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C nerkow pyku amepuKaHCKOro npesmgeHTa B koHue 2003 roaa B noBecTKy AHA BCTan BOn-
POC 0 HOBBLIX LiefnisiX YenoBe4yecTBa B KocMoce. BbickazaHHasA cpeau Npo4Ymnx npeanoXxeHun
3apayva co3gaHusa obuTtaeMon ctaHumm Ha JlyHe oTYacTU OCHOBbLIBaeTCA Ha 3aMaH4YUBOW naee
MCNoNb30BaTh YHUKaNbHbIE NyHHbIe 3anachkl renus-3 AnA nonyveHus aHeprum Ha 3emne. Mpu-
roguTcs JIyHHbIA reNiMi Uinu HeT, NoKaxeT 6yayLlliee, HO paccka3 0 HeM AOCTaTOYHO yBrieKaTe-
FleH U NO3BOoJISIeT CPaBHUTL HaLLUW 3HAHUA O CTPOEHUU aTOMHOro siapa U ConHeYyHOM CUCTEMBI
C NPaKTUYECKUMM acreKTamMmu IHEPreTUKU U ropHoro gena.

Kanamnpat hmsmnko-matemaruyeckux Hayk A. METPYKOBUM.

3AYEM? UNN AQEPHbIA CUHTE3 —
ANXNMUA HAABY

MpeBpaTUTb CBUHEL, B 30M10TO ObINO MeYTOMn
CpeaHeBEKOBbIX anxnMukoB. Kak Bcerga, npupo-
Oa okasanacb Goraye 4enoBeyeckux aHTasui.
Peakuun sinepHoro cuHTes3a cosgany Bce pasHo-
obpasne XMMWUYECKMX SNEMEHTOB, 3arOXUB MaTe-
pyarbHble OCHOBbI Hallero Mupa. OgHako CUHTE3
MOXET AaTb 1 HeYTO ropasno bonee LeHHoe, YeM
30/10TO, — SHEPru. AnepHble peakumn B 3TOM
cMblIcre NoAobHbI XUMUYECKUM (TO €CTb peakum-
AM nNpeobpasoBaHNs MOIEKYN): Kaxaoe CocTaB-
Hoe BeLlecTBO, byab TO Mosiekyrna unm atomHoe
S0PO, XapaKTepu3yeTcsl SHEPIrUEn CBA3MN, KOTOPYHO
HeobXoAMMO NOTPaTUTb, YTOOLI paspyLUMTL Coeam-
HeHue, 1 KoTopasi BbICBObOOXaaeTcs npu ero oo6-
pa3oBaHun. Korga saHeprust CBs3u NpoadyKToB pe-
aKuMm BblLLe, YeM UCXOQHbIX MaTepuarnos, — pe-
aKkumsa MaeT C BbideneHneM SHepruu, 1, ecrin Ha-
yunTbCsi ee 3abupatb B TOM UM MHOM Buae, uc-
XOAHbIE BELLECTBA MOXHO MCMOMb30BaThb Kak Tor-
nmBo. M3 xummyecknx npoLeccoB Hanbonee agp-
eKTMBHA B 3TOM CMbICIIe, KaK U3BECTHO, peak-
UM B3aMMOLEWCTBUSA C KUCMOPOAOM — rOpeHue,
KOTOpasi CerogHs CNyXWUT OCHOBHbIM U He3ame-
HUMbIM MCTOYHMKOM 3HEpPrum Ha 3NeKTpOoCTaH-
LMsiX, Ha TpaHcnopTe U B BbITy (eLue 6onbLue sHep-
i BblgensieTcs B XoAe peakummn topa, ocobeH-
HO MOJEKYIIAPHOro, C BOAOPOAOM; OOHAKO M cam
dTOp, 1 PTOPUCTBLIN BOAOPOS — BELLECTBa Ypes-
BblYaliHO arpeccuBHbIE).

OHeprvsa CBA3N NPOTOHOB U HEMTPOHOB B sigpe
3Ha4UTENbHO BOorblLIEe, YeM Ta, YTO CBA3bLIBAET aTO-
Mbl B MOJIEKYMbI, 1 €€ MOXHO B NMPSIMOM CMbICIe
CrnoBa B3BECUTb, MOMb3ysACb BENUKON hopmynomn
OnHwWTeHa E = mc? mMacca aToMHOro sigpa 3a-
METHO MEeHbLLE MacC OTAEMNbHbLIX MPOTOHOB U HEN-
TPOHOB, €r0 COCTaBNALLMX. [103TOMY TOHHA siaep-
HOro TOMMMBA 3aMEHSIET MHOMME MUISIMOHbI TOHH
HedpT. OgHAKO CUHTE3 He 3psi HasbiBaeTcsa Tep-
MOosiAEPHBIM: YTOObI MPeoaoNeTb AreKTpocTaTnyec-
KOe OTTankuBaHue npu cOMNMKeHMM OByX Nomo-
XKUTENBHO 3apsPKEHHbIX aTOMHbIX SAEP, HYXKHO Kak
cnefyeT pasorHaTb WX, TO €CTb HarpeTb saepHoe
TOMNMBO A0 COTEH MUIIIMOHOB rpagycoB (BCMOM-
HMM, 4TO TemnepaTypa ecTb Mepa KMHETUYECKON
3Heprum Yactud). Mo cytn, npu Takmx Temnepa-
Typax Mbl UMEEM Jer0 yXKe He C rasamv Unm xua-
KOCTSIMM, @ C YeTBEPTbIM COCTOSIHMEM BeLLEecTBa
— Mna3Mon, B KOTOPOW HET HeWTparbHbIX aTo-
MOB, @ €CTb TOIMbKO 3EKTPOHbI U NOHbI.

