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01 MeX3Be31HbIX nepeneTos

Bo mHorux pa6orax no
nepcrnekruBam pasBuUTusA
KOCMOHAaBTUKN BblOBUraeTcsi
TEe31UC O HEOrPaHM4YeHHOCTU
BO3MOXXHOCTEMN YeroBeKa B
ero ycunusix no
uccnegoBaHUIO U
0OCBOeHUI0 Kocmoca. Tak nu
3TO — BONpoC
c¢unocodckunn. Hos
KaXKAbIN KOHKPETHbIN
MOMEHT BPEeMEHU Haluun
BO3MOXXHOCTU OrpaHNY€EHbI.
Mpepenbl BO3MOXHOCTEN
3a4aHbl HAKOMJIEHHbIMU
Hay4YHbIMU 3HAHUAMMU,
¢yHAaMeHTaNbHbIMUY
KOHCTaHTaMM1 1 camoe
rnaBHOe — NpeacTaBUMbIM
YPOBHEM pa3BUTUA
TEXHOSOrMMn NnepeaBmKeHus
B KOCMWYECKOM
NpPOCTpaHCTBe.
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PEACTaBUMBIM YPOBCHb DPa3BUTHUSA
TEXHOJIOTMM — 3TO YPOBEHb,
KOTOpPBIf MOYET OBITh IOCTUTHYT

U3BECTHBIMH METOJIAMH 33 OTPaHUYCH-

HbI mepuona BpemeHu. Hampumep, Tep-

MOSIZIEpHasi JHEPreTUKa, KOCMUYECKHE

COJTHCYHBIC DJICKTPOCTAHIIMK, CHUMOUO3

yenoBeka 1 OBM — TexHos0ruu, MosiB-

JIEHHE KOTOPBIX YUEHbIE CErOJIHs CUUTAIOT

HEM30CKHBIM, a UX CO3JaHHC — JIHIIb

neno BpemeHu. C Ipyroil CTOpPOHBI, Ha-

npumep, GOTOHHbIE (AHHUTHIISILIUOHHBIC)

PaKeTHBIC JIBUTATENH, XOTSA IMIHPOKO

00CY)KIAITCA W HE MpoTHBOpedyaT (yH-

JMAMCHTAIBHBIM  (DU3UYECKHM  3aKOHaM,

YK€ BBIXOAAT 32 PaMKH TIPEABHINMOTO

YpOBHs. 31ech HEW3BECTHO, C YEro Ha-

4aTh, ¥ HUKAaKWe YCWINS, HUKaKHe pe-

CypCHl HE TIOMOTYT YCKOPHTBH CO3IaHUE

TEXHOJIOTUH TAaKOT'0 poJa.

Hcxons 3 3TOTO, MOXKHO C(HOPMYITH-
POBaTh BONPOC O cocobax ImepeaBmKEeHHS
B KOCMHYECKOM IIPOCTPAHCTBE, HAXOJS-
IIMXCSl Ha TPaHHIIE HAIIAX BO3MOXKHOC-
ter. OOmIenpu3HaHo, YTO TPAAUITUOHHBIC
PAKeTHO-KOCMHYECKHE CHCTEMBI  I103-
BOJIIIOT B TPHEMJIEMBIE CPOKH IOCTHYB
mo6oi Toukn CONHEYHOH CcHCTEMBI. A
BOT TEXHOJIOTUU TIPEOAOJIICHUS OTPOM-
HBIX IPOCTpaHCTB Mexay CollHeYHOU U

OMMKAMIIMMK TJIAHETHBIMHA CHCTEMaMHM
HaxoJATCA Ha rpaHd BO3MOKHOTIO. T'ne xe
OTa IrpaHb HAXOJIUTCA ceroaus?

MHULUMNATUBA HE
HAKA3YEMA

[Ipobnema moONIETOB HAa MEX3BE3AHEIC
PacCTOSHUS CTAaBWJIACh CO BPEMEHH IIO-
SIBIICHHSI TEOPCTUYCCKON KOCMOHABTHKH.
Bce wuccrnenoBatenu CXOOMINCH Ha O
HOM — 3TO BO3MOXXHO C NPHMEHEHHEM
siIepHON JHEPIUH. Ha 3TOM
paccMOTpEHHE BOIPOCa 3aKaHYMBAJIOChH.
[lepBoe  OTHOCHTENBHO  JIETANBHOE
nccie0BaHue JIBUTATEICH JUTS
MEXK3BE3JHBIX  TIOJICTOB  BBITIOJHILI
Hemen, E. 3enrep B 1953 romy. Tpems
roJaMu TO3KE OH  OMyOJMKOBAaI
MoHorpaduro «K MexaHuke (OTOHHBIX
paKeT», MOCBSIICHHYIO B OCHOBHOM Ma-
TEMaTHKE PENIATHBUCTCKOTO Tojera. Tem
HE MEHEe B KHHIC PAacCMaTPUBAIUCH U
TEXHUYECKHE BOIPOCH, B YaCTHOCTH
ObUTH BBEIICHBI M PACCMOTPEHBI MTOHSATHS
(hOTOHHO-PAKETHOTO u (dhoToHHO-
PEaKTHBHOTO  TIPHBOAOB.  Buammo,
AMEHHO paboTel 3eHrepa W YCIEXH
MIEPBEIX JIET KOCMHUYECKOH 3PBI IPHBEIH
K TOMy, 9TO (DOTOHHBIE 3BE3OJICTHI
IUIOTHO 3acelWid CTPAaHWIBl HayJIHO-
MOMYJIAPHOMN u (aHTacTHYECKOH
muteparypbl. B 1962 rony B



