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sKusuii opeanism Bceceimy

B paboTe pa3paboTaHa Teopus PpyHKLUMOHMPOBaHNA BceneHHom Kak e guHo-
ro opraHmama, Kotopas BKOHaeT B cebs ranakTuku, YEpPHbIE Oblpbl, 3BE3MbI,
NnAaHeTbl, METEOPUTbI, KOMETbI, CMYTHUKMN.

JlokazaHo, 4TO HMKaKMX NMPOTO3BE3M, KOTOPbIE COCTABIAIOT TEOPETUYECKYIO
OCHOBY COBPEMEHHON acTpPpoPU3nKN, He cyllecTByeT. Korga Ha KoMnbloTepe
OblNIM 3anporpaMmM1poBaHbl YCNOBUA 0Opa3oBaHMA NPOTO3BE3abl, TO HE Obin
YY4TEH OOMUHUPYIOLWMA HaKTOP - HaAINYME MOLLHOMO MU30ObITOYHOIrO MONIOXM-
TeNbHOro 3apsga NpoToHoB. C y4éTOM aTOrOo dakrtopa, od6pasoBaHMe NPOTO-
3Be3abl CMOAENNPOBaTh HeMb34. B paboTe nokasaHo, oTkyaa 6epyTcsa aTv npo-
TOHbI.

B pamkax aTon HoBoW Teopun GYHKUMOHMPOBaHNA BceneHHoM n B Hepa3pbiB-
HOW CBA3U C Hel pa3paboTaHa COBEpPLUEHHO HOBaAs TEOPUS MPOUCXOXOAEHUS U
BHYTPEHHEro CTPOEeHUst 3BE3L, YEPHbIX AblPp N NX QYHKLUMOHUPOBAHUS, KOTOpas
B KOPHE OTNMYAETCH OT CYLLECTBYIOLIUX TEOPUN, HO, 3aTO, OOBACHAET BCEe SAB-
neHuns, npomcxoasauipe Ha 3Bé€3gax U Hawem ConHue B TOM yucne. HacTblo
3TON TEOPUN ABNISIETCSH TEOPETUYECKOE A0Ka3aTeNbCTBO TOro ¢gakra, 4TO OCHOB-
HbIM NCTOYHUKOM 3Hepruu 3B€3a, 1 ConHua ABASETCH HE SHEPrua CMHTEe3a aaep,
a 9Heprus anekTPoHOB. B pamkax aTon Teopun COBEPLLUEHHO NMO-HOBOMY O0b-
SICHEHO MNpoucxoxaeHne n GyHKUMOHUPOBaAHME TEMHbIX naTteH Ha ConHue,
nx aBoouUua. BnepBble B Mupe paccumTaH aHepretTundeckuin 6anaHc ConHua
3a 16-18 munnmapnoB net ero GyHKUUOHMPOBaHMUA C y4ETOM Oyayulero. B
paboTe NnpuBeaeHbl NonepeyHbie pa3pesbl HEKOTOPbIX NM3BECTHbIX 3BE3;: COJH-
ua, Bern, betenbrense, lNongapHon 3Be3abl. PackpbiTbl MeXaHU3Mbl MOBTOP-
HbIX BCMbILLEK 3BE3/, BCIbILLEK CBEPXHOBbLIX 3BE3M,, XOTH 3TO HMKAKME He CBEpPX-
HOBble 3BE3apbl, @ 0ObIYHbIE 3BE3AbI, HO OONbLLEN MACCHhI.

YTOo KacaeTcs YEPHbIX Oblp U ranakTuk, TO YCTaHOBMIEH MUHUMAJSIbHbIA pas-
MepP U MUHUMaSIbHaa Macca YEPHOW Oblpbl, MJOTHOCTb, COCTaB M BECb 3BOJIO-
LMOHHbIA NYyTb OT BO3HMKHOBEHUSI 00 MUCYE3HOBEHUS. [TONHOCTbIO PacKpPbIThI
MexXaHU3Mbl QYHKLMOHUPOBAHUS ranakTuk, 3BOIOLNS NX Pa3BUTUS, NOoAcCUUTA-
Ha NPUBIN3NTENbHAA CKOPOCTb CXaTUsA ranakTuk.

PazpaboTaHHas Teopus gana BO3MOXHOCTb OTBETUTb HA MHOXECTBO Hepe-
LUEHHbIX BOMPOCOB COBPEMEHHOWN acTPOPMN3NYECKOM HAyKN. DTN OTBETHI BbITE-
KaloT camun no cebe kak cneacTeme NpaBuiibHOW pa3paboTkm Teopun.

B paboTe gaH oTBeT, OTKyaa Nony4aloT AOMNONHUTENbHYIO 3HEPTUID NOMUMO
ConHua, KOnutep n CatypH. [JaH oTBeT, Kak PYHKUMOHUPYET BULLIHEBOE MATHO
Ha lOnuTepe, U3 4ero OHO COCTOUT, Kak 06pa3oBanoChb. YCTAHOBIEHO, Kak 00-
pazoBannucb Konbua Ha Onutepe n CatypHe, n3 4ero oHu cocTtosaT. MNoyemy
cnyTHukM lOnutepa n CatypHa Espona, io, TutaH 1 Tak ganee MMeloT Takol
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Anamoniu leanoe

pa3HoobpasHbii B1uA. Kak o6pa3oBanncb NnaHeTbl, MOYEMY Y HUX TakOW COC-
TaB. OTOT COCTaB YCTAHOBMNEH AN KaXA0W nNnaHeTbl COOTBETCTBEHHO U B KOPHE
oTnndaetca anga lOnutepa, CatypHa, lNnytoHa, Mepkypust OT COBPEMEHHbIX Npea-
cTaBneHun. lokazaHo, 4To Ha Mapce MOryT ObITb TOJIbKO Xankme OCTaTKu BOAbI,
06bsACHEHO, NoYeMy Boaa Ha Mapce Obina, a Tenepb OTCyTCTBYET. [okasaHo,
4YTO HUKAKOW BbICOKOOPraHM30BaHHOW XM3HM Ha Mapce Hukorga He Obino un
ObITb HE MOTr10. BbIICHEHO, 4TO oxXxumnaaeT Hawy 3emto n CONHEYHYID CUCTEMY
B Gnimxariiee Bpems.

EcTb ewe psan pesynbTaToB HaWen TeEOPUN, KOTOPbIE MEHSAIOT NpeacTasne-
HMe o BceneHHon. 310 ¢dakT 3atemMHeHns CBeTNnowm 3Be3abl B ABOWHbLIX 3BE3/-
HbIX CUCTEMAaX UM B TaK Ha3biBaeMbIX MepPeMeEHHbIX 3BEé3nax. CBeTnyo 3Be3ay
3aTeMHAeT He TEMHas 3Be34a, a 006N1ako 13 Nbliv U ra3oB, U3 KOTOPOro yxe
Ha4vana GopmMupoBaThbCs naaHeTa, 1 NOTOMY OHO MMEET Pa3HYlo NJIOTHOCTb MO
cBoeln opbute. A BTOpas 3Be34a CUCTEMbI BpallaeTca noogasib OT CBETION
3BE3[bl M HANYErO HEe 3aTEMHSET.

TeopeTnyeckn 060CHOBaHO, 4TO BOKpPyr Cupuyca A B OBOWHON 3BE3OHOMN
cuctemMme Cupuyca BpallaeTcs OrpoMHas naaHeTa, kotopas B COTHIO paa npe-
BocxoauT Haw KOnuTtep no macce. MNapameTpbl €€ opouUThl U Nepmog, odbpate-
HUS paccyuTaHbl B paboTe.

Ncxoas ns Halwen Teopumn yCTaHOBJIEHO, YTO paHbLue [MnyToH Haxogunca Ha
apyron opbute n onpeneneHbl napaMmeTpbl ero npexHen opouTbl N ero coc-
Tas.

YcTaHOBNEHbI MEXaHU3MbI 1 MeCTa 00pa3oBaHUsa METEOPUTOB U KoMeT. lNMon-
HOCTbIO OOBSACHEH X COCTaB.

Bce aBneHus, o KOTopbIX UOET pedb B paboTe, CBA3aHbl MeXay COOOMN.

PaboTta BmewaeT 120 cTpaHuL, MalLMHOMMCHOIO TEKCTa C PUCYHKAMM U COC-
TOUT N3 WEeCTMN pasaenos: anakTnkuy, 3B€34bl, NMIaHETbl, KOMETbI, CMYTHUKMN,
Cupuyc. TekCT HanucaH NMPOCTbIM U SACHBLIM A3bIKOM.

PaboTa ">)XuBoi opraHnam BceneHHON" 3apernctpupoBaHa Kak UHTennekx-
TyanbHass cCOOGCTBEHHOCTb aBTopa paboTtkl MiBaHOBa AHaTtonma [puropbeBunya.

PaboTa npeactaBnseT OrpoOMHbIA MHTEPEC A/ 3aHUMAaIOLLNXCA KOCMUYec-
KuMK nporpammamu. PaboTta nonHoCTbio 6a3upyeTcs Ha MaTepmuanmMcTUHeCcKomn
OCHOBeE.
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ITepeamoBa

CyuacHuil ctaH cripaB acTpodi3MYHOT HAYKU HE 3aJ0BOJIBHSE KOTHOTO BUEHOTO, SIKUH
3aiMa€eThC 1I€I0 chepOorO JIIOACKUX 3HAHD.

Mu xoueMo 3BEpHYTH yBary Ha BUCIIOBJIIOBAHHS BIZIOMOT'O YKpaiHChKOTo (haxiBisg Oek-
canapa degoporuua Ilyrava B razeri "I3epkaino tuxHs" piuHoi naBHuHU: "[lepen BueHu-
MM, 1110 BUBYarOTh Horo (CoHIle), CTOITh Maca 3alMTaHb, Ha K1 HEe Ma€ BIAMOBIAL. 1 unm
nail, TuM ix crae oupiie"”. I Tam ke gamni: "Komm Ha CoHll 3'9BIIsI€ThCd OaraTto IisiM, BOHO
Haye aKTUBHIIIE IUXae. 3PEHITOO MOM10H1 SIBHUINA — Pedl IIUTKOM OCsDKHI. S axk HisIK He ar-
HOCTHK 1 TOMY BIPIO, 1110 HayKa BPEIITI-PEIIT iX ocsirHe. B Hiit yac Bijl yacy MOBUHHI BIA0Y-
BaTUCh peBoJItolli. B iX mporieci mapaaurma, ToOTO KOMIUIEKC 3HAaHb, Ha SIKUX 0a3yeThes
Hallla ysiBa Ipo CBIT, TJOKOPIHHO 3MIHIOEThCS. MeH1 31a€Thes, 1110 TTOII0OHUI MOMEHT Ha3pi-
Bae€. Y BCIKOMY pasi B Tilf 00J1aCT1, SIKOIO s 3aiiMaroch — B acTpodizuin'.

Ha nam morssia, Hama TeopetuyHa pooota "JKusuit opranizm BeecBiTy" 3HaXOaUTHCS B
pycni ouikyBaHux 3MiH. Ha ocHOBI BitoMux yHIaMeHTaIbHUX (PI3UMYHUX 3aKOHIB y pOOOTI
3po0JieHa cripoba AaTH BIIMOBIII MaiiKe Ha BCl OCHOBHI IMUTAHHS, K1 HE BI/IpiIHeHi cydac-
HOIO aCTpO(bBI/IqHOIo HayKolo. €11He NPUITYIIEHHS, AKe MU CIIPUMHSIIN SIK aK010My, 1€ TOM
(daxT, o Bcl (Pi3UUHI 3aKOHU, K1 BUBEJIEHI B 3eMHUX YMOBAaX, TaK caMoO JIIIOTh 1 B yCIX
Toukax BcecBiTty.

Bci mogii 1 siBUIIIa OTOUYIOYOI0 HAC CBITY, PO SIKI WAETHCS B HAIIIM Ipalll, BUTIKAIOTh
OJIHE 3 OJTHOIO 1 IOB's13aH1 M co00r0. ToMy poOoTa Mae Taky Ha3BY.

II{o cTocyeThest MEXaHI3MIB, TO BOHM TeX CyTO (hi3ruuHi. Bee 6a3yeThest Ha MaTepiaiicThy-
HIi OCHOBI.

Pe3ynbTaTl TECOPETUYHUX PO3PaXyHKIB MOBHICTIO MIATBEPIKYIOTHCS pEAIbHUMHU PE3YJib-
TaTaMU CIIOCTEPEKEHD, 4 TAKOXK JAHUMHU, SIKI OTPUMAHI 3 JJOIMTOMOTOI0 MIKIUTAHETHUX aBTO-
MATUYHUX CTAHIIN 1 HOBUMH acTPO]I3UIHUMU BIIKPUTTIMU.

Hackinbku 61M3bK0 MU IMTIMIIUIN 10 HAYKOBOI ICTUHU — BUPIIITYBAaTH HAYKOBOMY CITIB-
TOBApPUCTBY.

Aune, mpalroroun HaJ poOOTOO 1 pO3IJIsIat0ouu BCl HAOOIIUT MMTaHHS CydacHO1 acTpodi-
3UKH, MU HE 3yCTpIYaJIv )KOJTHOT'O MUTAHHS, sike O He OyJI0 MOSICHEHO Ha OCHOBI MaTepiaJiic-
TUYHUX (PI3UYHMX 3aKOHIB 3 BUKOPUCTAHHSIM HAIIIOl TeOPii.
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Po3zaia 1. LnkiaivHicTh AiSVIBHOCTI raJJakTHK

OCHOBOIO IUKJIYHOCTI JISUTBHOCTI TAJIAKTUK € PyX IO cripai ApXiMeaa CTBOPEHUX HE-
TPOHHMX 3IpOK 1 YOpHHUX Aipok. YHopHa aipka — Ilie Ta XK HEUTPOHHA 3IpKa, ajie TUIbKU
OUIBIIIOT MACH.

Hwxde Mu po3paxyeMo KpUTUYHUNA pO3Mip HEHTPOHHOI 31pKU, BUXOASYU 3 TPETHOTO
3akony Kerutepa st pyxy ruraHer:

3
R GM
2 27
T 4
ne R — pamiyc op6itu mianeTu abo 1HIIOro Tina,
T — nepiog obepTaHHs TiJIa HABKOJIO 31PKM UM TJIAHETH B CEKYHIaX,

HbIOMOH - M2

2
Ke

G - yHiBepcajbHa T'paBiTalliiiHa crana, sika qopiBHIoe 6,674 101!

M — maca 31pKH B KiTorpamax.

Ham notpibHO 3HAWTH MaKCUMaJIbHO MOKJIUBUN pajilyc HEUTPOHHOI 31pKH, 3a SIKOTO
MaTtepis B Oyb-sikiii popmi, B TOMY YUCIII 1 B (popMi CBITIIA, HE B 3MO31 3aJIUIIIUTA HEUTPOH-
Hy 31pKy. Lle He cTocyeThes rpaBITalllfHOTO MMOJIs, ajie PO HbOI'O OKPEMaA PO3MOBA.

[TpakTruHO 11 0O3HAYAE, 1110 MMiJT YaC TOCITHEHHSI MAKCUMAJIbHOI IIBUIKOCTI, 1110 JIOPIB-
HIOE IIBUJIKOCTI CBITJIA, MATePis, IKa HEe B 3MO31 3aIUIIUTH HEUTPOHHY 31PKY, TOCSITAE Mep-
1101 KOCMIYHOI IIBUAKOCTI JIJIS II€1 31PKH, CTAHOBJISIYMCH CYITYyTHUKOM OCTaHHKOI. [Tornpas-
Ky Ha EJIICHICTh OPOITH JIO YBaru He 6epemo.

Buxosium 3 11boro, mjapaxyemMo pajilyc HeMTpOHHOI 31pKH 32 YMOBH, 1110 OpOiTa MaTeplii,
IIBUIKICTD SIKOI JIOPIBHIOE IIBUJIKOCTI CBITJIA, MPOJIsArae OISl caMol MOBEPXHI HEUTPOHHOI
31pKH, TOOTO pajalyc 31pKH JOPIBHIOE pajilyCy opOITH, SIKUI ITO3HAYNMO ITPOocTOo R.

Ilepion ob6epranusa T mopiBHioe 2ntR/c, A€ ¢ — MBUIAKICTH CBITJIA Y BaKyyMi, sIKa JOPIB-
Hroe 3,09108 m/cex.

Maca 3ipku M = V-p, e V — 06'eM HEUTpOHHOI 31pKH, sikuit 1opiBHIOE 4/3nR 3, a 1i muTo-
Ma IIUIBHICTB, sika gopiBHIoe 2H 10! kr/m?. 3 BpaxyBaHHS LIbOT'O, OAEPIKUMO

R _ G 4/37R° p
2R\’ 4r’
c
CKOPOTHUBIIIH, OJICPIKUMO:
Cz _ Gp47Z'R2
3
3BIAKU:
B 3
Gpdr
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Lle dpopmyna mis BU3HAYEHHS] MaKCUMAJIbHOT'O PO3MIpy HEHTPOHHOI 31pKH, abO MiHi-
MaJIbHOT'O pO3MiIpy YOpHOI Aipku. Lle po3mip, skuit BLUUIUISE HEUTPOHHI 31PKHU, 110 MOXKHA
0aunTHU 3a NMEeBHUX YMOB, BiJl YOPHUX AIPOK, SIK1 HE MOKHA ITOOAUUTH HI 32 IKUX OOCTaBUH,
Xoua iX CKJIaJl TIOBHICTIO criBnagae. MiCIie3HaXO/HKEHHSI YOPHUX JIIPOK BU3HAYAETHCS HE
Bi3yaJIbHO, a 3a JIOTTIOMOT'0I0 MOOIYHMX SIBUII, SIK1 1X CYITPOBOIKYIOTb.

ITincTaBUBIIM YMCITOBI JaH1, OACPKUMO:

R =3,0-10%m/cex 3 =

2
_11 HbIOMOH - M

6,67-10 210 k2 /M -4r
Ke
3 ke* m’cex’? 4
=3,0-10%u/ cex,[0,018=——— ~4-10"
M Ke M

a6o 40 kioMeTpiB.

YopHa gipka — 11e TAKOK HEHTPOHHA 31pKa, sIKa CKJIAA€ThCS 3 HEUTPOHHOI IUIa3MHU T'yC-
tuHoo 2-10'7 kr/mM* 3a TemmepaTypH, sIKa IepeBUIlye 15 MITbHOHIB I'padycCiB 3a IIKAIOI0
KenbBiHa, ane sxa Ma€e po3mip OUTBIINM, HIK BICIMJIECST KIJIOMETpIB B AlaMmeTpi. [1J1st mopis-
HSIHHS, 1€ CKJIa/1a€e mpuoan3Ho 27 mac Haioro CoHIs.

HetiTpoHHi 31pKH 1 YOPHI JIPKU CTBOPIOIOTHCS 3aBSKU B3AEMHOMY ITPUTSATYBAHHIO HEM-
TPOHIB, TOPO/KYBAHUX XBUJISIMU BUCOKHX €HEPIii, sIKl BUTIKAIOTh 3 LIGHTPAJIbHOI 00J1aCT1
rajJakTUKH, SIKY MM Ha3BeMO 00J1acTio cTUcHeHHs. ITicist 3aBepIiieHHs] 4eproBoro UKy
raJlaKTUKHM Maike Bes 11 MaTepist 30UpaeThCs B M1 001aCTi, @ MOTIM Y NMEBHUM MPOMIKOK
yacy BUTIKAE 3 Hel.

MexaHi3M CTUCHEHHSI Oy/1e pO3KPUTHIA B PO3/IUIL ITPO 31PKU, TOMY IIIO BiH Oe3110cepeIHhO
MOB'SI3aHUM 3 KUTTETISITIBHICTIO 31POK.

B obGnacti ctucHeHHs Bcsl MaTepis, 1110 He OyJia y BUTJIS/II HEUTPOHIB, IEPETBOPIOETHCS HA
HEUTPOHU TOMY, 1110 32 BIJICYTHOCTI BTpAT €HEPTii HA BUIIPOMIHIOBAHHS, 1110 TPUTAMAHHO
YOPHUM JlIpKaM, BUHUKAIOTh HAJIMIIKKU eHeprii. B pe3ynbTaTi 11bOro BCl MPOTOHU TEpe-
TBOPIOIOTHCSI HA HEUTPOHU MO BIIOMIN peakIlii:

+H' + eneprisg = n' + e* + HeiiTpuno.

ITix yac HbOro MO3UTPOHU AHITUTIOIOTH 3 €JICKTPOHAMU, MIIBUIIYIOUYN TeMIIepaTypy 00-
JIACT1 CTUCHEHHSI.

3 HAOyTTSIM KPUTHUYHOI Macl 00JIaCTl CTUCHEHHSI [TOUMHAETHCS IPYTUNA eTar CTUCHEHHS.
3aBAsSKY IbOMY KPUTUYHOMY 3HAYEHHIO Maca rajlakTUK MOKe OyTH BHUILA 32 KPUTUYHY, 1
TO/I1 IPYTUH €Tarl CTUCHEHHS TOUMHAETHCS TPOXH PaHIIIe TOTO MOMEHTY, KOJIU BCSI MaTepis
rajJakTUK 30€peThCs B 00J1aCTl CTUCHEHHS. AJie HUXKYE I[bOIO KPUTUUYHOTO 3HAUYECHHST Maca
rajJakTUKU HE MOKe OyTH HIKOJIH.

Jpyruii eran CTUCHEHHS BIIOYBA€THCS AyKe MIBUAKOIUIMHHO, HATTPUKJIIA/I, IIUISIXOM Tie-
PETBOPEHHS YaCTUHU HEUTPOHIB HA AaHTUHEUTPOHHU, 1110 MOB'sI3aHE 31 3MIHOIO CITIHA OCTaH-
HIX.

B pesynbrati aHIrUIsLii HEUTPOHIB 1 aHTUHEUTPOHIB BIIOYBAETHCS 1X MEPETBOPEHHS HA
XBUJIl BUCOKUX €HEpriid. 3aBAsSKU IIbOMY TeMriepaTypa 00JacTi CTUCHEHHS T1ABUIIYETHCS
110 60 — 100 mumesipaiB rpaayciB KenbBiHa.
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BinOyBaeTbcst pi3ke 3MEHIIIEHHSI Macu 00J1aCTi CTUCHEHHSI, KOJIM 00J1aCTh CTUCHEHHSI 3MEH-
IIATHCS IO KPUTUYHOI MaCH 1 KPUTUIHOTO PO3MIPY YOPHOI JIIPKH, 11O JIOPIBHIOIOTH BIJIIO-
BiIHO 27 macaMm Hamoro Coig 1 80 kitoMeTpaM B AilaMeTpl, CTBOPIOETHCS BUTOK XBHIIb
BHCOKHUX €HEprii 1o cripaji ApxiMena 3 00J1acTi CTUCHEHHS.

BunpomiHtoBaHHS XBUJIb BIIOYBA€THCS 31 IIBUAKICTIO, OJIM3HKOIO 10 IIBUIKOCTI CBITIIA.
OX0101KYIOUHMCh, XBWJII BUCOKMX €HEPT1i 3HOBY NMEPETBOPIOIOTHCS HA HEUTPOHU. XBUJIL,
SIK1 3aJTALIAIIA 00JIACTh CTUCHEHHS paHIIIIE THITUX TAKUX CAMUX XBUJIb, MAIOTh 3HAYHO BUIILY
€HEPIi0 BHACIJIOK 3arajbHOTO MaIHHS €HEPrii 00J1acTi CTUCHEHHS, SIKE TTOB'sI3aHE 3 BUTO-
KOM XBWJIb. | sIK pe3ynbTat, MBUIKICTh HAPOPKYBAHUX HUMHU HEUTPOHIB BUIla. | unm BuIla
IIBUJIKICTh HAPOKYBAHUX HEUTPOHIB, TUM MEHIIIA Maca CTBOPEHUX HUMU HEUTPOHHUX 3i-
POK 1 YOpHUX AIpoK. | HaBmaku, YMM MEHIIA IIBUAKICTh HEUTPOHIB, TUM OLIBIIY Macy Ma-
IOTh CTBOPEHI HUMHU HEUTPOHHI 31pKU 1 YOPHI AIPKH.

Tak, Bxke 1] Yac HAPOKEHHS, BIIOYBAETHCS pO3IIAPYBaHHS HEUHTPOHHUX 31POK 3a Ma-
cami.

YopHi aipku GOPMYIOTHCS 3 XBUIIb MEHIIIUX €HEPT1i, K1 3aJIMIIAI0Th 00JIACTh CTUCHEHHS
MI3HIIIE 1 TOMY MalOTh 3HAYHO OUTBIIY Macy, HDK HEUTPOHHI 31pKH.

SIkO6u BUTOK XBWIIb BIOYBaBCs pajilaibHO, a 00JIaCTh CTUCHEHHS HE 00epTaiach, TO Hi-
SIKOTO CTUCHEHHS TaJIaKTHK B)Ke O He BIIOYI0CS HIKOJIU, 1 TAJITAKTUKU OyJIr O pO3MOPOIIeH]
y BeecBiTti. AJte 3aBasKu pyxy 1o cripajil ApxiMena, sKuid € Hac1JIKOM OOepTaHHS rajiak-
TUKH, YTBOPEHI HEUTPOHHI 31pKHU 1 YOPHI JIPKU MTOCTYIIOBO T'aJIbMYIOTh CBIM pyX 1 OIIUHS-
IOThCSI Ha OpOITax 0OepTaHHSI HABKOJIO IIEHTPAJIbHOI 00JIACT] TaJITaKTUKH, SIKa TEXK MaTepia-
J3yBajacs B HEUTPOHU.

Temnep 3po3yMis1o, 3BIIKM OEpyThCs Tak 3BaHi "pykaBa' raiakTuk. [lepenosi 3aronu XBuJib,
SIK1 pyXaJIMCs 1o criipaii ApxiMena, Oyiiu ByKe FOTOBI Uepe3 JeSIKUI Yyac 3aIUIINTH TrajaKTH-
Ky, Ta BKJIIOUYMJIOCS T'paBiTalllifHE I0JIe, 1 BCE 3arajbMyBaJIOCs, MEPEUIIOBIIN Ha OpOITU
00epTaHHs HABKOJIO LIEHTPY TaJTaKTUKU.

Ha pucynky 1.1 306pa’keHO BUTOK XBUJIb BUCOKMX €HEPrii 3 00JIaCTl CTUCHEHHS rajiak-
TUKU.

Bik Hamoi ramakTuku ckiiagae ouibin HiK 20 MUthsapaiB pokiB. Llsg mudpa Oyae o6rpyH-
TOBaHA B PO3/LI MPO 31pKU. SKIIO B3SITU IO YBaru Te, 110 IMKII JISUTBHOCTI TaJIaKTUKU
CKJIaga€ OISt OJTHOTO — IBOX TPWIbHOHIB POKIB, TO Hallla TaJIAKTUKA JTy>Ke MOJIOJIa, Maloun
Ha yBa3l 4ac, IKUA MUHYB 3 TOYATKYy BUTOKY XBW/Ib B UeProBOMY LUK 1i J1sUIbHOCTI. Mu
Ma€EMO MOKJIUBICTb CIIOCTEPITraTH 3a 111€ OUTbIII MOJIOAUMHU TajjakTukamu. Lle Tak 3BaHi kBa-
3apu, K1 3HAXOASThCSl HA CAMOMY paHHbOMY eTarll GOpMyBaHHS HEHTPOHIB 3 XBUJIb BUCO-
KUX EHEePriil.

[Tpubnu3HMIA BiK raJJakTUKYA MOYKHA BU3HAYUTH Bi3yajibHO. UuM Ovkue 10 hopMu JTUC-
Ka rajjakTUKa, TUM BOHA CTapilia 1, HAaBIAaKW, YUM OUTbIIIE BOHA BUTSATHYTA 1 Ma€ pyKaBa,
TUM BOHA MoJtoAa. Yum Mostodia rajakTUKa, TUM OLIbIITY YaCTUHY 11 MaTepli CKJIa1at0Th
HelUTpoHU. Jly>ke Moo/l TaJakKTUKH, 1 Hallla BTOMY 4MCIi, Ha 95 — 96% ckiiagaroTbes 3
HEUTpOHIB. B Mipy crapiHHs rajakTuku 1 mudpa 3Mmenmryetbes 1o 70 — 80, aje moTiM
3HOBY 3pocTae g0 Maiike 100 BiACOTKOBOro 3HaUeHHs nepen ii criagaxoMm. CrpaBa B TOMY,
10 3HAYHY YaCTUHY MAcCH T'aJJaKTUKU CKJIAQJal0Th YOPHI AIPKH, SIKI MICTATH B COO1 TUIBKHU
HelTponu. Ta 1 BCl 1HIIN 31pKU TAKOX CKJIAAI0ThCcsl MpUOInM3HO Ha 95% 3 HeiTpoHiB. Lle
Oyzie oOTpyHTOBAHO B PO3/IUII PO 31PKH.
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o .

Pucynok 1.1 — Coipajib rajakTuku.
1 — 0o61acTh CTUCHEHHS; 2 — YOpHA JIIpKa; 3— 31pKH.

I HampuKiHIT 3pOOUMO OPIEHTOBHUI PO3PAaXyHOK PO3MIpIB 00J1aCTI CTUCHEHHS FaJIaKTH-
KU 149acy BUTOKY XBUJIb BUCOKHMX €HEPrii. 3r1THO OCTaHHIX JJaHUX, B HAIIIH rajJakTUII OIS
3-10" 3ipoK, sIKi MM MaEMO MOXKJIMBICTB CITOCTEpIraTH. SIK cTaHe 3p03yMIJIMM 3 HACTYITHOT'O
MaTepiany, OuIs TPeThOl YACTUHM L€l IM(GPU CKIIAIAI0Th 31PKH, SKMX MU HEe OaUunMO 3aB/Is-
KU 1X TEMHIM MOBEepXHI. AJIe 111 31pKH Hi B IKOMY pa3i He € YOPHI AIpKU. Macy YOpHUX JIIPOK
MU Bpaxyemo okpeMo. L{s maca ckitaae He MeHIIe HiX TTOJIOBUHY MAacH BCIX HEUTPOHHHUX
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31poK. JIMIIMIOCh BUBHAYUTHCS 3 CEPEeIHbOIO MAcor0 OJHIel 3ipku. Ha xanb 1 us nudpa
MOB'sI3aHA 3 MAaTEPiaIOM PO KUTTEAISUILHICTD 31pOK. BpaxoByroun Te, 1110 3HaYHA YaCTUHA
31pOK CKJIaJA€ MOJBIMHI CUCTEMH, B SIKMX, SIK IIPABUJIO, MEHIIIA 31pKa Ma€ 3HAYHO MEHIIY
Macy Hik OUIbINa 31pKa, a TaKoX Ie 6arato ¢paxkTopiB, MU 3yIIMHUMOCH Ha CEpeaHIN Maci
2-10% kr. To6To Maca Hamoro CoHIIS — i€ cepeaHs Maca 31pKHu Haioi ragaktuku. 1o mo
1€l g py HAIll CYMHIBUA OyAyTh OCTATOYHO PO3BisiHI, KOJIU B PO3UTI PO 31pKU MU JTI3HA-
€MOCBH, 1110 Maca 31pku betenbreiise ckiagae He 50 — 60 mac Hamoro CoHIls, a BCboro 7 — 8
mac. Terep JTUIIIITIOCS BUBHAYNTH MaCy TAIAKTUKH, sIKa IpuomM3HO ckiiagae 6,0-10' x 2,0-10%°
= 1,2-10* kr. ITigpaxyemo 00'eM, sIKHii 3aliMe MaTEPis, sIKa IIOBHICTIO IIEPETBOPEHA B HEHUT-
POHH 1 CTHCHYTA 10 T'YCTUHU HEHTPOHHHMX 31POK 1 YOpHUX AipoK. Bona ckimagae 2-10'7 xr/m?.
Leit 06'em gopiBHIOE 6,0-10%* M3. 3BimcH 3HAXOAUMO paiyc 00JIACTI CTUCHEHHSI, IKHIA TOPi-
BHIOE TpuOu3HO 1,1-10% MeTpiB. s mopiBHsHHS, paaiyc Haioro COHIIs OUIBIINII B IIICTh
pasiB. 3HAIOUM KPUTUYHY MAcCy 1 00J1aCTh CTUCHEHHS, 32 SIKUX MOXJIMBUM BUTOK XBUJIb BU-
COKMX €HEprii, a TAKOXK TeMIlepaTyp OOJaCTi CTUCHEHHS, MOYKHA BU3HAYUTH YaC BUTOKY
xBWIb. [111 yac mepeTBOPEHHS BCIEl MAaCH FAJIAKTUKHU B EHEPT1I0 MU OJIEPKUMO:
E = mc? = 1,2-10% kr (3,0-10% m/cek.)> = 1,1-10% [Ix.

B 3B's13ky 3 TUM, 1110 3 BUTOKOM XBUJIb 3HAYHO 3HMWIKYETHCS TEMIIEpaTypa 001acTi CTHUC-
HEHHSI, BI3bMEMO CEPEIHIO TEMIIEPATYPY MOBEPXH1 00JIACTI CTUCHEHHS TAaKYy, sIKa JJOPIBHIOE
40 minmbspaiB rpaayciB Kenabsina. Pajiyc o6macTi CTUCHEHHS, 3a SIKOTO MOKJIUBUM BUTIK
XBUJTb, TIIJIPAXOBAHO JIJISI YOPHUX JIPOK, 1 BiH ckiaae 40 kM. 3a 3akoHom Credana — bobir-
MaHa €Hepris, Ka BUIIPOMIHIOETHCSI B IOBHOMY CIEKTP1 B OJMHUIIIO YaCy, IOPIBHIOE

E, = 4noR°T*,
ne R — paniyc o61acti cTUCHEHHS,

T — TeMniepaTypa oBepxHi 001aCT1 CTUCHEHHS

G — cTauna, sika gopiBHioe 5,67 10° Bt/ m? rpan®.

Toni yac BUTIKaHHS XBUJIb JOPIBHIOE:

E 1,2-10%

E, 47-567-10°(4-101)2(4-10")*

Takum 4uHOM, JJISI CTOPOHHBOTO CIIOCTEpiraya MmpoIec HapOHKEHHS TaIAKTHKU TTiCITS
YEeproBOIr'0 CTUCHEHHS TPUBA€ OLIbIle MUTbIiOHA pOKIiB. OCh HOMY MU MOXKEMO CIIOCTepira-
TU 3a KBazapam, SIKi SBIISIIOTh COOOI0 XBWJII BUCOKUX €HEPTIi, 110 TIEPETBOPIOIOTHCS HA
HEUTPOHM 1 HEUTPOHHI 3ipku. OneprkaHa nudpa J03BOJISIE HAM IIApaxyBaTH MPUOITU3HY
KUIBKICTh BUTKIB, SIK1 3aBEPIIMIIN MIEPEIOB1 3aTOHU XBUJIb BUCOKUX €HEPIiif 3a BeCh Yac BU-
TOKYy. MakcuMaIbHUN pajilyc TATaKTUKH CKIIaaae mpuobin3Ho 50 THCSY CBITIOBUX POKiB. |
JIOBKMHA OCTAaHHBOTO BUTKA CKjanae mpubau3Ho 300 TUCSY CBITIOBUX POKIB. SIKIIO JOB-
YKUHA KOKHOTO HACTYITHOTO BUTKA OLIbIIIA MTOMEPETHHOTO MPUOIN3HO HA 50 THCSY CBITIIO-
BHUX POKIB, TO XBHWJII, SIKI CTBOPWJIM pyKaBa TaJlaKTUKU 3a 1,3 MiJIbliOHA CBITJIOBUX POKIB,
T10/10JIAJIN MTPUOIN3HO 7 — 8 BUTKIB.

XoueMo 111e pa3 MIKPECTUTH, 110 111 pO3paXyHKU MAIOTh OPIEHTOBHUN XapaKTep 1 BIJIO-
OpaXkaroTh TUIBKU CYTh IIPOILIECIB, 5IK1 BIIIOYBarOThCsA. TaKUM YMHOM, 3aBASKA PyXY IO CITi-
paJti XBUIb 1 31pOK, SIK1 3 HUX YTBOPIOIOTHCS, BC1 TAJITAKTUKU MUHAIOTh OJTHAKOBI IIMKJIM CBO-
ro PO3BHUTKY, CTUCKAIOYMCh 1 BUIPOMIHIOIOUHMCH 3HOB Yy BUTJIS/I KBa3apiB 3 YTBOPEHHSIM
HOBHUX 31pOK. Bce 11e TOBTOPIOETHCS HECKIHUEHHY KIJIBKICTD pa3iB.

~0,4-10" =1.3-10° pokis
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Komenmap aemopa

" JI3epkajio THxKHS" :

VueHble, B TeUeHHE MHOTHX JIET HAOJTFO/IaBIIIME TAK Ha3bIBaeMbIe "TJI00YIISIPHBIE KIIACTEPHI" — OTPOMHbBIE
cepuueckre CKOTUICHUS APEBHUX 3BE3]1, BPAIAIOIIMECS BOKPYT IIEHTPOB TAIAKTUK, HUKAK HE MOTJIN Haii-
TH UM MECTO B OOIIel TCOpHUH CTPOCHUS rajlakTuk. OqHAKO HeJaBHee 0OHApyKEHUE TeIecKoIoM "Xao0:m"
"JepHBIX JIBIP" CPEeTHETO pa3Mepa, MOX0XKe, 1AeT HEIJIOXHUE IIIAHCHI CBS3aTh SIMHOM 1IEMOYKO MHOTHE pa3-
PO3HEHHBIE JIEMEHTHI KOCMOTOHUUYECKOI TEOPHH.

Tax, HanTpuMep, aCTPOHOMBI JaBHO yXKe IMPUHSIIN 32 aKCKHOMY ITPOIIOPIIMOHAILHOE YBEIIMUCHUE pa3Me-
POB "YepHBIX IbIp" B IIEHTPE rajJaKTHK C pa3MepaMU cCaMuX TaJIakTUK. boiee Toro, cynepmaccuBHbIe "uep-
HBIE JIBIPHI", TT0 MHEHUIO MHOTHX, aCCOLIMUPYIOTCS CO CBO€OOPpa3HBIMU "ceMeHaMu'" TaJIaKTHK, OKPY)KEHHbI-
MU TMTaHTCKMMHM Ta30BbIMU OOJlakamu. OHAKO YCTAHOBHUTH B3aUMOCBSI3b MEXKIY 3TUMU KOMITAKTHBIMHU
"ceMeHaMU" U TUTAHTCKUMH raJIJaKTHUKAMH MEIIIajo OTCYTCTBHE IIPOMEKYTOYHOI'O 3BeHa — "YepHBIX JbIp"
CpeIHero pasmMepa.

M BOT HaKOHeI JBE HE3aBUCUMbIC KOMAaH/Ibl aCTPOHOMOB, 00pa0aThIBAIOIIMX CUTHAJIBI, IIOJTYYCHHBIE C
Telreckomna "Xa00:1", coobmn: ecTh! I'pyIiia acTpoHOMOB 1101 PYKOBOJICTBOM BaH Jep Mapeis uz banru-
MOPCKOTO YHHBEpPCUTETa OOHAPYXWJIa TaKyIO JIbIPY B LIEHTPE II100yIIsipHOro Kiactepa M15, 3Be3qHOrO
CKOITJICHHMSI, PACIIOJIOKEHHOTO B paiioHe co3Be3nus [lerac Ha paccTossHUM 32 THICSY CBETOBBIX JIET OT HAC.
ITo Macce oHa B 4eThIpe THICSYU pa3 mpeBocxoaut Harie COJTHIE U BIIOJIHE MOAXOMUT Ha pojb "cepama"
JTAHHOTO Kilactepa. A koMaHna Maiikina Puua u3z KanudopHuiickoro yHMBepcuTeTa Haluia oosee KpyI-
HYIO0 "UepHYIO AbIPY" B III00YIISIPHOM KilacTepe, MapkupoBaHHOM Kak Cl 1 pacrnoio’keHHOM B paliOHE CO3-
Be3usl AHIpoMe/ia Ha pacCTOSHUM 2,2 MAJUTMOHA CBETOBBIX JIET OT 3eMiid. B 000MX cxaTusix Macca IeH-
TpaJbHOH "UepHOoii IbIphl" paBHA 0,5 MPOIIEHTA MAcChl BCETO Ki1acTepa. DTO e COOTHOIIIEHUE COXPAHSIETCS
U B ciydae "B3pocibiX" rajaktuk. [103ToMy HEMyIpeHO, YTO aCTPOHOMBI TOCIICHIMIIA CIIEIaTh BBIBOJ O
TOM, YTO "YepHBIE TBIPHI" SBIISIFOTCS CBOCOOPA3HBIMU TAIAKTUUECKUMHU CEMEHAMU, U3 KOTOPBIX CO BpeMe-
HEM M BBIPACTAIOT HACTOSIINE TaJTAKTUKH.

BucHoBKkH, IKi po0JisiTh aMepuKAHCbKi BUeHi 3 (DaKTiB BUSIBJIEHHSI YOPHUX JiPOK Y IEHTPaxX
raJIakTHK, He BipHi. YopHi 3ipku — He HACIHHEBUI MaTepiaJl /Jisi BUPOLIYBAHHS raJIaKTHK, a
HABIAKHM BOHH 30MPAlOTh MATEPil0 rajJIaKTHKH 3aBJSKH CTHCKAHHIO OCTaHHLOI. To0TO 1E
MOTHWJIbHUKH FAJIAKTHK. AJle 3i0paBimm MaTepito 0ijisi CBOro eHTPY, raJJAKTHKA 3HOB CraJjia-
XYe€ i yTBop1o€ HeiiTpoHHi 3ipku. Tak moBTOpro€THCA O€3J1i4 POKiB 3 Mepio1oM 0/ IMH-ABA TPH-
Jbilonu pokiB. Lle mosioxkennsi 1oka3aHo B Wil KHU3I 1 mi3Hime Horo O0JMcKyYe MiATBEpIUB
xapkiBcbkuii BueHuid Mukosa ’Kyk. BiH BCTAaHOBHB, 110 FaJIaKTUKH CTHCKAKOTHCS, a MOTIM
NepeTBOPIOIOTHLCSI HA BuNpoMiHoBaHHsA. Lle Bka3ano B iioro crarri ""HoBa moaenb BeecBi-
Ty" B ""YKpaini moJsioaii'" Bia 4 cepnas 2006 poky.
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Po3zain 2. [{uxkiivyHicTh AiIIbHOCTI 3ipoK

HeiiTponHi 31pK1 CTBOPIOIOTHCS IIITXOM B3aEMHOTO IPaBITAIIIHHOTO MPUTATYBAHHS HEH-
TPOHIB, SIKIi BAHUKIIA 3 XBHJIb BUCOKMX €HEPT1i, 1110 3aIUIIIN 00JIaCTh CTUCHEHHS TajlaK-
TUKH 1 pyXaJIuch Mo cripali ApxiMena i3 BUAKICTIO, OJIM3bKOIO /10 MIBUIKOCTI cBiTiA. Ta-
KHUM YMHOM, HEMTpOHHA 31pKa — 11¢ HEUTPOHHA IIJIa3Ma 3a TeMIiepaTypu Ouls 15 MUTbHOHIB
rpaayciB K 1 minpHicTio 6115t 2,0-10'7 kr/m?. YnM mi3HilIe XBUI BUCOKHUX €HEpriii 3aIuiia-
I0Th 00JIACTh CTUCHEHHSI, TUM MEHIIIA 1X €Hepris 1 TUM MEHIIIA IBUAKICTh PyXy CTBOPSHHUX
HUMHU HEUTPOHIB, 1 TUM OUTBIIY MaCy MarOTh HOBOCTBOPEHI HEHTpOoHHI 3ipku. Lle mpupon-
HO, TOMY III0 CyMapHa eHeprisi 00J1aCTi CTUCHEHHS TAJITAKTUKHU 3MEHIITYETHCS 3 BATOKOM XBHJIb
1€l 061aCTI.

Po3mip HEHTpOHHOI 31pKH, SIKa TUTBKHU-HO BUHUKJIA, CKJIAJIa€ Bl AEKUTBKOX KIJIOMETPIB
1o 80 kM B aiameTpi. 3a po3mipy OubIie Hixk 80 KM HEMTpOHHA 31pKa CTa€ YOPHOIO TIPKOIO,
P IIbOMY 3aJTUIIAI0YHCH TIE€0 K HEUTPOHHOIO JIa3MOI0, aJle SIKY He MOXKHA ITOOAYUTH Hi
3a IKUX 00cTaBHH. L{ell KpUTHIHUI PO3MiIp PO3PAaXOBYETHCS 3TiAHO 3 GOPMYJIIOIO:

3

R=c|——
Gpar’

ne R — kputuuHuit pajiiyc B M,

C — LIBUIKICTH CBITJIA,

G — yHiBepcajbHa rpaBiTaliiiiHa cTaja, sika JopiBHIOE 6,67-10!! HBIOTOH M*/KI?,

P — IIUIBHICTh HEHTPOHHOI 31pKH B KI/M°.

BusenenHns 11i€i popMyiin HAaBOJUTHCS B PO3/IUII PO rajakTUKU. Buxoasuu 3 Hel, MiHI-
MaJIbHUH JlaMeTp YOPHOI AIpKU a00 MaKCUMAJILHUI JlaMeTPp HEUTPOHHOI 31PKH IOPIBHIOE
80 kM. Ile 6mu3bko 27 mac Hamoro CoHIIs.

Iepumii eran. @opmMyBaHHsS IPOTOHOBOI 000JIOHKH

HeiiTponna 3ipka, sika Hapouacs, OB Yac, CKOPIII 32 BCE MUTbSIPAN POKIB, MOYY-
Bae cebe CIOKIMHO BHACIIIOK TOTO, IIIO TeMITEpaTypa HaBKOJIMIIIHHOTO CEPEIOBHIIA, PO3i-
I'PITOTO XBWISIMU BUCOKUX €HEPTii, 1 TeMIiepaTypa ii HOBEpXHI 3HAXOASATHCS TPUOIIM3HO HA
OJTHOMY PiBHI. | TYT MU ITIOBHHHI 3rajjaTy PO PEIIKTOBI IIPOTOHU B KOCMIYHOMY BUITPOMI-
HIOBaHHI, sIKi MafoTh eHepriro 10 1,0-10" I'EB i 6inbine. Takuit piBeHb eHEpril XBUJIb, 3 IKHX
YTBOPIOIOTHCS HEUTPOHU, a MOTIM (POPMYIOTHCS 31PKH.

Ta och MOYMHAETHCS TIOCTYITOBE OXOJIOHKEHHS HABKOJIUIITHBOTO CEPETIOBUINA, OCOOIUBO
JUIS 31POK, SIKi 3HAXOJATHCS HAa OKpaiHax rajakTUK. 3ipKU MOYMHAIOTH BUTPAYATU BEIIUKY
KUTBKICTh €HEpril Ha BUITPOMIHIOBAHHSI.

Tenep HacTaza mopa MOTOBOPUTHU PO EHEPTETHYUHI PETYIISITOPH KUTTEISTIBHOCTI 3ipOK
1 I0JTATKOBI J)Kepesia eHeprii. € 1Ba eHepreTUIHUX peryiasaTopu 3ipku. OOuBa BOHU A1I0Th
aBTOMATHYHO, pearylour Ha HAaMEHIITy EHEPTeTUYHY 3MiHY B OOOJIOHITI HEHTPOHHOI 31pKH,
a MOTIM BXe B ii IPOTOHOBIN 0OOIOHIII.

[Mepimii eHepreTHYHUN PeryIaTop — Iie IEPETBOPSHHSI HEUTPOHIB HA TIPOTOHU 3 BUJIi-
neHHsiM 6111 1 MEB eneprii Ha olMH HYKJIOH, B TOM 4ac, KOJIW 30UIbIIYIOTHCS BUTPATH
€Heprii Ha BUIIPOMIHIOBAHHS UM Ha IHIIN 3aTpaTHI eHepreTuuHi rmpoiecu. I1ig yac HassBHOC-
Ti HAJUTUIIKIB €HEPril BKIIFOYAETHCS APYTUH CHEPreTUUHUN PEryJIsITOp IUISIXOM IIEPEeTBO-
PEHHSI MPOTOHIB HA HEUTPOHU 3 TIOTJIMHAHHSIM €HEPrii 3T1THO 3 BIIOMUMU PEAKIIISIMU:
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q'= H'+e + enepria + anTuHeATpUHO;

JH' + enepria = n' + e* + nelirpuno,

ne ;' — HEUTPOH,

+H]1 — npotom,

€ 1e* — eJEeKTPOH 1 MO3UTPOH.

B 3B's13Ky 3 THM, 1110 MPOTOHOBA 0O0JIOHKA HEUTPOHHOI 31pKU POPMYETHCS 3 HEUTPOHIB 11
MTOBEPXHEBOTO APy, MEPIINM EHEPIeTUYHUN PETYIISTOP B 1Iei yac /i€ OUIs1 caMo1 TOBEPXHI
HEHUTPOHHOI 31pKHU 1 11€ HAKJIaJa€ 0COOIMBE TaBpO Ha Horo npaiito. Crpasa B TiM, 1110 HAPO/-
’KYBAHHH €JICKTPOH ITiJT 4aC KOKHOTO MEPETBOPEHHSI HEMTPOHA HA MIPOTOH OTPUMYE BEITUKY
IIBUJIKICTD 1 B 3JIEKHOCTI BIJl HAIIPSIMKY HOTO CITIHY 32 paXyHOK BEJIMUE€3HOT'O HATIPY>KEHHS
MAaTHITHOT'O TIOJIsI HEUTPOHHOI 31pKU Moxke oTpumyBaTu eHepriro 10 1000 MEB Ha ogun
CJIEKTPOH.

B cepennbomy 1151 eHepris ckinagae 200 — 300 MEB Ha oaun enexktpoH. UuM MacuBHiIa
3ipka, TUM Bua 15 nudpa. Lle sBuime BigoMe mig Ha3BOK CHHXPOTPOHHOT'O BUITPOMIHIO-
BAHHSI €JIEKTPOHIB.

Pyx pensTUBICTCHKMX YaCTOK ITO KOJTIy 200 IO CIipalii B OJIHOPITHOMY MAarHiTHOMY TTOJII,
SIKUM € MarHITHE 10JIe HEUTPOHHOI 31pKU, 100pe BUBYCHUN B 3eMHUX YMOBaX Ha MPHUCKO-
proBauax. Bimoma opmyia, sika moB'sI3ye IMITYJIbC YACTKHU B €JIEKTPOH-BOJIbTAX 3 HAMIPYXKE-
HICTIO Mar”iTHOTO 110J1s1 B 1 pajiycoM pyXy 4acTKM HaBKOJIO MATHITHUX CHJTOBUX JIiHINA. {715
eJIEKTpOHA 11l (popMyJia BUTTISIAE TAK:

P-c (eB) = 3-10® m/c - B-R,

ne P — iMmysibe enexkTpona,

C — IIBUIKICTD CBITJIA,

B — HanpysxeHicTh MaruiTHoro mous B cuctemi CI,

R — paniyc pyXxy enekTpoHa HaBKOJIO MAarHiTHOI CUJIOBOI JIiHII B METpax.

MakcuMasibHa HaIPy>KEeHICTh MAarHITHOTO 10J1s B y 3eMHMX yMOBax Ha MpUCKOpIOBauax
ckiaaae npubauszHo 10 BeGep/m>.

Hanpy»eHicTh MAarHiTHOTO IIOJISI HEUTPOHHOI 31pKU Oe3mocepeHbO OIS 11 TTOBEPXHI,
CKOPIII 3a BCe, CKJIaJae TUCSIYl Bebep/M2, a, MOXKIIUBO, I1ie OutbIie. TOMy €IeKTpOHHU, SIKi
JIOCSITAIOTh MIBUKOCTI, OJIM3BKOI /10 IIBUAKOCTI CBITIIA, 1 eHeprii, oau3bkoi 7o 1000 MEB
a6o 1 I'EB, kpyTsAThCsI HABKOJIO MAarHITHUX CUJIOBUX JIIHINA HEUTPOHHOI 31PKU MO CHIpaJIsX,
pazilycH SIKMX CKJIaJIal0Th BChOTO JIEKUTbKA MUTIMETPIB, a, MOXKJIUBO, IIe MEHIIIE. AJie BOHU
Maiike He MepecyBatOThCs BITHOCHO MOBEPXHI CaMO1 HEUTPOHHOI 31pKU. Marouu Taky BUCO-
KY HIBUJIKICTb, €JIEKTPOHU HE 3aJIMIIAIOTH CBOI'O MICIIE3HAXO/HKEHHS SIK O17151 TIOBEPXHI 31p-

CUHXpOTPOHHE BUITPOMIHIOBAHHSI €JIEKTPOHIB Y MATrHITHOMY TOJI1 HEUTPOHHOI 31pKHU —
1€ YHIKQJIbHUN EHEPreTUYHUHN 3aC10 3aXUCTy TEMITEpATYPH 11 MIOBEPXHI BT IEPEOXOIOKEHHSI.
AJTKe TOCUTh PO3IrHATU €JIEKTPOHU JI0 IIBUIKOCTI CBITJIA, 1 BOHU OyIyTh JOOYBATH €HEP-
TiI0 32 PaXyHOK MarHITHOT'O TTOJIS 31PKH.

HecnipocToBHUM J0Ka30M MPaBUIIBHOCTI TaAKOI TEOPIi 1 Il IbOTO MEXaHI3MY € 3HIMKHU
KpaboBUIHOI TYMAaHHOCTI B Ccy3ip'l Temblid, skl 3po0JieH] yepe3 Noasspu3aTop. 3HIMKH I10-
Ka3yloThb, 110 B CEPEAMHI TYMAHHOCTI € JIy’e MOTY)KHE MarHiTHe IoJjie, TOOTO HEUTPOHHA
3ipKa. I HABKOJIO HET KPYTUTHCS J1yKe 0araTo MBUAKUX €JIEKTPOHIB. EHEPris 1IuX eleKTpo-
HIB 3aJIUIIIAETHCS MalyKe HE3MIHHOIO BECh YacC MICIIs Criajaxy 31pKu, Ky MU CIIOCTEPIraeMo
B IIbOMY cy3ip'i. A 1ie maiike 1000 poxis.
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YacTtrHa MarHITHUX CHJIOBHUX JIIHIA Ma€ MOIMEPEUHUN HAMPSIMOK, 1 TOMY IOJISIpU3allis
BUITPOMIHIOBAHHSI €JICKTPOHIB BIAPI3HSAETHCA. HampssMOK MarHiTHUX CHUJIIOBUX JIHINA HEWUT-
POHHOI 31pKU MOB'SI3aHUN 3 HAIPSIMKAMU CITIHIB HEHTPOHIB, SIKI CKJIAIAl0Th 1110 31pKY, TaK
caMo SIK 1 EHEPTisi CHHXPOTPOHHOTO BUTTPOMIHIOBAHHS €JICKTPOHIB 3aJIEKUTh BiJl HATIPSIMKY
CITIHIB €JIEKTPOHIB.

Takum ynHoMm, 3amictb eHeprii B 1 MEB 3ipka orpumye 6ubitie Hixk 200 MEB B cepen-
HbOMY Ha KOXXHE TIEpEeTBOPEHHS HEUTPOHA Ha MPOTOH. 31 30UIBIIIEHHSIM 00'eMY 1 IIJIBHOCTI
IIPOTOHOBOI 0OOJIOHKU, HAPOHKEHUM €JICKTPOHAM BCE CKJIA THIIIE JOCATATH PEIIITUBICTCh-
KX IIBUAKOCTEH, 1 TOMY TTOCTYIIOBO 3HM)KYETHCS €HEPTis, sIka MPUIaJa€ Ha OJIUH €JIeKT-
poH. I1i1 yac 7OCArHEHHS MAaKCUMAJIbHUX PO3MIPIB IPOTOHOBOI OOOJIOHKH 1 11 MAKCUMAITh-
HOI IIUIBHOCTI, 1151 eHepris ckiiagae He outbiie Hik 10 MEB Ha oguH enekTpoH. Sk 1ie He
JIUBHO, aJIe BCl EHePro€MHI ITPOIIECH, SIK1 BIIOYBAIOTHCS HA 31pKax, 3a0e3IMeUyI0ThCsl €Hepri-
€10 CHHXPOTPOHHOTO BUIIPOMIHIOBaHHSI €JIEKTPOHIB, 1110 Oyie OOIpyHTOBAHO HIDKUYE.

€ 1e psa TOAATKOBUX JDKEPEIT eHepTii Jutst 3ipku. Lle cmHTe3 merkux, cepeaHix i BaKKUX
€JIEMEHTIB, aHITUIALS €JIEKTPOHIB 1 IMTO3UTPOHIB, €IEKTPOCTATUYHA €HEPris MPOTOHOBOI
00O0JIOHKH, KOCMIYHE BUIIPOMIHIOBAHHS 1 pE€YOBHHA, SIKa HAJXOAUTh 3 IHIIMX 31POK, 1 T. [I.
Bce 11e Oye BpaxoBaHO T/l Yac CKJIaJaHHsI eHEPreTUYHOTO OaTaHCy 31pKH.

4 2 3

Pucynok 2.1 — Pyx ejleKTpoOHIiB HABK0J10 MArHITHHX CHJIOBHMX JIiHIii HETPOHHOI 3ipKu.
1 — HeliTpoHHA 31pKa; 2— MarHiTHI CUJIOBI JIiHI1; 3 — eJIeKTPOHU; 4 —HEUTPOHU.
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Pucynok 2.2 — 3ipka Ha eTani yTBOpeHHsI IPOTOHOBOI 000JIOHKH.

1 — He'TpoHHa 31pKa; 2 — MPOTOHOBA 000JIOHKA; 3 — HEUTPOHU;

4 — MpOTOHU; S — EJICKTPOHHU.

TakuM 4rHOM, 11100 KOMIIEHCYBATH BUTPATH €HEPIii Ha BUITPOMIHIOBAHHSI, SIK1 € HACHI/-
KOM OXOJIO/KEHHSI HABKOJIMIITHBOTO CePEe/IOBUIIA, HEHTPOHHA 31pKa aBTOMAaTUYHO BKJIIO-
yae B poOOTY MEPIINM eHepreTUYHUM perysaTop. HelTpoHu ii 30BHILIHBOTO HIAPY Iepe-
TBOPIOIOTHCS HA MPOTOHU. Lle € moyaTKoM CTBOPEHHSI MPOTOHOBO1 OOOJIOHKH, SIKA BECh UaC
30UIBIIIYETHCS B PO3MIpI 110CSITA€ MIJIbIIOHA KIJTOMETPIB y AlaMeTpl 1 HaBITh OUIbIIE, B 3aJ1e-
’KHOCTI BIJT pO3MIpiB caMOi HEMTPOHHOI 31pkH (puc.2.2).

He nuBnsiunchk Ha 30UTbIIIEHHS pajilyca IPOTOHOBOI 0O0JIOHKH, 3HAYHE 3MEHIIIEHHS TeM-
NepaTypu il BLIKPUTOI MMOBEPXHI 3HIKYE BUTPATH HA BUITPOMIHIOBAHHSI, JI€ 111 BATPATH 111€
3aJIMIIAIOTHCS. HA IOCUTh BUCOKOMY PIBHI, 1 TOMY MEPIINN €HEPreTUUHUIN PEryIsaTop Bech
yac npaifoe. Yac, 3a sikuif CTBOPIOETHCS 1151 000JIOHKA, CKIIagae 2 — 7 MUIbSIpAIB POKIB Y
3aJICKHOCTI B MacH 31pKU. 30UIbIIEHHS 000JIOHKM MOXHa OyjI0 nepeadaunuTd TOMY, IO
IIPOTOHM — II€ BXKE€ 10HI30BaHI aTOMM BOJIHIO, 1 pO3Mipu IMX aToMiB Ipudiu3zHo B 10 000
pa3iB MEPEBUIIYIOTh PO3MIPH HEUTPOHIB. 3aMICTh B3aEMHOI'O MPUTATYBAHHS HEUTPOHIB
BUHUKA€ B3a€EMHE BIAIITOBXYBAHHS MO3UTUBHO 3aPSIKEHUX MTPOTOHIB.

Xouemo 3pa3y 3p0OUTU HArOJIO0C Ha TOMY, 1110 BECh Yac MOBa OyJie HTU PO MepepoOKy
TOHKOT'O TTOBEPXHEBOTO IIAPy HEUTPOHHOI 31pKU 3aBTOBIIKH JEKUIbKA JECATKIB METPIB. 3
TAaKoOTO Mapy POopMy€eThHCs MPOTOHOBA OOOJIOHKA KOXKHOI 31PKH.

[TpoTtsirom BchbOTO IUKITY caMa HEUTPOHHA 31pKa 30epirae CBOi mapameTpu: TeMrepary-
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Py, IIUIBHICTh, PO3MIpU Maiie He3MIHHUMH, SIKIIIO HE BPaxXOBYBaTH BUTPATH JAEKUTBKOX
JIECATKIB METPIB 30BHIIITHHOIO IIapy HEUTPOHIB 32 OJWH UK. JliaMeTp HEMTPOHHOI 31pKHU
CKjlajia€e B cepeqHboMy Ounblie 10 kM, 1 TOMy Taki BUTpATH HE CyTTEBI.

ITepen TM, SIK TOYATH BUBUEHHS MU TAHHS PO CEPETHIO IIUTHHICTH TPOTOHOBOI 000JI0H-
KH, sIKa JIOCATIIa CBOT'0 HAMOLIBIIIOTO pO3MIpY, MU ITOBUHHI MiIpaxyBaTH MPUCKOPEHHSI CUITH
TSDKIHHST O11s1 caMoi TTOBEPXHI HEUTPOHHOI 31pKU. le mpuckopeHHs BUBHAUYaeMO Ha IpPH-
ka1 Haroro CoHIls o BijioMid popmyti:

g = GM/R?,

Jie g —TIPUCKOPEHHS CUJIN TSKIHHS O171s ITOBEPXHI HEUTPOHHOI 31pKH,

G — rpasiTariiiina craia,

M — maca Coniist a60 3ipku (B Hamomy Burmaaky M = 2-10%° kr),

R — paniyc netitponnoi 3ipku ( aist Harmoro Conig R = 13,4 km).

IIlo cTocyeTbest po3MipIB IILOTO pajiiyca, TO caMe Taka HEMTPOHHA 31pKa MICTUTHCS B
cepeauHi Hamoro CoHirs. [{J1st KoXHOI 31pKHU LIeH pajilyc Ma€e CBOE 3HAUSHHS, SIKe BU3HAYa-
€THCSI MACOIO 31PKH.

Tomi g = 6.67-1011.2.0-10°%/(13.4-10°)> = 7.4-10"'m/c>.

Lls panTacTruHa udpa UITKOM Y3rOJKYEThCSl 3 PeaIbHUMU 3aKOHAMHU BCECBITHBOTO
TsDKIHHS. [1)1s1 TOTO, 11100 BiAIpBATHCS BiJ MOBEPXHI HEUTPOHHOI 31pKH, MPOTOHU MTOBUHHI
3]IaMaTH OIIp, IKU OOYMOBJIEHUI TAKUM BUCOKUM 3HAUEHHSIM ITPUCKOPEHHSI CUJTU TSDKIH-
Hs. J{o Toro x Tpeba He 3a0yBaTu, 1110 B OJTHOMY aKTl IEPETBOPEHHSI HEUTPOHA HA MPOTOH,
enexkTpoH orpumye 10 1000 MEB eneprii, a B iHIIIOMY — Ha MOPsI0K MeHIe. ToO0To, 3 caMmo-
ro MoYaTKy B IPOILIEC 3aKjIa/IeHa EHEPreTUYHA HEPIBHOMIPHICTD. 3aB/ISKU I[bOMY BUHUKA-
IOTh MYyJIbCAIlll B MOBEPXHEBOMY IIapl HEMTpoHHOI 3ipku. Lli mynbcallii B TOBEpXHEBOMY
mapi BiI0yBarOThCSI Malke Ha BCIX eTanax i )KUTTEIISIIBHOCTI IIPOTITOM ITUKITY 1 € pe3ysib-
TaTOM POOOTH MEPIIOTO EHEPreTUUHOTO PEryaTopa. 31 30UIbIIIEHHSIM TOBIIMHU TPOTOHO-
BO1 00OJIOHKM BUIIPOMIHIOBAHHS B pajilo/iiaria3oHax Ta B BUAMMIN YaCTHHI CIIEKTpa racsiTh-
cs1 000JI0HKO10. BitacHuii pe30HaHC KOJIMBaHb TPOTOHOBOI IJIA3MU BeJIe /10 BIAOUTTS XBUJIb
HU3BKHUX 4acTOT. BiacHa yactora KOJIMBaHb IPOTOHOBOI 0OOJIOHKH 3a HILTBHOCTI €JIEKTPO-
HIB, sIKa po3paxoBaHa HIDKYE, Ckiajae He MeHie Hix 4,0-10"° konuBanb 3a cekyHmy. Ha
crajiii cpopMOBaHOI TPOTOHOBOI 0OOJIOHKH BIPUTYJI IO MOYATKY CTBOPEHHS TBEPAO1 KOPU
y BEpXHbOMY IIapl MPOTOHOBO1 O0OJIOHKU 3HOBY BUHUKAIOTH ITyJIbCallli, sIK1 B)K€ HE TacsiTh-
cs1, aJle BOHM MAlOTh 30BCIM 1HIIIY OCHOBY BUHMKHEHHs1. [1po 111 mysbcailii Mu moroBOpuMo
TI3HIIIE.

AOCOIIOTHO BCl 31pKH, 32 BUHSITKOM YOPHUX JIIPOK, OAraTopa3oBO MUHAIOTH CBO1 ITUKIIN
KUTTETISITBHOCTI, TIPO SIKI e MoBa. OCh YOMY B KOCMOCI ITTOBHO Pa10XBUJIb PI3HUX JTialia-
30HIB Ta 1HIIOI'O IMITYJIbCHOTO €JIEKTPOMATrHITHOIO BUITPOMIHIOBAHHSI, SIKE PO3IOBCIOJIKY-
€THCS MaIKe 130TPOITHO. AJIE 1110 CTOCYETHCS YACTOK , IK1 MAIOTh PeajIbHy Macy, TAKUX SIK
MIPOTOHH 1 €JIGKTPOHHU, TO TYT 130TPOMHOCTI HeMae. Take KOCMIUHe BUIIPOMIHIOBAHHS O11b-
100 YaCTHUHOIO Hjie TUThKU Bl CoHIl a00 BiJI 31pKU B 1HIIIHN 30psiHINi cucTeMi. [Tpo 1ie Oye
WTU MOBA HUXKYE.

Bce Bullie ckazaHe MiATBEPIKYETHCS MYIbCYIOUUM BUITPOMIHIOBAHHSIM 31POK, SIK1 CITajIax-
HYJIM TTICIIS 3aBEPIICHHS YeproBOT0 IUKITY, TounHatoun 3 KpaboBu1HO1 TyMaHHOCTI B Cy3i-
p'i Tenblis 1 KIHUAIOUM KBa3apaMu, sIKi SIBIISIFOTh COOOIO JIy>K€ MOJIOJI TaJlaKTHUKHU, 31PKU
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SIKUX TIOYMHAIOTH CBOI MEPIII IIUKJIN KU TTETISITBHOCTI.

Kopucryrounce BiloMuM HayKOBUM (haKTOM, 1110 BITHOIIIEHHS CUJI IPaBITALIITHOTO TIPU-
TSATYBAHHS 70 31PKH 1 paJiallifHOTO BIAIITOBXYBAHHS BT HEl HE 3aJICKUTh BIJ BIJICTaHI JI0
31pKH TOMY, 1110 BOHU OOEPHEHO MPOIOPIIIINHI KBaApaTy 1€l BIICTaHI, MOXXHA 3pOOUTH IPH-
MYIIEHHS, 110 MIUTbHICTh MPOTOHOBOI OOOJIOHKH OIS caMO1 MOBEPXHI HEUTPOHHOI 31PKH,
HaBITh 32 MAKCUMAJIbHUX PO3MIPIB 111€1 000JIOHKH, HE TIOCSITHE MAKCUMAJIbHUX 3HAUYCHD.

JIJ1st TIOPIBHSIHHS MIPaxXyeMO padlallifHUI Ta IpaBITALIIMHUN TUCKU HA TTIOBEPXHI HEUT-
POHHOI 31PKU 32 MAaKCUMAJIbHOI TOBIIMHHU IMPOTOHOBOI 000JIOHKHU. PamiaiiitHuil TUCK TTiI-
paxyeMo 3a BiIoMOI0 (hOPMYJIIOIO:

oT*

pa0:3 C,

e o — crana, sika gopiBHioe 5,67-10° Bat/m? rpag?,
T — remneparypa, sika gopiBHIO€ mpuoau3Ho 1,5-107 °K,
C — BUIKICTH CBITJIA B M/C,

P

4 567-10°%(1,5-107)* |3 HLIOMOH
i . = - ’ ~1,3-107 ——
ITinpaxyBaBiu, orpumaemo: Ppang = —- ~1,5-
3 3.10° 2
. M
["paBiTaniiftHuii TUCK MIAPaxXyeMO, BUXO/ISTYH 3 PIBHSHHS CTAHY 1JIeaIbHOTO ra3y, B3sIBIIN
HIIJIbHICT MPOTOHOBO1 000JIOHKH OJIU3bKOIO /10 3HAUEHHS IIIJIBHOCTI YMOBHO P1IKOTO IIPO-
TOHOBOTO Tra3y. [HIIMMU ClIOBaMU TPOTOHM YITAKOBAaH1 HACTIIBKHU IIUTBHO, 11O 1X HE3aIOB-
HEHI eJIEKTPOHHI 00O0JIOHKHU PO3TAIlIOBaH] Maike BIIPUTYII.
Tont:

PRT
PrpaB= ——,
P H

Jie p — MATOMA IIJIbHICTh TPOTOHOBOI OOOJIOHKH, siKa JopiBHIOE 70 Kr/M? 1 He HabaraTo
BIZIPI3HSIETHCS Bl MAKCHUMAaJIbHOI MUTOMOI HIUThHOCTI 90 KI/M?,

Lo

R —rasosa crana, sixa gopiBuroe 8,31-10° ————
KMOJb - 2pa0
L — MOJIEKYJISIpHA Maca, sIKa 3 BpaXyBaHHSIM €JIeKTPOHIB JOPIBHIOE 0,5 KI/KMOJIb.

[TigpaxyBaBiiu, o1ep>KUMO:

70,0-8,31-25-107 13 HBIOMOH
Pepas = 0.5 z1,7510 7

Sk BUHO, Il BETMYMHU OJTHOTO MOPSAKY. SIKIIO /10 IbOTO T0JIaTH B3aEMHE BiIIIITOBXY-
BaHHSI OJHOIMEHHMX 3aPSKEHUX MPOTOHIB, TO ILIBHICTh MPOTOHOBOI 0OOJIOHKHU 01715 ITO-
BEPXHI MPOTOHOBOI 31PKU MOKe OyTH I1ie HUXK4Ya. Bee 11e 103B0JIsIe HaM MPUITHATH 3HAUEHHS
CepeaHbOI MIUTLHOCTI ChOPMOBAHOI MPOTOHOBOI 000JIoHKHM pajaiycoMm 700 000 km Oau3b-
k010 10 20 kr/M>. 71 MaCUBHIIIMX 31pOK Is1 BEJIMUMHA He HabaraTo OiIblia.

Buxosiun 3 miIbHOCTI, MOXHA MiIpaxyBaTH Macy IPOTOHOBOI 0OOJIOHKH, YUCIIO TIPO-
TOHIB y HIH 1 BIAIIOBIAHO YMCJIO HEUTPOHIB, SIK1 OYJIM BUTpau€Hl HEUTPOHHOIO 31PKOIO Ha
(hopMyBaHHSI TPOTOHOBOI 00OJIOHKHU. YHCIIO €JEKTPOHIB BIIMOBIIA€ YUCITY MTPOTOHIB Ta-
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kox. [ToMuitka y BUOOpI cepeaHbo1 MIUTBHOCTI IPOTOHOBO1 000JIOHKU HE 3MIHUTH CYTh 3p00-
JIEHUX PO3PAXYHKIB. ¥ pO3paxyHKaxX MU HE BPAXOBYEMO MaCy €JICKTPOHIB.

Busnauaroun 06'eM mMpoOTOHOBOT 000JIOHKHU, MU TAKOX HE BpPAXOBYEMO PO3MIP CaMOi HEM-
TPOHHOI 31pKH, SIKa 3HaXOAUTHCS BCEPEAMHI 1 Ma€ JlaMeTp OJIM3bKO 27 KM.

Maca mpoToHOBOi 000JIOHKHU

M=V-p=4/3nR%,

ne V — o06'eM IpoTOHOBOI 0O0JIOHKU,

R — paniyc npoToHOBOI 000I0HKH,

p — CepeHsI MIUIbHICTD.

M =4/3 w (7-10%)* -20 = 30,0-10*7 k.

Ywucmo mpoTOHIB 1 BIAMIOBIAHO eJ1eKTpoHIB N = M/m,
ne M — maca 000JIOHKH,

M — maca nipoToHa, sika gopiBHioe 1,67 107 kr.

Toxi N = 30,0-1077/1,67-1027 = 18,0-10%,

He 6epyun o yBaru mMacy, sika iepeTBOpHIacs Ha €Hepriro mix yac opMyBaHHS TPOTO-
HOBOI 00OJIOHKH, BU3BHAYMMO TOBIIMHY 30BHIIIHHOTO IIAPy HEUTPOHIB, sIKI BUKOpHUCTAIA
HEWTpPOHHA 31pKa Ha 11e GopMyBaHHS 110 GOopMYyIL:

M

L= 2,
”RH pH
ne L — ToBmmHa mapy HeﬁTpOHiB
R, pamyc HEUTPOHHOI 31p1<1/1 SIKUI ,ZIOplBHIOG 13,4-10%m,
pH IIUTBHICTh HEUTPOHHOI 31pKH, siKa TopiBHIOE 2-10'7kr/Mm>,

M — maca mpoTOHOBO1 OOOJIOHKH, sIKa MPUOIM3HO JOPIBHIOE MAcCl HEUTPOHIB.
30,0-10%
47(13,4-10%)%.2-10"

TakuM ynHOM, HEMTPOHHA 3ipKa pajiycoM 13,4 KM 3 30BHILIHBOTO IIApy HEUTPOHIB 3a-
BTOBIIIKH O1J1s1 65 MeTpiB popMye MPOTOHOBY 00010HKY paaiycom 700 000 kM 1 macoro 6111-
36K0 30,0-10%" kr. B Hiif MicTuTbCs 0113bKO0 18,0-10°* IIPOTOHIB 1 CTUIBKH K €JIEKTPOHIB.

JIJ1s1 MaCUBHIIIINX 31POK TOBIIMHA MPOTOHOBOI OOOJIOHKM Ha 3aKJIFOUHOMY eTarl i ¢op-
MyBaHHS$I Oy/ie 3HAUHO OLIbIIA 1 MOXKE CATaTU AEKUTbKOX MUTBHOHIB KitoMeTpiB. I1{o cTocy-
€THCSI PO3MIPIB 31POK HA/ITITAHTIB, TO HAM JOBEICTHCS ITOBHICTIO IOMIHSTH HaIIly ysIBY PO
el mapamerp. Maca Takoi 31pku sk berenbreiize ckiragae Bcboro 8 — 9 mac Hamoro CoH-
1. Ase nipo 1e mijge MmoBa Hkue. [ToMuika BUHUKAE TO/I1, KOJU, HE MAIOYU MOKJIMBOCTI
"3BaKUTH" 31pKY, OEPETHCS IO yBATH 11 30BHIIIHIN po3Mip. A 11l po3Mip YepBOHUX 31POK —
nedein BU3HaYa€ HE MMPOTOHOBY OOOJIOHKY 31pKH, a OpOITH PEUOBHHH, SIKA 00EpTAEThCS
HABKOJIO 31pKU. MU I11e MOBEPHEMOCH JI0 IILOTO MUTAHHSI.

I, HaperrTi, 111 OJIHE MUTAHHS, SIKE CTOCYETHCS (DOPMYBAHHS TIPOTOHOBOI 0OOJIOHKH. 3pO-
6uMo cripoOy OOTpYHTYBATH BIJICYTHICTh TaK 3BAHOI'O COHSTYHOTO BITPY, SIKUH B OCHOBHO-
MY CKJIQJIA€THCS 3 TIPOTOHIB 1 €JIEKTPOHIB, SIK1 3aJIMIIAIOTH 31pKY 1 HIyTh Y KOCMIYHHUI TIPO-
CTIp Ha APYroMy eTarl HUKITY JKUTTEAISUTLHOCTI 31pKu. [IJ1s1 IIbOro HaM MOTPIOHO 3HATH 3HA-

Tom L = = 65M™.
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YEHHS BEJIMYMHM T1ePIIOT KOCMIYHOI IIBUKOCTI OIS MOBEPXHI HEUTPOHHOI 31pKH 1 IIBU/I-
KiCTh HAPO/KYBAHUX TYT IMPOTOHIB.
Ilepiry kocMIYHY HIBUAKICTD MIPAXyEMO, BUXOJISTYH 3 BITOMO1 (hOPMYIIH:

V2=GM/R,

ne G —rpaBiTalliifHa craja,

M — maca 31pku,

R — paniyc HEeUTpOHHOI 31pKH.

Hns vamoro Conug R = 13.4-10°m 1 v = 1,0-103m/c a6o 100 000 km/c, 1110 CKI1aga€ TpeTHU-
HY IIBUJIKOCTI CBITJIA.

Jpyra kocMiyHa IMIBUAKICTS I11e BUINA 1 JOpiBHIOE Tpubiu3Ho 140 000 km/c.

Ternep BUZBHAYMMO MAaKCUMAJIbHO MOKJIMBY IIBUJIKICTh MPOTOHIB, SIKI YTBOPIOIOTHCS Y
MTOBEPXHEBOMY IIapl HEUTPOHHOI 31pKHU, BUXOASUYHU 3 KpaltHboTo npunyiieHHs, mo 1 MEB
EHeprii, sKa BUHUKAE, TTOBHICTIO HJ1e HA KIHETUYHY €HEPrito MPOTOHA. 3pOOUMO OpPIEHTOB-
HUM po3paxyHoK. KiHeTHYHa eHepris MpOoTOHA JIOPIBHIOE:

2
my

wW=_—"2.

2
ac VHp — LHBI/IZ[KiCTI) IIPOTOHA,
m — Maca IIpoTOHa.

2
my
Toni an = IMEB = 1,60 10"* [T>x. 3Bigku Vi, = 1,4 10’m/c a60 14 000 xm/c.

Cronu 6 Tpeba qoaaTH MBUIKICTh HEUTPOHA, 3 IKOIO BUHUK ITPOTOH, ajIe B YCIKOMY pasl
PEIATUBICTCHKUX MIBUIAKOCTEH MM He ojiepkuMo. HaBiTh B 1IbOMY KpaitHbOMY BUIAJIKY
IIBUIKICTH MPOTOHA Matixke B 10 pa3iB MeHIIIa, HIK IpyTra KOCMIYHA IIIBUIKICTH O11s TOBEPXHI
TaKOi HEUTPOHHOI 31pKHU. 3aBISKU TOMY, 1110 BCl IPOTOHU HAPOJKYIOTHCS B 11 IOBEPXHEBO-
My H1api, Ha eTani popMyBaHHS MPOTOHOBOI 0OOJIOHKH BOHU HE 3MOXYTb 3AJIUIIUTH 31PKY
6e3 nonaTkoBux kepen eHeprii. Ll mogaTkoBl mkepena eHeprii 3'1BIISIIOTHCS HA HACTYITHO-
MYy eTari JXUTTEIISUIbHOCTI 31pKu. 1o iHImoMy mpocto He morjo Oytu. HeliTpoHHa 3ipka
YTBOPIOE JIJIs1 ce0€ OJIST 3 MTPOTOHIB 1 €JIEKTPOHIB HE JIJ1s TOTO, 11100 BOHU OJIpa3y 3aIUIIWINA
31pKYy.