B npupoge nogobHble ycnoswus, nogxopsme
AN CUHTE3a, CYLLECTBYIOT NLLb B Heapax 3Be3f,.
CorHue cBoeli aHepruel 006s13aHo Tak HasbiBae-
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MOMY FenMEBOMY LIMKIY peakuuii: CUHTe3y siapa
renvs-4 13 NpoToHoB. B 3Be3gax-ryuraHTax u npu
B3pbIBaX CBEPXHOBLIX poxaatoTcs 1 Gonee Tsike-
nble 3neMeHTbI, hopMUpysl, Takum 0bpa3oM, Bce
pasHoobpasue anemeHToB Bo BeceneHHon. (Mpas-
[a, cunTaeTcs, YTo YacTb renus morna obpaso-
BaTbCS W HEMOCPEACTBEHHO MpU poxaeHun Bce-
neHHon, Bo Bpems Bonblioro B3pbiBa.) ConHue B
3TOM CMbICIe He camblil 3ppeKTUBHLIN reHepa-
TOp, NOTOMY YTO OHO TFOPWUT AOSITO U MEAEHHO:
npouecc TOpMO3WUT nepsas U camas MeaneHHast
peakums cuHTe3a OenTepust U3 ABYX MPOTOHOB.
Bce cneaytolye peakumm upyT ropasgo beictpee
M HEMeONIeHHO NOXMPAaKT AOCTYMHbIN AeUTepun,
B HECKOIbKO 3TarnoB rnepepabatbiBasi ero B sapa
renus. B pesynbtate, gaxe ecnv NpeanonoxuTb,
YTO B CMHTE3€e y4acTByeT TONbKO OfHa coTas Cofl-
HEYHOro BellecTBa, HaxoAsLWwasncs B ero sape,
3HeproBebldeneHne cocrasnaeT scero nuwb 0,02
BaTTa Ha kunorpamm. Bnpoyem, uMeHHO 3TOMN
MeAMTENBHOCTH, 0OBACHSEMON B NEPBYIO OYe-
peab HebonbLLIONW, NO 3BE3OHLIM MepKaMm, Maccom
ceeTuna (CornHue oTHoCUTCA K KaTeropum cybkap-
JIMKOB) 1 obecneyvBaloLLEell NOCTOSHCTBO NOTOKa
COMHEYHOM 3HEPrMM HA MHOMMe Munnuapabl feT,
Mbl 06513aHbl CaMVM CyLLIECTBOBaHUEM XU3HWN Ha
3emne. B 3Be3pax-ruraHtax npeobpasoBaHvie Ma-
TEpPUM B SHEPIuio MAET 3Ha4MTENbHO GbICTpee,
HO B pesyrnbTaTe OHU CxXuraloT cebs NosIHOCTbIo
3a [ecATKU MWUNIIMOHOB fEeT, He YCNeB Jaxe Tor-
KoM 063aBECTUCb MMaHETHBIMN CUCTEMAaMW.
3agymaB NpoBeCTU TepMOSAEpPHbIA CUHTES
B nabopartopwuu, 4yenoBek cobupaeTcsi Takum
obpasom nepexuTpuTb Npupoay, cosnas bonee
3P PEKTUBHBIN N KOMMNAKTHbIA reHepaTop SHep-
rn, yem ConHue. OgHako Mbl MOXeM BblbpaTb
ropasgo 6ornee nerko ocyLLEeCTBUMYIO peakLmnio
— CWHTE3 renusa n3 AevTepun-TpuTMeBon cme-
cu. lNMnannpyeTcs, YTO NPOEKTUPYEMbIN MEX-
AyHapOAHbIN TepMOSAEPHbIA peakTop — ToKa-
Mak «MTEP» cmoxeT OOCTMYb nopora 3axwura-
HUSA, OT Yero, BNPOYEM, ele OYeHb U OYEeHb
Aaneko 4o KOMMEPYECKOro NCMNoMnb30BaHUSA Tep-
MosiiepHoW aHeprun (cm. «Hayka u XnU3Hb»
NeNe 8, 9, 2001 r.). OcHoBHas npo6nema, kak
M3BECTHO, COCTOWUT B TOM, YTOObI yaepxaTb
nnasmy, HarpeTylo A0 HYXXHOW TemnepaTypsbl.
Tak KaKk HMKakasi CTeHka npu Takow Temnepa-
Type He n3bexuT paspyLleHusl, TO YaepxuBaTb
nnasMeHHoe 00Mnako NbITAlOTCA MarHUTHbIM
nonem. B BogopoaHoi 6ombe 3agava peluaetcs
B3PbIBOM HEGOMbLLIOro aTOMHOrO 3apsiaa, CXKu-
MatoLero 1 HarpeBarLlero cmecb 4o Heobxo-
AVMOWN KOHAULMKW, HO AN MUPHOrO MOSy4YeHus
3Heprum 3ToT cnocob mano nogxoaut. (O nep-
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FTEIMEBOW QHEPTETUK