Poccuu P. T'. Ilepenbmanom Obuta mM3gaHa KHUTA «JIBUraTemu
rajJakTH4ecKuX Kopaliei», B KOTOpoH ObUIM MOJBEICHBI HTO-
TH TIEPBOTO «()OTOHHOTO» 3Tama HMCCICAOBAHUI BO3MOYKHBIX
JIBUTATEIFHBIX YCTAHOBOK TSI MEK3BE3IHBIX ITEPEJICTOB.
Bropoii «repMosiiepHbIi» Tam ObUT HHUIMHPOBAH paboTaMu
Bpuranckoro Mexmianernoro O6mectsa (BIS) mo mpoekty
MEX3BE3HOTO aBTOMAaTHYECKOTO 30HAa (TMpoekT «Jlemam») c
HCIOJB30BaHUEM TEPMOSIIEPHOTO PAKETHOTO JIBHTATEIS.
MeHHO B pamKax 3TOro Ipoekra Obul CHOPMYITHPOBaH
TIPUHIUI OTIOPHl HA TPEABHINMEIC TEXHOJOTHH, YTO 3acTa-
BHJIO MHOTHX HCCJIEOBaTEIIell pacCMaTPUBAaTh KOHCTPYKITUH
MEX3BE3IHBIX JIBUTATENICH HE C TOYKU 3PCHHUS TEOPETHIECKOTO
COBEpILEHCTBA, & OPUEHTHUPYSACH HA MPAKTHIECKYI0 BO3MOXK-
HOCTH CO3/1aTh Ty FJIM MHYIO MalliHy B 0003pH MOM OyIyIIeM.
PaboTsl 1o npoexTy «Jlenan» nany UMITyJIbC BBIIBHIKEHUIO

KNACCUDUKALIUA TUNOB ABUTATEJIbHBIX YCTAHOBOK AJA

MEX3BE3[HbIX NMEPEJIETOB

K HacTodLeMy BpeMeH npeanoXxeHo Oo- HaM pakeTHble ABuratesim, NoCTPOeHHbIe

CTaTOYHO GOSbLLIOE KONMYECTBO pasnuy-

HbIX TUMOB ABUraTenen Anst Mexs3se3aHbIX

nepeneToB. EctecTBeHHbIM 0Opa3om BO3-
HUKaeT HeobBXOAMMOCTb MX Kraccudmka-
umn. Ee ynpoLLEeHHbI BapyaHT NpeacTas-
neH Ha pucyHke 1.

Mo ncnonk3yembiM OU3NHECKUM MPUHLIN-
nam Bce npeanaraemble CErofHsi Mex-
3Be3Hble ABurateny MoXHo pacripe-
OennTb No NSATWM OCHOBHBIM Kriaccam. K
MepBOMY KIlaccy OTHOCATCS MPUBbLIYHbIE

MO NPUHLMINY «BCE CBOE HOLLY C COBOI», B
KOTOPbIX U UCTOYHUK SHEPTUM, U paGoyee
Teno HaxoZsTcsl Ha BopTy annaparta. B
[BUraTensix BTOporo krnacca noMumo
pakeTHbIX ABUraTenei, HeobXoaUMbIX Ans
HavarnbHoro pasroHa, npeanaraeTcs
UCMONb30BaTh B KAYECTBE UCTOYHMKA
TonnuBa uiunm paboyero Tena BELLECTBO
Mex3Be3Hou cpefbl. MpoekTbl ABuraTe-
neii TPETLErO Knacca npeanonaratoT «Mnog-
MUTKY» U3BHE — nepeaady Ha KoCMu-

TEXHOJIOIMA

Yeckun annapat aHeprum u3 ConHeyHom
cucTeMbl. YeTBepThin Knacc npeanonaraet
MCMONb30BaHNE ECTECTBEHHbBIX CUMOBLIX
nonen — rpaB1TaLMOHHOTO Y ANEKTPO-
MarHuTHoro. W, HakoHeL, NsATbIA Knacc
ABuratenen ans Mexs3se3gHbIX nepeneTos
OCHOBaH Ha uanyecknx runotesax. B
pamMKkun OnmucaHHbIX NATU Knaccos Y yk-
NafbIBalOTCA COTHU PasnnYHbIX NPOEKTOB,
npopaboTaHHbIX C Pa3nM4YHON CTEMNEHLIO
JeTanusaumm 1 pasHbIM YpOBHEM peanuc-
TUYHOCTW.

CucTembl,
Menonbayiowme
ECTECTBEHHbIE
CWOBLIE MOng

B

IpasuTa-
LIMOHHBIA
MaHesp

MexasezaHoe
ANeKTP-
MarHUTHOE
none

-

Pue.1. Knacoudvkauws
ABUTaTENkHbLIX YCTAHOBOK
[NS MEX3BE3AHLIX NEPEneToR
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TEXHOJTIOMA

U PAaCCMOTPEHHIO CaMBIX DPa3HBIX JBH-
raTeJbHbIX KOHIECMIMA M acCleKTOB HX
TEXHUYECKOH pean3aliiH.
CoBpeMeHHBIH 3Tanl B OCHOBHOM OII-
penessieTcss MHTCHCUBHON 3KCIIePHMEH-
TaJILHOIM O0TpabOTKOW TEXHOJIOTHH, HE00-
XOJHMMBIX JIJISl MEXK3BE3HBIX MEPEIICTOB,
BKITIOYAsi MHEPIMATBHBIA TEPMOSICPHBIH
CHUHTE3, BBICOKOTEMIICPATYPHYIO CBEpPX-
MIPOBOJIUMOCTh, HAHOTEXHOJIOTHU. EcTh
TAKKe WHUIMATHBHBIC PAOOTHI OTICIHHBIX
uccnenopareneii B Poccum u 3a
pyOexxoM, HEOONBIINE TEOPETHYCCKUC

mpoekThl,  ¢uHancupyembie  NASA
(koTopoe, 4YTO  JOOOMBITHO,  HE
NPUICPXKUBACTCS  MPHUHIMIA  OHOPBI

TOJIBKO Ha MPECABUINUMBIC TeXHOHOFI/II/I).

