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«Ypa3ymeHne TOro, 4YTO BCA COBOKYMHOCTb MNPOLECCOB
MPUPOAbl HaxXoAWTCH B CUCTEMHOW CBA3WM, NOBYXAAeT HayKy
BbISIBNATL 3Ty CMCTEMHYHO CBSi3b MOBCHOAY, KakK B 4aCTHOC-
TAX, TaK U B LenoM. Ho BMO/He COOTBETCTBYHOLME CBOEMY
npeameTy, WCYepnbIBalOLIME HayuHble W300paXKEHUs 3TOW
CBSA3M, MOCTPOEHME TOYHOTO MbIC/IEHHOrO OTOGPaXEHNA MU-
POBOI CUCTEMbI, B KOTOPOWA Mbl XKWMBEM, OCTaeTCA KakK Ans
Halero BpeMeHMW, TaK M Ha BCE BPeMeHa [AesOM HEeBO3MOX-
HbIM».

®. BHMENBC. «AHTU-[IOPUHM».

BBEAOEHMWE

«He B TOM TpyAHOCTb Temepb, 4YTOObI BCAKMX XOPOLUMX
Mo)XXeflaHWiA  HaroBopuTb, a B TOM, 4TOGbl BEpHO Aopory
yKasaTb, 4TOObl SICHO MOHATb, KaK Hago fAenatb MepBbli
war».

B. W. JIEHWH. Ws3n. 5 Tom 7.

B3rnsHu Ha Mup MOVMMM rnasamu,
OH OyaeT NnacKoBeil U POAHEN,

W 6ygeT TBEpXKE 3eMAs MOA HOramu,
W 6ygaeT ,60Mblle YyAeCHbIX AHEN.



BBEAEHVE K TPUOI MU

Kak nto6as HoBas KOHLEMNUMWS, AaHHbIA MHOFONETHWA Tpyn TpebyeT
BCECTOPOHHEr0 aHanM3a W OOBLEKTUBHOW OLEHKW uuTatens.  TO/bKo
BPEMSA, HEYMO/IMMOE BpEMS, MOXET YCTaHOBUTb (PAKTUYECKYH  LieH-
HOCTb 3TOM pPaboTbl, & MHE MPUXOAMTCA TO/bKO HALEATbCHA, YTO paspa-
60TaHHble MHOWA Waen He OGyayT npefaHbl 3a6BEHNO U MEPEXUBYT
Beka. 10 BHYTPEHHeMy COZEepPXaHWI0 [aHHas KHUra He WMeeT aHasio-
rOB B Hay4yHO-TEXHWYECKON nuTepatype BCeX HapogoB 3emin.  Hu
[PEBHME TPEKN, WHAYCbl, ErUnTAHE, HU Y4YeHble APYruX WCTOPUYECKMX
3M0X, HM HaluX COBPEMEHHMKWM He MOr/IM BOCCO34aTb MOJHYH0 06beM-
HYH0 KapTWHY OKpYXXaloLlero Hac Mupa Ha (yHAameHTe HebO/bLIOoro
KO/IMYECTBA WCXOAHbIX HeAeNUMbIX, [AeNCTBUTENIbHO 3/1EMEHTAPHbIX,
yacTuy, mMaTepun. Takue MOMbITKN NPesnpUHUMaINCL HEOLHOKPATHO,
HO BCE OHW, Kak MpaBwio, 3aKaHYMBa/INCb Kpaxom. ATOM — Heaenu-
Masi 4acTuua YYeHbIX [PEBHOCTM B Halle Bpems B [AeNCTBUTENbHOCTM
cKasancs TakUM >Xe HeumcyeprnaembiM, Kak cama BceneHHasn. Ceityac
yCTaHOBNEHO HayKoi 60nee 3500 pas3fnyHbIX M30TOnoB y 108 aTtomos
XMMUYeCKMX 3M1eMeHTOB. B Tpuguatble rogbl Hawero Beka Obiin un3-
BECTHbI INLb TPU 3/1EMEHTAPHbIE YaCTULLbl, — W3 KOTOPbIX, MO MHEHMIO
YYeHbIX, COCTOS/T BECb MaTepuasibHblii MUP — 3TO MPOTOHbI, HEWTPOHbI
N 3NEKTPOHbI, a celvac YyKe OTKpbITO 6onee 350 aneMeHTapHbIX (He-
[e/IMMbIX C NO3ULMN COBPEMEHHOW Teopuu) 4acTul. A8 yMeHbLIeHWs
KO/IMYeCTBa 3/IEMEHTapHbIX YacTWL, B LUECTMAECATble oAbl Hallero
CTONETUA Y4eHbIMU OblM BBEfEHbl B HayKy Tpu 3(mMepHble (Tak Kak
MX HWUKTO HUKOrZa He BWAEN W A HaLetoCb HUKOTAa He yBUAWUT) runo-
TeTUYECKNe 3/1EMEHTAPHbIE YacTULbI-KBAPKK, M3 KOTOPbIX, MO MHEHWIO
TEX XK€ YUYeHbIX, JO/DKHbl ObliM Obl COCTOATb BCE WM3BECTHbIE 3/1IEMEH-
TapHble YacTuupbl. N8 OOBACHEHWS CBOWCTB W3BECTHbIX K HaCTOsLLe-
MYy BPEMEHMW 3/IEMEHTApPHbIX YacTuL, HaykKe ceilyac MOHaZobWMNOCh YXKe
28 TWMOB TUMOTETUYECKMX 3/IEMEHTaPHbIX YacTWL, TakMX KakK KBapKwu
W T00Mbl, @ 3T0, MO0 MOEMY MHEHWMIO, Y)Ke KpaxX KBapKOBOW Teopuu,
XOTA nofasnstollee 60/bLUMHCTBO COBPEMEHHBIX YYeHbIX  CUUTAlOT
[0 CUX Nop 3Ty TeOpMO OYeHb MPOrpPecCMBHOW W MNOLOTBOPHOM,  HO
OYeHb MPOCTO A0Ka3aTb, YTO Ha 6a3e «MMOCKOM» Teopuu, a TaKoi
ABNAETCA Teopus KBAapKOB, HeNb3s MOCTPOUTb 06bEMHble 06pasbl pe-
aNbHOro Mupa (N0 KBApKOBOW TeOpPWUW BCE HYK/IOHbI — MPOTOHbI U
HETPOHbI COCTOAT W3 TPeX TOYEYUHbIX KBAPKOB, & B COOTBETCTBMM  C
3aKOHamy 3/1eMEHTapHON FeoMeTpuK, Yepe3 /tobble TPU TOYKM MPOCT-
paHCTBa MOXHO NPOBECTW M/IOCKOCTb W, CNefoBaTeNlbHO, BCE KBAPKOBble
MOJENN 3NEMEHTOB MWKPOMMPa MNOCKMe 00pa3oBaHus, a W3 JiHobbIX
nnoc;mx 06pa3oBaHNii HMKOT4a He BO3MOXHO 06pa3oBaTb OObEMHble
Tena).

ABTOpY TpUNOr1KW, MO-BUAMMOMY, YAa0Ch MOCTPOUTL 06LLYID 00beM-
HYl0 KapTUHY peaslbHOro Mmpa OT OMWCaHWSA CBOWCTB BCEX W3BECTHbIX
M BO3MOXHbIX 3/71EMEHTaPHbIX 4acTuL, 4O OMNWCaHWsA KpynHOMacLiTab-
HbIX AIBNEHWUIA, MPOMCXOAALLMX BO BCeneHHOM Ha OCHOBaHWM NPUMUTMB-
HbIX CBOWCTB OfHON, [ENCTBUTENIbHO 3/1EMEHTAPHON YacTuubl — rpa-
BUTOHA. 3TO, MO-BMAMMOMY, YHWUKa/bHbIA CAyyaid B UCTOPUM Pa3BUTMS



MO3HaHUA.  YMHbIA YeNnoBeK,  MHOrMe 3HatoT, 4To 310 6bin ®. [oc-
TOEBCKMWiA, CKasan, 4TO KpacoTa CnaceT Mup W OH  [eiACTBUTENbHO
npae, 160 rapmMoHWS, CUMMETPUA M KpacoTa — 3TO OAHW U3 OCHOB-
HbIX BHELHMX XapaKTepUCTUK Hanbonee YCTOMYMBLIX OOBLEKTOB pe-
anbHOr0 Mupa. [apmMoHMsi HembiciMMa 6e3 CMMMeTpUM,  a KpacoTa
6e3 rapmoHun. Mbl 4acTO pagyemcs KpacoTe W FapMOHMWM  MPUPOAbI.
[Nns NpocToTbl BOCMPUSATUS OKPYXKAlOLLEro Hac MUpa Mbl MPUYYeHbl
BOCMPMHMMATL OKpYyXKatoLlee MpOCTPaHCTBO B TpexMepHoW (aekap-
TOBOMW) CUCTEME KOOpAMHAT. YacTb SBNEHWUI MPUPOAbI  Mbl MOXEM
HarnsigHoO BOCMPWMHMMATbL B OFPaHWYEHHOM YeTbipbMsS KOOpAMHATaMM
KOHTMHMMYMe NPOCTPaHCTBa-BPEMEHWN, MO BHYTPEHHAS KpacoTa 00b-
eKTOB MPUPOAbI, CKPbITast B X CUMMETPUM WU TapMOHUK, MPU 3TOM,
4aCTO YCKO/Mb3alT faxe OT MbIT/IMBOIO HabnogeHus, Mbo Aaxe npoc-
Telilune M3 MpPOCTeNLMX 06pa3oBaHWU MaTepun — 3NEMEHTapHble Yac-
TUUpIl, fapa aTOMOB M MONeKyn, obnagarouive, Kak MUHUMYM, MNSATbO
KOOPAMHATHLIMU OCAMW — OCAMW CUMMETPUM 3TUX YaCTUL, U YMEHb-
LUEHVe KONMYecTBa KOOPAMHATHLIX OCeli B CWUCTEMe OTcyeTa NpUBOAUT
K YCNOXHEHMIO N UCKKEHUIO MaTemMaTU4eCKUX W 3pUTeNbHbIX 00pa-
30B 3TUX OOBEKTOB peasbHOro Mupa W, CfefoBaTeslbHO, 4YacTb AB/e-
HUIA NPUPOAbI, OMUCLIBAEMbIX B YMPOLLEHHbIX CUCTEMaxX KOOPAMHAT,
nnéo OeccnefHo nponagaeTt, nmMbo npuobpeTaeT CMOXKHbIE BUAbl, YTO
AaXe 0YeHb FeHWasnbHbIE NIOAN He MOTYT MOMHOCTbI MPeAcTaBUTb
BCEn ONMCbIBaEMOW KapTWHbI. B (hu3nke n mMaTemaTuKe, Kak, BNpo-
YeM, M B COLMANbHO-3KOHOMMUYECKMX 3aKOHax — MpoCcToTa W, cnefo-
BaTe/IbHO, MOHSATHOCTb 3aKOHOB $IB/SETCA OCHOBHbIM MPU3HAKOM WX
KpacoTbl'. KpacuBblii 3aKOH Bcerga mpocT. OueHb KpacuB 3aKOH (-
3MKW, ONpefenstoWwmin CBA3b MexXay Mepol aHeprum E m maccoli vac-
bl M, uepe3 KO3((UUMEHT NPOMOPUMOHANLHOCT B BMAE KBagpaTa
cKopocTh cBeTa ¢ E = M c°. 3JKOHOMMCTam W MOAUTUKaMm cnegyet
YUNTLCS Y (IM3MKOB KPATKOCTU BbIPXKEHWUS CBOMX MbIC/IENA.

MomrMo 06beMa U MacChl, 06bEKTbI MPMPOAbI 06N1afardT MHOXXECTBOM
ApYyrux CBOMCTB: BKycOM (MpaBfa, BKYC OONbLUMHCTBA  MPUPOAHbIX
BELLECTB «HE HO 3ybam» 4enoBeky),  LBETOM, apOMaTOM, «BHYTPEH-
HUM TO/0COM» — W3/Ty4YEHNEM B LLUMPOKOM CMeKTpe 4acToT, M 3Tn
ABMEHNA MPUPOAbl HEBO3MOXHO O0OBACHWTL TONMbKO MPOCTPAHCTBEH-
HbIMW XapaKTEPUCTUKaMN U NS O0ObACHEHWSI 3TUX SBNEHUIA MPUPO-
Abl HeobXoAMMa CBOSI KOOPAMHATHAas cucTema oTcyeTa. [as onucaHms
AENCTBUI MbICAAWMX  (PU3UKO-OMONOTNYECKUX CUCTEM, K KOTOPbIM
YMOPHO MPUUNCIAET Ce6s YenoBeK, BbILLEYKA3aHHOW CUCTEMbI W3Mepe-
HU y)Ke HeAOCTaTO4HO, MO0 AN OTPaXKeHWs YYBCTB W KENaHWiA,
SMOLMIA 1 [eNCTBWIA, MbICneli M 06pa3oB HeOOXOAUMbI AOMOMHUTENb-
Hble OCM KOOPAMHAT 06LIe pa3BETBMIEHHON (PU3MKO-610NOrNYECKON
cuUCTeMbl OTcyeTa. Takum 06pa3oM AN MOAHOrO ONUCaHWs ABMEHWI
NpMpoabl HeOOXOAMMO WMETb, KakK MWHUMYM, 15 KOOpAMHATHbLIX OCel
06LLen MHOrOMepHoOM (M3MKO-610NOTNYECKO cucTeMbl oTcueTa. OKpy-
Xarolee nac (M3MKo-61MONOrMyeckoe MNPOCTPAHCTBO MHOMOMEPHO U
Mbl 0Csi3aeM, OOOHSIEM, CAbIWMM, BWAMM, YyBCTBYEM €ro, AENCTBYeEM
B HEM, AyMaemM O HEM W He MpaBbl T€ YYeHble WU (aHTacCTbl, yTBEp-



XJaroLime, YTO YyBCTBO MH.OTOMEPHOW MPUPOfbl ABNSAETCA 0COObIM
OY/THYHTE/IbHBIM  CBOMCTBOM MpULLENbLEB K3 KOCMOCa.

ABTOp 6narofapuT KonnekTus H-TarnabCKoro npon3BOLCTBEHHOIO
06beanHeHns  «YpanxHmnnact» 1 CBeph/IoBCKOro 06/1acTHOro  npo-
M3BOACTBEHHO-TOProBOro 06beAMHeHNA «MefTexHUKa» 3a OKasaHue
mMaTepuasbHON noMoriM B MNybauKauum 3Tol paboThl.

ABTOp O4eHb 6GnarofapeH, akagemuky Boncosckomy C. B.;  une-
Ham-koppecrnoHgeHTam BepwuHuHy HO. H. n Ha6oituenko C. C; AOK-
TOpPY XMMWYecKMX Hayk Yxosy B.®.; kaHaupaTam Hayk [esupy M. U,
Uepkawndy b. K., MoxokepHHy B. M.; gupekTopam, rnaBHbIM WHXe-
Hepam ¥ BefyLuMM crieyuanuctaMm psga NpeanpuaTuid Mo opraHu3aumi
Csepgnosckon o6nactm — CwmupHoy K). [., HOxte B. T, Bonueu-
koBv B. B., KHazesy M. A, OguHuesy B. A., Hocbipesy B. ®., Chbl-
coesy J1. B., Wenokosy B. ®.AyHiowHkmuHy E. C., Knoukosckomy B. 1.,
XKykorwy B. TI., CseHgposckomy C. HO, lonosueHko I. ., Besrpe-
Genbitomy 11, A., JlaspuHosuuy I. A, YcTioxaHuHoBy B. A., Llpepe-
py A. A, Axtamosy M. P., Mupkuny HO. [., Awmxusy B. ., Mu-
xainnosy . B.. bagbeBy C. M., Awyesy b. ., Bonkosy A. B., Yue-
umHon T. ®.. CeetnmuHomy HO. A., LlenseBy B. ®., — 3a OkKasaHue
MOMOLLY B MOArOTOBKe MaTepuasnioB paboTbl K NMybauvkaumu.

BBEAEHVE K 1 TOMY.

B 3Toii paboTe BblABUraeTCs HOBasf TOYKAa 3PEHWUA MO BOMPOCY MpPo-
UCXOXAEHWA W 3BOMOLMM nnaHeTHoW cucteMbl ConHua. Co BpemeH
IT. KonepHuka nioasM W3BECTHO, YTO Halla 3emns [ABWKETCA BOKpPYr
ConHua, coBeplias MNOMHbIA 060pOT 3a OAWMH rof. W3BeCTHO Takxke,
yto 3eM/s BpalwaeTcs BOKPYr COOCTBEHHOW OcW, COBepLuas MoyTh
OfMH 060pOT B CYTKW. [laXKe LUKO/IbHMKaM MafluX KiaccoB M3BECT-
HO, 4YTO 3eM/A BpallaeTcs BOKPYr COBCTBEHHOW OCW, HO Na TpuUBWAsb-
HbliA BOMpoC: «lMoyemy e, COBCTBEHHO roBops, 3emns BpallaeTca?» —
Ha Ceil [eHb HET YAO0BNEeTBOPUTE/IbHOTO OTBeTa. J1t06OMbITCTBO U Xe-
NaHve nony4nTb OTBET Ha 3TOT BOMPOC 3acTaBWAM aBTopa 6Gonee Tuya-
Te/lbHO MO3HaKOMUTLCA C OCHOBaMy aCTPOHOMWM W. B YaCTHOCTW, C OC-
HOBaMW MiaHETHOM KOCMOrOHMM — pas3fefia aCTPOHOMWUM, W3yuvaroLLe-
ro MpoOVCXOX[EHWe W pa3BUTME KOCMUYECKUX Ten WU ux cuctem. [lo-
3HaKOMMBLUMCb C W3BECTHbIMW B3r/Nf4aMn Y4eHbIX M0 BOMpocaM Koc-
MOTOHWM, YBWAEB HECOCTOATE/IbHOCTb CYLLECTBYIOLMX T[UNOTe3 AN
0OBACHEHUA W3BECTHLIX  ABMIEHUA NPUPOfbI, aBTOP BbIABMHY/ CBOKO
KOHLENUMio no npobneme MNPOUCXOXAEHWUS W 3BOJOLMM  NNaHETHOM
cuctembl ConHua. B 3TOM KHUre umtaTesb MO3HAKOMUTCA C KPaTKOM
XapaKTepUCTUKOW [OMUHUPYIOWMX B3rNISL0B MO BOMPOCaM M/IaHETHOW
KOCMOTOHUW, MO3HAaKOMUTCH C KPaTKOW KPUTUKOM 3TWX B3rNAL0B U
CTaHeT CBMAETEeNleM W MepBbIM KPUTUKOM HOBOW runotesbl. KHura pac-
cuMTaHa Ha LUMPOKWIA Kpyr uutaTeneid, U A8 MNOHWMaHWS ee CyTu
COBCEM HE HALO BHUKaTb B MaTeMaTU4yeckue BblKMAAKW, MPUBOAMMbIE
B paboTe M paccuMTaHHble Ha /10603HATE/IbHbIX U CMeLMaIncToB.
KHura nonesHa Ans pacLuMpeHus Kpyrosopa ¥ pa3BUTMA /IOrMYecKoro
MbILL/IEHWS, MO0 C Takol TOYUKW 3peHUs BOMPOCbI KOCMOrOHWM He pac-
CMaTPUBA/INCL HWUTAE B MWUpE. 7



AHHOTAULNA

B cBoeli HeboNbLIOW MOHOrpaun, KpUTUKYS CYLLECTBYHOLME BO3-
3PEHMSA yueHbIX, 1 OTPa3w/l CBOK TOUKY 3PEHMS MO BOMPOCY MPOHCXOX-,
aeHnst COMHEYHON MAaHETHOM CUCTEMBI.

