasath BaM o
BBE3NHKX aTMOC¢ e paXx, ToO MKOABHEX BHAHAE IO (u-
auKe OnIO0 6H y:Kke HEXOCTATOYHO.

Aemop

IFaasa nepsas

OCHOBHBIE XAPAKTEPHCTHKE (TAPAMETPBI)
3BE3]]

IIpmerymaa ¥ (U3AYECKOMY HCCIEHOBAHHIO KAKOIO-TH-
6o Tema, MEl JIOJKHEL OIPE;KAE BCETO KAK-TO O0XapaKTepH30-
BaTh €ro, HANPHEMOD ONpeNeNnTs Maccy, QopMmy, pasmep,
arperarHoe COCTOAHHE, XHMHYECKHII cocraB m T. jg. TouHo
TaK Jie, NPACTyHas K (U3AYeCKOMY MCCHeJOBAHWIO 3Beay,
MBI IIPeKAe BCEro JOJKHEL OIpPeNeJATh OCHOBHEE BEeNHTIHHEL,
X2DPAKTePH3YIOMAE 3Be3J[h, MHEIMH CJIOBAMH,— IIAPAMETPHI
8Be3f.

ITapamerpoB, ONECHBAKINAX Te WIM MHHE 0COGEHHOCTH
3Be3]], CYMeCTBYeT MHOTO, HO [UIA TEOPHH BHYTPEHHETO CTpOe-
HAA 3BE3[ M [UIA UCCIeJOBAHUS 3BE3NHON OBONIOIMH BAYKHEL
JHIObP HECKOJILKO OCHOBHEIX! Macca, paguyc, CBETEMOCTS,
COEKTPANBHEIA KIACC, XHMAYECKMIl COCTAB. OTH IIADPAMETPHL
oupepensmiorca n3 Habmiomenuil. [IA HEKOTOPHX H3 HUX 5TO
¢/ielarth HeTPYAHO — JUIA APYTHX IAPAMETPOB IPHXO[HTCA
npuberatsh K CIOKEBIM H TPYAOMKUM HCCHeOBAHMAM. B pe-
BYJIbTATE OKA3AJTOCH, YTO TONBKO JJIA CPABHHTENIHHO He(GONb-
IIOT0 YHCHA 3BE3J]] YHAAJNO0CH ONPENeaATh SHATHTENLHYI0 YacTh
OCHOBHEIX mapameTpoB (a Bce — nmms y Commma). 910, KO-
HEYHO, CepresHas TPYHRHOCTL [ TEOPHH, HO BCE JKe Tex
AAHHKIX, 9TO MEL Y3K0 HMeeM, JOCTATOTHO JJIf MHOTHX BAKHBIX
BRBOJIOB. ’

ArperaTHoe coctosEme 3Bea m mX fopma He TpeByOT mO-
ACHEHNH. 3BeBJEH — 9TO OIPOMHEIe Ta30BHE AP (mHor-
Aa OHH TPUHUMANT dIIRNCOMAANLHYI0 gopmy). Beposrmo,
Hapbonee Ba)KHEIM LApaMeTPOM BBeSJ ABIAETCHA HX MAacca,
HO Mm cHavaja IO3HAKOMEMCA C IDYTHMA IapaMeTpaMd.

Ileproe, ma w4ro Mur ofpamaem BHEMAHME, KOIJA CMOTDHM

Ha sBesny,— oT0 ee Gleck, APKOCTb, HM3MEDAEMHe B TAK
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Ha3LIBaeMbIX 3Be3IHbX BennInaax. OfEa 13 OCHOBHEIX 0coben-
1nocTel 3Be3) — coocoloCTh UBIYYATE HHEPTHIO, CReTITLCH.
IMosromy m mepBHiil mapamMeTp 3Be3nl, KOTODELII MEI BBefeM,
fynem HaswBarTh ceemumocmuio. CBeTHMOCTH 3Be3f, 00603-
navgaemasa Gyxpoil [, 1 mamepsaemas B 9prax B COKYHAY, €CTh
KONOYECTBO CBETOBOII DHEeprum, H3JIyYaemMoe BCeil moBepx-
HOCTBIO 3Be3fnl 3a 1 cek.

Ceernmocts Cosmnma ompepenuts nerpynumo. Hasectro,
UTO Ka;ROBIH KBAIpaTHBII CAHTHMETD 3eMHIOH IOBEpXHOCTH
nonygaer or Coanma B ¢opme cBeTOROI dHEDPIHI IPHMEPHO
o B¢ KAJMOPHH Ka;EAYI0 MUHYTY. JTa BelIWYNHA, HABLIBAe-
Masi CONHETHOH NOCTOSHHOMN, OIPeHEIANACh MHOIO Pas ¢ Ho-
MOIIbI) CHEOUANLHEIX mpubopoB — axTuHoMeTpoB. Tak kaw
CoJie mM3JIydaeT SHEPIHI0 PABHOMEPHO BO BCeX Hampasie-
NUAX, TO, €CJII ME YMHOKHM JIBé MAJIBIC KAJOPAN HA MIIOMAIE
TIOBEPXHOCTH OrpoMuoi cepst ¢ meratpom B CoXtHue m pagmy-
coM, paBHEM paccroaumie Jeminm or CoXnma, Mel mosydmm
KoapuecTBo Temna, ornasaemoro Commnmem B Qopme ¢BeTOBOI
snepruu 3a oAHYy MuHyTy. [lepeBema saTeM Malkle KaJOpPHN
B 5pI'M M MHHYTH B CeKYHJsl, Haiimem cBermMocTh Connma
B sprax B cerkyuny. IlpemocTamnseMm d9HTaTenqio mpofe-
JlaTh CAMOMY 9TH PACYETH, & 27]eCh OPHBEAeM TOJIBKO OKOHYA-
TENLHEH  pesyawstaT: cBeramocts Conmma Le pasma
3,8-10% ape/cen.

Hns roro 9robu ompeennTs CBETHMOCTH JPYLHX 3Besf,
elefyeT CPABHHTH OCBENICHHOCTH, CO3/IABAEMLIC MMH HA 3eM-
ne, ¢ ocpemennoctsio or Commma. Ilpasma, cpaBHmBaTh 2TH
OCBeN[EHHOCTH — 3T0 B IOJHOM CMEBICIE CI0BA CPABHHBATE
nesb n moub, Ho raxkas pasmuma BLI3BAHA TOJNLKO TEM, UTO
Comune 6misko, a spesunl madexo (Ommwalimas m3 HHX B
250 000 pas pansme Coiuna), a MEl BHAGM, UTO OCBEMEHHOCTH
ofparno npomopumoHalbHa KBajpary paccroanms. Hpowme
TOr0, HY;KHO HMETh B BH/Y, 9TO M 3BE3J(HI HAXOATCSI Ha pas-
nux paccrosnuax. Iloaromy mus Toro, wrofs myrem cpas-
HEeNHnA OCBEm{eHHocTell 0npeJelnTh CBeTHMOCTI 3Be3], mepei-
BIIHEM MEICJENHO BeCe 3Be3inl, B Toum umcie u Coxnme, 1ma oj-
10 U TO jKe paccrostue or demam, pasmoe 3,08.10% war, wan
10 mapcexam. (Ilapcerom masmBaeTca TaKkoe PACCTOAHNE, C
KOTOPOTO PAANyC 3eMHOH opOuTH Buienm moj YIJOM B OXUY
yraosyo cexyuay. CaemosareaspHo, ma paccroammn 10 map-
cex (nc) GoNbmad mMOAY0CH 3eMHOIT opONTH BUHA IOJ YIVIOM
B 0”,1. Ha osrom paccrosnnn Coxnme mmerno 65 B cnabenn-
KOl 3BE3NOUKI, KOTOPYI0 He Jerxo ysuperh ma mebe.) Omnpe-
nemns uz uabmiofienmii ocBemennocth or ssesp u Conuma m
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snasi, 970 OCBENICHHOCTH MEHFCTCA @pamo nponopnn?n?ng,;
H0 KBATPATY DPACCTOSHIA, MEl MOKEM BBICTUTATD, KAKO

GpiTa OB OCBENIEMHOCTE OT Cosnma 1 3Be3, YHAISHHILIX ‘H:{’l
paccTosHne B 10 ne. Tar Kak oTHOIeHHe OCBEMEHHOCTCH
oT MCTOUNITKOB, NAXOMIMIIXCA HA OHIIAKOBOM DacCTOAMII,
pABHO OTHOIIEHMIO HX CILI ¢cBeTa, T. €. CBETHMOCTEll, TO MBI
paxiM TyTEM CPA3y HAXOMUIM OTHONICHIE CBETHMOCTH 3BE3JI
% cpermmocTit CONNIA, A CIEOBATENLHO, I CBETHMOCTD 3BE3-
JH B Ooprax B CEKYHAY. ‘

Teneph TO3HAKOMIMCA CO CIEAYIOMUMI OCHOBHLIMI Iid-
pameTpaMH 3Be3fl. BruMaTenpHO IOCMOTPEB Ha 3Be3JH, He-
TpYAHO YOeJUTbCS, UTO OHH NMEIOT pasnbie IBeTa. Coustume
JKEJATOTO I(BETA, CAMAs fPKAs 3Be3ja HAMEro neba — Cn-
puyc — Geras., Bompmmuctso 3sesq — Gojlee KpPacHOBATELIE,
uey Coname. Herpymo coofpasuTh, |WT0 pasnudme B IBeTe
BBe3J MO7HO 0GBACHATD PABHEIME TEMIEPATYPaMil HX NOBEpX-
nocreir.

XopoImo M3BECTHO, UTO CHIN HATpPeBaTh, HANpPUMEp, iie-
Jes0, TO MO Mepe TOBHINEHNs TEMIepaTyphl OHO CTAHOBHTCA
CHAYAJA TEMHO-KPACHEIM, B3aTEM JKEITHIM, M, HAKOHeN, J0-
xopmT 1o «Gemoro kraxenmay. ONBITHEIA CTalieBap Jerko ou-
pefiesnT IO LBETY PACINIABIEHNHOTO METajja ero Temmepary-
py. To e camoe I CO 3BE3FAMH: DABNIINE B IBETAX 3BE3]L
BLIZBAHO DPA3IMIMeM HX TeMOeparyp, M ACTPOHOM HNOILKeL
yMeTh 0 IBETY 3Be3JIH ONpeJeNHTh ee TeMmeparypy. dapu-
CHMOCTE MEJKIY I[BeTOM II TeMIepaTypoii Harperoro Teja m3-
BecTHa B (U3MKe Oj HA3BAHMEM 3aKOma cvemenns Buma:
An = 0,29/T. 3pecs T — Temmeparypa HarpeToro Tena 1o
mEaze abCcoMIOTHLIX TOMIEPaTyp, & Ay, — AAHEA BOXH (B
CAHTHMETPAX) CBeTa, KOTOPHII M3AYTAETCs HTHM TEJIOM ¢ Ha-
nbonbmeii mpTencnBHocThI0. Hampumep, m3 oToil GopMyIL
crenyer, uro mpn Temmeparype 7 = 4000° mamcmmym ma3-
nyuenna mpmxomutes Ha A, = 7,2:107% ca, T. e. HA JIHAY
pormum Kpacmoro mpsera. CremoBareiibHo, TeMmepaTypa ma
nopepxmnocTi Kpacmoii sBeayit okoio 3000—4000 °K. Teame-
paTypa swentrx apean — 5000—6000 °K. (B sacrnocTn, TeM-
neparypa mosepxnoctn Commma papna 5760 °K.) Bomee ro-
psrame spesnst (T = 10 000 °K m srime) mmeror Gedrtii npet
¢ roay0oBATHIM OTTeTMKOM. J[elXo 3pech B TOM, TTO ¥ TARKHX
TOPAUNX 3BE3] MARCHMYM N3JIYICHHA HPIXOANTCA I yibT-
paguozerosylo obmacts cmextpa (A, << 3-10-° ea), moTo-
PYI0 T3 He BOCHPHHHMACT. B TOM ciyuae Muriumy mabiio-
MAeM MeHee WHTONCHBHOC M3IyYeHHe IIOBEPXHOCTH 3BE3NLI

, C pasHEMH JUIHHAMI BOJH B BHIIMOIL 00JAacTH CHOERTPA
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(cnnee, sxentoe, kpacuoe). CInBasch BMeCTe, 9T0 HILYICHHS
u coszgaer Geaplil IBeT MOBePXHOCTH 3BE3JLI.

“AcTpomoMEI UACTO OLpENeNANT TeMIepaTypy HOBepXHOC-
TH 3BE3AL IO €¢ IBeTy, HO eclim yZaeTcs HOJYyIATH CHERTP
3BE3El, TO TEMUEPATYDPY MOKHO OIpefeJuTh M Toumee. Ha-
DOMHUM 9HTATeNI0, 970, Habmogas B naGopaToOpmmE JmHei-
9aThil CHeKTD HCOYCKAHMA NIH [OTNOMEHHAA H HOJNb3YyACH
CHEIUANBLHO COCTABJIEHHGIMHM Ta0ammamm, MORHO IO DOXO-
JKEHUI0 JIHHU B CHEKTPe onpelelNnTh HAJINYINe TeX WIH HHBIX
XUMIYECKHX 9JICMEHTOB B [JAHHOM BEem[eCcTBe, 4 OO0 HHTEHCHB-
HOCTH JINHHII — KOJIHYECTBO aTOMOB JTHX DJIEMEHTOB.

IIpuBenesm cnagana HEKOTOPHIe Pe3yALTATH HCCIELOBAHHA
XHMHYECKOr0 COCTABA 3Be3I.

Oxaszanoch, 9TO BepXHHE CIOH armocdep MOLABIAOMEro
GoNBUIMHCTBA B3B3l MMEKT Golee M MeHee ONUHAROBHI
XHMUIECKHH COCTAB BeimecTBa (0TCIOfA eme He cJIeiyer, ITo
B Hegpax 3Des] XHMHYeCKHmii COCTaB OOUH M TOT jke), XOTA
ecTh u amomanmn. DBoapme Bcero B 3BEe3JHEX aTMocde-
pax oxasaioch Bofmopopa u rejus. Haompumep, B aTMocgepe
Connna ma omun aToM Kmcaopoga mnpmxogarca moarm 2000
aToMOB Bofmopofia u oxomxo 200 atomoB renusa. Azora mpmmep-
HO B TpH pasa MeHbIne, YeM KHCIODOAA, a YIiepoja B mATh
pas MeHbIme (TaK ke IO KOJIHIECTBY aToMOB). Jlurmsa u Gepmi-
Jus B MEJUIHOH pas MeHbIne Kuciopoja. HeoHa mpHMepHO
CTONIBKO i€, CKOIBKO KHCJIOPOJA, 4 MACHNA H aproHa B je-
cATH pas membine. Eme memkme jkele3a (B TPHANATE pas),
KpeMuIsL (B OATHARDATH pas), xiIopa (B oAThaecaT pas). Oc-
TAIBULX 7K€ 3JIEMEHTOB COBCEM MAal0 — B COTHH, THICAYA M
MHJLTHOHEL pa3 MeHbIUe, TeM KUcIopofa. EcTh BIOIHe ompe-
NelleHHasg 3aKOHOMEDHOCTH, XOTA M CO MHOTHME HCKJOTe-
HHAMH: 9eM TAeJee XHMIYeCKUll pJIeMEHT, TeM ero MeHbIle.
Jdra 3aKomoMepHOCTH coOIaeTcd M Ha 3eMiIe, H BO MHOTHX
OTHOWEHHAX XHUMUICCKHII COCTAB 3BE3J H 3eMIH CXOjel,
IO eCTH W OUeHH pe3Kue PA3NAYNA — B IEDPBYK Odepens To,
w10 HA 3eMIe MHIOT0 KHCIOPONA M KPeMHHSI H MAJ0 BOFODO-
Aa, a HA 3Be3Jax OUeHb MHOIrO Boxopopa m rexmsa. Ha 3emue
MHEDTHRIX Ta30B O4YeHb MaJo, a Ha 3Re3fax, HaolopoT, HX
O9eHb MHOTO. ITH (AKTH 09eHB BAKHE JJIA TEOPHH 2BOIIO-
LHU 3Be3f.

Crmenyer Taxske OTMETATH, 9TO Y pAJA 3Be3] HAH aKe
Fpynno 3Be3q ecth Ooxpuime aHOMAJIHH XHMUYECKOTO COCTABa.
Hanmpumep, ecTh Tak Ha3kBaeMEe (METAJIHTIECKHO 3BE3[HM,
B KOTOpHX GoONBINe MeTannoB, 9eM B OOBIYHEIX 3Be3Jlax; ecTh
speaft ¢ GoabmHM OGHIHEM peJKO3eMENbHLIX JJeMEHTOB,
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ecTh YTJIEDOJHEE 3BE3NL C }1361,}'“;0}\{ yraepona, ecTh 3Be3fnt,
cojiep/RAIIe DIEMEHT TEXHeNHl, KOTOpPLIM BooOmIEe HEyCTOii-
qus, # Ha 3emre miu Ha CouHme B CCTECTBEHHOM COCTOAHHI
ge BCTpedaeTcsA. ¥ Tak HA3HBAEMBIX 3Be3n-cy0OKapAHKOB ere
GoXnme OTHOCHTEIBLHO® COJeP/KaHue BOAOPOMA M TelHdA. It
pasAmINA XHMIIECKOTO COCTABA MMEIOT Goapmoe sHAUCHUE
A MCCAENOBANISA DBOTIONMIL 8BE3J M CIYKAT B KaROU-TO
Mepe IOKA3aTelNeM IPABIILHOCTH HAIIAX HPE/INOTOKCHHH O
crpykrype sBeanu. Ilpumesem sjech OfMH mpEMe].

Jlerkme Appa atoMoB JuTHA, Gepmnama u Gopa cpaBmm-
TeibHO JIETKO BCTYHAXT B TePMOAMeDHEE peaKOuH, B 1IpO-
necce KOTOPHX 8TH AApAa HCYe3ainT (B KOHETHOM CHeTe mpe-
ppamasgch B reiuil) 1 He BO306HOBAAOTCA BHOBL, 9T0 M MOA-
TBEPKAAETCH HMX MainM ofmiameM B 8Besjax. Ho meas orm
DIEMEHTH MOTJIH CyIIECTBOBATH B IIEDPBOHAUANLHOM cpefe,
M3 KOTOPHX 00pasoBalHCh 3BesfH. B TakoM ciydae MOKHO
0;KHIATH, 9TO eCJIA B He[pax 3Besj Jerkue dIIeMEHTH CTOpeH,
TO B BeDXHHX CIOSX 3Be3] OHE MOT/A O M COXPAHATHCA NPH
VCUIOBHH — M 970 OYEHL BajKHO,— UTO BBE3JHOe BEMIECTBO
He TepeMemEBaeTcA. B XONOJHEIX 3Be3NAX BEmECTBO mepe-
MEIIHBAeTCA — MEl 9TO yBHaeM, Korja Oynaem saHHMATHCH
CTPOCHHEM TAKHX BBeSJ[, ¥ TaM JHTHA, Gepmanma B Gopa
pours mer. Ho B ropAumx spesjgax JHTEA MOkeT OLTh M
Gomsme. K COJKAIEHHI0, PEIIHTH DTY IHTHEBYI HpoDIeMy»
O9eHh TPYAHO, TAK KAK ONpefeNiATbH COMEPIKAHMe PeIKAX
DIEMEHTOB B atMocdepax 3BesJ HEJerKo.

To-BumuMody, ¥ 75% B8Beaj CICKTPAIBHEIX Kiaccos Fo —
G1 nwras B oAtk u Gomee pas Goabme wem Ha Coxmue, B TO
Bpema Kak 3pesy{ kxaccoB G2 — G8 ¢ mATHKPATHHM obn-
auem amTHa Beero 25%. BepoarHo, 3fech mepeMelMIHBAHME
nposaBugerca Goasure, 9eM y Gonee ropAYAX 3Be3N, HO MEHE-
me, 9€M Y XOJOZHHIX.

Taxam ofpasoM, XEMHUECKHI COCTaB TaKke ABJIAGTCH
nmapamerpoM 3Beamsl. Hax M yRmpmM HEKe, B GOIBIIHHECTBE
CIyYaeB BAKHK He JIeTANbHL® B3HAUEHHA OTHOCHTENBHOTO CO-
JlepAaHEA Beex siaemeHToB. J[IA MOCTPOEHAA TEOPHH JBO-
JMONUN 3Bes[ HAJ0 3HATH, CKOABKO B 3BE3aX COMEP/KATCH
BOJIOPOJIA, TeMMA M BCEX TAMKEJEX DIEMEHTOB BMECTe B3sTHX.
OruocuTelbHO® COMeP:KAHNE BOJOpofa 0603HAYAKT 6ykBoit
X, renma — Y, Tasenwx saeMeETOB (rIaBHEM 00pasoM YT-
mepopa, asoTa, kmciaopopa) — Z. Ouesmamo, aro X + Y +
- T = 1.

Temeps mMOCMOTPAM, KAK TPHMEHAETCA MOTOJ CIEKTPAIb-
HOTO aHad@3a JJIA ONpefielleHEg TeMIepaTyp NOBePXHOCTEH
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sseaf. Iloacuny aro mHa clepylomem mpumepe. Mt yixe 3na-
eM, 4YTO0 BOXOPOJN — caMblil OOUABHEIL »DieMeHT B 3Be3liax.
Kazamocr Onr, 970 ANHIU BOJOPONA JOMKHLI OMTH CAMBIMIL
HHTCHCHBHELIMII B 3Be3JIHEIX cuextpax. Onuaxo ma nele oka-
sanock He Tak. CHeRTPANLHEIE JIIHII BOJOPOAA ACiICTBHTEN b-
HO OKa3aJuCh 0YEHD HHTCUCHBILIMII B 3BC3JAX ¢ TeMmepa-
Typoii mosepxnocrit oxoxo 10 000 °K, mo y KpacHmIX 3Beaq
(Temmeparypa mosepxuoctu 3000—4000 °K) man y ouens ro-
PATIX TOAYOHIX 3Be3J ¢ TeMmepaTypoil moBepxXIOCTII CBLIMIC
15 000—20 000 °K numuit nogopoia B CHEKTPe IOYTH He BHJL-
o, OfmAcHeHue ITOrO ABICHIA 0KA3aJ0Ch 0YCHD TPOCTHIM.
Hasecrito, urto aToMBI COCTOAT M3 AApa II 2JIeMEHTOB, 0fpa-
MIAIOWIXCST BOKPYT /[P II0 ONPECHCIIILIM 0pOuUTAM, I 9TO
IIPU TOTIOMEHIN KBAHTOB (MeTbUaiiiX mopiuii) cBera aaeKT-
POINLI MEPECKARUBANT ¢ HIKICH opOuTH na wepxHiow. T
TOTO UTOOLI 3ACTABUTL DJJICKTPOHBI IEPEXOMHTH ¢ OJHOH op-
OnTLl HAa JPYryio, KBAHTH CBeTa JOMKHL 00IagaTh HEKOTO-
poii omeprueif. Temeps nXerko momsaTh, 4YT0 B armocdepax
XOJIOJIHLIX 3BE3J IPI HEBBICOKIIX TEMIEPATYPAX SHEPTHH Yac-
THI[ I KBANTOB CBeTa HEBEINKA I MHeJOCTATOYNA JJIg TOTO,
uroOKl 3aCTABUTL DJNEKTPOHBI B ATOMAX BOJOPOJA NEPECKa-
KIBATH € ofuux opOur ma papyrme. iloatomy B armocdepax
9THX 3Be3D OONBLIIfHCTEO ATOMOB BOLOPOAA He IOTJAOmaer
Il He Haayvaer KBAUTOB cBerTa. JIummu sBogopoja B cmexTpax
arux apesy caads. G apyroit cTOponL, Ha MOBEPXUOCTI O9eNb
TOpSAMIX 3BE3JT DIUEPTH YaCTUI] I KBAHTOB CRBeTa CTOJL Bemli-
Ka, uro oun BoolIe OTPHIBAIOT MNICKTPOHL ¥ ATOMOB BOJIO-
POJA — Kark MBI TOBOPHM, woumsyior ux. Homeunmo, mumen-
HEIe DJICKTPOHOB (TOJILIe» SIAPA ATOMOB BOJODOJA IO MOTYT
HOMIOMATE I M3JyUaTh KBantel. Ilpasza, Bpems oT Bpemenmn
OHI JIOBAT CBOOOJHLIC 9JIEKTPOMEL — MBI HABLIBACM ITOT MPO-
HECC PeROMOMIAIPICII — I TOIJIA TIOIYUAIDT BO3MOMIOCTD 110-
MIOIATh I 13JAy4arh cper. Ilo oTo pemkoe apuemue m oue-
DEIHOe CTOMKHOBEIINE € «DIePLUYIbIMY KBAITOM CReTa MM
YACTHIGIl ONATHL OTPHBACT DIEKTPOINLI 1 HOHMIIBYET ATOMLI.
Crneponaresiniio, I B CIGKTPaX FOPAYNX 3Be3T JHHII BOJO-
POMA OKA3LIBAIOTCA CHAGHIMIL.

II ronpKo mpH TeMmeparype 3Be3anoil MOBePXHOCTH MO-
pagra 8000—10 000 °K umeso HeHOHN3OBAHHBIX ATOMOB BO-
JOPOA ¥ DHEPrHA CBETOBHIX KBAHTOB JOCTATOUHLI JISI TOTO,
yTOOLI BHI3BATH YACTHIC MEPeXofsl DIEKTPOHOB B OTHX AaTOMAX
H TeM caMiM 00pasoBarTh B CHEKTPAX TAKIX 3Be3]] HITeH-
CHBHLI® JHHHHI Bojopoga. Toumo Tawme ke paccy;kuaeHns
MOKHO IPHMEHHTb K ATOMAaM JPYTUX XUMITECKHX 9JIEMEH-
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Tag KaR KAUIE DJIEMEHNT JaeT CBOM CIERTPANLIEIe
HaJIMTHE B CIEKTPe 3BE3AH TeX MM MHLIX cnelch?nb-
HEX JHENI OTPAaskaeT He TOJBKO ee xmmqeclfui& .cocran,
HO I TEMIEpPATYPY HOBEPXHOCTIH. Bonee Toro, Tak nf'_u\ XM~
gecKmii cocTap 3Be3[ NPHMEPHO OJIHAKOB (3a pegKUMH HCK-
JNOUeHIAMA), TO pasjuiie B CIeKTpax 3Be3T B ?epByuI)I 01:::
PC/b OIPENeIISETCH MMEHHO PABHLIMIL TeMOepATYPAMI Ta 13
nongﬁgoﬁzﬁﬁo, maske eme HEe 3HAM BTOI Bal{OI‘IO.\IepHO(G}TH,
ACTPOHOMEl KJIAacCH(EIMPOBANN 3BE3AHHE cucm%pm: 06o3-
HAYHB pasiuYHLe BHJH CIEKTPOB JATHHCKIMH YI\B{IMH"H
PACHONOKUB X B OmpEJeNeHHYI0, TAK HA3KIBACMYIO CHeKT-
PATBHYIO IOCHEA0BATONBHOCTH. Tenepb MM 3HAGM, UTO IOPA-
JIOK CHOEKTPOB 3Be3f B 9TOH HOCIeOBATENBHOCTH OIpefe-
JISETCA TOCIIeNOBATEIBHEIM e M3MeHeHHeM TeMIepaTypel HX
HOBEPXHOCTH. - e
IlepronavanbHO CHEKTPANBLHAS HOCHE0BATEABHOCT
Ja pacmonoykena mo mOPAAKY GYKB JATHHCKOTO anaBuTa,
QnmEaKo, KO BHACHIIACE 3ABHCAMOCTE 3TOM HOCHe0BaTedb-
HOCTH OT TEMOEparypsl, 5TOT IOPANOK IPUILIOCH H3MEHOTD,
W Temephb CTYHEHTH NDPHAYMHBAOT DpABHES MHEMOHIYEC-
KHe IpaBmia [JIfA BaNOMUHAHHA CHEKTPANbHOU IOCTIeN0-
BATEABHOCTH. BepoATHO, JYYMHM N3 HEX ABIAETCA anr-
nmiickas gpasa: O Be A Fine Girl Kiss Me Right Now. Jacrs
VKB W3 NMepPBORAYANLHON HOCHAEGNOBATEILIOCTH MCIE3IA, TaK
KAK OKAa3ajoch, 9T0 COOTBETCTBYIOI[HE® CHEKTPL jubo OTHO-
CATCA HE K 3Be3faM, a K TYMAEHOCTAM, nnfo ecldm W OTHOCAT-
¢ K 3BE3JIaM, TO y:Ke HBBECTHHX CHeKTPANABHEIX KIIACCOL,
0 OTIMIAKTCA JHMb AHOMANHAME CHEKTpAa.
OxongaTenbuuil BHN COEKTPAJbHOI IOCIEOBATENBHOCTH
T AKOil;

TOB.
NHHAH,

R—N
/
—B—A—F—G—K—M
0 F \5

5'/ /%, s
S 87 HE ETElE XL
. i g ﬁ//?ﬁ LHEE

B cmexTtpax smesm kmacca A (mepBoHadaibmo 5TO OHIO
HAYaI0 TOCIe0BaTeNLHOCTH) JANHAN BORopoma mambosee -
rencususl. B rmaccax F, G, K, M mnunm Bojopona pocie-
noBaTennHO caaGewr. B Kmaccax B, a satem O mmmmm BOTIO-
pona Toxe caaleioT, HO, KAK MH BHJAENHN BEHIIIE, IO npy}‘ou
npuunse. [loaTomy 3aecs mepBonaYANBHELL IOPANOK Opi 00pa-
men. B coexrpax sseap xiaccos R, N u S nmumii Bofopoaa
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nourn HeT. J3sesny aaccos R, N m S ouens HOMHOIO, H,
HO-BHJIUMOMY, ¥ HHX HECKOIBKO {PYIOM XMMETeCKIH COCTAR, —
HMEHHO IIOJTOMY OHU I OTBETBIMIOTCHA OT eNHWHOIl CHeKTDAIE-
HoIl mocaenoBaTelbHoCTH. B 3Besgax xaaccos R u N, Be-
poaTHo, Gonplre yriepoma (KX TAK 9YACTO M HA3HIBAIOT yrie-
PORHLIME 3Be3naMH). B cmemrpax sBes;m riacca S 3amerwir
JIHHAM OKHCH IHPKOHMS, B TO BPEeMA Kak B CIEKTpax HamGo-
Jiee pacnpocTpaHeHHRX 3Besn xiaccoB K u M npeoGmagaior
JUHEE OKMCH THTaHa. He myHO TOnbKO AymMaTh, uTo B 3THX
8Be3JAX MeHCTBHTENBHO OYeHh MHOro THTaHa. Ilpocro nmeto
B TOM, UTO NPH TaKoH TeMHEpPATYDPe OKMCD THTAHA IO JITHMAM
B BUNUMOIl 00IACTH CcIeKTpa jierde o6HADYKHTH, deM OpYrue
QIEMEHTEL MM XUMHYeCKHe coepunennsi. HcraTm, ciemyer
o0paTHTE BHEMAaHHE W Ha TOT (akr, Uro TIPH HH3KHEX TeMie-
parypax (cmexrpansuue kmaccst K, M, R u T. I.) B aT™Moc(e-
pax 3Be3[ eme ecTb MOJEKYJNH XMMHYECKHX COeNMHeHHit,
B TO BPEMs KaK Ha IOBePXHOCTH (oJiee rOPAYMX 3Be3] (CHeKT-
panpunie kmxacest O — G) Bce MoMeRyIH AHCCOLMHMPOBAHE
Ha arouMil. Ilo mammumio mmm orcyrersmio srmmmii MOJIEK VI
B CHEKTPAX TO#@ MO/KHO CYAHTh O TeMIOEpaTypax moBepx-
HoOCTeil 3Besq. '

Hapgo ormeruTts, aro CHeRTPANbHAS KIacCH(UKANMSA, ONHA-
cannas BHIe (pasielenme 3Be3j mo cmexrpam Ha 10 wiac-
COB), OKa3aIach CJIUMEKOM rpyGoit. IoaTomy actpomommr pas-
AENHMIM KaRAKE WHTEPBAN B 9TOMl HOCITENOBATEILHOCTH eme
Ha pecaTh dacteil, Hampmmep, ecrs sBesmu CTIEKTPAJIbBHEIX
kaaccos BO, B1, B2 u r. x. Bomors mo BY. Barem cienyer
A0, A1,...,A9, FOur. 1. ¥ 3searn, HMEHINMX CHeKTP ¢ 6615-
UM HOMEPOM, TEeMIepaTypa moBepxHOCTH Membpmie. Kpome
TOTO0, GOJIE® TIATENBHEE HCCIEIOBAHMA COEKTPOB BEIABHIII
u Gomee Tomkue pasmmuna. CHEKTPH 3Be3T 3aBHCAT HE TOdB-
KO OT TeMmepaTypsl M XHMHYECKOIO COCTAaBa, HO TAKKe H OT
pasmepa 3Be3Anl, TOYHEe, OT IJIOTHOCTH Iasa B ee aTMocdepe
(Menpmue O pasMepy BBe3NH HMeEOT GONEe MIOTHHE aTMO-
cepsr). IToatomy K ofozmawenmio CHeKTPANLHOTO EKJIacca
B3] B Ciyuae HeOOXONHMOCTH HoGaBAAlT eme AnGo MUTeKC
d mnsa obosHaveHHA COEKTpPa OTHOCHTEILHO Hefonbmoil 3pes-
mu (oT aHramiickoro exosa dwarf — Kapapk), anbo g (gi-
ant — rurant) gaa GoapmEx BBeay, mE6O ¢ — Ina obosna-
UYeHUA CHOEKTPOB 0YeHb (ONBIMIAX 3Be3N, TAK HABEBACMEX
CBePXTHFaHTOB, Hanpmmep dM3, gF5, cBS m . m.

Hrax, ms yme smaem psa nmapaMeTpa B3Be3[H — CBETH-
MOCTh M €¢ COeKTD (mam Temmepatypy). M smecs cpasy sme
BOSHHKAET BOIPOC, MOeT i 3Be3a 3aJAHHOIO CHEKTPalb-
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ocTh (T. €. M3AYYATH JI0-
L A i 2:%§M0T MO(H{GT Jd 3BE37a C Oll-
eCTBO DHEPTHH) H, E por, :
i 0CTHIO MMETH NMPOMEBOJIBHYI0 MOBEPXHOCT-
"“e”emmgpgf;;?; 30T BOUPOC 0KA3aJNCA OYeHh BAKHEIM
Y0 TeMIl .o
e Dnoxfe?:)mclz;mnﬁn TaK Ha3HBAEMYIO AMarpaM-

e OTBET(::::mMoch (rakme pmarpaMMHl GHIIM BHepBHe
O cKEM acTpoHOMOM IepnmmpyAroM m amepu-
ey oM Pecceaom B 1905—1913 rr., mosromy
N ac*rp(gi;l;!os:l ;{Harpamuamu Peccena — Tepummopyura).
tlx qg,f;m;: 3::)&911: cpasy fAeno ¢ GonbmEM KOJIHIECTBOM
3131;3(;11, prbepen Gmmaiimue K HAM 3Be3JHI (pacnonoa{ielgn}{b:f
He majee 5 nc) B HAHECEM MX B BHJe TOUEK Ha rpadux, Ha Xo-
TOpOM WO OCH OPAHHAT OTKIAJHBAITCH JorapugME
MOCTH, 4 WMo ocu afcnopce — CHeKTpaJbHEe xnacc::ﬁ. Ccemman
B pesyaprare NOAYIAeTCA AHMATDAMMa, W3 g(m, A
ga puc. 1, W8 KOTODOH cpasy cilefyer, 9T0 .cnemuﬁ s HEDE-
§H M e CHeKTDANBHHI KIACC CBABAHE MEKAY coBon EH_
nenenHOH, XOTA W He ONHOBHATHOM 3aBHCHEMOCTLIO. om::gx 2
CTBO BBe3J| PACHONOKEHO BIOND IHHAY, HNYHEH 0T TOPA g
APKAX 8BESN K XOJONHHM H cafHM (4TYCKIEIMY) aneanan(.: -
¢ eCTh MBBECTHAf FJIaBHAA HOCAEZOBAaTEJERHO TB i
K KOTOpOH IPHHAMIEHAT UOAaBIgIomee Goan-ﬂHch(gzaBeBg:
B ToM umcie m Hame Coxmne (cmexrpanbusnt kixace G2). o
MeThTe, YTO XOJOJHHX ¥ cAabHX 3Be3[ ropasuo t50.rn;me,ﬂ‘:=6G
roOpAYMEX ¥ APKEX, xompﬁme 3aTO nyq:gil :mnenamrcﬂ Ha

09TOMY COOCTBEHHHE H ;

b nan}JrI::;:;g Ilrmmneg'; YaCTH AMATPAMMEL PACIIONO;KEHEI Cla-
Grle, HO TopaYMe 3BeBJH, KOTOPHE IO Temeph yike non;rr:[izi
UpHUNHe HABHBAKT GeNHMH KapImKaMu (B OTIHIHE O ;
ciaGbie 3Be3OH TIABHOM MOCIe0BATEILHOCTH HA3HBAKOT Kpac-
HHMH Kapimkamu). Dellnie KapidKH — TOKe O0UeHb MHOTO
uucnenHas rpynnoa ssesn. Onm pesko OTIWYAKTCA OT NPYrUX
3Be3[ IO CBOEMY CTPOeHHI0, W MH HX 0ymeM paccMaTpHBATh
oco6o. .

Hrar, M1 BUOEM, 9TO CBeTHMOCTH BBE3[LI M CHEKTPAND-
Nl kaace B3auMocBasansl. OpHa W3 nepBHX 34749 TEOPHAN —
00BACHATE BTY BABMCHMOCTEH, HaliT (UspuecKne MABICHHA,
Jexamue B ee ocHoBe. Har oo cpenmana coBpeMeHHAA acTpo-
$usuKra, ME YBUIUM WOS:ke. 3Mech jKe 'rom:}co OTMETHM, YTO
€pasy moclie TOCTPOSHHA 9TON MarpaMMEl el IPATACANE JBO-
NIOIMOHHOe BHAYEHHE: NPEejmoNaralock, YTO 3Be3H 9RONIO-
TUOHHPYIOT BJIOJAL TAABHON IIOCIEJOBATEIHHOCTH OT TOPAIHX
W APKHUX 3Be3] K xoxonneM m caabmm. [ToToM BHACHHIOCH,
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9TO HBOJIONHEA 3Be3J mMeeT Gomee CIIOIKHEIA XapakTep, Ho m
f0 CHX LOP 3Be3AH, H300paKeHNs KOTOPHX HAXOAATCH B Je-
BOIl BepXHell MACTH MHATPAMMLI, HA3HIBAIOT panHAMmy,
a 3BC3ABL JPYroro KOHOA TIJaaBioii IIocJaenoBaTelILHOCTH —
¢IIO3THHMIY.
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Puc. 1. JinarpaMMma cmextp — cpermsocts s aBeat, pacmonoen-
HEIX He ganxee 5 ne or Coamma.

Auarpamma cmeKTp — cmernMocTh, H30OpAKEHHAR  Ha
poc. 1, e ABiserca BmomHe «mpemcTaBHTEaDBIOIY, Bems opu
¢ IOCTPOCHNY MBI OrPANMYIIIICE TOJbKO GIHBKMME 3Besfia-
M. B wacTHOCTH, Ha Hee me Mormm momacTs nzofpasmenusn
04eHL APKUX, HO JANEKO PACHONO:KEHHEIX 3Be3[.

MoskHO, KOHeWHO, HOCTPOUTL TAKYIO AEATPAMMY H IUIA
BCEX BBE3Jl, Y KOTOPLIX YAAeTCA OUPENeNNTb CHeRTDP (WMiu
mBer) ¥ cBeTumocTs. Tak pampme m moeTymanm. Taxme nma-
rpaMMil Gbuin Gostee mpeCTAaBATENLEBL B TOM CMBICIE, UTO HA
HOX OKAa3HBAINUCH OPYIHe TPYNNL 3Be3l, He NOMABIIHe HA
muarpamMmy puc. 1 (3Beagsl KpacHLe TMIAHTH, CBePXTHIAH-
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O 0 34TO OHM MeHeod
GruraETH 0 CyORapIEKH H T. i)ﬁ-%mecb Sy
IpeficTABUTENBHE B JPYroM OTHOMIeHHH! R oo xonc
qy» cMeImmausl 3Be3JLl I)a:SHDI‘O Bo3pacrta ] I; -Ennu’l pei
pesmey, Temeps CTaparoTCs 3211;(;1113\‘1101:; T};;\;’-SB%HH -
PR ‘:{T}f‘:}gil{;‘;m 1 TOT xe spospact. HecmoTpsa
pmx, Bepo}iTHo,KHX JIIIB.TP&M!\I&K MeHpIIe 3Be3[, Ol ABIAIOT-
me %?1212 i?lpBJLGTaBIITeJIbIIliD). Mu paccMOTpIM TaKHe
csA HAal J
n“a(lgl%g“;{;lngﬁ?génonuoi-i mapaMeTp 3Be3ALl — e paduyec —
HeT - fm ompefequTh MO 3aJaHHOH CBETIMOCTI I TOMHGI)EI-
g (HOCTH, €CJU BOCIOIL30BATHCS. II3BECTILIM 3AKO
bl uonegzmm éwdmna — Boppmyana. Corzacumo aToMy
i .u:my“ plif KBafpPATHEI CANTHMETP MOBEPXHOCTH Tejd,
i s remneparypsi B I' °K, uaiayuaer Bo BCeX HAIDAB-
ﬁg;ﬁ?:ﬁrgnlégonym 9HePTHI0 (BIIJIIIML’I(i, 3YJILTpa(¥in0Ji?T§;LeI:;
uHppaKpacHLe nyan) B KoamgecTse o1 apros 3a 1 ce ;.e ect
0 — IOCTOSIHHAMA BSaKOIA GTecrI:ana ——"BOJTLU‘P.ISéIiﬂ,s b
nennoe smavenme ¢ = 5,7:107° ape/ca®-cex-2pa ; a.\IeTTeJI;
4TO ¢ POCTOM TEMIEPATYDHl MHTEHCHBHOCTD IBJIyIeIil rexa
yBOIHINBAETCA IPOIOPIUOHAILHO qunfszo% CTEIeHH Loy
nepaTypsl. BEL I CaMH B DTOM JIETKO MOKETe § e;‘xmhcaT,em;e-
BCIIOMHITE, KAKHM jKapOM IBIIIeT }ieneso, Ilar?e1oe [0 Te) ne-
paryps B 600 °K (Bcer?{ B IBA pz){sa GONMbIIe KOMHATHOL Te!
r mo mxane Heapsmma). )
nep%rglg:.. of03HATUTE Pajuyc BBe3JEl 6y1:n91§ R ('B canmne:;—
pax), To ee HOAHAS IOBEPXHOCTH PABHA 4mR® KB. CANITOMETPOB,

1 5 v
Kaskppiii ®B, CAHTIMETD H3JIyUAeT oTs opefcer, toe T,
TeMumeparypa IOBePXHOCTH 3DE3JHL CrenopaTennio, IONI0O
naayuenme spesgsr sa 1 cew, T. e. ee CBETHMOCTh, PaBHO

L = 4nR%* T, (1)

Ilo a70it hopMmyse oUeHs JeTKO HMONCYHTATE PAjJILYC 3BE3ADI,
eCJIM H3BECTHEI €€ CBETHMOCTH (IIJHI alcoioTHan GOJIG.\IOTPII-
gecKaf BBeSJIHAA BeJIMYHHA) K ee HOBePXHOCTHAA 1'eainepa$y-
pa (Min creKTpambHEI Kjace, MM mOKasaTens mpera). Ham
OIpereJIAINTCA TH TNAPAMETDH, MBIl YiKe 3HAeM. i
Papuye Coxnma Mo:kHO M3MEPUTh 11euocpeucmenno.” g
BueH ¢ Seman moy yraom s 16" = 0,0046 pagmanma. YMHOMKAA
9TY BelIHYMHY Ha PaccTofgHHe 0T Bemmnn po CosaHia ('r. ?6 Ha
450 s, k), momryamm s papmyca Connna Re = 7-10% e
Ynrarens merxo MoskeT yGefuThesa, 9T0 B IPUBECHHAA BLINO
dopumyma pmaer 10 e camoe BHAUEHHE JUIA panuyca Connna
(mamommmm: Lg = 3,8.10% spe/cer, Te = 0760 °K).

T8I, CY
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UsmepsaTs memocpefcTBenHO DANEYCH ADYTHX BBEST ME
He MO;KeM, TaKk KaK Aaske B KPYUNeilllne TemecKONE MH He
B COCTOSIHHH «YBHJETH? JIuCK 3Bea3nHl. Ilpaspa, s ovens Gonn-
mMHUX OO0 PasMepy H CPAaBHATENHHO GIMBKHEX BBE3N ¢ IOMOIN 0
cuennanrALKX mHTepdepomerpoB (npubopos, meiicTBEe KoTO-
PHIX OCHOBAHO HAa ABJEHNA MHTepQePeHIEH) YAAJOChL ompe-
AEIUTE UX YTIOBHE IHAMETPHI, HO TOYHOCTH TAKAX H3MeDeHmit
0YeHDL HeBEJHKa, OONTHO HUKEe, YeM NpPH BHYACICHAAX IO
dopmyme (1).

Ho ects eme opma BosmommocTs ompepesnenus pameEycoB
sBesn. Hapmo ckasate, 910 oueHs MHOrMe 3Beams — BEPOATHO,
maske OonpIie NOIOBEEEL — He «ONEHOKEY. MEI He mMmeeM
B BUIy TIIAHeTHHe CHCTEMH — TaKWe, Kak y Hamero Connna,
4 TOBODHM 0 TAR HABHBAEMHX KPATHHX BBE3[HEX CHCTEMAX
(cocToAmuX W8 ABYX, TpPex MJIH HECKOABKHX asesn). Hanpa-
Mep, B mpocreiimeM caydae ABoHHON BBesgHOM CHCTEeMH 06e
8Be30H (HX MABKBAIOT KOMIIOHCHTAMN) [OJN TeHACTBHEM CHIL
BCEMHPHOI'0 TATOTeHHA 00PAINAIOTCA 1O DINIBNTHISCKEM WX
KPYroBhiM opbuTaM BOKPYT 0fIero NenTpa TAMRECTH — TOYHO
TaK jKe, KaK NAAHeTH ABHKYTCcA Bokpyr Comnma. Ecmm ofa
KOMIIOHEHTa HapH HAXONATCA BCe BPeMA HACTONBKO IANEKO
APYT OT IpyTa, 9TO MH MOeM BHMeTh HX L0 OT/IeIFHOCTH, TO
TaKYI0 CHCTeMY HABHBAKT BH3yaNnHO-TRokHo#. OmEaxo gac-
TO 3Be3/l GIE3KH IPYT K HPYTY U Aae B KPYNHEE TeXeCKO-
IH UX HeJb3A BHIETE DPasfensHO. TOIfa MH MOKeM CYNBTH
0 TOM, 9TO 3TO IBe BBEB[IH, a He OflHA, AMG0 mO HePHOFATECKAM
N3MEHeHAAM B HX CHEKTpax (cmexTpanrbHO-KBO#EEE), IMGo
IO 3aTMEHMAM OfIHOH 3Be3NH APYroll (3aTMEHNKe mepemes-
HEE). JTOT NoChenmEit caydail Hac ceitwac m HHTEpecyer.

Honycrum, aTo xy4 spenns, coepmBOMMI HaOmOXATENN
U NENTp ABOUHOH CHCTeMEH!, JeKHT B ILIOCKOCTH OPGHT KoM-
norenToB mapsl. Torga mo Mepe o6pamenna 3Besy Kaskmas m3
HAX GyneT BpeMs OT BPEMERM BAaKDHBATD (sarMeBars) mpy-
Tyl — TO4HO Tak jke, kak JIyma sarpmeaer Coxmme Bo Bpe-
M# COMTHETHHX 3aTMEHHH. Ecu MBI BHaeM IPONOMIKETEILHOCTE
BATMERHH, DACCTOAHHE MENY KOMIOHERTAMH HapPH H CKO-
POCTH X JBHKEHHA, T0O MOJKHO JIETKO BHCYHTATE M PasMepH
3Be3.

IpenocraBasieM WHTATEM0 BO3MOKHOCT: CAMOMY noxy-
MaTk Hajm 5Toit Bamayeit.

Ilpn mcenepoBamAE BaTMEHHLIX mepeMeHEHEX OHII0 06ma-
PYHEHO MHOT0 HHTepecHRIX gBjenmii. Hampumep, ecnm ofe
BBEBJHl PACHONOKEHEl Tak 6IH3KO IPYT K APYTY, 9T0 NOBEPX-
HOCTH HX NOYTH CONPHMKACAITCH Memny cofo#l (Kak Mu ro-
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popmy, 0GpasyloT TecHyIo Hapy), TO 3Be3TH I—Ipnoﬁpemxm
SIUIRICONNAABHYI0 (OPMY — CTAHOBATCA MOXOMKHMMH HA Jbl-
p@, ofpameHHLe BHTAHYTHMH KOHHAMH JADPYr K APYIY.
Y 0YCHB TECHHIX map OONBUINE OCH 3BE3 npaMepHo Ha 20%
OPeBHIIANT MeHLILEe OCH. IJTa BEITAHYTOCT 00BACHACTCH
OPUTHKEHHEM [OBePXIOCTHHX CJI0CB OfHOI 3BE3[Hl CO €TO-
pOHEL JIPYTOil 3Be3(kL. Hurepecso, 9r0o oGpamienmiie p‘;pyr
K APYTY CTOPONLL DIIMICOMIABHELX 3BE3/ XOIO[IHEe 0CTaNb-
1Ol MOBEPXIOCTIL, .
M5, BepoATHO, HECKONLKO. GOMbIIe, TeM HY:KHO, 3afepika-
JIICH HQ OMICAHINHE 3aTMCHHHIX 3Besl, rTeM 0Oojiee, YTO ompe-
nemense pagEycos mo gopuyre (1) Bce ske roumee. Ho, Bo-
TEPBHIX, LIPI DTOM MBl MOBHAKOMUIICH C TAKMM MHTEPECHHIM
ABJIEHNEM, KAK DINHICON[ANbNLE 3BE3, & BO-BTOPHX, MC-
cleNoBANAE MBOIMHEIX cuCcTeM (B TOM 4HHCiHe M 33'1-Meﬂmgx)
ABISETCA NPAKTHYECKH e[MHCTBEHHEIM CIOCO00M olpefee-
HIfA Macc BBe3] — CAMOT0 BAayKHOTO TapaMeTpa, Onpefenfio-
CTPYKT U DBONIOIHI) 3BE3.
merﬁﬂﬁpgnpgggﬁemm Mace HeGeCHEIX Tel MPHMENAIOT Tpe-
Tuit saxoH Iemrepa: KBajpaThl MePHOAOB oOpamends IUIA-
HeT OTHOCATCA Kak KyOn uX cpegumx paccrosmmii or Conana.
HpioToH ONONHEN OTOT BAKOH, OTpPeNeIuB _}coa(bfimmiﬂem-
mpomopunuoHaAbHocTH. B monHOi $opme TpeTHH 3aKOH Hen-
JAepa BRINIAQUT TaK:
2 _ L ' @)
"PH( Mg m) T Ant e
Bmecs My — macca Connma B rpaMMax, m — Macca né:éuerif
f — mocrosmuaa TArotennsa Hploroma (B cmcreme CGS /=
= 1/15000 000 cx’/cex-2), a — cpefHee paccTOsAHAe OT ILIA-
et go Connna (B canTaverpax), P — ee mepuop obpamenns
B cexymiax. ITo aroit hopmyme Ora Haiimena macca Comnma.
B 1 caMu MojkeTe TPOBEDHATH PAacdeT, IOJCTABHEB CIONA lllaapa-
MeTpH A gBmkennsa Semin (@ = 150 Man. xx = 1,5-10" ¢,
P = 1 rox = 3,1-107 eex). Macca 3emnm mMaja M0 CPABREHMIO
¢ maccoii Comuma, ewo B -dopmynze (2) MOKHO gpcncﬁpe%.
Hocite mpocroro moxcgera monyuum Mo = 210 ‘ 3
3pesnil B JBOMHLIX 3Be3JHEX CHCTEMAX JBHKYTCA WOX
meficTBHeM TOI ke CHIBL BCEMMDHOIQ TATOTOHUA, H cnenona-.
TeJBHO, WX JBHKEHHE IOMUHHACTCS TeM Ke 3aKOHaM I{enne:
. pa, # B uACTHOCTH, TpeTheMy 3axony. Toxbko Temeps B dop

. myaxe (2) emecto Mg -+m ciegyer mocrasmts My - M, —

~ cymmy macc 060MX KOMIOHEHTOB, a IION & HYKHO noﬁmma'rb
Z paccTosHEe MekAy KOMIOHeHTaME maps, Taxmm oOpasoM,
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8Iaf DPACCTOAHHE MEEAY KOMIOHEHTAMO ABOINION CHCTEMLI

I mepHop HX o0pameHnd, ompefelseM mo aToil gopMyne cyM-
MapHYI0 MAccy 3Besi. dareM mo cyMMapHOil Macce MOYKHO ©
HeKoTOpPOii TOYHOCTHIO CIeJIATh ONEHKY MAcC RamiIoro KOMIO-
neHTa.

B nacroamee BpeMa y)ie m3BECTHHE MACCH MHOTHX JeCAT-
k0B 3pesn. OHm 00KMYHO He OUEHH CHIBHO OTIHYAOTCA OT
maccr Connma (ot 0,1 mo 50 Mg).

i i i i i
-Fh -
1 %5
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B L J
:]‘0_ L ] .
?":,, % _
Pt :o v
J| > |
+51- ad ~
P ,
10 :
° :
- 00 2
o
| J al 1 |
=40 ~05 00 +F + 10 Lg(M/ M}

Eg; 2. CooTHomcHHE Macca — CBETAMOCTH. IipecTnroM ofo3mageHo
BNE, YepHEEe KPY)KKH 0003HATal0T CHEKTPAibHO-IBOUEEE, Geiane
KPYHKI — BUBYAILHEO-IBOIHEIE BBE3H,

Mur y:xe paccMaTpUBAME BOIPOC O CBASI MEAKLY Pasimd-
DLIMII DApaMeTpaMn 3Besj. S3aBHCIMOCTE CBETIMOCTI OT CICKT-
pa (miru{ OT DOBEPXHOCTHOII TeMIePaTyPHI) OnpeeNsieTcs Aaar-

- pammoit Peccera — T'epmmnpynra. Cesish Me:EIY CBETIMOC-
TLIO 1 PAANYCOM HE [IAcT HUYEro IOBOTO, TAR KAK pa;inyc
speafgsl mo (Qopumyie (1) Bupaikaerca uepes CBETHMOCTH I
nonﬁaxnocmym TeMIePATYpY. .
MOTY CBOTIMOCTINO T SMACOOl, HOSKOTLRY MOCIONIAR om-

) {y TIOCICNHNA OI-

. pepiefiena COBePHIEHHO HesaBucuMuiM nmyreM. OTXo:xpnM Ha
ocnt aGenuce JorapudMel Mace 3pes (Aydue TOrapuMEL oT-

TIOMEeHUA Macc 3Bes K macce Comuia), a Ha OCH OPEHHAT —
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orapI@MEL OTHOMIEHIA epermiocTeit, TOTAa HONYINM HHAr<
paMMy, u3o0pakennuyio ua pic. 2, KOTOpAs HA3HLIBACICH CO-
OTIHOMICHIEM MACCA — CBETHMOCTE, 37ech 11300 PASKEITHE TON b=

K0 3Be3[nl IJIABHOI MGCIeToBATeNILHOCTIL (xpecturoM 0003~

jauerno Colnie, TePHBIMM KPY/RKAMI — 3BE3/Ib, BXOIAMIIO.
B CHCKTPaIhHO-TBOIIEE CICTEeME, JenpiMu  KPY:REAMI —
3BCANLI B BI2YAXDHO-TBOIHELX CHCTEMAX). '

Tax, MBU BIJIIM, YTO IO Kpaifieil Mepe UL BBE3]T LIaR-
noil TOCTeNOBATENDLIIOCTIL CBETUMOCTH BBE3JLI, a4 ClIenoBa-
TENDII0 II CG CIeKTD, OMHOBHATHO OMPEIeIsICTCH Maccoil,
Do oueHDb BA;RHEBHT HaOMI0aTe ILIHIL BLIBO, 1L IepBast 3aja-
WA TEOPIN DIYTPCHHETO CTPOCIILL 3BCHIL COCTOUT B HMAXOIRIC
mni GIBHUCCKUX 3aKOHOMCDIOCTII, ONPeeliaIomirx aTit €O
OTHOUIEIIST,

Ilas Toro wroGLl YIPATEND IMET HPEACTaRIeInic o xapax-
TEPIHY BHAUCHIN 3BE3AUHX MApaMeTpoB, Ml TIPIEBOJIINM
raGx. 1, B KOTOPOIT AAHDLI 9T BHAUCHIIA JUIA PAAA TUIMIIHLIX
apesn. B/CCh ecTh TAKyKe BBC3NGLI-THTANTLL I CBCPXTITAMNTH,
¢ KOTOPHIMII MBI IOBIAKOMIMCH TOJIRC.

Speansl, nepeuncasHupie B Tafi. 1, THINCIILL B TOM CMEIC-
Je, YTO OHII ITPEHCTABAAIOT cO00Il 00BERTH, ALY LAOLIIE CBOIO
DICPIHI0 TIABIED 00DPA30M B pumnoil (onrnyeckoit) odracTir
cuiekrpa. Tawie 3BE3NB ABIAIOTCH oOLERTOM H3YUIeNnd B
CRIIACCILIECKOIy ACTPOHOMIIL Yiie JECSATRI 1 COTHIL JeT. Ho
B Tmocienee BpeMsa OMarogaps GaHTacTIYCCHIM YCMNCXAM HO-
BLIX OOmacTeil acTpOHOMIIL (PamuiodcTPOIIOMINT, PCHTITEN0L-
cKOil acTPOHOMII) OLITIE OTKPHITH HODBLIE TIHIIEL 00'BERTOB, KO-
ropuie, BOOOMIe TOBOPH, TOME ABJICTCHA BBE3JAMIL, 10 yiic
COBEPUICIITIO HIIOTO THIA —— & [MEINO MYALCAPH i @uepIEe fbl-
puy. I{omeyto, Hayyast QUIIKY 38E37T, MLl IIC MO7KEM OCTABITE
3T 0OBERTHL B cTOpOie. ¥ IYILCAPOB 1 GUEPHLIX KDY TOMO
eCTh CBETIIMOCTB, MaCCa, PAJULYC, 10 CBOICTBA 1X HACTOADLRO
HEOUHUNE, UTO JIyWiie HapaMeTpsl OTINX SBE3T OMICHBATH
OT/CIBIO0, ONHOBPEMEHI0 ¢ 00CYIRACHIeH usur oTHX 00D~
exron (car. ra. 6).

Bepueses K «o0nYIbIzy 3BC3AM. Bone Gniio onpepciac-
1O LECKOADLKO OCHOBIBIX IapaMeTpoR: Maccd A, eBCTIMOCTD
L, pagmye R, cnexTp (11l MOBEPXHOCTHAL resmeparypa 7o),
XIIMITIeCKIIT COCTAB (B YUACTIOCTI, CONCPRATNC TACAMX
smesenToB Z). I1 cpasy e BO3NNKACT BONPOC: MEISIOTCH
JI1E DTII TApPAMETPHE Y JAHHOIL 3BE3MIRI CO ppeverex? Beap spes-
bl OBOTOIUONNPYIOT, KOTAA-TO O BOSHIKIIL CTAJM Pac-
XO0BATL CBOII 3AMAchl DHEPTIH, KOTOpLIE OTHIOND e quernc-
yepmaeMs», I B KAKOE-TO BPeMsl 9BOJUIOMI KaKI0ID OT/eNh-
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TaGauna 1

Hapauerpm HEROTOPBIX 3BE3[(

Ex
g £s a8
Haspanne 3 - Sy dg
aneaps 0] 8 ) g ke £
e 59 B g - im
55| 83 £ | B8 | &R
I'’apEafA NOCAEZOBATEABHOCTH
L Bosmnuero 10,2 | 220 3,5 11 000 B8
Bera 2,8 | 85 3,0 9500 | A0
Cupnyc A 2,1 27 2,0 9250 Al
Mponmon 1,8 1,4 2,2 6570 | dF5 ¢
o Ilenranpa 1,02y 1,3 1,2 5730 | dG2 .
70 3meenocma 0,781 0,51 0,89 4900 | dKO
E Boaomaca 0,72 0,10 0,82 4200 | dEK4
1 Kaccmomen 0,54 0,09 0,82 3600 | dMoO
Hpworep 60 0,26 0,007 0,26 3000 | dM3
TEragTH
Hapenma 3,3 | 220 23 4900 | gG8
Apxryp 4,2 | 130 26 4000 gK2
Anppchapan 4,0 | 360 45 3800 | gK5
CBePXTrHraHTH
Pareas 40 2.408 | 138 11200 | ¢B8
Anrapec 19 3.104 560 3300 ' cM1
Benuwe KapiHKH
40 Jpumama 0,44] 0,0035 | 0,0017 10000 DA2
Cupuyc B 1,0 | 0,0027 | 0,02 8200 DAS
Seesjia BaH Maamenma 0,3 | ~2.1074| ~10-2 8000 DG

IInsl HEKOTOPHX SBE3N NANHLE, ONpefeJNeHHHe DPAIINYHHMHA ABTODAMH,
CHILHO pacxomAred, "

noﬁ__am_a_snm sakonunrea. OueBHIHO, 9TO eCIH He BCe, TO IO
Kpaiigeit Mepe 9acrhb DAPAMETPOB JOJIKHA MEHATBCA CO Bpe-
mexeM, ITooromy mam momamobures emme OfEH BajKHEHIL mapa-
METp — 803pacm BBEBJEL

OnpefendaTh BO3PACTH 3BE3N MO;KHO, M3Yy4as B3Be3JHEHE
CHCTeMH. BHII¢ MH D03HAKOMHJINCH C HPOCTEHINNM BHIOM
3BE3IULIX CHCTEM — [BOMHBHME 3pes3namu, llsyuenme pBoii-
HEIX BBe3j, KpoMe ONpeleJeHHA Macc H DaJuyCcoB, MOKeT
math U IPYTHe NeHHHe cbefenns. Ilo-BuguMomy, 00a Kommo-
HENTA NapH ofpasoBanucs OJHOBPEMEHHO M MMEIOT TMOJTOMY
OIMHAKOBHIT Bodpact. Buipaer, uro 06a KOMIOHEHTA — MOYTH
OfMHAKOBLIE 3BE3NH, HO dacTO BCTpedaeTcsA ciaydail, Korpa
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ofiHA 3BE3JA MapLl NPHHANIEKAT K T'IaBHOM OCAET0BATEIBIT0
orH, @ Pyras — K rpynne GedsiX KapiuKoB (kax, Hampumep,
y Cupuyca). CiemoBaTesbHo, MOKHO CKa3aTh, TIO 3BE3JLL
OMHOTO M TOLO 3Ke Bo3pacra MOTYT OniTh BechMa pasyMdHbL

Kpome ABOHHEIX 3Be3[HEIX CHCTEM €CThH follee CIO0KHEIG
KPATHBIC CHCTEMEl, COCTOANME H3 HECKONBRIX 3BE3J (83—
6 wnu maske Gosiee), 3aTeM CIEGAYIOT TAK HABIBACMDBIC TaTaARTH~
qecKie CKOIIEHI M ACCOUALH, B KOTODEIE BXOAAT HECKOJIb-
KO JICCATKOB, MHOTAA COTEH 3Be3Jl, U IIAPOBEE CKOMICHH,
COCTORIMIHE U3 IECATKOB 1 COTeH THcAT 3Beaj. Bcee oTm sBesn-
fple CHCTeMHl BXOJAT B COCTAB OTPOMHOM 3Be3JHOIl cHere-
Ml — DajaxTnrEa — ¢ o0muM KONHYeCTBOM 3Be3]| IopaAn-
ga 150 mmnamapmos. Jpyroii mpmmep orpoMHoil 3Be3qHOI
cHcTeMn THma Hameil I'azakTHKA — XOpOWIO H3BECTHAA
TYMaHHOCTh AHApoMe[sl. l'ajakTHKH B CBOIO OHCPCHD 00B-
@UEAIOTCSA B CKOINIOHHs rajakTuk. Haxonem, Bce oTH razax-
THKE I AX CKOIUIHIHs, BMecTeé BaaThie, 06pasyor To, UT0 MB
ceifuac HaspBaeM MerarazakTAKOI.

Oygenp BaJEHO M TO, 4TO lajlaKTHKA OpefCcTaBIgeT coboit
He eHHYI0 ONHOPOAHYIO 3Be3[UYI0 CHCTeMY, & COCTOHT H3
MHOTLHX B3aMMHO IPOHAKAOMEX momcucTeM; Goxee mogpolbio
0 HEX MH pacckaikem Hmke. Hpome 8Be3l B COCTAB 3BE3NHLIX
cuCTeM BXONAT MEK3BeSNHHIA ras M KOCMITECKasd IIBIIB.

OueBHIHO, UTO 3BE3J(H, BXOJAMIEe B OAHO H TO jKke 3BE31H0e
CKOIJICHAe, WMEIOT OMMHAKOBHIA BO3pacT. BeposatHo,fiunaKn
[0 CBOEMY BO3DACTY W 3Be3[[H, EXOIAMMAE B OIHY M TY e HoA-
cucremy laraxkTHKH,

Ho MosxHO N onpenenuTh KOHKDPETHO BO3PACTLL 3Besn?
ORa3LBAETCH, MOMKHO. ECTH TAKWe 3BE3JHLIC CHCTEMEH, KO-
TOpHE, HO-BHAAMOMY, OYeHb HeyCTOHYHMBE M JIOJKHE IOATO-
My Gmicrpo pacmaparhes. XapakTepHoe BpeMd pacuaia Ta-
KX CHCTEM MO;KHO OIPENeNHTh: OHO HOPANKA TOr0 BPEMCHH,
B TeyeHme KOTOPOTO OTAEILHEC 3BE3JABI IPOXONAT AHAMETD
CHCTEMEl, 09eBHIHO, UTO BXOJANIME B TAKHE CHCTEMBI 3BE3/LBL
nie craphie. HeycToiYNBE CHCTEMEl THNA (TPanenuuy — KpaT-
HEe 3Be3j(sle CHCTeMBI, ¥ KOTOPHX BCe DACCTOAHHA MEKIY
KOMIIOHEHTAMII CPABHAMEI, ¥ ACCONMANNH — 0UeHb pasGpo-
CaHHble TAJAKTHYECKHe CKOMIeHHA, Tak, OHUIH o0OHApYIKe-
ALl 3Be3fH, BO3PACT KOTOPHIX COCTABIAET BCETO HECKOABLKO
COTeH THICAT JIeT (4T0 OUeHH M 0UeHb MAJ0 IO CPaBHEHMIO C
pospacrom Beeil [amaxtnxe — Gonpme JECATH MIDL. ner).
BooGme Bce Habmonaemse ceifyac TaJaKTHICCKH® CHOIUIC=
HHs OTHOCHTeJIBLHO MOJOIE, HO HX BO3PACTH PA3IHIHEL Ila«
POBHE CKODJIOHHA CYMECTBEHHO CTapme..
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Tenmeps MH MO;KeM BePHYTLCA K [IMATPaMMe CIIeKTP — CBe-
TUMOCTE. ICIH TOCTPOUTh TAKYIO HHATIDPAMMY Kasioro CHOI-
JIeHNs, TO MO;KHO GHTH YBePEHHLIM, ITO B Hee BoIIyT TOJLKO
SBE3NH ONNHAKOBOT'O BO3PACTA H 3aBHCHMOCTH CBETHMOCTA OT
cneKTpa He OyMieT MCKas;keHa HBOJIOIIOHHLIMU (aKTopaMu.
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Puc. 3. Cropmag AHATPAMMA IBCT — CBETHMOCTb JUTA JICBATH OTHPH-
1HX PACCCAHHMX TAJAKTHYCCKMX CKOTUiemnii (YepHLIe MMM H JuIA
ABYX HIADOBHIX CKODJenmii (cmeriuie mumpir)., I1d JarpaMMa oueHb
BaUKHA A TEOPIMII DBOJIONMII 3Be3j.

Ha puc. 3 ua ogwom rpaduxe cBefiend HECKOJIBKO Jima-
TPAMM CUEKTD (AN IBeT) — CBErHMOCTDL [JIA PAJA raNaKTH-
yecKHX M IAPOBHX cKomuenumil (momydenunie Cenpmnres).
Brech CIIOMIHBIMI IOXOCAMM J300pasKeHH JIHATPAMMEL Ta-
JAKTHYECKIY CKOIJIEHINT, a4 CBeTIBIMH — JHATPAMMBI IIapo-
BMX ckommenmii, OKOJN0 Ka:oii IOJOCH IOCTaBIeHO nubo
. cOBCTBEHHOC MMA CKOINIeRus, jifo ero HoMep 1O KaTajory
Mecese (M) min mo ofmeMy KaTalory CKOWTemMil M Tymam-
noereit (NGC). OTpesxm mmmuii, COOTBETCTBYIOMHE Ima-
POBHIM CKOIJICHIAM H MAYIINe Hapajiej]plo IJIABHOL Iocie-
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JOBATENLHOCTH, OOpPHBAIOTCA ¢ HHKHEHl CTOPONEL IOTOMY,
yTO M3-33 NATBHOCTH IOAPOBHEIX CKOMJICHHII clabule 3Besjnl
B HIX MBI TOKA 3¢ BiguM. B eflcTROTeNLHOCTI OHH TaK:Ke IPo-
JIOJRAIOTCA 10 HILGKHCH TACTH JHATPaMML,

Pacemarpupas pme. 3 MOKHO chemaTh PAN 04YeHb BARILIX
BHBOHOB. DBo-mepBhIX, JIUHHMA TIIABHOH MOCIETOBATEILIIOCTII
Y KQRIOr0 TAJAKRTHYECKOrO CKOIVICHIA OTKIONSETCS HAa HC-
KOTOPOIl BHCOTE BIPABO, IPHUTeM, KAK OKA3aIO0Ch, YGM GTap-
me CHOILIGHMe, TeéM HIDKe HAa JUarpaMMe 5TO OTHIOHEHue.
OTKIOUNBIIASCH TAABHAS HOCIELOBATENBLIOCTH IOYTIL CPA3Y
obpeiBaercsi. OHAKO ¥ BCeX TaNaKTHIECKOX CKONIEHNI mo-
SIBJIAIOTCSA TPYIILI 3Be3%, HA3LIBAEMLIX KPACHLIMII THTAHTAME
HIH CBEPXTHTaHTaMH (¥ MONOILIX CKOILIEHHI, Hampumep,
h, % Ilepces), «oTopBaHHEIe» OT IIABHON TmOCIENOBATEILHOC-
i (DeGoxbInne OTPE3KH B mpaBoil wacTH pumarpammul). JImar-
paMma craporo rajtakruueckoro cromirenma M 67 moxoska
Ha COOTBETCTBYIONIYIO NHATPAMMY IIapPOBOTO CKOINIEHNS, XO-
TH ero HIGKAfAA 9aCTh COBOANAET ¢ INIaBHOH TOCIEX0oBATeNh-
HOCTHIO, & BeTBb TMTAHTOB HAET HIKe. ¥ INAPOBHIX CKOMIe-
umpil TAABHAA MOCIENOBATENIBHOCTH 3aMeHeHa cyOKapinxa-
MU ® BETBH KPACHHX THT'AHTOB OYEHb YeTKO BEIPAJKEHA I He
OTPLIBAETCA OT BETBH CYOKRADPIMKOB. 3aMeTHM, 4T0 CcyOKapam-
KM IOXO}KA HA 3Be3[H INIABHOU HMOCIeJOBATEIBHOCTH, TONLKO
npu TOH e TeMmepaType HX SPKOCTL B 2—3 pasa MeHBIMNe.
CymecTBeHEO 0CO0EHHOCTHIO HTHX BBe3] ABJIAETCA OUEHD
HIIZKOE COMIePIRARIe TsAKeNLIX DHeMeHToB (Maxa BenmumHa Z).

Taxarrtaveckde I mMAPOBHEe CKOIIEHHA BXONAT B COCTAB
pameii I'amawruru. Taxknym o6pasoM, B mameit Goapuroil aBesy-
HOM cucTeMe MBI HMeeM 110 KpaliHeil Mepe IBA PasANUNBIX TH-
14, KAk MBI TOBOPHM, BBe3THOTO HACENeHHA: 3Be3lHOe Hace-
Jenye NePBOTO THIA, COCTOSIMEE U3 BBE3J], XaPAKTePILIX AiNg
FAIAKTHYCCKUX CKOIJICINil, W 3BE3JHoe HACEIEHHE BTOPOTO
THTIG, XAPaRTepHOe Js mapobuX crommemmii. H macexe-
mnto | ruma npunaguessut Gonpmitietso spest smusn Comn-
12 1 Boolme GOJILIMUICTRO 3Be3Jl, IMaXONAmuIca Ha mepide-
pun razaktur (paccrosuue ot Coxmma fo meutpa IamamTinsu
oxomxo 10000 ne). I¥ nacenenmio I1 tnma mpumajureskar sBes-
MBI TeHTpaNbuLIX uvacreil ramaxtur. CilegoBaTeAbHo, I[BET
HENTPANBHEX "acTell TajakTIK — KpacHoBaTHll, a mepude-
pun — ronyGoBarniii Oxarofaps MaaHWo OONBINOTO KOJM-
YeCTBA APKUX U TOPAYUN 3Be3l.

Bupouewm, Taxoe pasfenenine Ha ABa THIIA HACEIEHIIA CANII-
roMm yupomeno. CefiTac DpUHATO PA3NUIATh HATH OCHOBUELIX
THIOB 3Ee3gHoro macenenus (tabm. 2).



Tabnunma 2

CogepHanne
BCex anene:-
Hagpanme Buas 0GBEKTOB, BXOIAMHY o Bty
::gzggg‘n (’R D COCTAD JAHHOTO HACEJeHHSA Kﬁll‘e?;:{; ;
00 9HCHY
ATOMOB
Hpaitmee gacenenne | 3sesgm O, B. Ouedb  MOJIO- 4%
I rama A6 raJIAKTAYeCKAe CKOIJIEHAS H
ACCOUMANHE; KOCMHYeCKAasA NBEIIb,
Me;R3BCAAHHE HefiTPaNbHEHE BO-
NOPOR,
Hacememme I tama | OOmumsle 3BC3AH  CHOEKTPAJBHEX 3%
kaaccos or A po F. Tanaxrnue-
cxue ckomnennsa. Kpacaue ceepx-
THTAHTH
Crapoe HaceJeHHe | 3Be3il INABHOH MOCIEC[OBATENLHO- 2%
1 Taoa CTH ¥ THCAHTHL CHeKTPAJIBHEIX
rgnaccos or G mo K
Hacesenme 11 Tuma | Bensle KApPIHKH, MHOHE KJACCH 1%
nepeMeHHEIX 3Be3[
Kpaiimee macenenue | MlapoBile cRomieHAs, CyORAPIHKMN 0,3%
I[ Taoa :

Yacro ymorpeGusior Taxske HazBaHuA: HacemeHume cde-
pmueckux mopcuerem (macemenme 11 Tmma), mpOMEHyTOWHHIX
B WIOCKHEX mofcucTeM (Haceidenue I Tuma). OTH HA3BAHHEA CBA-
3aHH ¢ pacIpejielleHHeM 3Bes]] COOTBETCTBYIOMHX MOACHCTEM
B HPOCTPAHCTBE.

Ouens BasKHO TO, WTO IO Mepe Hepexoia Ko Bce Gomee Mo-
JONKM THUAM HACENEHHS YBeIHWYHABAGTCA CcOMlepsKamde BCexX
9JeMEHTOB, KPOMe BOJOPOAA B reans (IOCIe[HAS CTPOKa Tal-
AnnE). OTOT BHBOJ IOJYYeH NPH CTATHCTHYECKOM aHAJIM3e
CIPKTPOB 3Be3[, NPHHANIEKAMX K PasHLHIM THDAM Hacese-
mps. VI aTH 0COGEHHOCTH BBE3JHHIX HACeJeHHH 00BACHANTCA
TeopHeil SBONIOIHA 3Be3fl, 0 KOTOPOl MBI PAaCCKAKEM LOTOM.

OrtMeTEM, 4YTO, KpoMe OONBIMHX SBe3JTHEIX CHCTEM THOA
pameii TalaKTHKA HIB TYMAaHHOCTH ABApDOMENH, COCTOAIMX
B3 8Be3[HEX HaceJeHHWil BCeX THIOB, €CTh O4YeHb MHOTO dil-
IWOTHYECKNX TAJNaKTHEK, COCTOAINEX TOJBKO H3 Haceue-
pua 1] Tema, M raJakTHK HOUPABHIABHON QopMu, B KOTO-
pux mpeobuamaer Hacemenpe I ruma. OweBdpiHO, YTO DBOILIO-
maA 3Bes[ CBASAHA ¢ 9BOJONHel TaJaKTHK,— HO IJTOT
BOIPOC BHIXOJET 3a DAMKH Hamel KHEMKKM.
~ Bor noxa u Bce, 9To Ham moHEAZOGHTCA VLA B3YICHHA -
SAKH 3BO3J.

I'rnaea emopas
3BE3JIA — T'A30BBIN NIAP

Havunmem Hame HcclefoBande CTPYKTYPH 3BO3T ¢ Pemenus
rako#i ¢usEUecKol 3aJa9A: MYCTE MEL HMEEM OTPOMHHIL raso-
BHIT map, HaxogAwWgEica B paBHOBeCMH B COOCTBEHHOM IOJIO
TAIKECTH. Tpebyerca ompefennTs TeMIepaTypy rasa B HeHT-
PaJpHOM 9YaCTH mapa.

Ioscurm mocragoBKy 3agaun. Ilo 3aKoHy BCEMEDHOTO TH-
rorenna HrioroHa mao0xe mpa Teja DPHTATHEBAIOTCA ApPYr
K JIPYry ¢ CHAOH, IPONOPIBOHANLHOE NPOA3BeMIeENI0 HX MAace
¥ 00paTHO DPONOPHEOBANBHOA KBafApaTy PACCTOAHHA Me:KIY
BX meETpam# (DOCHe[Hee YCIOBHEE TOYHO CHpaBefauBO IBGO
Auaa tex cdepmueckoin dopmu, aubo AR TN IPOE3BOJBHOK
dopMuI, HO HaxogAmMuEXcA Ha OOABMUX PACCTOSHAAX APYT OT
Apyra):

MM,
rz

F=f

3peck F — caNa BCeMEPHOTO TATOTEHUA ME:RIY OBYMA Tela-
ME ¢ maccamMe M, u M,, r — DAacCTOAHH® MEKIY HHMM,
a f — mocroanHas taAroreEma HrloToHa, BHaYeHHe KOTOPOi
npuseneno Ha crp. 19. :

Ham razoBsiif map cocToNT X3 OTOPOMHOTO YHCJIA ATOMOB,
HOHOB H 2JIEKTPOHOB (HHTEPECHO OTMETHTH, YTO KOJHUECTBO
9acTHN B TaKoil aBesne, kax Connme, BmpajkaeTcHa efHHUIeEH
¢ 56 nynaamn). Bee ath wacTHOH npuTATHBAIOTCA APYT K APY-
ry mo saroHy BcemupHoro taroremus. Ilpaspa, maa xampoi
maps 9ACTHI| 3TA CHIZ OYeHL MaJja, HO OrPOMHOS UHCJIO Jac-
THI] OPUBONMT K TOMY, 9TO pe3yAbTHpYOmasa cmia cobcren-
HOTO TArOTEHHS HANIET0 TAa30BOr0 IMapa OKa3LIBAeTCA OCTa-
TOYHO OONBLIIOIi.

Ilonm nmeiictBueM CHIH COGCTBEHHBOTO TATOTEHHA TAa30BHIl
map fomxen Oma O coxEMaTheA, ¢cmafartsy K memTpy. Ho
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¥ HAC, N0 YCIOBHI, IIAP HAXOAUTCA B PABHOBECH. Cremona-
TeNbHO, MOMKHA CYIMECTBOBATH CHJIA, NPOTHBOJAEUCTBYIOMAA
sarorennio. Tawkoil cmiofl ABIAETCA Ta3oBoe IaBjeHue.

B camoM Jejie, ecym cuad cOOCTBEHHOTO THATOTEHHA CTpe-
MITCSI C/RATL Ta30BHILI map, TO rasonoe AaBjemnie, naojjop(rr,
crpeMaTcs ero pacmmpurh, OQUeBHIHO, 9TO TAB0BLII WAP
GymeT HaXONUTHLCA B PABHOBECHOM COCTOAHMNII TOT/A I TOJL-

KO TOTJa, KoIfa IOaBJieHHe cOCTABJAIOIMEro ero rasa "6YH,8T
YpaBHoBenIeHo CHJIOU ero

coOCTBEUHOTO TATOTCHHA.

Unmyu  coBaMm, aTo
YCJIOBIIE MOJKHO BEIPABUTH
TAaK: TA30B0E FaBIenue Bouu-
3U 1EHTPA HIApa JOJGKHO
paBHATLES Becy croaba o
MOTMCPEUYHBIM  CeUCHIEeM B
1 em* m BricoTOH, paBHOIl
pamnycy mapa (pue. 4).
Hamomnnym wnmrareiio, 9TO
ANAJOTHIHLIM 00]Pa30M BLI-
wqesaserca I GapoMerpuye-
CKOe [aBlenme B 3eMHoll
atyocepe.

Temneps sanumeM 9T0 yC-
mosue B Bue hopmyist. Oue-
BIIJIII0, YTO BEC 3AIITPIX0BANHOI0 ¢cTOA0HKA PABEH CILIe, ¢ KOTO-
Poil OH HPHTATHBACTCS K IEHTpy mapa. Iloao:smy B Gopay-
ne Huworoua A/, = M — »Macca Bcero mapa, a M, — mac-
ca croubura. Feuan oGosHaanTs GyKBoIl D cPeHII0 IIOTIOCTE
rasa B cronbmnke, to M, = PR, rome B — papmye mapa (Ha-
HOMIHAGM, YTO MOMEPEUHOe cedenue cTonduka pasiro lcw ).
Paccroamme Mempy medrpaMn mapa #n croiliKa paBHo r o=
= [/2 *), Ilpu a1uX YCIOBHAX BEC BLIIEICHHOrO0 CTOMIOHKA

Puc. 4, K ompepesennio JaBiaeHIA
B LEUTpPe 3Be37.

*) IIpm TakoM UpeIoJoiKeHIN (POPMYJIA MOJYMHTCA HC COBCEM
rounoif. [lexao B ToM, MTO pasHbe YACTII BALITPHXOBAHIOIO CTONOHEA
rasa UPUTATHBAIOTCH [O-pazuoMy. Depxmue vacTH UPHTATTBAIOTCH
BCEM IMAPOM, & HIGKIOHC YACTI, HAXOJISIIICCS LOMIL B UeHTpe, (aKru-
YCCKN He NMCHEITLIBAIOT CHAM TAToTeHNA, UT00H IOACHUTE DTO ABJICHUE,
MBICJICHIO TIpefcTaBIM celsi B HenmTpe SeMiI — Kyga MbL Tax Oyjes
nagars? Bexs 3eaus Gyaer NpuTATHBATEL TEJI0, HAXO/SIICECH B €€ IeHT-
pe, PABHOMCPHO BO BCe CTOPOULI. DB pesylpraTe, OKa3aBIINCh B UEHTpPe
eai, MBI Kak Ot motepsiem Bec. Takike It TA3 B IIGHTPE HALICTO Iapa
puuero Ha Becnt. CleqoBaTelbio, MBI HE MOYKCM CUNTATH, YTO BRIIOICH-
HEIT paM# CcTONOMK OJMHAKOBO BO BCCX ero YaCTAX IPHTATMBACTCA K
neurpy wmapa. Ho pms Toumoro pacuera HYKHO, BO-IIEDBLIX, 3HA1L
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A

| saa

{oGosmaany ero Gyxsoii p) papen
p=1f EBRE = &f = (3)

Ilpr paBHoBeccHU HIAPA HTA BeNUTNHA MOKOA UHCICHHO
PaBHATHCA Tras’oBoMy fasienmio BOamsu ero mentpa. s
ToT0 YTOOE OpefcTABHTE cefc DOPANOK DTOI BeJINMYMHLI, 1107-
CUATAEM JIABIEHNE B IENTPC Ta30BOTO HAPa C PasBMEpoM H
maccoit mamero Comnma (M = 2.10% 2, R = 7-10' cx,
p = 1,4 2/ca®). Homyumm p = 108 dun/em* = 10'° armoc-

- ¢ep! Koneuno, Taxoe [aBleHie IOKA LHEBO3MOKEO LOIYYHTE

B BeMHEIX JjafopaTopHAX.

Mur 3HaeM, IT0 IaBAEHHE Ta3a PACTET ¢ YBEIHYCHHEM TeM-
mepaTyps ¥ mroTHocTH. HamoMHNM WnTaTeIio m3BeCTHEHI 3a-
KOH Ta30BOTO COCTOAHHA HJN, KaK ero 4YacTo HAa3BIBAIOT,
saxon Huamefipoma. Jdror 3akoH (OpPMYJHpPYeTCA TaK: IpoO-
Haneienne ofmeMa OHON TpaMM-MOJEKYI ra3a Ha ero JaB-
aenue, feremdoe Ha abcomTHYH TEMIEPATYPY, €CTh
VHUBEPCAJNbHASA TIas3oBag IOCTOAHHAn A, UHMCICHHO paBHAS
8,3.107 ape/moan-2pad. Popmyna saxona Hiameiipona odens
npocra: pV = AT. Jlua nac ynobHee, ogHaKo, Iepenmcarhb
ee B apyroit dopme. Obo3mauMM Tpedeckoil OyKBOH L MoOXe-
KYJIADHHI Bec 3Be3QHOTO Ia3a MIN, UTO OJHO M TO jKe, Bec
OHOIl IpaMM-MOJIEKYJIH B8Bes[HOro Bemecrsa. Torga nimor-
HOCTDH 8Besnmoro rasa p = W'V u dopmyny Hnaneiipona moik-
HO TepemucaTp B BHIE

A
P oT. (4)

Bepnemes k¥ mamemy razopomy mapy. Orpommoe mapie-
OHe B ero menTpe MOo;KeT OLITh MOJydYeHo Aubo mpm orpoMuoi
rTeMueparType, an6o opn og9eHs GONBINOI MIOTHOCTH (MM TPU
coennuenui ofoux yeaosnit), o aer 3HaeM, 9To cpefuasa II0T-
HOCTH BBe3[ IMeBeIHKA — IOPANKA [JIOTHOCTH 3eMHEIX Be-
mecTB. ILIOTIOCTh B IEHTpax 2Be3N, Koueuno, Goapime cpeji-
neil TUTOTHOCTH, 10 ILGHAMIOLO, BCero B IIECKOJLKO pas —
B npaiineM cayuae B HECKOILKO JECATKOB Pa3d, M BO BCAKOM

pacipegelenne MIOTHOCTI BHYTPI apa, & BO-BTOPHY, UCHOILI0OBATH
MATCMATHYCCKIG METOJE, BEIXO[AINC 3a PAMKI INKOJILHOTO Kypea.
Ho Begns pac 1 me marepecyer Toumas gopmyna. Ham mysxmo toianxo
BHATE TODPAJIOK BENIITHUHLL, NY/KHO SICHO IPEACTABAATL (usmyeckoe se-
JIcHHe, & YIS 9TOTO JIOCTATOUHO IICIIONBL3OBATL CaMOC NPOCTOS HPLIUIO-
JI0;KEHTe, YTO BHJICTEHHHMI cTOAONK DPUTATNBACTCH TAa30BEIM INapOM
PABHOMEPHO,
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cyuae HE MOJKeT yBEIHTHTH JIaBjeRNe 10 MHIIHAP/O0B aTMo-
chep *). ’

OcraeTca ofHo npeanmonoxenne. OrpoMuoe jaBienue, He=
oGxomEMoe JAf yAeP/KaHHsA rasoBoro mapa B pPABHOBECHH,
MoskeT GHTH 06eCIeTeH0 TONbKO OYeHb BHCOKOH TemMmepary-
poit. Jlasa TOro 9TOCH €e ONpEeeNnTh, ppapaBHAEM TasoBoe
napaenae no Qopmyre Hiameiipoma pas HEHTPA mapa Becy
cronbuka. Ilonysmm

A oM
po=ode=4"g -

3nech p, B T, — IVIOTHOCTb W TeMIEPaTypa B IEHTPe mapa.
B o1y $opMyLy BXOJUT U CPeNHAsA K UEHTPANbHAS UAOTHOCTE.
Mo;KHO CUMTATh, UTO €CHH rasoBhe MAPH HOCTPOCHE ONAHA-
KOBHM 00pazoM B PasiHIAlOTCH] TOIBKO Maccoil M, CIef0Ba-
TeIbHO, PAAHEYCOM, TO 00e STH BeJMIHHE (p. ® ) mponoOpIHO-
HaJbHE JAPYT APyry. Bo cKOIBRO Pas P Goapme pf IT10
3ABHCUT OT KOHKDETHOI CTPYKTYPH rasoBoro mapa, H OTBE-
TATH HA 9TOT BOIPOC MOKHO TOJBKO HOCIE JIeTaAbHOro mecie-
nopanmsa. Ho Tak Kak MH He 3aHAMaeMCS 31€Ch TouaHOil TEOPH-
eil ¥ HMHTepecyeMcs JHIIb ¢manueckoll cTOpoHOl fexa, TO
J0CTATOYHO, HATPUMEp, ANA DTPOCTOTH MPHHATL P, = 4p.
HKosdduumeBT 4 onpaBfaeTcs NO3:Ke (npm sTOM ero sHAUE-
HE¥ BHUHCHCHIA TeMIeparyps mo gopmyne (5) xopomo COB-
mafaioT ¢ Golee TOUHHME pacderamm). Torja A NEHTPAIb-
HOIi TeMmepaTyphl TasoBOr0 IIapa HMeeM:
wfM
Tc = AR’ (5)
Dra GopMyna onpefelAer TeMOePATYPYy B HEHTDPO BBE3MLI
O ee Macce, PAHYCy M MOJEKYJIAPHOMY BeCy 3Be3JHOrO Be-
mecTBa. Ee 3HaueHme [ TEOPHHE BEYTPOHHEI0 CTPOEHHA
apes]] 09eHH BEJHKO, B TeM MBI €Ile MHOTO a3 CMOZReM ybe-
nurnes. Hamo, KeraTd, 3aMeTHTh, 9TO XOTHA ME €@ BEIBEJIH
oveHDb MPAGIHKEHHO, CLeNaB HECKONBKO CYIeCTBeHHEX yOpo-

*) Koap cKOPO ME 3aTPOHYIHE BOMPOC O NEHTPAILHKX ILIOTHOCTAX
seesi, To BO usbe:xamme JAIBHeHIINX HeZOpa3yMeHHMIl cCHejaeM @Ba
BAMEYANAA: BO-ICPBEIX, XOTA ILIOTHOCTH OENHX KAPINKOB BeJIAKH,
BEMECTEO B X HEApax He ABIAeTCH OOLIIHHM razoM ¥ II0DTOMY X Gemsam
KADJIEKAM CKA3aHHOS BHIUG (H B TACTHOCTH, 3AR0H Kananeitposa) Bo-
ofme HeNPEMeHHMD; BO-BTOPHX, CpefHMe IUIOTHOCTH 3BE3JI-THrAHTOB
¥ 0cOBEHHO CBePXTHUIAETOB OYeHb MAJNH, HO OHH MMEIOT CIOKEYI BHYT-
POHHIOW) CTPYKTYPY M LOATOMY H K HUM TOHe HeIPEMEHHME H3JI0MeH~
HHe BEIE paccysieHps. Bexke KapJiHKH H KPacHHO IATANTH M H0-
Ka MCKJIUHM M3 DACCMOTDEBHA M BepHEMCA K HUM IIOTOM.
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meHn#, Ha caMoM feix¢ oda moBoabHO Touma. Ilo xpaiimeit
Mepe BHUHCIAeHHLIe no »roil dopMylre IeHTPATBHEE TeMuepa-
TYpH B8Be3[ IVNABHOHE HOCIEJOBATEIHLHOCTH OTIHYAIOTCA OT
neiicTBuTenbHEX He Gonee sem ma 10—20%, a To ¥ MeHbIIe.

Maccu ®m pammycs 8Besjy MH 3HaeM, KOHCTAHTH A H f
rosce, QcTaercs OUpPENeNHTh MOJIEKYIAPHHI Bec BBE3HOTO
BeIecTRa.

TepMEHOM «MOJEKYJIADHHIT Bec» 0003HaTaeTCA Macca Be-
mecTBa, COCTOHANAA M3 BIOONHE OIPeeleHHOTO KOIMIECTBA
yacTHI, PABEOTO TAK HasuBaeMmoMy umcay Asoragpo 6-10%,
HanpeMep, MONeXyIspPHHE Bec ATOMAapPHOro Bofopopa (ero
uaCTO HABKHBAIT TARKKE ATOMHHM Becom) ecth Macca 6-10%
aTOMOB BOJOPO/ia, YACAEHHO PABHAA eJHHEIPE, TAK KaK Macca
Of{HOTO AaToMa Bojopoja pasHa 1,67.10-*¢ 2. Moaexkyxapusii
Bec rasa, COCTOAINEr0 M3 MOJEeKYJI BOJOPOAa, paBeH Macce
6-10%* Mmomexyn BojOpOAa W HOPTOMY paBeH JABYM H T. [
MonexkyaapuHi Bec cmecH rasoB (HanpEMep, BO3AyXa) omN-
pefiensierca mofoOHEIM ke ofpasoM: ciepyeT BaaTh obmiee
YHCI0 UACTHI, PABHOE THCIY ABOrafpo (Kasms# KOMIOHEHT
cMecH GpaTh B COOTBETCTBYIOMEH IPONOPUHE) M 3aTeM HaMTH
cymmapuyo Maccy. TakmMm ke ofpasoM mocTymaem TpH 0O-
PelieleHEE MOJNEKYIAAPHOTO Beca SBEe3JHOrO BemECTBa.
3BesgHOE BemecTBO COCTOMT B3 ATOMOB B MOHOB MHOTHX 3JIe-
MEHTOB, H IIODTOMY IDEJ/Ie BCETO CIeAyeT OUPefielHTL ero
XEMEYeCKH COCTaB.

Mu 6ynem sjgech OmpefielATh MONEKYIADHEIH Bec 3Be3fi-
HOTO BEmecTBa, HAXOJAMErocA B HEAPAX 8Be3ll, T. e. TaM,
rIie TeMmepaTypa rasa HODPsAAKa MEIIHOHOB rpamycos. Ho-
HeYHO, OPH TaKOH TeMmepaTrype MOJEKYJh CYIEeCTBOBAThH
me moryr. Boxee Toro, mpu aToll TemMmepaTrype H BCe ATOMM
ROIKEH GHTE HoHn30BaHEL CaMile «yCTONTNBLEE) ATOMEl HHEPT-
HHIX TA30B HOHM3YIOTCA, T. €. TEPAIT OJHH HJIH HECKONBKO
BIEKTPOHOB Y€ IPH HeCKONBKAX JIECATKaX THCAY IPajycoB.
TaxnMm ofpasom, BemecTBo, COCTABIAAIOHMEe Hefpa B3BO3,—
BTO CMech DJEeKTPOHOB M OCTATKOB» ATOMOB (AaTOMHEIX Ajep
¢ COXPAHHBIIUMHCA «BHYTPEHHHMH) 3JIEKTDOHAMH HIH COB-
ceM «oroJeHHEX» afep). Ham ny;xmo mpeskne Bcero y3HATH,
CKOJBKO 9JeKTPOHOB BEIPBAHO W3 ATOMOB, T. €. KaKOBa CTe-
IeHL MOHA3AIMH BBE3THOTO BEIECTHA,

IpaBenem neckonbko gucen. IIpm Temmeparype B MHIIH-
OH TpajycoB CpelHAsA DHEPTHA YaCTHIH PaBHA OPUMEPHO
2,4-1072 gpz, C npyroii CTOPOHH, SHEPTHA NPUTAKEHAS dIeK-
TPOHA K NPOTOHY (2HeprHf CBABH) B aTOMe BONOPOMA UpH-
MepHo papna 2,2.107" gpe, 1. e. B 10 pas mensme. flcuo, urTo
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BCe ATOMEHI BOJOpPOfa B 3BEBEHOM BeIIeCTBe IpH TeMuepaType
B MIJIIMOH M BLINeE TPAJYCOB PACHIEIJIOHE] Ha DICKTPOHEI I
NPOTOHH, H00 Kayfoe CTOIKUOBEHHE aTOMa BOJOPOAA C APY-'
roit wacTHUeil mpmBeper kK ero pacmapgy. Ta ske xaprmpma H Y
reJHeRHX ATOMOB, X.OTf 3Mlech DHEPTUA CBABH NABYX DJEKTPO-
[0B ¢ AAPOM MHOr0 GoJbIne DHCPTHI CBA3I B aTOMe BOLOPOA,
BCO KC ONA MCHBING DHEPTHM OTAeNbHLIX TacTHIL: HOJABJAI-
mee GOJNBINIHCTBO ATOMOB Teluf B 3BE3NIOM BemecTEe NpI
TeMIepaTypax CREINE MILIIHOMA TCPafycoB pacmienuIoch
| 114 DIEKTPONH (IO [BA OT Ka:KHOTO aToMA) M aJdb(a-gacTHI.

Imeprum HJAEKTPONOB B ATOMAX APYTHX OJIeMEeNTOB OUeHb
pas3inn4unl. HOJIO B TOM, ITO B CIOKHOM aTOME QIEKTPOHE] oG-
pamaloTcs BOKPYT AApa me mo ofuoii opfure, a m0 pasik
opfuram, OTCTOANIEM HA PAa3HLIX PacCTOAHNAX OT sAjpa.
BroyTpenmnme 9JeKTPONLI CBA3ANH € AJPOM CIIbIee, MeM
DMEeKTPONE B aTOMAaX BOJOPOJA HJM IeIMA, & HAPY/Kube, HA0~
Gopot, caaGee. IIpu sroM, dWeM Taskelree AApO, dem Gomnbie
B ATOM O DJEKTPOHOB, TeM GOJbIIEG DHEPTHA CBA3HN BHYTPEHHHNX
SIeKTPOHOB, B TO BPeMs KaK BHEPTUs CBAZN HAPY/RHBIX DJIEKT-
POHOB MEHFETCS MAjo: OHA 3ABHCHT OT XUMHYECKHUX CBCICTB
DJICMEHTOB.

