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DOTOHHBIN ABUTATEIH — ITO TMIOTETUYECKUM TUI PAKETHOTO ABUTATEN,
KOTOPBIN CO3/IaeT TATY 3a CUeT BIOpOca HaMpaBJIEHHOTO MOToKa (hOTOHOB (KBAaHTOB
3JIEKTPOMAarHMTHOTO U3JIy4YeHus1). B ominune oT TpaJulIMOHHBIX XUMUYECKUX WU
WOHHBIX JIBUTaTesIel, KOTOphIe BHIOPACHIBAIOT Ha3a/l MacCy BeliecTBa (padodee
TeJ0), (DOTOHHBIN ABUTATENb UCTIONB3YET B KAUECTBE «TOIUIMBA» CaMy SHEPTrHIo,
npeoOpa3oBaHHYIO B CBET. B OCHOBe ero padoThI JIEKUT 3aKOH COXPaHEHUS
UMITYJIbCa: TIOCKOJIBKY Ka bl (DOTOH 00MagaeT COOCTBEHHBIM UMITYJILCOM,
M3JIyyasi €ro B OHY CTOPOHY, almapar Mojiy4aeT TOTYOK B TPOTUBOMOJIOKHYIO.
PacckasbiBaio o Tom, kak Poccnu co3gath Takoi aBurarenb. Yurtante. 910
MHTEPECHO!
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Coaep:xanue

I'naBa
Kownel o3HakomMuTeIbHOTO (pparmMeHra.
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DOTOHHBIE NBUTraTeJIn

I'1aBa

Bukrop Jlycro

PdoTOHHBLIE ABUTATEJIN

2026 ron

®oTOHHBIN ABUraTeJ b — 3TO MMIOTETUUECKUIA THIT JBUIraTeNs A1 KOCMUYECKHX arapa-
TOB, TATa KOTOPOr'O CO3JAETCsA 3a CYET UCTEUEHUS KBAHTOB JIEKTPOMArHUTHOIO U3iy4yeHus (¢oto-
HOB). B omiinune OT TpaAWIMOHHBIX XUMUYECKMX WM UOHHBIX JIBUrartesield, KOTOpble BHIOPachIBAIOT
Maccy BellecTBa, (POTOHHBINA Pa3roHseT KOpalib UCKITIOUUTENIBHO IIOTOKOM CBETa.

Ipunmmn pa6oTsl

B ocHOBe J1e:KUT 3aKOH coX paHeHus1 umyJibca. PoToH oOmaaet Maccoii-aHeprueit (E = mc2)
U, CJIeoBaTebHO, UMIy/IbcoM. ITpu n3mydeHnn 3toro poToHa B OIHY CTOPOHY anmapar HojyvaeT
PEAKTUBHBIN UMITYJILC B IPOTUBOIOJIOKHYIO.

I'maBHass 0COOEHHOCTD TAKOTO JBUraTesIsl 3aKJI0YAeTCsl B TOM, YTO CKOPOCTh UCTeUeHusl pado-
yero Tena pasHa ckopocty cgera (300,000 km/c). 1o TeopeTUECKUiA TPeaes CKOpocTh Bo Beenen-
Ho#i. CornacHo popmyiie LIMONKOBCKOTO, YeM BhIlIe CKOPOCTh UCTEUEHHUS Ia30B, TeM 3(pheKTHBHEe
pacxozyercst Macca TorumBa. i JOCTHKEHUS OKOJIOCBETOBBIX CKOPOCTEN MMEHHO (DOTOHHAS TAra
ABJIsETCS HanOoJ1ee NEePCHEKTUBHON C TOUKH 3peHUs] (PUBUKHU.