MEX3BE3[OHbIE PAKETbI
PakeTHbIC ABUTATCIIN IJIT MEXK3BE3HBIX
MIEPENIETOB JIOJDKHBI HCIIONIh30BaTh Ha-
nboJee SHEProeMKUe TOTIIIMBA U3 BO3-

MOJXHBIX — SIZICpHBIE, TEPMOSACPHBIC H
AaHHUTWIAMUOHHBIE. B nMmyiascHOM
SIIEPHOM PaKEeTHOM JIBUTATENE HCIIOIb-
3YIOTCS sIepHBIE OOMOBI, B3PHIBAIOIINECS
no3aau KA, 3anuieHHoro adsiimoHHO-
neMnupyomed  IIMTOW,  KOTOpas
MIPUHUMAET Ha ce0s MMITYyJIbC B3PHIBOB.
OTOT THI IBUTATEINS SKCIIEPUMEHTAIHEHO
orpabareiBasicss B CIHIA B pamkax
npoekta «Opuon» (1957-1965 rr.). B

BapUaHTE IPUMEHEHUS HUMIYJIbCHOTO
SIIEPHOTO  ABMUraTeisl, MPEAIOKEHHOM
@.JlaiiconoM, oJIe3Has Harpyska

maccoit 35 000 TOHH AocCTaBisSIeTCS K
cucreme Anbda IlenraBpa 3a 130 ner. B
Ka4yecTBE TOIUIMBA JJISI KOCMHYECKOTO
Kopabns [lalicoH NpeaoXuiI HCIOJb-
30BaTh 300 000 smepHBIX OOMO, OOmICH
Mmaccoit 270 000 T.
S nepHO-3IeKTPUYCCKUE TBUTATEIIN

JUTA TIONTYYEeHHUS SIIEKTPOIHEPTUH, Pa3ro-
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HSIONIEH MOHU3UPOBaHHOE pabouee Telo,
UCTONB3YIOT AAepHbIN peakTop. OauH U3
BapuaHToB MII Ha Takux ABUraTessx,
paccmotpenHslit A. borgom B 1971 rony,
Ipeanoiaral JOCTaBKY ThICSIUETOHHOIO
rpy3a Ha JUCTaHIMIO B 10 CBETOBBIX JIET
3a yerelpe crtonerus. CrapTroBas Macca
Kopabuns cocraBuia 200 MJIIH TOHH, NpH-
YeM 3JIEMEHTbl KOHCTPYKIIMU ABHUIATENs
MOYTH MOJHOCTBIO HUCIONB30BAJIUCh B
KayecTBe pabouero Tena.

Ho HecmoTpss Ha HEKOTOpBIN Teope-
TUYECKHH OIBIT, B LEJIOM «SACPHUKI
UL MEX3BE3IHBIX IIOJIETOB Malo TpH-
TOAHBl — Yy HHUX CIHIIKOM Maia JI0Jst
IIPOPEArHpPOBABILETO SAEPHOTO TOILIMBA.
OpHako 3T ABWIaTENbHBIE YCTAHOBKH
YacTO MpEIJIararoTcsi Uil TaK Ha3bIBa-
eMBIX MpEeATed MEX3BE3IHBIX MHCCHH.
Muccuu-ipeTedn  IperyCMaTpUBAIOT
3anyck KA B MeX3Be3IHOE MpPOCTpaHC-
TBO Ha 3HAYUTEIBbHBIC PACCTOSHHS OT

CoyHIIa C LENBbI0 MPOBEICHHUS HAYYHBIX
ncciaenoBanuii. B konme 80-x romos B

CIHIA ngocraToyHO  JAETATbHO  TIPO-
pabareiBancs mpoektr TAU (Thousand
Astronomical Units) — mounet Ha ThICAYY
acTpoHOMHYecKHX enuHuUI oT CosHna ¢

ENISH) OTIpEICIICHHS Maciiraba
pacctosHUd B TIpenerax — Hameu
lamakTukw, a BO3MOXHO — W BHE €e.

Ceifyac 3TOT TPOEKT CMEHUJ HECKOJBKO
menee ambOunuosueii IE  (Innovative
Interstellar Explorer) — moner na awmc-
TaHuio 200 acTpPOHOMHYECKHX €IUHUIIL.
[IpoekT mpemycMaTpuBaeT cTapT 30HIA B
2014 romy ¢ OOCTHXKCHHWEM 3alaHHOU
nuctaniu B 2044 ronxy. Koneuno, 30
nin aaxe 150 CBETOBBIX Y4aCOB C TOUKH
3pEHUS] MEX3BE3IHBIX COOOIIEHUI — 3TO
0YCHb HEMHOTI'O: Belb OJMKaiiiias 3Be3a
OTCTOMT OT Hac Ha 4,3 CBETOBBIX TI'OJa.
OmHako Ha MIPOEKTHI-MPEATEYH Clie-

IlyeT 00paTuTh BHUMAHUE, TAK KaK B HUX
BIIOJIHE  MOXET OBITh  peajn30BaH
POCCHICKHIA ONBIT B YaCTH CO3JaHHS
KOCMHYECKHX SICPHBIX PEaKTOPOB U
IUTa3MEHHBIX JBHTaTeleld. A ocymect-
BJICHHC TMPOCKTA-MPEITEUHn  obOemaer
BeChMa 3HAYMMEBIC HAYYHBIC PE3yJIbTATHI,
HOBBIH TEXHUYECKHUUA OMNBIT M — YTO
HEMAaJIOBAXHO — OOJIBIION OOIECTBECH-
HO-TIOJTMTHICCKANA OTKITHUK.