IlosToMy B 3Be3gHOM BellecTBe HapYiKHbIE DBIEKTPONLL
OTOPBAHEl y BCEX aTOMOB, BHYTDPEHHIE jKe OJEKTPOHL eme
MOryT yaepssmBaThea sapami. OUeBHAHO, UTO TeM TiKeNee
aToM, eM 0OJbIme 3apsAj ero Axpa, TeM (ombile BHYTPEHHHX
2JIeKTPOHOB ou ymepsxmsaer. IIpu TemmepaType OKOIO MHI-
AmOHA TPafyCoB AApa KUCIOpoRa, YrIepoia, asora YHep:Ki-
BaloT mo ABa BHyTpenumx aixextpona. Ho mpum remmeparype
HOPANKA MECATH MIUIIHONOB TPAfycoB HTH AApA yike He MO-
IyT yaep/kaTh H CaMbLIX KPENKO CBA3AHHEIX) DJIEKTPOHOB.
Ilpu TemmepaType B JecATb MIVIAHONOB TPAAyCcoB MOUTH IOX-
HOCTLIO MONNZOBANLI H cadiie o0HIbHEIE TOCAE BOJLOpOZAA II
TeJIIIS DIEMEHTH — yIiepos, asot u Kicropos. Doxee Taske-
JBIC DIEMENTH YAePRUBAOT BHYTPEHIINE 9JIEKTPOHBL M TP
rTakix Temmeparypax. Ofumako, TaK KaKk aToMOB 9THX JJIeMeli-
TOB HEMHOTO, MX HENOJHAA HOHU3ALNA Y:Ke He HMeeT 3Ha-
YeHHA.

TlTak, MB MOJKEM CUHTATh, UTO LI TeMIEpaType O0KoI10
necHgTH MIUIJIHOHOB TPajycoB B3Be3JHOE BEHIECTBO COCTOHT
yike 1e H3 aToMOB, A U3 JJIEKTPOHOB, IPOTOHOB, aabda-Tac-
THI I OTOJIeHHHX» Afep ApPYrux axementons. [Ipnm menpmmx
TeMOepaTypax AfApa BCceX 2JIeMEeHTOB, Kpome BOJOpOJA u re-
AMA, emle MOT'YT COXPAHATh HEKOTOPHIE BHYTPEHHHE JICKTPO-
HEL. 3aMeTHM, KCTATH, 9TO eC/IH AP0 MQJIHOCTHI0 LOTePANO
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CBOI 9JIEKTPONEI, OHO HE BCE@ BPEMA OCTAOTCA (OTOICHILIMA
BpeMs 0T BPEMEHI Ka;KI0e AQPO aToMAa 3aXBATHBAET DIICKT-
POH I y[AeD/KUBAET €ro 0KoJo ce0sf HeKOTOPOe BDEeMA, HO 3a-
TeM J0BOIBHO GnicTpo ero Tepser. Ilporonst m axba-vacTi-
IIBI TAK/KE MOTYT 3aXBATLIBATH JIEKTPOHEI, 1O TEPHIOT HX eIIe
OrIcTpee,

Ilpi Bmumeenuu MOJNEKYNAPHOTO BECa 3BE3MHOTO Bemie-
CTBA HY:WHO YYECTH OLHO Ba)KHOE CBOMCTBO ATOMIBIX Becon
XUMUYECKHX 9JIeMEHTOB, PACHOJOREHHHIX B Havale TaluImipr
Menpiexeesa, J1ssecTro, uTo y omementoB mo Kpaitneir amepe
Tpex uepBLX mepmopgoB Talmauust Menpmenmeesa (mekiaowas
BOJOPOA) ATOMHKIIL Bec TPIMEPHO B [Ba pa3a 0OIBIIE ATOMHO-
ro momepa. G Apyroil cTOPOHE, Tak Kak aTOMHLI HOMEp ompe-

| AemAer 3apAA ANPA, A CAEJ0BATENTBHO, If UHCIO ITCKTPOIOB B

aTOME, TO MBI MOJHEM CKa2aTh, YTQ ¥ ITHX DJCMEITOB ATOM-

'-1 HEBIHI BEC mNpHMEPHO B IBa pasa 0oibiIe 4Iciaa JIEKTPOHIOB B

arome. Ecan mut GyjieM paceMaTpIBaTh B ¢ € TACTIIE (aewT-
POHB I AIpa), TO HTO OTHOLIENHE H3MCHITCA OYeHD MAJQ
Tax, nampmyep, ec/i MOJHOCTHIO IONIIB0BATE ATOM HIIGJIOpO:
Aa, 10 00pasyercs NeBATh YaCTII] (BOCEMB JNEKTPOHOB M 0IHO
Aapo). AroMuHIE Bec KHeIopoja pasen 16; C.IIG,I[OI[saTE;JIL-
HO, 1A OJIHY YaCTHIY B cpefueM npuxopnrcs %y =1,8 egmum-
I[bl ATOMHOIO Beca, T. e. BednunHa, Giuakad K asym. Ouepuz-
HO, UTO HPH NOJHOH MOHH3AUME J106Or0 HIEMEHTA HepBEIX
Tpex nepuonos Tabruns Menneneesa (KpoMe Bomoposa m re-
nus) cpefnmii aToMHEIT Bec, NPAXOAAMMIICA HA OJHY TACTIH-
ny, rarme Oymer GIH30K K OBYM.

IIpu nonmoi HOHH3ANMI TeJus 00paayercs Tpm TacTHIEL,
Pasnenns aromurii Bec remus (0 = 4) Ha Tpm, OOJIYTIHM, UTO
B CpejiueM Ha OfHY YACTHIY IPHXOJUTCA */; eIUMHAI aToMHO-
ro seca. Haxomern, mpm moxmoi# moEH3ammm aToMa BOJIOpOgA
o0pasyercsa BCero AiBe YacTHUHI (JIEKTPOH I OpPOTOH), H Ha
Kyl 9YacTHNY NPHXONATCA U0 Y/, eAHHHIEL aTOMHOLO
Beca.

Tenmepn mepeiieM K HeIOCPEACTBEHHOMY MOJCICTY MOJIe-
KyIAapIOro Beca 3Be3fHoro Bemectsa. Hamoaumm, wro 6.102
UacTull 3BE3NHOIO BeMecTBA (JJIEKTPOHOB I ATOMILIX AAED)
HMeIOT Macey, PaBHYIO [i.

B oxuoii rpaym-yMoseryme 3BesIHOr0 BemeCTBA HaXOXMTCSH
WX rpayvos Bogopopa. Pasgenns oty semmanny na1,67.1072 2
{(maccy onmoro aToma Bopoposa), HAlffieM KOIHTECTBO a T o-
M 0 B Bofopoia B ofHoll rpayy-yMomeryre. Ho tak rar xask-
HEIT aToM BOJODPOA PACHICUJSETCS DPH MOMIBZAINN 1A /DO
HacTinnr (IPOTOH U 2JIEKTPon), To ofliee 1HCA0 YA CTUI[ B

2 G A, Kamsam -
33

&



omioil TpaMM-MOJIeKye, 01’:;13;1’1“11,1-;5 cnoﬁxg: n{;{lnne?ne.\;lggﬁrﬁtz
sammt BOXOPOAA, PABHO 20X /1,67 107 p()}';‘o:m g0
JiBIe PACCY RIEHISE ¢ TCHHEM M YUUTHBa, 9T0 Macca a'.rol. 4 16
3 a 4-1,67-1072% 2, moaryamM JUIs YHCAA JacTHI[ (QJIEKT
aaa papoa 4-1, ) g bt n maiasi
pOHOB M S/EP TCI) B OJHOI TPAMM-MOJCKYIC 3 REOTY
LOIEeCTBa, 00A3AMHLIX CBOIM IIOABIICHIeM 11011113;111;1){1'1 ro.fm‘,:
peamauny 3pY/4-1,67-107% Cymnapf}wrn‘ Macca nfi{,x“;i;p’)m(;‘
ATOMOB IPH DTHX jRe YCHLOBIX €CTh nz. T aK Kax Ha i){,(;z 1;.“
THIy HPUXONATCH ATOMHKI BeC, PaBHELL (II{]IIM(E[]‘ mu,\,; ij 4y
v, e, 2-1,67-107* 2, To umHCHO MACTHIL, OOASAUIBIX E;] St
ABIERTeM HOHH3AINIL BCEX DIEMCNTOB, RPOME I’io,gop?,!:;cm
vexms, pasHo MZ/2-1,67-107%. Tlo yexonmo, 110.11\:00 "I1 ;0
yaCTHI] B OFHOIN TIPAMM-MOJEKYJIE PaBlio HMCILY ABOTAPO.
CieoBaTeIbHO,
21X any . pnz _
mrwﬁ+¢waﬂ*2¢mmw1

Orciona TMAXOAMM I OKOHYATENDLHYI0 OPMYIY JIIi BLITHCIE-
HHf MOJEKYIAPHOTO Beca 3BE3NNOT0 BeIecTEa
1

3 L'
W+ 7Y +52

== .10%,

p=

)

Hampumep, ecin OBl B 3BE3JNOM BEHICCTRE HE U{):UI(;I R
pogopona, su reaua (X = Y =0,2Z=1),10p=2 aoi;
GopoT, BBe3NIHOe BEMECTRO, COCTOAIEe H3 YHCTOIO BOJOPOX
(X =1, Y =2= 0), nMeer MOJeKYJIsDHEIT BeC 0,5. Ta-
KM 061;:1301\:, MOJIEKYJIAPHELT BeC 3Be3fHOro BellecTBa HOJI-
sicem GuTh B mpegenax or 0,5 mo 2.

HPOHGHTHOG cofpep:anye GTAKENBX» DJIeMEeHTOB B 3Be3d-

3Bes]l PasHEIX Hacememmii (ca. Tabu, 12, HO
i:xnggﬁﬁ?x;gg; ?’i% (ZJI{{) 0,04). IoaTomy MoaeKyIAPHLH Bec
aABHCHT THABHHM 00pasoM OT OTHOCHTEALIIOTO con?pman;gf
popopora m rexms. Mnil moToM ysHaeM, 4UTO B npo‘._n,Lcceuz B
JIOTIH 3Be3]El ee BOJXOPON TPeBpaiiaerca B TEJMIl, a CIeflo-
BaTeNbHO, ¢ TeUeHHeM BPEMEHH MEHeTCHA H MO.“ICE}U(I)H};}}LI_H
Bec ee 3pesgHOTO BemecTa. B reueBoil sEesse X=07Y-=
=1, Z=10) p = 1,3. llosromy B nencmmenbgoc'm I:l(:{ﬂue;
KyJAAPHEIT Bec 3BE3MHOTO BEIECTBA MEHAETCA B )oneﬁ }e 3 i
mpefeirax — OF 0,5 mo 1,3. B uacrHocTH, y B3B3 CP nmﬁ
gaCTH I[MIABHOI MOCHEef0BATeNBHOCTH, K KOTODBIM %Euocn s
u mame Commme (X = 0,71, ¥ =027, Z=10,02), p =
a OI',I(;EH{, ME HAYIHIHCH BHYUHCIATH MONEKYHAPHEIH 61?)?
3BesHOTO BemecTba. Temephb MLl HMeeM BCe JAHHEE, HEO
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AUMbe U BLYACTOHHA NEHTPANBHOH TeMIEPATYDH B3BesT
TJIaBHOIT mocxefoBaTenbuocTH. Jns sToro yno0Hee OCHOBHYIO
gopmyny (5) mpeoGpasosars, BEpasus M u R B eguummax
COOTBETCTBYIOMNX Beauuun nuas Conmma, T. e. TOJCTABHB B
nee BMecTo M Benmunny 2-10% (M/M ) u Bmecto R perwuuny
7-10'° (R/Rg). Tawke, momyernm, 4o copep;Rauue BOLOPO-
fla H TeNnA y 3Bes IMaBHOH IOCTeTOBATeNbHOCTI IPu6In3u-
TeNbHO Takoe ske, Kak y Comnma, m npumenm p = 0,6. Torma
HOJyduM O4eHb UPOCTYI (OPMYTYy MIa BHYHCIEHNA IeH-
TPAJABILX TEMOEPaTyDP 3BesH:

M~ /R
Foi=l4 (ﬁ;‘g)(?e) MJIH. TPajycos. (7)

Ilo aroit dopryre B menrpe Comxmma TeMmeparypa pasHa 14
MITH. TpajycoB (Gonee Toumnlii pacuer gaer IOUTH TOT jKe pe-
syuntar). Uenrpansnan remumeparypa ApyTIX 3Besj IVaBHOI
LOCJIC/I0BATEIPHOCTH, Tepevichaennnx B Tabn. 1, npupogut-
ca B rabn. 3.

Tabtamumna 3

5 1
Temmeparypa l Temneparypa
Jueana B MIH, rpag 1‘ 3neana B MIH. rpaj.
i
i
¢ Bosmunero 43 ITpouyon 11
Bera 13 £ Bomomaca 12
Cupuyce 15 i M Raccuomen 9
i

Kax u ciegoBaio osmmgats, y ADKHX H TOPAYAX 3BE3)] MenT-
paibHaA TeMIepaTypa oUeHs BEHICOKA M OCTHTAET HECKOMIbBKH X
JNECATROB MHJITHOHOB rpafgycos, y (oliee XOMOMHEX — OKOJIO
JECATH MHIIHOHOR,

Taxnm oGpasoM, Tpynuas samaua OIlpefelleNnsa TeMIepa-
TYPH B LEHTDe 3Be3J Peillena 0UeHb MPOCTO — Ha OCHOBE Bee-
Io A¥NIIb ABYX XO0POMIO N3BECTHLIX (UINYECKUX BaKOHOBS
8AKOHA BCEMHPHOTO TATOTEHMA H 3aK0HA Ta30BHX COCTOSHIIL
Ilpaspa, Mu ee ciwibio YOPOCTHIIN, HO M TOYHEIL pacueT oc-
HOBAH HA TeX jie (U3NYeCKHX 3aKOHAX, HO TOIBKO NOAL3YeT-
cs DoJicec COBEPIIGHUEIM MaTeMATHTIECKIM ammapaToM, Tak
KaK ﬂCTI)OHOM&M HYMHO BHATH l(GllTpaJIbIILIG 'I'CMIIG})&TYI)LI
¢ 0onbuieii TOYHOCTEIO.

Crenyowmnii stan B mccaegoBanmu ¢usukn 3pesn Gymer
BARIIOYATLCS B UBYWUCHHH CJAENCTBHI, K KOTOPHIM HDHBOJMT
HAJIHYUIE OTPOMHHIX TEMIEpPaTyp B Hepax 3Be3J H CPaBHU-

| TeJBHO CKPOMHBIX TeMUeparyp MX LOBepXHOCTEll
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l'aaéa mpemuva
NMEPEHOC SHEPTHH B 3BE3JIAX

Mu yike smaeM, 9To [ PABHOBECHA 3Be3/LI TeMIepaTypa
B ee He[pax JOJKHA JOCTULATh MIIIHoHOB rpapycor, Oue-
BHHO, 9TO TaM J0JMKHE HAXONHTHCA MCTOUHNKH BUEPIuH,
narpesalomie 3Be3jiHoe BellecTRo, B caMoM Jlene, Xopollo u3-
BECTHO, 4TO NPH MaNHYNN PASHOCTI TEMIepaTyp Tello mepe-
XomuT oT Oolee ropaATHX Tel K Xodonueim. Tax 1 B 3mespgax
TOMNIOBAs ONEPTIA MOJDKHA TEPeXOoANTh N3 0YeHb TOPAYHX
IEeHTPANBHEIX dacTell 3Be3[El K CPABHHTEALIO XOJOJHOH Io-
BEPXHOCTH, OTKY/JA OHA ¥ u3Jydaercs B mpocrpancrso. Herou-
MUK 8Be3Hoil DNCPTHH, BOCHOJIAION[NE HTH HOTEePI, MH 0y-
7ieM H3yuYaTh B CJeAyolIeli I'TaBe, a 3/eCh PACCMOTDUM IpO-
Iece mepegavn Tellia B 3Be3fax.

Mostier BO3SHUKHYTH BONPOC: CYIIECTBCHHO NI A TeOPHI
cTpoeHns 3pe3)| MoApobHOe HeceoBanIe IOTOKA SHEDTHI I3
nenp 3vesn mapy:ry? OxasslBaeTcs, 0UeHE CYIIecTBeHHo. Bo-
TCPBEIX, DTOT IIOTOK DJHEPIIUI ONpeferserT CIPYKTYPY UOUTH
BCeX uacTell 3Be3JIBI, BO-BTOPHIX, CBETIMOCTDL 3Be3MLI — O/HH
13 ¢ OCIIOBIIKIX MapaMeTPOB — CCThL He UTo IIH0e, KAk HOTOK
DHEePTHI, ¢BLINEAMUI I3 MeAD 3Be3J Ha ee IOBePXHOCTE.
IloaToMy manM ouenb BamkIo 3HATL (IBNYCCKIE IIPOIECCH IIe-
peTioca DHEPINI B 3BE3JIe I YMEeTh DACCUNTEIBATL HTOT IIOTOK
DIEPLII, ITO0H ITMETH BO3MO/KHOCTEL CPABHITE TEOPHIO ¢ HAb-
MOJLATeNLHEIMIT TATHLIMIL,

B Qusuxe n3y"aoT pasunle BO3MOMKHOCTI LepPEHOCA d1ep-
IHI — C HIIMII MBI 3HAKOMBI If B OOBIJENHOI RUBII, XOTA 1@
nceryia ofpamaen ma oto sumyaie. Hampiaep, remso ot Go-
qce ropsiuero rTexa 1 Gonee XOJOANOMY MOYRCT IeDeaBaThCH
MyTeM TEemIOnpPOBOJHOCTIL ICHm BRI CHIBHO Iarpeere OJUH
KOTeI[ JKeXe3HOTo NpyTa, TO U Jipyroil KoHEH cramer rops-
WIM — TOIFIO OT HaTPeroro HKoHla PacHpocTPaNmioch IIo
UpyTy OIarofapAa ToMy, UTO0 B METAJIE CCTL CBOOOAULIE
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DAEKTPOHBI, KOTOPHE I IEDEHOCAT TEIIOBYI0 DHEPTHIO. DToT
BH/ NCPEHOCA OHEDINN, HABHIBAEMBIl TEIIOIPOBOLOCTHIO,
B OOBIYHBIX 3BE3JTAX BHAYCHIA He IMeeT (3aTO OH CYIIECTBOIr
pas Gexsix Kapiamwos). Jpyroit cmocod mepejaun Temia —
oTo KompexiuA. Bosayx, compmkacanomuiics ¢ marpersim Te-
JIOM, CaM HarpeBaeTcs U LOAHUMAETCA BBEPX, VHOCH ¢ coBoil
rerno. Ha mecro ymeguwero marperoro Bosgyxa w TNy oImyc-
Kaerca Gosee xoJopubili, KOTOpHil Toke Harpesaercda u yio-
cur Temiao. B cBolo ouepens marpersii noamyx, CompuKacasch
€ XOJIOJHBIME TeJIAMIH, mepPefaeT MM TeIIo,— Taruy obpasom
OCYHECTBIACTCA LEPEHOC YHEPTHI IPH MOMOM[H KOHBEKIMIL,
Kouperrupumii mepemoc Temia B HeJpax 3Besj] BO3MOMKEN If
feficTBUTENBHO YacTo BeTpevaercs. M ero eme Gymem pac-
CMATPIBATE.

Onmaxo camplif cymecrrenubii cmocod mepenoca dIepruir
B nefipax amesyr — 970 naiyvenme. IH ¢ oty emocoGom mepe-
HOCA TEOJa MBI MACTO BCTPETACMCH B OOLICHHOI sRUSHI. XoO-
POIIO II3BECTIO, UTO CCII IOZOHTH K IATPETOMY HpesMery
(meuxe, packalenmoMy KyCKy sReiesa T T. IL), TO ML cpasy
IOYYBCTBYEM TEIN0. JTO TemJIo IleT TOJBKO OT HATPETOro

| IIPCJIMETA W OT IIET'0 MOJKHO 3AC/AOHUTLCA, HANPUME], HIHpPMOIL.

Owermnzano, ITo HArpeToe TEIO MCIYCKALT JYUI, KOTOPHE I me-
PeHOCAT DHEPTHIO (I 0T KOTOPHIX MBI MOKEM 3aCT0HUTLCH -
moit). O6HIHO BTO HI(paKpacHbie, HeBIIIMELC AV, HO GCJLI
Mbl OyfieM HarpeBaTh METAJI 40 PACKANNBAHIS, TO TEIIOBOC
H3IYTeNIe MO;KHO M YBHIETh — BT0 eCTh CBET, U3JyIaeMblil
PACKANICIHEIM TeJI0M.

C oty ABIEHmeM B 3Be3aX MH yike MO3HAKOMILINCD,
KOIJIa H3Y9aJil OCHOBHEIG mapaMeTpLI 3sesj. B camom pmeue,
H3TyTeHne JHepruu ssesoii (mampmyep, Coamuem) m 3aTen
OOrJIOMeHIIe TOH SHePI M XOMOTHEIM TesloM (Hampinrep, Sem-
Jeit) CyTh TOKe MPOIeCCH! TemvIollepefaun maniydenies. Tam
e MBI Y3HAIH, 970 OBET I KOANTECTBO M3JIYYEHHOI smeprum
OmpefelA0TCA B HEPBYIO o4Yepeh TeMIEPATypoil Harperoro
TeJNA.

I[ser usayduenus B Hejpax 3Be3j HaM 3HATH He HYIRIO —
BCC PABHO MEL €TI0 1@ YBIJIUM, a KOJIUeCTBO I3IyUeHiioil anep-
THIT, KAK MBL IOMHEOM, TIPONOPIIOHANBHO YeTBEPTOI CTCIOHIL
Temmeparypsl (saxon maaytenus Credama — Boabipama).
Hooromy manmywarensmas cmocoGuoCTh 3BE3NOTO BEmECTBA
0venp GEICTPO pacTer [0 Mepe HOrPY:REUIA B IIy0h 3Beajbl.
Hanpusep, ramamit xyGmaeckuii CAIITIIMET] B3Be3IOTO Be-
mectsa B nenrpe Goania uarywaer 3a cerynay oxoiro 1026 apal
Eciu 6o Comume Bapyr oxazaioch OPO3PAUHBIM, TO JTa
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OHEpPTHA BHpBalach 0Bl HAPYKY M HCHENENTNIA BCe Ha 30.\1:[0{.‘
o spesnmoe BeINECTBO HEIDO3PaYio n cne'rononranepgt IrI ]“II;I’\
XQUUTCA «NpPOCAYMBATHCAY CKBOSL TOJULY 3Beajiui. llof CHm
5T mece IIPIMEPaMIL i
Umffﬂﬁ)l(;féum, I:Ho In)m mMeeM HATpPeToe JIo 09elb 1;;,1'(:015011
TEMHEPATYDPE TeI0 U DENIILIE 3aCHOMHTECA 0T neror ,1?3 \:i
LI TPEeMA JKCJIE3HEIMIE [HITPMAMIIL, noccran:[efl‘m,mm‘ ),Tlrggrru{
npyros. Iowyserpyes mi Mbr TeJo OT 11‘211}}&'{?1"0 1%..(6.““;\;
TOUYBCTEYEM, XOTA H 3HAUNTENBNO OCHADACHILIM. (1:“;_
jiese, majaouiie Ha IepBylo MIPMY TeIJIOBEIC J[[y‘III{ H:(r)n:q -
nAI0TCH B HEil M HArpesaloT ee. Torma ora IITPMA II:ITI r
caMa M3AYIATh Temio. acrh M3IyTacTCs oopumo_x‘ 31?11,170
TOMY TeIY, & 9aCTh — B CTOPOLY BTOPOL IMIPMEL, IO .‘FOLL‘!GI‘C}I
10, 4 CIeOBATENBHO, 1T Harpesar ec. Bropas HII.:p.\m‘ n”cr;m?
ouepenh HAUHHAeT H3IYIarh T(’BII.TIOEI:IC‘. Iy, ‘Ia(,Tb' 1:.omvpm“\
pomajaer Ha Tpersio. Taxmy 00pas3oM, XOTA MBI I 31K p‘i»hﬂftj‘b
0T PACKAJICHIOI0 Tela HEIPO3PATHBIMIL nmp}mz\m,‘ L(E(B e
yacTh TelJa Joiifer Ho Hac. BO:.I‘ TaK I B 3Be3JaX TeiIoBasI
BHEPTHA U3 IEeHTPAILHHX uacTeil 3Be3/Isl, MOrVIONAACH B fsmn
HIeJNeKANIHX CI0AX I 3aTeM CHOBA MepeusnyuadAch, «Ipocatil-

i K HOBEDPXHOCTH 3BE3IEL )
Baeﬁggrﬂme;mf? TeIEPh 2TOT NPOIECC TPeCTaBuTh (I)(?I)atynou.
Cpasy ke OroBODHMCs: CTDOTHE BHIBOX ¢ Tpeuym: fp;me
HOHEA BBHICIIEN MATeMATHKU, M HOJTOMY MBI HE MOJREM eI:f)
ajiech npmsectn. Ho mpmbimxenHas OIIOI!H{ﬂ 9TOro mpoiecca
HaM BIOJHe gocTymHa. BepHemca K PHC. 4 I paccz‘»'m'rpnn’n.ol-
TOK TEI/OBOIl DHEDPIHII CKBO3L SANITPHXOBAHHEIM GT‘OJI’DHI\.
C BepxHero €ro KOHIA M3JMyYaeTcs dHEePrus, paBHAfT, KaK I[Ie:
TPYAHO C000pABHTE, CBETHMOCTH B3B3, nener:;xou Ha IO
mangs ee mopepxmocrm, T. e. L/4nR®. Idro ro, 1o ;};omgo o
TMOBePXHOCTH OT HMCTOUHHKA YHEPIHH, KOTOPHIH ML ygenf
CUNTATH PACIOIOMKEHHEIM B IEHTpe, CKBO3b BECh CTOJNDHR
3BE3HOT0 BemIecTBA, AEHCTRYOINETo KAK ¢IUHPMLD B Hpes-
xymem npumepe. Ecam 651 ML 4BBLHYJI) U3 3BE3JIEL arf)r c:m:*t-
6OK, To B ero OCHOBAHIN H3AydYanack Onl dHeprHsA, KOTOPYIO
MOKHO BHunCHATh mo 3akony Credana — Doasmmana npu
HeuTpanLHoil TeMueparype 3pesfsl. TaruM o0pazoM, B oCHOBA-
nun croaluKa H3TydIaeIcda dDHEpPruof

uf M \4
ot =0 (Yr)"

HanomuuMm, 4To ¢ — IOCTOAHHAA 3aK0HA Credana — Bousns
mana (cm. crp. 17). Hpome Toro, auech MH BOCHOJII:SOB&JIHCFI:
(opmymoii AjgA IEHTPANBHOE TEMIEPATyPLl 3BE3AE, IIOJLY
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- Boadifuyuenmom  uenpospaurocmu.
- M3 OCHOBAHUA CTOJAONKA, IIPI HPOCAYUBAHUN CKBO3DL BCIO TOJ-

qeHHOH B NpeAnIymeii, riane. Berasum ofpaTHo HAII CTOAGHK
(¢mocTapuM] INHPMEY) I HOCMOTPIM, HACKONBKO 9TO oCxabur
ugaydenne. B mamem mpumepe ¢ mmpmamm, 3aCKomAIONIMIT
narperoe Tejo, ocnabieHne Temromoro moroka TeM GoJbuIe,
yem OQJBIIe INUPM, T. €. UWeM O00JLIe mx 4CYMMapIIagy
HEOpO3paTHocTs. Tak | 8Jech, YoM Goiblne Ienpospat-
HOCTL cToabuKa, TeM 0oiblie ociadleNHe MOTOKA TermIonol
9HEPTHIL.

Teneps mepes maMm crouT BaskHAas 3agada — BEIACHIITE,
UTO JRe TAKOe HEeNmpO3PAuHOCTH 3BE3THOro BemecTBa. Ilpesie
BCEI'0 O IPO3PAYHOCTI BOOOIIe: Kawkoe-AmBo TeJOo MBI Hazbi-
BAeM INPO3PATALIM, €CJH JNyd CBeTa HPOXOANT Wepe3 HEro
fecupenATCTBeNI0 o TpaAMoi mmmnr. B HeNpPo3pavHoM Be-
HIeCTEE JIYYH CBETA YiKE He MOTYT IPOXOJNTH MO IIPHMOIT -
HI; OUIL 100 BooOUIe TOTTOMAI0TCH, I X CBETOBAM DHEPIIA
npeppawiaeTcs B Termio, anfo paccenBaloTCa B Pasmble CTO-
POHDI: YaCTh BOIBPAINAETCA HA3AM, YACTh OTKJIOHICTCA 1A
Pa3HsIC YIVIBL I YXOIUT B CTOPONY, I JUNIH 0TeHb HeHOIbIIAN
HacTh MPOXOANT Yepes Teixo. flcmo, uro mpm dToM LT nm¥ero
JUIM DOYTH BIFYero He MOGKEM YBIJieTh CKBO3E TAKOe TeNo II
HA3EIBAGM ero modToMy Hempospauusim. Henpospaumoers tena
BaBHCHT 0T €ro TOMNMHK (M060e BEmEeCTBO, CC/IM CAGMATH U3
HEr'o OCTATOTHO TOMKMNIL JNCTOYEK, CTAHET IPO3PATHLIM) I 0T
II0THOCTH — B 00mem (osee TIOTHLE BEIeCTBA MeHee Ipo3-
Paunn (TBepAble TIOTHLIE BEmeCTBa OOETHO HEIIPO3PaTHb,
FRULKOCTH JaCTO MPO3PATNE], Fa3Hl MPO3PATHEL MOUTH BCETNA),
XOTA B 3eMHNX YCIOBHAX ¥ OTOTO IPABHIA MHOLO HCKIIOUE-
nuif. Haxomen, mpo3apaYmocTh 3aBWCHT M OT XUMHYECKUX U
(H3HTIECKIX CBOMCTB CAMOTO BemiecTBa.

3Bes[[HOe BEmECTRO — HTO Ta3 i, CHEeIOBATETBHO, Kala-
nocs Osr, osxno 6HTH npoapaunsny, Ho sens B Hempax 3mesf
9TO BEMIECTBO C;KATO 10 GONBIINX IJIOTHOCTEH W HOITOMY CTA-
HoBuTCHA HempoapaunsiM. IIpoapawnocts 3Beammoro BemecTea
B rentpe CoJHIIa MOKHO CPABHHTD C IPO3PAYHOCTHIO aepesa.
Ho nce e m wepes mero «npocaumsaercsa» H3IyUCHHE.

Ofnias «HEIpPO3PAuMOCTLY BCEro HAILIEro CTOAGIKA B COOT-
BETCTBIIL CO CRA3AMHLIM BRHIIIE TOKHA OBITH 1IPOMOPIIOHATE-
Ha cpejHell NIOTHOCTH I JTHHE CTOJOMKA. Koaddmrnent
NPONOPIIOHANLIOCTI, KOTOPHIL Oysem ofosHadaTh rpeve-
CKoit 6yxBoit % (¢ passepuoctsio e l-271) Tak u masnBaercs
Hanygenue, pnnrenuee

my Oymer ocxabreno B 3xpR pas (MuoKHTeNH 3 YUNTH-
Baer HeOJHOPOJHOCTE DACHPEJNEHIA BOHECTBA 3BE3JAM IO
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payuycy). CaenoBareabHo, A0 HOOBEPXHOCTH JOHIeT RKOIM-
WECTBO DHEPTHH, paBHOE

L oy o <|.LfM)4

4nR* T 3R " 3xpR \ AR

Hopcrasum Temeps B o1y hopmyny p = 3M/4nR®. Ileperpyn-

INPOBAB WIEHH, HOJAYINM OTeHb BAKHYI0 HOpMyTy
16%0ft p2 44 8
L = it = M3, ( )
Tax kax ¢opmyna (8) oveHb CymeCTBeHHA s BCeil TEOPHH
BHYTPEHHET0 CTPOCHNSA 3BE3/I, TO MBI IIPHBEJeM elle O BH-
poji oTOif ;e gopmyxsr. JI3BecTHO, UTO CBET OKABEIBAET JIaB-
JlenTe HA TMOTIOMAINYI0 W 0TPa:Kalomylo cpexy. Bemmum-
lia JIy9eBoTo AABJEHMA Moier OHTh NofcunTana mo QopMmyie

ia T topocTh cBeTa. O9eBHHO, YTO JaBICHHE
Paya = a5 , IJ1e ¢ — CROPO . AHO, aBJ

N3JyYeHHA B IeHTDe 3Be3JHl PABIO 4oT2/3c. 910 pmaBieHHE
JIOMIRIIO PABHATHCA [ABJEHNI0 TMOTIOMENHOT0 HA BCEM HYTH
0 TOBePXHOCTI TOTOKa m3iydemmsa. HoimdecTBo cBera,
TOTIOMeHHOTO Ha 1 eM DyTH IPH NPOCATABAHIN M3IYTCHHA
vepes 1 cu® Ha PACCTOAHHH I' OT IEHTPA, DPABHO unpL/4nrt,
Tlonmoe KOMIMTECTBO TONNIOMEHHOTO CBeTa Ha BCeM IYTH
OT HeHTpa 3Be3jisl HADY/KY B CTOAOHKE ¢ IONEePeTHHM Cede-
nmen B 1 ex®, ouesmnano, pasHo ®pL/nR® (3aMenseM p Ha p U T
na R/2). MornomaeMslil cBeT OKa3HBACT JABJIEHIIe HA 3BC3/I0C
BemecTBo B aToM croibmie. JITA OmMpeeNeHns ero BeNITmHEL
BCIIOMETM, UTO IIPH M3yYeHHN CBETOBOTO JaBieHus Oniio of-
Hapy/Kero, YT0 HMIYAbe (WIM JABJENHE) OALOTO CBETOBOTO
Jiyua BCET/]A B ¢ Pa3 MeHbIIe ero dMepruil. IToaTonMy mommbrit
MMOYJBC W3IYYEHIs, UOTMOMEHHOr0 IPH IPOCAYNBANNM OT
NenTpa 3BE3NH K ee ToBepXHocTH, paBer xpL/mR%c. Ity Be-
AWTUITY T HAKO TPUPABHATEH AABJICHHI0 W3JIyIeHHA B IEHTpE,
uro TaKKe mpuBeseT k dopmyae (8).

(Dopmyna (8) Ha3HIBAeTCA TEOPETITECKIM COOTHOUIEIIICM
Macea — CBETIMOCTH. IIpeskme wem cpaBHUIBATL ee ¢ malio-
JEHISIMII, PACCMOTPUM BHIMATEILHO BXOMSIMIIC B Hee MOO/KU-
renn. Iepsit m3 nux 16m%0f*/94* cers mocrosHmAs BelI-
umna, COCTABNCHHAA N3 (N3MICCKHX KOHCTANT I PaBHAs
4,2+.107%, Monexy/IAPHHIL BeC |L 3ABICHT OT XIMIMIECKOTO €O-
cTapa, I 9Ty sasmemmocth Mi yie smaem (fopmyma (6)).
Koo(@umirenT HENMpos3paTHoCTI ¥ TO/KE 3ABICHT OT XUMHIUE-
¢rioTO CcocTaBa 3eesjnoro nemecrra. [locTapacicsa nceaenoBarh
1l 9Ty 3ABHCIMOCTE,
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Herpyamo monsTh, 9T0 NPOTONH, albfa-TaCTHIEL I «0r0-
JeHHEIEY ANPA APYTHX IIeMEHTOB Ha NPO3PAYHOCTE BIMHIOT
MaJio, TAK KaK OJIL He UMCIOT 0KOI0 ¢efs DIEKTPOHOB, CIoco0-
HEIX DOTJIOMATH CBET IPIH mepexonax me:kay opomramm. IIpas-
na, BpPEMA OT BPeMeHIl OTH fAlpa 3aXBaTbhIBAIOT 3JMERTPOIDLL HA
KOPOTKIUI IPOMEKYTOK BPEMeHII X TOT/ia HeHanoJaro mpiobpe-
TA10T COOCOOHOCTL MOIJomaTh cBer. Hpome Toro, mpur Gams-
KOM TIPOJNETAHNMI CBOOOJHOrO 9IEKTPOHA OKOJIO ATOMIOrQ
Ajpa TOoMKe BOSMOKHO HOTJIOMEHIe CBeTAa, HO POJL OTLX
OPOLECCOB HeBeNuKa. B 0CHOBHOM HEIPO3PAUHOCTL 3BE3IHOTO
permecTBa OOBACHAETCA HANIIHEM ATOMHBIX OCTATKOB T f-
3K € J Bl X DJIeMeHTOB, KOTOPHE TOIBKO I MOTYT YAeP/KHBATE
CBON BHYTPEHHNE DIEKTPOHH B YCIOBUAX, CYIIECTBYIONIIX
B 3pe3nHEEIX HenpaX. Ilostomy wosddumuent HenmpozpadnocTn
J0EeH OHTL TPONOPIHOHANEH IPOIEHTHOMY COJeP:KAIINI0
TKENHIX DJIEMEeHToB Z.

Ho 1o eme me Bce. Ilpn nmoBHIeHAE TeMmepaTyps a-
YHHAIOT TePATH BHYTPEHHIIE OJEGKTPORH W 6ollee Tikelnie
ANpa KACJKOPONa, meona M xp. Torma m onm mepecranT morio-
DIaTh CBeT — B Pe3yJALTATe HEMpO3PAvHOCTH 3BE3NIOr0  Be-
ImecTBa yMeHbIIuTCHA. IIpH yBeANYeHuN DIOTHOCTH 3Be3-
JIHOTO BemeCTBA HEOPO3PATHOCTL Oy/eT VBEeInYmBaThCH,
Tak KaK GoJee TecHoe PACHONO/KCHEE YACTHI YBEINUIT Ee-
POATHOCTE 3aXBaTa OTOJEHHHM ANPOM CBOGOMUEIX DIEKTPO-
noB. Taxmm ofpazoM, Koa(@UIIENT HETPO3PATHOCTH PACTET
€ YBeNNTEHIIEM IUIOTHOCTH, YMEILIIGHIIEM TeMIEPaTyphl II
yBeNUuIelIeM CONCIRANNA TKEJALX diaemenron. Ilpanpa,
BOJIHBI ITOBEPXIOCTI 3BE3NHI KOH@UINICHT HEeTPOZPAUHOCTH
pacTer ¢ YBEINYEHIEM TEMIEpATyPLl, TAK KAk 37ech NI
Goxpmnx I Goabmie BOBOYMEKIEHHBIX aTOMOEB, CIOCOGHEIX ITOT-
JOMATL CBeT B BHAUMOH objactn cmexrpa. Hampmyep, v xo-
JMOAHBIX 3Be3]] HacemeHma | THma (MIOTO TeNIs U TSKENBIX
paeMenToB) % ~ p%»7-T%% YV xXomomHEIX BBesjy macene-
mma IT Tuma (Mamo Tedms o TsuReIB X DJeMenToB) Kosduient
IOTJIONICHIT eIl  CHJBHEE BABICHT OT TeMIEPATYPH —
%~ p%8. 102 Ieratn, oTa pesxast 3anmenMocTs % or ' 1
OPHBOANIT K TOMY, UTO MOBEPXHOCTHAS TeMICPATYPa TAKIX
3Bes]| He MoskeT ciinto MenaTned (I' =~ 3—4 Tere. rpajiycos).

C npyroii ¢TOpONH, Ha MOBEPXHOCTII 0YCHDL I'OPAUINX 3BE3J
(T > 20 000°) xodd@iument MOTIOMICHIA IOYTH IOCTOANCI
(» = 0,2 cx*/2). Biech menpospaunocTs oOBACHACTCA pacces-
Hueam cpera Ha CBOOOJILNIX DJMeKTPOHAX,

Jlast Goee TIy0OKIX CHOCB BBEBALI TACTO TMCIIOALIYIOT (O]-
myay Hpasepca x ~ p/T'“. Ilpasga, 1pm CcOBpEMEINLIX
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pacderax Ha DJEKTPOHHHX CUETHHIX MAIIFHAX TOTHOCTH BTOM
¢)OPMYAH HefOCTATOUHA M IPHXOAHTCH HCIOAB3OBATD moapob-
Hele TabaImIE. 5
Ha pme. 5 npuBejied rpaduk, HATVIANHO MOKA3RBAIOIML H3-
menenne Koa(pUIENTa HeIpo3pavnoCcTI B 3aBHCHMOCTIL OT
TeMIepATYPH I IIoTHoCTI. JIeBIl CKION «peibedar % co0T-
BOTCTBYeT HIBKIM TemmepaTypad (r. e. ardocepad XoJoj-
unx 3sesy). Ilpapmit exiom sroro «peabeday — CIAYIAL 32~
xoma Fipamepca. I ofiaactH eme Gotee BRICOKIX TEMICPATYP

36 40 45 W 40 YT

Puc. 5. Basmeumocth wooaddmumenta Hempo3paTHOCTH OT ILIOTHOCTH

n texmeparypsl. Ha Tpadure HAHCCCHH KpHBHIE, NORASHBAIIINEG, KAK

uaMeHaeTes Kod(PUINeHT HEIPO3PAYHOCTH ¢ MIMEHCHHOM TeMuepary-
PHL IpH JAHHOM 3HAYCHUY ILIOTHOCTIL

K0d(PUIEEHT HEIPO3PAYHOCTH CTPEMHTCA K IOCTOAHHOMY
3HAUCHII0 — 3T0 006JaCTh TOMCOHOBCKOT'Q PACCeAHHA.

Tlo Mepe morpy:keHHs B IAy0b 3Be3fbl YBEIATHRAKTCA p
u T, modTOMy MOKHO O/KEATh, ITO % MEHAETCA Me/IeHHO.
Toumple pacueTh HOKA3AIH, YTO AEHCTBHTEIBHO, XOTA TeM-
meparypa Io Mepe Iepexojla oT HOBePXHOCTH K UEHTPY Me-
HACTCA B THICAYN Pas, KOaUINCAT HeNPo3PaTHOCTH MEHARTCSA
He 0oXece WeM B JeCATH pad. 1loaToMy MH He cieianum 6ois-
10#i OIINOKM B IPMBEJEHHEIX BHIIe PacCysKAeHIAX, KOTAa CIH-
TANH % OMUMHAKOBHM Io Beeil muume crombuxa. OT 8Bess K
BBE3Je % MEHACICH, 0 TOjke HeHAMEOro, ¥ TOPAYNX H APKHX
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apes % = 0,7—3 cn*/2, y Gonee X0T0AHBIX 3BE3] TIABIUOI Mo~
CHCOBATENBHOCTI % =~ 8—2) ex’/e. Jro osHadaer, UTo Cioii
BBE3JHOTO Ta3a TOMUIHOIL BCELO UMb B HECKOJBKO M-
METPOB I Jlaske jodeil MIIHMeTpa yike Hempoapader.

Teneps onatn BepHeMCA K TEOPETHYCCKOMY COOTHONIEHHIO
Macea — epeTHMOCTh. s cpaBHEHUA €ro ¢ HalIoJICHIAMIL
npeobpasyem @opmyray (8) amagormumno npeodpazoBaHUIO
Gopuyan (5) B Gopmyay (7). Hoayuunm

L v Bt M \3
T Sal-3r (A1f®> : ©)

Tlopcuntaeym mo otoif doprysie TCOPETHUECKYIO CBETIIMOCTD
Comnma. Headumnuent Henpospagnocti % HPUMEM DaBHBIM
20 exm*/e. Hopcrasass B (9) p = 0,6 w M = Mg, nmaxomun
Lyieop = 5,6 Lg.

Hopsenes nrorn. Paccaarpusas mpoliece Iepegadi diep-
THII U3 HEAP 3Be3J HADYRY, Mbl IOJNYUYILIL COOTIOMIEHIe, Ko-
TOPOE CBABMBACT CBETIMOCTL 3Be3Jul ¢ ee Maccoii. Habmone-
HilsSI B ODIIEM VHOBIETBOPAIOT STOMY COOTHOIICHUIO (€M.
puc. 2). Ho reopernuecroe suavenne cermmoctn pisa Coanma
01a3alioch B MATH-IeCTh pas Gonsmre nabmomaemoro. B weu
siect merno? Mosmer OBITEH, MBI HEIPABIILHO HPEICTABIAECM
ceGe uanvyecKne TPOMECCH], KOTOPEHE MPHBEIH K TeopeTHIec-
KOMY BEIBOIY COOTHOILIEHNSI Macca — CBETIMOCTB, HJI pac-
XOKIeNNsT TPOCTO CBfABAHLI € NPUSIIKEHHOCTHIO HAIIEro
pacuera? Mel momcunraJil HeHTpPAIbHYI0 TEMOECPATYPY 3BE3E
mo ¢opmyie (3), KoTopas, Kak yi;Ke 0TMEYaJI0Ch, MOKET CO-
pepskars ommdry B 10—20%. Tar xax cperHMOCTH Ipomop-
nuonansua T3, To ymempmenme T, ma 20% yMeHsmHT Teo-
peTHYecKoe 3HAYEHHe CBeTIMOCTH BIsoe. Hpome Toro, mpei-
TONOKEHIE 0 MOCTOAHHOM 3HAYEHII % BIIOMH PajIIyca 3Be3HLI
TOKe NPHBOJUT K OMIOKe B HECKOABKO pad. Tarmy odpasom,
PACXO/KIICHAE Me:RAY TeODeTHYeCKNM I HabIIo[eRHEIM 3Ha-
YeHHAMI CBETHMOCTI MOYKHO I@IWKOM IPHIHCATH NpHOIH-
JEEHHOCTIE Haliero Bhiwuciaenus, Ilycrs wmrarens iie ceTyer
Ha 9TO: TOUHLII pacuer Tpefyer penenus qOCTATOIHO CJI0KHOI
cucteMpl pufdepennnaIbuEX  ypaBHennil, XoTopoe ceiiac
00BIYHO TPOM3BOUTEH HA DICKTPOHUHLIX CUETHHIX MAIlNHAX.
Cropee MB JIOTGRHEL  CUNTATH JIOCTOMHCTBOM TO, UTO TaKoil
OpocToil ¥ upubmnKxenysil pacyer XaX CPABHNTEILHO Hemio-
X0e corJacme ¢ Teopreil.

Basino To, 9To ME CAMOIIN MPABIITEHO NOHATE (PI3HIECKAY
ABJCHUA, JeKaOlie B ochope HADIOJCHIOIe COOTHOMIEHIS
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MACCA — CBETHMOCTH. M3 puc. 2 sfCHO, UTO CBETNIMOCTE PACTeT
¢ ysemmuenem macent. Ho raxoma Ta sapuensyocts? Fedin
y Beex 3Be3jT OB OBl OIHAKOBEIE SHAYSIIA MOJICKYIAPHOTO
peca 1 KooduIIenTa HemTPo3PATHOCTH, TO JOMRIO0 On1o O8I
Goirh L ~ M3, Ananns pumc. 2 mokasbBaer, UTO JICHCTBHTEIb-
o y MaccmBHHX (M >> 3Mg) u ropATHX 3BE3N L~ AP,
S10o oODACHAETCH TeM, IT0 ¥ 9TUX 3Be3[] IMOYUTI BCIOAY IOTHASL
MOHIBAIMA (TOCTOSHHO ) I TOUTH OJNHAKOBOE 3HMAUCIHIE X.
T eiicTBOTENbHO, Y€ OTMEIAN0Ch, UTO Yy TOPATUX 3BE3T He-
IPO3PATNOCTH CBA3AHA C DPACCEAHNIEM CBETA Ha cBO0OIHBIX
DAERTPONAX Il KaKIBII DJEKTPOM (3aTEHACT? CBET C O/[HIM I
TEM K CEUeHHeM.

¥V apean ¢ Mempmeit Maccoil (M <C 3Mp) woodpumment
HEmpO3PAUNOCTH OKABHBAGTCA TyBCTBHTE/IBICE K N3METIOIIIAM
TEMIICPATYPEI I INIOTIOCTIE T IOYTOMY B/[CCH % MEHSICTCH 0T 3Be3~
nnt K 3pesje. V1 melicTBHTENDII0, KAK CIACIYET I3 PIIC. 2, 3jech
T3MEHEIIIe CBeTIMOCTII C MAcCoil HeCKOMBRO KpyIe (IPHMEepIo,
raw L ~ 1), V 3pes)| euie MEHBIIILX Mace (3aneriIo Menplie
sacest Codmija) ora 3aBICHMOCTDL OIATh OKA3HBACTCA 60:19‘&
moxoroit (mpmyepuo, kax L ~ 3*P%). Taxmm obpason, piuc. 2
[OTIOCTRIO COOTBETCTBYET Qopumyie (9), ecam yTecTs I H3Me-
HOIIA MIO/KITENA WY/% OpI Iepexoje oT OO 3BE3B ¥
Apyroil,

Hrax, Teopus e TOMLKO MO3BOJIIA BETNCANTH 3HATEHIS
CBETIIMOCTH, HO U NPABIIBHO ONHCAZa 3AKOHN 3aBHCIMOCTH
0T ee MACCH. 970 MOKET CIY:RHTH HAITYYUIHM IOATBEp:e-
HIEM HPABILIBHOCTH TCOPII.

OCHOBION BEIBOJ: CBETHMOCTDL 3BE3[L OJHO3HATHO ompe-
qessieTcA ee Maccoil, Tak Kak B OCHOBE JTOr0 3aKOHA JIGHKHT
ofEo (IHBHUYECKOe ABJEHNS — IEPEeHOC SHePruIr u3 HeAp 3Be3]
HADY/RY U3IyUeHmeM, IPHYeM (IPOmyCKHas CI0CODHOCTH)
3BE3/IOr0 BENIECTBA B KOHETHOM CIETe ONPEeleldseIca TOAbKO
sMaccoit 3peamsl. MeTounmKm 38e3H0ll 9HePTHH JIORHBL Kar
fl IpUCIOCOOUTHCA K 3BE3[HOIl HEmpo3PavHOCTH. Tax npo-
CTO 1 eCTECTBeNIo 00DBACHACTCS OAHO N3 ABYX (yHgaMen-
TaJBUHX COOTHOIIGHINI MEKIY OCHOBHEIMII IAapaMETPaMII
3Be3/I.

Ko MIOTHM CIENCTBIIM BABICIMOCTH MAacta — CBETI-
MOCTH MBI OyAeM BO3BPAIIATLCS HEOMHOKPATHO. 3amerun,
KCTATII, UTO T4 3aBUCIMOCTL Oblia CHAYATA BLIBEJEHA Teo-
PETIMTECKI AHIIMECKIIM ac;rpodnwm{o.\r DITUATTOHOM U II0-
TOM YiKe HOATBep;kAeHa HADMIOACHIAMIL.

A Temeph BEPHEMCs K BCLOJIL3L YIOMAHYTOMY B HATalTe
rAABDL ABJNEHII0 KoHBeRIum, Line pas MATOMUEM, UTO B 3€M-

&

HEX YCIOBHAX KOHBEKINA BCTPeYaerca o49enb Jacto. [lemo
B TOM, UTO B OTJITIE OT HEPEHOCA DHEPIHH H3IYUeHICM, Ije
KOIMYECTBO IpomycKaeMoll TenJaoBoil 9HEPTHN ONPeNCasercs
HeIPO3PavYHOCTHI0 BENIECTBA T IOJTOMY OFpAHNYEHO (9Ta OT-
PAHNICHHOCTH MOTOKA M3IYTeHIA B 3BE3/Je I IPOABIIACE NPH
BEIBOJI¢ COOTHOIMEHHSA MAacca — CBETUMOCTE), KOHBEKTHBIIBIA
TIOTOK 2Heprun He orpanmuen. B camom mene, mabaonas 3a na-
rpeBanmeM BOJH B KOTIe, M MOKEM BAMETHTE, 970 YeM Goab-
Hie MBI HarpeBaeM BOZRY, TeM OLICTDee KOHBEKTHBHEIE JIBIUKe-
HHA H, CIe0BaTeNbHO, TeM OhCTpee MEePeHOoCHTCA TeIllo OT
HarpeBaeMoi JacTH KOTIA IO BCeil Macce BOJHL

B sBespax Gonbmeil uacTLI0 Hepenoc TEMNOBOH DHeprin
OCYIECTBIAETCH HANYUEHUEM, HO €CTh I TAKHE CTON 3Be3/110T0
BemecTBa, IJe TEeIJIOBafg DHePrHs Mepefaercsd B BLIIIENc:ia-
mue GIOM IPH IOMOIN KoHBermuu. Hompermus mossismer-
CsI TaM, IJI¢ TMePeHoC YHePIIN H3IYIeHIeM OKAZLIBABTCA HeLo-
CTATOYHEIM: JHGO BBE3JHOE BEMIECTBO CTATO0 CJIUINKOM IHe-
npo3pavHLM, HuG0 mepemaj TeMIePAaTyPHl OKa3aICH HACTOINb-
Ko GOJNBLINNIM, 9TO 3HEDPrHs, o6pasHo TOBOPS, «IepeinBacTcA
vyepes’ kpait. Ho or Toro, 4ro B 3Be3jgax ecrh ¢Joil ¢ KoH-
BeKTHBHEIM IEPEHOCOM DJHEPTUH, UPABMIBIOCTE TEOPeTIIe-
CKOTO BEIBONA COOTHOIIEHHA MAcCa — CBETHMOCTH He Hapy-
nIaeTc.

Ecnn ects xors 65 0QuH CII0I ¢ TEPEHOCOM DHEPTHH H3IyTe-
HIIEM, TO TOTJa MMEHHO HEIPO3PATHOCTH BTOTO CIOS OHpeje-
NAeT (IPOMYCKHYIO» CIOCODHOCTD BCEH TONNIN 3BE3[H, a cle-
TOBATEALHO, 1 €8 CBeTHMOCTE., MOKeT TONBKO M3MEHUTHCS Wi-
ciaenuniil Kod@QPuIIenT B GopMyIe IIA COOTHOIIGHII Macta—
csermocTh. (Bor, werarm, eme ojma BO3MOKHAA TPHIAHA
PACXOIKGHNA TEOPETHTECKOT0 II HaDIIONEHHOTO 3SHAYCHMI
esermmocti Conmama.) Cpenn GoapmmicTsa 3Be3n IMIABHOI 1Mo~
CHENOBATENBIOCTI HeT II0JHOCTEI0 HKOHBEKTIIBILIX 3Be3[,
TMOSTOMY JUIA HIIX COOTHONIEHIIE MACCA — CBETHMOCTE IIMEeT
VHIBEPCANBHEIT XapaxTep.

Oumaxo B npIpofe, BEPOATHO, CYMECTBYIOT If MOJHOCTEIO
KoHBeKTHBNLIe 3Be3uel. Ilo-BIymMomy, ¥ CaMBIX MaJGIX II0
Macce 3Be3j KONHBCRIMA PACIDPOCTPAIAeTCA o Beell 3peafe.
Bo pmopn obpasosammimxcs, eme e IPHIIETINITX B CTAIIO-
HAPHO® COCTOAIIE 3BE3AaX (X HA3BIBAIT TIPOTO3BE3IAMIL),
DHEPTIA TOKE IEPeHOCUTCs KoHBerijmeirn. OIaro m y 9TIX
00LeKTOB B IOBEPXHOCTHHIX CJAO0JX KOHBEKTUBHHII Iepenoc
CMEHACTCA JTYIUCTLIM.

Tlockonpry KoUBEKTHBHLI Mepernoc Hrpaet GoXLMyI0 POID
B 3BE3JaX — 0CO0GHHO B IECTAINIIQHAPHEIX, — MO3LAKCMIIMCS
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¢ BnM nomonpobmee. PaccMorpmy cirywail, korga TeMmeparty-
pa GuicTpo pacTer IO Mepe HOrpy:Kenuil B riyfin 3BespH.
Fexn Ha Oonplioil raydnHe B HEKOTOPOI Macce rasa Ciay-

yaiimo TOBBICHIACE TEMIIePATYpPa, TO 9Ta Macca HagHeT pac- .

uiparbesa. ILIOTHOCTE ee YMEHBUINTCA, OHA ORAKETCS Temephb
Jierde ORPY/RAIOMEro ec 3Be3JHOoro BelieCTBa 1 II0ITOMY Hal-
ner monumvarescst seepXx. Ilo mepe mogmema oma Gymer mepe-
XOOUTE BO BCe 00Jee XOJo/ULle BeDXIIE CJIOM 3BE3fibl, IIe
COOTHETCTBENED MEHDHIC M JIABJICHIIe, HOJITOMY HAIIA Macca
rasa eme GoablIe pacliupuTes i oxaagnres. Ho ecanm nepemays
FEMIIEPATYPH B HEMPAX 3Be3jLl ZocrarouHo Goinlioii, T Ioa-
NHMAIRILALCA Macca Tasa HO-IPGKIEMY OKA3MBaercs Iopa-
yee OKPYIKAMIX ec 06acTell 3Be3/IHOTO BeIecTBA I IIOABEeM
ee Gyzer mpojouKaTheA Jaibme. B Komie Kommos, ofHaKo,
DTa MACCA Tasa MepejacT CBOe TemI0 OKPY:RalMEeMy 3Be3j-
HOMY BeiIecTBy Ha ellie GolbmIeil BBRICOTE M TOrJa yike ocra-
monurest. Hrar, meroTopas Macca rasa, IMEBHIad HDepBoHa-
YANLIO TeKOTOPLUI W30LITOX TENJIOBOH DHEpPrum, Iepemecia
Bech CROIf 3amac TeiLIoBoil DHePrin N3 MIKHIX cIoeB B §oee
X0J0JIEe CI0H, OCYIIECTBHB TeM CAMHIM KOHBEKTHBHYIO Ie-
pegauy reninosoii suepruum. Ha mecro HOIABINEGICS AT peToil
MACCH Ta3da OmyCTIINCEH BHu3 §olee XOZOJNEIC MACCH raza I3
BHICOKIX CJIOCB, KOTOPLIe BHH3Y HATPEBAIOTCH, I IPOLECce
loBTOPSIETCS choBa. Teneps yike HeTPyANO IpeacTaBuTh cele,
410 NeilcTBUTCABHO KOHBEKIIIA MOYKET HePeHOCHTh HeoTpaHI-
YEHIIOe KOANYEeCTBO TEeIIoBoil amepruum: dem GolbIle DHEPTHI
Hafo mepemnecTi:, TeM (ojnOIe MacC IPHHNMAET yIacTHe B
KOHBCKOHH M TeM GoJblle CKOPOCTh HOABEMA HATPETHX Mace
(1 coorsercrsenHo §oJbuUIe CKOPOCTH OHYCKAHIA XOJONHEIX
Mace).

Ilpm KOHBEKTHBHOM IlepeHOCe TeIIOBOIl 9HEePIuH B 8Be3/I-
HHX HejipaX TMOTOK SHEPrHy y#ie He oOpefeldercsa HmpocTei
dopmymnoii. Cormacno CKa3aHHOMY BHIIE MB MOKEM CIHTATh,
770 KOHBEKI[HS IIE€PEHOCHT TeMI0BOIl DHePTHH CTOABKO, CKOIb-
o ee pejeasercsa. Ho sato, mCXofs H3 HapmcoBaHHOH Kap-
THHL] KOHBEKITIN, MBI MOFKEM TEOPETHICCKH BEIBECTH 3aKOH 3a-
BHCHMOCTH INIOTHOCTH T'a3a 0T ero TeMIepPaTypsl, I HA0DOPOT.
B camoxn fexe, MOKEHO CUHTATH, UTO HOJHHMAIOMAACA MAacca
rasa pacmmpserca ajuadarnuecKH, Tak Kax oHa IO Mepe
mobEMa COXPAHseT CBOIl LePBOHAYAJNBHENL 3alac TemIOBO
PHEPIUH JI0 TeX mop, moka He ocramosmresa. Hamectmo, uro
npu a7 uadaTIYeCKOM H3MENeHITI COCTOANS Fa3a ero faBleHHe
DPONOPIIOHANLIHO IJIOTHOCTH B CTEmeHH y (Y — OTHOLIEHHO
TEMJ0EMKOCTH IPH MNOCTOAHIOM JABJEHHN K TEIIQCMKOCTH
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PR HOCTOAHNOM 06Bheme). 3BesfiHoe BEMeCTBO — OHOATONM-
HBEIT Ta3 (Beb W DICKTPONLI, M MPOTOHH, W OTOTCHHKE anh
HMEIOT TOJILKO TPH cTeneni croJoanl mecTYHATEIBIOTO 1BI-
;I;CH!EH), I nmodvomy juist nero y = %/, CaeropatednpHo, wpit
AMADATHYCCHKOM LBMCICIHNEI COCTOMIIIA 3BC3NIIOTO BCL{T(,‘CTABH
rapienue P npomopimonadnno p's. Ofosmawng ,11;11;:10{11;9 "
ILTOTHOCTE B HAYAIC HONBOMA KOIBCKRTHBHOI MACCH raza ii-
JICKCOM 'I., a OTH JRe BOJAHTIUIE B ROHITE ITOTOMA B MOMCHT o0~
TAHOBKH KONBEKTHBHOI Macch rasa mriercom 2, Torja,
TaR KaK IIPI CaMOM NOHLe3Me BLITOINATCT VCIOBIIA anma-
Gi’lTIIHIEOCTH, HOJIYHEM COOTIIGHIQNIIC
Py /o Yh
7= (5" 19
SHMETIM, UTO B NOMHINMAIOINICTCA Macce rasa TEMIICPATY-
pa mecRoMLKO Godblile TeMIepPaTypPsl OKPY;RAIOMEl cpefbr,
HO QUCHDL HMEeHAMITQOTO — DOPOHTHO, BCero ma oqnn I‘pam-’c, qaTo
KOHEUHO, HIMTORIO MAJN0 II0 CPARHCINI0 CO BEE3JHBIMII TeM-
mepaTypaMI B MILLIIOHH Tpajgycon. Oreoma eaemyer, wTo
I KOUBERTHBIIOM Iiepenoce dHeprii TABJEHIC II HJA0THOCTD
m:pyncamm'pii CPeAHL TOIRE YOBICTBOPAIOT yemosmio P/p'ls =
HOCTOANNOI BEJNIIIe. JTO YCHOBIC T ONPEENSCT CTPYH-
TYPY CJX0CH 3BC3NHI € KOHBEKTHRILIM IEPEIOCOM DIEPIIL.

IIpusenes eme nsa umexa, XapaxTepu3yIoIIX 3Be3NYI0
KOHEEKINIO: CKOPOCTh NMOAHNMAIOINIXCA MAacC rasza mOPAIKA
30 M/cer, a Bpema mx mogbema oxoio 20 cyTok.

IlosHAKOMEBIINCE ¢ IEPEHOCOM JHEPTUN B 3Be3fax . mo-
JY9IHB IPH 9TOM TeODeTHYIecKoe O0TACHEHIEe COOTHOIGHIA
Macca — CBETHMOCTD, IiepeiiieM K IIBYUCHIIO HCTOTHUKOB
spesnnoil osHeprunm. Opmako mpesKAe HEMHOTO WCTOPHIL.

AcTpoHOMHA — [PeBHAA HayKa, MO;KeT OITDL, Haje ca-
Mas JipeBHsaa u3 Beex mayk. OfHaxo msydenme CTpoemus m
9BOJIOIMA BBE3/] — OJIMH N3 CAMEIX HOBEIX €¢ Pa3feloB.

Tomy, aTo Bce 3Be3un ects meGecHile Tella, MOXOMKHE WA
wname Conmne, yumi eme [sxopgamo Bpymo mourn 400 m;er
Haszax, Ho eme 200 ser maszax pysmann, gro Codume — 510
TBEPJILLL AP, TAKOII 5ke, KaKk I MIAHETH, HO TOIBKO MOKPHI-
THIT OTHEMHHIMII ofJIaKanir.

Cejigac Tpy[1o BCIOMHINTE, KTO MEPBHIl CKABAJ, 9TO 3Be3-
fer, B oy umcie n Connne, ecTh ragopnie mapil. Ho mepsnie
HONEITKH PaCCUNTATh CTPOEHIE OTIX TaBOBHIX OIAPOB OLLITI
enerannt II. Jlonom u A. Purrepom B 1869—1878 rr.

Ileperoc 9HEPriN IPH HOMOMI KONBEKITHA B HEAPAX 3RE3N
Pacematpmsaxcs eme Hexnpmmom (Amraps, 1887 r.), wo
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FIABHOE AIA TEOPHH CTPOGHISA 3BE3JI, KAK MEL BHAGM, eCTH Hr-(:—-
PEHOC DHEePTHM IPH IOMOMIN N3y IeTH. Bnepﬂnme ues o chy‘; -
CTOM IepeHoCe DHePIHH B 3Be3[aX ObLIA BLICKABAIA nom,n K g
yaensim B eo07KemKn (1913 r.), 5O Ha(:'ro;‘{’m;?e PasBUTHS Ow
moxyumaa B paGoraX H3BECTHOr0 AHIIHHCKOTO a(‘xrpm;aII g
A. Damuarrona, VmenHo SpamuErToH O00pATHI BHIMAIM =
BAJKHOCTH IIePeoca dHepPIHmH B 3Be3fax I HMOMYTILI cnar;z:{ 1
TEOPETHIECKH, a 3aTeM CPaBHUI © HaAGIIOOeHHSAME €00 2
meHme Macca — csermMocTs, OH jKe IOCTpomTI H ﬂepﬂg d
cTamapTEylo Mofens 3Beansl. I'ox BEIX0Aa B cznézr mmrﬁxil tn?o
nmurrona «Buyrpennee CTPOGHIe 3BE3[ (1926 r.) o
CIUTAIOT BPEMEHEM 3APOMNCHHA TOM TEOopHi.

IF'rasa uemsepmas
TEPMOAJEPHBIE MCTOUYHUKH 3BE3[{HOI SHEPTHH

B npmpome cympeciByer yHuBepcadbHGIE sakom coxpa-
HCHIA DHEePTHH: DHEPruA He MoyieT o0pasoBATBCA H3 HUYC IO,
0Ila TOJILKO IICPeXoANT m3 ofmoil fopasr B mpyryw. Hampi-
Mep, TPI cToPa (Il XHMHIYECKOT0 TOMINBA B TEIIO HePeXo/ilT
JLePIHA NMPLT FKEHIA aTOMOB B MOJEKYJIAX DTOr0 TOIJIIBA.
dro xuMudgecras aueprus. lloHATHO, UTO Ha XHMITECKOIL
DHCPTUI 3BE3IN CYMECTROBATE He MOLYT — I DI TeMIeparype
B MIVUIHOHEL TPAZYCOB JI00BIe MOJERYJILI MUHOBEIHO pacma-
TAIOTCA.

Ho, mosxer 6biTh, 3Be34a IPOCTO M3JdyUaeT cBoil 3amac Ter-
mosoii smeprom? Pacemorpmum ator mpouece. Ecamr maayuae-
Masg BBe3/Jolf DHEPrHA TepHmaeTcs U3 ee TemIoBoil ameprimi,
TO TOT/a C TEYCHHEM BDEMEHI TeMIEepaTypa BHEAPAX 3Be3[L
momsxHA mafgarek. Ho 910 mapymmmo 651 paBHOBeCHEe 3BE3JH,
TaKk Kait IpPH MeHbIlell TeMIeparype rasoBoe JaBieHOE Yike
HO B COCTOMHIIN IPOTHBOAEHCTBOBATL CHJe CO3CTBEHHOrO TH-
TOTEHHA BBE3NLL. 38e3a J0JUKHA TOTAA C/KHMATBCA, KAK OB
coajiaTe & menrpy. Ho npm BeaxoM majenmm moTeRI(TaJbHAS
DHEPIIA HePeXOJuT B KHUHETHYECKYI0 II TeMI0BYIO BHEPIHIo
(mampmvep, mpH mafeHum Teia B BO3AYXe OHO HATPEBACTCS
6unaronapsa rpenuio). CleqoBaTeabHO, IPH CHKATII 3BE3IEL OC-
BOOOKIAeTCA I TPaBNTAI[IIOHHAA SHEPruA (DOTeHImAJIbLHAS
pHeprusi CoOCTBEHHOI'0 THATOTEHII 3Besfbl), YacTh oToit
DIUEPIIN NJET Ha DOBBIIIGHHE TeMIePaTyphl B Hejpax 3Besr,
UPEenATCIBYA TeM CaMBIM CIILIKOM OBICTPOMY CRATHIO, a
YacTh JHEPTUH H3JYIaeTCS B HPOCTPAHCTBO. Doiee Toro,
eCJII JeTANbHO DACCMOTPETh HTOT WPOIECC, TO OKAKETCH, TTO
TeMOeparypa B LEHTDe 3Be3/sl, JNUMIeHHO NCTOYHIKOB 3Be3-
HOIl OHepriH, He yMeHbLINAeTCs, a HaolopoT, YBEJIMIMBACTCH,
T. e, 3Be3/Ia He 0CTEIBALT, & HATPEBAETCA 3a CUET 0CROD 0:IeHIIH
OoTed{IaJbHOH DHePIUN TATOTeHNsI, B aToM moskiro yoeurses
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n o dopamyne (D), Koropas OyEeT cupaBeginpa It S CIRTI-
Maloleiics 3BesiBl, ecli TOJIbKO CiKaTHe He oueHb OmcTpoc.
C yMeHBUIHIEM PAjUyca IPH HOCTOAHHOIL MAcCe IenTpalb-
Has TeMIEepPATYpa pacTer. i

ITamonro JII XBATHT 3aMACaA HOTEHRIAILION DHEPTII 3BE3-
as? 9710 Herpyauo mopcunTarth. Fasecrmo, €ro HOTCIIIAIb-
Had BHEPIIA Texa B mofde Tsyuectn pasma  AMgh, Tie M —
MACCA TeNa, g — YCKOPCeHIC CIUILI THRECTH, a ko — nLICOTA
reda HaX ypoBHeM, IIPINIIMACMEIM 32 HAYATI0 0TCUCTa. 1Ilo~
npo0yeM DPIMEHNTL TY (QOPMYIY K HAlIeMy CJIyTalo. Coxir-
MAeTCH BCH 3Be3AA B coderpermonm moie Taroremma. Gueno-
parensuo, M ecrs Macca 3sesiul.[JIs yCKOPEHIA CILALL T~
SKECTII BO3BMEM ero 3HAUCHIC HMa momepxuocri: g = fA7I/R%
B ruryGime 3Be3Apl ero 3matenlie IPHMEPHO TaR0e JKe. Hamo-
Hel, BHLICTUTHIBAA IOMHBII 3amac TOTEHIHAILHOU JHepTrm,
MK JOJGKHEL YIECTD MOJIHOE CARATHE 3BE3[bl IO MATRIX pasie-
POB, TOATOMY BHICOTY (CHAJAHNM) 3BE3JBI MOMKIO HPHIATH
pasmoii ee pamiycy: h = R. i

CaeyroaTelnbio, MOAMENl 3amAC HOTEHITIAJIBHON dIePTHR
coberBeHHoil CITE TATOTERNA 3Besist pasen fM*/R. Townsni
pacuer (C TPUMEHEHIEM BuCleil MaTeMaTHRI) JaeT TY ke
(GopMyIy, MO TOJBKO C GIN3KIM K eIHIIe YNCIOBRIM MHOKI-
TEIICM.

Ilpn csxaTui 3Be3gsl NPUMEPHO HONOBHHA BiePrHH UNLT
Na HATPeBaHWE caMoil 3Be3[Hl, a BTOPad MOJOBHHA H3JIyUaer-
¢ B mpocTpancTBo. Tar Kak CBETHMOCTH 3BE3NIH OAHO3IAMIO
3aBHCHT OT €6 MacChi, TO IPH CRATHH ¢ MOCTOAHHOM Maccon
cperuMocTb Toke me memsercs. CiefoBaTenbHO, BPeMs Cika-
THs 3BE3NL IJIH BPEMs, Ia KOTOPOoe XBaTael HOTeHNUATLIOH
SMEpPrun 3Be3nH, eCTh

12 .

Ilan Coanma £ = 5-10" cex = 1,6 mum. zer. Iro oucHs
MaJas BeIWIHHA. JeMIm, a ciejoBarensHo, H Coamnme, cymme-
CTBYGT 0 Kpaiimeil mepe MIJIJIHMapjH JeT. Tanmf o0pasom,
na CosxHme, Tak jKe Kak y APYruX 3Besj LIABHOM moc:iejio-
BATENBHOCTH, [OJKEH CYIIeCTBOBATH JAPYTOll MCTOYHHK Duep-
FHE, KOTOPHIl MsI paccMoTpmm minke. OfHaKO ecTh IpymuE
3Be3J, CKHBYIHX) Ba CUeT HPHEPIHN CRATHA. JTO BHOBB 0G-
paszoBaBimecs 3Be3gn. M3 dopmyinst gii) caeyer, Iro cra-
nus ofpasoBanma 3Besfbl [oUKHA OHTH 04Yedh KPATKOH.
OrTMeTHM, UT0 0CBOGO:K/EHe 3Be3THOI OHePIIIL 34 CUeT CiHa-

THE B COOCTBENHOM TOJe TATOTEHHA 3BE3JIbI HA3BIBAIOT «rpa-

BUTANHOHHLIM HCTOUHHKOM JHePIHHY.,
50 .

ITpobnema HCTOUANKOB 3BE3NHON SHEPIUN HHTEPECYeT 1CT-
POHOMOB yikie JaBHO. DEII0 IpeAioskeHo MHOTO IHMIOTE3, B
ToM unciae obcysnaiach rumoresa (eme ¢ 20-x rofoB) o Amep-
gEIX pearuuax. Jloxroe mpemsa oro Ounm nmmn ofmue cood-

askenuda, u gums B 1938—1939 rr. amepuxamcxwit gusni
{2. Bere u gp. cMoranm TeopeTHUeckls pacCuUnTATh, KaKIIe IMeH-
HO KOHRPETIBIC sJIePHDIC PeaRUIIII CIY/RAT HCTOYHHIKOM 3Be3;1-
MOl DIePrum.

fnepanie peaxumr Boodmie M TepMOAAEPHLIC PEAKINI B
9aCTHOCTH — 9T0 GoXbUI0il 1 O%enb PaSBETBICHHBIT pasen
COBPEMEHHOI (UK, NMEIOUIIT I BasKHble TeXHIYECKIe MPI-
memenusa. HoHewHo, MBI He IMeCM 37ieCh BOBMOKHOCTII pac-
CMAaTPHBATE Ty TPOOICMY CKOMBKO-HNGYHL HoaHo. BiiIo
6B Henioxo, ecar OB BLI MO3MAKOMINIIICH ¢ AAEDHEIMII pear-
LEAMII 0 JAPYroil Kunre, CHeIUadbLHO HOCBAIIEIHOI BTOMY
BOIIPOCY. OfECh MBl OUDAHIINIMCSI TOJABKO CAMHIMI Heo0xo-
AOMELIMII JITTS HAC CBETSMIIIMIL,

Bu, womewiro, mommute, wro m060¢ AAPO XMMITECKOTO
BJEMEHTA aToMa COCTONT II3 MPOTOHOB II HEHTPOHOB (32 MCK-
JIOYCHIEM AJPa aToMa BOJOPOJL, COCTOAMEIO TOMBKO U3 O
Horo mpotona). IIpoToHE u neiiTponsl CBA3AHH B ALPE 0YCHD
MOIIHEIMII CIJIAMIL, IABKIBAGMEIMI sjepHsiMiL IIpupona »tux
CHJL CINE He pasrajama, 1o JII Hac ceiiyac aTo He MMEeer cy-
DIECTBEHHOTO 3navennd. Baskio, 4YTo Takue CIUIL Cymect-
BYIOT 1 YTO DHEPrIf 9Toll eBA3N ouendb peamxa ¥),

O Goxpmoil pesnmuiHe DTHX CHJI BB MO;ReTe CYMATH O IO
TOMY, 4TO OHHN [O/UKHR IIPEONOJICTH CHJIBL OTTANKIBAHNI
NPOTOHOB JIPYT OT APYra, TAK KAK BCE IPOTOHLI HMEIOT OJH-
HAKOBHE IOJOKHTENbHLIE 3apPAALL. 3aMeTHM IOOYTHO, YTO
AlePHEIe CHILI TAKOBE, YTO B GONLIINHCTRE He CAHIIKOM TsKe-
JHX YCTOHYHMBEIX ffeD UMCIO NPOTOHOB M YHCIO HeilTpoHOB
OPUMEPHO OJUHAKOBO. JTO MNPABHIO0 HADYIIAETCA TOJNBKO
y Goinee TaiKeNHX amep.

Ouenunno, 4To ecan B AAPo Karkoro-yubo aroMa momajner
eme o/iIN UpoTou nan neiitpon, to olpasyerca ImoBoe ALpO,
KOTODOE MO3KeT OHTH I YCTOWWHBEIM H eyCTOIUNBIIM, B 3a-
BHCHMOCTIH OT COOTHOITENI ST MEREY UPOTOHAME I HeifTpoHaMu
B mepBOHAYaXboM sippe. Iipome Toro, mpu oToM 00LIYIO BH-
JelAeTCs DHePTHA, TaK KAK ¢BHOBL IPuHOHBIIAA» YACTHIA
CBABHIBACTCA MANEPHLIMH CHJAMI ¢ OCTAJLHIEIMH UACTHIIAMH
# ofpasopapmmiica n3GHTOK dHEPrAH M0JGKeH GHTh 0cBOGOK-

~*) Hog BEIpasiteHHEM «DHCPTRA CRA3WY CJAEIYeT MOHHMAThH padoTy,
KOTOpyIo HeoOXopnMo 8a1parnth, uTelu paspyllnTh AIDO U PASBECIH
COCTABIAWINNG €r0 YaCTHNA ma GOoJLINNE PACCTOMHIA,

~
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fen. 9tor u3GHTOK dHeprEn Mo;KeT OnTh Mubo H3nLyTeH B BUTE
y-myueit, nnGo ymecen Kaxoi-uuGyap wactumeit, BHIOpoOMmeH-
Hoit u3 sapa (IPOTOHOM, HEATPOHOM HIN fAKe BIERTPOHOM
BT TOBATPOHOM, €CIM B fApe MPOU30I/eT TAK HA3LIBAEMEIM
Gera-pacmafi). ITo U ecTh Apepmas peaxmus. Taxmis oGpasom,
upm AAepHOU peakuuy, Kak mpasmio, ofpasyercsa Hosoe sji-
PO ¥ BLIENAETCA BIePTHs.

flnepure peakuum Moryr GuTh 1 Goiee CTOKHBIME, Ha-
npuMep, KOTAa B IepBOHATAJIbLHOE ANPO TONAZaeT He O0JHA
gacTnna (mpoToH miam HefiTpon), a AXPO IPYTOro dJIEMEHTA.
Ouens pACHpOCTPANEHH sAfepHHE peaknuu ¢ anbda-vacTa-
namu — appamu rexnsa. CymecTBYOT H  PeaKOuB  COBCEM
IPYroro THIA — PeAKOUN JelNenus, koria Oolee CIOHOe
AP0 PACHANAETCH HA JIBA EJIH HECKOILKO MeHBmIX Afep.
Peaknus mocjeHero THIIA HCIOJNL3YIOTCH B ATOMHBIX KOTIAX.

Bepuemca K caMoif mpocToli sifepHoil peaknum: B Hepso-
Hava;bHOe AP0 NONafaeT NPOTON MIH HEiTPOH. Heiifrgonnme
PEAKIUH LPOTEKAKT JETKo — HONYTO He MemaeT HEHTPOHY
pofofiTH K sApy Tak OAm3K0, UTO AfepHEE CIJH, AEHCTBYIO-
e TONBKO Ha HeOOMBINHX PACCTOAHUAX, ¢BTAHYTH €ro B Af-
po. C mpoTomaMn sie MONYINTL OTH PEAKIUN TOPABN0 TPYA-
vee. Jlemo B TOM, YTO BCe fAJpAa HMEIOT IOJO/KHTENLHEIN
3apsAf — Tak ske, Kak u mporon. CiesoBarensio, AApa OTTAL-
KEBAIOT TPOTOHE!, H MOCHeNuil oMKen 00MafaTh BHATATEN b~
1oit sueprueit, 9TO0H DPEOONETH BIEKTPOCTATHICCKYIO CHILY
OTTANKIBAHNA I MONOHTH K ANPY Ha paccTofnme, Ha KOTOpPOM
yice HAYNyT AeiCTBOBATEH MOMHLIE, HO KOPOTKOJEICTE yIoI e
spepusie cmret. [10aToMYy, KOT/Ia B 3eMHLIX 1a60paTopuax may-
yAI0T fAJlepHEe PeAKIIH ¢ IIPOTOHAME, X IPEIBAPHTeNbHO Pas-
TOHAIOT HA CHEIHAIBHEX YCKOPHTENAX, HAPUMEDP ¢ HOMOIIBIO
cunxpodasorponos. Crasammoe Buime eme B Goixpmeil mepe
oTHOCHTCA K peanuusaM ¢ anbda-uacTnmamm, y KOTOPEIX 3a-
PAA B Ba pasa GobmIe 3apsaja MPOTOHA M JIA KOTOPEIX, Cie-
joBATeNIbHO, HY:KHA eme GoJbmiag HAYaJAbHAs dHEPTHA.

flgepusie peaxiui ¢ HeiiTpomaMm B KOCMIUECKHX YCJO-
BHAX BCTPeYAOTCA Kpaiile pexo — feno B ToM, 4TO CBoOO/-
JHiE HeliTPOH HeycTOMYNE I B TEIeHe TojTyTIaca Pacuafaerct
ya TpoToN, SIERTPOH I Heiirpuno. ITooromy esobogmpix meit-
tpoHoB B Kocmoce moyrn mer. Ilpaspa, umorma B mpomecce
ANEPHHX peaxmuit o6pasyores NeliTpom, MO 9TOT CAyUAll
peKILf, XOTA M BAKUBIL JUIA JOCTPOCHIA TSHEIBIX DICMEH-
ToB (CM. MDKE).

Ho 3aTo sijiepHbie PeakIyil ¢ IPOTOHAMI JIOMRHLL OLTh B
KOCMETECKIX YCIOBUAX 0oJee UACTHMIL Be/Ib BOJAOPOA —

52

caMulil pacmpocTpanennsiil siaement Bo Beeneunoii. CsoGog-
HLIX TPOTOHOB IOBCIOAY, B TOM UICIE H B HeJpaX 3Be3MI, CKOJIb-
ko yronmo. Tesmmeparypa B IeuTpanbHLIX TACTAX 3BE3J Be-
JINKQ, I TOBTOMY TaM €CTh MIOr0 LUPOTOHOB ¢ GOJBINUMH CKO-
pocraMi. Maernno Temmeparypa M ABJISAETCA «YCKODITEHAEM»
IPOTOHOB U anb(a-IacTHI] B 3Be3fax. Bupoues, uy:xmo orMe-
THTL, WT0 TEMIEPATYPa B HEAPAX 3BE3] BCO ke He IACTOILKO
BLICOKA, UTOOH 00ECHCUUTH JUIA KaKAOTO LPOTOHA BO3MOL-
HOCTH BCTYOATH B SJIEPHYIO PEARLII0, HO B PE3YABTATE MHIOTO-
gieJdeNHLHX CTONKHOBeHHIT Me:kmy coboli Kakroil-Hubyms wus
OPOTOIIOB MOJKET CIYIaiino IpruofpecT CKOPOCTEL B HECKOMLKO
JeCATHOB pa3 (oNbIle cpefueil CKOPOCTI TEIIOBOTO IBILLE-
Hus P TAHHOI TeMmmepatype i TeM caMuiM OymeT BOoJne
B COCTOSIHII BCTYIITH B AEPHYI0 PEAKIIIO, TPEOHONIEB 0T-
TAAKIBAHIE HOJO;KUTEILHO 3apsurenioro supa, Tawme pe-
AKIMN, TI¢ [Js OPEOMOIeHIs] 0TTANKIBANN OfNHAKOBO 3a-
DSGRENINY fflep HCIOAL3YeTCH He HpelBapHTeNbHOe YeKope-
Hile, a HATPEBALilC JI0 BBICOKOIl TEMIEDPATYDH, HABHBAIOTCH
TepMogAepHEMI  peaxigusayMi Onn u Geum
IePBOHAYANBIO OTKPEITLL KAK LCTOYHHKIE 3Be3/II0I DIePIIL.
Opiia 113 BaGKIEIINIX TeXIMUIeCKIIX IPOHIeM COBPeMeIHoCTI —
HAVUNTHCA HCHOOIBL30BATH TEPMOAGEPHLIE HCTOUNIKII dIHEp-
rumn Ha 3emuie.

Ilocne sroro 1meGOJALINOTO BBEICHIA MBI YiKE MOJKEM pac-
CMOTPETh I TepPMOsAZePHBIC peaxuny B 3reagax, B Oonpumii-
CTBe TAKIIX PeaKIlil areprus ocBo00/REACTCA OIPI COeIHeHIIH
qeTHpex MPOTOHOB B ONI0 AXPO Teus (IpPH 9TOM BA HPOTOHA
BOJKILI OpeBpaTuThed B meilrpoust). Takoe coefuHeHie mpo-
TOHOB B AIPO TENI MOSKET HETI PASHLIMII IYTAMI, HO KOHed-
HEI pesympTaT oNHH I TOT ke, llpoBepiy, UTo TakmM IyTeM
feilcTBITEALHO MORET 0C¢BO0O/RIATBCA DONbIIOE KONUTECTBO
sumeprun. Macca opuoro mpoToHa B ATOMHEIX efNHUIAX CO-
crasaser 1,00813. Orciopa macca deTeipex UPOTOHOB paBHA
4,03252. C npyroii cTOPOUBI, H3BECTHO, YTO MACCA FAPA TN
B aToMHBIX epuunuax ecrs 4,00389. Caemonatensiio, m30niTok
maccnr, pasmmii 0,02803 emmumunl aToMIIOro Beca, JIOJKEIHE
TpeBPATUTLCA B ocBofosrmaemyio suepruo cpasu. Ilomeun-
TaeM BHIGNOBIIIEiCH TpH 00pasoBaHIN sj(pa refdua M30HTOR
BHEPTUH 1o l3BectHoil dopmyae Jitmmreiina:

E = mc® = 1,67-10-2* % 0,02863-(3-101%)* = 4,3.107% ope

Ha OO SIADO.

Hamoyuuy, uro 3pmech ¢ = 3-10Y em/cer — cropoctn
cBeTa.
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IIpon3pegeM Temepsh IOJCHYET OHEPTHH, 0cBOGOMIAGMOIL
OPH TePMOSHEPHHX peakuuax B ssespax. IHs npusepenunix
BLIIe BOIMYAN CIeYeT, UTo IPH CHIANNI UeTHPeX MpOTOHOB
B AIPO reJnna OGBOGOFI{HHQTCH H Oepexosur B DHEpPIruio inpiMep-
HO ceMb THCHUHLX moxeit macent (0,02863 : 4,03252 = 0,007).
Cregosatennro, eci 0ut nce COJBIE COCTOSI0 U3 BOJOPOTA,
TO HDPH €r'0 NPeBPALICHIN B Ie/ILl BEHJCIHI0CH Ont Koside-
¢rpo oueprmu, pasmoe 2-10%.0,007-9-10% = 1,3-10* ape!
Tark kax Coiaume Ka:sayo cexyviay msayuaer 3,8-10% ape,
TO IPEBPAIEHIST BOAOPOIA B Tl XBaTio OBl IUI T0jAep-
swanmu usayuenng Codui Ha IAcTOAMEN YPOBIC B TCUCHME
3.10'8 cer (mpuymepuo 100 miutmapmgos jer). dro Goxee wem
nocratoano. Mrak, sl yOemuines, ¥To COCMIICHNE IPOTOHOB
B fijipa TeAHA BIOJHE MO;KeT ofecremith HeOOXOIUMYIO MOII-
HOCTH MCTOUHNEOB 3BeapHoil sueprum. OcTanmoch TOALKO pac-
cMOTPeTh C¢Hnoco0Bl, KARKHMI BOJOPON MOJKET HPEB[AHATLCA
B resimif,

Ceiiuac 13BECTHLI JBE CHCTCMLI TOCJICHOBATEILHEBIX peak-
Twil, B KOTOPHIX I3 4eTHipeX sfie) BOZOPOoJa MosKkeT 00pasonaTh-
ca #;ipo reans (04EeBHANO, UTO BEPOATHOCTH OJHOBPEMCHHOTO
CTOJNKHOBEHH YeTHPEeX IPOTOHNOR M MIHOBEHHOIO COCJIINeHHA
UX B AP0 TemuA nuuTeskuo Maga). Ilepsylo rpynmy peakipmi
HA3LBAIOT TPOTOHHOI IOCHEH0BATEILHOCTIO (TPOHCXOs /e~
HIle 9TOTO0 HA3BAHMA CTAHET FCHLIM HIGKE), BTOPYIO Ipyumy
peariuili — yriaepogHO-a30THBIM IIHKJIOM.

PaceMOTpPEM IPOTOH-LIPOTOHHEE AfepHbie peakuun. Ecian
JiBa IIpoTOHA CTOJNKHYTCA JAPYT ¢ APYLOM, TO Yalle BCECTrO OHuU
NpocTo pasieraTes B pasusie cropous. Onnaxo B 0UeHn pefi-
KUX CIyIanx o6a TpPOTOHA BCTYIAT B AAEPHYIO Peakuuo u of-
pasyor aAnpo peiitepma D?, cocrosmee 13 OfHOTO NpOTOHA
u ojieoro Hefirpona. J{ns Toro wrolu aTo npousonro, neobxo-
JAHMO OJIHOBpPEeMeHHOEe BHIIOJHEHIHe IBYX Kpailfne Pejikux yc-
noBnit. Bo-nepemx, sHePrus ofHOTO M3 PEarHpYOIHEX IPOTO-
WOB IOJLEHA 110 Kpaiineil Mepe pas B ABaJaTh IPEBHUNATE CPef-
HI0X0 TEILIOBYIO SHEPTHIO YACTHI[ 3BE3NHOTO BemecTsa (dTO
HeobX0IUMO I TOro, YToOH IPOTOHE, N[EOH0JIeB OTTANKH-
paume no 3akony Hymoma, mopomui Ha Taxoe paccrofHue,
IIpH KOTOPOM Havam Gkl jielicTBoBaTh AfepHble caiky). Bo-Bro-
pLx, HeoOXouMo, 9T00H B TeueHHe TPe3BLYANHO KOPOTKOIO
LPOME;KYTKA BPeMEeHI TIPOJIeTa OPOTOHOB Ha (JUBKOM paccTos-
pun (10-2* cex!) opuu 13 HIX yemes IPESPATHTLCA B HEHTPOH,
HCUYCTHB TPU 9TOM IO3UTPON I HeiiTpuuo (ulo jBa mpoToHa
me Moryr obpasoBarh ycroitumsoro sapa). OGpasopasuimiics
HeHTPOH COEMIUHAETCA C TPOTOHOM U 00pasyer ALPO melirepus,
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Uro e KACALTCH HOSHTPOHA {JACTHIIE ¢ Maccoii, paBHoil Mac-
ce 3JEKTPOHA, HO NMEIOMEell IoJo:KUTeALHEHL 3aPAX), TO oH
yieraer I Tae-HubyAb (He 09eHb laJeKo 0T MecTa cBoero obpa-
80BAaHM) COGNUHALTCSA CO CBOGOLHEIM DIEKTPOHOM U OHI ofa
TNPEBPANIAIOTCA B IBAa KBAUTA DICKTDOMATHUTIIOTO MBI YISHIA,
Eme pas mosTopseM, 4TO OJHOBPEMEHHOE coveTauue ABYX
OUeHL pefKHX caMEX H0 cebe coOnTHil TPOHMCXOZUT Kpaiine
PelKo — B cpeJieM ¢ Ka;KIBIM MPOTOHOM ITO MOKET CIYUNTh-
cs1 ONH Pas B jecaTru Muanapros ger! Ho nporonos B mep-
pax sBe3j] 0YeHL MHOTO, I IIOITOMY 2Ta PEAKIUA BCE JKe IIeT
¢ JOCTATOYHOII MHTEHCHBLOCTHIO.

OdpazoBaBuieecss AAPo JiefiTepisi oUeNh CKOPO BCTYHaeT
B HOBYI0 PEAKUHI0 — 34 HECKOILKO CEKYH], OHO HAXOJHT [0-
CTATOMHO OHICTPEIL MPOTOM, HHEEPTIA KOTOPOTO TO3BOJMACT TI0C-
SIC[HEMY IOZOUTH HA 0lI3Koe paccrofnize K AApy geiitepns
I COeMUHUTRCE ¢ HuM. I3 peayanrare o0pasyercd ojiio siapo
H30TOLA TeXNH C aTOMIEIM BECOM 3, COCTOAINIEe U3 JBYX IPO-
rouor H oxuoro meiirpona — He®. Bouxvmas cropocts ortoik
peakumi (II0 CPABHEHIIO ¢ NePBOil) 00BACHATCA TeM, YTO IPo-
TOHY Heé HPHXOAUTCA IPEeBpPamiaThCcA B HeilTpoH, KAk B mep-
poM caydae. Hpoume Toro, peiirepmil Boo0ine 09eHb AKTHBEI
B AfepHnx pearmuax. 3aderas BIepej, OTMETHM, 9T0 B Oy-
AVIUX TePMOAREPHEX peaxTopax ma desie To;ke Oymer mc-
I0JIB30BANA AKTEBHOCTE fieiTepusi. OUeBUIHO, TT0 H OPH 9TOI
peaxnun o0pasyercd H30HTOK dHePrHH, KOTOPHIL YHOCHTCS
U3 AApA DYTeM HIeKTPOMATHUTHOTO WATY9eHIH.

Jansueiimast cynsba supa maoroma renus He® mosxer
GLITH PA3NATHON B 3aBUCHMOCTI OT TCMOEPATYDPH H HATHUHA
oGpuHoro msoroma reamng Ile! B sBeammoMm BemecTBe, 1o pe-
3yJaBTAT BCEJA OfMI M TOT ke — 00PABOBAHNE ANPA TeIHA.
Paccmorpum cHauama camilii mpocroit nyre. fiipo mzoroma
remna He® (y:xe cofpasuiee Tpm mpoTola, OUIl H3 KOTOPHX
IPEeBPATHICSA B HEHTPOH) BCTPEIACTCA C APYIHUM TAKHM 3Re Af-
POM H30TONA TeINA WM BCTYNAGT ¢ HUM B peakinuio. B pesynan-
Tate oroil peaxnun us Asyx afaep He® obpasyercsa oxmo sapo
HopMaJhHOTo u3oroma reana He* u gsa nmporona (us mepsona-
YAJIBHLIX MIECTH) BHOBL ocBodo:mrmawTes. IIpasma, ora peax-
IHA TAKAKE HOBOILHO PegRas — OJHO HIPO H30TONA Teis
gimer ceo ¢mapTHEpar IO PeAKIUH TPHMEPHO MHJIHON JICT.
Ha ceit pas pejKocTh peakiyn o0BACHACTCA TeM, UTO Aep
nsorona He® ropasno MeHbmIe, WeM IPOTOHOB, HODTOMY I Be-
POATHOCTh BCTpPEUIl ¢ MAPTHEPOM, O0IAJAIHM K TOMY ke
Bonpimeit aneprueil, Heo0XouMOIl IR IPCONOTEHUA OTTAIKH-
BAHUMA, 0YEHb MAajia,



B ppyrux (Gosee pemkmx) pasHOBHIHOCTAX IPOTOH-IIPO-
TOHHOU ToCHeJoBATeNLHOCTH peaknuii o0pazopaBimeecs Apo
uzorona He? coepnusgerca ¢ obuanmM anpom Hed, B pesyis-
TaTe uero mosBiAsercH ANpo Oepussun Be’, Jto ampo B cBowO
ouepeNlb MO;KeT 3aXBaTHTh npoToH H olpasosars sppo Oopa
(B?) max 3aXBATHTL DAEKTPOH C HPEBPAINEHHEM B SAPO JIHTHA.
JluThii, 3axpatus mpoton, mpeBpamaercs B Gepmiaanit (Bef),
KOTODLII HeMeNJIeHHO pacmajaercai Ha JABe aib(a-gacTHibl
(2He*). C agpom Gopa mpOHCXOJHT TO jKe CaMoe, TOJBLKO CHA-
yaja mMCmyckaoTcs mosmTpon m mefirpumo (B® — Be® -
-+ p* + v). Heratn, nmenno atu «GopiHsle HeHTPHHO» M IH-
TAIOTCA Temeph OOHADY/KHTE B (HelTPHHHOH ACTPOHOMHI,
Brixon oHepram B Da3imYARX DPABHOBHAHOCTAX IPOTOH-TIPO-
TOHHOH IleNH HeCKONBKO PA3INYeH M UPH TOUYHEIX pacuerax
9T0 HAKO YYHTEHIBATD. :

Hrax, B xomeuymom pesynbraTe 13 TeTHpeX IPOTOHOB 06pa-
30BAJIOCH OO AP0 HOPMAJBHOTO H30TONA Telus (mpHueM
IBa TPOTOHA NpeBpaTHiuch B meiitpomsi). Ilpm Bcex sTux
peaknuax ocBoboskganmach ameprua: To B Qopme HeHTpmuo
H TDO3UTPOHOB, TO B BHJE 3MeKTPOMATHATHHX BOJH, TO, HAKO-
Hell, 4acTh BHePTHA YHOCHANACH BMECTE C IPOTOHAMIL B TOCHE-
Heil peaKIEH. JHEPTIA MOBATPOHOB, Y-JIyUeil I KHHETHUeCKAs
DHEePTHA IPOTOHOB OBICTPO DPEBPAMAETCS B TENIOBYIO dHEp-
THIO 3BE3JHOTO BEMIECTBA, M TOABKO IHEHTPHHO MOTYT IpoHe-
€Tl CBOIO 9HEPTHI0 CKBO3b BCIO 3BE3AY II VilTH B IPOCTPAHCTBO,
SanmmeM OCHOBHYIO NDOTOH-IPOTOHHYIO IIOCIE0BATEILHOCTD
B Bupe GOpMyN (IpoHCXOKIeNNe HA3BAHHA DTOH TEmHm Yike
He Tpefyer mosgcnenus):

H' o H1s D2 L Bt
D* 4+ H!— He? + v
9Hed — He* - 2H!

HeCsATRHN MJIDPH. Jer,

HECHOJBRO CEKYH],
HECKONLKO MJH. JeT.

(12)

dnech ¥ o3HATAeT MEMYCKATIIC MO3UTPOTA B TIPOIECCE peak-
nuH, v — Henycxkanme mefiTpumno, § — N3AYUYEHHe KBAHTA
DJIEKTPOMArHITHOIl pHeprn.