[Io cTocyeThbcst HAPOKYBAHUX €JIEKTPOHIB, TO Maca KO>KHOTo 3 HuX B 1840 pa3iB MeHIna
3a Macy IMPOTOHA, 1 BOHU MOXKYTb IOCSTaTU PEISITUBICTCHKUX IIIBUJIKOCTEHN. AJie TTPO €JIEKT-
POHM Bike MIILJIa MOBA BUIIIE.

ToBcTuil map TPOTOHOBOI OOOJIOHKM € HAJIMHUM 130JIITOPOM, SIKUM 30epirae BUX1IHI
rapamMeTpy HEHTPOHHOI 31pKU. B mepimy yepry 1e CTocyeTbCsl TEMIIEpaTypH 11 TOBEPXHI,
sIKa MOCTIMHO numaeThes 0mm3pkoro g0 15 000 000 °K. 3 gpyroro 60Ky BTpadaeThes edek-
TUBHICTb YTPUMAHHS TEMIIEPATYPU BIAKPUTOI MOBEPXHI MPOTOHOBOI 060ioHKH. [TounHa-
€THCS PI3KIIIE OXOJIOKEHHS BIAKPUTOI MTOBEPXHI IPOTOHOBOI OOOJIOHKH 31pKH.

Ilepen Tum, sk meperTH 1O PO3IIISAY POJIl CUHTE3Y SIAEP B MPOTOHOBIA OOOJIOHII 15
KOMIIEHCAIIll BTpAT €HEPTil Ha BUITPOMIHIOBAHHS, 3yIIMHUMOCS III€ HA OJTHOMY J1y’Ke BaKJIH-
BOMY (hakTOP1, O3 SIKOTO HE BIIOYBAETHCS PSIJT IMPOIIECIB, TOYMHAIOYM 3 MEXaHI3MYy BUHHK-
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HEHHS 1 QYHKIIIOHYBAaHHS TUISM 1 3aKIHUYIOUM BUKUIAMM MaTepii 3 HaJp 31pOK.

CrpaBa B TOMY, 1110 000JIOHKA MICTUTh B COO1 pIBHY KIJIBKICTh ITPOTOHIB 1 €JIEKTPOHIB IO
MOXO/KEHHIO. 3aaBajiocs 0, 110 3aps/l MPOTOHOBOI OOOJIOHKM MOBUHEH OYTH HEUTpasib-
HUM, ajie 1Ie He TaK. bijbIlia yacTuHa eJIEeKTPOHIB IPOIOBKYE HAKPYUyBaTH CIIipajl OuIs
MTOBEPXHI1 €JIEKTPOHHOI 31PKH, OTPUMYIOUH €HEPTiI0 32 paXyHOK ii MarHiTHoro moJs. Ti ene-
KTPOHH, 1110 OYJIM 3araJIbMOBaHI, 3 BITKPUTUMU O01iMaMu 3yCTPLIN MPOTOHU HUXKHBOI Yac-
TUHU 000J10HKU. OCh YOMY BEpPXHSI YaCTMHA ITPOTOHOBOI O0OJIOHKH Ma€ MOTYKHUM MO3U-
TUBHUH 3apsi/l, BiAUyBaroun Je(iuT eneKTpoHiB. be3ayMoBHO, pi3HUIlM MOTEHINAIB, sSKa
BUHUKAE, BeJle 10 30UIbIIIEHHS MOTOKY €JIEKTPOHIB, IKUH Ma€e HAIPSMOK 3HU3Y BBEPX, alie
CJICKTPOHIB Yy BEpXHIN YaCTUHI MPOTOHOBOI OOOJIOHKHM He BUCTauyae. TyT He HAEThCS PO
COHSITYHY KOPOHY, B KO)KHOMY CAHTUMETP1 KyOI1YHOMY 5IKO1 MicTUThCs Maiike mo 1000 000
enexkTpoHiB. IIpo e motypOyBasucs 1 cnajax 31pKu, Mpo SIKUil Oyjae UTH MoBa HIKYeE, 1
KOCMIYHI TiJIa, 1 p€YOBUHA, 1110 3aHAATO OJIM3BKO MITITAIN A0 31PKH.

HexomnieHcoBaHU MO3UTUBHUM €IEKTPOCTATUUHUM 3apsi/l BEPXHBOI YACTUHU ITPOTOHO-
BO1 000JIOHKH BIIIrpa€ 3HAUHY POJIb B JKUTTEAISUTLHOCTI 31pku. BiH 00ymMoBITIOE TeE, 1110 Ma-
CHBHIIII, HIXK TIPOTOHH, SIIpa €JIEMEHTIB, SIKI HAPOKYIOTHCS IIJISIXOM CUHTE3Y, JTUIIAIOThCS
Ha TTOBEPXHI IPOTOHOBOI OOOJIOHKH.

VsaBiMo co01 aTOM Teliio, SKU HapOAUBCS IUIIXOM CHHTE3y HYKJIOHIB. Lle cramocs 3a
BHCOKOI TeMIIEpaTypH, 1 TOMy aToM Oy/ie 10HI30BaHUM, TOOTO CTaHe yacTKoro aitbda. [ToTyx-
HUM €HEPreTUYHUM ITOTOKOM BOHA Oy/ie MIHATA Ha MTOBEPXHIO 3aB/SKU BTPATI MACU HYK-
JIOHAMHU, $IK1 YTBOPHJIH ITI0 YACTKY aJib(ha, a TAKOXK 3aBIISIKU JIEKTPOCTATUUHOMY BIJIIITOB-
XyBaHHIO BEPXHBOI YACTUHH IPOTOHOBOI OOOJIOHKHU. 3HOBY 3aHYPHUTHCS B OOOJIOHKY BOHA
BKe He 3MOJe 3 ITPOCTOI IIPUUMHM. [i MOABIHHMI MO3UTHBHUIA 3apsi Oyae TUM 6ap'epoM,
SKUM yTpUMAE 11 Ha MOBEPXHI MPOTOHOBOI 000I0HKU. [To3uTHBHMIT 3apsia 1€l 0OOOJIOHKU
3aBXIU Oyje BUIITOBXYBATU 10HI30BaHI aTOMHM, IKUMH O MaCMBHUMHU BOHU He Oyiu. [o
TOTO 3K, BHACIIJIOK JYy>K€ BUCOKOI TeMIlepaTypu, aTOMH OyJyTh OaraTopa3oBO 10HI30BaHI
TOMY, IO €JIEKTPOHU 3PUBAIOTHCS HE TUIBKU 3 30BHIMIHIX OpOIT atoMiB. ToOTO iX 3apsia
OaraTopas3oBO MEPEBUIILYE 3aPsi]l MPOTOHA.

3Haxoas1Yuch OIS camMoi MMOBEPXHI MPOTOHOBOI OOOJIOHKH, 10HI30BaHI ATOMU MOXKYThb
3aXOIUTIOBATH Ha CBOI €JIEKTPOHHI OpOITH BUIbHI €JIEKTPOHU, CTAHOBJISIYNCH €JIEMEHTAMMU 3
HEUTpaAJIbHUM 3aPSJIOM — TeJIiEM, JIITIEM 1 T. . AJie 116 MOKJIMBO JIMIIIE TO/1, KOJIU TeMIepa-
Typa BIAKPHUTOI MOBEPXHI IIPOTOHOBOI 000IOHKHN 3MEHIIMThLCS 10 KitbkoX Thcsd K. Tomi B
HUX 3'SIBUTHCSI MOXKJIMBICTh OMYCTUTHUCSI HI)KYE B MIPOTOHOBY OOOJIOHKY. SKIIO 1ie OauH
aTOM, HAIIPUKJIA] ATOM T'eJIiI0, TO 1I€ 3aHYPEHHSI CKOPO 3aKIHUMTHCS 3pUBAHHSIM JIBOX €JIEK-
TPOHIB 3 €JIEKTPOHHUX OPOIT 32 YMOB BUCOKO1 TEMIIEPATYPH, 1 UacTKa ajib(a 3HOBY CILJIMBE
Ha IMOBEPXHIO MPOTOHOBO1 00OJIOHKHU Maiike 0e3 HaCHAKIB. AJie SIKIIO 1ie Oy/1e BeIruKa rpy-
ra HEWTpaJbHUX aTOMIB, TO HACIIJIKU IIbOTO 3aHYPEHHS Oy IyTh Baromi.

Tenep MoxxHa EPEHTH 10 BUCBITIICHHS IIPOIIECIB Y ITPOTOHOBIN 00OJIOHII], SIK1 ITOB'sI3aHI
3 CHHTE30M SIJIEp €JIEMEHTIB.

Jpyrnii eran. BuHUKHeHHS IJISIM i CHHTE3 si/iep

IIle Ha craaii popMyBaHHS TPOTOHOBOI OOOJIOHKH MOXYTh BUHUKATH CUTYallli, KOJIU B
JIOKaJIbH1M 00J1aCTI 111€1 000JIOHKH, OJIM3BKOI 10 BIIKPUTOI MOBEPXHI, 3'IBIISIIOTHCS HAUTUIITKI
eHeprii. Hanpuknasu, 1ie Moxke OyTH IOB'SI3aHO 3 MPUIbOTOM KOCMIYHMX T, KOCMIYHHMX
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IIPOMEHIB HAIBUCOKHMX €HEPIiii, a B IMOJABIMHUX 30PSTHUX CUCTEMaxX 31 CIlaJIaxoM JIPYroi 3ip-
KM II€ET CUCTEMHU 1 T. 1.

L1i ssBuIIa MarOTh BUTIAJIKOBUI XapaKTep, ajie K TUIbKU TaKUI HAJIUIIIOK €Heprii 3'sIBIIsI-
€THCS, TAK 3pa3y K ABTOMATUYHO BKJIIOYAETHCS APYTUNA EHEPIreTUUHUIN PEryJIITOP, PO SIKUH
HIIIOCS HA TOYATKY LIbOT'O PO3AULY: 11€ IEPETBOPEHHS IPOTOHIB HA HEUTPOHU 3 TOTJIMHAH-
HSIM YaCTHMHHU €HEeprii 1 BAUHUKHEHHSIM [TO3UTPOHA.

Hapomxennit HeHTpOH Mae macy, sika OUTbIIAa 32 Macy MPOTOHA, 1, TOJIOBHE, BIH HEM-
TpaJbHUM B MPOTHIICKHICTD MMPOTOHAM 1 10HI30BaHUM aToMaM. {151 HbOTo BIAKPHUTA T0PO-
ra BcepeIMHy MPOTOHOBO1 OOOJIOHKU BHACIIIJIOK I'PaBITALIMHOTO MPUTITYBaHHS 31pKu. Yac
Ha 11€ 3aHYPEHHS B HHOT'O € TOMY, 1110 CEPE/IHIIM Yac )KUTTS BUIbHOIO HEUTPOHA 3HAYHO OUTb-
UM JIECATH XBUJIMH, 1 BIH BCTUTHE JIICTATHUCS JIyXKe rapsuux IapiB MpoToHIB. BHacmiiok
1IbOT'O BIAOYBAETHCS CHHTE3 1 yTBOPIOIOTHCS S/Ipa JISTKUX €JIEMEHTIB: T'elIito, JTITIIO 1 T.1. 1, SIK
BUHSITOK, sI/Ipa CEPEHIX €JIEMEHTIB.

YTBOpEeHHS CepeIHIX 1 BAXKKUX €JIEMEHTIB B1IOYBA€THCS Ha IMI3HIIIIN CTadil pO3BUTKY 31p-
KM 1 0y/ie pO3TIISIHYTE HUXKYE. Y TBOPEHI aTOMU BUHOCSTHCS HA TTOBEPXHIO 1 JTUIIAIOTHCS TaM
10HI30BAHUMHM JIOTU, JOKH TeMIIEpaTypa i€l MOBEPXHI HE 3HUZUTHCS JO JEKUTbKOX THUCSY
K. Haui 11i yTBOpEHi aTOMHM MM OyIeMO Ha3MBaTH INTaKaMH. BUXOs1uu 3 CyTi BUHUKHCHHS
[IUX IIJIaKiB, BOHU HE PIBHOMIPHO PO3TAIIOBYIOTHCS IO MTOBEPXHI 31PKHU.

ITig yac qocsirHeHHs! TPOTOHOBOIO OOOJIOHKOI0 MaKCUMAJIBHOTO PO3MIPY 1 IMOYATKOM
PI3KOTO 3HIKEHHS TeMIIepaTypH il MOBEPXHI 10HI30BaHI ATOMH MTOYUHAIOTh 3aMIOBHIOBATU
CBOI BUIBHI €JIGKTPOHHI OPOITH €JIEKTPOHAMHM, CTBOPIOIOYH TUISIMU UM XMapy, sIKa CKJIaja-
€THCSI OUTBIIIOI0 YACTUHOIO 3 JITKUX HEUTPaTIbHUX eleMeHTIB. [Ipoliec 3arIoBHEHHS €JIEKT-
POHHUX OPOIT BIIOYBAETHCS 32 paXyHOK IMOTEHIIIMHOI €Hepril sjiep, 1 ToMy 1€ BeJie /10 11
OUTBIIIOTO 3HMKEHHS TeMIIepaTypH 1€l 001acTl BIAKPUTOI IMMOBEPXHI MPOTOHOBOI 0OOJIOH-
k. BinOyBaeThes yIIUIbHEHHS II€1 XMapy BHACIIIOK 3HMKEHHS TeMIIepaTypH 3T1IHO 3 3a-
KOHAMH, SIK1 OITUCYIOTh CTaH 1/IeAJIbHOT'O Ta3y. AJie 111 BArOMIIIIOK TPUUUHOIO 1IBOTO YIITi-
JIbHEHHS € 3HUKHEHHS TO3UTUBHUX 3aPsi/liB 10HIB BHACIIIJIOK 3aIIOBHEHHSI €JIEKTPOHHUX OP-
01T aToMiB. 3HMKA€ B3a€EMHE BIIIIITOBXYBAHHS IMTO3UTHUBHO 3aPsPKEHUX 10HIB.

TaxkuM YMHOM, 3araJibHUM 3apsij 1€l UIIMU HAOIMKAEThCSl 1O HEUTpasibHOro. Ternep
IUISIMOIO UM XMAPOIO KePYe TUIbKU CUJIa TpaBiTalifHOTO TsKIHHS 31pKU. LIUIbHICTD T1aMU
HabaraTo BUIIA 3a HIUTBHICTh MPOTOHOBOI OOOJIOHKH, KA OTOUYE IUISIMY 3 YCIX OOKIB, 1
TOMY IUISIMA TTIOYMHAE 3aHYPIOBATUCH B MPOTOHOBY OOOJIOHKY, CTUCKAIOYH IIAPU MIPOTOHIB,
SIK1 pO3TallloBaHi i risiMorto. Lle, B cBoro uepry, Bejie 40 MiABUILIEHHS TEMIIEPATYPU MPO-
TOHOBOTI'O ra3y, IKUW pO3TAIIOBAHUN i/ TUISIMOIO. SIKIIO /10 IIbOT'O JOAATH 3HAYHE 3MEH-
IIEHHSI BUTPAT Ha BUTIPOMIHIOBAHHS BHACIIIIOK 3HUKEHHSI TEMIIEPATyPU BIAKPUTOI MOBEPXHI
IUISIMH, & TAKOXK B3SITH JJO YBaru poJjib eKpaHa, Ky BIIrpae misiMa, 0COOIMBO J10 BUAMMOI
YACTUHM CHEKTPa BUIIPOMIHIOBAHb, TO CTAHE 3PO3YMLIOI0 MPUUYMHA BUHUKHEHHSI HAJTUIII-
KiB €Heprii IiJT IUIIMOIO TOMY, 1110 HaAXO/DKEHHS €HEPriii 3 HMKYUX I1apiB MIPOTOHOBOI 000-
JIOHKM TPHUBA€ PIBHOMIPHO MO BCIM MPOTOHOBINM OOOIOHII 1 HE 3aJIeKUTh BiJ TOTO, UM €
3BEpXY IUISIMA, UM 11 HEMaA.

Bce nactynHe Ham yke BiIoMO. ABTOMAaTUYHO BKJIIOYAETHCS IPYTUA EHEPreTUYHUM pe-
ryaarop. BinOyBaeTbcs nepeTBOpeHHs MPOTOHIB HA HEUTpOoHU Tij misimoro. e mpoiiec
MU BX€ MA€EMO MOJKJIUBICTh MOMAllaTH PyKaMU, SKIIO MOKHA TaK MOBUTH. Bci MarHiTHI
Oypi, SIK1 TPAIUISIOTHCS Ha 3eMJT1 B 3B'SI3KY 3 IUIIMaMU, — 1€ poOOTa MAarHiTHUX MMOJIIB HAPO/I-
’KYBAHUX HEUTPOHIB.
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Jlasi mo BUKIIAJICHIM BUILIE CXeMI HEHTPOHU, SIK1 IOCSTIIN 30H TapsTYuX IMPOTOHIB, BCTYyIIA-
IOTh B peakKlIlilo CHHTe3y. BHACIIOK 1IBOTO MOTY)XHUM MOTIK €Heprii 3J1iTae A0 MOBEPXHI
MIPOTOHOBOI OOOJIOHKH 1 BUIIIE, BUHOCSYU HAropy HOBI 10HI30BaHI ATOMH €JIEMEHTIB 1 3pU-
BAIOYH CJICKTPOHHU 3 OPOIT aTOMIB, SIKI HACMIJIUWJIUCS 3aHYPUTHUCS B IPOTOHOBY OOOJIOHKY B
CKJIaIl TUTSIMU.

Taxum yuHOM, 3aB/ISIKH €HEPTii, sSIKa OTpUMaHa 32 PaXyHOK CUHTE3Y 1 eJIeKTPOCTATUYHO-
o 3apsily BEPXHbOI YACTUHH MPOTOHOBOI OOOJIOHKU, HEHTpalIbHA TIJIIMa 3HOBY CTa€ XMa-
POIO 10HI30BAHOTO ra3y i, MiAHSIBIINCH HATOPY, 32 BUCOKOI TEMIIepAaTypH 3HUKAE TSI Bi3y-
aJIbHOTO CIIOCTEPEKECHHS.

JInHaMivHI mpoIiecH Ay’Ke BaKKO 300pakyBaTH Ha pUCyHKax. Tomy Ha puCyHKY 2.3 Mu
MTOKaXeMO JIMIIIE MTOYAaTOK 3aHYPEHHS IUISIMU B IPOTOHOBY OOOJIOHKY.

2]

Pucynok 2.3 — 3anypeHHsi IJIsSIMM Y IPOTOHOBY 000JIOHKY.

1— Ti710 HEHTPOHHOI 31pKH; 2 — MIPOTOITOBA 0OOOIOHKA; 3 — TUIsAMa; 4 — HEMTpaIbHI ATOMU;
5 — 10HI30BaHI aATOMU; 6 — MPOTOHU; 7 — HEUTPOHU; 8§ — HEUTPOHU HEUTPOHHOI IIJIa3MU; 9 —
CJIEKTPOHH.

CTpuikaMu moKa3aHUM HAPSMOK PyXy HEHTPOHIB 1 10HI30BAHUX aTOMIB.

BuszHaunmo BaxnuBuUid GakT. 3 MOSIBOIO KOKHOI HOBOI IISIMH KUTBKICTh CHHTE30BAHHUX
aTOMIB 3POCTa€, TOOTO KUIBKICTD IIIJIAKIB BECh YacC 30UIbIIYETHCS. JIMIITUITIOCS TPOCTEKUTH
32 CHEPreTHIYHUMU HACTIIIKAMU BUHUKHEHHST BEpTUKAJIBHOTO MTOTOKY, SIKUH CTBOPEHUH CHH-
TE€30M HYKJIOHIB JIJISl BCIET MPOTOHOBO1 000JIOHKHM. Lleit moTik eHeprii mij Jyac pyxy BBEpX
BXKE€ CaM Hapo/Ky€ HOBI HEUTPOHM SIK BCEPEAMHI MOTOKY, TaK 1 MO Horo nepudepiiiHux
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obmactsax. pyruii eHepreTHYHUN peryIsiTop MOYNHAE MPAIFOBATH, BUKOPUCTOBYIOUH BXKE
eHeprito cuHTe3y. HelTpoHu, sIKi yTBOPIOIOTHCS 3 IMPOTOHIB, MO KpasiX MOTOKY MO Til ke
CXeMI BUKJIUKAIOTh HOBI BEPTUKAJIbHI EHEPreTUYHI TOTOKHU B 00JIACTSIX TPOTOHOBO1 000JIOH-
KM, SIK1 pO3TaIIOBaHI MMOPSIT 3 IEPBUHHUM ITOTOKOM. KpaitHi HEHTpOHU 1IMX HOBUX IMOTOKIB,
3aHYPIOIOYNCH B TPOTOHOBY O00JIOHKY, BUKIIMKAIOTh CHHTE3 Y III€ BiTAJICHIIITUX 00IaCTIX
000JI0HKH 1 T. 1. HeMTpoHMU, 5IKI BUHUKAIOTh BCEPEIMHI IMTOTOKIB, 3aHYPIOIOYHCH B 000JIOH-
Ky, JOCSATaIOTh e TapsSYIIIMX 30H MPOTOHIB, 30UIBIIYIOYN MIllb IEPBUHHUX KOPOHAPHUX
BUKU/IIB 31pKkHu. Tak BiAOYyBAa€ThCS 3aXOIUIEHHS IITMOMHHIMIMX obJiacTel MpPOTOHOBOI 000-
noukwu. Lli mporiecn Mu Takok Ma€MO MoManaTH pyKaMu, CIIOCTepirarour 3a KOpOHAPHUMHU
BukugamMu Hammoro Conirs. [ToTykHI MOTOKM e€Heprii, SIKi BAHUKIIH ITiJT TUIIMOYO, TIOCTYIIO-
BO 3aXOIUTIOIOTH CYClaHI 00JIaCcTI MPOTOHOBOI O0OJIOHKHU. | OCh yKe BCS TTOBEPXHS 31pKU
Harajye Jiroul ByJIKaHU.

Ha miit cranii po3BUTKY 31pKH B)Ke MOKIJIMBI CUTYallli, KOJIM YaCTUHA HEUTPOHIB JIOCSITaE
JTy’Ke TapsiuuX MapiB MPOTOHIB, BUKIIMKAKOYH CHHTES sI/Iep Cepe/HiX eeMeHTiB. Lleit cunTtes
NoTpedye BeIWUE3HUX BUTPAT €HEPrii, ajie 1e OuIblia ii KIJIbKICTh 3BUIBHSIETHCS I Yac
TaKoro CMHTE3y. | TO/i 3a mepIM KOPOHAPHUM BUKHUIOM, SIKMI CITOHYKaB CHHTE3 JIETKUX
€JIEMEHTIB, MOX€e BIIOYTHUCS IPYTUM BUKU/I, SIKMI HabaraTo MoTY>KHIIWM, HDK nepiiuii. Ta-
KU BUKUJ Ma€e Ha3By KaniOair.

3aBIsKU I0JIATKOBIN €Heprii, IKy HaIllpallbOBY€E CUHTE3 SIJIeP, BIIOYBAETHCS IT1JIBUILICHHS
TEMITEPaTypH BIAKPUTOI MIOBEPXHI TPOTOHOBOI OOOJIOHKH, 1 TUISIMA 3HUKAE. 3 POCTOM TEM-
repaTypyu MOBEPXHI 30UIBIIYIOTHCS BUTPATH €HEPrii Ha BUIIpOMiHIOBaHHS. I 111 BUTpaTu
MTOCTYIIOBO BEAYTH /IO TOTO, IO APYTHil eHEPreTUIHUIN PETYISATOP BIIKIIIOYA€ThCS. ToOTO
3HUKAIOTh MICLISI B IPOTOHOBIM 00OJIOHIIL, /1€ BUHUKAIOTh HAJIJIUIIIKY €HEPrii, a, TOUHIIIE, iX
CTa€ 3HAYHO MEHIIIE, 1 3HOB 3'SBIISIFOTHCS IUISIMH, aJI€ BJKe OUTBIIIOTO PO3MIPY, TOMY IO K1JTb-
KICTh IIUTAKIB 3HAYHO 3pOcCia.

B 11e#1 vac nepimii eHepreTUUHUN PEryIsaTOp MPOAOBXKYE MTPAIFOBATH OISl TOBEPXHI HEH-
TPOHHOI 3ipKH, TOOTO Ti/I MPOTOHOBOIO OOOJIOHKOIO, 10 CTBOPEHHS TBEP/0I KOPU, KOJIU
BUTPATHU €HEPrii HabaraTo 3MeHIIAThCS.

[TounHatOUM 3 MOMEHTY BUHUKHEHHS TIEPIINX TIIM Ha MTOBEPXHI MPOTOHOBOT 000JIOHKH
31pKH 1 10 MOBHOI'O IMTOTEMHIHHS 1I1€1 TIOBEPXHI, 31pKa MOTPpAIUISIE B O3PS TaK 3BaHUX IIe-
dein — 31p01< SIKi IHTEHCMBHO BHKU/IAIOTh PEYOBUHY 3 CBOIX HAIp Ha Op61TI/I 06epTaHH$I
HABKOJIO 3ipKH. IX Komp MOYMHAE HAOIMKATUCH 0 YEPBOHOTO, 1 BOHU 3MIiHIOIOTH CBITH-
MICTb CBOET TTOBEPXHI.

ITporecu, siki pO3TATHYTI B Yaci, BAXKKO CIPUHAMAIOTHCSI, aJIé MU MyCUMO JI0 I[bOT'O TIPH-
crocyBatuchk. Hame Conrle crae TunoBor Iiedeinor. EHepris cMHTe3y BUKIMKAE 3MIHU
TeMIepaTypu oBepxHi 3ipku. Cripapa JIUIIIe B IIePIOAUIHOCTI IIUX 3MiH. 3 TOYATKOM BUHUK-
HEHHSI TUISIM Il TeploJT CKIIaja€e AeKUTbKa JeCATKIB POKIB, a, MOXJIMBO, 1 COTHI POKIB. 3i
30UIBIIIEHHSIM TUIOII TUISIM 1IeH 1epioj1 ckopouyethbes. g Hamoro CoHIls nepioji aKTUB-
HOCTI CKJIaJa€ MpUOJIU3HO OAMHAAUSTh pokiB. Ille nexiyibka JecaTKiB TUCSY POKIB, 1 HAIIle
CoHIle nepeTBOpUTHCS Ha iedeiny, sIKy BI3yaIbHO MOXHa criocTepiratu. Ilepioa 3MiHM CBi-
THUMOCT] 3HAYHO 3MEHIIUTHCS. € 31pKH, K1 3MIHIOIOTh CBOIO CBITUMICTh 34 30BCIM IHIITUX
o0cTaBHH, ajie IIpo 1€ MOBA TIiJIe HUXKYe.

MexaHi3M, SIKUI BUKJIIMKA€E 3MIHU CBITUMOCTI 31pKH, Bxke po3kpuTuii. Koy mismu HaOy-
BAIOTh PO3MIpIB, SIKI MOXKYTh OyTH ITOPIBHSHI 3 TIOIICIO BCIE€l BIAKPUTOI IMTOBEPXHI 31PKU,
BIZIMIOBITHO 3pocTae iX Maca. KoeH KpOoK CTUCHEHHS TPOTOHOBOI O00JIOHKH TAaKOIO TUIS-
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MOIO BIIOYBA€THCS MaliKe I10 BCIH MOBEPXHI 31PKH 1 CTBOPIOE HabaraTo OUTBIII HaUTUIIKA
EHEeprii, HIXK IT1/1 Yac JIOKAJIbHOT'O CTUCHEHHSI OKPEMOI YaCTUHU MTOBEPXHI 31PKU.

B Takux eHepreTMUHMX yMOBaX MEPEBAXKHO HAPOIHKYIOTHCS CEPE/IHI 1 BAXKK1 €JIEMEHTH 1
BIJIMOBIJTHO 3pOCTa€ BUICHHS €HEPril cuHTe3y. BennuesHi macu MaTtepii, K1 CKIIaJal0ThCs
3 CHHTE€30BaHUX ATOMIB 1 TPOTOHIB, OTPUMABIIIU ITOYATKOBE MPUCKOPEHHS 32 PaXyHOK €He-
prii CUHTE3Y 1 3 IOMIOMOT'0I0 TTO3UTUBHOI'O €JIEKTPOCTATUYHOTO 3aps/ly BEPXHbOI YACTUHU
MIPOTOHOBOI OOOJIOHKU BUIITOBXYIOTHCS 31 IBUAKICTIO, SIKA MOYKE MEPEBUIILYBATH TIEPITY 1
IPYyTy KOCMIUHI MBUAKOCTI. 3apa3 jjs Hamoro CoHIS BOHU CKJIaJalOTh BiAMOBIIHO
4341611 xm/c. 3 BpaxyBaHHSIM TOTO, 110 paalyC MPOTOHOBOI OOOJIOHKH B Il Yyac 3HAYHO
3MEHIIYEThCS, 3HAUEHHSI ITUX BEJIMYMH 3POCTAE 1 CKIIaJa€e B cepeAHboMy Outbiie HiK 500
1 700 km/c BIIMOBIAHO.

ITpoToHnu, OibIIa YacTUHA JIETKUX Ia3iB 1 €JIEMEHTIB, HAOpABIIH JPYTry KOCMIUHY IITBU/I-
KICTb, 3aJIMIIAIOTH 31PKY 1 WyTh Y KOCMIUHUN MPOCTIp. Bakul eJIeMEeHTH 1 YacTHUHA JIETKUX
rasiB 1 €JIEMEHTIB 3aJIMIIIAIOTHCS HAa opOiTax oOepTaHHs HAaBKOJIO 31pKU. Te, 1110 He JOCATIIO
MEPIIO0T KOCMIYHOT IIIBUKOCTI, TOBEPTAETHCS HA TMTOBEPXHIO 31PKU. 3 IOTO YacCy CIOCTEPI-
ray 0auuTh BKEe HE BIAKPUTY MOBEPXHIO MPOTOHOBOI OOOJIOHKHU 31PKH, & PEUYOBHUHY, sIKa
obepTaeThCcss HABKOJIO 31pku. ToMy BemMye3Hi Bi3yajabH1 PO3MIPH 31pOK, TakuXx sk berenb-
reiize, AHTapec Ta iHimi, 0OyMOBJIEHI po3MipaMu OpOIT 0O0epTaHHS BUKUHYTOI LIUMHM 31pKa-
MM PEUOBHHH, 1 1I€ CTAJIO MIPUYMNHOIO ySIBU MPO HUX, K 31pOoK HaariraHTiB. Hacrpapi 1e
THUIIOBI 31PKU 3 Macolo, sika MIEPEBUIIYE CEPE/IHIO, ajie He Takl Bxke MacuBHi. I1po 1e mige
MOBa HUKYE.

3 aToMIiB, SIKl 0OepTaucs Ha OpOiTax HABKOJIO 31PKH BIPOAOBXK NMpubiu3Ho 10 MuThsp-
JIIB POKIB, KOJIM 31pKa 30BCIM OXOJIOHE 1 CTBOPUTH TBEP/LY KOPY, Oy1yTh chopMOBaH1 MepIIi
IJIAHETH 1 aCTEPOIIHN.

[TpupoHo, 110 Ml Yac KOKHOT'O BUKHUAY PEUOBMHU MACHUBHIII ATOMH 3aMYTh HIKU1
opOiTu. AJle BHACIIJIOK TOTO, 110 €HEePrisl BUKUIAIB HEOIHAKOBA, YK€ PI3KOro po3lIapy-
BAHHS 32 MacaMM HeMae. [HIIMMU clToBaMH, IMiJT Yac Ty»Ke MOTY>KHOTO BUKUIY aTOMU CPio-
Jla, HAIIPUKJIA I, MOTJIA OIIMHUTUCS BUIIIE HA OpOITI1, HIXK aTOMMU 3aJ1i3a, SIK1 OyJIM TOCTaBJICH]
TYAW MEHIII TTOTYKHUM BUKHJIOM, aJie TeHACHIIs1 pO3IOJILUTY 3a MacaMmu 30epiraetbest. era-
JIBHIIIIE PO 11€ MU TOTOBOPUMO B PO3JUIL ITPO IJIAHETH.

Tenep HacTasa yepra 3'siICyBaTH /1110 MEXaHI3MY CTUCHEHHSI TaJTAKTUKU OUTbII JoKIaHO. Llei
MeXaHi3M HaIlpsIMy MOB'SI3aHUHN 3 LUKJIYHICTIO JISUTbHOCTI 31poK. BUkuaaroun yacTuHy CBO€ET
MacH y BUIKPUTHUM KOCMOC Y BUTJISII T'a31B 1JIETKUX €JIEMEHTIB MiJT Yac MOSIBU TUTSIM 1 /10 TIOBHOT'O
MMOTEMHIHHS CBO€1 ITOBEPXHI, 31pKH CTBOPIOIOTH YMOBH JIJIs1 CTUCHEHHS TAJTAKTUKH.

ITo-niepiire, BUTIKAHHS ra3iB y MUK3OPSIHUN KOCMIYHUM MPOCTIP 3aKIHUYETHCS MEPEXO-
JIOM iX Ha HUKYl OPOITH IO BIIHOIIEHHIO J0 LIEHTPY FaJIaKTUKH BHACITIIOK ITPUCKOPEHHS
CHJIU TSDKIHHS LIEHTPY TaJIaKTUKHU, SIKE J11€ HE3AJIEXKHO BT TPUCKOPEHHS CUJIU TSDKIHHS 31pKU
IIJT Yac pyxy rasiB sIK B MOJI TSDKIHHS 31pKU, TaK 1 3a HOTO MeXaMHu 1 Ma€ HaIPSIMOK J10
LHEHTPY TaJIaKTUKU.

Lle npuckopenns g = G-M/R?2,

ne G — rpasiTariiiina craa,

M — maca rajjakTukKH, KT,

R — BigcTaHb 31pKH 10 LUEHTPY FaJaKTUKU, siKa JOPIBHIOE TpuOan3Ho 1,0-102!M.

Tomi g = 6.67-10-1.0-10%/(1.0-10*")> = 8.0-10-'! m/c?.

Lle MasienbKe MPUCKOPEHHS BEJIE O TOT O, 1110 Ta3H, 1K1 pyXartoThCsl B/ 31pKU B HATIPSIMKY
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JIO LIEHTPY TaJIlaKTUKH, MAlOTh 3HAYHO OLIBIINY IIBUAKICTh PyXy IOPIBHSIHO 3 ra3aMH, siKi
PYXaroThCsl TAKOXK BiJ 31PKH, ajie B MPOTUJICKHOMY HAMPSIMKY B IIEHTPY TalakTUKU. TyT
MM TTIOBHUHHI BpaxyBaTH, 1110 Yac PyXy B MOJI1 TSHKIHHS CKJIAJIa€ COTHI POKiB, 1 TOMY BHECOK
TaKOTO MaJICHbKOT'O MPUCKOPEHHS cTae cyTTeBUM. Lle maiike BUKIIIOUa€ BUKU]T MaTepii B
HAIIPSIMKY BIJI IEHTPY raJaKTUKU. 3ipKa MPOCTO HE BIANYCTUTH 11 Bij cebe.

SIKIIO B3SITHM 10 YBAru KUIbKICTh IIUKJIIIB KU TTEAISIIBHOCTI KOXKHOI 31pKH 3a Yac MPOXo/-
YKEHHS TaJIAKTUKOIO OJHOIO IUKITY 1 T1 2-3% MaTepii 31pKH, KA 3aJIUIIAE€ OCTAHHIO 33 OAUH
LUKJI, TO BUize, 1o 3a 15-20 nukIIiB cBOTo iICHYBaHHS 3ipka BTpauae 10 50% CBO€T Macu.

HanpaipoBaHi ra3u 1 eIieMEHTH 3aII0BHIOIOTH MIK30PSIHUM MPOCTIP B HAITPSIMKY JI0 LIEHTPY
raJlakKTUKH 1 30MparoThCst OpOITaMu 31pOK, SIK1 po3TallloBaH1 OJIMKYE 10 IIEHTPY TaJJaKTUKU.
YuM crapiia rajakTuka, TUM OUTbIIIE PEUYOBHHU 3aIIOBHIOE MIK3OPSIHUM MPOCTIP B Hil 1,
HaBITAKW, YUM BOHA MOJIOJIIIA, TUM MEHIIIEe Ta3iB BOHA Hakonmuumia B codi. Yum crapia
rajakThka, THM MEHIII BOHA MPO30pa 1 TUM Otrk4e ii hopma 10 TUCKA.

SIK TUTBKM MOJIOI 31PKU raJIaKTUKH, sIKa IIIOMHO MaTepiajlizyBajacs, 30y 1yl0Th CBOI MepIi
MIPOTOHOBI OOOJIOHKH 1 TOYHYTh BUKUJATH PEUYOBUHY 3 CBOIX HAJp, CTAHOBJISIUYUCH HA Jie-
SIKUM Yac 1edeinaMu — 3 IbOro MOMEHTY ITOUYUHAETHCS ITPOLIEC CTUCHEHHSI TAJIAKTUKH 1 BIH
MIPOJIOBXKYETHCS J10 MIOBHOTO 11 CTUCHEHHSI.

ITo-gpyre, BUKUI PEUOBUHU B MIK3OPSIHUM MIPOCTIP Mae TpaBITALIHI HACTIAKY I ca-
Mo1 3ipku. Brpauaroun yacTuHy CBO€1 MacH, 31pKa NMepeXoAuTh Ha HIKIY OpOITY IO BIJTHO-
IIIEHHIO JIO IGHTPY rajakTUKu. Takuii mepexij 3ipKa 3/1MCHIOE 1 TICIS CIiajgaxy, TOMY 1110 B
1Iel Jac 31pKa TaKOXX BTpaya€ YaCTUHY CBOEI MACH, sIKa BIUTITAE B MDK3OPSIHUM MIPOCTIP.

Tenep Mu cripoOy€eMO MiJIpaxyBaTH MBUJIKICTb CTUCHEHHS TaJIAKTUKY 32 OJIMH CepeaHIN
LIUKJT )KUTTEISUTBHOCTI BCIX 11 31pOK.

LIyKII1 )KUTTETISUTBHOCTI 31POK MOUYMHAIOTHCS 1 3aKIHUYIOTHCSI HEOJTHOUACHO, aJ1€ BIJ] IIbOT'O
CyMapHUI ePEeKT CTUCHEHHS HE 3aJICKHUTh.

MeHi1i 31pKu BIAIOTh 3HAYHO OUIBIITY YACTUHY CBOET MACH 34 OJIMH IIUKJI, OCOOJIMBO Y
MOJIBIMHUX 30PSHUX cucTeMax. biibia 3ipka B IIUX cUcTeMax 3abupae cobi 3HaUYHy Macy
PEYOBMHU, BUKUHYTOI MEHIIIOIO 31PKOI0, 1 CTUMYJIIOE 30UIBIIEHHSI BUTPAT MACU MEHIIIOIO
31pko10. ToMy MM TTOBHMHHI 3yITUHUTUCS HA CEPEIHIN BTpaATI MAacH 31pKOIO 32 OJMH ITUKJI HA
piBHI mpuOIM3HO 3%. 3riAHO 3 3AKOHOM 30€PEXKEHHS €Heprii, 3MiHa KIHETUYHOI €HEeprii 31p-
KU BIIMIOB1IA€ 3MiHI ii MOTEHLIMHOI eHeprii. ToMy MOXHa 3amucaTu:

mv’  xmv? _ GMm  xmGM

2 2 R r

ne G — rpasiTariiiina crania,

M — Maca raJlakTHKH,

m — Maca 3ipKH JI0 TOYaTKy BUKHIB PEUOBUHH,

V — HIBUAKICTb PYXY 31pKH I10 OpOITI JO MTOYATKY BUKHU/IIB,

v, —op0iTajbHa IBUIKICTH PYXY 31PKM IICIA ClaIaxy 31pKH,

X —YaCTUHA MacCH 31pKH, sIKa 3aJIUIINIIACS TTICIISI 3aBEPIIESHHS TIEPIIOTO IUKITY 1 criaaxy
31pKH y BIICOTKAX JI0 MOYATKOBOI MacH 31pKH,

R — paniyc op6itu 31pku 10 OYaTKy BUKU/IIB,

I — paJilyCc OpOITH 31PKHU MICHIS 3aKIHUSHHS MePIIOro IUKITY 1 craiaxy 31pKHu.

JIJ1s1 cripoIlieHHsI pO3paxyHKIB MU HE BPaXOBYEMO 3MIHM MOMEHTY 1HEPIIii, ITOB'I3aHO] 31
3MEHIIIEHHSIM MacH, TOMY I1O BIUTUB ITi€] 3MiHU HE3HAUHUM.

9
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3 inmoro 6oky v = GM/R, a y; = GM/r i Toz1i piBHAHHS 3aITUCYEThCS K

GMm B xmGM — GMm B xmGM

2R 2r R ro

3BiKHU 1/2R — x/2r = 1/R —x/R 1 1/R = x/r abo r = xR.

BpaxoByrouu Te, 1110 BCS peyOBHMHA, SIKa 3aJIMIINJIA 31PKY, Nepeiie Ha HIK4Yl OpOITH 1
OyJie paHO YM MI3HO 3aXOIUIeHA 1HIIIOO 31PKOI0 a00 YOPHOIO IIPKOTO (110 MPUBEAE 10 T'ajlb-
MyBaHHS PYyXY Ii€i 31pKU Y1 YOPHOI IipKu ab0 10 MPUCKOPEHHS 11 pyXy A0 IIEHTPY raJIaKTH-
KU 3 TIepEeX0JI0M Ha HIKUY opOITy B 000X Bunaakax), uudpy x = 0,97 tpedba 3MEHIIIUTH.
Taxum 4MHOM, B OCTATOYHOMY BUTJISIIL (pOpMysia CTUCHEHHS TaJIAKTHKU 32 OJIMH CEPETHIN
LIUKJT )KUTTETISITBHOCTI 31pOK HAOyBa€ TaKOTO BUTIISILY:

r =0.95R

3ipKHu, sIK1 yTBOPHUJIMCS B TaJaKTHUII HA BiJICTaHI R BiJ LIEGHTPY ralaKTUKH, ITICTIS 3aBep-
IIIEHHS CBOT'O MEPIIOro IUKITY JKUTTEISUIBHOCTI 1 criajiaxy IepexoasTh Ha HOB1 OpOiITH ,sIKi
MaroTh pajiyc 0,95R. [Ins koxxHoi 31ipku R Mae cBoro BenuuHy, sika Oyjia BU3HAUEHA JIJIs
31pKH ITiJT Yac il yTBOPEHHS.

LuKm KUTTEAISUIBHOCTI 31pOK IMMOBTOPIOIOTHCS 1 TOMY TSI BCIX LIUKITIB hopMyJsia HaOy-
BA€ BULJISILY:

r =0,95"R,

JIe N — MOPSIIKOBUI HOMED ITUKITY.

Ha nmouaTtky nepiioro 1mukiy >XUTTEAISIBHOCTI 31pku n=1 1 Toai r=R.

Ha nouatky apyroro nukiy n=2 1 1ol r=0,95R 1 T.1.

JI71s raTaKTUKY CepeIHil pajiyc po3TalryBaHHs 31ipOK IO BITHOIICHHIO JI0 IIEHTPY rajlak-
TUKH cKJ1agae mpuoimsHo 1,0-10%/2=5,0-10*meTpiB.

Buxo/isium 3 1bOT0 1 3HAOYHN CEPETHIO TPUBATICTD LIUKITY )KUTTEAISIIBHOCTI 31pKH, MOYKHA
MipaxyBaTH IIBUIKICTh CTUCHEHHS TAIAKTUKH. SIKIIO CepeHs TOBTOTPUBAJIICTh ITUKITY
KUTTETISIIBHOCTI 31pKU CKIIaJIa€ MPUOJIU3HO 15 MUTBSIpAIB POKIB, TO IIBUAKICTH CTUCHEHHSI
VC MOYKHA TIJIpaxyBaTH 1Mo Gpopmyii:

e R — cepemHiii pajilyc po3TalllyBaHHS 31pOK Ha MOYATKY HMUKITY KUATTETISTIBHOCTI, M;

cep

I, — CePeIIHIil paliyc po3TalIyBaHHS 31POK Ha MOYATKY APYTOro LHKITY KHUTTETISITEHOC-

. e
T1 31pOK;
t — cepeaHs TOBrOTPUBAJICTh IUKJTY KUTTEAISUTBHOCTI, C.

cep

AJle MU B)Ke 3HAEMO, 1110 r., =0.95R 1 ToMy hopMyiia HaOyBa€e BUTIISIY:
R., —095R,, _ 0,05R.,,

t cep t cep

v, =
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3poOMBLIM MIJICTAHOBKH, OJEPKUMO V_ = S0M/C.

Lle mpubnM3HO cepeTHs MBUAKICTh CTUCHEHHS KOYKHOI TaJJAKTUKY 32 TTEPITUH ITIUKIT )KUT-
TEISUTLHOCTI BCIX 11 31poK. BoHA MOsICHIOE, YOMY MU, CIIOCTEPITalOUM 3a THIIUMU TajJaKTH-
KaMH, KOHCTATYEMO HASIBHICTh YEPBOHOI'O 3MIIIEHHS B CIIeKTpi. [lepeBakHa OUIBIIICTD ra-
JTAKTUK CTUCKYETHCS, @ HaM 3/Ia€ThCs, 110 BOHU TiKalOTh Bif Hac. KBazapu, HaBmaku, pos-
T PIOIOTHCS, 3HAXO/ISTYHCH Ha €Talll BUTIKAHHS XBUJIb BUCOKHUX €HEPTIii 1 hopMyBaHHS Tiep-
BICHUX 31pOK 1 TOMY BOHH JIAIOTh CUHE 3MIIIEHHS.

HesBakaroun Ha CKOpOYEHHS JOBIOTPUBAJIOCTI IIUKJIIB, 3 KOKHUM HACTYITHUM ITUKIIOM
KUTTEASUTHHOCTI 31pOK IMIBUJIKICTh CTUCHEHHS TATAaKTUKHM 3MEHIIIYETHCS TOMY, 11O MOCTY-
ITOBE 3MEHIIIEHHSI PO3MIPIB raJIaKTUKH BIAIIpa€ 3HAUHO OLIBIITY POJIb B IIbOMY ITporieci. s
MOJIOJIUX FAJIAKTUK IIBUIKICTh CTUCHEHHS OIbIa HiXK 50 M/c, a Jy1sl cTapuX rajJJakTUK BOHA
MOXe OyTH 3HaYHO HIDKYA — BChOTO JCKITbKA METPIB 32 CEKYH/LY.

[Ilo cTrocyeThcst 31poOK, TO KOXKHA 31pKa IepesliTae Ha HIKUY OpOITy 3a IyKe KOPOTKUH
MIPOMDKOK Yacy, sSIKUI JOPIBHIOE JOBIOTPUBAJIOCTI IPYTOro eTamy KUTTEAISUTBHOCTI 31pKU,
T06TO Mpubu3Ho 500 muTbioHIB pokiB. Iig yac cranaxy Tex BiIOYBA€ThCs MEPEIIT HA
HIDKYY OpOiTy, TOMY 1110 31pKa BTpadae YaCTUHY MACH ITiJT Yac IIi€i mo/aii. A Ha BCIX 1HIIMX
eTarnax UKy CBO€I )KUTTEMISUIBHOCTI 31pKa Maiiyke He 3MiHIOE CBOIO opOiTy. Tomy mBui-
KICTh PYXY 31pKU Ha HUXKY1 OpOITH B 1IeM Yac 3HAYHO BUIIA, HIXK CEPEIHS IIIBUIKICTb CTHC-
HEHHS TaJaKTHUKU 1 MOXKeE JIOCATTH JACKLTBKOX KIJTOMETPIB 32 CeKyHy. Ma€eThcs Ha yBasi He
opOiTajbHa MIBUJKICTh 31pKH, a paJuKalibHa CKJIaJ0Ba I€l IIBUJIKOCTI, sIKa CIIpSIMOBaHa
JIO TIEHTPY TajakTUKu. Lle mosicHroe Toi (pakT, 110 MICIIs criaaxy 3ipKu, 4yepe3 IesKuil gac
MM HE 3HAXOAUMO 11 B TOMY MICIIi, JIe BOHA, 3/1aBajocs O, MIOBUHHA OYyTH.

I1po 110 HaM TOBOPSITH KYJbOBI CKYITUEHHS 31pOK O11s LIEHTPY HaIoi rajaktuku? Bi-
POTIAHICTh YTBOPEHHS YOPHUX AIPOK MOOIM3Y LIEHTPY rajakTUKH Oyja oOIrpyHTOBaHA
BuIle. Jlo TOro x cami 31pkH 1€ 061aCTl TaJJaKTUKX pO3TaIlloBaHl Ha opOiTax, siki 3Hau-
HO GJIDKYI OfIHA Bi OMHOI, Hi’k Ha OKpaiHaX. IX IMKIiYHA AiSUTBHICTE po3Movaacs 3Hau-
HO III3HiIIe 31pOK, SIK1 po3TalloBaHl HabaraTo jaaji BiI LHeHTpy ranaktuku. I[1po 1e mime
MOBa HUXYE. AJle K TUIbKHU 31pKU LEHTPAIbHOI 00JIaCTl TAJIaKTUKHU MTOYaIu BUKUIATH
PEYOBHHY 3 CBOIX HAaJp, BCTYIHBIIHU B IPYTHH €TaIl CBOTO MEPIIOTO IUKITY KUTTEMIITBHO-
CT1, BIApA3y X 111 31pKU IToYajIM HAOJMKATHUCh 0 HEHTPY TalaKTUKU 1 OyJIM 3aXOTUIeHl
YOPHUMHU JIpKaMM Ha opOITH oOepTaHHS HaBKOJIO ceOe. Ternep BoHM 0OepTarOThCs HAB-
KOJIO IIEHTPY Mac raJJaKTUKU Pa30M 3 YOPHUMH JipKaMH, CTABIIN CYITyTHUKAMU ITUX YOP-
HUX A1poK. [TocTynmoBo 3 KOKHUM CBOIM HACTYITHUM ITUKJIOM Il 31IpKHU OyayTh HaOJIMXa-
THCS 6€3MM0CepeHBO 10 CBOET YOPHOT AIPKH, BIAIAIOUYH 1l BUKMHYTY PEYOBHHY 1 ITepexo-
JISTYM Pa30M 3 HOPHOIO JIIPKOIO Ha 1€ HHKY1 OpOITH, ITOKU HE OYAyTh MMOBHICTIO ITOTJIMHY-
T1 I[I€F0 YOPHOIO JIIPKOIO.

CTUCHEHHS KYJIbOBUX CKYITUEHB 31pOK — II€ TOBTOPEHHS MPOIIECY CTUCHEHHS TAIAKTHUKH
B MIHIATIOPI, aJie 11e€ CTUCHEHHS B1IOYBA€THCS OLIBII IHTEHCUBHO. TaKUM YMHOM, KYJIbOBI
31pPKOBIi CKYIMUEHHS — I1€ HEe IICHTPU HaPOKEHHST HOBUX TaJIaKTHK, a JIOKaJIbHI IIEHTPH CTHUC-
HEHHS TAJIAKTUKA. [HITMMU CJI0BaMU — 11€¢ MOTMJIBHUKY TaTlakTHK. [TOTiM 11l MOTHIIBHUKHN
00'€THAIOTHCS B OJTMH €IMHUN MOTHIIBHUK 3aB/ISIKM MATEPii, sKa Oy/1e HaJXOUTH 3 BUIITUX
opOiT, 1 TPOIIEC CTUCHEHHS TAJTAKTUKU 3aBEPIIIUTHCS.

Crnocrepiraroun 3a KyJJbOBUMU CKYITYCHHSIMU TaJIaKTUKH, MOYKHA CKJIACTU BPaKEHHS, 1110
BOHM BIIAJISIFOTHCS BT HAC TaK CaMO, SIK 1 1HIIIN TaJJaKTUKKU. AJie MU B)K€ 3ralyBaJiu, 1110 1€
MPOCTO e(PpeKT CTUCHEHHSI HABKOJIO YOPHOI TIPKH, TUTBKH JIOKAJIbHUM. A YOpHa JipKa pyxa-
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€THCS 3 3aXOIJIEHUMHM 31pKaMU HABKOJIO 3araJIbHOTO LIEHTPY MAC rAJIAKTUKH 1 TUTBKH ITOCTY-
MOBO TMEPEXOUTH HA HIKY1 OpOITH. TOMY HISIKOTO 31TKHEHHS YOPHUX JIPOK Y HAHOIMKUl
COTHI MUIBSIPJIIB POKIB HE BIOYACTHCS.

Eran BuHMKHEHHS 1 (DYHKIIIOHYBAHHS IUISIM € HAMKOPOTIINUH Y IUKJII KUATTETISIBHOCTI
31pKH 1 CKJIa/Ia€, IK MU B)Ke 3rajayBajiu, 0iu3bko 500 MUTbHOHIB pOKiB. Y 1iei nepiond, He
JIUBJISTYUCh HA BIIIHOCHO HEBUCOKY TEMIIEpATYpPY il BIIKPUTOI MOBEPXHI, 31pKa 3a3HA€ HAM-
OUTBIIMX MaTepiaIbHUX BTPAT, MOB'I3aHUX 3 BUKUIAMM PEUOBUHHU 3 il HaJ1p. Pa3zom 3 moto-
KOM MPOTOHIB 1 ra3iB y KOCMOC Hie €Hepris, sika MICTUTBCS B 1X Macl, KIHeTUYHA 1 TEIJIOBa
€HEPrii, He BpaXOBYIOUM BUTPAT HA BUITPOMIHIOBAHHSI.

B 11ei1 yac Ha MOBHY MOTYXHICTb MPAIIOIOTH OOUIBA €HEPreTUYH1 peryasitopu. [Tounna-
IOUM 3 APYTroi MOJIOBUHU 1ILOTO TIEPIOAY, TOBEPXHSI TIPOTOHOBOI OOOJIOHKHU ITOYUHAE TTYJIb-
CyBaTH, BUIIPOMIHIOIOUM B YCIX Jllalla30HAaX, B 3B'SI3KY 3 POOOTOIO APYroro eHepreTuuHoOro
peryisTopa 1 cuHTe30M siiep. PedoBrHa Ha opbiTax I11ie Ma€ JOCUTh BUCOKY TeMIIEpaTypy,
CBITUTBHCS YEPBOHUM KOJILOPOM 1 BECh Yac MOMOBHIOETHCSI HOBUMHU BUKUAAMH PEYOBUHHU 3
HaJp 31PKH.

Tperiii eran. Y TBOpeHHs TBEP0i KOpH

Hacrae MOMeHT, KOJIM BCSI TOBEPXHS 31pKH BKPUBAETHCSI TOBCTUM IapoM nuiakis. [e
JIeSIKUI Yac BOHA MPOJIOBKYE 3MIHIOBATH CBOIO CBITUMICTD, CTAHOBIISTYMCH BCE TEMHIIIOIO 1
temHimorw. Came B 11el yac 3HUKA€E epyNTUBHA 3MiHA CBITUMOCTI OpOITaJIbHOI PEUYOBUHU
3ipku. [IpUNUHSAIOTHCS MOTYTHI BUKMIM PEYOBUHM 1 MTOB'SI3aHA 3 IIUM HETep1oJuYHa 3MiHA
CBITUMOCTI 111€1 PEYOBUHH.

Maca kopu 30UIbIITYETHCS, 1 3SMEHIITYETHCSI HEKOMITEHCOBAHUM €JIEKTPOCTATUYHUIN 3aPsi/l
BEPXHbBOI YACTUHU TPOTOHOBOI 000I0HKU. BijibIlla yacTrHA MPOTOHIB, sIKa 3a0e3neuyBaia
HAasIBHICTB IIbOT'O 3aPsiy, BUIJIETUIA B MDK30PSIHUM MPOCTip abo OyJia BUKOPUCTAHA ITiJT Yac
cuHTe3y sep. Paaiyc mporoHoBoi 060m0HKY 3MeHITyeThest 10 200-300 TucSY KIJTOMETPIB.
3MEHIITYEThCSI TOBIIMHA TPOTOHOBOTIO IIAPY 1 pA30M 3 HUM PO3MIp CaMOl 31PKH.

Ternep npoToHOBA 060JI0OHKA CTA€ BKPUTOIO TOBCTUM IIIAPOM TBEP/10i KOPU, OCHOBY SIKO1
CKJIaJIal0Th HEUTpalibHI aToOMU. TemmepaTypa BIAKPUTOI TOBEPXHI cTae MeHII00, Hixk 1000
9K 1 mpoaoBXKy€e 3HIKYBATUCh. BUTpaTH Ha BUIIPOMIHIOBAHHSI CTAIOTh MiHIMAJTbHUMH.

BHyTpimiH1 mapu KopH, sIKI KOHTAKTYIOTh 13 3aJIMIITIKAMHU ITPOTOHOBOI OOOJIOHKH, SIK 1
paHilie, 10HI3YIOThCS 1 BIIITPAIOTh POJIb AEMIT(PEPHOro 3aXUCTY, 110 3MEHIIY€E IBUKICTD
CTHUCHEHHS TPOTOHOBOIO IIApy, ajie Maca KOpU poCTe.

B 1ieii yac kopa nmpoaoBKY€ MyJIbCYBATH SIK I11JI€, CTUCKAIOUU TPOTOHOBY OOOJIOHKY KPOK
3a KpokoM. [TigBUIIIeHHSI TUCKY i1 KOPOIO BHACIIOK CTUCHEHHS MPOTOHOBOI O0OJIOHKHU
HampalboBY€ HAJUTUIIIKU €HEPrii, a 1€, B CBOIO Yepry, Be/le 1O HAPOKEHHSI HOBUX HEUTPO-
HIB 1 CUHTE3Y sI/Iep.

Hammmiku eneprii, ikl BAHUKAIOTh 3aBJISIKU CUHTE3Yy, POOJISTh CIPOOU MITHATH KOPY.
Takyum UMHOM, €Heprisl CUHTE3Y [Ii€ K BIOpaTop I Yac yIIUIbHEHHSI O€TOHHOI ITiJIJIOTH,
SIKMI pO3TaIllOBAaHMH IT1JT LI€O TIJIOTO¥0.

3 MOYaTKOM BUHUKHEHHS TBEP/I01 KOPHU MEPIINN €HEPreTUUHUIN PEryyIsiTop MOCTYIIOBO
BIJIKJTIOUAETHCS, 3aT€ APYTUNA PEryJISITOP MPAIIOE€ HA TOBHY MOTYKHICTb.

I Tak, Kpok 3a KPOKOM, BIIOYBAETHCSI CTUCHEHHS IIPOTOHOBOI OOOJIOHKH, ajieé YUM MEH-
ma il TOBIIMHA, TUM TapsyilllMMU € MPOTOHM, SIK1 3HAXOASAThCs MiJ kKoporo. Ha camomy
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M3HHOMY €Talll IIbOT'0 MPOILIECY BIAOYBAETHCS CUHTE3 3[COUTBIIIOTO BAXKKUX €JIEMEHTIB: 1pU-
JI110, OCMIIO, LIMPKOHIIO, 30J10Ta, ypaHy 1 T.4. Ha 11eil yac mpunuHsI€THCS MyJIbCYBAaHHS KOPU
BHACJIIJIOK 11 BeJrue3Hoi MacH. Bel HaJIUIIIKKM eHeprii, sIKi 3aJIUIIA0ThCS MICIIS TTOSIBU HO-
BUX HEUTPOHIB, MAYTh Ha IMIJABUILEHHS TUCKY 1 TEMIIEPATYPU B MOPIBHIHO TOHKOMY IIapi
MIPOTOHOBOI OOOJIOHKH, PO3TAIIIOBAHOMY MK TUIOM HEHTPOHHOI 31pKH 1 KOporo. B Takux
EKCTpeMaJIbHUX YMOBAX, HEMOB OU MI’K MOJIOTOM 1 KOBA/IJIOM, CHHTE3YIOThCSI BaXKi eJemMe-
HTH, TOMY 11O ISl IILOTO I1e Tpeba 1 ayke 6arato HeUTpoHiB. OJHUM 3 caMHUX KpalHIX B
IbOMY IEPEJIIKY BAXXKHX €JIEeMEHTIB CUHTE3YEThCsl ypaH 238.

Bpemiti-pemir, Bcsi IpoTOHOBA 000OJIOHKA OMUHSIETHCS NIEPEPOOIECHOI0 B TBEPAY KOPY 1
TOBIIMHA APy 111€1 KopH A1t Haroro CoHIls CKi1aaae 6IM3bpKo 7-8 TUCSY KiToMeTpiB. ToOTO
il po3MipH BIAMOBIAAIOTE PO3MIpaM HAIIo1 3eMTi.

B Toif yac, KoM B HUXKHIX IIapax MPOTOHOBOI OOOJIOHKH CUHTE3YIOThCSI BaXKK1 €JIEMEH-
TH, B BEPXHIX IIapax TBEPAOI KOPHU, KA OXOJIOIKYETHCSI KOCMOCOM, (DOPMYIOTHCSI MOJIEKY-
JI1 1 XiMIYHI cionyku. OcoOIMBO JayKe aKTUBHO Jl€ KUCeHb. BiH cTBOproe ayxe OaraTto
CIIOJIYK B 31PKOBIM KOPi 1 B TOMY YHCJI1 BOAY, JBOOKHUC KPEMHIIO JIBOOKHC BYIJIEIIO 1 TaK
JlaJti.

TaxkuM YMHOM, Ha KIHElb TPOLIECY CTBOPEHHSI TBEP/I01 KOPHU B Hill MICTITHCS MaiKe BCl
€JIEMEHTH TIePIOJIMYHOI CUCTEMH, a TaKOX OaraTto XiMiuyHUX croyryk. CepeHs IIUIbHICTh
kopu 1151 Hamroro Conis ckiiagana 6im3bko 1,1-10* kr/M? B 3B'13Ky 3 BeJIMUe3HUMH IPaBi-
TalIfHUMU CHJIAMHU 1 TIEIO YTPYCKOIO, 3a SKMMU BoHA Oyia chopmoBaHa. besayMoBHO, HUX-
HsI YaCTUHA KOPH 0e3MOCepe/IHhO HE KOHTAKTYE 3 MOBEPXHEIO0 HEUTPOHHOI 31pku. Paiariii-
HUM TUCK HE JI03BOJIUTH BIIOYTUCS TAKOMY KOHTAKTYy. A, 3 Apyroro 60Ky, Kopa, 10CSITHYB-
1T MAKCUMaJIbHO MOXJIMBOI IIIJIBHOCTI, OyAy€e MilTHE CKJICTIIHHS 1 HaBITh 3a Oa)KaHHSIM He
3MorJjia 0 HAOJIU3UTHUCS IO TTOBEPXHI HEUTPOHHOI 31PKH OJIMIKUE JISSIKOTO PIBHS, HE TUBIIS-
YHCh HA BEJIMYE3HE IpaBiTAIliiHE TSKIHHS 10 31PKH.

TakuM YMHOM, MIDK ITOBEPXHEIO HEUTPOHHOI 31pKH, TEMIIEpATypa SIKO1 3aJIMIIAETHCS Ha
piBHi 15 000 000 °K i 3axuIlieHa eHEPriero eNeKTPOHIB, 3aBXKIU € BeJIMKa ImtnHa. s mimm-
Ha 3a0e3Mneuye 11aBHUM nepexia remnepatypu Big 15 000 000 °K mo remnepatypu BHYTpIIII-
HbO1 ITOBEPXHI TBEPJI0i KOPH B JieKiTbka Tucsd rpaayciB Kenbsina. [1naBHicTh 11bOTO IIEpe-
X0y 3a0e31euye eHeprisi CHHXpOTPOHHOI'O BUITPOMIHIOBAHHS €JIEKTPOHIB.

Tpeba BiA3HAUYWTH, 1110 MIUIMHA 3aXapallleHa eJIeKTPOHAMH, SIK1 3AJIUIIMIIUCS 3aiBUMU
TTICJISI 3aBEPIIEHHS ITUKJTY B 3B'SI3KY 3 BIIJIbOTOM OUTBIIOI KUTBKOCTI IIPOTOHIB HIXK €JIEKTPO-
HIB Y KOCMOC.

Ha pucynky 2.4 300paxeHo npuOau3Huil Burisig Hamoro COHIIS MICIs 3aBEpIIeHHS
(opmyBaHHS TBEP/10i KOPH.

[Hupuna mimnHU cKitagae He Menie, Hix 1000 kM. 3aBasku pagialliiHOMY TUCKY, HHK-
HS YaCTUHA KOPH, SIKA CKJIAJIA€ThCS B OCHOBHOMY 3 PIAKOTO ypaHy 238 1 MpOAYKTIB HOTO
po3majiy Ta IHIINX BaKKUX PaIOAaKTUBHUX €JIEMEHTIB, TPUTUCKAETHCS O TBEP/IOi KOPH, a
HE 1aJ1a€ Ha TTOBEPXHIO HEHTPOHHOI 31PKHU.

B 3B's13Ky 3 THM, 1110 TPOLIECH CUHTE3Y MPOXO/ISITh BECh YaC B MPUCYTHOCT1 HEUTPOHIB, TO
3pO3yMLIIO, 1110 YACTUHA 3 HUX MTOTJIMHAETHCS ypaHoOM 238 1, 3T1JTHO 3 BIAMOBITHUMH SIJICPHU-
MU pEAKIISIMU, TAK CaMO $IK 1 B SIZICPHUX PEAKTOPaX, B HUKHIN YaCTHUHI KOPHU YTBOPIOETHCS
Ty TOHIM 239:

U 238 4 Onl N 92U23.9 N 7160 + 93sz3.9 N 7160 + 941)239'
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Pucynok 2.4 — 3ipka nicJjisi 3akiHueHHsi ) OpMyBaHHsS TBEP/I0i KOPH.
1 — TU10O HEUTPOHHOI 31pKU; 2 — EIEKTPOHU; 3 — TBep/aa Kopa; 4 — 10HI30BaH1 aTOMH; 5 —
IIIIMHA; 6 — HEUTPOHU TiJIa HEUTPOHHOI 31pPKH; 7 — MPOTOHMU.

Kpim Toro, B pe3yiabTaTi paiioaKTUBHOT'O PO3IIay TOT'O K IUTyTOHIIO 1 HABITh ypaHy 238,
B 3B'S13KY 3 MPOTSIKHICTIO MPOLIECIB B YaCl, CTBOPIOIOTHCS HOBI 130TOIHM: ypaH 2351 ypaHn 233,
SIK1 TAKOXK, SIK 1 TNTYyTOHIH, 31aTHI MIATPUMYBATHU JIAHILFOTOBY SIACPHY PEAKIIIIO.

dopMyBaHHS TBEPAOI KOPU 3aKIHUYETHCS ITPOTATroM S — 7 MibspaiB pokiB. Hacrae piB-
HOBara, KOJIM He MPAIOI0Th Hi MepIIui, Hi ApYyruid eHepreTuyHi peryisrtopu. Kopa, sika
OXOJIOKYETHCSI KOCMOCOM, BUKOPUCTOBYE TEIJIOBY €HEPTio aedopmariii CTUCHEHHSI, a Ta-
KO TEIUIO XIMIYHUX peakIlii, siki B Hil BigOyBaroThcs. He3Baxkarouu Ha 11e, TeMmiiepaTtypa
BIZIKPHUTOI MMOBEPXHI KOPH MOCTYITOBO 3HIKYEThCS. Taka piBHOBara TpuBae ACKUTbKA MiJTb-
SIP/1B POKIB.

Komenmap aemopa
Beuipni Bicri Big 13.01.2005:

AMepHUKaHCKHE AaCTPOHOMBI 3aIBHJIM, YTO UM YAAJI0Ch U3YYUTh TPU caMble OOJIbIITNE 3BE3/IbI B HCCIIE/I0-
BaHHOM 4eJIOBEKOM KocMuueckoM IpoctpancTBe. Kak muiier "The New York Times", muamMeTp 3TUX Tpex
KpacHbIX cynepruraitoB — KW B co3Be3quu Crpenbua, KY B co3pesauu Jlebens u V354 B cozseznuu Lle-
(best — cocTaBisieT MUITUAP/IBI KUITOMETPOB. To ecTh pazMep Kax1oi coctassieT 3,4 miup. Hammx CoJTHII.
"Tenepb MbI 3HaEM, KAKMMHU OOJIBIITIMHA MOTYT OBITh 3Be3/1bI", — 3assBri1 Puyunm Maccun U3 o0cepBaTOpUH
Jloyanna (Apu3oHa), KOTOPBIN BO3IJIABIISLT KOMAaHAY HccieoBaTeneidl. ACTpOHOMBI OTMEUAIOT, YTO, BO3-
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MOYKHO, KPYITHEE 3THX 3BE3]I MOXKET OBbITh TOJIbKO KpacHbIH cynepruraT VV B co3Besnuu Lledes, omHako
OH CHJIPHO Ae(hOPMHPOBaAH IT0JT JICHCTBUEM I'paBUTAIIUN COITYTCTBYIOIIEH IJIaHeThI, coobtiaeT "["azera.Ru".

Y THX, XTO NpPOYUTAB PoOOTY, TBEP/:KEHHS NP0 3iPKH, JiaMeTpH IKUX CKJIAJAAI0Th MiJIb-
SIPIM KiJIOMeTpiB, BUKJINYE TLILKH MOCMILIKY. AMEPHKAHCbKI acTpOHOMH 3adikcyBajiu He
po3Mipu 3ipok, a 1iaMeTpu opoiT, HA AIKi OyJ1a BUKMHYTA peyoBHHA ¢ X 3ipok. CnpaB:kHi
Po3MipH HMX 3ipOK B YCSKOMY pa3i He nepeBHILYIOTh Po3MipiB Hamoro CoHus, a MOKJIMBO
e MeHmi. ko Bonu 3a macoro HaBiTh y 10-20 pa3iB nepeBuiryroth Hame CoHile, TO 1 TOII
3 MOYATKOM YTBOPEHHsI TEMHOI KOPH PO3MipH caMHX 3ipOK 3MeHIIYIOThCS 710 JeCATKIB i co-
TeHb THCSY KiJIoMeTpiB. Xo4a po3Mip NPOTOHOBOI 000JIOHKH B TAKHX 3ipOK MIr cKJajaaTu
JIeKiIbKA MIJIbHOHIB KIJIOMETPIB y JiaMeTpi.

Koum name CoHue 3akiH4yBaJjio cBiil TpeTiii eTan nepuoro cBOro uKJIy, T0 BOHO BUKH-
HYJIO po3lieyeHy MaTepito Ha opoiTy i B paiion FOniTepa i Catypna. A giaMeTp Takoi opoiTH
ckJaa€e npuo/an3Ho 20 acTPOHOMIYHHX OJIMHMIIB, TOOTO 3 MiJIbAPAN KioMeTpiB. SAkOu Mu
3MOIJIN B TOii yac cnocrepiratu 3a HamuM CoHueM, To i HaM 0u 31aj10cs1, o Hame CoHile
Mae JiaMeTp JAeKiJIbKa MUJIbSIPAIB KiJIoMeTpiB. AJie 1ie 30BCiM He TaK.

Yereepruii eran. PylinyBaHHsI TBep0I KOPH i cniajiax 3ipku

L5 piBHOBara mopyuryeThbcsi TO/i, KOJIM OXOJIOJKEHHS 30BHIITHBOT TOBEPXHI KOPH BEJIE
JIO 3HMKEHHS TEMITEpaTyPH B IIUIMHI MK ITOBEPXHEIO HEMTPOHHOI 31pKU 1 Koporo. Ham Bxke
BiZTOMO, SIK HEUTPOHHA 31pKa pearye Ha OXOJIOKEHHS CBO€EI MOBEPXHIi. 3pasy K BKIIOUAETh-
Csl TIEPIIUIA EHEPTeTUYHUM PEryJIsToOp, SKUH Ha JOMATOK /10 €HEeprii MoOYrMHAE BUPOOISATH
MIPOTOHU 3 30BHIIITHLOTO APy HEUTPOHIB HEUTPOHHOI 3ipKHU. | TYT Barome CIIoBo TOBOPUTH
SIBUIIIE TT1]T HA3BOIO IHEPIINHICT TEINIOBUX MPOILIECIB. BUpOOIISI0UM MPOTOHU 1 €JIEKTPOHU 1
MIJIBUIIYIOUM TeMIIEpaTypy IMIUIMHUA, HEUTPOHHA 31pKa MPOJIOBXKYE 11e pOOUTH I10 1HEPIIII 1
TOJIi, KOJIX Yepe3 Ty XK IHEPIIIHHICTD TEIJIOBUX MTPOIIECIB KOpa HEe BCTUTA€E BUKOPUCTATH TeTl-
JI0, sIKe BUPOOJISIE 3ipKa JUIs il 00irpiBaHHsA. o TOTO X, pO3IrpiB KOPU MOXKE BUKIMKATH
JTI0JIATKOBE HAJIXO/KEHHS €HEPrii 3a paXyHOK XIMIUHMX PEaKIIIi.

Topi i KOporo B IIUIMHI BUHUKAIOTh HAUIUIIKUA €Heprii. ABTOMATUYHO BKITFOUAETHCS
JIPYTH eHEPreTUUHUIN PEryJsiTOp, SIKUA TIEpeTBOPIOE MPOTOHU Ha HelWTpoHHU. i yac iiporo
MTO3UTPOHH, K1 BAHUKAIOTh, AHITUTIOIOTh 3 €JIGKTPOHAMU, TTIBUIIYIOUH I1Ie OUThIIIE TEMITepa-
Typy IUtMHU. [ToTyXHUI NOTIK HEUTPOHIB PI3HUX €HEPrii, YTBOPEHUX 3 IPOTOHIB B IIUINHI,
IIPOHM3YE MO BC1H BHYTPIIIHIM ITOBEPXHI KOPH IIAPH YpaHY 1 IUTYyTOHIIO, BUKJIMKAIOYH JIAHITIO-
OBy peakiifo. Pi3HUIIS MIDK TAKUM aTOMHUM BUOYXOM 1 aTOMHOIO OOMOOIO 36MHOTO TTOXO-
JOKEHHSI CKJIaJTA€ThCS HE TUTHKH 3 TTIOTY)KHOCTI BUOYXY, ajie i 3 TOTO, IO TYT Ha JJOIaTOK ITOTO-
Ky HEHTPOHIB, SIKW BUHUKA€E BHACIIJIOK JIAHIIFOT'OBOI PeaKlili, 111e OJMH MOTIK HEUTPOHIB e
13 30BHIIITHBOTO MPOCTOPY MO BITHOIIEHHIO /10 BUOYXOBOI PEUOBHHU. TOMY B YMOBAX 31pKU
He MOTPIOHO KPUTUYHOI MAaCH PEUOBHHH, SIKA ILUIUThCS. Bee, 1110 Moke po3auIuThCs, po3/Ii-
JINTHCS HE3AJIEXKHO BIJT MICISI 3HAXO/KEHHS 111€1 PEUOBMHU B HIDKHIN YacTuHI Kopu. Pozmi-
JINTHCS 1 yacTuHa ypaHy 238. A caMa Kopa € 17ieaIbHUM BIIIIITOBXyBaueM HEHTPOHIB.

AOCOIIOTHO BCl IPOTOHM, SIK1 3'SIBUJIMCH B IIIJIUHI, IEPETBOPIOIOTHCS HA HEUTPOHH 1 Oe-
PYTh y4acTh B siiepHOMY BUOYXY. S nepHuit BuUOyx 6araTopa3oBo 30UIbIIUTHE TEMIIEPATYPY
IIIJIAHYA 1 TUM CaMUM 30UTBIINTD MIBUKICTh PYXY €JIEKTPOHIB HE TUIbKU B IIUIMHI, aJie ¥ y
BCii Kopi. EHepris eJIeKTpOHIB, sIKa OJIEP)KYETHCS Bl MATHITHOTO TIOJISI 31pKH, PO3TPOIIUTH
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KOpY 1 MIKKHE 11 Bropy, NEPEeTBOPUBIIMN Ha XMapy 3 ra3iB Ta mury. Ha coTHI MUIbHOHIB
KUTOMETPIB 3/IIMMEThCSI HAJT TOBEPXHEIO HEUTPOHHOI 31pKU XMapa, SKa MiAMOPSAKOBYEThCS
3aKoHaM Teopii BUOyxy. ILIBUAKICTB, IKY OJIEP)KUTH PO3TPOILIEHA KOpa, JO3BOJIUTH 11 XMapi
CTaTU CyNMyTHUKOM 3IPKH 1 HE TIOBEPHYTUCH Ha MOBEPXHIO 31pKU. HacTrHA ras3iB 1 JIETKUX
€JIEMEHTIB 30BCIM 3aJIMIIATh 31PKY.

3Ha04YM Macy KOpH, MOKHA BU3HAYUTH eHeprio BUOyxy. JlaJi 1e siBuilie Mu 6y1eMo Ha-
3UBATH criajaxoM. [J1st Hboro HaM MOTPIOHO BU3HAYMTHU CEPEIHIO IIIBUJIKICTD, SIKY OTPUMAE
KOpa, JTOCATHYBIIU MEePIIO] KOCMIYHOI IIBUIKOCTI. AJie CIOYATKY, JJIsl CHPOIIEHHS po3pa-
XYHKIB, TpeOa MpUHHSITH YMOBY, 1110 Maca KOPH 30CepeKeHa B 000IOHII], KA 3HAXOIUTh-
cs Ha cepeAHii BifcTaHl R Bl IEHTPY HEUTPOHHOI 31PKH.

3 BpaxyBaHHSM 30UIbIIIEHHS TUTOMOI Bar HUXKHIX IIapiB KOPHU, a TAKOXK HASIBHOCTI II1i-
JIMHM, 1IeH paaiyc mrs Hamoro CoHis ckiaje npubiustao 4000 kv a6o 4,0-10° m.

Bennmuuny nepiinoi KOCMIYHOI IIBUJIKOCTI BU3BHAYMMO 3 GOPMYJIH:

V2= GM/R,

Jle V — nepia KocMiyHa IIBUJIKICTh HA BIACTaH1 R Bif IIEHTPY HEUTPOHHOI 31pKH,

G — rpasiTariiiina craia,

M — maca 3ipku,

R — yMoBHUii paaiyc kopu.

Toni KiHETUYHA eHepris, SIKy OTPUMYE Kopa I yac crianaxy 3ipkud W3, CTaHOBUTb:

W, =mV?2=mGM/2R,

JIe m — Maca KOpH.

Tomi W, =1,7-10% Ix.

JIU1st THAKOPEeHHS APYroi KOCMIYHOI IIBUJIKOCTI 11 eHepris moBuHHaA Oyt y 1,41 pasa
OuTbIa. SIKIIO B3STH /10 YBAaru TEIJIOBI BUTPATH HA PO3ITPIB KOPU i Yac BUOYXy, BUTpATH
EHEprii Ha MeXaHIuHe PyHHYBaHHSI KOPH, MOKHA TPUMHSTH 3arajibHy €HEPIiio crajaxy Ha-
moro Conus 6;1u3bKo10 10 (4,0-5,0)-10% Ix.

Sk1110 3poOuTH (haHTACTHUHE TTPUITYILIEHHSI, 1110 OMH BIJICOTOK MAaCH KOPH CKJIAIA€ ypaH, SIKU
PO3OUTHBCS, TO 1 To/i ofepxkaitu 6 enepriro Bcboro 0,01-10% kr x 8,4-10 Ix/kr = 8,4-10% [Tx.