JlocTaTouHO KpaTKO MOXHO OXapakTe-
PHU30BaTh AHHUTWISAIMOHHBIEC IBUTATEIIH.
[Toxa crocoOBI MOTyYeHNsT aHTHBEIIIECTBA
B CKOJIBKO-HHOYAb IPHEMIIEMBIX KOJH-
YecTBaX HEM3BECTHHL lIpn coBpeMeHHBIX
TEXHOJIOTUAX HapaboTka | rpamMma aHTH-
Matepudl CTouT 10 TPHIITHOHOB TOJUIApOB,
a mpom3Bomar ero  MeHee 100
HAaHOTPaMMOB B rojl. JTO O3HAYAET, YTO

AHHUTWISINOHHBIE (dboToHHBIC)
BUTATEIIN BBIXOJAT 3a pamMKu
MpeABUIUMBIX TexHoyuorul. Tem He

meHee kommanus Hbar Technologies
MOJTy4MIIa TPaHT B 75 THICSY JOJUIAPOB OT
HHucTHTyTa MEPCIEKTUBHBIX KOHIICIIIHIA
NASA Ha npopaboTKy MEXKIUIaHETHOTO
amnmapara, KOTOPBIi MOT ObI
HCITOJIB30BaTh aHTHBEUICCTBO, COOpAHHOE
B mpenenax Hamed CoJTHEUHOW CUCTEMBI.
Kpome Toro, mosiBicHue u mpopadboTka
camMoi waew (OTOHHBIX 3BE3/I0JICTOB
JlaJia CYIIECTBEHHBIA UMITYJILC U3YUCHHIO
JMUHAMUKHA pensTuBUCTCKUX mojieroB (E.
3enrep, b. K. ®eqrommn u ap.).
Hawnbonee peanucTudnble U Tpopado-
TaHHBIE MPOCKTHl PAKETHBIX IBUTATENEH
JUTS MEK3BE3[IHBIX MOJICTOB OCHOBAHHI Ha
HCTIOTB30BaHUH TEXHOJIOTHI
WHEPIIUAIFHOTO TEPMOSAECPHOTO CHHTE3a
(UTC), xoHuemniusi KOTOoporo Obuia He-
3aBUCHMO pa3paborana A. CaxapoBBIM U
3. Temnepom B 1951-53 rr. B peakrtopax
NTC nebonpmoe xomuaecto (0,001 -1 1)
TEPMOSICPHOTO TOIUIMBA (Tak Ha3bIBa-
eMast «MHIIEHDY) obmydaeTcst
BBICOKOYHEPTHYHBIMU JIA3¢PHBIMU  JTHOO
voHHbIMU Jydyamu. Iloxg  neiictBuem

06ﬂy‘I€HI/I${ BCPXHHUEC CJIOM  MHUIICHU
nucnapsarTces, a BO3HHUKAKOIINC
PCaKTUBHBIC CHJIBI IpUuBOAAT K

KYMYJIITUBHOMY CXKaTHI0 MHUIIEHH [0
YPOBHS, KOTJa B €€ LEHTPE HAuYUHAETCS
CaMOTOIEPKUBAIOIIASICS PEAKLUSL.
PaGoTel 1o mpakTHUECKOH peanu-
3auun UTC Bemytcst B Poccun, CILA,
®panuuy, Anonun. B HacTosmee Bpemst
yueHble OJIM3KM K pealu3alud «KPHUTHU-
YECKOTO IKCTIEPUMEHTA», TO €CTh BBIXOIY
Ha PEXHUM, KOTJIa YHEPTHs TEPMOSIEPHO-
IO TOPEHUS CpPaBHHUBAETCS C DHEPrHEH,
TpeOYIOMIEHCS IS €TO TOKUTA.



TUNOBASA CXEMA JIABEPHOIO
TEPMOSAOEPHOIO PAKETHOIO ABUTATENA

Puc. 2.

Ha puc. 2 nokasaHa cxema nasepHoro TAPL, BbINonHeHHas B
COOTBETCTBUM C paspaboTtkamu P. Xanga, J1. Byga v Ix.
Hakonnca (R. Hide, L. Wood & J. Nuckolls) (1972 r.). Kamepy
cropanus (KC) TAPL obpasytoT ABa COOCHBIX CBEPXMPOBOASALLMX
coneHouaa — Marnoro AMameTpa C BbICOKOW HamnpspKeHHOCTHHO
MarHUTHOro nors (1) 1 GonbLIoro AnameTpa C MeHbLUEN
HanpsKeHHOCTLIO (2). N3 TepmosiaepHoro Tonnuea (3), koTopoe
B MEX3BE3HOM NMPOCTPaHCTBE MOXET XpaHUTbCst 6e3 6akos, B
cneuyanbHbIX YCTaHOBKaX (4) M3roTaBnmBakoTCst MULLIEHN
maccoi 0,1-1,0 r. C NnOMOLLIbIO JIMHENHOrO MarHUTHOIo
yckoputens (5) MyLeHn nogatoTest B MarHUTHbIN dokyc KC (6) n
NoKMratoTCsl Ny4amm MHOTrOKaHanbHOro rasoBoro nasepa (7)
dokycupyemMbiMy 3epkanamu (8). bonbLuasi YacTb
06pa3oBaBLLENCS! BbICOKOVMOHU3MPOBAHHOM Miia3mbl
BbITanKMBaeTCs MarHUTHbIM nonem no ocu KC, cyLlectBeHHO
MeHbLLIas yXOAUT B NPOTUBOMOSIOXKHOM HarnpaBeHun B Tak
Ha3blBaEMbI «KOHYC NMOTEPbY W MOTTMOLLIAETCS OXaXXaaeMOoNn
3aLwmToNn (9). BNEKTPOIHePrna A Hakayky nasepos u
YCTPOWCTB Mofayn MyLLEHEN oBecrneymBaeTcs corieHouaamm
(10), opveHTUPOBaHHBLIMU Ha TOUKY ropeHUst. PaclumpsitoLasicst
nnasma gedopMupyeT MarHUTHOE Morie, U ero N3aMeHeHue
reHepupyeT TOK B 9TUX coneHouaax. Bce anemenTel TAPL nvbo
HarpeBaloTCs U3My4eHNEeM U3 30HbI TEPMOSIAEPHOTO ropeHust,
nmbo camu SBNSIKOTCA MOLLHBIMY UCTOYHUKaMK Tenra, No3ToMy
caMbIMy 6OMbLUIMMK MO pa3Mepy 3NeMeHTamMu ABuratens
aBnsaoTcs pagmatopbl (11). OHM MOryT ObITb BIMOMHEHBI Ha
OCHOBE TensoBbIX TPyOok Nbo no Gonee achheKTUBHBIM CXEMaM
KanernbHbIX UK NbINEBbLIX paanaTopoB. XKeCTKOCTb KOHCTPYKLMN
obecneuvBaeTcs TpyouaTbIMM CUNOBBLIMY 3rieMeHTamu (12).