Crpara mpuBefeubl BeXHMTHNE, XaPAKTePH3YOIL(IC IIPOo-
MERYTKH BPEMEHH, B TCUEINC KOTOPHIX OJIHO AP0 BOAOPOA,
AeilTepusa u TeNHA COOTBETCTBEHHO mmer cefe mapTHepa mo
pearin, CKOPOCTh peaktuil 3aBHCUT 0T ILIOTHOCTIT, IPOIEHT-
HOTO COJeD:Ranusa BOIOPO/A 1t refis (0T DTOr0 TaKyke 3aBICUT,
Haxag I0CHCIOBATENDIIOCTh pearil upeoliayaer), a eme
CHIBHEE 3aBICHT OT TEMIePATYPLI. ¥ BeXIUCHIe KajRAoro H3
OTHX IAPaMCTPOB IIPHBOJUT K YBEIUUEHDIO CKOPOCTH peak-
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umil — unTATeN®L caM coobpasmT, B WeM mpPRUMHA TAKUX 3aBH-
cnvocret. IlpuBegenume Bpime XapakTepHhle IPOMELKYTHH
BPeMeHH COOTBETCTBYIOT TeM YCJIOBHAM, KOTOPHE HMEIOT MECTO
B Hefpax 3sean, Taxnx kax Comnue man neckoibko fonee xo-
JOTHEIX, :

Ilpn ocymecTBIEHHHI KaRAOTO KA PEAKINIL BHAENseT-
¢A TpUMepHO OHO M TO ke KoamuecTBo aHeprmu: 4,0.10-° ape
(0,3-10-% opz ymocuTes HeiiTpHHO), HO TAK KAK BEPOITIOCTD
peaKmuil MeHseTcA ¢ N3MeHeHHeM TeMIepaTypsl H ITOTHOCTH
3Be3XHOr0 BEemecTBa, TO M KOJMYECTBO oieprmu (B aprax),
puennBmeecs 3a 1 cex B 1 2 BemectBa (MBI 9Ty BeamTHIy Oy-
nem 0003Ha9ATEh Ipeueckoil GYKBoil £), 3aBHCHT OT TeMuepary-
pHl I TMOTHOCTH. BHBOA GOPMYIIH, OMHCHBAIOUIE Ty 3ani-
CHMOCTE, HeclOkeH, HO, K CO/KaNeHHI0, He MojkeT OHITH mpi-
pejen sfech. lemo B TOM, YTO BeDOATHOCTE PEAKIIH 3aBICHT
OT TAK HA3HIBAEMOT0 (TyHHEILHOTO» derTa mMpH mpeonose-
IAN TPOTOHOM TOTEHNHANbHOrO 0Gapbepa, KOTOPHIE MOKHO
MOHATE TOJNBKO HAa OCHOBE KBAHTOBOH MEXamlKH, a 3T0 Yike
BHIXOINT 32 PAMKN InkonpHoro xypea dmamsm. Bomee monro-
TOBJICHHOMY YATATENIO (3HAJOMEMY KBAaHTOBYIO MEXaHHKY) pe-
KoMenyeM o0paTuThCsa K clenHaibHoil aureparype, a 31ech
MEL TIpHBeieM 0e3 BEBOJA TOJBKO OKOHYATENBHYIO (OPMYTY,
KOTOpYI0 yAo0HO BamucaTe B JOrapu@MmueckoM BHJE.

Hmeem:

14,8
'

pX2

77
16

. (13)

lge =06,3— 4 1g
Smech TeMIepaTypa BHpajkaeTca B MIUIIHOHAX TPajycoB (ma
qTO0 yKaskBaer HHAEKC «0» BNM3Y — KOJIMYECTBO ONMYMIEHNEIX
uyimeir), p — OIOTHOCTH B e/ea®, a X ecTh OTHOCHTCIBTOC CO-
fepikamme BOAOPORa — mapamerp, KOTOPHII MEL yiKe BBean
B rxase 1. Dra QopMyna moKaswpBaeT OBICTPHIE POCT BLIXO/A
pHePrHHM ¢ pocToM Temmeparypn u Gozee MeJJICHHBIE POCT
¢ YBENIYEHNeM INIOTHOCTH I IPOIEHTHOTO COJCP/RAMIA BOJIO-
posa. Unmrarenn y:ke 3naer, TMOUEMY DTO TAK. 3aBHCIMOCTD
ot conepiranua nsorona Ie® srecs me Bima, Mo IA CAMOM Jig-
Jie OHA ¢CKPBITa» B IEPBOM CIATACMOM.

IIpn Goiee TOYHBIX pPAcUeTAaX BMECTO (GOPMYILI (13) moxan-
BYI0TCA TONPOOHEIME TaOANIAMM, & TP OpuOMIKeIHEX Pacye-
TaX YUPOMIAIOT IL 3TY POPMYIY, BaMEILfs ee S3ABHCUMOCTLIO THTIA

(14)
e € 1 7 — HEKOTOPSHIC YICHA, CHCIHMAILIO mofGupacMue
rak, Tro0ur opyya (14) maBama mouTH TAKOL jKE PE3YILTAT,
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uro u (13) mam coorsercrBylomme Tabmmisl. ITosromy smech
g, ¥ 1 To;Ke, XoTA ¥ caalo, 3aBUCAT OT TeMneparypsl. Hanpu-
Mep, UpH TeMIepaType BemecTBa, MeHpimeir 10 mum. rpamy-
coB, morasarenh cremend B (14) Gamsox x 5, mpm GOABMIMX
remueparypax (T > 10 MmIm. rpajycoB) 5T0FY mOKazaTelb
YMEHBIIAGTCS 70 4, 4 IpPU TeMOepaTypax B HECKOJIBLO [eCAT-
KOB MILIIWOHOB rpagycoB moxasartens n = 2. HmsMu cno-
BAMH, BeNIHUYNULI €y K A CIATAITCA HOCTOAMHEIMHE TOABKO B
OTpefieJeHERX, He CHANMKOM O0NBOINX HHTEPBAJAX TeMIe-
paryp.

To, aro ¢ poctoM [y BeIUTINHA 7 YMEHBIIACTCH, JOTKO Ti0-
HATH. B CaMOM Jede, TIPil OTHOCHTEJEHO HEBLICOKIIX Te;\mep:l-
Typax odYeHb MAJO KOJIITCCTBO OHICTPHIX IPOTOHOR, CHOCOO-
HBIX TIPEOJOIETh RYIOHOBCKIT 6aphep OTTANKIUBATILIA IPOTOHA
sppos, ITo mepe pocra T WHCIHO TAKHX TPOTOHOB JKCIO-
HelTHAAbI0 VBeAITHBACTCA M IPH 0ueHh GOMBIINX TeMuepa-
Typax 4yTh JI He KaKALI IPOTOH IPEoioNeBaeT HTOT Haph-
¢p — 3Hech 3aBUCIMOCTD BBRIXOHA DICPLUH OT TeMICPATVDPH
cranosuTea caaloil,

Temeps MOCMOTPIM, MOTYT JIN NPOTOI-IPOTONUEE PeaRIIIN
obGecrieants  maaydenme oueprmm  Comnmem. Ilpimes, uro
B Hexoropoil obmactn BOmuan mentpa CONHIER HMEIOT MECTO
caefylomue suadennsa mapaserpos: I = 14 mMum. rpanycos,
p = 100 g/em®, X = 0,71. Torga us Qopmynst (13) momyqaem:
g = 13 ape/c-cen. Ipu macce B 2-10% 2 Connme maayuwaer
3,8.10% ape/cer; ©. e. 1,9 ape/e-cex. CnenoBarensno, ecan o
Ha cegpMaf 9acTh Coauma HaXOOATCH IPH YCIOBHAX, GAH3KNX
K OpUBeIeHHHM BEHIIE, TO TePMOANCPHHE DPEAKIHH HPOTOH-
NPOTOHHON TOCHeNOBATENBLHOCTI MOIYT 00CIeUNTE COBPCMEeH-
uyio ceernmocth Conmma. Ecam B mexpax Coxnma remnepary-
pa BHIe, TO HOSBIAETCS, TAK CKABATH, ¢3ALACH— MORHO CYH-
TaTh, 4TO 00MAaCTh TEHEPAIMA HHEPIHN MeHbUIE 10 Pa3Mepa.
Ho ecam B geiicTBnTenbiocTH TeMuepaTypa CodHIA HEEE, TO
Ael0 II0X0 — TepMOAdepHHE PeaKkmu:m MOTyT M mHe obecie-
gtk csernmocts Commma. OO0 aToM ML ellle BCIOMHHM, Korjia
OymeM oGCY:KNATEL «HeHTPHNHHYID ACTPOHOMHIOY,

Tlas ssezn Gomee MaccuBHHYX, deM Hame Codmme, mpoTo-
HNPOTOHHAS IMOCHEIOBATEIBHOCT HEe JIAeT OCTATOYHOTO BHIX0-
7a sHeprum. 3uech Berymaer B feiictBue Gomee sfderTuBHmil
TP BHICOKHEX TeMOCPATYPAX YIAePOSHO-A30THLIL IHKI, KOTO-
PHIL MEI ceifgac paccMoTpiM,

B mpotom-mporoHmoit 1MocIeoBATEALIOCTIE PEarupyoor
OfIHI IIPOTOHNI, B TO BpPeMsa KaK B YIAEPOAHO-a30THOM IIIKIe
B PeaKnuAX NPAHUMAIOT YYacTHe Tak:Ke Afpa yriaepoja, aso-
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ta B Kuocaopopa. JIaIs ocymecTsaenisa dTHX PeaKIyii neoGxo-
auma Qojee BEICOKAf TEMOEDATYDPR, UeM A HPOTOH-IPOTOI-
HBIX PeAKIil, Tak Kax Goanmmsil sapay oTHX sfep Tpedyer
¥ OOALIINX pHepruil IPOTOIOB I TPOLQICHINT KYJI0I0B-
ckoro orranxupauns, G Apyroil ¢TOPoONLI, ICPBA&A PCAKILLA
DTOTO IRaa (UpH JoCTaTounoil TEMICPATYPE) ropasjio Lepo-
ATHEe TepBoil NPOTOH-IPOTOMIION PEARIMI, TAX KaK Iic CBf-
saua ¢ HeoGXOMUMOCTHIO TIPeBpAllelna TPOTolA B lcilTpoir.
TlooToMy YrIepoaHo-a30THEIL KT IpU TeMuepaTypax foan-
nre 15—16 . rpajycon ropasyo oderTusice, YeM TPOTON-
OPOTOHIAS PEarIs.

Ilpnponmy (OPMYIL MOCAETOBATSIBIBIX PEARNIII yriIe-
POIIN0-a30THOTO IIINA: '

1. C2 L HI—NB 4 vy HNECATKIL MIH. Jier,

2, N¥ CB 74w T MuH.,

3. CB_LH'—NY vy HEZKOJALKO MJIM. JIET, (15)
4. N L HI— QP Ly COTHI MIH. JIeT,

5. 0¥ NV Lf*+w 82 cer,

6. N - H!—C1* - He'* corHH THC. JIT.

3riech TOMe TPUBOIUTCH XaPAKTEPHOE BPeMd, B TCUCHIC KOTO-
POro OCHOBHOE PeATHpPYIOImEe AP0 Kak OBl «meT» UPOTOI
€O CKOPOCTDIO, AOCTATOUHOI ITA TepMOAAepHoil peakmnuiu (pe-
armuu 1, 3, 4, ), uan npoMe;RYTOR BpeMen:, B TeYenle Ko-
TOporo 05PasoBABMINIICH HeYCTOMYIBHIL H30TON PACIAJACTCA
¢ HCIYCKAHHEM NO3NTPOHA ¥ Heiirpumo (peakmmu 2 m 5).
Il nawunaetes ¢ Toro, 4o OHCTPLIT IPOTON MOUAKAET B A-
PO Yriiepoa I 3acTPeBaeT TaM, CAED/RUBAEMBIIl ATCPHBIME CH~
gsamp, OfpasyeTcs HeycTOlMUBEIT H30TON a30TA € ATOMIIBIM
secoy 13 (caAmmKoM Merkmil A HOPMAIBHOIO a30Ta), KOTO-
puiil yepes 7 MUH. PACOAJIACTCA I NPEBPAIIAETCA B Yilke yCToli-
uNBHil H30TON Yyraepoja ¢ TeM jke aToMuEM BecoM. Ilocmenmee
sIPO 7BA Pasa TOCIET0BATEIBHO 3axBaTBaer mo GnicTpomy
nporomy (Kampslili pas oceoGoAaAch OF H30ETHA BUCPTHM
NyTeM IEKTPOMATHHTHOTO H3JIyUennus) H NpespamaeTcsa B He-
yeTOTHELIT H30TON KIICIOPOMA C ATOMUEIM Becoy 15 — cmunr-
KOM JeUKHit JUIA HOPMAaXbHOTO sfipa Kucsiopoaa. Beero amms
3a 82 cer OH PACHAAETCHA, HCOYCKASM, Kak O00LITWIO, TO3BHTPOH
¥ HefTPIHHO, B mePeXofuT B yerofiuupmii msoron asora. Ha-
Komel|, DOoCIenlinii, 3aXBATHB eme opun OKCTPEIL OPOTOH —
geTBePTHIl B IOCJACZOBATEIBHOCTH pearnuii, MCOYCKaeT AP0
renA I BO3BPANIAETCA B MEPBONAYANLHOE COCTOAHHE OOHIT-
HOFG .M30TONA YIMEPOIA, 3aTeM NUKI HATIHAETCA CHOBA.
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Takny ofpason, B 9TOM IIKIe YTIEPOM I a30T CAYHAAT TOADLI 0
KaTajnusaTopaMu, a KOHEeTHEBIH OPOUAYKT PEearKmuu TOT Ke: u3
geThipex HPOTOHOB 00pa30BaNoch ANPO IeiA ¢ COOTBETCTBY-
IoIuM BEexeneM snepruu (tosxe 4,010 -° ap2 na ogmm muwa),

Bce peaknmuu »TOTO IMKAA, B KOTOPHIX 3aXBATLIBAIOTCH
OPOTOHH, HAYT MeJJeHHO — HEeCKOJbKO MILIIHOHOB JeT. 9710
o0bACHALTCSA, KAK y/Ke OTMEYaIoch, TeM, UTO 3aPAALL ffep
YIJepoma M a30Ta BeJUKH, I HODTOMY BePOATHOCTH BCTPETHTD
TOCTATOYHO OLICTPLIE HPOTOH, KOTOPHII CMOKeT OPeoioJieTh
CHJIBI OTTaJAKHBaHng, Mama. Hysuo eme oTMernTs, 410, 3/6Ch
CKOPOCTH PeaKIHIl 3ABICAT He TOJBKO OT CONe[IRAIMA BOLOPO-
fia, MO N OT COAGP;KANMA YIIePOa I a30Ta, KOTOPOe MHl 0603-
naTiM geped Xoy. Hax Mel 3uaeM, B cpeies B 3BesinoM Be-
mecTse yriaepoga m asora mpumepno B 200 pas mennme, TeM
eogopona, T. e. Xeny = 0,005 X,

31ech TOMRE ecTh PasMOBIANOCTS NuKIa. fnpo azora (N19)
IPIL 3aXBATE TIPOTONA MOFKET IIPH BTOM He PACHACTLCS Ia a30T
IL YIIePOJl, KAK HATNCANO DHIIIE, a COXPANNTHCS B BIIe AApa
xucxopona (O'f), KoToOpoe 3atTeM MCIBITHIBACT CACYIOMIE Hpe-
spamenna: O 4 H'— FY7 4+ ¢ F¥ — OV 4- B+ v,
0% - H' - N 4 HHe*. Tlpu aToM B KONETHOM cueTe M3 ue-
THIPEX. IPOTONOB 00pasyercs OfHO SAPO TENUs, a KUCIOPOJ,
as3or, a TawKe QTODP CiAY:KAT JIMIIL Karammaatopami. Bmpo-
q9eM, 9Ta PABHOBHIHOCTD LKA NPAKTHYECKOTO 3HAYeHHA He
nveet, n00 TONBKEO ONKH Pa3 U3 ABYX THICAY 3aXBAaTOB OPOTOHA
arom wucxopona O mMeer manc coXpamuThCA.

(Dopmyna, Mo KOTOPOIl BEIYUCISAETCS BLIXOJ DHEPTHI B yI-
JIePOXHO-A30THOM I[HKJE, HMEeT TOT jKe B/, 470 H (opMyaa
(13), mo, pasymeercs, mpH APYTUX 3HAYCHUAX KOHCTAILT:

66,8 PX Xy

Tgs a T'ga

lge =282 —

. (16)

3nech, KaK U pambme, TeMIEPATYPA BEIPAKACTCA B MIH. Ipa-
nycon. M3 oToit dopmyast summo, 110 ¥ yriacponHO-a30THOLO
IHEKJIQ 3aBHCHMOCTE BLIXO[A DHEPTHII OT TEMICPATYPHI Topas-
[0 ClLIbHee, 4eM Y HMOCJHEN0BATeILHOCTH IPOTOHIEIX PeARIMIT,
JTO He YIUBATENbHO — GOIBHIOI IOMTOKITENBILIT 32 PAX AfeD
yraepoga i 230Ta Pe3K0 MOBLIIACT XX ¢KYJIOHOBCKIIT Gaps-
ep»— IPOTONEl JOJIKHGL HMETH OOJLITYIO DIEPrHIo AXS ero
NPEOI0IeHIA,

Rar u paupme, dopayny (16) Moo samenurs npubimn-
srennpiM coorHommenney (14). Temeps moxasaTen crememnm n
Oynyr eme Ooupme, Ilpu Ty okoso mecsatu MuH, rpagycon
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nMeem n =~ 23, Tpu noBHmennH TemMuepaType mo 30 surm.
rpajgycoB 9TOT MOKasartenn ymeubmaerces fo 16.

Hcenmonsayem teneps gopmyny (16) pns asoTHO-yrirepos-
HOrO LMKIA I Buumciaenns Buxofga omeprum B Commue.
Ilpm Tex sie yeuaoBusx, UTo U B ciayuae IPOTOMHBIX PearIuil
(u mpn Xoy = 0,003), momydaem Buifeleline DJHEPTHIH & =
= 0,1 ape/z-cer. Droro sBHO HEHOCTATOYHO — TEMIEpPATypa
B meurpe CoJHIa CIANHIKOM Maja [JIA A30THO-YIACPOXNOro
nurxa. Onpegemnsm TOTHA BBIXOA dHEPTHH B TOpPAYeil u
saproit speage Cnnxa. IMpmunmaem: T's = 30 mau. rpagycos,
p =10 2/e®, X = 0,7, Xy = 0,003. Torna momyaum
e = 1600 ospa/e-cex — B TO BpeMa Kax B cpegueM Ha 1 2 Be-
mecTBa aTOil 3medfikt Bumensierca 128 ape/z-cen. 3meck mocra-
TOUHO MeHee OfHOil JecAToll JacTH 3Be3NLI IPH IIPHBEIeHMBIX
VCHOBHAX A 00CCHCUEHIIA ee CBeTHMOCTH.

CuabHasg 3aBICHMOCTH BHIXOJA SHEPTHA B A30THO-YIIEDOS-
HOM HUKJIC OT TeMIEePAaTYpPH IperbaBiser Goiabmme tTpefona-
WL K TOMHOCTI ee oumpemerenus — dopmynra (5) Taxoil Tou-
HOCTH He [aer. Jlydme Jajke mocTymaTh HaoGOpPOT: 3Hag che-
THMOCTh 3Be3[H Il OpelNojiarag, UTO DHEPTHA BHICIsAETCH,
HaupuMep, B ofHoil ABANUATOl YACTH €€ MACCHl, MOKIO IIO
OpUBENEHHEM BHITE (OPMYNAM OUPENeNTh IEHTPAIALIYIO
TeMuepaTypy 3sesfasl. IIpemocTtaBuam YHTATENI0 BO3MOKHOCTD
CAMOMY TPOJENATH HTH PACUETHL I YOEQUTHCS, 9TO MOIYIeH-
HBIE TAKHM UYTEM HeHTPAXLHBIE TeMOepaTyps! OJIH23KH K mpi-
nejienueiM B Tafa. 3.

Tarun 00pazos, MH BUIIIM, UYTO TEPMOSAEPHbIE HCTOUNIKIL
DHEPIINI MOIyT o0ecHeuNTh CBETHMOCTDL BCeX 3Be3J] IJaBuoil
mocaenoBarenbuocTi. [Ipapma, Mul eme e EOOJIHe YRepeus
B [OCTOBEPHOCTH BeeX gaHmeX. DBOnpmas uacTh peawmuii
nposepena B jgaboparopun, Bupouem, Tax Kak B nabopartopn-
SIX HCHOOABL3YIOTCS [JIf 9THX jRe peaxniii Gomee OBICTPHIE 1po-
TOIBI, YeM PEATHPYIONHE B BBE3JHHIX YCAOBHAX (MBI HE MOSKEM
FRIATH MIJIIIOHLL JIeT), IPHXOMNTCS SAHHEE OIIBITOB DKCTpa-
MOANPOBATE Ta MAJBIE DHEPTII JACTHI[, & IPII ATOM BO3MO:L-
upt cephesnoie omulku. Bosmosino, manpisep, 4To mpu nexo-
TOPOIl ONPCMEHCHIIQN DHEPTHII NPOTOHOR PEAKIUA IJeT 0Co-
GeHI0 UHTCHCIBHO (IFOBOPAT, 9TO B HTOM CAYUAC TIMECT MECTO
«pesonancy). Ilexoroprie u3 peaxuuii, raxire, KaK, HaUpUMep,
HEPRYIO 113 OPOTON-TIPOTONHEIX peariumii, B 1adopaTopun mo-
Ka 0CYmeCTBUTL 1ie yjanock, IlooTony BOSMOKIO, UTO B JAME-
meiimeM THCAENHOE SHAYEHIE BLIXONA DHIEPTII MOGeT II3Me-
HITLCA, HO I3MeNenme Bpam nu Gymer Goxbimv. Bosmosk-
HOCTB ;K€ TePMOANEPULIX DPCAKIIHII, 11X MOCIC0BATCALIIOCTE
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H POJIb B mponecce BEpaGoTKE 9HePIUH B 3Be3aX TIABHOIH mo-
Je[OBATEIHLHOCTH COMHEHNI) He LOJJeIKAT.

HcueporiBaerca U STHMH IOCIENOBATENbLHOCTAMHA DPEAK-
LUl CHMCOK TePMOAJEDHBIX pearuuil, KOTODHE MOTYT Ciy-
AKUTH HCTOTHIKOM 3Be3puoil smepruu? Boolime rosops, mer.
ITpe;iye Beero Opu 3BE3IHEIX TeMIEPATYPAX O4YCHDL HHTEHCHB-
HO HAYT TEPMOANEpPHHE peakIui ¢ JEKMMH JJeMeHTaMiL:
aurueM, Oepunmumem u Gopom. H amech, B KOHeuHOM cuere,
BOJIOPOL BMECTe ¢ SAAPAMH 9DTHX DIEMEHTOB IpeBpamaercs
B renuii. Ho meso B ToM, 970 B DTHX peaknmuAX fpa JIATHA,
Gepusmusa 1 Gopa He BO30OHOBIAIOTCH, KAK 3TO MMEJO MECTO
B YIAepoIH0-a30THOM IHKIe ¢ AgpaMu yraepoga. Huonvm cio-
BaMIil, €CJII B YILIEPONHOM IHMKJIe caM YILIepon OBUL TONBRO
KATAJIHBATOPOM I B IIPOIECCE BCErO MUKNMA He PACXOIOBAJCH,
TO B PEARIIAX € JerKHMI DIEMCHTAMI OHU CAMI FIBIAIOTCH
«roprounM» 1 upespamanTes B reimii, [losToMy B 3Beagunix
HeJlpax 9TH HIAEMEHTH OHICTPO (UPHMEPHO 33 MIULINOH JeT)
seroparor». OHI MOTYT CAYVEHTL HCTOUHIIKOM 3Be3IIoil pHep-
rufm TOABKO HA 0YeHb KOPOTKOH (B OTHOCHTEIBIIOM CMEBICIE,
KOIEYHO) HAUAJLHONE CTAJNN PA3BHTHA 3Be3JHl.

IIpun Temumeparypax OKOAO COTHM MIJLIHONOB IPAnyCcoR,
KOT/Ia BOFOPONT Vi€ NONHOCTHIO «BHITOPEN», HCTOUHNKOM 3Be3/1-
HOIl DHEPrHH MOKeT CHAYHKHUTH M TAK HABKBaeMBll TpoitHoil
ansfa-nponecc. Cyrs ero sawauaeTcs B ciaefyomes. Iiciau
nBe arbda-TacTHIEI, HMEIOIIIe K TOMY jKe OOJLUIYIO DHePTHI0
(e mecars pas 66mbmyo, ues Tenosas sueprua upu 100 yorm,
IPajycoB), CTONKHYTCH, TO OHH MOLYT HA OUEHb KOPOTHOO
BpeMa o0pazoBaTh HeycrodmBoe sAfpo mzorToma Oepiiins
¢ aToMEEM BecoM 8. Eciu 3a Bpess, HoKa 9T0 AAPO e YEUeno
pacnactses o0parHo Ha ansda-dacTunel, K HEMY IpHcOoei-
HUTCA elle ofiHa anb(a-gacTuna, To Torga Moer 00pasoBaTh-
€A yeToltunBoe ANpo obnunoro maotoma yraepoma C* ¢ poime-
menneM Gonapmoro wonmuvectsa smeprmm. Mrak, B aroil peak-
LA (TOIJIMBOMY® CIY:KUT TeNdil, a4 HOPOSYKTOM ¢CTOpamuma»
yraepom.

Dopmyna miIa BHX0HA DHEPTUHA IIPH TPoiiHOM anb(a-mpo-
mecce HECKOJAHKO OTAHTACTCA OT COOTBETCTBYIOINX (OpMyTd
JAA HPOTOHHLIX PeaKIii:

lge =175 — —— 4
[

{17

rie, mamommuaeM, Y — comep:kanme renus. Huas sasmcn-
MOCTH OT TEMIeparTypsl o0DLACHAETCA TeM, 4To v anba-uac-
THI[, BCTYOAKIIHX B PEaKNui, A0JkHA OLThH BIQJHE oLpe-
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pelenHag DHCPIHOsA, COOTBETCTBYIOIEAA FiKEe YIOMHHABIIIIMCH
pesoHanca.

Tpoiioii agnda-nponece Mo;keT ZABATH BAMETHEBII BEIXOJ
BHEPTHH TOIBLKO mpu Temueparypax, 66apmax 100—120 mam.
rpajiycon. limrepecro, 4ro €CTM MOILITATLCS 3AMEHHTD (op-
myay (17) ¢opmymoir (L4), o mpu Iy = 100 rumw. rpajycon
noaxyu g ~ 1!
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Puc. 6. Brxon TepMosmepmoil pmeprum B PasiAYHHX PEARNIAX NpN

CHUNVIONINX IPEATOMOMCHIAX! KOJIMYECTRO BOAOPOHA LPIL BOAOPOJ-

muix uxaax 100 efcx’, xomuecTBo yraeposa 1 asota mo ecy B 200 pas

Megpie, Komugecrno remms 10000 efen® (B rpoiimoft renmesoif
peaxuun).

B ofmunnx 3Besfax INIABHON HOCHeNOBATENBIOCTI TEMIe-
parypa me mocturaer 100 Mam. rpagycoB, u HOaTOMY JIA HUX
9TA PeaKOus HecyIieCcTBeHHA.

Ho za HEKOTOPHIX CTAMMAX DBOJIONMN 3BE3], KAk MLl YBI-
AOM HEZKe, TPOHHOM anbda-mpomecc Mo;KeT OLITh OCHOBHEIM
HCTOMHIKOM 3BESJIHOE DHEPTIM.

Ha pme. 6 npusemen rpadus, Ha KOTOPOM H300pazKeHa
(3 morapudmyecKoM Macmrafe) 3aBHCHMOCTE BEIXOJA BIep-
PHH OT TEMIEPATYPH JUIA BCeX TPeX PAacCMOTPENIBIX HOCIIef0-
paTeasrocTeil peaxnuit. IIpi mocrpoennn rpa@uKa TPHHHMA-
Jock, 4TO B BOHopOiHEX pearmuax pX® = 100 a/cx’, a B
rexmesoii peaxyuu p°X3 = 108 2%/em®. Tam e yrasaHa oTHOCH-
TeIBHAN POJIb PEAKNHMil B 3Be3NAX PASHEIX THNOB, HO IPHHaj-
JeRAIAX K TAABHOH IOCHENOBATENLHOCTH., JTOT PHCYHOK
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HATVIATHO MJLIIOCTPUPYeT 0YeHb CHILIYIO 3aBHCAMOCTD BEIXO-
A sHEPIHH TePMOAAEPHEIX peaxuuit or remmeparypsl. Ilpu
lATbHeAmeM MOBHIIEHHN TeMIePaTyphl HATHHAIOTCA PeaKkIun
¢ Gomee TAKedmMu sNeseHTamu. llpapaa, ceiizac me ogeHs
siceH BOMPOC O BOBMOJKHBIX JOCTIZKHMEIX B HEfipax 3Be3j TeM-
nepaTypax, HO HONYCTHM, YTO TaM MOTYT OBTL TeMumeparypsl
BIUIOTH JI0 IECATH MEJINADAOB IPafycoB, 4TO TOra?

Ve mpu Ty = 100 mutn. rpagycoB HauHHAETCA BAKHAA
peaxnus :

C® | He*— 018 4 p, (18)

rae GyrBoil n ofosmauen meiitpon, Ile smauenue ile CTONBKO
B TOM, ITO IPI 9TOM O0CBOGOKIAETCA DHEPTHA, CKOILKO B TOM,
YTO TOABHBIIUIICS B PEARIUN HefTPOH MOJKeT ¢IPUIHIHYTLH
K J1000MY APYTOMY AADPY H TEM CAMLIM YBeJHUHTH €ro aroM-
HEHT Bec — TAKMM OYTeM MOrYT OLITh MOCHEfoBaTeJbHO obpa-~
80BallLl BCe 0ojlee TAsHEN e DIeMeNTHL.

Ecth u pyrue peaxkunn, B ROTOPHIX 0¢BOOOKAA0TCA meii-
rporn — mampumep, C'? 4 C'2 — Mg® - n. IlpaBma, s
sroro Tpebyercs Gosiee BuicoKas TeMmmeparypa (mo 1 mupa.
rpajgycos).

IlocemoBaTeNbHOEe HNOCTPOGHHE TAKEIHX SJICMEHTOB IIy-
TEM TPHCOGNNHEHNs HeHTPOHOB MOJKET HATH PAa3HBIME LyTi-
mu. Teopernueckn OHIO OpefCcKasaHO CYMECTBOBAHHE TaK
HA3HEBAEMBIX S-IPONECCOB M r-mpomeccoB. B s-mpomeccax
(slow — MeJIeHHEL) DPOMCXOAUT CIefyiomee. ATOMHOE AAPO
3aXBATHBAET HEHTPOH K OKABKBAETCA HEYCTOHINBLIM IO OTHO-
[IeHHNI0 K 0eTa-pacmagy, KOTOPHHI 00HYHO HPOHCXONAT Mefl-
nenno. Ho ecam BpeMs MeRTY IOCIef0BATEIBHBIME 3aXBaTa-
ME HeilTPOHOB TaKke HeBeJHKO (HeHTPOHOB Malo), TO AAPO
yeneer uenpTaTh Gera-pacuaf, NCIYCTHTL 9JIEKTPOH I Tepeii-
TH HA HOMe] (0JBINe B IOCIeq0BATEILHOCTH dJIeMeHTOB, obpa-
30BaB HOBOE YCTOHUABOE aToMHOE ALpo. TaKoe 1IociegoBaTe L=
10 TIOCTDOEHHE HICMEHTOB MOMKeT HMMETh MecTo B FOpAUMX
H ILIOTHBIX CTAIMOHAPHBIX 3BE3Nax, I TAKUM IyTeM, BepOsT-
HO, 00pa3yloTcs DJIEMEeHTH, HaXOJAMUEecs B cepefune Tabimu-
oul Menpemneesa.,

C npyroil cTopoHsI, Clan HeIITPOHOB MIOI'0 M BPEMS MERIY
TIOCICIOBATEABUBIMII 3aXBaTAMII He[ITPOHOB MEHbINe, IeM Ie-
puoja Oera-pacmnaga, To Takoii mporece o6pasoBaHA THMKEJIEIX
silmep IassBaercs r-mpoueccom (rapid — Opierpsit). ITocpen-
CTROM DTOTO HpoIecca o0Pa3yIoTCA TA/KEILIEC QJIeMEHTEI, HaX0-
mpamueca B Roune taGauust Mesgeneena,
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CymecTBYIOT I p-HPOIecCH, B KOTOPHIX THKEILIC ATOMHEIQ

Agpa IOoCIeNoBaTeNhHO 3aXBaTBHIBAIOT ¢B00OJHbIE TPOTOMRI.
Ipasna, wrofsr aToT mpomece Ghu oddexTHBEH, HEOOXOMI-
Ma, ¢ OJHOIl CTOPOHBI, FOCTATOUIO BBRICOKAA TEMIEPaTypa
(2-10° 2pad), a ¢ ppyroit CTOPONH, — BHECH (RE NOMKHBL OHITH
B cBOJONNEe DPOTOHK, KOTOPEE CFOPAIOT NPH 3MAYHTEILHO
folec HUBKEX TeMIepaTypax.
" OGHuHO TPEI0JAraeTcsa, TTO I-MPOIECCH I P-HIPOLCCCLI
MOLYT HMeTh MeCTO TOJIBKO IPH B3PHIBAX 3BE3/I: AABJIEHHH CBepX-
HOBEIX, KOTOPBIe MEL GyZIeM paccMaTpIBATh B BOCHLMOI i f1eCs-
toit riapax. IIpH TAKHX BCHBIIKAX MOKET IePeMEemUBATHCS
BeMmeCTBO HEeHTPANbHHIX 00JacTeil ¢ BRICOKOH TeMmepaTypoii
H Y:Ke CTOPeBUINM BOZOPOIOM, ¢ BEmECTBOM BHEIINIHX CJIOCH
3Bes3[El, T/Ie TeMIEePATYPA MIOro MeHbIIe.

B cranmonapHbIX 3Be3fax Ts/ReIbe DIEMeHTH MOryT ofpa-
B0BATHCS TAK:e 1 IPH TOCIEIOBATENBLHOM IPHCOIIIeHIT
snep remmwss: C? 4 Het— 0% + y; N 4 He! — F'® | 5
0% + He* — Ne? + y; Ne* + He'—Mg* 49 n 1. 1
Ne2® 1 Mg?* o6pasyioTcs TOIBKO B 3Be3fax ¢ maccoif, Goiun-

“r !
meit 30M o. Hounenrpammsa O'® sgecs Mosker AOCTHIATE 509%,
a xommentpanus neoma — ue cpuime 20%.

Ecan B Hef[pax 3Be3 JOCTHIATCA 0TeHDb BLICOKAA TeMIepa-
TYpa, TO TaM BO3MOKHO BBIIeJICHIE DIEPIUM M B PEAKIAX
MEKIY TAMKEIBIMIT DIeMeNTaMIL

Ci® 4-C1*—Na® 4+ HL, )

G2 C12— Ne®® 4 He!, |
L 0P B Ly )
2Ne® — 016 |- Mg*t |

o Bce TepMOAepPIHIC PEAKII € BHJICHEHNEEM JHePri
KoHuaoTesA HA ofpasopaumm ajep skexesda Fe®S. tUrobnr ns
BTOTO AAPA CHenaTh 0ojiee THKENBII DAEMENT, IY:RIO 3aTpa-
THTL GONBIIG DHEPTHUI, YeM eée 0CBODOJUTCH B IPOIECce peak-
nnn. ITooromy Gosee TsAKEIHE 9JIEMENTH CTPOSATCA TOALKO
nyrteym s-mponecca. Mx, caegosarensuo, Hemmoro. Memny TeM
BOBMOKHO CYIIECTBOBANUE TeJ BBESJHON IPHPOJL, COCTOs-
OIIX DOYTH HMCHINMUTENLHO H3 KHCJIOPONa, Ieola, MarHIL
o fasie snejesa.

Eciu npooisRaTh MOBHINATL TEMOEPATYPY TAKIX ¢3BC3/,
TO fIpa sRele3a OMATH pacmamyTes Ha alba-vacTuupr. 910
mpougoiiier mpn Temumeparype, Goabmeit 7—8 mapA. rpajy-
cop. Taxmm o6pasoM, MLl TOJOmIAN KO BTOPOMY BaRU0
MY CHCNCTBHIO JEATEILHOCTH TEPMOA[AGPHLIX DeaKmmi —

T > 8.10% rpanycos,
(19)
T >1,3-10° rpagycos.
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H3MeHeHHNI0 XIMMYECKOTO COCTaBA B3BE3ME, a 3a00HO M K BO-
OpPOCY 0 DPOHCXO:KNeHHN XHMBTECKHAX DIeMeHTOB.

JT0 o9eHdb M 04eHb CIOKUBIL BONPOC, BHIXOIAMHBME JAOKO
3a paMKU TOJi TEOPHH 3Be3J, KOTOPOil MH 3/leCh 3aHHMAaEMCH.
HKaxos GBI mepBOHAYAJIBHLIL COCTAB BemecTBa, U3 KOTOPOTO
ofpasoBanucek 3Be3me? Cyma mo ToMmy, YTO ¥ CTADHIX 3Be3J
ropasjgo MeHbINe TAKeJNHIX dIeMeHToB (cM. riaBy 1), Momxmo
HPeIoIaraTh, UTo WX OBLIO Majio HJIH mo4Td He OELIO B mep-
BHYHOM BemecTBe. TorAa TAMEIHe SJIEMEHTH, KOTODHX J0-
BOJIBHO MHOTO B MOJIOJEX 3B€3HaX H B MesK3BE31HOM IIDOCTPaH-
cTBe, 00pasoBaizuch B 3Be3JaX, KOTOPHE IJA BTOTO JOJHKHLI
OPOXOAUTE Yepes (asy BHCOKOH TeMOmepaTyphl.

Ouenn BHTEPECEH BOIPOC O COASP/KAHAM TejiNA B IepPBOHA-
yanbHOM BemecTse. CymecTBYOMNe B HACTOSAMEe BpeMa mpej-
cTaBieHOA 0 (ropAveit BeemeHmoiy TpefyioT mepBoHAYAULHO-
ro cojep:kauns rexud no secy oxosno 30%. Ho remmit — raxsxe
U NepPBHIl OPOLYKT TePMOANEPHEX peakmuil,

Wrak, reausa gomnuo OHTL 0UeHs MHOTO. I comxaneHmio,
renuii — TPYAHLE o0BeKT MuA Haldmogenuil, 1 B HacTosmee
BPeMs ¥ HAC MaJ0 JIAHHHIX, 9TOOBl CYOHTL O €T0 HCTHHHOM
o0nmmm,

Mg yire ormeuanu, uro Jerxne sxements (Li, Be, B) B ye-
JIOBUAX 3BE3JHLEIX Hedp CPABHATENILHO GHICTPO, 32 MHUIINOHLL
jier, cropaoT 1 mpespamarnrtcsa B maoronst rexna He® u Hed.
B TepMOAgepHEIX PEARIUAX BTH BICMEHTH He BO300HOBIAIOT-
ca. Habmogenua moxazajiu, 4To B TeX 3Be3NaX, Il HMEETCHA
3aMeTHOe TepeMeluBanme, JAUTHA 09eHDb Mago. Ilpasna, ecth
spe3fil ¢ GoapmmM oOmImeM JHTHA, HO 5TO O3HAYAET, 4UTO
37leCh HeT IepeMenHBAUHd BeINecTBA M JUTHIl coXpammicsd
B HapY:KHBEIX CJHOSX 3Be3[Ll, IJie TeMIeparypa HO3Kasfd.

C mpyroil ¢TOpOHH, H3BECTHO, UTO AHED JHUTHA, O PUIIHA
u 0opa MHOTO CpeiH YACTHI KoCMUYeCKHX ayucii. II geitctm-
TeILHO, AACPHLe PeaKIuH ¢ OHCTPLIMM TASRENHIMH 9ACTHI[A-
MI KOCMHTECKHX JIydeil MOTYT HpPUBECTH K 00PA30BAHIID J[0-
CTATOTIOTO KOMHIECTBA 1 THX e, Celiuac NpIEATO CIHTATD,
10 nutuii, Gepumamii m Gop, CYMECTBYIOUNE B HACTOAIEE
BpeMs, o0pa3soBaiuchk TOIBKO B KOCMUYECKHX nydax. Tak
OHH OKABAJICHE B Me:i3Be3NHoil cpefe H OTTyIA HePCULIR
B 3BE3MIHL.

B yraepoamno-a3oTHoM MUKAC DPUHEMAIOT YIACTHE HIIEMEH-
it G, N 1 O. C regenneM BpeMeEHN OTHOCHTEIBHOO THCIO sIIEp
DTHX dIeMEHTOB OYAeT MEHATHCA KO TeX MOp, MOKA He YCTaHO-
BHTCA paBIHoBecHoe cocTosmme, Korga ormomenme G : N : O
o0paTHO HNPONOPIEIOHEANBHO BePOATHOCTA PeaKImil, B KOTOPHIX
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DTH DIEMEHTH IPHHUMANT ydacTHe. B camom jere, iem Ee-
poATHee YTH peariuu, TeMm Goabmie COOTBETCTBYIOMNX slep
HPeBDﬂﬂlaOTMI B Jipyrue oJeMeHTHL. OxaspBaeTcda, 4T0 ecyH
TeMIepaTypa B IeHrpe 3pesgnt Goasme 16 muH. rpajgycos, TO
HOYTH BCEe ATOMEBL yriepoaa 1 a30Ta OIPeBpalfaTCa B H30TON
N (ero o6mane cocrasar 95%). Ha pomo nsorona C'* mpuxo-
noresa 4%, a ma goio usoroma C¥—1%. Opnmaxo ofuiee wucao
sjlep yIIepoja, asoTa B KICAOPOAA B MPOIECCEe YIIIepoHo-
a30THOTO mUKIA He MersercA. IlooToMy yriaepomno-asoTubil
MUK TO/Ke MSMEHseT TOJLKO IOJHO0e COflepikanue Bojopoja
U rejusd.

To, uro ormocurensuoe obmime G, N, 0 FLOJI/KHO OBITh
0GpaTHO MPOMOPHUOHAJLHO BEPOATHOCTH PEAKMMI YIIEPOl-
HO-830THOTO IHKJIA, MOKHO HPOBEPHTH HAGLIO[CHHAMI. Bo
MHOTHX 3Be3JaX 9T0 ycaoBdae Aeil¢TBHTEIBHO BEIIOJHACTCH,
HO eCTh I HMCKIUeHNH, TPHIeM JOBONBHO MHOTOYHCIEHHERE.
Ecrn sBesmsi, GoraThie PasHEIMH H30TOINAMM YIIepoaa (ato
unTepecHoe spjenue ofmapy:mmn B 1948 1. cOBeTCKHIl acTpo-
¢msux ['. A, Iaita). Ho mur smaem eme Gomee pasHTEIbHE
AHOMATHH XHMATUECKOTO COCTABA 3BEBJ — 3BeSAHl Kiacca Ap,
o0pacuenme KOTOPHIX IOKA IOMYIHTh He YHAI0CH.

Brime GHAE yKa3aHE HEKOTODHE DEAKIHH M YOOMAHYTH
LPONECCH, B KOTOPHIX MOTYT NPOMCXOMATH MOCTPOCHHA Gomee
PHKEeNBIX 9JIeMEHTOB. B mocieqHee BpeMsA MOABHIIOCH [0BONE-
HO MHOro pabor acrpousnkoB B JU3NKOB, B KOTOPEIX aHaIM-
supoBaiuck ot Bosmo:kunoctu. Hano ckasaTs, 4T0 mOKA TPYA-
10 BOCIPOU3BECTH C OCTATOUHON YBePeHHOCTBIO Bech X0
ofpazopanua BeeX oieMentoB. o BOBMOKHOCTH AJA DTOTO
ecTh.

HecoMueRHo, 9TO YIIEPOH, 430T H KACIOPOR 00pasynoTes
B TOpAMmX AAPAX [ayke He CJMIIKOM MACCHBHEIX 3BE3jt
(M > 0,5M) Ha crajmi TOPeHHS TeJHs. Bonee MacCHBHEIE
CTAIIOHADPHBE 3BE3sl BHPAGATHBAIOT B CBOMX Hefpax H to-
Jiee TAKeJbIe 3JICeMEeITh, MO-RBHIHUMOMY, BILJIOThH o HeoHa, Mar-
HIUf, MO;KeT 6HTH, KPeMHus, MOCPefAcTBOM IOCIeT0BaTeIBHEIX
3aXBATOB SICD UeNMA.

He coBceM sICHO, MOGKHO JH HOXYIHTE JOCTATOTHOE KOJIH-
qeCTRO jkenesa B CTAMOHAPHHX 3Besjax. Ecan ma KaKoOM-TO
aTaTe HBOJIOIMMA 3Be3ll B MX Hefpax JOCTAraerci TeMOepary-
pa mopamKa 3 ~— 5 MADI. IPafycoB, IPH IIOTHOCTH BEINECT-
Ba 105108 2/ca®, To Axpa xkejesa u OAUBKHX HIEMEHTOB (wr-
Keab, K0Gampr) 00pasyoTcs B AOCTATOYHOM KOJMUECTBE.
OjHaKo, BepOATHEE BCEro, IMOCTPOGHME BTHX DJIEMEHTOR Ipo-
ACXONNT IPH B3PHIBAX 3BE3T.
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Bonee Tsiensie 9iIeMEHTH, € ATOMHEIM BecoM OOIbINNM,
gem 60, moryr GMTH TOCTPOEHLI TOJHKO B IpoIECcce 3aXBara
HeiiTponoB (s- M r-IMPoUECccHl) M IPOTOHOB (p-upoueccur). Be-
posiTHEe BCEro, 9TO MPOMCXONUT IPH BCHOLIMKAX CBEPXHOBHIX,
KOr[a B MEAPAX 3Be3J], XOTA U 09YeHb KPATKOBPCMEHHO, BOZHH-
KA10T 00JIACTH ¢ 0YeHD BECOKOI TeMIepaTypoit, 1o 4—>5 mapr.
TpPa;yCcoB i 0YeHL BEHCOKOM mirorHocTh0 — 10 10°—10° 2/cn?.

TeoperuuecKkue PacueTsl TOKA3AIM, IT0 MO/KIO 00BACHUTD
nafmopaemoe obmaMe XHMUTECKNX dJeMeHToB, o0pasoBas-
IXCA OPH BCTOHIMIKAX CBEPXHOBBIX, €M 1ofo0pars TemMuepa-
TYDPY H TJIOTHOCTH BEIECTBA COOTBETCTBYIOWMM 0GpasoM.

Eme ofma Bo3MO;KHOCTS 00pPa30BAHHEA TAMKENLIX dileMeH-
TOB — IIAJicHIe BeIIecTBa, 00OTaToro BOJOPOIOM, Ha HOBEpPX-
HOCTH OveHb ILIOTHOH 3Besfibl, 0eloTo Kapimka, Ife yike HeT
BOJOPONA. 3[lech Toske BO3MOsieH p-IPOLecc.

Hrax, Mu BuguM, 9To 00pasoBaHme XOMHYECKHIX DJIEMEH-
TOB TPOHCXOOMT NPERMYIMECTBeHHO NPH BCUBIIKAX ‘3BE3J
¥ [IpYyTAX mpomeccoB B3peiBHoro THHA. IlocKompRy B3PHBH
3Be3] ele He YIaXoch H3YIATH ¢ JOCTATOUHON MOJHOTOMH, MEL
DJI0X0 SHAEM W IPOMCXO;KAeHWe XUMHUecKoro cocraBa Bce-
JICHHO.

Mepeiinem Temeps K 0Y0HD MOTDYJIAPHOHE B mOCiAefHee Bpe-
M#A (HEHTPHUHHON aCTPOMOMHAI.

Kax Mpl y;ice 3HaeM, dHepTHfA, BHeseMasaA OPH TePMOA-
AepHHX peakmuAX, 6oabmeil yacTblo yHOCATCA (OTOHAMA —
KBAHTAMN DJeKTPOMATHHTHEIX BOJNH. 3aMeTHAA YACTh dHEPrHH
YXOMAT ¢ MO3UTPOHAMH, a TO W mpocTo coolmaercs AnpaM B
dopme kmmerTHuecKoii »Heprum. Bea ara omeprma OsicTpo,
NpaKTHYecKA MTHOBeHHO, npeBpamaercsa B temnory. Ho kax
B HPOTOHHOII IOCIeI0BATENBLHOCTH, TAK I B YIJIePONHO-230T-
NOM IMEIe NPUMEPHO AeCATh NPOIEHTOB BLIXOA DHEPIHM
NPEXOIUTCA Ta Mol HeliTpmuo., Jra DHEDPTHA He MOKeT Ipe-
BDATHTHCA B TEINIOBYI0 — HeilTpHHO 06IafaloT OTPOMHOIL Ipo-

niKaoneil cnocoGHOCTHIO, M XOTS OHE 00pa3yIOTCA B IeHTpe

3BE3NIBl, HeliTpuHo cBoGOTHO MPOXONAT uepes BCIO ee TOoJImy,
yuocs ¢ cofoit Hapysry 1 morydaennyio mmu aHeprmo. [loaromy
MBI MO;KGM TOBOPUTH M O «HefITPHHHOII CBETHMOCTH» 3BE3MLI.

B camow Jlesie, OpeBpaTHEINAACHA B TEIJOTY TepMOAIepHAA
HUEPrus, IOCTENEHHO HPOCAYHBASACH CKBO3L TONMOY BBe3H,
B KOHETHOM CueTe BHIIIeT Hapysky B Bupme «foTOMHOTO H3IY-
UCHIAY, & TA UACTH TEPMOANepHOil sHeprum, KoTopylo sabpaun
NeHTPHIIO, TO/ e BHIXONUT HAPY:KY, 00yCnoBIuBasg ¢HeiTpmH-
nyio ceermMocTh». IIpaBma, o6Hapy;KETh HEHTPHHHYIO CBETH-
MOCTB OUeHD TPYLHO — CTOXE jKe NpAMoImHeiiHo, 6e3 BeAKo-
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ro B3aUMOMeHCTBUA, HefTPUHO IPOXOIAT CKBO3b 3eMIII0 I I~
Goprr ma 3esuie. Ho 1pygmoe — 9To He 3HAUHT HEBO3MOKIIO,
u npobaeMy HelTpUHHOIL CBETIMOCTH CTONT PACCMOTPETh.

IMockonbky wHellTpunHag CBeTHMOCTL OORTHEIX 3BE3T HO
HPeBHINAST HeCKOAbLKAX NPONEHTOB OT UX ONTHYECKOH CBeTI-
MOCTH, MOKHO HaJeAThCH JNINE Ha ofHapy:kenne moToka Heii-
tpuuo ot Comxuna. ITonxsoe xKonuuecTso oGpasynomuxcs 3nech
HefiTPIHO JeTKO OLEHATH: IpH 00pa30BAHUN OMHOTO AJpa re-
mist ocBobosgaerca oueprus B 4-10-% ape w mogBasercs nsa
ueitrpuuo. B onny cexynay Connme nanygaer mouru 4-10% opea
H, CIEIOBATENILHO, TaM 3a ceRymay obpasyworces 10°® amep re-
aus u 2-10°8 weiitpuno — moutn Bee onu u BrxoxsaT. Orcioga
clefyeT, UTO Ha KaSKIBUI KBAZPATHLH caHTIMETD 3eMHOl 1M0-
BePXHOCTH 33 ONHY cexyHny magaer 8-10' meiirpuno —
OIpOMIIOEe KOJHYECTBO, TOJLKO TOIMaTh MX IIEBEPOATHO
TPYLHO.

3 ckapanmoro clIegyer, 4TO I3MEpPEHHE IOJHOTO IOTOKA
HeifTPHHO MHOTOTO HAM HE [ACT — Pa3Be TOJIBLKO Boodmie oupo-
KHHET BCe MPeICTABIEINA. 0 TePMOAASPHLIX PeaKIuax, eciHil
9THX HeiiTpuHo He okaskercs. Ho amech ecTh ofHa 0COGEHHOCTS,
Mpl y:ke YOOMHHAJM, UTO B 3BE3JHBIX HepPaX HMEIOT MeCTO
HEKOTOpHle PA3HOBHANHOCTH TEPMOSAEDHLIX IIKIOB, HIPHYCM
3ech B Pas’HHIX PEAKIHAX MCHYCKAIOTCH M PasHLe IO CBoei
pHeprum HeliTpuuo. B wactiocTy, yIOMAHYTaA NPH OTMCANHA
TIPOTOHHOIL MOCTeTOBATEILHOCTH PEAKIAA Ipespamenusa Gopa
B GepuiLamil faer dWepPTHUHbEC HEHTPHHO, KOTOPHE CIOCOOIHE
npesparurh gnpo ngorona xaopa Cl¥7 B AXpo panmoaKTHBHOTO
n3orTona aproua Ar¥, vy peakumio MOrYT BLI3BATH TOJNBKO
«Gopusiey HeiiTpuno, n0o TOILKO OHII HMEIOT J0CTATOUHYIO IS
JTOrO- JHEPTID. ;

ITpasga, Takux Gopusix Heiirpuiio Cosrie HCIYCKAeT B He-

CKOJBKO MECATKOB THICAY PA3 MeHBINe, JeM OOHTHLIX HeilTpi-
Ho, W0 peakmus oOpasoBadnsa B® ouenn ciapHO 3aBHCAT OT
TeMmepaTyps u oT obmmua rejxus. Iostomy B pesynbTarte 13-
Mepenud HoToKa GOPHEIX HeHTPHHO MOKHEO OEPeeNHTh cojep-
sranue requst B megpax Comuna i ero MeHTPaJbHYIo TeMIepa-
TYPY-
B 1968 r. 6ma mpoBejera TONBTKA 0GHAPYRUTD GopiLie
neitrpuio. OHa gama 0TPHUATENBHEIL Pe3yIbTAT, KOTOPHIL 03~
HAYAET, YTO MOTOK OOPHEIX HEHUTPIHO, TAMAIOMIX HA 3eMHYIO
HOBePXHOCTD, 3aBeoMo menpmre 2-10° gacTii HA KBagpaTHbL
CANTUMETP 34 CEKYHIY.

C Tex mop maMepeHHA HOTOKA (GOPHOTo HEHTPINO BeLyTCH
peryaapHo (IOKA TONBKO B OfHOI xafopaTopmu — .aMepi-
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kanckuM Qmanrom Hesucom). Opno mamepenne (HaKONJIEHHO
pagsoakTaBHOro maoroua Ar') pmures oxono 100 pueit. Iloa-
tomy sa Bech mepmon Ao 1976 r. srioaaTensHo Gnuro mpoBe-
meno oxoxo 40 msmepenmii, B GoibpmuHCTBE CiyuaeB He yHa-
J0Ch HONTBEPAMTL cymecTBoBaHue GopHEIX Heiirpuno. Ouen-
Ka TOYHOCTH PKCIePHMeHTa DOKA3HIBAET, 9TO B DTOM CIydae
pepxHHil mpejien moToxka Heiirpuuo us Hepp CoXxHma MembIue
TpPUBeJIeHHOT0 BEIIe 3HAYenHA B mecTs pas. Ilpasma, B 1975—
1976 rr. JleBucy yaganocs, HaKOHeN, oOHAPYHATH OTH YACTH-
et (C BeIYHHO MOTOKA B JIBA PABA MEHLINEC TEOPETHYECKO),
uo 3ateM, B xonme 1976 r. ouepemunoe maMepeHue OMATH HAJO
HEYTeIIUTeALHEIE pPe3yabTaT. :

EcTh HEeCKONbKO IPHHIUIHAIBHEIX BO3MomHOCTel 00BAC-
HEeHHA 3TOTO OTPHUATEABHOIO PE3YJAbTATA, HO BCE OHH CBA3A-
HEL C CephesHol peBHAMell Mo Kpaiimeil Mepe HEKOTOPHIX 0C-
HOBHHKX DOJ0KeHNil TeopHd BEYTPEHHET0 cTpoenus seay. Or-
cyrcTBHe GOPHBIX HEHTPHHO 03HAYAET, 9TO BEPOATHOCTH IIPO-
rexauna peaxknua He® 4 He* — Be’ pomkna OHTh 3aMeTHO
MeHpIDe. JT0 Moxier OnTH, HANIPHAMED, B TOM ciydae, eCIH
temmeparypa Bemectsa B Henpax Connna membime, dem 14,4
MJIH. TpajycoB, KaKk 0TO CJAefyer H3 pacdeToB. MoskHO
YMeHBIINTH, HANPAMep, pPacYeTHoe BHAUeHHe NEHTPANbHOM
TeMIepaTypHl, eCliH HPeJIooKUTh, YTO BeCh MMeeTcA OHCT-
po Bpamaromeeca Anpo. Torfa meHTpole:KHAA CHIIA TO3BOJA-
eT cfenaTh JlaBjeHme rasa HemHoro momesnbme. Ho tpynxo
HONATH, TOYEMY OTO BpameHue He TopMmosuTces. Mosmmo mpep-
IOJIOMEUTE, YTO TeMOepaTypa B Hegpax Comnna mepuofuyecku
MEHHeTCA CO BPEMEHEM — TOT[I4 IPHBEJEHNLIC BEHIIE 3HAUE-
HUA OUPEJeNA0T JMINb CPeHIOn TeMIepaTypy, a B HACTOA-
mee Bpema Temuoepatypa B merTpe Comnnia Mosxet OHTH I HeM-
Horo mensme. Ho mescHa nprunsa Takax Koxebaumii. Mosrmo
HOIYCTHTb, 9TO B IEHTPe IPOCTO MAJO0 CONep;RauHe TelHA
(Y << 0,22). Ho Boapact Conuma Gonsmoil, oxomxo 5-10° xer,
1 37eCH, HA000POT, MOMKHO HAKONUTHCA MHOTO Temmnsa. Ilpas-
14, MOHO IPeNION0KNTE, 9T0 B Hegpax CojHna, HeCMOTpA
Ha OTCYTCTBHE KOHBEKIHH, HMEET MeCTO CIUJILHOe IepeMen-
Bampe, UTO M e JaeT e Haxamamsathesa, Ho, ¢ apyroi
CTOPOHLI, BCA COBDEMEHHAS TeOPHA 9BOJIOIHH 3Be3j| JYy4dIle
COOTBETCTBYET NPEJUON0IKEeHNI0, UTO SaMETHOILO HepeMe-
HIRBAHKA B HepaX 3Besp Her. Mokuo Tax:ke mpepmoiaraTh,
uTO CONepsKaHHe TMKeXHX odiementoB B menrpe Coxmma
MHOTO MeHbme, uem mHa mopepxmoct (1. e. Z << 0,02). Ho
KaK TAKOE COCTOAHHE MOKET BO3HHKHYTH, TO:KE TPYAHO 00L-
SICHHUTE,
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Bran nmonwmTxy ofBACHATH OTPHOATENLHE pesyanTaT
HeTPUHEOTO DKCIepPHMEHTA M PeBH3HEH caMoi Teopmu meii-
TPEHO — HAUPHMED, TPeIarajil JONyCTHTh, 4TO HEHTpmIo
MOsKeT pacmamarnes ma nyTn ot Coxmma o 3eMIH (omm mpo-
XOAAT 9TOT OyThL 3a 8 muuyt). Horma nucammes 9TH CTPORIL,
pas3ragki OTpUIATCILHOTO pesyanTaTta HQﬁTpHIIHOI‘O IRCIIe-
PUMEHTA eije He ObiIIo, HO MBI HaJIeeMCsI, UTO peieiune »roi
TPYAHOCTH HE norpebyeT KAINTAJABNOTO IepecMoTpa Beeil
reopuu Buyrpenmero crpoenus Coxnma, a cremoBarennuo,
H 3Be3 BooOIIe.

B megpax Coauma ofpasylorcs meiitpumo ¢ Goubioii
pueprueil mpm peamoil peaxmmm p - p e = D? - v,
ITH HeHTPHHO TAKKe YIABIHBAIOTCA SIEPAMII aTOMOB H30TO-
ma xaopa CI%7. Hx B 100 pas mennpure, gem GOPHBIX, TAK Y10
IPH YBEANMUCHHA TOYHOCTH H3Mepennii mefiTpHUHOro mMOTOKA
cwe B 10 pas oTu mHeiitpuHo JomkHH OnTh 00HApy:kenst. Ho
€CJH U WX He OKA/KETCs, T 0To OyJeT MOQINHHAA DEeBONIOIA
BO BCeil TeOpHI BHYTDPEHHETo CTPOCHHA 3Be3].

B meiiTpuumoif acTPOHOMHH ecTh I JApyrasd NHTepecHas
npobaema. To, wro meitTpuHEO, 00pa3yoNIecs IPH BOMOPO/I-
HEIX PEAKOHAX, YHOCAT OKOJO JIeCATH HPOIEHTOB BCEH BHIfie-
JUBILeiics DHEPIHH, MAJO BAHAET HA CTPYKTYpy ssesnsr. [lpn
cropannn reans (¢ ofpasoBaHHEM YIIepoja MM KHCIOPO/A)
Heiitpuio Boobme mHe mnomsiAlorcA. OFHAKO B 9BOJIONHH
3Be3TLl BOBMOMHHI, TO KpaiiHeil Mepe B IPHHIHIE, TAKHE
COCTOAHMA, KOTJa HeHTPUUHAS CBETHMOCTH MOJKeT IIPeBhi-
CUThH ONTHYECKYIO cpermmocTs. H uwemy oro mpmbeper?

I'. A. Tamon npeAnoIOKHEI, YTO NPH BLICOKHX TeMICpa-
Typax B He[pax 3Be3J MOTYT HI'PATH 3aMETHYIO POJIb ABIEHHSA,
rotopsie on Hazsal URCA-mponeccamu *). B oTux mporeccax
BHAYHTENBHAA YacTh DHEPTHHE YHOCHTCS W3 3Be3j] HEUTPHHO,
TAaR CKA3aTh, (TalloM», He BINMAA Ha BePXHIe CJIOM 3Be3fLl.
Ipneegem meckonsko npmmepos Takmx URCA-mpomeccos.

flgpo usoroma renma (He®) mormomaer smexTpon ¢ dHEp-
rieit 3-1078% opz (TarkEX 9JIEKTPOHOB MHOTO IIPH TeMIeparype
200 »mm. rpamgycoB) N, MCOYCTHB HDH 9TOM AHTHHEIITDIHO,
npeBpamaeTes B m30TOm Bojopoga — rpurmit (T9). Tprrmit
omaThs mpeepamaerca » IHe® ¢ meoyckanmeMm DIERTPOHA K

#) TamoB o0BSACHAET DTO HA3BAHHNE CIEAYIONNM obpasom. B Puno-
ne-JKaueiipo ecrs xasugo URCA, rpe NTpOKM He3aMETHO TePAIT CBOH
MIeHbEI, UPOMIPHBASA HX B py/ieTKy. TaK If 3Besi (OHH TOKC BPamalon-
€A) He3aMETHO TepsiOT CBOI DHEPTHI0 HYTeM NUKINYCCKUX DpOIeccon
OMUCCHH HEHTPHHO, )
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meittpuno. Bce BepEyloch B IpeKHEee COCTOAHHE, TOJIBKO
mapa nefiTpmHO W AHTHHEHTPHHO YHecka ¢ cofoM dHeprHio
nopsaaka croMmuamonsoit momm ospra. Ilpaspa, mpu Temme-
parype B 200 MIH. TpagycoB yike, BEDOATIO, He 0CTAJIOCH
snep He®, Ho npn oImcanmnmoMm mporecce AeliCTBHTENLHO HMeeT
MEeCTO YHOC dHeprum OeconpensATCTBEHHO dePes BCI0 TOMINY
3Be3[IHL.

Bropoii mpumep URCA-mpomecca — mojto0HEE ke mpe-
ppamenua N g C" m ofparmo. Ima sroro HeoOXommMEL
SICPrHE 3JekTponos okoxo 2,4-1077 gpe (remmeparypa oko-
mo 2 mapp. rpagycos); ma um obparmoe mpeppamenme C* B
N @mpoHMCXOAHT OUenb MeIEeHH0 — IepHod IoXypaciaja
cocrapiser 5600 Jer.

Bo Bpema Omictporo cikatua Bosmoskus URCA-mponec-
CHl ¢ DJIEMEHTAPHBIME YACTUNAMII, NOCKOJIBKY NpH Kol-
namce obpasyiorcs m Helltponsl. Haupmmep, meiltpon pac-
majaeTcs Ha IPOTOH, AHTHHEeHTpHHO M BJexkTpon. B cmolo
ouepefk BSAEKTPOH BaXBATHBAETCA IIPOTOHOM M obpasyer
neliTpor m Heiitpmuo. B mTore HeHTPOH ocTaNcH HeildTpoOHOM,
a mapa HelTpHHO — AHTHHeATPHHO VHeECHa SHEPTHIO.

Hejitpuso m aHTHHEATPHHO TaK;Ke MOU'YT HOABIATHCA H
Opm Apyrux ¢usmiecKux Ipomeccax, KOTOPLIe BIOJHE BO3-
MOJKHBL eCJIE M He B oOBIYHBIX 3Be3ax, TO Io Kpaimell mepe
Ha TeX CTAJUAX IBOJIOIUI 3BE3JH, I/le TeMIepaTypa HacTodb-
KO PesKo IOBHINAETCA, UTo B rase ofpasyercs Godbplioe Ko-
JAUIECTBO DJIEKTPOEHO-TIOSHTPORHEIX map. Ilpu anHEmransnmm
OTHX @Oap reHePHPYeTCA O4YeHb MHOLO TaMMa-KBAHTOB Ha-
CTONBKO OOJNBIION DHEPIHUH, ITO IPH CTONKHOBEHUE ¢ APYTIMA
YACTHIAMH MX 9HepPruA APoOUTCA mo APYIHuM, BHOBBL ofpasy-
TOMEMCS YACTHILAM, B TOM YHCJIe T HeHTPHHO U aETHHENTpuHo.
Tpyamo wmarasgHo o6BACHHTL (UIHKY 9THX ABIeHMI, HO
€CJIM BOCMOJL3OBATHCA TPYOOIl amadormed, To MOMKHO CHa-
8aTh, YTO OPH CTOJIKHOBEHHWN OEICTPHIX TacTHI (raMMa-KBaH-
TH — TO/Ke (JaCTHIE) BO BCe CTOPOHEI JETAT CaMele pas-
JHYOBIE «OCKONKHY. A Jaiblle ITPONCXOANT CjeIyomee.
TamMa-KBANTS, DJIGKTPONE, MO3UTPOHEL H APYIHe FACTIUIE
6HCTPO OTHAIOT CBOIO DHEPIUIO cpele, T. . PaKTHICCKI BO3-
BpamawT ee obparmo. [Heifirpmio m anTumeliTpmHO VHOCAT
NONYYeHHYI0 HMII DHEPIHIO 34 NPENENLl 3BE3JIbl U TeM CaMbiM
GricTpo ee oxaaskJanT. BepoATHOCTH 3TOr0 MPOMECca OXJIas-
Jenua OLICTPO YBeNHYMBAETCS ¢ POCTOM TEMIEpPATyPH: IPH
TeMIeparype B OANH MJIPA. IPATYCOB OJHE IPAMM BeIlecTsa
repser okoxo 10 spz 3a cerymgy, a mpH TeMmeparype B
2,5 mapn. rpagyca morepu yixe cocraBamior 101 ope/z.cex
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(mpm p = 1 2/cex’). 10 orpommse moTEPH, HAMHOTO IPEBOC-
X04AMHAe BBHIXOJ DHCPTHH B TepPMOAJEPHHX peaKIufx.
IIpaspa, Takme Goabmme Temmeparyphl, BEPOATHO, pefi-
KO BCTPEYAlOTCA B 3Be3gubIX meppax. Opmako 0Ka3BIBAETCA,
YTO B HE CAUNIKOM TOPAYUCH, Ho 3aTo INoTHoil IaasMe Heilt-
PHHO H auTHHelTpIIo MOTyT 00pasoBaTLCH HPH pPacmaje Ha
OTYy mapy ojHoro ramMa-wBanTta. MaxcHMansiioe BIgerelne
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Puic. 7. Pocr meiiTpumHOil CBETHMOCTH IO MEPE YBEINTCHNA HEHTPATL-

noit Temueparypsl. Illlrpnxamn ofo3madcHa HeliTPUEHAA CBETAMOCTD

Ha ONpeJeNieHHEX CTANMAX DBOMIOIIM 3Be3AL (IITAHN, COOTBETCTRBYIONHG
HOBEIM M CBEDXHOBEIM, BechMa THIOTeTHWHLI).

DHEPTUH, KOTOPOE MOMKHO NOJIYIATH B BTOM IIpoLecce TPH
p=10% 2/fem® m T = 4.10°® rpapycos, mpmmepHO DaBHO
10°® apefle.cer. 3mech 3aBHCHMOCTH, OT TEMIEPATYDH BHIPaLie-
na cnabee — opu p == 108 2/em® n T = 2,5-10° rpapycos
puixox smepran mopsgxka 10° apa/z-cen.

HOaa rpy6oif oeNKH BHICICHIA HYHEPTHN B BUJE HeEITpII-
1O MOMKHO II0NL30BATHCH npubmukenHoil dopmyitoi

8

T
= 1018 —Pi apefz- cex, (20)
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rne Ty — TemmepaTypa B MIDHA. Ipagycos. dta opMyia copa”
seqmasa npm p << 10° e/en’d. Ilpu p > 107 2/fem® nyqme
OpHMEHATH APYTY® Qopmyny:

e = 1087} ope/z.cex. (21)

Taxmt o0pasoM, ME BOpaBe OKHJATE, UTO €CJH DBOJIO-
INA 3BE3[IH CONPOBOMKIAETCA DPOCTOM €€ MEeHTPATbHLIX TeM-
mepaTyps I IIOTHOCTH, TO ¢ TeYeHuHeM BPeMeHH ee HelTpHH-
HaA CBETHMOCTH MOKeT CIIbHO BoadpacraTe. Ha pme. 7 mo-
KasaH NIPHMepHHHl pocT HeHTPUHHON CBETNMOCTH 3Be3fHL C
maccoit mopanrka Maccer ColHIa mo Mepe pocTa ee ICHTPAJIb-
mnoit Temmeparypsl. IITpmxoBBle JIHHREN NIOKA3LIBAIOT HeiT-
PHHIYI0 CBETHMOCTEL HA OIPeJeleHHHX, IPaBja, IIHIOTETH-
gecKHX (pasax 9BOIHOINN 3Be3J5l. ¥ CBEPXHOBEIX HeliTpHmmas
CBETHUMOCTH MOKET B MINIIHAD/H Pa3 IPeBBICHTH ONTHIECKYIO
ceermmoets Coamma. K coskanennmio, y Hac moKa Majo IIaH-
COB IPOBEPUTH 9TOT peayibrar Habmiopenmamu. Hpome roro,
AWTENBHOCTh HeHATPHHHOI CBETHMOCTH CBEPXHOBEIX BCEro
orono 20 MIIIHCeRYHI.

Boamosknoctu ofmapyskenns Heiitpmmo Ghiim pacemorpe-
unt cosercknM ¢mamxom B. IlomrexopBo, KOTODHIL MOKeT
CUUTATHCA OJHIM U3 QCHOBAaTeJel HEHTPHHHOI acTpOHOMUN.

Taasea namaa
IIJIOTHBIE 3BE3[bI — BEJLIE KAPJIHKN

OnmcLIBas Pa3IHYHEIE 3BE3HAE HOCAe/[0BATENLIOCTH, MEI
OTMETHJIH 0c00yio TPYyOOy 3Besj[, HaskBaeMEX OeJHMH Kap-
JIAKAMH U XaPaKTePHHIX CBOMMH OIDOMHHMI IJIOTHOCTAM.
Orcroia cnenyer, 4To 3Be3j(Hoe BEMIECTBO B GeJBIX Kap/IHKaxX
ofmagaer ocobniMu cpoiicTamu. Eme ofHa xapaxTtepHas oco-
GeHHOCTH BTHX 8BE3J: eCJI ME IOUBITAEMCS IOACUUTATDL TeM-
pmepatypy B Heutpe Gexoro Kapimka mo gopmyne (5), To mo-
AYYEM COTHH MHJUIMOHOB TpajiycoB, TaKk KaxK MacceH 9THX
3Be3[[ CPABHUMBEI ¢ MaccaMu o0HIYHBIX 8Be3[, a DATHYCH B
HeCATKH pas Meubmie. IIpu Takux TeMIepaTypax B 3BE3[IHOM
BeHleCTBE JIO/KHO BBLIAEAATHCH OTPOMHOE KOJHIECTBO Tep-
MOAIEPHOIl SHEPIUN, a MEKAY TeM CBETHMOCTL OelHX Kap-
JIIKOB Malla — MHOTO MEHBIIE CBETHMOCTII OOBITHEIX 3Be3[
TOH e MACCHL.

QuesnpgHo, 9T0 TeMmepaTypa B Hejgpax 0esoro RapJHKa
ue Moxier GuiTh olpesieseira mo Qopumyae (). Haxoil us asyx
(UBUTECKIIX 3AaKOHOB, HA OCHOBE KOTODBIX OLIIa HoiydeHa
sra OpMyIa, HENPUMENNM IS 3BE3JHOr0 BeuecTsa Gelnix
rapanxos? ComHeBaThes B OOIIHOCTH 1 IPHMCHHMOCTH 3d-
KOHa BCEMHPHOTO TATOTenma e mpuxojurcs. Ocraercs Jo-
HYCTUTh, UTO 3BE3JHOE BEUIeCTBO 0eNLIX KAPIUKOB HE IOf-
THIAETCA 3aKOHY TazoBoro cocrosnmsa Huaameiipoma. C apy-
roif CTOPOHEI, OYEBHIHO, YTO OHO HE MO:;KeT OHITH TBepjnM (B
00BLIYHOM CMEICJIE BTOFO CJA0BA) MiW KEAKm:, 100 nake Ha
IOBEPXHOCTH OeIEX KapJIMKOB TeMmmepaTypa JOCTHIAer
10 000°, a BuyTpm oma, oueBujHo, JoukHA OuTH Golibure.
Hpoye Toro, mI0oTHOCTE TBEPALX H sRIJKIX BEIIECTB, B KOTO-
PHIX ATOMBI 4IJIOTHO YUAKOBAHE» TaK, ITO OHU COIPHLACAIOT-
Csl CBOUMI 9JEKTPOHHEIMH 000JOYKAMI, Te IPEBHIUIAET
20 zfenmd. IlnorHocTh ke GeNBIX KapIANKOB B JECATRI THCAT
pa3 Goablie, CHCKOBATCIBHO, B BemecTse OGeJbX KapJaHKOB

' (i



PACCTOAHAA MEAY HEHTPaMH ATOMOB HOMGKHE OHITH B HeC-
.KOJIBKO [OCCATKOB pas MeHbIIe, YWeM B 06LIT{III')IX TBe pOLIX I
*JKIIKIX TeNax, B KOTOPBIX — MBI MOTTEPKHBAeM DTO — AaTo-
Mut «compuracaoTes». [loaToMy B BemecTse GeNLIX KapINKOB
ATOMEL JOJGKHE OHTH PaspyIOeHsl I DXCKTPOHLL OTJeTeHLl OT
simep. Taxoe BemecTEO Heab3s HasBATh TBEPABIM WIH KO-
KHM arperatHbIM COCToAHHeM, nfo TRepHoe TeNo I JKEIKOCTH
MOCYT CYIMeCTBOBATH TOJMBKO TOTHA, KOTZA aTOMBl COXPAaHA-
I0TCA IeNHKOM (CBOMCTBA TBEPOBIX Te I JRIKOCTEl ompe-
[EeNAIOTCA XHMHIeCKAMO CBOMCTBAMH ICJHEIX aTOMOB).

TazoM HABHIBACTCS TALOS COCTOAHIE BEMECTBa, IPH KOTO-
POM, C Of[HOII CTOPOHEI, COCTABIAIINUE €r0 YACTHIEI HAXO/[AT-
cA Ha GONBIINX PACCTOAHUAX JPYT OT npyra (MHOTO 00Jib-
IIX, 9eM OX PasMeprl), a ¢ APyroil CTOPOHEI, YaCTHIEL rasa
¢3060JHO ABIGKYTCA B IPOCTPAHCTBE, 33 ICKIIOUEHHEM Kpar-
KUX MrHOBenmi mx croixuHosenmii. [lepsoe ycirosme B Bemie-
¢TBe OeJHIX KRAPIWKOB BEIIOJNHEHO BCEI[a, BTOPOe — WFac-
TraHo. B NIoTHHX OeNbX KapiuKax oroJieNHbie sipa aToMOB
He MOTYT CBOGONHO ABUTATHCH, a KOMeBMIOTCA OKONO HOJo-
Wenmil paBHOBECHSA B CBOMX «AUellKax», 9To KaK paz m Xa-
paxTepHO pnuA TBepAEx Ted. OpHAKo OCHOBHEIE CBOICTBa
BelecTBa O€IHIX KaPIHKOB OIpENeIAI0TCs DHIACKTPOHAMH, I
DTa (TBEPAOCTEY AJIEPHOI COCTABIAKINEll BemecTsa He WMeeT
CYIIECTBEHHOI0 BHAYEHIA.

Hrax, semecTso GeNbHIX KapJIHKOB, COCTOANNeEe 13 OTHENb-
HEX DJIEKTPOHOE H OTONEHHLIX ATOMHBIX fmep (T. e. m3 Tex
7Ke CAMBIX YACTHI[, N3 KOTOPHX COCTONT BEIIECTBO OOBITHEIX
3Be3[I), ecTh ra3, Ho Gaaromaps 00JBMIOH MIOTHOCTI U OTPOM-
HOMY MaBJEHHII0 2TOT rasd obmajgaer HeoOndaiinuimm cpoiict-
payu. Taxoll Ta3 ODPHHEATO HABLIBATH BLIPO/KACHHEIM, M eT0
CBOICTBA MHI ceilgaCc DPacCMOTDPHA,

s eToro HadHeM, KalaXoch ORI, C COBCeM ADYTOi cro-
poust. Pacemorpum ofLKHOBeHHSIH aToM Kakoro-mufo xi-
Mmueckoro dgaementa. Ilis ompenenenHocT BHIDepeM KICHO-
poxi, Ho ModHO ONJI0 OH B3ATH M aToM J00r0 2JemMenta,
KpoMe Bojopopja. ATOM KHCIOPOJa COCTOMT 13 ANpPA I BOCH-
MI 2JEKTPOHOB, KOTOPEHE 00pamlaioTcsa BOKPYT AOpa Ha pas-
WHIX opbuTAX, IMPHYEM Ha TPexX N3 HHX IMeeTCs ABA DJIEKTPo-
Ha, a Ha OBYX 10 OJHOMY. YTOTHASA 3TY MOJIEdb, MEI MOREM
A00aBUTE, YTO B KasKJAOH mape 2JIeKTPOIOB Ha oXHOI opdure
ONUH 3IEKTPOH IMeeT ofHo HANpPABIEHIe CIOHHA, T. . ma-
npaBlieHne co0CTBEHHOTO MEXANHYeCKOTO MOMEHTA, a Apyroil
—~— NPOTHBOIONOKHOe. ITH OPOHTH PACHOJNOKEHLl Ha pas-
AMUHEX paccTogHEEAX oT gppa. Ila  camoli  BHyTpemmeil

76

HMeerca [ABa 9JIEKTPOHA, APYIHe JJIEKTPOHEL PACIOJIO0KEeHE!
Ha Gosee BBICOKIX opOHTAX.

Cpasy e BOBHWKaeT BOIpOC: IoueMy Ha KayRAoH opbmTe
He Gounpmme npyx auextpomoB? IToyemy 2ieKTPOES ¢ BepxXHeH
opOuUTH He mepecKowaT Ha HIDKOOIO, OCBOGOANB NPH DTOM
€Boi* 3amac moTeHIuaNbHoil omeprmu? Bepgn Mer smaea, uTto
QIEKTPOHL B ATOMAX MOTYT CBOGOJIHO IEpPeXoiuTh ¢ 0pGITH
na opbuTy, M3AYIAA IV MOINIOWAA IPH dToM sHeprino. Oxa-
SHIBAGTCH, YTO TaKue IIePeXONEl BOBMOMKHEL TOXBLO TOTHA,
Korga ma ToM opbnTre, Ha KOTOPYI0 IIEPeXORHT JJIeKTpom,
anfo HeT COBCEM DIEKTPOHOB, JUG0 €CTH TONHKO O MIeKT-
pou. G gpyroii cTOPOHEI, MEL BHAEM, UTO €CIH Y MeXaHNYeCKol
CHCTEMEl eCTh 3amac MOTeHIuAJsHoll sHeprnu (Kak, HANpH-
Mep, ¥ HOOTHATOTO TPy3a) M eCcIH HOTeHNUANLHAA JHEPTHA
HMeeT BO3MO;KHOCTh HepeXoquTh B KUHEeTHYeCKYH (y DoAms-
TOr0 TpPy3a — BOBMO;KHOCTH YIACTL), TO OHA HE 3aMeNIuT
9TO CHEIATh. JHATAT, B ATOME UTO-TO MEIIAET BEPXHHM DJIEK-
TPOHAM 4YIACTE) HA HIUKHIE OPONTE, 3aHATHIE JBYMSA BJIEKT-
pouamu. ITouemy Ha ommoil opbure momemaercs He Goxbime
ABYX 9JIEKTPOHOB, K COKAJIEHHIO, HATIAAHO O0DBACHUTH
TPYIHO, €CJH OCTABATLCA B PaMKaX MKOJIBHOTO Kypca ¢m-
3UKH. JTO OJHH U3 3aKOHOB KBAHTOBOH MeXaHHUKN, HashBae-
muiit mpummmmoMm Ilayam, Koropsle BooOme He DOAJAIOTCH
HATIATHEOMY HCTOJKOBAHMIO.

Hamo oTrmeraTth, 9To 3T0 CBONCTBO HIEKTPOHOB Habmioma-
eTCi HMe TOJLKO B OTAeNBHBIX aroMax, 0o M B MeTajjax.
specrno, uTo B MeTalxlaX ecTh TAK Ha3nBaeMble cBobomuLie
paexTpounl. Kamerii aToM B MeTajlie TepaeT IO ORHOMY HIK
no nBa HanGoaee craboCcBA3aHHBIX BHENIHAX 9JEKTDOHA,
HOTOPEE MOTYT CBOGOMNHO TepefBUraThLes N0 MeTalny. JTH
cBo0oMHEbE AEKTPOHE IEPEOHOCAT JICKTPHIECKUI TOK I Tel-
JIo, UMEHHO TOITOMY METAJJIBl M ABJAIOTCA TAKEMH X0POIN-
MII OPOBONHUKAMA. B AMdIeRTpPHKAX BCe HAEKTPOHBL 0CTAIOT-
¢s1 BaKPeIMeNUEMI B CBOMX ATOMAX,CBOOOJHLIX BIEKTPOHOB
TaM HeT, MOITOMY IUIICKTPUKI He IPOBOMAT DIEKTPHUECKOTO
toKka. UHCIo CBOGOINMEIX DIEKTPOHOB B MeTalmax Judo npu-
MEPHO PABHO WHCIY ATOMOB MeTajia,anfo B jpa pasa 0olb-
me. RHaykpwil cBofofunit 9IeKTPOH B MeTANIe ABIGRETCA IO
CBOGH TPAEKTOPHN — HEKOTOPOIl JMHHII, ITPIMYCM IPH ABILKE-
NI IO DTOH TPACKTOPHH DJIEKTPOH TAKMKEe MMeeT ompenesiern-
nyw cropocte. W B sroM cIywae Ha OfHOIL TpaekTopnil e
MOsKeT OHTH GoMbIDe JBYX DJAEKTPOHOB, NBIDKYLUIMXCA ¢ OfH-
HAKOBEIMIL CKOPOCTAMU. M 3fech COIIHEI 9AeKTPOHOB TO/C pas-
nuvusl. Eean ke mo ommoif B Toif jKe TPAeKRTOPHI JABIAYTCH
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epu u Gojlee 9JIEKTPOHOB, TO Y HAX 00s3aTelbHO JAOMHAL
OHITH PA3IMIHEIMII DHEPIIIL I CKOPOCTIL. ITpaspma, mosxer BO3-
HHKHYTH BONPOC: A BAWEM M, CODCTBEHHO, JBHTATLCA MO
opmoit T TOM jKe TPAGKTOPHH — MeCTa B METaJlie MHOTO,
nycTs ABIGKYTCA II0 JIPYIHM TPAGKTOPHMAM — BeAL IIX, Ka-
3aJ10Ch OBI, MOJKHO IpoBecTiI cKoabko yroamo. Ha camonm je-
ne oTo He Tax. OnxasnBaercs, UTO KAK B aTOMe JJIEKTDOHEI
MOTYT JBUTATLCH TOABKO IO BINOJIE OHPeeeHHbIM opdu-
TaM, Tak I cBoGO/HEIE DIEKTPOHEL B MeTallle MOT'YT ABATATE-
Cfl IO BIIOJHE ONPEeJeHHLIM TPAeKTODPHUAM, OTCTOAMBM APYT
oT jApyra Ha mexoTopsie paccrosmms. Tamxmm ofpasom, X
376Ch €CTh TPAEKTOPMH, KOTOPHIe MOCJCAOBATENHHO BaNMMa-
loTcs mapaMmm 2jexTponoB. CaepyomuMm siexTpoHaM IPHXO-
NETCA camuTheA» Ha Godee «yjalieHHbIe) TPACKTOPHH HIH
IBHTATHCA ¢ OOJIBMIAMH CKOPOCTAMI.

Hamo orMeruTs, 9TO, CTPOTO TOBOPA, B KBAHTOBOIM Mexa-
HEKe HeT IMOHATHA ompejeinenHsie TpaeKkropum». Mokuso ro-
BOPHTH JIHIIb 0 BEPOATHOCTH HAXO/KICHHA ¥ [BIDKEHHA JIEK-
TpoHa B JjanHoM MecTe mpocrpamcrsa. Iloaromy gmraTens,
[oMeaaBmuii COXPAaHATH CTPOTOCTH BHIPAKOHMI, JOJIKeN
BCIOY IO TEPMHHOM «OIPejleJeHHas TPAGKTOPHA» IHOHAMATH
KBAHTOBOMEXAHWYECKHH TepMHEH «ONpefefeHHOe KBAHTOBOP
COCTOAHHEY,

Campie pasHooOpasHEle (I3MTECKHe ONKITHL I WX TEOPeTH-
yeckasd HHTEPOpETalis OPHBOJAT K 3aKIOUEHHIO, WTO ITOT
HOBHI BAKOH HABIAErcA VHHBEDCAJBHHM (H3HUECKHM 3aKO-
HOM H J0/sKeH OHTh IO9TOMY CIPaBeJIMBHM H JJIA 3Besf.
Ipamennm teneps npuanmn Ilaymm nias o6bACHERHS Iapa-
KOKCAJBHLIX CBOHCTB GEJNEX KAapPIHKOB.

B mauaje 9Toil TIAaBH MH OTMeTH/H, 9To Girarogapa 6oas-
mo# MIOTHOCTH BEEecTBA B HegpaXx OeJnlX KapJIuKOB ATOMEL
TaM pasApoGIeHH, DIEKTPOHH OKA3AMHCh CBOOONHEIMHI I,
Ce/[0BaTeNBEO, OHM JOJKHEL ABATATHCA Temepb He o opbm-
TaM BOKDPYL A[ep, KAK B aroMax, a IO HE3AMKHYTHIM CJO-
HEIM I TaCTO HeNPABHILHHEM TPAeKTOPUAM, KaK cBoOomHbIE
DIeKTPOHK B MeTajuax. Ecam orojeHssie sapa MOTYT CBO-
Gomuo ABNTAThCA, TO OHH 00pas3yioT ra3 aTOMHEIX 0CTaTKOB.
Bupouen, [pmikeHHe ATOMHEX sIep MaJo BIHUAeT Ha CBOI-
crBa Oeapx kapiakos. CeoOopfHBIE DIEKTPOHEL B 3neslie, TAK
jké Kak M cpo0ofHBIE SJEKTPOHEL B MeTallle, NOIUNHAITCA
ppuannny Hayau. Iocmorpnm, aro m3 sroro caexyer. Ilpmn-
upn llayam msmenser moBefeHHe BelecTBa TOJNBKO TOT/A,
KOIjJla UHCJIO DIEKTPOHOB Goibme, 9eM dHCI0 CBOGOMHEIX
TpaekTopuit, Ecam jKke dIexTpoHOB MeHBINE, TO IPHHIIND
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TMayam, XoTA M 0CTAETCA COPABEIJINMBEIM, HO HUYEro He JaeT
— KBl sIeKTpon MoskeT BHOGpaTh cefe cBoboany0 opbuty
1 [BUTETBCA TO Heif ¢ mpomsBoabmoil cxopocrbio. Tax o6-
CTONT [ei0 B 0OBIYHLIX BBe3JaX, IZie Toke MHOTO OTOPBAHHEIX
OT Afep cBOGONHEIX DIEKTPOHOB, Ho eme Goxnure cBOGOMMAIX
rpaexropuit. Huoe nonoskenne B Gexasix Rapamkax. Ilockonb-
Ky TaMm INIOTHOCTH Topasjio Goxubure (a cunepomartessno, B 0
HOM KyGHmYeckoM CAHTHMETDEe MHOTO GOXBIIe 9IeKTPOHOB, TeM
B 3BE3]THOM BeNIecTBe oOLIYHOI B3BE3JL), TO CBOOOIHEIX Tpa-
eKTOPUIL 7IA BeeX DIERTPOHOB TaMm me xparaer. GrefoBaTelb-
10, 2AEKTPOHL B BemecTBe OelNHX KaDIAHKOB BHHYHICHE 3a-
EHMATH OJ(HH I Te 3K TpaeKkTopun n B cuiry npuununa [Mayam
HOJSKHEL JIBITATHCSI IO HUM ¢ PA3HEIMHI CROPOCTAMH.
Teneps HOCMOTPIM HA 9TO 3BE3/IHO6 BEIIECTBO ¢ MECKOJIb-
KO IpPyroil Toukm spenus. BosbMem BemecTso o0HYHOIl 3Be3-
Il TIPH CPaBHUTENbI0 HeGoXbmoil IIOTHOCTH, HO HATPeToe
0 MUJIJNHOHOB TPAJyCcoB, II HAYHEM 3TO BEIeCTBO OJIHOBpE-
MEHHO C;KHMATh M OXJUKZATH (0XJIaKaaTh Heobxopmmo, ubo,
KAR W3BECTHO, NP CRATHH ras marpesaercs). Ilpm cikarmn
3BE3IHOTO BENIECTBA B HEM YMEHBIIAETCA KOJMIECTBO CBO-
Gomubix Tpaextopuii, C Apyroil CTOPOHEI, IIPI OXJasRACHHI
3BE3IHOT0 BEMIecTBA MLI OTHIMAEM DHEPTHI0 § JIEKTPONOD
M ATOMHLIX AJEpP H, CIeJOBATeNILHO, YMEHBIIaeM WX CHO-
poers. Hak sosro mpomece e¢:Ratnsgi M OXJTaMKJCHHA rasa
MOIKET TpPOJOLKATHCA I K demy o mpusemer? HomycTi,
YTO MH JOCTHINI TaKOro COCTOAHIA, KOTJa 9TICIo Tpa-
eKTOPHIl YMEHBIINIOCH 1O YHCIAa DIEKTPOHOB; HAYNHAA ©
DTOTO MOMEHTa, BCE TPAEKTOPIII ORA3LIBAIOTCA BAHATLIMH.
IIpu manpueiime c;RaTHI o ofmoif TpaekrTopuum Syaer nmu-
PATHLCA TO HECKOALKY diexrponos. B cmay npummuma [Taymu
oHIl MOIUKHH GYAyT mMerh pasHile cropocrir. IIperxparim
remepb CRaTie, W0 mpopoiukmM oxiazterme. IIpm orom,
KAk MBI 31aeM, YMEHBIIAeTcs CKOPOCTL BCEX WACTHI[, B TOM
yicae I 2AeRTPoHoB, Feanm 6B MBI MOININ OXTIAJNTE 3BE3JII0¢
pemectBo sio abcomornoro nyas (—273° nmo Ifenscmo), To
BCe WACTHIE JMOKHHE GHAN OH OCTAHOBUTHCH — BeAb adco-
AOTHHI HYJI6 TEMIEPATYPH KAk pas TeM M XapaxTepeH, 4To
AP DTOM IIPEKPAN{aeTCsa BCAKOE /IBIKEHIe aTOMOB, MOJIEKY.I
u apyrax vactum.' Ho saexTpomst B mauieM B3BE3JTHOM Belle-
CTBE OCTANOBHTHCH He MoOryT: coraacmo npmimuny Ilayum,
HAXOMACDH HA OJHIX M TEX /Ke TPAeKTOPHAX, OHIL JOMARILL ABH-
raTocA ¢ pasuemu ckopocTsamu. Ha xampjoll us TpaeKTopHit
MOKET OCTAMOBHTHCA JAMIIL IO ABa daexrpoma. Taxmu obpa-
30M, OXJaJIl 3BE3JHOE BELIeCTBO, MBI OTHIONH HE OCTaHO-
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BUIM BIEKTPOHL. BepHeMcsa ONATh K CHGATOMY I HATPETOMY
3BE3HOMY BEUlecTBY W TIPOJOIIKIM ero cikarie Tak, qTOGHE
Ha Kaymmoil TpaeKTopHH G0 6Bl 0YEHH MHOTO JJNEKTPONOB.
Yenm Gompile JIAEKTPOHOB Ha ofHoH II Toll Keé TpaexTopuu,
reM B GOJBIIEM HHTeDBAJIe CKROPOoCTell OMIT JOMRHLLI IBUTATBCA.
B TaxoM BeIIeCTBE CKOPOCTH YACTHI[ B COOTBETCTBHII C IIPHH-
muanom Ilayam cramopares Gosblne WX TENJIOBBIX cKopocTeil
W HarpeBamme I OXJadgeHHe O9TOTO BelecTBa IO Oyner
3AMCTHO BANATL HA CKOPOCTH JIEGKTPOHOB.

Taz, B KOTOPOM BIEKTPONEl BAHHMAIOT BCE TPAEKTOPHI II
JBIGKYTCH € GOJBIIIMI CKOPOCTAMH (B COOTBETCTBHII ¢ HPUH-
mumosm  [layim), Ha3LIBAETCS  GUPONHCIEHHVM IACKMPORHULM
eazos. BHpPOskAeHHB DICKTPOHHHIL rad MOKET UMETH JIo-
6y TEMIEpaTypy M OCTAHeTCA BEIPOKIEHHEIM, €CNI TONBKO
CKODOCTH 3JIEKTPOHOB CBA3AHEL € HEOOXOAUMOCTHIO 3aHMMATH
OFII I Te ;K¢ TPAGKTOPHI I OCTAIOTCA GOMBIIMMH IO CPaB-
HEHNI0 ¢ TEIJIOBEIMH CKODPOCTAMI.

Temeps paaGepen BODPOC 0 JABJIEHHII BHIPO/KIIEHHOTO Tasa.
IMomyTHo 3aMeTuM, 9To JaBleAne ofLTHOTO ra3a OpH HEBKOIT
TeMIIepaType Malo: Benb mo dopmyne Hiameiipoma pasienne
IIPONOPIIOHANBHO TeMIepaType. B wacTHOCTH, €/ MOMKHO
OHII0 OB MOAYYNTh ra3 OpI abCOMTHOM HYyJe TeMIepaTyph
(puamueck: 3T0 HEBOBMOKHO, TAK Kak TPU HE3KoI TeMmmepa-
Type ai000il ras CHRIMKAETCA), TO €ro JABjieHHe TOXKe PaBmsl-
Ioch OBl HYIO.

MspecTHO, 9TO MABJIEHNE €CTh HMOYJILC, HepPefaHHLIl Tpa-
MHYHoil CTeHKe IPH CTONKIOBEHHN ¢ Hell MoJTeKyJ rasa. B ca-
MOM Jele, MOJeKyJda rasa (ooKa paccMarpmBaeM OOBITHBIIL
ras), Hajeras Ha CTEHKY, Ilepefaer eii CBoe KOIUYECTBO JBH-
skenna (UMOyJbC), 3aTeM OTCKAKMBaer 0T Hee, eme pas e-
penapas eit Taxoe ke Koiamdectso jpirenma. OgeBH/HO, UTO
yem GoJbIIe CKOPOCTDL JBIZKeHUA MoJeKkyn (Goiblie Temme-
patypa), Tem Gonpmmil NMIYIBC, ONH IePefaloT CTeHKe, TeM
Gomplie W naBieHme. IlemofBILIHEIE MOJMEKYJIH HIKAKOLO
HMIYJILCA CTEHKe He Mepejalor.

BoiposkeHHbIIT 2IeKTPOHHbIL a3 AOJKeH, KOHETHO, 0Ka-
3EIBATH /ABJICHIE HA CTEHKY, TAK KAK B HeM JJIEKTPOHELL J{BII-
MyTCA ¢ GOMBIIMMI CKOPOCTAMI IT HIYTO HE MEIIAeT IIM CTaji-
KHBATHCA CO CTEIKOH I mepemaBaTh eil cBoil HMIYILC — Belb
MOCJIe OTPASKGHUA OT CTEHKH OHII IPOXOIRAIOT JBULATHCS
¢ TOI ke CKOpPOCTHIO, HO TOJLKO B IPOTHROUONOKHOM Ia-
npapiaenun. Bosee Toro, paBileHme BHIPOMIJEHHOTO Tra3a
noKHo OEITH 0UeHB Benmko Grarogapa GONMBUIIM CKOPOCTAM
JMeKTPOHOB, A TAK KAK CKOPOCTH JIEKTPOHOB OCTAIOTCA
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GoaplIAME M Npu abcoJioTHOM HYJe TeMIeparypul, To [gan-
JIeHHe BHIPOKIEHHOro ra3a ocraerca OoJBUINM H B 9TOM Ciy-
gae. Boollije, Tak Kak B BHIPO:RICHIOM Ta3e CROPOCTH YacTHIT
MaJo CBA3AHEI C TeMmepaTypoil raza, To ero JaBieHlle MAaJjo
BABHCHT 0T TEMIEPATYPL; B HepBoM HPul/IIGKEHNH, BIOJIHE
MOCTATOTHOM JJIA IOHUMAHNA Teopmn OelNBIX KAPIIKOB,
MO0 BooOMme He YUNTHBATH BIHAHUA TEMIEPATYDH Ha JAB-
JleHIIe DIEKTPOHHOTO T'asa.