Lle mente, Hixk 1/50 Big HEOOXiTHOT eHeprii M1 3a0e3nedeHHs cranaxy. Tob6To OCHOB-
HUM eHEPreTUYHUN BKJIa]T 3a0€311e4yI0Th €JIeKTPOHHU, SIKI BUKOPUCTOBYIOTH SIIIEPHUI BUOYX
SIK J€TOHATOP JJ1s1 301IbIIIEHHS CBOET IIIBUKOCTI.

Mu Bke 3rajyBajiv mpo Te, 1[0 HEUTPOHHA 31pKa 3 BEJIMKUMU TPYIHOIIAMH BIIIYCKa€e
BIJI ce0e eJIEKTPOHH, SIKI HAPOKYIOTHCS 3aBISIKU POOOTI MEPIIOTro eHEPTeTUYHOTO PeryJis-
topa. I Ti 37e01IbIIOr0 HAKPYUYIOTh CIIpaji HABKOJIO MArHITHUX CHJIOBUX JIHIM OIS 11
noBepxHi. TakuM YMHOM, B IIUIMHI BXXE 3a3/4aJI€T1/Ib CTBOPIOETHCS HAJITUIIIOK EJIEKTPOHIB.
B xocMoc TpoTOHIB BiijIiTa€ OUIBIIE, HIXK €JIEKTPOHIB, X0Ua HAPOIKYETHCS PIBHA KIJIBKICTb.

ITix yac ckimaganHs enepreTuaHoro 6agancy CoHIist MU OOTpyHTYyeEMO HUDPY, sIKa BIAIO-
BIJIa€ YMCIY €JIEKTPOHIB y IIUIMHI. A MOKH 110 IIpuitMeMo 11 6€3 KOMEeHTapiB MPUOIU3HO
piBHoO 1,0-10% enexTponiB. EHeprist, siKy Il €JIeKTPOHM BIAZAIOTH KOPI i Yac Crajaxy
Con, ckitagae npudausao 1,0-10%-1000MEB = 1,0-10°'MEB = = 1,6-10*®/1:x. Ha gona-
TOK J10 1IboT0 He MeHIe HixK 1,0-10°° BIIbHMX €IIEKTPOHIB 1 CIEKTPOHIB, YTBOPEHUX ITiCIIS
10HI3aI1il ATOMIB KOPH IIi] 4ac BUOYXYy, I11e 10JaayTh B cepeaabomy o 20MEB eneprii. Lls
erepris ckiaazge 1,0-10%° - 20MEB = 2,0-103'"MEB = = 3,2-10%® [Ix.

Bcboro enexktponu 3a6e3meyatsh mpubian3Ho 4,8-10% [Tk eHeprii, IKOl BUCTAYUTH TS CITa-
saxy CoHusl.
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MoskHa Oys10 6 CyMHIBaTHCS B IIbOMY TTapaIOKCaIbHOMY (haKTi, 1110 OUTBIIICTh EHEPTOEMHMX
MPOLIECIB HA 31pKaX, B TOMY YMCII 1 CHaJIaxy, 3a0e3MeUyI0ThCSl €HEPIi€l0 CHHXPOTPOHHOTO BU-
MIPOMIHIOBAHHSI €JIEKTPOHIB, SIKOU 11€ SIBUIIE HE OYyJ10 T0Ope BUBYEHE B 3eMHUX yMOBax. besrie-
PEUHO, MOTY>KHE MATHITHE T10JIe HEUTPOHHOI 31PKU € MEPIIOTTPUIMHOIO TAKOTO (heHOMEHA.

Toii hakT, 110 Mij Yac TAKOr0 KOJIOCATIBHOTO BI/I6yxy cama HCPITpOHHa 31p1<a JIMIIAETHCS
LLJI0I0 1 HEYIIKO)KEHOI0, TOBOPUTH PO HEAOUSIKY MIITHICTh MATEPil y BUIJISIAI HEUTPOHHOI
MJIa3MU.

SIKIIO BXKe TaKUM MOTYXHUM BUOYX HE 3MII HIYOTO BIISITU 3 HEUTPOHHOIO 31pPKOIO0, TO,
sICHA plY, 3a IHIIKX YMOB BOHA HIKOJIM HE CTaHe I¢ MUIbHIIOoK0. Kol 3aKIHUMThCS CTUC-
HEHHSI TAJIAKTUKH, 1l HEUTPOHU MEPETBOPSTHCS HA XBUJII BUCOKUX €HEPTrii I TOro, 11100
3HOBY CTaTH HEUTpoHAMHM. ICHyBaHHS MaTepil B HEUTPOHHIN (hopmi BIIOYBAETHCS JIUIIIE 3
HE3HAYHOIO NIEPEPBOIO HA BUTIKAHHS XBUJIb BUCOKMX €HEPTIi.

Mo>xHa 3po3ymitu BueHoro llIBapimunbaa, skuit maitxke 100 pokiB ToMy, HE BOJIOIIIO-
Yy 1i€ro 1HpopMalii€ro, 3poOUB MPUITYILIEHHS, 1110 HEUTPOHHA 31pKa 3a MEeBHUX YMOB MOJXE
cTaTH 1e muIbHIImo. Tol 3a glamerpa npubiusHo 8,5 kM Hate CoHlie cTaio 6 YOpHOO
nipkoto. Ile mpunymenns maiike Ha 100 pokiB 3arajibMyBajlO0 PO3BUTOK acTpOdi3UIHOI
Hayku. Tak 3BaHuii "Konmarc" 3aBojio/1iB posyMoM BueHuX. [1oTim, 6e3 BpaxyBaHHS JISSIKUX
MIPOIIECIB, SIKI BIIOYBAIOTHCS B KOCMOCI, JIFOJU 3MOJCITIOBAIM Ha KOMIT'IOTEPl YTBOPECHHS
MPOTO31PKU 3 ra3iB Ta MUJy.

AJte 111 MOZIeNIb HEe BpaxoBYBajla HAJUJIMIIKOBOTO TTO3UTUBHOIO 3apsily MPOTOHIB, KU
MpUTAMaHHUI BUKUHYTIH B KOCMOC peyoBUHI. HasBHICTh TAaKOTO HAUTUIIIKOBOT'O 3aPSTy
HE JIACTh MOXJIMBOCTI YTBOPUTH MPOTO31pKy. Ta BOHM HIKOMY 1 He MOTPiOHI. 30UpaTH BU-
KUHYTY PEYOBHHY € KOMY 1 0e3 HuX. L{s1 BUKMHYTa peuOoBHMHA Ma€ 30BCIM IHIIIE MPU3HAYCH-
Hs. BoHa 3a0e3neuye CTUCHEHHS TaJTaKTUKH.

CkunHyBIIHU 3 ce0e 3a TOMOMOTI0I0 €HEpPril eJIeKTPOHIB KOPY, HEUTPOHHA 31pKa MOUYMHAE
CBIM HACTYITHUN LMKII KUTTEMISIIBHOCTI. TemriepaTypa ii TOBEpXHI B ITOYATKOBUI TE€P10]1
Ha/IIMHO 3aXMIIleHAa CUHXPOTPOHHUM BUITPOMIHIOBAHHSIM €JIEKTPOHIB 1 €EKPAHOM XMapH 3
MUAJTY Ta ra3iB. 3 OXOJIOKEHHSIM HaBKOIUIITHBOTO CEPEIOBUIIA 1 TOYATKOM IHTEHCUBHOT'O
OXOJIOJIKEHHS 11 MOBEPXHI, 3HOBY aBTOMATUYHO BKJIIOUAETHCS MEPUINNA €HEPTeTUUHUIN pe-
TYJIATOP, 1 MOUYMHAE (POPMYBATUCS TPOTOHOBA OOOJIOHKA.

Takuii UK )KUTTEAISITBHOCTI 6araTopa3oBo MOBTOPIOE KOXKHA 13 COTEHb MUIBSIP/IIB 3i-
POK HaIlIol Ta IHIIUX rajgakTuk. [Tpo 4opHi Aipku TyT He HaeThcs. BoHU TUTbKU 30MpatOTh
BUKUHYTY PEUOBHUHY.

CBIT 31pOK HaM 3/1A€ThCSI PI3HOOAPBHUM JIUIIIE TOMY, 1110 KOXKHY 31pKY MU CIIOCTEPIraEMO
Ha CBOIM cTajili po3BUTKY. AJie BCl HUKIN (DYHKIIIOHYBAHHS 31POK IO CBOIM CYT1 OJTHAKOBI.

Ternep cTajio 3p03yMiJIo, YOMY MOJIOJII TAJIAKTUKU Maiike Ha 98% CKITagaroThCsl 3 HEUT-
POHIB. 3 TTOYATKOM CBOI'O HOBOI'O HUTTS IIC/S CrAJIaXy TaJlaKTUKHU 31pKU BUKUIAIOTH B
KOCMOC YaCTUHY CBO€I PEUOBUHU JIJIsI 3/IIMCHEHHS] MEXaHI3MY CTUCHEHHS TaJIaKTUKU, 1 Bij-
COTKOBA J10JIs1 HEUTPOHIB MOCTYIOBO 3MEHIIYeThCs 10 70-80%.

Bik Hamoi ranaktuku cknajaae npuonausHo 20-25 minesapaiB pokiB. Hare CoHIle 3aKiH-
YHII0 TEPIIHI IIUKJI CBO€T KUTTEMiSUTLHOCTI, CKUHYBIIH 3 cebe Kopy. Moro cranax BinbyBcs
puoInu3HO 4,5 MiTbspaa pokiB ToMy. CoHile chopMyBajio HOBY IPOTOHOBY OOOJIOHKY 1
3HAXOAUTHCS HA MOYATKY APYroro eramny UMKy XKUTTeAisIbHOCT. Hagam moyHyTh 3011b-
IyBaTUCh BUKUIU pedoBUHU 3 HaJip CoHIls Ha OpOITH 00epTaHHS HABKOJIO HHOTO 1 B MIXK-
30PSIHUM MPOCTIP.
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Cnanaxu HaJHOBHX 3IPOK i IOBTOPHI CHAIAXU 3ipOK

JInmmiocst TOroBOPUTH MPO Ccrajaxy HAJHOBUX 31pOK 1 MOBTOPHI criajiaxu 31poK, a Ta-
KO TIPO MIHJIUBI 31pKH.

IIo cTocyeThbcs criajiaxy HaJHOBUX 31pOK, TO TYT BCE BUIVISIAAE JIy>Ke MTPOCTO. 3a Macu
31pkH, sika nepeBuiiye 20 mac Hamoro CoHIls, ITiJ1 Yac ii criajaxy micis 3aKiHYeHHS Yepro-
BOTO ITUKJIY JKUTTEAISUTLHOCTI (JIJ1S1 HAIIIOI TaJJaKTUKU 1€ TIEPIINH IIUKJIT KUTTETISIIBHOCTI
TaKUX BEJIMKUX 31pOK) AaTOMHMI BUOYX HaOyBae Takoi CHJIM, 110 OLIbIIA YaCTUHA BLIbHUX
EJIEKTPOHIB y caMiii KOP1 OTPUMYE PEISITUBICTCHKI IIBUAKOCTI. BpaxoByroun 3HAYHO BHIILY
HAIPY>KEHICTh MATHITHOTO MOJIsl TAKO1 MAaCUBHO1 HEUTPOHHOI 31pKH, MPOIIOPLIMHO 3pOCcTae
CepeIHSI EHePrisi CHHXPOTPOHHOTO BUIIPOMIHIOBAHHS €JIEKTPOHIB HE TUIBLKH B IIIIMHI, a i B
yciit kopi. Lliel eHeprii BUCTauae He TUIBKU HA MEXaHIYHEe PyHHYBaHHS KOPHU, ajie 1 Ha po3i-
I'piB XMapu 3 Uity 1 ra3iB 10 5-10 Tucsu rpaayciB KenbsiHa.

He ckimagno migpaxyBaTu mpuOJIU3HY €HEPrilo, Ky 3a0e3MeUyI0Th CIEKTPOHHU Iif Jyac
cliajaxy Tak 3BaHOI HAQJIHOBOI 31pKU. TepMiHN MU 30epiraemo, ajie BOHM YMOBHI, TOMY 1110
30BCIM HE BIJIMOBIJIAIOTH CYyTI MPOIIECIB, sIK1 BiAOyBatoThes. I1paBuibHo Oyi1o 6 ckazaTu —
criajlaxyi MaCUBHUX 31POK.

ITix yac popMyBaHHS IPOTOHOBO1 000JIOHKH 1 KOpH Hallie CoHIle HAITpallbOBYE MPUOIN3-
HO 2-10% enexkTpoHiB. 3ipKa 3HAUYHO OLIBIIOI Macu CTBOPIOE CIIEKTPOHIB Y ACCATKHU pa3iB
oinpine (He MeHime Hix 2-10°). Binbima yacTuHa 3 HUX 3aJMINUTh 3ipKY ITiJ YaC BUKHIIB
peYOBUHU. AJI€ SIKIIIO HABITh OJ{HA COTA YACTUHA €JIEKTPOHIB 3IMIITUTHCS BUTHHOIO B IIIUIH-
H1 1 KOpi 1 JocsarHe eHeprii B ceperabomy 500 MEB Ha oi1H eJ1IeKTpOH, TO 3arajbHa eHepris
criajiaxy ckJjajie mpubIn3HO

2-10* - 500 MEB = 1,0-10°"MEB = 1,6-10%]1x.

TakuM 4MHOM, €HEpris crajaxy TaKoi 31pKHU MEePEeBUIIUTh €HEPrilo crajiaxy Halloro
CoHug Maiixke B MUTbHOH pa3iB. I e He Mexa. 31 301UIbIIEHHSIM Macl HEHTPOHHOI 31pKHU
Bce OubIne 1 OUIbIIEe eNEKTPOHIB OyAyTh 30UTBIIYBATH CBOIO €HEPTIIO ITJ1 Yac crajaxy.
Tako 30UTbIITYETHCS 1X Cepe/IHsI eHEPrisd Ha OMH eJIeKTpoH. Came ToMY BCsl 3pyiiHOBaHa
KOpa Takoi 31pKHM ITICHIS crajaxy Ha3aBKIu 3ajIdIlae 31pKy 1 CKOPIII 3a Bce 3abupae 3
coboto Bcl 11 umaHeTH. TTicis cranaxy 3aJMIaeThCs TUTBKU TUIO HEUTPOHHOI 31PKHU 1 O1J1b-
1I€ HIYOTO.

Jle1o ckiiaIHiII CIIpaBy 3 TOBTOPHUMM criajlaxaMH 31poK. Sk Bxke 1aBHO BiIOMO, Oara-
TO 30PSTHUX CUCTEM CKJIAJA€ThCS 3 IBOX 31pok. Harosocumo, 110 TUIbKK B IIUX CUCTEMax
CIIOCTEPIralOThCs MOBTOPHI cliasiaxu. [HOAl BOHU criallaXyloTh BTPETE 1, HABITh, BUETBEPTE.

Oxpemi MOOANHOKI 31pKH, Taki K Haiie CoHIle, ClalaXyloTh TUIBKU OJIMH pa3 3a OJUH
LUKJI. AJle B CTapuX ralaKTUKaX MOOJMHOKI 31pKU MOXYTh ClaJIaXyBaTH 1 JICKIJIbKa pa3iB
3a nukJi. Lle moB's3aHo 3 MPOIIECOM CTUCHEHHS FAJIAKTUKHU 1 HAJIXO/KEHHSIM PEYOBUHU 3
BEPXHIX OpOIT Ha OpOITH 31POK 3 BIKPUTOIO MPOTOHOBOIO 000J10HKO0. ITpo 11e Oye Tu
MOBa HUKYE.

CriouaTky 3ylMHUMOCH Ha caMiii MPOCTIN CUTYyallli B CUCTeMI 3 JBOX 31pOK. 31pKU HApoO-
JIAJTACS MalKe OJTHOYACHO, 1 IKIIIO BOHU MalOTh TPUOJIU3HO OJHAKOBY Macy, TO 4ac IXHbO-
ro cliajaxy MOKe CIIBIAacTH. AJie TaKy CHUTYaIlll0 MU IIPOCTO He OyjeMo OpaTH 70 yBaru,
TOMY 1110 BOHA BUTIIsiAA€ TOCUTh mTy4dHO. Ti 30-50 pokiB, sIK1 BIIUISIOTH CHAIaXu 000X
31pOK, Jy>Ke MaJTi JuIs 3IpKOBUX BUMIPIB yacy. Taka cuTyalliss MOXKIIMBA, aJIe MU PO3TIISTHEMO
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peanbHimn Bunajaku. CriouaTky 3'scyeMo (hakTopH, K1 OyyTh BINIMBATU HA OOWIBI 31pKH
CHUCTEMH 3 JIBOX 31POK ITiJT Yyac crajiaxy OJHI€I 3 HUX.

ITo-niepirre, 11e crmBBiAHOIIEHHST Mac 1uxX 31pok. Ilo-apyre, 1ie BiacTanb MK HUMHU. [1o-
TPETe, 11 CTaH APYroi 31pKH IIiJT Yac crajaxy Iepiroi (ToOTO Ha IKOMY €Talll CBOTO ITUKITY
KUTTEIISUTBHOCTI BOHA 3HAXOAUTHCS: YU Ha cTall PopmMyBaHHSI IPOTOHOBOI OOOJIOHKH, YU
B)K€ Ha CTalli yTBOPEHHS TBEPAO1 KOpH 1 T.1.). 1i3HilIe MU MOTOPHUMO TIPO KOKEH (haKTOp
JIOKJIagHiIe. AJjie CmovyaTKy 3'sCyeMO MeXaH13M MOBTOPHOTO CITajiaxy 31pOK, sIKUii Bi10yBa-
€THCS B MOJABIMHUX 30PSTHUX CUCTEMAX.

VsaBiMo cobi ABI 31pKH, K1 00EPTAIOTHCS HABKOJIO 3arajJibHOTO LIEHTPY Mac 3 MepioioM
30-80 pokis. (Komu Oyzae T MOBa PO MIHJIMBI 31pKH, MU OOTPYHTYEMO, YOMY MA€ MICILIE
caMe Takui nepioj, a He 3-4 100u.) 3aKIHYMBIIU MEPIINUI IIUKII CBOTO PO3BUTKY, ClIAIaAXy€e
OJIHa 13 31pOoK. SICHa piy, 1110 B IbOMY BUIIAJIKY CITaJIaXHE MEHIIIA 3a MACOI0 31pKa, TOMY 110
i1 Tpeba 3HaUHO MEHIIIe yacy Ha ()OpMyBaHHS IIPOTOHOBOI 0OOJIOHKH 1 TBEP/101 KOPH ITOPIB-
HSTHO 3 31PKOIO OLIBINO1 MacH. SKIIO Macu 31pOK CyTTEBO BIPI3HIIOTHCS, TO HaAajll BCE 1€
MOJKe MEPEMIIIATUCH Y 3B'SI3KY 3 PI3HOIO JOBIOTPUBAIICTIO ITUKIIIB X )KUTTEISIIBHOCTI.

Xwmapa 3 Uity 1rasiB, ika yTBOPUJIACS IiJ] Yac Cajiaxy MEHIIO1 31pKH, IOYHE PYXaTUCh
BCl OOKM, 1 3HAYHA YACTHUHA 1€l XMapu yepe3 JIeKIIbKa AECITKIB POKIB JOCATHE JIPYIoi 31p-
KM, sIKa 3HaXOJIUThCS Ha cTaail opmyBaHHS TBepoi kKopu. YacTuHa rasy 1 muiy notpa-
MUTH HA TTIOBEPXHIO KOPH, a4 YACTUHA CTAHE CYIIyTHUKOM 31PKH, 1 1Iel MU 30epyTh IUIAHETH,
SIK1 ByKE€ MOYaJIM YTBOPIOBATUCh HABKOJIO OUTKINOL 3ipku. B TakoMy pa3si, criajax MeHIIo1
31pKH HE BUKJIMYE CrajlaXy OLIbIIIO1 31PKH.

Yepes MIJIbIMOHU POKIB, & MOXJIMBO 1 COTHI MUTBHMOHIB, B 3aJI€XKHOCTI B/ PI3HUII B Macax
000X 31pOK, HACTA€ yepra ClajaxHyTH OuIbImii 31piil. Bee BimOyBaeThCsl Maiike OTHAKOBO
31 CITajIaXxoM MEHIIIO1 31pKH, aJie € Ay’Ke CYTTEBA PI3HMIISL. XMapa 3 IUITY 1 Ta31B JOJIETUTb JI0
MEHIIIOI 31PKH, SIKa CajlaxHyJIa paHilile 1 BCTUrIa chopMyBaTH MIPOTOHOBY 000JIOHKY. 2Ko1eH
3 aTOMIB XMapH 3 MUy Ta ra3iB He MOTPANUTh HA MOBEPXHIO MIPOTOHOBOI OOOJIOHKU MEH-
1101 31pKH, TOMY 1110 PEYOBHMHA, SIKA IIJJIETUTh 3aHAITO OJIM3bKO, Oy/1e 10HI30BaHA 3a IyKe
BHCOKOI TeMIIepaTypH 1, 3aBASIKM CBOEMY MO3UTUBHOMY 3apsily, 3AIUIIUTHCS HAa OpOITax
0OepTaHHs HABKOJIO MEHIIOI 31pKU. TakuM YMHOM, XMapa 3 IMIITY 1 ras3iB, sika J0JIETUTh 10
MEHIIIOI 31pKH, CTBOPUTDH €KpaH HABKOJIO HEl 3 rapsiy0io MPOTOHOBOIO 00010HKO010. Hacmia-
KM CTBOPEHHSI €KpaHa, SIKMi 3HAYHO 3MEHIIINTh BUTPATH MEHIIIO1 31pPKU Ha BUITPOMIHIOBAH-
HSI 3 BUIKPUTOI MOBEPXHI MPOTOHOBOI OOOJIOHKH, HaM Bike BigoMi. HeraliHo aBToMaTH4HO
BKJIIOUUTHCS APYTUM €eHEPIEeTUYHUN PEryyIsiTOp IO BCii moBepxHi 3ipku. Lle ctane moyar-
KOM NEPETBOPEHHSI MPOTOHIB OOOJIOHKM Ha HEUTPOHU 1 MACOBOTO CHUHTE3Y IO BCHOMY
00'eMy IIPOTOHOBOI OOOJIOHKHU.

Big Toro, cCKUIbKM Yacy MUHYJIO MICHS CHAJIaXy MEHIIIOL 31PKU, 3aJI€KUTh TOBIIMHA 1IAPY
il MPOTOHOBOI O0OJIOHKHU. SAKIIO 1151 TOBIIMHA CKJIAJA€ BCbOTO JIECATKU TUCSIY METPIB, TO
EHEepPreTUYHI MPOIIECH B Hill IIBUJKO TOPKHYTHCS MOBEPXHI HEUTPOHHOI 31pku. BHacmi 10K
1IbOT'O BIOYJIETHCSI 3POCTAHHS IIBUAKOCTI €JICKTPOHIB OUIS 111€1 TIOBEPXHI HEUTPOHHOI 31p-
KM, 1 MEHIIIA 31pKa 3HOBY ClajlaxHe, CKUHYBIIHU 3 ce0e He3aBepllleHy TPOTOHOBY OOOJIOHKY
pPa30M 3 peUOBHHOIO, SIKY BOHA BCTUIJIA CUHTE3YBaTH. | yepe3 nekiabka JECSITKIB POKIB ITiC-
JIsI criaytaxy OuThIIOI 31pKU MU ITOOAYMMO CIiaiax MeHIIoi1 3ipku. Ham 31a€eThcs, 1110 TOBTOP-
HO CITaJIaXHyJIa OJIHA 1 Ta X 31pKa, aje 11e He Tak. Lle cnamaxu n1Box pi3Hux 31ipok. {o Toro
K, B L1 TTOJIBIMHIM 30PsIHIN CUCTEMI MUTBMOHU POKIB TOMY Be OYB CIiajiax MEHIIIO1 31pKH,
SIKUM MU TIPOCTO HE MOTJIM CIIOCTEPIraTH.
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SIx1o micns criajiaxy MEHIIO1 31pKM MUHYJIO JOCUTh 0araTo 4acy 1 TOBIIMHA 1i TPOTOHO-
BO1 000JIOHKH BKe CKJIaJIa€ COTHI TUCSY KIJTOMETPIB, TO/1 €HePreTUYHI ITPOIIECH, SIK1 BIIOY-
BAIOTBHCSl Y BEPXHINM YaCTHHI TPOTOHOBOI OOOJIOHKH, HE 3MOXYTh BUKJIIMKATU CajlaX MEH-
1101 31pKH Y HAIIIOMY PO3YMIHHI IIbOT'O CJIOBa. MU MOBUHHI 3Ba)KUTH HA Te, IO I 4ac
HAJIXOKEHHSI peYOBUHU Ha OpOITH OOEpTaHHS HABKOJIO 31PKHU 3 Tapsuol0 MPOTOHOBOIO
000JIOHKOIO JIEH0 3MIHIOETHCSI MEXaHI3M BUHUKHEHHS HAJUTUIIKIB €HEPT1l TOPIBHSHO 3 MO-
OJMHOKOIO 31pKOI0. 3aB/ASIKM 3MEHIIIEHHIO BUTPAT €HEPril Ha BUIIPOMIHIOBAHHS, ITPOTO-
HU NIEPETBOPIOIOTHCS HA HEUTpoHU. TyT Bce, sik 3aBxau. Lle podoTa apyroro eHepreTuaHo-
ro peryJjsitopa. Ajie yTBOpeHa 3a paXyHOK CHHTE3y PEUOBHHA HE MA€ MOKJIMBOCTI 3aHYPIO-
BATUCH y MPOTOHOBY 000JIOHKY. Yepe3 BUCOKY TeMIlepaTypy BOHA BECh Uac 10HI30BaHA 1
TOMY 3HAaXOJUTHCS OIS cCaMOl BIAKPUTOI MTOBEPXHI MPOTOHOBOI OOOJIOHKHU, CTBOPIOIOUU
JIOJIATKOBUI eKpaH JyIsl BUpoMiHioBaHHs. [1oTyKHUMM eHepreTUHUHUMU BUKUJIAMU LISl pe-
YOBHHA BHHOCHUTBCS Ha OpOITU OOEpTaHHS MHITY 1 Ta3iB, sSIKl HAAINIIIA Ha 31PKY 330BHI,
MIJBUIIYIOUH iX TeMIIEpaTypy 1 30UTbIIYIOUM eHePreTUYHI BUKUIM CUCTEMU. A 1ie, B CBOIO
Yepry, CTUMYJIIOE POOOTY MIEPIIOTO EHEPIETUYHOI'O PEryJsiTopa OUIs TOBEPXHI HEUTPOHHOI
31pPKH, sIKa 3HAXOIUTHCS YCEPEIUHI.

Taky KapTUHY MU CIIOCTEpIraeEMO Ha 3ipKax OUIOTO KOJbOPY 3 BEIMKMMHM 30BHIIIHIMU
po3Mmipamu. B iboMy BUMaJIKy MU 6a4MMO He IMPOTOHOBY OOOJIOHKY 31pKH, a OpOITH 00ep-
TaHHS PO3ITPITOI pe4OBUHM HaBKOJIO Hel. Lle crocyeTbest, Hacammepe, Takux 31pok, sik Jleneo
o JIebens, Pirenb B OpioHa Ta iHIIMX. MU 111e TOBEPHEMOCH J0 MOJAJIBIIOI IO TaAKUX
31pOK.

A TOKH 1110 TOBEPHEMOCH 10 HAIIIO1 CUTYaIlil. SIKIII0 MEeHIIIa 3ipKa crajaxHe, TO XxMapa 3
MUAJTY Ta rasiB, siKa IMIOWHO YTBOPUJIACH ITiJT Yac CrajiaXy MEHIIIO1 31pKH CUCTEMU, 3HOBY PO3-
JIETUTHCS HA BCl OOKM B1JT 31pKHU, 111 YaCTHHA JIOJIETUTH A0 OUTBIIOI 31pKH, SIKa BXKE BCTUTJIA
YTBOPHUTH HEBEJIMKY IMPOTOHOBY OOOJIOHKY. AJKE MICIIs crajiaxy OUIBIIOI 31pKHM MUHYJIO
JIeK1JIbKa JECSATKIB POKIB.

IBUAKICTE PYyXy XMapH BiJI MEHIIIO1 31PKU JIO OLIBIIOI MOXe OYyTH HaBITh OUTBIIIO, HIXK
IIBUAKICTh PYyXYy XMapH BiJl OUTBIIOL 31pKH J10 MeHIo1. CripaBa B TOMY, 1110 i Yac crajgaxy
MEHIIIOI 31pKH BOHA HE Majia TBEP/10i KOPH, Ha pyHHYBaHHS SIKO1 HIe JTy’Ke BEJIMKa YaCTUHA
eHeprii crianaxy. KpiMm Toro, maca kopu OUTBIIIOL 31pKU 3HAYHO OUTbINIA, HIXK Maca HEBEJIU-
KO1 IIPOTOHOBOI 0OOOJIOHKU MEHIIIOL 31PKU.

I TyT BUHUKAIOTH Ay’Ke BaXKJIMBI JieTajl. SKio HapoOieHa MpOTOHOBA OOOJIOHKA ITiJT Yac
criayiaxy Oyra Jy’ke TOHKa, TO MIBUJKICTh PYXy XMapHu 3 MUy Ta Tra3iB Oyjie HEBUCOKOIO.
AJle SIKIIIO TOBIIMHA I1i€1 00OJIOHKU JOCSTHE AECATKIB TUCSY KUJTOMETPIB, TO €HEPTis crasa-
Xy Oyzae 1ocuTh BUCOKOI0. Lle cipuunHUTh MiABUILIEHHS HIBUAKOCTI PYyXYy XMapH, 1110 Pa3oM
3 BIJICTAHHIO MIXK 31pKaMy BH3HAYa€ MPOMDKOK Yacy MIXK CItajaxaMu, sIKi MM CIIOCTepirae-
MO. A SIKIIIO TOBIIMHA TPOTOHOBOI OOOJIOHKH CKJIaJ€ COTHI TUCSY KUIOMETPIB, TO, HE3BA-
)KarouM Ha BIAKPHUTICTB IMMOBEPXHI il IPOTOHOBOI OOOJIOHKH, CIlajax He BIIOYIEThCS.

SIkio Ha opOITYy 0O6epTaHHS HABKOJIO OLIBINOI 31PKU HAJIIH/Ie TOCTATHS KUTBKICTh peydo-
BMHU JIJI CTBOPEHHS €KpaHa, TO OUIbIIIA 31pKa MOYXe CHaJIaXHyTH MOBTOPHO. A Mu OyaemMo
CIIOCTEpIraTH TPETIN clajax B CUCTEMI.

Tak camo B cuctemi Moxke OyTH 1 yeTBepTuii cnanax. Lle Oyae apyruii ciasiax MeHIoi
31pKH, IKUM MU IMTOMITWIH. A HACIIpaB/Ii, SIK MU B)Ke TOBOPUIIH, 11e OyJIe BXKe TPETii crnaiax
MEHIIIO1 31PKH.

[T'aTuii cnanax, sKuit Mir 61 BIZOYTHCS 3T1THO 3 LI€F0 CXEMOIO, CIIOCTEPIraTH HE BIATIOCS.
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AJle mpu BeJIMKUX Macax 000X 31pOK CUCTEMHU 1 IOCUTh HEBEJIMKOI BIJICTAHI MIDK HUMU, TaKe
SIBUIIIC TIOBHICTIO BUKITFOUMTH HE MOYKHA.

Tenep HaMm 3po3yMisia POJIb BCIX TPhOX (PAKTOPIB, K1 MEepeTiueH] BUIIIE.

1106 3akiHYUTH TEMy ITPO MOBTOPHI CHAIAXH 31POK, 3BAKUMO Ha Te, 110 CIIBBIIHOIICH-
HsI Mac 31pOK MOABIMHOI CUCTEMU MOKe OyTH pi3HOMaHITHe. ToMy MOXe CTaTUCS TakK, 110
MEHIIIa 3ipKa crhajlaxHe JaBa ado Tpu pas3u, a HabaraTo MacHUBHIIIA OLIbIA 31pKa TUIBKU
3aKIHUMTDH CBIN Tepiiuii UK. Macu 31poK BU3HAYAIOTh JOBIOTPHUBAIICTD IUKIIIB iIXHBOI
KUTTESITBHOCTI.

ITocmimoBHICTD clTanaxiB 31pOK y IMOJBIMHUX 30pSHUX CUCTEMax IMOKa)XeMO Ha PUCYHKY
2.5. IlmaneTH, siKi 00epTaIOThCS HABKOJIO KOYKHOI 3 IBOX 31POK, HA PUCYHKAX HE 300paKeHo.

[I{omo ocobmBoOCTEl (hopMyBaHHS ITAHETHUX CHCTEM B MTOABIMHUX 30PSHUX CUCTEMAX,
TO MpO 11 ITiJIe MOBa B po3/uii mpo Cupiyc.

MinsmBi 3ipku

Buiino camo co6010, 110 MM 3aTOBOPHIJIN PO CTBOPEHHS IJIAHETH, KA 00ePTAETHCS
HaBKOJIO OJHI€I 3 31pOK CUCTEMHU Ha HEBEJIMKIM BiJicTaHl Bia 3ipku. TyT Tpeba 3BepHYTH
yBary Ha Te, 1110, KOJIY TUTAHETH YTBOPIOIOTHCS 3 PEUYOBUHM, BUKUHYTOI 3 iXHIX Haap, 0e3
Ha/IXO/KEHHS pEYOBHMHM 330BH1, TO BOHU PO3TAIIOBYIOTHCS HA 3HAYHIN BIICTaHI1 Bl 31pKU.
Lle mu 3HAEMO Ha TTpuKIadi IiaHeT Harmoi COHSYHOI cucTeMH. AJie KOJIU IJTaHEeTa yTBOPIO-
€THCS 3 PEUYOBUHU, SIKA HAJIIMIIUIA HA OpOITH 31pKH 330BHI, TO 115 IJIaHeTa Oy/e po3TalioBa-
Ha 3HA4YHO OJivbk4de /10 31pKu. Bce 3amexuTh Bil Macu 31pKU 1 TeMIepaTypH ii BIAKPUTOL
roBepxHi. YuM BOHM OUIBIII, TUM JIajll BT 3IpKU PO3TAIIYEThCS PEUOBHHA, SIKa HaIHIIIA
330BHI, 1 TUM J1aJIl B 31pKHU, 3 4aCOM, YTBOPHUTKCSA IUIaHeTa. Maca 31pKu MoB'si3aHa 3 Kilb-
KICTIO ITPOTOHIB B 11 000JIOHIII 1, BIAMOBIIHO, 3 BEIMUMHOK HEKOMITEHCOBAHOT'O TO3UTUBHO-
r'o 3aps1y BEpXHbOI YACTUHU MTPOTOHOBOI 00010HKH. ToMy 10HI30BaHI aTOMH HE 3MOXKYTh
po3TanryBaTUCs OJIU3BKO JI0 31PKH.

Komenmap aemopa

" JI3epkasio Tuaxus'" Bia 14 kBiTHsa 2001 poky:

MextyHapoaHasi KOMaH/ia aCTpPOHOMOB COOOIIMIIA Ha MPOIILION Heflelle 00 0OHAPYKEHUH HECKOJILKUX Je-
CSITKOB TEMHBIX, MEPTBBIX 3BE3]1 — 00Pa30BaHUI, KOTOPBIX PaHbIIe HUKOI/IA HE BCTPEUAIH B MPe/Iesiax Halllei
Tlamaxtuku. [Ipenmnonaraercs, 4To 3Ta HAXO/IKA MTOMOXKET YUEHBIM ITPUOTKPBITH 3aBecy HaJl TAMHOH, KOTOpast
YK€ HECKOJIbKO JECITHIIETUN OYI0PAKUT yMbl KOCMOJIOTOB. Peub MIIET 0 HECTBIKOBKE MacIITAOOB OOHAPYKU-
BaeMOM B KOCMOCE MACChI C TIPOSIBJICHUSIMH €€ TpaBUTAIIMUA. MepTBbIe 3B€3/1bl, KaK MPEAIoNaraloT yueHble, MO-
T'YT COACPKATh B ceOe XOTsI ObI YaCTh HEAOCTAFOIIEH MACChl B BUJIC TaK HA3bIBAEMOT'0 "TEMHOT'O BellleCTBa'.

HeszaBucumble sKcriepThl HA3BIBAIOT MIEPBBIE MIPSIMbIE JIOKA3ATEIHCTBA CYIIIECTBOBAHUS "TEMHOTO Belllec-
TBa" 3HAUUTEILHBIMUA U BOJIHYIOIIUMHM, CUYUTAsI, UTO MOJIyuYeHHAas] HH(QOPMAIUS TTO3BOIUT MEPECMOTPETh
CYIIECTBYIOIINE TEOPUU OTHOCUTEIIBLHO TOTO, KAK 00PA30BBIBAIINCH 3BE3/1bI M TAJTAKTUKN HA CAMBIX PAHHUX
JTalax CyllecTBOBaHUS Halleit BeemeHHOM.

Hrak, 38 00BbEKTOB, KOTOPBIC paHbIIIe OCTABaJIMCh HEBUIUMBIMH, OOHAPYKEHbI Ha paccTostHuH 450 cBe-
TOBBIX JIET OT 3emMiti. Bce oHUM MpeAcTaBIsIOT cOO0H OCTATKH COTHIENOT00HBIX 3BE3/1, KOJIIAIICHPOBABIITUX
1o pasmepoB 3emiu. [Ipennonaraercs, uro Takue oOpa3oBaHUsI, U3BECTHBIE MO/ Ha3BaHUEM "OEIbIX Kap-
JINKOB", MOTYT €O3/1aBaTh OT 3 A0 35 mpoOIleHTOB "TeMHOIo BelecTBa". DTO OUYCHb JIPEBHHUE CTPYKTYPHI,
"cBeTibIe" THU KOTOPBIX 3aKOHYMIINCH, 11O OlleHKaM yueHbIX, 10-13 mumnuapios et Tomy Hazad. ben Omn-
MEeHTeiiMep, OCHOBHOM aBTOP CTAThH, KOTOPAs MOSIBUJIACH B IIPOIIJIOM HOMEpE JKypHaja Science, CUNTAET,
YTO HAXOJIKa €ro KOMaH/Ibl "MOJHIUMAET MHOXKECTBO BOIIPOCOB OTHOCUTEILHO HAIIErO MOHUMAHMS UCTO-

38



sKusuii opeanism Bceceimy

pun GOPMHUPOBAHUS 3BE3/] TAJTAKTUKA U OCHOBHBIX BOIIPOCOB (hOPpMHUPOBAHUS 3Be31 BooOIe".

Co0OcTBeHHO, OejIbIe KaplIMKK OOHAPYKUBAIIMCh aCTPOHOMAaMHM U paHee, OJJHAKO HEPSIMbIMU METOdAMH
U BOBCE HE B TEX KOJHNYECTBAX, KOTOPHIC ITO3BOJIMIN ObI OOBSICHUTH PACXOKICHHE MEXAY (PaKTUUECKON U
CIIPOTHO3UPOBAHHON MaccaMmu BO BeenenHolt. bosee Toro, ux xonumdyectBo B 20 pa3 MpeB30ILIO0 OXKHUIAC-
Moe. "ITO UCCIIeIOBAaHME BOBCE HE OrpaHMYMBACTCS "OeIbIMU KapIuKaMu'" 1 "TEMHBIM BEIIECTBOM'"', — IO/~
yepkuBaeT Juape CymMo, WieH MeXIyHapoagHOH KoMaHIbl. — OHO 3aTparuBacT BOIIPOCH (POPMUPOBAHUS
3Be3]1 TAJIAKTUKH".

Haiioisib BaroMoro 10ka3zy npaBUJILHOCTI BUKJIAE€HOI Y KHU3I Teopii GyHKIIIOHYBaHHS
Bcecairy roai it mykatu. BusiBjieHHsl 3ipok HEBEJIMKOI0 po3Mipy 3 TEMHOIO NIOBEPXHEIO MijI-
TBepaAKYy€e (popMyBaHHS TBEP/A0I KOPU HA TPeTHLOMY eTani pyHKUioHyBaHHA 3ipKu. A po3Mip,
SIKUH He HA0AaraTo BiJAPI3HAETHCS BiJl po3Mipy Haloi 3eMJIi, 0CTATOYHO MiATBEPIAKYE HALLY
Teopito. Lle Hisika He TemHa MaTepisi. Yepe3 nekijibka MVIbAP/IIB POKIB CIAJAXHYTH i BiIKpHU-
I0Th CBOIO MOBEPXHIO HEMTPOHHI 3ipKu, siKi 3apa3 npuxoBaHi nmig TeMHo10 koporo. Llei npo-
1ec ONMUCAHUN Y HAIIIA KHU3I.

Mu 3HOB ITOBEPTAEMOCH 10 31POK OLJIOTO KOJIbOPY 3 BEIMKMMHM 30BHIIITHIMU PO3MipaMu,
PO SIK1 MU BXKe 3rajlyBajiv. PedoBrHa, sika HaIiiIIIIa Ha OpOITH 31PKHU 3 TOBCTOIO IIPOTOHO-
BOIO O0OJIOHKOIO, 30UTBIIIUTE CBOIO MACy 3a PaxXyHOK BUKHJIIB 3 HAAP 31PKHU JIyXKe rapsdoi
pEYOBUHU. AJie TIOCTYIIOBO IIsS PEUOBHHA TTOYHE OXOJIO/KYBATHCS TOMY, 11O BIraMyOThCS
E€HEePreTUYHI1 ITPOIIECH B IIPOTOHOBIM OOOJIOHII, ITOB'sI3aH1 3 CHHTE30M siiep. AJIKe po3irpita
pPEUYOBHHA 30BHIIIHIX OPOIT 31pKU MTOYHE BUIIPOMIHIOBATU OaraTo €Heprii, 1 MOCTYIIOBO B
MIPOTOHOBIN O0OOJIOHII 31PKU 3HUKHYTh HAJJIUIIKK eHepril. ToOTo 3ipka MoyHe BUIIPOMI-
HIOBATH €Heprii OUTbIIe, HK BOHA OTPUMYE 32 PAXYHOK IIEPIIIOTrO EHEPTeTUYHOTO PETyIIs-
Topa. [lpyruii eHepreTUuHUN PETyIsITOP aBTOMATUYHO BIAKITIOUAETHCS, 1 31pKa MPOJOBKHUTH
HapOIIyBAaTH CBOIO IIPOTOHOBY OOOJIOHKY.

Posirpita pedyoBuHa 30BHIIIHIX OPOIT MOYHE YIIUIBHIOBATUCH 1 3T0JIOM YTBOPUTH OJIHY
4u JIeKiIbKa TuraHeT. [TotoBHe Te, 1110 0/1HA 3 HUX Oy/1e Ty’)kKe BETMKO0. AJIKe Ha TTOPIBHSIHO
HEBEJIMKIil BIJICTaHI BiJ] 31pKU CKYITYYEThCS 3HAYHA Maca PeYOBHHH, sIKa Maike BIATIOBIIAE
Macl KOpH MiJ] Yac criajaxy 31pKu IICIIs 3aBEPIIEHHS YeProBOro UKy KUTTEIISIIBHOCTI.
Buxuau 3 Hagp 31pKu He MarOTh MOKJIUBOCTI MITHIMATHCS HA BUCOKI OPOITU TOMY, 1110 BOHU
rajibMyIOTbhCS IIAPOM PEUOBHHHM, sIKa HAJIMIIIIA 330BHI. B 3aJI€)KHOCTI BiJT MAacH 31pKH, 115
r1aHeTa 0yie odepTaTUCh HABKOJIO Hel Ha BijcTaHi Bi 8 70 20 MUJIBHOHIB KIJIOMETPIB.

Hapermri mu gictanucs 3HameHuToi 3ipku Anroitb 3 Iepces. LlikaBo, 110 KoM aHTIIiH-
cbkuit actpoHom JIk. I'yapaiik OUTBIIT HIK JIBICTI POKIB TOMY BHEpIIE BUSBUB MEPIOIUY-
HICTh 3aTeMHEHHS AJITOJI1, TO BiH 3pOOMB BUCHOBOK, 1110 31PKY 3aTIHSE 31pKa, 1 11e JI0Ka3ye
ICHYBaHHS TTOJIBIMHMX 30psiHUX cucTeM. CyyacHa acTpodi3znyHa HayKa 1 J10Cl BBaXKae€ 11e 3a
ictuny. Ase I'yapaiik 1 raiku He MaB, 1110 31pKY 3aTIHSE HE 31pKa, a TlaHeTa. A BUCHOBOK
PO MOABIMHI 30psiHI CUCTEMH OYB MpaBUJIBHUM. AJle ipyra 31pKa CUCTeMH 00epTaEThCS Ha
BIZICTaHI JECATKIB aCTPOHOMIYHUX OJWHUIIHP HABKOJIO 3araJIbHOTO IIeHTPY Mac. Ckopirr 3a
BCe, 1151 Ipyra 31pKa B cuctemi AJIroii ckopo Oyjie 3HaiiieHa.

Bci 31pku, K1 IEp1oIMUHO 3aTEMHIOKOTHCS 3 TIEP1OIOM JIeK1IbKa /110, MatoTh 01715 cebe Ha
OpOITI IJTaHETy, a Jpyra 3ipKa CUCTEMHU 00epTAETHCS HABKOJIO 3arajlbHOTO IIEHTPY Mac 3
niepiojiom 30-80 pokiB.

3ipka Piresns 3 OpioHa uepe3 MiJIbHOHU POKIB yTBOPUTH OijIsl cebe TUTaHeTy, a Apyra 3ip-
Ka I1i€l TOBIHOI CUCTEMH B)KE BHUSBJICHA.
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i:& KaTU HOBUH crajiax Oureinoi 3ipku. Llsg xmapa
pa3oM 3 BUKMHYTOIO PEUYOBUHOIO 3 HAAP 3IPKHU 3
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Pucynox 2.5 — IlociigoBHicTb cnajiaxy 3ipok B No/ABiiiHii 30psiHiil cucTeMi.
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A ocb [eneo6 B JIeOens Taka cama 3ipka, ajie Apyra 3ipka Ii€i o ABiiiHOI CUCTEMH IIIe He
BUsIBJICHA. AJIe CKOPO BOHA Oyjie 3HalieHa Ha HeO1. MuHe Jac, 1 11l 31pKHU CTaHYTh TAKUMU,
K AJITOJIb.

Xaif Hac He TUBYE TOU (haKT, 1110 30BHIIIHI PO3MIPHU IIUX 31POK 3apa3 CKIIAJaI0Th IIPUOITN3-
HO 25 1 30 munbiioHIB KitoMeTpiB. TlocTynoBe yiIuibHEHHS OpOITaIbHOI PEYOBUHU Oyie
BUKJIMKATH 3MEHILICHHS palyciB OpOIT 0OepTaHHS 111€1 peuOBUHHU HaBKOJIO 31pku. Haiima-
CHBHIIII TIJTAHETHU YTBOPSATHCS HA BIJICTaHI IPUOIN3HO 15-20 MIJIbHOHIB KJTOMETPIB BIJT ITUX
31pOK, a, MOXKJIUBO, I1ie Oimkye. CKopilll 3a Bee, 111 31PKU MaroTh OUTBIIY Macy, HiK AJIrOJIb
(mpubmmzHo 1o 10 mac Haoro CoHIs).

I me omHa ayxe BakIuBa AeTaib. s 3ipoK CTapuX TalaKTHK 1 3ipOK MOJIOJIUX TajaK-
THK, SIK1 pO3TaIllOBaH1 JAaJjll Bl OKpaiH raJIaKTUKH, PEUOBUHA MOXE HAJIXOJIUTH 3 31pOK BU-
IIUX OPOIT BHACIIAOK KUTTEAISUTLHOCTI OCTaHHIX. To/Il 1 MOOAUHOKI 31PKH MOXYTh yTBO-
pIOBATH IJIaHETY Ha OJIM3BKIiM BiJICTaHI Bij cebe.

B MK30psSTHOMY ITPOCTOPI 3yCTPIYa€ThCs CKYITYSHHS] PEYOBUHHM y BUTJISI IMITY Ta Ta3iB,
y SIKOMY MICTUTBCSI 0araTo BOJIM Ta IHIIUX CHOJIYK. L{s1 pedoBrHA mOTparuisie B KOCMOC JIBO-
Ma IUISIXaMu:

TIEPIIIHI — IIe Crajiax Jyke MacHBHOI 31pKH, KOJIU BCS PEUOBHMHA KOPH BIJTITAE B MIXK30-
psIHUM TTpocTip. MOXKIIMBO BIJIITAIOTh 1 BCI 11 TJIAHETH;

JPYTUI — 1€ Crajiax IMiCis 3aBEPIICHHS YePTOBOTO IIUKITY KUTTEMISUTBHOCTI 31pOK THITY
Aunrodi.

Ilmanera, sika oOepTaeThcs Ay*kKe OJM3bKO HABKOJIO HEl, 3a3HA€ TAKOT'O yaapy XMapH 3
ras3y 1 iy, mo OyJie po3TpollleHa 1 BIUIETUTh B MDK3OPSIHUM MPOCTIp. A B IUIAHETI Mic-
TUTHCS] pEYOBUHA Ha OYIb-SKHI CMaK.

Knacudgikanis 3ipok. Ilonepeyni nepepizu aeikux BiIoMuXxX 3ipok

Hawm nuiumiiocst noroBopyuTH Mpo HaMBIIOMIII 31pKH 1 HAIATH iX MOIepeyHi repepi3u. B
HAIIIOMY PO3MOPSKEHHI € TUTBKH JIBa OCHOBHI ITapaMeTpH 31pKH, 3a JIOTIOMOTOIO SIKMX MU
MOJKEMO aHaI3yBaTH i moBeAiHKy. Lle aiameTp 1i 30BHIINIHBOI BUAMMOI OBEPXHI 1 TEMIIE-
paTypa 1€l MOBEPXHi, SIKa MOB'sI3aHa 3 KOJIbOPOM CBITIHHS 31PKH.

Jlo 11boro Tpeba oAaTH IIe TyXKe BaXIMBUI apaMeTp — 1€ BIICTaHb 3ipKU BiJl OKpaiHH
raakTuku. YoMy OepeThbcst 10 yBaru came 1151 Bijictanb? CripaBa B TOMY, 11O 31PKH, SIKI PO3-
TaIllOBaHI Ha OKpalHaX raJJAKTUKH, 3HAYHO PaHIIIe Ta IHTEHCUBHIIIIE TOYNHAIOTH OXOJIOIKY-
BATHCS HABKOJIUIIIHIM CEPEIOBUILIEM, HIXK 31PKH, SIK1 pO3TaIlloBaH1 B CEperHI TaJTaKTUKH.

IMeprmii UKIT )KUTTETISTTBHOCTI BCIX 31pOK TAIAKTHKHA PO3IMOYABCS Maiike OJHOYACHO,
aJie 31pKH, K1 OXOJIO/IKYIOThCSl IHTEHCHUBHIIIIE, MUHAIOTH Horo ckopiie. CimpaTyuch Ha Biji-
CTaHb BiJI IEHTPY FaJIAKTHKU OyJ10 6 mommikoBo. CripaBa B TOMY, 11O TaJaKTHUKa HE KYJIs,
a JINCK, 1 TOMY YaCTUHA 31POK MOKe OyTH po3TalmioBaHa OJIMKUe JI0 IIEHTPY FaJJaKTUKH, aJie
3HAXOJIMTUCH Ha 11 OKpaiHI.

Tenep moroBopruMo MMpo 30BHIIIHIN po3Mip 3ipku. o 11boro mapaMerpy Tpeda miaxoam-
TH JIy’Ke o0epexxHo. Lleit po3mip Moxke OYTH 1 pO3MIpOM Tijla HEUTPOHHOI 31PKH ITIC/Is CIia-
JlaxXy HaaMacuBHOI 31pku. Lle Moxke OyTu po3mip MpOTOHOBOI 0O0JIOHKH 31PKH, IKa (POpMy€e
I[fO IIPOTOHOBY OOOJIOHKY Ha IMEPIIIOMY €Tarll CBOr0 LIUKITY JKUTTEAIsITbHOCTI. Lle Mmoke OyTu
po3Mip opOIT 0OepTaHHS PEUYOBUHU HABKOJIO 31PKH, SIKa HAAIMIIIIA Ha 31pKY 330BHI. I, Hape-
IITI, 11€ MOKe OyTH po3Mip OopOIT 0OepTaHHS PEUOBUHU HABKOJIO 31PKH, SIKY 31pKa BUKUHY-
JIa T 9ac APYroro eTamy UKy KUTTEAISTIbHOCTI, CTaBIIM 11e()ei0l0.
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€ 111e oMH PO3MIp — 1Ie PO3MIp TBEP/I01 KOPHU Iepe/l crajlaxoM 31pKu. Alle el po3mip
MO’KHA BU3HAYUTH TUIbKHU 3a JOITIOMOTI'OIO CIIEHIaIbHUX MPUJIaAiB. AKE TaKy 31pKYy MU ITPO-
CTO HE MOKEMO CITOCTEpIraTy BizyanbHO. Hampukiiam, 3ipka qyske Majoro giameTpa CIieKT-
panbpHOTO KJ1acy O MOXke ySIBISTA COOOF0 31pKy HAJTITAaHT HA CAMOMY ITOYATKY TEPIIOTO
eTaIry UKy )KUTTEMISUTBHOCTI 3ipKU. Y Hel TOKH 1110 TOHKA MPOTOHOBA 0OOJIOHKA, & HEHUT-
ponne siapo 50-75 kM B giameTpi. I HaBmaku, uepBoHa 1iedeina, opdiTarbHa 000I0HKA SKOT
YTBOPEHA 32 PaXyHOK BJIACHMX BUKH/IIB PEUOBUHU HA IPYTOMY €Talll [IUKITY )KUTTETISUTBHOCTI,
MOJKE€ MaTH 30BHIIIHINA po3Mip, SIKUM B COTHI pa3iB MepeBUIIyE po3Mipu Haioro CoHIIs.
AJte BOHa sIBJIsIE COOOI0 HEBEJIMKY 3IpKY, sika MeHIa 3a Hare CoHIle.

Terep MoXxHa pO3MOYMHATH KiTacu(iKalliio 31pokK. Po3aiinMo Bcl 31pku HA YOTUPH TPYITU.

J1o mepiioi rpyIm 31poK BIITHECEMO 31PKH, SIK1 3HAXOATHCS Ha TIEPIIIOMY €Tarll CBOr'O ITUK-
Ty )KATTEAISUTBHOCTI. BOHM MaroTh BIIKPUTY MPOTOHOBY OOOJIOHKY 32 BUCOKOI TEMIIEpATYPH
1 HaJIeXKaTh JI0 CeKTpajabHoro kiacy O, B, A. JliameTp 1ux 31poK He NepeBUIIye 4-5 miameT-
piB Hamoro CoHirl. [Hakie 6 BOHM cTalld YOPHUMH JiipKkaMu. YUM BHINAa TeMIiepaTypa Io-
BEpXHI1 31pKHU 1 YMM TOBIIA 1l IPOTOHOBA 0OOJIOHKA, TUM MacHUBHIIIA 3ipKa. [{o 1Iboro kiacy
31pOK HaJIeXKUTh Oarato 3ipok. Lle Bera o cy3ip's Jlipu, AnbTaip oo Opna, Kacrop o biauzzro-
kiB, Peryn a JleBa, Cupiyc o Benukoro nca, @omansrayt o [TiBgenHoi pubu ta iHIi.

ToBmMHA IXHIX IPOTOHOBUX 00OJIOHOK OLTbIIIa TOBIIMHU TPOTOHOBOI 00010HKM COHIIS,
1 TOMy Maca KOHOI 3 HUX TiepeBuIiye Macy COHIIS B JIeKiTbKa pa3iB. Bci BOHM 3HAXOIATHCS
Ha [ePIIIOMY €Tarli IPYroro MUKITY CBOET KUTTEMIsTbHOCTI. HaBKOIO 1IMX 31pOK 00epTatoThes
TJIAHETH, SIKI YTBOPUWIIMCS MICTIST 3aKIHUYSHHS TIEPIIOTO ITUKITY KUTTEIISTIBHOCTI.

Jlo apyroi rpynu 31poK HajexaThb 31pKu Hedeiau, sKi 3HAaXOAIThCS Ha JIPYroMy erarl
CBOTO IIUKJTY KUTTEAISTIBHOCTI. 3OBHIIIHI PO3MIPH IIUX 31POK BU3HAUAE Tapsiya peUOBUHA,
sIKa BUKMHYTa Ha OpOITH 0OEpTaHHS HABKOJIO 31PKHU 3 11 HaJIp. Tomy 111 31pKU 31aI0ThCS HAM
HajArirantamu. HacripaBai sk OUTBIIICTE 3 HUX 3a MACOKO HaBITh MeHIa Haroro CoHIIS.
Hwxde My osSICHUMO 11€ po3paxyHKaMH.

Jlo Takux 31pOoK HaJjiexaTh YepBOHI 31pku betenbreitze o Opiona 1 AuTtapec o Ckopiiio-
Ha, SIK1 B)Ke Maike 3aKIHUMIIM BUKUIATH PEUOBHUHY Ha opOITH 1 po3nodaiu 10GpopMyBaHHS
riaHeT. J1o i€l rpynu Haste)aTh TaKOXK 31PKU KOBTYBATO-OPAHKEBOTO KOJIBOPY: APKTYp
o Bononaca, Anbnebapan o Tenblist, [Tomnyke B Biusniokis Ta iHimi. Lli 3ipku TUTBKH T10-
YyaJu BUKUAATU PEUYOBUHY 3 CBOIX HaAp. [1OTyXHICTh BUKHIIB IIIe HEBUCOKA, 1 PEUOBHHA
3aiiMae HU3bKI OPOITU MO BITHOIIEHHIO 10 CAMUX 31POK. 3r0JIOM MOTYKHICTh BUKH/IIB 301-
JIBIIIUTHCS, 1 peYOBUHA Oy/1e€ BUKUIATHCS HA BUILI OpOITH.

3ipKHu 1€l rPyIM B)K€ MUHAIOTh JPYTUM IIUKII CBOET JKUTTEAISUTLHOCTI. ToMy Ha opbiTax
OL1s1 IIUX 31POK, pa30M 3 BUKUHYTOIO PEUYOBHUHOIO, OOEPTAIOTHCS IUIAHETH 1 ACTEPOIIH, SIKI
OyJIM YTBOPEHI IMICIIS IEPIIOro HMKITY KUTTEAISIIBHOCTI IMX 31pok. ITpo berenbreiize 1 An-
Tapec MU MOTOBOPUMO OUTBI AeTanbHO. Po3irpita pedoBrHa, sika BUKUHYTA 3 HAJp IUX
31pOK, 00epTa€eThCsl HA 3HAYHIN BifcTaHl Bi HUX. s beTenbreiize 11 BiACTaHb CKiIaae
Maiike 560 MIJIbIOHIB KUTOMETPIB, a i1t AHTapeca — 440 MUTBHOHIB KIJIOMETPIB.

IlepioanuHICTh 3MIHM CBITIHHS ITUX 31POK HAJA€ HAM YHIKAJIbHY MOJIMBICTh BUBHAUUTHU
ix peanpHi Macu. [Tounemo 3 betenbreiize. Ane m1st 11b0ro Tpebda 3'sCyBaTH MPUIMHHU 3MiH
CBITIHHS 1ITUX 31poK. [1naHeTH, ki 06epTaroThCss HABKOJIO 1I1€1 31pKH, BXKe MoYaiv 30upaTu
BUKHHYTY pedoBUHYy. HailOimpImmii BHECOK Y 1fO CIpaBYy BHOCHUTH IJIaHETa, sIKa HArajye
FOmitep Consunoi cucremu. Came BOHa Ma€e HAMOUTBIIY Macy 1 HAHOLIbIIMN TpaBiTalIli-
HUI BIUTUB HA BUKUHYTY PEUOBHHY, OCOOJIMBO Ha BUCOKUX OpOiTax.
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Komu cBiTiHHS betenbreiize 3MIHIOETBCS 3 TIep1010M MPUOIIM3HO 6,5 POKY, TO 1ie O3HAa-
yae, 10 11 IJTAHeTa BXKe rmovaia 30MpaTi BUKUHYTI ra3u HABKOJIO ce0e 1 CBOIX CYIyTHHKIB.
A MU criocTepiraeMo HacIIKH i€l podoTu. ['a3u, siki 00epTaroThCs BUILE PO3ITPITOI pedo-
BUHU, TTIOYAJTH YIIIJIBHIOBATHCH 1 CKYITYyBAaTHUCh B OJHOMY 3 MICIIb OpOITH, TIEPIOIUUHO 3aTi-
HSFOUH PO3ITPITY PEYOBUHY ISl CTOPOHHBOTO cIiocTepirava. ToMy Ham 3/1a€ThCs, IO 3ipKa
MepIoIMYHO 3MIHIOE CBITUMICTh. CaMa K IUtaHeTa, sika Haraaye Ham FOmitep, HaBIiTh 31
CBOIMH CYITyTHUKaMHM He 3MOTrJia O 3aTIHATHU 31pKy, TOMY 1110 3HaXOIUTHCS BiJl HEl TyKe /1a-
neko. CKymueHHsI Ta3iB 1 XOJ0AHOI PEUOBUHU 00epTaeThCsl HaBKOJIO beTtenbreiize Ha Bif-
ctaHi mpuoan3Ho 600 MUTBHOHIB KIJTOMETPIB. A HAiMAaCHBHIIIIA TJTaHETa 00EPTAETHCS 3HAUHO
BHIIIE (MpUOIM3HO Ha BificTaHl 800 MUTBHOHIB KIJIOMETPIB) BiJl 31PKH 1 Ma€e OUTBIIINM HIX 6,5
POKY Tiepioj1 oOepTaHHS.

Tenep MmoxHa 3poOUTH MPUOIM3HUIN po3paxyHOK Macu berenbreitze oo OpioHa, Kopuc-
TYIOUHUCh BijoMuM 3akoHOM Kerepa:

_4r’R°

M 2
TG

b

ne M — Maca 3ipkH, KT;

R — pamiyc opOitu oGepTaHHSI pEYOBUHU, M;
T — nepio obepTaHHS peUOBUHH, C;

G — rpasirtartiiiina craa.

. 47°(6,0-10'")° ,
TomM; = 65.315.107)2 . 6,67.10711 ~ SO 107 Kr

JInst Antapeca oo CKOpITioHa Taki K po3paxyHKH JijIst TpruOIM3HOTro 3HaueHHs R =4,5-10Mm
i nepiofy obepranns T = 1733 nobu narots Taky muppy M, = 2,4-10"kr.

Tob6T1o maca berenbreiize Bchoro jauiie B 1,5 pasa nepeBuiiye Macy Hamtoro CoHIls, a
Maca AHTapeca Maibke nopiBHIoe Maci CoHIsl. MOXIMBO peyoBHHA, KA 3aTIHSE 31PKY,
00epTaeThCsl Ha BUIIMX OpbOiTax mopsij 3 miaHeToro. Tojl maca berenbreiize Mmoxe ckiiacTu
4-5 mac namoro CoHusl.

SIK110 MU 111€ pa3 3BEpPHEMO yBary Ha po3Mipu OpOIT rapsiuoi pe4oOBUHH, sIKa 0O0epTaAETh-
Csl HABKOJIO IUX 31pOK, TO MOYKHA MOMITUTH, 1[0 Maike Ha Takii BiacTaHi Bix CoHIis OyB
yTBOPEHUM mosic acTepoiiB Mixk Mapcom 1 FOmTepom. ToMy HIYOro JUBHOTO HEMAE B He-
BeJIMKiM pi3HUL Mac COHIIA 1 IMX 31POK.

berenbreiize 1 AnTapec Buniepeausu Haiie CoHIle B CBOIN ITUKJIIYHIA AISJIBHOCTI Ha Je-
KUTbKa MUTBHOHIB POKIB, X04a 1 po3TalloBaHi Oimmkye 10 HeHTpy rajakTtuku. [lo-mepiie,
1e JTy’Ke MaJIuil MPOMDKOK Yacy sl IPOLIECIB, sIKi BiIOYBAIOThCS Ha 31pKax. A, IO-ApyTe,
MIPUCKOPEHHS ITUKITY AHTapeca Morja CTUMYJIIOBATH JpyTra 31pKa MOABIMHOI cCUCTeMU AH-
Tapeca. A, MOXJIMBO, BOHU 3HAXOAUIUCh B MEHIII KOM(POPTHUX YyMOBax Hixk Haie CoHIe.

TakuMm ynHOM, TUBJIIUUCHh HA berenbreiize 1 AHTapec, MU MOXEMO YSIBUTH, SIK OyJie BU-
[JISIAATH Hallla COHSTYHA CHCTeMa 4epe3 JACKUIbKA JECATKIB MIUJIbMOHIB POKIB. A SIKIIIO MU
xo4eMo rmobauntu, skum oyae CoHlle 3a AeKUTbKa MUTBMOHIB POKIB, TO Tpeba IMOJMBUTUCS
Ha 31PKH )KOBTYBATO-OPAHKEBOI'0 KOJIbOPY 1€l rpymu 31pok. Lle Apkryp o Bonomnaca, Asb-
nebapan o Tenbis, [Tomtyke 3 Biu3HIOKIB 1 T.1.

Cama coboto 3HMKJIa Halla ysiBa rpo berenbreiise, sik 31pKy HaATITaHT, K1 TPUITUCYBa-
nack Maca B 50-60 pa3iB OutblIa, HiXk Maca Hamoro CoHIsl.
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J1o TpeThOi rpymu 3ipoK HAJIEKATh 31PKHU 3 TBEPAOIO KOPOIO, 3a IKUMU MOXHA CIIOCTEpi-
raTy JIMIIE 3a JJOIMTOMOTOFO CIelliaIbHUX MpuiIaiB. Taki 3ipKy BUSBICHI aMEpUKAaHCHKUMU
BUEHUMH 30BCIM HEIaBHO. 3apa3 TaKUX 31pOK 3HAYHO MEHIIE HiK BUIUMHX. AJle 3 4aCOM
KUTBKICTB 31pOK 3 TBEP/1010 KOPOIO Oyjie 3011bIyBaTUCh. [IpocTo 3ipku O11s LIEHTPY Tajlak-
TUKH I1Ie HE BCTUTIIA 30yyBaTH CBOIO IIEPIITy TBEPAY KOPY.

Haifiikasim — 1ie 31pku 4eTBepTol rpynu. Mu npo 11 3ipku Bxe 3ragyBaiu. Lle dened o
JlebGens 1 Purenb B OpioHa, siki MalOTh 3HAYHUI PO3MIpP 1 BUCOKY TEMITEPAaTypy BIIKPUTOI
MOBepXHI. AJie 10 i€l rpynmu HajaexuTh 1 [TonspHa 3ipka Ta 111, SIKI MalOTh HEBUCOKY TEM-
repaTypy noBepxHi. Beix iX 00'e/1Hye Te, 1110 BOHU € 31PKH IMOJIBIHHUX 30PSTHUX CUCTEM 1 Ha iX
OpOITH HAAIMIITA PEUOBHHA 330BHI. 3 UaCOM 3 III€] PeUOBUHU 1 BUKHU/IIB 3 HAJP 31pOK OYIyTh
chopmoBani Benuki ruianetu. [Ipocro TlonsipHa 3ipka — 1e Ta *k cama [lened a6o Pirens
TUTbKU Yepe3 MUIbMOHU poKiB. PeuoBrHa 30BHiIIHIX opOiT [TosspHoi 3ipku Bke moyasia oxo-
JIO/KYBATHUCh 1 YTBOPIOBATH TVIAHETY, sIKa Oy/ie 00epTaTUCS HABKOJIO HEl 3 TIEpiooM 3 1oou
21 roguny 16 xBuiauH. CaMe 3 TAKUM TI€P100M 3MIHIOETHCS 11 CBITUMICTb.

Hanami nmepion oOepTaHHS Ii€i TUTAaHETH 3MEHITNTHCA. DOpPMyBaHHS IUIAHETH BUKJINYC
3MEHIIIEHHSI pajilyca oOepTaHHS IJIAHETH HABKOJIO 31pKH. Bcl 111 31pKM 3 YaCOM YTBOPSTH
01151 ceOe BeJIUKY IJIaHETY 1 MEPETBOPSATHCS Ha BCIM BIZIOMY AJITOJIb.

Ilepion obepranns 1 paaiyc rapsiuoi pedoBuHu [omsipHoi 3ipku, siKi HAM B1OMI, JT03BO-
JISIIOTh HaM migpaxyBaTu 1 Macy IlonspHoi 3ipKu 1o BIIOMMX 3pa3Kax:

47°R?

M = TG

b

ne M, —maca ITonsproi 3ipku, Kr;

R — paniyc oGepranHs pedoBUHH, 3 IKOI OpMyeThes M1aHeTa. B Hamomy Bunagky R
MPUOIU3HO JOPIBHIOE 14 MITBSAP/IIB METPIB;

T — nepioj oOepTaHHSI PEYOBUHH, C.

. 4z* - (1,4-10')3 .,

Tom M, = (336 105)2 6,67 10-1 = 15,0-10°° xr a6o 7,5 mac Hamoro CoHIIs.

€ 11e onHe 1iKaBe sBUIIE, TToB's3aHe 3 [loasapHoro 3ipkoro: BoHa 3 1nepiojiom 30 pokiB
3MIHIOE CBIN criekTp. BoHO mpuTaMaHHe TIIbKM 31pKaM MOABIMHUX 30psHUX cucteM. Lle €
TaKO HECIIPOCTOBHUI JIOKA3 TOTO, 110 B Hel € 3ipka-cynyTHUK. OOu/BI 31pKu 00epTaOTh-
Csl HABKOJIO 3araJibHOTO IIEHTPY Mac came 3 TaKUM TepiogoM. MeHiia 3ipKa To HaOImKa-
eTbest 1o [lomsipHoi 3ipku, To BiaaaaseTbes Bia Hei. ToMy 11e 3011blye ab0 3MEHIIye Hal-
XOKEHHSI JOAATKOBO1 peyoBUHU Ha opOiTu IlonsapHoi 3ipku 1 HaBITh 30UIbIITYE OOITPIB
BUITPOMIHIOBAHHSIM, SIK€ ¥ie BiJl MeHIIOl 31pKu. Lle BUKInMKae maBUIeHHS a00 3HKEHHS
TeMIlepaTypy PeUOBUHU 30BHIiIIHIX opOiT I[TomsipHoi 3ipku. s MOABIMHUX 30PSIHUX CHC-
TEeM — II€ OJTHA 3 HAaMEHIIIUX BIICTAHEeW MK 3ipkamu cuctemu. B cuctemi Cupiyc, mpo Ky
I1JIe MOBa HUXKYE, 31pKH 00epTaroThes 3 nepiogqoM S50 pokiB. Alie 1 TaM HAOIMKEHHSI MEH-
101 31pKU A0 OUIBIIOI BeAe A0 MiABUIICHHS CBITUMOCTI OUIBINOI 3ipku. Jlpyra 3ipka 3 1o-
nBiitHOI 30psiHOI cuctemu [lomsapHoi 3ipku ckopo Oyje! BusIBIIeHA.

I oxpemo nmoroBopumo mpo 3ipky Criky o iBH, sika TeX BITHOCUTHCS 10 4 TPYIHU 31pOK.
Cynstun 3 miepiojly oOepTaHHsS peUOBUHHU 30BHIIIHIX OpOIT, sIKa MoYalia YIILIbHIOBATUCH 1

' Mix yac nanucanns poboTH aBTOPY HE OYJITO BiOMO, IO IpyTa 3ipka cucteMu [lomsapHoi 3ipku B)ke BUSBIICHA.
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3aTIHATH 31PKY, Maca 31pKu ckjaaae nmpuoan3Ho 10 mac Hamroro Coniis. L{st peyoBuHa o6ep-
TA€THCS HA BIJICTaHI MPUOJIU3HO 16 MUIBMOHIB KIITOMETPIB BiJT 31pKU.

Jlekiibka MUTbIIOHIB pokiB ToMy Criika MaJjia BUIJISII, SKUN Mae 3apa3 3ipka lened o Jlebe-
Jisl. 3 yacoM peyoBHMHA Ha ii opOiTax 0X0Jj10J1a 1 moJaja yIIuIbHIOBATUCh. L yiiibHeHa pedo-
BMHA, 3 sIKO1 Oyjie chopMoBaHa IIaHeTa, 3aTiHsE 31pKy 3 nepiojioM 4 qoou. {pyra 3ipka mno-
JIBIiHOI1 30psiHOI cucTteMu Criku obepraeThes 3 repiogoM 30-80 pokiB HABKOJIO 3arajibHOTO
1IeHTpy Mac. BoHa moku He BusiBjieHa. PeuoBrHa, sika 00epTaeThCs 3HAUHO OJIMHKUE 70 31PKH,
Oyya BUKHUHYTA 3 1i HAAP i1 9ac poOOTH IPYroro eHePreTUYHOTO PEryIsaTopa.

B 3B's13Ky 3 Ay’Ke BUCOKOIO TEMITEpATypPOIO TPOTOHOBOI OOOJIOHKH, 1151 peYOBHUHA 10HI30-
BaHa 1 T&X Mae ayXKe BUCOKY TemrepaTypy. Camoi moBepXHi MIPOTOHOBOI 0OOJIOHKA MU HE
6aunMo ToMy, IO pajiyc miei oooaonku He nepeBuiye 1 000 000 kM. 3aKIHUMBIIN CBIH
TIePIINHI IIUKJI, 31pKa CIiajaxHyja He OUTbIe MIJIbsIp/ia POKIB TOMY.

XoueMo I1Ie pa3 3BEpHYTH yBary Ha Te, IO YyIIJIbHEHA PEYOBUHA, SIKA 3aTiHSE 31pKU-
Aunroui, e He siBIsie co601o chopMoBaHi rutaHeTH. BoHa Mae HEBUCOKY MUTOMY IILIBHICTh
1 ToMy 3aiimae Benuki o0'emu. 11100 3atinuTHu Taxi 3ipku, sk Crika ado IlomsipHa 3ipka,
Tpeba Oyno 6 chopMyBaTH IJIAaHETY B ACKUIbKAa MUIBMOHIB KIJTOMETpiB B AiameTpl. Komu
OCTATOYHO 3aKIHYUThCSA (pOpMyBaHHS IUIAaHET OUIS 31pOK-AJTrosi, eQpeKT 3aTIHEHHS 31POK
3HukHe. [lmanera, sika 6 B 10 pasiB Oyna Ouibina 3a Hamn FOmitep, He 3Morja O 3aTIHUTH
Criky BiJl CTOPOHHBOI'O CITOCTepiraua, HaBiTh SIKOU BIH CIIOCTEPITaB 3a IIUM IIPOIECOM ITi/T
HaKpaIIM KyTOM.

IT'ata rpymna — e Bxke He 31pKH, a YOpHI Jipku. Huxue Ha pucyHkax 2.6, 2.7 1 2.8 mu
HaBeJIeMO MOIIePEUHI MePEPI3H ACSTKUX BITOMUX 31POK, SIK1 HaJIeXKaTh JI0 PI3HUX TPYIL.

Komenmap aemopa

" JI3epkasio Tuakus'" Bia 3 rpyanst 2005 poky:

CriocTepeXeHHsI Ta pO3paxyHKH aMepUKaHCHKUX acTPO(I3UKIB CIIPOCTOBYIOTh OJHY 3 Y3BUYA€HUX TEO-
piif yTBOPEHHS 31pOK, TaK 3BaHY TEOPIIO aKpellii.

Moienb yTBOPEHHSI 31pOK, SIKa BPaXOBYE CKIIAJIHY TIOBEIIHKY TypOYJICHTHOT'O Ta3y B KOCMIYHUX XMapax,
— mituine npamiBHUKIB KamgopHIHChKOro YHIBEPCUTETY. 3 JOIIOMOT OO CYIIEPKOMIT'FOTEpa BOHH OTPUMAaJIU
HECITIO/IIBAHMI pe3ybTaT, CyMHUH JJIs Teopii "akperii'”.

Teopii 1iii HemMae I AecsITKa POKIB, ajie BOHA HaOyJ1a BEIMKOI ITOITYJIIPHOCTI B HAYKOBOMY CBITI. BigmoBigHo
J10 11 MOJIOKEHB 31PKH 3aPOKYIOTHCS Y BEIMUYC3HUX MDK3OPSHUX XMapax, sKi 30MparoThCsl B TIraHTCHKI
3TyCTKH, 3 HUX, Y CBOIO YePry, YTBOPIOIOTHCS YIIUIBHEHHS MPOTSHKHICTIO 10 OJIHOTO CBITJIOBOT'O POKY —
sinpa abo "HaciHuHK" MaliOyTHIX 3ipokK. I1i aiero BracHOI I'paBiTalii BOHU KOJAIICYIOTh, JKUBJISITHCS Ta30M
13 HABKOJIMIITHIX XMap, Y AECITKH i COTHI pa3iB 30UIIITYIOYN CBOIO MACy ITOPIBHSHO 3 ITI0YAaTKOBOIO.

IHIIa Teopis, YacTo iIMEHOBaHA TEOPI€ro "T'paBITALIIITHOIO KOJIAIICY Ta (hparMeHTaIlii", TaKOX I'PYHTYETh-
cs Ha (hOpMYBaHHI YIIIbHEHD Y KOCMIYHUX XMapax — IIPOTO31pKOBUX cucTeM. L1 3auaTku MaiiOyTHIX 31pOK
BEJIMYE3HI I He TOTPeOYIOTh "MOKUBH'" 330BHI, MOXKYTh PO3MHadaTHCS HAa MEHIII IITMATKU, CTBOPIOIOYH O1HAPHI
crucTeMH a00 YTBOPEHHS 3 0araThoX 31pOK.

"Axpelis" He MOKe ITOKH ITOSICHUTU Pe3yIbTaTH CIIOCTEPEKEHB 3a THM, 1110 BIIOYBAETHCS Y MICIISIX HAPO/I-
JKeHHs 3ipok. KoMITroTepHa MOIelIb aMEepUKAHChKUX aBTOPIB, sIKa BPaXOBY€E TypOYJIEHTHICTD IIi€l Teopii,
CBIIUMTH: 3aPOAKH MAMOYTHIX 31pOK HE BCTUTAIOTh 3a 4Yac XKUTTS XMap BHPOCTU A0 PO3MIPIB 3BUUYANHOI
3IpKH.

JIOCITITHUKY BBAXKAIOTh, III0 OaraTo cTapux MoJIesIel IIPOIeCy YTBOPEHHS 3ipOK He BpaXOBYBaJIU pealb-
Hi BJIACTMBOCTI HABKOJIUIIIHHOT'O CEPEIOBUIIA. 3aTe CIIOCTEPSIKEHHSI UyT0OBO Y3TOJKYIOThCS 3 MOZIEIUTIO "Tpa-
BiTALIITHOT'O KOJIaricy Ta (pparMeHTaii'.
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7Koana 3 nuux ABOX Teopiil He BUTPUMYE JKO/IHOT KPUTHKHU. A/IKe B 000X TeOpisiX He Bpaxo-
BaHO Te, [110 MATEPisi, 3 IKOI MPOrHO3YIOTh YTBOPEHHS 3ipPOK, Ma€ yKe MOTYKHHIl O3UTHB-
HUii 3apsi/] 3aBASIKN HAIVIMIIKY NPOTOHIB, SIKUI YTBOPIOETHCH Ii/T Yac BUKUAIB MAaTepii 3 HAAP
3ipku. B kocMiuHuMii mpocTip eJleKTPOHIB BiILTiTA€ 3HAYHO MeHIIIe, Hizk MPOToHiB. I e 10Be1e-
HO B 1l knu3i. Tak 3BaHa Teopisi NPOTO3ipoOK BUABUIACS IOMHIKOBOIO. 3ipKH YTBOPIOIOTHCS
mic/1sl mepeTBOPeHHsI BUNPOMIHIOBAHHSI HA HEHTPOHHU Mijl Yac cnajaaxy rajakTHKH Hicas il
cTucHeHHsi. Came 3 TaKMX HEHTPOHIB YTBOPIOKOTHLCS NEPBUHHI HEHTPOHHI 3ipKH.

