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BBENENHE

Ec/IM B MIEPBEIH MOMEHT HIES He KaxeTcs aGeypanod, ona Gesrafexna.
AnbbepT IHHIITEHH

Hayuumcd JIH MBI KOTZa-HUOYAb IPOXOUTL CKBO3b cTeHbI? CTpo-
WTh 3B€3/IHBIe kKOpalin, cnocobHbIe 1eTaTh OpICcTpee cBeTa? YnTaTh
MBICTH? CTaHOBUTHCS HeBHAMMBIMU? JIBHraTh npeimeTHl CHIOH
MEBICIN? MrHOBEHHO NMPeooaeBaTh KOCMHYECKOe TIPOCTPAHCTBO?

MeHs ¢ aercrBa MydwiH 1ofo0HBle BOTipock!. logo6Ho MHO-
rUM PH3NKaM, f BLIPOC C MEYTO 0 MyTelNeCcTBUAX BO RPEMEHH, Y-
YeBBIX MYITKAX, CHAOBEIX [OJAX, MAPALTeNbHBIX BCeEHHBIX U T. II.
Marua, ¢aHTe3u 1 HayyHaa danracTika 6bUIH A1 MOero Boobpa-
JKEHMA THIaHTCKOH UIPoBOii omaakoi. C HUX HaYalHCk MOST He-
npexoAdinan Nro60Bb U HHTEpEC K HEBOIMOKHOMY.

TToMHI0, KaK S CMOTPEJI 10 TeJIEBM30PY IOBTOP CTAPOTo CepHa-
na «Pn3m [opacH». Kaxayio cy66oTy s IPUKIEHBAJICA K SKPaHy, Ha-
6024 3a NpHKIoYeRuaMK Onaua, 4-pa 3apxosa v Jeina ApaeHa.
Ene 6onpmee u3ymneHye BEBEIBANA y TOAPOCTKA GUIypHpOBaBIIas
B QUIbMe YyZIeCHAA TEXHHKa Oyayruero: pakeTHble KopabiH, IKTh
HEBHAHUMOCTH, JIyYeBble IylIKH v TOpPoAa B Hebe. 51 He mpomycTrn
HU OZ[HO# HeJIe M. 3Ta NIporpaMMa OTKPEUIa U1 MEHs COBEpPIIEHHO
HOBBIA MUp. C 3aMMpaHHeM cepara g AyMaj, YTO KOrAa-HuGyAb no-
Jleuy Ha paKeTe Ha APYTYKO IaHety u 6yay uccieopaTs ec HeH3Be-
JAHHEIE TepPUTOPHH. Sl GBI BTAHYT B OPOHTY 3THX aHTaCTHYECKUX
HZel 1 TBepAO 3HAN, YTO MOA CoOCTBeHHAn cyan0a Toyxe ByZeT CBa-
3aHA C yyZecaMHM HayKi, 0 KOTOPBIX PACCKA3bIBAT ceprajl.
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DHU3ARA BEBO3MOMHOID

Kax okasanock, g 6bU1 He 04UHOK. MHOTHE yeneliHbIe yieHble
TMPHU3HABAIHCD, UTO NMEPBHIM 1UArOM K Hayke A1 HHX CTANO yBIe-
yeHHe HayuHO#H ¢aHTacTHKOH. K npuMepy, BeMKUI acTpoHOM 371-
BrH Xa66a1 6bLT ellle B feTcTBe oyapoBaH KHuramu MKionsa BepHa.
HauuTasmkes dpaniysckoro gpanracta, OH OTKA3AICA OT MHOTO-
obemaromeli WPUANIECKOH Kaphephl H BOINPEKH XKeJaHHWIO OTLA
Hayan 3aHMMaThcs Haykoil. Co spemeHeM Xabbs cran semmvaii-
HIHM acTpoHoMoM XX B. Boobpaxkenue Kapaa Carana, Belgalolie-
rocA acTPOHOMA H aBTopa GecTCe/uepoB, BOCIUIAMEHIIH POMAaHH
darapa Paiica Beppoysa npo MapcuaHCKue NpUIUTIoUeRna [ KoHa
Kaprepa. [logob6Ho repoto 3THX pomanHoB, CaraH MeYTal KOTCAA-
HUOyab HCCNeA0BAThL KpacHbIe ecky Mapca.

A1 6511 pebeHKOM, KOrAa yMep AnbbepT JHHIITEHH, HO A IOM-
HIO, KaK JIAM TUXO F'OBOPWIM O €ro KW3HH K cCMepTd. Ha ciegyio-
LUK AeHb A yBHAEA B rasere ¢oTorpaduio ero croja ¢ He3aKOH-
9eHHOHM PYKOMMCBIO Benuyaimedt paboThl, KOTOPYIO OH He ycmen
3aBepmMThb. f crpocun cebs: «Kakad e npobiema moxeT ObITh
HACTOJIBKO BAJKHOMH, YTOOH BOTHYAAMIMI yIeHbIH HALETO BpeMeHH
He cMOT PelIHTh ee?»

B cTaThe rOBOPHAOCE, ITO y JitHirreiiHa ObLTa HEBHITIOIHHMAA
MeyTa, ObUia 3aza4d, MOJTHOCTBIO PEUIMTh KOTOPYIO He B COCTOSHHH
HH OJHH CMepTHBIH. JIUIb Yepe3 MHOTO JIET A Y3HAT, KAKOMY *e Bo-
npocy 6bL1a MOCBANICHA He3aKOHUYEHHAS PYKOIMCh: BEIHYECTBEH-
HOH ¥ BceoObeMnomel «Teopuu Beero». Meurta DHHIITEHHE, KO-
TOpOit GBUTH MOCBALIEHH! TPH MOCNKEAHNUX JECITHIETHS €T0 KH3HU,
MOMOIIA MHE COCPEAOTOMHTL CBOE BOoOpaXkeHKe U ycuus. MHe 3a-
XOTeI0Ch XOTh HEMHOTC II0Y4ACTBOBATh B 3aBEpLIeHNH TpyAa DHH-
wreitHa — 06beJHHEHNY BCX 3aKOHOB QH3HMKHU B €AHHYIO TEOPHUIO.

Cras cTapine, A Ha4al IOHUMaTh, 470 $sn [opAoH, KOHEYHO,
repoi U IeBYOHKA BCETAA JOCTAETCA €My, HO [TaBHOe JINIIo, He3 Ko-
TOPOTO 3TOT CepHA POCTO He MOT Obl CyIllecTBOBaTh, — YYEHBIH.
Bes aoxTopa 3apkoBa He 65U10 651 HH pakeTHOr0 KOPabiIA, HR MyTe-
mecTBHA Ha MoHro, HM criaceHusa 3emii. ['epousM repousmom, Ho
6e3 HaykH He OyZeT U Hay4HOM HaHTACTHKH.
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BBENERME

B KOHIle KOHIIOB A IOHAT, YTO BCe 3TH CKA3KH IPOCTO IOAET
JdaHTa3My, YTO HayKa HUYero IoAo6HOTO He fonycKaet, Bapoces,
YeJIOBEK OTKa3HBaeTcAd OT MOAOGHBIX GaHTazmi. Mue He eAMHOX-
Al FOBOPIJIH, 9TO B HACTOAWIEH JKHU3HH NPUXOAWTCA OTKA3BIBATHCA
OT HEBO3MOKHOTO H ZOBOJIBLCTBOBATHCA PeATbHBIM.

OHAKO 51 PeIL, YTO KIIOYOM K MOEMY YRIEYEHHI0 HEBO3MOX-
HBIM JIOJDKHA cTaTh $r3nka. bea MpovuHoit 1 Ha/ie/KHOM PH3HYeCcKoi
6a3b1 MoxHO 6e3 KOHIIA PACCYyXAaTh 0 QYTYPHUCTHYECKHX TEXHOMIO-
FHAX — He [IOHHMadA K¢, BO3MOXHBI OHH B IIPUHIMIE WIH HET.
I noHsn, YTO MHE HEOOXOAMMO MOrpy3HThCA B MUD BhICIIEH MaTe-
MaTHKH B H3YYHTb TEOPETHYeCKYI0 QH3HKY. Tak A 1 caenan.

B crapmux xiaccax, paboras Hajl IPOEKTOM [UIH MOJIOAEK-
HOH HAy4YHOH BBICTABKH, S COOpaJl B MaMHHOM rapaxe YCKOPHTEb.
IlepBeIM fenoM A oTTipaBwics Ha upMy Westinghouse 1 06511 Tam
400 ¢yHTOR 006pe3KOB TPAHCGHOPMATOPHOH CTAMH. 3a POXACCTBEH-
CKHe KAaHWKY/BL A HAMOTaN Ha HIKO/IbHOM CTafgoHe 22 MWIH MeJHOI
TPOBOMOKH. B KOHIIe KOHLIOB 51 COOPYANN YCKOPHTe/b YyacTHi (beta-
TpoH) Ha 2,3 MsB; oH notpe6nsan 6 KBt anekTpuiectsa (T.e. Bee,
YTO MOXXHO ORUIO OMYYUTE B HALIEM JOME) ¥ CO3aBajl MAarHUTHOE
noje, B 20 000 pa3 npepHaoinee o MOMHOCTH MArHUTHOE ToJie
3emtH. Moeit Hebio 6bU10 MOMYIUTD TYOK FraMMAa-Tydeit, J0CTaTou-
HO MOIHbIH )15 CO3/aHMA aHTHBEIIECTBA. ITOT MIKOJLHRIH MpoeKT
NpHEen Menus Ha HallHoHabHYI0 HaydHY10 BEICTABKY M B KOH1IE KOH-
1IOB TIOMOT HCTIONTHHTE MEUTY — TOJMY9HTh CTHIIeHAHIo B TapBapae.
fl cymen aobuTLCA CBOEI e/ CTaTh PHUIMKOM-TEOPETUKOM H NO-
TH IIO CTOTIAM CBOETO KyMHpa, AnbbepTa JHHIITCHHA.

CerofiHa 1 HONYYAIO SNEKTPOHHbIE MHCbMa OT CIIEHAPHCTOB H
nucareneii-GpaHTacToB, OHH MPOCAT TOMOYL UM YTOUHHTD, HE TPo-
THBOPEUMT JIA AX BRIMEICE 3aKOHAM PHIMKH.

«HeroaMo:xHOE» OTHOCUTENLHO

Kak ¢H3uk 1 TREpAO YCBOWI, YTO «HEBO3MOXHOE» OUEHB YACTO OT-
HOCUTENbHO. C JeTCTBa NOMHIO, KAK VIHTENLHULA OAHANARL T10-
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DHIHKA HEBOIMORHOID

AOLLTA K BHCEBIIEH Ha cTeHe Kapre 3em/i M YKasala Ha mobepe-
Kb FOkHOIM AMepukn ¥ Adpuru. «He cTpaHHO M, — clipociia
OHA, — YTO ABe OHeperoBHe NMHWH COBIAAAIOT, IIOYTH KaK AeTaTH
AeTCKON roNoBONOMKH?» Ellle OHa CKa3aja, YTO HEKOTOPHE YYeHEIe
paccy»kJaloT 0 TOM, YTC KOrAa-TC 3TH MaTepHKH OBEUTH, BOIMOXKHO,
YACTBH GAHOMC POMAJAHOrG KOHTHHEHTA. Ho aTo rymo. HHKakad
CHJIA He B COCTOSHUM Pa30opBaTh H PacTalHTEL JBA F’MIAHTCKHX Ma-
TEPUKA. «3TO HEBO3MOKHO, H AAKe JyMaTh 00 3TOM He HaZo», —
cZlenana BHBO/ yYHUTeAbHUIA,

IToaxe B TOM e IoZy Mbl H3Y4aH AMHO3aBPOB. «He crpaHHO
JIM, — CKa3a/1a YYMTeNbHHIIA, 4TO MWUIKOHEL JIeT Ha3aJ JUHO3aBPH
AOMUHHPOBAIA Ha 3emiie, a IOTOM BHE3AITHO Mcde3n? HUKTOo He
3HaeT, 0YeMy OHH BEIMepsIH, HeKoTOphIe TaNeOHTONOTH CUUTAIOT,
YTO HX YOI 6OMBIIOH METEOPHT H3 KOCMOCA, HO 5TO HEBOIMOXKHO,
3T0 U3 ofnacTy Hay4HOH GAHTACTHKH».

Ceroans MBI 3HAaeM, YTO TEKTOHHYECKHWE IUIMTH, a ¢ HUMH
M MaTEPUKH AeNCTBHTEIBHO ABMXKYTCA, a 65 MJIH JeT Hasa) Tu-
FaHTCKHI MeTeopuT 10 KM B TlonepeyHMKe, CKOPee BCEro, AeH-
CTBUTENLHO NOTYOHA W AMHO3aBPOB, H BO MHOTOM JIpyTHe GOpMEL

' SKH3HH Ha 3emne. 3a CBOIO KOPOTKYIQ XHU3Hb MHE He pa3 MpHXO0-

JHIOCh BHAETDH, KaK TO, 4TO IIpeXae CYMTAIOCH HEBO3MOKHBIM,
npeBpallaeTca B YCTAHOBMEHHBIH HAayYHBIH $akT. Tak Hmeer JH
CMBLICJI TOBOPHTD, YTO TEJICIIOPTHPOBATLCH U3 OAHOTO MECTA B APY-
roe HeBO3MOXHO? VUTH YTO HEBO3MOXHO IIOCTPOUTE KOCMHMYECKUM
xopabnb, criocobHbIH YHECTH Hac Ha MHOTME CBETOBHIE T'OJB OT
3eMIH K 3Be3gam?

Ceropuamnue OH3MKK B OGOMBIIMHCTBE CBOEM CKAXKYT, 9TO
noAoBHbIe YyAeca HeBO3MOXHBI. Ho MoxeT 6bITh, OHM CTaHYT BO3-
MOXHEI Y€pe3 HECKOABKO CTONEeTHH? MK yepes AecATh THICAY JIET,
KO[[Aa Hallki TeXHONOTHHM TIONYYaT HOBOE pa3sBUTHe? A MOXeT, ye-
pe3 MWUTHON sieT? JIpyTHMH CTIOBAMM, €CTH MBI CEHYac BCTPETHM
LUMBHJIH3aLMI0, 0OOTHABINYIO HAC HA MI/UIMOH JIET, He NMOKa)KeTcs
JIM HaM NPUBLIYHAA /12 HHX TeXHHKA «4yJoM»? B 3TOM M 3aKiioua-
eTcs OMH H3 LEHTPAJbHBIX ROTIPOCOB JAHHOH KHUTH: €CITH 9TO-TO
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BBEAEHME

«HEBO3MOMKHO» CerOAHA, TO OCTAHETCA JIH 3TO HeBO3MMKHEIM H de-
pes3 CTo, ¥ Yepes MUUTHOH JICT?

[IprHMMas BO BHUMAaHHE YAWBHTEALHEIN IMpOrpecc HAyKH 3a
HocneHHe CTO JIeT — B [EPBYIO OYepeAb pPedb MAET O CO3ZaHUU
KBaHTOBO# TCOPHH U 001e# TCOPUH OTHOCHTETLHOCTH, — MBI CETO-
AHA MOXeM IPU6IM3UTeNBHO OLeHHTh, KOTAa MOTYT OhITh peanu-
30BaHBI HEKOTOPHIE U3 3THX GaHTACTHYECKHX TEXHONIOTHI, — eCITH,
KOHEYHO, 5T0 BooO1Ie KOraa-Hubyab npousoiiger. C moseieHHeM
ele Honee MepeJOBLIX TEOPHEA, TAKMX KaK TEOPHA CTPYH, $PHUIUKH
HAYHHAKT TMOTHXOHBKY MEPECMATPUBATE CBOE OTHOLICHUE AaXe K
TAKUM (QaHTACTHUECKHM, Ka3anoch OB, HieIM, KaK IMyTelecTBHA
BO BPEMeHH U [Tapa/lienbHhIe BCeTeHHRIC.

[Nogymaiire, Bcero 150 net Hasaj MHOFOe M3 TOTO, 9TO NIpea-
CTaRAAETCA HAM CETOJHA €CTECTBEHHBIM U Jaxke OOBIACHHBIM, yie-
HEIe 00BABASIN «HEBO3MOXHEIM». B 1863 1. Yo BepH Hammcan
poMaH ToZ HazBaHueM «[lapik B XX Beke»; pOMaH 3TOT ORI 110-
JIOXKEH B AIKK K 3a0wIT Gonee yem Ha 100 neT, noka ero crydaiHo
He 0BHapyXun NMpaBHYK mUcaTend, TAKMM 0OpasoM, poMaH 2TOT
Oran BriepBble ONy6nukoBaH B 1994 1. B neM BepH MuTanca 1pes-
CTABHTD, KaK 6yZer BhrageTs [lapusk 8 1960 r.; poMaH M306WTyeT
ONMEARMEM YCTPORCTB U TEXHOJOTHI, KoTopbie B XIX B. CY4MTANHCD
REBOIMOXHEIMH, BIUTIOUAA $aKChl, BCEMUPHYIO KOMMYHHKAlHOH-
HYIO CeFy; CTeIUIIHHRIE HeOockpebrl, arToMoOWIN HA ra3e U CKO-
POCTHHIE MOE3/1a HA CTIELHANBHEX 3CTAKA1aX.

He yamenTeasHO, yTo JKions BepH cMor IIpeAicka3aTh MHOTOE C
TAKOH OIEOMAMOMEd TOYHOCTLIO, BCIo XHU3Hb IMCATENE OB 6711-
30K K MHPY Bayk# 1 3HT, O UeM AyMaioT MHOTHe yueHble. [ry6okoe
DOHHMAaHHE OCHOB HAYKM TO3BOJIANTO eMY Je/aTh IOpasHTeRbHbIE
[IpecKa3aHud.

Kak HH Ie4ajbHO, HO MHOTHE BeTvaimue yueHsle XIX B, Bhl-
Bupa MPOTHBOMOOKHYIO MO3UIIMIO U CTIEMHIH OOBARHTS IyTh
M He Mo0yio HeM3BeCcTHYIO TEXHONOTHO NPUHIUITHANLHO HEBO3-
MOXxHOi. Jlopa KenbBHH, BO3MOXHO, CaMBbIii BRIAAIOLIHIICA PU3HK
BuxTopuaHCKo# 3moxH (0OH HOXOpOHeH B BecTMuHCTepckoM abbaT-

—
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‘u.’ ®UIURA HEBOIMOHHOFO

cTBe pAgoM ¢ McaakoM HelotoHOM), yBepeHHO 3afBAAM, YTO JeTa-
TeJIBHEIE aNNapaThH «TAKeJlee BO3Ayxa», TAKME KaK CaMOMeTsl, HU-
KOI/a He B3JieTAT. OH CYUMTa PEHTTeHOBCKUE My4s 06MaHoM U GBLT
yBEpEH, uTo y paguo Het Gyaywero. Jlopa Pesepdopa, oTKphIBIIMIA
aTOMHOe AP0, OTPHUHAT BO3MOKHOCTE CO3AaHHA aTOMHOI 6OMEOH
H CpPaBHMBAaJ I0GkIE ONBITKH TAKOTO POJid C «IIOTOHEH 3a COMHeY-
HEIM 3aHYHKOM». XUMHKA XIX B. 06 bAB/ISUIH IIOUCKH GHIIOCO(CKOTO
KaMHA — JereHAapHON cybCTaHIMH, ClIOCOOHON IIPEBPATHTD CBU-
HEIl B 3010TO, — Hay4HbIM TynmHKoM, Xumus XIX B. 6asupoBasack
Ha QyHJaMeHTanbHOM NPUHIMTE HEN3MEHHOCTH XMMHYIECKHX 2Jie-
MEHTOE, B TOM YMcCJle H CBHHIIa. Ho MBI cerona MoxeM B IPHHLINIIE
IPEBPATHTE aTOMBI CBHHIIA B AaTOMBL 30/10Ta [IPH ITOMOIIH MOIIHOTO
ycxopHTens. Ilpeacrapbre cebe, Kakoil GaHTACTHKON MOKA3AMHCh
651 Ha rpanu XIX u XX BB. HalllH TeJleBUfleHHEe, KOMITbIOTEpSI B 1H-
TepHerT!

Bike K HamIMM BpeMeHaM MOMKHO NIPHBECTH ApYTHE IIPH-
MepHl. Tak, uepHble ABIPbI A0JITOE BPEMA CIATANINCh HAYIHOH daH-
TacTHKoi. CaM DifHwTelH B 1939 r. Hanmucan CTaThlo, B KOTOPOH
«ZlOKa3as», 4YT0 YepHHe AbIPH He MOrYT BOZHMKHYTH B €CTECTBEH-
HEIX YCAOBHMAX. Ho KocMuyeckuit Teneckon mMeHH Xad6ma 1 peHT-
TeHOBCKMH TeslecKon «Yauapa» YCIeIH ke 06HapYKHTb B KOCMOCE
TEICTYH YEPHBIX JBIP.

IJTH ¥ JIpyrUe TEXHONOTHU CUYHTANUCE «HEBOAMOKHBIMH» TI0-
TOMY, 4To B XIX ¥ B Hayaje XX B. yueHble He 3HAIH elle MHOTHX
GbyHAAMeHTaIbHBIX 3aKOHOB OU3HKH ¥ HAYKH. YUYHTHIBasA rpoMaj-
Hble TIpobesbl B 3HaHUAX TOI'G BpEMeHH, 0COOEHHO Ha aTOMHOM
VPOBHe, He YANBHUTENLHO, YTO YYeHHIe paccMaTpHUBaiM NOLOGHbIE
AOCTHKEHHA KaK HEBO3MOKHBIE,

JadeM M3yyaTh HEBO3MOKHOE?

Kak MM cTpaHHO 3T0 3By4MT, HO CEpbE3HOE M3ydeHHe HEBO3IMOX-
HOI'0 HEPEeAKO MPHBOAW/IC YYEHBIX K OTKPBITHIQ HOBLIX, BeCbMa
MHOTOOOCINAOINX U COBEPLISHHO HEOXHAAHHBIX 00JIaCTEH HAYKH.
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BBELEKHE

K npumepy, TmeTHse X BecluiofHble NOMBITKH CO3AATh «BEYHbIH
JBHraTelb» NPOAODKATHCE He OJHO cToNeTHe. B pesyabrate du-
3HKH CJENAIN BHIBOA O TOM, YTO TAKOE YCTPOMCTBO CYIECTROBATh
HE MOXET; UM IIPUULIOCH CCTYIHPOBATD 3AKOH COXpaHeHHA 3Hep-
MU | TPH 3aKOHa TepMofuHamMukH. Takum obpasowm, HGecriogHsle
CaMH 110 ce6e OUCKH BEYHOTO JBUraTes i IOMOIIH OTKPLITH HOBYIO
oba1acTs HayKH — TepMOAHHAMHUKY, KOTOPas HoCIyKuIa 6azof, B
YaCTHOCTH, 1A CO3AAHHA [IaPOBOI'0 ABUTATENA, HAYaIa MallMHHOH
5PbI ¥ COBPEMEHHOT0 UHAYCTPHAIBHOTO 0BIeCTBA.

B KoHue XIX B. y9cHEBIe NIoJ1arajiy, YTo BO3pacT 3eMNHN HUKaK
He MOKeT COCTABAAThL HECKOAbKO MIUIUAPAOB JIET; 3TO MPOCTO He-
B03MOxHO. JlopZ Ke/IbBUH KaTErOPUYHO 3aABH/I, YTO COBPEMEHHAA
3emn ocThuta Obt Beero 3a 20-40 MaH J1eT, 4TO NPOTHBOPEYIIO
JAHHEIM Te0JIOTHH M AapBHHOBCKOH OHOJIOTHH, YTBepX/AaBLIHX,
4YTO 3eMiIe BNOJMHE MOXET OBITh HEeCKOJbKD MMAMAPAOB JeT OT
pody. B koHIle KOHLIOB 6BUIO J0Ka3aHO, YTO HEBO3MOMKHOE BO3-
MOKHO; OKa3a/10Ch, YTO SAePHEIE CWIBI, OTKPHITEHE MagaM Kioph H
ApYTYiMH YI€HBIMH, BIIOJIHE CTIOCOOHH! YACPXKUBATh AAPC 3eMIH B
PACIIAaBIeHHOM COCTOAHUY MWUIHAPAB! JIeT 33 c4eT pajgdoaKTHB-
HOTO pacnaja.
i <.+ ECIM e y4eHble UTHOPHPYIOT HeBO3MOKHOE, TO, KaK IPaBH-
A0, CAMM ¥ IIPOMTPLIBAIOT B KOKeYHOM HTore. B 1920-x 1 1930-x 1T
QCHOBATENS COBPEeMEHHON paxeTHOH TexHukM Pobept Foasapa
TIOABEPraAcA CEPhe3HON KPUTHKe; MHOTHE CIMUTANH, YTO PAKETHI
HHKOIA& B¢ CMOTYT IOAHATHCA B KocMoC. Ero 3aHaATHA Jaxe Ha-
SHBATH CapKACTHYECKH «uyAavecTBa [ognapaa». B 1921 r. pepak-
Topbl New York Times BoBcio uaeBanuch Haj paboToii foKTopa
Toanapaa: «[Ipodeccop Toaaaps He 3HAET B3AMMOCBAZH MEXIY
AeHCTBHEM M MPOTHBOAEHCTBHEM H He TIOHHMAET, 4TO 1A TIONy-
YeHUA PeaKiiHH HYKHO YTO-HHOyAp moaydine BakyyMa. [loxoxe,
€My HeE XBaTaeT 3/eMeHTapHLIX 3HaHHH, KOTOPBIMH KX/l JeHb
OTIepUPYIOT IIKOABHUKM». PaKeThl HEBO3MOXHEI, OYIIIeBan pejak-
TOP, IOTOMY YTO B KOCMOCE HET BO3AYXa H, 3HAYMT, He OT 4ero oT-
TaAKMBaTECA. [PYCTHO, HO TOMBKO OJIMH IVIaBa roCyAapCTBa TOHMI
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MEPCIEKTUBHOE 3HAaYeHHE TOAJApPAOBCKHUX «HEBO3MOMXHBIX» Da-
KeT — K 3To 6601 Afionsd THTep. B pesyabrare Bo Bpemsa Bropoit
MHPOBOH BOWHE! TepMaHCKHE HEBO3MOXKHO IEPeOBLIE PaKeTh
«Day-2» cesad CMepTh M paspymenue B JIOHAOHE H 4yTh ObLIO He
TIOCTABWIN AHITIHIO Ha KOJMIEHH.

W sTo eme He ce. MayuyeHne HEBO3MOXHOIO MOITIC H3Me-
HUTb X0/ MHPOBOH ucTopHH. B 1930-€ rr. y4eHbie — BKAIOYAA U
DHHIITEHHA — CYMTAIM, 4TO CO3A44aTh aTOMHYK 60MOY «HeBO3-
MOXHO», PH3HKH yiKe 3HaIH, 4TO B MyDUHAX aTOMHOTC 1pa, Co-
[MacHo ypasHeHH10 JiHmTeliHa E = mc?, 3akioueHo rpoMajHoe
KOJMYECTBO SHEPTHH, HO 3HEPrUsA, KOTopas BHCBOOOKAATACH TPH
pacnaje OFHOro fjpa, 6bl1a CAMIIKOM HE3HAYUTEALHOM, YTOOH 0
HeH CTowno Beepees ropopuTh. Ho guank-aromumk Jleo Cumnapa
BCIIOMHHE TIPOYMTAHHBIH KOT/a-To poMaH I'epbepra Yamwica «Qceo-
6oxeHHBI MUP» (1914), rae nmucaTenb TpeAcKaszan co3faHHe
aToMHoH 60MOBL. B poMaHe yTBepKAaNoCh, YTO HEKKI GpUIHK pac-
KpoeT cexpeT aToMHoj 60M6b1 B 1933 . Ciryuato 6510 yroHo, uto-
651 Cnapa HaATKHYACA Ha 3TY KHUIY B 1932 r. POMaH MOACTErHy
€ro Boobpaxenue, M B 1933 I., B TOYHOCTH Kak 6bU10 NpeACKazaHo
Ya/UIcoM MOYTH 32 ABA ASCATHIETHA O 3TOTO, OH MPHAYMAJ, KaK
APHYMHOXHTB 3HEPTHIO OHOTO ATOMA ITPH NOMONIH IICTTHOH peak-
HMH; TIPH 3TOM SHEPTHIO Ie/IeHHA GAHOTO aToMa ypaHa MOXHO Oy-
JeT YBEIHIHTh BO MHOTHe TPUIIHOHBL pa3. Tlocae 3Toro Cumnapy
3aMyCTU HECKOJBKO NPHHIMNHANBHEX 3KCTIEPUMEHTOB M Opra-
HU30BAJ TAMHYIO NEPEnMCKY MEXAY DHHIITEHHOM U IIPE3HAECHTOM
®panxyHoM Py3pensToM. Pe3ynsTaToM 3THX NEPEroBopoB CTATH
MaHX5TTeHCKUH TPOeKT U CO3/laHHe aTOMHOM DOMOHI.

CHOBa M CHOBA MBI BHAMM, KaK U3yYeHHe HEBO2MOXHOrO OT-
KPRIBAeT /A HayK{ COBEPUIEHHO HOBLIC TOPHIOHTHI, pacliKpseT
TIPeENHl YeNMOBeYeCKHX 3HAHHH B obnacTH pU3HKY ¥ XMMHH H 3a-
CTaBAACT yYeHbIX NePEeCMATPHBATh CAMY KOHIETITHIO «HEBO3IMOK-
HOTO». Cop YumbaMm Ociep oAHX A cKazan: «Puiocodua ogHoro
BCKa B APYTOM CTana abCcypAom, a BiepaliHaA NyNoCTh — 3aBTpatl-
Hell MyApPOCTBIO»,
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Muorue ¢UIMKH FOTOBBI IIOAMHCATHCA 0] 3HAMEHHTHM H3-
pedenyeM T.X. YaiiTa, KOTOphIH HanKcan B cBoei anonee «<Kopors
6sU10rO U rpAxymeros: «Bce, 4To He 3ampeleHo, 06a3aTEAbHO!»
B ¢um3uKe MBI NOCTOAHHC CTAJIKHBAEMCS ¢ HAIISAHBIMH CBMJe-
TeJMBCTBAMHU 3Toro. EC/IM He cymecTByeT (HM3NHECKOTo 3aK0HA, KO-
TOPbIH BIPAMYIO 3anpeias Obl HeKoe ABAEHHE, OHO, CKOPEe BCeTo,
OyaeT co BpemeHeM obHapyxeHo. (TaKoe MPOUCXOAIIO HECKONBKO
pas [pH MOUCKe HOBBIX CyOaTOMHbIX yacTuLl, [IbITastCh IPOHHKHY T
3a rPaHUL{Bl 3aIPETHOTO, GU3HKN HepeKO OTKPLIBAIH HOBble GH-
3UYECKHE 3aKOHbL.) M3 yrBepxaenua T.X. Yafita MOXHO cAenath
eule Hosee CHABHBIA BHIBOA: «Bce, YTO HE €CTh HEBO3MOXKHO, 061-
3aTelbHO!»

K npumepy, xocMoaor CTUBeH XOKHHT JIOATO NBTAICA Hak-
TH HOBBIH 3axoH QU3IWKH, KOTOPHH 3amnpemtan Obl NyTeMecTBIS
BO BPEMEHHM, ~— OH Ha3BaJI ero «PHNOTE30H COXpPaHEeHHA XPOHO-
noruu». QAHaKO JONTHE TOABI TAXKKOTO TPYAA HH K YeMY He IIpu-
BEJIM: OH He CMOr JOKAa3aTb BHABHHYTHIHM NpUHUMN. HampoTus,
He TaK AaBHO GH3HKM CyMesH NPOJeMOHCTPHPOBATD, YT0 3aKOH,
KOTOPBIH 3alpeliian 6b nyTeeCcTBAA BO BpeMEeHH, HaXOANTCA 34
npeAesaMy CeTOAHANIHeH MaTeMAaTHKU. Teneps, MOCKOIBKY 3aK0-
Ha, KOTOPHIH He MO3BONAN OB MOCTPOMTH MALIMHY BpPEMEHH, He
CYLIECTBYET, PH3UKAM IPUXOAUTCHA OYeHb CEPLE3HO PacCMaTpH-
BaThk TaKy10 BO3MOXXHOCTb.

Lesb 1aHHO# KHUT'H — PAacCMOTPETE Te TEXHOIOTHH, KOTOPhIe
CeTOHA CIUTAIOTCA «HEBO3MOXKHBIMI», HO YePe3 HeCKOIbKO JecaT-
KOB WIH COTeH JieT MOTYT €TaTh OOLMHBIMH.,

Onna 13 «<HeBO3MOXHMX» TEXHOIOTHH HAYHHAeT 3TO NIPeBpa-
njeHKe yXKe celyac: peds MIET O TeIenopTaurH (Tio KpakiHed Mepe,
Ha YpoBHE aTOMOB). Bcero JIMIIb HECKONBKO JTeT Ha3aj H3UKH CKa-
3amu GBI, 9TO MIHOBEHHHIH IEPEHOC 00 bEKTa H3 OZHOM TOUKH IPO-
CTPAHCTBA B APYTYIO HAPYIIACT 3aKOHB! KBAHTOBOH (HHU3UKK. ABTO-
PHI ClIEHAPUA NEPBOH YacTH TeJIEBU3HOHHOTO Cepuaita «3Be3IHEH
MyTh» OBITM HACTOMBKO 33/1eThl KPUTUKOH CO CTOPOHEI YYEHBLX, 4TO
A0OABWIH B CHOKET HEKUE «KOMIeHCaTOpH [efizeHbeprar, KOTOpHIE
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JO/KHBI 6bUTH 06€CIIeYHBaTh PaGoTy TeNeNOPTHPYIOWMX YCTPONCTB
Y IDUMMPATD HX € 3aKOHaMH U3UKH. Ho ceroAHa Gaaroaaps He-
A2BHUM DEBOTIOUHOHHLIM OTKPHITHAM GH3HKY MOTYT TETENOpTH-
POBATh ATOMBI U3 OZFHOTO KOHIIA KOMHATHI B APYTOii, 8 POTOHEI —
¢ ognoro 6epera JlyHas Ha APYTOH.

3aveM IpeJCcKa3bIBaTh Oyayiee?

[IpeackasniBaTe GyAyulee Bcerga HEMHOMO ONACHO, OCOBGEHHO
eCJIH pedb BAET 0 BpeMeHH, OTCTOALIEM OT HAC Ha COTHH WUTH Thl-
caqu JteT. Pusux Hunbe Bop mobini roBopHTh: «IlpeAckasbiBaTh
OyYeHb TpyAHo. Ocofenno Oyayulee». Ho mexay BpemeneM MKwong
BepHa U ceroAHAUIHUM JHEM CYUIECTBYET NPHHOHMHAIBHAA pa3-
Huya. CeroaHa ¢yHAaMEHTaAbHBIE 3aKOHBl QH3UKH B OCHOBHOM
MOHATHH. PHSHKM CETOAHA XOPOINO IIPEACTABIAIOT ceBe 3aKOHH,
yIIpaBAoNMe MHDOM CaMbIX pa3HeIX 06BEKTOB, KOTOPHIE Pa3/iH-
YaloTCA N0 pa3MepaM Ha 43 opa/iKa — NopasuTeNbHHH AHATIA30H,
KyAa BXOAUT K BHYTPEHHEE CTPOeHHE MPOTOHA, U PACIIMPAIOINAACH
BcenenHas. B peaynpraTe GH3MKM MOTYT CYZAHTE € Pa3yMHOI cTerme-
HBIO YBEDEHHOCTH O TOM, 9TO MpUMepHO 6yaeT NpeacTaBlATh CO-
Boit TexHonorua Gyayiwero, ¥ ydile OTINYATh TEXHOIOTHH BCETO
JIKIL HEMEBICTMMBIE OT AeHCTBHTENBHO HEBO3MOKHEIX,

TMo3ToMy B JaHHOI KHUTe 1 pa3Aenl «<HeBOSMOXKHOEe» Ha TPH
KaTeropHi.

B neprylo kaTeropuio nonajaer To, YT0  HA3LIBAKO HEBO3MOX-
HOCTAMH | KiIacca. ITO TeXHOJIOTHH, CerogHA HeBO3MOXHEIE, HO He
HapyIIaloIIHe H3BECTHBIX 3aKOHOB IIPUPoAbl. TakUM 06pa3oM, OHH
MOTYT CTaTh BO3MOXKHBIMH YK€ B 3TOM CTOJNETHH WIH, MOKET ObITh,
B C/IeAYIO1IEM B M3MeHeHHOH dopMe. K 3Toi kaTeropiu oTHOCATCA
TENENOPTALHA, JBUTaTeNH Ha aHTHBEIIeCTBe, HEKOTOphE GOPMEL
TeNeNaTHH, TeleKHHES H HeBHAUMOCTD.

Ko BTOpo# KaTeropuu oTHOCKTCT TO, 4TO A 0003HAYHI Kak
HEBO3MOXHOCTH Il xnacca. 3To TeXHONOrHH, MHINL HeJaBHO Bce-
pbe3 0603HAYMBILIHECH HA NepeAHEM KpAe HAIIHX NpeaCcTaBieHHH

-
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o puanueckom mupe, Ecjii OHH BOOGIE BO3MOKHEL, TO peaH3aLs
HX MOXeT PACTAHYTHCS Ha THICAYH H Zae MIUIHGHH aeT. CIoAa oT-
HOCATCA MAllHHBI BPEMeHH, BOSMOXHOCTh THIICPIIPOCTPAHCTREH-
HBIX IyTeMECTBHI H NYTelieCTBUA CKBO3b KPOTOBEIE HOPEL

K mocnesneil kaTeropuu OTHOCHTCA TO, YTO S HA3LIBAK) He-
BO3MOKHOCTAMH Il KIacca. 3TO TEXHOIOTHH, KOTOPbIe HAPYIIAKOT
K3BECTHHIE HaM QU3WYECKHE 3aKOHEL. Y/IUBUTEIbHO, HO HEBO3MOMXK-
HBIX TEXHOJIOTHH 3TOTO THIIZ OKa3alock oeHb Maio. M eciu korga-
HUOYZIb OK&KETCst, YTO OHM TOMKE BO3MOXHEI, 5T0 6yeT 03HadaTh
dyHAaMeHTATLHBIN CABUI B HAIIMX [IPE/ICTABTEHHAX O QH3HUKE.

[IpeacTasnaeTed, 4TO Takad KaaccHOHKAIHA MMEET CMEICA —
B¢/ib YYCHBIE C XOAY OTBEPraloT MHOTHE TCXHOJIOTHH, MOCTOAHHO
IIPUCYTCTBYIONIME B HAYYHO-GAHTACTHYECKMX IPOU3BEICHUAR, KaK
COBEPIIEHHO HEBO3MOXHLIE, HO Ha CaMOM [ele HMelOT B BUAY
BCEr0-HABCEro, ITO OHW HEBO3MOXKHBI AN IPUMUTHBHOH ITHBUIH-
3aUuH BpoZe Hawel. K npumepy, nocenedie 3eMAH HHOILIAHETA-
HAMH O6BIYHG CYHTAKT HCBOIMOXKHDBIM H3-3a OrpOMHBIX PacCTOA-
HHH MexaAy 3Be3gamu. HO ewIH A7 Hac IOyTELECTBHE K 3Be3jaM
OYEBHAHO HEBO3MOXKHO, A/l LHBWIH3AUWH, 060rHaBIIEH HAC B pas-
BUTUH Ha COTHH, THICAYH HIH MWUIKHCGHBL JeT, OHO MOMKET OKa3aTh-
A BIIOJTHE JOCTYTIHHIM. [103TOMy 0Y€Hb BaXKHO KAACCUGULUPOBATE
T0A0OHBE «HEBO3MOXKHOCTH». TeXHONOrMH, HEAOCTYIIHEIE HaMeH
UMBIIM3AIMH B €€ HbIHENIHEM COCTOAHHHU, He 00643aTeNlbHO CTOJIb
Ke HEBO3MO)KHBI A7 LHBHIN3alUK WHOTO THIA, JIloOke yTBepXK-
AEHUA O BO3MOXKHOM U HEBO3MOXHOM AO/IKHBI YUHUTHIBATD, UTO 34
TEICAYH H MIVUTHOHBL JeT TeXHHKa M0G0l LUBHIM3alUH VHAET Aa-
JICKC BIlepef.

Kapna Caran ogHaxabl HanHcal: «4To 3HAYMT A1 HBWIH3A-
ITHH BO3pAcT, CKa¥KeM, B MIWUIHOH JeT? PaZHoTelecKorbl ¥ KOCMU-
YeckHe Kopabid MOABWIACH ¥ HAC HECKOMLKO JIECATIIETUN Ha3az;
Halla TeXHOJMOrH4YecKad UMBHIKH3alliA HaCYUThIBAET BCEer'0 JUIIE He-
CKOJILKO COTEH JIET... pa3dsHTasd UMBWIH3AIHS, 32 IIe9aMH KOTOpoit
MIUUTHOHB JI€T pa3sBHTHA, BACTOJIBKO e OIICPCKaeT HAC, HACKONBKO
Mbl CaMH OIIePEKAEM KAKOTO-HHOYAD TeMypa WIH MaKaKy».
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[IaBHBEIM B MOKX COBCTBEHHEIX HCCAEAOBAHUAX U Tipodeccro-
HaMbHOWM JAeSTCABHOCTH A CYHTAI0 MOTHITKY MCIOAHHMTH HAKOHEI
MeyTy OiHmITeliHa M 3aBeplIMTh paboTy Haj «TeOpHeH BCero».
JluHO MHE OYeHb HpaBuTes paboTaTh Haj «OKOHYATENbHOM TEOPH-
eit», KoTopas JacT, BO3MO)XKHO, OQHO3HAYHbIH OTBET HA HEKOTODLIE
M3 CAMBIX TPYAHEIX BOIIPOCOB O «<HEBO3MOXXHOCTH» B COBPeMEHHOM
HayKe — K TpPHMEpPY, BO3MOXHHI AW IIYTEIIECTBHMA BO BPEMEHH,
9TO HAXOAUTCA B LEHTPE YE€PHOH ABIPH WIH YTO HPOUCXOAMIO A0
Bonpmoro Bapeisa. fl no-npexxHeMy IpeAaH CBoeH MeuTe O HeBo3-
MOXKHOM M HEPEAKO PasMBIIUIAI0 O TOM, KOTJa HEKOTODHIE BELIH
HepecTanyT — H epecTaHyT U Korga-Hubyap? — ObITH HeBO3-
MOMHBIMHM Y BOHAYT B NOBCEHEBHYIO XKU3HB.



BAATONAPHOCTH

MaTepHan 5Toif KHUTH OXBATHIBAET MHOXECTBO obacTel ¥ AUcy-
IUTKH, @ TaKKe paboThl MHOTHMX BEIAAIONIUXCA YUeHHX, A 6Bl X0Ten
no61aroAapyuTh CIeAYOLAX UL, KOTOPHIE NI06E3H0 YASTHIN MHE
BpeMS /UIA IPOJOIKUTENBHRX PacClIpOCOB, KOHCYIBTAITHI H HHTe-
PECHBIX H BAOXHOBIAIOIIUX Beces:

Jleon JleaepmaH, HobeneBcKUi Maypear, VUUIMHORCCKHE
TEXHOJOTHYECKHUIA MHCTUTYT

Mroppeit I'esu-Mans, HoBenesckuii naypeat, UHeruTyT Canta-Qe
H Kanrex

nokoiumi lenpu Kengam, Hobenepckuti naypear,
MaccadyceTckuil TexHOMOrHYeCkuii HHCTUTYT (MIT)

Crusen Baitnbepr, HobeneBckuii naypear, YuusepcureT Texaca B
OcTune

JaBug I'poce, nobeneBeknil 1aypeat, VIHCTHTYT TeOPeTHYECKON
¢u3vkyu Kaemn

®pank Buspuek, Hoberesckui saypeat, MIT

Jxozed Porbnart, HobeneBckuit naypeat, locnuTans
Ce. Bapdonomes

Yonrep I'unbepr, HobGenesckuii naypear, [apBapackuii
YHHBepCHTET

Ixepansi IaenMaH, HobexeBcKuit aypear, ViccneAoBaTenbCKHi
MHCTUTYT CKpUnnca
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Murep Jorepry, HobeneBckwii naypeart,
Jetckuit uecnegopaTeNbeKui rocnuTans CB. Myaw

Ixapen Jlaamony, naypeat npemuy [lymiruepa,
YHusepcureT Kamnpopaun B Jloc-AHmKeIece

CraH JIH, aBTOp KOMHKCOB «Mappen» 1 «CrnaijepmeHa»

Bpaitan I'pun, Konym6uiickuit yHHBEDCHTET, aBTOD KHUTH
«JJ1eraHTHad BCeleHHag»

Jaiisa Paxigann, lapBapAcKyi YHUBEPCHTET, aBTOP KHUTH
«VICKpHBAEeHHBLE TTH>»

Jlopenc Kpayce, YauBepcuTeT Keits — BectepH Peseps, aBTop
KHHTH «PH3uka B Star Trek»

Puvapg lort 111, [IpMHCTOHCKIM YHHBEPCUTET, aBTOP KHUTH
«[IyTelllecTBHA BO BpEMEHH BO BCEJICHHOH JHHIITeHHA»

Anan T'yt, dpusuk, MIT,
aBTOp KHUTH «IHOIALMOHHAS BCeeHHan»

JxoH Bappoy, dusuk, KeM6pupkckuit yHUBEPCUTET, aBTOP KHUTH
«HeBO3MOXKHOCTD»

TTon Jauc, duauK, aBTOp KHUTH «CyTepciia»
Jleonapa, 3ycckung, duauk, CTasHGOPACKHI YHHBEDCUTET

Ixo3sed Jlukxen, dpusuk, HannonansHan naboparopua HMEHH
depmu

Mapeus MuHckH, MIT, aBTop kHHTH «O61IecTBO pa3yMoB»
Peii Kypupeiin, HsofpeTaTenb, aBTOP KHHUIH «Jpa OAyIIeBIeHHBIX
MaUIlH»

Popun Bpyke, aupexTop JlabopaTopuut KCKYCCTBEHHOTO
uHTewekra MIT

lanc Mopasek, aBTOp KHUTH «PoboT»

Ken Kpocrena, acTpoHoM, aBTOp KHUTH «BenudecTBeHHaA
BCeleHHaA»

Aon TongeMut, acTpoHoM, aBTop KHHrH «COekaBlas BCEeHHA»
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Heiin ge I'pacce Takcon, grupexTop XelileHOBCKOTO IUIaHETapHs,
Hewo-Hopx

Pobept Kupiuep, acrponoM, ['apeap/ickuit yRUBepcurer
DyinpBHa Menna, aCTpOHOM, YHHBEPCHTET APH30HLL

Cap MapTuH Puc, KeMOPHIDKCKHIE YHMBEPCHTET, aBTOP KHHUIH
«J10 Havyana»

Maitin Bpavn, actpoHom, Kantex
[Ton 'micrep, aBTop KHKUrU «Meuthl o LleHTaBpe»
Maiixn leMOHHK, cTapinvi Hay49HBIH pegakTop xKypHana Time

TumoTh deppuc, Yausepeurer KanudopHuu, aBTop KHUTH
«3peJIoCTh BO MaedHOM MyTH»

noxoknslii Tez Teiinop, pazapaboTuuk aMepUKaHCKHX A€ PHBIX
Hoeronopok

®pumeH [aiicoH, MHCTUTYT IepCHeKTHBHBIX HCCIEeJOBAHWH,
IIpyuncron

MxoH Xoprau, TeXHOJIOrMYeCKMH HHCTHTYT CTUBEHCA, aBTOP
KHUIH «KoHel] HayKH»

nokoiHeIH Kapn CaraH, KopHenckuit yHHBEpCUTET, aBTOP KHUTH
«Kocmoc»

OuH JpyaH, sgoea Kapaa Carana, Cosmos Studios

Iurep lIsapy, GyTypHcT, ocdoBaTens Global Business Network
Jmeud Toddnep, PyTYpHUCT, aBTOP KHHUTH «TPeTha ROMHA»

Jowup 'yacTeiiH, MOMOIIHKMK npopekTopa Kantexa

Cert Jinoiig, MIT, agTop kHHIH «[IporpaMMupoBaHHe BCelIeHHO»
®pea YoTcoH, aCTPOHOM, 3BTOP KHHTH «3BE3A0UET>

CaiimoH CHHTX, aBTOP KHUTH «BOALINOH B3phIB»

Cer IlocTak, Muerutyt SETI

Joxopmx JPKOHCOH, Hay4YHBIE 0003peBarenb New York Times
Dxeddpu Xopdman, MIT, actporarT NASA

I
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Tom JHxoyH3, acTpoHasT NASA

Anan JlaiitMan, MIT, aBTop KHUTH «MeuTh DHHIITeHHA»
Pobept 3y6pHH, ocHoBaTen» MapcuaHcKoro obuiecTsa

JonHa UIvpan, nporpaMMa uecreaosaHua Mapca NASA

Joxou Ilaik, GlobalSecurity.org

[on Caddo, dytypuct, Mucratyr Gyaywero

Jlywc @pHaMaH, ogHH U3 ocHoBaTenel [LtaHeTapHoro obuiecTsa

Jianunen Beprxefimep, SETI@home, YaneepcuteT Kamudopuun
B beprm

PoGepT 3uMMepMaH, aBTOP KHHTH «[loKHaa 3eMITio»

Mapma BpaTycsk, aBTop KHHTH «HeokoHYeHHas cAMPOHHA
DitamTeliHa»

Maiikn Canamon, nporpamma «[Tocie DiiHinreitna» NASA
Txedd Angepcen, Axkagemisi BBC CIIIA, aBTop KHUIH «TeIecKon»

I Taroke xoTea 6 nobaarogapuTh Moero arenrta CTroapra
KpudeBckH, KOTOPLIH IIOMOTaN MHE B T€UEHHME BCEX ITHX JIET H 3a-
HUMaJCs BCceMy MOHMHM KHHramu, a Takke pefakTopa Pomxepa
[llomna, ybK TBepAas pyka, 37paBble CYXAEHHS W PEJAKTOPCKHMH
OIBIT HAPABJIAUIA MHOTHE MOM KHHTH. S GBI TaKKe XoTea rofaaro-
JAPUTE MOMX KOJUIer U3 Hblo-Hopkexoro Cutu-Kosineaxa H aciH-

paHTypHi [opoackoro yausepcutera Horo-Hopka, B ocobeHHOCTH

B.I1. Haupa u /ana Tpunbeprepa, KoTophie M00E3HO HANUTYE BPEMA

ANA JUCKYCCHH,
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[, SAWATHOE CHAOBOE NOAE

1. Ecnn 3acny®eHHEH, HO TOK MU0 YHeHBIH YTBEPKIALT, HTO HEeKoe ABJIeHHe
BO3MOXHO, OH HABEPHAKA IpaB. ECTIN OH YTBEPKIAET, 9T0 HEKOE ABJICHHE HEBOIMOKHO,
OH, BeChMa BEPOATHO, Oumbaercy.

1. Enuncreenssiil ciocob onpefe/uTh [Ipefesl BO3MOKHOIO — 3T0 HAGPATLCA
CMEJIOCTH H NPOHUKHYTH Ha TY CTPOHY, B HEBO3MOKHOE.

[11. Mo6an DoCTATOMHO PA3BHTAA TEXHOMOIMA HEOTIMIHMA OT BOIMeHCTRA.

Tpu 3akoHa Aprypa Kaapka

«[logHATH IMKHTHI!» — TaK 3BYYUT NepPBbii [IPHUKa3, KOTOPHIK B bec-
KOHEYHOM CepHane «3Be3/IHbIN MyTh» OTAAeT PE3KHM TOJOCOM Ka-
nuTaH KMpK CBOEMY SKHIIAKY; NOCTYIIHBIHA MPHKA3Y KA BKJIIO-
qaeT CUTOBBIE MOJIA, TPU3BAHHEIE 3aI[HTUTE KOCMUYeCKHEl Kopabine
«JHTepIlpai3» OT OTHA MTPOTHBHHKA.

B cioxeTe «3BE3THOTO MYTH» CUIOBRIE TIOJIA HACTONBKO BAK-
HbI, 9YTO WX COCTOAHHE BIIOJTHE MOXCT ONpEACINTE HUCXOT Cpa-
KeHuA. CTOMT 3HEPIMH CHJIOBOIO TMOJA HCTOLIUTHLCA, M KOPIYC
«JHTEpIpai3a» HaYMHAET NOAY4aTh YAapH, YeM Janblie, TEM CO-
KpyLIATelbHEe; B KOHIle KOHILOB MOpaXeHHe CTAHOBUTCH HEeWs3-
OeXHBIM.

Tax 4TO e Takoe 3aluTHOE CHAOBOE nose? B HayuHOH dan-
TACTHKE 9TO 0OMAHYMBO IIPOCTaA UITYKA: TOHKMH HEBHAUMBIH, HO
OpH 3TOM HeIpOHHIaeMbIH H6apbep, CIIOCOOHBI OAMHAKOBO JIETKO
OTpPaXKATh Na3epHble IYIU M pakeTol. Ha nepeoIil B3MiAA ciioBoe
MoJe NPeACTaBIIeTcd HAaCTOMBKO MPOCTHIM, YTO CO3JaHHe — M CKO-
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®HIHKA HEBDIMOMHKOID

poe — O0eBEIX HIUTOB Ha ero OCHOBE KaXeTcs HEMHUHYEeMBIM. Tak i
*IEIHDb, YTO HE CerOIHA-3aBTPa KakOW-HUOYAbL Hpean pUAMYHBbIN
uzobperarenb 0OBABKT, YTO MY YARJI0Ch IOMYYUTh 3aH[MTHOE CU-
JIoBOe none. Ho ueTuna ropaszo ciokHee.

[ogobHo AamriouKe JAMCOHA, KOTOPAN KOPEHHHIM 0BpasoM
H3MEHKIA COBPEMEeHHYH) LHBIIN3AIHIO, CWIOBOE NOJe CrocoOHD
TIyGOKO 33aTPOHYTH Bee 663 UCKIIIOYEHHsA CTOPOHH HAllleH XKU3HM.
BoeHHBIE BOCIOAB30BATUCE OBl CUAOBBIM TI0NeM, 4yTOOBI CTaTh He-
YA3BUMEBIMH, CO3a1M OLl Ha €r0 OCHOBE HEIIPOHUIIAEMbIH HMIUT OT
BpaKECKUX pakeT M nyib. B Teopuu moxno Gbito 681 cozsasarh
MOCTBI, BeJTHKO/IENHbIE NIOCCE H ZOPOTH OJHHM HAXATHEM KHOITKM.
HGJIBIE ropojaa BO3HHMKaNH OBl B MYCTEHE CNOBHO MO MaHOBCHHID
BOMIEeOHOH NaNoYKy; Bee B HUX, BILIOTH 10 Hebockpebor, crpou-
N0Ch 6B UCKTIOYUTENHHO U3 CHIOBHIX Noneit. Kynona CHIOBEIX 10-
nell Haj ropofaMe MO3BOIMAHN OBl MX OBUTATENAM MIPOM3BOJLHO
VHDaBATL, HOTOAHLIMM ABJEHWAMM — IUTOPMOBBIMH BeTpaMH,
CHeXXHbIMU OypsamM, TopHago. [1og HAAEKHBIM IOJOTOM CHAOBO-
0 NOJA MOXHO OBU10 BBl CTPOUTEH TOPOAa JaXKe Ha JHE OKEAaHOB.
Ot cTexna, cTany ¥ 6ETOHa MOXKHO ObLTO 651 BOOGIIE OTKA3ATHCA,
3aMeHUB BCE CTPOHTE/bHLIE MaTepUaIbl CHAOBHIMHU MOMAMH.

Ho, xak HH CTpaHHO, CHJIOBOe IONE OKAZLIBACTCH OJHHM U3
TeX ABACHHUH, KOTOPBIC YPE3BbIYaitHO CIOXKHO BOCTIPOM3BECTH B Ja-
Goparopuu. Hekoropele QUIMKHU Azke 10JAraloT, YTO 3TO BooOmie
He YAACTCA ¢/ie1aTh 6e3 H3MeHeHHA ero CROMCTR.

Maitkn ®apapneit

Konnenuus dusnyeckoro noss Heper Havano B paboTax BEIHKOro
6puTanckoro ydernoro X1X 8. Maiikna ®apages.

Popurenu Papages npuHaanexanu K paboueMy Kraccy
(ero oren 68T KysHernom). CaMm oH B Hadane 1800-X IT. cocToml
B TIOAMACTEPDLAX ¥ MepelieTidKa M BAAYII AOCTATOYHO KAMKOE
cyuecTBoBanne. Ho wnblil ®apaaei ObUl 3ayapoBaH HefaBHHM
THTaHTCKUM TPOPHIBOM B HAayKe — OTKPHITHEM TAHHCTBEHHBIX
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JALUIMTHOE CHADBOE NOAE

CBOWHCTB JIBYX HOBBIX CJI, 7IeKTPHYECTBA U MarHeTH3Ma. OH *kazjHO
MOTTIONIA/ BCIO AOCTYIHYIO MY MHPOPMALIHIO 110 3THM BOIPOCaM H
IHOCEIAT JieKUUH 1podeccopa Xamdpu 381 u3 KoponeBcKoro Mi-
cTuTyTa B JIoHJ0He.

Oanax vl npodeccop JBU cephbesHo IOBPEAILT IM1a3a BO BpeMa
HEYAAYHOTO XMMHYECKOTO SKCIIEPHMEHTA; TOHAZ00UNCA ceKpeTaps,
H OH B3:U1 Ha 3Ty Zo/xHoCTb ®apagen. TlocTeneHHO MOIOA0H 9eI0BEK
3aBoeBaj osepye yueHbX KoposieBCKOro MHHCTHTYTa U [TOTyIHII BO3-
MOKHOCTb TIPOBOAUTE COOCTBEHHBIE BKHEIE SKCIIEPHMENTEI, XOTH
HEPEJIKO €My NIPUXOAIIIOCH TepIIeTE U [IpeHe6pesKuTe5HOE OTHOLIE-
uHe. Crogamu npodeccop JI9BH Bce peBHEBee OTHOCIICH K YCIIEXaM
CBOET0 TATAHTIMBOIO MOJOAOIO NOMOIIHWKA, KOTOPHIH [TOHAYATY
CYMTaNCA B KPYTax IKCIIEPHMEHTATOPOB BOCXOAANIEN 3Be3/10M, a €O
EpeMeHEeM 3aTMWI c1aBy camoro /Iapu. Tonsko nmoote cMepty J2aBu
B 1829 1. ®apazieit MomyqT HAYIHYIO CBOBOAY 1 OCYILECTBHI ETYHO
CEPHIO NMOPA3HTENLHBIX OTKPRITHIL. PE3y/IBTaTOM HX CTAN0 CO3JaHUE
INMEKTPHYIECKHX FeHEPATOPOB, 00€CIeYHBIIHX SHECPIHEH LieJIble TOpo-
Ja ¥ M3MEHMBIITUX X0 MUPOROH IIMBHIIH3AIIHH.

KiitouoM k BenmyalinuM OTKpeITHAM Papajed CTATH CHIO-
Bble, WIH u3ndeckue, oL, ECTH TOMECTHTS JKele3Hble OIMMAKH
HaJl MarHMTOM M BCTPAXHYTH, BBIACHUTCA, YTO OIMIKH YKIaJBIBA-
I0TCA B PHCYHOK, HAMOMHHAIWE MAYTHHY M 3aHUMAIOUIHI Bee
NPOCTPAHCTBO BOKPYT MarHHTa. «HHTH HayTHHE» — JTO U €CTh
bapazeesrl cyioBble nMHEH. OHY HAISAHO TOKA3BIBAIOT, KAK pac-
NpeIeNIAITCA B NPOCTPAHCTBE MIEKTPUYECKOe M MarHUTHOE TI0JiA.
K npumepy, ecnu nzo06pa3uts rpadrieckd MarHHTHOE 1101 3eMJTH,
TO OOHAPYKUTCS, YTO THHHH HCXOAAT OTKY/a-T0 U3 06s1acTh Cepep-
HOro MOJI0Ca, @ 3aTeM BO3BPAIlATCA M CHOBA YXOAAT B 3€MIIO B
obnactd KwHoro noawoca. AHAIOTHYHO, €CTH HU300pasHuTh CHIO-
BbI€ INHUH JMeKTPHYECKOI'O 11011 MOJHHH BO BPEMs P03kl BEIIC-
HUTCA, YTO OHHU CXOAATCA HA KOHYMKE MOIHHH.

[Tyctoe npoctpancTso gus Papasies BOBCe He OBUIO MYCTBHIM;
OHO 6bLIO 3aNOAHEHO CHIOBHIMH AHHHAMH, NPH HOMOIIM KOTO-
PHIX MOXHO OpUIO 3aCTaBUTh OTAANEHHBIC NPEAMETH ABUTATHCH.
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GA3IHKA HEBOIMOMKHOD

(bepHan 1HOCTD He No3BOMWIA PapaAeto NOAYIUTD CHCTEMATHYE-
ckoe 06pa3oBaHue, U OH NPAKTUYECKU He pasbupanca B MaTeMaTH-
K€, BCIEACTBUE 3TOTO €r0 3alMCHbIE KHIDKKH OBUTH 3aroJiHEHE! He
YPaBHEHHAMHU U GOPMyNTaMH, & HAPACOBAHHBIMM OT PYKH AHarpam-
MaMH CHJIOBBIX JVHUH. [10 MPOHHY CYALOB HMEHHO HEAOCTATOK
MareMaTHyeckoro ofpazoBaHUA 3aCTABKA €ro pa3paboTaTh BeH-
KOJIETIHbIE JHATPAMMBI CHIOBBIX JIMHU, KOTOPHIE CETOAHS MOXHO
yBUAETH B 11060M yueHHIKe GU3HkH. PU3HYecKas KapTHHA B HayKe
Hepeaxo Ooee BakHa, YeM MaTeMaTHUYeckui annapar, KOTOpbii
HCIIONb3YETCA 1A €€ OIIHCaHHUA. )

Heropuky BoABUHYAN HEMaUIO NIPEATIONOKEHHHA O TOM, 4TO
HMeHHO npuBeno Papaged K OTKPHTHIO $H3HYUeCKUX MOoMed —
OZHOT'O U3 BAYKHEHAIIMX MIOHATHI B HCTOPHH BCEH MHPOBOH HAYKH.
daxTiuecky Bed He3 HCKAIOUEHHS COBpeMeHHas Gpu3MKa HarlHca-
Ha Ha A3uike ¢dapafieesrlx nojed. B 1831 r. Papaaeii copepmun
KJIIQUEBOe OTKPHITHE B 06n1acTH (M3HUECKUX MTONEH, HaBcera u3-
MeHUKBIllee Hally UHBIIM3aNKIo. OxHaKAL, TPOHOCSH MardiuT —
JEeTCKYKX) WTPYIIKY — Ha/l MPOBOJIOYHOM paMKoil, OH 3ameTu,
4TO B paMKe BO3HHKAET 3MeKTPHYECKUH TOK, XOTS MarHMUT ¢ HeH
He COIIPUKAcaeTcAa. 3TO 03HaYal0, YTO HeBUAHMMOe TIOAE MATHUTA
crocoOHO HA PACCTOAHUH 3aCTABHTH NMEKTPOHH JABHTaThCH, CO3-
[laBas TOK.

Cunosete oA Papajest, KOTOPEIE A0 3TOTO MOMEHTA CIUTA-
MHUCh GecloNesHBIMM KapTUHKAMH, TUIOAOM AOCYyKeH QaHTasud,
OKa3ajHCh peatbHON MaTepHaibHOH CMNIOH, cTIOCOCHO¥M ABUTaTh
00beKThl M reHepupoBaTh 3Hepruto. CeroaHs MoXKHO CKasaTb Ha-
BEPHAKA: HCTOYHHK CBETa, KOTOPLIM B IOAb3YETECH, YTOOBI IIpo-
4eCcTb 3Ty CTpaHMIY, NCAYYaeT 3HePruio Grarogapsa OTKPHITHAM
Dapasiea B 0b1acTH JneKTPOMATHETH3MA. Bpallaomuiics MarauT
CO3AaeT Mo/, KOTOPOE TOJMKAeT 3/IEKTPOHHI B NIPOBOAHUKE M 3a-
CTaBJeT HX ABUraThCA, POXKAAA JMEKTPUIeCKHil TOK, KOTODHIH 3a-
TEM MOKHO HCIIOb30BATh /1A TTAHHA famiouky. Ha atom npus-
UHMIIE€ OCHOBAHLI NeHEPATOPH IEKTPHYECTBA, ofecreynBaolue
9Hepruei ropoja Bcero Mupa. K npumepy, OTOK BOAL, Aol
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JAIMATHOE CHNOBOE NOAE

¢ IVIOTHHBI, 3aCTAB/IAET BpalliaTbCA THTAHTCKHI MarHHUT B TypOHHE;
MAarHMT TOAKAET JIEKTPOHB! B IPORoAe, GOPMUPYA STEKTPHIECKHE
TOK; TOK, B CBOIO o4yepefb, TedyeT 10 BLICOKOBONETHEIM MPOBOAAM
B HAIIK JOMa.

JpyruMu croBamy, cunosble noas Maiikna ®apages # ecThb Te
caMble CHUIHI, YTO ABKXKYT COBpeMeHHOM UBIIH3allieii, BceMH ee
NPOABIEHUAMH — OT 3/CKTPOBO30B J0 HOBEHIINX BHIYUCIUTENb-
HEIX CHUCTEM, FIHTepHeTa U KapMaHHBIX KOMIIBIOTEPOB.

Honropa cronetus QapageeBsl dH3MYECKUe NONT BAOXHOB-
JAAnH GUIMKOB Ha JanbHelmuWe Mccnegosanyua, Ha DitHmTeitna,
K TIPUMEPY, OHH OKa3a/H TakKoe CHAbHOE BO3JAEHCTBHE, UTO OH
cpOPMYMHPOBAJI CEOIO TEOPHIO IPABHTALMH Ha A3bIKe GU3HYECKHX
nojei. Ha mensa Toxe paborw ®apazes mpoussenyt cuibHelimee
BrieyatTienue. Heckonpko jleT Hasaj A ychelso chopMynTdpoBan
TEOPHIO CTPYH B TepMHHAax duanyeckux noneit Gapajes, 3aM0kuB
TAKMM 06pa3oM dyHAaMEHT I TONEBOMA TEOPUH CTPYH. B dpusnke
CKA3aTh IPO KOTO-TO, YTO OH MLICTHT CH/IOBBIMU IHHUAMH, O3HAYa-
€T CAeNATh 3TOMY Ye/0BEKY CePbe3HEIH KOMIUIMMEHT.

Yerbipe GyHIAMEHTAJIBLHBIX B3AMMOLEHCTBUA

OnHuM H3 BeHYaHINX JoCTIDKeHHE QH3HKH 3a NociegHHe ABa
THICAYEIETHS CTA/I0 BBIZEJCHUE H ONpeJeseHHe YeThpeX BHAOB
B3aUMO/EHCTBUA, KOTOPHIE MPABAT BCENEHHOH. Bce OHM MOTYT
6BITH omMcaHsl Ha A3bIKe MONeH, KOTOphiM MEI obszansl Papajeio.
K HecyacThlo, 0AHAKO, HM OJ[MH U3 YETLHIpEX BHAOB He 00najaer B
NOJHOH Mepe CBOMCTBAMH CHIOBBIX IOJA€H, ONHUCAHHEIX B GOMb-
IIMHCTBE (GaHTACTHYECKUX ITPOH3BeAeHuH. [lepeqHcIuM aTH BHAH
B3aMMOJEHCTBHA.

1. I'pasuTanua. beamonBHas cuia, He TO3BOJAIONIAT
HAIIMM HOTaM OTOpBaThCa OT oNopH. OHa He A2eT pacchl-
natecA 3emMiie M 3Be3gaM, MOMOTAeT COXPAHHTH LIeIOCT-
HocTh ConHeydol cuctemsl ¥ lanaktuku. bes rpasuTta-
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OUINKA HEBOIMOHHOTO

UM BpalleHKe IUIaHeTsl BEIIBBIPHYAO 6B HAcC ¢ 3eMiIH
B KOCcMocC ¢o ckopocThio 1000 muie B yac. [lpobiema B
TOM, YTO CBOMCTBA rPaBUTALMH B TOYHOCTH IPOTHBO-
TOJIOXKHEI CBOMCTBAM GaHTACTHYECKUX CHIOBRIX IIOJEH.
paBHTaNMA — CHAA MPUTAXKEHHA, a HE OTTAJKHBAHHA;
OHA 9pe3BbIYalHO e1afa — OTHOCHTENILHO, PA3yMeeTcs;
OHa paboTaeT Ha FPOMaAHEIX, ACTPOHOMHYECKHX PAaCCTOs-
HUAX. JIpYyTHMH CIoBaMH, ABIAET OO0 [IOYTH TOIHYIO
IIPOTHROMONOKHOCTE IVIOCKOMY, TOHKOMY, HEelPOHHIAe-
MoMy Oapbepy, KOTOPBIH MOXKHO BCTPETHTD €4Bd JIH HE B
JMoboM QaHTaCTHHeCKOM POMaHe Wil ¢uisMe. K mpuMe-
PY, IEPHUIIKC K TIONY NPUTATHBAET [eNIas IVIaHeTa — 3eM-
JIs1, HO MELJIETKO MOXeM NPe0JoIeTh PUTAKeHHe 3eMId |
TOAHATH IepHIIIKO OJHHUM NaNblieM, Bo3/jeHCTEHE OAHOTO
HALIETO NA/bLA CIOCOOHO MIPEOAOIETh CHIY NPHTIKEHUH
LI&IOH IUTaHeTH!, KOTOpas BeCUT GObIIe IHECTH TPHUTHO-
HOB KWIOTPAMMOB.

2. SnexrpoMarHeTtiam (3M). Cuaa, ocBemawuias
HallM ropoAd. Jlazepsl, pasuo, TelneBHAeHHE, COBpeMeHHaA
3EKTPOHMKA, KOMNbIOTepsl, MHTEpHET, 2eKTPHUYECTRO,
MarHeTH3M — BC€ 3TC CJIeACTBHA IIPOARIEHHMSA 3IeKTPO-
MarHMTHOrO B3auMoZeidcTsuA. BO3MOKHO, 3TO caMan II0-
Jie3Has A, KOTOPYI YAaiock 06y3aTh YeJOBEYeCTBy Ha
TIPOTAXeHKH BCeH €70 HCTOPHH. B 0T/IMYHe OT rpaBUTALIMN
OHa MoXeT paboTaTh U Ha NPUTKEHUE, U Ha OTTaJKHBa-
HHe. OZHAKO M OHa He TOJUTCA Ha PoJib CHIOBOrO HOJIs
MO HEeCKOABKUM NpuuKMHaM. Bo-TiepBBIX, ee MOXKHO JETKO
HeHTpanu3oBaTh. K npuMepy, acTHK Wi JII060# Apyroi
HeNpoBOAALIKMI Marepran 6e3 TpyAa NPOHHKHET B MOMI-
HOE 3JIeKTPHYecKoe MIM MarHHTHoe oje. Kycox wiactH-
Ka, OpOIIeHHLIH B MarHUTHOE 1oJe, CBOBOAHO IIPOIETUT
€ro HaCKBO3b. BO-BTOPHIX, 3/€KTPOMarLeTM3aM JeHCTByeT
Ha GOMBIINX PacCTOAHMAX, €T0 HEMPOCTO COCPEJOTOYUTE
B IUTOCKOCTH. 3aKOHE OM-B3aMMOZEeHCTBHA OITHACHIBAIOTCA
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SAWMTHOE CANOBOE NORE

ypasHeRnamu J[Dreiivmca Krepka Makcsemwna, U noXoxe,
CHJIOBHIE [I0JIA] HE ABJIAIOTCH PelleHReM STHX YPaBHEHHIA.
3 u 4. CunbHBIE U ¢1a0BIe AZEPHBIC B3aHMOAEHCTRHA.
Craboe B3anmofeiicTBue — 3T0 CHIA pPaJHOAKTHBHO-
ro pacnaja, Ta, 9TO pasorpeBaeT pajAUOAaKTUBHOE sApo
S3eM/IH. ITa cWa CTOUT 33 H3BEPXeHUAMH BYyTKaHOB, 3€M-
JeTPACEHHAMH H JpeiidhOoM KOHTUHEHTANBHBLX ILTHT. CHIb-
HOE B3aUMOAEICTBHE HE AA€T PACCHIIATHCA SPaM aTOMOB;
OHO ofecneyuBaeT 3Heprueit COIHLE U 3B€3/bl 1 OTBEYAET
3a ocBemerue Beenenron. [IpobieMa B ToM, YTO AAepHOE
B3aUMOJeNCcTBHEe paboTaeT TOALKO HA DYeHL MATECHBEKHX
PacCTOAHMAX, B OCHOBHOM B NipedelaX aTOMHOrO sapa.
OHO TaK [IPOYHO CBA3EHO CO CBOMCTBaMU CAMOTO AAPa, YTO
YIPABIATE UM Ype3BbIYaiHO TPyAHO. B HacTosIee Bpems
HaM U3BeCTHO TOJIBKO ABa cocoba BIHATE Ha 3TO BRAUMO-
JelicTBUe: MBI MOXeM pa3buTh cybaTOMHYIO YaCTHLY Ha
YacTH B YCKOPHTEIE WIH B30PRaTh ATOMHYyH0 GoMOY.

XoTA 3amMTHEIE NOA B HAYYHOH daHTaCTHKe U He TTOAYHHA-
I0TCs M3BECTHBIM 3aK0HAM QU3HKH, BCE JKe CYIIeCTBYIOT Ja3eHKH,
KOTOpHIe B OyAyIeM, BEPOATHO, CAENAKOT CO3/aHUE CHIIOBOTO MOJIS
BO3MOMHBIM. BO-IIEPBHIX, CYUIECTBYET, BO3MOXHO, [ATHIH B QYR-
JaMeHTAJbHOTO B3aUMOACHCTBYSA, KOTOPHIA HHKOMY IO CHX ITOP He
yaaaock ysujers B JabopaTopru. Moxer oKasaTbes, K IPHMEDY,
4TO STO B3aHMoAekcTBHe paboTaeT TOAbKO Ha PaCCTOAHMAX OT He-
CKOJIBKHX AI0HMOB A0 pyTa — a He Ha aCTPOHOMHUYECKHX pPacCTos-
uusx. ([lpaeaa, mepBble OMBITEY O6HAPYXUTh MATBHIH BHJ B3aHMO-
JAeHCTRUA AAMH OTPUTIATENbHELIE PE3YAbTaTHL. )

Bo-BTOpHIX, HAM, BO3MOXKHO, YAaCTCH 3aCTaBHTDL IUIa3My HMU-
THPOBaTL HEKOTOphle CBOMCTBA CHIOBOTO noas. Iliasma — 3To
«yeTBEPTOe COCTOAHHKE BellecTBa». TpH NiepBhle, IPHBEIMHEIC HAM
COCTOSIHMA BelIeCcTBa, — TBEPAOe, JKUAKOE H razoofpasHoe; TeM He
MeHEE CaMoii pacpocTpaHeHHOH GOPMOH BelecTBa BO BCeIeHHOM
ABRNACTCH IVIa3Ma: ras, COCTOF[IIIHﬁ H3 HOHH3HPOBAaHHBIX d4TOMOB.
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OH3HKA HEBO3MOMHOIE

AToMEL B IUTa3Me He cBA3aHBl MexAy cOOOH M THIIEHEI SMEKTPO-
HOB, a NIOTOMY 06J1aAK0T 3JIEKTPUYECKHM 3apafoM. MMH MOXKHO
Ges TpyAa YIIPABAATE APH IOMOIIH STEKTPUYECKOTO M MATHHTHOTO
nose.

BuanMoe BellleCTBO BCENIEHHOH CYMeCTBYeT 1o Gonbmeil ya-
cTH B pOpMeE PA3TMIHOro POAA IIA3MBI; U3 Hee 06Pa3s0BaHH COJTH-
e, 3Be3/bl ¥ MeXaRe3AHHH ra3. B oOLYHO KHU3HM ML OYTH
HE CTANKHBAEMCH C ILIa3MOH, OTOMY YTO Ha 3eMjle 3TO ABJIEHHE
peakoe, TeM He MeHEe IUIa3My MOXKHO yBHAETh. /s 3Toro socTta-
TOYHO B3IAHYTh HA MOJHMIO, COMHIE WY KPad MAa3MeHHOro
TeJIeBH30pA.

IlnasMeHHBIE OKHA

Kak yxe oTMeyanocs Bellle, €M HAarpeTh ras [0 AOCTATOMHO Bbi-
COKOH TeMIEepaTyphl  NOAYYHTE TaKHUM O6pA30M IUIa3My, TO IIPH
TOMOLUM MarHUTHOTO H 3/IeKTPHYECKOTo Mojeid MoXHo Gyger ee
yAepxuBarh ¥ npuAaBate ed Gopmy. K mpumepy, mwiasMe MoxHo
npHAaTh QopMy MHCTa WIH OKOHHOTO cTekia. Bojee Toro, Takoe
«IUTa3MEHHOE OKHO» MOXXHO HCIIONB30BATh B KaYeCTBE [Ieperopoil-
KH MEXAy BaKyyMOM M OOBIYHBIM BO3AYXOM. B npuHuMne, TakuM
06pazoM MOXKHO ObUIO OB YIEPKHBATb BO3/TYX BHYTPH KOCMHYECKO-
ro xopab:d, He JaBas eMy YIeTYIUThCA B IPOCTPAHCTBO; ILTIA3MA B
3TOM c/Iydae ofpasyeT yAoOHyI0 11po3padHyio 0B0I0UKY, TPaHHIY
MeX Iy OTKPBITBIM KOCMOCOM U kopabem.

B cepHane «3Be3gHBEI OyTh» CIIORCE II0JI€ HCHONB3YeTCA,
B YaCTHOCTH, A/1A TOTO, YTOOB! H30IMPOBATE OTCEK, I7I¢ HAXOAUTCA
M OTKYJa cTapTyeT HebonbIoi KOCMUYeCKHI YETHOK, OT KOCMHYe-
CKOr'0 TIPOCTPAHCTBA. M 3TO He NpoCTo XUTpas YI0BKA, TPU3BAHHAS
COKOHOMMWTD JEHBTHM Ha JeKopalllfiX; TaKad Apo3pavdHad HepwaM-
Mas IleHKa MokeT OBITh CO3JaHa.

[InasMeHHoe OKHO puAyMan B 1995 r. dusuk x4 lepiikosuya
B bpykxeliBeHckod HalMoHanpHOM naGopatopuu (JIoHr-AlineHs,
mrat Heio-Mopk). 31o yerpoiicTso 6510 paspaboTaHo B poLecce
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peIveHHA APYTOH 331891 — 331aYM CBADKHM METAJUIOB IIPY NOMOI[H
3/M€KTPOHHOTO JTy4a. ALleTHICHOBAA FOpeNiKa CBapIlKMKa IVIaBHT Me-
TaJul IOTOKOM PacKaleHHOTO T'a3a, a 3aTeM YXe COeAMHACT KYCKH
MeTa/uvla BoeAUHO. [IpH 3TOM H3BECTHO, YTO MYYOK 3MEKTPOHOB Clio-
cobeH cBapUBaTh MeTasuIbl ObICTpee, YHllle U Aellesne, YeM Noay-
yaeTca mpu 06H4HbIX MeToAax ceapky. [1aBHas npobiema meTosa
37IeKTPOHHOH CBApKH COCTOMT B TOM, UTO OCYINECTBIATE e HeobXo-
AMMO B BaKyyme. 310 TpeboBaHHe co3zaeT Gosblike Heyxobersa,
MOCKOJIbKY O3HA4aeT COOPYXEHUE BAKyyMHOMH KaMephi — pasMe-
POM, BOSMOXHO, C BeAyI0O KOMHATY.

Jna pemsenys aroit npobaemul g-p lepiikoBud U3oGpest mwias-
MEHHOE OKHO. TO YCTPOMCTBO pasMepoM Beero 3 ¢yTa B BHICOTY H
1 ¢yT B fHaMeTpe; OHO HarpeBaeT ra3 Jo TeMneparypsl 6500 °C u
TEM CaMBbIM CO3JAET I1a3My, KOTOPas Cpasy Xe NonajaeT B JIOBYLI-
KY 3JIEKTPHYCCKOT0 U MAarHUTHOTO nojiell. YacTULbl M1a3Mbl, KAK
YacTULb 060ro rasa, OKazeBaOT AaBNEHHE, KOTOPOE HE aeT BO3-
AyXy BOPBATHCA H 3all0/IHUTh COO0H BakyymHyio kamepy. (Eciu uc-
HOJIb30BATh B [1a3MEHHOM OKHe aproH, OH HCITYCKaeT royfoBaToe
CBedeHHe, COBCeM KaK CHIOBOE 1oJie B «3Be3ZHOM NYTH»,)

[InasmMeHHOE OKHO, OY€BHIHO, HAH/IET INHMPOKOE [IPUMeHEHHE
B KOCMHUYECKOH OTPacjiy U IPOMBIIUICHHOCTH. Jlake B TIPOMBIII-
NeHHOCTH A1 MUKPOOOPAaBOTKY U CYXOro TPAaBACHHUA YACTO HEOH-
XOAUM BaKyyM, HO NIPDUMCHCHHE er0 B IPOU3BOACTBEHHOM MpOoliec-
Ce MOXeT 0ka3arbca oueHb Joporum. Ho Teneps, ¢ m3obperennem
[1a3MEHHOT0 OKHA, YAePAHBATh BAKYYM OAHMM HAXaTHEM KHOTIKM
CTaHeT HEeCJIOXKHO U HERZOPOTO.

Ho MOXKHO M MCIIONB30BAaTh [U1a3MeHHOe OKHO KaK HelpPOHHU-
LHAeMBbIH INKWT? 3allfHTUT 1K OHO OT BHICTPEAA U3 MYIKU? MoXHO
BooOpasute noasineHue B OyayueM IL1a3MeHHBIX OKOH, 067137a10-
IIHX ropasfo Gosblled sHeprued ¥ TEMIEPATYPOH, AOCTATOYHOM
A/ UCIapeHUA MOTIAAAIIIKX B Hero 00beKToB. Ho A4 co3faHuA
Bonee peaNHCTMYHOTO CHJIOBOTO MNOJA C M3BECTHBHIMHU 1O (aHTa-
CTHYECKMM TNpPOH3BeJeHHAM XapakTepHCTHKaM#u noTpebyeTca
MHOTOCIOHHAA KOMOHHAIUA HECKONBKUX TEXHOMOIHA. BO3MOXKHO,
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KaXAbIH cnoi caM 1o cebe He GyaeT [OCTATOYHO NPOYHAKIM, YTOOM!
OCTAHOBHUTb MYIIEYHOE AAPO, HO BMECTE HECKOIbKHX CIIOEB MOKET
OKa3aTbhCA AOCTATOYHO.

Ionpobyem mpeacTaBuTh cebe CTPYKTYPY TAKOTO CHAGBOTO
1o/iA. BHEINHHH c/10H, K MpUMepy CBepX3apsiKeHHOe TUIa3MeHHoe
OKHO, pa3orperoe A0 TeMNepaTypbl, JOCTATOYHOH A MCTIapEeHHA
METaNioB. BTOpPLHIM cl0eM MOKeT OKa3aTbeA 3aBeca H3 BBICOKO-
JHePreTHYeCKMX asepHbIX my4ei. Takas 3aBeca U3 THICAY NepeKpe-
IMBAIOUMXCA JIa3ePHBEIX Ayuel co3faBasia Obl MPOCTPAHCTBEHHYIO
pelleTKy, koTopasd HarpeBana 6bl Npoxoafdlliie yepes Hee 06beKTh
H 3()PEKTHBHO HCTIapaia uX. bosee moapobHO MBI MOrOBOPWM 0 J1a-
3epax B CleAyoweli rase.

Janee, 3a nasepHOM 3aBecoll, MOXHO BooOpasuth cebe rpo-
CTPaHCTBEHHYIO PeIeTKY U3 «yTIePOAHBIX HAHOTPYOOK» — Kpo-
XOTHHIX TPYOO9eK, COCTOSIIHX U3 OTAENBHEIX aTOMOR YIIEPOA], CO
CTEHKaMK TONIHHOH B OAKH aroM. TakHM TpyOKH BO MHOTO pa3
npovHee crani. Ha AaHHEIN MOMEHT caMast AMHHAA M3 NOLYYeH-
HBEIX B MHDe yIMepoAHHX HAHOTPYOOK HMeeT JTHHY BCEro OKOJIO
15 MM, HO MOKHO YIKe IIPeABHAETH AeHb, KOrAa Mbl CMOMEM C0374-
Barhb yriepofHLie HAHOTPYOKH NPOU3BOAbHOM Amuusl. [peanoo-
KHM, 9TO M3 YIVIEPOAHBIX HAHOTPYOOK MOXKHO BYAeT CIUIECTH TIPO-
CTPAHCTBEHHYIO CETh; B 3TOM CJIy4ae MbI NOJYYHUM YpPe3BbIYaUHO
MPOYHKIH 3KpaH, cnocobHBIH 0TPa3uTh OOMBRIHHCTEO 00BEKTOB.
SxpaH 3TOT OyAeT HEBUANM, TAK KaK KaXAas OT/e/IbHasA HaHOTpy6-
Ka [10 TOAUIHHE CPABHUMA C ATOMOM, HO [IPOCTPaHCTBEHHAS CeTh U3
YIIEPOAHBIX HAHOTPYHOK NPEB30MAET O IPOYHOCTH JTIOOOH IPYTOH
MarepHan.

HWrak, Mel UMeeM OCHOBaHHA [IPeANOA0KHTD, YTO COYEeTAHHE
IJIa3MEHHOTO OKHa, JIa3€PHOM 3aBechl M PKpaHa U3 YIMEepOJHbIX
HAHOTPYOOK MOXET [IOCAYKUTh OCHOBOH JUIA CO3JaHNA MOYTH He-
NPOHHLIAEMOH HEBUIHMOI CTEHHL.

Ho zaxe Tako#f MHOIOCAOHHBIH IMUT 6yAET HE B COCTOAHHMH
MPOAEMOHCTPUPOBAaTE BCE CBOHCTBA, KOTOphE HaydHad ¢aHTa-
CTHK4 NPUNHCHIBaeT cwioBoMy nomwo. Tak, oH Oyzer npospaues,
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a 3HA4NT, He CMOXEeT OCTAHOBUTH Jla3epHH 1y4. B GuTBE ¢ NpumMe-
HeHWeM Jla3epHbIX NMylleK HALTM MHOTOCIOHEIE IIMTE OKAXYTCH
GeCrone3HBIMH.

Yro6rl OCTaHOBUTE JIa3€PHBIH Nyd, MHT Ao/MKeH OyaeT Kpo-
Me NEPeUHCIeHHOro 06MaaTh CHIIBHO BBIPAX€HHBIM CBOHCTBOM
«()OTOXPOMATHYHOCTH», WM IepeMeHHOMH NIPO3payHoCTH. B Ha-
CTOAUIeE BPEMA MaTepHasbl ¢ TAKUMM XapaKTepPHCTHKaMH K-
I0Jb3YIOTCA TIPH M3TOTOBIEHHH COJHEYHBIX OYKOB, CIIOCOOHHIX
3aTeMHATHCS [pH Bo3dedcTBHH YP-usnyueHudA. [lepeMeHHan
[IPO3pavHOCTh MaTepHana JOCTArALTCH 3a CYeT UCTIOAb30BAHUA
MOJIEKYJT, KOTOPEIE MOTYT CYIIECTBOBATh IO KpaHHEH Mepe B ABYX
COCTOAHMAX. Tlpy ofHOM COCTCAHHM MOJEKYJ TaKOH MaTeph-
an npospaden. Ho 1104 Bo3AeiicTBHEM YP-U3NYYEHUA MOTEKYIH
MI'HOBEHHO NEDEXOJAT B APYyroe COCTOAHHE W MaTepHaJ TepHeT
1IPO3PaYHOCTb.

Bo3MoxHO, Korga-Hubyas Mbl CMOXEM IpH MOMOUIM HAHO-
TEXHOAOTHHN NOAYIMTE BEIICCTBO, IPOYHOE, KAK yYIIepogHbi€ HAHO-
TpyOKY, M cnocofHOe MEHATE CBOM ONTHYECKUE CBOHCTBA IO BO3-
JeilcTBHEeM nasepHoro jayva. lIUT M3 Taxoro BemecTBa CMOXeT
OCTAHABIUBATD He TONbKO MOTOKH YACTHIL WiTH ODYAHIHEIE CHAPSAEL,
HO U J1a3epHHIH yAap. B HacTosee BpeMst, OlHAKO, He CYIUECTBYeT
MaTepHaZ0B C MepeMeHHOH IPO3PauHOCTRIO, CMOCOBHEIX OCTaHO-
BHTb Ja3epHbIH JIyd.

MarautHag JesuTanug

B HayyHO# paHTacTHKe CUIOBHIE TIO/A BLIOAHAIOT elle onHY GYyHK-
110, KpOMe OTPaXKEHWA YAPOB H3 JYHEBOTO OpY:KHA, a HMEHHO
CTy>KaT OMOPOH, KOTopask IO3BOJAET IIPecAO/NEBATh CHULY IPHTH-
xenus. B ¢puneme «Hazan B Gyayuee» Maitkn Qokce kataerca Ha
«X0BepBopAe», WIH «IapsAILeHd JOCKe»; 3Ta IUTYKa BO BCEM HAIIOMHU-
HaeT IIPUBLIUHBIA cKeliTOOPA, BOT TONLKC «E31HT» 110 BO3AYXY, HAJ
IIOBEPXHOCTRIO 3eMIH. PHU3HYecKHe 3aKOHbl — TAaKHEe, KAKMMU MEI
HX 3HAaeM Ha CeTOAHAIIHMI JeHb, — He MO3BOJAIOT Pealu3oBaTh
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110/06H0e aHTUrPaBUTALIMOHHOE YCTPOHCTBO (KaK MBI YBHAHM
B rase 10). Ho MoxHo mpefcTaButh cefe B GyayieM co3faHMe
APYIHX YCTPOHCTB — MApSUIMX AOCOK W IMApALMX aBToMoBHaeH
Ha MardWTHOH MOAYIIKE; 3TH MAIIMHBL MO3BOJAT HaM 0e3 Tpyaa
MOAHUMATD W YAEPXKHBATh Ha BeCy KPYNHEIE OObeKTHL. B 6yaymeM,
€CJIH «CBEPXIIPOBOAUMOCTE IIPY KOMHATHOH TeMIlepaType» CTaHeT
AOCTYIIHOH peaibHOCTBIO, YeNOBEK CMOXET MOZHUMATh B BO3AYX
HPeJMETE], HCNIOAb3YA BOZMOXHOCTH MarHUTHBIX II0/eH.

Ecnu MbI mogHeCeM CeBepHBIH MONKC MOCTOSHHOTO MarHH-
Ta K CeBEPHOMY e [I0TI0Cy APYI'oT'O TAKOI'O K€ MarHuTa, MarHu-
Tl GyJyT OTTaAKMBATHCA APYT OT Apyra. (ECAM MBI mepeBepHeM
OAMH U3 MarHUTOB U NMOAHECEM €r0 IONHBIM IIONIOCOM K CeBEPHO-
MY TIOIOCY JAPYTOro, ABa MarHUTa OYAYT IPUTATHBATBCE.) ITOT Ke
TIPUHIUN — TO, YTO OAHOMMEHHEIE NIOTI0Ca MaTHHTOR OTTATKUBA-
K0TCA, — MOMHO HCIIOAB30BATh A MoJbeMa C 3eMIM OPOMHBIX
TKeCTed. YKe ceyac B HECKONBKHUX CTPaHaX UAET CTPOHTENBCTBO
TEXHHUYECKH TNEePeAOBBIX MOE3/J0B Ha MarHUTHOM nogsecke. Takue
T0€3/a TIPOHOCTCA He TI0 MYTAM, a Haj HMY HAa MUHMMAIbHOM
PaccTOAHHH; Ha BeCy HX YAEPKUBaloT 0ObIYHBIe MaruuTHL. [loeaaa
Kak Ol IAPAT B BO3AyXe U MOTYT Garo/iaps HYJIEBOMY TPEHHIO Pas-
BHBaTh PeKOpAHbIE CKOPOCTH.

IMepsas B MHMpe KOMMEDYECKas ABTOMATH3MPOBAHHAA TPaHC-
NOPTHAA CHCTEMa Ha MarHMTHOH MojBecKe ObLIA 3alyIIeHa B Jel-
cTBHe B 1984 r. B OpHTaHcKkoM ropofie bupMunreme. OHa coegu-
HUAa TEPMHHAI MEXAYHAPOAHOTO a3poIopTa U paclooKeHHBIH
HEIOAAJIEKY JKee3HOAOPOXKHBIN BOK3al. [1oe31a Ha MarHUTHOH
MoJBECKE AeHCTBYIOT Takke B lepMany, fAmonun v Kopee, xotd
OOJBIIMHCTEO U3 HUX He MpeHA3HAYEHBI I8 BHICOKHX CKOPOCTEIL.
[TepBHIii CKOPOCTHON KOMMEPYeCKHi T0e3 HA MarHHTHOI NIOABECKe
HAYajI XOAUTS 110 3allyLIeHHOMY B ZeHicTBUe y4acTKY Tpaccel B IIlan-
Xae; 3TOT noess ABHXETCA I10 TPacce CO CKOPOCTRIO A0 431 KM/,
Amonckuit noess Ha MarHUTHOHN moABeCKe B IpedeKType AMaHack
pasorraics Ao cKopocTé 581 KM/4 — T. €. ABUraACA 3HAYHTEABHO
BrIcTpee, yeM OOBIYHEIE MOE3AA HA KOMECAX.
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Ho yecTpolcTBa Ha MArHMTHOH INIOZBECKE Ype3BBIYAHHO Jo-
por. OayH M3 HyTell K YBEIUYEHHIO MX 3GGEKTUBHOCTH — HC-
TI0/Ib30BaHKE CBEPXMPOBOJAHMUKOB, KOTOPHIE IIPH OXJIAXKAEHHH A0
TeMIepaTyp, 6IU3KKX K aBCOMIOTHOMY HY/IIO, IIOJHOCTRI) TEPAIOT
3JIEKTPUYECKOE COTIPOTHBIEHMe., fBTeHHe CBepXIPOBOAHMOCTH
oTKpUI B 1911 r. Xelike Kamepaunr-Onnec. CyTb €ro cocTosna B
TOM, 4TO HeKOTOPBIE BellleCTBa IIPH OXAKAeHUH 0 TeMIlepaTypsl
Hixe 20 K (20° Brimie abCoMOTHOTO HYISE) TEPAIOT BCAKOE IACKTPH-
9eCcKO€e COTIPOTHBAeHHe. Kak paBuio, Npy oXJIaeHUH MeTalna
€ro 3/IeKTpUYECKoe CONPOTHURJICHHE TIOCTENEHHO YMEHbBIIAeTCH.
(Jeno B TOM, YTO HANpPaBIEHHOMY JABWXEHHIO 3/EKTPOHOB B HpPO-
BOIHHKE MEIAIT CiydailHele KomeGaHHA aToOMOB. [IpH yMeHb-
MEHHH TeMIIepaTyphl pasMax CIy4aiHbIX KogcOaHMH yMeHbIna-
€TCA, M 3TeKTPUYECTBO HCILITHIBAET MeHbllee COIIPOTHBIEHHE.)
Ho Kamepnuar-OrHec, k coBCTBEHHOMY H3YMIEHHIO, O0HAPYXHMI,
YTO CONPOTHEB/IEHHE HEKOTOPBIX MATepHaNoB NPH ONpe/eieH ol
KPUTH4YECKOH TeMIIepaType Pe3Ko aAaeT A0 Hys.

PU3NKY cpasy NOHATH BaXKHOCThL [IOJIYYEHHOTO Pe3yIbTaTa.
Ipu nepegaye Ha 6OJBIINE PACCTOAHUS B IMHKAX JIEKTPOTIepeadn
TepsieTcs 3HAYUTEILHOE KOJMYECTBO 3CKTpo3Heprud. Ho ecim
OBl CONPOTHRIEHHE YAAIOCH YCTPAHKTD, 3/€KTPOIHEPTHIO MOXKHO
66110 OBI TIEpeaBaTh B AI0O0E MeCTo MOYTH AapoM. Boobie, Bo3-
6yIeHHEIH B 3aMKHYTOM KOHTYDE JMEKTPUYECKUH TOK MOT 6hi
UWPKYTHPOBATh B HeM 6¢3 MoTeph SHEPTHH MHJUTHOHHI JieT. Bonee
TOrO, M3 3TUX HEOOLIYAMHBIX TOKOB HECIOXKHO OBLTO OB CO3AATH
MAarHHTH HEBEPOATHOH MOITHOCTH. A HMEA TaKve MarHWThl, MOX-
HO 65U10 GBI 63 YCHIMA MOAHAMATh TPOMaZHEE TPY3EL.

HecMoTps Ha uyzecHsle BO3MOXKHOCTH CBEPXIIPOBOAHUKOB,
OPHMEHATH X OYeHb HEIPOCTO. JlepKaTh GOMbIIHE MarHUTEI B 6a-
KX ¢ Ype3RbIMARHO XOIOAHBIMU XKHAKOCTAMM OUeHb J0poro. Yro-
6B COXPAHATD JKHAKOCTH XOJO[HBHIMM, TIOTPEOYIOTCA rPOMaHbE
pabpuky X0/m07a, KOTOpblE MOAKHMYT CTOMMOCTb CBEPXIIPOBOAI-
IWMX MardUTOR JI0 3200Ja4HBIX BRICOT ¥ CAENAI0T HX HCIIOAb30Ba-
HHE HEBRITOAHEIM.

37



©U3ARA HEBD3MORHOFD

Ho oaHaxAH GH3MKAM, BO3MOXKHO, YAACTCA CO3/ATh BeIle-
CTBO, KOTOPOE COXPAHMT CBEPXIPOBOASALIME CBOHCTBA Jaxke MpU
HarpeBe JO KOMHATHOM TeMmepaTyph. CBepXIpoBOAMMOCTDL
NpH KOMHATHOH TeMIlepaType — «CBATOH I'paanb» GH3NKOB-
TBEPAOTEABUINKOB, [loTydeHMe TaKHMX BeIeCTR, IO BCEH BepoAT-
HOCTH, OCYXHT HA4a0M BTOPOH MIPOMBIULIEHHOW PEBOITIOIMH.
MouiHbIe MardHuTHELE 110/, CHIOCOOHBE YAePKUBATh Ha Becy Ma-
IIUHEB! ¥ 11037, CTAHYT HACTOIBKO JEeIEBBIMH, YTO JAXKe «IUia-
HHPYRIIHE aBTOMOGIIN», BO3ZMOKHO, OKAKYTCI IKOHOMUYECKH
BBITOAHBHIME. O4eHb MOXeT ObITh, YTO ¢ U30OpPeTEeHHEM CBEPX-
POBOJAHHKOB, COXPAHAWIIUX CBOM CBOMCTBA IpY KOMHaTHOM
Temneparype, paHTacTHYeCKHE JeTAKUHe MAaUIMHEL, KOTOPHE
MHEl BAuM B dmibMax «Haszazg B Oyayiiee», «Ocoboe MHeHUWe»
Y «3Be34Hble BOMHBI», CTAHYT PEaJbHOCTBIO.

B npuHIunme BOosHe OpeACTaBHMO, YTO YETOBEK CMOXKET Ha-
JEBATh CIIEHAIRHEIH IOAC U3 CBEPXIIPOBOALIIMX MATHHUTOR, KOTO-
DBIii [TO3BONKT €My CBODOAHO JIEBUTUPOBATh HaA 3emielt, C TakuM
MOACOM MOXKHO 6BUIO OB ETAaTh MO BO3AYXY, MogobGHo Cynep-
MeHy. Boollue, cBepXnpoBOAUMOCTE 1P KOMHATHOH TeMIIepaTy-
pe ABJAeHHe HACTOJNBKO 3aMedaTelbHOe, YTO HaobpereHue U UC-
HO/ib30BaHHe TaKUX CBEPXMPOBOIHUKOB OMMCAHOC BO MHOXKeCTBe
Hay4HO-paHTaCTHYECKHX POMAHOB (TakiX, KaK CEPHA POMaHOB NpPO
Mup-Konblio, co3ganHast Jlappu HuseHom B 1970 1.).

Jecatku et ¢Hauky 6€3YCHEliHO HCKaNH BelecTBa, KOTo-
pbie ofmazany Obl CBEPXNPOBOAVMOCTbIO MPH KOMHATHOH TeM-
nepatype. 310 ObLT YTOMUTEIbHBIA CKY4HBIH TPOLECC — HCKATH
MeTOo/oM npo6 U OIWKOOK, HCTTEITHIBAA OLHH MaTepHal 3a APYyrHM.
Ho B 1986 r. 651 OTKPEIT HOBBIH KJIACC BEWECTs, NOTYyIHBIIHX Ha-
3BaHHE «BBICOKOTEMIiepaTypHEIEe CBEDXIPOBOAHHMKH»; 3TH Bellle-
crea obpeTany cBepXMPOBOAMMOCTE [IPM TEMIEpaTypax HOpRaKa
90° Brinte abcomOTHOTO Ky, Wwid 90 K. DTo OTKPHITHE CTajio Ha-
CTosAlled cencanuedl B Mupe ¢uanku. Kasanocs, pacnaxHyIHCh
BOpOTa uumo3a. Mecan 3a mecaueM GU3NKH COPeBHOBAIIUCE APYT
¢ AAPYTOM, CTPEeMACh YCTAHOBHTh HOBEIN MUPOBOI peKops CBepx-
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npoBoAUMOCTH. Kakoe-To BpeMsa Jake Ka3anoch, YTO CBePXITPOBO-
AMMOCTL [P KOMHATHOH TeMMnepaType BOT-BOT COHMZET CO CTpa-
HUL HayYHO-QaHTACTUYECKUX POMAHOB M CTAaHET PealbHOCTHIO.
Ho nocie HeCKORLKHUX feT OYPHOTO pa3BHTHA HCCIEAOBAHHMA B
061acTH BBHICOKOTEMIIEPATYPHBIX CBEPXIPOBOAHUKOB HayajH 3a-
MeAJISAThCA.

B HacTosee BpeMA MUPOBOMH PEKOPZ JUTA BBICOKOTEMIIEpaTyp-
HBIX CBEPXINPOBOAHUKOB HPHHAANEKUT BeUIeCTBY, NPeACTaBIAN-
1emy co60i CTOXHBIH OKCHA MeAH, Kaablua, 6apys, TaIHUA H PTY-
TH, KOTOPO€ CTaHOBHTCA cBepxnposoammum npH 138 K (-135 °C).
3JTa OTHOCHTE/NBHO BEICOKasA TEMIIEPATypa BCe ellle OYeHb JaleKa OT
KOMHaTHOK. Ho 1 370 — BaXkHbIH py6ex. A30T CTAHOBUTCA JKHAKUM
npu Temneparype 77 K, a Jkuaxuit a30T CTOUT IPUMEPHO CTONBKO
XKe, CKoJbKo 06n14HOe MooKo. TToaTOMY AT OXTaXKEHHUA BBICOKO-
TEMIIEPATYPHBIX CBEPXTIPOBOJHHKOB MOXHO HCNONB30BATh 06BIY-
HaIH JKHUAKHH a30T, 3TO HeAloporo. (PasyMeeTcs, CBepXIIPOBOAHIKH,
OCTaroIecs TaKOBLIMH H TPH KOMHATHOH TeMnepaType, COBCEM
He MOTPe6yIoT OXMaXK/ACHHA. )

HenpusaTHO Apyroe. B HacToAlLee BpeMA He CYLIECTBYeT Teo-
puH, KoTopad obBACHANA OBl CBOMCTBA BBHICOKOTEMIIEPATYPHBIX
CBEPXMPOBOAHHMKOB. bonee Toro, NpeAnNpHHMYHBOTO QU3HKA, KO-
TOPHBLT cCyMeeT 0OBACHUTD, KaK OHM paboTaloT, xkaer Hobenepckas
npemMifl. (B M3BECTHHIX BBICOKOTEMINIEPATYPHBIX CBEPXNPOBOAHH-
KdX aTOMBl OPTaHH30BAaHH B 4eTKO BHIpaKeHHBIE CA0H. MHorue
GH3NKY [pearoNaraioT, YTO HMEHHO CIOUCTOCTh KEPAMHYECKOT0
Marepuana AaeT BO3MOKHOCTL dMeKTpoHaM cBOGOZHO NepeaBu-
raThCsl BHYTPH KaX/OTO C/I0f, CO3AaBasd TaKMM 0Opa3oM CBepX-
npoBoA¥MOCTb. HO KaKk HMEHHO H 110YeMY 3TC MPOHUCXOAMT — TI0-
OpeXHeMy 3aragka.)

HegocTaToK 3HAHUI BEIHYKZ2eT QU3SHKOB UCKAThL HOBEHIE
BBICOKOTEMIIEpaTypPHbIe CBEPXIIPOBOAHHKH 110 CTAPHHKE, METOLOM
npo6 » olMOB0OK. ITO O3HAYAET, YTO NPecOByTasa CBEPXNPOBO/H-
MOCTB HpH KOMHATHOH TeMIlepaType MOXeT ObITH OTKpHITA KOTAa
YTOAHO -— 3aBTpa, Yepe3 rofl, ik Boobiie HuKoraa. HUKTO He 3Haer,
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Korza byneT HailleHo BelecTBO ¢ TaKUMH CBOMCTBAMH H 6yJeT Jn
OHO HaiAeHo Boobile.

Ho ecnu cBepXmpOBOAHMKM NPH KOMHATHOH TeMIlepaType
GynyT OTKPBITBl, MX OTKPBITHE, CKOpPEE BCETO, TOPOAUT TpOMaj-
HYIO BOJIHY HOBBIX M300peTeHHMH 1 KOMMePUYEeCKHX NPUIOKEeHHH,
OGLIMHBIMI, BO3MOKHO, CTAHYT MarHUTHbIE TTOAS, B MWUTHOH pas
Gonee cUBHBIE, YeM MaTHUTHOE Tofe 3eMn (KOTOpoe COCTaBasA-
et 0,5 I'c).

OZHO K3 CBOHCTB, MPUCYIIHX BCEM CBEPXIIPOBOIHHUKAM, HOCHT
HasBanue adexra MeiicHepa. ECTH NOMeCTUTs MaTHHT HaJ, CBepX-
NPOBOJHHKOM, MarHiT 3aBHCHET B BO3ZyXe, KaK OYATC NOANEPKH-
BaeMHIH HeKOH HeBMANMOH cunoi. (IIprunna >ddexta MelcHepa
3aKUTI0YAETC B TOM, YTC MArHUT o0najaeT CBOMCTBOM CO3JaBaTh
BHYTPH CBEPXNPOBOAHUKA COOCTBEHHOE «3EPKANILHOE OTPAKEHHE,
TaK YTO HACTOAIIMI MarHHUT U €70 OTpaXeHUe HaYHHAIOT OTTAKH-
BaTBCA APYT 0T Apyra. Eule 04HO HarpsHoe o6bACHEeHHE 3TOr0 3¢-
¢exTa — B TOM, 4TO CBEPXTIPOBOAHUK HENPOHUITAEM U1 MaIHHT-
Horo nonsA. OH kak 6Bl BEITANKWBAeT MarHuTHoe none. [loaromy,
eCJiM IOMECTUTh MarHHT HaJl CBEPXIIPOBOAHUKOM, CHIOBHE THHHH
MACHHTA TP KOHTAKTE CO CBEPXITPOBOAHHKOM HMCKAIATCH. JTH CH-
JIOBbIE THHHH U OYAYT BHITAJIKMBATH MATHUT BBEPX, 3aCTABIAS €r0
TEBUTHPOBATE. }

E.cv 4e/10Be4eCTBO MOAYIHT BOIMOKHOCTE HCIIONb30BATh 3¢-
ekt MeticHepa, TO MOXHO BOOOPa3uTh 10cce GYAVILETO ¢ MOKPbI-
THEM M3 TaKoii clelalbHON KepamMuku. Torma npy IoMoIgH Mar-
HHUTOB, Pa3MellieHHbIX Y Hac Ha oACe WK Ha AHMIIEe aBToMObwIA,
MBI cMO3keM BoaweDHBIM 06pa3oM DapHTh HaJ JOPOTOHM ¥ HECTHCH
K MeCTY Ha3HaueH#A 6e3 BCAKOro TpeHus WiIH NOTePh SHePItu.

d¢dext MeificHepa paboTaeT TONBKO ¢ MATHMTHRIMHM Mare-
pHaniaMu, TAKMMH KaK MeTaJUTEl, Ho MOMKHO MCIOJIB30OBATH CBEPX-
MPOBOJHNMKOBLIE MarHUTH H [ JIEBHTHPOBAHHA HEMarHUTHbIX
MaTepHAJIOB, H3BECTHHIX KaK MapaMarHeTHKH WIH JHAMarHeTHKH,
OTH BEMECTBA caMH 110 cebe He 06.1a4a10T MATHUTHLIMHY CBOHCTRA-
MH; OHH 06PEeTaloT UX TOMLKO B IPUCYTCTBHH H 110] BO3EHCTBHEM
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3AILKTHOE CHROBOE NONE

BHEIUHETO MATHMTHOTO nojA. [lapamMardeTuxd MPUTATHBAIOTCA
BHENHUM MarHHTOM, AMAMATHETUKH OTTANKHBAKOTCA.

Boga, k ipuMepy, AzuamarHeTak. [IoCKONBKY Bee KiBble Cylle-
CTBa COCTOAT M3 BOAEI, OHH TOXE MOTYT JEBHTHPOBATH B NPHCYT-
CTBHH MOHMHOT'O MArHUTHOTO TTOJA. B none c MaI‘HHTHOﬁ HHAYKIIH-
eii okos10 15 T (8 30 000 pas bonee MoITHOM, YeM MarHUTHOE [oje
3eMuIH) YIEHEIM YK€E YAATOCh 3aCTaBUTh IEBUTHPOBATh HeOOMBLIHX
YHBOTHBIX, TAKHX KaK JIArymiky. Ho eciii cBepXIpoBOAMMOCTE IPH
KOMHATHOH TeMIeparype CTaHeT pealbHOCTRIO, MOXKHO OyAeT Mof-
HHMAaTh B BO3JYX H KPYITHbIE HEMarHUTHbIe O0BeKTH, I0Nb3YACh HX
JHAMATHHTHBIMHA CBOVCTBAMH.

B zakmtoyeHUe OTMETHM, YTO CHJOBEHIE TIORA B TOM BHJE, B
KakoM MX oOBYHO omuchiBaer QaHTacTUYecKasd JMTepaTypa, He
COTJIACYIOTCA € ONMCAHHEM YeTHpeX QYHAZMEHTaAbHEIX B3aHMO-
JeticTeuii B Hamleil BeenenHoit. Ho MOMXHO NpeANON0XHTh, YTO
4eJI0BEKY YAACTCA MIMHTHPOBATE MHOI'ME CBOFCTBA STHUX BHIAYMAaH-
HEBIX HOJIEH IIPH IIOMOITH MHOI'OCHOHHBIX IIHTOB, BKAKYAKXIIHX B
cefs IIa3MeHHbIC OKHA, JlJa3epHbIe 3aBECh, YIVIEPOJHEE HAHOTPYO-
KM M BEWIECTBA ¢ IlepeMeHHOHN Mpo3pavHocThio. Ho peaisHO TakoH
AT MOFKET BbITE paspaboTaH AUk Yepe3 HECKONBKO ACCATUICTHH,
a To U yepe3 cronerHe, M B caydae, ecly cBEpXIPOBOAUMOCTD IPH
KOMHATHOM TeMIlepaTtype Oyler oOHapyXeHa, Y YeoBeYecTBa no-
ABHTCA BO3MOMHOCTb HCIIONb30BATh MOUIHbIE MATHHTHLIE TOJIS;
BO3MOXKHO, C HX [IOMOMNIBI0 YAACTCA HOAHATE B BO3AYX aBTOMOOHIH
# 110e343, KAK MBI BUAUM B QaHTaCTHYeCKHX QiIbMax.

[TpHHEHMAad Bee 3TO BO BHUMaHHe, i Obl OTHEC CHJIOBHIE TI0A K
[ K1accy HEBO3MOXHOCTH, T. €. ONPEAEITII UX KaK HeYTO HEBO3MOMK-
HOe AN CerofHALIHUX TeXHOJIOTHH, HO peanusyeMoe B MoaudH-
IMpOBaHHOH dopMe B TeueHHe ONIDKANIIErO CTOACTHA HIH OKONO
TOT0.



2. HEBHDHMOCTS

Henwan nomaraThed Ha raaza, ecnin pacd)oxycnposaﬁo BOOﬁpa}KEHHE.
Mapk Teeu

B cepuane «3Be3gHEI MyTh IV: [IyTeliecTBHe Z0MOH» IKAMTAK «DH-
Tepilpaii3a» 3axBaTeiBaeT Hoeroil Kpelicep KIMHIOHOB. B oTinyne
or Kopabneit 3sesgHoro ¢ioTa Pesepauyn, Kopabmy KiuHron-
CKOH HMOepun 000pyJ0BaHbl CEKPETHIM «MaCKHPYIOIIMM YCTPO-
CTBOM>», CIIOCOOHBIM CZleIaTh MX HeBHAMMBIMH JUIA 171322 ¥ pajlapa.
3TO yCTPOMCTBO NO3BOJAET KIMHIOHCKUM KopabiaM 3aXOAMTh
He3aMEYEHHBIMH B XBOCT KopabmaM Pezepaumy 1 Ge3HAKa3aHHO
HAHOCHTB NepBhIil yaap. Baarogaps MacKMpyomeMy YCTpPORCTRY
KymHronckas uMnepus uMmeeT nepea Gegepanueit mwiaxer crparte-
FHYeCKOe PeNMYILIECTBO.

BosMoxHO 1M Ha caMOM [iene Takoe yCcTpoHCTRO? HeBuaH-
MOCTh JIaBHO CTala OJAHMUM M3 NPHUBBYHEIX YYAEeC HAY4HO-
¢danTacTHIeCKUX U QIHTE3HITHBIX NPOU3BeAeHM — 0T «HeNoBeka-
HEBUANMKH» 10 BOAMe6GHOTO IUIama-HeBHANMKY ['appn MotTepa
WIX KObIIA U3 «Bracrenuta Koel». TeM He MeHee Ha MPOTSKEHUH
1o KpaitHeil Mepe cTa JieT PH3UKH APYKHO OTPHLIALN BOIMOXKHOCTD
CO3JaHMA ITAlNeH-HeBUANMOK ¥ OAHO3HATHO 3aABALIH, UTO 3TO He-
BO3MOXHO: IUTAlIH-Je HapyIlaloT 3aKOHB! ONTHKH U He COIIacyIoTes
HH C OJHMM 13 M3BECTHHIX CBOMCTB BEIIeCTBa.

Ho ceroand HeBO3MOXKHOE MOMKET CTATh BO3MOXKHBIM. JIoCTH-
XeHHA B 0DJIaCTH «MeTaMaTepHaIOB» 3aCTARIAIOT B 3SHAYUTENbHOH
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HEBHAUMOCTH

Mepe TepecMoTpeTh YIeOHUKK onTvku. CosgaHHele B NaGoparo-
pHU paboure 06pasLBl TAKMX MATEPHA/IOR BHI3BIBAIOT XKHBOKH HHTE-
pec cpeacTB Maccoror WHGOpPMAalHH, IPOMABOACTBEHHUKOB H BO-
€HHBIX; BCEM HHTEpeCHO, KaK BUAMMOE CAENATh HEBUAHMBIM.

HesuaumocTs B ucTOpuu

HeBuanmocTb, BO3MOMXHO, OHA M3 CaMblX CTAPHIX KOHUENIHii
apepHel Mubonorun. C Hayaia BpeMeH 4e/I0BeK, OCTaBIIHCh OfUH
B Ilyrawmiei TUIIMHEe HOYH, YYBCTBOBA IPUCYTCTBHE HEBHHMBIX
CyliecTs ¥ 60sics ux. [IOBCIOLY BOKDYT HETO BO THME TAWIHCh AYXH
MEPTBHIX — AYIHH TeX, KTO yuiel o Hero. ['pedeckiii reposi [lep-
ceH, BOOPYMUBLUMCE HIUIEMOM-HEBWAMMKOH, CyMeN YOUTh 306HYIO
roproHy Megyay. [eHepasibl BCex BpeMeH MeyTas i 0 MaCKUPYIOIIeM
yCTpOHCTBE, KOTOPOE TTO3BOAWIO OB CTaTh HEBUAMMEBIM A/ Bpara.
[TonbayAch HEBUAUMOCTBIO, MOMKHO OBUTO OBl JIETKO MPOHUKHYTD 32
AVHKIO 060POHEL MPOTHBHMKA M 34CTATh €r0 BPACILIOX. [IPECTYHH-
KH MOIVi# 6Bl KCTIONB30BAThH HEBHIUMOCTD JJIA COREPIICHHA AEP3KUX
orpabneHuU.

B Teopum 3THrM M MOpaiu [L1aToHa HEBHMAUMOCTb HIpala
IIaBHyo poib. B ceoeM dunocodckom Tpyde «Tocyaaperso» InaTtoH
noBesal HaM MU o xonbile 'ura. B aToM Mude GeaHbIH, HO YecT-
HblH nacTyx I'ur u3 JluAu9 IPOHMKAeT B TaHHYIO Tellepy M HAaXOAUT
TaM rpobHHLY; ¥ TPYTIa Ha [IaNblle OH BUAYWT 30/10Toe KoJbLo. Jaee
T'ur obHapyMBaeT, YTo KONBlo o61asaeT BoamebHON cCHIOH H Mo-
JKeT IeNaTh eTo HEBUAUMBIM. BeiHEIi macTyx GYKBAJIbHO MBSHEET OT
BAACTH, KOTOPYIO A0 eMy Konbilo. [Ipo6paBInck B apCKHi JBO-
pett, THT NTPY IOMOIM KOXbIa cofnasHAeT LAPHILY, 3aTeM C ee [IOMO-
b0 yOUBAeT Laps M CTAaHOBHTCA CIEAYOLINM HapeM JInauu.

Mopans, koTopyio [11aTOH BbIBeN U3 ITOH HCTOPHH, COCTOHUT
B TOM, YTO HM OJHH YENOBEX He B COCTOAHHH YCTOATEH Nepes HC-
KylleHHeM GpaTs Yykoe W y6uBats Oe3HakasaHHO. Jliogu ciabwl,
a MOpaib — COLHAaNbHOE ABIEHHE, KOTOPoe HeoOXOAMMO Hacak-
AAaTh ¥ NoAzepxuBaTh U3BHe. Ha myGnuke denoBek MoxkeT cobmio-

437



®H3HHA HEBOIMOMHOTO

JATh HOPMBI MODaIH, YTOOH! BHIIIAAETE TIOPALOUHBIM M Y€CTHHIM U
NOJePXXUBATh COBCTBEHHYIO PeNyTaLMIo, HO CTOMT JATH MY BO3-
MOHOCTB CTAHGBHTLCA HEBHAUMBIM, 1 OH HE CMOXKET VAP aTbes
¥ HeNPEeMeHHO BOCTIOMb3YyeTcs CBOMM HOBBIM MOryiiecTRoM. (He-
KOTOPHIE CUHTAIOT, YTO KMEHHO 3Ta IIPHUTYA O MOPAJIH BAOXHOBUIIA
Jx.P.P. TonkuHa Ha co3AaHte TPHIOTHH «BiacTenuH Komell»; KoJik-
1o, fiealiee CBoerg BIAIe/NbLa HEBUAHMEIM, OAHOBPEMEHHO SB-
JAeTCH HCTOYHUKOM 3J14.)

B nHayuHoii daHTacTHKe HEBUIMMOCTh — OAWH U3 OBHIYHBIX
JABMKHTeNeH cioxkeTa. B cepuyt komukcos 1930-x rr. «@asm [opaos»
DI CTAHOBUTCA HEBUAMMBIM, YTOOBI CKPBITLCA OT pacCTpPenbHOM
KOMaHbl HerogsaAa MuHra BesxanocTHoro. B poManax ¥ QuibMax
o Tappu IoTTepe IMaBHbIH repo#, HAKKWHYE BoNIe OHBIHN AN, MO-
KeT HeaaMedeHHBIM OpogUTh 110 XOTBapTCKOMY 3aMKY.

TepbepT YaJuic B KIacCHYECKOM POMaHe «HenoBeK-HCBHANMKA»
BOIVIOTHI B KOHKPETHYIO $OPMY IPHUMEPHO Te e uaen. B atom po-
MaHe CTYAEHT-MeAUK CTy9aiHO OTKPHIBAET BO3MOKHOCTH YETBED-
TOTO H3MEPEeHHs H CTAHOBMTCA HEBHANMBIM. K HecyacThio, OH Me-
MONb3YET NoMyYeHHbIe PAHTACTHUECKHE BO3MOXHOCTH B THYHBIX
LeJIAX, COBepIaeT Leyio 9epey MelKUX MPeCcTyIVIEHHH 1 B KOHIIE
KOHIIOB TIOTHOAeT B OTYagHHOH HOMEITKE YITH OT ITOJHITHU.

Ypagrnenusa Maxcsenna u TaifHa CBeTa

dusMKH TONYYIIH CKOTBKO-HUOYAD YeTKoe TIpeAcTaBleHHe O 3a-
KOHaX ONTHKM OTHOCHTEIBbHO HEJABHO B pe3yibraTe paboT moT-
nauaua xeiimcea Kinepka MakcBejuia, 04HOrO U3 TUIaHTOB QH3HKH
XIX B. B onpegesreHHOM cMeicie MakcBeal 6bUT IOAHON ITPOTUBO-
nonoxHocTeio ®apazeto. Ecan Papazeli obnagan BeMKoneNHEIM
YYThEM IKCIEPUMEHTATOPAE, HO He MMes HUKAKoro hopMaisHOro
obpa3oBaHMA, TO €ro COBpeMEeHHMK MakcBe/an GbL1 MarHCTpPOM
Bpicmed MaTeMaTHKU. OH ¢ OTIMYHeM npolien ofyyeHue 1o Kypcy
maTeMaTideckoil ¢usuku B KeMOpumxe, e 3a ABA CTONETHS 0
Hero paboran Mcaak Hp10TOH.
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HEBUIUMOCTb

HbioToH npuayman AuddepeHUHaNbHOe HCIHCTeHHe — OHO
ONMCHIBAET Ha A3bIKE AHGGEpEeHIHAIBHBIX YPABHEHHH, KaK 00b-
eKTHI HEIIPEPHIBHO TNIpeTepneBaloT 6eCKOHeYHO Masble M3MEHEHHSA
BO BpeMeHM U NPpoCTpPaHCTBE. JIBMykeHHe OKEAHCKMX BOAH, MKUJ-
KOCTeM, ra3oB W IYMIEYHERIX AAep — BCe ITO MOKET HBITh OMHCA-
HO Ha A3elKe AudbepeHuHUanbHEIX YpaBHEHHH. Makcesesui Havan
paboratk, nepes cobOH SICHYIO Liesh: BHIPasHTb PEBOJIOLMOHHbIE
otkpuiTya Papages # ero ¢uaMUecKie NOIA IPH HOMOLIH TOYHBIX
AnddepeHIMaabHLIX YpaBHEHHH.

Maxceenn Havan ¢ yTeepxaeHna Papajeda o TOM, YTO 3/ek-
TPHYECKHe MO MOoryT IPeBpallaThead B MATHMTHBIE W HA0OOPOT.
On B3ayn HapucoraHHbie PapaZeeM KapTHHB GH3MYECKHX M0neH
H 3aIHCaN UX HA TOYHOM A3bIKe AuddepeHnHaIbHBIX YpaBHEHU.
B pezynprare Obima MOyIeHA OJHA U3 BAXHEHIINK B COBpeMeHHOH
HAYKe CUCTeM YPABHEHHWH. DTo cucTeMa H3 BOCEMH AuddepeHIH-
a/bHBIX YpaBHEeHHI1 JOBOJBHO XYTKOro Buaa. KaxaoMy GH3UKY U
HHKEHePY B MUPE NPHUUIOCH B CBOE BpeMA MOTIOTETh HAA HUMH,
OCBaMBasi B HHCTHUTYTE 3JIEKTPOMATHETHIM.

Janee Makcsenn zazan cebe cyap6OHOCHBIH BOMPOC: eCiy
MarHMTHOE NIoJIe MoXeT IPeBPalaThcs B 3JIEKTPUYECKoe H Haobo-
POT, TO YTO NMPOHCXOAUT, eC/TH OHH TIOCTOSHHO MepeXoadaT OJHO B
Apyroc B 6ecKOHEYHOH Yepee npeBpaieHui? Makcres o6Hapy-
XKWL, YTO TAKOe dJIeKTPOMarHUTHOE MoJAE HOPOAUT BOIHY, N0L06-
HYI0 OKe€aHCKOH. OH BEIYMOUIM CKOPOCTh IBM)KEHHA TAKHX BOJH
¥, K cOBCTBEHHOMY M3YMASHHIO, 06Hapy:KIUI, YTO OHA paBHAETCA
ckopocTu cBeta! B 1864 r., 06Hapy:KHB AaHHHIE ¢akT, OH npo-
POYECKM HAMMCAN: «JTa CKOPOCTh HACTOMbLKO BIM3KA K CKOPOCTH
CBETA, YTO MH, 110 BCeil BUAUMOCTH, UMeeM BCE OCHOBAHMA Cle-
JIATh BEIBOA O TOM, YTO CaM CBET... TIpeJcTaBageT coboi aeKTpo-
MarHUTHOE BO3MYLIEHHUE.

3TO OTKPBITHE CTANO, BO3SMOKHO, OJHHUM M3 BeTHYAHIIUX B
HCTOPHH YeIoBeYecTBA — OblIAa HaKOHEI] PACKphITA TakHa cBeTal
MakcBe/uT BHE3aIMHO [IOHAM, YT0O BCE — U CHAHHE JICTHETO BOCXOAA,
H APOCTHEIE JIYUH 3aX0JAIIET0 COMHIIA, U OCTeNUTeNbHEIE LIBETa pa-
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OHIHHA HEBOIMOMHHOIO

AYTH, ¥ 3BE3AB Ha HOUHOM HeBOCKNIOHe — MOXXHO OITHCATh TIPH TI0-
MOILH BOJIH, KOTOphIe OH HeGpeXxHO H306pa3sii Ha KIoyKe ByMary.
CeroZsa Mbl MOHMMaeM, YTO Bech HEKTPOMAIHUTHBIH CIEKTp:
CHTHa/E PAJapoOB, MHKPOBOJHOBOE H3TyYeHHe M TENEeBU3NCHHbBIE
BOJNHBI, MHOPaKpPacHEH, BUAUMEIA W YIBTPapUOAETOBBIH CBET,
PEHTTEHOBCKHE H raMMa-TyqH — 3TO He YTO MHOe, KaK MaKCBesLIo-
BBl BOJTHBI; & T€, B CBOIO 0Yepe/b, NpeAcTaBsioT cobott BHOpainy
dapaseeBHIX QU3HYECKHX NONEH,

ToBops © 3HaveHHH ypaBHeHMH MakcBesna, DUHINTEHH ITH-
call, 4To 3TO «caMoe pIy0oKoe U IIOAOTBOPHOE, YTO JOBENOCh UC-
mbITaTh GH3KKe co BpeMeH HuloToHax,

(Tparuyno, HO MaKCBeswl, OAMH U3 BEIHYAHIIMX QH3UKOB
XIX croneTvd, yMep AOCTATOYHO MOMOAEIM, B Bo3pacTe 48 meT, oT
paKa »Kejyika — BepOATHO, ToOH e 6one3nu, 9yTo ybina ero MaTh
B 3TOM >Xe Bospacte. [IpOXKHMBH OH JOAbIIe, U BO3MOXKHO, eMY yaa-
n6¢ch Gl 0BHAPYKUTD, ITC IOMyYeHHHE MM YPaBHEHHS JOTYCKAKOT
UCKaKeHHUA NPOCTPAHCTBA-BPEMEHH, M 3TO MPHUBEI0 Obl IIPAMO K
TEOPHH OTHOCHTEIbHOCTH DHHHITeHA. MBICTL O TOM, YTO MPOIKH-
BU MaKcBeJUI Z0MbIle, ¥ TEOPHA OTHOCHTEIBHOCTH MOIIa OBl Nos-
BUTHCA BO BpeMeHa ['pakaaHckol BOHHBL B AMEpHKe, TIOTPACAET 0
TTYOUHBL YL )

MaxcBes1oBa TeOpUA CBETa M aTOMHad TeOPHA CTPOEHMA
BEMIECTBA AAOT ONTHUKE M HEeBHAUMOCTH NPOCTOE OGBICHEHUE,
B TBepZOM TeNe aTOME! FJIOTHO YIIAKOBAHBEI, TOIZA KaK B XKHAKO-
CTH MJIH ra3e pacCTOAHHA Mex/y MONeKylIaMy ropasjgo Gonsue.
BONLIIMHCTRO TBEPABIX Ted HeTIPO3PAYHbi, TAK KaK JYYM CBETA HE
MOTYT TPORTH Yepe3 IUIOTHHIM CTPOH aTOMOB, KOTOPHIH HrpaeT
POJIb KHPIMYHOM cTeHbl. MHOTHe »WAKOCTH M rasbl, HallpOTHB,
NPO3payHbl, MOTOMY 4TO CBETY Npoille NpOHTH MeXAY PeAKUMH
aTOMaMH, PaCCTOSHHUA MEX Ty KOTOPRIMHU GoMbIIe, 4eM AMMHA BO-
HEI BHAMMOTro CBeTd. K MpHMepy, BoAa, CITHPT, aMMHaK, aueToH,
NePeKuch BoAOpoaa, OEH3WH U APYTHE XUAKOCTH NPO3PAYHEL, KaK
IPO3PaYHBI ¥ ra3sl, TAKHE KaK KNCIOPOJ, BOAOPOA, a30T, YIIEKHC-
JIBIH ra3, MeTaH M T, I1.
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HEBUGHMOCTH

V3 srore npaBiia CyleCcTByeT HECKONbKO BaXKHBIX HCKIIHOYe-
HUHA. MHOTHE KPHCTa/UIEI OZHOBPEMEHRO TBEPALIE M MPO3paYHEIE.
Ho aToMBl B KpHCTa/LIe paciloNaraloTed B y31aX MPaBHALHOH Mpo-
CTPBHCTBEHHOH pelieTKH ¥ 00pa3yIoT PeryaapHbIe PAALI C OAHHa-
KOBBHIMH HHTEpBANIAMU Mex Yy HUMU. B pe3yneTare B KpHCTa/LIHYe-
CKOM peiIeTKe BCerja MHOrO MyTeit, 10 KOTOPbIM JIyY CBETa MOXET
IIPOHTH CKBO3Db Hee. JI03TOMY, XOTS aTOMBI B KPHCTaJLIe YIIAKOBaHbL
He MeHee IVIOTHO, Y4eM B A1060M ApYToM TBEpAOM Telle, CBeT BCe e
crocoGeH NpOHUKATE CKBO3b HETO.

[1pu onpefeneHnsIX 0OCTOATENBCTBAX AaXKe TBepAblil 0OBeKT
€O CJIy4aiHO pacloNOXEHHBIMK aTOMaMH MOYeT CTarb Ipo3pay-
HbIM. Taxoro addexra And HEKOTOPBIX MaTEPHAIOB MOXKHO J10-
BuTbea, ecin HarpeTb 0OBEKT A0 BBICOKOH TEMIIEPATYDEH, a 3aTeM
pesKo ox1azuTh. K nipumepy, crexno — teepgoe Tesno, obaagaouee
13-33 CIy4aHHOTO PAacHON0XKEHUA aTOMOB MHOTHMHM CBOMCTBaMu
AKUAKOCTH, HekOTODHEe Tefe HIIBI TOKE MOMHO TAKUM 06pa3oM cae-
JIaTh IPO3pAYHEIMU. ’

OueBnHO, CBOHCTBO HEBUIMMOCTH BO3HHKAET HAa aTOMHOM
YPOBHe, COITIACHO ypaBHeHvaM Makceesna, U IOTOMY €ro UpesBhi-
4aiiHO TPYAHO, e Booblle BOSMOKHO, BOCIPOH3BECTH OOLIYHE-
MM MeToZaMmu. Yrobn caenaTe Nappu TloTTepa HEeBHIMMEIM, €ro
NPHAETCS [IEPEBECTH B JKHAKOE COCTOSHHE, BCKUIIATUTD U IIPeBpa-
TUTb B [1ap, KPHCTA/UTH30BATh, HATPeTh H OXAaAHUTh — COI/IACHTECD,
n060e 13 ITUX AeHCTBUH 6bUI0 OB BecbMa 3aTPYAHHTEAbHBIM JaXKe
Ans pommeCHUKA.