B kauecTBe OCHOBHBIX TOIUIUB JJISI UMIYJIBCHOTO TEPMO-
simepHoro paketrHoro asuratens (TAPJI) paccmatpuBaroTcs
TOIUIMBA HA OCHOBE PEAKIMH JeUTepuit-renuii-3, nehte-puii-
JUTHI-6 U BOJOpona-60p-11, ¢ MalbiM BBIXOJOM HEHTPOHOB
(TOJIBKO 3a CUET «ITOBOUHBIX» PeaKiii, Hampumep - D +2 D =
%,He + n + 3,25 MaB):

2D +%He="%He +p + 17,6 MaB,
21D +%Li = 2%He + 22,3 M5B,
p+ 5B =3%He + 8,7 MaB

TEXHOJIOMMAN

He BnaBasice B cpaBHUTENBHBIN aHAIM3 ITUX TOILUIMB, MOKHO
MPOCTO 3aMETUTh, YTO YyeM OoJjiee yJo0Ha peaKiys JUIsl IPaKTH-
YECKOTO «ABUraTeIbHOI0» NMPUMEHEHUs, TeM TPYJHEE €€ «IOJ-
kKeuby». Tak 4TO BO3MOXHOCTU MPAaKTUYECKOTO HCIOJIb30BaHUS
STHX peaklUi OMpPEeAeNsIOTCsS MPEUMYILIECTBEHHO Ppa3BUTUEM
TEXHOJIOTHH Tomkura. Iyl CeromHsIIHAX 3KCIEPHMEHTOB
yamie WCIONB3YIOTCS HHUOIMMOBBIE TBEPAOTEIBHBIC JIA3ephl,
OJTHAKO JJIsl IPUMEHEHUS B ABHTATEISIX OHH HE TOAATCS H3-32
Oompmioft Maccel u manoro KIIJl mpeoOpa3zoBaHUs JHEpPrHUH
Hakadkd. J{7s pakeTHBIX ABHTATENCH paccCMaTPUBAIOTCS Jia-
3epHbIC JIpaiiBephl Ha JABYOKHCH YTJepoja, HOAHBIA Jlazep u
Jaszep Ha OCHOBe (TOpHCTOro Bomopoma. IlommMo ma3epos,
BO3MOXKHO TPHMEHEHHE YCTPOWCTB, TCHEPHPYIOUINX ITyYKH
JIETKHX JTHOO TSKETBIX HOHOB.

Ecimu  orpaHMYnTBCS YK€ CO3JAHHBIMH TEXHOJOTHSIMH,
TepMosIIepHast pakera OyaeT, BeposTHO, Hamboiee 3Pdek-
tuBHa. a1 ogqnokamepHoro TSP/ BnonHe peasibHO MOTYYUTH
CKOpOCTh UcTeueHHs padouero Tema 5x106 m/c u Tary 500 H.
3t0 Oyner Jy4Inuid ABUraTesb Juisl osieToB BHyTpHU CoHEuHOMH
CHCTEMBI, a IS TOTO YTOOBI B IPHEMIIEMbIC CPOKH pEan30BaTh
Y MEX3BE3/IHBII IIepesieT, HOHaJ00UTCS CBA3KA M3 COTHHU TaKHUX
neurarenieii. B 1976 rogy oteyecTBeHHbIE HCCIENOBAaTENn A.
OumokoB u Y. 3akupoB u3 UIIM mnpenctaBuinud HpOEKT
Tpexcrynendaroro KA «HWkap» Ha ocHoBe nazepHoro TAPJ]
JUIsl BBIXOJa Ha OopOMTY BOKpYT 3Be3nnl bapHapna. OcHOBHBIC
nytu coBepuieHcTBoBaHus TAPJI — mnosbeimenue KIIJ u
MOIIHOCTH JIa3€PHOM CHUCTEMBI, YaCTOTHI MOJAud MUILIEHEH U
CTETIEHU BBITOPAHHUSA TEPMOSAECPHOTO TOIUIMBA — CErOJHA
OTKPBITHL.

NMPAMOTOYKA

Wnes ucnonbp3oBaHus BemecTBa Mex3Be3gHon cpensl (MC) B
KadecTBE AHHWTWIIAIMOHHOTO TOIUIMBA OblTa BBIABHHYTAa E.
3enrepoM. TepmosnepHyto npsmMoTodnyio JY mpennoxun B
1958 rony P. Baccapa. IIpumepHO B 3TO ke BpeMms, a CKopee
Jake paHbIIe, CXOXHE TMOAXOAbl TOpa3no  JeTajbHee
paccmatpuBanuck B. II. BypmakoBeiMm u b. C. CTeukuHBIM B
OKB-1 u MAU. Oxnako Tak Kak MX pabOTHI OBUIM 3acekpe-
YEeHBI, COOTBETCTBYIOIIMI THI IBUTaTeNs BOIIET B HAYIHYIO
nuTeparypy Kak nsurarens baccapma. JIroOombITHO, 9TO B TOM
ke 1958 romy anamormuyHas wuaes Oblla HMCIOJB30BaHA B
(anTacTueckoM pacckaze A. u b. Ctpyramkux.