IIpaBma, B 3Re3JIOM BEOIECTBE €CTHh He TOJLKO dIEKTPOII,
0 I OTOJEHILIC AJpa — ATOMHBIE OCTATKH. JaMETUM, KCTa-
Ti1, UTO HanboJiee TAMKENLEe ANPa Hae B HEOGRUHEIX YCIOBILIX
3BE3HOTO BemecTsa OeNLIX KapAHKOB COXPANAT CBOM Mal-
Gosee Onu3nIe, Kpemko cpAsapHme ojexTpousl. Ouepnpmio,
YTO AApPa M ATOMHBI® OCTATKH TO/KE MOLKHB OPNHIMATD
yYacTiie W B TeIIOBOM JBIGKEHIN H B gaBnenmu. Tar oumo u
ccrh. ToXpKo AADA e CTAHOBATCSA BLIPOHIISHIBIMIL TasKe TP
CaMHX DOJIBINIX ILIOTHOCTAX, KOTOPHIE BCTPEUATOTCA B Gernix
KapiuKax, U TOITOMY MX CKOPOCTH COOTBETCTBYIOT TEINIOBLIM
DHEPTHAM 9YacTul (MHOTO MEHBIIHM, WeM DIePTHI 3JIeRTpo-
OB B BEIpO;RAeHHOoM raze). Oteciofa chaeiyeT, 4To JaBJeHie
rasa aTOMHEIX OCTATKOB MIHOTO MeNHBIIe [aBJIEHHHA BLIPOHJeH-
Horo saexTpoHioro rasa. IlosTomy paBHOBeclie BBe3JEl IIe
33BHCHT OT TeMIePATypLl Fa3a aTOMHEIX OCTATKOB, HO OHa
CymeCTBEHHA [JIs BBRMHCJEHNA BHIXO/Ia TEPMOAJeDHOI amep-
rin B GelBIX KapiapRax.

B c¢Basm ¢ aTHM MBI JOJGKHEL ¢IelaTh OJJHO 3aMedanye oT-
HOCIITEILHO MOJEKYISPHOTO Beca 3BE3ZHOT0 BemecTBa ¢ Bhi-
POLIEHHEIM DJEKTPOHHHIM TasoM. Hak Mu yike smaem, Mo-
JTeKyJAPHHII BeC 3BE3NHOTO BeIecTBa IJaBHBIM ob6pasoMm
BABICHT OT COMEP:RANI BOMOPOjAa W Tejmsa. B 3Be3gHOM
BemecTBe OYeHb DOJABIIOI IIOTHOCTI BoZopofa OBITL HE MO-
FHeT, TaK Kak npu 0oJdbIIoil MIOTHOCTH BOJOPONHEE TEPMO-
AZEPHLIe” PeaRImy HIyT ¢ OONBINOH CKROPOCTBIO I HOJRIIHI
BBIICIATH MHOTO DHepPIimil, DTOMY LPOTHBODEUNT HUBKAA CBE-
TiMOCTh Gemnix Kapamxos. OTkyfa 9TH 3Be3gbl GepyT CBOIO
DIEPTII0 — BOIPOC o0CO0Blf, I MBI €ro PacCMOTPIM HIDHC.
Brech sKe HaM TOJAbKO Haj0 NMeTh B BHAY, YT0 B TeX obmacTsx
3Be3g, TJe 3Be3fiNoe BEeOECTBO COCTONT II3 BHIPOSK/IGIIOTO
DIIEKTPOHHOIO rasa W TeMIepaTypa ra3a aTOMHEIX OCTATROB
ororo 10%—107 rpagycos, Bojopomga MAOKHO OWMTH OUCHE
MaJlo I NPH BEUMCAEHIN MOJIERYJIAPHOTO BECA €T0 MOJKHO He
yuntnparh. G Apyroif cTOPOHE, B BEIPOJKAENHOM DIEKTPOIN-
HOM Tase IPH BHYHCIENIA MOJEKYJIAPHOro Beca renii oxa-
SLIBACTCA Ha PABHEIX OPABAX C IPYTHAMI THAEIRIMI dJIeMeH~
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ramm. B camosm meme, ocobad Ppois Boflopoja W TedHA B
MOJIEKY LA PILOM Bece CBOJHIACh K TOMY, 9T0, B TACTHOCTH, ¥ Te-
JWA uerhipe efINHUIEI ATOMHOTO Beca PAcHpeNelalnch MeRAY
rpema wacTHNAME. B BHPOZKNEHHOM Ta3e HaBICHEe 3aBHCHT
TOIBKO OT DIAEKTPOHOB. Pollh Agep reiusa B NOJHOM HaBIeHHMH,
KaK U POJIb APYTHX sgep, Majia. CiegoBaTexbHo, 4 eMHALL
ATOMHOI'O0 Beca IejNf B BHPOMKIPHHOM BHIEKTPOHHOM Tase
pacIpeNieNAI0TCS MERAY ABYMs 3JeKTPOHAMH, oﬁpaagsan-
IEMACA npu Apobaennn aroma rexma. Mrak, aTOMHBIH Bec
3BE3JHOTO BEIeCTBa, COCTOAMEro W3 BBIPOKIEHHOTO JJEKRT-
POHHOTO Ta3a, MOKHO BCerfa CUMTATh PABHHM JABYM (ecam
TaM HET BOAOPOJA). ‘

I maxomen mociefmHee: MOYeMy MBI HAa3EBaeM BBIPO:jeH-
HEL DIEKTPOMHENR Ta3 «TasoM», HeCMOTPA Ha GOXBIIYIO ILIOT-
wocrs? Jledo B TOM, UTO €CIH DPadMEPHl ATOMOB HOPAAKA
1078 ¢m, To «pasMepH» BJEKTPOHOB HIN OrOJEHHHX s1ep
Mmuoro menpime — mopaaka 107—107 cu, m paske mpH
OTPOMHEIX INIOTHOCTAX GelbiX KapiHKOB PACCTOAHMA MERIY
YACTHI[AMHE B MX 3Be3[IHOM BelecTBe MHOTO GoJplne pasMepoB
YACTHI. :

Bregem Temeph mpocTyio GopMylLy, ONACHEBAINYIO 3aBH-
CHMOCTH TABJCHIA BHPOKJEHHOTO OJEKTPOHHOTO rasa oT
mioTHoeTH BemecTBa. OCHTHO 3Ta (QOPMYIA BHEBOJNUTCA Me-
ToaMi KBANTOBO Mexammku. Bueppele oro Omuio crexano
D, Mepyn eme B Havake ABagnartix romos. Ho MBI 8rech me
MO3KEeM [ATDH IIGOHOTG BHBOJR, NOCKOIBKY NPEeIoIaraeM,
yTO YHTATENb DTOII KHHTH He 3HAET KBAHTOBOM MEXaHUKI.

ONHAKO 0KA3EBAETCH, UTO DTY e (OPMYILYy MOMHO HOTy-
YHUTH COBCEM IPOCTO, €CHN BOCIONB3OBATLCA METONAMII TeO-
pun pasmepuocTi. Meroy 9TOT BechbMa HOYYHTENEN M MH
L3JIOJKIM €To 31ech Tmojpoduee. Il 2TOTO COBCEM HE HYMKHO
3HATH KBAHTORYI0 MEXAQHIKY.

Viobree maiiTH 3aBUCHMOCTE JABIENHA JIEKTPOHHOTLO
raga p OT KOHUEHTPALUI BEIDOA/ICNHEIX DICKTPOHOB Mg, T. €.
0T WuCJIa THX DJAEKTPOHOB B efmumie odbema. CBA3L Memny
ICIOTHOCTBIO BEWIECTBA p M N, JeTKO HOJNyuHTh, 3HadA, 9T0
MOJNCKYJIAPHGID BeC 37ech, KaKk yike FOBOPHIOCH, OJIM30OK K
neym. Hmeem p = 2 mpn,, THe m, — Macca IpoTona.

A Temepnb GyIeM NpPHMEHATh METO[ aHANU3A PAIMEPHOCTIL.
Jlapaenne mamepsercss B atmocdepax mmi, B cuereme GGS,
B eUHHIAX dun/cu®, T. . B eIHALAX z2-ca L. cen®, Honment-
PALES DIEKTPONOB BHpaskaercd B efmmmmax cu . Jlapiemie
[ BABHCHT }E TOILKO OT M,, HO H 0T HEKOTOPHX IIAPaMeTpos,
onpeIeNAIUX CBolictBa BemecrBa, IloCKONBKY BHIPOIRIEH-
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HHIii DIERTPONUEIL Ta3 eCThL ABIeHHe, XapaKTePHOe [N KBaH=
TOBOIH MEXAWUKHN, €ro japieHme JoJ;KHO SABHCETH OT TOro
eIUHCTBENHOT0 IapaMeTpa, KOTOPHII ompejenseT BCe KBal-
TOBHE cBolicTBa BemecTBa — mocrosnuoii Imamka . Yme-
JEHIIOE 3HATCIHNEC U PAsMEPHOCTH OTOIl BEJIWINIE B CHCTEME
CGS: i = 1077 apz-cex = 1077 2.cm®-cex™’. Temepn namom-
HIIM 9UTATENIO, YTO JABJIEHIIe Ta3a ecTh UMIYILC, KOTOPHIL
YaCTHILI Tasa HMePefaloT JPYT APYTY I CTEHKE COCY/Ia, B KO-
TopoM cojepskuTca ras. MMoyanc omperessercs  Maccoii
YaCTHIE, B NAHIOM CJIyYae Maccoll oiaexrTpoma my, = 10727 2,
Y aaerTposoB ecth eule 3aps; e. Ho siexrtputeckoe or-
TAAKIIBAHUE MEHY BJIEKTPOHAMH KOMIEHCHDPYETCA X IpPH-
THACHIEM K IOJOMHTENBHO BAPSKENHLIM TKeJIHM HOHAM,
PACHONOKEHHBIM MEKIY DICGKTPOHAMH, I HO3TOMY B3apAAEL
DIEKTPOHOB HA [aBJIeHIe DIeKTPOHHOTO rasa He BamsiorT. Ilo
VCIOBHIO BEIPOIKAEHHOTO SJAEKTPOHHOI'0 Tasa JaBlieHHe He
BABNCHT M OT TeMmmepaTypi. Jlpyrux napamerpos Her u
MOJKIIO0 CIHUTATH, UTO JABJEHHE BLIPOK/AGHIIOT0 DIEKTPOMIOr0
raza 2aBICHT TOJLKO OT CAGAVIOMHUX BENNTHI: N, £ H M,
(Dmsngeckne (OPMYJH, OINCHBAIINE TAKHE NPOCTHIE 3a-
BHCHMOCTH, BCEIJja HMET W nmpocTyio (opMy — B  BHJE
IpoH3BEIeHHA HEKOTODHX CTemeleil BCeX CYIIECTBEHHEBIX
mapamerpos. IloaToMy MO:KHO HCKATEH 3aBICHMOCTE [aBIeHIIA
OT BeJIMYHH N,, i 1 m, B BHJE '

p = Inii'm;, ' (22)

rue I — neroropoe Ge3PasMepHOe UICHO HOPAIKA eHHIIIL;
@, Y, £ — CTeIeHNH, TMOKABHBAIONINE, KAK BABICHT JABIEHIC
0T COOTBeTCTRYyIomuX mapameTrpoB. CoBeplieHHO OTEBUIHO,
UTO PasMepPHOCTH HpPaBOH W JeBOil wacTell DTOTO paBeHCTBA
HOMKAK OBTh ONMHAKOBLIMIL. JTo TpefoBaHIile I TO3BOJAET
ONpefieNINTh BHATEHNA MoKazaTeneil x, y, 2, B 4eM I 3aKJIO-
JaeTCA CYMHOCTH UCHOJL30BAHNA MeTORA pasMmepHocTeil s
Haxoxpenna Qusmdecknx $opmyrx. Beunme Osurm jgams pas-
MePHOCTH BCeX IapaMerpos, BXoamux s fopuyay (22). B me-
ROl YACTH 2 (IPaMM) BXOAUT B P B IGPBOII CTENEHH, B UPaBoOil
yactTH 2 (Tpasu) BXOANUT B NPOU3BEJICHHC B CTEIeNH ¥ - z,
TaK KaK B /i I M, IMEIT PasMepHocTh 2 (IPaMM) B HepBoil
crenenu. Ortciona mmeem ypasmenme 1 = y -+ z. Pasmep-
HOCTH cM BXOAHT B IeBylo dacth B cremenn —1. B mpasoit
9ACTH 2TAa Pa3MEPHOCTHL BCTPEUAeTCS ABAKILI: B 7 Kak e’ m
B R, Kax ca”S. U3 yemosus opunakoBoii pasMepHOCTII IMEeM
Bropoe ypapmenme: —1 = 2y — 3z. Haxomen, pasMepHOCTE
cex BXOJUT B JIEBYIO MACTh B CTemenHn —2, a B MPaBoil YacTir
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cex BeTpeuaerca mmmb B mocroanmoi Ilnanka B cremenn —1.

Orciona cienyer ypaBHeHHe —2 = —J, OTKyAa cpasy la-
xonuM, uro y = 2. M3 mepsoro ypasmemms Torga mMeeM
gz = 1 — y= —1, a m3 BrOporo moaywsaem r = /3 (1 - 2y) =

= 5/3. Urak, misA KaBIewusA BLIPOKICHHOTO DJIEKTDPONHOIO
rasa Mul HaUJH OJHO3HaTHbA 00pazoM ciaerylomylo GopMmyay:

p =2 a, (23)

i3
IC

Benmunny GespasmepHoro MuoskuTens [7 mMeron pasMepHoCTH
He ompeelisieT, HO 9TO I He TAK BAKHO, Beamunua [I me Mosker
CILIBHO OTAHUATHCA OT enmunmbl, CaMoe Baskmoe 3[eCh To, ITO
METOJ Pa3MEepPHOCTH MO3BOJAET ONPEeNnTs: CTeleHH, ¢ KoTo-
pHIMH BCe BayKHEIE (JEBHIECKIe IapaMeTPH BXOAAT B HCKO-
mule (OPMYIEL

UncnenHoe spagenme JI moiyyaercs JOIL OPH TOJHOM
pacueTe MeTojaMH KBaHTOBoH mexammkm. Oxrasamoch, uTO
II = 1 (3% = 1,9. Ilopcrapasa aro B3HaveHme B (23)
U saMeHAA n, Ha p/2m,, moxyuuM QopMyIy

e 52 b
p= (Ba?) R B2 (_P..) = Kp's, (24)

5me 2mJj

tie K — mocTonnnas, anciaenno pasuaa 3,1-10° ama . cu® /e,
Jra (opMysa H ompeneiseT OCHOBHEIE CBOHCTBA BHIPOMEH-
HOTO DIEKTPOHHOTO rasa. To, U9To JaBieHue OPOMOPIHOHANIE-
HO He MepBodl ¢TemeHH IJIOTHOCTH, a 0oNee BEICOKOI, HeTpy.-
HO TOHATH. B camoM geie, JNaBJeHue, ¢ OJHOH CTOPOHH,
AOIGKHO PACTH € YBeAWIEHHEM NJOTHOCTH Graromapa ToMmy,
q9r0 TpH 9TOM 00JIbINe YacTHI[ CTANKHBAETCA CO CTEHKOH, a ¢
APYToif CTOPOHE, B BHIPOKIEHHOM T'ade ¢ yBelHndeHHeM ILIOT-
HOCTH VBEJHYMBAETCHA TIHCIO HIEKTPOHOB, HAXORAILNXCS HA
OJHHX 1 TeX jKe TPAeKTOPHAX, M YBEJIHMYHBAKITCA HX CKOPO-
CTH, @& CJe/[0BATENBIO, VBEINYHBACTCA IIMIYILC, HePealuki
KOEABDL 9nextpoHoM. CoBMeCTHOE VBENMNTeHHE I UICIA
CTONKHOBEHHH CO CTEHKOIl M CKOpOCTell DIEKTPOHOB IPUBORUT
Kk Oomee OBICTPOMY VEBEIUUEHHIO NABJIEINSA ¢ HIOTHOCTLIO.
dra (QopMmyia oupejenser AaBIeHNe BRIPOMIEHHOTO Tasa
TOT/[a, KOTHA POJL TEMIEpaTypH Hepeamka. B wacTHocTH,
ora opMmysa copapeimsa IpH a0CONIOTHOM IHyJe Temiepa-
rypet. Ecinm ke temmeparypa ras’a (dIeKTPOHOB I aTOMHEIX
OCTATKOB) He PABHA HYJI0, TO ee NPUEMEHIMOCTH OHpenesseT-
€A COOTHOINEHIIEM MeFRITY TEILJIOBLHIMIL CKOPOCTAMH M CKOPO-
CTAMU, KOTODLIe BEIHY:KJIEHEL UMETL SJEKTPOHE AIA TOro,
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qroGEl YMECTHTBCA Ha OTPAHNMTGHHOM UHCIE TpPaexTopmii.
Ecnm Temmosbie CrOpOCTH MadBl — MeHbIIE CKOPOCTEH BLI-
PORIEHHBIX DJIEKTPOHOB, TO TEMIIEPATY Poil MO;KHO T peHed petn
u dgopmyna (24) mpumennma; eciam ke TEIIOBHE CKOPOCTI
Goxbire, wem CKOPOCTH, KOTOPHE DIEKTPONE TPHOGPETAIOT
B BLIDOKJIGHHOM Ta3e, TO, HaobopoT, cBoiicTma rasa ompene-
IAIOTCA  ero TemMnepaTypoil m BHIPOSKIEHNEM DIEKTPOHOB
MORIIO Hpeneﬁpeqh. Torga caenyer IIoJbB30BATLCSI (f)opny;q()j'[
(4). BaecTo Toro urofB CPaBHHBATL CHOPOCTI, MOKHO Cpan-
HHBATHL JNABJIEHNA: €CHI NMOYILRC, NepeJaHHLii cTenke 3za
CUeT TeIJIOBOTO IBILKEHNA, MEHBIIe, YeM HMOVJALC IIPH CKo-
POCTAX 3JAEKTDOHOB, CBA3AHHEIX C BLIPOKIEHIEM (T. €. eciux
nasnenie 1o gopyyie (24) Gonsuie maBIeHIA, OMpeNeIseMO-
ro mo gopmyne Hnaneiipona), To ras mmeer cpoiicTBa BEIPOs K-
JIeHHOTO DJIEKTPOHHOTO rasa. B NPOTHBHOM cJiay4ae ras o
BHIDORMICH. 3anmueM 9T0 YCIOBIE B BHIE HEePaBeHCTBA

Kps> 5o

Hemuoro mpeofpasys ero, moidyIuM HIGKHEIIE npemer jaus
BHAYEHMI IIOTHOCTH, TPH KOTOPHX JIeKTPOIIILIL ra3 sBif-
BTCA BBHIPOIRACTIIBIM:

o> (4 )" (25)

IlogcraBmy Temeps umcloBBIC 3HAYERITL: O > B AN W =
r o 2.3,1. 10

Ha .
e m) efem?®. Hampumep, mpm xomiatmoll Temmepartype

300° B abcoxdioTHOH IIKaNe BDIEKTPOHHBII Ta3 CTALOBITCH
BHIDOARICHHBIM yie Opi maorHoctH 2,5-107% 2/fem® (1), 1. e.
MEKTPONNHIT Ta3 B HAUINX BeMHBIX VCJIOBIAX SBIAETCH
BRIDO;KJIPHHLIM, HAOPHUMEp, B MeTAJIax, TIh¢ ILTOTHOCTH
mopsapra 10 e/en®. Bupoues, uy:kHo mMeTs B BHLY, UTO DTA
dopmyia cOpaBeflmBa, eCAm L = 2.

B 3eMHHX ycHoBHAX MONCRYIADPHLIT Bec 3HAUITELID
Gonnme 1 mapamerp K B gopmyae (24) COOTBETCTBEIIIO MCH -
we (B p'h pas).

B sBeapmoy BemecTse TemmepaTypa, Kak MBI 3HaeM, No-
PANKA [JeCATI MHIIHNOHOB rpajaycoB. Mowmo AyMaTh, uro i
B 0eJIEIX KaPIMKAX TeMmepaTypa dToro ke mopaAgka. B casoi
Jiesle, 9TII BBe3NH M3Y9AQT DHEPTIHI0, BO3MOMKHO, I 34 CuCT
TEPMOSACPHEIX peakmuil, A KOTOPLIX HY:KHa TEeMOCPaTypa
HMeHI0 Taroro mmopspaka. IlopcraBmM B Hepapeuctso (25)
remueparypy I = 14 mmn. rpagycos. Torma mosyuus, uto
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3BE€3MHOoe BeIIecTBo CTAHOBHUTCH BLIDO/RJICIHILIM, ecJIH e€ro
mwiorHocTs mpesmmaer 1000 2/cm®. Cpepusist mmornocts Ge-
AMX KAPIHKOB COCTABJSAET AECATKM H Jiaie COTHH THICAY
rpamMos Ha 1 exd. CaepoBarenpno, 0eJble KAPIOKE B 0CHOB-
yoit csoeil Macce MOJGKOL ObTH MOCTPOEHHI K3 BLIPOIKIAGH-
HOro DIEKTPOHHOro rasa. M Tomapro campie BHeMHHE CI0H
apeajsl, TAe mioTHocrs semectsa mempme 1000 a/cam®, mexyr
ce0s1 B COOTBETCTBUI C BAKOHMOM HAealbHoro rasa. B atom m
3AKJI0UAETCHA pasTafka MapagoKCAJBHELX CBOHCTB 3BE3JHOTO

pemecTsa OeNBIX KapiHnKoB.
Taxunm o6pasoM, TP GOIBIINX MIOTHOCTAX, XapaKTePHHIX

s GelBX KapJAHKOB, AaBlIeHHe JOIKHO ONPEeIeNAaThes pop-
myaoit (24), me sapmeameii or Temmeparypsl. IloaTomy MEL He
Mo:KeM BBIUICIATH TeMImepaTypy B IeHTpe Geloro Kapiamka
Tak, Kak sro cjexamo B riase 2. Ho oTmm meromoM MoiKHO
BHYNC/NTS IUIOTHOCTH B Ientpe 0eoro Kapinmka, Tak Kak
Temeps BeC CTOIGA 3BE3AHOIO BeIecTBa JoJukeH OHTH ypas-
HoBeNIeH He BEICOKOIl Temmeparypoii, HeoOXonmMoil Ias mpo-
THBOJEHCTBIA GONBIIOMY ABIEHII0, KaK B 0OBIUHEIX 3BE3/aX,
a 0OJBII0il LIOTHOCTRIO, TaKiake HeoOXomuMmoil JJIf HPOTHBO-
neiicTBua GONBIIOMY HABICHHIO, HO y/ke B BHIPOMICHHOM rage
BemiecTna Gennx xapamxos. Ilopcrasuss B gopmyly (3) Be-
paskenma A NABIEHUA BEPOMJICHHOTO JJIEKTPOHHOTO rasa
n ofosnavas gepes p, MIOTHOCTH B MeHTpe 0€J0ro Kapiamka,
IOV TIIM

K {):;!3 = 4f %— .
Crelojia IMeHTPANbHAA IZIOTHOCTD

4fp \'is
oo = (45)"- (26)

Brruneamns mo oToil gopMmyse 3HaUeHNA IUIOTHOCTH B IjeHTpe
rpex GelnX xapaukos, mpusefenusx B Tabn. 1. PeayabraTsi
mapsl B Tadn. 4. Uenrpaspusie niorHocTH OelbX KapIHKOB
B Uerhipe — JIeCATh PAa3 OPeBOCXOJAT MX CpPeAHUe IIOTHO-
cru. Homeumo, mpH Takux ImiIoTHocTAXx Oe’nii Kapiamk
COCTOUT M3 BHPO:EJEHHOrO rasa He TOJIBKO IHPH TeMIeparype
B HECKONBKO MIJIIHOHOB IPajyCcoB, HO I IPH TEMICPATypax
B COTHH MIUIIHOHOB rpamgycos. Mo eme pas mojdepruBaeM,
YTo OTPOMIOE JABIEHUe B IeHTpe 0eJOoro KapJuKa HE 3aBUCHT
OT TeMOEePATYPLH — OeNnil KapIuEK MOKeT CYyIeCcTBOBATE Jlaike
npu remumepaTtype, paBHoii aGcoNIOTHOMY HYJI0,— TOTJA OH
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Gymer, RCTATH CKa3aTh, e GENHIM KAPIMKOM, a ¢ICPHEIM Kap-
aukoM», u0o 3Bessa mpH aGCONIOTHOM HYJIE TEMIEPATYDLI 1o
MORCT M3NYHYaTh DHePIIHIo.

Tawmy ofpasonm, crpyrrypa Gemoro KapiInKa IOYTH He
BABHCHT OT TeMIepaTypLl I, CIeJOBATENLHO, 0T CBETHMOCTIL
TlooToMy cooTHomIENe MACCA — CBETHMOCTE I Gennix Kap-
sRroB Boobme ne cymecrsyer. Ho saro mua Gennrx wapankos
N3BECTIO JAPYToe COOTHOILICHNE! MACCa — pPajIIye.

HeofxoammocTs Taroil 3aBHCOMOCTH Jerxo obBACHNTL.
B camowm pgeine, 3ajjauMcs TAKHM BOHPOCOM: MOTYT Jinm Gelnle
KapIAKH ¢ OmPeeleHHoil Mac-

coil HMeThH PasHEe PAJ{HYCH I Tabnuna 4
COOTBCTCTBEHNO PABHEIE IJIOT-

HOCTH B I];(-}IITPB? ,HOIIYGTIIM, qT0 IentpannHee
na. Ho wro Torma memaer mm Bassge o

TEePeUTH U3 COCTOSAHHEA ¢ 60JIh-
OINM PAJHYCOM B COCTOSHHE C
MeHBIIEM papuycom? B ofniu- é(l)[ ?‘P’?"ﬁm B é%
HOH 3Be3fle DTO HEBOBMOKHO, BaE f&ameg 300
TAK KaK IPH {IONEITKe? CRATIA

3Be3Ibl YBENUINTCHA TeMIepa-

Typa B €e IeHTpe, YTO BHI30EET Pe3K0e YBEeJWYeHHEe BHIXOIA
TepMoAnepHol sueprun. I13-3a sToro Temmeparypa eme 60in-
1ie BO3PAcTeT M COOTBETCTBEHHO BO3PAcTeT Tra3oBoe jaBic-
HUe, 9T0 M BEPHET 3Be3[y B HePBOHAYAILHOE COCTOSHHE.

B Gemom xapamke TemmepaTypa HeCymecTBeHHA JIJIA ero
pasuopecus. M MojkeM B HMaIIHX pacCy:kAeHHAX OTPaHHYH-
THC BooOME XOMONHBIMH (IePULIMH KaDIHKAMO». JBe3fHoe
BeIieCTBO BO BCEX TAKHX KADJIHKAX OFHO W To ke (T. e. mpu
Toli ;ke mysepoll Temmeparype). IlpmBenem ouesmpumii mpn-
Mep: I3 KYCKOB OJHOTO I TOTO e METANLIA C OJMHAKOBLIMHE
MaCCaMII MO/KHO CHETATH CIJIONIHEE INAPE TONLKO OJIOTO
pamuyca. Tax ske um y «uepHsIx» kapauxos. M3 ofmHaKoBLIX
Mace OJHOTO I TOTO i€ 3BEe3/IHOT0 BEmecTBAa (BLIPOEIEHHOIO
9MeKTPONHOI0 T'a3a IPH IyHAeBoil TeMmepaType) Mo:KHO «cje-
JaThy CINIOIIHEIG IIAPH OMUHAKOBHX pamuycoB. Ecam Tem-
mepaTypel B HeApax OGeNHX KapiamKoB OTIANYHLL OT HYJIA I
BooOIIe DA3MWIHEL, TO PAJHYCH HX (IPH OJMHAKOBOII Macce)
TO;RE HECKOJIBKO OTAMYAIOTCS, HO HEHAMHOTO, TaK KaK TeM-
mepatypa Mallo BIHAeT Ha JaBjieHue BHDOKIEHHOIO rasa.
U 3nech MOYKHO IPHEBECTH aHAJIOIMI0 ¢ HeGoJABIEM yBeIAmue-
HHEM pajHyca UpPH HaTPeBAHNT METAIINIECKHX IIapoB.

Taxmm ofpasom, paamyc Gemoro Kapimka OIHOZHATHO
(B meppoyM mpuOjimKeHun) onpeieNIercs ero MacCoH.
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Ecth, ofHaKo, W CYHECTBEHHOE DABIIMYIe MEKAY Gepiva
KAPIHKAMH W METAJIHICCKIMIT IIapamit (moMuMO I1ECOOTBET-
crBusi Mace). PajmycH METAIIHYeCKHX INapos, CAesiamubX
113 OJIOTO BEMECTBA, MPOIOPIIONAIBHEL KOPHIO Ky6maeckoMy
n3 MAcCCH, a PAagHych OelEX KapiuKoB Jayke yMEHBINAOTCH
¢ ypenmiennem Macchl.! OfbacHenye 9T0T0 ABIEHIA 3AKILIO-
yaercd B clegyiomiem. ¥ OoJBIIIX IO Macce fesaslX Kapii-
1%oB GONLNIC T CIJIa CODCTBEHHOTO TATOTENHsA, CrHIMAIHIAA
3pe3y. OTO BHI3BIBAET COOTBETCTBYIOIEEe YBENMUSHIE LCHT-
padbHoil (m cpepHeii) IITOTHOCTH 3BE3JH, & CJIENOBATENLIO, 1T
yyenpinenme ee pajiyca. MeTamnmieckme MAapLl e Pacebl-
MAIOTCS, TAK KAK MX CHEP/KUBACT CHIA BHYTPEHHCEIO CIENIe-
HIA ATOMOB, He 3aBUCAMAs oT ofmeil MacCH Iapa, DOJTOMY
NIOTHOCTH TIAPOB TOKE He 3aBHCUT OT HMX MAacChl.

TeopeTmuecknii pacuerT 3aBHCHMOCTH Macca — Pajnyc
Jas GelHX KApAHKOB B ofmeM BUAE MOBOJBHO CIOMKEH, HO B
TOM ClyYae, KOTJia INIOTHOCTH BemecTsa 0eloro Kapimka He
CHMITKOM BeJMKa, 3Ty 3aBHCHMOCTH IOIXYIATL HETPYAHO.

Bepuemcsa k fopmyine (26) uyurem, 4ro COTAACHO JAHNHAIM
rabn. 4 memTpambHEE IIOTHOCTH GeNEX KapIHKOB BCEro B
4—10 pas Goxplie HX CPEJHMX mioruocTeil. Hax mokassiBaeT
Gosiee TOYHHII pacuer, 37ech LIMeeT MeCTC PaBEHCTBO . =
= 6p. Hopcrapum 9T0 BHAYENHE B (26) w sameHEM TaM p Ha
p = 3M/4nR®. Tlonmyumm mpocToe ypaBHenne, OTKY/a I HaueMm
3ABHCHMOCTH pajuyca Gejoro Kapiamka OT €ro MacChl:

7 i 1

B s il ol s .0 (i@_) w20
Lhglls oMl T GMI® M

OTciofa ¢pasy BH/HO, UTO Pajuychl GessiX KapIuKoB CPanHIi-

mit ¢ pagaycom Jeman (6,4-10° ka) w910 HX pajmyCch yMeHb-

WAKTCH ¢ yBeJIHYeHHEeM MAacCHL.

Mopumyna (27) momydyena odYeHB MPOCTHIM HyTeM, H OKa-
3a710Ch, UTO OHA HEIJIOXO COTJACYETCH ¢ JaHHEIMI Halaione-
nuit, ecanm Macca 6eioro Kapamra He GOIBIIE MOJOBIMHEL Mac-
cnt Connma. Jlas GoNBIIEX Mace 9Ta 3aBICHMOCTH 0KAa3amach
CIOJKICe 1 TO0OTOMY IpupefeM rpagmk (pme. 8), ma KOTOpPOM
B JorapudMirgecroM Macmrabe m3obpaskeHa MOJHasg pacder-
HAs 3aBHCHMOCTh pagmyca 0eloro KapimKa OT ero MAacehl.
TaM ke TOUKAMI OTMEYEHO HOJ0AieHIe Ha dTOil 3aBHCHMOCTIL
H3BECTHHX GeJBIX KapAHKOB (B TOM TICHe M IIPHBEJICHHEX
n raba. 1 m 4). Orcioma, BO-TePBHX, BIJIHO, 4TO Ha0MOIe A
0YCHB XOPOLIO IOATBEPIKAAIOT TEOPIIO I TeM CAMBIM JOKAZEI-
palor, uTO Genble Kapamkn AeflCTRHTENBHO IOCTPOCHRI 113
RHPOKACHHOr0 BICKTPOHHOTO Tasa.
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Bo-BTOopHXx, H3 puc. 8 ciemyer, uro mpm HeGoIBmMEX Mac-
cax paamyc 0ejoro xapamma MeHAETCH HE O0UeHb CHIbHO.
Jlepas wacts rpaguka puc. 8 coorsercTmyeT gopmyre @7) n
XO0poIIo ¢ Heil coraacyercd.

B-rpersux, us rtoro ke puc. 8 cienyer, uro mpu npmdiIH-
JKEHHHM Macchl 6eoro Kapiamka K Opeaexy, paBHOMY
1,4 Mg = 2,8-103 ¢, ero pa-

JITYC CTPEMUTCS K HY N0, T. €.

CHIIa COOCTBEHIOTO TATOTE- -~ _
HAS TAKHX 3BEBJ| OKABLIBACT- &5 2

€51 HACTOJBKO GOXBIION, UTO é Ban faanen
IaBJeHue  BEIDOKIEHHOro =° 90 Spudana B
raga yike He B COCTOAHME =77 R
yaep:KaTh 3Be3qy B PaBHO-
pecun, Benwx xapauxos -

¢ Maccoif, Gonnmreii 1,4 Mg,
BoobIIe He MOsKeT CYMecTBo- 59 -
BaTb. OTO OYEHBb BAYKHEIH
pesyabpTaT TeOPHH, 3HAYEHIe
HKOTOPOTO MBI OIIGHHM, KOTIa
fymeM H3Y9IaTh OBOJIOIHIO
3Be3f.

Habnopennsa moxasanm,

9ro B Cpejmem MaccEr bensix ool 4 g 4 by
Kapankos cocrasiswt 08— “pppi gz o g2 g4 gf V4
0,9 macenn Conmma, a ux pa- ! "k /(M/}/sf )y
AWYCH B CPefHEM B CTO pas ; °
smenpme pammyca Coumima. Puc. 8. JaBmenmocrs Macca — pa-
Taxum ofpasom, «HOpPMalb- RUye jUisi Geabix Kapiaukos.
HEe», T. e. Habaogaemie Ge-
Able KAPIHKH, HAXOJATCS ele JOBOJALHO HaleKo OT mpenena
MaccH (1acTO HASHBAEMOT0 YaHZPACEKADPOBCKHM IPeferoM).
A wro 6ymer, ecam MEl OymeM IpUOIGKATHCA K 9TOMY Hpe-
Ieny, W 9T0 3HAYAT CTpeMAenue pajgmyca spesmsl k myuxo? Ilo-
mpobyenm pazobpaThCsa B DTOM CJIOIKHOM BOIpoOCe.

MEr yKe TBepHmo 3HaeM, 4TO YBEINTEHIE MACCH YBEIN-
YuBAET 0 IEHTPAIBHYI WIOTHOCTE, B CBOIO oYepeih yBelu-
geHe IIOTHOCTIH OCTABJIACT BCE MEHBIIE MeCTa AJIA TPAeKToPHit
snexrporos. IlodToMy onm jloiskHN 3aHEMATE Bee GoJiee BEICO-
KIIe 9HEePTeTHICCKITe COCTOANNs. MHBIMII CTIOBAMI, 9eM MEHbIIe
MecTa JIA BIeKTPOHOB, Tem Qolslie AOLKHa GHTH HX 2mep-
rud. B KomewHOM cUeTe IPH JOCTATOTHO OOXBMION ITOTHOCTH
CKOPOCTH DJIEKTPOHOB CTAHYT GINSKAME K CKOPOCTH CBETA.
JlBIsKeHe DIEKTPOHOB TeUeps MONIUMHAETCA 3AKOHAM TEOPHH
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oTHOCHTEIbHOoCTH, TaKoil ras HA3HBAIOT BHPORACHHRIM PeJIf-
THBHCTCHKUM DJIEKTPOHHEIM Ta30M.

37ech ypABHOHHE COCTOAHHA JIPYroe, CBA3LBAIOMEe AaB-
JeHue W MAOTHOCTH BHPORACHHOTO PEJIATHBHCTCKOIO 9JIEKT-
POMEOTO Ia3a; eT0 TAKAEe MOKHO DHIBECTH MCTOJIOM AHAMM3A
pasMepHOCTH.

HaM HY;RHO ONpeAeTdNTH, KAK B3aBICHT [AaBJeHHE p OT
KOHIEHTPAIINI DJIEKTPONOB N,. Ilo-Lpe:xHeMy 2T0 JaBIeHie
ompepensiercss kpanToBEM upuununom llaymm, T. e. 3aBuCHT
or mocrosumoii Ilmamka %i. Ho, » ornmume or ciydas Hepe-
JIATHBICTCKOTO TA3d, 37eCh HeT 3aBICHMOCTH OT MACCHl NO-
KOS DIIEKTPOHA M, IIOCKONBKY MHL PAcCMATpHBaeM Temephb
carydail PeNATHBHCTCKUX DJEKTPOHOB, TO MX MMIYIBC Ompe-
menuTes GAM30CTHI0 CKOPOCTH TACTHIEI K CKOPOCTH CBETA C.
Ciie0BaTeIBHO, FOJKEHA HOSIBUTHCA 3ABHCHMOCTD JABJAEHIA
or ¢. Jammmem BMecTo (22)

p = Iyn5h'c* (28)

W, pPaccy;kAas TAK jke, KAK IPH BLBOAE (OPMYIIH (24), mo-
ayuuy, aro y = 1, 2 = 1 u & = */;. IlosToMy naBiIenue Bil-
POJKIIEHHOTO PeTATHBHCTCKOTO SJIEKTPOHHOIO TIasa ecTh

= I lien, 29

Uncenmoe 3HaueHue GeapasMepHoll mocTOAHHOM 0OHATH OII-
penesifeTcs JMIIL METOZAMI TouHoi Teopmu, uto maer I, =
=1/,(3n2)" = 0,78. Onsars, savensan n, ma p/2my, MOLYUII

2)'s s
D= @fi)_ﬁc (Z%;) = Klp‘h, (30)
e wocronEnaa K; pasua 4-10° ama-cxt/ets. G aaM ypas-
HeHIeM I HaJo PACCUNTHBATL CTPOCHHE OYeHb INIOTHOTO Oe-
noro xapamra. Hasamocs GHI, 9T €/1elaTh HPOCTO, €CIH BOC-
TIOIB30BATHCA METOROM, KoTopmii upusen kX fopmyxre (20),
T, €. OPHPaBHATL IPABHTALUOHHOE AaBIeHHe coriaacHo $op-
Myae (3) AaBIeHHIO BLIPOMKJEHHOTO PEIATHBUCTCKOLO DIEKT-
pounoro rasa (30), HO pacCYNTAHHOrO MAJIA NEHTPA 3BE3j(HL

K =46 8L (31)

Ho panpme mur Berpevaemcsa ¢ OFHOI TpyAamocThio. ¥ Geinnix
KApIUKOB C ypaBHemieM COCTOSHMA (24) meATpajgbHAA MIOT-
HOCTL BCEro B InecTh pas Gonsme cpepmeil. Ho xar roapko
BJIEKTPOHL DpHoJPeTaT CKOPOCTH, CPABHIMEE CO CKOPOCTEIO
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cBeTa, CHHMACMOCTh BEIPOIKIEHHOTO Iada YBEINUNBAETCHA H
IOJTOMY B IEHTPANBHEIX YacTAX GeNmX KapIHKOB C ypas-
nenuem cocrosuua (30) mmoTHOCTH cymecTBeHHO Gouabiue.
B raxux 3Beagax meHTpaNbHAA INIOTHOCTH MOMET GHTH (OB
e cpepHeif B mMECKONBKO JIeCATKOB pas. Bonee Toro, smech
OTHOIIEHI® TEHTPAJARHON IMOTHOCTH K CpefHeill 3aBHCHT OT
MACCH 3Be3fh: 9eM oHa Gonpure, Tesm GOIBIIE CKOPOCTH DIALKT-
JOHOB B ee LEeHTpe H TeM Gonpme IEHTPAJNBHOC YUJIOTIICHHE.
KRax noxasmBaer cTporast Teopus, B HpeeabHOM CIyUae IEHT-
PanpHAsA MIOTHOCTDL OoJibIne cpejiell MPUMEpPHO B IATHAC-
car pas. Ho B spesgax ¢ TaknmM CHIBHEIM IepemajioM IIIOT-
Imcm“(bopmyna (3) ¢ mmo:nTeNeM 4 Tamyke CTAHOBHTCA H1-
TOYHOI,

Uro6m momyunth HY:RHYI0 HaM (OPMYIY, HOCTYNHM Cle-
aylomuym obpasom. I'paBnranumonnoe pasinenne (Goprmyra (3))
HPOTOPIHOHANLHO upoussefernto GpM/R ~ GMY*R*. Ho-
sQUIHEeHT NPOHOPIMONANBHOCTE ML He 3HAeM M I0ITOMY
o0o3na1nm ero GyKBoi @, 1. 8. p = aGM?* R*. ¥V ovenn mior-
HEIX GeNBX KAapIHKOB IEHTPAJIBbHAA INIOTHOCTH TPOMODPIHO-
HaMBHA cpemuedl p, ~ D ~ M/R: W specs rosddumuenra
OpPONOPOAOHATBHOCTH MBl He S3HAEM, NO3TOMY 0603HATHM ero
6yxpoii b. Bernynaw ¢ m b 6ymeM CUHTATH TOCTOAHMELIMI,
He 3aBHCAMUMN OT MACCHL H pajHyca 3Besisl, Torma BumecTo
(31) momyumm

M \4s GM?
K (o) =a G

Orciota cpasy caepyer, 9To Pagmyc BBe3AL U3 DTOI0 paBeH-
CTBA BLINAJIAGT, 4 €€ Macca OKABLBAETCA OJHOBHATHO OIIpe-
DeJeHHoil;

M = a_’jh- (-{‘G_l) (32)

Hrar, MEL TOTYyIUAN Ha NePBELl BETIAN CTPAHHEI PE3YIH-
TaT: y 3Be3 — (eNRX KAPIAHKOB, ¥ KOTOPLIX IJIOTHOCTE
BHYTPI HACTOJILKO BEJHKA, YTO JIEKTPOHHl IBIGKYTCA CO
CKOPOCTAMH, OJIN3KMMH K CKOPOCTH CBET4, MACCR JOJKHA
OLITH OJIHOBHAUHO OIpEJeNeHa, 4 ero pajguyc OT MAacChl BO0G-
me He saBucat. Hax 9T0oT pesyabraT MOHATE?

Bepnemca K o0myHEM OeXnIM KapAMKAM, IOCTPOEHHLIM
H3 HEPeIATHBUCTCKOI'0 BHPOKIEHHOTO DIEKTPOHHOI0 Tasa
H npojenaeM XoTa O mpicnenmo Takoil skcmepumernTt. Bymem
HOCTeNEHHO YBeIHYMBATH maccy Oegoro kapiuwa, npubas-
JiAA eMy BemecTBO m3BHe. Me:iay 1poumM, 9TOT MHICICHHHI
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PKCIIePAMEHT HA CAMOM [eJIe MMeeT MEeCTO M B PEeajbHHX ye-
MOBHSX, B TeX crydasx, Korga Genmiii Kapauk BXOAHT B COC-
TaB TecHOI ABOHHON CHCTEMEI, 4 BTOpAd 2Beajga TepAeT Be-
1eCTBO.

Kax caenyer m3 puc. 8 m u3 gopumynst (27), mo mepe poc-
Ta MAcCH 06eJ0r0 KapiHKa ero pajuyc YMEHBIIAGTCH, & MIOT-
HOCTL, OCOOGHHO B IGHTpe, PACTET. 3aTeM B NEHTPAIBHOIH
YACTII Ta3 CTAHOBHUTCHA DEJATHBICTCKHM, HO corjiaciHo dgop-
myne (30) ato mpuBefer K HEKOTOPOMY 3aME/JICHHIO POCTA
NABIeHHS € yBeNHueHHeM IJIOTHOCTH: ecln pampme 6510
p ~ ¢, 10 Temeps p ~ p's. Hax yike oTMeYanoCh, 3TO
03HaYaer, UTO Teéedmeph CONPOTHBIIEHIIe Tasa I‘paBIlelIIHOIIIIU"
MY C/KATHIO CTAHET MCIDLINE I naske nefGoaniroe yBelmdeHNe
MAacchl 3Be3IHl BLI3oBeT OLICTpoe cikaTHe, ocofeHBO B IeHT-
panbHoil wactu. Eme HEMHOT0 yBeJHYAM MACCY —— DEJATI-
BH3AIJIA Ta3a 0XBATUT OOIBMIyI0 HacTh 3BE3NEI, CONPOTHB-
JAAGMOCTH C/KATHIO CTAHET MEHbIIEe M pajuyc 3Besgsl Gymer
GHICTPO YMEHBIIATBCA C POCTOM MACCH., JTOMY COCTOAHHIO
I COOTBETCTBYeT OHICTPHII cmaj KpHBOil Macca — pamguyc Ha
rpafure puc. 8. A fopmyna (32) m COOTBEICTBYET Ipeeis-
Hoii Macce Geloro Kapinka, KOTOPHII yike He MOJKET NpOTH-
BOelicTEOBATE C/RATHIO PPABUTATHMOHHEIMA CIVIAME, M IO-
BTOMY 3/IeCh Macca He JOoJKHA B3aBICETh OT pajmyca. )

Tounaa Teopus TAeT UHCIEHHE® 3HAYCIHA MHOKHTENSL
a u b @ ecxm, KpoMe TOr0, COXPAHHTEL JUIA MOIEKYJPIOTO
Beca [i, ero oGosHavenme (e DPUPABHMBAA |\, 3apaHee ABYM,
KAk MbI JIeJAaNM BEINE), T0 TOJYTIHUM JUIf NpemeJbHOil Macehl
Georo RapiIuKa CIELYIOMYI0 TOUHYO (opMymy:

9
K, 2 - am,,
G

575
s~ 2T, (39)
L Gma\ " U5
Re \ e

Ilpemen Maccrr 3Be3m — GEMLIX KapiAIKOB — Ha3LIBAETCA TamH-
ApacerapoBCKUM mpenenoM. IIpu p, = 2 DTOT mpepesn panex
1,44 Me.

(Dopmyna (33) uHTepecHA H TEM, UTO OHA ONPEAENACT Xa-
PAKTEPHYI0 MACCY B3BE3/Hl Uepe3 YHIBEepPCaIbHLe IT0CTOf-
unie. Ilpemcransre cebe, uro macca mporoma Gpura Opr 6oJb-
mie — Torma mpejenbnag macca 6eioro rapiuka Oyger yMeHb-
NIATLCA Kak m,~%. BrickaspBamnch mpeimoiNosKeHusd, IT0 no-
CTOAHHAA TArOTeHMA ( MEHAETCA CO BpeMCHeM — TOTga u
npefieIbHEAA Macca GebX KapauKoB foiskia Oniia 651 MenaTs-
ca kak G~°:, Bupouem, IOCTOAHNAA TATOTEGHHA HE MeHseT-

M= 4,5(
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¢, @& BeJIWTYHHA MAaCChl IPOTOHA (UKCHPOBAHA BHAUeHHeM
mp = 1,64-10-* ¢, xora u me 3HaeM, mMOYEMy HMEHHO TAKIM.
W Bce ke ¢BASH acTPOHOMEYECKAX mAPAMETPOB U IADAMET-
POB MHOKpOMHpa, ommchiBaemaa opmymoit (33), mpegcras-
JifAeT HECOMHEHHEI HHTEpec.

Ho mpu owens GoXbmmx mIOTHOCTAX MBL ZOJKHE yIHTH-
BaTh He TOJBKO CHENUAIBHYIO TEODHIO OTHOCHTENLHOCTH, HO
I o6myio TeOPHIO OTHOCHTeIBHOCTH, COTIACHO KOTOpoil B6m-
3 MACCHBHEIX TeJl H3MEHAIOTCA CBOIICTBA mpocTpaHCTBA I
BpeMeHH. ¥ Hac HeT sjlech HUKAaKOIl BO3MOKHOCTH SaHHMATh-
¢ obpacHeEmeM o0Ieit TEOpHH OTHOCHTEIBHOCTH (oTcnuna-
eM UHTATEJA K MHOTOUHCIEHHBIM KHATAM H CTATHAM HA 3Ty
TEMY), HO HEKOTODHIE ee CJENCTBHA mpuBesem. B6amsnm mo-
BEPXHOCTH Teaa ¢ GOTBIUM YCKOPeHHEeM CHIIEL THAKECTH Ipo-
CTPAHCTBO HCKPUBIACTCA I HM3MEHHAETCA XOJ BPEMeHH. JT0
M3MeHeHme KPUBH3HEL IPOCTPAHCTBA MOKHO 3aMETHTH IO OT-
KJIOHEeHMIO Iyda CBeTa HAa Yrod, NPHMePHO paBumil 4fM/c®R
PAJMaH, B OO0 YMEHLIIEHHIO CKOPOCTH CBETA HA BOAHIHHY
fMicR eamjcex. 3pmees M — macca Tema, R — ero panmye
M ¢ — CHOPOCTH cBeTa B Baryyme. Uem Godpme macca m d4em
MeHbIIe pajuyc, TeM 3aMeTHee sdderTthi o0meit Teopmm oT-
HOCHTENBHOCTH,

Bymem Temeps paccmaTpmBaTh cixarme Geroro Rapamka
¢ yueroM o0meil TeOpHH OTHOCHTEALHOCTH. ¥ MEHBIICHIE CKO-
pOCTH CBeTa H YyBelnYeHHe KPUBHSHH NPOCTPAHCTBA IOMe-
1aeT BJNEKTPOHAM 3aHAMATh Bce (olee BHICOKUE YPOBHM
9HePrUH 0 OOMEIMATHCA B MEHBIIOM IO BeJmumHe o6beme —
HCKPHBJICHHO@ IPOCTPAHCTBO IIPH AHHOM PA3Mepe HMEET MeHb-
il 06BeM, UeM «IIO0CKOe» HpPOCTPAaHCTBO. B pesyanTaTe
YMEHBINATCA DIPOTHBOAABIEHNE C/KATHIO, W GeNblil KapinK IpH
nioTHOCTH GONBINe HEKOTOPOTO KPHTHYECKOrO 3HAYCHHAA Iepe-
craper GETH YCTOUYUBEIM, T. €, He CMOsKeT (oJibIme Cymect-
BoBaTh. Benudmna mpefena IIOTHOCTH HAHO0JEE MAaccuB-
npx DeNEX KAPINKOB Pa3iuTdHa B 3aBICHMOCTH OT IIPELIOII0-
JReNIA 0 XHMHUeCKOM COCTABe BEmecTBA OeJnX KapiHKob.
Ecau Geapfi kapauk cocTout U3 refius, TO mpefelbHAA MIOT-
nocrh okono 10° e/fenm?. Ecnu sxe GonbmmuCTBO Afep BemecT-
Ba 0eoro KapINKA ABIAIOTCA jKeNesHHIMH (2T0 BepXHITM
npenen o0PazoBaHMA XHMHYECKHX DJIEMENTOB B 3BE3fax), To
Tpefieibiiaa INIOTHOCTh moBmmaerca mo 2-101° z/em®, Pa-
junyc takoii speszsr oxono 1000 xa — B mecTs pas MemnbIIe
BEeMIOTO.

Ho Mil eme me pomam mo upepena Bosmo;sgHoro. Ilpm
CoIbIEX WIOTHOCTAX HAUMHAETCH NpPONECC TAK HAa3HBaeMOil
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mefirponmsanun semectsa. CyMHOCTD T0 3aKAI0YASTCA B CIe-
[yiomeM. ATOMHOE AADO MOJKeT MOTIOTHTE DIERTDOH, KOTO-
puiii mpeBpaTHT OJNHH M3 IPOTOHOB AAPA B HeTPoH. Ilpn
oTOM Gyger HCOYMEHO OJHO HeiTpHHO, KoTopoe cBoGojHO
yiijieT M3 3BE3JLI, YHOCA YacTh JHEpPTui, HMeBIIeicsa paHb-
me y TOrIOmMeHHOTo dIeKTpoHa. B OOGHTHEIX yciaoBusx o0-
PA3OBABIIEECH AAPO ¢ WIOHTKOM HEHTPOHOB HEYCTOHTHBO M
B NpOIECCE PANHOAKTHBHOTO DACIaia JTOJKHO obparHo 1pe-
BPATHTLCA B TEPBOHAYAILHOE ANPO € HCHYCRAHMEM HOBOTO
anexrpoua. Ho B Gesom KapauKe 910 HEBOZMOKHO — Y BHOBD
HCHOYIIEHAOT0 9JIEKTPOHA OCTATCHA MEHBINE DIeDIUM, TeM O5I-
M0 Y IePBOHAYANBHOTO, M €My IPOCTO HET MeCTa B BRIPOIK-
menHoM rasze. fImpo Tar u 0CTaeTCA C u30RTKOM HelTpPOHOB.
IIpomece MPOMOMKACTCA M JAJblIe, MOKA AAPA He MOTJIOTAT
GOMBIIYI0 FACTH DIEKTPOHOB H HEe IPEBPATATCA B (HeHTPOH-
I Ta3h. )

Tarasi HOHTPOHH3AIHA HATHHASTCH eIMEe IPH IJIOTHOC-
TAX, MEHBIINX IIPEIeILHOTO 3HAYCHMA, OmpefenseMoro obmei
reopueil orHOCHTe;AbHOCTH (T. €. mpu P, ~ 10°—10% 2fem®),
0 OpH AfEPHHIX IIOTHOCTAX MOPARKA 1011 —10% z/cm® mpak-
THYECKH BeCh Ta3 CTAMOBHTCA HeHTPONIEIM.

OJTo TpHBOANT K 00pPa30BAHNI0 HEHTPOHHLIX 3Be3[|, KO-
TOpSIe MEL Oy7ieM PAcCMATDHBATL B CIEAYIOINeil rrase. 3nech
;K€ TOJNBKO 3aMeTHM, UTO yiueT HelTpPOHH3ATHH BemecTBa
HECKO/IBKO IOHH/KAET TpeJes MAaccH OeNHX KAPIAHKOB —
smecto 1,4 macesr ConmEma 2TOT mpelel Temeph CTAHOBHTCA
pasusiv mpumepno 1,2 maccm Comima.

Ilo cmX TOp MH paccMaTpuBajiu CTPYKTYpy Gemoro xap-
maka. CTporo roBops, MBI M3YYajH (YEDHLIC KADIHKMY, I0-
CKOMBLKY He 00pamann BHHMAHHA HA TO, 9TO0 OHH CBeTATCHA,
uanyuaior suepruto. [losTomy Temeph NO3HAKOMHMCA ¢ “HX
HCTOUHHKAMI DHCPIHN M TepeHocoNM ee B Heapax 9THX 3BE31.

ax MBI 3HAeM, CBETHMOCTEL OOLIMIOI 3BE3NIH OIpPEes-
eTCH IPO3PAUHOCTHIO 3mesjnoro pemecrsa. Hackoasko mpo-
gpauno BemecTso Oexqoro kapamka? I{ar HE KajKeTcA HTO
CTpAHHLIM Ha NepBEHil BarxaAN, Bemecrso 0edoro Kapimka,
HecMoTpA Ha GOMBHIYI0 IIOTHOCTH, OKA3aJ0Ch CPaBHUTEND-
Ho mpoapaunsim. OGBACHEHHE DTOrO, BOPOIEM, IPOCTOE. pu-
UHHA Hempo3pavHocTH OGHYHOrO 3BE3JNHOTLO BemecrBa — II0-
‘raomenme cBeTa NpPH TepPexofax oajerTpona ¢ Gamsmmei
op6uTst HA yanennyio. Jaa ororo Heobxoamymo, 400k yauen-
masa opbura Gmma cofofma miun UTo0H Ha Hell GBUI TOABKO
OAVUH OJIEeKTpOH — BEeAL ME 3HaeM, qT0 B COOTBETCTBHH C
npuninmom [laynm ua oxuoil opOHTE J[OILKEO OLITH HEe GoNb-
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Hie ABYX 9JACKTPOHOB. IJTO ke CIHPABENJIHBO M [is cBoboj-
HBHIX OJNEKTPOHOB B B3Be3NHOM Bemiectse: 9TO0OBI MOTJIOTHTH
CBETOBYIO DHEPTHI0, OHM FOJIKHE mepeiiTm ¢ ofuoil TpaekTo-
pHH Ha Apyrylo. Ho B Buiposmennom BemecTBe Geaoro wKap-
JHKA BCe TPAGKTOPHM B3AHATH — DIEKTPOHAM HEeKyga Iepe-
XOMUTH, M MOITOMY NOTJIOIATE DHEPIHI0 OHN He moryt. IIpas-
Aa, HEKOTOPHI® JJIeKTPOHE ¢ Goxbmioil dHeprueit moryr Bee
Jie mepeiiTH Ha [PYryI0 TPAGKTODPHIO, €CHH O IPH  DTOM
¥BeJnuaT CBOI0 CKOPOCTH HACTOJBKO, YTOGH OHA OTIAMIANACK
OT CKOPOCTH BDIEKTPOHOB, Y/KC BaHIMAIMUX 39Ty TpPaeKTo-
puto. [loaToMy mOTIIOMATE CBET B BLIPO;KIEHHOM Taze MOTYT
0UeHb HEMHOTHE GHICTpHIE DIERTPOHEI, M CIefl0BATeNBHO, TIPO-
3PAYHOCTH BLIPOAIEHHOTO DICKTPOHHOTO TIasa CPABHNTCIE-
HO BeJNnKa. 3Be3NHOe BEIEcTBO Gennx KapiaukoB obiajact
H Xopoweil TemnonposogHocTE0. 00 5TOM MOKHO CYIUTH IO
XODOIIO M3BECTHOMY (aKTy, UTO METANIE], B KOTODPEX TOKe
€CTh BHIPOSKACHHBI JIEKTPOHHLIE Tas, ABIAIOTCA XOPOMH-
MU OPOBONHHKAMH Tenla I SJIeKTPHIeCTBA.

Baarogapa xopomreit mpo3padmHocTH B TEIUTONPOBOJIHOCTI
BEIPO;KTIEHHOT'0 DJEKTPOHHOTO Ta3a TeMOeparypa B Heqpax
Ge.um_c_ KapInKoB MOUYTH HOCTOAHHA. B camom jeme, mpu Xo-
pomeif TenNouPOBOAHOCTH TeMOeparypa OHCTpO BHPABHU-
paerca. Ilpamna, mano ywects, qro Gedsit KapiumK He ICIH-
KOM COCTOMT M3 BHPO:KIEHHOTO Ta3a, NOCKOJBKY BHIPO:KIE-
HH@ TMACTYIaer JHIDb OPH IIoTHOCTAX, GOmemnx 1000 ofem®
(apm Temmepatype B 14 mum. rpamycos). ITosTomy mapymmne
clon 6eroro KapianKa COCTOAT U3 0OHKHOBEHHOTO, HeBLIPOK-
[ICIIOT0 HIEANBHOTO T'asa ¢ II0X0il WPO3PATHOCTHIO, KAaK
I Yy BCAKOTO «0OLIYHOrO» B3BE3JNOr0 BEHIECTBA. OJTOT CJIOM
¢HCBLIPO;KAGHHOTOR 3BE3JHOID BCIECTBA BAJeP/KUBAGT IIO-
TOK Temja m3 Hefgp 0eloro Kapimra, H B HTOM CI0E IpPOIIC-
XOAMT MOYTH Bech Hepemaj Temmeparypsi. B olniumoir speane
TEMIEPATypa PacTeT OT THCAY [0 AeCATHA MAJIINOMOB Tpa-
IYCOB Ha TPOTAKCHNH Beero ee pajuyca. B Gemom rapamie
TeMIepaTypa pacteT OT THCAY O JECATKA MINIIHOHOB Tpa-
AYCOB B Y3KOM HOBEDXHOCTHOM CI0€ ¢ TOMMNHOIL, B JICCATHI
Pas MeHpmeil ero M Tak HeGOJLIIOrO pammyca, a 3aTeM, Ha
OCTAJILHOM DPOTAKEHHH /[0 LENTPAa, OCTAeTCs IOYTH LOCTO-
AHHOIL

Taxum obpasom, cTpyxTypa Geqoro KapimRa TakoBa: HTO
OTPOMHEI IMap, HOCTPOEHHEH 13 BHPOIKAEHHOTO 3JIEKTPOH-
HOI'0 Trasa, IWIOTHOCTL KOTOPOTO B IEHTDE JOCTHUTAeT COTCH
M THICAY KHJIOTPAMMOB Ha KyGHuecKHil cauTHMeTp, a BO BIIEMI-
HUX CJ10AX OKOJXO OJIHOTO KMIOrpaMmMa Ha KyOHmuecKmi
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canrumerp, TemmepaTypa BHYTPH A DA HOYTH HOCTOSHHA. Cua-
PY:RI OH OKpY:KeH CDABHHTCJIBHO TOHKHM CJoeM (HECKOIBKO
IPOIEHTOB pajmyca) OOHYHOr0 3BE3AHOro BemiecTsa, B KO-
TOPOM IIOTHOCTH TMAJaeT OT THICATH IPAMMOB Ha KyGuteckuil
CAHNTHMETP [0 HYJIA, a TeMmepaTypa yMeHBIIAGTCH OT MuJ-
JHOHOB [0 THICAY TpPajycoB.

Bo Bmemmeii rasosoil ofosoure JOJKeH CYIECTBOBATDH
nmorok oHeprau mapy:y. CiegosarensHo, nnb0 B BEIPOIR/ACH-
HOM rase, Ju00 Ha TPAHHNE €ro JOJRHEL ObITH HCTOIHHKH
sueprimm. Mbl y;ke 3HaeM, UT0 B BHIPOKOEHHOM rase BOXOPO-
Ja HeT: TmpH OLPOMHOIl HIIOTHOCTH OH OLICTPO PEarmpoBail
OBl I BHEIOCH OB MHOTIO SIEpPTIl, [Wero He nabiarogaeTcH.
Pacuer moxasniBaer, YT0 BOJOPONA B BEIPOACHHOI wacTH
Gesoro xapamka mos:ker Onith me Gombme 0,05%. G gpyroi
cropons, HaGMOEHEA NOKA3HBAIOT, 9TO B raszoBoil ofomod-
Ke, mo Kpaiineil Mepe B ee HapYKHBIX TACTAX, BOJOPOJ €CTh
(om Gnut ofHApY:KEH HpPH IOMOIU COEKTPANbHOT0 AaHaim3a).
IloaroMy MBI MOKEM CllellaTh ecTecTBeHHOe OpejLosio;keHue,
UTO TePMOANCPHEIE DEAKLHI B 0el0oM KApIHEe MOTYT OpoTe-
KaTh B raszoBoil o00l0UKe, B TOHKOM CclI0e, NIPHJIETAIONEM
HENOCPEICTBEHHO K BLHIPOAACHIOMY 3Be3JHOMY BEINECTBY.
dueprosuiensomuil cioil geiicTBHTENBHO A0JEH GHITH TON-
KOM H3-32 CHIBHOI 3aBHCHMOCTII BLIXOJA TepPMOAZCPHOI sHE)-
rum or Temneparypsl. To, 9T0 oToT ClIOit TOHKWIL, o6bACHAeT,
1mogeMy B OeJBIX RAPIUKax 0CBODOKIAeTCA TaK MaJo 3HeDTHH,
XOTA HX TeMOepaTypa TaKas jke, KAK y ofMvnsX 3sesn. Ipy-
rol BOIpOC — mOYEMY B BLIPO;KJEHHOM rase HeT BOJ0POAl,
a B ra3oBoil 000J0UKe OH COXPAHNNCA — CTANUET HCHLIM, KOI-
ma OymeM H3yuaTh 9BOJIOIMIO 3Be3l. Bmpouen, TeopHA TOKA-
3EIBAET, UTO TAKOE BHIEJIEHIE JHEPIHH B HPUIOBEDXHOCT-
HOM clloe Heycroiluuso: OeXbll RapilK AOMMKEHN B 9TOM CHYy-
qae TyJABCHPOBATH, 1eT0 B JIeilcTBHTENbHOCTH He Habmoaercs.

Ecnn sre i B rasoBoil oGosouke 0eI0T0 KapIMKa HeT Bo-
MOPOJIA, TO OH MOKET CBeTHTECA 3a cUCT OXNaskAeHuA. B camom
Iele, BOYTPH 0ed0ro KAPAHKA eCTh GOJBLIO 3amac TemnoBoil
QHEPrIH, KOTOpasg MENNEHHO NPOCAYHEAETCA CKBO3L HEIIPO-
3paunyI0 TEILIOU3OMUPYIOMY0 rasoByio obomoury. Tar Kaw
9TO IpOCAUNBAHIE MENICHIOe, TO OXJAKAAThCA Oennii xap-
JUK MOKeT 0Uelb Jojro. Bpemsa oxnakmeHusa Gexoro Kapiu-
KA HEeTPYNHO MOACTINTATH,

Onmakxo mpe:kae HaJ0 OHPeNeNInTh TeMIepPATyPy B BHIPOK-
mennoil wacrtn Gesoro rapnura. OuesHaHO, 9T0 OT TeMmoepa-
Typsl 0GeNoT0 KapiAuKa B3aBHCHT TONBKO €r0 CBETHMOCTE —
BeJb ML YH@ 3HAEM, 9TO GaBIeHHe BHYTpH 0eloro mapimka
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mOYTH He 3aBHCUT 0T TeMIepaTypsl, a CHEJOBATEILHO, €ro
pajgnyc I Macca TARe IHC CBA3ANLI ¢ TEMHeparypoii.

BLEB();.[ dopamym nas onpenesnenms BHyTpenHeil Temmepa-
TYPBI 0C/J0T0 KApPANKA 110 ero CBeTHMOCTH CPABHIITENBII0 IPOCT.
Opuaxo MBI DpUBEAEM TONLKO OKOMYATEIH LT Pe3yIBTAT:

M\

Te =50 (-7% . T?) MJIL TPAIYCOB. (34)
dra mpocras m ypobmas (opayda mO3BOJAET OYEHL Jerio
HAXO/NTL TeMIePaTypy BHYTPI GelIoro Kapiuka, ecim Tolb-
KO MLI 3HaeM €ro CBETHMOCTL I MAacey.

Teneps moeMOTPUM KAK PACCTUTHIBACTCA OXARACHEC Go-
aoro kapanka. Issecrmo, uro xommyectso Temma, KoTOpoe
cofiepskitea B 1 2 ojll0atoMioro rasa, pasiHo w-j——:l (ma-
moMiHaeM: A — yHunepeadnlias razonasg nocu’omrimn, L —
MOJIERYJIAPULIT BEC Tasa aTOMINX OCTATKOB; He CJEYeT my-
TATH I C MOJERYJAPILIM BECOM, MUDPUXOANINMCA Ha O
QUCKRTPOM [L,, KOTOPHIT Beerga GIII30K K ABYM; BeJNOUNIA 1L
Mo;keT OMTE MHOTO Ooiapme). CroidbKo ke TelmoBoil auepru}(
COZepsNTCA M B 1 2 BHPORICHHOTO DJAEKTPOHNOrO rasa, rie
OHAa pacmpejielena HO TAa3y ATOMHEIX OCTATKOBY. OTO, TRK
CHA3ATL, ¢XPAHIUINIIE) TEINIOBOII SHeprim Gejyoro Kapimia,
Temeps yike HeTpymio BHPasuTh GOPMYNOI, UTO MOMMHBIT
Bamac TeIIoBoil ameprin B 6CIOM Kapimke papen

3 AT -

W = T-—-“—M. (35)

3nech I' — Temmeparypa B BLIpoacdennoii wactn Gemoro kap-

anka, a M - ce macca. Tak Kak rasoBnii cloil cocTaBismer

HCCKOJNDKO IIPOLECHTOB MACCHT 3Besfnl, To M MOKHO cUNTaTh

paBHoii macce Bcero Gesoro rapanka. OuenBngno, uTo ecir

MEI PasfieluM 3amac dHeprun Geloro KapJiuKa Ha ero CBerH-

MOCTB, T. €. HA KOJNYECTBO dHepruu, udayuaemoe B 1 cew, to
LOJIyYUM BpeMA oXJaAeHns (enoro Kapimka

. E R
:[—:19- (—f)— . I’%) MJIH. JIeT. (36)
Jra Qopayla JaeT BANIGKEHHOE 3ZHAUCHIE DBPEMCHN 0XJIaik-
AEeHHs, TAK KAR € TEICHHEM BPeMEHI CBETIMOCTL Ged0ro Kap-
JAUKA IDajAeT.

Bpems oxmasiyieninsg 3aBucHT I 0T XHMHU2CKOLO COCTABRA
raga Gesoro wapaunka. Mer yixe smaem, uro nogopoima Tas
HET, HO OUpPe/IeHTh, CKOJBKO TAM IeJMHA H CKOJLRO APYIHX
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a1eMenTOB, TPyAHo. Ecim B MPONECcce dBOIONIN 3BE3/(H, Ipe-
BpATHBIICicA B KOHIE KOHIOB B OBl Kapink, TeMuepaTypa
e mopmumamach #o 100 mum. rpagycoB, TO, BepOHTHO, BECh
fesprit Kapank cocrout H3 reans (p = 4). Jlan ssesn neGous-
1110t MACCHL 9T0, BEPOATHO, TAK If €CTh. ¥ CONBIINX 3Be37 B
npolecce NX HBONIOMIIT TeMIeparypa Moria OuTh 1 Goanme —
HOJTOMY BOBMO/KIO CYIIecTBoBaHme G6eNBX KapIHKoB, CO-
CTOSMOIIX 13- MATIIA 1 Masse snesesa (= 24 w p = 56 cooT-
rerterpenno). B mocmeguem caydae Gennie KapAHKH OCTHIBA-
10T MIOTO GLieTpee. YUHTHEBAA, 9T0 H3BecTHEe Oeanio Kap-
AR IMEIOT THeOOMBINYI0 Maccy, OTPAHHTHMCH CIydaeM
RAPINKOB N3 WHCTOro rexus. Torga mo NpuBeJEeHALIM BRINO
(o PMYITAM TOJYUNM HX TEeMOePATYPHl U XapaKkTepubie BpeMena
OXMAUKJICHNS, IpUBefcHuNe B Tadum. 5.

TaGanga 5

Texnepary pa Bpeuit
Hagsame Imeaant B oMon rpax | OXJUEIeHI
B MIII. aer
40 Jpupama B 13 400
Cupuye B 9 190
Bau Maanen 700 1200

Orciona clegyer, UT0, BO-TIEPBEIX, TeMIIEPATYPH Gesxmx
KADIMKOB CPABHOTENBHO HEBEJINKH H BIOJIHE COOTBETCTBYIOT
OOBYHEIM TeMOepATypaM, IPH KOTOPHIX HAYT TePMOAJEDHEe
peAKOHH, 1, BO-BTOPHIX, JaiKe eCHH TePMOANEPHLIX pearmmii
HeJOCTATOTHO (KaK, HANpIMEp, B CIyiae 3Besgrl Bam Maa-
HeHa), To oxiasspeine (eXoro KapIHKa MOKeT oGecmeunTsb
ero CBETIIMOCTE B Teuemue coTeH Muiamouos jer. Ho osro yixe
OTHOCHTCA K mpobieMe 2BONIOIMUN 3BE3T, KOTOPYIO MH Oyjes
pacemarpnsars B riase 10.

B saxmaouenne »Toii TIABK UPHBOJTUM JIEBYI0 HIKHION
qacTh pmarpamuit  epmmupynra — Peccema, rme pacmo-
nmosxenst Oexnie kapauwn (puc. 9). Ilo ocm aberuce BmecTo
COeKTPOB OTIOKEHLl COOTBETCTBYIONMHE MM IOBEPXHOCTHEI®
TeMmepaTypul. IIpsMbie JHHIN COOTBETCTBYIOT THHMAM DAaB-
moro paguyca. Iloutm Bee Oelble KapiuKH HMET PaFHYCH
B mpegerax or 0,02 Rg = 1,4.10° cat o 0,005 Ry =
= 3,0-10% en. Ocrmpannmo GeJnX KapmiIkos Ha Trpadmke
COOTBETCTBYET TEePOMEHeHIIe H300PURAIOMUY X TOTeK ma-
pPAJIENDLIO JUHMSNM PABHOTO PAJUyca BODABO BHHS.
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Hrak, Bce cpoiicTea Geanix rapinxos (Gompmas mmoT-
HOCTh, MAJLIE PAJIYCLI, HUBKASA CBETAMOCTH) BHOJHE 0DBsac-
HATCA CoBpeMenuoil ¢usnroit. Tpymmo Ha NepPBHII B3I

I
4 42 40 48 46 lgj

Pue. 0. JimarpaMMa TeMIEPATYPa — CBETIMOCTD Ui OGMIBIX KAapIUKOB.

O/RIIATE AHAJOTHN MEKRAY NOBefeHNEeM CBOOOHEBIX alIeKTPO-
HOB B METAJJIe, XOPOUIO HAM HBBECTHHX IO DICKTPONPO-
BOJEOCTH, W HEOOHYHO INIOTHHIM BemeCTROM OinIX Kapiu-
rnoB. Mempy Tem {usugeckasd cyTh I TOTO H APYroro ABie-
HHA OfHA M Ta jke. Pasnuuie TOABKO B MacmTadax.
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FNiasca wecmaa

CBEPXILIOTHBIE 3BE3I[I)I — OYJLCAPEI
H «4EPHBIE JIBIPbI»

B nmpeunnymieil riaBe Mbl Y3HAJM, UTO €CHH TUIOTHOE
pemecTBo 0EIOT0 KapiamKa IPOJOJKATH CIREMATh, TO Ha-
cTymaer HelTpoHm3anus BeiecTBa — DICKTPOHLL «BAABJII-
BAIOTCS» B ATOMIEE SIIPa, COGJMHAIOTCA TaM € HPOTOHAMH
H IPeBPAm@IoTes B HeiiTpoHul. 3aTeM TAKHEe ALPA Pas3BaJi-
BAIOTCA 1 oupasyercn peiirpounsii rag. Moikpo mpeeTaBUThH
cefe, mo Kpaiilleit Mepe B IPUIIAIE, 9TO 3Be3da C;KaTa [0
COCTOANNA, B KOTOPOM BCe BeHECTBO NPEBPATHIOCH B
ncu’rponnmu raz. ByieMm HABLIBATL TAKyl0 3Be3fy HEHTpPOH-
noit. Ilpasga, Hajg0 OTMETHTL, ¥TO DPeasbHHe HEUTPOHHEE
3BE3JBI, KOTOPEE MBI Ha(iiojaeM Kak HyJIbCapH, YCTPOEHH
pocnosinee. TaM ecTh W HeliTpOHMEIT ras, M THIEPOHHLIL ras,
u ofpranas miaasma, M TBepAaA Kopa. IITOULI pasoBparnest
BO Beeil oToit HoBeiimeil mpoGreme acTPOPIBMKI, MBI HOCTYIIM

cnepyomuy ofpasom. CHauama paceMoTpuM HPOCTelimmit
cayuaif, KOTJa 3Besga COCTOMT IEJUMKOM M3 Heilrpenuoro
rasa, Iforom ommmexnm PEATBIYIO MOAEIE nyJancapa. ILn:Iee
paceMorpum, Kak omu oGpasyrores. II, maxomerr, nepeiimem
K ecme 0Oojee MIOTHEM O0BERTAM = (UePULIM ABIPAMY.

Hrak, mapaiiTe 1ipeImolIo;KIM, TTO HMEETCA Iap, COCTO-
AN 13 TICTOTO HEHTPOHHOTC Tasa, CHePHKHBAEMOT0 CHIAMII
coGCTBCHHOTO nce.\mpnom Tarorenua. Ilak  ompeienuThb
papaMerpm rtaxoro mapa? Ilax, mampmMmep, HAiiTI ero pa-
JIye, ecam 3ajiaua Macca mapa?

Hlelirpouusii ras mpm HU3KIX TeMIeparypax pejer ceds
TAK e, KAK M SJIeKTPOHHLIL I'a3 — 3/eCh IMOABIACTCA KBAH-
ropoe pEpemierne., Yesm Gosapme TeliTponoB TAXONUECH B
orpaumyernioyM ofnexme, Tem fonnine WX DIEPTHA M emle 0oL~
me gapigenie ueidrpounore rasa, Heorony VI BRIMHCIICHIA

iQD

TaBJICHHA HEliTPOHIOrD Taza MBI MOAeM HOCTYLUHTL TaK ke,
KaK 97O MeIajIl B ¢JIy4Yae BRIYHCICHNSI JIABICHIA BEIPOICI-
HOT'O DJIEKTPOIIOro rasa. 11 smecs gasienne p 3aBUCAT TOJLKO
0T KOLIEHTpaIui HeUTPOHOB n,, moctosmmoll Ilranra 7 u
TEeOCPL YiKe Maccesl Heiirpoma m,. Onars NPHMEHAA METOS
alajinia IJIISAIGPIIOCTII, MBI DOJYHYHM TaKYIO ;Ke (i)OpMley, Rar
n (23), mo Tomnko ¢ 3ameHoil m, ma m,. Taxum oGpaszom,
faBrenue HeilTpPOHITOTO rasa

] (37)

P?t

M specr semmumua IT m3 coolpassenuii pasMepHOCTH HO
ompenenserca. lIpasves uis nee To e sHaueHue, 4TO M JIAA
9JIEKTPOHHOTO raza, T. e, mogomus IT = 1,9 =~ 2. Momxexyasap-
HEBII Bee HeIITPOUIIOro ras3a odeHb OMI30K K eITHIIE, T0CKOIh-
KY Macchl mpoTomna u Helirpoma mourn panusl, [lostomy pas
AABJIEUL IEITPONHOro Tasa MBL HOJIYTAeM

P Y N,
pzi%—(i) = - % = K 0%, (38)

4
{E}
).’I,n

e nocrossuEan K, = 5,3-10% ama-cx®/es, Eenu orBuevnes
0T PA3JIHYMAA MOJCKYIAPUBIX BECOB, TO JABJCHIE JICKTPOII-
HOTO U UeHTPONHOTO BLIPO:KAGHILIX TA30B NP PABHLIX
INIOTHOCTAX OTIMYAETCA HA MHOGKITENH, PABHBIL OTHOMEHIIO
Mace MHelTpoHA M HIERTPOHA.

R coskamenmio, dopuyant (37) n (38) me owensn TodHEIC.
Hemo 3mecs B camepyiomes. B meifitpomiioM rase iIOTHOCTH
ovenh BEANKA, 4 3TO 03Hadaer, UTO 37ech HeiTPONLI HaXxo-
marcsa Onusko Opyr Kk Apyry. IIpi aToM Ha maBiennn HelTpoH-
HOTO Tasa HAYHNAEeT CKA3LIBATLCSA CHILIIOE NPHTAMKEHNS
uefitpouos Me;ray cofoil Ha MeGOILIINX PACCTOANNAX, T. €.
IPOSABJAGTCA [eiicTBHE MAAePHHX CIUI, KOTOpHie BOODII®
YOOP:KIBAIOT Weiitpoust B sapax. ITo ma owens Omm3kix
PACCTOANHNAX HeillTPOHB oTTAJKuBaloTes. Urodul  yIecTn
siiepIioe IPHTAKeHIe I OTTAJKIBaNme Heiirpornos, Haxepon
OPEUIORIE Taryio (QOpMYIy [MA JaBieHIIA  HeilTpPOoHuoro
rasa;

= 5,3-10%"% + 1,6.10™Vp"s — 0,14 p* amun.

BHGGI\ BTO[]OI"I TACH YYUTHIBACT OTTAIRIIBATIIE IIa MAJILIX
pPaceToAUNAX — OH CTAHOBITCA 0OILIIIA OpHI O0YClL GoJrn-
X II0THOCTAX, U T]_)CTIII"I YJICH  YUHUTLIBAGT TIPUTH/NCGHIIG
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1neiTponos Memay cofoii — 04€BHHO, UTO TAKOE OPUTHKEHHe
yMeHbIIAST JABJeHe HeifTPOHHOTO Tasa M IIPOIOPIHOHAILE-
10 Kpajpary umcia dactei. Ho B TepBOM HpuOAMKEHIE
BCE Ke MOJKHO TONL30BATHOA IPOCTOH Qopuymoii (38).

3umag ypaBHeHIIe COCTOAHNOS HEHTPOHHOTO Tasa, MOKHO
PacCUMTHBATE I HeliTponune 3se3fsl. Honeuno, sfech Bonoaue
MOKRHO BOCIOJBB0BATHCA aHajorHeil ¢ Teopuell cTpoenmsa
GelBIX Kapiukos. 3Jiech COpaBeiABA, HanpuMmep, B Qopmy-
aa (27), TonmpRO Temeph BMECTO (9IEKTDOHHOIO» BHAUEHHHA
HOCTOAHNOIT K HY/KH0 MORCTABHTEH (HEIITPONNOE» 3HAaYEHINE
oroil Bemmummei. Torma mOXyuIHM [QIA pajnyca HeHTPOHHOL
8Be3Anl ¢ mMaccoil AM:

2K Mo\
R — 2 2 (52)  nn. (39)

Papuye HeillTpOHNEIX 3Be3J BCCTO JIHITh HECKOJILKO KIIOMET-
pos! Ho 9ro ouweBmpmo paske M3 mpocTelimrux omemoxr. I'az
CTAHOBHTCA IOYTH IOJIHOCTBIO HEHTPOHHHIM, TONBKO eCIN
ero miaoTHocTs mopsajgka 10 — 10 z/en®. Pammyc onmopop-
HOTO mapa ¢ Maccoii, pasHoil Macce CoJHIA, W TIOTHOCTHIO,
pasuoii 3-10' #/ca®, ects R = (3Mg/ldnp)s = 12 km, ™. e.
penuanua, onmskas x (39). Homeumo, B meiiTpommoil 3Besme
IUIOTHOCTh HEOJHOPONHA, MO0 OYeBHZHO, UTO HeTPOHHEe
BBE3IE BCeTfa JOMKHLL MMEThH MAJeHLKHH pagayc.

HMrax, mpocrag Mojenh HeHATPOHHOI 3BeSJH, COCTOSMmMelt
113 UYHCTOT0 HeHTPOHHOTO Tra3a, ONHCHBAET KOHQHETYPALHIO
¢ Maccoif, mpaMepHo paBHoii macce CoxHna m pagmycom
10 — 12 kn. Tar ke kax B GensiX KapAHKAX, MEHTPAIL-
HAA WMIOTHOCTH B IECTH pas Cojbme cpefpei,

Ho B peiicTsmTeabHOCTH MONENb HEHTPOHHONE 3Be3IH
caoskHee. DBeniecTBo He MO:ieT O0CTABATLCA HEHTPOHHBIM
ra3oM BOJOTH N0 caMmoii ee mopepxmocrtm. Iloaromy cmemyer
pPacCYHTHIBATE CTPYKTYPY HelirpDOHHOII 3Be3[H ¢ yUeTOM BCex
BO3MOKHEX M3MeHeBuil cocrosimna Bemectsa. llocne otxpri-
THA NYILCAPOB, KOTAA HEUTPOHHLIE B3Be3AH NPHBIEKIN
ocofoe BHIMAHHN® ACTPOHOMOB W (U3HKOB, GLIIO BHIOOJIHEHO
MHOTO PaGOT II0 TCOPETHUCCKOMY ANANM3Y CTPOCHHS HelTpoH-
HHX B8BesN. Pe3yibTarTil HTHX HCCHENOBAUmIT MH ceiifuac
KPaTKO HBI0KEM,

Ilpeskme Bcero 3amermyM, YTO HeiiTpomHas 3Besga oGpa-
3YeTcHa 13 ropaueii 3BesH MOCe TOT0, KAK BT 3Be3a CHABHO
cosrMerca. flemo monroMy, Uro TeMmepaTypa BEYTPH HeiiTpom-
HOIi 3Be3JIE ele COXpanaercs BHCOKOI. TOTHHY TaHHHX mer,
HO, BePOATHO, HA MOBEPXHOCTH HeHTDPOUHEIX BBE3J TeMIepa-
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Typa OKOJO COTEH THICAY IPAAYCOB, & B HX HEAPAaX Temmepa-
Typa JOCTHTAET COTEH MIJIIHMOHOB IDajycos,

» OueBHIHO, YTO MIOTHOCTH BemECTBA BHYTPH, HO BOamanm
uonepxnoccreii IeIITPOHNILIX 3BE3M, MOM:KHA OHThH OTHOCHTEh-
110 He0O0MbIIoll I TOABKO B TIy0HHE 0Ta BOBPACTAET JIO OYEHD
UOJII;IIHI\ BHAYe I, -

Ha camoii moBepXHOCTH HEHTPONHOI BBE3NH WIOTHOCTE
BemecTsa mopamka 10* 2/em®. Taxoif mmormocTn coorney-
CTBYET BeIeCTBO OeNHX KapINKOB, COCTOAIIEe M3 ATOMNLIX
Afiep W BHIPO;KMEHHELIX daexTpouos. Ilpasma, specs aTo peuse-
CTBO HAXOOHTCA B O0UeHb CHJLHOM T'PABITALHOHHOM 100
caMoii HeHTPOMHOI 3BE3NH W, KpPOMe TOTO, ero TeMIepaTypa
8aMETHO MEHBIIE, WeM BHYTpH Oeasx kapiamxoB. Ilosromy
3MeCh OT0 BEMIECTBO 0OJMafaeT CBOICTBAMII He Tasa, a TBepIo-
ro TeIa,

Xuvugecknili cocran HAPY#RLLIX  CIOEB HeHTPOHHLIX
3BE3M, II0- BIJUIMOMY, TAKOB, WTO foxbme Bcero smecn apep
FREIIE32, XOTH MOTYT OLITE I ATOMIILIE APA IPYTHX DIEMEHTOB,
B am\mm AOPAX sRee3a MPOTOHEl I HEHTPOINLI YIAKOBANLI
nanforxee MWIOTHLIM 00pasoM. DTH ATOMHLIC SIPA. ABIAIOTCA
KOHEYHLLIM TPOAYKTOM BCEX ANEPHRX PEAKIME ¢ BHIICICHIICM
DLEPTIi,

Hrax, BHeninsa YacTh HEiITPONHELIX 3BE3[ HPCACTABINCT
¢060ii TBEPAYI0, NIPEHMYMECTBEHHO ;REALBHYIO KOPY, B KOTOPOI
OIOTHOCTL PACTET OT IOBEpXHOCTH BOBHYTPhL., Ha caoii
DOBEPXHOCTH KOPHI MEHTPOMHEIX 3BE3, MO/KET OHTH, /A0
€CTE ¢TOPLIY, KAK I HA IOBEpPXHOCTH KOpH demam, Onmaxo
BRICOTA OTIX (TOP» 1€ 0oJiee MeCKOJBKIIX JECATKOB CAIITHMET-
pos, oxee BLICORHE «ropel» GYRYT Da3faBieHsl  orpoMioi
CIZIOH TAMECTH.

Treprag Kopa HEHTPOHNEIX 3Be3], COCTOAMIAL 118 00LIUNHIX
ATOMHBIX #AJe) M BLIPORAEHIIOTO DJISKTPOHHOIO Ta3a, JMEeer
TONAMIINY TOPA/JKA COTEH MEeTPOB, BIUIOTDH IO TNYOHHH, THE
UA0THOCTH BemectBa pocrnraer 4,3-10' o/cu®. ¥V meiitpon-
HEIX 3Be3f ¢ Mamoit maccoit (0,131 o) TBepras Kopa Mosxer
BALIMATD WOJOBANY PAAIYca 3BE3El, HO ¥ HANBOXCe «TKCIIX
HeHTpominx 38e3/] ee Toxmyna ne Goxee 100 aerpos. Ilo Mepe
LOTPY/KEHAS BTAYOh BHYTPH 0T0f KOPE HECKOILKO MEHAETCS
I xuMuyeckuii cocraB, Ecaun B6amsn nosepxmoctH mpeodia-
JAeT FKEeJNe30 ¢ ATOMHEIM BecoM 0Ko0io 50, To BOMI3N BuyTpes-
neil rpanmint TEepaoil Kopsl Goxbime ATOMHBIX Alep THMA
mupronns (¢ atoMusM moMeposm 40), 1o ¢ ouens Gombinmm
ATOMHEIM BecoM, o 127. dro mpomaomao moromy, ITO 3IeCh
DACKTPONNLI, ¢BJaBAIBAEMEIE B ATOMHLIC SADA, YMEHLEIAIGT
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uX ATOMHLII HOMep, HO YBEHIMUHBAOT 1000 NeiTPOHOE B
TAKNX sipax.. YMeHBIIeHHe KYIOHOBCKOIl CHIBI OTTAIKHBA-
11 cnocoGeTBYeT CHNANIIO ANep, a 3aTéM I TONIMOMY Ipe-
Bpamenno B HeliTpoHuEli ras.

OcoGmit uuTEpec mpejcTaBisieT CaMHIl HapyRULT o,
TOJIINHOIT BCETO B TECKOALKO METPOB, Ill¢ IIOTHOCTE BEUlect-
pa me Goxee 10%2/cu®. dro Toske TBep)HIl cI0il, HO ero ocoben-
HOETH B TOM, UTO 3/[eCh BEmEcTBO KOPH HelTPOHHOH 3mesn
CHIBHO HAMAPHHUeHo. Belmumma MATHATHOTO IOJA [OCTH-
raer 109 —10%eayce. Mm eme BepHeMmca K pPaccMOTPEHHIO
OTHX MATHUTHHIX Iojeil.

Veunenuoe npeppamenne BemecTsa, COCTOAMEr0 13 ATOM-
UHX AfeP N BLIPOAICHHEX DJICKTPONOB, B HeHTPONHEI Ta3
paumHaeTcss Ha raAyOmHAX, TAe MIOTHOCTH Goxbme 4,3-10
o/em?, n yae na rryGune, e miotHoeTh gocturaer 10%2/cn?,
B ¢BOGOJNEX HefiTpomax cofepatnTcess Oolblne BemecTBa, deM
B aroMmmx aapax. Ha rayfmmax, rie DIOTHOCTL JOCTHraer
peanunpn 3+ 10Me/ca®, yixe mouTH Bce BeMECTBO CTAHOBITCA
HeHTPOHHLIM Ta30M.

Toamuna sToro caos uelirpoumsamun oxomo 100 m» y
papbomee TARENLIX . HOHTPOHHEX 3Be3f. TaxmMm ebpason,
HOJHASA TONINHA KOPH 00BYHOTO HEITPOHHOTrO BemecTBa y
HeHTPOHHBIX 3Be3] ¢ Maccoil oxoyo onmoii macewmt Conn-
na cocrapaser 200 M — M 9TO UPH HOJIHOM pajuyce 3BE3NLI
oxono 10 wm! 3pgecyr Goubpmas gacTh BemecTBa HelfTpoHHOHR
BBE3JIH HAXOMNTCS B COCTOANMI MeHTPOHHOrO Fasa H IHOITOMY
PHOJIC IPIMEHIIMBI T¢ HPOCTHE OICHKH, KOTOPHE MbI IPIBEIN
BELILIC,

Ho y ueiltpoHHEX 3Be37 Majoil Macch (ampmuep, IpH
M =01 Mg) nnornects 3-10'z/cxu® nocruraercs ToibKO
pOIN3N LEHTpa, DOCKOALKY MAECA CINNIKOM Maja JJIA TOre,
yro6e CyRATHL 3Be3Ay Ko GoxpmmX mroTHocTeil. 3mech Beme-
CTBO 3BE3AN HpefcTapifer. coloii cMech HeliTPOHHOTO Tasa,
ATOMHLIX SIACP I DJCKTPOHOB. PacCunTHBATL CTPYRTYDY
FAROX B3B3 CJOIRHCeE.

OtTeoma, KCTATI, CAEAYET OJMH OYEHL BKHBIL BLIBOM.
Heiirponusie 3Besjist He MOTYT CYIIECTBOBATE, €CIAM HX Macea
MAXA: B TAKIX 3BE3JIAX MAJA IJIOTHOCTEL 1 HeURTpPOHE pacma-
NATOTCA H& MPOTOMEL 1 DACKTPOIH, ToUno paccurtarn R
Npejies Macewt NMeliTPOHNIHX 3Re3] MOKA He ¥lajgch, Ho, Bepo-
arno, on me menpme 0,1 Me.

Mpn motnectn o = 3-101 2/exn® pemecrso meiiTponnei
BRE3MEI COCTONT 112 HOIITNOOR ¢ He(oILHI0N TPHMECDHI0 IPOTOHOB
¥ naexTpoloB (Kaskjioro sapsinenunoro xemuouenta mo 4%).
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[Romeuno, AaBiIeNle OMPENEACTCS MOYTH MOXHOCTRIO TeHTPOo-
pnamu. Tipn eme Oémpmux mrornoctax (p = 10 e/en?) B
IEHTPANLILIX dacTax wmanboiee MACCHBHBIX HeRTPONNILIX
3BE3][ MOABIAITCA M THIEPOHLI — DIIEMEHTAPHLe 3apsKe-
HHE W neiiTpambupie YACTHIE ¢ Maccamm, OOJBIIMMI ueM
MacCul mporTonHa I HeHTpOIA.

Bepestio, zeiirpeonnnii ras Beger cefs Kax cBepxTeRyUasn
JRUAKOCTH, @ TPHCYTCTBHE 3[eCh  BAPAMKEHHBIX  YACTHIT
IIPHJIaeT 9TOMY BEIHECTBY M CBOICTBA CBEPXHPOBOJHIHA.

Honeuno, pu pacuere HellTPOHHLIX 3Be3l Bee ocobemiro-
€71l TOBeJeHHd BemecTsa NpH CONBUIAX TNIOTHOCTAX NPIHH-
maorea Bo sumManme. Ho ofmas sabucmMecTs pajuyca
nefiTponoit 3Be3[Hl OT ero Macchl, ommckiBaeMas Qopmymoi
(39), KOTOPYI0 MLl MOJYUIJIE TAKHM IPOCTLIM IYTEM, OCTACT-
s CIpaBeJAHBOIL, eciil Mo KpaiiHeil Mepe macca HeiTpPOHHOM
3BC3OEL He CHHIIKOM Maja.

Mu yie HeoAHOKpATHO YHOMHHANN, YUTO NelTpoHHbIe
3Be3L — 9T0 myancapsl. OCHOBHOE CBOICTBO IIyIbCapa Bak-
n9Yaercs B TOM, 4T0 MH Ha(JiofaeM OTHelbHEe HMMIYILCH
H3IYICHHS, TOBTOPAIOMIECS ¢ YeTKO BHPAKENNOI TTepiojimt-
noeThio. Yem MOKHO OOBACHOTE TAKY0 NEPHOTHTHOCTE?
OueBHAHO, 9TO KAKAM-MUOYOb U3 OBYX SBIEHHIl: AE00 Dyab-
CATMAMHA, T. €. IEPHOJNTICCKIMI CHKATHEAMII M PACHINpenI-
aME, b0 BpalmenmeM.

[ynbenpyromue nepeMenHnle 3Be3JI, COCTOANNIME 13
ofHTHOTO Taza, Mil GYJAEM paccMaTpHBaTh HIske, B IiaBe 8.
TaM ke ofCymuM ¥ TPHUYMNHE!, O KOTOPHIM 3BE3A MOJKET
NEPIHOMIICCKI DPACHIPATLes U cikmmarses. Ilpasma, omn
OPHINIE HeIPHMCHAME B ¢Iydae HCHTDPOHNHX 3Be3M, MO /0-
NVCTAM, YTO I OHII MOTYT HyJbcHpoBaTh. B.TOll jite BOCHMOIX
raaBe Mo monyumM coormemenue (46), ®oropoe ompenesser
NIePHOJL IY:IHCATUIH IO 3a[AHHOI CpejHeil MIOTHOCTH (CTP. 129).
70 COOTHOIMCHNE YONBEPCANBIHO H MPHMEHIIMO K HeliTPOHHEIM
smesmaM, TAK jKe Kak M K o6nrunniM rasons speaja. [oncra-
suM B opuyny (46) smadenue cpepmeil TTOTHOCTI P, PanIoe
3-10% 2/eca®, m maiinesm, UTO ecHI HEMTPOITHAM 3BE3fa MASNHET
DYIALCHPOBATL, TO IEPHOA HYIBCAIMIT MOMKCH OHTh OKOIO
7-10-1 cer! A masie y caMoro KOPOTKOIEPHONIITECKOTO YL~
capa mepuox pasen 3-10-% cer. rar, myXbCAII HE MOTYT
OFbACHIITL ARJICHIA TEPHONAYIOCTI HBIYIONHA NVYILCADOR
1, Oexee TOTO, MOIKEO CUNTATH, UYTO HEHTPOHNEE 3BC3AN
roolmie e MYJLCIPYIOT.

OcracTess TPCATOAORITTH, UT0 O BPAIMAIOTCS, TP
HepHof MOBTOPCHHA MMUYILCOD €CTH HCDHOL BPALEHs.
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Hyascap ¢ mepmomom 3,3-10-% cer pmemaer 33 oGopora B
CEeKYHY, I fasie HanGoee MeIeNHO BPaIaomuiics myascap ¢
nmepuomoM 4,8 cex coBepmiaer 3a CeKYHAY 0,21 oGopora.

[Ipuwany cTonb OHCTPOTO BPAMMEHUS MOMKHO OTHECTH
ga cueT NPOMCXO:KIeHHs nyiabcapa. llpegmomosimsm, wro
pHagajie 970 Obiia GoJbmmasi rasoBaf 3Besfa ¢ pagmycoMm R,
BPAmAIOMAACA ¢ HeroTOpuEM mepmoxom P;. HeiicTBuTensHo,
BpAIIAONIHecs B3Be3nsl HAOMOXATCA, INpHYEM IePHOALL
BPAILEHAA ¥ HEKOTOPHX 3Bean MoryT Ou:Th u okoxo 30 wacos,
xors v Coxmma mepmon Bpamesusa ropasgo Goasime, DOUTI
30 cyror. Temepsr IpPeANONIOMAM, 9TO B IPOIECCe SBOMIONII
DTa BBE3NA CKAIACH JI0 COCTOMHNS HeHTPOHHOI 3Besinl.
Kaxasmii smaer, 9To OpH HTOM OHA NOJKHA OEICTPO pacKpy-
THTBCH. VM3MeHeHHe COCTOAHIA BPAMEHHA ONpeNeIaeTcs
3aKOHOM -COXPAHENHsA MOMEHTa Bpamenus. Hak mspecTmo,
MOMEHT BpameHIsg ecTh NPOH3BeJeHIe MOMeNTA HHepIH,
KoTopsiit Mit GyaeM oGosmauarTs OyKBoil /, Ha yraoByi Cko-
poCTH BpamleHns, pasaylo 2n/P. Il BEIYHCIEHHS MOMEHTA
UHEepPINN Hafgo0 3HAThE pacmpefeleHHe BemecTsa BHEYTPH
speansl, Ho npnbamkenno sejnunsa | =~ 0,1M A%, rne M —
macea sBesgel m R — ee pajguyc. GreoBaTeIsHO, DI CRATHI
3Be3nul coxpamserca mpomasenemue I-2x/P = 0,6 M RYP.
Ecam Macca He MEHSeTCH, TO coxpamsercs Bexmwmmua R2/P.
Ilyabcap ¢ pammycom Ry, o0pasopaBmumiicA M3 B3BE3NH ¢
panuycom R;, Gyner Bpamartscs ¢ mepuogoM Py, rme paa P,
nmeeM OpMyIy

Ry \2.
Py=(gt) P

TocmorpaM, wTo 3TO Haer B umcaax. IIycrs pagmyc 3Besfn
no cskarms pasem 7-10° xa, 1. e. pamex pagmycy Commma.
IIpunnmasg panmyc HeliTpomHO# 3Besfsl paBEHEM 14 xa,
HAXOJIM, 9T0 HOCIE C:RATHA MCPHON BPAMEHNAA HOJKeH YMeHb-
-mutbea B 2,3-10° pas! Helitponnmas 3Besga, o6pasoBaBmas-
ca w3 Commma, Gynmer comepmath ommu obopor 3a 10-2 cex.
BoaMosiio, 910 BATaALHEE NEPHOJL BPAMESHAA HeWTDPOHHLIX
3Be3 HMEHHO TAKOBH M mHaljmNaeMple Telneps IYILCADH
CINIBHO BaMEJIIJIN CBO@ BpameHme.