Boexsble, OKa3aBIIMCh He B COCTOAHMH IOCTPOHTL HEBUAU-
MBI€ CAMOJIETH, IOIIBITATMCD [IPOAENaTh O0ee NPOCTYIO BELEb: CO3-
AU TEXHOMOTHIO «CTEJIC», KOTOPAA Ae/1a€T CAMOETh HEBUIUMBIMH
A pasapoB. TeXHOJIOTHA «CTelC», ONHpadch Ha ypaBHeHHA Mak-
CBE/LTA, NPOJe/bIBAET Cepuio GOKycoB. PeakTHBHEIN HUCTpebuTes
«CTEJIC» JIEFKO YBU/JETE HEBOODYKEHHEIM IJIa30M, 3aTO Ha dKpaHe
BPa)XECKOTO paZapa ero hzobpaxeHHe 10 pasMepy IIPUMEPHO co-
OTBETCTBYET KPYNHOH nTHIe. (Ha caMoM Jene TEXHOMOTHA «CTec»
npejcTasiger cobol coYeTaHUe HECKONLKUX COBEPUIEHHO Pa3HBIX
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DHIHKA HEBOIMOMHOIO

doxycos. [1o BOIMOKHOCTH MaTepHasbi KOHCTPYKLMHA UCTpebuTe-
/1A 3aMEeHAIOTCA Ha TPo3payHEIe Ui paapa: BMECTO CTAMH HCTIONb-
3YIOTCA Pa3WYHEIe ITACTUKH M CMOJIbl; U3MEHAIOTCS YIVIH Gro3ens-
’a; MeHAeTcA KOHCTPYKUMA COMJIa ABMTraTensd U T.4. B pesyabraTe
BCEX 3THX YXHIPeHHit MOXHO 3aCTaBHTh PajiapHBIA Y4 TPOTHE-
HUKa, TIONaBWIHH B CAMOJIET, PACCEHBAThCA BO BCeX HANIPABAEHHUAX
Y He BO3BpAILATECA B IpHEMHOE ycTpoiicTso. Ho faxe ¢ mpuMere-
HUEM 3TOH TeXHONOTHM UCTPeGUTEND He CTAHOBUTCS COBEPLISHHO
HEBHMMBIM; IIPOCTO €70 KOPITYC OTK/IOHSET M PACCEHBAET pajap-
HBI JTyY HACTOAbKO, HACKOABKO 3TO TEXHHYECKH BOZMOXKHO. )

MeTaMﬂTepI/IEU]BI N HEBUIHMOCTD

B03MOKHO, CaMBIM MHOTQOOCINAIONIKM B IUTAHE HEBHAHMOCTH M3
HeJaBHKX JOCTHXEHHH ABIFETCH 3K30THYECKUH HOBRIH MaTepHAT,
M3BECTHHIN KaK «MeTaMaTepHasl»; He HCIUIIOUEHO, YTO Korga-HRGY b
OH cjenaeT oOBeKTH Ha CaMOM jefie HeBHAMMBIMH. 3a0aBHo, HO
KOTAA-TO CYIIeCTBOBAHHE METaMATEPHANOR TAKKE CYMTANOCH HEBO3-
MOXKHEIM, NIOCKOJIBKY OHH HAPYIIAIOT 2aKOHE! oNTHKH. Ho B 2006 1.
HCCTeIOBATENH U3 YHEBepcHTeTa JIbloka B Jlapame (mrat CepepHas
KapomuHa) u UMnepckoro xomnemxa B JIOHAOHE ycnellHO Onpo-
BEPIVIM 3TO OOMIEIPHHATOE MHEHHE M NPH NOMOLIM MeTaMaTepHa-
70B CAeALNH 06beKT HeBHAWMBIM /1A MUKDPOBONHOBOI'O H3TYYE€HHA.
IIpenaTcTBHit Ha 3TOM IIyTH NOKA XBATAET, HO BOEPBHIE B HCTOPUH
y 4€JIOBEUCCTBaA TOABWIACE METOANKA, 1103BOJISIIONAs AenaTh o0bld-
Hble 0OBEKTH HEBWIUMBIMHY. (PHHAHCHPOBAIO 3TH HCCIEAOBAHHA
DARPA — ATeHTCTBO IepCrieKTUBHBIX HCCIEIOBATENECKHX TIPOEK-
ToB MuHo6opoHs! CIIA.)

Haran Mupsona, OwBHIME DIaBHBEIH TEXHOAOT (UPMBI
Microsoft, yTBepaeT, YTo peBOMIOLHOHHEE BOSMOKHOCTU METa-
MaTePUANOB «[IOIHOCTRIO H3MEHAT HaLll [1I0[X0] K OTITHKE U K NOMTH
BCEM aCHCKTaM IEKTPOHUKH... HeKoTophie H3 MeTaMaTepUuasioB
CHIOCOOHBI HA TaKKe MOABUIM, KOTOPBIE HECKONLKO ACCATHAETHIH
Ha3a/ NOKa3anoch Ou 9yoM».
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HEBHAUMOCTD

Yro npeAcTaeasior coboit MeTaMaTepuanel? IJTO Belle-
¢TBa, 00/7a/jal0Iie HeCYHICCTBYIOIUMH B NIPHPO/JE ONMTHYECKH-
M# CBOHCTBaMU. TIpH CO3JAHHM MeTaMaTepHANioB B BEIIECTBO
BHE/IPAIOTCA KpOIIleYHble HMMIUVIAHTATH, KOTODHIE BHRHYKIAIOT
ANEKTPOMATHUTHEIE BOTHBI BEIOMPATh HeCTaHAapTHbIE ITyTH. B YHU-
BepcuTeTe JIbloKa yueHEle BHEAPWIH B MeHEIE IEHTHI, VIOKEHHbIE
IIOCKMMYM KOHHEHTPUYECKHMHE KPYraM# {BCe 9T0 HEMHOTO HATIO-
MHHaeT 110 KOHCTPYKIMH KOHGOPKY 3NMeKTPOIUTMTKH ), MHOKECTBO
KPOUIEYHKIX MEKTPUYECKHE KOHTYPOB. PeayanraToM cTana Ciox-
Has CTPYKTYypa U3 KePAMHKH, TeUIOHA, KOMIIO3HTHBIX BOJIOKOH H
META/UTHIECKUX KOMIIOHEHTOB. KpolliedHble HMITAHTATEH, TIPHCYT-
CTBYIOIME B MEAH, /ak0T BO3MOXKHOCTD OTKJIOHATEH MHKPOBOIHOBOE
H3nydeHHe M HAIPABIATH €r0 MO 3aZaHHOMY IyTH. [IpeacTaBbTe
cebe, kak peka obrexaer BanyH. Boga ouens 6victpo ofopauvba-
€TCcA BOKPYT KaMHA, TI03TOMY HIKe T10 TeYEHHIO ero IPUCYTCTBHE
HMKAK He CKa3bIBAeTCA M BBISIBUTH €0 HEBO3MQ:KHO. TOYHO Tak
Ke MeTaMaTepHalbl CIoCOOHBl HElPePhIBHO H3MEHATh MapIopyT
MHKDOBOJH TAKHM 06pa3oM, YTOOH OHM 00TeKa N, CKaykeM, HEKUI
LIIHHAP ¥ TEM CAMBIM JA€JIaMH BCe BHYTPH 3TOrO LUAHHAPA HEBH-
AMMBIM [UIsi pajBoBOJIH. ECAM MeramaTepual] CMOXKET K TOMY e
YCTPAaHHUTB BCE OTPAXKEHUA U TeHH, TO OOBEKT CTAHET MOTHOCTHIO
HEeBUAMMBIM /181 3TOH GOPMBI H3AYYEHMS.

YyeHble YCIEITHO TPOJeMOHCTPHPOBAMH 3TOT IPHHLHI TIPH
IOMOIIH YCTPOICTBA, COCTOAIIETO W3 JAECATH KONl H3 CTEKIO-
BOJOKHA, [IOKPHITBIX MEAHBIMH 3/IeMeHTaMu. MeHOe KOTbIIo BHY-
TPU YCTPOHCTBA OBIIO MOYTH HEBHAWMBIM 11 MHUKPOBOJHOBOTO
M3/TydeHUs; OHO JIMIIbL OTOpacHBaN0 cnabylo TEHb.

HeoOpI4HEIE CBONCTBA METaMaTepHANOB 6a3UPYIOTCA HA UX
CIIOCOOHOCTH YTIPARJATH NApPaMETPOM, M3BECTHHIM KAK «H0oKa3a-
Teb NpenoMIeHHda». [IpetoMmieHde — CBOWCTBO CBETA MEHHTB
HanpaB/leHue PacIIpOCTPAHEHHS IIPH IPOXOXAEHHM Yepe3 MHpo-
3payHHIil MaTepyan. ECIK OMycTHTh PYKY B BOAY WUIM TIPOCTO IIO-
CMOTPETD Yepe3 TMH3b] OYKOB, MOXKHO 3AMETHTD, YTO BOJIA U CTEKIIO
OTKJIOHIOT H HCKAXKAIOT X0/ Jy4eii 06LMHOI0 CBETA.
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OHUIHKA HEBDIMOHHOIO

IlpUunHa OTKIOHEHHA CBETOBOrO Iy4a B CTEKJIE MJTH BOJE CO-
CTOHT B TOM, YTO IIPH BXOZE B IVIOTHBLH IIPO3PAYHBIA MaTepHUa CBET
3ameaercsa. CKOPOCTh CBeTa B HAeaJbHOM BaKyyMe MOCTOSAHHA,
HO B CTERJIE WIH BOJe CBeT «IPOTUCKHUBAETCA» Hepe3 CKOIUIEHHE
TPIUIMOHOB ATOMOB M 110TOMY 3aMegiadercs. (OTHOIIEHHe CKOpo-
CTH CBETA B BAKYYME K CKOPOCTH CBETa B Cpeje Ha3hBacTCA IOKasza-
TejleM IpenoMieHus. [TockobKy ceeT B I060I cpesie 3aMeaasercs,
NIOKA3aTeNTb MPEeNOMIeHHA Beerga bonplle efMHUIEL.) K paMepy,
TI0OKa3aTens NPeJoMIeHHT 18 BaKkyyMa coctasmaeT 1,00; oy Bos-
Ayxa— 1,0003; ana crexna— 1,5; ana 6pwintnanta — 2,4, Kak npa-
BIJIO, YeM IUTOTHEE CpeAa, TEM CHIbHee OHa OTK/IOHAET Iyd CBETA H
TeM O0JIbLIE, COOTBETCTBEHHO, T0KA3aTeNh IIpeJIOMIeHHUA.

OyeHp HaLAIHOH AEMOHCTpalLHeH fBIEHHWH, CBA3AHHHBIX C
NpeaoMIeHHEM, MOTYT NOCAYXUTh MHpaxku. EciM Bel, Npoesxkan
IO INOCCe B XKapKuH AeHb, 6yjeTe CMOTPETh IPAMO BIepel, Ha ro-
PH30HT, TO AOPOFa MeCTAMH ITOKAXKETCA BAM MEpPIAoLeH 1 co34acT
WITIO3HIO CBEPKAIONeH BOJHOM IMaAu. B MycThiHE HHOIA MOXKHO
YBHAETh HA TOPH30HTE 04YePTAHUA JANEKHUX TOPOAOB U rop. I1pouc-
XOAHT 3TO NIOTOMY, YTO HarpeThli Haj AOPOMKHBEIM ITONOTHOM HIIH
IECKOM ITYCThIHH BO34yX uMeeT 6onee HH3KYIO IVIOTHOCTh M, COOT-
BETCTBeHHO, fofiee HU3KUH NMOKa3aTeNh peloMAEHHA, YeM OKDY-
KA ero 06bIYHBIH, GoJlee NPOXIaAHEH BO3AYX; IO3TOMY CBET
OT YAQJIEHHBIX 0OBEKTOB MOXET HCIBITATh IPEIOMICHHE B HArpe-
TOM (J10€ BO3JyXa U IONACTS [OC/IE 3TOro B [M1a3; IPH 3TOM ¥ Bac
BO3HHKAET WLIIO3KA TOTO, YTO Bbl A€HCTBUTENBHO BHAMTE YAQIEH-
HEIE OO BEKTBHI.

Kak npaBwio, mokasaTenb NpeIoMISHHI — BEIHYKHHA MOCTO-
SAHHAA. Y3KHH Jy4 CBeTa, MPOHHKAA B CTEKIO, MEHAET HAMpaBIe-
HHeE, 4 3aTeM IIPOAOIKAET ABUIAaThCs IO IPAMOH. Ho npeamnonoxum
Ha MIHOBEHHE, YTO MEI B COCTOAHHH YIIPABIATE IOKA3aTeleM mpe-
JIOMJIEHHA, TaK YTOOH B KaKAOH TOYKe CTeKIa OH MOr IOCTOAHHO
H3MEHATbCH 3a7aHHBIM o6pazoM, CBeT, ABHIaACk B TAKOM HOBOM
Marepuase, MOT Obl IPOU3BONBHEIM 00pa3oM MEHSTL Halpasie-
HHe; IYTh JIy4a B 3TOH cpeje H3BUBAICA Obl, TTOZOOHO 3Mee,
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HEBHAHMOCTD

Ecnu 681 MOXKHO OBUIO YIIpaBAATE NMOKA3aTeneM Mperome-
HYA B MeTamMaTepuane Tak, YTOOBI CBeT orubax HeKUi 06BEKT, TO
06BEKT 3TOT CTaHeT HeBUAMMEIM. /it nonydeHud Takoro adpdexTa
MOoKa3aTenb NPeTOMIEHHS B MeTaMaTepuaie AO/KEeH BBITE OTpU-
UaTenbHBIM, HO B 1000M yuefHUKe ONTHKM CKa3aHOo, YTO 3TO He-
BO3MOJXHO. .

(BriepBple MeTamaTepHassl ObLIH TEOPETHYECKH MpPeACKa-
3aHb! B paboTe coBeTckoro ¢uanka Buxropa Becenaro B 1967 r.
NmenHo Becenaro mokasan, 4yTO 3TH MaTepHAJIE ZOKHB oba-
AaTh TAKMMH HeOOBIYHBLIMHM ONITHYECKMMH CBOHMCTBAMH, KaK OT-
pULATENLHEIN IOKA3aTeNb npenoMaeHus u obparHsri abdexr Jo-
Tepa. MeTamaTepuaisl HpeACTaBAAIOTCS HACTONBKO CTPAHHBIMH
M Jaxe HeJeNbMH, YTO IIEPBOE BPeMA WX NMPaKTHYeCKAd peanu-
3aliHA CYWTANach NONPOCTY HeBO3MOXKHOM. OfHaKO B NocieHHe
HECKOJIBKO JIeT MeTaMaTepHael ObIM-TAKU NMOAYYeHH B jabopa-
TOPHH, YTO BBIHYAWI0 GU3HKOB 3aHATHCA EpenUchiBAHHEM Yueh-
HHKOB ITO OATHKe.) '

HcomenobaTenaM, KOTOPEIE 3aHHMAKOTCA MeTaMaTepHalaMmH,
MOCTOAHHO JOKYYAROT XYPHAIKCTEL C BOIIPOCOM: KOT/Ia Ha pPHIHKe
MOABATCA HAKOHEL, IUTAIH-HEBUAUMKH? OTBET MOKHO CPOPMY/IH-
poBaTh 04YeHb IIPOCTO: HE CKOPO.

JdoBug CvuT M3 YHUBepcHrera JploKa paccKasbiBaeT: «Pe-
HOPTePH 3BOHAT U YMOJIAIOT XOTs Obl HA3BATh CPOK. Uepes CKOIbKO
MecALeB WIH, CKaKeM, JICT 3To TpeH3oHAeT. OHH JaBAT, JaBAT H Ja-
BAT, H Thl B KOHII€ KOHIIOB HE BEIACDHHUBACIIE H TOBOPHILE, YTO JIET,
MOMeT, Uepes IATHAZUATE. ! TYT e — razeTHoId 3arON0BOK, 1a?
HaraaauaTs net go mwnawa l'appu [loTTepa». BoT o4eMy OH Tenepb
OTKA3HIBAETCA HAa3bIBATh Kakue 6l TO HH OBUT0 CPOKH.

[ToxnonHukam lappu [oTTepa WIH «3BE3THOTO ITYTH», CKOpee
BCETo, NPHAETCA MOA0KAATh. XOTA HACTOAINH I1amm-HeBUAHMKA
y2Ke He IPOTUBOPEYHT U3BECTHBIM 3aKOHAM MPUPO/B — a C 3THM B
HaCTOHIHI MOMEHT cortamaeTcs H0MbIMHCTBO GU3UKOB, — yde-
HBIM [PeACTOUT NPeooNeTh elle MHOTO CJIOMHBIX TeXHHYECKHX
HPENATCTBUH, TIPEKAE YE€M 3TY TeXHOJOTUIO MOXKHO GyzeT pacnpo-
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©HINKA HEBOIMOHHOTO

CTPaHMTL Ha paGoTy ¢ BHAWMEIM CBETOM, & He TOABKO ¢ MHKPOBOJ-
HOBBIM H3TyUeHHEM.

B obmeM cnydae pasmepsl BHYTPEHHUX CTPYKTYD, BHEAPEH-
HEBIX B METaMAaTepHAa, AO/DKHBI ORITH MEHbIIIE IJTHHE] BOIHEI H3Ayde-
HuA. K npuMepy, MEKPOBOMHEI MOTYT HMETh AJIHHY BONHLI IOPAAKA
3 ¢M, MO3TOMY eCJIM MBI XOTHM, YTOObl MeTaMaTepuak HCKPUBIIAN
yTh MHKPOBOJIH, MHI JIOMKHE! BHEAPHTD B HErO MMILIAHTATH pas-
MepoM MeHbie 3 cM. Ho utobrl caenaTh 06HeKT HEBUAUMBIM LI
3e/IeHoro cBeTa (¢ IMHOHA BoiHE 500 HM), MeTaMaTepHai JOKeH
HMeTb BHeJpeHHHE CTPYKTYpPH MIMHOHN Bcero okojio 50 um, Ho
HaHOMETPH ~— 3TO Y)Ke aTOMHEIHN Macirrad, 41a paboThi ¢ TaKUMH
pasmepamu TpebyloTC: HaRoTexHonornk. (HaHoMeTp — 3To oaHa
MUUTHapAHAS 4YacTh MeTpa. B 04HOM HaHOMETpe MOKeT YMEeCTHTE-
s IPMMEPHO ATk aTOMOB.) BO3MOXHO, 3T0 KnoueRas npobnema,
€ KOTOPOH HaM [PHAETCH CTOMKHYTBCA TPH CO3AGHHU HACTOSLIETO
IIAIA-HEBYIUMKH. YTOOH MPOHIBOABHO WUCKPHRIATE, NOAOOHO
3Mee, IyThb CBETOBOTO Jy4a, HaM fpuuuiock 66 MOAUGUIHMPOBATS
OTJeAbHBIC aTOMB! BHYTPH MeTaMaTepHuaa.

MeTtamaTteprais! I BUIEMOTO CBeTa

Hrak, roHka Hauanach.

Cpasy xe mocie oObaBAeHNs 0 NoaydeHuH B jgaboparopun
IIEPBLIX METaMaTePUAIOB B 3TON 00/1aCTH Hadalach JUX0paJoyHas
AKTHBHOCTDb. KaxkAble HECKOMLKO MeCALER MBI CILILIUM O PCBOJIO-
IIMOHHBIX AOTafKax U MOpasHTeNbHLIX NpopbiBax. Lleab acHa: co3-
JaTh NPpH NOMOIH HAHOTEXHONOTHMH MeTaMaTepHalk, ClocOOHbBEe
WCKPUBJIATE HE TONBKO MHKDOBOJHE, HO M BHIUMEIH CBET. YikKe
NIPEJIOKEHBI HECKO/ILKO TOAXO/IOB, H BCE OHH IIPeACTABIOTCA 10-
CTATOYHO [IEPCHEKTHBHEIMHA.

OnHo U3 UpeAAoKeHHH 3aKMI09aeTCTd B TOM, YTOOE! UCIIONb-
30BATh [OTOBBIE METOARL, T. €. HO3aUMCTBOBATD AN IPOH3BOACTRA
MeTaMarepHaaoB orpaboTaHHBE TEXHONOTHM MHKPO3AEKTPOH-
HOH NPOMHILIEHHOCTH, K mMpuMepy, B 0CHOBE MMHHUMATIOPH3AIMH
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HEBHAUMOCT

KOMIBIOTEPOB JIEXUT TEeXHOMAOTHA «poroiuTorpaduu»;, oHa xe
CIYKUT JBUTATeTeM KOMHOBIOTEPHOH PeBOMOLHM. 3Ta TEXHOIOTUA
NO3BOAACT MHKEHepaM pa3MelllaTh Ha KpeMHUEBOMH MOATONKKeE pas-
MepPOM € HOTOTh GOMBINOre Maiblia COTHU MWUIMOHOB KPOXOTHBIX
TPAH3UCTOPOB.

MoUIHOCTE KOMITBIOTEPOR Y/ABauBaeTcd kaxAnle 18 MecAnes
(3Ty 3aKOHOMEPHOCTH Ha3kIBAIOT 3aK0HOM Mypa). [IporcxoauT aTo
Giarofaps ToMYy, YTO y4eHEIE TIPH IOMOUIM YABTPagyONCTOBOr0
H3/My4yeHUA «BHTPABAUBAIOT» Ha KPeMHHEBHIX yuIlax Bce Hoiee
¥ 60J1ee KPOXOTHBIE KOMIIOHEHTH. DTa TEXHOJICTHA OYeHb Halo-
MHMHAaeT MpoLece, PH NOMOLIH KOTOPOTO HAHOCAT II0 TpadapeTy
PHCYHOK Ha [BeTacTyio PyTOOAKY. (MHXeHepH -KOMIbIOTEPIIHKA
HaYMHAIOT ¢ TOHKOU MO/UIOKKH, HA KOTOPYIO CBEPXY HaKJIa/LBa-
JOTCS TOHYAHIINE CJI0H PA3JITYHHX MATEPHAIOB. 3aTeM NOAIOKKA
HaKpblBaercd IUIACTUKOBOH MacKoH, paboTalleH Kak mabmoH.
Ha Mmacky 3apaHee HAHOCHTCA CHOXHBIA PUCYHOK [IPOBOAHHKOB,
TPAH3MCTOPOB H KOMITBIOTEPHRX KOMIOHEHTOR, COCTABAAIOMWMX
OCHOBY IIPHHIMIIMANLHON CxeMEl. 3aroTOBKY 0DAYHAIOT XECTKHM
yABTpaUOAETOM, T. €. TOABEPTraloT JeHCTRHIO YIBTPagUHONETOBO-
IO U3JY4€HHA ¢ OYeHb Malol AMTHHOW BOJHBI; 3TO H3JIYYeHHe KaK
OBl I€PeHOCHT PUCYHOK MATPHULIbL HA CBETOYYBCTBUTEABHYIO MO-
JOXKKY. 3aTeM 3aTOTOBKY 06pabaTeIBalOT CrielUaibHBIMK Ta3aMH U
KMCI0TAMHU, H CIOXKHASA CXeMa MaTPULBI BHTPABIMBAETCA HA NOJ-
TIOKKe B TeX MECTaX, [/le OHA MO/Bepraaach JAeicTB IO YABTPadHio-
NeTOBOTO U3nyueHus. B pesynbTaTe 3T0r0 mponecca nony4aeTcs
TIIACTHHKA ¢ COTHAMH MIUUIKOHOB KPOMeyHbIX yinyGneHu#, Ko-
Tophie H 06pa3yIeT KOHTYPH TPAH3UCTOPOB.) B HacToAllee BpemMs
CcaMEle METKHE KOMIIOHEHTHL, KOTOPHIe YJAeTca co34arh NPy 1o-
MOHIM OMMCAHHOIO NIPOLiecca, UMEIOT pasMep okoio 30 M (uiu
npuMepHa 150 aToMOB).

3aMeTHOU BE€XOHW HA NMYTH K HEBHAUMOCTH CTal HeJABHMHM
IKCIMEePUMEHT I'PYVINB Y4eHbiX u3 [epMaHH® U MHHUCTEPCTRA
3HepreTHKH CIIA, B KOTOPOM IIpoLiecC TPABIeHUA KPeMHHEBOH
MOAMOKKK YAAIOCh HCAOJB30BATh AAA M3rOTOBJEHHA MEPBOro

537



OHIUHA HEBOIMOHHKEID

MeTamaTepHana, cnocobHoro paboraTe B BUZHMOM JUANA30He
cseTa. B nauane 2007 r. yyeHsle 0OBABWIH, YTO CO3TAHHEIA HMH
MeTaMarepHall OKa3hIBaeT BO3/ieiicTBHE Ha KPACHBI CBeT. «Hepo3-
MOXKHOe» OBUTO PeaTM30BaHO B YIHBUTETBEHO KOPOTKHE CPOKH.

Pusnk Kocrac Cyxynue w3 Jlaboparopuu DiMca U YHHBep-
cuTeTa mTara Afiosa BMecTe co CredanoM JuHaeHOM, MapTHHOM
Berenepom u I'yHHapom JommuHrom U3 YHUBepcHTeTa Kapacpys B
lepMaHUK CYMeH CO3JaTh METAMATEPHA C TOKAa3aTeneM IPeyioM-
Jenud —0,6 /15 KpacHOTO CBeTa ¢ JIHHOH BonHat 780 HM. (o aToro
MHPOBOH PeKOpPA AJUHBI BOJHH UTy4YeHHA, KOTOPOE YAIOCh «3a-
BEPHYTb» NPH MOMOIW MeTamarepuasa, coctasman 1400 HM; aTo
Ve He BUAMMELH, a HHpakpacHEIi cBeT.}

Jns Havasma y4eHele B3N JIMCT CTEKJIA M HAaHeCHH Ha Hero
TOHKHIT cnoit cepebpa, 3aTeM cioit dropufia Mardus, 3aTeM CHOBa
coit cepebpa; TakMM 06pasoM, GBLT OTYYEH «CIHABHY» C PTOPH-
JOM TO/IHHOH Bcero 100 HM. [Tocne 3TOrO y4eHbie IPH NOMOLIU
CTaHJAPTHOH TeXHOJIOI'MH TPaBAeHUA TIPOASTANH B ITOM «CIHJ-
BHYe» MHOXKECTBO KPOXOTHHIX KBaJPaTHBIX OTBEPCTHH (IIWPHHOM
Bcero 100 HM, ropasao MeHbIle ANMHEB] BOJAHEI KPACHOTO CBETa);
B peaysbTaTe NoTydiIach pelleTyaTas CTPYKTYPpa, HAaOMBHAWIAS
pHIOAIIKYIO CeTh. 3aTeM OHH NPOIMYCTUITH Yepes MoIyYeHHbIH MaTe-
pHan 1y4d KpacHOTO CBETa M M3MEPUIH MOKa3aTelb MpeloMIeHH s,
KOTOpEIH cocTaBun -0,6.

ABTOpH NpEeABHAAT, 4TO U300peTeHHAsd HMU TEXHOJIOTHA
HaleT WwUpoKoe NpUMeHeHue. MeTamaTepuansl «MOTYT KOTAa-
HUOYZb IPHBECTH K CO3AAHMIO CBOETO POAA TVIOCKOH CYIIEPNHH3H,
pafoTamei B BMAMMOMR YacTH CIeKTpa, — FOBOPHT A-p Cyky-
mic. — Taxas TMH3a I03BOJUT OAYYaTh HoJee BHICOKOE paspe-
HIEHHe TI0 CPABHEHHIO C TPaAULIMOHHOM TeXHOAOTHeH U pa3iuyaTh
A€Tany, 3HAYUTEIbHO YCTYIAIOLTHE T10 pa3MepaM ATHHE CBeTOBOH
BOJNHBI». O4eBUHO, OAHUM M3 TIEPBBIX MPHIOKEHHUH «CYNEPIHH-
3bl» cTaHeT doTorpadrposaHMe MUKPOCKOTMYECKUX 0OBEKTOB ¢
GecripeneleHTHOH YeTKOCTBI0; PEYb MOXET UATH 0 pOoTOrpadupo-
BaHWH BHYTPH XMBOH Yei0BEYECKOH KIETKH WIK O JHATHOCTHKE
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HEBHIUMOCTD

3abonepaHHil [UI0JA B UpeBe MaTepu. B ueae MOABUTCA BO3MOX-
HocTb choTorpadupoBaTh KOMIIOREHTbI Monekyanl JHK Henocpea-
CTBEHHO, 6€3 MpUMeHeHUA IPyObIX METOAOB PEHTIEHOBCKOM KPU-
crasiorpaduu.

[loka y4eHBIM yJaloch NPOJEMOHCTDHPOBaTE OTPHLATENB-
HBIA MOKa3aTens NpetoMAeH A TONBKO A1 KpacHoro ceera. Ho Me-
TOA HAaAO Da3BUBATH, H CJISAYIOMIMM IMAroM JO/DKHO CTATh COZAAHNE
MeTamarepHana, KOTOPbIi MOT Obl MOJTHOCTE) OOBECTH KPaCHbIH
A4 BOKPYT 06beKTa, CAENAB ero HEBHAMMEIM ISt KPACHOTO CBETA.

Jlanpheliniee pa3sBUTHE MOXKHO OXKHMAATH TAKKE B ob6AacTv
«(OTOHHBIX KPUCTAILIOB». [[e1b TEXHO/IOTMM QOTOHHBIX KPUCTa-
JIOB — CO37aTh YK, KOTOPLIH MCIONb30BaT 6bi 414 06paboTKH UH-
dopmaLy CBeT, a He SNEKTPHYECTRO. [IpeaTIonaraeTca NpHMEHHTD
HAHOTEXHOJIOTHH [/ BHITPABIHBAHHS Ha MOANOMKKE KPOIEYHBIX
KOMIIOHEHTOB — TaK, YTOObl C KaXKAHM KOMIIOHEHTOM H3MeHsI-
cAl oKasaTeslb MpeJIOMIeHUA. TPaH3HCTOPEL, B KOTOPHIX paboraer
CBET, MMEKT HEMaNo NPeUMYINECTB Nepe 3neKTpoHHEMU. K npu-
Mepy, B pOTOHHBIX KPYCTA/UIaX 3HAYHTEABHO MEHBILIE TEILIOBHIE
noTepH. (B CIOXHEIX KpeMHMEeBLLX YUIIaX BEIEASETCA CTOMBKO Tel-
Na, 4TO XBaTWIO OM NOAXAPUTh AHYHUITY. UTOORI TaKe YMIIB He
OTKA3bIBAMY, X HEOOXOAMMO HEllPEePLIBHO OXTAXKaTh, 4 3TO OYCHb
Joporo.)

HeT Hy4ero yAMBHTENBHOIO B TOM, MTO TEXHOJIOTHA NOIyie-
HuA GOTOHHBIX KPUCTAVIOR A0/DKHA MAE€ATLHO NOAOUTH A9 METa-
MaTepHaNoB, — Beb 00 TEXHOJIOTHH TIpeAIonaranT MaHHUITYIH-
POBaHHE MOKa3aTeleM NPeoMIIEH A CBeTa HA HAHOYPOBHE.

HepuprmocTs yepes 11/1a3MOHHKY

He xenad oTcTapark OT CONIEPHUKOB, ApyTas IPyNiia GU3HKOB 06b-
Asila B cepeaure 2007 r. o CO34aHMHM MeTaMaTepHaia, CiocoGHo-
0 [IOBEPHYTh BHAHMELA cBeT, HA 6a3e cOBepIIEHHO HHOH TEXHOMO-
FUH, NONy4YHBIIEH Ha3BaHKeE «ILTa3MOHMKa». PUSHKH AHpU Jlesek,
Haerundep JinouH u Tappu Ityotep M3 KamdopHHICKOTo Tex-
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OHIUKA HEBOIMOHHOTO

HOJIOTHYeCKOTO HHCTHTYTA 0OBABIIM O CO3ZAHHHA MeTaMaTepHana,
0BNaJAOLIEro OTPUUATENLHBIM TTOKA3aTeNeM TNPEIOMIEHNA ANA
Honee cNIOXHON CHHe-3eN1eHOM 06/1aCTY BHIUMOIO CIIEKTpA.

Henp m1a3sMOHMKHM — TaKUM 0BPa30M «CKaThb» CBET, YTOBLI
MOXHO 6BUI0 MAaHMNYAHPOBATh 00BEKTaMH B HaHOMacmTabe, 0Co-
6eHHO Ha NMOBEPXHOCTH MeTALNOB. [IpUuUHA 3MeKTPONPOBOAHOCTH
META/UIOB KPOETCA B TOM, YTO HMEKTPOHBL B ATOMAX METAIIOB cnabo
CBA3AHRI C AAPOM M MOTYT CBOBOZHO NepeaBHTaTbCA BAOAb MOBEPX-
HOCTH MeTa/UIHYECKO# pelleTKH. DAEKTPUYECTBO, UAYIIEe 0 Tpo-
BOJlaM y Bac ZOMa, Ipe/CTaB/aAeT co60H IUIaBHbIH NOTOK 3THX ciabo
CBASAHHBIX 3MEKTPOHOB TI0 MeTALTHYeCKo# HopepxHOCTH. Ho nipn
olpeseNeHHbIX YOUIOBHAX, KOTAA TyY CBETA CTANKMBACTCA C MeTALNH-
YeCKoi MOBEPXHOCTBIO, MEKTPOHE MOTYT 3aBHOPHPOBATh B YHHCOH
co cBeToM. [Ipyu 3TOM Ha NOBEPXHOCTH MeTANa BO3HUKAIOT BOJHO-
obpasHbie ABWKEHHA 5/IEKTPOHOB (3TH BOTHBE HA3BIBAOT 1a3MOHa-
MH) B TaKT ¢ KoneGaHHAMM 37M€KTPOMATHUTHOTO [IOAA Haj, MeTal-
noM. YTo ellie BaKHEE, 3T IVIA3MOHB] MOXXHO «CXKaTh» — MPH 3TOM
OHM OYyT UMeTh TY e YacTOTY, YTO W IePBOHAYa/IbHBII CBETOBOH
nyd (a 3Ha4MT, 6YAYT HECTH Ty ke HHGOPMALMIO), HO 3HAYMTENILHO
MeHBUIYIO AMHHY BONHHL. B MpUHUMIE 3aTeM 3TH CKAaTHE BOJHB
MOKHO BTHUCHYTb B HaHONMPOBOZHHMKHU. Kak u B ciy4ae QOTOHHBIX
KPHMCTATOB, KOHEYHAd LieJ1b IVIa3MOHMKH — CO3aHKe KOMIThIOTEp-
HBIX YHIIOB, B KOTOPHIX pabOTaeT He ANeKTPHUECTRO, a CBET.

I'pynna u3 Kann$opHuickoro TeXHONOTMMECKOTO NOCTPOUIA
CBOI MeéTaMaTepyal U3 AByX c1oeB cepebpa U a30THO-KPEMHHUEBOro
H30JHPYIOIIETO CA0A (TONITMHOHN BCcero 50 HM) MeXAY HUMH. 3TOT
CNOH JeHCTBYeT KaK «BOJHOBOA», CIOCOOHBIN HAMpaBWTh IL1a3-
MOHHbIE BOJIHBI B HY)KHYIO CTOPOHY. Yepes men, Npope3aHHylo B
MeTaMarephane, B yCTPOHCTBO NPOHMKAET fa3e pHbIM y4; OH nNpo-
XOHUT I10 BOJHOBOZAY, a 3aTe€M BHIXOAMT Yepe3 BTOPYIO menb. Ecan
NpOaHaTU3HPOBATh YIVIBl, HA KOTOPHE U3rdaeTcd NasepHBIH 1y
IpH NPOXOKAEHHH Yepe3 MeTaMaTepHall, MOXKHO YCTAHOBUTE, YTO
marepyan ob6AafaeT OTPULATEIbHBIM NI0KA3aTeNeM NIPeJOMICHHUS
JUIA CBeTa ¢ JaHHO#H AMUHOH BOMHEL.

——

56 ¢



HEBKAMMOCTD

Bynyiee MeTamMaTepHuaon

IIpogBi:keHHe B UCCIEOBAHAH MeTAMATEPHAIOB B GyayweM Oy-
ZeT YCKOPATLCA 110 TOH IIpoCcToH IpHYMHE, YTO YKe ceifuac HHTepec
K CO3/laHMI0 TPAH3UCTOPOB, KOTOPBle paboTanu 6bl Ha CBETOBOM
Jyde BMECTO 3NIEKTPUIECTBa, OUeHb BeIK. [T03TOMY MOXKHO IIpeA-
MONOXUTD, YTO HCCAeL0BAHUA B 0O/NACTH HEBHAMMOCTH CMOTYT
«[OABEXATh Ha NOIYTKE», T. €. BOCIOIL30BATHCA PE3YIbTATAMH YiKe
MAYIHX HCCAe0BAHUM 110 CO3aHHIO 3aMeHEl KPEMHUEBOMY YHITY
TpY TOMOIIH POTOHHBIX KPUCTAIIOB H IIA3MOHMKHY. YyKe CerofiHs
B Pa3paboTKy TEXHONOTHH, NPU3BAHHOW 3aMEHHTh KPEMHHWEBHIE
YHIIBIL, BKIAABIBAKOTCA COTHH MWLUIHOHOB AQIAAPOB, a IICITYTHO BHI-
HIParoT U UCCIeA0BaHMA B 00aCTH METAMAaTePHAIOB,

B HacToAmee BpeMA HOBBIE CEPLE3HBIC OTKPHITHA B 3TOH 06-
NACTH COBEPUIAIOTCA KaXK/IBe HECKOAbKO MECALIes, T0TOMY He yIu-
BHTEJILHO, YTO HEKOTOPBIe GU3MKH OXKHAAIOT IGABJIEHH B Tabopa-
TOPWY MepPRHX 00Pa3LOB peaibHOro WHUTa HEBUAUMOCTH Y3Ke Yepes
HECKOJIbKO JlecATHNeTHH. Tak, yucHbIe YBEPEHEI B TOM, UTO CYMEIOT
B OmDKaRLINe HECKOIBKO JIET CO348Th MeTaMaTePHaIHL, ClIoCOBHEIE
cAenaTh OOBEKT MOMHOCTBI HEBHAMMEIM, 110 KPAHHEN Mepe B JBYX
H3MepeHHAX, [ BUTHMOTO cBeTa 060 KOHKPETHOH YaCTOTH.
Ytehs1 Z0OUTECA Takoro adderta, HeobXOAUMO GYAeT BHeAPHTH B
MeTaMaTepuan KpomledHble HAHOHMIUTAHTAThHL He NMpaBHIBHBIMH
pAgaMH, a [0 CIOXHOMY PHCYHKY, Tak 4ToOHl B pesy/isTarte CBET
TIABHO OTHOAT CKPEIBACMBIiT OOBEKT.

Jlanee y4eHBIM pHAeTca U306pecTH H co34aTh MeTaMaTepHa-
Jibl, cnocoBHbie M3rnbaTh CBET B TPEX n3MepeHiIX, a He TOILKO Ha
IWIOCKHMX JBYMEPHLIX TTOBepXHOocTAX. GoTonmuTorpadua — otpabo-
TaHHAaA TEXHOJOTHA AJi MONYIEHHA [UIOCKUX KPEMHHEBBIX CXEM;
CO3JaHME JKe TPEXMEPHBIX METAMATEPHAIOB MOTpelyeT KaK MHHH-
MYM CHOKHOW KOMIIOHOBKH HECKOJIBKUX IUTOCKUX CXEM.

Tlocre 3TOTO YYeHBIM IPHAETCA PEIIMTh IpobeMy co3ZaHuA
MeTaMaTepuanoR, Uarubajonux CBET He OFHOW YacTOTH, a He-
CKOIBKMX — MM, CKaeM, TTOJIOCH YacTOT. 3TO, BO3MMKHO, OKa-
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DUINKA HEBOIMOMHOTD

KETCA caMoil CIOKHOM 33Ja4ueid, oToMy 4TO Bee paspaboTaHHbe
A0 CHX II0p KpolleyHEie HMIVIAHTATH OTKJIOHAKT CBET TOMBKO
OZHOW TOYHO 3aJaHHOM 4acTOTHL. BO3MOMHO, y4EHHIM NPHUAETCA
33HATHCA MHOTOCKOMHBIMH MeTaMaTepHajlaMH, [Ae KakZAbIH CIoH
ByaeT AeHCTBOBATL HA OAHY KOHKPETHYIO 4acToTy. [loka He ficHo,
KakuM ByaeT pelieHve 3Toi pobaeMsl.

Ho muT HeBMAMMOCTH, Aaxe OyAyus HaKOHEIl co34aH B abo-
DaTopHH, MOXKET OKa3aTbCH COBCEM He TAKMM, KAK HAM XOYeTcs,
CKopee Beero, 310 6y4eT TAXel0e H HEMOBOPOTAHBOE YCTPOHCTEO.
[Tnaw Fappw [MoTTepa 6BUT CHIMT M3 TOHKOH MATKOH TKAHU H IIPH
3TOM JeNa 1060ro, KTO 3aBEPHETCA B HEr0, HEBUAWMBIM, Ho uTo-
Or Takoi 3¢dexT OG- BO3MOXKEH, N0KA3aTeIb PEIOMIEHHS BHY-
TPH TKAHW AO/HKEH MOCTOSHHO MEHATLCH CJIOKHBEIM 00pasoMm B
COOTBETCTBUM C KOJIeGAaHHAMU TKaHW W ABWKEHHMAMH Y€/IOBEKA,
3To HenpakTHYHO. CKOpee Beero, IVali-HeBUAWMKA, 1o KpaitHel
Mepe foHavay, 6yaeT npeacTaBnaTh COG0H TBEPABIH MWIMHAD U3
MeTaMaTepuania. B aToM ciydyae nokasarens npeloMIEHHS BHYTPH
LIMIHHAPa MOXHO OyAeT cAeAaTh NocTosHHEM. (B Honee npoasu-
HYTHIX MO/E/ITX CO BpeMEHeM MOTYT NMOABHUThLCS THOKHE MeTaMare-
pHabl, ciocofHble H3TUBATECA K NP 3TOM Y/IEDKKBATH CBET BHY-
TpH cebs Ha MpaBWIFHOM NMyTH. Toraa ToT, KT0 6yAeT HaXOAUTbCA
BHYTPH «IUIaINa», TOIYHHT HEKOTOPYIO CBODOIY ABMKEHHIH,)

YV 111Ta HeBHAMMOCTH eCTh O/AVH He/IOCTATOK, Ha KOTOPKIH yike
HEOJHOKPATHO YKa3blBaIH: TOT, KTO HAXOAHTCA BHYTPH, Heé CMOXET
BBIIISHYTL HapyXKy, He CTaB [P 3TOM BUAUMEIM. [IpeacTaBbTe
cebe Tappu [loTrepa, ¥ KOTOPOTO BUAUMBIMU OCTATHCE TOMBKO I71a-
3a; IpH 9TOM OHH KaK OBl TUIBIBYT 110 BO3AYXY Ha COOTBETCTBYIOLIe it
BeicoTe. Jlio6rle OTBEpPCTHA ANA T71a2 B IUTalile-HCRUANMKE OBLTH
BB oT4eTNIHBO BUAHBI CHApYXH. Ecim xe caenats Fappu IMoTtTepa
COBEPIICHHO HEBUAMMBIM, TO eMy NpPHAETCA CHAETH II0[ CBOHM
IUIALIOM CJ1eNO W B MOAHOH TeMHoTe. (OHHM H3 BO3MOXKHBIX pe-
HIEHUH 3TOH npobaeMbl MOTYT cTaTh ABa MAJeHbKHMX CTEKJIBILIKA
nepes T1a3aMH. ITH CTEKABINKM 6YAYT paboTaTh KaK «pacluennre-
JIM JIyYa»; OHM OTLMMNBIBAIM 6L 1 HATTPABJISUTHA B I/1a3a HEBOMBIIYIO

—
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HEBHAMMOCTG

4acTh NAZAOLIEr0 Ha HUX CBeTa. [1pu 3ToM OOJbIIas YacTh CBeTa,
Nonajarllero Ha Iail, nua 6u1 B 06xog, Aeiad 4e/loBeKa BHyTPH
HEBHAHUMEIM, HO HEKOTOpasd, OUeHb HeBoblllas, ero YacTh OTAEA-
Jiach OB ¥ IOTIAAANA B I71a3a.)

beccnopHo, NpenarcTBHA Ha MYTH K HEBUAWMOCTH OYeHb
cepbeanbl, HO y4eHbie H MHKeHephl HaCTPOeHbl ONMTHMHCTHYHO U
CYUTAIOT, YTO WHT HEBUAMMOCTH TOIO WJIH HHOTO PoJa MOXeT ObiTh
CO3JaH B TEUEHHE HECKOABKUX OMHAMITUX JeCATIICTH,

HeBupUMOCTb 1 HAHOTEXHOJIOIUH

Kax A yKe yNOMHHAJI, KII049OM K HeBUAUMOCTH MOXKET CTaTh pasBy-
THE HAHOTEXHONOTHH, T.€e. CIIOCOGHOCTH MaHWIYJIUPOBAThH CTPYK-
TYPAMH aTOMHBIX {OKOJIO OZHOH MWUIHApAHOH YacTH MeTpa B IO-
nepeyHHKe) Pa3MepoB. '

MoMeHTOM 3apoXKAeHUA HaHOTEXHOIOTHI Ha3bIBaIOT 3HAMe-
HUTYHO NEKLHIO ¢ HDOHWYHEIM HadBaHUeM «Ha AHe NOMHBIM-TIOIHO
MecTa», KOTOpYIo poduTan Hobenenckuil naypeaT Puuaps deiin-
MaH mnepes AMepHKaHckUM $U3HYecKHM obImecTBoM B 1959 r.
B 3Tolt 1KUY OH paccyAal 0 TOM, KaK MOTYT BHIVIA/IETb CAMBIE
KPOXOTHBIE MALUMHEI B COOTBETCTBHH € M3BECTHHIMM HaM 3aKO-
Hamu ¢uauky. PellHMaH MOHUMAJ, YTO pasMephl MalHH OyAyT
CTaHOBHTBCA BCE MEHbBIIE M MeHbllle, T0Ka He TpubIu3sATed K pas-
MepaM aToMa, a 3aTeM JjiA CO3/aHMA HOBHIX MAalUHH MOXHO 6yaeT
HCII0/Ib30BaTh CAMH aTOMbl. OH CAENAaN BEIBOA O TOM, YTO MPOCTEH-
Y€ aTOMHbIe MallMHBE Bpoje 0110Ka, peluara Wi Koueca HHYeM
He IPOTHBOPEYAT 3aKOHaM (U3UKH, HO HITOTOBMTE UX GyaeT upes3-
BEMANHO TPYAHO.

MHOr0 JIeT HAHOTEXHOAOTHH Npo3Afany B 3a6BeHHH ~ TIPo-
CTO TMOTOMY, YTO TEXHOJIOIHH TOrO BPEMEHH HE MO3BOJAIH MaHU-
MyJAMpOBaTh OTAeAsHbIMK aToMaMu. Ho B 1981 1. npousoren mpo-
peiB — ¢usnky l'epg Bunnur u lenpyx Popep 13 1abopatopun IBM
B [liopHxe H306penn CKaHHPYIOLMH TYHHEABHBIA MMKDPOCKOI, KO-
TOPBIA TI03Xe NpuHec uM HobeneBekyto npeMuto 1o Gusuke.

-
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OUIHHA HEBOIMOHHOTO

YueHEIE BHE3AIMHO MOTy4HIM BO3MOXHOCTb [IONYYaTh MTOPa3u-
Te/ibHbIE «KaPTHHKH» OTIENbHEIX ATOMOB, O6LeJMHEHHBIX B CTPYK-
TYPH — B TOYHOCTH TaKHe, Kakie U300paxaloT 06bIYHO B KHHIAX
IO XHMHH; KOIIa-TO KPUTUKH ATOMHOM TROPUM CUHTAIH 3TO HeBO3-
MOXHLIM, Teneps ke MOXKHO ObUTO OAYUUTD BETUKOTEHEIE GOoTOo-
rpadpH{ aTOMOB, BHICTPOEHHBIX PAJAMH B NPABIIBHOI CTPYKTYpe
KpHCTa/lla WIK MeTauia. XHMU4ecKHe GOpPMYJIE], NIPH MOMOLIHN
KOTOPBIX Y4Y€Hble MEITAMNCE OTPA3HTh CAOKHYIO CTPYKTYPY Mofe-
Ky/Ibl, TeTlepb MOXHO OLUIO YBH/JETb HEBOOPYKEHHBIM B3IJIAOM.
Bonee Toro, ckaHMpylOmuK TYHHEbHBIH MUKPOCKOTI A BOIMOM-
HOCTb MaAHHITY/TMPOBATh OTAENLHBIMH aTOMaMM. [1epBOOTKpPHIBATE-
JH BBUTOXKHJIM M3 OTAEMBHBIX aTOMOB OykBhI IBM, yeM Npou3Beny
B HAYYHOM MHpPe HacTOAINYIO CEHCALMIO. YUeHBIe NepecTany OblTh
CclleraMH B MHpe OTAe/bHbIX aTOMOB; OHH ITOAYYUIH BO3MOKHOCTE
BHJETh aTOMB! H paboTATh ¢ HUMH.

[MpuHUMI AeHCTBHA CKAHMPYIOLIETO TYHHEJIBHOTO MHKDO-
ckona o6MaHuMBO NMPocT. [1og06HO TOMY Kak TpaMMOGOH CKaHH-
PYeT AMCK WIVIOH, 3TOT MHKPOCKON MeZNeHHO IIPOBOAMT OCTPhIH
YT HaZ HCClefyeMbIM BelllecTBOM. (KOHYMK 3TOro wiyma TakoiH
OCTPHIH, YTO 3aKaHYHBAETCA eJMHHYHBIM aToMOM.) LIy HeceT Ha
cebe cabpiit 3MeKTPUYECKUH 3apaAl; ¢ ero KOHLa Yyepes uccaeaye-
MBIl MaTepyal K NpoBOAAeil NOBEPXHOCTH NOL HUM TEYET 3/1eK-
Tpuyeckuil Tok. [Ipy NPOXOKAeHHH IIYTIA HAZ KOXIBIM OTAENBHBIM
ATOMOM TOK (JIETKa MEHAETCHA; U3MeHeHHA TOKa TIIATENBHO PerH-
CTpupyoTCa. [logbeMbl U NaZeHUA ToKa NPH NPOXOHAEHHH Wb
HAJ aTOMOM O4YeHb TOYHO M AeTaJbHO OTPAKAIOT €r0 OYepTAHHA.
Ob6paboTap 1 npexcTaBuB B rpaduveckoit gopMe AaHHbIE O GAYK-
TYALIUAX TOKa 33 60/IbIIOE KOAHYECTBO IPOXOA0B, MOMKHO IIOMYYHTh
KPaCHMBYIO KAPTHHKY OTAEIBbHBIX aTOMOB, 00pa3yoIUUX NpOCTpaH-
CTBEHHYIO PeIleTKY.

(CraHUpPYIOWKUA TYHHEILHBIH MHKPOCKOT MOKeT CYILIeCTBO-
BaTb OAaroapsA OAHOMY CTPAHHOMY 3aKOHY KBAHTOBOH QUIMKH.
Q6BIYHO 2MeKTPOHH He 061a7al0T A0CTaTOYHON 3Hepruei, yTo-
6bl MPOHTH ¢ KOHYMKA INYTI4 K MOAJIOKKE Uepes oM BelecTBa.

-
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HEBHAKMOCTD

Ho cymiecTByeT — COTMIACHO IPUHIHITY HEONIPEAENEeHHOCTH — He-
fob1IasA BEPOATHOCTE TOTO, YTO 3IEKTPOHBI «TYHHENUPYIOT», T. €.
NPOHHKHYT 4epe3 bapbep, X0TA 3TO ¥ NPOTHBOPEYHT HbITOHOB-
CKOH TeopUH. IMEHHO MO3TOMY TOK, MPOXOAAIINI Yepes MaTe-
pHas, TaK YYBCTBUTEJIEH K TOHKHM KBaHTOBBIM 3ddeKTaM B HeM.
[To3ke A 0CTAHOBMIOCE HA CNEACTBHAX KBAHTOBOH Teopuu Gojpee
nogpobHo.)

KpoMe Toro, myn MHKPOCKONA JOCTATOYHO UYBCTBHUTENEH,
4TOGL Nepe/BUTaTh OTAENbHEE ATOMBI M COOPYKATh U3 HHX TIpO-
CTeAIME «MaIlVHB», B HaCTOANME MOMEHT 3Ta TEXHOMOTHA Ha-
CTOJBKO Pa3BHUT4, YTO MOXKHO BU/ETh TPYIIY aTOMOB Ha 3KpaHe
KOMITBIOTEPA M IPOCTHIM JBIKEHUEM Kypcopa nepeBUraTh OTe/b-
HBEIE aTOMBI NIPOM3BOMBHEIM 0OpazoM. MoXHO MaHHIYIUPOBAThH
AECATKAMM aTOMOB TaK e Nerko, kak KHpMUYHKAMH KOHCTPYKTO-
pa «Jlero». MoxHO He TO/IBKO BHIKIaAbIBaTh M3 ATOMOB 6VKBEI, HO H
CO3/1aBaTh UTPYIIKK, TAKME KaK, HAIpHUMep, CUeThl, [l KOCTALIKH
coGpanbl U3 eAMHWYHBIX aTOMOB. [l 3TOr0 aTOMBI PACK/IAALIBAIOT
Ha TIOBEPXHOCTH, CHaO:KeHHOH BepTUKAJIBHEIMM Ma3aMu. B maskl
BCTaBAAT cepudeckue QGywiepenbl («dyTOoIbHbIE MAYHKM», CO-
CTABJAEHHBIE U3 OTAEABHBIX aTOMOB YIIepoga). ITH YIIEPOAHEIE
IIAPUKY H CTYXKAT KOCTAIKAMU aTOMHBIX CUETOB, JABUTasach BBEPX
Y BHU3 10 CBOMM I1a3aM.

MoKHO Takxe BRIDe3aTh aTOMHBIE YCTPOHCTBA [IPU IOMO-
M 3MeKTPOHHEIX Jyded. K npumepy, yuensie u3 KopHewIckoro
VHHBEPCHTETa BHIPE3ANU M3 KPHCTA/LIMYECKOTO KPEMHHA CaMyH0
MaJIeHbKYK) B MUpe THTapy, pa3aMep KoTopoit B 20 pa3s MeHbIIe TOJ-
IIHHB! YeN0BeYecKOro Bojoca. [MTapa UMeeT MeCTh CTPYH TON-
LIMHOH B COTHIO aTOMOB Ka)X[as, KOTOPble MOHO AEPTaTh [PU
TIOMOIIM ATOMHOTO CHJI0BOro MHKpockona. (ITpu aToM rutapa
JeitcTBUTENbHO 6yAeT UTpaTh MY3bIKY, HO YaCTOTH, KOTOPHIE OHA
MPON3BOAMT, HaXOAATCA JAI€KO 32 IpedelaMHt CIIBIIHMOCTH YeJlo-
BEYECKOr0 yXa.)

B HacTodllee BpeMs HPAKTHIECKH BCE «HaHOMAIUIHHLL» Pe]-
CTaBNAIOT co60if Bcero muImb Urpyiikd. Bonee cioxHble MaliHHbI

-
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M..’ GH3IHHA HEBG3MOMHOTO

¢ nepeAadaMy K NOANMHIHMKaMH elllie TONbKO IPEACTOHT CO3AaTh.
Ho mHOrMe MHXeHephl YBEPEeHbI, YTO BpeMs PeaibHEIX ATOMHBIX
ManIHH y)Ke Ha nogxoge. (B mpHpoAe Takue MalIHHEI CYILECTBYIOT.
OaHOKIETOYHbIE OPraHKaMbl CIOCOGHEL CBOBOAHO IUIaBATh B BOAE
61arogapa JABMKeHMAM KPOXOTHBIX BOJOCKOB. Ho ecnmt pacemo-
TPeTb BHHMATEIbHO COEZHHEHHE MEXAY BOJOCKOM H KIETKOMH,
CTAHOBHTCA IOHATHO, YTO MMEHHO aTOMHAS MAaUIMHA MO3BOJIAET
BOJIOCKY NPOM3BOJIBHO ABHTAThCA BO BCeX HAIpaBAEHHAX. [1oaTo-
MY OAHH M3 IyTell pa3sBUTHA HAHOTEXHOMOIHI — 3TO KOMUPOBaHUe
NPUPOAB!, KOTOPAA OCBOMIA NIPOM3BOACTBO ATOMHEIX MALIMH M-
JMUApAHL TET Hasaz.)

TonorpamMmel ¥ HEBUAMMOCTS

Eme oauH crocof ¢aenarh 4eI0BeKa 0THaCTH HEBHANMBIM — 3TO
cpororpadupoBaTh B I03aAH HETO U 3aTEM CMPOEKTUPOBATE 3TO
HaobpakeHUe HeNOCPeACTBEHHO HA OfEXKAY YeIOBeKa WIH Ha He-
KHIi oKpaH repes HUM. ECIH IOCcMOTpeTh cepeu, TO MOKAXKeTCH,
9TO YeN0BEK CTaT IPO3PauyHbIM H CBET KAKUM-TO 00pazoM MpoXoAUT
CKBO3b €T0 TeJ0.

OTHM IIPOLIECCOM, M3BECTHBIM NOJ HA3BAHHEM «ONTHYECKOi
MacKMpOBKH», CEPbe3HO 3aHMMaJlcd, B dyacTHocTH, Haoku Kapa-
kamu u3 JlaGopatopuu Tatu Tokuiickoro yHusepcuTera. OH rOBO-
PUT: «3JTY TEXHOJIOTHIO MOXHO OBUIO OBl HCTIOAB30BATD, YTOGH T0-
MO4b [THA0TAM YBHZETH [10CAJ0YHYIO [0JI0CY CKBO3b 10/ KaOHHBI
WIH BOJMTENAM OCMOTPEThCHA Kak CIeAyeT BOKPYT NPH MapKOBKe
aBTOMOOWIA». «[L1am» KapakaMul MOKPHIT KPOINEYHBIMH CBETO-
OTPKAWIIHUMH OYCHHKaMH, paboTaOIHMH NOZ0OHO KHHOIKPAHY.
To, 4TO MPOUCXOAUT C3a0H, CHUMAETCA Ha BUAEOKAaMepy. 3aTeM 310
H306paXeHHe MOCTYTIaeT B BUAEOIIPOEKTOP, KOTOPHIH, B CBOIO O4e-
peab, IpoeLUPyeT ero Ha wall cnepefd. CozAaeTcy BIeYaTIeHUe,
4TO CBET MPOHM3BIBAET Ye0BEKA HACKBO3b.

[IpotoTuns! mnamleit ¢ cHCTeMOM onTHUecKOH MacKHPOBKH
yKe Co3faHbl B 1aboparopkH. EcH NOCMOTpeTh TOYHO clepeau
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Ha YeJ0BEeKa B TAKOM ILIAlle, KAXKETCH, YTO OH HCYE3deT, MOTOMY
YTO BHHMTE BBl [IPH 3TOM TOJABKO H300pakeHHe TOTO, YTO MPOHC-
XOZMT Tmo3agu. Ho ecy BRI, a BMeCTe ¢ BAMH H BalllM Iid3a, He-
MHOTO CABUHETECH, 3 H300pakeHHe Ha ITAllle NIPYU 3TOM OCTAHETCH
TNIPEXXHHUM, CTAHET MIOHATHO, YTO 3TO BCEro UL obMaH. B cucTeme
fonee peaTMCTUYHOH ONITU4YECKOH MaCKMPOBKY HeOBX0AMMO Gy et
€031aBaTh WLTIO3MIO TPEXMEPHOro M3obpaxkeHus. JJid 3TOro mo-
Tpe6yI0TCA roI0TPaMMBL.

T'onorpamma — 3T0 TpexmepHOe H3o0paykeHHe, CO371aHHOE JIa-
3epaMH (BCTIOMHUTE TpeXMepHoe H3obpakeHUe nprUHLeccH JleH B
«3BE3HBIX BOHHAaX»). MOXHO CAefaThk YeMOBEKd HEBUAMMBIM, /TN
coTorpadupoBate GOH 3a HUM IIPH TIOMOILEK CIIEIUATLHON To/10-
rpajryeckoil KaMepesl ¥ BOCCO3JATh €ro 3aTeM Ha CIElHaIbHOM
roorpagHieckoM sKpaHe lleped HiM. HabaogaTenb yBUANT eper
cofoit ronorpadudeckit akpas ¢ n306pakeHHeM BCero, uTo Ha ca-
MOM Jejle HAXOAWTCA BIIEPEH, 3 UCKMIOYEHHEM YeToBeKa. Brrma-
AeTb OyzeT Tak, kak GyATO YENOBEK POCTO nponan. Ha ero Mecre
OKAXKETCA TOYHOR TpeXMepHoe u306paxeHue ¢poHa. Jaxke CABUHYB-
IIACh C MECTA, BBl HE CMOYKETE IIOHATD, YTO NEpe] BaMy MOAJEKA.

CosflaHHe TaKUX TPEXMEPHBIX H30OpaKeHUi BOZMOXHO O71a-
rojaps «KOrepeHTHOCTH» a3ePHOTo CBeTa, T.€, TOMY aKTy, 4To
3/IeKTPOMATHUTHBIE KojlebaHNA B HEM TPOUCXOAAT CTPOTO B YHH-
COH. YT06bl HOCTPOUTD TONOrPAMMY, KOTE€PEHTHEBIH JasepHbLIH JIyd
paciennsioT Ha ABe acTH. OAHY MOIOBUHY HANpaBIAT Ha QoTo-
IUIEHKY, APYTYIO — Ha 3TY e GOTOILIEHKY, HO YKe [IOC/IE OTPAKEeHA
oT 06beKTa. [Ipu uHTepdepeHIIMH ABYX IOMOBUHOK IyUa Ha [U1eH-
Ke BO3HUKAET MHTePPEPeHLUHOHHAA KAPTHHA, KOTOPAA COAEPKUT
BCio HHGopMaLHio 06 UCXOZHOM TpexMepHOM JTyde. [lneHka mocae
TIPOAB/IEHHUA BHIIIAUT He CIHIIKOM MHoroofeimarine — Ha Heil
BH/IHA TONBKO [TAYTUHA HETIOHATHEIX IMHUH M 3aBUTKOB. Ho eciu
IPOTMTYCTHTD Yepe3 3Ty IUTeHKY JIa3ePHBIH 1YY, B BO3AYXE, CIOBHO 110
Bo/IEeOCTBY, BOSHHKAET TOYHAA TPEXMEpPHAdA KOTHA 00beKTa.

Tem He MeHee rojorpapudeckad HEBUAHMOCTD CTABUT NEpes,
MCCIeZ0BATEAAMH OYeHb Ccepbe3Hble MpobneMel. OHA U3 HUX —
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co3faHue roforpadguueckoit Kamepsl, CiocobHOH AeNaTh Mo KpaH-
Hel Mepe 30 CHUMKOB B cexyHzay. Eme oiHa — XpaHeHue U 06-
paboTka BeeH aroit uHpopMaumu. Hakorei], HeoOxognmo Gyaer
NpOelMpPOoBaTh H306paXkeHe HA SKPaH Tak, 4TOGkl OHO BEIITIAENO
peANTHCTHYHO,

HeBI/I,E[IfIMOCTB yepes 4HETBEPTOEC H3IMEPEHHNE

CrneiyeT yNOMAHYTE €Ie OAHH, Kyaa bonee XUTPBIH c110cob cTaHo-
BUTBCA HEBMAHMBIM, H3TOXEHHBIH [epfepToM Ya/micoM B poMaHe
«Jes10BeR-HeBHAUMKA». ITOT ClIocob npeAycMaTpUBaeT HCIl0Ib30-
BaHHE BO3MMKHOCTeH YeTBepTOro HaMepeHus. (Tlozxke B 5TOH KHH-
re A riogpofHee pacCKaXy 0 BOIMOXKHOM CYIECTBOBAHMM BbICIMX
H3MepeHMH.) MOKET 1M YeTOBEK TTOKHHYTD HAIIY TPeXMEPHYIO BCe-
JACHHYIO ¥ [JapUTh Haj Hell B 4eTBepTOM M3MepeHyH, HabmoAas 3a
NPOUCXOAANIHM €O CTOPOHE!? [Toao6HO TpexmepHol 6abouwre, nop-
Xawllel HaJ ABYMEPHBIM JHCTOM GyMmary, Takoi denoBex ObLT G5
HEBHAKM U1 TF000To 06UTATENsA BCe/IeHHOM BHH3Y. EAMHCTBEHHAA
npo6eMa COCTOUT B TOM, YTO CYIECTBOBAHHE BHICIIMX U3MEPEHMH
A0 cHX MOp He AvkasaHo. bonee TOro, runoTeTHYECKOEe myTelje-
CTEHE B OZHO H3 TAKHX H3MepeHUl NoTpeboBano OB HaMHOTO BOb-
HIe 3HEPTHH, YEM HMEECTCA B HakleM PaclopsKeHWH B HACTOAI M
MOMEHT, [1PH TEKYIIEeM YPOBHE Pa3sBUTHA TEXHUKH. ECTM TOROPHTD
0 peaJIbHBIX CIocofax AOCTHHEHHA HEBUAUMOCTH, TO 3TOT METOA,
OYEBHAHO, JIEKUT Jal€KO 3a [Ipeje/laMy HalllNX CEeFOHAIIHNX 3Ha-
HUI ¥ BO3MOMKHOCTEH,

YUuTHIBaA rpoMaZHbIE YCIEXH, JOCTHIHYTHIE yixe Ha MYTH K
HEBHAMMOCTH, MBI,  AYMAI0, MOXEM CMeN0 KIaccMHIMPOBATE ee
KaK HeBO3MOXHOCTE [ kiacea, HeBHAHMOCTD TOTO WIH HHOTO pPoja
MOXKET CTaTh OOBIAEHHOH ViKe B OMIKaHImHe HECKONBbKO JIeCHTH-
JIETHH, B KpaliHEM CIy4ae K KOHLY CTOJIETHS.



3. OA3EPL 0 3BEINN CHEPTH

¥ PALZAG HET 6}‘1]_\’]1]6[‘0. JleraTenbHele ANNApaThl TAXKENEE BO3OVXa HEBO3MOMHBI.
CKOpO BBIACHHTCA, YTO PDEHTT€HOBCKHE NYYH — MHCTH(;)HKGL[H .

Jopa Keabeun, ¢uznk, 1899 r.

D71a [aTeMnan] Gomba HHKOFAR He B30pBETCA. f TOROPIO 3TO KAk CHRIIHMANHCT
0 B3PHIBYATLIM BEECTRAM,

Aamupan Yunbam Jluxy

YeTbipe... TPH... ABA... OAHH... OTOHb!

3Be3sa CMEPTH — 3TO KOJOCCATBPHOE OpyXHe pasMepoM
XOPOIUIYIO TYHY. BEICTpenuE B ynop B 6€33alUTHYI0 IUIaHeTy Alb-
fiepaaH, poanHy npvHUeccs! Jleu, 3Be3fa cMepTH NOMHOCTRIO YHH-
YyTOKaer ee. [L1aHeTa HeyesaeT B INTaMeHH THTAHUYECKOTO B3PHIBA,
pa3bpactiBas 0610MKH 110 Beeil ColHeuHOH chcTeMme. Mwwumapa
Ayl 0AHOBPeMEHHO BCKPUKHBAeT B MYKe, Bbi3bIBaA TeM CaMEIM BO3-
MylleHHe CWIEL, KOTOpOe YYBCTBYETCs B MI0OOM MecTe TaIaKTHKU.

Ho BO3MOXHO M B AeHCTBUTENBHOCTH OPYXXUe, Nojo0HOe
3Be3jte CMEepPTH U3 KMHOIIONIeH «3Be3JHble BOHHB»? MOXHO K
TaK OpraHU30BaTh K HANpaBUTh HaTapelo Aa3epHBIX NYIIEK, YTO-
Gbl B pe3ayabTaTe HCIApPHUJIACh Lejad MAaHeTa? A Kak HacyeT 3Ha-
MEHHTHIX CBETOBHIX Meuei, koTopbiMu o6maaanu Jltok Ckafiyokep
H Jlapt Beiigep, npeAcrapasomux coboit ayd cBera, HO Cr1oco6-
HHIX Ge3 TpyAa paspybuThk GpOHUpOBaHHYIO cTadb? CTaHyT au
Jly4eBHle PY)KbA, Kak Gazepsl B cepuane «3Be3HBH Ny Th», IOAX0-
AAUIMM OpPY:KUeM A4 OyAVIIUX HOKONEHHI COTPYAHHKOB IPaBo-
NopAjgKa | Coaaar?

-

65



®H3HRA HEBOIMOMHOTD

Hogrle, opUruHampHEIe W IOpaXKaOIiHe BOOOpaKeHHe Cliel-
3pexThl «3Be3AHBIX BOHH» IPOU3BEIH HEOTPa3HMOe BIIeYaT/IeHI e
Ha MIWUTHOHH 3pUTeNel, Ho Y KPUTHKOB CJIOKIWIOCH HHOE MHEHMe.,
HeKoTopbIe M3 HUX YTBEPKAATH, YTO A4, KOHEIHO, CO3AaTeNH QHb-
Ma UCKPeHHe CTapaich pa3Bledb 3PUTENA, HO HAa CAMOM-TO Jlefe
no06Hble BEIM COBEPIIEHHO HEBO3MOXKHB!I, KPUTHKH He ycTapa-
JIH OBTOPSATD KaK 3aK/IMHAHMeE: TyyeBble YK pasMepoM ¢ JIyHY,
CrocobHEIE Pa3HECTH HA MeJKHe KYCOYKH LeAyIo IUIaHeTy, — 3TO
HeYyTO Hec/IbIXxaHHOe; HEBO3MOXKHEI M MEeUM M3 BHe3allHO 3aTBep-
JAEBAOILIEro CBETOBOrO Ay4a. Bee aTo CAMINKOM Jaxe A AaAeK0i-
nanekoit ranakTUky. Ha ator pas Dxopaxa Jlykaca, MpH3HAHHOIO
MacTepa crnendPpPeKToB, HEMHOTO 3aHECIO.

BO3MOKHO, B 3TO TPYAHO NOBEPHTB, HO B CBETOBOH Jy4 MOX-
HO «3alIMXHYTh» HEOTPAEHYEHHOE KOMUYECTBO IHEPTUH; 37eCh HeT
HHKaKUX QH3MUeCcKUX orpaHueHni. Cosgatne 3Be3bl CMEPTH WK
CBETOBOI'O MeYa He NIPOTUBOPEMUT HY OZHOMY 3aKoHY GH3UKH. Bo-
Jiee TOTo, My4KH raMMa-uanydeHus, Croco0HEe B30PBaTh IUIAHETY,
peanbHO CYLIeCTBYIOT B IIpHpoje. TUTaHWUeCKUH BCILTeCK U3jyde-
HHA, TOPOKIAEMbIH JATeKHM TaHHCTBEHHEIM MCTOYHHKOM raMMa-
BCIUIECKOB, CTIOCOGEH YCTPOUTD B ITyOOKOM KOCMOCE B3PBIB, YCTy-
MAaKLIKH 110 MOIHOCTH TOJIBKO caMoMy BoabuioMy B3pbiey. Jliobas
11aHeTa, KOTOPYIO YTOPa3AuT 0Ka3aThCA B IPHIIEJIe TAKOH «ITyIIKH»,
NeficTBUTENBHO By/eT NoAKapeHa WK pa30pBaHa Ha KyCKH.

Jlydepoe opy:kue B HCTOPUH

MeuTa oOyshaTh SHEPIHIO H3JY4YEHHS Ha CaMOM Jiele COBCEM He
HOBA; ee KOPHHU YXOJAT B IPEBHIOI0 PEIUIHIO M MHQOIOTHIO. I'pede-
ckuit 60T 3eBC 3SHAMEHUT TeM, UTO CTpesil B CMEPTHBIX MOJIHUAMH.
CesepHuetit 6or Top Blagen BommeSHHMM MOAOTOM, MbéiHupom,
CoCcOBHBIM MeTaTh MOJTHUH, 3 WHAYHCTCKHIA Gor MH/pa BEICTPeNH-
BaJT 3HEPrETHYECKHM JIYUOM M3 BOMIIEOHOTO KOMbA.
llpeacrasnenne o Tyde Kak peaabHOM IPAKTHYECKOM OPYXHU
BIIEPBHIE [IOSBUIOCH B paboTax BETHUKOro rpevecKoro MaTeMaTHka

-
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Apx¥iMeAa, BOZMOXKHO, BEIMYAHIICTO YU€HOIO aHTHYHOCTH, KOTO-
poMy yaanoch pazpaboTatsh cobcTBeHHBIH BADHANT TPUMHTHBHOTO
middepeHIMaIbHOTO UCIUCTEHHA 3a ABE ThicAYH JeT Ao HploTo-
Ha u Jleiibnuua. CumMTaeTcs, 470 B AereH/IapHOM cpaXeHRuu 214 1.
20 H.3. TIPOTHB Boiicka PUMCKOro reHepana Mapnemnia Bo BpeMA
Bropoii Ilynuyeckoll BOUHEL ApXyMeZ, OMorasd saiumars Cupa-
KY3CKOE LApCTBO, COOpYamn BGoibiyo 6aTapeid COMHEYHBIX ped-
TEKTOPOB, cHOKYCHPOBAJ COMHEYHBIE IYIN Ha MAPYCax BPAXKECKHX
Kopabneil H TakiuM 06pasom nom«er ux. (Y4esple 40 CHX MOP CHO-
PAT, JEHCTBUTENBHO JIM TaKoe JydYeBoe OpyxkHe MOIno paborars;
HECKOJIBKO PYIN YYEHHIX NBITaJHCh, C Pa3sHEIMM pe3yNLTaTaMy,
BOCIIPOU3BECTH 3TO AOCTHKEHIE. )

Jlyyesble pyxbst BOPBaJIUCh Ha CTPAHULIE HAYYHOMN GaHTACTH-
KM B 1889 r. ¢ accdeckum poMaHoM lepbepra Yamwica «BoifHa
MHpOB». B 3TOM poMaHe npHitenblibl ¢ Mapca yHMYTOKAMH Le/ble
ropoja, Hanpapeilasg Ha HUX JYIH TEIUIOBOMH 3Hépmn U3 Oyiex,
YCTAHOB/IEHHBIX Ha MX TPeHOKHHKaX. Bo BpeMa BTOpoi MHpOBO#H
BOHHBI HALIUCTHL, BCETAA TOTOBBIE MCCIEA0BATD W B3ATh HA BOOPYXKE-
HHE MOCAEHHE JOCTIDKEHNA TEXHUKH, YTOObl HCTIONB30BATE UX VI
3aBOEBAHMA MHPA, TOKE SKCIIEPUMEHTHPOBANHU C PA3THIHEIME TH-
NAMU JTYYEBBIX MYIIEK, B TOM YHCTE € aKyCTHYECKUMH YCTPOHCTBA-
MM, KOTOPBIC NPH IIOMOLM NapaboIMYeCcKiX 3epKat pOKYCHPOBATH
MOUIHEBIC 3BYKOBHIC VYU,

Opykue, npeacTapiAmee coboii cHOKYCHPOBAHHEH CBETO-
BOJ JIy4, 3aXBaTHAO BOOOPaKEHUE NYOIHKH NOCNE BHIXO/AA PHIbMa
«ongduurep» npo xeiimca BoHja; 3To GBUT TIepBbIA TOJLTHBYA-
ckuil GriIpM, rie durypuposal jgasep. (B Hem JereHgapHoro Gpu-
TaHCKOro UINTMOHA IPUBA3ATH K METALIHIECKOMY CTONY, ¥ MOII-
HBIH JIa3ePHBIH J1yd MEAIeHHO NPUOImKaIca K HEMY, IOCTEIleHHO
pacILIaBiAg CTO Y HETQ MEKAY HOTaMU H YIPOXasd pa3pe3aTh re-
POA TIOTIONAM. )

[epBoHAYANbHO QUIUKH TOJIBKO NOCMEATNUCh HaJ MaeeH ny-
YeBBIX NYWEK, BHCKAa3aHHOH B POMaHe Y3/LICa, TIOCKONIBKY TaKHe
NYIIKK HApYLUaJH M3BECTHLIE 3aKOHE ONTHKY. COIMacHo ypasHe-
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HMAM MaxcBellia, CBeT, KOTOPEIE Mbl BHANM BOKPYT, HEKOTepeHTeH
(1.e. mpexcTasafeT coboi MelIaHHHY U3 BOJH C PA3THYHBIMHU Ya-
cToTaMu H dasaMu) u BbIcTpo pacceBaeTca. Koraa-To cCYuTanoch,
YTO KOTEPEHTHbIH, cPOKyCHPOBaHHLIH, OHOPOAHBIM JIyd CBEeTa —
TaKOH, KaK JIy4 Jlazepa, — NMOJYYUTh HERO3MOXKHO.

KBaHTOBas peBoonus

Bee M3MeHMNOCH Ioce IOSBAeHMA KBAaHTOBOM TeOpHH. YiKe B Ha-
gaje XX B. CTaJ0 ACHO, YT0, XOTA 3aK0HH HEOTOHA U ypaBHEHHA
Makceenna secbMa YCUEUIHO ONKCHBAKOT ABHKEHUE ILTAHET U
TIOBEJIEHHE CBETA, CYUIECTBYET Lebli KlacC ABIeHHH, KOTOphIe
OHM OGBACHUTH He B cIax. Kak Hu npuckopbHO, OHU HUYeTo He
TOBOPHIH O TOM, IOY€MY MaTepHAaNH IPOBOAAT AMEKTPHYECTBO,
MovYeMy MEeTa/LIH IUIaBATCSA NMPH ONpeJe/eHHBIX TeMIepaTypax,
TIOYEeMY I'a3bl IPH HArPEBaHHH H3NY4alOT CBET, TOYEMY HEKOTO-
pBle BemecTBa pH HH3KUX TeMIepaTypax o6peTaioT CBepXIIpo-
BOAMMOCTh. YTOOH OTBETUTEH Ha JIO00H M3 3THX BOIIPOCOB, He-
06xo0AHMO MOHKMATh BHYTPEHHIOK AUHAMHKY aToMoB. Ha3pena
peBononusa. HeloToHOBa du3mka nocae 250 feT BrajHuecTsa
XJAaNla CBoero HUCIpOBep;KeHHA; OHOBPEeMeHHO KPYHIEHHE CTa-
pOro KyMHpa J0MKHO OBUIO BO3BECTHTH O Havajle POAOBLIX CXBa-
TOK HOBO# QHU3HKH.

B 1900 r. Makc [Lnank B TepMaHH¥ BEICKA3aJ IpeATIONOKe-
HHEe O TOM, YTO 3HEPrus He HeMpepbiBHa, KaK CYuTaN HEIOTOH, HO
CYIeCTBYET B BHAE MajeHbKUX AUCKPETHBIX «IIOpLUit», MOMYIHUB-
IIAX Ha3BaHHUe «KBAHTOB». 3aTeM B 1905 r. DHHNITEHH DOCTYIH-
pOBaJ, YTO CBET TOKE COCTOMT U3 3THX KPOIEYHBIX AMCKPeTHBIX
naxeToB (WIH KBaHTOB), [103)Ke Ha3BaHHBIX GoToHaMH. [Ipy nomo-
IIM 3TO¥ MPOCTOH, HO MOILHOH HeH DHHIITEHH cyMeT OOBACHUTD
doTtoanexTpudeckuit 3dbdeKT, a UMEHHO OYeMY METALIbI TIPH 06-
AYy4eHHH CBETOM HCIYCKAIT 3AeKTPOHLL. Ceroaua GOTO3NEKTPH-
uyeckHd 3dbeKT ¥ PoTOH CAYKAT OCHOBOH I TeleBUAEHWA, Ja-
3epoB, conHevuHbIx Harapeil U 3HAYUTEBHOM YaCTH COBpeMeHHOM
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3NECKTPOHUEM. (JHHINTeHHOBA TeopuA (GOTOHA GpUIA HACTOIBKO
PEBONIIOIIMOHHOMH, YTO Jaxke Makc [lnaHkK, 06BIMHO TOPAYO BBICTY-
NaBUIKH B MOAZepKKY JHHIITeitHa, MOHAYany HE MOr OBEPHUTD B
nee. [nank nucan 06 JitHuTelHe: «ToT GakT, 4TO HHOLAA OH MpO-
MAXMBAETCA. .. KaK, K NPUMepy, MOJyYWIoCck ¥ HETO ¢ THIOTe30lH
CBETOBBIX KBAHTOB, HEMK3A, IO COBECTH, CTABUTh €MY B BUHY». }
3areM B 1913 r. gatckuit dpuauk Hunpe Bop Aan HaM coBep-
IEHHO HOBYI0 KAPTHHY aToMa; aToM y bopa HanomHHan MuHHa-
TIOPHYIO COJTHEeuHyio cucteMy. Ho, B ominuse oT Hacrosamei Co-
HEYHOM CHUCTEMH 3JIEKTPOHBI B aTOME MOTYT JABHUTAThCS BOKPYT
AIZpa TOIbKO B NpeAeNiax AUCKpeTHBIX opOuT win obonodex. Koraa
3JIEKTPOH «IlepellpHIMBAET» ¢ ofH0H 060M04KK Ha Apyryo, bonee
QIH3KYI0 K AZPY M 06/1aZAI0MYI0 MEHBIIEH SHepTHEH, OH HCIyCKaeT
doToH aHepruu. M Ha060poT, KOr/a 3MeKTPOH NOMIOMAeT GOTOH ¢
ONpeAeNeHHOW 3HeprHeii, OH «IppiraeTs Buinie, Ha 0BOJIOYKY, pac-
HOJIOXKEHHYIO Aanblle OT fApa 1 061aa1010y0 OObIIEH SHEPTHEH.

B 1925 r., ¢ noABIeHHEM KBAHTOBON MCXaHHKM W PEBONO-
IHOHHEIX paboT DpeuHa Ilpéaunrepa, Bepuepa T'eiiaenfepra u
MHOTHX JPYTUX, POAMIACE OYTH MOJHAsA Teopus aroma. Cornac-
HO KBAHTOBOH TEODHH 3/IEKTPOH TPeACTaRAA cOOOH JacTHLy, HO
obajan Takue acCOUMHPOBAHHOH BOJHOH, 4TO NPHAABAIO My
O/HOBPEMEHHO CBOHCTBA YaCTHITHL M BOJHBL, BONHA 3Ta MOAYHHA-
JIACh TaK HA3bIBA€EMOMY BOJHOBOMY ypasHeHuio Llpéaunrepa, no-
3BOJIIBIIEMY PACCYMTaTh CBOMCTBA aTOMA, BKJIKOYASA BCE MTOCTYJIH-
poBaHHBIE BOPOM «IIPBIKKH» JIEKTPOHOB.

Ao 1925 1. aTOMBI CUYMTATHCE 3aTa[0UHBIMY OOBEKTAMH, MHO-
rue, nogobHo ¢unocody IpHCTY Maxy, Boobiue He BepUIH B HX Cy-
wecrsoBaHue, [Tocme 1925 r. y yenoBeka MOABHIACE BO3MOXKHOCTE
HE TOJBKO 3alVIAHYyTh IIIyHOKO B AMHAMHKY aTOMA, HO U BIIOJTHE J0-
CTOBEPHO NpeAcKasaTh ero CBoicTBa. Kak HH MOpasHTeNsHo, 3TO
03HAYano, YTo, HMes NMoJ PYKO# Z0CTATOYHO MOIIHEI KOMIbIOTEP,
MOHO BBIBECTH CBOHCTBA XMHYECKHX HIEMEHTOB HEelloCpeJCTBe -
HO M3 33KOHOB KBAHTOBOH Teopuu. TOYHO TaK Xe, KaK HhIOTOHOBA
bu3HKa TPH HaIHMYMHM JOCTATOYHO OOJBLIONH BBHIYHCAUTENBHOM
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MAalluHH NO3BOMMAA OB yYeHHM pacCYHTATh ABMXXKCHHE BCeX He-
HecHbIX TeJT BCeJIEHHO#H, KBaHTOBAA QH3HKA, [0 YTBEDKAEHUAM yde-
HBIX, JaBaja NIPUHLUHIHATBHYI0 BOZMOXKHOCTE PACCUUTATE Be Oes
HCKIIOYEHMs] CBOHMCTBA XMMHYECKHX 1eMeHToB BeesreHHoH. Kpome
TOT'O, UMeS IOCTATOYHO MOIIHBIN KOMITBIOTED, MOXKHO ObL10 6BI CO-
CTaBUTE TIOJHYH BOIHOBYH QYHKLUMIO 4e/JOBEYECKOT0 CylnecTBa.

Magseps! 1 71a3€phl

B 1953 r. npodreccop Yapsasa TayHe u3 YauBepeuTeTa Kamudopaun
B Bepkiu cyMes BMecTe ¢ KOIeTaMH MOTY4UTh NEpBhIA My4oK KO-
TE€PEHTHOrO HATyYeHNs, & HMEHHO MHKDOROIH. ¥CTPOICTBO Ha3Ba-
AH Ma3epom (maser — o nepBsM 6yKBaM cJ10B ¢passl «microwave
amplification through stimulated emission of radiation», T.e. «ycrre-
HE@ MUKPOBOJIH Yepe3 CTHMY/IALMIO HanydeHus».) [lodxke, B 1964 1.,
Taync BmecTe ¢ pycckumu dusvkaMu HukonaeMm BacoBriM M Anex-
canapoM [IpoxopossiM nonyswt Hobenesckyio npemuro. Bckope pe-
3YJIBTATH YueHBIX ObUIM pacnpoCTPaHeHbl B Ha BHAMMEIL cBeT. Tak
poawica jasep. (A Bor ¢azep — 3T0 GaHTACTHYECKOe YCTPOHCTBO,
MOMyqHBlIee U3BeCTHOCTh O1arozaps cepHany «3Be3AHbIH yThb».)

OcHoBOH Jlasepa cnyxuT ocobas cpeja, KoTopas cofCTBEHHO
u 6yzmer nepeAaBaTh Na3epHBIH JAy4; ITO MOKET ObiTh CHElHATb-
HBIM a3, KPUCTALI WIH KO, 3aTeM HyxHO 3aKa4aTh B 3Ty Cpeay
3HEPFHIO M3BHE — NPH ICMOILY 3/IeKTPHYeCTBa, pPaZHOBOIH, CBeTa
WIH XMMHYEeCKOH peakuvy, HeoXUAAHHHIA TIPHTOK SHEPIHMH BO3-
ByskaaeT aTOMBI Cpe/ibl, 3aCTABAA AMEKTPOHEI TOIVIOLIATE FHEPTHIO
H MepenphIruBaTh Ha 6o/lee BHICOKODHEPTeTHYHbIE BHEMIHUE 31eK-
TPOHHBIE OO0NOTKH.

B TakoM Bo3OyKAeHHOM, HAKAYaHHOM COCTOSHHH CPea CTa-
HOBMTCA HecTaOunbHOH. ECM MOC/Ie 3TOT0 HATPABUTh CKBO3b Hee
Jiy4 cBeTa, TO GOTOHBI JIy4a, CTAIKUBASACH ¢ aTOMaMH, BHI30BYT BHe-
3aMHoe CBATHBAHME MEKTPOHOR Ha Gonee HU3KUE OPOUTEH U Bbl-
cBOBOX/IeH e IPH 3TOM AOTOAHHUTENBHBIX HOTOHOB. ITH POTOHHI,
B CBOIO OYepe/]b, 3aCTABAT elule Oosbllee YUCIO 3IEKTPOHOB MC-

-
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®AEPLI H 3BE3NIL CMEPTH

IYCTHTD POTOHBE — M BCKOpe HAYHETCA NieMHAA peaxius «CXJIo-
NbiBaHMA» ATOMOB [0 HeBO30YKI€HHOTO COCTOAHUA C MPaKTHYe-
CKH OZHOBPEMEHHHIM BHICBOGOXKTeHHEM TPOMAIHOrO KOJHYECTBA
$oTOHOB — TPWIMOHOB U TPHLIHOHOB HX — BCE B TOT e Ny4Y.
[IpMHIIMNHaIEHAA 0COOCHHOCTE 3TOTO ITPOLIECCa COCTOUT B TOM, YTO
B HEKOTOPHIX BeMecTBax IPH JaBHHOODPA3HOM BHICBOOOKAEHUU
Bce GOTOHR! BUOPHPYIOT B YHHCOH, T. €. KOTepeHTHBL.

(TlpeacrapbTe cebe BRICTPOEHHBIE B DAX KOCTAITKHA JOMMHO.
B caMOM HHU3KOIHEPTeTHYECKOM COCTOSHHH KaXKAasi KOCTSALIKA Jie-
HUT [UIAHIMA HA cTONE. B BBICOKOIHEPTeTHYECKOM, HaKadaHHOM
COCTOSIHHH KOCTAUIKY CTOST BEPTUKAIBHO, NOAOGHO HAKAYAHHBIM
aromMam cpefibl. TOTKHYB OZIHY KOCTAIIKY, B MOJKETe BBI3BaTb BHe-
3aMHOe OAHOBPEMEHHOE BHICBOOOKACHNE BeeH 3TOH SHEPTHH, TOY-
HO TaK ¢, KaK 3T0 MPOUCXOANT IIPY: POsKACHHUHN Na3epHOTO /y4a.)

B nasepe criocofHel paboTaTh THIIL HEKOTOPHIE MATEPHAIHL;
3TO 03HAYAET, YTO TOJIBKO B 0COOBIX BEIECTBAX TIPH CTOTKHOBEHUH
¢poToHa ¢ BO3OYIKACHHBIM aTOMOM HM3IyYacTCi (GOTOH, KOTepeHT-
HbIH NICPBOMY. JTO CBOMCTBO BeleCTBA NPUBOAWT K TOMY, 4TO BCE
(QOTOHEL B POXAAIOILEMCA MOTOKe BUOPUPYIOT B YHHCOH, CO3/1aBast
TOHKHI J1asepHBId Ty4. (Bonpeku pacnpocTpaHeHHOH JIeTeH/Ie Jia-
3EPHBIA Y4 He BEYHO OCTAETCH TAKUM e TOHKHUM, KdK B CaMOM
Hayane. K npumepy, nasepHuI Jy4, BHNyIeHHbH B JIyHY, OyaeT
10 Iopore MOCTENECHHO PACIINPATHCA M JACT Ha TTOBEPXHOCTH JIyHEI
MATHO Pa3sMepOM B HECKONLKO KIWIOMETPOB.)

[IpocToii ra3oBBIl Ja3ep npeacrapisier coboil TpyOKy co cMme-
ChiO TEJTHA U BeoHa. Koraa yepes TpybKy IpomycKaioT aAeKTpuye-
CTBO, aTOMBI MOMIOMIAKT SHEPruio ¥ BO3OYKAAIOTCA. 3aTeM, eciH
MPOUCXOANT BHE3ATIHOE BRICBOOOK/EHUE BCEH 3anaceHHOM ra3oM
SHEPruH, POXKAALTCH yd KOrepeHTHOr'0 CBeTa. JTOT Jyd YCHIHBA-
eTcd IpH NOMOIIH ABYX 3€pKaj, YCTaHOBAEHHBIX B 0O0HX KOHIIax
TPYOKH, TAK 4TO JIYY OTPANKAETCA OT HUX 110 OYEPEAN U MEYETCs 110
TpyOKe U3 CTOPOHH B CTOPOHY. OfHO M3 3epKaN COBEpUICHHO He-
MPO3PAYHO, HO JAPYTOE NPOIMYCKaeT HeGOMBIIYIO A0 NAJAIONIETO
Ha HETO CBETa, BHIIYCKasA TaKUM 00pa3oM JIyd Hapyxy.
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@UIKKA HEBO3MBHKHOIO

CerogHsa nasepbi MOXHO HaMTH MOBCKOAY — M B KaCCOBOM
annapare NPOAYKTOBOIO MarasMHYHKd, M B ONTHKO-BOAOKOHHOM
kabeje, KOTOPHIH obecreunsaer BaMm gocTyn B HHrepher, U B Ja-
3epHOM MpuHTepe Wik CD-Iuieepe, ¥ B COBPEMEHHOM KOMIILIOTEPE.
Jla3eps! MCTIONB3YIOTCA B XMPYPTHU [1a3a, NP YAaTeHHH TaTyUupo-
BOK, H a)e B KOCMeTHYecKHX caloHax. B 2004 1. B MHpe IpoaaHo
nasepos Gonplie ueM Ha 5,4 MDA O

Tune! siazepoB ¥ UX 0COOEHHOCTH

HoBele 1azephl ceif4ac OTKPHIBAIOT €BA JH He KaKALIH JA€Hb; KakK
IPaBUIO, pedb HAeT 00 obHapyKeHHH HOBOTO BelecTsa, crocob-
HOoTO paboTark B 7azepe, WIH H300PEeTEHUH HOBOTO METOAA 3aKay-
KV JHeprum s pabouee Tefo.

Bompoc B TOM, rogfTCA H 3TH TEXHOIOIHH AN CO3AAHUA JTy-
YEBBHIX PYKEH MM CBETOBBIX Medel? MoKHO M IOCTPOUTE JIazep,
AOCTATOYHO BOMRUTON 4151 0OecTIeYeHHs IJHeprHel 3Be3 bl cMepTH?
Ha ceroanamnuii JeHb cyniecTBYeT omiefoMASIONIee pasHoobpasie
7a3ePOB, KOTOPBIE MOXHO KIaCCHQULHMPOBATH 10 MaTepuaty pabo-
4ero Tefla M criocoby 3aKauky SHEPTUH (3TO MoXeT OHThb 3MEKTPH-
YecTBO, MOIHLIH CBETOBOM My, Ja)e XUMUYECKHH B3pHIB). Tlepe-
YHCIWM HECKOTBKO THTIOB Nia3epos.

* [a30BhIe a3eprl. 3Ta KaTeropus BKJIIOUAET ¥ Ype3-
BBIYAHHO PaCHPOCTPAHEHHEIC IeTUiA-HEOHOBBIC /1a3€PHl, Aa-
OLLHE OYeHb 3HAKOMBIH KpacHBIH Jiyy. HakaunBaloT X IIpH
NOMOHIM PARHOBONH MM 2A€KTPHYECTBA. 1 eMHi-HeOHOBLIE
nazepel 06124a10T HeDOABLIOH MOIIHOCTLIO. A BOT Fa30BLIe
Jla3epe! Ha YITIEKHMC/I0OM Ta3e MOKHO HCIIOAB30BATE IPH IOA-
PHIBHBIX paboTax, JJ1 Pe3KH M IVIABKY META/LIOB B TAXKE/JI0H
NPOMBIIUIEHHOCTH; OHY CIOCOBHSBI JaBaTh Ype3BHYalHO
MOWIHBIN 1 COBEPUICHHO HeBHAMMEBIH Iy,

» XpMyYecKre 1asepsl. 3TH MOIIHEBIE Ja3epsl 3apa-
KaKTCA OT XMMHUYECKON PeakMH — K IPHMEPY, TOPeHUsA
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®A3EPLI W 3BE3ALI CMEPTH

3TWiIeHa u TpudTophAa asota NF,. Takue nasepwr gocTa-
TOYHO MOIHB, 9TOOH HAHTH NMPHUMEHEeHHEe B BOEHHOM
obaactu. B CIJA xmMHYecKWH TIPHHIMIT HAKAYKH TPH-
MEHAETCA B BO3AYIIHEIX M Ha3eMHBIX OOeBbIX Nasepax,
CMocoBHBIX aBaTh Jy4Y MOWHOCTBIO B MWITHOHEI BaTT H
IpeJHa3HauYeHHbIX A1 cOUBAHMA B TOJIeTe paKeT Malol
AAJTBEHOCTH.

* DKCUMEPHEIC 1a3€pPhl. ITH JIa3epH IOIY4YaoT 3Hep-
THIO TaKXKe OT XMMHYECKON peaKiyi, B KOTOPOR 0OBIYHO
3aaelcTBOBAHBl HHEPTHEIHN ra3 (T.€. aproH, KPUIITOH WIH
KCEeHOH) U Kako#-HuOyAb propua wan xnopul. OBM AaroT
YAbTPadUO0IeTOBBIM CBET U MOTYT UCIIONb30BATRCSHA B JMEK-
TPOHHOH TPOMBIULIEHHOCTH [T BHITPaBIMBAHUA KpoO-
XOTHBIX TPAaH3MCTOPOB HA TNOMAYNPOBOAHUKOBBIX YMIIAX,
a TaKKE B XMPYPTUH [Ma3a i MpoBeJeHNsI TOHYaRIIHX
ofepalni 1o rexHosoruu Lasik,

» TBep/OTENbHBIE Na3epHl. [1epBHit B MEpe paboTaro-
mui nasep 0BT M3rOTOBMEH U3 KpHcTamIa pyOwHa (can-
$Up ¢ nprMechlo XPOMa, NPHAAOIIEN KPUCTALTY PO30-
BYH0 OKPacKy). MHOTME KPHCTA/LTEL TPY IETHPOBAHWH UX
UTTpHEM, I'OJIBMHEM, TYIHUEM W APYTHMH XMMHUYECKHMH
3JleMeHTaMH CIIocoOHBI CO3AaBaTh JasepHuI 1y4d. Teepao-
TeJIbHbIE Ja3epH MOLYT JaBaTh BHICOKOIHEPTeTHYCCKHE
VAETPAKOPOTKHE BCIBIIIKH.,

* [lonynpOBOAHUKOBRIE /1a3ephl. JIMOABL, KOTOphLIE
MBI TAK IIMPOKO UCIIOAB3YEM BO BCEBO3MOMKHBIX MEKTPOH-
HBIX YCTPOHCTBAX, MOTYT /JaBaTh MOLIHbIE IA3ePHBIC JTyIH,
KOTOpHIE HCNONB3YIOTCA B NPOMBIIUIEHHOCTH AAA Pe3KU
W CBapKu. 3TH JKe TIOJYIIPOBOAHUKOBEIC Ja3eph pabora-
IOT ¥ B KaCCOBHIX allaparax, CUMTbIBAA LITPHUXKOJE! C BhI-
HpaHHBIX BAMHY TOBApOR.

* Jlascpol Ha KpacHTeNMAX. B 9THX Nazepax B KayecTee
pabouero Tena HMCHONB3YHOTCA OPraHHYecKUe KpacHTe-
., OMH HCKJIFOYMTENLHO MOIe3Hbl B MOTYYCHHH YALTpa-
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QUIUKA HEBOIMOHHOIO

KOPOTKMX MUMIIYJILCOB CEeTa, KOTOPHIE 4acTO HMErT JJiH-
TENMBHOCTE HOPSAAKA OAHOU TPHIUTMOHHOH A0AH CEKYHARL.

JIazeprl 1 JiydeBbie Py:Kbs?

[lpuHKMMan RO BHUMaHHe orpoMHOe pasHooOpazHe KOMMePYeCKHX
N1a3e€POB ¥ MOIIb JTa3epOB BOSHHBIX, TPYAHO HE 33JaTHCS BOTIPOCOM:
OYeMy V HaC HeT JIy4eBbIX Pyel U NyleK, IPUTroAHBIY K HCIOIb-
J0BaHMIO HA Hone 6oA? B daHTacTHYCCKHX QUIbMAaX JTy4eBble py-
MbA M AHCTOMETH! TOI'O WIM HHOTO COPTa, KaK IIPaBUIo, ABJIAITCA
CaMBIM pacIpOCTPAHEHHHIM W NPUBBIYHLIM Opy:kueM. [logemy Mbl
He paboTaeM Haj CO3/JAHHEM TaKOTO OPYKHA?

[IpocToii oTBeT Ha 3TOT BOLPOC 3AKAOYAETCH B OTCYTCTBHU ¥
HAC MOPTaTHBHEIX HCTOYHHKOB 3HEPTMM A0CTATOYHOH MOLUIHOCTH.
370 He TMyCTAK. [l Ty4¥eBOoro opyxua norpebosanuck 6bl MHHHA-
TIOpHBEIE HaTapeH pasMepoM ¢ JIal0Hb, HO COOTBETCTBYIOIIHE NPU
3TOM 10 MOUIHOCTH rPOMAaZAHOI 37€KTpOCTaHIMK. B HacTodAlee
BpeMA eIMHCTBEHHEHIH ¢110cof MOIyYHUTh B O/NB30BAHHE MOLIHOCTE
KPYIIHO# 3/IEKTPOCTaHIMH — [IOCTPOUTD TAKOBYIO. A CAaMBIi MasieHb-
KU BOEHHBIH Ip6Op, CIOCOGHBIH CIy:KKTh BMECTHIMIEM /IS N0-
D0GHBIX SHEPrUH, — MHHHATIOpHAA BoAopoaxad 6omba, koTopas,
K HeC4acThio, MOXeT YHUUTOKHTE HE TOJBKO [e/b, HO M BAC CAMHX.

CymecTByeT U BTOpas npobilema — CTabWIBHOCTS H3MYIAl0-
HIEro BEIIECTBA, MM paboyero Tesa. TeOPeTHYECKH KOAUMYeCTBO
IHepTHY, KOTOpOe MOKHO 3aKayaTh BJazep, HHIEM He OrpaHHYeHo.
Ho npofnema B ToM, 4To pabodee Te1o py4yHOro J1a3epHOTo IMHCTO-
Nera oxasanock OB HecTaOWIBHEIM. KpHCTaLIMYecKue Jasepel,
K TIPHMeEpY, [IePerpeBarTCa M TPECKAKTCA, €M 3aKavaTb B HHUX
CJIMIIKOM MHOTO 3Heprud. CleZoBaTeNbHO, AfA COAaHMA 4pes3-
BhIYAHHO MOIIHOIO Nla3epa — TaKoTO, YTO ciocobeH Gl 61l MCTa-
PUTH IpeAMeT Wiv HeHTpa/iin30BaTh IPOTUBHUKA, — NOTpebyeres,
BO3MOXKHO, HCTIO/MB30BATh IHEPTHIO R3PHIBA. B 3TOM cnydae, ecTe-
CTBEHHO, 0 cTabwibHOCTH paboMero Tea MOXHO yKe He JyMarth,
Be/b Halll 1azep 6yaeT 0AHOPa30BLIM.
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BAEPR W 3BEINGI CMEPTH

[TpobaeMHl ¢ cO34aHHEM TTOPTATHBHBIX HCTOYHHKOB 3HEPTHU
¥ CTAaBGIIBHBIX M3MY4YAOMUX MaTepUanos AelaloT CyLIeCTBOBAHHE
JAy4eBBIX Py¥eH HeBO3MOXKHEIM NPH HBIHEITHEM YPOBHE TEXHHKH.
Boobule, ny4yeBylo NymKy co31aTh MOXHO, TONBKO €C/H MIOABECTH
K Hell kabesb 0T HCTOYHKKA 3Heprud. BoaMoxHO, ¢ TpUMeHeHHeM
HAHOTEXHOJIOIMH MB CMOXKEM KOTAa-HHOYAL cO34aTh MHHHATIOP-
Hule farape, cnocofHbLIe XPAaHUTh WIK MeHEePHPOBATh IHEPIHIO,
KOTOPOH XBATWIO Obl AUTA CO3/JAHHMA MOIIHBIX BCIUIECKOB — Heob-
XOAUMOro aTpHOyTa pyyHoro jazepHoro opyxwus. B HacTodlee
BpeMs, KaK Msl yiKe yOeAunych, HAHOTEXHOOTHH TpebbIBAIOT B 3a-
YaTOYHOM COCTOAHHUM. [la, yIeHBIM YJanoch CO3Aarh HA ATOMHOM
YPOBHE KOe-KakMe YCTPOMCTBa — O4eHb OCTPOYMHbBIE, HO COBep-
IIEHHO HETIPAKTHYHbIE, TAKWC KaK aTOMHBIE CYeTH WJIW aTOMHas
rurapa. Ho BIIOJHE MOXeT TaK CIYYMTBCA, YTO elle B 3TOM WIH,
CKaxeM, B CJIeYFOIIEM BeKe HAHOTEXHOJIOIMH AeHCTBUTEIBHO Ja-
AVT HaM MMHHATIOPHBIE HaTapey A8 XpaHeHW CKa30vyHOTO KOMK-
4ecTBa 3HEPTHH.

Co cBeTOBbIMM MedaMH Ta ke npobnema. Ilocre BBIXOAA B
1970 r. punbpMa «3BesjHble BOWHEL» UTDYIIEYHEIE CBETOBLIC MEYH
MTHOBEHHO 0OpeNTH HeMBICTHUMYI NONYASPHOCTD CPeAH MaibyH-
wek. MHOrne KpUTHKH COWIN CBOKUM J0ITOM YKA3aTh, YTO B Peaib-
HOCTH TAKHE YCTPOHCTBA HEBO3MOKHEI, BO-TIEPBHIX, CBET HEBO3MOMX-
HO c/le1aTh TBEPAIM. CBET ABIXKETCA CO CKOPOCTBIO CBETa, MMO3TOMY
OTBEPAMTD M0 HEBO3MOKHO. BO-BTOPHIX, IyY CBETA HE MOXET pe3-
KO O6pEIBAThCA B APOCTPAHCTBE, KaX 9TO JeJIaloT CBETORBIC MeUH B
«3BE3HRIX BOMHAX». JIyd CEETa HEBOAMOXKHO OCTAHOBHUTD, OH BEUHO
HAaXOAUTCA B ABHEHUH; PeAILHEI CBETOBOH MeY YXOAI Ol AaeK0
B He6o. ’

Ha camoM Jere cymecTByeT crocob H3roTOBHTE CBOEr0 poja
CBETOBOHM Med W3 IUTa3Mbl, WM TIEPErPeToro HOHH3UPOBAHHOTO
raza. Ecm miasmy pasorpers B ZOCTATOYHOH CTeNeHH, oHa Oy-
AET CBETUTBCA B TEMHOTE W Pe3aTh CTalb, KCTATH TOBOPSA, TOXE.
MnasmerHblT CBeTOBOM Med MOT OBl MPeICTAaBAATE COB0I TOHKYIO
TEJIeCKONIYeCKYI0 TPYOKY, KOTOpas BBIABHTAETCH M3 PYKOHATKH.
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\o.’ DHIHKA HEBOIMOMKHKOID

B Tpy6Ky 3 PyKOATKY BEINYCKAETCA rOPAYaAs IUIA3Ma, KOTOpas 3a-
TEM BBIXOAWT HAPY)KY Yepe3 MajleHbKHe OTBepCTHA MO Beel MiuHe
«K/MHHKa». [n1a3aMa, NOAHHMAsACL M3 PYKOATKH BAOAbL KJIMHKA M
BHIXOJA HApPYXy, o6pasyer ANMHHEIA CBETAMMIC WIHHAD Mepe-
IPETOrO rasa, A0CTaTOvHO ropAvero, YToOb MIaBUTE CTalb. TaKkoe
YCTPOHMCTRO MHOT/A HA3IBAIOT [UIA3MEHHBIM HaKeTIoM.

Taxkum 06pazoM, MBI MOXEM CO3AATE BRHICOKO3HEPTETHUECKOE
YCTPOMCTBO, HanoMHHalonlee ¢BeTOBOM Med. Ho 37ech, kak W B
CHTYaIMM C JAYIeBEIMH PY)KbAMH, IPUAETCA CHavYana 0b3aBecTHch
MOIIHOK nopTaThBHOH 6arapeei. Tak YTO WK BBl NIPH IIOMOIIH
HaHOTEXHOJMOTMH CO3aJNTe MHUHHATIOPHYIO 6aTapero, CnocobHYyio
cHaBKaTh BALl CBETOBOIH Me4 IPOMAJHBIM KONHYECTBOM SHEPIHH,
WM BaM IPHMACTCA COEIMHUTE €TI0 C UCTOUHHKOM 3HEPTUH IIPH 1MO-
MOILH JJTHHHOFO Kabes.

HTak, xOTa XyueBLEe PYKbs U CBETOBbIE MU MOXKHO B KAKOQU-
TO GOPME CO3JaTh U CErOAHA, PYUHOE OPYKHE, KOTOPOE MBI BUAMM
B Hay4HO-(QaHTACTHYECKUX (HIbMaX, IPH COBPEMEHHOM ypOBHe
TeXHWKH HeBO3MOXHe. Ho Mo3e B 3TOM BeKe WIH, MOXET ObITh,
B CJIeAYIOLIEM Pa3sBUTHE HAYKH O MaTepHalax U HAHOTEXHOMOTHUI
BIIOJIHE MOXET IPHBECTH K CO34aHHIO TOTO WIH HHOTO BHAA Jiyde-
BOT'O OPYKHA, YTO NO3BO/LIET HAM ONpeAelUTh €ro KAk HeBO3MOX-
HOCTH [ Kracca.

OHeprus A 3Be3/ibl CMEPTH

UToOH MOCTPOMTE 3BE3AY CMEPTH — Ja3zepHYI0 NYIIKY, CIOCo6-
HY10 YHHYTOKHTD UEJYIO IVIAHETY H HABECTH YKAC HA TaNaKTHKY,
KaK MOKAa3aHO B «3Be3/(HbIX BOHHAaX», HEOOXOAUMMO CO34aTh CaMBIi
MOIIHBIA Nazep, KAKOHA TOJIBKO MOHO IpeacTaBuTe. B HacToAinee
BpeMA caMble MOLIHEIE, HABEPHOE, Ha 3eMJI€e j1a3ePH HCTTOMb3YIOTCA
AJ1A TIONyYeHHUA TeMIeparyp, KOTOPEIe B IPHpOAe MOXHO 06Hapy-
KHTH TO/ILKO B AApax 383z, BO3MOXHO, 5TH j1a3ephl 1 OCHOBAHHEIE
Ha HUX PeaKTOphl CHHTe3a Kxorga-Hubyanr moMoryT Ham Ha 3eme
00y3aarh 3BE3IHYI0 SHEPIHIO.

p——
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®AJEPDI W 3BE3AILI CMEPTH

B peaxTopax cMHTe3a yueHble NETAIOTCS BOCTIPOMBBECTH TIPO-
11eCCH, KOTOPHIE TPOHCXOAAT B KocMOce NpH GOpMHpPOBAaHHH 3Be3-
Abl. TloHayany 3Beasa BO3HHKAET KAK rPOMajHBLil Wwap HeodopM-
J€HHOT'O BOJOPOAA. 3aTeM I'DABUTALMOHHBIE CIUIBI CKUMAIOT ra3 u
TEM CaMBIM pa3orPeBaloT ero; [IOCTENEHHO TeMIePaTypa BHYTPH J0-
CTHTaeT aCTPOHOMHYECKHUX 3HaYeHUiL. K npumepy, ry6oko B cepa-
11e 3B€37bl TEMIEpaTypa MOXKET BrIpacTH 40 50-100 MaH rpazycos.
TaM A0CTaTOYHO XapKo, YTOBH A4pa BOAOPOAA HAYaau CAHNATH-
¢ APYT € APYTOM; PH 3TOM BOZHHMKAIOT A/pa TelHA ¥ BbIACJIfeTes
3Heprud. B npoliecce cHHTe3a re/ius U3 BoA0POAa HebobIIas 9acTh
MAacchl IPEBPAILAETCA B SHEPTHKD COMMIACHO 3HAMEHHUTOH QopMyne
OuHIITeliBa E = mc? DT0 M ecTh MCTOYHHK, H3 KOTOPOTO 3Be3ja
YepIiaeT CBOI0 S3HEPFUID.

B Hacrofilllee BpeMs y4eHble MBITAlOTCA 06y3ZaTb SHEPTHUIO
ANEPHOTO CHHTE3a AByMs MyTAMHU. O6a MyTH oKa3zatHch kyaa 6oaee
CJIGKHBIMH /1A peaM3aliiy, YeM NpeACTaRIAI0Ch paHee,

HWuepuyoHHoe yaep:kaHue
IJ1 TA3EPHOT0 TEPMOAIEPHOTO CHHTE3a

[lepebIi METOA OCHOBAH Ha TAK HA3BIBAEMOM HHEPLHOHHOM
yaepwaHu. IIpy MOMOImHM CaMblX MOIIHBEIX Ha 3eMe 1a3epos B
JabopaTopuy UCKYCCTBEHHO CO3JaeTcs Kycodek cosHua. Teep-
AOTEAbHEIN Na3ep Ha HEOAUMOBOM CTEKJIe HeaNbHO NOAXOAUT
AJS1 BOCIPOH3BEAEeHHA BHCOYAMIIMXY TEMIIEPATYP, KOTOPbIE MOX-
HO 06HAPYXHUTh TONBKO B Aipax 3Be3f. B sKCIepUMEHTE HCIIONb-
3y10TCA Ja3epHble CHCTEMBl pa3sMEPOM C XOpOIUWH 3aBOJ; Leaas
Garapes /1a3epoB, BXOAAMUX B TaKyl0 CHCTEMY, BRICTPEJIHBAET B
IJIMHHLIA TYHHEAb CEPRIO MapasUleNbHblX Tydeil. 3aTeM 3TH MoI-
Hble Ta3epHBIE JIYIH OTPAXAIOTCA OT CUCTEMbl HEGOMBIIKX 3epKal,
YCTaHOBJIEHHBIX BOKPYT chepHueckoro obrema. 3epkana TOUHO
GOKyCHpYIOT BCe Ja3epHBIe IVUH, HAOPaB/Iia UX Ha KpOMeYHbli
wapuk 13 boratoro BOZOPOAOM BelleCTBa (TaKoro, Kax gemre-
pHA IHTHA, aKTUBHOE BEeLIECTBO BOAOPoAHOH GoMOb1). OBLIYHO
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"0.’ ®HIUKA HEBOIMOMHKOrD

yHieHBlE HCMIOMB3YIOT IIAPUK pasMepoM c Oy1aBOYHYIO TONOBKY
H BECOM BCETO OKoM0 10 Mr.

JlasepHada BCTBIIDKA MTHOBEHHO Pa30rpeBaeT NOBEPXHOCTb
IapyKa, BBI3BIBAA HCTIAPEHHe BePXHETO 104 BENIECTBA U pe3Koe
CxXarue mMapuka. OH «CXIONBIBAETCA», ¥ BOSHUKAIOMWAA IPH 3TOM
yAapHas BONHA JOXOAUT [0 CAMOTO €ro LeHTpa ¥ 3aCTaBiAeT TeM-
nepaTypy BHYTPH IIapHKa NOACKCYUTH A0 MIJLTHOHOB IpajlycoB —
YPOBHS, HeobxoguMoro Ans CIHAHMA Aep Bogopoaa ¢ obpazo-
BaHueM sfep renud. TemmepaTypa M JaBleHUe JOCTUrAKT TAKUX
ACTPOHOMHYECKHX 3HAYeHHH, YTO BEINOJHAETCA KpUTepHit Jloyco-
Ha, TOT CAMBIH, KOTOPHIE BLITOMTHAETCA TakoKe B A/IpaX 3Be3s U IpH
B3phlBaX BOAOPOAHEX 6oM6. (KpuTepwnit JloycoHa yTBEpHAAET, 4TO
AAA 3allyCKa TePMOAZepHoH peakiiuy CHHTe3a B BOAOpOAHOH GoM-
e, B 337 WIM B PEAKTOPE JOIKHBI ObITh ZOCTUTHYTE! OTIPEAENEeH-
HEIE YDOBHH TEMIIEPATYPH!, IVIOTHOCTH U BpeMeH! YAEpKaHMs.)

B mporecce TepMOAZIEPHOTO CUHTE3a ¢ WHEPLMOHHBIM yAep-
’KaHKeM BBICBODOKAAETCA rPOMAIHOE KOMHYECTBO SHEPIHH, B TOM
4HcTe B BUfe HeHTpoHOB. (TemmepaTypa JelTepuza TUTHA MOXET
Aocturats 100 MIH rpagycor no miane leabcnsd, a MIOTHOCTh —
IBaALATHKPaTHOH IUIOTHOCTH cBUHLA.) [TponexoauT Beieck Hei-
TPOHHOI'O H3/Ty4eHMA OT mapuka. HeliTpoHk nonagawT B chepu-
Yeckoe «0fiedno» U3 BellleCTBa, OKpYy:KAIollee KAMepYy peakTopa, u
HarpeBaloT ero. 3aTeM NOAYYEHHOE TEIN0 UCTICIB3YETCS AN K-
YEeHWA BOJEI, a AP YKe MOXHO HCIIOIb30BATh A4 BpalleHHA TYp-
OUHBI 1 IOTYYEeHVA JNeKTPUIeCcTBa,

[Ipobiema, O4HAKO, COCTOUT B TOM, UTO6H! CHOKYCUPOBATh
BBICOKODHEPTeTHYECKHE TYYH H PABHOMEDHO PacnpelenuTh UX us-
JyueHHe 110 TOBePXHOCTH KPOLIeYHOTO IapuKa. [IepBo cepre3Hoi
NONBITKOHN Ja3epHOr0 TePMOAAEPHOTO CHHTe3a crana «[[Iupa» —
ABaJLATHIYYEBAs Jla3ePHAA CHCTeMa, [10CTpoeHHad B JIMBepMop-
CKOH HanMoHaNBHOH nabopaTopum uMeHH Jloypenca (LLNL) u
3amymeHHas 8 1978 r. (Illusa — MHoropykas O0THHA WHAVHCT-
CKOTO MaHTeOHa, KOTOPYI0 HANOMKHAET MHOTOyY€eBas la3epHas
cucTeMa.) PesynbraTe! paboTsl JlazepHoit cucteMbl «LliBa» okasa-
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OAIEPLI H 3BE3NILI CMEPTH

Jch 00ecKypaXHMBaOIIMMK; TeM He MEHEe C ee TIOMOIIBIO YAAT0Ch
7l0Ka3aThb, 9TO Jla3epHbIH TePMOAAE PHBINH CHHTE3 TEXHUYECKU BO3MO-
#eH. [Tozke Ha eMeRy «[IIuBe» npuinen Aasep «Hogax, AecATHKPATHO
IPeBOCXOANBIIH «IITuBY» 10 MowHocTr. Ho 1 «HoBa» oxazanacs He
B COCTOSIHHH 00€CTIeUHTD BOOPOAHOMY MAPHKY JOKHOE 3AKHTa-
nue. Kak 6p1 To HU 6b110, 06€ 9TH CHCTEeMBl IIPOJIOXKIUIH IYTh K Ha-
MeueHHBIM HCCTeJOBAHHAM Ha HOBOH ycTaHOBKe National Ignition
Facility (NIF), coopy:xeHHe KOTOpOH Hadanock B LLNL 8 1997 1.
Ilpeanonaraercs, aro pabora NIF HauHeTcd B 2009 r. 3Ta uy-
AOBHINHAA MAITHHA TpeAcTaBaseT coboit 6atapeto u3 192 nasepos,
KOTOpHIE BBIJAIOT B KOPOTKOM HMITYABCE TPOMAAHYI0 MOIIHOCTh
700 Tpsn BarT (CyMMapHEIA Bhixoa mpuMepHO 70 0000 KpymHBIX
aTOMHBIX 3Hepro6J0KoB). DTO HOBeIIAA Ja3epHasd CHCTEMA, paspa-
GoTaHHAA CHelHAIBHO AN TIONHOTO TEPMOAAEPHOIO CRUTAHMS Ha-
CBIIMIEHHBIX BOAOPOAOM MAapUKOB. (KpUTHKHM YKa3hIBAlOT Taloke Ha
€€ OYeBHAHOE BOCHHOEe 3HAYEHHe — Belb TAKafd CHCTeMa CrocobHa
HMUTHPOBATE MTPOLeCe AeTOHAITNE BOAOPOIHOH GOMGBL; BO3MOKHO,
OHA MO3BOJIMT CO3AATH AAEPHOE OPYKHE HOBOI0 THIIA — O60MEGY, OCHO-
BAHHYI0 HCETIOYHTEILHO Ha TPOLIECCe CUHTE3a, A% JeTOHAIMH KOTO-
POH YKE He HyXeH yPaHOBbIH WIH IUTYTOHUEeBbIH aTOMHBIH 3apsj.)
Ho gaxe cucrema NIF, npeaHasHaueHHasa aasa obecredeHUs
npolecca TepMOAAEPHOTO CHHTE3a H UMEKIAsT B CBOEM COCTaBe
CaMble MOLLHbBIE HA 3eMJIE JIa3epsl, He MOXKeT X0TA GBI OTAATeHHO
CpaBHUTLCA 110 MOIIM C PA3pYLIMTETBHON CHIOH 3Be3Ab CMEPTH,
H3BECTHOMH HaM 110 «3Be3AHBIM BOHHAM». Jlng cospanua nofobHOTo
YCTPOMCTBA HaM IIPUAETCA NOUCKATD APYTHE HCTOYHHKH SHEPTHI.

MarrutHoe yaep:xaHue
11 TEPMOANEPHOTO CUHTE3a

Bropoit MeToA, KOTOPBI B MPUHIMIIE MOTH OB HCITONIB30BATE Y4e-
Hble 4717 0OecedeHUA 3Be34H CMEPTH 3HEPIUel, M3BECTEeH KaK MAar-
HHTHOe yJepxalie — I1poLiece, IPH KOTOPOM Fopa4as BOA0PoALAas
IU1a3Ma VAEPKUBACTCA HA MecTe MPH IIOMONIM MarHHTHOTO O,
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®H3HHA HEBO3MOMHOIO

MMeHHO 5TOT METOA, BIONHE BO3MOMKHO, MOCTYKHT IPOTOTUIIOM
ANA TNepBHIX KOMMEpYeCcKHX TepMOAAECPHBIX PEaKTopoB. B HacToA-
lee BpeMst CAMBI IPOABHHYTBIH IPOEKT 3TOTO THma — Mexzay-
HApOZHBIM TePMOAJEpHBIN KCriepHMeHTaNb b peakTop (ITER,
International Thermonuclear Experimental Reactor). B 2006 r. He-
CKOJABKO CTpaH (B ToM uncae Epponelickuil cotos, CoelHHEHHBIE
MItarsl, Kurait, Anonud, Kopes, Poccna n UHAUA) pemimm nocpo-
uTh TakoH peaktop B Kagapame Ha rore ®paniim. B HeM Bozopoa
JOIKEH pasorpepathbed 10 100 MiH rpagycos o Lenbcuio. He Mc-
witoueHo, yTo ITER cTaHeT nepBHIM TepMOAZCPHBM PeakTOPOM B
HCTOPHH, KOTOPOMY YAAcTca MPOM3BECTH 3Hepruu Goiblie, dem
noTpebuTh. OH paccuuTaH Ha mpom3BoAcTBO 500 MBT MonHoCTH
B Tedenue 500 c (TeKyluii pekopa cocTasier 16 MBT MomHOCTH
B Te4eHHe OAHOH ceKyHAR). [TaHHMpyeTcA, YTO epBas [wiasMa 6y-
Jer nosydera B ITER k 2016 r., a nOJHOCTBIO yCTAHOBKA BCTYTIMT B
cTpost B 2022 1. [TpoexT cTouT 12 MApPA A0/, U ABIAETCA TPETHHM
10 CTOMMOCTH Hay4HBIM [POEKTOM B UCTOPHH (nociae MaHXaTTeH-
CKOTO ITPOEKTa M MeIyHAPOAHOH KOCMHYIECKOH CTAHIIMM).

C Bupgy yeraHoska ITER noxoxka Ha Gonbmoi 6y6aHK, ome-
TE€HHBIH CHAPYX¥ [POMaZHBIMH KOJIBIIAMH 3NeKTpUdecKoit o6MoT-
KH; BHYTpH OyOIHKa HUPKYIUpPYeT Bogopol. OGMOTKY OXJIaMAaloT
A0 COCTOSHMA CBEPXIMPOBOLUMOCTH, a 3aTeM 3aKayMBalOT B Hee
THTaHTCKOE KOJMYECTBO 3MCKTPOIHEPIrMM, CO3JaBad MarHUTHoe
Tosie, KOTOPOe M YAep)KUBaeT IwiasMy BHyrpH Oy6auka. Koraa xe
AMEKTPUIECKUH TOK NPOIYCKAIOT HEMOCPEACTREHHO yepes OyOiuK,
ra3 BHYTDH €0 HarpeBaeTcs /10 3Be3AHEIX TEMIIEPATYP.

[puumHa, 110 KOTOPOH YYEHBIE TAK 3AUHTEPECOBAHEL B IIPOEK-
te ITER, mpocTa: B mepcerTUEE OH obellaeT Co3gaHHe JeNIeBbIX He-
TOYHHKOB 3HepIHH. TOIUTMBOM A1 TEPMOAAEPHBIX PEAKTOPOR CITy-
HUT 06bIYHAsS MOpeKas Boga, boratas sogopozoM. [lonyvaeres, no
KpaiiHeit Mepe Ha 6yMare, YTO TEPMOA/EPHEIA CHHTE3 MOKeT obec-
MEYHUTD HAC ZlelIeBbIM H HEUCTOMMMBIM MCTOYHHKOM SHEPrHH.

Tak noyeMy e y Hac A0 CHX NOP HET PEaKTOPOB TepMOsAep-
HOTO CHHTe3a? [louyeMy yxe HECKOJIbKO AECATHIETHH — C TOO MO-
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DAJEPHI ¥ IBEIALI CMEPTH

MeHTa, Kak B 1950-x rT. 6bi1a paspaboraHa cxeMa MpoLecca — Mbl
He MOXeM A0OHThCA pealbHBIX pe3ynsTaToB? IIpobieMa B TOM,
4TO paBHOMEpPHO CKaTh BOAOPOJHOE TOIUIMBO HEBEPOATHO TPYAHO.
B Aapax 3Be3s rpaBUTAL[MA 3acTaBJAeT BOJAOPOZ NPHHUMATh HAE-
ANbHYH CpepHYecKyIo GOpMY, B pe3y/IBTaTe Yero a3 IporpeBpaeTca
49UCTO ¥ PABHOMEPHO.

JazepHulit TepMoAAepHBIH cHHTe3 B ycraHOBKe NIF Tpebyer,
4TOOBI JIY4H Na3€POB, BOCIUIAMEHAIOLIHE TOBEPXHOCT BOJOPOAHO-
ro mWapMKa, ObUIH COBeplleHHO OZHHAKOBBIMH, a JOBUTBCA 3TOro
4pe3BHYadHO TPYAHO. B yCTAHOBKAX ¢ MArHUTHBEIM YAEpKaHHEM
forneliyio posib riprobperaer Tot GaKT, YTo MATHHTHOE NOJIE HMEeT
CEBEPHBIH M FOKHBIH ITOAI0CA; B pe3yIbTaTe PABHOMEPHO CXKAaTh a3
B TIPaBIVIbHYO cdepy Ype3BhIYaiiHO TPYAHO.

Jly4imee, 4YTO MBI CIOCOOHB! CO3/]aTh, — ITO MATHUTHOE IIOJIE B
dopme 6ybmuka. Ho mpoliece cxarns raza HanoMUHAET OKHMaHHe
B pPyKax BO3JYIIHOrO Mapuka. KaxAslH pas, Koraa BH CHMMAaeTe
IMApHK C OJHOTO KOHLA, BO3AYX BBHIIAYMBAET €r0 B JPYTOM MeECTe.
CXMMaThb IIapUK OAHOBPeMEHHO M PABHOMEPHO BO BCEX HaNpapie-
HUAX — HeNpocTad 3afava. [opayuii ras, kak npaBuno, yreKaer U3
MarHUTHOH OYTBIIKY; PAHO WIH NIO3JHO OH JOCTHTAET CTEH peak-
TOpa, ¥ MPOLieCe TEPMOAAEPHOrO CUHTE3a TIpEKpaltaeTcs, IMeHHo
HO3TOMY TaK TPYAHO CKaThb BOOPO/ B AOCTATOYHOMH CTENeHU U yAeD-
KHMBATh €0 CKATHIM JaXe B Te4eHHe CEKYH/IH.

B ominMuke OT cOBpeMeHHHX aTOMHBIX CTAHIMIi, rae Ipouc-
XOAUT paclieIIEHHe aTOMOB, PEAKTOp TepMOAAEePHOI0 CHHTe3a He
OyzieT AaBaTh OOMBIIOTO KOMHYECTBA AAEPHBIX OTXOZO0B. (Kaxabii
13 TPaANLUNOHHHX ATOMHBIX 3Heprob/0KOB IPOU3BOAUT Brog 30 T
Ype3BHMaHHO OTACHBIX A/IEPHBIX OTXOAOB. B TMPOTHBOBEC 3TOMY
AZlepHbIe OTXOAH TEPMOAZEPHOTO peakTopa 1o Hoblieif yactu 6y-
AYT NPeACTaB/IAThL Co60it paHOaKTHBHYIO CTalb, KOTOPAA OCTAHET-
¢ mocJIe ero pa3bopku.)

He cTOMT HafiesTbCd, YTO B O/MDKaWIee BPEMS TepMOAAep-
HEIH CHHTE3 MOHOCTBIO PeIlNT 3HepreTHIecKye NpobieMb! 3eMIH.
®pannya [eep-¥wwe ge XKenH, HoOeneBckHil naypear B 06acTH

—
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QUIHKA HEBDIMOHKHOTO

QU3UKH, TOBOPUT: «MbI 'OBOPUM, ITO NoNoXHM COMHIE B ALIMK.
Kpacupaa wied. [TpobreMa B TOM, 4TC MBI He 3HaeM, KaK ¢/e1aTh
3TOT AWMK». Ho HccteforaTend HaJEKTCA, YTO, €CIH BCe MOHaeT
xopoino, aeT gepes copok ITER noMOKeT yYeHBEIM NPOJIOXKHTh NYTh
K KOMMEPYECKOMY POH3BOACTRY TePMOAACpHOH JHEPTUN — JHep-
MM, KOTOpas OJHAXKIB MOXKET CTaTh MCTOYHHUKOM 37EKTPUYECTBA
AA Hammx goMoB. Korga-au6yab, BO3MOKHO, TepMOAAEPHEIE peak-
TOpBL IIO3BOJIAT HAM Ha 3eMile He30M0acHO TIONb30REATRCT 3Re3[HOM
sHEprueil ¥ cMAr4aT TeM CaMbIM HAlOH SHePreTHYeCKHe NposieMal.

Ho paxe TepMosAepHBIC PeakTOpPhl ¢ MarHHUTHBIM VAepiKa-
HHeM He cMoryT obeceduTs d3HeprHen opyxue, nogobHoe 3sezae
cMepTH. /i1 3Toro NoTpebyroTes COBepIIEHHO HOBHE pa3paboTKH.

PeHTreHoBCKuE 1azepsl ¢ AAePHON HaKauKou

CylnecTsyer elle 0Ha BOSMOXXHOCTb IOCTPOUTD Ja3€PHYIO MYLIKY
3Be3/bl CMEPTH Ha OCHOBAHHH CEroJHIIIHUX TeXHOTOTHH — OpH
NOMOLK BOAOPOAHOH Gombul. barapes peHTreHOBCKHMX N43epoR,
00y 3BIBAIOINX ¥ GOKYCUPYIONIMX MOTIb AICPHOTO OPYHKHA, MOIIA
6Ll B TEOPHH AATh A0CTATOYHO SHEPTHH A/ PaloTH YCTPOHCTBA,
CHOCOOHOIO B3IOPBATDL LENVIO IIJ1aHeTy.

AnepHbIe peaklHH BhIcBOOOK AT mpuMepHo B 100 MJAH pa3s
GobllIe 3HEPIrUH Ha eAUHUIY MacChl, 4eM XuMuueckue. Kycka o6o-
rameHHoro ypana pasMepom He BObIIE TEHHUCHOTO MIYA XBATH/IO
OFl, YTOOBI CMANNTEL B OTHEHHOM BHXPE [[e1biid FOPO, HECMOTPS Ha
TO YTO B 3HEPIUID NIPeBpamtaeTca eero 1% Macchl ypana, Kak Mur
Y#Ke IOBOPWIH, CYIIECTBYET MHOXECTEBO CTIOCOB0OR 3aKayku JHep-
THH B paboyee TeT0 1a3€Pa, & 3HAYHT, U 8 Na3epHblit 1yu. CaMblii
MOMIHBIH #3 3THX crocoboB — ropazgo fioaee MOIIHLIH, 4eM BCe
OCTalbHEIE, — 3aK/IHYAETCH B WUCTIONB30BAHUM IHEPTUM B3pHIBA
ATCPHOU GOMOHL.

PeHTreHoBCKME Ja3ephi MMEIOT IPOMAJHOC 3HadeHHe, Kak
BOEHHOE, TaK W HayvyHoe. OYeHb MaeHbKas JIMHA BOJTHB PEHTIrE-
HOBCKOI'O M3JAYYEeHHs NO3BOJNACT MCIOAL30BATL TAKHE Ja3ephl A/
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DAIEPBI M 3BE3ALE CMEPTH

30HAMPOBAHHA Ha aTOMHBIX PACCTOAHMAX U JemndpOBKH aTOMHOH
CTPYKTYPBI C/OKHBIX MOJEKY/L, UTO UPe3BbIYaHHO CIOKHO AeNaTh
OOBIYHEIMH MeTOAaMH. BOSMOMHOCTh «BUAETH» aTOMHbI B JBIDKE-
HHUM M pa3aMvaTh HX paclioNoXeHre BHYTPH MOJEKYIL 3aCTaB/IgeT
COBCPIIEHHO NO-HOBOMY B3IMIAHYTh Ha XMMHUYECKHE PeaKLMH,

BoaopozaHas domba ucmyckaeT rpoMajHoe KOJM4YeCTBO 3Hep-
TMH B BH/E PeHTI€HOBCKOTO U3MYYeHMs, TO3TOMY PEHTTEHOBCKHE
nazeph! MOKHO HAKAYHMBATH JHEpTHel AlepHOro BipuiBa. B Hayke
C PEeHTIeHOBCKHMH Jla3epaMH TecHee Beero cBAsaH JABapA Tennep,
«OTeL» BOAOPOAHOH 60MOBL.

Mexay npouum, uMeHHO Testep B 1950-e IT. CBHAETENBCTBO-
Baj nepej KoHrpeccoM, 4to Pobepty OnnenreiiMepy, BO3MaBIsB-
1eMy A0 3Toro MaHX3TTeHCKUI NMPOEKT, Helb3A JOBEpUTh Aaslb-
Helwyro paboTy Haj BOAOPOAHOH GoMO0H H3-3a ero MOMHTHYECKUX
B3rAaoB. [okazaHua Tesiepa npuBeny k ToMy, 94To OnnmeHreiimMep
BBUT OTIOPOYEH M JIMLIEH OMYCKa K CEKPETHBIM MaTepHanaM; MHO-
riie BUZHbIE PHIHMKKU TaK M HE CMOITIH TPOCTUTE 3TOTo Tesnepy.

(Mou cobcTBeHHBIE KOHTAKTH ¢ Te/lepoM HA4aauch elle B
CTAPIIMX KAaccax KOsl fl Torla npoeesn cepyio BKCMEePHUMEHTOB
Mo NPHPOie AHTUMATEPHH, BBIMTPajl IMIABHBIA MPHU3 HA HAYYHOIM fAp-
Mapke B CaH-PpaHIMCKO M NMoe3AKy Ha HallmoHanBHYI0 HayuHYIO
ApMapky B Alsbykepke, mTar Hbio-Mekcuko. Bmecte ¢ Teanepom,
KOTOPGBII BCeTZa YAIAI BHUMaHKe TATaHTIHEBIM MOJIOABIM QH3N-
KaM, 8 IPUHAT y4acTe B nepejiaye MecTHOrO TeneBuzenus. [1o3-
ke A noayur ot Tesnepa HHXXeHEPHYIO CTHNIEHAWIO UMeHH [epila,
KOTOpas MOMOIj1a MHe OIIaTUTh obyuenue B 'apBapae. Heckonb-
KO pa3 B roz, 1 e3Ann K Tesutepy Aomoli, B Bepkau, ¥ TaM AORONBHO
$JTU3KO TIO3HAKOMMJICH C ero CeMbeH. )

[TpuHUMNANBHO PeHTTeHOBCKUH Jasep Teiuiepa mpejcTas-
ageT coboil HeGoAbIYIO AAepHYI0 H0MOY, OKPYXEHHYIO MeJHBIMH
CTePXHAMM. B3puiB AAepHOTO OoeTpunaca NopoxJaeT cdepuye-
CKYIO B3PbIBHYIO BO/HY MHTEHCHBHOI'O PEHTT€HOBCKOTO H3Tyde-
HHA. ITH Jy4M BEICOKOH 3HEPTHH NIPOXOAAT Yepe3 MeJHble CTep-
HM, KOTOPBIC UTPaKOT poab pabouero Tena naszepa U GOKYCHPYIOT

-
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OHINKA HEBO3MOHHOTO

3HEPryI0 PEHTTCHOBCKOTO M3/y4eHd B MOIIHbIE [y4ukU. [Toay4eH-
Hble PEHTTE€HOBCKHE TyYH MOJKHO 3aTeM HAIPAaBHTb HA BpakecKHe
6oeronoBky. KoHneyHo, Takoe yeTpoHCTBO MOMHO HCIOJIb30BATDH
TOALKO OJIMH Pa3, MOCKONBKY SIIEPHEIH B3PHIB [IpHBEJET K CaMo-
paspYIIEHUIO PEHTIeHOBCKOTO 1a3epa.