PeakTuBHBIE nOBHWTaTeNIM WCHOJB3YIOT BemecTBo MC B
KauyecTBe TOIUTMBA W/Wiu pabouero Tena. [ltotHocTs MC, B
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TEXHOINOIMMn

OCHOBHOM COCTOSIIEH M3 aTOMOB BOJIO-
pona, kpaiiHe mana. B nutepatype gacto
npuBoauTcs nudpa 1 HykIoOH (aroM) Ha
KyOmdeckuii caHTHMETp. COBpPEMCHHEIC
OIICHKH JUTs OKpecTHOcTeH CoHIa AaroT
ot 0,2 nmo 0,5 HyKHOHa/CM3. ITosToMy B
MPOEKTaX MEXK3BE3IHBIX PEAKTUBHBIX J| YV
MPE/IIOIaraeTcsl HCIOIb30BaHUE O0JIb-
mmx (PanycoM B TBHICSYH KHUIOMETPOB)
JJIEKTPOMATrHUTHBIX COOPHUKOB MEXK-
3BE3/IHOTO BellecTBa. Takue COOPHHKH
MOTYT 3aXBaTHIBATh TOJBKO 3apsDKCHHEIC
4acTHIB! (MOHBI), KOTOPHIE COCTABIISIOT
npumepHo 20% ot Bcero BemecTtBa MC.
Jlns Toro 4ToOBI HCIIOJB30BAaTh HEM-
TpambHBIE ATOMBI, WX MPEIIOIaraeTcs
MpeBaApUTEIHLHO HOHM3UpOBaTh Y D-
H3ITyYICHHAEM.

MEXX3BE3OHbIE

NMAPYCHUKA

Tperuii ki1acc MEXX3BE3AHBIX JBUTATEICH
00BenMHACT BO3MOXHBIE TEXHOJIOTHH
cHaOXeHUsT Mex3Be3Horo KA sHeprueit
n/unu paboduM TEIIOM «H3 JIOMay, TO
eCTh u3 ConHeuHo# CHUCTEMBI.
PaccmarpuBamich BapHaHTHI JIA3€PHOTO
1 MHUKPOBOJHOBOTO Tapyca, BapHAHTHI C
Pa3TOHOM Ja3epHBIM JIYIOM W C HOIIIHNT-
KOH MOTOKOM MHKpodacTuil. OCHOBHOM
OJIOK TaKOTO JIBUTATENS —OKOJIO3E€MHAs
opOHTanbHas SHEProyCTaHOBKA. Takue

9HEPrOyCTaHOBKHU YK€ pa3pabaThIBalOTCs
(Poccusi, SImonums) B pamKax HpPOEKTOB
KOCMHUYECKHX COJHEYHBIX JJIEKTPOCTaH-
uuii (KCD) — opOuTanbHBIX anmnapaTos,
NpeAHa3HAYCHHBIX JUIS  00ecredeHust
SHEpruel TPYAHOJOCTYIHBIX PaiOHOB.

BapuanroM cucrembl HapycHOTo THIIA
CITyXaT ¥ MJEH UCIIOJIb30BAHUS MEK3BE3-
JTHOH cpeJibl AJIsl TOPMOXKEHHsT KOpadis y
uenu mnosera. Hanpumep, B mpoekrte
«Mex3Be3aubiii koBuer» I'. Mammodda
NPEAIoJaraeTcss UCIOJIb30BaTh  JJIEK-
TPOCTATUYECKUH TOPMO3HOM DKpaH C
3apsinoM B 1 Kynon s TopmosxkeHus co
ckopoctu 0,02 no 0,002 ceerosoii 3a 80
JeT.

ConHEYHBIH Napyc mNpearosaracTces
UCTONb30BaTh U €LIe B OJAHOM HpPOEKTe-
npearede «MeX3Be3AHBIH  30HA»
(Interstellar Probe) NASA. B atom mnpoek-
Te ucnonbdyercss 200-M CONHEUHBIN mapyc
s pasrona 25 kr ITH Bomu3u ComHia
Ha qucrannuu 0,25 a.e. ot Connia. 3a 15
JIET 30H/ JIOJDKEH YJIETETh Ha PAcCTOSIHHE
ceeie 200 a.e.

BCE ECTECTBEHHOE...
Mex3Be3nnbie KA MOryT MCHOJIb30BaTh
€CTECTBEHHbIE CHUJIOBBIE MOJISI — TpaBU-
TallMOHHOE M D3JIEKTPOMAarHUTHOE. XOTs
SHEPTUU OTUX MOJIeH HEeIOCTaTOYHO IS
TOT0, YTOOBI CAMOCTOSATEIILHO PEaH30-

CXEMA PEAKTUBHOW OBUIATENIbHOM YCTAHOBKWU BACCAPOA

DokycHpywiKe
CONEHOMABI

Cunossie
INEMEHTHI

Bnoxn
NoNe3HoM
Harpy3Kn

¥ A

i

e

HaBerawwmui

—

Hanpaeneunwe
peaKTHEHOR w
CTpYM

Kamepa
cropanus

NOTOK HOHOB

——

ConHeyneiit napyc Interstellar Probe (NASA).