17-70° km

Pucynok 2.6 — ITonepeunnii nepepiz Beru o cy3ip's Jlipu.
1— HeliTpoHHA 31pKa; 2 — MPOTOHOBA 00OJIOHKA
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Pucynox 2.7- Ilonepeunuii nepepi3 3ipku bereabreiize o Opiona.

1 — HeliTpoHHAa 3ipKa; 2 — 000JIOHKA 31pKH; 3 — PEUOBUHA, SIKA OOEPTAETHCS HABKOJIO

31pKH
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Pucynox 2.8— Ilonepeunuii nepepi3 Iloasipnoi 3ipku cy3ip's MaJioi Beameamii.
1— HeliTpoHHa 31pKa; 2 — 000JI0HKA 31pKH; 3 — opbiTajibHAa PEYOBHHA, SIKa MoYajia yTBO-
pIOBATH IUJIAHETY OIS 31pKHU
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Enepreruunuii 0ananc Conus

[TpoTsirom oAHOTO ITUKITY CBOET KUTTEMISIIBHOCTI 31pKa MUHAE YOTUPH €TAIIHU.

1 eran. @opmyBaHHS TPOTOHOBOI OOOJIOHKH.

2 eran. BUHMKHEHHS] TEMHUX TUTSIM 1 BUKUIM PEYOBUHHU 31pKH B KOCMOC 1 Ha opOITH 00ep-
TaHHS HABKOJIO Hel. 3ipKa cTae 1edeinoro.

3 eran. CTBOpeHHs TBEPA0i KOpHu 1 POopMyBaHHS IIJIAHET.

4 eran. MuTTEBe pyiHYBaHHS TBEPAOI KOPHU 1 BUKHU/I 11 B KOCMOC 1 Ha OpOITH 0OepTaHHS
HaBKoJI0 31pku. Llelt etanm Mu 3BeMo criajiaxoMm.

J1J1s1 KOJKHOTO €TaIy OKpEMO MU CKJIaJIEMO €HepreTUUHUI OaiaHe, a MOTIM 3pOOUMO TIij-
CcyMOK. banaHc ckitagaeTbes 3 HAAXOMKEHD 1 BUTPAT €HEPrii Ha KOXKHOMY €Talll, a TAKOX 3
YHcyia MPOTOHIB 1 €JIEKTPOHIB 1 BIIMIOBITHO MacH PEYOBHHH, siKa Oepe y4acTh B €HEpreTH-
HUX MpoIecax.

CrnoyaTky MM BUBHAYMMO CEPE/IHI MapaMeTPpHU BCIX MPOILIECIB HA PI3HUX €Tarax: 4yac, TeM-
nepaTypy, pajiyc mpoTOHOBOI 00OJIOHKH 13BEJIEMO iX 0 TaOJIUII, a ITOTIM 3poOUMO po3pa-
xyHkH. [lepimii eram Mae Tpu MiieTanu, y SKMX pi3HI cepeaHl HapaMeTpH 1 BOHU MO3HAYEH]1
sk la, 161 1B (muBuch Tabmuio 2.1).

Bubip napamerpiB 6y/1e 0OrpyHTOBAHO HUKYE.

Ilepiumii eran

HanxomkeHHs eHeprii Ha IIbOMY €Talll ITOB's13aHe 3 POOOTOIO MEPIIOTO EHEPTETUIHOTO pe-
TYJISITOpA 1 CHHXPOTPOHHUM BUITPOMIHIOBAHHSIM €JIEKTPOHIB, SIKi JTIOCSATIIA PEISTUBICTCHKUX
mBHUAKocTe! i yac cnanaxy Conus. JlecaTku TUCSY POKIB, & MOXKIIMBO 1 COTHI TUCSTY POKIB,
11l €JIEKTPOHM OYyTh IIIe OTPUMYBATH €HEPTIIO BiJl MATHITHOI'O TIOJIS 31PKU, TOKU HE OYIyTh
IOTJIMHYTI IPOTOHOBOIO OOOIOHKOIO, sIKa Oy 1e 3011bI1yBaTHCh B 00'eMi. Tomy 11 4,8-10% [Tk
EHEprii, Kl 31pKa OTpUMaJjia 3a PaxXyHOK €Hepril eJIEKTPOHIB ITIC/s chajaxy, MOBUHHI OyTH
301UIBIIIeH]. EHEPrito BUNIaIKOBOTO CUHTE3Yy Ha IEPIIOMY €Talll 1 EHEPIik0 KOCMIYHUX ITpOMe-
HIB HaJIBUCOKMX €Hepriii He 6epeMo j10 yBaru. I octanHe 3ayBakeHHs. HeHTpoHHI 31pKu J1yke
MOJIOJTUX TAJTAKTHUK, SIKI BUHUKJIH 3 XBHJIb BUCOKUX €HEPTil, Bi HAAMIPHUX BUTPAT EHEPrii Ha
BUITPOMIHIOBaHHS HA CAMOMY PaHHBOMY €Talli TIePIIOTO IIUKITY HAJIIHO 3aXUIIAE TyKe BUCO-
Ka TeMIlepaTypa OTOUyr4oro cepeaosuiia. [1po e Mu Bxke 3raTyBajiv BUIIIE.

KinbKicTh MPOTOHIB, SIK1 MICTSITBCSI B IIOBHICTIO C(hOPMOBaHIM IMMPOTOHOBIM OOOJIOHII , 1
BIZIIOBIHO CTUIBKU €JIEKTPOHIB ckiagae 18,0-10%. 3 BumineHHsiM B cepeanbomy Oist 200
MEB eHeprii Ha OJIMH €JIEKTPOH NEPIIUM SHEPreTUYHUM PETYJIITOPOM OTPUMAEMO EHEP-
Ti10, sIKa JIOPIBHIOE:

Ep, = 18,0-10>*200MEB = 3,6:-10°’MEB = 5,8-10*/x,

ne Ep, — enepris, aKy orpuMasia 000JI0HKa BiJl IEPLIOTO EHEPIETUYHOTO PEryJIATOPa Ha
TIEPIIIOMY eTalll IUKITY.

Enepris, sika oTprMaHa Bifl €JIEKTPOHIB IICIIs ClTayiaxy, JopiBHIOE mpuomm3Ho 0,3- 1041k,
ajie , CKOpIIII 3a BCe, BOHA 3HAYHO BHIIIA.

3acityra eHeprii eJIeKTPOHIB, SIKi TOCSATIIN PEIATUBICTCHKUX IIBUAKOCTEH TTICIIS CITaiaxy,
MOJISITA€ B TOMY, 1110 BOHM €KPAHYIOTh BIAKPUTY MOBEPXHIO HEHTPOHHOI 3ipKH B TOH yac,
KOJIH 11 TeMITepaTypa, sika CTAHOBUTH OJIM3bKO 15 MUTBHOHIB rpaayciB KenbBiHa, BUKIUKA-
na 6 ay’ke BeNIMKI BTpaTu eHeprii. B 1ieii yac mpoToHoBa 060JI0HKA 111€ BIICYTHS 111 popMy-
BaHHS TUTHKH TOYNHAETHCS.
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I 11 111
Eranmu
Ia 10 Is
0,1- 10° | 0,4 10° | 4,0- 10° | 0,4- 10° | 10,0- 10’
gac POKHU
cexyuam | 3,15+ 10" | 1,3- 10'°| 1,3- 10" | 1,3- 10" [3,15- 10"
Temnepartypa
IOBEPXH, 300 50000 13000 5000 1500
°K
Paniyc
0GOJIOHKH, 1,5- 10" | 5,0- 10" | 4,0- 10* | 7,0- 10° | 1,0- 10°
M
Taoauns 2.1 — [Tapamerpu CoHist Ha pi3HHUX eTanax
Erammu
I 11 11 v
Yucno HAJIXO/I- 54 54
simbrnx | senng 1807 10 1,8 10 — —
IPOTOHIB
BUTPATH — 19,8 10™ 0,006- 10™* —
saimmmox  |18,0- 107 0,006- 10> — —
M ]
Lo | HAIXOI- g 27 3.0:107 _ _
KCHHA
BHTPATH — 33,0-10° — 10,01- 107
sanmumok | 30,0107 0,01- 107 0,01- 107 —
Yuciao HAIXO/- 54 54 CIICKTPOHU
BUIBHUX HKEHHS 18,0- 10 1,8- 10 o ioHi3amil
CJICKT-
POHIB BUTPATH — 19,8- 10> 0,006- 10°*| ~1,0- 10
o os4|1,00 10°°+1,0- 10"+ | 1,0 10 s
3anumok  |18,0- 10 0.006-10°* +1,0- 10% ~1,0- 10

Taoauns 2.2 — bajnanc BUIbHMX NPOTOHIB i €JIEeKTPOHIB
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Cymapna eHepris, Ky OTpuMajia IpOTOHOBa 0OOJIOHKA Ha IEpIIOMY eTarli nukiy, B =
Ep, + E, = 5,8-10%Ix + 0,3-10* Tk = 6,1-10*Ix. Maca noBHicTIO chOpMOBaHOi IPOTOHO-
BOI 000y10HKH cxitagae 3,0-10%°kr.

Po3paxyemo BuUTpaTu eHeprii Ha BUIIPOMIHIOBAHHS JIJISI TPhOX IifeTarniB okpeMo. Bci
BUTpPATH, SKI MOB'SI3aH1 3 BUIIPOMIHIOBAHHSIM, IMIPAXOBYIOThCS MO BigoMiit popmyi Cre-
(dana-bonbpimana:

E =4n-R?.0-T*1,

Ie E — eHepris, sika BUIIPOMIHIOETHCS 3IPKOIO TIO BChOMY CIIEKTPY;

R — paniyc 30BHIITHBbOIT TOBEPXHI 31PKU;

G — cralia, sika gopiBHioe 5,67-10°Bt/m> rpaa?;

T — Temriepatypa moBepxHi,

T — Yac TPUBAJIOCTI €TaIy Y ITiJIeTaIry.

Hipxye OyyTh HaBeIeH] TUTBKU Pe3yJIbTaTH PO3PAaXyHKIB, BUXOJISIUH 3 ITapaMeTpiB, SIK1 Ha-
BezieHl B TaOsuil 1. CrioyaTKy IIpOKOMEHTYEMO BUOIP IMapaMeTpiB /I KOKHOTO TIiIeTaIry.

CnpaBa B TiM, 110 BIAKPUTY TTOBEPXHIO HEHTPOHHOI 3IpKU TICIIS Cllajiaxy 3axuIlae He
TUIBKHM €HEePTisl CHHXPOTPOHHOTO BUITPOMIHIOBAHHS €JICKTPOHIB, aJjie i caMa XMapa 3 rasiB i
NIy, sSKa i€ K ekpaH. Lle Beme 10 3HAYHOTO CKOPOUYEHHS BUTPAT 1 YTBOPIOE 3aMKHEHY
cucremy 3 6baratbMa npoMbKHUMU chepamu. Tomy mis nepimmx 100 MiTbHOHIB POKIB PO3-
PaxXyHOK BUTPAT BEACThCS s chepr paaiycoMm 10 acTpOHOMIUYHUX OJTUHMITH 3 TEMITEPATY-
poto ii moBepxHi 61151 300 rpaayciB KenbBina. A qyis HactymHEX 400 MUJIBIOHIB POKIB cepe/l-
HIA pajilyc MPOTOHOBOI OOOJIOHKH MPpUMMeMO OIM3bKUM 10 S0 THCSY KIJTOMETPIB, a Cepe/i-
HIO TEMITepaTypy MOBEPXHI MPOTOHOBOI 000JIOHKHU OJIM3bKOI0 110 S0 THCsd rpaayciB Kemb-
BiHA 1 T.J1. MOXJIMBO 0OpaHi mapaMeTpu JEeII0O 3aBUILICHI.

I ocranne. 3 MOYaTKOM CTBOPEHHS MPOTOHOBOI OOOJIOHKU TeMIIepaTypa BIIKPHUTOI T10-
BEPXHI 31pKH ITOYMHAE PI3KO 3HIKYBATHUCH, JOXOISYH 10 COTEHb TUCSY TpaayciB. ToMy 3Ha-
YEHHS TTapaMeTPiB B3STI HE BUMAIKOBO.

Burpartu eneprii Oyznemo BinsHauatu sipoukamu: E* = 0,4-10%x; E* - = 1,4-10%Tx;
E* =43-10¥Ix. Bcboro E* =E* +E* +E* =6,1-104Tx.

JApyrui eran

HanxomkeHHs: eHeprii Ha 1IbOMY €Tarll MOB'SI3aHO 3 POOOTOIO MEPIIOr0 EHEPreTUUHOTO
peryJsTopa 1 eHepriero CUHTE3Y siiep. B 3B'SI3Ky 3 HETOBrOTPUBAIIICTIO €TAIly, HEUTPOHHA
3ipKa BUPOOJISIE BASCATEPO MEHIIIE TPOTOHIB, HIXK i1 yac hopMyBaHHS IPOTOHOBOI 0O0JIOH-
k1. KpiMm Toro, sIK yXe 3rajlyBajioch BUIIE, B 3B'SI3KY 3 BEJIMUE3HOIO IIUTHLHICTIO O00JIOHKHU
OJIM3BKO /10 TIOBEPXHI HEUTPOHHOI 31pKHU, €JIEKTPOHH, SIKI BUHUKAIOTh OJJHOYACHO 3 TPOTO-
HaMHU I11]] 4ac poOOTH MEPIIOTrO EHEPreTUYHOIO PEryIsiTOpa, OUIBIIIO YACTUHOIO HE 10CS-
raloTh PEISTUBICTCHKUX HIBUAKOCTEH, 1 KUIBKICTh €HEprili Ha OJWH €JIEKTPOH 3HUKYEThCS
npubnusHo 10 10 MEB.

Enepris, sKy BUpoOJIsi€ NEePIINii eHEPreTUIHUI PEryIaTop, MpuOIu3HoO nopisHioe: E | =
1,8-10°10MEB = 1,8-10°MEB = 2,9-10%]Tx.

B 3B's13ky 3 THM, 1110 O1TBIIIA YaCTUHA ITPOTOHIB 3AJIMIIAE 31PKY, HE OEpyUH yUacTh B CUH-
Te31, MpuiitMeMo, 1o 3 19,8-10%* mpoToHIB, HAPOHKECHUX HA MEPIIOMY 1 IPYrOMY eTalax, B
cuHTE31 Oepe yuacTh TIIbKU Maiike yeTBepTa yacthHa — 4,5-10° mpoToHiB. 3 BpaxyBaHHSIM
TOTO, 1110 ITiJT YaC CUHTE3Y sifiep BUALIIEThCs Ot 7TMEB eHeprii Ha oJluH HYKJIOH, €EHEpris
cunresy E , = 4,5-10°*7MEB = 3,15-10°MEB = 5,0-10%7 k.

ITix yac cunTe3y 3'aBIsIThCs OLIst 2,3+ 10%* MO3UTPOHIB, SIK1 AHITUTIOIOTH 3 TAKOKO YK KIJIBKICTIO
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enektponis. Le nacts me npu6mumsuo E = 2,3-10*1MEB = 2,3-10*MEB = 0,4-10%1x, ne
E, , —eHepris aHirusuii Ha 1pyromy erari. EHEpriro e1eKTpocTaTHyHOro 3apsty IpOTOHO-
BO1 OOOJIOHKM MM BpaxOByBaTH B OajaHC He OyaeMo, ajie BOHA BIIIrpa€ JyKe BaXKJIUBY
pOJIb Y BUIITOBXYBAaHHI MO3UTUBHO 3aPSIHKEHUX MTPOTOHIB Y KOCMIYHUM MPOCTIP.

HanxomkeHHs eHeprii Ha ApYyromy eTari CKIaJIac:

E,=E +E _+E ,=8310k. . _ .

Butpatu eneprii Ha Ipyromy eTari moB's3aHi 3 BAIPOMIHIOBAHHSIM, 3 KIHETUYHOIO €HEp-
Ti€I0 PEYOBUMHHU, KA 3aJIMIIa€ 000JIOHKY, 3 BUTpAaTaMHM Teruia, ke 3a0palia 3 co00 pevo-
BHMHA, a TAKOX 3 BUTpATaMM Ha BJIACHI MOTPEOU: MIPOBEICHHSI CUHTE3Y, 3aIIOBHEHHS €JIEKT-
POHHUX O0OJIOHOK aTOMIB 1 T.JI.

ITpokoMeHnTyeMo BUOIp mapamMeTpiB. 3a Yac MPOXOKEHHS IPyroro eTamy TeMreparypa
ITOBEPXHI 3HU3UTHCS 10 BenmmuuHu MeHine Hixk 3000 °K, a paaiyc mpoTOHOBOI 000JIOHKHU
3MEHIIUTHCS 10 po3MipiB 0u3bKo 200-300 THCSY KUTOMETPIB. AJiIe MM HABMHUCHE 3aJIUIIIH-
JI MIJIBUIIIEHE 3HAYECHHS IIUX MapaMeTpiB, a OTPUMaHe 3HAUEHHSI €Heprii MOABOLIU.

3 MOYaTKOM 3HAYHUX BUKU/IIB PEUOBUHHU Y APYTii MOJIOBUHI IPYroro eraiy epeKTUBHA
TTOBEPXHS BUITPOMIHIOBAHHS 3HAUHO 30UIBIIMTHCS BHACTIIOK BEJIETEHCHKOI PEOPUCTOCTI 1
OyrpuCTOCTI MPOTOHOBOI 000I0HKH B 11e# yac. Lle ctocyeThbes 1 Temnepatypu. Iig yac Bu-
KHUJIIB BIIOYBAETHCS 3HAUHE JIOKAJIbHE MIABUIIICHHS 11 3HAYCHb.

Butpatu eHeprii Ha BUITPOMIHIOBAHHS HA JIpPYTOMY €Talll CKJIa1al0Th:

E* i = 2,7-1020x - 2 = 5,4-101x.

ITigpaxyeMo KIHETUYHY €HEPIii0 PEUOBUHHU, SIKA 3aTUIIUTh TPOTOHOBY 000JI0HKY. Kijb-
KICTh BCIX IPOTOHIB ckiagae 19,8-10%. Maiixe BCl BOHU 3a/IMIIATh OOOJIOHKY 34 BHKIIIO-
yerasm 0,006-10%* mpoToHiB, 3 AkuX Oyae copMoBaHa TBepAa KOpa Ha TPEThOMY €Talll,
TOYHIIIE 3 €JIEMEHTIB, SIKl YTBOPSTHCS 3 IIUX ITPOTOHIB.

IToBHa Maca pedyoBHHM O0OJIOHKHM 3a JBa eranu ckiagae 19,8-10%1,67-10% kr = 3,2-10%
Kr. [TigpaxyemMo KiHeTUYHY €Heprito 3a GopMyJIoro:

E_ =mv?/2,

Jle m — Maca pe4oBHUHH;

V — IIBUJIKICTb, SIKa BUIIA 34 APYTY KOCMIUHY IIBUJIKICTD, IKa 3apa3 Ha moBepxH1 CoHIs
ckitagae 611xkm/c.

3MeHIIIEHHS TOBIIUHYU TPOTOHOBOI OOOJIOHKH BeJIE 10 3HAYHOTO MiABUILIEHHS 3HAYCHHS
JIPYroi KOCMIYHOI IIBUIKOCT1 OISl TOBEPXHI 11i€1 000IOHKHU. SAKII0 OyTU TOYHUMHU, TO Yac-
THHA PEYOBUHU He HaOepe NpYyry KOCMIUHY IIBUJIKICTB 1 3aJIMIITUTHLCS HA OpOiTax, obepraro-
YUCh HABKOJIO 31pKU. AJie BpaXOBYIOUH T€, III0 B KOCMOC BIIETUTh 3HAYHO OLIbIIIA YaCTUHA
PEUYOBMHH, 11€ 3ayBaXEHHS HE MIPUIMEMO J10 YBaru. 3Ha4eHHs IPYroi KOCMIYHOI IBUIKOCTI
v = 1500 xm/c = 1,5-10°M/c. Toni E = 3,6-10*1x.

B 3B's13ky 3 TUM, 1110 BUTPAYAETHCS BEJIMUE3HA €HEPTisl HAa MIPUBEICHHS B PyX PEUYOBUHU
000JIOHKH, SIKa HE IOCSITHE HABITh MEPIIOT KOCMIYHOI IIBUIKOCTI IT1JT 4YaC KOKHOTO BUKUIY
1 TOBEPHETHCSI B OOOJIOHKY, a TAKOX T€, 1110 CTAPT BIAOYBAETHCS 3 HAAP OOOJIOHKH, JIe 3HA-
YEHHSI TIePIIO] 1 APYTol KOCMIYHMX IIBUIKOCTEH 111e BUILIE, 110 TPy MU 30UTHIITUMO BTPUUI
i TakuM unHOM npuiiMemo E . = 1,0-10 [Ixk.

Butpatu teruta Q , sike 3a6epe 3 cCo0010 peyoBHHA, MIAPAXyeEMO MO BioMil hopMyi:

Q :mC(Tl_Tz)a

Jle M — Maca peuoBUHH;

C — MUTOMA TEIUIOEMHICTb, KA JOPIBHIOE NPUOIN3HO 1,5 KKan/Kr rpa;

(T,-T,) — pi3HuLs TEMIIEPATYP BUKUHYTOI PEYOBUHM 1 HABKOJIMIIHLOIO CEPENOBUIIA, KA
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nopiBHIoe mpuoim3Ho 100 000 °K.

Tomi Q = 32,0-10*-1,5-100000-4200 = 2,0-10¥"[T>x.

Sk 6aunMo, TEIUIOBI BUTPATH MOXKHA HE BpaxoByBaTH. EHepris, sika 3aiauinumiacs, mijae
Ha BJIACHI ITOTPeOH 1 BOHA cKitagae 0au3bko 2,8-10%21x.

3arajibHi BUTPATH €HEPrii Ha IPYToMYy eTarll CKJIa1aloTh:

E*Z = E*ZBI/IH p+E*KiH+E*2HOTp = 8’3 1042’Z[>K'

Tperiii etan

HanxomkeHHs eHeprii Ha IIbOMY €Talll MOB'sI3aHe 3 CMHTE30M, eHeprieto aedopmaliii cTuc-
HEHHSI KOPH, CHEPri€I0 XIMIUHUX pPeaKIIiif:

E_, =0,006-10>*7MEB = 0,042-10>*MEB = 0,067-10* Ix;

E_.=0,003-10*1MEB = 0,003-10*MEB = 0,005-10*' Tx;

=0,1-10%Tx.
neopM. 1 XiM. p-ii i

BeporoE,=E +E +E =082 104°Z[>1<

Burpatu eHepru OB 32K 3 BUITPOMIHIOBAHHSIM, 3 JIe(OpMaIIi€l0 KOPU, BIACHUMU T10-
TpedaMu Ha CUHTE3 1 T.1.:

E* p3 =0,23-101x;

E* i = 00910

E¥. . =0,510Lx.

Bevoro E*, = E* .+ E*  +E* =082 10%Tx.

Yer1BepTui eran

Enepris criajaxy Bike nmanOBaHa i ckimagae 61au3bKo 4,8-10% k. B i Mixk mosep-
XHCIO HEHTPOHHOI 3IPKHU 1 TBEPJOIO KOPOIO, SKA 3aBINMPIIKK HE MeHIIe HiK 1000 kM,
nmumaeTbes He MeHmte 1,0-10% enexTpownis. IX IiIBbHICTE B IinHI ckmagae Giable Hik
0,2 xkr/m?*. @anractuuHa uudpa!

Maitxe BCl €JIEKTPOHH, SIK1 3HAXOISThCS B IIUTMHI, 30UIBIITYIOTH CBOIO €HEPTIIO ITiJT Yac
crianaxy g0 1000 MEB Ha oiuH eftleKTpoH. A BCl 1HIII BUTBHI €ICKTPOHH, SIK1 3HAXOSITHCS B
KOPpI1, 30UIBIIYIOTh CBOIO €HEPTit0 CMHXPOTpPOHHOro BunpoMmiHtoBaHHs Bl 1000MEB o
BCchOro AekiTbkoX MEB Ha enexktpoH. Lle BinOyBaeThcs TOMY, IO J1ajIi BiJl IIOBEPXHI HENUT-
POHHOI 31pKU eHepris, sIKy HaOyBarOTh €JIEKTPOHM B KOPI IMiJT Yac crajaxy, CTa€ MEHIIOIO 1
MEHIIIOIO B 3B'SI3KY 31 3MEHIIIEHHSIM Hampy>KeHOCTI MAarHiTHOTO MOJIs HEUTPOHHOI 31pKH 1
3MEHIIEHHSIM X IIBUJIKOCTI.

Temnep crae 3po3yMiUIUM, YOMY TaKa MillHA KOpa MEPETBOPIOETHCS HA KAJTIOTIHY TTHJTIO-
Ky. Ha nogaTtok 10 eHeprii BUOyxy KOpy pyHHY€E 3 Cepe/IMHU €HEPrisl BUIbHUX €JIEKTPOHIB 1
€JICKTPOHIB, SIK1 3'SIBJISIFOTHCS TTICIIS 10HI3alI1l YaCTUHU aTOMIB.

SIkOu He eHepris eJIEKTPOHIB KOPU, TO, HE3AIEKHO B/ MOTYKHOCT1 BUOYXY, Ha OpOITH 1 B
KOCMIYHMI ITPOCTIp 371€TLIU O He MUJTFOKA 1 Ta3u, a MIMaTKU KOpH. I To/11 B’ke 3aKOH po3I1o-
JIJTYy 32 MacaMH JIisIB OU I IIMaTKIB Kopu. Jlo yoro 0 1ie npuseso? YiaMoK HEBEIUKOI
MAacH 3 ypaHy JI0JIETIB O /10 BUIIO1 OpOITH HIXK BEJIMUE3HUI KYCEHb KPEMHIIO OLJIbIIIO1 MACH.
I Bcst rapMOHIMHICTh YTBOPEHHS IUIAHET 3HUKJIIA O.

TakuM 4yMHOM, PO3MOJILT PEYOBUHH, 3 SIKOI yTBOPEHI Iu1aHeTh COHSIYHOI CUCTEMH, I11e
pa3 CBUIUYMTH PO Te, 110 OCHOBHI €HePIreTUYHI BUTPATH 31pKHU 3a0€3Ieuy€e eHeprisi CHHXPO-
TPOHHOT'O BUIIPOMIiHIOBaHHs. B miinHi 3Haxoguthes Ot 1,0-10% enexTpoHiB, a B KOpi
maibke 1,0-10° enexkTpownis. ITizpaxyemo eHeprito BUOYXY:

1,0-10%-1000 MEB = 1,0-10"MEB = 1,6-10%1k;
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1,0-10° 20 MEB = 2,0-10°"MEB = 3,2-10%]Tx.

3aranbpHa eHepris cnanaxy ckiaagae 1,6-1081x+3,2-103 Ix = 4,8-10°8 [1x.

YoMy MU NPUUHSIIA CEPETHIO EHEPriio elIeKTPOoHIB i1 yac crnajaxy Conis 3a 20 MEB?
CrpaBa B TiM, 1110 BCe BU3HAUYA€E eHePris crnaiaxy. BUIbHUX €IEKTPOHIB MOXKe OyTH MEHIIIE,
TO/JIl 1X CEepeHsl €HEpPris BUllla. TOYHO BCTAHOBUTHU 10 HUPPY HEMOXKIUBO. AJle CYyTh HE
MIHSIETBCS.

Tak, 1J1s1 31pOK HA/ITIraHTIB, Maca HEUTPOHHOI 31pKHU IKUX csirae 3a 20 mac Haioro CoH-
1151, CEpe/THSI €HEePTisl BUILHUX €JIEKTPOHIB KOPH ITiJT Yac Crajiaxy B JEKUIbKa JIECSITKIB pa3iB
BUIIIA, HIK €JIEKTPOHIB Kopu Haioro Conus B e yac. Jlo Toro »* B Takoi 31pKH 3HAYHO
OlIblIIe BUTLHUX €JIEKTPOHIB 32 PaXyHOK MacH. A eJIeKTPOHHU, SIKI 3'SIBIISTFOTHCS T/ Yac cra-
JlaXy 3a paxyHOK 10HI3aIlli aToMiB, HAOyBarOTh TeXK HabaraTo OUIBIITY €HEPrio 1 IX TaKOX
3HA4HO OuTbIle. MU IO 1€ BXKE 3ralyBaIH.

Mu He BKJIIOUMIU B OajlaHC €HEpriio, sika BUTPAYAEThCA Ha (OPMYBaHHS TPOTOHOBOI
06010HKHU. O60I0HKA POPMYETHCS 32 pAXYHOK €JIEKTPOCTATUYHOTO BIAIIITOBXYBAHHS ITPO-
TOHIB 1 YACTUHU €HEPTii, IKY BUPOOJISIE TIEPIINI eHepreTUIHUM peryasTop. B MaitoyTHboOMy
15 TIOTEHIlaJIbHA €HePrisi OOOJIOHKH TijIe Ha JIepopMallito CTUCHEHHS KOPH, a TAKOX J1aCTh
JIO/IATKOBY CHEPI1IO JUIs 3a0€3MICUCHHS CHHTE3Y .

Ie ne OyJ10 MOBU 1po Ty EHEPrilo, sIKa MICTUTHCS B MaCl MPOTOHIB 1 aTOMIB, 1110 3aJIUIIIA-
IOTB 31PKY. 3a L0 GHEPIilo 3ipKa PO3PAXOBYETHCS CBOIM TUIOM, 3MCHILYIOUH KUIBKICTh HEli-
TPOHIB y HEUTPOHHOMY $IJIp1 1 BIJITIOBIAHO CBOIO Macy B KOKHOMY 1uki Ha 1,5-2%.

TakuM YMHOM, 3a OWH ITOBHUM LIMKJI CBOE1 JKUTTEAISUTLHOCTI 31pKa BUPOOIISIE 1 BUTpadae
oist 6,2-10% Ik eneprii. Maetbest Ha yBasi Haie Conile. SIk My 6aunuMoO, €HEPTist CHHTE3Y
CKJIa/Ia€ MEHIIIE OJTHOTO BIJICOTKA II1€1 BEJIMYMHU. A 110 CTOCYETHCS €HEPT1l MaCH, SIKY 31pKa
BHUKHIA€ B KOCMOC 1 17151 (GOpMYBaHHS IUIAHET, TO 1€ Ie 01u3bKo 29,0-10% k.

I Ha 3aBepIeHHS HABeIeMO MoeTaHUI OajlaHC BUIBHUX IPOTOHIB 1 €IEKTPOHIB 13arajlb-
Hy Tabmuito eHepreTuuHoro 6anancy Conus. (JuBucek Tadauio 2.2)

IIo crocyeThcs Beix eJIeKTpOHiB SIK1 yTBOpHIIA HeﬁTpOHHa 3ip1<a TO l'IpI/I6J'II/I3HO 4,5-10%
ix OepyTh y4acTh y CHHTE3I 1 Maibke /Bl TPETHHU 3 L€l ndpH BiUTiTAE B MK3OPSHUIA ITPO-
CTlp B CKJIa/ll AaTOMIB i MOJICKYJI. A TPETHHA, KA 3aJIMIIAETCS, yTBOPIOE IITAHETH 1 ACTePO-
iy Tex y ckitaai aToMiB 1 MoJtekyd1. 3 12,0-10%* BUIbHUX €JIEKTPOHIB, IO JIMIINUJINCS, 3HAYHA
YacTUHA HE 3aJIMIIA€ 31pKOBY CUCTEMY, a PO3MOALISIETHCS HABKOJIO 31PKM HA 3HAYHIN Bij-
cTaHl Big Hei. B COHsUHIN KOPOHI, po3Mip SKOI BU3HAYAIOTh JICKIJIbKA COHSUYHUX PaJIiycCiB,
nipu 1iitbHOCTI 1,0 10° ek TpoHiB Ha oguH cM3 MicTUThCS TpuOanu3HO 1,0 10°! enexkTpoHis,
10 HECKJIAAHO MigpaxyBaTu. Jlami BiJ1 31pKU 1Sl HIUIBHICTh 3HAYHO 3MEHIYEThCs. CKOPIIII
3a BCE, 30PSIHY CUCTEMY 3JIMIIAIOTh BChOTO JIBl TPETUHU €JIEKTPOHIB, 1110 JIMIITUIUCS BUIb-
HUMH, TOOTO 017151 8,0 103 ek TpoHiB. 3ipKa rajabMye eJIeKTPOHU 32 PaXyHOK 3apsi1y 3Hay-
HO CUJIBHIIIIE, HIXK OLIbIII MacUBHI MpoToHU. (JluBuck Tadnuirto 2.3)

besymoBHO OanaHc Oyje yrouHeHUM. 3HAIOUM A1I0 BCIX MEXAHI3MIB 1 CyTh MOETAITHUX
MIPOIIECIB, 11e Oyae 3pOoOUTH HE BAXKKO.

Buxuau peyoBunu 3 Hammoro CoHIl, SIK1 TOB's13aH1 3 IHTEHCU((]IKALIIE€I0 TPOLIECIB CUHTE3Y
Ha JpYroMy erari HUKITy, 0y1yTh MOCTYMOBO 3pocTaTu. L{si pedyoBUHA MOYHE HAJIXOAUTH HA
opOITH, HA SIKUX 00epTaroThcs riaHeTH COHSYHOI CUCTEMU, B TOMY YHUCII1 1 3eMUlsl.

VY nmroactra € mie npubnuszHo 50-100 Tucsy pokiB. Hagasi BUKUIU TOCATHYTh TaKO1 IHTEH-
CUBHOCTI, 1110 Ha 3eMJIi TOYHE TMHYTH Bce *kuBe. Tomy craHe nmpobiiema rnepeiaboTy A0 1HIIO1
30PSIHOI CUCTEMH, 1 0COOJIMBOI Baru HaOyBae iHdopMAallis PO MOJBIMHY 30PSHY CUCTEMY
Cupiyca, sika 3HaXOAUTHCS /10 HAC HAHOJIMKYE.

Oco0UBICT HAIIIOI TEOPIi 3aAKTIOYAETHLCS TIEPIT 32 BCE B TOMY, 1110, 3HAIOUU TIIbKU PO3-
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MIp TTPOTOHOBOI OOOJIOHKH 31pKH, TeMIlepaTypy i€l 0OOJOHKHU 1 BIJICTaHb ii BiJ OKpaiH
rajakTUK{, MA MOYKEMO IMOBHICTIO 3MaJTFOBATH CUTYAIIi0, sIKa ICHY€ HaBKOJIO 3ipku. Ma-
€ThCS HA YBa31 HAsIBHICTD IUIAHET, 1X CTaH, CKJIaJl, IPUOIM3HY Macy 1 Ha SIKii TJIaHETI MOXK-
JIMBE KUTTS. B HacTymHOMY pO3/1ij1i MU I11e TTOBEPHEMOCH /10 MO/IBiiHOI cuctemu Cupiyca.
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zc;oro HAJIHTILIO eHepril, 62 1 04
BHC;OFO BHUTPAYCHO CHEPTIi, ~62- 1 0
CHEeprisi MacH, BUTpaveHa 4
3ipkoro, JIx ~2,90- 10
BUTpATH €HEpTii 3a OANH 44
nmior, Ik ~35,2- 10

Taoauns 2.3 Enepreruunnii 6ananc Conus
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Po3mia 3. IL1anern

XMapa 3 rasiB 1 U1y, sika 3J71eTiIa Ha COTHI MIJIbHOHIB KJIOMETPIB HaJl TOBEPXHEIO HENT-
POHHOI 31pKH Ticis 11 cnajaxy, Oyja MijBlIajgHa 3aKOHY PO3MOILTY 3a MacaMU KOMITOHEH-
TiB, SIK1 CKJIQJIAIOTh III0 XMapy.

3rigHo 3 Teopiero BUOYXY, UMM MEHIIIA Maca YaCTOK IUJTY 1 ra3iB, TUM JIaJIi BIJI 31pKU BOHU
MOJIeTSATh. B yMOBax KOCMOCY HaBiTh JIETKE IiP'TIYKO MOJIETUTH /1aJli MACHBHOTO KaMeHs, He
3yCTpIYaIOun OMOPY MOBITPS, SIKIIO iX IITOBXHYTHU 3 OJTHAKOBOIO CHIIOKO.

€ psna daxTopiB, SIKI BIUIMBAIOTH HA 1€k 3akoH. [lo-miepiiie, Ierki el1eMeHTH, SIKl yTBOPHU-
JIV CTIOJTYKH, MIMOPSIKOBYIOTBCS PO3IOALTY 32 MacaMU B)KE SIK PEUOBHHA, SIKa Ma€ OLTbIITy
nutoMy Bary. OjHa cripaBa, KOJIU BOJIEHb B YMCTOMY BHTJISIIL, 1 iHIIA — KOJIM BiH CTBOPUB
BOJTy pa3oM 3 KucHeM. [lo-apyre, 11e eKkpaHyBaHHS OUTBIN JIETKUX YaCTOK MHUITY 1 rasiB ca-
MO0 XMaporo. HaBiTh ayske jierka razoBa XMaprHKa MOJKE 3arajibMyBaTH, 3yCTPIBIIN Ha
NUTSIXY OUTBIII MacHBHI YacTKu Nrty. [1o-Tpete, MOTJI0 TpamMTUCH TAK, IO HEBEJIMKA YaCTH-
Ha Ta3iB YUCTO MEXaHIYHO OMMHUJIACH BCEPEIMHI YACTOK IMUJTY, HE YTBOPIOIOYH XIMIYHUX
CIOJIYK 3 PEUOBHHOIO, 3 SIKO1 CKJIA/IAI0ThCS YACTKY MTy. | HaperTi, yacThHAa OLTBIIT MaCcUB-
HUX YaCTOK MUJIy MOTJIa OyTH ITIIHSATA TIOTOKOM JIETKUX I'a31B Ha BUII OpOITH, HIXK T, SIK1 IM
BIJIMOBIAAIOTH 3TIHO 3 PO3MOAUIOM 32 MaCaMU.

3yIMHUMOCH Ha CaMOMY PO3MO/ILI1 3a MacaMu. HaliOuIbITy IIBUAKICT OTPUMAE HAMIIET -
IIUH BOJCHBb. 3HAYHA YaCTUHA IIHOTO Ta3y JOCSITHE APYrol KOCMIYHOI MIBHIKOCTI 1 3a/IH-
IUTH 31pKy. Hukye Ha opOITI ONMMHUTHCS TaKO0X Jierkuid remiit. ILo cTocyeTbest akTHBHOTO
JIITiFO, OepUITiIO, SIKUI 3a MOPIBHSIHO HEBUCOKOI TEMIIEPATyPH CTBOPIOE CIIOIYKH 3 KHCHEM,
TO BOHM 3HAWIYTh CBO€ MICIle Ha OLIbII HU3bKUX opOitax. Lli cmonyku Oyiu yTBOpeHI B
Kopi 31pku. bop, KUt B UMCTOMY BUTJISIAI TAKOXK 3YCTPIYAETHCS y)Ke PIIKO, TEX pO3Tallly-
€TbCS Ay>ke HU3bKO. CII1I0M 3a TellieM 1 BOJHEM 11yTh BYIJIEIb 1 230T, a I11€ HUYKYE — KUCEHb
1 BojisiHA mmapa. J{BOOKHC BYTJICINIO, SIK OJIMH 3 HABAXXYMX Ia3iB, PO3TAIIYETHCS HA HAMHUK-
yux opOiTax. HacTuHa reniro, BYIJIEHIo 1 a30Ty TaKOX 3aIUIIUTh 31PKY.

Tpeba BII3HAYUTH, 1110 3aKOH PO3IOJILTY 32 MaCAMU €JIEMEHTIB 1 YACTOK ITUITY HE BUKITIO-
Yyae TOro, IO Ha OJIHIN OpOITI MOXKYTh OIMMHUTHUCS 1 JIETKI, 1 OLJIbIII MACUBHI €JIEMEHTH 3
BUIIIE 3raITaHUX MPUYKH. [HIIMMM clToBaMu, HaKJIaJaHHs OpOiIT a30TY 1 BYTJIELO HA OpOITH
TEJIiI0 1 BOJHIO TYKE JIETKO TOSICHIOEThCS. PI3KMX KOp/IOHIB HeMa. AJie IIyKaTu Bojy abo
3aJ1130 Ta 1e i ypan Ha FOmitepi 1 CaTtypHi — 11e Bxke adbcypa. Bojga moxe OyTu Ha iX cymyT-
HUKAaX, aJie BOHA 3'IBUJIACh TaM 13 30BCIM IHIIIMX OOCTaBUH, SIKi OyIITh PO3TJISTHYTI HMXKYE.
HasiBHicTh B aTMOChepl LUX IJTAaHET MI3epHOI KUTBKOCTI BOJM TEX 30BCIM HE ITOB'sA3aHa 31
criajaxoM 31pKH, a € pe3yJIbTaTOM YAapiB Y MOBEPXHIO ITUX IJIAHET TiJl, SIKi MaJI B CBOEMY
ckiaji kuceHb. [1po e Oye T MOBa HIDKYE TAKOK.

TOYHICIHBKO TaK BCl MACHBHI €JIEMEHTH 1 IX CIIOJIYKH PO3NOAUISIOTHCS 3T1IHO 3 IXHIMU
MacaMu 3 BpaxyBaHHSM (DaKTOPIB, PO SKI HIlJIa MoBa paHimie. I TakuMm 4nmHOM, cepeiHi
OpOITH 3aMOBHIOIOTHCS, B OCHOBHOMY, CEPEIHIMU €JIEMEHTAMH 1 IX CIIOJIyKaMH, TAKUMU SIK
KPEMHIH, 3aj1130, MiJib, HATPINA 1 T.A. A HU3BKI OpOITH, 1110 PO3TAIIOBYIOTHCS OJIMKUE IO
31pKH, 3aITIOBHIOIOTHCSI B OCHOBHOMY Ba)KKMMH efleMeHTamu. Lle mepen ycim ypas, 3051010,
1pyIiii, OCMIMN 1 T.]I.

Tax po3noaiTUTHCS PeYOBUHA 3pYHHOBAHOI KOPU KOXKHOI 3ipKH MiJT yac cnajiaxy. biib-
1114 YaCTUHA I1I€] PEYOBUHH SIBJISIE COOOIO KpaIlli pO3ILIaBJIEHUX YaCTOK ITUITY, sIKi 00irpiBa-
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IOTHCSI BUITPOMIHIOBAHHSIM BIJIKPUTO1 ITOBEPXHI 31PKH.

Mu neTanbHO 3yIMHUIUCH HA PO3MOIUTI 32 MAaCaAMU PEUOBUHU, SIKY BUKU/IAE 31pKa 3 CBO-
iX HaAp Mg Yac JPyroro erary CBOEI KUTTEMISIIBHOCTI 1 Mi Yac crnajaxy, TOMy, 110 BiH
MTOBHICTIO MOSICHIOE TOM 1HAMBIIyaJIbHUI CKJIa] PEUOBUHH, 3 IKOI (hopMyBajiach KOXKHa IJ1a-
HeTa. 3aKOH PO3IOJIUTY 32 MacaMU — 1€ KJIF0Y JI0 PO3yMiHHS (hI3MYHUX IPOIIeCiB (hopmy-
BaHHS 1aHeT. Hukue Mu mokakemo poJib IbOTO 3aKOHY B ()OpMYBaHHI IJIAHET HA MPHU-
ka1 Hamoro CoHIls, ajie BiH CYITHUM TS KOYKHOI 31pKU 0€3 BUHSITKY.

Mu Bxe 3rajlyBajiu, 1110 BIPOAOBX APYTOT0 eTaIy IUKITY XUTTETISIIBHOCTI 31pKU O11b-
111a YaCTUHA PEUOBUHU OOOJIOHKHU 31PKU BUKUIAETHCS Y BUTIISIII IIPOTOHIB, Ta31B 1 sJIep JIer-
KHMX €JIEMEHTIB, TAKUX SIK BYIJICI[b 1 a30T Y MDK3OPSIHUI MPOCTip. biu3pko aecarol yacTuHU
PEUYOBMHHU, SIKY BUKHUIAE 31pKa, HE TOCITa€e APYroi KOCMIYHOI IBUIKOCTI, aJie MiJ] Yac Pyxy
MIEPEBUIIYE TIEPITY KOCMIYHY IIBUAKICTD 1 CTA€ CYMYTHUKOM 31pKH, 0OEpTarouuch Ha opOi-
Tax HAaBKOJIO HEl.

B 3B's13Ky 3 TUM, 1110 TOTYHICTh BUKHU/IIB HE OJJHAKOBA, JIETKl Fa31 MOXYThb MOTPAITUTH
Ha HWKYl OpOITH 1, HABITAKU, MACUBHIII MOXYTh OIMHUTHUCS Ha BUIIUX opOiTax. OmgHak
3aKOH PO3MOAUTY BUKMHYTOI peYOBUHU 32 MacaMH [1i€ 00OB'SI3KOBO.

Bripo/10B TpeThOTO €TaIy LUKITY KUTTEISUIBHOCTI, KOJIU 31pKa YTBOPIOE TBEPY KOPY 3
PEUYOBHHH, KA 00epTaeThCs Ha opbOITax HABKOJIO 31pKU, (POPMYIOTHCS IIJIAHETH 1 aCTePOi-
nu. Leit mporiec TpuBae mpruOJIN3HO JIEKIJIbKA MIJIbSIP/IB POKIB, Y 3aJI€KHOCTI Bl MacH 31p-
K.

Komnu 3ipka 3akiHuye CBI MePIIN LUK )KUTTEISUIBLHOCTI 1 crajiaxye, HaBKOJIO HEl BXKe
obepTraroThcs chopMOBaHi IJIaHETH 1 acTepoinu. Crnajiax 31pKu, pyHHYyBaHHS TBEP0i KOpHU
1 BUKHU/T HA OpOITU XMaPH 3 TIWITY 1 ra3iB Oyjie MaTH Ay’Ke CEPHO3H1 HACIIIKY JJIS IIUX TUIaHET
1 acTepoimiB.

Hns namoro Conrst 3 33-10%7 Xr pedOBUHU, sIKa 3aJIMINKMIA 000JOHKY, Outst 7,5-10%7kr
CKJIAJIM aTOMH, SIK1 CTBOPEHI 32 PaXyHOK CUHTE3Y, a BCS 1HIIIA Maca BUHOCUTHLCS Y BUTJISII
IIPOTOHIB 1 eIeKTpoHiB. 3 ux 7,5-10%7kr Tinbku Oins 3,3-10%7 nummtocs Ha opOiTi, a BCl
1HIIII ATOMU BIUIETLIA B MIK3OPSIHUH MPOCTIP TaK caMo, siK 1 MpoToHu. Came 3 peYOBUHU,
110 3aJIMIIniIacs Ha opbitax obepranHs HaBKojio CoHlls, Oyino chopMOBaHO JIEB'SITh Ij1a-
HET 1 Ay’Ke BeJIMKa KUTbKICTh acTepoiaiB. Bel mianeTn Oyinu po3TaiiioBaHi B TOMY K MOPSII-
Ky, SIK 1 Ternep, 3a oJJHUM BUHSITKOM — [I1yToH 0oOepTaBcst HaBkoo COHIISI HA HAWHDKYIN
opOiti 1o BigHOmeHHIO 10 CoHllsg 1 OyB IUIAHETOIO, siKa po3TralioBaHa ommxye 10 CoHil,
HDK Mepkypiit. Bincrans Ilnyrona Bin Conig ckitagana 6t 40 MUTbHOHIB KUIOMETPIB, 1
3T1JIHO 3aKOHY PO3IOJILTY 32 MAacaMu JI0 MOTO CKJIa/ly BXOAWIN HaliBax4il eieMenTH [lepi-
oanuHoi cuctemu. Ha pucynky Ne 10 cxemaTuuHO 300parke€HO IIJIAHETH 1 JIesIK1 BEJIMKI acTe-
poinu, ki obepTanucs HaBkosio COHIIS 0 HOro crnajaxy.

Kpim 1BoX acrepoimiB, mpo sKi Oyjae WTH MOBaA y HACTYITHUX PO3/IlJIaX, HA PUCYHKY He
300paXk€HO COTHI TUCSY acCTEpOiiB po3MipaMM Bil HaHOUIbIIUX cynmyTHHKIB FOmiTepa 1
CatypHa J10 IMaTKiB Macolo AeKiIbka rpamiB. L1 acrepoinu o6eprannch HaBkoao CoHIIs
Ha opOiTax, sIKl po3TallloBaHi MIXK OopOiTaMu BCIX IJIAHET, aJie Ha 3HAUHIM BiJICTaHI B1JT OCTaH-
HIX. ACTEpOiu HIKOJIM He TIepeTUHaIM opOITH IutaHeT. Lle o3Hayvae, 1110 B TOM yac MeTeopu-
TiB, sIK1 OoMbOap/1yBaIv rIaHeTH, He OyJ10. ['0I0BHE Te, 1110 KOKEH acTePOil CKJIa1aBCs MPH-
OJIM3HO 3 TIET )K PEUYOBHHM, 110 1 TUIaHEeTa, opbiTa SAKOI 3HAXOAUTHCS HAUOIMKYe 10 HOro
opbitu. Tak, acrepoin €Bpona OyB yKpUTHI BOJOIO, SIK 1 3emilsd, a actepoin lo maB ckia,
O6mu3bKuit 10 ckiaay Mapca. Ha op6itax 6u1s [TimyTona 1 Mepkypist o0epTajuch HaBKOJIO
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Pucynok 3.1. Po3ramyBaHHsi J1aHeT i iesikux actepoiais nepeja cnajgaxom CoHusl.
. Comnrie nepen criajiaxom
. ITmyron

. Mepkypiit

. Benepa

. €Bpona — acrepoin

. 3emis

Io — acrepoin

Mapc

. FOmitep

10. Catypn

11. Ypan

12. HentyHn
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CoHI1s1, HE CTal0UU CYIyTHUKAMH IUX TJIAHET, ACTEPOIIH, SIKi CKITaTAJTHCS 3 BAXKKUX €JIEMEH-
TiB, TAKUX SIK ypaH, 30JI0TO, OCMIH, 1puIiii 1 T.J1. A Ha opOiTax Ol ra30BUX IJIAaHET 0bepTa-
JIUCST ACTEPOIAH 3 3aMEP3JIMX T'a3iB 1 BYTJICIO, 1 iX peYOBMHA TEX BIJMOBIIANIA CKJIay HaM-
OIKYO1 IO KOHKPETHOTO acTepoina MIaHeTH.

B 1eii uac Conrie Bxke chopMyBajio TBEPIAY KOPY, 1 HOTO po3Mip HE TIEPEBUIIYBaB PO3MIp
Ha1oi 3emuti. Bl mumaneTH 1 actepoigu 6€3 COHSIYHOrO O0IrpIBY ITEPETBOPUITUCS HA 3aMeEP3-
i Kymi, 3a BuHITKOM FOmitepa 1 CatypHa. [1po nmpuunHu 0co6IMBO1 TOBEAIHKHU IIUX IBOX
IJIAHET TOTOBOPUMO II3HIIIIE.

TouHICIHBKO TaK BiIOYBAa€ThCS (POPMYBaHHS TJIAHET 1 ACTEPOIIIB HABKOJIO KOXKHOI1 31pKHU
HAIIIOl TAJIJAKTUKH 1 BCIX 31POK 1HIIMX FAJIAKTUK, 32 BUHITKOM YOPHHX JIIPOK.

LInmM nporiecoM kepye Moro BemmuHicTh 3aK0H PO3MOJIITY 32 MACAMH BUKMHYTOI PEYOBHHIL.

Mu nyxe AeTajabHO 3YIMUHUIIMCS Ha portieci (GOpMyBaHHS acTEpOIIiB TOMY, 110 BiH Ja€
MTOBHE TTOSICHEHHSI BAHUKHEHHSI METEOPUTIB, CYITyTHUKIB 1 IEIKUX KOMET.

I ock 3akiHUy€eTHCS TPETIi eTan UKITY XUTTeaisuTbHOCTI CoHIlsl. HacTae MOMEHT crianmaxy.

I1nyTon

3pyitHOBaHa KOpa, sika IEPETBOPUIIACS HA XMapy 3 TUJTY Ta ra3iB 3 CEPEIHHOIO ITOYATKO-
Boro mBUKICTIO Maibke 80000 km/cek rmouasa pyxaTHCs BiJ 31pKH, IO cralaxHya. Bci
IJIAHETH 1 aCTepoiIn, iK1 oOepTaucs HaBkoyio CoHIls, 3a3HaIu yaapy 1iei xmapu. Hacmin-
KU IIbOTO yJIapy 3ajIe)KaJiu Bl BIICTaHI IJIaHeTH uu acTtepoina Big CoHIls, a TaKOX BIJ iX
MacH 1 po3mipy. HailGuipIoro yaapy 3a3Haiu IJIAaHETH 1 aCTePOIu, IKI 0OepTaucs Hai-
ommxue 10 CoHig, 1 B repiny yepry 1ie IlmyTon. Big mporo yaapy xmapa 3 Ity 1 rasiB, sika
pyxazachk B paiioHi opoiTu [TimyToHa 31 MBUAKICTIO TPpUOIKU3HO 80 KM/C, 1 psITy TOIaTKOBUX
dakTopis [11yToH OyB 3ipBaHuii 31 CBO€E OpOITH, Ha sIKii BiH oOepTaBcs HaBKoJio CoHIg, 1
NepeBe/ICHUI Ha BUIIY OpOiTy, A€ BiH 3HaXoauThes Ternep. Cuia, sika Oyiia mpuKiaaeHa J10
[Tnyrona, mana HanpsiMOK Bij 1IeHTpY COHIISI MPOTWIEKHO HAMPSIMKY J0 IIEHTPOBOIO MPHU-
ckopenns [Tnyrona, sike gopiBHioBaiao V¥R, ne V — opbitanpHa mBHaKiCTs [11yToHA, sKa
ckiajana nmpuoau3Ho 58 km/c, a R — paniyc fioro opoitu.

SxOu 1111 yac po3paxyHKiB CHIIH yaapy Xxmapu B [11yToH Mu criupasiuch Ha piIBHOMIPHICTb
pO3MOLTY ii MAaCH BITHOCHO 30BHIIIHBOI ITOBEPXHI XMapH, MalOuu Ha yBa3l OJTHAKOBY KiTb-
KICTh MAaCH XMapy Ha OJMHMUITIO TIJIOIII ITi€] TOBEPXHI HE3aJIeXKHO B MICIISl HA TTOBEPXHI XMa-
pH, TO 11e OyJ10 6 TOMUJIKOBO. 3 BpaxyBaHHSIM ITPUOIM3HOI IUIOIIUHU MTONIEPEUHOT0 MepePI3y
ITiryToHa 1 BCi€l MacH COHSIUHOI KOPH, siKa cKitagaiia 6im3eko 1,0-10%kr, [TnyToH TopneayBa-
na 6 maca, Mena, Hix 1,0-10"7kr. He3Bajkarouu Ha Te, 1110 MIBUAKICTh XMapy 3HAYHO ITEPEBU-
11yBaja opoiTaibpHy mMBUAKICTE [11yTOHA, 1€l Macu He BucTaumio O juis 3puBy [lmyToHa 3
opOiTU. AJle MU MTOBHHHI B35ITU J10 yBaru ooepranHs CoHIISE HABKOJIO CBOEI OCI 1 111€ PsiJT J10/1a-
TKOBUX (pakTOpiB. 3aBasku oOepTaHHio COHIl peYOBUHA XMAPU B MIpPy PyXy OCTaHHBOI Bl
CoHIISI KOHIIEHTPYBajIach OJIMKYE /10 €eKBATOPIaIbHOI 00/1aCTl 31pKU. TOYHICIHBKO TaK pake-
Ta, sIKa CTapTyBaJla HA 3eMHOMY €KBaTOpl, He Majia O MOINEPEUHO] CKJIA0BOI IIBUIKOCTI 11
PYyXy, a MiJ] 4ac CTapTy 3 IHIIOI IIMPOTHU 3aBKAU Tpeda BPaXOBYBATH JIOJATKOBY MOMNEPEUHY
CKJIQJIOBY IIIBUJIKOCTI, SIKa BUHUKAE BHACIIIOK oOepTaHHs 3eMil. A SKIIO BpaxyBaTH, IO
miicis crianaxy CoHIlg XMapa 3 TTTy Ta rasiB gocsriia opoitu [layTona Ouible HIX 3a TpU
TOJINHU, TO B HIl BKe B1IOYJIOCS 3rajlaHe IPYITyBaHHS PEYOBUHHU HABKOJIO TUIOLIMHU €K TH-
k. Ane rmouatu Tpeda O6ys10 3 TOro, 1110 caMa 1o co01 Kopa He eKBaTopi OyJia 3HAYHO TOBIIIA,
HIXK Ha 1oJirocax. SKino 3apa3s ekBaTopiaibHuii giameTp CoHIls OUTBIINHN MOJISIPHOTO JlaMeT-
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pa Ha 72 KM, TO 3 BpaXyBaHHSIM MEXaHI3My CTBOPEHHSI KOPH 1151 udpa Jy1s1 OCTAHHBOI 3HAUYHO
BUIIIA, HE3BAKAIOUM HA Te, 1110 JIlaMeTp KOPH CKJIajaaB Bcboro 14-15 tuc. kM. Best peyoBuHa,
110 BUKHUAJIACh 31PKOIO IMiJ] Yac JPYyroro erary LUKy 1 TOYaTKy TPEThOro eraiy, sKa He
JTOCSITIIA TIEPIIOl KOCMIYHOT IIIBUIKOCTI, MOBepTayiacs Ha moBepxHio COHIIS Bxke OJIKYe 10
eKBaTOpa MOPIBHSIHO 3 MiclieM i1 ctapty. Lleit mpoliec Takok BiI0yBaBCsl BHACIIIOK 0OepTaH-
Hs1 COHIISI HABKOJIO CBOET Ocl. JIo TOTO K pijIka peuoBHHA 31POK 1 IIAHET 11 Yac iX Gpopmy-
BaHHS 1 0€3 TAKOTO MOTYKHOT'O MEXaHI3My cama 1o co61 poOUTh TOBCTIIIUMHU 31PKH 1 TUTAHETH
B €KBAaTOpIlaJIbHIN 00J1aCTI BHACTIIOK iX oOepTaHHs. k1o mocrocrepirat 3a HamM CoH-
1IEM COTHI POKIB, &, MOXKJIUBO, 1 IECITKH, TO MOKHA Oy/Ie ITOMITUTH HAPOCTAHHS PI3HULI MIXK
€KBATOPIAJIbHUM 1 MOJISIPHUM JllaMEeTPaMU, HE3BAXKAIOUN HA 3MEHIIICHHS JIlaMeTPy POTOHO-
Boi 0060oHku CoHirsl. O6epTanHst COHIlI HABKOJIO CBOET OCI € MMPUYMHOIO 30MPaHHS peUOBH-
HU TTICIISI BUKU/IIB Ta CHajIaxy B IUIOIIMHI €KJIITHUKH.

Ta nosepuemocs ao Ilnyrona. Buacmiok HaBenenux ¢gaxktopiB I1myToH 3a3HaB ynapy
B1JI 3HAUHO IIUJIBHIIIOI PEUOBUHU, HIXK ii cepelHE 3HaUeHHs 1o 00'eMy xmapu. Kpim Toro,
Tpeba ypaxyBaTH rpaBiTaliiiine mpuTsarHeHHs [1myToHa, 1 ToMy epeKTUBHUM pajaiyc more-
peunoro nepepizy IlyTona Tpeba 30UIbIINTH B ACKUIbKA pa3iB. IHImmMu cioBamu, y Tlmy-
TOH BJIapWJjia 1 YaCTMHA PEYOBUHM XMapH, sIKa MOBHMHHA Oyjia MPOJIETITU MUMO, ajie Oyja
MPUTSTHYTA rpaBiTaliiiHuM mosieM [lmyToHa.

I HapemTi, peyoBUHA XMapH, sIKa JIET1JIa MUMO HaBITh HA 3HAYHIM BIJCTaH1, CBOIM I'paBi-
TAUIAHUM MPUTATYBAHHSM BHECJIA CBIM BKJIaJ y HAJIAaHHS JOAATKOBOI IIBUIKOCTI [TimyTOHA,
sIKa MaJjia HarmpsiIMOK, mpoTuiiexHuit Bi1 Conust. PeuoBuHa xmapu, 1110 pyxasiach Bijf CoHIs
3 IpoTwiexkHOTo 60Ky Big [lnyToHa, TsArna iloro Ha3zaj CBOIM I'paBITALITHUM IOJIEM, ajie
OyJa Ha 3HayHO OUTKININ BifacTaHi Bix [1myToHa, 1 TOMY BiAirpaBajia 3HaUHO MEHIITY POJIb.

3 ypaxyBaHHSM TernepilHboi mBUAKOCTI [1myToHa Ha opOiTi, po3Mip 11i€i OpOITH 1, BUXO-
JISTUU 13 3aKOHY 30epeKeHHsI €Heprii, He CKJIaIHO MIJIpaxyBaTH CTApTOBY MBUAKICTD [ LityTo-
Ha ITJ1 Yac Mepexo/1y Ha HOBY OpOITY. 3MEHIIIEHHSI HOT0 KIHETUYHOI €HEeprii B Mipy Bija-
nenHs1 B11 CoHIs Bi1OyBaIOCh 32 PaxXyHOK 30UTBIIIEHHS HOTO MOTEHIINHHOI eHeprii, TOOTO

Vim B Vim  GMm _ GMm
2 2 R ro

ne V— craproBa mBuakicTh [1nyToHa,

m— maca [lnyrona,

V, — KiHleBa IBUIKICTb, KA 3apa3 B CEPEIHbOMY NOPIBHIOE 4,74 KM/C,

G - rpasiraitiiiina crana,

M — maca CoH1,

R — paniyc nepBunHoi op0Oitu [nyToHa, iKWt 1opiBHIOBAB IMPUOIN3HO 35-40 MITH. KM,

I — Cepe/IHii pajiyc TenepiHboi opoiTu [TnyToHa, SKuit JOPIBHIOE 5,9 MIIP/I. KM.

3rigHo 3 MM PIBHSHHSM CTapTOBa MIBUAKICTH IlmyToHa mopiBHioBana 81-82 km/c, 1110
MIPUOIN3HO BIAMOBIIAE APYT1M KOCMIYHIN IIBUIKOCTI 17181 TiepBicHO1 opOitH [TmyToHa. Yomy
K I[lmyron He 3anumuB CoHstuny cucteMy? Best ciipaBa B TiM, 1110 BIH CTapTyBaB 13 3aI113HEH-
HSIM, YE€KaIOUM HAJIXO/PKEHHSI HAalMaCHBHIIIO1 CKJIaJI0BO1 XMapu. Tomy yacTHa XMapu BU-
niepeauiia [ 1myToH, 1 3HauHa KIIBKICTB 11 peYOBUHU BCTUTJIA 3aMHSTH MICIISI HA BUIITUX OpOi-
Tax, 11151 peuOBUHA IT0YaJia rajbMyBaTH pyx [1iyToHa, 3MEeHIITYI0Yr HOT0 MBUAKICTE. Tomy
HAaBITh HE3HAYHE MEPEBUILIEHHSI BEJIMYMHU JIPYTOl KOCMIYHOI IIBUAKOCTI HA CTApTI HE TapaH-
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tyBajo [11yToOHY MOKIIMBICTE MITH LIYKATH 1HIINUX 31pOK. 3 1HIIOTO OOKY, CTapTOBA IIBU/I-
KicTb V, 3 sikoi IlimyTon nouaB pyxatuck Bix CoHllsl, Oyjia BEKTOPHOIO CyMOIO OpOITATbHOT
mBuaKocTi Vo IlnyroHa i [ofaTKoBOI MIBUAKOCTI V , SIKY BIH OTPUMAB BiJl XMapH IiCIIst
yaapy 1 IpuTAryBaHHs Tiei xMaporo. OpOiranbHa mBKuAKicTs V  Ilnyrona Oyia cripsmosa-
Ha 10 JOTUYHIN 70 Horo opOITH 1 CTaHOBUIIA

V, = GTM = 58km/ cex

o

ne G — rpasiTariiiina craa,

M — maca CoH1g,

R — pamiyc nepBunHoi op0Oitu IlnyToHa.

HonatkoBa mwBUAKICTE V| Mana HanpsiMok 1o JiHii Conne-ITnyroH. Buxomsun 3 mux
JIAHNX, MOJKHA BU3HAYUTH BEIMIMHY OAATKOBOI BKAKOCTI V., TlinyToHa, a TaKOX HANpsI-
MOK Horo pyxy mijg dyac crapty. Ha pucynky 3.2 nmokazano HanpsiMmok pyxy I[linyrona micis
3ITKHEHHS 3 XMapoIo.

3a I0MOMOr0I0 PUCYHKA HE CKJIAHO MIJIPaxyBaTH, 110 BEIMYMHA J10JIATKOBOI IIBUIKO-

cri [Imyrona V_cknanae
2 2
V=V =V =58ku/cex.

CamMe Taky J0o1aTKOBY MBUAKICTB [ TmyTOH oTprMaB Bix xmapu. Hanpsimox pyxy IliyTo-
Ha yTBOpioBaB mpuon3Ho 45° mo nminii Conre — [TioyToH, ado Ti % 45° 1o JOTHYHOI epBic-
Hoi opbitu [TnvToHa.

1

Pucynok 3.2. Hanpsimok pyxy Iliayrona nicias cnajnaxy Conus
1 — Contue. 2—- IlnyToH. 3 —XxMapa 3 MUy Ta rasis.
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Tenep crae 3po3yMuinM, YoMy IIyTOH Mae Taky BUTATHYTY opOiTy. Bcl iHIIN ru1aHeTH B
TIM YU IHIIIM Mipl TEX 3a3HaIU yaapy XxMapu. HalimacuBHiII rraHeTH 3eMHO1 Ipyu Bene-
pa 1 3emutst Mali>ke He 3MIHMIIM CBO1 OpOiTH, HE3BaXKAaIOUM Ha Te, 110 XMapa IpoJieTiia IoB3
HUX 31 HBUAKICTIO MPpUOaU3HO 48 141 kM/c BinnmoBiiHO. A ock Mapc, sikuii Maiike BaecsTe-
PO JIETIINIA, 3MYIIIeHU OYB 3HAUHO 3MIHUTU CBOIO OpOITYy, HE3BaXKAIOUN HA Te, IO IIBU/I-
KICThb XMapH 01151 HbOT'O CKJIaJiana BChoro 33 kMm/c, 1 Maca 11i€i XMapu ctajia Habarato MeH-
1010, TOMY 1110 3HaYHA YaCTHHA MaCHBHOI PEYOBHUHHU XMapH BXKe OCiIa Ha HIDKYUX opOiTax.
Tomy Mape, sk 1 IlimyToH, Mae ayxe BUTATHYTY opOiTy. ITpo opbity Mepkypist moroBopu-
MO OUTBII AETAITBHO B PO3ALUI ITpo MepKypiid.

IIlo cTocyeThCs peYOBHMHU XMapH, TO YacTHUHA 1i Oysia 3axoIieHa TIaHEeTaMH IIiT Jac
3ITKHEHHS 3 XMapoI0, a BCA 1HIIIA pEYOBHUHA, SIKa 3aJIMIINJIACS Ha OpOITax OUIs IUTAHET, TEX
MOCTYITOBO Oyina 3106paHa 1m1aHeTamMu 1 actepoinamu. Jluie ITiyToH moHIC 13 COO00 TUIBKU
Ty PEUOBHHY XMapH, 110 BIapwIa B HHOTO, Ta 1€ YACTUHY PEYOBUHHU, 10 OE3ITOCEPETHBO
HE BIIaJla HAa HBOTO, a crajia obepratucs HaBkoJio [lyToHa, SIK CYMyTHHK, TaK CaMoO SIK
KUTBIISl HABKOJIO Ta30BUX TIJIAHET.

SIK1o Mu 3rajlaemMo mpo Te, 110 3 moyaTkoM criayiaxy Ha CoHIli OyB siiepHUA BUOYX, TO
CTaHe 3pO3yMUINM, 110 PEYOBUHA, SIKa CTajla 00epTaTucs HaBKoJjio [IimyToHa Tak camo, sIK i
HOro MoBepXHEBUH IIap, MMOBUHHA MICTUTH B cO01 JyKe 3HAUHY KUIBKICTh YaCTOK ajbda.
Ha BimMiHy Bij mutaHeT 3eMHOI Tpynu moBepxHs [LimyToHa 3ro/1oM He Oyjia BKpUTa IIapoM
HENTpaIbHOI PEYOBUHU B Mporieci fopopMyBaHHs tutaHeT micis cianaxy Conirst. Tomy fioro
MTOBEPXHS 1 KUThIIE MAIOTh OTY>KHUI TO3UTHBHUI 3apsia. Lle € OCHOBHOIO TPUYMHOIO TOTO,
10 3 PEUOBUHU KIJIbIl HE OyJIM yTBOpeHI OuTblll MacuBHI cynyTHUKU. I Tomy IlnyToH BU-
[JISITA€ SIK PO3TATHYTE YTBOPEHHs. Takuil BUTIIST HOMY HaJa€ KiUThbIle 3 TEMHOI PEYOBUHU
HABKOJIO HOT'0, aJIe BOHO Ma€ 30BCIM iHIITy OCHOBY YTBOPEHHSI, HI’K KUTBIIS TUTAHET ra30BOi
rpynu. I Haperti, mpo ckian [TmyTona. [ToBepXHEBUIA IIap MIIAHETH CKIIATAETHCS 3 CyMIIIl
BCix ejieMeHTiB IlepioauuHoi cuctemMu, TOMy 1110 BiH 30y/10BaHUM 3 pedyoBMHM XMapu. 1o
pedoBuHy [TyTOH 3aXONUB MiJT Yac yaapy OCTAHHBOI B HHOT'O. A OCHOBHE SIJIPO IJIAHETH
CKJIQJIaIOTh BaXKK1 €JIeMEHTHU: ypaH 238, 3010TO, OCMiM, 1puaiii, CBUHEIb 1 T.J1. Maitxke 7/8
ypaHy Bxke posnajocs. Ha mosepxHi [Imyrona mosxe 6ytu 3aMep3/Ia BOJA. CnpaBa B TOMY,
0 KPiM BOISHOI Mapy, sIKa MOTPAIIIA Ha HEOIO 3 XMapH MiJ 9ac yaapy, Bojaa Morja
YTBOPUTHUCS 1 HA HOBIH OpOITI, TOMY IIIO BiH 00EPTAETHCS y BOJIOAIHHSAX BOJIHIO, 4 CBOTO
KHMCHIO B HhOT'O BHUCTAYaEe.

Ha 3aBepiienns matepiany npo I[nyToH BuBeneMo mpubIn3Hy 3a1eKHICTh e(PeKTHUBHOL
MacHl PEUYOBHHH, SIKa BAapuiia TUIAHETY 13 BIACTAHI I, HA SIKIA OMWHUJIACS TUIAHETa IICHs
ynapy. Buxosun 3 3akoHy 30epekeHHs €Heprii, MOJKHA 3aMicaTH PIBHSIHHS:

mv’ +xv12 _(m+x)v,f _GMm_GM(m+x) e
2 2 2 R ro

2
my . , .
— KIHCTHUYHA CHCPI'LA INTAHCTHU YH aCTCPO1aa,

2
XV . ) ) .
7 — KiHeTHYHA EHepTis XMapH MACOIO X, KA PYXAETCS 31 IIBUIKICTIO V) ,
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V| —apyra KOocMiuHa MBHUAKICT 1J1s1 CoHIst Ha opOITI paaiycom R,

(m + xW?
2
GMm

R
GM (m + x)

r
MICIIS yIapy X XMapH.

— KIHETUYHA €Hepris IJIaHeTH YU acTepoijia Ha HOBIM opOiITi,

— IOTEHIIIHA eHepTis IJIaHETU YU acTepoiaa Ha opOiTi paaiycom R,

— IOTEHIIIMHA €Hepris IJIAaHETH YU aCTepoiia Ha KIHIIEBIM opOITi paaiyca r

GM 2GM

. 2 . .
3 iHmoro Ooky, V- = R v = R TOMY IO ApYyra KOCMIYHA IIBUAKICTB V) ,

IPUOIIM3HO 3 SIKOIO PYXa€ThCsl XMapa, Y /2 BHINA HDK OpOiTaIbHA IIBUAKICTD IUTAHETH V),

, GM

aVy

r
Toni piBHSIHHS OyJ/ie MATH TaKUH BUTJISI;
mGM N x2Gm  mGM  xGm _ GMm GMm  GMx
2R 2R 2r 2r R r ro

CKOpPOTHUBIIH, OJIEPKUMO

m X m X m m X

__|_ —
2R R 2r 2r R r

3BI1AKHA

X m o x_m

R r r R

Y I T O
"\R R r (3)

Sxio r nopiBHIoE R, Toa1 x=0 1 rmirtaHeTa 3aJUIINIACh HA CBOIN OPOITI.
Sxio r 3HauyHO OuTbie R 1 HAOIMXKAaEThCS A0 HecKiHueHHOCTI, Tol 1/r=0 1 popmyna
HaOyBae BUTJISALY:

x:_;
2
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TOOTO IS TOTO, 1100 TLIO 3aJIUIIIUIIO COHSIYHY CUCTeMY, Tpeda, o0 eeKTUBHA Maca, sKa
BJIAPUTH TUIO, CKJIaJajia MOJIOBUHY MAcH TJIAHETH 1 pyxajach I Maca 3 IPYyror KOCMid-
HOIO IIBUAKICTIO. DOpMyITa He BpaXxOBYeE IpaBiTalliiiHe MPUTATYBaHHS XMapu. TomMy peatb-
Ha e()eKTHMBHA Maca 3HAaYHO MEHIIIA.

Komenmap aemopa
"Vkpaina Moaoaa' Biag 02.08.2005 poky:

Vce BKazye Ha Te, 110 MIPYYHUKU 3 ACTPOHOMII JOBENIETHCS TIEPEHUCYBATH MTO-HOBOMY. AMEPHUKAHCh-
Kuii actpoHoM, npodecop KamidhopHiiicbkkoro iIHCTUTYTY TeXHOJIOTIi Malik bpayH moBiqoMuB Ha crieriajib-
HO CKJIMKaHIN IpecoBiii koHpepeHIrii, 1o BiAkpuB y Hamni CoHsSYHIN cucteMi HOBY IniaHeTy. Lle Benmmke
KOCMIYHE TIJIO, SIKE 32 po3MipaMU B MBTOpa pa3a Ouibiie ruraHetu I1myToH, po3TamoBaHe NpuOIn3HoO 3a 15
MUIBSIPAIB KUTOMETPIB Bia 3eMJll i MOKpUTe MeTaHOBHM JibogoM. KanaugaTka B cecTpu 3eMIli Ta IHIIIMM
BochbMU I1aHeTaM COHSYHOI CUCTEMU Ma€ JiaMeTp MPUOJIN3HO TPU TUCSIUI KITOMETPIB, a ii opOiTa HaxuIIe-
Ha ITiJT KyTOM IIpUOJIM3HO 45 rpaayciB 4o opOiT iHmux Bigomux maHeT CoHsTuHOI cucteMu. KocmiuHe Tijo,
sike Hapasi oTpuMalio TumuacoBy Ha3By 2003 YB313, obepraeThes HaBkoio CoHirs 3a 560 pokis. I1pode-
cop Maiik bpayn Ta JBa iHII HayKOBII 3 oro rpynu, Yaa Tpyxiaeiio Ta JaBun PabuHoBud, 3BepHYIINCS
110 MibXKHapOJTHOTO aCTPOHOMIYHOT'O COFO3Y 3 IMOJaHHSIM PO IMPUCBOEHHS HOBIH ITAaHETI OCTIHHOTrO IMEHI,
aJie HiSIKUX IIPOITO3UIIIH 3 IIHOTO IPUBOAY HE 3pOOHIIH.

I opMmarris rmpo "mecsaty mraHeTy" 3'sBUIACS HACTYITHOI'O JTHS MICIIS 1HIIOI CeHCAllIMHOI 3asiBU: MUHYJIO1
Ccy0OTH iCIaHChKI aCTPOHOMHM MOBIIOMIUTH PO BIAKPUTTS KOCMIYHOTO 00'€KTa, SIKMii oTprMaB Ha3By 2003
EI.61. 3a po3Mmipamu BiH Tpoxu MeHInui ITimryTona. 1li 1Ba BIZKPUTTS 3HOBY BIIPOJIMIIM TUCKYCIIO B aCTPO-
HOMIYHHUX KOJIaX CTOCOBHO TOT0, sIKi 00'€KTH MOKHA HA3UBATH IITAHETAMU?

MikHaApoaHUH aCTPOHOMIYHMI COKO3 NPHUIHSB pillleHHs He BBa:KaTH mJiaHeramu [LiyTon,
Cenny i Tizio 2003UB313. Bonu Tenep crajiu Ha3uBaTucs BeJMkuMu acrepoinamu. Lllonpasaa
Ha3Ba HiYoro He 3MiHmjIa. B kHu3i 0y/10 criporHo3oBaHo, 1O 3 YacoM Oy/ie 3HalieHa jaecsiTa
IJIaHeTa, a, MOKJINBO, 1 oauHaauAaTa. I ue Tpanwiocs. Cnouyarky 3Haiimum Ceany, a notim i
2003UB313. Lli n1aneru, B Tomy 4ucJi i [Lxyron, npuéauszno 4,5 MisibsipaiB pokiB TomMy o0ep-
Tajmcs HaBkoJ10 CoHIsl Ha opbiTax, sIKi po3TaioBaHi 3HaYHO OJm:k4ve 10 CoHIA, HizK OpOiTH
Mepkypis i miciisa cnanaxy CoHusi XMaporo 3 NIJIy Ta ra3iB 0y/id BUIITOBXHYTI HA TaKi BUCOKI
opo6iTn. Mepkypiii i Mapc BTpuMa/iuch Ha CBOiX OpoiTaxX TiIbKH 3aBASIKH 3HAYHO OB
Maci, ajie cTajm 06epTaTuch HaBK0JI0 COHIIS MO eJTINTHYHUX OpOiTax.

Mepkypiii

bausniok ITinyrona Mepkypiit MaB OuIbIlly Macy 1 o0epTaBcs Ha 5-10 MITH. KM Jaii BifT
CoHI14, 2 TOMY 3aJIMIIUBCS Ha OPOITI, aJIe BHACIIIOK yAapy XMapH 1151 opoiTa HaOyJ1a BUTSIT -
HyTOi hopmu. IlepBicHa opbiT Mepkypis Oyta aye O1u3bKa 10 Koja pajalycoM npruoIm-
3HO 45 MutH.KkM. He Ba)kko migpaxyBaTH, 1110 BIH MaB OpOITaIbHY HIBUIKICTH OLU1s 54 KM/C,
3HAIOUM CepeIHIN paalyc TenepiltHboi opOoiTn Mepkypis, Horo opOiTajabHY IIBUIKICTH Te-
Tep 1 CIUPAIOYUCh Ha TY K METOJIUKY, sika Oyiia BukopucraHa s [iryToHa, MoxHa miapa-
XyBaTH CTApTOBY MIBUAKICTb MepKypis I yac yaapy xmapu. L{s mBuakicTe ckiagana
npuoIM3HO 61 KM/C. 3B1ICH JIETKO 3HAWTH 101aTKOBY MBUAKICTb V], siky MepKkypiit oTpu-
MaB BiJ XMapu HanpsMKy JiHii CoHne-Mepkypiid. L{s mBUAKICT cKilaaana mpuoInu3HO

v, =V(61)" = (54)" =26,5ku/c
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Mepkypiii crapTyBaB ITiJl KyTOM IIPHOIM3HO 26° 10 HAIIPSIMKY CBO€1 OpOITAIIbHOI IITBU/I-
KOCTI.