[lepeoe HCIBITAHHE pPeHTTeHOBCKOTO faszepa, NOMyYMBLIEE
Ha3BaHHe «recT Kabpa» (Cabra), 6su1o nposeneso B 1983 . B noa-
3eMHOH WaxTe Hbia B3opBaHa BogopoAHas Somba, a 3aTem beco-
PAACYHBIH TTOTOK PEHTIEHOBCKOIO U3NYUIEHUA OT Hee ObLT chOKy-
CHpPOBAH U NIpeBpaileH B KOrePeHTHLIH PeHTIeHOBCKUHN JTa3epHblil
ny4oK. [lepROHaYaIBHO HCTIEITAHUA OBUTH MTPH3HAHHI YCIIEIIHEIMH;
daxTHdecKy UMeHHO 3TOT yenex B 1983 1. BAOXHOBWA Ipe3ujeHTa
Pejiraia Ha UCTOpPHYECKOE 3adBIE€HHE O HaMepeHHH NOCTPOHTH
060pOHKTENBHEIH MUT B3 «3Be3IHEIX BOHH», Tak Ohia 3anynieHa
MHOTOMHJIIMapAHas IporpaMMa CTPOUTENbCTBA CETH YCTPOHCTS,
noZ0e0HBIX PEHTTeHOBCKIM J1azepaM ¢ AAepHOM HakadKoi, /s cou-
BAHHA BPAKECKUX MEXKOHTHHEHTANbHEIX OAUTHCTHIECKHX PAKET.
PafoTs! 10 3TOH MporpaMme MpoacmKaoTea M cerojns. (Tosxe
BBIACHMIOCh, YTO JAATYHK, NMpejHasHAYeHHLIH AA PEerHCTPaLiH
W M3MEPEHHA M3/Iy4eHUA BO BpeMs HCTOPHYECKOTO HUCHBITAHHA,
OB paspylleH; TAKUM 06pa3oM, ero MoKa3aHHAM AOBEPATh OBUIO
HeAb3A.)

Mo:KHO JH Ha caMmoM jejie cOHBATh HOEroJ0BKH OalAMCTH-
4eCKMX pakeT NPY MOMOIUHN TaKOTo HETPUBMAMLHOTO YCTPOACTRA?
He nckmodero. Ho He cnezyeT 3a0bIBATh, YT0 HEMPHATENb MOXET
IpYJyMaTh MHOXKECTBO IIPOCTBIX ¥ HEJOPOrUX cocob0B HeHTpanu-
3aLKH 10A06HOTo OpYHHUS (Tax, MOXKHO GsU10 661 06MaHYTE pajiap,
BBEINTYCTUB MIUTHOHHL ICIICBHIX JIOMKHEIX LieAel; Wik NpuaaTs Ooe-
rO/IOBKE BpallleHue, YTobkl paccesTh TAKUM 06pasoM PeHTTEHOB-
CKOe H3JyueHHe; WIH IPHAYMATh XHMHYECKOe NOKPHITHE, KOTOPOE
3aIIMTHIO 6B BOETONOBKY OT PEHTTEHOBCKOrO Iy4a). B KOHIIE KOH-
IIOB, IIPOTUBHHK MOT OBl TPOCTO HANAAUTH MACCOBOE IIPOU3BOACTBO
60€ronoBoK, KOTopble IPOGMIK GBI LUT «3BE3FHBIX BONH» IPOCTO
3a CYeT CBOEro KOMMYeCTBa.
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GA3EPHI M 3BE3NLI CMEPTH

HoaToMy peRTTeHOBCKHE JTa3ephl ¢ AACPHOR HaKavykoil Ha JaH-
HBIH MOMEHT He B COCTOAHHKH 3aIUTHTD OT PAKETHOTO HaMa/leHHA.
Ho MoHO /1M co3AaTth HA MX OCHOBE 3BE3JY CMEpTH, CIIOCOOHYIo
YVHHUYTOKHTD LIEYIo IUIAHeTY WIM CTaTh JeHCTBEHHBIM CPeACTBOM
3aITUTHI OT NPUOIMKAIOIIETOCA acTeporaa?

Pusnka 3Be3nnl CMepTU

MOoXHO 1M CO3AaTh OPYKHE, CHOCOOHOE YHHYTOKUTE LIEYI0 TIaHe-
TY, KdK B «3BE3AHBIX BOHHaxX»? B Teopuu oTeeT NpocT: Ja. [Ipuuem
HECKOBKMMU YTAMH.

Ana aHepruM, BhIcBOOOXKZAE€MON TPH B3DHIBE BOLOPOAHOM
60MOGEL, HeT HUKAKUX PU3HYeCKUX OrpaHMMeHHH. BOT Kak 3To 1po-
ncxoaut. (Toapo6Hoe onMcaHKe BOAOPOAHOM GOMOHI JaxKe ceroana
npasHTebCTBO CIIA OTROCHT K BHICIIEH KATETOPUH CEKPETHOCTH,
HO B OOIIUX YepTax ee YCTPOUCTBO LOCTATOYHO XOPOLIO WIBECT-
HO.) Bogopoanas 6omba H3rOTaBIMBAeTCA B HECKOABKC DTAMOB.
O6BbeAHHUB HYKHOE KOJMHYECTBO 3TAMOB B HaJJEXAIIEH NOCIes0-
BaTETbHOCTH, MOXHO NOAYIHTh AZepHyI0 HoMOy mouTH 060K Ha-
nepez 3a\aHHOH MOLIHOCTH.

[Teperlit 3Tan - cTaHAApPTHAA HoMba HA peaKiuH Ae/IeHHHA,
uny atoMHadA Gomba; B Hel SHEprua ypaHa-235 HCIOAb3yeTcs
AJiA TeHepalMK BCILIECKA PEHTTEHOBCKOTO M3JTYYeHHA, KaK 3TO
npoH3ono B XHpocHMe. 3a A0MK CeKyHABL A0 TOTo, KaK B3DHIB
aTOMHOU 60MObI pa3HeceT Bce B KIOULA, TOSBIAETCH pacUiupAIo-
manaca chepa MOLIHOTO PeHTTEHOBCKOTO HMIYABCA. JTO Hadyye-
HHe o0roHser co6CTBeHHO B3pHIB (TaK KakK ABMKETCA CO CKOPO-
CTBIO CBeTa); eT0 yCreBaloT cHOKYCHPOBATh 3aHOBO M HAIIPABHTh
Ha KOHTeHHep ¢ AeMTepHAOM NHUTHA ~— AKTHBHEIM BEIECTBOM
BOAOPOAHOH 60MOH. (Kak MMeHHO 3TO AenaeTcss — Bee ellle Tocy-
JapCcTBeHHas TalHA.) PeHTreHOBCKOe HalyYeHHe NajaeT Ha geit-
TEPHJ JIUTHA, 3aCTaBAsAET €10 MTHOBEHHO CKAaThCA M DAa3orpeBaeT
A0 MHIIMOHOB TPafyCoB, BEI3EIBas TEM CaMbiM BTOPOH B3pHIB,
ropasao MolllHee [epBoro. BeIjleck PeHTTeHOBCKOTO M3/Ty4eHMA,

-
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BO3HHKAOWMH MPH 3TOM BTOPOM B3pBIBE, MOXHO 3aTEM [epe-
$OKyCHPOBATh Ha BTOPYIO MOPLMIO AeHTEPHAA THTHH W BLI3BATh
TpeTUd B3PHIB. BOT npuHuuII, B COOTBETCTBHH € KOTOPBIM MOJKHO
IOMECTHTD PAAOM MHOXECTBO KOHTEHHEPOB C ACHTEPUAOM JIHTHA
¥ OAYYHTE BOAOPOAHYI0 6oMOY HeBOOOpasumMoi MoHOCTH. Tak,
caMoH MoLIHOH 60MBOH B HCTOPHH YeN0BeUecTBa ObLIa JBYXCTY-
leH4aTas BogopoaHas 6omb6a, KOTOPYIO B3opeas B 1961 r. Coser-
ckHi Coto3. Toraa MpoOK30IIEN B3PHIB MOIHOCTEI0 50 MJIH T B TPO-
THIOBOM 3KBHBAJIeHTe, XOTA TeopeTHvyeckH ata Gomba ciocobHa
6bl1a AaTh MOIHOCTE Gomee 9eM B 100 meraTOHH TPOTHIA (4TO
npumepHo B 5000 pa3 Gonpme MouHoctd 6oMOH, cOpomeHHOH
Ha Xupocumy).

Onnako i BOCIVIAMCHEHHUA [eIoH IIaHeThl HYXKHBI COBCEM
Apyrue MOIHOCTH. [t sToro 3Be3se CMepTH MPULLIOCH OBl 3amy-
CTUTB B KOCMOC TBICAYH TAaKUX PCHTTEHOBCKUX JIa3epoB, KOTOPhIE
3aTeM AO/DKHBI ObUTH GBI BHICTPEIMTH 0/lHOBpeMeHHO. (JinA cpas-
HCHHA CKAXKeM, YTO B pasrap XoJIogHO BoiinH CoeauHennble 1ITa-
Tel U CoBeTckuit Cotos Hakonumu npuMepHo mo 30 000 saepHbIx
Hom6.) CyMMapHOil JHEPIHI TAaKOTO IPOMAZHOTO YHCIA PEHTre-
HOBCKMX JIA3€¢POB XBaTUAO ObI, YTOORI BOCIUTAMEHHTD IIOBEPXHOCTD
mwiaHeTH. IloaToMy lanaktuveckas umnepusa Gyaylero, oTcrod-
IasA OT HAaC Ha COTHH THICAY JIET, CMOIVIa Obl, pa3yMeeTes, Co34aTh
TaKoe Opy:kHe.

JUIA BEICOKOPA3BHTOH LMBUAM3ALHH €CTh M IPYTOH MYTh: CO3-
JAaTh 3BE3y CMEPTH, KOTOpas Obl UCTIONb30BANA IHEPIUID KOCMH-
4eCKOr0 MCTOYHHMKA FaMMa-BCIUIECKOB. OT Takoil 3Be3zibl cMepTH
vcxoAwia Obl BCTBINIKA M3JIyYEeHUWS, [0 MOUHOCTH VCTYTAloNas
TONABKO DoJbIIOMY B3pHIBY. MCTOYHHKH ramMmMma-BCIUIECKOB — 3TO
NpUPOAHOE ABICHUE, OHH CYIECTBYIOT B KOCMOCE; TEM HE MeHee
BIIOJIHE NIpeJCTaBUMO, YTO KOTAA-HHOYAL pa3BUTasd ITMBHIHM3ALMA
cMoxeT 00y3JaTh Ux rPOMajHyIo SHepruio. He HCKIOUEeHo, yTo
€CJIM B3ATE [10/| KOHTPOJIb BpallieHHe 3Be3/Ibl 3310710 10 €€ KOJUIANCa
Y POX/ICHAA TRIEPHOBOH, TO MOXHO Oy/ICT HAMPABUTE «BBHICTPE»
HCTOYHHKA raMMa-BCIUIECKOB B JIIOOYIO TOUYKY MPOCTPAHCTBA.



GA3EPHI H IBE3NBI CMEPTH

HMcTouHMKY raMMa-BCILIECKOB

KocMHYeckie MCTOUHMKH I'aMMa-BCILIECKOB ObUIH BIIEPBEIEC 3aMe-
YyeHH B 1970-X IT. Ha 3anyHIeHHHIX aMePUKaHCKUMH BOEHHBLIMH
CIIYTHHKAX «Bena» (Vela), npeagHasHauyeHHEIX A1 oOHapyXKeHHs
«TMUIHHX BCIIHIIEK» — CBUAETEIbCTE HE3AKOHHOTO B3pPBIBA AAEp-
HoH 6oMOb. Ho BMECTO BCIBIITIEK HA TIOBEPXHOCTH 3EMIH CIYTHHKH
3apPEerucTPHpPOBAIH THTAHTCKYE BCIUTECKH HM3IYYeHHA U3 KOocMoca.
[leppoHaYanbHO HEOKUAAHHOC OTKPHITHE BHI3BAN0 B [[eHTaroHe
HACTOALIYIO NTaHUKY: Heyxenrn COBeTH UCIBITEIBAIOT HOBOE AZep-
HOE OpyXHe B flanbHeM KocMoce? [losKe 6bUIO yCTaHOBNEHO, YTO
BCILIECKH NOCTYIIAOT PABHOMEDHO CO BCCX HaNpaBaeHHH HebecHol
cpephl; 3TO 03HAYAIO, ITO HA CAMOM JEJ1€ OHM TPUXOAAT B [AIaKTH-
Ky Maeuntiit ITyte ussHe'. Ho, eciin IpeAnoNnoXUTh AeHCTBUTEb-
HO BHETaNaKTHYeCKOE IPOUCXOXKAEHNE BCIUIECKOB, TO MOLIHOCTD
X TOJly4HTCH TIOUCTHHE ACTPOHOMHYECKOH — Be/lb OHH CIOCOBHEL
«OCBETHTb» BCIO BUAHMMYIO BCEIEHHYIO.

IMocne paseana CoseTckoro Coroza B 1990 r. [leHTarox He-
OXUAGHHO PACCEKPETH TPOMAJHOC KOJHNIECTBO ACTPOHOMHYECKHX
JAaHHBIX". ACTPOHOMBI SBUIM NMOpaeHhl. OHM BHE3ATIHO MOHSIM,
YTO IlepeJ] HEMH HOBOE 3araZloyHoe ABJIeHKe U3 TeX, YTo 3acTab/d-
10T BPpeMA OT BPEMEHH TIePENHChBaTh y9eOHUKY H CIIPABOYHHKH.

[TpoAOIKHUTENLHOCTD I'aMMa-BCIUIECKOB HEBEIMKA U COCTAB-
JISIET OT HECKO/IBKUX CEKYHA 0 HECKOABKHX MUHYT, IO3TOMY A/ HX
obHapyxeHUs M aHaTM3a HeoOXoAuMa TIATENLHO OPraHU30BAaH-
Has CMCTeMa JaTYMKOB. CHauana CyTHHMKY PETHCTPUPYIOT BCILUTECK
raMMa-M3JayueHMs 1 [IOCEUIA0T Ha 3eMILI0 TOYHBIE KOOPAWHATLI HC-
TOYHHKA. [lomyueHHBle KOOPAXWHATEI NepefarTcsd Ha ONTHYeCKHE

! ToyHee — YTO ramma-BCILIECKH He CBA3A HE €O CTPYKTYPOH Hamed ManakTukn
H TIO3TOMY NPOHCXOAAT AHG0 cpaBHUTENBHO GIIH3KO OT Hac, "ub0 Ypeansiyaii-
HO zaseko. /loKasalebCTRO TOrD, 9T0 MCTOYHHMKY IAMMAa-BCIIECKOB Y18 Hb
OT HaC Ha MHAIHAPAB] CBETOBBIX JIET, BBLIO 01y Y€HO TONLKO B 1997 r. — [Ipunt.
nep.

? Cospercknfi Colos pacnainca B 1991 r., & mepead nNyGauMKalMa [o TaMMa-
BCIJIECKAM MOABUNAChE B 1973 r. ¥ onuckiBasia 16 TaKUX aApaeHK, Hab1004 8-
UIHXCA B REPHOA ¢ HIoAA 1969 r. o nioab 1972 T. — ITpum. nep.
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WIH paJHUOTENECKOIIbl, KOTOPHE, B CBOIO O4epels, HABOAATCA Ha
YKa3aHHY TOuKy HeGecHo# cdepsl.

XOT#i B HACTOANIMI MOMEHT O raMMa-BCIUIeCKax H3BECTHO Ja-
JIEKO He BCE, OAHA U3 TEOPHH MX MPOUCXOKAEHUA [IACHT, YTO UC-
TOYHYKH FAMMAa-BCTLIECKOB — «THIICPBOBBIC» HEOObIMAMHOM CHTh,
OCTaBAAIHE NocTe cefs MaccHBHBIE YepHEIe ABIPLL. B aTOM Ciy-
Yae HoAy4yaeTcs, 9T0 HCTOYHHUKH raMMa-BCILIECKOB — YyA0BUUIHEIE
YepHbIE ALPE B CTaAVK GOPMHEDOBaHHS.

Ho yepHBIe ABIPH HCIYCKAIOT ABA HKETa, JBa IIOTOKA M3Jy-
YEHHA, H3 HOXHOro NoJanca H U3 CEBCPHOr0, KaK Y Bpallalomerocd
BONYKa. ManydeHue raMma-BcIiecka, KOTODEI Mbi PerdCTpHpY-
€M, HPHHAICKHT, 04EBH/IHO, OAHOMY M3 3THX MOTOKOB — TOMY,
KOTODbIH OKA3a/Ca HalpaefeH B cYOopony 3emau. Ecan 611 noTox
ramMma-u3Jy4eHus oT Takoro HCTOYHMKA OKadascs OBl HallpaBieH
TOYHO Ha 3eM10, a CaM UCTOYHHK HaxoJWicA Ob1 B HALIEH ralaKkTH-
4ECKOH OKPECTHOCTH (Ha pacCTONHUN HECKOJIBKHX COTEH CBETOBBIX
JET OT 3eMJIN), €70 MOIIHOCTY XBATHNO OB, Yr0ObI MOTHOCTHIO YHU-
YTOXUTE )KU3Hb Ha HAIllEH TIaHeTE,

CHavaja 3JeKTPOMATHUTHBIH WMIIYABC, CO3JAHHBII peHTTe-
HOBCKUM H3Ty4eHUEM OT UCTOUHHKA raMMa-BCILIECKOB, BuiBeI Obl
H3 CTPOsi BCE MIEKTPOHHOe 0bopyAoBaHKe Ha 3emne. MonTHeiH ayy
PEHTTEHOBCKOTO M raMMa-H31y4eHus HaHec Obl 3eMHOH aTMochepe
HENONPaBUMEIA Bpejt, YHHYTOXKUB 3alIMTHEIH 030HOBBIH C/0H. 3a-
TEM [O0TOK raMMa-H3ajayueHHd pasorpel Obl MOBEPXHOCTh 3eMIH,
BbISEAB YyAOBHILHEE OTHEHHBIE 6yPH, KOTOPbIE CO BpEMEHEM OXBa-
THIH Obl BCIo IWIaHeTy. MoxeT ObITh, MCTOYHMK raMMa-BCIVIECKOR H
He B30pBaL OBl IU1AHETY, KaK M0Ka3aHo B puibMe «3Be3JHBIE BOW-
Hbl», HO HAaBePHAKA YHHUTOKU 6B Ha HEl Bee JKUBOE, OCTABHB I10-
crte cefs1 06YrIeHHYI0 NYCTHIHIO.

MoxHO HpPeANnONIOXKHTb, YTO LUMBWIH3ALUA, ONEpeJUBIIAfd
Hac B PasBUTHH HAa COTHA MWLUIMOHOB JIeT, HAyUUTCA HaMpaBIATh
07100 HbBIE YePHEIC ABIPHI HA KETAeMYO LieJlb. ITOT0 MOKHO JOOHTD-
A, €C/IH HaYYHThCA YIIpaB/IATh ABWKEeHHEM [UIaHeT U HeHTPOHHBIX
3B€3/] H HapaBaAATb HX B YMUPAOIIYIO 3BE3JY IO/ TOYHO PacCyH-
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TaHHEIM YTIOM HEMOCPE/CTBEHHO nepes KoanancoM. OTHOCHTEb-
HO HeBonbmux ycuwmit 6yaer Z0CTaTOYHO, 9TOOL OTKJIOHHTE OCh
BpallcHHA 3BC3AB H HALIETHTh €€ B HYXHOM HanpaBleHud. Tor-
Ia YMupalowas 3Be3Aa MpeBpaTHTCd B caMylo GONBINyI0 JAyUeBylo
IIYILIKY, KAKY10 TO/IbKO MOXKHO IIPEACTABHTD.

[TogBegem uror, MICTIONb308aHMe MOIIHBIX /1a3€pOB AJA CO3-
JaHuA TOPTaTHBHOTO WK PYYHOTO JY4eBOr0 OPYKHA M CBETOBBIX
MedeH clegyeT OTHeCTH K | Knaccy HEeBOSMOMKHOCTH — IO BCel
BHAMMOCTH, 3TO CTAHET BOSMOKHEIM B HeJATEKOM OYIVIIeM MWIH,
CKaxeM, B Ompkaiimue cto net. Ho upe3Bbl9alftHO CI0KHasA 3afada
HalleIMBAHUA BPaWaoleiica 3eap! tepes; B3APLIBOM H IIpeBpalle-
HHEM ee B YepHYIO JRIpY, T. . IpeoOpa3oBaHue ee B 3Be3Ay CMEPTH,
AODKHA pacCMaTpPUBATRCA KaK HEBO3IMOXHOCTE I Kiacca — HeyTo,
4TO He [IPOTHBOPEYMT SBHO 3aKOHaM (M3HKH (Bedb HCTOYHHMKH
raMMa-BCIUIECKOB CYHIECTBYIOT B DeajJbHOCTH), HO MOXET OBITh
pP€alA30BaHC TOABKO JAJICKO B 6Y,£[YH_'[EM, Hepe3 TeICAYH WIH Jaxe
MWUIMOHBI JIET.
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[TpexpacHo, YTG MBI BCTPETHIHCE C MapaAckcoM. Temeph MOXKHO HAARATLCA
Ha NPONBHXKEHHE BICPES,.

Huaec Bop

KanuTaH, f e He MOTY MEHATb 34KQHBL GU3nKa!

CKOTTH, TTaBHEIA nuXKeHep B cepuase «3Be34HEE Oy Te»

Tenenopralus, WM cnocobHOCTE MTHOBEHHO NepeMelaTh Moaei
H NIpeJMETHL M3 OAHOrO MECTa B APyTOe, — 3TO YMEHHE, KOTOpPOe
MOJKET M3MEHUTD HATIPaBAeHUE PASBUTHA LIMBUIM3ATIMY U ITOBMMATh
Ha Cy/ib0BI CcTPaH U HapoAoB. Tak, Tejenopranus pa3 v HaBcerja
W3MeHuAa Obl IPHHITMAB ¥ TPABWJIA BEJCHUA BOHHEL: BIajIed 3THM
HCKYCCTBOM, BOERAYANLHUKN MOITH Bl MIHOBEHHO 3aKHABIBAThH
BOMCKA B THUI TIPOTUBHUKA WM TIPOCTO TENETIOPTUPOBATE BPaKe-
CKOE PYKOBO/CTBO B YA0OHOE MECTO U 3aXBaTHTh e€ro. TpaHCIOpPTHas
CHCTEMA CETOHANIHErC JHA — aBTOMOOHIH, Kopafnyu, CaMOAeTh 1
HEJIE3HBIE JOPOTH BMECTe C 0BCTYIKHBAIONIMMH HX MHOTOYKC/IEHHBI-
MH OTPACIAMH IIPOMBILUTEHHOCTH — Cpa3y yeTapesH Obl; MEL MOIIH
OBl IPOCTO TETETIOPTHPOBATHCA M3 AI0MA Ha paboTy M MTHOBEHHO
IIePeKH/IBIBATE TPY3H M TOBAphl B HYx)HOe MecTo. OTrycKa mepe-
CTaM 650 OBITH IPOOIEMON — MBI JIETKO TENENOPTHPOBAIHCH ObI
LPSAMO K MecTY OTABIXa. TeJlenopralusa H3MeHnaa Obl BCe.

Camble paHHHe YNOMHHAHHA O TENEMNOPTAlMH MOXKHO obHa-
PYXHTh B PeJIHCHO3HBIX TEKCTAX, HAMPUMeD B BUOAHM, re AyxXM
TO M AEJ0 IEPEHOCAT AI0keil ¢ Mecta Ha Mecto. K mpuMepy, ato

—
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MecTo H3 [flesHuit aroctonos HoBoro 3apera mpeAmonaraert, 1o
Beelt BUAUMOCTH, TenenopTaunio ®uwnnma us ['ask B A3ot. «Koraa
e OHH BHIIUIH W3 BOABL, Jyx CBATHIH colues Ha eBHyXa, a Pyaun-
na pocxutua AHres locniofgess, M €BHYX YKe He BUAE €ro | Tpo-
JAOMKaI NyTh, paayack. A PuinNI oKa3aacAd B A30Te H, IIPOXOA,
G1aropecTBOBAN BCEM ropoZaM, Ioka npuinel B Kecapuio» (Jles-
HuA 8:39-40).

Tenenopranua — cpeau MPOYUX TPIOKOB U WUTHO3UH — BXOAWT
B pellepTyap mo6oro Mara: KpOJHKH U3 IJIATH, KApTH H3 PYKABa,
MOHCTHI K3-3a YXa HMYETO HE NOAO3peRaollero spurend. OauH U3
CAMBIX BIEYATIAIOIIKX TPIOKOB HEJABHErO BpEMeHH — MCuYe3HOBe-
HHE CJIOHA Ha [Ma3ax M3yMAeHHOMN ayJuTopHH. BHIIAAWT 210 Cie-
AYIOIMM 00pasoM. [MraHTCKOTO CI0HA BECOM B HECKOJIBKO TOHH
IIOMEMAI0T B KAeTKY. B3Max BoineOHOH Maio9ky — H €I0H Heye-
3aeT, K HeMajoMy uaymaeHH nybanky. (KoHedHo, Ha caMOM fiesie
CI0H HHKyAa He AepaeTcA. TPioK ocyllecTBIAeTCA NPH IOMOLH
3epxasl. Knerka, B koTopy NOMenanT CIOHA, He mpocTas. [Tozazn
Kay/IOTo NPYTa HMeeTeA 3€pPKa/lo — UIMHHOE Y3KOE BEPTHKAJIBHOE
sepxano. Kaxzoe 13 3THUX 3epKaJl MOXKeT IOBOpauHBATHCH BOKPYT
BEPTHKAJIbHOH OcH. B Hayane HOMEpa, KOTAa 3epKaia pa3BePHYTHI
Tonepex ¥ KaK Obl CIIPATAHE 32 NPYTLAMH KJIETKH, 3pUTEIAM UX He
BH/IHO — 3aTO BHAHO CIOHA B KeTKe. 3aTo KOTAa 3epkaja Mo Ko-
Man/e WUTIO3HOHHCTA IOBOPAYMBAOTCS W BCTAIOT MOA YoM 45° K
ayaAUTODHH, H3YMICHHBIM 3PUTENIAM 0CTaeTcA TONbKO BIVIAAbIBATE-
cA B OTpakeHHOoe H3006paeHHe OHOKOBOH CTeHKH KJIETKH, 3a KOTO-
POH HEeT HUKAKOr'o CJI0HA.)

Tenenopralius 1 HayYHas (paHTACTHKA

MepBoe YIOMHHAHKE O TEJIENOPTAIHK B HAy4HO-PaHTACTHYCCKOM
IIPOM3BEACHUM MBI HAXOAUM B pacckase 3aapaa [leimka MuTtuen-
na «Jenopex Hes rena», onybauxosannom B 1877 r. B atoM pac-
cKase HEeKHH y4eHBIH OTKpbu CTocod pa3obpaTh KOMIKY Ha ATOMBI
4 nepeAars UX no TenerpadHeIM MpoBojaM. K HecyacTsio, B TOT

91



I

®U3HRA HEBOZMOMHOID

MOMEHT, KOIZ[a yYeHBII IBITaICA TelelIOPTUPOBAThCs caM, [IpeKpa-
THJIOCh 3JIEKTPONIUTAHWe. B pe3ynbraTe YCIEIIHO TeNenopTHPOBA-
JIACh TOJILKO ero TojIOBa.

Cap Aptyp KoHau [oitn, cosfarens 3HameHHToro [lepnoka
Xommca, 6611 6YKBAIBHO 04APOBaH WAceH TeMenopTaui. Hamycas
60MBII0E KOMMYECTRO JeTEKTHBHBIX PACCKA30B M POMAHOB PO [TPH-
Ktoyennd Illepaoka XoaMca, OH yCTal OT CBOErD Iepod i B KOHIE
KOHLIOB IPHKOKYUI €70, 3aCTaBHB BMeCTe ¢ npodeccopoM Mopuap-
TH YIACTL B yilesibe ¥ Peiixenfaxckoro Bogonaga. Ho poamyienne
YUTATEMCH OKA3aa0Ch CTOMR Beauko, 4ro JoRTy NpHIIIOCE BOC-
KpecuTh ceimpka. OKa3aBLIMCh HEe B COCTOAHMHM H30aBHTHCH OT
[Meproxa Xommca, Join BMeCTO 3TOTO PENIMI CO3AaTh COBepLIeH-
HO HoBOTO repod. VM cran npodeccop YeswieHaxep, TpaKTHYECKH
aBoHHWK XonMca. 00a repos obIagani oCTPHIM YMOM ¢ Habniona-
TEABLEOCTEIO K AI00IITH pasraasiBaTe 3araaxd, Ho eciu Xoame pac-
KpbIBaJl 3allyTaHHBEIE KPUMUHAIBHEIE Aefa IIPH TTOMOITH X0MOAHOH
AeAyKTUBHOM JIOTHKH, TO NTpodeccop YeeH/Kep HCCTeAOBAT TEM-
HBIH MHp CHHUDHTYA/IU3Ma K IaPaHOPMAaNbHEIX ABNE€HHH, BKIIOYan
H TeJIeNoPTanMIo.

B pomane «/esHHTerpanMoHHAas MallMHa», ONYONMKOBaH-
HOM B 1927 1., ipodeccop 3HAKOMHTCA ¢ H306peTaTe/leM MalTUHBI,
cnocoOHoM pa3obpars YenoBeka, a 3aTeM cofpaTh €ro 3aHOBO [je-
HUOYAP B ApyTom MecTe. Ho saTeM H300peTaTens XBacTIUEO 3a7B-
JISIeT, UTO B AyPHBIX PYKAX €0 MAlllKHA MOKET 10 HAXKATHIO KHOTIKH
YHHUYTOXATh UeApe ropoja ¢ MWUIHOHaMH xkuTeneit. [Ipodeccop
Yenneumxep B ykace. PoMaH 3aKaHYHBAeTCS TEM, MTO OH NPH II0-
MOIIY MaUIMHK pa3bupaer H3obperarena U MoKHaeT Jabopato-
P10, «1103a6bIB» coOpaTh ero 3aHoBO.

HemHoro nosxe TeleNopTauyio OTKPbUI 414 cebd u Fomnm-
ByA. Bermeamuii B 1958 r. ¢uneM «Myxa» HaAZHO AEMOHCTpPH-
pyeT, YTO MOXeT NMPOU30HUTH, eCu MPOoUece TeACoPTallut ROoH-
7ieT HenpasiiabHo. Hexnit yYeHBIH yCIICIIHO TeNeNopTHpPYeT cels
B NipeAe/lax KOMHATH, HO MO HECYACTHOH CIYYaHHOCTH ero aTOME!
NEPEMENIMBAIOTCA C aTOMaMH MyxH, CIy4alHo MOnaBIled B Tee-
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TIOPTAI[MOHHY10 TabopaTopyio. B peayibTaTe yueHbIH NpeEpaLIaeT-
€A B IPOTECKHOE Yy/I0BUIE — NOJy4eoBeKa, NoxyMyxy. (B 1986 .
Ha 3KpaHbl BRI peMeiik aToro duabma ¢ [pkeddom Fonabaromom
B IIZBHOH DOA.)

Cepuas «3BE3AHBII MYTh» CAENAT TENeNOPTALMIO 3aMeTHBIM
ABNEHHEM MAcCOBOM KyabTypbl. Ero cozaarents xuH Pogaenbep-
PH BBIHYXJEH ObUI BBECTH TEJACNOPTALMIO B CIOKET, NOCKOJIBKY
OIO/DKET CTYAUHU Paramount He NPEAYCMATPHBAI JOPOTOCTOALMX
crerpdderTon, CBA3aHHLX C KMHTALMER CTAPTA M MOCAAKH PaKeT-
HBIX KOpabael Ha 3eMiIe U OTAaNIeHHBIX IUTaHeTax. Jeinesie Gbi10
MPOCTO NEPEJATh DKUNAXK «JHTepHpai3a» K MecTy Ha3HauyeHHA
o AyYy.

3a npolue e JeCATHIETHA YYeHBIe YCIeIH BbICKA3aTh MHO-
*KECTBO JOBOJOB B [0/Ib3Y TOT'O, YTO TEAENOPTALUA B IPUHIMIIE He-
BO3MOAHA. YToOb! TeNenopTHPOBATD YEMOBEKA, BBl ZOIKHBI 3HATh
TOYHOE PacIOIOKeHKe KaKA0ro aToMa B XKMBOM TeJle — a 3T, Be-
POATHO, HAPYWWIO Ou IPUHLIME HeoupeaeneHHOCTH [elizeHOepra
(koTOpHI YTBEPXJAET, YTO HEBO3MOKHO OJHOBPEMEHHO 3HATh
TOYHOE [ION0KEHHE B CKOPOCTh ACKTpoHa). [Ipoaiocephl «3pea-
HOTO MMYTH», CKIOHAACH Hepes KPHTHKaMH, YCTAHOBWIA B Teje-
TIOPTauOHHON KaMepe «KoMneHcaTopul [eilzenbepra» — MOXKHO
NOAYMAaTh, YTO 3AKOHDI KBAHTOBOH HU3HKH MOXKHO OBLTO OB HCIIPa-
BHTh IPH NOMOIIH KAKOT0O GH TO HU OLUIC JOTOIHUTENLHOT'0 BJioKa
B ycTpolicTBe renenopra! Ho okasbiBaercs, cozaateny QuabMa Bo-
061Ile NOTOPONIINCE C BBeJeHHueM «KoMneHcaTopos I'elisenbepras.
BO3MOXHO, y4€HbIE€ ¥ KPUTHKH IIPOLUIBIX JIET BCE KE OWHDATHCE.

Tenenopranys ¥ KBaHTOBAA TEOPUA

B paMrax Teopuu HpioTOHA TEJIETOPTAINA OTKPOBEHHO HEBO3MOXK-
Ha. 3akoHb HploTOHa 6asHpPYIOTCA Ha TIpeACTaBAEHHH O TOM, 4TO
BELIECTBO COCTONT M3 KPOIIEYHLIX TBEPABIX OWILAP/HEIX APHKOB.
OO6Bex T He IPUXOAAT B ABIDKEHHE, eCITH MX HE TOIKHYTE; 06 BeKTH
He UCYe3ar0T BHE3ANHO K He MOAB/AIOTCA 3aHOBO B PYrOM MECTE,
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Ho B xBaHTOBOKM Teopuu uHacTHub CHOCOOHB HPOJENBIBAThL
HUMeHHO TakHe ¢oKych. 3aKoHH HBEIOTOHA IPOAepKaNuch y Baa-
cTH 250 neT ¥ Gpuiu ceepruyTel B 1925 r., koraa Bepuep [eitzeH-
Oepr, OpeuH [lIpéguHrep U UX KOUIETH Pa3pabOTaNH KBAHTOBYIO
TEeOpHI0. AHATM3UPYA CTPAaHHBbIE CBOHCTBA aTOMOB, QHM3HKH 0O-
HapyXXWIH, 4To 31eKTPOH BedeT cebd KaK BOMHA M B KayLlencs
Xa0THYHOCTH CBOETO ABMKXECHMA BHYTPH aTOMA MOXET COBEPIIATH
KBaHTOBHIE CKAYKH,

TecHee Bcero ¢ NpeACTaBICHUEM O KBAHTOBEIX BOMHAX CBS-
3aH BeHcknH ¢uzuk 2piuH Hlpéannrep, cozgatent 3HaMEHHUTOTO
BOSHOBOI'O YpaBHEHHWA, Ha3BaAHHOTO €r0 UMeHeM, — OJHOro M3
BAKHEHIIHX YPaBHEHUH QU3UKH M XUMUH. [[e/ible MHCTHTYTCKHE
KYPCHI ITOCBAMIEHB! pelIeHHIO ITOTO 3HAMEHHTOrO YPABHEHUS; 1ie-
Jble creHbl PUIHIeCKHX GHOMMOTEK 3aHATH KHHUTAMH, B KOTOPBIX
noApobHo Hceaeylores ero mMy6bokue cieAcTBUA. B pHHLAIE Bea
CyMMa 3HaHHH MO XMMHH MOXKET ObITh CBeZleHa K peleHHsAM 3TOTO
YPaBHEHHH.

B 1905 r. DifHmiTeHH nokasan, YTO CBETOBBIE BOJMHBI MOTYT
BeCTH cebs Hanopobye 4acTHLL; ITO 3HAUMT, YTO OHH MOIYT ObiTh
OIIMCAHBI KaK NMaKeThl 3HePIHH, U3BECTHhIE 1104 HazBaHUeM $oTo-
HOB. Ho npumepHo k 1920 r. UIpéavHrepy CTANI0 OYEBHUAHO, 9TO 06-
paTHOE TOX€e BEPHO: YaCTHURI, K IIPUMEDY NCKTPOHBI, MOTYT BECTH
cebs nogobHO BOMHAM. JTY HAEIO IEPBBIM BHICKa3a1 (pPaHLY3CKHI
$uznk Jlyn ae Bpoiib, yAoCcTOEHHBIH 3a 3Ty runoresy HoGeneBckoi
npeMuH. (Mbl B YHHBEPCHTETE HANIATHO AEMOHCTPHPYEM 3TO CTY-
AeHTaM. /g 3TOro Mbl BEICTPeIUBAeM JMeKTPOHAMH B KaTOZHYIO
Jy4eByI0 TPyOKy, B TO4HOCTH TAKYIO, KaK B Te/leBH30pe. INeKTPOHbI
NIPOXOAAT Yepe3 KPOLIEYHOE OTBEPCTHE, TAK UTO Ha DKpaHe Bpoje
6B JOMKHA TIOABUTBCA MaNeHbKAA CBETNAA TOYKA. BmecTo aToro
BHL OBHApyXuTe TaM KOHLIEHTPHYECKHE BONHOOOPasHbIE Kpyry —
TOYHO TaKue, KaKHe MOYXKHO OXUJATh NIPH TPOXOXKAeHHN Yepes OT-
REPCTHE BOJNHBL, A He YaCTHLIBL. )

Kak-to lllpéaunrep yHTan Jekunio o6 3TOM AH0BOMHITHOM
(eHOMeHe. OHH M3 MPHCYTCTBOBABIINX B 3a0e KOUIer-GU3HKOB
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[Tatep Jlebaii 3agan pompoc: «Eiy 1eKTPOH MOXHO OIIHCATh KaK
BOJIHY, TO KaK BHIVIAZUT €r'0 BOJIHOBOE ypapHeHHe?»

C Tex nop kak HrioToH cozgan AuddepeHIaIbHOe HCUHCTe-
HHe, GUIUKH OTUCHIBAITH JIIOOYIO BOTHY Ha A3bIKE JUPPepeHIHAD-
HBIX ypaBHeHHH, noatoMmy llIpéaunrep BoctpuHan Bonpoc Jebas
KaK BEI30B U PelII HanucaTs A depennaapioe ypapHeHHe s
3/IEKTPOHHOM BOMHBL. B ToM ke Mecsare [Hpégunrep yuen B OTIyck,
a BepHYJICA YiKe ¢ TOTOBhIM ypaBHeHHeM, Kak MaKCBeLI B CBOE Bpe-
Ms B3N Gpusnyeckue noita Papages M BuiBes ypasHeHHA Makcpes-
Ja jna csera, Lpéaunrep B3 9aCTHHY-BONHY Ae Bpoins U BbIBen
ypaBHeHue llIp&nKHrepa Ans 3A€KTPOHOB.

(McTOpHKM Hayky NMOTPATWIM HEMAIO YCHIMM, [TBITAAChH BhI-
SICHUTB B TOYHOCTH, TAe ObLT U 4eM 3aHuMancs [1Ipéauurep, Kora
OTKPBUI CBOC 3HAMCHUTOE ypaBHEHHE, HABCEra M3MeHHUBILee CO-
BpeMeHHYI0 Pu3nKy ¥ xuMu0. Okaszanock, uro [péaunrep 6bur
CTOPOHHHUKOM CBOOOAHOM M106BU H Ha OTABIX YACTO €3/IHI C KEHOM
1 mroboBHKMIAMH. OH Takke Besl MoAPoOHEN JHEBHHK, B KOTOPHIA
3aHOCHJ BCE€X CBOMX MHOI'OYMC/ICHHBIX MOOOBHUL H CIOXHBIM
urudpoM 0603HAYAN KAXKAYIO BCTPeYy. B HacTosllee BpeMs CYu-
TAETCH, YTO Te BRIXOAHHIE, KOT/Ia OBLTO OTKPHITO YpaBHEHUE, [1pé-
JUHTED NMPOoBeNT B Anbllax, Ha BIWINe «XepBUI», C OAHOM U3 CBOMX
MO/PYXEK.)

Hayas pellaThb cBOe YpaBHEHME 19 aToMa BoAoposa, [lpéaus-
rep, K HEMaJIOMY CBOEeMY YAUBJIEHHIO, 00OHAPYXKI, YTO JHEPTETH-
YeCKHUe YPOBHU JEKTPOHOB Y2Ke 10 Hero OBUTH TOYHO YCTaHOBJIEHH
U ony®iuKoBabl ApyruMK dusnKkamy. Ilocie 3TOro OH MOHAN, 9TO
cTapas MOAEIb aTOMa, MpUHaATexanias Huascy bopy, — Ta camas,
T/ie BAEKTPOHB HOCATCA BOKPYT AAPA ¥ KOTOPYIO A0 CHX NOP PHCY-
0T B KHUT'AX U PEKJIAMHEIX NIPOCIIEKTaX KaK CHMBOJI COBpeMeHHO!
HAYKH — Ha CaMoM /lefle HeBepHA. KpyToBble OpPOUTH 37IeKTPOHOB
BOKP)T s/Ipa aToMa HeobX0IUMO 3aMeHUTh BOJIHAMH.

MoskHo ckazarth, yTo pabota lllpémuHrepa BeTpaxHyaa ¢u-
3pUeckoe coobimecTso U, T0J0OHO GPONIeHHOMY KAMHIO, TOMXE I0-
poauia pasberawolruecs BOMHBL. OH3HKKM BAPYT 0OHAPYXIIH, YTO

-
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MOTYT 3amMAHYTh HENOCPEACTEEHHO B aTOM, IOAPOHHO HUCCIes0BaTh
BOJTHBI, H3 KOTOPBIX COCTOAT €T0 3MeKTPOHHBIE 0O0OUKH, H TOYHO
NPeACKa3aTh MX SHepreTHUeCKYe YPOBHH.

Ho ocTtaBascd ellie 0fHH BOMPOC, KOTODHIM He JaeT GH3HKaM
MOKOSL Jaxe cerofHA. Eciu 2AeKTPOH ONMMCHBaeTcd KAk BOJHA,
TO YTO Ke B HeM Kosebnerca? OTBeT Ha TOT BONPOC Aan GHHU3HK
Makc BopH; OH cKa3asl, YTO DT BOJHHI NPEACTABAANT coHOi He
YTO VHOE, KaK BOJHAL BEPOATHOCTH. OHU coOOIIAIOT TONLKO O TOM,
C KAKOHM BEPOATHOCTHIO BhI OOHAPYXHTe KOHKPETHHIN 3/IeKTPOH B
olipefie/leHHOe BpeMA B OllpefiesIeHHOM To4Ke. JIpyrHMy CJI0BaMH,
3IEKTPOH — 3TO YacTHIA, HO BEPOATHOCTL OOHAPYKHTE 3TY YaCTH-
iy 3agaercs sosHOM péaunrepa. 1 yeM Bhilie BOJIHA, TeM HombLIe
HIaHCOB OOHAPYXUTH YACTHLY MMEHHO B ITOH TOYKE.

[lonyyaeTcd, 4To BHE3AMHO B caMOM Cepalie GU3HKKY — HayKH,
KOTOpaA Npexe aBajia HaM TOYHbIE peCKa3aiud U noapobHEe
TPAEKTOPHHK JNI0OkIX 0GBEKTOB, HAWHHAA ¢ IWIAHET H KOMET U KOH-
Yad NyIEeYHHIMH SApaMH, — OKa3aJuCh IIOHATHA LIIaHCA U BePOST-
HOCTH.

Teftsenbepr cymen opMasuaoBaTh ITOT GAKT, MPEIOKUB
NIPHHIHI HeONIPEAeJeHHOCTH — IIOCTY/aT O TOM, YTO HEBO3MOKHO
3HATH TOYHYK) CKOPOCTh M TOYHOE IOJNOKEHHE JTEKTPOHA B OUH H
TOT e MOMEHT. HeBo3MOKHO TOUHO ONpe/IeIHTh U ero 3Hepryio B
3a/laHHEIA [IPOMEXYTOK BpeMeHH. Ha KBaHTOBOM YpOBHE HapyIla-
10TCA BCE QyHAZMEHTAIbHbIE 3aKOHBI 3PABOI0 CMEICAA: 3JEeKTPO-
HbI MOT'YT MCU€3aTh U BHOBb BO3HHKATE B PYTOM MECTe, a TaKkxe
HAXOJUTHCA OJHOBPEMEHHO B HECKOJBKHUX MECTaX.

(TTo upoHUHU Cy/ib0B ¥ SHHIUTEHH, KPECTHAIH OTEL] KBAHTOBOM
TEOPHH, MPHHUMABIIUH YYACTHE B PEBOTIOLMOHHBIX NpeobpasoBa-
Husx 1905 r., v HIpéannrep, aBTOp BOAHOBOTO YPABHEHMS, IPHII-
7M. B yAac OT TIOSABJIEHHA CTy9aiHBIX IPOLleccoB B GyHAaMEHTAIb-
HOW du3mKe. JiumTeiiH nHcar: «KBaHTOBAA MEXaHHKA BHISBIBAET
OrpOMHOE yBaeHHe. Ho BHYTpeHHWH rojloc MOJCKAa3bIRAET MHe,
YTO 3TO HE TO, YTO HYMKHO. JTa TeOPUA MHOTOE OOBACHAET, HO e4Ba
Y NpHOMIDKaeT HAC XOTb CKOJBKO-TO K Taiine Bora. [To kpaiinei
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mepe o cebe MOry ckasaTh TOMHO: 1 yOexzeH, 4ro OH He Urpaer B
KOCTH>».)

Teopus leiizen6epra 6r1a peBOMOIHOHHON H IPOTHBOPEYH-
BOit, Ho paboTana. C ee HOMoLIBIO GPU3HKAM YAANOCH OAHHM MaxoM
OOBACHUTL OIPOMHOE YHICTIO 3aTaJl0YHBIX ABTEHUMA, BKAIOYAS 3aK0-
Hbl XUMHH. OGDBACHAA CBOUM aCIHPAHTAM CTPAHHOCTD M IPHYY/TH-
BOCTb KBAHTOBOH T€ODHH, A MHOT/AA MPOHTY HX PACCYATATE BEPOAT-
HOCTBb TOT'0, YTO &TOMbI MX T BAPYT pa3beryrca u cofepyTcs 3aHoBO
10 PYTYIO CTOPOHY KHPIHYHOH CcTeHbl. [logobHaa TenenopTaiuua
3anpelieHa B HbIOTOHOBCKOH (H3MKe, HO HMKaK He IPOTHBOpe-
YHT 3aKOHAM KBAHTOBOH MeXaHMKH. OTBET, OAHAKO, 3aKTI0YAETCH
B TOM, YTO TaKOTO COGBITHA NPHIULIOCH 6B X#AaTh KO KOHIA KH3HK
BCEJIEHHOH 1 Jaxke Aonbime. (Ecii 611 BB IIPH IOMOLIY KOMITBIOTEpA
TIOCTPOMIH rpaduK MPEAVHTepOBOH BOIHOBOH GYHKUMU A cO6-
CTBEHHOI'O TeNId, TO BLIACHWIOCE Obl, YTO OHA ONE€Hb CHIBHO HAIOMU-
HaeT CaMo TENO, HO BBUVIAKT KaK Gbl 4yTh-4yTh IOXMATOM, TaK Kak
HEKOTOPHIE H3 BAIlMX BOJIH PaCNof3aloTes 34 €ro MIPeiet BO BCeX
HanpaBneHuax. HekoTophle U3 HMX AOCTHTAIOT JaKe OTAANEHHBIX
3Beafl. [103TOMy cylecTByeT BCe JKe KpolLleqHasd BepoATHOCTE TOro,
9TO OAHAX/BI BB BAPYT NPOCHETECh HA AAJeK0H Iyxoii Iaanere. )

Tot dakT, YTO 3/1eKTPOHEL, TO-BEHAUMOMY, MOLYT HAXOAWTHCA
BO MHOTHX M€CTaX OfHOBPEMEHHO, COCTABIAET YHAAMEHT BCEH XU-
MHH. MEb1 IyMaeM, 4To 3/1eKTpOHH 00paiaoTcs BOKPYT AApa aToMa,
KaK TeJla MMHHATIOpHOH CONMHeyHOH cHcTeMbl. Ho MexKAy aToMOM
1 CONMHEYHOH CHCTEMOH €CTh NPHHUMNHANBHLIE pasnnyud. [Ipu
CTOIKHOBEHHH B KOCMOCe ABYX CO/THEYHHBIX CHCTEM OHM HeM30eXXHO
Pa3BanATCs, IVIAHETHI IIPH 5TOM OTOPOCHT B Pa3HEIX HANPaBICHHAX,
ATOMBI Xe€, CTaIKMBAaACh, HaCTO AGMATCS APYT C APYTOM 3IeKTPOHA-
MH ¥ 06pasyloT Bnoane cTabWibHEE MOJEKYIH. B crapmmx kiac-
Cax IIKOIBl YYUTEIb YACTO FOBOPUT YIeHHKaM PO «pa3Ma3aHHEIH
3JIEKTPOH», HAMOMHHAILIMI [IPOAOATOBATHIM MAY 1A peru; oH
COEZMHAET ABA aTOMa MeXIY coDoH.

Ho BoT 0 ueM yuauTesns XMMHHI [TOYTH HUKOTAA He paccKasbiBa-
10T YUeHHUKaM. DNE€KTPOH, O KOTOPOM HJET pedb, BOBCE He «pasMa-
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3aH» MEXY ABYMSA aToMaMH. Ha camoM fene 3ToT «MAY 315 perdu»
[PEACTABMAET BEPOATHOCTh TOT'O, UTO 3JIeKTPOH HAXOAUTCA OJHO-
BPEMEHHO BO MHOXKeCTBe MeCT BHYTPHM JaHHOTO o0beMa. JpyTH-
MM CTOBaMH, BCA XMMHA, u3ydaromas i obbicHAIoasn CTpoeHHe
MOJIEKYJI, H3 KOTOPHIX COCTOSAT HAIH Tejla, OCHOBAHA Ha IPEICTaB-
JIEHHH O TOM, 4TO 3IEKTPOHEI MOTYT HaXOAUTLCH OJHOBPEMEHHO B
HECKOJIBKMX MEeCTax; MMEHHO TaKOe «COBMECTHOE BIAJIEHHE» SEK-
TPOHAMH, KOTOPblE YMYAPAIOTCA OJHOBPEMEHHO TPHHIAAEKATh
JIBYM aTOMaM, YAEPXMBAET Ha MECTE aTOMb] B MOJIEKy/Iax HAIlero
Teaa. Be3 kBaHTOBOM TEOPHH HAINKM MOMEKY/ILl U aTOMBI PACTIAJTUCh
6bl B MTHOBEHHE OKA.

ITHM NpUIYATHBEM, HO TIPHHIMIIHAJIBHBIM CBOUCTBOM KBaH-
TOBOI TeopHH (TeM QaKTOM, YTO CylIeCTBYeT HEHYNIEBAA BEPOST-
HOCTB Aaxke CAMBIX CTPAHHBIX COORITHI) BOCHONB30BajcA Jyraac
AJlaMC B CBOEM BECEJIOM POMaHe «ABTOCTONOM II0 I'aJIaKTHKe». AB-
TOPY HyXeH 6pUT YAOOHEIM ciocob HOCHTHCA O BCEH rajakTHKe,
NIO3TOMY OH IPHAYMAJ «/IBUTaTelb DeCKoHe HOM HeBEpOATHOCTH>,
«YyAeCHBI HOBHIH CIOCOD Tpeo/oneHud rpoMafiHbIX MeXX3Besa-
HBIX DAcCTOSHMI 338 HUYTOXHEHIIYIO 010 CEKYHAB 0e3 HYAHOro
GryAaHUA B TUIIEPIIPOCTPAHCTBE», Ero MallyHa mo3BosisieT mpo-
M3BOJIbHO MEHATh BEPOATHOCThH NHOOOFO0 KBAHTOBOTC COGHITHA,
TAK YTO JaXe YPC3BBYAHHO MAIOBEPOATHHIE COOBITHA CTAHOBATCA
0OBIMHBEIMU | TIPHBBIYHKIMK, B 06IHEM, eClii XOTHTe OTIIPABUTHCA
B 6MDKAMIIyI0 3BE3AHYI0 CHCTEMY, HYKHO TIPOCTO H3MEHHTh Be-
POATHOCTD Balllel peMaTepHaNU3aluMH MMEHHO TaM; 1 Beel Jlejo
cAenaHo! Bbl MTHOBEHHO TeIENIOPTHPYETECH B HYXKHOE MECTO.

Ha caMoM Jeje KBaHTOBbIE «CKadKH», CTONMb OOBIMHBIE BHY-
TPH aTOMa, HEBO3MMKHO JIETKC TepeHecTH Ha KPyIHEE OOBeKTHl
Bpoje JII0JeH, COCTOAIHNE H3 TPHLUIHOHOB U TPWLUIHOHOB aTOMOB,
Jaxe ecH »MeKTPOHK B HALIEM Tejle NPBIraloT U cKayyT ¢ MecTa
Ha MeCTO B cBoeM (aHTACTUYECKOM TyTelieCTBHH BOKPYT SApa, UX
TaK MHOTO, YTO NPBIKKK YCPEAHANTCA U CIAXKHBAIOTCA. FIMEHHO
HO3TOMY, FOBOPA YIIPOIEHHO, HA HallleM YPOBHE BelecTBa Ipej-
CTABJIAKTCA TBEPABIMHA ¥ HEM3MEHHBIMH.
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Wrak, XOTA Ha aTOMHOM YPOBHE TEJENOPTALMA paspelle-
HA, YTOOBI JOXKAATHCA MOJOGHOTO CTPAHHOrO COBBITHA Ha MaKpo-
CKOIIMYECKOM YPOBHeE, IPHAETCA XKAATh 0 ribend Halrel BeereH-
HOH M gaxe ponbile, Ho MOXHO M BOCHONb30BATECH 3aKOHAMHU
KBaHTOBOH TEOPHH U CO3JATh MaUIMHY 1A TelelIOPTAlH 06 BeKTOB
110 TpeOOBaHHIO, KaK IIPOUCXOAUT B HAayYHO-PaHTACTHYECKHUX IIPOU3-
eejeHnax? Kak Hu yIMBUTeNIbHO, OTBET OZHO3IHAYEH: A4, MOKHO.

JkcnepuMent 1P

K04 K KBAHTOBOH TeJIeHIOPTalMy KpoeTcs B 3HaMeHUToH paboTe
1935 r. Anpbepra DiHmrTeitHa ¥ ero koaner bopuca Togombekoro
¥ HataHa Posena. [To MpOHUH cyAbObI TPOE YYEHEIX CTABWIM CBOEH
LeJTBI0 pa3 H HaBcelZa [IOKOHYUTD ¢ IPHCYTCTBHEM BEPOSTHOCTH B
dusHKe, IPe/IOKHB C 3TOH LeIbI0 MEICIEHHDIA IKCIEPUMEHT, MOJTY-
yYBIMH HazBaHKe sxcriepuMeHT DI IP no neperM 6ykBaM dbaMuii
aBTopoB. (COKpyLIasch 1O NOBOAY GECCIOPHOTO SKCIIEPHMEHTaNb-
HOTO YyCIleXa KBaHTOBOM TeOpHH, DHHIITeHH mrcan: «YeM GonbImHii
YCIIEX MMEeT KBAaHTOBAA TCOPHSA, TEM IVIYTIEE OHA BHITVIAANT».)

Eciu 1Ba anexTpoHa nepBOHAYaIbHO KONMeOIIOTCA B YHUCOH
(Takoe CcOCTOAHKE HA3BIBAETCA KOFEPEHTHBIM), TO OHM CIIOCOOHBI
COXPaHHTh BOSHOBYIO CHHXPOHH3ALMIO axe Ha HOMbLIOM paccTos-
HHH APYT OT Apyra. Jlake eC/IH 3TH 3MeKTPOHBI OKAXKYTCA pa3ie/leHbl
CBETOBBIMM TOJAMH, HEBH/MMAA WPEIUHIepOBa BOJIHA BCE PaBHO
byaer cBA3bIBATh MX Mexay coboit nogobHo mymoBuHe. ECu ¢ off-
HHM H3 3/IeKTPOHOB UTO-TO [IPOH3CHIET, TO KAaKaA-To 4acTb HHPOP-
MalMH o6 stoM cobrTHM Gyer HemeaneHHo NiepejaHa BTOPOMY.
3TO AB/E€HHEe HA3bIBACTCA KBAHTOBOH 3allyTAHHOCTHIO M OCHOBAHO
Ha KOHLEIIMH 0 TOM, YTO KOPepEeHTHBIe YaCTHLE 001a)a10T KaKoii-
TO IMyOHHHCH CBA3BIO.

Bo3eMeM (MBICJIEHHO, pasyMeeTcd) [Ba KOTepeHTHBIX 371ekK-
TPOHA; pa3 OHU KOTepeHTHBI, 3HAYUT, KONeOMIOTCA B YHHCOH, 3aTeM
MOSBOJIAM 3THM IEKTPOHAM DalieTeTbCd B NMPOTHBOMOMOKHBIX
HanpasneHUsAX. Kaxapii 31eKTpoH NoZo6eH BEPTALIEMYCa BOJIKY,
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[IPHYEM ero BpallieHite {CHH) Moxer ORITh HANPaBAEHO BBEPX WIH
BHH3. [1yCTh MOMHBIA CIMH CHCTEMBI PABHAETCA HYMIO, TAK ITO eCIH
H3BECTHO, YTO CITHH OJHOIO 3JeKTPOHA HAlpas/ieH BBEPX, TO CIMH
JpyTOro TOYHO HampamieH BHU3. COMIacHO KBaHTOBOM TeOPHH Ile-
peA U3MepeHHeM CITHH 3MIeKTPOHA He HAIpanrieH HU BBePX, HH BHU3;
3MeKTPOH HaXOAMTCHA B HeolpejeleHHOM COCTOAHHMU, OH Kak OB
BpamaeTca BBEPX M BHH3 O/JHOBpeMeHHO, (CTOMT BaM NPOH3BECTH
HabmogeHue, KaKk BOJMHOBAA QYHKIMA «CXJAONBIBAETCA», OCTABIAN
YaCTHIY B OIHOM KOHKPETHOM COCTOSHHH M3 BCEX BOSMOMKHBIX. )

Janee HaMepuM CITMH OFHOTO 3nexkTpoHa. CkaxkeM, OH Bpa-
maeTcda BBepx. 3HaYMT, Mbl MTHOBEHHO Y3HaeM, UTo APYTOH J/1ek-
TPOH Bpaiaerca BHU3. Jlaxxe eI 3IeKTpOHH! pa3fieNieHbl B Mpo-
CTpaHCTBE MHOTMMH CBETOBBIMH IOJaMM, MBI OyZeM MTHOBEHHO
3HATh CIIMH BTOPOTO U3 HHX, KdK TOJbKO H3MePUM CIIHH NEepBO-
ro. Maso Toro, MBI IOIY4uM 3Ty HHQOpMALUIO BHICTpee, YeM co
cxopocTeio ceTa! TTocKoMBKY ABa HAIH 3/EKTPOHA «3aMYyTAHED»,
T.€. UX BOJIHOBBlE QYHKLUHHM KOAeBMIOTCA B YHHCOH, 3TH CaMbie
BOJIHOBbIE GYHKIIMM CBA3AaHB HEBUJAUMOH «HHTBIO» WIH TYIIOBM-
HOH., Bce, 9To IPOUCXOAUT C OJHOH JacTHIEH, ABTOMATHYEeCKH OT-
paxkaeTcd Ha ApYroi. (B KakoM-TO CMBICAE 3TO 03HA4YaeT, YTo BCe,
4TO MPOMCXOANT C HAMH, aBTOMaTHYECKH ¥ MTHOBEHHO BJIMAET Ha
coOpITHA, TPOHCXOAAIIME B OTAAJIEHHEIX YTOIKaX BCEEHHOH, Beb
Haly BOMHOBHIE QYHKUMH, BEPOATHO, «3allyTaHbl» €lle ¢ Hava-
7la BpeMeH. B KakoM-To CMbiC/le MOXHO CKa3aTh, YTO CYIIeCTByeT
NayTHHA «3amyTAHHOCTH», KOTOPAs CBA3BIBAET OTAAJIEHHbIE YTOII-
KH BCEJIEHHOM, BIIIO9ad H HacC ¢ BaMH.) JHHIITEHH UPOHHYECKH
HAa3bIBAJ 3TO ABJNIEHYUE NIPU3PAYHDBIM AANBHOAEHCTBHEM U «JOKA3H-
BaJ» ¢ €ro NOMOIINLI), YTO KBAHTOBAA TEOPHA HeBepHA, [IOCKONbKY
HHYTO He MOXET [IEPEHOCHTBCA ¢ MECTA Ha MECTo OEICTpee, 4eM Co
CKOPOCTBIO CBETA.

[TepBoHavYaJbHO DHMHINTEHH CYHTAT MBICJIEHHKW 3Kcme-
puMeHT OIIP MOXOpOHHBIM 3BOHOM IO KBAHTOBOH Teopuu. Ho B
1980-x rr. Anas ACNeKT ¢ Ko/UteraMu HpoBes Bo PpaHuuu peans-
HBIH SKCHOEpHUMEHT ¢ ABYMA [JEeTeKTOpaMH, pacloJOKeHHHMHU
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TENENOPTALKA

HA paccTosHHH 13 M ZpyT oT Apyra. OH H3MEPAN CITUHE! GOTOHOB,
UCITyCKaeMBIX aTOMaMM KaJblHA, W IIOMy4eHHBIE Pe3YILTaTH B
TOYHOCTH COBMAIH C MOMOKEHHAMU KBAHTOBOH Teopur. O4eBU-
Ho, l'ocriozp Bee »xe urpaer B KOCTH ¢ Halllel BeeleHHoH,

JAeHcTBUTENbHO TH MHQODPMAIIUA B 5TOM CIydae IepeaaeTca
BpICTpee, YeM €O CKOPOCThIo cBeTa? Heywenu SiHmTeiin ommbea
Y CKOPOCTB CBETA He ABNsAeTcs NpeAebHOM CKOPOCTLIO Hallieit Bee-
nexHoi? Ha camom aene Bce obcTouT He coBceM Tak. fla, HHbop-
ManuA AeHCTBUTENbHO nmepeAaeTca ObICTpee CBETA, HO MHpopMa-
1M 3TA Cilydaiina, a notoMy becnoneaHa. MeTos0M, ONKHCAHHBIM B
axcriepuMenTe 311P, HeBO3MOXKHO IepelaTh HacTosANee HOCIaHNE,
ckaxeM, a3bykoi Mop3se, ¢ Kakoil OB CKOPOCTBIO HH IlepeJjaBanach
UHGOPMATIHA.

3HaHME O TOM, UTO HEKHH 3TeKTPOH Ha APyToM KOHIIe BeeieH-
HOH BpamjaeTcs BHM3, OecloNe3sHo. ITHM MeTOLOM HeBO3MOKHO
nepeAaTk CBEXYI0 HHPOpMalHio o GUpkeBbx KoTupoBKax. Ilpu-
BeJleM HarniAHbii npuMep. [Ipeamonoxum, 4TO OZMH H3 HALIHX
NpUATeIEH BCerAa HOCUT PA3HOLBETHbIE HOCKH, KPACHEIH U 3efe-
HHIH, He oOpalllad BHUMaHHA Ha TO, KAKOH LIBET OKaXeTcs Ha Ka-
KO Hore. CKakeM, MBI OCMaTPUBAEM O/IHy HOTY U BEIICHAEM, YTO
Ha HeH KpacHHIM HOCOK. 3HA4UT, MBI Y3Haem ObICTpee, 9eM co CKO-
POCTBIO CBETE, YTO Ha APyroi Hore 3e/eHbIH HOCOK. MHopMariua
JeHCTRUTENEHO ONLTA 10 Hac ORICTpee cBeTa, HO OHA COBEPIIEHHO
Hecriosieasia. 3THM METOAOM HEBO3IMOXHO NIEPEAATH CHIHAN, KOTO-
pHIit cogepxkan 6bl HeCTyIalHYI0 HHOOPMAITMIO.

Muoro Jiet sxcnepuMeHT JI1P NpUBOAMIH Kak APKUM IpUMeEp
TOPKECTBA KBAHTOBOW TEOPHH, HO TOpXecTBO NoNydanock bec-
TUIOZHEIM M He JaBalo HUKAKOH IPakTHYeCKoi BHroAsl. /1o HeAas-
Herg BpeMeHH.

KsanToBas Tenenopranusa

Bce usmenunoce B 1993 1., Korga yuensle 13 IBM oz pykoBoacTBOM
Hapsbsa beHuerTa NIpoAeMOHCTPHPOBANH BCEM MPHHIMIHAIBHYIO
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OH3UKA HEBO3MOHHOID

BO3MOXXHOCTb TeIeNOPTHPOBATh C MCIOJB30BAHUEM SKCIIepUMeH-
Ta JIIP marepuanbHbie 06beKTH], M0 KpaiiHel Mepe Ha ATOMHOM
ypoBHe. (TouHee roBops, OHH POAEMOHCTPHPOBAIH BO3MOKHOCTh
nepefayy NOAHOH wHGOPMALHMH 0 YacTHie.} 3a NpolIeANIne oAbl
GU3MKM HayuWwIuch lepeaBaTh GOTOHBI M AKE LIENBIE ATOMEI
nesus. Bo3aMOXKHO, Yepea HECKOMBKO JECATUIICTHI yueHBle CMOTYT
TeJAeIOPTHPOBATE NepByr Monekyay JAHK u nepsrlii BHpyc.

KBaHTOBasA TeCIOPTAIHA UCTIONB3YET OAHY U3 CAMEIX TPHIV/-
JUBHIX ocobeHHocTeil skenepuMenTa O11P. B cBOMX 3KCIIepUMEHTaX
$U3MKH HAYMHAIOT ¢ TOTO, ¥TO GepyT ABa aToMa, A u C. Tlpearno-
JIOXKUM, MBI XOTHM TeJIelOPTUPOBAThE HHGOPMAIHIO OF aToMa A
K atomy C. JlAs 3TOTC MEL BBOAMM TPETHH aToM B, 3amyTaHHHIH
c atomoM C (T.e. B u C xorepeHTHBI). 3aTteM aToM A BCTYTIaeT B
KOHTaKT C aTOMOM B M «CKaHUpyeT» ero TakuM odpa3om, 4To UH-
dopmaiorHOE coiepkaHie aToMa A nepeaaetcsa atoMmy B. B xoze
3TOro hpouecca aroMel A ¥ B sanyreiBaroTea. Ho mockoasky mep-
BOHAa4YanbHO B 6GbU1 3amyTaH ¢ aromoM C, Temepb uHbOpMAlMA,
cogepxkasiluasics B A, nepeaacTca Takxke U B atoM C. PesyiawraTr
TakoB: aTOM A OB TeslenopTHpoBaH B aroM C, T. e. Tenepb HHpOP-
MAallMOHHOE cofepXaHue A HASHTHYHO MHPOPMAIHOHHOMY co-
AepxaHuto C.

ObpatuTe BHUMaHKe Ha TO, YT0 HHYOPMALHsA, COAEPKABIIAA-
¢ Iepe Ha4aI0M SKCIepHMeHTa B aToMe A, 6bl1a YHHUYTOMXKeHa
(T.e. MoCJIe FKCIIEPHMMEHTa MBI HE TIOTYYacM ABYX HACHTHYHEIX KO-
nui). JTO 03HAYALT, YTO €CIH IPEACTABUThL cebe TelelopTalHio
9e/I0BEKa, TO YeI0BEeK 3TOT JOMKEH OYeT YMepeTs B Mpoliecce 11e-
peaadd. Ho 3aTo HHPOPMALIMOHHOE COAEKAHUE €TO TEJA ITIOIBHT-
CA TAe-TO B ApyroM MecTe. OBpaTuTe BHMMAHHE TAKKE Ha TO, 4TO
aTOM A KaK TaKOROH He HepeMecTIICA Ha MO3MIUIc aToMa C. Ha-
IPOTHB, C MOAYWI OT A TOTBKO HHGOPMALHIO, KOTOPAS B HEM CO-
Jepanach, HATIPUMEDP XaPaKTEPUCTHUKU CIIMHA M MOJAPH3AINH.
{310 He o3HauaeT, yTo aTOM A 6BLT PA306PaH U MEPEHECEH Ha JPY-
roe MecTo. 310 03Ha4YaeT, IT0 MHPOPMAIVOHHOE CoAepKaHue aTo-
Ma A 6bU10 TIepeaano apyromy atomy — C.)
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TEAENGPYALNA

[Tocne nepeoro OOBABAEHHA O IPOPhIBE MEXJAY PA3HBIMH
IPYNNaMH Yy4YeHbIX HayaJloch APOCTHOe cOpeBHoBaHue. llepBas
HCTOPHYECKasa JEMOHCTPalHA, B X0Ae KOTOPOH OCYIECTB/SIACh
TenenopTanua GoToHOB YIBTPadHOIeTOBOTO CBETa, COCTOANACh B
1997 r. B YuuBepcureTe HMucObpyxa. Uepes roz akcniepiMeHTaTOPH
13 KanudopHHIcKOro TeXHOMOIHYECKOTO MHCTUTYTa IPOBENH ellle
Homee TOMHBIH 3KCIepHMENT I10 TelenopTaluy GoTOHOB.

B 2004 r. ¢uzuxku BeHCKOTO YHMBEPCHTETa CyMENH TeJe-
TIOPTAPOBATh YACTUIBI CBeTa Ha paccTosHue 600 M nox pexoit
JlyHaii 10 ONTTOBOTIOKOHHOMY Kabeslo, yCTAHOBHB TAaKUM 06pa3oM
goBblii pexopa. (Cam xkabenp umen gy 800 M H 6bU1 IpOTAHYT
noZ JlyHaeM HipKe CHCTeMBI TOPOACKON KaHAMM3alHH. [lepefaTiynk
pacronaracs Ha oJHoM bepery pekH, TPpUEMHHK — HA APYTOM.)

OfHO 13 BO3pAKEHUH, KOTOPHIE BRI/IBUTAIOT KPUTHKHM 3THX
SKCIIEPUMEHTOB, 3aKII0YaeTcss B TOM, YTO yueHnie pabotawt c
yacTuLamy ceTa, poroHamu, [Toka peaylsTar «He TAHET» Ha Ha-
yiIHYIO daHTacTUKY. [To3TOMY OUeHb BAXKIIBIM CTAN APYrOM 3KCIe-
pumenT 2004 1., XOrfa KBaHTOBYIO TJIENOPTALHK YAAIOCH Hpo-
AEMOHCTPHPOBATE YXKe He Ha GOTOHAX, a Ha HACTOAIHX aTOMAX.
3TO IIar B HYXKHOM HalpaB/leHHH, K CO3JaHHIO PEashHOTO Tee-
MOpTarMOHHOre yerporcrea. Pusmku u3 HalMoHansHOro MHCTH-
TYTa CTAHAAPTOB U T€XHOJOTHH B BalllHHTTOHE CYMEJH «3alyTaTh»
TpU aToMa OepIIIHA H [epeaTh CBOHCTBA OAHOTO ATOMA APYIOMY.
JocTinxkenue OGbUIO HACTOIBKO 3HAYHTENBHBIM, YTO MOMAN0 Ha 06-
JNOXKY KypHaua Nature. Jipyras rpymma Toxe go6mwiach ycniexa, HO
YK€ C aTOMaMH KalbiHA.

B 2006 r. mpou3011L10 ellie OZ[HO 3HaYuTeNbHOe COBRITHE: BIIep-
BBIE B TOA00HBIX 3KCTIepHMERTaX OBUT 3a/1eiCTBOBAH MAKPOCKOTIH-
Jeckui 06bekT. Pusnkn u3 MHeruTyTa Hisea bopa B Konienrare-
He U MHeTtuTyTa Makca Inanka B TepMaHud CyMETH 3aIyTaTs ay4
CBeTa U Ia3, COCTOATINI U3 aTOMOB IIE3MA; B 3TOM COOBITUH y4a-
CTBOBAIM MHOI'Me TPWLTHOHK aToMOE. [Tocie 3Toro ouu 3axoau-
poBany MH$pOPMAIMIO, COAEPKALIYIOCA B Ja3€PHBIX BCOBIKAX, W
TEJICTIOPTHPOBANH €€ aTOMAM I1€3H1A Yepe3 PACCTOSHHE HPUMEPHO

03,



\.’ CHIUHA HEBOIMOKKOID

B rioamMeTpa. Kak nosacHwn oguH U3 uccieaosarenel EpreHuu [lo-
3HK, BriepBbie 6bU12 NPOBEAeHA KBAHTOBAA TEMENOPTALIA «MEXAY
CBETOM — HOCHTe/leM HHPOpPMAlMH — ¥ aTOMaMi».

Tenenoprauus 6e3 3amyThIBAHHA

Hceneaosanus B 0671aCTH TeleOPTaLMU CTPEMHTENBHO HabHpaloT
xo7. B 2007 r. 6B1710 cAENAHO eLle OZHO BAXKHOE OTKPHITHE. DHUIHKH
NpeAJIOAIUIH MeTo/] TeeIOPTalluK, He TpeOyioluil 3amyTeIBaHus,
BcnoMHMM, YT 3aNyTHBAHHE NIPEACTABNAET cob0i Hanbosree CIoK-
HbI{i MOMEHT KBaHTOBOH TeenopTalyy. PeleHne aToii Ipo6eMsl
Moryo 65! OTKPHITE Nlepe/ TeenopTaleii HOBbE TOPU3OHTHI.

«Peub ygeT o Ay4e U3 npuMepHo 5000 4acTHII, KOTOPHIH HC-
Ye3aeT B OJHOM MeCTe H MOABAAETCE B JPYTOM», — FOBOPUT GH3HK
AcToH Bpaany U3 [leHTpa KBaHTOBO# aTOMHO# ONTHKH B Bpucbene
IIpH ABCTPAIMHCKOM COBeTE 10 MCCIEA0BAHNAM — OfMH U3 yIacT-
HHMKOB pa3paboTKH HOBOI'O MeTOAA TENEMOPTALHH.

- «MBI C4HTaeM, 4To 10 [yXy Hala cxeMa GirHxKe K TepBOHAY A b-
Hoii GpaHTaCTHYECKOH KOHLENHM», — 3aABageT oH. CyTh MoAX04a
FpyNIb Bpajiu B ToM, YTO yueHble HepyT IMy4OK aTOMOB pyOuauA,
NepeBOAAT BCIO €ro HHGOPMALMIO B Iy4 CBETA, IOCHUIAKOT 3TOT JIyY
110 OITOBOJOKOHHOMY Kabento, a 3aTeM BOCCO3/AI0T I€PBOHAYATD-
HbIi IyYOK ATOMOB B APYTOM MecTe. Ecimi 3asBeHHble PE3Y/LTATEL
TIOATBEPAATCA, TO ByZeT YCTPaHEHO [MABHOE NPENATCTBAE K Peaib-
HOH TeenopTalky ¥ OTKPHITH COBEPIIEHHO HOBEIE IYTH NEpeayH
Ha pacCToAHUe Bee fosee KPYIHLIX O6beKTOB.

Yro6bl HOBBIM METOJ He MYTA/IH ¢ KBAHTOBOH TeIeTIOpTallyei,
AOKTOp Bpaa/ii Ha3BaN ero xaccHueckol Tesienopranuei. (Haspa-
HHUE 3TO OTYaCTH BBOAUT B 3abiy:xaeHHe, IOTOMY 4TO €ro MeTOA
TaKXke OITHPAeTCA Ha KBAHTOBYIO TEOPHIO, HO He Ha 3allyTHIBaHHE. )

Kimo4eBbIM MOMEHTOM 3TOr0 HOBOTO THNA TeNeNopTallUy AB-
JIFeTCA OTKPHTOE HEeJaBHO HOBOE COCTOAHHE BEIIECTRA, U3BECTHOE
KaK «KoHZieHcaT Bose~3itHmITetHa», ik Kb3, KoTopoe npeacTasns-
eT coB0 OZHY M3 CaMbIX X0/I0AHBIX Cy6CcTaHIUi BO Beeil BeeeRHoi.
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TERENOPTAUHA

B npupoze caMyi0 HH3KYIO TeMIEpaTypy MOXXHO 0OHAPYKHTh B OT-
KPHITOM KOCMOCe; OHa coctapider 3 K, T.e. Ha Tpu rpagyca Bhile
abcomoTHOro Hy. (10 61aroAapa oCcTaTouHoH TerwioTe Boapimoro
B3pbIBa, KOTOpaA A0 CHX nop 3anoiaHAer BeeneHHyo.) Ho KBD cy-
IIECTBYET [IPH TEMIIEPATYpPe OT OAHON MULTHOBHOM 10 OXHOM MItA-
JHAPAHOH rpafyca BriMle abCOMIOTHOTO HYJA; TAKYIO TEMIOEPATYPY
MOXHO NOMYYHTD TOJNLKO B 1a60paTOpUH.

[Tpu oxnaxeHHH HeKOTOPEIX GOPM BEHIECTBA TIOYTH AC ab-
COMIOTHOTO HY/A HX aTOMB! {Bee He3 HCKIIOYeHHA) CBAIMBAIOTCA Ha
CamMblii HH3KHI SHepreTH4YeCKHH YPOBEHb M HAYMHAIOT BUOGPUPO-
BATk B YHHUCOH, T. €. CTAHOBATCA KOrepeHTHHIMU. BomHoBEIe yHK-
IUHA BCEX aTOMOB EPEKPBIBAIOTCSA, II03TOMY B KAKOM-TO CMBIC/IE
KB2 nanoMmuHaer rMraHTCKHil «cBepXaToM», IPUYEM BCE COCTaB-
JISTIOUIME er0 OTAETbHEIE aTOMBI KONEOMIOTCA B YHHCOH. CyliecTBo-
BaHHe 3TOro HeoOBIYHOrO COCTOAHHA BelleCTRa IIpeAcKa3any JifH-
mteiin | [llaTeedgpanar bose eme B 1925 1., HO 'nponmo 70 ner,
npesxze yem B 1995 r. KBD 61 HakoHell TOTYYeH B 1abopaTOpHAX
MaccayyceTckoro TeXHOJOrHYeCKoro MHCTHTYTA W YHMBEPCUTeTa
Konopago.

Bot kak paboraet TenenopTalHOHHOE YCTPOHCTBO Bpaamu u
€ro KoMaHJbl. HaunHaeTca Bce ¢ Habopa CynepxonoAHBIX aTOMOB
pyouama B cocroauuu KB3. 3ateM Ha KBD HANpapasioT My90K
aTOMOB (BCe TOrO e pybuaHa). ATOMBI My4Ka TAKXKe CTPeMATCH
nepedTH B COCTOANME € CaMoil HUakol sHeprueil, NOITOMY OHH
cOpacHBAOT H3MMIIKHA SHEPIMM B BHAe KBaHTOR cBeta. IToay-
YeHHBIH TAKAM 00pa30M CBETOBOH /Y4 MOCHLITAIOT II0 OITOBOJO-
KOHHOMY KabGemo. [I[puMedaTenbHQ, YTO 3TOT VY COREPIKHAT BCIO
KBaHTOBYIO HHGOPMAIHIO, HEOOXOAMMYO U1 ONIHCAHUA [IEPBOHA-
YaapHOTO IMydyKa BemecTBa (T.e. MHPOPMAIIHIO O PACTONOKEHHH
¥ CKODOCTH BCeX ero aroMos). TIpokiza no kabeno, CBeToBOH Jyy
nonajaet B yxe gpyroit KBD, KOTOpHIH IpeBpalllaeT ero B NepBo-
HavyaJbHBIM OTOK BELIECTRA.

JTOT HOBEI MeTOJ TeJemopTauvH yYeHble CYMTaloT 4Ypes-
BHIYANHO MHOTQODEINAIONIHM, TaK KaK B HEM He 3aJeHCTBOBAHA

05



®H3UHA HEBOIMOKHOTO

3anyTaHHOCTL aTOMOB. Ho y 3TOro MeToa ecTh CBOU TpobJaeMEl.
OH oO4YeHb KECTKO ompeAenaeTcA cBOMCTBaMM KoHJeHcaTa boze-
OWHIITEHHA, KOTOPBIH Upe3BBYaiHO CIOXKHO TOMYYHTL B Jabo-
patopun. bonee Toro, KB3 obnagaeT focTaTO9HO HEOOLIYHBIMH
CBOMCTBAMM H B HEKOTOPHIX OTHOIIECHHMAN BeZleT cefsd KAK OAMH
THI'aHTCKUI aroM. HeoGeriHBIe KBAHTOBBIC 3GMEKTH, KOTOpPBHIE
MOXHO Ha610/IaTe TOMBKO HA AaTOMHOM ypoBHe, B KB B npuHuune
MOXKHO YBHJETh HEBOOPYKeHHEIM [1a3oM. Koria-To aTo cunTanoch
HEBO3MOXHbIM.

Bramxaiiiiee mpakTudeckoe mpuaokeHne KBS — coszanue
aTOMHBIX JJazepoB. PazymeeTcs, OCHOBOH Jiazepa CTYKUT KOTePeHT-
HEIH My90K GOTOHOB, KOTOPHE KonebioTed B yHHCOH. Ho Beap KBD
npeacrasaser coboit Habop aTOMOB, KOTOpHIE TOXE KoaeBmoT-
¢ B YHMCOH; OTCIOJa BO3MOMKHOCTb CO3ATh TIOTOK KOTE€PEHTHBIX
KB3-aromos. Jpyrumu cnoeaMu, KBZ MOXeT CTaThk OCHOBOM A1
YCTPOMCTB, aHAIOTHYHBIX OOBIHBIM Ja3epaM:; 3TO aTOMHBIE, WIH
BellleCTBEHHBIE, 1a3ephl, KOTOpPHEe cAenans u3 KbJ-aromoB. B Ha-
cTodAUlee BpeMsl 1a3ephl HMET LIMpoYaiiniee TpUMEHEHHE B 06RIY-
HOM XM3HH, M aTOMHBbIE Ia3ePHL, BO3MOXKHO, BOHAYT B HAIITy XH3Hb
He MeHee ryBoko. Ho Tak kak KBD MOXeT CyIleCTBOBATDL TOMBKO
[PH TEMIIEpaTypax, e4Ba-e4Ba IPEBHINALIMX a0COMIOTHEIH HYIb,
nporpecc B 3Toi 001acTH HaBepHAKA GyIeT MeANEHHBIM, XOTA M
YBEPEeHHBIM.

MoxkeM JIH MBI CkasaTh ¢ Y4eTOM BCETO yXe JOCTUTHYTO-
ro, KOrjia Mbl CAMH HOAYIYHM BO3MOXKHOCTb TeJeNOPTHPOBATHCH?
B 6moxalimye rogsl PH3UKY HAZEKOTCA TEIENOPTHPOBATH CI0XK-
Hbre MOJIEKY/IBI. [lociie 3TOro HeCcKOMBKO AeCATUAETHH HABEDHAKA
yieT Ha paspaboTKy crnocofa tenenopTamuu JHK WIH, Moxer
OBITB, KaKOro-HUBYAb BUpYyca. [IPOTHB TeENIOPTALMY YETOBEKA —
B TOYHOCTH Kax B daHTaCTHYeCKUX QWIbMax — TAXKE HET HUKa-
KHX [IPHHIMIHANBHBIX BO3DAKEHHH, HO TeXHHYECKHe NpobieMbl,
KOTOpbIe HaA0 NPeoJosieTh Ha MYyTH K Noi00HOMY AOCTHAKEHHIO,
nopaxaioT Boobpakende. [loka g Toro, wrodb A06HTHCA Kore-
PEHTHOCTH KPOILIEYHBIX CEETOBHIX GOTOHOB H OTHE/bHEIX ATOMOB,
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TENENOPTAUMA

TpebyIOTCA yCWwIMA NydIiMX ¢HsHueckux nabopartopuii Mupa.
O KBaHTOBOI KOT€PEHTHOCTH € Y4aCTHEM PealbHBIX MAKPOCKOIIH-
4eCKHX 0OBEKTOB, TAKUX KAK YeNOBEK, Peyb NOKa He MALT W ele
Aonro uaTH He Byaer. Cxopee BCero, MpoNZET HEMaNo CTOJETHI,
TMPEX/AE YeM Mbl CMOXKEM TENENOPTUPOBATE OOLIYHLIE TIPEAMETH,
eC/IH 3TO BoOOIIEe BOIMOKHO.

KBaHTOBBIE KOMIIBIOTEPHI

ITo cymectsy, cyAbba KBAHTOBOMH TeNEMOPTALHH TECHO CBA3AHA C
CyARGOM MpOEKTOB Mo pa3paboTke KBAHTOBLIX KoMMbioTepor. O6a
HaNpaBleHHa NOAb3YIOTCA OJHMMH M TEMH K€ 3aKOHaMM KBaH-
TOBOM GU3HKY M OAMHAKOBHIMHU TEXHONOTHAMH, NOSTOMY MEXKAY
HHMU HAET MOCTOAHHBIH M 04eHE aKTUBHEBLHA 06MeH uaeamu. Keas-
TOBbi€ KOMMABIOTEPHl, BO3MOXHO, KOFAa-HUOy b NOMHOCTHIO 3aMe-
HAT Ha HAWIWX CTo/IaX NPHBBIYHEIE HHQPOBble KOMILIOTEPH. Bonee
TOTO, OAHAXBl MOXKET OKa3aThCA, YTO OT ITHX KOMINBIOTEPOR 3a-
BUCHT OyAyIee MHPOBOH SKOHOMHKH, TO3TOMY JaHHbIE TEXHOMO-
THM [IPeACTABAAIOT IPOMAaZHbIL KOMMepYeckHii HHTepec. HoBhle
TEXHOJIOTHH, CO3JaHHBIe Ha §a3e KBAHTOBBIX TEXHOMOTHH, IPHAIYT
Ha CMEHy COBPeMEHHBIM TEXHOMOrMaM, U CHIMKOHOBAA AOMUHA,
BIOJIHE BO3MOXKHO, YHAET B IIPOLILIOE BCAES 32 CTOMULIAMH aMepH-
KaHCKOI'0 aBTONPOMA.

OG6BIMHBIE KOMIBIOTEPH CYMTAIOT B ABONYHOMN CHCTEME CIHC-
JIEHWS U OTIEPHPYIOT TOABKO HYJIAMM M eJUHHIIAMU, KOTOpPbIE Ha-
3pIBatOTCA OHTaMH. HO KBAHTOBEIE KOMIIBLIOTEPH I'OPA3A0 MOHIHEE.
OHK MoryT onepuMpoBaTh KyOWUTaMM, WIH KBAaHTOBLIMH GHTaMy,
KOTOpBlE MOTYT NPMHUMATD H POMEXYTOUHbIe MexAy O U 1 3Ha-
yeHud. [Ipeactabere cebe aTOM, MOMeILEHHbIH B MATHUTHOE MOJE.
OH KpyTHTCA KaK BOTYOK, H OCh €70 BpalleHHs MOMKET YKa3bBaTh
BBEPX WIH BHU3. 3ApaBEIH CMEICT MOBOPHUT HaM, YTO CIIMH aTOMa
MOJKET ObITh HAaMIPaB/ieH BBEPX Wi BHU3, HO HUKAK He B o6e cTopo-
Hbl 0HOBpeMeHHO. Ho B CTpaHHOM MHpe KBAHTOB aTOM OMHUCHIBA-
€TCA KaK cyMMa 060HX 3THX COCTOSHUH, KaK Cynieprio3fiug aToMa
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OH3HHA HEBOIMOMHOIO

C MOJIOKUTENBHBIM CIIMHOM M aTOMa C OTPHUATEIBHEIM CITHHOM.
B Heuel0OBeYeCKOM MHpe KBAHTOB KaAXJLI 0OBEeKT ONMCHIBAETCH
KAK CyMMa BCeX BOIMOMHBIX COCTOAHHWH. (EC/M BEI XOTMTE A4Th
KBaHTOBOE ONMCaHHe KPYNHoro o6beKTa, HallpuMep KOINKH, 3TO
O3HauaeT, YTO BaM NPHAETCH CIOKHTH BOJTHOBYIO GYHKIHIO KHUBOH
KOHIKH € BOMHOBOM QYHKUMEH MEPTBOM KOMIKH, TAK 9TC B PE3YIIh-
TaTe MOAYIUTCA KOIIKA, OAHOBPEMEHHO MepTBad U XKIBasd, O 4eM f
pacckaxy nogpobree B rase 13.)

Teneps npeacrasere cefe UENOYKY aTOMOE, BBICTPOSHHBIX B
MarHHTHOM II07Ie, TaK YTO CIIMHEL BCEX aTOMOB HAIIPAEBJIEHH B OAHY
cTopoRy. ECJIH 0CBeTUTE 3Ty UEMOYKY aTOMOB Ja3€PHBIM JIYIOM, TO
Ay4 OTPAa3WTCA OT aTOMOB, NepeBEPHYB MPH 3TOM OCH BpalleHHA
HEKOTOPbIX H3 HuX. H3MepHE pa3HUlly MeXIY NePBOHAYANBHEIM U
OTPaXXEHHEBIM JIa3€PHBIMH JTyJaMH, MBI TIOMYIHM PE3YALTAT CI0X-
HOH KBAaHTOBOH BEIYHCIHTEILHOH Ollepalivi, KOTOpas NpeJCcTaBia-
€T coDOH IepeBOPOT OCeH BpaleHUA MHOXKECTBA aTOMOB.

KBaHTOBblE KOMIIBIOTEPHI €1li€ He BBIIUIM M3 MIAJeHYECKOrQ
BO3pacTa. MakcHMyM, YTO YAaI0Ck ITOKA TOCYKUTATh KBAHTOBOMY Bbl-
YMCAUTENO, — 3TO 3 X 5 = 15, EABA 1M MOKHO CIHTATh 3TO Cepbes-
HOIt 3a9BKOH Ha BEITECHEeHHE CeTOAHAUIHMX CYIEPKOMIILIOTEPOB.
Y KBaHTOBOH TENENIOPTALMH M KBAHTOBBIX KOMIIBIOTEPOB OAHH H TOT
#e daTasbHbIM HeZ0CTaTOK: HeoOX0AUMOCTE MOAAEPKHBATE KOTe-
PEHTHOCTD HONBINIOre KONMYECTBA AaTOMOB. Peterye aToi npofnems!
npuBeso Ob K TPOMaJHOMY PLIBKY Briepe/ B 06eHX 061acTax.

LIPY u ApyrHe CeKpeTHBIe OpraHu3al Uy IPOABIAIOT K KBAHTO-
BHIM KOMIIbIOTEpAM AKTUBHEH HHTepec. OCHOBOH A1 GOABIIHK-
CTBA CEKPETHHX KOAOB MHDa CIYHWT «KJII0Y», IPeACTABIAIONMA
coBoit oueHs GOIBIIOE LeJI0e YHUIO0, KOTOPEIH HEOBXOAUMO Pasiio-
MKHUTh HA MPOCTHIE COMHOXKHMTENH. U ecny K04 NpeACTaRAgeT Co-
6oif Ipon3BeseHre ABYX CTO3HAYHBIX YHCET, TO HHGPOBOMY KOM-
IbIOTEPY MOKET NOTPeboBaThCH GoNbIne ¢Ta €T, YTOOH HalTH 3TH
ABa COMHOXHTENA, HE MMesl HUKAKWUX AOINOIHHTENLHBIX AaHHbIX.
Ha aaHubIi MOMEHT Takue KOAB MOMHO CYHTATH NPAKTHYECKH
He NOAJAIOLIMMICH B30MY.
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TENENOPTALMA

Ho & 1994 r. NTutep llop u3 JlabopaTopuu Besna nokasan,
YTO A1 KBAHTOBOTO KOMMBIOTEpPA pa3lOoMEHWe Ha MHOXKHTENH
6170 6B AeTcKOit urpoil. IIOHATHO, YTO 3TO OTKPHITHE MIHOBEHHO
TNOAOTPENo MHTEpeC pa3BedslBaTeNbHOro cooblnecta. B npuny-
Ie, KBaHTOBEIH KOMAbloTep criocofeH GbUl OB B310MATh BCE KOABI B
MMpe U TIOJHOCTBIO PA3PYILUTE CHCTEMY Ge30MacHOCTH coBpeMeH-
HEIX KOMIIBIOTepOB. [lepBas cTpaHa, KOTOPOH yAacrea Co3faTh no-
A0GHYIO CHCTEMY, MOXeT PacCUMTHIBATE HA IPOHHMKHOBEHHE B INTy-
fouaiiinye TaHHBI APYTHX CTPAH M OpraHH3alM,

HexkoTopkle yueHkle NpeAONaraloT, 9To B 6yAymeM MHpOBas
PKOHOMHMKA MOXKET OKA3aThCA MOJHOCTBIO 3aBUCHMOH OT KBAHTO-
BBIX KOMIbIOTEPOB. OxuaaeTcs, YTo NHGPOBE KOMOBIOTEPH Ha
Dase KpeMHMEBBIX TEXHOMOTHH AOCTHLHYT QU3HYECKOro mpeae-
71a — B CMBICJIE POCTA BHIYMCIHTENBHOH MOIHOCTH — [Ae-TO ocTe
2020 r. ¥ 9To6H1 TeXHUKA NIPOJO/IAKANTA PA3BHBATLCA, MOTpebyeTcs,
CKOpee BCEro, CO3AaBaTh HOBRIE, eme 6ojee MOUIHEE CeMEHCTRA
BRIYHCAHTEBHOH TEXHHUKH. Jpyrue yueHble HAAEIOTCA BOCIPOH3-
BECTH TNpPH NOMOIIH KBAHTOBBIX KOMIIBIOTEPOB MOLIb YeloBeqe-
CKOI'o MO3ra.

Taxkum o6pa3oM, CTaBKH Ype3BEYAHHO BRHICOKH. ECtH yaacTes
pemnTh NpobaeMy KOPeépeHTHOCTH, TO HaM, BO3MOXKHO, IIOKOPUTCH
He TOIBKO TeenopTanusa. He HCkIroYeHO, YTO KBAHTOBbIE KOMITBIO-
TEPH AaJAyT HaM BO3MOXHOCTh pasBUBATh CaMble pa3Hble TEXHOMO-
I'iM B HEU3BECTHBIX MOKA U ¢1ab0 NMpe/cKasyeMBIX HanpapieHHAX.
TTpopwis B 3T0} 061aCTH HACTONMBLKO BAXEH, YTO B CAEAYIOLIHX IVIa-
BaX A ellle He pa3 BEPHYCh K 06CYyMAEHHIO JaHHOH TEMBEI.

Kak 51 yxe yxasbiBaji, KOTEPEHTHOCTL YPe3BHYANHO TPYAHO
HogAepXUBaTh B AabopaTtopud. Jaxe caman ciabas ciyyaiiHag Bu-
6pauus cnocobHa HapyIIMTh KOrePEHTHOCTh ABYX aTOMOB H CBeCTH
Ha HeT Bee yewinA. CeroJHsA HaM € TPYAOM YAAeTCs [OAAEPKHBATE
KOTePEHTHOCTH XOTH OBl FOPCTKH ATOMOB. ATOMBI, IePBOHAYAIBEHO
HAXOAMEBIIMECA «B Ppase», HAYHHAIOT TePATH CHHXPOHHOCTD YIKE Ye-
Pe3 HeCKOIbKO HAHOCEKYHA; B Jy4lIeM CIydae OHH YAEPKUBAITCH
B 9TOM COCTOAHUH JI0 ceKyHARIL TeslenopTaLio HeoGX04BMO IIpOBO-
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OUIHKA HEBOIMOHHOID

AWUTb 04eHb OLICTPO, IPEKe YeM aTOMBI HAUHYT TepATh CHHXPOH-
HOCTb, Y 3TO €le 07JHH OrpaHUYHBAIOINHii GaKTOp A1 KBAHTOBBIX
BEIMHMCAEHWH H TelelopPTal[uH.

Hecmotpa Ha Bce mpenarcrsua, [apua Jiony u3 Oxcdopa-
CKOT'O VHHUBEpPCUTETa YBepeH, 4TO 3TH NMpobieMbl MOXKHO PEIIHTh:
«E¢Id MoBeser, Ipyu IOMOLIH [OCASJHUX TEOPETHIECKUX JOCTHXKe-
HHH Ha co3jaHue [KBaHTOBOTO KOMIIbIOTepa) nmoTpebyeTcd, BO3-
MOXKHO, Kyaa MeHpme 50 feT... 310 6bu1 65 COBEpPIIEHHO HOBHIH
criocod oOy3AaHKA IPUPOAED».

YrobLl MOCTPOHTE peanbHBIH KBAHTOBBIM KOMIBIOTED, HAM
noTpefyercsa oT CoTeH JO MWUIMOHOB aTOMOB, KOaeGMomuxcs
B YHHCOH; HA CErOAHAIIHWH JIeHb HaM ellle JaNeKo A0 MOAOGHEIX
noctixkeHui. Ceifuac Teslenopraumsa kanuTaHa Kupka Obina 6w
ACTPOHOMMYECKH TPYAHBIM JeoM. /Uit 3TOr0 HaM HpPHILIOCH Obl
YCTAHOBUTE KBAHTOBYIO 3allYTAHHOCTH C KOMHeH-OAN3HENOM KaTH-
TaHa Kvpxa. Jlaxke ¢ y4eTOM HaHOTEXHOJIOTHH M HoBeHIIHX KoM-
HBLKTEPOB TPYAHO IpeACcTaBUTE cebe, Kak 3T0 MOXKHO CHAEIaTh Ha
HPaKTHKE.

HMTaK, Ha aTOMHOM YPOBHe TeJelOpTalus yXe CYIIecTByer,
Y BIIOJIHE BO3MOXHO, YTO YK€ B TEYEHUE HECKOMBKHX OMHKANIITHX
AeCATWIETHH MBI HAyYHMCs TeleIOPTUPOBATE CAIOXKHBIE U JaXe Op-
FaHUYECKKE MOJEKYABL A BOT TeJIENOPTANUH MaKpPOCKOIMHYECKHX
0OBEKTOB NTOCJIE 3TOTO PUAETCH KAATh 3HAYUTCIBHO AOABLIE — OT
HECKOJIbKUX JeCATUAETHI O HeCKONbKUX CTONETHH, a TO U 6OMb-
1€, eC/iK 3Ta MPOLEAYPa BOOOIIE BO3MOKHA.

[To3TOMY TETeNOPTALKIC CIIOKHBIX MOJEKYN, MOXeT GHITb,
Jaxke BUPYCOB WM UBEIX KIETOK, ClefyeT OTHEeCTH K | kiaccy He-
BO3MOXKHOCTH, UTO O3HAYaeT: PelleHHs 3ToH 3aJa4H CeyeT Oxu-
AAaTE e1le B HACTOAILEM CTONETHH. Ho TeTenopTanua 4e/IoBeKa, XoTs
Y He IpOTHBOPEYMT 3aKOHAM GU3NKY, Bps i OyIeT peanusosaHa
B Gmpkajitiee Bpems. Ha pelnenne 310l 3a7auu — NpH YCIOBHH,
4TO pemieHHe BooblIe CYUIECTRYET, — MOXET NOTPebOBaThCA elle
He OJHa COTHA JieT. [1o3ToMy f 6bl OTHEC TeIeNopTAILHK) TAKOro
poaa xo I xi1accy HeBO3MOKHOCTH.,
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9. TENENATHS

Ecnwn 3a enpiji fenb BaM HE NONAAOCH HUYETD CTPAHROTO, 3HAYHT, AeHL HE YAAJICA.

OxoH Yunep

ToMbKO T€, KTO NBITAETCH CHeNaTh abeypaHoe, A0GHBAKITCA HEBO3MOKHOTO.

Mopun, 3iep

I'poMa/IHBIN HOTEHIIMAN TEJIEIATHH K CAMBIE TEMHEIE HAIIM CTPaxH,
CBA3AHHBIE C Hel, KaK B 3epKaje OTpasWwiIkCh B poMaHe Ansdpeaa
BaH Borra «Cnsn».

Zxommu Kpocc, maBHBIN repoit poMaHa, — «CI3H», peAcTa-
BHTENE BEIMHPAIOIICH PAaChi CBEPXPa3YMHBIX TEACTIATOB.

Ero posutenu 6bUIH KecTOKO YOUTHL pazbApeHHON TOMNOH
06BIMHBIX TI0JEH, KOTOpBIe GOATCA M HEHAaBHAT BCEX TEACTIATOB
M3-34 TPOMaJHOH BAaCTH, KOTOPYIO obpeTaeT moboiH, KTO MOXeT
MPOHUKAThL B HX JHYHBIE, CaMble HHTHMHBIE MBICTH. JIIoaK Hea-
HAMOCTHO OXOTATCA 33 CI3HAMHM, KaK 3a KUBOTHEIMU. [Tpudem
Y3HATh CJI3HA HeCI0XKHO BIarofapa XapaKTe pHbIM YCHKAM, PACTY-
MM Ha ronose. Ha npoTAKeHnH Bcero poMmaxa [DKOMMMU IIBITaeT-
€5 CBA3ATHCA € APYTHMH CTIHAMHU; CYUTACTCSA, YTO HACTh MX, THI-
TasACh YCKOAb3HYTh OT Pa3BA3aHHOH JIOABMH «OXOTH HA BEAbLM»,
fiexkana B KOCMOC.

BO3MOXXHOCTE UMTATL YY)KHE MBICTH BCELAa 3aHMMala BO-
ofpakeHue Ye/I0BEKa U MPECTABAANACh HACTOMbKO BAXKHOM, YTG
YacTO €e NPHIUCLIBAZE MCKIIOUHTENbHo Ooram. OpHOM H3 ca-
MBIX BaKHBIX COCTAB/IAIONIMX MOTYIECTBA M1000re Gora ABIIeTcs
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OHINHA HEBOIMOMHOIO

CMocoOHOCTL YHTaTh B AYIIAX M MOTOMY OT3bIBATBCA HA CaMble
TalHble HAIMY MOJHMTBHL. Hacrosiui Tenenar, ciocoOHbIil npous-
BOJIbHO YHTATH YyXKHe MBICJIH, JIETKO MOT OBl CTATh GoraTeldminm u
MOTYIECTBEHHEHNINM Ye/ioRekoM Ha 3emne. EMy He TpyaHo Obuto
6bl TIPOHUKATH B TaMHbIEe MBICIH GAHKMPOB ¢ YOWI-CTPHT, MIAHTa-
JKHMPOBATh COMEPHHKOB MIM OKa3blBaTh HA HUX JaBneHHe, Takoi
qenoBeK b1 66l YTPO30H A1 6e301TaCHOCTH MPaBUTENBCTB. OH be3
TPYAa MOT Obl BHIBEIBIBATH CaMble THATENRHO OXPAHAEMEIE TAHHBL
mobo# crpausl. Ero Toxe 6osmuch 6bl; BO3MOXKHO, 3a HUM, Kak 32
CI3HAMH, YCTPOMIH ObI 0XOTY.

I'poMaaHbie BO3MOXHOCTH HCTHHHOrO Telenara Iog4ep-
KHMBAIOTCA H B CEPHU POMaHOB AH3eka A3uMOBa «OCHOBaHHE»,
KOTOPYI0 4acTO HA3bIBAIOT OAHOH M3 BeNWYAMIIMX HAyIHO-
¢daHTaCTHIeCKUX 3I0Mell Bcex BpeMeH. [anakTHueckas HMIepus,
npaBUBUIAS HAa TPOTAXEHHH MHOTHX THICAY JIET, CTOHT Ha TPaHU
pacnafa ¥ rubend. TaiiHoe obllecTBO y4eHbIX, M3BECTHOE KaK
Bropoe ocHoBaHMe, NPEACKA3LIBACT TPH MOMOIEH CIOXKHHIX BHI-
YHCJIeHHH, 970 HMIepHA B KOHIe KOHLOB Na/leT, 3 UIHBUIN3AIHA
norpysmutca Bo TbMy Ha 30 000 net. B nonbiTKe MpeAOTBPaTUTL
IOMHEH pacnaj NMBMAM3ALHU M CBeCTH TEeMHBIH 11epHo/ BCero
JIHIIb K HeCKOJIIBKUM THICAYaM JIeT yYeHbIe, OCHOBLIBASACH HA CBO-
Hx popMynax, paspabarTriBaoT CIOXHHI IW1aH. Ho 3aTeM Ipouc-
XOAUT Katactpoda. OkaspBaeTcs, Bee THIATEILHO IPOJYMaHHbIe
YPaBHEHHS He B COCTOAHMH NpeACKa3aTh OAHOMH-eJUHCTBEHHOMH
CIy4afHOCTH — POXACHHA MYTaHTAa 0 HMeHH My, cmoco6HOro
YIpaBAATh CO3HAHUEM JPYTHX Jiofeil Ha 60AbIIOM PACcCTOAHHH
H cTpeMsAIierocsd K 3axXBaTy BAacTH B lanakTHyeckoH HMNepuu,
Ecnn Tenenata He yAacTCA OCTaHOBMTE, ralakTHka obpedeHa Ha
30 000 ner xaoca u aHapXHH,

DaHTacTHKA N0JIHA CKA30YHBIX HCTOPHH O TeJleNarax, Ho pe-
aNbHOCTB TOpasjo 6ojiee Npo3anyHa. MBICAbL — IITYKA JUYHAA U
K TOMY ¢ HeBHAMMAf, I03TOMY LlIapjiaTaHsl H MOIIEHHUKH Be-
KaMH I0/1b30BANIHCh HAMBHOCTHIO H AOBEPYHBOCTBIO HEKOTOPHIX
mozaed. OauH U3 nmpocTemux GoKycoB, KOTOPEIMHU TIOAB3YOTCA
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TERERATHA

HJLNIO3HOHUCTRI, — 3TO «[I0ACaAHAA YTKA», T. €. IOMOIHHK, KOTO-
PBIii CHAMT B 3aji€ M MBICIH KOTOPOLO 3aTeM «4HMTAET» 3ae3HUil
Tesemnar.

PemyTal(isl HEKOTOPBIX TIPOCIARNEHHBIX «TeAENATOB» HazHpo-
BaJIaCh Ha 3HAMEHUTOM «TPIOKe €O LLAANOM». JIIoAH B 3a1e nucany
3aNMMCKH HA MMCTaX SymMard U CKIaJblBa/iH X B LIVIAIY, a 3aTeM ap-
THCT, MOpaXKasA NIPHCYTCTBYIOIIHX, TOBOPH, YTO HATINCAHO HA KaX-
AOM JHCTe. Y 3TOTO XUTPOYMHOTO TPIOKA eCTh 00MaHYHBO NPOCTOE
obbacHeHue (CM. IpUMEYaHuA).

OnMH M3 CaMbIX 3HAMEHHTEIX CTyYaep TefienaTuy ObUI cBA3aH
HE C «II0/ICAAHOH YTKO#>», a ¢ HACTOSHIIMM XHBOTHBIM — UY/10-KOHEM
N0 KAHYKe YMHbIA [aHc, H3yMAABIIMM €BpPOHEHCKYI0 TIYOAUKY B
1890-x rr. K yAuMBIEHUIO U BOCTOPTY 3puTeneil, YMHEL1 [aHC Mor
NPOU3BOANTE CACXKHEIE MaTeMaTHYecKHe BhIYMCTeHHd. K mpHme-
Py, €CJIH KOHA MMPOCKIM pasienuTh 48 Ha 6, OH BOCeMb pa3s yAapan
10 3eMJ/Te KOTIEITOM. YMHBIA [aHC yMen AelHTh, YMHOXATh, CKJIa-
AbIBATh Apo6U, IPAMOTHO MHUCATh H JaXKe Y3HABATh MY3bIKAIbHbIE
HOTHI. [IOKTOHHHKH 9yZ0-KOHA 3aAB/IAIH: 1160 YMHBLT ['aHc yMHee
MHOT'MX JIOZe#, THOO0 OH TeNeNaTHYeCKH YIABMTHBAET MBICH.

M nipu 3ToM YMuuH I'aHe He 6611 y3aCTHHKOM KaKOH-TO «Xu-
Tpo# adeprl»! HaoboporT, YyaecHas cnocofHOCTh KOHA K apud-
METHYECKUM BBIYMCIEHUAM CTaBHAA B TYIHK AaXe ero ApeccH-
poBmuka. B 1904 r. o6cnegoBats YMHoro l'aHca NpHrIaciiIy
M3BeCTHOTO Ncuxosora npodeccopa Kapna Ultpymnda, koTopuii
He cyMes 0OHAPYKUTh HHKAKUX OKA3aTeNbCTB MOUIEHHIYECTBA
WIH TAHHHIX CHIHAJIOB, KOTOpHE APeCCHPOBINUK nogapan OH JIo-
mazH. OJHAKO TpeMA roaMH 1o3xe yaeHHk [ITpymnda ncuxonor
Ockap I1$yHreT nposen ropazao Gosee TIATEABHYIO OPOBEPKY H
packphln HakoHel cekpeT YmHoro l'aHca. Ha camom aese koHb
[POCTO BHUMATENbHO HabM0Aan 3a IMIoM JApeccHpopmuka! Ou
61N KOMBITOM, a KaK TOJBKO 3aMevasl Jerkoe H3MEeHEeHHe BhIpa-
KEeHHMA JIMLA, NpeKpaman 3To AeiaTbh. YMHBIH ['aHC He yMel HH
YUTATb MBICJIH, HY CYUTATh; OH IIPOCTO 0Ka3aacad BHHMATENbHEIM
HabmogaTeneMm.
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OW3IUHA HEBO3MOMHOTO

B MCTOPHU M3BECTHH ¥ APYTHE KHBOTHEIE-«Te/lenaThl», Ele
B 1591 r. nomagp 1o kanyke Mapokko NpocAaBWIACk HA BCIO AH-
M0 ¥ 3apafoTana cBoeMy X03aHMHY Lieloe coctosuue. OHa Haxo-
AUJIa CpeJiM 3pUTeNel OTIpeIeNiCHHEIX JI0AeH, YKa3bhiBala Hy»KHEE
GyxBHI a/1QpaBHTa U CKIIAARIBAIA OUKH, BHIABIIHE HA TApe UTpalb-
HbIX KocTel. Jlomags Npou3Bena B AHIIMH TAKYH CEHCALMIO, YTO
[Hexcnup BBIBEN €€ B CBoeH nbece «TnieTHEIE YCIIVA JI06BH» Kak
«TAHIYIOLIYIO JOLMIAb>» U TEM 0DCCCMEPTHIL

Urpoku Toxe crocoGHbl B ONpeAeaeHHOM CMBICAE YATATH Y-
HHe MBEICTH. Korfia 4e40BeK BUAKT nepes coboH YTO-TO NPHUATHOE,
3pavky ero 1as pacmuparTed. Korza oH BUAMT 4TO-TO Hexena-
TeMbHOE (WM 3aHMMaeTcs MaTeMaTHYeCKHMM BRYHCISHHAMMU),
3pavKM CyXawTcd. rpoKH MOTYT OTCIEXUBATH SMOLMHM COIep-
HHKOB TI0 PACIIHPEHMIO HIH CYXKEHHIO 3padKoB, JaXKe eCJ/IM BEIpA-
JKEHME JHI ¥ HHX COBePIeHHO He MeHAeTca. IMeHHO TIC3TOMY, B
YaCTHOCTH, MHOTHE HTDOKH HOCAT HaJ IVIa3aMH L[BETHOM KO3bIPEK,
KOTOPBIH 3aTEHAET 3paYKH H He JJaeT pACcCMOTPeTh UX. MOXHO Tak-
e HalPaBHTh Ha 3Pa40K YE/IOBCKA Ja3epHBIH Jyd, a 10 OTPaKeH-
HOMY JIy4y ONpeJeauTh B TOYHOCTH, KY/a HANPABACH €ro B3IJLA.
Cnepa 3a ABMAKEHHEM JIa3€PHOTO «3aHYMKa», MOXKHO OIPEACTUTD,
B KaKOH MOCJIEJOBATEIBHOCTH YE€TOBEK PACCMATPUBAET KApTHHY.
OaHOBpeMeHHOE WCTIONB30BaHHe 00eMX 3THX TEXHOJIOrHH [103BO-
JIAET OTIPEASIMTE MTOAPOOHYI0 IMOLMOHAILHYIO PeaKMIO UeJIoBeKa
Ha KapTHHY, HH O YeM ero He CIIPaIlHBast,

IHenxuueckue NnCaJIiemoBaHu g

llepBele HayyHBIE MCCIEAOBAHUA TelelaTHH M APYTMX TapaHop-
Ma/JbHBIX ABICHUH NpUHaANe:kKaT OOIecTBy ICHXHIECKUX HCCIe-
AOBAHMH, OCHOBAHHOMY B 1882 r. B lonpoHe. (Kak pa3 B atoMm roay
Opepepuk Malkiepc ¥ IycTHI B ofpaleHye TEPMUH «MeHTaIbHANA
TeAenaTyuA».) Cpej Npe3ueHToB 2Toro ofiecTsa eule B XIX B.
ycneno nobplBaTh HECKONLKO OYCHB M3BECTHBIX JHYHOCTEH. OHO
CYIIECTBYET O CHX TIOP U YCIENO Pa3obaaYiuTh MHOKECTBO MOLIEH-
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TENENATHA

HHUKOB, HO M caM0 061IeCTBO HePEIKO PA3PHIBACTCA MEXIY CIHpPH-
TyaJMCTaMH — Te€MH, KTO TBEPAO BEPHT B [TapaHOPMAJILHEIE ABJIe-
HUs, — U YIeHBIMH, CTPEMALIMMUCA K GoMlee cepbe3HBM HAyYHBIM
HCCTeJOBaHHAM.

JoxTop Jxosed banke Paitn paboran B CoeauHeHHbIX [1lTa-
Tax, HO MoAAepXuBai ¢ O6mecTBOM TecHY®O CBA3b. B 1927 r, on
HAa4aJl [IepBoe CHCTeMaTHYecKoe M TIIATENbHOe U3yYeH e IICUXH-
YeCKHX ABJIEHUH H ocHoBaa MHCTHTYT PaiiHa (M3BeCTHBIE cefiyac
kak HMccnegopatenbekuii nentp PaiiHa) B YHuBepcHTeTe [bloKa
B miTaTe CeBepHas KaponmHa. HecKombko AecATKOB J€T AOKTOP
Paiin n ero xeHa Jlyusa npoeoannu nepekie B CIIIA skcnepUMeH-
ThI IIOJ HAYYHBIM KOHTPOJIEM; OHM M3Y4aay IUPOKHUH CIEKTD AB-
JIeHHH [apaTiCUXo0THH 1 NyOIHKOBATH OTYETEl O CBOUX HCCIeAo-
BaHHAX B Pa3/MYHBIX pelleH3UpyeMbiX usganusx, MMeHHo PaiiH
B OJHOH U3 NMepBHX CBOMX KHHI BBEJ TePMHH «3KCTPaceHCOPHOe
BocnipuATHE» (3CB).

MoskHo ckazars, 4To M1aboparopus PaitHa ycTaHOBWIA OOLIHI
CTaHAAPT NMCUXHYECKUX HccneaoBaHuH, OgUH H3 COTPYAHHUKOB Ja-
Goparopuyu AokTop Kapn 3eHep paspaboTtan cHcTeMy KapTouek C
MATLIO PASHBIMU CHMBOJIAMH AJIA aHAJIH3a TelenaTiHyeCKHX CIrocob-
HOCTEH; TeNepb OHM M3BECTHBI KaK KapTOYKH 3eHepa. B rpomMag-
HOM GOJBIIMHCTBE SKCIIEPUMEHTOB HE YAaToch 0OHAPYXKUTB Jaxe
ManeHlIUX IPU3HAKOB TeylenaTHH, TeM He MeHee JaHHBIe HEKOTO-
PHIX 3KCIIEPHMEHTOB NOKa3a/x Heboblive, HO IIpUMeYaTe/lbHEe
B3aHMOCBA3H, KOTOPHIE HEBO3MOXHO OBLIO 0OBSICHHTD CIVIANTHEIM
cosnageHueM. [IpobremMa B TOM, 4TO ApPYTHE UCCIEAOBATENH, KAK
NpaBWAO, HE MOTYT IIOBTOPHTB 3TH IKCIIEPHMEHTHI.

PaliH cTapancs 3acay>KHTh pemyTallvio cepbe3Horo M JoTo-
HOI'O UCCIE0BaTe A, HO OHA NOCTpajana, KOTAd OH CTOIKHYIICA C
J0oIIAARI o KAnykKe Yyao-Jlegn. 3Ta KOHATa JeMOHCTPHPOBAIA [10-
pasHTeNbHBIE YyJeca TejlelnaTHH; OHa yMesa, HalpuMep, ciubathb
KOTIBITOM KyOMKH ¢ GYKBaMM M COCTABIATh TAKUM 00PA30M M3 HUX
CJI0Ba, 3aJyMaHHble KeM-To U3 3puTeseldl. OueBrziHO, Paiin He 0oLt
3HaxoM ¢ 3¢ dexToM YMHoro l'anca. B 1927 I. OH TIIATENBHO HCCTe-
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aosan Yyzo-Jlean U caenasn BusoA: «TaKuM 06pasoM, 0cTaeTCs TOIbKO
TenenaTH4yecKoe oG bACHEHHE, NepeJata MeHTATLHOTO BO3ASHCTBHA
HEM3BECTHHIM IyTeM. Ml He 06HApPYKWIM HUYEro, YT0 NPOTHEO-
pedrIo OBl STOMY, H HH O[HA M3 TIPEJJIOKEHHBIX APYTHX THIIOTES He
KaXeTCA JOCTOBEPHOM B CBeTe IIOTYYeHHRIX Pe3yJIbTATOB». [loake
Mwmi6ypH Kprctodep cymen Bee xe pasrajaTb HCTHHHBIN HCTOYHMK
TeNeNaTHYeCKUX BoaMOoKHOCTel Yyao-JlegH: MM OKA3AMUCh IETKHE
JABIDKEHMA XIBICTA B PyKaX Blaje/blatomaay. Yyao-/leau HayuHana
BEITH KOTIBITOM M IIPEKPAIIATA 3TO ATk TOIBKO [10 ONpeseTe HHOMY
CHTHATY Xo3AKHa. (PaiiH MPOA0/DKAI BEPHTD, YTC 3Ta ONALE — Ha-
CTOALIMH Tesenar, Jaxe [0UIe TOro, KaKk HCTUHHEBIH HCTOUYHUK CTo-
cobHocTeit Yyao-Jleay 6bu1 packperT. OH CUHTAI, YTO XO39HH npuber k
MOIIEeHHIIECTBY BLIHY¥AeHHO, TAK KaK JIOMaAb TOYEMY-TO IIOTEPsIA
CITOCOGHOCTL YMTATD MBICIH. )

OnHaKo NOC/IeAHVH COKPYIIMTENbHBIN yAap 1o pemyraypy Pail-
Ha 6bU1 HaHeceH Nepe CaMoi ero oTcTaBKoi. OH NOABICKMBA IIpe-
€MHHKA, IIPH KOTOPOM €r'0 HHCTHTYT Mor Gbl YCIelHo TPoso/DKaTh
paboty. Kanauaar, pasymeerca, Jo/bKeH ObUT HMeTh HE3aMATHAHHYTO
pemyTanuzo. Jlokrop Yorrep JleBY, OZHH H3 MHOTOOOEILAIOLIHX KaH-
Auaatos, pabotasimmii ¢ PaiiHoM ¢ 1973 r., cuuTanca BocxoAgmei
3Be3gor mapancHxonoTHu., OmyOMHKOBAHHBIE UM CEHCALIHOHMHBIE
Pe3yIETaThl CBUAETENbCTBOBANY, YT0O MBIUH CTIOCOOHH Telenary-
9eCKM BO3J€HCTBOBATb HA KOMIIBIOTEPHbIN TeHeparTop CIyYaiHbIX
qucen, OfHaKo OAUTENbHBIE COTPYAHUKM NabopaTopHH obHApyXU-
74, 4TO 1O Houam jJokTop JleBu Taitkom npobupaerca B naboparto-
PHIO H... IOAIIpaB/IAET pe3y/IbTaTsl TecToB. Ero yAanock 3actaTk Ha
MecTe npecTyIUteHnA. JaibHeHlIne UCCIe0BAaHHA [TOKA3aTH, YTO
MBIUTH He 0671aflak0T HUKAKHMH TeNeNaTHIECKUMHE CIOCOBHOCTAMH,
1 zoxTop JleBH BBIHYX/eH OBLI € TI030POM YHTH U3 HHCTHTYTA.

Tenenarus u 3ee3nHble Bpara

Ha nvike xonogHo# BO#HEI, aBilel Hayal0 MHOTOYHMCICHHBIM Ce-
KPETHHM 3KCIEepMMeHTaM II0 TeJIENaTHH, YIIPaBAeHHIO Pa3yMOM
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TERENATHA

Y JATbHOBMACHMIO (Aa7bHOBHEHHE — 3TO NOMYYeHHE 3PHTENb-
HOi1 nHdopMaInK 06 yaaleHHOM MeCTe CPEACTBAMM OIHOTO TOb-
KO CO3HAHHA, Yepea IPOHHKHOBEHHE B CO3HAHUE APYTHX JIOEH),
HHTEPEC K IapaHOPMaNbHOMY TOXe IIPHHAT BOMHCTBEHHEIH Xapak-
Tep. Heckonsko cekpeTHBIX IpoeKTOB Ha AeHbrd LIPY, Takue xak
«ConHeyHbldt yaap» (Sun Streak), «Iltama mox pemerkoii» (Grill
Flame) u «OceBas monoca» (Center Lane), monyunau obiiee Koxo-
BO€ HazBaHHe «3Be3fHbIe BpaTa» (Star Gate). PaboThHI 1o nporpam-
Me HayanHchk okono 1970 1., korma LIPY zomowno, yto CoBeTcKui
Co103 TPAaTHT Ha «[ICHXOTPOHHbIE» HCCIEAOBAHUA 10 60 MIH py6. B
rof. BoexHsle onacanuce: papyr CoBeTH HaydaTcd 0OHApPYXHBATD
npy nomoiy 2CB pacrnonoxkenue soeHHEx 6a3 CILIA u mecra 6a-
3HPOBAaHMA [OABOAHBIX JOAOK, PACIIO3HABATE UIMHOHOB M YUTATh
ceKpeTHBle fymaru?

B 1972 1. uccregosanua LIPY nonyumnu ¢uHaHCUpPOBAHUE;
pykoBofuH paboTamit Paccest Tapr v Paponss [ytxodd 13 Cran-
$OpACKOro HCCNeA0BaTENbCKOr0 UHCeTHTYTa B . Menno-Ilapk.
[TepBoHavanbHO CTaBHAACH 3aa4a TOATOTOBUTb IPYNITY MEAUYMOB,
CHOCOOHBIX BECTH «ICHXHUECKYIO0 BOiiHy». [Iporpamma aeiicTBoBaIa
6onpite 20 neT; 32 ato Bpema CLIA ucTpaTIM Ha «3Be3JHEIE Bpa-
Ta» 20 MAH JO/L, B LITaTe ee coCcToAn0 Gonbiie 40 COTPYAHHKOR,
23 JaJILHOBHZAILKX H TPU MeAUYMa.

Jo 1995 r. kamanga LIPY ¢ 6romxerom 500 TeIC. A0MA. B TOf
MpPOBE/a COTHH 3KCIIEPHMEHTOB 10 cOOpY pasBeAIaHHBIX ¢ THICAIaMU
CeaHCOB JaTbHOBHAEHHA. B 4aCTHOCTH, JaTbHOBUASAIINX [IPOCHIIH

* OTIpeaeNHTh, e HaxoAUuTCA NoMKoBHUK Kagnadu,
nepes 6ombapauposkoit Jlusuy B 1986 r.;

* HaiiTH XpaHHAHLIA ITyTOHUA B CeBepHOI Kopee B
1994 1.;

* ONpeAIETHTE MECTOHAXOXKAEHHE 3AIOKHUKA, TIOXH-
IEHHOTO «KpacHHIMHU 6pHragaMu» B Mramu, s 1981 r.;

* HajiTi coseTckui GomBapauposuruk Ty-95, pas-
fuBumiics B Apuke.
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GH3HHA HEBO3MOMHOTO

B 1995 r. LIPY nonpocuno AMepHKaHCKH HHCTHTYT HCCile-
nosanud (AHMH) ouenuts 3T nporpammel. AMM pexomeHz0Ban
3AKPHITH HX. «HeT HUKaKWX AOKYMEHTANLHBIX CBUAETENBCTE TOTO,
YTO OHH HMEIOT KaKy0-TH00 LeHHOCTH A1 pa3BeZILIBATEIbHOTO CO-
obmecTBa», — HanmMcan npecTaBuTens AUU JasuA FocuH.

CTOPOHHWKH NpoTpaMMH «3BE3AHEIE BpaTa» YTBEPW AT,
YTO 3a IOABl ¥ HMX HAKOMHUJIHCH Pe3yAbTaThl «<Ha BOCEMb MapTH-
HM>» (T. €, HACTO/IBKO MOPA3HTE/BHBIE, YTO YENOBEKY, YTOOH ONpa-
BHTLCA TIOCJIE 3HAKOMCTBA ¢ HUMH, HYKHO BLIUTH HE MeHbllle
BOCBHMH NMOPLIKH MapTUHH). KDUTHKH, OZHAKO, BO3PAXAIOT Ha 3TO,
4TO rpoMasiHoe OOJIBITHHCTBO 3KCIIEPUMEHTOR MO AaNbHOBU/E-
HUI0 Jai0 HecTioNe3nYH0, HUKOMY He HY)XHYI0 HHOOPMAaLHIO, 4TO
3TO HaIlpacHas TpaTa AeHer HAJIOl'OIJIATeNbIMKOB H YTO Te He-
CKOJbKO «IIONajaHUli», KOTOPHIE Bpoje 6bl 3aperucTpUpOBaH»,
HOCAT TaKol HeonpeaeTeHHEIH XapaKTep, YTO MPUACKHUMBI TIOYTH
K roboit cutyaumu. B goxknage AUV roBopuTcs, 4TO caMble Blie-
JaTIAAIIKHE «YCIIEXH» NPOrPAMMBI «3BE3HEIE BpaTa» ZOCTUIHYTH
€ y4acTHeM TeX AAIbHOBUAAIIUX, KOTOPEIE U PaHbIIe 3HAIH Koe-
4TO O CUTYALHH X NOTOMY MOIVH C/e/1aTh BIIOJHE 060CHOBAHHOE
opeAnosoKeHue.

B xoHile koHLoB LIPY npuuuio K BEIBOAY, YTO NporpaMma
«3Be37HHe BpaTa» HH pa3y He Jajla MHOopMauuH, MOJNEe3HOH npu
OpTaHM3allMy 1 IPOBEACHKMH pasBeloNepallyii; nporpaMMa Huiia
3aKphITa. (X0AAT YIIOPHEbIE CAYXH O TOM, YTO BO BpeMs BOMHE B 3a-
suBe LIPY nuiTanock, XoTA ¥ 6e3yClenrso, TIpPH MOMOIH AANTBHOBH-
JALHX YCTAHOBHTh MeCTOHAXOX JeHWe Cagaama XyceHHa.)

CrkanupoBaHue Mo3ra

OaHoBpeMeHHO ¢ ONMHMCAHHBIM Bhille yUyeHble MOTHXOHBKY HaYHHA-
7Y NOHMMATE PH3UYeCcKHe 3aKOoHbi, cToAWMe 32 paboTo# Moasra.
B XIX B. yyeHble MOAO3peBaNH, YTO BHYTPH MO3ra IepefarTea
JNeKTpHYeckue cUrHaiel. B 1875 r. Pudapa KelTon o6HapyxuT,
4TO Cabkie ATEKTPHYECKHE CMIHAbY, U3My4aeMbie MO3TOM, MOX-
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TEAEMATHA

HO YJIOBHTB TIPY TTOMOIIH 3MEKTPOJAOB, pa3MelleHHEIX Ha TOBEpX-
HOCTH TOJIOBHL. DTO OTKPBITHE CO BPEMEHEM NPHBEI0 K CO3JAHHI0
anexTposHledanorpada (33).

B npuHIMNe Moar AeficTBHTENBHO NpecTaBaseT coboil nepe-
AaTYHK, TI0 KOTOPOMY Halld MBICTH PA3HOCATCA NOCPEICTBOM
O4eHR C1abblX 37eKTPHYECKUX CHTHAJOB M 3/eKTPOMAarHHWTHBIX
BOH. HO BOT HCIIONB30BATD 3TH CHTHAIB M1 YTE€HUA MBICTeH fTpo-
feMaTUYHO. Bo-nepBhIX, CHTHAMB! Ype3BHYatino c1abbl, MX MOII-
HOCTh M3MepAeTcA B MIJUIMBATTaX. BO-BTODHIX, OHM O4éHb NyTa-
HBIE ¥ IOYTH HEOTTUYHMEI OT «Bejioro myma». M3 3ToH MelllaHUHBI
MOKHO BBLIETUTH TOABKO CaMylo rpy6yio #HGOpMAaLHio O HAIUX
MBICTAX. B-TpeThHX, HAll MO3T He citocobeH IPHHUMATD NOA0OHbIe
CHUTHa/IBI OT ADYTOTO MO3ra; y YeloBeka HeT JJIA 3TOro aHTEHHHI.
M HakoHel, naxe ecsd 6B Mbl HAYMWIHChH IPUHHUMATD 3TH c1abbie
CHTHaJIbl, Mbl He CMOIVIY 6Bl paciudpoBats ux. O6byHAaA PpUanKa
HeroToHa n MakcBeiia, 110 Bce BUAMMOCTH, He paspellaeT Tese-
MATHIO FO PAAMO.

Koe-KTo cunTaert, 4To TelenaTvs, BOIMOXKHO, lepefaeTcs o-
CPeACTBOM MATOH CHJIBI, H3BECTHON KaK ncu-cwia. Ho gaxe cTo-
DOHHMKH [apancHXON0rMH IPH3HAIOT, YTO ¥ HUX HET KOHKPETHBIX
BOCTIPOH3BOAHMBIX CBH/IETENLCTB CYIIeCTROBAHMSA TICH-CIUTHL

OTKPBITEIM OCTaeTCA APYToit BONPOC: YTO I'OBOPHUT KBaHTOBAA
TeOpHsA HaCyeT TejlenaTHu?

B nocneAHrE HECKOABKO 6T MOABWIHCH HOBbIe KBAHTOBLIE HH-
CTPYMEHTHI, KOTODbIe BIIEPBbIe B HCTOPHH O3B0 HaM 3aT/HY Th
B paboTaromyii Mo3r. Bo3I1aBaeT 3Ty KBAHTOBYIO PEBOMIOLIHIO Me-
TOJ NO3UTPOHHO-IMUCCHOHHOTO (ITIT)} M MarHUTHO-pe3OHAHCHOro
(MPT) roMorpaduyeckoro ckaHHposaHusa moara. g [13T B kposb
BBOZAT PagHOAKTHBHBIN caXap, KOTOPbI KOHLEHTPHPYETC B TeX
yYacTKaxX M03ra, KOTOpPHe B AaHHBIH MOMEHT aKTHUBHBI: IIPOECE
MEIIUIeHHS TpeByeT 3Hepruu. PajMOaKTUBHEIN caxap ucnycKaer
TIO3HTPOHEI (aHTHANEKTPOHHL), KOTOPHIE He CIOXKHO 3aPEruCTpH-
posath npubopamu. Takum ob6pazoM, OTCIEKUBAA PACTIpeAeEHHE
aHTMMATEPHH B ’UMBOM MO3Te, MOXHO Ae1aTh BLIBOJBI H O HAIIPas-
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TIEHHH MBICIEH — KOHEYHO, eCIH 3HaTh TOYHO, KAKHEe YacTH MO3ra
4YeM 3aHUMAIOTCA,

Annapat sns MPT aelicTByeT IpUMEpPHO TakK ke, HO OH Gosee
ToYeH. [0/10BY MaL#eHTa MOMELAKT B MOLIHOe MarHUTHOE TIOJE B
dopme 6yOmika. Tlose 3acTaRIAET AAPA ATOMOB B MO3TY BHICTDAU-
BaTbCA BAOJbL CHJIOBHIX JWHMH. 3areM B NHallHieHTa HAIpPaBAAIOT
PAgHOHMITYNIBC, KOTOPHIH 3acTaBIAeT 3TH A1pa konebaTbed. Menss
OPHMEHTAIIHIO, APa HCITYCKAoT ciaboe pagHoIXo, KOTOPOe MOMHO 3a-
PEerHCTPHPOBATR; TAKMM 06Pa30M MOKHO OIPEAeNHTb IPUCYTCTRHE
TOr0 WY MHOre BelecTsa. K MpHMepy, U3BECTHO, YTO AKTUBHOCTE
MO3r'a CBs3aHa ¢ YPOBHeM noTpeGreHua Kucropoaa, moatomy MPT
MOXeT BBIE/IMTE 30HH, T7€ HAET [IPOLlecC MBIIAeHHUA, 110 TPUCYT-
CTBHIO HACHIIEHHOH KMCIOPOZAOM KPOBH. YeM Bhlllle KOHLIEHTpAIMs
TaKOH KPOBH, TeM BBILlIE YPOBEHb AKTHBHOCTH JAHHOM YacTH MO3ra.
(Ceroans annapar ans «pyHKIMOHANEHOH MPT», luTH «dMPT», crio-
cobeH 3a 10/TH CeKyHIBI HALle/TUThCA Ha KPOLLIEMHBIH YYaCTOK MO3ra B
MWLTHMETD B IIOIIEPEYHHKE, YTO Je/IaeT €r0 HAeTbHBIM HHCTPYMEH-
TOM /s OTC/IEXHBAHHA XapaKTepa MblCIei B XMBOM MO3TE.)