CreKkTUBax Tak Ha3blBaeMOW B3pbLIBHOW 3HEp-
retukn cm. «Hayka m xusHb» Ne 7, 2002 r.)

[MaBHbIN HeJOCTaToOK AeNTEepUNn-TPUTUEBON
peakumm — BbICOKasi PaaMoakTMBHOCTb TPUTHUS,
nepvog nonypacnaga KoToporo COCTaBIisSieT BCe-
ro 12,5 net. 910 camas pagnaLnoOHHO-TpA3Has
M3 OOCTYMHbIX peakumii, NPUYeM HaCTOMNbKO, YTO
B MPOMbILLNIEHHOM peaKkTope BHYTPEHHWE CTEH-
KW Kamepbl CropaHusi Heobxoanmo ByaeT MeHsATb
yepes Kaxable HECKOSbKO NEeT U3-3a paanaLlmoH-
HOro paspylleHusi matepuana. MNpaega, Hanbo-
nee BpeaHble paAMoaKTMBHbIE O0TX0abl, Tpebyto-
LLMe 6eccpOYHOro 3aXOPOHEHWS ryBOoKO Moz 3em-
e u3-3a 6onbLIOro BpEMEHW pacnaga, Npu CUH-
Tese He obpasytoTca coBceM. [Jpyras npobnema
3aKro4YaeTcs B TOM, YTO BbIOENSEMYIO 3HEPTUIO
YHOCSIT B OCHOBHOM HEWTPOHbI. TN HEe UMEto-
LLMe 3NeKTPUYECKOro 3apsiaa YacTulbl He 3ame-
YaloT 3NEKTPOMarHUTHOro Monst U BOOGLLE MIIOXO
B3aVMOAENCTBYIOT C BELLECTBOM, TaK YTO OTO-
6paTb Y HUX 3HEPIUO HEMPOCTO.

Peakunn cuHTesa 6e3 TpuTus, Hanpumep ¢
y4YacTuem gevitepus v renus-3, npakTuyecku pa-
anaumoHHo 6e3onacHbl, Tak Kak B HUX MCMOMb-
3ylOTCA TONMbKO CTabunbHble sapa U HE Npous-
BOAATCS HeyAoOHble HEMTPOHbLI. OgHaKo, YToObI
«3aXe4yb» TaKyl peakuuto, HYXXHO, KOMMEHCU-

lenuesbil yukn peakyuli s0epHo20 cuHmesa
Ha4YuHaemcsi co CrusiHusi d8yx nPoOmMoHoe 8 si0po
Odelimepus. Ha cnedyrowjux amanax obpa3syom-
cs1 bornee crioxHble sidpa. Bbinuwem HecKonbKo
nepsbix Haubosiee NpocmbiX peakyul, Komopble
rnoHadobssmcs Ham 8 OasibHeluweM.