Savefnenne BpAmeHHA TyIbCapoB Habmomaered: y
MHOTHX N3 HHX, 0CO0EHHO HMCIOIHX MaJHe HMepHOoNEl, Neil-
CTBATCALHO MMEET MECTO TMOCTENeHHOe, HO OUeHDb IPaBHIbHOE
yBenmgenne mepmoja. Hax mpapmmo, 9eM MeHbLIIE TEPHOJ,
Tem OnicTpee oH pacTer. ¥ caMoro OHICTPO BpPamAQMmerocs
nyabcapa, HEPHOR KoToporo pasex 3,3:10-% cer, Bemmumma
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nocaeanero ysennunsaercsa Ha 1,3:10-% cex B ron. 'V cIeny-
10mero no GHCTpoTe BPAMIENNs HYILCAPA, HEPHOT KOTOPOTo
paseu 8,9-10-2 cer, ysennuenme mepmoga B 3,5 pasa Memnem-
nee, a y OCTAIBHBIX IIYABCAPOB €INe MHOTO MEHBIMe.

¥ nByX caMbx GHCTPO BPAINAIOIIXCH IYILCAPOB Halaio-
ramuch ad@exTr «cOoay BPAIENIa, KO IepHof BHe3AIIHO,
IIOTITH CKATKOM, YMEHBINAJCA, a HOTOM ONUATH IIPOFOIRAJ
pactn., Cxaukm mepuopa Onan HeCOABIMMMT M WX MOSRITO
00BACINTE CTONB ke He(OMbINM W3MEHCHNeM pajmyca
HEHUTPOHHON 38Be3AL HAN NepepaclpefelemniieM BEMECTEA B
ee DOBePXHOCTHHX cxosAX. Ecre Teopms, coriacHo roTopoi
B KOpe HeHTPOHHOHE B3BE3NE MOTYT BO3HNEATH TPENINNEl I
OPOHCXOANTH «3BE3MOTPACEHIIAY, KOTOPHIC T BLISHBA0T cOom
ppamennsn. o ects u gpyrue Teopmu, @ apreine ¢Hog mOKA
emle HeToCTATO9HO Acto. I{poyMe Toro, 3Ti coOTIA 0KAZAMICE
[LOBOJIBHO POIKIMIL,

Hrar, nabmogeHna TOKA3HBADT, TIT0 HeliTPOHHEE 3BO3H
3aMe[JIAIOT CBOE BpAINIeHie, T. €. TePAIOT CBOI BPAMATENb-
HyI0 dHeprao. Bemmumna BpamateanHOli SHeprmm HelTpoH-
Hoit 3sesmst pasHa Y/, I(2n/P)%, a smas saMemenme Bpaime-
HOfA, HETPYAHO ONPEAeNHTH, CKONBKO SHEPINN 3a eIUIHIY
BpeMeHNI [oJyKeH TepaTh nyancap. Hampumep, y camoro
OricTPO BpamMA0MErocs IYIRCAPA BPAIATENLHAA DIEDPIIA
pasaa 5-10% spe. Havenenme mepumoma ma 1,3-10-%cex B rog
COOTBETCTBYeT Hotepe sueprun oxono 10% ope/cex. Homeuno, v
Apyrux, Goiee MeANenno BPAAOMIXCA TYIALCAPOE TMOTEPH
BPAIIATEILION DHEPI U CYMECTBEHHO MEHbINe, HO BCe PABHO
BHePTHA, KOTOPYIO H3JIYIAI0T TYIBCAPHL 3 CeKyHmy, Giaro-
mapsa saMeANeilo BPAMCHNA MOJKET HAMHOIO NPEBMIIIATD
ceerumocts Commia.

PacciyioTpmM Temeph UPIUNILI, TPUBOJAMIE K TOPMOsKE-
HAI0 Bpamenus nyancapa. Hambomee sdfiextTuBHEIM 31eCH
OKA3LIBAETCA MATHATHOC TOJe, XOTdA, MOker OBTh, ecth I
APYIHe TUPHYMHLL PaccMOTpIM MATHDTHOE [OJe HyALCApA
nogpotHee.

IIpesime Beero, Kax Taxoe MArNITIOE TIOJC MOSKET BOBIIIK-
uyTs? Hasectno, 4ro mo kpaiineii Mepe mHeroTOpHIC BBE3JIEI
00IANAOT MATMUTHEMI HMOJAMIE. ¥ ONHNX 3Be3] OTH IOJA
caabee, kak y Comnna, y Apyrux 3Besy OnM TOPAsH0 CHABICES
(mocrmrart 35 TeCAT rayee). Temepnp AOMYCTHM, TT0 3Be3/A
BMECTE €O CBONM MATNOTHHIM moneM cirusaercs. IIpm nrom
Ol CTATHBACT I MATTIITHEC CHI0BLIC NI, A 5T0 031a9aeT,
9TO MATHHTHOE IoXe pacrter. MoikIo MoRasate, 1Io TalPRKRen-
LOCTE MAUHHTHOIO IIOJH MO;RCT YBEAMYNTLCA BO CTOILKO
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PaB, BO CKOJBKO ymembmaerca mepuof Bpameums. IJooromy
ecan Cojnmme cossMeTcss 70 DPasMepoB myancapa, TO €ro
MATHOTHOe Toje OYIeT IMeTh Hamps:keHnuaocts go 2,5-10°
rayce. A m3 3Besibl ¢ HAYANBHLIM MarmmTipM momeM B 107
raycc ofpasyerc OyIbcap ¢ HANPAKEHHOCTBIO MATHUTHOIO
mons B 10%* rayce,

Hrax, mynbcap, oOpasyolimiica moche C:RATHA B3B3,
OBICTPO BpPAINAeTCS W MMCET CILILHOe MArHATHOE IoJe. Ho
TOrJa O JOJ/UKeH TEPATh JHEePruio Ha HaJIydeHdme Tak ixe,
KaK TepAeT ee ODJIEKTPUYECKUI Bapsl, BpamaOmica o
HexoTopoii opbute ¢ Gonpimoil ckopocThio. MomuocTs moTepH
JHePrum ompeeiseTca ciefyomeii GopMynoil, KOTOPYI ML
mpuseniem (e3 BLIBOHA:

i HIR® (Z:t )1_

o3

3nech H — HAIPAKEHHOCTH MATHHTHOTO HOJIA HA MOBEPXHO-
CcTH myaecapa, R — ero pajgHyc, ¢ — CKOPOCTh CBeTa W
P — nepuop spamenns. B Qopmyne (40) semmunua L nase-
crua us naGmoopennit mavenenua mepuoga (L <5 10%%apa/cer),
pajguyc myascapa opumem pasusn 12 mam. Ilogcrasusasa ota
suavenns B Qopmyany (40) n npmHmMas mepuoj BpameHudA
pasusm 3,3-10-2 cex, maxoauyM, UTO MATHHTHOE IOJe BJTOTO
nyiscapa mommue OmTh paBEeM 10 rayce. Hraw, Bce
cxomuTesa. Ilyinpcap ¢ MATHOTHRIM II0JIeM JIeiiCTBHTENbIO
TOPMOBHT CBOe BPAIEHHe, HATYIAA ICKTPOMATHUTHYIO dHEP-
rmo, uTo ® Habaomaerca. Jlerko oGpsACHAETCA M MPOHCXOIR-
[enme CHJABHOTO MATHHTHOTO TOMA H OHCTPOro Bpameuus
OyaLcapa.

C apyroit cTOpOHH, 3TO ke MATHATHOE Holle H BpameHne
o0bAcHAeT H 0cOOMI XapaKTep HX HBIYIeHHsd, KOTOPOe MBI
HaGmonaeM B BHUOe OTAENBHEIX HMIOyahcoB. Hama xnura
NOCBANIEHA BHYTPEHHEeMY CTPOGNHIO 3Be3Jl H  I03TOMY
MBL me OyieM BaHOMATRCA TeopHeil pajnoM3IydeHus
myJabcapa, KOTOpoe BOSHMKaeT BHe TBepAoil KopH myascapa.
CreaeM TOJNBKO HECKOALKO 3aMEUYAHIIL,

MarunTHas OChL DYJIbCApA HE COBHANACT € ero OCLIO
ppamenns, IloaroMy, Korja myancap BpamlaeTcs, ero Mar-
HATHAA 0Ch IPOUEPUNBAET B IpoCcTpancTBe xouyc. Marnurnoe
nojie nyabcapa HauGomee CHILHO B OKPECTHOCTH MATHHTHLIX
HOJIOCOB, TAM, T/I@ 5T 0Ch BEIXOMIIT I3 HOBEPXHOCTH IyILCapa.
37ech MATHHTHOC MO ITOUTH HEPIeHNKYIAPIO0 K TOBePXI0-
ctu. MOMRHO TPeIoI0sKRUTE, YTO W3AYIAIOT 3ICKTPOMATHIT-
mBle BOJHLL o0jlacTi ¢ Hanfoaee CHILUBIM MATIITHBIM MOJIeM
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1 UTO NBJAYUEHHe BEXO/T u3 pTix o0JacTeil mpenMymecTpemn-
HO BJIONB MarHuTOBIX cuioBnrx ammmit. I cnopas,
BIOJIIE BCPOATNO, UTO MYALCAD TEHePUPYCT POy ICHIE
TOJNBKO BIOJNL CBOMX MATHmTHLIX oceil, Torma Mpl madaomaenm
L3IYUenye MyJAbCapa TOJLKO B TC MOMCHTH BpeMeNH, KOTja
ORA3BAGMCA HA TPOJIONENI eT0 MATHHTION oci, JTHM
obpacnaercss AROCH NYJALCUPYIOIMI XapakTep M3aydenmsa
NyJBCapa — HEJIO MPOCTO B TMEPeMemeNnI Jyua nyJascapa 1mo
nedy, HabGmopenme mH3NyYeHHa mTYILCAPa OUYeHbL TOXO03Ee
Ha HAGNIOZENHE CBeTa MAajsa,

Ho Bepmemcs ofpaTHo K CTPOGHMIO HeHTPOHNHX 3Besf.
Msr yike ropopmam, Wro mx macca ne MosKeT OHTH MEHBINC
0,1 macesr Commna. A umeercss ni BepxHHil Ipefes Macchl
yelitponneX 3Be3A? OwrasniBaercs, 4TO MACCH HeilTpoHnLIX
3BE3] TAK;KE OTPAHNYCHLI U CBEPXY.

Oname offpaTuMes K QHANOTHH MEKIY BEIPOIETIIHIMIT
DICKTPOHNEIMEL (0esple KapIuKH) M BRPOJKIEHUEIMI IIeHTpoH-
ILIME (IYIBCADSI) 4Be3fgaMn, 3Jiech Toke, YoM Goixbime Macea
3BE3JIEI, TEM MEHLINC c¢ pajuyc, rem (ojiee MIOTHOE BEUICCTBO
u rtem Ooxpmie cropoct wmeliTponos. IlosToamy Moskuo
O/KIFIATh, YTO C YBCOJIHMUCHHEM MACCHl HeliTpOoHIoil 3BesJn
HefiTPOBHEIL Ta3 CTAHOBHTCA PEAATHBHCTCKIM, BMECTO YPaB-
nermii  cocrosnua  (37), (38) smech MORIIO WETOAB3OBATE
vpapuenne cocroanns (30), xotopoe, KcTaTH, COBCEM e
3aBHCUT OT MaccH wacTum. Torga m amech HOABUTCA mpemeln
MACCEl, TaK, Kak 9T0 OLUIO ¢ YAHIPACEKADOBCKUM IIPe/IeIoM
LACGCH Y OeALIX KapiIuKOB.

Ho pas rtoro urolnl meiiTpons! ¢Talil PeNATHBIICTCKUMI,
IJIOTHOCTL HefiTPONINOro rasa MOMKHA OLITH CIOMMEOM (ONb-
u10if, MHOTO GoJblIe AEPHOIT IIOTHOCTH BEIECTBA 1T, BEPOSIT-
110, Be dTUM 9(eRTOM ONpesCHACTCA TIPEACI MaceH HeiiTpoH-
HEIX BRE3J.

ITpoBesiem 6UATH MLICICHIEIT DPRCIEDIMENT ¢ YBEAMICHIICM
macesl Heiitpounnx sne3f. Yem Gonmpmie macca, TeM MeinIe
pagiye 1 rem GodeIme CKOpocTh, HeoOXojuiMas s Toro,
wro0Ll YACTHILA MOTIA YICTCTL ¢ MOBCPXHOCTH 3Be3/nl. Hamox-
LIIM XOPOTHO UBBOCTHVIO QOPMYIAY IJIA HAXOIKAETA CROPGCTIH,
¢ notopoii  mano OpocuTh TeI0, 9rolH 01O MOTIAO COBCEM
VICTCTh € HOBEPXMOCTIL SEMIIL

o Gy
Sh=5L (41)
dta GopMYIA WOJVIACTCS, eCHll HPHPABIATL KIMETHICCRYID

1 7 . s
OHEPFNIO TeIA —— My e10 NoTennuanpHol sueprun Giim/R.
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Homeuno, opmyna (41) mpumenmma m pasn nyascapa. Ho
eCHH 1A 3eMmie CKOPOCTh Uy He CJINIIKOM BEJMKA (OKOJIO
v ~ 11,2 kam/cer), TO ¥ OyABCAPA Uy yiKe HeHAMHOTO MEHBIIe
CKOpOCTlI CBeTa.

IIpn pamsueiimeM yBeIHTEeHHA MACCH HedTpPOHHOII 3Bea-
ABL ¥ YMCHLIICIHIL er0 Pajuyca cKopocTs Uy 13 (41) mocturmer
BHAYCHUA, paBlioro cKopocTH ceera. G aroro MoMeHra 3sesfa
Kax Om ¢3amyuerca B cefe» — ¢ ee HMOBEPXHOCTH yike e
MoskeT yiltnm paske cser., (DUIMKM M ACTPOHOMEL IO 9TOMY
IOBOAY TOBOPAT, UTO 3BE3HA VHIET B CBOIO «YEPHYIO ABIPY».
JTO Ha3BamMe OUCHL TOYHO OTPAKAET ABICHAE: CBET LI
YACTUIBI MOI'YT OPHTATUBATHCH DTUM TEIO0M, HO OHO He OTJa-
€T BO BHEMIICE IPOCTPANCTBO HIUCro!

Pamiryc, ma KoTopoM CKOPOCTH OTAETA CTAHOBHTCA paBHOiL

CKOPOCTII CBETa, MA3HBACTCA TIPABUTATHOHELIM PafHyCoM:
By = —--—ZG.fV M (42)
[ J}I@
Bemnununa R, ofHo3HAYHO ompefeaseTcsa Maccoit tema. Texo
MOZKET HAXO/HTHCA B CTAMHOHAPIOM COCTOAHUM I er0 MOHO
YBUJIETH TOJNDLRO, ECHAHN PeaJbHBIl pagmyce Tena Goinmme ero
TPABHTAIIONIOTO pamuyca. UTo cramer ¢ TeaoM, KOTHA 0D
yiifer moj CBoil TPABUTANMOHHLIL pajiye, CKasaTh TPYIIIO,
fa, BEPOATHO, M HEe CTOJL BA:KHO: BCE PABIO HU OFMH Jyy
cBeTa He BBITET OTTYAAa U MBI HOTIero o0 3TOM HEKOTIA ¢
yomaeMm. B o0meil Teopum oTHOCHTEILHOCTH CYIIECTBOBARIE
¢9ePHLIX ABIPH CBA3HIBAGTCA ¢ NCKPUBIEHIEM IPOCTPAHCTBA —
ppevenn., Eenm Temo yXoaur mox cBoil IDABETANMOHHEBLI
pammyc, TO IpocTpamHcTBO camozammikaetes, Ho, womeuno,
TEJ0 B YepHOil Anpe He mcdesaeT GeCCIeHO: FPABUTANNONIOR
HOJIe 0T Teda BHYTPH «UePHOIl AHIPHH OCTAETCA H CHADYRI,
OHO TPOJNOJRAET OPUTATHBATE OKPY/RAIONIEe BEmecTBO It
3ATATHBATL €r0 B IePHYI0 [ABIPY», MACCa KOTOPOH mpm oToMm
mocrenenno pacter. Ilpm  «CTONKHOBEHNDA® BOIMOKHO W
CAMANNE (ICPHBIX NBIPY B OfHY GOMBIIYIO «UEPHYIO ALIPYH.

- Papuycs HeliTpOHHHX 3Be3[, KAK 9TO CHeyeT U3 GOpPMYIH
(39), maxomarcs B omacuoit Ga1M30CTH OT WX TPABHTAITNOHHEIX
PaiHyCcoB, W MMEHHO TOT ddeKT ompeNesseT mpeaesa MacCh
cTanmonapunx melirpoHHEX 8Be3n, Ecam mpmpasmats pagm-
y¢ melitponnoii 3Besmst u3 (39) ee rpaBuTanHONNOMY PANUYCY
(42), To momyumM mpemenm MaceH:

o

G2

S
M (F)" =280, (43)
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Iloneuyno, sror pacuer—ipubanyrenunii, o m Gomee TouHaA
TCOPISI OPUBOANT IPUMCPHO K TAKIM K¢ BHATEHISIM,

Hrar, Maccw meliTpOHHEIX 3Be3;l OTDAHMICHH CBEPXY
CPABHUTENBHO He(OMLIUINM BHIAYEHNeM: BCCTO OKOI0O TPex
mace Comnma. Orcioma ciefyer BaskIeillnnii BHBOT ECIIH
HaTIMHAST CRUMATLCA  3Be3fa ¢ Maccoll, Ooapmeil 2Toro
Ipefesa, TO ee C/RarTHe He OCTANABIUBALT HII BLEDO:LICIIILIL
DIAEKTPOMHELI Ta3, HII BLIPO;RJACIUIBUL HeliTpomunil ras: ce
¢aTHe He OCTAHABINBAETCS BoOODIE M 3BE3Ja YXOIIT B
CBOIO (YCPIIVIO MBIPYH.

IToT BHIBOX mMeeT (ONBIIOE 3MAYUECHLE HPC/KEC BCCro I
TEOPUN 2BONIONNE 3Be3 1 B raase 10 Mu paceMorpmm ero mojr-
poGree.

TeopeTudeck CYmMECTBOBANIE «UEDPILIX ALY  OLLIO
npencrasano Onnenreiinepom n Cmaiigepos eme 3 19390 1.,
HO peajpioe JOKA3aTEeIHCTBO CYMECTBOBAHMA «YCPILIX JLip»
6uo wmomygeno jumbs B 1972—1973 rr., worga Osuio moka-
3ano, uro penrremonckmit ucrounuk Cyg X-1, Bxomamuii
B €OCTaB TecHOIl ABOITHOI CHCTEMLI ¢ TEPHOTOM O0PAUICHILA
9,6 cyrtor, mveer macey oromo 10—12 mace Comnma. Tamum
o0pasoM, smech ABHO eCTh 4IepHAfg NLIPa», KOTOpPAA IPITiH-
rusaer K cele Bemectso. Ilamas B ¢uepuymw OWPY», 3TO
BeIeCTBO B ¢ OKPECTHOCTI HATPEBAETCA W H2BYYAeT PEHTeHOB-
crue jgyun. Ilo-BmmgmMomy, «iepHEe OBips Boolmme MOsKII0
«1afnogaTh? TONBKO B TeX CIYUAAX, KOTHA OHH BXOJAT B
COCTAaB TECHEIX JBOHHLIX CHCTEM,



laagsa cedovmasn
KAK PACCUNTBIBAIOT MOJAEJI 3BE3/]

B ¢umsumke nm B acTpodusnke, Kak I BO MHOTHX APYIAX
o0JIACTAX ECTECTBCHHEIX HAYK, YACTO TMOJL3VIOTCA TAK HA3ZBL-
BaeMLIMII MOJENAMH TeX IUIH HIBX ABICHHI, DpHUeM IoJ
CIOBOM ¢MOJEJHBY BOBCC Ie CJAGAYCT HOHUMATEH CHEMaHHLIE n3
MPOBOJNOKH, GYMArm M APYTHX MaTePHaJOB MaKeT, T. €.
MOJleNb B OYRBAXBHOM CMBICAe aToro ciaoBd. Iloxg repmmmon
¢MOJIeJIBY ME Oy/[eM HOHIMATEH pacuer, KOJMYECTRBEHIIOe OMI-
CAHIE COOTBETCTHYIOMET0 PUBINTIECKOTO 00BOKTA HIIH SIBICHI.

Ecam MM za OCHOBAHUU PacdeTa COCTARHM TalAMIBI M
rpafuRm, B KOTOPEIX GYAYT XAaNH 3HATEHIA INIOTIOCTH, TEM-
mepaTypsl, XHMITECKOTO €OCTABA HA PASHBIX PACCTOANNAX
OT IeUuTpa H B KOoTopunix Oyfer ykasamno, Kak MEHAIOTCA CBOIi-
CTBA 3Be3MHOTO BEMIECTBA HA PABHEIX rayOuHax, TO 9T0 3HAMMT,
4T0 MBI PACCUNTANMN MOAenAb 3Be3nnl. Ilouemy MEl roBopmm,
UTO MBI PACCUHTAMN MOTENL 3BE3AL, 4 He OIHCAJN 3Be3fy’
Ileno B TOM, 9TO, CTPOSI MO/IENh, MBIl IDHHHMAEM BO BHOMABNe
ne sce (usmueckume GaKTOPH, a TOJABKO Ba;KHeHmme M3 HEX.
Mopenp He ecTh TOYHAA KONWA, OHA ONIMCHBAET TOJILKO OC-
HopuEe ocolenmoctu o0benra. Homeumo, MoJeaHm 3BesT He
COOTBETCTBYIOT UX JeiicTBUTeNBHOII CTPYKTYpe BO BCex JHeTa-
JAX — HX MBI L@ 3HaeM I, BePOATHO, HIKOTHA He y3HaeM.
Ho mam Tomkue moppo0HOCTH H He HY;KHE, Halla 3ajada —
BLIIBUTD OCHOBHEIC 3aKOHOMEPHOCTH, ONPENeIA0IHe 3aKOHK
CTPOEHOA 3BE3[OHl U ee pasBHTUA — OyIeT BIOJHE pemena,
ecanm MGl mocTpomy (ollee WM MeHee YEXOBIETBOPHTEIBLHYIO
MOJEND 3Be3ML, ONHCHEBAIONYIO TOJNBKO OCHOBHEIG BaKONO-
M@pHOCTH.

Tlocrpoenne 3peamqumix Mopemeil myTeM pacdera Tem (oee
OLIPABJANO, 9TO YCJIOBHA B HEJIPAX BBe3]] HEfOCTYIIHEI HAIIEMY
iadronennio, Toibko pacuer sofe’u, ocHoBamusil ma Qusm-
UCCRHX  BAKONAY, TO3BOANUT HAM LOHATh (IIHRY 8Bea3f.
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ITo cyTtm gema, OCHOBIOO COJEpJtaHIE TEOPHUH BHYTpPeHHCTO
CTPOCHUS 3BEBJ CBOMNTCA NMEHIO K PAcUeTy WIH, Kak 4acto
TOBODAT, K HOCTPOCHUIO DpPAa3INYNLIX 3BE3AHBIX MOJeJel,
COMOCTABJIGHAI0 HX MEEAY co00il 1 amajausy BOBMOMKHBIX
IepexojoB 0T OfHOif Mofmeanm k Apyroii. ITpm moerpoenmm
mojesell MCXOAAT, C OAHOM CTOPONEI, M3 Tex (H3HUECKIX
BAKOHOB, KOTOPEIE OBUIM PACCMOTPEHH! B IPEJILIAYIMIX [TaBax,
a ¢ Apyroi cTOpOHE — 13 HAOMIOZATETBHBIX HAMHEIX O Mac-
¢ax, CBGTHMOCTAX H pagHycax 3Besf.

(Duanveckue 3aKOHBI, KOTOPHIMH ACTPOHOME IOIB3YIOTCH
I pacueTa 3Be3THHIX Mofejeil, HaM ys;ke maBecTHsl, Qmnm
OpeAcTABICHH B TCOPHH DacdeTa 3Be3NUHX Mofeideii B Buge
CHCTEMBI CPABHATEABHO HPOCTHIX uddepeHnuajbuEIX ypas-
HeHuil, KOTOPHe MBI IPUBOXUTE 3jech He GymeM. dto caenyio-
Hilie 3aKOHEI: BO-TIEPBBEIX, 9TO YCJOBIE YPABHOBENITBAIIIA
cIil cOOCTBENHOTO TATOTEHIA 3BE3Mbl TA30BLIM JaBJEIIIeM
3Be3/1noro Bemecrtna (riIaBa 2), BO-BTOPHIX, YCJAOBHE mpocatdil-
BANINS DNEPTHI I3 HEJIP Napy:Ry CKBO3b HENpPO3PATHOE 3BE3]I-
HOe BemecTBO (raBa 3), B-TPETHIX, BAKOH BLIEIEHUS diep-
I OpPH TePMOSNIEPHBIX peakuusax (rIaBa 4), B-4CTBCPTHIX,
yPaBHCHIIe COCTOAHNA OORUHOTO Tasza (ypasmemue IKmameii-
poua (ri1apa 2) WIH ypaBHEHIE dJIeKTPOHHOTO BHPOKIEHIIOT0
raza B Oeapix Kapanmkax (tiaBa b)), B UATHIX, OIpefesICHIe
MOJERYIAPHOTO Beca H XIMOYECKOTO COCTABA 3BE3IHOL0
BemiecTBa (riapa 2) M, HAROHEI, B-NMIECTHIX, BABICUMOCTEH g~
OpO3PavNoCTH 3BE3ANOTO BelecTBA OT TEMIEPATYPHl I ILIOT-
HOCTH (HECKONBbKO ¢0B 00 aToM OBIIO CKazamo B TiaaBe J).

OcuoBuble mapaMeTpPEL 3Be3f (IIX MACCLI, CBOTHMOCTH U pa-
AMYCHI) MBI TOjke ysce sHaeM (riasa 1). AsTopy xotemnoch Gur
ele pas MOJYePKHYTh, YTO B OCHOBE pacyera 3Be3[HbX MO-
mesteii Jie;KAT AMEHHO Te (H3MYecKHe BAKOHLI, KOTODHIE pac-
CMATPHBAMACE B 9701 Kumkke. Co MHOTHMU H3 HIIX YIITATEXD
BHAKOM II0 IKOABIOMY Kypey dusnrm, To, 910 acTpomHOMEI
nmoan3yiores FudepeHIuadbHbM I HHTeTPATLHEIM HCUINCIe-
HIIeM,— BTO JIeJI0 TeXHHKH, METOAUKI PacieTa, a me QH3IKI,
He NPIHIUIIOB TEOPHI.

Mopmemr 3Be3f HAYQJHM PACCYUTLIBATEL eIle B JBAAIATHIX
rogax. Brawaie ux cumTanum BPy4YHYI, Ha apuHMOMETpaX.
Pacuer opmoit momenn TpefoBam MecsileB YIOPHOTO TPYAA.
Temeps Momeln paccunTLIBAOT Ha Momusix JBM — opma
MOJIeJIb IOJYYaeTCsA 3a HeCKOIBKO MIUNYT NN JAMKe CeRYH[
MamuunHoro BpeMend. I macrosmenmy BpeMeHH paccunTaiibl
MeCATRH THICAY Mojierell, mOBBOMAIOMNX NOJYINTL OTCHD
MIOTQ BQKHEX BLBOAOB O CTPOCHMII II IBOJIIONIIL 3Best.
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B mepBrix H3AABHAX 9TOM KHRTI aBTOD 1101[[:06{10 H3ITORAI
MeTOHKY pacdera Moneleil ssesn «spyunyor. Temepnh Ha-
00HOCTH B DTOM HBIOMKEHIN O0THATA. ITpanga, DmpHHIHETE
MAIIHIIOTO cYeTa B o0IieM aHaMOTHYHEL IPINNALIAM PYIHOTO
caera, Mo 34ech ynobiee HCHOAB3OBATH METOX HTEDATHH,
ROTOPHIL NIPONIe I OOBACHHATE. .

JlomycTiy, 9YTo MEL HMEEM KARYIO-TO MOJENDb 3Be3NHl,
T. e. BHAEM, KAK 3aBHCAT IIOTHOCTH H TEMIIepatTypa rasa oT
PACCTOSHES O IEHTPA 3Be3ABL 7', HEKMHU CIOBAMM MH CUHTaeM
uapecrnmva gpysxmmz p (r), T (r), xora 0w n sulpans nx
HUPOUBBOIBHO. Pago6nem 3Be3gy Ha 0Ooabmiee ROJHICCTEO
KONIEHTPHICCKHX cdepHIecKHX CI0eB, Tak UTO0 B HpeNelax
KAa/KI0T0 CJOA IIOTHOCTL I TEMIIEPATYyPa MERAIOTCHA He3Ha-
untennbro. QueBmgHo, uTo, 3Hag P m I, MosKHO cpas3y HaliTh
I laBJeHIe ra3a B KaKoM ciroe. [ipome Toro, nerpyimno naii-
TH YCKODEHHE CILIBL TAKECTIl I BeC KajkAoro W3 9THX CIOeB.

A Temeps yuTeM, UTO, IO MPENOJNOCHUI0, 3BE3MA HAXO-
JUITCH B PABHOBECHH. JT0 03HAYAET, UTO ABIEHIE Ta3a B Kajk-
JOM CJIOE AOJIFKHO YHep/KHBATH CYMMapHBI Be¢ BCeX BhiIe-
JAeRAMEX caoes. PacderoM ila MallllHe 9TO YCJAOBUE JIeTKO
npopeputh. ECau 0HO BLIIONNEHO, TC, 3HAYNT, BHOpaHINe
dhyuxmun p (r) u I' (r) DpaBUAsHO ONECHBAIOT MONENb 3BE3/iBl.
A eciu DTO YCHOBHC OKABHBAETCA EBLIMOJHENNHM, 3Ha9IUT,
puibop otux Qyurnmil Hepepem. [lomyecTmM, OKasajock, 4TO
Bec BHIIENE;RANMX ¢jioeB 0OAbIIE [aBIeHNA B HEKOTOPHIX
caonx spesgsl. Mamemnn gynxuum p (r) m T (r) Tak, urtobn
VBeNHuINTh AABICHHC B TeX CHOAX, Ie 01O OO0 HeHoCTaTod-
110, B CHOBA IPOBEPHM MOJENE 3Be3JLl Ha paBHOBeche. Ecam
OmATH IMie-TO HAaBJICHIE Ta3a 0KA3aloch MCHbIIe HIN Goabmie,
yeM ReC BHIDeAe;RalliX CJH0eB, CHOBA H3MeHIM QyHKIHH
p () u T (r). Takoii npomecc HasmiBaeTca urepanmeir. Tax
Gymem mopbupars Qymxumm p (r) m 7 (r) fo Tex mop, mOKa
BO BCeX cuaosux He Oy/eT BLINOJNEEO YCIOBHE pPABHOBECHA.
Eeau Havanppuie smaueHns dtux GyHrnmii Omam BrIOpamsl
yAauno, 10 moTpedyeTcs BCEr0 HECKOJBKO MTepamnuii.

Honeuio, KIS PYYHOTO CYCTA 9TOT IPOICCC OUYEHB TPYAO-
emruif, no mia OBM ora samaua gopoanmo mpocra. Ouens
HECIOKIEO COCTABUTL AJTOPHTM, KOTOPHII aBTOMATHYECKH
Oyjer mPOBEPATH YCIORHE DABHOBECHA M TAIGRE ABTOMATH-
uyeckn Gyger maMensats yurmun p (r) u 7' () rax, 9rodE OH-
¢rpee OpEGAU3UTHECA K ICTIHHBIM BIAYCTIIIM.

Pagu opoceToThr MBl BBIIIE TOBOPIUII 00 YCIOBIH THPOCTa-
THUCCKOTO PasuoBecia — tpebosasm, ureln jaBienne B BB
JIeJCHHOM CJI0E YPABHOBEIIIBANO BEC DCCX BHIIIEE/HAMHX
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cnoes. o B 3Be3max BLINOIHALTCA eile OLHO VCIOBIE PABIO-
BecHsi, KOTOPOE TOKe HY;KHO Y4YecTb NPH DACULTE MOJe-
JH: YCTAOBHE PABHOBECI MEKIY reuepaiueil m mepenocoy
DHEPTHI.

Bepuemes omats x magany: mycrs safannt Gyrrmum o (r)
i 7' (r) m Moziens aBeanEl pasdiTa HA MHOIO cI0eB. II0CKONLRY
MELI 3HAaeM IJIOTHOCTD II [aBJEHHe B KAyKZO0M CJIOC, TO MOMKEM
paccunTarh, BO-IEPBHX, CKOJLKO TCPMOAAEPHON OWepTIn
BHIAEIACTCA B Kamiglon caoe (o Gopyyae (14)), i, Bo-sroprry,
HaiTH KodQOUITHEAT HENPO3PAYHOCTII Kasraoro canos, Quenny-
HO, UTO YCIOBHA paBHoecns TpeOyor, 4To0H KKl BLI-
menenusiii ¢TI0l mponyckan depes cels smeprui, TeHepHpye-
MY BO BCeX BHYTPCHIIX IO OTHONMEHNI0 K HEMY CJIOfAX.
ITpopepuy pacuwerom na IBM Bumoamenne sToro yesaonuA
TaK ¢, KAK 9TO JIeAAN0CHh NPl IPOBEPKE BLITOMICHIA YCIO0-
BHA Tia THAPOCTATHYECKOO paBuonecis. Heum omo oxasarocsk
BHIIOJHEHHEIM — Bce B IopaAjke. Kol mer — omaTh ny:kno
smeuath Gynrnuu p (r) n I’ (r) Tax, wrofn npudansuThEa K BLI-
MOJIHEIII0 YCIOBIA M TCILTOBOTO PABIIOBECIS, T. €. UCIOND-
80BATL II 3lIECH METOJ IITEPALI,

ITpir pacuere peadbunix moperneil seesn dynrmmm p (r) n
I (r) cpasy mpoBepaAwT Ha ofa YCIOBHA DPABHOBECHS I METO-
MOM ITEPALIII UPIMEHAIOT 1A ONIOBPEMEHHOTO JNOCTIREIIS)
yenovuii papHoBeciisl. Pasymeercs, o0DneM BHUNCICHEII yRe-
amuisaercd, o mix IBM ¢ Gompmioit maMaTbIO 5TO He CO-
cerapisgeT oco0bIX TPYHIOCTEIl.

ITocne Toro ®ak B pe3yiAbTATE HECKOMBKIX MHTePaTiHil
HmOCTPOCHA OJHA MOMENL 3BE3JIN, JIeTKO WOJYINTH H APYIYIO
MOJeNDh, HAIPHMED, ¢ HECKEJIDLKO OTINYNO0I OT mepBoil Mac-
COH, HCHOAb30BAB B KayecTBe Hadaianioro Buibopa p (r)
SHATCINE e¢ [ HePBOIl MOIeIT, YBeANTCIIHOe Ha MHOKATEND,
COOTBETCTBYIOMMIT H3Melenuo maccet, Jlas pacuera BTOpOIt
MOeH ToTpedyeTes yike MeHbINe 1UTePAIIil, TeM [ HepBoil
mopenu. Ilorom MosmHO Iepeiftm K TpeTheil Momennm y T. 1.
Ceifuac Momenn 3Be3[ CTPOATCA HE MO-OJIIHOTRE, a TCILIMI
COPILAMIL.

MeTtop urepanuii myieeT elme o0 BA;KIOE MPEHMYIICCTBRO:
OH I03BOIAET MPOCTEUTEH HBONOINI0 3BeaN. [lonycrinM, 9ro
MEL COCUHTANH HEKOTODYIO MOJENb 3BE3JEL ¢ 3aJaHHEIM XHMH-
YOeCKIM COCTABOM I WOMYYHJIIL IS TCe YCIOBIE PABHOBECHA.
C rTewenmem BpeMeHHm BOJODOJ] B HEAPAX BBE3J| BLITODACT,
MOMIHOCTE BRITEJICIII JHePTHH YMCHBIIACTCS M YCIOBIS Pab-
HoBecirsi mapymatces, Hamo pacCUOTHEBATE HOBYIO MOICIEL
BBE3EI, B KOTOPOI y;Re yIreH HEJOCTATOK BONOpPoJia B e
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refpax. Ho oTo chesatb HETPYAHO HMEHIO METOJO0M HTeDa-
i, B3AB EeXoAnne QYRR p (r) u T (r) neppouavanbuoii
MOIEN H M3MCHIIB X n Y B COOTBETCTBUH ¢ KOJMYCCTBOM
POJI0POAia, CTOPCBIIETO B KA/KKOM M3 CIIOCD 3BC3L 3a BajlaH-
uniit mpoMeskyTox Bpememnt, Taxmy oGpasos, Jerko mocTpourh
HROMIOMMONEYIO TOCHEI0BATeILHOCTE (U3MEHEHIe BO BpeMer)
Moneneil 3afaHHOIl 3BEBMEL

Hagkomern, npHMeHenue 3TOT0 MeTo/la MO3BOJNALT BLIABUTEH
1 ocoGenHOCTH BO BHYTpeEHeM crpoenun 3gesisl. [ampnep,
P MpoBepKe. Ha PABHOBCCHE MEKIY BHIICIACHUEM OHCPIHH
BO BHYTPENHHX CHOAX 3BE3Ll I IPONYyEKamIeM ee uepes fomee
BITCIIHIe CIOH MOJKET. OKA3aThes, UTO HIKAKHOM TOoRG0pOM
Pynxmuit p (r) 1 7 (r) 3gech He yaaeTes HoOUTHCA BRITOTHE-
HHSL YCIAOBHIT paBHOBECHA. JT0 MOKET 03HAUATE, MTO MEPeHOC
DHEPTHH M3NYYCHHEM He COPABIACTCHA ¢ BHITONHEHHEM CBOEil
BaATH M B OTHX CJOAX JHEPTHA HEPEHOCHTCA KOHBeKIjIei.
Torga AaBICHME H IUIOTHOCTH Ta3a B KOHBCKTHBHHX CHOAX
cpazansl popumymoit (10) m ee ciregyer yduecTh IpH pacuere
MOMENH 3BE3JIH.

Tlanmee MOyKET OKA3aTHCHA, ITO JABJICHNE BHPOK/CHHOTO
paeKTpomiioro rasa Gosbmie, TeM BLIMHCICHHOe 110 dopmyire
Fnameiipona — TOTAA M OTY 0CO0EHNOCTD WAN0 YINTHBRTH
H]PH BLYICACHIH PABHOBCCHA.

Bee 910 030aTAET, YTO HPIE pacyeTe MO 3Be3JIH 1 Y/KHO
YUHTHBATL MHOTO (JAKTOPOB, HO (UBIUECKHE HIeH pacyera
Mojieneil 3Besll 0CTAOTCH CTOMDL ke IPOCTHMH, Kak M Ownuio
onncano Bymie. HyiKHo TOABKO HMETh XOPOMIYIO MOIMHYIO
ABM, ma smelaTerLHO TAKIKE WMETh IoAapobmnie Tabsiuml,
M03BOIAICHIIE TOUINO HAXOAUTH MOIHOCTb NCTOUHHKOB TCPAMO-
ACPHEX PEAKINII M BeXmImnsl KodGuienTon senpospat-
HOCTH.

Kak yike 0TMCYAI0Ch, ORI PACCUNTANBL THICATH PA3HRIX
momeseii 8peas. Pasymeetcs, HeT HeoOXOMMOCTH CHUCHBATE
3Reeh Bee HTH MojeiL. Iipunenes Toabro loﬁm_ne PeayALPATH,

Bo-mepBX, 0 MOJENAX 3BE3] MIaBHON HOCIEN0BATCIBHO-
eti. Bee oru 3pesgnl CYHIECTBYIOT 3a CUET TOPENMA BOJAOPO-
la — WPEBPAUICHI €T0 B TeImil — B TEHTPAIBHEX YaCTAX
spean. CTPYKTYPH 3BE3JL TIaBHOI HOCJHEIOBATEIBHOCTH OKA-
BAJIHCEH NPOCTHIMU, HO, IDABJA, PABAITHLNHI Y BBE3Jl PASHHIX
macc. ¥ Bepxmeil wacTi TIaBHOIM TOCIEJOBATCABHOCTI, & TOU-
nee, ¥ 3mes; ¢ Maceoit, Goapmeii aacent Corniga, €6Th KOUBeK-
THBIOe SAPO, HpuueM weM GoJbIle Macea 3nesnt, Tes Goanme
I OTHOCHTEADNAM MAcca KONBORTUBIOTO fAAPA. ¥ BBE3 HILK-
peil yacTH IVIABHOI HOCHE0BATENBLOCTU (MACCH MeubIIe
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macent Coanma) KOUBeRTHBIIOro AAPA HET, HO €CTh KOUBeKTIIB-
Has 3oHa npOJIH3H mopepxnocTi. 3Bed)(HI 0UeHB MA/JBIX Mace
(mensme 0,3 Mg) woueextunmer meamxoM. Ha pue. 10
HATJIANHO H300paskeno, KaK MEHACTCA OTHOCHTeNBHAS MAcca
KOUBEKTHRBHOTO AAPA U KONBEKTHBHOII 30ULI B 3QBHCHMOCTI
OT MAacCCHl Bceil 3Be3[El,

911 ocoGeHIoCTH Jerko o0LACHITEL KAaUecTBenno. V Mac-
CHBULIX 3BE3]| BLIJCJIEHHe 3HePTHH IPONCXOUT IPU YIIepoj-
HOM LHKNe. 3jech MOMUOCTHE HCTOUHIKOB O0YeHb CIJILHO

10

Pue. 10. Pacnpegescnne KOHNBORTHBHEIX B0H J1 KOHBCKTNBHLIX AICD
B BBE3JAX PABHHX Macc. Beauunma g ecrs JIOTA MACCLl 3BC3JLI, BAHATAL
KOHBCKTHBHOH 007aCThIO,

3aBmCcUT OT TeMmeparypst (e ~ 7?0 . .) m mosToMy BCe BEIIe-
JIGHHE DHEPTHH CKOHIEHTPHPOBAHO IIQUTH B CAMOM IEHTDE
3BE3O. 3ech o0pasyercs MONIHHIT HOTOK SHEpPTIN, KOTOPHII
[oIKeH HpoilTH  depe3 MANeHLKYI0 IO pasMepy cdepy,
OKPV;RAKIIYI0 DHEPTOBMIEIAOMY0 061acTs, Jlyvnersil me-
PeHoC DHEePTHII He COpPaBAAeTcA ¢ HToil 3amadeli I BO3HHKACT
konBekTueunoe aapo. G apyroii cropoHnr, ¥ 3Be3JL MaToil MaccH
BHEPTHA BLIAEAACTES NP IPOTOHMHOI peakiumn, caadee BaBUCH-
meif o1 TeMuepaTypu (¢ ~ I') u mosTOMY 3Hech B LleHTpe Co-
XPAHAeTCs MePenoc HHEePTHIl H3AYUeHHeM. 3aT0 BO BIEIIHIX
CI0AX TeMIEePATYpPA HOZKAfg, HEeOPO3PATHOCTH BRUIECTBA De-
JIIKA II 3[eCh JYWHCTHIl IMepeHoc OKasHBAeTCsI HeToCTATOU-
neiM. OGpasyercs moeepxuocTHas kKomsexTusHag soma. Hom-
BEeKTHBHASA 30HA €CTh I y Hamero Commna.

Uncaenune 3HaveHIs MapaMeTpoB 3Be3j DIaBHoil ocie-
J0BATEILHOCTH Mpubsenens ua pic. 11, nocrpoennoy A0amo.
ITo cymecty, aTOT TpaduE ecTh TEOPETHTCCKAA BABICIMOCTD
Macca—CBeTHMOCTE, HIGKIAa KPIBad COOTBETCTBYCT MOJILAM,
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Pre. 11. Teopernueckas 3aBICHMOCTL Macea — cpernMocts. Hiskmsaa
ANHNA — HAUMIBHOE COCTOSHIE IO OTHOIICHIIO K RBLITOPAHIND BOLOPO-
ja, BeDXHAS — COCTOSHME, TIPH KOTOPOM BOJOPOX B KOHBCKTIBHOM
sj(pe  TOWTH Bech BEroped, IIpepupuctas JHENL — IOTOKCHONC BBe3]
MaZoil MaccH mocie BHTopanus Bogopoia za 100 ger. B crofxax:
¢ — LeATpaAnHAsS INTOTHOCTS, [ — LEHTPANLIAA  TeMueparypa,
R — paznye spespel; M yop, — ROJSL MACCH  ROHBCKTHBHOIO  AAp4,
tyy — DBPEMsI BHIOpamus Bojiopoia. OTMEUCHH MCCTA: CMEHK NHKITOR
TePMOAJCPHELX  PeaRIl &, == Eqy, NCTCIMOBCHIA KOHBCKTHBHOIO
spa, TMOABJICHIA INOAH0CTDI0 KOBBCKTIUDHWY 3BE3T,
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B KOTOPHIX COJep:kaHHe ROAOpOJAa OREHAKOBO IO Beeif
sBe3fie — 9TO TAK HABLIBACMAN HauaJgbHAA TJIABHAS IOCKEIO-
paTenbHOCTh. BepXunaa kpuBas ommenBaer 3BesH, ¥ KOTOPHX
BOMIOPO/T B I@HTPAILHEIX MACTAX IOYTH IMONHOCTEI0 BEITODEI.
IlpepuiBucTas KPHBAA JMJIA 3BE3J MEHbIIHX MACC — IOJOMKE-
HEHe 3Be3] II0CIe TOT0 KaK BOJOPOX Y HHX BHIODAeT yike
40 mer. B umpomecce BHIOpaHEsS BOJOpoAa Macca 3BE3IH
HE MEHeTCH, HO CBETHMOCTh HECKOIBKO YBeIHYHBAeTCH (Bep-
THKAJIbHEE CTPeNnkH). A KasKZOTO M3 NPHBENEHHLIX 3jech
BHATeHHI MacCH YKasaHbl: MEHTPAJbHAA IUIOTHOCTH p,
B 2-cu°, MEeATpambHAA TeMmmeparypa I, B MIH. rpaaycos,
pamryc 3Besgst R B emmmmmax pagmyca Commma Rg =
= 7-10' cx, cTHOCHTENBHAN Macca KONBEKTHBHOIO spa
Myom W BpeMA BHITODAHHA BOXopoma ty B rojax. OTmewen
HEPexo)l OT yIAepOMHOro K IIPOTOHHOMY HHEAY (8 = &on),
MeCTO ICYe3HOBeNA KOHBEKTHBHOTO SIAPA H IIOABICHILA MOJI-
HOCTHI0 KOHBEKTHBHEBIX 3Be3.

UnraTexs Mosker cpasunrh pue, 11 ¢ pme. 3 n yGeanrnes,
9T0 TEOPeTHHeCKadg KPHBAS COOTHONICHIA Macca — CBETH-
MOCTH XODOIIO coTiacyercA ¢ HaOMOZaeMoll 3aBHCHMOCTBIO.
(Ixs ynobersa mameceHHA NaHHEX Macumrabur pue. 11 yae-
JNMYEHEL )

Ha pue. 11 mamecena u momens «maganbuoro Conmias.
Ee mapaserpoi: p, = 90 2-e™®, T, = 13,9 man. rpagycos,
R = 0,87 Rg. 9ra MoHeab paccYNTaHA B IIPENIOJNOKENHI,
9T0 cogepskanie BOZODOA OJUIHAKOBO IO BCeH 3Be3fie H Co-
crapiasier X = 0,70 (npuuaro rawke Y = 0,28, Z = 0,02).
Ho macroamee Comnne cymecTByer yiKe He MeHee 4,5 M.
mer u nostoMy AnA Coanua B ero HMLIHEIIHeM COCTOAHIH 9Ta
MOJeIb He TORATCA. DLiIo paccunTano HeCKONBEO MOfeneit
coBpeMerHOro CoNHIIA B IPEJIONOJKEHIN, UTO COJCPIKAHHE
BONOPOMA B HEHTPE MeHbIDE, YeM HAa IOoBepXHocTH. B opmoii
uz taknx Mmogeneii X = 0,0 B umemrpe, p, =~ 134 z.cm’®,
T, =~ 14,6 man. rpagycoB. BHemusAa KOHBEKTHBHAA BOHA
sanumaer 15% panmmyca, mo copmepsrmr Beero 2% MaccH.

Odenb BasKHO TO, ITO IO MepPE BHTOPAHIS BOLOPONA B ICH-
TPaXbUBIX YACTAX 3Be3[ HX BHEIIHHe TapaMerpnl (CBeri-
MOCTD W Pajuyc) MEHAIOTCS HE3HaYuTeNbN0 — HMEHHO OTHM
B 00BACHACTCA CYMECTBOBAHUE CTONHL UETKO BHIIEICHHOMH
TAaBHOI HOCHeZoBaTeIbHOCTH, PaccToAHIe MeKAY KPHBLIMII
Ha puc. 11 yBemmumpaeTcs ¢ yMenbIIEHIIEM MAcchi, HO eCJHIl
MBL YYTeM OTPAHHYEHH0e BPeMs CYINIECTBOBAHNA M DTHX 3BE3T
(mopsimka 10 mer), To 1 Bfech IOMOCA OKABHLIBAGTCH
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Homeuno, pacueTst BaBICAT M OT IPEeATON0KEHHOTO Ha-
wannLHOro xummueckoro cocrana. To, wro msofpaskeno Ha
puc. 11 — oTo THABHAA MOCJIENOBATENBLHOCTH 3Be3f TaNAK-
Tugecknx ckomienuii, rme mpmuaro X =~ 0,7 u Z =~ 0,02.
Brum paccumTanbl M MOJIeaH 3Be3f cyOKapIIkoB, mpumajie-
sRAIMAX K IMAPOBHIM CKOILICHUAM, 3/eCh COLeD/Ranne TAMKeIR X
DIEMEHTOB MHOTO MeHbile, a eomopofia Goxpme. Mo:xno nmasse
ppunate Z = 0, a X =~ 0,9. Mojenn sBe3n cy0rapimxon
¢ 7 = 0 ornuuatores ot Momeneit puc, 11 Tem, 4To 3eCh CHIbL-
1O YMEHDLMIAETCS HAN Jake BooOIoe HMcuesaeT KOHBEKTHBHAS
sona. CeeTmMocTH ¢yOKApINKOB IPH JaHHOH Macce MeHbIne,
weM v OGBIYHEIX 3BE3J, 2 HEHTPAJIbHLIE TeMIeparypr M INIOT-
HOCTH HTPHMEPHO TakKme sjke. BmpoueM, pacdeTn He RAlT
ONpeleNeHHLX Pe3yIbTATOB INMABHKM 00pa3soM HOTOMY, UTO
FeT yBePeHHHWX MAHHEX 0 HAYAJIBNOM COJePsKANMH Tesm.

Mu BepueMcA K O0CY:KIEHHIO BCeX OTHX Mojienei B raa-
pe 10, .xorma GymeM paccMaTPHBATE DBOJIOIMIO 3BE3JL.

Onuncannsle BHINE MOJENH B3B3 OTIHIAJIHCH €PaBHH-
TebHO IPOCTHM cTpoenieM. Ho Korfa mommTannch TaKRM jKe
o6pa3oM HMOCTPONTEH MOMENL 3Be3fbl THIA KPACHOTO THIaHTa
WIM CBePXTHTAHTA, TO IPOCTHX Mofelneil He IOXYYHIOCE.
Tlocne meckoaLKHX mpPol OKA3aI0CH, TTO MOMETH STHX 3Be3l
NMMEIOT CHO0;KHO0C CTPOCHHE, H 9TO CTPOEHIEe 0KA3AJI0oCch 3aKOHO-
MEPHEIM CJIe[ACTRHEM HBOJIOININ 3Be3i.

M mpuseneM 3jeck JIA IpHMepa IapaMeTpH OJHOI
MOIEIH 3Be3/[L-THIANTA CO CIEIYION[NMHE IapaMeTpaMu: Macca
pasua 1,3 maccew Coxmra, ceetumocts B 226 pas 6onpme ce-
rumocri Cosnpa n paguye B 21 pas Goastme paguyca Counna.
Ota momens BmOpana sfech TOJIBKO AIA IPHMepA I IpuBe-
[eHHOe HEKE ONNCAHHE IOKABHBAET, TMPH KAKHX YCAOBHAX
YHAXOCh WOAYIATE MOJCHE, YAOBIETBOPAKMYIO KaK yCJIOBH-
AM PABHOBCCHA, TAK H BAJANHLIM 3HAUCHMAM OCHOBIEIX
mapaMeTpoB. |

B uentpe sBesjisl HAXOIITCS UZOTEPMITUECROE SJIPO, TCMHE-
parypa Koroporo mocroamnma n pasma 40 mum. Tpagycos.
B orom sjpe coBcem HET BOTOPOTA, IOXTOMY TaM TEPMO-
SJCPILIC  PCAKIIHI 116 HAYT J DHEDPTHSI e BLIJCISICTCH.
QueBuIHO, TTO B OTOM SApPE Beeh BOOPOJ YiRe BLITOPCIY,
I 0110 COCTONT IOTTH LENIKOM U3 Tesis ¢ nefonnimoil mpine-
CLI0 THREJNLIX DJIeMEenToR. D H30TepMuYeckoM flpe cojiep-
supres 20% smacent Beeil 3Besgpl, XOTA eTo PASUYC COCTABIALT
ncero 0,1% mommero pammyca smpesnt. ILioTnocTh HOITOMY
ovenb BOINKA — HENTPAIbHAS MI0THOCTH Pasua 3,5.10% 2/ca’.
CieflopaTelniio, HOHTPAILHO® HIOTCPMUYCCHOC PO 3LE3BJLI
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TMOETPOCHO U3 BEPOKJENHOTO DIICKTPOHHOTO I'a3a, HHHMH ¢I0-
BaMI, MOJKHO CKA3ATh, UTO B LEHTPEe KPACHOT0 THTANTA CHANT
TnOnYEE Oexanil Kapuank,

Buposipennoe H30TePMHIECKOE ANPO TUTAHTA OKPY:HEHO
tonknM — Beero B 0,08 % pamuyca sBesgn — cioeM, B KOTO-
pPOM TIPOHCXOAUT BEICNENHe DHEPTHH IPH O0HYHHX TepMo-
AnepuIX peakimax. BuyTpn aToro ronkoro cros temmeparypa
ogeHb pesko mafaer or 40 jgo 25 M. TPATyCcoB, LIOTHOCTE
mengerea ot 70 mo 14 e2femd. ‘

OHePTOBHCAANMNI CI0H OKPY/KEH CHEIYIOMIEM CJIoeM,
sannmatolaM 8% paguyca 3Besunt H copepskamimM 5% Beeit
MAcCHl 3BE3/IH, B KOTOPOM DHEPTHA IepefaeTcs myTeM H3Xy-
genns. 1 maxenen, ocrampusie 92% pamnyca ssesmet m 70%
ee MacCEHl — 9TO 0UECHDb IPOTAKeHHAA «pasbyxmas» oGonouxa,
B KOTOpPOil DHePIHA IePenocuTCA KOHBEKINEl I TeMIepaTypa
KOTOpoil He MOCTHTAT M MIULINOHA rpagycoB. IIpuunna oGpa-
BOBAHNA KOHBEKTHBHON 30HEI T4 ke, UTO H B CIyYae KPaCHHX
KapJIHKOB IIABHON HMOCAEAO0BATENLHOCTH: HM3KaA' TeMIOepaTy-
pa jejaer 3BE3[HOe BeNlecTBO HEIPOBPATHLIM H (3aIHpAETH
panyuenue. HMrak, xapaxrepHas o0co0eHHOCTD KPACHHX FI-
TAaHTOR — BTO B BHICHeH CTEHENN HEONHODONHOE CTpPOeHHE,
RaJHYmne, ¢ ONHOI CTOPONE, 09eHb MIIOTHHIX AAED, a ¢ Apyroil
CTOPOHHI, 0UeNh UPOTAmeHHEx olonodex. Iloatomy dopmy-
sia (D) me MOJKET fiaTh NPABIJIBIOTO BHAYCHMA IEHTPaIbHeIl
TCMHEDATYDHL OTHX 3Be3f -— OPH BEBOAe 3TOI gopMyan
OpeAmoIaTanock 0olee WM MEHee ONHODONUO® CTPOEHHE
8Beannl. Hpome TOro, HY;KHO YIUTHBATH ei¢ M BEIPOJKJICHIE
SBE3MIHOTO BElIECTRA B IEUTPANBHEIX TACTHRX 3BE3H-THIALTOB.

'I’Iﬂl{O, OAHAKO, OTMETHTDL, UTO MOJEeJH B3Be3X-ITHTalTOB Hac

eme He COBCEeM YEOBIETBOPAIOT — CIOMHOCTH CTPOETHS 3THX
8Be3J BHOCHT 0ONMBIIOL SJeMeHT IPORN3BOILHOCTH B UX Pacier.
He yrarocs eme paccuntaTh Mofeasb esepxruranta. Ocofenmo
TPYAHO OPABILIBHO PACCTNTATE IEPEXONEYI0 30HY H DICPTO-
BEIICASIONHI  Caoii.

Mur pepseMca K PACCMOTDEHNIO MOJeneil 3Be3[-TNranToB
B JecaToll TiaBe,



lanasa eocvamasn
[IEPEMEHHEIE I HECTAIIIHOHAPHBIE 3BE3]IbI

B mpenmIyIMux TIaBaX MBI H3YYalll BHYTPEHHEe CTpoenme
CTAIIIOHAPHEIX 3Be3X. B monmom cMEIcTe ciioBa cralmouap-
KX 3Be3N, T. €. 3Be3l, He MeHAIMIX CBOero COCTOAHIA,
poobiie He CcymiecTByeT: JMdiodasi 3Be3lna BBOMIOIUHOHHDYET.
o ecim maMeHCHUA COCTOSINSA 3Be3ALl (HampHMep, mpeBpa-
HeHIe BOMOPOAA B TeIHil) IPOUCXOZAT OUEHDL MeNJIenHo —
32 COTHII MIIJNOHOB AN MIUUIMAPALL JeT, TO TARYK 3Be3y
smil massipaem cranuonapuoil. Ilomannsromee (oXBITHHCTRO
3BE3J[ B DTOM cMHcae cioba cramuonapio. Ho, xpome nux,
B KOCMOCE eCTh 3Be3fni, MaMeldgwnnjieca ropasao OneTpec.
910, BO-IEPBHIX, TEPEMEIHHEe 3Be3b, OTIMIAIIINECs TeM,
yro ux Oaeck (T. €. CBETIMOCTDL), PAJUYC I CIHEKTD HCHBITHI-
palor Gojlee TN MeHee DpaBIIbHBE Kojaebauusa (IyIbcamm).
Bo-BTOpHX, DTO «B3DHIBHEIEY 3BE3JH, BPeMsi OT  BpeMeHH
pennIXIBAIOMIe 1 cOpacmBanoimie ¢ ce0a Tra3oBhie 000JOUKIL
CymmecTByeT TaKk;ie MIOTO Pa3ilivHEIX BIJOB 3Be3[], MOKAa3b-
BAOINY Te I UHLe NM3MEeHeHus B-CIeKTpax, MHorga Ob-
cIpHie — B TedUemine HCCKONLKIX MumyT,— Huorja Goiee
MeJITeHIEe, HO YacTo ofuHaropo memomarmsie. Hiraccudmm-
POBATL DTH 3BE3HI TPYSHO, TAK KaK ML 0 CHX IIOD He 3HaeM
ocropmnic (UINYCCKIE IPOLECChl, IPHBQAANNE K TaKAM
peskin maMenenusM 3Besm. lloaroyy ofmumo mx raaccmdu-
HUpPYIOT TOALKO Mo BHemmuyM npusnakam. Iac specs nurepe-
cyeT (II3MKA 3BE3M, H MODTOMY MBI OPPAHUTHMCSA TONBKO TEMI
MANHEIMI, KOTOPHE TMOKA YHaJdoch 00BACHITL ¢ (PH3MUYCCKOIL
TOUKH 3PEHud. :

Bee «0HeTpo I3MeHAIONIECT» 3Be3sl (B cpeneM OLicTpoie
[maMenenms menpithiBaer onma sBesga ma 150 000) moskimo
PasAeAUTh HA [Be TPYIONE: IICPHOMMUCCKIE IEPeMeHHLIC I
cofCTBENII0 HeCTAIIIONAPHLIe 3BE3An, K KOTOPBIM OTHECEM
H  B3PLIBHLIE IICDPEMCHHLIC,
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M3zywenne mepeMennsIX 0 HECTATHOHAPHEIX 8Be3T HHTEpPEC-
no mo paxy npudin. OueBummno, 9T0 B IIPONECCe MeITenHoik
SBONIONUM 3BE3JH HAKOMJNEHNe KOJMTECTBeHHLIX H3MeHenmii
MOJKeT MPHBECTH K Ka4YecTBEHIINM W3MeHCHHAM — DBOJIOINA
CMEHSIeTCA (PeBONIOLUeid., 3BEe3AL B TakoM {(PEBONIOIMHOH-
HOM» COCTOSIHIH M eCTb HECTANIOHADHEIe 3Be3JH. DBypHbe
M3MEIeHHA B HeCTATHONApIOI 3Besle, NPOHCXONALIIE HA
HAIIAX TIa3aX, MO3BOJIAIOT JIYUNIC MPOHOKHYTH B CYMIHOCTH
(UBNTIECKAX IPONECCOB, NPOHCXOAAMEX B melf, a Tawxmxe
NPOBEPHTH HPABHIBHOCTE Hamell TEODHH BHYTPEHHEr0 CTpoc-
HIIA CTANHOHAPHEIX BBe3l. B HeKOTOPHIX BHAAX HECTATIO-
HAPHBEIX 3BE3M, HO-BHLUMOMY, 00Pa3yIOTC KOCMIUECKIES Ay TIL
I THAJeJINe XHMOYecKOe BIeMeHTHI.

Ilepnongnueckie mepeMennbie CaysRAT «vasravmmy Beemen-
1Oil: OII TMO3BOJAIOT C IOMOMMBIO ONHCEIBAGMOTO HILKE COOT-
HOIIEHIA MEPHOJ — CBETHMOCTL HAXOLHTEL PACCTOAHIA [0
yaaJTenusix 3Besgmnix cucrem. He yansurensmo, uro mepe-
MEHIHBIE 11 HecTalUOHAPHHEE 3Be3Ns NPHBIEKAnT ocofoe
BHIMAKIE aCTPOHOMOB, HO, K COMKAJIEHITIO, eUle NaJeKo He Beo
HabI0IaeMeic 0Co0eNIOCTIE ITILX 3BE3I MOJNYIWIN ¢Boe 00bac-
HeHHe.

B nmacrosiiee BpeMa CPaBHATEARHO Xopolno pazpaloramna
AIIOG TeOPHA Hynbcannil (RoreGanmii) mepHOANTIECKIX mepe-
MeHHHX 3Be3L. O meill ME KODOTKO H DACCKAIKEM.

Ilepnopnteckne mepeMeHHER, KaK IOKA3LIBAGT CaMO Ha-
sBaHIe, MEHAT cBoii fueck ¢ (olee MIN MeHee TPABIILHEIM
TIePIOLOM.

Ha pume. 12, cocraBienmoM H3BECTHHM aMEPHKAHCKHM
actpofuzsurxom O, Crpyre, aHa CBOAHAA qHATPAMMA CIEKTD —
CBETHMOCTH Jisi Beex mepemenHsix 3Besn. Hayxmasa rpymoa

. mepeMeHHEIX 3Be3fl OTMedena NoIockoil, yrasuBaiomeil ma

BaBICHMOCTD CRBETHMOCTH OT NOBePXHOCTHOII TeMIepaTypr
(umm ot cmexTpa). TaMm ke yKasausl CpejiHIe HEPHOJEl KOJe-
faumii (B CyTKAX) Wi, ecan KoneDaHuA PasHEIX MepeMeHHbIX
8Be3[ OJJHOTO THIIA PA3IHYHEL II0 MEePHOAY, Ipegeisi, B KOTo-
PHIX BAKJIOYEHLl TePHOJE JAHHOTO THIA NepeMEHHBIX 3BE3T.
Paccymorpum BHHMATEIBLHO BTy [AUATPAMMY.

Ilpesxme BceTo B3aMeTHM, YTO MOJOJKEHILA TIEPEMENNHIX
3Be3l] I CTAIMOHADTHIX 3Be3] Hie COBIAZAIOT — JTO BHAUMT,
YTO H CTPYKTYPA HX pasnnuua. A TOCKONBRY IEPCMEHHEIX
8Be3]] OTHOCHTEIBIIO HEMHOT0, TO MOSKHO CKA3aTh, UTO JI(0
ABJeHMe TePEMeHHOCTH CBABAH0 ¢ HeOOMBIIMM IO JIHTeIbI0-
CTH DTAIIOM HepPecTpoiKn caroll CTPYKTYPH 00nioil 3Be3/bL,
nuGo aTo Boolme ocolmie ssesjisl. [amee, B #eBoil TacTix
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AT PAMMEL HMEET MECTO 0BOJILHO 3HATHTENbHBIT HHTEPBAI
BO3MO;KHEIX mepuofoB Kogebamuii, HO caMir mepuojsl He Be-
mugn. Yem ropadee 3Besfla, TeM ee Iep;Iof Kopoue. ¥ X010]1-
HLIX 3Be3[ IepHofnl BEJIKIL. Oxasaioch TAKMRe, YTO eCJIl

y ropAumx 3Be3X Komefamma cPaBHUTEABHO HMPABIABHELIE, TO

Y XOJIONHBIX 3BE€3[] OHII yiHe HMenT HGIIP{\B[IHI)HL[ﬁ Xxaparrep.

I ! A |
B A F G

Crexmp

Pune. 12. JmarpaMda CHEKTD — CREINMOCTh A ICPOMEHHLIX 3BE3IL
HlesamTPHUXOBAHAKE MOTOCH — CTAIMOHAPHHE 3Beajnl Haceaenus I Tn-
ia (T. ¢. OTHOCHTeNHHO MONOJLE), 3aTePHCHHEE MONOCH — CTALOHAP-
Hble 3Be3El (oTHOCHTeABHO craphie) Haceaemus II twma. Iomoent ¢ ro-
HM3ORTANGHON INTPHXODKON — IepeMeHHbe 30edfM macedemun I Ti-
a, NOJNOCH ¢ BEPTHKAJLHON MTPHXOBKOIT — CTApEE NepPEMEHHBIC I
pecTaloHApHENE 38e3as macexenus I ruma, YKasaEM IepHOjK mepe-
MeHHHIX 3Be3f (B acax i cytrax). O0bACHeHHe THIOB IEPEMCHHEIX
3Be3J, AAHO B TEKCTE.

Beey THmaM OepeMeHHBIX 3Be3[, H300paiKeHHLIX HA
punc. 12, mpHCYmU TaK:e MHOro00pasHbe CHEeKTPAILHLE
ocolenmocTa. Mbl yike oTMedanm, 4T 30eCh IOHATHO HATEKO
pe Bce. IToaromy mocrymmM caemylomuym ofpasoy. Hesymoro
nonoapodHee OIMINEM Te BHJBI MEPEeMEeHIBX 3Be3[, NIA Ko-
TOPEIX YEAKLOCH MOAYIHTh NPABHILHOE MPEICTaBIeHne 0 IPo-
HCXONAINNX B OTHX B3BE3aX ABIENHAX, H3JI0KHM OCHOBBI
TeOpPHH Kojgedannil HTIX 3Be3) I TOTOM 04YeHb KPaTHO YRajKeM
na 0C0o0EHHOCTH ¢HeoODACHIMEBIXY IIeDeMeHHLIX 3Be3fl,.

CaMBIM CIIOHATHBEIM?®, 4 MO:KeT OBITh, II09TOMY M CAMBIM
MUTEPRCUBIM, OKABAJICA KIACC LEPEMEHHEIX 3Be3J[, KOTOpPLe
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‘paspieiseTcsi HA TOATD YL

g 1y HaCeJIeHHA NOATPYIIIa 3Be3[]

yacT0 o0Bemumsnior wox o6y HA3BaHHEM «aredennm
(or cosBesmust «Lledeii», tme Bnepsme Onra ofmapymena
pepeMennas 3nesia nopoGuoro tuma). Ho 210T KEACC COCTOHT
}3 PasIHunnX Ipynnm spesm. Ha pme. 12 g xxacey medens
OTHOCATCA COGCTBDHIIO I[C(Ileunm (lIIIOt‘}Ia IS OTJIHUHA T0-
BOPAT «Kiaccmueckue Tiedenany), 3nesmst tuna W Jleen o
gpesps Tnma RR Jlupn. Opna-
KO It KUKJAsA IPYynia 35esq eme

©6niee y BCeX 3BE3J TIHIA
nefen — TPABHIBHLIC KoJe-
Ganua Grecka. Ocolenmoii cra-
fHABHOCTBI0 OTINYALTCHA CPAB-
HUTEIBHO HEMHOTOUHCIEeNHAs,
npUHaTIesKalag IepBoMy TH-

lstt/Lo)

\c-J \y
=
T

runa RR JIupu. Hepmoy xoue- 25k
faHnil 9THX B3B3 OCTACTCA ’
CTPOTD TTOCTOAHHEIM 82 TECATRH
MmAInonos nyaecamnii, Ilpas-
sla, OonnImas-gacTh 3BE3N THIA
RR Jlmpu, a nmenno Te, KOTO-
phic TpMHAIEAT K 3Be3faM
II Tuna wunacejenus, He CTOND
cral0HIbHA: 33 HECKONIBKO JeT
OMI MOTYT M3MEHHUTDL IepPHOJ
il $aszy wonebammil. YunTmBasg, 4ro mepHox Koxebanmif
pTHX 3Be3 B cpequem 12 wacoB, maxomuM, 9TO IX HePROJ
He MeHAETCA NPHMEpIO 3a THCAWY Iyibcauuii. 310 Toike He-
nI0X0: ¥ APYIHX TePeMeHHGIX 3Besi HepPHOAL H $asnl MOTYT
MeUATHCH Topasno Oucrpee. Bupouem, y uedeng msmemnenus
HEePHOA0B, KAK TPABIIO0, HEBENIKI I KOJIe(auus MOTYT HOUTH
Beerfa CUNTATHCA JOCTATOUHO OPABUJILHBIMIL

Y maaccuueckKux medeny mepmojnl Kojebannmil momamaioT
B MHTEPBAJ OT ABYX A0 UATHIECATH CYTOK, Ko Goinme Beero
8Be3j ¢ IePHOJOM B CexMb cyToR (cpeguumil mepmox). ¥ike ma
prc. 12 BHIHO, YTO UEPHOJ YBEAMYHBACTCA C YBCIIUCIIIEM
CBETHMOCTH I yMenbINCHHEM IO0BEPXHOCTHOII TeMIEPATYPH
8pe3s. JT0 ouenb BaswHas ocolennocTh uedeni, A0 CHX HOD
oxomyaTearuo ue odbscuenuasn. OOpabarmbas JanmEe Ha-

.g' Sl 11 1_ 31 7 1}
1A T 8 5 iSRS A0S0

Hepuod eyt

Puc. 13. 3apHCHMOCTL CBETHMO-
cri nmedeny oT Tepuoma NyJb-
canmii,

. Gmomenuii, ACTPOHOMBl MOJYUILIN EJeRYIONLYI0 c?gljmcu-xme—

CKYI0 BaBIHCHMOCTL ME;KIY HEPHOHOM HepeMemnnoi ssesmur /

| (BEIpasKeMHBIM B CYTKaX) H JOTApHPMOM ee CBeTHMOCTII, H30-
* Gpaswennyio ma pue. 13. Huenmo sro cooTuoueuue 1 io3no-
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nun0 acTpoHoMam cuHTaTh nedemmn «mamxamm Bcemenmoi».
B camon yrene, onpeexns u3 mabaofenil Depuol, acTPOHOM
sateM 1o pEC. 13 HAXOJQHUT CBETHMOCTDL 3BE3/IH, a BHAS €e BI-
AuMET GJIecK, JICTKO oupeeant o paccroanme. Hamo moxaep-
KHYTB, 4T0 puc., 13 — me TeopeTHUecKHil, & TaK CKasaTb,
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Prc. 14. Kpussie Girecka HeCKOABKNX Negenp. [lama BHANMAs 3Be3p”

HOE BOTUMHEA B 34BUCOMOCTIC 0T (A3el, T. €. JOJM UWepHOJA, OTCUNTH-

BACMOTO OF HEKOTOPOIl (IUKCHPOBANHOI TOYRH. YKA3AHL NCPHOLH B
CYTRAX.

«RCHepEMenTanbHuiy. Hpoye T0T0, HaZo UMETH B BHAY; 4TO
puc. 13 rogures TOABLKO [iA Kiaccumueckux medemn. ¥V 3Beap
raoa W Jlennr To:ke ecTh momo0HAs 3aBUCIIMOCTB (9TO BHIHO
n Ha puc. 12) — B cpemmeM DTH SBe3JH IPH OJNHAKOBLIX
nepuofax caalee KiaccudecKuX Iedeny Ha OTHY-IOJTOPLI
speajupie Beananan. Bee speaant Tuma R JIEps mvetor opuy
u Ty ;Re cBeTmMocTs, oumu B 40 pas spue Commma,
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dpeamst tnma W; Jless OTANTA0TCA OT KIACCHICCRHX
meden, MOMIMO MenbImeit APKOCTH, Takxe 1 OOIBIIIM cpen-
AWM IEPHOJIOM: ¥V 9THX 3Beax om mopapka 15 cyTox.Mm yixe
OTMEUAJI, YTO DT 3BE3 N OPHHANIeRaT K Hacemennio 11 ruma.
Ho Bce Tpu rpynnsl negeuns B ofiies exnicie 9TOTO CI0BA,
a TaKKe X IOATPYUILI, OTIMYAIOTCH B NEPBYIO oUepefb U
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Pme. 15. Iipupeie ckopocTeil momepxmocrell mecronbkux medemr. [Ja-

Hbl HaDJI0ACMEIC CKOPOCTIL B 3aBWCHMOCTH OT (assl Koxe(amms, BEI-

paskenHoil sgeck, B omnrue or pue. 15, n gmaAx. OGparnte BHNMamle

Ha HCCXOJCTBO KPHBHX O/iecka I KPHBHIX CKOPOCTEH ONENX H TCOX JKe
3Bean.

KPHOBHIMH H3MemenuA Oyecka 3Besgel (pme. 14), xapawTtep-
HEIM H3MEHEeHNeM HX I0BePXHOCTHOI TeMmepaTypH M, HAKO-
Hell, H3MeHeHHeM CKOPOCTH JBIRCHUA IIOBEPXHOCTH 3Be3i —
TnocHeqHAS H3MePHETeH N0 JYIEBEIM CKOPOCTAM IBH:KEHNSA
ATOMOB B BePXHIIX CJOSIX 3Be3Jhl Na OCHOBE XOPOINO H3BECT-
noro adderta Hommepa (pue. 15).

IHHa mocmegmem MEr ocramosummes moppoluee.

Unratens, BeposarHo, 3maer sakoH [lomnepa: d9actora
CBeTA, NMBAYIAEMOTO ABIGRYHIHMCA HCTOTHHKOM, WM3MEHAETCH
WPOIOPIHOHAIBHO CKODOCTH meTouHuEA. Iladmmopas cuertp
BREBEI, MK MOKEM OIPENeJHTH IPH MOMOIIE DTOTO 3aK0IA II
CKOPOCTH TEeX aT0H0B, KOTOPLe HAXOMATCA HA IMOBEPXHOCTI
BBes/ul. B canos gelne, aToMBI H3JIYIAI0T CHeKTPAALILIC JITHIIL
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prmojine ompejenenusix Facror. Havmepun wacTory HAMYTCHI
BBE3IIOr0 ATOMA It CPABHHB e¢ ¢ JACTOTOIl H3JyYeHIs TAKOro
;e aToMa ma Jemie, cpasy mo sawony [lomirepa maxoguy
HHTepecyIOMYI0 HAC CKOPOCTh. ¥ CTAIMOHAPHEIX 3Be3J CKO-
pOCTH aTOMa HA NIOBEPXHOCTH, OUEBHAHO, B CPE/UOM (ecny
HCKIIOUATD TOIUIOBOE [BILKENIE) paBHa CKOPOCTIL CaMoil
3BE3JHI.

Ilorma momoGmpM ofpasod cTaXH H3MEPATH CKODOCTH me-
PeMeHHEIX 3Be3l, TO OKA3aJ0Ch, UTO B TeYEHHe NCPIOJA ATIL
crkopoern Mersmores. OTciofa cpasy CIenyer, 4T0 B TeUCHIE
HepHOJA TIOBEPXHOCTb 3Be3JLI HBMEHACT CBOC TONOKEHNO
OTHOCHTEAbHO IeNTPa 3BE3NH, KOTODPHIL, pasymeercsd, NBH-
sReTCA ¢ TOCTOAHHOI CKOPOCTLI0. JIHEIMII CIOBAMH, TepeMeH-
Hple B3Be3AH IYIBCHPYIOT — PACIIMPAIOTCA I C/RIMAKTCA.
IYrmM cpasdy obbacuaerca M HabII0faeM0e H3MEHeHnne Temue-
paTypsl HOBEDXHOCTH BBE3L — MEHAIOTCA €e ILUTOMAnkb Il
| CBETIMOCTB, UTO B cooTBercTBmm ¢ (opmymoii (1) mpusosmur
K xomeGanmsay i sesurunnst 7', Ha puc. 15 mpusejiens KpuBLio
EaMeHeHIA BIMOIl cKopocTn moBepxmocTH nedens. dnaw
ITI0C COOTBETCTBYeT YAANEHUIO NOBePXHOCTH 0T naliiofares
(c:RATHIO BBE3H), 3HAK MHHYC — IpubImLenuo (pacmmpe-
nmo spesan). llpasaa, y rpaguxos puc. 15 nyan me Beeria
pacmosio;Kei ocepe/iiHe — DTO MOTOMY, UTO 3/leCh e yuTeno
NBIGEenHe 3Be3H Kak neaoro. CMecTHB KPHBYIO Tak, UTOUH
HYAb GBI CTPOTO LOCEPENIITHE, MO0 ONPeNieyINTh I CKOPOCTD
NBIGEEHIS Beeil 3BE3fBl I CKOPOCTh PACIIMPEHNH M CHaTHA
o6omousm. Ona okasmBaercs mopaaka 10 wm/cer. 3avernte,
4TO M KDHBHE M3MEHEHHA CKOPOCTEil, TAK K KaK ¥ KPHBLIO
GiecKa, OKABLIBAIOTCA B 00MEM HECHMMeTDHYHBIME — HEeAb3A
NYABCAIHHE 3BE3H YIOZOOMTbH DPABHOMEDPHBIM KOZe(aHuAM
razoeoro mapa. Ho u ot oco0euHOCTH TaK e, KaK H 0CO-
GenHocTH KpuBnix Oiecka, 00BACHAIOTCA IOBEJIEHHEM CAMHIX
HADY/KULIX CJH0eB 3Be3fpl (KOTOPHIMII MLI 3[eCh I 3aHMMA-
eMCA), M IOITOMY, CCAM OCTABHTH OCOGEHHOCTH KPHBHIX
CKOPOCTEIl B CTOPOHE, TO MO/KHO NPHIITH K BEIBOZY, 4TO Iepe-
MEHIAA 3Be3Na — OYJILCHPYIOUHIl ¢ OIpPe[eJeHnHLIM MHepHo-
HOM Ta30BLIT map.

CaMa Teopusa nyabcammi 3Besj JOCTATOYHO CIO/KHA, HO
MEL yiKe MHOTO pa3 y0e:KAaJiIch, 9TO OCHOBHLIE COOTIOINCHIUS
MOTYT OLITL TOJIYYEHBI DIEMEHTAPHLIM, XOTH II HECTPOTHM
OyTEM.

PaccMoTpuM KONKpeTHylo 3ajauy: HaliTn mepuopn woxeda-
HUS Ta30BOTO Mapa ¢ paguycom R m maccoit M, nyabenpyio-
mero moj, jeiictBueM coleTBemuoil cminl Taymectw, [l pe-
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meHns dTOH 3aJaTH MOKHO HCIONB30BATH AHATLOIMIO MEKIY
HyJABCALMAMH TA30BHX mMapoB i KojxeOaHHAMH MaATHHKA.
Cmavajia BCTIOMHAM U3BecTHEHIT 3akon KoueCammil MaTeMa-
THEIECKOTO0 MAATHIKA, naiigennpii oiirencom; mepuop KoJe-
fapnil TpAMO INPOHOPUUOHMAJCH KOPHI0 KBAAPATHOMY U3
IUIMHBL MaATHOKA K 00paTHO IPONOPIIIOHANEH, KOPHIO KBaJi-
paTHOMY H3 BEIHYHHB YCKOPEHHS CIVIBL TH:RECTH, T. €.

P=2n:]/%.

3necy P — mepuop xomebammit, [ — jiuma MaaTHHKA, g —
yeropemnune cuminl Tazect. Hamgo ormerurs, 410 ata dopmyna
09eNnDL YHHBEDPCAIbHA: OHA MOKET LIPHMEHATLCA U B ADYIIX
3ajlavax Ha HAXOJKIEHIE Hepruoma KojebGammil, HY;RHO TOJBKO
moyo0paTh BeINYNHY, SKBHBAJEHTHYI iIHIe MagTHHRA [

Houequmo, xomeGamma (myXNbcamuu) rasoBOro IIapa He
0YeHb TOXO;KH HA KolefaHusa MaATHHUKA, HO, YIHTLIBaA
YHEBEPCANBHOCTE (opmynsr ['lofireEca, MEL MO;KeM HONHTATD-
¢A NPOMEHHTH €é M AIA HAXO/KIGHHA mepHoma Roiefammni
spes. «[[MuEy MagTHEKA» HpHMEM pPaBHOil pagumycy 3Besmbl,
YCKOPCHIIE CHIBI TMAKECTH B 3BE3jle, Kak Mbl y:ke 31aeM,
pasuo g = fM/R* IlopcraBasa aTH BeqnduHbl B (opmyny

(%)

Toiiremca, moxysum ¢opmyny uia uepuoja KouxeOaHmil
«MafTHHRA-3BE3/LI)
Rs
P=2n}/ —+. 4
I3} (45)

9ty (GOpMyIy MO;KHO YIPOCTHTH, eCHH BCIOMHITH, 9TO Cpell-
HAA IJOTHOCTH 3BE3NLl pasua P =

PV;: 2n

g Tornpa IyIaeM:
P A TONYIaeM:

w=V T

Hrag, opn xemefaHmax TasoBOro Inapa B coGCTBEHIOM HOJO
THAMRECTH OPOH3BeJleHNe mepIofga Kojedanuii Ha Kopenb KBAj-
parusii U3 cpegHeidl MIOTHOCTH €CTH BEJIHNYHHA NOCTOAHHAA.
Jro oueHb Ba;kmaa gopmyaa. Ilo eyrum jenma, oma B CAYTae
KoneGanuil rasoBmx mapos samenser saxoH Ioitrenca. Te-
meph HOCMOTPHM, DpHMeHHMa Jm o1a QopMmyna jif Komxeba-
Huit medenn. Iasa storo ciemoBaso OB CONOCTABHTE ME/RITY
cofoil mpouasenenmsa HabMOOaeMoro NEPHOMA Ha Kopenb
KBafpATHHI H3 CpemHell MIOTHOCTH, HOJIYYSHHEIE [ CAMBIX

(46)

PANTHYHBIX OYJIbBCHDPYIONHX 3BE3[. Tarue comocTaBIeHUA
TMPONSBOJUIHCE MHOLO pas U OHa3aJl0Ch, YTO eCJIH B3ATh,
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HAOPAMED, KIAcCHIecKHe medenasl, y KoTODPHX IepHOXH Ha-
XOJATCA B MHTEpBaie 0T 2 10 3D CYTOK M INTOTHOCTH PABHKX
3BE3;{ PASAMYAIOTCHA HA TPH IOPANKA, TO JJs HEX IPOH3Be-
senme (46) mengerca He Golee uerM B modropa pasa. Ilpaspa,
wiIC/IeHHOe 3HAYCHNEe NOCTOAHHON Hemmoro meunme. Ilo dop-
myxe (46) womyuaem J 3a/f = 0,12 (ecan mepmoj BHpPAKATE
B CYTKAX, & CPEAHI0I0 HAOTHOCTH B 2/cu®), B TO Bpess Rax
wabmojaenme amawenia oroit seamunnnt mopaaka 0,4—0,6.
Ho s10 Mo:nmo ofmscumts Tem, wro mpu BrBome {(40) »m
HPEYBEATILIL IANIY MASTIHNRAS, B3AB ep panunoil pagmycy
speannt. Ha cayonm mere myJbCHpPYIOT TONBKG CIO0T, PACHOI0-
JHOHHEE Ha HeConpmoii raydune, TT6 U ODUBOAAT K YMCIbIIe-
HIIO0 mOCTOANNOH B dopayie (40).

Dopuyaa (46) 09CHE CYMECTBENIIA JUTA TEOPHI MYJiLCATIIIT
2Be3], M WOYTOMY aCTPONOMH IIOCTAPATUCH €0 YTOUHHTD,
VIATHBAA H TOMIMENY UYILCHPYIONX CIOSR II pacmpejeie-
HHe IDIOTHOCTH BHYTPH 3Be3fH. B peayibTate TOIXYIHIOCH

COOTHOIIEHNE
. B\l Mn i
PV =0026(3-) () (47)

H3 KOTOPOTO Cpa3y MORHO HOIVIHTL (GOPMYIY, ONpeneidio-
Iy10 IepHof Koaebamiii 3ane3/is B 3aBHCHMOCTH OT YCKODPeHIA
CHJILI TH;RECTH HA TOBEPXHOCTH 3BE3IHl H ee MACCH:

g\ 7 M\ )
P = 0,022 (T) (m) CYTOR.

Tepuop xonebammii medeny ompejeisercs IITAaBEEM 00pa3oM
YCKOPeHHEeM CHILL TSFKECTI HA HX NOBEPXHOCTH — 5TO CBILZE-
TeILCTBYET O TOM, IT0 NYALCHPYIOT HPEHMYINEcTBEHHO BepX-
HEe clIom 3Bespsl. Cymecrsemmo, uro gopmyra (46) mpnbmm-
JKEHHO COPABEIIABA [iA JM00HX IYIBCHPYIOMIX 3Be3f. YToI-
nenue (47), a ciaegoBaTenbHO, W (48) DOJIY4eHO TONLKO A
nedgen.

Hame Coxnne He myabcupyer — €ro CTPOCHHE OTIMIACTC
or crpoenna negeny. Ho ecam 6u omo Havano koxebarbes,
TO mepmoji myinbcamuii Gmx O HOPARNKA Jaca ¢ YETBEPTHIO
(o (46)) mam 32 munyTH (mo (48)), T. e. Kopoue, yeMm y camoil
ropotronepuonnueckoil 3seanst tuna RR Jlupu. Ho eme pas
DOJYePKHBAEM — OYJALCHPYIOMEE 3Be3fLl OTINTA0TCA 10
CBOEMY CTPOCHHI0 OT OOHYHEX CTANMOHAPUELIX 3BE3J, XOTH
BO3MOKHO, 9T0 HTO OTINYAG H HE CAMMEKOM BEIHKO,

QopMyny AuA mepuofa KoleGaHHH ME HOAYYHIH JOTrKO,
Aa m cama (OpMylIa OKa3aJach B HEILIOXOM COTAACHH C Ha-
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(48)

Pl

S

GaoJaTeIBHBIMI TAHALIMIE, 10 OCTAJbHHEE ocofennocTn OV
cafpy OEePEMEINLIX 3Be3] o0LACHHTL YiKe MHOIO Tpy/IHee.
Hanprsmep, eciAl Cygurh 10 €KOPOCTH ABHKEHHA IOBEPXHO-
cTeil 3Be3T, TO CAMH IyJLCANNH MaJXsl II0 CBOCH BeJIHINHE,
a H3 MCXAHWKM H3BECTHO, YUTO BCAKHE Majinie Kojdefanmsa
JAOIKHBL IMETH CHHYCOMJQNbHEI Xapaxrep. Oomako M yiKe
BHICXH, Y10 KpuBas 0j1eCKa OTHIOND HE IOX0’KA A CHEYCONY.
JIpyras ocofemmocTh, BEpOATHO, eme (oliee cymecroenwa,
Moszo Owmro G 03KEZATH, YTO MAKCHMAJLEOrO Oxecka
BBe3A JOCTHTALT ANG0 B MOMEHT HaubGOALIIEro ¢ RaTIa, KOT/A
BBESNHOE BENIECTBO TopAdYée, TeM B MOMCHT PpPAaCIIMPeHH:A,
auGo B MOMEHT DACHIHPEHIIA, KOT/IA €¢ IOBEPXHOCTh MAaK-
cumaxnna. [Ipasga, war norassiBanT MAGTIONCHIA HAMEHEHIIS
TeMIepPaTyPEl IOBEPXHOCTII 3BEBIE, ee H3MeHeHu€s Gojee cy-
IECTREEHREL, TeM H3MOHEHIA PATHYCa, HOITOMY CKODEE MOSKIIO
ORIJATE MaKCHMANLHoro Onecka B MOMEHT HANOOJABHIErD
cratusa. Ha mene oxaszaioch, 9TO 3Be3jid KOCTHTACT MaKCH-
MAIBHOTO GJeCKa B MOMEHT, KOTZA €€ HMOBePXHOCTH mpubr-
FRACTCA K HAM ¢ HauGoxpniedl CKOPOCTHIO, T. €. IAE-TO Hoce-
pemane MeRAY uanloNBIIEM CKATHEM I HanJoJLIIEM  B3JY-
THeM. Jra ocolennocTs wacTo o0'bACHALTCH TEM, UTO Hojdeha-
HAg DOMNSH TOBEPXHOCTH 3BE2OEl OTANYATYICH OT Rojdedammii
B raybunme. To, wro mpoumexomur ¢ KoneGapmmsnni 3BE3IL
BONNBH ee WOBEDXHOCTH, HECKONHKO HAIOMHIACT ABICHIC
npulos: MOPCKAA BOANA, BAANE OT fepera moxo;Ras Ia Cily-
compy, ppobimmnagch ® HeMy, MNMCKAa;kaer cnow Qopmy,
W PasinuNEe YacTH HPoHIA BOJHH JBIGRYTCH IO-PasHo-
My — rpefedb BOJNHK [OTOHAST C¢ OCHOBANMEe, I BOJXHA CTa-
Hopirrea ouenb wpyroil, Hmme, ma crp. 138—439 mur npuse-
fgem Gosee HOApOOHOe OGBSCHOHIE DTOTO ABJIEHIIA, OCHO-
BAHHOZ HA Pe3YIALTATAX PACUSTOB WYIBCAIMT 2BE3T HA
OBM.

Ho, womeuno, camas riapmas mpobieMa my/JABCHPYIOMHX
3BE3J] — 0TO HAXOMKICHNE TIPUINH IYILCAIHH, T. €, 0TBeT HA
BONPOC: TIOUEMY OJHH 3D63TH IYALCHPYOT, & JNpyrae mer?
XoTs MuI enie He sHaeM HOJHOTO M moJApoGHOTO OTBETAa, HO
TPUIHHEL TYALCAINH YIKe WOHATHH I ACTPOHOMELL YMCIOT HX
PACCTITHBATE.

BepueMcs onaTh R MaATHOKY. Ecnf TONKOYTH €ro, TO O
HAYHET Ka%aThCH, O BCKOPE OCTATOBHTCA — TPEHN® B HOJ-
WHOHAKAX MagTHUEA H CONpPOTHBIECHHE BO3Ayxa safepyr Beio
coolmennyio emy asmepruio. Maaramk Oyier KawaTsca JOATO
TONBKO TOTHA, KOrma emy saubo ToMuYRamm, jnbo HempephiB-
HO IOXBOJMTCA OHEDIHA, KOMISHCHDYIOINAS €ro IoTepH Ha

a* 131



COTpoOTURiteie. Kean Mul 6y7eM HOTANKIBATE MAATHHR KasH-
AR pas B TOT MOMENT, KOIJIA OH OTKIOHNICA Ha Hambouxbmiee
paccTosmme — MBl  OyemM TOANepisuBaTh ero KolefaHms
«mepmommueckoity cunoli. Ho, mampumep, masaTnux B wacax
koxeblIeTca He OCTAHABINBAACE, IOM AEUCTBICM IIOCTOSHHOIL
cuasl, 6yAb TO HATAMKEHHE MPY/RMHBL B OOHITHBIX 9acax HIM
BeC THPH B «XOANKAXy. Taxue Koixe0amuma mofx [eifcTBHEM
HEICPUOANTECKOH CHIIL HA3KBAIOTCA ABTOKOJe{AaNMAMIL.

Tenepr comocraBuM 3Besgy ¢ MaATHHKOM H € 3TOIl TOUKH
spenns. Ilynpcupyioias 3Be3a PacIIHpACTCS H CRIMAaeTCH.
IIpn srom wacth sHeprnM [RMKeHHA HeHa(e;KHO uepexojut
B TEMIOTY M HE MO;keT OONBIIe BO3BPANIATLCH B COCTOAHUE
KHHEeTHuecKOU omeprmu (TaK ke KAK B PE3yJaLTATC TPEHUS
B mMaATHHEe). Ecam Mur Kax-Hulyab «CoKMeM» 3Be3fly, a mo-
TOM (OTIYCTHM»Y, TO OHA HauHer Kojefarbes (IyJIBCHPOBATS),
HO aMIIUTyaa Kosebannit OyaeT GLICTPO yMENBIIATRCA T BCETO
33 DATb—OECATH pacunpeHnit 1 c;xaTHil 38e31a BepHETCS
B mepBonavaibHoe cocrosmme. I[lyabcmpylompue 8Be3lH KO-
ne6aI0TCA Tropasfao AoABMe, CIeJOBATENLHO, FOMKHA OHTH
KHaKafg-To CHIA, KOMIUGHCHDPYIOIIAS HOTEPH BSHEPrud H IOA-
IepsKUBaoman Kojdefammsa HA HEKOTOPOM YPOBHE.

Tpymmo npegcrasurs cefe cudy, KOTOpasd, HAUPHMED,
B MOMeHT HauboJNBIIEro pACHINpEHHA HOATATKHBaga OHl mo-
DBEPXHOCTH 3BE3JAL — IePHOAMUECKOH CHNEL B IMyJIbCHDYIOIIIX
spesgax mer. Ho OmOCTOAHHYIO CHIY, NEUCTBYIONLYIO Hempe-
PHBHO, He HYMKHO I HCKATH — DTO PE3YJbTAT BLIIEJICHUS
SHEePIHH B TEPMOANEPHHX DeaKNuAX H IPOXOKIEHHA 3TOI
SHEPTHH 9epes BCI0 TOXmy 3Be3pn. VTaw, MO/KHO mpemgmota-
rarb, 9YTO0 OYILCHPYIOMAs 3BE3[a — 9T0 aBTOKOIeGaTenbHAsd
cucTeMa, Takam ke, Kal, mampmmep, dacel. Hy:mmo Toibko
HAfTH MeXxammUaM, KOTODHIl felicTBORAX OB TaK jKe, KAk jei-
CTBYeT GaJaHCHP B €acaX — MOABONMI GH K Kojebanman
SHEePriI0 (IOPHHAMA» ¢ OepPHOJOM, COOTBETCTBYIOMAM Iie-
puony xoJdeOamui.

37ech ecTh IBe BOBMOREOCTH. AMOIHTyZA Komedammii ma
TIOBEPXHOCTH 3Be3JLl MaM I3BecTHa, HO Kak BefyT cebsa roje-
famis BHYTpU 3Be3[HI, 3apaHee CKA3aTL C YBEPENHOCTHIO
Henn3A. llpepmonoskmM cHaTasa, ITO B MEHTPANBHBIX JaCTAX
BBE3IH aMminTyna wojebamnii mo Kpaiineii mepe He o01eHb
magia. Torma mpr moxyuns cienyiomee. IIpm cikatum  ciaoeB
3Be3JLl TeMUepATYPA X IOBHIIASTCH, TPH DTOM, COTIACIO
BCCM J[@HHBIM IIABH 4, 3aMETHO DOBHIIIAETCS I BRIXO TepPMO-
ANEePHOI sHeprnu — GiaromapsA DesKoil 3aBHCHMOCTH BTOTO
BEIXofla oT Temueparypsl. Ho pujenenme sHEPTHH NOBLIIIACT
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ra3oBoe JaBJouue B CJ0E — ¥ CIRATLIC CJIOH CTpeMATcA
pACIIHPATECA ¢ eme Gompmeil cnioif, 7eM OUU QLI CRATHL.
Bor 9TO M €CTh NepPBHii MexamusM, NOAACPKABANIIHI u
A@Ke PACcKauABAIOmuil KoxeGannsa 3peanel. [lpasga, AAA 9TOTO
cHavala HaJlo PacKavarh 0 HEKOTOPOH aMIIUTY/El MeHTPALDb-
HHe TACTH 3BE3JBl, UTO OJarojaps HMX mIOTHOH «yIaKOBKEH
nelars Tpyguo. Pacuerst mynbcanmii meifcrsutenbmo noka-
3HIBAIOT, YTO B DHEPTOBHIEENAIOINX CIOAX AMIUIATYLA KOJE-
Gammil TPAKTHIECKH PABHA HYIIIO.

Bropoit mexammam packainum kodedannit — ero mworga
HA3HIBAIOT (HAANAHHEM) — HECKOJIBKO ~ CJO0;KHIee, HO 3410
muoro sdexTusuee, Xora O TOTOMY, ITO OH CBA3AH € KOJC-
GaHmAMI CIIOCB B3Be3NH, GIUBKHX K ee moBepxmocTd. B aToM
MEXami3Me NOANep;KHBAIOTCA KoleGamms, JaKe ecim OHH
34TPATIBAIT OKOJIO OFHOTO MPOUEHTA MACCHl BBE3IEl I mOpA/-
Ka JecaTH mpomenTos ee pagmyca. Ho mna ofbacmennsa aroro
MEXAHH3MA HAM OpUeTcA HAYAThL H3Jallexa.