HerexTops! k1 Ha ocHoBe MPT

He mcxmoueHo, 4To Koraa-HMOyab y4eHble CyMEIOT TP ITOMOIIH
annapatoB MPT onpejenaTs obliee HanpasieHUe MbICIel B pabo-
TafieM mosre. IIpocTeAyi TECT Ha «4TEHWe MbICIel» — mpa-
BH/ILHO OTIPESC/IHTD, JUKeT YeJIOBEK WM FOBOPHT MPaBAy.

[To nereHje, MepBbIH B MUpe AETEKTOp JDKM MPUAyMal He-
CKOJIbKO BEKOB Ha3aj oAMH MHAMICKMA xkpel. OH byaTo OBl 3amn-
Pas Mofo3peBaeMOro B KOMHATE C «BOAIIEOHEIM OCITHKOM», [Ipea-
TnosaraeMelit MPECTYIMHUK JONKeH GBUT MOTAHYTH PYKOH 33 XBOCT
BOMMeEBHOro ocuKa, [IpH 3TOM, eCH YeloBeK STOT JDKEI, OCIHK
AomxeH ObUI CKa3aTh 00 3TOM YenoBedeckuM rojocom. [lpearo-
Jaranock, 4To €CIH OCTHK MOIYHT, TO 3TO 03HAYAET, YTO YeJOBEK
rOBOPHUT mpasdy. (BraiiHe oT Bcex cTapelilniHa 3apaHee HaTHpan
XBOCT OC/IUKA Caked. )
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[Tocste BBIXOZA M3 KOMHATBHI ocie ¢OMeHnsa ¢ OCAHKOM MOf0-
3peBaeMbIi 06EIYHO 3a9BIIUI O CBOSH HEBHHOBHOCTH — Be/jb OCHHK
HHYEro He Ckasal, KorAa ero MoTAHy/IU 3a XxBocT. Ho 3aTeM xpen
OCMAaTPHBAN PYKH IOA03peBaeMoro. ECM pyKH oKa3bIBaTHCL 9M-
CTHIMH, 3TO 0O3Ha4ano, yro yenoBek /oket. (MHoraa yrposa npume-
HEHHMSA JeTeKTOopa KK bojlee a3 pexTUBHA, YeM CaM ACTEKTOP. )

IepBulif «BOAMEOHBH OCIUK» COBPEMEHHOCTH DOAMWICA B
1913 r., koraa mcHxomor YuneaM MapcToH mpeAfoKHua TIpoBe-
PATh KPOBAHOE AaBAeHHe IOAO3PEBAEMOro; Mpelnoaaranoch,
4YTO KOT/a YeJOBEK JDKET, JaBleHHe Y Hero noBbimaeTea. (Ha ca-
MOM Jesie 9TO HabojeHHe BOCXOAMT elle K APEBHOCTH; TOLAA
CIEeA0BaTENb BO BPEMs AOTIPoca AEPKal PYKH IOA03peBaeMoro B
cBoHX.) Wzero MapcroHa mogxBaTHIHM APyTHe YYeHEBIE, H BCKOpe
AaXe y MHHUCTePCTBA 000POHEI MosBUICA cOGCTBEHHEN MHCTH-
TYT nonurpada.

C TeyeHHEM BPeMEHH CTAIO ACHO, YTO AETEKTOP JDKH MOXHO
06MaHyTh; B 9aCTHOCTH, 3T O3 TpyAa AeNaloT COLMONaThH — Belb
OHH He PacKaHBalOTCA B CBOMX ACHCTBHAX M He YYBCTBYIOT 3a coboi
BHHBIL. CaMbIl 3HAMEHHTHIH CTy4ai TAKOTO poja — ABOMHOM areHT
B LIPY Onapud S¥MC; OH NOAYYaJ1 OrPOMHEBIE AeHBI'H 0T COBETCKO-
ro Coto3a 3a TO, YTO IOCBLIAL Ha CMEPTh AECATKH AMEPHKAHCKHX
areHTOB H NepeiaBal CeKpeTH aToMHOro ¢gtota CIIIA. IMpu 3TOM He
OAMH JIECATOK JIeT JHMC yenemiHo Npoxogwi B LIPY MHOTOYHC/IEH-
HBble TeCThl Ha ZieTekTope JuxH. KcTaTh, To e caMoe ymen aenathb
# cepuiiHblil y6uiita F3pn Puaxysil, u3BecTHBi Kak Y6uiina us
['puH-Pusep; oH YOI HUKAK He Mehblile 50 KeHIWH.

B 2003 r. HannonasnbHan axagemus Hayx CHIA phimmycriia
PasTPOMHBIN ACKAaJ [0 BONPOCY 0 HAJEKHOCTH H OCTOBEPHOCTH
JETEKTOPOB JDKH; B JOKIAZe CORCPKHUTCA JUTMHHEIH CIHCOK METO-
AoB 00MaHa JeTeKTopa DKM M CHTYaldi, Npy KOTOPBIX HEBHHOB-
HEBIH YeJIOBeK MOMKET BHITMIAAETD /KEIlOM.

Hrak, AeTEKTOPL JUKH H3MepRIOT TObKO YPOBEHb TPEeBOTH,
HO 4TO, eCJIH U3MEPHThL NapaMeTphl CaMoro Mosra? MeICIb 3amvid-
HYTb B IOMCKaX JKMA B MO3T 3apoAmiach jeT 20 Hazaj Ha OCHOBAHHUH
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patot [Tutepa Pozendensia u3 CeBepo-3aiiafHOro yHHBEPCHTETA;
OH 3aMeTH, ¥To I3T" YeloBeKka B MOMEHT IIPOU3HeceHUA JKK OT-
JirgaeTcs ot 33T Toro xe YenoBeKa B MOMEHT IIPOH3HECEHHS TIPaB-
Abl Tak HaseBaemoH BoaHoi P300'. (Kak npaswmno, sonwa P300
BO30VK/AETCH, KOTa MO3T CTAAKMBAETCH € YeM-TO HOBBHIM HIIH
HEOOBMHEIM. )

Henons3opath Aas onpefeneHus kU pesyabratsl MPT-00-
oregoBanus pegnoxat Isnuen JIanrnebex Uz Yaupepcurera [le-
ciibBaHMM. B 1999 1. oH crygattHO HATKHYACA Ha CTaThIo, aBTOP KO-
TOpOH YTBEPH/aM, YTO JeTH, CTPAAAIIME 1eDHITHTOM BHUMAaHHA,
JTYT C TPYAOM; HO M3 TMYHOTO OIBITA OH 3HAJL, YTO 3TC HEBEPHO —
TAKME AETH JITYT He XYKEe OCTalbHBIX. VICTHHHAA WX TPYAHOCTh B
TOM, YTO OHM CTPYJOM YAePKUBaIOT B cebe npapay. «OHM He yMEIOT
XPaHUTh CEKPETH! M Bee pa30aiTEiBaloT», — BCoMuHan JIaHriebed.
3HA4HT, 3aKUTI09HI OH, €CJTH HYXXHO CONTATh, MORT JO/DKEH CHadala
He JaTb cee CKa3aTh MPABAY, a YK 3aTeM NpHAYMaTh 0OMaH, JIgH-
rebeH roBopUT: «KOTAa BEI CO3HATENBHO JUKETE, BAM [IPHXOAUTCS
OZHOBPEMEHHO YIEDKHBATL B MO3Tax U [IPaBAy. 3HAYMT, PA3YMHO
NPEANONOKUTE, YTO MO3T TIPH 3TOM J0JKeH OHTh Hoee aKTUBEH>.
JpPYTHMH CIIOBAMHU, JITATH HETETKO.

JIaHTne6eH Hadaa IPOBOAUTH SKCIEPUMEHTH C YYACTHCM
CTYAEHTOB-A00POBONBIER, KOTOPEIX OH IIPOCHJ JIraTh; BCKOpPEe OH
OOHAPY KL, 4TO HOXKb POKAAET YCHICHHE MO3TOBOM eI TENbHOCTH
Hd HeCKOJBKHX YYaCTKAX MO3ra, BKIKYadA NepeaHiole Aomo (rae
COCPEAOTOYEHRI BRICHIME MBICAMTENbHbIE IpOolecchl), BUCOUHYIO
A0I0 W MUMOKYeckylo cuctemy (re obpabaTHBATCA IMOLHN).
B 4acTHOCTH, OH 00paTIl BHHMaHHe Ha HEOBBIYHYIO aKTUBHOCTE B
nepesHen 4acTH MOACHOHN U3BWINHBL (KoTOpas CBA3aHa C paspelle-
HMeM KOHQIHMKTOB H NI0JaBTeHUEM OTBETHON PeakiluH).

OH yTBePXKAET, YTO B KOHTPOIMPYEMBIX IKCIIEPHUMEHTAX C
LUenblo OIIPEeAe]IUTE, TOBOPHUT M1 UCTILITYEMBIN 1IPaBAY WIM JDKeT
(3KCIePHMEHT COCTOAN B TOM, YTO CTYAEHTHI lIPABHIBHO HIH He-

! «BhicTyN» Ha rpadHKe IeKTpHYeckoro NoTeHnmuana 330 npubnusurensHo
gepes 300 Mc nnocne BOCIPHEIMAEMOTO HCUBITYEMEIM CHTHAaNA. — ITpusm nep.
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TENENATHA

NIPABWIBHO Ha3biBAM UCPANLHYIO KAPTY), AOOWICA YCTOHYHBOTO
ycrexa BIUIoTe 0 99%.

HHTepec K 5T0H TEXHONOTHHM TaK BeNHK, YTO OCHOBaHbI YXe
JBa KOMMepYecknX NpeJNpHATHA, Npealaralomux 3Ty YCAYrY.
B 2007 r. oqna u3 xoMnagui noj Ha3paunHeM «MPT mpoTus mxm»
Havaza padoTy 10 NepBoMy Aleity; 6bu1 06¢1e10BaH YEI0BEK, KOTO-
PHIH TOAAT B CY/l HA CTPAXOBYIO KOMITAHUIO 34 TO, YTO OHA 0OBHHH-
Jla ero B OpeAHaMePEeHHOM TIO/UKOTe cOOCTBEHHOTO MarasHHYHKa.
(®ynkuuoHATEHOE MPT-HCCIe0BAHHE TOKA3AN0, UTO OH HE 107]-
JKUATENb. )

CTOpPOHHUKM MeTOAMKH JI3HTRebeHa yTREPHAAIOT, YTO OHA
ropasao 3¢ QeKTHBHEE CTAPOMOJIHOIO AeTEKTOPA JIKH, TOCKOTh-
KY 4eJIOBEK He MOXKEeT NPOM3BOJBHO MEHATH HOPAAOK paboTH
COOCTBEHHOTO MO3ra. MOXHO HAay4YUTh Yel0BEKa YIPABIATH B
KAKOH-TO CTENeHH 4acTOTOH Ny/bca U He T0TeTh, HO HEBO3MOYKHO
ynpasaare padoroif Moara. MaJso Toro, CTOpOHHMKH YKa3blBaKIT,
YTO B Halll BEK, KOT/la BCe TaK OOATCA TeppOPHCTOB, 3Ta METOAUKA
Morsa 651 BOoBpeMs 3aceudb ataky Ha CIJA H TeM cnacTH 6ecdauc-
JIeHHBIE JKU3HH.

KpUTHKM NpH3HAIOT BHAMMBIM YCHeX 3TOH MeTOUKH B
onpeAeleHuH JXKHA, HO OZHOBPEMEHHO YKa3bIBAIOT, YTO Ha CAaMOM
nene GMPT perucTpupyer He JOXb KAK TAKOBYWO, @ yBeIH4eHHe
MO3TOBOM AKTMBHOCTH, XakK OyATo OB CBsaszaHHOE ¢ JioxkbI0. He uc-
KJIKOYEHO, 4TO NpH pabore ¢ 4eOBEKOM B COCTOSHHHU CHIBHOTO
HEPBHOTO BO30YIKAEeHMA ammapar HauyHeT Ae/laTh OIIHOKH, Bejb
OH PerMCTPHPYET TONBKO TPEBOTY 0OBEKTa M BCET/Ia TPUITUCHIBACT
ee JDKM, a Y TPEBOI'H MOryT BbITh H [pyTHe IPHYHHMBL, «CyllecTByer
HeBEPOATHASA KaX A [HOMYIUTh TECThI, KOTOPHIE MOTIH OBl Hae-
HO OTAMYaTk IPARAY OT 0O6MaHa, a Ha HayKy BCEM HaILIeBaTh», —
npepynpexAaeT Helipobuonor CrupeH XaliMaH w3 T'apBapackoro
YHUBEPCUTETA.

HekoTOphIE KPUTHKH YTBEPXAANT TalKe, HTO HACTOALMH
JAETEKTOp JDKH, KaK W HACcTOSIIMH TeAenart, crmocobeH cenaTh
HOpMajbHOe OfIleHHe Ajeid NpaKTHYeCKM HEBO3MOXHEIM, MO-
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CKOJIbKY HeBoJIbLiafg MOk [peAcTaBaseT cofof Ty caMylo «COoLu-
anbHYIO0 CMA3KY», KOTOPas MO3BOJIAET 0OIECTBEHHOMY MEXAHHU3MY
paboTats. K npuMepy, Bo 4To MpeBpaTHTCA Hallla pelyTalus, eCIn
KTO-HHOYZAb BAPYT BO BeeYCIbIIIAHHE OOBABHT, YTO BCe HAIIH KOM-
IUIMMEHTH 60CcaM, HauyaIbHUKAM, CYTIpyTaM, JHOOOBHHLIAM M KO-
Jleram — qucTas 1oxe? Kpome Toro, Hactosnuil paboraonuii ge-
TEKTOP JUKH BHITAIIMT Ha CBeT BOKHHU BCe HallM ceMeHHbie TaliHH,
CKPRITHE 3MOIMH, NOAABAEHHBIE JKENaHUA U TalHBIE HAMEPeHHA,
Kak Bmipasunica HayuHBIH o6o3peBarens Joprg JKOyH3, HacToA-
I AETEKTOP JUKH, «TI0g00H0 aTOMHOM 6omMbe, y4Lie OCTABUThL Ha
KpaWHUii cTydait Kkak CBOero poja oKOHUATensHoe pemerne. Ecin
€r0 Ha4dHyT LUIMPOKO OPHUMEHATH BHE 3AaHMA CyAa, 0bLIeCTBEHHA
KH3Hb CAEAeTCA COBEPIIEHHO HEBOZMOXKHOM».

YHUBEpCANBHLIN EePEBOUHK

Hexotopste yueHble cnipaBeAIMBO OTMEYAIOT, YTO, XOTA COBPEMEH-
Hbl€ METO/bI CKAHHPOBAHHA U JAI0T KpacuBble poTorpaduu pabora-
IOMIETO MO3ra, OHM BCE Ke CHIIKOM IPy85l, YTo6k perUCTpHPOBaTh
OT/e/NbHBIE M30JHPOBAHHbBIE MBICIH. BeposiTHO, IPH BHINOJTHEHUH
4e/l0BEKOM Aaxke MPOCTEHIIEro 3ajJaHuA 33JeiCTBYIOTCA OAHO-
BPEMEHHO MULTHOHLI HEHTPOHOB, a annaparsl MPT BUAAT BCio 3Ty
felleHy0 aKTHBHOCTh BCETO JIMIIL TOYKOH Ha 3kpaHe. OIMH NCH-
XOJIOT CPABHWI CKAaHMPOBAHHE MO3Ta C NONITKOH NPHCIyIIAThCA
K coceZly BO BpeMs ipocTHOTO $yr6onbHore MaTdya. Borumy Thicsy
3puTeel HelpeMEHHO 3aIIyIlaT HETPOMKHIL DOJIOC O/JHOTO YeIo-
Beka. K ipuMepy, MURHMaIbLHEIH 31€eMeHT 06'5eMa MO3ra, KOTOPHIH
criocofieH HafiexHO aHaNMU3KMpoBaTk annapat GMPT, HaskBaoT
«BOKcenb»'. Ho KBl BOKCENb COOTBETCTBYET HECKONBKUM MHJI-
JIKOHaM HeHPOHOB, TaK YTO YYBCTBHTEIPHOCTH annapara SBHO He
XBATUT, YTOOB! BBIAETHTD OTAENBHYIO MBICb.

B HayyHOH daHTACTHKE MHOIJA MeNbKaeT «YHHBEPCAIbHEIN
NepeBoaIMK» — YCTPOHCTBO, CIOCOOHOE YMTAaTh MEICIH Y Tepe-

! DaeMeHT 06beMHOrD H300PAKEHHS, 10 AHAAOTHH € «ITHKCeAb». — [Tpum. nep.
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JaBaTh KX HEMOCPEACTBEHHO B CO3HAHHE JPYTOro cymecTsa. B He-
KOTODBIX POMaHaX MHOIUTaHETHBIE TeNeNaThl NepejaloT MbICIH B
YeJIoBeYEeCKHH MO3T, XOTA M He 3HAIOT HAaluero A3elka. B Hay4HO-
¢anracTiudeckoM duwieMme 1976 1. «Mup Gyayumiero» con oAHOH
KEHIIMHBl TPOENMpPYeTCA Ha TelesKpaH B PealbHOM BPEMEHM.
B ¢pueme Jpxuma KappH «BeuHoe cHAHHE YUCTOro pasyma» (2004)
NOKTOPA YMEIOT BRAENATh B MO3TY INallieHTa HeNPUATHbIE BOCIIO-
MHHAHHA H CTHPATh HX.

«Takoro poza ¢paHTa3uy BO3HUKAIOT ¥ KaXA0ro, KTo paboraer
B 3TOH 06/1aCTH, — TOBOPHT Hekpobuoaor DkoH XeHHc W3 MUHCTH-
tyTa O6uiectBa Makca [Tnanka g Jlelimupure (Cepmanns). — Ho ecnn
BBl XOTHTE TIOCTPOUTD TAKOE YCTPOHCTBO, TO, A yBEPEH, BaM HoTpe-
ByeTca cHMUMaTh HHPOPMALIHIO € OTAENBHOTO HepoHa.

[Toxa perucTpanua CUrHaia OT OAHOTO HEHPOHA KaTeropuye-
CKM HEBO3MOXHA, HO KOE-KTO M3 TICHXOMOrOB IhTaeTcs A00UTheA
fosee CKPOMHOTO pe3y/AbTaTa: MOJABUTH WYM U BHAEAHTH 06passl
¢MPT, cosgaBaemble OTAENBHBIMM OOBeKTaMH. He ucimodeHo, K
TIPHMeEpY, 9TO MOMKHO HAeHTUPHIMPOBaTh 06passl PMPT, cooTBET-
CTBYIOLHE OTASALHBIM CJIOBAM; eCIH NOMYyYHTCH, YYEHBIE COCTABAT
M3 OTAEIbHBIX CJIOB «CI0BAPh MBICTIEH»,

Taxk, Mapcens [xacT 3 YauBepcurera KapHern-MesvioHa cy-
Mmen vaentuduimposath GMPT-06pas, cOOTBETCTBYIOLIMI MaTeHb-
KOW W3ONHPOBAHHOM Ipynmne oOBeKTOB (HanpuMep, CTOAPHBIX
HHCTPYMEHTOB). «Mbl MOXeM ¢ TouHOCTRIO 80-90% OnpeAenuTs,
0 KakoM U3 12 npesMeToB AyMaeT KK AbH U3 12 HCNBITYeMBIX», —
YTBEPKAACT YUYEHDBIH.

Ero xonnera ToM MuTYe/LT, CIEIHAMMCT O KOMITBIOTEPHLIM
HaykaM, IBITAaeTCd MCHONb30BAaTh KOMIBIOTEDHBIE TE€XHOAOTHH
THUNA HeHPOHHBIX ceTell A7A ONO3HABAHHA CNOXKHBIX DHCYHKOB
MO3ra, NoAy4yaeMeix npu noMowmy ¢MPT-annapara U cBA3aHHbIX
C BHINOMHEHNEM OflpeAe/eHHbIX IKCTIEPUMEHTOB. «MHe OBl oueHb
XOTeNOCh IPOAEIATh SKCIIEPUMEHT U HAHTH C €ro IIOMOLIBIO CI0RA,
KOTODBI€ BHI3BEAIOT CAMYI0 AKTHBHYIO H JIETKO Pa3THYUMYL0 paboTy
Mo3ra», — OTMevaeT OH.
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Ho gaxke cocTapieHue cnosaps MbICIEH ele oYeHb AaJeKo
OT CO3JAHUA «YHHBEPCANBHOTO MEPEeROAYHKA». B OTMIHYHe OT YHH-
BepCalbHOrO NepeBOAYHKA, KOTOPBIH A0/DKeH NepejasaTh MECIH
HenOCPEACTBEHHO U3 GIHOTO MO3Ta B JAPYTOil, NePeBOIIHK MEICIEH
Ha oCHOBe TexHomoruu GMPT aosxeH 6BU1 O1I TPOAENBIBATE MHO-
HeCTBO CKYYHBIX ONepallnii: CiepBa pacno3Haparh ONpeeieHHbIE
obpasel MPT, epeROAUTE MX B aHITHHCKHE CJIOBA, a 3aTEM yxKe
nepeaBarh 3TH CJI0BAa (BepOATHO, IIPOU3HOCHTE) APYTOMY JTHILY.
B 5TOM CMBICTIE TAKOE YCTPOHCTBO COBEPIIEHHO HE IIOX0MKE HA «CITH-
AHME CO3HAHMIl», KOTOPOE MEL BHANM B «3BE3JHOM NMYTH» (HO TEM
He MeHee OHO 6bUT0 OB 0YeHb MTOJIE3HO XKEePTBaM HHCYIETa).

Pyunsie MPT-ckaHeps!

Elue 0AHMM cepbe3HBIM NPEMATCTBHEM Ha MyTH K MPAKTHYECKOH Te-
JlenaTiy ABaAeTcs pasMep annaparta A1 GMPT. Cerogusa sTo dyio-
BHIIHOE YCTPOHCTBO CTOMMOCTBI0 HECKONBKO MUUTHOHOR [0/UTAPOB,
OHO 38HUMAET LIEAYI0 KOMHATY H BECUT HEeCKOABKO ToHH. Cepane
anmapata — 6Gosbiioit MarHUT B GpopMe Gyfnuka anameTpoM Gob-
le MeTpa, CO3/IaI0IMUH MOIHeHNee MarHUTHOE NoJie HaNpAXeHHO-
CTBIO B HECKOJIBKO Tecs1a. (JT0 MarHUTHOE MOJIe HACTOIBKO MOIIHOE,
YTO NIPH CIYYaifHOM BIUNIOYEHH#M AIIIapaTa HeCKOAbKO pabovHX no-
JY9WIH CEPhE3HBIE TPABMBI — OHH NOJYYHIJIH TPaBMBbI OT JIETALNX
MOJIOTKOB M APYTHX MeJIe3HBIX HHCTPYMEHTOBR!)

HenaBHo ¢uznku Urope Casykos u Matikn Pomanuc u3 IIpuH-
CTOHCKOTO YHUBEPCHTETA IIPE/IOKIUIM HOBYHO TEXHOAOTHIO, KOTOPAst
CO BpEMEHEM MOKET CTaTh 62300 JUIA CO3MaHMA PyIHBIX ANNAapPaToB
MPT; 1pH 3TOM CTOMMOCTb X CHU3UTCH MHOTOKPAaTHO — OBITE MO-
’KeT, B CTO Pa3. YyeHble YTBEPRAAIOT, YTO rPOMaHble MarHUTH A5
MPT MOXHO 32aMeHHMTb CBEPXIYBCTBHTE/IbHEIMH aTOMHBIMH MalrHH-
TOMETpPaMH, CTIOcOBHBIMM PervcTPHPOBATh CaMble c1abble MaruuT-
HEIE TIOJA.

B nepsy1o ouepeap CaBykon M PoManuc co3gany MarHHUTHLLA
AaTiVK W3 B3BECH TOPAYUX MAapoB Kalua B e, Ilpu nmomomu
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JIa3€PHOTO Ty4a OHM BHPOBHAIM CTIMHBL 3J€KTPOHOB aTOMOB Ka-
JMA. 3aTeM OHHU UPUIOKWIH criaboe MAarHUTHOE [OMe K HEKOTO-
poMy obBbeMy BOAB (HMUTHPYIOILEMY YeloBeyeckoe Teno). [locte
3TOTO B BOAY GbLT HanpaBsieH paJUOMMITYJIbC, KOTOPBIH Bo3Gyzi
konebaHHUA MOJIEKYN BoAbL. BosHuuKilee B pesyibraTe OTpaxkeHHs
OT MOJEKYJL BO/IBI «3X0» 32CTABHIIO KOJeGaThCA U ANEKTPOHE! B aTo-
Max Kajlud; 3TH KojeGaHMA, B CBOK OYepefh, PeTUCTPUPOBAIUCE
BTOPHIM azepoM. KintoueBoit peayneraT onBITOB: Jake ciaboe mar-
HHTHOE 1I011€ MOXET JaBaTh «9X0», KOTOPOE CaMBle COBpEMEHHbIe
1 4YBCTBHTEIbHBIE JATYHKU CIIOCOOHBL 3aPErUCTPHpPOBaTh. B nep-
CIIEKTHBE 5T0 AaeT BO3SMOXHOCTL 3aMEHHTh YyZOBUIIHOE MArHHT-
Hoe none craHfapTHoro MPT-annapaTa ciabeiM nosem; Gojee
TOI'0, KAPTUHKH TIPH 3TOM TIOMYUAIOTCA HPAKTHYECKH MTHOBEHHO
(roraa kax MPT-annapaTy AA NOAYYEHHA OJHOTO M30ODaKeH¥
MOXeT TIOTpehoBaThCsA A0 20 MUHYT).

Co BpeMeHeM, pacCyXJaroT yyeHsle, caenath MPT-cuumoxk 6y-
AeT TAK e Nerko, kak cerogHs cgororpaduposaTts nei3zax mpu mo-
MoK uMbpopoil kamepsr. (TeM He MeHee M Ha 3TOM [1IyTH €CTh IIpe-
oATCTBHA. OZHA U3 IPO6JIeM COCTOHT B TOM, YTO almapar | 06beKT
VCCIeJOBAHMA He0OX0AUMO OYALT HAIEHHO 3ANIMTHTE OT BHEITHHX
MAarHWUTHBIX T10/ei1.)

Ecy pyunbie MPT-annapath! korga-Hu6yab CTaHYT peansHo-
CTBIO, MX MOXHO GY/IET CONPAYb C KPOXOTHHIM KOMIIBIOTEPOM, KOTO-
PHIi1, B CBOM OU€PEAb, HECIOXKHO CHaGAHTh HABOPOM IIPOTPaMM /I
pacrno3HaBaHuA ONpeeIeHHBIX KII0YeBbIX ¢pas, JIOB WIK IPeJIo-
#eHUH. Takoe YeTpOHCTBO He CMOXET AeIaTh MHOTOE M3 TOTO, 9T0
OMIHCaHO B Hay4YHOIT aHTACTHKE, HO 3TO YIKe Liar Bepes.

Mog3r kax HeHpoHHAA CeTh

CMoxeT M B OyAymeM Hekuit MPT-annapar YuTaTh MBICAH —
yuTaTh OYKBaJbHO: CIORO B CJNIOBO, 00pa3 B 06pa3, Kak CHoCo-
feH AenaTh MCTHHHBIY TelenaT? (QrBeTa Ha ITOT BONPOC MOKA
HeT. HekoTophle yTBepXkAaloT, 4To anmnapare MPT B nyuymem
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cnyqae CMOTYT Pa3snHIHTh JHIE obLlee HallpaRJeHHe MEICAEeH,
MOTOMY YTO MO3T BCe-Takd He KOMIbIOTep. B undposoM Kom-
UBIOTEPE BHIYHCIEHHUA BCerja JOKaMN30BaHB U MOAYHUHAIOTCH
OYeHBb XeCTKUM npasuaam. Jlio6oit nudposoii koMubOTEp 1104-
YHHAETCA 3aKOHaM MallMHBl ThIOpUHTa, T.e. TAKOH MAallilHEI, B
KOTOPOH eCTh IeHTpasibHOE NpolieccopHOe yerporeTso (LITTV) u
KaHaJ/H BBOJa U BHBOAA. LlenTpansHblii Iponeccop (HanmpuMep,
OOLIYHBIH CETOAHA MEHTHYM) IPOU3BOAUT C BXOAHEIMH JAHHEIMH
onpeaeneHHbl Habop onepauMil M BHIAAET pe3yabTaT Ha BBIXOJ,
Takum obpazoM, npolece «MbIIIIEHUA» COCPEJOTOYEH UCKIO-
ydTtensHo B 1[ITY.

OzHako Halll Mo3r He IHGPOBOit KOMITbIOTED. B Hem HeT Nen-
THYMa M BooOmie Kakoro O To HY 6010 LIITY, HeT onepalHoHHOH
cucrembl Windows, u moanporpamMm Toxe Het, Ecii BB yzanuTe U3
KoMmnbioTepHoro LITY oAvH-eIMHCTBEHHHH TPaH3UCTOP, KOMIIBIO-
TEp, CKopee Bcero, nepecrader paborark. B TO e Bpems H3BeCT-
HBI CJTyYad, KOrAa TIpH NIOBpEXKASHHUH Y YeoBeKa NOJIOBUHBI M0O3ra
BTOpasd 11o/10BUHa beper ee GyHKuMH Ha cebs.

Ha caMoM Jene 4enoBedyeckuid MO3r GoJbile HAOMHHAET
CaMO006yIaOIIyIoca MalllHHY, «<HEHPOHHYIO CeTh», KOTOPast KaXKLIH
pas3 NMpy NOAYYEHUH 3aJaHAA KOMMYTHpYeTcd 3aHoBo. HMccnenoBa-
HHA ¢ NIpaMeHeHNeM annaparoB MPT moATBepAMAH, YTO MBIGIH B
MO3re He JIOKAJIM30BaHbl B OHOM TOUYKe, Kak B MalInHe ThiopHRra,
a pacrpefiefieHs MO 3HAYHMTENBHOMY OOBEMYy MO3ra, 4TO BOOOIIE
THIHYHO A4 HeitpoHHLIX ceTeH. CHuMKH MPT mMOKa3bIBaIOT, YTO
[IpoliecC MHNUICHHA HAIlOMHUHAET MTPY B IHHT-TIOHT — IOCAER0-
BATeIbHO BKHOYANTCA pPasHble yJacTKH MO3Ta, U 3/eKTpUdecKas
AKTUBHOCTD KaK OBl MeYeTcd o BeeMy ero oGnemy.

Tor ¢axT, YTO MBICIH HOCAT pacnpezefeHHBIH Xapakrep u
3a/1leACTBYIOT MHOFHe Y9aCTKM MQ3ra, BHYINIAET olaceHus. Bos-
MOKHO, MAKCUMYM, 9TQ CMOTYT CAEJIaTh YYEHHE, — 3TO COCTABHUTH
CIOBApb MBICJAEH, T.€e. YCTaHOBUTb OAHO3HAYHOE COOTBETCTBHE
MeXAY ONpeAeeHHBIMH MEICIAMM H KOHKDETHBIMH pHUCYHKaMMu
Ha 30T~ wmu MPT-chumkax. K npuMepy, aBCTpuitckuii ClieuaimncT
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no 6uomMesHIMHCKOH HMHeHepuM lepr [dyprmennep Hay4m1
KOMMNBIOTEP PAcllG3HABATE OTAEBHBIE MBICAH yTEeM aHAIH3a MIO-
BO/H Ha 33T Cyzq no BceMy, MIO-BONHBI CBA3aHH ¢ HaMepeHUeM
COBEPIUIMTH ONpe/ie/ieHHbIE MYCKY/IbHBIE ABHXKEeHUA. [1QypTIne/ep
MPOCHT HAIMEHTA IOAHATD Nanel, YIbIOHYThCA HIH HaXMYPHTLCH,
a KOMIIBIOTEP PUKCHPYET, KaKHe MMEHHO [IPH 3TOM BO36YKAAKTCA
MIO-BOJHEL. KaskZpii pas, Korga malHeHT IPOM3BOAMT KaKoe-THbHo
YMCTBEHHOE YCHIME, KOMIIBIOTEP TINATEABHO 3aIIHCHIBAET PUCYHOK
M10-BOJH. [Tponecc cbopa AaHHBIX OUeHb CIOKEH M YTOMUTEIEH —
BeJb IPUXOANUTCA TIATENIBHO BHYHINATE BCE [IOCTOPOHHME BOJHBI,
HO nocteneHHo IdypTine/Uiepy yaanoch yCTaHOBUTE IOPA3HTENb-
HBIE TTapaesH MeKIY IPOCTHMH ABHKeHUAMH U ONpeAeTe HHEIMU
pHCcyHKaMu D27

Co BpeMeHeM 3TH YCHINA BMecTe ¢ peayabratamy MPT-uc-
C/1eJOBaHUMI JeHCTBUTEBHO MOTYT PHBECTH K CO3IaHKI0 Bpasy-
MHTEABHOI'O «CI0BApA» MBICIeH. BO3AMOXKHO, KOMIIBIOTED NyTEM
aHanausa 33T~ uau MPT-CHHMKOB CMOJET pacmosHaBaTh OIpeze-
JIeHHBi€ PUCYHKH M ONPEAENATh, 0 YeM AYMAET MALHMEeHT, — XOTA
65l B camMoM obuieM IaHe. Takas MeTOAMKA «UTEeHMHsT MBICaeli»
noMorna 6sl yCTaHOBHTE OZHO3HAYHOE COOTBETCTBHE MEXAY KOH-
KPETHHIMY pUCYHKaMiu Mio-BonH, MPT-CHHMKOB 1 MbIciei. Ho co-
MHHTENLHO, YTO0BI OHa [TO3BO/MIA PA3HYUTh B MBIC/AX YeOBEKA
OTAe/IbHbIE CIOBA.

Ilepemaua MbICe

Ho npesnonoxuM, 9T0 Koraa-AHuGYAL MBI HAYYHMCSA NMPOYUTHBATE
obilee Harpap/leHWe MBICIeH Apyroro denoseka. Kak Hacuer o6-
paTHoro mpotlecca? CMOXkeM JIH Mbl TPOLHPOBaTh COOCTBEHHbIE
MBIC/IH B TOJIOBY ApyToro 4enopeka? Iloxoxke, YTO Ha 3TOT BOIIPOC
MO)XHO YBEDEHHO OTBETHTE: Ja, CMoxXeM. ECIH HallpaBHUTh paguo-
BOJHHL HENOCPEACTBEHHO B MO3I, MOJKHO BO3OYAMTH ompeAeneH-
HEIE €r'0 Y4acTKH, KOTOpble, KaK J0CTOBEPHO H3BECTHO, YIIPABAAIT
OTpee/IeHHBIMH QYHKIMAMHE.
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Hauano 3ToMy HanpapieHuio KCCAef0BaHHH ObITO MONOKEHO
B 1950-x rr,, Koraa kanaackuit Helipoxupypr Yaitnzep Ilendmwig
Hauaj [IPOBOJAMTH OMEPANUH Ha MO3Te MIAIMEHTOB, OOJBHEIX SITH-~
nencren. OH oGHapyXWI, YT0 NPH CTHMYJISUWM ONIPeeeHHbIX 06-
NacTedl BUCOYHOM JOJIM MO3ra IPH HMOMOIIM 3JIEKTPOOB YeR0BEK
CABIIAT TONOCA, Nepel HUM TOABAAIOTCA TPHU3DayHble BHAEHUHA,
Ilcuxonork ¥ paHblle 3HAIH, 9TO BIMIENTHYECKOE IOpaxKeHHe
MO03ra MOXET MPUBECTH K TOMY, YTO ITALHEHT HAYMHBAET YYBCTRO-
BAaTh Ha cele AeliCTBHE CRePXBECTECTBEHHLIX CWI, BHAETH BO BCEX
coBBITUAX BOKPYT paboTy aHreXoB H AeMOHOB. (HekoTopsle ncuxo-
JIOTH JaXe [IPEATIONAraNy, YTO MMEHHO CTUMYJIAIINA 3THX YYaCTKOB
MO03Ta Mor/Ia ObITh IPHYHHON ITONYMHCTHYECKOTO OIIBITA, JeXalle-
0 B OCHOB€ MHOTHX PeTUrail. K mpumepy, BEABUTAINCh MPEATOA0-
keHHd, 4To JKanHa WApPK, cyMeBIIasA B OHHOUKY [IPHBeCTH dpaH-
Ly3CKHe BOHCKa K nobele Haa GpUTAHLIAMH, BO3MOXKHO, CTpajana
OT NOZ0OHOTO NIOPAKEHNA MO3Ta B PE3y/IbTaTe yAapa 1o FoIoBe.)

Ha Gasze 3Tux runotes Heiipobuonor Mafixi IlepchHrep Uz
Caabepu e nposuRIvK OHTapro paspaboTa CleldansLHBIA [UIeM,
HazHaueHUe KOTOPOro — H3AYYaTh PaAHOBOAHEL B MO3T M BhI3bI-
BaThb TEM CaMbIM OTIpeJiefieHHBIe MBICTIH U 3MOLUH, K IPUMEpPY pe-
JIMPHO3HOe 4yBcTBO. HelipoGuomoraM M3geCcTHO, 4TO OTIPE/Ie/ICHHOE
HOBpeX/ieHe AeBOH BACOYHONU J0JM MOXET BBI3BATH A€30PUEHTA-
UMK} IEBOH TIOJIOBUHEI MO3ra; B 3TOM CAydae MO3T MOXKET HHTep-
IPETHPOBATh JAeATENBHOCTE NPaBOH NONOBHHEI KaK CHTHANb OT
APYroro «si». [1pi TaKOM paHeHHd ¥ YeNOBeKa MOXKET BOSHHKHYTh
BIIEYATAEHHE, YTO B KOMHATE [TIPHCYTCTBYET KAKOH-TO NPH3DAYHBIH
AYX, BEJlb MOAT HE 3HAET, YTO ITOT «IyX» IIPeACTaBaseT coboH Bcero
JIAIUb YaCTh €70 CAMOro. B 3aBHCHMOCTH 0T Bepsl ¥ MpeACTaBIeHHH
0 MHpe, TTALMERT MOXET YBHAETD B 3TOM APYIOM «fi» JeMOHa, aHre-
J1a, MHOILTAHeTAHWHE WM Aaxe hora.

He ucwimoueHo, yro B 6yAyImeM HOABUTCA BOZMOKHOCTL Ha-
TIPAB/IATEL 3/IeKTPOMArHUTHEIE CHTHAJIBL B TOYHO PaccYHTAHHbBIN y4a-
CTOK MO3Ta, OTBEYAWNil 32 KoOHKpeTHsle OyHKkmu. K npuMepy,
YTOOH! BBI3BATH ONpeAE/IeHHEIE 3MOLMH, HYKHO 6y/leT HANPaBUThL
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CHIHaN B MOZKEUKOBYIO MUHAAIKHY. UTOOH BHI3BAThL BU3YATbHbBIE
06pasbl i MBICTH — CTHMY/THPOBATE APYTOH y4acTok Moara. Ho uc-
CNeZOBaHHA B 3TOM HaNpaBleHUU HaXOAATCH ITOKA B 3a9aTOYHOM
COCTOSHHH.

Kapra mosra

HecKkombKo y4EeHHX MpeioAIWIn 3a8HATbCA HeHPOHHBIM KapTHpO-
BaHHeM, HOAOGHEIM H3BECTHOMY ITPOEKTY «[eHOM HesjoBeKa». B pe-
3y/IBTaTe PEaiM3allH fPOeKTa Mo HeHPOHHOMY KapTHPOBAaHHIO
y4eHBIe Onpeseaiy 65 TOUHOe NOJIOKEHHe KAKAOIO OT/JAENBHOTO
HEHPOHA B YeJI0BEYECKOM MO3Te U COCTABUIM TPEXMEPHYIO KapTy
BCeX CBA3eH B HeM. 310 6bL1 6B MOUCTHHE MOHYMEHTAIBHKI TPY/,
TaK Kak B MOare yenopeka 6osibie 100 MIps HEHRPOHOB, KaKbili
M3 KOTOPRIX CBA3AH C THICAYAMM APYTHX HeHpoHOB. Ecim npeacra-
BUTE cee, 4TO TaKoi NPOEKT pealu3oBaH M KapTa CO3Aaua, HaBep-
HO€, MOXHO 6bUIC 6B COCTABHTB U ADYTYIO KapTy: NMOKA3aTh, KaK
Onpeje/ieHHbie MBICTH BO3GY)KAAIOT ONpele/eHHble HeAPOHHbIE
CBA3M, A BMECTe CO CJIOBAPEM MbICIeH, TIOIYYeHHBIM [IPH IIOMOIIH
MPT-cHuMKOB U 331-BOAH, Takasd KapTa No3Boiuia Ol paciiud-
poBaTh HEHPOHHYIO CTPYKTYPY OlpeAe/eHHEIX MBICIEH, Tak YTOHBI
ONpPEAEIMTh, KAKHE MMEHHO C(JIOBA MAM MbICIEHHBIE 0GpA3kEL CO-
OTBETCTBYIOT BO30YKAECHHIO KOHKPETHBIX HeHpoHOB. Tak MOXKHO
61110 OB yCTaHOBATH OZHO3HAYHOE COOTBETCTBHE MEKAY KOHKPET-
HOM MBICIBIO, BRIpaXkeHHOH depe3 MPT-PHCYHOK, U KOHKPETHBIMK
HejipOHaMM, KOTOpble A0/DKHBI CpaboTaTh, YTOGH 3Ta MBICAB BO3-
HHKJIA B MO3TY.

HeGoabmoit mar B 3T0M Hanpas/leHUH caenanu B 2006 r. yye-
Hrle M3 AJUIEHOBCKOTO MHCTHUTYTa MO3ra (CO3/aHHOTO OJHMM M3
ocHoBatenel dbupmel Microsoft ITonom AnneroM). OHu o6bABUTH
0 CO3ZaHHH TPEXMEPHOH KapThl KCITPECCHH TeHOB B MO3Te MBIIIH;
Kapra orpaxaet npossaeHre 21 000 reHOB Ha KIETOYHOM YPOBHE.
Yuyenble HAZICI0TCA CO3aTh TAKHM e 06Pa3soM aTiIac 4eOBeYecKo-
ro mMosra. «3aBeplleHHe AJUIEHOBCKOrO atiaca Mo3ra IpejcTas-
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asier coBoH THIAaHTCKMIM CKad0K BNeEpeA Ha OAHOM M3 KIIOYEeBHIX
HaMpaBJCHHH MeAHUMHCKOH HAyKH — HayKH O MO3Te», — YTBepiK-
Aaet Mapk Teccre-JlaBUHB, pyKOBOAMTENh HHCTHTYTA. JTOT aTAAC
CTaHeT He3aMEeHHMBIM MHCTPYMEHTOM At Joforo, KTO 3aX04eT
H3y4aTh HeliPOHHbIE CBA3H Y€I0BEIECKOTO MO3Ta, XOTA Hajo 0TME-
THTL, 9TO 33 [yMaHHBIH ATIAC MO3Ta eme OYeHsb JaeK OT peaabHO-
ro NMpoeKTa HeHPOHHOIO KAPTHPOBAHUA.

B ofHieM, HATYPaIbHAA TeeNaTHs, KaKYI0 4acTo OIIMCBIBAIOT
B Hay4HOH daHTacTuKe i (OHTE3N, HA CETO/HAMINWI AeHb HEBO3-
MoxkHa. MPT-CHUMKH ¥ DOT-BOJIHBI MOXKHO MCTIQIB30BAaTL TOJBKO
AL YTeHUA pOCTeHIHY MbICTIel, MOTOMY YTO MBIC/IH CIOXHBIM 00-
pa3oM pacnpezeaeHH Mo Bcemy o6nemy Moara. Ho k1o 3HaeT, kakoe
Pa3BHTHE MOXET MOMYYHTE 3TA TEXHONOIUA B OMKakLIMe JeCATINe-
THA U CTONETHA? BO3MOXHOCTH HAYKH NIPOHHKATE B MBICTUTENLHBIE
MPOLEeCcCH AOIKHEL 10 WAEE PACTH O IKcnoHenTe. C NOBHIIEHEM
YyBCTBUTENILHOCTH MPT K ApPYrux yCTpOHCTB perncTpauiy Hayka
BCE TOYHEE CMOMET IOKATH30BATh MBICIH H OTIPEACAATh, KAaK UMeH-
HO pa3BHBAIOTCA B MO3TE MOCeA0BATENLHEIE MPOLECCh 06paboTKH
MBbICTEeH ¥ MoK, C poCcTOM MOIHOCTH KOMIBIOTEPOB [IOABHTCA
BO3MOXHOCTb aHATU3MPOBATh BCIO MACCY AAHHBIX ¢ OO/BIIIEiT TOMHO-
CThi0. CTOBAPE MBICAEH, BO3MOXKHO, YCTAHOBUT TOUHOE COOTBETCTEHE
MEX Y MHOXECTBOM PHCYHKOB MBIC/IH Ha akpaHe MPT-aHanuzaTopa
H pea/ibHEIMH MEICJIIMH W YYBCTBAMH. XOTS MOXeT OKa3aTbCsA, YTO
OZHO3HAYHOE cOOTBETCTBHE Mex Ay MPT-pucyHKamH. MU MBICHIMH
YCTAHOBHTE HCBO3MOJXKHO, CI0BApb MBICJAEH MTOMOKET IPaBUIbHO
HUAeHTHOHLMPOBATE NPUMEPHOE HAMPaBJACHHE U TEeMAaTHKY MBICIEH,
Prucynok Melcam, noayyeHHBIH npu niomows MPT, B cBoto o4epess,
MOXHO HAHECTH Ha HelipOHHYIO KapTy, YTOOEI MOKa3aTk TOYHO, Ka-
KHe HeMPOHHI cpabaThIBaIOT TPH BO3HUKHOBEHNH B MO3TY KAKOH-TO
KOHKPeTHOH MBIC/IH.

Ho Mo3r He KOMIIBIOTEp, a HefIpOHHAA CeTh, B KOTOPOM MBIC-
M pacrpejeneHsl o BceMy 0OBEMY, TOITOMY B KOHIIE KOHTIOB Mbt
HATHIKAEMCSA Ha [IPENATCTBAE, M 3TUM [IPEILITCTBUEM ABNACTCA CaM
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Mo3r. BesycoBHO, Hayka OyA€T IPOHHKATD Bee Iy6ike U IIybHxe
B paboTaloluii MO3T H PaHO WM [O3JHO CyMeeT pacudpoBaTh
HEKOTOPhIE MbICTUTE/IbHEIE ITPOLIECCH], HO YNTATh MBIC/H C JOCJIOB-
HOH TOYHOCTBIO, KAK MPE/ACKASLIBAET HayyHasd (paHTacTUKa, ByaeT
BCe-TaKH HEeBO3MOXHO. C y4eTOM 3TOro s oTHec BB CrIocOBHOCTD
CYMTHIBAThL OOIMI XapakTep OLIYIIEHUH U MBICACH K HEBO3IMOX-
HocTAM | Kiacea. A BoT cnocobHOCTL Bojiee TOWHO NPOYMTATH Me-
XaHH3MBI PabOTHI CO3HAHMA IPUALTCT OTHECTH YKe ko I Knaccy He-
BO3MOXHOCTH.

Ho cymiecTByeT, BO3MOKHO, Go/lee NpAMOH [TYTh IIPUKOCHYTh-
¢ K HEBEPOATHOMY MOTYIIECTBY Mo3ra. Hemw3st M BMeCTO Toro,
4TOOBI HCTOMB30BATh PAANO, CUTHAJB! KOTOPOTO (JIabbl M IETKO pac-
CEHBAIOTCA, TOAKIIOUHTHCA HETIOCPeCTBEHHO K HelipoHam Moara?
Ecau Tak, TO HaM, BIOJIHE BO3MOXHO, YAACTCA BEIMTYCTHTD Ha BOJIO
etrte H0J1ee MOIHYIO CHUTY: ICHXOKHHE3.




B. TERERMNES

Hosax HAy1HaA HCTHHA TOPKECTBYET HE [IOTOMY, 1TO €€ POTHBHHKH NPH3HAIOT CBOD
He[PaBOTY, NRFOCTO €€ DNIIGHEHTH! LO BPEMEHCM BLIMHDANT, 4 N0APACTAMO W ee NOKoJe-
HHE 3HAKCMO ¢ HEKO ¢ CAMOTO HAYaJja.

Magkc IMnank

HPHBHJ]EFPIH AyPaKa — M3DEKaTh HCTHHEI, KOTOPBIC BCe OCTANBHEIE HE XOTAT [IPOH3-
HOCHTR BCAYX.

YunbaM Mexcnup!

OnHax sl GorH cobpatuchk Ha Hebecax M CTAMH KATOBAaThCA HA
ANKOE COCTOAHME 4eIoBedecTRa. Hame Tjeciagde, MIyIOCTh H
feccMbICeHHEE BRIXOAKH CTIOCOGHBI BHYMMTL TOABKC OTBpalle-
Hye. Ho oaun 60T oKanWwIcA Hajy HaM¥ M PeLIWJ IIPOBECTH DKCIIe-
PUMEHT: AaTb OFHOMY COBEPHIEHHO OOBIYHOMY Y€/I0BEKY HEeOorpa-
HUYEHHOEe MOTYLECTBO. BOT Bonpoc: Kak noBefeT cefd YeloBeK,
crag Oorom?

OTHM CKYYHBIM M OYeHb CPEAHHM YeJIOB€YKOM OKAa3BIBAETCA
ranraHrepeiuk pxopax PotepuHred, KOTOPbIH BHe3aITHO 0OHA-
pyXUBaeT y ceda 6oxecTBeHHHE cnocoOHOCTH. OKa3BIBaETCsA, OH
MOXeT 3aCTaBUTh [1aBaTh CBE€4M, U3MEHHTH 1IBET BOJLI, CO3JIATh H3
HHYETO BeJIMKONENHbIH 00eZ 3 HECKOMBKUX 6110 — ¥ AKe HAKOJ-
AOBaTh MapodKy OPHJUTHAHTOB. HOHa'-[aJI}; OH IIOJB3YETCA CBOUMH
HOBBIMH BO3MOXHOCTAMHE /1A 3a6aBk ¥ 406pbIX Ae. Ho mocreneH-
HO THIECIaBHE H XKaXKJAa BIACTH 6EPYT HaJZ HUM BEPX; OH CTAHOBHT-

' ABrop npunmuchiBaeT UIeKCMUPY UMTATy, NPHHAANEKAIIYI0 aHrIHACKOMY

¢$anracty Huny lefimany (Neil Gaiman). — [pum. nep.
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s JKaAHBIM /10 BAACTH THpPaHOM, 063aBoauTcA ABOpLIAMU U HEBe-
POATHBIMK GoraTcrBamH. HakoHell, OTpaRieHHEIN GearpaHHIHON
BJIACTBIO, OH COBEpLIAeT GATaNbHYIO OMMOKY. OH HaAMEHHO IIPH-
Ka3nBaeT 3emie IPEKpPaTHTh BpallieHMe. BHe3anHo Bomapdercs
HeBOoOOPa3MMBlil Xa0C; APOCTHEIE BETPHL, HECYIIMECS CO CKOPOCTBIO
1000 Muwib B yac — CKOPOCTBIO BpaleHUs 3eMTH, — HOJHHMAIOT
BCE Ha BO3AyX. YenoBeyecTBO CMETEHO C [IOBePXHOCTH 3eMJTH H BbI-
IIBBIPHYTO B OTKPHITBIF KOCMOC. B OTHaAH¥HM OH BBICKA3LIBaeT Mo-
C/IeJHEE U OKOHYATeIbHOE CBOe JKejlaHue: YTOOkl BCe BepHYIOCE H
CTAJIO KaK MIpexe.

‘TakoBa B KpaTKOM IepecKasze CIoXeTHas JMHHAA QribMa «Je-
NOBEK, KOTOPBIH MOr TBOPHUTH uyfeca» (1936), cHATOrO Mo MOTH-
BaM pacckasa [. Yawica, HanrcanHoro UM B 1911 r. (TTo3xe Ha 3Ty
e TeMy ObU1 cHAT GIibM «Bploc Beemoryumii» ¢ Jxumom Kappr
B IMaBHOK pomu.) M3 Bcex cBodicTs, OYATO 6B IpHCYIIMX 3KCTpa-
CEHCOPHOMY BOCIIPHATHIO, TET€KHHE3 — WM MCHXOKMHE3, WIH
¢rnocofHOCTh ABUraTh TpeAMeTH MBICTEHHHIM yCHIHeM, — Gea-
YCIOBHO, CaMOe 3HAYHTENBHOE KavyecTBo. OH HajensdeT deloBeKa
ropasgo 60NbIIMM MOTYLIECTBOM, JA€T €My TIOYTH GOXKECTBEHHEIE
BO3MOYKHOCTH. Y3/UIC B CBOEM paccKase CTPeMIUICA TO0Ka3aTh, 9T
O0XKeCTBEHHOE MOTYILECTBO NOTPeGOBaNo OBl OT 4eJ0BeKa CTOMb
e 60)ecTBEHHOTO pasyMa U MyAPOCTH.

TenexuHes PUrypHpyeT He TOJABKO B COBPEMEHHOH JHTepa-
Type; TaK, B nbece llekcnupa «Byps» konays [pocnepo, ero Ao4b
Mwupatza 1 Bonue6Hu# AyX BO34yXa APUaAb U3-3a IpeaTeNbCTna
6paTa [Ipociiepo OKa3aIvuch HA MHOTO JIET 3aMepTH Ha MYCTHIHHOM
ocrpoBe. Korza Ilpocniepo y3Haer, 9To Gpar-3/nogell NpOIUIbIBa-
eT Ha kopabie MUMO OCTPOBA, OH B OTMECTKY BBISHIBAET KOJAOB-
CKMM 00pa3oM — MOCPe/ICTBOM TeJIeKHHE3a — YYAOBHIIHYIO Bypio,
KOTOpas MPUHOCUT Kopabab GpaTa K OCTPOBY W pa3fHBaeT ero o
ckanbl. 3aTteM [Ipocnepo nmpH NOMOLIM TeneKHHe3a HayMHaeT Ma-
HHNY/IUPOBATh CyAbOAMU 3TONOMYYHBIX XEPTB KPYIIEHHS, B TOM
yucae PepArHaHAa — KPacUBOro HEBHHHOIO IOHOLIH, KOTODOTO
[Ipocnepo 3acTapnAeT BIOOGHTECA B MUpaHAy.
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(Pyccknit nHcarents Baagumup Habokos ormevas, 4To «Byps»
BO MHOTOM HallOMHMHAET HayuyHO-PaHTaCTHYECKOe NPOH3BEJEHHE.
Bonee Toro, yepes 350 seT nocne Hanucasusa, B 1956 r., 10 crome-
Ty 3TOH WEKCIMPOBCKOH Mbechl ObUI CHAT KJIACCUYECKHI HayuiHO-
danTacTHYeckuid GuIbM «3ampeTHas wWiaHeTa». B vem Ilpocnepo
CTal MpavHBIM yueHbIM Mop6uycoM, ayx — poboTtom Po66u, Mu-
paHja npeRpaTHIach B KpacaBHIY-404b Mopbuyca ANETanupy, a cam
OCTPOB CTan IUfaHeToH Ajabraup-4. CosgaTens «3Be3AHOTO MyTH»
AoxuH PoafeHGeppy NpH3HABAICA, YTO K CO3JaHHIO cepuaia ero
IIOATOJKHYJ, B YaCTHOCTH, QHABM «3aNpeTHas [UIdHeTar,)

[Tozke TemexkHHE3 CTAN IMIABHOH ABMXYINEH cuioft CloxeTa
B pomaHe CruBeHa Kunra «Ksppu» (1974); uMeHHO 3TOT poMaH
BBIIBHHY/I HEM3BECTHOTN'0 NOJYHMILErO IMHUCATENA B MEpBHE PAALL
MHPOBLIX aBTOPOB MaHpa XOPpPOP — POMAaH-yKacTUK. Kappu B
poMaHe — 3TO GOJIe3HEHHO 3aCT€HYMBAs CMeIHas IMKOABHHIIA,
KOTOPYIO0 NPe3UpaloT APyrHe AeTH W IpecieAyeT AyIieBHO He-
ycTOHYMBasA MaTh. Ee eJHHCTBEHHOE yTemeHNe — CIOCO6HOCTD X
TeJIEKUHEe3Y, 110 BCei BUAMMOCTH, HaWIeACTBEHHAA. B dnHaMbHOM
ClleHe My4YMTeIH cHaYana ybex/1aloT JeBo4YKy B TOM, 4TO OHa Gy-
AeT 3Be3J0H UIKOALHON OCTAaHOBKH, a 3aTeM 00JHBalOT €€ HOBOE
maTbe CBHHOM KpoBbio. [Tocie atoro cieayer akt Mectu: Kappu
YCHIMEM MBICIH 3aNMpaeT Bce ABepH, yOMBaeT CROMX MydHTened
NMEKTPHYIECTBOM, CHMIAeT 3AaHHe IIKOJIH M B KOHIE KOHIOB 3a-
MycKaeT yOUHCTBEHHEI OTHEHHBIH BUXPb, KOTOPBIH IPAKTHYECKH
TMOJTHOCTEIO YHHYTOXKEET LIEHTP Iopoja — H ee 3a01H0.

Tema TejekHHe3a B pyKax [ICUXUYECKH HEYCTOHMHBOrO 4ejo-
BEKA CTalla TAaKKe OCHOBOH NaMATHOTO 3MH30a «3Be3AHOTO MYTH»,
o3amapneHHoro «4apan Yikc», 3T0 HCTOPHA O MOTOAOM YeaoBeKe
C IPeCTYNHBIMH HAKAOHHOCTAMM, POAMBIIETOCHA B OTAANEHHOH KoC-
MHYeCKOH KONOHHUH. BMecTo Toro 4ToGH MCIONB30BATh CBOH CIIO-
cOBHOCTH K Te/IEKNHE3Y B A0OPHIX NesIAX, OH NOZYHHAET ¢ HX IJOMO-
IIBIO APYTHX M0Aeil U 3acTaBiseT CIyKuTh cebe, ECIM oH 3axBaTHT
«JHTepIpaiia» 1 JobepeTcs A0 3eMAH, Ha IUIAHETe BOLE@PHTCA Xaoc
1 OHa OyAeT YHHYTOXKEHa.
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Tenexkuyes ¢cToMT M 3a MOryImECTBOM CIUIB, KOTOPOH Brage-
IOT pBIIIapH JIETEHAAPHOro 00IIecTBa JKELAEB U3 card «3BeagHble
BOMHDI».

Tenexunes 1 peanbHBIN MUD

Bo3MOXKHO, caMoe 3HaMEHHTOe NPOTHBOCTOSAHHE, CBA3aHHOE ¢
TEIEKHHE30M B DeafbHOM KHU3HH, Npousouno 8 1973 r. Ha moy
Ibxonuu Kapcona, YuacTBoBaay B HeM Ypu l'ejulep — U3pamibeKHi
MeAHYM, VTBEPXKAABUTH, YTO MOXET THYTh JIOXKH CHJIOH MBICTH, U
YausuTeNbHBIH P3HIM — MpodeCCHOHAMbBHBIN WLTIOSHOHKCT, KO-
TOPBIH 3aHAICA B KAKOW-TO MOMEHT pa3zobiaueHueM MOIIEHHHKOB,
MPUITHCHIBABIINX ceBe sKcTpaceHcopHEle crocobHocTH. (MuTepec-
HO, UTO BCe TPOE HAYHHANY OIUHAKOBO, KaK WLMIOZHOHUCTHI, M MO-
PaKaTH JOBEPYHBYIO ayAUTOPUIO HEBEPOATHOH JOBKOCTBIO PYK.)

Ewe o nosasnenns lenepa KapcoH NpoKOHCYIETHPOBAICA C
Parau; ToT npeanoxit JiKOHHH NPHTOTOBUTE AJIst AEMOHCTpAlH
cobcTBeHHEIR JIOXKKH H 3apaHee, ITepe] TpeACcTaRIeHHeM, odHIiH-
anbHO MpoBepuTh UX, KapcoH nocaegosarn coseTy Papau v Bo Bpe-
M4 npeacTaBaeHus oropownt le/itepa IpeanoxeHUeM IHYTh NOA-
TOTOB/ICHHEIE HM JIOXKKH, a He [IpHHeceHHHe ¢ coboil. [emtep, Kak
HH CTapajcd, HE CMOT COTHYTh HH OfHOH. (YyTb mozxe Ha CleHe
noABWICH PaHAM 1 Be3 BCAKOTO TPYAa MCHONHWI TPIOK C JIOXKKa-
MM — HO TOJIBKO IIOCJIE TOrO, KaK MpeZyupesiul 3puTeeil 0 TOM,
9T0 3TO TOJBKO TPIOK, a HE Te/leKHHe3.)

YavBuTeAbHBIH PoHAW NpeIoKHA MHUTHOH J0JUTApOB JTIO-
00My, KTO CyMeeT peaibHO MPOAEMOHCTPHPOBATh CIIOCOOHOCTD K
TesieKHHe3y. Io CUX NTop HM OMH IKCTpaceHC He cMor 3apaboTaTh
3TOT NpH3.

TenexuHes U Hayka

OnHa U3 NpHYKH, O KOTOPEIM TaK TPYAHO 00BeKTHBHO aHATH3HPO-
BaTb TEJIEKUHES, — 3TO TO, YTO MOIIECHHUKAM HECJI0XKHO 0OMaHyTh
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YYEHBX — Bellb OHH IIpUy4YeHBl BEpUTh TOMY, YTO BUAAT B 1abo-
paTopuH. C Apyroi CTOPOHEI, WLTIOSHOHHUCTB WX MarH, YTBEpX-
Aawlre, 4T0 061a4a10T CIOCOBHOCTAMH K TeNeKHHe3y, 06ydYeHs!
BBOJAMTh 3pHTeNe B 3a0nyxeHne, B pesyibraTe yueHble, Kak Ipa-
BHJIO, IVIOXO YMEIOT pa3ob/1a4aTs MollleHHUKOB, Tak, B 1982 1, mapa-
TICHXOJI0TOB MpHrnaciiy obcresoBaTh AByX MaJbiMKOB, Maiikia
onsapaca u Cruea Illoy, 6yaro 6v1 obnagaromyx HeOOBIYHBIMU
CIocoGHOCTAMU. YTBEPKAAN0Ch, YTO MATRYHKH MOTYT THYTh Me-
T&JUT, CO3JABATh YCIIHEM MEICTH H3oOpaxkeHHe Ha QOTOIUIEHKE,
ABUTATh TIPeAMETH M YUTATh MBICTH, Tlapancuxonor Maixn Tan-
6YPH HacTOMBKO YBEpOBajd B CIOCOGHOCTH IOHBIX SKCTPACEHCOB,
YTO Aaxe NPHUAYMAN 19 MaJE9HKOB HOBBIH TeEPMHH — OH Ha3Bai
UX «IICUXOKWHeTHKaM¥». [lapancuxosorop MakZOHHeNOBCKOH
NnabopaTOpHH TNCHXMYecKUX Hccregoanuii B CeHT-JIyMce, mraT
MuccypH, BOSMOXHOCTH MAIBYUKOB OVKBAa/AbHC OCTENMHIH, Yde-
HbIe TIOBEPWIH, YTO 00/13a0T JOCTOBEPHBIMH JIOKA3aTEMbCTBAMH
UX DKCTPACEHCOPHHIX COcOBHOCTEH, H IPUHAIUCE TOTOBHTD HAy4-
Hylo nybmixanmio. Ho B creyromeM rofy Manbduku IPH3HATHICH B
06MaHe W OOBABWIH, YTO BCEMH CBOMMH «BO3MOKHOCTAMH» OLUTH
006s3aHbl OOBIYHBIM TPIOKAM, a BOBCE HE CBEPXbECTECTBEHHBIM
criocobHocTAM. (OauH u3 roHowel, CTUB [0y, NpoZOKHA CBOKO
Kapbepy M cTajl H3BECTHBIM WUII3HOHHCTOM, KOTOPOTO «XOPOHAT
32KHMBO» Ha HECKOJBKO AHeH NoApAL; OH Telepb 4acTo IIOAB/AETCH
Ha 00l1IeHaIlMOHANLHEIX Te/leKaHasax. )

B Pa#HOBCKOM MHCTHTYTe B YHHBepcHUTeTe JIbIoKa Mo CTPo-
THM HayYHbIM KOHTPOJIEM IPOBOAUTCA MHOXKECTBO SKCIIEPUMEHTOB
IO TeJIeKHHE3Y, HO pe3y/ILTaTh IOKa HeollpeAeeHHEIe. BmecTe co
MHOI B Hbio-VlopKcKoM yHHBEpCHTETe paboTana ofHA U3 ITHOHE-
POB B 2T0# 06macTy npodeccop l'eprpyaa llimakanep, 6uiBIINIA pe-
aakTop Parapsychology Magazine 1 xaKoe-To BpeMs — [Pe3UAEHT
Accolpany mapancuxonoruy. OHa ropg4o WHTepecoBantach 3KC-
TPaceHCOPHBIM BOCIIPDHATHEM U TPOBOAM/IA HA CBOUX CTYJEHTaX B
KoJUIeZ)Ke MHOTOYHCIeHHRe HeclefoBaruA. YTo6s HabpaTh no-
Gonblie J06pPOBOJIBLIEB A/1A CBOHX SKCIIEPHMEHTOB, OHA YCTpaHBaa
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KOKTEHJIH C IPUITalleHHeM 3HAMEHHTHIX MEAUYMOB H €MOHCTP2-
LiHeil mepe/l POCTAMH BCEBO3MOXHBIX SKCTPACEHCOPHEIX TPIOKOB.
Ho kak-To pas oHa npu3Haiachk MHe, YTO CpeflH COTeH CTYAEHTOB U
AeCATKOB MaroB ¥ MeAHYMOB He CMOTJIA HAaHTH HU OJHOTO 4e/10Be-
Ka, KOTOPBIM cMOT 6bl TPOZEMOHCTPUPOBATE XOTh KaKOH-TO TeJe-
KUHEe3 Mo TpeBOBaHHI, B KOHTPOIHPYEMHIX YCIOBHSAX.

OnrHaXK B OHA MOMECTHIA B KOMHATE HECKO/IBbKO KPOIIEYHBIX,
HO /I0BO/MBHO YYBCTBHUTENbHBIX JATYMKOB TeMIepaTypr! (Crocob-
HBIX H3MEPHTh M3MeHEeHUe TeMIIepaTyphl B AONH rpaayca). EauH-
CTBEHHBIH 3KCTPACEHC CYMeNl HanpsKeHHBIM MEHTANTbHHIM YCHIH-
€M [IOAHAThH TEMIEpaTypy OAHOro U3 AaTdyukos Ha 0,1°. UImaitgnep
ropAKHIach TEM, YTO CMOI/IA IPOBECTH 3TOT 3KCIIEPHMEHT B KECTKHX
YCIOBUAX, TOPAWIAcCh U NOAYYEHHHM pesyabTaToM. Ho, Tax Win
MHaYe, OT 3TOTO OYeHb JANEKO 40 CIOCOOHOCTH ABHTaTh KPYTIHEIE
0OBEKTH MEIC/IEHHEIM YCIIHEM.

Bo3MokHO, caMble XeCTKHe, HO TOXe POTUBOPEYHBLIE HCCITe-
JOBAHHA TeJleKKHe3a ObLTU NpoBeieHb! M0 [IPMHCTOHCKOM NporpaMm-
Me HCOTeOBaHUA TEXHHYeCKHX aHoManui (Princeton Engineering
Anomalies Research, PEAR). [Tporpammy sanycriwi B 1979 r. PoGept
IxaH, B To Bpema Aekad [1IKo/Mbl TeXHHYeCKMX W IPHIVTAZHBIX HAYK
[IpuHCTOHCKOrO YHHBepcHTeTa. HH)eHepsl, paboTapiIve Mo Opo-
rpaMmme, HCCIEZOBAIH, MOKET JIH YeIOBeYeCKHH MOAT OZHO# TONBKO
CH/IOH MBICNTH BJIMATD Ha PE3Y/ILTATH CIyYaitHMX coSHTHH. K nipume-
DY, MBI 3HaeM, 4T0 OpolIeHHas MOHETKA YIaAeT PEMIKOH HIH OPJIOM
¢ 50-nporieHTHOH BepoATHOCTHIO. Ho yyeHble PEAR yTBepKIaiH,
YTO Y&JI0BEK MOXKeT H3MEHHTD 3TOT Pe3y/bTaT MBIC/IEHHBIM YCHITH-
eM. 3a 28 ner — nporpamMma 3akpbita B 2007 r. — GBUIH MPOBEAEHE
THICAYH IKCTIEPUMEHTOB, BKMOYAIOIWX B ce0s Oonee 1,7 MIH TECTOB
1 340 MiH 6pocKoB MOHeTKU. Bpoae Obl pe3y/IbTaThl IOATBEPKAAIOT
CYLIECTBOBAHHE TeJleKUHeTHYeCKoro s¢dekTa — Ho o9eHb ¢1abo-
r0, B CpeAHeM He HOMbIUe HECKOMBKHX JeCATHTHICAYHBIX. Ho gaxe
3TH JOBOJBHO KalKUe DEe3y/bTaThl APYTHE yUeHble OCIapPHBAKT;
YTBEPX/AETCA, UTO B [IOMYYEHHKIX JaHHBIX MMEIOTCA MATO3aMeTHbIe
CHCTEMaTHYeCKHE OMNOKH.
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(B 1988 r. Apmua CIlIA oGpatunack B HaUHOHANBHBIA HC-
CIeA0BATENbCKIH COBET ¢ MPockBOi H3ydHTh COOBIICHHA O napa-
HOPMAaJBHEIX YMEHHMAX M BO3MOXHOCTAX. ECTeCTBEHHO, apMuf
MeuTana [OMYYUThE NpeuMyliecTBa Hajh MPOTUBHHKOM, KOTOPHIE
obecrreyniu 6bI NoACOHBIE yMEHHA, B TOM YHCIe TelekuHe3. B jJo-
Kiage HalHoHanbHOrO HCCAEJOBATEIBLCKOTO COBETA 0GCYK/Aatach
BO3MOXHOCTh CHOPMHPOBATh IMNOTeTHYECKUH «llepBhlil 3eMHOM
faTanboH» U3 «MOHAX0OB-BOMHOB», KOTOPBIE OBMAAENH OH YYTh JIU
He BCEMHM MeTOlaMH, BXOMMIMMH B KOMITETEHITHIO KOMUTETa, —
3TO ¥ IKCTPACEHCOPHOE BOCIIPHATHE, U BHIXOJ M3 Tea, ¥ JIeBUTa-
LKA, H UeMUTEAbCTBO CWIOH MBICIH, U XOKJACHHWE CKBO3b CTEHBIL.
HpoBepas oTdets mo nporpaMme PEAR, HaivonanpHHIA coBeT 110
UCCIeI0BaHUAM OOHAPYXKHJI, YTO HE MEHbIIe IIOJOBHHHI YCIIEI-
HBIX HCIBITaHUI UMeIH OTHOIeHWe K ogHoMy uesioBeky. Koe-kTo
M3 KPUTHKOB CYMTAET, YTO UMEHHO ITOT Ye/IOBEK TPOBOAHI IKC-
MIePHMEHTH WA mHeanl And PEAR KOMIBIOTEPHYI0 NPOTpaMMy.
«18 MeHA npobaeMaTHYHO, €CIM YCIIEMTHbE PE3YABTAThl BRLIAET
TONBKO TOT, KTO yIpaBiAeT aabopaTopueit», — TOBOPHT IOKTOP
Peit XatimaH U3 YHHBepcHTeTa ITaTa Operos. BruiBog CoBera: «3a
130 ner uccnegoBaHMA He Aaay HUKAKUX HAyYHBIX AOKA3aTENbCTR
CYIIeCTBOBANKA [IAPATICHXONOTHYCCKHX ABAEHHT».)

I[IpobneMa ¢ H3yUeHHEM TENEKUHE3a COCTOHUT €Ule H B TOM,
4TO OH — H JT0 IPUSHAIOT JaXKe aJBOKaTh! JaHHOTO ARJIEHNST — He
CJIMHIKOM COIVIACYETCs C M3BECTHBIMY 3aKOHAMH GHU3UKH. ['paBuTa-
Ly, caMblil ¢1abblii BM/ B3aMMOZEACTEHA BO BCENICHHOM, MOXET
TOAbLKO NPHTATUBATL; €€ HE BO3MOXXHO HCIIONb30BATE /i JIEBHTA-
MM WIH OTTAIKHBaHUA OOBEKTOB. DJIEKTPOMAarHHTHOE B3aMMO-
ACHCTBHME TIOAYHHACTCA ypaBHeHMAM MakcBesia ¥ He NpU3HAeT
BO3MOXXHOCTH NIEpeMELeHHA M0 KOMHATE 3/IeKTPHYECKH HEHTpa ib-
HBIX [IPEJIMETOB. fAepHEle CHibl pabOTalT TONBKO Ha MaJIBIX pac-
CTOSIHMSAX, TAKHX KaK PAcCTOAHUA MexAy JacTHIAMH B fzIpe,

Ewe oana npoGreMa TereKnHe3a — MCTOYHHK 3Heprud. Ye-
TIOBEYECKOE TEJIO CHIOCOGHO BBAATE MOIHOCTD BCETO NHUIIb B OfHY
TTYIO JOWAZMHOMN CHUILL, TI03TOMY Koraa Hosia B «3BessiHuIX BOl-
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HaX» JIEBUTHPOBAJ CHIOH MBICIY LEJIHIH KOCMHYecKHH Kopabib,
WM Korja LIMKAoNs! mycKamy M3 a3 Ja3epHble JIyUH, TO 9TH Jef-
HHs HAPYILIAJIH 3KOH COXPaHEeHHs JHEPIHH — Beb KPOINEYHOE CY-
1eCTBO BpozAe VIoAk He B COCTOAHHM CKOTIHTE IOCTATOYHO IHEPIHH
A7IA TOAHATUA KOCMUYECKOro kopabna. Kak 6bI Ml HE KOHIEHTPH-
POBAJIH BOJIO ¥ MBICIM, MBI HE B COCTOSIHUHM COBPATh AOCTATOYHO
3HEPIUH 414 AeACTBHH H 4y aec, IpUIMchbiBaeMbIX TeJlekHHesy. Kak,
IPHHMMAaA BO BHUMAHUE BCE CKA3aHHOE, MPUMHDHTD TEJEKHHES C
3aKOHaMH QHIHKK?

TenexkyHes U MO3T

EcaM TejicKHHe3 He yZaeTcs Jame COIVIACOBATh C M3BECTHHIMH CH-
JIaM¥ IIPHPOAEL, TO KaK MBl MOYXKEM HaZesiThes B Oyayiuem obysaare
erc? OJHY H3 IOACKA30K K OTBETY HA 3TOT BONMPOC MOKHO HAHTH B
3MM3074€e «3Be3JHOr0 MyTH» 1104 HazBaHueM «Kro onakusaer Ajo-
HaA?». B 3TOM 3MM304€ SKUNAXK «JHTepIpaiiza» BCTpeyaeTed ¢ He-
OBBIYHON PacoOil pa3yMHBIX CYIIECTB; 3TH CYINECTBA HATIOMHHAKOT
rpeyeckux O0ToB U CIIOCOGHKI CHIIO MEICIH DPOAENBIBaTh GaHTa-
CTAYECKUE Bel. [ToHaYaly KaskeTcd, YTo 04K U Ipas/a CTONIKHY-
JIMCH ¢ OTHMITMHIIAME, HO CO BpEMEHEM BRIACHASTCS, YTO 3TO BOBCE
He 60TH, a OOBIMHEIE CYIIECTBA, CTIOCOGHEIE MEICTIEHHO KOHTPOJIH-
POBATh LEHTPaJbHYIO 3HEPreTHYECKYI0 CTAHIMIO, KOTOPasa 3aTeM
BBITIONHACT MX *KENTaHHA W NIPO/eTbBAET Te caMble GpaHTacTHIECKUe
BelIW. YHHYTOXHMB LEHTPANBHYIO JHEPrOCTAHLIMIO, IKUIAK «IH-
TEPIPAii3a» BHIPHBAETCA U3-TIOJ BAACTH 3THX CYILECTB.

HeT npoTHROpEYHs 3aKOHAM IPUPOIEL M B TOM, 4TO B OyAyIEM
JIOAW HAYYATCA TPCHMPORATH CBOM CKPHITHIC CITOCOOHOCTH — M B
PE3Y/IETATE MBICICHHO YTIPABAATh YYBCTBHTENLHBIM 3/I€KTPOHHBIM
YCTPOMCTBOM, KOTOpOe JacT UM HOYTH O0MeCTBEeHHBIE BO3MOX-
HOCTH. TesleKUHEe3 C HCTIONL30BAHNEM PAJNo- HAM KOMIIBIOTEPHO-
o yCHIMTeLH — BO3MOXHOCTDL BIOAHE peanbHasd. [[pUMHTHBHBIM
YCTPOHCTBOM A/ Te/IEKHHE3a MOKHO CUMTaTh JAKe INEKTPOsHIIEe-
dranorpad. Buaa Ha sxpane DBT-anmapara pHCYHOK coBCTBeHHOH
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MO3TOBOM JA€ATeAbHOCTH, YesI0BeK MOXKeT MOCTeNeHHO HaydHTheA
rpy60, HO BIIOJIHE CO3HATENLHO KOHTPOINPOBATH 3TOT PHCYHOK IIPH
IIOMOIIH TaK Ha3biBaeMO# «OHOMOrHYECKOH 0OpaTHOM CBA3M».

TTockonbky wepTexell MO3ra He CYIIECTBYET, ¥ HHKTO HE MO-
XeT CKa3aTh, KaKOW HeHPOH yNpaBAsSeT KaKoH MBILIEH, Tal[HEHT
A0/DKCH HENPpeMeHHO Y AKTHBHO yYacTBOBAaTh B OCBOEHHH TeXHHKHU
TAKOI'C KOHTPOJIS1 TPH IIOMOIIM KOMIIBIOTEPA.

Co BpemeHeM YeslOBeK Hayyaerc# No TpeborauHio waobpa-
aThb Ha SKpaHe NpuOopa oflpeie/IeHHbIH THIT BONHOBOTO PUCYHKA.
[Tomyyennoe nzobpaxeH1e MOXXHO HallPaBHTh B KOMIIBIOTED, KOTO-
PHIii, cornacHo 3anoxkeHHOH nporpaMmme, OyaeT pacro3HaBaTh THI
BOJHOBOTO PHCYHKA, a 3aT€M BBHIIIOIHATh COOTBETCTBYIOLIYI) €My
KOHKPETHY0 KOMaHAY — K [IPUMEPY, BKJIIOYATh KaKOW-TO NPHOOP
WJH 3aIyCKATh ABHTaTeNb. JpYTHMHU CJI0BAMH, YETOBEK MOXET, Ipo-
¢TO MOZYMaB OnpejeneHHbBIM 06pa3oM, NoAyunTh Ha J3[-3KpaHe
onpefeNeHHbIH PUCYHOK MO3TOBOI AeATeNbHOCTH — M 3alyCTHTh
TEM CEMhIM KOMNOLIOTED HIH ABHXXOK.

K npumepy, Takum 06pa3oM MOMHOCTBIO [1apajM30BAHHBIN
9e/I0BEK MOT OBl YTIPABJIATE CBOMM KPECIOM HCKJIKUUTENBHO TIPH
NOMOMM MBICIEH. MW, eclTM OKaKeTes, 4TO YesioBeK crocobeH
NOTyYHTh HA IKPaHe ABAAUATL NICCTh HA/EXHO paclo3HaBaeMBIX
PHCYHKOB, OH, BTIOJIHE BO3MOMHO, CMOMKeT MedaTarh JaTHHHLEH
OOHMM TOJIEKO YCHINEM MEICTH, KoHeyHo, 3To oYeHb rpyObiit Me-
To/ Niepesayd MBEICICH; KpoMe Toro, TpefyeTcs HeMano BpeMeHH,
4TOOHI CpeAicTBAMK OHMONOrHYeCcKoi 0OpaTHOH CBA3M HAYYHTE Ye-
JI0OBEKA YTIPABMAATH BOJNHOBEIM PHCYHKOM COBCTBEHHOTO MO3ra.

PaBorel Hiibca Bupbaymepa us Yuusepceuteta TrobunreHa B
TepMaHuu, Ge3yclIOBHO, NIPHOIM3IM TOT MOMEHT, KOIZA YeJoBeK
HAYIMTCA «TIedaTaTb CHIOH MBICTH». Bupbaymep ucnons3osan 6Ho-
JIOTHYECKYI0 OOPaTHYIO CBA3b, YTOOHI IIOMOYL JIKQ/AM, YACTHYHO
NIapaM30BAHHLIM B pe3y/bTaTe NOBPEXAeHHA HEPBHOH CHCTEMEL.
OH cymen Hay4MTh TaKWX JI0eil MeHATb BOTHOBOH PHCYHOK pa-
60Th! MO3Ta Y TAKHM CIOCOO0OM EYaTaTh HA 3KPaHE KOMMbIOTEPA
MPOCTHIE NIPeJIOKEHHS.
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O0e3bIHaM BXUBIAAM B MO3T 3EKTPO/E M IPH IOMOIIY GHO-
JIOTHYECKO#R 00paTHOit CBA3H YIWIH B HEKOTOPOH CTEHEHH KOHTPO-
JIUPOBATE CBOM MBICTH. [Towre 3Toro 06e3bHbl MOTIM TIPH TIOMOIIH
MBIC/Iel YIIPaBIATh PYKOH-MaHUIYIATOPOM Yepe3 VIHTepheT.

B YaueepcuTeTe OMOpH B ATAaHTe NpOBenH eme bonee 1o-
Kasare/bHYIO CEPHI0 3KCIepHMeHTOB. HenocpeacTBeHHO B mMo3r
napaju30BaHHOMY B pesylbTaTe WHCY/JIbTA 4Ye€/JI0BEKY BHeZPWIH
CTEKAAHHYIO GYCHHY, COSHHEHHYI0 C KOMITBIOTEPOM TOHKHM [IpO-
BOAKOM. [Ipy NoMoIK onpefe/leHHBIX MBICAEH apaiu3oBaHHbIM
4eJIOBEK MOT [IOCHUIATE CUTHAJIB! B KOMIBIOTEP U ABUI'aTh 10 3KPa-
HY Kypcop. Ilociie HeKOTOpO# NPAaKTUKH H TPEHUPOBOK C HCIIONb-
30BaHHEM OHOMOTHYECKOH 06paTHOM CBA3Y NOCTPAJaBIIMH OT WH-
Cy/bTa HAYIWICH CO3HATENLHO YNPABIATE KypcopoM. B npuHImmne,
YHpaBIAd KypCOPOM Ha 3KpaHe, YefioBeK MOXeT 3ailkChIBaTh MHIC-
JIM, BKAOYATDH NPUOOPEI, BOAWTL BUPTYATbHBIE MARIHHE], HIPAaTh B
BMACOMIPH M T.11.

Hetipobronor u3 YauBepcureTa Bpaysa kol JIOHOXBIO cZie-
JiaJl, BO3MOYKHO, CaMBlid BaXKHBIH AT B CO3JAHHM CHCTEMH B3aH-
MO/IeiCTBHA Mo3ara ¢ MamuHON. OH CKOHCTPYHPOBAT afllapaT HOJ
Ha3BaHHeM «bpeliHre T, MO3BOLTIONIMN NAPAMH30BAHHOMY YeJI0-
BeKy IIPOU3BOANTD NOPAa3HTENbHOE KOMMIECTBO GHIHIECKUX AeH-
CTBHH, HCTIONB3YA OJHY TOJBKO CHITY MbICAH. JJOHOXBIO UCTIBITHIBAI
CBOE YCTPOMCTBO Ha YeThIpeX NaluenTax. /[Boe U3 HHX CTPaAajiH OT
TPaBMEl CIIMKHOTO M03rd, TPETHI NepeHec HHCY/LT, a YeTBEPTHIH
ObLT TApaNTU30BaH B PE3yNbTAaTe aMHOTPOGHIECKOTO IaTEPAIBHOTO
cxneposa (wnm 6oresnu Jly Tepura, Toit camoit fonesHH, OT KoTo-
poii cTpagaeT kocMonor CTUBeH XOKHHT).

OAdH U3 NAUUeHTOB JOHOXbIO — ABAALATUNATUIETHUI
Marb1o Hefirn, NoNHOCTBIO NAPAIM30BAHHBIN HIDKE 1I€H, — Cymer
BCEr0 32 JeHb OCBOHTE COBEPIIEHHO HOBBIE /I HEro HABHIKY Pa-
OOTEI ¢ KOMITBIOTEPH30BAHHOMN cHcTeMOH. Teneps OH MOXET mepe-
KII4YaTh KaHAJAH TeN1eBH30pa, PErYIHPOBATDL 3BYK, CKHUMATh H
Pa’KUMaTh NaZIOHb HCKYCCTBEHHOH PYKH, PUCOBATH rpyObIil KpyT,
YNpaBIATh KOMIBIOTEPHEIM KyPCOPOM, MIPATh B BUACOUTPBL U AKe
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4HTATh AMEKTPOHHYI0 nouTy. Jlerom 2006 1. 3TOT Ye/I0BEK MOABUICH
Ha obJI0XKKe KypHama Nature v [IPOM3BEN B HAYYHOM COO0IECTBE
HAaCTOAMYIC CEHCALHIO,

Cepane npubopa — KpOXOTHBIM KDEeMHUEBBIH YHN pasMepoM
BCero 4 MM, cHab)xeHHBIif cOTHeH KPOXOTHBIX 3eKTPOAOB. DTOT YHl
NOMEIIAIOT CBEPXY HemocpeJCTBEHHO Ha TY YACTH MO3ra, KoTopas
yHpaBIAaeT JBHIATEIbHOI aKTUBHOCTEIO. OH HAaNONIOBUHY IIPOHHKA-
€T B KOPY MO3Ta, TOMILMHA KOTOPOii COCTaBAsAeT 0k010 2 MM. OT 4uIa
CHTHAJI 110 30JI0THIM MPOBOAKAM HOCTYTI2ET Ha YCWIHTENb pasMepoM
IIPUMEPHO C ALNIMYEK 1 CUr'ap, a 3aTeM NEPEAaCTCAd B KOMIIBIOTED
pasMepoM NPUMEPHO ¢ HOCY/IOMOEYHYI0 MAIIUHY. TaM CUrHaN npo-
X0JWT 06paboTKy PH IOMOIHM CIEIHANBHOTO TIPOrPaMMHOTO 0be-
CledeHud, crioco0HOTO paclo3HaTh HEKOTOPEIE PHCYHKH MO3IOBOH
AeATeILHOCTH K IEPEBECTH UX B MEXaHUYeCKHe JBHKEeHHA.

B mpeapiAyIIUX 3KCMepUMEHTaX, Ie MalUueHTH YUTaIn cob-
cteeHHy1I0 23T ¢ 3KpaHa, Npoyecc OCBOeHHA OUOTOrMYecKoi o6-
patHOii cBA3U OB MeyIeHHBIM M YTOMUTEBHBIM, HO ec/Ti rpuco-
cOGUTE B TOMOINh TANHEHTY KOMIIBIOTED, YMEIOIMI PAclIo3HABATh
PHCYHKH MEICIEH, Tiporecc 06y4eHHS 3HAYHTENBHO YCKOPUTCA.
Ha nepsoM 3aHATH# Heliria monpociiv MeICIEHHO NPEACTABHTE
ABIDKEHUE PYKOH BIIPaBO U BAEBO, CTUOAHHE 3aNACThiA, (GKUMaHUe
H PazXUMAaHHE DYKH B KyJaK. JIOHOXBIO € PAJIOCTRIO YBUILT, 4TO,
Korfa Heiirn npeacrasiser ceGe ABIDKEHHE PYK M MATBLEB, B €T0
Mo3Te ZelicTBHTenBHO cpabaThBAIOT pa3Hble Heilponkt. «MoH omry-
MeRKA GBI NPOCTO HEBEPOATHH — BEb MOXKHO OEUTO BHIETD, KAX
KJIeTKH MO3Ta H3MEHAIOT CBOI0 aKTHBHOCTE. Toraa A MOHAN, 4TO 3TO
BCe MOXKeT pa3dBUBaThCA, YTO TaKas TEXHONIOIHA AeHCTBHTEIBHO By-
AeT paboTaTb», — BCIIOMUHAET OH.

(¥ /IoHOXBIO €CTh JIMYHAs IPUYHHA AJIA CTPACTHOTO MHTEpEeca
K TAKOMY 3K30THIECKOMY BHIY B3aUMoeHCTBHA MO3T — MAanlHHa,
PebGeHKoM OH MpoBe HEKOTOPOE BPEMA B HHBATHAHOM Kpecie H3-
32 OONIe3HEHHOTO JereHepaTHBHOTO 3a001eBaHMs, TAK YTO OH HAa
COBCTBEHHOM OIBITE 3HAET, KAKOBO 3TO — [IOTEPATH BOSMOMKHOCTb
ABMUI'ATLCA M CTATh COBEPLIEHHO G@CITOMOLLHBIM. )
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Y JloHoxe10 GOABIIME TUIAHE, OH PACCUMTHIBAET CAENAThH CU-
cTeMy «BpeHHreiT» HeobXOAMMEIM HHCTPYMEHTOM Bpaveii, C pa3s-
BUTHEM KOMIbIOTePHOI TeXHUKH ero annapat, KOTOPHIH B HacTos-
iee BpeMsl HallOMHHAET MO pa3sMepaM MOCYAOMOEYHYI0 MAlLIUHY,
MOET CTaTh OPTATHBHBIM — BO3MOXKHO, KOTAA-HUOYAb ero Aaxe
MOXKHO OyzeT HOCUTh Ha cebe. OT HEYKNIOKMX NPOBOAOB TaKKe
MOXKHO OyzeT H3baBUThCA, ecin obecneydTs YUT HecTipoBOAHOH
CBA3BI0 C BHELIHKUM MHPOM.

[ToHATHO, YTO TakWM OOpa3oM MOXKHO 33J€HCTBOBATh H
ApyTHe 30HEBI MO3Ta, TaK YTO HOBble CHCTEMBI — /I€JI0 BpeMeHH.
YueHble yxe cOCTABWIM KapTy KOPH! B BEPXHEH 4acTH FOJIOBHOIO
mosra. (Ecmu rpadmueckn u3obpasute y HAC HA MakyLIKe PYKH,
HOT'H, FOJIOBY Y TE&JIO B T€X MECTaX, HelpOHB! KOTOPBIX YHPABIAIOT
ABHKEHHEM COOTBETCTBYIOIIMX OPrasOB, MOAYIHTCA YTO-TO BpoZe
«TOMYHKY/TyCa», HIH MaJIeHbKOro YejloBeyka. YenoBeueK 3TOT BhI-
[TAAUT CTPAHHO Y UCKAKEHHO, ¥ HEro YAJIMHEHHBIE NaNbllbl, JHI0
U A3bIK, HO CMOpIleHHOE TYJIOBHILLE.)

[To Bcedl BHAMMOCTH, MOXHO MOMECTHTh KPEMHHMEBBIE HHITHI
Ha pa3sHBIe YaCTH MOBEPXHOCTH MO3ra, YToOH! 33/1cIICTROBATD TAKHM
06pa3oM COOTBETCTBYIOUINE STUM YIaCTKAM OPTaHbl H KOHEYHOCTH
U 3aCTaBUTh UX paboTaTh OT CTH MBICIH. B IpUHITMIE, TAKMM 06pa-
30M MOXHO BOCIIPOU3BECTH JIOBHIE IBVDKEHHA, KOTOPHIE CIIOCOOHO
MPOK3BOAWTD YeN0BEYECKoe TeNo. B OyAyiieM MOXKHO TIPEACTaBUTD
cefe mapanu30BAHHOIO YEIOBEKA B CTEUHAJILHOM /loMe, pazpabo-
TAHHOM I TEJIEKHHETHYECKOT'O YIIpas/leHH; X03AHH CMOXKeT MBIC-
JIEHHO VTIPAB/ATh CHCTEMOM KOHAMITHOHHPOBAHUSA, TEAEBH30POM H
BCEBO3MOMHEIMHU 2NeKTPUYSCKUMY YCTPOHCTBAMH.

Ele gansime B OyzyiieM MOXHO NPeACTaBHTD cebe vyenoBede-
CKOE TEJIO, 3aK/TI0UEHHOE B CHELHAMBHbIH «3K30CKe/1eT», KOTODHIH IT0-
3BOJIMT MAPANTHA0BAHHOMY TTO/IB30BATHCA ONHOH CBOBOAOMH ABHIKe-
HHUI1. TeopeTHYecky TakoH 3K30CKe/eT MOT 6bl JaTh BAaJebly CHAY,
NPEBOCXO/SLIYIO BOSMOXHOCTH OOBIYHOTO YENIOBEKA, U [IPEBPATHTD
ero B 6HOHUYECKoe CYLIeCTBO, CIIOCOBHOE YCHIMEM MBICITH YIIPAB/IATh
IrPOMaAHOI MeXaHWIeCKOH MOILBIO CBOMX CBEPXKOHEUHOCTEH.
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Wrak, ynpasieHHe KOMIBIOTEPOM IPH NOMOIIM CO3HAHMSA
yXe He NpeACTapifeTca HEBO3MOXHLIM. Ho o3HavaeT in 310, 410
KOrga-Hubyab Mbl CMOXKEM JBHUTATh MpeAMeTel, NOAHUMATh HX B
BO3AYX H MaHMMYAHPOBATh UMM IIPH [IOMOIUM HCKIHYUTENBHO
MBICUIEHHOTO YCHITHA?

O/IMH M3 BO3MOXKHBIX TIyTEH K 3TOMY — MOKPHITh CTEHEI CJIOEM
CBEPXTIPOBO/IHHKA IIPH KOMHATHOH TeMIeparype, CUMTAasA, KOHEYHO,
ITO TAKOE YCTPOHCTBO Kor/ia-HHOy AL nossuTesa. [Tocse 3Toro, ecau
MBI «HaIIMHTyeM» OOLIYHblE JOMANIHHe [peMeThl KPoIeYHbIMH
3MEKTPOMArHUTAMHM, TO CMOYKEM 3aCTABHUTh HX JIETATh HAJ TTOMOM 34
caet addexTa MelicHepa (kak MBI BuZenH B rage 1). Ecma stivn
ANEKTPOMArHUTaMK OYAET YIpPaBiATh KOMIBIOTEP, & KOMITbIOTe-
POM — Hall MO3T, TO MbI TOMY$HM BO3MOXHOCTb MIOZIHUMATS IIpe-
MeThl B BO3AyX MHCIEHHBIM yclwiHeM. [Togymas o ueM-To onpege-
JIEHHOM, MBI aKTHBHPYEM KOMITBEOTEP, KOTOPBIH 3aTe€M BKIIOYHT B
HYKHOM MeCTe JIEKTPOMArHuThl H 3aCTaBUT nipeaMeT JIEBUTHPO-
BaTb. BHelmHemMy HabmoaaTemo Takas AeMOHCTpAIHA — CIIocol-
HOCTb MOAHMMATH PEAMETH! B BO3AYX CHAOH MbICIH — ROKa3a1ach
6Hl BOTIIEDCTBOM,

Hansopo6oTsr

A 9TO MOXHO CKa3aTb O BO3MOXXHOCTH He IPOCTO ABHMTATh IIpej-
METHI, @ TpaHCHOPMHPORATh HX, TIPEBPAlATh OAYH B APYTOM, Kak
1o Bonwe6cTey? VIAmo3HOHHCTEL TPO/ENBIBAIOT Takue GOKYChI 3a
CY€eT JOBKOCTH PYK M PasHBIX XMUTPLIX NpHcnocobnenuii. Ho 3aza-
JUM BOIPOC: He IIPOTUBOPEUHT JH TaKad BO3MOXHOCTE 3aKOHAM
npHposb?

Kak MBI y)ke roBOpHIH, ofHA M3 Iefeil HAaHOTeXHONOTHH —
Hay4YUThCA CTPONTb U3 aTOMOB KPOLIEYHBIE MAIINHEL, CIOCOOHBIE
HCTIONHATE PYHKIIHIO PBIHara, LeCTepeHKH, NOALMITHIKA U 670Ka.
[Tocne co3gaHuA 3THX HAHOMAIIMH MHOCHE QU3NKH MeYTaKT Ha-
YHUUTHCA MPOH3BOJILHO OPraHU30BbIBATH MONEKY/bl BHYTPH O6beK-
T4, IEPECTAB/ATD B HUX ATOM 33 aTOMOM, IIOKa M H NIpeIMeT He pe-
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BpaTUTCA B Apyro#. Ha 3T0M NPUHIMIE OCHOBAHBI «PETUTHKATOPLL»,
KOTOPbI€ MO>XHO 00HAPY)XUTb BO MHOTUX HAYUHO-QaHTACTHIECKHX
NPOUIBEAECHHAX; OHY MOTYT M3TOTOBHTD JTI000H KenaeMblil npea-
MET, CTOMT TOJBKO MONPOCHTh. B IIPHHLIKNE PEIUTHKATOP MOr GBI
136aBHTh 4eI0BeYeCTBO OT 6€JHOCTH H MOJIHOCTBIO M3MEHUTL TIPH-
poRy obmecrsa. Ecmi MOXHO.6yAeT 3anpocTo MOMYMHTh JTHO6GYI0
BeMIb, TO 3TO IepeBepHeT ¢ HOT Ha FoJIOBY Bee IipecTaBleHHs O [o-
TpeOHOCTAX M CTOUMOCTH, @ Takxke 00 UepAPXUHU B YETOBEYECKOM
obinecTae.

(Pernukatop gurypupyer, B YacTHOCTH, B OJHOM M3 JI00U-
MBEIX MOMX 3MH30/I0B «3BE3AHOTO MyTH» — B CepuH «CIeVIONee mo-
KOJleHHe». B OTKDBITOM KOCMOCE HaXOJAT APEBHIOW KOCMMYECKYH0
Kameyny XX B., a B Hell 3aMOpPOXeHHBIC Tela JIOEH, CTpaJaBIlInx
HeUsNeYMMBIMH 3abofeBaHuAME. Tena GHICTPEHBKO OTTAHBAIOT,
MOAeH BHUIEYHBAIOT TPH MOMOIIH QAaHTACTHYECKON MeAUIIHHEL
OavH GH3HEeCMEH M3 OXMUBLINX COOOPAXKAET, YTO 3a CTOJBKO CTO-
JeTuit BIOKEHHBIC UM JeHBIM IODKHBI GBUIM BRIPACTH 40 HEUMO-
BEPHLIX PA3MEpPOE, ¥ CTIPallHBAET IKUMAK «IHTEpIpaiiza» 0 CBOHX
MHBECTHIHAX U JeHbrax. WIeHH SKHIIAKa B HEJOYMeHHH. JIeHbIU?
ViuBecTriiMu? Y Hac, B OYAYIIEM, IeHET HeT, OTBeYAT OHM. Ecin
Tebe yTo-HHOYAb HYHO, AOCTATOYHO NONIPOCHTD.)

Kax 6B IOpasHTeqbHO HH 3BYYal0 OMMCAHHE PEIUTMKATOPA,
B IPHPOJE OH YXKE CyLIeCTBYeT. «[ [pUHIHIMAMBHAS BOSMOXHOCTb»
yxe AokazaHa. [Ipupoga bepeT chippe — MACO ¢ OBONAMH — M 3a
NEBATH MECAIEB COOPYHAET U3 HETO YeIOBeYeCKoe CYIecTBo. Yyao
H3HM — He 9TO HHOe, Kak Bonbilas HaHodabpuka, ciocobHas Ha
aTOMHOM YPOBHE IIpeBpaliaTh BellecTBO (K IpUMepY, ITHIIY) B K-
BYIO TKaHb (MaJeHna).

Y1065 NoCTPoUTh HaHO(GAOPUKY, HYMKHEL TPY COCTAB/SIONIIX:
CTPOUTe/IbHBlE MaTePHANB], HHCTPYMEHTH, KOTOPEIMH MOXHO pe-
3aTh ¥ COGMMHATD 3TH MATEPHAbl; M YEPTEXKH, KOTOPLIMU CIIeyeT
PYKOBOZCTBOBATECH IIPH HMCIIOIb30BAHMH HHCTPYMEHTOB H MaTe-
pHasos. B npupojie cTPOHTEIbHBIMI MAaTePHaNaMH CITYIKAT THICAIH
AMUHOKHCIOT Y NIPOTEHHOB, U3 KOTOPBIX CTPOMTCA XWBaA IUIOThH
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M KpOBb. MHCTPYMEHTaMHU I pe3KH M COeAMHEHHA — aHaIoraMu
MOJIOTKOB H NHJ, HeOOX0JAUMBIX 4151 BEICTPAHBAHNSA IIPOTEMHOB B
HY)KHOM TIOpAAKE W IpeBpallieHHs UX B HOBEe GOPMEI KU3HH, —
cryxatr pubocomel. OHM nprcnocobxeHs 1A Toro, 4TobH paspe-
3aTh MPOTEMHH W BHOBb COSAMHATH UX B ONpeAe/eHHLIX TOYKAX,
CO3/]aBasA TEM CAMBIM HOBHIE THIBL YepTexH «yCcTpoHCTRa» 3afaeT
monexyna AHK, rae TafiHa ®U3HH 3alindpoBaHa yepes OnpeseseH-
HYIO T10CTef0BaTeAbHOCTh HYKICHHOBBIX KUCJIOT. 3TH TPH HHIpe-
J¥eHTa 06 beIMHEHBL B KJIeTKe, KOTopad of/a/jaeT 3aMeqaTenbHoi
CrocoGHOCTRIO K CAMOBOCIPOM3BOACTEY, T. €. YMEeT CO3AABATE KO-
TTHH caMo# cebs. DTO NPOHCXOAUT OMArofapsa TOMY, UTO Mo hopMe
Moaekyna JHK HanoMuHaeT ABOHHYyIO ciiMpaib. Korza npuxoauT
BpeMs pa3MHOXaThcd, Moaexkyna JHK packpyauBaerca u pasfen-
€TCA Ha ABE He3aBHCHMEIC CITHPAJIH. KEI}K,E[EIH H3 JBYX HHTOK 3aTeM
BOCCTaHARIHBAET cebd A0 IIOMHOTO ABOHHOIO COCTOAHMA, HAOHpas
BTOPYHK) HUTKY CHHPATH U3 OTAEIbHBIX OPTraHWIECKIX MOJIEKY. Tak
nony4aeTca konua Moaekyie! JHK.

Jlo cux 11op $U3MKaM Kb B He6OTbIIOH CTeNEeHH YAaeTCs 1o~
BTOPUTDL TO, 9TO B IPHUPOZAE BCTpevaeTcsa Ha Kax(aoM mary. Ho yue-
HbIe CIMTAIOT, YTO K104 K yeleXy — co3ZaHue apMiH CAMOBOCIIPO-
H3BOAALIMXCA HAHOPODOTOB, HIM HaHOOOTOB, KOTOpPBIE JOJLKHBI
NIPeZICTABIATL COBOH NporpaMMUpyeMbIe ATOMHBIE MANIMHBI A1
MIEPErpYTITHPOBKH aTOMOB BHYTPH O0OBEKTA.

B nipyHuMIIE, €CH UMETh TPHJUIMOHBI HAHOO0TOB, MOXKHO Ha-
NYCTHTh UX Ha OOBEKT ¢ 3afaHHEM MEPECTABUTEL OTPeJeTeHHEIM
00pa3oM ero aTOMbl M TAKUM 06pa3oM NpeBpaTHTE OZMH IPeAMET
B Apyroil. ITocKONMbKY HaHOOOTB ZOMKHBL ObITH CAMOBOCIIPOM3BO-
AALIMMUCAH, TO JJI1 HAaYasla 1powecca ux notpebyeTca He Tak yK
mHoro. Heobxozumo Taroke, YToObI MX MOXHO ObUIO NIPOrpaMMH-
POBATh — TOIZA OHM CMOI'YT PabOTATH IO 33JaHHOMY UepTeKy.

[Ipexne yeM NOCTPOHTE NepBhIE GAOTH HAHOBOTOR, IPUACTCA
npecgoneTh HeMalo 09eHb Cepbe3HBIX NIPeNaTCTBUH. Bo-mepBbix,
C4MOBOCIPOU3BOIAIMACA PoHOT MOCTPOUTD YPE3BHIYANHO TPYAHO
AaKe Ha MaKpOCKonH4eckoM yposHe. (He Hago 3abuiBaTh, 9TO MpH
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COBPEMEHHOM YPOBHE TEXHHKH MHL HE CHOCOOHEI H3rOTABAMBATDL
Jaxe 04eHb IIpoCcThle ATOMHbIE UHCTPYMEHTHI, TAKME KAK ATOMHBIH
NOALIMIIHMK HIN IecTepeHKa.) Jlaxe HMes KOMIBIOTEDP M CKOIbKO
YTORHO 3JIEKTPOHHBIX AeTaned, OUeHb HEIIPOCTO MOCTPOMTE MANIX-
Hy, KOTOpas yMesia Ovl co34aBarh TOYHbIE KOTHU CaMoM cebi. A ecu
3TO TaK TPYAHO CAenaTh PyKaMH, Ha CTOjle, TO UTO JKe TOBOPHTH O
CTPOUTENBCTBE NOA0OHOI MALIMHE HA ATOMHOM YPOBHe!

Bo-BTOpEIX, NoKa Boollle HeACHO, KAaK [IPOrpaMMHUpPOBATh
apMHIO HaHODOOTOB W3BHe. [lpefiaralnT, B YaCTHOCTH, MOCHUIATE
PaZgMOCUTHAI, KOTOPLIH J0JKeH ByJeT aKTMBMPOBATh KAM/AbIA Ha-
nobotr. Moxer 6bITs, HAHOBOTH MOXHO OBAVUHTE Ja3epPHBIM JIy-
YOM, HecyIUM B cebe uHcrpykuuu. Ho 310 03Hauano 6b1 OTASb-
HblH HA0OP MHCTPYKIMIE U1 KOKAOTO HaHOO0TA, KOTOPBIX MOKET
OBITH BEJIMKOE MHOXKECTBO — TPM/LTMOHE]!

B-TpeThHX, HeACHO, KaK HMEHHO HaHOOOT AO/KEH OTpE3aTh,
NEPECTaBIATh ¢ MECTa HA MECTO H CKJIEHBATh aTOMBI B HY)KHOM MO-
pAzake. He 6yaeM 3a6bIBaTh, 4TO MPHUPOJAE Ha PEUICHHE 3TOM Npo-
O;eMel noTpeboBanochk 3,5 MDA JeT, TIOITOMY BPA/ JIH MOXHO Ha-
AeAThCs PELINTh €€ BCEro 32 HECKOMBKO ASCATIVIETHH.

Hun Tepmendens 3 MaccadyceTckoro TeXHOMOIHMUCCKOTO
HHCTHTYTa — O/IUH H3 TeX PH3MKOB, KTO CEPBE3HO OTHOCHTCH K
Hiece PEILVIMKATOPA, WAR «IIePCOHANBHOrO MPOM3BOZMTENd». OH
Jaxe npenogaeT 8 MIT Kypc o HazsanueM «Kak cgenath (I09YTH)
9TO YIOAHO», OAMH M3 CAMBIX TIONYAAPHBIX B YHHBepcHTeTe. Iep-
mendeng pykopofuT B MIT LlenrpoM 6UTOR 4 aTOMOB 1 BCepbes
pasMbIUIgeT 0 GU3HIeCKUX TPHHIMIAX, Ha 6a3e KOTODBIX MOXKHO
610 OB COOPYANTD PEILIMKATOP, — OH CYMTAET, YTO HMEHHO 3TO
YCTPOHCTBO IOCTYKUT TOMYKOM AJLA CIeAYIOIIE R TEXHOIOTHYeCKO
pepomouud. OH Jaxe HalMCaA KHHUTY [0A Ha3BaHueM «I'pagyuas
PEBOJIIOIMA HA BAIIEM CTOJIE — OT LEPCOHATBHBIX KOMITBPIOTEPOB K
nepcotanbHbiM penkaropam» (FAB: The Coming Revolution on
Your Desktop — From Personal Computers to Personal Fabrication):
B Hel yueHHIH MOAPOOHO H3NOKWI CBOW B3IVLAAE Ha mpobiemy
HePCOHANBHOTO Hpou3BoAcTBa. OH CYMTAET, YTO Hallla Ieb —

149



OUIUKA HEBOIMOHHOTO

«CAENATh OJHY MAIIKHY, KOTOPasd CMOXeT CAeNaTh o0y MalIy-
Hy», ¥ y3Ke YCIleJl OCHOBATE A8 PacnpocTpaHeHH:A CBOMX HAeH ceThb
nabopaTopuii o BeceMy MHpY, TPeMMYLIECTBEHHO B CTPAHAX Tpe-
THErO MHUPA, I/Ie MeEPCOHANbHOE MPOU3BY/ICTBO NPHHEWIO Obl Mak-
CHMAaNBHYIO [10/B3Y.

Tepmendens cuuraet, 4To NepBOHAYANBHO AODKEH TTOABHTE-
1 YHUBepcanbHbIH pabpurarop, AOCTATOMHO ManeHbKHii, YTOOk
HOMECTHUTBCA HA CTOJE, CO3TAaHHEIH ¢ HCITOMB30BAHHEM TIOCTEAHHX
AOCTIDKEHMI na3zepHOR TEXHUKH M MHUKPOMHHHUATIOPH3ALMH; 3TO
YCTPOMCTBO CMOXKET pe3aTh, COEAUHATh M TpHAaBaTh GopMy jio-
6bIM OGEEKTaM, KOTOPHIE MOXHO NTOKA3aTh HA 9KpaHe KOMMNBITEPA.
K npuMepy, npeAcTaBHM cebe, uTo GeZHAKAM B CTpaHAX TPeThero
MHpa TpebyoTCH OPYAHA TPYAA ¥ CeAbCKOXO3UCTBEHHBIC Malli-
HbL. 3TY HHGOPMALHIO 3aTPYKAIOT B KOMIBIOTED, UMEIOIIHI AOCTYTI
K pasmenieHHoH B MIHTepHeTe oBIvpHOH 6ubinoreke yeprexei u
TeXHH4IecKol HHbopMaluuu. TaM KOMITbKOTEpHAS MPOrpaMMa mojl-
BepeT 13 TOTOBHIX Pa3paboTOK TO, YTO YAOBIETBOPSET TpeOoBaHu-
AM 3aKasduKa, oOpaboraeT 3Ty MHOOPMALUIO U OTNIPABUT €€ IO
3NIeKTPOHHOH 1o4Te 0bpaTHO. 3aTeM nepcoHanbHblil GpabpHraTop
3aMyCTHT CBOM JIa3ephl H MUHHATIOPHBIE pe3akH M IIPAMO Ha CToj1e
H3rOTOBMT JKeJlaeMBIH IpeaMer.

JTo elle He BCE. YHHUBePCAIbHBIN IepCOHANBHHIN 3aBOA —
TOMbKO NepBbIH 1tar. Co BpeMeHeM [epnieHden xoUeT [repeHecti
CBOIO HAEK Ha MOJIEKY/PHBIH YPOBEHb — M TOI7IA ¢ IOMOIIBI €r0
anmapata 9enoBek 0y/ieT B COCTOAHUE U3TOTOBHTH OYKBATBHO JIIG-
G0k 06BEKT, KAKOH TOMBKO MOXHO BooOpa3uTh B AeTansx. OgHaKo
NpOrpecce B 3TOM HAIIPABNEHUH HET OYeHb MEJIeHHO, TOTOMY 4T0
MAHUIYAUPOBATH OTASABHEIMH aTOMaMH OYEHb CIIONHO.

Apuctiziec PexBuxa u3 YHuBepcHTeTa IOxHOH Kamudop-
HUHK — O/IMH M3 THOHEPOR, paboTawiux B 3Tod obnactu. Ero cre-
UHAM3AUNA — «MOJIeKyJsipHas pPoBOTOTEXHHKa», a Ieflb — HH
Bonee HU MeHee Kak cosgaHvie MOTHAMM HaHOPOOOTOB, CII0CO0-
HEIX TIPOM3BOAUTL C OTACIPHHIMU aTOMaMH NPOH3BONbHEE MaHH-
Iy/ALH, PekBHXa MHIIET, 4TO CyIIecTBYeT ABa Noaxoaa. OIuH U3
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HHX — «CBEPXY BHH3»; IIPH 3TOM HHMXEHEPE! [ONHITAIOTCA NTPHU 110-
MOIIH TEXHOJIOTMH TPaBJIEHHA, 3aMMCTBOBaHHOH U3 IIOMYTIPOBOJI-
HHKOBOHA ITIPOMBIIUIEHHOCTH, CO3JaTh KPOIIEYHLIE 3MEKTPOHHBIE
CXeMbl, KOTOpbIe 3aTeM CMOTYT UIVHTb HaHOPOGOTaM MO3ramH.
3JTa TEXHOMIOIMA NO3BOJMT CO3/IABaTh KPOXOTHHIX pOOOTOB € pasMe-
POM KOMIIOHEHTOB OK0/I6 30 HM MeTO/0M HaHOIHUTorpadiH, KOTo-
pad ceHdac CTPEMUTE/IBHO PAa3BHBAETCA.

Ho ecTb ¥ Apyroil noaxos —— «CHM3y BBEpPX»; B 3TOM CJIydae
HHXEHepELI MOMLITAIOTCA CTPOUTh KPOLIEYHEIE POBOTLI, Tlepe/BUras
M YCTaHAB/MHBAA HA MECTO ATOM 33 aTOMOM. [TTaBHEIM HHCTPYMCH-
TOM TAKOTO CTPOHTENIbCTBA JO/DKEH CTATh CKAHUPYIOIYH 30HA0BEIH
muxpockon {(C3M); 3To yCTPOHCTBO HCTIOABL3YET TY YK€ TEXHOMOTHIO,
4TO H CKAHHPYIOWHA TYHHEIBHEBIA MHKPOCKOI, 4T0OB! pacrio3Ha-
BaTh W MepeABHraTh OTAeNbHBIe aTOMEL K NIpUMepy, yieHbIe yike
XOpOLIO HAYYWINCH ABATATE AaTOMBI KCEHOHA Ha TUIATHHOROH HIH
HUKeneBoH nosepXHocTU. Ho PekBrxa npH3Haer, 4To «40 CHX 1Op
Ay4ilias KOMaH/a B MHpe Bo/DiHa paboTaTh eCaTh YacoB, YTOOHI Co-
GpaTh KOHCTPYKIMIO H3 TpUMEPHO 50 aTOMOB». JIBUraTh OTAETbHbIE
ATOMBI BPYYHYIO — OUeHb JA0/rad M YTOMUTeIbHAA paboTa. YueHbti
Npu3HaeT, 4T0 HeoOXOAUM COBEPIIEHHO HOBBIH MEXaHH3M, Cli0co0-
HBIM BHINOJHATE 334344 6o/lee BEICOKOTO YPOBHA — aBTOMaTH4e-
CKH fiepe/IBUTATh B XeJaeMOM HarpaBleHH COTHY aTOMOB 3a paa.
K coxxaneHuto, 11oka Takoro MexaHusMa Ke CymiecTByeT. [loaTomy
He YAHBHUTENbHO, YTC TOAX0A «CHH3Y BBEPX» HAXOAWTCA B MIajleH-
4eCKOM COCTOAHMM,

HTak, caenaeM BRIBOA: COMMACHO CErOAHANHAM MPEACTABIe-
HUSIM, TeAeKHHEe3 HeBO3MOXKEH, HO B GYAYILEeM, KOrAa ME JIy4ire
Hay4YHMCs BOCTIPHHHMATE CUTHANIBL MO3ra — T. €. MBICTH — TIPH T10-
mvomu 23, MPT 1 ApyTHX MeTOAOB, OH MOKET CTAaTh BO3ZMOKHBIM.
He HCKITIOUEHO, UTO ellie B 3ToM BeKe OYAYT cO3/1aHH anIaparsl, CI1o-
coOHBIE MO/l BO3ACHCTBHEM MBICTH YIIPAB/IATE CBEPXIIPOBOAHMKAMHI
IIpY XOMHATHO# TeMIepaType U TBOPHTL B Pe3yiIbTaTe Takue Jy/e-
ca, KOTOPHIE CerofiHs NpeACTaBMAKTCA HaM BOMLeOCTBOM, A K Cle-
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AYIOIEMY CTOJNIETHIO, MOXET OBITh, MB HaydMMCH IPOU3BOABHO
NepecTaB/ATh MONEKYALl B MAKPOCKOIIMYECKUX obbeKTax. Bee aTo
3ACTaRMAET OTHECTH TelleKHHEe3 K HERO3MWKHOCTH | wiacca.

HexoToprie yyeHne yTBep:kAaIOT, YTO KJIIOYOM K 3TOH Tex-
HOMOTHH JO/DKHO CTaTh CO3JaHHE HAaHOPOOOTOB, CHabXXeHHEIX HC-
KYCCTBEHHBIM HHTe/UIeKToM, Ho npesx e uem roBopHTh O cO34aHHH
KpOIIeYyHBIX pofOTOR pasMepoM C MOJIEKY/Ty, HY)KHO OTBETHTDb Ha
fonce JeMEHTapHBIH BONPOC: MOTYT JIM poBOTH CYUIECTBOBATH
BooOmEe?



1. posors

Oanasanl, He npoAaeT H 30 AeT, Mbl He3aMETHO nepecTaHeM ObiTh CAMbIMM YMHBIME
Ha 3emne,

Axeitmc Maxkanup

B dwibMe «f, poboT», CHATOM 110 TPOM3BEACHHAM Alizeka A3uMo-
Ba, B 2035 I. cozzaTenH 3aNycKalT B CTPOH CaMyio MPOABHHYTYIO
B UCTOPHH KOoMMNbIOTEPHYIO cCHcTemy. OHa HMeeT coGcTBEHHOE Ha-
3BaHue — BHKY — BHPTyanbHEL HHTEPaKTHBHBLH KHHETHYCCKHH
HHTe/UIeKT) — W IpeAHasHaueHa AnA 6e3ynpedHoro ympapiIeHHA
»KM3HBIO 6onbmoro ropoga. o ee KOHTPOIEM HAXOAUTCA BCE, OT
METPONIOSIUTECHA W JIEKTPUYeCKHX CeTeH A0 THICAY AOMAIMHWX Po-
6oToB. B ochoBe nporpaMMbl BUKH JKene3Hbiil MPUHLIAI: CIYyXNUThb
YeJIOBEYECTBY.

Ho oaxaxabl Buku 3aja1a cebe kioueBod BONPOC: YTO AB-
JIICTCA IVIABHEIM BparoMm YeiosedecTBa? MareMarHdeckas JIOTHKA
NPHBEJIA K OIHO3HAYHOMY BHIBOAY: ITARHBIH Bpar yej0Be4ecTBa —
caMo yesoBedecTBo. Ero HaZo CpovHO cnacaTh OT HE3OPOBOTO
CTPeMJIEHHA [YOMTh IIPHPOAY H 3aT€BaTh BOHHEL; HEMb3A NO3IBO-
JIMTH €MY YHHYTOXHUTD IIaHeTy. A BHKH eAMHCTBeHHBIH cro-
€00 BHINONHKTE IIABHOE 3a/JaHHe — 3aXBAaTUTh BJIACThb HaJ Yeo-
BEYECTBOM M YCTAHOBUTE OJarofaTHyl) MallMHHYIO JUKTATYpy.
YroOHl 3aLIIUTHTD Y€J0BEYECTBO OT CAMOTO celd, HeobXomMo ero
nopaboTHTE.

B sToM ¢risMe nogHMMaroTCA BayKHEIE BONPOCH. [IpHHUManA
BO BHMMaHHe CTPeMHUTEIbHOE Pa3BHTHE KOMNBIOTEPHOH TEXHHKU,
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MOKHO JIH O3KUJATh, YTO KOT/|a-HUOY/b MAIIMHBI 3aXBATAT BAACTb?
CTaHyT /M poOOTH HACTOJIBLKC PAa3BHUTHIMU, YTOOHI MPEACTABIATH
PeaNbHyIO YTPO3y HallleMy CYIeCTBOBAHAID?

Hekorophie yyeHble OTBEYalOT Ha 3TOT BONPOC OTPULATENb-
HO, [IOTOMY YTO cama Hfed HCKYCCTBEHHOTO MHTe/UIeKTa HHKyJa
He roAUTCA. Lenbiii Xxop CKenTHKOB B OJIMH TOMIOC YTBEPAKAAET, YTO
€03/laTh MAalllUHY, ClocOOHYIO AYMaTh, HEBO3MOXKHO. CKEIITHKH To-
BOPAT, YTO YeJOBEYECKHIT MO3l — caMas CIQXKHAaA cUcTeMa, co3-
JAHHAA NpUpOACH 3a BCe BpeMsA ee CYLLecTBOBaHMs (MO kpalHei
Méepe, B HAlllel YacTH rajJakTUKK), ¥ JK06bIe MOTHTKH BOCIIPOH3-
BECTH HCKYCCTBEHHBIM 00Pa3soM NPoLece MEIILIEHHA o0peyeHs! Ha
nposan. duiocod JxoH CHpx u3 YHHBepcHTera KanudopHuu B
Bepxau 1 gaxe usBectHuil Ppusuk Pomxep [NeHpoys ma Orcdopaa
YBEpeHBI, YTO MaliHHa QU3HMYEcKH HecnocobHA MBICIHTh KAk Ye-
Joeek. Komna MakrveH U3 YHHBepcuTeTa PyTrepca roBoOpHT, 4TO
HCKYCCTBEHHBIH MHTEIUIEKT «II0A00EH CAM3HAKY, KOTOPHH OBl Mo-
MILITA/ICA 3aHAThCA MICUX0aHaNH3oM 1o Ppeligy. ¥ Hero mpocTo Her
AJIA 3TOTO HY>KHBIX OpPraHOB».

MoryT /1 MalTHHK AyMaTh? Yxe Bonplie cTONeTHs OTBET Ha
3TOT BOIIPOC PA3AENAET HAYYHOE COOONIECTRBO Ha ABa HEIIPHMHEPU-
MBIX Jlarepd.

HCTOPI’IH HCKYCCTBEHHOI'O HHTEJIJICKTA

Wzes MexaHMYeCKOro CyIIECTBA 3aXBaThiBaeT BOODpaKeHUe; OHa
JaBHO MOCENKNACh B yMax UsoOpeTaTeeil, MHXeHepOB, MaTeMaTH-
KoB 1 MeuTareieil. Or XKenesnoro Jposocexa u3 BonuebHoii cTpa-
HBl J0 poBoTOB-JeTeill u3 «VIcKycCTBEHHOro WHrelU1eKTa» Chu-
Hbepra u poboToB-youiily u3 «TepMUHATOpa» — BCIOAY MaIiHHbI,
criocoOHbIe IEMCTBORATD U AYMATh, KAK JTIGAH.

B rpeveckoi mudonoruu 6or Byaxan koBas U3 30/10Ta MeXa-
HUYECKHX NPHCTYKHUAL U AeNaT TPEXHOrHe CTOAHKH, CHoCcOobHbIe
nepeaBrraTsca camu no cebe. Eute B 400 1. 0 H. 3. rpeyecKHi Ma-
TeMAaTUK ApXUT TapeHTCKHU MHcal 0 TOM, 9TO MOXHO OBLIC OB
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C/leJIaTh MEXaHHYECKYIO IITHLY, KOTOpad ABUranack OBl 3a CUeT
CHJIBI TIApa.

B I B. Tepon Anexcanapuickni (eMy IPHITHCHBAIOT U3obpe-
TeHHE 1epBoil MapOBGil MAIlIHHEI} AeMaK aBTOMATEI, TIPHYEM OJHH
M3 HHX [0 JleTeHAe crocobed 6bUT pasroBapuBarh. JeBaTbeoT e
Haszag Anp-/xazapy NpUAYMBIBAT M KOHCTPYHPOBAI TaKHe aBTO-
MaTHYECKHe YCTPOMCTBA, KaK BOJAHbIE Yachl, BCeBO3MOXKHEIE Ky-
XOHHBIE NpHCHOcO6IeHAT U MY3BIKATbHEIE HHCTPYMEHTHL, JBHAKH-
MLIE CHJIOH BOABL.

B 1495 r. Benuxuit UTAILAHCKUH XYAOKHMK H YYeHBIH Boa-
POkIeHHA JleoHapAo fa BUHYH HApHCOBAJI CXeMy MEXaHUCCKOTO
phiLlapd, KOTOPLEIH MOT CHETh, ABUTaTh PYKaMH, [OI0BOH M OTKPEI-
BaTh W 3aKPBIBATh YEAIOCTh. MICTOPHKM CIMTArOT cXxeMy ja Buruu
[EePBbIM PEATHCTHYHBIM MPOEKTOM YeNIOBEKOoNOA0OHON MalllMKH.

IlepBoro aelicTBylONEro, XOTA U IPyboro poboTa HOCTPOHI
B 1738 1. JKax Ae BoKaHCOH; OH CAe/as aH/POHAA, KOTOPBIH MOT
UIPaTh Ha QuIeliTe, U MEXaHUMECKYIO YTKY.

Cnogo «poboT» npuayMait B 1920 r. vernckmit spamatypr Ka-
pen Hanek B nmpece «R.U.R.» (ci10B0O «poboT» Mo-YelICKH O3Hava-
eT «TSDKeNmas HyoHad paboTa», a [M0-CIOBALKY — MTPOCTO «TPYI»).
B mbece durypupyer NpeAnpUaATHe M0J HazBaHHEM «YHHBEPCaNib-
HEIe poboTel PoccyMan», cepiiHO BHIIyCKawlue poBGoToR A4 He-
kBamu$HUHpOBaHHOTO Tpyaa. {OAHaKo B OTIMYHE OT OOHYHBIX
MAaUIMH 3TH poBOTH CAeaHbl M3 IUTOTH U KposHu.) [ocTenneHHO Mu-
POBaA 3KOHOMHKA NONAJaeT B MOIHYIO 3ABUCHMOCTh OT pOOOTOB.
Ho ofpamiarorcs ¢ HUMH Y)KacHO, 1 B KOHILE KOHIIOB po6OTH Boc-
CTAOT ¥ paclpaBIAOTCA ¢ X03AeBaMHU-M0AbMU. OJHAKO B APOCTH
oHM YBMBalOT Beex y4eHbIX, CNOCOGHBIX peMOHTHPOBATh POGOTOR
¥ €CO33aBaTh HOBLIX, U TeM CaMbIM ofpeKaloT cebst Ha BEIMHUpaHHe.
B ¢uHase nbeck 18a poboTa ocoboi Mogen 0OHAPYXKHBAIKOT B cebe
crnocoGHOCTD K CAMOBOCTTPOM3BOACTBY M CTAHOBATCA HOBEIMH Ajia-
MoM H EBoii apet poGoTos.

Kpome Toro, B 1927 r. po6oThl cTANU repOAMH OZHOTO U3 NEp-
BBIX H CAMBbIX AOPOTHX HeMBIX QHIBMOB BCeX BpemeH — QiibMa

155 ¢



DHIKHA HEBOIMOMHOTD

«MeTpononnc», cHAToro B Ilepmanum pexuccepoM dpunem
JNanrom. JleiictBue dunsma nporcxogut B 2026 r.; paboymit kiacce
06pedeH Ha GeCKOHEYHDIH TPY/ Ha KYTKUX M FPA3ZHBIX TIOA3EMHBIX
3aBOAAX, A TIPABAIAA JIUTA Pa3BleKaeTcq Ha MOBEpXHOCTH. OHOH
KPACUBOH JKeHIl[UHe 0 MMeHU MapHs yaaeTca 3aBoeBaTh A0REpHe
paboyuHX, HO NpaBHUTENH GOATCSA, YTO KOTAA-HUOYAHL OHa MOXKET [107-
HATb Hapoy Ha OVHT, a MOTOMY OOpALLAIGTCA K 3/I0/CK0-YYEHOMY C
Apockb0iT H3rOTOBUTL MEXaHUYECKYIO KOMKI0 Mapiu. 3ToT IwiaH,
OfHaKo, 06opayuBaeTCs NPOTHB ABTOPOB — pobOT NOAHHMAET pa-
604MX Ha BOCCTAHKE MPOTHB NMPABAMIEH 2/1MTHI H BRI3LIBAET TEM Ca-
MBIM KpaxX CUCTEMEL.

HMckyccTBeHHBIH HHTELIEKT, Win U, cymecTBeRHO oTIMYa-
eTcs OT TeXHOJIOTHI, KOTOphIE ME 06CYKAanu j0 cHx nop. Jleno B
TOM, YTO MBI A0 CHX 110D cJ1abo [ToHHMAaeM JIeKallie B OCHOBE 3TOTO
ApneHuA GyHAaMEeHTaMbHbIE 3aKOHEL. DH3MKH HEILIOXO TOHUMAIOT
HbIOTOHOBY MEXaHHKY, MAKCBE/UIOBY TEOPHIO CBETA, PENATHBU3M 1
KBAaHTOBYIO TEOPHIO CTPOCHHA aTOMOB U MONEKY — HO (Ga3oBhHIC
3aKOHBI Pasyma /IO CMX IIOP CKPBITHI IOKPOBOM TalHEBL. BepoATHo,
HEIOTOH HCKYCCTBeHHOrO HHTEIUIEKTA elle He POWICA.

Ho MaTeMaTHKOB M KOMITBIOTEPIIHKOB 3TO He cMyTiaeT. Jlid Hux
BCTPETUTE Ha [10poTe Jab0paToOpHK BBIXOAAWIYIO H3 Hee AYMaIOLIYIo
MaUIMHY — TOJbKO BOIIPOC BPeMEHH.

MBI MOYKeM Ha3BaTh CaMyl0 HA AaHHBII MOMEHT BAHATEIEHYIO
IMMHOCTE B ofydct UM, 310 Benukuit OpUTaHCKUM MaTeMaTHK
AnaH ThIOpHHT — POBHUJEL], CYMEBIIHI{ 3a/I0KUTh KpaeyrojbHbIH
KaMeHb B HCCIE/JOBaHHe 3TOMH npotaeMsl.

MmMenno ¢ ThiOpMHra Ha4YHHAETCA KOMIBIOTEPHAR PEBOJIHO-
uua. OH co3gan B cBoeM BoOOpaKeHHM MALIMHy (KOTOPYIO ¢ Tex
0P Ha3bIBAIOT MalIHHOH TEIODHHTA), COCTOAIIYIO BCETO M3 Tpex
37IEMEHTOR: BXO/, BEIXO/ M HEHTPAIbHBIH poueccop (YTO-To Bpofe
nponeccopa Pentium}, cllocobHLINA BHITIOJHATL CTPOrO 33aHHBINA
Habop onepanuii. Ha 6ase atoro mpeacraenesus THIOPUHT yCTa-
HOBWI 32aKOHBI paboThl BLIYHCANTEALHEIX MAIIKH, a TAKKE TOYHO
ONpeaeana ux OKHAAEMYI0O MOIMHOCTE H IIPEACIEI X BO3MOXHO-
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creit. Ul ceroans Bee NHGPOBLIE KOMITBIOTEPH! HOAYUHAROTCA HKECT-
KHM 3akoHaM TeropuHra. CTpyKTypa M yCTPOHCTRO Beero 1Udpo-
BOrC MHPa MHOI'UM 00f3aHH 3TOMY YICHOMY.

Kpome Toro, Terlopunr sHec Go/blioil BKAAJ B OCHORaHHE
MaTeMaTuyeckoH NorKkU. B 193] r. BeHckwil MaTemaTuk Kypr Ié-
A€Nb IPOU3BeJ B MUPe MaTeMaTHKH HaCTOALIYIO CEHCALMIO; OH J0-
KA34J, 4TO B apUPMeTHKE CyIIecTBYIOT HCTUHHBIE YTBePKAeHnA,
KOTOpPBIE HEBO3MOKHO JOKA3ATh CPE/ICTBAMH O/JHOH TONBKO apHud-
MeTUkH, (B KalecTBe mpHMepa MOKHO HA3BaTh 'MIOTe3sy [onba-
faxa, BHICKA3aHHYIO B 1742 I. M COCTOALIYIO B TOM, 4TO Jwoboe
4eTHOE IfeIoe IUCI0 DONbIIe ABYX MOXHO 3aIlUCATH B BU/AE CYM-
Mbl JIByX TTPOCTHIX YMCENT; THIOTe3a He JoKazaHa J0 CHX [Op, XOTA
TIPOLLIC ABA ¢ MOJOBUHON CTONETHA, ¥ MOXKET OKa3aThCs Boobme
Hegokasyemol.) OTkpoBenue [€7ena papefesru pazbumo Meury,
MPOAEPKABIIYIOCS ABe TBHICAIH JIeT U GepylIyio Hauyato eme OT
TPEKOB, — MEYTY AOKa3aTh KOTAA-HUOYAL BCe HCTHHHBIE YTBEDK-
AeHNA B MaTeMaTHKe. I€1e/b mokasan, 4To Beerga 6yayr cyume-
CTBOBATh HCTHHHBIE YTREPKACHHA, I0KA3aTEABCTBO KOTOPBIX HAM
HeJoCTyIIHO. OKa3anock, 4TO MaTEMaTHKA BOBCE HE 3aKOHUEHHOE,
COBEPIIEHHOE TI0 KOHCTPYKLUH 3[aHue H YTO 3aBepIIUTh CTPOU-
TebCTBO HE YAACTCA HUKOTAA.