-

"‘\1

Pucynok 3.3. 30iibiuennsi mBuaAKocTi MepKypist micjst yaapy XMapu 3 iJ1y Ta rasis.
1 — Conie. 2 — Mepkypiii. 3 — Xmapa 3 nuj1y Ta rasis.

I TyT HaMm BuMaia ciiyliHa Haroja BU3HAUUTH BenumuuHy Macu [limytoHna. JlomaTkoBa
IIBUKICTH VI, siKy ofepskaB [11yToH Big XMapu, ckitagaina npuoan3Ho 58 km/c, a 1oaaTKo-
Ba IIBUIKICTh MepKypist CTAaHOBWJIA TPUOIM3HO 27 KM/C. SIKI0 BpaxyBaTh HE3HAUHE 3MEH-
IIIEHHS] MACU XMapH 1 ii IIBUAKOCTI MPUOIIM3HO HA 5 KM/C, 3a Yac MPOXOKEHHS BIICTaH1 MIXK
op6itamu IlmyToHa 1 Mepkypis, TO MOXKHA CKa3aTH, 1110 JIOJATKOBA MIBUAKICTE MepKypis
MPUOIN3HO BABIYI MEHIIIA, HDK I0JaTKOBA IBUAKICTD [ ImyToHa. Buxosun 3 3akoHy 30epe-
KEHHS KUTBKOCTI PyXy, MOXHa MPUOIN3HO BU3HAYNTH Macy [liryToHa 1Mo BiTHOIIIEHHIO /10
Macu Mepkypis. OOuaBI IIBUAKOCTI cipsiMoBaHi Bij CoHIIS, 1 TOMY

My -V =My, -V,

ne M_—wmaca Ilinyrona,
V . —nomaTtkoBa MBUAKICTH [1myToHa, SIKY BiH OTpUMAaB BiJl XMapH,
M_— maca Mepkypis,

M

V ., — AoaTKoBa MBHAKICTE MepKypis, sIKy BIH OTPHMAB Bill XMapH.

My Vi
V .
AT
Tobto maca IimyToHa ckitagana nmojgoBuHy Macu Mepkypis. I TyT Tpeba BUsIBUTH 0Oepex-
HICTh y BUOOPI 3HaUeHHsI Macu Mepkypis. Byiio 6 MOMUIIKOBO B3STH HOTO TETEPIIITHIO Macy,

ska ckiagae 3,23-10%kr. ITix yac yaapy ioro maca OyJiia mpuOIM3HO HA YBEPTh MEHIIIA 1 CKJIa-
nana Oins 2,5-10%. I takum unHOM Maca IlmyTtona ckiamana npubausHo 1,2-1,3-10% kr.

3BiIKU M 1
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3 ypaxyBaHHSIM pEUYOBUHU XMapH, SIKY BCTUT IPUTITHYTH J10 ceOe 1] Yac 3ITKHEHHS 3 HEIO
ITnyToH, 3apas3 iioro maca gopiBHIO€ npuom3Ho 1,3-10%kr.

IIo crocyerhest ckiaay MepKypisi, TO SIPO CKIIAAAI0Th T1 5K caMi BaXKK1 €JIEMEHTH, sIK 1 Ha
[TnyToH1 — ypaH, CBUHEIb, 30JI0TO, OCMIMN, 1pHIiii 1 T.1. 30BHIIIHIH I1ap, IKUH CKJIaJIa€ Maibke
YBEPTh B1JI 3arJIbHOT MACH TJIAHETH, YTBOPEHUH 3 peYOBUHU, SIKY MepKypiii 310paB 3 HABKO-
JIMIITHIX opOIT micis cnajiaxy CoHIS TPOTITOM MUTbSIPAIB POKIB. 3T1IHO 13 3aKOHOM PO3MOIi-
JIy 32 MacamH, i PEUOBUHA TEX CKJIA/IA€THCS OUTHIIIOI0 YACTUHOIO 3 €JIEMEHTIB HUKHBOI Yac-
tunu [lepionunoi cuctemu 1 Maiixe He BIPI3HIETHCS B S/Ipa, 32 BUHSITKOM TOHKOTO IIapy
noBepxHi. Lel map yrBopuiia MEHIII MACUBHA PEYOBUHA, SIKa IMOTPpAIUa Ha TUIAHETY IiJT Yac
3ITKHEHHS 3 XMapOIO 1 3 MAJIOMOTYKHUMU BUKUIAMH ITiJ] YaC APYTrOro eTamy MUKy KUTTE -
simbHOCT1 COHIISI, a TIOTIM BECh Yac CIUIMBajla HaBepX, KOJIM Iu1aHeTa Oyjia B pIAKOMY CTaHi 1
HapoIlilyBajia CBOIO MACy 32 paXyHOK OpOITAIbHOT peuoBUHU micis criasiaxy CoHis. B nbomy
11api 3aBTOBIIKU JEKUTbKA KM CKOPIIII 32 BCE MICTUTHCSI HE3HAYHA KUTHKICTD 3aJ113a, ajie cliao-
K€ MariTHe rnojie MepKkypisi BU3HAUYalOTh MPOJIYKTU PA/II0AKTUBHOIO PO3Maly PEYOBHHU,
sIKa MICTUTBCSI B MepKypii 111e 3 4aciB IepBICHOTO (pOpMyBaHHS TJIAHETH.

YoMy x muTOMA IIUIBHICTE MepKypis, sika ckiaagae 5,45-10°kr/M?, He Taka Biyke BUCOKA 1
MPUOJIU3HO JOPIBHIOE MUTOMIN MLTbHOCTI 3emiai? TyT MU MOBUHHI B3SITU O YBaru JAeKiIbKa
(daxTopis. [lo-nepiiie, 11e HACTIIOK 3HAYHO MEHITO1 Macu MepKypis B TIOPIBHSHHI 3 3eMJICIO.
Jtst Micsitigl, SIKuii Ma€ peyOBUHHUIN CKJIaJl Maike Takuii, K 1 3eMitsi, po3Mipu OJIM3bKI 10
po3MipiB MepKypist, MUTOMA IIIJIbHICTh Makke BIBIUI HIDKYA 1 CKJIagae BChoro 3,45-10°kr/m?.
[To-npyre, simpo Mepkypist CKJ1a1atoTh HE TUTbKM BUKJTIOUHO BaXKK1 eieMeHTu. 111 yac maso-
MOTYXKHUX BUKU/IIB HA JPYroMy eTari IUKITY )KUTTeAsuIbHOCTI CoHIlst Ha opOITI B palioHi
ITnyrona 1 Mepkypis TOTparuisiivd 1 cepe/iHi eneMeHTH. [1o-Tpere, Mu MOBUHHI MPUTadaTH,
11O ITiJT TOBEPXHEBUM IIAPOM 3aBTOBIIIKU JACKUTbKA COTUX KM B MepKypii MICTUTBCS PEUOBH-
Ha, K1 Maibke 15 miipa. pokiB. CaMe Takuii Yac MUHYB BiJ ITOYATKY MepBICHOTO (hpopMyBaH-
HSI TJTAHETH HAMMPUKIHIL JPYTOTo eTamny MUKy KUTTEAIsIbHOCTI CoHIIs. 3a 11ei mepioj1 Maii-
xe 7/8 ypany 238, sikuit MITUBCS B SIAP1 IUIAHETU Ta ypaHy 238 30BHIIIHBOTO IIAPY, SKUK
YTBOPHUBCS ITPOTATOM MUTBSIPAIB POKIB micis criasiaxy CoHLsl, 3a3HaJIO PagiOaKTUBHOT'O PO3-
najy. [IpoykTamMu ibOTo po3Ia1y, KpIM CBUHIIO, CTABAJIA 1 MEHIII MACHUBHI €JIEMEHTH, 1 BTO-
MY YHUCITI IHEPTHI ra3u: aproH, HeoH, rejiii. HasBHICTh He3HAUHOI KIJTBKOCTI IIUX ra3iB B ATMO-
cdepi Mepkypist € TOMy 10Ka30M. SAkOM BOHM MOTPAIWIN HA TUIAHETY AyKe JaBHO, TO iX He
Oyso 6 1 cmiay. Taka Masta rraHeTa He B 3M031 yTPUMATH Ta3H ITiJT Yac IHTEeHCUBHUX OoMOap-
JyBaHb MeTeopuTaMu. HaBiTh BABIYI MacuBHIIIMN 3a Mepkypiit Mapc He 3MIr BIOpaTUCh 3
uM 3aBaanHsM. Hy 1 yeTBepte, MepKypiro )apkKillie 3a BCIX IJIaHET 1 ToMy Tpeba BpaxoByBa-
TU 00'€MHE PO3IIUPEHHS PEUOBUHU TUTAHETH.

[Tpubnusna muibHIcTh [LTyTOHA 3 THUX XK€ MIPUYUH, 32 BUHATKOM BHCOKOI TEMIIEpATYPH,
ckiaaae mpuom3Ho 5,0-10°kr/m>. TomMy HapelTi MOKHA ITOKJIACTH Kpaii CyIepedKam 010
Macu [lmyTona. Skiio miaMmerp 1€l IJIaHETH CKiajaae MpuoIu3Ho 3,6 THC.KM, TO ii Maca
nopiBHIOE mpuOIn3HO 1,2-10%°kr. SIk Mu 6aunmo, 1s 1udpa MOBHICTIO BIAIIOBIAAE TCOPETHY-
HUM pO3paxyHKaM, siki Oysiu 3po0JieHi Buiie. Takum unHoM, Maca [TimyToHa JopiBHIOE TTpU-
omm3Ho 0,2 Macu 3eMil.

o crocyethest AecaTol MIaHeTH, sika MorJia 6 onuHuTHCs 3a [lmyToHOM MICHs yaapy
XMapH B acTepoil, sikuii ooepTancs 11e oamxkye 10 Conus, Hix [11yToH 1 MaB MeHIIly Macy,
HIX BIH, TO 1I€ TPAITUTUCHh MOTJIO. AJIe TiJIa TAKOI MAaCH BXK€ HE MOYKHA BBAXKATH 32 IJIAHETH
— 11e mo-tiepiue. I mo-apyre, Takux TI1 MOTJI0 OyTH 1 OLIbIIe. AJie 3HAUHA YaCTUHA aCTepOi-

66



sKusuii opeanism Bceceimy

JIIB, siK1 oOepTasucs ommk4de 10 CoHlrst Hbk [TITyTOH 1 MaJii MEHIIy Macy, 30BCIM 3aJIMIITNIIA
Constuny cuctemy. He3HnauHe mepeBUINICHHS IIIBUIKOCTI acTepoifa HaJl MIBUIKICTIO PYXY
[TnyToHa 3 opb6iTH Ha OPOITY BXKE MOTJIO MOTITHYTH 32 COOOIO MPOIIAHHS 3 31PKOIO Ha3aB-
KT, TOMY 1110 IBUAKICTB [ liyTOoHa Oyiia ayske OJIM3bKOIO /10 APYroi KOCMIYHOI IITBUIKOCTI.
JleTaspHile mpo e MU MMOrOBOPUMO B PO3/ILUIL ITPO CYIYTHUKHU.

Benepa

3a 3aKOHOM PO3MOLTY 32 MacaMH IIiJT YaCc BUKHU/IIB 1 criajiaxy COHIl, BeHepi Takox mic-
TaBCsl 3HAUHO MacHUBHIIIMK OykeT enemeHTIB [lepioguunoi cuctemu, Hixk 3emuti. Toi ¢akr,
110 11 MUTOMA INUIBHICTh HaBITh HIJKYA, HIK IIUTBHICTE 3eMJIl, HE IIOBUHHO HAC 3aBOJIUTH B
oMany. Ilo-niepie, maca Benepu maitxe Ha 20% menia, Hik Maca 3emul. [lo-npyre, 1e
MOB'SI3aHO 3 TEMIIEPATYPHUM PEKUMOM, B sIKOMY 3HaxoauThcsi Benepa. Cepenns Temriepa-
Typa BcepeanHi I1aHeTu ckopi 3a Bce Ha 1000 K° Buina, Hix TeMrepaTypa BcepeanHi 3eM-
7. SIk HacmmokK, OlIbIlIa YaCTHHA TBEPJIOTO si/ipa Oyia posruiaBieHa. TBepaa kopa Habara-
TO TOHINIA 3a 3eMHY KOopy. Maiike BeCh BYIJICKUCIIUI Ta3, SKU OYB CTBOPEHUI y TBEP/iit
kopi CoHilsl, noTpanuB Ha BeHepy, 3riiHO 13 3aKOHOM pO3IOJILTy 3a Macamu. [lapHukoBuii
e(eKT 3HAYHO YIMOBUILHIOE OXOJIOKEHHS IJIAHETH.

Benepa mae nyxe cnabke martaiTHe nosie. Lle cBimunThb mpo Te, 1110 B il Haapax Jayxe 3aMa-
JIO 3aJjli3a B MOPIBHSHHI 3 3eMiier0. 3TiAHO 13 pO3MOALIIOM 3a MacaMu, 3aJ1i30 3aHATO JIETKE
111 Benepu. 30BHIIIHIN MOBEPXHEBUM 1Iap CKIAJAETHCS MalkKe 3 TAKO1 PEYOBUHH, SIK T1O-
BEepXHEBUI map 3emiai. Ajie el map CTBOpUJIa pe4OBHHA, SIKa BECh Yac CIIMBAJIa Ha MOBe-
pxH10. I TOMy BiH 30BCIM He BijioOpakae BHYTPIITHINA CKJIa/1 IUTAHETH.

Taxk camo sik 1 YpaH, Benepa Mae npoTuiIexXHUN HAMPSIMOK OOEpTAaHHSI HABKOJIO CBOE]
OCl TTOPIBHSHO 3 yciMa IHIMMHM 1uiaHeTamu. Llelt eHoMeH BUHMKAE TO/II, KOJIU LIEHTPOM
YTBOPEHHSI HOBOI IIJIAHETH CTA€ HE CKYITUEHHS TIEI )X PEUOBUHM, sika Oyja BUKHHYTA Ha
OopOITH HAa IPYTrOMY eTaltl IIUKJITY )KUTTeAIsTIbHOCTI COHIIS, a BUTIAJKOBUI aCTEPOI/l 3 IHIITUM
HampsIMKOM OOepTaHHSI, SIKUU 3aJIETIB B COHSIYHY CUCTEMY 3 1HIIIOI 30psiHOI cucteMu. Ha
toit yac CoHlIle 11Ie He MaJio CBOIX acTepoidiB 1 MeTeopuTIiB. BOHN yTBOpMIIMCS MI3HIIIE.
Tomi hopmyBaHHS HOBOI IUTAHETH BIIOYBAETHCS HABKOJIO I[OT'0O ACTEPOiJia, ajie HAIPSMOK
0o0epTaHHs acTepoiia 3aIUIIAETHCS.

3emuis

Hara mmanera BUB4YeHa 3HAYHO Kpallle B TOPIBHSIHHI 3 IHITUMU TTaHeTaMu. Buine Oyio
OOTPYHTOBAHO, YOMY 3eMJIsl Ma€e TBepe saApo. bim3bko 15 MiIp/. pokiB TOMY, HAITPUKIHIT
JIPYTOro eTaIy MUKIY KUTTEAIsTbHOCTI COHIIS 3 peYOBUHH, BUKMHYTOI HA OpOiTY, ITovaso-
cs1 popmyBanHs ruraneT. Lleit mporec TpuBas 1 Toai, Koau CoHIle BKPWIOCS TBEPIOKO KO-
poro. Bperti-pemitT chopMoBaHi MPOTITOM MIUTbSIP/IIB poKiB 6€3 COHSYHOTO 00IrpiBy mep-
BICHI IJTAaHETH NlepeTBOprITHCs Ha 3acTurii Kyii. Lle He crocyeTbes FOmiTepa 1 CaTypHa, aie
1po HUX po3MoBa miae mizHime. [Micas cnamaxy CoHI 1l TIaHeTH 310paiid BCIO PO3IrpiTy
peUYOBHHY 3 OpOIT. 30BHIIIHS YaCTUHA SIAEP LIUX IJIaHET Oyjia po3IiaBjieHa, a BHYTPIIIHS
YacTHHA 3aJIMIINIAcs TBepoto. Take TBep/e sapo MaroTh 3eMist i Mapc, i, MoxinBo, Be-
Hepa. AJjie € IMOBIPHICTb TOTO, 11O B HEl SIPO 30BCIM po3siuiaBiieHe. OCh YoMy BCEpearHI
3emuti 3apa3 3HaXOAUTHCS TBep/Ie sApo. He AuBHO, 1110 BCI CrpoOU MOSICHUTH 11 SIBUIIE Ha
TerutohI3MYHIN OCHOBI 6€3 ypaxyBaHHS JIMCHUX YMOB (hOpMYBaHHSI TIJTAHETHU PO3CUTTIAIINCS,
SIK KAPTKOB1 Oy IMHOYKHU.
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IMToctyrnoBo po3irpiTa peuoBUHA 30BHIITHBOTO IIapy 3eMJIl Iovyaia 0X0JIOHKYyBaTUCH 1
TBepaiTH. BoasiHa mapa nmoyvasa rnepeTBOproBaTUCH HA BOY, sSIKa BKpHJIa BCIO IUIAHETY IlIa-
pom 1ipubau3HO 4-5 kM 3aBToBIIKU. L1 mudpu HeBunaakori. CripaBa B TiM, 110 3HAYHY
YaCTUHY BOJM 3eMJIsl BTpaTUiIa Mijl 4ac METEOPUTHUX OoMbOap/yBaHb, KOJIM 11 MOBEPXHS
Oyna TBepaoro. Brpara Boau B yapiB METEOpUTIB BiIOyBajacs 1 TO/1, KOJIU 3eMJIs OyJia
BKpUTA MIAPOM M€l pianHu. SKOM MU MOIIM MOOAYUTH Hallly 3eMJIIO B II€il Yac 3 BUCOTH
30-40 kM, To moOaumIM O TUTBKU MOBEPXHIO OKEAHY, IKU MaB )KOBTYBATO-POKEBE 3a0apB-
JIeHHsI. 3BIJIKH X Take 3a0apBiieHHs? A cripaBa B TiM, 1110 JHO 3€MHOT'O OKEaHy B TOH yac
BKPUBAJIM OKUCH 3aiTi3a. Tak, 3BMYaifHa 1p)ka BU3HAUa1a KOJIip 1[bOro 3a0apBiieHHs. 3 ya-
COM BIIKJIQJIaHHS MYJTy 1 BOJOPOCTI 3MIHWJIU 1ie 3abapBiieHHS. MU 3rafgaiu 110 KapTUHY
JIJISI TOTO, IIT00 3pO3yMITH, 1110 COOO0¥0 siBJIsIE cynyTHUK FOmiTepa €Bpona 1 AesiKi CyITyTHUKH
CarypHa, J10 IKUX MU I11€ TOBEPHEMOCH IMI3HIIIIE.

A Hajnami, 3aBASIKU TUM ke OoMOapayBaHHSIM METEOPHUTIB, PO3MIPH SKUX 1HOMII CSIraju
COTEHb KIIOMETPIB B JllaMeTPi, MOYaJIM YTBOPIOBATUCH CyIIla 1 TOPH.

KomnoneHTH, siki BXOASTH B CKJIa]l p€YOBUHHU, LIJIKOM BiAIOBIIAIOTH PO3IO/ILTY 33 Maca-
Mmu. Lle riepemycim 3amizo 1 6e31iu cepennix enemeHTiB [lepioauunoi cucremu. HasBHICTIO B
3eMHIM KOpPl BaXXKUX €JIEMEHTIB, TaKMUX, SIK ypaH, 30JI0TO, CBUHEIb 1 T.JI. MU 3000B's13aHi1
MIEpBUHHUM METEOpUTaM, PO SIKi Mmije MoBa Hibk4de. B sipi 3eMiti MokIMBa HAsSIBHICTD Je-
SIKO1 KIJTBKOCT1 BaXKKMX eleMeHTIB. 111 yac aye MoTy>XKHUX BUKU/IIB HA JIPYrOMY eTarll -
K1y KUTTeAIsIbHOCTI CoHLst HAa 3eMHY OpOITYy MOTJIM MOTPAIIUTH 1 BaXKK1 €JIeMEHTU. AJle
Tpeba 3BepHYTH yBary Ha Te, 110 3a 15 MiIpA. pOKIB 3 HEBEJIMKOI YACTUHU ypaHY, KU MIT
MICTUTUCS BCEPEIUHI s/Ipa HAIIOI TUIaHeTH, Juiiocs MeHie 1/10 yactunu. PagioakTus-
HUM po3Iaj 3po0UB CBOIO CIIPABY.

IIo crocyeThes rasiB, TO iX OCHOBY Y BUIIOBIIHOCTI 10 PO3MOALUTY 3a MacaMu Ha 3eMHIN
opOITI CKJIAJIK a30T, KUCEHb 1 BOjIsIHA TTapa. ToMy Ha 3emiti Tak 6arato Boau. [yxe 6arato
1I€1 PIAVMHU MOTPAIIWIIO Ha TUTAHETY Mia yac (pOpMyBaHHS IEPBICHOI IUIAHETH. A crajiax
CoHI14 111e J10/1aB 3HAYHY 11 KUIBKICTh. JJOBOJIMTHCS MOTOAUTHUCH 3 TUM, 1110 OLIbIIIA YaCTUHA
BO/JIU, SIKA TTOTpaIuiia Ha TIa”eTy micis cnaiiaxy CoHis, Oyyia yTBOpeHa B COHSUHIN KOPI.
B npotunexxHoMy BUINaAKy BaXKKO ySIBUTH cOO1 Ha OpOITi, sIka BIATIOBIIAE PYyXy 3eMITl, TIPU-
CYTHOCTI HaBITh B PIBHUX JIOJISIX BOJHIO 1 KUCHIO, 3 SIKMX YTBOPIOEThCS Bojia. e 6 yBiiio
B MIPOTUPIYYS 3 3aKOHOM PO3MOAUTY 32 MacaMu, TOMY 110 MAacH KHUCHIO 1 BOJHIO CyTTEBO
BIIPI3HAIOTHCS. be3yMoBHO, Bo1a OyJia 1 € mpucyTHs Ha opOiTax Big Benepu 1o Mapca, ane
BUXO/ISIUU 3 3aKOHY pO3MOAUTY 32 Macamu jy1st opoiTu BeHepu 1 Huskue, BoAsIHA Mapa JyKe
JIerka, a Jy1st opOiT Buie Mapca BoHa JIy»e Bakka 11 Tam Hema. HasiBHICTh BOW Ha CYITyT-
HUKAaX Ta30BUX IUIAHET 1 HA IHIIMX BUIIMX OpOITaX 00yMOBJIEHO BUKJIIOYUHUMHU OOCTaBUHA-
MM, TIPO SIK1 Oyjie NTH MOBa HIKYE.

3aBIsIKM 3aKOHY PO3IIOJIUTY 32 MacaMM cepe/l YCIX IUTaHeT TUIbKU Ha 3eMJIl CTBOPEHI YHi-
KaJIbH1 YMOBH JIJIS BAHUKHEHHS 1 PO3BUTKY KUTTs. Lle HasiBHICTh B MOTPIOHIN KUTBKOCTI JIJIsI
KUTTS TaKUX TITaHTIB, IK KUCEHb, a30T, BOJIa, BYIJICllb, KabIIii, 3ami30 1 T.J1. Ha sxogHii
r1aHeTi Haoi COHSIYHOT CUCTEMM TaKoro OykeTy HeMa 1 He Moske OyTu. Ha iHImmx 3ipkax
YCIX FAJIAKTUK 3 YUCIIa IUIAHET, 1110 HEOJAMIHHO YTBOPIOIOTHCS IMICIS 3aKIHUEHHS MEPIIOTO
LUKITY JKUTTEAISUTLHOCTI 31pKH, OJHA YU AB1 IJTAHETU OOOB'SI3KOBO BIATOBIIAIOTH YMOBAM
YTBOPEHHS Ta ICHyBaHHS 3eMi. Jj1s qyKe BeIMKUX 31pOK TaKl YMOBU MOXKYTh CTBOPIOBA-
THUCh Ha CYITyTHUKAX BIIMOBIIHUX IUIAHET. 3BIJICK HECKJIAHO 3pOOUTH BUCHOBOK, 1110 B 1H-
IIMX 30PSTHUX CUCTEMAaX Ha OJHIN 3 IUIAHET PAaHO UM IMI3HO BUHUKAE KUTTSI. MUHA€E TOUHO
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TaKa X eBOJIIOLIS I[bOTO UTTs. JIT0M Ha 1HIIKX 31pKax Taki K caMi, K 1 MU. BIIMIHHICTB
TOJISITA€ B KOJIBOP1 BOJIOCCS 1 IKIPU, & TAKOXK B (PI3MYHUX JAHUX, SIKI 0OYMOBJITIOIOTHCS Ma-
coro tianetu. [1po cynmytauk 3emiti, Micsiib, TOTOBOPUMO B PO3/ILTI PO CYITyTHUKH.

Mapc

3T1J1HO 13 3aKOHOM PO3IOJILUTY 32 MacaMu, Mapc OTpuMaB HaMIIET 111l €JIEMEHTHU J1J1s1 CBOTO
CKJIaJly, He BpaXOBYIOUH, 3BUYaiiHO, ra3iB. Lle Byriens, HaTpiid, KpeMmHii, ¢hochop, Kaiii i
ix criosiyku. Byriekucnuii ras, ssikuii nepeBakae Ha ruiaHeTi, BUHUK Bxke He Mapci. ITig yac
dbopMyBaHHS U1aHeTH 1 ii JodopmyBaHHs Ticis crnajgaxy COHIlS, BUIBHUM KUCEHb, SIKUU
HaJXOJIMB 3 OPOITH, 1 KHCEHB, 110 3BUTHHSIBCS I11JT Yac XIMIYHUX peaKIliid Ha TJIaHETI, BCTY-
MaB y B3a€MO/IIIO 3 BYTJIELIEM 1 CTBOPIOBAB JIBOOKHUC ByrJelo. Ha Mapci B atmocdepi maii-
K€ HEMa a30Ty 1 KMCHIO. 3a MaJloi MacH TUIaHeTa Iij] 4Yac aKTUBHUX O0MOapayBaHb METEO-
PUTIB IPOCTO HEe BTpUMaJia 01s cebe 111 ra3u. HasiBHICT HE3HAUHOI KUTBKOCTI aprOHY O3Ha-
Yya€ MPUCYTHICTb B KOP1 HEBEIMKOI KIJIBKOCTI YpaHy, SKUM MOTPANUB y KOPY TEX 3 IEPBUH-
HUMHU METEOpUTAMHU. APIroH — IPOJAYKT po3naay ypany. I1ix yvac 6omOapyBaHb BIH yTpHU-
MyBaBC$ Ha IJIAaHET1 TOMY, 1110 Ma€ 3HayHO Outbly Macy. Hy 1 HaperTi, ipo Boy. besymoBs-
HO, i1 yac (hopMyBaHHS IIEPBICHOI IUTAHETH 111 JodomyBaHHs 1icis cnajiaxy Conust, Mapc
OTPUMAB Jy>K€ BEJINKY KUIbKICTh BOJIM, XOUa y BIICOTKOBOMY BITHOIIIEHHI1 /IO MaCH IUTAHETH
3HayHO MeHIe HiXx 3emits. Jlo cmanaxy CoHist Mapc obepraBcst Ha op0OiTi, sSIKa BCbOT'O Ha
50 mutH. KM BHIA, HIXK 3eMHa. [1icis crmanaxy CoHig 1 yaapy B Mapc xmapu 3 i1y Ta rasiB
fioro opbita Habysa BUTATHYTOI (popMu. MU Ipo 11e BKe 3rayBajiu BUIIIE.

JBa akTopu cTanm Ha 3aBajl 3HAXO/KEHHIO BOJIU B UUCTOMY BUIJISI Ha ruiaHeTi. [1o-
nepie, M yac IHTEHCUBHUX OoMbapayBaHb Mapca MeTeopuTaMu, sIK y)Ke 3rajyBajlocCh,
BHAC/IJIOK MaJIOl MacH IJIAHETH BOJSIHA IMapa 3aJIMIIajia IJIaHEeTy, YaCTKOBO PO3KJIa1aio-
YUCh HA KUCEHb 1 BoJieHb. Komuchk Becb Mapc OyB BKpUTHH SIK 1 3eMJIsl IIapOM BOIH, ajie
3HAYHO MeHIo1 ToBIMHU. [To-npyre, y BIAMOBIAHOCTI 4O 3aKOHY PO3IOJIUTY 32 MacaMH, B
ckjaJ1 Kopu Mapca BXOAUTh 3HAUHO OUIbIIE HATPIIO 1 Ko, HIXK Ha 3eMJIi, 1 TOMY BUIbHA
BOJIa CTBOPHWJIA CHOJIYKU 3 HATPIieM 1 KajlieM. Jloka3oM IIbOro € TOp 3 HATPII0 HABKOJIO
FOmiTepa, sikuii 3anuiiae 3a codoro cymyTHuk FOmiTepa lo mij yac BUBEpKeHHS BYJIKaHIB Ha
HbOMY. JIy)KH1 CIIOJIyKM pO3MaIatoThCs 1 10HU HATPIIO JIMIIAIOTHCS HAa OpOITI 3 IPUYMHU,
sika Oyjie BUCBITIJIEHA AaJil. SIK cTaHe 3p0o3yMuIO IMICIIS BUKJIAIEHHS PO3ILTY PO CYMyTHUKH,
Io € miniaTrOpHOIO Komiero Mapca. Tomy MM He TTOJLISIEMO €iopito 3 IPUBOTY BUSIBJICHHS
Ha Mapci BoAsSIHUX CIIONTYK. B KpaioMy BUMTagKy — 1€ PO3UMH JIYKHUX CIIOJIYK Y BOI, 00
cyJibaTh HATPIIO, JO CKJIAY SIKUX BXOJAUTH OArato BOIU.

ITiBnenna miBkynss Mapca HabaraTto BuIla, HDK mBHIYHA. L{e Tex cripaBa pyk MeTeopu-
TiB. KyT 3aX0/1y Ha TyIaHETy IIUX HEOECHUX MOCIIAHIIIB CIIPUYNHUB OUTBII IHTEHCHBHI OOM-
OapayBaHHS MIBAEHHOI MIBKYJI, 1, IK HACTIOK, YTBOPEHHS OUTBIIT BUCOKHUX Tip.

IToniOHICTh MapClaHChKUX «KaHAJIB» J10 3eMHUX, SIKY MU 6aunMo Ha hoTo3HIMKaxX Map-
ca, sIBJIsie COOOIO0 pycia, MpopoOIIeH] PIIKOIO CIPKOIO, sIKa BUTIKANA 3 BYJIKaHIB, pO3TaIllo-
BaHMX OUIs eKBaTOpa MIaHeTu. Pyx BimOyBaBcs repeBakHO B O1K MOJIIOCIB Bl €KBATOPialb-
HOl 00J1acTi, sika poO3ITyXJia BHACIIOK OOepTaHHS IJIaHETU. 3Ba)karouu Ha Te, 1o Mapc
BTPATHUB CBOIO BOJIY Maife MUTbSP/T POKIB TOMY, KOJIU TeMItepaTypa rnmoBepxHi Coniis Oyia
omm3pko 10000 K°, a Ha mmaHeTi piBeHb TeMrepaTyp OyB Iie KOHTPACTHIIIIUM, HAIIIMM Hai-
sIM 3HAWTHU HAsIBHICTB XUTTS Ha Mapci Tpeba nmokiactu kpail. Ha 6akrepiaabHOMY pPiBHI
BOHO MOTIJIO PO3IMAavYaTUCh, ajIe HE 3HAMIIIO CBOTO PO3BUTKY.
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Komenmap aemopa

"Vkpaina mosiona" Bin 11.01.2006 poky:

VYueni MACA cka3ajiu, 1110 BOHU BUSIBUIIM O3HAKU 3apOJKEHHS )KUTTsI Ha Mapci. Mapcoxig Opportunity
BUSIBUB MiIlaHi (popmMairii, ski MOIJIM YTBOPUTHUCS 3aBASKH ICHYBAHHIO COJIOHOI BOJIM, HACHYCHOI JIyTOM.
[ pYHTYIOUMCH HA LIMX BUCHOBKAX, HAYKOBLI ITPHUITYCTHIIM, IO B Ll BOAI MOITIM KUTH OaKTepii, CX0XKi Ha
3eMHi. [TOTIM i1 BIULIMBOM arpecCHBHOIO 30BHIIITHBLOTO CEPEIOBUIIA, BOJA BUMIAPYBAJIACs, 3aJIMIINBIIH PO
ceOe JIulle HaralyBaHHs Y BUIJISII IMIMAHUX BiIKJIa1eHb. BoIHOYAC BUEHI 3 IHIIKMX JTOCTIHUIIbKUX IHCTUTY-
TiB CLIA BBa)karoTh HETOBEACHUMH Ta IEPSIUaCHUMH TaKi IPHUITYIICHHS CBOIX KOJIET. 3a TEOPi€ro OJIHIel
I'PYIU BUSHHX, MiaHi (hopMallii yTBOPHIIUCS Yepe3 CHIIbHE BUBSP)KCHHS BYJIKaHy. [HIII MOSICHIOIOTH MOSIBY
MICKYy METEOPUTHUM JIOIIEM, SIKUH BUIIAB OJHOTO pa3y Ha UepBOHY IUTAHETY.

¥ Haii kHu3i 0yJ10 CIPOrHO30BaHo Te, O Ha Mapci OyayTh BUsIBJIEHI JIyTd, a He BOjAa Y
yucTtomy BurJsii. [Ipu6ausno 4 mibsipau pokiB Tomy Mapc 6yB BKPUTHIF TOBCTHM IIAPOM
BO/IM. AJle 3TiJIHO 3 HAIIIOKD TEOPi€I0 caMe B lieil Yac Bii0yBaJiocst INTeHCMBHE OOMOapyBaH-
Hs IUIaHeT MeTeopuTtamu. Came 3aBasiku IboMy Mapc, sikuii MaB HEBEJIMKY Macy, IOCTYIIOBO
BTpaTuB Boy. BoHa neperBopuiiacsi Ha napy a6o po3kJiajiajiacs Ha KMCEHb i BOJeHb i 3a/1m-
1aJia Jerky mJjiaHeTy mija yac yaapiB mereoputiB. Ha Mapci 3HauHo Oisible HATpilo i kasiro
HizK HAa 3eMuTi, TOMY 3a/IMIIKH BOJM NEPETBOPIOBAIMCH HA JIYTH. Y INIMOOKMX IIAXTAaX i ypBU-
AX MOKJIMBE 3HAXO/IZKEHHSI BOJIH, SIKA BCE OJTHO MA€E JIYKHY peaKiilo.

Came Tomy Ha Mapci po3noyaBcsi pO3BUTOK KMTTS HA OaKTepioIorivHOMY piBHi, aje 3
4acoM BiH NPUIIMHUBCS Yepe3 HeCHPUAT/INBI YMOBH Ha mJiaHeTi. Xoua ii 3apa3 6akrepii Mo-
JKYThb ICHYBaTH.

IOmnirtep

FOmiTep 1 ioro CynmyTHHUKM — 1€ KITFOY J0 IMI3HAHHS CyTl1 BUHUKHEHHS 1 (PyHKITIOHYBaHHS
r1aHeT COHSTYHOI cucTeMHU. 3T1THO 13 3aKOHOM PO3MO/ILTY 3a MacamMu, Mixk Mapcowm 1 FOmi-
TEPOM TIPOJISATA€ KOPJIOH, SIKUW PO3JILISE JIETKI ra3u 1 PeITy JITKUX eJIEMEHTIB. 3 TBepIUX
PEYOBUH TLIBKH OJTHOMY BYTJICIIO BAAJIOCS IIHSITHUCS BUIIE IILOTO KOPIOHY, MAlOUM Ha
yBa3l HE OKpeMi aTOMH Yd MOJIEKYJIU. MU B)Ke 3rajlyBajiy, 110 JISTKHUH JITIH qy)Ke aKTUB-
HUM, 1 HOTO CHOJYKH ONMMHUIIMCS 3HAYHO HIKYE HAa opOiTax, a 60p 3yCTPIUAEThCS JIYyXKE
PIZIKO 1 TAKOX BIJIA€ ITepeBary crnoiaykaM. Ajie HeraTUBHMH 10H TeTpadeHinoopaty FOmite-
pa OyB O6u 710 BI1O/I0OM, BpaXOBYIOUM MOTYKHUH Mo3uTHBHUM 3apsia FOmitepa. Buaciigok
TOTO, 1110 Ta3W MATh HabaraTo MEHIIy Macy, HDK 1HIIN €JIEMEHTH, 1X OpOITH ONUHUJINCH
3HAYHO BUIIIE, HIXK OpOITH OUIBIIT MACUBHUX €JIeMeHTIB. ToMy BiJICTaHb MIXK IJTAHETAMH 3eM-
Hol rpynu — MapcoMm 1 3emiiero — HabaraTo MeHIla, HiX BiicTaHb Mixk MapcoM 1 FOmTepom.
LlimkoM mpupoaHoO, 110 opoitu Mixk Mapcom 1 FOmitepoM He MOTITIM OyTH MOBHICTIO BUTHHU-
mu. [Tpo Te, 1110 TaM 3HaXOAUIIOCH 1 3HAXOAUTHCS TETep, MU ITOTOBOPUMO Mi3HIIIE, B PO3/Ii-
JIax PO KOMETH 1 CYIyTHUKHU.

S0 Mmu BUBYMMO (hOTO3HIMKH KpaboImoaioHoi TyMaHHOCTI B ¢y3ip'T Tinblis, 3po0JieH1
3 pI3HUMHU (QUIBTPAMU, TO B iX 30BHIIIHIX YaCTUHAX TOOAYNMO HANOLIbIIIE YePBOHUX JITHIMN
a30Ty, a TAKOX JIIHII BYTJIELO, Telliio 1 BoaHI0. Came 11l YOTUPHU KUTHU € TOCIIOIapsSIMU BU-
mux opOitT. Ha TuX ke 3HIMKaxX HUXK4e, TOOTO OJImKYe 10 31pKH, XMapa 3 MUY 1 ras3iB, sika
yTBOpPUJIACS 1] Yac crajiaxy 31pKU, BUTIPOMIHIOE B Oe3nepepBHOMY CrieKTpi yactoT. L1 ua-
CTOTH MpUTAMaHH1 PI3HUM aTOMaM 1 HISIK He BUIUIEH] uepe3 iX pisHoMaHiTHOCTI. Ha op0iTi
FOmiTepa 1 Builie BCI 1HIII €JIEMEHTH, KPIM 3raJIaHO1 YeTBIPKH 1 iX CITOJIYK, BUIIaKOBI I'OCTI.

70



sKusuii opeanism Bceceimy

B pozaim "CymnyTHuKU" MU cipoOyeMO TTOSICHUTH, 3BIKM Ha cyrmyTHuKax FOmitepa 1 Caty-
pHa 3'IBUJIMCH BOJIAa, HATPIM, cipKa 1 T.[I.

ITo-pizHOMYy ckianmacs J10J1s YETBIPKH, siKa moTpanuia Ha opoity FOmitepa. IHepTHUi
T JTUIIUBCS OCTOPOHB OYPXJIMBUX MPOLIECIB, SIK1 BiIOyBaMCs HAa OpOITi, 1 i1 yac dhop-
MyBaHHs niepBicHoro FOmitepa, 1 111 yac iforo godopmyBaHHs Mmicis crianaxy CoHis. A30T
1 BOJIEHb YTBOPWJIM aMiakK, BYTJIellb 1 BOJCHb YTBOPHUIIM METaH, OEH30J1 Ta 1HIII BYIJICBOJIHE-
Bl CITOJIYKH, a 3a YYacCTIO BCIX TPhOX €JIEMEHTIB — BOJIHIO, BYTJICIIO 1 30Ty — OYJIM CTBOPEHI
OpraHiyHi a30TOCIIOJIYKH, a00 TaK 3BaH1 OApBHUKHU.

AJe Tenep NMpUHIIOB Yac MOTOBOPUTH MO IT'siToro rocrnoaaps opoit FOmirepa 1 Catyp-
Ha, 03 yuacTi SKOTO He BIOYBAETHCS )KOEH ITPOLIEC, SKMI Ma€ MICIE Ha IUX IU1aHeTax. Mu
MOBUHHI 3raJlaTy PO aTOMHUI BUOYX, SIKUU CTaB IeTOHaATOpoM crnajiaxy CoHIs, 1 Mpo Ty
KUTBKICTh PaJI0aKTUBHOTO OPyy, SIKMH 3'IBISETHCS I Yac aTOMHOTO BHOYXy. JIeBOBY
YaCTUHY LIbOTO OPyIy CKJIaIat0Th YacTKu aitb(da. I1i1 yac BUKU/IIB HA IPYTrOMY eTart IUKITY
KUTTEMISITBHOCTI COHIIS 3 PEYOBHMHOIO HA OPOITH TEX MOTpaIUIsiia Ay’Ke BeJIMKa KUTbKICTh
yacTok ab(da. AxkOu 3aMicTh 4acTOK anbda OyB HEHTpaIbHUI TelTii, TO 32 BUHSITKOM HEBe-
JINKOI MOT'0 KUTBKOCTI, OLTIbIIIA YaCTHHA I'eIiio BijyieTiia 6 Ha opOiTH, SIK1 pO3TAIIOBAHI BUIIE
FOmiTepa 1 CatypHa, a060 30BciM 3anuinuia 6 31ipky. Ajie B MarHiTHomy 1oJii CoHIIS i yac
CBOT'O PYXY YaCTKH ajib(a raabMyIOThCS LIMM MarHiTHUM noJieM. Llei HaykoBuit axT yxe
JIaBHO BIJOMUI, ajle B yMOBaX €KCIIEpUMEHTIB 3 yacTkamMu ajabda Ha 3emti. Came Tomy
MaiiKe BCl YaCTKU alib(a 3yMUHSIIM CBii pyX B paitoHi opoiT FOmitepa 1 CaTypHa.

BpaxoByrouu ediiiut e1eKTpoHIB Ha IIMX OPpOITaX, PO K1 HIIIITIOCS B PO3ILUII PO 31PKH,
YyacTKH aJibda, 5Kl BXoAaTh 10 ckiaay FOmitepa 1 CatypHa, 00yMOBIIIOIOTH MMOTY>KHUM MO-
3UTUBHUI 3apsi/ LIUX IUIAHET 1 ASSKUX 1X CYITyTHHUKIB. € 6e37114 J0Ka31iB TOT0, 1110 11e JIHCHO
tak. [lo-niepie, 1ie Top 3 HaTpito HaBKoJio FOmiTepa, KUl yTBOPUBCS MICIISI BUBEPKEHHS
BYJIKaHIB Ha [0 1 B 3B'sI3Ky 3 OOMOap/IyBaHHSIM METEOPUTAMM ITOBEPXHI IILOTO CYITyTHHUKA.
Harpiii, sikuii € npoaykTom po3snasay ayxkHoi crionykd NaOH nHa lo, mae mo3uTuBHMi 3a-
psia, 1 TUIBKM Horo 10H130BaHM# BoaeHb FOmitep He mpuiiMae B cBoi 001iimMu. Bcero iHITy
HEUTpaIbHY 1 HEraTUBHO 3aps/DKEHY PEYOBHUHY 1I€M TiraHT MPUTArye /10 cede, 1 BOHA He
TPUMAETHCS HA TAKUX BUCOKHMX OpOiTax. 3apas MoTyKHICTh BUKH/IIB BYJIKaHIB Ha [o He 1yxke
BHCOKA, 1 BUKMHYTa PEUOBMHA HE HA0YBa€ MEPIIOi KOCMIYHOI IBUAKOCTI, sika Ji1s lo ckiia-
nae mpubiu3Ho 1,8 kM/c. Ae paHiliie 11l BUKUIW, OCOOIUBO I111 yac boMbap/1yBaHb METEO-
PUTIB, JO3BOJISUTM PEUOBUHI HAOMpPATH IIBUAKICTD 1 OLIbIIE HIK 2,5 KM/C, sIKa TIEPEBUIITYE
BEJIMUMHY APYroi KocMiuHoi mBuAKOCTI aist lo. I Tomi 151 peyoBuHa craBaia 3100MYYIO
FOmniTepa, Tomy 1110 HOTO IpaBITALIIHUM ITOTEHIIAI BUILIUM 3a moTeHIian CoHIs Ha BIACTa-
Hi 10 7,8-10° kM 1o wiel mmanety. lo pyxaeTbes Ha BiacTaHi npubian3Ho 4,2-10°km Big FOmi-
Tepa, 1 ToMy Bce, 1110 3anuiiae 1o 31 BUAKICTIO OUTbINE HIXK 2,5 KM/C, OTUHSETHCS B 001HMax
FOmniTepa, KpiM MO3UTUBHO 3apsKEHOI peUOBUHM. AJ)Ke HEUTpaJIbHI CipKa 1 KUCeHb, K1 i
JIOC1 BUKMAAIOTh BYJIKaHU [0, HE JTUIIAIOTHCS MOPYY 3 HATPIEM, a MOTpaAIUIsIoTh Ha FOmiTep.
Mos1BO, 3 YaCOM YaCTUHA 10HIB HATPIIO BJKE BTPATHIIA CBIM MTO3UTUBHUM 3apsi/l B 3B'A3KY
3 HAJXOKEHHSIM €JIEKTPOHIB Ha 30BHIIIHI opbiTu FOmiTepa, ane npooBkye o6epTaTrCh
HaBKkoJio FOmitepa Ha cBoiit opOiTi. [To-apyre, Kom aMepuKaHChbKa aBTOMAaTUYHA CTAHITIS
"ITionep" 3anerina 3a kuiblie CaTypHa, TO 1i JIYWJIBHUKHM YaCTOK MPUIMMHUIM BiTiK. Lle
TPAIUIIOCh HE TOMY, 1110 K1JIbII€ TTOTJIMHAE BCl 10HU 1 €JIEKTPOHHU, SIK 1I€ MOSICHIOIOTh aMepH-
KAaHCBhK1 BU€HI, a TOMY, 1110 KIJIbIIE MA€ MOTYKHUU IMO3UTHUBHUM 3aps/l 1 JIMCHO MOTJIMHAE
CJICKTPOHM 1 HETATUBHO 3aPSKEHI 10HH, a 100 MO3UTUBHUX 10HIB, TO BOHO MPOCTO X
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BIIIIITOBXYE 1 HE Miamyckae g0 cede. I Haperri, Ha cynyTHukax FOmTepa Kamicro 1 INani-
Me/I, SIK1 CKJIQJIal0ThCsl Malike 3 TaKol pedyoBUHH, sIK 1 FOmiTep, B MOBEepXHEBOMY IIapi 1 Ha
camiii TIOBIpXHI MICTUTBCS JTy)Ke OaraTo 4acTok ajbda. SIcHa pid, 110 B PEUOBUHI, 3 SIKOI
CKJIQJIafOThCS 11l CYITyTHUKH, YACTOK ajib(ha 3HAUHO MEHIIIe: CTIIbKH, CKITBKH HE MOTJIO CTa-
TH Ha 3aBajal GOPMYBAHHIO IIUX CYITyTHUKIB. AJie BCl yJIAaMKU Ha MOBEPXHI CYITyTHUKIB Ma-
IOTh MMO3UTUBHUM 3aPsiJl, 1 TOMY BOHU MOXYTb 3MIIIYBATUCS Ha JIECATKH KUTOMETPIB BITHO-
CHO MICIISl 3'SIBJICHHS 3aBJISKU 3MAIllEHHIO MOBEPXHI CHHTETUYHUMU MACTUJIAMHU, MPO SIKi
Oyne T MoBa HUXK4Ye. | TOIOBHE, 3aBASKU MPUCYTHOCTI B TUIAHETI 1 11 aTMOC(Epl 4aCTOK
anbda, FOmTep Mae nmotyxHy MarHitocdepy, Tak camo, sk 1 CatypH.

Taxum ynHoM, FOmiTep ckimagaeTbes 31 CIOMYK, MPO SKi WIIJIa MOBa BUIIE, a TAKOXK 3
BUIBHOT'O BYIJICIIO. ByrjeBoHEBI CIIOJIYKM HAa OCHOBI OEH30I1y 1 a30TOCIOJYKH Ha TiH e
OCHOBI — II¢ OCHOBHA PEUYOBHMHA, 3 SIKOi cKiamaerhes FOmitep. 1o 11boro e KpiM BiIbHOTO
BYIJIEIIO TpeOa JoJaTH METaH 1 amiak.

OcHOBHe TTMTaHHS, Ha SIKe HaM Tpeba BIAOBICTH, MOJISITA€ Y BU3HAYEHHI JDKEPEIT 10/1aT-
KOBOI €Heprii, IKy BUIIPOMIHIOIOTH 111 T1aHeTu. Bimomo, mo FOmitep 1 CaTypH BUITPOMIHIO-
IOTh BJIBIYI-TPpUYl OUIBIIY €HEPrito, HIXK oTpuMytoTh Bil CoHlsl. BapiaHT 3 pa/lloaKTUBHU-
MU PO3Ma0M PEUOBHH BCEPEAUHI IIUX IIAHET, 3pa3y Bianagae. [lux pedoBuH TaM MpocTo
Hema. YacTku anbga 3'IBIIHCH Ha TJIAHETI He UITXOM PO3Ialy paaiOaKTUBHUX PEYOBUH
Ha IJIAHEeTI, a IPUJIETUIH CIOJIN YK€ B TOTOBOMY BHUTJISIII.

3BepHEMO yBary Ha €eHepreTHYHHI CTaH MOJIEKYJT aMiaKy 1 IHIIIHMX CITOIYK, TAKUX, K O¢H-
3011, GyKCHH Ta iH. EHepreTHuHmil cTaH X MOJIEKYJ TOOpe BUBYCHUI HA KBAHTOBO-MeXa-
HIYHOMY PIBHI 1 HABITb BUKOPHUCTOBYETHCS 3 MPAKTUUHOIO MeTOI0. MU He OyaeMo ayxke
JTIOKJIQTHO 3YMUHATUCS HAa pOOOTI aMiauHOTO Masepa, ajie 3ayBaXuMo, 1110 ISl HoTo poOo-
THU MOTPIOHO CTATUYHE EIEKTPUYHE TI0JIE, SIKE€ CTBOPIOETHCS BEJIUKOIO KUTHKICTIO YaCTOK
anbda Bcepenuni FOmitepa 1 CatypHa. Mu TUIbKM HaBeAeMO (PI3UUHY MOJCITh ABOX Oa3uc-
HUX CTaHIB MOJIEKYJI aMiaKy.

Pucynok 3.4. ®izuyna Mmoje/ b IBOX 0a3MCHUX CTAHIB MOJIEKYJI aMiaKy.
W — eJIeKTPUYHUN JUTIOJIbHUNA MOMEHT IIUX CTaHIB.
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ATOM a30Ty MOXke OyTH 4YM 3 OHOTO OOKY BIJI IUTOIIMHN aTOMIB BOJIHIO, U 3 Ipyroro. |
1€ pO3TaIlyBaHHS 30Ty BU3HAYAE /IBA PI3HUX 0a3UCHUX CTaHIB MOJIeKyJT amiaky. CyTh Ipo-
11eCiB, 5IK1 BIIOYBAIOTHCS, CKIIAAat0ThCs 3 HACcTyIMHOTro. I1i1 yac hopMyBaHHS epBICHOI I1j1a-
HeTH 1 i yac rapssayoro CoHllsl, TOOTO Ha MEPIIOMY eTarll IUKITY MOTO KUTTEIISITBHOCTI,
3rajJlaHl MOJIEKYJIM amiaky, O€H30/1y 1 OapBHUKIB JIOCSATAal0OTh HAWBHUIIIOTO PIBHS €HEPTii.
Hanami 6en3on, ¢GpykcuH 1 iM MOAIOHI CIOIYKU NEPEXOASATh B HIDKUMN €HEPIeTUUHUIN CTaH
IIUISIXOM TIepeOyI0BY €IeKTPOHHUX 3B's3KiB. [1i1 yac 1iporo Ha OgHY MOJIEKYITy OCH30y
BUAUTSETHCS 00 1,5 eNeKTpoH-BOJILT eHeprii. [{Jj1st MoJieKyJl, siKi MaloTh OUTBIIY KUIBKICTh
eIIEKTPOHHUX 3B'A3KiB, 1S IIKQpa IIIe BHIIA.
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Pucynok 5.3. CykynHicTb 0a3uCHMX CTaHIB /151 MOJIEKYJ/IH OeH30.1y.

AMiak, BUMyCTUBIIH (DOTOH 3 €HEPrieto OubIle 2 €B, IEPEXOIUTh B HIKUMN eHepreThy-
HUH cTaH, a aaji 3aryousmy e 1,0-10*eB, mepexoauTh B HAWHKYMN CHEPreTUUHUI CTaH.
AlUle 1151 eHepris IEPEeTBOPIOETHCS B €HEPT1IO €JIEKTPOMATHITHOI'O OIS, SIKA BXKE BUIIPOMI-
HIOETBHCS 32 PAXYHOK €JIEKTPOCTATUYHOIO 3apsiy IU1aHeTH. Bece TOUHO Tak, SIK Y TPbOXPIB-
HeBOMY Masepi. J1s Iboro Mas3epa pi3HMIS HUKYMX €HEPreTUUHUX PIBHIB BIJIIOBIAE Yac-
toTi 24 000 MTI'11, 1o ckiagae qosxuny xBum 11/4 cm. Och YoMy KocMiuHUM edip 3aIIOBHE-
HUM paJlOXBUJISIMUA B OJTHO CAHTUMETPOBOMY diana3oHi. 11 paaioXBuiil reHEepyrOThCs Ha
FOmiTepi 1 oco6amBo Ha CatypHi.

He cknagni 1 mocuTh rpy01 po3paxyHKH JO3BOJISIFOTh BUBHAYMTH KUIBKICTh €HEpri, SIKa HaJ1a-
etbcst FOmTepy 1 CatypHy TakuM muisixom. FOmitep orpumye Big Contrs outst 1,0-10'8Ix/c, o
MPUOIN3HO BI'SITEpO OLIbIe, HDK oTpuMye CaTypH. SKIIO 11 CIPOIIEHHS PO3PaxXyHKIB
3poouTH MpuIyiieHHs, 1o KOmiTep MOBHICTIO CKIIAIAE€ThCS 3 OEH30I1Y, TO BEJIMKOI TOMMII-
KM B OTPUMAaHMX 3HAYEHHSX €Heprii He OyJie, TOMY 110 BPELITI-PEHIT M1 Yac Mepexoay 3
OJIHOI'0 €HEPreTUYHOTO CTAHY B IHIIUM BIIIIPA€ KUIHKICTh €JIEKTPOHHUX KOBAJIEHTHHX 3B'sI-
3KIB y OEH30JIbHOMY K1JTbII1, HA OCHOBI SIKOI'O OYAYIOThCS BCl ByIJie— 1 a30Tocnoiyku. Toi
3a macu 1,9-10*xr B FOmitepi 6yiao 6 6iias 1,5-10°% mosekyn OeH3011y, IO BIAMOBIZAE
2,2:-10¥MEB, a60 3,5-10% 1>k, TOMY 1O ITi[] Yac IePeXoay Ha HIKUMM eHepre THYHUH PIBEHb
MoJIeKysia OeH30J1y BTpadae Outs 1,5 eB eHeprii. 3 Tiei eHeprii, Ky BunpomiHtoe FOmitep,
ois 1,0-10'8 Ix/c ckimamae eHepris, sika orpumana Big Conus. Ille crinbku eneprii FOmitep
BUITPOMIHIOE 3rajjlaHuM MexaHisMoM. SAkou FOmitep BTpauaB CBOIO €HEPriio TaK, SIK 3apas,
TO Homy BucTtaumiio 0 ii 6e3 CoHssuHOro 00IrpiBY I1e mpubim3Ho Ha 10 mipa. pokis. Tak
camo, ysiBuBIM CaTypH, 3alTOBHEHUH TUIBKM aMiaKOM, MOKHA MIJIpaxyBaTH €HEPriio, siKa
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BUIUISETHCS 11T YaC BUITPOMIHIOBAHHS (POTOHIB MOJIEKYJIaMHU aMiaKy, a TAKOXK €Heprii, siKka
OTPHUMYETHCS 3a PAXyHOK €JIEKTPOMATHITHOT'O BUITPOMIHIOBAHHS aMiagyHOTO Ma3epa. 3a Macu
5,69-10%kr Catypu MaB 0u 2,0-103? MoJiekys1 aMiaky. 3a paxyHOK 2 €B eHeprii oqHoro ¢oTo-
Ha CatypH oTpumMaBn 6u 0;1u3bK0 4,0-10* MEB, a60 6,4-10% 1k eneprii. JlomaTkoBo amiay-
Huii Ma3ep 3a0e3neunts e 2,0-102MEB, ab6o 3,2-10%* 1k eHeprii, yacTHHA SIKOI HEBITMHHO
MIOMTOBHIOETHCS 33 PaXyHOK POOOTH Ma3epa B eJIeKTpocTaTHIHOMY 1ojii. o mporo Tpedba
JIOJTATH I1IE OJTHE BaKJIMBE HKEPENIO eHeprii, iky oTpumytoTh FOrmitep 1 CaTypH: rpaBiTariii-
HE CTHCHEHHS, 0COOJIMBO Ha MOYATKOBHX eTamax (popMyBaHHS i 10hOpMyBaHHS IJIAHET
BEJIO JI0 3MEHIIIEHHS BIZICTAHI MK TIO3UTUBHO 3aPS/HDKEHUMHU YaCTKaMH alibda, IepeTBOPIo-
IOUN YaCTHHY €HEpPril eIEKTPOCTATUYHOTO 3aPs/ly B €HEPrilo eJIEKTPOMArHITHOTO BUITPOMi-
HIOBAHHS 1 TEIJIOBY €Hepriro. 3a BICYTHOCTI Ha IHIIUX IUIAHETaX B TaKiil KUIBKOCTI YaCTOK
anb(da, a TAKOXK HIIIOTO CKJIaly pEYOBHUHU, TAKOT'O HAIXOKEHHS eHeprii Hema. | Haperri,
ynapu mereoputiB B FOmitep 1 CaTypH TaKOX BUKJIUKAIOTh 3MIHM €HEPTETUUYHOTO CTaHy
BUIIE3TaJJaHUX MOJIeKYJI. BinOyBaeThcst OUTBII eHepreTUYHa Mia3aps/iKa.

Temnep norosopumo mpo armocdepy FOmitepa. Moro noTyxHuii Mo3UTHBHMIT 3apsiT BU-
3HayYae JIeKIJIbKa 0COOIMBOCTElN MOBEMIHKHY 11i€l aTMocdepu. [To-niepiiie, TEmiIoBi TOTOKU 3a
YUaCTIO €JIEKTPOCTATUYHOTO BiINITOBXYBAHHS MO3UTUBHO 3apsipkeHoro HOmiTepa BUHO-
CATh B aTMOC(hepy MO3UTUBHO 3apsHKEH] 10HU, SIK1 SIBJISIIOTH COOO0I0 YaCTKU ajibda 1 3HAaYHO
MACHBHIIII 10HH, 1 B TOMY YKCITI (PyKCHH.

ITo-npyre, yacTku, sIKi HAAXOAATH 3 KOCMOCY 1 MalOTh MO3UTUBHUH 3apsia, FOmiTep kaTe-
FOpUYHO He TipuiiMae. Taka /10115 CIiTKaia 10HU HATPIto, sIK1 3'ssBruIncs HaBkosto FOmiTepa
TTICJIsI BUBEP KEHHS BYJIKaHIB Ha lo.

ITo-Tpete, eeKTPOHM 1 HEraTUBHO 3aps/KEH] 10HM MpuiitMaroThest FOmiTepoM 3 po3kpu-
TUMU 001AMaMU.

I yeTBepTE, MOSIBA MO3UTUBHO 3aPsKEHUX 10HIB Y BEpXHIX Iapax armochepu FOmitepa
3a paxyHOK GoToedeKTy COHIUYHUX MPOMEHIB, CTA€ MaJIO IMOBIPHUM Y 3B'SI3KY 3 3HAYHUM
3MEHIIIEHHSIM KUTbKOCTI COHSTYHUX (DOTOHIB MTOPIBHSIHO 3 3eMIICIO.

YucneHHi rpo30oBi po3psiau B atMmochepi FOmTepa nepekadyroTh eJIeKTPOHU, K1 HAIXO-
I8Th B atMocdepy 30BHI B Ti10 FOmitepa. Pe3ynbTaToM rpo30Boi TisIBHOCTI € OCHOBHUM
KoIip (poHy, SIKUM CIPUUMHSIE )KOBTYBATE CBITIHHS YaCTOK ajb(da Mmia yac MpoXoKEHHS
rpo3oBoro po3psay B atmocdepi FOmitepa. Came Tak anbda yacTku Oyiu 11eHTU(hIKOBaHI
B 3eMHHUX yMoBax. Ili yac nmpomyckaHHs ICKpU uepe3 TPyOKy, sika MICTHIIA ajibda YaCTKH,
CIIOCTEPITajIocs )KOBTE CBITIHHS, SIKE IPUTAMAaHHE Teliio.

B inmi Tonu 1 BiaTiHKM atMocdepy FOmitepa dhapOyroTh Buiesragani 6apBHuku. 1o
TOTO K BEJIMKA KUIBKICTh OAPBHUKIB SIBJISIE COOOIO IMMO3UTHUBHI 10HH.

dakTtu npucyTHOCTI B aTMocdepi FOmitepa ayxe He3HAYHOI KIJIBKOCTI Boau, (ocdopy,
repMaHito, OKUCY BYTJICIIIO, 4 TAKOX BUHUKHEHHS KUThIl HaBkoJio FOmiTepa Ta icHyBaHHS
YEpPBOHOI IJISIMU O1J151 eKBaTOpA IJIAHETU MOB'sI3aHI MK CO0010.

L1 sBuia € Hacmakom yaapy B Tuto FOmiTepa gyske BEIUKOro actepoiia, po3MipH sIKOro
MOJKHaA TIOPIBHSITH 3 po3MipaMu HaWOUIBIINX CYMyTHUKIB I1Ii€i M1aHeTHu. B po3aitax mpo
KOMETH 1 CYITyTHUKH Oy/1e TOKJIaJHO BUCBITIICHO IIPUYMHMU ITOSIBU Ha opOiTi FOmiTepa Tako-
ro acTepoifa, SKUil MaB y CBOEMY CKJIa/ll KUCEHb Y BUTIISIII OKUCIB, a00 HABITh YMCTY BOJY,
a Takox ocdop, repmaniii 1 T.1.

Buacnigok ygapy Bi10y0ch pyHHYBaHHS 1IbOI'O acTepoifa, BUIUICHHS KUCHIO 1 I IBU-
IIICHHST TEMIIepaTypHy B JIOKaJIbHIM 001acTi, KyJu BAApUB actepoin. baxkarounmx cTBOpUTH
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CIIOJIYKH 3 KUCHEM IUIsIXoM BHOYXy Ha FOmiTepi Ta 1 Ha BCIX 1HIINUX Ta30BUX IUIAHETAX Ipe-
JIOCTaTHbO, OCOOJIMBO, SIKIIIO BpaxyBaTH MPUCYTHICTh BUIbHOTO ByTIewto. Le, mepim 3a Bee,
amiak, MeTaH, alleTUJIeH, IpoImaH, OyTaH, 1 T. [I.

Hacnigkom kosocanbHOro BUOYXy CTajlo BAHMKHEHHS Kbl HaBkosio FOmiTepa. Buxo-
JISTUU 13 3aKOHY PO3MOAUTY Mac, MM MOKEMO BU3HAYUTH, SIK Y KUIBLII PO3TAITYIOTHCS IIPOTY-
KTU BUOYXY 1 pe4OBHHA, siKa ckjajaae cam FOmirep.

HaiiBunry opbity o6epranHs HaBkosio FOmiTepa 3aiiMe 10HI30BaHUM BOAEHD, SIKUM Mae
BCbOT'O OJIMH €JICKTPOH Ha JIBa MPOTOHU 1 SIKUH 3aJIETIB TaK BUCOKO, 00 Ma€ MO3UTUBHUMN
3apsii, a TAKOXK aTMocdepHUit BojieHb. CBITIHHS B 111i 00J1aCT1 KUTBLISI CBIAYUTH PO TE, 1110
B YMOBaX IOTY>KHOTO MarHiTHoro noss FOmiTepa BinOyBaeThcs nepexisi aTOMIB BOJIHIO 3
OJHOI'0 €HEPreTUYHOIO CTaHy B IHIIUHN, IKWUM BIIOMUN IT1JT Ha3BO1O edeKT 3eeMaHa.

Te, 110 11€ clTaOKe CBITIHHS CITOCTEPITAE€THCS Y BUAMMIN YaCTUHI CIIEKTPa, TOBOPUTH PO
JTy’Ke MOTy»XHe MarHiTHe nosie FOmitepa. Yum Bullia HANpyXeHICTh IIbOTO MArHITHOTO MOJIS,
TUM OLTbIIIA PI3HULIS PIBHIB €HEPrii CTAHY aTOMY BOJIHIO 1 TUM BUIIA €HEPIisl BUITPOMIHIOBA-
HOro ()OTOHA IiJT Yac NMEPEXOTY 3 OJTHOTO PIBHS HA APYTHUM.

J171s1 BAHUKHEHHSI TAaKUX [MePEX0/IiB MOPS/l 3 CUILHUM CTaJIUM MarHiTHUM nosieMm FOmiTe-
pa TTIOBUHHO ICHYBAaTHU cJla0Ke 30y/KyIoue MarHiTHe I0J1e, sike 3MIHIOEThCS B yaci. Jlxepen
TaKOro 30y DKeHHs peaocTaTHRO. e 1 MOTIK eleKTPOHIB 1 HeraTUBHO 3aPs/IPKEHUX 10HIB,
sk 171e Ha FOmiTep, 1 MaruiTHe 1oie, sike cTBoproe lo mix yac pyxy HaBkosio FOmitepa, 1,
HapeIITi, camMi 10HI30BaH1 MOJIEKYJIH BOJIHIO.

Hwxue, Ha opOiTax, B KUIbIIl PO3TAIIyBaJINCh MOJICKYJIIPHUI BOJIEHb, YACTKU aibda 1
remiit. 11 KoMIoOHeHTH CKJ1aJaroTh HAMOUTBII CBITITY YacTUHY Kutblis. [lle Hrkye po3rarry-
BAJIMCH BYIJIEIb, BYTJIEBO/IHI, A30TOCHOIYKU. TOMY B HUKHIM YaCTHHI KIJIbLIE MA€ TEMHUN
KOJIip. AJie B 111l YaCTUHI KUTBLIS TEX IMTOBHO 4acTOK ajibda. ToMy Bce KIIbIle Ma€ IMO3UTHUB-
HUU 3apsiI.

Kinbie ckimagaeTbes 3 ApiOHUX YAaCTOK BHACIIIOK HASIBHOCTI B CKJIA/1 KUIbIIS BEIUKOI
KUTBKOCTI ITO3UTHUBHUX 10HIB, SIK1 IIEPEIIKO/KAIOTh CTBOPEHHIO OUTBINNX (hpaKIiii uepe3 B3a-
€MHE BIJIIIITOBXYBAHHS.

Hanpomnyetbces 11e 01MH JIy’kKe BaXXJIMBUM BUCHOBOK: moBepxHs FOmitepa He sBIIsIE co-
0010 MOHOJIIT, a00 3aMep3J1y IKapajyiy. B mpoTuiexHoMy BUMNAJIKy HA HU3bK1 OpOITH Y
KUTBLI1 TTOBUHHI OyJI1 O MOTPpAINUTH IIIMAaTKH ITOBEPXHEBOTO I1apYy, 1X po3Mip OyB OU 3HAYHO
MEHIIUN, HDK po3Mip (ppakiiii HUKHBOI YacTUHU Kilelb CaTypHa, aje 3HAaYHO OLIbIINII,
HDK po3Mmip dpakiiii TenepimHboro kutblsg FOmitepa. CripaBa B TiM, 110 Tepiiia KOCMIYHA
mBUAKICT, Ha CaTypHi Maiike BJIBIYl MeHIIIa, HDK Ha FOmiTepi.

BincyTHICTh Tpy10K Y HUXKHIN yacTuH1 FOmiTepa cBIITUUTD PO Te, 110 HOTO IMTOBEPXHEBUI
1iap, HaIreBHO, SIBJISIE COOOI0 Macy, sIKa JIETKO MEXaHIYHO pyiHyeThesi. Cropilll 3a Bce, Lei
map Takui, sk 1y #ioro cynytHukiB ['animen 1 Kamicro, Tiibku Ha FOmiTepi 3HaUHO MEHIIIe
BUIBHOT'O BYIJIEIIO. BUHECEHHS TTO3UTUBHUX 10HIB 1 YaCTOK aibda B aTMochepy CBIIUUTH
PO HIMAPUCTICTD MOBepXHeBoTO 1mapy FOmitepa.

Te, o r1aHeTa Mac TUIBKHU OJIHE KUTb1IE, HA BIAMIHY Bl CaTypHa, HalleBHO, € HACIIKOM
TOTO, 110 JJIsl HOTO CTBOPEHHS Tpeba HAsSBHICTh yJapy acTepoina, sskuii MaB OU Yy CBOEMY
CKJIaJll KUCeHBb 1 OYB O qy’Ke BEIIMKOI'O PO3MIPY. A 1€ TparuIsieThes AyKe piIKo. Yaap Ma-
JIOrO 3a po3MIpaMHU TiTa HE CIIPUUYMHUTH YTBOPEHHSI HOBOTO KUIbIlS Y€pe3 J1yKe BHUCOKY
BEJIMYMHY IEePIIO1 KOCMIYHOI mBUAKOCTI Ha FOmiTepi, sika J1opiBHIOE TPpUOIM3HO 42 KM/C.
o Toro x Ha FOmitepi 3HauHO MeHIIe, Hibk Ha CaTypHI BUOYXOHEOE3MEUHOIO METaHY.
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AJle 3HOBY IOBEpHEMOCH 10 cKiiaay atMmocdepu FOmTepa. HeBenrka KUTbKICTh BOJIH,
OKHCy ByTJIelo, pocdiny B aTMocdepi INTAaHETH C MPOAYKTAMHU BUOYXY.

AcTtepoin MicTuB B co01 1HIII €IEMEHTH: 3aJ1130, CIPKY 1 T.J. BOHU ITpOCTO HE CTBOPUIIU
ra3onoJAi0HUX PEUOBHH 1 HE MOTPAITMIIN B aTMOC(EPY TOMY, IO SIBJISIOTH COO0I0 HEHTpalb-
HYy peuoBuHy. DochiH BUHUK HIISIXOM 3aMillleHHs a30Ty ¢ochopoM B MOJIEKyJIaX aMiaky.
Mu TakoX He TOBUHHI 3a0yBaTH PO BUKUIU ByJKaHiB Ha lo. HacTuHA peUOBUHU 3 ITUX
BYJIKaHIB MOTJIa IoTpanuTu B atMochepy FOmitepa.

I, HaperTi, MOrOBOPUMO TIPO YEPBOHY IUISIMY B paiioHi eKBaTopa. B 3B'sI3Ky 3 TUM, 1110
FOmiTep mysxe MBUIAKO 00EPTAETHCS HABKOJIO CBOEI OCI, y1ap acTepoijia CTBOPUB JTy)Ke BU-
TSITHYTE 3arjMOJIEHHS B TUI IJIAHETH. 3 1[bOT'0 3arjIMOJIEHHS TETUIOBUMU MTOTOKAMU 1 3 J10-
MTOMOTOI0 €JIEKTPOCTATUYHOTO 3apsiay FOmiTepa MOCTIfHO BUHOCSTHCS IIO3UTUBHO 3apsifl-
’KEH1 10HU, 3HAUHY YaCTUHY SIKUX CKJIaJal0Th 10HU (PYKCUHY, K1 (hapOyIoTh aTMochepy Hal
3arIMOJIEHHSIM Y Ty PITypOBO-Y€PBOHUI KOJIIP.

Haranmaemo ximiuny hopmyiy pyKcHHY: B HOTO MOJIEKYJTl € TPUKUIBLIEB] CTPYKTYPH, JIBI
3 SIKUX — O€H30JIbHI KIJIbIIS. TPeTs He 30BCIM CHiBMAIa€ 3 OEH30JIbHUM KUIbIIEM TOMY, 1110 B
CepearHI KUIbIlS B HIM TUIBKM JABa MOJIBiMHI 3B's13ku. Ha pucyHky 3.6 moka3aHo JIBl CXEMH.

€ IMOBIPHICTB TOTO, 1110 BC1 €JIEKTPOHHU 3MOXKYTh MIEPEKUHYTUCS 3 OJHOT'O CTAHY B IHIIIUH,
MIEPECYHYBIIIN MICIICTIOIOKEHHS HE3aITOBHEHOT'O KiJIbIIS B IPYTHiA KiHellb. Pi3HUIIS B eHepri-
SIX IBOX CTalllOHApHUX CTaHIB HeBenuka. [Ipote eHepreTMIHUM MPOMDKOK MK TIEPIIUM 1
JIPYTMM CTaHaMHU JOPIBHIOE eHeprii (hoTOHA B ONTHUYHIM 00J1acTi. SKIIO 1150 MOJIEKYITy OCBI-
TUTH, TO BUHUKHE Jy)K€ CHIIbHE TTOTJIMHAHHS 3 YACTOTH , SIKA BIAIOBIA€ Ty PITypPOBO-YEPBO-
Hill yacTuHi criekTpy. Ha qomaTok, Mmonekyia GpyKCHHY Ma€ MO3UTUBHUH 3apsil, SKUH MOXKe
OyTH YU 3 OJTHOTO, UM 3 IPYroro 60Ky MOJIEKYJIU 1 TOMY AYy’Ke MiIBJIa Ha J1ii 30BHIIIHHOTO
EJIEKTPOCTATUUHOTO T10J1s1. Bcl 111 siBUIIa 7OOpe BUBUEHI HA KBAHTOBO-MEXaHIYHOMY PIiBHI.

DyKCUH HE PO3TIKAETHCS IO TIJIAHETI JIUIIIE TOMY, IO ITIIHSIBIIMCH HArOpYy, 10HU (PyKCUHY
MOXYTh OTPUMYBAaTH B TUMYACOBE KOPUCTYBAHHS €JIEKTPOHM, SIKi HAIXOASATh B aTMOChEPY
FOmiTepa 330BHI, 1 CTalOTh HEUTPAJTLHUMU MOJIEKYJIaMH. A 3a BIJICYTHOCTI ITO3UTHUBHOI'O
3apsiLy BOHM 3aHAATO BakKi 11 atMocdepn FOmiTepa i ocinaroTh Ha #Oro moBepxHIO. Ix
MicCIIe 3aliMatoTh HOBI 10HU (pykcuHy. HeliTpaibHa Mosiekyia yKCUHY, sSIKa TOCATIIa TOBEPXHI
FOmniTepa, iMOBIpHO 3HOBY BTpayae 3aiiBUI €JICKTPOH Uepe3 AyXKe MOTYKHUM MO3UTUBHUN
3apsa FOmiTepa 1 crae ioHOM QyKCUHY, SIKUM HIAHIMAETHCS HATOPY.

be3ymoBHO, QyKCHH BXOUTH 110 cKiaay FOmitepa, aime cka3atw, 1o Horo Jayke 6arato,
OyJi0 6 HeoOGauHo. € IMOBIPHICTb TOTO, IO BEJIMKA KUTBKICTh (PYKCUHY YTBOPHJIACH B 3arIN0-
JIeHH1 3 OEH30JILHUX CIIOJIYK a30TY BHACIIOK yaapy actepoina. Temriepatypa B 3arinbIIeH-
HI 3HAYHO BHIIA, HIXK B CYCIJHIX paiioHax moBepxHi FOmitepa. IMoBipHO, mijg yac BUOyXy B
3arjnbIeHH] BIIOYBCS Mepexijl BYIJIEBOIHEBUX 1 a30TOCIOJIYK Ha BUILIUN €eHEPIreTUUHUHN Pi-
BEHb I10 BITHOIIIEHHIO JIO 1HIINX, TAKKX CAMUX CITOJIYK, SIKi 3HaXOASAThCS B HIINX palioHax
noBepxH1 FOmitepa. [HmmMu cioBamu, BigOysacs miazapsaka akymyisitopa. Ilpo cymyr-
Huku FOmiTepa My TOTOBOPUMO B PO3/ILII PO CYITyTHUKH.
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Carypn

B nmonepeaqnpomy pozaim Bxke Hintocs npo CatypH. Ckiaa CatypHa OUIbII OJHOPII-
HUi. IMOBIpHO, OUTBIIY HOTO YaCTHUHY CKJIa/Ia€ PIIKUI aMiak ITiJT BUCOKMM TUCKOM 3 10JaT-
KOM METaHy, BUIBHOT'O BYIJIELO 1 YacTOK ajibta. Cyasiuun 3 HAsIBHOCTI KPYITHUX (ppaKiiiii B
HIDKHIN yacTuH1 Kuteltb CaTypHa, HOro MOBEpXHS SIBJIsIE COOOIO JIiJ, IKUM YTBOPHUBCS 3 aMi-
axKy 1 MeTaHy. MexaHi3M BUHUKHEHHS KIJIellb TAKUi camuii, ik Ha FOmiTepi, ajie € AB1 CyTTe-
Bl BiaMiHHOCTI. TTo-mepiie, 1 amiak, 1 MeTaH Ay)Ke CXWJIbHI 10 BUOYXY IiJ yac 3ycTpidi 3
KHCHEM 3a BUCOKOI TeMrepaTypu. A BOHU CKJIaJar0Th OUTBIIICTh Ha T1aHeTi. [To-apyre, sk
y>Ke 3raJlyBajioch, Iepiina KOCMIYHa MBUAKICTh Ha CaTypHI1 Maiike BIBIUl HMKYA, HIXK HA
FOmitepi. Ako ays crBopeHHs Kbl Ha FOmiTepi 3Ha00uBCs acTepoin, IKUid MICTUTh B
CBOII1 peuOBHHI KMCEHb 1 Ma€ miameTp He MeHiie 1000 kM, To Ha CaTypHI1 IJ1s1 IbOT'O JIOCTAT-
HBO 1 ICKIJIbKA JECSATKIB KUTOMETPIB, ajie HAsSIBHICTh KMCHIO B MOT'O CKJIaal 000B's13Kk0Ba. IHak-
111 HISIKUNA PO3MIp Tia, sIKe IMPUIETLI0, He MPUBEAEC O CTBOPEHHS KUIbIS IICIS Yaapy.
KibKiCTh KMCHIO B aCTEPOill 1 HOro po3Mip BU3HAUAIOTh MOTYKHICTh BUOYXY IT1JT Yac 31TK-
HeHHs. KUIbKICTh TaKMX 31TKHEHb BU3HAYA€ KUIbKICTh KIIEIb, SIKI MOXKYTh HaKJIaJaTUCS
OJIHE Ha OJHE IIi/] Yac YeproBoro yaapy acrepoina. Acrepoiau rnagaroTs Ha CaTypH HE BU-
KJIFOYHO B OJTHIN TUTOIIMHI, & 3 HEBEJIMKUM PO3KUIAHHSIM, TOMY KUIbIISI TEK pO3TAIIOBAH] HE
B OJIHIN IUIOIINHI, aJie 3aBXK/IM NapaJieJIbHO OJMH OJHOMY uepe3 obepraHHs CaTypHa.