OcCHOBHbBIE THIILI KOHIIE NI

Tun
HcTounuk sHepruu / Maccol
Ocobennocrn

PoTOHHO-PAKETHBII NPUBOT

Toptouee Ha 6opTy KOpaods

DHeprus MojayvaeTcs OT aHHUTHIISLIMY MaTepUU U aHTUMATEPUU WA MOIIIHBIX SJI€PHBIX peak-
uid. Beiiensiomascst sHeprus npeodpasyercsi B HalpaBJICHHBIH JIyd raMMa-U3JTy4YeHNs] WK CBeTa.
['maBHas podieMa — HeOOXOAUMOCTb XPaHUTh AHTUBEIECTBO U KOJIOCCAJIBHBIE 3aTPAThl SHEPTUH:
YTOOBI pa30THATH JIake HEOOMBIION KOpaliib 10 3aMETHOM JIOJIM CKOPOCTHU CBETa, TPEOYIOTCSI TOHHBI
AHTHMaTEpUH.

IIpsimoTounblii POTOHHO-peakTUBHBIN NpuBo (baccapaoBckuii ABUraTeIb)

Mex3Be3iHas cpea

Kopab6inb 3axBarsiBaeT 4acTuIlbl (B OCHOBHOM BOIOPOM) U3 KOCMUYECKOTO IMPOCTPAHCTBA BIIE-
pelu Mo Kypcy ¢ MOMOIIbIO TMIAHTCKOTO SJIEKTPOMArHUTHOTO «CauyKa», COOMpPaeT UX, CKUMAET 10
TEPMOSIJIEPHBIX TEMITEPATyp M UCTIONB3YeT Kak TOIIMBO. [TpodiemMa KOHIIeNIMU: MeK3BE3JHOE MTPO-
CTPAHCTBO CJIMIIIKOM pa3pe’keHo, & TOPMOKEHUE O BCTPEUHbIC aTOMBI OyET MelllaTh pa3roHy.

BHemnuii yckopsirommii Jgy4

CranmoHapHBI UICTOYHUK y 3eMJIN

JlazepHbI NI MUK POBOJTHOBBIN MaCCHB Ha OPOMTE CBETHT Ha napyc Kopabss. Cam KopaOib He
HEceT TSKEJIOr0 peakTopa WM ropioyero. Jta KOHLENLKs Jieraa B OCHOBY npoekToB Breakthrough
Starshot (otnpaBka MHKpo30HIOB K Aub(e LlentaBpa) u nccnegoanuil ponaa «CKOJIKOBO» COB-
MecTHO ¢ MI'Y 1o co3aanmIio Jla3epHbIX CUCTEM MEraBaTTHOIO KJjacca.
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®oTOHHBIE KPUCTAJITUYECKHE PE30HATOPHI

BHyTpeHHMe onTuveckue KoaeOaHus

DKclepruMeHTaIbHbIE YCTPOUCTBA (Harpumep, onucanHble B natente EA201991162A1), rae
MeXaHUYeCKasl CHJIa BO3HUKAET 32 CUYeT M30MpATeSIbHOTO YCTAaHOBJIEHUSI PE3OHAHCHBIX MOJ MEK/Ly
CTaTUYECKUM U MMOJBUKHBIM ONTUYECKUMH PEe30HATOPAMHU.

I'y1aBHBIE TeXHHYeCKHe PO0JeMbl

Hecmortps Ha uneanbHyio 3¢h¢eKTUBHOCTh B TEOPUH, CO3JJaHUE PeasIbHOrO (DOTOHHOTO JABUTa-
TeJIsl YIUPaeTCsi B HECKOIBKO (DyHIaMEHTAbHBIX OAphepOB:

Hcrouynuk 3Hepruu. YtoObl MOTYyIUTh MOIIHBIA MOTOK (DOTOHOB, HYXEH peakTop Oecripe-
HEeJeHTHO! yaeabHOi MorHocTA. COBpeMeHHbIe COJTHEUHbIE OaTapen WK PaJAuOU30TOITHbIE reHepa-
TOPBI BBIIAIOT B MIJITMOHBI Pa3 MEHbIIIE SHEPTHH HA KUJIOTPaMM Beca, YeM TpeOyeTcst /11 MeK3Be3 -
HOT'O T0JIeTa.