p+p > D+e+n

D+D - T+ pwunu

D+D - %He +n

D+T - “He +n

D + 3He - “He +2p

p + "Be - 3*He
Ckopocmb peakyuu ornpedernisiemcsi 8epOSIMHOC-
mbl npeodornieHus: arekmpocmamuyeckozo ba-
pbepa npu cbnuxeHuU A8yx MOOKUMENbHO 3a-
PSKEHHBIX UOHO8 U 8EPOSIMHOCMbIO
cobcmeeHHo crusiHusA Adep (mak Ha-
3blgaeMbIM ceYeHueM 83aumodel-
cmeusi). B yacmHocmu, yem ebiwe
KuHemuyeckasi sHepeusi s0pa u 4em
MeHble e20 anekmpudeckull 3apsio,
mem 6orblwe waHco8 npolmu 3rek-
mpocmamuyeckul 6apbep u mem
8bllue CKOpoCcmb peakyuu (cMm. epa-
puK).
Knouesoli napamemp meopuu mep-
Mosi0epHOU 3Hep2emuKu — Kpume-
pull 3axuzaHus peakyuu — onpe-
densem, npu Kakol naomHocmu u
memnepamype rnnasmMeHHo20 mori-
niuea sHepeusi, 8bidernsiemMasi rnpu CuH-
me3e (MponopyuoHasibHasi cKopoc-
mu peakyuu, YMHOXeHHOU Ha
naomHocms nnasmMbl U 8pemMsi 2o-
peHus), npeebicum 3ampamsl Ha
Hazpes rniasmbl C yyemom romephb
u KoagpguyueHma none3Hoz2o dOel-
cmeusi. Haubonbwas ckopocmsb y
peakyuu Oelimepusi u mpumus, U,
ymobbl docmuydb 3axkuaaHus, nnas-
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OHAYKA —
TANbHMM NOMCK

pys 6onee HU3KYIO CKOPOCTb CUMHTE3a, HarpeTb
nnasMy B AecsATb pa3 cunbHee — OO0 Munnnap-
Aa rpagycoB (O4HOBPEMEHHO peLuuB 3adadvy ee
yaepxanusi)! MNMoatomy ceroaHsi nogobHble Ba-
pyvaHTbl paccMaTpuBaloT Kak OCHOBY OyayLimx
TEPMOSIAEPHBIX PEaKTOPOB BTOPOrO, CreaytoLle-
ro 3a AenTepuni-TpuTMeBbIM, nokoneHns. OgHa-
KO uges aTon anbTepHaTUBHOW TepMOsiAepHOn
3HEpreTMKM nprobpena n HeOXMAAHHBIX COH3-
HMKOB. CTOPOHHMKM KOSTOHM3aLMM KOCMOCa CHU-
TalT renuin-3 ogHoM U3 OCHOBHbLIX 3KOHOMUYEC-
KVMX Lienemn fyHHON 3KCMaHCuKM, KoTopas AOSK-
Ha obecneunTb NoTpebHOCTM YenoBeyecTBa B
YUCTON TEPMOSIAEPHON 3HEepruu.

rOE? WU CONHEYHbINA FOCTb

Ha nepBhbif B3rnag npobnem ¢ Tem, rae B3sTb
renuii, 6biTb He LOMXHO: OH BTOPOM MO pac-
npocTpaHeHHOCTU BO BceneHHon anemeHT, a
OTHOCUTENbHOE coAepXXaHue B HEM Jerkoro
M30TOMa COCTaBNsAET HEMHOIMM MEHbLUE OOHOWN
TbicsayHon gonwn. OgHako Ans 3eMnu renun —
9K30TMKa. DTO OYeHb NeTyyun ras. 3emnsa He
MOXeT yaepxaTb ero CBOUM TAroOTEHWEM, U
NnoYTW BeCb MEPBUYHLIA renui, NonasLMN Ha
Hee M3 npoTonfaHeTHoro obnaka npu obpaso-

My ¢ KoHueHmpauuel okono 10™ cm? Heobxo-
Oumo Haepemsb 00 rosymopa CoOmeH MUJITUOHO8
epadycoe u ydepxusamb 1—2 ceKyHObI. Ymo-
6b1 0obumbcs nonoxumernbHo2o banaHca IHep-
2uu 8 peakyusax Ha Opya2ux KOMMOHeHmax —
eenuu-3 unu 6ope, MeHbWYy CKOpoCcmb Hado
KoMreHcuposamb, 8 0ecamKuU pa3 ysenudueas
memnepamypy U nA0MHOCMb nna3mel. 3amo
npu yda4yHoM cmorsikHogseHuu 08yx si0ep ebide-
nisiemcsi 9Hepaus, 8 MbICAYYy pa3 npesocxods-
was sHepaul, nompavyeHHyr Ha Ux Hazpes.
HayvanbHbie peakuyuu 2enueso2o yukna, obpa-
3yrowue deliimepul u mpumuli 8 COJTHEYHOM
sA0pe, udym HacmosbKo MedsIeHHO, 4Ymo coom-
gemcmeyowue Kpugbie 8 rose amozo 2pagu-
Ka He ronanu.