3riHo 13 3aKOHOM PO3IOJILTY 3a MAaCaMH ITiJT YaC KOKHOT'O TAKOI'0 MOOJUHOKOI'O BUOYXY
BEpXHI OpOITH 3aiiMae BOJICHb, HMXKYI, 32 TIEBHOI BIJICTaHI, — T'eJIiH, a I11e HIXKYe — 3aMep3ITi
OpuiIM aMiaky 1 MeTaHy 3 JOMilIKoio Byrjewto. I1ix yac MeHIol moTyKHOCTI BUOYXY BO-
JIEHb MOY€ OTTMHUTHCS Ha PI1BHI T'elTi0, IKUM OyB TOCTAaBJIECHUM HA OPOITY OUIBII MOTYKHUM
BUOYXOM II1JT YaC YTBOPEHHS IHIIIOTO KUIbLS. SICHA piu, TAKUX BUOYXIB He Oe3iy, ajie O
JIECSITKA BXKE JIOCUTh, 1100 3'SIBUIJIOCS MEPEIIETIHHS KUICIb, SIKE CIIOCTEPIraeThCs 3apa3 Ha
CartypHi. IleperieTiHHS BIIOyBa€THCS TO/I1, KOJIM JIBA BUOYXU OyJIu MPUOIIM3HO OJHAKOBOL
MOTY>KHOCTI, XOua BIAOyIHUCs B pi3HUM 4yac. e mosicHioe TakoK HAsSIBHICTD YK€ BEJTUKOL
KUTBKOCTI KUTEIh 1 IIIJTMH MK HUMHU. BCl KUThIISI B CBOEMY CKJIa/ll MAtOTh YaCTKU aib(a 1, SIK
HACJIIJIOK, MAIOTh IMOTY>KHUI MO3UTUBHUHN 3apsi/I.

Ha 1111 CaTypHa BUSBIIEHO BChOTO OJHY IUISIMY, XOUa, 3aBaJiocs O, 1110 1X TOBUHHO OyTH
CTLIbKH, CKIJIbKM KisTellb Ha CatypHi. HacrpaBsi 11e BKa3ye Ha Te, 110 MICHIs yaapy acTepo-
ina 3arauOseHHsl, siKe 3'sIBUJIOChH, IOBTO 30epirae miiBUILIEHY TEMIIEPATYPY, aJie TOCTYIIOBO
3aMep3ae, JIKBIAYIOUN BCl HACTIAKY yaapy 1 JIMIIAI0UU TUIBKY IIpaM Ha Tl TuiaHeTu. Jiro-
ya IJIsIMa € pe3yIbTaTOM MOPIBHSHO HEJABHBOTO yaapy acrepoina B CaTypH. Alle BOHA
MTOCTYIIOBO 3HUKHE.

Ha xibIIX MOKJIMBE BUSIBJIEHHSI HEBEJIUKOI KIJIBKOCTI BOAM, OKHCY BYIJICILIO Ta IHIIMX
PEUYOBMH, SIK1 € MPOJIyKTaMH BUOYXYy METaHy 1 amiaKy, a TAKOX PEUOBHUHU acTepoijia.

I, HaperTi, BIIOMOCTI, SIKI OTpMMaH1 aMEepUKaHChKUM KOocMiuHUM amnapatoMm "Ilionep",
3MYIIYIOTh HAC MEPETVITHYTU aKCIOMYy PO Te, 110 KOCMIUHI MPOMEH1 MOIIUPIOIOTHCS 130-
tponHo. Kosu kopabenpb 3a1eTiB 3a Kpait kiutblist CaTypHa, TOOTO B TiHB, SIKY CTBOPIOE Ki-
JIBIIE JIJISI COHSTYHUX ITPOMEHIB, MOTO JIIUUIIBHUKH, SIK1 (PIKCYIOTh 3apsi/KEH]1 YaCTKHU, TIPUITH-
HUJIY BUUTIK. SIKI11O 3rajgaTu, mo Kuiblsg CaTypHa MaroTh MOTYXHUM TO3UTUBHUN 3apsifl, TO
JIETKO YSIBUTH, 1110 TIO3UTUBHO 3apsKEHI YaCTKHU Ta 10HM, sIK1 WayTh Bij COHIlS, BOHM BiJI-
IITOBXYIOTh, 4 €JIEKTPOHU 1 HETAaTUBHO 3aPS/KEH1 10HU MOTJIMHAIOTh. SIKIIO JIIYWIBbHUKU
MIPUITMHWIN BIIJTIK B 116 MOMEHT, TO 3 IIPOTUJICKHOTO OOKY KUThLS B HANIPSIMKY 710 COHIIS
MOTIK 3apsiHKEHUX YaCTOK 30BCIM BIJICYTHIM. 3BHUYaiiHO, € BUHATKU. Lle yacTku HagBuco-
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KHMX CHEPriii Taki, ik mpoToHu 3 eHepriero 102-10°*T'EB. Asie 1i IpOTOHM BUHUKIIM 3 HEHT-
POHIB, sIK1 OpMYBaJIM 31pKHU 3 XBUJIb BUCOKMX eHepriid. HelTpoH, sikuii He 3HalIIOB coO1
MICIISI B HEUTPOHHIM 31pIii, MPOAOBKYE CBOI MaH/IPH, CTABIIIM TPOTOHOM BHACIIIOK BTpaTU
YACTUHM €HEPrii, ajie 30epirim Maiike B IIEpBICHOMY BUIJISIII €HEPI1IO XBUJI1, sSIKa BUJIETLIIA
3 00JIaCTI CTUCHEHHS OJIHI€] 3 TAJIAKTHUK.

Buxosium 3 BUIIIE3ragaHoro, BCl KOCMIYHI IPOMEHI, 3a JIyKe PIIKUM BHUHSITKOM, € TIPO-
nykToM Haioro Conisi. Hermorano 6yso 0 3HaiiTH 10Ka3u IbOTO sIBUINA 1 HA 3eMil. | Taki
noKasm €. Bimomo npo ¢eHomeH, koiu o 19 roauHi 3a JIOHTOHCEKUM 4acoM, eJIeKTPUYHUMA
CTpyM B aTMochepl MIXK 3eMJICIO 1 BEpXHBOIO YACTHHOIO aTMOC(EepH JOCATAE MAKCUMYMY ,a
0 4 TOAWHI 32 TUM € YaCOM BiH CTa€ Ha 15 BIICOTKIB MEHIIIUM y BCIX MICIHSIX 3¢MHO1 KYJII.
ITix yac yBa)xHOTO pO3TIISILY IIi€l CUTYyaIl 3'ICOBYETHCS, IO B MOMEHT MaKCHUMaJIbHOTO
3Ha4YeHHs cTpyMy COHIIe 3HaXOAUTHCS B 3¢HITI HAJl aMEPUKAHCHKUM KOHTUHEHTOM 1 ITOBHi-
CTIO OCBITJIIOE ATIAHTUYHUIN OKeaH 1 OUIbIy YacTUHY THXOro okeaHy, a OuIbIlIa YaCTUHA
€Bponu 1 Appuku, a Takox A3zii 1 ABCTpatii 3HaXOAUThCS B 3aTIHKY. I, HaBMmaku, 3a MiHi-
MaJIbHOTO cTpyMy B atMochepi 3emuti CoHlle 3HaXOUTHCS B 3eHITI HaJl A3iero, OkeaHiero 1
ABCTpaJii€ero, OCBITIIOIYN 3HAYHO OUIBIIY YaCTUHY CYIII, HIX Y HOINEPEeHHOMY BUIMAJIKY.
[Tnoma, siky 3aitmae IliBHiuHa Ta [TiBaeHHa AMepuka, OUTBII HIXK yIBIYl MEHIIIA, HIXK CyMa
TUTOIII PEIITH MAaTEPHUKIB, SIKI 3HAXOASATHCS y 3aTIHKY 32 MAKCUMAJIBHOTO 3HAYCHHS CTPYyMY,
HE BPaXOBYIOUH ILIOIII AHTAPKTUJIN.
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Pucynoxk 3.7 — Cepenns no6osa Bapialis rpaJiieHTy MOTeHiliany aTMocdepu B
SICHY 110T04Y HaJ| OKeaHaMH

3ynmuHUMOCH Ha BiIOMUX HaykoBUX (akTax. [To-mepiiie, i0HU, sIKi CTBOPIOIOTH ITO3UTHB-
HUH 3apsi aTMocq)epI/I 3eMJ1i, BUHUKAIOTh 3a paXyHOK KOCMIYHMX ITPOMEHIB 1 JIUIIIE HE3HAHY
YacTUHY NoTeHwiany goaae poroedekt. [To-mpyre, yepes Bemuke 3a0pyTHEHHS HOBlTpH HaJT
MaTepUKaMH ITUJIOM 1 TPOMHCIIOBUMH BUKHIAMU B aTMoccbepy 3MIHIOETHCS HpOBl)IHlCTb ous
3eMHOI TToBepxHi I, mo-TpeTe, yepe3 BENMUKY PyXJIMBICTh 10HIB B PO3piKeHil aTMocdepi Ha
BUCOTI 01151 40-50 KM MPOBIAHICTS MOBITPS PI3KO 3POCTAE 1 KUMOBIPHICT 3MIHU MOTEHIIIAITY T10
TOPU3OHTAIIl JOPIBHIOE HYJIIO. [TOBITps (paKTUUHO MEPEeTBOPIOETHCS HA MPOBITHUK.
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Terep MOBEpHEMOCH JI0 PO3IJISY BUIIIE3raJaHOl CUTYallll. SAKIIO IPUITyCTUTH, 1110 KOC-
MIUYHI TPOMEH1 PO3IOBCIOKYIOTHCS 130TPOITHO, TOOTO ONMPOMIHIOIOTH 3eMITIO 3 YCIX OOKIB
OJHAKOBO, 1 He OpaTu nmorpaBKy Ha ¢GoToedeKT, TO HISIKUX Bapialliii CTpyMy B 4aci He TOBU-
HHO OyTu. [IpunymieHHss CTOCOBHO TOTO, 110 3HMKEHHsI CTpymy Ha 15% BimOyBaeThcs 3a
paxyHoK (poToedekTy a00 30UTbIIEHHS KIJIBKOCTI I'PO3, BUTJISIAE TY)KE ONMTUMICTUYHO.

IMmoBipHO, Kosu 0 19 roauHi 3a TOHTIOHCHKUM yacoM COHIIe OCBITIIIOE HAWMEHIIY YaCTH-
HY CYIII 1 BIIOBITHO HAMOUIBIIY YACTUHY OKEaHIB, KOCMIUHI ITPOMEHI, SIK1 HIyTh Maiike
TUTbKH BiJl COHIIS, CTBOPIOIOTH OUThIIIE PYXJIUBUX 10HIB HAJl OK€aHAMU I10 BIIHOIICHHIO J10
Ti€l KUTbKOCTI PYXJIMBHUX 10HIB, 5IK1 YTBOPIOIOTBCS O 4 TOJIMHI PAHKY 3a THM K€ 4acoM IIij]
Yyac OCBITJIEHHS MAKCUMAJIbHOI TIJIOIII CYII 1 BIMOBIIHO MEHIIIO1 IO OKeaH1B. [HImMu
CJIOBaMHM, YacTHHA aTMocdepu 3eMIIl, sika 3HaAXOIUThCS B 3aTIHKY, Maiike He OoMbap1yeTh-
Csl KOCMIYHUMU TPOMEHSIMHU, SIK1 W1y Th TUIbKU Bijl COHIIS, ajie BHACIIOK MTOBHOI IPOBITHO-
CT1 OBITPS Y BEPXHIX IIapax aTMochepu IMOTEHIIIaI PIBHOMIPHO PO3IOIUISETHCS MO BCIH 11
BEPXHIM YaCTUHI, HE3aJIE)KHO BIJl TOTO, OCBITIIOETHCS BOHA 4M Hi. Bimomuii rpadik, skuii
BlIoOpakae cepeIHb01000BY 3MIHY MOTEHIally aTMOchepH B SICHY ITOT'0/Ty HaJl OKeaHAMHU.
([IuBuck pucynok 3.7). Llei rpadik MOBHICTIO BIIMOBIIa€ 3MiHI IO OCBITJIEHO1 ITOBEPXHI
cyuil. [t Toro, o6 rnepekoHaTUcs B lIbOMY, JOCTATHBO MOJISIHYTH Ha reorpapiyny Marmy
3emii. UuM MeHII1a MMOBEPXHS CyI OCBITIIOEThCS COHIIEM, TUM BHILIE TTOTEHIIAT aTMOCcde-

pu.

VYpan i Hentyn

3riHo 13 3aKOHOM PO3ITIOJIUTY 3a MacaMHu, il Yac BUKUIIB HA APYTOMY eTalll IUKJTY KUT-
teaisutbHOCTI COHIA 1 T Yyac Horo cnajiaxy Ha opOiTu, siki po3raioBani Buile CaTypHa,
MOTPAIUISUIO 3HAYHO MEHIIIEe a30Ty, TOMY IO BiH HAWMACUBHIIINHI 3 YeTBIPKU: BOJHIO, I'e-
JIi10, ByTJIewto 1 a30Ty. TomMy B ckitaai Y paHy Bke Maiike BIACYTHIM aMiak, 1 OCHOBY IJTAHETH
CKJIQJIaIOTh 3aMEP3JIUi METaH Ta 1HIII TPOCTI BYTJIEBOIHEBI, & TAKOK BIIIbHUM ByTJIClb. TeM-
nepaTypa IUIaBJICHHS METaHy 3a THCKY OJIHa aTMocdepa ckiiaaae mpuoiausHo 89 °K. Temre-
paTypHi YMOBH Ha YpaHi J03BOJIATh METaHY 3HAXOJUTUCH B TBEPAOMY BHUTJIS/I.

A Ha HenTyH1 Bxke 3HaYHY POJIb BIAIIPaOTh BUIBHI T'elTii 1 BoJieHb. YacTkam ajbda BiKe
OyJia He cuila MIHSATHUCS Ha TaKl BUCOKI OpOITH uepe3 rajbMyBaHHS MarHiTHUM 1ojieM Co-
HIIS 1 TOMY 1X Jy’Ke Majio Ha ux opOitax. BHacmimok mporo Ypan i HentyH maiike He
MaroTh MarHiTochepu. BHyTpilHii 00IrpiB BICYTHIM BHACIIIOK TOTO, IO HA ITUX IJIaHe-
Tax Maibke BIJICYTHIN aMiak 1 O€H30JIbHI CITOJTYKU.

[Io crocyeThcs Kilelb YpaHy, TO MEXaHI3M 1X CTBOPEHHS TaKUii camuid, sik Ha FOmiTepi 1
CatypHi. Binbysocs Take * HaKJIaJaHHS Kilelb, Sk Ha CaTypHi, yepe3 pi3Hy MOTYKHICTh
BUOYXIB ITIC/IS 3ITKHEHHS 3 aCTePOIaMHU, K1 BMICTUIM B COO1 KUCEHb.

Benmmka KUThbKiCTh BOJIHIO Ha Y paHi MOSICHIOE HASIBHICTD AYXKe MTUPOKOI BEPXHBOI YaCTH-
HU KiJIeIb, sIKa, UMOBIPHO, CKJIQTA€THCS TTOBHICTIO 3 Bo/IHIO. Kijblie, sike po3TamioBaHe HU-
JKUe — 11e TeJil, a I1e HIKYe — 3aMep3J11 BYTJICBOIHEBI CITOJIYKH 1 BYTJICIb.

Mo3kJIMBICTb ICHYBaHHS KUTellb Ha HenTyH1 MOBHICTIO BUKJIIOYATH HE MOKHA, aJie HasiB-
HICTh 3HAYHO OUTBIIOI KUTBKOCTI BUTLHOTO T'eJIit0, a TAKOX 3MEHIIIEHHSMMOBIPHOCTI OoMbap-
JIyBaHb METEOPUTAMHU Uepe3 ayKe BUCOKY opbiTy HenTyHa, poOisiTh TaKy MOKIIMBICTD Mi-
HiMaJipbHOM. I{ipHICTF HenTyHa BUIlA, HDK IIUIBHICTh Y paHa 1, B CBOIO Yepry, IIUIbHICTh
VYpana Buia niiibHOCTI CaTypHa, Xoua 31aBajioch, IO BCe TOBUHHO OyTH HaBIAaKH.

[Ii1pHICTh TUIAHET BU3HAYAIOTH HE TUTBLKH 1X PO3MIp 1 Maca €JIEMEHTIB, a i Ta peuOBHHA,
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sIKa YTBOPIOETHCS 3 IMX €JIEMEHTIB, 1 TEMIIEpaTypHI YMOBH Ha OopOITi i1 yac GopMyBaHHS 1
icHyBaHHS T1aHeT. Jlo Toro k, sfkio Ha HenTyHi NpUCYTHINA B PIAKOMY CTaHI Iejiid mija
BUCOKHM THCKOM, TO MOXKJIUBE IMPOSIBJICHHS HAJITEKYJOCTI T'ellifo, 10 BeJe 10 3alIOBHEHHS
BCIX IIMApUH B TUIAHETI PIAKUM TemeM. Bpemti-pemit Hikda temriepatypa HenryHa 1o
BIIHOIIIEHHIO /10 YpaHy BU3HAUYA€ HOT0 OLIBIINY IIIJIbHICTD.

Po3nin 4. Komern

Ilepen Tum, sIK TOYATH PO3TJISAT MUTAHHS PO BUHUKHEHHS] KOMET Ta 1X BJIACTUBOCTI, MU
MMOBUHHI BU3BHAYUTHUCH 3 HE MEHII BAXKJIMBUM MMUTAHHSIM PO MOXOIKEHHS METEOPUTIB.

3 TOrO, MPO IO MIIIOCS BUILE, BIAOMO, K (DOPMYIOTHCS IUIAHETU HA TTIOYATKY TPETHOTO
eTany HUKITY )KUTTeAisTIbHOCTI COHIIS Ta IHIINX 31pOK. Bitbllla yacTuHA peuOBUHH, siKa Oyia
BUKMHYTa COHIIEM Ha JIPYroMy eTalll )KUTTEAISTIbHOCTI 1 3aJIUIIMIAach HA opOITax oOepTaH-
Hs HaBKoJio CoHirs, Oyna 310paHa B rutaHeTH. AJie 3HaUHA YaCTUHA PEYOBUHM, SIKA HE MO-
Tparuia 0e31mocepeHRO B TOJIE TSHKIHHS TJIaHET, Oyiia 310paHa B HEBEJIMKI 1 Cepe/iHl YTBO-
PEHHSI, SIK1 CKJIaIaJInCs 3 TI€T K PEYOBUHH, IO 1 IUTAHETH, Y BIAMIOBIIHOCTI JI0 iX OpOIT.

ITo cyri 1e Ti % cami mIaHeTH, ajge 3HAYHO MEHIIT 32 pO3MipoM. IX CKIIaj Tex Bimmosimae
TUM OpOiTaM, Ha IKUX BOHU YTBOPIOBAIMUCH. Taki IJIAHETKU MU Ha3BEMO acTepoigamu. Ac-
TEePOIIH, SIK1 yTBOPUJIUCS HA OpOITax mooan3y 3emMJll, MaJIl B CBOEMY CKJIal BOJY 1 BCE Te, 3
YOT'0 CKJIAJIAETHCS 3eMIISI.

Ha op06iTi, sika po3TamoBaHa rpuoan3Ho Ha 5-10 MUTBHOHIB KIJTOMETPIB HUYKYE 36MHOI,
YTBOPUBCS JOCUTH BEJIMKUM acTepoi, sIKUil 3apa3 odepraeTbest HaBKoJio FOmitepa 1 3BeTh-
cs €Bporna.

AcTtepoinu, siki yTBopuincs mobdnu3zy Mapca, CKiIagalnuch OUTBIIIO YaCTHHOKO 3 KpeM-
HIIO, cipkH, pocdopy, HaTpito Toilo. I Ha opOiti mpubim3Ho Ha 10-20 MIJIBIHOHIB KiJTOMET-
PIB BUILIE MaPCIaHChKOI OpOITH YTBOPUBCS BEJIUKUI aCTEPOI, SIKMH 3apa3 00epTAEThCS HAB-
kos10 FOmiTepa 1 3BeThes lo. [To6mm3y ra3oBux IiaHeT YTBOPEHI acTepoiau CKilaaaaucs 13
3aMep3nux rasis. Bel i yrBopeHHst obepTanucs HaBkoj10 COHIIS MO CBOIX MalKe KPYTOBUX
opOiTax, 1HO/Il BIUYBAIOYX I'paBITALlIfHUI BIUTUMB IUTAHET, ajie 30BCIM HE3aJICKHO Bl HUX.

B 1ieit yac, To6TO B KiHII TPETHOIO €TaIly [UKITY nepen crnaiaxom CoHIlsl, METEOPUTIB, Y
HAIlIOMY PO3YMIHHI, sIKi OoMOapayBalM IUIaHeTH, He Oysi0. BUHATOK CKi1aaaroTh Tija, sSKi
3aJIETUIN 3 IHIIUX TaJaKTUK. AJie 1Ie TPaIUIsIOCh AyKe PIAKO. A B HAIIINA raJIaKTHUII TIIbKU
HE3HAYHA YaCTUHA 31POK MaJIOl MacH 3 OKpaiH BCTUIJIM 3aKIHUMTH CBIN Nepiuil ki Mu
PO 1€ BXKE 3ralyBaJIM.

AcTtepoinu, sKi JiTanu Ha opbiTax Hkue Benepu, B paitoni Mepkypis 1 [TinmyTona, manu
B CBOEMY CKJIA/Il TY K PEUOBHHY, 3 SIKO1 CKJIaJat0Thes 111 ItaHeTu. Lle, nepii 3a Bee, 1pu/Iii,
OCMIH, 30JI0TO, YpaH, CBUHELb TOIO. MU HE BUIAJKOBO 3HOBY ITOBEPHYJIUCS JIO CKIIAIY
ux acrepoiniB. CaMme BOHU 3a3HAIOTh HAWCUJIBHIIIOTO yAapy XMapH 3 MUITY Ta ra3iB Micis
criajaxy CoHusl.

Tenep mpoaHasizyeMo HACTIAKH LIbOTO Criaiaxy JijIsl BC1X actepoiiiB COHSIYHOT CUCTEMU.
Tak camo, sK 1 BCl IUTAHETH, B OUIBIIIN UM MEHIIINA Mipl B 3aJIEKHOCTI BT BIIAJICHHS iX
opOit B CoHIlg, a TAKOXK 1X MacH 1 po3MipiB, aCTEPOIAN 3a3HAIN yAapy XMapH 3 MUITY Ta
ra3iB pi3HoOi crutn. TiacTepoiau, Kl pyxaJiiucsl Ha HIKYUX opoiTax, MCis yaapy OyJiu rnepe-
BEJICHI Ha OUTBII BUTATHYTI OpOITH, sIKI HarajayBajaud opoOiTu KomeT. HacTuHa acTtepoiniB
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TICIISl yAapy pO3BUHYJIA MIBUAKICTb, SIKA MEPEBUIIYBajia APYTry KOCMIYHY IBUAKICTH BIIMO-
BIJIHO1 OpOITH, 1 Ha3aBx)au 3anuiinia COHSYHY CUCTEMY.

Binbimicts actepoimiB, siki 3amutmiancs B COHSYHIN CUCTeMI, IT1JT 9Yac CBOI'0 PyXy Iovain
repeTuHATU OPOITU TUTAHET 1 ITpu Haroa1 boMbapayBaTu 1 1aHeTu. CaMme Tak acTepoiau
MEPETBOPWIIMCS. HA METEOPUTH B HAIIIOMY PO3YMIHHI 1IIbOTO cjioBa. L{i MmeTeopuTu novyaau
BUKOHYBATH YOBHUKOBI PEMCH 3 TIEP10JIOM BiJ AECATKA POKIB JIO JIEKIJIBKOX COTEHb POKIB,
TaK camo, sIK 1 KOMETH.

Actepoinu, siki o0epTajucs Ha 3HAUHO BUIIUX OpOITax 1 0 TOTO K Majid 3HAYHY Macy,
3a3HaJIM MEHIINX HACIIJKIB yaapy cIabHydol XMapH 3 MUJIy Ta rasiB 1 Maike He 3MIHUIIA
CBOiX op0OiT. MacuBHI Tia, siki obepTaucs Ha opoiTax Mk Mapcom 1 FOmiTepom, ajie 3HAYHO
ommkue no FOmitepa, maiike He MOMIHSIIA CBOI OpOITH 1 B arorei He 3MOTJIM HaBITh Mepe-
THyTH opOITy FOmTepa. Hanpukiaa, oqun 3 Benukux acrepoiniB Llepepa obepraBcs Ha-
BKos10 COHIISI MaiiXe [0 KPyrosiit opOiTi Ha BiAcTaHl mpuoim3Ho 3,8-10%kM, a micis yaapy
XMapH TeIrep PyXaeThcs 1Mo opOiTi, amoreii sikoi mopiBHioe 4,5-10%km. 1 He BUIaIKOBO BH-
3HA4YeH1 MICIIS IEPBICHOTO po3TalllyBaHHs actepoiniB €Bpomna i lo. Mu, no-niepiiie, opieH-
TYBaJIUCh Ha IXHIM CKJIaj, SIKUM MOBUMHEH OyB BIANOBIAATH 3aMHATIN OpOITi, a, TTO-ApYTeE,
SICHO, 1110 o He MIr OyTHu po3TaloBaHuil mooau3y opoitu Llepepu. Inaxkime BiH mpocTo 0 He
TIOMIHSIB CBO€ET OPOITH BHACIIIOK 3HAUHO OLIbIIIOl Macu, Hk Maca Llepepu.

€Bpomna 1 lo micis yaapy Xmapu Iodaiau pyXaTucs Mo opoiTax, siki B arorei nepeTuHaiu
opOity FOmiTepa. ITpo noganpliny iX 100 MU TIOTOBOPUMO B PO3/IUIL PO CYITYTHUKH.

B toii e yac Tpeba ckazaTu, 1110 JIy>Ke PO3PILIHKEH1 CKYITYeHHS 3aMep3JIMX ra3iB, skl 00ep-
TaQJIMCSl HA BUCOKUX OpOITax, sk actepoiau HaBKoJO COHIIS, MICs 3ITKHEHHS 3 XMapolo
MOTJIM OTPUMATH JI0JIATKOBY IIBUJIKICTD 1 TEXK MOYATH PYXaTUCh MO BUTATHYTUX OpOITaxX,
SIK KOMETH.

TakuMm unHOM, OLTbIIIA YACTHUHA ACTEPOIIIB MICHS yaapy XMapu ITOMIHSUIA CBOE aMILTya 1
cTajia METEOPUTAMU, & YACTUHI 3 HUX BAAJIOCS JIMIIE HE3HAYHO 3MIHUTH CBOI OpOITH, HE
MEePETUHAIOUM OPOIT PyXy IIaHeT. Takl acTepoiid TaK 1 3aJTUIIIIUCS ACTEPOITaMU.

Tenep ysiBUMO cOO1 KapTUHY, sSIKa BUHUKJIA MICIs crianaxy Hamoro CoHL 1 sKa 3apas
crioctepiraethbes B KpaboBuHii TymMmaHHOCTI cy3ip's Tutblis. Binkpura moBepXxHs HEUTPOH-
HOI 31pKHU TUIBKU-HO MMoyajia GopMyBaTH HOBY IIPOTOHOBY OOOJIOHKY 1 CBITUTH B COTHI pa-
31B sicKpaBiiie, HiK Terep. [T, skuit mitae HaBkoyo COHIIS, pO3IUIABUBCS, IIEPETBOPUB-
IIMCh B KparebKH, sIK1 ToYaJIv 30MpaTH IJIAHETH 3aB/ISIKK CBOIM I'paBiTallltHUM MoJisiM. | B
11 KpaIUIMHKKM pa3 10 pa3 BIITAIOTh METEOPHUTH, SIK1 31HCHIOIOTh CBOI YOBHUKOBI PEHCH.
[TpuposHO, yacTHA KPATUIMH TOYHE MPUJIUIIATH 1 10 HUX.

Tak octaTouHo O0yB chopmMoBaHUit CKIa] MEPBICHUX MeTeOpUTIB. OCHOBY MOTO CKIIagae
pedoBHHA OpOITH, 3 SIKOI OYB 31pBaHUI aCTEPOi, a JOAATKOM MOKE OyTH BCS MEeP1oJuIHA
CUCTEMA €JIEMEHTIB.

Hacnigkom 3ycTpidi METEOPHUTIB 3 KparelbKaMi PEYOBUHM CTaHE TAKOXK raJibMyBaHHS
HIBUJIKOCTI PyXY METEOPUTIB, a 11€ B CBOIO YePry, SIK 1Ie HE MapaIoKcajIbHO, BEJIE 0 Mepexo-
Jly Ha HIDK4YY OpOiITY 1,10 30UIBIIEHHS 1X IBUAKOCTI pyxy 1o opOiti. Lle Bimomuii heHOMEH 1
MM He OyJIeMO Ha HbOMY 3yNUHATUCH. [lepexig Ha HUK4YY opOITy O3HAYA€ 3MEHIIIEHHS Mepi-
oay obepranHs MeTeopuTa HaBkoJio CoHilsl. ToOTO MeTeopUuTH MOYMHAIOTHL OoMbapyBa-
TU IUIAHETH I1I€ YaCTIIIIE.

butbiia yacTuHa METEOPUTIB, K1 MU HA3BEMO MEPBUHHUMM, Oyjia MOTJIMHYTA IJIAHETA-
MU, KOJIM MOBEPXHS LIUX IJIAHET YSBIIsIa COOOI0 PO3IUIABJIIEHY MarMy Ha 1modatky g1ogop-
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MyBaHHS IJIAHET, TOOTO B TIEPIIIHI MiTbSP/ POKIB, SIKUH MUHYB micis crianaxy Conrst. CoT-
Hi TUCSY, & MOYKJIMBO 1 MITBIOHM TIEPBUHHUX METECOPHUTIB 3HAUIIIIIA CBOO MOTHJTY B PO3ILIIa-
BJICHUX HaJpax IuiaHeT. YacTUHI NEPBUHHUX METECOPHUTIB NMOTATAHWIO OUIbIIE, 1 BOHU J10-
YKUJTM JIO TOT'O Yacy, KOJIM MOBEPXHI IUTAHET MTOYaIu CTaBATH TBEPAUMU. METECOPHUTIB CTAIIO
3HAYHO MEHIIIe, ajie BOHU SIK 1 paHillle TPOOBKYBAIN CBOI YOBHUKOBI peiCH.

Mu npoaHaJji3yeMo HACITIIKH YapiB IEPBUHHUX METCOPUTIB B TJIAHETH 1 iX CYITyTHUKHU
3a 4aciB, KOJIU IJIaHeTH OYyJIu BKPUTI TBep10t0 Kopoto. [1po Haciaku 6GomOapayBaHHs ra-
30BHX IUIAHET 1 iX CYITYTHUKIB IOrOBOPHMO ITI3HIIIIE.

VYaapy MeTeopuTa B ITIAHETY, SIKa Ma€ TBEPY KOPY, MPUTAMaHHI CBOI 0OCOOIMBOCTI. SIKITI0
Maca METeopHuTa He AyXKe BeJIruKa, TO BiH He ITP00'e KOy IUIaHETH 1 Oy1e MpocTo 3pyitHOBA-
HUI, 3pOOUBIIN 3arJIMOJICHHS B KOPI IJITaHeTH. 3pyHHOBAHE TiJIO MIEPBUHHOTO METEOPHTA
OyJie pOo3KUIaHE B BEPXHIM YaCTHUHI KOPH B JIOKAJIbHIN 00JIACTI IUTAHETH, KyIM OYJIO CIpsI-
MoOBaHoO yaap. L{lum ynapam nepBUHHUX METEOPUTIB Y 3eMHY KOPY MU 3000B's13aHi POJIOBH-
IIIaMU ypaHy, 30JI0Ta, 1py/Ii10, CBUHITIO 1 T. /1. BUXO/1514M 13 3aKOHY pO3IMOAUTY 32 MacaMH, 11i
eJIEMEHTH MaliKe He MaJTH IIIAHCIB OITMHUTHCS HA HAIIH TUTaHeTi. SKIIo i 9ac TysKe oTy K-
HUX BUKUJIIB Ha IPYTOMY eTari )UTTeaisuibHOCTI COHIIS Aesika Mi3epHa YaCTUHA BaXKKUX
€JIEMEHTIB 1 TOTpaIuia Ha 3eMHY OpOITY, TO BOHA TJIMOOKO IMOXOBAHa B SIJIpI IIAHETH.

3a YOTHPH 3 TTOJIOBUHOIO MUIbSIPJIA POKIB, sIK1 MUHYJIH TTicTs cniajiaxy CoHIlsl, IepeBaKHa
OUTBIIICTH MIEPBUHHUX METEOPUTIB 3aTMHYJIa B KOPi 1 HaApax ruiaHet. TomMy IpUITIT IepBUH-
HOT'O METEOPHTA, KU Ma€e B CBOEMY CKJIal YpaH, 30JI0TO, ipHIiid, OCMIil, SBUIIEC HAI3BH-
YyaitHO PIJIKICHE.

MeTeopuT 3aBIIMPIIKY 3 KUTOMETP 1 OUIbIIIE BXKE B 3M031 MPOTAPAHUTH HETOBCTY KOPY 1
JIOCSITTH po3redueHol MarMu. be3ayMoBHO, YMM TOBCTIIIA KOpa, TUM OUIbIII JlaMeTp 1 Macy
MTOBUHEH MAaTH METEOPHT, 100 11 mpobutn. THUCK MarMu, sika 3HAXOJUTHCS I KOPOIO B
MICT1 BXOJ1y pO3/IpiIOHEHOT O BiJI yIapy METEOpUTA, OTPUMYE JOJaTKOBUI ITPUPICT, a Marma
O/IEP)KY€E MOXITMBICTh BUJIETITH Yepe3 MPoOOoiHy B Kopi. [HIIMMK clioBaMH 11 ITYYHUI BY-
JIKaH B IOCUJICHOMY BapiaHTI. 3a IEBHUX YMOB IIBUAKICTh BUJIbOTY IIi€1 MAarMU MOJKe TIepe-
BUIIYBATH 3HAYCHHS IPYTroi KOCMIYHOI JIJIs TUTAHETH UM CyIyTHUKA. | MarmMa Moske BiijieTi-
TH, 3aMEP3HYBIINA B KOCMOCI, JIJISI 3A1MCHEHHSI TAKUX CAMHMX PEHCIB, K1 pOOUB MEPBUHHUI
METEOPUT. [HIMMU ClToBaMHU, 3’SIBUTHCSI HOBUW METEOPUT, ajie BiH, OUIBIIOI0 YaCTHHOIO,
Oy/ie CKIaIaTUCS 3 PEYOBUHU, SIKA MICTUTHCS B TJIAHETI 3 HEBEJTMYKHUM JTOAATKOM 3aJIUIIKIB
3pyHHOBAHOT'O METEOPUTA.

Taxi METeopuTH MU Ha3BEMO BTOPUHHHUMHU. [Iporiec yTBOpeHHsS] BTOPUHHUX METEOPUTIB
0COOJIUBO MPOCTO BIIOYBAETHCS HA CYITyTHUKAX, B TOMY YHCJI1 HA Mics1il TOMYy, 1110 TaM He
Tpeba Haa3yCHJIb, 100 HAOpaTH APYTY KOCMIUHY IIBUAKICTb.

BTopuHHI METEOPUTH MOXYTh HAPOKYBATH TPETE IMOKOIIHHS METCOPHTIB 32 THUM K
CIIEHapieM, aJie iX CKJIaj Maihke He BIAPI3HAETHCS Bijl CKJIaly BTOPUHHUX METEOPHTIB, SKIIIO
BOHU OyJIM YTBOPEHI Ha OJHIM 1 TIM ke IJIaHETI YU CYIMYTHUKY. TOMy BCl HOBOYTBOpPEHI
METEOPHUTH MU Oy/IeMO HA3WBATH BTOPUHHUMU. BTOpUHHI METEOpUTH, SIKI yTBOPUIIUCS Ha
3emii, Micsiil, Mapci, 060B'SI3KOBO B CBOEMY CKJIaJll MaIOTh JIBOOKHUC KPEMHIIO B BEIUKIN
KUTbKOCTI. TOOTO BOHU MICTSITh Y COOl KMCEHb. Y1ap TaKOTO METEOpUTa 3HAYHOI MacH B
TBepay Kopy FOmitepa, CatypHa, YpaHa 1 Mir CHpUUUMHUTH YyTBOPEHHS KUJICIb HABKOJIO HUX.
Ane 1ie Moryia OyTu 1 KoMeTa abo METEOPHT, K1 MajJd B CBOEMY CKJIaJll BOJIy B UHCTOMY
BUTJISIII.

Hacrag yac moroBoputu npo kometn. CriouaTky 3'sCyeMO MEXaHi3MU BUHUKHEHHS ra30-
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BHUX KOMET. ['a30Bi IJTAaHETH MAIOTh Jy>K€ BEJIMKI MACH 1, SIK HACIIJIOK, IM IPUTAMaHHE JIy>Ke
BEJIMKE 3HAUEHHS JPYroi KOCMIYHOI IIBUJIKOCTI. MaKkCUMaJIbHO, HA 110 MOXE PO3PaXOBY-
BATU METEOPUT, SIKUU MICTUTH B COO1 KUCEHb 400 BOJTY, TaK 11€ HA CTBOPEHHS KUIbLIS IJIaHE-
TH-BEJICTHSI, HABITH SIKIIO LIEM METECOPUT Ma€ OLIbIIE TUCSIY1 KIITOMETPIB B JilaMeTpi. AJie TyT
MU IMTOBUHHI 30CEPEIUTH CBOIO yBary Ha CymyTHUKAX IIMX IJIAHET 1 TUX MEPBICHUX aCTEPOi-
Jlax, K1 CKJIa1ajIucs 3 ras3iB.

B po3aini mpo cynmyTHUKY ITiJie AeTaIbHIIIA PO3MOBA MPO CYITYTHUKH BCIX IJIaHET. A 3a-
pa3 MpoCTO BI3bMEMO JI0 YBaru, 1110 YaCTUHA CyMYTHUKIB FA30BUX IUIAHET MA€ CKJIA/] CBOTO
30BHIITHBOIO IIAPY, SIKUI IMOBHICTIO BIANIOBIAA€E CKJIa/1y BIIMOBIIHOI IJIAHETH.

o 10 He my*e MIIbHUX TAa30BUX IMEPBICHUX ACTEPOIJIIB, TO, IK MU BXKE 3ra;lyBajiu, XMa-
pa 3 ATy Ta rasiB TeX JoJajia IM IIBUAKOCT], BOHM OTPUMAJIM 3HAYHO BUTSATHYTI OPOITH 1,
TaKUM YMHOM caMi o co01 CTajIu ra30BUMU KoMeTaMu. BoHM CKItaatoThes 3 aMmiaky, MeTa-
Hy a00 BoaHIO 1 refito. Ll komeTu Mu Ha3BeMO MepBUHHUMHU KoMeTaMH. TyT Tpeba 111e pas
3pOoOUTH HAroJIoC. SIKIIO Maca ra3oBOro acrepoifa OyJia I0OCUTh 3HAYHOI0, TO XMapa Oyia
BJKE HE B 3MO31 3MIHUTH Horo op06iTy. BiH mpooBKyBaB pyXaTHUCh Maiike Ha Tiid opOiTi, J1e
BiH yTBOpUBCS 110 criasiaxy CoHIs.

Ta moBepHEMOCH 10 CYITyTHUKIB ra30BUX IUIAHET. Y Aap METEOPUTA, IKUM MA€ B CBOEMY
CKJIa/Il KUCEHb, B CYITyTHUK, 1110 CKJIAJIA€ThCS 3 METaHy 1 aMiaky, a00 B ra30BUI acTepoil
TAKOTO 5K CKJIa/ly CIPUUUHUTD BUKHU/T PEYOBUHU CyyTHUKA 4 acTepoina B COHsUHY CUCTe-
My BHACJIJOK BUOYXY MeTaHy abo aMiaKy 1 1y»Ke HU3bKO1 BEJIMUMHU JPYTrol KOCMIYHOI IIBU/I-
KOCTI JJ1s1 IUX T11. PO3IrpiTi ra3u 3 MajJeHbKUMM YaCTKaMH PO3IIMATOBAHOIO METEOPUTA,
MPOJAYKTHU BUOYXY 1 YaCTMHA PEUOBUHU CYyyTHHUKA a00 acTepoina, siki He OyJjiu razaMu, 3a-
JIMIIIATh CYIyTHUK 1 IEPETBOPATHCS HA 3aMEP3/IUH IIMATOK Ta3y, sIKUi OyJe pyXaTUCh MO
JIy’Ke BUTITHYTIN opOiTi. L{eit mMaTt razy € HAMIpOCTIIIO BTOPUHHOIO Fa30BOI0 KOMETOIO.

Jlo ckazaHoro BuIle Tpeda 10/1aTH, 10 KOMETH, SIKI yTBOPUJIUCS 3 ACTEPOIIIB, 1110 pyXa-
uck Ha opOitax FOmitepa 1 CaTypHa, a TAKOXK 3 iX CYIyTHUKIB MPUOJIM3HO TAKOTO CKIIay,
SIK 111 TUTAHETH, MAIOTh B CBOEMY CKJIAJIl IyKe OaraTto yactok ainbda. ToMy 11l KoMeTH Ma-
FOTh MOTY>KHUM MO3UTUBHUN 3apsi/I.

Ternep po3ryisiTHEMO MOBEAIHKY ra30BUX KOMET. PyXarounch Mo BUTSITHYTUX OpOiTax Tak
camo, sIK 1 METeOPHTH, 111 KOMETH Yac BiJI yacy HaOImkaroThes 10 COHIIS 1 pO3IrpiBatOTHCS
COHSIUHMMU MTPOMEHSIMU. B 3aJ1€KHOCTI BI CKJIa/ly KOMET BUSBIISIETHCS Pi3HA PEaAKIs Ha
e oOIrpiB.

ITouHeMo 3 IepBUHHMX KOMET. IX cK1aJ1, Tak 61 MOBUTH, OJJHOMAHITHHIA. AGO I1e BOJIeHb
1 TeJIi, SKIIO acTepoill, 3 IKOTO YTBOPHJIACh ra3oBa koMeTa micis cnajaxy CoHIlsl, 3Haxo-
JIUBCS HA JTyK€ BUCOKUX opOiTax. AGO 11e aMiak, MeTaH, IMPOCTI BYTJIEBOIHEBI 1 YACTKH ajlb-
(a, sK1I0 acTepoin odepraBcs Ha opOitax moonu3y FOmTepa 1 CatypHa.

Bci Taki komeTn HeOe3neuH1 715 TUIAHET, TOMY IO M1/ Yac 31TKHEHHS 3 TIJIJAaHETaMU BOHU
BUOYXAIOTh I1I€ MOTYXHIIIIe, 3yCTPiBIIHN KuceHb. Oco01mBO BOHU HeOe3meuHi 11t 3emiti. [1ia
yac HaOkeHHs 10 COHIISA 111 KOMETH JIMIIAIOTh XBICT PO3IrPITOTO raszy 1 BeAyTh cede CIio-
KiIHO.

Ternep MOroBOpUMO PO BTOPUHHI ra30B1 KOMETH. MU He BUITAAKOBO 3raJIajiv IIpo Majie-
HBKI YACTKH PO3IIMATOBAHOI'O METEOPUTA, SIKI BXOASTH /10 1X CKiIay. K 11111 4ac KOKHOTO
BUOYXY, HE BCsS BUOYXOBa peyoBHMHA Oepe ydyacThb B XIMIYHUX peakiisx BuOyxy. HactuHa
11€1 PEYOBUHU JIMIIUTHLCS B IepBICHOMY BUTJIsIIL. Lle cTOCY€eThCSI 1 YaCTOK pO31IMATOBAHOTO
METEOPHUTa, SIKl MICTITh B c001 KuceHb. 111 yac CMITIbHOTO pO3IrpiBy rOJIOBHOI YACTUHH KO-
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MeTu B paiioH1 CoHIISI HEBETMYKI HArPOMAHKEHHS LIMX 3aMEP3JIMX YaCTOK TOYMHAIOTH BCTY-
MaTH B PEAKIIII0 B3a€EMO/II1 3 METAHOM, aMiaKOM, BOJTHEM Ta IHIIIMMHU CIIOJIyKaMH, CTBOPIOIO-
YW JIOKaJbHI BUOYXH. PO3mo/ii1 iuX 4acTOK B KOMETI Ma€ BUIIAKOBUI xapakTep. Bubyx-
HYTb T1 YaCTKH, SIK1 pO3TaIlIOBaHI OJIMKYE 0 MOBEPXHI KOMETH 1 Oy Iy Th CUJIbHIIIE OOIrpiTI
Comnrnem. I[TpomeHi, iK1 BUKJIIMKaH] TUMHA BUOYXaMU 1 BUXOISITh 3 IUX KOMET, MOXKYTh OyTH
CIIPSIMOBaH1 B Oy/Ib-sIKUI 01K, HABITHh MPSIMO IO KYPCY PyXy KOMETH, JIe HAKOTUYNIIOCH Oi-
JIBITIE YACTOK METEOPHUTA 1 OLIbIIE PO3IrPUIOCh, TaM 1 Oy/ie TOKaJIbHUI BUOYX.

3MIHM CBITIHHS TOJIOBHOI YACTHMHU JAESIKUX T'a30BUX KOMET, SIKi IHOJII CIIOCTEPIraloThCs,
MOXYTh OyTH BUKJIMKAHI JIBOMA MPUYNHAMU:

® [10-TIEPIIIE, I1€ 3YCTPid KOMETH 3 XMaPKOIO JTy’Ke PO3PIIHKEHOT0 Ta3y U MUy (I1e OCHOBHA
MIPUYMHA);

® [10-/Ipyre, SKIIO B KOMETI JpiOHI (ppakiiii MeTeopuTa MatOTh Majly KOHILEHTpAIlO 1
PO3IIO/IIEH] PIBHOMIPHO, TO JIOKAJbHUX BUOYXIB He Oyje, a TAMYACOBO IIJBUIIUTHCS CBI-
TIHHS TOJIOBHOI YaCTUHU KOMETH.

B 3B's13Ky 3 pI3HOMAHITHICTIO CKJIaJy PI3HUX KOMET, sIK1, HAOMmkarouuch 10 CoHIIs, JI1-
IIAI0Th 32 COO0I0 XBOCTH, BUHUKAE JTy’KE BEIMKA IMOBIPHICTh IEPETUHAHHS 1IUX, BXKE HEBU-
JIUMUX, XBOCTIB OJJHUX KOMET IHITUMH KoMeTaMuU. Tak 3ycTpid 3aMep3IuX KPUKUHOK BOJIU
3 XBOCTa KOMETHU TUly [ 'aiies 3 ra30BOI0 KOMETOI0, sIKa CKJIAJAEThCS 3 METaHy Ta aMmiaky,
30UIBIIUTD CBITIHHSI TOJIOBHOI YaCTHHM KOMETHU. | Tak camMo 3ycTpid 3aMep3/IuX CKyITYeHb
METaHY 1 amlaky 3 KOMETOIO, sIka MICTUTh B cO01 BOJly, 3HOB-TAKU MiIBUIIIUTH CBITIHHS KO-
MeTU. A 3yCTpIY TaAKOI KOMETH 3 HEBEJIMKMMM IIIIUHKAMU 3 JBOOKUCY KPEMHIIO MOXKE BU-
KJIMKATU MOSIBY TPOMEHIB B OY/Ib-IKOMY HAIIPSIMKY. |, HApeIlITi, 3ycTpid KOMETH 3 METEOPHU-
TOM 3HAYHUX PO3MIPIB MOXKE MOBHICTIO 3pyHHYBATH KOMETY.

Takox Tpeba He 3a0yBaTH MPO YACTKHU alibda 1 MPO MO3UTUBHUH 3apsl, IKUA MalOTh
KOMETH, sIK1 yTBOpeHI 3 acTepoiniB opoiT FOmitepa 1 CaTypHa. Pyxarouuck Ha3ycTpiu COHSI-
YHOMY BITPY, SIKUI CKJIQJA€THCSI B OCHOBHOMY 3 ITPOTOHIB, YACTKHU ajib(a B CKJIa/ll KOMETU
3a3HAIOTh BIIIITOBXYBAHHS B 3B'S3KY 3 CBOIM MO3UTUBHUM 3aPSIOM 1 TOMY YaCTKH PEYOBH-
HU XBOCTa KOMETH 3 YaCTKaMu ajib(da BcepeIrHi BIUTITAIOTh 3HAYHO IHTEHCUBHIIIIE, HIK 0€3
YacTOK ajbda.

SIK1110 ra30Ba KOMETa yTBOPHUJIACS 3 aCTEPoijia, IKUM MICTUB OaraTo BOJIHIO, TO B ii CKJ1a/1
yBIMIIUTA 3HAYHA KIJIBKICTh BO/M, KA YTBOPHIIACS SIK TPOAYKT BUOYXY. To/11 Takl KOMETH 1
T1, IO MAIOTh B CBOEMY CKJIaJl BOJY, 3 IHIIIMX MPUYMH i yac HabmkeHHs: 1o CoHLs Mo-
JKyTh BHUIIPOMIHIOBATH ITPOMEHI, SIK1 MAlOTh BUIJISII CBITJIMX KUIEIb 11T BIIOMOIO HA3BOIO
rajacu.

€ 1ie oJIUMH TUM Ta30BUX KOMET, SIK1 HE MANaJaloTh I HaBeaeHy kiacudikaiiro. Lle
MIPOCTO 3TYCTKHU 3aMeP3JIMX Ta3iB, K1 3ajeTiin B COHSYHY CUCTEMY 3 1HIIUX 31pOK, po3Ta-
IIIOBAHUX HA BUIIMX OpOITAaX IO BIIHOIIEHHIO 0 IEHTPY rIaKTUKHU, HIX Haiie CoHIe.

[Ile pa3 3ynuHUMOCH Ha PyWMHYBaHHI ra30BUX KOMeT. HacTOK 3pyIHHOBAHOTO METEOpUTA
3HAYHO OUIBIIE B CEpeIMHI KOMETH, HXK 30BHI. YacTKH, sIKi MICTSITh B COO1 KUCEHb, MOTJIU
JIOBT'O 3HAXOJUTHUCH B CEPEIMHI KOMETH, aJI€ [0 MIp1 TOTO, SIK YACTHHA 30BHIIIHBOI PEUYOBU-
HU KOMETH BIUTITaJIa 3 11 XBOCTOM ITIC/ISI KOYKHOTO HAOMKeHHsT KoMeTH /10 COHIIs, COHSTUHI
MPOMEHI ToYajyd PpO3IrpIBaTH 1 BHYTPIIIHIO 00J1acTh KOMETH. BHACIIIOK 1IbOTO BiOYyBa-
€ThCSI BUOYX KOMeTH ab0 pO3aiIeHHs 11 TUJIa HA JIEKIJIbKA YaCTHH.

Ternep HacTaB yac MOrOBOPUTH PO KOMETH, SIKI MAIOTh TBEP/IE PO, BKPUTE 3aMEP3II0I0
BOJIOIO, PO KOMETH, SIKI 32 CBOEIO CTPYKTYPOIO HAaraayroTh komery layutes. s nHapo-
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KCHHSI TAKMX KOMET, KpIM HasIBHOCTI JTy’K€ BEIMKOT'O METEOpHUTa, KU Ma€ Bij ACKiIbKa
KUJIOMETPIB B JlaMeTpl A0 JACKUIbKA JACCATKIB KIJIOMETPIB, MOTPIOHA BKPUTA TOBCTUM Illa-
pPOM He3aMep37101 BOAM TBEP/IA KOPa, IMij] TKOI0 3HAXOAUTHCS PO3IUIaBIeHa Marma.

SIK HeBaXkKO 370TraIaTUCS, B HAIIl YaC TaKl yMOBH ICHYIOTh TUIbKU Ha 3emitl. Tomy Miclie
HapopKEeHHs TakuX komeT —11e 3emutst. Ha nesikux cymytHukax FOmitepa i CaTtypHa B TOBEpX-
HEBOMY IIIapi € JIijl, IKUH YyTBOPUBCS 3 BOIH, ajie HE Ma€ PO3ILIABJIICHOTO s/Ipa i/l KOPOIo,
BKJTIOUarOuM Ipyruii cynyTHuk lOmitepa — €Bporny. ToOTO HE BUKOHYIOTHCS 1Bl YMOBHU:
He3aMmep3J1a BoJia 1 po3IIaBJIieHa MarmMa Imiji KOporo.

MexaHi3M CTBOPEHHS TAKUX KOMET JyXKe MPOCTHI. Y1ap BEIMKOTO METECOPUTA B 3eMHY
MTOBEPXHIO, SIKa BKPUTA TOBCTHUM IIIAPOM BOJIH, IIPUBEJIE 10 YTBOPEHHSI OTBOPY B KOPI 1 py#i-
HYBaHHSI METEOPHUTA, SIKMI ITPOJOBKYBAB PYXaTUCh Jalli B po3IUIaBiieHii marmi. [eit pyx
IIJIBUIIIUB BUCOKUM THCK MarMH IIiJT TBEPOIO KOPOIO B 1IboMy Miclii. CliioM 3a METeOpHU-
TOM B YTBOPEHHUI OTBIp PYIIAIOTh BOAU OKEaHY, IIIO OOYMOBJIIOE 3yCTPI4 MarMu i BOJIH.
BHaciigok 11p0ro BigOyBa€eThCS MOTYKHUM BUOYX 1 BUKUJI MarMHU ITiJI BEIMKUM THUCKOM B
OTBIp. SIKIIO B3SITU 10 yBArW laMeTpP OTBOPY, IKUM CKIIaJIa€ AEKUTbKA AECATKIB KIIIOMETPIB
B JIlaMeTpi, 1 TOU mIap BOIH, KUK 3HAXOIUBCS 3BEPXY, TO BHYTPIIIHS YaCTMHA BUKHMHYTOI
PEYOBUHU IOCATHE APYTol KOCMIYHOI IBUIKOCTI 1 3JIMIIIATH 3EMITIO, PyXaO4HCh ITO BUTSIT-
HyTiid opOiTi HaBKo10 CoHIsl. Pa3oM 13 ped4oBUHOIO BIIJIETUTH 1 3HAYHA KUIBKICTh BOJIM 1
BOJISIHOI TIapH, SIKA MIEPETBOPHUTHLCS Ha JIiI B KOCMIYHOMY ITPOCTOPI.

[TapaneasHUM KypcoM 3 KOMETOIO BIUTITAIOTH IIIMATKU KOPH 1 HABITH IIIMATKH 3pyHHO-
BaHOTO METEOPUTA, SIKI MOTJIM OyTH BUKUHYTI pa30M 3 MarMoro i MepeBUIIIIN JPYTy KOC-
MIUHY IIBUJIKICTh. BisIbIlla YacTHUHA yIaMKIB 1 APIOHOTO KaMIHHS HE JOCSATaIOTh IPYroi KOc-
MIYHOT MBUAKOCTI. YacTUHA 3 HUX 3rOpUTh B aTMOcdepi, a YaCTUHA BHaje Ha 3eMITIO Y
BUIJISI/II KaMiHHS a00 3aCTUTJION JIaBU Y BUIJISIII TEKCTUTIB.

Kometa I'aniest

[I{o6 neranpHile yBUTH cOO1 MPOILIEC YTBOPEHHSI KOMETH B 3eMHHMX YMOBaX, MPOCTEXKHU-
MO 3a HUM Ha MPUKJIIA/Il HAPOKEHHS BCIM BiIOMOI KoMeTu [ ates.

ABCTpIiCbKI BUYeHI TTOJAPYXkKs TomMaHiB B ceperHi 90-X poKiB MUHYJIOTO CTOPIYUYS,
MIPOBIBIIIN BEIMYE3HY poOOTY, BUSIBUIIH, 1110 61711 10 THCSY pOKIB TOMY Ha 3eMJ1i OyB BCECBIT-
H1i moTor. [TpnYnHOI0 IbOTO SBUIIIA BOHM HA3BaJIU 31ITKHEHHS KoMeTu 3 3emiieto. Hi B sikiit
Mip1 HE CTABJISIYU ITJT CYMHIB pe3yJIbTaTH iX JIOCIIKeHb, XOUeMO 3POOUTH 30BCIM 1HIII BU-
CHOBKH 3 iX poboTu. Ha xajp, 11l BUYEHI HE MOIJIM O3HAHOMMTHUCS 3 TINOTE3010, siKa Oyia
BUCYHYTa HaMH 3a 2-3 pOKH 0 OITyOJIIKyBaHHS IXHBOI Mpalll 3 MIPO3aidyHOl MPUYUHH. 8 po-
KiB TOMY IIeli MaTepiall OyB HajlicIaHui B razeTy "/I3epkano TrxHs", aje HOTo He HAaJIPYKY-
Basu. Ille Toai Hamu GyJjiI0 BUCYHYTO NMpUMyIEHHs, 10 10 THUCSY pOKIB TOMY BHACIIJIOK
yaapy BEJIUKOTIO0 MeTeopuTa B ATJIAHTUUHUI OKeaH B paiioHi bepMy cTanocst yTBOpeHHs
KoMeTu ["ajutest 3riHO 3 BUKJIAJICHOIO BHUIIE CXEMOIO. 7 KpaTepiB, SIK1 3AJTMIITUINCh Ha TUTL
3eMJI1, I1€ He pe3yJIbTaT yAapiB IIIMATKIB KOMETH, a HACITJIOK ITaIHHS YJIaMKiB 36MHOI KOpU
1 caMOro MeTeopuTa, SIKi BWIETUIN 3 OTBOPY B Il KOp1 1 He HAOYJIU MEepIIol KOCMIYHOI
mBUAKOCTI. Lle cTrocyeThes 1 ApIOHUX KpaTepiB 1 CKIISTHUX KYJIbOK, SIK1 3BYThCSl TEKTUTAMU.
BoHu Tex He OCATIIM MepIIol KOCMIYHOI IBUAKOCTI 1 BITAJIX HA 3EMITIO.

BcecBiTHil 1TOTOIT MOYKE BUHUKHYTH HE TUTBKU BHACTIZIOK MEXaHIYHOTO 30yPEHHS OKE€aHy B
MICITI T3 /TIHHSI METEOPUTa MOXKeE, ajie 1 BHACIIIOK HE3HAYHOT'O raJIbMyBaHHS 0OepTaHHS 3eMi,
sIK€ TPUBAE BChOT'O MUTh, BUKJIMKaHe yaapoMm Tiia 10-20 km B giametpi. Ha Hatry qymky, came
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3 II€1 K MPUYMHU BiIOyBaIucs BCl motonu Ha 3emini. XBuil BucoToro 200-300 M, siki HayTh Ha
CyIIly, 3MITAIOTh BCE HA CBOEMY LIIJISIXY. | 11€ MOSICHIOE 3aru0Oesib OaraTbOX [UBLTI3ALIIN.

CTaroTh 3p0O3yMUTIIIIMMHU ITPOOJIEMH, K1 TTOB's13aH1 3 bepmyichbkuM TpUKyTHUKOM. Benu-
Yye3Ha CBEeP/IJIOBUHA, I[iaMeTp SIKO1 CKJIAJ1a€ MPUOJIU3HO AECATKU KiJ’IOMeTpiB OUIBIIIONO Yac-
TUHOIO 3aIIOBHEHA BOJIOIO 1 PIAKOIO MACOIO. Po3rmaBneHy Marmy 1 BOJY OKeaHy B 1A cBep-
JUTOBHUHI po3qume JIMIIIE TOHKUM IIap 3aCTUIJION JIABU 1 YacC BiJl Yacy BIAOYBA€ETHCS BUXIM
JIaBU 1 ra3iB B OKEaH.

ITo cyTi, cBO€rO pOOOTOIO aBCTPIMCHKI BUEHI MIEPEBEIU HAIIly TiMOTE3y B PO3PsT TEOPi.
Haxun op6itu kometu ["asies 4o rionHu eKinTuky ckiaaae 18°, abo 162° uepes 3BopoT-
HUU PyX KOMETH.

Sk BUIHO 3 pUcyHKa 4.1 BUKMT MarMu 1 BOASIHOI ITapy BIIOYBCS HE B IUTOIIMHI €KJIIMTHKU
1 He mapaJiesIbHO €KBATOPIJIbHIN TUIONIMHI 3eMJTl, a 3 HEBEJIMKUM J10/ITATKOBUM HAXWJIOM J10
TJTONIMHU €KJTIITUKH.

Lle Bukimkano nBoma oocraBuHamu. [lo-nepiiie, mij yac crapTy KOMETH 3aBASIKU 00ep-
TaHHIO 3eMJI1 HABKOJIO CBOEI OCI 3'SIBUJIACH MOIEpPEYHa CKJIa0Ba IIBUAKOCTI KOMETH, sIKa
CIIpSIMOBaHa J10 TUIOLIMHM ekBaTopa. Lle sBulie BigoMe o craprax KOCMIYHUX pakeT. [1o-
Jpyre, rpaBiTaiiiiHe mpotsaryBaHHs CoHIIS TeX JOAATKOBO 3MIHUIIO HAXHWIJI OPOITH.

Sk BUIHO 3 pUCYHKa, SIKOM KoMeTa ctapTyBalia 3 bepmy B Toit uac, Koy Tam OyB Bedip,
TO BOHa O cTapTyBaja 3 IHIIoro 60ky 3emii 1 Majia O HaNpSIMOK PyXy, SIKMI CITIBIIa1aB Ou 3
HanpsiIMKOM pyxy 3emii HaBkosio CoHilsl. CTapTyBaBIIIM BpaHIll, KOMETa royaja pyXaTucs
HA3yCTpiu pyxoBi 3eMJi. 3 puCyHKa JOOpe BUIHO TAKOXK, IO LIEHM CTapT MIT BIAOYTHCS T1Ib-
KU I13HbO1 OCEHI a00 B3UMKY.

YacTtuHa yJIlaMKIB 1 KaMiHHS, sIKa BIUIETLIA B 3eMIll pa3oM 3 KOMETOIO, 1 JIeAb-JIeb
MoJ10J1aJ1a APYry KOCMIYHY IIBUJIKICTh, IEPETBOPUIIACS HA TTOTIK aACTEPOI/IIB, IKUM PYyXa€Th-
Csl MalKe 3 TAKUM HAXUJIOM J10 TUTOIIMHY EKJIIITUKH, SIK 1 KoMeTa. Tomy 3eMJist TUTbKU OUH
pa3 Ha pIK MepeTUHAE 1ei MOTIK aCTepPOI/IiB.

3a ocTaHHIO ICTOPIt0 3eMIIl Taki KOMeTH, K ["ajiiess yTBOproBajiCh HEOTHOPA30BO, TOMY
TaKUX MOTOKIB acTepoidiB JekibKa. Lle 1 ceprHeBuil MOTIK aCTepOINiB 1 ’KOBTHEBHUM 1 T.I.

Sx6u miaMmeTp MeTeopuTa, IO BIIaB HA 3eMIIt0, OyB OuTbIle HIXK 20 KM, TO CKOPIIII 32 BCE
KOMETa, sIKa HapOoJujIacs, Ha3aBxau 3aiauiuia 0 Mexi COHSIYHOI CUCTEMH, HECYUH 3 CO-
0010 B 3aMep3IIiil Kpu3l MiKpoopraHizmu Haioi Atimantuku. CaMme Tak IEPEHOCUTHCS KUT-
TSI 3 OJIHIE] 30PSIHOI CUCTEMU Ha 1HIITY.

Aue moBepHeMocs J1o caMoi koMeTH. Te, 1110, 3poouBiim 0115 125 peiiciB, komeTa KO IHO-
ro pasy He 3ycTpuiacs 3 3eMJIeto, MOBHICTIO HE BUKJTIOYA€ TAKOI MOXJIMBOCTI B MAaOyTHHO-
My. Haxw i1 op6iTH 10 TJIOIIMHYU eKJIIIITUKH POOUTH ITF0 MOKJIUBICTh MIHIMAJTBHOIO, aJI€ HE
BUKJTIOUAE HA3aBX/IU. JIiTaloun Tak JOBro, KOMeTa 3ycTpiyajia Ha CBOEMY IIUISIXY 1 BYTJIEBO/-
HEBI, 1 3aMeP3ITi Ta3u, 1 TBEP/Il IIMATKU METEOPUTIB, SIK1 JIMIITUJIM Ha il TUTI AEKUJIbKA IIIpaMiB.

Tenep nexuabka ciiB 1po TyHTrycbKy razoBy koMmety. Cyasiuu 3 pe3yIbTaTiB JOCHIIKEHbD,
el BUOyx OyB BUKJIMKAHUM ra30BOI0 KOMETOIO, sIKa CKJIagaliacs 3 MeTaHy Ta aMiaky 1 Oyia
HapojKeHa B paiioHi opOiT FOmiTepa 1 CaTypHa 1 TOMy MaJia y CBOEMY CKJIa/ll Iy)Ke 6arato
yacTok ajbda. Lle marBepKkyeThCsl CBITIHHSIM aTMOC(EpH 1 HAsSIBHICTIO BEJTUKOI KIJTBKOCTI
4acToK aib(da B emnieHTpl BUOyxy. CBITIHHS aTMOchepH BUKIUKAB MOTYKHUH 3apsiJl, SKUM
MpUHECTa 3 COO0I0 KOMETA.
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Komenmap aemopa

" JI3epkasio TuaxHs" Bia 16 Bepecusi 2006 poky:

Kocmuueckue mena uckasicarom ung[)opmaumo

ITo nanneM crienmanuctoB MucrturyTta auHamuku reochep PAH, majienne MeTeopuToB 1 KOMET BBI3bI-
BaeT CHJIbHEHIINE BO3MYIIIEHUSI reoMarHuTHoTo 1ot 3emuin. [loatomy naske HeOosblne HeOECHbBIE Teja
MOTYT MPEACTABISATH YyTPO3Y I COBPEMEHHOM IIMBUIIN3AIMH, BO MHOTOM OCHOBAaHHOH Ha Tepejiaue orpo-
MHBIX TOTOKOB UH(POPMAIIUU.

Kak cooOmaet arenrcrso "MHpopMmHayka", nccieqoBaHus, TpOBEICHHBIE POCCUMCKUMU YUEHBIMU,
MOKa3ajy, YTO MaJieHue Ha MTOBEPXHOCTh HaIlleH MIAHETHI 1aKe CPABHUTEIILHO HEOOIBIITNX KOCMUYECKUX
TeJI BhI3bIBAET "TUTIOM" — MOIITHYIO CTPYIO BO3/yXa M MApoB, MOJHUMATONTYIOCS OT 3eMiu. [Tmom HarpeBaet
BEPXHHE CIION aTMOC(hEPHI, U3MEHSIET UX MPOBOJIMMOCTh U TEM CAMbBIM B3aMMO/ICUCTBYET C FTEOMATHUTHBIM
rojieM mraHeThl. [axe HeOGonbimoe TyHrycckoe Teno ¢ paguycoMm Bcero 30-60 M BbI3Baio B MIpkyTcke, Ha
paccrossarn 900 KM OT MecTa COOBITHSI, YMEPEHHYIO MATHUTHYIO OYPIO, KOTOPas MPO0JIKAIACH HECKOIBKO
yacoB. [To MHEHNIO MHOTHX YYEHBIX, 3TO KOCMHUYECKOE TEJIO HE JI0JIETENIO /IO MOBEPXHOCTH 3EMIIH, HO aXKe
B 3TOM cjiydyae BeicoTa IiroMa gocturaia 300-500 km.

Bornee kpynHbie KOCMUYECKHUE Tena, TOCTUTAIOIINE TTOBEPXHOCTH IJIAHETHI, BBI3BIBAIOT OOJIee Cephe3HbIC
rocieacteus. Eciau Ha cyiny co ckopocThio S0 km/c ynazieT JIeAssHOe KOMETHOe TejIo paguycoM oT 200 1o
400 metpoB, To yxe uepe3 40 cekyH/ TOociie CTOJIKHOBEHUSI MAKCUMaJIbHASl BBICOTA ITIOMAa COCTABUT OT
MOJIYTOpa THICSY JIO THICSUYM BOCBMUCOT KWJIOMETPOB, & ero paauyc — okoiao 300 KmioMeTpoB. DHeprusl,
MIPUHECCHHAs TAKUM ILTIOMOM B aTMoc(epy, IKBUBAJIEHTHA SHEPTUU B3PhIBA HECKOJIBKUX METaTOHH TPUHU-
TPOTOJIyOJIa.

AcTtepouipl MaIatoT Ha 3eMITI0 TOPa3/Io Yallle, YeM KOMETHI, K TOMY JKe OOJIbIasi 4acTh 3eMHOW MOBEPX-
HOCTH MOKpbITa BoAoH. [ToaTOMY yUeHble MpoBer aHAJTIOTHYHbIC PACUETHI IS KAMEHHOT'O Tejla IuaMeT-
pom 400 M 1 HaYaJIbHOI CKOPOCTHIO 17 KM/C, BEpTHKAIBLHO BXOISIIUM B aTMochepy HaJl OKeaHOM I1yOu-
HOl 4 kM. Bo Bpemsi mosieta Takol acTepou MOUTH He U3MeHsIeT GOopMy, HO TMOCie MOonagaHusl B BOILY
CUJILHO J1ehOopMHPYETCsl U pa3pyliaeTcs, He JOCTUrasi okeaHckoro aHa. OT mecta majeHus pazoerarorcs
TUTAHTCKHUE BOJIHBI, KOTOPBIE BHI3BIBAIOT MOIITHBIC IlyHAMH, a BBEPX B3JIeTaeT rpoMaiHbIN TrtoM. Eciu ma-
JIarolee Tejo UMeeT pa3Mephl 1-2 KM, 4acTh BEleCTBa ITIOMA JTaKe MOKUAAET T0JIe TPUTSDKEHUS 3eMITH.

KapTtuna BO3MyIIIeHUSI MATHUTHOT'O TIOJISI BO BCEX CIIy4asix MPUMEPHO oAnHaKoBa. ['MranTckuii ctonbd
HArpeToro Bo3jayxa M napa MpUBOJUT B JBIDKEHUE MOHBI OKPYIKAIOIIEeH cpe/ibl. BEI3BaHHbBIE BO3MYIIIEHUS
PpacpoCTPaHSIIOTCS CO CKOPOCTHIO, HAMHOTO MIPEBBINIAIONIEH CKOPOCTh POCTA ILTIOMA, ¥ TOATOMY OH OKPY-
JKEH paciupstolieiicss MFOHHOH 06o0ioukoil. Co3gaBaeMble MArHUTHBIE BO3MYIIIEHUS 1e(hOPMUPYIOT MarHu-
Tochepy 3emMitH, TOCTUTAIOT PaJAUAIIMOHHBIX IMOSICOB M MOTYT BBI3BATH BBICHITIAHUE U3 HUX YACTHII.

[ToMuMO MpSIMOTO B3aMMOECUCTBUS TUTIOMa C MATHUTHBIM TOJIEM CYIIECTBYIOT U JIpyrue (hOpMbI €ro
BrusiHUS. [ITOTHOCTH 30HE BBIXO/IA IJTFOMAa HAMHOTO BBIIIIE, YeM B HEBO3MYIIIEHHOH aTMochepe Ha TOU ke
BbrIcoTe. [TOBBIIIIEHHE TIIIOTHOCTH M3MEHSIET cTeneHb noHu3auuu Ha BeicoTax 1000-2000 kM, 1o xkpaitHei
Mepe, B TeUEHHUE JIECITKOB MUHYT TOCIIE TaJCHUSI.

HexkoTtopoe Bpemsi mocjie CTOJIKHOBEHHSI KOCMHUYECKOTO Tella ¢ 3eMJIel TUTIOM PacTeT, HO MUHYT Yepes
JIECSITh COCTABJISIFOIIEE €0 BENIECTBO HAYMHAET MaJaTh C JIOCTUTHYTHIX BBICOT. [Ipu 3TOM HarpeBaroTcs
HIDKHUE CIOW aTMoc(ephl, a BO3MYIIIEHUS HOHOC(hEPHI PACIIPOCTPAHSIIOTCS IO BCeMY 3eMHOMY miapy. Ta-
KM 00pa3oM, Jaxke NajeHrue OTHOCUTEILHO HEOOJBIIINX KOCMUYECKUX TEJ BhI3bIBAET II100aTbHbBIE BO3MY-
HIEHUS MATHUTHOM U HOHHOM cdep. CozaBaeMble MPU 3TOM TTOMEXU UCCIIE0BATENN CUNTAIOT HEJOMYCTH-
MBIMU JJIS1 COBpEMEHHOMW ITUBUIIN3AIIMN. TaK 4To creruaiucTaM B 001acTu nepeaayu nHOpMaIfi HacTa-

JIO BpEMS 3aAyMATHCA O HpOTHBOMGTGOpHTHOIﬁ 3alIuTe.

ITosiBa Takoi iHdopmallii ocTaTo4Ho 10Ka3ye Toi (akT, mo 3emJis cTaja Martip'io oara-
ThOX HAPOKEHHUX KoMeT i komeTH ['ajies1 y ToMy 4YucTi. A/Ke SIKINO TAK 3BAHUH ITIOM
3aJmmmae 3emJIro pH yaapi Meteopura jiamerpom 1-2 kisiomeTpa, ToO TiJIO AiaMeTpoM O0/1n3b-
KO JIeCSiTH KiJIOMeTpiB MiJl Yac najJiHHg B OKeaH Y MOpe MAa€ CTBOPUTH OLIbLII BaroMuii
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"morom" 260 iHMMH cJI0BaMu — kKoMeTy. Tenep Hema Hisikoro cymMHiBy, mo komerta ['aien

A

Haponuwjacs Ha 3emuIi.

Oobirma Demai

Pucynok 4.1. — Craprt komeru I'anien
1 — Bich CoHIs; 2 — IJIOMIMHA €KJIMTUKY; 3 — ekBaTop 3emii; 4 — komera [ammes; 5 —
MICIIE CTAPTY KOMETH

Po3zaia 5. CynyTHuKH

ITicnsa cmanaxy CoHIlg Maiike BCl acTepoiau, BKIodaroun €Bpoiy 1 lo, meperBopuiucs
Ha METEOPUTH 1 MOYaJIM MEePeTUHATH OPOITU IUTaHeT. biibla yacThuHa 3 HUX Majaia Ha
1aHeTu. Ajie OyJIM METEOPUTH, SIKUM TTOIIACTUIIO OUThIIE, 1 BOHU HE 3aTMHYJIU B PO3Ieye-
HUX HajJpax, a OyJu 3aXOIUIeH] IUIaHeTaMHU Ha CBOI OpOITH 1 CTalM 0OepPTATUCS HABKOJIO
UX TutaHeT. Taki METEOPUTU CTaBAJIM CYIIyTHUKAMU IJIAHET, a00 CKIIafgajid OCHOBY IS
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YTBOPEHHS CYITyTHUKIB 3 PEUOBUHU, KA 3HAXOAUIACHh HA OpOITAX IUIAHET IICIS crajiaxy
CoHus.

AlJle iepes1 TUM, SIK IOYaTH PO3TJISIT MaTepialliB PO CyMyTHUKH, 3B€PHEMO yBary Ha Ia-
pameTp, SIKUi Mae JIy>Ke BaXXJIMBE 3HAUEHHSI /I BU3BHAYCHHSI MOKJIMBOCTEH IUIAHET 3aXOTl-
JIFOBATH Ha CBOI OpOITH METEOPUTH, SIK1 MPoNTaroTh MumMo. Lleit mapameTp siBiisie cO6010
HIMPUHY 30HU OUIS1 KOYKHOI TJIAHETH, B SIKIA MOXJIMBE 3aXOIUICHHS] METEOPUTA, SIKUN ITPOJTi-
Ta€ MUMO TIJIAHETH 31 IIBUJIKICTIO, SIKa MEPEBUIIYE OpOITAIbHY IBUIKICTD IJIaHeTU. SIcHa
pid, 10 METEOPUT HE MOYKE MATH LIBUIKICTh MEHIIY, HK OpOITajIbHA IIBUAKICTD IJIAHETH 1
B IIeH yac nepeTuHaTH 11 opOITy. BiH IpOCTO HE JOJIETUTH S0 1€l OPOITH 1 3aTUIIUTHCS Ha
HIDKYMX opOiTax. AJle € KpaifHii BUIIa 0K, KOJIM IIIBUJIKICTh METEOPHUTA B AIOTel MOXKe J10-
PIBHIOBATH OpOITAJIbHIN MIBUIKOCTI IUIAHETH, 1 TOJII METEOPUT MOXKE CTATH CYITyTHHUKOM
IJIAHETH 11032 11€10 30HO10, aJIe B MeXaX JOCTATHBOI CUJIM IPABITAIIIHHOTO TSHKIHHS IUIaHE-
™. I, HapemTi METEOPHT, SIKMI Ma€ MBUAKICTh BUIIY, HDK opOiTalbHA IIBUAKICTD IIAHE-
TH, aJie MPOJITAE JaJli BUSHAYCHOI 30HH, HIKOJIM HE CTAHE CYIyTHUKOM IuiaHeTH. L{fo 30Hy
6ins KOKHOI TIAaHETH MU Ha3BeMO macTkoro. s 3ipok BOHA Mae Ha3By 30Ha Poma. Ii
PO3MIp BU3HAYAETHCS JIs1 KOKHOI IJTAHETH OKPEMO, B 3aJIEKHOCTI BiJI 11 MacH 1 BIJICTaHI BiJl
CoHI1s, BUXOASIUU 3 PIBHOCTI IpaBiTaliiiHuX rmoTeHiia i CoHL 1 BIAMOBIIHOI IUIAHETH.

GM, GM,
R ro

ne G — rpasiTariiiina crana,
M, —maca Comirs,

M, — maca rutaHerw,

K — paaiyc opOiTu riaHeTH,
I — paalyc 30HH.

RM,

) Lo M,
3BIIKUT IV

¢

JIJ1sl TIJTaHeT COHSIYHOT CUCTEMH 1IeH apaMeTp CKJIaJa€e BIAMOBIIHO B KUIOMETpax MpH-
Ou3HO Taki udpu:

Mepkypiii — 8

Benepa 213

3emis — 430

Mapc - 70

FOmiTep — 720000

Cartyps — 390000

Vpan — 240000

Hentyn — 230000

OnHOTO MOTJISIY HA 3HAYEHHS 1[bOTO MapaMeTpy JUIsl IJIAHET T0CTATHBO, 100 3p03yMi-
T, YoMy Mepkypiit 1 BeHepa 30BciM He MarOTh CynyTHHKIB, a FOmitep, CaTypH 1 1HI1I1 Ta30-
Bl IUTAHETH MAIOTh iX Jyke 6araTo. Ae Tpeda B3ITH 40 yBaru iie ojauH gpaktop. Bei mete-
OPUTH OTPUMAJIA BUTATHYT1 OPOITH, 1 TOMY TIepUrel iX IIBUAKOCTI 3HAUHO TIEPEBUIIYBaIN
opOiTajibHI MBUIKOCTI IUIAHET, K1 PO3TAIlIOBaHl HA HU3BKUX OpOITax 1, HABIAKH, KOJIU
METEOPUTH 3HAXOATHCS B arnorei 1o BigHoleHHI0 10 CoHI, 1151 PI3HULS HE TaKa BXKE Be-
JINKa, 1 HabaraTo 4acTille MOXKJIMBO CIIBHA/IHHS 3HAYeHb OPOITAIILHOI IIIBUIKOCTI METEO-
puTa 1 11aHeTu. A fesiki Mmeteoputu Buiie opOiT FOmitepa 1 CaTypHa He 3a1iTaii 30BCIM.
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BupimanapHe 3HaueHHS TS IO 3aXOIUIEHOT'O B MACTKY METEOPUTA MA€ KyT WOTO 3aXO1y B
IF0 TIACTKY. SIKIIIO HANIPSMOK PyXy METEOpHUTA CITBIAA€ 3 HANIPSIMKOM pajiyca KiHIIeBOi
OopOITH MACTKH, TO CKOPIIII 32 BCE BIH BIaJIe HA TJIAHETY HE3aJIEKHO B1] CBOET Macu. A SIKIIIO
11e B1IOYBA€ETHCA MM KYTOM JIO IIbOTO pajilyca, TO METEOPUT 3HAl/Ie BIIMOBIIHY OpOiITYy 1
CTaHe CYIyTHUKOM IIJIAaHETH.