B rmaBe 3 mm oTMeuand, UTO HEOPO3PAIHOCTH 3BE3NHOTO
BEIIECTBA 3ZABHCHT OT INIOTHOCTH T TEMOEDATYpH, U Jae
sammcalm oTy BsaBucmMocTh B BuAe dopmynn Hpamepca:
% ~ p/T"=. IlpaBma, BO BHEIIHHX CIOAX B3BE3JLI BEMECTBO
Befer ce0A CioKHEe H 3jeCh COBCEM Jpyrad 3aBHCHMOCTH ¥
or p o T (cm. rmasy 3). Ho mpegmomoskuM, 4T0 BEMmECTBO
8Be3fnl Takoe, u9T0 (opmyna I{pamepca ToUHA — 3TO He
OUeHbh NPUHIUOAAIBHO, HO IHO3BOMUT HAM fACHee 00BACHATDH
CYLIIOCTh KMAIAHHOTO)» MEXAaHH3Ma.

PaccMoTpuM, UTO DPOMCXOZHUT C HEOPO3PATMNOCTBIO He-
KOTOPOTO CJIOA BHYTDH OYJLCHPYIOMeil 3BE3/EI MPH €ro Cika-
TuAX u pacmupennsax, OTeBHAHO, YTO MBI [JJIA HTOTO NOJKHEL
3HATH, KAK MEHAIOTCA TEMIEPATypa H MIOTHOCTH B 9TOM CJIO0O.
Ipenmonoxum cHAYaxa, 9T0 IPH CHKATHN H PacIIEpPeHHN
COXPAHAETCA TEIIOBAA DHEPTHS — B 9TOM ClIydae roBopAT o
agnabaTnaeckox myiancamuax. Ho Mm y:xe 3Haes, 4T0 OpH
BHHHGRTII‘IGCKHX U3MeHeHnaAX TaBJIeHHE rasa IpouopoHOHANL-

HO ILIOTHOCTH B CTeNeHH ¥ (cM. riany 3). A TaK Kak p= -~ T,

TO TeMOeparypa OPOMODPIMOHANBHA INIOTHOCTI B CTEICHH
v —1 (1. e. T ~ pr1). Teumeps, mo amayorunm ¢ opmy-
aoit (10), MEr Mo;eM HWamHCATh AHAJOTAYHOE COOTHOMIEHHE
JUIA H3MeHeHmA Ko3fduomenTa HENPO3PATHOCTH IO Mepe
CKATHA M PACHIHPEHNA CJIOS Tasa:

P P1 (1_)‘ P (&)”‘f‘“
Ha p \Ty pe ) 7

(49)
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113 9TOT0 COOTHOMICHNS CJe[yeT 0Uelb BAIRIEI BLIBOJ] — €CAN
roKasaTenp ammadars rasa y > '/;, TO mpm cikaTHH rasa ero
HempospaunocTs ymembmiaercs, Ha mepsril nsriax, oTo Ka-
;ReTCSA CTPAHHAEIM, HO 9TOT (AKT HCTPYAHO IOHATH: CKEMAA
ras, MH YBEINYMBACM €ro TeMICPATYPY H, CJICTOBATCIBHO,
OTPHEACM DICKTPOIE 0T Hjep — T'a3 CTAHOBUTCS MPO3pPatIIee.

Eemu sxe y < ¥/, TO mpu C;RATHH Tasa ero mempospat-
HOCTD YBOJINUNBACTCH — 376Ch TeMIePATYPa YBeNHIBAeTCH
HE3HATNTeNLI0, A VIFIOTHCHNIE Taja YCHIHBAET NHempospat-
HOCTH,

Veaonne § < Y/ RaRETCA OUYCHB FRECTRIM — § OOBITHOTO
GMIOATOMIOTO Tasa y == °/;, ¥ Ia nepnmil B3TAAX 0TO FCIAO-
pue nnrne ne nerpetaerca. o pomyerum pee sre, wro TAC-
TO B HEIpax 3pesj| ecTh cloii ¢ << U, I wemy oro mpu-
BejeT?

CojrMen 3pesjry, MMEONVI0 X0Tsa 6 ofmn HO 0YCHDL TOI-
wuil exoii, cocrosimuii wa rasa ¢ ¢ << ?/;. Torya so neeii apes-
Te, 3a MCKIOUENIIEM HTOTO CIIOH, HENPO3PRTHOCTE YMEeHDIIT-
€SI, & B DTOM CJ0C HEeNpo3pauuocTh ypelnnunresa. B pesynnrare
DTOT CJOIL BajeP:RUT DHEPLIUI0, MIYILYI0 M3 LeHTPANBHLIX a-
creit BBe3ILI, I HOTJIOTHT €e. JTO MPUBEJET B CBOX 0Iepeib
K HATPEBAHHIO AHHOr0 CIOs, 9T0 3ACTABHT €T0 QUATH PACIIN-
PATLCA, HOATONKHYTH BHIIEJNEKAINNE CJA0M OOHYHOTO Irasa
naske ¢ Ooapmeill emioii, WeM OHUM B CBOE BPeMA 3aCTABUIN
C/RIIMATHCH CJa0ll rasa.

Hrar, cioit ¢ y << %/, AeilcTByeT Kak ¢KIANAH», 3ajIePiK-
BAS H3AYICHHE TEPMOAMEPHOH pHeprHH B MOMEHT C/RATHA I
3aCTABIAA 9ACTh HTOI 3HEPII PACXOM0BATHCA Ha MOJepska-
une xoaebanmii. ITo ofpasuomy supaskemnio C. A. Heparmua
(mpemiosKABLIEr0 HTY MOZEAL TEOPHH oyJascanuu), neiicrsme
cinos ¢ y = %/, mogmo6Ho paboTe Au3eNs — TAM TOAE BIPH-
ckmBaeTca ropiovee (T. e. A06aBiAEICA DHEPIHA) B MOMENT
csratna. TOABKO 37leCh POJB TOPIOYET0 HIPAET HOTIOmeHHOS
u3IyUenme, HAymee uas Heup spespnl. MoskHo mposecri ana-
STOTHI0 U MEKAY JeiicTBHEM ¢iof ¢y << °/; B 3Beaje u paboToil
Gamaucupa B "Tacax.

Taxun o6pason, Aig TOT0 UTOOH DYyNLCAIUH B 3Be3jC HE
saTyxamu, HeobxommMo, Wrofs B mHeil mnmedca cxoii rasa
¢y << */;. Mosxmo Jim maiitin Taxoii cJoif B peaXBHEIX 38e3,1aX?

Ha nosepxnoctn Takmx speap rax Connne, ras ofnoaroMen
u 37ech y = %5, ¥V X0IOAHEIX 3BE3J HA HOBEDPXHOCTH €CTh MO-
JCKYIEL, HO IAKe eCHH MH IPEJIOJOKHAM, UTO BCe ATOMEL CO-
eIHIANCE B JBYXATOMHEIE MOJCKYJE, TO I 37lech 7§ = 7[5
Bee atu suavenns y Gounure */y.
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B meppax 3Besjl ra3 HOHH30BAH — DaCIIeNICH HA HI6KTDO-
g u aroxunie ocrarke. Ho w 1e u gpyrue BepyT ceba kaw ogmo-
aromusli ras. Cregosarenvuo, u suecsh y = °f3. Mrak, mouru
no Beeil asespe y > °/;. OfHakxo Bee ke 0KA3ATI0CH, UTO B 3BE3-
jax ecTh cIom M ¢ vy << Y/q.

OuesnpiHO, 9TO ITE-TO HA He CIHINKOM Gonbmoil rayGuHe
NOJ HOBEPXHOCTHIO0 3BE3JE JOMKELI GLITH CJIOH, THE HMeeT Me-
¢ro mepexoy or ciafo HONMB0BAHHOTO a3a HA NOBEPXHOCTH
8BE3JHI K IOJIOCTHI0 MOHH30BAHHOI INIA3Me B €0 Hejpax.
Hanpumep, Tam, rge Temueparypa rasa orodo 10—20 rwec.

| IPajiyCoB, HMEET MECTO0 HHTEeHCHBHAs MOHHBAIMA BOTOPOJIA —

BRIlie, IPpH MEHDINHX aMIIHTYOAX, BOOOPOS LOUTH HEMOHN30-

. BAaH, HIGKe — WOHM30BAH II0YTH MOJNHOCTBIO. HpE TeMmepary-

pe oxoio 40 Thic, TPALYCOB YCHJIGHHO HMOHHBYETCH reamii (0T-

| pEIBaeTCA ero BTopoil bimexrpom). OGnacTu B HeJpax BBe3fLl
¢ mojofmoll Temieparypoil HABHBATCA Z0HAMH IOHMBAIMI

BOZOPONA I B0HAME HOoHU3AnNH Teans. OKazaxoch, 9T0 HHMEH-
HO B 30HAX HOHHBAMII IaPAMETD Y MOKeT OBITH 3AMETHO MCIb-
e I YTO 37CCH BOBMOKHO flaske ycioBme y << /..

Herpypno coobpazurs, aro ¢ Oyper Gnusko B epmuune,

- ROTJlA IPH CRATHH rasa TeMueparypa yBEINTUBACTCH Malo

(rar xax sgech I' ~ p¥-1), Ho tax mmenno n Gymer B 30max
poumzamun. Cosxumem Taxyio sony. Ilpm ciraTnm Temmeparypa
HOIKHA TOBBICHTHCA, & 9TO 03HAYACT, UTO YBEAHUHBALGTCS
DHePrifa YaCTHI, H, CIeJ0BATeNbHO, OHH mpHofperanT 60Ib-
My ci0Co0HOCTH MOHH30BATH ATOMHI, HA UTO H PACXOAYIOT
npHoOpeTen Y0 IPH C;RATHE dHepruo. HMusMu cioBaym, mpn

- CXRATHH Tasa (ua nmopore HOHH3AIHi» 3aTpavdBaerca Ha Io-

BHINCHUG TEMOEPATYPH TOJNLKO meloabmas TacTh DHePTHH,
CCTANDHAA JKE DHEPTHA PACXORYETCA HA YREJIHUCHHNe CTEeIeHI
wonmnsarun. IIprm cixaTHU HeMOHH30BAHHNOIO Iasa DOBHIUICHHE
TeMIepaTypul o0LYHO HE HACTONBKO BEJIHKO, YTOOH TACTHIN
rasa npmofperannm cmoco0HOCTE K WOHH3ANHWH JPYTHX aro-
aMoB. droro oddexTa HeT B B MOJTHOCTHIO HOMU3OBAHNOM Traze —
BCce MOHHB30BAHO, WaCTHIAM He HA 9T0 TPATHTH DHEDIIIO.
W ronpro «ma mopore HOHU3AMEEY, KOTAA NOCTATOUHO JHITDH
HeGONBIOr0 NOBHIIEHUS HHEPTHH TacTHI[ TJs BaMCTHOTO
YBeANUEHHA HMONH3AIHHE, HMEST MECTO 3HAUHTEILHOE YMEHb-
meHue V.

Hrar, mur Bupgms, 910, mo Kpaiimeii Mepe B IpHHNuUDE,
B0HL HOHA3AUHI BOJOPONA H TeNHA MOLYT CIAYMTEL KIalam-
HEIM MEXaHH3MOM, BS/[@D:KHBAIOIIMM TOTOK TepMOATepIoil
SHePTHH U3 HeJp BBe3[H IpPH C/RATHH 3TEX soH. To, UTO B&TH
BOHLI JIeKaT HerJy0oKo IO HOBePXHOCTBIO 3BE3JHl, Jexaer
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uX opeRTHBHEIMA MIA NOBAeP:Kaunsa konebanmil peasbHEIX
spean. Mpl He MOsKeM 3/1eCh NPHBONUTH WHCACHHHX OLEHOR
AeiicTBHA PACCMOTPEHHOrO0 MEXaHH3Ma: 0TIACTH IMOTOMY, UTO
MBI BAECH PACCMOTPENH NNIib NPHHOHNHANBIYIO CTOPOHY
SIBIEHHA — B KOHKPETHLIX pacieraX HPHXOANTCA YIUTMBATH
H TO, ITO BAKOH HempospagnocTn lipamepca HeToCTATOUHO TO-
YeH, & OTYACTH H HDOTOMY, WT0 BHYUCIGHHE Y JJIA 30H HOHI-
3ampHE mpefcTapiser cofoil me ouendh MPOCTYIO sagaty.

KagecTBeHHO MOKEO CKa3aTh CIEOYIOINEe. XOTA BOHOPO-
fia B 8Besfgax m Gosnmie, HO 30HA MOHu3amuu rexma dddex-
rnpEee. BomopomHas 3¢HA caAnmikoM OIUSKA K IOBePXHOCTH,
sgech MeHbme kKoapduunentr HempospauxHoetu. B psape ciay-
waes OHA BHOCHT CBOIl BKJIAN, HO OCHOBHYIO POJL HI'DACT 30HA
BTOPHYHOH HOHm3ANWE Tenns (KOTJAa OTPLIBAETCSA BTOPOH
smextpon aroma renms). Hocrarounmo 15—30% copepsranusn
TenMsA B 3Be3fe W 30HA HMOHE3ANMUM MOFKET CAYKATHE KJama-
oM, HOAmep:RuBAOIMEM ee myxbcannn., Ho arofnr mapamerp
v GBI TAKAM, KAKAM OH J0JkeH ObITh NTA BEIIOMHEHHs yClIo-
Buif flelicTBUA «KIanaHmoro mMexanusma» (T. e. y << %/, B cay-
wae (opmynnt Hpamepca), HeoOXOXUMEI eme HEKOTODLIE Or-
PaEmYeHNS Ha COCTOAHUE Ta3a B 300aX HOUU3AOUH. JTO JKE
B CBOIO OU€pEIDh OPHUBOTUT K OTPAHMTICHHAM, HajaracMniM Ha
YCKOPeHHe CHJILI TAKECTH B moBepxmocTumx cionx. Ortcioma
M cHefyer H3BECTHHI HabMogaTenbubli (arT, 9T0 HYJILCH-
PYIOT TOJNBKO HEKOTOpHE oco0nie COCTOAHHA 3Be3[.

Crepyroman npofaeMa TEOPHH OYJBCHPYIOMAX 3Be3[, KO-
TOPYI0 MH IOKAa €Ie He 3aTPArMBAJIN — DTO 3a7ata o0 ompe-
fereEnE aMoanTynsl koneGaunii. Ha ocHome mamoskemHEX
BEIIIE COO0PaKeHUI MOSKHO HCCIENOBATD H €€, X0TA oHa u Go-
jee TpymHa. B caMoM Jeme, MEl 3HaeM, UTO BCIOZY BHE B0H
NONN3ANUE OYILCAIAN CBAZAHH ¢ NPeBPAIMMEHHEM 9HEePTHH
JBIGKEHIA B TEIUIOBYI0 — HIPHHATO TOBOPHTH, 9T0 3TECH HMEET
MecTo puccnnmanud sHepran. B somax mommsamum ofpatmas
KapTHHa — B8Jlech 5HEPTHA IOTOKA HBNYYeHHA NpEeBpamaert-
Cf B 9HEPTHIO ABIRennsd. Mol ToBaPHM, UT0 3/16Ch HMEET MECTO
«oTpuIaTeNpuad JAuccunanuay. M noloskuTtennbHas u oTpiia-
TeAbHAA UCCHIAINI HO-PABHOMY 3ABHCHT OT AMIUIUTYLI KO-
aebamnii. B medeume, xomebionieiicss ¢ MOCTOANHON AMIIH-
Tymoll, OTPpUNATENLHAA [NICCHIANHA NOJIRHA IMOJHOCTBIO (HO
ne GonpIie) CKOMICHCHPOBATE HOMOKUTEILLNYIO JUCCHIIATIIO.
ficmo, uTo 9TO MO;KeT OLITH CAETAHO TOALKO NP OIpEJeNeH-
Holi aMoruTyne roxeGaunii.

10 ABNCHIC MORHO 00LACHNTL 1 Tak. Ilpencrasum cede,
WUTO Y 3Be3[n, B KOTopeil moryT OHTEH UyNLCALME, HX ICpPBO-
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HaTadBHO HeT. B cmry Kaknmx-To CIyTafiHWX mpuumm mpo-
HB0UIIO OYeHb HefoNbImoe C:KATHE B0H HOHHBANHA — «Kia-
TNAHHHIY MCXaHH3M YyTh ¢HOjKadak» dHEPruH. Hagammcs
ronebamia ¢ ovenn Mamoill amumimrymoit. Ho y Takmx Koe-
Ganuii cromp ke Mamnt w morepd. «KIamammeily mMexamiaM
TPOAOIIKALT PACKAuIKy KoieGanuit, ammiuryga mx pacrer,
TOKa, HAKOHel|, He HACTYNNT COCTOAHNE, IPH KOTOPOM I0JI0-
JRUTENBHAS JUCCHOANUA HACTOJBKO BLIPACTET, [TO GymeT
¢CHEJIATBY BCIO DHEPTHIO, KOTOPAS OCBOOOKIAETCA B 3omHax
nommsagum. C sToro momeHra asesga Gyzmer KodedaThea ¢ mo-
CTOAHHOU AMIINTYZOI MO Tex Iop, MOKA Karue-imbo made-
HeH@sA B CTPYKTYype BBe3[n Il HADYMAT 5TO paBHOBECHE.
Becy aror mpomecc YCTAHOBIEHHS AMIVIATYHEL KoieGawmi
MOJKHO U3VINTH TOJIBKO myTeM pacderos Ha JBM. Hecronrnko
TAKHX pacIeroB M OLII0 BRHIIOJHEHO B mociennee Bpema. Mum
IpHBeIeM PesydAbTATH ABYX M3 HHOX.

1) 3Beszna ¢ maccoit 6,75 mace Conuma, pagmycom B 48 pas
GonbIme COMHETHOTO M CO CBETHMOCTBIO, paBHoii 2200 Ly, Am-
WINTYAA YCTAaHOBWBINUXCA Kodedamumit pagmyca pasua 29,
aMIIITY/IE KoseGanuit moBepXHOCTHON TeMuepaTypel — 4,5%
u csetnmocTH — 7% . B some mommsamum remms, mrpaomeil
371eCh OCHOBHYIO POJE, KOJe0aHHA CHHYCOMTAILHLI, B Bepx-
HUX CI0AX 3BE3ULI NOABIACTCA ACHMMETPH.

2) Bpespma ¢ mapamerpamn M = 0,4 My, R = 4,9 R,
I = 390 Lg. Ilpu pacuere mpepmoiarajiioch, 9T0 HaYaXbHAMA
ammianTyfaa xonebanmit pagnyca pasma 10%. 3a 40 romeGannit
ammruryga Beipocia mo 18%. Ammnuryna wonebamumii cneru-
mocTH Boapocyna ¢ 8o 13%. ¥ aroii spesyst 2/5 orpumartenbHoil
MUCCHNANNN TeHePUPYETCS B 30He BTOPHIHOHU HOHH3AIMI
remus (npn I = 40 000°), a ocransumas Tperb sHeprHH —
B B0HE HOHHBAIMIN BOJOPONA U 30HE NEPBUTHOII MOHI3AININ
reaus (T = 22 000°). O6e souut 3a opuu nepuof roxefamuil
BHensioT 7,2 % sHeprum, redmepupyeMoii Beell 3Be3moit 3a 9TO
se spemsa. Ms sroro rommuectsa 78% yxomnT Ha moramenie
moTeph BWEePrHH TpH Kojebammax Gomee rayGoOKmX CIOEB
spesnnl, a ocranbnnie 22% mDpeBpamanTca B RUHETHUCCKYIO
DIEPrmi0 BepPXHHX CJI0CB 3BE3AL, TAK 4YT0 KOdQQUIUENnT Io-
JIe3HOTO NeHCTBHA OYALCHPYIOINEil 3BE3/H KAK MAIIHIOLI eCTh
7,2 ¥ 0,22 = 1,6%. He ovyens mmoro.

Ha puc. 16 n 17 npusepeno paccunranmoe P. Kpuerir ns-
MCHEHHE CBeTHMOCTH M CKOPOCTH JBIIAICHIA CIO0EB 3Be3fIBl Ha
pasawix rayOmuax. Homep ciog, oTCUNTHBaeMB OT HEKO-
Topoii THyOWHM K TOREPXTOCTH, O0003HAUEN WHCHAMU 110
ocu, nAymeld nrayoe, Ilepputl cioll maxofuTes HUKE 30MEI
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HOHH3amOH renus, caon 20—30 — BOYTPH 30H HOHH3ATUN, a
LOBEPXHOCTH COOTBETCTBYST cioii mom Homepom 40. Hagmo
ofpaTnTh BHEMAHHe Ha TO, YT0 KOXEJAWHSA CBETHMOCTH JO-
CTITAIOT MAKCHMANBHON aMIMUTYAR BHYTPH €JI0A HOHW3AMHA
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. Ppe. 16. Kpupie naMeHCOHHSE IOTOKA DHEPruu (CBETHMOCTH) B TCTICHIO
TepHOjia Ha PASHHEY TAY0UHAX B HeApAX DyIscHpyomeil ssesgi. Epu-
HIIA CBETHMOCTH Ha rpapmke — 10% spe/cer. Bayrpu kouxelamma cpe-
THMOCTH GONDbING, BOJNAI TOBEpXHOCTH — Membie, Cpabmmre Tpadu-

o puc. 16 ¢ pue. 14,
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Puc. 17. Tpadur navemesus B TEYOHUC NOPHOJA CKOPOCTH JBIKCHAA
C0EB B HEEpax IYJAsCHDYIOINeil 3Be3fsl. AMOINTYja KoadeGammil, BLl-

PaMKCEHAs B #M/cen, YBOIMUHBARTCA IO Mepe NPROMHKEHNA K HOBEPX-
pocern. Cp. ¢ pame. 15.

BOTOPOTA H Telus, IYie COTIACHO CKABAHHOMY BHIIE H pac-
cunTHBAIOTCA Komefamms. C Jgpyroii CTODOHH, AMINIATYAA
HM3MCHEHHUA CHOPOCTH JBHKGHHS rasa ropasgo Gonbme Ha
HOBEpXHOCTE, JTC ABIeHHe Hanommuaer npuboil BouH, BH-
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COTA BOJXHH B MOPC yBeamumpaercs, KOrja oua maberaer Ha
geper. Tar H cKopocTi BoaM B 3De2IAX BO3PACTAIOT, ROTJA OHII
«uaferanT) A NOBCPXBOCTD 3nesyn. MosKHO TAK/Ke 3AMCTHTE,
910 NPHONH;KEHHE K LOBePXHoCTH HekasxaeT Boany. Ha Gourn-
meil rayfmme BOANA CHHYCOUARIBNR, BEINaN HODEPXHOCTI
BOJIHA TONHAMASTCSA KPYIe W OUVCKACTCH O0JIee IHOJO0TO.

ML o"WeHL MHOTO BHUMAHNA Y/ICAMIHN ONUICANMIO TIYIBCH-
pPyomuX medens, W 9TO He ¢IydaliHe, TAR KAk U3 Beex He-
CTAUMOHADHLIX 3BE3T OHHU EJIIHCTBEHHHE, 0 KOTODNIX ML
¢ YBEPEHOOCTHI0 MOGKEM CKAsaTh, 4T0 MOANMAEM TPOHCXOMm-
mue B Hux mponeccst. Ilpasja, ecrs myabCHPYONRE 3ne3,
0 KOTODPHX MOKHO CRABATH TGABKQC TO, WTO TAM €CTh KaHHE-TO
KOTe0aHmA, & KAK U MOYEMY OHN HPOMCXOJAT — HEHIReCTHO.

Haupnmep, ma pic. 12 mmeercsi molocra, THEACTARIAIC-
mas seesgni tnona RV Texsna. 9To ToKe TYIALCH YO
3BE3JL € HEPHOJAOM TODPAJKA 7D CYTOK, HO KPOME pTOTO IHe-
pHOfA ¥V HEX eCTh U eine foanmmii nepuof, Rodedamuit, mop -
KA THCATA CYTOK. AMIInTYE ofoux womefammii MEHSHOTCH
€O BpPeMeHeM HOBOABHO 3maunTensiio. Ciaomnmil m usmendi-
BHI XapakTep mMmeer W KpuBas Oaecxa.

Eme 6Goxbine mempasimibHOCTEH NPOABANeTCA npit Habii-
NEHAAX MOATONePHOJHUECKNY  NePeMeHUHX, K KOTOPHIM,
B WACTHOCTH, NPHHARNERUT u mspectmad spesga Mmpa Hura,
¢ nepuogoM B 406,95 cyrox. M1y coBCeM CIHORHO TMOBE/IEHNC
TaK HABLIBAEMEIX NONYHPABUILHEX WIH JAake HempABLILHEIX
OYABCHPYIONIUX B8Be3d. ¥ Kamgol Takolf 3Desisl MOKeT
GHTh HECKONLKO KoNe§aHmil ¢ MOHANUIHMICA aMIANTYIAMH
I Hecoxpammiomumucsa mnepuogayu. DBupmmiie wonebammsa
Giecka DTHX BBe3J OUCHEH BEAWKN, HO DTO CBABAHO CO CBOIi-
crBaMu mX armocgep. Dee 5TH 3Besfnl — KPACHHG THTANTHL
M CBepPXTHTANMTH, B armocfiepaXx KOTODPHIX MHOTO MOJCKYI.
B 7Tewempe ofHOTO TepmMOAA 3aMETHO MEHAETCA TPONLATIOE
COEEPIKAHNE MOJMEKYX, TTO U TPHBOEHT K CIIBHEM H3MeHe-
HuAM BHIAMOTO ONecra. JTH 3BE3[Hl XaPAKTEPUBVIOTCA TARMIe
W TOABJIEHHEM BPEMs OT BpPeMeHH OMUCCHOHHHIX JIIAMil,
uenyckaeMulx ofmakanu rasa, BuOPOMEHHEIME N3 IiX HEIp.

BoaMosKHO, UTO KAUECTBEHHO UPHPONA NYALCAMUII OTHX
3BE3JT MMeeT Heuro ofmmee ¢ myIhCAIEAME Iedeul, Ho CIHOK-
HOCTEL NPOHCXONAMNAX 37eCh INPONEECOB HE IO3BOIAET IOKA
pasofpaThcsi B HOX M MOCTPOUTh Karyo-umbyasp nosmde-
CTBENHYI0 TEOPHIO.

Ha pmarpamme pue. 12 HapeceHnl eme OyJIbCADYIOME TO-
paune spesnnt Tuna B Boasmoro Ilea — omm, wpome Toro,
OTINYATCA 0Yelh Makoll aMmantygoil komefaHmil, a TawriKe
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nedengp-kapangn. M A HuX Teopma moxa ye paspaboTama.
MoOKHO BEIPABHTH HANEAKMY, 910 B He CTOJNB JAIeKOM Gyny-
nieM Mpr Oyaem 3maTh 00 9THX 3Beafax Gombie.

Fme MeHbLIEe KOHKPETHOTO MOKHO CKa3aTh O NPYToM 0onp-
oM KIACCEe HECTAI[MOHAPHBEIX 8Be3J — TaK HA3BDaeMLIX
papupHEX 3Beafax. O6maa xapawkTepHad Jepra OSTHX 3BeE3J
BAKJIIOYAETCS B TOM, 9TO BPEMS OT BPEMOHH OHH Kak OBl B3pHI-
BAIOTCH, BHEIHMe YacTH mX B3LYBAawTCA, Gneck GuicTpo pac-
rer. 3aTem pacmmpusiascs 000M0YKA OTPLIBAGTCA OT 3BO3-
5L B yaeTaer B MesxasesiHoe npocrpancTpo. G mOBEPXHOCTH
oCcTaBIIelicA uYACTH B3Be3JEl MPOJOILKASTCH UCTEeUeHHe Beme-
¢TBa, HO IOCTeOeHHO OHO NpeKpamiaeTcsa, H 3Be3fa omaTh
BO3BDAMACTCS B CTANOHADHO® COCTOAHHE. 3BE3NH 9TOTO
THIIA TOKE Pa3Ho0GpPasHE; OCHOBHLIE X OTIHTHA IPYT OT APY-
ra BaKI0IAl0TCA B MacmTabe m xapakTepe B3pmBa. B rawoii-
10 mepe Connne, a BEPOATHO, W BCO {PYTHe 3Be3/H TAKIKE, Tak
CKa3aTh, (B MOHHATIOpE», IPHHA/JIENRAT K BDE3iaM LoAobHO-
ro tnua, Mssectno, 9ro ma CoxHme, 0co0eHHO B LePHOJ MAK-
CHMyMA COJNHeYHOHl AKTHBHOCTH, BPeMs OT BpeMeHH IPOMCXO0-
AT TAK HA3HBaeMEE XpoMoc(epHHe BCHOEINIKN, CONPOBOIK-
JaomuEeca BHIOpPOCOM BeImecTBa.

Taxne BCIOHIIKE, BEPOATHO, HMEIOT MECTO ¥ MHOTHX 3Be3,
Hu OHE He BHNEK Ha (oHe OGLYHOrO CTAIIHOHAPHOTO H3JY-
yenus TMX 3Beaf. Ho HBBECTHE M TAKHE 3BE3MTH (AX HAa3hl-
BAIOT (BCHHXEBAIOMMMIY, B JACTHOCTH, K HUM IPHHAJAEHAT
speagsr, Tmoma UV Kura), ¥ KOTOPHX BCUOHIIKM HacTONBKO
CHJIBHH, UTO 34 [@CATKHE CeKYH/l MX IOJHAsA APKOCTh yBEIil-
yupaercsa B8 10—100 pas. Barem B Tegenne 10—20 munyr 3Bes-
Ia ¢«yCHOKAHBAETCA» W HePeXOJUT B MePBOHAUAIBLHOE COCTOA-
mie. Ilpn xpomocdeparx Bemsimkax Ha CojiHile reHePHPYeTCH
pagmomsnydenme — B sBesgax Tuma UV Hmra tamke re-
HepupyoTca pamuoponmni. Macmrab neex Apiemuii, npasna,
aneck ropasno Goapme. EeTh m Takoe oTIHTNE. 3Be3asr TADA
UV Kura aBIfiOTCA KPACHEMH KapiImKamm kracca M, m Bce
OLII BXOAAT B COCTAB ABOimEX cmeted, B TO Bpema kax Coun-
1@ — ONUHHOYHAA ;KeJlTafd 3Be3fa.

[lo-BuamMOMYy, ¥ BCOKIXHBAIOMUX 3BE3 B MOMEHT BCIILIII-
ku BufpacKBaeTca HapyKy obnaxo rasa, HO fIpH BTOM 3aTpa-
rUBAeTCA He BCA IOBEPXHOCTS 3Be3ful. Lemm macmTab ABie-
JINA 3HAYATE]bHE® H IPOMCXOAHT HA HECKONbKO Oolbimeit
riay6mnHe, To yiKe MOKHO TOBODHTE HE O BCHOEIIIKE, & O B3PHIBE,
3nech HabmomaeTcs odens Gojbmoe pasHoodpasue ABIEHMI,
KOTODOE TaK;Ke B MePBYIO 0Yepelb ONpejelaeTcs MacITados
B3pHIBA,
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Ects 3Be3AE, Y KOTOPHIX B3PLIBH CPaBHATENLHO meGolb-
mAe M TPOUCXOJAT B MOBEPXHOCTHHYX CIO0AX,— HX HA3LIBaIOT
noBomooOupiMu. HMapecturn: smeamsr ¢ GoapmmuM MacmrTaGom
BCOLIMICK, KOTAA BA3PHIB 3aXBATHBACT I Gojce TAyOOKUE CIOM
8Be3AHLIX HeAp (IEeCKONLKO HPOICHTOB pajuyca). OTiH 3Be3-
pul Hasmpalor Hosmmu. Hawomen, ecam B3pns sarparmpaer
SHATUTCIABHYIO 9aCTh 3BE3IHI, TO MBI HMEeM JeJI0 ¢ Tax Hashl-
BaeMoil cmepxmopoii. HeraTm, camo maspamue «mopasm» Ie-
CKOJLKO HEYAAYHOo M MOjKkeT OLITH OIPAaBIAN0 TOIBKO C HCTO-
prdeckoil Tourm 3penus. Hopmie 70 BCOBINKH HMCIOT OUYEHD
HeaHAMHTENLHE Bupumetil Oumeck. Taxme 3Besmsl BHJHBEL HC
B KayKablil Temeckon. Bo Bpera Benoiuiki 6eck HoBOI CHILIO
BO3pacTaer, OHa CTAHOBHTCA BINIMOI I KajKercs, 4ro Hra
3Bes[(a MOABHIIACH TAM, TJie paHbmie ee BooOme «ue ORUIOM.
Ilosromy «moBasy ma camMoM Jene OTHIONL He HOBAA 3BeE3fa
B OYKBAIBHOM CMBICIE DTOFO CIOBA, & CROPEE CTApas 3Be3fa,
HAXOAMAACA B KOHIE CBOET0 9BOJIONHOHHOI0 Iy TH.

HonugecTreHH0ll TEOPHU BCOLINEK HOBLIX IOKA €HIC HeT.
Brimo mpepiiosieno MiIoro THIOTe3, PACcCMAaTpPHBANICE PASIELE
BAPHAHTH, HO IOOKa eme AcTPOHOMEL He IPHIIIH K eJuHOMY
MHEHHIO 0 CTPOEHNH BCOLIXHBAOIUX 3BE3N H 0 HPUUYNHE UX
B3PHIBOB, JTO Ipe;kfie Bcero OOBACHAETCA TeM, UTO HAMAX
HalIoaTebHbIX AHHLIX O HOBEIX 3Be3Jax eme HeJoCTaTod-
no, Eswerogpmo B I'adaxtake BCIKXnBaeT OKOJO COTHH HO-
BLIX, HO HAQJIOaeM Mbl TOJIBKO ONHY-7(Bé B TON, [ida W TO He
BCEraa, TaK KAK OONBIIMHCTBO HOBLIX BCIEIXUBAET IANEKO OT
Conmuma m mur He gametaeM nx. QO0pano ofHapy:ieHune HoBoil
6meaer memoy cayuag. Ho gaske m yBuseB HOBYIO, MH He Mo-
JREM CKA3ATh MIOTO 0 caMoil 3Be3e — Beflb ee CHenmaibHO He
p3ydann, HIKTO HE 3HAJ, ITO oTa 3Besfa Baopsercs. Ho nce-
TAKH KOe-TT0 YiKe H3BECTHO.

IMo-sumuatoMy, TEOUYHAA HOBafg MO0 BCHHIOKI — 3T0 He-
Gonsmas mo pasmepas (8 H—10 pas menpme Conmma) spesya
€O CBCTHMOCTHIO, CpaBmuMoii ¢ codmewmoil (cm. pue. 12).
Maccsr moBmx mopagra macest Connma. OQgenns mirepecto I,
BEPOATHO, BAKHO TO, 9T0, HO-BUJAMOMY, BCe HOBLIE BXOIAT
B COCTAB JBOHHEIX CIICTCM.

V Tommumoit mopoff 6imeck BospacTaeT BO BPEMA B3PHBA
B JECHATKH THICAY pas. ¥ HOBOHOJOOHEX 3BE3J AMITHTYIA
BCOLIMKI T0pasjo Menbue — Oaeck BO3PACTAET BCEro B HE-
CROABKO [ECATKOB pas. 3arte y CBEPXHOBEX aMIIITYIA
BCIOLHUIIKH ICGHCTHNE KOJOCCANbHAa — B TEUCHNE HCCKOIDRUX
fHeli, a TO M UACOB, ONNA CBEPXHOBAS H3JAYyTaeT B MAKCH-
MyMe CTOJNBKO, CKombko Bea IanawkTmra, cocToAmas 13
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COTeH MELIHApHoB 3Be3X. Mul He 3HaeM uX CBeTHMOCTH [0
BCOBIIKE, M IOBTOMY AMIVIATY/a H3MeHenuA Onecka HOKa
He mspectna. Jlajiee OKA3aJgoch, YTO BCHLINKH 3Be3] MOLYT
TNOBTOPATHES, I YeM MEHBIIe aMIVIHTYAA BCOLIUIKE, TeM JAle
Omi HOBTOPAIOTCH. ¥ HOBOIOKOOHEIX 3BE3J BCHBIIIKH HOBTO-
PAIOTCSA Yepe3 HEeCKOJNBKO JECATKOB M COTOH [Heil, y TH-
HHTHEIX HOBBEIX DTOT HepHOJ JOMKeH OHTH COTHH U THICATI
met (K COMKAJICHLIO, DTOT HOCIAGAHil BLIBOK MEI IIOKA IIPOBE-
puUTh He MOKEM, COBDEMEHHAS AaCTPOHOMHS ele CIHMIIROM
MoJyoza). Il iraxonen, CBEpXHOBEIC BCHEIXIBAIOT, BEPOATHO,
pas B cBoeil jRIBHIL

Hafmoenns cIeKTpa HOBOM BO Bpema pocra ee Guecka
MOKA3EIBAIOT, W10 HPH 9TOM IPOHCXOJUT B3NyTHe IOBepXIo-
CTHHYX CJIOGR 3BE3AHl CO CKOPOCTAMH B HECKOJBKO JIeCATHOD
I COTCH (/0 THICAMI) KEJIOMETPOB B cerympy. Beposrmo, or
3BE3JIET OTHEASCICA MOBOIBHO IIOTHAA Hempospaumas 06o-
JI0YKRA, KOTOpad CINION B3peBa Opia oTGpomeHa OT 3BE3H.
Voenuuemie CBETIMOCTH BHIZBAHO OTPOMHLIM YBeJINUeineM
passepos sespuoil oboiounH.

Bagysmasicst 000710YKa TePeMEHHOIl 3Be3fsl, JOCTHTHYD
MAKCHMYMa, Haupmaer ciagars obpario K spesge. B cayuae
HoBoii nexo oferout nmage, Ilocae maxcumysma Onecka HOBOIL
0foxouKa IPOJIOIKACT YAAMATHCA 07 3Besful. [locTHixenne
JKE MAKCHMYyMa 0JIeCKA 03HAYACT, 9T0 B DTOT MOMEHT 000I0YKA
cTaja IIPO3pavmoi, Iocie Yero co0CTBEHHOR €e H3IYICHHEe
CTAN0 YMOHbIATHCA, I B Jaapueiimem Gieck HOBOM JOJKen
YMeHBIIATHCA, TAK KAK caMa 000/I01Ka 3Be3J bl «BHICBEUHBALT-
¢y (0HA Pacxojxyer CBOil 3amac TemI0Bol JHEPTHH), A 3BE3JA,
KOTOpasg Temepb NPOCBEUHBACT CKBO3E 000MOIKY, TaKiKe HO-
CTOIICIIIO IPUX0JuT B cHoKoiinoe cocroanme. I mocie cphBa
IIAaBIOIl 00ONOUKH 13 3Be3NH UPOJOIKaeT BHOpPACHBATBCA
BEM[ECTBO, TACTO Jaske €O CROPOCTHI0, Goibureil ueMm CKOPOCTH
0CHOBHOI, mepsoit ofosouxn, OfHAKO, HECMOTPA HA GONBILING
CKOPOCTH, OTH BLIOPOCH yiie MEHEe HHTeHCHBHEL H IOCTeNCHI0
pufpacHBanue Bem[eCTBA ¢ IIOBEPXHOCTH HOBOM IpeKpa-
njaerca. IlocremenmHoe YCHOKOEHHe 3BE3JH HPOJONKACTCA
HECKOJIBKO JeT, & TO M HecRoJIbKo fecarroB Jer. Hajo,xera-
' TH, OTMETHTH, UTO €CTh W TAK HASHBAeMHe GHCTPHO HOBLIE,
B KOTODHIX BCE H3MEHEHHS IPOHCXONAT B YCKOPEGHHOM TEMIe,
M MeJ/IIeHHLIe HOBEE — C 3aMEJJIeHHEIM PasBHTHEM BCEro IMK-
na, Boobme pasnnmuniie HOBHE MOKABHBAIOT (O0JLIIOe DABHO-
ofpasne B fileTallAX CBOET0 Pa3BHTHA.

3Besguoe BemecTBo, BHOpomenHoe HOBoif, ofpasyer Ty-
MaHHOCTh, M3ayuemHme OTHX TYMAHHOCTEH NpeJCTAaBIACT
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foapmmo#t WATEpec, HO BHIXOAWT 34 PAMKH HACTOAmEl KOHUrH.
B uacTHOCTH, DPUMENAA K pTOIf TYMAHHOCTH COOTBETCTBYIONIHE
MeTofisl, paspaboranune B JUSHKe TYMaHHOCTEH H MEHIBess-
HOT'0 Ta3a, OIPENeNINHN MACCH BHOPONIEHHEX 000JN0YCHR HO-
sorx. Oxasamock, Uro mpH TePBoM Bapeie BHOPACHBACTCH
macca, panHag npmvepno 10-*—107* yacest Coanma. senno
a10 00CTOATENHCTBO I CBIJICTEIBCTBYET O TOM, YTO B MPOTECCe
B3PLIBA VYACTBYIOT TOJBKO IMOBEPXHOCTHELIE CION  3DE3JIH.
IIpun mocaepyomenM BHOpPACHIBAHUN BEOICCTEA B MEIR3BE3IH0e
HOPOCTPAUCTBO TAKIKE «YIETAeT) MAcca UOje0HOTO LIODsKA.
ONepruio B3PEBA HOBOI MOKHO TP HGAHFKENTIO OIeNITH, Ho-
MHOZKHB Macey o0O0N0UKI Ha TOACBHHY KBAHpATa CROPOCTH
Brifpoca (MOKHO OpHHATH ckopocts papzoit 1000 wat/cex).
Torja moNyuma A 3UePTHH B3PLiBa Bemrmnay, ~ 163 ape,

Ilprannsl B3PHBA HOBEIX I IM TOJOGHEIX 3BE3J, KAK MEI
ViRe HeCKOALKO DPAas mojdgeprmpBaiir,’ Heussecrdn. I'nitoTes,
prpouen, OsuIo Muoro. B cnoe npers Opuia ouenb HONYIAPA
THOOTE3a 0 AIePHOM Bapuine. [lomycTmi, ¥To Tjie-T0 Ha oOpe-
menenHofl TAyOmHe BHYTPH 3BESMLI UIYT TCPMOSEDILe peak-
iu. CKOPOCTD PeanIi B 09eHDL CUALHON CTeHCHI 3aBHCHT OT
remmeparypst, G gpyroil CTOPOHEI, DHEPTHA, 0CBOOOIUBIIAACH
npu TepMOAflepHOIl peaxmum, ywocurca maaygennem. Cro-
pocTH OTBOZA DHEPTHH OmpeJeNfeTcd Hempo3pavTHOCTHI0, KO-
TOPAA TOJKE SABHCHT OT TeMOECPATYpPH, HO ropasfo B MeHk-
meit creneEm. Eciau B MecTe, TAE DPOTERANOT TePMOANCPHEIS
peaKmui, BHEBANHO XOTA OBl UeHaMHOTO IOBHICHTCS TeMIe-
parypa, To BHelIeHHIe DHePIHH Pe3ko BO3pAcTeT I U3NyIenne
y;xe He Oy[eT CUpaBIATLCA C €@ mepeHocoM, nfo Hempo3pat-
HOCTH M3MeHmjach Maxo. Temmeparypa moBmCHTCA eme 60Jb-
Ime, BO3PACTET AaBIeHNe, ITO W BH30BET B3PHIB. JHEPIUA B3PLI-
Ba MOskeT OMTH IepeHeceHa Ha MOBEPXHOCTH SBE3JHL yapHOIl
(mim B3PHEBHOI) BOIHOL.

BosmosxH0, 4TO BCOBIDKHE HOBHIX CBAZAHLL H C IEDEXOAOM
0T OfIIOI TepMOSMEpHOl peakImmI K Apyroll uin soobme ¢ me-
pecTpoiikoli HEKOTOPEIX COEB 3Be3JH, KOTOPAas MO;keT OHTh
CBA34HA II ¢ IEePeXONOM rasa B BHIPOIKICHIOC COCTOAIIE.

Tomo6ure rumoTessi GHIIH B XOAYy B TO BpeMs, KOTa He
SHAJH, YTO HOBHE, KAK I APYIHUE B3PHIBHEIC 3BE3ALI, BXOJAAT
B COCTAB JABOMHKIX cHcTeM. Temeps jke IpeIoNaraiot, UTo dTa
0c00eHIOCTs B3PHBHAIX 3Be3]] IIMCET IMPAMOe OTHOMIEHNe K HX
penmmraM. Mosker GmTH, BTopas 3pe3/ia BEIBHBAET HEyCTOI-
YHBOCTH BCULIXHBAIOIET 3Be3E?

Eme Gojee rpaEgHosSHHMMHE MacmradamMdm OTIHYAIOTCA
BCIEIIKH CBEPXHOBEIX 3Besm. CKOPOCTE, ¢ KOTOPOil BHOPACH-
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Baetca 060mouKka cBepxHOBOI 3Besfsr, mocturaet 6000 kat/cer.
Macca pmGpomenuoil o060J0UKH WpPHMEpHO paBHA OJHOMH
necstoit maccs CoJHIIA, a dueprua 00OJOUKI 0KAILIBACTCSH
cpapHHMOii ¢ MOJHOI dHEpPruell 3Be3/LI [0 B3PEHIBA,

[MociieAyIOMUE MCCNENOBAHNA CEEPXHOBHIX B JIPYyrux ra-
MAKTHKAX HOKA3aNH, YTO BCE CBEPXIOBRIC MOMKIO DA3JNIUTDL
ma apa tuna. Coepxmopnie I Tnma (K MX WHCAY HIPHHALIEKHT
H BCOMINKA, fapmas Hauaxo I{padoBupuoil TyMamHOCTI)
TPeCTaBIAT coboil 3Be3AH ¢ OTHOCHTEABHO HEDOIbLIOH Mac-
coif, mpuHajIeskamue K spesgmomy macexemmo II tmma. He-
CJIeNIOBAHIE CHCKTPOB COPOIGHHBIX O00ON0YeR IOKAJHIBaeT,
Y10 37Mech MAJ0 BOIOPOHA, 10 34TO OTHOCUTENALHO GOXbiOe T~
JRENLIX DIEMEHTOB, & UMEHHO YIVIepoJa, azoTa, KICIODO7A.
Maccrr ¢OpOmIEHHEX 000I0YeK OTHOCHUTEJIBHO HEBENIKH,

Cpepxuossie 11 Tnma BerpetTanIcd TOIBKO B MIOCKAX IOJ-
CHeTeMax I, CIeOBATENLHO, MPHIAIE/KAT K 3Be3JiIoMy Ha-
cenenno I tuna. Copomenuse mMI 000M0UKN COIEp/RAT MIO-
ro sogopona. Maccst ofonmouer y 9rux 00BEKTOB MHOTO GOND-
nie, YeM Maccil 060/09eR cBepxXHOBHIX [ Tmma. Xora TOUHHX
AAHHLIX H HeT, HO MO;KHO IPE[Ioiarars, 9ro Macca 000Xo9KT,
copomenuoii ¢csepxuonoii IT Tuma, mosker GmMTH Goabme Mac-
cor Comnna (o 10 Mg).

To-sugnmomy, csepxuoBsie I Tma — 9TO crapme 3Bes-
I ¢ MaJoil Maccoli, Jafero NMPOABUHYBINNECT B CBoell ppo-
Jonuu, & csepxuopnie II Tuma — 9To MOJOABIe, MACCHBHDLIR
3Be3/bl, KOTOPLIE eIle He YCIeNH MajJero HPodTH mo 3BOII0-
IMOHHOMY NyTH; 00 3TOM CBHORTEILCTBYET OONBINOE COfEep-
sranpe Bogopopma. He mcxioweno, Wro ecim CBePXHOBLIE
I Tnna cOpaceBanT Kar 050JMOIRY TOIALKO HeDONMBIIYIO HACTD
cBoeil Macchl, To cBepxHOBHe 1] THIA B3PLIBAIOTCA IIENHKOM.

OTKpHTHE NYIBCAPOB U OTO;RIECTBIEHIE OJHOr0 H3 HHX
co ceepxuopoii 1054 r. (3 HpaGosupmoil TymanHocTH) creia-
JI0 Hanfolee BePOATHOI [ABHO BHICKA3LIBABIIYIOCA THIIOTE3Y
0 TOM, 4YTO IPOIECC BCHEINIKI CBEPXHOBOH CBARAH C Lepexo-
JIOM 3Be3[Ll B COCTOAHIIE HeilTpoHHOIl 3Re3jul mocle BHITOpa-
HHA BCEr0 ANEPHOTO TONJINBA.

Ha pToM MBI 3aKOHTHM ONHCAHIE HECTAIIOHADHLIX 3BE3A,
HO He pacopouaeMmes ¢ Humu, Jlexo B ToM, UT0, RaK y:Ke 01-
MEeYAJOCh, M3YYCHUe DTUX 3BE3] urpaer GOJBUIYI0 POIb B TEO-
DUl 3Be3HOH HBONIOIUE, ¢ KOTOPOIN HaM eIme IpPejaCcTOuT
NO3HAKOMHTECA. Tam Mbl W BepHeMCA R HeCTAI[HOHAPHBIM
3BE3[IAM — KAK 3Be3JlaM THOA CBePXHOBHX, TAak H 0YeHbL HH-
TepecisiM sBes3gam tumma T Temnia.

2
~ T'aasa deeamasq

ONPOTO3BE3JbI .

Bce, weM MBI 3aHUMAJHCH B 9TOH KHHIE JI0 CHX IO, HO-
¢TENEHHO TOJBOAWIO HAC K BasRHeiimeil mpoGieme, sHademle
KOTOPOii TATEKO BHIXOMUT 32 PAMKI ACTPOHOMIIH — TpPODIeMO
o(pasoBaHua U 9BOJIONMN 3Be3q. TpyaHas safada peuleHuA
oroit mpobieMsl eme jaiero He ZOBeJCHA 10 KOHIA, eme 0MeHb
I OMeHL MIIOTO PaboTHl B 9TOM IIAMPABJIEHNH NPEJCTONT CAC-
JaTh, HO Yike HAMETalOTCST KOHTYDHl TEOPHH 3BE3JHOIU 9BOTI0-
LM ¥ TOXY9IeH PAJ yBePeHHLIX pPe3yibTaros.

3meck U B CACAVIONEl TIaBe MLI H3J0HM COBPEMEHIILIO
NPeNCTABICHNA 00 9BONIOINE 3BE3j, — YACTHIO THIOTETH-
weckue, 4acThio Gosee Hajeskube. MEl MoskeM ceiiyac omicaTh
00myio H 0BOJLIO BEPOATHYIO cxemy ofpasoBamis, pasBi-
THA M (CMepTH» mO Kpaiizeil Mepe oObI4HBIX 3Be3j, He OTJII-
YAIOUNXCA KaRMMU-IHG0 cmenmduueckuMi 0cobeHHOCTAMMI,
Ho HacKoJIBKO HAJEHKHA 3TA cXeMa? .

Bpsax I MOKHO COMHEBATHCS B ToM, 4T0 ofmas cxema
TEOpHI NPOHNCXO:ICHHA H OBOJIONMH 3Be3, paspaboran-
pag B mociequue 15—20 mer m m3mosmeHHAd HEKe, ABIA-
eTca MPABUJIBHOIL U B JanpHeiimeM He H3MEHHTCA 0YEHb C¥-
mecTBenno. Ilpasja, AeTaNi 9TOH TEOPHH MOTYT, KOHEIHO,
H3MEHATHCA Oospme, 3iech Mbl GyJeM H3JIaraTh TEOPUI0 dIBO-
A0 1 IPONCXOMKACHIA B3Be3J JoBodbio moapobmo, coO
MHOTHMHE KOHKDETHBIMI JeTAJIAME, MojKeT 6Lith, 1 e YCTa-
HOBJIEHHBIMU TOCTATOYHO Haje;kHo. Unrarein HOIHIREH 3TO
myers B Bumy. Ho eme pa3 mojuepkupaem: o0mas cxema
TEOPUH HBOJNINHN N NPONCXOM/EHIA 3Be3J, PasBuTam [0
HACTOSIIET0 BpeMeUN, NOJKHA COXPAHITHCA HATOJTO.

. Teopma DBOJIONUM 3Be3]] HCIIOJb3YeT MHOIHE pesysbTaThl
CAMBIX pPA3INYELIX pa3lel0B Hameil HAyRH: ampodmaum&
3Be3J(IOI ACTPOMOMHUM, PAZHOACTPOHOMUI, BHETANAKTHICCROK

R L5



acTPOHOMEN {mayvaromeil TANaKTHKI), KocMoXoTmu (H3y-
YAIOMIeH CTpOeHNe I PasBITIEC nadaopaexoii gacrt Beenem-
HOii) w T. 1.

Ho Goasnme Bcero s pasBHTHA dTOif mpobiaesst gaia
teopusi BHyTpeHuero crpoenna 3sse3n. Crpos pasmutumbie
3Be3JIHLE MOJENI, CpPaBHIBaS HX Me;igy coboit 1 como-
CTABJAA X ¢ Janmpdul mHafmogennii (B d9acTHocTH, IOIY-
GEHABIMII TPH QU3  COOTHOMICHHIE COeRTpP — CBETI-
MOCTE), ACTPOHOMBL I CMOTNIN HAMETHUTH TOT IYTH HBOJIOIIH,
0 KOTOPOM MBI 37IeCh PACCKALREM.

I{ cosramennio, [afero He BCE PACUETLHI MORHEO CPABHIBATD
¢ HAOMIONCHIAMI — II 0T0 caMas QOJNBIIAS TPYAHOCTE TCOPUH
3Re3Anoll DBOJIONNI, B YeM Ml ciopo 1t yoenumes. HarepecHo,
uT0 BGONBIIC BCErO JUIS TEOPIIT BBe3ZHOIl 2BOJIOIUII A yT
«uupaKpacHas acTpOHOMUAY 1 DAIHOACTPOHOMIISA.

IHomueprupas oty poas HaGMIONEHNI, MBI C HEX I TTATIEM.
IHsyuenne 3pesgHulXx CKOmWJIeHHII © accommanmuil mokazamo,
910 mpomece ofpa3zoBaHMA RBE3T NPOHCXOJHT BCe BPEMA,
OPOIOTKACTCA H ¢eilIac M YTo 3Be3IH TWOARJAKTCA IIa CBeTH
IPYOOaMI, COCTOAIEME U3 HECKOJIBKHX [ECATKOB 3Be3[,
a B Golee pammEmil MEPHOJ Pa3BITHA TANAKTHK — I TOpPasjio
Oompmmmyu  cxommenusmu. [lpomece B3aposwaenmAa  3Be3IH
AOCTATOYNO JJITeNeH, 1, KOHeUNOo, MK HE MO;KEM 3a Te Ie-
CHOJBKO JICCATKOB JICT, B TEUCHHE KOTOPHIX PAa3BHBAJNACL COB-
pPeMEHHASA ACTPOHOMNA, TpoHadIIONAThL 34 OSBoNIoNuCll Kom-
KPeTHLIX 3Be3n m cromnenuii, [IpuXo[uTca OCHOBHIBATLCH HA
CPaBHEHIH Me:RIY cofoil cKomaewnil PasHHIX BO3PACTOB. JTO
MuI BOGpefsb OymeM Jexarh HeoJHOKDATHO.

Hrar, ns wero obpazyworcs asespu? Pasyveercs, u3 Toro,
UTO HAXOMUTCHA B CAMBIX MOJNOCTHIX 3BE3JIILIX CROIMEMITAX I
accommanuax. IIpapga, Mir me ypepess:, YTo BANHM BCe, 4TO
TaM Haxofamrea. Morkmo TpeHuONOKETH, KAaK 3T0 CHGHAN
B. A. AmPapmymMan mpm OTKpPHTAHN accommamuit 3 1946 r.,
YTO TAM €CTH HEeBHNMELIe IJIOTHHE CKONJIGHHWA MATeDIH, a-
spagase uM D-rexasu. UTo K, 5TO BO3MOIKHO, OTPHIATE HX
CVINECTROBAHNE HA OCHOBC T'OJIOCHOBHLIX VTBCP;KACHHII MHI HE
nmeem mpasa. Ho nywdme umexoputs U3 ToT0, 9TO MBI JieicTBH-
TENLHO BHIAM B CKOINIEHOAX W ACCOMEAUMAX.

Habdmopenua moxkaspBAIOT, TIO BCE MOAOHEE CHOIMEHHA
U accommamun Ju00 HOTPY:;KeUs! B (OJLIIHe MAacChl Meik-
3BE3JIHOTO Ta3a W OBUIM (MX HA3LIBAIOT TA30-THIICBHIMI KOM-
naexcamu) mubo maxomarea Gams mmx. Msi, B coriacH# co
BarAsmaMi GOJBIMIHCTBA ACTPOHOMOB, OyjeM HCXOJNTEL H3
TIPeJIION0;ReHNA, TT0 3Besmsl o0pasyioTesa OYTEM KOHJEHCA-
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[AX BEMECTBA MeyR3BesgHEIX TI'a30-OBHIIEBEX KOMIUIEKCOB.

. Ho najio eme pas mouyepuuyrs, 4TO 9T0 — THIOTE3a Be-

POATHAS, MO BCC JKe THIOTEsA,
Kax O To Hu 050, HAYANO CHEMATO — UCXO/HOE IOJI0-

- jremnue chopMyRIPORAHO. Temepn Ml yiie MoKeM paccMarpii-
. BATL UPOHECC UPCBPAINCHIA YaCTH FAR0-ILIIEBOTD KOMINICKCA

B 3BEBTTY.
Mir Syjem OTO JieNIaTh TCOPOTHICCKE, I TaM, TIJfe 5T0
BOZMOIRNO, NOCTAPACMCH CPABHETL DE3YABTATHL TEOPETIYC-

. croro pacuera ¢ janmsiMu mabniomenuii. IIpouece mepexosa

OT I'ad3o-ILliIieBOTro OGJHIIC.H 1 3Be3]e ¢ TeprMOAACPDHLEIME IICTOTI-

-" HHRAMI DHePTHHN HASHDBACTCA IipO'IDBBSSﬂHOﬁ GTal[LIOﬁ B 9BO-~

JIONI SReaji. OTolt crajum 1 OyJeTr HOCBAIENa HACTOAMASN

- raapa. B oexepyiomeil THAne MBI PACCMOTPUM  OBOJIOLIIIO

BBESI TOCKE BRIIUCHIA TEPMOSIEPHLIX HMCTOUHUKOR.

Ouennie, Yo JId HaYalia HaJio HOBHAKOMETBCA CO CBOII-
CTBAMI MCIR3BOBEHOIL Cpejnr. ACTPOHIOMEL JaBHO 3HAIT, YTO
TPOCTPABCTEO MOGKXY 3Be3jaMil JANONHCHO OYCHE DA3peskel-
HETM TA30M ¥ MOAKCH THIBI0. B epejiiies, B OJjHOM KyDiIueckoM
CANTHMETPE ME3BER/(HOTO HPOCTPAIICTRA HaXouTes e oree
OOTO ATOMA BOJCPONA I I'ODAI0 MEUBLIC ATOMOB JIPYINX
FHMUUSCKIX DIeMeHToB. B ofmoM KyOHTECKOM RIOMETDE
9TOTO HPOCTpaicTEA — He §ojee JECATRA IBIIHHOK PagMepoi
OKOJIO MHKPOHA RAMKTASL.

B rozo-mENeBHX ROMIUIGRCAX, B TOM HuCIe I B TeX, rje
o0pasyIoTes 3BEBAH, KONUMEHTPAI Iasa 3 HbITH B THCAYM,
a OROTHA T B MUIINONEL Paz OoNBblie, HeM B «IYCTOM) M-
apespioy npocTpancrse. Hipasja, o aeMmsiM aacuTabas I 910
BEOICCTBO OCTACTCA Kpaiile paspeoreHITHA, ero IIoTHocrh Ha
MHOFO IOPSAIOB MCHBUIE, UeM B CaMOM JyTHEeM BaryyMe,
KOTOPBEL MOKHO IONYYHTL B BEMHBIX J;_at?opa'iopumz. Cuoii-
crpa Taxoil pasperionioil ¢pejiif 0ueHn PA3He0UDABNEL, HO MBI
anech 2aiiMeMCH TOIBKO €¢ TeMOEDATypoil — KaK 0Kas3dJoch,
JUI KOISSHCAINI ME3BEs/Hol CpPeAn B B3BE3JLl BARIED
BCETO TEmIonoil 6aiaic B epeje.

Jlsisi OWpeSeNeHus TeMIePaTyPhl MEKABeRINOIT CPEipl Ha-
70 OLEHNTH KaK HarpeRaHme, Tak M OXJIAFK/EHNe STOI CPeLL.
Harpepaeres Mem3Beafias cpeia IOPH TOTOMCHIN CBETa
3Be3ji, CTOJKHOBCHIAY YACTI] KOCMIMIECKIX JTYHel I PeHTIe-
HOBCKI'X KBAHTOB ¢ €6 aToMaMM, a oxjasjaercsa Gmaromaps
cobcTBeEHOMY H3JiyueHEnio. FlamoMuuM, YTO DOTOK cBera OT
BBE3NE MO/KHO UDEICTABUTH I B BIE HOTOKA KBalTOB JJIEK-
TPOMATHATHBIX BOJI, IPHIEM Ka#{IBE KBAHT HeceT © coboit
pHeprmio. ¥ ropsaveil 3Besfsl JHepPrHs KBAHTOB B CPEHEM
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BeNHKA, a y Xojoauoil 3peansr Mada. Eme Gompme sneprna
PEHTTEHOBCKHX KBaHTOB.

I{orna «oHepruvdusiily KBAHT DOHNAJAET B MEHZBC3IHYIO
cpeny, OH MOJKET OTOPBATH OT aTOMa MCMK3EE3/IOro Tasa
DIAeKTPOH (HOHIIBOBATEH ATOM) H (OTOPABHTLY ero B cBobojioe
HyTeIlecTBHe M0 MeA3dBesIHOMY NPOCTPAHCTBY, CHAGANB ero
BCeil ocTasinelica mocsre oTPHIBA DIIEKTPOHA dmeprueit. Oxasu-
BAETCH, TTO MPI 3TOM HIEKTPOH upirofperaer NPIMEPHo TAKYIO
DHEPIHID, KaKyl0 HMeIoT CBoGoJHEIe BJIEKTPOHBI, HAXO/A-
muoecsa B armocdepe ropsadell spespst. O0pasopaBinmiicsa npn
wonnsaluy cBo0ogHEII W «3HePrUYHBI JJIEeKTPOH, CTAJKI-
BafgCh ¢ APYTHMHI HIEKTPOHAMI AN ATOMAMI Me:K3Be3JHOM
cpeabl, PACOpeNelnT MeRIy HIHNMH CBoil H30MTOK DHepTHH,
I KOTJa ero DHePIIfA CPAaBHACTCA CO cpenmeil omeprmeil wa-
CTHI[ Me;K3BE3NUOr0 rasa, OH ONATL Moyker OHTL 3aXBaucH
noHoM (dTo ABNeHme HasmBaeTcs peromOmmanmmeir). Mrax,
ATOM OCTAJNCA ATOMOM, BeCh TPONECC MOKeT IOBTOPHTHCA
cHavala, HO KOKABIA pa3 OPH DTOM HCYe3aeT KBAHT CBeTa
8BE3JH, OpEBpAMasfch B KHHETHUECKYI0 9YHEPIHI TaCTHIL
rasa, T. . HarpesBas ero. LCam MeK3Be3[HLIL a3 He 0XJIaik-
JaTh, TO GT0 TEMIEpPATypa YPaBHANAch 0L ¢ TemMmeparypol
3pe3/l. PeHTreHOBCKHe KBAHTHI OTPHIBAIOT OT ATOMOB BHYT-
peHHIe JNEKTPOHEl I HATPeBAOT UX X0 eme 0oJee BLICOKHX
TeMIIeparyp.

ITpaMepHO N0 cepefuHH IMECTHAECATHX T'OA0B ACTPOHOME
CYNTANN, UTO MEK3BE3NHEIN ra3 HarpeBaeTca OPH IOTJIoIe-
anu manydenus spesy. OjpHaKo 3aTeM BHIACHIIOCH, 4TO He
MEHBIIYI0, a YacTo m 66IsMY PONp HTPaeT HaTPeBaHUe rasa
Opn LOTIOMEHHH PEeHTIeHOBCKNX IydYell I YacTHI KocMmie-
cKux Jydveil ¢ HeGompmoil sueprueil (Tak HasKBAEMEIX CyGKoC-
smiriecKuX Jyueii)., Ilo Banycka HCRYCCTBEHHEIX CIYTHHKOB
MBI He 3HaJI, 9T0 B KOCMOCE €CTh MIOT0 MOIIHELIX PEHTTeHOB-
cKknX mcrounmkoB. Ifocie MX OTKPEITHA C€TAJNO ACHO, UTO UX
POJE B HATPEBAHNNI MeikaBe3fgHoil cpepsl mennka, O cyme-
CTROBAHII CYGKOCMIITECKAX JyUell IOKa HET TOYHBIX JAHNELX,
HO BEPOATHEIC OlIeHKH HOKA3EBAIOT, 9YTO U IX JAOCTATOUHO [
BaMETHOr0 HarpeBaHIsd MeK3Be3luoii cpenkl, ocofenno B Tex
ee obmacTaAX, Kyja He NPOHAKAeT yALTpaduoleToBoe M3Iy-
eHHe 3Bes.

Opnaxo Me3pesfuslil Ta3 MHTEHCHBHO oXaampacred. M
Vilie 3HaeM, 4T0 ¥ KayKAOT0 ATOMA WIN MOJCRNTeNALHOT0 H0HA
€CTh TaK HA3BLIBAEMEIE DHEPTeTHIecKne yposui. B Hopmamn-
HOM COCTOANNI BCE BJEKTPOHEL ATOMA HAXOJATCA HA CAMLIX
HH3KHX, OCHOBHHIX ypoBusax. Ho ecnnm siexrtpony atoma co-
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ofLiITh HEKOTOPYIO ONpeAeJIeHHYI0 JHepruio, TO OH  mepe-
crounT wa Goxce nErcoxmii (Gomee yjaudeHHHi OT ANpPa) ypo-
penn. OGLIUHO 114 9TOM yPOBHe 2JIeKTPOH JOJIr0 He 3afep:xi-
BAETCH I IepecKaKkmpaer obpartio BHUZ, MCOYCTHB IPH 3TOM
B BIJE KBANTA 9DJICKTPOMATHHTIOH BOJHKEI TO KOINYECTBO
HEPTIH, KoTopoe OBII0 3aTPaveHo Ha ero mepesos Ha BepXHHil
YPOBEHD.

AToMIHe MeKTPOHH MOIYT OHTH TOJHATLI TA BepXHIE
yPOBHH pasubiMu cmocodaxi. [lenaior oTo I cBoGoJIHLIe BiIeK-
TDOHH!, CTPAHCTBYIOIuE B Meskapeajmoym mpoctpauctse. Ilog-
HAB HA BEPXHNil yPOBEHB ATOMHLII BIEKTPOH, CBOOOMHEL
ME;K3BERIHLI DJIEKTPOH TPATHT HA 3T0 3HAUNTENLHYI0 MOJIO
cBoell pHeprum, KoTopad B KOHETNOM CYeTe HpeBpamlaeTcs
B OHEDLHI0 KBAHTOB 9JIeRTpoMarmuTHOoil posmsl. Kemm orm
KBAHTLI 3aTCM TIOTJIOMAIOTCA B TOM K€ MEK3BE3JIHOM rase, TO
OHEPIUsA, TWOTePsHHAA CBOGONHHIME OJIEKTPOHAMHI TDH BO3-
GysKAEHII aTOMOB, BO3BpAMAeTCHA K HuM 0fpaTHO. Ho ecan
9T KBAuThl GOABIIE i@ MOTJOLIAIOTCA H YXOAAT N3 JAUHOr0
ofaxa Me/i3BeagHON Cpefgs, TO OSHEPTHsA, pacxoayemad
cpoBONHLIMII DJIEKTPOHAMEI Ha Bo30y:m[eHme aromMos, Te-
psiercs Ge3BO3BPATHO, a 9TO M €CTh OXJAK[CHNe MesK3Be3IH o
CpeEL.

YrofH wuTaTelh WOHMAN, B 4eM NPOABIAETCA cmenufmra
pPAa3PE;ReNI oI Memanesnnoi&‘ cpemnl, paccMOTPHIM, Kak 3TOT
MEeXaHm3M OoXIuRmeHusa paboran OH B 3eMHBIX YCIOBHAX.
31ech Toie CBOGOMIBIE BIEKTPOHB MOTYT B0O36yiaTh aTOMEI,
otmaBasg mM sHeprmio. Hago muMers B BHRY, UTO ATOMHBIL
AIEKTPOH CHANT Ha BePXHeM yPOBHe HEKOTOpoe BpeMs:d, XOTdA
m mejgoiaro. Ho B miIoTHOM rase 3a 9T0 HEJ0Jroe BpeMsA ¢ Ta-
KOM BO3OY/KIGHHBIM aTOMOM MOKeT CTOIKHYTHCA Jpyron
cBOGOHELT DIEKTPOH, KOTOPLIT I ¢HPOCUT ATOMHENT DIEKTPOI
pHu3, 3a6paB mpHE 3TOM Ty JHEPTIIO, KOTOPas OrIa sarpa-
qeHa MEePBEIM JJIEKTPOHOM Ha HOJbeMe aTOMHOTO dJIEeKTPOHA.
B pesyabTaTe HOJYYHIOCH, YTO BO BCEM IIpoIecce dHepTHd
IPOCTO MePEeKoYeBaa OT OJHOTO CBOGOAHOTO DJIeKTPOHA K APy~
TOMYy — W Ta3 He HCIBITAN HHKAKOTO OXIJarKIeHHA. Tonnro
B YCIOBHAX OUEHb PadpeskeHuoil Cpejisl, /e CTONKHOBEHIN
BIEKTPOHOB € ATOMAMM PeJKI U T/(¢ W31y IeHHEIe KBAHTH JJICK=
TPOMATHUTHEIX BOJI IIOYTH He IOIJIOMAI0TCA, PaCCMATpHBac=
MBI MEXAHm3M MojeT I Joluked D(PPEKTHBHO OXIAAKAATH
ras.

Ects y 9TOr0 MeXaHH3Ma OXJQKICHIS rasa ofHa ocober-
HOCTh: OH paboraeT KAk OB «CTYHEHBKAMID). B camom peune,
MBI 3HaeM, YTO YPOBHH, Ha KOTODDLIE MOMKHO nepedpocuTh
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ATOMHLIE BJIEKTPOHH, PACHOJOKCHK Ha OWPeNeJdeHHKX pac-
CTOSHIAX T MODTOMY s KQ/KIOT0 BOZCYIR/CHUA DICRTPOHAM
IPHXOFWTICA COOGmIATH ONMPEACNCHNEEe INODIWH — KBAWTEH
sgeprud. lomycrum, 4ro ME/KSBOE3JHLIL T'ad HACTONBKO XO-
Mo, WP ¥ DIAEKTPOHOB CDEAHAS IMEPrHA MEHBIIC TOTO
KBOHTA DHEPTHH, KOTOPHIl HYREH A1d HePelPOCKE ATORMIOTO
pEekTpona Ha O6mmmmaiinuii csofopunii yporenn. femo, uro
B OTOM CJIYYae DacCMOTPEHHLIT MEXANMeM OXTAKAEHHA IHe
meifcTByer: cBOGOMNbIE DIEKTPONS HE B COCTOARNH Boalyik-
AATH ATOMH, & CAEfOBATEABHO, T HC MOTYT TePHTh dHEPTHI0.
TI'az mHaumHAET HArpeBathes. 110 Mepe HORHIUEHNA TeMIepa-
TYpH YBeANYEBACICA I JHepria cBoCOJOLIX BIEKTPOHOR.
Korga opa cTamer cpaBHmMoll ¢ pHeprueii mepsoro soslys-
AEHIIOT0 YPOBHA ATOMOB, BRINUACTCA MEXAiNRM OXJam[e-
HIA B JAJLHEHNIH POCT TeMIeDATYPE COBCCM NPeRDAIAercs
I 33JCYRIBACTCH.

Ho pomyeTmM, YTO I'a3 HAIPEBAeTCA HACTOIABKO GHCTPO,
Tro MEXAHH3M OXJAKACHIA HE YCIEBAECT CHPABIATHCH € OT-
BOTMOM SHeprum. Torja pacTeT W CPefHAA DHEPrHA AIeKTPO-
nop. OHa craHoBHTCA Goapme dHeprEu ypomuda. Mexammsi
oxiayiieHns paboraer MO-EPEKHEMY, HO TeHeph HPOHCXo-
nmT cxemyiomee. Kasmoiii pas cno0ofubii DJICKTPOH TPATHT
na BO3OVKIEHEE aToMAa TOJLKO OIPEJeJeHH0e KOIMIeCTBO
DHEPTHH, PABHO® DHEPTUH YPOBHA, H HOOTOMY, €CIH YPOBCHD
HI30K, 2AEKTPOH OTAAeT ATOMY AMING HeGOABMIYI0 TacTh CBO-
eii smeprum. EcTecTBemHO, UTO MEXaHH3M OXJAAKACHUA CTa-
HOBHTCA Memee 2QQEKTHBHEM I He MOM{eT NPHOCTAHOBHTL
poct remmeparype. o Korpa TemmepaTrypa yBeIHUHTCA Ha-
CTONLKO, ITO CBOGOHHIC DISKTPOUEI CMOIYT BO30YIRAATE CJIe-
Aviomuit, Goxee BHCOKHIT yPOBEHHL aToOMa, BRINUACTCA Me-
XaHN3M OXJLKACHNSA ¥ HA DTOM VDOBHE, IPHYEM OH 3[eCh
adexTABHCE, HOCKOJLKY HA Bo3Gy/RJeHHe, a CIACI0BATCABHO,
1l A maJgydenme, TpaTarcs Goasume mopipmu smeprmm. Poct
TEeMIepaTypLl 3aMeJNfeTCA HIH OCTANABIMBAETCA COBCCM HA
Gosee BHCOKOM VporHe. Eciam M Bropoll ypopens He B Co-
CTOAHHN OCTAHOBUTHE POCT TEMIEPATYDH, TO DTO CMOKET che-
JaTh TPETHil YPOBEHB, WeTBEDTHIL,,.

Cucrema ypoBHEil, KOTODPHE OXJa:KJAlOT MEHBEe3HHII
ras, goBoixbpHo ciaoikpag., Hambodpuasg RBeINYNHA JHEPTHED
vV QJEKTPONHEIX yposmeil atomos 1 momos. llooromy ecam
TeMIepaTypa rasa yiie BEICOKA, TO OH OXJAa:lacTCA OPH BO3-
Gy:ieHNnm OoNTHUeCKOTo CBeweHns Hamboxee OOHMABHEIX aTo-
MOB If HOHOB B ME/K3BE3JHOM IPOCTPAHCTBE, TAKUX Kak yrie-
POJ, 30T, ROCIOPON. ¥ reJua YPOBHH PACIIOI0ieHEl BEICOKO,
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\ omm BO3OYIKAIOTCA TOMBKO MPH OUCH BHCOKOII TeMmeparype.

.~ YpoBui aroMa BOAOPOJA ToKe PACHOJOMKEHH JI0BOJLIO
| BHICOKO, O BIeCHh BAJKHO TO, 9TO HpH BHCOKHX TeMIEPaTypax
. aToMEl BCAOPOJA HOHM30BAHH, 2 Y (FoJoro) mPOTOHA HEYEro
~ po30y:njaTh.
i Iipn HABKEX TeMIEPaTypax DICKTPOHNEE YDOBHH aTo-
| MoB y:Ke He Bo30Y/KAATCs, Y DJEKTPOHOB HE XBaTaeT A
 proro omeprum. 37ech Gonee CYMIECTBEHHLIME OKa3bIBATOTCS
' YPOBHH JHEPTHH wonerysa. pm 8T0oM OT/Ial0T CBOID RUIETH-
| yeCKYi0 9HepPTHI0 B M3Iy4CHUe IIe OJCKTDOHE, a TAMKeNke
| aTOMHI, MOHMEL FJIH Jjaike CaMH MOJERYJBL Korpa temmepa-
| rypa rasa He 04€Hb Malla, TO HPI CTOIKRHOBEHHN -MOJICKY.I
. meskpy cofoll wam ¢ aToMaMH Bo3GY:RAAOTCA KoMeDaHHS
 BHYTPH MONEKYJA (AaTOME B MOJERyJNaX KRoNnedmioTcs ApYF
OTHOCITENBHO JIPYTa). 3aTeM DHePrua 9THX Kojaebammii maixy-
| waetca B BHJe HHPPAKPACHHX KBanToB. B ciayuae ouens Hm3-
| KEX TeMHeparyp IPHE CTOIKEOBEHHE MOJEKYJI H aTOMOB BO3-
 Gy:RpanTCH BPANATeNAbHEE YPOBHH MOJERYIL. Husivm cxo-

| paMH, TPH CTONKHOBEHHAX MOJEKYIH  PacKPyIHBAIOTCH,

. sa0npas KHHETHYCCKYI0 BHEDTHIO NOCTYHATeABHOTO JBIReHIA
| caMoii MOJERYHB W HAZETAlOIEX aTOMOB M MONEKYH. 3areMm
| pHeprus BPAUICHHsA HBIYI2eTCA B BHAE 0YeHh MH3KOYACTOT-
| prx umdpaxpacHHX B AaKe papmoxsanTos. Homewno, Hai-
. GoJBIIII BRJAAJ B OXNa:EJCHHC ME;K3Be3JHOTO ra3a BHOCHT
| mouexyianl pojopofa H,. R comanenmmio, CoBpeMemmBIMI
CPEeNCTBAME CYIIeCTBOBANUE OTHX MOJEKYJN B MEK3BE3JTHOM
HpoCTPaHCTRe He 00HADY/RMBACTCH, XOTA HET HEKARHX COM-
HEHIIi B TOM, 9TO OHI TaM eCTh.

Eme opmu, yixe «feccTyneHIATHIY MEXQHH3M OXIsKRICHIs

| rasa 3aRAOUYAETCA B caegyroies adiferTe. Korna cpobopusrii

. DIEKTPOH HPONETAET MOEMO NONOKHTEIBHO B3aPMKEHHOro
HOHA, TO HPH 9TOM OH TOPMOSNTCH, HBIyYas YHEPIHI0 B BHJC
| DJIEKTPOMATHETHHX BOJH ¢ IMMPOKHEM CHEKTPOM IO JacTOTe.
. Taxan moreps 9HeprumE, Xors H HeGoibmiadg Io abcoorHoil
BeNIUNIHe, MO/KeT HMETh MeCTO ¥ 2JeKTDOHOB ¢ jioboi sHep-
 rmeil, m HOITOMY OTOT MEXAHH3M OXIUKIAeT ras Kak mpH
| BEICOKHX, TAK I NIPH HU3KOX TeMHeparypax.

Taz MoskeT OXMKEATHCA I OPH CTOAKHOBEHHE aTOMOB

H MOJEKYT ¢ JacTHUAMU KOCMHYECKOIl IBIH — MaJeHbKHMI
MACTHIAME, COCTOALRMME M3 rpagura, JbJa M APYTHX KOM-
. NOHEHTOB, eCIH TOJLKO TeMIepaTypa NEJIHHOK MEHBINE TeM-
. HeparypH rasa.
B Hrar, mmeeTcs HECHONHKO MeXaUWH3MOB HarpeBanuf H
. OXJIaKIEHOA Me3KBe3THOTO rasa. 3ajada 3aKI0IaeTCs B TOM,
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aTo6LI, BHAA HTH MEXAHNH3ME, CYMETh PACCUNTATE TEMIEPATYDY
MEIBBESIIOT0 Tasa B PAasHBIX yenosusix. K comxaleHHm0, 9TO
NOBOMLHO TPYMHUA 3aJa9a H IPEKAe BCELO IOTOMY, YTO HE
BCerja YHaeTcA NPaBIUILHO ONEHHTH OTHOCHTEABHYIO PONB
TOrO0 MIN HIOTG MeXanmaMma. PacteroB TeMOmepaTyps Mesx-
8BE3[IIOTO Tada OBUIO MPOBEJeHo MHOrO I 9acTO BTH PACYETH
MOKHO OPOBepnTh maHHnME HaOamoneHumit., Hmxe b npnse-
BieM Pe3YJNBTATH KOHKPEeTHEIX pacueToB H omumeM ofuymo
KADTHHY pacHpejjeseNisa TeMIePATYPH B ME;K3BE3JHOM IO-
CTPAHCTBE,

HaxoBpa e KOHKPETIO TeMImepaTypa Me;k3Be3gHoro rasa?
Boansu ropAYnx H APKUX 8BesE MHOrO KBaHTOB CBeTa W HX
SHEPIUA BeJuKa (ToUHee, HYH#IHO TOBOPHTE 00 yabrpadmoine-
TOBHIX EBanTax). OWH MOrYT HOYUTH TIONHOCTHIO HOHHU3O0BATEH
BeCch OKPY:HAOMU MEK3Be3HHUEH BOMOPON M HOBTOMY Hepe-
[aloT eMy MHOro smepruu. TeMmMmeparypa BHech IOBEINIAETCS
MOCTATOYHO OBLICTPO M OCTAHABIHUBAETCA HA OBONBLHO BHICOKOI
¢CTYOeHbKe», COOTBETCTBYWINEH HepPBEIM YpOBHAM Hambomee
of0uIBLHLIX aTOMOB U MOHOB KHCJIOPOLA W asoTa. Temmeparypa
speck Ommaxa ® 8000—10 000 rpamycom, grto, KeTatH, 3a-
MeTHO MEeHBIIE TEeMIepATYpPHl ropaumx 3esn maaccos O m B.

Boausm XomomHLIX 3Besjl KBAHTOB CBETA MOKeT OHITH H
MHOT 0, HO 9HEPIUA Kajsjioro Kpaura snech Majna, QHu He B co-
CTOAHHN WOHI30BATE BOAOPON, TeJil, KICIOPON H Jaie
asor. Bee, Wro aTH KBAHTHI MOTYT cJedaTh — MOHHB0BATH
YIIepon, Xeje30 H APYTHe ATOMBI, COfEep:{aHue KOTOPHX
OTHOCHTENBHO Mand. B pesynbraTte 3mech OKABBIBAETCH 31a-
UUTENHHO MEHLIIe CBOOOTHEIX 2JeKTPOHOB, OHN MOTYIAIOT MHO-
T0 MEHBIIYI0 HYHEPTHI0 OT KBAHTOB, HCOYCKAEMHIX 3Be3joil, u
HODTOMY MEXaHH3M HATPEBANHSA ropasmo ciabee. 9To0 mpHBO-
IUT K TOMY, 9TO 37IeCh MeXAN3M 0XIaKIeHAA 0CTAHABIHEAOT-
€l HA MePBHX CTYNENbKAX, TPHIAJJIeRAMIX ATOMAM YIJIepo-
Ia M jKeesa, a TawKe Ha Bo30Y:RIEUHH MOJEHYI BOTOPOXA.
BOnmsu ropaumx sBesp 9TH (CTYNEHbKH) TPOCKAKHBAIOTCA
6naromapsa COmcrpomy marpesanmio. Taxumm o0pasom, Temme-
paTypa B OKPeCTHOCTAX XONONHEIX B8Be3l M0JIRHA OBITH
HE3KA; OHAa okazajach papuoii mpmmepuo (100 = 200) °K
(10 ne B HETOCPENCTREHHOM GIN30CTH K MOBEPXHOCTAM TAKHX
3Bes).

Bopowem, marpeBanme penTreHOBCKIMH JYIAMI M HacTi-
IAME CYOROCMHMUCCKHX Jyueil MO;KET 3aMeTHO TOBBICHTH HTY
TEMIEPATYPY, 4 ¢ APYroif CTOPOHN, CCIH 31eCh MHOTO HEINL
H MOJNEKYI, TO TeMIEpPATypa B OKPeCTHOCTAX XOJNOJHEX
3Be3] MoKeT OBTH 0 elie MHOTO Hike,
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Teneps mocrmoTpEM, WT0 GyAeT BIAXH OT 3BE3J, KAK rops-
9nX, TAK ¥ XOXOAHHX. Bee yapTpa(moeToBsle KBAMTEL, 13Ty~
YaeMEIC TOPATNMHE B3Be3uaMu, OyAyT TOTIONICHEL MeK3Bes-
HHIM BOZOPONOM, PACHONO;REHHLIM HEHANCKO OT 9THX 3Be3d, u
HOYTOMY He IOMAJYT B (IaIeK0e» Me;K3BE3AN0e TPOCTPAHCTBO.
CaemoBaTenbHo, BOJOPON TAM OCTAGTCA ICHOIIB0BAHIIEIM,
MexaunsMm uarpesanns Oymer MeliCTBOBATH 3aMCJICIIIG 1T TeM-
mepaTypa Trasa OCTAHETCA IMBKON — HIDKE, YeM B OKpecT-
HOCTAX X0JIoJuLX 3Be3f. Ilo 1a Tex paccToAHUAX OT ropawmx
3BE3N, KYAa HPOHMKAIT YALTPAQIOIETOBHE KBANTHL U TJI0
HOHII3ALNA BOJOPOJA DBEJINKA, TEMICPATYpA Tasa BCG Ke
3aMeTHO NOJHNMAeTCH M MoykeT crath ooasme H000 °K.

B ofmem xaprnna owxasmBaerca caemywomeit. Hasgas
TOPATASL U APKag 3BE3JAa OKPY;KeHa MPOTsSKEHIoil (ee pasmep
MOKeT JOCTHTATE JECATKOB Mapcek) o0IacThbo HONI30BAHIIOT0
Bojopona, masnpaemoil somoii H II. Temmeparypa Buyrtpn
sou H II mopsanra 10 000° B meHTpaIbHEX YacTaAX, nolanso-
crin oT Bo30y)Kpaomeil 3Besfil, I YMEHBINAGTCH HA TepH-
depiu obmacrn mo 5000°, 3ouwr H II oraenenu ot ocrannmoi
o0IacTH Me;K3BesgHOTO mpocrpamcTBa (oGozmdgaemoir H I)
JLOBOJBHO Pe3Koil Tpaunieil, Ha KOTOPOHl ¢TeUEHb HOUH3AIKN
EOJOPOMa IafaeT 0T eARHNUIEL JO HYJIA M THC TOITOMY PesKo
moHmKAeTCA TeMmeparypa. B o0macrax nenmoHM30BAHHOTO
Bomopofa Temmeparypa B cpenueM Gnuska ¥ 100 °K (mopsaaxa
—170° mo Llexscmio), a B Goxee nnotunix obmactax H I Tem-
meparypa MoskeT OHTH U MeHpme, omyckasice go 50 °K u
pazke mo (4 —+ G) °K. 3mech oCHOBHOI NHCTOUHLK OXIasie-
HOg — Bo30y/KIeNHe BPALIATENBHBIX YPOBHEH MOJEKYVI BOLo-
pona H,. B menpax minorusix ofmacreil HEMOHH30BANHOTO BO-
mopofa, oco0eHIo eclm TaM ecTh U OEUIh, HOUTH He HPONH-
KaeT H3IyYenue 3BE3J, HE JOXOMAT PEHTTeI0BCKIE KBAHTH H
yac1pmel cyOxocmmueckux Jgyueit. G gpyroit cropomnst, nufpa-
KpacHnie KBaHTH, COOTBETCTBYIOMNE MBIYUEHHIO TPH Bpama-
TENLUBIX Tepexofax (T. e, IPU TOPMOKEHHA BPAMEHIS MoJe-
Kyxn), Gosee mim Menee cBOOONIO VXOOAT HAKe N3 TIOTILIX
o6nacrell HEMOHIBOBAHHOIO BOTOPO/IAa I TOATOMY HATCIICHBHO
AX OXJIQKOAIoT.

Hago mopguepnyTh, 970 TeMOCPATYPA MEK3BE3IHOT0 Ta3a
He MOKET ONYCKATheH mmre, ueM 3 °K, . e. mmmwe —270 °C.
Hemno specs B caepyomem. Bee MiIpOBOe DPOCTPAHCTBO 3amo-
HeHO TaK HABLIBAGMHM PEJMKTOBHIM PATUOUBIYUeHIeM, T. €.
BICKTPOMATHUTHEM M3IYYeHUEM, O0CTABIIIMCA OT HAYANLIO-
ro cocrogmms numemmeil Beesenmoil, korma oma Onima ovUeHsb
nnoTHoil 1 ropsaueil. Temepsr are usiaywenme mMeeT TeMIiepa-
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Typy oxono 3 °K (roumee 2,7 °K) m, mockoapry oMo IPOHH-
KaeT OYKBAJbLHO HMOBCIOKY (CJH HET OMEeHb CUABHOTQ IOTJONle-
HilSl HA BEICOKHX 4ACTOTAX), TEMIEPATYPA MEK3Be3HHOro rasa
e MojkeT ONIYCTHTHCA HIUZKE JTOTO 3HaUeHHs, ulo B mpo-
TUBHOM CIAYUAe BCEIPOHUKAIOINEE PeNUKTOBOE DPANUOMIITYUe-
Hile HATPeeT Tajd /10 cBoeii TeMumeparypil. To, 4T0 B HIAOTHEIX
otumacrax I I naliaopaerca reMueparypa BCEro Ha HECKONBKO
IPALYCOB BEINE TeMIEPATYPH PENHKTOBOIO PafiHou3Iyde-
HISI, TMOKA3LIEBACT, HACKOALKO dJeKTHBHO NEICTBYIOT MeXa-
HU3MBL OXJAENEUMA MEKEBEBIHOTO rasa,

Uirraressh HOJREI HWeTKO cefe TPENcTaBHTH JTY BAKHYIO
0CO0eNIOCTE MC;R3BE3NHOrO Ta3a: ere TeMmieparypa He Ipo-
H3BOIHHA, OHA MHOJHOCTLIO ONmpeesaena CBOHCTBaMII Mesik-
SRE3MHON Cpefnl M BHEWHEUM HsaydenmeM, Teneps HYIKHO
ONpPeNeNTh: KAKHE IAPAMOTDLI MER3BE3NHOIl cpelsl BIAHAIT
U2 ee TeMIEPATYDY B mepsyi ouepexn? Mosmio pyMars, uro
mpesie BCero TEMIEpParypa Tasa BABHCHT OT €To TIIOTHO-
cTi. B canom jedsie, eciu INIOTHOCTH TABA MAJA, TO CTONKHO-
BOUHS MELY YACTIIIAMIL DEJIKI T MEXAHHE3M OXIAKAeHils
feiictnyer samepgenno. G ppyroii cropousl, npu  (oinincii
KOULEITPALIII MACTHL, Ol YGCTO CTANKIBAICTCH, YAIE BO3-
OysI2I0TCA I TePHI0T DHeprin ua usiysuense, IIpasga, ecan
HIOTHOCTL Ta3a CTAIOBHICA HACTOABKO OO0NDLIIOH, YTO BOY-
OVIRACHIS QTOMOB Yike TACHTCA CTOJNKHOBEHHAMH H B 27T0M
coyuae MBAYUCINIe He MCOKeT YHEeCTH MHOIO JHepPrMm, T
37ieCH MEXAUIIBMBI OXJQLJICHISA Tasa CTAOBATCA Menee oh-
(GeKTUBHLIMII M TeMOEPATYPa HATMHACT Pacii, HO 9TO Yike
OPOHCXOAUT UPH INIOTHOCTAX, 0ONBINNX, HeM XAPAKTEPILIC
MJIOTHOCTI MEyR33e3j1110T0 rasa,

Koueuro, ma TeMmeparypy Me;K3Be3[IiOr0 Tasa BIMSIOT
o PYIHe YCIOBIA: XHMHYeCKHH coCraB, OTHOCHTENLHASH
7051 DLUIeDBLIX YACTHI, CTERCHD HOHUIBALII, HANHYHE HCTOU-
JIKOB DPEHTIEHOBCKIX JIVUeH I JaCTHI[ KOCMIYECKHX Jyweil,
IIo mce ke, eCam pacCMATPHBATH ORHOPOIULIE 00MACTH Mesk-
3BE3NUOI CPeJLl, JaNieKEe OT TOPHYMX 3BE3E M APYLux
(IPeOIIY) ICTOYHNKOB OHEPTHH, TO TEMIEDATYPA Mejk-
3BE3HOT0 Ta3a MOIOTONHO mAJAeT ¢ YBeAHYeHHEM IJIOT-
HOCTIL.

Iockonpky mIIOTHOCTL ME;K3BE3[NHOrO Trasa OdYeHb Maja
(p = 10-% — 10-% z/en®), nAA [ANLHEHNIEI0 H3IOKEHHS
yno0Hee DOJB30BATECA He IIOTHOCTBIO, 4 KOHIUEHTpamuei
YACTHI[, T. ©. LOJHLIM YHCIOM ATOMOB, HOHOB H MOJEKYI
B emmunne obvema. Mm Oymem ofosmadaTh 9TY Beaudugy
OykBoit n, Tax Kak B Me:ksBe3gHOU cpeme OoJdbIme BCero
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gomoOpOza, TOo n o~ p/my, TAe My — Macca aroMa BOJopofa.
Hpome T0TO, OIpPENESNM U KOHIICHTPAIIIO DJICKTPOHOB B Clil-
puie obbpeMa 7, Ormomenue 1i./n Ha3EIBAETCS CTETCHLIO
moumaanuu. B somax momumsosamioro pogopopa H II mmeexm
ne/n =1, a B olaactax muemonuzomammoro somopopa I I
DTA BEIITAHA MHOIO MCHEIUC I 3aBICHT OT HOdHOI IIIOTHO-
eru, B rornnx oGuacrsax I I ne/n =X 1077, a b paspemennnx
0GIACTSIX MOKeT OMTDL I no/n =~ 0,1.

Hrax, teMoepaTypa MERIDCSEI0T0 Ta3a MCUOTOIIG Haja-
eT ¢ yBeamuenuex n. A kax pejier cels fapaenie rasal 9ra pe-
A TPOHCPIIONAKLIA TPOUSBEeHII0 KOIUEHTPALEI 1A
renmeparypy. Cormaciio saxoty Ruaaneiipoia

e A : .
p=-—0ol = nl = knl,
n iy
rne k= A/mp ecrr mocrosumas Bousuyama, k=

= 1,38.10"% spe/epad. 3peck HPIHATO TAKike, WTO MOICKY-
NAPHBED Bec ME;R3BE3[IIOro rasa 0MIZ0K K ¢AUIIe.

Pacger MOKA3LIBAET, UTO NP MANBEX KOLIEHTPAIIAX
Teliﬂep{l’l‘ypﬂ XOTH U Iajiacr ¢ POC'.?OI\I I, 1I0 MeJJIeI0, 110370~
MY B7€Ch JIABJIEHHE PACTET ¢ YBeJmwermeM inioruocru. Ipi
GONPUINX KONIEHTDPANIAX TAK:Ke saMemnserca majense I
¢ POCTOM 7 — M BAECH [AABIEHIE DPACTET C YBeIIYeHHeM
nnotiocTn, o ecTh HeKOTOPHUl HATEDPBAT KOMIEeNTpalinii
0,2 < n< 1 ent®, rue Temueparypa ouenn OLICTPO YMOHLIIA-
eTCA ¢ POCTOM 7 — 3Jech JABleHle yidie YMCHDLIIAETCA ©
POCTOM IIOTHOCTI. ;

Ha puc. 18 npueenens: rpa@urn, ToOKasHBaIoMue, KAK 3a-
BICHT TeMICDATY DA, NaBiedme (BePXumil rpauk) i KOMIEHT-
pauus cBOGORHLIX DIEKTPOHOB (HIZKHII rpaduk) OT oo
KOHIEHTPALMHI aTOMOB, HOHOB II MOJEKYI ME;KBBE3[Horo he-
mecTBa, JrH TpaduKm MrpanT OONLINYI0 POIbL JJIA MOHIMA-
HUS MPOMCXO/RAENHA 3BE3J[, W MBI JOMKHEL DPasodparncs
B DTOM BONpoOCe Tofipodiee.

Ha sepxnem rpaduxe prc. 18 au1 BuymM, 1TO0 eca KOHLen-
TpPAIMA ATOMOB HHBKAF, HAUDIMED, ecil 7 g 1072 cad
(r. e. lgn=<C —2), To Temmeparypa rasa HECKONBKO BLITG
10* 2pad m upouseeperue nl, Koropoe NPOMOPIHOHAILIQ
nanaenmo, Meupme 3-10° epadfem® (r. e. lg (nT) << 2,5).
Hawiem ¢ 5TOr0 COCTOAHNA M OyjeM CRIMATH 00maKo Mesk-
3Be3[lOTo rasa, yeeamunpasg premuee Aapienue. Ilmormocts
rasa Gymer pactm, a Temmeparypa maiars. Horja komenrpa-
mua ypeanuurea go 0,2 cx 3, TeMuepaTypa OKazKeTes PABHOU
7500 °K u papnenuwe rasa OymeT COOTBETCTBOBATH BeJHUHHE
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npomssenenna nl = 1,5:10° zpad/cx® — xpnpas HA Bepx-
yiem rpadure pue. 18 jgocTuraa mepeoro Makcumyma. Uro by-
JIeT, eciim ME eme HeMHoro ysemmaum aasiemue? IlmormocTh
rasa, KOHEWHo, BO3pAcTeT, HO B 9TOM HHTEPBAJC KOHIENTpa-
Huil ¢ POCTOM IUIOTHOCTH TEMIEpATyPa HACTOABKO GLICTPO
I ] I I [ I T

Fof —

|
il %

]

oy

g (/%)
Ly

| | | | | | i 1
20 -10 I, 10 20
g

Puc. 18. Tpaduuu sasucumociu TemmepaTypsl (K), napnenna m anekr-
POHHOII KOHICHTPAUHN B MEK3BESJHON Cpee OT HOLHOM KOHIGHTpA-
pPanmH YaCTHIL

magaer ¢ yBeJmuemmeMm 7, 1T0 FaBmeHue, T. e, nT, yMenn-
maeTcA. OTO 03HAYAET, UTO €CJIH MEl XOTH HEeMHOIO COMMeM
ra3 10 KOHIEHTDPAIUH BEme Beamunnst = 0,2 cau-?, coorner-
CTRYIOmMEl MakcHMyMy Ha 3Toil KpHBOif, TO raa He TOJNBKO
1o CMOKeT CONPOTHMBJIATHCA BHEIHEMY [aBJeHHIO, Ho Oymer
CAMONPOMSBOJILHO CHKUMATECA JAJblle U OXJAMKIATHCA BROJID
9To# KpHBOil BIUIOTH [0 HILKHeH TOUKH, Ijle n ~1 en® n
T = 260 °K. Hupmp CcI0OBAMH, COCTOSHHE ME;K3BE3THOTO
rasa B narepsaje xounenrpanum ot 0,2 ca~® mo 1 ex~?® meyc-
TOHUABOS; OH 3Jech MOJMEH CAMOIPOM3BOJILHO CiRAMATHCA,
nockonbKky oQQexTHBHOe BHCBeuMBAHHe oHeprmd, OmicTpo
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YMeHLIAIMEee TeMIepaTypy ¢ POCTOM IJIOTHOCTH, JIHINACT
ras BO3MO;KHOCTH CONPOTUBIATHECA CIKATHIO.