BaTh MEX3BE3IIHBIN MEpeIIeT, YKe U3BEC-
THbIE METOJbI HX HCIOJIb30BAHUSA I03-
BOJIIT YJIYYIIMTh XapaKTCPUCTUKU JIBU-
rareiei MEepBbIX Tpex KiaccoB. MoxHO
BCIIOMHUTB, 4T0 KA «ITnonep-10,-11» u
«Bosimkep-1,-2»  yxe  HCIOIB30BAIU
rpaBuTanuonHoe mone HOmurepa, yToOBI
nokuHYTh COJTHEYHYIO CUCTEMY M BBIUTH
B MEXK3BE3/IHOC MIPOCTPAHCTBO.

Ha pvic. 3 nokasaHa ynpoLLeHHas cxema ABuraTeribHON YCTaHOBKM
Baccapaa. BcTpeyHblii MOTOK MOHOB MEX3BE3QHOM Cpeabl 3axBa-
TbIBa€TCSA MarHUTHLIM nonem cGopHMKa MOHOB 1 hoKycHpyeTcs B
kamepe cropanus. o ngee baccapaa npegnonaranock UCMOMb-
30BaHVe MPOTOH-NPOTOH TEPMOSiAEPHON peakumn. OgHaKo, XoTA
3Ta peakums 1 NCronb3yeTcst HamM NOBCEOHEBHO (BEAb MCTOYHUK
3Heprum ConHua — NPOTOH-NPOTOHHLIN TEPMOSAEPHbIV LIMKIT),
OHa NPaKTUYeCKN He roanTCs Ans ABUraTensi — CrAMLIKOM BbICOKa
Tpebyemasi aHeprvsi Noaxura 1 CIIMLLKOM Mar BbIXO4 3Heprum
[0,42 MaB). PaccmatpuBancs BapyaHT NPOTOH-NPOTOHHOMN peak-
LyK, KaTannsnpoBaHHOW yrnepoaomM. XoTs B 3TOM Cryvae xapak-
TEPUCTVKN TOMIMBHOTO LIMKINA YNy4YLLIAKTCA B COTHIO MUIITTMOHOB
pa3 — BCe paBHO Takve peakLmm HaxoasaTCs 3a rpaHbo
npeacTaBUMbIX BO3MOXHOCTEN.

Boree peanbHyto cxemMy peakTMBHOWM ABUraTeNbHON YCTaHOBKM

vl

npegnoxun B 1974 rogy A. BoHa. Mo aTolh cxeme Gornbluas YacTb
3axBaTbIBAEMOrO BELLECTBA MEX3BE3HOW CpeLbl UCMONb3yeTcs B
KayecTBe paboyero Tena, pas3roHIEMOro B SAEPHOM I TEPMO-
sinepHoM peakTope. No pacyetam BoHaa, BOCMONb30BaBLUMCH STON
KOHLIeNUMEN, MOXXHO MOCTPOUTL kopabnb Maccon 100 ThICAY TOHH,
C rnonesHon Harpyakon 30 TbICAY TOHH, C 3O(EKTUBHBIM Paanycom
3MEKTPOMarHUTHOro NoJsis AJ1si coopa BeLLEeCTBa MEX3BE3QHOM Cpe-
bl B 34 100 km [MpymepHO nonosuHa paguyca Konutepa).

Coopruk
HOHOE

\\

Puc. 3.
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CXEMA «3BE3[JHOW CONNIOMKWU» ®OPBAPJA

Conxeunan
IAEKTPOCTAHL HA

Muxpoeonnosoe
Hany4eHHe Nun3a

" 30HR

Puc. 4.

B kauecTBe npvmMepa cuctemM napycHoro Tura MoXHO He-
CKOMbKO NoapobHee paccMOTPEeTb CXEMY MEX3BE3AHOMO
30HAa Starwisp («3Be3gHas conomka), MPeanoXeHHyo B
1985 rogy P. ®opeapaom, [puc. 4). 3oHa npeactaenseT
€o0boV NPOBOMOYHYHO CETKY-NapYC C MUKPOCXemMamu B
Kaxgom yane. KunomeTtpoBbIn napyc umeet maccy 16 r u
HeceT 4 I MMKPOCXeM M MUKpOoOaTyMKoB. YckopeHue B 115 g
obecneunBaeTcs 10 MUKPOBOMHOBbLIMM STy4amy MOLLHOCTbIO
B 1 BT kaxabIn, Npy 3ToM ckopocTb B 20% CBETOBOW
[OCTUraeTcs Yepes Heckomnbko AHen. MUKPOBONHOBLIN NyYy
hoKycMpyeTcs paavoaHanoroM OnTUHECKON NUH3LI PpeHens.
Mo npubbITUK B cucteMy Anbda LieHTaBpa npoBoasitcst
1ccrneaoBaHys CUCTEMBI, @ NonyYeHHas nHdopMaums
nepefaeTcs Ha 3emriio € UCMonb30BaHNEM KOHCTPYKLIMN
napyca B ka4ecTBe OCTPOHarpaBfeHHOM aHTeHHbI. Popsaps
npegnaran nenonsb3osath Ans 3Toro akenepymeHta KC3 B
nepuog Ux otTnagkv u ucnbitaHun. B 1985 roay ata ngea
BbIrnsaena JOBOMbHO-TaKVN 3K30TUHECKON, OHaKO
COBPEMEHHbIE YCrexy HAaHOTEXHOMOMI AernaroT ee BriorHe
peanucTn4Hon.