A cuMTald M YaCTUYHO MOATBEPXKAD pacyeTamu, NPUBELEHHLIMU B
HVKEN3N0XKEHHON paboTe, 4TO nNpegnaraeMblii MHOW BapuaHT Mporc-
X0XaeHnsi CONMHEeYHOW CUCTEMbl M3 CTYCTKOB M/1a3MEHHOr0 BeLLeCTBa
Heap MpoToconHua, BbIOPOLLUEHHOTO B pe3ynbTate nepBo-
F0O MOLLHOIO HamnpaB/ieHHOro TepMOSAEpHOro B3pbiBa, 60/ee MOMHO OT-
paxkaeT abCONMOTHYIO WUCTUHY.

B pa6ote: npousBefeH aHanM3  cnabbiXx CTOPOH  aBTOPUTETHOM
B Hawe BpeMsi HeOynspHOW runoTesbl  NPOMCXOXAeHUs COMHeYHOoM
NNaHETHOW CUCTEMbI; BbIABMHYTa, HA MOV B3rnsg, 6onee CTpoiHas Teo-
PUS NPOUCXOXKAEHWUS MNMAHETHbIX CUCTEM 3Be3[, NWLLIeHHas O60/bLUMH-
CTBa HeAOCTAaTKOB MPeALWecTBYOLWMX FMNOTe3, MOAKPEernaeHHas Mate-
MaTUYECKUMUN pacyeTaMu: TPexX 3HepreTMyeckux pexumoB  CoMHUE;
npaBuna pacnpefeneHns yAenbHbIX M0THOCTEA MPOTOMIAHETNoro Be-
LLeCTBa; TEPMOAMHAMMYECKUX XapaKTePUCTMK CryCTKOB MpOTOM/aHeT-
MOro BeLLecTBa: €AMHCTBA 3aKOHa BCEMUPHOro Tarotenus W. HbtoTo-
Ha W 3aKOHa BbITa/IKWBAHUA MOTPYXXEHHbIX TeN XXMAKOCTbIO Apxume-
[a; 3HEpPreTMYeCKMX PeXMMOB HEBO3MOXHOCTU KOHAEHCAUuuMu nniaHeT
13 «NPOTOMMAHETHOrO» ra30MbINEBOro ob6naka.

B paboTe paHa hm3nueckas WHTeprpeTaLus: BO3MOXHOIO BapWaH-
Ta 00pa3soBaHMsi  XUMWYECKMX  3/IEMEHTOB B YCMOBUSX  B3pbl-
Ba 3Be3[ MaJioll MacCbl;  POXAEHUS U Npeobpa3oBaHWs MIaHETHOW
cuctembl ConHU@; HampaBfeHUii BpalleHWsi NnaHeT BOKPYr CBOMX CO6-
CTBEHHbIA OCel, C yKa3aHWeM MpUYMH [BVXXEHWS CMYTHWUKOB MaHeT B
HabMo4aeMbIX HanpaBieHUsX.

B paboTe npviBedeHbl: MPUHLMNMANBHO BO3MOXHbIE TPaeKTopumn ne-
pexofia NnaHeT Ha MNniaHeTHble OpPOWTLI; MPUMepbl acCUMETpUM B §B-
NEHNsX MNpUPOAbl; KnaccuuKaums KOCMUYECKUX B3PbIBOB MO YAeNb-
HOW NNOTHOCTW 3HEPrUiA Ha rpamm BeLLecTBa.

PaboTa MHTepecHa HOBM3HOM NOAXOAA K [peBHeiLei (puiocogCKol
npo6semMe COBPeMEHHOCTU: «Kak >ke BCe-Takum MPOMCXOAMNI0 Hayalo
Hayan?..»

PaboTa cogepxut 28 Tabnmy, paccyeToB U CHabXeHa 60NbLUMM KO-
/INYECTBOM PUCYHKOB, W/MOCTPUPYIOLLMX COAEpXKaHne U3M0XKeHUs.

Mony4eHHble B paboTe pesynbTaTbl MO3BONAKOT MPOU3BOAUTL YC-
MELUHbIA aHannM3 U ApYrux MaaHeTHbIX MUPOB.

MaTepnanbl NpPUBOAVMMONA HIDKe paboThbl, MO-BULUMOMY, [ODKHbI
cnocobcTBoBath: npuopuTeTy COBETCKOM HayKu B 06/1acTW” nnaHeTHOM
KOCMOroHuu;  passuTuio COBETCKOM WM MWPOBOM HayKW; Yrny6neHuto
MO3HaHUA W NPeLCTaBMeHNn YenoBeKa 06 OKpYyXXatoLleM ero mMupe.
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«S1 [ymalo, 4YTO MeHsl MOMpoCcUAN OTKPbITb  [WCKYCCUIO,
MOTOMY, YTO i CKEMTMYECKM OTHOLLYCb KO BCEM COBPEMEH-
HbIM TUMOTE3aM>.

r. DKEDDUNC. «Matepuanbl MeXayHapoaHOW KOoHthepeHLmn
MO MIaHETHOW KOCMOroHWW». 1958 T.

«[pegnonaraetca, 4to nNpUMepHo 4—6 MWUNNMAPLOB NeT
Hasag CornHue W nnaHeTbl 06pa3oBaMCb M3 BpaliatoLle-
rocs LMcKa, COCTOALero M3 rasa v noinv. Kak ato npowso-
LLUIO, OCTAETCA >KU3HEHHO BAXXHON TEMOW WCCNef0BaHUSA».

K. CAIrAH. «ConHeyHas cuctema». Mockea. «Mwp». 1978 T.

« Ecnu mbl ornsHemca Ha nyTb, MPOWAEHHbIA MAHETHOM
KOCMOrOHMWeN.., TO JIerKO 3aMeTuMM, 4YTO MOocne runoTesbl
O. DxuHca (1917 rom) sTa OTpac/b Hayku OKasanacb B
COCTOSHMM rnyboyvalilero kpusuca. ..B HacToswee Bpems
Yy MNNaHETHOM KOCMOrOHWM HET eiuHOl rnobanbHOW unaew,
npu3HaBaeMon abCoMOTHLIM BO/bLUMHCTBOM CMELNaINCTOB.
W TpygHo ckasaTb, yto 6ygeT panbuie». (Kpusuc npogosn-
XaeTcs [0 cux nop).

A. A, TOMUN NH. «3aHnmaTenbsHOe O KOCMOTOHUM».

UTobbl TENO He rygeno

OT m3nuwecTBa naen,

Ham 6bl HY)XXHO fenaTb Aeno,
«YepenyLuKy» MOMOLLHEN.

TBepabIM N6OM TapaHs CTeHbl —
UBaHCTBa, XaHXecTBa W TbMbl,
CBET BbIHOCKM Ma apeHbl,
MpVHUMaEM 30B Cy/bOGbl.

APKO BCMbIXHET FeHWA 3BE3[HbIN,
O6oiiasa poratuH CTPOW,

Mnn KaHeT HeusBeCTHBIA,
MpourpaB HepaBHbIn 60iA.



NMPEAOVWCINOBWE

MpegnaraemMas runotesa MNPOUCXOXAEHWUS  NNIAHETHOW  CUCTEMbI
ConHua KayeCTBEHHO OT/MYaeTCA OT BCEX M3BECTHbIX MNa 3Ty Temy
MOe N He MMEET aHa/loroB B MMPOBOI Hayke.

[Ana 06bACHEHUA NMPOVUCXOXAEHWUS MNAaHETHOW cucTeMbl ConHUA, pas-
HO, KakK ¥ No60oN Apyroin nnaHeTHOM CUCTEMbI 3Be3[, B rWMoTese pas-
BMBAeTCA W MOLKPENNsAeTca MaTeMaTMYecKMM aHasm3oM uges nep-
BWYHOIO TEPMOSEPHOr0 B3pblBa, KOTOPbIA, MO-BUAMMOMY, NPOU3OLLEN
BHYTPM MEPBMYHOIO  NPOTO3BE34HOrO  rasonblfeBoro o6naka. [Mpu
rPaBMUTaLMOHHOM  CXaTWM MPOTO3BE34HOr0 rasonblieBoro o6naka BO
BHYTPEHHell 4acTh 3TOro ob6naka MPOUCXOAWT MOBbILIEHWE 3HAYeHWUi
[aBneHnii 1 TemnepaTyp. B aTo Bpems BHyTpu 3Be3gpl (ConHua) cos-
[al0TCs Takue ycnoBus TemnepaTyp W AaBleHWIA, KOTOpPble CrOCO6CTBY-
tOT BO3HWKHOBEHWIO W MNPOTEKAHWIO TepMOsLepHOW peakuun. lMepBuu-
Has TepmosfepHas peakuMs CUHTe3a BellecTBa [axe Mpu 6OMbLLIOM
KONMYeCTBe ONaronpuAaTHbIX (PakTopoB (0 4YeM 3abblin, 60 He Xo-
Tenu 3HaTb B YepHOObINE), faxe npu 61aronpuATHbLIX 3HaYeHUAX [as-
NEHVA N TemnepaTyp, 3Ta peakuus MOXeT 3afep)katbcs Ha 100, 200,
300, 1000 n paxe 6onee net, MO60 BO3HUKHYTb [0 WCTEYEHUS CpoKa
B YC/MOBMSIX, KOTOpble He MOryT ObITb OTHeCeHbl K uuciny 6na-
rONpUATHBIX. 3TO MOYTUM Kak B 06bIAEHHON >XWM3HW. Hanpumep, Bce
[EBYLUKM [O/DKHbI BbIATM 3aMyX W poauTb pebeHka B BO3pacTe OT
18 no 25 net, HO BCTpevatoTCA OTAe/bHble 0Cc06U, KoTopble M B 30, K
B 35, 1 jaxe B 60fiee cTaplleM BO3pacTe He 3HAKOT MYXCKON Nnacku, a
B TO e BpeMs feBuUbl B 12—13 neT cTaHOBATCA MaTtepsaMu (OT Be-
TepKa, HaBepHOe).

Ana npoTekaHus TepMOSAEPHbIX peakuuii MOMMMO 61aronpuATHbLIX
3HaYeHWIn [aBneHWin U Temnepatyp Heo6XOAMMO BbIMO/HEHWE LENOro
psafa LOMONMHUTENbHBIX YCMOBUA. K TakuM [OMOMHWUTE/bHLIM YC0BU-
AM, B MepBYH0 0Yepefb, OTHOCATCH YCNOBUSA CTOSIKHOBEHUS aKTUBHbIX
yacTuL, BeLecTBa B «1060BOM yaape». B 4-i1 n 5- rnaBax KHUruM npu-
BOAMTCA MOAPOGHbI MaTeMaTUYecKuid aHann3 psga NpuyuH, onpege-
NAOLWMX Havano TePMOSAEPHbIX peakuWil CUHTe3a BeLLecTBa, BO3HW-
KatoLyx BHYTPWU NPOTO3BE3AHOr0 BellecTBa (B KOHKPETHOM Cryyae —
MpoToconHeyHoro BelecTsa). Ha nepsoM 3Tane 3BOMKOUMM 3Be3[
MPOLIeCChbl  TEPMOSLEPHOIO CUHTe3a BeLlecTBa MPOTEKAaT CMNOHTaHHO
M HOCAT B3pbIBHOW (PEBOMIOUMOHHbLIN) — XapakTep. B 3TOT nepwop
Mpoueccbl CMHTe3a BeLLecTBa, BMIOTb A0 W30TOMOB MNpefenbHO BO3-
MOXHOro 128 XMMWYEecKoro 3femMeHTa, MpOTeKalT B MWIIVOHHbIE U
MUapAHble 0NN CeKyHAbl.  TepmosiepHble  peakuuy B3PbIBHOIO
jTana 3BOMOLMM 3BE3[ NPOTEKAOT C BblAeNneHWeM 60/bLLIOr0 Ko/nye-
CTBa 3HEPruy, 4TO BbI3blBAET ObICTPOE YyBe/MYeHUe O06BLEMOB 3BE3[.
Paclumpssch, 3Be3dbl CTPEMATCHA K LOCTUMDKEHUIO [UHAMWUYECKOrO paB-
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HOBECMSI MEXAY CWnaMu BHYTPEHHero [aBleHus W Ccuiamy rpasuTa-
umn. Bce UMKIMYeCKUe U3MeHeHWs akTMBHOCTM CofiHUa — 3TO OCTa-
TOYHble ABMIEHWSA MEPBUYHOTO B3pblBa. Bce nepuognyeckne KonebaHus
CofHua OCYLLECTBNAOTCA OTHOCUTENbHO Cepbl CTATUYECKOro PaBHO-
BeCUS TaK >Xe, KaK /060l MasTHUK MepeMeLlaeTcs OTHOCUTE/bHO
TOYKM paBHOBECWS [eNCTBUS CWUI.

B coOTBETCTBMM C TrWMNOTE30/, MpY BO3HWKHOBEHMM  CO/HUA Kak
3Be3fjbl M3 €ro HeAp Mpov3oLLen BbIGPOC MPOTOMIAHETHOrO BeLLEeCTBa
B BWAE [BYX CTYCTKOB MaTepuu, KOTOpble 3aTeM pasfe/IinCb Ha MHO-
XecTBo marepuanbHbiX Ten cuctemsl ConHua. B rnasax 6, 7, 8, 9, 10
MpVBeAEHbl pacyeTbl U [aHO OOBACHEHWE MexaHW3Ma [efleHWUs MpoTo-
MMNaHeTHbIX CrYCTKOB BELLECTBA Ha OTAeNbHble Tena cuctembl ConHua.
OnucaHve runoTesbl MOCTPOEHO TaK, 4YTO [N XOPOLIEro MoHWMaHuA
CYLLHOCTM TWMNOTE3bl MOXHO MNPOMYyCKaTb MaTeMaTWYecKue BbIKNALKK,
KOTOpble NpefHa3Ha4yarTCa 1S HEOPAMHapHbLIX NtOAeN, YBIeYEHHbIX
NOesmMn MaTeMaTuKu, (PU3MKK, acTPOHOMUM, acTPOMU3MKKU, KOCMOHAB-
TUKW,  KOCMOTOHUM, @ TakXe [N  HEBEPYILWMX U  BEYHO
COMHEBAIOLLMXCA CKEMTUKOB, & 3HAKOMWUTLCA /Wb C OOWYMU BbIBO-
JaMWU U PUCYHKaMK, NPUAAKOLWMMY HarnsgHoCTL M3fiaraeMomy  mare-
puany runotesbl. Jns WCKMOYEHUA WU XOTA Obl YMEHbLUEHWUS CKen-
TUYECKMX 3aMeyvaHWn M Hanafok, a TOo, YTO B Hallem 06LiecTBe Bcer-
fa HaiigyTca MogW, Bcerga rotosble BCE YMCTOE W CBET/IOE 3aTONTaTh
B IpsA3n, pacckKasbiBaTb, MO-MOEMY, He Hafo, CO CTOPOHbI 3/10pafCT-
BYIOLUWMX MpeACTaBuUTeNeli rOCMOACTBYHOLWMX HAyYHbIX KOHLENUuA B
BblLLEYKa3aHHbIX rNaBax KHUMM MPUBOAMTCA MNOAPOOHbLIA 1N BCECTOPOH-
HW/A MaTeMaTU4yecKuin aHanu3 npegnaraemMori runotesbl. B nepsbix
[BYX T[/laBax KHWAMU TNpUBEAEHAa KpaTkas XapakTepucTMKa rOCMOACT-
BYIOLLEN HbiHe HebynspHoW Teopun o6pa3oBaHus cucTeMbl ConHua u
JaHbl KPUTUYECKME 3aMeyaHusi O HEeCcOCTOATENbHOCTWU 3TON Teopuun. B
TPeTbeil rnaBe KHUMM AaHbl OCHOBHble MOJIOXKEHWUA Mpeanaraemoi ru-
notesbl. B OfMHHaALATON rnaBe MOBECTBYETCA O HEW3BECTHbIX paHee
3aKOHax MNpuUpoAbl. B [BeHaauaToii rnaBe KHUMM pacckasbiBaeTcsi O
HeraTMBHOW TOYKE 3pPeHWs aBTopa Ha uaeto «Teopun BOMbLLIOTO B3pbl-
Ba». [0 CTeneHW Hay4yHOCTWU 3Ty TEOPUIO MOXHO MOCTaBUTb Ha OAWH
YPOBEHb C MWUCTUYECKUM PUTYasioM «rafjlaHusi Ha Tapenovke Wam Ko-
(heitHOW ryLe».
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« Benukas OCHOBHas MbICNlb, — YTO MMP COCTOWUT He U3
rOTOBbIX, 3aKOHYEHHbIX MPeAMeTOB, a MNpeLcTaB/seT Cco6oii
COBOKYIMHOCTb MPOLIECCOB, B KOTOPbIX MpPeAMETbI, KaxyLluue-
CA HEM3MEHHbIMW, PaBHO Kak W [efaemble ro/I0BO MbIC/EH-
Hble WX CHUMKMW, TOHATUA HaxoadTca B GecnpepbiBHOM
M3MEHEHUW, TO BO3HWKAIOT, TO YHWUYTOXAKTCH, NpUYeM Mo-
CTynaTe/lbHOE pa3BuTWe, MpU BCel KaxyLlelncs cnyyaiiHo-
CT W BOMPEKW BPEMEHHbIM OT/IMBaM, B KOHEYHOM CyeTe
NpoKnafbiBaeT cebe nyTb..»

®. OHIENbC. «J/liogur ®eitepbax 1 KOHeL
KNaccuyeckol HeMeLKoi  mnocotmmy»,

'MABA TIEPBAA

HEKOTOPbLIE B3rndAaibl HA NMPONCXOXAOEHWNE
COJIHEHHOW CUCTEMBbI

«[lofienbiBaTh 1 MepeaenbiBaTh, HauMHaTb C Hadyana npu-
[ETCS Ham ellle He pa3. Kaxpgas cTyneHb, 4To HaMm ypaaetcs
Briepes... AO/KHA COMPOBOXAATbCA [A04e/biBAaHNEM U Ne-
pefenblBaHNeM».

B. . NEHWH. W3g. 5. Tom 44.

Bpems,.. BEUHOCTb,.. YE/IOBEYHOCTb...
Mur,.. MIHOBEHbe,.. Halla XWU3Hb.
Urto Takoe GECKOHEYHOCTH?

YTo Takoe mur Bo pxwu?



1. MO3HABAEM J11 MUP?

Mo cOBpeMEHHbIM [aHHbIM, BO3HWKHOBEHME 3eMIn Kak M/aHeTbl
MPOM30LLNI0 MATb MWNWAPLOB NleT Hasaf. YenoBek Kak MNPOLYKT 3BO-
MOUMMA  NPUPOAbI, MNOAHSABLUMIACA [0 MbIC/ALEro CYLIECTBA, KaKUX-TO
MWIMOH NIeT TOMY Ha3af, eCTECTBEHHO, He MOr CTOATb Y KO/blbenu
CBOE MaTepu — HOBOPOXAEHHOW 3emMnn, HO BCE >Xe MOBCIOAY Mpo-
HUKAIOLWWIA YenioBeYeCKUA pasyM CyMesl Hac MbICMIEHHO, KOHEeYHo, Me-
PEHECTU K MCTOKaM Hayana Havan. 3a [JONryt0 MCTOPUI0 YesioBeyecT-
Ba Obl/I0 BbICKA3aHO MHOIO rumnote3 O npoucxoxgeHun ConHua, 3em-
nm wn 3Be3d. TunoTtesbl poXAanucb M ymupanu U na CMeHy OfHWUM
NpUXoaunM Apyrue, KOTopble MOraM 60siee TOYHO OTpaxkaTb Habso-
[aemble fBMIEHWS NPUPOAbI. MMMNOTe3bl pasnMyHbIX aBTOPOB YacTo MNpo-
TUBOPEUMNIN JpYr Apyry, Hanpasfiff MO3HaHWA NI0LeN W3 OAHOW Aua-
MeTpasibHO NPOTUBOMOMOXKHOW KPaliHOCTU K ApYrow.