Hrax, nexoropas ofmacTs Me;K3BESIHOTO Ta3a, CiHKH-
MaeMadg BHEIIHHM JaBIeHHEM, AOCTUTHYB COCTOAHNA ¢ N =
= 0,2 cx”?, sareM Kak OBl CPLIBAETCS B PERIM CAMONPOH3-
BONBHOTO CiaTua 1 OLICTPO LEePexXoguT B coCTOANNE ©
n=1cen®u T <5260 °K. Ho ecmu Buemmee passenme co-
XPaHAETCsi, TO 9TOT Ta3 UPOJOIKACT CHRIMATHCS JIAJBINC,
TeMIIepaTypa YMeHbIIACTCA TO-IpPe;KHeMYy, HO Me[JeHiee, It
ra3 OmATL HAYMIACT CONPOTHBIATLCA AANLHEIeMY CiRATHIO,
Korpa xonmentpauusa craner foapmeil 10% cx-® 1 Temmeparypa
yoamer fo Bexnumusl mopsajka 10 ‘K, mannemme yike Gymer
DONbIIe, UM TO ero BHAUEHIE, KOTOPOE IMEI0 MeCTO B TOUKe
CPLIBA B CAMOIPONSBOJBIIOE CIRATIIE.

Brpouem, B peallbHEIX YCIOBHAX Me;R3Besuuiil ras ma-
YUHAeT CAMOIPOH3BONBIO C/KUMATHCS HECKONBKO PaHbIIe,
ell¢ He [OCTHTHYB BePXHEro MakCHMyMa oToif HpuBoii,

Wrax, pesoMupys pech 0TOT aNAJNN3 I eIe Pa3 BIHMa-
TENBLHO MOCMOTPeB Ha pmc. 18, MBI MO;eM CoemaTs Crexyo-
mHe, OUellh BAYRILIG JIS TAC BHIBOJALL DBo-mepnsix, npn pas-
neunax, Mmenpmux 4-10-2" amam (COOTBEeTCTBYIOINUX ITPON3-
pemeruio ni ~3-10* gpad/em®), memsBesmmulil ras Mosker
CYIIeCTBOBATHL TOJNLKO B BIJle paspeskenHoll cpefnl ¢ n =<
== 10-% ¢ -8 ¢ BoicoKoil Temmeparypoil T’ = 10% epad. Bo-gro-
pHIX, mpH maBienusx, Gompmux 2-10-1? amm, me;xr3Be3nHLIL
ras MO;KeT CYIIECTBOBATL TONBLKO B BHMAE IJIOTIOTO COCTOA-
oA ¢ n = 10° cu® ¢ umsroii Temmeparypoit T <2 20 °K
(ecnu, KOHEYHO, OH OCTAETCS HEMOHII0OBAMILIM, T. €. HAXOANT-
¢ B obmacru H 1), B-TpeTsux, B mpoMesRyTOUHOM NITEPBAJIE
AABIEHHH MOTYT ONHOBPEMEHHO (T. €. C PABHBIMIU JABJIEIMA-
Mil) COCYINECTHOBATH COCTOSHNA C HHU3KOI KOHIEnTpaImei
(10-2 T n << 0,2 en~®) u BLicOKOI TeMmepaTypoil, I ¢ BLICO-
rvoil wommerrpanmeil (1,0 <X n =< 10% ex-9) n mmsroli Temue-
parypoii. Mesxapesquriil ras B 0TOM MHTePBAJIe JlaBIennii pac-
-magaercd Ha nBe (asl.

Ho »710 snmenme yike XABHO BaMETIJIH ACTPOHOMLI-TIA-
Omoatenn. Eexn BHmMaTeNniro paceMarpusarh mefo B odia-
crir Maewnoro ITyru, rie Goxibiie Bcero 3Besf], TO JAKe HEBO-
OPY/REHHOMY Iia3y BIIHA KI0UKOBATOCTE X PACTIPENe eI
pAoM cocelicTBYorT ofmacti, TAe BBe3[ MHoro, m obmacti,
rpe ux maxo. Orgaern o170 o0BACHACTCA TEM, UTO B obuacTax,
T/ie BBERM BI/IHO MAJO, IX 1A CAMOM JIelie MIOro, Ho X CBeT
BACJOHHLTCA OT HAC WOTJOMEHIEM €BeTa B OTHAENLHBIX IRLIe-
BHIX o0naxax. TakuM nyTes MOKHO BHJETH TOJBKO OTIAEND-
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spe Oin3kume neyieBnie o0naxa, Ho moupoGHoe HM3ydYeHHe No-
Ka3aji0, ITO BECh Me;K3BE3JIHEIH T'ad U BCA KOCMIIECKANA THIIE
pacmpefiesiensl B MeMR3BE3[[HOM IPOCTPAHCTBE TaK, UTO TAM
HMEOTCA OTAeAbHue obnaka (mmorHas ¢asa), mIasapomuEe
B me;wo0naunoil cpene (paspeskennas gasa), onroe spems
ACTPOHOMHE HE MOTJIH O0DBACHHTH, NOYEMY Me/k3Be3NHHI ras
TAK pacmopejesed — Teneph MLL IIOHEMaeM, B ueM 3fech
HeJIO: ¢BIHOBATCY CAMONPOU3BOJBHOE C;KATHE Ta3a W3-32 BEH-
cBeunBanuya pneprun. Odnara BOZHEKIMA TaM, Te IO KAKOK-TO
npuuNEe (MH OTH NPHYHHE Mg PACCMOTPHM) INIOTHOCTH Tasa
JOCTHTHA 40OACHOTO» BHAYCHHMS BOIM3U HEepPBOTC MAKCHMyMa
KpuBoit pue, 18,

Bropoit rpadux puc, 18 mokastiBaer, TIT0 XOTH KOHUEHTpA~
U cBo0OIHLIX BICKTPOHOB TOKE B CPE/(HEM PACTET ¢ YBeNmye-
HHEM R, HO 3TOT POCT Me[JenNblii U nmeMoHOTONUEH:, B paspe-
srennoil Me;ro0naunHoil cpefe CreneHL MOHHBALNE BeAHKA, A
B IJOTHBIX 00MaKaX OTHOIDCHNE 1e/R OUEHD Maud,

Hrax, M 10jipofH0 PAcCMOTPENI TEMIOBOM PeKIIM Mesi-
3BE3IIOT0 Tasa Il BEILCHIIH, Kak Ol BejieT cels, eci Ha Hero
neilcTBYeT BHeILHee JaBJCHe.

A w0 3mAYNY «BHeINHCE) JaBIeHNe B MekaneapHoii cpene?
Bo-mepnmix, »10 0fmee masienie nbeero raza. Meskzpesamrtii
ra3 ypep:supaerca B lazaninre CyMMapHMM IPHTSHRCHEEM
BCCX B8Be3Q, M OH DPAcHpefesci BHOAL IiecKoCTH Beeir [a-
JAKTHEM B BuEe clIof roimusoil oxono 200 ne (6-10% cx)

. B IEHTPAABHEX YacTAX I'aIaMTHKI ¥ B HECKOJbLEO pas Goan-
weii Ha ee mepudepun. lapueHme rasa snech FOMKHO GHTDH
TAKEM, YTOOE YAEP/RATE DTOT CJI0il OT ente GOBIIero LIk~
BAHEA W3-30 DPUTLEEHNI K mIockocrn cuuderpun Iaman-
tukn, Eers mpocrag dopMmyna, CBABLBAKIIAA [aBICHHC
Tasa € ero ILIOTHOCTRIO Il TONIMUHOE CHos ¢, B KOTOPOM
BTOT Taad YAeP:KHBACTCH:

p = 2aGp*d.

B cpegueM nIoTHOCTH MeK3Be3JHOTO ra3a W CPENHAA ITLIOT-
HOCTH DPACHpE/CJCHHA 3BEs]] OIHAKOBHE W PAaBHH HpHMe]-
Ho 10-** 2/cw’. llopgcraBiss oro 3Havenwme M TPHEHMMAas
d=6-10% cx, momygaem p == 107° arm, uT0 COOTBeTCTBYET KaK
Pas TOMY HHTePBaXy FABNEHii, HPH KOTOPOM ME;K3Be3THLLil
ra3 pacmajaerca Ha JABe ¢asw — obmaxa u MexolGragHyn
cpeny.

Ho mo cux mop MH He YUATLIBAM eIe OJNOIL CHJIH, ORADH-
Bamiell ZaBjende HAa ME;R3BE3NHLIA ras: ero coG¢TBeHHoe
TPUBHTAIMOHHOC HPHTANEHHe, YrTo0m y4YecTsh H 9TO ABie-
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Bue, GyneM paccMaTpmBath cyEBLO0Y OHOTO WIOTHOro oGmana
¢ HEXOTOPoil Maccoii, ofoco0mBuierocss B CHJIY ONKCANHOIT
BEIIIE HEYCTOITHBOCTA 0T (oJee paspesennoil Mesxobiaunoir
cpepsl. Corzacno dopayae (3) y aroro ofmaka ecTh rpaBuTA-
HUONHOe NaBJICHEE, CTPOMAMmeecH CKaTh ero. IIpH CikaTHn
TIOTHOCTL raza B oliawe pacter, TeMmeparypa majaer, HO
Taz9BOC JABIACHHE BCE KO IIPONOJEHACT pactd. Feam raszonoe
JABJENIC B KOHCUHOM CYCTC OKARCTCA OOMbINe TpaBnTAIN-
OHHOTO, TO CIRATIC OCTAHOBUTCH A CCIIM M3-32 BHECBEUIDA TN
H YMEHBUICHHsI TCMIEPATYDH TA30BOC AABICHHE BCE BPEMs
Oyrner MeHpmie IPaBHTANUOHIOIO, TO C:Ratue GYIeT Tpooi-
JRETECA [0 TeX 0P, NOKA IIOTHOCTH BEHICCTRA e CTaneTr mo-
Crarcuno Gompmoil, wrolsl OCTANOBHTL IIOTEDIH DHEPLHH 1A
BLICBETURAHIEE.

H100M WAINCATL KOJMYCCTECIILIC COOTHOMENM, IIPe-
IOJIOFKTIM, 9TO DIEOTHOCTE 1 TeMIepaTypa rasa B ofake ofino-
DOTIEL, H CPaBINM [aBIeHIe rasa, BLYHCILHoE 10 dopMyie
Hrameiipona, ¢ rpasmransonns jgasaennen (3). IMomywm,
Wro TrpaBUTANIIONTOe janienne GOXALIGG TazoBOro, OCIH
pazuyc o0maxa YHOBIETHOPSMET YCIAOBIIO

AWGH F pRM 02 M &

R< -'":I'T”;‘""‘ L= 6,5‘ 1017 T-ﬁg cM = T Egnc. (DD)
Ecan npn cikarum ofnaka TeMmeparypa H3MemAeTcs Tak,
uro HepaBemctBo (50) coxpamaercs, TO TPABHTAIMOHHLE
CHIBL IPOZOMKAIT CKHMATh o0mara, Yeaesue (50), mpaspa,
BOBONEBHO ;KecTKoc. Mu y:we smaesm, 9To MENIMAaJLHOe 3HA-
UeHIe TEMIePaTyphl MesK3Beaguoro rasa me mempme 3 °K.
C gpyroif CTODOHH, WAOTHOCTh MEK3BE3[NOT0 Ta3a ¢ HI3-
KOIi TeMmeparypoii me Moer Gurh ouenns Goupmioii. Mmuage
ofaxo craHeT HENPOBPATHEIM M JIs COOCTBENHOTO H3Tyde-
HIST W mepecTaneT oxiaaskgarbes, Halmopennsa moxasmBpawr,
970 B Ham(oJee XOIOAHEIX Taz0-IHAEBHX o0IaKax KOHUEHT-
pamnsa vactuiy mopsafxa 10% - 10* ex-3, 7. e. mroTHOCTH
raza sgecn 10-% = 10-2 o/ecw®. Bamasas Macey obmaxa M,
HAXOMMM pajmyc o0’xaka ¢ TaKOH IWIOTHOCTBI: R S
=< (0,1 +0,2)- (M/ M) nc. Hoacrasans sro suavcmme 8 (50)
H norarag 3geck I = 3°, moayumM, 9To 061aK0 ¢ MACCOIL TIO-
pagka macen Coinira, mMei0imee MAKCHMAILHO HAGIORaEMYIO
WIOTHOCTh W MEHHMAJIBHO BOBMOKHYIO TeMueparypy, Gyner
CHUMATBCA TOJ| FeiicTBHEM COOCTBEHEOTO TATOTEHHA.

Ho mepasencrsy (50) mmoro merdye yHoBIeTBOpHTH, €CIN
MHL DaccMOTpHM ofaaka ¢ OOMBIIHMH MaccaMf. YBEeINYAM
Maccy obmaka B 10° pas. Torma ero pagmyc yBeaumumTCA
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B 10 pas m «3amac» mepasencrsa (50) Gymer Temeph CTOKparT-
unM. JlHpmu cjosamu, uepapenctBo (D0) Gymer BHIIOMHEHO
OJIA TaKkoro obmaxa, Jajke ecJH TeMOeparypa rasza BHYTpPH
nero Oyper mopsanka 300 °K.

Irak, BHIPHCOBLIBACTCA CJCAYIOIAA KAPTUIA SIBICIIL,
Cpensiee [aBJeHHE B MEK3BE3JHOM Tade TAKOBO, 4TO OII
pacuanaerca Ha pse (ass. OOpasynoTes mioTuse 001aKa
¢ HusKoil Temmeparypoit. Ecan macca atux o0iaxos uesei-
Ka, CpaBHAMA ¢ Maccoil OTAeNLHHIX 3Be3dj, TO ¥y HUX rpaBu-
TAMNONULIE CHIIB ANG0 MAaNEL 110 CPABHEHHIO ¢ TABJICHIIEM Fasa,
auGo Goee man MeHee ¢OAJAHCHPOBAMEL JABJIEHIEM.

Ho ecau oOpasoBaxuch odiaka ¢ OONbIIO Maccoi, B He-
cKoNABXo THeAY Mace Conmia, To 3fech HATIHAIOT TPOABIATE-
cst cwrsl camorpaeuranumu. Onu cikuMalor o0naro. ¥YBeiamde-
fiie TIOTHOCTH 114 IEPBHIX HOPAX CONPOBOEAAETCA YMEHBIIe-
HEEM TeMIepaTyphl I H03TOMY cikarue yckopsercsa. OpHaro
Bce O0IAKO He CKHMaeTcda meaukoM Kak emuuoe Texo. Ilpm
VBeJIYenuy IUIOTHOCTH M YMEGHBIIEHHNI TeMOepaTypnl Kpure-
puit (50) cramoBuTCA BHIOCGINEGHHBLIM JJIf BC6 MEHBIIUX MAaCC.
970 IPUBONUT K TOMY, YTO ecau BIyTpH ofmaka (mampmuep,
pOnusu ero mentpa) obpasoBanachk Gosee mmorHas HeGOIb-
mas YacTh, TO ONA HAUHHAET C/REMATHCHA CAMOCTOATENBLHO H
GrcTpee ocTannuoit wactu ofiaxa. B romeunom cuere ofmako
pacmafaercs Ha (parMeHTH, AJAA KajKA0r0 H3 KOTOPHIX BHI-
noxxeno mepapesnctBo (50). M3 crasamsoro Bmime ciegyer,
qT0 pacmaj Ha TaKue (pParMeHTH 3aKAHUMBAETCA K TOMY Bpe-
MEHII, KOrjJa IUIOTHOCTH Tasa OGOymer mopagka 10-21 -
—+10-29 2/cM® m ero Temmepatypa oxoso (4 <+ 6) °K.

WupiMu caoBaMu, HepBoHadajbHoe 00JaKo € Maccoi Io-
paaka 103 macc ConHna pacmazoch Ha HECKOTIbKO coTeH par-
MEHTOB ¢ Maccoil mopsamka macent Connua — sapojsuneit 0y-
Oymux 3Besi,

Temeps MOHATHO, WLOYEMY B3BE3NLI MOJKHL 00PasoBE-
BATLCA TPYNIIAMH: HHAYE TPYIHO YAOBIETBOPHTH KPITEPHIO
(50) B peanbHHX YCHOBHAX Me:K3BesAHoil cpeasl. Hpurepnit
(50) urpaer odeHp GONBIIYI0 POJNB B ACTPOHOMHUE Boobme.
O 65U TOJYYCH eMe B KOHIE IPOIJIOro BeKa aHTIHHCKHM
acrpomomom [I. J;KHHCOM H ¢ TEX IOP TAK I HA3LIBAETCSH
«kpuTepmit meycroitumpoctn Jlikmmcanr.

Ho urofm B Me;k3Be3THOM OpoCTpaHcTBe MoOram obpaso-
BaThca Poibimue obmaxa, HeoOXonuMo Kakoe-TO BHeIIHee
mapjeHne, kKak On nepsoHauajbHoe ckarme. M peicrBurens-
HO, KaK T0Ka3aan HaG/iofenust, HOBBE 3Be3NHl BOZHUKAWT He
OOBCIONY B ME;K3BE3IHOM IPOCTPAHCTBE, & TGJIBKO B ompeje-
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JIeNIBIX MECTAX, T/I0 eCTh YCJO0BHA, CHoCOOCTBYOINE MOMB-
JIEHHIO MACCHBHLIX Ta30BHIX O0JIAKOB.

B uacTHOCTH, TIEPBOHAYAJLHOG CiRATHE HMEeT MECTO B CII-
panbunx pykasax lamarrmeum. I comamenmio, y mHac Her
BOBMOIKHOCTHE M MecTa 00LACHUTL CYILIIOCTh 9DTOTO SBJe-
pig. Compaapnpie pyKaBa — 9TO OTPOMILIE BOJHH B IJIOC-
rocri IadakTHXU, B KOTOPHIX TPOUCXOJNT, B UaCTIHOCTIH, M
csxarme rasa. Ilpu GaaTONpIATHEIX YCIOBMAX a3, BTEKAIO-
muii B cnupanbuEil pykas, cumaerca B 10—15 pas. 9roro
[OCTATOUHO IS TOTO, YTOOBL B HeM Havaxm 00pPa30BHIBATLCH
Gosbiniie TIOTHHe o0AaKa ¢ Maccoil MOPANKA THICAT Mace
Conrua.

EcTh 1 Ipyrue mpH4HiL, cIoco0CTBYOMIe C/RATHIO rasa.
Mot 3maeM, WTo B 30HAX HONH30BAHHOTO BOXOPOAA Temmepa-
Typa B cTo u Gosee pas Gosbime, 4eM B o0nacTAX HEMOHH30-
BANHOTO BOJAOPOLA; CJIENOBATENLHO, BO CTOIBKO Ke Pa3d TaMm
Gonblile 1 JABJIeHHe, eCJH HX IJIoTHOCTH onummaxossl, Ilpen-
craBuM cefe caydail, KOTZA XOJIO[HOE Ta3o-ILIeBoe 001aK0
rpaumunt ¢ somoit H II — rorma paBienme aToil 30HBI IpPM-
BeleT K HOMOJMHATENBHOMY C:KATHIO XojopHoro odmaxa. llo-
aToMy o6pasoBamme B ra3o-HEUIEBHIX KoMmiexcax son H II
HOMOSKeT 3aposKIennio HoBrx 3Bes. A somsr H I nmoasmsmores
OpH BCOBXHBANHN B HTHX KOMIJIEKCAX 09eHE MOJIOJLIX TOpA-
uiX 3Bes[. 3aech AeiicTBYeT HeuTO BPOKE MeXAHH3MA IeNHOI
peaxiuu: ofpasoBaHKe NePBLIX 3Be3J| Bieder 3a coGoil moAB-
nenue NPYrux,

Vtax, GygeM cumTaTh, 4TO IOCie BeeX (ParMeHTALMiE
Me;L3Be3HOIl Cpelsl cmawaza Ha OoxbInme TasoBe o0IaKa,
a sarTeyM Ha OTHeNbHBE He(oNbIIHe IO Macce (PArMEHTHl A0~
CTHTAJOTCA TAKIe INIOTHOCTH I TeMIEpPaTypa, TPH KOTOPBIX
nepasercTso (50) BHmoaHseTCH M 00JAKOB ¢ MACCOl IOPAN-
ka macest Comuma. Jro sHaunur, 9To 00pPA30BAINCH 3APOILIIM
OT[CALHEIX 3Be3T.

I cokanenio, TPYAHO JOCTATOYNO TOYHO OLEHHTDL B3TH
yemosms,  Mmr yime BHJEAH, WUTO IJMOTHOCTHL OKOJO
10-21 = 10-2" o/cy® u Temmepatypnt (4 -+ 6) K mocrartoumst
u a5 nansHeiimero cxsaTis mporossesn. Ilpaspa, oTH nan-
Hbie Ha0y0enilii ToIyIeHH TI0 KOCBEHHEIM uaMepenusay. JIya-
mwe Beero Opizo Op HaOmonaTh cofeTBemIoe u3iIyyuene TaKux
sapoysimeit ssean. Ho st atoro majo nepeiiti B uadparpac-
Hyo o0nacTh cmektpa. Mer yse oTMETAIN, UTO HHUZKAA TeM-
IepaTypa rasa B TaKuX 00IaKaX TOJJEPIKIBAGTCS MBIy UCHIEM
MonexkyI Bogopoma. CaMoe HHTEHCHBIOE H3JIYUeHNC EHOpH-
pyercs B Buje HMuPPaKPACULIX KBAHTOB C JJIHIOM BOJIHL B 28
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manpod. Horpga mm mayumMca maGmwomars nefo ¢ MOMOIIBIO
UYBCTBHTEIBHUEX MAQPAKPACHEIX TEIECKONOB, TO CMOKEM IIO-
IVYNTH HAJE;KHEE JAHHEE 0 3aPOALINAX 3BesH!

B mocnepmee BpeMsa, Ka)icTcd, HOABHIACh eume oOXHA
BO3MOKHOCTD Halmionarh st o0bexTe. Passutme panmoact-
POHOMMIE IPABENO K OTKPHTHIO B M€K3BE3[[HOM IPOCTPAHCTEe

MHOTHX IIDOCTEIX H CJIOYKHBIX MOJIERYJI. BonpmuuerBo U3 HuX .

BetyT ceba ofsuunM ofpasoM, HOTIOMAS H H3AyYasd PajgHo-
BOJIHH, Kak B 3eMHHX jgafoparopusaX. A MOJIEKYIH BOIH
H.0 u regporcuna OH segyr ceGa ouenn neoOBTHO: B HEKO-
TOPHIX CIYYafAX OHH JAJ0T TAKOe HHTEHCHBHOE pajuOH3Iy-
qeiiie, KOTOPOe MOJKET BOBHHKATH TONBKO B Masepax. Ilpmu-
UMOH JeficTBHA Maszepa, BePOATHO, H3BECTHH YHTATENI0.
B semmrix maGopaTopusax MasepHOe H3JYUEHHEe CO3JaeTcHd
CICIHAJBHEMHE TeHepaTopaMH, IPH H3TOTOBJAEHUH KOTOPHX
rTpeGyerca coOmiOfeHNe ;KECTKAX KPUTEPHEB TOUYHOCTH. Ko,
IO-BHANMOMY, H OPHEPOJA yMeeT COBJABATE Masephl B eCTeCT-
BEHHHX YCIOBHAX.

Bo BecsakoM caydae, MasepHHE HCTOYHUKH PagdOH3JIyue-
mua Moxexyn H,O u OH peitctuTensuo BeTpeudarnTcs B Koc-
MOCe M, KAK IOKA3SHBAKT HaOmOJZeHMsd, OHH PACIOJOKEeHH
TaM jKe, T/e TOABAAITCA W HoBuie 3Besfnr. Momer OmiTs,
poxiieHde 3Be3H NaeT o cefe BHATH BHJIIOYEHHEM COOTBET-
CTByOmero masepa?

Iloxa ME He MoKeM NOKHEIM 00pasoM HHTepPIpeTHPO-
BaTh Janpne HaOxofenuil MasepHHX HCTOYHHKOB H Y HAC
IIOKA HeT HaJe;KBHX JAHHHX HHQPAKPaCHBIX HCCIeN0BaHMIL,
Ilooromy moiineM mambine, PYKOBOACTBYACH TONBKO TEOPETH-
9eCKAMH C000pasKeHNAMM.

IIycrs sapopsimn 8Be3isl 0OKA3aJICA B KPUTHYECKOM COCTOM-
HHH, OpH KoropoMm HepaBeHcrBo (50) BEmosHeno ma BepXHeM
npenene. IlockonbKy 3peck TPABATAINONIOE JaBIENIEe BCE
se Oompine, csxarne Oyjer mpomonKaThCH. Beime Mu yGe-
Aananch (cM. puc. 18), uro yBenuvenme MIOTHOCTH YMEHBIIAET
remueparypy. Ho Temeps MBl Beimuin 3a mpefenst mpmMeni-
MCGCTH 9TOrO rpadura, m Kak Bejger cefa Temmepatypa mpm
HannbHelImeM C;RaTHH, He O9eHb ACHO. ByaeM s mpocToTH
CUNTATB, YTO II0 KpaliHell Mepe Ha Ha9albHOM aTane
DTOr0 C;RATHfA TEMIEpaTypa rasa B o0JaKe OCTaeTCs TOCTO-
AHHOH.

Torpa mpu c;kaTHH IPABHTANMONHOE NABJCHHE YBEINTH-
Baetcs OpicTpee, wem rasoBoe. CikaTie Bee YCKOPAGTCA H YCKO-
psierca. MosxHo cunraTh, 9T0 Temeps mOUTH HAYTO He Memaer
CiRaTHIO, M 3aDOABINI 3Be3JihI, KOTODHI MH Temepnh OGymem
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PASHBATE IPOTO3Be3xoit, Oyzer kar OLI (CIAJATLY, T. €. Ciki-
MATHCA €O CKOPOCTHI0 CBOOOJHOrO NajieHusd Tela Ia ero
HOBEP XHOCTH.

IonmTaemea oNEHATH BPeMA C:RATHA (¢CHAJAHHAY) TPOTO-
sBe3anl. BymeMm pacey:kparh Tak. Ha cdepmueckoit mopepx-
HOCTH TIPOTO3BE3[Ibl YCHOpPCHHE CIJIEBL TAMIECTII paBHO g =
= fM/R* Iloj neiicTBieM 9TOT0 YCKODENHs NOBEPXHOCTh
coafiaeT K mentpy. Ecan Obf ABIIKEHHE BCEe BPEMA TIPOHECXO-
JHI0 € IOCTOAHHBIM YCKODeHHeM, TO COIVIACHO H3BecTHOI
dopMyiie MeXaNMKN IYTh, TNPOHAEHNLII 3a BpeMdA f, ompese-
nanca 6ut mo gopmyae S = Y,gi®, Ha camom fene moBepx-
HOCTH TIPOTO3BE3JH ABH;KETCA C BCe CONLIIHM YCKODEHHOM,
Ho Mul He (yfmeMm »T0 yuETHBaTh. llanmbine ompepenuMm Bpems,
B TeueHHe KOTOPOTO HOBEPXHOCTH IPOTO3BE3[IE HpOiifier mpH
CBOCM MAfeHHH NYyTh, PaBHHI pajuycy nporossesgnl. Ha
€aMOM fieJie, KOHEUHO, HPOTO3BE3Aa He CIafaeT [0 mpeBpa-
MeHdsi B TOYKY, HO, Jelas YOOMAHYTOe BEIIIE N0TYINeHHE,
MH OTYaCTH CKOMeHcHmpyeM omu0Xy, CBA3AHHYI € Tpepmo-
J0JReHEeM O MOCTOAHCTBE YCKOPeHHd.

Hrax, momaras R = Y,gt* m momcraBiss ciofia BEIpasie=
HAe JJIA g, HAXOJHM BpEMdA (COAaHHA» IPOTO3BE3MEL:

3 1
%‘T e By (51)

N

3 /e

HaTtepeeno, 4To BPeMA (CHAJIAHIAY BABUCAT TOIbKO 0T HaUalb-
moit cpexmeit mmorHocTH mpoTossesnnl. [logcrasmym B (51) dop-
myay (50), onpepensomyio pagmyc TPOTO3Be3[bl, U KOTOPOR
naunuaerca ee cuafgaune. lomyumm:

_f Sp ‘Iz e . it M 59
tﬁ(ﬁ) FM = 610" L = ser. (52)

B wactioetn, mpu T' = 50 °K mporossesya ¢ maccoit Comnma
CORMGTCS 34 JIBGCTH THICSY JIET.

Ilpn c;xatmu OpoTosBesfa H3Iydaer IWeprmm B HH)pa-
KpacHoM JMAODA30HE: TOIHITACMCA OIEHUTH €¢ CBETHMOCTD.
XoTa MBI DOKa 9TOrO H3dyvenms HadaioZaTh I He MOMKEM, HO
HHTEPECHO 3HATH, HA ITO HANO PACCUUTEIBATE.

Mu y:xe paccMaTpHBaiH CIOydail CBEYGHHS 3Be3NBI NpH
CRATHM B Hauaje TAABH 4 m momywmmm tam Qopmyny (11),
OIpe/IeJIANIMY0 BpPeMA C:RaTHA IPH 33JaHHOH CBETAMOCTH.
B 3Be3me cBeTHMOCTE OTpe/eiAeTCsS IPOCATHBAHAEM JHEPIHM
W moaTOMY JeiicTBuTesbHO 33jaHa. B mporossesge 3agamo
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BPeMA CHAJAHIiA, T. ¢. BPeMa BLICHenus sieprun (¢hopMymra
(52)), woropoe Temepnh OIPENEISIET CBETHMOCTS. llooToMy
MU FAXORACHIA CBETHMOCTII NPOTO3BESNN B CTANUN ee CIIa-
fanmsa caenyer «mepesepnytsy Qopmyny (11), pupasms L
uepes M, R u . Honyumm:
fAr2

Macey mporosseant A/ mur zagaes, BpeMs coagamms § MORHO
onpenenaurs no gopayxe (52). A kax 6ute ¢ R? Bens B upouec-
ce cmajganus IporosBesgn R Guerpo ymennmaercs, Que-
31JIHO, ITO HOKa R BeNIIKO, CBETHMOCTL NPOTO3BE3IH Maja.

Cnenosarennuno, wmaufosyee OGmaroupmaren pus mabxome- -

HYA CIyYall OKOHYAHHA TIPOIECCA CHANAHNSA IPOTO3BE3JLI,
Korjga R yMeHLIINTCH J0 MHIHMAJILUOTO BOBMOKHOTO 3Ha-
senus, a L coorBercrsenHo Bospacrer. Ilomirraesica ompe-
[€IUTE HTOT DPajuyc. :

Eme pas paccMoTpEM chajanue npoTO3Be3dn. Benmio-
WASCA NP 9TOM I'PABHTAIIHOHHAA PHEPTUs HJET HA Harpepa-
HHue rasa m OBUJIN, HO 9TO0 Temyno ObICTPO m3nydaerca. 1'as @
NLUIB CHOBA MOTYT «IPMHHMATEH Temmo». o ecam ocBoGosipa-
€TCH CJIHMIOKOM MHOTO I'DaBUTAINONHON HSHEPrHAM H OHA CHIL-
HO HarpeBaer ras # OHJE, TO 3TO TEINIO Yiie He YCOeBaer
H3JYYATLCA M BBIBEIBACT PACIIaBJeHME HLIIH, MUCCOIMAIMIO
MOJICKYIT M HOHI3AIMI0 aTOMOB. DBMmecro rasa m Ueuim B mpo-
To3Besfe ofpasyercda mIasMa, KOTOPas NPH HUBKOH Temmepa-
Type H3xyyaer miaoxo. Mrak, cmamaHme npoTo3Besinl mpe-
KPATHTCH, KAK TOJLKO TPaBUTAIIIORHAA HHEPTUA CTAHET pan-
HOIl TemyoBoif smeprum, HeoOXommMOIl NN HPeBPAIICHIA
Beeil Maccnl mpoTospesast B maasmy. OfosmaumMm smeprmo,
nco6XOMUMYI0 A mpeBpamlenus B MJIasMy OLHOTO FpaMMa
nepBoNavajJbHOTO BemecTBa, OywBoil /. Torma Ha mpespame-
Hie B IN[a3My Beeil DpOTO3BE3[L Hamo Hemoan3osats M ape,
Hockonpky TpaBHTANMOHHAA OHEPTHA TPOTO3BE3NH eCThb
{M* R, To npupaBnusaa ofe BeNMTHHEL, HAXOLHM

M

R4~ = 80R, 1}; , (54)

3jech IIA HAXOMNENNsA YHCACHIOTO 3HAYenusa R Mul npu-
nsu auadenue I, pasuoe 2,5-10 ape/e, Ita rpybasa omeuxna
noxyuena cuejgyiomum obpazoMm. B Mexssesnuoii cpene 0oan-
e BCero Bojopoma. B xomonnoit obmactu H T npeobragaior
moxeryast Il,. B ogmom rpamme nx 3-10%. Mua puccomua-
i ofuoll Momexyanl my;kua sneprus 7-10-'2 ape. Ilotom
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KAQKIBIT aTOM BOJOPOJAa IY/KHO HOHM30BATL, a /JISI JTOTO
neobxomumo 22-10-1% spe. Beero ma OgHy MOJMERYIY HIPIXO-
putess ~5-10-1 ape u ma omum rpaat ~4,5-10% ape. Ecan
}"IOGTL, UTO MER3BE3j1Has CI)G,IE‘H COCTOIT 11¢ TOJBKO H3 HICTO-
r0 BOTOPOMA 1T UTO B HEE BXOJIT JIPYINE ATOMBI, B TACTHOCTIL,
1‘93’[]1]‘1, 1{0'1'0}')11]1"1 TPpyjHee HOHII30BaTh, TO Jyullle HIOBLICITDH
onenry I mo 2,5-101% ape/e.

Hrax, nporossesia ¢ Maccoil Coxma cmagaer mo pajury-
ca, npuyepito 8 80 pas Goxpmero pajnyea Connua. ¥ nporo-
aness Goaplueil Maces GOJBIUG 11 MUHUMANLHEIL pajiye cma-
nanna, Teneps momerasuym (54) u (52) B (53) u momywuM cie-
TIMOCTE: .

I 1T\ T \%: e
L= T (-‘-‘5”_) ~ 0,002Lg (!T) ape/cen. (55)

J100ONHMTHEIL Pe3YIBTAT — CBETIHMOCThE HNPOTO3BE3NH B KO-
e CTajum cBoOOJHOro NANeHWs He 3aBHCHT OT €6 MACCHL 1
OIpeJIeNIACTCA TOMBKO TeMmepaTypoil rasa. Hakoe snauenue I
sgech BLOpaTe? DTO yike He HATANDLHAA TeMIOEPATypa Mesk-
BBE3NNOTO rasad, IOCKOJBKY B IIPONECCe CHAJANMs TeMIepa-
Typa BHYTDH NPOTO3BE3[H BCe jie yBeanuuBaertcs, Ilo-pu-
AuMoMYy, 3mechk mias I ciaenyer BHOparh 3HadeHue, Oauskoe
K TOH TemmepaType, IIDH KOTOpPOIl HadaNach AUCCOIMAINA I
nonuzanua Bogopona. Ilpumem 7T = 10* rpagycos. Ilomaras
ragxe p~ 1, noayunm us (59) L =~ 2.10°Le. CnemoparesHo,
TIPOMCXOJINT sIPKAA BCIBINKA MPOTO3BE3NIH, OJHAKO 9TA BCIIKIII-
Ka JJANTCA HEJONT0 — BO3MOJKIO, BCETO MECKOADLKO JIET ILII
JaKe MEHBINe TOma.

Ho scmen sza Benmmmkoell ¢BeTHMOCTH cpa3y HadHeT ma-
IaTh — IPOTO3BE3/lA CTAHOBUTCA Henpospaunoll. QNHaKo ciKa-
THe He OCTAaHABIIBAETCHA, TCHEDh 0¢BOOOKAIOMAACA B 3Be3e
DHepPrHAa HIeT Ha marpeBamme ee Hejnp. Boauuxaer OGouabimoit
nepemnaj TeMOepaTypol, M II09TOMY JOJKHLL (BRIIOUITECIY
KaKIe-TO MeXaHI3MEl IIePeioca dIICPTHH U3 Iejp TPOTO3Be3/(bl
HAPYIRY.

Cuavana acTpPONOMEL TPEMIOAATANN, 4TO 00pasyIOMAsLcs
NP GKATHH IIPOTO3BE3MLI DHEPLIsA UEPEHOoCHTCA Tepes ce
TONNLY H3NYUYCHIEM, Tak ke Kak B oOnunoil spesge. Ilomyc-
UM, UTO 9T0 JelcTBHTeXLHO Tak. Torga 1 sjacch MOKIO Mpi-
smenuth Gopmyast (8) u (9), onpenesus zanoso Kodpduiment
Ienpo3paTnocTH ANA nporessesf. Orciopa cpazy clemyer
HECKOJLKO BHIBOAOR., Bo-mepBuix, CBeTHMOCTE TaKoll mpoTo-
aBea]Ibl O Pefielisiachk Okl B IepBYI0 odepe/ib ee Maccoii. Bo-BTo-
PLIX, €CHU LAHecTH a4 JMAaTPaMMy CHOCKTP — CBETHMOCTH
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HONMOseHNe IPOTO3BE3M, TO IPH C:RATHH M300paskalomas ux
ToUKA mepeMemiaiachk OB TO TOPU3OHTANLHOH JUMHAH (Hpu
IOCTOSIHOI CBETHMOCTH) CIIPABA HAJNEBO — IO Mepe CRaTHs
VMEHBUIAGTCA PAIYC H YBENMYHBACTCA IOBEPXHOCTHAN TeM-
mepatypa. B-Tperbmx, mo Mepe IOBLINEHHA TeMIepaTyphl
B HefpaXx OPOTO3Be3] yMeHbImIaercs Koa(HONEHT Hempo-
3PAYHOCTH U HTO [OJ;KIO HEMHOTO NOBHIIATH CBETHMOCTH —
DBOJIOIIIOHHAA IOCHENOBATENLHOCTS HEMHOTO TIOBHIIIAETCHA.
HMerno TaxknMu o OBUTH IpeACcTABICHAA 00 DBOJIONHE IPOTO~
3Be3J, OIICAHILIE B IePBOM MBJAanuK 9Toil Kuury (cMm. puc. 19
nepBoro MSTAHIA).

Opnaxo, xax Onuro mokasapo Y. Xasamu, B cirxuManomeiic s
Henpo3padHoil IPOTO3BE3e BHEPIHNA MePeHOCHTCA He M3ayye-
nueM, a xomsexmmeil. UTo 9T0 TAR, IOKABHIBAIOT KOHKDETHEO
pacueTs, HO MO:KHO 3TOT 3dderT 00BACHUTE M HATIAATHO.
Bo-mepBsiX, KOHBEKIHA MO;KeT IepeHeCTH ropasgo Gonbime
DHEPTHH, 9eM HBIYYeHHEe, I TeM CAMBIM OHA IIOBBOJIAET LmPO-
To3BE3NAM C;RuUMAThCA Oncrpee. Bo-BTOpHIX; DPOHCXOAAIA
B IPOTO3BE3AX [ICCOIMAINA MOJEKYJ] ¥ MOHHM3AOHEA aTOMOR
VMeHBIIAeT X TOoKasaTelds agmabarsl. Mu mopobHO M3yTadn
BTO MABIEHHE B IpeNeOyIneil riaBe, KOrja paccMaTpHBAId
npruuHLE Koxebaunmii mynascmpyomux ssesm. To ke camoe
HMeeT MeCTO W B IPOTO3Be3[laX, TOABKO TaM BMecTo kome(a-
it ¢ meGonbinoil aMIINTYIOH DoABAANTCA OYPHEE KOHBEK-
THBHEE [BH;KEHISI, OXBATHBANMUEe BCH IPOTO3BE3NY,—
0HA KaK OH ¢KHIuTY.

Hrax, smeprusa c;KaTusf ©3 HeAp HeNDO3PATHEIX 3Besjl
TepeHocHTCA K HX moBepxHocTH konpeknueil. Ho spgecs aroit
HUEPTHH BCE PABHO IPHACTCA NPEBPATHTHECA B H3AyYeHme —
BeObL MHAYEe OHA HE CMOKeT NOKAHYTH IPOTO3Be3Xy. Tarmm
ofpasoM, H3AydYeHue BCe ke HTPaeT POIb B CRATHIL HPOTO-
BBE3JH — OHO ONpefieiaer yeaopusa ma ee mosepxmocrd. Ho
xax? 9ro Jerko coofpasuTh MmO ANAJOTHA C PACCMOTDEHHeM
TeX 3Be3f, T/ DHCPrUA IEPEHOCHTCS KOHBEKIUeH BO BHeNl-
HIIX CAO0AX, IJ@ eil Tojie NPAXOANTCA HePexciuTs B Hopmy
JIYUHCTOH DHEPTHH, mpesJe IeM OHA CMOJKCT HOKHHYTH 3Be3-
ny. Mp 3maeM, 9TO KOHBEXIHA B TOBEDXHOCTHEIX CJIOAX
IMeeT MecTo TONBKO y Xoiopmunix ssesf. Ocofemmo aro xa-
PAKTEPHO OJfA 3Be3[ KPACHHIX THTAHTOB; INle BHAYMTEIBHAs
9acTh Bcero o0beMa BBe3fLl OXBauena KOHBeKImell, mpomos-
JRA0IecA N0 caMoil MoBePXHOCTA. ¥ BCeX TAKHX 3BO3J TeM-
mepaTtypa moBepxmoctr Gnuaska x 3500 °K. 3maumT, mMeHHO
UpH Tako# mam, OHTH MoiieT, HeMHOro MeHBIIeHl Temmepa-
TYype HMEET MeCTO IpeBpallenue KOHBCKTHBHOM dHEPTHH B Iy~
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. ja TIOBEPXHOCTH HENPO3PATHLIX IHPOTO3BE3T.
. Hapo, Bmpodvem, OTMETHTE, UTO MOBePXHOCTHAA TeMICpa-
. rypa KOUBCKTHBHEIX 3Besj; cIaf0 3aBHCHT I OT MACCH M OT
», pajuyca. 3aBHCUMOCTh DTa WMEET CIOKHEI XapakTep: T,
. MOeT M YBeJNUMHBATLCA M YMEHBIUATHCH © YBeJHYeHHeM
~ M n R. Ilpu tounmx pacuerax 5To 00CTOATEABCTBO HYFKHO
" yuUATHBATDH, IO JUIA BHCHEHHA KaPTHHL 9BOJNIONUN IIDOTO-
. gpesx focTatouno npemeGpeuns aTuy mamemenmem T,
i Taxum oGpasoM, MEH MOKeM IpeHcTaBUTH cele cuenyio-
" mywo xapruny. Hak TombKo mpoTo3Besja CTAHOBHTCS HeOpo-
| gpauHOii, e BHYTPEHHAA TeMIEPATYpa HAYMHACT IMOBHIIATHCA
| cHAYAJIa MeJIeniHo, moToM GucTpee. B mporosBesne Bo3nuRaeT
. xomBexIHsa, OHCTPO OXBaThBamMas Bech ee oOwvem, Temme-
patypa B IenTpe IMPOJOJNKAaeT PacTH, HO TeMIepaTypa Ha mo-
| BEPXHOCTH JOCTATAET 3 THC. TPajiycoB H B HajbueiluieM MemHs-
| ercf MaJI0. B TOT MOMEHT, KOI/la TeMIepaTypa Ha IOBEPXHOCTH
. 1IPOTO3BE3/H NOAXORUT K 9TOM BeIHUMHE, CBETHMOCTD €e IoC-
| Je HEROTOPOT0 HAJIEHHA ONATL [IOCTHTAeT MaKCHMyMa —
| gjech KOHBeKIHA CPasy BHIHOCHT H3 CiKUMalelica IpoTo-
. gBeais Hambonpmice KOAMYECTBO DHHeprumH. B mambmeiimem
. ee CBETHMOCTH OIfITh HAYHHAET HANaTh, TAK KaK COIVIACHO
. dopmyse (1) mpH yMeHBIIEHHN DPaJHyca H OPH MOCTOAHBOM
. TemmepaType IOBePXHOCTH CBETHMOCTEH MOFKET TOADKO YMeHb-
- mathea. OmpeeanTh CBETHMOCTH HPOTO3Be3NEl B MOMEHT
. pe MAKCHMAJDHOI ¢BCIBINKHA, T. €. B TOT MOMEHT, KOT/A
. KOHBEKI[HfA YCTAHOBATCA 10 Beell 3Beafe, TOBOJIBHO TPYLHO.
. Ilas oToro TpeOyloTes JeTalbHHE H, K COKANCHHMIO, HE 0YeHb
. yBepeuHn® pacyers.. ONHAKO MO:KHO HOJXYYHTB M HPOCTYIO
| OIIGHKY, eCiH CYATaTh, UTO B IIPOIECCEe YCTAHOBIGHUA KOH-
| BeKIuH paguyC TPOTO3BE3[H H3MEHIUICA He 0UeHb CHIBHO —
. HHLIMII CJHOBAaMH, DPHHATEH JJIA PAANyca IPOTO3BE3AL B DTOT
. moment suavenue (54). Torna, ucnonssys taxske fopyyrny (1)
@ yunTmBafg, 9To ddexTHBHAA TeMIepaTypa IPOTO3BE3JILI
. mpuMepHO B JBA pasa Meubme 3QQeKTHBHOI TeMIepATY[EH
- Coanna, moxyanm _
L Te \4 2 M o\2

i ® ® ® ®
. 970 feilcTBATENBHO APKASA ¢BCHOBIMIKAY, OAHAKO, TOe He(olb-
Ioil IHTEABHOCTH (HECKOABKO JeT).

A JanbIme CBETHMOCTH HPOTO3BE3JIHI YMEHBIIAGTCA NpPO-
DOPIHOHATBFHO YMeHBIIEHHI0 KBajipata pajgmyca. Bpemsa cika-
THA HO-Ipe;KHeMY Mo;keT OmTh onpefeneno o gopmyae (11).
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Hurepecrmo, YTO 30eCh BPEMA C/ARATUA IPONOPIIICIATLHO
cpejiHeil MIOTHOCTI, B TO BPeMs Kak B IPO3padnoil mpoto-

3BE3/lC BPEMA CRATHA NPOIOPIONANLHO 1/V'p.

- Ipu atoM cimaTum GHICTPO YBEJUUYUBACTCA H IEHTDANBHA
Temmeparypa. Haxomerr, ona focTHraeT 3HaICHIIA, PH KOTOPOM
HAUNHAIOT HeiicTDoBaTh TepMosaAepunie peariymi. IIpoTossesna
ele TOKA IPOMOJSKRART CHUMATLCH, MO KOLMA TepMOAepHLe
peakmui GYAYT B COCTOAHHH BRPAaO0OTATH JOCTATOTHOE KOJIII-
qeCTBO DHEPTHM IS IOMAeP:KAHHA BLICOKOII TeMIepaTyphl,
IMPOTO3BE3IA «CANUTCAY» HA IVIABHYID TOCJHEN0BATEIBHOCTL
I IpeBpalaeTcs B HOPMAJABHYI0 3Be3ny. 3a ee majbmeiimeil
cyabp0OH MBI IPOCHENMM B CIeyIOMmMeil raase.

Hrar, B mpomecce cimaTma OpoTO3BE3TEI, NO-BHIHMOMY,
HPOUCXOMAT B¢ APKHE BCIHMIKN: OepBas B KOHIE (IPo3pai-
HOI» cTaJuM, KOTAA CBETHMOCTH HPOTO3BE3NLI JOCTUTAET HEC-
KOMBKUX THCAT cBeruMoctell CoaHIla me3aBHCHMC OT MAacCLl
DpOTO3BE3NH I KoTHa GOnbImas JacTh H3IYYEHHA HaXOLHTCH
B majexodl muparpacHoii o0macTH CUeKTpa, W BTOpas — B
MOMEHT YCTAHOBJ@HHA KONBEKTHBAOLO HEPeHOCA BHEPTHH,
KOTa CBeTHMOCTHh Menbine, nopagka 400 (M/Mg)*Le, n us-
JNYYeHHNe COOTBeTCTBYET MOBePXHOCTHON TeMIepaType KpacHoil
ape3fitl. Bpems, paspensioniee HTH BCOLIMKH, HeBeIHKO (He-
CKOJIBKO JIOT) M BO3MOIKHO, UTO B Jeii¢TBHTENBHOCTH OHA IOY-
TH CJHBAIOTCA.

Kax 681 70 nm b0, B IPOTO3BE3HOIH cTaJUH €CTh HEKO-
TOPHIL OPOMEKYTOK 0TeHh OCONLMON CBETAMOCTH IpOTO-
sBe3anl. Habniomenne oTUX BCHBEIICK SBHJIOCH OLI Ba;KHBIM
ILOATBEPKEHIEM TeO PIIL

MopMyJIBl, KOTOPLIC MBI 3/[8Ch IPUBOJUIN, NPABHILIO IE-
pPenaioT Bee XapaKTepHbe YEPTH JBOJIIOIHN TIPOTO3BE3l, Ho,
roueuno, oHm npubmikenusl. Mosino mposomurs u (oee
TOUYHLIE PACIETHl, WTO yike Jledamoch mneoguoxparuo. Ilamo,
0/IHAKO, 3aMETHTDh, WTO TOYHOCTH HTUX PACIETOB B KAaKOII-TO
Mepe WITIZ0pPHA, DOCKOJILKY MEL HEe BIAaeM ¢ JOCTATOMHOI
YBEPEHHOCTHI0 MHOTHX IapaMerpos.

Jlis upuMepa Mbl HPHBEEM PE3YALTATEL TAKIX PAcUeTOB,
Ha puc. 19 morasamo uMmenenme pagmyca HPOTO3BE3NBI C
maccoll, papuoii Mmacce ConHma, B 3aBHCHMOCTIL OT BPeMEI.,
Has nonocTpanun moxasanst i paguycesl opiut nraner Cou-
neunoit cucreMsl. O0xacTh GLICTPOrO C/RATHA HA OTOM DHCYUKE
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aer. (97}

COOTBETCTBYCT MEPHONY HEeTmoCPeACTBOHI0 Hepesl ¢BCILITIKOIT
§ TPOZOIKAEGTCA BCEro OKOXO JlecATKa Jjer. Dosee 1omo-
ras 9aCTh KPHBOI — CyKATHe HA KONBCKTUBHOIL CTAHHH 2BO-
JIOIIIT TIPOTO3BESIH.

Ha pue. 20 nsofpaskeno mepeMelnenige HpoTO3BE3Is 1O
mIarpaMMe CoexTp — cBerimMocth. Cnavama — GuieTpoe ciia-
THE HA MPO3padnoll cTajui (MITPIXOBAs NHNHA Ha Kpaiimeil
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Pic. 19, Uasencnue co ppeMemeM pajuyca CiRuMaiomeiics mpoTosnes-
npt. Cragum GHCTporo c:katma (Ha rpafuke — ciaeba) COOTBETCTBYET
BCIBINIKA& CBCTHMOCTH,

IpaBoil CTOPOHE PHCYHKA). 3jlech HeOUpPefelleHHOCTh CBAZAHA
CO BHAYCHIEM TEMIepaTyphsl Ia3a, DOOTOMY YKasamsl JBC
cTpeNKH. 3aTeM MPOTO3BE3a CTAHOBHTCS HeIPO3pPaTHOil, YeMy
COOTBETCTBYET GLICTPOE OIyCKaIe InTpn\'onoi'{ JIMIILI Ha JHar-
pamye. [amee mmpoxroil mTpHXOBROIl HM300paskeno pesKoe
(BO3TOPAHHE» 3BE3AL K MOMENTY BCHBINIKI (¢3ARNIAHUE)
fiporoasesnnt. M, makomen, gajibile IMOKA3aN0 YMeNbUIENIe
CEGTHMOCTH IPH KOHBEKTHBIOI CTajii CRATIA [0 Iepexojia
HA TIAaBHYIO IIOCJEIOBATEILHOCTD

Mur yixe oTMedanir, 9TO BCE OTI BlT)(IJEhTI»I Pa3LITPLIBAIOTCA
rIaBHHIM 06pasoM B mudpaxpacuoil ofmacT  CHEKTpa.
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B mocienmee BpeMsa yAAIOCH TPOBECTH Tef Bhle HHPPAKPACHE®
Habaonenus 38e3x. BHACHIIOCE IIPH 9TOM, YTO €CTh HECKOMb-
KO 0YeHDb APKHX 00EKTOB, Y KOTOPHX TeMIepaTypa moBepX-
noctn mopaaxa 1000 rpanycos. Omun u3 5THX 0GBEKTOB OTOMK-
JeCcTBIEH ¢ M3BecTHoii mepemennoil smesnoit R Enmnopora,
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dpgermugnan mesnepamypa, X

Puc. 20. [nmarpaMMa CHOeKTp — CBCTHMOCTE ¢ HAHECEHHRIM Ha HCEO

DBOJIONMOBHLIM TPEKOM HPOTO3BE3E. 3/1eCh MOMEHTY TIepexojia Ha KOH-

BEKTHBHYIO CTAIMIO COOTBeTCTBYeT OONBIIMIL pamiyc. 9TO CHEJAHO JVIA

JIyUINero cordacopaBnsa ¢ maGmofenusMu mu(parpacHHX 001LeKTOD
(pucymor cocrapaen . Xasmm).

BTOPOiil 00BEKRT ABIACTCA TOYEUHEIM HCTOUHEHKOM B TYMaHHOC-
e Opmona. Mosker OnTh, 9TH O0BEKTH — OPOTO3BE3NH
B Moment «Bememkmy? Ha pme. 20 Taxoe mpepmoso:xenne
0To0PasKeHo.

Cayuait mepemenmnoii spesusl FU Opuona Toske muTepe-
cen. B 1936 r. sTa sBesjia BHE3ALHO BCOBIXHYJA U ¢ TeX HOp
HNPOJOJ;KAET CBETUTH IPHMEPHO ¢ TOH 7Ke MHTEHCHBHOCTEIO.
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. Ee panmyc B 20—25 pas Gonbme COAHETHOTO. IT0 ABHO He HO-

pasi 3BesNa, y KOTODPHX Oieck mocie BCOMIMIKE magaer. Mo-
seT OBITH, DTO TO;KEe MOMCHT «BCILINIKH®, HO ¢ IEPEXOTOM K
Goiee BHICOKOII mMOBePXHOCTHOI TeMmepaType i ¢ IOCAEHYIO-
iy Gosree Mepmennmy cixarmeM? I1 oTo mpemmoro;Kenne 0T00~-
pasiero Ha puc. 19 m 20.

Ho ecxm waGnogenus IPOTO3BE3N Ha pamHeil cTagumM HMX
DBOJIOIINI — Jexo GyAymero, T0 IPOTO3Be3E, B CTAJUI KO-
BEKTHBHOTO C/RATHA HOLKHE HalmoofaThesa H ceiitac.

Kak MOSKIO OTJINYATH TAKHe IMPOTO3BE3JALL OT 3BEe3J C Toii
ke IOBEePXHOCTHOH Temmeparypoii? ¥ HHEX JoliKHa OHTD
Goslee NMUTEHCHBHAA KOHMBEKIIIA, KOTOPYIO, IPABIa, MEL HE BH-

‘qus. Ho MoH0 0EugaTh, 4r0 OypHOC ¢(KMIEHHE) IPOTO3BE3N

JOIRHO TNPHBOAETh K Gonbmeil akTHBHOCTH HX aTMocdep;
MOJKHO HpeAmoaararb, 9YTO HAa HOBEPXHOCTH IPOTO3BE3J
HOMKHEL Haba10aThCA BCOHIMKHE H B3PHIBH PAaSHEIX MAcHTa-
Goe. CsxmMaromuecd IPOTO3BEBNH HOXO;KH HA HECTALHOHAD-
HEIe BCOLIIIGUHEIE 3Be3fiki. A ecim -ydecTb, UTO OHH elie He
MOTJIH [ajieKo YiiTH oT MecTa HX o0pasoBaHHs B ra3o-ILuie-
BHX KOMILIEKCAX I YTO TaKme 00BEeKTH JOJKHELI BCTPEYATHCA
B OUEHb MOJOMNEIX CHKOIUIEHHAX 1 ACCONHAIMAX, TO IPOTO-
8Be3El MEL Cpa3y MOMeM BHJIEIUTH.

W neiictemrensHo, B mauale copokoBux romos A. Jlmoi
oOHAPY:RIJI 3BE3AH, Ha3BAHHEE BIOCJE[CTBHON 3Be3JaMu
ruoa T Tensma. B. A. AufapImyMad Dokasai, 4To 9TH 3Be3-
mH Beerja TPYINOPyIoTess B acconmanmu (HasBammbie T-ac-
comuanuamn). Beerga BOANSH 3Be3m THIA T Tensma ecTs H
MesiapesqHaa cpena, osesusl Tuma T Teasna ovennb Xapax-
TEPHL — OHI YacTO MECHAKT B HECKOIBKO Ppa3 CBOIO APp-
KOCTh, IPAYEM [O/BEM W CHaflanie SPKOCTH MOTYT ANNTHCH
gacami. OFHAKO ¥ HEX CTOJB ke 9acTo GHIBAIOT I ICPHONEI
BpeMeHIl, KOTa APKOCTh 3BC3/ILI HE MEHACTCH. Huorga y s1HX
apeayn palimomaloTcs SpPKUe JINHNH, CBHIETENBCTBYIOWIE O
TOM, UTO W3 IOBEPXHOCTHHX CHOEB 3Be3/isl BHOpACHBAIOTCA
obmaxa raza co cxopoctsyi go 200—300 xat/cex. Baskuo 1 To,
uro 9TH 3Beansl GoraTH murmea: ero Tam B 50—400 pas Goun-
me, gem ma Counla,— SBIOE J0KA3aTENBCTBO MOJOKOCTH
oTHX O6BEKTOB T OTCYTCTBIA B HX HeJpax BEHICOKOM TeMme-
paTypH, HeolXoimmMoil [ TEPMOAMEPIHEIX pearmmii,

Tlo BceM 9THM JaHmILIM ceiluac OPHHATO CYATATH,9TO 3BE3-
met tma ‘T Tensma ecTs mpoTO3BE3[b, HAXOAAMMECH B CTa-
IUH KOHBEKTHBHOTO CHKaTHA.

Ilo cEX mOp MH PaccMaTPHBaji DBOTIONWI0O IPOTO3BEIN
¢ Maccoit mopsjka Macchl ColHI@ MWIH ¢ MCHBIINMHE Mac-
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camm. ¥ nporossesq GOABINNX Mace eme mo mepexofa X Ha
INABIYI0 TOCHELOBATENBHOCTE H BRIIOUENTA TepPMOAJEPHEIX
peakunii KOHBCKTHBHEIE NEPEIoC DUEePTHH CHiaTIIs CMEHIET-
CA MepPeHocoOM IYTeM UBAyYenHda. JTO CBA3AHO ¢ TeM, 4To Y
MACCHBHLIX 3Be3J] PaHLIUIEe OPOMCXOINT IIONHAS MOMMBAIIs
rasa, 9T0, ¢ OAHOIl CTOPONE, YREJANINBAET IOKA3ATENE aJla-
Garsl (yMenbIuaer IOIuT PO HUJEKE), & ¢ APYTOil CTOPOILI,

4

lg(t/Ls)

Pne. 21, DBONIONIIIONHEE TPEKH NPOTO3BE3T, C/KUMAIMIUXCA K TJIAD-
HOil IOCTeN0BATENBHOCTI.

yMeHblIaeT HempospauxocTs. [loatomy npm c:ratum mMaccus-
HULIX OPOTO3BE3], HX «BEPTHKANBHEII CHYCKY II0 JAuarpaMMe
CIIEKTP — CBETHMOCTL TDPH KOHBEKTIBHOM IIEPEHOCE 3aMe-
HAETCA TOPHIOHTAJBLHEIM IepememienneM (0 KOTOPOM MEl ro-
BOPHIN B Havaje LIAaBh) IPI JYYRCTOM IepPeHoce dHepruum.
CxemaTnueckn dTo msobpaskeno ma pue. 21, Ha dgopayau
(9) MORHO IOAYYUTL CBETHUMOCTH TPOTO3BE3/H B DTOIl CTAJIIT
CRATHA — OHA MAJO OTJIHMIAETCS OT CBCTUMOCTII 3BC3JI TOI
Jie MAcCCHI, 4T0, KCTATU, W BUAHO ma puc. 21.

Ha orom pucynre, KoTopniii GBI IOCTPOEH SMOOHCKIIM
acrpofusnrom Y. Xasamm, wpy:kouxamu 0003HATEH MOMCLT
o0pasoBaHus JyYUCTOT0 AApa y GoXee MACCHBIEIX 3Be3j
IV MOMEHT Iepexola Ha TIABAYI0 TOCIHefOBATEILHOCTH Y
snesy ¢ Maccoit M <Z 0,25 Mg, e, KAk ML 3HACM, JIYYHCTOE
ajipo BooOme me ofpasyercs. ¥ mportossesn ¢ M <3 0,05 Mg
B mpolecce C/RATHA NEHTPANLIasg TeMIepaTypa ocTaercs
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- CoJmita, = TIOKRAa3aJI, YTO
| BHYTPH {IPOTOCOJIHIAY 00-

' PABOBANOCH JNYIICTOE ANPO,
. KOTIA IPOTOCOJHILE C3KAT0CE
. Ji0 Pa3MepOR, BB pasa Ipe-
. BRIIAIOIIHX  COBPCMEHHETI

. IPOTOCOJNAIIA TP ATOM GHIIa

" pasnoit 1,5Lg. C:rarue npo-
- pomxanock n gansime. Cee-

| ysxe B Oonpmeil wacru npo-

. cmiach marydenmeM. Mame-

- Bun ¢ (9), x mocaegyomemy
. YBENAMYEHINO CRETIHMOCTH [0
gunauenms, Oanskoro k Lg.

| . {omajiact ]300611[0 Ha TIdIaBHYH HOCHCIOBATEILIHOCTD.

Ipn csraTim mporosses;nt ¢ Maccoill, pasnoii macce Coana,

- rosiie 00pasyeTes IenTpaxnlioe MYUlCTOe AAPO el Jio Tepe-
X074 3BE3IL Ma IAABUYIO TTOCACHOBATEIBHOCTL. J[lerambibie

pacieTsl, BOIIIOJIICHIILIC IS

L(L/L,)

pamnyce Connia. CBeTuMocTh

THMOCTH YMEHBIIHIACH [0
- suavennsn 0,512 Lg; mpuaTon

TOCOJHIIA SHEPruda IeperHo-

HeHie Ko3(pumenTa morio-

. OICHUA B OPOIeCCe HArPeBa-  pye 22, Haoxpous IpPOTO3BEa[,
. HHA OPOTOCONHIIA TIPH CHRA-  ¢yRUMAIOLINXCA K INMIaBHOI mocheno-

THH HPUBEN0, B COOTBETCT-  BaTexproctn. Hpnehe coormercTBy-
10T BO3pacTaM 3Be3f (CBEpXY BHM3)
104, 108, 10%, 107 u 10% mer.

C nomompro Qopmyxast (11) merpyimo ouleHNTL M BPeMs

| CRATHA 1A 4TOPUBOHTANLHOMY YUACTKE IBOJIIOLIIQIIIOT0 MyTH:

; M R
= 2.100 2 (T?) . (—R@) Jer. (58)

e

XﬂpilI{TOIJIEOG BpeMA CHIATHA 3aBICHT OT pajiuyca NnpoTo-

: 8BE3JLI IT OHO 61;10'1‘[)0 VBGJIHYIIBACTCS ¢ YMEHBIHEGHIIEM PaJIIIyca

‘B mnpoimecce CraTIA. Jto 031avdaer, 9To TaKIle IPOTO3BE3/ABL

* GLICTPO TPOXOJAT HPaBY0 WacTh jguarpamvst pue. 21, mo

BaMeIAIOTCA TPH IOAX0/e K TJIaBHOI IT0CTe[0BATENLIOCTH.,

Houeuno, dopmyaa (58) ecrp pesyabrar NpHOIMAEHHOI
onenki. MosKkimo Bpems c¢;kaTHsa mpoTo3Besf], paccuntare o
norounee. Ifa pme. 22 mpmpegen rpadux, Ha KOTOPOM Halie-
CCILl TAK HAZLIBAGMLIE H30XDOHEL.
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UrofEl MOSCHNTE CMLCI 9TOTO paduKa, PacCMOTPUM Cle-
pyiomuit caygaii. IIpemoomm, 4T0 B NCKOTOPOM raso-mhiie-
BOM 0faxe OJOBPEMenIIo 00pPa3oBalich H HAYAIM CARUMATECS
spesml PASHEIX Mace, I OyleM HARHOCHTD HA JHarpaMuy Pec-
cema — I'epUIIIpPyHra I0I0KeHME JTHX 3BE3J 1epe3 pPaBHLIO
npomeskyTKn Bpemenm. Torja Ha 9TOIf HEmArpaMMe IOABATCH
JHHUE, ONNCHBAIOMIE IOCHEOBATNILHOCTI IPOTO3EE3/|
OJ[HOTO W TOTO ke BO3pacTa. ITH JHHAHN H HABHBAIOTCA 130~
xpouamu. Ha pue. 22 gams H30XPOHE CREMAIOMIUXCA TIPOTO™
apesq. lleppas JUWHEA CIpaBa CBEPXY COOTBETCIBYET IOJO-
JReHII0 IIPOTO3REes)| Tepes 10* jer mocne Hadaja CKATHA, BTO-
pas JnREA (eCAM WATH COPABA HAJIEBO H CBEPXY BHH3) —
wepes 10° ser, TPETBA JHHMSA OLPEEIET IOJOKEMIC IPOTO
3BE3JI, BO3PACT KOTODHIX DaBeH 10% ger. Ciegyiomue aBe
JEHNE — TNpPoTo3Be3fsl ¢ Bospacrom 107 m 108 x;er coorser-
CTBEHHO.

M3 aTOr0 PHCYHKA TaK#e BHIHO, YTO MACCHBHEIE OPOTO-
apes sl GEHICTPO MPOCKAKHBAIOT 007acTh BLINE TIaBHOH Io-
cIef0BATEIBHOCTH H HEPEXOfAT Ha Hee Jepe3 HeCKOJIBKO MII-
JIHOHOB JIET ToCie CBOero BosEHKHOBeHmA. IIpoToanesant ¢ Ma~
;oit Maccoif TepexofAT Ha TIABHYI0 TOCJHE0BATENBIOCTD
8a COTHH MHJMOHOB JieT.

1z pume. 21 u 22 cuemyer, 9T0 MACCHBHLE IPOTO3BE3/L B
9T0il cTANUA CBOEIl 9BOJIONIN IONANAT B TY e obIacTh, 9To
u Kpacubie THTAHTH. [T0aTOMYy BOBMOMKHO, 9TO TaCTh Kpac-

' gHX THTAHTOB, HaOI0aeMEX B MONOJLX CKONICHHUAX 3BE3N,
B [CHCTBETeNBHOCTH ABJSETCA eme IPOTO3Be3JaMH. Ho ux
NOMUKEO GHTH Maxo, TAK KaK 13-32 KPATKOCTH BPEMEHI (58)
IpoTo3Beaasl GHCTPO ¢IPOCKARABAIOTY ITY o6acTs.

IleiicTBUTENBHO, IPI aHajin3e AHATpaMM CIeKTp — CBe-
TEMOCTE MOJNOAHX Ccromienuili Ghnm ofmapy:teHhl KAk ter-
KO BHPQKEHHKE I0CIe0BATENBHOCTI KPACHBIX TUCAHTOB —
| Bpeaji, OTHOCHTEIBHO CTApPHX, TAK I HECKOIDLRO pasbpocau-
HHX [0 jHAarpaMMe B 9TO 00JacTH 3Be3,— MO-BHAUMOMY,
npoTo3nesy GONBIION MAacCH.

Ha6aooanTes W COBCEM MOJOALe BBO3JIHLIe CKOMICHII,
KOTOPLIC, BEPOATIHO, elle e YCHeJm CecTh» Ha TVIABHYIO 10
CJIe[0BATENBHOCTD! TIX AHATPAMMEL CIIEKTD — CBETHMOCTH COB-
MATAIOT ¢ IOI0AKeHITeM H30X POl Ha puc. 22, IIpmvepo TaKoro
| 3Be3HOTO, & JyINIe CKasaTh, IPOTO3BE3JHOTO CROIICHIA, AB-
ssercs OOBEKT, WBBECTHEI acCTPOHOMAM KAaK CHOILIGHHC
NGC 2264. Ero muarpaMma CHEKTD — CBETHMOCTE IPOXONHT
:Sono. W30XPOHH, COOTBETCTBYIOMH BO3PAcTy  HOPARKA

8 aer. ;
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Hajo otmetnts, uTo 0UEHD APKHE 3BE3JIH, 0COGEHN0 3Be3]IH
rmaccos O u B, Tak ske, Kax NpaBilIo, BCTPETAIOTCA B CKOI-

- penusnx u acconmanuax (O-accommanmu), npugem O- 1 T-ac-

cOLUATIHI 9YacTo CocefcTByior. I[lpu xomjeHcalmm raso-

. THIIEBHX KOMIIERCOB 00pasyloTcs, mO-BHJUMOMY, 3BE3JIbL

peero nafopa Mace. 3aMETHM, HAKOHEN, 9To B BONBIINX I
[JIOTHHIX Fa30-IBUIEBHX KOMIUIEKCAX YacTo HaGaIomaoTes Ty-
Mannse 00beKTE, KOTOPLIC IMIIOTJa BHJHEL KAk TEMHLIE 0KPYT-
Jible OATHBHLIKE HA CBATAL(EMCA (oHe APKNX TyMaHuocrei
(rmofynst), a WHOrJA Kak sApPKHE IATHA Ha TeMHoMm gome
moriomatomux Tymaumocreii (ofsexrst XepGura — Apo).
MosiseT GHTH, 5TO 3aPOMHIUN NPOTO3BE3[?

Komeumno, nalmionaTeasusie JaHHEE TO3BONAIT HaM Ayd-
me moHATH o0pasoBaHme 3Be3j B HacToamee Bpemsi. Mwr xo-
pOLTO 3HaeM, 4TO Tpomecc o6pasoBaHHA 3BE3J, LPOHCLONUT
HempepsBlo W ceifdac B [amarTure o6pasyercs MHOTO HOBEIX
3Besy (BEPOATHO, B CPEJHEM OKOJIO JECATKA 3Be3[ B Tof).

Ho To0, uro mpomcxojutr ceiftac —aTO TOIABKO OCTATKH
spesnoobpasosanusa. B macrosmee Bpema B lanaxTnre Ha
[OJI0 MeK3Be3qHoro rasa mpuxopurcs scero 1—2% ot ee
OJIIOII MACCH, BCE 0CTAJBLHOE Yikie YCIeN0 CKOHJIEHCHPOBATh-
¢ B spespgsl. Ilpomece 3Besgoo0pa3oBaNmA Ha PaHHIX 9Ta-
1aX SBOJNIOIMN IalakTHE I Boobme Bcelnennoil mpouexomnn
ropasgo WHTEHCHBHee.

K coskanenmio, bTOT paHHHMII npoljece 3Be3foo6pazopanms
paGaofaTs enle TPyZHee; HO-BMIIMOMY, AJSA 9TOTO Clefyer
R3yYATh APyTHe TAJAKTHKE, I/Je 0 TeM HJIH HHLM HpPHYHHAM
mpolece 3B8e37000Pa30BAHBA 3AMEIIILICH.

Ho mrorue BRIBOJB MOKILO CJI€IaTh I paccMaTpHBaA Hally
TazaxTnKy, a HMEHHO, N3y4as COCTAB I pacupejeienie B Heil
cTapsix 3Besf.

Hamomany (ca. raasy 1), uto B mameii T'amaxTaxe ects
JiBa OCHOBHEHIX THIIA 3BE3MHEIX Hacelenuit — tum I, x roto-
pouy npumapae;knt u Commue, wtun I, & koropomy mpm-
HALIEGRAT 3Be3AN CHePHIECKHX CICTeM I ITAPOBBIX CHCTEM.
Yew onn pasangaiores? Har sujuo 13 tabm. 2, oiHo U3 0CHOB-
HLIX pas;mumil ompejeinsercs Xummueckmy cocranod. Co-
Eep/KAHIE TSHKEAHX BIEMEHTOB, T.e. BeNUunna Z, yMeub-
Imaercsi 10 Mepe uepexoja or Hacexennsa | Tnia K HACCIEHHIO
11 Ttuma. Vixe OJTHI BTOT gaKT CBUAETEILCTBYET O PAIMINA
Bo Bpemenn uxX o0pasoBamums.

Bropoe cymecTBenHoe pasimtie — PACHPENETICHIe 3BE3N
p npoctparncree. OO0 9Toa nydile CYyAHTH He 10 HUX MTHOBEH-
HOMY LOJNOKEHNIO, & o uX ABinkenmio B ['asaxTuke. SBe3HL,
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macenensa I Tnma ABIGRYTCH TO ILOUTI KPYTOBLIM opOuTam,
PACITONOREHIEIM BOIHBN TUIOCKOCTH Tamaxruri, a 3Be3MLI
macexermma 1 THIA ABMRYTCA MO CHJILHO BHITAHYTHIM opou-
rar. DTH OPOHTH PACIOJIO/KENEl TaK, YTO COOTBETCTBYIOLIUE
3pe3isl MPOXOAAT I GIN3KO 0KONO IEHTPA Tanarruri i yua-
JAIOTCA OT Hero na Goipline PACCTOANMIA, MOAHIMAACH Talk-
ke T BEICOKO Haj II0CKOCTHIO I'allaKTHKIL.

Jnesnsl npaiinero maceaenus I Tuma JBIGRYTCH TaK, Kak
ofIaka MEK3BE3NIOTO raza JBMKYTCA B HACTOAIIEE BREMil.
Moskito IOATOMY C/lellaTh CJeylomiee 3arlIi0ouenie: 3Be3/R
wacesenms 1 Tima ofpasoBasiNCh N3 MEMK3BE3[NOro rasa or-
HOCHTOTBHO HeJaBHO, TaK UTO 3a BpeMs, Hpolileauree ¢ HX
06pa30BANIIs, COCTOAIIE MERIBEIIOro rasa NBMEHIIoch He
crp10, ADPryMenToM B IOJb3Y 9TOTO MPEINOJOKEIHIA ciy-
JRAT T TO, 9TO XIMIIECKIIT COCTAB MEK3Be3Ioro rasa I 3nea/|
kpaiinero macelenms I Tnma MOYTH OJUHAKOB.

MoskHo AYMaTh, 9T0 paunblie 06Pa3oBajnCh 3Be3jibl Kpai-
mero Haceyenua 11 Tmma, 3aTeM 3Be3fbl HaceTeHNsA IT Tuma,
3pe3El CTAPOTO HaceJeRms I THma, 3Be3[hl HACeHeHIA I tima,
a kpaiimee macesenme [ Tmma 06pasoBalocs moske BeeX (CM.
ra6x. 2 ma crp. 26). JlJA Taxoro 3aKMIOTEHHA €CTH PAJ OCHO-
BamMmit.

Bo-mepBEx, XuMHIeckuil cocTas JOMKEH MEHATHCA C BO3-
PacToOM TAK, UTO WeM MOJIOMKe 3BE3Na, TeM Goasme Z. B ca-
MOM Jjiejie, MBI 3HAaeM, UTO TsjKelJble dJIeMEeHTHI ofpasyoTecs B
3pe3nax B IPoIecce TePMOAJePHLIX peaxuuit, HexoTopse
3Be3/sl TEPAKT Maccy, KOTOpas CMEIIMBACTCA © MesKaBes ol
_cpepoit. 910 3HAUNT, UTO ¢ TEUCHHEM BPEMEHI Me;K3Be3THaf
cpefa MOMKHA ODOTAMATHCA TAMKEBIMII DIEMEHTAMIL 34 cuer
1oif YACTII e¢ BellecTBa, KOTOPas yCIeaa CKOHAEHCHPOBATLRCA
B 3pesmaxX W 3aTeM CHOBa ObLTa BEOpOMIEHA B ME/R3BE3NHOC
HpOCTPAHCTEO.

B mpomuecce npeGuipanms 3Be3fnl Ha TIaBHOIl mocienoBa-
TOTBIIOCTII MCIACTCA TONBKO CONEPHRAHIe Ielust, Beandua 2
3Hech He Memsercd. TAKessie dIeMeHTH 00PasyTes TOILKO
Ha TOCJHCNHNX DTAaxX HBOTIONMII (CM. CJAEIYIOIYI0 TJIABY).
MMosToMy To 3HaveHIe Z, KOTOPOe MEI unabiomacM v 3pean
ya TIABHOI TOCHETOBATEILHOCTH, COOTBETCTBYET 3IHATCHIIO
9Tl DEJTUMHIE B MOMEHT 00pazoBamisa 3Be3fIL.

Bo-BTopHX, DasHoe [BIVKEHNE B3Be3jl PasiIrInoro Bos-
pacra B IPOCTPAHCTBE TOiKE JIETKO 0B BACHNTE. DyleM Cuil-
TaTh, UTO B Hadaie dBomiomun l'amasTuki, KOria 00mpuIast
gacTh BemeCTBA eme Ohima B rasoofpasioM COCTOAHHH, OMHO
Ouiio pacmpefielierio B BIJe Gonee W MeHee OZHOPOIHOIl
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ciepsl AN e 0YeHb CUABHO CIUTIOMEHIOT0 dJUIHOCOonAa. J1a
cucTeMa Bpamajiach. Hax MBI smaeMm, Ta3 Paclajacrcs ia
obmaxa. OOmnaxa, #BATasChL B ODPOCTPAHCTBe, CTAJKHBAIOTCA
MeRIY coGoil, HarpeBaoTCA, a 3aTeM H3NYUAlOT H30HTOR JHED-
run. Eenn ras cymectsyer JOCTATOYHO JONTO, TO OH AOJLKEH
IOTePATHh Ha MBIYUEHHe MHOTO KIHETHTeCKoil oHeprHi IBH-
sienna obnakoB. Ho MOMEHT BpamleHNA IIPI DTOM He Te-
paerca. ITo 03HAYAET, ITO MePBOHATAABHO Cepirieckas Bpa-
mamagcda CHCTeMAa MEK3Be3JHOT0 Ta3a MOCTENeHHO YMEeHE-
aeT CBOIO TOJINNIY, HO IIOUTH He YMEHBIIACT AHaMeTpa —
uHAUE He coxpauuTca Moment ppamenusa. Cmcrema Bpamialo-
LIETOCS MEM3BE3NHOTO Ia3a CTAHOBUTCA Bee Goxee m Goaee
CILITIOMEHHBIM C(eponoM I B KOHIe KOHI[OB IpeBpailaercs
B mmockuil guck. B Tedeniie BCEro aTOro BPEMEHIl I3 Mek-
3pesgHOro rasa 00pasyloTCA 3Be3bI, KOTOPhle, Kak TOJBKO
onm o6pasoBaldNCch, COXPANAIOT TO ABIKEHHE, KOTOPOE HMEO
obako Mema3Be3sgHOTO rasa B 9To BpeMa. B camom jerne,
B OTJHMYHE OT 00JBIIHX 00JaK0oB MEH(3BE3IHOTO Tasa, MaJenb-
Kile 0 pasMepy 3Be3fbl HC CTAJKUBAIOTCH My codoll i
OHI HE TEePHAIOT CBOell KHUHeTHUecKoll aHepruIL

I9tuM U o0DBACHASTCA BAKHEIL WadmOgaTeNbHBIT HaKT:
qeM MOJIOMKe 3Beama, TeM Odmke K naockoerH IamarTurn
omna apmrerca. CiaemoBaTenpHo, BCe 0CO0EHHOCTII pasfelne-
HIA 3BE3HLIX MOJCHCTeM Ha cepIrieckiie, IPOMeKYTOTHLIE I
OJOCKHEe ¢ y9eToM H3MEeHEHHA XHMHITecKOoTo COCTaBa MOMKHO
JICTKO JOﬁ'I:HCHHTB, o0 Kpaiimeit Mepe KaTeCTBEHHO.

Teneps BepHEMCA K BOIPOCY 0 MeXaHH3M® KOHIEHCAIHI
NpoTO3BE3d U3 Me;R3BesfHoil cpepsl. Brmime B aTolf raase
MuI paccMaTpuBaim ofpazopaHme Hanbogee MOJONHIX 3BE3T,
uo YUATHBAAN (U3NYECKOe COCTOSHHE MEK3BE3IHOIO rasa
B HACTOAME®e BpeMs., ITOT Traz 0(0rarT TA/KENLIMH DIEMCH-
TAMI H, YTO OUeHb Ba;KHO, HMeeT AOCTATOYHO 0GHIBHYIO OpH-
Mech JaCTHI, KoCMIYecKoil meiin, Ee cymecTBeHnoe 3HaueHHE
it Beeil TpobaeMsl 3aKJI0OUAGTCSA B TOM, YTO HA IHAN 06-
pasywores Moleryust H,, mandomee ofdexTnBHO OXIaKAAIO-
Hime Me;R3BE3NHBIA ra3. Ja m cadi 9acTHI(EL KOCMMIECKOil bl
A cHoCco0CTBYIOT OXJRIEHHII0 Meri3Be3[Horo rasa, dKpa-
UUPYA HeApa IJIOTHBX OOMAKOB 0T BHEIIHETO H3JAYTeHHA,

B mavanbHOM COCTOANNH MEHI3BE3IHOTO Tasa THAHKENBIX
pIreMenToB OBIZIO MaJo WL uX Boobme ne 6uto. Iosroymy Tam
He OBUIO M KOCMHYECKOH NELIH, a CllefoBaTelbHO, 3aTPymA-
nock u obpasoBaune Molexy:: Bogopoja. Ilpasma, memasBesy-
Hele Moaeryasl H, MoTyT ofpasoshiBarhes 1 6e3 moMOII KOC-
MIIYECKOIl mBlIL, HO B CYIECTBEIINO MEHLIICM KOJIIeCTBE.
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Bee aro HpHBOI{HT K TOMY, 49TO Ha PaHHHX 3Tamax 2BOJONIK
MEKBBE3JHOM Cpeisl MEeXaHH3MBl OXNKACHHA [eciicTBYIOT
BHAMHTENBHO Xyike. ECHH Y COBPeMEHHOTO MeHK3BEe3JHOTO
Ta3a MBBECTHHIE MEXAHH3MH OXJIAMKAEHHA MOLYT IIOHI3HTD
ero TeMueparypy mo (4 = 6) °K, 1o y «panmero» Me;R3pesji-
HOTO Taza TeMIepaTypa BpsAJ Au HmoHmkaerca mmke (200 —=-
- 300) °K.

I7o 3aRIIOUEHNEe HOCKOJILKO M3MEHAET KAPTHHY IIpoliecca
3BesmoobpasoBanma Ha Hadaasumx oramax. Cobersenno, ob-
mas cxeMma ocTaeTcA Impeskueil U BCe IPUBeJCHHEE BHIIE dop-
MYJIB OCTAKTCA cupaseuinBhiMi. TolBKO Temeps B ONEHKAX
ny:;xH0 Gpars GoJblTee sHawenie I Temmeparyp. 910 03Ha-
waer, YTO HA HavajJbHOM dTame dpomonmu ['amakrmrm Goxee
pepoaTHo ofpasoBaHme MACCHBHAHIX 3Be3si I GOJBIINX CKOM-
genmit. Maccupnbsle aBesfsl, 00pa3eBaBIINCCA HA HATANBHOM
arame, GHCTPO DBOMOIHOHHPYIOT M B3PLIBAIOTCH, (3arpas-
HUEBY MEK3BE3NEYI0 CPEAY TMKeNBMHE diementaMum. IHauams-
HBIX MACCHBHEIX 3Be3J] K HaCTOSNEMY BPEMEHU yike He OCTa-
Joch, a Te, UTO COXPAHNIIHNCE,— 3T0 00pA30BABIIIECA He-
CKONMBKO IO3/[HEe Meiee MACCHBHLIE 3BE3JH, DBOJIONIIOHHAPY-
oImme MeJieHHo. Boibline CHONNeHHS CTAPHIX 3BE3J — 3TO
TaK HASLIBACGMEC IIAPOBLIE CROMJIEHHS, TAIKe COCTOAIIHE W3
3BE3/IC MAJHIM COTEP/RAHHIEM TSLRENHIX 9ieMenToB. Tak mpH-
MepHO BHIINIAAAT CXeMa II0CHeZ0oBaTeIbHOT0 00pasoBanus mpo-
TO3BE3[[ W 3aTeM 3Be3/J W3 MEK3IBEBNHOH Ccpefs Ha pAa3HHX
DTATIAX ee DBOJIOIIN. 3/[eCh MOKA TONBKO KATeCTBEHHAA Kap-
tuea. BHIo mpopefeHo, KOHeYHO, M HECKOXBKO Kolmdect-
BEHHHIX pAaCIeTOB.

Pasymeercsi, B 9TOH Mojienn eme MEOT0e HefCHO, HO B Iie-
JOM HKOHTYPHI C¢XeMil o0pazoBaHMA NPOTO3BE3d M 3Be3f Ka-
JKYTCA OCTATOTHO WETKIMIL.

Bynem mameaThes, 4To B GyAymmeM oTa cXeMa COXPaHHT-
¢f, XOTA B Tpolecce AeNLHENHNIET0 HCCHEHOBAHEA, BEPOATHO,
BHIICHUTCA W MHOI'O HOBOTO.

Taraea decamas

9BOJIIOINA 3BE3J

Mrax, MB paccioTpenn mpoIece BCTYANCHIA NPOTO3Be3-
ABL Ha TJI2BHYIO HOCIE[OBATEILHOCTH, MPOIECe IPeBpallens
ee B 3pe3xy. Temepsr OGyuem paceMaTpmBaTth OBOJIOIIID
8Be3q. ITO I Jerde M TPyjuee. Jlerde moToMy, UTO 3BE3IH
Ha0MI0FAI0TCS T MBI MO/EEM IO JTAHIEIM Habaoeniii or6pocuTs
HEYOAUNEle TEeOPETHUECKIIE MOCTPOENIA, MOKEeM pPYKOBOJI-
CTBOBATHCA HAGIIONEHIIAMI B HAXO/KAGHHN PasAMUHKX 3a-
KOHOMEDHOCTeI, OUPEeJeNIAONIIX DBOMIONNID 3Be3l. A Tpyi-

© Hee IIOTOMY, TTO, B OTINYIIC OT CIYTIad MPOTO3BE3J[, 3/iech

Heo0XOIMMO MAMETH TOUHEIE JaHHEE O TeMIeparype I ILIOT-
HOCTH 3BE3/IHOI0 BeIEecTsa, 0 ero XHMIIeCKOM COCTaBe, 0 pac-
TpeJecHOI MACCH BHYTPH 3BE3fLI, O €¢ BpPAULEHIm I T. I
B camom pene, ©yBCTBHUTENBHOCTh TEDPMOAHEPHHIX peaRImit
K TeMIepaType He MO3BOJSET 3[ech NMONL30BATHCHA IIPOCTHIMIL
YHCJIEIHLIMII OI[€HKAMII, TAKIMN, KaKHe ML IDIMEeHsIII B Ipe-
puayieii raaBe. X HUMHTeCKHH COCTAR OIPENESIAeT Hempoapat-
HOCTE, POJIE PABHEIX TEPMOAAEPHEIX peaximil, B romeymoym cue-
Teé ero BJANAHMAE HA DBONIOIMHIO 3BE3JEl TO;Ke BeChMa CILILHO,
Hagomern, 1 9710, BepoATHo, CadMoe IJIABHOE: CIII HBOJIONUI
IIPOTO3BE3NIH TIOUTH He 3aBUCAT OT e¢ BHYTPEHHeH CTPYRTY-
PH, TO B ClyYae 3Be3]] KApPTHHA COBEePHICHHO WIas, B TeM
ssl ckopo i yoepmyesa. Ilosromy mampamunsaercst BEIBOM: IS
H3YUeHNA  DBONIOINI 3Be3x Heo0XoAmMo paccuIuTaTh Kak
MOsKHO Dodblie nadoee TOYMEIX 3BE3JINLIX Mojeneii. bes mo-
somn IBM specs nmrarx me ofoiiTucs.

Ho rawecrmennymw raprumy, xapaxtep DBOJIONHI 3Be3,
MO;RHO IOJAYINTH I IPH IOMOIIN 5IGMEGHTAPHEIX coofpaske-
Hmif, Ha oCHOBE TeX AAHHHIX 0 (USHKE 3BE3N, ¢ KOTODPBIMI
YHTATENH YiKe NO3HAROMIJICA B mpemmaymmx rrapax. Ilo-
OTOMY MLI CHAYA/a ONHEIEM 9Ty KAYCCTBEHHYIO KapTIHHY, a
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TOTOM IPHBEAEM KOHMKPETHEIE [AaHuLle,
synnrare pacderon na IBM.

IIpim c;kaTim MPOTO3BE3AH! €€ MEHTPAIbias TeMICpPaTypa
pacrer coramacno Qopymynre (9) (mrm (7), ecmr npuHATH
p=0,6). Temeprp yarem, uro TEPMOS/IEPHIIC PEAKIAN Cropa-
HIA BOJOPOJIa MAYMHAIOTCA IPH Temmeparype B 8 mium. rpa-
nycos. IloncraBus oro smavenme B (7), HoxydaeM, 4TO B Mo-
MEHT ¢BRIIOUCHIIAY TePMOSAePHBIX ICTOYHIKOB Paguyc npoTo-
sseannt b1 R = 1,7 Rg M/Mg. 9to memuoro Gonpine, uem
ee pajuyc Ha rIaBHoil IOCNeJ0oBaTeNLHOCTII, HO Beb IepBoe
¢BRIIOUERNEY TEePMOAJePHEX ICTOYHIKOB elje He B COCTOA-
HUH OCTAHOBATE C:RATHA. TOJBKO TOTHA, KOrja YCTAHOBHTCH
paBHOBECHE MEKIY TeHnepalHell 5HEPTHH I ee OTBOJOM COr-
JACHO COOTHONMEHHIO MacCa — CBETHMOCTL, 3Be3Ja  OKOI-
MaTeNBHO 4CANATCA» Ha TIIABHYI HOCIEN0BATeIbHOCTh. ¥
3BE3J] MAaJIOl MacChl «PafEyC BRINUEHNA) TEPMOAIEPHHX
HCTOYHHKOB TOKE MaJl — eCJIH OH OKayKeTCsI MEeHbLIe Pajinyca
feloro KapiIMKAa COOTBETCTBYIOMEll Macechl, To BOMIOPOI TaK
H He 3aTOPHTCH.

Ecmm MB Ha jmarpaMMe CIEKTP — CBETHMOCTH HAHECEM
reoMeTpHYecKoe MecTo TOUeK, ONNCHBAIOMNX NONoMKenue (1. e,
CBETHMOCTE M PAajiUyC) 3Be3J] Pa3HOIl MAaCCH, B KOTOPHX TONb-
KO UT0 YCTAHOBHNNICEH TEPMOAJEPHLE DPeakINH, TO MK IOJY-
YAM JHINI0, Ha3BBAEMYIO TJIABHOH HOCTEN0BATEIHHOCTEHIO
«iynesoro sospacrayr. Ilomo:renne ee sasucut or BH6pannoro
XIMAYECKOTo cocTaBa. st seesn macemenma | Tmma ee mouo-
JKeHIe CoBIafiaeT ¢ HIDKHell KpoMxodl nabmiomaemeii riaan-
HOIl II0CTef0BATeNLHOCTH. ¥ GeNHBIX THRENHIMH BJIEMEHTAMI
spean macemennsa Il Tmma' mocmemoBaTeqnHOCTE HYyZEBOTO
BO3pacTa COBHAJIAeT € IIOCIeA0BATENILHOCTHI0 CYGKAPIMKOB,
Ha pmarpamme macca — cpermmocts (cm. pme. 11) Toske
panecena I0CHeA0BATEIBHOCTE HYJIEBOTO BO3pacTa (HE/KHAA
KpuBas).

C momenTa momafaHmA Ha IOCHEA0BATEILHOCTH HYJIEBOTO
BO3pacTa B 3Be3/ie HAYHHAETCA BHTOPAHHE BOZOPOAA — B TpPo-
TOHHEIX PEARNUAX Y MAJIEIX II0 MACCe 3Be3J W B YIJIePONHO-
430THOM IHKIe B MACCHBHEIX 3Be3faX. UTo mpm sToM mpomc-
xonut co 3Beanoii? [Tommiraemcs coo6pasnts, HCIOTB3YA A
aroro Gopmyny (9). ITo Mepe BHropanns BoToOpONA YBENHUN-
BAETCA MOJIEKYJIAPHEIL Bec — cordacuo (9) aTo momskmo mpuH-
BECTH K yBeNMIeHHI0 creTnMocTn. Ho urobur ofecmeunsn Bos-
POCIIYIO CBETHMOCTh HPH MEHBIIEM CONEP;KAHIE BOLOPOJA,
ases3jle OPUXOQATCA MOBHINATE TeMIepPaTypy. A 5T0 B €BOWO
ouepejb NPABOJHT K yMEHLIIEHHI0 HEOpO3pavHOCTH M, Cle-
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nollydeHnsie B pe-

BT T

JOBATENBHO, K AAJNLHEHNIeMy MOBHUIEHHIO CBETHMOCTII (COT-
nacimo Bee Toil ke gopmyne (9)). HMrax, mo mepe Boropaums
BOJOPO/J& CBETHMOCTH 3Be3[Bl yBeImYuBaeTcd — Ha pme. 11
9T0 H300pPaKeH0 BEPTHRAJIBHEIMI CTPEJIKAMI.

Wamenenne pammyca 3Be3fsl MOKIIO OLGHHTL IO (JOpMyIe
(5). Temmeparypa T, HeMHOTO BO3PACTAET CO BPEMEHEM, HO
O4YeHEk HEMHOTI'0, TAK KaK 113-34 YYBCTBHTEJIBHOCTH Tepmosauaep-
HBIX peaxnuili K TeMmueparype MOCTATOYHO JMINEb CAMOLQ He-
GoablIOro ee yBeAnYeHHdA, JYTOOH CHJIBHO YBEANIHTh REXOLI
SHEeprum, a 87T0 COTJACHO (D) AONKHO DPHBECTH K HeGoablIo-
My yMeHbIIeHNIO pajuyca speajnsl, Ho zaro mo mepe BHITOpA-
HIA BOJOPOJA B 3Be3jle VBEJINYIBAETCA MOJNEKYIAPHLIH
Bec,” uro odycacepameaer corsacHo (D) Oosee BamerHoe yBe-
menne pagunyca 3sesnast. OHO okaskiBaerca Godee cymect-
BOHNEIM, J B IGJIOM CO BPEMEHeM DajmyC 3Be3jil pacret.
Tounnie pacueT: DIOKA3HBAIOT, UTO XOTHA CBETIMOCTE I Y BeJIH-
UnBAETCA, HO PAJNYC YBENNTHBAETCs OBICTPee, TAK 9TO II0-
BepXIoCTHAA TemiepaTypa majaer. llpaspma, »TH TouHLIe
PACTIETHl 3ABHCAT OT NPEJUONGHEHNA O NePeMeNInBaHNIT
BBE3HOTO BemecTsa. Ecim NPeNIONOKATH, Kak ceifgac aTo
U [[efaercsa, 970 0TeHb CHJBHOTO HePeMeIMUBAHUA HET N UTO
BOIOPOJ BEITOPAET TPeHMYIeCTBEHHO B HEHTPE, TO HOBePXHOCT-
Haa Temmeparypa magaer. OmHarko, ecid HONYCTHTh, 4TO B
3Be3fie ecTh CHJNIBHOE mepeMemmBaHue (TaKkoe, 9TO cofeP:KaHme
BOMOPOIA PABHOMEPHO YMEHLINAETCA IO Bcf,ﬁ 3Besne), To
MOYKHO DOJAYUHThH I MOBEIIEHIIE MIOBEPXHOCTHOI TeMIepary pul.
Brfop MeKIy ABYMS BTHMH IPeAOONO/KEHHAMH B IOJB3Y
OepBoro ANKTYeTcs RAHHBIMH HAOIIOZemHil — MLL K STOMY
BOOPOCY IO3:e BepPHEeMCH.

ITockompRY [gasike IPH LONHOM BHTOPAHUH BOZOPOAA MO-
NeKyJTAPHH Bec MEHAETCA HeHAMHOTro (cM. riaasy 2), MORHO
3aKJII0OYATE, 9TO B TEYEAHe BCero HTOT0 BPeMeHH I CBeTHMOCTH
W pajuyc 3Besfhl HSMEHAIOTCA Majo, T. e, 3Besfla Bce 9TO
ppems GYIeT OCTABATHLCA B HpefeJaX CPABHHTENBHO Y3Koi
MOAOCH TAABHOH IOCIEI0BATEIBHOCTH — COOCTBEHHO IIMEH-
HO HEe3HATATEAbHEM H3MEHeHHeM CBeTHMOCTH H IMOBeDXHOCT-
HOII TeMIepaTypH B TEYCHHE BCETo BPEMOHN BEITOPANHA BOJIO-
poja M OmpeJeNAeTcA CYMECTBOBAHIe IIaBHOIl mociefosa-
TEJBLHOCTH KaK XOPOIIO BHEIPAMKeHHOH 3aKOIOMEPIIOCTH.

ITojimem mampme. IlockonpRy cofepikamiie Bojopoja B
3Be3/le IPONOPIMOHANBHO e MAcce, a CKOPOCTh ero Pacxoo-
pamua (T, €, CBeTHMOCTEH) IPONOPLUONAJBHA Macce B Kyoe
(nam jaske B Golee BHICOKON CTeNEHI), TO FCHO, 9TO BOLOPOX
MHOTO OLICTPee BHICOPHT B MACCHBULIX I TOPAYMX 3Be3Jax,
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weMm B HeGoapmux m xonopmiix. Ha pme. 11 mpusementr Bpe-
MeHA BHT'OpAaHHsA BOJOPOJA B 3BE3JaX PasHEIX Macc. ¥ 3Be3qH
¢ maccoit 8 15 mace ColHIA OH BEITOPHT BCETO 3a HECATH MHJ-
amomom Jer, a y sBeagsl B uerseprh macckl Couamma — 3a
ceMBIECAT MHIIHapmoB Jjer. JIssectHo, 4To Habmiomaemas
HaME 9acTh Dcenemmoit cymecrsyer oxomo 10 mupm. mer.
OTclofia ClelyeT, Wro Jlaske caMble CTaphkle U3 3Be3] C Mac-
coil MeHEBIIe COJHEUHOH TaK H He YCHeNIN ee ¢C/Kedby CBOf
BOTOPOX M ViiTH ¢ TIaBHOH IocJaeNoBATeNLHOCTH — Gouece
TOTO, CAMBHE Malble 3Be3NH IOYTH HEe OTONLIH I OT mOCJAeno-
BaTeILHOCTH HIyldeBoro Bozpacra. Ha pme. 11 mrpmxosoii
amameil m3obpasieHo moio:ieHme 3Bean meboXbOIoil MaccH
wyepes 100 jgrer mocsie HavaZa BHITOPAHNSI BOAOPOAA, IOA-
TBeP:RAAIINee CKABAHHEOE BLINIE.