YCNOBUA 3AXUTAHUA PEAKLIUU

«Hayka n xusHb» Ne 8, 2004.
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TENIMOCOEPA
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CornHeYHbIl 8emep — 3MO MOMOK pa3pexeHHoU
naasmbl, MOCMOSIHHO ucmeKarowel ¢ Co/THeYHOoU
108epXHOCMU 8 MEXIIaHemHoe MpocmpaHCcmeo.
Bemep yHocum ecezo nuwib okorio 3x10°* conHeu-
HoU Macchkl 8 200, HO UMEHHO OH OKa3bl8aemcsi
OCHOBHbIM KOMIMOHEHMOM MeXrnaHemHou cpe-
Obl, 8bIMECHSOWUM MEX38E30HYI0 r1a3My U3 OK-
pecmHocmel ConHuya. Tak co3daemcsi eenuocge-
pa — ceoeobpasHbili nMy3bipek paduycom rnpumep-
HO 8 CMO acmpOHOMUYECKUX eOUHUU, 08UXyuul-
cs emecme ¢ ConHueM 4Yepe3 Mex36e30HbIl 2a3. K
ee gpaHuuye celiyac, kKak Halermcs acmpoHOMbI,
rnodnemarom amepukaHckue criymHuku «Bosd-
xep-1» u «Bosidxep-2», KOMopble CKOPO cmaHym
rnepebiMU KOCMUYECKUMU arnapamamu, rnoKuHys-
wumu nipedernbi ConHeyHolU cucmembl. Briepsbie
cosnHeYHbIl eemep obHapyXuna coeemcKas Mex-
nnaHemHasi cmaHyusi «JlyHa-2» e 1959 2ody, oo-
HaKo KOC8EHHbIe caudemernibcmea O Hanuyuu Kop-
nyckynspHoeo nomoka, udyweeo om ConHya,
6binu u3gecmHbl U paHee. IMEHHO CONTHEYHOMY
sempy xumenu 3emnu o0bs3aHbl Ma2HUMHbLIMU
bypsimu (cm. «Hayka u xusHb» Ne 7, 2001 2.). Y
opbumsi 3emnu eemep codepxum 8 cpedHeM ece-
20 NlUWb wecmb UOHO8 Ha 0OUH Kybu4yeckul caH-
mumemp, G8UXYUWUXCS C yMOMoMpadumernbHou
ckopocmbio 450 Km/c, 4mo, erpovyeM, Mo Macui-
mabam CosnHeyHoU cucmeMbl He mak yx u bbic-
mpo: Ha nymewecmeue 0o 3emsnu yxooum mpoe
cymok. CornHe4HbIl eemep Ha 96% cocmoum u3
MpomoHoe u Ha 4% u3 adep eenus. [pumecs Opy-
2ux 3reMeHmo8 He3Ha4yumersibHa.

BaHUM COMHEYHOW CUCTEMbl, BEPHYNCst U3 aT-
mocdepbl obpaTHO B Kocmoc. [laxe obHapy-
XeH renui 6bin cHavana Ha ComnHue, noyemy u
Mony4nn Ha3BaHWe B YeCTb APEBHErpeyeckoro
6ora Menvoca. Mo3xe ero Hawnu B MuUHepa-
nax, copgepxallnx pagvoaKkTUBHbIE 3NEMEHTHI,
W, HaKOHeLl, BbINOBUNU B aTMocdepe cpeau
Apyrux 6naropogHbiX rasoB. 3eMHOW renui
“uMeeT B OCHOBHOM He KOCMUYecKoe, a BTOpUY-
Hoe, paAuaunoHHOe, NMPOUCXOXAEHUE: Npu
pacnage paguoakTUBHBIX XUMUYECKUX dfIeMEH-
TOB BbINeTalT anba-4acTuubl — sapa renus-4.
lennin-3 Tak He obpa3syeTcsi, U NO3TOMY €ro Ko-
nm4yecTBO Ha 3emIie HUYTOXHO U UcyMcnseTcs
GyKBanbHO KunorpaMmamu.

3anacTucb renMeM KOCMUYECKOTO MPOUCXOXK-
AeHusi (C oTHocuTEnNbHO BoMbLUMM codepXXaHnem
renns-3) MOXHO B atmocdepax YpaHa nnm He-
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nTyHa — nNnaHeT AOoCTaTo4YHO
OonbLUMX, YTOObI yaepaTb 3TOT
nerkvi ras, unu Ha ConHue. Oka-
3anocb, YTO K COMHEYHOMY re-
nuio nogobpaTtbes npolle: Bce
MeXnnaHeTHOe NPOCTPaHCTBO
3aMnonHEeHO COMHEYHbIM BETPOM,
B KOTOPOM Ha 70 TbiCsi4 NpoTo-
HoB npuxogutca 3000 anbda-
Yyactvy, — saep renus-4 n ogHo
s0po renust-3. BeTep aT10T ypes-
BblYaHO Pa3peeH, No 3eMHbIM
MepKaMm OH NpeacTaBnsieT cobow
CaMbll HACTOSALLMIA BaKyyMm, W
«Ca4ykoMm» ero nommatb HeBO3-
MOXHO (CM. Hayka n Xu3Hb»
Ne 7, 2001 r.). 3aTo conHe4vHas
nnasva ocegaeT Ha MNOBEPXHOC-
TV HeBeCHbIX Ten, He VMEeILMX
MarHuTocdepbl U atmocdepsbl,
Hanpumep Ha JlyHe, W, 3HauUT,
MOXHO OMYCTOLWTb Kakylo-HMbyab NpUpoaHyto
TOBYLLKY, UCMPaBHO MOMOSHSABLUYIOCA MocnegHne
yeTbipe Munnuapga net. B pesynbrate nnasve-
Hov BombBapampoBkn Ha JlyHy 3a 3TO Bpemsl Bbl-
nasio HeCKONbKO COTEH MUIIMIMOHOB TOHH renus-3.
Ecnn 6bl BeCb COnHeYHbIN BETEP OCTaBancs Ha
noBepxHocTn JlyHbl, TO Kpome 5 rpammoB
renus-3 Ha Kaxgom KBagpaTHOM MeTpe noBepx-
HOCTW okasarnock Obl B cpegHem ewe 100 kuno-
rpammoB Bogopoaa u 16 — renua-4. U3 atoro
KonmnyecTea MOXHO Obirio 6bl co3aaTk BrosHe npu-
NM4Hyo atmocdepy, N1Llb HeMHorMM Gonee pas-
PEXEHHYI0, YeM MapcuaHcKas, Unu okeaH Xua-
KOro rasa [ABYXMETPOBOW nyOuHbI!