MaTepuanbHas N0 CBOeM CyTu runotesa unocoda-naeanmcra
M. Kanta (1755 r.) u tpaHuysckoro tusmka I. flannaca (1796 r.)
0 npoucxoxaeHun ConHua W nnaHeT U3 packaseHHOW rasoBOW TymaH-
HOCTW, 6e3pa3fieflbHO BrajeBluas yMamMu y4yeHblX B TeyeHue nosyrtopa
COTEH JIeT, MO HATUCKOM HOBbIX OTKPbITUI OTTECHEHa MOC/eLyHoLLM-
MW MOKONEHUAMW WCCnefoBaTeneil Ha 3afHUA  WCTOPUYECKMIA MNaH.
MoxeT, runotesa KaHta - Jlannaca He Tak yX Meptea? Jliogu Ttorga
He 3Ha/n O YeTBEpPTOM M1a3MEHHOM COCTOSIHMM BeLLecTBa W Mnasmy
OTOXJECTBNANN C ra3oM. MoxeT 6bITb, MHTepnpeTauus uaen KaHta-
Nannaca B cBeTe COBPEMEHHbIX 3HaHWN CcrocobHa npuaatb WX ru-
rnoTese HOBOE CW/IbHOE COBPEMEHHOE 3By4aHne???

«/ctnHa © 3abnyxpaeHune, NoJo6HO BCEM NOTMYECKUM KaTeropusm,
OBVKYLUMMCA B MONSAPHLIX MPOTUBOMONOXHOCTAX, WMEKT abCcoNoTHOe
3HayeHVe TONbKO B Mpefenax YpesBblYaliHO OrpaHMYeHHOW 061acTu...»,
— nucan ®. BHrensc (J1. 1, 1. 20, cTp. 92).

N3 3TOol umMTaThl OQHOMO W3 OCHOBOMOJIOXKHWKOB MapKCu3ma SCHO,
4yto B OOMBLUMHCTBE C/lyYaeB, MpU3HaBaeMble ceiiYac Kak 3abnyxpe-
HUS MNpefcTaBfeHns Nofeid, B pe3ynbTaTte pasBUTUA MO3HAHUA MOryT
0Ka3aTbCs UCTUHHLIMW, a NPeLCTaBeHNs Nofeld, BOCMPUHMMAIOLLMECS
KaKk WCTWHa B MepBOM WHCTaHUMK, MOryT 0Ka3aTbCH YCTONYMBLIMU
3abnyxaeHuamu nogein. BoaMoxkHo, yuto B runotese KaHTa-/lannaca
COLEPXNTCH paLMOHaNbHOE 3epHO, «...NMO3HaHWe 4YenoBeKa OTpaxaeT
abCoNoTHYO UCTUHY, — nucan B. W. JleHnH, — npakTuka 4enoeve-
CTBa, MPOBepAs HawwW NpeLCcTaB/ieHns, MOATBEPXAAeT B HUX TO, 4TO
COOTBETCTBYET abCOMOTHON MUCTUHe» (J1. 2, T. 18, cTp. 137).

[Ba  BbIWENPUBEAEHHbIX  BbICKAa3blBaHUS  MOATBEPXAAT  UAEHD
®. SHrenbca, YTo PasBUTHE WMAET MO CMMPAIN OT HUBLLETO K BbICLLEMY
ee BUTKY. BMosHe BEpOSITHO, UTO XOPOLIO 3abblTOe CTapoe MOXET
CTaTb OCHOBO HOBOro. COBpEMEHHble [aHHble, KaK W AaHHble APYrux



MNeprvoaoB PasBUTWS YeNOBEUECTBA, B GO/MbLUMHCTBE CBOEM OTHOCWTEb-
Hbl M MMEIOT NpOTMBOPEUMBLIN XapakTep. Kaxaplii nccnefoBaTenb Uc-
Monb3yeT B CBOE/ MPaKTWUKE TOMbKO Te 3HaHWUs, KOTOpble 00Mee BepHbI
H Nydlle ApYrux COrNacytoTcsl C HAKOMMEHHLIM YKM3HEHHbIM OMbITOM
W YKNAIOM KM3HWU, PacCTaBnsis UX, Kak BEXW, Ha HaMEUYeHHOM Hanpas-
neHnn. TIyTW >Ke cnefoBaHUs Yy pasHbIX WCCnefoBaTeneii PasnnyHbl.
To, YTO OAMH BOCMPUHUMAET CTOSALMM Ha MyTW, APYroMy MpeacTas-
NSeTCs HaxoAsdlMMCS [aneko B CTOpPOHE WM Aaxe no3agu. LieHs
BKNajl COBETCKMX W 3apYyBeXHbIX YUeHbIX B CO3[aHWU W PasBUTMW
NPeACTaBNEHUA O MPOUCXOXAEHUM U 3Bontouum ConHua M ero nna-
HETHOM CUCTEMbI, TPUMEHSS 06LLME 3aKOHbI AMANeKTUKW, MOAKpen-
NEHHble MaTeMaTUYeCKUM aHann3oM U MPUYUHHO-CMEACTBEHHBIMK f0-
TMYECKUMM 3aKTIOUEHNSMM, MOXHO YTBEPXKaTb, uTo naen KaHta-/lannaca

6a3upyloTcs Ha noyse matepuanusma. Mpu coefuHeHWM no-
NOXEHWA HOBEWLLEA Teopun XOnoAaHoW nnasmbl ¢ maesamMn KaHTa BO3-
HUKaeT MOBOe MpeACTaBNeHNE O PasBUTUM OKPYXXalOLEero Hac mupa,
«...0Ka3blBaeTCs, 4YTO Nt0AWM CTOAT neped NPOTMBOPEUMEM: C OfHOM
CTOPOHbI Mepej Hamu 3agada — MO3HaTb MCYepnbIBalOWMM 06pa3om
CACTEMY MMpa B €e COBOKYMHOW CBfi3n, — nuweT ®. SHrensc
(. 1, 1. 20, cTp. 36), — a C ApYroi CTOPOHbI, X COBCTBEHHas Npu-
poja, Kak W Mpupofa MMPOBOM CUCTEMbI, He MO3BONSET WM KOrja-
MBO NONHOCTLIO PELUNTD 3TY 3adaqy».

[encTBNTENbHO,  YeN0BEYECTBO  CTapaeTCs HaKOMWTb 3HAaHWS, HO
MPOLECC HAKOMMEHUS 3HaHWI 6GecKOHeuyeH. 3HaumTenbHas YacTb 3Ha-
HA TepsieTca MpU OTPULAHWMM TOrO0 WM WMHOTrO 3abnyXAeHWs v npu
CMepTU UHAMBMAYYMOB — HOCUTENEA 3HaHWiA. YenoBek CMepTeH — 3TO
MAOXO M XOpowwo. Mup NOMOH MPOTVBOPEYUIA M camM MPOTUBOPEUVB.

2, COBPEMEHHbIE KOCMOIOHNYECKUWE TUIMNMOTES3bI
MPONCXOXOEHNA COJIHEWHOU CUCTEMBbI

OcTaHOBMMCS 60nee MoAPOGHO Ha COBPEMEHHbIX MPEACTaBNEHUAX
0 POXAEHWW MNAHETHbIX CUCTEM. BOMbLUMHCTBO CMELanMcToOB Mo Koc-
MOFOHWM NPUAEPXKMBAIOTCA celiuac Takoi Touku 3peHus: ConHeyHast
nnaHeTHas CWUCTeMa poAWnacb W3 MPOTOMNNAHETHOTO ra3omMbINeBoOro
(X. AnbBeH [OOMOMHAET — MNa3MeHHOro) o6n1aka OfHOBPEMEHHO My-
TEM KOH[EHCALMM XONMOAHOrO BELLEcTBa Y 9KBATOPMaNbHOW MNMOCKOC-
TW TyMaHHOCTW. [of AENCTBMEM CUM CXKaTWSl, BO3HMKAMOLMX KaK BeK-
TOpHas CymMMa CWA TpaBuUTaLuMW, poTauuy W TEnjoBOTO  W3Ny4eHus,
3HAUNTENbHO YBENWNUMBAETCS MIOTHOCTL  MPOTOMNNAHETHOrO0 06naKa
(ymMeHbLLaeTCcs ero pasmep), NPOWCXOAWT PAcCNOeHWe NepBUYHON Ma-
TEPUW U YCWUNIEHME ee KOH/EHCaLM B OTAENbHbIX CrycTKax — [poTo-
conHua, MpoTonnaHeT, MPOTOKOMET M Apyrux y3nax. OCOGEHHO akK-
TUBHO 3Ta KOHAEHCALMS BELIeCTBAa OCYLLIECTBASETCS B LEHTPasbHOM
yacTW TyMaHHOCTW. [lof AeiiCTBMEM CWN TpaBUTaLMM MOTEHLMabHas
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aHeprus OTAe/bHbIX YacTuL, NpeBpallaeTcd B KMHETUYECKYD, a KUHe-
THUYecKasa 3Heprus npeobpasyetcd B Tenno U3-3a YBeUYEHWUS KO-
yecTBa CTO/MIKHOBEHWIA 4acTML, BELeCTBa B MOCTOSIHHO YMIOTHAOLLEN-
CA MaTepun, CXUMAIOLLErocs rasonbinesoro o6naka. Cxumasacb, 06-
nako lMpoTo3Be3dbl BCe CWUbHee M CWibHee pasorpesaetcs. [pw po-
CTVMDKEHWUN OMNpPeAeneHHbIX 3Ha4YeHWin Temnepatyp W [aBneHWin Belle-
CTBO LEHTpanbHOW 4YacTu obnaka obpasyeT 3se3gy (IMpoToconHue), B
KOTOPOI BO3HMKAIOT TEPMOSIAEPHbIE peakLun «BbIrOpaHWUs» nuTus, 6e-
punnus, 6opa. BellecTBo nepudepryeckmx parioHoB [1poTOCONHEYHOrO
obiaka MOCNYXWN0 MaTepuanoM 18 CO34aHUN NIaHeT 1 ApYrux 06b-
ekToB COMHEYHOI cucTeMbl. BbileynomsHyTasi runoTesa, pa3BMBasiChb
OT wugeli KaHTa-flannaca A0 COBPEMEHHbIX B3rNSiA0B, VMMEET MHOXe-
CTBO HeAOCTaTKOB W He [aeT YAOBMETBOPUTENIbHLIX OTBETOB Ha pAf
BO3HMKAIOLLMX BOMPOCOB, KOTOPbIE BO3HUKAIOT MPU OObACHEHUM Hab-
nojaemblX fBneHuid npupodbl. Hanpumep, novemy CoOnHUE COAEPXKUT
BCEro /mwb 2% OT MOMEHTa KO/nm4yecTBa [ABMXKEHWS CONHEYHOW cuc-
TEMbl M O4YeHb MefNIEHHO BpallaeTcs, TOrga Kak MHoOrve fpyrve 3pes-
Obl cofepxat okono 100% Takoro MOMeHTa KO/MYeCcTBa ABWXKEHUA U
MHOrMe M3 3TMx (3Be34) BpaLlaoTCA B HECKO/MbKO COT pa3 ObicTpee
Hawero ConHua (/1. 57, ctp. 123—128).

TpygHOCTM B OOBACHEHUW 3HAYUTENILHOTO PasINymMsg MOMEHTOB KO-
nnyectea ABvKeHus ConHua v nnaHeT COMHEYHON CUCTEMbI B BblLe-
yKasaHHOW runoTese MpUBENN K POXAEHWIO B Hauvase BeKa HOBOWN ru-
noTesbl, KoTopas 6asvpoBanacb Ha 3axBaTe COMHUEM ra3omblfeBoi
TYMaHHOCTW ¢ 601bwnM, YeM Yy ConHUA, MOMEHTOM KOMMYecTBa [BK-
XeHus. B cepeguHe Hallero Beka 3ta runotesa MoAfep>KuBanacb U
passmBanacb akagemukamn O. HO. Lmmatom, B. . ®PeceHKOBbIM,
A. T1. BMHOrpagoBbIM 1 1X NOC/ef0BaTENAMMU.

nnotesa MMeeT HeAOCTaTKW, YyHacnefoBaHHble OT MNpeALlecTBytO-
WX Teopuid, N He AaeT YyAOBNETBOPUTENbHLIX OTBETOB Ha Psf BOMPO-
coB. [unoTesa «3axsBaTa» 3Be3[0W ra30Mbl/IEBOr0 MNPOTOMJAHETHOIO
BELLEeCTBa Chbirpana CBOK MOMOXKMUTENbHYIO POSb B Pa3BUTUM MO3HAHUSA,
HO ee HefoCTaTKM U Manasi, MouTW YHUKasbHas, BO3MOXHOCTb «3axXBa-
Ta» COMHUEM ra3onblieBOA TyMaHHOCTU, U TO NWWb B CAyvae aKTuB-
HOro y4yacTusi TPeTbero Tena, CTaBWUT 3Ty TWUNOTE3y B UWUCIO TEOPeTU-
YECKM BO3MOXHbIX, HO Ma/OBEPOSATHBIX.
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«OfiHa CTOpOHa MPOTKBOPEUMSt TaK XX HeMbICMMa 6e3
[IPYroi, Kak HEeBO3MOXHO VMETb B pyKe Liefioe S6/10K0 Mo-
Cne TOro, KaK CbefieHa ero rnosoBuHax.

®. OHIMENbC. CobpaHue COYMHEHMIA
K. Mapkca n @. OHrensca. Tom 21.

FMMABA BTOPAA
CNABbIE CTOPOHbl KOCMOIOHUYECKKX WAEW

«mnoTesbl 0 MpoucxoxaeHu CONMHeYHol CUCTEMbI Mpef-
naranncb HeogHOKpaTHO. OAHAKO HM OfHY W3 MHOFOYMC-
NEHHbIX MOMbITOK BOCCTaHOBNEHUs Guorpadum ComnHeuHoi
CUCTEMbI HEMb3s MPU3HATb MOMHOCTBIO YAauHOw».

B. . JEMWH. «Cyabba COMHEYHON CUCTEMbI».

Mbl 4acTO XoAUM B NJIEHY OLLMOOK,
HWKTO He MOXeT pyKy Aatb.
TparefMii MHOro, OnbIT 3blOOK,

Ho KaK Ham MCTMHY MO3HaTb?



1. BPEMHA

OfHUM 13 Hambornee yA3BUMbIX MeECT rUMOTe3bl OAHOBPEMEHHOIO
nponcxoxaeHus ConHua v COMHeYHOM CUCTEMbl M3 XONOZHOrO Ynso-
LatoLLerocs  rasorblfieBOro MaasMeHHOro obnaka SBNSETCS BPeMs,
TO4YHee, Bo3pacT CoO/HUA, KOCMWUYECKOW MblA, METEOPUTOB, acTepou-
[0B, KOMET W nnaHeT. ECAM cunTatb, 4TO pas/iMyHble XUMUYECKME
3N1eMeHTbl BeLLecTBa, BXOAALEro B COCTaB rasorblfieBoro o6naka, 06'
pasoBa/iMCb [0 BO3HMKHOBEHWs COMHUA W €ero MnaHeTHOW CUCTEMBI,
T. €. OblM BHECEHbl B rasoBoe 00/1aKO KOCMWMYECKOM Mbl/ibt, BO3HU-
KaloLleil B pe3y/ibTaTe paspyLleHus 60/1ee MacCMBHbIX, MOLUHbIX K 60-
nee CTapbIX 3Be340M0406HbIX 06bEKTOB BceneHHOM, TO BO3pacT OT-
[enbHbIX CrycTKOB BellecTBa COMHEYHOW CUCTEMbl AO/MKEH Obl ObITh
3HaumTenbHO cTapwe ConHua, T. e cTapwe 7—38 n 6onee MWUNINAaPLOB
net. MHoOrouncneHHble pesynbTaTbl OMpPeAeneHns Bo3pacTa pasfiny-
HbIX CryCTKOB BeLlleCcTBa Ha MeTeoputax, 3emne, JlyHe, Mapce, Be-
Hepe ybexaatoT Hac B obpaTHOM. Hu Ha ConHue, HM Ha ero naaHeTax

- He O06Hapy>XeHO XMMMWYECKMX CTPYKTyp cTapwe 5—6 mMuninaphos
net. CneposatenibHo, COMHUE W OKpyXKakollas ero njaHeTHas cucte-
Ma MpoM30LWN B pe3y/bTaTe KakKoro-To Apyroro SBEHWUS MPUPOAb.

2. METEOPUTHLI, ACTEPOWNAbI, MAJIbIE MNAHETHI

ApyruM  ya3BMMbIM 3BEHOM TUMOTe3 MPOUCXOXaeHUs CoHeYHow
CUCTEMbI U3 XONOLHOW ra30nblfeBo TyMaHHOCTM sBnsetcs (B 60Nb-
LUMHCTBE CNyyYaeB) TPYLHOCTb OOBACHEHMS OAHOPOLHOCTM coCTaBa U
BbICOKOW MNOTHOCTM BeLlecTBa TBEPAbIX TeN CUCTEMbI, TaKUX Kak Me-
TeopuUTbl W acTepoubl. HenoHATHO TakXke, MOYemy M/IOTHOCTb Be-
WwecTBa 6O0MBbLIMHCTBA OTAE/bHbIX ACTPOHOMUYECKUX Ma/lbIX OObeK-
TOB, K KakvM OTHOCATCA acTepoufbl W MeTeopuTbl, B OO/bLUMHCTBE
C/y4aeB 3HAYMTENbHO Bbile MIOTHOCTM BELecTBa, K mpumepy, Bellle-
CTBA  IVIaHET-TUraHToB tOnnutepa (Moo=  1,3r/cm) n CarypHa
(Mc=0,68r/cm®). EcTecTBEHHO, MNOTHOCTb BELLECTBA BbIlLEYKa3aHHbIX
MAaHET Y WX MOBEPXHOCTEN 3HAYUTENIbHO MEHbLUe WX CPefHWX nJioT-
HOCTEi, XOTA COBEPLUEHHO OYEBWAHO, YTO CW/bl TPABUTALMOHHOIO CXa-
TS W BHYTPEHHEro AaBNeHus NnaHeT rMraHToB B MW/I/IMOHbI pa3 Bbl-
e CuN rpaBuMTaLmMK, CO3[aBaeMblX BELLECTBOM, OObeAMHEHHbIM B ac-
Tepouabl U MeTeopuTbl. Mo gaHHbIM (J1. 41, cTp. 147—150), nepBoHa-
Ha/bHaA MNOTHOCTL MPOTOMNAHETHBIX Fa30MbieBbIX 06n1aKoB cocTas-
nana M=[(0,1—1,0)/10-* r/cwl TOrja Kak cpefjHve NNOTHOCTU fA4ep
KOMeT, ( Tlk= 0,01—-5r/cm?), MeTeOpI/ITOB n actepoungos (Ma=<0,1 —
8 r/cM®) 3HAUNTENLHO MPEBLILLAKT CPEAHION MA0THOCTH I'IpOTonnaHeT-
Horo o6naka B MuUAAMapabl Munanapaos pas (10°—10% pas) 1 Hu-
KaknuM 06pa3om He MOryT ObiTb OOBACHEHbI NPOCTON akkpeumein (06b-
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ef/HeHMeM) W MpPOCTbIM TPaBUTALMOHHBLIM CXaTWUeM BeLLEeCTBa acTpo-
HOMWYeCcKn manbix Ten. (J1. 56, ctp. 91 —100).

3. NIMWHEE BEWECTBO

CornacHo pacyetam Yu4eHbIX, pas3BMBaBLUMX TMNOTe3y o06pa3oBaHUs
ConHua W nnaHeT M3 YMNIOTHAOLWEroca rasonbineBoro ob6naka, nep-
BMYHad macca [lpoTtoconHeyHoro ob6naka Oblna B HECKOMbKO pas
6onblUe TOM MacChbl BeLecTBa, KOTOpas COAEPXMTCA ceivac B npefe-
nax COMHeYHON cucTembl. M3 pacyeToB cnegyet, YTO NpU ManbiX Mac-
cax MepBMYHON MaTepuu rpaBUTALMOHHOE CXaTWe W KOHAeHcauus Ma-
Tepun He npoucxogat. (J1. 13, ctp. 46—71).