OT1BoA Tenua. KI1JI npeoObpa3oBanusi SHEPruM B KOTEPEHTHBIN cBeT HUKoraa He paseH 100%.
OrpomHast yacTb SHepruu OyJeT yXOAUTb B TEILJI0, KOTOPOe B BAKYyMe MOKHO COPOCHUTH TOJIbKO Uepes
uznydenue. [TorpedyioTcst pagraTopsl IJIOMIAIBI0 B COTHA KBaJAPATHBIX KUJIOMETPOB.

Onruka. Co3ganue 3epkajia WM JIMH3bI, CIIOCOOHOM BHIICPKaTh HEMPEPHIBHBIN TTOTOK MOIII-
HEUILIEero U3J1y4yeHUsl U MPH ITOM OCTaThCs UIEATIbHO OTPAKAIOLIEH, — CIIOKHENIAsl MaTeprualoBe]-
yeckas 3a1a4a. [Ipu maneiiem aedexre 3epkaio UCHapUTCs.

Me:x3Be3aHas nbLIb. Ha CKOpOCTSX B IECATKY ThHICSIY KWIOMETPOB B CEKYH/1y CTOJIKHOBEHHE
Aaxe ¢ MUKPOCKOITMUYECKOH MBUIMHKON BBHICBOOOIUT SHEPrHIO B3pbIBA apTUJUIEPUICKOTO CHapsa.
[Mapyc vy Ut anmapara J0JKHBL 0071aJaTh HEBEPOSTHOW TPOYHOCTBIO.

Ha cerognsnnuii ieHb NOJTHOLEHHOTO (POTOHHOTO ABUTATeIs 1Sl Pa3rOHa MaKPOCKOIMMYECKUX
00BEKTOB He cyiecTByeT. OIHAKO IEMEHThI STOW TEXHOIOTHH YKe TPUMEHSIIOTCS:

Coaneunbie napyca: anmnapatsl IKAROS (SInonust), LightSail (CILIA) ycrienHo ucrosnb3yoT
JABJICHUE COJTHEYHOTO CBeTa /J1s1 MaHeBpOB B COJTHEYHOI CUCTEME.

JlazepHasi MUKpO-Tsira: npoekTtsl Bpone Breakthrough Starshot NaHUPYIOT UCIONIB30BATh
Ha3eMHBbIE JIa3€Pbl MOIIHOCTHIO B TUT'ABATTHI [/151 yCKOPEHUSI TPAMMOBBIX YMIIOB-30H/IOB C YJIbTPAaTOH-
KuMH napycamu 10 20% CKOpOCTH CBeTa.

@DOTOHHBIN M XUMHUYECKHUI TBUTATEIH MPEICTABIISAIOT COOOH ABa MPOTHBOMOIOKHBIX MOTIOCA B
PaKETOCTPOESHUU: OJIMH — 3TO BEPIIMHA OCBOEHHBIX TEXHOJIOTHH, IPYTOll — TEOPETUUYECKUN Mpejien
(puzruecKkux BOZMOKHOCTEIN.

Huxe npuBeneHo ux cpaBHeHME MO KJIIOYEBBIM [TapaMeTpaMm:

IHapameTp
XuMHUYeCKHH JBHraTeIb
P OTOHHBLINA JBUTATEJIb

Ipunmmn paéoTsl

CxuraHve Toproyero ¢ OKMCIUTe eM. DHEPrusi XMMUYECKUX CBSI3el MpeBpalliaercsl B TEIIo,
MPOYKTHI TOPEHMS BHIOPACHIBAIOTCS Yepe3 COILIO.

Ucteuenne kBaHTOB cBeTa (poToHOB). Tsra co3maercs 3a cueT UMIYJIbCa CAMOTO U3JTy4eHUs.