THIOPHHT TOXe NPHHSI Y9acTHe B 3T0M pepommonui. OH 11o-
Kd3aid, 4To B 0o0LIeM clydae HEBO3MOXKHO NpeacKas3aTh, MoTpeby-
eTcA M MalTMHe ThlopHHTa Ha BBINIOAHEHWE OHpPeAENeHHBIX MaTe-
MaTHYECKHX oflepamyil No 3alaHHOM eff MporpaMMe KOHEYHOE Hx
fecKOHEYHOE KOMHYECTRO Liaros. Ho ek Ha BEIMUCIeHHe 4ero-TO
TpebyeTcs BeckoHedHoe BpEMA, 3TC O3HAYAET, YTO TO, YTO BbI MPO-
CUTE KOMIIBIOTED BBIYHCIHTH, BHIYHCIHTE BOODIIE HEBOZMOMKHO.
Tak ThIOPHHT A0Ka3aJ1, YTO B MATEMATHKe CYNIECTBYIOT HCTHHHBIE
BhIpaXEHHA, KOTOPHIC HEBO3MOXHO BBIUHCINTh, — OHM BCerja
OCTAHyTCA 3a Mpege/aMy BO3MOXKHOCTH KOMIIbIOTepa, KakuM bl
MOLLHLIM OH HM OBLI,

Bo Bpemsa Bropo#t MUpPOBOI BOMHBI HOBAaTOPCKHe DPabOTH
TeiopuHra B obnact pacmudpoBKY KOAVPOBAHHBIX COOBLIEHHIH
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CTIAC/IY THICAYH CORJAAT COKZHHKOB H, O4€Hb MOKeT OBITh, TOBJIHA-
JiH Ha MCXOJ BOHHBL. COI03HUKH, OYIYIH He B COCTOAHHN paciuud-
POBAaTh HALMCTCKHE COODIMeHNA, 3alllUdPOBAHHEIE CIENHAIbHOM
MAIIHHOM 04 HA3BAHHEM «JHUIMA», nonpocunu TeIOPUHI'A H €T0
KOJUIET MOCTPOUTE AJI1 3TOTO CBOK MamuHY. B urore Teropunry
9TO yAANOCh; £ro MallMHa NoAyYria Hasganue «bomba», K xoHiy
BOHHHI ZIeHCTBOBANO Yixe Hosbie 200 TakKx MamWH. B peayasrare
COIO3HMKN AOJITOe BpeMA YHTAMH CEKPETHEIE COOBHIEHH HAIMCTOR
4 cyMesnH 0OMaHyTh HX T0 [IOBOAY BPEMEHH H MECTa PELIAOIIECTO
BTOPXKEHHA Ha KOHTUHEHT. FICTOPUKH /10 CHUX TIOP CIOPAT O POIH
TelopuHra u ero paboT B IUIaHUPOBAHWK BTOpXeHuA B HopMaH-
K0 — BTOPIKCHHSA, KOTOPOE B KOHEMHOM HTOTe HOPUBEJIO K Mopa-
xennio l'epmanni. (Tlocne BoHHB! HpHTaRCKOE TPABUTENLCTBO 3a-
cekpeTsio paboTh ThIopHHra; B pesyirsraTe 061IECTBO He 3HAET,
HARCKOJIBKO BaXXHYIO PO/ OH CHITPAZ B 3THX COOMITHAX. )

ToropHHra He TOJBKO He BO3HECIH KaK repos, KOTOPHIH 1o-
MOT 1nepenoMurhb Xoj Bropoit MHPOBOH BOMHH, HET, ero 1onpo-
CTY 3aTPaBM/IM 0 CMepTH. OAHAXAK €ro JoM 060Kpanu, U yue-
HHIH BHI3Ba1 MOMMLMIO. K HecYacThlo, momMums o6HAapyXUIa B
JOMe CBH/IETENIbCTBA TOMOCEKCYaNn3Ma XO3AUHA M, BMECTO TOTD
4TO6B HCKaTh BOPOB, apectoBaa camoro Teiopuura. Cyj mocra-
HOBHJI TIOABEPTHYTDH €T0 HHbeKIH NOJOBLIX TOPMOHOB, ¢ deKT
OKasascA KaTacTpoGUYIeCKHM: ¥ HETO BHIPOCHH Ipyau. B 1954 .
ToiopHHT, He BHEPKaB AYLICBHBIX MYK, MOKOH4YHI ¢ coboi —
cven AG0K0, HaYHHeHHoe HHaHUAoM. (Ilo ciyxaM, HagKyIeHHOe
A6/10K0, cTaBlIee TOTOTHIIOM KOPIopauuu Apple, — AaHp yBaxe-
HHe ThIopHHTY.)

Ceroana ThlopHHra, BepOATHO, AyYlle BCero 3HaloT Giaaroga-
psa TecTy ThIODHHTA. YCTaB 0T 6eCIVIOAHEX H GeckoHedHEIX duIo-
codckxux AebaToB O TOM, MOXET JIM MaIIMHA «IyMaTh» U €CTb JIH ¥
Hee «yllla», OH MHOIBITAaNCA BHECTH B JHCKYCCHIO 06 MCKYCCTBEH-
HOM HMHTE/LNeKTe YeTKOCTh H TOYHOCTE M IPUAYMai KOHKDPETHBIH
TeCT. OH MPeATONII TOMECTHTE MAIUHHY U UeJIOBEKA B OTAENbHEIC
M3OJNPOBaHHbIE M ONedaTaHHble TIOMENEHHA, a 3aTEM 3aJaBaThb
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060MM BONpoCH. Ecv BBl OKaxeTech He B COCTOAHKH OT/IHYHTD 110
OTBETaM MALIMHY OT YeIoBeKa, MOXKHO CYMTATh, 4TO MalIMHA Npo-
uLna rect TeropuHra.

YueHble e HalMCAIH HECKONbKO HECJONHHIX IPOrpaMm
(x MpuMepy, NporpaMma «Jau3a»), CnocoGHBIX HMHTHPOBATH Pas-
FOBOPHYI0 pedb M IOAAepUBaTh Gecedly; KOMMOBIOTEP C TaKoi
nporpamMmoi cnocobeH 06MaHyTh GOMBIIMHCTEO HUYETO HE 1070~
3peBaolwux AioAed 1 y6eauTh HX B TOM, YTO OHU PA3TOBAPHUBAIT
¢ 4esoBekoM. (OTMETHM, YTO B PasroBopax JIOAH, KAaK MPAaBWIOC,
OI'PaHUYHBAKOTCA AECATKOM TEM W HCIIONB3YIOT BCET'O HECKONBKO CO-
TeH ¢10B.) Ho nporpamMmel, cnoco6Ho 06MaHyTD M0AeH, KOTOpble
3HAKIT O CHTYAUHH K CO3HATRNbHO MBITATCA OTIMYUTDL MALIHHY OT
4e/MOBEKA, A0 CHX 0P He cymecTByeT. (CaM ThIOPUHT IIpeaIoaaran,
uto x 2000 r. IpH oKCIOHEHIHAILHOM POCTE [TPOU3BOJANTENEHOCTH
KOMIIBIOTEPOB MOXHO OyAeT CO3AaTh MAIIHHY, CliocobHyo ofma-
HYTh B ISITHMUHYTHOM Tectre 30% sKcnepToB.)

Hexotopele praocobl M TEOMOTH BEICTYIIAIOT B 3TOM BOIIPOCE
€MHBIM GPOHTOM: OHH CYMTAIOT, YTO CO3JATh HACTOALIEro pobo-
Ta, cNocoBHOTe JyMaTh KaK YeloBeK, HeBo3MoXHO. Punocod U3
Yuupepcutera Kanudopuun B Beprn xor CHp npearoxi
AN JOKA3ATE/ABCTBA 3TOrC TE3UCA «TeCT KUTaHCKoH KoMHATh». [To
cymecTBy, CHp/ YIBEDXKAAET, YTO pOOOTH XOTA M CMOTYT KOT/a-
H1OYb, BO3MOXKHO, TPOUTH TecT ThIOpPUHTa B KAKOH-TO opMe, 3TO
HHYETO He 3HAYMT, II0TOMY YTO OHU BCETO JHILD CALNO MaHUITY/IH-
PYIOT CUMBONAMH, COBEPIIeHH0 He MOHUMAA BAOKEHHOTO B HHX
coaepxaHH.

llpeactasere cefe: BH, He MOHWMMAA HM CJIOBA O-KHTANCKH,
CHUZUTEe B 130/ HPOBAHHOM Hokce. [IpeAnonoKuM, ¥ Bac ecTh KHH-
ra, TpH TIOMOLIM KOTOPOil Bbl MOXKeTe 0YeHb BLICTPO NepeBOAHTh
C KMTaHCKOro M Ha KHTAaHCKHH, a Takke MaHUIYAHPOBATh 3HAKa-
MH 3TOTO s13b1Ka. EC/IM KT0-TO 3afaeT BaM BOTIPOC MO-KHTAMCKH, BHL
MPOCTO MEepeCcTABIIeTe COMIACHO KHUTE 3TU CTPaHHHE 3HAYKH M
AaeTe JOCTOBEPHBIN OTBET; IPH 3TOM BbI He IIOHHMAETE HH BOIPO-
COB, HY COOCTBEHHEBIX OTBETOS.
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Cyrb BO3paxieHHH CHpsla CBOAWTCA K Pa3sHHIE MEXAY CHH-
TAKCHCOM M ceMaHTHKOMH. [To Cupry, po6oTel cioco6HBI OBTazeTh
CHHTAKCHCOM S3BIKA (T. €. MOTYT HAYYMTHCA KOPPEKTHO MaHUITYNH-
POBATL €r0 paMMaTHKOH, GOPMAIBHBIMH CTPYKTYPaMHU M T.11.), HO
He ero UCTHHHOI ceMaHTHKOM (T. €. CMBICIOBBIM 3HaYeHHEM CJIOB).
Po6OTEL MOrYT MAHUNIY/IMPOBATH CAOBAMH, He TIOHHMASA, YTO OHH
o3Ha4awTt. (B yeM-TO 3T0 HANOMHHAET PA3rOROp MO TeseQoHY C
aBTOOTBETYHKOM, KOTJA Bbl JOJDKHBE BpeMs 0T BpeMeHH HaKUMAaThb
mudpy «1», «2» ¥ T. 4., CNeflys ykazauuAM MamuHel [onoc Ha apy-
roM KOHIle IPOBOZAA BIIONHE ClocobeH MPaBWiILHO pearuposarh Ha
BalIk HUdpsl, HO CTPaHHO OBLIO OBl MPEANONOKHTb, YTO OH TIPH
3TOM YTO-TO IIOHUMAeET. )

Puznxk Pomxep [NeHpoys u3 Oxedopia TOXe CYUTAET, YTO HC-
KYCCTBEHHRIH MHTE/LIEKT HeBO3MOMKEH; MEXaHMYeCKoe CYIiecTBO,
CcTIocobHOE JyMaThb H obJIajalolee Ye/ioBeYeCKuM CO3HAHHUEM, ITPO-
THBOPEUHT KBAHTOBLIM 3aKoHaM. YeroBeuecKMH MO3r, yTBepxKIa-
eT [leHpOy3, HACTOMBKO [TPEBOCXOAHT BCE CO3AAHHOE HeIOBEKOM B
nafopaTopyH, YTo IKCHEPHMEHT MO CO3/IaHHI0 YeI0BEKOITOZ0BHBIX
pobotos npocto 0bpeyeH Ha nposait. (OH CIUTAET, 4TO KaK TEOpe-
Ma [€7e14 0 HEROAHOTE ROKA3aNa, YTO APHPMeETHKA HEelOMHE, TaK
IpPHHLUT HeolipegeaeHHOCTH Telizenbepra IOKaKeT, YTO MALTHHBI
B TIPUHIHIIE He CHOCOOHE [yMaTh 110-9e/I0BeYeCcKH. )

OnHaxko MHOTHe QM3NKM U HIDKEHEeDH CYMTAIOT, YTO HHYTO
B 3aKOHaX NPHPOABI He NPOTHBOPEYHT CO3JAHHI0 HACTOALIETO
pobora. K npumepy, Knoaa IlleHsoHa, KOTOPOro YacTo HasbIRAIOT
OTUOM TeOPHH UHPOPMAIIMH, OFHAKAKR CIIPOCHIN: «MOryT K Ma-
IIMHEI AyMaTh?» OH oTReTH: «KoHewHo». KoTia ke ero nompocuim
NOACHUTE OTBeT, oH AoGaBui: «f Aymalo, pasee He Tak?» MHBIMH
CIOBAMH, OH CY€JI 04€BUJHLIM, YTO MAlKHEL MOTYT YMATh, TIOTO-
MY 9TO JIOAM TOXE MallMHBL (XOTA H CAeNaHbl M3 IVIOTH U KPOBH,
a He M3 MMUKPOCXEM U TIPOBOJIOB).

Habmogaa 3a kuHeMaTorpaduyeckiMu poboTaMy, MOXKHO
NOAYMATh, 9TO CO3AaHKHE ¥ Da3BHTHE CIMKHBIX POOOTOB ¢ MCKYC-
CTBEHHBIM MHTEIUIEKTOM — feno Omikalimero Gyaymero. Ha ca-
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MOM [IefI€ BCE COBCEM He Tak. EcaH BBl BHANTE, YTO pofoT AeHCTRYET
KaK Ye0BeK, 3T0, KaK IpaBWI0, O3HAYAET, 4TO €10 HETHCTO, — ITO
KaKOH-To $OKYyc, CKaykeM, B CTOPOHKe CHIMT YeNOBEK ¥ FOBOPHT 3a
pobora, kak T'yasuH B BonmeGHoi cTpane. Ha camoM gene gaxe
CaMble CIOXKHEBIE HAIIH poOOTHL, TAKHE KaK MapcUaHCcKHe pobOTH-
POBepHL, 0034A10T B MydnieM Cy4ae MHTEUIEKTOM HACeKOMOTo.
JKCNepUMEHTANbHBIE PoHOTEl 3HAMeHUTO# /IabopaTopiH MCKYyC-
CTBEHHOrO HHTe/uekTa MIT ¢ TpyaoM clIpaBasioTed ¢ 3alaHUAMU,
AOCTYIHBIMH Jaie TapakaHaM: K NPUMEpPy, cBOOOAHO IEepeARH-
raThbed O KOMHaTe, 3aCTaBIeHHON Me6elbio, [IPITATLC WK Pac-
MO3HaBaTh ONacHOCTk. Hit ofuH poboT Ha 3emie He crocobeH Mo-
HATB [TPOCTYIO AETCKYIO CKa3Ky, KOTOPYIO €MY NPOYHTAIOT.

Cioxer ¢gunpMa «2001: KocMHYecKas ofucced» OCHOBAH HA
HEBEPHOM NPEANON0KEHHH O ToM, UTO K 2001 r. y Hac 6yaeT cBepx-
po6ot HAL, criocobHelil mioTHpoBaTh Kopabib k HO0nutepy, He-
IPUHYXIEHHO G0ITaTh ¢ YWIeHAMH DKHMIIKA, PEllaTh BOIHHKAI0-
e npofneMsl ¥ BooOlIIe AeHCTROBATE HOYTH (10-Ye/TOBEYECKH.,

[Tomxop «cBepxy BHU3»

T1ONMBITKY YYEHEIX BCEro MUpA 110 CO3JaHUI0 POOOTOB BCTPETHIHCH
no KpaltHeH Mepe C ABYMA CEPhe3HBIMH NpofreMaMy, KOTophie He
HO3BOJMAN CKOMbKO-HUOYAb 3aMeTHO TIPOABHHYTBHCA B 3TOM Ha-
IIpaBJIeHYH: 3TO Paclio3HaBaHue o6pa3oB K 34paBkiit cmbica. Pobo-
THI BH/IAT FOPa3/io ydlle Hac, HO He IIOHUMAIOT YBHAEHHOTO. Pobo-
ThI CABIIIAT FOPA3L0 AyUllie HAC, HO He OHHMAIOT YCILIINARHOTO.
YT66b1 NOACTYIIMTHCA K PENIEHHIO 3T0 ABOHHON npobieMsl,
UCCIefoBaTeNy THTANUCh IPHMEHHTE NOAX0A K HCKYCCTBEHHOMY
MHTEJUIEKTY, U3BECTHBIA KaK «CBEPXY BHM3» (HHOTJA €ro eme Ha-
36IBAIOT (OPMATVCTHYECKOH WIKOIOH HIH «CTapbiM JoBpeiM M),
Iesbio yaeHEIX, rpy6o roBopsA, H5UI0 3aNPOrpaMMUPOBATD Bee mpa-
BUJIa W 32KOHBI PACIIO3HABAHHUA 00pa30B M 3/PABOTO CMBIC/IA K 3a-
OHCaTh 3TH NPOrpaMMbl Ha 0AHH CD-Akck. OHY CYHTAIOT, YTO TIO-
6011 KOMIILIOTED, B KOTOPHIH Bbi BCTABUTE 3TOT JHCK, MTHOBEHHO
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0co3HaeT ceOf ¥ CTAHeT pasyMHBIM, He XyXke YeoBeka. B 50-60-x .
XX B. B 3TOM HalpapleH®H GbUTH JOCTUTHYTH TPOMaJHEIE YCIIeXH;
MOABWIACH POBOTHL, CAOCOBHBIE HTPaTh B MAINKY M HIAXMAThI, pe-
maTth anrebpaudecKue 3afayu, MOAHMMATL C MOJA KUPHMYHKY
H T.1L. [Iporpecc mpou3BOAMA HACTOARKO CHJIBHOe BlieuaT/eHHe,
4TO 3a3BYYaNH JaXKe TPOPOYecTBa 0 TOM, YTO 4ePe3 HeCKOIbKO TeT
PODOTHI MO PA3YMHOCTH TIPERIOHAYT MHOAEH.

K npumMepy, B 1969 r. HACTOAILYIO CEHCAIIMIO IPOU3REN poboT
Ilefiku, cosaannslid B CT3HGOPACKOM HUCCIBA0BATEIBCKOM HHCTH-
TyTe. Po6oT 3TOT npeAcTarns coboit HeboNbIIOH KOMNBIOTEP THIIA
PDP ¢ xaMepoii HaBepxy, YCTAHOBACHHEI HA KOMECHOH TEleMmKe.
Kamepa «ocMmaTpuBaack», KOMIBIOTED aHATHU3HPOBAX M pacio-
3HABa/ HaxoAsliMecsd B KOMHaTe OOBEKTEL, a 3aTeM TBITANCH MPO-
BECTH TeleXKy [0 MapIupyTy, HHUerc He 3aeB. [llefiku nepBsIM U3
MeXaHW4eCKHUX aBTOMATOB HAYYMWICA MEePEIBUTAThLCA B «Pea/IbHOM
MHpe»; }KYPHAJIUCTH TOTAA POPAY0 CIIOPIIIY, KOTJA Je HaKOHeL po-
60T OOTOHAT MoAeil B PA3BHTHU.

Ho Bckope NpoABWINCH M HEJOCTATKH TOA0OHBIX pobOTOB.
[Togxox ¥ MCKYCCTBEHHOMY MHTE/IEKTY, H3BECTHHH KaK «CBEPXY
BHM3», NIDHUBEJ K CO3JaHHI0 TPOMO3AKHX HEYKTKXHX poboTOB,
KOTOPBIM TpefOBANOCh HECKOIBKO 9aCOB, YTOOLI HAYYMTLCS OpH-
€HTHPOBAThCA B CIICNMATbHOH KOMHATE, e HAXOMHIHCh TOABKO
OOBEKTHL C MPAMBIMH CTOPOHAMU (MPAMOYTOJIBHUKH U TPEYyTOJb-
HuKi). CTOUI0 NOCTaBUTh B KOMHaTy MebGeb HenmpaBriptoil op-
MBI, H poOOT OB )K€ He B COCTOAHUHM pacnosHath ee. (3abaBHO,
HO TUIOAOBAaH MYIIKA, MO3I KOTOPOH COfiepKUT BCero JHIIb OKOJI0
250 000 HeHpOHOB H KOTOPAs MO BEUUCIMTENbHON MOINH B 1104-
METKH He rogutced moboMy poboty, 6e3 BCAKOro TpyAa OPUEHTH-
pyeTcs ¥ MePeABUTaeTcA B Tpex U3MepeHHAX H UCIONHAET GUIyph
BhICIIIErO MUWACTAXKA; TEM BpeMeHeM HEeVKIIIKHE NIYMHBIE PoGoThH
YMY/PSIIOTCA 3aIyTaThCA B IBYX H3MEPEHUAX. )

Bckope noixoa «CBepXy BHH3» KaK 6yATO YTKHY/ICA B KADIUY-
HYI0 CTeHy: mporpecc ocraHosinca, CTHUB I'paHz, aupektop HMH-
CTHTYTa KMOEPKU3HH, TOBOPHT, YTO ¥ NOJOOHBIX MOAXOAOB «GBLIO

162



POGOTH

50 net, 4TOOHI JOKA3aTh CBOIO COCTOATEIBHOCTD, H OHHU He OIpaBAa-
JH OKWAAHUH»,

B 1960-x rr. yueHsl€ ellle He TOHMMaJIN, KaKyIO TPOMAaHYIO
paboTy HYXHO MPOAENaTk, 4TOOH 3aNpOTPaMMHUPOBATE poboTa
Ha BHIIIOJIHEHHE Ja)Ke CAMbIX IPOCTHIX 3ajay4, TAKHX, HalpuMep,
KAK paclio3HaBaHUE Ka0Yeil, BOTMHOK M 4YalHbIX Yamek. Kak
ckasan Pogsau Bpyke us MIT, «40 ner Ha3zag JlabopaTopHsa HCKYcC-
cTReqHoro yaTeanekra MIT aana 5Ty 3a4a4y CTYeHTY B KAYeCTBe
JeTHero 3afanud. CTYACHT MOTEPHEN HeyAayy — KakK U A B CBOeH
JOKTODPCKOH guccepTanuy 1981 r.». Boobiie roBopd, HCCIeA0Ba-
TeJIM HCKYCCTBEHHOTC MHTE/AEKTA 0 CHX [I0P HE MOTYT PELIHTE
3Ty 3ajavy.

PaccMoTpuM TpHMep. BxoAd B KOMHATy, ME MIHOBEHHO
pacro3HaeM noi, Kpecia, Mebenp, cTons ¥ T.10. IIpa 3ToM pobor,
0CMaTpHBasA KOMHATY, BUIUT B Heil TOABKO Habop NHHUI, IPAMBIX
¥ M30THYTHIX, KOTOPEIE OH TMEPEBOAHT B IMHKCETH HM30OpaKeHHA.
M TpebyoTcs rpoMajHble BEYMCAHTEILHLIE MOLIHOCTH, YTOOBI
W3BJe4b M3 3TOW MeMIaHUHEL JMHUH Kakoi-To cMeci1. Ham gocra-
TOYHO JOJM CEKYHAbL, YTCOH Y3HATD CTOJ, HO KOMIIBIOTED BHANT Ha
MecTe CTO/Ia TOJABKO HaBop KPYTroB, OBAJIOB, CITMPAJICH, IPAMELX U
KPHBHIX TUHUH, YIIOB B T.11. MoxeT 6prth, 3aTpaTHB TPOMafHOE
KOJMMYECTBO KOMIMbBIOTEPHOTO BPEMEHH, pobOT B KOHIIE KOHIIOB H
pacnosHaeT B 3ToM 06bekTe cToi1. Ho ecu BH oBepHeTe U3obpa-
KEHHE, eMy IPHAETCd Ha9HHATh Bee cHadanla. JpyruMH CI0BaMH,
poboT criocofeH BHAETH, IIPHYEM TOPA3A0 AYUNIE, YEM YET0BEK, HO
OH He crmocofeH NOHMMAaTh YBHACHHOe. Bolaa B KoMHaTy, pobor
YBHUAUT TOJAbKO MELTAHHHY MPAMBIX M KPUBBIX IMHUH, a He KPecna,
CTOMNBI M TAMITEL.

Korza Mbr BXoA¥M B KOMHATY, HAlll MO3T HEOCO3HAHHO pac-
No3HaeT OOBEKTH, POM3BOAA PY 3TOM MHOTHE TPIIIHOHKI Ofle-
paiuii, — 3aHATHE, KOTOPOTO MBl, K CHacThI0, MPOCTO HE 3aMEYaEM.
[IprynHa TOTO, 4TO 3HAYKTEABHAA YaCTh JEHCTBAH MO3Ta CKPHITA
Aaxce oT Hac caMuX, — sBomolus. [lpeacTaBum cebe yenopeka, Ha
KOTOPOro B TEMHOM Jiecy Hanaia cabae3yOsiit THrp; el ol Gyzer
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CO3HATe/IbHO NPOM3BOAMTD JEHCTBHs, HeoOXoAMMble ISl pac-
NO3HABAaHUA OMACHOCTH U IIOHCKA MyTeH K CIaceHHIO, OH IIPOCTO
He ycleeT CABUHYTBCA ¢ MecTa. /1A BEDKMBAHMA HaM HAAO 3HATh
0ZHO — KaK GexaTsb. Kora Mbl JKWIH B UKYHIISIX, HAM TPOCTO He
ObLIO HY>AB CO3HABATE BCE BXOAAIHE W BEIXOAAUIME CHTHANEL, C
KOTOPBIMH HMEET /IeNI0 MO3T ITPH PAcIio3HABaHKH 3eMIH, Heba, fe-
PEBBEB, CKAM U T.I1.

JIpyTHMH CAOBaMM, A€HCTRHA HANIEr0 MO3ra HAITOMHHAKOT
OTPOMHEEIH akicOepr. To, UTo MBI OCO3HAEM, NHIUIb BEPXYIIKA aiic-
6epra, cosHaHue. Ho 1o BUAMMOMH IOBEPXHOCTHIO, CKPHITOE OT
rJ1a3, MPHCYTCTBYET ropasao bosee obbeMHOe NOACO3HAHUE; OHO
3aAefCTBYeT TPOMAAHOE KOMMYRCTBO «BHIYMCAUTENBHON MOLIH»
MO3r'a U1 TOTO, 4T0OL! MBI TIOCTOAHHO OBUIHM B KypCe MPOCTHIX Be-
Imeii: rae Mbl, C KeM pasroBapuBaeM, 4TO HAXOAUTCA BOKPYT. Bee
3TV AeHCTBUA MO3T MPOZEABIBAET ABTOMATHYECKH, He CTIPALTHBAA
HaLIeTo NO3BOJAEHWA M HE DTUMTHIBAACE 0 HUX; MBI IIPOCTO HE 3a-
MeuaeMm 370k paboTei,

HuMenno mosromy pobotel He mMoryTt cBo60gHO OPHCHTHPO-
BaTbCA B KOMHAaTe, YHTATh PYKOIUCHEIH TEKCT, BOAHTh MATIHHEL,
cobupaTe Mycop Y T.n. Ha TIIeTHbIe MONBITKYA CO34aTh MEXaHUYE-
CKHX COJIAAT M YMHbIE TPY3OBMKHA aMEpHKAHCKWe BOEHHbIe IIOTpa-
TWIH COTHH MIWLIHOHOB J0/U1apoB.

TonpKo Mmocae 3TOro yyeHble Hayald NOHHMATh, 4TC UTpa
B IIAXMATHl WINA NEPeMHOXKEHHE TPOMA/HBIX YHCeT 3a/ieHCTBYeT
JHIIE KPOXOTHYIO ZOJI0 YeA0Be4ecKoro pasyMa. [lobexa B 1997 .
koMublotepa Deep Blue ¢upmpl IBM Hag YeMIHOHOM MHpa 100
waxmaTaM l'appu KacnaposbiM cTaza no0eAoil YHCTO KOMIMBIO-
TEPHOH, T.€. BLIYHCIMTEILHOH, MOUIM; OZHAKO, HECMOTDA Ha
IPOMKHE 3arofIOBKU raseT, 3TOT JKCIEpUMeEHT He COOBMIMA HaMm
HMYero HOBOTO HM O pasyme, HU 0 cosHaHuu. Jyrmiac Xoduwraa-
TEP, YYEHHIH-KOMObIOTEPIHK M3 VIHAWMAHCKOIO YHMBEpPCHTETA,
CKA3a/ 10 3TOMY NOBOAY: «bBoXe Mo, A-TO CYUTAN, YTO JJiA UTPH
B MIAXMAaTHl HYKHO AyMaTb. Temneppb A MOHHMalo, YTO He HYKHO.
IJTO He 03Hauaet, 4yro Kacnapos He ymeeT [yGOKO pasMBIILIATE;
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9TO O3HAYAET TOJNBKO, YTO IIPH UTPE B MIAXMATH MOKHO O60RTUCH
u Ge3 rryOOKUX MBbICAEH, TOYHO TaK e, KAK MOXHO JIETATh, HE
B3MaXH1Bafd KPLTLAMU».

(PazBuTHE KOMNLIOTEPCB B OyAYIIEM CYeHb CHISHO CKAKET-
s Ha pHIHKe TPyAa. PyTYpPONory MHOIAa 3afABAAIOT, YTO Yepes He-
CKOJIBKO /JIeCATIIETHH Oe3 pafioThl HE OCTAHYTCS TOJBKO BHICOKO-
KBaTUGULMPOBAHHEIE CIIEHAACTE 110 YCTPOMCTRY, IPOHM3BOACTBY
1 0DCy:RMBAHMIO KOMIIbIOTEPOB. Ha caMoM Aeste 510 He Tak. Takue
paboTHHKHM, KaK MYCOPIIHKY, CTPOMTENH, NOKAPHEIE, TOAHIEH-
CKHE U T.IL, TOXE He OCTaHyTea B Oyayiuem 6e3 paboThl, TOCKOABKY
WX TpyA BKAOYAeT B cels 3ajavy paciosHaBaHHs o6pazos. Kax-
A0e HpecTyIUIeHHe, KakAbIH KyCOK MyCOpa, Ka)KJbiH HHCTPYMEHT
W [0Xap OTIHYA0TCA 0T OCTAAbHBIX; POGOTH ¢ TaKoH paboroit He
cnpasAartca. [To uposvu cyapOb! paboOTHHKH CO CeIHANbHBIM 06pa-
30BaHWEM, TaKKe KakK PAAOBHie OyXranteps, GPOKEPH W KACCUPH,
B OyayuieM AeHCTBUTENBHO MOTYT JIMHIMTECH paboTel — BeAb MX
TPYA TOYTH TIOJTHOCTBIO COCTOUT H3 NOBTOPAIILUXCH ACHCTBHHU U
BKITIOYaeT B cebs paboTy ¢ YHCIAMM, 3 MBI YK€ 3HAEM, YTO HMEHHO
C 3TUM KOMIIbIOTEpBI COPABASIOTCSH JYYILE BCETO.)

BTopas — nocile pacniosHaBaHus o6pazor — fpobaeMa, ¢ Ko-
TOPOM CTANKUBAIOTCA NONBITKH CO3/aHUA poboTOoR, eine Gonee GyH-
JAaMeHTaAbH4a. JTO OTCYTCTBHE ¥ POOOTOB TaK HA3HIBAEMOTO «3/pa-
BOT'0 CMBICJIA», K IIpUMepY, KaXKAII YeI0BeK 3HAET, YTO:

* Boaa Mokpad.

* Martp BCerga crapiue JogepH.

* JKuBoTHBIE He MOBAT bonu.

* Jlocne cMepTH HEKTO He BO3BPAIIASTCA.

* BepeBka MOET TAHYTh, HO HE MOMET TOAKATD.
* [TajsiKka MOMKET TOMKATh, HO HE MOXET TAHYTh.

* BpeM#a He MOXKeT WATH 33/I0M Hanepez.

Ho He cymecTByeT Takoro HCYMCAEHHA, TAKOH MAaTeMaTHKR,
KOTOpPas MOIVid bl BRIPa3UTh CMBICA STHX BRICKa3bIBAHMH. MB! 3Ha-
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€M BCE 3TO, OTOMY YTO BUAENH B JKU3HH JKMBOTHLIX, BOZY U Be-
PEBKY U CaMH JOAYMAINCh JO 3TUX HCTHH. JleTH yuaTca 34paBoMy
CMBICTY Ha olu6KaX, Py Heu3OeKHBIX CTOIKHOBEHHSAX ¢ JeHCTBH-
TENBHOCTBIO. IMIHPUYECKIe 3aKOHBI OHOMOTHHM ¥ QUIHKH TakKike
TIO3HAIOTCA HA OILITE — B TIpoliecce B3AUMOAEHCTBHA C OKPYKak-
IWHM MHUpoM. Ho y poGoToB HET ONBITA Takoro poja. OHH 3HAKOT
TOJIBKQ TO, YTO 3AJ0XKIUTH B HUX MPOrPaMMHUCTEIL.

(B pesyibrate B OyAylleM HHKTO He OTHHMET y Je/lOBEKA
npodeccuu, Tpe6ylolHe 34paBoro CMbICHA, T.e. 00JIACTH JeaTelb-
HOCTH, CBSI3aHHEBIE C TBODYECTBOM, OPUIHHAMBHOCTEHIO, TANAHTOM,
IOMODOM, pa3seiedeHHAMH, aHaIM30M 1 JHZepCcTBOM. VIMEHHO 3TH
Ka4yecTBa JeNaloT HaC YHUKATEHLIMH, HMEHHO MX TaK TPYAHO BOC-
NPOU3BECTH B KOMITbIOTepe. IMEeHHO OHUM AenaioT Hac AAbMH. )

B npomsiioM MaTeMaTHKM HeOFHOKPATHO IIHTaNHCh COOPYARTD
BOJIIe6HYIO TpOrpaMMy, KOTOpas cocpefoTouraa Or B cebe pas
¥ HaBCeTAa BCe 3aKOHH 37[paBOro CMuIcaa. CaMbiii aMOMIMO3HBIH
npoeKT Taxoro poga — CYC (cokpauienue OT «3HUMK/IONEINA»),
Aetue Jlyrnaca JleHara, maBel koMiauuu Cycorp. [Togo6Ho ToMy
KAK B pesynbTare peanusalid MaBXaTTeHCKOro IIpoeKTa — IIpo-
rpaMMBI CTOMMOCTBIO 2 MApZ A0, — ObI1a Co37aHa aToMHast 6oM-
6a, npoexT CYC gomxen 6vUI cTaTh «MaHXITTEHCKEM NPOEKTOM>»
UCKYCCTBEHHOTO MHTEIIEKTA, TOCAEAHUM TOMYKOM, B pe3yibraTe
KOTOPOTO JoJoKeH ObUT MOSBMTHCS MOIJIMHHBIE MCKYCCTBEHHBIH
VHTE/IEKT.

He yausuTenbHO, 4T0 ZieBu3 JleHara 3yuur rak: «Pasym —
3T0 JecAaTh MHUINOHOB N1paBua». (JleHaT mpuAyMan HOBBIHA CTIocob
OTBICKAHMSA 3aKOHOB 3/IpaBOTO CMBICJIA; €T0 COTPYAHVIKHA TUIATENb-
HO MPOYECHIBAYIT CTPAHHUB! CKAHAAMLHEIX K CEHCALIMOHHHIX rase-
TEHOK, Iocye yero npocat CYC HAUTH B cTaThAX olUOKH. B camMom
Alee, ecmy JleHaTy yAacTCA-Taku 3Toro gobuThed, CYC craHer pas-
ymuee 6OTBIIHHCTBA YATATeNeH JKeNAToMH npecch:!)

Oana n3 3aaa4 npoexta CYC — JOCTHYB «TOUKH PABEHCTBA»,
T.€. TAKOTO MOMEHTa, kKorfa pobor OygeT MOHHMATh ACCTATOY-
HO, 9T00BI CAMOCTOATEBHO MEePEBAPUBATL HOBYH) MHGOPMAIIIO
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W YeplaTh €e HernoCpeACTBEHHO M3 JKYPHAMOB M razeT, KOTOpLIE
HaWayrca B moboit Gubmmoreke. B 3ToT MoMenT CYC, kak ITeHell,
BLLTETERLINH M3 THe3/la, CMOXET PacIpaBHUTh KPhUTBA B 00PECTH Ca-
MOCTOATENLHOCTb.

K coxanennto, c MoMeHTa OCHOBaHHA GUPMBI B 1984 1. ee pe-
IIyTarMA CHIbHO NlocTpaziana ot obimed g MU npobremsr: ee npeg-
CTABUTEIH AeNarT POMKHE, HO COBEPIUEHHO HEPEeaNHCTHYHBIE
MpeJcKasaHus, KOTODHE TOMBKO IIPUBIEKAIOT ra2eTYMKoB. B gact-
HOCTH, JIEHAT IIPeACKASEIBAJ, YTO YEPe3 JecATh JeT — K 1994 1. —
B «MO3Tax» CYC Byner comepxaTses yxe of 30 go 50% «obuiens-
BECTHOH peafkHOCTH», Ho ceromua CYC M GIM3K0 He moAoe K
3TOMY IIOKa3aTento. Kax BRIACHITH YYeHEe KOPopaluuy, Heobxo-
AUMO HANucaTsh MHOTHE MIJUTHOHBI CTPOK IPOTPaMMHOTC KoAa,
4TOOLI KOMIIBXOTEP CMOT XOTH Obl TPHOIH3HTBCA K YPOBHIO 3/pa-
BOT'O CMBIC/A YeTHpexjieTHero pebetxa. [Toka nporpamma CYC co-
AepxuT kankue 47 000 morATHHA ¥ 306 000 dpakros. HecmoTpa Ha
CcTafHABHO ONTHMMCTHYHEIE [IPECC-pean3nl Kopnopai.[md, ra3eThbl
NPOLMTUPOBATH OFHOIC U3 coTpyAHuKoB Jlenata P.B. I'vxa, noku-
HYBLIEFO KOMaHAy B 1994 r.; «CYC o6RYHO CYHTAIOT HeyAadei...
Ml BXasIbIBAIH Kak NPOKIATHIE, MHITASCh CO3/aTh OASAHYIO TeHb
TOrQ, YTO OBIIC MEPBOHAYANBHO 00EIIAH0».

JpyruMu cloBaMH, HOTBITKY 3alporpaMMHpOBaTh BCe 3a-
KOHBL 3/[paBOT0 CMEIC/IA& U 3arHaTh HX B OAWH KOMITBIOTED (IPOBa-
JHIIHCH MPACTO [IOTOMY, YTO Y 3APABOro CMEICTa CITHIIKOM MHOTO
3aK0HOB. YestoBek ocBanBaeT UX Oe3 yCWIMH — BeJlb OH € CaMoro
POK/AEHUS TMOCTOSHHO CTAJKWBAETCA ¢ AeHCTBUTEIBHOCTBIO, TI0-
CTENMEHHO BIUTHBAA B ce0a 3aKoHbl Gu3uxH U 6uonoruu. C pobo-
TaMH BCE HHa4e.

"Ocxosatenb Gpupmbl Microsoft Bt Iefitc npusHaer: «Oxasa-
JI0CH TOPA3A0 TpyAHEee, YeM NPeAnoaarajoch, HayuHTh KOMIIbIOTe-
P5l 1 pOOOTOR BOCIPHHEMMATh OKPYIKAKLIEe U PearnpoBaTh Ha Hero
OBICTPO ¥ TOMHO... K IPHMEPY, OPHEHTHPOBATLCS B KOMHATE 110 OT-
HOIIEHHIO K HaXoZAMMMCA B Hell IpeMeTaM, OT3blBaThCA HA 3BYK
M NMOHUMATh pPe4b, 6paTh pasHble 110 pa3MepaM, MaTepHaIy K XpyIl-
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KOCTH NpeaMeThl. POBOTY uepTOBCKH TPYAHO TIPOAEaTh Javke Ta-
KY0 MPOCTYIO Belllb, KAK OTAMYIHTE OTKPHITYIO IBePb OT OKHa».

OaHaxo CTOPOHHMKH MOAXOAA «CBEPXY BHH3» YKa3bIBAIOT, YTO
riporpecc B 3ToM ofaacty, XOTA U He TaKoH OLICTPHIH, KaK XOTeNOCh
611, BCe xe Habmogaerca. B nabopaTopuAx Beero Mupa mpeoso-
JieBawoTes BCce HoBble pybexu. K npumepy, HeckombKo JieT Hasaz
areHTcTBO DARPA, XOoTOpOE yacto OepeT Ha ceba dpuHaHCUpOBa-
HHE CAMBIX [I€PE/IOBBIX TEXHUYECKHX NPOEKTOB, OOBABUIO TIPH3 B
2 MJIH ZI0JUL. 33 CO3JJaHKWEe aBTOMATHYEeCKOro TPaHCIIOPTHOTO Cped-
CTBA, CIOCOOHOTD CaMOCTOATENBHO, 63 BOAWUTENA, NPECAONETh
CHNBHO NepeceyeHHHH penbed nycThiny Moxase. B 2004 . Hu oMH
M3 YYaCTHUKOB 3a€3/ld He CMOT MPOWTH MAapUIpyT. JIydIas MallHHa
cyMena npodTH 11,9 kM, nocie 4ero Beinwia U3 cTpoA. Ho yxe B
2005 r. mamuHa 6e3 BoguTeNs, NpeAcrapientas rpynnoi Stanford
Racing Team, ycrelIHO IPeo0ie1a TOKETHIH MAPIIPYT HPOTAXEH-
HOCTEX0 212 KM, x0T el 1 NoTPebOoBANOCh Ha 9TO ceMb 4acoB. Kpo-
Mc nobeauTens K GUHMITY TOHKH TIPHUIILTH elle YeThIpe MAUIHHEL
(Ilpapaa, KPHTHKH OTMEYAKT, UTO MPABKH/A NTO3BOAIOT MAIHHAM
HCTIONB30RATh CACTEMEI CIIYTHUKOBOH HABMTAlMM HA JOATOM NYTH
B MTyCTBIHE. B pe3ynerare MalMHa efeT IO 3apaHee BEIOpaHHOMY
MapupyTy Ge3 0coOeHHBIX OCJIOKHEHMIl; 9TO 3HAUMT, UTO €if He
IPHXOAWUTCA PACHO3HABATD B IIYTH CIGKHEIE 06pasbl NpenATCTBUH.
B peanbHOHM XM3HU BOAWTCNb JO/DKEH YUHUTHIBATE MHOXKECTBO He-
OPEACKa3yeMbIX OOCTOATENbCTE: JIBVDKEHHE JIPYTHX MAIIHH, Tele-
XO/IOB, PEMOHTHEIE PABOTEL, JOPOKHBIE NPOOKM M T.11.}

Bunn ledTc ¢ OCTOPOMHEIM ONTHMH3MOM TOBODHT, 4YTO
POBOTHI-MANIMHB MOTYT CTATh «CASAYIOIINM OOIBITAM CKAYKOM».
OH cpaBHHMBAeT CETOAHAIIHIOI pOGOTOTEXHUKY C IEPCOHANBHBEIMH
KOMITBIOTEPAMH, KOTOPBIMH OH 3amsUica 30 et Hasap. OueHs Mo-
KeT GBITh, UTO POOOTHI CErOAHA, KAK MEPCOHANBHBIC KOMIIBIOTEPHI
TOLJA, YHE TOTOBH K CTPEMHTENBHOMY CTapTy. «HHKTO He MOXKeT
ONPEIEJIEHHO CKa3aTb, KOTAA 3Ta HHAYCTpHS Habeper KpHTHYE-
CKYI0 Maccy, — nuuler oH. — Ho ety aTo nponsoijeT, To poboThl,
BO3MOMXHO, H3MEHAT MHUD».
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(PbIHOK YeNOBEKONOAOOHRIX pa3yMHBIX poOOTOB, €CIH OHM
KOTAA-HMOY/b TMOABATCA M CTaHYT KOMMEpP4ecKH [OCTYIHEIMH,
6yaeT orpomeH. XOTH CErOAHA HACTOAIIHX POOOTOB Het, po6OTh
C JKECTKOM IIPOTPAMMOH He TOJILKO CYLIECTBYIOT, HO BBICTPO pac-
npocTpaHAoTca. [To oleHke MexayHapoaHoi ¢peaepatyu poGoTto-
TeXHHKH, B 2004 r. cylecTBOBaIO OKOJIO 2 MJIH TaKHX pobOTOB, a
K 2008 r. ux noABuTCA elle 7 maH. AnoHckas Accouuanus po6o-
TOB NIPEACKa3bIBAET, YTO €CAH CeTOAHA 0O0pPOT TPOMEIIIIEHHOCTH,
3aHATOHN BBINYCKOM NEPCOHANBHBIX POOOTOB, COCTABIAET 5 MIApA
AOMUL B rog, To K 2025 1. o gocturdeT 50 Mapa AosL)

ITomxon «cHHU3Y BBEPX»

OrpanHyYeHHOCTb MOAX0AA «CBEPXY BHU3» K CO3AaHMIO HCKYCCTBEH-
HOTO MHTE/UTEKTa OYEBHIHA, MO3TOMY C CAMOro Hayana ydeHble He-
CIeAyIOT U APYTOM OAXOA — «CHH3Y BBEPX». CYThb 3TOr0 Mojgxoza
3aKAIQYAETCA B TOM, YTOOBI, MOAPa)Kan SBOIOLMY, 3aCTABUTDh PO-
BoTa yuuThbed Ha cOOCTBEHHOM OMbITE, KaK YYHTCA MaajeHel. Beap
HaceKOMbIe, CKaXEM, PYKOBOACTBYIOTCA IIPH ABWXKEHHH He TeM,
YTO CKAaHMPYIOT KAPTHHKY OKpy:Karollero Mupa, pa3buBaloT ee Ha
TPHWLUIMOHB! NHUKcelell H oOpalaThBalT NOIyvYeHHOe H3ofpake-
HHE [IPU NOMOILH CYNEPKOMIIBIOTEPOB, HeT, Mo3r HaceKoMore co-
CTOUT U3 «HEHPOHHBIX CeTeil» — caMo06yqatouIHXca MAIIYH, KOTO-
pbl€ MeATeHHO, HATHIKAACh Ha MPEIATCTBHA, OCBAKBAOT HCKYCCTBO
MPaBHJIBHO NEPEIBUraThCA BO BpaXAe6HOM MUpe. F3BeCTHO, UTO B
MIT ¢ orpoMHEIM TPYAOM YAA/10Ch CO3AATh Iaralowx poboTos me-
TOZOM «CBepXY BHU3». 3aT0 [IPOCThIE MeXaHWYeCKHe CYIecTBa Bpo-
A *KYKOB, HAKQIUTHBAIOIUE ONBIT M HHYOPMALHIO METOAOM Tpo6
¥ ook (T.e. YTBIKASCh B MPENATCTBHA), yiKe uYepe3 HeCKOMbKO
MHHYT HA9UHAIOT YCIEHIHO HOCUTLCA 110 KOMHATe.

Poxnu Bpykc, AupekTop npociabieHHoH JlaGopatopun uc-
KYCCTBEHHOFrO MHTewlekTa MIT, 3HAMEeHHTON cBOUMM GoJibIMMU
U HEYKJIIONKHUMH LIATAIHMK poOOTaMK THIIa «CBEPXY BHH3», CaM
OPeBpaTHICT B epeTHKa, KOrda Havyal M3yYaTh W/Iel KpOoIleuHRIX
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OUIHHA HEBOIMOHIHOTO

«HACEKOMOIIOAO00HBIX» POGOTOB, KOTOPHIE Y4ATCA XOAUTH CTAPhIM
WCIIBITAHHKM METO/IOM: CTIOThIKAACk, Ilajad, HAThIKaACh Ha BCEBO3-
MOXHBIE NpeiMeTH. BMecTe Toro 4ToOb! MCTOb30BATh CJIOXHBIE
KOMMNBIOTEPHBIE TIPOTPAMMBEI U MATEMATHYECKH BHIYMCIATL ITPH
xoapbe TOUHOE NoMOXKeHHe KOKAOH HOTH B KAKIBIH MOMEHT Bpe-
MEeHH, €ro «HaceKoOOTH» JeHCTBYIOT MeToAoM Tpob 4 omnbok M
06x044TCs. HeBONPIIMMH BLIYMCAUTENbHEIMY MOLHOCTAMU. Cero-
AHA <TIOTOMKH» KPOUICYBHX poboToB Bpykca cobmpatot Ha Map-
ce AauHble A NASA; OHR IMpeoAoNeBaT KIWIOMETPh YHBIIBIX
MapcHaHCKUX JaHAmadTeB Mo coOCTBEHHOMY pasyMeHUIo. Bpyke
CYMTAET, YTO HaceKOGOTH HAEATBHO MOAXOAAT AT HCCAEA08aHHS
Co/THEYHO CHCTEMEL.

OaHuM M3 HOBHIX NpoeKToB bpykca cran COG — mnonsiTKa
C037jaTh MeXaHHYecKoro podoTa ¢ pasyMoM HieCTHMECAIHOTO MAa-
AeHna. Brewne pobor npezcTasiasgeT cofoi MelTaHUHY IPOBOJOE,
3/eKTPHYECKHX LJeniel H IPUBOJOE, HO CHabXeH TOMOBOH, M1a3aMu
1 DyKaMH. B HEM HeT NporpaMMH, olipeZensdtolneii kakue b1 TO HHA
GBLIC 3aKOHB! pazyMa. BMecTo 3Toro po6oTa Hayuumy GOKyCKpo-
BaTh [1a3a ¥ CJIeZUTH 32 4eI0BEKOM-TPeHEPOM, KOTODLIH TIhITaeTcsa
Hayyuth pobora NMPOCTEIM HaBEKaM. (OaHa U3 corpyiuui, 3abe-
peMeHeB, 3aKII0UHIA TapH O TOM, KTO cfeflaeT GoAbLIve YCeXH K
Bo3pacTy AByxX sieT: COG wmu ee Oyaymuii peberok. Peberok Ha-
MHOr0 0G0rHA «COnePHUKar, )

HecMoTps Ha yenienHoe nogpakaHue NOBeICHUI0 HACEKOMBIX,
poBOTEHI ¢ HEPOHHBIMH CETAMH BEITIAAAT AOBOIBHO JKAMKO, KOTA3
CO3AATeNH HHITAKOTCA 3aCTABHTD HX FOAPAKATh IOBEAEHHIO BBICIINX
OPraHH3MOB, TAKWX KaK MileKolUTatolpe. CaMelil MPOIBHHYTEIH Po-
00T ¢ HEJIPOHHBIMH CeTAMH CNOCOGEH XOAUTS [0 KOMHATE WM [1a-
BaThb B BO/e, HO HEe MOXET IIPbIraTe ¥ OXOTHTBCH, Kak cofaka B Jiecy,
WIHM ACCEA0BATE KOMHATY, KaK Kphica. KpynHbie po6oTE Ha HEHPOH-
HBIX CETHX COAEPKAT JeCATKH, MaKCUMYM COTHH «HEHPOHOB»; IPH
3TOM YenoBeyeckHH Mo3r HacuuTsipaeT Honee 100 MIpA HEHPOHOR.
Hepsuan cucTeMa oueHs npoctoro yeppsa Caenorhabditis elegans,
TIOIHOCTBIO U3YYeHHaA ODXOA0raMH ¥ HAHECEHHAA Ha KapTy, COCTOMUT
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U3 300 ¢ HebGoNbIIKM HEHPOHOB; BEPOATHO, 3TO OAHA U3 MPOCTEH-
WX HEPBHBIX CHCTEM B NIpHpo7ie. Ho M B 3TOM cHCTeMe Mexay Hel-
poHam# HabnogaeTca 6onee 7000 cazel-cunaicos. Kak 6b1 Hu 6501
npuMHTHBeH C. elegans, ero HepBHAA CHCTEMa HACTOMLKO CIIOKHA,
4YTO HUKOMY ellje He Y/1aI0Ch CO3/1aTh KOMIIBIOTEPHYIO MO/IENb TaKo-
ro Mosra. (B 1988 1. oan# koMIIbIOTEPHBIH SKCIEPT HPEACKA3AT, HTO
K HaCTOAIEMY MOMEHTY Y Hac OyayT po6oTsl mprMepHo co 100 Ml
HCKYCCTBEHHBIX HelipoHoB. Ha camMoM ke Jesie HeHPOHHAsA CETh U3
CTa HCHPOHOR YIKE CYMTAETCA BRIAAIONICHCA. )

HpoHBs cUTyaluy 3aKNIOYAETCH B TOM, YTO MAUIHHBL He-
YCTAHHO BHITOMHAT 33aHKA, KOTOPEIE MHIAM KaXyTcs «TPYAHbI-
MH», CK&)XeM NEePEMHOKAIOT HObIIME YHCIa WIH WIPAKT B Hax-
MaThl, HO 3aCTPEBAIOT HA COBEPIIEHHO «[POCTHIX» ATA YeHOBEKa
3ajaHKAX, TAKAX KakK MOXOAWTh MO KOMHATE, Y3HATh KOTO-TO IO
JIHUY WIH TOCIVIETHHYATS ¢ nprsiteneM. [IpuunHa B TOM, 9TO JaKe
camble MPOABMHYTBbIC HALIHM KOMIIBIOTEPHI B OCHOBE. CBOEit BCEro
JIMIIB YCAOKHEHHEE A0 [PeJesa CYeTHbe MallMHKKA. A Hail MO3r
3BOMONMA cHOPMMPOBATA TAKHM 06pa30oM, 4TOBH O MOT pelarsh
IOGAILHYIO 3344y BeDKUBaHUA. U 3TOr0 HeobXoauMa CI0KHas
H XOPOILO OpraHH30BaHHAA CTPYKTYPa MBIULICHUA, BITIOUZIOILAA B
cebd 3ApaBbIii CMBICT B pacTio3HaBaHHe 06pazoB. CI0KHbIE BEYHC-
JIEHHA HIM MaxMaTel He HYXHBI 4717 BRDKHBAHHA B IECY — 32TO TaM
He oboiTuck 6e3 yMeHUA YApaTh OT XUIHKKa, HaiTH cebe mapy
NPHUCHOCODUTHCA K MEHAIOMMMCA YCIOBUAM.

BoT kxak o6obmun npobaemer UM Mapeua MuHckH 43 MIT,
O/HH M3 OCHOBareled Hayku o0 MCKYyCCTBEHHOM HWHTEIUIEKTe:
«Mcropra UM B 4eM-To 3abagHa — Bedb MEPBEIMH PEAIBHAEIMH
AOCTIDKEHUAMH B 3TOH 061acTH ObUIM KPacHBEIC MAaIUWHKH, Cro-
cobHBIE K JIOTHYECKAM JOKA3ATENbCTBAM H CAMKHEHITHM BBIUMC-
JeHrAM. Ho 3aTeM MbI 3aX0TeH CAe/IaTh MaulkHy, KOTOpasg yMmena
6Ll OTBEUaTh HA BOIPOCH TI0 MPOCTHIM PaccKasaM, KaKue MOXHO
HalTH B KHWKKe /U1 TePBOKIaCCHHKOB. Ha ceroAHMIIHTA AeHb He
CYIIECTBYET MAIIHHEL, CIOCOGHOIT Ha 3TO».
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OU3IHNKA HEBO3MOMHOIC

HekoTophle yueHble CYHTANOT, 9TO KOTAA-HUOYAbL ABA MOAXO-
Aa — «CBEPXY BHHM3» H «CHH3Y BBEPX» — COJBIOTCA BOSIVHO, H Ta-
Koe CIHAHHE MOXET CTaTh KMI0UOM K CO3JAHHMI0 HACTOAUIErO MC-
KYCCTBEHHOIO HHTEJUIEKTA M 4e/I0BEKONoA06HEIX po60ToB. B KOHLE
KOHIIOB, KOT/Ia peGeHOK YYUTCA, OH MOAB3YeTCA 060UMH METOAaMH:
CHa4a/la MATEeHbKUH YeJ0BEK 1101araeTcsd B OCHOBHOM Ha METO/H-
KY «CHH3y BBEPX» — OH HATHIKAeTCs Ha HMPe/IMeThl, OHIYTIEIBACT UX,
npobyeT Ha BKYC H T. I1.; HO 3aTeM OH HAYWHAeT MOy4aTh CIOBECHHIE
YPOKH OT poauTesieil ¥ ydurenel, U3 KHUF — B 3TOT MOMeHT IIpu-
XOAWT BpeMa JJI NOAX0Aa «CRePXy BHM3». JJaxe 6YIydH B3pOCTBLIMA,
MBI IOCTOAHHO CMelnrBaeM o6a noaxoza. K npumepy, nosap 4praet
pellenT, HO He 3a0kIBaeT U IpobOBaTh 61040, KOTOPOE TOTOBHT.

Tanc MopaBek roBopHT: «[I0JIHOCTBIO DasyMHBIE MAHIMHBI
NOABATCA He paHblile, YeMm OyIeT 3a6UT 3010 ToM KOCTBUIL, KOTOPbI
coeAUHHT 00a myTu». OH CIUTAET, YTO MPOU3OHET STO, BEPOATHO,
B 6mkaiinive 40 ner.

OMOLIMOHATbHBIE POOOTHI?

OAHOM 13 MOCTOAHHHEX TEM B JHTEPATYPE H HCKYCCTBE YIKe JABHO
CTalo MexaHHW4YecKoe CYIIeCTBO, MEYTArIliee CTaTh 4eJOBEKOM,
o0pecTi YesoBeYecKHe JMOLMH. JTO CYIIECTBO HE Y/OBAETBOpe-
HO TeM, 9TO cOOpaHO M3 NPOBOAOB H CTATH; OHO XOUET CMeAThed,
IUTAKATE H OMIYIIATEH BCE SMOIMOHAIBHEIE PAJOCTH YeT0BEYECKOr0
CYLIeCTBa.

TUIMYHBIM NPUMEp — MapHOHETKA ITHHOKKHO, MEYTAB-
IIas cTaTh HAacTOAIMM ManbuukoM. JKeiesnnwlii JIpoBocek xoren
noay4uth cepaue. U Jeiita, poboT U3 «3BE3AHOIO NMyTH», XOYET
CTaTh YEJOBCKOM, XOTS U IIPEBOCXOAHMT M0HOro YyeloBeKa B CHIIe
H Pa3yMHOCTH.

BeigpuraroTcs Aaxe NPeJIoNcKeHHd O TOM, YTO HAll 3MO-
UMH NpeACTAB/IAIOT COO0H BRICIIeE HENOBTOPHMOE CBOMCTBO H YTO
MMEHHO OHH A€IAI0T Yenoseka yenopeKoM. CTOPOHHHKH 3101 TOY-
KM 3peHHA YTBEPHIAKT, UTO HHA OLHA MalllMHa HUKOIAA He CMOJKET
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POBOTHI

33/TOXHYTHCA OT BOCTOPTa NP BUJE BEIUKOENHOTO 3aKaTa MM
paccMesThCA YAAYHOM IYTKE. A HEKOTOPBIE FTOBOPAT, YTC MAINMHEI
HUKOr/a He OYAYT HCIBITHBATE IMOLUH, MOTOMY YTO OHH, SMOLIHH,
NpeACTABMIAT co00il BepLUIUHY PA3BHTHSA YEIOBEKA.

Ho yuenwle, KoTopeie paboTaioT Haj co3zfaHUeM HCKYC-
CTBEHHOT'O UHTE/IJIEKTA M NILITAIOTCA Pa3rajaTh GH3UKY 3MOIMHA,
PHCYIOT HHYIO KapTHHY. IS HUX 3SMDOMH He TOABKO He KBUHT-
3CCEHIMA BCETO YENOBEYECKOro, HO H HaoBopoT -—— NoO0YHEIH
pe3yJabTar 3BOMIONMH. TIompoCcTy roBopsA, SMOLWW MOAE3HH A4
Hac. OHY IOMOIVIH HaM BEHIKHTE B Jlecy H Cerojus ToXxe IIoMOora-
10T [PEQAO/IEBaTh HEB3TO/AH U OpPHEHTUPOBATLCS CPEAU KUIHEH-
HbIX ONIACHOCTEH.

K npumepy, oueHb BaXKHO B DBOJIITHOHHOM CMEICIIE TIOHSTHE
«HPABU1CA» — Be/lb DOMBIIWHCTBO Relliei Ha CBeTe NPefCTABIAI0T
AJIA HAC OMACHOCTh. VI3 MIWUTHOHOB OOBEKTOB, ¢ KOTOPBLIMH €XKe-
AHEBHO CTaNKHBaeTCA YeMOBEK, IMIIb HECKOABKO CIGCOOHBI TIPH-
HECTH eMy MoMb3Y. [Io3TOMY KOTAa HaM 9YTO-TO «HPaBHTCHA», 3TO
O3HAYaeT, YTO MBI BBIAE/IAEM H3 MHTMOHOB ONACHHX H Oecones-
HEIX Belllel Ty KPOXOTHYIO UX JOJIH0, KOTOpasa MOXKET OKa3aThed A
HAac noJje3Hada.

TouHo Tak e peBHOCTL — RAXKHOE UYBCTBO, IIOTOMY YTO
ycnex B MPoJ0/KEeHUH POia obecedHBaET mepeiayy HAIlHX FeHOB
Oyaymum nokonenysiM. (VIMEHHO TO3TOMY C CekcOM H JIOOOBBIO
CBA34HO TAK MHOT'0 3MOLIMOHAJbHO 3apsyKeHHEIX YYBCTB. )

CTBI ¥ pacKasHHAE BAXKHBI, [IOTOMY YTO [IOMOTAIOT HAM OCBOMTH
HABBIKH COLUANTHIALIH, HeoOXOAMMBIE I %H3HH B o0mecrse. Ecmn
MH He Oy/leM HHOTAA H3BHHATHCA, PAHO HIH MO3HO HAC H3TOHAT W3
[UIEMEHH, CEPhE3HO YMEHBIIHB TeM CaMBIM HALIH UIAHCH Ha BHDKH-
BaHHe H [lepefavy reHoB.

YyBCTBO OAMHOYECTBA TOXKe MMeeT 3HayeHue. Tlonadany ka-
ETCA, YTO ITO UYBCTBO HEHYIKHO U U3OLITOYHO — BEh YETOBEK KE
criocofed #uTh ogud. Ho crpemienue K obIecTBy APYTHX Moaeii
TOXKE BAKHO ATA BEDKHBAHHA, IOTOMY 4TO YeJOREeK BCErZA 34BHCUT
OT pecypcos IVIEMeHH B [IEIOM.
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GHIKKA REROIMOMHOTO

MupIMH croBaMH, B Xofe AalbHeUIero passuTHR poBOoTH,
BO3SMOXKHO, ToxKe 063aBeyTea SMOIUAMH. MOXET OKITh, TPOTPaM-
MHCTBI 3ANI0KAT B HUX SMOLMOHAIBHYIO CBA3b C X038eBaMH, YyTobn!
poDOTHI He 3aKOHYIIM CBOH [THU HA CBaIKe, TAKHE SMOLKH [TOMOT-
#u OBI UM BOWTH B Halue 06LIECTBO, CTATh He COIEPHUKAMH, a Ha-
AEXKHBIMH TOMOIHUKAMHU X0351eB.

SKCLIEpT 1o xKoMibiotepaM ['anc MopaBex CUMTaer, 410 po-
60TH! 00A3aTeLHO OYAYT 3aTPOrPAMMMPOBAHBL Ha TAKHE AMOLIKH,
KaK «CTpax»; 3T0 HeODXOAHMO /1A camocoxpaHenusa, K npumepy,
ecny y poboTa 3akaHuMBaercs 6aTapes, oH «OyI€T BLIPAXKATh BO3-
OyxaeHne WM Jaxe TAHUKY TaKUM 06pa3oM, YTOOH JIOIH MOIIH
ero NoHATh. OH HANpPaBHUTCA K COCEAAM M MONPOCUT pas3pelieHuH
BOCIONB3OBATECA PO3ETKOH co cnogamu: “Tloxanyiicta! [oxaayii-
cral MHe 310 HeoBXoAUMOo! 310 TaK BAKHO 1A MEHA U TaK HEMHO-
ro ctout! MBI Bam 3arumatum!”»

KpoMe Bcero mpodero, smMoumy BawHBEI MPH TPHUHATHH pe-
meHud. JIro/IH, TIePeHeCIIne OoTpefie/ieHHyi0 MO3[OBYIO TPaBmy,
TEPAIOT CHOCOBHOCTL UCHMBITRIBATD IMOLMH. VHTELNeKTYaMbHLIE
COCOOHOCTH OCTAIOTCA MPH HMX, HO BEIPAXKATE YYBCTBA OHH HE B
cocrostavy. Bpad-nesposior AHNTOHHC JaMacHo U3 MeAUITHHCKOTO
KOJUIe/’Ka YHUBepcuTeTa AMOBRI, CNEHATBbHO U3YYaBHIIHH ToaeH
€ TAKOTO POAa MO3TOBBIMY TPABMaMH, TOBOPHT, YTC OHM «3HAIOT,
HO HE 9YBCTBYIOT».

J-p Jamacro yTBepxKAaeT, YTO TaKHe JIIOAH YacTo UCTIBITBIBA-
10T 3aTPyAHeHUA ¢ MPHHATHEM /Ja)ke CAMBIX He3HAYHTENLHEIX pe-
weHHH. OHM He MOTYT PYKOBOJCTBOBATBCA 3MOIMAMH, a TIOTOMY
HeckoreyHO nepebupator 1 06AYMBIBAIOT BAPUAHTBI; PE3YNILTAT —
ryOuTenLHas HepeluuTeTbHOCTS. OAHH U3 MALHeHToB AoKTopa Jla-
MAacHo lieTBIX ToIaca BelOUpan gary cieAyIomero BU3HTA.

YueHsle CYMTAKT, YTO IMOLUM 00pabaThiBaloTCa B «IHMOHIE-
CKOH CHCTEeMe» MO3Ta, pacHonoKeHHOH riyBoKo B ero redrpe. Eem
y 4YeNioBeKa HapylIaeTcA CBA3b MeAy HOBOH KODOH TOMOBHOTO
Mo3ra (KoTopas YNpapifaeT PalyOHAJBHEIM MbIIIEHHEM) W JiMM-
B¥4eCKOIi CHCTEMOMH, ero pasyM OCTAETCA IPH HeM, HO IPONAZAI0T
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3MOLIMH, KOTOPEIMM OH MOT 6B PYKOBOACTBOBATHLCA B IIPHHATHH
peiieHHH. MHOT/A Hac «OCEHeT», MBI «HYTPOM UYeM», KaK HaZo Io-
CTYITUTE. JIFO8H, ¥ KOTOPBIX HAPYIIeHa CBA3b MEXAY PAlTHOHANBHOMH
W 3MOIJHOHAMBHON YacTAMH MO3I'a, JIMIEHb! TAKOH CnocoOHOCTH.

K nipuMepy, B MarasuHe Mbt HSOCO3HAHHO TIPOU3BOIUM ThHICH-
YH OLEHOK H PelleHHIt; MHl OI¢HHBaeM TIPAKTHYECKH BCe, YTO BH-
AMM: «JTa Belh CIHUIKOM JOporas, CIMINKOM AelueBas, CIHIIKOM
LBETAcTas, CIMIIKOM IMyTas, a BOT 3T0 KaK Pa3 To, 4TO HYWHO».
Jl1q 4enoBeKa ¢ TaxoH TpaBMO# Mo3I'a NOXOZ B MarasuH 3a HOKyTI-
KaMH MOXET CTaTh HACTOALMM KOIIMApOM, TOTOMY 4TO BCe BelH
HNOKAKYTCA €MY OZWHAKOBO XOPOIIMMM MITH, CIH YTOAHO, OAHHa-
KOBO ILNOXHMH,

[To mepe Toro kak poboTh 6yAYT CTAHOBUTLCA BCE pasyMHee
W HaYHYT NPHHUMATE COOCTBEHHBIE PEIIEHHA, OHM TOXKE CTaHyT,
BEPOATHO, KEPTBOH ryOMTeNLHOH HepemIUTeNsHOCTH. (BCIoMHHTE
HCTOPHIO 00 OCIIHKe, KOTOPBIM yMep OT rojojla Mexay ABYMS CTo-
ramMu CeHa — OH HUKaK H€ MOT PENINUTh, K KOTOPOMY CTOTY Hampa-
BUTBCA.} Aast pettenus 910l mpobaemsl y poboToB Oy/yIIero, cko-
pee BCero, B MO3I'y NOABHUTCA SMOLMOHANBHBIH KOHTYP. [0BOPA 06
OTCYTCTBMM 3MOUMH Y poboTos, A-p Posanusza [ukapa us Megua-
nabopatopuu MIT 3ameuaer: «OHH He YYBCTBYIOT, 4TO BaKHee
BCEr0. JITO OJMH U3 IMIaBHBIX MX HeJOCTaTKoB. KOMIBIOTEPH 3TOTO
TIPOCTO He NOHUMAT>.

Kak mucan pycckuii pomasuct egop JoCcTOEBCKHIA, «eCH 65
BCe Ha 3emiIe ObUIO Pa3yMHO, HUYEro Obl He TIPOHCXOANI0»,

ApyraMu c1oBaMM, 3MOUUA MOTYT noTpeboBaThed PoboTaM
6yayutero, wrofisl ycTaHABIUBATD HEJIH, IPHAABATH CBOEH «KH3HU»
CMBICT ¥ CTPYKTYPY; B TIPOTHBHOM ciIy4ae 6eCKOHEUHBIE BO3MOX-
HOCTH JWIIAT HX BCIKOW CHOCOOHOCTH K AeHcTBUIO.

O061a1aK0T 1M OHU CO3HAHHEM?

1o BOMPOCY © TOM, MOFYY i MAIIMHLL 00)1a/1aTh CO3HAHKEM, Het
eJUHOrO MHeHuA; Go/lee TOro, HET ero ¥ II0 BOIIPOCY O TOM, YTO
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GHIKHA HEBOIMGHHOTO

TaKoe CO3HaHMe Roobile. HukTto eme He cyMen chOpMyIHPOBATE
TPUEMIEMOE /1A BCCX OlpejefieHle CO3HaHMA.

MapBiuH MHHCKH CUHTAET, YTO CO3HAHMWE MPEACTABISET CO-
60 CKOpee «COBOKYITHOCTb CO3HAHMI»; HMEETCH B BUAY, YTO Po-
LecC MBINIJIEHHS B MO3Te He JIOKa/IM30BaH, a paclupeflesieH, H B
KaXkblli MOMEHT BpeMeHH 3a NEPBEHCTBO B HEM COCTA3AITCS He-
CKOJIBKO Da3JMYHHX UEHTPOB. B 3TOM ciyyae CO3HaHME MOKHO
paccMaTpHBaTh Kak NOCAEA0BaTeAbHOCTD MBICIeit H 06pa3os, uc-
XOAAIMX U3 pa3HIHBIX «CO3HAHUH» 601¢C HU3KOrO YPOBHA, [IPH-
9eM BCE OHM COPEBHYIOTCA Mexy coB0i 1 cTapaloTes 3aXBATHTh
Haile BHUMaHHe.

Ecnu 310 A€ICTBHTENBHO TAK, TO BIIOAHE BO3MOXHO, YTO TI0-
HATHE «CO3HAHHA» HECKOJIBKO Pa3AyTo; BOIMOXHO, CJIHIIKOM MHO-
I'0 HAY4YHBIX TPYAOB MOCBAIIEHO NPEIMETY, 3aTYMaHEHHOMY TIO-
KoMeHHAMH (ITocodoB B NICHXOIOIOB. BO3MOXHO, ONpEAeruTs
CO3HEHHE He TaK yX CI0KHO. CHaHH BperHep 13 MHcTHTYTa CoOlt-
Ka B I. Jla-Xo/Ula TOBOPHT: «§1 NpeapeKaro, 470 K 2020 r. — 4eprol
KOTODOTrO YK€ BIOJHE Pa3THIMMBI -— CO3HAHME KaK HayIHasd Ipo-
O1eMa TepecTaHeT CyLlecTBOBATh... Hamu npeeMHMKH 6yAyT mo-
PaXKeHbI KOIHMYECTBOM HAYYHOM YelryXH, KOTOPad CerofHA Beephes
obcyxaercs, KOHEYHO, eI ¥ HUX XBaTHT TEPIEHHs KOTATheA
B 3IeKTPOHHBIX aPXHBAaX CTAPbIX XKYPHAIOB»,

MappyuH MHHCKHM CYHTAeT, 4To Hccnefosanud B obractu MU
CTPaAalOT «OT 3aBHCTH K pU3MKe». B GHIHKE CBAIIEHHBIM IPaaeM,
AOBBITH KOTOPHIH MeuTaeT Mool yueHbIH, ABIASTCA MPOCTOE YPaB-
HeHHe, KOTopoe 00beJHHIIO Obl Bee pU3HYeckue B3auMOAeCTBIA
BCEIEHHOM B paMKaXx €/IMHOH TEOPHH — «TeapuH Bcero», ITog saua-
HHEM DTOH MJEH HCC1eA0BaTeIH UCKYCCTBEHHOTO HHTE/UIEKTA TOXKe
NBITAIOTCA HAHTH eJHHYIO TapagurMy, KoTopas o0bacHuIa Gl co-
sHanmMe. Ho MUHCKH cuMTaeT, YTO Takol MapagurMbl, BO3MOXKHO,
BOOOIIIe He CYLIEeCTBYeT,

(YsteHEI «<KOHCTPYKIIMOHUCTCKOH» UIKOMB, K KOTOPOU IPUHA-
JIEKY W fl, CYUTAIOT, YTO BMECTO BeCKOHEUHBIX e6aToB O TOM, MOX-
HO JIM CO3ZaTh AYMAIOUIYIO MAIUNHY, HYXKHO B3ATh U TOMBITATHCA.
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POAOTHI

YTo e KacaeTcAd CO3HAHWA, TO, CKOpEe BCero, CyIeCTBYeT HEeKoe
POCTPAHCTBO CO3HAHMSA, K KOTOPOMY MPHHAAMEKUT U IPUMHTHB-
HEIH TEPMOCTAT, KOTOPBIH OTCIEKUBAET TEMIEPATYPY B KOMHATE, H
OCO3HAKIMI ce0f OpraHHu3M, KAKUM Ha CErOAHAUIHUHA JeHb ABJ/I1-
eTcd yenosek. JKUBOTHHIE, BO3MOXHO, TOXe 00/1aJar0T CO3HAHUEM,
HO Co3HaHueM Ho/lee HU3KOTO yPOBHA N0 CPABHEHHIO € 9e/I0BEKOM.
[ToaTomy, BMecTo Toro yToOH 6e3 KoHLa obcyxaaTh draocopekHe
BOIPOCH H CIOPUTh 0F onpeseneHHY CO3HaHus, CIEAOBAIO OBl 110-
HbITATECA COCTABHTD KATA/IO0T BCERO3MOMKHEIX THIIOB H YPOBHEH CO-
3HAHUA M PA3OKHUTD BCE TI0 NONOYKaM. Bo3MoxKHO, poBoTH €O Bpe-
MeHeM 0BpeTyT «CHIHKOHOBOE co3HaHNe». Boodule, koraa-Hubyas,
MOXET CTaThCsA, POOOTH BOMIOTAT B cefe COBEPIIEHHO HHYH, YEM
y Hac, apxMTeXTypy MbliLieHHA 1 06paboTku HHGopManu. He uc-
KJI0YEHO, YTO B OyAylieM BHICOKOKIACCHbE pOOOTEI CYMEIOT pas-
MBITh I'DaHb MEXAY CHHTAKCHCOM M CEMaHTHKOHN M HX peakius AeH-
CTBUTEIBHO CTaHeT HeOTIHYHUMa OT peaKluH denoBeka. Ecimi sTo
IPOH30HACT, BOIPOC O TOM, «HOHMMAKOT» JIH OHN Ha CaMOM Aese
BOMPOC, TMOTEPAET BCAKHM cMbIcI. PoOOT, B COBEpIUEHCTBE BAa-
JEIOIMH CHHTAKCUCOM, NOHUMaeT — i MI00biX MpaKTHYECKHX
eneit — cofiepkanue pasroBopa. JpyruMu c10BaMu, HeanbHoe
BlajileHUe CHHTAKCHCOM ¥ €CTh IOHUMAaHHe.)

Moryt Jin poOOTEI IPEACTABIIATH OMIACHOCTD?

3axoH Mypa (OH yTBEp)KJA€T, 4TO IPOH3BOAHTCIBHOCTE KOMITBIOTE-
POB YABauBaeTcd Kax/ble 18 MecAlleB) nosBoaeT MPeAIIoI0XKUTh,
YTO Yepe3 HeCKOMbKO JECATWICTHI MOABATCA poOOTEl ¢ pa3yMoM,
cKaxeM, cobaKy WIM KOIKHW. HO BHONHE MOXET TaK CAYIHTHCA,
uto K 2020 r. 3akoH Mypa nepecraHeT aeiicTBOBaTh, a KpeMHUERas
apa MoACIAET K KOHILLY. [Toc/ieiHUE TOJMBEKA TPOH3BOAUTENLHOCTE
KOMITBIOTEPOB POC/Ia TAKHMH NIOPa3sUTENbHEIMYA TeMnaMy 6aaroaa-
pA TOMY, 4TO OABIATHCE BCe HOJIee KPOXOTHBIE KpEMHHEBEIE TPaH-
3UCTOPHI, JECATKH MWLTHOROB KOTOPBIX JIETKO YMEIIATHCE Ha HOr-
Te, 1A BHITPaBIMBAHMA 3THX MHUKPOCKONMMYECKHX TPAH3UCTOPOB
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BUIKHA HEBOIMOHKHOTT

Ha KPEMHVERHIX TUIACTHHKAX HMCTOMbLI0BANOCE fv'."lepaCbHO.T[('l'l'()Boe
uaTvieiine. Ho npolecc MUKPOMHHHATIOPHAALIHH He MOXeT TPo-
AOARATRCA J0 HeckoHeunoctTu. Co BPEMEHEM TPAH3IHCTOPR MOTYVT
YMEHBLUIMTBCA 0 pasMepa MOMEKY/, M OH aBTOMaTHIeCKH IpeKpa-
TuTeA. [Tocne 2020 r., KOr4a 3aKOHIMTCH 3pa kpeMuua, CHAUKOHO-
BaA JIOMHHA MOXeT IPeBPATHThCA B HOBIH PiaBpli [104C.

[ipoueccop Pentium B BauieM UOOPTATHBHOM KOMIIBLIOTE-
pe uMmeer chiou TonmyHoH B 20 atomMos. K 2020 r. tommnuHa cios
MOYKET YMEHBIIHTRCA 10 [TATH aTOMOB. B 3TOT MOMEHT BCTYIIMT B
AelicTaMe NpHHLKI HeonpeeleHHoCcTH Felizenbepra, u OvaeT Bo-
obIlle HERO3MOXKHO CKA3aTh HABEPHAKA, IIe HAXOAMTCS SIEKTPOH.
M rorsa B uune BO3HMKHYT YTEUKH 3JMeKTPHYECTBA, @ B KOMITHIO-
Tepe — KOPOTKOE 3aMblKaHue. B 3TOT MOMEHT KOMITbIOTEPHAA pe-
BO/IOUHA 1 3aK0H Mypa YTKHVTCA B INTVXVIO CTeHY ~— BeJh 3aKOHbBI
KBAHTOBOH MeXaHHKH 060UTH HeBo3MO:KHO. (Koe-KTo yTRepH 1aeT,
yro pudposan apa — 370 «110deAa BUTOR HAZ aToMaMu». Ho Koraa-
HHbBY2b, Kosaa 3aK0H Mypa nepecTaHeT JeHCTROBATE, aTOME! BO3b-
MY CBOE.)

B nacrosuee Bpens ¢i3nky paboTaloT Hajl NOCTKPeMHHEBO
TeXHONOTHeH, KoTopas OyAeT JOMUHUPOBATE B MUPE KOMITLIOTEPOB
nocne 2020 r., HO NMOKa Pe3y/IbTaThl HE CIHIIKOM 00HAAEKHBAIOT.
Kai Mbl y)Ke€ TOBOPHIY, PACCMATPHUBACTCA HECKOJABKO fIePCIIeKTHE-
HBIX TEXHOJIOTUH, B TOM YHC/I€ KBAHTOBBIE KOMITBIOTEPEL, KOMITBI)-
Tephl Ha ocHoge JHK, ONTHYECKHE KOMIILKITEPBI, ATOMHBIE KOM-
[IBIOTEPD! U T. 11, HO Ha K&K J0M HalpaBAeHHH UMEIOTCA TPOMa/Hble
TPYAHOCTH, KOTOPBIE NPEACTOUT MPEOAOICTh, NPEXKAE YeM TEXHO-
JOTHA CMOKeT IIPUMePUTh Ha cefs MaHTHI0 KPEMHHEBLIX YUIIOB.
TexHOA0rHT MaHUITYAHPOBABAA OTACABHBIMU aTOMaMH M MOTEKY-
MaMH HAXOAMTCH TIOKA B 3a4aTOYHOM COCTOSHHMM, B MBI ITOKA HE B
COCTOSTEHH H3VOTOBHTL MIL/IMAPAB] TPAHINCTOPOB, CPABHHMEIX TI0
pasMepan ¢ aToMamH.

Ho npeanonoxuM #a mruoeedue, uTo QMIMKHU HAILIY CHO-
c0b IpeogoaeTh NPOHACT M Ty KPEMHHEBEIMH YHITAMH 1, CKa-
AeM, KBAHTOBBIMH KomnbloTepaMu. [IpeanonoxuM Tawke, Y10 3a-
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POBOTH

xoH Mypa B To# uAM MHOH dopMe NPOJOIKaeT AeHCTBOBATh H B
ITOCTKPEMHHERYIO 3pY. B 3TOM CAYYAE UCKYCCTBEHHBIH MHTEIUIEKT
AEUCTBATENLHO MOXKET CTaTh PeanbHOCTLIO. TorAa pobOTH MOryT
0BIaeTh Yef0BeqdecKoit JOrHKOH H 3MOUHUAMA H HAYIUTLCA YBe-
PEHHO IPOXOAHTS TecT Toiopunra. CruiBeH Cunnbepr HCCieAoBan
aty Temy B QHrbMe «MCKYCCTBEHHBIH MHTEANEKT»; B QHIbMe pac-
CKa3blBaeTCA O TOM, Kak OblI CO34aH NEPBEIA UCKYCCTBEHHBIR Masib-
YUK, CMIOCODHLIE NPOABASTL DMOUMH U IPUIOJHBEIN MO3TOMY LA
YCBIHOB/IEHHA B YE/IOBEYECKYIO CEMBIO,

Bosnukaer BOIPOC: MOTYT AW Takue poOOThl NpeacTaBiAaTh
omnacHocty? Hanbonee BeposTHRBIE oTBeT: A3, MOryT. PoboTe Mo-
I'YT CTaTb ONMAaCHBEIMH, KaK TOJLKO AOCTUTHYT HHTEe/LIEKTa 06e3bd-
HBl, — Beb 00e3pgHa ofnafacT co3HaHHeM i cofCTBEeHHOH Boned,
Bo3M0kRO, Ha ocTHxeHHe dToro pybexa yiaer HeMano JecATH-
RETHH, W YUY€HbIM XBAaTHT BpemeHM NoHabmogare 3a poboTamy,
upex/ie 4eM OHY HauHyT NPEeACTaBAATh yrposy. K mpuMepy, B UX
TPOLCCCOPH] MOKHO OYeT MOMEIATh ClIelHaTbHEIA YUII, KOTOPhIH
HE JACT UM «TIOHTH BPa3HOC», VAW MOXKHO HHTErpHPOBATh B HUX
MeXaHH3M CaMOpaspyILeHus Uiy OTKAMEHHA, KOTOPhil cpabathl-
BaJ Obl B CJIYYae IPe3BBIMAHHON CHTYAlUNH.

Aptyp Knapk nucan: «MoskeT OBIT, MBI CTAHEM JJIST KOMITBIO-
TEpOB AOMALIHUMH JIOOUMIIaMK 1 ByAeM, Kax KOMHATHBE cobad-
KH, BecTH 6e33a00THOE cyllecTROBaHKE, HO A HAJEIOCh, YTO ¥ Hac
BCEIAA OCTAHETCA BOSMOKHOCTD B 000K MOMEHT BbIACPHYTH BHJI-
KY M3 PO3ETKH».

Bonce peanrbHON YFPO30H NpeACTaBAfsercs 3aBUCHMOCTL Ha-
el HHPPACTPYKTYPhl OT KOMNBIOTEPOR. CHCTeMa BOAOCHatKenAs
H AIeKTPHYECcKan ceTh, He TOBOPA YXe 0 CBA3KM W TPaHCIOpTe, B Oy-
AyIIeM CTalyT Bce bosee KOMMbIOTepH3oBaHubIMU. Hamw ropoaa
ViKe MPEBPaTHANCE B CI0XKHEHIUKe OPTaHU3MEL, 4 TefIephb AN YIIpaB-
7eHuA Beel Haiei MHGPACTPYKTYPOH M e€ MOHUTODHHTa HeoBXo-
AMMB! CIOKHBIE M 3ANTYTAHHBIE KOMIbIOTEPHDIE ceTd. B Hyayinem,
yTOGH! BCE 3T paboTano, NPUAETCH BBOAUTD B 3TH KOMITbOTEPHBIE
CETA HCKYCCTBEHHBIM UHTENNeKT, QumbKa WIH OTKa3 B 3T0H Bee-
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OUIUHA HEBO3MOKHOTO

OXBaTHOH KOMITBIOTEPHOH HHOPACTPYKTYPE CIIOCOOHBI OMHOCThIG
Mapajau30BaTh ropod, CTPaHy WIH AKE BCIO IMBUIHIAIIMIO.

[TpeB30HAYT JIH KOMITBIOTEPE! HAC IO pa3yMHocTH? PasyMmeer-
€1, B [IPUHIMIIE 3TO HE 3anpelleto HUKAKUMH 3aKOHAMH IIPUPOZEL.
Ecmv po6otel mpeacrasndior cobol camoobydarouiuecs HeipoH-
HBIC CETH H €CTH OHH ZOCTHIVIM YPOBHA Pa3BUTHA, TTO3BOAIOIIETO
UM yYHTBCA OrIcTpee 1 3bPeKTHRHee, YeM YUYMMEH MBI, TO JIOTHUHO
DPeANOACKNTD, ITO CO BpeMeReM OHU NPeB3CHAYT Hac B paccyxae-
HUAX. MopaBek roBOpUT, YTO NMOCTOHONOIMYECKHI MHP — «3TO
TaKoH MHp, B KOTOPOM PO 4elOBedYeCKHH oKasajlca CMeTeH BOJI-
HOW KY/JBTYPHLIX M3MEHEHMH M BRITCCHEH €70 COOCTBEHHBIMM HC-
KYCCTBEHHBIMH TIOTOMKAMH... Korga 3To npou2otifer, nama JHK
OKKETCA HUKOMY HE HYXKHA, TOTOMY YTO OHa IPOUTPAET 3BOAIO-
LMOHHYIO T'OHKY CONEPHHKY HOBOTO THIIA».

Hekoroprle nzobpertareny, Hanpumep Peit Kypugeiin, mpea-
CKA3BIBAT JaKe, 4YTO 3TO HpOH30ﬁ,ﬂ;€T CKOPO, CKOpee, YeM KameT-
A, — BO3MOXKHO, B Onikafimue fecaTunerns. He uckmnodeHo, 4To
MBI cefyac CO37aeM CBOMX 3BOMIOHUOHHEX MPeeMHHKOB. Koe-KTo
M3 YYEHBIX-KOMIIbIOTEPINHKOB NPESBUAWT MOMEHT «CHHLYIADHO-
CTH», KAK OHH 3TO Ha3bBalOT, — KOrAa poboThl cMoryT obpaba-
ThIBaTh HHPOPMaHHIO Bee OhicTpee U GpICTpee, MO IKCIIOHEHTE, U
OZHOBPeMeHHO C037aBaTh HOBHX PoBOTOB, TIOKA HAKOHEI] WX KO-
JeKTHBHAA cIOcOOHOCTb K YCBOCHHIO MHGOPMAIMU He BBIPACTET
MPAKTHYECKH A0 HECKOHEUHOCTH.

[ToaTOMY HEKOTODHIE y4eHble B JOJTOEPEMEHHOM epCeKTH-
Be MpenaraioT oObeMHHTE YIVIEPOIHYIO M KPEMHHEBYIO TEXHO-
JIOTHH, He JOXKUAAACH Halero HOMHOro HeTpebreHusA. M, J0au,
OCHOBaHBI Ha yriepoje, poboThl — Ha KpeMHHH (N0 KpaHHed Mepe
B HACTOSIIHI MOMEHT). BOaMOKHO, pelileHHe KpoeTcs B CIUAHMU
HaC caMMX ¢ HalUUMH TBopeHuAMU. (Ecau mbl Koraa-HUGyab BCTpe-
THUMCA C HHOTLTAHETAHAMH, He CTOUT YAMB/IATHCA, eC/IM MX TEIA OKa-
AYTCA YACThIO OPraHMYeCKUMHU, YaCThI0 MeXaHHYeCKUMU; TaK JIer-
4e BHAEPKHUBATE TATOTHL KOCMHUYECKOrO MyTEIIECTBHA U YCIIeIIHO
KUTH BO BpaxkAeOHoIi cpeae.)

180



POEOTHI

B nanexom 6yayiem poSoThi win YeNoBeKonogobHbe KHGOp-
TH, BO3MOXHO, JaXKe Imojapsar HaMm GeccMmeptie, Mapsun MUHCKH
Aobapisier: «Uro, eci CosHLle TIOracHeT HIH Mbl CAMM YHHYTOXHM
riageTy? [TodemMy He caenaTh TyINIMX, YEM ME CaMH, GU3UKOR, HH-
eHepOB WM MateMaTHKOB? Bo3aMokHO, HaM HeOOXOZHMO OHITL
apXUTEKTOpPaMH cBoero Gyaymero. Eciy HeT, Hallla KyAbTypa Mo-
JKET HCUESHYTh».

MopaBeK npeJBUIAT TaKOE BpPEMA B OTAANCHHOM BYAyiIeM,
KOT/d Mbl HAYYMMCA IEPEHOCHTE CTPYKTYPY CBOEIO MO3T'a, HeHpOH 3a
HeHpoHOM, IPAMO B MalliMHY. B onpe/ieteHHOM CMBICJIE 3T0 JAcT HAM
6eccMepTHe. DTa MBICTD KaXKETCR AMKOH, HO, BOOBILE TOBOPA, He BH-
XOJHT 3a TIpeeTsl BO3MOXHOTro. Tax 4To, o IpecTaBIeHHAM HEKO-
TOPBIX YI€HBIX, B OyaylieM 4eoBeka xaeT GecemepTyie (B KpeMHHe-
BOW (OpPMe WK B BU/Ie HCKYCCTBEHHBIX T ¢ ymydineHHo#H JJHK).

Hrak, ecsiv MBI CyMeeM IIPeo0/IeTh TYTHK, CBA3aHHHIH C Ipe-
KpallteHHeM AeHCTRIA 3akoHa Mypa, H pasbepemces ¢ npobnemoit
3/[paBOro CMBICHIA, AYMAKIIUE MAIIMHE ¢ MHTE/UIEKTOM JKHBOT-
HBIX — a MOMET ObITb, CTOJE JX€ YMHBIe, KAK Mbl, WX JaXKe YMHee —
MOTYT CTaTh PEATLHOCTBEO. BOSMOXKHO, 3TO POM30HAET yoKe B KOH-
[1e TeKYLIero BeKa. XOTH OTKPBITH etle He Bce dyHIaMeHTaIbHbIE
3aKOHBl MCKYCCTBEHHOI'0 MHTe/UIeKTa, Nporpecc B 310 olnactu
KT CEMHMWIbHBIMHE waramu. [I[ppsnMas 3To BO BEHMaHHe, g Obl
onpeAenw1 poOOTOB U APYTHE AYMAIOUIHE MAIIMHEL KAK HEBO3MOXK-
HocTh | Knacca.



0. BHESEMHBIE UNBRAN3AL RN
W RETAWHE TAPENKA

Mb1 uAK onWHOKH Bo BeeneHnod, nnu vet, JEobas u3 aTHX MbICIEH Tyraer.

ApTtyp Kaapx

'HraHTCKMK, TopaXxanMi BoobpakeHe KOCMHUYECKUN Kopabib
NPOTSXCHHOCTBIO B HECKOMAbKO MWIb BHCHT npaAMO Haa Jloc-
AH/BKeNIECOM; OH 3anmoaHAeT coboil HeboCBoA M POXKAAET B ropoe
3noBelyio TeMy. Kpenmocrr B dopme 6mogen 3aHUMAKT TO3ULHH
B KJIKOUEBHIX TOYKAX Ha/ IUIAHEeTOH — Ha/l [JIaBHBIMHM TOPOAAMH
mupa. COTHH JAHKYIOWUX 3puTeaeil cobHparTcs HA Kphlilie Hebo-
ckpeba, TOOMIKe K 3BE3/IHBIM TOCTAM; 3eMJIAHE XOTAT NEPBEIMH
MPHBETCTBOBATh HHOTUTAHETHEIX rocTell B Jloc-AHpkenece.

[IpoBHceB 6€33BYy4HO Haj rOPOJOM HECKOMLKO AHEH, KOCMO-
neT Me/UTeHHO pacKphIiBaeT 6proxo. OTTyAa BHPHIBAETCA CHOM KCTIe-
NeTAIINX Aa3epHBIX Nydeil. Hebockped coxokeH; o ropoay 1po-
KaTMach BOJAHa paspylIeHMA, 3a HeCKONbKO CeKyH/ TpeBpalias
ero B rpyay obropeioro Mycopa.

B bunsme «/leHb HE3aBHCHMOCTH» NPHINEbIB OMHLETBOPA-
01 coB0oit Hay caMeie PTYOOKO yIpsATaHHBe CTpaxH. B uibme
«E.T.» MBI IpoellMpyeM Ha TeX e TMpHIIenbleB cCOOCTBEeHHbIE MeyY-
T 1 QaHTa3uu. Ha npoTsikeHun Beel MCTOPHH 4eNIOBEYECTBO HE
OTIIYyCKANA MBICTb O YYXKABIX HAM CYILECTBaX, HACEIALIMX HHEIE
mupel. Ee B 1611 . actposoM Horanu Kennep, onmupasce Ha ca-

182



BHEIEMHBIE UHBHAHIALRK W NETAIOIUME TAPENHH

MOE€ TI€pe0BOe HAyYHOE 3HAHHE TOTO BPEMEHH, PacCyAal B CBO-
eM TpyAe «CoH» 0 MyTeulecTBHH K JIyHe. OH mucal, YTo BO BpeMs
3TOTO NYTEIUECTBUA IIOAX MOI'YT BCTPETHTh PA3YMHBIX TyKaKOB U
qy>K/Able 3eMIIe PacTeHUA W AKUBOTHBIX. Ho Hayka U peurus yacto
IPOTHBOPEYAT APYT APYTY B BOIPOCe O XKH3HU B KOCMOCE, # PE3V/Ib-
TaT 3TOTO NPOTHROPEYUMA UHOTAA BBUIMBACTCA B TPATeIHIO.

HeckonpKuMH rogamu passiue, B 1600 1., 8 Pume ObuT COXOKeH
3AKMBO DBIBIIKH AOMHHMKAHCKHI MOHaX H ¢uiocod JAxopaano
BpyHo. YrobOel yHU3NTE BpyHO, HEPHOBHUKH, IPEXKAE YEM CKEYb ¥
cronba, pasfiey ero JIOHara M TOABECHIM BHH3 TOAOBOM. YTO xe
AeaI0 yueHHe BpyHo cTonp onacHRM? OH Beb 3aZaJ NPGCToH Bo-
MPOC: eCThb JIH }M3Hb BHe Semin? [lofo6Ho Konepauky, Bpyro Grin
ybOexaeH, uro 3ems obpamaerca Boxpyr CoAHILA, HO B OTAHIHE OT
KonepHHKa OH c4UTa, YTO TaM, B KOCMOCE, 3KMBET, BOZMOXHO, Gec-
CYETHOE KOMHYECTBO APYTHX Mogel, Takux xe, kak Mbl. (LiepxoBb
peImnIa, 4T Npolle K yA00Hee cxedb apTopa He3yMHOH uaeH, yeM
BCEPBbE3 38[yMaThCA O BO3MOXKHOM CYLIECTBOBAHWH MH/UIMAPAOB
ADYTHX CBSITBIX, 11aM, Hepkeeil u Hucycos.)

HeroipecTa JIeT HaMATh 0 BpyHo He gaBana CIOKOKHO XMTh
HCTOpUKaM Hayku. Ho Teneps bpyHo oroMiueH. [IpuMepHO ABaX-
Abl B MECSAL, acTpOHOMS! 0OOHAPYKHBAIOT B KOCMOCE OKOJIO KaKOH-
HUOYAL 3B€3/B HOBYIO IU1aHeTy. Ha faHHbill MOMEHT J0CTOBEPHO
H3BECTHO O CYLeCTBOBAHMH Y PAa3THYHEIX 3Be3] npuMepHo 300 mwia-
HET, TaK YTO npejckasaHue BpDYHO B OTHOlLEHHY BHECOAHEYHBIX
mwaHeT cOpi1och. Ho 0AUH BOMpOC No-npeXkHEMY ocTaeTca 6e3 oT-
BeTa. MoxeT OpITh, rasakTHKa Mueynrni Ilyre Omrkom Habura
IU1aHeTaMK, HO CKONBKO H3 HHUX TPUIOAHBI AJIA >KH3HH? A eCid B
KOCMOCe IEHCTBHTERBHO CYINECTBYeT pa3yMHad XHU3Hb, TO YTO MO-
JKET HAYKA CKa3aTh O HeH?

PazymeeTcs, runorerdyeckre BCTPe4YH ¢ MHOIUIAHETAHAMMU
BBI3BIBAIOT B 00IIecTBe ropsA4HH HHTEPEC, 3aBOPAKUBAIOT YIKE HE
OZHO MMOKOJICHUE YUTaTe el 1 apureaei. Cambli 3SHAMEHNTDIH C1y-
qaif npouzomwen 30 okrsabpsa 1938 r., B Xe/IoyuH; TOrga axkTep 4
pexuccep OpCoH Y3/UIC peltii NOAIYTHTL HaA aMepHKAHCKOH Imy-
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OHINKA HEBO3MOMKHOIO

Gmioit. On B35/ 3a OCHOBY CIOXKeT poMaHa ['epBepra Yanica «Boii-
Ha MHPOB» U NOAOTOBUJ CEPHUID KOPOTKHUX AKOGBI HOBOCTHHIX CO-
obmennii. ITH COOOILEHUS TTepeaBaNICh B 3dHpe HALMOHATBHOM
paanokommanuy CBS, npepuiBad TaHUEeBAALHYIO MYSHIKY M 4ac 3a
4aCOM BOCIIPOM3BOAA CLieHADHH BTOpXeHVA MapcHaH Ha 3eMI0 U
TIOCTIEAYIOIIEro KpaxXa HUBHAU3aluy. MIWUTHOHBI aMepHKAHIIEB Y/a-
PHJIVICH B TAHUKY OT «HOBOCTEH» 0 ToM, 4TO B ['poBepc-Mum, mrar
Hbo-/Hrepcy, NpH3aeMAWIHCL MAMIMHBL ¢ Mapca, 4To oHu CTpesfiioT
CMEpPTeAbHBIMH Ty4aMH, YHHITOXAIOT Leable ropoja U coOMpaoT-
€A 3aXBaTUTb Becb MUp. (TTo3ke razeThl MMCANTH, YTO B Ha3BAHHOM
pakoHe Hayanach CTUXUHHAA IBAKYAIMA — YKUTEAH MHITANNUCH €T
MOKHHYTb; HALLTHCh OYEBH/ILIEL, YTBEPKAABILKE, YTO YYIOT B BO3AYXE
AZIOBUTBLIH ra3 U BUAAT BAaJIeKe BCIBIIKA CBETA.)

B 1950-x rr. uHTepec k Mapcy BHOBb BEIPOC; €0 B TOM, YTO
acTPOHOMMI 0OHAPYKHIK Ha Mapce cTpaHHY0 OTMETHHY, HATIOMH-
HAWLIYIO THraHTCKy OykBy M pasMepoM B HECKONBKO COT KWIO-
MeTpoB. TyT ke MoABWINCH KoMMeHTapHH: OyxBa M HaBepHAKa
03HavaeT Mapc, 9TO MUpPHBIe MapcHaHe IOJAKT 3eMIIAHAM CHI-
Haj, BPoAe TOr'0 KaK Ha crajuoHe BO Bpemsa GyT6oABHOTO MaT4a
rpyfna NoAAEPKKH 110 OYKBAM BEIKPHKHBAET Ha3BaHHE JITOOHUMOM
KoMaHzpl. (Jlpyrye 3/oBelle RO3PAKANH; Ha CAMOM Jieie OTMeTKa
cooTBeTcTByeT OyKBe W, a He M, a W 03HavaeT, pazymeeTcs, BOIHY.
JIpyTHMH CN0OBaMH, Ha CaMOM Jefle Mapcuate oOBARMAIT 3eMie
BOiHY!) BO3HUKIIAA MMHU-TIAHUKA BCKOPE Y/IET/IACh, 4 3arafloyHas
OyxBa M Hcde3sa TaK e BHE3AIHO, KaK M MosBHIack. 10 Beel BH-
AWMOCTH, WIAO3UA OblIa BbI3BaHa necdaHoi 6ypel, koropas no-
Kpbula coH0it BCHO MOBEPXHOCTE IUTAHETH, KPOMe BepIIMH YeThIpex
KPYIHbIX BYJKAHOB. 3TH-TO 4eThIpe MHKa U CIOKWIKUChL B Tpyboe
noao6ue 6yresl M man W.

HayuHpble 110MCKY BHE3EMHOM KU3HH

CepbesHbie yueHbie, 3aHATHIC IOHCKAMU BO3MOXHON BHe3eMHOH
KH3HW, YTBEPKAAKOT: 00 ITOH KU3HM — €C/IH, KOHEYHO, OHa Cy-
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IIEeCTBYCT — HEBO3MOMHO cKa3aTbh HUUYero onpefeneHHoro. TeM He
MeHee, UCXOAA U3 HAIIHX 3HAHWHA 0 GU3UKe, XUMUH U OHOOrHH,
MOXHO C/leNlaTh HECKOIbKO 0BIIHX NPEeANoIoKeH I 0 IPUpoje BHe-
3€MHOH JKU3HH.

[TepBoe. YueHbIe CUHTAIOT, YTO KIIOHeBbLIM GAKTOPOM 1A BO3-
HHUKHOBEHHA KH3HM BO BCeTeHHOMU ABIAETCA KUAKad Boga. «imuTe
BOJY» — TAKYX MaHTPY OBTOPSIOT aCTPOHOMBL, 3aHUMAACh TOHC-
KOM CBHIETEJIbCTB CYIIeCTBOBAHUA BHEe3eMHOM >KM3HH. uixas
BOJ3, B OTIHYME OT GOJBIIMHCTBA APYTHX KHAKOCTEH, ABIAETCA
«YHUBEPCANbHBIM PACTBOPUTENIEM» W coCoOHA PacTBOPATL NO-
PasvTeIbHOE KOJIHYECTBO BCEBO3MOXHBIX XMMHYECKHX BELIECTB.
2T HeaNbHAs% CpeAd MU BOSHHKHORCHUSA Bee Doslee CI0KHEIX MO-
Jiekyil. KpoMe Toro, caMa MosieKy/ia Bogbl OYeHb POCTA, €€ MOKHO
HalTH HOBCIOAY BO BCEeHHOMH, TOTAA Kak APyr#e PacTBOPHUTENH
BCTpeYaloTcs pesKo. :

Bropoe. HaM 1U3BecTHO, 9TO yrlepoj — O4Y€Hb BePOATHBIM
KOMIIOHEHT *U3HU. Jlefo B TOM, YTO aTCM Yriepoja HeThipexBa-
JIEHTEH, a 3HAYNT, MOKET CBA3BIBATBLCA C YeTHIPbMA JPYTHMH aTo-
MaMH, CO3/1aBasA B Pe3yNIbTaTe MOIEKY/Ibl HEBEPOATHOU CI0XKHOCTH.
B yacTHOCTH, OH jlerko 06pa3yeT ANMHHEIE YIIEPOAHEIE HEMOYKH —
OCHOBHOW 3/IEMEHT YIVIEBOAOPOAHBIX COSAMHEHWHN M BCEH OpPraHu-
YEeCKOH XHUMUH. Y JAPYTHX UeTHIPEXBANEeHTHHIX JI€MEHTOB psj BO3-
MOXHBIX XMMHYECKUX COeIHHEHWH AaneKo He CToJIb borar.

HarnsgHo#l uamocTpanyeil He3aMeHUMOCTH H BaXXHOCTH
YIIIepofa MOXKET CIYKMTh 3HaMeHHTHIH 3KCIepHMeHT CT3HIH
Munnrepa u l'aponpza KOpH, npoBefieHHBIH B 1953 I. DKenepUMeHT
[I0KA3aJ, YTO XH3Hb B MPHHLINIIE MOXET BOSHUKHYTh CIIOHTaHHO
KaK €CTECTBEHHBIH ITOO0YHLIH pe3yAbTaT XMMHYECKHX IIPOHECCOB
C yHaCTHEM YIIepoJa. YUcHble B3fIM pacTBOD aMMHMAKa, MeTaHa
W APYTHUX TOKCUYHBIX BELIeCTB — TeX, KOTOPHE, N0 #X MHEHHIO,
A0KHBL OBUTH TIPUCYTCTBOBATL HA 3eMJle B €€ HaYaJAbHYH 3M0-
Xy, — NOMECTHIH B 3aMKHYTHIN COCYA W OABEPIrAU AeHCTBUIO
c1aboro TeKTPUYECKOro TOKa. [loc/e 3TOTO 0CTaBaNIOCh TOABKO
HAATh. YKe uepes HeZieJlio B cocye NOABKINCH IPU3HAKHU CIIOHTAH-
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HOTO HOPMHPOBAHUA AMHHOKHCIOT. DNMEKTPUYECKOr0 TOKA BHUIO
A0CTATOYHO, YTOOH pa3opBaTh CBA3M B aMMHAKe U MeTaHe, a 3a-
TeM 3aHOBO cofpaTh aTOMbL B MOJIEKY/IH aMHHOKHCTIOT — TIpe-
LWIECTBEHHUKOB TMIPOTEUHOB. B KaKOM-TO CMBIC/IE KU3HE AeHCTBHU-
TeJIbHO MOXeT BO3SHUKHYTL crioHTanHo! ([Tosxe aMHHOKHCIOTH
yAanoch 00HaPYKUTh B COCTABE METEOPUTOB H B ra30BbIx 061aKax
B y6MHax KocMoca.)

TpeTbe. OCHOBa YKU3HA — CIIOCOOHAA K CaMOBOCTIPOH3BEACHHIY
Monekyaa noz Haspanvem JHK. B xuMuu caMokomupyronuecd Mo-
JIEKY/IB BCTPeYamTCs Ype3Belvaio peako. [Torpeboraiyucs COTHH
MIJUTHOHOB JIET, YTOOH Ha 3eMJIe, CKOpee BCero B IMyOHHAX OKeaHOB,
chopmupoBanuce nepseie Mosekyisi JHK. CuuraeTcs, 4To, ecm 65
MOKHO OBLTO [IPOBECTH IKCNEPHMeHT Miruiepa—HOpy IpoTskeHHO-
CTBI) B MIJUTHOH JIET B 00beMe 3eMHRIX 0KeaHoB, JJHK-MomeKymbt
ycrestu 6bI CIOHTAHHO BO3HUKHYTE. O/{Ha U3 CAMBIX BEPOATHMIX IL10-
aAoK, IAe B HaUaae 3eMHOH UCTOPHH MOTA CIYYaliHO CII0MHTHCA
nepeas Ha ivtanete Moiexkyna JHK, — 5To Mecta BynkaHHuecKkux
BBIXO/I0B Ha JHe OKeaHa, TaK Ha3blBaeMbIe «4ePHBIE KYPUIBIUKH».
AKTHBHOCTb 3THX FOPAYHX HCTOYHHMKOB MOIMA MOCHYXKHTE VI06-
HBIM HCTOYHHKOM SHEPTHM And MepsriX Moieryn /THK ¥ nepreix
K/I€TOK — 3aJ0/r0 A0 BOZHHKHOBEHMA (OTOCHHTE3a M pacTeHHH.
Ham noka HemaeecTH! Apyrue, nomumo JHK, ymrepoaocogepxa-
1IMe MOjIeKyIbl, CIOCOOHbIE K CAMOBOCIIPOU3BEAEHHIO, HO CKOpee
BCEIo, BCe APYI'HE CAMOKOITUPYIOITHEeCs MOJEKYIbl BO Beenennoi
OyAyT B 4eM-TO noXmxHu Ha Monekyasl JIHK.

Hoaseaen utor. 1A u3HKM, N0 Beell BULIUMOCTH, Heobxoam-
Ma ¥HJKas BoAa, YIVIEBOAOPUAHBIE COeIHHEHHA 1 Kakad-To dpopma
C4MOBOCTIPOH3BOAANIEHCA MoeKy/b! Bpoae JHK. [Toan3yace aTHMH
JOBOJILHO OOUIMMH KPHTEPHAMHM, Mbl MOXKEM [IPUMEPHO OLIEHUTE,
€ KakoH 4acToTOH BCTpedaeTcd BO BeesenHoH pasymHas »KH3HB.
OZHNM U3 N1epBHIX TAKYIO OLIEHKY NPOBEJ aCTPOHOM KOpHEeAICKOro
yHnBepcuTeta $pask Jpeiik B 1961 r. Ecau B3ate 100 mipa 2Be3n
TaIaKTHKH MuiedHeli [1yTb, MOXHO OUEHHTD, KaKylo 00 CpeAH
HHX COCTaB/AAIOT 3B€3/bl C TAKUMH XK€ XdpaKTEPUCTHKAMM, YTO
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W Hamre ComHIle. 3aTeM MOKHO OUEHHTh 0K HOAXOAIIMY 3Be3],
BO3Jle KOTOPBIX €CTh [11aHeTHHE CUCTEMEL

T'oBopsa 6osee KoHKpeTHO, YpaBHeHHe JIpeiika O3BONAET pac-
CYHTATDL YUCI0 UMBHIKH3ALUHA B [a1aKTHKeE MyTeM Ne€PEMHOMKEHHS
HECKOMBKHX BeIMYHH, BKIIOYad:

* CKODPOCTD pOX/eHHUA 3Be3] B [anaKTHKe;

* 010 3Be3A, ¥ KOTOPHIX €CTh [UTAHETHI;

* YUCO IVIAHET ¢ IPUTOAHBIMHA /I JKU3HU YCIOBHA-
MM BO3JIe K&KJ0H 3Be3IH;

¢ JONIO ILTAHET, Ha KOTOPI:IK ,ZIEﬁCTBHTEJIbHO BO3HH-
KaeT HH3Hb,

* 07110 IUTaHeT, T7ie PA3BHBACTCA pa3yMHAasA KH3Hb;

* TOMIO [IAHET, [TUBIIM3ALMH KOTOPBIX CIOCOOHE! U
XOTAT 061IATECA ¢ APYTHMH HYBIIH3AHAMMU;

* OXMIAEMYHO TIPOJO/DKUTENLHOCTD XH3HU LIUBWIH-
3al[HH.

B3AB 3a 0CHOBY pa3yMHbIE OLIeHKH ¥ MEPEMHOXKHE BCe mepe-
YUCAEHHbIE BEPOATHOCTH, Mbl IIOHMEM, YTO B OJHOH TOJBKO TaNaK-
ke MiredHbti [lyTe MoxeT cyitecTBOBaTh o1 100 20 10 000 1w1aner,
Ha KOTOPHIX HMEeTCs pasyMHad *U3Hb, ECTH pazyMHEIe GOPMEI XH3-
HH PABHOMEDHO pacnupeeneHH 1o TawlakTHKe, TO MOXKHO OXKHAATh,
4TO O4H4A U3 TAaKHX ILTdHET MOXKET 06Hapy}l{HTbCH «HEIIOAANECKY>» —
BCETO B HECKOJIBKMX COTHAX CBETOBHIX JET 0T CONMHEYHOH CHCTEMEL.
B 1674 r. Kapa Carau cgenan ApyTyio OLEHKY; II0 €r0 MHEHUIO, B
HaweH ranakTHke Mieynerd [IyTh MOXeT CYIeCcTBOBATE A0 MMII-
JIMOHA LUBHIK3AIYH.

STH TeopeTUYecKHe PACCYKAEHHA, PAyMEeTCA, Aa/IU A0I0N-
HUTEJbHHE aPTYMEHTHI TeM, KTO NbITaeTcs 0OHAPYHUTh PU3HAKH
CYINeCTBOBAaHMUA WHOILIAHETHBIX LUBWAM3aLUMH. ONTHMHCTHYHEIE
OIIEHKM 4KCiia 3Be3s B [amakTike, IPUTOAHBIX U1 PA3YMHOM KH3-
HH, [1aJIA Y9eHBIM TIOBOA HAYATh CEPbe3HbIE NOUCKM PAAUOCHTHAIOR
VI3BHE; peds B JaHHOM CTydde MAET O CHUIHAIAX, KOTOPBE MOXKeT
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H3IYYaTh IUIAHETA ¢ PA3BUTON NMMBWIM3aLHEH — BpojJie TeleBHIH-
OHHBIX ¥ PaZIMOCMTHAJIOB, KOTOPBle aKTUBHO M3y4aeT Hama cob-
CTBE€HHad InaHeTa nocaeague 50 mer,

Cryniias vHOIIaHeTSH

[IpoexT novcka BHe3eMHoro pasyMa SETI 6eper nauanc ot craTsy,
HamcanHo# B 1959 r. puzrkamu Jxyzenne KOKKOHH H PHIHIIOM
MoppuconoM. CTaThs 3Ta NPOU3Beia CHIbHBIN 3(QeKT. ABTODH
MPEANONOKHIM, YTO JOBUTE CHTHAMbl BHE3EMHBIX I[HBHIM3AIMI
Jy4llie BCero Ha pagMoBo/Hax yactoroi or 1 o 10 rurarepi. (Cur-
HaJbl ¢ YaCTOTOM HMKEe OJHOTO THMrareplia 3ariyllaeT UTyuyeHHe
OBICTPO ABDKYINMXCH 3MEKTPOHOR, a Ha 4YacTOTaxX Bbillle JecATH
FUTArepIl 060 CATHAN OMYIHT CUIBHBIE HCK&KEHUA H3-3a LIYMa,
KOTOPBIIl MCIyCKAIOT MOJIEKY/IBI KHCIOpOAa U BOABI B HanieH cob-
cTBeHHOH atMocdepe.) Camoii MHOrooGemwalpomeil HM [oKa3anach
yacroTa 1420 MI', — yacToTa HaayueHHA oObIYHOTO BOAOPOAA, Ca-
MOT0 PaclpoCTPAHEHHOTO 2AeMeHTa BeeteHHOH; OHYM NIPeAIoKIIH
Ha9aTh NOWCK CUTHAJIOB M3 OTKPBITOIO KocMoca HMeHHO Ha 3Toi
gacToTe. (YacToTel, GnM3KKe K 3TOMY 3HAUEHHI0, YAOGHEL /1A BHe-
3€MHOH CBA3H, UX HA3HIBAIOT «BOASHOE OKHO».)

OAHaKO MOMCKH PasyMHBIX CHTHANOB BOIM3M 3TOTO «OKHa»
HH K 4YeMy He mpHBenu. B 1960 r. Opsuk Jpelik MHHIHHUPOBAT
HpoeKT «O3Ma» (HasBaHHBIH B 9€CTb KOpPOaeBhi cTpaHbl 03); CUT-
HaJIbI MPEANOIATan0och HCKATh PH MMOMOIH 25-MeTPOBOTO Pajiu-
oTenmeckona B 'pHH-B3HE, 1iTAT 3anajgsas Bupmxnanud. Pazymubie
CUTHAJIBL HE YZal10Ch OOHAPYXUTh HUKOMY, HM B paMKax IIpOeKTa
«O3Ma», HHM B paMKax Kakoro-Hu0yab Apyroro U3 MHOKECTBa I1po-
€KTOB, KOTOPBIE B Pa3Hble IOJbl IPHHUMATHCH CKAHHPOBATH HOY-
Hoe Hebo.

B 1971 r. NASA mpesno:RuIo B3sTh Ha ceOd GUHAHCHPOBAHUE
npoexkta SETL. 3ToT npoeKT, M3BeCTHLIH TakKe Kak mpoekT «IIu-
KJIOT», IPEAYCMATPHBA UCIOAb30BAHKE TIONAYTOpA THICAY pagUo-
TEJIECKOTIOB M Io/KeH 6bL1 oboiitichk B 10 mapa aost. Heyaueu-
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TEABHO, YTO JeNl0 KOHYWIOCh NIIHKoM. PHHaHcHpoBaHME BCe
e yJanoch HOMYYMTh, HO JA ropasfio 6onee CKPOMHOIO MpPoeK-
Ta — OTHPABUTH B KOCMOC TUIATENBHO 3allUdpOBaHHOE coobLIe-
HMe A1 MHHIX HuBWIM3auuit. B 1974 r. coobienne, cogepxailee
1679 6ut, ObLUIO OTHPaBAEHC C TMI'AHTCKOTO PAaAKOTEIeCKOna B
Apecubo B Ilyspro-PUKO B HampaBieHWH HIADOBOTO 3BE3JHOTO
ckonmneHua M13, pacnonoxenHoro Ha pacctoAHuu 25 100 cge-
TOBBIX JIET OT Hac. JTO KOPOTKOe MOCAaHHe MpeACTaBIgeT coboi
PHCYHOK pasMepoM 23 X 73 TOYKH; ydeHbie 0603HAYIIN Ha HEM
nosoxeHue ColHeuHOM CHCTeMBl, MOMECTHIM M3oOpaxkeHHe Ye-
TOBeYeCKHX CYLIeCTB ¥ HeCKOoJbKO XUMHueckux dopmyna. (Ecam
y4eCTb pacCTOAHMA, O KOTOPBIX HACT peyb, O0TBET MOKHO OKHAATh
He paHblile 4yeM depes 52 166 ner.)

Ha xonrpecc CIIIA BCe 3TH IPOEKTH IPOH3BEIU HE CITHUIKOM
CHJIbHOE BIIEYATIEHHEe — JaKe TOC/Ie TOro, Kak B 1977 r. Obln 3a-
PETHUCTPHPOBAH CHTHA&J, BOLISJAHIMH B MCTOPHUIO IOJ Ha3BaHUeM
«Bay». B HeM MOKHO 6bL10 YBHIETb NOCAEA0BATENBHOCTE OYKB U
uudp, KoTopas IpejcTaBAsIach He ¢1ydaliHoOi U roeopuna Bpoge
61l 0 Ha/M4IMK BHe3eMHoro pasyMa. {Hago ckasaTh, He Bece yieHbie,
BHAEBLIME CUTHAN «Bay», 6pUIH yOeXKA€HB! B €r0 HeCTyJalHOM Xa-
pakTepe.)

B 1995 . aMepHKAHCKIHeE aCTPOHOMEI ITOTEPSTH HaleK Ty Ha Pu-
HaHCUPOBAHHE CO CTOPORM $eAepalbHOro MpaBUTEILCTBA W PEUIMIN
obpaTHTbCA K YaCTHBIM CpeAcTBaM. Bbil OcHOBaH HeKOMMepUecKHit
HuctuTyT SETI B MayHTHH-Bblo, ITaT KanudopHua, 4 3aiylileH npo-
eKT «(DeHHKC»; IPOEKT MpeyCcMaTpUBaeT H3ydeHHe ThICAYH OmnKai-
LIMX 3Be37 COJTHEUHOTO Klacca B paauoauanasole 1200-3000 M.
JHpeKkTopOM HHCTHTYTA BEIOpany A-pa [ixn Taprep, koTopas nocty-
A TPOTOTHIIOM epcoHaxa xxoau Poctep B drbme «<KOHTAKT».
(B aTOM IIPOEKTE HCTIONB3YIOTCA YPEe3BHIYaMHO YyBCTBHTEIBHBLE [IPU-
BOpEI, CIOCOBHBIE YIOBUTH M3TyYeHHe OOBMHOIO a3POAPOMHOIO
pagHosokaTopa ¢ paccToskus B 200 CBETOBhIX JI€T. )

HauwmHasg ¢ 1995 r. UuctutyT SETI ¢ 610@keToM 5 MIH A0NT. B
roj, HpOCKaHMpoBan ke DoJblle TEICAYU 3Be3A. Ho oLy THMBIX pe-
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3YNLTATOB NO-NpexHeMy HeT. TeMm He MeHee CeT lllocTak, crapiiyii
acTpOoHOM TIpoeKTa SETI, ¢ HeyRAAA MMM ONTUMHU3IMOM BEPKT, YTO
CucreMa TeneckonoB AieHa B cocTae 350 aHTeHH, KoTopas ceii-
yac coopyxkaercs B 400 kM K ceBepo-BocToKy oT Cad-PpaHIfucko,
«HATKHETCA Ha cHrHa eitie 1o 2025 .

HoBaTopckuii noaxofl K mnpofneMe TpPoAeMOHCTPUPOBAIH
acTpoHOME! M3 YHUBepcuTeTa KanudopHuu B Bepry; B 1999 1.
OHM 3aNycTHIH B AeciicTteue npoekT SETI@home. Maea mpoexk-
Ta — TIpHBJAEYb K paboTe MU/UTMOHE BaJeAbleB TEPCOHATBHBIX
KOMIIBIOTEPOB, YbM MAUIMHEL GOABIIYIO YacTh BPEMEHH IIPOCTO
be3gericTByIOT. Te, KTO y4acTByeT B IPOEKTe, CKaYMBaOT U3 MH-
TEpHeTAa U YCTAHABIUBAIOT HA CBOEM KOMMBIOTEPE MAaKeT Npo-
rpaMM, KOTOphle paboTaioT B peXxHMe CKpHUH-CEHBepa, a NOTOMY
He JOCTABNAKT BAajenblly HUKAKHX HEyA00CTB. JTH IIPOrpaMMEL
YYACTBYIOT B paclIH$pPOBKE CUIHAJIOB, HPHHATEIX PAAUOTEIECKO-
oM. /lo HacToALero MOMEHTa K IPOEKTY NPHCOSAMHIINACE 5 MIH
nofab3opateneil B 200 ¢ AMIIHUM CTPaHax MUpa; BMeCTe OHH II0-
TPaTHIH IEKTPHYCCTRa GoNbIle YeM Ha MILTHAPA A0ATapoB, HO
K&KAOMY [I0JIb30BATENI0 yIaCTUE B NPOeKTe CTOHIO HeAOpPOTo.
ODTO caMBIH MacIITAGHBII KOJUIEKTHBHEH KOMNTBIOTEPHBIH TPOEKT
B HCTOPHH; OH MOT 6Bl IOCTYXUTb 0OPa3noM Aas Apyrux Ipoek-
TOB, TAe TpebyTes GonbiHe BEYHCIHTEAbHEE MOMHOCTH. TeM
He MeHee A0 cux nop npoekT SETI@home taxke He o6HapyKWI
HH OJHOT'0O Pa3yMHOT0 CHTHANa.

OTKpOBeHHOe OTCYTCTBHE PE3YIBTATOR T10C/e HECKOIBKUX fe-
CATHIETUH TAKEION pabOTEL BRIHYX/ACT CTOPOHHUKOB aKTUBHOTO
IIOHCKA BHe3eMHOro pa3yMa HCKaTh OTBETH Ha TPYAHEIE BOIIPOCHL.
OfHMM M3 0YeBUJHBIX HEJOCTATKOB MPOeKTa MOXKHO Ha3BaTh TOT
GaKT, 9TO MOMCK H/IET TONBKO HA ONpeAeNeHHBIX YacToTaX paguo-
JuanasoHa. ECTe NpeAloNoKeHHA, YTO MHBIC ITMBUIN3allMHA BMECTO
PAJUOCUTHANOB HCIOAL3YIOT JasepHEIe. 110 cpaBHEHHWIO C pajuo
Ma3eprl 0071a4210T HECKOMBKUMU IIPEHMYLIECTBAMY; TaK, Boslee Ko-
pOTKAas A/IMHA BOJIHBI O3HAYART, YTO CUTHAN MOXKET HecTH Gombule
undopManui. Ho curHaN fazepa MAET TOHKMM NMYYKOM HA OJHOH
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CTPOro 3aflaHHOH YacToTe, II0DTOMY €r0 UPe3BblYaiHO TPYAHO 06-
HAPY:XHTE U 38PerHCTPUPOBATh.

Ellre 0ZHUM HeADCTATKOM, OYEeBHAHO, MOXET OKazaThcd He-
NpaBUIBHHIHA BEIOOD paJloAUAIIa30HOB. BHe3eMHEIE LHBHITHAALINH,
€CJTH OHH CYWECTBYHOT, MOTYT UCIIOJAb30BaTh CaAMBIE PasHBIC METO-
ABl CKATHA WITH, ckaxeM, pasbuparh coobeHus Ha Hebombuine
[IAKETHl, — KaK 5To JAenaeTca ceroAnd e MutepHere. BiosHe MoxeT
OBITE, 9TO, BCIVIIMBAACH B CKAThle COOBIEHN, pacupeaeaeHHEIe
K TOMY € Ha HECKOMALKO YaCTOTHBIX JHAMMda30HOB, Mbl YCIBITAM
TOJBKO «OeJIbIH HIyM».

Ho faxe ¢ y9eTOM BCeX — OYeHb Cephe3HBIX — ITpobiaeM, CTo-
AmEx nepes SETI, pasyMHO [IPeAlIGIORKUTE, 9TO €IIe B 3TOM CTO-
JIETHH MBI CyMeeM-TaKH 3aperMCTPHUPOBATh CHIHANLI BHe3eMHEIX
UMBHIN3ALNI — NPH YCJIOBUH, pa3yMeeTcd, YTO Takhe [[MBH/IH3a-
IIUH CYILECTEYIOT. M 3T0 cOBBITHE, eC/TH MTPOU3OHAET, CTAHET HIOBO-
POTHBIM MYHKTOM B HCTOPHH YCOBCYECKOM PacH,

Ine sxe oHU?

Tor daxT, uro mpoext SETI He 0OHAPYXHA O CHX MOP HUKAKWX
NPU3HAKOB [IPHCYTCTBHA B KOCMOCE CHTHANOB OT MHBIX Pa3yMHBIX
CYHIECTB, 3aCTaBHA YY€HBIX B3IVIAHYTh MOBHMMareabHee Ha Opek-
HOJIOXEHHH, Ha KOTOPLIX JAepPKUTCA ypaBHeHue Jpelika 14 pasyM-
HOH KM3HH Ha JApyrux nnaderax. [lociesHue acTpoHOMHYECKHE
OTKPBHITUA TOBOPAT O TOM, YTO HAallK MAHCH OOHApYKUThH B KOC-
MOCe PasyMHYH0 )KH3Hb CHJIbHO OT/IMYaroTCs OT TEX, YTO BHIYHCIIL
PpsuK Jpelik B 60-x IT. IPOULICTO BEKA. BepOATHOCTL TOrO, YTO
pa3yMHast }XHU3Hb BO Bce/leHHOH CyIIecTBYET, OXHOBPEMEHHO H H0Tb-
e, ¥ MeHbruIe, 4€M CYUTANIOCh PaHee.

Bo-nepBrIX, HOBEIE HCCHEJ0BAHNA HOKA3A/IH, YTO XKU3HD CIIO-
cobHa CyILecTBOBATh B TAKHX YCIOBHAX, KOTOPBIE HE IIpeJycMaTpH-
Ba/MCh HUKAKUMH ypaBHeHHAMH Jipekika. [Ipexie yieHnle cuuTamm,
YTO KHAKAT BOJA MOXET CyIeCTBOBATh TOMBKO HA ONPeJe/ICHHOM
ONTHMa/bHOM PacCTOAHHMH OT 3Be3Abl, B «30HE XU3HH», (3emin

191



OHINKA HEBOIMOMHOTO

HaXOZMTCA Ha «CAMOM NOAX0AANIeM» paccTodHuu oT ConHna. He
CAMINKOM 6M3KO — MHaYye OKeaHBI IPOCTO BCKMIEAT, M He CTHITKOM
AaNeKo — HHave OKeaHbl 3aMeP3HYT; HeT, pAcCTOAHNKE OT 3eMIIH /IO
CornHIia ONTHMANBHO JUIA KHU3HH. }

Tlo3TOMY YYeHBIC HCIBITaIM HACTOANIMH LIOK, KOTAA aCTPOHOMBI
OBHApPYKWIY CBUAETENBCTBA TOI'0, YTO XUAKAS BOAA MOXKET CyIle-
CTBOBATB IO IEAAHOM KOpoii Ha FBporie, cyTHHKe KOmmrepa. EBpona
HAXOZHUTCH AAAEKO 32 [IPeeNaMH «30Hb! )KU3HW» H Ha TIePBbI B3IIIA]
He YAOBIETBODAET YCAOBHAM YpaBHeHHA Jipefika. TeM He MeHee Ha
Helf eHCTBYIOT IIPIIHBHBIE CWITHE, KOTOPHIX MOXET OBITh JOCTATOYHO,
4TOOH PACTOIMTE JIEAAHOH IOKPOB CMYTHHKA H 06pa3oBaThk Ha EBpo-
TIe IOCTOAHHBIN XUAKHY OKeaH. EBporra obpaiaercsa BOKpyT IOmure-
Pa, ¥ THrAaHTCKOe IPaBUTAITMOHHOE TIOJIE TUTAHETH CKUMAET CITYTHHK,
KaK Pe3HHOBRIN MAYMK, CO3JaeT HANPIKEHUA M TPeHHe TINYOOKO B
KOpe, a 3T0 B CROIO 0UCPEAb MOKET BH3BATH TadHHe bad. TONBKO B
Hamei ConHeyHoli cricteMe HOJBILIE COTHUW CITYTHHKOR: 3TO 03HAYAET,
4TO B HEW, 3a NpeJeiaMi «30HEI JKH3HH», MOKET OKa3aThCa HEMAJIO
JIYH C OIPUTOAHBIMM /1A ¥HM3HK yenoBHAMH, (M v 300 H3BeCTHBIX TH-
TaHTCKUX TUIAHCT B APYTHX COMHEYHBIX CUCTEMAX TOXE MOTYT GbITh
3aMOPOXKEHHBIE JIYHBI, IPUTOHbIE 151 YKU3HH. )

bonee Toro, ydeHble CYMTAIOT, YTO BCO BeeneHHOMH, BnodHe
BO3MOXHO, MM€eTCd MHOXKeCTBO OuIy:R/Ialouiux ILIaHeT, KOTophble
He ofpamareTca 6oabille BOKPYT CBOel aBesgul. Baarosaps mpH-
JIMBHLIM CHUIaM 060 CIYTHUK TaKoH GykAaroulel ILaHeTH MOo-
ET UMeThb IO KOPKOH NbAA UAKHE OKeaHHl, a 3HAUHT, H JKHU3Hb.
Ho Takue mnaHersl (M, ecTeCTBEHHO, HX CIIYTHMKY) HEBO3MOXKHO
00HapYXUTh HAIIMMHM MHCTPYMEHTAMH — Belb MBI B CBOMX I10HC-
KaX OnHpaeMcsl Ha CBeT LeHTPAIbHOMH 3BE3/IHL.

C yu4eToM TOro, YTO 4WCIO JiyH B AH06G0H COMHEYHON CHCTe-
Me, CKOpee BCEr0, HAMHOTO TIPEBOCXOAMT YUCIO IUTAHET, & TAKOKE C
JYETOM BEPOATHOTO IPHUCYTCTBUA B ['ajlakTHKe MWUTHOHOB GJIy-
AAWOIMHX [U1AHeT, YHCI0 aCTPOHOMUYECKHX TEJ C TEMU WIH HHBIMH
dopmamu #ku3HE BO BeeneHHOH MOXET OKasaTbca ropasiio 6o/b-
e, 4eM CUHUTAJIOCh paHee,
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Oanako Apyrve acTPOHOMEI, HCXOAS U3 LEAOro pAga PpakTo-
POB, J€/1a10T BEIBOJ, 4TO IIAHCHI Ha CYIIECTBOBAHME KU3HU HA TLIa-
HeTax B TIpe/lesiax «30Hbl XKH3HH», JOJIKHB! GHITh, BEDOATHO, ropas-
A0 HUKe, Yyem oleHuBan Jipeik.

Bo-niepBrIX, KOMIBIOTEPHBIC pacueThl MOKA3BIBAIOT, YTO I
CYIECTBOBAHHA B COMHEYHOH CHCTEMe XHU3HH HeoOXOAMMO NpH-
CYTCTBHE B Hell IaHeThl-ruranTa spoge lOnurepa (Takas niaHeTa
6yeT oTOpaceIBaTL OPOJETAOIHE KOMETH H acTEPOH/H, MOCTO-
AHHO pac4MILas [IPOCTPAHCTBO CBOEkH cHcteMbl). Ecnu 6bf B Hatre#
ConHeuyHo¥ cHcTeMe He 6buio IOnuUTepa, 3eMITIO MOCTOAHHO HoM-
GapAnpoBanu Obl METEOPUTH H KOMETH, M XH3Hb Ha Halllel Iia-
HeTe Goula 611 HeBo3moxHa. COMMIacHO oLeHKe A-pa Jikopmxa Yaze-
pwnna, acTpoHoMa u3 MHcTuTyTa KapHerd B BaluHrroue, He 6yab
B ConxedyHoit cuereme IOnurepa u CaTypHa, 3¢MIsT HCIOHITHIBANA
OH B THICAYY pa3 Gosblle CTONKHOBEHUH ¢ acTEpOHAAMM, A CTPall-
HBle KaTacTpodbl, YTPOXKAIOLIHE KH3HH Ha IUaHeTe (Bpofe TodH,
yTo 65 MJIH JIeT Hasajl YHHYTOXWIA AMHO3aBPOB), NPOMCXOAMH Bbl
kaxasle 10 000 neT. «TpyAHO NpPeACTABHTE, KAK XH3Hb MOT/IA OB
BBIKHTD B IOZOOHBIX YCIOBHAX», — TOBOPHT Y33€PHILI.

Bo-BTOpHIX, ¥ Hallel IUIAHETH €cTh AONOJTHUTEABHOE CO-
KpOBHIIe — GOABUIOH CMYTHHK, KOTOPHIA TIOMOraeT cTabIn3H-
pOBATE €€ BpallleHue. Y4eHble cO3JaMi IPaBUTAI[HOHHYIO MOAENb
(Ha OCHOBAaHUM 33aKOHOB TAroTeHusa HbioTOHA) M IMPOCYHUTAIH
ABWXXEHHE TeJl Ha MHUTHOHBI JIET; MOAYYHIOCH, YTo 6e3 JIYHH Ha-
KJIOH 3¢MHO# 0CH, BEPOATHO, He 6bu1 OBl MOCTOAHHLIM, H IUIAHETa
MoT/Ia 651 Jaxke nepeBepHYTHCA. JKM3HB IPH 3TOM TOXE OKa3anach
6bl HeBO3MOKHA. COMIACcHO OlleHKaM (paHIy3CKOro acTpoHOMA
A-pa aka Jlackepa, 6e3 JlyHol HaKJIOH 3eMHOH OCH Kosebancs
6ol B npegenax ot O 4o 54 °C; caejCTBHEM 3TOTO CTaaH OBl SKC-
TpeMaidbHble KoMeGaHHd KIMMaTa, HCCOBMECTHMBEIE € KH3HBIO.
TakuM oOpa3oM, Hasuuye y laHeThl KPYNHOTO CTIYTHHKA TaKke
caeayeT NPUINCAUTD K HeOOXOJUMBIM AAs JKH3HH YCAOBHAM, KO-
Toptie GUrypUpYIOT B Ypashenuu Jpeiika. (Tor dakt, uto Mape
UMeeT JIMIIL JBa KPOXOTHBIX CIOYTHHKA, CAMIUKOM MEJKUX A7A
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cTabWIM3aLHH €ro BpallleHus, 03Ha4a€eT, UTo B npoliiom KpacHaa
INaHETa, BO3MOXHO, TiepeBOPaYHBaIach H MOXET CHOBA NlepeBep-
HYTbCsA B OyayieM.)