Mvnotesa npoucxoxgaeHnss ConHUa W ero nnaHeT M3  XOMo4HOro
rasonbiniesoro poTonnaHeTHOro o6naka Hey#oBETBOPUTENBHO 06b-
ACHAET MCYE3HOBEHME W3/IMLLHEro MaTepuana, OCTaBLUerocsi rnocne 06-
pasoBaHWUA MaTepuanbHbIX Ten CUCTEMbl U paHee OKPY>KaloLlero Bce
OKOJI0CO/IHEYHOE MPOCTPAHCTBO. [laBneHWe COMHEYHOro  U3NyYeHus,
NpvBNEKaeMoe B TakOM C/y4yae A5 OOBACHEHUS 3TOM CTOPOHbI Teo-
pun, BO3MOXHOE, HO BeCbMa W BeCbMa MasloBEPOATHOE SABJ/IEHME.

[aBneHne COMHEYHbIX flyyeli U COMHEYHOro BeTpa, KOHEYHO, OKasbl-
BaeT KaKOoe-TO B/IMSHME Ha BbITa/IKMBAHWE BELLECTBA, HO MpPU3HaTb
ero pellaloWwuM B 3TOM Cflyvyae He NpPeAcTaBfigeTca  BO3MOXHbIM.
IMpOTUBONONOXHO HamnpaBNeHHas cufia rpaBUTALMOHHOIC MNPUTSXKEHNS
ConHua, yb6blBatollas 3HAYMTENIbHO MefJ/IeHHee CUN fly4yeBOro [fasfe-
HWS, CYLLEeCTBEHHO NPenAaTCTBYET BbIOPOCY OO0/bLUMX MAcC COMIHEYHOro
BELLECTBA WU BbITA/IKWBAHWIO OKO/IOCOMHEYHOM MaTepun ra3onblfeBoro
obnaka 3a npefenbl 3TOM CUCTEMbI. Y 3Be3f CNEeKTPaibHbIX K1accoB
O n OB, y KOTOpbIX 3HEPrua M3yYeHUs B COTHW, TbICAYU U [ECATKU
ThbICAY pa3 NpeBbIWaeT 3Hepruto msnydveHus ConHua (J1. 49, ctp. 31
—33), BblTa/IKMBaHME OKOJ/03BE34HOI0 BeLlecTBa B MeX3Be3fHoe
NPOCTPAHCTBO MPOUCXOAMT B MOMEHT POXKAEHMS 3TUX 3Be3f, MO 34ecb
cpabaTtbiBaeT ApYrovi MexaHusm peictaus. [pu 3BOAOLMM XKe MablX
3Be3q, Tvna Hawero CoOMHUA, WX 3HEPrUa W3NTyYeHUs Mana u MOXET
NUWb cnocobcTBoBaTb  06pPA30BaHWUI0  OKOJI0 3TUX 3Be3[, MaHeTHbIX
cucTeM. 3Ta 3aKOHOMEPHOCTb MOATBEPXKAAETCA BblBOZaMU psfa yue-
HbIX, YCTAHOBMBLUMX HaAUME HEBUAMMbIX TOKa BU3ya/ilbHO M/1aHETO-
NOAOOHBIX CMYTHWKOB V 60MblIMHCTBA Onvkaiwmx K ConHuy 3Be3f.
(N. 6, ctp. 29).

4. PASNINYNE XUMWNYECKOIO COCTABA BELLECTBA
COJIHUA N BEWECTBA APYIUX MATEPVAJIbHbLIX
TEN COJIHEYHOWN CWCTEMBbI

W3BecTHO, uTo Bewectso ConHua na 70—75% cocTouTt 13 BOLOPO-
[a v Ha 24-29% u3 reninug, v b OKOJO OAHOMO NPOLEHTA BeLLecTsa
Ha CofHUe npefcTaBfeHO BeLLECTBO APYrnX XMMUYECKUX 3/1eMeH-
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TOB. Mo-BUAMMOMY, rasonblneBoe 006/1aK0, K TOMY >Xe, HaBepHOe, Of-
HOPOZHOE, He MOXET PaccnouTbCsi Ha Cepbl WM 30HbI C Pas/IYHbIM
XMMWUYECKUM COCTaBOM €ro OTZAEe/IbHbIX Y4YacTKOB, pa3Be TO/MbKO 4yfo
W CBEPX eCTECTBEHHas CWla CrnocobHbl COTBOPUTb Takoe fesHve fa
HEKOTOpble B OOLEM-TO TaNaHT/IMBbIE YYeHble, MbITalOLWMeCs BOCKpe-
CUTb YAA4YHbIMU pe3y/ibTaTaMy 3KCMEPUMEHTOB TUOHYLLYIO TUMOTe3y.

XMMUYeCKWn coCTaB MN/aHeT, acTepPOVA0B U METEOPUTOB, MO YTBEPXK-
AEHNIO  OONbLUMHCTBA YYeHbIX, 06M1afaeT 6oratbiM CMNEKTPOM  XUMU-
YECKMX 3M1EMEHTOB. HAPKUM MOLTBEPXKAEHVMEM 60ratcTBa XUMUYECKOA
CTPYKTYpbl BeLeCcTBa C HaM4Mem 60/iee COTHU XUMUYECKUX 3/IeMeH-
TOB MOXET CNYXWTb M3y4YeHHas 4YacTb OOONIOYKM Hallel MaaHeTbl
3emnu.

B 3eMHOI Kope, Hanpumep, XUMUYeCKUe 3/1eMEHTbI pacnpefenstoT-
ca cneayrolmm obpasom: Kucnopog — 49%, kpemHuin — 2(5%, anto-
MUHUA — 7%, KanbUWiA U HaTpMil — no 3%, Kanuil M MarHWin — no
2,1%, a Bogopof cocTaBnfeT b 1% W BCe OCTasIbHble 3/IEMEHTbI
— 2,1% (1. 52, cTp. 9—29).

3 BblenpuBeAEHHbIX MNPUMEPOB BUAHO, YTO XUMWYECKWA COCTaB
Co/Hua 3Ha4MTeNnbHO OT/IMYAeTCA OT XMMMWYECKOro cocTaBa 3eMau U,
ecnn MpeanosioXnUTb, YTO XUMUYECKWUIA COCTaB 3/1IEMEHTOB 3eM/u nep-
BOHaya/lbHO Obl1 aHaNorMyeH C XUMUYeCKMM cocTtasoM CofiHua, TO
06beM K Macca 3eManM 4Ype3BblMaHO YBEAMYUAUCL Obl A0 3HAYEHWIA
HECKO/IbKO 60/1bLINX, YeM Macca UM 0b6bem CaTypHa, 4TO, eCTeCTBEHHO,
AO/MKHO 6bIN0 O6bl OTPA3UTLCA Ha [E0NIOrMYECKO 3BOMKOLMM  3eM/n.
HakonneHHble 4enoBeYeCTBOM 3HaHMS HUKOMM 06pa3oM He MOATBEPX-
,Cl,afOT)BbILIJeI'IpVIBe,CI,EHHOFO npegnonoxennsa. (/1. 48 T. 2 Ctp 785—
-801).

5. MOMEHT KOJTIMYECTBA ABV>XEHWNA

Kak HM CcTpaHHO, HO BOMPOC MOMEHTa Ko/uuyectsa ABWKeHWs COosH-
LUa SBNAETCS «axXWnnecoBoi NATOW» ANS NOAABASAOLLEr0 60NMbLUMHCTBA
rMnoTes 0 MpoucxXoxgeHnn CONHEYHOM CUCTEMbI.

ConHue — MeAfieHHo, BpallakoLlascs BOKpPYr CBoeli ocv 3Be3fda. B
OT/IYMe OT SAPKMX 6eno-ronyobiX MOOAbIX CBOMX CecTep, OHO WMeeT
OYeHb HebOsbLUYI0 3KBATOPWA/IbHYKD  CKOPOCTb BpaLLleHMs nopsaka
2 Kwm/cek, Torja Kak «TemrepameHTHble» Hawero Co/Hua pPOLCTBEH-
HVKW BpaLLLatoTCa BOKPYr OCW B COTHM pa3 bbicTpee. (J1. 42, cTp. 125—
—126).

Niofn, ctapes, 3a pefkUM WCK/KOYEHWEM, CTAHOBATCA MeHee Moj-
BWKHbIMUW, Kak Obl nepefaBas «KO/NMYECTBO CBOErO [ABVKEHUA»  [e-
TAM. [loyeMy e He JONyCTUTb HaM, 4TO NiaHeTbl — «aeTu» COonHLa,
n ConHue, Myxas, nepegasno mm 98% CBOEro MOMeHTa KO/M4yecTsa
LBUKEHUNS.
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6. BPALWWEHWE MNAHET BOKPYT
COBCTBEHHBIX LIEHTPOB MACC

B coOTBETCTBMM C MOMYNISPHON TMNOTe30M NpoucxoxaeHus ConHeuy-
HOM MNIaHETHOM CUCTEMbI U3 MOCTOAHHO YM/OLLAKOLWErocs rasonblieBo-
ro obnaka cnefyet, 4To npouecc 06pa3oBaHUsA NAaHeT BbIrsgen npu-
6/113nTENbHO Tak, Kak ero onucbiBaeT B. . JeMuH B KHure «Cyapb6a
ConHeyHoi cuctembl». (/1. 13, cTp. 56—67).

«WTaK, cHayana Bokpyr ConHua Bpallanocb rasonbieBoe 06M1akKo,
MMeBLLEe TOPOMAASTbHYHO hopmy...

OHO 06bIN0 HaMHOMO TO/LLE, YEM MOXHO OblN0 Obl MPeANnoNOXWUTb
no .HabnAaloLWeMycs B Halle BPeMsi PacrofiOXEHUIO MJIaHETHbIX Op-
6uT. a3 1 nblib B 3TOM 06/1aKe NepBOHaYabHO pacnpefensnucb pas-
HOMepHO. Ha nepBom aTane 3BoMOLMM 061aKa OCHOBHYHO PO/ib Urpaivt
B3aVIMHble Heynpyrue CTO/SIKHOBEHWUS TBEPAbIX 4YacTul, MNPUBOAMBLUME
K MoTepe 4acTuMLaMu CKOPOCTW W MOCTENEHHOMY WX «MafeHuo»  Ha
LLEHTPa/IbHYHO MJIOCKOCTb... LUe/T MPOLECC «Yr/oWeHns» obnaka.

O[fHOBPEMEHHO LLUEN MPOLECC BbIpaBHMBAHWUSA CKOPOCTEN MbI/IMHOK 3a

CYET UX COY/apeHUiA.

YacTuubl CTanu ABWraTbCA MOYTUM MO KPYroBbIM OpOUTaM, MpUYeM
CNyyaiiHble OTK/OHEHUS B OTHOCMTENIbHbIX CKOPOCTAX CTa/M BecbMa
ManbIMi, OT HECKO/IbKUX CAaHTUMETPOB B CEKYHAY A0 HECKONbKUX MET-
POB B CEKyHAYy B pa3/IMyHbIX 30Hax obnaka. ..Ilocne ynnoweHus o6-
naka W ynopsafouvMBaHMs ABVXKEHUS 4acTUL, B HEM CTa/l MHTEHCWBHO
MPOMCX0ANTb MPOLECC OObEAMHEHMS| OTAENbHbIX YacTuy, Apyr ¢ Apy-
rOM Moj [eNCTBMEM CUN TAFOTEHWS W MPU COYAapeHusix, T €. Mpouc-
X0Aun npouecc, NoAo6HbIA 06pa30BaHMI0 X/IOMbEB CHera. B obnake
BO3HMKa/N CryLLeHMs, pasMepbl KOTOpbIX AOCTUrasn pa3mMepoB COBpe-
MEHHbIX acTepOMAOB. ITU CryLleHWs NocTeneHHo pocan. Mpu ux agu-
XeHun BOKpyr COMHUA OHWM KaK Obl «noAmMeTanv» [onnaHeTHoe obna-
Ko. O6beauHss B cebe YacTuubl, ABMUraBLUMECS MO OpouTe C pasHbIMU
HaKIOHAMWN W 3KCLEHTPUCMTETaMK, CTYLLUEHMSI NPUOBPETaNN [BVXKEHNS
HO YCpeAHEHHbIM OpbuTamM Masioro HakfoHa U C HEeOGOMbLUMM 3KCLEHT-

pucutetom» (J1. 5, cTp. 64—65).

J1a BbiaepKKa U3 kHUrm B. . OemuHa «Cygabba ConHeuHoW cucte-
Mbl» AaeT HEWUCKYLUEHHOMY u4MTaTeNto Koe-Kakue NpeacTaBneHus o
NPOVCXOXAEHUM W 3BoMOUMM CONHEYHOR NMaHETHOW CUCTEMbI, KOTO-
pble pasdensoT ceivac B Mupe OGOMbLUMHCTBO KOCMOFOHWCTOB — Crie-
LMaNNCTOB MO MPOUCXOXAEHWIO W 3BOMKOLMN MNAHETHLIX CUCTEM.

MoMMMO Bbile NPUBOAMMbIX HEAOCTATKOB 3Ta BOOOLUCM-TO Nporpec-
CMBHas TOYKa 3peHus, paroulas O06LEMHOE M CUCTEMHOE OTpaXKeHue
MpPOLECCOB AEWCTBUTENIbHOCTKN, WMEET elle TaKylo Cnabytd  CTOpOHY,
KaK HEeBO3MOXXHOCTb MO/lyYeHWs MNPaBWIbHOrO OTBETA Ha BOMPOC O



BpalleHun nnaHeT COMHEeYHOM CUCTEMbl BOKPYTr CBOMX COOCTBEHHbIX
ocel.

B cooTBeTCTBMM CO BTOPbIM M C TPETbMM 3aKOHaMMW ABVXXKEHWUA nna-
HeT Kennepa (/1. 4, ctp. 90—92) «..Ans TOro 4rtobbl T€NO MOrNO
ObITb cNyTHUKOM COJSIHUQ, OHO [O/DKHO WMETb OMpefeneHHy0 opbu-
TabHYI0 CKOPOCTb [ABUXKEHWS, MOYTU HEe3aBUCALLYH OT Macchl Tef, W,
eC/IN CKOPOCTb [ABWXEHWS Tena Nno [JaHHOW opbuTe Bblle HOMUHab-
HOI, TO 3TO TeN0 HauMHaeT ypanaTbcs OT COMHUA, a ecin MeHbLUe,
TO 3TO TeNO HaumHaeT nagatb Ha CofiHUe».

NHTEpecHO OTMeTUTb, 4YTO YyrsioBas M OpbuTasibHas CKOpPOCTU Ten,
ABNAKOLMXCA CNYTHUKaMK, TeM 60/blie, YeM 6/MKe 3TU Tesla Haxo-
aarca K ConHuy.

MpeactaBum Tenmepb, 4TO B ynnouawouwemcs [MpoTonnaHeTHOM 06-
nake, B KOTOPOM MPOCTO 0653aHbl BbIMNOMHATLCA 3aKOHbl ABUXEHUSA
Kennepa, nbo 3akoHbl Kennepa ABASHOTCA OOWMMM 4/1F NpUPOAb! 3a-
KOHamy, 4acTuupbl BellecTBa OOBLEAUHSAKTCA APYr C APYroMm, HO Te ©3
00BbEAMHAIOLLMXCSA YaCTWL, KOTOpble ABUrannCb NO OMKHUM K COJH-
LUy opbutam, umenu 6onee BbICOKME CKOPOCTU CBOEro OpbuTanbHOro
[BVDKEHUS, YeM [Jpyrvie OObeAMHSAIOLMECH 4YacTuubl, OpbUTbl ABUKe-
HUA KOTOpbIX OblM 60nee ygaaneHbl oT ConHua. W3 BbILWEN3N0XEHHO-
ro cnegyet, 4YTO KOHAEHCUPYHOLLeecs B MNaHeTbl BeLeCTBO [OJIKHO
OblN0 00NagaTh 06paTHLIM, OTHOCUTENLHO HabMKAAEMOro OpoUTanbHO-
ro ABVXKEHUA MNaHET, BpalLeHVeM BOKPYT CBOWMX COOCTBEHHbIX OCel W
OCM BpalleHus npoTorniaHeT (NnaHeT) A0/MKHbI 6bUIM BbITb NeprieHamn-
Ky/NSIPHO PacnofioXeHHbIMU OTHOCUTE/IbHO 3KBaTOPWasIbHOM MNJIOCKOCTH
BeLLeCTBa MPOTOM/IAHETHOrO 06/1aka.

MOMMMO  BbILLIEYKA3aHHOTO CKOPOCTb BpALLEHWst BelecTBa NaHeT
AO/MKHa Obl YBENNUMBATLCS MO Mepe MpPUOAMXKeHWUs nnaHeT K ConHuy.
B feicTBATENLHOCTY e Mbl Hab/o4aeM COBEPLUEHHO MPOTUBOMOMOX-
HYH KapTuHY:

a) OCK BpALIEHUA MN/IaHeT He MOAJANTCA HUKAKOMY 3aKOHY U 3aHu-
MatOT OTHOCMTENIbHO 3KBaTOpManbHOM naockocT ConHua B NPOCTpPaH-
CTBE CllyyaliHble MONOXEHMS,, a «HEecYaCTHbIi» YpaH BpallaeTcs BO-
Kpyr CBOeW ocu «niexa Ha 6oky». (/1. 4, cTp. 498);

0) HanpaBneHWe BPALLEHWS NMaHeT ANS CeEMW W3 AEBATU MaHeT He
COBMAJaeT C HampaBMeHMEM BpALEHMS 3TUX MaHeT, NpPeAcKasbiBae-
MbIX HEOYNsIPHOM TMNOTE30M; CeMb MMaHET W3 AEBATM UMEKT NPsSIMOE,
COBMajarollee C ABMKEHMEM 3TUX MNMaHeT HO opbuTte, HanpasneHue
BpaLLEHNS;

B) YI/I0Bble X€ CKOPOCTW OCEBOrO BpaLUEHWs MiaHeT COBCEM He 3a-
BUCAT OT pacCTOsiHMA 3TUX MnaHeT oT ConHua M UMEHT HEKOTOpYH
TEHAEHUMIO YBENMYMBATLCA C YBENMYEHMEM 0ObEMa M MacCbl BELLECT-
Ba NnaHer.

Ha OCHOBaHMM BbILLEN3NOXKEHHBIX 3aMeYaHWl K CyLLECTBYHOLLEN He-
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OYnApHO runoTese MPOUCXOXKAEHUS COMHEYHOM CUCTEMbI UM UMEto-
WMXCS, MOATBEPXKAEHHbIX pacyeTaMu, [aHHbIX BbIABMraeTcs HOBas
npocTas M B TO XXe BPEMS HeoObl4Has rmMnoTe3a MPOUCXOXKAEHUA 1
3BO/MOLMN HEBECHbIX TeN BCE nnaHeTHOW cucTembl ConHua.
«MnasmeHHO-siAepHas Teopusi npoucxoxaeHust CONHeYHol cucTe-
Mbl», KOTOpasi paccCMaTpuBaeTCsi B 3TOW MOHOrpauun, NuLIeHa MHOTUX
HeAOCTaKOB MpeALecTBYOWMX runoTes. Ho, KaK M3BECTHO, MHEHMe
OAHOro 4enoBeka Cyryb6o OOBEKTMBHO, M Ha CKO/IbKO OHO XOPOLIO OT-
paxkaeT [AeACTBUTENbHbLIA peasibHbIi MUP, PacCyasaT BPeMS W NIHOAW.

Cypute ctporo, 6ecrnpucTpacTHo,
MpoBepbTe MPaBUNLHOCTb WUAENA.
MycTb Gyay OUTBIM § — He CTpaLLHo,.
Hayke... — UCTUHA HYy>XHei!
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«Mbl He 60MMCA MPU3HATL CBOWM OLLUMOKM U Tpe3Bo Oyaem
CMOTPETb Ha HUX, YTOObI HAYUYUTbCS UCMPaBAATb UX».