IHCOHHEIN D&

[pue. NASAL

Mem3eesgnbii

TEXHOIOI NN

Hcnonp3yeTcsi TpaBUTAIMOHHBIA MaHEBp W B OOJBIIMHCTBE
COBPEMCHHBIX MPOTPAMM HCCIICIOBAHHNA JAJIbHUX IUIAHET.
Bornee cnoxHbIC TpaBUTALIMOHHBIC MAHEBPHI MOTYT 00CCIICYHTh
ckopocth 10 100 xm/c. TIprbaBka CKOPOCTH HE OYCHBH BEIIHKA,
HO OHa JCHCTBYET B TCUCHHE JUJIMTCILHOTO BpeMeHH. B.
CypIuH TpPEUIOKMI HKCHOIb30BATh TPABHTAIMOHHBIC —ITOJIS
OeTbIX KapJIUKOB WIIM HEHTPOHHBIX 3BE3J IUIS CYIIECTBEHHOTO
M3MEHEHHUsI BEKTOpa CKOPOCTH, C TeM 4TOOBI HampaBuTh KA k
JIpyroi 3Be3ze.

TOJIbKO N’MNOTE3bl

YetoBeK HUKOTIA HE JKANOBAJICS Ha HEIOCTATOK (haHTa3WH, a
HEJOCTaTOK HAIIMX 3HAHHWHN O MPOIECcaX Ha YPOBHE MUKPOMHpA
SIICMEHTAPHBIX YACTHUIl ¥ HA YPOBHE MaKpOMHpPa B KOCMOJIOTH-
YECKUX TEOPHAX — MPEKpacHas MouBa ISl KOHCTPYHPOBaHHUS
pasHBIX BapHAHTOB MyTEIIECTBHUIA K IPyruM rwiaHetam. K kmaccy
«rumnotetiaeckux KAy oTHOCSTCS pasHOTO poja «IehopMaTops»
npocrpadctBa-Bpemenn (Warp drive), ucross30BaHHe THIIOTE-
THUYECKUX TYHHENeH («uepBoToumH») B mpoctpanctee (Worm
hole), «ubIpku» B YepHbIE IBIPHI H MHOTOE Apyroe. Hecmorps
Ha OYCHb BBICOKYIO THIIOTETHYHOCTH TAKOTO POJA TPOECKTOB,
NASA. B 1996-2002 roaax peanm3sosaio Breakthrough Propulsion
Physics Project («IIpopbIBHO# HPOEKT (H3UYECKOH OCHOBBI
JBUTATEIBHBIX TEXHOJOTHI»), B PAMKaX KOTOPOrO paccMarp-
BAJIKCh U LIMPOKO OOCYKIAIUCh MMEHHO TaKUe IOJXOMAbl. MbI
K€ O HUX JIMIIb YIOMSHEM — B Ka4eCTBE BEPXHEH IPaHMUIIbI
[PEICTABUMbIX BAPHAHTOB MEX3BE3IHBIX Y.

HAOO NnNn? HAQO!

EcTecTBeHHBI BOMpOC, KOTOPBI BCErJa BO3HUKACT IMPH
PACCMOTPEHHUHU TEPCIEKTUBHBIX KOCMHYECKHX MPOCKTOB — «a
3a4eM 3TO HYXHO?» WIyT TeopeTHYecKue W IKCICPUMCH-
TaIBHBIC HWCCICIAOBAHUS, PE3yJIbTaThl KOTOPBIX HEU30EKHO
CKa)XXyTCsl Ha MPAKTHYCCKOW pean3anuu OyIylux JABHraTelc
JUTS MEX3BE3IHBIX mepeneToB. CTOUT JH «OekaTh BIEPEIH
napoBo3a»?PaccMOTpeHHe MPENCIbHBIX TEXHHYCCKHX BO3-
MOXKHOCTEH MOJIC3HO I IeNieH MPOTHO3UPOBAHHS Pa3BUTHS
KOCMOHABTHKH. J[0 CHX MOp OHO TMPAKTHYCCKU BCET/AA IILIO B
HATPABJICHUH MPEIBUAUMBIX TEXHOJOTUYCCKUX BO3MOXKHOCTEH.
CornacoBaHre KOCMHYCCKUX MEPCICKTUB C HANPaBICHUSIMHU
OOIIETEXHUYECKOTO MpOorpecca MOBBIMIACT JOCTOBEPHOCTh KOC-
MHUYECKHX TPOTHO30B M MPUHUMAEeMbIX pemenuil. Hampumep,
HBIHCIIIHEE OTCTABAaHHE POCCHHCKOW KOCMHYECCKON OTpaciiu B
4acTH KOMIUICKTyrommx misi KA sSBHO CBS3aHO C TEM, YTO B
CcBOE BpeMs OBLIO HEIOOLIEHEHO 3HAYCHHE
OBICTPOPA3BUBAIOIIUXCS TUPPOBBIX TEXHOIOTHIA.

[one3HbIM MpenCcTaBIsSCTCS U U3YYCHHE TPEACTbHBIX TEX-
HUYCCKUX BO3MOXHOCTEH B cepe crenuanbHOro oopa3oBaHus
OyAyllUMH WHXKCHEpAMHU-PAKCTYMKAMH. JTO HE  TOJBKO
PACIIUPUT TEXHUYCCKUI KPYrO30p MOJOMABIX CICIIHAIMCTOB, HO
u OymeT cnocoOCTBOBaTh HCIHOJIB30BAHUIO CMEXKHBIX TEXHO-
JIOTHI — JIa3epbl, KPHOTCHUKA, CBEPXIPOBOJIHUKA — B KOCMH-
YeCKHX MpPUMEHECHHsAX. BooOmie roBops, ObUI0 ObI TOJE3HBIM
BBeJicHHE Kypca «llepCreKTHBHBIC NBUTATEIBHBIC CUCTCMED) B
HAIIMX KOCMHYCCKUX By3aX. Belb HBIHCIIHUE BBITYCKHUKH U
a0UTYypUCHTHI HABEPHSAKA CTOJKHYTCS Ha TPAKTHUKE C COBEp-
IICHHO HOBBIMH, CCTOIHS JIUINb TYMAaHHO MPEICTABISCMBIMHU
KOCMHYECKUMHU TEXHOJIOTHUSAMHU.

Hean Moucees
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