OpHako Hu4ero nogobHoro Ha JlyHe HeT, n
NNLLL OYeHb Manas Aot NOHOB COSNTHEYHOTO BET-
pa HaBcerga ocTaeTcsl B BEPXHEM Crioe fyHHOro
rpyHTa — peronute. MiccnegoBaHus NyHHOro
rpyHTa, NPUBE3EHHOro Ha 3emMni COBETCKMMU
cTaHumamun «JlyHa» n amepukaHckumu «Anon-
NoHamuy, nokasanu, 4To renus-3 B Hem npu-
mepHo 1/100-munnuoHHas yacTb, um 0,01 rpam-
Ma Ha 1 ToHHy. A Bcero Ha JlyHe okono munnu-
OHa TOHH 3TOro u3oTona, Mo 3eMHbIM MepKam
o4eHb MHoro. lMpu coBpeMeHHOM ypOBHE Mu-
poOBOro aHepronoTpebneHns NyHHoro Tonnu-
Ba xBaTuno 6kl Ha 10 ThicAY NET, YTO NPUMEPHO
B flecaTb pa3 bonbLue, YeM 3HepreTUHeckuii no-
TeHUuwuan Bcero U3BnekaemMoro XMmMmn4yecKkoro Ton-
nuea (rasa, Hedptn, yrns) Ha 3emne.

KAK? UNN «B TPAMM OOBbIYA,
B rog Tpyabl»

K coxaneHuto, HAKaKux «03ep» renusa Ha
JlyHe HeT, oH Gonee unu mMeHee paBHOMEPHO
paccesiH No BCeMy NPUNOBEPXHOCTHOMY CIIOH).
TeM He MeHee C TEeXHUYECKON TOYKM 3peHust
npovecc Jobbluy JOBOMBHO NPOCT U B NOAPO6-
HOCTSIX pa3paboTaH 3HTy3MacTamu KONoHU3a-
umn JlyHbl (cMm., Hanpumep, www.asi.org).

YTto6bl 06ecnevnTb COBPEMEHHYIO rOO0BYHO
noTpebHocTb 3emnu B aHepruun, Heobxoammo
3aBe3Tn ¢ JlyHbl Bcero nuwb okono 100 TOHH
renus-3. IMEeHHO 3TO KONMYECTBO, COOTBETCTBY-
loulee TpeM-4yeTblpeM pencaM KOCMUYECKUX
YernHOKOB — LUATTMOB, U 3aBOPaXWBaET CBOEW
pocTtynHocTblo. OfHako cHavana Hago nepe-
KornaTb OKONO Murnuapaa TOHH NYHHOrO rpyH-
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Ta — He Takoe yx Gonblioe
KONM4YeCTBO MO MepkaM rop-
HOW MPOMbILIMEHHOCTU: Ha-
npumep, yrns 3a rog B mupe
nobbiBaoT ABa Munnuapga
ToHH (B Poccnn — okono 300
MWUNMNOHOB TOHH). KOoHeuHo,
cogepxaHue renusi-3 B Nopo-
[e He CIMLIKOM BENUKO: Ha-
npumep, paspaboTka mMecTo-
POXOEHUN CYMTAETCS 3KOHO-
MUYeckn 3PPEKTUBHOMN, ecnu
30/10Ta B HUX COOEPXMUTCS He
MEHee HEeCKOMbKUX rpamMmmoB,
a anvasoB — He MeHee ABYX
kapaTtoB (0,4 r) Ha TOHHY. B
3TOM CMbICNE renuin-3 MOoXHO
CpaBHWUTL pasBe 4YTo C paau-
eMm, KoToporo ¢ Hayana XX
Beka 6bINo mMony4yeHo BCero
JNNLWb HECKONbKO Kurorpam-
MOB: rnocrie o6paboTkn TOHHbI
4YMCTOro ypaHa nony4daetcs
Tonbko 0,4 rpamma pagus, He
roBopsi y>ke 0 npobnemax Ao-
6blun camoro ypaHa. B Haua-
e MpoLrioro Beka, B nepuog
POMaHTMYECKOrO OTHOLLEHMUS K
paaMoakTMBHOCTM, paauin Obin
[OOBOSbHO MONYNSIpEH U M3Be-
CTEH He TOmnbKo hM3ukam, HO
N nupuKam: BCMIOMHUM chpa3sy
B. B. MasikoBckoro: «[1oa3us
— Ta xe pobblvya pagusa. B
rpamm Jobelva, B rof Tpyabl».
3ato renuin-3 gopoxe nNpakTu-
Yyecku noboro BellecTBa, UC-
nonb3yemMoro 4enoBeKOM, —