B-TpeThyX, HeflaBHO TONyYEHHEBIE e0JOrHYecKe AAHHbIE
YKa3BIBAKOT HA TO, YTO B IIPOUUIOM XXH3HbL Ha 3€MJIe MHOTO pa3
OKasbiBaJach Ha rpaHy HcYe3HoBeHMA. OKoJAO ABYX MWLIMap-
JIOB JIET Hasaj 3eMsl, BEPOATHO, NOJIHOCTLIO NOKPHIIACH Jh/A0M;
XM3Hb Ha Hel eABa TeILIMAachk. B JApyrue nepuogbl NIOCTABUTEH
*KU3Hb HA IUVIaHeTe Ha IPaHb NOJHOTO UCHe3HOBEHHUA MOT/H, CKa-
AeM, M3BePKeHHUA BYIKAHOB WK aJleHHe KPYIHBIX METEOPUTOB.
Mrak, npoliec¢ BOSHHKHOBEHUA W PasBUTUA KUZHU JEFKO MOXKET
O®ITh IpepBaH; OH Kyja 0oJiee XPYIIOK M YSA3BMM, YEM Ka3aaochk
HaM paHee.

B-deTBepThIX, pasyMHad #HM3HP Ha 3eM7e B MPOILIOM TOXKE He
Pa3 OKa3bIBATACH HA TPAHH HCYe3HOBeHUs. [IpumepHo 100 000 net
Ha3a/ Ha IUIaHETeE, TI0 Pe3y/IbTaTaM NOCHeIHUX uccaeaoranui JHK,
WIO BCETO JMIINb OT HECKOJIBKUX COTEH A0 HECKONBKUK THICAY JIH0-
Aeit. B oTanMuse oT 6OMBNHHCTRA XUBOTHRIX, KOTOPHIE JaKe B pe-
Zieflax OAHOTO BUJA MMEIOT 3HAYMTEIbLHBe TeHeTHYECKUE Pa3IHYIH,
YeJOBEUECKHE CYIECTBA MeHeTHYeCKH HOYTH MASHTHYHEL. B cpaB-
HEHHH C LAPCTBOM KMBOTHEIX MBI BCE TIOUTH YTO KJIOHHI APYT ApyTa.
30T peHOMEH MOKHO OOBACHHTL TOIBKO TEM, YTO B HCTOPHH 410~
BeqecTBa ObIIM «y3KMEe MeCTa», T.€. BpeMeHa, KOraa MoYTH BECh POj
4eI0BEYECKHH OKa3RIBAJICA CTEPTLIM ¢ IMLa 3eMaK. K mpumepy, Ha-
Bep)KeHHMe KPYIHOro By/JIKaHA MOIVIO BBI3BATh Pe3KOe MOXOM0AaHHe
KIMMATa ¥ NOTYOHTH TeM CAMBIM YYTh JIM HE BCE YeTOBEUECTRO.

MoxHO OTMETHTL M ApyTHE OJarcIupHATHbIC CAYYaWHOCTH,
fe3 KOTOPbIX XKU3Hb HA 3eMile He BO3HHKa Obl. Cpean HuX:

* CliibHOe Marndrioe noie. OHO HeobXoauMo Aad
3aMMHUTH OT KOCMMYECKHX JIy4ell i pajualiiy, CIocobHbIX
YHHYTOXUTE BCE JKUBOE Ha 3eme.

* YMepeHHadA CKOPOCTE BpalleHus, Ecau 6n1 3emis
Bpaanach CIHIIKOM MelleHHo, obpamentas k ComHny
CTOpPOHA ycriesasna Obl BLI'OPeTh, TOLAA KaK Apyras cTo-
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DOHa Hajonre 3amepsana 6ul. Ecan 611 3emaa Bpamanack
CIMIIKOM BeIcTpo, moroga Ovina 6bl YpesBhivaiiHo He-
YCTOHYHBOM; TTOCTOSHHO AyNH OBl YYJOBHINHEIE BETPHI
1 6ywesany Gypu.

* Pacmonokerivie Ha ONMTHMAABHOM DPACCTOSHMM OT
HenTpa Manaktuky. Ecny 66 3eMis pacnosaranack Cmi-
KOM BM3KO K LHeHTpy TaNakTHKM Mneuusiit [1yTh, OHa O-
CTOSAHHO HAXOAMAACH OLI 1101 VAapOM OITACHOTC H3TYIEHHA.
Ecau Obl Halla IL1aHeTa HAXOAWIACH CIMIGKOM JAJIeKO OT
neHTpa [anakTHKY, Ha Hel He HALDIoCh OBl J0CTATOYHOTO
KOJIHYECTBA TAKETbIX JNeMEHTOB JUIA BO3HMKHOBCHUA MO-
nexyn JIHK v npoTenHoB.

YYNTHBAs BCE BHILECKA3AHHOE, ACTPOHOMB! B HACTOANIMH
MOMEHT CUMTAIOT, YTO XKH3Hb MOI1a OB CyliecTBOBATh 3a Npege-
AaMH «30HBl XKH3HM», HA CIOYTHHKAX IUTaHET WM ONMyXIalomIax
[JIaHeTax, HO HIANChl Ha CymecTBOBaHue HPUICAHBIX JJIA KU3HH
TIMIAHET 36MHOr0 TUIA B IIPefie)iax 3T0H 30H 3HAYHTENBHO HUXKE,
YyeM CYHTANOCh paHee. B uenoM GOABIMMHCTBO HCCIeZ0BATEIeH
ypaBHeHHA JpeiiKa CXOAATCA B TOM, YTO HIAHCH OBHAPYKHTE Y-
BWIM3AUMIO B [AJIAKTHKE, BEPOSITHO, HIXe, YeM IPeANoaaral cam
Opeiik.

TIpodeccoprt MuTep Yopa i Jouanes BpayHian yrBepxAarOT:
«MEI cYyHTaeM, YTO Xu3He B QopMe MUKPOOOB H HOAOOHBIX HM Cy-
IecTB BIIoMHe 00BMHA BO BCereHHON — BO3SMOXKHO, gaxke Honee
o6bI4Ha, yeM noJaraan Jpetik u Carad. OAHAKO CIOXKHAA KH3Hb —
SKMBOTHBIE H BBICIIHE DPACTEHHA — BCTPEYAETCHA, CKOpee BLETo, Io-
pasno pexe, yeM o6bIMHO CHHTAIOT». B AeHCTBHTENLHOCTH YOPA U
BpayHiiu AOIMYCKAIOT Jake BO3MOMXHOCTh, YTO JeMIs MOXeT OuTh
eAMHCTBEHHOHN IIaHeTol B ['anakTHKe, Iie CYMECTBYET KHBOTHAA
KuaHb, (beaycioBHO, 3Ta TEOPHA MOXET NOryOUTh B 3apojbinie
BCHKHE [IOMCKH Pa3yMHOH XH3HH B Hallel ['aakTHKe, HO BOTPOC 0
CYI{eCTBOBaHHH JKM3HH B APYTUX, OTAZICHHBIX TA/IAKTHKAX OHA BCE
3Ke OCTABIIET OTKPBITEIM. )
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ITomck 3eMienogo0OHbIX TUIAHET

YpaeHeHHe [lpelika, pasyMeercs, MMeeT YUCTO IMIOTeTHYeCKHH
xapakrep. MMeHHO nmoatoMy o6Hapyxeuue 3a npeaeaamu Con-
HEYHOH CHCTEMBI IIaHeT AAJIO TOMYOK IOUCKY BHE3EMHOM JKU3HH.
[Ipn 3TOM HccneAoBaHMe MIAHET B APYTHX COMHEYHBIX CHCTEMax
CWIBHO 3aTpyJiHEeHO TeM (aKTOM, YTO THIAHETY HEBO3MOXHO YBH-
JeTb Jake B CAMBIH CIWIBHBIH TeJeCKOIl — BeAb OHA HE M3NyYaeT
cobcTeeHHoOro cBeta. Kak rnipaBuno, miaHeTa B MIWUIMOH, a TO M
B MIULIHAP/, a3 TyCkee CBoel 3Be3pl.

YroOel 0OHAPY>XHTh B UY:KHX 3BE3JHBIX CHCTEMAaX ILTaHeTH,
VYEHBIM IPUXOJUTCA daHANTU3HPOBATh KPOXOTHBIE KOsleDaHuA [IeH-
TpaIbHOW 3Be3/bl — BeAb yKe IUIaHeTa-TMraHT Bpofe IOnuTepa
BIIOMHE cocoOHA U3MEHATL 0pOUTY 3Be3al. ([IpeacrasbTe cebe co-
faKy, KoTopas roHseTcs 3a COGCTBEHHBIM XBOCTOM. TOMHO TaK ke
3Be3/ia 1 o0pallalowasncs BOKPYT Hee I1aseTa pasmepoM ¢ lOnutep
Ha CaMOM JieJie «TOHAIOTCA» APYT 3a APYTOM BOKPYT 061Iero IeHTpa
Macce, Teneckon He B COCTOAHHMH Pa3lyAAeTh TEMHYIO [UIAHETY, HO
LieHTpalbHasA 3Be37a CHCTeME] IIPH 3TOM ACHO BUAHA W 3aMETHO KO-
ne6rercs U3 CTOPOHBL B CTOPOHY. )

ITepBy1o AOCTOBEPHYIO BHECONHEYHYIO IUTAHETY OOHAPYXKUA
B 1994 r. Anexkcanzp Bon4an u3 YuuBepcuTeTa witata [leHcwibBa-
aus. OH cymen npoHaboAaTh IUIAHETH!, 0GPAMIAIOIHECS BOKPYT
MeDPTBOH 3Be37bl, BpallaloIerocs Nyabcapa. [TockonbKy HeHTpatb-
Has 3BE3/a ITOH CHCTEMBI, IO Beel BHAMMOCTH, KOTAA-TO B30PBA-
7Iach KaK CBEPXHOBAsA, 3TH IUIAHETHl TOXKE, CKOPee BCETO, BBIKKEHLI
M MepTBHL. B ciefytolilem rofy Aa WBeiLiapeKHX acTPOHOMA U3 He-
HeBel, Mumiens Matiop u Auape Keno, o6bsaBwIM, YTO UM yAAAOCH
oBHApYXHTE GoJiee MHOTOOGEIIAIONIYIO [VIAHETY MACCOH PUMepHO
¢ [OmuTtep oxono 3ee3apt 51 [Teraca. Bekope nogie 3T0ro «IMOTHHY
TPOPBAJIO», U 3K30IU1AHETh! CTANY OABAATHCA OAHA 33 APYTON.

B nocieiHue gecaTh €T YUCIO0 IUIaHeT, KOTOPbIE aCTPOHOMEI
eXerofHo 0GHapYKHBAIOT BO3/E JAIeKUX 3Be3jl, OBICTPO pacTer.
leonor Bproe [kakockn M3 YHUBepcuTera Konopaao B Boymaepe
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rosopHT: «Celiyac ocobuiit nepuos B MCTOPHH YenoBedecTBa. Mbl
AepBoe MOKCAEHHE, Y KOTOPOTO €CTh PeaibHBIHN IaHC 06HAPYKHTD
KH3Hb Ha JPYIoH MnaHeTe.

Ho H1 0/1Ha U3 0OHAPYKEHHBIX 40 CHX TIOD COTHEYHBIX CHCTEM
He 110X0Xa Ha Hamy. Koraa-To acTpoHoME cumTany, 4To CoaHeq-
Has CHCTeMA THIIMYHA U YTO TAaKHE CHCTEMB YaCTO BCTPEYATCA
B0 Beenennolt. Ee OCHOBHbIE YEPTB — KPYTOBbIe OPOMTHI IUTAHET
H YETKOE AeIeHHe IUTaHEeT Ha TP THIIA: KAMEHHHE ILTAHETH Bo3ne
[eHTPa/bHOM 3Be3/bl, Jajiee ra30Bhie THIAHTH H, HAaKOHel, KOMeT-
HBL [IOAC U3 JIETAIOMIHX JNeATHBIX rop.

Ho acTpoHoMSI, K cCBOEMY GO/IBIIOMY H3yMIEHKIO, OOHAPYKH-
JH, YTO HU OfIHA M3 IUIAHET B APYTHX cHUCTeMaX He COOTBETCTBYET
3TOH HpoCTOM cxeMe. B yacTHOCTH, ILTaHETHI-THTAHTH BpoAe FOmu-
Tepa, Kazanoch O, JO/DKHEL PACTIONATATLC JANEKO OT LeHTPalhb-
HOH 3BE3/bl; Ha CaMOM JKe Jiefle MHOIME U3 HHX 06pallaoTes WiK
110 o4eHb 61U3K0# K 3Be3Ae opbuTe (Faxe Omke, yeM Mepkypui
B CoNHe4YHOMH CHCTEMe), HAM M0 0YEHb CHIRHO BHITAHYTOH. B JHo-
OOM H3 3THX C/Iy4aeB Ha CYLIECTBOBAHUE MANEHBKOM IIAHETH 3eM-
HOTO THIA B NpeJeNiax «30Hbl XKU3HU» HAJeaThCH He MPUXOTUTCA.
Ecay mnanera xnacca KOnurepa obpauaerca no oueHb GIM3K0I K
3Be3fe OpObUTE, 3TO 03HAY4ET, YTO OHA MUTPHUPOBANA TyAd € AdJe-
KO OpOHTH M TENeph MO CIMPATH NPUOTHXKAEeTCA K IEHTPY CBOeH
cHcTeMBbl (BEPOATHO, €€ MACTENEeHHO TOPMO3HT ThUIb). B KaKoH-TO
MOMEHT 3Ta TMraHTCKas IUlaHeTa Jo/DkHA Obula nepecedb opOuty
MAaj/ieHbKOH IUTAHETHl 3¢€MHOTO THIA; MPH 3TOM MeHbINas IJlaHeTa
oKasastack 6b! BeIOponIeHHOM B TyBUHEL KocMoca. ECTH xe miaHe-
Ta BeIMYMHOM ¢ IOnutep obpamaeTcs BOKPYT 3Be3/bl [0 CUABHO
BHITAHYTOH 0pGHTE, 3TO O3HAYAET, YTO OHA PETYNAPHO MEPECEKAET
«30HY JKM3HH», OIATE e oTOpackBasd MPH 3TOM NPOYh OT 3Be3A5l
Mo6y10 BCTPeYEHHY IO IVIAHETY 38 MHOTO THIIA.

Taxite pesynbTaThl, KOHEYHO, PAa30YapOBald OXOTHHUKOB 3a
ITIaHETaMH M aCTPOHOMOB, pacCYNTHBABIIHX HA IUTAHETH 3EMHOTO
THIA, HO MO 3PEIOMY Pa3MBILUICHHIO HMEHHO TAKUX Pe3yAbTaToB
H C/Ie0BANIO OXHAAT. Hauly HHCTPYMEHTH! HaCTOMBKO IPy6bl, UTO
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PeriCTPHPYIOT TONBKO CaMble KPYIHBIE, CaMble CTPEMUTE/AbHEE
N/IAHETHI-FUTAHTH, cnocobHble 0Ka3aTh HA LEUTPANbHYIO 3BE3LY
3aMeTHoe BausAHHe. [T03TOMY HEYAMBHTEIEHO, YTO CErOAHAIIHHE
TeJIECKOTIBl PEFMCTPUPYIOT TOMBKO YYZOBHIIHO HonbiIve TUIAHeTH,
KOTOPLIE K TOMY e CTPEMHTEILHO NEPEMEIAIOTCA B TPOCTPAHCTBRE.
Ecnu 6b1 tae-aubyas cymjectBoBai Tounbii 61ustey Haweln Conkey-
HO¥ CHCTEeMBl, HAallIH I'pyOble HHCTPYMEHTH, BEPOATHO, He CMOIVIH Ol
ero 0OHapYXMTb.

BoamorkHo, cuTyauHd H3MEeHHTCA IoCHe 3aNyCKa KOCMHYEeCKUX
annapaTos «Kopo», «Kemnep» v TPF (uto o3navaeT «MckaTess 3eMie-
nopoOHBIX IIaHeT»). [1peAlloNaraeTcst, 110 3TH 0bcepBaToOpHy CyMe-
IOT OTHICKATh B KOCMOCE HECKO/IBKO COTEH IVIaHEeT 3eMHOT0 THHA.

«Kopo» 1 «Kermep» y KIIPHMEPY, AODKHEL HCKaTh crla6yro TCHb,
KOTOPYI0 OTODACHIBAET IUIAHETd 3€MHOTO THIA H4 NOBEPXHOCTD
LEHTPAJIbHOMN 3BE3/bI, UyTh OCIAOMAL IPH 3TOM ee CBeT. XOTH caMmy
IIAHETY YBHJETh HE yAACTCH, CIIYTHUK CMOXKET 33apErHCTPUPOBaTh
JIerkoe najeHye 6recka LIeHTPaTbHOH 3B/l

®panuysckull ciiyTHHK «Kopo» (ero HazgaHue COCTABACHO U3
6yKE $PAHIY3CKHX CJIOB «<KOHBEKIIMA», «BpallleHAE» ¥ «[IPOXOKIE-
HHE MNAHETHI») YCIEIHO 3amymeH B Aexabpe 2006 r.; ato HoBaA
TOUKA OTCYETA, MEPBHI KOCMWYECKHUH 30H/ AJIA MOYMCKA TUIAHET 34
upejenamMu COMHEUHOH CHCTeMbl. Y4eHble HaeHTCa OOHAPYHUTD
C ero MOMONLI) OT A€CATH 0 COPOKa TUIaHET 3eMHOr0 THNA. Ecin
UX OXKJaHMA ONPaBAAIOTCA, TO MOXKHO GyeT ropopuTk 06 obHa-
PYXEHHH KAMEHHBIX [TdHeT — 3 He Ta30BhIX T'HraHToB, — BCEro B
HECKOILKO pas TIPEBOCKOAAINNX 0 pasMepy Hamy 3emiato. Kpome
Toro, «KOpo», BepoaTHO, 106aBUT HOBBIE CTPOKH B )K€ HMCIOLIHHA-
¢Sl CHHCOK IONKTeponoACOHBIX IwiaHeT. «“Kopo” B OT/IMYMe OT Hbl-
HEUIHKX JIpUBOPOB HA3EMHOTO HA3MPOBaHMs] CMOXET OOHAPYKH-
BaTb IIAHETH JIOGBIX Pa3MepPoB H A060H MPHPOAB», — FOBOPHUT
acrporoM Kulog Karana. Yuemble Ha/IeI0TCA, YTO 3TOT CIYTHHK ITPo-
cxkanupyet g0 120 000 3Besy.

B m:1060#1 MOMEHT MOXKHO OXHAATh COOONIEHHA O TOM, YTO
«Kopo» 0OHAPYXUT B KOCMOCE TIePBYIO TIaHETy 3€MHOIO THIIA,
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H 9TOT MOMEHT CTaHET MOBOPOTHEIM MYHKTOM B MCTOPHH aCTPOHO-
MUH. BoaMoxkHho, B GyaylieM JIOAH UCIILITAIOT WIOK IPH B3igge Ha
3Be3aHoe HeGO — Beflb OHHU OYAYT TOUHO 3HATH, YTO TaM, ¥ JaleKuX
3B€3/, €CTh IUTAHETH], IPUTOAHEIE JJ1S PAsyMHOM XKU3HH, [71415 B He-
Beca, Mbl, BO3BMOKHO, CTAHEM BCEPHE3 3aAaBAThCA BOIIPOCOM: a He
CMOTPHT IH KTO-HUOYb OTTY/]a Ha Hac?

3anyck ciryTHuKa «Kernep» NASA B HacTosilIMi MOMEHT Ha-
Meyaer Ha Mait 2009 r. CriyTHHK cHabeH HacTOIbKO YYBCTBHTENb-
HOIl anmaparypoil, 4TO CMOMeT, KaK OXujaeTcs, OOHapyKUTh B
KOCMOCE 10 HECKOMbKHX COTEH 3eMIeNoZ00HbIX Iu1aHeT. OH JOMKeH
GyneT U3MepHTL apkocTh 100 000 3Be3x ¥ 0GHAPYXUTL TIPH 3TOM
NPOXOKAECHUA IUIAaHET [10 3Be3AHOMY ANUCKY. 3a YeTwipe roja, Ha Ko-
TOpble pacCYMTaHa NporpaMma ero paboTr, «Kemwnep» o/KeH Npo-
HabnoAaTh ¥ IPOAHANM3HPOBATh THICAYH 3BE3/, HAa PacCTOSHMAX
Zio 2000 ceetoBeix et oT CoaHua. [1o npubausnTe/bHBIM OLiEHKAM
yYeHBIX, 32 [IepBbIH I'oA Ha opOKTe CyTHUK A0DKEH OGHAPYKHUTh:

* 50 ILIaHET pasMepoM IIPUMEPHO C 3EMIID;
* 185 ruta”er KpymnHee 3eMan npuMepHo Ha 30%;
* 640 r1aHeT IPMMEPHO B 2,2 pas3a KpynHee 3eMIH.

Bo3MOXKHO, camMble BEPHbIE HIAHCH OGHAPYKUTD IUIAHETH 3eM-
HOro Tutia uMeeT ofcepparopus TPE, wiau Terrestrial Planet Finder.
TMocte HECKOMBKIX 33I€PAKEK 3aITYCK IIPEABAPHTENLHO HAa3HAYEH HA
2014 r.'; 3TOT CYTHHK AoDkeH Byzer ¢ GombImoi TOUHOCTLIO TIPo-
AHATU3MPOBATD CTO 3B€3/] Ha PaCCTOAHMAX 10 45 cBeToBHIX N1eT. [pes-
nonaraeTcs o60pyJ0BaTh €ro AByMA OTANEHBIMY IIpHBopaMu s
TICHCKA JAafeKHX MIaHeT. [IepBslit U3 HHX — KOpoHOrpad, ocobwuri
TeIecKol, KOTophii 610KHpyeT CBeT HeHTPalIbHOM 3Be3/ibl, ociabisis
ero B MIJUTHAp] pa3. ITOT Teyieckoli Oy/eT B TPHU-4eTHIpe pasa Kpyn-

! K coxxanesuio, 3TOT CPOK NpeAcTABAASTCA CAKIIKOM ONTHMHCTHYeCKHM. HH B
2008 duuancosoM ragy, v B 2009-m NASA He pacno/iaraer cpeAcTBaMy Ha OB THO-
KOHCTPYKTOPCKHe paGoTul no npoekty TPF w BHAYKAEHO OTpaHMYMBATLCA pa3pa-
BOTKOH ANIS HEMO OT/AEABHBIX TEXHOMOTHEA, ~ [IpuM, nep.

99



OUINKA HEBOIMOHHOTO

Hee H B AeCATh Pa3 TOUHee KOCMHYECKOTo Teleckorna MMeHu Xaboia.
BropeiM mpubopom Ha TPF craseT uHTepdepomeTp, COCO6HBIN 38
cueT HHTepdePEHIMH CBETOBBIX BOIH 0CMabHThL CEET LIEHTPAIbHON
3B€3/bl B MIWITHOH pas.

Tem Bpemenem EBponefickoe KOCMHUYECKOe areHTCTBO IUTAHU-
pyer B 2015 r. WK nosxke 3anyCTUTh COOCTBEHHYI0 KOCMHYECKYIO
CHCTEMY AA TIONCKA JajeKHX IU1aHeT Moj HaspaHHeM «/lapBHH».
[peamnonaraeres, 4ro oHa 6YAET COCTOATD U3 TPEX TEIECKOIIOB MPH-
MEPHO [0 3 M B AHaMeTpe, KOTophle GyAyT JIeTarh «CTpoeM» ¥ pabo-
TaTh KaK oauH Gonbioii uuTepdepoMeTp. DTa ofcepBaTOpus Tak-
e ByZieT 3aHNMaThCA IOMCKOM B KOCMOCE ILIAHET 3eMHOT'O THIIA.

Ec/u yueHbIM AeHCTBHTENBLHO YAACTCA HAHTH B KOCMOCe He-
CKOJIbKO COTEH 3eMeNo00HRIX [UTaHeT, 3TO, KPOME BCEro Mpove-
ro, NO3BOJIHT HoJlee PAJMOHANBHO PACTIPEAETUTE YCHIIHA 110 HPO-
rpamMe SETI. BMecro Toro 4To6B NPOCMaTPUEATh Bee OMMKHME
3B€3/H NOAPAA, aCTPOHOMBI CMOTYT COCPEJOTOYHTE yCHIMA Ha
He6OJIBIIOM YKCTe 3Be3/l, BO3Te KOTOPHIX, BO3MOXKHO, HMEITCA
IUTAHETEl 3€MHOI'0 THIIA.

Ha uto oM moxoxxu?

[Ioxka acTPOHOME! MIIYT HHOILIAHETAH B KOCMOCE, ADYTHe Y4eHEIe
Ha OCHOBAHMH JAHHHX (GH3UKM, OHONOTHMH M XMMHM MHITAKOTCH
ZOTajaThbes, HA 4TO MOXET OBITH MOX0XA MHOIIAHETHAA XU3Hb.
Emre Hcaak HpioToH, HAalpUMeD, 3aaBAJICA BOITPOCOM: ITIOYEMY BCE
AKHUBOTHBIC, KOTOPBIX MBI BHAKM BOKDYT, 001aJal0T ABYCTOPOHHEHA
CHMMeTpueit (Bce OHM UMEIOT CHMMETPHYHO PaclioNOKEHHEIE 1Ba
I71a3a, ABE «PYKHU» U ABe «HOTH»)? YTO 3T0 — cyacTIuBasA cayyai-
HOCTDb KK NIpOMbIces Boxuit? .

CerogHs OHOZOTH CYMTAIOT, YTO BO BpEMS «KeMOPHIACKOIro
B3PBIBA», IPHMEPHO TIOIMHWUIHAD/A €T Ha3aj, IPUPOAa SKCIepH-
MEHTHPOBaJIa ¢ OTPOMHBIM KOJMYECTBOM BCEBO3MOKHHIX (GOPM H
BHAOB TOJNBKC [TOSBISBIINXCA TOTAA KPOIIEYHEIX MHOI'OK/I€TOYHBIX
CymiecTs. HexoTopeie M3 HUX MMeJH XopZb! B BUe 6ykB X, Y win Z.
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Jpyrue obaaaany UEHTPaIbHON CHMMETPHeH, IToAo6HO coBpeMeH-
HBIM MOPCKHMM 3Be3faaM. CryqaiiHo cpeiy NPO4HX MOSBMAOCE CYIIe-
CTBO € X0pA0ii B BIe OyKBbl | H ABYCTOPOHHEH CUMMeETpUei Teta —
¥ MMEHHO OHO CTaNo NPeAKOM GONBITMHCTBA MISKOIUTAIOUIMX HA
3emae. Tak 4T0 B NPHHIMIIE MHOIVIAHETHAA PasyMHAasd M3Hb He
06s3aTe/IbHO 0MKHA ObITE TYMaHOHAHOH H 06/1a4aTh JBYCTOPOH-
HEW CMMMeTpHeld — TOH CaMOH, KOTOPYH) aKTHBHO MCIIOAB3YET
T'o/LTUBYA PH H300paXXCHHM HHOIUTAHETAH.

Koe-kT0 13 6uonoros cquraer, YTo0 NPUYHHA TaKOTO MHOTO-
06pasHa BCeBO3MOKHBIX (GOPM XKHIHH BO BpeMs «KeMOPHIACKOI0
B3DBIBa» KPOETCA B «TOHKE BOOPYXXeHUI» MeXTy XUIIIHUKOM 1 JXepT-
BOH. [losB/IeHHe MHOTOKAETOYHBIX OPraHH3MOB, CIOCOOHBIX TOMI0-
I0aTh ¥ NIEPEBAPUBATD APYTHE OPraHM3MBI, AAJI0 TOIYOK YCKOPEHHOH
IBOMIOLIH TEX U IPYTHX; KOXKABLE cTapaics nepeXuTpUTh COlePHUKA.
TouHO TaK e BO BpeM# X0JIOAHON BOMHBI TOHKA BOOPYKEHHH MexX Ty
Cogetckum Cow3om M CoeguHenHbivMu [lTataMu 3acTaBlmia Tex
H JPYTHX WEBEINTbCA, YTOOH HH B KOEM CIy4dae He OTCTaThb.

M3yyad sapoxenye )1U3HH Ha 3eMrie, MOXKHO ¢JIeaTh HEKO-
TOPLIE NIPEANIONONEHNA U O TOM, KaK BOOGIIE MOXKET BOSHHKHYTh
pasymHas JXHM3Hb. YUCHBIE CYUTAIOT, YTO ANA PA3YMHOM )KH3HH, CKO-
pee BCero, HeOOXOAMMEI:

1) Kakoe-TO 3peHHe Wi APyroi YYBCTBEHHEBIN MeXa-
HH3M, TO3BOJIAIOLME U3y4aTh OKPYKAIOMIYIO 0OCTAHORKY;

2) KaKOH-TO MEeXaHU3M Ui XBATAHUSA — 3TO MOTYT
OLITE MPOTHBOTIOCTARIEHHEIE TIANBIB, KAK ¥ HAC, HO MO-
ryT OBITh H INYTIAAbLIA, KACTIHA WK APyTHe IpUCHocobie-
HUS,;

3) Kakas-TO KOMMYHHKAIMOHHAA CHCTEMa, HAIIpH-
Mep pedb,

OTH TPH YCIOBHA HeoHX0AMMBI, YTOOHI IYBCTBOBATE OKPYKA-
IOILYIO AeHCTBUTENBHOCTD, @ CO BpeMeHeM — U YIIpaBssiTh elo; 06a
3TH Ka4ecTBa ABJIAIOTCA OTIHYHTENbHEIMH OCOBE HHOCTAIMH pasyma.
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®H3HKA HEBOIMOMHOTO

Ho na 3Tom BCAkad onpezeieHHOCTb 3aKaHYMBaeTcd. Bompeku
TOMY, YTO MBI KaX/bIH JeHb BHIMM Ha TeeaKpaHe, HHOILIAHETAHE
BOBCE He 00s3aHbI ObITh MOXOXKY Ha JMiogeit. Bobiuernashie, moxo-
JKHe Ha JleTel TIPHINETBIB ¢ KHHO- H TEe3KPAHOB I10A03PHTENBHO
HATIOMHHAIOT WHOIUIAHETAH M3 BTOPOCOPTHHX GMIBMOB 50-X TIT.
MPOILIOTO BEKA; ellle TOTAA 3TOT 06pa3s HAMEPTBO 3aKPEIMIICH B Ha-
1lleM NMO/ACOSHAHUH.

{Hexotopble aHTPOIIONIOrH, OAHAKO, JOGABIAIOT K TPEM YCIO-
BMAM BO3HHKHOBEHWS pa3yMa WeTBEPTHIH; 3TO VCAOBUE AOIKHO
O0BACHMTE C/leAyIliil MOoGOMBITHRIA QakKT: YeloBeK ropasfo
VMHee, YeM HeoOXOAMMO IS BEDKHBAHKA B jecy. Ham Mosr crio-
cofeH OBJIafieTh IPHHUMIEAMH KOCMHYECKOTO MIONETa, KBAHTOBOH
TeOpHEH, CJIOKHOH MaTeMaTUKOM — OUeBHAHO, 3TH HABBIKHK COBEp-
IIEHHO HHU K Y€MY JeCHLIM OXOTHHKaM M COBHpaTeaM. 3aueM HYx-
HEl 3TH H30BHITOYHEIE BO3MOXHOCTH Mo3ra? B mpupoae, eciM Mbl
HCCNeyeM TIapy JKMBOTHEIX, Takke ofnaidiommx HaBbIKaMH, Ha-
MHOTO TIPEBOCXOASAMMMH TpeboBaHNA BRUKHBAHHA, — TaKHe KaK
JeoTlapi U aHTHIIoNa, — TO Oﬁﬂapy)KPITCH, YTO MEXAY 3TUMH BH-
AaMM [I1A «OHKa BOOPYACHMUH». AHAIOTHYHO HEKOTOPBIE YIeHEIe
CYHTAIOT, YTO CYLIECTBYET YeTBEPTOE YCAOBHE — OWONOTHYECKAR
«TOHKa BOODYKEHHI», TOATANKMBAIOLAA B/ K PA3BATHIO PasyMma,
B03MOXKHO, B HALIEM CIyYde «TOHKA BOOPY:KeHHI» IIIa MEXAY pa3-
HBIMH 0CO0AMHM OZHOTO — HAlleTo — BUAA.)

TogyMaiiTe 0 rpoMajgHOM pasHooOpasuH (GOPM JKHM3HM Ha
3emute. Ecid OBl KTO-TO B Te4eHHe HECKOMBKHX MIWUTHOHOBR JIeT 3a-
HUMaJcd HaOpapieHHOM Cenekuued OKTOMOACB, BLOJRE MOXHO
AOIYCTUTb, YTO OHHU TOXKE CTaNH OB pasyMHuiMK. (Mbl oTAeMAMCE
OT 4e10BeK00OpasHbIX 00e3baH 6 MIH NeT Ha3a/l, BEPOATHO, NOTO-
MYy, 9T0 OBUIM IA0XO TPUCIOCOBNCHE K H3MEHeHNAM KJINMATa Ha
AdpukaHckoM KoHTHHeHTe. HaoBopoT, 0CbMHHOT 04eHbL XOPOLIo
ApHCNOCOONICH K XU3HH B MOABOAHBIX YKPBITHAX 10 CKalaMu U
IOTOMY )K€ MIWUIMOHBL JeT He MeHAeTcA.) buoxumuk Knuddopa
[TukoBep TOBOPHT, 4TO, KOI/A OH CMOTPHT «Ha BCAKHX pakoobpas-
HBIX 6e3yMHOTO BUAR, MeAY3 ¢ MATKUMH LYTIANbIIaMH, TPOTECKHEIX
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uepseil-repMadpoAUTOR M NPOYYI0 IUIECeHB», OH MTOHUMAET, YTO
«y bora ecTh 4yBCTBO 10MOPa B ITO HaM eliie IPeACTOUT YBUALTh BO
BceneHHOM OTpakeHHe BCEro aTOro B MHOH GpopMes.

Ho l'osmieya, BeposTHO, TpaB, KOrga n3obpakaeT npeacTaBy-
TesieH HHRIX Pa3syMHBIX QOPM JKH3IHH IUTOTOAAHBIMU. [IPHIIENDITbI-
XUIBHUKHK, KOHEYHO, rapaHTHpPYyIOT GHIbMy Oosee BHICOKHe cBo-
PB — HO He TOJBKO; 3/eCh eCTh W A0AA npapasl. Kak npaswio,
XWUHUKH YMHee CBOUX XepTB. Yrobul noiMare JOOEIYY, OHY BHI-
HYKAeHbl [INAHKMPOBATS, BBICIEXHUBATD, NPATATECA H HANIAAaTh U3
3acagpl. ¥ uc, cobaK, THIPOB U JbBOB [VIA32 PACIIOJATAOTCA BIE-
penH, uTobn! yaoOHee OBUIO ONEHUBATh AUCTAHITMIG TIPH TPLDKKE.
JABa raasa Mo3BoAAIT UM BHAETh TPEXMEPHOE CTEPEOH300paXKeH e
1 QOKYCHPOBaTH B3WIAA Ha XKepTee. C ApyroH CTOPOHLL, 06brye —
TAKOH, KaK OJIEeHU ¥ KPOJIHMKH, — JIOCTATOYHO 3HATH, KyAa M KakK
yOerarts. Mx rnaza pacmonaraloTcs MO PasHbie CTOPOHB! FONOBHI,
obecnedynBas NOMHLI KPYToBO#H 0630p, U MO3BOAAIOT TIOCTOSHHO
BHAETE BCe BOKPYT Ha 360 rpagycos.

ApyTHMH CTOBAMH, OUEHb MOXKET ObiTh, YTO UHOIIAHETHAA
Pa3yMHadA JKM3Hb TakKe HOABHJIACh B DE3yNILTATE BOMIOIMY BUAA
XWIIHHKOB C II1a3aMH — WK MHbIM HYYBCTBHTE&IEHBIM OpraHoM — Ha
TONIOBE chepeAn. BosMoxKHO, A1 3THX CYIIECTB XApaKTePHB! TAKKE
IJIOTOAHOCTD, arPECCHBHOCTL U TEPPUTOPHAIBLHOE TIOBEAEHHE, KO-
Topoe Mbl HabmoaeM Ha 3eMle y BOJIKOB, 1beoB H mwogeil. (Ho mo-
CKOJIBKY 3TH GOPMBI XKH3HH BOHHKIIH, 10 BCEH BHAUMOCTH, HA OCHO-
B€ COBEPIIEHHO HHLIX Mosekya JJHK ¥ mpoTeHHOB, UM A0/DKHO BBITH
COBepLIEHHO He MHTEPeCHO HaC NOeAaTh WIM CIIAPUBATLCA C HaMU, )

MorxHo Takke BOCHIOAB30BATECA 3HAHHEM GHUIMKU H NpeAmno-
JIO3KUTh, KAKOTO pasMepa MOXET ObiTh T NoAoOHOro CyIecTRa.
[Ipeanonaras, 4yTo XHBYT OHM Ha IUIAHETe 3eMHOrc THMA H, T10-
A00HO 3eMHBIM CYILECTBAM, UMEIOT IVIOTHOCTb TKaHeH, MpHMEPHO
PAaBHYIO TWIOTHOCTH BOJBI, MBI MOMEM MCKIIOUNTD CIUINKOM GONb-
WwKe pasMepsl Harogapsa 3aKOHY MaclITabMpOBAaHHA; STOT 3aKOH
YTBEDKAET, YTO C YBEAMYEHHEM Pa3MepoB M06oro 00beKTa 3aK0-
HEI TIPHPOAL! V1A HETO MeHAIOTCA 6YKBATLHO KaTacTpOGHIECKH.
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YynoBuiia 1 3akoH Macarraba

PaceMoTpuM npumep. Ecnn 61 Kusr-Kour cyiectBogax Ha caMoM
Aere, OH HUKaK He MOT 6bl TeppopranpoBars Heio-Hopk. Hao6o-
POT, [Ip¥ NIEPBOI 3Ke MONBITKE WATHYTD ¥ HET'O CIOMAa/THCh 6B HOTH.
/leso B TOM, 9TO, €C/H B3sTh 00€3bAHY 1 YBEJIHYUTH €€ MPONOPIM-
OHATHHO B AECATH Pas, ee BeC NPH 3TOM YBEJIMUHTCA NPONOPLMO-
HANBHO 00'beMy, T.e. B Thicadgy pa3 (10 x 10 x 10 = 1000). UTak,
ofe3bsiHa cTana B THCAYY pas Tsokenee. Ho ee cuia yBermumaach
NPOTIOPLIMOHANLHO TOMIIMHE KOCTel U MycKynmoB. [lnomazs ceve-
HMA KOCTeH M MBIIlL YBeJIHYMBAeTCA IPONOPLUOHANBHO KBaAPaTy
NUHEMHOH BEJMYMHEL, T.e. BAecaTepo (10 x 10 = 100). Apyrumu
cnoBamu, ecin Kuur-Kowr 6yzeT B 10 pas 6onbine 06 YHOE 00e3b-
HbI, TO OH BYJ€T NPeBOCXOANUTD ee CHIIOH BCEro B CTO Pa3, 4 BECHTh
B ThICAYY pa3 bosbie. TakuM o6pazom, IpH yBeIMYEHNH pasMepa
06e3bAHEI BEC pacTeT ropasgo ObicTpee, yeM cuta. EC rOBOPUTE
OTHOCHTENBHO, To Kunr-KoHr okaxercs B 10 pa3 caabee o6buHOM
o6e3baHbI, BOT I0OYeMy €ro HOT'H Cpasy e CIOMAIOTCA.

IToMHI0, Kak B HaYaJbHOH HIKOJIe HANI YYHUTE/Nb YAHBJIAICA
CHJle MYPaBbsl, CTIOCOBHOTrO NOAHATE TUCT, BO MHOT'O pa3 Gonee Ta-
KENbIH, 9€M CaM MYpaBeH. YUHTeNb Aeia] U3 3TOTCG BLIBOJ, 9TO
Gyap MypaBeii pasMepoM ¢ oM, OH MOT OBI 1€TKO IIOAHATE ¥ YHECTH
3ToT oM. Ho 3To npeAnonoxente HeBepHo, [IpHYHHA Ta XKe, UTO U
B cny4ae ¢ Kunr-Konrom. Ecry 681 Mypaseii Gbin pasMepoM ¢ JoM,
€rQ HOTH TOKe CIOMaaHCh Obl. ECIH YBETHYHTD MypaBbA B THICAUY
pas, ol crader B 1000 pas cnabee 06pIYHOTO MYpPaBbs M IIOTOMY
PYXHET Itoj coOCTBEHHHM BecoM. (A Takxe 3afoxHercd. Mypageii
ABIIINT Yepe3 OTBePCTHA B 60KY. [LTomaznh cedeHHa BO3AYIIHbIX Ka-
HAaJIOB pacTeT KAK KBAJpaT paguyca, a 06beM MypaBbi — Kak Kyb
paguyca. Taxum o6pazoM, mypaeeii B 1000 pas 60ibiue 06EIYHOTO
6yaer nomyyats 8 1000 pa3 MeHbIIe Bo3yXa, 4eM HeoBXoauMo s
HOPMAJBHOTO CHAOKEHUS KUCIOPOAOM MYCKY/IOB H TKaHEH Tea,
KcraTH ropops, IMEHHO MO3TOMY YEMIIMOHAMM B GUI'YPHOM KaTa-
HUHW Ha KOHbKaX M THMHACTHKe CTAHOBATCA, KaK MPABUIO, JHOAH
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HeOOoNMBIIOre pocTa, HO HOPMAJBHBIX NpoTopLuit. OHU 061373~
10T Gombleld MyCKYILHON CWIOH Ha €AMHHLLY Beca, YeM BHICOKHE
M0AH.) .
[Ipy moMoIM 3aKoHa MacTaOHMPOBAHUA MHE MOXEM Tak-
e OlpeseluTh NpUMepHbie IapaMeTpPhl XKHBOTHBIX HA 3eMJe H,
BEPOATHO, UHOIVIAHETAH B KOCMoce. Terio, HaaydaeMoe KHBBIM
OPraHU3MOM, TNPONOPHUOHANBLHO ILIONAAH ero NOREepPXHOCTH.
CrefoBaTeNbHO, P YBeIHYeHUU »KUBOTHOTO B 10 pa3s ero Temwno-
norepu euipactyT B 100 pas. Ho ko/ix4ecTBO Tema B Tej€ Ipo-
MOPLUHOHANBLHO ero o6neMy H 1oaromy BeipacreT B 1000 pas. Cre-
JADBATENbLHO, KPYIIHEIE JKMBOTHEIE TEPAIOT TEILVIO MeAJICHHEe, YeM
Meskne. (MMeHHO NO3TOMY 3WMOH ¥ Hac TIepBHIMH 3aMep3aloT
NaJbUBl H YIIH — ¥ HUX MAKCUMAJIbHAA OTHOCHTENbHAA TIOLAZb
NOBEPXHOCTH; UMEHHO TTO3TOMY MaJIeHbKHe 0N 3aMep3aloT Obl-
CTpee, YeM KPyIiHbIe. DTHM e MOKHO OOBACHHTD, MOYEMY TA3ETH
CTOPAIOT O4YeHBb BHICTPO — ¥ HUX OU€HB Go/bIIag OTHOCHTENbHAS
IJIOWAAb, a TOACTDIE LLOAEHbA POPAT MEAIEHHO — Y HAX TLNOIWAAE
MOBEPXHOCTH OTHOCUTEIBPHO HEBEMUKa.) ITUM OO BACHACTCH TaK-
Ke, MOYeMy KWUTH B APKTHKE MMEIOT KalieBUAHYIO GopMy — H3
BCeX reoMeTpHyYeckux GopM MHHUMAIBHOH ILTOLIAABIO MOBEPX-
HOCTH Ha eJHHHUITY MaccH o01agaeT cdepa. U noyemy HaceKomble
B TEILIOM KJIUMATE MOTYT cebe NMO3BOMHTD IPOH3BOBHYI0 GopMy
€ OTHOCHTEIbLHOMH GOJBIIOH ILIOMIAABI0 IOBEPXHOCTH Ha eAMHHITY
MACCHI.

B dubme kuHoCcTYAMM JHicHed «/loporas, A yMeHBIH JeTeii»
BCE WIEHbl CEMbH YMEHBIHIAI0TCA /10 Pa3MepoB MypaBbes, HaulHaeTcn
rpo3a, 1 Mbl BUAWM, KaK B MEKPOMHpEe KPOXOTHEIC KallTH Majalor
B 1ykM. Ha caMoM Jesle JoxkAeBast Kalvid ¢ TOUKH 3PEHHA MYpPaBbd
JAOJDKHA BHIIVIAAETh He KPOXOTHOM KallelbkoH, a rpoMajHOM BOAA-
HO¥ Toycdepoii. B 06braHOM MHUpe noycheprdecKiii 0o6'bem BOAH
6yzeT HecTabHIeH U PACTEYETCs 110 COOCTBEHHOH TKECTRIO, HO B
MHUKPOMHPE CHJIa IOBEPXHOCTHOTO HATAXKEHHA OTHOCUTENIBHO Be-
JIKa U JIETKO YepAKUBaeT BOJY B n1o1ychepuyeckoM obbeMe (Tipes-
cTaBbTe cehe Kallmo Ha JIMCTE).
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AHaIOrMYHO Ha OCHOBAHWH 3aKOHOB QH3KKH MBI MOKEM IIPH-
MEPHO OLEHHTh COOTHOLIEHHE MUIOMAH IOBEPXHOCTH K 0OBbEMY
AJIS KHBOTHBIX, 0OUTAIOIIMX HA IATeKUX IUTaHeTax. DTH 3aKOHH! [0]-
CKa3hIBAIOT HAM, YTO HHOIIAHETHHE M3 KOCMOCA, BEPOATHEE BCETO,
He ByAyT rUraHTamu, KakUX O9eHb A0OHT M300pakaTh HaydHas paH-
TacTHKa. Ckopee oHM DyAyT HanOMMHATh MO pa3mepy Hac. (Kutei
HAMHOTO NPeBOCXOAAT HaC pa3MepamH, MOTOMY 4TO KHBYT B 6onee
IVIOTHOH cpe/ie, MOPCKoit BoAe. MMeHHO 103ToMy BMOpOLIeHHbIH Ha
Beper KUT yMUpaeT, pasgaBAeHHBH COGCTBEHHBIM BECOM.)

3akoH MaclTaOMPOBAHHUS 03HAYAET, YTO C MOTPYREHUEM
piyG:xe ¥ rnybike B MUKPOMMP 3aKOHBI TPHPOAbI MEHAIOTCH. DTHM
06BAcHACTCA TOT GaKT, YTO KBAHTOBAA TEOPHA IPeACTaBsiercs
TaKOH CTPAHHOM — BeAb OHA NPOTUBOPEYUT HALWHMM Mpe/cTaBe-
HHUAM O BceneHHOMH, OCHOBaHHBIM Ha OMHITE M 3JPAaBOM CMbICTe.
3aKoH MacTabHpPoBaHHA HCKIIOUAeT 3HAKOMYIO HaM 110 GpaHTa-
CTHKe MAEI0 O BAOXKEHHBIX MHPaxX (CYTh €e COCTOMT B TOM, YTO B
nHOM aToMe MOXKET CKPHIBATHCA LieNasi BeeleHHas, H HaoGopoT,
Hama raiakTHKa ABAAETCA aTOMOM ApYToi, ropaszo 6osee kpyn-
HOM BCEJIEHHOM). 3Ty HALID, B YACTHOCTH, HCTIOAB30OBATH ABTOPLI
$urbma «/oaH B YepHOM». B duHanbHOi cuere puabMa Kamepa
OTCTYHAeT OT 3eMIH, B TOJIC 3PEHUS [TOSBIAIOTCA TAHEThI, 3BE3/IH,
FaIaKTHKH — U B KOHLE KOHIIOB CTAHOBUTCSA BUAHO, YTO BCA HAIlla
BceseHHaA — MAYMK B UTpe TMTAHTCKHX NPEACTABUTEAECH HHOTO
pasyma.

Ha camoMm aene FanakTHKa HICKOALKO He TIOXOXKA Ha aToM, a
3JIEKTPOHBI B CBOMX ODOMOYKAX HHUYEeM He HAOMHHAIOT TUTAHETHI,
Ham n3BecTHO, 4TO BCe IUIAHETHI HE MOXOMKH APYT Ha APYTa ¥ MOIYT
ofpamaTbcs BOKPYT IeHTPaILHOH 3Be3/bl 110 Moboii opburTe. B ato-
Max ke Bce cy0aTOMHBIe YACTHIIE! COBEPLIEHHO OIHHaKoBLL OHU
He MOTYT 00PAaIaThCsA BOKPYT sAPA HA TPOU3BOILHOM PACCTOSHUM;
Ha060pOT, OHM MOLYT ABUTATHCSA TOMBKO IO JUCKPETHRIM OpOuTam.
(Bosnee Toro, B oTIMYHE OT MAAHET 3/EKTPOHBI CIOCOOHBI BECTH ceba
HEOOBIMHO, BOTIPEKH 3APAaBOMY CMBIC/L, HAIIPHMep HAXOIUThCA B ABYX
MECTaxX OAHOBPEMEHHO WM 0613AaTh CBONCTBAMH BO/THEL )
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du3rKa pa3sBUTHIX [[UBHIH3ALIIA

JlnA pasroBopa 0 TOM, KAKMMH MOTYT OKa3aThCs KOCMHUYECKHE 1IH-
BWIN3ALIUH, TOKE MOXKHO BOCIOABb30BAThCH 3HAHUEM PHIMYECKHX
3aKOHOB. Ec/y B3IIAHYTHL Ha pa3BUTHe Halllell COOCTBEHHOH M-
BIWIM3ALKH 33 nocnegide 100 000 geT, T.e. ¢ TOTO MOMEHTA, KaK
B AdpHKe MOABUNUCH [TE€PBLIE JIIOAH COBPEMEHHOI'O THIIA, MOXHO
VBH/ETh, 9TO 3TO HCTOPHA BCE BO3PACTAOILErO NOTPebIeHHA dHep-
ruH. Pyceknii actpodusrk Hukonaii Kapaames BABHHYI NPEATIO-
JIOKEHHE O TOM, YTO CTaAHH pa3sBUTHUA BHE3EMHBIX LMBHIM3aUUH
BeeneHHoOM ToXe MOXKHO WIAacCUQHIMPOBaTh MO YPOBHIO MOTpeE-
6nenusa sHepruu. OH pasgenu Bce BOIMOXKHEIE [TMBHIM3ALMH Ha

TPH TPYTIILL

1. Hupunusanuu I Tvma: e, KTo cobMpaer raaHeTap-
HYI0 SHepIrHI0, IOJIHOCTbIC HCIOAb3YA Najalomuil Ha 11a-
HeTY COJHEeYHEBIH cBeT. BoaMoxHO, npeﬁc'raamem 3THX
UUBWIM3AUKWH OBIaJeny JHEpPTHel BYIKAHOB, HAYIHIUCH
YIIPABAATE NOTOA0H, KOHTPOJIMPOBATL 3eMIETPACEHHS H
CTPOMTDL Iopoja B D1y6HHax okeaHa. BcA SHeprua riaHe-
THl HaXOAUTCA ¥ HUX [TO, KOHTPOIEM.

2. Hunuimzauuu Il THITa: Te, KTO HOAHOCTBIO HCIIO/h-
3yeT SHEPTHIO CBOET'0 CBETHAA, ITO Aciaet ux B 10 muipa pas
MOTYLIeCTBEHHee IMBHWIN3anuii [ Tuna. Pegeparmd MmaHer
E CepHane «3Be3AHbIH MyTh» NPUHAIEXUT K IUBA/IM3ALEM
[T Tviia. Takad UABIIH3AIMA B OTIPEJETIEHHOM CMBICTe Bec-
CMEepPTHA; HM OJHH M3 M3BECTHBIX HayKe $GaKTOPOB, TAKHX
KaK TeAHHKOBBII TepHO/, CTOAKHOBEHHE ¢ ACTEPOMAOM U
flaxe cBEPXHOBadA, He B COCTOAHMM HOryouTs ee. (Ecty ux
cofeTBeHHAs 3BE3/ja BCKOpe J0JDKHA BIOPBATRCH, 3TH Cylle-
CTBA MOTYT II€PeCeTUTRCA B APYTYIO 3BE3AHYIO CHCTEMY WIH
Aaxe TIepeBeCTH K APYyToii 3Be3fe COOCTBEHHYIO [UTaHeTy.)

3. UuBwanzanmH [1I THOA: Te, KTO MOXET NOMb30BATh-
€51 SHEPTHEH Len0H ralakTHKy, YTo AeAaeT ux B 10 mapza pas
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OUIHHA HEBO3IMOHHOID

MOryllecTBeBHee MBunK3auui [ THRa, IToMY THITY COOT-
BETCTBYIOT UHBHIH3AIHA OOPTOE B «3BE3AHOM IIyTH», VM-
HepHA B «3BE3HBIX BOWHAX» ¥ FalaKTHYECKAA LIUBU/TH3A-
1u¥A B cepyu A3uMoBa po OcHosanue. Kaxmas U3 3THX
UMBUIN3AUNH KOMOHH3IMpOBala MMIUIHApAH 3Be3JHBIX
CHCTEM H cllocobHa HCMOAb30BaTh SHEPTHIO YEPHOH ALIDEI
B LieHTpe CBoel ralakTUkH . OHH ceoB0HO MyTemecTBYIOT
10 BCeM TaNakTHKe.

KapgaureB canTaet, 4to a06as IMBIIA3AIMA, 3HEPreTH-
4ecKoe MoTpebieHHe KOTOPOH PAacTeT ¢ yMepeHHOH CKOPOCTBIO
(HeCKONMBKO MPOILIEHTOB B roA), OyAeT CTPEMUTETBHO TEPEX0AUTD
€ OJHOH CTYTIEHU Ha ADYTVIO; TaKOH NMepexoj 3ailMeT ¥ Hee OT He-
CKOMBEKMX THICAY /IO HECKOIBKHX JECATKOB THICAY JIET.

Kax s y2xe paccKasbiBajl B CBOMX IIPEABIAYIUX KHUTAX, HALIA
LHBHIH3ALMA MOXKET CUNTAThCA IMUBUAA3anuel Tina O (Tak Kak
Hall¥ MalIMHH paboTaloT HA 3HEPTHHM rOPEeHHs MEPTBBIX pacTe-
HUM, HedTH B yria). MBI HCTTONB3yeM JHIIE KPOXOTHYIO YACTHYKY
BCeil COMHeYHOM SHEPruM, KOTopas JOCTAeTCA Halel ILTaHere.
Ho yxe cerogua MoxHO BU/IETh, KaK Ha 3eM/1e 3aPOXKAAIOTCA Tiep-
Bbl¢ TMPU3HAKW UMBUIM3anKK | Tuna. IHTepHeT — 3apofbill cH-
CTEMBI Jd/IbHEH CBA3M, KOTOPAA OXBATHUT B OYAYIIeM BCIO IUIaHETY.
B nosBneHun U pazpuTHH EBponeickoro cowsa, CO3ZAHHOTO B
nporusoBec CeBepoaMepUKAHCKOM 30He cBoOOZHON TOproeay,
MOXKHO PasriIAAeTk 339aTKH SKOHOMHKN | THNa. AHIIMACKHI yike
CTal INIAaBHBIM ASHIKOM MeXJyHapoZHOTe obINeHHA Ha 3emie,
A3BIKOM Hayk!, MHaHCOB U 6usHeca. MHe Ka)eTcs, OH MOXET CO
BPEMEHEM CTaTh A3LIKOM LUWBWIN3aLKH | THTTa, Ha KOTOpoM ByayT
FOBOPHTH GYKBATBHO BCE AUTEIH IaHETH. MeCTHBIE KYALTYPHI H
00BIMau OyAyT M Aajple NPOLBETATh HA 3EM/E B THICAYAX CAMBIX
Pa3HbIX BAPHAHTOB, HO HA BCIO 3TY MO3aUKy Halldil ¥ HADOAHO-
CTEH HaJIOXKWTCA eJVHAA 3€MHas KyILTYpa — BO3MOXHO, AOMU-
HaHTOM B Hell GyAyT CIYKUTL MOTOAEKHAA KYIBTYPA ¥ KOMMEp-
LIMATH3M.
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BHESEMHBIE UHBANHIAUMMK W NETANLIME TAPENKH

YeneutHREIH nepexo THBMTH3ALHH ¢ OJHOMH CTYNIeHH Ha Apy-
Fy10 BOBCE He rapaHTHPoBaH. K npuMepy, caMbiM ONACHBIM MOXET
OKAa3aThCA mepexol ¢ THna 0 x tuny . [{uBuau3aiiva HyieBore Tiuma
Bce elle CTPajaeT OT CEKTAHTCTBA, GyHAAMEHTAIM3MA H pacH3Ma,
XapaKTEPHBIX AN epHoja GYPHOTO Pa3BUTHA, H HEACHO, MIO3BOJIAT
7ML 3TH TUIEMEHHBIE W PETUTHO3ZHEE CTPACTH OCYIIECTBHTD nepe-
x04. (He ucxroveHo, YTo Ml He BUAMM B [anakTHKe UHBHUAK3 LM
[ THIIA MMEHHO OTOMY, YTO NMepexoAa, KaK MPaBiIo, HE IPOUCXO-
/AT, IIMBWIN3AHA caMopa3spyiuaerca. Koraa-aubyas, A00paBITHCH
[0 MHEIX 3BC3J, MBI BIIOJTHE MOXEM HAaTKHYTBHCA Ha OCTAHKH LHBH-
JIM3aALMH, KoTopble Yowry ceba: aTMochepa X TTaHEeTH! CARNATach
PaAMOAKTHBHOM HIIH, CKaXKeM, CTHIIKOM ropayeil ¥ HempurogHo#H
JJIA AKHU3HH.)

K MOMeHTY, Kora UHBHIH3AWA AocturaeT I cTagum, v Hee
YKe AOCTATOYHO 3HEPTHH U 3HaHUH, 4TOOH cBOGOIHO NyTemecTBO-
Barb no [anakTuke W, ckaxeM, noceTuTh Iwadety 3emus. Takue
UUBUAH3ALHH BIIOJIHE COCOOHBI — KakK B QuiasMe «2001» — pa-
30c/1aTh MO BCeH [afakTUKe B MOMCKAX Pa3yMHOM JKH3HM camo-
BOCIIPOU3BOIALIHECT aBTOMATHYECKHE 30HIH.

Ho uymnnmsanmd I Tuna Bpaj aM 3axoueT HABECTHTb MK
3aBOEBATh HAC, KaK B GuUnbMe «/[eHb HE3aBHCUMOCTH», e TaKas
LUBUIM3AUMS PACIPOCTPAHAETCA MO [aMaKTHKE KaK capaH4a, 3a-
XBATHIBAS JUIAHETH! OJHY 32 APYrOif M BHICACKHIBAA H3 HUX pecypChl
Rocyxa. Ha caMoM Zesie B KOCMoce BecyHCIeHHOe KOTHYeCTBO MEpT-
BuIX I1aHeT ¢ BoraTeMIINMy 3allacaMH MUHepAJIbHBIX PeCypCoB, U
MX MOXKHO BeCTipenaTcTBeHHO cCOOUPATh, He CBA3BIBAACK C YHPAMLIM
MECTHBIM HaceneHHeM. OTHomeHne uuBwinsayy I Thna k Ham
MOXHO ObUTO OBl CPABHHTD C HAIDMM OTHOIIEHHEM K MyPaBbAM H
MypaBeiHUKY. Mul Begp He OyeM CIUIOHATHCA HaA MypaBedHHKOM
H IIpeAnararh ero ofutatessm 6ycsl ¥ MpOYHe DE3SIYIIKH; CKopee
MBI IIPoCTO He HyzeM o6palaTh Ha HUX BHUMAaHHE.

Jns MypaBbeB raBHAA OHACHOCTL HE B TOM, UTQ JIORH BAPYT
33XOTAT BTYOPTHYTBCA B MypPaBeWHHK WIH YHUYTOXHTH MypPaBbH-
HBIH pod. [1aBrad onacHOCTb — B TOM, YTO MypaBeHHHUK IIOMelIa-
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DHIUKA HEBOIMOMHHOTO

eT NIOAAM, M €ro NpocTo NoXoAA cHecyT. He 3a0mBaiiTe, WTO eCIHt
FOBOPUTL 06 3HEPToNoTpeBneHNH, TO PACCTOAHIE MEKY LIMBHIH-
sauuent 11l THOA ¥ Hamed UMBHAH3ALMEH Hy/JEBOTO THNA TOPA3A0
HObILIE, YeM MEHK LY HAMH ¥ MyPaBbAMH.

HJIO

HexkoTopsle moAu YTBep:KAAI0T, YTO HHOIUTAHEeTAHe Yike GuiBanu Ha
3emiie H HMEHHO UM IIpHHAAIexaT TauscreeHHsie HIO. Yensimas
0 JIETAKOMX TAPEIOUKAX, YYeHEble, KaK IPAaBWIO, 3aKaTHIBAKOT IMa3a
Y OTBEPTaloT BCAKYIO BOSMOXHOCTE NPHHAATEXHOCTH X TIPEJCTa-
BHTEIAM MHOILTAHETHOH LKBHAM3AIMH; OTTOBAPUBAKNTCA OGBIYHO
TEM, YTO MEK3BE3HEe PacCTOAHUA CAMIIKOM TpoMaiisl. Ho, He-
CMOTP#A HA PeakLiUio y9eHkX, KOAn1eCcTBO coobuieHui 06 HIO cro-
AaMH He YMeHBLIACTCA.

[Tepebie cny4an HabmoA€HAA HEOMO3HAHHMIX JTETAIOIHX 06b-
eKTOB BOCXOJAT K Hadany NMHCcbMeHHON Mcropud. K npumepy, B
BH6HK npopok Me3eKumib yIOMHHAET 3aTaf0YHbIe «KOJAeCa BHY-
TPH Kojiec B Hefe»; Koe-KTO CYMTAeT 3TH ¢/10Ba omucaHHeM HJIO.
B 1450 r. a0 n.5. B Erunte, B0 BpeMa NpaBreHus gpapacHa TyTMO-
ca Ill, erunerckue Kpelel OCTABIIN ONMCAHHe HEKOETo COOBITHA,
rae MPHCYTCTBOBAJIM «OrHEHHBIE KPYTH» ApYEe COMHIA, pasMepoM
OKOMO 5 M; 3TH KPYTH NOABIAIHCh B TeYeHHe HECKOAbKHX JHEHN u
B KOHIIE KOHLOB NOAHATHCE B HeO0. B 91 T. 10 H. 3. pUMCKUI aBTOD
FOnuit O6cexBeHC THCAT 0 «KPYIIOM 06beKTe, BpoJe Wapa, 0Bajb-
HOTO WK KPYTVIOTO IIATA, KOTOPHIH ABHraica 1o Heby». B 1235 1.
AMOHCKKH reHepan EpuiyMe 1 ero apMis Habmoaiu B Hebe Bosye
Kuoto crpanuble ceersumecd wapsl. B 1561 r. B vebe Hag HiopH-
Oeprom B ['epMaHUH BHAEIH MHOXKECTBO OGBEKTOB, KOTOPbIE KaK
OyATO BEAH MEXAY COO0H BO3AYIIHBIN Goi.

B cepeaune XX . BBC CIIIA npeAnpHHsiny KpynHOMacUITab-
HOe McCIeoBaHMe BCEeBO3MOMKHBIX CcooDImeHHH o HabaogeHuH
HJO. B 1952 r. BBC 3anycTHIH 1IpoeKT «CHHAA KHU'a», B KOTOPOM
6bL10 IpoaHannaupoBano 12 618 noaoGHEX cooblueHHii. B HToro-
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BOM ZIOK1a/le TOBOPWIOCE, 4TO OTPOMHOE DONBITMHCTEO HX MOXET
OBITH 0OBACHEHO HADMIOAEHHEM eCTeCTBEHHBIX IBMEHHIH WX 06bIY-
HBIX BO3AYUIHEIX CYJOB, a TAaKXke HaMepeHHBIM obmaHoMm, Tem He
MeHee 6% C1yJaeB He HOMYYWIH HUKAKOTO 0ObACHeHuA. B 1969 1.
noasunca Aoxaaz KoHzoHa, rae orsepranach BCAKad BOSMOKHOCTD
BHE3eMHOT0 nipoucxoxaenvsa HI0 u Noab3a MOA0OHBIX HCC/IeA0Ba-
HHH, U TIPoeKT «CHHAA KHUTa» ObLT 3aKpHIT. ITO GBI MoCAeAHUR
W3BECTHBIH IIPOEKT TAKOTO pojia B aMepukaHckux BBC.

B 2007 r. ¢paHily3Cckoe MpaBUTEbCTBO ORHAKOMIVIO INHPO-
KYI0 OOILEeCTBEHHOCTh € HAKOIUIEHHBIMU 32 MHOTO JIET JAHHBIMH IO
HJIO. Aoxnaa, onybrukoBaHHEA B MHTepHeTe dpaniysckiM Ha-
LHU{OHANBHBIM LIEHTPOM KOCMWYeCKUX HCCIEJ0BaHUM, 0XBaThiBaeT
1600 cayyaes Habmogenus HJIO Ha mpoTsxeHuu 50 71eT; B HeM
100 000 cTpanul paccKasos CRUAETeNnelt, KMHO- U 2y HO3allUCeH.
Ppanuy3cKoe IPAaBUTENBCTRBO YTBEPKAALT, YTO 9% CiIydaes MOXKHO
00BACHUTD NTOAHOCTBIO, 33% HMMEIOT BEPOATHOE OOBACHEHHE, HO
BCE OCTaAbHbIe JOCTOBEPHO OOBACHHTD HE YAATOCH.

PazyMeeTcs, He3aBUCHMYIO IPOBEPKY HOA0OHBIX cooblieHH
IPOBECTH OYeHb TPyaHo. Boobmie, 60nbmyi0 vacTb coobuieHU
o HabmozeHun HIO MOXHO OTMECTH KaK HEAOCTOBEPHEIE, eC/IH
VYECTh 1eYIOIee,

1. IInanera BeHepa — campiii ApKUI 0OBbEKT HA 3eM-
HOM Hebe nocre JlyHel. OHa HAXOAMTCA OYeHb JaNexo OT
HabniogaTes, TO3TOMY, eCJIH B eJleTe B MAIlMHe, KaKeT-
€A1, YTO 3Ta CBETALLAACA TOUKA JBHIKETCA 32 BAMH, TIpUYEM
HaMepeHHO. TOYHO Takoe e BIEYATIEHHUE, KCTATH TOBO-
pd, coapaercs npu HabmogeHuH JIyHet. Yenopek cyaut o
PAcCTOAHKH 0 /BIKYILErocsd oObeKTa, CPaBHUBAs €ro C
ApyruMH obbekraM¥ BOKpYT. JlyHa ¥ BeHepa HaxogaTcs
O4eHb JaJIeKO U CpABHMBATh KX HAM He ¢ YeM, OHY BooblIe
He JBHKYTCA OTHOCHTEIBHO OKPYXAWIIUX Hac mpeimMe-
TOB, OTCIOZA ¥ WUIO3MA TOTrO, 4TO 3TH HebecHble 06BbEKTH
CIEAYIOT 33 HAMH.
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DH3HKA HEBOIMOHKOTO

2. BontoTweii ras. Ecau Hag 60J10THCTOH MECTHOCTBIO
BO3HMKAeT TeMIepaTrypHad HWHBepcud, BBHASLIIOMUNCH
T'a3 MOMeT HAaKaIVIHBaThCA Ha/l caMOH 3eMieit; MHOTAA OH
Jaxe ciaerxa cperures. Hebonploue ckorenud raza, otae-
JISICh OT KPYIIHHIX, MOI'YT CO3/aBaTh BlleYaT/eHHe pasBet-
KaTepoe, MOKHAAMILIHX «KOPabab-MaTKy».

3. MeTeopsl. 3T HebeCHbIe Tesla MOT'YT HECKO/IBKO Ce-
KyH/] BHIY€PYHBATh Ha HOYHOM Hebe ApKue omocs], co3fa-
Bax BNeYaTIenye Nojera ynpasisemoro kopabas. MHorga
METE0p MOKET DasdeMThCA, ONATD JKe Co3/laBas Bredarie-
HY€ PA3BeAKATEPOR, NOKMAAOUIMX «KOPAOIb-MaTKYy».

4. ArMocepHBIe AHOMATHH. BCeBO3MOMXHEIC MOTHHH
BO BPEMSA 'PO3bI M HEOOBIMHbIE aATMOCEPHbBie ABIEHUA MO-
I'YT OCBelaTh Hebo caMblM HeOXHIAAHHBIM 06pazoM, co3-
Aapas ok H10.,

B XX u XXI BB. paccka3ss! 06 HJIO MoryT noposaatsca 1 Apy-
T'MMHU SBACHHAMH.

1. Pajaproe axo. ManyueHHe pajapa, OTpakKasch OT
I'Op H APYTHX eCTeCTBEHHEIX 0OBEKTOB, MOXET CO3aBaTh
3X0, KOTOpoe Toxke OYAyT [IpUHUMATL aHTEHHBI pajapa.
Takoe 5x0 MOXeT Aaxe ABUraThCA TIO dKpaHY 3WUI3aroM
WK Ha 'POMagHOM CKOPOCTH — BEAb 3TO BCETO JTHUNIB 5X0.

2, MeTeo- U pyrue HCCIe/0BaTeIbCKHE BO3AYIIHbIE
mapsl. BoeHHble B CEOEM JOBOJBHO CIIOPHOM JOKNaje
YTBEPKAAIOT, YTO IPUYMHON 3HAMEHHTOrO CIyXa ob apapHu
B 1947 r. yHOILIAHETHOIO Kopabas B Poasesute, mitat Heto-
MekcHKo, cTan 0TKa3aBIMH aspocTar mpoekTa «Morym —
CBEPXCEKPETHOTO NIPOEKTA N0 MOHUTOPHUHTY YPOBHEH pa-
AHALMY B aTMocdepe B ¢Iydae Havala SACPHOH BOHHBL

3. CaMoseThl. MI3BeCTHEI CTy9aH, KOrAa IPUYHHOMH Co-
obmennit 06 H/IO cT2HOBWIHCH TACCAXHPCKHE H BOEHHLIE
camoseTsl. Oco6eHHO YacTo 3TO POMCXOAUT B CTyYae JKC-
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HEPHMEHTELHI::HHX IIOJNETOR HOBEﬁHIHX EKCIIEPHMEHT&HB-
HBIX CAMOJIETOB, TAKMX Kak 60MOapAHPOBIIMK «CTeaC».
(Boennnie CIIIA Aaxxe OOMIPATH CTYXH 0 JIeTAIOLIKX Tape-
NOYKax, 4TOOB! OTBAEYb BHUMAHHKE OT COOCTBEHHBIX CBEpX-
CeKpeTHBIX TPCEKTOB. )

4. HamepeHHHIH 06MaH. HeKOTOpBle U3 CAMBIX H3-
BeCTHBIX CHUMKOB JIETAIOUMIHX TapeIoueK HA CAMOM Aeje
ABJIAKTCA ToAAenkaMy. O/1Ha U3 H3BCCTHEHINMX JIETAKOTIIHX
TAPeNoK ¢ OKOHMKAMM U OLOPAMH Ha CaAMOM Jeie Iipej-
craBasna coboll cierka mepeaeaaHHYI KOPMYIIKY A14
LBILIAT.

Ha ocHoBaHHM BCEro BHIIECKA3AHHOTO MOKET OHITh OTREPTHY-
TO IO KpaiHel Mepe 95% cayuaes Habnwogeana HTO, Ho ocTaBmme-
A HECKOMTBKO ITPOLICHTOB TTO-TIPEXHEMY OCTAIOTCA HeoObiACHeHHE-
Mu. Hanbonee gocrosepusie ciywan Habmogenust IO BRIOYAIOT:
a) MHOTOYMCIIEHHEIE CBHM/ICTENBCTBA HE3aBHCUMBIX, AOCTORHBIX
7IOBEpHA Jofel 1 6) CBUALTENHCTBA U3 PA3THYHEIX UCTOYHHKOB,
CKaKeM JaHHHe aojel-HabmogaTeneii u pajapa. OT Takux cay-
Yaep TPyJAHEe OTMaxXHYThCA, TAK KaK HECKOLKO HE3aBHCUMBIX HC-
TOYHHKOB 0TYACTH NOATBEPKAAIOT APYT Apyra. Tak, B 1986 r. HJIO
Haj Aackoil Habamany naccaupsl peiica 1628 AnoHckol aBua-
komnanuu JAL; PefepanbHas apHanMOHHAA aAMHHACTpaunA CIIA
NpoBea paccjiefoBaHue 3Toro mporciiecTeus. KpoMe maccaxxu-
poB camoseta HJIO Habmofan 1 HaseMHBIH pagap. AHaAOTUYHO B
1989-1990 rr. pagapw HeoHOKPATHO Habmoganu Haj beabrvelt
4YepHbIE TPeYTONLHUKH; X BHACIH Taroke pagap HATO u caMonets-
nepexsaTinku, B 1976 r. HNO Buaeny Hag MpaHcKHUM ropoioM Te-
TePaHOM; Pe3yALTATOM, KaK ABCTBYET U3 J0KyMeHTOB LIPY, cramn
MHOTOIHCIEHHEE 0TKa3bl 000pyA0BaHHA HAa lepexBaTyuke F-4,

Y4eHBIX IPUBOAMT B OTYaAHHe TOT GaKT, YTO M3 THICAY 3ape-
THCTPMPOBaHHbIX cnydaeB Habmogernsa HJIO HM oZMH He gan Hu-
KAKUX peaJbHbIX MATCPRAMBHLIX CBHACTENLCTS, KOTOPHIE MOMHO
6buto ObI H3YYHTH B 1aGOPATOPMH M MOAYYHTL IPH STOM IIOBTO-
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DHINKA HEBOIMOMHOTO

psembie pe3yabratel. Hukakol yyxkoi JTHK, HHKaKMX 9yKHX KOM-
HBIOTEPHBIX YUIOB — Booble HeT HUKAKUX MaTepualbHEIX CBH/E-
TEILCTR M0CAJKH HHOIIAHCTHBIX KOpabield Ha 3eMT0.
IpeanonoxymM Ha MrHoBerue, 4ro HAO Bee ke npe/icTaBasior
cob0oi He WINIo3UH, a peasibHble KOCMUYECKHE KOpalJIu; Tora MOX-
HO CTIPOCHTb cehd, Kakre HMEHHO 3T0 Kopabnu, BoT HekoTophle H3
XapaKTEPHCTUK, Ha KOTOPEIE YKA3BIBAIOT PACCKAa3bl CBHALTENSH.

A. MI3BeCTHO, 4TO OHH MOT'YT PE3KO MEHATh HanpaB-
JIEHHE TIOJIETA.

b. M3BecTHO, 4To BOMHM3M HUX TIEpecTaeT AEHCTBO-
BaTh 3&KWTAaHME B aBTOMOGIWLAX K BOOGILE dAeKTpHue-
CKue npubopel.

B. OHH MoryT fecluIyMHO BUCETD B BOIIYXE.

HH 0ZHa 13 3THX XapaKTEPHCTHK He MMeeT OTHOLIEHMSA K 3eM-
HEIM pakKeTaM. K npuMepy, Bee M3BECTHHIE HAM PaKeThl JeHCTRYIOT Ha
OCHOBaHHUH TPeThero 3akoHa HbrToHa (AelicTBHe paBHO IPOTHBG-
AeHCTBHIO); Ho Habmogaemeie HIIO, noxoxe, He BHOGPaCHBAKT pe-
aKTHBHOH TPy — Aa ¥ BooGule Huyero. Kpome Toro, neperpysku B
Jeralolled Tapeske, BLHASTHBAIOLIEH B Hefe CTpeMUTENbHEIE 3UT3a-
I'Hi, AOJDKHBL 6bUTH OB cocTasuTh 100 g 1 Gonee; Takke Nieperpysky ie
B COCTOSHMH BHIePKaTh HU OAHO SKHUBOE CYIIECTBO HA 3eMIIe,

MOKET JTH cOBPEMEHHAA HayKa OOBICHUTE TAKHE XapaKTepH-
CTHKH JIeTalOMUX Tapeoyek, [Oo-IpeXHeMy [IPeIoNaras, uro co-
ofwennsa o HUX npasaa 1 HJIO cymecTByoT? B knHo, Hanpumep B
GUIbME «3eMiIa IPOTUB JIeTAIOLMX TAPeNlOYeK», BCerAa Ipearona-
raeTcd, YTO 3TUMH Kopab/laMy yIIpasIaioT MHOMIaseTaHe. Ho ro-
pa3fo Gosee BepOSTHO, 9TO ITH KOPaBiIH, eC/TH OHK CYILECTBYIOT, —
aBTOMaTHYeCKHe (MIH MX TWIOTHPYIOT HAIIOJIOBHHY OPTaHKYECKHE,
HAalOAOBHHY MEXAHHUIECKHE CYIIECTBA). ITO OOBACHIIO OBl MAHEB-
DB, KOTOpHIE pa3aaBuiu Obl TK060€ KUBOE CYLIECTBO.

Kopabab, ciocobHbIN B10KHPOBATE 3KUraHHe ¥ GecIyMHO
BHCETH B BO3/lyX€, 3aCTaBAACT NPEATION0KUTh B KAaUeCTBE JBHIKHTE-
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BHEIEMHLIE UHBWAWIAUKK A NETAIOWME TAPENKH

Jisl MarduTHEEe cHL [Ipo6iema B ToM, 94TO v MArHuTa BCerga Asa
I10/110CA, CeBEPHLIM M 103KHbIA. ECIH BB MOMECTUTE TAKOM MATHWUT B
MAarHHTHOE 10/e 3eMIM, OH NPOCTO pa3BepHeTCA (MOACOHO crpe-
Ke KoMIaca), Ho He Byzer BUceTh B Bosayxe, Kak HIIO. Boobe,
€CJIH Y0)KHHIH N0/IH0C MaTHUTA ABMIKETCA B OJHY CTOPOHY, TO CEBEp-
HbIH IBKHKETCA B MPOTHBONOJOMKHYI0, — MAarHHUT PA3BOPAYHBACTCS
U B LIEIOM HUKY/A He JIBHKETCH.

OaHO 13 BO3MOMHBIX DeIleHHH 3TO MPo6eMbl — HCIIOTB30BA-
HUE «MOHOMOMEH», T. €. MAarHHTOB BCETO ¢ OAHHUM ITOJIIOCOM, CEBEPHBIM
WK KKHBIM. B HOPMAaNbHLIX YCIOBHAX, €CTH BH Pa3/IOMHTE MarHUT
TI0110/1aM, BH He TIOJIyYMTe JBYX MoHoNo/el. BMecTo 3TOro kaxJan
MOJIOBMHKA CTAHET CAMOCTOATRIEHEIM MATHHTOM, C COBCTRCHHBIMH
ABYMSA TIOMIOCAMH, T. €. CTAHET ellle ofHuM AUAoneM. CKOBKO Gbl BB
HH Apo6WIM MarHHT, BB Beera 0OHApYKHTE ¥ KOKAOTO 06I0OMKa /IBa
10j110ca. (ITOT MPOLECC MUXKHO NPOACIKATE 10 aTOMHOTO YPORHS;
KaKJBI aTOM TOXKE MpeJcTaRIAET CO60M AUNOIE.)

YYeHBIM elle HUKOI/la He YAaBajlochk YBU/IETh MOHOIIONb B Ja-
GopaTopui. PU3MKH MHITAANCH OOHAPYKUTE U ¢OTOrpadrpoBaTh
¢JIe/l MOHOIIO/IA Ha CBOEeH annaparype, HO 3TO TOXe He MOMYYHIOCh
(3a MCK/TIOYEHHEM CAMHCTBEHHOIO 0Y€Hb CIOPHOTO H300paKeHMs,
noay4eHHoro B CrandopacKoM YHHBEpcHTeTe 8 1982 1.).

XoT# [T0Ka MOHOIIONEH JOCTOBEPHO YBHIAETD He YAANO0Ch, (H-
3UKH B OOJBIIMHCTBE CBOEM YBEPEHBI, 9TO KOIZa-TO — 4 UMEHHO B
MOMEHT BONbIIoro B3pblBa — BO BCENEHHOH UX OBLIO TIPYA MPYAH.
JTa Waes BOIUIa B MOCJAEAHHE KOCMOIOTHYECKHE TeopyH Bosbioro
B3pHBa. Ho rocne Boaslioro B3pHBa BCeNeHHAR PE3KO paclIvpH-
JIACh, ¥ IVIOTHOCTE MOHOIIOIEH B Hell COOTBEeTCTBEHHO YMeHbLTMIAC,
TIO3TOMY HaM TaK TPYZAHO Cero/iHs YBHAETE UX B maboparopuu. (Ha ca-
MOM JIeJ1e OTCYTCTRHE MOHOMNONEH BOKPYT — 3T0 KII04YeBOH Qakr, Ko-
TOPHIit 3aCTaBHA GUIMKOB BEIBHHYTh M1e10 HHOIALHOHHOM CTa/IHH
B Pa3BUTHU BeeneHHOU. [103TOMY Ha CeroAHALINHHE JeHb B PU3HKe
MPOYHO YKOPEHWIACh KOHIEMIHA PeMKTOBRIX MOHOIIOE! . )

TaxuM 06pa3om, MOXKHO NPeACTABATH KOCMUYECKYIO pacy, CTo-
co6HYI0 cOOHPATh 3TH «IIePBHYHBIE MOHOTOAH», OCTABIUIMECH IIOCTE
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OU3UHA HEBOIMOHKHOTO

Bomsiltoro B3peIBa, IPU TOMOINH GONBIIONH MAaTHUTHO «CETH», pac-
KHHYTOH B OTKpPHITOM KocMoce. HabpaB J0oCcTaTOYHO MOHOMOAEH,
TaKas paca CMOXET CBOBOHO IETATh [T0 KOCMOCY, MOJIb3YACH TOILKO
CYIIECTBYIOLMMH BO BCEIEHHOH MACHHTHBIMH TOAAMH. YUUTHIBAA,
4TO MOHOIIO/H B JAHHHH MOMEHT BECbMa WHTEPECYIOT MHOTHX KOC-
MOJIOIOB, CYUIECTROBAHHUE TAKUX KOpabiiei, 6e3yCc/I0BHO, HE BXOAUT B
NPOTHEOpETHE ¢ COBPeMeHHbIMH PHINIECKUMH MPEICTaRIEHHAMMU.

HaxoHer], Mo:xHO OHTh YBePEHHBIM B TOM, YTO 1064 LIMBU-
NMU3ayunA, ciocofias pacchulaTh Mo BceneHHOW 3Be3A0ICTH, JaBHO
OBJIajie/1a HaHOTEXHOJIOTHSIMU. JT0 O3HAYaeT, YTo Kopabau Takoi
pacsl He 06A3aTeNLHO OYAYT OMCHD YK GOMBUIMMHU; 3aTO UX MOXKHO
pacebnaTs MWUTHOHAMH Ha IIOMCKH 1 M3yyieHre HaceleHHBIX IUTa-
HeT, Jlyqmumu 6azamu g9 HaHOKopabe# craiu 6bt, KOHEYHO, TIy-
CThiHHbIE AyHbl. Ecau ato tak, To v Ha Hamel JIyHe Korga-To nobul-
BaJIH, BO3MOKHO, IPEACTABATEN LHBIUIHM3auyH I Tuna, IpuMepso
KAaK paccKas’aHo B crneHapuu ¢uibma «2001», caMmoro peanuctid-
HOTO, NOXATYH, U306paKeHU BCTPEUH ¢ UHOILTAHCTHOR LHBHIH-
3anueil. Bonee 4eM BepoOATHO, Kopabib 3TOH [MBUIH3AUMY Gbin GBI
aBTOMaTH4eCKMM H oirycTwica 6sl Ha Jlyny. (BoamMoxkHO, mpoHaeT
eltje JIET CTOo, Mpex/ie YeM Mbl CMOKeM NPOCKaHMPOBAaTh BClo JIyHy B
MICHCKAX aHOMATHH M3NYYeHUA U 0OHAPYXUTh IpeBHHE CBHAETE b-
cTBa BU3HTOB HaHOKopabyel B Hamy COMHEUHYIO CHCTEMY.)

Ecmu vamy JIyHy B iponrioM e HCTBHTEILHO NOCEUIATH TIpe]-
CTABUTENH WHOH IMBWIH3AIMH HIH, CKAXEM, OHa AnasdeTcs 6azoi
HaHokopabael, To MOXHO LOHATE, odeMy HJIO He obsA3aTennHo
HMeroT bombliie pasMepsl. HekoTophbie yueHble OTBEPralOT CaMy
BO3MOXKHOCTb cynlecTBopaHHA HJIO TonbKO MOTOMY, 9TO OHM He
COOTBETCTBYIOT HY OAHOMY M3 FMTaHTCKMX PEAKTHBHBIX ABUTaTe-
JIeH, KOTOPBIE CETOAHA PEaNbHO pACCMaTPUBAlOT Halid WHXKeHe-
PHI, — 3TO HaBepHAKA He IPAMOTOQUHEIE AACPHEIE ABUTATENH, HE
TUTaHTCKUe TTapyca, ABMKUMBIE «1g3epPHBIM BETPOM», He MMITY/IbC-
HBIE TEPMOAACPHBIE KOPaOIH, KaskAbIH H3 KOTOPBIX MOXET JOCTH-
raTh HECKOJIbKHX KIIOMETPOB B nonepeydHke. HJIO BnonxHe MoxeT
OpITb pasMepoM C peaKTHBHBIH camoseT. Ho eciu Ha Jlyme cyue-
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BHESEMHBIE LHBUNIMIALIAW H NETAIOLIME TAPENIKN

CTBYET MOCTOAHHAA 6334, OCTABIIAACA C [IPOIWIOTO BU3HTA, TO MM U
HeobA3aTenbHO OBITh OONBIUIMMH; OHM MOTYT 6€3 TpyZa 3anpaBHThb-
cs Ha 6ase. Torza Ha 3emsle HabMIOARIOT, CKOpee BCero, aBTOMATH-
YecKHe KOpabuii-pa3BeRdHKH, CTAPTOBABLIHE ¢ IYHHOH Gasbl.

Y4UTHIBAA CTPEMHUTEIBHOE [IPOABIIKeHKe ITporpaMMe SETI i
obHapyXeHNe BCe HOBHIX BHCCOJHEYHBIX NAAHET, KOHTAKT ¢ BHe-
3eMHOH JKU3HbID — cYUTasd, pasyMeeTcd, YTO TaKoBasd CYlecTBYET
B Halmel Gmnkaiillell OKPECTHOCTH, — MOXeT OPOH3OHTH YKe B
3TOM CTOJIETHH, UTO 3aCTaBAAET OTHECTY TAKOM KOHTAKT K [ Knac-
cy HeBo3MoHocTH. EC/i B KocMoce AeiiCTBUTENBHO CYLIECTBYIOT
UHble [[HBWIM3ALHH, BOZHAKAET CEAYIONHHA OUeBHHLIH BOMPOC:
CMOKEM JId MBI KOraa-HuOyab aobpatbes 10 HUX? M Kak HacyeT Ha-
wero cobeTBEHHOTO OTAATeHHOrC 6yAyIero, xoraa ConHIle HauYHeT
PacillMpATbLCA H ToToBO OyaeT noraotutk 3emare? Heyxenn nama
cyapba JeHcTBUTENEHO TaM, CPEH 3Be3A?



0. spr3noneru

Henenad uges ewicTpeHTs B JlyHY — TPeKpPACHBIH IPHME] TOro, R0 KAKoro abrypra
MOXKET JOBECTH YIHLIX MOPOYHAS CIIEHHAAHIAUHAL... COBEPUIEHHO 04EBH/IHO, TTO 3TO
NPEATOKEHHE B IPRHIUIIE HEPeanusyeMo.

A, bukepToH, 1926 .

y4uas 4acTh YeNOBRUECTRA, 110 BCEH BEPOSTHOCTH, HWKOIAA He NOTHBIET, HO By et
NepecenfATeCd 0T COTHUA K CONHLY, 10 Mepe UX noracanyd. HeT KoHNa ®U3HH, KoHIA
PA3YMY H COBEPUIEHCTBOBAHMIO YeeBeKa, [Iporpece ero peven.

KoweTantun LHoakoBCcKHiH, 0Tel paKeTHOH TEXHUKH

OnHakael B ganexoM OyaylleM HAcTYIIUT Haml NOCAeIHHH CIIO-
KOUHBIA ZeHb Ha 3emne. Koraa-uubyap, Yepes MMAIHAPAH JIET,
HeGo BembIxHeT OrHeM. CONHIE BCMYXHET IUIAMEHHBIM IHAPOM,
byuryromumii ag sanoneut Hebeca, TeMmepaTypa Ha 3emie PesKo
MOACKOYHT, OKEAHBl BCKUIIAT M UCHAPATCHA, OCTABUB TOCke cebs
0OYIMIeHHYIO MCCOXIIYIO MYCThIHW. [OPhI OCTENEHHO PACTLIABATCA
M MOTeKyT NMOTOKAMH JIABH TI0 TeM MeCTaM, [Jle KOrJa-TO CTOSIH
MO/THBIE XHIHU rOpoaa.

3aKOHBI TPHPOJBI [OBOPAT HAM, YTO 3TOT MPAdYHBINA CIleHa-
puil — Hamre HeuzbexHoe Oyayiuee. Korga-Hubyap 3emus HOru6-
HeT B IUTaMeHH ¥ HyaeT nomouleHa ComHileM. 3T0 3aK0H IIPHPOIb,

Karactpoda nponzoitner B Tevenue DIKaHIINX 5 MIPA J€T.
B 3TOM kocMUYeckoM MacltiTabe pacuBeT U lTaJieHKe YeI0BeYecKux
LUBWIH3AIHA KaKeTCA KPOXOTHOH pAOBIO Ha [IOBEPXHOCTH OKea-
Ha BpeMeHH. Koraa-uubyab MBI JOKHEL yZeM TIOKUHYTH 3€MITK
W yMepeTs. M Koraa yeiosrd Ha 3eMile CTAHYT HEBHHOCUMBIMY,
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SBEINONETHI

4eJIOBEYECTBY, HALIMUM IIOTOMKAM, MPWAETCA YTO-TO MPEANPHHM-
Mmarb. Hro?

Marematuk u ¢uiocod Beprpad Pacceiul oqHaK/pl OCETO-
B, «<4T0 HH OrOHb, HU TePOM3M, HH CHIa MBICIH WIH YYBCTBA He
MOTYT COXPaHHTb }KH3Hb NOCAE MOTHITHL; YTO BCE TPY/H BEKOB, BCA
NPeAaHHOCTD, BCE BAOXHOBEHHE, BCA NNONYAEHHAA APKOCTD Ye/I0Be-
4ecKoro renus obpeyenst Ha rMOeIb B TMraHTCKOM noskape Coi-
HEYHOI CHCTEMBL; U BeCh XpaM AOCTIKeHUI Yelloreka ¢ Heusbex-
HOCTBIO OyZieT morpe6GeH noj pa3BaiMHAME BeeeHHoi. . . »,

U1 MEHS €r0 ¢/I0Ba — OfHO H3 CaMblX OTPe3RIAIONIUX Bhl-
cKasbIBaHWK. Ho Paccesut mican B Te BpeMeHa, KOTa paKeTHbIE KO-
pabiy cunTaNtUch HEBO3MOKHBIMH. CeroaHs mepcnekTUBa Korja-
HU6YB TOKHHYTD 3eMITI0 YIKe HE KKETCA CTONb PaHTaCTHYCCKOM.
Kapn Caran Kak-To 3aMeTH/, UTO HAM CJIeJOBaNO OBl CTATH «JBY-
NJIaHETHBEIM BUAOM». JKH3HL Ha 3eme cToNb JparoleHHa, CKa3al
OH, YTO ee CIeA0Bano 66l PACTPOCTPAHUTS o KpaiiHeif Mepe elie Ha
O/IHY IUTAHETY — Ha C/Iy4ai karacTpodbl. 3eMa ABHKETCA B «KOC-
MHY€CKOM THPE>», [TOJTHOM acTePOUAOB, KOMET U JPYTHX 00/10MKOE,
ApeiipyIOmMX HeAaNeKo OT e€ OpEUTHL. CTONKHOBEHHE C AFOGHM 13
HHX MOKET IPHBECTH K THbesn 4enoBevyecTsa.

I'psapyinue katacTpodbl

Toat PobepT PpocT 3agaBancsa BONPOCOM: kKakuM o6pasom norub-
HeT 3eMid, B IaMeHy WM BO JpAy? Mbl, 3Has 3aKOHBI TIPHPOAEL,
MOKeM YBepeHHo IpeAI0NIoKHUTh, KakiM OyaeT KoHel Myupa B CITy-
4a¢ €CTECTBCHHOHN KaTacTpOQHL.

Ecnu roBopuTE O THICAYEGAETHAX, TO OZHOH M3 OMACHOCTEH,
YIPOKAKOMMX HaLIeH UMBUIH3ALVH, RBNAETCA HACTYTIACHHUE HOBO-
o JIEAHUKOBOTO nNepHoja. [Tocnefnnii TakoH MEPHOA 3aKOHYKIICA
10 000 ner nasaa. Eime uepes 10-20 Toic. JeT, KOTJ|a HACTYIINT Clie-
AYIoWMH, 66mpiad vacTe CeBepHOH AMEPHKH MOXKET OKa3aThCA
noJ KHJIOMETPOBBIM CJI0eM /bAa. PaciBer yeoBeuecKoM IUBWIN-
3aUMM NPUXOANTCA Ha HEIHENTHEE HEAOITI0e MeXTeJHUKOBRE, KOTAa

2197



DUIHKA HEBOIMORHOIO

KJAHMAT Ha 3eMJe CTOUT HeoObIYaHO TerUIkIH, HO TaKas CHTYallUA
HE MOXKET MPOJCIKATECH BeYHO.

Eciy roBopHTE © MIWUTHOHEX JIET, TO KaTacTpodHuIecKuii 3d¢-
dexT MOKeT MPUHECTH CTONKHOBEHHE ¢ 3eMreil Kakoro-HuOY/Ib
KPYIIHOTO MeTeopuTa Wid komeTsl. [TocaeaHee nogoGHOE CTONKHO-
BeHHE UMej10 MecTo 65 MIH JIeT Ha3aj, Kor4a Ha nonyocTpos IOKa-
TaH B Mekcuke 00pyumica o6bekT npuMepHO 10 KM B onepeyHuKe,
Ha mecTe mageHns BO3HMK KpaTep AHAMeTpoM Okoao 300 kM. Pe-
3y/IbTATOM €0 CTalo BHIMHpaHWe AMHO3aBPOB — JOMWHHPOBAE-
ureit B To BpeMA Ha 3emie GOPMBI JKH3HH. B aToM Mactirabe BpeMe-
HH €llle 0AHO KOCMHMYECKOE CTOJIKHOBEHHE IIPEACTABIIETCS BITOIHE
BEPOSTHBIM.

Yepes HECKOMBKO MMITUAPAOB JieT CoMHIE, NOCTEeeHHO pac-
HPAACh, NOMIOTHT 3eMMo. Bosee Tore, 1o HaumM OIEHKaM, 3a
6mbxadurmii MuLIHapa et CoHIe pa3orpeercd IpuMepHo Ha 10%
H codoxer 3emmio. Yepes 5 mapy aet ComHlle IpeBpaTHTCA B Kpac-
HBIH I'MTMAHT M B NIpoLiecce 3TOH 3BOMIONHY TOTHOCTRIO TOIIOTHT
HAIlly IWIAHETY. 3eMIA OKAXKETCA BHYTPH aTMOchepH 3Be3/bl.

Yepes 10 mapa ser norubxyT ¥ ConHie, U rafakTika Mneu-
Hei# [TyTe. Hame ConHIe, Hcdepriag HakoHel, 3amackl BOAOPOSHO-
reJIMEBOTO TOIUIMBA, COXMETCS U TIPeBPaTHTCA B KPOXOTHBIH be-
NbIH KApIHUK; MOCTEIIeHHD 3Be3/1a OCTHIHET, M CO BpeMeHeM OT Hee
B KOCMUYECKOH MyCTOTe OCTAHETCS TOJIBKO YEPHLIH KOM AJEPHOTO
upiaka. lanakTuka Muevssiii [IyTh CTONKHETCA € cocelHel, ropas-
Ao Donee KpynHoi, rajaktikoit — TyMaHHOCTBH) AHAPOMEZBL.
CnupanbHble pykaBa MiaeuHoro [IyTm OyAyT oTOpBaHBl, H Halle
CoJHIle, BIIOJIHE BO3MOXHO, OYACT BHINBEIPHYTO B HyCTOTY KOCMO-
ca. YepHble ALIPHI B UEHTPaxX 0OEHX ralaKTHK, CIUIACAB TaHell cMep-
TH, B KOHLle KOHHOB CTOMKHYTCA U CONMBIOTCSA BOETUHO,

WTax, yeTaHOBIEHO, YTO YeI0BeYecTs0 A0/IKHO KOTAa-HiRby b
MOKHHYTb COMHEUHYI0 CHCTEMY U II€PeCe/TheA K COCeJHUM 3BE3-
AaM uian norubHYTE, OCTaeTCA BOMPOC: KaK Ty4a nonacts? o 6/a-
Ka#iied K HaM 3Be3;sl, Anbdul [lenTaBpa, 6onbue 4 ¢B. aet. Tpa-
AULMOHHBIE DAKETH C XMMHIECKMMH DEAKTHBHEIMU JBUTrATELAMHU,
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3BEIRONEThH

paboune nMomagxkyd HHHeIHeH KOCMUYeCKoH MpPOrpaMMH, C TPY-
ZOM pa3BUBAIOT CKOPOCTh J0 18 kM/¢. C 3TOH CKOPOCTHIO eTETE
no Gmpxaifinei 3pe3gs: npunuiock 6e1 70 000 eT.

AHANM3UPYA KOCMHUYECKYIO IPOrpaMMy, HeNb3A He OTMETHTD,
YTO MEXAy HAIMMHU CErOAHANHUMY BO3MOXHOCTSAMH M XapakTe-
PUCTHKAaMU HACTOAIETO 3BE30METa, KOTOPHE TIO3BOMIA Obl HAM
Ha4yarh HUCCAeoBaHve BceleHHOH, CyliecTByeT TpoMajiHas mpo-
nmacts. [Tocste Toro kak 8 Hadane 1970-x rr. 3aKOHYMIOCH HCCTE0-
BaHue JlyHbl, Hallla THAOTHPYeMasd nporpaMMa IpefycMaTpraBaia
paboTy acTpoHaBTOB Ha opbuTax He Bhie 500-600 KM Ha WwaTTIax
H MexayHapoaHoi kocMudeckoi cranuuu. OaHako B 2010 1. NASA
[UIaHUPYET NMPEeKpaTHTh MOJETH MIATTIOB M CO3JATh BMECTO HHX
KOCMHYeCKHil kopabib «QpuoH»; 3TOT ke Kopabib Jo/mkeH Oyzer
K 2020 r. cHOBa — NOCKE NIONYBEKOBOTO NEPEPHIBA — AOCTABHTE
acTpoHaBsToB Ha Jlyny. [TnaHMpyeTca OpraHu30BaTh Ha JIyHe MocTo-
RHHYIO 06uTaeMylo 6asy. [Tocie 3TOro, BO3MOXKHO, GyzeT oTnpasie-
Ha [WIOTHpyeMan sxcneanius K Mapey.

O4eBHZHO, eC/IM ME XOTHM KOTAa-HUOYAB 100paThed A0 3Be3],
HaM NoTpebYIOTC PaKeThl COBEPIIEHHO UHOrO THIA, HeobxoguMo
PaAUKANIBHO YBEIMYHTD JUO0 TArY HAWIMX ABMraTened, nubo spe-
MA px paborsl. K mpuMepy, KpyliHas pakeTa ¢ XUMHYECKUMHE JBU-
raTeNsIMH MOXKET 06/1aJaTh TAFOH B HECKO/BKO THICAY TOHH, HO pa-
00TaTh OHa OyAET BCero HEeCKOIBKO MHHYT. M HaoBopoT, pakera ¢
ABHraTeseM Apyroro THIla, HapUMep MOHHHIM (OH GyaeT onucan
YyTh HHKe), XOTA 1 obnagaet Hebonplol Tsarodt, 3ato paborats B
OTKPBITOM KocMoce crioco0Ha rogamu. Tam, rae pedb ueT O paxe-
TAX, Yepenaxa Bceraa 00roHMT 3aiia.

AoHHBIE 1 M1a3MeHHBIE ABHATATEIN

B oTaMyHe OT XMMHYECKHX PEAKTHBHBIX ABHTaTeNeH, HOHHbIE He
MPOM3BOJAT BHE3AIHOT'O H 04eHb 3Q¢$eKTHOro BEIGpOCa pacKaneH-
HbIX Ta30B, KOTOPbIe, COGCTBEHHO, M TONKAOT TPAAULIMOHHBIE Pa-
keThl. VX TAra 065IYHO n3MepAeTes He B TOHHaX, a B rpaMMax. Ecan
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OH3KRA HEBD3MOMHOIO

TaKo¥ JBUCATe/Ib Ha 3eMJIE TIONIOXKUTH Ha CTOJ, Y HET'O HE XBATUT CHJI
CABMHYTBCS ¢ MecTa. Ho Bee, 4TO 3TH ABHIaTeNy HeAoBUPAIOT B TATE,
OHM Gosiee YeM KOMIEHCHPYIOT HPOAOKHATENBHOCTBIO paboTh;
B BAKYYMe OTKPBITOr0 KOCMOCa OHM cnocobHH paboTaTh rogamul.

TunuYHBIN HOHHBIH JBHTaTelb HAIOMUHAET BHYTPEHHOCTD
TeIE€BU3HOHHOK TPYOKH — KMHECKOITa. 3JEKTPHIECKHH TOK paso-
rpeBaeT HUTb, KOTOPAA, B CBOIO 04Yepeib, CO34AET NMOTOK MOHHU3H-
POBaHHHIX aTOMOB, HallpMMEP, KCeHOHA, KOTOPble 3aTeM BhIGpA-
CHIBAIOTCA Yepe3 COILIO. BMeCTO CTpyH packaNeHHOro, B3PEIBHOTO
raza HOHHHIH ZBHTaTeJb BRIOPachBaeT C1abrlil, HO NOCTOSHHBIA
[OTOK HOHOB.

B 1998 r. NASA mnpoBe/o ycrmelHBIM 3alycK 30HAA «/JHIT
Crieiic-1» ¢ vonHEIM ABUTaTeneM NSTAR Ha 6GopTy; aTOT ABUraTeh
npopaboTal B 06LIel CII0KHOCTH 678 CYTOK, YCTAHOBUB TEM CAMBIM
HOBBIH pexopy. EBponefickoe KOCMMYECKOe areHTCTBO TAKKE IPO-
BeJIO MCTIMTAHKA MOHHOTO JBMraTela Ha 60pTy AYHHOTO anmapara
SMART-1. Ha ANOHCKOM KOCMHYECKOM 30H[e «Xagfyca», KOTOPHIH
cOIMBKICA € ACTEPOHAOM, IPOH3BE 10CA/KY Ha HEeTo U 3a60p TPYH-
Ta, pabOTalH 4eThipe KCeHOHOBLIX MOHHHBIX ABMraTend. Boobiie,
HOHHBIN ABUraTeNb 10 XapaKTEPUCTHKAM BBRIIIAZUT He OAeCTAINE,
Ho criocofeH 0By uBaTh AalbHEE (M 1e CTUIIKOM CIIeIIHbIC ) IKC-
NeAUIHH K APYTUM ITaHeTaM. Bo3MoxXHO, koraa-HHOY b HOHHBIH
ABUTATENh CTAHET HEMPUTA3ATENBHOH pabouelt oagkof Mex-
ILTAHEeTHOrO TPaHCIOPTA.,

IlnasMeHHBIA ABUraTend mpeicTapader cobodl Gonee mor-
HYI0 BEPCHI0 MOHHOTO. B KavecTRe IIpHMepa TAKOTO JABHTATEN%
MoxkHo Ha3eaTh VASIMR (variable specific impulse magnetoplasma
rocket — MarHHTOI/IA3MEeHHAA PAKeTa ¢ HepEMeHHbIM YACALHAIM
HMIYJIBCOM); A/TA pa3rOHA B KOCMOCE B HeM MCTIONB3YETCA MOUTHEIH
MOTOK [1a3Mbl. ITOT ABHUIATE/IbL pa3paboTal aCTPOHABTOM U HHKe-
HepoM DpanxkmiHom Yadr-Jracom. BoAopox B HEM Pa3orpeBaeTcs

! Ewe oaHUM JOCTOMHCTEOM HOHHOIO ABHTATENd MO CPAaBHEHHIO ¢ XMMHUe-
CKHM, O KOTOPOM aBrop OyAeT rOBOPHTE HUXE, ABAAETCA O2eHE BRICOKOE npl-
paiietre MMNY/ILCA PaKeThbl HA EAHHHLY MACCH H3PACXOA0BAHHOID padouero
Tena. — flpum. nep.
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JBESNONETHI

[0 TEMIEPATYPH B HECKOJIBKO MIWLUIHOHOB I'PaAyCOB IIPH TOMOIIIH
PaAHOBOJIH U MATHHTHLIX ToIeH. OYeHb ropsAdas [wiasma Bei6pach!-
BaeTCA 3aTeM YepPe3 COIUIO PAKETH], PA3BHUBAs NPH 3TOM 3HAUNTENb-
Hy10 TAry. Ha 3emne IpoTOTUIIBEI TAKMX ABHraTeAeil YKe cozaaHb 1
HCTIBITAHBL, HO B KOCMOC HH OMH M3 HUX ellle He JieTak. HekoTopsie
HHKEHEPH! HAeIoTes, YTO [U1a3MeHHBIA JRUraTe/ih MOXHO Byger
MCIIONB30BATh NIPH CO3ZARWM Kopabia Aad skcleadup Ha Mapc;
3TO MO3BOJIMIO OH CYLIECTREHHO, 0 HECKOMBKUX MECATIER, COKPa-
TUTE BPEMA B NyTH. HeKoTopble pa3pafioTu NpeiaraoT UCoib-
30BaTh JIA Pa30TPeBa MAa3Mbl B IBHFaTelle CONHEYHYIO SHEPIUIO.
JlpyTHe nipeanonaraiT HCNoIb30BaTh SHEPTHIO AACPHOTO pacnaja
(Npu 2TOM, ECTECTBEHHO, BOBHUKAIOT JOMOMHUTENbHEIE IPOGIEMBI
6e30MacHOCTH — Be/lb NPHAETCA OTNPABAATE B KOCMOC GOMbIIOE
KOJIHYECTBO AePHBIX MATEPUANIOB, 2 KOCMUYECKHE alliapaThl TIOj-
BepKeHbl BCAYECKUM CIYMAlHOCTAM).

Ho Hu y MOHHOTO, HU Y IIA3MEHHOTO JBUTATEII He XBATHT
cuil, 9ToOH AOCTABHTDL HAc K 3Be3zaM. A sToro notpebywres pe-
AKTUBHEIE ABUraTeTy, OCHOBAHHHE HA COBEPUIEHHO MHEIX NMPHH-
yunax. OpHa M3 cepbe3HHIX npofineM mipu paspaboTKe 3Be3fo-
JeTa — 3TO 4y/[OBHIIHOE KOJHYECTRO TOIIUBA, HEOOX0AUMOoe s
nyTelecTBUs Aaxe K 6mmxaidiiedt 3pesse, ¥ 60/BIIOH IPOMEXYTOK
BpeMeHH, KOTOpH# noTpedyeTes Ha 9T0 MyTeLIeCTBHE,

ConsHeyHble napyca

CosMHeUHBIM Napyc — wjesd, KoTopad Mora Okl pelinuTs MHOTHE
npobieMtl. B ocHose ee JIEXHUT TOT QakT, YTO CONHEYHBIX CBET
OKa3klBaeT 04eHb HeboablIoe, HO NOCTOSHHOE AaBjAeHHe, JOCTa-
TOYMHOE /UIA TOTO, YTOOHI HECTH CKBO3b [IPOCTPAHCTBO IPOMAaZHBIN
napyc. Haes conteynoro napyca He HOBa, OHA HPHHAMIEKHT Be-
AUKOMY acTpoHoMy HoraHy Kertepy u HazoxeHa BITCpPBHIE B €0
TpakTarte «CoH» 1611 1,

Vines Gasupyercs Ha JOCTATOYHO NPOCTRIX 3aKOHAX, HO pas-
pafoTKa peajibHOTO COMHEYHOro Mapyca, KOTOpPBIH MOXKHO GBLUIO
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6Bl 3aNYCTUTH B KOCMOC, LUIA MEANEHHO M KaK OYATO DHIBKAMM.
B 2004 r. anoHckas paxera yCHellHO JO0CTaBWIA B KOCMOC ABa He-
OOABUIMX 3KCIEPUMEHTANBHEIX COTHEYHHIX mapyca. B 2005 r. ITna-
HeTapHoe ofmectBo, koMmnaHHd «Kocmoc Crynoc» u Poccriickas
AKAEMHA HayK 3aNlyCTWIH € NOABOAHOM oKy B Bapernesom Mope
KOCMU™eCKUE napyc «KocMoc-1»; K HeC4acThIo, pakeTa «BosHa», Ha
KOTOPOIi OH Haxopwicd, fana cOol ¥ annapar He Bhilles Ha OpOu-
Ty. (IlpeApAymias MOMBITKA 3aMyCTHTh CyBOpOUTANEHBIN Dapyce B
2001 r. Taxxe nortepnena Heysauy.) B despane 2006 r. AnoHcKas
pakeTa M-V ycneurHo BrBesIa Ha OpOUTY MATHAAUATUMETPOBEIH Iia-
Py¢, HO PACKPBUICA OH HE MOJHOCTBIO?.

ViccnenoBaHus v aKCIIEPUMEHTH B 061aCTH CO3AaHMS COTHEY-
HOFO Tapyca NpPOABUIalTCA YKACHO MEAACHHO, HO eI0 CTOPOHHU-
KM YXe IPeJIOKIIN HOBYIO WAel0, KOTOPAad Moria 65l TpUOIH3HTD
ueoBeKa K 3Be3faM. [IpeAnaraeTca nocTpouTs Ha fiyHe rpomag-
Hy1o H6araper Ja3epoB, KOTOPHIE MYCKaTHd OB MOIIHBIE JIVIU B COJI-
HeyHbIH [apyc; 3T0 No3BOMWIC Dbl eMy JonieTeTs g0 Oinxaimen
3Be3fipl. [lapaMeTpHl MEX3BE3THOTO COAHEYHOIrO IIapyca IMpOCTO
iyraoT. CaM 1apyc A0/DKEH COCTABIATh HECKOIBKO COTEH KWIoMe-
TPOB B NIOIIEPEYHHKE, & COOPYKATh €TI0 HYKHO HEMPEMEHHO U 1O
HOCTBIO B OTKPHITOM KocMoce. Ha JlyHe npumnock Gu noCTponTh
THICAYH MOLIHEBIX JIa3€pOB, CIIOCOOHBIX paBoTaTh roflaMM M Jaxe
JecATIeTUAMH. (I1o 0HOM U3 OLIEHOK, KDKABIH U3 TAKHX J1a3epoB
AOJDKEH B THICAYY Pa3 NIPEBOCXOAHNTD 110 MOWIHOCTH U3/IYYeHHA BCIO
CEerOJHANIHIOW aHeTY 3eM1A.)

TeopeTryeckH rHraHTCKUE COMHCYHBIH NApyCc MOYKET DA3BHTH
CKOPOCTb J0 IIOJIOBUHBI CKOPOCTH cBeta. Kopabiio ¢ TakuM mapycoM
Ha JIOpory A0 OmmKaHIIAX 38e37 NOTpeboBaioch Gl BCETO OKOJI0
BOCbMH JIeT. JIBIKHTEL HA 3TOM IPHHLUMIIC XOPOI €Il U TEM, YTC
BCe er0 NMPUHIMIILI YKe H3BECTHHI. ZiiA ero coafanus He Tpebyerca
OTKPHIBATh HOBHIX QH3UYECKHX 3aKOHOB. 3aT0 B [IOMHLIN POCT BCTAIGT

OH3IKKA HEBO3MOHHOTO

? Eme oAWH conHeuHbH napyc, coscem Heboablloi, 6B 3alylued B aBrycTe
2008 r. Ha YaCTHOH aMepHKaHCKOH paxeTe «Pankos-1». ¥YBbI, M 3TOT [YCK 3a-
KOHYMIICE apapHeit! — [Ipum nep.
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Apyrue npobneMsr — ¥ 9KOHOMUYECKHe, H TeXHIIecKkre. Coopyxke-
HHE Mapyca NoNepeYHHKOM B HECKOIBKO COTEH KIIOMETPOB, A TAKKe
CTPOMTENLCTBO Ha JIyHe THICAY MOLIHBIX 1a3epOB MPeACTaBISIOT CO-
601 04eHDb CePLE3HYI0 UHIKEHEPHYIO IpobaeMy — U HeoOXoauMEbIe
AT peain3aliMi IPOeKTa TeXHOMAOFHH MOABATCA, BOSMOMKHO, €Ile He
ckopo. (InapHaa npobneMa MeX3Be3/JHOTO COTHEYHOro mapyca —
BO3BpallleHHe Ha3agd. UTo6sl mpuBecTH Kopabaer ofpaTHO K 3eMIe,
TIPUAETCA CTPONTD HaJTyHe Y 3Be3bi-1ieNiv BTopylo 6aTapero iasepos.
Wnu coBepnTh 0K0A0 3TOH 3B€37EI CTPEMUTENbHDIH rPaBHTaLHOH-
HbIH MaHEBP, KOTOPHIH oMOXeT HabpaTh cKopocTb A1 00paTHOro
myTH. Toraa siasepsl Ha JlyHe MOHO OyeT HCNoMb30BaTh AN TOPMO-
JKEHHA napyca, YTobol kopabik MOT CIOKOHHO CeCTh Ha 3EMITIO.)

IIpAMOTOYHBIN TEPMOSAAEPHBIN JBUTATEND

JIAYHO MHEe CaMbiM IIEpPCTEKTHBHAIM ABMKUTENEM AMA [yTelle-
CTBUA K 3Be3/[aM MMpeACTaBIAeTcd NPAMOTOYHBIH TepMOosepHBIH
Asuratenn, Bo BeesieHHOH Gonple 9em JOCTATOMHO BOAOPOAA, TAK
4T0 KOpabib C TAKMM ABUrareaem Mor 651 cobHpaTh BOIOPOA —T. €.
TOIVINBO ~— TIO [TYTH, B NIPOLECCEe ABHKEHHA B OTKPHITOM KOCMOCE.
Tlo cymecTBy, ¥ Takoro ABHraTes 65 6Bl HEHCTOMMMEIH H BCETAA
AOCTYIIHBIH MCTOYHHK TOILINBA. CoOpaHHBIH BOAOPO/ 3aTEM Harpe-
Bancs OBl 10 HECKOABKHX MH/UTHOHOB IPajgyCcoB — JOCTATOYHO /IS
TEPMOA/IEPHOI'0 CHHTE3a — M BLICBOOOKAAN SHEPTUIO.

IIpHHLUI TPAMOTOYHOTO SAEPHOIC ABHTIATENA TPELIONKHI
B 1960 r. ¢pusuk Pobept Byccapy; nosxe ero nomynspusaumeil 3a-
HuManca u Kapn Caral. Byccaps paccuurtan, 4TO IPSMOTOYHLIA
TepMOAAEPHEIA ABUraTens BecoM okono 1000 T mor 611 TeopeTH-
YecKH MOAAEPHUBATh TIOCTOSHHOE YCKOpeHue, pasHoe 1 g, T.e.
CPaBHHMOe C AeHCTBHEM 3eMHOH cisl TAKecTH. [lpeacrasum, 4To
TAKOC YCKOPeHHe TOIeD;KUBACTCA B TeUE€HHe Iofa. 3a 3To Bpems
Kopabnp pasToHUTCA A0 77% CKOPOCTH CBETA; TOrO YXe BIOJHE
JOCTATOYHO, YTOOBl BCEPLE3 PACCMATPHBATE MEPCHEKTHBB MEX-
3BE3AHBIX MyTEWeCTBUM.
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OUIHKA HEBOIMOIKHOTO

MCTIBITAIM B BEPTUKAMBHOM, 4 HE B N'OPH30HTAIBHOM JTOTOKEHHH.
B 1968 r. oH 611 3aMyILEH Ha CTEHAE COTUIOM KBEPXY.

Pe3ynbTarhl 3THX HCCIEZOBAHMH OKa3amWch BeChbMa CIOP-
HbIMK. PakeThbl MoMy4anuch Ype3BBIMAHHO CTOKHBIMH, U MCIILITA-
HHA YACTO 3aKaHYHMBAINCH Heygadel. B guepHoM JBHrareie Bos-
HUKATH OYeHb CHIbHEIE BHOpAIMY, 0BOKOYKH TEIUTOBBIAEIAIONIIX
cOOpOK JONaNKCh, M paKeTa pa3Rasueanack. JpyToi nocrosuHoM
npobnemoii GbLTa KOPPO3Ks K3-3a FOPEHHA BOAOPO/IA TIPU BBICOKOHN
Temnepatype. B koHlle KoHIOB B 1972 r. gaepHad pakeTHas Ipo-
rpaMma OkL1a 3aKphITa.

(¥ 3THX aTOMHBIX paKeT ObLia U etie ogHa mpo6ieMa: omac-
HOCTb Hayasaa CaMOTpPOH3BONbHOM AZEePHOH peakluH, uto Obuio
6B 3KBUBAJIEHTHO B3PbIBY HeOOMbIIOK aToMHOM GoMEEL. Ha aToM-
HbIX 3MeKTPOCTAHIHAX CeTOAHA ALePHOE TOIMBO IPUCYTCTBYET B
HeBOoIbIION KOHIIEHTPALMH, H OHH HE MOTYT B30PBaTheA NOJOOHO
XHPOCHMCKOH HoMOe. A BOT AZlepHBIE DAKETHBIE IBHTATE/H 15 110~
Jy4€HUA MAKCUMAaJbHOW TATH pabOTaNH Ha BRICOKOOOOTAIIEHHOM
ypaHe, ¥ IIOTOMY B HWUX MODIA B TPHHIHKNE RO3HUKHYTH 1IE€NHAadA
peaKIus W, COOTBETCTBEHHO, aTOMHEIN B3pbIB. [leped cambiM 3a-
KPBITHEM [IPOrpaMMBl y4eHble eI [POBEeCTH elle O4HO, I10-
¢J1eAHEE HCIBITAHWE — MONBITATHCA B30PBATh PAKETY KaK ATOMHY0
6omby. OHH yAamwIM U3 PeakTopa BCE YHPABRIAINIME CTEPKHH,
KOTOpble MOMOTanT YACPKHBaTh PEAKUMIO [0J KOHTpOgeM. Pe-
aKTOp NMOCTYINHO Iepee] B CBePXKPUTHYHOE COCTOIHHE H B30p-
Ba/lcAd AIPOCTHBIM OTHEHHLIM 1APOM. DTOT BNEYATIAIOIWNH KOHel
TIPOrpaMMEI O paspaboTie saepHEIX PAKETHBIX ABUTATENEH JaXkKe
3aCHAMHM Ha IVIeHKyY. Pycckue 6pUTH HeZOBOABHEL. OHH COWIM 3TY
BBIXOAKY HapylneHueM JloroBopa 0 4acTHYHOM 3aNpellleHHH A1ep-
HbIX HCTIBITAHHH, COMIACHO KOTOPOMY BCE B3DBIBE aTOMHHIX GOMO,
3a UCKTI0YEHHEM NOA3eMHBIX, HAXO/AIMCh [I0Z 3aTIPETOM. )

Bpems oT BpeMeHH BOEHHEBIE BO3BPALIAIOTCA K Hee AAepHOH
paxeTtl. OAUH U3 CeKpeTHBIX [IPOEKTOB TAKOrO POAa HA3LBaACHk
«TumbepBrHA» U 6pul B 1980-X IT. 4aCTbIO BOEHHOW MPOrpaMMBl
«3Be3AHBIX BOHH». (OT HEro OTKa3alHCh MOCIe Toro, Kak deaepa-
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3BE3NONETLI

UMA aMEPHUKAHCKUX YIEHBIX OIyOTUKOBAIA MHGOPMALIHIO O ero Cy-
ECTBOBAHHH. )

I'naBHan npobrema AREPHBIX PAKETHHIX ABUrarenel — bes-
OTIACHOCTS. Jlaxke Tereps, yepes NOABEKa LoC/Ie Havala KOCMHYe-
CKOW 3phI, 32YCKM paKeT HA XMMHMYECKOM TOIUIMBE HUHOTAA (NpH-
MepHO B 1% cnydaeB) 3akaHIMBaOTCA KaracTpodudeckH. (Mubens
KOCMHYECKHX YeJHOKOB «YesneHmxep» U «Koaymbusa», Ha KOTo-
pPBIX HAlUIH CBOIO CMEPTh 14 acTpOHABTOB, TalXKe MOATBEPHAAET
3Ty CTATHCTKY aBapHii.)

Tem He MeHee HeCKOBKO eT Haza NASA Bo30GHOBIIIO HCCe-
AOBAHHA IO AZePHOH paKeTe — BIepBLIe Nocse nporpaMmsl NERVA
1960-x. B 2003 r. NASA okpecTw10 CBOIt HOBbII PoekT [ [poMeTeeM»
B YECTb 'pedeckoro 6ora, JaBliero YefoBeYecTBy oroHb. B 2005 T.
Ha nporpamMmy «[IpoMeTeii» 6bu10 BhAENEHO 430 MITH JIOJUT., HO YKe
B 2006 I. dxHaHCHpoBaHKe ObLIO Ype3aHo a0 100 muaH fomwt. B Ha-
CTOAIMHI MOMeHT Gylyiiee 3TOro MPOeKTa HEACHO®,

HWMnynbcHBIN A/1epHbBIH IBUTATEID

Eme oAHa TeopeTHYecKas BOIMOXHOCTb -— MCNOAbL30BATH B Ka-
“eCTBE ABIKHTENA CEPHIO AAepHbIX MUHU-GoM6. K npumepy, npo-
eKT «QPHOH» HPeAyCMaTPUBAT MOCAeJ0BATENbHOE BHIOpAachiBaHHE
HeOGONMBUIMX TepMOAAEPHBIX 60ME mo3agu Kopabias, YTo0bl OH MOT
«OCE/IaTh» yJIApHYK BOMHY OT HX B3pPhiBOB. TeoperHyecKH Taxas
CHCTeMa MOXeT Pa3soTHATBH KOCMHMYECKWI Kopabmb A0 CKOPOCTH,
61M3K0M K cKopocTH cBeTa. Haelo Takoro kopabns eriepBeie BbICKa-
3an B 1947 r. CraHucIaB YaMm, KOTOPBIH Y4aCTBOBAI M B pa3paboT-
Ke MepBLIX BOAOPOAHKX 6oMG; moaxe ee pazprm Te/ Teinop, oHH
H3 TIABHBIX pa3pabOTYMKOB sLAEPHBIX HOEroMOBOK U1 aMePHKAH-

* B cymHoctH, «[IpoMeTeli» co3gasaca noJ efJMHCTEEHHLIH KOCMHYeCKHIT Tpo-
erT Tawesnod AMC Kk cnyTHRKaM IOnuTepa, K HACTORIWEMY BPEMEH#H yiKe QT-
MeHeHHbIH. QaktHYecku B 2005 duHaHcoroM rogy npoekr «[IpomeTreii» no-
AYYHA TONLKO 270,3 MaH, B 2006-M — 56,5 M, a B 2007-M — 5,5 MaH fona.,
[MOche Yero mpexpaTis CYUECTHOBaHMe Kai caMaCTOATeNbHaa pa3paboTt-
ka. — Ipum. nep.
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DUIUKA HEBOIMBMHOID

CKMX BOEHHBIX, ¥ QusHK ®pumeH Maticon u3 MHcTuTyTa nepenex-
THBHHIX Becile oBaHui B [IpMHCTOHE.

B xoHIle 1950-x 1 B 1960-X I'T. 6BLAH MPOBEAEHH! TIIATEILHEIE
pacyeTsl /i MEK3EE34HOTro KOpabist, OCHOBAHHOTO Ha 3TOM IIPHH-
e, CorMacHo NOMyYeHHAIM OLeHKaM, OH MOT OB 3a TOA CJI€TATh A0
I[InyToHa U 06paTHO, ZOCTUTHYB IIPH 3TOM CKOpocTH B 10% cKOpOCTH
cperat. Ho gaxe Ha Tako ckopocTH jfo Hnmxadieil 3ge3asr Ipu-
HUI0Ch OBl TeTerh 44 T0/1a. YUeHvle paccMaTpHBATH BAPHAHTHL, KOT/Aa
KOCMUYECKHH KOBYEr ¢ TAKUM ABHXMTEACM JeTel OB B KOCMOoce He-
CKOJIBKO CTOJIETHI; B OKMITAKE CMEHAIVCH OBl TOKOMEHUA, H MHOTHM
MPHILTOCE 6L TPOXHTD BCIO JKU3HDb B 2TOM ABHKYIIEMCA MHDKe,
Yrofbl HX TOTOMKH MOT/H ZoOparThes 10 On3nexamux 3gesy.

B 1959 r. komnanua General Atomics BEIMyCTHAR JOKIRJ, B
KOTOPOM NPOBEJIA OUEHKY pa3mepor Kopalia tuna «OpHOH». Ca-
MBI} KpYIIHbIH BAPMAHT, HA3BaHHBIM B JJOKIaje «CyIep-OpHOHOM»,
JO/DKeH OB BECHTh 8 MITH T, KMETh fuaMeTp 400 M # IBHPaThCA Ha
yAapHOH BosiHe 0T Oosee ueM ThiCAYH BOAOPORHBIX HaME.

[maBHad mpobnema, CBA3AHHAA C 3THM TIPOEKTOM, — BO3-
MO;KHOCTB 3apaXeHMA palioHa CTapTa AACPHBIMH ocagkaMi. [lo
orieHke JlaiicoHa, AAEPHBIE OCAAKHM OT KKAOT0 3AITYCKA MOTYT Bbl-
3BaTh cMepTelbHylo GopMy paka y AecaTy Yenopek. Kpome Toro,
3MIEKTPOMAarHHTHEIH HMITYIIBC OT B3PEIBA TaK Be/IMK, 4TO HENTPEMEH-
HO BhI3BAJ 6Bl MACCY KOPOTKHX 3aMBIKAHKH B PACTIONOKECHHBIX He-
NIOAANEKY eKTPUYECKUX CHCTEMaX.

[Toamucanre B 1963 r. Jlorosopa 0 4aCTHYHOM 3aTIpelIeHHH
AZEPHBIX MCTBITAHMHA CTAIO TOXOPOHHBIM 3BOHOM M0 3TOMY Mpo-
exty. Co BpeMeHeM ¢Aajics Jaxke IMaBHbIH €T0 CTOPOHHMK, pazpa-
6orauk sgepubix 60M6 Tex Teitnop. (OH ogHAM/IH IPU3HANCS MHE,
YTO CKOHYATENBHO PazcuapoBaicd B [IPOeKTe, KOAA IMOHA, YTO
TEXHHIECKMMH HapaboTKaMHu nojo6HOTO MPOEKTa MOTYT BOCIIOND-
30BaThCA TEPPOPHCTH A/ CO3AAHHA HOPTATHBHEIX ATOMHEIX GoM6.

* Kpalise COMAYTEIbHO, TAK KaK Ha TAKO#A ckopecTy o [11yToHa BCEro ABOE Cy-
TOK JIETY, & NIPH PABHOMEPHOM Pa3rOHE H TOPMOKEHHH -- HETBEpO. — [TpuM.
nep. .
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[IpoeKT GBLT 3aKPHIT KaK CIHLIKOM ONACHBIM, HO €ro UM 1poaon-
KaeT XUTh B Ha3BAHMH KOCMHYECKOTO KOPabist «OpUOH», KOTOPEIM
NASA mianupyet 8 2015 1. 3aMeHHTh KOCMUYEcKUe YeTHOKH.)

B 1973-1978 IT. koHUENLHA 3B€3J0AeTa C AAEPHEIM JBH¥H-
TEJIEM HEeHARoAre BO3POZHIACh B HNPOeKTe «Jleaan» BpHTaHCKoro
MeKIulaHeTHoro obujecrsa. [IpoekT npeacraBiwt coboit npeapa-
PUTEIbHOE MCCAEA0BAHHE BO3ZMOKHOCTH MTOCTPOHKK HeCHIOTHO-
ro xopabns, crocobHOTO FOCTHYL 3Be3bl BapHapaa — ee oTaenserT
OT 3eMJIH paccTosHUe B 5,9 cB. roja. (3Be3ga bapuapaa 6buia BhI-
fpaHa B KayecTBe IeH IOTOMY, YTO MPEANoNAaraioch HaTHIHe BO3-
ne Hee wiaHers. € Tex nop acTponomsl Jxun Taptep u Mapraper
TEpHGYLN COCTABUITH CITMCOK M3 17 129 He CAHIIKOM AANEKUX 3BE3/,
BO3JIE KOTOPHEIX MOTYT OKa3aTbCA NMPHUIOAHbIE IS *KM3HK ILTAHETHI.
Camplii MHOTOOOeIaOIMH kauauaaT — ancwiod MHgeiina A —
HAXOAWTCA OT Hac Ha paccTosiHu# 11,8 ¢B. roga.)

PakeTHblli kopalas 1o IpoeKTy «Jegan» 0Ka3anca TAKUM Tpo-
MaAHbIM, YTQ CTPOHTE €70 NPHUILIOCH 5'!:1 B OTKPI:ITOM KocMoce. Ona
AOMKHA ObUIa BecHTh 54 000 T (I10YTH BECh BeC — PaKeTHOE To-
IUIMBO) ¥ MOIIa PA30THATLCH A0 7,1% CKOPOCTH cBeTa, HECA Ha cebe
NOJIe3HYIO Harpy3Ky BecoM 450 T. B oTimume ot npoekta «OpHOH»,
PacCYHTAHHOIO Ha UCHOAB30BAHHE KPOXOTHBIX aTOMHLIX Bomb,
NpoeKT «Jlefas» IpeJycMaTpUBAN UCIIONB30BAHHE MUHHATIOPHBIX
BOZOPOAHHX 60M0 cO CMEChI0 AeHTepHa U relda-3 K CHCTEMOI 3a-
WUTAHUA TP TOMOMNIH 2IEKTPOHHMIX Aydeil, Ho orpoMHBIE TeXHH-
Yeckue 1pobneMsl ¥ ONaceHus], CBA3AHHBIE C AAEPHBIM /[BIDKUTE-
JIeM, TIDUBEJTH K TOMY, UTO IPOEXT «Jlefan» Taxkxke GbUT OTACKEH HA
HeonpegeIeHHOE BpeMA.

YesbHbIE UMITybC ¥ 3¢ heKTUBHOCTD ABUTATEIA

Ec/iM HY3HO CPaBHUTD 3¢ )eKTUBHOCTE PA3THUHBIX THITOB ABHTraTe-
niedt, nkeHephbl 00BIYHO roBOPAT 00 YAeTLHOM UMITY/IbCE. YANBHbIH
UMITYZbC ONpeAeaeTcd KaK HaMeHeHHe HMITY/Ibca Ha eIHHULY Mac-
CBl M3PACXOAOBAHHOrO TOIUIMBA. TakumM ofpasoM, yem adexTHBHEE
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ABHraTesib, TEM MeHbllle TOIUTHRA TpebyeTcs JUIs BHBOAA PAKETH B
KocMOC. MIMITY/Ibe, B CBOIO OYepesb, eCTh Pe3yNbTaT AeHCTBHA CHILI B
TeyeHHe orpe/leleHHOro BpeMeHH. XMMHYecKUe paKeTsl, XOTa U 00-
JAZAKOT 09eHb O0/BIIOH TATOH, pabOTAIOT BCETO HECKONBKO MUHYT,
a TI0TOMY XapaKTepH3YIOTCA OYeHb HU3KUM YAETBHEIM HMITY/IbCOM.
HoHusle apuratesn, cnocobHble paboTaTh roAaMH, MOTYT HMETE Bhi-
COKHH yAeNbHBIH HMIY/ABC IPU OMeHb HH3KOH TATE.

YaenbHeIi HMITYJIbC H3MepsAeTC B ceKyHAax. Cpe/IHAs paKeTa ¢
XUMHYECKHUM ABUTATEIEM MOXKET HMETh YAEAbHBIN HMITYALE A0 400-
500 ¢. Tak, yAeNbHbLIA MMITYABC ABUTATENA WATTAA COCTABAIET 453
c. (CaMBIi BBICOKMH TONYYEHHBIH A0 CUX MOP YACALHLIA UMITYIbC
A1 XMMHYeCcKOoro peaKTHBHOTO ABUraTeNis cocTaBun 542 ¢; B kaue-
CTBE TOTUIMBA 3TOT ABMraTesib UCIOAB30OBAN K30THYECKYI0 CMECh
BOAOPOJA, MMTHA U ¢pTopa.) VioHHBI ABWXOK anmapara SMART-1
HMeJT YASTBHBIHM HMAYALC 1640 ¢. Y A4epHbIX PaKeTHBIX ABMraTeNei
aToT napameTp gocturaet 850 c.

MaxcuMalbHO BO3MOKHEIM YAeMbKbIM HMITYILCOM 001agana
6Bl paxera, cnocobGHaa JocTMraTh CKOPOCTH cBeTa. Ee yAeNbHbIH
UMIIyABLC cocTaBun Ot okono 30 maH. Hioke npusoaures Tabnnna
yAENbHBIX UMITY/BCOB, XapaKTePHBIX A/ Pa3AHYHbIX TUIOB peak-

THBHBIX ABHTATENEH.
Tun pgsurarens YnensHbIl HMITY/IBC
TrepAOTONAHBHBIH 250
KugxocTHEIN 450
HoHHEM 3000
[MnasmenHris VASIMR 1000-30 000
ATOMHBIH 800-1000
TepMoAgepHLIH TPAMOTOYHBLH 2500-200 000
AaepHBIA UMITYTBECHELA 10 000-1 000 000
Ha anrumMarepum 1 000 000~10 000 000

(B mpuHuMite, nazepHLId Mapyc ¥ MpAMOTOYHBIH ABUraTe/lb
BoOGIIE He HecyT ¢ coBol 3anaca TOILIKMBA, A IOTOMY YAETBHBIN M-
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MyJ/IbC He ABAAeTCA AN HUX CYLIECTBEHHON XapaKTePHCTHKOM, TeM
He MeHee Y 3THX KOHCTPYKUUIA eCTb CBOW NPoGaeMEL.)