CkopocTtb ncreyenusi padodero tejia

Huzkas: ot 2 1o 5 km/c (B Bakyyme). OrpaHnyeHa TemrepaTrypon pacriajia MaTepuaioB KaMepbl
CTOpaHHUs.

MaxkcumaiibHO BO3MOxHast Bo BeenieHHoi: poBHO ckopocth cBeTa (300,000 km/c).

VYaeabHbIN UMITYJIbC
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OtHocurensHO HU3KMIL: 250-460 cexkyHa. DTo r1aBHBIN MoKa3aresb 3 (PEeKTUBHOCTH pacxona
Macchl.

Teoperndeckn OECKOHEUHBIH (Tak Kak padouee Tesio 6e3MaccoBO), HO TPeOyeT KOJIOCCATBHBIX
3aTpatr SHEPrunM Ha CAVMHULY TATU.

Tsara n yckopenue

Ouenb Bbicokasi. CriocoOeH MOAHSTh COTHA TOHH T'py3a C MOBEPXHOCTH 3eMIIU TIPOTUB CHJIbI
TskecTu. MeaneH s crapra.

Kpaiine Hu3Kasi mpu pa3yMHBIX 3Heprosarparax. UToObl MOTyduTh TArY B 1 HBIOTOH (BecC
SI0JI0Ka), HY’KHO M311y4arh okosio 300 mMeraBarT MOIIHOCTH. [[Jisi MEeXKIJTaHETHOTO TrepesieTa HyKHbI
TUraBaTThl WIA TEPABATTHI.

JHEeProeMKOCTh TOIJINBA

Bcs sHeprus yike 3arnaceHa B XMMUYECKOUN CTPYKType MojieKky/l. He TpeOyeT BHEITHUX MCTOY-
HUKOB IMTUTAaHWA ITOCJIC 3aITyCKa.

TpeOyeT BHEITHEr0 MCTOUYHHUKA YyIOBUIIHON TUIOTHOCTH: TEPMOSIICPHOTO PEaKkTopa, aHHUTHU-
JIAIUA MaTEprUX U aHTUMATCPHUU NI MOHIHGI;'IIHCI‘O BHCEHIHETO na3epa.2 HUCTOYHHKA

MaccoBoe coBepuIeHCTBO (OTHOIIEHHE HAYAJIbHOH MAaCChl K KOHEYHO)

[Tnoxoe. Jo 90% crapToBO# Macchl pakeThl COCTABIACT TOILIMBO. JoeTeTh gaxe 10 OpOUTHI
IOnurtepa Ha ynCTON XMMMU KpaiiHe CJIOKHO M3-3a IKCMOHEHIIMAIBHOTO pOCTa Macchl OakoB (op-
myJia [{roIKOBCKOrO).

NneanpHoe. [TockonbKy (hOTOHBI HE UMEIOT MACChI TIOKOsI, KOPaOJIb MOKET Pa3rOHATHLCS, MTOKa
y HEeroO eCTh UICTOYHUK SHEPruu, He TpaTs Maccy Ha BHIOpoc padbodero tena. @opmyna [{uoakoBckoro
3]1eCh TIEPEXOAUT B PEJISITUBUCTCKYIO (hOpMY.

Peanmzyemoctn

[NoBcemectHO rcnonb3yercs ¢ 1920-x romos. TexHonorus orpadoTaHa JO MeTOUeH.