B. . JIEHNH. CobpaHue counHeHuin. Tom 44.

I'MABA TPETbA

MNASMEHHO-AAEPHAA TEOPUA MPOUCXOXAEHWA
COJIHEYHOW CUCTEMbI (TMMNOTE3A)

«Bcsi ncTopus pasBUTUA HayKn CBUAETENLCTBYET O MO-
NE3HOCTU TUMoTe3, HepeiKo Aaxe OWMb0oYHbIX. 60 nonbIT-

Ka peLleHns 6ONblLUO/ HAayyHO NpPoGMeMbl CTUMYNMpYeT
pasBMTME KaK [JaHHOM, TaK M CMeXHbIX C Meli HayK».

B. I JEMUH. «Cygpba COMHEYHOl CUCTEMBI».

«Halua Teopusi He AOrmMa, a PYKOBOACTBO K AEACTBMIO»

K. MAPKC n @. 3HIEJNIbC. «W36paHHble NUCbMay.

Nap ronoBoit 6eckpaiiHee He6o,
Ham ConHue gapvt cBoe Tenso.

N BO3L4yX MaxHeT TpaBoOi M xnebom.
Kak 3to Bce npousoLuno?
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Mpegnaraemas runotesa NPOUCXoXaeHWs CONMHEYHOM CUCTEMbl M3
HarpeToro Ao fAecATka MWIIMOHOB rpajycoB MJasMeHHOro npoTocos-
HEYHOro BeLLecTBa, BbIOPOLLEHHOro M3 ero, MpoToconHua, Heap, CUOi
MOLLHOIO SiAePHOr0  B3pbIBa, MPOKATMBLLErOCA TepPMOLUHAMUYECKON
BO/IHOM OT LEHTpaNibHbIX paiioHOB K nepudepun MpoToconHua, OTau-
4aeTcA OT CYLUECTBYHOLLMX FMMOTe3 TeM, YTO:

1. BonHa BbICOKOrO fAaBneHusi, obpa3oBaHHas B pe3y/bTaTe pPe3Ko-
ro Ckayka TemrnepaTtypbl B LeHTpe Mmacc [MpoToconHua, 00ycnoBfeH-
HOro HavyasioM TepMOSIAEPHON MPOTOH-NMPOTOHHOW peakuun, Npeogosne-
Basd MHepUMIO MOKOS BeLLecTBa, CO3jaBas MpuM CBOEM [ABVDKEHWM K Me-
pucepnn  pacLLMPAIOLWEcs Cepol BbICOKUE MrHOBEHHbIE 3HAYeHUs
[aBNEHUA W TemnepaTyp OTAeNbHbIX CPEPUYECKUX COEB BHYTPEHHUX
obnacteii MpoTOCOMHUA, MPOHECNAcb CO CKOPOCTbHO B COTHW KWIOMET-
POB B CEKyHAY OT LEHTpa K nepudepun rasonblieBoro naasmMeHHoro
Tapa [poToconHua.

2. Mpy NOBbILEHHBLIX MIFHOBEHHbIX 3HAYeHWsAX TemnepaTypbl U fAaB-
NeHns B cepuuecknx cnosx lMpoToconHua cosgalotes ycnosus Ans
OAHOBPEMEHHOTO MPOTEKaHWUs TePMOALEPHbIX MPOLLECCOB: MPOTOH-MPO-
TOHHOW peakuuu, YrnepogHo-a3oTHOrO LUMKIa WU TPOWMHOW TenneBoi pe-
akumm 1, cnegosatesibHO, K 06pa3oBaHWIO B TeYeHWEe He3HauUTeSlbHO-
ro nepuvoja B3pbiBa 60nee TAKENOSAEPHbIX aTOMOB BELLECTB: renus,
yrnepoga, Kucnopoga, asoTa, KpPeMHUS, MarHus, >Xenesa, HUKens,
ypaHa W [axe TakuX HeAONT0 >XMBYLUMX 3/1EMEHTOB 00Nee BbICOKUX
MOPSLKOB, KOTOPble He BCTPevaroTCs ceivac B npupoge. B nepuogm-
yeckoli Tabnuue MeHaeneeBa Takne XUMWUYECKME 371IEMEHTbI MMENN Obl
200—300-nopsiakoBble Homepa. OCHOBHLbIMW BUHOBHMKaMW BO3MOXHO-
CTW CWHTEe3a TSHKENOAAEPHOro  BeLLecTBa SBMIUCH:  UHEPLUWS MOKOoS
macc MpoTOCONHLA WM PE3KWIn B TeyeHWe A0feli CeKyHAbl CKa4yoK TeM-
nepaTypbl U AaBNeHus.

B npoToconneyHoM BeLLECTBE MPOMCXOAUT MacCoBOe SB/EHWE «BOW-
BaHWs» CBOOGOAHbLIX MPOTOHOB B Apa WHEPTHbIX aTOMOB. Heu3MeHHbIi
06beM WHepTHOro BelyecTBa lMpOTOCOMHUA B MEpPBOHAaYa/lbHOM Mepumo-
[ie BPEMEHW N Hanpas/fieHHOe MOLLHOe AaB/ieHue, CrocobHOe COO6LNTD
OTAeNbHbIM MPOTOHaM W aToMaM BeLLeCTBa, MPEeAnoIOXKMTENIbHO CO-
CTOSALLEr0 M3 BOLOPOAR, 3SHEPIU0 B COTHU MW/IMOHOB  3/1EKTPOH-
BO/IbT, HanpaBfsilOLLee, «MPUOKMMatOLLee» U «BAAB/IMBAtOLLEE» WX
(NpoToHbI, aToMbl) B elle HEeMNoABMXHYK  cepy BellecTBa [MpoTo-
COMHUA, BbI3BA/IN POXAEHWE HOBbIX TSHKENO0SAEPHLIX aTOMOB XMUMUYe-
CKMX 3N1eMeHTOB. [pouecc npoTeKaeT C KOM0CCa/ibHbIM BblAeNeHEM
TENIOBOM 3Hepruu.

3. YacTb 3Heprum TepMOsfepHbIX peakuuii 3aTpaumBaeTcs Ha Mony-
YEHME HOBbIX XMMWYECKUX 3/IEMEHTOB. HApa aTOMOB XUMMMWYECKMX Be-



LLECTB, KOTOPble MOAUYMHSIIOTCS MarMyeckuMm 1 [BaXKAbl Marmyeckum
yncnaMm, COXPaHSOT AUTENbHYIO YCTOMUMBOCTb K PafiMoaKTVBHOMY
pacnagy B CPaBHEHWU C HEYCTONUMBLIMA HELONTOXHBYLMMUA U30TO-
Mamm 3TUX >KE aTOMOB.

4, B BewectBe [1poTOCONHLA NPOTEKAKOT OfHOBPEMEHHO YETbIpe
MaKpOMacLITabHbIX TEPMOSAEPHbIX Mpouecca:

a) CMHTE3 TSXKENbIX aTOMOB C MOF/IOLEHNEM IHEPIUN;

6) pagvMoaKTUBHbLIA pacnaj PafvoaKTVBHLIX 3/EMEHTOB C Bblene-

HVIEM 3HEpruY;

B) CUHTE3 TSHKE/bIX aTOMOB C BblAENEHNEM SHEPTUM;

I) CUHTE3 NIErkux aToOMOB C BblJENEHNEM 3SHEPTUU.

5. OT nepudepryecknx cgep BHYTPEHHMX paiioHOB [1poTOCOMHLa,
roe nepeasi"BONMHA AaBfieHWst W'TemnepaTyp cosgana YcnoBus Ans o6-
pasoBaHWUs NOKaNbHbIX LEHTPOB TEPMOSAEPHbIX PeakLuil, Kak BHYTpb
TaK U HapyXy COMHEYHOrO BELLECTBa, PacrpacTpaHsOTCs BOMHbI Tep-
MOAVMHAMMYECKON CaMOVHAYKLMW.

B macce BewjectBa poToCONHLA MPOUCXOAAT SIBMIEHWSI HANOXKEHMS
TEPMOAVHAMUYECKUX BOJH, SIBNEHUS 06pa30BaHUsS HOBbIX LIEHTPOB

MIHOBEHHbLIX TEPMOANHAMUYECKUX AOEPHbIX peaKLI,VIVI CNUHTE3a BeLle-
CTBa.

6. 3a nepBoii BOMHOI TemmnepaTypbl W [aBMeHWs, NPeooneBLUet
VHEPLMIO MOKOS BELLeCTBa, CMedyloT Apyrve TepMoavuHaMUYecKue BOf-
Hbl, WHAYLMPYEMbIE MIHOBEHHBLIMI IOKA/bHBIMK LIEHTPaMU TepMosi-
[EPHbIX peakUuil, HO yXe C 6Gonee MOMOTVMU YAAPHLIMU (DPOHTaMK
BO/H. 3TW BO/HbI CTPEMSATCS Pa3fABMHYTb 1 YaCTWYHO pasfBuratoT
BellecTBO [MpoToconHUa. bnaronpusTHble YCMOBMS MOBbILLIEHHBIX [aB-
NEHWIA 1 TemnepaTyp CMOCOGCTBYIOT MOAAEPKaHUIO TePMOSAEPHbIX
peakLmWii CMHTe3a BellecTBa.

7. Mop [AeNCTBMEM  U3GLITOYHOrO BHYTPWCONMHEYHOTO [ABNEHUS U
VHEPLWM MPUBEAEHHOrO B [ABWXEHWE BELLECTBA pa3mepbl [pOTOCOMH-
Lja YBENMUMBAIOTCS, CTAaHOBATCS B HECKO/bKO pa3 Gofblle pasMepoB
HabnogaemMoro ceiivac Hamm ConHua.

8. 3a cueT paclumpeHus [MpOTOCONHLA 3HAYWUTENbHAs YacTb KOMM-
YecTBa [BVDKEHWSI €r0 MacC nepefaHa uepe3 TMOABWKHbIE aKTUBHbIE
30Hbl BELIECTBA OT LiEHTpa/bHbIX paiioHOB [poToconHua K nepude-
pUM, 0COOEHHO K BELLECTBY 9KBATOPMA/bHOW 30HLI. Bpaujenne [po-
TOCO/HLA BOKPYr CBOEi OCM 3aMeansieTcs.

9. Mpu 3ameaneHnn BpaleHns MpOTOCONHEYHOrO BELIECTBa, BCNE[-
CTBME 3HAUMTENbHbLIX MepeMelleHnii Macc [poToconHua K nepude-
pun, 3a cuyeT 6O0/bLIOrO MOMEHTA MHEPUMM [BWXKYLLIErOCs BeLLecTBa
[poToconHLa, 3HauuTe/bHas 4acTb KonWdecTBa fBinkeHus ero (Mpo-

TOCONHLA) MepefaeTcs OTAENSIOLEMYCS BELEeCTBY NPOTOMIAHETHOMO
Tvna.

10. MoA AeiicTBMEM HEKOTOPOI acCUMETpUM B [EACTBMM CUM TepMo-



SEPHOrO B3pblBa M HEKOTOPO/ acCMMETPUM B MHEPTHO Macce Con-
HEYHOro BeLLeCTBa BELECTBO MMPOTOCONHLA BbITATMBAETCS B 3/M1IUNCOUA
BpalleHns Baonb OfHOW M3 OCHOBHLIX OCE/i TepMOSiAEPHOr0 B3pbIBa,
cnoco6CTBYS NyuLLeMy OTAENEeHUIO MPOTONMAHETHOrO BELLEeCTBa W3 Haw-
6onee ypaneHHbIX OT LeHTpa [MpOTOCOMHUA YacTeii anauncomga.

11. B akBaTOpuanbHON nnockocTn MpoToconHua, rae Cunbl rpasuTa-
LUMOHHOIO CXaTus OCOGEHHO CUNbHO OCnabneHbl: LEeHTPOBEXHOM cniou
ObICTPO BpaLyatollerocs MNpoToconHua; MarHWTHbIM Mosem [poTOoCONH-
ua; NyyeBbIM W TennoBbIM [aBfieHUAMM [1pPOTOCONHEYHOro BeELLECTBa,
Y4YaCTBYIOLLEr0 B TEPMOSAJEPHbLIX peakuusax; TypoyneHTHbIMW NOTOKamu
BOCXO/SALLEro 13 rNy6uMH BeLLECTBA; aKTMBHOCTHIO CMELLatoLMXCa K 3K-
BaTopy 60/€ee MOABMXKHbLIX CI0EB; MAaKCUMaslbHOW 3/1MMNCOUAHOCTHIO
30Hbl; KMHETUYECKOM 3HEeprueii  BOCXOAALIMX WHEPLUMOHHBLIX Macc, W
NPOUCXOANUT M3BEpPXEeHMEe MPOTOMNIaHETHOrO BeLLecTBa B OKOJ/I0COJIHEY-
HOe MPOCTPAHCTBO.

12. AHM30TPOMHOCTL COSIHEYHOIO BELLECTBA M Harpas/ieHHOCTb T/aB-
HOr0 CyMMapHOro MOMEHTa TepMOSIAEPHbIX CWUA BAO/b OAHOA W3 MrHO-
BEHHbIX oceli [MpoToCOoNHUA C HaMMEHbLUMM COMPOTMB/IEHMEM Belle-
CTBa MpWBENM K BblGPOCY MPOTOMMAHETHOW Matepun [pOTOCONHLEM
B [Be MPOTMBOMOMOXHbIE CTOPOHbI MPOCTPAHCTBa BAOMb 3TOW MrHO-
BEHHON ocu. (ABTOP He yTBepXAaeT 3[4eCb, YTO 3TO JO/MKHO ObITb 064-
3aTe/IbHO AuMaMeTpanbHO MPOTUBOMNOMOXHbIE CTOPOHLI MO 3KBATOPY).
OceBasi HanpaBMeHHOCTb NPU BbIOpOCE TEpPMOALEPHbIM B3PbIBOM MPO-
TOMNAHETHOro BeLlecTBa 00YC/oB/ieHa «pakeTHbIM» 3((heKTOM U TPeTb-
UM 3aKOHOM HblOoTOHa.

13. BblbpoweHHoe [MpOTOCONHLEM BeLLeCTBO, NPOLUefLIee BHYTPU-
CO/IHEYHYHO TEPMOAMHAMUYECKYIO 06paboTKYy U XUMUYECKYHD) PEKOHCT-
PYKUMO, NpeAcTaBnseT CoO0M ra3onblieByr0 NaasMy C HaMumeMm Kpyn-
HbIX MIOTHBLIX pacnfaefieHHbIX agep MpoTtonnaHetr n gpyrux ten Con-
MEYHOA CUCTEMBI.

14. Tloa [encTBMEM — reOMETPUYECKOA CYMMbl CWA, Ha3BaHHbIX B
nyHKTax 1—13 fgaHHOM runoTe3bl, NPOTOBeLLeCTBO CONMHEYHOW CucTe-
Mbl BbIPBaNOCb W3 «TeNblX» OOBLATWIA cun TAroTeHus [MpoToCcoNHLa,
006pa3oBaB eCTeCTBEHHble CMYTHWKK cBeTuna!

15. [Ba «cHapsga» npoToBewecTBa lMpoTONNaHeTHOW CUCTEMbI, Bbl-
nyLeHHble [MpPOTOCONHUEM B NPOTMBOMOJIOXKHbIE HanpasneHWs MpocT-
paHCTBa, COCTOANN WU3:

a) [MpoTotonuTepa, BewiecTBa [1poToacTepongoB U 6GOMbLUEA 4YacTm

lMpoTOKOMeTHOro o6naka OopTa, KOCMWUYECKOW MbIW;

6) [lpoToBelLecTBa OCTa/bHbIX MMAHET, YacTW MPOTOACTEPOUAOB W

MpoTokomeTHOro o6naka OopTa.

16. Mop p[eicTBMEM TEPMOSIAEPHbIX MPOLECCOB LIEHTpasbHas 4acTb
BellecTBa [1poTOCONHLUA HarpeBaeTcs 4O MWIIMOHOB, & MOBEPXHOCTb
[0 HECKOMbKUX TbICAY rpagycoB. [poMCXOAMT POXAEHME HOBOM 3BE3-
abl (ConHua).

17. CoBMECTHO C BbIGPOCOM MPOTOMN/IAHETHOIO BELLECTBA MPOUCXOAUT
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WHTEHCUBHOE W3/lyYeHUe 3Heprun B BWAE MOTOKOB HEWTPWHO, MNPOTO-
HOB, 3/1IEKTPOHOB, MAFKOr0 W >KECTKOr0  PeHTreHOBCKUX W3/y4YeHun,
raMmma-nyyen, pafuoBO/IH U CBETa.

18. Mpu yBennyeHun ob6bema ConHua nNafgaeT [AaBfeHWe B €ro
BHYTPEHHUX paioHax, ucye3aloT nepuepuyeckre ovary Tepmosigep-
HbIX peakLuii, 06pa3oBaHHble HaIOXEHVEM TEPMOAMHAMUYECKUX BOJIH.
3HaUMTeNbHO paHblle MCYe3alT YCoBUA AN MPOTEKaHUA peakuumil
HO CUHTe3y TAXXeNnofLepHbIX 3/IEMEHTOB.

19. Mpn [OCTXKEHUM MAKCUMaSIbHOro 06beMa OCTaBLUAsACA 4acTb
BewlecTBa CONMHLA HayuHaeT ObICTPO CXKMMATbCA K LeHTpy macc CosH-
ua nog feicTBmeM npeo6nafialolimx Hafj Cuiamy Jly4eBOro [aB/ieHus
B 3TO Bpems rpaBUTALMOHHbIX CUI.

20. C 3T0ro MOMeHTa napa B3aUMHO NPOTMBOMONOXHbIX CWU/: BHYT-
PEHHEro TepMOAMHAMWYECKOro [JaBNeHWs W rpaBUTaLMOHHONO CXatus
[EeNCTBYIOT Ha WHEPTHYH) Maccy CONHEYHOrO BELLEeCTBa, CO3[aBas Ko-
NOCCANIbHYIO Pe30HAHCHYI0 CUCTeMy, rfe OAWHHAAUATWNeTHAA nepuo-
AVYHOCTb CONIHEYHOW aKTUBHOCTW SABNAETCA /MWL OLHOW U3 MHOMMX
rapMOHVK 3TOr0 Pe30HaHCHOro KosiebaHus (ToYHee — MOJyNepuoaoM
aToro KonebaHws). WM3meHeHwe BHelWHWX pa3MmepoB ConHua npu 3a-
MEHE PEeXWMOB CXaTUs PEeXVMOM paclUMpeHus novtn He Habnwogaet-
cs, T. K. OCHOBHas 4acTb aKTMBHOro BellectBa ConHua (T. e. 90%
BCE COMHEYHOM Macchbl) 3ak/ueHa B LeHTpanbHOi cdepe ConHua ¢

pafuycoMm, paBHbIM MOMOBUHE paauyca BW3yanbHO HabMoAAeMOro
COMTHEYHOTO [1CKa.

Meprof CO6CTBEHHbLIX KOMebaHWin Takoi CUCTEMbI, NPEAMNONOXUTENb-
HO, COCTaB/ISieT HECKONbKO MW//INOHOB fieT.

21. MNepegaya 4YacTM MOMeHTa  Ko/nuyecTBa  ABWKeHuA ConHua
N3/ly4aeMOn Macce COJIHEYHOrO BeLlecTBa, Onarofaps  «BA3KOCTU»
CO/IHEYHOW Nna3Mbl U BbICOKOW HAMPSXXEHHOCTWU 3/1EKTPOMarHUTHOro
nons ConHua, CMYXXUT OCHOBHOW NMPWUYMHON nocTeneHHon notepyu CosH-
LeM 3HAuMTEe/IbHOM 4YacTW ero MOMEHTa KO/IMYECTBA [BUXKEHUA.