HMrax, 9BOMIONUS 3BE3] ¢ MACCOII MeHbIe COJNHCIHOIL, T. €.
HonaBiAnmero GOJBIIMHCTBA 3BE3J(, NPOCTAa M JiasKe HEIHTe-
pecHa. JTH 3Be3/IE KaK TMOWAJH Ha [JIABHYIO [OCHE0BATENb-
HocTh (macernenue I THma) mim Ha MOCHeNOBATeILHOCTH CyG-
rapanxos (Hacenenme Il rTuma), Tak W ocTammch mOITH HA
ToM ke caMoM Mecte. HeMHOTO YReITINBAETCA APROCTD, ClIer-
Ka YJMEHDUIAeTCA IIOBEPXHOCTHASA TEMIEPaTypa M HpPaKTH-
YECKII He MeHsIeTCA CTPYKTypa 2Besfhl.

SaragmIBasg H3T0KeNHe TeOPHH HBOJIONMN MATBX 3Be3/,
saMeTHM ciaefylomee. Har morasalm pacderrl, 3Besfa ocTa-
eTCS TIONHOCTLI0 KONBeKRTHBHOII M HA CTAHU IIaBuoii mocxe-
[MOBATEIBIIOCTII, ECHH €@ Macca HAaXOTUTCA B Ipefeaax
0,08 Mg << M << 0,26 Mg (upm Gonrpmux Maccax ofpaayercsa
aryauctoe sjpo). [lockonsKy Bech IeHTPaXbAA TeMIIepPaTypa
HEBEeJNKA, IPOTOHHLIE PEAKINEI KOHTAITCA HA 00pazoBaHHU
He?®, xotopmii y:ie ne mosxer upeppartursed B Het. 3a 10 mapp,.
aer cropur oxoixo 1% BoJopoma, Tak Uro oTHomeHHe Co-
mepsxamua He® B atmx sBesgax K comepkammio IHe' moer
cocraBaTh okoxmo 3%. 3mesmut ¢ M < 0,08 Mg, mnmys
CTATINIO TEPMOATIEDHHX PeaKnmil (TeMImeparypa BHYTDH HHX
He JlocTHTaeT 8 MJH. I'PAajlycoB), CPasy MepexoNAT B COCTOA-
HII¢ BHIPOKCHHLIX KPAaCHHIX KapIHKOB.

Dpoaonusa 38e3 GONBNION MacCHL TOPA3A0 CIOMKHCE H
unTepecuee. IlpocienuM 3a oTHMH 3BesfgaMu. Y MacCHBHBIX
3Be3], KaK MBI y:Ke BHAEeM, BCOTJIa ecTh KONBEKTHBHOE fAMApO,
B KotopoM comepsxarca 10—40% maccnr Beeil spesjul. 31ech
pofiopon, OEICTPO IepeMemuBaeTCs, HO W OBICTPO CrOPAer.
Oppako HeACHO, IPOHCXONHT AR o0MeH BellecTBa MERAY
HOHBEKTHBHEM SEPOM H OKDY:Hawmeil ero 000X0IKol, B KO-
TOPOIt DHEPIUA TEPEHOCHTCH HBIyIeHAeM, DeposaTHee BCEToy
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oTOTO O0OMEHA TMOUTH HET — BO BCAKOM CIydae, eclu He cfe-
JaTh TAKOTO HDOIIONOKeHHs, He NOJYUHATCA CXeMa JBONIo-
IMH 3Be3], corrTacoBanuas ¢ ganmmmn mabaogenui., Ho som-
POC O TePEeMENTABATII eHIe OCTAETCA OTKPHITHIM.

Hlonycrmm, uro cymecrBenmoro ofMema Maccoil MLy
KOHBEKTHBHBIM #IPOM B 00JIaCTHI0 TepeHoca DHODPIME H3IY-
UeHHeM HCT M DACCMOTPHM, K 9eMY 2T0 mpuseger. Bogopox
Gymer BHTOPATH CHAYAJA PABHOMEDHO 110 BCEMY KOMNBEKTHB-
momy aapy. Ho, rar noxasamm wmcmenmsie pacuersr, mo
Mepe YMeHBUICHNA COAe]IKaHHA BOKOPOXA B INEHTPATLHEX
YACTAX 3BEe3JH KOHBEKTHBHOE AAPO TAKIKE YMEHDLIIACTCH It
mo Macce H mo pasmepy. Horua comepsxanne Boopoga ymens-
mmrea or X = 0,7 o X = 0,05, macca xonpexrusnoro agpa
YMEHLIINTCA B JIBa-TPH pasa, a ero DasMep yMeHBIINTCH
eme Oonpme GuarogapsA JOHNOXHUTOIALHOMY CHKATHIO Be-
mecTsa B uentpe aseams. Ilpm atoyM Temmepartypa B memtpe
Bospacrer na 10—15%, a menTpambHas MWIOTHOCTH YBeiam-
gures na 15—20%. 3pesna ocraeres ma raaBnoii mocienopa-
TeJILHOCTH JIO TeX IMOP, IOKa B ee, TEIEPH YiKe MAaJoM, KOHBEK-
THBHOM fAJpe coiep:hanue Bopopona e ymager mo 1%. UYro
JKe IIPON30ier Iocie neYepuanist BOJ0PoJa B IENTPe 3Be3qh?

IloTox ameprum U3 Hep 3BE3JH yike He OyIeT KOMIEHCH-
POBATLCA TEPMOANEDHBIMII PEAKUNAME, H 3Be3ja UATMeT
CRIMATLCA, L0 Kpaliveil Mepe ce INEnTPAJIBHAA YACTh, ITIE
faBieHlle HAUHET yMeubmmathcs panbme. Ho cikatme sBeamnr
OIATH YBENHYAT TEMIEPATYPY NENTPaJbHLIX dacreil. By-
[IeT pacTH W TeMIepaTypa NEHTPAALIOro, yike GesBogoponi-
HOTO sAApa (OHO Temeph COCTONT NOYTH H3 YUCTOTO TeIHA) H
TeMIeparypa OKpy:;Ratomieil afpo wacTu 000NOUKH, B KOTO-
POl NPOHMCXOAHT JIYUYMCTHII mepenoc osueprum. Haxomern,
8Jlech TeMIepPaTypa HOBLICHTCA HACTOJNBKO, YTO BOJOPOJ 3aro-
PHTCS BO BHYTPEHHUX YacTAX aToil ofomouku. Teneps sseaga
OymeT mMeTh TAKYIO CTPYKTYPY: HEHTPANBHOE TelHeBOe H30-
TepMutecKoe (T, e. HAXOAAIEECA NPH TOCTOSHION TeMme-
parype) Axpo ORDY;KEHO TONKUM CT0eM, B KOTOPOM HJIYT Tep-
MosiiepHEe pearuun Grarogapa TOMY, UTO 3Jech eme coxpa-
HHJACSA BOJOPON, BaTeM CICAYeT 0CTAaXbHAM MacTh 000IOUKN,
B KOTOPOIl 9HCPTHA TEPEHOCHTCS N3IYUSHHEM,

Mosrer s cymecrsopaTh Takan ssesga? UnraTexs, Bepo-
ATHO, IIOMHHT, 9T0 TOZO0HYI0 CTPYKTYPY HMEIOT BUYTPEHHHC
9acTH KPACHOTO TIHTaHTa, y KOTOPOTO, OFHAKO, €CTh, KpPOME
ONHCAHHLIX BELIIIE C/I0EB, eIIC I 096D NPOTAMEHIIAN BHOIILL;
oflollouKa ¢ MEPENOCOM PHEPTHH KouBekumeir. Ilo-BummMomy,
TAKAA KOHBeKRTHBIAA ofojmouxa neodxommma,
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Ilpu cikaTinm m30TePMHYECKOTO AJPA B HeM IIOBHUIACTCH
TIOTIIOCTE, HO B OKPY/KAIOWEeM €ro ¢Jioe Topenusa BoJopPofa
MIIOTHOCTh He AOMHA HOoBHmMarthesa. Kemm Gu oro ciyum-
N0CH, TO PE3KO YCHIHMIOCH OHI BHITEJICHHE DHEPIuH (MIOTO BO-
fopoja, OOXbIIAfg TeMIEPATypPa H INIOTHOCTE) M BHAYNTEILHO
yMeHLIIHIAck OH mpospaumocTh BemecTBa. Ho 2To mHe Mo-
JWET HMETH MOCTA&, WOCKOJBKY KOTHUIECTBO TEHEPUPYeMoH B
BBEe3Jle DHEPTHH BCEITA Peryimpyercs TemIOOTBOMOM IOCHeN-
neil. VYBeiuuenne BHAENEHHA DHEPIHH C  OLMOBPEMEHHbIM
VMeHBIIeHHeM NPO3PAaYHOCTH IPHBOAUT K LAPYIIEHII0 9TOTO
npannuna. Orcloma ciegyer, 4Yro yBeJAHYEHIEe IJIOTHOCTH
IEATPAJBUOro AApA e TOJABKO HO CONPOBOMNACTCA yBeauue-
nueM INIOTHOCTH Ta3a B npmieranomeil ofosouke, mo, naoGo-
POT, IPHBOJUT K ee yMeHblmenuio. lszorepmmueckas wactn
CIKEMARTCS, 4 CIOH ¢ TopeHumeM BOJOPOJA OCTASTCH Ha MecTe.
Ho paspe:xenma B 3Besjie HeBO3MO;KHE, IJIOTHOCTD Tasa

JOJ;KHA BCe BPEMA YMEHBIIATLCA € YHaJeHHeM OT IeHTpa..

Taxam o6pasom, orassiBaercs, 9T0 o0pasoBande CIOA ¢ ro-
pPeHEeM BOAOPOJAa, OKPYI/KAIOIIero H30TeDMHUECKOe ALPO,
Hem30e/KHO JIOJZKHO CONPOBOMKHATHCS pacliEpenumeM. Bo
BHEIIHHEX CJI0AX pacHIApHBIIelcA 3Be3[bl majaeT TeMiiepa-
Typa, YMEHBIIACTCA MPO3PATHOCTL M DTH CJIOH MEPEeXONAT B
COCTOAHNEe KOHBEeKTHBHOT'O IIEPEHOCA DHEPTHH.

Kopoue rosops, mocie Hauyaza TOPeHAA BOLOPONA B CIOMC-
TOM MCTOUHMKe ORIBIIAs 3Besga IMIaBHOM MOCIeL0BATEIhHOCTH
upeBpamiaeTcs B THIHYNHHE KPACHEIH TIHTAHT €O CJOKHBEIM
BHYTPEHHHM CTDPOGHHEM.

UnraTenio 9TH Ka9eCTBEEHLIE PACCY/KICHHS, MOKET GHTH,

DoKaMyTea HeyOemurenbHuME. UTo ke, MpocTHE UHCHEHHELE
OLIEHKH TPOBECTH BJlech He YAAeTCA, HO MHOTOTHCICHHEE pac-
9eTH DBONIONUH 3BEe3JHLIX Moflelell mOXTBEPAMIM OTH Hpef-
CTaBIEHHS,

Mesxny mpouns, B IpoIecce Mepexojia K CTALHE KPacHOTO
THrauTa C].]eTIIMOCTI: 3Be3Ikl HEKOTOopoe BpeMsa Meo:deT ga;ie
YMEHBIIATHCA, TAK KaK 3HAYATENLHAS YacTh BEpabaThiBae-
Moil DHepTHH HIeT Hd pasnyBaHne oGONOUKHE 3BE3TH M ee ¢3a-
KMOAHNe», T. €. YCTAaHOBIeHHe B Helf xouBewnuu. IIpu stom
CHJIBHO YMENDLUIAETCA I HOBEPXHOCTHAS Temueparypa. Opgma-
KO IOTOM CBETHMOCTD OOATH HAYMHACT PacTi.

Mosxer M CHOMCTEI UCTOYHNEK IPEBDPATHTH B TeJNHil BeCh
BOJNOPOZ H C/eJIaTh TeM CAMHIM I3 3Be3Ibl H30TepMHUUYecKKil ra-
soBed map? OxasuBaercs, Her. Jlerko cooGpa3surhb, 4T0 H30-
TepMAYECKNil ragoBriil map Oymer NeycToiiduB, HOCKONLKY
BuyTpeunee AaBicHue rasa Oymer HeJOCTATOMHLIM JJIA TOTO,
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97008l yHep:iaTh BepXHUe CJI0H, KOTOPHE, HIOMMMO CBOErO
peca, AQBAT WA BHYTPeHHIE CIOM H H3-3a BHICOKOI Temme-
parypri. Beerma B rasoBoM Imape, CICP:RHBREMOM CBOMM
coOCTBCHIIIM TATOTEHHEM, TeMIeparypa JoJ:KHa pacta ot
TMOBEPXHOCT K IEHTPY. HODTOMY I IJeHTpaabioe aoTepMu-
UecKoe HAXpo T MOJRET «3aXBaTHTDL? BCI 3BC3NY. PﬂC"IGT
MOKA3LIBACT, HTO C€CJH B HM30TEPMIIYCCKOM TCIICROM sape
cocpeporounrea Gonee wem 0,21 p? wacTn mMaccnt spesmu, TO
OHA OLATH HAUIET CHRUMATLCS, HE3aRUCIMO OT TOTO, TOPHT JK
BOJOPOR B CIOMCTOM HMCTOYHHMKE I HET (37leCh [l ~— MOJEKY-
AApHEEL Bec BemecTRa BHe Teimesoro anpa). Teummeparypa
B LENTPC HMBOTEPMHYecKoro sjpa mauner mommmarbes. Hor-
Jla OHA JOCTHTHET CTa MHJIJIHOHOB TPafycoB (WIH HEMHOTO
Gonpime), maunercsa TpoiHoil adpda-mpouecc ~— obpasonanme
yIaepojia u3 rejms. Pasymeercs, Teamil 3aropacTed cHavama
B IeHTpe 3Be3H, U HAma 3Be3la ONATH CTANOBHTCA MOXO-
;Keff HA CBOI0 LEPBOHATAJNBLIYW MOMENEL — TePMOALCPIbIe
NCTOUHHKN B I[eHTPANbHOM KomBexTHBHOM sgpe. Mcuesaer
KomBeKTHBHASA o00mouxa M LOABJIAETCA TOpAYAA H OY€HD
ApKAA 3Be3Na. JaTeM BCe MOBTOPAETCH CHOBA, HO HA NpY-
rom atame, Leinnil B sAjppe Briropaer, ofpasyeTcs 3Besfa co
CIOMCTHM TeTHEeBLIM HCTOUHIKOM H IPOTSKEHHOI KOHBEKTHB-
1oit oGonoukoii. Bee, wro OHIO cKazaHo BhIIIe O 3Be3le €O
CIONCTHM BOJKOPOAHHIM MCTOYHIKOM, CIPABCIAMBO M 3JieCh.
Tonbke eme peaue BHPa’KeHA KOHIEHTPANMA INIOTHOCTH K
nentpy 3besusl. OTHOCHTENLHHIE paguyC TeNHEBOTO CIOMC-
TOFO MCTOUHHKA B IATH Pas MeHbINe, 9eM OTHOCHTeNbHEIl pa-
Iuyc BOJOpOMmoro TepMoanepmore cxos. llomumii papuyc
eme GoJbIle H 3BE3J[a CTAHOBUTCA GREITHIM WIH KPaCHBIM
CBEPXTHTAHTOM.

'K xoHIy BHTOPANHsA TeIHA B CJIOHCTOM HCTOTHMKE 00pa-
3yeTcA 3Be3Aa ¢ TAKMM CBOe0ODa3HLIM XHMIIECKHM COCTABOM:
B menrpanbuom sanpe (22—26% mo macce) copepssatcs dae-
meprtrr C, O, Ne u MeTasisl; 9T0 AAPO OKPYIKEIO ¢JIoeM, B KO-
TOpOM coxpammiucs Teamit (ero oxoro 3—5%), n eme namee
BHeIHell 060JM0UKOoi, cocTosell B OCHOBHOM H3 BOJLOPO/A
(71—73% macch).

3areM onATh HAYMHAETCS C;KATHE, TeMIIEpaTypa B LeUTpe
[OBLINAETCS, H, eCIH Maeca 3Be3jinl JOCTATOUHO BEIIKA, MO-
I'yT HAUATHCA APYTHE DEAKIH, PACCMOTPeHUEC B Iiase 4
(popmymsr 19)). Obpasyercs BsBesia ¢ HEHTPANBHEIM YIe-
POZHEIM HCTOUHHKOM, BATCM 3Be3fa €O CHOMCTLIM YIMCPOA-
HIM HCTOTHHKOM. . . Flo DTO yike He IPOCTOC ¢IIOBTOpPEHHE
npolifennoroy. - Pesko Boapacraer HEUTPHHEHAS CBETIMOCTD,
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BCO NPOIECCH CTAHOBATCA B3pHBHEMH. YUro gansime — 3T0
MB PACcCMOTPHM LIO3Ke.

JBomomAA 3Be3NAH OUGHBb HATLIANHO BHAHA HAa pHC. 23 H
24, nocrpoenunx P. Hunnenxanom. 3xeck maoGpasena nepe-
crpoiika 3Be3AH ¢ Maccoii B 7 Mg B mpomecce ee HBOIOIMH.
Tlo BepTEKaABHOIl OCH OTIOKEHA [LOJA MACCH BBE3MbI, 3aHA-
TOH TeM HIM HWHLIM CJI0EM, H 0 TOPH3OHTAJIBHOH ocm — Bpe-
M. Tak Kak sBONONUA 3Be3[H BO BPEMEHH IPOHCXONHT He-
paBHOMEpHO, TO MacmTal BpeMeHH HA TOPH30HTAJBHOH OCH
MEHAETCA NBaKOs. PaccMOTPAM 9TH pPHCYHKH Iojgpobmee.

ﬁ = j T T T T
O W 54 35 259 L6 26 267 L6 2% 46 HesC

Pre. 23. Hamenenne CTPYKTYDPH 3Be3s B NPONECCe e DBONIONUEM HA
CTajimi TOPERMA BOROPOofa. lIpaMan mMTPEXOBKA — 006MacTH TepMosnep-
HEIX pearnuil, QUrypHadZ INTPHXOBKA — KOHBEKTHBHEI® BOHEL

Har y:ie oTamedanmoch, o Mepe BHTOPaHUA BOLOPONA KOH-
BeKTHUBIOE HpPO0 yMEHLITAeTCA — 5TO H BUAHO Ha pue. 23,
rae (UrypHON IMTPHXOBKOH OTMeUeHH KOHBEKTHBHEIE 00-
nactr. [TocTemenmo HECKOABKO YMEHBIIAGTCS I OIA MACCH
B obaacrn, B KoTopoii ropnt Bogopox. IIpeGrupannio Ha IIas-
HOI 10CIe0BATeIbHOCTH COOTBETCTBYeT 9Tal, 0003HaTYeHHbIIT
Oyrpamu AC. Ho B Touke B cienxamo maMeHeEHe Macmrada
OCH BPEMEHHN JJIA TOT0, 4T00H «PacTAHYTHY Ha PHCYHKe IIKA-
Ay BpeMeHH [Af 9Tada KPACHHX FHTAHTOB.

B Toure C ropenme Bojopojia B Alpe NpeKpallaeTCd, HO
8aropaercA CHOMCTHI HCTOYHAK OPEBPATICHEA BOOPOJA B Te-
aumit. CHavaja ero OTHOCHTEJIBHAA Macca BEINKA — [0 He-
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CKOJNBKIX UPOIEHTOR OT MOJHON MACCH SBE3JIH, HO 3aTEM CI0-
HCTHE MCTOUNNK (LICTPO CTAHOBHTCH TOHKHM H B HEM C€O-
nepRATCeA Beero amms 1,5% macest spespnl. lof oTHM cmo-
HCTHIM IICTOMHMKOM HAXOFHTCH TejliieBoe AP0, B KOTOPOM
na sTane CD mmuero ne ropuT I TEMIEPATYpa KOTOPOTO OXH-
HAKOBA 1o Beeif oGiacTu AOpa, HO NOCTENENTO MOBLIIIAETCH
CO BPEMeHeM.

Ha pue. 23 mponurmnoBenne HOBEPXUIOCTION KOMBOKTIB-
HOil zounr B raybokiie Heopa 3BE3OH TPOMCXOJUT TOABKO HA
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Pue, 24, llaMmememme CTpYKTYPH 3BE3H B IPONMECCe e¢ SBOTIONII Ha
CTaNUE TOPeHMA Temusd.

pTalle HEOOCPENCTBEHHO Iepe[ 3aropammeM TelHsa B fApe
(DE). Ilo ppyrmMm pacueTaM KOHBEKTHBHAs] IOBEPXHOCTHAS
sona o0pa3yeTcs pambIIe.

B toure D saropaercs rexmii B uenTpe I OUATH 3UeCh BO3-
HAKAeT KOHBeKTHBHOC Anpo. Jansueilmas oBOMIOIIA 3BC3/IH
n3obpasmena na puc. 24, rjie MKaga BPEMEHH OIATH HECKOIBKO
c;rata. TepMOAJCPHBIE DEAKINN IIOCTABAAIOT DHEPTHIO JIIA
8BE3JIEL OZIIOBPEMEHHO B [BYX HCTOUHHKAX: TeaHNeBasg peax-
una «paloraeT» B ALpe, a BOMOPOA IPOAOJKAET TOPETDh B
CJHOMCTOM MCTOUHIKe. JaMerbre, 9Yr0o, KaK H CIeI0Balo
O:RUATH, BOMLOPOAULIE CIONCTLI HCTOYNHEKE IEpeMeniaetTCsd
BBEPX IO Macce 3Besjnl (T. e, ocrapmser 3a coloil Bed 00aB-
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HIYI0 IOJII0 MACCHI), IPH DTOM HACTh MACCLI 2BE3NLI, B KOTOPOIi
TOPHT BOJOPOM, oOctaercA 0ojiee ILIML Menee MOCTOAHHOIL
Xo0TA reamesas peaRIIA COGIUHEHHA TPeX s[ep Telus B OOHO
S1/[po yriepona u Aaer GoJabmoil BLIXOJ, 9NEPIUH, 3amacoB Ie-
nauA B Ape JOCTATOYHO I MOITOMY, HECMOTPA La OveHb
OONBPMYIO CBETHMOCTH, 3Be3la ¢ TeNHEeBEIM HCTOYHHKOM MO-
#HeT CYLIECTBOBATL BCETO B MECsTH pad MeHDLINe II0 BpeMem,

0041 | L ] I 1 i

I
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Puc. 25, DBomouuoHHAIT Tper 8Besst ¢ maccoii B 5 macc Coxmma,
npuaagiexkameif ® I tnny macenenna. Hmuxe yrasaEm ocobemmocrn
Kayemoil asH DBOMIONUM X JAMUTENLHOCTH 2THX (a3 B romax.

(1—2) — ropenie BOIODORA B KOHBeKTHBHOM sagpe, 6,4%-107 ;er, (2—3) — o0~
mee cxkaTHe speaper, 2,2.10° ger, (3—4) — BodropaHHe BOJOPOAA B CJAOHCTOM HC-
Tounnke, 1,4-10° ner, (4~—3) — ropemne BOLOpPOJA B TOJICTOM caoe, 1,2+10% mer,
(§—6) ~— pacHmpeHHe KOHBEKTHBHOIt o0omouxm, 8.10% jer, (6—7) — (asa kpace
Horo ruranta, 5-10° mer, (?—8§) — Boaropaune renus B sape, 6+10° mer, (8—-9§ —
ucUe3HOBEHHE KOHBeKTHBHOK ofGonouwu, 10° ner, (9—I0) — ropeHne relUg B Al-
pe, 9-109 mer, (19—11)-— DTOpUYNOE pACHMpENNEe KOHBCKTHBHON ODOIOYKM,
1[]‘ mer, (11-—-12) — caTne AfApa N0 Mepe BHIFOPAHUA Tenusm, (12—I13—14) —
CHOHCTRIT TeNHeBbIi MCTOTHHK, (I4—?) — HCilTpHHHEIE IOTEpH, KPACHHIl Chepx=
rAranT,

YeM ¢ BONOPOJHBEIM HCTOYHHKOM — Ha puc. 24 ato xopomnro
BHIO. 3areM Telmil B IeHTPe BBE3[L KOMYAETCA M 3aro-
paerca CHOUCTHIE reameBrhli nmcroynuk (oTMedeHNBIE TouRa-
mu G, H), ¥ 3Besftr moABisAerca yriepojpuoe, ANpo. Jaapmeii-
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mne 9HTANBl IBONIONUE HA pue. 24 mwe of03HAMENNT — IIX
0ueHL TPYAHO PACCUHTATD.

Pucynru 23 u 24 warananm, wo mis cpapHeHHA ¢ maio-
ACHHAMI TYINIC CTPONTE DBONILUONNLC TPEKH, KAK, HAIPI-
Mep, Ha pmc. 25, rje n306pasken DBOMIOMIONNLIE TPEK 3BC3JIH
¢ maccoit 8 & mace Comnma, paccYHTAHHLI aMepHKAIICKIM
acrpousnron H. Hoenonm. Tloxasano ussenenne cBeTuMoOCTH
I TOBEPXHOCTHON TEMUEDPATYPH 8Be3L B IIPOLeEcce ee HBo-
MIOINH, YKa3aHL OT/elNbHbe DTANE H XapaKTepHoe BpeMs
HAXOKYeHHA 3Be3JH Ha KajKkIoM H3 9THX 5TanoB., LmaBuoii
[OCIE0BATEIBHOCTH COOTBETCTBYET TPER Me:RAY Toukamu I 1
2. 3arem HeGonbmas dasa cixatua (&—J) H yeTaHOBIEHHE CJI0-
HCTOTO HCTOUHHKA. ¥ MEHbIIEHNE CBETHMOCTH 114 yuacTRe 5—0
CBABANO ¢ 3aTPAaTOIl DHEPTHH Ha pacmupenne KOHBEKTHBIOM
oGomourn. Ilommmes mox PHCYHKOM IO3BONAET HHTATENIO
pasofpaTeca Bo Beex (azax.

Taxue e 9BONIOIMOHEEE TPEKH A 3BE3][ ¢ PasHEIMH
MaccaMH IpPHBefleHH Ha pHC. 26. Umena y HOBOPOTHHX ToUeK
TPEKOB HMEIOT TOT jJKe CMEICH, UT0 M Ha puc. 25. Menmenmno
PBONIONHOAHPYIOMHAE B3Be3/BI Majoil Macch IOKa3amsl Ipe-
PHBUCTHIME JIRHITAMI,

JetaJlbAkie PacueTsl MOKABKBAIOT, UTO DHBOJIOIMA 3Be3
¢ mMaccamu B muTepBaxe 0,1 Mg < M << 3M ecan, xoneu-
HO, MPOIIIO0 [OCTATOUNHO BPEMEHHN JJIA HX 3BONIONHH, — HMEET
nexoropuie ocobennoctu. Ilpeskme Becero saMeTuMm, 9TO ecan
macca sBeamsl Menbnie €,5 M, To B TaKoil 3Besme renni Boob-
e He 3aropaerca, OOBACHEHNE 2TOMY ABIEHEI0 3aKII0YALTCH
B eaenyromem, Hak Myl yike 3HAEM, IO Mepe BLITOPAHHA BOJO-
Polia B OEHTPANbHON TacTH 3Be3NE IIOTHOCTL Tasa BJech
pacTer mM3-3a IOCTENEHHOTO CiKaTHA. ¥ 3Besl ¢ Majoil Mac-
coil ‘miormocts Oonbme u Temmeparypa Mempme. Oxasa-
J%0Ch, 9TO ¥ 8Be3) ¢ Maccamm, mersmumu 0,5 Mg, maotnocts

. HaCTOJIbKO BEIHHKA H TeMOepaTypa OTHOCHTEIBHO MaJa (IIQ-

CKOJIBKO MHIJIMOHOB T'PAAYCOB), UTO mPH CHATAN BO3HHKAET
BLIPO;KIeHNe 3NeKTPOHHOTO Ta3a. Jech IelImeBoe AAPO 0/IHO-
BPEMEHHO OKA3HIBAETCHA ITOCTPOGHHEIM U3 BHIPOMKIEHIOrO
prexTpounoro raza. Omo, mpaBia, HPONOIIRAET CHKIMATHCA
I [anbIie, HO Y BHPOMKIEHHOTO rasa HaBIenHe Onpelelaercs
TOJBKO MIOTHOCTBI0 H HMOOYTOMY 37ecs C:RaTHe He COIPOBOK-
AAeTCA DPOCTOM TeMIepaTypel. ¥ TaKHX 3Be3k TeMIeparypa
HUKOTAa He pocturaer sgavemms B 100 mmm. rpagycos, mHe-
00XOAUMBIX JIA BOBTOPAHMA TeNIHA.

¥ seesn ¢ Maccamu B muTtepsaze or 0,5 Mg 1o 3 Mg
ODH CRATHH IEHTPANBHOTO AJIPA TOKE HOABIAETCA JICKTPOH-
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; }10e BEIPOKJeHNe, HO B MeHbIelH cTenenn. 3eck TeMIepaTypa
'B IenTpe 3Be3ALl PACTET II0 Mepe BEITOPAHHs BOXOPOAA, HO
MelJleHHee, 9eM y Dojee MacCHBHLIX 3Be3N. B konegmom cyete
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Pue. 26. Snonouionpne TPeKH 3Besg pasuHux Macc. Uiena osmava-
10T Te die §asbl OBOJMIONME, YTO M Ha puc. 25.

TEMIICPATYPA OKa3bIBAGTCA BCE JKe JOCTATOUHOH JUIA HOTHKH-
Al  TeJms.

Ho rax On B KadecTBe KOMIEHCAL(MN 3a MeJICHHEIT poct
TEMIEDATYPLI, 3/lech Tenuil MO;KeT He IPOCTO 3aToPEThes,
a ke 4BCOLINHYTDL) (TAK HASBIBAEMAs TelleBas BCOLIIIKA),
O0bsicinM, B UeM CymHOCTS 5T0T0 ABtenud. [ua aToro cua-
YaJIa PaceMOTPIM, KaK IPOICXOJHUT 3aropanie Ielud B Mac-
CHBHLIX SBE3JaX, I7le HET BHPO;KIEHHS DIERTPOLHOIO Tasa.
TTo mepe cikaTns rasa TeMueparypa HOBLIIACTCH M MEIICHIO
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pacTer AaBlenmne TPaBOTanum. B HeKOTODHII MOMEHT TeMie-
paTypa CTAHOBHTCA AOCTATOUNOIl AJA BHIUYCHHA pPeaRIUH
ropenna renmsg. Haummaer BojgemaThes HHePTHA H TeMIepa-
Typa HDOBHIIIAETCA HECKOABKO OhICTpee, HO 113-3a 9TOT0 HAYH-
HaeT eme GoicTpee PacTH W AABJICHHE Ta3a, KOTOPOE OKA3kI-
BaeTen y:ke OOGMBINEM, deM f[aBieHme rpasuranmi. Slapo
3Be3NH HaunmmaeT OBICTPO PACIIMPATHLCA, M Ii3-3a DTOTO CHI-
siaerTca n30MTOUHHIT pocT Temmeparypil. B xoueunoyM cuere
ANPO 3BE3EL CPABNNTEIBHO CKOPO NPHXOAHT B pPaBHOBECIHe,
TPH KOTOPOM BHeJIeHIe DIEePTHH KOMICHCHDYETCHA OTBOOM
HAPYRY.

B afgpe ms 4acTHVHO BLHIPOKIEHHOTO BIEKTPOHHOTO Tasa
monoxenne mHoe. [lyers m 3specs Temmeparypa MocTHIIA
YPOBHS, IPH KOTOPOM HAYALOCH TOPenne Texnd. Brjemamrtoch
HEKOTOPOE KOJIMYECTBO OHEPTHH I Ta3 3AMETHO Harpejcs.
Ho pmaBmemme rasa H3MENILIOCh MAJIo, IOTOMY UT0 OHO, IO
Kpailneii Mepe YacTUYHO, ONPENeleno JICKTPOHHEIM BHIPO-
IeHIeM I OT TeMIepaTypsl saBucut cxabo. fjnpo npojomnaer
CKIMATECA H TeMICpPATyPa IPOJOT;RACT MOBHIIATHCA elle
Coictpee. A 910 npuBoOAUT K elie Gonec OHCTPOMY BO3IOPAHHID
TEIUA U K ellie GOoNbIIeMy MOBLIIICHHI0 TeMIepatypel. I Toan-
KO TOTJa, KOIJAa TeMICPATYpA CTAHET HACTONLKO BEICOKOIL,
YTO CHEMET BLIPOKIEHIE DIEKTPOHHOTO Tasa, sAJNpO 3BeaiLl
nauier pacmuparbesa. Ho 3a 9To BpeMs BEIXOJ 9HEPTHH H3-3a
reJmeBoil peaxuum cuabHO Bospacraer. Ilo cymecisy, mpo-
H3011/[eT B3PLIB, KOTOPHII H HABLIBAETCA TeNueRoll BCIMIIKOM.,
Taxosa TeopeTnuecKasa KapTHHA, 0 IOKA HE fCHO, KaK OHA
peanusyercsa B JleiicTBOTedbHOCTH, LIle pa3z HamoMmMuHaeM,
UTO 3BE3ZJLI ¢ MAJNOI MaccoM HBOJINNHEOHIPVIOT MEJNCHHO H
WOITOMY CKABAHHOE BHINE OTHOCHTCS K 3Be3faM, UpHHATIe-
JRAIIIM K 3Be3fHOMY Hacelenmo 11 toma, mOCKOIBKY TOJBKO
OHH YCIIeJH COMTH ¢ TXaBHOI MoCHeIoBATeALIIOCTH, ¥ 3Be3ji-
HOTO HaceJdeHnsa | THIa, mo-BHEAMOMY, JIHIODL 3BE3IEI ¢ MACCOIL,
Goapmeii 1,2—1,5 mace Coxnma, ycmenam coilTém ¢ rEaBHOL
HOCIeFOBATENLHOCTI.

Uncaennne PacueTHl HBONIONI 3BE3N OMPeHeNfior, Kak
SaBICAT OT BPEMECHH BHATEHHA PARHLIX HAaPAMETPOB, XapaKrte-
pusyomux 3Be3ny. MBI He »osKeM, KOHEYHO, NPIBOIUTH
31ech Ta0AHIN, B KOTOPHIX CONEp:KATCA 9TH HOApOOHbIe Aar-
npie. Ho mexoropoie Tabnumpl Bee jKe NPHBEACM; ONM IIOJNY-
TYensl HA OCHOBE MIOTOUHNCIASHHHX PACYETOB DABHHIX aBTOPOB.

B rabnune 6 mpuBemens xaparTepHLie Bpemena (B rojax)
npeHBAHOA HA TIABHOII HOCHEOBATEALHOCTI TpeX TPyl
3pesj ¢ pasHoil Maccoii, Ilepsan rpynna (sropoii croader) —
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Tadanua 6

Macea aunesjel
B eNHHNIAX
s accer ConHMA

3831 HOPMAD-
HOrQ COCTABA
(maccrne
TOJCHCTEMET)

3pesnsr
IPOMEH Y TOUHBIX
TOACHCTEM

3neamnr
chepruecising
MOACHETEM

64 2,5.408 - 4400
32 4108 - 6,6-10
16 8.108 1,5.107 1,0.107
10 2.407 — 2.5-107
b 7-107 1,2.103 11108
3 2.0 el ol
1,5 1,5.100 — —
1.0 7400 92.401 _

9TO MOJIOALIE 3Be3IHl HaceleHus | THma, ¥ KOTOPHIX IPH Bhi-
XOJie HA TVIABHYIO MTOCHENOBATEIBLHOCTE YiKe eCTh MHOTO TAKe-
apix onemento (Z = 0,02) m Benmko copmepskaHIe reis
(Y = 0,3}, Bropas rpymma 3Be3j TOke IDHHANIEIRHOT K
macereunio I Tuma, mHo 210 GoJige cTaphle 3Be3AHl HMpOME-
JRYTOUHHIX CHCTEM. OfeCh MEHBIIe TA/KENHX JJIeMeHTOB
(Z = 0,01) u meunme rexus (upunuumacres ¥ = 0,1). Haxo-
Hell, TPeThA Tpymma — 970 3Besanl Hacexeumsa I tuma cde-
PHUECKIEX HOCHCTEeM. B pacderax NMpUHATO, UTO COACDIKANHE
THREIBIX JJEMEHTOB 30ech 04YeHb Malxd, okoilo Z = {07%—
107%, ITpouepxn B TalXHIe OZHATAIOT, ITO HMOMOGHLIC 3BE3L
elie He DPACCYMTHIBAIIACE,

Haxowueir, B TaGnnne 7 IPUBONATCA XapaKTePHEe BpeMeHa
npeGBBANAA B3Be3l B COCTOXHOH KpacHoro ruramra. s
macesenns I1 Tuma paccUMTAMEI TOILKO CIYYAN MAJEX MACC,
u0o ToAbKO 9TH 3Besfnl nacedenna Il Tuoma m coxpammmmen
IO HACTOAINEro BPEMeHH,

TaGmnma 7

Macea | Bpesmu ke levmen | Bsons )
3BEIME | HOPMANBIOTO | pppanane || o | HODMABBIONO | qppeat
B eJIIH- cocrasa NeMeHTaMN || Hitmax cocTana DIEMEHTAMK

gax mMaccel | (HaceldeHme | (yacepenue || maccur | (Hacenenne (EaceneHue

Comrua I rama) II runma) | Conmna I Tinma) II cHma)

G4 5.108 — 5 2.107 —
32 1,5.104 — 3 7.101 —
15 2.408 —_ 1.5 4,403 10w
10 4.108 — 1,0 4.109 2.1010
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Bnpouenm, majmo samersTh, 9TO HAlHBIE PAacueTOB DPa3MLIX
ABTOPOB 3[ECh YaCTO PACXONATCH.

B nacroamee speMs B pasuBIX MECTATYTAX IIPOJOIKACTC
MHTENCHBHASA PafoTa MO BEIYICICHHIO DBOJIOMOHHEX IOCHe-
foBaTenbunocteii 3pesm. PesynbraTil pacteroB KadecTBEHHO,
Q4 YACTO M KOJIIYeCTBRHIO COTVACYIOTCA MeRAY coloil, XOTH
B IeTAJAX eme Muoro pasnnduii. Ilo-Burmyomy, cropo MosKHO
Gymer cocraBUTh OUeHb IOApPOGHEIe TaGINMIEl, DO KOTOPBIM
MOKHO OygeT OmpeNeauTh 3HATEHHE OCHOBHLIX IapaMeTpoB
spesaer M, L, R B RasKObl TaHHABIT MOMEHT BPeMEHII B 3aBii-
CHMOCTH OT HAYJNBHBIX YCHoBHit nmx ofpasoBamud.

Bepueyes x puc. 25 1 26 n cpaBuuM Teoperudeckue pac-
wetsl ¢ mamooni mabmogennit. Cpasy BUAHO, UTO XOPOIIO
00psIcHARTCA BOPTHKANDHOE DPACIONGKCHHUE BETBIU THUTANTOB
mapoBnx cromienuit. OmII COCTOAT N3 CTAPHIX 3Be3N, I Ho-
3TOMY B CTAANI0 KPACHLIX THTANTOB MEPEIIN YIKe 3BE3[EL
nefonbmoii  macent (0,0 Mg << M < 1Mg). Ha puc. 26
MOSRIIO BIJETH, YTO HX PACCTHTAHHAM HBOJIOIIA HIET II0 Bep-
THRAJLIOH JUHHM Ha JHarpaMMe CIeKTD — CBeTHMOCTL B
TDOIHOM COIIACHN ¢ HaGMIODCHHAME. IJTH 3BE3IH HAXOZATCA
B CTALUHN CJONCTOT0 BOXOPOSHOTO HCTOTHIKA.

MMoaonienne mocaermoBaTeNBHOCTH 3Be3] HYJIGBOTO BO3pa-
cra Mol 3uaeM. Hauecesm Temepn ma giarpaMMmy CHEKTp — CBe-
THMOCTD IOJOKENHA BceX 3Be3[ Yepes Karoii-nmufo ompeme-
JIeHUBI MPOME/KYTOK BpPEMeHH H COeNUHNM TOUKH JNHHEI,
Torga MBI TOAYIOM IIOJI0RCHIS 3BE3[ ONIIHAKOBOTO BO3pacTa.
Ha pne. 27 oro cpesnano muas 3Besp Bepxmeil wacTu riaBHOIM
HOCJIEIOBATENbHOCTH I JJIA OTHOCHTENBIO He(oNbIIIX IpoMe-
JRYTKOB BpeMenu (COTHH MIUIIHOHOB JIeT), a ma pic. 28 ato e
CHAeIANO IJS Beeil IIaBHON moOC/Ieq0BATeNBHOCTH U Iia G0ab-
IMHX IPOMEKYTKOB BPeMeHN (HeCKOAbKO MIITHAPHOB JeT).

CpoiicTBa DONTYYSHULIX HDOCHEZOBATCABHOCTEH C PABHBEIME
BO3PACTAMU JerKo moHATh. I13-33 DOBRIIEHIA CBETHMOCTH If
DONIFKEeNHA NOBEPXHOCTHOH TEMIEpPATYDH, HPOHCXOMANIIY
GrrcTpee y 3Be3y GOJABIIAX MACC, HOCHENOBATENLHOCTL 3BC3[
OAUOTO 1I TOTO JKC BO3PACTa OTKIOHAETCA OT TIABHOM OCAIOBA-
TeJILHOCTH HYICBOTO BO3PACTA BBEPX M BIPABO, IpuIeM ¥ Bepx-
gero koumna oTrionennme Jonbme. ITepexon x wpacusiv ruran-
TaM 00pLIBaeT MOCHELOBATEILHOCTH HA IIX BEPXIIX KOHIAX,
mpmveM 9YeM CTapIme KpuBasg, TeM HILKe oHa 00pLiBaercs —
TEM BCO MEHEe MACCHBHEIE 3Be3J(El YCIeIl MePeilTi K KPAaCHLIM
THTAHTAM.

A remeps cpasumTe puc, 27 ¢ puc. 3. Ouenp TeTKO TPOAB-
JAKTCA yKasaluble 3saxonoMepxoctd, Moiojoe cromienme
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NGC 2362 eme ToabKO-TONBLKO YCHEI0 ¢OTBEPIYTHY Ha CAMOM
BEPXY OT ruaBHoil IMOCAEHOBATEIABHOCTH HYJIEBOTO BO3PACTA.
Cromnenne B cospeamun Ilepces mocrapimme, «oTBepHYIOY
mofoapme W Bjech yiKe MOABHIACh (GONBIIAsg BETBL APRUX

S bg(t/Ls)

z01- o

I ! |
44

7™

Pue, 27, Cumemennme 3Besy pPasHHX MACC ¢ TINIaBHOI IIOCHENOBATENE-
HOCTH ¢ TEUCHHEM BpPEeMeHH,

sxpacusrx rarantos. Crommenus M 41 m M 11 eme crapime,
TOUKA OTXO0MAa OT INIABHOIl WOCIeZOBATEAbLHOCTH emle HHKe.
Hmxe 37eck PACHONOKEHS! I KPACHH® I'HTAHTEL — 9TO CBA-
3aHO ¢ T€M, 9T0 MACCHBHLIC 3Be3[H HPOILIH M Iepe3 CTaailio
KpacHHX THCAHTOB, a HaOMOJaeMile KDPACHLEIe THTAHTH —
BTO y:ie 3Besgn MeHbmHX Macce, OUYeHb Xopomee CcoIIacHe
reopun 1 HalaogeHmiil

¥V ouenb crapux ckomienmit maceseums II rtmma M 92
u M 3, a Taxke y cTaporo cxomrenus macexenma I Tuma M 67
SBOJIOINA HA IepBHIT B3TJIAN HMEET HECKOIBKO Apyrod xa-
pakTep: 37ech BETRb IHTAHTOE HEOPCPHMBHA W OTXOAHT OT
IJaBHOH IOCAeJ0BATEJIPHOCTH MIH OT INOCAeZ0BATEILHOCTH
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~JlacTbh, Kar aTo IIPOUCXOIHNT

cybkapankon mon mpameM yriaod. Ho B jeiicTBuTesbHOCTH
3fech Ta K€ caMasl DBONIOI[HA, TOJNLKO HMIET OHa MeJieHuee
H OTHOCHTCA K 3Be3faM Meupmux macc. Ma-za mepmenmocTu
SBOJIOLNM  3BE3ME lepexo-

AAT K KpacHmM rurantaMm e
HOCTEIIeIIT0, He IIDOCKAaKH- :
Bag  HpoMemyTounyl 00- 7

¢ MACCUBHBIMI 3BE3JTAMIL

Ha puec. 28 wnanecenn
TAK/KE TO0CIHeK0BATEIbIIOCTH
8Be3y ABYX CTAPLIX CKOILIE-
HHEIH: 0110 — Y:iie II3BeCTH0e
Ham cromirenme M 67, a
APYroc coBceM cTapoe —
NGC 188, Comocranias Te-
OpeTUHSCKIIe  IIOJOJKEHHS
3Be3]] 0j10r0 BO3PACTA ¢ Ha-
Oarogaeroil TOCHENOBATENEb-
HOCTBIO, MOIKIIO OLPEHeTUTD
1 BO3PACT COOTBETCTHYIOME-
ro crounenus. Hanopmmep,
BO3pacT CKOMIEHHA B CO-
spesnun Tlepees, BeposTHO,
smenbuie 10 mum. ser, BOs-

pacTt Haoeap — nopsaxa

100 man. ser, sospact Tuajg Lg
MOMCT JIOCTHTATH  OJHOTO

MJIpH. Jet, Bozpact M 67 —  Pre. 23, Cuewpesine nocienoBaresn-

8 MIpPI. jeT, a BOT BOBpElCT HOCTI 3B€3) ¢ IJIABION  IIOCIC]10-

. . 4 - BATCALHOCTHT € TEYCHIEM BPCMCHIL
CHOIIEHHA NGC 188 ORa: CBOTIIEIMIL JIHIMY HATCCCHLE pac-

3aJICH HOPANKAa KOCMOIOTH-  cunrTapunie IOTOMKCHUS TOCHEOBA-

YeCKOro BPGMCHH — "9T0- TAIBHOCTRW B ]]{131![1{9 MOMOCHTEL Bpt,"-

uu6yun oxomo 14—15ymapy.  Meun (UPOMERYTIIL BPEMOHI YRA3A-
HLL B MHDIHADHAx JeT) M HHPHEIMU

'TI_BT; suuuaME — ape mabaojaeMele 110-

I‘I!J;ul'eJEI:HLIe CUCHTDAIB~ CIle0BATEILHOCTIL,

HLI@ HCCJIeTOBAaHHS I03BO-

JAI0T DOJAVHETS TaK CRA-

3aTh, I (TOHKYIO CTPYRTYPY» TIABHOI IIOCACIOBATENHHOCTH

H TeM CaMBIM OOpedeTHTh Boapact oTjeabunix 3sesn. IHa

puc. 29 npuBelen mpuMep TAROHE CTPYKTYPH (MOAyIeHnoil

B. Crpesirpenom). YHem jafniie spesja 0T YETKO BLIPAGRI-

HOH JNMHME GIYIeBOTO BO3PACTay (HU/RIAA KPOMKAQ), TCM OHA

crapie,



Hraw, ofmas 3BONIOIHA BBEBJ — IEpeX0l OT IIABHOIL
MOCACJO0BATENLHOCTH K KPACHBIM THTAHTAM — BHOJHE YIOB-
JCTROPHTeNBHO coriacyercs ¢ Jannnimu mabaomenmii. Co-
rIacyloTes W MHoTHe oTHennunie meraxm. Hanpumep, To, aro
1a puc. 3 Kpacuwie ruranTi macememma Il Tuma momaparor

Puc. 29, «Tomkaa cTpykTypa» INABHOH HOCHENOBATENLHOCTH. 3jech

nojofpaEs CHeNAATLENG IBETOBHE HHASKCH, XAPAKTePH3YIONe Ha-

MTIHe B COEKTPAX 8BESJ JHHWI MeTamioR (TOPHSOHTAABLHAA 0CH) R
BOTOpOZia (BePTHKAJLHAA OCH).

Ha JHATPAMMY CHEKTP — CBeTHMOCTH BHINE KPACHHEIX I'HTaH-
TOB 3Besfmoro Hacedemma I Tmma, ofwacHAerca Tem, dro
y 3Be3Jl ¢ MCHBINIHM CONEPKAHNEM TSKENBIX 3JIEMEHTOE MEHD-
e Hempo3pPavHocTh, a CHeLOBATENbHO, N 0OABIIC CBETHMOCTD.
Hpyrue, Gomee TOHEKHe 0COOeHHOCTH CBA3AHL, HAIPUMED,
M C TeM, 9T0 ¥ 3Be3[ MaJol Macch Opu o0pasoBaHuH 0e3Bo-
TOPOJHOTO Afpa IOCIHeHee OKABHBAETCA K TOMY 7Ke HOCTPO-
CHHEIM H3 BEIDO’KIEHHOIO BJIEKTPCHHOTO Tra3a; 3T OrpAHH-
YUBAET POCT TEMOePATYpPLl M He MOBOJHUT [EJ0 0 BCILIIIKH
TenueBoil peaxmuu. JTO TaK)Ke NPHBOMAT K HENPEPHIBHOMY
mepexofy OT INIaBHOH HOCIeZOBATENBHOCTH X KPACHBIM TH-
ranTaM.
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Onucaunag cxeMa OOBACHAET DBOMONHIO OOLIYHEIX O~
nounnix 3Besf. o Mur snaeMm, 4ro, BO-IEPBHIX, €CTH NOBOJBHO
MHOTO 3Be3J C TeMII MIN IHBMH 0C00eHHOCTAMH, HaOpHMep,
mepeMeninie 3peanu. Hpoye Toro, ouens MHOTH® 3Be3/IH BXo-
AAT B cOCTAB NBOilkX M BoOOI[e KpaTHLIX cmcTeM. leopus
OBOJIIOIIMM [JOJ:¥{Ha PpaccMaTpuBaTh I 2TH 3BE3JHL.

Cpasnusas puce. 25, 26 ¢ pue. 12, MoskHO yBuUOETH, UTO
nepeMennne IYJALCHPYIONIe BBe3jlbl HOHafaloT Ha NUuarpaM-
Me COEKTP — CBETHMOCTH B 00JIACTh, IPOMERYTOTHYIO MEIRILY
IJIaBHOI TMOCTIeHoBATEeNLHOCTLIO I KpacHuMu rurautamu. Ilo-
DTOMY MOSKHO OKHIATH, UTO CHOCOOHOCTH 3BE3B MYJIbCIPO-
BaTh CBfA3AHA C OMpeAesieHioil crajgueil ce 9BOJIONUU, KOIa
B pesynbTaTe PACHIIPEHIs BHENINHX CJI0eB B3Be3fibl 37eCh
BO3HUKAGT CUTYALMSA, OPI KOTOPOIl B 3017aX HOHI3AINE Tens
H BOZOPOHA BOBMOIKHBL KOJEDAHUA ¢ ¢OTPHUATEILHON jnc-
crmaImeii,

HeitcTBUTENBHO, PACUETH HOATBEDANIN JTO IIPEII0JO0MKe-
nne. Pacmmpanoiases B nponecce o0pazoBaHusa TelNeBOTO
Anpa 0GOJOUKA OKABKLIBAETCA HEYCTOIINBOIl IO OTHONIEHUIO
K po30y:muenuio nmyiabcaunii, ecil coAep;RaHHe TelHufd B Hell
ne semee Y =~ 0,22

Ieranpusie pacueTsl MOZBOJAIT OPOCIGANTD, KAR B IPO-
mecce 2BOMIOIMH 3Be3fa BeTymaer B o0xacTh BO30Yy:kmenua
Nyabcamuil, a Iocie HEeRoTOporo mepmoma (obGwuno 10*—
105 setr) BuxopuT U3 A70il 00MACTH M DYIBCALHH BAaTYXAIOT.
CBeTuHMOCTE 3BE3JBl Ha DTOM DTAIE DBOJIOIIH OIpeesser
pasmep ee 00O0JOYKA, A CIeJOBATEIBHO, CPEIHION NIOTHOCTE
i nepuox uyibcamui, Ha 21oM ocHOBAH BHIBOM COOTHOINEHHHA
LepHO — CBETUMOCTB, KOTOPOe OIICHBAETCA TpafHKOM
puc. 13, monyuenHnM H3 nHabn0JaTelbHBIX JaHHLIX.

Tenepb paccMOTPHM BBONIONUI0 NBOIHHIX 3BE3HEIX CH-
cteM. IIpe;me BCero HAZKO BAMETHTDL, UTO IOKA OCTAGTCA HO
sicHoll mpuunna oGpasoBanuA NBOHHHX cucTem. Har ua mep-
BOHAYAIBHOTO (PparMentupyomero ooxaka ofpasyoTcsa Dapsl
38e3M, KOTOPBIG MHOYTH KACAIOTCA APYr J[Apyra, Bpamasgch
BOKpYT o0ulero mentpa tamectn? Iepocratka B rumoresax
HeT, HO HI OJIa M3 HPEeJI0KeHHEX [0 CHX IOp THIOTe3 He
Gnura mocrarounc ynowiersopurensmoii, ITooroyy m MEr He
Ovaem sjecs olcy:knath mopobneie rumoresnt. ITpmvem, Kak
naOMofaTenbuil JaKkT, TO YCJAO0BHe, UTO 3BE3NLI TACTO BCTpe-
YAIOTCA TMAPAMI U 9UTO PACCTOAHIEC MEKAY KOMIIOHEHTAMI
MozReT OBITH CPABHHMLIM C CYMMOII DPamIiycoB 3Besf.

Ecau paccrosnue Me;kpy ABYMS 3Be3TAMH, BXOTANHMII
B OJHY CHCTEMY, 0YCLDL BEJUKO, HaIIPHMep, B THCAYM Das
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fombHIe HX DPaiMycoB, TO KaskJad 3BE3Na DBOJIOIHOHHDYeT
rak Onl cama 1o ceGe, 1 ocoGennocTeil B HBONOMUN Pa3BATHA
jpoiinmx ssesj uner. Eciap npu 5ToOM Macchl KOMIIOHEHTOB
naps 3aMeTHO pasimyaloTces, TO 8Beafa ¢ GoxbImeil maccoit
OBOJIOIIONADYeT OBICTPEe W B TAKOil mape MOLYT OKA3ATHCS
CBABAAHEIMA JIBE 3BE3NE, HAXONAMUECH Ha PAasHEX HTAIAX,
HaOmpuMep, 3Be3Na TJIABHOH IOCIeTOBATENBHOCTH U Oesmiil
KapimK.

Opmako ecau sBesmgsl o6pasyloT TecHYI Tapy, TO 9BOIIO-
IMUA MPOMCXOAUT COBCeM mo-mpyromy. llemo 3mech B ToM, Uto
O7ia BBe3JA MOMKET IepeTANYTE K cee Maccy ¢ APYroil 3Besm.
Pacwery 9BOJIONNA 3BE3]| B TECHHIX JBOINKIX CHCTEMaxX yie-
JANMOCH MHOTO BHUMAHIM, W ML ONHMEM HEKOTODHE mOJay-
YEeHHEIE BECh PesyMbLTATHL.

IIpesxme Beero BeegeM mousaTHe o mojsoctH Poma, ogens
BAJKNOE IS BCell TeopuH DBOJNIOIMN ABoiinkX smesm. Mas
DTOTO PACCMOTDHM J[ABIGKEHIE WYACTHIL, OKasaBmielics mmo
gaxroii-To mpnumue B moXe TAToTenmma of0emx 3mesn. FKeam
YacTHIa OKasajach MOOMHB0CTH OT IOBEPXHOCTH ONNOIT Ka-
koii-nu6o 3Be3Hs, To oHa (yNeT TPUTATHBATHCA K 9TOH 3Besne.
Ho ecmi wactima okasaxachk Iie-To MOCEPEITe MeKIY HHMIT
HJIH flajke IPocTo cOORY, TO IPHTAREHHA CO CTOPOHE! Kas0il
3BE3RLI OTYACTH HJIH IOJHOCTHIO CKOMIEHCHDYIOT IPYT ApPyTra
I ABHKENHe YacTHHH OyfeT 3aBICeTh OT BeNHYANL IeHTPO-
Geskmolf cmawl, feiicTBylomeil Ha WACTHIY, HOCKOALKY |Ola
BpamaeTcsT BMecTe ¢ ABOMHOIT cncremoii sBesn. ITo o3mauaer,
YTO 3Be3ALl B TAKOIl ABOIIHON CHCTEMe MOTYT YAep;KHBATL
oKoNI0 ce0H YaCTHIEI TONBKO TOTHA, KOTAA OHH HAXONATCS
BHYTPH HEKOTOPOH B3aMKHYTOH o0xacTH, TAe UPHTAKeHne
onHoli 8BesAn mpeoliafaeT Haj HPATAKEHHEM [PYTOif M
nentpobesxHoil crmoli. dra 004aCTH M HA3LIBAETCH TIOJOCTBIO
Poma. ITomoctn Poma ofemx sBesjy compmracaoTes IpyT
C APYroM Ha JIHHHH, COeJHHAIONell menTpH ofemx sBesj
B TOUKe, KOTOPAA HA3BIBACTCA NEPBOH KPHTHIECKON TOTROIM
Jlarpamma L.

Bosspamasck K Teopum 3BOMIONAM ABOMNLIX BBe3J, MO~
HO CKa3aTh, 9TO, 0UEBNIHO, BCe 3aBUCHT OT TOTO, Kak r1yGoKo
YCOPATAHE 3BE3AB TapPH BHYTPH CBONX modocreil Poma.
Cumoryr nm oHE B Tedenme BCero BpPeMeHH CBOEH DBOIIOIMIL
PacmupaThCA HACTOJNBKO, UYTOOH XoTa Ol HA HEKOTOPOE
BpeMA 3aNOJHATE CBOW0 moiocTh Poma? B camom meme, Kak
TOJZLKO 3BE3fla IOJNHOCTHI0 3aIlONNUT CBOI0 moiocTh Pomra,
€e HAPY/RHEE CIOHM IOTePAIOT TPABHTANNOHHYIO CBA3L C OC-
TaIBHOI YacThIo 3BE3)l, 3Be3a HAYNET TePATH CBOI0 Macey,
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M 9TO, KOHETHO, JON;KHO CHAaBAaTBCA HA XOJie BCeil 9BOIIOIAR
camoii anesnst. Ho fmeno He Tompko B moTepe MacCH  3BCBJIOI,
3aI0JHHBIIEH cBOW0 moxocThk Poma. Yacrs m3 9TOH Maccs,
a MMEHHO Ta, KOTopasg YXOAMT H3 moiocTh Poma BOIA3E Kpn-
THYeCKOH Toukm Jlarpamka, mepexBaTHBaeTCA BTOPOH 3Be3-
JOH 1 BHIIAaZaeT HA €0 MOBEPXHOCThE M TeM CAMHEM MeHAeT
xapaxrep ssomomun propoil amesnst. Ilonofmoe snaenne ma-
spiBaeTcs amkperueil. lmenno arm ocolenmocTn — moreps
MAaCCBL HCPBH‘IHOﬁ 3BOBIIOﬁ Tapel H aKKPEIHA ee YacTH BTOPHY-
HOIi I oIpejeNsAoT Bech XapaKTep 9BOIIOIAN JBOMHEIX CHCTEM,
OueBHEIHO, YTO 3aIOJMHEHHE IOoJocTH Poma MojkeT HMMeTh
MECTO TOJBLKO B TOM CJIYTae, CCIU OHA He OUeHD BEeJIKa, T. 6.
€CJIH DPACCTOAHIE MEKIY B3Be3TaMI CPABHAMO ¢ DPa3MepaMH
oTX 3BesH. MMeEHO HO0ITOMY 0COOEHHOCTAMH DBOIIOMHHE
OTJANYAIOTCA JIMIIL TECHBIE JBOHHEIE CHCTEMEI.
3Bpecrmo, UT0 CYMECTBYIOT TECHHE JBOIIHLIe CHCTEMEI,
¥ KOTOPHX PACCTOMAINE MEKNY KOMIOHEHTAMH IApH B D—
20 pas Ooabpme pagmyca Coanuma. Ecam sBesdfisl TaKux uap
uMeloT GOmBImyio Macey, aem Macca Comnna u, crefoBaTeNbiHo,
uMeorT u 60apInmii paguyc, TO OHH MOTYT 3ALOJHATH CBOM
moxnoctn Poma eme Bo BpeMs npe0niBaHOs Ha IIaBHOI Ioce-
IOBATEIBHOCTH, ITOT Ciydail HassBaeTCA dBOMIOIE THma A.
C npyroil cTOPONE, CCNI PACCTOANIC MEAAY 3BE3JAMH IapH
Gombnre paguyca Coanma, manpumep, B 30—200 pas (mamom-
umm, uro paguye Comuna pasen Rg = 7.10%° ex), 1o sauosn-
HHTH CBOI0 moJjocTh Pomra 3pesma MOsKeT JNHOIB HA CTAJHI
Kpacioere THTaHTa, KOTAA Y Hee IOABUTCA TejAHeBOoe AAPO H
CJHOMCTHII BOJOPOJHHIE NCTOUHHK TepMOAHePHOH JHEpPTHU.
B s1oM cayuae ropopar of spononun tuna B, Eme oguo pac-
JIHpeHne 3Be3fbl HMeeT MeCcTO Ha CTAfHH TOPeHHA Tenua
B CJIOGBOM ICTOUNIKE — HTO ¢AyTail spomtornun tnoa C,
Ha xasxmom orame pacIIIpeHHS 3Be3fa TePseT Macey,
4 DTO MPHBOJHT M K YBEJHNUYEHHIO PACCTOAHHA Me:iAY 3Besfa-
MIIL, HODTOMY OlHAa H Ta jKe mapa 3Be3]J MOKHeT CcHaYaJIA
9BOJIOIIOHNPOBATh KaR TecHas mapa (T. e. Ha cragum A),
a saTeM U Kak Oolee muporas mapa (Ha crammm B).
Hrak, paccMoTpPHM CHATAJA OBOMIOUHIO TECHOH [BOIIHOIL
CHCTEMBI, THe THABHHI KOMIOOHEHT 3aIO0NHSET CBOI0 NOJOCThH
Poma eme na cragmu riapHoil mocaenosaTenbuocTH. Pacuers
IOKA3ZKIBAIOT, WTO RAK TONLKO MOBEPXHOCTE 3BE3MIH B MPOLECCO
ee pacumpeHHA monoiiger ¥ cpoeil momocTn Poma, naumercsa
peTederne Bemectea. [lepBriil sTan MCTEUCHNA TPOJOIIKACTCH
oxkoao 10! mer u 3a 210 Bpemsa 3Besna morepmer 15—20%
¢BOCGH HavaJbHO MACCH., 3aTeM ee MOBePXHOCTEH OUATH OTOIi-
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feT oT mopepxnocTH Poma m HCTEICHNE PCKPATHTCA. 3Besga
Kak Op1 mprcnocolGHTes K HOBOMY CYINECTBOBANMIO B BHJE TAR
nasmpacMoro ¢yOTHranTa, KOI/\A Macca 3BE3JBl MeHbile, TeM
Ta, KOTOpas COOTBETCTBYCT ee TAHTOIl CBETHMOCTI. SaMETHM,
uro B TPOLECCEe MCTEUEHNSA CBETHMOCTL 3BE3ILI MEHACTCH
Majio, N0 OHA OMPEAEAAETCS MOIHOCTBIO HCTOMHHKOB dHEp-
THH W TYTHCTHM TIepeHocoM B rIyGOoKHX CI0SX 3Be3jn, pab-
joBecHe KOTOPHX ¢ O¥CHb CHIIBIO BaTParuBaeTcA neretde-
uneM BemecTBa ¢ IOBEPXHOCTIL )

Ojnako saTeM 3Be3fla ¢ YMEHDLIIEHHOI MACCOH, 0CTABAACH
1A PIABHON DOCHEI0BATENBIIOCTH, OOATL PACUINPAETCH, BHOBD
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Pue. 30. FaMepenme CTPYKTYPH 3BE3[H, BXOAAMCI B TECHYIO JABOI-

HYI0 CHCTCMY. VYarena norepsa MAaccChl B HI}OIIOGCO PBONIOIUH Ha CTZ\}I}{I[

TOpeHusT BONOPOJA B KOHBCKTHBIOM Anpe. {Tpadux paccunram A. Ty-
rykopaM 7 JI. JIOHressCconHoM.)

3aTONHAET CBOIO MON0cTh Poma i BHOB HAYHHACT TEPATH Mac~
¢y — Temepb yske (oiee MEJIIGHIO: 32 IBA-TPH MIIIIONA JET
repsiercs okoso 25—35% uauambuoii Maccs. Beero ma cra-
qum A 3Besga B TECHOH mape MOKET MOTEPATH O TOJIOBMHEI
cBoeli HATANBHOM MAacCHL. )

Ha puc. 30 npusefen rpaduk, mITOCTPHPYOMHHE HM3ME-
HeHMe CTPYKTYDHl BBe3Jhl — KOMIOHEHTA TecHOM JBOLHHOM
CHCTEMH B Ipoueece morepr HM Maccst. Ha BepTURaIBHOL
IHKaJIe OTJIO/KEHO OTHOIICHHE MACcChl 3Be3fibl K Macce Connna
B kayOHET MoMeHT Bpememi (mauanbuasm macca 10 Mg), mo
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TOPHIONTANDLHON TORANe oTiMosKkeno BpemA, Macmrab Bpesenn
naMenseTcs Tax, grobm omrcarh (ollee MEJTEHHYIO TIOTEpPIO
mMaccel Ha BTopom arame. Ha pie. 30 pmnno, uro KONBERTHE-
Hoe AP0 m obnacTh TOPENHS BOAOPONA M0 MEHMIOTCH IO
Mepe HCTedeHIsa BemlecTBA, XOTA B TeUEHIE IPOMCeKYTOTHOTO
NCPHOJA OTCYTCTBHA HCTEYEHNA NPOUCXONHT HEKOTOPAs Hepe-
CTPOIIKA CTPYKTYPH, NPHCIOCA0ANBAIOIIANCH K YMeHLIICHIOi
macce.

B caywae B, korna 3Be3la 3alONHAET CBOIO NMoJocTh Poma
yike Ha CTAfiHil CAOHCTOTO MCTOUHNKA, KAPTHHA HEMHOTo OT-
JANYaeTcA, XOTA H 3Oech eCTh ABa dTama moTepu maccnl. Cma-
yala, KaK TOJNBKO 000J0UKA 3BE3[OH 3AMOJHHT CBOIO IOJOCTH
Poma, maumercs GHCTpOe HCTETEHHE MACCH I 3BE3Ia NOTEPAET
50-—~70% cBoeii macen Bcero za Bpems nepagra 10° mer.
B reuenme Bropoif, mMegmennoit dasni 3pesga TepsaeT 0KOJIO
onuoil macest Conuma 3a spemsa mopagra 10° mer, Tax 9ro Bed
ucrevuenme MaccH Ha cTagum B, Tfe W3 3Be3 sl YXOIHT JBe
TPETH MIH Jasie eme OONBMIAA TACTH €€ MACCH, IPOHCXOIHT
B mecATh pas OmcTpee, ueM B caydae A.

Ha pume. 31 msoGpaskema mepecTtpoiika sBesgnr Gonbmoil
Mmacenl (HavaabHan Macca 32 Mg) B mpoiuecce ee DBOJIONHE
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Pnc. 31, Hamemenme CTPYKTYPH MAacCCHBHON B8BeBjH B Ipoueccce es
sponlonnn. OcHOBHAA LOTEPH MACCH — HA CTANNH TOPCHIST BOAOPOAA
B CHOMCTOM HMCTOUHHKE M TODEHAs Telua B ajpe. IIOKABAHH TaKiKe
Oojiee TO3NHNE CTAAMH OBONIOINI, TOpEeNNe YIdepoma, KHCIOPOHA.
(Tpagur paccunram A, Tyryropum m JI. 10urerncomoi.)

B cayuae, KOTa TAKAafd BBe3Aa BXOAHMT B JABOIiHYIO cmeTemy.
BHECL NOKABAHE TOJLKO HO30HHE J3TAIlbl OBOAXIIIHKN,; I'OPEHHEO
reaist B Afpe, BATEM TIHEBEIl CJOMCPHI HCTOTHHEK, 3aropa-
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ume yriepofa m ja:ke KHCIOpPOJa B ANpe 3Be3ns. B mesoit
yacTH pUCYHKa n3ofpaiena GOABINAA MOTEPA MacCH Ha JTAIe
B, a panee cnenyer oTHocHTeabHO HeGOJbBIIaA, HO GHCTPAA
(sa 10° mer) moTeps maccn ua arame C: TaM TePAETCH BCEro
0,2 Mg.

I3 magmEHX PacueToOB MOMKIO HOAYIUTH YH0OHYI0 GopMyTy,
KOTOPAA OOpeflelIfACT MACCY OCTATKA 3Be3JLL MOCJIEe BCOX HCTe-
wenuit M; B saBucumocTn oT HavambHOI Macen M,:

.!11]; 201( M, )1.4.

M Mg (=4)

Uem GoXbmie HAYaABHAA MacCa, TEM MIOTO O0JBHIe I KOJH-
TeCTEO TEPAEMOIo BelleCcTBA.

Hcrewenne nemectsa B TeCHHX ABOIHEIX cCHCTEMAaX IPHBO-
AOT K TOMY, 9TO BXOJAINME B MIIX 3BE3JLI YACTO OKA3LIBAIOT-
ca ocofnMA ofbextamu. Mul paceMOTpPEM HEKOTODHE H3 HUX.

Hampmyep, yike ZaBHO acTROIIOME 3HAIOT 0 CYHICCTBOBANII
Tak nasnBaeMulx seesd Bonnda — Paite, rotopnie xapaxrtep-
HBl TEM, 4TO H0BONLHO OHICTPO TepAI0T ¢Bo0 Maccy. Halnmwo-
JeHus 10KA3EBA0T, UT0o 9TH 3Be3nl Tepsaor 1070 —+ 1077 M,
B rog. OKaBsIBaeTCs TaKske, ITO DTH 3BE3JIH BXONAT B TECHHE
OBOIiHEIe CHCTEMBI II UTO Macca 3Besq Donnfa — Paiie B 3—
O pa3 MEHBIE MACCH JDPYLOL0 KOMIIOHEHTa, ¢ KOTOPEIM
oTa BBe3[a HAXOANTCA B Iape.

Ho cayoe unrepecnoe saxmouaerca B mpyrom. Kak oxa-
3a/10Gh, Bee 3Besjnl Boxsda — Paile genarca una nse rpymome:
A30THHE N YINepojise. ¥ a30THHX 8Be3] COAeps;Ramme a30Ta
B 50—100 pas Gombumre, geMm ero OTHOCHTENLHOE KOIHYECTBO
Yy HOPMAIZBHEIX 3Be3J, a YIAepofa CPABHUTCABHO HEMEHOTO.
¥ yraepommmix 3Besg, maoGopor, yriaepoma B 400—700 pas
Gombie, ¥eM ero OTHOCHTENbIIOe KOMMYeCTBO Y HOPMAIbHEIX
se3n. Bogopoma ke B spesmax Boanda — Paiie, ocofenno
B A30THHIX 3BE3ax, OTHOCHTEIHHO HEMHOTO.

Moskno an o0sACHUT 9TH 0COGEHHOCTH B PAMKAX TEOPHI
spoionmn 3pesi? OraswiBaeTcsA, UTO, IO KpaiiHeit Mepe Ka-
decTBennoe, obnaciienne garh uerpyano. PaccMorpum Takoif
OTAI DBONIOMUN 3BE3JL, KOTIA B €8 LEHTPe IOCHe CTOPAHIH
reaus 00pasoBaNoch YIVIEPOJHOE AIPO. 3[ech MAaJN0 Teiusd
(om m3pacxomoBan B TEPMOANEPHEIX PEARIHUAX), HET COBEPIICI-
HO BOAOpOJA H OTHOCHTENLIO MAN0 a30Ta. Brime sroro sjpa
PACIIOIOReH CJOII BeMIecTBA, TJe IelHs MHOTO, HO BOFOPOJA
DOYTI MeT: O Tak;ke OBUI H3PACXONOBAH B PEARIII TOPEHMS
BOZOPOAa, TAaBHEIM 00pa3oM B DPeaKUIAX yIVIEDOJHO-a30T-
moro uurra (17).
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Hax yuite oTMeyasiocs, B pesyabrare dTUX Peaknmit ycra-
HABANBAETCA CIEAYIINEe OTHOCHTENbHOe O0MJIHE a3zoTa i
yraepoja: oxomo 95% mpuxomuTcs ma H30TOI azora N1
oxoxo 4% — na maorom yraepega C'? m anms oxomo 1% —
ma usoron C'3, Cuenosartenbuo, B CI0e RelllecTBA, OKPYHia-
W0Iere yriaeponnoe Axpo, npeoliragaer azor u reamii. B eme
60IcC BBLICOKHX CHOSX COXPAHINICA BOJAODOM © Oojee min
MeHee HOPMAJIbI0e COOTHOIIEHIIC MCATY YTACPOLOM H a30ToM.

Ipejuonommy Tereph, YTO TAKAA CIOHCTAH IO XINMiUe-
CKOMY COCTABY B3Be3Jla IATHHACT TePATL Maccy Odaromaps
TOMY, YTO OHA BXOQJUT B TECHYIO [BOIHYIO CHCTEMY M MOLeT
BAUOINNTL CBOM IOJIOCTE olma.

Crauaiia, oKa NCTERATOT TOJIHLKO BEPXHIE CION, MEl BITHM
3BE3NY HOPMAJILHOTO COCTABA. BATEM HCTEUCHINE BATPATHBART
H BTOpoOil cjoii — ofaactn, GOTATYIO a30TOM, OCTABINYIOCH
BIN3Y MO/ CAOHCTHIM HCTOIHHKOM TODEHHs BOJOPOLA. 3areM
I 2TOT CJ0if IICTEKACT MOJNOCTHI0 H HA MOBCPXHOCTH OKA3LI-
BAIOTCHA CJOH, O0Orallennsie FIVICPOAOM B34 CHET TOpeninI
reams. Tarmy mociaefoBatedbRbIM ofHaskenieM Bee Goxee n
Oosee TIIyOOKIIX CIOCR 3RE3NH, PASIHIAIOMIINCA IO XHMIIYe-
CROMY COCTaBy, H MO/KIIO 00 BACHITE CYmeCTBOBAIHC Q30THRI X
n yraepoausix 3eesn Boanda — DPaiie.

B nponecce morepi MacCH PACCTOAHIE MEEIY BBE3aMM
YBEJNYNBAETCA, H [AeilcTBUTENIRIO, YIJIepORHAA  3Bessa
Boarnpa — Paiie, Kar npaBmio, HaXoQUICA NANBIIE 0T CBO-
€ro KOMOANBOHA, ¥eM asoTHas 3Be3fga. [omeumo, crajum
Boasda — Paiie aoryr mpoxoants TOABKO 3Be3NL ¢ §0IBIION
HAYANBHON Maccoii, npusmepno Gomxemeit 15 A g, ndo ToabpKo
Yy TAaKUX 3BE3] TeMICPaTypa B IEHTPE OKA3HIBASTCA JOCTa-
TouHO0 GONBINOI A HpeBpamleHIA Ielua B yriepon, B nacro-
simiee Bpemsa Maccr 3sesq Bonsda — Paiie oxomno 5 =+ 10 Mg,
UTO W MOHATHO, DOCKOJABKY OONBLNIYI0O 9acTh cBOEI MACCEHL OHN
LHOTePAIH,

Hapo samernTn, wro TepsioT Macey H OIIOUHLIE 3BE3[N,
ecylll B IPOIEcce DBOJIONIN OHI YBeIHIAT CBOIl pasMep Ha-
CTOJBKO, 9TO CKOPOCTH OTIETA BelecTBA ¢ X TOBEPXIOCTH
OKA;KETCs HOPALKA TCIIOBOII cropoctm Moiaeryx. [Toaoun
HCTEUCHHUIO BeIecTBA MOKET ¥ JABMGHIIe N3N YICHUA, eCJHIl che-
THMOCTL 3BE3JL B IPOIECCe IBOJIOIHAI CTaleT 0MeHb (0JIhIIoI.
CymieeTByeT Tak Ta3BBaeMLI 9IHITOHOBCKHI mpejles ¢Be-
THMOCTH

L 100 (—-—1‘}[ ) apzjeek. (60)
Mg



Ou modaydeH cieAymuM 00pasoM. CpaBuuBaeTcs cmia, Ko-
Topas AeiicTByeT HA YACTHIY BElIeCTBA, HOTIOMAIOMEro H3my-
qyenne OT 3Be3/n, © ﬂeﬁCTBHBM Ha 9Ty e YacTHNY CHII rpamr—
TANUONHOTO TPUTAKORMA I HAXOQHTCT TA CBETHMOCTH, HPH
KoTOpOit oTH cmiasl ypasumsatorcs. IlosicruM oro Gomee mon-
po6uo. Cser, pPacupoCTPANAIMUECA OT 3Be3/bl, HECET C CO-
Goit AMIOYJNBC — HEKOTOPOe KOJHTeCTBO [ABIGKEHHA, M KOTHA
KAKAA-TO YACTHIA BeNIeCTBA MOTJIOMAET 3TO H3AYYeHHe, OHA
3a0HpaeT M ero UMIYIbC H, CHELOBATEILHO, IONYYaeT TOJ-
YOK B HADPABJICHHN DACIPOCTPAHENHs CBeTa, T.e. OT 3BEe3/bl.
Cuza cBera yMeHbMASTCH 00PAaTHO IPONOPINMOHAIBHO KBa-
OpaTy PACCTOAHIA M TAK e MEHAETCA HMIYJILC, MOrIomae-
Mbiif BemecTBoM. Ho H rpaBATaqumoHHAf CHIA YMEHBINAETCA
00pAaTHO NPONOPIUOHANBHO KBafAPATY PACCTOAHUA I IOITOMY,
eCJII CHJIA OTTAJKHBAHISA M3-34 MOTIOMIEHNS HAIydenus Oyaer
Gonpmie, WeM TIPABHTANUOHHOe NPHTAKEHHE, JTO YCIOBHO
BHIIOJIHAGTCS HA BeeX paccrosnuax or 3se3nsl. Dopyymna (60)
KaK pas I OmpefeldAeT TAKYI0 CBETHMOCTR, IJe CIJIA OTTANKMI-
papmsA OPH HOTMOMEHHN M3TyTeHAa Goipbme CIHAL OPHTA-
scenna, flcHO, UTO eciIn ¥ 3Be3IH B IPOLECcCe ee DBOJIOIHIT
cpermmocTs pocturner npemena (60), To Buemume cion GyAyT
cOpBaHBl JYIEBHM JABJIeHHeM H YIeTAT Ha 0eCKOHeTHOCTD.
Beposarno, Tak, mampmMep, o0pasyioTcA ONHHOTHEIE 3BE3[Lbl
Boana — Paite, koropsie Tosie MHOTAA BCTPETAOTCA.

ActpodEsnKaM 9acTO MPHXOMATCA HMETH [IeJI0 ¢ MOTepel
macent aBesfavi. WHorma BeiOpOMEHHYI0 Maccy MOMKHO Ha-
GA0NATE — TAKOBHI, HAIPHMED, NIaHETAPHHE TYMAHHOCTH.
Bepoarno, onn 00pasoBajECh H3 3Bes] KPACHHIX THIAHTOB,
¥y KOTOPHX BcA 000I0YKa NOCTENEHHO OTOIIIA OT 3BE3MIHL.
Mepuennoe pacmmpenme 000J0YKE H HaOMIOZAeTCA B BHE
cepuueckoro CI0A, OKPY/KAlOmEero OCTATOK 3BE3JIB, TaK
HajsiBaeMoe ANPO IIaHeTapHoii TYMaHHOCTH, KOTOpoe IO
CBOHM CBOMCTBAM, KCTATH, HEMHOTO IIOX0:e HA 3Be3JH
Bonspa — Paite. Bech mponece cpeisa i yaanenua o60xoTrK
MPOMCXOANT XOTH H INIABHO, HO JOBOJBHO GHICTPO M IOBTOMY
WiaieTapHLX TYMaHHOCTell HaOmiofaeTca Majno: B HAmeil
TanakTHKe HX OKOJO COTHH.

Ho apyrume sBe3Nsl TepPAIT Maccy He OUeHb CIOKOUWHEIM
oGpasom. Habaionaercsa morepsa MacChl B BU/I¢ BCHEIMIEK MM
B3DHIBOB 3Be3j. OTH B3DPHIBH GHBAOT 0YeHb PA3ZHOIO HOPALKA
mompuocTH. Mpr yiie DPHBOAMIN OIUCAHEEe ITHAX IPOLECCOB,
KAK OHH BUAUL na0lI0gaTessaM, B IiaBe AeBATOIL.

K co:kanenmio, moKa elie He YIAJ0Ch JOCTATOTHO HANEKHO
COTJIACOBATE ABJEHHA, NPOHCXOMALNIEC UPH BCUBIIIKAX 3Be3J,
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¢ Teopueil nx spostonuu, Maccs, Brbpomennse opir BemLi-
Kax HoBOIONOOHLIX 1 HOBHIX 3BE3JI, HEBEJUKH, I TOHTOMY
Tare BCIBINIKIL, ITO-BIAMMOMY, Iie CBSABAHLI ¢ KaKoii-ando
CYIECTBEHIIO mepecTpolikoil spesf. Bepostmo, omm mpoic-
X01AT Ha Goixec mosmHell CTANI DBOJIOIMI I, IIO-BIIHMOMY,
37ech GOOBIIYI0 POJb UIPAET HeJaBHO 00HAPY Kennaa JLolicT-
BCHHOCTDL TARHX 3Be3f. Jra ABOHCTBENHOCTH KaK-TO, ITOKa
1ne AcHLIM 00pasoM, BINAET Ha YCTOHUYIBOCTL TAKIX 3BE3N.

Yurareisn He MOMKHO YAUBIATHL TO, 9TO MLI TAK MAalo
MoskeM crasath o0 aTux 3Besmax. KHorma mmr pacemarpunann
OBOMIONAIO OOLIYHKIX 3BE3J M JaKe OBOMHLIX 3Besf ¢ moTepeii
MAcCCEl, MBI CHUMTAJM, YTO 3Be3[a B KaKILII MOMEHT BpeMenu
HAXOUTCA B PABHOBECHH, U HPEIIONATANN, ITO CO BpeMeneM
OPONCXOAMUT JIHIUL MeIJleHHOe N3MeHeHHe COCTOSHNSA pARHO-
pecua. Jlaske NyJBCUDPYIOmME B3BesAH KoJeOIITCA OKOIO
CBOETO PaBHOBECHOTO COCTOAHMS.

BenpixuBalomue 3Be3[sl He PaBHOBECHHI, BCE IPOLECCLHI
3J(eCH DPONCXOOAT OHCTPO U PACCUUTHIBATE HX TOPABIO CIIOK-
nee, ViMenno moaToMy ¥y Hac cefivac MaJo JAHHHX, Ho OyeM
HAJCATHCA, YTO B HefgalieroM Oynoymem wmul OymeMm mMersh
Oonpme mHGOpMAIMI U 00 HTHX HMHTEPecHHX o0bexTax. Mm
cle BepHeMCA K BCILIIIKAM CBOPXHOBHIX BBe3[ HEMHOTO HILLE,

Pacemarpupas 9BoMONNIO 3BE3], KK OXIMHOYHLEIX, TAaK M
ABOHHEIX, MBI MHOTO Pa3 0TM@YaJH, YTO BO BCeX 3Be3gax B mpo-
1ecee HX HBOJIONUM HPOACXONHT TOCTEIENHOEe MMOCTPOCHHE
folee TAKENBIX DIEMEHTOB, CHAYANA B UEHTPAILHHEX 9aCTAX,
satTeM 1 B (ollee BEICOKNX cjlofX, BosHuKaeT Bompoc, Mo Kakux
DJIEMEHTOB DTOT UpOLece mocTpoeHus Mosker molitu? OrTper
11a 9TOT BOIPOC CBA3AH ¢ OLEHKOI MaKcuMaanHOM TeMuepary-
PHI, KOTODAA MOKET [OCTHTATLCA ¥ 3Be3[ PABHOI MACCHl B Ipo-
Hecce BCell SBOJIOIUH.

Xora 3meck W TPYLHO HIPOBECTH HAMEKHBIC DACYCTH, HO
U0 OIEHOYHHIM JAHHGIM KOHel[ TepMOoAAepHoil 5Bosonul
3Be3N ¢ Maccamu, GOmpmmuMu 4 Mg, HaCTymaeT TOTHa, KoTaa
B HeHTpe 3Be3gH o0pasyercs SIPO, Cojlep:kaimee Yriacpoi,
KHCJIOPON, HeoH, a Oonbne BCEero, BePOATHO, 3EECEH MCTAJIOR
(Marmus, jrxemesa). B aToM «reramimueckom» szpe cocpemo-
roueno mo 20—259% waccet Beeil smesgn. fgpo onpysKeno
CJIoeM, B KOTOPOM elIe MIOTO IiecTOPeBIIero refs (IpnMepHo
5% mo macce). Ecanm 3pesga coxpammma GOXBmMY0 9acTh
CBOEH MACCH, TO ee HAPY/KHBIE CJIOM, BEPOATHO, HO-IPEKIEMY
COCTOAT W3 BemecTBa ¢ OOJNBIINM KOJHIECTBOM BOAOPOJA.

3Besma ¢ AXPOM H3 TAKEILX DJIEMENTOB Yike He HMEeT
JIOCTATOTHOTO KOJITUCCTBA TCPMOSEPIOTO TOPIOTEro B Tex
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00JIaCTAX, TAE TeMmepaTypa NOCTATOYHO BHCOKA AAA OpoTe-
KAHEA COOTBeTCTBYIOmMUX peakuuil. Yto sxe mampme? Owue-
BHIHO ONHO: 3Be3fia, JHINEHHAS TePMOANEPHHIX HCTOTHHKOB,
HAVHCT C3KAMATHCS, IEHTDANLHEIE €¢ YaCTH HepPexoisaT B COC-
TOAHIE DAEKTPOUHOIO BHEIPOKACHAA (€C)H OHO ele He HacTy-
muro Ha Gollee paudeil crajgum).

To, 4T0 mpoNCXOTUT NANBINe, BABHCHT OT MACCH 3BE3JL I
0T TOFO, CKOJILKO MACCH OHA HOTEpsIIa.

Jomyerum, uro mMacca 3pe3Asl ObIa MeHbIIE TaHApaceKapo-
BCKOI'0 IIpefiesa Maccsl GenniX KapANKOB IJIH IOTEePAIA CTONb-
KO MAcechl, UT0 ee OCTATOK OKA3aJics MEHBIIe 9TOr0 Hpejeia.
Torja c;raTie 3aKanuuBaeTcsa ofpasoBanues Geioro KapIuKa,
a B 3aBHCAMOCTH 0T XHMHUYECCKOTO COCTaBa A/iPa 3BE3OE DTOT
wapank Gymer TeNHMeBHM, YIIeDPORUO-KHCIOPOAHEIM, MATHIiC-
BEIM NN JAKC JKeJe3HBIM.

Ecnm sBespa unm ee ocTaTok IMeer Maccy, GOmemiyio
npefena Mace (eiBIX KAaPANKCB, HO MEHBIIYIO IIPeflesia Macce
HeHTPOHHEIX 3BeS)i, TO B IIPOIECCE C/RATH I'as 3Be3/isl HelTpo-
HI3yeTcss W BO3HUKaer ueditpomuam sBesga. Oma Mosmer
0KA2aThCA MYJNLCADOM, €Cam Bpamaerca OLICTPO H HMeer
cuIniioe Marnmrinoe xoxe. Ho y Hac et yeepenunocTn, 910 Bee
HeUTPOHHEE 3Be3jIH XOTA OBl BPEMOHUO CTAHOBATCH MYIBCA-
pamu. B camoy fene, u3Becimo, WTO CPeAN 3Be3N MEOTO ABOI-
HEIX CIICTeM, a CpPefl OyancapoB ux mMado. Ilo-sBummmowmy,
B IYyXBCADPH HNPERPAMAIOTCSA TOJNBKO Té OCTATKI 3BE3T, KOTO-
puie Ii¢ MOABEP;ReNHl BEOAKATNIO Ha UX HOBEPXHOCTH MOTOKA
MacCHl, TepeTATHBaeMoil co BTOPOTO KOMIOHEHNTA HapHL.

Haxomen, ecin Macca ocTaTKA 3Be3/IH TOCTATOTHO BeINKA,
TO B IpOIEccC CKATHA OH YXOAHT B CBOI0 &IEPHYIO
RBIPY?.

Har yme ormeuamocs, caM mpoiece cOpoca ofomoder
3Be3/0lf, B UACTIOCTH, M JIOCIe HMCYCPUIAHISA TePMOSIepIbIX
HCTOYHHKOB B TEHTPANLHEIX YACTAX 3BE3, IOKA W3yJeH
nnoxo. Hexoropsie pacuerst Bee ke GHIM Ceqans, 3iech
OYeLb BAJKHO yuecTh Poiab Heiirpmuo. B camom gene, cimmma-
0WeecsI AAPO 3BC3AEI CTANOBUTCA OTENE IJIOTHBIM 1 IOPSIUIM
N TODTOMY 37ech MOTYT HPOMCXONTh AePHEEe TPONECCH
¢ poylenenmeM HeiiTpuno. Eeaum oum cBofomio yxomsr ua
3BE3AEl, TO YHOCHMAA HMH DHEPIHsA YMEHBIIAET JABJEHNE rasa
u Tem cameim olieruaer c;karme. Ho ecam meitrpmso morao-
IAGTCT B BePXHHYX CIOAX C:RUMAIOMEHCA 3BE3[H], TO DHEPIHA
HepefaeTea DTHM CHOAM, 410 M UpuBoAuHT R cOpackBanmm
HEKOTOPOIH 060I0URI. IJT0 MOMET NPOH3OUTH €O 3BE3JaMIL,
MaccH KOTODPHX MeHbuie 2+ 4 M.
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B rom cayuae, KOrga AIpO CTANOBHTCA HACTOJBKO IJIOT-
HEIM, 9T0 M HEiTpHHoO He MOIYT M3 Hero YHTH, IIOCIE TOCTH-
JREHIA TIOTHOCTIH HelITPOHHOTO Tasa ciRaTHe Afpa HeCKOIbKO
DpHOCTAHABANBAGTCH. Dojee BLICORHE €I0H TPOROIKAIT
cHajaTh, HATAJNKHBAIOTCH HA AAPO II 37CCH BO3HHKAET CHJIb-
Bag YAAPHAA JeTOHAN@OHHAS Boama. IIpH CTOMKHOBEHHH
¢ IJIOTHEIM SIAPOM Ta3 PasorpeBaercsi M H3-3a 9TOTO 37eCh
MOTYT OOATL BKIYATLCA TEPMOAJEPHHE PeakIHm B TaNal0-
meM BelmecTBe HaPY/RHBIX CJA0EB 3Be3/sl, S7eCh PA3BHBACTCH
HACTOJIBKO BhICOKas temmeparypa (mo 10° epad), uro me Toxn-
Ko OBCTPO CTOPAIDT NEAMKOM BOJoOpoy u reaumit (ecam aTm
DJIEMEHTHL eme COXDPAHMIHNCH), HO M HAYNHAETCA PEAKINA
TEPMOANIEPHOTO TOPEHHA KACAOPOZA. DBryjleasercs oYeHn
foaxbuioe KONHUECTBO DHEDPTHM M caMasd BHeIHAA 000J09Ka
BBe3TEL cOpaceBaeTcA. Takoe ABJCHIE COLTACHO PACYETAM
MOKET TPOMBOITI €O 3BE3HaMH, MACCH KOTODPHIX MeHbIIe
15 = 20 ﬂf@.

Jdror mpoiece ¢bpoca ofOIOTKM 113-3a BO3TOPANHA COXPa-
HUBIIETOCS BO BHEINNHX CIOAX TaKol 3Be3NL KICIOPOKA;
B0oo0Ime TOBODS, CBABLIBAIOT € MBJIEHHEM BCILIIEK CBEPX-
moBerx. IlpaBpma, Xax MOKABHLIBAIOT Te ;K€ PACTETHI, MACCHI H
pHeprua cOpomeHunx 000M0WeK MeUbime, UeM Té 3HAYCHI
DTHUX BeJIUYMH, KOTOpHe HAQMOAA0TCA ¥ pPeajdbHHX CBepX-
HOBBIX.

Ecnn macca 3sesunt owens Goanman (M > 30 Mg), To
yiie HIYTO He MO/KET OCTAHOBHTH ee DHICTPOTO CIRATHA IOCTe
CropaHms B AJpe BCeX TCPMOSAIEPHEIX HCTOUHIKOB DHEDPTINL
Ilaske He yCIeBaOT AETOHIPOBATH OCTABINNECA HECTOPEBINHMMA
KIICJIOPOM, TeNIil I BOJOPOR B CAMBIX BHEIIHIIX CJOSAX 3BERJIEL
Bee yxognT B «9epHYO JHDY?.

Bee oTH BLIBOGH TMOJNYYEHEL OPH pacieTax, KOTODLle e
NPHMUEMATH BO BHEMAHIIE DPONL BDANIEHHA: L0 yYeT OUeHb
ocosKkHseT 3agaTy. Ho, ¢ mpyroii cTopoHE, KAk MII Yike 31aeM,
OPI C;RATHM BpalleHme O0YeHb YGOLICTPAETCH M BTO MOJKET
OPHBECTH K JOMOJHHTEARHOMY cOpacmBanmo 000J0UKH 113-34
ZeliCTBIA MeHTPOOE/KHOIT CHIEL

B oGmex mpodieMa 09eHb CJI0:KUA 1, BEPOATIO, TPHJIETCH
HEMHOT0 TOMO/RAATE JIo ee Qojlee mim MeHee Tajl@;KHOTO pe-
menusa, Mamgo eme nm madaonaTenpHsx HAONLIX O BCOBIIKAX
CBEPXIOBHX I 00 DTOM 9Tame JBOJIONII 3BE3M.

Campiit mochenHmii stam spomronun BBe3q — Oexnle Kap-
JUKM, HelTpoHHEE B3Be3[bl M ¢yepHne [BIPER, ML Yike
paccMaTpHBAIN B OATOH, mectoil 1 cefpMoil rmaBax oroit
KHNTIL
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3 prniGpomennoro 3Be3faMH BemecTBa 00pasylTCA HO-
. BHIE 3BE3NBI, HO TO, YTO YILIO B ¢YCPHLIC ALIPLY, HOTEPAHO
ANs panpHelimeil JBOJTIOHI. " ;

HcemenoBaHnme 9BONIOLIKM 3Be3J Bcerga OBUIO ooHOIE M3
BasKHelimux 3ajgad acrporoMuu., Haknmx Tonnko gantacTmue-
CKUX I'II0Te3 He OHUIO Bhickasamno. Iloswanyil, mepeas Hayu-
Has THIOTe3a MOABUAACEH TOIJA, KOTHA aMepHKAaHCKHI acTpo-
dusuxk I'. Peccesr, noctpoupumii fuarpaMMy CIHeKTp — CBeTH-
MOCTh, NPeRnONO;RUI, 110 3BE3NH 9BOIINUOHHPYIOT TO Heil
BIOJNE IJIABHOII IIOCIENOBATENBHOCTH CBEpXY BHHU3.

Komeuno, cymecTByomas ceiiuac KapTHHA 2BONIOIIA
3Be3[ KAPEHHAIHHO OTNHYAETCA OT 9THX HepPBHIX MOJeeil.
Oua Opura cosmana TPYAAMH OYeHb MHOTHX acTpoH3HKOB u
0CHOBAHA HA TEOPHI CTPOCHHA B3Be3f, MOAPOOHO OIMCAHHOIL
B oToil kuure, Muorme acTpodH3NKI CO3NABANM M COBpeMen-
Y10 KapTuay aBoanuns 38e3d. [TocKoNbKY 5TO KOJIEKTHB-
HEIH TPYH V9€DBIX, MEH He 0y7eM 3Jech YOOMHUHATH OTHEHBHLIC
HMeHa,
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Hena 35 kon.

Mouemy Beweciso B Hegpax 3sesp
HarpeTo po BBICOKOW Temneparypbll
Hak TeopetHueckn nogcumrars Temne-
parypy B uentpe ConHual! B kakmux
AfepHbIX npoueccax ocroboxgaercs
3Be3gHas 3sHeprus! Hax onpepgenmurb
XHMHUECKHH COCTaB 3BE3[HOFO Belle-
creal Kak dmamka obbsicHser cyuje-
CTBCB2HME CBEPXMNOTHBIX 3Ee3[, Y KO-
TOPLIX OAMH KYOMueCKMH caHTHMeTp
BELECTEA MMEET Maccy B HECKOMNbKO
TOHH!! OTBEThI Ha 3TH M MHOFMe APY-
rHe He MeHee MWHTEpPecHble BOMPOCHI
faeT TeOpPHH BHYTPEHHEro CTPOEHHA
3Be3[, 3aHMMarowas ogHo M3 Begy-
LWMX MECT B COBPEMEHHOH acTpopH3u-
ke, C TeopueH BHYTPEHHEro cTpoeHMs
3Be3f cBA3aHa M Ba)HeHwasn npobne-
M2 IBONIKOLHH 3BE3].

J71a Teopua obnajaer cuaCTNMBOM
0coBeHHOCTLIO: (hM3MUECKHE 3aKOHbI,
onpepensioliHe CTPOSHHE H Pa3BHTME
3Be3/l, CPABHHTENIbHO MPOCTbl H MOTYT
6biTe BbIpaXKeHbl C M3BECTHbIM TMpH-
6nmxeHHeM MOCPeACTBOM 3NeMeHTap-
HBIX MaTtemartHueckux dopmyn.

B KHMre M3naraeTcs NpPoOCTbimM H3bl-
HOM € NOMOLWbIC 3NIemeHTapHblX thop-
MYA, HO Ha BMONHE COBPEMEHHOM
YPOBHE, TeopHA BHYTPEHHEro crpoe-
HHA M 3BOMIOUMM 3Be3d. [Ons uteHus
He TpebyeTcs HMKaKMX NpefBapMTeNib-
HbIX CBefEeHHH M2 (DU3MKM, ACTPOHO-
MHH W MaTeMaTHMKM, BbIXOAAWMX 33
npepgesisl Nporpammel CpefHed wWKo-
Nbl, HO 4UMTATENIO HYXHO BbITL pocTa-
TOUYHO BHMMATENbHbLIM M BAYMUHBbLIM
Ans Toro, utobel nepepn HHM PacKpbl-
nacs 3amevarenbHas KapTHHa cTpoe-
HHSA M PA3BUTMA 3BE30.