JlyHHBIO peeonum (seepxy) —
amo 0080JIbHO PbiXx/bil criol
Ha nosepxHocmu JlyHbl mon-
WUHOU 8 HEeCKOSIbKO Mempos.
B ocHogHOM OH cocmoum u3
menkux obrioMKo8 co cpedHuUM
pasmMepomM MeHble MunuMem-
pa, HaKonuewuxcsi 8 meyeHue
munnuapdos riem 8 pesynbma-
me pa3pyuweHus fyHHbIX Mopod
npu nepenadax memrnepamypbl
u yGapax memeopumos. Viccrie-
doeaHusl JIyHHO20 2pyHma mo-
Kasanu, ymo, Yyem bornbuwe 8 pe-
2onume  OKUC/08 mumana,
mem 6ornbwe U amomos 2eus.
Hanuqyue mumana 8 npuno-
8EepXHOCMHOM cf10e ocmarmoy-
HO J1e2ko obHapyxueaemcsi npu
OucmaHUUOHHOM CreKmpOCKO-
nu4yecKkom aHasnuse (KpacHbll
usem Ha npasom u3obpaxeHuu
cpedHe20 pucyHKa, Mosy4YeHHOM
cnymHukom «KnemeHmuHay),
u, makum obpa3om, rosy4aem-
cs1 Kapma «MecmopoXO0eHul»
2enusi, Komopsble, 8 obuwem, co-
gnadarom C pacrnosioxeHuem
nyHHbIX Mopel. Ha kapme
JlyHbI (8HU3Y) omMeYeHbl Mec-
ma nocadoK co8emcKux cmaH-
yul «JlyHa», amepukaHCKUX
«AnonnoHos» u «Cepeeeposy.
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FENWA U TUTAH B NIYHHOM PETOJIUTE

«MOPS»
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NONYYEHUE TENUA-3 U3 NIYHHOIO PEFOJNINTA

300 °K 50°K °K
o

6100" tonn

TEPMOSIAEPHOE

Ymobbl 006bimb 0OHY MOHHY
eenus-3, HyxHo nepepabo-
mamb N08epxXHOCMHbIU crol
peeonuma Ha nnowadu He me-
Hee 100 kealpamHbiX KUJO-
mempos. [TonymHo ydacmcs
nofayyums U 3HadumersibHoe
Koruyecmeo Opyaux 2a308,
Komopeble ripu2odsimces 0nsi 0by-
cmpolicmea xu3Hu Ha JlyHe.
PucyHKu 83ambl C¢ calima
fti.neep.wisc.edu.

TOB Ha OKOJ103eMHOW opbuTe cre-
OAT COTHW CNeumnanucToB u B
nobo MOMEHT 3KUMaX MOXET
BepHyTbCcsA Ha 3emnto. Ecnu B
KOCMOCE OKaXyTCs OeCATKU Thl-
CAY YenoBek, UM NpUAETCs XnUTb
B YCMOBUSIX BaKyyMa caMoCTOsI-
TenbHo, 6e3 getansHoOro npu-
cmoTpa ¢ 3emnu, n obecneuu-
BaTb ce0s BOAOW, BO3AYXOM, TOM-
NIBOM, OCHOBHBIMW CTPOUTESb-
HbIMW MaTepuanamu. Bnpoyem,
BOOOPOAA, KMCropoda 1 meTar-
noB Ha JlyHe goctatoyHo. MHo-
1 TOHHA rMe U3 HUX MoryT ObITb nonyye-

°*HE Hbl Kak MoBOYHbIN NPOAYKT O0-
Oblumn renus. Torga, BeEpoOsITHO,
renuin-3 cMoxeT cTaTb BbIroa-
HbIM TOBaApOM Ans TOProBnu C
3emnen. Ho nockonbKy noau,
HaXOAsILLMECS B CTOSb CIIOXHbIX
ycnoBusix, 6yayT HyxgaTbcsa B
ropasgo 6onblueM KonuyecTse
3Heprum, Yem 3emIsiHe, fNiyHHble
3anacbl renunsi-3 MOryT nokasaTb-
CSl HalWKUM MOTOMKaM He TaKu-
MU YK ©e3rpaHuYHbIMK U Npu-
BrneKaTesibHbIMU.