22. [OpobneHne [BYX KPYnNHbIX MpOTOM/aHeT Ha 6ofiee Menkue
CTYCTKW MpOTOMaHeT, NPOTOKOMET, MPOTOacTepoMioB SABWIOCL Chej-
CTBMEM pa3/MuMg B MOMEHTAaX KO/MYECTBA ABWXKEHWS OTAE/bHbIX Cry-
CTKOB OT[e/MBLUErocs MpOTOBELLECTBA W MNPEBbILEHNE PasHOCTU KU-
HETWYECKNX 3HEPruii OTAeNbHbIX CryCTKOB BeLlecTBa HaL rpaBuTaLu-
OHHOIN 3Hepruelt aTMX CrycTKoB.

23. He Bce BelLeCTBO NPOTOMNJIAHET [0 ero (BeLiecTBa NPOTOMJ/IAHET)
Bbl6poca M3 Heap MpoToconHua 6bI10 MOABEPXKEHO TepMosaepHO 06-
paboTke B CO/MHEYHOM peakTope. 3HaumMTe/lbHas 4acTb 3TOr0 MpPOTO-
MNaHETHOro BellecTBa Oblna MPOCTO BbITECHEHA BHYTPEHHWM [AaBfieHU-
eM TepMOSIAePHOr0 B3pblBa, KOTOPbIA WM COOGLMN MM HEeo6XOAUMYHO
AN19 NpeofoneHns cun TaroteHns CosHUA 3Hepruto.

24. OpbuTanbHble CKOPOCTM W AOMOMHUTENbHbIA 3HAYMTE/IbHLIA MO-
MEHT KO/IMYecTBa [ABVKEHMA CryCTKU OTAeNMBLUErocs MpoTorn/iaHeT-

HOro BelyectBa npuobpenn ot ConHua 4epe3 BpaLLaOLLMEcs MarHWT-
Hoe none ConHua.
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«B Mupe HET HMYero, KPoMe Kak ABWXKYLLECS MaTepuu,
M OBMXKYLLASICS MaTepust He MOXET [BWraThbCs MHade, Kak
B MPOCTPAHCTBE W BO BPEMEHM».

B. . IEHWH. CobpaHve counHeHwid. Tom 18.

FMABA YETBEPTAA
TP SHEPTETUYECKNX PEXXUMA COJ/THUA

«...Mbl y6eammcs, 4To B HyKneoreHese, no-BUAMMOMY, Wr-
paloT Ponb Kak KBasuCTaTMyeckue, TaK W B3pbIBHble sigep-
Hble peakLuu,..»

P. x. TEWNEP. «ponCX0XaeHNE XUMWYECKUX 3N1EMEHTOBY.

MonuaHbe 6bIno.
OroHb 1 gbiM
Cusain, ceetunu!
BEYAb MOsioAbim!
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1. OT MEX3BE3HOW KOCMWYECKOW Mbl/IN K COSTHLY

YdyeHble MpeAanonaratoT, YTO rasonbliesble 061aKa, KOTOPbIX 60/b-
LLIoe MHOXEeCTBO BO BcereHHOM, ABNAOTCA «KONblGenblo» 38e3f. COTHU
rnas ¢ MbITIMBbIM JO6GOMBLITCTBOM WCC/efoBateneid obpalleHbl K 6ec-
KpaiiHemy npocTopy BceneHHoi. [peBHve NOAW, HanyraHHble CTUXK-
el, NblTaUCb N0 MUpMaZaM MepLaroLmX 3Be3f yrafaTb CBOH CyAbOy.
Celtyac, Korga GONbLIMHCTBO MPUPOLHbIX SBMEHWA CTan  JOCTYMHbI
ONA MOHVWMaHWA YenoBeKa, OH C HEMEHbILMM BHUMaHWeM YCTpemnseT
CBOM B3rNsAf B OGECKOHEYHOCTb MNPOCTPAHCTBA, YTOObI OTKPbITb, YBU-
[eTb, MpoOYnTaTb HOBYIO, HEWM3BECTHYIKO CTpaHWLy B KHWre MNo3HaHuA
npupoabl. TNyGoKMiA BaKyyM MeX3BE34HOr0 NPOCTPaHCTBa, Ae KaxeT-
CA, 4YTO OTAeflbHble YacTuubl WU aToMbl YAaneHbl Apyr OT Apyra, no
CPaBHEHWIO C WX COOCTBEHHbIMW pa3MepamMu, Ma TUraHTCKue «3Be3[-
Hble» paccTosHus ([ecATas 4YacTb aToMa B KyOMYeCKOM CaHTUMETpe
BellecTBa MEX3Be3AHOro npocTpaHcTBa. f1. 4, cTp. 455), Takxke sBNs-
€TCA YacTblo MaTepuasibHOro mmpa. MHoOro ato uaM mano???

Masno, T. K. 00bIYHbIA BO34YyX, KOTOPbIM Mbl AbILIMM,  MOKaXeTCs
BaM KameHHOI cTeHoW B Munnuapgbl U munnvapgbl (107) pas 6onee
M0THbIM, YeM T/ly6OKMIn BaKKYM MeX3Be3[LHOro npocTpaHcTBa. Maro,
T. K. OQUH KyOW4YeckuiA caHTMMETP BOAbl B 3eMHbIX YC/MOBUSX Oyner
BECUTb CTO/IbKO )KE, CKOMIbKO LUap MeX3Be3LHOro rasa paguycom
125 KM — 3T0 HeMHOrMMm MeHblUe paguyca JTyHbl. MHoOro, T. K. B He-
60NbLUIOW, MO aCTPOHOMUYECKUM MepKam, cthepe paguycom OT LeHTpa
ConHua go pacctosHma (R=1,4x10** km), T. e. Bcero B 35 pasa
GonbLUEM, YeM paccTosiHWe [0 6rvDKanLIel K ConHuy 3Be3fpl «[1pok-
cuma LI,eHTaBpa»; (J1. 57, cTp. 18) npu TakOM MU3EPHON MNIOTHOCTU
BellecTBa Mex3se3gHoro rasa (0,1 atoma B KyOWYECKOM CaHTUMETpe)
COLEPXXUTCA (PU3MYECKON MaTepun CTOSbKO XKe, CKONIbKO B MAacCUBHOM
aCTPOHOMUYECKOM 00bekTe, kak Haile CosHue.

Mpn NNOTHOCTV MEX3BE3AHOr0 BeLLeCTBa, COOTBETCTBYHOLLEA NNoT-
HOCTK Anddhy3Hoi  TymaHHocTM  (nopsgka 100 aTomMoB Bofopoja B
1 Ky6. cMm), paguyc 3KBMBANIEHTHOW COMIHEYHOM Macce cdepbl cocTa-
BMT BCEro NMLWb TPETbK 4acTb paccTosHUA Mexay ConHuem u «Mpok-
cumoli LleHTaBpa» M 61M30K MO CBOEMY 3HAYEHUHO K (haKTUYecKomy
pasmepy CO/IHEYHON CUCTEMBI.

YueHble MpUWAM K BbIBOAY, YTO 3Be3dbl B OOMbLUMHCTBE Clly4aeB
poxpatoTcs rpynnamy (accoupaumsmmn) 13 ynaoTHAOWMXCS 40 60/b-
LUMX 3HAYEHUA NJOTHOCTW BeLLECTBa AMKMY3HbLIX ras3onblIeBbIX Ty-
,:\I.AS?SHOJ(.:;S;A (N. 56, ctp. 34—72; N. 40, ctp. 173—219; /1. 41 cTp

ACTPOHOMaMV OTKPbITO MHOXECTBO TakKUX [ra3onblieBbIX TyMaHHOC-
Teli B GeckpaiiHux npoctopax BceneHHoW, 0COGEHHO BOM3NM 3KBATO-
pUa/ibHbIX MI0CKOCTEW ranakTuk. Ecnm rasonblieBoro matepvana B
OnpeAeneHHol 06n1acT¥ NPOCTpPaHCTBA [0OCTAaTOMHO ANs 06pa3oBaHuMS
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rpynnbl MM OTAe/NbHbIX 3Be3f, MPOLECChbl KOHAEHCaUMn W rpaBuTaum-
OHHOr0 CXaTWA HauMHalT npeobnagaTb Hag APYruMun npoLeccamu.
Habnogas 3a KOHUEHTpauuen BeLlecTBa, Yepe3 HECKONbKO MWINO-
HOB NIET Mbl «CMOXeM» (eCy [OXXMBEM, KOHEYHO) CTaTb CBUAETENAMU
POXAEeHWS TPynnbl 3Be3f, NMO0 OTAeNbHOW 3Be3dbl U3 «061060BaH-
HOV» Hamy TYMaHHOCTMH,

OpVEeHTUPOBOYHbIE YCNOBMSA, AMNUPUYECKMe (DOPMY/bl ANS  pacyeTa
PEXUMOB KOHAEHCaUun 3Be3f4 W3 ras3onblieBblX TYMaHHOCTE npuBe-
JeHbl B kHuUre . C. LLUKNOBCKOro «3Be3fdbl. VX poXAeHWe, XU3Hb ©
cmepTb». (J1. 56, cTp. 34—72).

He ocTaHaBnvBasicb MOAPOOHO Ha AanbHenLwelri 3BOMOLMM  3Be3f,
T. K. 9TOT BOMPOC TLATE/NIbHO W [aXe C HeKOTOPOW CKpynyne3HoW no-
C/IelOBATENIbHOCTBIO W3/IOEH BO MHOMMX Hay4HbIX Tpypax (/1. 56, cTp.
34—72; N. 40, ctp. 173—219 n 1. 4.), cpa3y nepengy K TOMY MOMEH-
Ty 3TOM 3BOMOUMWM 3Be3f, KOrga, Mo-Moemy, MOryT BO3HWKHYTb YC/0-
BUS 4N 06pa3oBaHUA MNaHETHLIX CUCTEM.

2. YNPOWEHVNE MEXAHU3MA
" MNAH NCCNEJOBAHNA PEXXMMOB COJTHUA

MpeanonoXnmM, 4TO, MOAYMHASCH  3aKOHY BCeMUpPHOro TAroTeHWs
HbtoToHa, BewiecTBO [1pOTOCOMHLUA  CKOHLEHTpUpoBasiocb B ciepe
. Xunna (J1. 13, ctp. 55) u, Bce 60/ee CXMMasACb, BbI3BaO MOBbI-
LUeHVe TemnepaTyp, OCOOEHHO LUeHTpasbHbIX 06/1acTeil BellecTBa, 3a
CYET YYaCTUBLUMXCS CNy4aeB CTO/IKHOBEHMSI aTOMHbIX 4acTul, B YNJoT-
HAIOLENCA MaTepun 1 NPOTEKaHWUS XUMWUYECKUX peakuWil 1, HakKoHeL,
npvBeo K TepMOsfepHOMY B3pbiBY B BELLECTBE LEHTPasbHOM 4YacTu
macc lpoToconHua. Ana 60nee NErkoro MOHUMAHWUSA (DU3UYECKUX W
XMMWYECKMX TMPOLLECCOB, MPOMCXOAALLMX B 3TOT MOMEHT B Hejpax Be-
wectea ConHua, A0 MWHMMYyMa YNPOCTUM MeXaHW3M B3avMOAENCTBUS
MaTepuaibHbIX YacTuL, CXemMaTU3MpOBaB PsAf MONOXKEHWIA, XOTS U Be-
OYWNX K HEKOTOPbIM OLMOKaM M HETOYHOCTAM MpU pacyeTax, HO Co-
XPaHSAIOWMX, NYCTb OYeHb WU OYeHb NPUOAU3UTENbHO, NPUHUMM AelCT-
BUS 136MPaeMON CUCTEMBI.

Onsa 3toro npeanonoxum:

Bo-nepebix, 4TO BellecTBO CO/MHUQ, HE3aBMCMMO OT CBEPXBbICOKMX
[aBNeHNIA 1 TeMnepaTtyp, LO/DKHO HaxXOAUTLCA /Wb B OJHOM Fa30BOM
arperatHoM cocTosHuM. dPakTnyeckn BelecTBo ConHuUa npefcTaBnser
C060Vi BbICOKO MOHWM3MPOBaHHYIO Masmy.

Bo-BTOpbIX, 4YTO XMMMUYECKWL cocTaB BewlecTBa ConHuUa sBnsieTcs
OAHOPOAHBbIM, OAHOKOMMOHEHTHbIM BOAOPOAHLIM  MN1a3MEHHbIM  CryCT-
KOM.

B-TpeTbux, BewectBo ConHua 6yfeM C [OCTATOYHOWM CTeneHbl TOou-
HOCTW, HEOOXOAMMONM ANS pPacyeToB, NPUHMMATL 32 OAHOATOMHbIA WAe-
albHbIA Fa3 U BCe HEOOXOAUMblE BblYMC/EHMA OyAeM MPOU3BOAMTL He
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no ypaBHeHWO BaH-fep-Baanbca (418 peanbHbIX rasoB), T. K. Mpu-
MEHEHME ero MNpakTUYeCcKM HEeBO3MOXHO BBWAY OTCYTCTBUA WM HETOY-
HOCTM MHOXECTBA MCXOAHbIX AaHHbIX, a Mo (opmyne ypaBHeHne MeH-
neneeBa—KnaneripoHa ans muaeanbHoro rasa. (/1. 34, ctp. 137—140).

[na aHanu3a BblbepeM TpU 3HEPreTMYecKMX MOMEHTA B COCTOSHWU

ConHeyHoro BelllecTBa:

1. MOMEHT [0 Hayana NpPOTEeKaHUs TEPMOSIAEPHOM peakLuu.

2. MOMeHT B Havane TepMOsiAepHON peakLun.

3. MoMeHT cTauuoHapHoro pexuma ConHua.

Tak KaK YCTaHOBMBLUMECA PEXMUMbl Jlerye rMofaaloTca  UccnefoBa-
HAO 1 06nafatoT TemM NPeVMyLLEeCTBOM Nepes NepexoAHbIMM MpoLec-
camy, 4To MHAOpMaUMs 06 3TUX pexmnmax HOcUT 6onee OOLLMPHBIN,
MOMHBIA N TOYHBIW XapakTep, Mbl, B MEPBYI0 O4vepefb, OCTAHOBMMCS Ha
pasbope cTauuoHapHoro (ycraHosuBllerocs) pexumma ConHua, 160
Hallle BpeMs COBMAZLaeT C 3TUM PEeXUMOM B 3Bofiioumm CofHua U, ecnu
Jaxe 06 aTtoM pexkumMe ConHUA Mbl NMOYTU HUYErO He 3HaeM, Mbo Koe-
4yTo 3Haem npubIN3NTENbHO, O4YEHb MPUMUTUBHO, CXEMAaTUYeCKu, TO
0 Apyrux pexumax B 3sonoumy ConHUA Mbl MPAKTUYECKU HWYEro He
3HaeM ¥ Wb CTPOMM MpPaBAonofo6HbIE U HENPaBAoNoLOOHbIE AOrafKu
W TUNoTesbl, KOTOPble B KaXKAYH 3MOXY PasBUTUS YeNIOBEYECKUX 3HAHWI
B TOW WM VHOW CTENeHW OTPaXkatoT OTHOCUTE/IbHYHO WCTUHY.

3. ONPEAENEHUME CPEOAHEWN SHEPI M ATOMOB
BOAOPOJA HA COJIHUE MNP MPOTEKAHUA
TEPMOAAEPHOW PEAKLIA
(CtaumoHapHbIin pexxmm ConHua)

LLIMpoKo M3BecTHo, uTo Maccg ConHua Mc= =~2x10%® rpamm, a macca
atoma Bogopogam = (1,6339/10%) rpamMmos.

Ecnm npeanonoxutb, yto BewlectBo [llpoTtoeonHua Ha 99,99% co-
CTOA/I0 M3 aToOMapHOro Bogopoda, a Macca Co/HUA C TOYHOCTbHO [0
5% paBHAnacb BelecTsy [1poTOEONHUA, NPUpaBHMBAA 3TWU Macchl, He
TPYAHO MNOACYMTATb, YTO KO/IMYECTBO aToOMOB BOAopoAa B [MpOTOCOSH-
ue (ConHue) ucumcnanocb BEI‘II/I‘-II/IHOI/I

n= 12 x 10” atomos Bogopoga (1.5)

ECTecTBEHHO, Mbl He Y4MTblBaEM MpPU 3TOM TOTEPID 4acTU Macchbl
ConHua, YLWeaWwy Ha W3Ny4YyeHUe W COJHeYHbIA BeTep 3a [ONryt uc-
TOPWIO CYLLECTBOBAHMA Hallero CBeTWa, W Ha BbIOGPOC MPOTOM/aHeT-
HOro BellecTBa. OrpelwHOCTb, 3aBefOMO BHOCMMAsi HaMU B pacyeThl,
B HEKOTOPOI CTEeMeHW KOMMEHCUPYETCS HEWU3BECTHON BENIMUMHOW 3SHep-
rmm, 6eccnefHo YHOCUMOI MOTOKOM HEMTPUHO WM eCTECTBEHHbIM, MYCTb
[aXe He3HAYUTEe/IbHbIM, YMEHbLUEHWEM W3/lyyaTe/lbHOW  CrNOCOBHOCTU
Co/Hua Ha MpoTSXEHUW CYLLECTBOBAHUA ero Kak 3Be3fbl [/1aBHOW Mo-
CcrefoBate/ibHOCTU.

Y4yeHble YTBEPXAAlOT, YTO B [aHHbIA MOMEHT Macca aToMOB BOZO-
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poga coctaBnset 70% Bceii cospemeHHoﬁ maccbl ConHua.
Cne,qOBaTeano ConHu,e ceivac COAEPXKNT:

n' = O,/? X 12 x 10°'=0,837 x 10°" atomoB BOJOpOAa, rae
n'=0,837x 10>’ — KoMN4YECTBO aTOMOB BOZOPOJA B COBPEMEHHYIO 3MO-
Xy, Torja Ko/JM4ecTBO aTOMOB BOfopoda n“, nepepaboTaHHbIX B Hea-
pax mouiHoro COMHeYHOro TepMOSLEPHOro peakTopa B aTOMbl APYrux
xwmmquKmx YIEMEHTOB, COCTABMT:

=1,2x10°" — 0,837x10°" = 0,363x10°" atomos BOgOpoda.  (2.5)

Crenaem eule OLHO OrpaHUYMUTENbHOE MPeAnonoXeHue, yto Up —
CKOPOCTb CUHTE3a aTOMOB BOZOPOAA B 06o/nee TsKeslble XMMUYECKME
3N1eMeHTbI Oblfa MOCTOAHHOIA Ha. MpOTAKeHUM Bceli agontoumn ConH-
La B TeyeHue BpemeHu t=6x 10° ner.

Onpegenum ckopocte Up — peKOM6|/|Hau,VW| aToMOB BOAoOpoJa:
Up= i "It (3.5),
Torga Up =0,363x10°7/6x10°x365x24x3600=1,92x10%° 1/cek

ConHue He MOXET OblTb 6ECKOHEYHbIM aKKyMynsaTOPOM TersoBoi
3HEpPruM 1, ecTeCTBEHHO, MOYTW BCA €ro TennoBas 3Heprus, Bblaense-
Mas B pesy/bTaTe TePMOSLEPHbIX peakuuwid, nsnyvaetcs CO/HUEM B
OKpY>KaroLLee MpocTPaHCTBO.

W3BeCTHO, 4TO MONHOE KOMMYECTBO 3Heprum Wi, n3nyyaemoe ConH-
Lem, coTasnseT: Wu = 3,9x 10% apr/cek.