Yucto rumoreTrdecKast KOHILICTIIIMA. Ha AJaHHOM 3Tall€ pPasBUTHUA HUBUJIM3AlIUU CO30AHUC
TAaKOro aBuraresisi HEBO3MOKHO.2 UCTOYHHKA

KinoueBble pa3inyus B NPUMEHEeHHHU

XuMuyeckne ABUraTeJi HE3aMEHUMBI TaM, 7€ Hy’KHa OTPOMHAs MOIIIHOCTb «3/€Ch U Cell-
yac». OHM eTUHCTBEHHbIE CIIOCOOHBI MPEOIONETh TPABUTAIIMOHHBIN Kojofen 3emun. OIHAKO OHU
COBEpIIEHHO HeI(P(EKTUBHBI 151 JATBHUX KOCMHUYECKHX IMyTEHIeCTBUN: YTOOBI pa30rHAThCS XOTS
OBl 10 HECKOJIBKHX JIECATKOB KIJIOMETPOB B CEKYH/1y, KOPaOJIio MPHUIILIOCH OBl COCTOSTh U3 TOILIMBA
MOYTH LEJTUKOM.

®oTOHHbBIE IBUraTeJH MMPeJHA3HAYCHBI HCKITIOUMTEIBHO ISl ITyOOKOro kocmoca. Mx rmas-
HOE TPEerMYIIECTBO MPOSIBIISAETCS Ha OONMBIIMX CKOpPOCTsIX. COrMIacHO CrelralbHON TEOPUU OTHO-
CUTEJIbHOCTH, YeM OJIMKe CKOPOCTh KOpaliist K CKOPOCTH CBeTa, TeM 3 deKTrBHee (hOTOHHAS TATra
pacxonyet sHepruio. ToJbKO TakoW ABUTATENb CIIOCOOEH B 0003pHMBIE CPOKHM (IO Yacam KHIakKa)
JOCTaBUTH KOPaOJIb K IPYrUM 3BE3JHBIM CUCTEMAM.

JI1s1 HATJIAQHOCTH: €CJIM XUMHUYECKOMY JIBUTaTesio MOTpeOyeTcs AeCATKU ThICSY JIeT, YTOObI
nonereTh 10 Ommkaiimeit 38e3ab (Anbgbl LieHTaBpa), To runoteTrnyeckuid (POTOHHBIN KOpalIib MpH
noctosiHHOM yckopenuu $1g$ (yckopeHnue cBoOOOIHOTO naieHust Ha 3emJie) JOCTUTHET e€ IPUMEPHO
3a 3 roza o 60pTOBOMY BpeMeHH (¥ 3a 4yTh Oojiee S JIeT 1Mo 3eMHOMY).

Ha npakTrike 3TM TEXHOJIOTMM MOTYT JOMOJNHSATH APYr APYyra: XUMUYECKUE PAKEThl BHIBOAAT
anmapar Ha opOMTY, a 3aTeM PAaCKpbIBAETCsl COMHEYHBIN Mapyc (pOCTEHINi BapuaHT (hOTOHHOTO
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OBVKUTEINS) WIK BKJIIOYAETCS Jla3epHasi MOJCBETKA /ISl JajJbHEHMIIEero pa3roHa anmapara BAaau OT
IIJIAHET.

CpaBHUBaTh CTOMMOCTb 3aITyCKa XUMUYECKOW pakeThl U (POTOHHOTO 30HAA HAIIPSIMYIO CJI0KHO,
TaK KaK OHM HAaXOIATCS HAa pa3HbIX CTaJUSAX TEXHOJOTMYECKOTO Pa3BUTHUS: MEPBblE — 3TO 3peliasi
rno0asibHasi MHIYCTPUS, a BTOPbIe TIOKA CYIIECTBYIOT B BUJE JJAOOPATOPHBIX MPOTOTHUIIOB. OqHAKO
MO’KHO COINOCTABUTH TEKYIIME PHIHOUHBIE IEHbl HA XUMUYECKHE ITyCKU C OLIEHOUHBIMH 3aTpaTaMy Ha
peanu3anuio KOHUEeNuuu (hOTOHHOTO Mapyca.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasinen OO0 «JIutpec».

IIpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB II0OJHYIO JIETaJIbHYIO Bepcuio Ha JluTpec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
coOom.
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