KcTtaTtn, Ha aToT cny4dan

YUCTOE

TONNUBO -
HA 3EMNIO

ofHa TOHHa cTomna Obl Kak MUHUMYM MWAMK-
apg 4onnapoB, ecnv nepecunTatb 3HepreTu-
Yeckuin noTeHumnan renusa B HeTAHOW IKBU-
BaneHT nNo 6pocoBoi LieHe 7 gonnapos 3a b6ap-
penb.

["a3 nerko BblAenseTcs U3 peronunra, HarpeTo-
ro [0 HECKOSbKNX COTEH rpadyCcoB, CKaXeMm, npu
NMOMOLLUM 3epKarna—KOHLEeHTpaTopa COSNHEYHbIX
nyyen. He 3abygem, 4To elle Hago OTAENMUTH
renvin-3 ot ropasgo OonbLUero KonMyecTsa apy-
rMX rasoB, B OCHOBHOM OT renusi-4. 3To genatort,
oxnaxxaas rasbl 40 XWMOKOro COCTOSIHUS U MOMb3Y-
ACb He3HaynTenbHOW pasHuuen TemnepaTtyp
kuneHuns msotonos (4,22 K ana renusa-4 unu
3,19 K gns renus-3). Opyron nsswHbIA cnocod
pa3geneHns OCHOBaH Ha MCMOMNb30BaHUW CBOM-
CTBa CBEPXTEKY4eCTU XMOKOro renus-4, KoTo-
pbIl MOXET CaMOCTOATENbHO NepeTeyb Yepes
BEPTUKamNbHYI CTEHKY B COCEHIO €MKOCTb,
ocTaBuB nocre cebs TONbKO HECBEPXTEKYYMIA re-
mn-3 (cm. «Hayka u xusHb» Ne 2, 2004 r.).

YBbl, 3aHMMaTbLCHA BCeM 3TUM npuaertcs B 6e3-
BO34YLUHOM MPOCTPAHCTBE, HE «B TEMIUYHbIX»
ycnoeusx 3emnu, a Ha JlyHe. MNpuaeTca nepece-
NnTb TyAa HECKONbKO LLIAXTEPCKUX FOPOAOB, YTO,
B CYLLHOCTM, O3Ha4aeT KoroHusaumio JyHbl. Cen-
Yyac 3a 6e30MacHOCTbI0 HECKOMNBbKMX KOCMOHaB-
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€CTb U anbTepHaTUBHOE peLle-
Hue. Ecnu yx mHxXeHepbl 1 u3nMkn HangyTt
cnocob crnpaBuUTLCS C yAepXaHueMm B [AecsTb
pa3 Gonee ropsiyei, Yem HYXXHO AONs COBpe-
MEHHOro Tokamaka, renveBoi nnasmbl (3aga-
Ya, KaxyLLascsa cenvac coBeplUeHHO dhaHTac-
TUYeCKON), TO, YBENUYMB TEMNepaTypy eLle
BCEr0 NULLL B ABa pasa, Mbl «3aXOKeM» U pe-
akuMIo CrHTe3a C yyacTnem NpoToHOB U Gopa.
Torpa Bce npobnembl ¢ TonnAMBOM OyayT pe-
LIeHbl, MPUYEM 3a ropa3fo MEHbLUYIO LEHY:
6opa B 3eMHOI kope Gonblue, Yem, Hanpuvep,
cepebpa Mnu 30n0Ta, OH LUMPOKO UCTONb3yeT-
csl kak gobaBka B MeTannyprum, aneKTpoHu-
Ke, xumun. PasnunyHbix 6opocoaepxalymx co-
new ropHooboraTuTenbHble KOMOUHATLI BbINyC-
KaloT COTHU TbICSIY TOHH B rof, a ecrnv Ham He
XBaTUT 3anacoB Ha Cylle, TO B KaXOOW TOHHe
MOPCKOW BOAbl COAEPXKUTCS HECKOMbKO rpam-
MoB 6opa. U ToT, y koro B gJoMaluHeh anteuke
npvnaceH ny3sbipek 6OPHON KMCNOTbI, MOXeT
cynTaTb, YTO Y HEr0 €CTb COGCTBEHHbLIN 3HEp-
reTM4eckuin peseps Ha Oyayliee.
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