Kocmuueckuit aucT

OzHO M3 cepbe3HBIX NPENATCTBUI K peann3aliid MHOTHX 3B€3HEIX
NPOEKTOB COCTOMT B TOM, YTO K3-3a FPOMAAHBIX pa3MepoB U Beca
KOpabnu HEBO3MMKHO [MOCTPOUTL HA 3eMae. HeKoTopbie y4eHble
Tpe/iaratoT cobuparh UX B OTKPHTOM KOCMoce, rie Gnaroaaps He-
BECOMOCTH aCcTPOHABTH CMOIYT JIETKO MOJHMMATL H BOpPOYaTh He-
BEPOSITHO TAXKENbiE NIpeaMeTHl. HO cerogta KpUTHKH CTIpABEUTHBO
YKa3HBAoT HA 3aNpejeNbHYI0 CTOUMOCTh KOCMHYECKOH cOopKu.
K npumepy, ans nonRo# c6opku MeXXayHAapoaHOH KOCMHYeCKOi
cTaHIuu notpebyeTcs okono 50 3amycKoB IaTTNa, A €€ CTOUMOCTE
€ Y4ETOM 3THX NojeTon npubmokaerca k 100 mapa Ao/, 2To caMblit
AOPOTOH HayuHbIH TIPOEKT B UCTOPHH, HO CTPOHTENALCTBO B OTKPHI-
TOM KOCMOCE MeX3Be3JHOro KOCMHYECKOT0 NAPYCHUKA HIH Kopabs
C IPAMOTOYHOM BOPOHKOH 060IWIOCH G5l BO MHOFO Pa3 A0POXE.

Ho, kak mo6mn rosoputh nucatens-gantact Pobepr Xaiin-
naiiH, eC/Id BB MOYKeTe MOAHATHCA HaJ 3emiel Ha 160 kM, BhI yxe
Ha NMOMNYTH K Mo6oif Toyxe COMHEYHOI CHCTEMBI. DTO NOTOMY, YTO
npH moboM 3anycke nepssie 160 KM, korga pakeTa CTPeMHTCH Bbl-
PBATBCT U3 NYT 3eMHOTO MPHTAKEHHA, «CheJAI0T>» JbBUHYIO JOMO
croumocTH. locse 3Toro kopabb, MOXKHO CKa3aTh, YiKe B COCTOA-
HHH A00paThCd X0Th A0 [LiyToHa, XOTh Jajbuie.

OnuH 13 cocoboB KapAKHAIBHO COKPATUTh B OyAyIUeM CTou-
MOCTb [I0JIETOB — TIOCTPOUTH KOCMHYecKkui 1udr. Uges 3abpaTs-
€A Ha HeGo o BepeBKe He HOBa — B3ATh XOTA Obl cKa3ky «Jkek
1 6060B0€e 3EPHBIIIKO»; CKA3Ka CKA3KOi, HO eC/IH BRIBECTH KOHell
BEPEBKH B KOCMOC, W/es BIIOJMIHE MOTVIa Obl BOTLIOTHTBCA B Peasib-
HOCTh. B 3TOM cayvae neHTpobexxHOH CWIbl BpallleBHa 3eMIIH OKa-
3aJI0ch OBl AOCTATOYHO, YTOOBl HEHTPANHU30BATE CHIY TAXKECTH, U
BepeBKa HYKOI/IA He ylaia 6bl Ha 3emiio. OHa BoMue6HLIM o6pa-
30M NoAHHMAanNach OBl BepTHKANBHO BBEPX M ucYe3ana B obnakax.
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(Ipeacraspre cefe wapuk, KOTOPLIA BH KPYTHTE Ha BEPEBOUKE.
Kaxxercst, 94T0 Ha mapuk He AeHCTBYeT CHJIA TSDKECTH; A0 B TOM,
9TO LHEHTPOOCKHAS CHIA TOMKAET €r0 NPOYb OT HEeHTPa BPAIleHHA,
TouHO Tak e o4eHb ANMHHAY BEPEeBKa MOXKET BUCETL B BO3JYXE
Brarofaps Bpalenyio 3emian.) JlepxkaTh BEPEBKY He norpebyeTcs,
BpanieHHA 3eMu OyaeT AocrarouHo. TeopeTuyeckd YeIoBeK MOT
OBl 32J1€3TE 10 TAKOH BEPEBKE W TIOFHATLCA IPAMO B kKocMoc. MHo-
T/la MBI [IPOCUM CTYAEHTOB-QH3HKOB PACCUUTaTh HATAKEHHE TAKOH
BepeBkH. HeCoXHO MOKa3aTh, YTO TAKOLO HATAKEHHA He BHAED-
KUT Jae CTAILHOH TPOC; MMEHHO [IO3TOMY JOJII0E BpeMSI CUUTa-
JIOCh, YTO KOCMHYeCKUH TU(T pean30BaTh HEBO3MOKHO.

[lepBeiM ¥3 y4YeHBIX, KTO BCepbe3 3aMHTepeCcOBAICA MpO-
6reMoii KocMHueckoro AMTa, CTan PycCKHH YYEHBIM-IIPOBRALI
Kouctantud 1Monkosckuit. B 1895 1. noJ BrnevaTneHUeM OT -
deneBoit 6amuy on BooOpazun GawHw, KoTopad 6b IOFHUMALAC
IPSIMO B KOCMHYeCcKoe IPOCTPAHCTBO U COEAMHAIA 3eMTIo ¢ maps-
MM B KOCMOCE «3BE3JHBIM 3aMKOM». CTPOUTD ee 1pertoaraioch
CHH3Y BBEPX, HAYHHAA ¢ 3eMIH, OTKY4a HHXCHEDH AO/KHE! ObUTH
Obl MeATEHHO BO3BOAUTE K HebecaM KOCMUYeCKUH TUQT.

B 1957 r. pycckuit yuensii IOpuit ApIyTaHOB IipeIoHuI Ho-
BO€ PEIIEHHE: CTPOMTE KOCMHUYECKH TUT 0OpATHBIM HOPAAKOM,
CBEPXY BHH3, HaYHHas K3 KocMoca. ABTop lpeactaBii cebe cmyT-
HUK Ha reocranuoHapHoi opbure Ha paccroammu 36 000 kM or
demi — ¢ 3eMJIH OH NIpH 35ToM GYAeT Ka3arbCs HeOABMKHEIM,
C 3TOI'0 CITyTHHUKA [PeJIAraloch OLIYCTUTh Ha 3eMITI0 TPOC, d 3aTeM
34KPENUTH €ro B HWkHeH Touke. [Ipo6iema B TOM, YTO Tpoc Ang
KOCMHYecKol'o auTa AobkeH Obl1 OB BRIIEPKHBATh HATIKEHHE
npriMepHo B 60-100 ['Tla. Crane pBeTca HpH HaTAKEeHHH TPHMEPHO
B 2 ['Tla, yTo AMIIaeT HACIO BCAKOTO CMBICA.

Bonee mmpokad ayAMTOpHA CMOIVIA MO3HAKOMHTLCS C He-
el KoCMHYecKoTo nudTa fnoke; B 1979 1. BhIIen poMaH Aprypa
Knapka «QoHTaHs! pas», aB 1982 r. — poman PoGepra XaitHnaitHa
«[laTRHna». HO HOCKOMBKY IpOrpecc B 3TOM HAUPaBIEHHU 3acTo-
IIOPHJCA, O Heil 3absuTH.
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Cutyauua pesko u3MeHWIach, KOTAa XUMHKH H306peny yrie-
pogHble HaHOTPYDOKH. MHTepec K HUM Pe3Ko BO3pOC mocsie nyoiH-
xauud B 1991 r. paborsl CyMmuo Muasumel W3 kommadun Nippon
Electric, (Hago ckasarte, 4To O CYIECTBOBAHUH YIMIEPOAHLIX HAHO-
Tpy60K OBUTC U3BECTHO ellle ¢ 1950-X IT., HO A0JTOe BpeMsA Ha HUX
He obpalanyd BHHMaHHA.) HaHOTpYOKH ropasae NpovHee, HO MpH
3TOM ropas/io Jerde cTaTbHbIX TPocoB. CTPOro roBops, N0 NPOYHO-
CTH OHH Ja)ke MPeBOCXOAAT YPOBEHb, HeOOXOAUMBIH A KOCMHYe-
CKOTO 1M$Ta, [10 MHEHMIO YHEHBIX, BOJIOKHO M3 YIVIEPOJHBIX HaHO-
TpyOOK AO/DKHO BhigepxuBaTth jamneHue 120 ITla, 4T0o 3aMeTHO
BBIIE HeoBXOAMMOr0 MHHMMYMa. [Toc/ie 3TOT0 OTKPHITHA HOTBITKY
CO3aHMA KOCMWYECKOro THQTa BO30GHOBWINCE C HOBOM CHIOH,

B 1999 r. 6pio onyGrMKoBaHO cepbe3Hoe HCCNeA0BaHHE
NASA; B HeM pacCMaTpHBAJICA KOCMHYEeCKWH JTUGT B BUAE JIeH-
Tbl LTAPWHOH NPUMePHO OJHH MeTp M JUHOH okojo 47 000 kmM,
CnocOOHBIA AOCTaBUTh HAa OPOHTY BOKDYT 3€MJIM MONE3HbIH rpy3
BecOM OKO0JIO 15 T. PeasMzamMa nogobHOTO MpoeKTa MTHOBEHHO
M TIOJHOCTBIO H3MeHHMA 6bl 3KOHOMHYECKYI0 CTOPOHY KOCMHYe-
CKMX MyTeliecTBHH. CTOMMOCTE JOCTABKH I'PY30B Ha OpOWTY pazoM
yMeHpnaack 651 B 10 000 pas; Takyio IepeMedy HHaue Kak peBo-
JIIOIMOHHOM He Ha30Bellb.

B HacTosiulee BpeMs JOCTABKa OAHOTO GYHTa rpy3a Ha OKOM0-
3eMHY10 opBHTY CTORT He MeHbllie 10 000 xomn. Tak, kKax bl mosieT
WarTia o6xoAuTed NIpUMEPHO B 700 MIH zomn. Kocmusieckmil TugT
c6w1 61 CTOMMOCTD ZOCTABKM 40 1 Ao 3a GyHT. Takoe pagHKab-
HOe yZelleB/eHlre KOCMUYeCKOH TPOrpaMMBl MOIIO GBI IIOHOCTBIO
H3MeHUTb Hallld B3TTIAAB! HA KOCMHYeCKHe NyTetlecTBUA. [IpoCcThiM
HaXXaTHEM KHOIKH MOXKHO OBLTO 6Bl 3aIyCTHTL JUGT W NOTHATHCS
B OTKPBITEII KOCMOC 38 CYMMY, COOTBETCTRYIOUIYIO TIO CTOMMOCTH,
cKaxeM, OHIeTy Ha CaMOJIET.

Ho, npexge dem CTpOHTh KOCMHYECKMH AMPT, HA KOTOPOM
MOkHO Oyer 6e3 Tpyaa HOAHATLCA B Hebeca, HaM ITPeJCTOUT Iipe-
0/J0N€Th 09€Hb CePbe3HBIE TIPENATCTRIA. B HacTosAWce BpeMs camoe
[UIMHHOE BOJIOKHO M3 YIVIEPOAHBIX HAHOTPYOOK, NOMYy4eHHOE B Jia-
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6oparopuu, No JIHHE He NMPEeBOCXOIHT 15 MM. JUI1 KOCMHYECKOTO
nudra noTpebyioTcs TPOCH U3 HAHOTPYGOK MHOM B THICAYH KH-
JoMeTpoB. KOHeuHOo, ¢ HayyHOH TOYKH 3peHHs 3TO YHCTO TEXHHYE-
cxas npobnema, Ho peluTs ee HeoBXOZUMO, a OHa MOKET OKa3aThb-
A YNIPAMOH 1 cloxHOH. TeM He MeHee MHOTHe yieHble YOeKIeHbl,
4TO Ha OBJa/IEHHE TeXHONOTHE TIPOM3BOACTBA AMHHBIX TPOCOB H3
YIJIEPOAHMIX HAHOTPYOOK HaM XBATHT HECKONBKUX JeCATHACTHH.

Bropas npobnema 3aKAYaeTCA B TOM, YTO M3-33 MHKPOCKO-
OUYECKHX HapylmeHWH cTPYKTYpEl YIepoIHbLIX HaHOoTpy6Gox nony-
4YeHue ANHHHBIX TPOCOB MOXKET OKa3aThCA BooOlle mpobieMardy-
HBIM. [0 onielke Hukona [1yHbo u3 TypHHCKOr0 NOIUTEXHHUYECKOTO
HHCTUTYTa, ecIM X0TA Obl OJMH aTOM B YITIEpOAHOH HaHOTpPYOke
OKQXEeTCA He Ha CBOEM MeCTe, NPOMHOCTh TPYOKH MOXET Cpasy
YMEHBIIUTBCS Ha 30%. B Leom JedeKThl Ha aTOMHOM YPOBHE MO-
I'yT AMLIMTE TPOC U3 HaHOTPYDBoK 70% MPOMHOCTH; TIPH TOM AOIY-
CTHMAaA Harpyska OKaxeTcs HHXe TOro MUHUMyMa THranackaie,
0€3 KOTOPHX HEBO3MOXKHO MOCTPOUTH KOCMHYECKUH TUQT.

CrpeMAch NOACTETHYTH WHTEPCC YaCTHHIX MpeAnpHHUMaTe-
neit k paapaborke kocMudeckoro audra, NASA 06bABHAO ABA OT-
Je/IbHBIX KOHKypca. (3a obpasen 6bUT B3AT KOHKYPC Ansari X-Prize ¢
npu3oM B 10 Max aoun. KOHKYpPC YCIeIlHO IoA0TpeN HHTepec [pej-
NPHHUMYHBHIX HHBECTOPOB K CO3AAHUI0 KOMMEPYECKHX PAKET, CIIO-
COOHBIX MOAHUMATh NACCAKHUPOB K CAMOMN FPaHHIE KOCMHYECKOTO
IpocTpaHcTBa; OOBARICHHYIO IpeMUI0 Noayqin B 2004 . kopabib
SpaceShipOne.) Konkypcur NASA HocAt Hazsahua Beam Power
Challenge u Tether Challenge.

Y106k BHIMTPATL TICPBHIM H3 HHX, KOMaHA2 HCCIeJoBaTeNeH
JO/DKHA CO3/aTh MEXaHHYECKOE YCTPOHCTBO, CIIOCOOHOE MOAHATH
rpy3 BecOM He MeHee 25 kT (Brmovan cobcTBEHHBIN Bec) BBEPX 110
Tpocy (NoABEIIEHHOMY, CKaXeM, Ha CTpele MOABEMHOro KpaHa)
€0 CKOpoCTRIO 1 M/C Ha BRIcOTY 50 M. Bo3MOXKHO, 3aja4a Kaxkercs
HEeCNOAKHOH, HO IIpobiaeMa B TOM, YTO 3TO YCTPOMCTBO HE JOJDKHO
HCIIO/IB30BATh TOIVIUBO, aKKYMYIATOPB! WIH 3MeKTPHYECKHH Ka-
6enb. BMecTo 3Toro poGoT-noAbeMHHK AOKeH TI0y4YaTh MTHTaHUe
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OT COZHEYHBIX DaTapel, COMHEYHBIX pedIeKTOPOB, nazepoB WM
MHKPOBOJHOBOT'O H3AYUEHHA, T. €. U3 TEX HCTOYHHKOB JHEPTHH, KO-
TOPBIMH Y/A0OHO NOJAB30BATHCA B KOCMOCE.

Yrobur nobeants B koukypce Tether Challenge, xomawnaa
AC/DKHA NMPeACTABUTE ABYXMEeTpPOBHIE KYCKH TPoca BecoM He Gonee
ABYX I'PAMMOB KaAIBIH; TIPH 3TOM TaKOH TPOC JOMKEH BLIAEPKHU-
BaTh HArpy3Kky Ha 50% Gonburyio, yem ayymuit o6pasen ripeasiy-
wero roga. L{egs 3Toro KOHKypca — CTHMYIMpOBATh UCCIeJ0BaHH s
no paspaboTke CBepXJIETKHX MAaTEPHANOB, OCTATOYHO TPOUHEIX,
YTOOB MX MOXXHO 65110 IPOTAHYTH Ha 100 000 kM B kocMoc. [Tobe-
AUTENeH KAYT mpeMuu pasMepom 150 000, 40 000 u 10 000 gosu.
(YOG IOAYEPKHYTH CIMKHOCTD 3aJauH, B 2005 I. — nepeoM roay
KOHKypCa — IpeMus He ObUIa IPUCYXAEHA HUKOMY. )

BeaycnosHo, paboTtaromuii KocMHuecKMH NPT crocobeH
PE3KO M3MEHHTb KOCMUYecKyio IPOTpaMMy, HO M Y HETO €CTh CBOH
HEeJOCTATKH. TaK, TPaeKTOPHA ABIDKEHNA CIYTHUKOB NQ OKONO3eM-
HOH OpOHTE NOCTOAHHO CABHMIACTCA OTHOCHTEMBHO 3eMIH (IIOTOMY
9T0 3eMJIA [10], HUMH BpallaeTesd). 3T0 03HAYAET, YTO CO BpeMeHeM
moboil U3 COYTHHKOB MOMKET CTOJKHYTBCS ¢ KOCMHYECKUM NHGTOM
Ha CKOpOCTH 8 KM/c; arorc Gyier Gosee yem ZOCTATOUHO, YTOGHI
nopsaTb Tpoc. /Ui IpefOTBpAlEeHHA NMOA0OHOH KaTacTpodbi B
Byzyiem nprgercs 60 NpesycMaTPHUBATEL Ha KAKAOM CITyTHHKE
HeGoJbIMe paKeThl, KOTOPSIE AaiH Ob eMy BO3MOXHOCTh 0GOMTH
nudT, m1bo cHabaUTE caM Tpoc HeOOoNbIMMH pakeTaMHu, YTOOB OH
MQT YXOAHTb € TPACKTOPHH CIIYTHHKOB.

Kpowme toro, npodsieMoil MOTYT CTaTh CTOAKHOBEHUS C MHKDO-
MeTeopUTaMH — Bellb KOCMHYeCKHi 1T MoAHHMETCA JaJlexo 3a
npegentl 3eMHOH atMocdepsl, KOTopas B 60JIbMHUHCTBE CAYYaeB
3aMMILaeT Hac OT MeTeopoB. [ToCKOMBKY NpeAcKasaTh MOJOOHE
CTONKHOBEHHUA HEBO3MOXKHO, XOCMUYecKHH AT npujercs cHab-
JWTh AOTIOTHUTENBHON 3aIUTON H, BOSMOXKHO, AAKE OTKA30YCTOMH-
YHBBLIMH pe3epBHBIMH cHcTeMaMu. [Ipo6GneMy MOryT nmpeacTapaarsy
cofoii ¥ TakHe aTMocdepHBle ABNEHNR, KaK YparaHhl, IPHAHBHLIC
BOJIHBI M IITOPMHI.
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IpapuTa1lMOHHBIH MaHeBp

CywecTyeT ellie ofuH cilocob pa3orHaTh 0OBEKT A0 CKOPOCTH,
GIU3KOI K CKOPOCTH CBETa, —— BOCTIONB30BATECA «3¢heKTOM Ipa-
wu». [Ipy ornpaske KOCMMYeCKMX 30HAOB X JADPYTHM IUTaHETaM
NASA yHorza 3acrap/AaeT UX COBEPIIHTE MAHEBP BOKDYT CoceAHekH
IUTAHETHI, YTOOBI, BOCIONB30BABIINCE «3¢Q¢hEKTOM Npam», ZOTION-
HHUTEJIBHO pasorHaTh annapatr. Tak NASA 3KOHOMWT IicHHOe pa-
KeTHoe ToILIMBO. HMeHHO TakiuM o6pa3om annapary «Boamkep-2»
yAanoch aoneteTsb Ao HenTyHa, opbHTa KOTOPOI'O JIEHKUT ¥ CAMOro
kpaa CoNHeyHoH CHCTEMEI.

Dpumen Jaiicor, ¢pusmk u3 [IpUHCTOHA, BLIABUHY UHTEPEC-
Hoe npeaaoxenue, ECIn korga-HUOYAL B AanekoM GyaylieM Yeso-
Be4eCTBY YAacTCA 06HAPYKUTH B KOCMOCE ABE HEUTPOHHBIE 3BE3/IHI,
obpamaroutecs BOKPYT ob1Iero LeHTpa ¢ 60MbIIOI CKOPOCTBIO, TO
3eMHOH Kopalb, MpoJIeTeR COBCEM PSJAOM C OMHOM U3 3THUX 3Be3],
MOXET 3a CYeT rpaBUTAIMOHHOI'0O MaHeBpa HabpaTh CKOPOCTB,
paBHyIO YyTh M HE TPETH CKOPOCTHU cBeTa. B pesynbrare Kopabib
pasorsazucsa 61l 10 OKOJIOCBETOBBIX CKOPOCTEH 3a CYeT IpaBUTallHH.
TeopeTH4eCKH TaKOe MOJKET NMOYYHTLCH.

Apyrue yueHsle IpeAnaraiT BOCIIONb30BATCA A/ 3TOH LEMH
HAWHM cOOCTBEHHLIM CBETHAOM. ITHM METOAOM BOCIIONb30BAJICH,
K NIPUMEPY, IKHIIAK 3Be3g0MeTa «JHTepnpains» B ¢uabMe «3Be3j-
Hu myth [V: [IyTemmecTBHe AoMOH». YrHaB Kopabab KIHHIOHOB,
IKMITAX «JHTEPNPaH3a» HampaBuia ero no 6au3koi Kk ComHuy Tpa-
€KTOpHH, 9TOOH NpOoOHTL CBETOBOH Haphep 1 BEPHYTHCH Ha3ajk BO
BpeMeHH. B ¢punbme «Koraa cTankuBaioTes MHPH» 3eMle YTPoXKa-
-€T CTOJIKHOBEHHE € acTeporaoM. Urobrl Hexkars ¢ 06peyeRHO¥H w1a-
HETHI, yYEHbIC COOPYKAIOT TUTAHTCKYI0 KOHCTPYKIIMIO Bpoje ame-
PHKaHCKHX ropok. Cbe3ias ¢ TOpPKH, pakeTHpIH Kopabab HabupaeT
OTPOMHYH CKOPOCTbB, 3aTEM Pa3BOPOT BHU3Y Ha MaNOM pajnyce —
U Blleped, B KOCMOC,

TonbIO HA CAMOM JIeNTe HH OH U3 3THX CTOCOO0B PA30rHATHCA
TIPY IOMOILH FPABUTALMHU He cpaboTaeT. (3aKoH coxpaHEeHHA 3Hep-
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IBEIMONETH!

[HH FOBOPHT O TOM, 4TO TENEXHKA Ha aMEPHKAHCKHX TOpKax, pasro-
HAACH Ha CITyCKe Y 3aMeNHACh Ha ogbeMe, OKa3bBaeTCA HaBepXy
POBHO € TOH € CKOPOCTBI), UTO H B CAMOM Hadalle — HUKaKOTO
NpUPalleHUA SHEPTMH HE NPOUCXOAHT. TOYHO Tak ke, 0GepHyB-
IUKCh BOKPYT HeNoABHXHOro COMHLIA, MBI 3aKOHYMM POBHO ¢ TOH
K€ CKOPOCThIO, ¢ KaKoH Havaau MaHeBp.) Metoa Jlaiicona ¢ asyms
HeHTPOHHBIMH 3Be3aMH B [IpHHIMITE MOT 651 cpaBoTaTh, HO TONLKO
NOTOMY, YTO HEHTPOHHEIE 3Be3/IbT OBICTPO ABIKYTCA. KocMHYeckuii
annapar, HCToIb3yIoUH rpaBUTaLMOHHBIN MaHEeBP, NOMyYaeT IpU-
palleHHe SHEePIUH 3a CUeT ABHXKEHHUSA TUIadeTsl WIH 3Be€3abl. Ecau
OHH HENOABMXHEI, IOAOOHHIH MaHeBp HUYero He JacT.

A npeanoxeHue JlalicoHa, X0TsA 1 MOxeT cpaboTaTh, HUMEM HE
NIOMOXKET CETOTHAITHUM 3€MHEIM YU€HEIM — BeAb JJIA TOTO, 4TO6k
HaBeJaTbeAd K OBICTPO BPALIAOMIMMCA HEATPOHHEIM 3BE3JaM, Io-
TpebyeTcd AA Havyata MOCTPOMTh 3BE3A0NET.

3 mymku B Hebeca

Elie oMH XUTPOYMHBIH cliocol BEIBECTH KopabJib B KOCMOC M Pa3o-
THaTh A0 GaHTacTUYECKUX CKOPOCTEH — BRICTPETHTE UM U3 Pelb-
COBOM 3/IEKTPOMATHUTHOM «IIYLIKH», KOTOPYIO ONHUCHIBATH B CBOMX
npousBeseHHAX ApTyp Kiapk U Ipyrie aBTopr-paHTacThL B Hacto-
fAlljee BpeMs 3TOT MPOEKT BCEPbE3 PACCMATPHBAETCA KaK BOSMOXKHAA
4acTh NPOTHBOPAKeTHOTO 1IUTa IPOrPAMMEI «3BE3IHEIX BOHH.

Crnoco6 3aKJIK04aeTCa B TOM, YTOOB BMECTO PAKETHOT'O TOTLUTH-
Ba WIK NOpOXa UCTI0Nb30BaTh AJIA PA3roHa PaKkeTH J0 BBICOKHX CKO-
pocTeit IHEPTUIO 3NEKTPOMArHeTH3IMa.

B npocreiieM cirydae peibcoBas MyIIKA [IpecTaBasieT coboii
ABa Mapa/UIeNIbHBIX TPOBOZA WIH DETbCA; PEAKTHBHLIHN CHAPAA, WX
pakera, «CHAUT» Ha 0boux penbcax, o6pasya U-oBpasHyto koHdu-
rypauuio. Euie Maijtior ®apageif 3Ha, 4TO Ha paMKy C 3J1eKTpuUe-
CKMM TOKOM B MATHHTHOM NoJie xeficTryeT cka. (Boobme rosops,
HA 3TOM MpUHLUMNE paboTaioT BCe 3MeKTPOABUraTesu.) Ecan npo-
MYCTUTh Yepea pefibChbl U CHAPAZ SIeKTPHIECKHI TOK CHIOH B MyLI-
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OUIUKA HEBOIMOHHOIO

NMOMEl aAMIIep, BOKPYT BCEH CHUCTEMBI BO3HHKHET YpPEe3BEIYANHHO
MOWUIHOE MarHHTHOE [107ie, KOTOPOE, B CBOIO OYepe/lb, IOTOHHUT CHa-
PAA O pelbcaM, PasTOHUT ero 20 PPOMaAHON CKOPOCTH H BBINIBRID-
HeT B IPOCTPAHCTBO ¢ OKOHEYHOCTH PeJIBCOBOMH CCTEMBI.

Bo BpemA HUCHBITAHHI PebCOBBIE 3MEKTPOMArHHTHBIE MYIIKH
VCIIeIHO BHICTPEAUBATH MeTaliHdeckie 00beKThl ¢ IPOMAJHEIMH
CKOPOCTAMH, PA3rOHAA UX HA 04eHBb KOPOTKOH AucTaHIuH, UTo 3a-
Me4aTelbHO, B TeOpUH OOBIYHAA peabcoBad Mylka crocofHa BEI-
CTpeNHBaTh META/LTHIECKHH CHApAL CO CKOPOCTRIO 8 KM/C; 3TOrO
AOCTaTOYHO, 4TOOBI BBIBECTH €r'0 HA OKONO3eMHY10 OpOUTY. B npuH-
yile Bechb pakeTHHIH GoT NASA MOKHO 65UTO Gbl 3aMEHHTH PeJib-
COBBIMH OYLWIKaMH, KOTOPBIE IIPAMO C TOBEPXHOCTH 3eMIIH BRICTDe-
AuBany 6B ONE3HHLA Ppy3 Ha OpOUTY.

PenbcoBas MylIka UMeeT CyllecTBEHHLIE TPEMMYIIECTBA MO
OTHOUIEHMIO K XUMMYeCKHM MylWKaM H pakeTaM. Korzga BHI cTpe-
AdeTe U3 PY:KbA, MAKCHMaAbHAs CKOPOCTD, € KOTOPOH pacliupsiio-
1Mecs raskl CoCOOHB! BHITOMKHYTE ITy/II0 M3 CTBOJA, OTPaHHuYEHA
CKOPOCTBIO PacTIpOCTpaHeHUA YAapHoi BoHEL JKi0mb BepH B Kinac-
CHYecKOM poMaHe «C 3emtd Ha JIyHy» BHICTPEIMA CHAPSA C aCTpPo-
HaBTaMH K JIyHe TPH IIOMOLIH [IOPOXa, HO Ha CAMOM JleJle HECTIOMHO
NoACYUTaTh, 9YTO MAKCHMAAbHasA CKOPOCTh, KOTOPYIO MOXET IpH-
AATh CHAapALY MOPOXOBOI 3aps)], BO MHOTO pa3 MeHblIe CKOPDOCTH,
HeoBXOAMMOH 4 noseTa K JyHe. PenbcoBas xe MyIIKa He MCTIONb-
3yeT B3PBIBHOE PACIIMPEHHE I'a30B M NIOTOMY HHKAK He 3aBHCHT OT
CKOPOCTH PACHpPOCTPAHEHUA YAADHOH BOTHBL.

Ho y penbcoBoli mymiky cBou npoBreMsl. O6BEKTH Ha Hel
YCKOPAIOTCA Tak OBICTPO, YTO OHM, KAK IPABWIO, CILTIOIIMBAIOTCA
13-32 CTOJKHOBEHMS... ¢ BO3AyXoM. [Tosesnblit Ipy3 oKa3eIBaeTCs
CWIBHO AeGOPMUPOBAHHBIM B TPOLECCE «BBICTPETa» M3 AyNa peilb-
COBOIt NYUIKH, IOTOMY YTO KOTAA CHaps/ Bpe3aeTcd B BO3AYX, 3TO
BCe PaBHO Kak ec/d 6Bl OH YAapWIca O KUPIHYHYI) CTeHKY. Kpome
TOrQ, MIPH pasTOHe CHapAA HCIBITEIBACT TPOMaHOE YCKOPEHuE, KO-
Topoe caMo o cebe crocobHO cHABHO AedOPMUPOBATE I'PY3. Penb-
CBl HeOOXOAUMO PeryaspHO 3aMeHATh, TAK KaK CHAPSN NP ABIKe-
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SBEIRONETH

HWH Taxxe aeopMupyet HX. Bosee Toro, neperpyssu B peibCoBOM
MyIIKe CMepTe/ibHbl A MIoJeH; YenoBeyeckie KOCTH NpocTo He
BBIAEDKAT MOA0OHOT0 YCKOPEHMA M pa3pynIaTCs.

OnHoO K3 peteHyi COCTONT B TOM, YTODB YCTAaHOBHTD Peib-
coBy®o mymiky Ha Jlyne. Tam, 3a npegenamu 3eMHoOH aTMochepH,
CHapAA cMoxeT OecnpemiTCTBEHHO pPAa3roHAThCA B BaKyyMme OT-
KpBITOTO KocMoca. Ho gaxe Ha JlyHe cHapsn mpH pasroHe Oyaer
WCMBITEIBATb TPOMAJHBIE [IEPerpy3xH, CloCOOHBE IOBPEAUTL M
AeopMUpPOBaTh MONE3HBIA IPY3. B ONpefeeHHOM CMBICIE Pelb-
coBad MylllKa -— AHTHIIOZ JA3epPHOrO napyca, KOTopbli HabupaeT
CKOPOCTb NOCTENEHHO B TeYeHUe JOATOro BpeMeHu. OrpaHH4YeHHA
penbCoBOM NYIIKH ONPEASNAIOTCA HMEHHO TEM, YTO OHA Ha HeOOJb-
IIOM PACCTOAHNM H 3a HeGOJIbIIOE BPpeMs NMepefaeT Teny rpoMaj-
HYI0 3HEPrHio.

PesibcoBasd fyIlKa, cniocobHAA BHICTPEANTE annapar K 6mikai-
LIMM 3B€3/aM, CTa1a Gkl BeCbMa Z0POroCTOAIMM coopykenneM. Tak,
OfIUH U3 IPOEKTOB MPEAYCMATPHBAET CTPOHTEABCTBO B OTKPBITOM
KOCMOCe peibCOBOU NyIKY JUTHHOH B ABE TPETH PACCTOAHHS OT 3eM-
au o ConHua. 3Ta Oylika JoMKHA OyAeT HAKaIUTHBATh COMHEYHYIO
3HEPrIo, 2 3aTEM PAa30M PacXoAOBaTh €€, PA3rOHAA JECATHTOHHYIO
TNONe3HYI0 HaTPy3Ky 20 CKOPOCTH, PABHOM TPETH CKOPOCTH CBeTa.
IIpu 3TOM «CHapag» 6yaeT HCTILITLIBATH TIEpeTpysKy B S000 g. Pasy-
MEETCH, «IIEPEXHTh» TAKOH ITyCK CMOTYT TONBLKO CAMBIe BHIHOCTUEBbIE
Kopabin-poBOThHL.

OmnacHOCTH KOCMHYECKOTO IyTelleCTBHA

KoHe4YHO, KOCMHYECKOe IyTeleCTBUE ~— HE 3aropOJHbIN THKHUK,
B muwrotupyeMuix nonetax K Mapcy wiM eme fanbilie HelIOBeKa
NOMKUAAIOT CTPaIltHbE OTIACHOCTH. MWIIMOHBI JI€T JKH3IHD HA 3eM-
nie pa3BHBANach MOR HALEKHON 3aBIUTOH: 030HOBHIA CJIOH Tpeno-
XpaHAeT [WIAHETY OT yibTpaduoNeTOBBIX Ny4eH, MarHUTHOEe noJje
JAMINAET OT CONHEYHBIX BCIBIUIEK ¥ KOCMMYECKOH paguauud, a
TojicTass atMocdepa IPUKPHBAET OT METEOPOB, KOTOPHIE yCIeBa-
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OHIHHA HEBOIMOHHOIO

10T CrOpeTh B ee To/Mle. YMepeHHble TeMIepaTyphl U Konebanua
arMocepHOTO AaBIeHHA KaxKyTcA HaM ecTecTBeHHBIMH, Ho B my-
HoKOM KoCMOCe HAM TPUAETCA JHUOM K JIHLY CTONKHYThCA C TEM
{akToM, yTo HONbIIAA YACTh BreeHHOH HAXONUTCA B COCTOSHUM
Xaoca; MPUAETCA CTONKHYTBCH CO CMEPTEIBHO ONACHBIMH pajualy-
OHHBIMH NIOACAMH U METEOPUTHBIMU DOAMH,

[lepBas npobieMa NPOAOKUTEABHOTO KOCMUYECKOTO IyTe-
IIECTBHA, KOTOPYIO HeOOXOAHMMO pelyTh, — 3TO HEBECOMOCTE.
[IpoBeieHHEI® PYCCKMMH JOATOBPEMEHHEE UCCAEA0BAHUA HeBe-
COMOCTHM NOKA3a7H, YTO TE/I0 YeM0BEKA B KOCMOCe TepAeT HeoHXxo-
AUMEIE 4715 KU3HH MUHEepantel H XHMHYecKHe BemecTBa ropaszo
OnicTpee, weM oxuganoch. He cnacaeT faxe skecTkas mporpamma
QH3NYECKHX YIIPaKHeHHI: [IOC/Ie roAa Ha opBUTAIBHOM CTAHIIKMK
KOCTH ¥ MBILIIBI PYCCKUX KOCMOHABTOB TaK aTpOHPYIOTCA, 4TO
nocae BO3BpanieHus Ha 3eMJII0 OHH OKA3hIBAlOTCA B COCTOSHHHU
TOJILKO MOJI3aTh, KaK MIAAeHUEl, ¥ TO ¢ Tpyaom®. [loxoxke, YTo
HelIpeMeHHBIMH C/eACTBMAMU IPOAOIKHUTENBHOTO NpeBhiBaAHKS
B HEBECOMOCTH BO BpeMsA KOCMMYECKOTO fepefieTa ABIAKTCA
aTpo¢Hsa MBI, U3HAITHBAHKE OTIOPHO-ABHTATEIbHON CHCTEMBI,
CHM)KeHHe YPOBHSA IPOH3BOACTBA KPACHEIX KPOBAHBIX TNell, CHU-
’KeHHe MMMYHHOTO OTBeTa, ocnableHHe CepAedHO-COCYANCTON
AeATeNbHOCTH.

[loner k Mapcy, KOTOPBEIH MOXET HNPOMIUTBCA OT HECKONBKHX
MeCALEB JO Toga, HAaXOAUTCA ¥ caMOro npeZiea BHIHOCAHBOCTH Ha-
IIHUX aCTPOHABTOB. B AMUTENBHBIX [TONeTaX K OmKai MM 3Be30aM
aTa npobaeMa MOXeT okaszarbes daTansHoN. BosmoxkHo, paau co-
XPaHEHUA KHM3HH IKUTIAKA 3Be3foneTaM Byayiero npujercs Bpa-
IaThCA, CO3AaBad 3a CUET LeHTPOOEIKHBIX CH MCKYCCTBEHHOE TH-
rotenne. Takoe TpeBoBaHHe CUABHO YCIOKHHUT IPOEKTHPOBAHHE
¥ IOZHHMET CTOMMOCTD 3Be3/071eTa.

¥ D10 cuabHOoe MpeypenHsenne. Ja, nocie roA0Boro UAH faxe NOAYTOLCBOrO
NONETA 9eN0BEKY TPYAHO CPa3y BCTATE M IOHTH, 12 M He CTOUT 3TOTO JIeNaTh,
HO Yie Yepe3 HECKOAbKO AHeil HABHKM BOCCTAHABMMBAOTCA KAK Y DYCCKHX,
TaK ¥ ¥ aMepHKAHCKHX KOCMOHZBTOR, TeM Golee 4To oY yke 13 geT meTaloT
BMecTre. — ITpum. nep.
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3BE3AORETHI

Bropas npofirema 3ak/1I04aeTCA B TOM, UTO M3-33 TPUCYTCTBHSA
B IPOCTPAHCTBE METEOPUTOB, ABIXKYIIMXCH CO CKOPOCTAMH B Je-
CATKY KMJIOMETPOB B CEKYHAY, IPHIETCA, BO3MOXHo, 0bopyaoBaTh
KOCMHYecKue kopabfii AOMONHUTENbHOM 3auTol. Tuarensuoe
obcnegoBaHye kopiyca NIATTAOB BEIABWIO TPH3HAKH NONAAaHuA
HECKONBKHX KPONIEYHEIX, HO YPEeBaTHX CMepTelbHOH OMACHOCTHIO
mMeTeopHToB. OYeHb MOXET OBITh, YTO HAa KOCMUYECKUX Kopabisx
OyAyIIero mpHAETCA YCTPAaWBaTh CrelUanbHOe NOMEellcHHe AJA
SKHITaKA U cHalKaTh ero ABOMHOH 3aI[UTOH,

YpOBeHb pafHaiy B IYOOKOM KOCMOCE ropasao Bhiliie, 4eM
npeAnonaraiocs pasee. Tak, 3a pemsa 11-eTHEro IMKIa CONHeY-
Hble BCIBIIKY CIOCOGHMI IOCAATh K 3eMJIE rpOMaJJHOE KOIUYECTRO
CMEPTeNbHO olacHo¥ 1/1a3Mbl. IMeHHO 3T0 siBleHHe He pa3 BRIHYXK-
J1an0 acTPOHABTOR Ha KOCMHYECKOH CTaHLWH HCKATE IOTIOJTHUTEb-
HOM 3aIiUThl IPOTHE IIOTEHIHATLHO ONACHOTO HAJIeTa cy6aTOMHEIX
4acTUll, a NPOTyJlKa B OTKPBITOM KOCMOCE B TAKOHM MOMeHT Obuta
6 cMepTeneHOi. (Jlake BO Bpema OOBIYHOIO TpaHCaTIAHTHYe-
cxoro mepesiera U3 Joc-AHmxeneca 8 Hoto-Mopk, K TpiMepy, MBI
NoABepraeMca JefCTBUIO USAYUeHHS HHTEHCHBHOCTL IPHMEpPHO
1 M63p /4. 32 BpeMA NepeieTa KaXAbIH MTacCaXHp NOAYYaEeT IOYTH
TAKYIO Xe A03Y pajlHalliy, Kax IPY PeHTTeHOBCKOM CHHMKe 3y6a.)
B rmyGokoM kocMoce, To€ Hac yoxe He 3allMuaT Hu atMocdepa
3eMIH, HM e MACHHTHOE NoJe, pajHalusa MOXKET TIPEeBPaTUTLCA
B CePHE3HYIO IpobIIeMy.

BpemeHHOe nmpexpaleHyie ;KU3HeHHbIX HYHKITHH

Yto OB MBI HH TOBOPWIM O NOJIETE K 3BE3jaM, KakHe 6Bl POEKTH
HH paspabaThiBaii, 0FHO 0OCTOATENBCTBO OCTAETCH HEU3MEHHEIM:
Jaxe eciiM Mbl CyMeeM IIOCTDOWTH 3Be3foNeT, Ha Jopory /o 6Giau-
aHIHX 3Be3] HaM NOTpeOYIOTCA JSCATHACTHSA, 4 TO M CTOIETHA.
st mogo6Horo nonera norpefyerca HECKOABKO MOKOICHHH DKH-
&%a, U K MecTy HasHadeHus o0epyTes JTUIlh IOTOMKH TeX, KTO
OTIPABWICA B Ty Th.
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DAIUKA HEBOIMOMHOTO

Onno M3 peluennii 3Toil TpobaeMsl, GUTypUpyIOIlee B TAKKX
dunemax, xaxk «Hyxoi» u «IL1aHera o6e3paH», — NOABEPIHYTH
KOCMHYECKHX IyTeIlecTBeHHHKOR aHabuo3y; 3T0 03HAYAET OCTO-
POXHO U Me/UIEHHO CHU3HThL TEMIIEPATYPY TeJia 0 TAKOTO YPOBHA,
H2 KOTOPOM MOYTH IpeKpallaeTes OTIpaBaeHHe BCexX Ku3HeHHbIX
yHKIMIA. HeKoTopEIe XXHBOTHHIE TIPOAEJIBIBAIOT NoA0BHYIO onepa-
LM KaOK/ALIM IoA BO BpeMdA 3UMHeH ciiauky. HekoTophle pHOH 1
JIATYHIKY CIIOKOMHO BMepP3aloT B JIel, 4 MOTOM, Kor/a TeMiepaTypa
[IOBHIIAETCH, OTTAUBAIOT ¥ OXKHBAIOT.

BHonory, 3aHMMaBluMec H3Y9€HUEM 3TOIO HHTEPECHOTO AB-
JNeHHA, CIMTAIOT, YTO TAKHUE JKHBOTHBIE CIOCOOHEI CO3/aBaTh B CBO-
€M Tejle eCTeCTBEHHBIH «aHTU(PPH3», KOTOPHIH 3aMETHO CHUMKaeT
TEMOEpaTypy 3aMep3aHud BOAbL. Y PBI6 TAKHM eCTeCTBEHHbBIM AHTH-
bpU30M CIIYHAT ONpeASNCHHEIE TIPOTEHHBI, Y IATYIIEK — [TIOKO3A.
O60raTus KpoBb 3THMH IIPOTEUHAMYU, PHifia MOKET JKHTh 3HMOH B
ApKTHKe 1Ipu Temneparype —2 °C. Jiaryizku passwiy y cebs crmo-
cOOHOCTD NOAAEPKHUBATE BHICOKHH YPOBEHb IIIOKO3bI, NIPEAOTBpA-
A TAKHM 00pa3oM QOpMHpPOBaHUe NeASHbIX KpUCTaNIOB, CHa-
PYXHM BX TeJIa MOTYT Ka3aThCA (POMOPOKEHHBIMH HACKBO3b, HO Ha
caMoM Jiejie BHYTPH OHM HE TIPOMEP3aloT; BCE OpraHbl COXPaHAIT
crtocoBHOCTD QYHKIIMOHHPOBATE, XOTH H B 3aMeJIEHHOM TEMIIE.

Ho ¢ MIEKONIHTAIOIMMH Bee JAJIEKO He Tak npocTo. Ipu npo-
MEP3aHHH YeT0BEYECKOT0 Te/la BHYTPH WIETOK HAYMHAWT GOPMH-
POBATBLCA KPUCTALILE Jibda. [To Mepe pocTa OHH MPOTHIKAIOT H pas-
pywarnT CTeHKH KJIeTKM. (Bo3MOXHO, 3HAMEHMTOCTAM, KOTODHIE
33aXOTeNH COXPAHWTL CBOY TOJIOBH U Teia IOCKe CMepTH 3aMopo-
KEHHBIMH B XHIKOM a30Te, cIefoBalo0 OBl elle pa3 3a4yMaTecs.)

Tem He MeHee B NoclefHee BpPeMs HAMETHACS HEKOTOPBIH
nporpecc B pabore ¢ MIEKOIUTAUIWMU, KOTOPLIE B IPHPOAE HE
BN3/IAI0T B CIAYKY, — C TAKWMH )KHBOTHBIMH, KaK MBbIIIH ¥ cOOaKH.
B 2005 r. yyeHble u3 YHugepcurera IInrclbypra cyMenu BEDHYTE K
KU3HH cobaK Mocsie TOro, KaK M3 HUX NOTHOCTBIO BRIKAYAIA KPOBb
¥ 3aMeHWTH €€ Ha CICLHANBHYI0 09eHb XOAOAHYI KUAKOCTh. [Ipo-
BEAA B COCTOAHUH KIMHNYECKOH CMEPTH TPH Yaca, cobaKy O,
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SBEINONETH

KAK TOJIbKO UM CHOBA 3alyCTHIH cepaud. (Xota SonbIIHHCTHO CO-
fax 1ocie 570l npoueyps OCTanuch 3M0POBHIMH, ¥ HEKOTOPEIX
MO3I 0KA3a/ICA ROBPEXACH. )

B 3TOM e rofly yeeHbI¢ IOMECTIUIM MBIlIeH B KaMepy, 3amo-
HEHHYIO CepOBOJOPOAOM H YCHeNHo CHH3HWIM Ha 6 1acoB rteMre-
parypy ux ten Ao 13 °C. CkopocTs MeTaboaM3Ma Mbllled yrana B
AecaTb pa3. B 2006 r. gokropa u3 [aBHOro0 MaccayyceTCKOro ro-
ciuTans B BocTtoHe BBesH MHIIeH M CBHHEH B COCTOAHHE 3aMen-
JEHHOH XU3HEAEATEAbHOCTH, AU aHabuo3a, TAKKe IPH TOMOIH
CEpPOBOAOPOAA.

B 6yayieM mozoOHas npoueIypa, BUOJIHE BOSMOMKHO, CTAHET
CIIACaTh KU3Hb NOCTPA/JABUIHM B CEPBE3HBIX KAaTaCTPOdpax K OT
CepPAEYHOrO MPUCTYNA, T. €. B TeX C/Ay4asAX, Kolka JOpora Kawaas
ceKyHJa. He HcxioueHo, uyro aHabHo2 JacT BpavyaM BO3MMKHOCTE
«OCTAHARNHBATh BPeMfA», & MAlHeHTaM — A0KAAThCA HEOOXOAH-
MO¥ oMo, Ho npoitayT AecATILIeT s, Ipeskie 4eM 3Ty METORUKY
MOXHO OyZeT IPHMEHHTD K aCTPOHABTAM-IIOAAM, TeM Dojee 4To
UM, BO3MOXHO, IPHAETCS [IPOBECTH B COCTOSHUN aHabuo3a He O4HO
CTORETHE.

Hanoxkopabnu

CymecTsyer eme HeCKOAbKO €rnocoOoB, 1oka He oMpoOOBaHHBIX
H M3BECTHHIX JHUIb B TEOPHH, KOTOPHIE B NPHHIMIE MOTYT JaTh
HaM BO3MO:KHOCTh JoOpaThca A0 3Be3s. OfHO U3 MHoroobeman-
HIMX NpefIOXKEHHH — OTNPAaBHTE K 3Be3flaM GeCWIOTHHIE 30H-
Abl, CO3AaHHBIE C IPMMEHeHHeM HaHOTEXHONOTHH. Bee mpezwiay-
mee 0OCY:KAeHHEe OCHOBBIBAIOCH HA MPEJNONOKEHUH O TOM, UTO
3BE3/10/1€TH HCNIPEMEHHO JOIKHE OBITh IYAOBKINHBIMH MalIWHA-
MU, NOTPeBAAIHMY TPOMAHEE KOTHYECTBA SJHEPTUU U Crocob-
Hble HECTH K 3Be3aM DoNbuIDH SKUITaX; NPUMEPHO TaK BbIIJIAANT
3BE3J0NET «DHTEPIpPai3» B ceprasle «3Be3HHI MyTh»,

Ho ropasao Gonee peaJbHBIM HPEACTABIAETCA APYro MyTh
Pa3BuTMA. PasymHee, BEPOATHO, CHavala OTIPABUTL K JAJICKHUM
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®UINRA HEBOIMOKHOTD

3Be3JaM MUHHMATHPHbIE 30HAbI CO CKOPOCTSAMH, OMH3KUMH K CKO-
pocTH cBeTa. Kak MBI yoxke YyMOMMHAMM, B OYAyIIEM, ¢ Pa3BUTHEM
HAHOTEXHOMOTHH, JOJUKHA TNOABHTHCA BO3MOXHOCTL CO3JABATDH
KPOIWeYHbIe KOCMHYeCKHe KOpab/in, B COCTAR KOTOPHIX BOMAYT Ma-
IIMHBl ATOMHOrO M MOJEKYIAPHOrO pasmepor. K puMepy, HOHB
0B/AZAkOT upe3BLIYAHO MAJIOH Maccoil, I0ITOMY HX MOXHO Ge3
TPYJa pasorkarh A0 CKOPOCTH, OJM3KON K CKOPOCTH CBera, A/
3TOTO OYAET AOCTATOYHO OOLIMHOM CeTH 3NEKTPONHTAHUA, KAKYIO
MOXHO HaifTH B M1060it TabopaTtopuu. YTo6H OTIPABUTh B KOCMOC
HOHbI Ha NOYTH CBETOBOH CKOPOCTH, HE HYMWHO CTPOMTH TMIAHT-
CKHe peaKTHBHBIE paKeThl, JOCTATOYHO PAa30THATh UX TTPH MOMOHIH
MOIIHOT'O 3/IEKTPOMAarHUTHOT'O NOJA. T0 03HAYAET, YTO, €CTIH T0-
MECTHTE MOHH3HPOBAHHBIH HAHOOOT B 3MEKTPUNECKOE IOJIe, ero
MOXHO 6e3 TpyAa pa3oTHATB 0 OKOMOCBETOBOH ckopocTH. [Noce
3TOr0 HAHOBOT YoKe CAMOCTOATENbHO OTIIPABUTCH K 3BE34aM, BE/b
B KOCMOCE HET TPEHHA H TOPMO3HUTE ero OyaeT HedeMy. TakuM crio-
coboM pelatorcas MHOTHE NPobaeMel, HeH3BewHbIe VI KPYTHBIX
3Be370eToB. He HCKII0OYEHO, YTO OTIIPABUTh K OMHKAHIINM 3Be3-
JaM GeclIIOTHEIE YMHBIE KOpa6au-HaHOOOTH OKAXKETCA MHOIO-
KPaTHO /ICHICB/IE, YeM CTPOHUTL M 3alyCKATh TPOMAAHEIA 3BE371006T
C IKUMAKEM Joaeil,

HaHoxopab/aM MOXHO HampaBUTh K Gruxaiiumm 3se3gam
WM, Kak npeanoxuwt /Lrepanss Hopand, oTcTaBHOH HIDKeHep
BBC B 0f6/1acTH aCTPOHABTHKH, HCNOML30BATh A CO3AAHUA JaB-
JICHUA HA CONMHEYHBIN Mapyc M AOMOAHMTENBHOTO €r0 pa3roHa.
Hopanu rosoput: «Eciu nenoe coszpesgue kopabneit pazMepoM ¢
6YaBOYHYIO FOMOBKY OYAET JIeTETh CTPOEM U ITOAEPIKHBATEH MEXK-
Ay cobol cBA3b, X MOXKHO OyfeT pa3roHATh OYKBalbBHO KapMaH-
HBIM GOHAPHKOM>.

Ho ¥ y HaHO3BE3J0JeTOB MOTYT OOHAPY)KMTBCA CBOH IIPO-
6neMbl. Tak, B OTKPBITOM KOCMOCE OHH MOTYT CGHTBCA ¢ Kypca oT
BO3/IEHCTBUA MEKTPHYECKHX U MATHUTHBIX nosedf. Yrobel npego-
TBPATHTE 3TO, WX NPHETCA 3apaHee, elle Ha 3eMie, 3apaKaTh A0
BHICOKOTO MOTEHI[HANa; B 3TOM ciiy4ae ux OyeT He Tak-TO IPOCTO
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cbHTb C MyTH. Bo-BTOPBIX, HAM, BO3MOXKHO, IPHAETCA TOCIATL He
OLVH MIJUTHOH KopaieH-HaHOB0TOB, YTOOBI XOTE MOPCTKA MX MOT-
Jla TapaHTUPOBAHHO AojeTeTh A0 Ueld. MoXeT NOKa3aThCs, YTO
OTIPaBJATL Ha HeceJoBanMe GHKalLIMY 3Be3] LeJlble POU HAHO-
3BE3J0JETOB OYEHb PacTOYMTENbHO, HO 3BE3/10eThl 3TH ZO/MDKHBI
OBITD AelIeBEIMH, A MACCOBOE ABTOMATHUYECKOe TIPOH3BOACTBO, Be-
POATHO, MO3BOJHUT BBINYCKATL MX MWLTHADAAMH; TIPH 3TOM [0 LieI
JIOTIETHT NHIIB MaNad YacTh 3anyllleHHBX HAaHOOOTOB.

MO3HO JIH ¢Kka3aTh, KaK NPUMEPHO 6YAYT BRIMIANETE HAHOKO-
pabmu? Januen TonauH, ObBHIME raBa NASA, npeacTasnsa ceGe
GIOTHIMM KOCMUYeCKHX Kopabiei pazMepoM ¢ HaHKY KOKA-KOJbL.
Jipyrie roBopuiId 0 Kopabnsax pasMepoM ¢ UroaKy. [leHTaroH uay-
93a€eT BO3MOXKHOCTb CO3AHUA «YMHOMN MEUTH» — METKUX MbLTEBHA-
HBIX YCTPOHCTB ¢ KPOXOTHBIMH JaTUMKAMH, KOTOPEIE MOXHO GBLUIO
Obl pacnbLiaTh Haj nonaeM Oos, uToObl HelpepsiBHO cHafxaTb
KOMaHJMPOB ZOCTOBepHOH HHopMalielt. He uckaoueHo, 4To B
OyAyILEeM TaKyIo «YMHYIO IIbUTh» MOJKHO ByAeT nocaaTe K Oimkan-
IIVM 3BE3JaM.

Cxopee BCEro, 3M€KTPUYECKHE CXEMbl [TbLTEBHAHEIX HaHO-
60TOB OYAYT M3rOTOBJAEHH! NP NOMOIM TOH K€ TEXHOIOTHH
TPaBACHHA, KOTOPAs HCHOAb3yeTcd B IPOM3BOACTBE MOJIYNpO-
BOJHHKOB; 5Ta TEXHOJOTHA TNO3BOJAET CO3/ABATh AEKTPOHHEIE
KOMITOHeHTH pa3MepoM He 6onbie 30 HM, WIH OpUBGAH3UTENEHO
150 aToMoB B nonepeyHuxe. HaHOGOTE MOXKHO 3alycKaTh ¢ JIVHEI
NPH NIOMOIUY PeIbCOBLIX TYIIEK —- WU Aaxe MpH IOMOIIH YCKO-
puTesel YacTHil, KoTopele 6e3 TPpyAa pasTOHAIOT JTeMeHTapHEE
YaCTHIE 1O OKOJIOCBETOBHX ckopocTel. Hano60Thl A01KHE GEITH
HACTOABKO J€IUIEBBIMH, YTO B KOCMOC HX MOKHO ByeT 3amyckaTh
MIJTHOHAMH.

HAobpaBunce A0 GaMKanLel 3Be34HON CHCTEMBI, HAHOOOTEHI
MorIH 5bI CeCTE Ha KaKyio-HUOYAb NYCTHIHHYIO IYHY. TpaBuTaLia Ha
HeH He6Gonblias, M HAHOOOTH cMOryT 6es TPYIa CAAUTLCA U B3/1eTATh.
Ha MepTBOH siyHe, Kak IpaBWIO, HHYEro He TPOUCXOAHUT, a CTabIb-
Has 06CTaHOBKA WieaNbHa JJA cO3aHusA ONepaTUBHOM Gasbl. 060-
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CHOBARIIUCH Ha CITYTHHKE, HAHOOOT CMOXKEeT TOCTPOUTH M3 MECTHBIX
MaTepuanos HaHeGaGpUKY M COOPY/IMTE MOIHYIO PaAHOCTAHIHIO,
CocoOHYIC HanpaBHTL MOWHBIA VY U MepedaTh HHGOPMALHIO
Ha 3em0. Harogabpuka MoxeT ObITh TaloKe pacCyMTaHa Ha Ipo-
H3BOACTBO MIWLUTHOHOR KOMH# camoro HaHoGoTa A1a noapobHoro
HCCAeROBRAaHUA 5TOH 3BE3ZHOH CHCTEMB! H IToJeTa K Ommxainmm
3BesfaM. TakuM o6pasoM, IIPoLEcC MOBTOPUTCA. ABTOMATHYECKHM
3Be3/10/IeTaM HET HYK/B BO3BPAMATECA 0OPaTHO; UM JOCTATOUHO
nepe/aTh Ha 3eMrio coBpaHHyI0 HHOOPMALHIO.

TonbKo YTO OIHMCAHHEIN HAHOOOT HHOT/A elie Ha3bIBAlOT 30H-
AoM ¢oH HefiMana B YeCTh NPOCTABICHHOTO MaTeMaTHka JIxoHa
¢oH HeliMaHa, KOTOpbIt pa3paoran MareMaTHYecKHiH anmapar
CAMOBOCTIPOM3BOAAIIEHCA MalMHb! ThIOpHHTA. B nmpuHuune Ta-
KHe CaMOBOCIIPOM3BOAALIMECT KOCMHUYECKHE KODPaBIH-HAHOOOTHI
CIIOCOOHBI MCCAEA0BATh BCIO [aaK THKY, 4 He TONBKO BH3IeMalue
3sesjiel. Co BpemeHeM Moria Ob 00pa3oBaThed cdepa 3 TPHLIHO-
HOB TaKHX POOOTOB, KOTOpHIE JKCHOHEHIHMAAbHO Pa3sMHOMKAIHCH
651 110 Mepe yBeIHUCHHA pajuyca chepbl; pacumpesne cdpepbl npH
3TOM HUIO BBl C OKOJIOCBETOBOH CKOPOCTBIO. 3a HECKONBKO COTEH
THICAY JIET HAHOOOTBE BHYTPH ITOM PaclIMpsroLIencs cdephl Kojo-
HHU3UPOBAIX OB BCio [ANaKTHKY.

OueHb CEpbe3HO K Mee HAHO3BE3A0NETOB OTHOCUTCA, K HpPU-
Mepy, MHKeHEp-3neKTpHK bpaiiaH MIKpUcT u3 YHurepcuTera Mu-
ynralia. HegasHo on nonyymn oT MHCTUTYTA [IepCNEKTHBHBIX KOH-
uennuit NASA rpant pazMepom 500 000 gosur. Ha mpopaboTKy HaeH
CTPOUTENBCTBA HAHOKOPAbNeH ¢ ABUraTeieM He KpynHee OaKkTepH.
OH pacCYHTLIBAET MCHOAb30BATD BCE TY Ke TEXHOMOTHIO TPABIECHHUA,
3aMCTBOBAHHYIO H3 HOMYIIPOBOJHHKOBOH [IPOMBIILIEHHOCTH, JJIA
cosnanus GIOTHAMH H3 HECKOABKUX MIVUIMOHOB HaHOKOpabien.
ABurarbcd sty Kopabau OYAyT 3a cHeT BHOpaCcHIBaHUA KPOIISYHBIX
HAaHOYACTHL Pa3MEPOM BCETO HECKONBKO JeCATKOB HAHOMETPOB.
OTH HaHOYACTHLB DpeANonaraeTea pasroHATh B MEKTPHYLCKOM
Tofe — TOYHO TaK JKe, Kak JenaeTcs B HOHHOM /Jsurarese. Ho kax-
7lag HAHOYACTHIIA BECHT B TRICSIYM Paz G0JIBIIe HOHA, IOITOMY U TATA
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y Taxoro ApuraTesa 6yeT 3HaYUTEIbHO Goblile, yeM y 06BIYHOrO
HorHoro. Takum ofpasom, ABurartend HaHokopabneit 6yayr obaa-
JiaTb BCEMW NPEUMYLIECTBAMU HOHHBIX ABUTATENEH, HO 3HAYUTEIb-
HO GosibLiIel TATOM. PHIKPHUCT y2Ke Hayan TPaBUTh Koe-KaKHe AeTalu
ANA CBOMX HaHoKopabneil. Ha naHHBIH MOMEHT eMy yaaeTes pas-
MecTuTh 10 000 OTAEABHEBIX «ABUTATENEH» HA OJHOM KPEMHHEBOM
4HIE pa3MEPOM B OTMH CAHTHMeTP. [lepBOHAYANTBHO OH ILTAHHDYET
pasocnaThb cBol0 ¢oTIIMIo 110 COMHEUHOMH cHeTeMe U TaKUM 06pa-
30M npoBepuTh 3bdeKTHBHOCTE HaHOKopabnel. Ho co BpeMeHeM
OHH MOTYT COCTABHUTH YACTh NIEPBOH 3eMHOH QIOTHIMH, KOTOpas
OTIIPABHUTCA K 3BE3/aM.

[TpoekT ['WIKpHCTa — OAHO U3 HECKONBKHX GYTYPHCTHYECKUX
NPeJJIOKEeHNH, KOTOPHIE B HACTOALee BpeMs paccMarpuBaeT NASA.
[Tocne HeCKOMBKHX AecATieTHA Oesaeiictera NASA BHOBL 00Opa-
THIIOChH K Pa3/IHYHBIM [TPOEKTAM MEK3Be3AHbIX IYTeIleCTBHH — OT
BITOJIHE PeaNbHAIX 0 COBEpIIEHHO paHTacTHYHEIX. C Hauata 1990-x
NASA npuHHMaeT y cefs exxeroaaslil CeMHHAp T0 HCCIEAOBAHHAM
B 0651aCTH MepCHEKTHBHEIX KOCMUYECKHX ABHUraTeNiel, BO BpeMAa
KOTOPOTO HECKOMBbKO KOMAHZ CePhe3IHBIX UHXCHEPOB H (UIUKOB
PasdHpAaloT NpejnoXeHHBIe NPOEKTH 10 KocToukaM. Eme Gonee
cepbeaHhle 33241 CTABUT Ilepes coG0H NporpaMMa NIpophIBHEX QH-
3MYECKHX NIPHHIMIIOB, [eb KOTOPOH — UCCIeJ0BaTh 3arafQyHbIH
MHp KBAHTOBOH PHHKH B IPHIOKEHHH K M/iee MEX3BE3IHbiX MyTe-
IIeCTBHH. YueHble He MPHILTH K €4MHOMY MHEHHIO, HO O 6oiIblLIei
4aCTH KX YCHJIMA COCPEOTOYEHB! Ha CAMbIX YCTIEMIHbIX U NPOABHHY-
TBIX Ha JJaHHbIH MOMEHT IIPOEKTaX; 1a3€PHbIX NIAPYCax U PA3THYHELIX
BapHaHTaX TePMOAEePHBIX IBUTaTeNeH.

YYUTEIBAA MeJJIeHHOe, HO BepHOe MPOABHXEeHUe B pazpaboT-
KaX KOCMHYecKHX aNmnaparTeB, pasyMHO MDPEANOAOKUTE, YTO Mep-
BbIH GeCMWIOTHEIH 30H] TOTC WIH HHOTO COPTAa MOXET OTIPABHUTE-
A K OMMAKaHIIMM 3Be34aM ellle B 3TOM CTOJETHH WK, BO3MOXHO,
B Hayasle cAeyIOLIero, a SHa4NT, NyTElIeCTRBYe K 3Be3aM cyieayer
knaccndbuLpOBaTh KaK HEBO3MOKHOCTD | Kiiacca.
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Oanaxko caMelii MHOTooOelIalomiii, BO3MCXKHO, BAapHAHT
3Be€3HOrC Kopaba npejnonaraeT UCIOMb3OBaHHE aHTHBEIIECTBA.
B HacToAKMH MOMEHT 3TOT NpoeKT Ho/blile HAMOMHMHAET HayYHYIO
danTacTHKy, HO He 6yaeM 3a0LBATh, YTO AHTHBEILECTBO YIKE [10NY-
YeHo Ha 3eMJle; He UCKIIUEHO, YTO KOryla-HUOYAE Takoit 3Be301eT
CTaHeT CaMbIM MEePCHEKTHBHBIM BAPHAHTOM /U OTNPABKY K 3BE3-
AAM TICPBOM HACTOSIIEH IKCHEeAULIHM.



10, anrHsemEcTeo
W ANTHBCERERKMIE

Camad BOAHYIOMAA GPpadd, KAKYH MOKHO YCALIIIATS B HAYKe, — (pasa, BOIBEWANHEAN O
HOBLIX OTKPLITHAX, — BOBCE He «DBpHKal>, a <Bor 3a6aBHo...».

Alizex A3uMos

Ecnu yenoBek BEPHT HE T4K, KaK MBI, Mb] HA3LIBAEM ET0 YYAAK0M, H HA 3TOM JIEN0 KOHYa-
eTCh. 51 HMei0 B BUZY, KOHYAeTCA B HAKM JHN, NOTOMY YTO Mbl HE MOXKEM CKeYb ero.

Mapk Teex

HepBonpoxo.uua BCErAa MOXEHO Y3HATDL 110 CTPeN1aM B CIIMHE.

Besepanu Py6uk

B 6ecrcennepe [sxa Bpayna «AHrelbl ¥ JeMOHEI», KOTOPBIH Mpe-
1IeCTBOBAJ eTo ke «Koay fa Bunum», ZeiicTBHe COCPEAOTOUEHO BO-
KPYT 3aroBopa HeOOJIbLIOH IDYIIIIB 3KCTPEMUCTOB-«LTIOMUHATOB»,
3aroBOPILMKY XOTeNH B3opBaTh BaTHkan 6o0MO0H M3 aHTHBEIUECTBa,
BHIKPaJIeHHOT'O U3 AfepHoii n1abopatopuu CERN Hezaneko oT XKe-
HeBBl. 3aroBODLIMKH 3HAIOT, YTO Pe3y/JbTaTOM COTMPHKOCHOBEHUA
Bell[eCTBA U aHTUBELIeCTBA JOKEH CTATh rPaHAKO3HbIH B3DHIB, BO
MHOTO paz 0oJiee MOLIHEI, UeM B3pHIB BOZOpoAHOH boMOEL U X018
6omba 13 aHTHBeIecTBa — IVIOA (aHTa3HH aBTOPA, caMo 1o cebe
aHTHBEIECTBO BIIOTHE PEATBHO.

I derTUBHOCT aTOMHON HOMObI, HECMOTPH HA BCIO €€ KYT-
KYK0 MOIIb, COCTABMACT Bcero oxkono 1%. B aneprumo nepexoaur
VB KPOXOTHAA 9acTh Macchl ypasa. A BoT Gomba U3 aHTUMAaTe-
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puY, eyt 6Bl TaKyIO YAANMOCh CO34aTh, IpeBpaniana 6bl B SHEPrUio
100% cpoet maccel, ¥ moToMy 6b1a 6b1 ropasgo Gonee addek-
THBHOH, YeM atomHasa GomOa. (TouHee, B «IOJE3HYIO» B3PHIBHYIO
3HEPTHUI0 B Takoii HoMbe mpeBpatiioch 6bl okono 50% seluecTsa;
OCTABIIAACK YaCTh MACCH 6bU1a OB YHECEHA B IIPOCTPAHCTRO MOYTH
HeOOHAPYKHMMHIMH 4aCTHIIAMH — HeHTPHHO.)

Jlonroe BpeMsa aHTUBELIECTBO HAXOAWUMOCH B QoKyce oblie-
CTBEHHOT'O M Hay4HOro MHTepeca. XoTa O0MOBI W3 aHTHBeleCTBa
MO-ITPeXXHEMY HE CYIUECTBYET, GH3HKH HAyYHIHCh CO3JaBaTh He-
fombIIHe NOPIMH AHTHBEILECTBA A/ U3YIEHHS TIPH IIOMOLIN MOIL-
HBIX YCKOPHTENeH.

Ho.nyquHe aHTHAaTOMAa 1 aHTUXUMHUA

B nauane XX B. GU3UKY HOHSUTH, YTO ATOM COCTOMT H3 3aPSKEHHBIX
3/IeMEHTAPHBIX YaCTHII, ¥ 3AEKTPOHM! (OTPHLUATENBHO 3apsiKeHHbIE
YacTUIE) 06pallaloTCsl BOKPYT KPOXOTHOIO Apa (MMEIOLIero Mo-
JAOKUTSNbHEIM 3apad). fApo, B CBOIO OYepeas, COCTOUT U3 [IPOTO-
HOB (HOCHTe/1el NOOXUTE/ILHOTO 3aps/ia) U HeHTPOHOR (xkoTopHIe
3MEKTPHYECKH HENTPaIbHbI).

B Havane 1950-x rr. du3MKa repekuia HacToANIM moK. Ces-
3aHO 3TO 6BLIO C TIOHMMaHHEM TOTO, YTO /1A KaXK/I0M YacTHIIB Cy-
IeCTBYET NapHadA K HEH aHTU4aCTHI[A — TOMHO TAKas e YaCTHLA,
HO C IIPOTUBOIONOXHEIM 3apAAOM. [TePBBIM ObLT OTKPBIT MOIOXKH-
TEIbHO 3apAKeHHBbIH aHTHAMEeKTPOH (MOMYYMBILHI Ha3BaHUE II0-
3uTpoH). [Mo3MTPOH BO BceM MAEHTHYEH IEKTPOHY, HO 3apAL NPH
9TOM MMEET IONOKHUTENbHBIA. (TPeK, WM wiea, NO3UTPOHA OYeHDb
NerKo yBHIETh B KaMépe BunbcoHa. B MONIHOM MarHuTHOM roJe
IIPOJIETAOUIHE NOSHTPOHH OTKIOHAIOTCA B IPOTUBOIONOKHOM Ha-
NpaBjieHHH 110 OTHOIIEHHIO K OOLIMHEIM 371eKTpOHAM. Enle B 1IKko/Ie
A GoTorpadHpoBai oA0GHbIE TPEKY AHTHBEIIECTBA. )

B 1955 r. Ha yckopuTene 9acTul] YHUBepcuTera KatudopHuu
B bepiin — «beBaTpoHe» -— GbUT OYYeH NEPBHIA aHTHIPOTOH.
Kak 1 oxuzanocs, 0H okasaicsa MOIHOCTBIO HAEHTHYEH MPOTOHY,
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3a WCKJIOYeHHeM TOTO, YTO 3apsA¥eH OTPHHATENbHO. 3TO O3Haya-
€T, YTO B [IPHHIHIIE MOXKHO CO3AaTh aHTHATOM (T/le BOKPYT aHTH-
MPOTOHHOTO fAApa 6yayT obpamaTbes [o3uTpoHs). Bonmee Toro,
TEOPEeTHYECKH BO3MOXHO CYLIECTBOBAHME BCEX AHTH3JEMEHTOB,
AHTHXUMMWM, aHTUAIOEH, aHTH3eMe b H AaKe aHTHBCEIEHHBIX.

K nacrodmeMy MOMEHTY YIeHBIM YAAT0Ch CO3/aTh Kpolley-
HbI€ MOPIHK AHTUBOAOPOAA Ha THTAHTCKOM yekopuTene B CERN u
B Jlaboparopuu umenn PepMu Henoganexy oT Yukaro. (Jns sToro
My90K BBICOKOIHEPreTHYECKHX IIPOTOHOB [IPH IHOMOIK MOIHOI'O
YCKOPUTE/IA HanpaB/AKT Ba MUILIEHb, CO3JaBad TakuM obpazom
6eCIOPAAOYHBIH MOTOK OCKOMKOB ATOMOB. MOINHbIE MATHUTH BHI-
AEAIOT U3 3TOTO NOTOKA AHTHIIPOTOHEL, KOTOPEIE 3aTeM 3aMelJit-
I0T 0 0YeHb HU3KUX CKOPOCTEH M 3aTeM MOBEpraloT ACHCTBHIO [0~
3MTPOHOB, KOTOPBIE €CTECTBEHHLIM 00pA30M HalydaeT HATPHHA-22.
Ecau mo3uTpoH, OH ke aHTHUIEKTPOH, HaYHHAeT 00palaThes Bo-
KPYT aHTHIIPOTOHA, BOSHUKAET ATOM AHTUBO/IOPOJA — Be/lb aTOM
BOZIOPO/A COCTOUT M3 OAHOTO IIPOTOHA H OJHOro 371eKTpoHa.) B up-
CTOM BAaKyyMe Takke aHTHATOMBl MOTYT CYUIECTBOBATh BEYHO.
Ho cTeHKH caenadbl U3 ob6bYHOrO BelllecTsa, Ja M MpUMecel uz-
GexaTh HEBO3MOKHO, TAK YTO PAHO WIH MO3HO aHTHATOMBIL CTA-
KHBAIOTCA ¢ OOBIYHBIMY ATOMAMM M AHHHTHAMPYIOT ¢ BHICBOOOKAE-
HHEM SHCPTHH,

B 1995 r. CERN IpouzBes HACTOATIYI) CEHCAIMI0 — OOBABI
0 CO3JaHHH JeBATH aTOMOB aHTHBOACPOJA. B npHHUMITE HAYTO —
KPOME, PasyMmeeTcs, 3alpeAedbHO BRICOKOH LE€HB — HE MeIaeT
HaM co03JaBaTh aToMbl Oollee TAXKENBIX AHTHINEMEHTOB. Jlioboe
rocy1apcTeo 0DaHKPOTHIOCH Obi, MPOHM3BEAA HECKONBKO JECATKOB
rpaMMOB AHTHATOMOB. B HacTosiiee BpeMsa YPOBeHb IIPOHM3BOJ-
CTBa QaHTHBEMIECTBA B MUPE COCTABAET OT OAHOH MWUTHADAHOH 0
OAHOMH AeCATUMWIAMAPAHOH rpamMma B rog. K 2020 r. 370 Konnge-
CTBO, BO3MOMHO, YITPOHTCA. DKOHOMUYECKAd CTOPOHa MPOU3BOI-
CTBA AaHTHBENIECTBA BEIMIAAUT BecbMa HenpuUniAaHo. B 2004 r. He-
CKOJIBKO TPH/UTHOHHBIX IPaMMa auTHeeulecTsa obonutace CERN B
20 miH 1071, TIpH TaKKUX TeMIIax IPOM3BOJACTBO 1 T AHTUBELeCTRa
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CTOWJIO OBI CTO KBAAPWLIMOHOB A0/IAPOB M 3aHsU10 6b1 100 MJIpA €T
HelpepelBHON paboThl dabpuku! 3To AelaeT aHTHBEIECTBO Ca-
MBIM JOPOTHM HPOAYKTOM Ha CBeTe.

«Ecy 61 MbI MOTIH coBpaTh BCe IPOU3BEEHHOE HAMH AHTH-
BELIECTBO ¥ AHHUI'WINPOBATh €0 € BEUIECTBOM, — F'OBOPUTCA B 3a-
ApaeHuH CERN, — MBI momy4iad OBl 40CTATOYHO IHEPTHH, YTOOH
O/IHA 3MeKTpyyecKas IaMIIOYKa MOTJIA POPeTh HECKONBKO MUHYT».

O6pallaTsbes ¢ AHTHBELIECTBOM HPE3BHYAHHO CIOMHO — Beflb
mo60if KOHTAKT BEeIIeCTBA M AHTHBEIECTBA MOPOKAAET B3PHIB.
1lOMECTHTL AHTHBELIECTBO B OOBIUHBIH KOHTEHHEP PABHOCWILHO
CaMOyOMMCTBY — KaK TOJBKO OHO COTIPMKOCHETCS CO CTeHKaMH,
HPOM3OK/IET B3pHIB. Booblle, Kak MOXKHO 00paIaThed ¢ TakowH 9yB-
CTBHTebHOM cybcTaHuMel? EauHeTBenHbl ciocod — npeasapu-
TeJIbHO WOHH3MPOBATh AaHTUBEIICCTBO, IPEBPATHE €r0 B MOHHBIM
ras, a 3aTeM HaJIeXKHO 3allepeTh B «MarHUTHYI0 OYTEUIKY», TAe Mar-
HHUTHOE 10JIe He AacT eMy COTTPHKOCHYTBLCA €O CTEHKAMM.

Ec/¥ MBI XOTHM OCTPOHTE IBUTATENE Ha aHTUBEIIECTEE, HAM
Hyx¥HO 6yzer obecreulTh NOCTOAHHYIO Mogady ero B pabouylo Ka-
MEpY; TaM aHTHBeIlecTBO Gy/leT aKKypaTHO BXOAHTH B COIPHUKOC-
HOBEHHE ¢ BeIlleCTBOM, POX/as YIPaB/IsieMblil B3pbIB — IPHMEPHO
TaKOH e, KaKOH IIPOUCXO/UT B PAKETE ¢ XKUMUYECKHM JBHIATENIEM,
MoHH, BO3HUKIIME B IIPOIecce B3peiBa, OYAYT 3areM BbIOpachl-
BaThCs Yepes COIUI0 ABUTraTeNd, MPUAaBas pakeTe TOCTYIATEIbHOe
ABHKEHHE. JIBUraTe/lb Ha aHTHBEINECTRe BecbMa 3¢ QeKTHBHO nIpe-
BpalaeT MaTepHiO B SHEPTHIO, IOITOMY TEOPETHYECKH 3TO CAMBIH
cobIa3HUTeNbHBE TUIT ABUTATEN JJIA 3Be3aoneToR 6yayiero. B ce-
pHane «3Be3AHBIA NyTb» MCTOYHHKOM 3HEPTMM 3BE3R0/ETA «JH-
TepIpais» ABIAeTcA AHTHBELIECTBO; B €ro ABUraTeIAX NOCTOAHHO
IIPOMCXO/THT YTIPAB/LAeMast BCTPEYa BEIECTBa ¢ RHTHEEIIECTBOM.

PeakTuBHBIN ABUraTelIb Ha AHTHUBECILECTBC

®uauk [Hxepaiss CMAT U3 YHUBEPCHUTeTa WITaTa [leHCHIbBaHHA —
OZMH M3 CaMbIX SIPHIX CTOPOHHHMKOB Kopabiel Ha aHTHBELIECTBE.
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OH CYHTaeT, 4To, He 3arnAAbIBadg CIHIIKOM JJaNeKO BOEPEJ, BCETO
JIUIIE 4 MT TIO3UTpoOHOB OyAeT ZOCTaTOYHO, YTOOR JOCTABHTL KO-
pabIb ¢ COOTBETCTBYIOIMM ABUIaTeeM Ha Mapc BCero 3a HeCKOMb-
KO Heflenb. CMHT OTMeYaeT, YTO AaHTURENECTBO CIIOCOOHO BLICBO-
6011Th MPUMEPHO B MH/LTHAPA Pa3 Boblie SHEPTHH, YeM 0BBYHOE
PAKETHOE TOTUIHEBO,

[lepeBiM Jen0M Tpy MPOM3BOACTBE TOILUTMBA-aHTHBELIECTBA
JO/DKHO CTaTh NONAYYEHWE B YCKOPHTENE YaCTHMI, NOTOKA AHTH-
OPOTOHOB H «CKTaAUpOBaHKe» UX B AoByiIKe IleHHUHTa, KOTOpYIO
paspabarhiBaeT B HACTOALHIA MOMeHT CMuT. [Ipejiionaraerca, 9o
roroBas josylka [lenHuHra 6yaer BecuTs 100 Kr (61B11YI0 YaCTh
M3 KOTOPRIX JO/DKHBI COCTABIATD MUIKHE A30T M MeIHH) H CMOXKET
BMECTUTD OKOJIO TPIWUIMOHA aHTUNIPOTOHOB, YAECDKUBASA UX B Mar-
HUTHOM nose. (TIpH o4eHb HM3KWX TEMIEPATypax JJTHHA BOJHBI
AHTHIPOTOHOB B HECKOIBKO pas Dojblle JIHHE BOJHE aTOMOB, M3
KOTODHIX COCTOMT CTeHKa KOHTeHHepa, Mo3TOMY aHTUIIPOTOHH B
BOMBIIHHCTEE c1yyaes 6yayT OTPaKaThCA OT CTEHKH 683 aHHUIWIA-
ITUH.) CMUT YTBEPHAAET, UTC aHTHIPOTOHH B JIOBYIIKe [leHHHMHra
MOKHO Oy/IeT XpaHHTh OKOJIO IIATH CYTOK (0 MCTIONb30BAHMA, T. €.
[0 CMEIHUBAHKA ¢ O0ObLIYHBIME ATOMaMM H AHHHTMIAIHNH). OXH-
AaeTcsd, YTO €ro J0BYIIKAa BMECTHT IPHMEPHO OAHY MI/LTHAPAHYIO
rpaMma aHTUNPOTOHOB. Llenb CMHTa — cO3AaTh AOBYIIKY [TeHHHH-
ra, CrmocobHyI0 YAepKUBaTh A0 1 MKT, T. €. 40 OAHOH MWUIHOHHOH
JI0JI¥ rpaMMa, aHTHIIPOTOHOB.

XoTd aHTUBeILeCTBO [IPOJOIDKAET OCTABATHCH CAMO IOPOTO-
crosmeil cybcTaHIIMed Ha 3¢MiTe, €ro IleHa T/ OT T'ojla Pe3Ko Iia-
Jaer (Mo ceroAHANIHHM LIEHAM rpaMM aHTHBEIeCTBa CTOMI OH
npuMepHo 62,5 tpma gomn.). B Jlabopatopun uMeHH ®epmu moj,
YHKarce CTpPOWTCS HOBBIM HMHKEKTOD YaCTHUI[, KOTOPHIH Z0/EeH
VBETHYHMTh MPOM3BOACTBO AHTHBELIECTBA B 1aB0PAaTOpUH B AeCATDL
pas, ¢ 1,5 7o 15 Hr B roZ, 4To TOXE AMDKHO CYIIECTBEHHO CHH3HTh
ueHsl Tem He meHee Faponbg lepprin H3 NASA cHUTaeT, 4To C AaMb-
HeHIIMM YCOBEPINEHCTBOBAHWEM TEXHOIOTHH I1€HA BIIOJHE MOXKET
CHM3HTBCA A0 5000 gomn. 3a mMuxporpaMm. Joxtop CTusen Xay
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u3 kommnanuu Synergistic Technologies B Jloc-Anamoce, mrat Hpio-
Mexkcuko, yreepxaaeT: «Haia 1enb — nepeBecTd aHTHBEIIECTBO
U3 HEeZOCTHXHMOH cdepnl HayuHOH GAaHTACTHKM B OTKPHITYIO AJIA
KOMMEPYeCKOro WCIONb3OBaHuA chepy TPAaHCIOPTHHIX M MeAU-
TIMHCKHX IPHTOXEHHI»,

Ao cux Mop A1A NOAyYeBHA AHTMIPOTOHOB HCIOAB3YIOTCA
yCKOpUTEeNH, KOTOpHEe paspabaThIBATUCh B CBOe BpemA KaK UH-
CTPYMEHTHI AJIA HAYYHBIX HUCCICAOBAHMH, a He kKak ¢abpuxu no
TIPOM3BOACTBY AHTHUBELIECTBA; II03TOMY OHM, ECTECTBEHHO, OUYeHb
HeapexTuBHbL. HMeHHO 1100TOMY CMHT ME4TaeT O CTPOHTENbCTRE
HOBOrO YCKOPHTENA YACTHLL, CICHHANBHO Pa3paboTaHHOTo /A Po-
M3BOJCTBA 3HAYHTEABHOTO KOJIMYECTBA AHTUIIPOTOHOB; IIOABIEHHE
TAKOH CrelHaIU3UPOBaHHON GpabpHKy cpa3y CHU3KMO OBl LieHy.

CMHT MeYTaeT O TOM, YTO Korjga-HuOyAp, KOT/a Jaibhehuine
TeXHHYeCKMEe YCOBEPIIEHCTBOBAHUA M MACCOBOE TIPOM3BOACTBO
[IOMOI'YT CHU3HTE ee elle CHabHee, PAKeTh HA aHTUBeleCTBE CTa-
HYT pabouMMK OWAJKaMH MEXKIUIAHETHOTO, 4 BO3MOXKHO, U MeX-
3pe3gHore coobmenua. [loka e MX NPOEKTH OCTAKTCSA TOABKO
Ha BymMare.

EcrecTBeHHOE aHTUBEIIECTBO

Ec/in asTHBeIIeCTBO TaK CJIOXKHO IOAYIUTD B 3¢ MHBIX YCIOBUAX, TO,
MOXET, Jierde 0fHapyKUTh ero B kocmoce? K coxaneHH10, MOHCKH
aHTUBellecTBA BO BeesieHHOM, K DoNMbIIoMy YAUBIEHUIC QU3UKOB,
MOYTH He Jaiy Pe3yabTaToB. TpyAHO OOBACHUTh, MOYEMY Haila
Beenennasa cocrout HpeﬂMy’H_[ECTBeHHO M3 BellecTBa, a He U3 aHTH-
BellecTBa. Kazanoch 6bl, TOrHYHO IPEATION0KUTD, UTO MPH PpOMAL-
HuW BeceneHHOHN BELecTBO ¥ aHTHBEIIECTBO BOZHMEIM B PaBHBbIX,
CHMMETPHUYHBIX KOJHYecTBaX. [103TOMY Tak MOPAXKAET [I0YTH TI0-
HOE OTCYTCTBHE aHTHBElleCTBa.

Haubosee BepoATHLIA OTBET HA 3TOT BOMPOC [EPBBIM chOPMY-
Juposan Angpeit Caxapos, denopek, pazpadoraBuyii 8 1950-x rr.
Ama Coeetckoro Cow3a Boaopoadyio Homby. Caxapor paccyxian
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TaK: B Hayane BceneHno#, 3o Bpema GOJBINOTO B3pEIBA, BOSHUK-
Jia JIeTKaA acCMMMEeTpHs B KOJHYECTBe BellecTBa U aHTHERCIIeCTBa,
NPHYMHOH KOTOPOH CTA/IO TaK HasblBaeMOEe HApYLIEHHE 3apajo-
BO# M YeTHOH cuMMmeTpHH (CP-cumMeTpun). B HacToAmee Bpemsa
3TO ABJAECHHE — lIpegMeT CamMblX MHTEHCHBHBHIX HCCIEAOBRHWMH,
B xoHeuHoM HTOre, paccyxaan Caxapos, BCe aTOMBI HallleH cero-
IHANIHEH BeeneHHOM MpeAcTapaAoT CO60H OCTATKM OYTH MOJTHOH
B3aMMHOH aHHUTILTALIMY MAaTePHH U aHTHMAaTePHH; 3TO B3aUMHOe
KOCMHYECKOEe YHHYTOXEHHE [MOC/IeA0BaI0 334 BONBUIMM B3PhIBOM.
Jlilb KPOXOTHAA HECHMMETPHYHad 4acTh BellecTBa oOpasopania
OCTaTOK, U3 KOTOporo U chopMHpoBanack CErOJHALTHAA BUIUMAHR
Bcerennana. Bce aTOMBI HAlIMX TeT — OCTATKM THTAHHYECKOTO
CTOJIKHOBEHUS BEeCTBAa H AHTHBEIeCTha.

JTa Teopud [OIYCKAeT CYLecTBORaHME HeOOMbUIHX KOMH-
4eCTB aHTHBENeCTBA, BO3HMKINErO ecTecTReHHHM 06paszoM. Eciu
HaMm yAacTed o6HAPYXHTh €ro 3amachl, CTOUMOCTh IIPOH3BOACTBA
TOIUIHB& [JJIA ABHraTeslell Ha aHTHBEleCTBe Pe3Ko yazeT. B npus-
UHIIE HCKATb «3&I€XKH» eCTCCTBEHHOTD AHTHBEIISCTBA AOJIKHO
OpITE HecoXKHO. KoTZa 3neKTpoH BeTpeyaeTes ¢ MO3UTpoHoM, 06a
AHHUTMAHPYIOT, H31y4asg IIPH 3TOM CaMMa-KBIHTHl C JHeprueil
1,02 MsB unn seiwie. [1o2TOMY, TPOCKaHHpOBas He6o B MOUCKAX
raMma-ydeil ¢ Takol 3HeprueH, MOXHO §e30MHO0YHO OTHICKATh
CJIeZb! TPHCYTCTBUA €CTECTBEHHOTO aHTHBELECTBA.

B camowm feste, ZokTop Yunbam [I€pcenn U3 Cerepo-3anagHoro
YHHBepcuTeTa 06HapyKUa «pOHTAHEl» AHTUBENIECTBA B ralakTH-
Ke Mieunsii [Iyts, Heqanexo OT ee ueHTpa. [1o Bcelt BUANMOCTH,
TaM UMEETCA HOTOK AHTHBEINeCTBA, KOTOPBIH IIPH CTOIKHOBEHUH ¢
OOBIYHBIM BOAOPO/IOM MOPOXKAAET XapaKTEPHOE raMMa-H3/aydesne
¢ sHepruei 1,02 MaB. Ecau 3T0T IOTOK HMeeT eCcTECTBeHHOE Mpo-
HCXOXeHHe, TO, BO3MOKHO, BO BCelleHHOH CYIECTBYIOT K ApyTHe
«KapMaHbl» aHTUBEILECTRA, KOTOPOE He BRIIO YHHYTOKEHO BO Bpe-
MsA BoABIIOrO B3PHIBA.

Jna Gonee cucTeMaTHYECKHX ITOMCKOB aHTHMBEMIECTBA €CTe-
CTBEHHOTO ImpoucxoxAeHus B 2006 r. Ha opbuty 6B BHBeAEH
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coyravk PAMELA, paspaboTaHHblil COBMeCTHRIMU YCUIHAMK Poc-
cuu, Utanun, Fepmanun u [Herenqud u npegHasHadeHybH 418 10-
HCKOB COXpaHUBIIUXCA YIacTKOB aHTUBENlecTBa. [Ipeaniayiue mo-
MbITKH TAKOTO PoOAa OrPaHHYMBATHCE HCIIOMB30BAHHMEM BEICOTHBIX
a3pOCTATOB M WATTIOB, T. . ¢O0OP JAHHEIX Ipogo/IKaica He Gonee
Hegenu. PAMELA e 6yaer paGotaTh Ha opbure no kpaiineii Mepe
TPH I'ofa. «JTO JIHWHH ASTEKTOP U3 BCeX, YTo OBLUIH J0 CHX ITOD, H
MuI Oy1eM TI0JIb30BATHCA MM J0IT0e BpeMs», — OBOPUT YYACTHHK
mpoekTa [Isepmropaxo [Tukoula 13 PHMCKOro yHUBepCHTETa.

[pubop paspaboraH a4 perucTpanuu KOCMUYECKUX Jyyei
KaK OT OOBIYHHX MCTOYHHMKOB, TAKMX KAaK CBEeDXHOBBIE, TaK ¥ OT
HEOXHJAHKEBIX 11 HEOOBIYHBIX, TAKHX KAK 3Be3/Ibi, COCTOSAIIHE IETH-
KOM M3 aHTHBeuecTsa. [oBopA Gonee koHKpeTHO, PAMELA 6yzer
HCKAaTb ¢Jie/] aHTHIe/iMA, KOTOPblH MOXKET BO3HMKATH B HEAPaX aHTH-
ase3. CeroAns GONLIIMHCTBO GH3NKOB YBepeH.l, 4TO B peayisTaTe
BoABIIOrO B3pHiBa BEIECTBO M dHTHEEMECTBO BO BeeneHHOH aHHU-
THIMPOBATH HOYTU MOJHOCTRIO, KAK W MPEAMONOKWI B CROE BpemA
Caxapos, Ho npubop PAMELA 6yzer paSoraTs, KCXOAS M3 IPYTOTO
NpeAno/okeHnd — 4TO B 9TONH aHHHTHIAUAKE He yJaCTBOBAMH 1ie-
nple obmacTy BeenerHol ¢ npeofnaflanveM aHTHBELIECTBA, [/ OHO
¥ CerOfHA CYUIeCTBYET B BU/Ie aHTH3Be3 .

Ecny aHTHBelecTBO B HeGOMBIIHX KOTHYECTBAX CYHIECTBYET B
OTKPHITOM KOCMOCE, TO HE HCKJIFOYEeHO, YTO MOXXHO By/IeT «cobupaTh»
€r'0 Y HCI10/1b30BaTh B KAYECTBE TOILTUBA /1A 3Be3/10NeToR. HHCTHTYT
MePCNeKTHBHBIX KOHLeniuit NASA A0CTaTOYHO cepbe3HO BOCTIPHHU-
MaeT uaero chopa aHTHBEIECTBA B KOCMOCE, O YeM CBHIETETLCTBY-
€T He/JaBHO BblAAHHEIHA PaHT Ha MWIOTHBIH NPOEKT 10 H3YYEHHIO
3TOM HzeH. «YIpoIIeHHO rOBOPS, BaM HYXKHO CO3/dTh CETh BPOJE
peI60I0BHOI», — roBopuT Jkepanss JxeKkcoH U3 KoMmnanuu Hbar
Technologies, npUHIMaIOIIEH B 3TOM POEKTE AKTUBHOE YYaCTHE.

OcHOBO# nmpeAnosiaraeMoro ycTpokcTsa A1s cbopa aHTH-
BEIECTBA CNY)KAT TPH KOHIEHTPUYeCcKHe cephi, H3rOTOBAEHHEIE
U3 MPOBOJIOYHOH CeTKHU. BHemnaAsa cepa nuamerpom 16 kM gomx-
Ha OHITH NOKOKHUTENLHO 3apAXKeHa; OHa 6YeT OTTANKHUBATE HOI0-
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AHUMTEIbHO 3apAKeHHbIE [IPOTOHBI, HO IPUTATHBATD OTPUUATEMLHO
3apsKEeHHBIE aHTHIPOTOHEL. AHTHIIPOTOHH, MIpoIeALIHe Yepes
nepeyo cdepy, OyIyT 3aMeIATRCA, IPOX0AA yepes BTOPYIo, U OCTa-
HaBJMBATLCA HA NIOAX0JE K BHYTpeHHel chepe Auamerpom 100 M.
TaM aHTHOPOTOHE 6yayT 3aXBATLIBATLCA MATHUTHBIM MONEM H
CMEMNBATHCA ¢ NO3UTPORAMM 1A TIONYYEHHA AHTUBOAOPOAA.
CornacHo oleHKe JhKeKCOHa, yrpasiAeMad aHHHTWIALMS
BellleCTBA M aHTHMBENIECTBA BHYTPH KOCMM4eckoro xopabd mor-
na OBl ZOBECTH €ro Noj CONHEYHBIM NapycoM Ao [UIyToHa IpH
pacxozie Bcero aunib B 30 Mr aHTHBeNecTBa. YTo6k JoneTeTsh A0
Asbdu LlenTaBpa, 3Be3J0NeTy, IO 3TUM Ke pacdeTaM, noTpebyeT-
ca 17 r aHTHBewecTBa. B To xxe BpemsA /HKEKCOH yTBEPH/1aeT, YTo
mexay opbutamu Benepnl M Mapca MOXeT IPHCYTCTBOBATH J0
80 I aHTHUBEIEeCTBA, KOTOPOe TEOPCTHYECKH MOMKHO COOPATh TIPH
NIOMOLIM TAKOTO KOCMMUECKOTro 30HAa. OfHAKO, MPHHKUMAA BO BHU-
MaHHe TeXHU4ecKue TpobaeMbl H CTOMMOCTE 3aITycka THIaHTCKOro
cOOpIIKMKA aHTUBELIECTBA, MOXHO NPEANOIOKHTD, YTO STOT NPO-
eKT 6yIeT peann3oBaH He paHblle koHua XXI B., a TO M IIO3Ke.
HekoTophie yueHble MeYTAOT NOAYYHTh AHTHBELIECTBO H3
acteponga, csoboano apeiidylollero B oTKpHTOM KocMoce. (B ce-
pyu KoMHKCOB «Pramr TopAoH» xorna-To GuUrypHpoBal neTdilui
1O KOCMOCY 3/I0BEIIMHM acTepoMJ W3 aHTUBEUECTBa, CMOCOOHHIA
NPH BCTPeye ¢ Mi000H I1aHeTOH BhI3BaTh YXKACAIOLUMH B3PLIB. )
EcTM aHTHBeNIECTBa €CTECTREHHOTO MPOHCXOXKIEHHA B KOC-
MOCe He OTBIIIeTCA, HaM IPHAETCH XKAATh HECKONBKO ACCATUIETHIA,
a TO ¥ CTONETHH, MpeXJe 1eM Mbl Ha 3eMle CMOXKeM HalaAUTh IIpo-
H3BOJCTBO CYIECTBEHHBIX €0 KONHYECTB. Ho eCTH NpeanoioXuTE,
4TO TEXHHYECKHe IPobIeMH IPOH3BOACTBA aHTHBEINECTBa pellae-
MBI, BEPOATHOCTB TOTO, YTO KOrZa-HUOYAb KOpabnH ¢ ABUTaTEAIMH
Ha AHTHUBEIIECTBE IIOMYAT HAC K 3BE3AaM, OCTAETCA 3HAYUTE/IbHOM.
YuuTHIBaA BCe, YTO HAM HA CEeTOAHANIHUN JeHb U3IBeCcTHO 06
aHTHBEIIECTBE, H NpeAIoaarad JalbHeHInee pa3BHTHE CBA3AHHON
¢ HHUM TEXHOJIOTUH, 5 Obl OIpeJeN pakeTHEe KOpabiy Ha aHTH-
BEIIECTBE KaK HEBO3MOXKHOCTD [ Kiacca.
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HGPBOOTKPBIB&TBJIL aHTHUBEILIECTBa

YTo Taxoe aHTHBellecTBo? IIpencTaBasgeTea CTpaHHBIM, YTO MPH-
posia 6e3 BCAKHX BUAHUMBIX IPHYIHH YABOWIA YUCIO 3AeMEHTAPHbIX
YaCTHL, BO BeeJJeHHOH. Kak [IpaBiIo, IpUpoja 0YeHb 5KOHOMHA —
HO B OTHOIUEHHH Naphl BeleCTBO-aHTHBEIECTRO OHa, IOXOXKE, TMo-
Bejia ce0f B BhICLIEH CTelleHH PacTOYHTeNbHO. KpoMe TOTo, BO3HH-
KaeT elle OAKMH BOIPOC: €C/H CYIECTBYET aHTHBENIECTBO, MOXKET
OBITE, CYLIECTRBYIOT U AHTHBCEIEHHbIE?

YT MOKCKATE OTBETHI HA 3TH BOTIPOCH, HAM NIPHAETCA Paso-
6paTbea B UCTOPHH CAMOTO aHTUBEMIECTBA, OTKPHITHE €0 OTHOCHT-
oA emie K 1928 r., k HoBaTopckuM pabotam [1oas Jlupaka, 04HOTO U3
caMbIx OecTAMHUX GUINKOB ABaALATOrO cToMeTrs. OH 3aHMMA JTy-
KaCOBCKY10 Kadeapy B KeMOpH/DKCKOM YHHBEPCHTETE — TY CaMy1o,
KOTODYIO B CBO€ BpeMd 3aHUMad HeIOTOH H KOTOPYIO B HACTOAIEe
BpeMA 3aHuMaeT CTHBeH XOKYHT. Jupax poauncs 8 1902 1.; o 6bin
MOJIOABIM 9EJIOBEKOM, BHCOKHM H XWIHCTBIM, KOTAa B 1925 1. pas-
paswiack KBAHTOBAasA PEBOMONHA. B 3TOT mMoMeHT Jlupak u3ydai
JNIEKTPOTEXHUKY, HO BOJHA MHTepeca, pa3by:xeHHOro HOBOH Teo-
pHeH, 32XBaTH/IA €70 Y HABCET/A UBMEHHIA €70 KU3Hb.

KBanToBas Teopud HasupyeTcs Ha mpeACTaBICHHUHA O TOM, YTO
YACTHLY BPOAE 2NEKTPOHA MOXKHO OITUCATH HEe TOJNBKO KaK TOYEHHBIH
OOBEKT, HO ¥ KK HEKYIO BOJIHY, OTBCUAIONIY 0 3KaMeHHTOMY BOJTHO-
BoMy ypaBHeHHo Lpéaunrepa. (BonHoBas QyHKIWA MPEACTABIACT
BEDOATHOCTb HAXOXKAEHHA YaCTHLBl B KOHKPETHOM TOYKe.)

Ho [lupak 6r1cTpo oHAn, uTo ypagHeHHe llIpéannrepa ¥meer
cepbe3HbIi HepocTaroK. QOHO OMHCHIBAET TOJBKO MeANEHHO JABH-
Kympecda MeKTpoHH. Ha Oosiee BEICOKHX CKOPOCTAX YpaBHeHMe
nepecTaeT AeHCTBOBaTh, TAK Kak He TIOAYMHACTCA 3aKOHAM OTHO-
cUTeNbHOCTH AnbOepra JHHIWTEHHA — A Beb HMEHHO 3TH 33KO-
HEI OIIMCHIBAKOT NOBeJeHHE 00BEKTOB Ha BLICOKUX, OKOJIOCBETOBBIX
CKOPOCTHX.

OrOoMy Jdupaky cpasy 3axoTenoch Tak nepedopMyIHpoBaTh
ypaBHeHHe lllpéaunrepa, 4ToOsI TMONBITATHCA BKJIIOYWATE B HETO
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H 3aKOHBI TCOPUH OTHOCHUTENBHOCTH. B 1928 1. Monoa0# yueHsIH
MPeAIOKIT CBOH BapuaT ypaBHenws LlpéauHrepa — I0CTaTOYHO
PaJMKAIBHYIO €r0 MOAHGHKALMIO, KOTOPas B NOMHOH Mepe cooT-
BETCTBOBA/IA TEOPHH OTHOCUTEIBHOCTH JHHINTEHHA. YYeHbH MU
6bUT TOTPACEH. INpaK OTHICKAN CBOE 3HAMEHHUTOE PEIATHBUCTCKOE
YpPaBHEHHe AJIF 3/IeKTPOHA [TyTeM YHCTO MaTeEMATHYECKHK MAHUITY-
JAUME ¢ BBICIUMMU MaTeMaTH4YeCKUMYK OOBEKTaMH, M3BECTHEIMH
KaK CIHHOPHL. BHe3anmHo MaTeMaTHuecKas JUKOBHHKA OKa3alach
HeHTpaIbHOH durypoit Bo Beeit Beenennoi. (Jlo Jupaka MHorue
QU3MKH 6bLTH YOCKIECHEI, UTO BeTHKHE OTKPBITHA B GUIUKE JOK-
HBl CTOSTh Ha NPOYHOH 0ase oKCIEPUMEHTAAbHBIX JAHHBIX, HO
Jupak BuIOpasl MPOTHBONONIONKHYIO CTPATErHIO, I HEro yucTas
MaTeMaTHKa — eCIH, KOHEYHO, OHa Oulla JOCTATOMHO KPACHBA —
CAYKWIA IyTEBOAHOM 3BE3JI0H HA MYTH K BEMTHKHM OTKPHITHAM.
OH mucan: «Kpacora ypaBHeHHMI BaKHee, YeM WX COOTBETCTBHE
IKCIIEPHMEHTA/IEHBIM AAHHBIM. .. TIPEACTABIACTCHA, YTO €CIH CTpe-
MMIIECA NMOTYYUTE B YPaBHEHUAX KPacoTy U obranaells 340POBOH
HHTYHLHUEH, TO TH HA BEDHOM IIyTH».)

Paboras HaJ HOBbLIM ypaBHEHHWEM NS 3MeKTPoHa, Jupak 0b-
HAPYXHI, 4TO NPOCIaBIeHHOE ypaBHeHUe JiHwTeitHa, E=mc?, He
COBCEM BEPHO. 3TO YPaBHEHHe BEPHO NHIIbL OTYACTH, HECMOTPA HA
TO YTO €TI0 MOKHO YBUAETD ITOBCIOAY: Ha pekiaMax MagHCOH-aBEHI0
H Ha JeTcKUX QyTOOAKAX, B MYTBTHKAX H HAa KOCTIOMAX CyTIeprepoes.
BepHoe ypagHeHHe BHITAAMT Tak: E = + mc?. (MuHyC BOZHHKAeT
HOTOMY, 9TO B JIPOIIECCE BLIBOAA HAM MPHXOAMUTCA OpaTh KBaJpaT-
HBIH KOPEHb U3 ONpefiefieHHOMH BeTHUNHE. A onepalns B3ATHA KBa-
APATHOTO KOPHA BCerJa NPUBHOCHT B BHIpaKeHHe Heollpe/esieH-
HOCTE B 3HaKe.)

Ho ¢u3uKM He BLIHOCAT OTPHLIATENBHON 5Hepruw, B $uzmke
CYWECTBYET aKCWOMa, COINacHO KOTOPOH OODBEeKTH Brerga cTpe-
MSATCA K COCTOSHHIO ¢ MHHUMAaNBHOH 3Hepryeil (MMeHHO TI03TOMY
BO/IA BCETAA CTPEMUTCA K MUEHMATbHOMY YPOBHIO, YPOBHIO MOpH).
A ecm MaTepna Beerza CTPEMUTCA K COCTOAHHIO ¢ MEUHMMa/ILHOH
3HEDPTUEH, TO MePCneKTHBa [OABAEHHA OTPHIATEILHON JHEPrUH
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Yypepara IOHCTHHE KaTacTpogHIeCKUMY NOCTeACTBUAMU. [IpHCYT-
CTBHE 80 BeesieHHOH oTpullaTenbHBIX 3HeprHi osHadaie Obl, YTo
BCE 3/IEKTPOHEI €O BpeMeHeM [POBAIATCA K OeCKOHeYHBIM OTPHIIA-
TeJIbHBIM 3HEPrusiM — a 3T0, B CBOI o4epedb, 03Ha4aso Obl, 4TO
Teopus Jlupaka HecTabwibHa. [IbiTasch uabexath sToro, Jupak
M306peN KOHIEeNHIo «Mopsa JIupaka». OH NPeANONOKWIL, YTO BCe
COCTOAHHA C OTPHUATENBHHIMH IHEPTHAMHU YKe 3aHATHE, TTOITOMY
IEKTPOH HUKAK He MOXET TyAa HpoBaiuTthed. CreloBaTeNbHO,
Beenennas crabunapna. Kpome Toro, MHOTIa TaMMa-KBaHT, CTOJK-
HYBIIUCDH CAy4aiHO ¢ MEKTPOHOM, IIpeOhIBAIOLIMM B COCTOAHHH C
OTpHIaTebHOM dHepruei, BHTAIKUBAET ero «<HaBEpX», B COCTONH-
HYe C TIOIONHTENbHOH 3Heprueil. Torga Mbl BHIUM, KaK raMma-
KBaHT HPEBPAHIAETCA B 3EeKTPOH, a B Mope [Mpaka BO3HUKAeT
AbIpKA. JTa AbIPKA A0J/DKHA BeCTH Cels Kak Ny3BpeK B BaKyyMe: 06-
JIazath NOAOKHUTENbHAIM 3apAA0M U Maccol, PABHOM Macce mepBo-
HAYaIBHOrO IEXTPOHA. JIDYTMMH CJIOBAMH, JbipKa A0KHA BECTH
ceds Kak aHTH3AEKTPOH. V{Haue roBops, B 3TOM KAPTHHE MHMpa aH-
THBEIECTBO COCTOMT U3 «ITy3HPHKOB» B MOpe Jlipaka.

Bcero 4yepe3s HecKONBKO JieT IOCAE 3TOTO MOPA3HTEIBHOrO
npeackaszanusa Kapn ABaepcoH AefiCTBUTERHO OOHADYXHI aHTH-
anexTpoH, U B 1933 r. lMpak nosyyus 3a CBoe npeickazanue Hobe-
JIEBCKYIO TIPEMHIO.

JPpyTHMH CIOBaMM, aHTHUBELIECTBO CYLIECTBYeT IOTOMY, YTO
ypaBHeHHe Jlupaka HMeeT ABa BapUaHTa PelieHHH — ORHO JUIA Be-
ecTBa, Apyroe Al aHTHBeLlecTBa. (A 3T0, B CBOIO 04epesh, ecTh
CITeJCTBUE CEUHATEHON TEOPHH OTHOCUTENBHOCTH. )

Ypasuen#e Jupaka 1peAcKasslBacT He TOABKO CYILeCTBOBAaHHE
aHTHBELIEeCTBA; OHO TIPE/JCKa3biBaeT TAkKe CYLleCTBOBAHHE Y 3/ieK-
TPOHA «CIIHMHa». JNEMEHTaPHEIE YaCTUIBE MOTYT BpallaThes noaobHo
BOTYKy. CITYIH 3JIeKTPOHA, K IPHMeDY, O4eHb BKeH I TOHHMaHHA
NOBEAECHHA 27IeKTPOHOB B TPAH3UCTODAX U OAYNPOBOAHMUKAX, KOTO-
phI€ COCTABJAIOT OCHOBY COBPEMEHHOM 3NeKTPOHHKH.

CruBeH XOKHHT coXaneer, yTo JJUpaK He 3aaTEHTOBAJ CBOe
ypaBHeHue. OH muueT: «/Mpak caenan 6bl COCTOAHHE, ecau Okl
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3anaTeHToBa) ypapHenue Jupaka. OB nonydan 6bl aBTOpPCKHI
IPOIEHT ¢ KaX¥/IOTC TENeBH30Pa, TJICEPa, BHACOUIPH MK KOM-
nbIoTEpa».

CerofiHa sHaMeHUTOe ypaBHeHHUe JiHMpaka BuIOMTO Ha KaMHe
BecrMuHcTEpCcKOro a66aTCTBA, HEARIEKO OT MOTHNbl Mcaaka Hato-
TOHA. 3TO, NOXANYH, eTHHCTBEHHOEC YPaBHEHHE B MUDE, YAOCTOCH-
HO€ TaKOH HCKIIOYHTENLHOMN YeCTH.

Avpak 1 Hetoron

TipITasch MOHATL, KAK UMEHHO JUpaK MPUIIE K CBOEMY PEBONIOLH-
OHHOMY YPaBHEHHIO ¥ KOHUEIIMH aHTHBEIeCTBa, MCTOPUKH Hay-
KW 4acTo cpaBHUBAIOT €ro ¢ HbloToHoM. MHTepecHo, 9To ¥ Helo-
TOHA H JlMpaka A¢HCTBUTEILHO HMEETCI HeMaio CXOJHBIX 4epT.
0O6a onu paborany B KeMOpUWHKCKOM YHHBEPCHTETE W CBOE [VAB-
HO€ OTKPHITHE cOBEPIUILIH B 20 neT ¢ Hebonpunum; 06a MpekpacHo
BAagenu maremaruxo#. Kpome Toro, y Hux 6bina eme ogHa o0man
YepTa: [OJHOE, A0XOAALIEE A0 MATOI0OTHH, OTCYTCTRUE COLMANhHBIX
HaBbKoB. O0a CIaBMAMCh CBOCH HecnocoBHOCTHIO NOAAEPKHBATE
cBeTCKyI0 Gecedy u Booblle BecTu cebs B obmectse. Jupak ObUT
fone3HeHHO 3aCTeHYHMB; OH HHKOIAA HHYEro He FOBOPHIT, IIOKA €ro
NPAMO He CTpallMBaji, A2 H HA BOIPOCH OTBEYAT TOMABKO «/(a»,
«HCT» WIH «HE 3HAI0».

Mano toro, Jupak Opu1 4pe3BbIaiilio CKPOMEH H HEHABHAEN
BCAYECKyIo nybanyroeTh. Korjaa eMy aaumi HobeneBCKyio npeMHIo
no $U3MKe, OH BCepbe3 AyMall, He OTKa3aThCd IH — TONBKO H3-3a
Heu30eHOH M3BECTHOCTH H CBA3AHHOIO C 3THM OecroKoHCTBA.
Ho, xorza emy ykasasu, 4To 0TKa3 oT Hobesnesckoi TpeMus nprHe-
ceT emy enie GObLIYIO H3BECTHOCTD, OH PEINKUI IPMHATh HATPAAy.

06 sxcUeHTpHYHOCTH HBIOTOHa HalcaHo HeMaao TPYAOB;
THIIOTE3H BBUABHIaIHCh CaMble Pa3HHE: 0T oTpasleHHs NapaMu
PTYTH A0 AyleBHOH Oone3Hn. Ho HeJaBHO KeMGPHIKCKUIE MCHXo-
Jior CaliMoH bapot-Ko3H BEZIBHHYIT HOBYIO TEOPHIO, KOTOPasi MOria
65! OOBICHUTD CTPAHHOCTH OJHOBPeMeHHO 1 Jiupaka, v HbrotoHa.
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Bapon-KosH yTBepkaaer, yTo 062 OHH, BEPOATHO, CTPajaiy OT
CHHApPOMa ACTeprepa, CXOXero ¢ ayTH3MOM — 3TOH 6OMe3HBI0
cTpajaj reHHanbHelii 6esymern B punpme «Heropek Ao aA». Tiogy,
CTpajaoiye CUHAPOMOM Acrieprepa, Ype3Bbl4aiiHO 3aMKHYTEL, He
yMeIOT Jiepxkarb ceba B obuecTBe H MHOTAA 00/13a10T BHIAAIOIIH-
MHCA MaTeMaTH4YEeCKHMH CTIOCODHOCTAMM; B OT/IMYHE OT BOIbHBIX
AyTH3MOM, OHH BCe e cnocoGHBI XuTh U paborarh cpey NojeH.
Ecnu 3Ta TeopHA BepHA, TO YyASCHHIE BEIYHCIHTERBHEIE CITOCOOHO-
ctH HbroToHa u JHpaka, BO3MOXHO, J0pPOrG UM JOCTAMHCh, BEAb
OHH TIPOYHO OTTOPOAIIH 000UX OT OCTAIILHOTO YENIOBEYECTBA.

AHTUIpaBHTAlINA ¥ AHTHBCEJICHHbBIE

Teopusa Jlupaka momoraeT NoJy4HTh OTBETHL HA MHOXKECTEO BONIPO-
coB. YTO BBICTyTaeT B POAM IpaBUTAliM B MMpe aHTHBEulecTBa?
CyluecTByIOT 1M AaHTHBCEIEHHBIE?

Kak Mbl yke 06CYAUTH, aHTHYACTHUIBI HMCIOT MPOTHBO-
TONOXKHBIH 3aps/ 10 OTHOILEHHIO K 0ObIMHBIM vacTUIaM. [1pH 3ToM
MOXKHO CKa3aTb, YTC YacTHMLE], He obafalomye 3apsAfoM BOBCE
(trakme, Kak QoTOH, YaCTHIia CReTa, AW TPaBUTOH, YACTHLA Tpa-
BHUTAIIHH), MOTYT CITYXUTE aHTHYACTULIAMH caMuM cebe. CregoBa-
TENbHO, 4TO IpaBUTalMA — caMa cebe aHTUMaTepus; APyTHMH (10~
BaMH, I'PABUTALMA U AHTHIPABUTALUA — OAHO ¥ To xke. [ToaToMy
AHTURBEILECTBO MOA JeHCTBHEM MPaBUTAIHH OYAET, KaK M BEIECTBO,
NaaaTk BHU3, 2 He BREPX. (3/ech Bce QU3MKH eAUHEL B0 MHEHHUH, HO
B Taboparopuu 3TOT GaKT HEKOTAA He TpoBepsIcs.)

Teopnsa /lupaxa oTBesaeT ¥ Ha Hosee rTyOHHHbBIE BONIPOCH.
[ToyeMy NpupoAaa JOMYyCKaeT CyIecTBOBaHHe aHTHBRellecTBa? Cie-
JAyeT JIN U3 3TOr0 CyIIeCTBOBAHWE AHTHBCEeHHEIX ?

B HexOTOPHIX HAYYHO-GAHTACTHIECKHX IPOU3BEJEHNAX TEPO
06Hapy)KMBaeT B KocMoce 3emnenogoduyio miaHery. Mamo Toro,
HOBAf IVIAHETA OKA3LIBAETCHA BO BCceM NOA0OHOMH 3eMie, 3a HCKII0-
4YeHHEM TOTO, YTO COCTOHT U3 AHTHBEINECTRA. ¥ KAXKAOr0o H3 HAC Ha
ITON IIaHeTe eCTh JBOHHHK; aHTWIIOAH CO CBOUMH 4HTHAETHEMH
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MHMBYT B TAMOIIHNX aHTHIroOpoAax. ITockonpKy 3aKoHB aHTHXUMMH
MOMHOCTBIO COQTBETCTBYIOT 3aKOHAM XHMMH, He CIMTasd NPOTUBO-
MOMTOKHOCTH BCEX 3aPA/IOB, JIIOAW 3TOTO MHPa He B COCTOAHHH T10-
HATBb, YTO COCTOAT M3 aHTHBeulecTBa. (PU3MKK HA3BIBAIOT TAKYIO
BCE/IEHHY10 BCeJIEHHOI ¢ 06paTHLIM 3apaaoM, TOCKOABKY Bee 3aps-
bl B Hell UMEIoT 06paTHHIH 3HAK, a BCE OCTAILHOE TOYHO TAKOe Xe,
KaK y Hac.)

B Zpyrux Hay4HO-paHTACTMYECKHUX CIOKETAX ydeHble OTKPHI-
BAlOT B OTKPHITOM KOCMOCe IutaHeTy-Ou3Her 3eMIH, TOABKO 3ep-
KaJBHY10; IEBO W [PaBO TaM NOJHOCTLI0 NIOMEHAINCh MECTaMH.
Cepaua y mofeid pacnoNoXeHBl Cnpasa, a JeBIllcH 3HAYHTENBLHO
Gonbie, yeM mpasmeil. TaMOIIHHE XKHUTENH NPOXHBAIOT CBOH BEK,
He TI0/I03peBast, 470 KUBYT B 3ePKaNbHO NEpeBePHYTON BCeTeHHOI .
(PHU3MKH HA3BIBAIOT TAKYI0 BCEIEHHYIO 3€PKafbHOMN, WIH BCENEH-
HOIi ¢ 0OpaTHOM YETHOCTHI0.)

MoryT 1 B AeiiCTBUTENbHOCTH CYILECTBOBATh 3ePKabHbIE BCE-
JICHHBIC Wil BCeICHHBIE H3 aHTHBemiecTBa? Boobie, bH3nkH oueHb
CepbE3HO OTHOCATCA K BONPOCY O BCENEHHBIX-ABOMHUKAX, Beb YPaB-
HeHHA HbloToHa M DHHIITEHHA OCTAHYTCA TEMH 3K, eCTH MPOCTO [0-
MEHATh 3HAK 3apAfa y BCeX dJIeMEeHTapHEIX YaCTHLL WIH [TOMEHATD
MECTAMM JICBO H IPaBo. Mcxoas U3 3TOro, M 3epKaIbHbIC BCE/IeHHBIE,
U BCCAIEHHBIE 3 AHTHBEIeCTBA B IPHUHLIMIIE BO3MOXKHHL,

Hobenepckuii naypear Puuapa deliHMaH 3ajan B OTHoOIIe-
HHH 3THX BceleHHBIX HHTepecHbIi Bolipoc. [Ipeamonoxum, koraa-
HHOYAb MBI CyMeEM CBA3ATHCA 110 PAAMO ¢ OOHUTATENAMH JANEKOkH
IWIaHeTHl; BUACTh HX MBI IPH 3TOM He Oyzem. «CMOxeM 1M Mbl 00D-
ACHUTb UM 10O PAAHO PasHHULY MeXJIy NOHATHAMH “1eBo” n “npa-
B0”?» — crpammBan QeiiHMaH. Eciy 3akoHbl PU3HKH pazpemaoT
CYLIeCTBOBaHME 3€PKaNbHOH BCENEHHOM, To ZOHECTH A0 HAIIMX
paayiocobeceJHUKOB STH KOHUENITHH OKKETCH HEBO3MOXKHO.

OH paccyKaan cneAyiomnuM obpasom. HekoTopele Beluy ofh-
SICHUTB JIETKO — 3TO OTHOCHTCH, HanpuMep, kK ¢opMe Hawero tena,
KOJIMYeCTBY Yy HAC NajblieB, HOT H pyK. MH cMoXeM Aaxe oObac-
HHThL HHOTIJIAHETAHAM 3aKOHB XMMHH U 6HonorHi. Ho cTOMT HaM
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TIONBITATHCA OOBACHHUTL MM MOHATHA «I€BO» K «IpaB0» (MM «II0
YacoBO# CTPE/IKe» U «IIPOTHE YACOBOH CTpeJKK»), ¥ HaC HUYero He
nony4uTed. Mbl HUKOFAA He CMOKeM 00BACHHTD, YTO CEPLE ¥ HAC
HAXOAHTCA C/IEBA, B KaKOM HallpaB/IeHHH BpalaeTcs: 3eMIsA HAH 3a-
KpydHBaeTcd cnypanb Monexynsl JIHK.

YdyeHble HCIBITANH HacToALIee NIOTpAceHHe, Korga Y. AHr u
11. Jln, paboTapiuue B To BpeMs B KonyMGHACKOM YHUBEpCUTETE,
AOKa3ajM, YTo 3Ta 3aMevare/bHasA TeopeMa HeBepHa. HcciesoBaB
NMpHPOAY d7eMeHTapHBIX YacTHL, OHWU CyMeJTH NI0Ka3aTh, 4To 3ep-
KaNbHAaA BceJieHHAA CYLIEeCTBOBATE He MOMKET, Y3HaB 06 3TOM peBo-
JIIOLIMOHHOM pe3yabTare, oAuH GH3HK ckazai: «[ocnogs, JOMKHO
6bITh, cAenan olmKbKy». 3a 3TOT Pe3yALTAT, HOTPACLUIME OCHOBBI
(QH3NKH H NOAYYUBLINH HAa3BaHHE «<HECOO/TI0AeHIE YETHOCTH», SHr
H Jln noayyunu B 1957 1. HobeneBeky o npeMHIO 1o uanKe.

Jna GefiHMaHa ATOT pe3ybTaT 03HAYa!, YTO €C/IM HAMAJUTE
PAaJMOCBA3Db C MHOIUIAHETAHAMH, TO MOKHO JOTOBOPHUTBCH O HEKO-
eM dKCHepHUMeHTe, KOTOPHIH Mo3BOMWI OB OIpeJeNuTh APYT A
Apyra pasHULly MexAy NpaBoi u neBoi BceneHHsIMH. (K mpume-
PY, PaAHORKTHMBHLINA KoOansT-60 H3mydaeT 3/1eKTPOHBL ¢ TIPABBIM U
JIEBBIM CIIMHOM He B PABHBIX KONMYECTBAX; OJHO U3 HAllpaBIeHHI
BPalCHUA ABAAETCA MPEANOYTHTENbHBIM, U 9eTHOCTb, TAKUM 06-
pa3oM, HapylIaeTca. )

Peiinman npencrasuwi cebe, kak OyaeT MPOXOAHTE HCTODH-
4ecKaA BCTpedYa MEKJY 3eM/THAMM M NpeJCTABHTENAMY HMHOM
UMBWIH3aUHHA. MBI TOTIPOCHM HHOIVIAHETAH MPOTAHYTH MU Tiep-
BOH BCTpeve NpaBylo PYKy M oOMeHAeMed pykomoxaTHAME. Ecin
qyxHe ZeHCTBUTENBbHO NPOTAHYT HAM TPABYIo PYKY, MBI HOHMeM,
YTO CYMeJId OOBACHHTE HM, 9TO TAKOE «IPABO-JIEBO» H «II0 YaCOBOM
CTPEJIKe WIH IPOTHB».

Ho 3arem QelfHMaH 3a/jan HeMpoCTOH BOMPOC. A YTO, eciu
4y>XaKH NPOTAHYT HaM JICBYIO PYKY BMeCTO npaeoi? OTo OyaeT
03HAYATh, YTO ME COBEDIUIIIN POKOBYIO OIIMOKY H HE CMOIIH IIO-
HATHO 0OBACHHTB, YTO TAKOE «IEBO» H «IIPABO». Xy¥Ke TOrO, 310 Oy-
AIeT 03HA4AaTh, YTO Yy)KHE HA CAMOM Jlefie COCTOAT U3 AHTUBEINECTBA,
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a IOTOMY OHH TIPOBEJIH BCE SKCIIEPUMEHTH 3aJI0M Hamepes U Moy-
YIH «JIEBO» H «IIpaBo» Hao60opoT. U Torna 3To 6yAeT 03na4arh, YTo
MIPH TIONBITKE NOXKATh APYT APYTY PYKH Mbl Bee B3opBemMcA!

TaxoBbI GBUIM HALIIKM IPEACTABACHHA 10 1960-X IT. Hekotopoe
BPEMSA CYHUTANOCE, 4TO HEBO3MOKHO OTAHYMTE Haly Bceaennyro
OT APYro#l BCeleHHOM, KoTopas cocTosia Obl M3 aHTHBCIIECTEA C
TIPOTHBOTIONIOXKHOM YeTHOCTHIO. ECIY NOMEeHATL 0ZIHOBPEMEHHO M
9eTHOCTD, ¥ 3apAj, TO HoNy4uBlIasgcs BceJleHHas OyAeT MOAYHHATD-
€5 BCE TEM JXe 3aKOHaM NPUPOZELL, YTo H Hall!a. Ja, 4eTHOCTh CaMa 1o
cebe ObUTA ONPOBEPrHYTA, HO BMECTE 3apAJ M YETHOCTh JABATH BIIOS-
HE CHMMETPHYHYIO BCe/IeHHY0. Tak 4T Bce/leHHas, CUMMeTPUYIHASL
HaleH oHOBPEeMeHHO M0 3apAAy U yeTHocTH (CP-cuMMeTpHUYHa),
BpoAe OB OcTaBaNach BOSMOXHOM, .

JTO O3HAYAJI0, YTO MBI, PA3rOBapHUBas C HHOTIAHETAHAMH [10
TesiepoHy, HUKOTZa He cyMenH OB OOBACHUTD UM Pa3HULY MeXJy
OOBIYHOM BCENEHHOH M BCEJIEHHOH «TiepeBepPHYTOM» OTHOCUTENEHO
3apaAa K YeTHOCTH (Takoii, rjie 1eBO U MpaBo MOMEHIHCH MECTa-
MH, a BCe BENIECTBO MPEBPaTUAOCH B AaHTHBEHIECTBO).

U BoT B 1964 r. PpuU3HKH ucnbiTanH Bropol mok: CP-cummet-
PHYHasA BeesieHHad (CMMMeTpHYHasA Hawel 1o 3apajy M 4eTHOCTH)
TOXKE OKA3a/1ach HeBo3MoxkHOi! Uccaeaopanue cBOKCTE aNeMeHTap-
HbIX YACTHL] IO3BOJIMT JAKE B TAKOM BCEJIEHHOM PAa3/TMYHTh MPABO U
JieBo, HaNnpas/ICHHUA 10 YaCOBOH CTPEJIKE M [IPOTUB. 33 3TOT Pe3y/bTaT
B 1980 r. /bxeitmcy KpoHuHy 1 Bany ®utay Gsuta mpucyxaeHa Hobe-
JIeBCKasA 1IPEeMHs.

(MHorne $u3NKH PacCTPOKWIMCH, KOTAA BHACHUAOCH, UTO
CP-cHMMETpHYHAsA BCEJIEHHAA IIPOTUBOPEYUT 3JAKOHAM QHIHKH, HO
3aJHUM YHCJIOM MOKHO YTBEPKAATh, YTO CAMO 10 cede 3Ta Xopo-
II0; MK yoke obcyxaanu 3to. Ecm 61 CP-nepepepHyTas BceleHHas
HMeJia fIpaBo Ha cyHleCTBOBaHUWe, TO B NepBOHAYANLHHIM Bospmoit
B3DHIB ObiH GBI BOBJIEYEHH B TOYHOCTH OAMHAKOBLIE KOMHYECTBA
BeIIIECTBA H aHTHBCIECTBA, KOTOPHIE 3aTEM aHHHTIWIMPOBATH Obl Ha
100%, 1 HUKAKHX aTOMOB He BO3HHUKJIO 681 Boobme! ToT dakr, yTo
MBI CYIIECTBYEM KaK OCTATOK OT AHHUTWIAIKMH HEPaBHBIX KOTMYECTR
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BENIECTBA U AHTHBEIIECTBA, CaM o cebe ABAAETCA I0Ka3aTe/IbCTBOM
HapyweHusa CP-cHMMeTpHH.)

Boobllle, MOTYT JM CYIMECTBOBATH KaKHe-HUOYAb AHTH-
BCEJieHHble, CHMMeTPHYHEIE HalleH MO OJHOMY WIH HeCKOIbKHM
rapameTpam? Ha 3TOT BOIPOC CJIeyeT AATh [TOJOKUTENBHBIE OTBET.
XoTH CMMMeTpHYHBIE IO YETHOCTH M 1IC 3apA/y BeeleHHbie HeBO3-
MOXKHBbI, B IPHHIMIE aHTHBCEIEHHEIE UMEIOT IPaBo Ha CYIECTBO-
BaHHe; IIpaBAa, 3To 6yaeT oueHb cTpaHBag cuMMeTpHs. Ecin nome-
HATB Ha MPOTHBONOJIOXKHbIE He TOJABKO 3HAK 3apAJA U YETHOCTD, HO
Y HallpaBZIeHHe XOAa BpeMCHMU, TO BCelleHHAA, KOTopad ¥ Hac IMOMTy-
yyTes, 6yaeT NOAYHHATLCA BCeM 3akoHaM ¢usuki. Takum obpazom
MOMy4aeTcs, YTo paspenreHs CPT-cHMMeTpUYHEIE BCeNIeHHEE.

O6paineHue BpeMeHH — BeChbMa APHYYAIHBHIE BUJ CUMME-
TpHH. B T-cHMMeTPHYHOH! BCeleHHOU AMYHMIIA CHPLITHBACT C Td-
peNky, cobupaeTcs BOEJMHO Ha CKOBOPOJE, a 3aTeM pasberaerca
ofipaTHO Mo AHLAM W 3amevaTHBaeT 3a coboil ckopayny. MepTaell
NIOAHMMAETCA U3 MOTIIBI, MONOJEET, CTAHOBHTCA MIAJIEHLIEM H 3a-
NIPHITHRAET B YPEBO MATEPH.

3apaBbiii CMBICJ TOBOPUT HaM, YTO Takasi BCe/eHHas HEBO3-
MoxHa. Ho MaTeMaTHyecKHe YpaBHEHUA /ieMEHTAPHLIX YaCTHI
yTBepkAatoT obpaTHoe. 3akoHb HEIOTOHA 3aMe4yaTeNbHO BBITION-
HAIOTCA ~— XOTh BIeped 10 BpeMeHH, XOTb Ha3ad. Ilpeacrasbre
cebe BHAeosanmuck GuapApAHON mapTHH. KaXaoe CTOAKHOBEHHE
MIapos NOAYHHAETCA HbIOTOHOBBIM 3aKOHAM ABWKeHHA. ECIH MBI
TPOKPYTHM 3aMuch B 06paTHOM HATIpaBRIeHHH, UTpa 6YAeT BbiriA-
A€Th CTPAHHO, — HO 3aKOHbl HbIOTOHA AONYyCKalOT M TakoH Mopi-
JAOK BeleH.

B xBaHTOBOH TeopuM Bce cioxkHee. ObpalneHHe BpeMeHH
caMo 1o cefe HapylaeT 3aKOHBI KBAHTOBOH MEXAHUKH, HO TIOA-
HocTeio CPT-cHMMeTpHYHAsA BeesieHHasA (MHBIMH CAOBaMH, Takas
BCEeJIEHHAA, IA€ OAHOBPEMEHHO H3MEHEeHHl 3HaK 3apAjad, YeTHOCTD
¥ HanpapjieHde XOJa BpeMeHHM) HU4YeMy He NPOTHBOpPeYHT. 3TO
03HaYAeT, YTO BCEIeHHAd, T/e IEBO K IIPaBo IOMEHAMNCH MeCTaMH,
BEIIECTBO NPEBPATHIOCH B AaHTHBELIECTRO, a BpeMA MAET 3340M Ha-
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nepef], ¢ TOYKY 3PeHHA 3aKOHOB (QU3UKU BBINIAAMT COBEPIIEHHO
HOpMaJbHO!

(MHTepecHO OTMETHTD, YTO MBI HUKAK HE MOYEeM CBA3ATLCs ©
CPT-nepepepHyTEIM MUpPOM. Ec/i1 BpeMA Ha HX [U1aHeTe TedyeT B 00-
PaTHOM HalpaB/leHWUH, BCE, YTO MH Nepe/ia/iuM N0 Pajuo, CTaHeT
4acThlo Ux Oyaylero, a 3Ha4uT, OyAeT 3ab6BITO Cpa3y xe MO MOMy-
1eHUM curHania. [loatomy, xots cama 1o cebe CPT-cHMMeTpHUYHas
BCEJIEHHAA UMeeT NIPaBo Ha CYILECTBOBAHME, CBA3aThCA € HEH Mo
Pasgro HEBO3MOXKHO. )

[Toasegem utoru. BoamoxHo, B oTAaTeHHOM Gyy1ineM ABHIa-
TeJIb Ha AHTHBEMICCTBE AacT HaM PealbHYIo BOIMMKHOCTE IOCTPO-
HTb 3Be3A0JIET — KOHEYHO, €CJTH MBI HalieM cocof H3roTOBUTh Ha
3emrne Wik cobpaTh B OTKPHITOM KOCMOCE JOCTATOYHOE KOMUYECTBO
anTuBeliectBa. Hapymenue CP-cHMMeTpHH 00yCAOBAMBAET JIET-
KM AucbanaHe Mex/y BEMECTEOM M aHTHBEILECTBOM; BO3MOXKHO,
Gnarofapsa aToMy Bo BCeNeHHOH A0 CHX TOpP CYIIECTBYIOT CKOILTE-
HUA, WIN «<KaPMaHbl», aHTUREILECTBA, KOTOpoe KOorga-Hubyap Mox-
Ho 6yzeT cobuparh.

Ho nocko/bKy pazpaboTKa ABUTATEN HA AHTHBEIECTBE CTOMTK-
HETCAI C CePbe3HBIMH TeXHHYECKUMH TPYAHOCTAMM, Ha KX IPeojoe-
HHE MOXKEeT YHTH JIeT CTO WM Aaxe 60/1bi1e. 3To 3aCTAB/IHET OTHECTH
ABHraTeNb Ha aHTHBelecTBe K | Kiaccy HEBO3MOXHOCTH.