Pucynok 5.1 — KyT 3axoay MeTteopura B IacTKy IJiaHeTH.
1- nmanera, 2 — KiHIIeBa opOiTa, sika BU3HAYA€E PO3MIp MACTKH, 3 — opOiTa CyIyTHHUKA,
4 — CynyTHUK, O— KYT 3aXO/Iy METEOpUTa.

Ha pucyHky nokaszaHi HalpsiIMKH pyXy METEOPUTIB. SKIIO KyT O CKJIaJa€ JECATKHU rpa-
JIYCIB, TO B 3aJICKHOCTI BUI ITOYATKOBOI IIBUAKOCTI METEOPUTA MiJ Yac 3aXOy B MACTKY
3'SIBJISIETHCSI MOJKJIMBICTH TIEPETBOPEHHSI HOr0 HA CynmyTHUK. ['paBiTaliiifHe MpUTATYBaAHHS
CoHiI1s Texx Tpeba BpaxoBYBaTH, HE3BAXKAIOUM Ha Te, 110 B ITACTII I'PaBITALIMHUN MTOTEHITIAIT
IUIAHETH BUIIMI, HK moTeHianx CoHIs.

Bizememo, nanpukiiag, FOmitep. OpOiTanbHa MBUAKICTS 1II€T TUIAHETH cKTagae 13 km/c.,
HIBUJIKICTh pyXy €Bponu HaBkoJio FOmitepa ckianae mpudnusHo 13,8 km/c, a o — 17,3 km/c.
Mu Bxe 3HaeEMO, 3BIIKM cTapTyBaiu €Bpomna 1 lo. Op6ita FOmitepa Oyia mis HUX Maixke
arnoreeM pyxy HaBkoJio CoHis. €Bporna 3ajeTiia B nmactky FOmitepa 31 MIBUIKICTIO MPH-
6mu3Ho 13,5 kM/c 1 moTim Ha BiacTaHi mpubimsHo 670 tuc. kM Big FOmiTepa 3HaIILIA CBOIO
opOity 1 crana cynmytHukoM FOmitepa. lo MaB jie1io BuUIIly IIBUAKICTD 1 10 TOT'O K, MOXKJIU-
BO, MEHIIIUM KYT 1 TOMY MOCIB HIXKYY opOiTy Ha BiacTaHi 422 tuc. kM Bia FOmiTepa.

Tenep nmpoBeaeMo Kitacudikaliiro CyIyTHUKIB BIAIIOBIIHO 1X MOXOKEHHS 3a BikoM. Tlep-
AN TUT CYITyTHUKIB — 1€ CYITYTHUKH, SIK1 BAHUKJIM HA OCHOB1 METEOPUTIB, 1110 OYJIU 3aXOII-
JIeHI TJIJaHETaMU Ha CBO1 opOITH 3pa3y Xk micis crajgaxy CoHis. Jlo TakuX CyIyTHUKIB HaJle-
KUTB Hatl Micsub, cymyTHuky FOmitepa INanimen 1 Kamicro, cynyrauk CatypHa Tutan Ta
THIIIL. I[pymﬁ THII CyITyTHUKIB — 11€ CYNy THHKH, sIK1 OyJIM 3aXOIUIeH] Ha OpOITH MIaHeTaMU
BJKE MicIIst TopopMyBaHHS TUIAHET, aJie IeKIbKa Mmmme pokiB ToMy. CyIyTHUKU LIBOTO
TUITY, SIK 1 CYNyTHHKH NEPLIOTO THITY, 3a3HAJIM IHTEHCUBHUX OOMOapayBaHb METCOPUTIB.
J1o Takux CynmyTHHUKIB HAJIeKUTh cynyTHUK FOmiTepa lo, 1 cynmyrHuku Mapca ®@oboc 1 Jleit-
Moc. | TpeTiit TUII CyMyTHUKIB — 1Ie CYNMyTHUKHU, SIKI OyJIM 3aXOIUIeH] IJTaHETaMU Ha CBOL
opOITH MOPIBHSAHO HeIaBHO. /10 TaKUX CyITyTHUKIB HajlexKaTh CynmyTHUK FOmitepa €Bporna i
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cynyTHUKU CaTypHa, skl 00epTalOThCsl HA HU3bKUX OpOITax IO BIHOIICHHIO SO ITE] Tj1a-
HETH 1 MaIOTh B cBoeMy ckitajil Boay. Lle Ennenap, I'edis, diona, Pes ta iamii. Posriasaemo
CYITyTHUKH TIEPIIIOi TPy, MeTeopuTH, siKi OyJu 3aXOIIeH] ITTAaHeTaMH Ha CBO1 OpOiTH 3pa3y
X micis craaxy COHIISl, Tak caMo $SIK 1 TUIAHETH, IO iX 3aXOIMWId, TToYaIl HapoIlyBaTH
CBOIO Macy 3a paxyHOK ITWITY 1 ra3iB, SIK1 3HaAXOAWJIMCh Ha BIAMOBIIHUX OpOITaxX B IIEH yac.
ToOTo i TIaHeTH, 11X CYIyTHUKH TIEPIIOL TPYITN CKIAJAI0ThCS Maike 3 OJTHAKOBOI PEUOBH-
HU, HE BPaXOBYIOUHU CKJIQJ] CAMOT'O METEOPHTY, SIKUW MIr OyTH SKUM 3aBroHo. Oco0IMBO
IHTEHCMBHO HApOIIyBaJIM CBOIO MacCy CYIyTHHUKH, SIKi 0OepTancs HaBKOJIO IUIAHET 1Mo3a
nactkamu. CyImyTHUKaM, SIKi TTIOTPAIMIM B TTACTKY 3 TPUYMHU 3HAYHO MEHIIIOTO T'paBiTa-
LIIHOTO MTOTEHIIIATY TTOPIBHSIHO 3 IUNIAHETOIO 3a0MpaT peuOBUHY 3 OpOITH 3aBakasa cama
IJ1aHeTa, sika 3abupasa coOl OUIBIIY YACTUHY ITIE] pEUOBUHU. 3 4ACOM, B 3B'SI3KY 3 PI3HUMU
ymMoBaMu (h)OpMyBaHHS Ta ICHYBaHHS IUTAHET 1 CYITyTHUKIB, TTOB'SI3aHUX 3 IX MaCOIO, TUCKOM,
TEMITEPATypPOIO TOIIO, MOYaJIa BUHUKATH JesiKa PI3HUILI B CKJIai TJIAHET 1 iX CyIyTHHKIB,
K1 HaJIeXaTh 0 MepIoi rpynu. Tak, Ha TaKUX CYyIyTHUKAX Fa30BUX IUIAHET Y 3B'SI3KY 3 iX
HEBEJIMKOI0 MAaCOI0 BUHUKIIA TPY/IHOII 13 3aXOIUICHHSIM 1 YTPUMaHHSM BOJIHIO, a II€ BEIIO
JIO CTBOPEHHSI HAJIUINKIB ByrJIelfo i T.1. CTBOPEHHs CKJIaJHUX a30TOCIOJIYK HA OCHOBI
OEH30IbHUX KUIEIb Ha CYITyTHUKaX repinoi rpynu FOmirepa 1 CatypHa 0yJi0o 3Ha4UHO yCKJia-
nHeHo. OcoOMBO penbedHa I PIYHMIL B CKJIagaX MMOBEPXHEBUX IIAPIB MPOSBIISIETHCS B
ropiBHsHHI 3emiti 1 Micsis. Hamnr Micsitbs TunoBuii cynyTHUK nepinoi rpymnu. Crajaocs Tax,
1110 3HANIIIOBCS METEOPUT, OpOITaIbHA IIBUAKICTD SIKOT'O CITIBITajIa 3 OpOITAIbHOIO IIBUIKI-
cTro 3emi, 1 BiH OyB 3axoruieHui Ha ii op6iTy. IToTimM BiH 310paB Ha cebe Taky X camy
pPEUYOBHHY, SIK 1 3eMJIs1, B TOMY YuCIi 1 Boay. BHacimok 6ombapyBaHb MeTeopuTiB MicsIlb,
SIKAI Ma€ 3HAYHO MEHIITY Macy Hixk 3eMJIsl, BTPATHB ra3u i Maiike BCIO BOJTY, sIKa Y BIIICOTKO-
BOMY BITHOIIICHHI CKJIaJiajia TaKy K YacTHUHY, sIK Ha 3emu 1 cynyTHUKY FOmitepa €Bpori.
Ha noBepxni Micsist OyB CTBOpeHUN map 3 MoJApiOHeHNX 0a3ajbTiB, SIKUN € HACTIIKOM
OoMbapyBaHb BUIKPUTOI TBep/ioi moBepxHi Micsiisg. HasBHICTIO €eK30TUYHUX €JIEMEHTIB
Micsiib 3000B's13aHUM MeTeOpUTaM, SIK1 iX 3aHECIIH 1111 yac boMmbapayBaHHs. SAkOu He OyJ10
METEOPUTHHUX OoMOapayBaHb, TO HA HAIIIOMY HEOOCXUJI1 CSIsIB O rOJIyOrii CynyTHUK 3 Opa-
HkeBuM Bi0auckoM. IloBepxHss Micsisg Oyia 6 BKpuTa TOBCTUM IapoM Kpuru. He Bi-
putbcs? [ToauBiThes Ha poTo3HIMKM cynyTHHKA FOmTepa — €Bpornu. Lle piaHa cecrpa Mi-
cs1s 3a ckiagoM. Bonu Oymnu cpopmoBaHi Ha 6JIM3bKUX 110 BiHOIIEHHIO 10 CoHlst opbi-
Tax, ajie B HUX OyJa pi3Ha g0Jjs. €Bporna onuHuiacs B obiiimax FOmitepa, a Micsupb IuIim-
BCsI IT1JT BOTHEM METEOPUTIB. €BpoIIa JiiTaja 0araTo 4yacy NpocTo sIK MeTeOPHUT, 1 TOMY Maii-
K€ He 3a3Hajia )KOPCTKUX OoMOapayBaHb METEOPUTIB, 1 0 TOT'O K B MIEpUTrel BOHA HE M-
Tasia ayxe 01m3bpKo 0 COHIIS SIK KOMeTa, 1 ToMY ii TOBEpXHEBHH JIiJT HE BCTUTAB PO3TaHY-
tH. Ilicns Toro, sk €Bpomna Oyna 3axoruieHa FOmitepom, 6oMbap1yBaHHS BKE CTAJIA JTyKE
piakum sBuieM. Te, 1o €Bpora Mae opaHKeBUN BUOJIUCK, TIOSICHIOETHCS 3a0apBIIEHHSIM
OKHCIB 3aJ113a, sIKl 3HaXOISIThCSl HA TBEP/IIM MTOBEPXHI IMT ITapoM KpUTH. [HaKIIe KaxKydu,
11e 3BMyaitHa ipxka. Tak camo sk 1 €Bpomna, Burisgana 6 1 Haira 3eMiist B palioH1 OKeaHiB,
sIKOM HE MyJI Ta BOJIOPOCTI Ha JIHI OKEaHIB, SIK1 3MIHWIM BUOJIMCK Ha KOPUYHEBO-3€JIeHYBa-
tuii. [ToBepxHst €Bporm BKputa rimbokumu 6opo3Hamu. Lle MmoxkHa mosicautu. I1ig gac
CHUIBHUX MOPO3IB JIil TPICKA€ThCS HABITh HA 03€pax, sKi Maike He MAIOTh KPUBU3HU TOBE-
PXHI.

HenoMiTHO MU mepeHIumM 10 ONMKUCY CYIyTHUKIB TPEThOT'O THUITY. AJie TOBOPUTHU IIPO
Micsib 1 3emiro 1 He 3ragatu €BpoIny IpocTo HeMOXIUBO. 1I[o6 3akiHUMTH TeMy mpo
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CYIyTHUKH TPETHOTO THITY, ITIe pa3 JoJaamo, 1o yci cynytHuku Catypna i FOmiTepa, siki
MaroTh B CBOEMY MTOBEPXHEBOMY IIapi BOY, B 3HAUHIN KUTPKOCTI HaJIeXkKaTh O CYITyTHH-
KiB TpeThOro Tumy. IHakie 6 1mijg yac 6oMOapayBaHsb 1151 Boja Oyja 6 BTpadyeHa. AcTepo-
iy, SIKUMU OyJIH 111 CyITyTHUKH 10 crianaxy CoHiis, ooepTaiucs Ha opOiTax HaBKoJ10 CoHIIs
1mo6n3y 3emili.

AJte TOBEpHEMOCH 10 PO3TJISLy TUTAHb PO CYITyTHUKH MEPIIOTO TUITY. 3YTMHUMOCH Ha
cynytHukax FOmitepa — INanimen 1 Kamicro. Cyasium 3 Majioi MIUTBHOCTI 1 Jy)Ke BEJTUKOI
KUTBKOCTI KpaTepiB Il CyIyTHUKH OyJIu ¢(popMOBaHI HA OCHOBI 3aXOIJICHUX METEOPHTIB ITi]T
yac nopopmyBanHs IOmitepa. Bonu tak camo, sk 1 FOmitep, ckitagaroThes 3 ByTieBOIHE-
BHMX 1 a30TOCHOIYK. AJie 3a MaJiol MacH CyNyTHHUKIB ITO BIIHOIIEHHIO 10 Macu FOmiTepa
JeiuT BOJHIO O3HAYA€ OTHOTUIIOBICTh MeXaH13MIB 001irpiBy FOmiTepa 1 IUX CynmyTHUKIB.
L1 mexaH13MU BxKe PO3IIISIaIN BUIle. SIKI MeTeopuTH OyJIu 3aXOIUICH] 3pa3y K MICIIs cria-
naxy Conng FOmiTepoM 1 mokyanu moyatok OpMyBaHHS ITUX JBOX CYIMYTHHKIB, MOYKHA
TIBKH 310TaqyBaTHCh. Lle, ckopill 3a Bce, acTepoinu 3 op6iT 3emiri a6o Mapca. IxHs mBu-
JIKICTh B aItorei JopiBHIOBaJIa mpubIm3HO 13 KM/C 1 11e BCe MosicHIOE. SIKII0 Ha 3aXOIUICHUX
MeTeopuTax OyJIo 6araTo BOAM, TO ITiT yac OoMOapayBaHb BOHM BTPATUJIU 3HAUHY 11 YaCTH-
Hy. Maca 3axoIUIeHuX METEOPHUTIB BlIIrpaBajia 3HauHy poJib Y (popMyBaHHI CaMUX CyMyT-
HUKIB, TOMY III0 pEYOBHMHA METCOPUTA MOIJIAa BCTYMATHU Y B3AEMOJIIO 3 PEUYOBUHOIO, SIKa
Haaxoauia 3 opOiTH Ha cyimyTHUK. Cyas4uu 3 yChoro, B cepeanHi Kamcro MiCTUTBCS MeTeo-
PUT, KWW 32 pO3MipaMy 3HAYHO MeHIHNH, HiK MeTteopuT ['animeny. Tomy Kamicto mae
3HAYHO OUIbIIIE OPOITAIBHOT PEUOBUHU, SIKA CKJIAJAETHCS, SIK HAM BXKE BIZJOMO, 3 BYIJIEBO/I-
HEBUX 1 a30TOCIIOIYK. TOMY BiH I'PIETHCS 3HAYHO CUJIBHIIIIE 32 PAXYHOK BXKeE 3raJlaHuX Me-
xaHi3MiB. Ha Kajicro, mipku, K1 JTUIIAOTHCS MCIS yaapiB APIOHUX METCOPUTIB, IIIBUJIKO
3aTATYIOTHCS 1 HE JIMIIAETHCS CIAY Bi Takux yaapiB. CpaBa B TOMY, IO ITJT Yac yaapy
OEH30J1 Ta 1HII BYIJIEBOJHEBI CIIOIYKHU, SIKI B HbOMY PO3YMHEHI, a TAKOXX a30TOCIIOIYKH
POBIUIABIISIOTHCS 1 IpKa IIIBUIKO 3aTATYETHCS. AJie BECh CEKPET MOJISITAE B TOMY, IO 3aCTH-
raHHS BiIOYBA€THCS JIy)Ke TTOBLILHO, HE3BAXKAIOUHN HA JTy’Ke HU3bKY TeMIIepaTypy aTMocde-
pu Kamicro. Ilig yac ynapy meteoputa BiZOyBaeThCsS Mepexii OEH301y 1 CIIOJIYK Ha HOTo
OCHOBI B BUIIIUI €HEPTETUYHHI CTaH, & TIOTIM ITOCTYIOBO Bi/IOYBA€ThCSI TOBEPHEHHS B HUXK-
YU eHepreTUYHUHN CTaH 3 BUAUICHHSIM Teria. ToMy Tak JOBrO HAAXOIUTh TEIUIO, SIKE PO3-
TIJIABJISIE HABITH BIHIIS MaJIMX KpaTepiB. A KOJIU KpaTep JAy’Ke BeJIMKUI, HAITPUKJIa1, OLIbIIIe
HDK 100 M B 1iaMeTpi, TO 11100 PO3IJIaBUTH MACHBHI BIHIIS, TEIJIa B)KE HE BUCTAYaE, 1 BOHU
JIUIIAFOTHCS MaliKe TAKUMH, SIK BUHUKJIN OJIpa3y Micis yaapy meteoputa. Ha Karicro cro-
CTepIraeThCs 3MIIIECHHS YJIaMKIB Ha MTOBEPXHI 1Iboro cynyTHuka. IToBepxus Kasicro iiea-
JIHO 3MallieHa O€H30JI0M i CHHTETUYHUMH MAaCTHJIAMHU Ha OCHOBI a30TOCITOIYK 3 JI0JIATKOM
BUILHOTO BYIJICIIO. ToMy, 3 ypaxyBaHHSIM IOTY>KHOTO MO3UTUBHOTO 3apsly CYIyTHUKA 1
Horo yjlaMKiB, IlepeCyBaHHS 1IMX YJIaMKIB HaBITh MO BIITHOCHO PIBHIN MOBEPXHI 3 MPHUKJIa-
JTAHHSM HE3HAYHOI CWJIM IIJIKOM 3PO3yMUJIO. A JTOJATKOBI CHMJIM BUHHUKAIOTH 32 PaxyHOK
CTpPYCy CYIIyTHHKA MiJ Yac yJapiB METCOPHUTIB HABITh HA 3HAYHIM BIJICTAHI BiJ MICLS, A€
3HAXOISThCS yJIaMKU. Maca cynmyTHHKA HEeBEIIMKa, 1 111 y1apy BIIUYTHI.

Tex came MmoxHa ckazatu 1 mpo ['animen. CMmyru, siKi HaraJ(yxoTh MaricTpati, JUIIa0Th-
CsI TICIISl CTIOB3aHHS BEIMKHUX YJIAMKIB 3 III€1 %K MPUYUHM, 1110 1 Ha Kajicro. Aje meteopur,
sskuit OyB 3axoruieHuid FOmiTepoMm 1 MokiiaB moyaTok (POPMyBaHHIO IIbOTO CYITyTHHKA, OYB
3Ha4YHO MacuBHIMH. Tomy micias 6GoMbapyBaHb HOTo MOBEPXHI METEOPUTAMU HA HBOMY
BUHHKJI XPEOTH, SIKI CKIIaJAI0ThCS 3 PEYOBUHH CAMOTO METEOPHTA, ajie BOHU BKPUTI TOBC-
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TUM TTIOBEPXHEBUM IIapoM OpOiTasibHOI pedyoBuHU FOmiTepa. MoxIInMBO, Ha IbOMY METEO-
puTi 6yJ10 6araTo BOJY 1 BOHA MPUCYTHS TaMm 13apa3s. Tomal kparoro Micis a1t opMyBaH-
HSI MOJIEKYJI HyKJIe'iHOBI/IX kucinot, PHK 1 JIHK nema Hize. st boro € Bxke 6arato roto-
BUX CTPYKTYp. A MIC/S yaapy METEOpUTA BUHUKAIOTH I1Ie 1 HEOOXI1/IHI MapamMeTpu: TeMIle-
patypa, TUCK 1 T.J. SIKIIIO HA CYITyTHUKY € BOJA, TO HABITh HE MOTPIOHO, III00 BOY 1 KUCEHD
MaB y CBOEMY CKJ1aJil MeTeopuT. Kpim Toro, Ha MeTeopuTi 000B'sI3KOBO € (pocdop, a SIKIIo
BIH 3 opOITH, O1M3bKOI 10 Mapca, To Ha HboMy ayxke O6arato ¢gochopy. Buxoaurs, 1o
["aHiMen — 11e cripaBKHS Ky3HSI )KUTTSI.

Cynytauk CatypHa Tutas, sikuii Mae atMocdepy, 1110 CKJIAJAEThCS 3 a30TY 1 METAHY, 111€
pa3 miATBEPAUB HAIlll BACHOBKHM IIPO T€, XTO 3 €JIEMEHTIB OyB rocrogapemM BUCOKHX OpOIT.
Sximo cynytTHuku Masoi macu — Kasicro 1 'aniMes — He 3MOTJId BTpUMaTH Ou1s ceOe a30Ty,
TO MacuBHUH TuTaH Bke 3 UM 3aBAaHHsIM Briopascsi. [l{onpasaa, Brpumatu B aTMochepi
BOJIEHb 1 HOMY HE BJIAJIOCH.

I Hapermri, mpo cynytHuku apyroro tumy. Lle nepeaycim cynmytHuk FOmitepa lo. Lleit
CYIyTHHK, TaK caMmo siK 1 €Bpora, 6yB 3axoruieHuit FOmitepom maiixe B TOMy CTaHi, B SIKO-
MY 3HaXOJIUTHCS TEIEp, ajie 3HAYHO paHilie €BPoIn, 1 TOMY 3a3HaB IHTEHCUBHUX OoMOap-
JIyBaHb MeTeopHTiB. Skio €Bpomna — 11e 3eMsis B MiHiaTIOp1, To 1o — 11e Mapc B MiHI1aTIOPI.
BuBeprkeHHst ByJikaHiB Ha [o mopsij 3 1y>ke HEBUCOKOIO BEJTMYMHOIO IPYrol KOCMIYHOI IIBU/I-
KOCTI JIJIsI IIbOT'O CYITyTHUKA BEJIO JI0 TOTO, IO MTPOYKTH BUBEPIKEHHSI 3JIUIIIATIN HOTO MEXK1
1 craBasu 3100uuyto FOmiTepa 3a OJHUM BUHSITKOM. PeuOBUHI 3 TO3UTUBHUM 3aPsI0M J10-
pora Ha FOmniTep 3aunHena. Tenep 3p03yM1J10 3BIJKM B3SIBCS TOP 3 HATPIIO 1 BOJIHIO HABKO-
7o FOmitepa. [To3uTUBHI 10HU HATPIIO 1 BOJIHIO BUMYIIIEH] obepTaTucs HaBkosio FOmitepa,
SIKUM 1X He MpUHMAE 3 BIIOMHUX HaM IIPUYHMH.

Io obepraerses HaBkono FOmiTepa 3 nepiogom npubiusHo 42 rogunu. I1ig yac cBoro
PYXY BIH 4ac Bij1 yacy onuHsieTbess MK CoHrleM 1 FOmitepowm, 1 Toai cBoiM TiiioM 1o yacTko-
BO BIUIMBA€ HA MOTIK MIPOTOHIB 1 €IEKTPOHIB, sikuii Hae Ha FOmitep Bix CoHIIs, AiI0UM SIK
ekpaH. A ko lo 3axoauTh 3a IOHiTep, KocMiuHi mpoMeHi CoHIl Maiike He MOTPAIUIAIOTH
Ha lo. B LIbOMY BUITA/IKy CaM FOmirep nie six HOTy>KHI/II/I eKpaH, SIKMI 3HAYHO 3MEHIIye MOTIK
l'IpOTOHlB 1 eekTpoHiB Ha lo. Tomy Mu yac Bij yacy CHOCTeplraeMo neplozu/mHl CIUIECKU
pamioxBwib. Lleit edexT € 1mie oauH 3 JOKa31iB TOrO, 1110 KOCMIUHI TPOMEHI PO3MOBCIOJIKY-
IOThCS HE 130TPOITHO, a 17TyTh MePEeBaKHOI YACTUHOIO TUIbKH Bijl COHIIS.

I moBepHemoch 10 cynyTHuKIB Mapca doboca 1 [eitmoca. Cyasiuu 3 iX HEBEJIIMKUX PO3-
MIpiB, CYITyTHUKH OYyJIM 3aXOIUIeHl MapcoM Bike miciist 1opOopMyBaHHS IUTAHET 1 BITHOCSTh-
Cs1 10 Ipyroro Tuiy cynyTHUKIB. ILIBUAKICTh 3aXOIJIEHMX METEOPHUTIB B AIOTel IOPIBHIOBA-
Jla opOiTanbHIi mBUAKOCTI Mapca. Tomy MoHA 3pOOUTH TIPUITYIIICHHS, 1110 1€ METEOPH-
TH, K1 HApOKEeH1 Ha HaltoMy Micsll Ik BTOPUHHI, 200 11€¢ BTOPUHHI METEOPUTH CAMOTO
Mapca, skl BUHIIIIN 3 TTACTKU IUTAHETH, SIKa 3aKIHUYEThCS TPUOIM3HO Ha BijcTaHl 70 KM BiT
IJIAHETH 31 IBUKICTIO, sIKa HE3HAUHO MepeBUIIyBajia opOiTalbHy MIBUIKICT Mapca, To0-
TO He OuTbIna HiXK 24 kM/c. MoBa iJie TIpoO MIBUIKICTh ITUX METEOPUTIB BiTHOCHO COHIIS.
BinnocHo camoro Mapca craproBa mBuakicTh Doboca ckiagana npubiausHo 4,5 kM/c.
Benuunna npyroi kocMidHO1 IIBUAKOCTI st Mapca gopiBHioe 4,9 km/c. CtapT MaB Big0y-
THUCS B TTpoTuiiexkHoMy Bl COHIl HAMPSIMKY. 3HAIOUM MEXaHI3MU YTBOPEHHS IUIAHET 1 Cy-
IyTHUKIB, HE CKJIAJTHO pOo310paTHCH 13 pemToro apioHux cynyTHukiB FOmitepa, CatypHa Ta
THIIUX TUTAHET.

B momnepeHix po3aizax Mu IpoaHajli3yBalM MeXaHI3MU (PYHKIIIOHYBAHHS TUIAHET I10-
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OJMHOKUX 31poK. B moBiiHUX 30psiHUX cucTeMax (popMyBaHHS 1 (PyHKIIOHYBAHHS TJIAHET
JIEIIO BiAPI3HSAETHCSS. MU ITpoaHaIi3yeMO MEXaHi3MU CTBOPEHHS Ta ICHYBaHHS IJTAHET B ITUX
CUCTeMax Ha MPUKJIa/Ii MOABIHOI 30psiHOT cucTeMu Cupiyc.

Po3zaia 6. Cupiyc

ITicis Toro, sik MM 3'sCyBajiv BCl MeXaHI3MU (popMyBaHHS 1 PYHKIIIOHYBAHHS TIJIAaHET HA
MMOOJIMHOKUX 31pKax, pO3IVITHEMO MOABIMHY 30psiHy cuctemy Cupiyca, sika CKJIaJaeThes 3
Cupiyca A 1 Cupiyca B. Lle nonmomoske HaM 3'sicyBaTH JIeTaJIbHIIIE T€, SKUM YMHOM (DYHKITI-
OHYIOTbH MOJBIMHI 30PsIHI CUCTEMU 1 IK BOHU (POPMYIOTH CBOI IJTaHeTH. J1o TOro XK 13 3ipKa-
MU cuctemu Cupiyca noB'si3aHo Ayske 6arato nereda 1 Migi. CrioyaTKky MU pO3TIISTHEMO BCl
pe3yabTaTH, SIKI BUIUIMBAIOTH 3 HAIIIO1 T€OPIi IO BITHOIIEHHIO JI0 1€l 30PSTHOI CUCTEMH, a
MOTIM ITOPIBHSIEMO iX 31 3HAHHSMH, SIK1 HAAIMIUIN 70 HAc 3 Mipamu. Tpeda 3BepHYTH yBary
Ha JIeKiJIbKa MoMeHTIB. [lo-miepiire, OiabIna 3ipka, sika mae Ha3By Cupiyc A, O1J10r0 KOJIbo-
py 1 611bIIa HIXK yaBiyi 3a Hate CoHlle 3a po3MipaMu. Lle o3Haudae, 1110 Mu 0a4uMo IMoBepX-
HIO IIPOTOHOBOI 0O0JIOHKH, SIKY 31pKa Iovajia GopMyBaTH, ClIAJIAXHYBIIHU MICIISI 3aKIHUSHHS
MEPIIOTO HUKITY XUTTEAISUTbHOCTL. Cyasun 3 po3MipiB 1€l 00otoHkH, cnajax Cupiyca A
B11IOYBCS NpuOIN3HO 4 MIIpI. pokiB Tomy. Cupiyc A macupHiie 3a Haire CoHIE 1 TOMY
cllajlaxHyB Maiike Ha MIBMUIbspJa pokiB mizHime. [To-gpyre, menma 3ipka Cupiyc B mae
I11e BUIIY TeMIIEpaTypy IMOBEPXHI IPOTOHOBOI OOOJIOHKH 1 30BCIM MaJly TOBIIUHY 11i€l 000-
nonku. Tomy cnanax Cupiyca B BiOyBcst 30BciM HegaBHO. et mMpoMIKOK Jacy cKiiajiae
JIeKUIbKa Tucsy pokiB. | mo-Tpete, Cupiyc B mae macy MeHiry Hixk Maca Hamoro CoHusl.
Sx6u 11e OyJ10 He Tak, TO 3apa3 Ou BiH HAaraJyBaB HaM 3a CBOIM BUTJIsiIOM a0o Harte CoHile,
abo Cupiyc A. Kpim Toro MmoxHa ckazat, 110 Horo maca oureie HiXK 0,5 macu CoHIIS.
Sx6u maca Cupiyca B cknanana 0,5 macu Conig, To Cupiyc B 3aBepiB 6u 2 mMOBHUX
LIUKJIU, @ B TPETHOMY BXKE BCTUT OM YTBOPUTHU MOTY>KHY TPOTOHOBY 000JIOHKY. T006TO, KO-
PUCTYIOUHCH TEOPIEIO ITUKITYHOCTI KU TTEISIIBHOCTI 31pOK, MU MOXKEMO CTBEPI)KYBATH, 1110
Cupiyc B mae macy npubnuzno 0,6-0,8 macu CoHirs. BpaxoByroun 11ie, MoxHa 3pOOUTH
BHCHOBOK, 1110 Cupiyc B BcTur 3aBepimt 2 CBOIX IUKJIN KU TTEMISIBHOCTI. OCTaHHIN HOro
criajax OyB He mepiuM B Moro ictopii. [1o 3akiHUeHH] mepIioro UKy CBOro iICHyBaHHS
Cupiyc B crmanaxnys yrepiire 8-9 Miip. pokiB Tomy. SKIIO B3SITH /10 yBary BiK HaIlloi rajiak-
TUKH, IKUH CKJ1a1a€e OuIbin HixK 20 MIIpA. POKIB, TO 1I€ O3HAYaE, 1110 nepiuii nuki Cupiyca
B TpuBaB HabaraTo goBIle HXK ApyTruil — 61u3bKo 12-13 mupa. pokiB. Homy Taka pizHuULIS?
O[iHI€I0 3 TPUYUH € 3MEHIIIEHHSI Macu 31pKH IIC/IsI KOXKHOTO IIMKITY, a, TOJIOBHE IIiJI Yac
MIPOXO/KEHHS MEPIIOro HUKITY OTOYYIOYE CepeloBUIIe OYI0 HAbAraTo rapsivilimM 1 TOMY
IIPOTOHOBA 00OJIOHKA OyayBaslach IMOBUIBHIIIE 1 TBEPJA KOpa OXOJIOKYBAJIaCh HE Tak
mBUAKO. Bee 11e 3011blIyBaI0 JOBrOTPUBAIIICTh MEPIIOro HUKITY. B3arami jjis BCIiX 31poK
0e3 BUHSTKY MEePIIni MK HabaraTo JOBIIUN HIK KOXKHUH HACTYITHUM.

Kopucryrounces qannmu crioctepekeHn 3a opoiToro Cupiyca B BigHocHo Cupiyca A , mu
CIpoOyeMO OUIBIIT TOYHO BCTAHOBUTU Macu 000X CHUpiyCiB, a TAKOK BU3HAYUTH JIEKIIbKA
BAXJIMBHUX MapaMeTpiB L€l MOABIHHOI 30psiHOI cuctemu. B mepiiomy Tomi "deliMaHIBCh-
KUX JIeK1iH 3 pizuku" [2, crop. 131] 306pakeno opbity Cupiyca B o BigHomenHro 10 Cu-
piyca A (pucyHOK 6.1).

Mu noj1aemo 11eil pucyHOK B JIe1110 30UIbIIIeHOMY BUTJIsAIL. [10 pucyHKy MOKHA BU3HAUU-
TH JIEKUJIbKa BOXXJIMBUX ITapamMeTpiB opoitu Cupiyca B. Skio 6 Mu JUBUIUCE HA THIOIMIUHY
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op6itu Cupiyca B 1 mpssMuM KyToM, TO CITPaBHSI BeJIMKa BiCh OyJia 0 OuIbIIIe TO1, SIKY MU
O6aunMo B ysBiieHOMY ejtirci. KoeditieHT BUkpuBieHHs ckiaaaae npudiusao 0,96-0,97. Lo
i@ py MOXKHA JIETKO BUSHAUUTH, SIKIIIO BUTOTOBUTHU 3 IPOTY EJIIIC Y BIIIHOCHOMY MaciTaol
op6itu Cupiyca B Tak, 11100 i1 BIATIOBIAHUM KyTOM MU OQUWJIN €JIIIC, IKUM 300pakeHui
Ha pUCYHKY. TO/Il BICh YSIBJICHOTO €ITIca, sIKa 31a€ThC HaM HalOLIbIIIO0, MEHIIIA CITPaBX-
HbO1 HaMOLIbII01 Oci B 0,96-0,97 pa3a. 3aBasiku IIbOMY MOXHA BU3HAYUTH PO3MIP CIIPABXK-
HBOI BEJIMKOI OCl, sika cKkiagae 6au3bko 6,0-10'? meTpis, a6o 40 A.O. Po3Mip ymaBaHoi oci
ckaagae mpubanzHo 5,84-10'2 merpis. Lls mudpa BU3HAYAETHCS B KYTOBUX OJUHMIISIX SIK
14,61 [3, cTop. 141]. Onna cexynma mist monoxeHHs: Cupiyca B BimHOcHO CoHIIS CKITagae
npubim3Ho 4-10M merpa.

L A
¢ {"’ffﬁg

'F': .

270°

Pucynok 6.1. Opoita Cupiyca B Bignocno Cupiyca A.

Jlo Toro *k, xo4a (poKyc CIpaBXHbOT'O €JIIIca He CIiBIaa€ 3 POKYCOM YSIBJIEHOTO €JIiM-
ca, Cupiyc A 3HaXOAUTHCS Ha BEJIMKIN OCI CIIPaBXKHBOTO ejirca. A SKIIO BpaxyBaTH, 110
TOYKHM MEPETUHY BEIIMKOI 1 MAJIOl OCEH 1 CIIPaBKHbOTO 1 YSBJIEHOT'O €IITICIB 3aBXK/IU CITIBITA-
JIAI0Th HE3AJIEKHO BIJl KyTa CIIOCTEPEXKEHbB, TO, MPOBIBIIU MPIMY Yepe3 IHIEHTP YSIBJICHOTO
eminca 1 Cupiyca A, MU BU3HAYUMO ITOJIOKEHHS CITPABHBO1 BEJIMKOI OCl Ha YJaBaHOMY
emnci. Lle, B cBOtO uepry, A03BOJUTh HAM BU3HAYUTH CITIBBIIHOIIEHHS MEPUTEIIHOTO 1
adenitHoTO paaiyciB cCipaBKHLOTO efirnca. Cupiyc A AUIUTH CIIPaBKHIO BEJIMKY BICh Y CITIB-
BiHOIIeHH] 1:4. IlepuremitHuii paaiyc 11 ckiajgae m'siTy YaCTUHY BiJI BEIMYUHM CITPABXK-
HBOI1 BeJIMKoi ocl opoitu Cupiyca B BimHOCHO Cupiyca A, To6T0 8 A.O. Ademitnuii pasaiyc
ra BianoBiaHo 32 A.O. Excrientpucurer ckianae 0,6. losxuna masoi oci 16 A.O. I, Hape-
11T, TIEPETUH yaaBaHoro ejinca opoitu Cupiyca B BimHOCHO Cupiyca A 31 ClipaBXHbOIO
BEJIMKOIO BICCIO JO3BOJISIE HAM BCTAHOBUTH pik nepeOyBanHs Cupiyca B y adernii BimHOCHO
Cupiyca B. Lle npubnuzno 1869-1870 poxu.
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OneprkaHi 1aH1 JO3BOJISIFOTh HAM BU3HAYNUTHU CyMy Mac 31pok cucrtemu Cupiyca. O0uaBi
31pKH 00epTarOThC HABKOJIO 3arajbHOrO LIEHTPY Mac 3 IepiojioM Mpuoan3Ho 50 pokiB.
Po3mip cipaBkKHBOI BeJIMKOI1 TTIBOCI BigHOCHOTO pyxy Cupiyca B HaBkosio Cupiyca A ckia-
nae 20 A.O. Buznaunmo cymy mac Cupiyca A 1 Cupiyca B o BigHoieHHto 10 Macu CoHIIst
[3, cTop. 141].

3 2
M, + M, R T,

M, R, )T )"

M, —maca Conus,

M, —maca Cupiyca A;

M, —maca Cupiyca B;

T — nepion oOepTaHHs IBOX 31pOK HABKOJIO 3arajiIbHOT'O LIEHTPY Mac;

T, — nepiox obepranns 3emii HaBKo10 CoHlls;

R — po3Mip Benmkoi MmBOCi CpaBKHBOTO ejlirnca BiiHocHOoro pyxy Cupiyca B;

R, — pazaiyc 3eMHOI OpOITH.

Binomo, mo R, =1A.0.,a T, =1 pix, romy MA+MB=3,2MC, a6o 6,4- 10% kr.

Jlaai MoXHa CKOPUCTATUCh TTapaMeTpaMU CIIpaBKHBOTO enirnca opoitu Cupiyca B Bin-
HocHO Cupiyca A 1 BU3HaUuTH Npudin3ny macy Cupiyca A.

Po3mipu Bennkoi 1 Mas1oi miBocei 1boro ejirca ckiaaaroTh BianoBiaHo 20 A.O.116 A.O.
Sx6u Cupiyc B MmaB Ou B COTHI pa3iB MEHIIy Macy, TO BiIH Ou obepTaBcst HaBkojio Cupiyca
A 3 TakuM e MepiogoM Maiike 1o Kpyrosiit op0iTi paaiycom 18 A.O. Ha ocHOBI 11bOTO
MOJKHa mijipaxyBaTu macy Cupiyca A, BUXOJIsTYM 3 TpeThoro 3akoHy Keruiepa, sika ckiiagae
npubau3Ho 4,7-4,8-10% kr. s mudpa cmiBnagae 3 OUIBIIICTIO HAYKOBUX JaHUX 1010 MACH
Cupiyca A. Azne He OyaeMo TocmimaTy 3 Bu3HaueHHsM macu Cupiyca B, siky Oyno 6 He-
CKJIAJTHO 3apa3 BU3HAYUTH, BIIHSBIIHN BiJI 3arajabHO1 Macu 3ipok macy Cupiyca A. Sk 3'sacy-
€ThCH MMi3HIIIe, HaBKOJI0 Cupiyca A oOepTaeThecs BeIWUue3Ha IJIaHeTa, Maca SIKOi BChOTO B
JleKiIbKa pa3iB meHIie Macu Cupiyca B.

Tomy cnoyaTky BUBHAUUMOCS 3 TUIaHETaMU, iK1 Oyiiu chopMOBaHi B MOABIMHIN 30psIHIN
cucteMi. YTBOPUBIINCH 3 HEUTPOHIB ITiCHs criajiaxy rajaktuku, Cupiyc A 1 Cupiyc B maii-
K€ OTHOYACHO IMOYAJIH CBIM MEPIINA IIUKIT )KUTTeAIsUTbHOCTL. Cupiyc B, Maroun 3HaUHO MeH-
Iy Macy, MepIIM 3aKIHUUB OYIIBHUIITBO CBO€EI MPOTOHOBOI OOOJIOHKH 1 ITOYaB BUKUIATU
PEUYOBHHY Ha CcBOI1 30BHIIIHI opOiTH. B 116ii yac Cupiyc A MaB B)Ke JJOCUTh ITOTY>KHY ITPOTO-
HOBY 000J10HKY. ToMy pedoBHHa, sika HaAXoawa J10 moBepxHi Cupiycy A, He CIpUUUHWIIA
roro cranaxy. Ilocrynoo Cupiyc B 3a3HaB 0X0J10/1)KEHHS 1 CTBOPUB TBep1y kopy. HaBko-
JIO HOT'O YTBOPHUJIMCS IEPBUHHI IUTAHETH, CXOKI1 HA TUIAHETH 3eMHOI rpynu Haoi CoHsu-
HOI CUCTEMU. A OUIBIIIOI0 YACTUHOIO 3 YETBIPKU €JIEMEHTIB: a30TYy, BYIJICI[IO0, BOJHIO Ta Ie-
JI10, iK1 Oynu 3axoruieHi Cupiycom A Ha CBOI OpOITH, YTBOPHIINCS TJIAHETH, SIK1 CXO0K1 HA
Hai FOmitep 1 CatypH. OHa 3 HUX Oyiia HaliMacUBHIIIA 1 Majia CKIIaJ CXOXKHUM 3 HAIITUM
FOmnitepom. Hazsemo 1110 mmanety FOmitep Cupiyca, ado FOmitep C.

Hanami Bxxe Cupiyc A micis 3aKiHYEHHS TIePIIOTo eTaIly CBOTO MEPIIOro MUKy IovYaB
BUKHUATH PEUOBUHY HA CBO1 OpOITH 1 3HAYHO q07aB peuoBUHU 10 Macu FOmitepa C 1 1HIIIMX
riadet. Ilicist Toro, sik Cupiyc A OXOJIOHYB 1 yTBOPUB CBOIO TBEP/LY KOPY, HABKOJIO HBOTO
B)K€ 00epTaJIiCs 1 INTAHETU 3eMHOI1 I'PYIIU, SIK1 YTBOPHIUCS Oe3rocepeHbo 3 pedoBuHu Cu-
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piyca A, 1Ta30Bl INTAHETH, K1 3HAUHO ITOTOBCTIIAIM 3aBAsIKU peuoBuHI Cupiyca A, B TOMy
yuci 1 FOmitep C.

Jlami My He OyZIeMO TaK JIeTaIbHO 3yIMMHSATHCS Ha TIpoIecaX, sIKi CIPUSITA HAPOIIyBaHHIO
Mac TIaHeT MOABIMHOI 30pstHOI cucTteMu CHpiyc, a MPOCTO HABEAEMO iX MOCTIIOBHICTD.

ITo 3akiHueHHi cBoro mnepioro nukiy crnaitaxayB Cupiyc B. V neit yvac Cupiyc A maB
TBepay kopy. [dam Cupiyc B 30y1yBaB HOBY MPOTOHOBY OOOJIOHKY 1 3HOB MOYaB BUKUIATH
pPEYOBHHY Ha OpOITH B PYTOMY €Talli CBOr'0 APYroro IUKITY i CTBOPUB TBEPY KOPY BAPYTE.
3 apyroro 60Ky Bxke MUHYJIO 16-17 Mip/. pokiB 3 modyaTky popmMyBaHHs 31pok 1 Cupiyc A
CriajJlaxHyB yIepIIe MicIst 3aKiHYeHHSI CBOTO TIEPIIIOTO ITUKITY.

Bci i moaii HaportyBaimm Macu riaHeT. OcobIMBO BEMMKUX PO3MipiB HaOyJ1a rutaneTa FOrmi-
tep C ToMmy, 1110 BOHA 30Mpajia peuoBUHY sK 13 Cupiyca A Tak 13 Cupiyca B. OcranHiif akT 1€l
30psIHOI JipaMH — 11 apyruii cnanax Cupiyca B, skuii BigOyBcs He OutbIiie 10 THC. pOKIB TOMY.
Hecknagno muapaxysaty, 1o B cuctemi Cupiyca Bigoys1ocs 3 criajiaxuy 31poK 1 TpUUl HaCTaBaIu
TMePio/ I BUKHUIIB PEYOBUHU 3 HAJP 31POK HA OPOITH 11T Yac APYroro eramy IUKIIB iX )KUTTETI-
sutbHOCTI. Tomy miameTp FOmitepa C B nekibKa pasiB repesuiitye aiamerp FOmirepa CoHsaHOT
cucremu. Tpeba BpaxyBaTH, 1110 ITi YaC BUKHUIIB PEUOBUHHM 3 HAJIP 31POK MOABIMHUX 30PSTHUX
CHCTEM 30PSIHY CUCTEMY 3aJIMINA€ 3HAYHO MEHIIIE PEYOBUHM TIOPIBHSHO 3 MOOAMHOKUMU 3ipKa-
MU. Ajpke OUTbIIA 11 YaCTHHA JIMIIIAETHCS Ha OpOITax OUIBIIOI 31PKHU.

Binbin neranbHO po3riisiHeMo ocTaHHIM cnanmax Cupiyca B, sikuii Bi1OyBcs IeK1IbKa TH-
csiu pokiB Tomy. Homy B KpaGoBuHIM TymMaHHOCTI cy3ip'ss Tenblsl pedoBUHA 31pKH, sIKa
CriaJlaxHyJia Maike TUCSYY POKIB TOMY, I1Ie i J10cl He Oyia 310paHa riaHeTaMu, a B MOABIi-
HIi 30psiHI cuctemi Cupiyca Bxke BIIOYBCSI PO3ITIO/ILT PEYOBUHU MK IJIaHETAMU 1 aCTepoi-
namu. [lo-tiepiiie, B MOABIMHUX 30PSHUX CUCTEMAaX 3HAUHO OLIbIIIE TIaHeT 1 acTepoiiB. [1o-
Jpyre, Ay’Ke BUCOKaA TeMIlepaTypa MOBEpXHI ABOX 31pOK, SKi Yac BiJ yacy HaOMMKAIOThCS
OJTHA JTO OJTHOI Ha 3HAYHUN ITPOMDKOK Yacy, TPUCKOPIOE PO3MOILT pEYOBUHU MiXK TIJIaHETa-
Mu. Po3maBieHa pedoBrUHA 30Mpa€eThes IIAHETAMU 1 aCTepoilaMH 3HAYHO CKOpIIIe HiXK
3aMepaiia peuoBuHa. | HapelTi mocTiiiHa 3MiHa BiJICTaHI MIXK 31pKaMM 3MIHIOE T'paBITaIlliH1
MOJIS 1 1€ 3MYIIIyE BUKUHYTY PEUOBUHY 3MIiHIOBATH OpOITH, 1110 3HAYHO TTPUCKOPIOE 11 pO3-
noju1. beaymoBHo yactuna peuoBunu Cupiyca B micis ioro cnanaxy 6e3mnocepeHbo Jic-
Tajacs HAMHWKYUX OpOIT 1Mo BigHOIIeHHIO 10 Cupiyca A. Aje ii KoHLeHTpallis Oyia Heqo-
CTaTHBOIO JJIsI TOT0, 11100 BUKIMKaTH criajax Cupiyca A, a00 CTBOPUTU ITOMITHY OOOJIOHKY
Ha BiJicTaHl O0u1s 10 MJTH. KIJTOMETPIB, SIK 1€ B1I0OYBAJIOCS B MIHJIMBHUX 31pKaX.

Takum unHOM, B crcTemi Cupiyca 3apa3 MA MOXKEMO IMPOTHO3yBaTH TaKy KapTuHy. Ha-
BKOJIO KOXHOI 31pKU 00epTaroThCs JIeKUTbKa TJIaHET, sIKI 32 CBOIM CKJIaJIOM BIIIOBIIAIOTH
HaimmM Mepkypito, Benepi, 3emii, Mapca. I1manetu, siki obepraroTbest HaBkojio Cupiyca A
3HAYHO MACUBHIIII, HIXK BIAMOBIAHI T1aHeTH COHSIYHOI CUCTeMHU. MK IMMU IpyHaMu TJTaHET
HaBKosto Cupiyca A obepTaeThest ayke MacuBHa wianeta fOmitep C. Moro miamerp B 3,5-4
pasu nepepuinye aiametp FOmitepa CoHSIYHOI cUCTeMU, a IIUIbHICTh CKJIagae OJIM3bKO
4.-10% xr/m?. Moro maca 6inbine Hix y 100 pasiB nepesuiiye Macy Hamoro FOmitepa. Hanami
MU CITpoOYEMO BCTAaHOBUTH IEeplof] ioro oobepTanHs HaBkosio Cupiyca A 1 mapamMeTpu Horo
opOiTH, TOUHIIIe BU3HAUUTH Horo macy. Ilepion obepranns FOmitepa C 1 mapamerpu Horo
OpOITH MOYKHA BU3HAUUTH MICIIS yBaXKHOTO BUBUEHHS opOiTh Cupiyca B o BiTHOIIIEHHIO /10
Cupiyca A. Ha pucynky 6.2 306pakeHo opbitu o6eprans Cupiyca B 1 FOmitepa C o BiiHO-
meHHro 10 Cupiyca A. ITmommHu nux opOIT IMoKa3aHi M1 MPsIMUM KyTOM JI0 CIiocTepirayva.
Opb6ita FOmiTepa C HaBOAUTHCS 3a pe3ysIbTaTaMH PO3PaXyHKIB, sIK1 Oy1yTh 3p00JIeH] HUXKYE.
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Op6ita Cupiyca B HaBoauThCs MO pe3yJibTaTax CIIOCTEPEKeHb, MOYNHAI0UH 3 1862 poKy.
3BepHEMO yBary Ha BIAXWJICHHS BiJl pyXy ITO eminTuuHii opoiti Cupiyca B, siki momiTHI Ha
pUCyHKY 6.1, mpoanamizyemo pyx Cupiyca B mo cBoiit op6iTi BimHOCHO Cupiyca A 3a ouH
o0ept, mounHarouu 3 1865 poky. I'pasitamiitii BiaxuieHHs pyxy Cupiyca B mu Oyaemo
MIPOCTEXKYBATH 10 PUCYHKY 6.1 1 MOPIBHIOBATH iX 3 pUCYHKOM 6.2. 3p0OMMO NPUMYIIICHHS,
1o FOmitep C pyxaeThbes 1o CBOil OpOITI B TOMY K HAIIPSIMKY, 1110 1 00uABI 31pku. Ilicns
3aBEPIIIEHHS HAIIIMX PO3PAXYHKIB 11€ CTaHE OCTaTOYHO 3po3yMuIuM. [Tonoxenns Cupiyca B
1 FOmiTepa C B MOMEHT rpaBiTaliifHIX KOHTAKTIB MU Oy/1IeMO ITO3HAYATH OJTHAKOBUMH 1T ]-
paMu Ha BIAMIOBIAHUX OpOiTax.

Ane couaTky TpeoOa 3'scyBaTu (pi3MUHy OCHOBY I'paBITAIlIMHUX KOHTAKTIB, K1 MU CITO-
crepiraeMo. TyT MU MaeEMO CUCTEMY 3 JIBOX 31pPOK, 51Kl 00epTAIOThCS HABKOJIO 3arajIbHOTO
LIEHTPY Mac. A 10 Toro x, HaBkojo Cupiyca A obepraeTbcs MacuBHa rtaHera FOmitep C. 1
Cupiyc A 1 mmaHera TexX oO0epTarOThCs HABKOJIO CBOT'O LIEHTPY Mac, SIKUM He CITIBIAJIae 3
LIEHTPOM Mac o0epTaHHs IBOX 31pokK. Pyxarouncek 1o op06iti HaBkojo Cupiyca A, FOmitep C
MOJKe HAOMMKATHUCS JO LIEHTPY Mac 31pOK 1 HaBITh ONMHSITHUCS 3a LIEHTPOM Mac 31pOK I10
BiTHOIIeHHIO 710 Cupiyca A.

1902

1888 1831

Pucynok 6.2. Op6ita Cupiyca B i IOnitepa C Binnocno Cupiyca A, siki 300paxkeHi mia
NpsIMEM KyTOM JI0 criocTepiraya.
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Ha op6iti Cupiyca B tmppamu 1865, 1877, 1880 1 1888 mozHaueH1 poku HAHOUIBIII ITOTY-
YKHUX T'paBiTallifHUX KOHTaKTiB Cupiyca B, sixi mos's3ani 3 pyxom FOmitepa C. OgHakoBu-
Mu 1dpaMu no3HadeH1 nonoxeHHs: Cupiyca B 1 FOmitepa C Ha cBoix opOiTax mij yac
rpaBITAllIMHUX KOHTAKTIB.

i} % ¥ oo i | :

-~ . B :
4 l e 1 \4_ 3
Pucynok 6.3 — Ilono:xennst FOnitepa C BignocHo nentpy mac Cupiyca A ta Cupiyca B

1 —uentp mac; 2 — Cupiyc A; 3 — Cupiyc B; 4 — nonoxxerns FOnitepa C BITHOCHO LIEHTPY
Mac 31poK i yac ooepTaHHs HaBKoJio Cupiycy A

Ha pucynky 6.3 nokazani MoxuBi nojioxkeHHs FOmiTepa C BITHOCHO LIGHTPY Mac 31pOK.
Jlo Toro , caMi 31pKH TO BLTAJISIFOTHCS BT LIGHTPY Mac, TO HAOIMXAIOThHCS 10 HHOTO ITiI-
yac CBOT0 pyxy 1o opbiTax.

Sxmo FOmitep C pyxaerbes HaniBo 1o Cupiyca A 13a Cupiyc A, To Cupiycy B tpeba
30UIBIIIYBATH PaJilyc CBO€l opbiTH pyXy BiiHOCHO Cupiyca A 1 TOro, 11100 30eperTu piB-
HOBAary BITHOCHO IIEHTPY Mac 31pOK, SIKU JINIIA€ThCs Maiixke HepyXoMuM. | HaBnakwu, sIKIo
FOmitep C pyxaerbes 10 neHTpy Mmac 1 gaii g0 Cupiyca B, To ocTaHHIN 3MeHIITye paaiyc
CBO€1 opOITH. MIHSIETHCS CITIBBIHOIIIEHHS MacC BITHOCHO LIGHTPY Mac 31pOK, 1 11100 30epertu
pPIBHOBAry MIHSIETHCSI PO3IIOJIUT BIICTaH1 31pOK J0 LIEHTPY Mac MPOIMOPIIHHO 3MiHAM Mac
3ipok. Cupiyc A Tex 3MIHIOE paJilyc CBOET OPOITH BITHOCHO LIEHTPY Mac 31pok. BiamosiaHo
HOBOMY CITIBBIJTHOIIIEHHIO Mac, kKoiu Cupiyc B 36utbinye pamiyc cBoei opbitu, Cupiyc A
Horo 3MeHIIye, a HaBIIaKH, B TakKii e mporopiiii. B iboMy MexaHi3M1 MU TTIOBHHHI OpaTu
1o yBaru He camy Biactanb FOmitepa C Big Cupiyca A, HABKOJIO SIKOTO BiH 00epTa€ThCs, a
MIPOEKIIIIO 111€1 BIJICTaHI Ha BICh, 5IKa 3'€IHYE 31PKH 1 IPOXOJIUTH Yepe3 LIEHTP Mac 31poK, a00
wieue FOmTepa C. OcranHe cyTTeBe 3ayBakeHHs. k1o maca FOmitepa C, siky My BU3HA-
yuMo, Oy/e JIuIle B JECATKH pas3iB MeHIa 3a Macy Cupiyca A, Toal Tpeba B po3paxyHKax
BUKOPHUCTOBYBATH IpoekKilito BiacTaHi FOmitepa C He Bix Cupiyca A, a Bijl iX 3arajbHOrO
LIEHTPY Mac, SIKMI He CITIBITaa€ 3 IIEHTPOM Mac 31poK. B TakoMy BUMAJIKy BICh MIXK 31pKaMu
Oyne nmpoxoautu yepe3 Cupiyc B, 1ieHTp Mac 31poK 1 LIEHTP Mac, HaBKOJIO SIKOTO obepTa-
10Thcs 31 cBOIM Ttepiogom FOmitep C 1 Cupiyc A (AuBUCH pUCYHOK 6.4).

B takomy pasi Cupiyc A 1 FOmitep C GepyTh yuacTb y ABOX pyXaxX oJJHOYacHO. BoHmn
00epPTAIOTHCS HABKOJIO LIEHTPY Mac 31pOK 3 epioioM S0 poKiB 1 HABKOJIO CBOI'O 3arajibHOr'O
LEHTPY Mac 3 MepioJIoM, SIKUI MU CIPOOYEMO BU3HAUMTH.

Yum Ounbiie ruiede FOmitepa C, TUM OUIBIIMEI T'paBITAlIMHUAN BIUIMB BiH 3/1MCHIOE Ha
pyx CupiyciB. AJle BaXXJIMBE 3HAYEHHS MAa€ 4yac TAaKOTro BIUIMBY. SKIIO 1€ qy’Ke KOPOTKHUIA
MIPOMIXKOK Yacy, TO 31PKH IMPOCTO HE BCTUTAIOTh CIIOBHA BiJpearyBaTy Ha IpaBITalllitHI 3Mi-
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HU B 3B's3KY 3 pyxoM FOmitepa C. | HaBnaku, sIKIIIO TaKUM BIUIUB B1IOYBAETHCS TOBrO, TO
MM CIIOCTEpIraeMO HaMOUIbI TTOTYKHI BiaxuineHHs Cupiyca B Big cBo€ei opOiTH.

Tenep Ham Oyjae HeckIagHO po3iopaTurcs 3 nepiogoM odepranHsa FOmitepa C HaBKOJIO
Cupiyca A. TToTyxnuii rpasitamiiinuii BrummB FOmitepa C Ha pyx o op6iti Cupiyca B Bin-
OyBcs y 1865-1866 pokax. B ieit yac FOmitep C pyxaBcst 1o cBoiit opOiTi 3 MICIIS, SIKE TTO3HA-
yeHe 1udporo 1, B Hanpsmky Cupiyca B, 3011b11yroun cBoe mieue B 61k Cupiyca B. IToTim,
npu6au3Ho B cepeauHi 1870 poxy KOmitep C nepeTHYB CIpaB)KHIO BETMKY Bich opoOiTH Cu-
piyca B o BimHomeHHro 1o Cupiyca A 1, nounHarouu 3 1874 poky, mouyaB pyxaTHCh, 301/Tb-
ITyIOUM IIBUJIKICTH IO opOiTi B 61k Cupiycy A 13meHIyoun cBoe 1iede. Cupiyc B Biapea-
r'yBaB Ha 11€ CyTTEBUM 30UTBIIICHHSIM pajiiyca cBo€i opoiTu mpotsiroM 1875-1878 pokis. Oco-
6muBo 11e TomiTHO y 1878 porii, koiu FOmitep C onuauBcs 3a Cupiycom A, nepeTHHAIOYN
BICh, siKa 3'e/iHYy€ 31pKHU. Lleit koHTakT nmo3naueHo nuudporo 2. Y 1880 poui FOmitep C 3HOBY
MoyaB pyxaTuck y HanpsiMky Cupiyca B maiixke napaienbHUM KypcoM JI0 OcCl, siKa 3'€IHY€
3ipku. Lleit koHTakT mo3HadyeHo mudporo 3. Y 1888 pori FOmitep C migiiiioB 10 oci, sKa
3'€eIHY€, 1 TOCUTh TPUBAJIUI Yac 3HAXOIUBCS MOOJIN3Y 11i€i ocl Tomy, 1o Cupiyc B Tex mo-
YaB CyTTEBO 30UTBIITYBATH HIBUAKICTh, HAOIMKAIOUKCH JO CBOTO nepurerito. Lle mozHaueHo
uudporo 4. Y 1890 poui FOmitep C rmouaB 3HOB pyXaTHCh NapajieJIbHUM KypCcoM JI0 OCl, siKa
3'eHye 31pKu, ane B HanpsMKy 10 Cupiyca A. Tomy Cupiyc B moyaB 3611bl1yBaTH pajiiyc
cBO€1 opOITH. Ha kaib, 11e BIIXUJICHHS B)Ke He MOKa3aHo.

Pucynok 6.4 — Cxema pyxy Cupiyca A, Cupiyca B i IOmnirepa C.
1 — Cupiyc A; 2 — Cupiyc B; 3 — FOnirep C; O, — uentp mac 3ipok; O, — 1leHTp Mac
Cupiyca A 1 FOmirepa C; ¢ — mreue FOmitepa C.

101



Anamoniu leanoe

Cyrtresi BiaxuiaeHHs y 1906-1907 pokax Tex He ITOKa3aHO Ha JaHOMY pUCYHKY. Kopuc-
TYIOUMCh TaKU MIPKyBaHHSIMHU, MOKHA IMOSICHUTH BCl BinxuieHHs Cupiyca B Bij cBo€i opOi-
TH, BKJItOYaroun Bcl noMiTHl. Hanmpuxkian, BiaxuneHHs 1862 poky 11 KiHIleBa TOUKa BIJIXU-
senb 1860-1862 pokis. Toai FOmiTep C npsimyBaB g0 Cupiyca A mo HWKHINA YaCTHHI CBOET
opOitu. A romiTHe BiaxuieHHs 1873 poky 11e KOpOTKOYACHE TepEeTUHAHHS OC1 31pOK, KOJIU
FOmitep C nazgoruas Cupiyc B. IlIBuakicts FOmiTepa C Oyna yrpudi BuIlia i Tomy KOHTaKT
OyB IIBUIKOTUIMHHUM.

Bce 11e nane Ham 3mory BuzHaunTu nepiog ooepranus FOmitepa C HaBkoino Cupiyca A.
Lleit nepion ckitagae npuodausHo 13,6 pokie. Axo6u FOmitep C MaB He3HAYHY Macy, TO paii-
yc Moro opOitu ckiagaB 6u 7,6 A.O. Ane, cyasuu 3 BILIMBY Ha opoOiTy Cupiyca B, maca
FOmitepa C Bchoro B JieKiIbKa pa3iB MeHIna 3a macy Cupiyca B. Cripobyemo TouHiIe BU-
3HauuTu Macy FOmitepa C. besymoBHo 61151 FOmiTepa C 00epTaroThCs CYITyTHUKH, ajie HaM
HE BIJIOMI iX TTepio i 0OepTaHHS 1 TOMY HIYOT'O HE 3aJIUIIAETHCS, SIK 030pOITUCS JTHIUKOIO 1,
BUKOpHUCTaBIIM BiaxuieHHs Cupiyca B Big emnTtuuHoi opOiTu pyxy HaBkojo Cupiyca A,
BU3HAUYUTH HOBI BIJCTaHI BIJ IIEHTPY Mac 000X 31pOK 1 IO MOKIIMBOCTI BUBHAYUTHU I10JIO-
xeHHs FOmitepa C B neit yac. /11 po3paxyHKIB BI3bMEMO 2 HAHOUIBIIT XapaKTEPHI POKHU —
18771 1888. Y 1877 potii BCl Tpu Ti1a OMMHUIKCS HA OAHIN MpsMmii, ko FOmTep nepetu-
HaB MIPOJOBKEHHS OCl, sIKa 3'€/IHY€E 2 31PKU 1 IPOXOAUTH Uepe3 IeHTp Mac. [Jist miarpuman-
Hs piBHOBaru Cupiyc B 3poOuB HaiOLIbII MOTYKHUI KPOK BiJI CBO€T opOiTH. Bei BUMipro-
BaHHs Oy/ieMo pobuTu B MuTiMeTpax. 1 po3paxyHKiB Ma€e 3HAUYEHHS JIMIIE BIHOIIICHHS
BIJICTAHEM, a He 1X aOCOI0THE 3HAaUeHHs. Jlo TOTo X BCl TpU TUIa 3HAXOASATHCS HA OTHIN
MpsIMI, TOMY MacIITad 1 BUKPUBJIEHHSI HE MAIOTh HISIKOTO 3HAYCHHS.

Tak camo y 1988 pomui FOnitep C onmuHMBCS MIXK 31pKaMu 1 BC1 TPHU TUIa PO3TAIITyBaJIMCS
Ha OJIHIN NpsIMIi, SIKa TPOXOAUTh uepe3 31pKU 1 eHTpHu Mac. [{i1s 060X BUITAAKIB MOXKHA
HAITUCATU PIBHSHHS PIBHOBArv BIHOCHO IIEHTPY Mac 3ipok. st 1877 poky BOHO BUTIISITIA€
TaK:

M -al + MIO~CI = M

A B-b1’

A mtst 1988 poky Tak:
Mo T M, = My,

ne M,, M, M, — macu 3ipok i FOmirepa C,

al,a2 — BianosiaHi BiacTaHi Cupiyca A Bl LIGHTPY Mac 31pOK MICIIS BIAXUICHHS BIJT €JTiM-
tyHOi opbiTH Cupiyca B;

bl,b2 — BianosiaHi BijcTaHl Cupiyca B Bij LIeHTpY Mac 31pOK TaKOXK ITICIISI BIAXUICHHS;

cl,c2 — Biacranp FOmitepa C Bij EeHTPY Mac, HaBKOJIO sikoro odepraroThes FOmitep C 1
Cupiyc A 3 niepiojiom 13,6 poky;

Jl1st po3paxyHKIB MOkHa Opatu 6e3nocepentto Biacranb FOmitepa C Big Cupiyca A.
IMTomunka 6yae HesHauHa. CrioyaTKy MM 3pOOMMO TIPHUITYIIIEHHS], 1110 CITIBBITHOIIIEHHS Mac
Cupiyca B 1 Cupiyca JI ckimagae 1:3,6, a motim 0yaemo podbutu BucHoBKkU. Ha pucynky 6.1
MIPOBEJEMO MPsIMI uepe3 ToOUkH posTairyBaHHs Cupiyca By 18771 1888 pokax 1 Cupiyca A
1 MPOAOBKUMO 1X Maitke 10 MPOTHIEKHOro OOKY eftirnca. BuMipsieMo BijicTaHl MIXK 31pKa-
mu. 1o BigxusieHHst Cupiyca B Bix cBo€i opOiTH 118 BiicTaHb ckiagaia 70 mMm. Aje Tpeba
BpaxyBaTH, 1o Cupiyc A HaOIU3MBCS 10 IIEHTPY Mac B 3B'S13KY 3 HOBUM PO3MO/ILJIOM Mac Ha
rioro kopuctb. ToOTO Moro BiacTans Big Cupiyca B no BiaxuneHHs ckiagana He 70 Mm, a
npu6an3Ho Ha 0,5 mMm Outkie. Cupiyc B Binxuiauscs Ha 2 MM, a Cuplyc A HaOIU3UBCS J10
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LIEHTPY Mac Ha BIACTaHb, KA MPUOIM3HO B 4 pa3u MeHIa. AJKe CIiBBIHOIIIEHHS Mac 301-
JbIMIIoCh Big 1:3,6 maiike 10 1:4. Takum ynHOM sIKOM He OYJIO rpaBITAIlIHOTO BIIUBY
FOmitepa C, Cupiyc B 3HaxoauBcst 6 Ha cBoili emnTuuHiit op6iTi 70,5 mMm Big Cupiyca A.
3Bijicu MOkHa 3HaTH al — BiacTanb Cupiyca A BiJI IIEHTPY Mac, KOPHUCTYIOUHUCH CITIBBITHO-
meHHsM Mac 1:3,6, sike MU B3sUTH 32 OCHOBY. TakuM ynHOM J10 BijxuiaeHHs Cupiyc A 3Haxo-
JIUBCS BIJ LIGHTPY Mac Ha Biactani 70,5:4,6 = 15,3 (mm). Ane micns BiaxwieHHs Cupiyca B
B1J1 cBO€1 opOiTH Cupiyc A HabIM3uBCs 10 HIeHTPY Mac Ha 0,5 MM 1 TOMy TTIC/IsT BIXUJICHHS
Hioro BIICTaHb BiJI IIEHTPY Mac ckiaaana 15,3 —0,5 = = 14,8 (mMm). BianosigHo qis Cupiyca
B micis BigxuiieHHS BIZICTaHb BIJ IEHTPY Mac ckiaaana 72 — 14,8 = 57,2 (mm).

V 1877 poui FOmitep C niepeTHYB NMPOAOBXKEHHS OCl, sIKa 3'€AHYE 31pKH. K10 3poOUTH
HaJIeKHE MpUITyIeHHs, 1m0 opbita FOmitepa C nmoBuHHA OyTU B ACSKINA MIpl BUTITHYTA B
01k IeHTpy Mac 3ipok 1 opoiTu Cupiyca B, To MOkHa JIATH BUCHOBKY, 1110 HOT'O BI/ICTAHb B
niepurertii Big Cupiyca A He moBMHHA OyTH OUIbIIOI0 HIXK (5,0-6,0)A.0. Amke MU BXKe BCTa-
HOBWJIY, 1110 Kpyrosa opoOita FOmitepa C mana 6 paaiyc 7,6 A.O. FOmitep C B 1ieii yac 3Ha-
XOJQUBCS MOOJIN3Y CBOT'O TIEPUTEJIIIO O BiIHOIIEHHIO 0 Cupiyca A 1 TOMY MU 3y[TUHUMOCH
Ha BizcTaHi ¢l = 5,5 A.O. k1o nopiBHITH PUCYHKH 6.1 1 6.2, TO MOKHA BCTAHOBUTH, 1110
70 MM Ha pucyHky 6.1 Binmosimae mpuodiauzHo 29 A.O. Ha pucyHky 6.2. Tomi, ckiaBiu
MPOTOPIIII0, MOYKHA BU3HAYUTH CKUTBKH MUTIMETPIB BiamnoBigae 5,5 A.O., TOOTO BUBHAUUTH
cl B mimmerpax: ¢l = (70-5,5) / 29 = 13,3 (Mmm). Mu 3ynunuiuck Ha nudpi 5,5 A.O. me 1
TOMY, 1110 caMe 3a Takoro 3HaueHHs BijacTaHb FOmiTepa C Bix Cupiyca A 'y 1888 porii obu-
Ba Hallll pIBHSIHHS MAlOTh PIIlIEHHs, sIK1 1al0Th ogqHakoBl macu Cupiyca B. IlapameTrpu a2,
b21c2 ms 1888 poky BU3HAUAEMO MO TiMl ke MeToaull. J1o BIAXMIIEHHS BIICTAaHb MIXK 31pKa-
MU cknagana 39,6 — 0,6 = 39 (mm). Cupiyc A 3my1ieHuit OyB BIICTYIIMTHU BiJI IISHTPY Mac,
aJie Ha GLTBIIY BiICTAaHb TOMY, IO PO3IIOLT MAC CTAB He Ha iforo kopucTb. Moro Bincranp
BIJI IICHTPY Mac 31poK a2 Mcisl BIAXWJIEHHs ckiaaana 8,5 + 0,6 = 9,1 (MM) 1 BIATIOBIHO
Bijictanb Cupiyca B Big neHTpy mac b2 cknangana 37,5 — 9,1 = 28,4 (mm). Il{oxo BijacraHi
FOmitepa C Big Cupiyca A, To BoHa ckianana npuoiausHo 8 A.O. Kpyrosa op6ita mana 6
paniyc 7,6 A.O., BpaxoByrouu 110 y 1888 pori nmeperun opoitu FOmitepa C 3 Biccro, sika
3'eTHAE 31PKM BIAOYBCS MOOIM3Y MEPETHUHY IIbOTO XK €JIirca Moro Majior Bicclo. MoxkHa 3
IIUM TIOTOJIMTHCHh. MOKHA 3amycaTy MpoIopilito, 3Baku ¢2 = (39,6-8) /18,6 = 17,0 (Mmm).
BuszHauuBiy BCi BicTaHl, MOXHaA 3HaWTH 3HaueHHs: Mac Cupiyca B 1 FOmtepa C. Maca
Cupiyca A nopisnioe 4,74-10° kr. Kpim Toro sinomo, mo M, + M, = 1,66-10% kr, 3Biaku
M, = 1,66:10* — MB.

Toni piBHSHHS pIBHOBAru BITHOCHO HIEHTPY Mac 31pok i1t 1877 1 1888 pokis micis rpasi-
TauiifHoro BiaxuieHHss CUpiyciB BIAMOBIIHO HaAOyBa€ BUTJISTY:

M,-a, + 1,66-10*c = M (b, +¢))
M,-a,—1,66-10"-c,= M (b, +c)

3BIIKH
Iy M, -al+1,66-10°-cl M, -a2-1,66-10"-c2
v bl + cl - b2+ 2 -
4,74 .10 -14,8+1,66-10° - 13,3  4,74-10" -9,1-1,66-10" -17,7 2
= = ~131-10" ke
57,2+133 284 +17,0
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BinmosigHo maca FOmitepa C nopiBHIOE:
1,66-10*° — 1,31-10%° = 0,35-10%° (xr)

SIKI110 MM TTOUHEMO 3MIHIOBATH CITIBBITHOIIIEHHS Mac 31pOK, TO OJpa3y IMMOYHETHCS po30a-
JIAHC 1 PIBHSIHHS ITIOYHYTh JIaBaTH pi3HI 3HaueHHs1 mac Cupiyca B 1 FOmitepa C. Tpeba 3ymnu-
HUTHCS Ha Takux nudpax: cmspigHomeHHss Cupiyca B 1 Cupiyca A 1:3,6, maca Cupiyca B
ckiagae npuom3Ho 1,31-10%°. Mu He cTaBUIIM 3a METY 3HANTH ayke TouHO Macu Cupiyca B
1 FOmitepa C. J1s 1bOro MOTPiOHO 3pOOUTH MOAIOHI PO3PAaXyHKH IIIE I KUTbKOX ITOJIO-
eHb Cupiyca B Ha cBoilt op06iTi. 1o TOro X TOYHICTH HAIIIMX BUMIPIB OyJjia He HA HAWBUIIIO-
My piBHI 1 caMi nojoxkeHHs1 Cupiyca B HeTouHO BimoOpakaroTh HAWOUIBIII BIAXUICHHS.
Aute 1ie aificHo mokasye, mo FOmitep C mae macy Big 0,3-10% mo 0,4-10% kr.

Busznauennst macu FOmitepa C 1 Cupiyca B gae 3Mory 3HaliTH BeJIMKY ITBBICH OpOITH
FOmitepa C, a Takox BuzHauuTu opoitu pyxiB Cupiyca A 1 Cupiyca B HaBKOJI0 iX 3arajib-
HOro 1eHTPpY Mac. Benuka miBBick opOitu ooepranns FOmnitepa C HaBkosio Cupiyca A BU-
3HAYMMO MO BijioMiit hopmymi:

2

M,+M, (R)(T

M R T)”°

C 3

ne M, —maca Cupiyca A, Kr;

M, —maca FOmirepa C, kr;

M~ maca Comri, Kr;

R — Benuka niBBich op6iTu FOmitepa C, A.O.;

T — nepion odepranns FOmitepa C nHaBkoso Cupiyca A, poku; T = 13,6 poky;
R, — paniyc opbitu 3emii, A.O.;

T,— nepion ob6epranns 3emil HaBKo10 COHIIS, POKH.

Tomi

3 2
R=: (M“Mfo)'(R;) T _ 3470 =784.0.
M, (T

3

Benuka Bick FOmitepa C nopiHioe 15,6 A.O. [lepuremniitnuii paaiyc ckiiagae npubIM3HO
5,5 A.O. o mudpy Mu TeX oJiepKaad 3aBASKU PIBHSIHHSM PIBHOBATH BITHOCHO IIEHTPY
Mac 3ipok y 1877 1 1888 pokax. Ademitnuii paaiyc gopiBHtoe 10,1 A.O. ExciieHTpucuter
npu6an3Ho 0,3. po3mip manoi oci 7,4 A.O.

Tenep aUIIMIIOCS BU3HAYUTH T10J105keHHs Ha opOiTi FOmiTepa Cy 2003 pori. Buxoasuu 3
TOTO, 110 Mepioj Horo obepTaHHs ckiaaae npuoan3Ho 13,612 poku, MokHA 3pOOUTH BU-
CHOBOK, 1110, mounHarouu 3 1866 poky, FOmitep C 3po6uB 10 moBHux 06epTiB HaBKOJIO CH-
piyca A. 3a ueit yac Cupiyc B 3po6uB OuibIiie TBOX MOBHUX 0OEPTIB 1 OMMHUBCS HA CAMOMY
BEPXYy CBOET OpOITU IKpa3 OUISI TOUKHM MEPETUHY Maiolo Biccto Horo opoitu. FOmitep C B
1LIeH yac TeK 3HaXOIUThCS OIS IEPETUHY CBOET OpOITH MaJIOIO BICCIO, ajIe BXKE MUHYB TOUKY
MIEpEeTUHY 1 ITI0YaB PyXaTUCh /10 cBoTO aderiro. 3apas FOmitep C 3HaXoauThCs HA TIN AUISH-
111 CBO€ET OPOITH, KA OCBITIIOETHCSI CUpiycoMm A, 3 TOTO OOKY, SIKMI TOBEPHYTUM 10 CITIOCTE-
pirauis 13 3emuti. Tomy Moo FOmitep C MOKHA TOMITUTHU B JTyKe TTOTYXKHI T€JIECKOITH.
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SIK110 11e He BAACTHCS, TO IFO BEJIMYE3HY IUIAHETY MOYKHA 3HANTH MUITIXOM BUKOPHUCTAHHS
Metoa0M NTOKpUTTs FOmitepom C 1HIIMX 31pOK, Ha (hOHI IKUX BIH PyXa€ThCs MO CBOiM opOi-
T1. Lle Oyno 6 cnpasxkHiM TpiymdoMm Harroi Teopii. Ha pucyHky 6.5 300pakeHO ysIBIEHY
op6ity FOmitepa C mo BigHomeHHto 10 Cupiyca A. CripaBkHIN eiric 1i€i opoiTH, SIKUi
300pakeHO Ha PUCYHKY 6.5, pO3TaIIOBAaHMI ITiJT TAKUM e KyTOM JUIsl CriocTepiraya sk i
op6ita Cupiyca B. Tak caMmo ysiBJIeHa BICh IIbOT'O €JIIIICa He CITIBIAJIa€ 3 CIIPABKHbOIO BEJIU-
K010 Biccro, a Cupiyc A 3HaXOAUTHCS He B (POKYCI YABJICHOTO eJlirnca. BHaciiok Toro, 1o
op6ita FOmTtepa C mae 3HaUHO MEHIITNM €KCIIEHTPUCUTET, BIAXUIEHHS Bi1 (hokyca Cupiyca
A 3HA4YHO MEHIIII.