3Has KOMMYECTBO M3/ly4aeMO 3HEPrUM U CKOPOCTb PEKOMOMHaLMM
aTOMOB W TMOMHSl, YTO aTOMbl, BO30YX[EHHble YacTULAMW CPEAHWX U
cnabbiX 3HEPruiA, NUWb APOGAT MOPUMM 3HEPTUKM, MONYYaeMble Mpu
TEPMOSIAEPHbIX PeakumMax CUMHTe3a TSKENOALEepHOro BeLLecTBa, Ha 60-
Nlee Meflkiie YacTu, HO Camil SHEPruN He U3/yuatoT, MOeM onpeaenTs
Ycp. — CcpeaHiol 3Hepruio, BbifeNAemMytlo OJHOW YacTWLEi (aKTUBHbIM
aTOMOM BOAOPOAA) MpU TepMOsAEepHON peakuun cuHTea na ConHue
B MnpoLecce pekoMbuHauuy aTOMOB BOAOPOAA B aTOMbl Fenust U aToMbl
OPYTUX XMMUYecKnX anemeHToB (J1. 38, cTp. 96—203):
wep. —WI/I/Up (4.5),
Torga  wep.= (3, 9x10%* apr/cex) / (1, 92x10% 1/cek) =
(2, 0313/1 0°) spr/l =1,268 x10° 3B= 1268 Ma3B

lNonyyeHHad B pe3ynbTaTe pacyeToB CPeAHAA 3Heprud, Bblgense-
Masa npu CMHTE3E BellecTBa, OAHOINoO nopsnka w 6/M3Ka MO 3HAYEHUIO
K CpefHeil aHepruu, BbILENSAEMOR MpyU CAUSHWM [BYX NPOTOHOB B [eii-
Tepuia:

H+H'— [%+é+8+1,44 Mgs (/1. 56, cTp. 126), rae

H' — noHW3MpoBaHHbIl Bogopoa, A7 — feiiTepuii, & —. NO3UTPOH, & —
HeI/ITpI/IHO

|/|SBECTHO, YTO 3HEprua, yHoCMMas npOTOHOM B TepMOFI,CI,epHOI7I pe-
akunnm  CUHTE3a ,qe|7|Tep|/|ﬂ n TpUTUA B aTtoM resind, COCTaB/IAET
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141 M3B, a 310 B 12 pa3 6onblue 3HaYeHUS MPUBELEHHOrO Bbille pac-
yera.

Ho, Ha Mol B3rnag, HaZo NpaBW/bHO MOHWMAaTb C/IOBO CBOOOAHbIN
HYK/IOH U YC/IOBMA TEPMOSLEPHOM peakumMn W KaTanusupyloliee BANS-
HUE aKTUBHOI OKPY>XXaloLen cpedpbl BHYTpeHHUX cdep ConHua.

3aberas HeCKoNbKO Breped, aHaiM3npys 3HepPreTUYecKue peXxnMbl
cTaumoHapHoro ConHua W pexuM, NpeaLecTBYOWMA TepMOsAepHOIA
peakuun, aBTOP [AaHHOW «MOHOrpaduu» npullen K WHTEPeCHOMY Bbl-
BOZy, YTO ecim Obl BewectBo ConHua Mo KakvM 6bl TO HW 6blNO Chy-
YaMHbIM W HEW3BECTHbIM HaM MpUYMHaM MNPEKPaTWIo yyacTue B Tep-
MOSIZEPHON peakuun C BblAeNeHNeM Heob6X0AMMON AN Hac 3Heprum,
TO HOBOe, Bo3ropaHue COMHUA MpW CYLLECTBYIOLMX ceiivac Tam (BHYT-
pn ConHua) ycnosusx 6bi1o 6bl HEBO3MOXHO!

MpekpacHO noHumas, 4to CoMHUe SBASETCS 3Be3[0i BTOPOro MOKO-
NneHna n 4to «lanakTvka npyu CBOeM 06pa3oBaHWMM [O/KHA Oblna Co-
LEpXaTb MpuUMepHo (25%)... renns» (/1. 38, cTp. 71, 148), yuuTbiBas
TO 06cToATensCcTBO, 4to COfHUE 3aTpaynBaeT uacTb CBOEW 3Hepruu:

14 13
«Ha exerogHyto notepto 1/10° — 1 /10™° yactm cBoeidi maccbl» (J1. 38,
CTp. 66); Ha HEeWTPUHHOE M3/yYeHWe, Ha Co3AaHue MepBOHaYaIbHOIO
N noAfepxaHue MOCTOSHHOTO 3anaca TerioBO WT«4X10** apr u ny-
UMCTON W,T«10** 3pr aHeprmini ConHua (J1. 56, ctp. 112); Ha npoTo-
NNaHETHbIN TePMOSILEPHBIV B3pPbIB «3aropaHus» ConHua WB»10*° apr
(1. 56, cTp. 260), gonyckas, YTO BenMuMHa M3TydveHnuss CofHUa MocTo-
AHHO YMEHbLUAEeTC W Celivac M3MEHSIETCA MO MOYTU TOPU3OHTAIbHOMY
y4acCTKy KpuBON, GNU3KOM MO CBOEMY 3HAYEHUIO K HEKOTOPOM 3KCMo-
HeHTe, peLlas BbILIENOCTaB/IEHHYIO 33fayy C YYeTOM [OMOJIHUTENbHbIX
[aHHbIX, MOMYYUM BENMYMHBLI 3HEPruiA, BblAeNsembIX MpU Tepmosgep-
HbIX peakuusx cuHTe3a 4-X HYK/IOHOB BellecTBa BOAOPOAa, 6nM3Kue
Mo 3HAYEeHUK 3Hepruam, npueefeHHbIM B Tabanuax Ne 1 m Ne 2
(/1. 56, cTp. 126), T. e. nopsgka 25—27 MWNIMOHAM 3/71EKTPOHBOSLT.

4. QHEPTETUYECKUNIA PEXXVIM COJTHLA,
MPEALLUECTBYOLWWA TEPMOAAEPHOMY B3PbIBY

Monb3ysacb M3BeCTHbIM YypaBHeHMeMm Makceenna (J1. 34, ctp. 196)
AN19 ONpefenieHns Yicna 4actul, C 3Heprveld 60/bLUeid, YeM Moporosas
3Heprus, Hangém 3HauyeHvie MoporoBON 3HEPruw.

2N Eox &“
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Na — u4Mcno MONeKys, 3HEPrns KOTOPbIX 60MblLe YPOBHA EOK,
EOK — MUHUMa/bHBIA YPOBEHb 3HEPrn YacTuu,

K, T — nocTosHHasa bonbLUmaHa 1 abconTHas Temnepatypa,
N — o6LLee Yncno HYKIOHOB.

LLIMpOKO M3BECTHO, UYTO B TepMOsAfepHbIX peakumsax Ha ConHue Mo-
FyT y4acTBOBATb TOMbKO Te UaCTWLbI, KOTOpble HAaxXOAATCA MpW 3Hade-
HUSIX: aBneHns  P=10%°aTmM. u abconoTHOW  TemmepaTypbl
T=5x10" °K, ut0 B peasibHbiX YycnoBuax CofHUa oOrpaHNYMBaeTCa
BHYTPEHHEN LeHTpanibHOW cdiepoii ConHua C paguycom 3TOR cdepbl
nopsgka 0,3 paguyca ConHua (Rcth=0,3Rc). OTOMy YyCnoBuio yaoBne-
TBOPSET, NpUMepPHO, 56% Macchl BellecTBa ConHUA. YuuTbiBas TO 06-
CTOATE/IbCTBO, YTO B LEHTPa/IbHbIX 06/1acTaX ConHua faBieHne U TeM-
neparypa 3HauuMTe/lbHO 60/iblUe BbILIENPUBELEHHbIX 3HAYEHWA, aKTUB-
HOCTb HaxOAfLIMXCA B TakuUX YCMOBUAX aTOMOB K y4yaCTWUIO WX B Tep-
MOSIIEPHbIX Peakumuax B HeCKONbKO pa3 MpeBblllaeT aKTMBHOCTb aTo-
MOB Ha rpaHuUe UeHTpanbHol cdepbl ¢ pagnycom Rc=0,3Rc u ut0
3a rpaHuueli cgepbl Rc=0,3 RC aTtoMbl C BbICOKAMW 3HAYEHUSMU
3HEpPruii TakXke uHorga HabMOLAlOTCH, Yy4acTBOBaTb B TEPMOSLEPHbIX
peakumsax MOXeT 4acTb aKTMBHbIX atomoB — 60-70% Bcex aTomMoB
Bewwectea ConHua Na=0,7N.

MoacTaBnss BblWenpuBeaeHHble 3HadeHus B dopmyny (5.5), nora-
PUGMUPYS N MHTEPNOAMPYS 3HAYEHWSIMU, HalifeM, 4TO BeaMuMHa no-
POroBOW 3HEPrUK \NOK ANS aHHOTO peXKiMa ConHua cocTasfnifer:

Eok= 1691 x 10° 3 = 2,701/10° apr.

CornacHo yTtBepxaeHuto V. M. ®paHka (/1. 60, ctp. 19), nonyyeHHas
Hamn 3HEeprus na nopsfoK BefIMYMH MeHbLUe MWUHVMMa/IbHON 3Hepruu,
HeobXoauMOl NS MPOTEKAHWS CaMOW 3HEPreTUYecKU ferkor Tepmo-
SAEPHOW peakumn npespalleHns gentepua O v Tputna T B renmin He:

0+T= 2He+H (6.5),
KOrja CTa/ikmparoLwmeca yactuupbl uUmetoT sHeprutio Bcero 100—200 Tbl-
CAY 3M1EeKTPOHBOMLT (T. €. B [ecATb pa3 60/blle 3HEPruun, MosyyHeHHOM
pacyeTHbIM MNyTEM.

Mpn peakuumn (6.5) BblaenseTcs aHeprus okono 17 Mass. B op-
myne (6.5) H — HeWTPOH.

MonyunB Takon pesynbTaT, MOXHO YCOMHUTLCA B CrpaBef/MBOCTY
ypaBHeHns Makcsenna (copmyna 5.5) Ans CBEPXBLICOKUX 3HEPTU W
Temnepatyp (MOXeT, B 3TOM [AENCTBUTENIbHO eCTb [0S UCTWUHbI, W60
MakcBenn B CBOe Bpems, (POPMYNIUPYs 3aKOH, He WMeN B BuAy, 4TO
ero ypaBHEHVEM MOXeNatT BOCMO/b30BaTbCA B 06/1acCTAX € 60/bLLIMMM
KOMIMYeCcTBaMM MNepPexofHbIX 3HEpreTUyecknx npoueccos). OnpefeneHuve
npeaenos [encTBus W CrpaBefMBOCTU ypaBHeHWA Makcsenna ecTb
TPYAHbIA W [aleKo He SICHbIA BOMPOC, HO B LeHTpe CofiHUa 3HayeHus
[aBNeHNA 1 TeMmnepaTyp Bbllle, HEXeNn B paccMaTpuMBaeMOM Hamu
PeXMMe, W 3Heprus aToMoB BeLleCcTBa HECKO/bKO Bblle, 4Yem Mosy-
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LIeHHast Hamu nyTeM nepeoro pacyeta no gopmyne (5 5).

YpaBHeHne (5.5) MakcBenna, Mo Bceli BUAUMOCTW, AO/MKHO AaTb
HaM Henyioxyt 3SHepreTMYeckylo XapakTepuUCTWKY BellecTea [0 Mo-
MeHTa Hauyasa TepMOSILEPHON peakuum.

OCTaBMM nponopunto Na/N ans Bcero ConHUa pasHoii  nponopuyum
Na/Al ana 01 uyacTW COMHEUHOrO BELLEeCTBa, PACMONOXEHHOW npu-
6nn3nTensHO B chepe ¢ paguycom 0,1RC — CO/MHEYHOro paguyca, pe-
lMMm-ypaBHeHNe (5.5) M Hainem 3HayeHMe MNOPOroBOi sHeprum EOK
A9 TeMnepaTtypbl BHYTpeHHein yacTu ConHua, paBHOW

Ti=15x 108 °K
ﬂOpOFOBoe 3Ha4YeHNEe 3IHEPrun EOK 3TNX YaCTuL, COCTaBUT:
EOK =3E0K
Eok!=50,073 x 10° 3B.

MopcTaBnsAs B ypaBHeHue (5.5) pasnnyHble BEIMYMHBI MOPOroBbIX
3HaueHwii EoK, nosyuaem, uto B Macce LIEHTPasbHOTO BeLLecTBa ConH-
Lla YacTuL, C 3Hepruein B 200x 10° 3B HeT, NMWib TPU HacTuLp! Belle-
cTBa o6na,n,a+0T aHeprueit Eok'> nm = 168x 10° 3B, a 3Hepryeii Gonee
100 x 10° 3B o6bnagatoT MMwb 2,53x10% atomoB M3 12 x10°® mx (aTo-
MOB) u4uCna B LeHTpanbHOW 4yacT ConHua.

PacueTbl, MpoBefeHHbIE C MOMOLIbIO YypaBHeHMs Makceenna (5.5),
[elCTBMTENIbHO MOATBEPXKAAT WX CrpaBef/MBOCTb A/ OnpefeneHns
9HEPreTMYeCcKoro COCTOSHWS BeLecTBa B MNepuof, NpeaLlecTBYOLLMIA
TepMOSAEPHOMY  B3pbIBY.

Ha OCHOBaHMM BbILLIEU3NIOXKEHHOTO MOXHO MPEANONOXUTb, YTO AaB-
NeHvie, 06YCMOBMEHHOE TPaBUTALMOHHLIM CXKAaTWEM BELLECTBa, U TeM-
nepatypa LEHTPa/bHOM uYacTu BellecTBa [1pOTOCOMHLUA. [0 B3pbiBa
ObIMM 3HAYNTENLHO BbilE CeYac CYLLIECTBYIOLIMX 3HAYEHWI 3TUX Be-
NMYMH, a pasMep akKKpeLypyemoil 3Be3/lbl Ha MHOFO MEHBLLIE.

Mo MHeHWo aBTopa, no dopmyne (5,5) MOXHO OMpeaennTbL npe-
[eNbHOE 3Ha4YeHMe TemnepaTypbl T B LEHTpa/bHbIX 001acTsx CofH-
Lja, NpeALeCTBYIOLLE Hauany TepMOsAEPHON peakLuvi.

Ona atoro 3HayeHne Na npupaBHMBaeMm K 3HadeHuto Up (ypaBHe-
Hue 3.5), a Eok — no JIPeANI0KEHNI0 N. M. ®paHka (/1. 60)
— npuMeM pasHot 200 x 10° 3B;

Na = 0,INC — KO0/IMYeCTBO aKTMBHbLIX aTOMOB YCTaHOBUM B pasmepe fe-
CATON YacTn atomoB ConHua.

PellleHne ypaBHeHMS npu BblLLENPMBe/eHHbIX é/cnosvmx [aeT 3Ha-

yeHve Temnepatypbl T =59,99627 x 10° °K=60 x 10

Takoe 3HaueHve TeMneoaTypbl B YeTblpe pasa Bbille 3HAYEHUs Tem-
nepartypbl B u,eHTpaanom 4acT peanbHOro CosHUA M 3KBMBANEHTHO
Temnepatype (T=5x10’ °K), co3gaBaemoii BHyTpY aTOMHOV 6OM6bl
(1. 34, cTp. 778). Kak CBMAETENbCTBYHOT faHHble BbIUJeyKa3aHHOVI -
TepaTypbl, TakOro, 3Ha4YeHWA Temreparypbl (T=5 x 70" °K), paxe Ha
kopoTkoe Bpems t' nopsgka (ti=°10 ° cek), 4OCTATOYHO A4S BO3HMK-
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HOBEHMS TepMOSJEpPHOM peakuun B Macce M30TOMNOB BOJ0PO/A. B
macce COnHLA MU AOCTKeHM TemnepaTypbl (T=5 x 10" °K) Tsxe-
NbIX W30TOMNOB BOAOPOLA (4elTepus W TPUTWA), MO-BUAUMOMY, [AOJIXK-
HO 06pa3oBaTbCA AOCTaTOYHOE [NS MPOTeKaHUs TepMOsLepHOM peak-
LM KOMMYECTBO.

lMoBbilleHNe TemnepaTypbl BHYTPeHHMX cfoeB Co/HUa BO3MOXHO
/Wb 33 CYET YBEIMUEHWUS TPaBUTALMOHHBLIX CWN CXATUS BELLECTBa.
STOT npouecc CBA3aH C YMeHbLUeHMEM 06beMa 3Be3fbl, YBEIUYEHWEM
MMOTHOCTM W BHYTPEHHErO AaBfieHUs BeLLECTBa.

Ecnv nnotHocTb BewlecTBa Oy[eT W3MEHATbCA NPOMOPLMOHAIbHO
Temnepatype P = aT (7.5), 10 fiaB/ieHne M3MEHNTCA NMPOMOpLMOHa/Ib-
HO kBafpaty Temnepatyp P=aT" (8.5), rae

p — M/I0THOCTb BELLECTBa,

P — BHyTpeHHee faBfeHue,

T — abcontoTHas Temnepartypa,

a — KO3(ULMEeHT MPOnopLUOHaILHOCTU.

Takas Mofenb, NyCTb OYeHb, O4YeHb py6O ¥ MPUBAU3NTENBHO, HO
[aeT npeAcTaBneHne 06 3HEPreTMyeckol CTPYKTYpe NpPOTO3BE34HO0
BellecTBa.  Koa(hpuumeHT TpeHUs MeXAy Cnosimy BelecTBa NPOTo-
3Be3fbl Obl, MO-BMAVMOMY, pPaBeH eAuHWLE, U BCEM AanbHEMWUM W3-
NOXKeHWeM MaTepuanoB paboTbl AenaeTcs MonbiTKa [0Kas3aTb Crpa-
BEA/IMBOCTb 3TOTO 3aK/HUEHMS.

MpoTo3Be34HOE BELLECTBO OCOBEHHO B LIEHTPasIbHbIX 06/1acTAX 3Be3-
Obl BefeT cebs Kak TBepAoe KPUCTa/IMYECKOe BeLecTBO, /MO0 Kuj-
KOCTb C 6O/bLUMM KO3(D(IULMEHTOM BSA3KOCTW.

He nuwHe oTMeTwTb TOT (hakT, 4to pasmepbl ConHua (MpoToConH-
ua) W Apyrvx 3Be3f B CTaUMOHAPHbIX PEeXMMax OnpeLenstTcs pas-
HOBECMEM MPOTMBOMONOXHO HanpaB/NeHHbIX OTHOCUTENbHO Apyr Apy-
ra CUn rpaBMUTaLMOHHOIO CXaTus BeLLeCcTBa C OLHOW CTOPOHbI U CuUN
BHYTPU3BE34HOrO  TEMnnoBOro (CBETOBOr0) [AasfieHWs C Apyron. He-
3HauMTe/IbHOe TEM/I0BOE W3/lyYeHVe MpPOTO3Be3[ BbICTYNaeT B BbiLLe-
MPUBELEHHOM MpUMepe KakK CBOEOOpasHblli «KnanaH», perynnpyroLwmi
B3aVMMOLENCTBME CWUA, MPUBOLALMIA UX (Cunbl) K paseHcTBy. Crepfo-
BaTe/IbHO, 06beM [poToCONHUA Obll MPUGNU3NTENBLHO paBeH 06beMY
BHYTpeHHeil YacTn ConHua 6e3 06beMOB COBpeMeHHON dotoctepbl U
KOHBEKTVBHON 30Hbl.  Pagmyc [poToconHua nepes TepMOSLEPHbIM
B3pbIBOM COCTaB/IAN, HaBepHOe, OAHYy TpeTb paguyca ConHua.

Rn=0,3Rc.

bBonee TOro, no-eMaMMOMYy, 3TO TPYAHO NPeACTaBUTb, MOBEPXHOCTb
MpOTO3Be3Abl COCTOAMIA M3 CI0A XKUAKOMO, a MOXeT OblTb, U KpUCTa-
NINYECKOro aTomapHoro sogopoga. Bogopog o6nagaet xopowwwmu Ten-
NOU30MIALUMOHHLIMK CBOWCTBaMU, a B YC/IOBUSAX OTCYTCTBMS W3/y4YeHUs
Takoe ero CBOMCTBO CTaHOBUTCS peLLaroLuM.
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BceneHHas — YHWKanbHag ECTECTBEHHAas (M3MKO-XMMUYecKas fa-
bopatopus. Bce mpouecchbl M SBMEHUS, NPOWUCXOAALLME Ha 3emie, pa-
HO W NO34HO HabnofatoTca B 6GeckpallHMX npocTopax BceneHHoIA.

Ecnn NbIT/MBBLIA YeNOBEYECKWA pa3yM Cymen OTKPbITb M 06y3aathb
KO/IOCCa/IbHYH0 3HEprut0 atoma B MMKpOMacLTabHOM, M0 KOCMMKYe-
CKAM Mepkam, 00bemMe TepMOSAepHbIX PeakTopoB, rAe Temneparypa
nnasmbl gocturaeT 50 MWNIVOHOB TPafycoB, & B OTAENbHbIX ClyYasax
1 60nee BbICOKMX 3HAYEHWI, €c/M WHXeHepHas MbiC/b BbipaboTana
TEXHUYECKNE YCMIOBUS AN MOJTyYeHUs KPUCTaN/IMUECKOro BOA0POAa,
TO MPUpofa — Haw MOCTOSHHLIA W CTPOrWMIA yunTeNb — B Mpejenax
BceneHHOM HempepbiBHO MOAY/MPYeT 6GECKOHEYHOe MHOXECTBO W3Be-
CTHbIX W elle HEeW3BECTHbIX Ye/I0BEKYy MNPOLECCcoB, B TOM Yucie u npo-
Lleccbl KpucTasinnsaumMm BOZOPOAA, WM MPOLECChl TEPMOSIAEPHbLIX peak-
UM KaK B He6GONbLUMX, CPeLHMX U KOMOCCA/IbHbIX pa3mepax.

CcbllafiCb Ha BbILIEN3/IOKEHHOE, MOXHO CAenaTb BbIBOA, YTO 06beM
BewectBa [potoconHua 6bin B 37—40, a 70 M 60/ee pa3 MeHblie
obbema CTaLuoHapHOro ConHLq,a a CrefoBaTeNlbHO, CPefHAA NIOTHOCTb
Pn=26,2 — 37,2 r/cM® MpOTOCOMHEYHOrO BelecTBa 6Obiia B 40—60
pa3 60/bLUE M/IOTHOCTH cerogHawHero CosHUa, 3TM 3HayeHus n obec-
Meynin ycnoBsus Lns Havana TepMOosLepHOro B3pbiBa.

CpaBHuBas CofiHUe C 6O/bLUMM KOCTPOM, MOXHO OMpefenunTtb, 4To
COJIHEYHas KOpOHa, MpoTybepaHLpbl, (oToctepa M KOHBEKTMBHAA 30HA
ConHua aHanormyHbl NnameHyn Koctpa—o6bem 6O/bLUORA, a Macchbl Moy-
TV HeT. VI3MeHeHne 06beMa KOHBEKTMBHOW 30HbI U (hoTOCHEpPbI, MO aHa-
NnorvMM € U3MEHeHMeM B HebOMbLUMX Npefenax MAOTHOCTW MaMeHu
KOCTpa, KOTOpPOe, KaK W3BECTHO, He MPUBOAWT K CYLLIECTBEHHOMY W3-
MEHEHMIO M/IOTHOCTU CammX TFOpAWMX APOB (aKTMBHOM 30HbI COMHLA).

B 70 Xe Bpemsa faxe He3HauuTe/lbHble W3MEHEHWs 06beMAa BHYT-
peHHell YacTu CofHua BefyT K 3HAYMTENbHOMY W3MEHEHUIO CpefHel
MJIOTHOCTM 3TOrO BELLECTBA, &, C/eA0BaTe/IbHO, 'K W3MEHEHUIO 3Hepre-
TUYECKON aKTUBHOCTW COCTaB/AOLMX €ro 4acTuL, aTOMOB.

3 BCero BbllleckasaHHOro criefyeT, 4To pasMepbl [poToconHua
nepes HayanioM TepMOSLEPHOrO B3pbiBa OblM  HECKONBbKO 60/ibLue
ctepbl, pasHoii 0,3 paguyca cepbl ConHua Rn=0,3 Re, rae
Rn— paguyc lMpoToconHLa.

Ha pucyHke Ne 1 nokasaHbl CpaBHUTE/IbHbIE pasmepbl [1poTOCOMH-
Ua [0 MOMEHTa BO3HWKHOBEHMS TEPMOSAEPHOrO B3pbiBa W pasMepbl
CofHua B CTauUMOHAPHOM pEeXVMe, OMUCaHHbIE B BbILLEN3/IOKEHHbIX
rnasax.



Puc. 1

CpaBHuTeNbHbIe pasMepbl ConHUA B CTaLMOHaPHOM
pexxmume 1 MpoToconHUa (3alTpuxoBaHHas 4YacTb Cepbl)
nepes MOMEHTOM TepPMOSAEPHOr0 B3pbiBa
Rn 1 Rc — cooTBeTCTBEHHO paguycbl cep [poToconHua u

CornHua



5. TEPMOAAEPHbIN B3PbIB.
PEXM TEPEXOAHbLIX SHEPIETUYECKWX
MPOLIECCOB HA COJIHLIE

MMOBbLILLIEHHbIE 3HAYEHUS [aBMeHWi W TemnepaTyp, CyLlecTBOBaBLUME
BHYTPY MPOTOCONHEYHOrO BELIECTBa, CO3AaMN BCe YCNOBWA ANs MpoTe-
KaHusi TepMOSiJepHbIX peakumii, HO Manasi KOHUEHTpauusi atomos ¢
GOMbIUMMU 3HAYEHWSIMU 3HEPIVIA  (OpuH 13 10 atomoB BelyecTsa),
Manble pasmepbl sgep (Da=10- 12 CM), MHOXeCTBO CNyyaliHbIX CTOMK-
HOBEHWIA C MafOaKTVBHLIMM aTOMaMmiu, NPUBOAMBLLMX K [APOGMEHMIO
3HEPreTMYECKMX 3anacoB aKTMBHOM YacTWLbl U BCTPEUM C aKTUBHbIMY
aTomMamy 1o, HeaEeKTUBHLIMA  YrNaMu, B 3HAYNTENbHOW CTEMeHm
yMeHbLUIANM BEpPOSTHOCTb TEPMOSEPHOrO MpolLiecca, O0TOABMras ero
Hauano.

Ho BOT, HakOHel, Korfja BCe He0OXOAMMblE YCMOBWUA COGJHOLEHDI,
9HEpPreTUYeCcKN akTUBHbIE fapa [eilTepus U TpuUTUA, obpasoBaBLUMECA
B npefplayliem nepuoge asontoumy CosHua, BCTPeTUIMCh B /1060BOM
atake (peakuus no dgopmyne 6.5). Heynpyruii  UeHTpa/bHbIA yaap
aToOMOB MpVBEN K CIAMSHWIO BellecTBa UX 4acTul, K 06pa3oBaHUIO HO-
BOr0 BellecTBa anb(a-yacTulbl — f4pa aTtoma refima v K BblAeNeHNo
3HauUTeNbHOM 3Heprum Q= 17,6 MaB.

«B ofHOM 13 BapuvaHTOB MPOTOHHO-MPOTOHHOIO LWKAA:

P+P———a'+é+e
a'+P——;He3+Y (10.5)
2, He®*———2P+2He*
Anpo renus 06pa3yeTc;1 13 4 NPOTOHOB W BbIAENSETCA 3Heprus
25 MaB» (25 x 10° 3B) " (/1. 34, cTp. 774).
B npuBeaeHHoI dopmyne 0603HaYEHO:
P — NpoTOH,
é — MO3UTPOH,
€ — HeWTpuHO,
Y— ramma-KBaHT,
,He* ,He®* — appa renus u ero usotona.

Kak BMAHO W3 ypaBHeHMin peakumini (6.5) mn (10.5), obe 3T peak-
UM MAYT C BblAeNEHMEM 3HAYUTE/IbHOrO KO/MYeCTBa 3Hepruw.

CornacHo 3akntdeHusim  cneumanucto (/1. 34, cTp. 778), oawH
HEMTPOH B peakuuu, onucaHHoi ypasHeHWeM (6.5), yHocuT =14,1 M3B
aHeprum.

Mo dopmynam: ET=kT (11.5);

Ek = mU%2 (12.5), rge

ET; EK — BUAbl TEM/I0BOA N KUHETUYECKOW 3HEPIUW,
K — MocTosiHHaa bonbumaHa,
T — abcontoTHas TemnepaTypa,



m; U — macca U CKOpPOCTb YacTuupl,
HaleM «KUHETUYECKYHO» TeMrnepaTypy M CKOPOCTb YacTulpbl (HenTpo-
Ha), obnagatollero aHeprueii 14,1 Masg.
KnHeTnyeckas o Temneparypa [BuXyLLerocs HeMTpOHa COCTaBUT:
T=164 x10° °K
Tak Kak CKOpOCTb HYK/IOHa NPy TakoW 3HEeprum CTaHOBUTCA COW3-
MEPUMOI CO CKOPOCTbIO CBETA W B CWIY BCTYMaKT 3aKOHbl TEOpUW OT-
HOCUTENbHOCTN, @ Macca, HYK/OHa CTaHOBUTCSA paBHOM:
m=mp/ (1-u?/Cc?)?> (13.5).
I'IpOBe,qu COBMECTHOE pellieHne ypaBHeHuin (12.5) n (13.5).
B npomexyTouHOV CTaamMu pelleHune ypaBHeHuin (12.5) un (13.5)

NPUBOAMUT Nac K TPexyneHy BuAaa:

U*+(4E¥™2C*xU2) - (4E%mg2) = 0 (14.5)
Haligem nonoXuTeNbHble 3HAYeHMs KOPHe 3Toro 6GUKBaApaTHOro
YPaBHEHNS.

CKOpOCTb ABVXKEHWA HYK/IOHa C 3Hepr|/|em 141 M3B no pensTMBMCT-
CKO [MHaMWKe COCTaBUT U =~5,15 x 10° cm/cek, a MO KNACCUYECKOI
MexaHuke U"=5196 x 10° cm/cex (oTnMume He3HauuTeNbHOE, NULLL B
TPETbEM 3HaAKe). DTa CKOPOCTb HECKONbKO 60nbliue 1/6 yacTu CKOpOCTU
cBeTa.

Mpy OTCYTCTBMWM CTONKHOBEHWI C aTOMamu BeLlecTBa U B OTCYTCT-
BUM CWM TrpaBuTauumM HYKNOH, 06nafas Takoil CKOPOCTbO, MpPeojosien
Obl paccTosiHME OT LeHTpa A0 Kpas ConHua 3a Kakmx-to 13—14 ce-
KyHI 1 JOCTUr Obl 3a 48 MUHYT OpbUTbI MNaHeTbl 3eMAs.

B peasibHbIX YCNOBMAX BHYTPEHHWUX cdep [MpoTocoNMHUa 3HepreTu-
YECKM aKTVBHbIE 4acTULbl He MOryT MpPeofo/eTb 3HAUMTESIbHbIX pac-
CTOSIHWIA Ge3 CTONKHOBEHWUSA C APYTMMK YacTULaMK.

Mo copmyne:

no=P/KT (15.5)
HailgeM KONMYeCTBO aTOMOB B OAHOM KyOMYeCKOM CaHTUMETpe Belle-

CTBA  LeHTpanbHol qacm JMpoToconHua, — cunTas,  4To
Py =10 x 10% iEIéVIH/CM =60 x 10°°K, Torga
no ~(10 x10 nMR/cm? )/ (1,38 x 10-® apr/rpag x 60 x 10° rpag) =

=121 x 10%" aTomoB.

Mpn BbILLENPUBEAEHHBIX YCNOBUAX B eAnHUYHOM (1 CM) obbema
BelllecTBa B u,eHTpg.prom yacTn TpoTOoCONHUA COAEPXKUTCS-
"no =1,21 x10°" aTOoMOB.

Ha oguH atom uUeHTpanbHOM 4acTu_BewjectBa [lpoToconHua 6yaet
MPUXOANTLCSA B CPefHEM 0ObEM, PaBHbIiA:
Va= Velng (16.5), rpge Ve; Va — eaWHWYHbIA 00BbEM W CpeaHWUiA
06beMm, 8MXO ﬂuj,mmgg Ha op,vm aToM BelLlLlecTBa,
Va=0,826 x 10-

OTBneyemcs OT BOJSIHOBbIX CBOWCTB 3NIeMEeHTapHbIX 4acTuy " Ansd
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YNPOLLUEHUS PacyeToB HYK/IOHbI aTOMOB OyfeM npeacTaBnATb B BUAe
LapoB AvameTpom D=3,17 x 10-*?

B atom cnyuae 3q)obeKT|/|BHoe nonepeque ceyeHWe coygapeHus Oy-

[leT paBHoO:
60=| 1D
60=31,55 x 10* cm? (17.5), rpge

60 — 3d)q)eKT|/|BHoe rnonepeyHoe ceveHUe coyfapeHus,

D — anameTp HYK/OHa.

Torga cpefiHee BpeMs MeXJy ABYMS COYLAPEHUAMU aKTUBHOTO HYK-
JloHa ¢ 3Hepr|/|el7| 14,1 M3B c gpyrmmmM YacTumuamy BelllecTBa LIEHT-
paanom yacTu poTOCONHLA COCTaBUT:

tl '=V/a/Unio, (18.5)

t,'=(0,826 x 10-*" .,3) / (5,15 x 10° cm/cek x 31,55 x 10-?%)=
=508 x 10 - cex.,

a Cpep,HFIﬂU,qﬂtl/I{-la CBo6o,quro npo6era i HyKNOHa BbIpasnTCA:

I = uUnty

i =5, 15x1090M/cer5 08x10-*° cek=2,58 cm.
KonmuecTBo coy,qapeHmm Na akTMBHOTO MPOTOHa B CEKYHZY COCTaBWT:

N.=1/t;* (20.5)
Na~|/(5 08 x 10-'° cek)=1,97 x10° pas/cex.

Mpy KaXXAOM MNOCMeAytolWeM CTONKHOBEHUM aKTUBHbIA MPOTOH Te-
PSeT 4yacTb CBOEW 3Hepruu, nepefaBas ee APYrMM 4acTuLaM BeLIeCT-
Ba, YYaCTBYIOLMM B CTOMIKHOBEHMSIX, TeM CaMbiM MOBbILIAS WX 3HEp-
0. ATKMBHbIA MPOTOH NPOAOMXaeT ABUraTbCs B NABUPUHTE 3N1eMeH-
TapHbIX YacTWL, 4O TOrO0 MOMEHTa, MOKa He CO3[afdyTcs YCNOBUS CO-
eQVHEHNS ero C APYruM akTUBHbIM HYK/TOHOM.

OO6beAnHEHNE HYK/IOHOB B aTOMHOE £4p0 BO3MOXKHO, MO-BUAVMMOMY,
MpY Heynpyrom ygape npv co6/04eHMN YCNOBUIA: KOrga HanpaBieHus
OBWKEHNSA COEAMHSIOLLMXCA YacTUL, COCTaBAAKT OAHY NPSMYIO JIMHUIO,
NMB0  COCTaBMSIOT HeOOMbLUON 3((hEKTUBHBIA Yron;, Korga CuibHoe
B3aVIMOAENCTBME MeXAY HYK/IOHamy 60nblle anre6ponMyecKoin CyMMbl
cun, I)'IpeI'IFITCTBy}OLLI,I/IX X obbeguHeHWIO (KyNOHOBCKas; cuna ynpy-
roctm).

Ecnn  CTONKHOBEHME aKTMBHbLIX aTOMOB MPOMCXOAWT MOA Yriamu
60MbLINMKN, YeM 3PDEKTUBHBIA Yron TEPMOSAEPHOTO CAWSHWS YacTuL,
HO Ha HEKOTOpPOe MasleHbKOe 3HauyeHue 3TOro 3(QEeKTUBHOIO Yrna,
CTa/IKMBAKOLLMECS YaCTWLbl BPEMEHHO COEAMHAOTCS, 06pasys Hemosn-
FOXXMBYLLYH CyMMapHYH 4acTuLy, U 4Yem O60/blue BPeMSi COBMECTHON
XKW3HWM YacTuL, TeM 6O0Mblle BbIPaBHMBAKOTCA 3HAYEHMS| UX CKOPOCTENA,
3HEPrnii U HanpaeneHWA ABVMXEHUA. HemanoBaXHyK ponib B 06beau-
HEHUM YacTul, Aaxke B npegenax yrna 3(eKTUBHbIX TepMOALEPHbIX
peakuuii, UrpaeT HanpaB/EHNE N CKOPOCTb OCEBOrO BpPALLUEHWUs 4yacTul,
[Nna NOATBEPXAEHWS 3TOrO ABMEHWS NpuBedy fABa NpumMepa U3 06bl-
JIEHHOMN YKU3HN.
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Me Kaxablii M3 MacTepoB No (PyT60/7y CMOXET 3abUTb ron ¢ yrno-
BOr0 ypaapa. JInHWS BOpOT B 3TOM C/lyvyae HaxOAWUTCA Ha OfAHOM nps-
MO/ C HanpaBneHWem ypfapa, W He3afaynmBomy (yT60nUCTY, ecnu
emy, [0MyCTUM, yaacTcs nNpobuTb MaY Haj 3TOM NMHWER, Bcerga 6yaer
MeLllaTb O6/IMKHAS LWTaHra BOpPOT. JIWWb HeMHOrMM MacTepaMm (yT60-
na, MNOHMMAKOLMM YYBCTBO BpaLLEHWA Msiva, K KakuM OTHOCUICS B
cBoe Bpems B. Jlo6anoBckuid, yaaBanocb 3abuBaTb rofbl C Yra0BOrO
yaapa B 06xo4 60KOBOI LLUTaHrM BOPOT.

Ha pucyHke Ne 2 1306paXkeHbl TpaekTopuu yaapa npyv NpsMOM U
Kpy4YeHOM ypaapax.

w ] 7 ] i/ @
- : : —~
g - U e —————S——.
/ - “~ 7,
L™~ _ S i @/ i v
Q \_/
Al
Puc. 2
TpaekTopua nosneta Msa4Ya C yrioBoro ygapa
I; F; — TpaekTtopua nosneta W HanpasjeHWe npaMoro Yypapa
BLOMb /IMHMW TOfETa BCerga HampasneHbl B OOKOBYH CTOWMKY BO-
pot

Il; F, ;w — Tpaektopus nofeta, HanpasneHue ypapa W BpaLle-
HYEe MAYa MPU KPYYeHOM ypape
11l — npoekums BOPOT Ha (DyTOO/MbLHOE Mone
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OpyrumM MnpUMepoM 3HauyeHus BpaLLaTeNbHOTO [ABVXKEHWS| CNYXUT
MpVMep OMbITHOTO ¥ HauYMHAIOLLEro 6unapaucTa.

Ha pucyHke No 3 mokasaHbl TPaeKTOPUW [BVKEHWSt GUNNMapAHOTO
wapa nmpu NpPSMOM M KPY4YeHOM YAapax M TO, YTO HEBO3MOXHO Mpu
MpsMOM Yy/lape, Y4acTo BO3MOXHO MpK Kpy4yeHoM. TaK 1 BO B3aWMOZEN-
CTBUW 3/1EMEHTapPHbIX YacTUL, 3HAYeHME WX OCEBOrO BpalLEHWst UrpaeT

HE NnocCneaHKwr, ecnn He pewlaroulyto, posib B Aene CUHTE3a XUMUYe-
CKUX 3/1eMeHTOB. '

Puc. 3

TpaeKTopuin ABVKEHNA BUAIMAPAHBLIX LUAPOB

F1 — HanpasneHve npsamoro ygapa

F.'; F,' — HanpasneHve ABUMXEHWS LLAPOB MOC/e CTO/IKHOBEHUA
Fw — HanpaBneHve KpyyeHoro ygapa
wi'; w,"; w;' — BpalleHve nepsBoro Luapa npu KpyyeHoMm ypape

AB; A'B' — TpaekTtopma [BUXEHWA LWapoB Mocne KX CTONKHO-
BEHUA

W,; U W' BpalleHWe BTOPOro LUapa Mocrie CTO/IKHOBEHWs LUapoB
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