IIo crocyeThest opOIT pyxy Cupiyca A 1 Cupiyca B HaBko10 3arajbHOro IEHTPY Mac, TO
BI/INOBITHO CHIBBIAHOIIEHHIO Mac 31pOK MOKHA BU3HAUMTH MapaMmeTpu ux opoit. s
Cupiyca A: nepuremniiauii paaiyc ckiaaae 8 A.O. : 4,6 = 1,74 A.O., ademitauii — 32 A.O. :
4,6 — 7 A.O., po3mip Benukoi mBocl = 4,37 A.O., ekcuieHtpucuret — 0,6, ToMy 1110 00UIBA
enincy nmoioHi emirnca opoitu pyxy Cupiyca B HaBkono Cupiyca A, po3mip Maioi miBoci
3,5 A.O. J1na Cupiyca B BianmoBijiHO: nepureaiiHuii paaiyc ckiamaae 6,26 A.O., ademiiinuit
— 25 A.O, po3mip Benukoi miBoci — 15,63 A.O., ekcuenTpucutet 0,6, po3mip Majoli mBoci
12,5 A.O. i opbiTu 306pakeHo Ha pUCYHKY 6.6. OpOITH ITOKA3aHO ITiJT TPSIMUM KyTOM IS
criocrepirayva.

Pucynok 6.5 — Op6itu Cupiyca A 1 Cupiyca B BimHocHO nieHTpy Mac. IIBuakicTs B ade-
mii BianoBigHo Cupiyca A — 1,3 km/c, Cupiyca B — 4,7 km/c.

B nepuremnii Cupiyca A — 5,2 km/c, Cupiyca B — 18,8 km/c. Op6iTu 3006pakeHo i mpsi-
MHUM KYTOM JIO CIIocTepiraya.
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Pucynok 6.6 — Op6itu Cupiyca B 1 FOmitepa C no BimHomenHro 10 Cupiyca A. Benuka
BICh ysiBJIeHOTO ejtirca opoitu FOmitepa C B KyTOBUX OJMHUIX CKIIaga€ MpUOInU3Ho 5,7" ,
a Maja BICh BIIMOBIIHO mpuOau3Ho 4,2". Bijgcrans neHTpy ysaBieHoro eninca FOmitepa C
BT Cupiyca A ckinaaae nipubnusso 0,75 ".

A Terep moBepHEMOCH /10 Mi(piB. Y HApO1y, IKUI IIPOKUBAE HA TEPUTOPII AepKaBu Mai
1 3BeThCS JOTOHAMM, ICHYIOTh Mihu ITpo TpH 3ipkH, 1Bi 3 skux 1e Cupiyc A 1 Cupiyc B, a
TPeTsl TaKoXK obepTaeTbcss HaBKoJIo Cupiyca A. BoHa mae 3HayHO OUTBINIUN PO3MIp HIXK
Cupiyc B, arne i Mmaca B 4 pa3u MeHIIIe HiX Maca 11i€i 31pku. Lle moBHICTIO criiBnaiae 3 HaIIK-
MU pO3pPaXyHKaMH 1 MIATBEP/IXKYE, 1110 B HEAJIEKOMY MUHYJIOMY Hallly 3¢MJIIO BIIBIyBaIu
aCTPOHABTH 3 1HIIUX 31poK. Jloronu HazuBaroTh mianetry FOmitep C 3ipkoro. AJjie Bl yacy
repeaayi iHGopMmaliii 1 10 HAIIOTO Yacy MUHYJIO JACKUIbKA TUCSIY POKIB 1 TOMY TYT HIYOT'O
JuBHOTO HeMa. HixTo 1HIIMI, KpiM acTPOHABTIB, TaKy 1H(GOPMAIIiI0 He 3MII OU HAJIaTH J10-
roHam. € 11e o/iHa YK€ BaXXJIMBa JI€Tallb, IKA OCTATOYHO 3HIMA€ BCl CyMHIBH 3 BI3UTIB
acTpoHaBTiB. JloroHu cBIATKYIOTh JieHb Cupiyca A depe3 KoxkH1 60 pOKIB 1 BBAXKAIOTh IO
uudpy nepiogom obepranHs Cupiyca B HaBkomo Cupiycy A. A mnepiog oOepTaHHS LUX
3ipok cknajae 3apa3 S0 pokiB. Homy Taka pizHuis? Bee myxe nmpocto. ACTpOHABTH 3aIH-
MM 31ipKoBy cucteMy Cupiyca He3a10Bro J10 cnaiiaxy Cupiyca B. Ha Toit yac, konu act-
poHaBTH OYJIU 11Ie Ha OJIHIM 3 I1aHeT cuctemu Cupiyca, nepioj1 o0epTaHHs 31pOK HABKOJIO
3arajibHOro 1eHTpy Mac ckiaaaB 60 pokis. Ilicns cnanaxy Cupiyca B BiH BTpaTtuB 6-8%
CBOE€I MacH, 1 epio 00epTaHHS 31POK CTaB JOpiBHIOBATHU S0 pOKIB BHACIIIOK e(PEeKTy CTH-
CHEHHS, SIKMI MM B)Ke pO3TJIsiaind B po3auIi mpo 3ipku. besymoBHo Cupiyc A Tex 3poOuB
HeBeNnMMKui Kpok HazycTpiu Cupiyca B. Takum ymHOM JOTOHCHKI Mipy JO3BOJISIIOTH HAM
663HOC€pe,Z[HLO MPOCIIAKYBATHU, SIK BIIOYBA€THCSI CTUCHEHHS TAJIAKTUK HAa MPUKIAl IBOX
3ipok. B Toii e yac Tpeba He 3a0yBaTH, 110 0OU/BI 3ipKH Mmicys crianaxy Cupiyca B 3pobu-
JIM KPOK JI0 HEHTPY IaIaKTHKH. Ix mo/BiitHa 30psHA cHCTeMa TepeiiIiia Ha HIKIy opoiTy
10 BIIHOIIEHHIO JI0 LIEHTPY rajiakTuku. Lleit kpok OyB 3HAUHO MEHIIUN TOMY, IO Macy
BUKHHYTOI PEUOBUHU 3a MEXI1 ITOJIBIHHOI 30PSHOI CUCTEMHU Tpebda BITHOCUTH 10 BCIEI Macu
cucTteMHu. A 11e 1acTh Jayke HeBeukuil BicoTok. Cnanax Cupiyca A MaB 3HAYHO OLTBIITUINA
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edeKT B LIbOMY HanpsIMKY. Jloka3 BI3UTY aCTPOHABTIB ITOBUHEH JOAABATH HAM ONITUMI3MY
TOMY, 110 Y MalOyTHLOMY 1 Hallla IUBUTI3AIlS 3MOXKE I10JI0JIATH BIJICTAHb MIXK 31pKaMH,
3HAWTHU HOBI JKepesa eHeprii 1 T.J1. 30UTbIIeHHS BUKUIIB pedoBUHU HammmM COHIIeM Ha
op0iTu 132 Mexi COHSUHOI CUCTEMU MTPUMYCUTD JIFOAEH 3aJIMIIINTH HAIILY KPACYHIO 3€MITIO.

A tenep cnpoOyeMo oOTpyHTYBATU MOXKIIUBICTD IMPUILOTY aCTPOHABTIB caMe 3 31pKOBOI
cuctemu Cupiyca. Tak, 3apa3 )KUTTS B 3eMHOMY BUTJISA/II HE MOKJIMBE Ha KOHIN 3 TUIAHET
noiBifiHO1 cuctemu Cupiyca. Cupiyc A BUIIPOMIHIOE eHeprii mprubim3Ho y 20 pa3iB OLIbIie
HiK Hatne Conue. Ta 1 Cupiyc B e ropsuimumii Hixk Cupiyc A, Xxou Mae HabaraTo MeHIIy
Macy 1 TOMy BUITPOMIHIOE 3HA4YHO MeHIle Hixk Cupiyc A. Alte Mu cripoOyeMo HaMaTlOBaTH
KapTUHY, sIKa iCHyBaJia B cucteMi Cupiyca no cnajiaxy Cupiyca B, TOOTO JecaTku TUCSY
pokiB ToMy. 15 IbOro HaM Tpeda MOBEPHYTHCS 111€ HA MUIbSIP POKIB Ha3al. B 1eit uac
Cupiyc B MaB TBep/ly KOpY 1 HABKOJIO HBOTO OOEpTANIUCS TJIAaHETH 3eMHOI rpynu. OmHa 3
HUX 32 yMOBaMU 00OB'sI3K0BO OyJjia cxoska Ha Harry 3emitro. Lle BuTikae 13 3aKoHy po3Imoii-
JIy 32 MacaMM BUKUHYTOI Ha OpOITH pe4OoBUHMU. | TyT MU TOBUHHI 3BepHYTHU yBary Ha Cupiyc
A. Ha Toif vac MuHYyJI0 OJIM3bKO TPbOX MUIBSPAIB POKIB Imicis Horo cnajiaxy. HaBkoio
HBOT'O TEXK OOEPTAIUCS TJIAHETU 3eMHOI I'PYITH, K1 HaJIe)KaJIu 1l 3ipii, a Takox FOmitep
C, 1, MOXJIMBO, III€ JIEKIJIbKA Ta30BUX IutaHeT. [lmaneram, siki obepTranucs HaBkoyio Cupiy-
ca A, OyJio ay’ke rapside 1 Mpo BUHUKHEHHS )KUTTS Ha HUX HE MOTIJI0 OYTH 1 MOBH. AJIe SIKIIIO
B3SITH J0 YBaru BIJICTAHb MIX 31pKaMH, sika MOCTIHHO 3MiHIOEThCs Big 8 A.O. 10 32 A.0., a
Ha Tol vac i uudpu O6ymu e Byl — npuoan3Ho 9-10 A.O. ta 34 A.O., To Ha TJIaHETI, sKa
oOepranacst HaBkoJio Cupiyca B, ckitaiucst yMOBU 3a SIKUX MOXJIMBE BUHUKHEHHS KUTTS,
SIK€ TIOCTYIOBO MPOMIILIO TAKY K camMy €BOJIIOIIIIO, sIK 1 Ha 3emuIl. TUlbK1 HOro BUHUKHEHHS
B110YJ10CS Ha JIECATKH, a MOYKJIMBO, 1 HA COTHI MIJIBMOHIB POKIB paHillie Hixk Ha 3emJl. O06i-
rpiBaHHS 1II€]1 TUIAHETH, Ky MM Ha3BeMo 3emutst Cupiyca B a6o 3emis C, 3a cBoiM Temriepa-
TYPHHUM PeXUMOM Harajayajio ooirpiBanHs CoHiiem Haioi 3emuti. L manera obepraers-
cs1 HaBkouto Cupiyca B Ha Bincrani mpu6mmsao 100 MiH. kM. 11 Maca, sIka HAKOITHYyBaIACh
B PE3yJIbTaTi JIBOX IEPIOJIIB BUKUIIB peuyoBUHU Ha opOiTu CupiycoM B 1 fioro mepioro
criajiaxy, HaOau3uIacs 10 MacH Haioi 3emuti. o Toro x 11e oanacs 4acTiHA PEUOBUHU
Cupiyca A y BUTJIs/I1 30Ty 1 BYTJIELIO B pe3yJIbTaTl )KUTTEMIsIIbHOCTI Cupiyca A.

[TocTynoBo eBoIIOLIisl CTBOPHUIIA PO3YMHY JTIOJUHY MpuOIu3HO Ha 100 THC. pOKiB paHiliie
HDK Ha Hamni 3emit. MoxiuBo, 3a GI3UYHUMU JaHUMU Jiroau Cupiyca mocTyIanucs 3eM-
nsHaM. Lle Bu3Hauvana maca ruianetu 3emis C.

ITocTtynoBo TemriepaTtypa MoBepxHi MPOTOHOBOI 06010HKM Cupiyca A 3MeHIIyBaIach,
aJjie OJJHOYACHO 301TbIIIYBasIaCh IUIOIIA ii TOBEPXHI, 1 TOMY KaTacTpO(pIUHUX 3MIH y KJIIMaTI
raHeTu 3emitst C He BigOyBanocs. «JIroichka» luBLII3allisa HabyBaia CUId, BUHAKUIIIA 10-
JIATKOBI JKepesia eHeprii, HaBuuiacs OyyBaTu MK30psiHI Kopao:i. ITocTynmoBo mpuitiiio
PO3yMIHHS CYT1 IMKIIIYHOT'O ICHYBaHHSI FAJIAKTHK 1 31pok. Cupiyc B, sikuii MaB TBepay KOpy
npu6an3HO 8-10 THC. KM B AlaMeTpl, CTaB 00'€eKTOM Oe3IMocepeTHLOTo criocTepeskeHHs . 11i-
KaBa JIeTajlb: KOJIM ITiJ1 yac cBoro obepranuHs HaBkoyio Cupiyca B 3emis C 3Haxoamnach
MDK 31pKaMHM, TO Ha il HiuHOMY HeO1 csissB Cupiyc B, sikuii ocBitimoBaBcs Cupiycom A. s
3ipouka BUTJIsIaj1a Maiixke Tak, Sk Hail Mapc Ha HiuHoMmy Heb1 3emuti. CrioctepekeHHs 3a
Cupiycom B Bu3zHauaim mocTynoBe 3HUKEHHS TEMIIEPATypU HOTr0 30BHIIIHBOI MTOBEPXHI
Kopu. Ase koau npubsin3Ho 10 TUC. pOKIB TOMY 11€ 3HMKEHHS M0YaJIo rajibMyBaTHUCh, a,
MOJKIIMBO, B)K€ MOYABCS PO3IrpiB KOPH, IUBLII3ALIS 3a0mia Ha crioioX. bymo BupiieHo
3aJIUIIUTHU IUTaHeTy. JKOBTUIM KOJIIp MPOTOHOBOI 00010HKU Hattoro CoHIlsg 00IIsB 3yCTpi-
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TH Ha I 31pIl COPUSTINBI YMOBU s )KUTTS. Jltoqu 3 Cupiyca He momuauiucs. Yepes
HEBEMKHUI TTpoMikok yacy Cupiyc B cnanaxayB. MOXIMBO sIKach YacTHHA JItO/IeH Ha 1H-
IIUX KOpabJIsiX BUJIETLIA HA IHII 31pKH, MOXKIIMBO, XTOCh He TTOBIpUB y cniaax Cupiyca B i
3arvuHyB, 3aJIMIIUBIIKCH Ha TU1aHeTi. Ha 1ie Bxke BiamoBial Hema. HecrmpocToBHI JOKa3U Bi-
3UTY Ha 3eMJTIO JIFo/Iei 3 cructeMu Cupiyca OCTaTOYHO 3HIMAIOTh BCl MTUTAHHS 11010 €BOJIIO-
niiiHoro BueHHs Yapib3a Jlapsina. [eski pocinHM, SKi He MAIOTh TeHETHYHHX ITOTIEPETHU-
KiB Ha 3emuti, mpocTo Oynu 3aBe3eH1 3 Cupiyca. [Tpuban3Ho 3a TakuM crieHapieM BiOyBa-
€ThCSI POPMYBAHHSI IJIAHET B YCIX MOJIBIMHUX 30pSIHUX cucTeMax. Takok BaKJIUBUM € CITiB-
BITHOIIIEHHSI Mac 000X 31POK CUCTEMU TOMY, 1110 11€ BUBHAYAE JOBTOTPUBAIICTD iX ITUKJIIB 1
MacHITaOu BIUIMBIB OJIHA HA OJHY Ii4ac MPOXO/KEHHS CBOiX LIUKIIIB. I camo coboro ayxke
BAKJIMBE 3HAUEHHSI MA€ BIJICTAHb MK 31pPKaMU.

Komenmap aemopa

"Yepuiriscebki Bizomocti" Big 28.09.2005 poky:

JIIOACBKA TTIJIAHETA - CIPIVC

DpaHIy3bKi BUeHI 0Ch yke 30 pOKIB ITOCIIIKYIOTh XUTTS appukaHchbKuX moroHiB (PecrryOmika Maim).
1o x He nae criokoro ¢ppaHiry3am? BUSBISETHCS, JOTOHU, SIKI HE MAIOTh HABITh BIIACHOI ITMCEMHOCTI, TIpe-
KpacHO 1HGOPMOBaHI IIpo OJIMIKHIN 1 HaIIaIEKU KOCMOC, BOHM TOYHO 3HAIOTh IapaMeTpu 3ipku Cupiyc.
CBOI0 aCTPOHOMIUHY ITOIH(POPMOBAHICTh MICIIEBI JKEPIIi ITOSICHIOIOTh THUM, IO IXHI IIPEAKU KOJIMCh IIepece-
mrcs Ha 3emiro. Homy? Tomy 1o HacenenHro Cipiyca 3arpoxyBaB BuOyx. Toji i Oyita po3nodaTta Mix-
30psiHA emirpatis i3 cy3ip's Benukoro Ilca Ha 3emiro. JIoroHchki Mihy TOBOPSITH PO ASKUIbKa KOCMIYHUX
rojioposxeii. Ha crapogaBHiX MallFoHKax 300pakeHui "KoBUer", y IKoMy IIpUOYIIbIII CITYCTUIIACS Ha 3eMITIO
1 IPUBE3IIH 13 COO0X0 BCe HEOOXIAHE TS )KUTTS HAa Uy KIN IUTaHETI.

I'azera "UepHniriBchbki BiioMocTi' onyoJikyBaJjia Bizommii pakT npo kocMiuHi 3HAHHS J10-
TOHIB i po Te, MmO iXHi npauypu npujietizim 3 Cupiyca, ToMy 1110 iM 3arpoKyBaB BUOYX 3ip-
ku. Pe3yibTaTn Teopii, ika BUKJIaJleHA Y KHU3i, HIOBHICTIO MiITBEP/ZKYOTH Bi/IOMOCTi, OTpHU-
MaHi Bia 1oroHiB. I e qoka3ye npaBauBicTb iXHbOI iHhopmallii, i Te, 110 cipaBii iXHI npanry-
pu npuJjietisiu 3 cy3ip's Besmkoro Ilca, TooTo Cupiyca.

3akJ/r0uHa 4yacTuHA

AOCOIIOTHO BCE MI3HATH B OTOYYIOUOMY HAC CBITI JIFOJIMHA HE B 3MO31. Ajie MM OyaemMo
IIACIIMBI, SKIIIO HAM BIAJIOCS 3pOOUTH 11I€ OJIMH KPOK B I[bOMY HAMPSMKY. MOXJIUBO JIeSK1
JleTajil BUKJIAJIGHOT'O MaTepiajly MoTpeOyoTh YTOUHEHHS. AJle 6e3nepedHo, 1151 poOoTa MOB-
HICTIO 3MIHIOE HaIlle YsSIBJIEHHsI Tpo BcecBiT, sikuii 1MCHO JIl€ SIK )KUBHUIH opraHi3M. Bukim-
Ka€ 3aXOIUICHHS TapMOHINHICTh B3a€EMO/III BCIX MEXaHI3MIB, SIK1 3a0€3MeUyI0Th HOTro disjib-
HicTh. [Ipunymenns actpodizuka HIBapiimmiabaa 11010 MOXKINBOCTI CTUCHEHHS 31POK 10
PO3MIpIB, 32 SIKUX BOHU CTAlOTh YOPHUMH JAIPKaMHU, Mailke Ha CTO POKIB 3aTPUMajIo pO3BU-
TOK acTpodiznuHoi Hayku. Haroro po6oToro qoka3aHo, Mo HIYoro Mo/ 1I0HOTro He Bi0yBa-
eTbcsl. LIIUThHICTE HEUTPOHHOI 31PKM HAWBHIIA 1 HE MOXKE CTATH I1ie OuTbIo. HellTponHa
Iia3Ma BUTPUMYE 31pKOBi crianaxu 3 eHeprieio 10% — 104 Ix. I TUTbKK CTUCHEHHS HEHTPOH-
HOI IUTa3MU B 00J1aCT1 CTUCHEHHS TAJITAKTUKY BeJIe J10 ii MepeTBOPEHHSI HA XBUJTI HAJIBUCOKHX
eHepriid. Tak camo Jlapcon y 1969 poiii 3MoenoBaB Ha KOMITHOTEPl YTBOPEHHS ITPOTO31-
POK 3 MDK30PSIHOTO ra3y 1 Ty, He BpaxXyBaBIlIU HA/UTUIIIKOBUN MO3UTUBHUHN 3aPsijl IPOTO-
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HIB, SIKMX B I[1li pe4OBHHI OUTBIIIE HIK €JIEeKTPOHIB. SIcHaA piy, y TAKOMY BUITAAKY HISIKOI ITPO-
TO3IPKU BUHUKHYTHU He Moke. EHeprist cuHTe3y 31pku ga€e Bcboro 1% eHeprii, iky BOHA BU-
Tpayae. AJle BCl TUTAHETH 1 KUTTSI BUHUKAIOTh TUIBKHU 3 CUHTE€30BaHUX aTOMiB. OCHOBHOIO
(dbopMor0 ICHYBaHHS MaTepii € HEUTPOHHA IJ1a3Ma, a BCl 1HII (hopMU MaTepli CKJIa1at0Th BiJl
JIEKIJIBKOX BIJICOTKIB JIO JIEKIIBKOX JAECSATKIB BIICOTKIB B1JI 3arajbHOI Macu MaTepii.

V CBITJII Cy4yacHUX ySIBJIEHb IMOBIPHICTh BUHUKHEHHS )KUTTS y BcecBiTl ayske Masa 1 cKiia-
nae npuonusno 1/10%°, TounicTs wiei udpu 0coOIUBOTO 3HAYEHHS He Mae. BoHa Bigoopa-
’KA€ CydyacHE TPAKTYBaHHS 1IbOIO MUTAHHS. AJie HASIBHICTh B MUHYJIOMY >XKUTTsI Ha Cupiyci,
PO SIKE MIIIIOCS B POOOTI, BXKE MOBUHHE HAC HACTOPOXKUTH. AJKe Ha MEePIii HanOIKU1i
31pIIl TeX OYyJIO XKUTTSA. YMOBHU (popMyBaHHS Ta icHyBaHHs cynyTHuUKa FOmitepa 'aniMena
OCTATOYHO CTABJISITh BCl Kpalku Haf "1". MeTeopuT, SKuii MiCTUB B COO1 BOTy, KMCEHb, (DO-
chop, moTpanus Ha opbiTy FOmiTepa 3pa3zy x micis cnajaxy CoHlis, 1 Ha IIbOMY METEOPUTI
royasa ociiaTu pedoBuHa 3 opoitu FOmTepa, popMyroun JaHIIOrd BYyTjIeBOIHEBUX 1 a30-
TOCIOJIYK Ha OCHOB1 OCH30JIbHUX K1JIeIb, B TOMY YMCII 1 aJIeHIH, KUK € TIePIIOIO JIITEPOIO
TEHETUYHOI'O KOJy. AJle ) mopsii KuceHb, ¢pocdop 1 rotosi rpynu OH 1 € moTpiOHI yMOBU
J71s1 QOPMYBaAHHS IHIITUX JIITEp KOAY. AJIKe B 11l yac B HASIBHOCTI JTy>K€ BUCOKA TeMIIepaTy-
pa, sIKa MOCTYMOBO 3HWKYETHCS, 1 TUCK, IKUM TTOCTYOBO 3HMXKYETHCS, 1T Yac POPMYBaHHS
cynmyTHHMKA. J1o TOTO % TakKi )X cami yMOBHM BUHUKAIOTh M1/ Yac yJaapy METEOpUTa B TaKU
CYNyTHUK sIK ["aHIMe/ 1 HaBiTh B CYIIyTHMKH 1 aCT€pOIIH, SIKl 30BCIM HE MAIOTh B CBOEMY
CKJ1aJil BOJU, KMCHIO 1 pocdopy. Ti peyoBUHU TOTPAIUISIOTH Y CYITYTHUK Y1 aCTE€POiJ1 pa3oM
3 METEOPUTOM, SIKUUA MICTUTH B COOI1 111 KOMIIOHEHTH. TakKUM YMHOM, YMOBU BUHUKHEHHS
naniroriB PHK 1 JIHK ny6mroroThcst 3 1BOX OOKIB 1 UMOBIPHICTh BUHUKHEHHS )KUTTS TIepe-
TBOPIOETHCSI HA MaiiKe CTOBIZICOTKOBY ITO/IIF0 B KOXKHIM 30psHIN cUCTeMI rajakTUKU. [ToTim
11 HYKJIETHOB1 KUCJIOTH 3 Ta30BUMU KOMETaMM MOTPAIUISIOTh Ha 1HII T1aHeTu. Ha rmane-
Tax, Jie MOCTYIIOBO CKJIAJIAI0ThCSl CIPUSTINBI YMOBH JJIs1 ICHYBaHHSI )KUTTS, BOHO pO3BHBA-
€THCSI 1 MUHAE €BOJTIOLIIO, BEPIIUHOIO SIKO1 € JTI0AUHA. [lasl )KUTTS MOKe MOIIMPIOBATUCH HA
1HIII 30PSIHI CUCTEMH Pa30M 3 Fa30BHMMHU 1 BOJSTHUMU KOMETaMU, 3HOBY JyOJIIOIOUM HOTO
BUHUKHEHHSI.

Ha Mapci Tex moyaio po3BUBATHUCS KUTTsI, KOJIW TaM OyJIM BIJIIOBIHI YMOBH, ajie Aajl
OaxTepiajJbHOTO PIBHS BOHO HE MIIUIO TOMY, 1110 YMOBH ICHYBAHHS KUTTS IIOCTYIIOBO 3HU-
KJIM Ha Ii# 11aHeTi. MaeTbes Ha yBa3l IOCTATHS KUIBKICTh BOJIM, TEMIIEPATYPHUHN PEXKUM 1
T.J1. Buxojsuu 3 TOro, 1o Ha BCIX 31pKax IIC/IS 3aBEPIICHHS MEPIIOro HUKITY 3'SBIISIOThCS
Maibke Taki caMi riaHeTH, sk y COHSIUHINA CUCTeM1, MOYKHA CTBEPJIKYBATH, 1110 Y BIATIOBI/I-
HUM TIEp10/T B KOXKHIN 30PsIHIN CUCTEMI HEOIMIHHO BUHUKAE JKUTTS.

JI1oACTBY paHO YM Mi3HO TOBEACTHCS IyMaTH PO Te, K 3AJIUIINTH HAIITy COHSTYHY CUCTE-
MY B 3B'SI3KY 3 HAOJIMKEHHSIM MEPioy BUKHUIIB peduoBUH 3 HaJip COHIlS B HEOE3IeUHIM KiJb-
KOCTI JUIs )KUTTS. B po3nopsikeHH1 JIIOICTBA € ASCSITKU TUCSY POKIB, &, MOYKJIMBO, 1 MEHIIIE.
Hama Teopist gae BIiAmoBiib Maiike Ha BCl MUTAHHS, SIK1 TypOYIOTh Cy4acHY acTpoQi3uKYy.
Hema Hisikoi moTpebu BUTpauaTy BeJIMUe3HI KOIITH Ha Te, 00 Mi3HATH B)KE BIJIOMI peul.
JloctaTHbo 3HaiTH 00'ekTH, Taki K FOmitep C, 1006 nepekoHaTUCs B MPaBUILHOCTI TEOPIi.
CBoi pecypcu JI10/ICTBO TOBUHHO HAITPABUTH Ha MOIITYKU HOBUX JIDKEPEN eHeprii 1 Ha 1o0y-
JIOBY MDXK3OPSIHUX KOPaOJTiB.

3aBIiTaTH B IHIITY 30PSHY CUCTEMY MOJKHA JIMIIIE TO/I1, KOJIM TeMIIepaTypa IMOBEPXHi ii 31p-
ku He nepesuiye 6000 — 7000 K°. Sximro e cucrema 1mojiBifiHa, TO Jpyra 3ipka ITIOBHHHA
MaTu TBepay kopy. Came Toal Ha ojiHiM 3 TuiaHeT No3 a6o Ne 4 BiJ1 31pKH BUHUKAIOTh CITPU-
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SITJIMB1 YMOBH JIUTSI )KUTTSI 1 3HAYHO 3MEHIIYETHCS KIJIbKICTh METEOPUTHUX OOMOap/1yBaHb.
IHaxkIe Mibk30psiHUI KOpaOeTh 3aruHe i METEOPUTHUM JIOIIEM.

Mu xoueMo 3aBepIINTH HaIlly poOOTY CJIOBaMHU BUAATHOT'O BUEHOT'O akaaeMika BepHa-
cbkoro: "TBapi 3eMHI € TBOPIHHSM CKJIATHOT'O KOCMIYHOT'O MTPOLIeCy, HEOOX1THOO 1 3aKOHO-

MIPHOIO YACTUHOO CTPYHKOT'O KOCMIYHOTO MEXaHi3My, B IKOMY, SIK MU 3HA€EMO, HEMa BUITa /-
KoBocTel." — ['eHianpH1 Cl1oBAa.
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BuHukHeHHS | 3HUKHEHHS *KUTTS HA 3emJIi

Ha nouatky 2005 poky Haly IjiaHeTy oOJeTiia 3BICTKa Mpo Te, 10 BHOEpIe B iCTOPIi
BUBYCHHsI COHSYHOI CUCTEMU aMEPUKAHCHKUI OE3IMIIOTHUN KOCMIYHUI KOpaOellb BUSIBUB
OopraHiuyHy pe4oBuHYy Ha cynyTHUKY CaTypHa Tutani. Aje 115 BupaTHa Modist OJU3bKO Yo-
TUPHOX POKIB TOMY OyJia CIIpOrHO30BaHa B HayKOBi mpatil «KuBuii opranizm BeecBiTy».

Ha nornsn aBropa, oMy BAAIOCS PO3KPUTH MEXaHI3MHU JKUTTEAISUTLHOCTI BeecBiTy, sIKi
JIOKOPIHHO BIAPI3HSIOTHCS BiJl CYYaCHUX HAYKOBUX YSIBIICHB ITPO KOCMOC. 30BCIM HOBA Te-
opis ¢pyHKLIOHYBaHHS BeecBiTy m03BoIMIIA HOMY Nepea0aYnTy BUIIE3raJjaHy MOJIi0 1 BU-
SIBUTH SIK 1 JIc¢ BUHUKAE KUTTS Y KOXKHIN 30psiHINi cucteMi 1y COHSYHIN Y TOMY YMCIII.

V BuIe3razianiii HAyKoBii Mmpaitii 3podJieHa cripobda JOBECTH, 110 Y KOXKHIN 30psIHIN cuc-
TeMI ICHYIOTh TaKi ) I1aHeTH K 1y CoHstuHil cucteMi. | Ha Benmukux ruiaHerax tuiy FOmitepa
i CatypHa, a 0cOOIMBO Ha X CyMyTHUKAX, BAHUKAIOTH 1/1eajIbHI YMOBH I yTBOPEHHS MO-
nexyn JIHK 1 PHK, sixi ckiamaroTh OCHOBY O1JIKOBOT'O JKHUTTSI.

B cBITJI1 cyyacHMX HayYKOBHUX YSIBIIEHb IMOBIPHICTh BUHUKHEHHS KUTTS Y KOCMOCI CKJIa-
JIa€ qy’Ke MaJIeHbKE YHCI0 - 0113bK0 1/103. 3rigHo 3 Teopi€ro aBTopa CTaTTi, 151 IMOBIPHICTh
JUUTs1 KOYKHOI1 30psiHO1 cuctemu ckiaaae 100%. B it ctatTi aBTOp 3p0o0UTh Clipo0y 0OrpyH-
TYBaTH 11€ TBEPXKEHHS. 3T1HO 3 HOBOIO TEOPIEIO0 aBTOPa JoKa3aHo, 1o FOmitep 1 CaTypH i
OlTbIlIa YaCTHUHA iX CYMYTHHUKIB CKJIAJAI0THCS OUTBIIIOI YACTUHOO 3 YETBIPKH €JIEMEHTIB 11X
crionyk. Ile BoaeHb, remii, Byriensp 1 a30T. HeliTpanbsHuii rejiiii B yTBOPEHHI CITOJIYK Y4acTi
He O6epe. A TpH 1HIII eIEMEHTH YyTBOPIOIOTH BYTJIEBOIHERBI 1 A30CITOJIYKH HA OCHOB1 O€H30J1b-
HUX Kitelb. SIkio B3sTu nepiy Jitepy koay JAHK amenun, To BiH Mae Taky opmyy.
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Puc. 1. ®opmy.a ajenina

Sk 6aunmMo, 10 CKiIay aJieHIHA BXOJUTh caMe 151 TPIMIIS eIEeMEHTIB - BOJIEHb, BYIJICID 1
a30T. Marouu B JOCTATHIN KIJIbKOCTI 111 €JIEMEHTH, MOXHA MTPOTHO3yBATH YTBOPEHHS MOJIe-
KyJI1 ajieHIHa. AJie JJIs IbOoTo MOTPiOH1 BiANoBLIHI yMoBH. Lle, mepir 3a Bce, BIAMOBIIHI
temriepaTtypa 1 Tuck. HaMm HeBioMi aOCOIIOTHI 3HAYEHHS 1IUX ITapaMeTpiB, skl HEOOXI/IHI
JIIsI yTBOPEHHS aJIcHIHA, ajie 3 BeJIMKOI0 IMOBIPHICTIO MOYKHA CTBEP/KYBATH, 110 HEOOX1TH1
3HAUEHHS LIMX MapaMeTpiB gocsiraloTbes. Hampuknas, mia yac ynapy Mereopurta y TaKui
CYNyTHUK y ITUPOKOMY Jlara30Hi BIAOYBAEThCS 3MiHA TUCKY 1 TEMIIEpATYpPH B TOMY MICII],
KY/I1 BIapUB METEOpUT. ICHYe AyrKe BeIrKa IMOBIPHICTh TOT'O, 1[0 TEMIIEpATypa 1 TUCK J10-
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CATHYTh CaMe TaKOr'o 3HAYeHHs, SIKe HeOOXITHEe I YTBOPEHHS aJieHIHA - OJIHIEI 3 JITep
kony AHK 1 PHK. Taxki  3MiHN TeMrepaTypH 1 TUCKY BIIOyBatOThCs i yac popMyBaHHS
TJIAHET 11X CYIyTHUKIB.

Jle1o ckJtajiHiIIa CUTYallisl 3 YTBOPEHHSIM 1HIIMX JIITEP KOAY - TUMIHA, TyaHIHa, ypaluia,
a TAaKOXX puOO03H 1 Ae30KCUproOo3u. BisbMeMo, HANIPpUKIIAI, HIII JIITEPH TEHETUUHOTO KOIY
T'yaHiH, IIMTO3WH, TUMIH 1 ypaluI.
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Puc. 2. Jlitepu reHeTHYHOI0 KOy I'yaHiH, IMTO3UH, TUMIH Ta ypauu.I.

Sk 6aunmMo, TIepIIi JiTepyd TEHETUYHOT'O KO/Iy MaIOTh Y CBOEMY CKJIa]Ii IO OJTHOMY aTOMY
KHCHIO, 2 TUMIH 1 ypaIiu - o JBa. 3BIAKN OepeThcsl KUCEHb? ATKE MU CTBEPKYBAJIH, 1110 Y
CKJIQ/Il IUX TUIAHET 1 ISSIKUX iX CYITyTHUKIB, Ha IKUX B11I0OYBa€eThes yTBopeHHs MoJiekynn JIHK
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1 PHK, iioro Hema. Kucens npujiitae Crojid 3 METEOpPUTAMHM 1 KOMETaMHU. 3apa3 BxkKe BIJOMO,
110 OaraTo METEOPHUTIB CKIAIAETHCA 3 IBOOKUCY KPEMHIIO, a Y 0araTboX KOMET IMPUCYTHIN
BOIsTHUI TTOKpUB. I1i/1 yac 31TKHEHHS 3 TJIAHETO a00 CYNMyTHUKOM TaKUX TUT B HASIBHOCTI
OyayTh yCl HEOOX1THI KOMIIOHEHTH JIJIsI YTBOPEHHS JIITEP KOy, BKIIOUAIOUU KUCEHb. Te kK
MOJKHA CKa3aTH 1 mpo pubdo3y 1 ae3okcupo0o3y. s popMyBaHHS LIUX MOJIEKYJT Tpeba 11ie
OLIbIIIE KUCHIO, aJIe SIK MU 3’ SICYBaJIU, oro npenoctatHbo. LI{o crocyerses pochaTHux rpyr,
K1 BXOJSITh Y CKJ1a JAesikux Mosiekys JJHK, To BoHM Tex NMpUIiTatoTh 3 METEOPUTAMU.

Takum YMHOM, 3a HAasSIBHOCTI BCIX HEOOXITHUX KOMITOHEHTIB I OYIIBHUIITBA MOJIEKYJI
JAHK 1 PHK 1 MOXITMBOCTI JOCATHEHHSI PI3HUX 3HAYEHbB JIJISI OCHOBHUX ITapaMETPIB XIMIUYHUX
peaxiiiif TeMrepaTypu 1 TUCKY MOXYTh BUHUKATH 1I€JTbHI YMOBH JIJISI YTBOPEHHS IIUX MO-
nekys. Jlo Toro s HeMmae HisIKMX 3aiBUX elleMeHTIB. Ha 1yMKy aBTOpa, came 3a TaKUX YMOB
Ha cynyTHUKY CatypHa TuTtaHi yTBOpWIacs opraHiuHa peuoBUHA.

Hanani nac 6yayts mikaButu mosekyiu JJHK 1 PHK, sxi yrBopuiucs Ha CyImyTHUKaxX
FOmitepa 1 CatypHa 4u Ha CyIyTHUKAX TAKUX IUIAHET B IHIIUX 30psIHUX cucTemMax. Yomy?
Tomy 1110 opraHiuHa pedoBUHa, sika Morja yrBoputucs Ha FOmitepi abo CaTypHi, HIKOJIA
HE 3MOJK€ 3aJIUIINTH 111 IUTAHETH Yepe3 1X BeIuKy Macy. s Toro, mob cratv CynmyTHUKOM
FOmiTepa, 37eTiBIM 3 HOTO MTOBEPXHI, Tpeda HAOpaTH MIBUAKICT MPUOIU3HO 42 KM/CeK, a
1100 BIJJIETITH BiJI IUTAHETH, Tpeba HabpaTH 111e OUThITY IBUAKICTE. ToMy Mu Oy1eMO TOBO-
PUTH TUIBKH PO CYITyTHUKU X TIAHET.

VrBopeni monekynu JJHK 1 PHK udekaroTh cBOro yacy, Kojau MiCIIsi Y4eproBoro yjaapy
METeOpHUTa B TAKUI CYIIyTHUK YTBOPUTHCS ra3oBa KoMeTra. MexaHi3MHu yTBOPEHSIS METEO-
PUTIB, KOMET, CYMyTHUKIB BUCBITJICHI B 111 KHIDKIII.

Pa3om 3 razoBuMu KOMeTaMu MOJIEKYJI OLIKA MTOYMHAIOTh MAHAPYBATH MO 30PSIHIN CH-
cTeMi, poOJISTYM YOBHUKOBI PEMCH, TIOKU HE 3ITKHYTHCS 3 OJHIEIO 3 TIaHeT. Tak MOJIeKyJIu
JAHK 1 PHK noTparisitoTs Ha BCl INTAHETH 30PSIHOT CUCTEMHU 1 B TOMY UKCIII HA HAIlly 3eM-
JI10, siK1o Opatu Hairy CoHstuHy cuctemy 30kpema. [lorpamnsuas monekynu JJHK 1 PHK
Ha [UTAaHeTY HEe O3HAaYa€ IovaTok XUTTs. [To-niepite, 1711 1bOro moTpioH1 HEOOX1THI YMOBHU.
[To-gpyre, 3 TOYKU 30py XBUJIbOBOI M'€HETUKHU 1[I MOJIEKYJIM MOBUHHI MAaTH F€HETUUYHY
iH(popMariro 1mpo kuTTs. [HaKIIe BOHU MEPTBI. A OCh MO CIIPABKHBOMY KHUB1» MOJICKYJIN
OUIKa MOTPAIUISIIOTh HA IUIAHETU pa3oM 3 komeTamu Tuiy [Mamtes. L1 «kuB» MoIeKyin
Ol1Ka MICTSITBCS Y JIbOJOBOMY HOKPHUTTI ITUX KOMeT. TyT He HaeThCsl PO KOMETH, SIK1 yTBO-
puiicst 61M3bKO 4,5 MUTbSIpAa POKIB TOMY 1 SIK1 JIITAIOTh HA 3HA4YHIM BiacTaHi Big CoHIs.
Ha nmormnsin aBropa, B 111l KHIDKI HOMY BIajocsl JoKa3aTu Te, 110 kKomeTu tumy [ases
HaPOJKYIOTHCS TUTBKH Ha 3eMJIl.

B13bK0 YOTHPHOX MUIBSIP/IIB POKIB TOMY MOXKJIMBICTh YTBOPIOBATH TaKli KOMETH MaJIu
Mapc 1 Micsip. Toai Ha iXHIX MTOBEPXHSIX OyB 3HAYHUM 11ap BOAU. AJie TIOCTYITIOBO BOHH il
pO3ryOonIM BHACIIIOK IHTEHCMBHOTO OoMbOapiyBaHHsI MeTeopuTaMu. Ha morssi aBropa,
e omy Brasiocst o0rpyHtyBatu y kausi. Hlap nbony Ha komeTi ["ayuies siBiisie co0010 BOy
OJTHOTO 3 OKeaHIB 3eMJI1, 1 B TAKOMY IIapi MICTUThCS He3/IIUeHHA KUTBKICTh MIKPOOPTaHI3MiB
3 Haioro okeany. Lle cipaBi «kuB1» O1TKK. 3a meBHUX 0OcTaBUMH kKoMeTa ["asies 11 moaioH1
MOXYTh 3ajuiaTi Mex1 COHSYHOI CUCTEMH 1 CTaBaTH 300UYYIO IHIIUX 31POK, SIK1 po3Ta-
IIIOBaHI1 OJIMYKYE 710 LIHTPY TaJIaKTUKH, HIXK Hate CoHile. I, Takum Y4uHOM, MIKpOOpraHi3Mu
3 3eMJI1 MOXKYTh TOTPAIIMTH Ha TUIAHETH IHIIOI 31pKOBO1 cucteMu. Tak camo B Hatry CoHsi-
YHY CUCTEMY MOYKE 3aJIETITU KOMETa, sika HAapOAujIacs Ha TUIAHETI, sika CX0ka Ha Hally 3eM-
JI10, TOOTO 3 1HI101 31pKOoBOi cuctemu. Ak monekynu JJHK 1 PHK, sxi yrBopuiucs Ha cymy-
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tHUKax FOmitepa 1 CaTypHa, Tak 1 MIKpPOOPIraHi3MH 3 IHIIHUX 30PSHUX CUCTEM MOXYTh IO-
TPAIUIATH 1 MOTPAIUISIIOTH HA Oyab sIKy tuiaHeTy COHSYHOT cUCTeMU. AJie )KUTTS TOYMHAE
pPO3BUBATHUCS TUIBKHM TaM, Jie BUHUKAIOTh BIJIIOBIHI CIIPUSTIMBI YMOBH IS 1IbOro. Taki
YMOBHM CKJIUTUCS] TUIbKU Ha 3emili. SIK MU Bxke 3rajyBaiu, Mapc po3ryouB BOy JeKiIbKa
MUIBSIP/IIB POKIB TOMY. BOoHa Morja 3aJuImmTiCs TUIBKU y TIIMOOKHUX YpBUINAX 1 IIaXTax.
Jlo Toro x TaMm cTajio 3Ha4yHO XojoAHie. ToMmy xuTTsa Ha Mapci modanao po3BUBATHUCS 1
3aKiHUMIIOCs Ha piBHI 6akTepiit. [1lo crocyeThes Hamoro Micsiis, TO BiH HAOaraTo JIeTIIHI
HDK Mapc 1 ToMy po3ryOuB CBOIO BOJY IIl€ paHiIlle HDK OoCTaHHINA. AJjie 1 Ha Micsii MOrJjio
MOYaTHUCsl YTBOPEHHS JIesKuX OakTepiid. I Ha iHImmMX rutaHeTax COHSIHOI CUCTEMM BUCTaYa€e
moitekyn JAHK 1 PHK, siki Oyiu 3aHeceHi CIoau KOMETaMu, ajie HeMa CIPUSITIUBUX YMOB
JUTSL PO3BUTKY JKUTTS.

IMopaneire Haymi Bimomo. [lounHae gistm kocMiuHuii 3akoH Yapnbia [lapBiHa, sIKUi
CTOCYETHCS TIOXO/KEHHST BUIB 1 €BOJIIOLIIMHOTO PO3BUTKY KUTTS. MU He OyneMo 3yInuHs-
THUCS] HA pO3BUTKY XUTTS HA 3eMJIi. Lle B ocHOBHOMY BiJIoMO. 3BE€pHEMO CBOIO yBary B Maii-
oytHe. IIlo yekae Hamry 3emitro B MaitbytHbomy? B poOoTi «KuBuii opranizm BcecBiTy»
po3pobiieHa Teopisi, OCHOBY SIKO1 CKJIa1a€ IUKJIYHICTh )KUTTEAISUTLHOCTI 31POK 1 TAJIAKTUK 1
pO3paxoBaHl MapaMeTpu KOXKHOTO IUKITY. SAK 3’4CyBalioCh, B 3aJIEKHOCTI BIJl MAaCU 31pKU
TPUBAJICTH 11 UKITY ckiajae nmpuodiauzHo 10-30 mutespaiB pokiB. ToOToO 3a 11l TepMiH Ha
KOYKHIM 31p1il 3HOB MOBTOPIOIOTHCS T1 XK IO/I1i, K1 BIIOYBAJINUCS MPOTITOM IIEPIIOTO ITUKITY.
Bomnoniroun MexaHizMaMu 1 mapaMeTpaMu LHUKITY KUATTETISIIBHOCTI 31pOK, HECKJIAIHO TIe-
pendaYnTH iIXHIO MOBE/IIHKY 1 BIAMOBIIHO 3’CyBaTH iXHIH BIUITMB B MaliOyTHROMY Ha IIJIaHe-
TH. 30KpeMa, BUXOASUYN 3 HUKIIIYHOCTI )KUTTEAISIIbHOCTI COHIIS SIK 3BUYAHOI 31pKH HAIIIO1
raJlJakTUKH, MOXHa 3pOOMTH BUCHOBOK, IIIO MOCTYMOBO Hallla 3ipka Oyje cTaBaTH XO-
nojHiow. I, HaBmaku, TeMnepatypa iaHeT Oyjae miaBUIyBaTuch. TyT, 31aBajock Ou, €
npotupivyysi. CrpaBa B TOMY, IO i/l YaC MOCTYIMOBOTO 0OXo0JiokeHHsT CoHIs OyayTh
B1IOYBATHUCS €PYITUBHI CITajlaxXy HaIoi 31pku. BoHn OyayTh CynpOBOIKYBATUCH BUKHU/IA-
MM Tapsiuoi pedoBuHU 3 Hajp CoHISl HA OpOITH 1 y 30BHIIIHIA KOcMIuHMH mpocTip. Ha
opOitax Oyje craBaTu OUIbIIE 1 OLIbIIE rapsuol PpeYOBUHHU, SIKA CKIIAJAETHCS 3 €JIEMEHTIB
nepioanyHoi cucteMu. L{s rapsiua pedoBUuHa 0OyMOBUTH MIJIBUIIIEHHS TEMIIEPATYPU Ha ILJ1a-
HeTax 1 Ha 3eMJTi B TOMY 4McCITi. B Halll yac BijtoMe SIBUIIIE IT/T HA3BOIO «PO3MYyXaHHS 31pOK»,
KOJIH 1X JllaMeTpH HaueOTO 30UIbIIYIOThCS /10 TIFAHTChKUX po3MipiB. Hacmpasi 1i 31pku He
30UIBIIYIOTHCS, a LTI03110 30UTBIIIEHHS PO3MIPY 31PKU CTBOPIOE Tapsiya peuoBHHA, siKa Oyia
BUKHHYTa Ha opOiTHu 3 11 Haap. CaMe Taki IpoLIeCH, K1 BIIOYBatOThCs 1 Oy1yTh Bi1IOyBaTUCS
Ha CoHIIl, cTaIu BU3HAYaIbHUMHM Y (hOpPMYBaHHI TeMIIEpaTypHOTro pexkumy 3emiti. Bxke 3a-
pas CIIiIOM 3a JISIKUMU 3BUYaifHUMU BUKUAMU peuOBUHU 3 HaJIp COHIISI CIOCTEPITatOThCs
3HAYHO MOTY XKHIIIN BUKU/IU, SIKI OTPUMAJIN Ha3BY «KaHi0aam». 111 moTyxH1 BUKUIU OOyMO-
BJICHI ITOYATKOM CHHTE3Y cepe/HiX ejleMeHTiB Ha CoHill. OIHUM 3 HAUTIOIIUPEHIIINX TTPO-
JIYKTIB TAKOT'O CUHTE3Y € BYyTJiellb. Pa3oM 3 BojHEM, TellieM, a30TOM, KUICHEM BYTJIEIb JOCS-
rae op0OiTu 3emtl 1 YaCTKOBO MoTparuise B ii armocdepy. KpiMm Toro, He MOKHA BUKITIOUATH
YTBOPEHHS IBOOKKUCY BYIJICITIO 11I€ B MOJILOTI HA OPOITU Y HAUTapsSYIIIUX BUKUIAX 3 HAJIP
CoHus.

TakyuM YMHOM ICHYE Jy’>Ke BeJIMKa IMOBIPHICTB TOI'0, 1110 TAaPHUKOBUM eeKT B aTMochepl
3emJ1i 0OyMOBJIEHHMH OLTBIIIOI0 YaCTUHOO 30BHIITHIMY (paKTOpaMu, HiXK BHYTPIITHIMU. Tex-
HOTEHHA JIISUTHHICTD JIIO/ICTBA 0€3YMOBHO Ma€ BILUIMB Ha 1l eeKT, ajie He TOJIOBHUH.

Sk xe CoHile Oyjie 6e3nmocepelHbO MAaTH BIUIMB HA 3MIHM TEMIIEPATYPHOTO PEXUMY Ha

114



sKusuii opeanism Bceceimy

riadeti 3emrsa. Haima muranera Oyze NMOrjMHyTa rapsidol0 pedOBUHOIO MPUOIIM3HO Yepes
JIeCSATKU MIJIbIHOHIB POKIB. AJIe 1110 YeKae ii y HeajekoMy MaiibyTHpoMmy? 3apas movyanocs
MIABUIIIEHHS] TEMIIEPATYPHU HAIOl tutaHeTu. Te, 110 11 SIBUIIE OB’ si3aHe OUIBIIOI YacTH-
Hoto 3 CoHIleM J0BOAUTH MoTeruTinag Ha Mapci. Ha doTtorpadisix 3 kocMiuHOT0o KOpaois
«MARS GLOBAL SURVEXOP», sixi BUB4ajiu aMepuKaHChl y4eH1, KPyITHI MAaCUBU Map-
CHAHCBKOTO JIbOJTY 3 ABOOKHUCY BYTJICIIO CTAJIM 3HAYHO TOHIIUMU. B po3nopsiI>KeHH1 JIFo/C-
TBa € He OuIbIle AeK1JIbKa TUCSAY POKIB. IToroaHi cropnpusu, siki 3yCTpidyaliv JIFOJICTBO
OCTAaHHIM 4acoM, YK€ HaraJlytoTh Ipo MiABUIIIEHHS TeMnepaTypu. [1oku 11e j1e1b MoMiTHO, 1
HAIIIOMY MOKOJIIHHIO HIYOTO IJTIO0AJILHOTO HE 3arposkye. Ajie B HACTYITHUX CTOJITTSIX 3ara-
JIbHA TeMrepaTypa 3eMJll HiABUIIUTHCS Ha JIeKIJIbKa IpaayciB, a IIe JIeKIJIbKa THUCSIY POKIB
MOJXYTh CTATH 30BCIM KaTacTpodiuaumu. B ekBaTopianbHUX paifoHax 3emiil cTaHe HEMOXK-
JIUBE MPOXKUBAHHS JIOJIEN. A y MOJATBIIOMY TOYHETHCS MEPECesIeHHs JIIoAeH OMkue 10
TIOJIFOCIB, IHTEHCUBHO MOYHYTh BUKOPUCTOBYBATH ITI/I3EMHI CITOPY/IU TaKi, IK 00MOOCXOBHU-
ma i MeTpo. Buxoasiuu 3 Takux MepCrieKTUB, JIOJICTBO MOBUHHO CKJIAJATH CBOI IUIAHU Ha
MalOyTHE.
3riHo 3 po3paxyHKaMu aBTopa, uyepe3 16-18 minmbsapaiB pokiB Haie CoHIle 3aBEPIIUTH
YeproBui LUK 1 Oy/ie MpUOIM3HO B TAKOMY X CTaHI sK 1 Terep. BoHo Oyae CBITUTH TPOXU
cnadkiie Tomy, o Ha 6-8% y HbOr0 3MEHIIIUTHLCSA Maca. 3eMJIsl CTaHe Malbke yJBiul Ma-
CHBHIIIIOIO. A Bce 1HIIe Oy/ie Maiibxke Take x came. I 3HoBy Ha 3emuti po3kBiTHE XUTTs. Ha
HIi OyIyTh )KUTHU TaKi 3K JIFOJU 1 TBAPUHHU, TUTBKH TPOXH (P13UYHO CUJIBHIIIII.
10.11.2005 poxy.

Ils crarTs HanucaHa Oijiblle HiX IBa pokn ToMy. A Hanpukinui 6epe3us 2007 poky no
TeJsieBi30py Oy.1a nepenana indgopmaiis, 0 aMepUKAHCHKI BUeHi BUSBUJIM I1iJl rapsidoro 1no-
BepxHero Hamoro CoHus OLTbIN X010/1HY 000.10HKY. Lle sikpa3 Te, mpo 1o iiocst B HAIIi
crarTi. SAkmo nocnocrepiratu 3a HamuM CoHLEM, TO CKOpIlll 32 Bce MPOTAroM JEeKiJIbKOX
POKiB MOKHA Oy/1e MOMITHUTH 30i/IbIIIEHHs] 30BHILIHBOI0 PO3Mipy JMCKA HALIOIO CBiTHJIA.
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I1nyron i nianera 2003 UB 313.

CraTTs IpyHTY€EThCS Ha Teopii pyHKIioHnyBaHHsI KocMocy, sika po3po0biieHa 1 BUKjajieHa
B HayKoBIi mpatii "JKuBuii opranizm BeecBiTy". OCHOBY 11i€1 TEOPIi CKIIaa€ YCTAHOBIICHHS
(baKTy MUKIIYHOCTI KUTTEMISITBHOCTI 31POK 1 rajlakTUK. ABTOPY, Ha MOT'O MOTJIs/I, BAAJIOCS
po3paxyBaTH apaMeTpH IIUX IUKIIIB 1 3'siIcyBaTH iX MexaH13MU. Ha ocHOBI IMX po3paxyH-
KiB 3po0JieHa cripoba MOsICHUTH MaiKe BC1 HE3pO3yMLIi ISl Cy4acHOi acTpO(dI3UKH SIBUITA
1 B TOMY YMCJIl MUTAHHS CTOCOBHO TiaHeTu I limyToH 1 aecsaroi mianetu 2003 UIB 313, saxy
HEI[OJABHO BUSBUB aMepUKaHChbKUI BueHnit Maiik bpayH 1 BIIKpUTTS sIKO1 OYJ10 CIIPOTHO-
30BaHO B HayKoBii nparii "JKusuit opranizm BeeciTy".

Crinparouuch Ha HOBY T€OPIir0, aBTOP CIpoOyBaB BIJIMOBICTH Ha JIeKiIbKa 3anuTaHb. Lle
CTOCYEThCS IEPIII 32 BCE TOTO, SIK 1€ YTBOPWINCS JAEB'ATA 1 IECSATA IUIAHETH, a TAKOX 3 UOTO
BOHM CKJIaJatoTbes. [louaTtkoM yTBOpeHHs Bceix ruiaHeT COHSYHOI CUCTEMU 1 AEB'ATOI Ta
JIECSITOI TUTAHET B TOMY YMCIIl CTAJI0 BUKUJIAHHS pedyoBUHU 3 HaJlp CoHILsl Ha OpOiTH, SIKe
po3smnouajocs npubim3Ho 16-18 MUIbSIp/IIB POKIB TOMY.

Lleit mpoiiec TpuBaB OAUH-ABA MUTbsIpAU pokiB. [ToTiM moBepxHst CoHIIsl cTaina XoJio/1-
HOIO 1 Ha HI1i yTBOpwiIacsi TBepja kopa. Kopa ckiaganacst 3 moBHOro Habopy €JIeMEeHTIB
MEePIOANYHOI CUCTEMU BiJT JIETKUX O BAXKKHUX.

3 peduoBUHHU, KA 3aJIMIINIIACS HA opOiTax HaBKoJI0 COHIA ITi/1 YaC BUKU/IIB, ITovau do-
pmyBaTtucs repsicHI ItaHeTy CoHstuHoi cuctemMu. Haibmmxue no Conus 6yia cpopmona-
Ha niepBicHa ruia”HeTa 2003 UB 313, a mopsia 3 Heto, 1mie gaii Bijg CoHis, chopmyBascs [1my-
ToH. ToOTO necsara manera 6yia nepioro, a [lnyron npyroto. I[Tpouec popmyBanHs mia-
HET TPUBAB JICKIJIbKA MUTBSIPAIB pokiB. IToTiM chopMoBaHi MepBiCHI TIIAHETH TPOIOBKYBa-
71 00epTaTUCS HAaBKOJIO X0JI0HOTO COHIIS 3 TEMHOIO KOPOIO 0 HOro cnajaxy, sskui Bijl-
OyBcst O1TM3BKO 4,5 MUTbSIp/Ia POKIB TOMY.

1 - CoHniie nmepex BUOyxom 13
2 - IImanera 2003UB313 b
3 - IInyron

4 - Cepgna

5 - Mepkypiii

6 - Benepa 9

7 - €Bporna
8 - Bemust
9-1Io

10 - Mapc
11 - FOmitep
12 - CatypH
13 - Ypan
14 - Henityn

11

5107
~2,0-3,0%10"km ~0’5_1’0*]07](]\4

Puc. 1. ITonoxeHHs NJIaHET Ta JesIKMX acTepoimiB 10 cnanaxy CoHus
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Ha pucynky Nel 306pakeHO po3TaliryBaHHs MEPBICHUX IUIAHET HA OpOITax HABKOJIO CO-
HIIS J10 Horo cnaiiaxy. KpiMm 1riaHer, Ha IbOMY PUCYHKY 300paKeHO I11e JIesIK1 BEIUKI acTe-
poinu, siKi oTiM ctatu cynmyTHukamu FOmitepa, a Takox acrepoin Cenna. Pagiycu opoit
BKa3aHl OPIEHTOBHO.

I yac cnamaxy CoHus oro TBepaa kopa Oyia 3pyiiHOBaHa 1 yTBOpUJIACS XMapa 3 Ty Ta
rasiB, siKa royJasia pyxaTuch Bij COHIIS 3 BEJIMKOO IIBUIKICTIO. Y IapOM III€l XMapH TUTAHETH 1
acTepoiau, siki OyJu po3TarioBaHi Haiomokue 10 CoHIIS 1 MaJId BITHOCHO HEBEJIUKY Macy, OyJn
3ipBaHi 3 OpOIT 1 IepeBe/ieH] Ha OLIBII BUCOKI opdiTH 110 BigHOIIeHHIO /10 CoHirl. Came Takum
yuHoM [lyton, mmanera 2003 UB 313 1 actepoin CemHa OMMHWINCS HA CBOIX CydyacHUX OpOi-
Tax, a acrepoinu €Bpomna ta lo oTpuManu BUTATHYTI KOMETHI OpOITH 1 B IIEBHMI yac Oy 3aX0-
rieHi FOmiTepom Ha fioro op0iTi. 3 y1apoM XMapu 3 IMWTy 1 rasiB MoB'si3aHe 1 yTBOPEHHS MeTe-
OPUTIB, KOMET 1 CYITyTHHUKIB. AJIe IMpo 11e Oy/1e NTH MOBa B HACTYITHUX CTATTSIX.

CyuacHhi op6itu ITimyrona 1 manetu 2003 UB 313 6itbliie HaraayroTh OpOITH KOMET HIXK
riaHeT. Ax6u Ilinyton 1 necara rtanera 2003 I1B 313 Oynu chopmoBaHi SIK IUTAHETH Ha
TenepinHii BigcTaHi Bix CoHIl, TO 1XHI opOiTH Oysii 6 cX0Xi 3a (hOpPMOIO HAa OPOITH 1HIITHUX
riaHeT Constunoi cucremu. Ilnanera 2003 1B 313 mijx yac ynapy xmapu Oyjia po3ralioBa-
Ha Ommkue 1o CoHIIS 1 TOMY 3ajIeTiia Maike BJBIYI 1ajl BT HbOro HixK [1imyToH.

Vap xmapu 3 muiTy Ta ra3iB BIUYJIM Ha coO1 BCl IIEPBICHI II1aHeTH. Ynm O1TbIa Maca rjiaHe-
v 1 ynM gaii Bix CoHIl BOHA po3TallloBaHa, TUM MEHIIUMM OyJIM HACIIKHA TaKOTo yaapy.
HocratHbo sterki Mapc 1 Mepkypiii 3HaUHO 3MIHWJIN CBO1 opOiTh. BOHM He MOJIETUIN pa3oM 3
[TmyToHOM 1 AECATOIO TUIAHETORO, ajie CTajld PyXaTHCh IO EIIIICHUX OpOITax 3aMICTh Maibke
kpyroBux. [lo ynapy xmapu Mapc odepraBcst HaBkos10 CoOHIlsl Maibke 1Mo Kpyrosiii opOiTi Ha
BiZICTaH1 0J113bKO 50 MUTBMOHIB KUTOMETPIB Bijl 3eMHOI OpOITH. A 3apa3 BiH IEPIOIUYHO MOBE-
PTAETHCS HA CBOIO OPOITY, ajie MaKe BECh Yac 3MyIlleHUui ooepratucs HaBkoj10 COHIIS Ha 3Ha-
YyHO OUThIIIN BiicTaHi Bix 3emiti. HaBith 3eMits micis yaapy XMapu HaOyJ1a JIeIo eJIcHo1 opOi-
tn. Le 3po3ymino. Ampke maca 3emini 3HauHO OuThIla 3a Macu Mapca 1 Mepkypis. 1 Bcl 111
riaHeTd COHSIYHOI CMCTEMU OJIepIKaJli Y CMaA0K Bl XMapH eJIIICHI OpOITH.

Kpim nepBicHUX IJ1aHeT Ha OpOiTax BiJI MEPIIO] INTAHETH JI0 JecsATol obepTaiocs: barato
actepoifiB. BoHM yTBOPUIINCS OHOYACHO 3 MEPBICHUMM IJTaHETaAMU. AJIKe TIEPBICHI Ij1a-
HETH IT1]T YaC CBOro (popMyBaHH: 310pajid He BCIO PEUOBUHY 3 OpOIT, sIK1 OyJIM BiaJIeH] BiJI
nux miaHet. Cepen acTepoiaiB OyiIu Takl, sIK1 32 CBOIMU pO3MipaMu HAOIMKAJIUCS 10 PO3-
MipiB ITnyToHa. OcoOauBO MOTYKHOTO yIapy XMapH 3a3HajIld acTepoiiv, K1 oOepTaiucs
6u3bk0 10 CoHIIs, TOMY 11O HA TTOYATKY PYXy HIBUAKICTH 1 MIUTBHICTh XMapHu OyJu ayKe
BesuKi. Ternep 3po3ymisno, 3BIIKU B3siBCs Tak 3BaHui nosic Koitnepa. Lleii mosic actepoinis
CIIPOTHO3YBaB aMepUKaHChbkUi acTpoHoM J[xepapn Koiinep 1 BiH AificHO OyB BUSIBJICHUIA
Ha MOYaTKY JEB'STHOCTUX POKIB MUHYJIOTO CTOJITTS 1 HA ChOT'OJIHIIIHIN JeHb HapaxoBye Oi-
nbine Hik 300 Benukux actepoiaiB. Lle Ti KocMiuH1 00'€KTH, SIK1 TYJIU 3aJIETUIH MICIS yaapy
xmapu pazom 3 [lmyroHom 3 opbiT, po3ramoBaHux 3Ha4HO Oyvbkue 70 CoHIIS.

Mu He OyaemMo JOKJIaJHO TOPKATUCS HACIIIKIB yAapy XMapHu 3 MUY Ta ra3iB sl KOXKHOI
r1aHeTu COHSTYHOI CUCTEMU. 3ayBaXKUMO, 1110 Maca KOXKHOI 3 HUX CTaJia Maike BJIB1Y1 O11b-
moro. Lle, 3BuyaiiHo, Micjs Toro, sIK IIaHEeTH 310paliv BCIO Tapsiuy peUOBHUHY, sIKa OCUIa Ha
ixHix opOiTax micis crianaxy Conus. ['apsiua pedoBrHa moyajia OOIIIIISITH INTAHETH 1 B TOMY
yucyl Hamry 3eMiiio. MuHyI0 TpuOiInM3HO MU/ pokiB micis cnajaxy Conis. I maibke
BCSl peuoBMHA OyJia 310paHa riaHeTaMu 3 opOiT. 3emils BKpUiacs yXKe MOTYKHUM I1apoM
rapsiuoi pedoBuHU. [TOTIM moyaocst 0X0JIOKEHHS il TOBEPXHI, 1 yTBOPHUIIACS TBEp/Ia Kopa.

117



Anamoniu leanoe

Ocb yomy Haia 3emiisi, a ckopii 3a Bce 1 Benepa, 1 Mapc, MaroTh TBEpAy KOpy, PLAKUN
rapsiauii MpoIIapox 3 JIaBU 1 TBEp/E s/ipo. TBepae siapo 1 € epBIiCHA TUIAHETA.

XoJiogHa
Kopa

lapsumii wap

XoJIoaHE
SIIPO

Puc.2 ’Koani renyiodiznyHi 3aKoHH He MOKYTh MOSICHUTH NPUCYTHOCTI TBEPAOIO siIpa mij
rapsiauM mapom

SIKII10 BIAKMHYTH 111 MEXaHI3MHU YTBOPEHHS HAIIIOI INTAHETH, SIK1 HaBe/IeH1 BUILIE, TO HISIKI
Teru1o13UYHI 3aKOHU HE B 3MO31 MOSICHUTH HASIBHICTD Mij] PO3NEYESHUM IIPOIIAPKOM TBEP-
JIOT0 szIpa.

Tenep cripoOyeMO BIIMOBICTU HA APYre 3alMTAHHSI CTOCOBHO OPIEHTOBHOI'O CKJIAAY Jie-
B'sTOl Ta Aecsatol miaHeT CoHsyHoi cuctemu. I1ix yac BukuaiB pedoBruHu 3 HaJp CoHIIA 1
IT1JT 9ac Moro cnajaxy pe4oBHHA PO3MOAUTSIACS MK opOiTaMU HEpIBHOMIPHO. SK 1 mijg yac
KOYXHOTO 3BHYaHOro BUOYXY MACHUBHIIII MPOAYKTH BUOYXY BIJIITAIOTh 3HAYHO OJIMKYE
B1J1 MiCIIsl BUOYXY HIbK MeHIIT MacuBHiIi. Lle 3araapHoBimomMa ictuHa. CaMe TOMY B KOCMiU-
HIM MPOCTIP 3a MEX1 31pKOBOI1 CUCTEMU HAMYACTIIIIE BIJIITAIOTh BOJICHB Ta Iejliid. A BaXkKi 1
CepeIH1 eIEeMEHTH IT1J1 Yac BUKU/IIB 1 ClTajiaxy 31pKy 3aiiMaroTh HIKHI opOiTH. ToMy 1iaHe-
TH 1 acTepoiu, iK1 Oy chopMoBaHi Ha opOiITax, po3TaiioBaHux oavkye 10 CoHIs, CKIIa-
JTAIOTHCSl OUTBIIIOI0 YACTHHOIO 3 BAXKKUX Ta cepeliHiX ejieMeHTiB. Yum Omkue 1o CoHus
Oyna chopMoBaHa IIaHeTa, TUM OLIbIIe B ii CKJIa/Il BaXKKUX eJIeMeHTIB. Ternep Mo)kHa ro-
BOPUTH PO CKJIAJ 3raJlaHuX HeOecHUX Tu1. [J1s bOTO 11Ie pa3 3BepHEMO yBary Ha pUCYHOK
Nel. Sk 6aunmo, Habmmkye 1o Conig Oyina chopmoBaHa miranera 2003 UB 313, mami
ITnyTon, Cenna i Tak gaji. BpaxoByrouu 11e, MOKHA TPUIMYCTUTH, 1110 utanera 2003 UB 313
CKJIQJIA€THCS OLIBIIIOI0 YACTUHOIO 3 BAXKKUX €JIEMEHTIB: ypaHy, IpU/Iii0, OCMII0, 30J10Ta, CBU-
HIto 1 Tak gajl. Te  came, anme B MeHIINH Mipl crocyeTrhes [hmyrona 1 Ceqnu, a Takox
acrepoiniB 3 noscy Koiinepa. ko Bxe B aTMochept MepKypis BUSIBJIEHA ITPUCYTHICTh
razy Aprosy, sikuii CKOpIII 3a BCe, € MPOJYKT PO3MNaly ypaHy Ha I IUIaHETI, TO MOXKHA
YSIBUTH CKUTBKU HOTO OYJI0 1 3aJIMIITUIIOCS Ha JIeB'sITii 1 ecsatiit miraHeTi COHSTYHOI CUCTEMH.
Mo>xHa punycTuTH, 1o Maiik bpayH BusiBuB Haitbaratiny riaHeTy COHSYHOI CUCTEMU.

AJle, BUHMKA€E MUTAHHS - YoMy TtoBepxHs [ IimyTrona 1 CeiHu BKpUTI JIOIOM 3 BOJIU, & TIOBE-
pxus iadety 2003 UB 313 Bkpura 150710M 3 MeTaHy. MU BiKe 3'CyBalId, 1110 IepeaHii (GpOHT
XMapu 3 MWy Ta ras3iB, sKa pyxajack micis craiaxy CoHIisl, CKJIa1aBcs 3 JIETKUX €JIeMEHTIB,
SIK1 JIETLIM Ha BUCOKI opbiTH 110 BigHOIIeHHIO 10 CoHis. Lle BojieHs, reiii, Byrielp 1 a30T.
st Toro, o6 3ipBatu 3 opoiTy maHety 2003 UB 313, sika pyxanach 1o op0iTi pajiiycom
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MeHIIe HK 10 MUTBHOHIB KUIIOMETPIB, BUCTAUYMIIO yIapy MepeaHboro GpoHTy xMapu. Tomy
rmia”era 2003 UB 313 neruia Ha CBOXO HOBY OpOITY B OTOUEHHI caMe IUX €JIEeMEHTIB 11X Cro-
nyk. CroJIyKy TUITY METaHY YTBOPIOBAIIMCH SIK B CaMiil XMapi ITij] yac pyxy, Tak 1 Ha opoiTax,
K1 epeTUHAJIA AecsaTa I1aHeta. Marouu 3HauHy Macy, BOHA HAIIpUTSATyBajia Ha CBOIO MOBe-
PXHIO 11l CITOJIYKU 1 ME€TaH B ToMy uucii. Te xk MokHa ckazat i 1ipo Iimyton 1 Cenny. Ate 11s
TOTO, 11100 31pBaTH iX 3 OPOIT 3HATOOUBCS y1ap BCIEI MACH XMApU, TOMY 1110 BOHHM OYyJIU pO3Ta-
moBaHi 3HauHo jnam Bix CoHIls HiK AecsTa TuiaHeTa. Komu xMapa 3 muty Ta ra3iB A0csria
iXHIX OpOIT, BOHA BKE MaJla 3HAYHO MEHIITY IIIBUJIKICTD 1 BTpAaTHJIa YACTUHY CBO€EI MacH, 3aJIu-
IIMBIIH 11 Ha HIKUUX opOiTax. Tomy Ilnyron 1 Cenna TpuBaiuii yac JETUTH HE 3 TOJIOBHOO
YACTUHOIO XMapH, a BCEPEIMHI 1l OCHOBHOI MacH. A TyT OyJ10 Bxke 6araTo napu, sika moTparnu-
By Ha [lnmyton 1 Cenny, neperBopuiiacs Ha JIbOJO0BUIN TOKPUB.

[lono IlnyTona, To icHye 111e oHa 1iKaBa mpoodiema. I1i yac 3HaX0PKeHHS 111€1 TIaHe-
TH Ha HanOmkuii BiacTani Big CoHlst atMocdepa IlimyToHa po3irpiBaeThes, MOUMHAETHCS
riIpaBIIvYHUI BUTIK ra3iB. [HTEpecC 10 LbOTo SIBUIIA MOB'SI3aHUHN 3 MPUYMHOIO BTPATU BOJ-
HIO 3eMHOI0 aTMOC(heporo MUThIpIU pokiB ToMy. Ha nymky aBTOpa CTATTIl, 11 BTpaTa Bij-
OyJiacsi BHACIIJIOK IHTEHCUBHOTO O0MOapyBaHHS 36MHOI ITOBEPXHI METEOPUTAMHU B IEp-
AN MUTBSIpJT pOKiB micits crianaxy Conrrs. Le siBuiiie BUCBITIIEHO B poO0TI aBTOpa "KuBuii
opranizm BeecBity". A rigpaBmiuHuii BUTIK ra3iB 3 atMocdepu [11yToHa mosICHIOETHCS BijI-
HOCHO MaJ101o Macoro ITiytona. Iig yac ConssuHOro o6irpiBy cBo€i arMoc(epu BiH IPOCTO
He BTpuMYye 11 uactuHy. AAxo6u Ha micui [TnyTona onuauBcs cymytHuk CatypHa Tutas, To 1
BiH O ITOYaB BTpavyaTH YaCTUHY aTMOc(hepH MiJ1 yac 101aTKOBOro po3irpiy. [Ipuuuna ta
K caMa - MaJIeHbKa Maca TuraHa.

Hy 1 octanne nutanus, sike mos'sizane 3 [1nyronom. Lle fioro cynytHuk XapoH. BBaxa-
€THCS, 1110 1IeH CYIMyTHUK oOepTaeThes HaBkos1o [lmyToHa Tak, 1110 MOCTiHHO "BUCUTR" HaJl
OJIHIEIO TOUKOIO TUTAHETH.

Ha nornsig aBTopa craTTi, € 1HI1Ie OSICHEeHHSI BUTATHYTO1 popmu rutanetu [nyton. Konu
[11yTOH nepeniTaB Ha CBOIO HOBY OpOITY B OTOUYEHHI XMAPU 3 MUJTy Ta Ta3iB, TO MOPSI/I 3 HUM
JIeTi10 6€3711Y acTepoiaiB PI3HOI MacH, sIK1 OyJIu TeX 3ipBaHi 3 opOiT. Tak camo, 5K 1 Boja 1
MeTaH BOHM MOTJIM OyTU NpUTATHYTI HA opOiTH [1imyToHa. Takum ynHOM, HABKOJIO IIJIaHE-
TH MIT YTBOPHUTHCS JIyXKe IMUIBHUM aCTEPOITHUI MOSIC 3 BUTITHYTOI0 OpOITOI0 0OepTaHHS
HaBkoJio [Iimytona. I Mu cnocrepiraeMo He cynyTHUK [imyToHa XapoH, a Mmosic acTepoiiiB.
Aune, 11e TUTIbKM rinoTe3a. OcTaToyHy BIAIOBIAL HA 1I€ MMTAHHS 1acTh anapart, skuii NASA
ranye HarmpaButu 10 Ilnytona y 2006 pori. I sikuii Bxke crapTyBas.

30.01.2006 poky.

3akir04He €JI0BO aBTOpA

3a ’AThb PoKiB, AKI MUHYJIHU Nic/Isi HANKCaHHs po0oTH «KuBuii opranizm BeecBiTy», Oisibina
yacTuHa ii BUCHOBKIB 3HaiilLIa cBo€ miaTBep/skeHns. TilbKH B 0JHOMY JAyMKa aBTOpa
3MiHMIacs. 3 MOYATKOM CTHCHEHHSI FAJIAKTHKH MBHIKICTH OO MpoLecy 30UIbIIY€EThCS, a
He 3MeHIIYETbCH. AJlZke BIACTAHb MK 3IpKaMH BeChb 4ac 3MEHIIYETbCH, i TOMY BUKHM/IH Ma-
Tepii 3 iX Ha/Ap HAGaraTo yacTille NPU3BOAATH /10 BUKUIIB MaTepii 3 CyCi/IHIX 3ipOK BHACIIIOK
HAJIXO/’KEeHHsI HA IXHi opOiTH wiei maTepii. ToMmy cepeiHsi BUAKICTh CTHCHEHHSI TAJTAKTHK

He S0m/cek, a 3HAYHO BHUIIIA.
05.04.2007 poxky.
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Aemop uiei knueu napoouecsa 5 ciuna 1939 poky y
micmi Kam’aneuwv-Ilooinecokuii Xmenvnuubvkoi ooracmi
Yy cim’i silicbkogocayxycoosus. bamvko — pocianumn,

AKO20 2POMAOAHCHKA GliIHA 3aKUKy.1a 6 YKpainy, a mamu

— Bapenux Oxcana FOxumisna 6ce scumms nposcuna y

Yepnizosi. Koau nouanaca eiiina, 6amvko niuioé Ha

¢ponm, a mamu 3 cunom esaxyresanuca 0o micma Menekec Kyiiouwescokoi
oonacmi. Ilicna euzeonenna Yepnizosea nanpuxinyi aucmonaoa 1943 poxy cim’sa
nogepuynaca 0o Uepmuizosa, de i ocenunaca no eyauui boocenxka, 77 (mooi
Hiuyoepea). Y 1945 poui 6amvko nogepuyécsa 3 @iilHu i nouas npauroséamu
npopabom na 6i00yooei micma Yepnizosa.

Aemop nasuasca y Uepniziecokiit cepeoniit wxoni Ne 11, aky 3axinuue y 1956
poui 3 meoanmo. I[lomim nocmynue y Mockoecokuil inycenepro-izuunuii
incmumym (MI®I), sakuii 3axinuue y 1962 poui. Ilicia uvozo npaurosas n’smeo
pokie y amomuomy uenmpi Tomcovk-7 y Cuoipy. Y 1967 poui aemop 3n08y
noeepuyecsa 0o Yepnizosa i npaurosasé cmapuium HayKoeum cnigpooOimHUKOM y
Yepniziecbkomy HAYK060-00CAIOHOMY IHCMUMYMI MAUWIUH O] GUPOOHUUMEA
cunmemuyHux 60.10koH. Llle nasuarouucw y wikoni, aemop 3axonuecsa waxamu i
y 1974 poui cmaeé maiicmpom 3 waxie, a nOMIM i MINCHAPOOHUM MAUCPOM Y
waxogiit 2pi 3 aucmyeauns. Ileped euxodom Ha neucito aeémop npaureas
cmapwum mpenepom y UYepHicigcoKiii Oumauo-roHAUbKINL CROPMUGHII WIKO.L
mosapucmea « Ykpaina». 3apaz aemop na neucii. Kocmiunumu npooemamu 6in
yixaguecsa ece yncummsa. Lo knucy aemop nanucaé npomsazom 2002 poxy i
3axXUCmué ce0w KOCMIYHY meopilo AK IHmeleKkmyanvHy eaachicme y /lep-
scasnomy Jlenapmamenmi inmenekmyanvnoi enacnocmi 5 oepesnsn 2003 poky.

Aemop 00pyscenuii, maec mpvox dimeii — 00H020 CUHA | 080X OOUOK.
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