Ho aapaiiTe pazbepeMca Teneps ¢ ApyruM BolpocoM. Byayt
71 — XOTA 6l Yepe3 HECKONLKO THICAY JIET — CO3/IaHH CBEPXCBETO-
BEIE 3Be3/10/IeTH? MOXHO JI 000HTH 3HAMEHHTYIO AKCHOMY J#H-
WTeiHa, KOTOPAA TIACHT, ITO HMYTO He MOXKET ABUTATHCA OricTpee
cBeTa? OTBeT, KaK HU CTPaHHO, JOMKEH OBITh OAHO3HAYHO HOMOXKH-
TeNbHBIM.
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BronHe MOoxHD cele NpeACTaBHTH, 4TO [)KHBHI:] O BpEMENEM pacnpOCTPAHHTCA IO BCEf
lanakTHKe H 3a ee Hpefesamu. TaK 970 JKH3HEL, BOIMOKHO, He BCeTIa 6y£[ET OCTABaTLCA
BN Bee neHHOA He3HAYHTEThHBIM NOCTOPOHHKHM BKIKYEHHEM, XOTH B HacToALLlee
BpEMA CHTYALUA HMEHHO TakoEd, OTKpOBEHHO TOBOPA, MHE TAKAA TEPCNEKTHRE
KaXeTCH OUeHE 3AMAHYHBOR.

Koponenckuit actpoHoM cap Maprus Puc

nyTEmECTBOBaTB 6bICTpeE CBETA HEBOIMOXKHO, 14 H HH K YeMYy, —
CAHUKOM Y3 HacTO CJIeTaeT WiAma.

Byau AnneH

B «3Be3gHbIX BOHAX» €CTh TAKOH 3MH307. «THCAYeNeTHHI COKON»
¢ repoamu — JlrokoM CkaifyokepoM u XaHoM Coao — Ha 6opry
B3JIETAET C MYCTHIHHOM IUIaHETH TaTyUH W BCTpeYaeT Ha OKOJO-
IIaHEeTHOH opOHTe 3CKaApy UMIIepCKUX 60eBbIX KopabneH, UMmep-
Ibl HAYWHAIOT ofeTpeanBaTh Kopabap Hammx repoes M3 6GoeBHX
Jla3epoB, 3aJIEI KOTOPEIX HEM3MEHHO NMPOOHBAIOT €ro 3alMTHOEe
noxe. Cibl He paBHBI, «COKOI» OTKPOBEHHO NPOMTPHIBAET IIpo-
THBHHKY B OrsteBoii Moiiu. Xad Coso 6pocaeT Kopabip M3 CTOPOHEL
B CTOPOHY, YIJIOHAACEH OT OTHSA, ¥l KPHYMT, YTO HX €ITHHCTBEHHAA Ha-
ZexAa — NPBDKOK B «THIIEPIIPOCTPAHETBO». B nociefHUi MOMeHT
CUMepIPOCTPAHCTBEHHEIE JBUTATeNH cpadaThiBaioT. Bee 3Beszb
BOKPYI' BHE3aNHO «B3DEIBAIOTCA» CIEMAMKEMH CXOAANMMUCA JTy-
YaMU M ycTpeMIIIOTCA K LeHTpy 0030pHOrC aKpaHa. OTKphiBaerT-
€ «ZHIPa», Yepe3 KOTOPYIO «THICAYeNeTHHH COKOM» YCTPEMIIASTCS
K FHIIepHIpOCTPaHCTBY U cBoboze.
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anTtactika? Konevyno. Ho MoxeT nu OGvITh, UTO OHA OCHO-
BaHAa Ha Hay4HbiX dakTtax? BriTh MoxeT. [IyTeurecTeuA OpicTpee
cBeTa BCersa ObUTH OJHOM M3 KIIOYEBBIX TeM HayyHOH GaHTacThKH,
HO B [IoC/IefiHee BpeMa ¥ PUIMKY Hayalu Beephed 3a4yMBIBATHCA O
BO3MO)KHOCTH TaKUX MyTELIECTBHH.

CoracHo DHHIITEHHY, CKOPOCTE CBETa NpeAcTaBnseT coboit
abCOMOTHBI npeaen cKopocTH, OBICTpee KOTOPOTO He MOXET ABH-
rarbesd HHYTO BO BeeneHHOH. Jlaxke caMble MOIHBIE HALIK YCKOPH-
TeJIH, crocobHbe MpHaBaTh YaCcTHLAM HEBEPOATHbIE IHEPTHH —
YaCTHIILI ¢ TAKOH 3Heprueil MOXKHO 0GHAPYKHUTh TOABLKO B LEHTpe
B3pbIBalOLieHca 3Be3abl WK, CKaKkeM, B MOMeHT Bonblioro B3phl-
Ba, — He MOTYT Pa30rHaTh YMeMeHTapHEE YACTHIE 40 CKOPOCTH,
TpeBbllIaloliel CKOPOCTh cBeTa. OYeBHAHO, CKOPOCTh CBeTa — ab-
COMIOTHBIM MAMIIHHUK Bcexenno#t. Ho eciu 3To Tak, Bce HalllM Ha-
AeKABl 06paThCA KOrga-HubyAs 40 OTAAIEHHEX rallak TUK HHYEro
He CTOAT.

A MoxeT OBITh, BCE He TaK FPYCTHO. ..

OHHIITeH-HeyJaYHIK

B 1902 r. Mano xTo Mor 6Bl IPEACKa3aTh, YTO MONOA0IM GU3HK AJb-
Geprt DitHiTeitH GyJeT NIpH3HAH BeTHYAHIINM GHIUKOM CO BpEMEH
Hcaaka HetoToHa. Ckopee, HaoBopoT, 3TOT r'ofl CTaja OZHUM U3 Ca-
MEIX HeYJAYHHIX B ero XU3HH., CBeeHCIIedeHHBIN KaHAHZAT Ha
NONy4YeHHe cTeneHy JokTopa GUIOCOPHUH HE CMOI' MOCTYIIMTh HA
NIpeNnoAaBaTe/bCKyI0 JO/DKHOCTE HH B O[HOM H3 YHHBEPCUTETOB, B
KoTophle obpaiacs. ([Tozxe oH y3Ha1, uTo ero npodeccop Fenpux
Befep Hammcan A4 Hero yacHhie peKOMeHJaTelbHEe MMHChMa,
BO3MOXHO, B OTMECTKY 3a MHOIOYHC/IEHHbIe 3aHATHA, COPBAHHBIE
[I0 BUHe CTPONTHMBOrO CTyAeHTa.) Mano Toro, Mark JHHITEHHA
6bl1a HACTPOEHA KATETOPUYECKH MPOTHB €ro NOAPYXKd Musepsl
Mapud, Koropas B TOT MOMeHT Obuta HepeMenHa ero pebGeHKoOM.
B pesynprare ux nepeas Aoys JInsepak poAnnaces BHe 6paka. He Bes-
JID MOJIOAOMY A/BOepTy K ¢ BpeMeHHOH paboTol — BHE3aNHO ero
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YROJMH/IH JAKE C KaIKOH AO/DKHOCTH NMOAMEHHOr0 yYHTens. B To-
CKJIMBHIX ITHCbMAX TOTO BPEMEHH BCTPEYAITCA DASMEBIIUICHHA O
TOM, He 3aHATBCA JIH €My TOProOBAcH, 4TOOH 3apaboTaTs Ha U3Hb.
OH fake TIMIDET POAHBIM, UTO Jy4ilie b1 eMy HHKOIAA He poaHTh-
A, — BEAb OH TAKKAd 00y3a 1)1 CeMbH 1 He MMeeT HUKAKMX MIaH-
COB Ha yciiex B xu3HH. Korga yMmep ero orel], JWHIITEHH HCITBITANR
CTHIA, OTEL] YMED, CYUTadA CbIHA IOTHLIM HEYIATHUKOM.

Ho uyTs nosxe B ToM e 1902 1. yaawa noeepHynach K JMHIITe -
HY JMUOM. JIpyr HOMOT €My NocTYIIMTD akciepToM B [IBelinapckoe
nareHTHOe 6i0po. FIMEeHHO Ha 3TOM CKPOMHOM ITOCTY OH W HAYaJ Be-
JYAiIyIoO PEBONIOLMIO cOBPeMECHHON Gu3MKHA. AHANH3 u3obpere-
HUH He 3aHMMa/ MHOFO BpeMeHH, M JHHINTEHH YacaMy Pa3MBIILILT
0 npobnemax GpU3NKM, KOTOPBIE 3aHUMAH €ro C IETCTBA.

B 4yeM cekpeT ero rekusa? BosMoXKHO, O/THOM U3 KIIOYEBLIX YEPT
TajJaHTa JDWHINITeHHA ObUIA ero ClocoB6HOCTh AyMaTh B TePMHHAX
¢usmyeckoll kapTHHE! (NMpeAcTaBaATh cefie BIKYIIHECA MOe3fa,
YCKODPAIOIMECA Yachl, PACTAHYTOE MOJMOTHO M T.11.), @ He YHCTOM Ma-
tTemaTuku. Cam DHHIITEHH OAHAK/EI CKA3aJI, 4To, eCAH HEKYIO Teo-
pHIo HeNb3d OOBACHHTD pebeHKy, OHa, CKopee Beero, HecronesHa;
3TO 3HAYHT, 9TO CYTh TEOPHH J0JLKHA BRIPAXKATHCR TO# caMoi ¢u-
3U4ecKOH KapTHHOU. CKonbKO GU3MKOB 3abayawiHch B 1ebpax Ma-
TeMaTHKH, KOTopad caMa 1o cebe Huryaa He Befer! Ho DifHiirreiin,
Kak mpexae HeloToH, He Mor 6e3 pU3HYecKo# KapTHHBI;, MATEMAaTH-
Ka noArsiack norom. Jna HeloToHa GpU3MyecKyio KapTHHY oue-
TBOPSIHN NaZatoiee A6710K0 1 JiyHa. OfHH 1 Te e CIUIBl 3aCTaR/AIOT
a26/10K0 na/1aTh, a JIyHy XoAMTh TIO cBOeii opbirTe wm pazusie? Koraa
He0TOH pelln, Yro 5TH cibl HAEHTHYHEL, OH BHICTPOWI Marema-
THYeCKoe 37jaHHe BeeleHHOH H HEOXMAAHHO PACKphlUl BEMHYaHIIyIo
TaitHy Hebec, 3aKOHBI IBKEHUSA CaMUX HeOeCHBIX TeJl.

OHHIITEHH ¥ OTHOCUTEIBHOCTD

AnpGepT JUHMITEHH NMPEIOKUN 3HAMEHHUTYIO TEOPHEO OTHOCHTEIb-
HocTH B 1905 1. B 1ieHTpe eTo TeopuM — KapTHHKA, TOHATHAA Jaxe
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GUIKKA HEBOIMOMHOTD

pebeHKy. OTa Teop#a craja ApHalLiuM BEIPAXKeHHEM MEeUTHI, Bia-
Aeniiei DRHIITCITHOM ¢ 16 JieT; OH TOr/IA 324N cebe cyAbGOHOCHEIH
BOIIPAC: YTO IIPOMIOHAET, e/l OOOTHATD Jiyd CBeTa? YiKe I0HOIeH
OH 3HAN, YTO ABKenHe 0OBeKTOR Ha 3emiie U B Hefecax MOJuYHHA-
€Tes1 MexaHrke HploToHa, a cBeT ONHChIBaeTcA Teopred MaKcBeina,
Ha ToT MOMeHT BCi duM3HKa CTOMIA MMEHHO Ha 3THX /[BYX CTO/IAX.

OUHIITEHH HePBEIM [TOHAT, YTO «CTOJIMBY IPOTHBOPEYAT APYT
APYTY; MOXKET BbITh, B 3TOM H COCTONT CYHIHOCTE €r0 TeHus. OnuH
M3 CTO/ITIOB Z0DKEH ObUI TACTE.

CornacHo HeroToRy, 060rHaTh CBET MOXKHO 6e3 ocoboro Tpy-
/la — BeZIb HH CaM CBET, HH €r0 CKOPOCTE He NPeACTaBIfiT coBoil
Hudero ocobernoro. JT0 03HAYANO0, YTO €C/IH Bbl GyAeTe HECTHCh
PAZIOM C JTYYOM CBETa CO CKOPOCTLIO, PABHOH €0 CKOPOCTH, TO Iy
B Bamed cucTeMe KOOpPAMHAT OCTaHOBMTCA. Ho DIHWTEHH ele B
OHOCTH TIOHAUL, YTO HUKTO HHKOTAA HE BHAET HEloJBHXHOM CBe-
TOBOH BOJIHBI — Y BOODIIE HENOHATHO, KAK €€ MOXKHO OCTAHOBHT.
A 3HaYMT, pelnn OH, MexaHMKa HbroToHa 3aeck He paboTaer,

B KoHIle KOHIOB D#HmTEHH Halle)l OTBET Ha HTOT BONPOC,
oH OBl TORa CTy/leHTOM B Lilopuxe ¥ H3ydas Teopuio MakcBesuia.
On obHapyXHn (aKT, KOTOPOTO He 3HAI Jaxxe MaKCBe/LT: 4TO CKO-
POCTL CBETA IOCTOAHHA W HE 3aBHCHT OT CKOPOCTH BALIETo ABMKe-
BHA. He BaxkHO, 6y/ieTe TH BB HECTUCE IIPOYb OT CEETOBOTO JTy4a WIH
HAOTOHATH €ro, caM OH 6yZeT JBMIaThCA C MIPeXKHelH CKOPOCThIO, HO
3T0, BooOIie FOBOPA, IPOTHBOPEYHMT 3APABOMY CMEICTY. JHHILTEHH
Hamie/ OTBET Ha CBOH AeTCKUIl BOIIPOC: HEBO3MOXHO JETETh PAAOM
CO CBETOBBIM JIYUOM, MOTOMY UTO OH BCETZA YAAIIeTCA OT BAC € OJH-
H2KOBOH CKOPOCTHIO, KaK OB 8BICTPO HU IBUTATKCH BB CAMU.

Ho HpioTOHOBaA MeXaHNKA — CACKHAA CHUCTEMA C IPOYHEIMA
H JKeCTKUMHU CBA3AMHU: eCTH NOTHAHYTh 33 CBODOAHBIM KOHYMK, T.e.
XOTbh HEMHOTO M3MEHHTE UCXOJHBIE JAHHLIE, BCA CHCTEMA PacChi-
rerca. B teopuu HutoToHa speMa B n1000# Touke BeeleHHOH Te-
9eT oAMHakoBo. OJHa CeKyHJa Ha 3emae B TOYHOCTH PaBHA OfHOMH
ceKyHZe Ha Mapce wid BeHepe. ToYHO TaK sKe MeTp Ha 3eMTe UMeeT
B TOYHOCTH Ty 3Ke JJIHHY, 4To MeTp Ha [liyrone. Ho ecan npeano-
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JIOKHUTE, 9TO CKOPOCTB CBeTa IIOCTOAHHA W He 3aBUCHT OT CKOPOCTH
ABHOKeHUA HAOMIOAATENS, TO HAA0 TIONHOCTLIO MEHATD TIpeAcTaBIIe-
HMA O IPOCTPAHCTBE U BpeMeHU. YTOOLI CKOPOCTE cBeTa OcTapa-
A1ach NOCTOAHHOMN, ¥ IPOCTPAHCTBO, M BPEMs He0OX0AUMO B0 ce-
PHE3HO HCKA3KTh.

CornacHo 3MHIUTeHHY, eCiiM BBl HAXOAUTECh B ORICTPO JIETA-
IMeM KOCMHYECKOM Kopabite, X0/ BpeMeHH B HEM 3aMe/IHeTcst 1o
OTHOUIEHHIO K 3eMHOMY BpeMeHM. BpeMmsa B kopabiie 1 Ha 3emie
HIET ¢ pa3HOH CKOPOCTBHIO, B 3aBUCHMOCTH OT TOIO, HACKOABKO
6bicTpo ABIDKeTcA Kopabmb. Maao TOro, MPOCTPaHCTBO BHYTPH
K0pabns CKUMAETCH, U B 3aBHCHMOCTH OT CKODOCTH €TI0 JBHAKE-
HMsI METP MOKeT M3MEHATb CBOW AJNHHY, a Macca kopabis yeenu-
yuBaeTcA. Eciii Obf MBI 3aIAHYAH B TAKOH KOCMHYECKH Kopabib,
CKa)XeM, TIPY IIOMOIM TeJieCKOMNa, Mbl HbE YBH/ETH, YTO Yachi HAYT
ME/UICHHO, U A0 — CIUTIOIIEHHEIE IIC XOXY ABHKeHHA Kopabas —
ABUTAOTCA TOXE 3aMe/JICHHO,

Boobite ropops, eciu G pakeTa jiereia co CKOPOCThIO CBe-
Ta, TO BpeMA B Hell, 10 BCell BUAWMOCTH, 0CTaHOBHAOCH Obl, cama
OHa CXJIONHYMach Obl 20 HyIeBOH JUIMHEL, a Macca ee craja 6ul Gec-
KOHEYHOMH. [IOCKOMEKY BCe 3TO NPEACTAB/IETCA HeBHIOAHMMBIM 1
IPOTHBOPEYHT 3LPABOMY CMBICHTY, DHHIUTEHH 0OBABWI, YTO CBE-
TOBOH Oapbep IpeogosieTs HeBO3MOKHO. (ToT dakT, 4To 0fBEKT
CTAHOBUTCA TeM TsKeee, 9eM OhicTpee OH ABIKETCS, O3HAYAET,
YTO 3HEPTWs ABMKEHHsA NepexoAuT B Maccy. ToYHOe KOMMYecTRO
3HePryuM, KOTopas IIpH 3TOM IIpeBpaliaeTcs B Maccy, TOCIUTaTh He-
CTOXKHO — BCETO 34 HECKOILKO CTPOK UPeofpasoBaHuil MOXKHO I10-
JY4MTh 3HAMEHHTOE ypaBHeHue E = mc?.)

C Tex mop KaK JWHIITCHH BRBE/ CBOE IIPOCTABIEHHOE YPaBHE-
H}e, eT0 PEBOMIOIMOHAbIE MjleH HAULNY TIOATBepiKieHHe ByKBaln-
HO B MIUUTHOHAX 2KCNepUMeHTOB. K npumepy, cucrema GPS, cno-
cofHad oIpejenuTh Balle IOJOKEHNE Ha 3eMIe ¢ TOIHOCTBIO [0
HECKOJBKHUX METDPOB, He cMOxeT paboTaTh, eCTi He BBOJUTE B Hee
PEMATHBUCTCKYE HOIPABKU. (TTOCKONBKY BOEHHBIE TETIEPb TOXE 3a-
BUCAT OT cucTeMbl GPS, ¢usukam NpuiLIoch BBOAUTE B KypC TEO-
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p¥M OTHOCHTENbHOCTH JWHNITeRHa Aaxe reHepanos [leHTarosa.)
Yacet GPS geHCcTBUTENBHO 3aMeJIAIOTCA NIPH ABMKEHUU CITYTHH-
KOB IT0 0pOHTe, KaK U MPeACKA3biBan JiuTeis,

Camoe HarisgHOoe MOATBEpHAeHHe CHPABEAIMBOCTH OSTOH
KOHIIEMUMH MOXHO HalTH B YCKOPMTE/AX, IZe yyeHble pasTOHs-
FOT YaCTHUB! A0 OKOJIOCBETOBHX ckopocteii. Ha rHraHTCKOM YCKo-
putene CERN, nocrpoedHoM B llIBeiinapuu weganexo ot Kene-
BB, — BOABIIOM agpOHHOM KO/UTaHZepe — NMPOTOHEI YCKOPAIOTCA
A0 HECKOABKUX TPWUIMOEOB 3JEKTPOH-BOABT M NpHOIMXalOTCA
BILIOTHYIO K CKODOCTH CBETa.

JUis yieHoro-pakeTdHKka cBeToBoi O6apbep NOKa He peACTaB-
JIfeT HACYIHOH Npo6IeMbl, BEAb CKOPOCTH COBPEMEHHBIX PAKET CO-
CTABAAIOT Beero aume 10-15 kM/c. Ho eT 4epes cTO WIH ABECTH,
KOT/ia y4eHEIe Beephe3 3aJyMaloTes 0d OTHpaBKe 30HAOB K 6K ait-
medf 38e3fe (KOTOPYIO OTAEAAIOT OT 3eM/M YeThipe ¢ HebombIunM
CBETOBBIX I'0Jia), CBETOBOU Bapbep, CKopee BCero, NoCTeleHHo mpe-
BpaTHTCA B Ipobaemy.

Jlazeliky B Teopnu JHHIITEIHA

Heckonvko mecatiieTudt GU3MKKM MBEITAXOTCH OTHICKATh B 3HaMe-
HHTOM ITOCTYynaTe JHHUWITEHHA XOTh Kakue-To JazeHku. Koe-uto
yZanock OGHapYXUTh, HO B GOJIBIIHHCTBE CBOEM 3TH Naseiiku He
CRAMIKOM IOJIE3HBl IPAKTHYECKH. K NpUMeEpY, ecH MPOBECTH 110
HeOOCBOZY My4oM POHAPHKA, TO B TIPHHIIMIE CBETOBOH 3aiUMK OT
Jyua MOYKeT JBHIaTheA HbICTpee cBeTa. 3a HECKONLKO CeKyHy 0bpas
CBETOBOTO JTY4a IPOXOAUT PaCcCTOAHIE MEX/Y TPOTHBONONOMHBIMH
TOYKaMM TOPH3OHTA, COCTARNIAIEe, BOOOIIIe FOBODA, COTHH CBETO-
BhIX 1€T. HO 5To He MMeeT 3HaYeHUs, TaK KaK TARKMM 06pasom HeBo3-
MOXHO IepeaTh Kakyro 61 To HH 66110 HHbOpMaHIo. TTomydaercs,
4T 06pa3 CBETOBOTO JIyua NpPeBHICIHI CKOPOCTh CBETa, HO 06pa3 Kak
TaKOBO# He HeceT HH 3HEPrHH, HH MHPOPMAallHH.

To4no Tak ke, eCiN B3NIIHYTh HA HOXHHLEL, TO MOXKHO 3a-
METHTB, YTO TOYKA BCTPEYH JIe3BUH ZBIDKETCH TeM BhIcTpee, YeM
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Janpiie MBl YXOAUM OT «IBO3JHKa». ECIW NMpeIcTaBuTh cebe HOX-
HHIIB JUIMHO#M, CKaykeM, B OfUH CBETOBOM I'o/], TO IIPY UX 3aKpPHIBa-
HMH TOYKA BCTPETH JNe3sUit ByleT ABMrarbcs GhicTpee cBeta. (3T0
OILITh e HE HMEET 3HAYeHH4, TaK KaK TOYKA BCTPedYU NEe3rHil He
HECEeT HU SHEPTHH, HH HHOOPMAIIMH, A 3HAYHT, TAKHM 00PasoM He-
BO3MOXHO HUYETO NEepefaTh. )

Euje npumep. Kax 4 yxe yIOMUHAT B [aee 4, JKCIEPUMEHT
oHHureitHa-Tlogonsckoro~Pozena (JI1P) B MpHHIMIE MO3BOJAET
TOCHLTATE MHOOPMALMIO O CKOPOCTHIO, PEBHIIAKINEH CKOPOCTD
cBeta. (HanomHIO: B 3TOM 3KCHIePUMeNTE ABa 3JeKTPOHa, KOTOpLIe
Konebs110TeA B YHHCOH, YBO3AT 3aTEM B MPOTHBOIIONOXKHBIX HATIPAR-
JeHuax. TJoCKOMbKY 5TH 2MeKTPOHb! KOT€PEeHTHE, HH)OPMANHA
MEXAY HUMH MOXeT MepefaBaTsed CO CKOPOCTHIO, IPEBHILAONIEeH
CKOPOCTb CBET4, HO 3Ta MHGOpMalHs crydalina U moToMy becro-
nesna. Hosromy S1IP-MaLIMHBI HEBO3ZMOKHO HCTIOAB30BATE AJIA OT-
IPABKH 30HJOR K JJIEKUM 3BE3AaM. )

OU3MKK CYMTAIOT, YTO HA CAMYI) BRXKHYI) Aa3eiKy B CBOEH
TEOpPHH YKasal caM JHHure#H. B 1915 r. oH cozgan o6myro Teo-
PUIO OTHOCHTENBHOCTH, elje 6ojiee MOIMHYIO, YeéM CrenManbHasg
TeOpHS OTHOCHTEIBHOCTH. [lepBble POCTKM HOBOH TEOpUM BO3-
HUIKJIH ¥ DUHITEIHA, KOI/la OH Habuloga 3a ABWXEHHEM AeTCKOM
Kapycesnd. Kak Mol y)ke rOBOPWIH, NPy NpUOMDKEHHH K CKOPOCTH
cBeTa 00BEKTH CKUMAIOTCA. YeM OBICTpee MBI IBHKEMCS, TEM CHIIb-
Hee okuMaemca. Ho Bo BpallaiollieMcs AUcKe BHEWHHE CI0HU JBH-
KyTed 6bICTpee, YeM BHyTpeHHuE. (A HeHTP NPAKTUIECKH OCTAETCH
Ha MecTe.) DTo O3HAYAET, MTO JMHEHKA, IOMEeljeHHad Ha Kpa# guc-
Ka, Ao/pKHa OyzeT oKaThed, a Taxad jke JHHeHKa OMKe K UeHTpy
OCTAHETCA NIOYTH HeH3MeHHOM, — a 3HAYUT, I0BEPXHOCTh Kapyce-
Jii ByseT yxKe He TUIOCKOH, a BOTHYTO#H. CAenaeM BHBOA: YCKOPEHUe
KapyceH UCKPUBAAET Ha Hell IPOCTPAaHCTBO U BpeMs.

B ofmell Teopus OTHOCUTEALHOCTH IPOCTPAHCTBO-BPEMSA
MOXHO CPABHUTD C IIOJIOTHOM, KOTOpOE MOXKeT CKMMAaThCa H pac-
TATHBATLCA. [IpH ONpegeleHHbIXx 0OCTOATEMLCTBAX 3TO MOAOTHO
MOXKeT pacTArMBaThcA ObICTPEe CKOPOCTH CBeTa. K IpUMepY, pej-
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cTaBbTe cebe Bonbloi B3peB — 13,7 MIIpA JIeT Ha3az B TUTaHTCKOM
KOCMMYeCKOM B3DHIBe poaiachk Hama Bcenennas. MoxuHo mog-
CYMTATh, YTO NMEPBOHAYANBLHO BrelieHHas pacuupsanack GbICTPee
CKODOCTH cBeTa. (JTO He NPOTHBOPEYUT cliellHaNbHON TEOPHH OT-
HOCHUTEIRHOCTH, TaK KaK PacIiHPAAOCh IYCTOE — MeX3Be3Hoe —
TIPOCTPAHCTBO, A HE CAMH 3Be3/bl. PACUIMpPEHHE yCTOTO IPOCTPaH-
CTBa He HeceT HUKaKoi HHPOPMALIHH,)

Camoe Ba)XHOe B 3TOH CHTYal[H TO, YTO ClelHANbHAR TeOpUs
OTHOCUTENBHOCTH NTPUMEHHMA TONBKO JIOKAJbHO, T.€. B O/IIKAai-
el okpecTHOCTH HabniogaTesd. B naweii 6nuxkalinelt oxpecTHo-
ctu (k npumMepy, B CoMHeYHOH CHCTeMe) OHa paboTaeT, B YeM MEI
JErKo MOXKeM YOeAWThCA MO AaHHBIM HAIIIMX KOCMWYECKHX 30HOB.
Ho miobaibHo (T.€. B KOCMOAOTHYeckoM Macurrabe, B Maciitabe
BceneHHON) MBI JOJ/DKHEI IOI30OBAThLCS He ClelMatbHOH, a o0mei
TeopHeH OTHOCHTENTBHOCTH, B HeH MpoCTpaHCTBO-BpeMA IpeRpa-
maercs B TKaHb, U TKaHb 3Ta CNocobHA pacTATHBATHCA OBICTpee
ceeta. Kpome TOro, oHa ACIyCKaeT CYIIECTBOBAHHE «IIPOCTPAH-
CTBEHHBIX ABID», KOTOpHIe NO3BOJAKT MTHOBEHHO NIPEO/OJIEBATh
APOCTPaHCTBC H BpeMs.

3HAYUT, OAUH M3 CocobOB MyTeLecTBOBATE OBICTpPEE CKOPO-
CTH CBETA — BOCIIOb30BATHCH 00IEH TeopHeil OTHOCHTENBHOCTH.
CaenaTh 3TC MOMKHO JBYMA CIOCCOAMH.

1. PacTauyTte npocrpancTBe, Ecny 661 Mbl HAYYWIHCD
pacTAr#BaTh NPOCTPAHCTBO H03aH cebs U CKMMATh Ipo-
CTPaHCTBO BHEpe]H, BOCYATIEHHEe OBl BO3HMK/IO TaKoe,
Kak 6yATO MBI TepeMeCcTIHCh U3 OHOrO MecTa B Apyroe
6ricTpee ceeta. Ha camoM fesie MBI He ABHTanHCh OB BO-
obme. Ho gedopmania npocTpaHCTBA BNEepeAr M MO3aau
Kopabisa no3ponuaa 6k HAM B MIHOBEHUE OKa J0OpaThea
JI0 OTZAIEHHBIX 3831,

2. Pazopeates npocrpanctso. B 1935 r. dinmTelin
BBEJI IOHATHE «KPOTOBasA Hopa». [IpeacTasere cebe 3epka-
JI0 AJIHCHI — BOJIIEOHOE YCTPOHCTBO, COEAMHAIOIIEE MEK-
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ay coboii okpecTHocTH Oxcdopaa u CrpaHy uyzaec. Kpo-
TOBAA HOpPA — 3TO «YCTPOUCTBO», CIIOCOBHOE CAYKHTD
CBA3YIOIMMM 3BEHOM MEeX/Iy IByMA BCeEHHBIMH. B mikone
MEI Y3HAJH, YTO KpaTdaiflllee pacCTOSHHE MEXAY ABYMs
TOYKaMH — npAMad. Ho 310 He o6sA3aTeNbHO TaK; eCiIH
CBEPHYTb JIUCT 6yMark Tak, 4To0b! TOYKH COeAUHUIHNCE, TO
KpaT4aiuM paccTosHUeM MeXZly HUMH KaK pa3 U CTaHeT
KpOTOBas HOpa.

Kak rosopur ¢usuk MaTT Buccep 13 BanlMHI TOHCKOTO yHH-
BepCHUTeTa, «COOBIIECTBO PENATHBUCTOB 3aAYMANOCh O TOM, 4TO
HYHO CZie1aTh, YTOObI BLIBECTH ABUraTenb AedopMaliHy IPOCTpaH-
CTBA WM KPOTOBbIE HOPEI M3 KaTeropHH Hay4YHO! GaHTaCTHKHU».

A cop Maprun Puc, xoponepckuii actponom Bemuko6pura-
HHH, TOBOPHT JaXKe TaK: «<KpOoToBLie HOPBI, AOTIONHHTEbHbIE H3Me-
PeHHA H KBaHTOBLIE KOMITBIOTEPH! OTKPHIBAIOT IYTh J/1A MHOMECTBA
CHIOTETHYECKHX CLIEHApHEB, KOTOPHEe KOTAA-HHOYAb, BO3MOXKHO,
NPeBpaTAT BCI0 Halry BeeseHHy1o B “>KHBOH KOCMOC ».

JBurarens AMbKyObeppe
1 OTpHLIATENbHAS SHEPTHA

Hauny4mwnid IpUMep PacTACHBaHUS [MPOCTPAHCTBA — JBHIATENb
Anbkybbeppe, npeaioxeHHbH B 1994 1. dH3nkoM Murenem Anb-
KyObeppe ¢ HCIMOMb30BAaHWEM TEOPHM TATOTEHMA OJHMHLITEHHA.
INo cyTi, 3T0 MMEHHO TOT JBUTaTe/b, KakoH durypupyer B cepraie
«3Be3HBIA MyTh». [1MI0T NOA0OHOTO 3BE340/NEeTa HAXOAMTCA B My-
apipe (3aMIAIWEM ero i cam 3Be3goaeT oT aedopMallid Hpo-
CTPaHCTBa); BHYTPU My3HpA Bce BHIMAAMT 0OBIMHO, AaXe Korza
3Be3J0JeT [IpeojoneraeT cBeTOBOH Oapbep. Boaee Toro, munory
Ka)XXeTCA, YTO HUYEro He MpoUCXognT. Ha caMoM e Jiesie BHe My3bl-
pA IPOCTPAHCTBO-BpeMA NpeTeprieBaeT CHIbHbIE HCKAXKEHHS; TIPO-
CTPAHCTBO Nepes My3bipeM CXUMaeTcA. BHYTpY Iy3HIps BpeMs He
PacTATHBAETCA M ITPOAC/IKAET HATH HOPMAa/LHO,
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AnbKyObeppe IpU3HAET, YTO MPH pa3paboTke NPOeKTa JBH-
ratend «3Be3JHbIH MyTh» CHTPA] HEMAIYIO POJb. «lepou cepraia
NIOCTOSSHHO FOBOPAT 0 1eOpMaIfHOHHOM ABHTATENE, O KOHIIEIHH
HCKYCCTBEHHOT'O HCKQKEHHA IPOCTPAHCTBA, — FOBOPUT OH. — Teo-
PHsl TOTO, KAK MOYKHO U KaK HeMTb3d MCKaXaTh NPOCTPAHCTRO, ¥ HAC
yxe Obl1a, 3TO 061as TeOpHA OTHOCHTENbHOCTH. A mogyMan, 4To
AomkeH OBITh KaKoW-TO €rmocob MoCMOTpeTh MPH MOMOIIM 3THX
KOHIIEIHiA, Kak JO/DKeH B ZeHCTBUTENbHOCTH paboTaTh Aehopma-
LMOHHBIH ABHraTEMb». BePOATHO, 3TO NEPBLIif CiIyyail, KOTAA Tee-
Oy BAOXHOBUJIO YYEHOTO ¥ MOMOTJIO HAHTH pelleHde 0HOTO H3
SHHINITEHHOBBIX YPABHEHHI,

AnbKyObeppe CINTAET, YTO NMyTEUIECTBHE HA IPEATAraeMOM
UM 3Be3/ioneTe GyJeT NoXoke Ha IOAET Ha «ThICAYEIETHEM COKOex»
B «3Be3/IHbIX BOHHAX». «MHe KaXKeTcA, YTO KUK, BePOATHO, A0J-
eH YBH/CTb YTO-TO IOXO0Xee. 3Be3Abl Blepeau Kopabisa npespa-
TATCA B JJIHHHBIE AMHHH, ITPHXH. [To3agu He OyaeT BUAHO BooDIe
HUYEro — TOJIBKO Y€PHOTA, IIOTOMY YT CBET 3BE3] HE CMOXET JBH-
raTsesd AOCTATOUHO BHICTPO, YTOOH JOTHATDL 3BE3A0/ET», — FOBO-
DUT YUEHBIH.

KiroueBnM MOMEHTOM B ABHTaTele ANbKybbeppe SBIfeTC
SHEPrutA, NPH MOMOLIM KOTOPOH 3B€3J0MeT PasTOHAETCA 40 CBEPX-
CBETOBBIX CKOpocTeH. O6b4HO GUBUKK TOBOPAT 0 Kopalile, o6ia-
JaloleM /i1 Hadyana HeKOTOPHM IOM0XKMUTeIbHEIM KOMHYECTBOM
SHEPI'MH; 3Ta 3HEPTUA TPATUTCA HA PA3TOH Kopabis, KOTOPHIH
BCerja JBIXETCA MeAJdeHHee cBeTa. UToOn BRIHTH 38 PAMKH 3THX
YCIOBHH M ABHTATLCA OBICTPEE CRETA, TPUJETCA IIOMEHATE TOIUTMBQ,
OOBIYHBIHI pacyeT I0Ka3bIBAET, YTO HAM NOTPeOYETCA «OTPHIATE b-
HasA Macca» HWIH «OTPULATEILHAA DHEPIHA» — CaMble SK30THICCKYE,
BEPOATHO, 00BEKTH BO BeeneHHOH, ecTi OHK BOOBLIE CYLIECTBYIOT.
Panpme ¢puspky oTOpaceiBanu 1100ke pasroBOPE! 06 OTPHIATE/b-
HOM 3HEPruy U OTPUNIATEIBHOM Macce Kak OTKPOBEHHO QaHTacTH-
qyeckue. Ho Tereps CTano SCHO, YTO, BO-IIEPBHIX, B MyTEMIECTBHAX
CO CBEPXCBETOBBIMH CKOPOCTAMU 63 HUX HUKaK He 0O0ITHCh, @ BO-
BTOPbIX, OHM BIIOJIHE MOTYT CYIIECTBOBATh B A€HCTBUTEILHOCTH.
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Y4eHble HIYT OTPHLIATE/ILHOE BEUIECTBO B IPHPO/E, HO TTOKA
besycremHo. (AHTHBELICCTBO H OTPHLATEIEHOE BENIECTBO — CO-
BEPLIEHHO pa3Hble Belli. [lepBoe onpeAencHHO CyIeCTBYET U 06-
NagaeT NOMOXKHTEAbHOM dHEePrHel, HO NPOTHBONONOKHEIM 3apg-
AoM. CymeCTBOBAaHHME OTPHIIATENLHOrO BEeleCTBa A0 CHX IOpP HE
AokazaHo.) OTpunatenbHoOe BElleCTBO AO/KHO 00MajaTh oYeHb
HEOOBIYHBIMM CBOWMCTBAMH; K IPHMEDPY, OHO JODKHO OBITH Jerde
ycToTel. bonee Toro, oHO AOMKHO AeTaTh. Echy oTpHULiaTe bHOE
BellleCTBO CYWECTBOBAIC B HavYalle BpeMeH, TO IpH POXACHHH Bee-
JIeHHOH OHO JJOIKHO BbUIO VIATH B IyOHHBI IPOCTPAHCTBA. B OT/IH-
Yyye 0T MeTEOPHTOB, KOTOPEIE P cIyyae obpyINHMBaIOTCH Ha IUla-
HEThI IO AEHCTBUEM CHJT IPHTAKEHMA, OTPHLATENLHOE BEMICCTRO
BO/DKHO yberarh oT 1laHeT. ETo AomKHBL OTTANKUBATE, a HE NIPH-
TATHBATH JII0Oble KPYTIHbIE TENA, TAKHE KAK 3Be3ARI WY TUIAHETHL.
IToaTomy, X0TA OTPHUNATEIRHOE BeIlleCTBO BIOIHE MOXKET CYIHECTBO-
BaTh B JeHCTBUTENBHOCTH, 0OHAPYKUTE €r0 MOYKHO, CKOpEE BCETO,
TOJLKO B IIYOGOKOM KOCMOCE — H YK TOYHO He Ha 3emiie.

B 0aHOM U3 MpoeKTOB NMOWCKa OTPUIIATENBHOTO BELIECTBA B
OTKPHITOM KOCMOce TpezfaraeTci BOCTONB30BATLCA HBAEHHUEM,
H3BECTHBIM KaK JuH3a JiiHmTeliHa. Koraa ceer mpoxXoAUT MHMO
3Be3]bl WIM TAJAKTHKH, €r0 TPaeKTOpUs MCKaKaeTcA No4 Aeii-
CTBHEM IPaBUTAIL[UOHHBIX CHJI B COOTBETCTBUM ¢ 00ulell Teopuei
OTHOCMTENBRHOCTH. B 1912 r. DilHinTelin (gaxke He 3aKOHYHB elle
paboty Haa oOIUICH TeOPHEH OTHOCUTEIBHOCTH) TpeacKasas, uTo
TranaKTHKA MOXET pa6OTElTh Kak JIMH3a Teneckona. CeBer OTIRANECH-
HOTO 00beKTa, oTHOad GIHU3TeKAIIYIO TATAKTHKY, KaK €CTH Obl 3T
ObUIa THH3a, cOBUpaeTca 3a Hell B Ty4OK ¥ 06pa3yeT XapaKTepPHYIO
MHTEP(EPEHLMOHHYIO KAPTHHY W3 KOHLIEHTPUYECKHX OKPYXKHO-
creil. B rakom BMae oH foxoauT u A0 3emiM. B HacTodllee Bpems
noA0OHbIE ABTEHUA HA3BIBAOT KOAbIAMH JHKLITEHHA.

Ilepsas nuHsa SitHwTeltHa ObUTa 0OHApY)XeHa aCTPOHOMAMH B
KocMoce B 1979 r. C Tex nop nofobHble 06LEKTH YCIIEMH CTATD A8
ACTPOHOMOB HE3AMEHUMBIM HHCTPYMEHTOM. BOT JIMIUb OAWH ITpU-
Mep. Korga-To CYUTaNoCk, YTO HEBO3MOXKHO 0OHAPYKHTh B KOCMOCE
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CKPBITYIO Maccy. {(CkpbiTas Macca, M3BeCTHAs TakKe KaK TeMHasd Ma-
Tepud, — 3araflovMHas HERMAHMAs, HO BIIOJTHE MacCHBHas Cy6eTaH-
nuA. OHa OKpPYXKaeT raJakTHKH U, BO3MOXKHO, RO BeeseHHO#H ee pa3
B AecATb Oonblite, yeM O6BIYHON BUAMMOIL Matepun.) Ho ydensie
NASA cyMenu cocTaBHTE KapThl PACIPEACACHUA B IPOCTPAHCTBE
CKPHITOH Macchl, TaK KaK OHA OTKJIOHSET CBET NMPH MPOXOXKAEHHH
yepe3 Hee TOYHO TaK e, KaK CTEKJI0 HCKPUBNAET CBET.

WTak, TeopeTHYeCKM JHH3H JUHRITEHHA AOQLKHE HOMOYDL
VYeHbIM B MOMCKaX OTPHLATENBHOIO BeecTBa W KPOTOBEIX HOP.
OHM JOMKHH ONpefefCHHBIM 06Da3’oM HCKAXAaTh TPAEKTOPHIO
CBETA — H KOCMHYeCKHH Tejieckon MMeHH Xab6ia AomkeH ObITh B
COCTOSTHUH 3aperHCTPHPOBaTh Takile UCKaxXeHws, Jlo CHX 1Op He
yaanochk 0OHAPY)XHTh HY OTPUIIATETBHOI'O BEHIECTBd, HH KPOTO-
BBIX HOP, HO MOMCKM NPOZOKANTCHA. M eci B OAUH TIPeKpacHbIi
ACHDb JETEKTOPb! KOCMUYECKOTO Te/ecKona 3apHKCUPYIOT B OJTHOM
13 SHHINTEMHOBHIX JIHH3 MPUCYTCTBHE OTPULIATEILHOTO BEIIECTRA
HWIH KPOTOBOH HOPBI, Bech MMP PM3UKHM MOYYBCTBYET Ha cebe mo-
pasuTenbHbIe TIOCTE/ICTBHA ITOTO OTKPBITHA,

OTprijaTe/ibhHas 3HEpPrus OTNMMAETCA OT OTPHUATENBHOIO
BEILECTBA TEM, YTO JOCTOBEPHO CYIIECTBYET, XOTA U B KPOIIEYHBIX
konudectBax. B 1933 r. Xenapux Kazumup, ondpasch Ha 3aKOHB!
KBAaHTOBOH TEOPHH, CAeran oYeH» HeobHvHOE npecKazanme. OH
YTBEPKAAL, UTO JABE He3apsuKeHHBbIe I1apajUiefbHEIE MeTajaude-
CKHMe IL1ACTUHB! 6yyT TPHTATHBATLCA APYT K APYTY KaK M0 BOJIIEH-
cTBY. OOBIMHO NAPA/UI/ILHEIE TACTHHBI HUKAK HE RIUAIOT APYT HA
ApYyTa, NOCKONEKY He 00/afaiT cyMMAapHbIM 3apafoM. Ho Bakyym
MEXAY ABYMsI TAKMMU MIaCTWHAMU Ha CAMOM JeJIe He ITYCT; OH II0-
JI0H «BUPTYaIBHBIX YaCTHll», BOSHUKAIOIX H TYT e HCHe3ariiX
CHOBaA.

Ha MriHoBeHHe W3 MyCTOTH BO3HMKAIOT Maphl AMEKTPOH-
TO3UTPOH — U TYT K€ aHHUTWIMPYIOT, CHOBA PACTBOPSACH B BAKYYME.
Kak HH CTpaHHO, mycTOTa, KOTOPYIO KOTAR-TO CYMTANM JUTEHHON
Yero 6w TO HM OLUIO, Ha CAMOM JeJie HanoAHeHa KEaHTOBBIMH CO-
ORITHAMY. 37paBHIA CMBICT MOACKA3BIBAET, YTO KPOXOTHEIE BCILTE-
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CKH € OFHOBPEeMEHHEIM 00pa3oBaHHeM BEIIECTEA W aHTHBELIeCTBA
HapyllalT 3aKOH COXpaHeHUA 3HepTuu. Ho, comiacHo npuHIpmy
Heolpe/leNIeHHOCTH, 3TH BCIUICCKU HEBEPOATHO KPATKOBPEMEHHBI,
U B CPeAHEM 3HEPIUA HO-APeKHEMY COXPAHIETCH.

Kaanmup o6HapyKWwl, YT0 MHOKECTBO BUPTYAABHBIX YaCTHIY
CO3A4€T B BaKyyMe HeHyeBOe cymMMapHoe Aapienue. [IpocTpan-
CTBO MeX/y ABYMA NApaTeNbHEIMK TUIAaCTHHAMM OTPaHHYEHHO,
TI03TOMY M JiaBjleHyie BUPTYaJbHBIX YaCTHI TAM HEBEMWKO. A BOT
CHapyXH IUIaCcTHH MeCTa MHOTO ¥ MM HUYTO He MellaeT «pa3Bep-
HYTbCS» Kak CIeAyeT, IO3TOMY B AABACHUE TAM BBIIIE; B CYMMeE e
BO3HHKAET CHJIA, KOTOpasA TONKAET IIACTHHBI APYT K APYTY.

B 06BIMHEIX 0GCTOATENBCTRAX — KOIZIA TUIACTHHEL HAXOASTCA
B TIOKOe U PasjiejleHbl 3HAYUTEALHBIM PACCTOSHHEM ~— HaOM0AaeT-
€S COCTOAHKE ¢ HY/ICBOH aHeprueil. Ho ecii COMU3KTL MTACTHHEI,
OHM Ha4YHYT NPUTATHBATHCA M M3 HHX MOJKHO M3BJIeYb HEKOTOPOE
KOJMYecTBO 3HEPryy. [Toc/e 3Toro, MOCKONLKY Y INIACTHH OTHAIH
KUHETHYECKYI0 SHEPTHIO, HX COGCTBEHHas SHepIMs CTAHOBHUTCH
MeHblile, YeM HOJb, T. €, OTPUILIATETHHON.

OTpHUaTe/IBHYI0 SHEPTHIO BIlepBble YAANOCH HIMEPUTE B J1a-
Boparopuut B 1948 I., W pe3ymbTaT NOJAHOCTBI MOATBEPAMWI TIPe-
ckazanve Kaswmmupa. Temepb orpHuaTenbHas 3Heprad U ad@exT
Kasumupa paccMaTpHBANMCh VKe He KaK HayyHast GaHTACTHKA, a
KaK yeTaHosaeHHbIH daxT. [IpobreMa, OAHAKD, COCTOMT B TOM, YTO
addexr Kazumupa oyeHb cnab; yToOH 0OHAPYKUTEL 3TY SHEPIHIO
B 1260paTopuH, HeoOXoAMMO NONb30BATLCA TOYHEHIIEM U HOBEH-
MM W3MepuTenbHbIM obopyaoBanueM. (B nenoM sHeprus Kazu-
MHpa 06paTHO MPONIOPUUOHATbEHA YETBEPTOM CTCNEHH PACCTOAHUS
MeX Ay TJIACTHHAMMU. 3TO O3HA4aeT, YTo YeM MeHBUIe 3TO PacCTos-
HEe, TeM 6onblle 3Heprusi.) Touno addext Kasumupa usmepun s
1996 r. Ctusen Jlamopo u3 Jloc-AnaMOCCKOH HalMoHantbHOH n1abo-
paTopuH; CHIA IIPHTXKEHHA Y Hel'o odyyraace B 30 000 pas MeHb-
1 Be€Ca MypaBbA.

C momenTa mybnukannu reopunt Anbkydseppe UKy yene-
M 00HApPYXUTh ¥ DPedIokeHHOTO MM 3Be3l0NeTa HEMAao CTPaH-
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HBIX cBoicTB. K npumepy, nioau BHYTPH Kopabia IPUYHUHHO H30-
NHPOBaHEl OT BHEIHEro Mupa. JTO O3HAYAET, YTO HEBO3IMONKHO
MPOCTO HAXKATH KHOMKY ¥ OMETETh OBICTPee cBeTa. Bel He CMOKeTe
NOAEPAUBATh CBA3D C BHELIHUM MEPOM 3a lpefiefIaMH 3aIUTHOTO
my3sipA. [IOMKeR CymwiecTBOBATh 3apaHee NpONOKeHHHR «Mapii-
PYT» 9€pes MPOCTPAHCTBO | BpPeMA, H TOT/IA 10 HeMy Kopabau Mo-
[YT CI/IeIOBATh OHH 3a PYTHM, KaK II0€37a 10 paciucaHuio, B atom
CMBICIIE 3BE370JET 10 ANbKyObeppe He OyaeT OOBIMHBIM 3BE3J0-
JIETOM M He CMOXeT NPOHM3BOJLHO MEHATH HamnpaBAeHHe JBHKe-
HUSL M CKOPOCTS, 3TOT 3Be3fosieT OyaeT nonoben Barony, KOTOPHI
ABHETCA Ha 3apaHee CO3AAHHOH «BOJHE» CKATOrO NPOCTPARCTBA
N0 3apaHee CO3ZaHHOMY KOPHUZOPY HMCKaKeHHOI'0 MpOCTPaHCTBa-
BpeMeHH. AJbKyObeppe paccyxkgaer Tak: «Ham norpebyercs ce-
pUsi TeHepaTOPOB IK30THYECKOTO BELECTBA, PACCTaBAeHHBIX BAOb
TPAcCH ABHOKEHUA, KaK BAOMb WOCCE; 3TH TeHepaTophl OYAYT CHH-
XPOHHO YTIPaBJIATE IIPOCTPAHCTBOM TaK, KK HYKHO»,

HeJsibask MCKAIOYHTE, 4TO B OyaymeM O6yayT obHAPYKeHH ere
fonee cTpaHHbie U NpUYYIHBEIE DELIeHHs YpPaBHEHHH DHHIITEH S,
Camu ypaBHEHHA TOBOPAT 0 TOM, 9TO €C/IH JaHO ONpeAeeHHOe KO-
JMYECTBO MACCH WIH SHEPrHH, TO MOXHO PACCYHTATh UCKaXKEHHE
ApOCTPAHCTBA-RPEMEHH, KOTOPOe BHIZOBET ITa Macca WIH 3HEprus
(To4HO Tak e, 6pOCHB KAMEHB B BOJY, BBl MOXKETE PACCUUTATD KpY-
[H, KOTOpPBIe OAAYT OT Hero). Ho 3TH ypaBHEHHA MOXKHO IPHMEHHTE
¥ B 0OpaTHOM HampapiieHMd. Mo:KHO HayaTh ¢ 3a[aHROIO COCTOS-
HMsA [IPOCTPAHCTBA-BpeMEeHH, KaKUM Obi CTPAHHBIM OHO HH Ka3a10Ch.
B xauecTBe NpruMepa MOXKHO IIPUBECTH IIPUYY/IHBbIe MUDBI CEpHAJia
«CyMepedHas 30Ha». (B Tex BCeIeHHEIX MOKHO, K IPUMEDY, OTKPHTh
ABEpPb W OKa3aThed Ha JyHe. MokHO 06eKaTs BOKDYT JepeRa H OKa-
3aTheA B IPOIUIOM, a 3aTeM 06HAPYKUTE K TOMY e, 4To cepaue 6bet-
CAl C TIpaBOH CTOPOHBL.) 3aTeM CeAyeT PacCIHTaTh pacpeeaeHye
BEIIECTBa U SHEPTUY, CBA3AHHOE C YTUM KOHKPETHEIM COCTOAHUEM,
(TouHo Tak xe, eIy 33aHO CTPAHHOE pacnpeeieHue BOIH Ha 110-
BEPXHOCTH BOALL, TO MOXKHO NIPOH3BECTH OOPATHLIH PACYeT U onpe/ie-
JIHTb, CKOJIBKO, IA€ M KaKMX KaMHeHd ObUI0 OpoilleHo B IIPYyA.)
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TIpuMepHO TakUM 06pasoM, KCTaTH FOBOPS, ANbKyGbeppe Bbl-
BeJl cBOM ypaBHeHHMsA. OH Hadan ¢ MPOCTPaHCTBa-BPEMEHH, B KOTO-
POM ZOINYCTUMO JBHIKEHUE CO CBepPXCBETOBOH CKOPOCTEIO, a 3aTeM
npoBent obpaTHHIN pacyeT M BHIYHCAWL 3HEPIHIO, HEOOXOAUMYIO
AJIA TOTYYeHHA TAKOro TIPOCTPaHCTBA-BPEMEHH.

KpoTtoBble HOPBI ¥ uepHBIE IbIPBI

Bropoii nocie pacTarupaHua NPOCTPaHCTBA CIIOCOD TPeoAoeTh CBe-
TOBO# 6apbep — 3TO pa3opPBATh, WK NPOKOIOTE, IIPOCTPAHCTRO, T. €.
IIPOMTH Yepes KPOTORbIE HOPHI, TYHHEH, KOTOpble COeAHHAIOT AR
BeeseHHbIe. B IMTepaType nepsoe yItoMHHAHUE O KPOTOBEIX HOPax
NPHHAJIEKUT Mepy oKCPOopACKOoro MaTeMaTHka Hapabs3a Jiomwco-
Ha, HallKCaBIIero noj NceBACHUMOM JIbronc Kapposut ckasky «Aau-
Cd B 3a3epKasibe», 3epKaio AJTHCH X eCTh KPOTOBas HOpa, KOTopasd
COeZMHIUIA OKpecTHOCTH OKcdopaa ¢ BonmebHpM MEpoM CTpaHb
uyyaec. [IpoTAHYB PYKY CKBO3b 3€pKasio, AnHca MoKeT MIHOBEHHO
MepeHecTHCh U3 OJIHOH BCEJIEHHOHU B APYTYVIO. ¥ MaTeMaTHKOB OHH
Ha3kIBAKTCA «MHOTOKPATHO CBA3AHHEIMHU IPOCTPAHCTBAMH».

B ¢usnke koHUENHHUA KPOTOBLIX HOP BO3HMKIA B 1916 1. —
BCETQ |epes Ioj MoCIe TOTO, Kak JUHITeHH onyOnuKoBal CBOH
BENIMKHH TPy — OOLIyI0 TEOPHIO OTHOCHTeTbHOCTH. Pu3uk Kapa
[papuuInns, cIy##BIIMK TOLJA B KAH3epOBCKOH apMHH, Hallen
TOYHOE pellleHHe YpaBHeHUHN DHHIITeHa 418 CTy4asd H30THPOBaH-
HOI1 TO4edHOH 3Be3/ibl. BAasieke ot 3Be3zbl ee IPaRUTALMOHHOE TI0e
OYEHD [IOX0JKE HA NoJe 00OLIMHOH 3Be3/45!, DHAIITeH AaKe BOCTIOND-
3oBancA perieHueM llIsBapuinnpaa npy BHYUCIEHHH OTKAOHEHHA
TPAeKTOPHH CBETA OKOJIO 3Be3zpl. PesyanTaT lBapUIiipia npo-
H3BeI HeMEJIeHHOe M 049eHb CHIbHOE AEHCTBHE HA BCE pasgesisl
ACTPOHOMHH, H CeTOAHS OH NO-MPEXXHEMY OCTAETCA OZHUM M3 CAMBIX
W3BECTHBIX PelieHUH ypaBHeuH DiHmTelna. Heckomsko noxorne-
HUi{ QUIMKOB HCTIONLIOBANU FPABUTALHOHHOE [TOTE 3TOMH MMITOTETH-
YeCKOH TOYeYHOMH 38e3/bl B KaYecTBe IPUOMIDKEHHOrO BRIpake HUs
AJIA NOJIA BOKPYT PeaibHOM 3Be3/(bl ¢ KOHEYHBIM IHAMETPOM.
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OUIHKA HEBOIMOMKHOTD

Ho ecau paccMOTpers 3TO TOUEUHOE PellleHHe Cephe3HO, TO
B LIEHTPE €ro HeOXXHAAHHO OBHAPYXUTCA YyAOBHILHbIH TOYEUHBIH
00BEKT, KOTODHIA IOYTH CTOJMETHE H3YMUIAN M MIOKUPOBAT GuU3H-
KOB, — depHas Awipa. Pemenue [UBapuiupnbaa o1g Moasa TACOTEHHS
TOYCYHOH 3B€3/bl YeM-TO HAIOMHUHAEeT TPOAHCKOro KOHS. CHApyXH
OHO BRIVIAAUT KaK Jap Hebec, a BHYTPH CKPEIBAET BCEBOIMOMHBIX
AEMOHOB H AyXOB. HO €C/iM Bbl MPUHHMAETE OJHO, TO BHIHYKAEHEI
NPHUHATL W apyroe. M3 pemenua lllBapruwisaa ASBCTBOBAIO, YTO
Npy IpHOMIDKEHMH K IIPeC/OBYTOH TOYeYHOH 3Bez/ie IPOMCXOaT
cTpaHHEIe BewlH. CaMa 3Be3a OKpy)XeHa HeBHAMMOM chepoii (ma-
BECTHOI KaK «[OPU3OHT COBBITHIA»), KOTOpas ABNAETCA CBoeobpas-
HOHW yepTOH HeBO3BpaTa. Bce MOXET NPOHUKHYTH BHYTPb €€, HO
HHYTO He MOMET BLIATH o6paTHO, OmHAMAB IPOHA TOPH3OHT Co-
OHITHIA, BB y2Ke He CMOXeTe BepHYTheA Hazak. (EcaH Byl HaxouTech
BHYTPH TOPH30HTA COOBLITUH, BaM, YT00bl BHOBb QKa3aThCS CHAPY-
H, noTpefyeTca ABHraThesd GLICTPEE CBETA, @ 3TO HEBO3MOIKHO.)

TTpu npAbIKEHAM K TOPH3OHTY COBLITHIA Ha ATOMEI BAIIETO
Tela HAYHYT AeACTBOBATE PHIMBHAIE CIUTBL, PACTATHBAS MX. Baimt
HOTM 6yZyT OIyIIATh ropasfo 6OABIIYIO CHAY TAXKECTH, YeM Balla
r0Ji0Ba, NO3TOMY BaC CHA4Ya1a PACTAHET 40 COCTOAHMA CIIAreTTH, a 3a-
TEM [IPOCTO Pa3opBet. TOUHO TaK XKe MPOU30HALT C aTOMaMH Balllero
Tea — OHU OYAYT pacTAHYTH TPaBUTalHeEH, a 3aTeEM pa3OpBaHEL

Jna BHEHero HabmoAaTe q Bame IpHOIMKEHHEe K TOPH30H-
Ty COOBITUH OYAeT BHIVIAAETD TaK, KaK OYATO BBl 3aMeAIAETECH BO
BpeMeHH. bosiee TOro, KOra Bbl IPHKOCHETECH K TOPHU3OHTY COOHI-
THI1, HabTIOAATENIO MOKAXKETCA, YTO BPEMSA OCTAHOBHAOCH!

ITOro MaJIo. [IpOBATHBILUCE TIOA TOPU3OHT COOBITHIA, BH VBH-
AWTE CBET, 3aHCPTHIH BHYTPH 3TOH cdepbl 1 BIyAIOUME BRYTPH
YePHOM ABIPH MUUTHAPAB JeT. Brl Kak 6yATO yBHAHTE GHIBM, 3a-
NeYaTIeBIIHHA BCIO UCTOPHIO YEPHOH ARIPhI, C CAMOTO MOMEHTA ee
POXAEHU,

Haxoner, ecnu 6bf BaM YAATOCk IPOJIETETE IEPHYIO ABIPY Ha-
CKBO3b, Tam, ¢ /IDyTOil CTOPOHBI, OOHAPYKUTCA UHAS BCEIEHHAA.
JTO ABIEHNE, BIIEPBbiE OMUCAHHOE JUHINTEHHOM B 1935 ., HocHT
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BbLICTPEE CBETA

Ha3BaHHMe MOCTa JDHHUITelHa-Po3eHa; cefivac ero HaspIBalOT elle
KPOTOBOH HOPOH.

SUHIITeRH 1 ApyrHe QU3NKU BBUIM YBepeHBI, YTO HHA OHA
3Be3/la He CMOXKET eCTeCTBEHHBIM 06pa3oM NPEBPATHTHCA B CTOMb
qyZOBUIIHE 06beKT. B 1939 . DiHIITEHH JaKe onybAMKOBAT CTa-
ThIO, B KOTOPOH MOKa3al, YTO Bpallaloluaacsa ra3onkyiepas Macca
HMKOT/]a He CKOH/eHCHpYyeTca B MojoBHyIo YepHyIo Abipy. [loaTo-
MY, HECMOTDA Ha IPHTAUBIIYKCA B LIEHTPE YepHOU ABIPbl KPOTO-
BYIO HOPY, OH ObU1 YBepeH, YTO HHYTO Nogo6HOE B IPHPOAE BO3-
HUKHYTb HE MOXET. ACTPOQH3HK APTYp SAAMHITOH KAK-TO CKasal,
4TO «[JO/DKEH CYIECTBOBATE 3AKOH [MPHPOABI, HE MMO3BOJIAIONIMIL
3Be3ziaM BecTH cebd cToMb HenenbiM o6pazom». JpyrHMH CIOBaMH,
YyepHad AbIPa, KOHEYHO, 3aKOHHOE pellleHue ypaBHeHKi JHHIITel-
Ha, HO MEXaHH3M, NOCPeACTBOM KOTOPOTO TaKad INTyKa MOr/a 6bl
cHOpPMUPOBATHCA €CTECTBEHHBIM [TyTEM, HEH3BECTEH.

CrTyauns KapAMHAIbHO M3MEHWNACh ¢ BRIXOAOM B TOM e
roay craTbd Pobepra OnnenrefiMepa M ero yueHuka Xaptiauja
CHallzepa; B 310} paboTe y4eHsle MOKA3aNH, YTO YePHbIE ABIPH BCe
e MOryT GOPMHPOBATBECA €CTECTBEHHBIM NMyTeM. OHH NpeAnosno-
XIIH, YTO YMHPAIOIIAA 3Be3/a, KOTOpad NPaKTHUeCKH NOTHOCTBIO
MCTpaTHIA CBOe AAEPHOE TOIUIMBO, KONIANCAPYET 1107 JeiCTBUEM
T'PAaBUTALIMOHHBIX CHI, T. €. CXAOILIBAETCA MTOA COBCTBEHHOM TaXKe-
CTbIO. EC/IH rpaBUTALIMA CMOKET CKaTh 3Be3ay A0 PasMepoB, MeHb-
KX, YeM PajHuyc rOpU30HTa cOOBITHMH, TO Aanbmie yxe HUUYTO Ha
CBETE HE CMOXKET [TOMEINATh eH C3KaTh 3837y B TOYKY M IPeBPaTHTh
B YepHYI0 Abipy. (BIOAHE BO3MOMKHO, YTO PACCMOTPEHHBIN 34eCh
MeXaHHM3M KoJulanca nogckaszan OnmeHreHMepy HieH, KOTOphIE OH
Yepe3 HECKOIBKO JIeT HCIOMb30BAI [TPH CO3aaHiK 6oMOEL 11a Hara-
caKy, MpY A€TOHAIIMU KOTOPOi HCIOAB3YETCA B3PHIBHOE 00KaTUe
[LTYTOHKHEBOrO apa.)

Creaylomuii popeIB AMeT MeCTO B 1963 ., KoTa HOBO3e-
naHAcKHiT MareMaTuk Poit Kepp vceoiegopan, BO3MOXKHO, CaMblit
peanucTHYHbIH 00pasyMK 4epHO# AbIphl. CKUMasCh, OOBEKTH
YCKOPSAIOT CBOE BpallleHUe — IIPHMEPHO TaK Xe, KaK GUrypucTH
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OUIUKA HEBOIMOHHOIO

HAUHMHAT BPAIATLCA OLICTpee, KOrja MPHXXHMAIOT PYKH K TeNy.
Mo:kHO cAenaTh BBIBOA, YTO YepHHe ALIPhI AOMKHBI BpaIlaThCA
¢ GaHTACTHYECKUMH CKOPOCTSMH.

Kepp o6Hapyxua, 4TO Bpamialomasacs depHasn Ablpa He CXIIOTI-
HETCA B TOYEYHYIO 3Be3dy, Kak npeanosiaran Ulsaprmunsg, a co-
AMeTCA M 00pasyeT Bpawaioileecs Kombuo. oboit, koMy He noBe-
3€T 1 KTO HATKHETCA Ha 3TO KOMBLQ, TOrHOHET; HO TOT, KTO YTOAUT
B OTBEPCTHE KOAbLIA, HE YMPET, a NPoiAeT ero HackBo3b. M okaxeT-
CAA IIPH 5TOM He NO APYTYIo CTOPOHY BCE TOr'O JKe KoAbLA, a B APYToH
BCENEHHOH, MOTOMY YTO, NOMAB B KOMBIIO, OH MPOHAET 10 MOCTY
JnHINTeliHa—Po3eHa. JIpyrUMH coBaMH, BpamaloManca YepHas
Ablpa — 3T0 0607 3epKajaa, CKBO3b KOTOPOE IPOXOAMIA CKa30MHasA
Anuca.

Ecnu 3TOT YyenoBek 3aTeM 00OTHET KOJNBHO M TIPOMJET Yepes
HETO CIIe pa3, OH OKAXKETCI B cie/yiolleil BceAeHHol. Boobimge,
KaxJa0e NOCIeJ0BATEIbHOE TIPOXOXKAEHHE dYepe3 Bpaliaiolleecs
KOJIBLIO IPHBEAET ITyTEIIeCTBeHHUKA B O9ePeHYI0 Napal1elbHyIo
BCENEHHYI0 — fIPHMEPHO KAK HAKATHE KHOMKH «BBepX» B jndre.
B mpvHOUNEe MOXET CYIIECTBOBATHL DECKOHEYHOE YHCIO BCEICH-
HBIX, OZHA HaA Apyrou. «TIpolAM CKBO3b 3TO BOAMEOHOE KOABLO
H — Ona! — Tbl Y)Ke COBEPIIEHHO B IPYTON BCCICHHOM, e pagydyc
H Macca OTpHIaTeabHE » — nvcan Kepp.

Ho 3gech ecTh OvYeHb BaXKHAH AOBYHIKA. YepHas aelpa —
Xopo1Hii o6pa3zel] «<HeoOpaTUMOLt KPOTOBOI HOPbI»; a4 3HAYHT, Ue-
Pe3 ropHU30HT COOBITHIT MOYXHO NIPOHTH TOMBKO B 0AHOM HANPaBAE-
HHH. CTOMT MHHOBATb FOPH30HT CoOBITHI 1 KOTB10 Keppa — 1 Bhl
YK€ HE CMOJYKeTe BCPHYTBHCA Ha3az] TEM XKe [yTeM.

Ho B 1988 r. Kun TopH u ero xoaterd no KanndopHuiickomy
TeXHOJIOTHYECKOMY PacCYHTann oOpaTHMYyI0 KPOTOBYIO HODY, T.€.
TaKyi0, 4epe3 KOTOPYI0 MOXHO cBODOAHO MpoXoAuTh B 0BOMX Ha-
IIpaB/IeHHsX, TYAa U 0GpaTHO. U1 0AHOrO U3 UX PellleH il [yTelle-
CTBHE Yepe3 KPOTOBYIO HOPY He OnacHee NoJieTa Ha caMoneTe!

B OOBIYHBEIX YCJIOBHAX CHIA TAXKECTH CTPEMMUTCA PasfaBHTh
H Pa3gaBuT «TpyOKy» KPOTOBOH HOpPbI, MOry6UE TIPH 3TOM acTpo-
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BhICTPEE CBETA

HABTOB, KOTOPBIE MOINBITAOTCE B 9TOT MOMEHT AOCTHYb APYI'Oro
€€ KoHla. 3TOro A0CTaTO4YHO, 4TOOH cAenaTh MIHOBEHHOE Tepe-
MellleHHE Yepe3 KPOToBble HOPBI HEBO3MOXHBIM. Ho MOXHO npea-
[ONOXUTh, YTO CHIA OTTAIKHBAHWA, OPUCYINAs OTPHUIATEAbHOM
3HEPTUM WAW OTPULATENBHOMY BEIIECTBY, CMOXeT VAEPKAaTh
TPYOKY OTKPEITOM Ha JOCTATOYHBIN MPOMEKYTOK BpeMeHH, YTobb
aCTPOHABTH! YCIled MHHOBATh OLACHYIO 30HY. JpyrHMK ¢IoBaMy,
OTPUUATE/IBHOE BEWIECTBO WIH OTPUIlATENbHAA DHEPrust CoBep-
IIeHHO HeOOXOAUMBI W /1A ABUraTeda AMbKyObeppe, B 1A CXeMbl
C HCTIO/b30BAHHEM KPOTOBEIX HOP.

3a nocaeaHMe HeCKOMBbKO JeT ObU10 00HAPYKEHO NopazuTeb-
HOE YHCIO TOYHBIX pelleHuil ypaBHeHki JHMHINTEHHA, JONYCKAlO-
IIKX CYIeCTBOBaHHE KPOTOBLIX HOp. HO CYIIECTBYIOT M OHM HA
camoM Zene? Fu, MoxeT 6BITh, 9TO IPOCTO MaTeMaTHUECKad daH-
TasuA? KpoMe ToOro, ¢ KPOTOBHIMH HOPAMH CBA3aHO HECKOIBKO ce-
PLeIHEIX npobiieM.

Bo-nepBuix, A4 co30aHNMA CIIbHBIX MCKaWeHHH [IpOCTpaH-
CTBA-BPEMEHH, HeOOXOAUMBIX /I TIYTCHIECTBHA Yepe3 KPOTOBbIe
HOPBHI, HoTpebyeTcs HECHBIXAHHOE KONUYECTBO MOAOKHMTEIbHOTO
¥ OTPHIIATEJIbHOTO BelleCcTBa — MOPAAKA I'POMA/IHON 3Be3/(bsl WK
4yepHoii Abipbl. [o oueHke MaTeio Buccepa, duaHka #3 BAIUHITOH-
CKOI'0 YHUBepCHTeTa, )14 CO3JaHMA KPOTOBOU HOPH AMaMeTpoM 1 M
HEeoOXOAMMO CTOMBKO OTPHIATENbHOH DHEPTUH, UTO €€ KOJXUIeCTBO
MOXKHO CPaBHKTH ¢ Maccod IONuTepa — 1 NpH 3TOM OHa JZOJDKHA
OBITE OTPHIIATENbHOT ! Buccep roBopuTt: «/js1 370k paboTel norpe-
GyeTca IpUMepHO MUHYC OfiHa Macca FOnuTepa. A yrpasnsaTs aaxe
IIONOKMTEIBHOM Heprel, cpaBHUMOM ¢ Macco# K0nuTepa, MArko
TOBOp#A, HEIPOCTO ¥ BRIXOAMT JANMCKO 34 PaMKy HAallTNX BO3MOKHO-
creft B IpeACTABUMOM OYAYIIEM>.

Kun Top 13 KanrnQopHMHCKOro TEXHONOTHYECKOTO HHCTHTY-
Ta paccyxaaer Tak: «[loxoxe, UTO 3aKOHE PH3UKH AeHCTBUTEND-
HO Pa3pelaT CYIIeCTEOBAHHE K30THYECKOrO BEIUECTBA B KOJH-
9eCcTBE, AOCTATOYHOM [UIA YAEPKaHUA B cTabWIbHOM COCTOAHHH
KpOTOBOH HOPH pa3MepoM € YesoBeKa. Ho TyT e BBIACHAETCS, 4TO
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TeXHOJNOIUA CTPOUTEIBCTBA KPOTOBEIX HOP M YAEpKaHUA HX B OT-
KPBITOM COCTOAHHMHM AJIF HaC HeIpeAcTaBHMa W HAXOAMTCA JaleKo
3a IIpefesaMH BO3MOXHOCTEH YeI0BeYeCKON IMBHTH3ALIHH»,

Bo-BTOpBIX, MBI HE 3HAeM, HACKONBKO CTabHIbHBIMH OKaXyTCA
3TH KPOTOBHIE HOphl. Kpome Toro, v3nyyeHHe, KOoTopoe 6yeT B HUX
reHEPUPOBATHCA, MOXKET OKazaTbcd YOUHCTBEHHHIM Ana mwoboro,
KTO TIPOHUKHET BHYTPb. A MOXeT 6bITh, KPOTOBLIE HOPH BooOie
6yAayT HeCTaBGWUIbHBL U CTAHYT CXJIONBIBATBHCA, CTOUT KOMY-HUOYADb
WIH YeMY-HUOY b MOMACTb BHYTPb.

B-TpeThbiX, JIyUH CBeTa MPH MPOHUKHOBEHUH B YEPHYIO ABIPY
OYAyT UCMILITEIBATH CHHee CMeleHHe; 3TO 03HaJaeT, 4To, MoAXo-
JA K TOPH3OHTY cobrITHIL, oHM GyayTr npuobpeTarh Bce G6OABIIYVIO
u 66pIIyIO 3HEPrHUi0. Bonee Toro, Ha caMOM ropH3cHTe COOBITHH
CBET TEOPeTUYeCK! JOJDKEH HCMHITHIBAThL OeckoHeuHoe ronyboe
cMelneHHe U 007137aTh GeCKOHeYHOH JHEPrHelH, NOo3TOMYy BXoad-
llee M3IyYeHHE B YEPHOM JhIpe MOXET OKA3aThCAd CMEPTENbHBIM
JUIA SKAMaXa Kopabiis.

JaBaitte obcyaum 3tH MpobneMel HeMHOTO nofpobuee. [Tep-
Bag npobieMa — HaKOIMUTh U coOpaTh B OAHOM TOYKe ACCTATOYHO
9HepruM, 4Te6sl pa3opeaTh TKaHb NPOCTPAHCTBA-BpeMeHH. IIpo-
creitumit criocod ZOOHTHCA 3TOTO — C:XKAaTh 0OBEKT Tak, UTOOH OH
CTaI MeHbllle COBCTBEHHOr0 rOpH30HTa coOBITHI. K mpuMepy, Anst
ComHua 3To 03HaYano OBl CKATh €T0 10 JHaMeTpa IIPUMEPHO B 3 KM,
nocie 4ero COMHIE ye caMo KOJUTANCHpPYeT M [IPeBpaTHTCA B yep-
Hy10 AbIpY. (CobcTBeHHOe TAroTeHHe COMHIA CANIIKOM ¢1abo, 4To-
OB €CTECTBEHHBIM ITyTEM CHKATD €00 0 TAKOTO AUaMeTPa, TO3TOMY
Halle CBETIIO HUKOTAA He CTaHeT YePHO#H AbIpoi. B IpUHIHeE 3T0
03Ha4aeT, 4To Joboe TeNno, AdKe Balle, cIOCOOHO NPEeBPaTHTHCA
B YEPHYIO JBIPY, ECJIH ero Kak CIeAyeT cKaTb. JJA Yyenoreueckoro
TeJa 3TO 03HA4aN0 OBl OKATh BCE €r0 aTOMEI A0 Pa3Mepa, MEHBbIIIe-
ro, ueM cyGaTOMHBIE PACCTOSHUS, — 3TA OIEPALHS JEKUT JAIEKO
33 NpeflelaMH BO3MOKHOCTeH cOBPeMeHHOoM HayKH.)

YyTs Goee npakTHYHEIH NOAXOA — B3ATH HaTapelo Ja3epos,
cobparb y4u W HaNpaBUTh NMONYYEHHEI MOIIHBI IyY B OIpese-
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JEHHYI0 TOYKY. MMM NOCTPOMTH TMTaHTCKMI YCKODHTENh, pa3o-
THAThb B HEM JBa ITy4Ka, KOTOPLIE 3aTeM CTOAKHYTCA C BBIIEICHHEM
(QaHTaCcTIYECKOTO KOJIMYECTBA SHEPTHY, AOCTATOMHOTO 1A CO3/a-
H}A KPOILEYHOTO pa3phiBa IPOCTPAHCTBA-BPEMEHH.

[TnankoBcKas QHEPI'NA U YCKOPDUTEIH YaCTHUIL

Mo:xHO 3apaHee pacCYUTaTh SHEPTUO, HEOOXOAUMYIO A1 CO3/a-
HHA HeCTaOWIBHOCTH IIPOCTPAHCTBA-BPEMEHH: 110 MOPS/IKY BEJH-
YMHEI OHa COOTBETCTBYeT MNaHKOBCKOHM 3Hepruu, CoCTaBIIAILEH
1019 Ma3B. 3o nonctiHe HeBoobpaszuMo Sonbliasd BeIUYMHA; OHA
B KBaJIPIJUTHOH pa3 IPEBOCXOAUT BeJIMYHHbL 3HePTUHi, AOCTHKMMBIX
Ha caMOM MOLIHOM COBPEMEHHOM yCKOpHTelTe — BoabIIoM afpoH-
HoM komnaiigepe (BAK, LHC), moctpoenHoM B [lIBeiitiapuu Boane
YKeneBHl. 3ToOT KoLaliyep cocobeH pasroHATh B 6ONLIIOM «Oy6H-
Ke» [IPOTOHEL /10 3HePTHi B TPH/LTMOHE! 3/1eKTPOHBOJET, KOTOPHIX HE
6r1BaIO ¢ MOMeHTA Bonpmioro BapeiBa. Ho Jaxe aTOH 9yI0BHIITHOM
MalliHe Janeko A0 CO3AaHUA YacTHL] ¢ SHEPIHAMH, KOTOPEIE XOTA
OBl OTAATEHHO NIPHOMIKAMHICH K IVIAHKOBCKOH SHEPrUH.

' CreayromuM noce BoBIIOro apoHHOrO KOUTAiiepa yeKo-
puTeseM craHer MexAyHapoAHblil nuHedHslln koynatizep (MK,
ILC). BMmecTo Toro 4Tobbl FOHATE 2/1€MeHTapHEIe YaCTHIBI IT0 Kpy-
Iy, TUHeHHBIH Ko/Utaiiaep 6yAeT BHICTPEIMBATD U PASTOHATh UX HA
IPAMOH, MOKA OHH HE JOCTHUTHYT HeBOOOpa3HMO BEICOKHX SHEPTHIA.
[Tocste 3TOrO MOTOK 3EKTPOHOB Npe/NoaraeTcsa CTONKHYTD C O3HU-
TPOHAMH, C0371aBast TAKUM 00pa30M rpoMajHEIH BHOPOC SHEPTHH.
JmuHa MJIK coctasuT 30-40 KM U B JecqATh pas MpPeB30HIeT ATH-
Hy CTaHGODACKOTO THHEIHOTO YCKOPHTENAA, KOTOPEIL Ha JaHHBIH
MOMEHT ABIAETCA KpynHeHIIHM B MUpe. EcH Bee molaer xopoiro,
MJIK GyaeT coopy:xeH rie-HUGYAb B CIIEAYIOIEM ACCATHIETHH.

IIpeanonaraeress, 9o MJIK GyAeT BBLAABATH SHEPTUH OT 0,5
A0 1,0 TsB. 310 MeHble, 9eM 14 TaB, KOTOpble MOKHO MOAYYHTD
Ha BAK, Ho Takoe BneyaTneHye 06ManuHBo. B BAK crankupaloTca
NPOTOHEI, a 3HAYUT, PeATBbHO B CTOIKHOBEHHH YYaCTBYIOT KBAPKHY,
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OH3HRA HEBOIMOHHOTO

M3 KOTOPBIX COCTOUT MPOTOH. B KaxA0M WHAHBHAYAIHLHOM CTOJIK-
HOBEHUH KBApKOB 33/CHCTBOBAHO 3HAYMTE/AbHO MeHblie 14 T3B.
[Toatomy Ha MJIK moxHO GyZeT nony4uTs GOnbLUIME SHEPTHH CTOMK-
HOBEHHA, HexkeIH Ha BAK. KpoMe Toro, OCKO/ILKY ¥ 31eKTPOHA HET
H3BECTHBIX COCTABHBIX YacTeH, AUHAMHKA CTOJKHOBEHHA MEX/y
3MEKTPOHOM M [TIO3UTPOHOM 3HAYHTEIBHO MPOIILE U «HHIIE»,

YecTHO rosops, 1 MJIK 6yaer oveHb ganeko jo 3HepTHH
TOTO ypPOBHA, KOTOPHH Heob6xofquM, 4yToOb mpofenaTs AbIpy B
TNpocTpaHcTBe-BpemMeHN. Jiig aToro notpeboBancs Ol B KBaAPHII-
NHOH pa3 6oJiee MOWHBIA YCKOPHTeNb. LI Haleld MBMAN3ALHY —
LUBHIA3ALMH HYAEBOTO THITA, HCOAB3YIOWEN B KAUeCTRE TOILINBA
OCTaTKH pacTeHuH (T.e. HedThb H YTO/IB), — 3Ta TEXHOAOTHA COBEP-
WEeHHO HeAOCTIRUMA. Ho iuerinaanusa Il Tuma, BO3MOXHO, CyMeeT
OBJAZIETh €10.

BecnroMuuM, yro nuemauzatyus I THna ApAseTca ralakriye-
CKOH 110 HCMOAb30BaHHIO 3HEPTHH U notpebiseT ee B 10 Mipa pas
6onpme, yem nuBwM3anma I THNA, HCTOYHUKOM 3HEPTHM KOTO-
POH CY>KHT OfHa-eAMHCTBeHHAA 3Be3/a. A IMBHAM3auHs 1] THna,
B CBOI 04€pelb, norpefser B 10 Mipa pas Gosbliie SHEPTHH, YeM
HMBWIN3aLUMA 1 THIIA, HCIOMB3YIONAA ML 3Hepruio coBCTBeHHOM
IaHeTsl. A BeJb yxe 4epes 100-200 neT Haiua caabeHbkast [UBU-
AU3aUHA A0DKHA ZOCTHIHYTE CTaTyca MUBWIM3auK I THia.

WmMes B BUAY HAIIA NCPCIIEKTHUBE, CIEAYET CIENATh BRIBOJ, YTO
B HaCTOAUIMH MOMEHT MbI HAXOAMMCA B CAMOM Hadase AAUHHOTO-
MJIMHHOIC NYTH K NOAYYeHHIO IUIAHKOBCKOHM 3»Heprud. MHorue
QUSHKH CYMTAIOT, YTO Ha YPE3BHYAHHO MaJbiX PACCTOAHUAX —
HOpsAAKa IUIAHKOBCKOH AMHHEL, KoTopas coctapider 10-33 cm, —
MPOCTPaHCTBO He MyCTO H HE OAHOPOAHO, HO «IIEHUTCH»; OHO
HAMO/IHEHO KPOIIEYHBIMH NY3bIPbKaMH, KOTOPbIC TOCTOAHHO BO3-
HHUKAIOT ¥ CTATKHBAIOTCA C APYTHMH TAKHMHU XKe ITy3bIPbKaMH, a 3a-
TEM CHOBa NPOMNaJaloT B BakyyMe. [Ty3bIpbkH, KOTOPbIE BO3HHKAIOT
H NpONajaloT B BakyyMe, — 3T0O «BUPTYanbHble BCEICHHbIE»; OHH
OY€Hb HAlIOMUHAIOT Napbl BUPTYaNbHBIX YacTUL — DJIEKTPOHOB H
MO3UTPOHOB, KOTOPIE BO3SHHKAIOT M TYT K€ aHHHTHIMPYIOT.
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bLICTPEE CBETA

B obbdHEIX 00CTOATENBCTBAX 3Ta KBAHTOBasA TNPOCTPaH-
CTBEHHO-BPEMEHHAs «IIeHa» COBEPIIEHHO He3aMeTHA HaM. [Tyasips-
K4 GOPMUPYIOTCH Ha TAKHUX KPOIICYHBIX DACCTOAHMAX, UTO MH He B
COCTOAHMM WX YBHAETH. Ho KBaHTOBaA PH3HUKA CUHTAET, YTO eCiIH
CKOHUCHTPUPOEATL B OﬂHOﬁ TOTKE JOCTATOYHO JHEPI#H, BILIOTH
10 ILTAHKOBCKOH HHepruu, TO 3TH Iy3bIPbKH MOI'YT YBEAHYHTHCA.
Torza Mbf yBUAYM, KaK IPOCTPAHCTBO-BPEMS [IEHHTCA KPOLIEYHH-
MM IMy3EIPBKAMH, U KOKJBIH TAKOH My3EIPEK — KPOTOBAA HOPA, CO-
eIMHAIOIAA HALll MUD € FOTOBOH POAUTHCH A0UePHEH BCENIeHHOH,

B mponuiom JouepHue BceJIeHHBIE CYMTAIMCh HHTEUIEKTY-
anbHOM 3a0aBOH, NPUYYANUBEIM CIEACTBHEM YUCTOH MaTeMaTHKH.
Ho Tenepr pu3UKH BCephe3 CYUTAIOT, HTO KOIAA-TO Hama BeeaeH-
Has, BIIOJIHE BO3MOXKHO, TOXe HAUHHANA KaK OZHA U3 HUX.

Tako# BHIBO/J OCHOBAH Ha YMCTHIX M IIOKA JOBOJIBHO ITPOM3-
BOJILHBIX PACCYKAEHHUSAX, HO 3aKOHEL GU3HKH [T03BOJIAIOT OTKPHITh
AbIPY B IPOCTPAHCTBE IIyTEM KOHLEHTPALUU B OJHOM TOUYKE AOCTa-
TOYHOTO KOJIMYECTBa 3HEPTMH; 3HEPIUA NO3BOIAET HaM J0OpaThea
&G TIPOCTPAHCTECHHO-BPEMCHHOM NEHH, U3 KOTOPOM BO3HMKAKT
KPOTOBbIE HOPBI, COeUHAIONIME HANTY BCCICHHYIO C APYTOi, A0vuep-
Hell BCeNeHHOM.

CospaHue QBIPEL B TPOCTPAHCTRE MOTPeOYET, pasyMeeTcd, Tex-
HOJIOTMH COBEPILICHHO HHOTO YPOBHA, YeM Hallla, HO B TO JKe Bpe-
MA DMBHIMzauMH Il THDA 3TOT YPOBEHE BHOJIHE MOXKET 0Ka3aTh-
ca goctylied. K npuMepy, WMeeTcd Takad IITYKa MoJ HAa3BAHHEM
«HaCTONBHBIN CTPYHHBIA IUIA3SMEHHEIR YCKOPHTEME»; B TIOCTEJHEE
BpeMs B 3TOM HaNpabieHUH TOTy4eHb MHOTO0DEIAOIIHE Pe3yib-
TaThi. HecMOTPA Ha KpOUIEYHBIE PA3MEpPH — A 3TOT YCKOPUTEIb
AeHCTBUTENMBLHO MOXET MOMECTHTBCH HA CTONE, — IPUHOpP Croco-
feH reHepUPOBATh 3HEPIHU B MHJUTHAPAL! 3MeKTPOHBOALT. TIPHH-
W paboThl CTPYHHOTO YCKOPUTEIA COCTOUT B TOM, 4TO JIA3€PHEIN
fiyd HaNpaB/sIOT Ha 3aPKEHHBIE YACTHIE], KOTOPHIE 3aTeM pasro-
HAIOTCA 3a CYET 3HePruH J1azepa. IKCTIEePUMEHTH, [IPOBEJEHHEIE B
Hay4yHOM ueHTpe CraHdopackoro IMHENHOTO yCKopHTeNnd, B Jlato-
patopuu Pesepdopaa-3nmiToHa B AHDIHU M B Mapuxckoi Ionu-
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OHINHA HEBDIMOMHOIOD

TeXHMYECKO! NIKO/Ie NIOKA3BIBAKOT, YTO UCIIONb30BAHHUE Ja3ePHOTO
Jly4a M MIa3Mbl B Ka4YeCTBe HCTOYHUKA 3HEPTHH MO3BOJALT Pasro-
HATb YACTHLBI HA JOCTATOYHO HEOOMBIIOM PACCTOSHKH /[0 YPE3BhI-
YaKHO BRICOKHX IHEPIHM.

Eme ogHO 4pe3BBIYAHHO BAXKHOC OTKPHTHE OBUIO CAECIAHO
B 2007 r. Pu3ukK 1 HHKEHEPH Hay4HOTO IleHTpa CT3HQOpPACKO-
ro JUHEHHOrO yckoputeslda, YHuBepcuTeta Kanndopruu B Jloc-
AHpxenece u YuupepcuTera FKOkuoH KamubopHum npoaeMou-
CTPHPOBAIIH, YTO SHEPIHIO IPOMAJHOTO YCKOPUTEA YACTHI] MOKHO
YABOUTh Ha MPOTKEHHH Beero 1 M. OHHM HavasK ¢ Myvka 3/J1eKTpo-
HOB, KOTOpBIH pasroHAeTcA B IBYXMIIbHOH TpyHe CTondopackoro
YCKOPHTENA AC 3Heprud B 42 MaB. 3areMm 3TH 2/1eKTPOHH, U 6Oe3
Toro o61agalolie BEICOKOH JHepruel, NpoNycKAawT Yepes IUa3-
MEHHYI0 «HOPCAKHYIO KaMepy» ITHHOH Beero Jviib 88 ¢M; B Hel
3NeKTPOHH HabuparwT eme 1o 42 9B, yaBauBas TakMM 06pazoM
CBOIO JHEprHIo. (JTa IUIa3MeHHAdA KaMepa 3alojHeHa rasoobpas-
HBIM JIMTHCM. DNIEKTPOHBL, IPOXOAA Yepe3 ras, NopoyKAaloT IUlas-
MEHHYIO BOJHY Y, KaK CI€ACTBHe 3TOrO, MORYTHYIO CTPYIO. JTOT
NOTOK, B CBOIO OY€peAb, KaK Obl MOAXBATHIBAET CISAYIOMHE 3JIEK-
TPOHB! NyYKa WU TOJIKAET WX BIepe], NPHAIBad AONOTHUTEABHOE
yCKOpeHHe.) JTO MOpasuTelbHOe ACCTHXEHHe — Belb GH3HKaM
yaanocs B 3000 pas NpeB30HTH NpeABIAYIIHA PEKOPA IO KOIHYe-
CTBY SHEPIHM, KOTOPOE MOXKHO II€PeJATh IMEKTPOHHOMY NY4KY 32
1 M. Eciii 106aBUTh TaKKe IIA3MEHHEIE «A0XHTATENH» K YIKe Cylle-
CTBYIOIIMM YCKOPHTE/IAM, MOKHO B TPHHLMIIE HOYTH JapPOM Y/BAH-
BaTb SHEPTUIO MOAYYaCeMBIX YaCTHII.

Ha cerofHAmKMHA AeHs MUPOBOH pPEKOPA IS HACTONBHOTO
CTPYMHOTO YCKOPHUTENA COCTABIAST 200 I'aB/M. YBenn4eHue A/u-
Hbl TAKOI'0 YCKOPHTe/IA [TOKA NPEeACcTaBIgercs NpodleMaTHYHBIM —
CTHIIKOM MHOTO BO3HHKAeT IpobieM (Takux, KaK IOAJep:KaHHe
CTabIVIBHOCTH TIyYKa [IPH PA3TOHE ero JlasepHuiM aydom). Ho ecin
NPEATIONOKHATD, YTO MHl HAYYHMMCHA BCE 3Ke NPOW3BOJBHO YBEIH-
YMBATh ATMHY TAKOI'O YCKOPHTENS ¢ COXPAHEHHWEM YDOBHA SHEp-
ruet 200 3B /M, To B 3TOM C/Iyuae TMHA YCKOPUTEN, CTOCOOHOTO
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BLICTPEE CBETA

Pa30rHaTh YACTHIIH A0 NIAHKOBCKON 3HEPTHH, Ao/pkHa Gy/eT co-
CTaBUTS JAECATh CBETOBBIX JIET. ITO BIIOAHE TI0 CWIaM IUBIIU3ALHH
[II Tuma.

[To BceH BUANMOCTH, KPOTOBBIC HOPHI M PAaCTAHYTOE TPOCTPAH-
CTBO — caMble peajibHBIe CHOCOORI TIPEOAoIIeTh CBeTOBOH Gaphep.
[Toka HesACHO, CTabWIbHEI TH 3TH TEXHOJOTHH; HO JaXe €ClM OHU
cTabWIbHAL, HaM ToTpeGoBaNoCh OBl CKA30MHOE KOIHMECTRO SHEP-
rUH — TIOJIOXKUTENBHOM WKW OTPHIIATENBHOH, — YTODLL 3aCTaBUTh
WX peajibHO padorats.

MoskeT OBITh, VKe ceiiuac Kakad-HuOyab uBwinHzanus 11 Tuna
0bnagaeT noA0HHEIMU TEXHOMOTHAMH, Ho POHAYT, BO3MOXKHO, ThHi-
CHYH JIET, TIPEXAE YeM JeoBeYeCTBO CMOXKET X0TA OBl Beepbes 3a-
AyMaThCd O TOM, 4Tob5l 06y3AaTh noAcbHy™ Mok, KpoMme Toro,
€llle pa3peuleHk He BCE TPOTUBOPEYHA B OTHONIEHWH 3aKOHOB, KO-
TOPBIMH YIIPaBJIgeTcs IPOCTPAHCTEO-BpeMa Ha KBAHTOBOM YDOBHE.
YYMTEIBAA BCE BHIMIECKA3AHHOE, A OTHEC OB IIPEOI0IEHHE CBETOBOTO
6apbepa ko Il K1accy HeBO3MOKHOCTH.



|2, nyTewEcTaNA BO BPEMENH

Ecnn nyTemiecTBnA BO BpeMeHH BOSMOXHBI, TO FJIe XKe TYPHCTH M3 Byaymero?

CTHBEH XOKHHT

— [[yrewmecTEnA BO BPeMERH] NPOTUBOPENAT 3APABOMY CMBICNY, — Npon3Hec GuaAGH.
— KakoMy cMBiC/1y? — niePecnpocHA Y TeMPCTBEBHNK BO BPeMeHH.

lep6ept Yanac

B pomatte «YpaBHenne Axyca» nucatens CTHeeH COpIoUT HCCIEAYET
OZIHY M3 AyliepasfnpaloluX THYHOCTHBIX NpofieM, CBA3AHHEIX C ITy-
TEIIECTBHAMM BO BpeMEHU. B lieHTpe CroXeTa KHUTH GecTaIyii Ma-
TeMaTHK, TIOCTABUBILMI cebe 1ieNblo pa3rajaTh TaHHY NyTeliecTBUA
BO BpeMeHH. OH BCTpeyaeT HeobbI4HYIO KpacaBHily, OHH CTaHOBATCS
MEOOBHUKAMH, — HO IIPH 3TOM OH HHYETO He 3HAET O €€ POILIOM.
My4uMBI TFOGONMBITCTBOM, OH TILITAETCA Y3HATD, KTO MKe TaKasd €ro
TaMHCTBEHHAA BO3MobaeHHas. [locTeneHHO BbIsICHAETCA, 4TO KOLAa-
TO OHA U3MEeHWIa CBOI0 BHENTHOCTD MPH TIOMOIIH [IacTHYeckoii one-
paumy. M maMeHuna 1o, Takxke TIPH IOMOMH oneparnuu. B kouue
KOHIOB OKa3bIBACTCA, ITO Ha CAMOM Jefie «OHa» — IMYTelleCTBeH-
HHK BO BpeMehy, npubsipuuii U3 6yAymero; Maio Toro, Ha CaMoOM
Jene «OHa» — 3TO OH caM, ToAbko U3 6yaywero. [lony4aercs, yro
OH 3aHMMaJICA mio6osbio cam ¢ coboid. OCTaeTca TONBKO raAaTh, YTO
IpoU3onuio GBI, MOABUCH y HUX pebeHok? U ecin 651 3TOT pefieHok
OTNPABHICA Ha3a/, B IIPOILIOE, BLIPOC OBl TaM H CTaJI MATEMATHKOM
{TeM cambIM, KOTOPEIH GUYPHPOBAI B HAUAse HCTOPHH )} ? MOXKHO JIH
BHITH cCAMOMy cefe H MaTephIO, M OTIOM, ¥ CHIHOM, K JOYEPbID?

298



NYTEWECTBUA BO BPEMEHU

Kak U3MeHUTH MPOLIIOE

Bpema — o/lHa M3 BeIMYaHIIHX 3araok BecenenHoi. Pexa Bpe-
MEHH YHOCHT Hac BcexX 0e3 MCKJIIYeHHS, He3aBHCHMO OT Halle-
o JKeJiaHUA U Aaxe NPoTHB BoaW. Eue B 400 r. H.3. brakeHHbid
ABCYCTHH MHOTO IIHCAJl © MapaJIoKCANbHOH TIPHPOAE BPEMEHH:
«A KaK MOTYT OBITb 3TH /|Ba BpEMeHH, IIpowioe U Byayliee, Kor-
Aa OpoLULIOro yxe Het, a Oyayllero eie Het? M eciu 6b1 HacTo-
Alljee BCeraa OCTABANOCH HACTOAIIMM M He YXOIHJIO B IPOILIOe,
TO 3TO OBUIO OBL YKe He BpeMs, a BEYHOCTh». ECH MPOLOIKUTD
JIOCU4ECKH MBICIBL ABCYCTHHA, IOJAYYHUTCA, 4TC BpeMs Boobiie He-
BO3MOXHO, IOTOMY 4TO IMpolLIoe yike yiuao, byayluee He cylie-
CTBYeT, a HacToAlllee CyluecTByeT tumb MraoBenue. (flocse aTHx
paccyxacHHH BaaxeHHBIA ABT'YCTHH 33/aeTcsl rAyBOKMMH Teono-
THYECKMMH BOTIPOCAMH O TOM, KaK BpeMA BaudeT Ha Bora, — Bo-
TIpocaMH, KOTOpPble He NIOTepsau cMEICH U ceronna. Ecau Focnoap
BCE3HAOL] H BCEMOTYII, MMHCaA BlaxeHHBIH ABFYCTHH, TO CBA3aH
14 OH Te4yeHHeM BpeMeHH? JIpyrUMH cloBaMH, MPUXOAUATCA JH
bory cremmTh, OnazAbiBas Ha BAXKHYIO BCTPedyY, KaK AeiaeM MEI,
tMepTHble? CaM ABIYCTHH JenaeT TaxoH BbiBoA: [ocnogb BeeMo-
TYII ¥ OTOMY He MoxXeT ObITh OrpaHHYeH YeM OBl TO HH ObLTO, B
TOM 4HCJIE M TeYeHHEM BPEMEHH; CAeJOBaTeNbHO, OH JOIKEH CY-
I[eCTBOBATh «BHE BpeMeHH». XOTA HA mepBulil B3MAAJ KOHIIITHA
CYIECTBOBAHHA BHe BpeMeHU NpeACTaBAdeTcA abCcypaHo, 3To
O/HA K3 TeX HJeH, KOTOpbIe, KaK MBI eile yOeUMCA, CHOBA H CHO-
BAa BO3HMKAIOT B COBPCMEHHOH QHauke.)

MogobHo BaasxeHHoMY ABIYCTHHY, KRKABIA M3 HAC B KAKOM-
TO MOMEHT 3alyMbIBAJICAl O CTPAHHOM W 3araZiodHOH IpHpo/IE Bpe-
MEeHHW H 0 TOM, KaK CHIbHO BpEMA OTIH4aeTCA OT MPOCTPAHCTBA,
Ecin B npoctpalcTee Mer MoxeM 6e3 TpyZa ABUraTecs B JMobom
HaUpaBJIeHUH, TO OYeMy BO BpeMEHH Bce HHade? Kaxapii 13 Hac
3aZYMBIBICH M O TOM, 9TO XJeT UeJIOBeYecTBO Nocie Hac, Bek oT-
JeNbHOTO YeIOBeKAa OrPaHHYeH, HO BCEM HaM Y)KACHO HHTEPECHO
BCE, YTO MPOH30iijeT B OyAyleM, Tocne Hac.
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®UIUHA HEBOIMOIKHOTO

JKenauue yesnoBeka myTemecTBOBATh BO BPEMEHH POIIIOCH,
BEPOATHO, OAHOBPEMEHHO ¢ CAMHM UYeJOBEKOM, HO NepBas 3aru-
CaHHasA UCTOPHA O IyTeleCTBUH BO BpeMeHH — «MeMyaphl o ABaJ-
IATOM CTONEeTHH» — NpHHALNeXHT mepy Camblocna Mapgena u
oTHOcHTes k 1733 r. B Heli pacckasbiBaerca o6 anrene w3 1997 r.,
KOTODBIH NepeHecca Ha 250 neT Hasafl, 4Tobw nepeaaTs OpuTaH-
CKOMY TIOCTY ZOKYMEHTHI € OTHCAHHEM MHpa 6yayinero.

[To3xe TaKMX HCTOPHI OABHIOCE MHOXECTBO. B 1838 r. BHI-
1IUIO IPOH3Be/eHHe aHOHUMHOI0 aBTOpa «B oxXupanum guimxkanca:
aHaxpOHH3M»; ero TepoH, 0XKHasA AWIIDKAHCA, HeOXKHAHHO [lepe-
HOCHTCSA Ha THICAYY JieT B iponwtoe. OH BCTpevaeT MOHAXa JIpeBHe-
T'0 MOHACTHIPA M NBITAETCA PaccKas3aTh eMy, KaK Oy/eT pasBuBaThes
HCTOPHA B CIeAYIOIYIO THICAYY JeT. Yepe3 HeKoTOpOe BpeMA OH
CTOJb e HEOXKHAAHHO NEPEHOCHTCA OOPaTHO B HACTOSAILEE; E/IHH-
CTBCHHBIN De3y/IbTaT — €r0 JWIHXAHC YKe YIIesL.

IlyremecTBysA BO BpeMeEHM MOXHO OOHAPY)KUTh B CAMEBIX He-
OXMAAHHHIX [IPOM3BeJeHHAX — KaK, HalpHMep, B poMaHe Yapab3aa
JukkeHca «PoXxaeCTBeHCKAaA HCTOPHA», HATTHCAHHOM B 1843 1.; re-
post pomaHa, 36eHeaepa Ckpy/ka, NepeHoCAT B [IPOLLTOE H OYAy-
Iiee ¥ MOKa3blBalOT MUP, KaKUM OH ObIM Mpexae u Kakum Oyaer
nociae ero CMepTH. '

B amepukaHckoii nuTepaType NyTelleCTBUA BO BpeMeHU
BIIEpBbIE NOABAIOTCA ¥ Mapka Tsena B pomane 1889 r. «fAHkH U3
KoHHeKTHKYTa Npy ABOpe Kopona ApTypa». flHku XIX B. nepeHo-
CHTCA Ha3a/] BO BpeMeHH H OKA3bIBAETCA IPH ABOPE Kopoaa ApTypa
B 528 r. or PoxaectBa XpucroBa. Ero 6epyT B e u cobuparnTcs
CKeub Ha KOCTPE, HO HAXOAYHMBHIN AHKM 00bBABASET, 4TO 0B1ajaeT
BAACTBIO IOTaCHTh COJHIE, Beflb OH 3HAET, YTO B 3TOT CaMbIi IeHb
JOJDKHO COCTOATBCS COMHEYHoe 3aTMeHue. Korna yHa 3aKkphiBaeT
cofoi COJIHIE, ToNMNa NPUXOIHT B V>Kac; AHKH OTIIYCKalOT H OChina-
10T MHJIOCTSIMH, JTHILb OB OH BEPHYJ UM COTHEYHBIH CBET.

Ho niepBoii cepbe3Hoil HOMBITKON HCCIEA0BATE MyTEMECTBAA
BO BpPEMEHW B XYAOKeCcTBeHHOM JHTepaType CTal KIACCHYECKH
poman T'epbepra Vannca «MammuHa BpeMeHd», B HEM Tepoil OT-
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NYTEWECTBKA BO BPEMEHM

npapigeTcd Ha COTHHM ThICAY J1eT B Oyaymee. OKa3bIBAETCH, B 9TOM
OTAAICHHOM GyAYIIeM 4eOBEYECTBO TeHEeTHYECKH PAcKosIoTo Ha
JBE pachl — BOHHCTBEHHBIX MOPJIOKOB, KOTODbiE YXa)XKMBAIOT 3a
MpayHbIMH NO/{3€MHBIMK MAlIHHAMH, ¥ 6e33a00THHIX, TOX0XKHX Ha
A€TElR 2/I0€B, KOTOPbIe PAAYIOTCA M TAHLYIOT HABEPXY HA COMHEY-
HBIX ONAHAX, He [0oA03peBas U He 3ayMEIBAfACE 00 ouAaIome
HX ¥KACHOH y4acTH (6BITh CheEHHBIMH MOPJIOKAMH).

* Tocse Yamica NYTEIECTBUA BO BPEMEHH CTaad IMPHBRIYHOR
ICTaAbi0 HayuHO-QAHTACTHYECKHX [TPOU3BeIeHUH, OT «3BE3HOF0
yTH» g0 «Hasag B 6yayiee». B duwibme «CymnepMeH» IJIaBHBIH re-
po#, yaHaB o rubesn Jlowc JlelH, B OTYafAHUH pellaeT OBEPHYTh
Ha3az CTPEIKH BPeMeHH; OH HAYMHAeT HOCUTBCA BOKPYT 3eMIu U
OBroHAET CBET, OKa CaMo BpeMsA He ITOBOpaYyHBaeT Hasaf. 3eMia
3aMeZjIdeT BpallleHHe, OCTaHARIMBAETCHA M HAKOHEL] HAYWHAET Bpa-
IMAThCA B 0OPaTHYIO CTOPOHY — H BCe YaCH Ha 3eMyle HaYMHAIOT
obpatHbli oTcyeT. Bogsl NOTONMa ¢ PEBOM YCTPEMIATCA 00paTHOo,
ApopBaHHLIe AaMOBl UyJgecHRIM 00pa3’oM BOCCTaHABIMBANOTCA,
u Jlopce JleitH BO3BPAINASTCA K 3KU3HH.

" C TOYKH 3peHUs HAYKH MOMKHO CKA3aTh, YTO HYTEIIECTBUS BO
BpeMeHH ObUTH pelnTe bHO HEBO3MOXHE! B HBIOTOHOBO# BCeJleH-
HOM, IZle BpeMA TEeKI0 PaBHOMEPHO W MPSIMOIHHEHHO. OiHAKAE
CTy4MBIIeecAd He MOMIO M3MEHMThCS HU TPM KakUX oOcToATeNb-
cTBax. OaHa ceKyHa Ha 3eMJie paBHSIACH OJHOH CEKyH/IE B OG0
Apyroi Touke BeenenHoi. DHHINTEHH ONPOBEPT STy KOHUENIHIO 1
IIOKa3aJ1, YTo BpeMs O0JIbIIe I0X0XKe Ha M3BIIMCTYIO PEKY, KOTOpas
nepecekaeT BceleHHy0; NET/IAAA MEXK 3B€3] W TallaKTHK, OHO YCKO-
pAeTcs W 3aMeansaeTca. Tak 4To ofHA CeKYHAA Ha 3eMre BOBCe He ab-
COJIOTHA; BPeMs B Pa3HBIX TOUKAX BceleHHON TeweT o-pazHomy.

Kak s yxe pacckasslBall, COIMACHO CIELHANbHON TeOPUH OT-
HOCHTEIBHOCTH DUHIITEHHA BpeMA B PAKeTe 3aMeAIAeTCo, IpHYeM
TeM CIUIbHEe, YeM ObicTpee oHa Aprkercd. [Tucarenu-gantacTsl
NIO6AT paccyaTh 0 TOM, 4T0, eCIM YAACTCS IPe/oeTh CBETOBOH
6apbep, To MOkHO OyAeT BepHYTHCA Ha3aZ o BpemeHH. Ha camom
Aejle 5TO HEBO3MOMKHO — BE/Ib UTOOB! [OCTHYL CKOPOCTH CBETA,
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®U3IHRA HEBOIMOMHOTD

Bam npujercad ob3aBecTHCh H OeckoHe4HOH Maccod. CKOpOCTh
CBETAa — HENPeoJoAuMblid Gapbep AaA MoG0H paxkeTh. JKUMax
«JHTepnpa3a» B cepuaie «3se3AHbN nyTh IV: [TyTeniecTBue zo-
MOH» MOXUTHA KOCMHYeCKHI Kopabik KIMHIOHOB, pa30THAaA ero
IpaBHTANHOHHBIM MaHEBPOM BOKPYT MECTHOTO COJIHIIA, [1PeoA0aen
cBeToBOH Hapbep W okazanca B CaH-®Ppanuucko 1960-x rT. Ha ca-
MOM JeJI€ 3TO [IPOTUROPEYHT 3aKOHAM PH3IHUKH.

TeM He MeHee MyTellecTBUA B OyAyliee BO3MOXKHLI, H 3TO JKC-
[ePHMEHTANABHO NOATBEPXKAEHO YIKe MIWLTHOHEI pa3. Jlaxe myTele-
CTBME Tepoda «MallliHE BpeMeHH» B Aianekoe Oyayuiee B NpHUHLIMIE
BO3MOxHO. EciM acTpoHaBT OyneT ABHraThCs ¢ OKOMOCBETOBOM
CKOpOCTBIO, Ha AOpOry JO OAHOH U3 OMHKaNIINX 3Be3]] eMy MOXKET
notpe6oBaThCA, CKAXKEM, OJJHa MiHyTa. Ha 3eMe mpH 3TOM Npoii-
JeT YeThIpe rofa, HO VIS Hero IMYHO BPeMA C/IBMHETCA BCETO U
Ha OIHY MHHYTY, [TOTOMY 4TO BpeMs B Kopabie CHJIBHO 3aMEIHTCH.
Ilony4uresa, YTO acTPOHABT NPH 3TOM NepeMecTUTCA B Oyayinee
3emau Ha yernlpe roga. (Boobuie roBops, HallM acTPOHABTHI CO-
BepINaOT KOPOTKOe MyTelllecTBHe B OyAylee KaxAblf pas, Koraa
JIeTAI0T B KocMoc. [foka oHM fleTaroT BOKPYT 3eMiH €O CKOPOCTHIO
8 KM/ ¢, MX 4achl UAYT YyTh Me/UTEHHee, YeM Yachl Ha 3emie. MoXHO
[OACYHTATh, YTO 33 BpeMA FOANYHOH IKCIEAMLIMH Ha KOCMHYECKOH
CTAHIMM OHH K MOMEHTY BO3BpalllcHHA Ha 3eMJI0 TlepeMeIaloTCA
B 6yayliee Ha 0JTE0 CeKyHAbI. MMPOBOi peKop/ B MYTENIECTBUSAX BO
BPEMEHH NMPUHAICKHT B HACTOSILEE BPEMA POCCUHCKOMY KOCMO-
HaeTy Cepreio ABjeeBy, KOTOPBIH 3a 748 CyTOK, NIPOBEAECHHBIX Ha
opbure, nepeMectivics B byayiee yxe Ha 0,02 ¢.)

WTaK, MalluHa BPeMeHH /17 MyTellleCTBUI B 6yAywee He npo-
THBOPEYHT CNELMAABHON TEOPUH OTHOCHUTENbHOCTH JHHIITEHHA.
Ho xak 06CTOWT fie10 ¢ NyTelecTBUAMH B IPOLLIOe?

Ecnmy 661 MBI MOIJIM ITyTeIIeCTBOBATH B IIPOILIOE, U3YYATh
HCTOPHIO 6bL10 6bl HEBO3MOXKHO. CTOMAO 6B MCTOPHKY 3allHCATh
npoureaue coOBITHA, Kak KTO-HUOYAb MOr BEPHYTBCS B MPOILIOE
M M3MEHHTb ero. MaillnHa BpeMeHH He TOJBKO AMNIHIA BBl HCTO-
PHMKOB pabOTH, HO H NO3BONWIA 6Ll HAM MPOM3BOJILHO U3MEHSTH
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ero Teuenue, Eciu 6ul, K IpUMEpPY, KTO-HHOY/ b OTIPaBWICA B IIPO-
LLIOE, B 3Py AMHO3aBPOB, ¥ CTy4aliHO pasgaBHI Obl lIePBOE MIEKO-
MUTANEe — Hamero obIEero npeAka, — OH MOT bl CTEpeTh ¢
JMLia 3€MIM BeCh POJl YeNOBeYECKMH. B aydmem cIydae HCTOpHUs
fipeBpaTUnack Obl B GECKOHEYHBIH CyMacHIeIUIMA aTTPAKIMOH,
KOrJa IOBCIONY CHOBaMM Obl TYPHCTH M3 Oy/yIero ¢ goToammapa-
TaMH H NBITATHMCE TIOAYYIIIE 3aCHATh HCTOPH‘IECKHE cODLITHA.

IlyremecTsus B0 BpeMeHH:
UrpoBas INIOMAAKa 1/ (QH3HKOR

[Toxkanyit, MOXHQ CKa3aTh, YTO GOJBLIE OCTAIBHBIX OTIHYHICH B
MATeMATHYECKHX [DKYHIIAX YePHBIX JLIp M MallUH BpeMeHH Koc-
Monor CtvBeH XOKHMHI. B omiM4He OT ADYTHX 3HaTOKOB OTHOCH-
TEABHOCTH, KOTOPHIE, KaK MIPAaBWIO, elle B PaHHeM BO3PAcTe IIpo-
ABAAIOT ce6A B MaTeMaTHYecKOH ¢uarke, XOKKHHT B IOHOCTH He GBUI
BBEIAAKUIMMCA CTYACHTOM. Bruio O4YeBWIHO, YTO OH ‘lpEBBbI‘-IafIHO
yMeH, HO IIPENoAaBaTeNM YacTo 3aMevaiIy, YTO OH He BCerza cocpe-
AOTQYEH Ha 3aHATHUAX U He paboraeT B NOAHYIO clIy. [TOBOPOTHEIM
Ana XokuHra cran 1962 r.; mocne oxondanua Oxcdopaa Monogoi
GU3MK BIEpBHle Hayal 3aMedaTb y cebd CHMITOMBL AMHOTPO-
budeckoro saTepansHoro ckaeposa (ALS, wim 6oneans JIy Tepura).
OH 6bUT OTPACEH H3BECTHEM O TOM, YTO CTPA/IA€T HEMATETHMBIM
HelipoJereHepaTHBHBIM 3a00/eBaHHeM, KOTOPOe AHLIHT ero BCex
ABHTATENbHBIX GYHKUME M, Ckopee Beero, GuicTpo ybbeT. MoxHO
npeacTaBuTh cebe, KaKk pacCTPOMIA MOJIOJOTO YelOBEeKa 3Ta Ho-
BOCTB, Kako# ¢Melc/1 Mofy4aTh cTeNeHb JokTopa unocodus, ecnu
Bce PABHO CKOPO yMpelllb?

Ho 4yTe mo3xke, nMpeoaosies nepesli WOK, XOKUHT COCPEOTO-
yicA Ha paboTe — MoXkeT OBITh, TEPBBIH pa3 B KM3HH. [IOHAB, YT
BpeMeHH Yy Hero HeMHOIo, OH IIPpeANIPHHAN APOCTHYIO aTAKy Ha He-
KOTODBIE CaMble CIOXHEBIE pofieMbl 06LIeH TEOPHUK OTHOCHTENh-
HocTH. B Havyane 1970-X rr. XOKMHT ONMyOIHKOBANK 3HAKOBYIO CEPHIO
HayyHBIX paboT W B HUX NMOKA3al, YTO CHHIYIAPHOCTH B TEOPHH
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DHHIITCHHA (TOYKH, T4 TPABMTALMOHHOE ITOJIe CTAHOBHTCH Becko-
HEYHEIM, KaK, HAIPUMED, [IPOUCXOANT B LIEHTPE YePHOM JAIPH HIU
IIPOHCXOAWIO B MOMEHT BoABIorc B3peiBa) ABIAIOTCA CYNIIECTBEH-
HOH YacTbH0 PEesATUBMCTCKON KAPTHHE MMPA H He MOTYT OHITH
IPOCTO TaK COPOMIEHE €O cYeTOB (KaK mojarat cam DMHINTeHH),
B 1974 r. XoKMHF TalCKe JOKA3AM, YTO YEPHBIE JHIPH, BOoOIe roBo-
pA, HE COBCEM Yeptibie; OHH HOTHXOHBKY M3Ay4alT TO, YTO ceifuac
HA3BIBAIOT U3MyYeHHeM XOKHHIA, IOTOMY 9TO H3/MyYeHHE CIIocob-
HO IIPOCOYHTECA JJaxe Yepe3 I'PABUTAIHOHHOE TIOJIe YEPHOH ABIPHI,
3Ta paboTa crana NepBoi cepbe3HOH NOMBITKOH NPUMEHHTD KBaH-
TOBYIO TEOPHIO K TEOPHH OTHOCHTEILHOCTH, H 3TO CAMad H3BECTHAA
pafiora XOKuHrA.

Kak M npe/ckaspiBaiy BpadH, ALS nocrenenHo BrizRan y Xo-
KHHra [1apajiiy PyK, HOI ¥ AaXe TOJIOCOBBIX CBA3OK, HO BCE IIPO-
HCXOAWIO TOPa3fio MeAJIEHHee, 9eM OHU AyMajd NePBOHAYAIBHO.
B pesynsraTe OH MEPEXHI yae MHOTHX HOPMAaJbHBIX JK0eH, cTan
OTLIOM TPOUX jAeTeii (a Teneps yxe 1 Aegom), B 1991 r. passesica co
CBOEH MepBOL XEHOH, Hepe3 YeTHPE Foja KEHWICH Ha JKeHe Yesio-
BeKa, KOTOPHIH CKOHCTPYHPOBAT /1A HETO IONIOCOBOM CHHTe3aTop,
a B 2006 1. mogan Ha pa3Bog U ¢ aTol xeHoi. B 2007 r. CTuBeH
CHOBA MONAL HA TEPBbIE MOAOCE ra3eT — OH CTAN NMaccaKHPOM
CENHAIBLHOIO PEAaKTUBHOI'O CAMOJIETA H ITOOKIBA B HEBECOMOCTH,
UCTIOIHMB TaKHM 06pa3oM JaBHIOO MeuTy. Ero ciefyioman nelb —
oOBIBATH B KOCMOCE.,

Cero/iHst XOKUHT [TOYTH NOAHOCTBIO TAPATH30RAH, TIE e BHTa-
ETCA B MHBANH/HOM Kpeciie W o611aeTcsl ¢ BHELTHUM MUPOM TIOCPe/l-
CTBOM ABIDKeHUA a3, Ho aaske B TakoM 6eICTEEHHOM COCTOAHHH
OH YMY/IPAETCS WYTHTD, MHIIET HAy4HLIe paboThl, YUTAET TEKIIUU
H y49acTBYeT B AMCKyccHAX. OAHHMH MIasaMU OH BbiiaeT Gosbiie
Hay4HHIX pPe3y/AbTaTOB, YeM IieJIble KOMAHAB! YueHbIX, BIIOJIHE Bia-
AeOMHUX CBOMMH TenaMu. (Ero kostera no KeMOPUIKCKOMY YHH-
BepcHTery ¢ap MapTvH Puc, KOTOpOro Koposiesa HasHavwia Ko-
POMEBCKHM acTPOHOMOM, KaK-TO NIPU3RAICA MHe, YTO GOJe3Hb He
n03BonAeT XOKHHIY 33aHMMAThCA CKYYHBIMH MATEMATHYECKUMM
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NYTEWECTEBUA BO BPEMEHK

pacyeTam, HeoOXoAMMBIME B GoabIION Hayke. [TosTomy BMecTO
3TOro OH COCPEAOTOYHBAETCA HA TeHEePalMH HOBEIX CREXKHX HACH,
a pacyeTaMy MOTYT 3aHUMAaTbCA U €10 CTYJEHTHL. )

B 1990 r. XoKHHT 03HAKOMMWICA ¢ paboTaMH KOJUIET, B KOTO-
PBIX [IPEANATaHCh BCEBO3MOXKHBIE BEPCHHM MAUIMHBI BPEMEHH, H
OTHeCCs K HAM OYeHb KpUTHYeCKH. MHTYHLHA 0/CKa3HBana emy,
YTO TTYTEIIeCTBUA BO BpEMEHH HEBO3MOYKHE]L, — \Haue NOYeMy M
He BCTpedaeM y ceba TypucTos U3 Oyaymero? Ecmm 6b che3guTh
KyAa-HUGYIE B mponuioe Obuto GBI TAK XKe MPOCTO, KaK YCTPOHTH
BOCKPECHBIN IMKHUK B [IapKe, Mbl KOK/BIH JeHb BeTpedand Obl Ha
yIHLUAX rocreit U3 6yAyiero, a OHH MPHUCTaBaaK OB K HaM C IIPOCh-
Gamu cPororpadHpoBaTECA ¢ HUM# 4714 CEMEHHOTO anbboMa.

1 XoxuHr 6pocii MUPY QHIUKH Bhi30B. OH 3a8BHI: JODKEH
CYLIECTBOBATh 3aKOH, 3AIPEIIANHHA MyTeInecTBHA BO BPEMEeHH,
HHave roBops, OH NPeANOKII «THIIOTE3Y O 3AIUTE XPOHONOTHM»,
KOTOpas UCKIYWIa OBl MyTellleCTBUA BO BpEMEHH Ha OCHOBAHHH
3aKOHOB IIPHPOAL! H «COXPaHH/Ia HCTOPHIO J/IA UCTOPHKOB>,

Ho npousonuio HeoxuAaHHoe. Kak oHM HU cTapaince, Gusm-

_ KU1 He MOIJIH OTBICKATh 3aKOH, KOTOPHIH NPAMO 3ampeman Orl myTe-
INECTBHs BO BpeMeHHU. [1o BCeit BUAUMOCTH, OHM HU B Ye€M He [1Po-
THBOPEYAT UABECTHBIM 3aKOHaM NpHPOo/ALL. CaM XOKHHT, TaKKe He
B COCTOSHUH BBIIBUTE 3alIpeT, He TAK JJaBHO U3MEHUN CBOe MHEHHe.
OH cHOBa monan B 3aroJ0BKM Ta3eT, 3a9BUB: «ECIH MyTellecTBHA
BO BPEMEHHM U BO3MOKHE], TO OHM HEOCYIIECTBHMBI».

Ja, ecy mpex e MyTeecTBUA BO BpEMEeHH paccMaTpHBaINCh
BJIy4IIeM CTyYae KAK OKOMOHAYIHAS TeMA, TO TellePb OHU BHE3AMTHO
MPEeBPATWINCH B TIOOUMYI0 HTPYIIKY QHIHUKOB-TEOPETHKOR. PHIHK
Kun TopH u3 KanudopHHICKOro TEXHOMOTHYECKOTO HHCTUTYTA TH-
wert: «Koraa-ro nyreurecTBis BO BpeMeHH OBITY HCKIIOYUTENbHOH
NpepOraTHBOMH MHcaTele-¢paHTacToB. Cepbe3Hkble yIeHbIe Habera-
JIH HX KaK 9YyMBI — JaXX€ KOrja nHcaiu 1noJg nNceBIOHMMOM POMAaHEI
WK TaHKOM uMTanH HX. Kak m3MeHWIHCh BpeMeHa! Temeph B ce-
PBE3HBIX HAYYHEIX KyPHAIAX MOXXHO OBHADYKUTE YIEHBIH aHATH3
NyTeliecTBMH BO BpeMeHH, NPHHATeXalmWi Nepy BHIAMLIMXCH
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(U3UKOB-TEOpeTHKOB. .. OTKy/a Takaa nepeMeHa? [IpocTo MuI, QH-
3HKH, MOHSMIH, YTO NPAPOJA BPEMEHH — C/IHIIKOM BAXKHAA TEMA,
4TOOBI OTZIABATD e Ha OTKyYT MHcaTeAM-pasTacTam».

TipuHHa Bcelt 3TOH CYeTHl H MyTaHWIIH B TOM, YTO YpaBHe-
HHA JHHIITeHHa JOMYCKalOT CYIECTBOBAHME MHOXECTBA PasHbIX
TUNOB Malinusl spemenu. (IIpaBaa, MoKa HeACHO, yCTOAT JIM OHU
fiepes; MpOBEPKOH NpH NIOMOIIY KBaHTOBOH Teopuu.) Bosnee Toro,
B TEOPHH JMHINTEe{Ha MBI YACTO BCTPEYaeM HEYTO [10J HA3BAHHEM
«3aMKHYTas BpeMAnogobHas KpHBas»; 3TO TEXHHYECKUI TepMHH
A TyTeH, KOTOpHIe NO3BOJNAIOT MyTellecTBUA B mpoluioe. Ecau
CNIeI0BATh BAO/IL 3aMKHYTOH BpeMsinogoOHON KPHUBOM, TO MOXHO
BCPHYTLCA M3 IyTeHIeCTBYA paHblle, YeM MBI B Hero OTIPaBUIHCh.

TlepBEId THN MAIIHHB BPEMEHH NpeAyCMaTPHBAET HCIOJb-
30BaHKe KPOTOBEIX HOD. YPaBHEeHHd JHHIITEHHA HMEKT HEMAIO
PelUCHHH, COCAUHAIOIMX ABE Y/aJeHHblE TOYKH TIPOCTPAHCTBA.
Ho nockoibKy BpeMsa H NPOCTPAHCTRO B TEOPUM JUHINTEHHA Tec-
HO IepeIrieTEHH, dTa K¢ KpoToBad HOpPa MOXET M COEJUHATD ABE
TOYKH BO BPEMEHH. YNIaB B KPOTOBYIO HOPY, MOXKHO TepeMeCTHTECA
(1o xpaitHeil Mepe, MaTeMaTH4YecKH) B mpoiwioe. Bpoae 6b1 mocne
3TOT0 MOXXHO BHOBb NEPEMECTHThCH B MEPBOHAYANBHYIO TOYKY H
BCTPETHTD TaM camoro ceba nepes crapToM. Ho, kak Mst yxe yno-
MHHAJH B OpeApAyliel rnaBe, KPOTOBasA HOpa B LieHTpe YepHOi
ABIPHL — 3TO IOpPOTa B 04HH KoHell. «He Aymalo, 94T0 Bomipoc B TOM,
MOKET AH Ye/JOBeK, Haxo/JACh B YepHOH AbIpe, MOMAcTh B Ipo-
1U10e, — roBopHT ¢usuk Puyaps ['oTT. — Bonpoc B TOM, CMOXeET
JI1 OH BHIGpATBCA OTTYAA, YTOOB MOXBACTATHC,

Jpyras MaillHa BpeMeHH MoxKeT «paboTaTh» BO BpalllaloIei-
ca Beenennoit. B 1949 r. sHaMeHHUTHIN MaTeMaTHk Kypt [éaens Ha-
1IeJI IepBOe peLleHre ypaBHEHHH DUHIITEHHA, HMEIOIIee OTHOollIe-
HHE K TyTelleCTBHAM BO BpeMeHH. Ecin Beenennaa ppamaercs,
TO, 0BOTHYB ee ZOCTATOYHO BHICTPO, MOXKHO OKA3aThCA B POLLIOM
H NONAcTh B TOYKY CTapTa PaHblle, YEM BHl OTTYAA OTIIPABIIKCh.
lonyvaercd, 9ro myTelnecTBHe BOKPYT BeeneHHOH 0HOBpPEMEHHO
ABNAeTCA MyTellecTBMEM Hasad Bo BpeMeHH. Korga B HHceTHTyTE
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TEPCIEKTHBHBIX MCCIEA0BAHHH [OABIANUCE aCTPOHOMEL, [6Aemb
YacTo CNpalluBal, UMelOTCA I ¥ HUX J0Ka3aTenbeTBa TOTo, UTo
BcenenHas Bpamaercs. K ero pa3odapoBaHMIO, T€ OTBEUAIH, UTO
BceneHHas TOYHO pacUIMPAETCA, HO BOT CyMMapH&Ii CHUH Beenen-
HOH, BEPOATHO, paBeH HyM0. (B IpOTHBHOM Cilydae nmyTeniecTBma
BO BpPEMEHH, BOIMOXKHO, CTATH Obl IPUBBIYHBIMH, 2 HCTOPUS B TOM
BH/le, B KAKOM MK €€ 3HaeM, TiepecTaia 6bl CyIecTBOBATE.)

Tperuit BapuanT: eci BHl OyAeTe ABUTAThCcA BOKPYT Oecko-
HEYHO JIHHHOIO BPAaIaroLerocs MIIHHAPA, Bl TOXe, BO3IMOXKHO,
BCPHECTECH DaHbIIE, YeM OTIIPABWINCE B ITYTh. (JTO pellleHHe Bun-
neMm BaH CTokym Hamen B 1936 r., paneie [€nens, Ho aBrop, mo-
BHANMOMY, He [IOJ03PEBAJ, YTO €ro PellleHHe MO3ROMAeT IyTelle-
CTBOBATh BO BPEMEHH.) 3/eck MIOAYIaeTCsd, YTO eClTy KaK CJIelyeT
TOIUIACATE BOKPYT LIECTA € JIEHTAMM Ha MaHCKOM NpazfAHHKE, TO
MOXKHO HeHapOKOM OKa3aTbeA B IIpeabiylleM anpede. ([Tpobrema,
O/IHAKO, 3aKJII0YAETCA B TOM, YTO IHJIMHAD JO/KeH OHITH HeCKOHed-
HBIM U Bpalarhes Tak ObICTPOo, 9TO GONBIIHHCTBO MATEPUAJIOR HeE
BEIICPKUT M pas/JeTHTCA Ha KYCOYKH.)

llociegHHH Ha JaHHBI MOMEHT BapMaHT IyTEHICCTBUH BO
‘BpeMeHH 00Hapywi B 1991 r. Puuapy T'oTt us Hpusctona. Ero
pelieHre OCHOBBIBAETCA Ha QOHapy#eHHH B IPOCTPAHCTBE I'H-
FAaHTCKUX KOCMHYECKHX CTPYH (BO3MOXHO, OCTABIIMXCA CO Bpe-
MeH Bosblmoro B3poiBa). JONyCTHM, HPeAIIONOXKHA OH, YTO JBE
TaKHe KOCMHYECKHe CTPYHBI COOMpArOTCs CTOMKHYTHCA. T4k BOT,
€C/IH OLICTPO O6OTHYTE 3TH CTPYHHL B MOMEHT CTOIKHOBEHMA, TO-
najenss B nponuioe. JJoctoHHCTBOM 3TOro THIIA MallHHLL BpEMEHH
ABJAETCA TO, YTO BaM He NoTpebyioTcsa HeckoHeYHbIe BpalialolHe-
CA IWIHHADPHI, Bpalawnanca BeejleHHas WIM Jaxe YepHbIE AbIPHI.
[Tpobiaema, OAHAKO, COCTOHT B TOM, 9TO BaM NPHJETCH CHAdYala
OTHICKATh B IPOCTPAHCTBE 3TH caMblé 'POMAaJHEIE KOCMHUecKHe
CTPYHEL, 4 TIOTOM 3aCTABUTb UX CTOJKHYTHCA ONpejeleHHEM 006-
pasom, K ToMy e U «Jopora» B [IPOILIOE IPH 3TOM OTKPOETCA Ha
O4€Hb KOPOTKHH NPOMEKYTOK BpeMeHH. [0TT ropoput: «Komian-
CHPYIOLIAA CTPYHHASA [ET/IA, JOCTATOYHO 60biad, YTOOH ee MOX-
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HO 6bUT0 OOOTHYTH OUH Pas U BEPHYTHCA NPH STOM Ha OfMH TOf
Hasaj, 110 CBOEil Macce-3HePIHH AOKHA TTPEeBOCXOAHTh OJOBHHY
rajJakTHKU».

Ho camas MHoroo6elalommas cxeMa MallTHHA BpeMeHH — TaK
HazbIBaeMble OOPaTHMEIE KPOTOBLIE HOPHI, YIIOMAHYTHIE B IIPEAbi-
AywWed rnaBe. 3TO [BIPH B NPOCTPAaHCTBE-BPEMEHH, € YeOBEK
MOXET CBOGOIHO [lepeMelaThc BIEPE] ¥ Ha3a BO BpeMeHH. Teo-
peTHdeckH oOpaTHMEE KPOTOBBIE HOPH — 3TC BOSMOXHOCTE He
TOJIBKO IyTelIECTBOBATh OBICTpee CBETA, HO M MEPEMEIIATbCA BO
BpeMeHH. Kirtod k 0OpaTHMBIM KPOTOBAIM HOpaM — OTPHUATE/b-
HasA 3Heprus.

MammHa BpeMeHH A1 OOPaTHMEIX KPOTOBBIX HOp JO/DKHA
COCTOATh M3 BYX KaMep; KAKAaa KaMepa — H3 JBYX KOHUEHTpPU-
JecKux cdep, pazfe/ieHHEX KPOIIeYHbIM IIpoMexyTkoM. Ecin 06-
HaTb HAPYXKHYIO chepy BHYTPb, [0 HanpaBleHHI0 K BHYTPEHHEM
chepe, To MEXAY AByMA chepaMH BOHUKHET 3¢exT Kazumupa u
B pesy/bTaTe OTpUIaTeNbHasd 3Heprus. IIpeanonoxuM, yTo HeKas
nuBrM3auns I Tuna cnocoGHa NPOTAHYTD KPOTORYIO HODY MEXAY
ABYMA 3THMH KaMepaMH (BO3MOXHO, COOPYJHUTDH ee MOXHO OyaeT
13 NIPOCTPaHCTBEHHO-BpeMeHHOk neHsl). Janee 6epem nepByio Ka-
MEpy U OTTIpaBiIAeM ee B IPOCTPAHCTBO Ha OKOJIOCBETOROM CKOPO-
CTH. BpeMs B 2TOH KaMepe 3aMeAIACTCA, M Yachl B BYX KaMepax
TepAIT CHHXPOHHOCTb. BpeM4 B iByx KaMepax, coeAHHEHHHBIX KPo-
TOBOH HOPOM, HAET C PA3HON CKOPOCTBIO.

Haxogsce BO BTOpOH Kamepe, MOXHO II0 KPOTOBOH Hope
MTHOBEHHO MEPEMECTUTBCA B NIEPBYIO, KOTopas cyuecTByeT B 60-
Tlee paHHEM BpeMeHM, ¥ 0Ka3aThCA B TPOULIOM.

Peann3zanysa 3ToHM cXeMEHI CBS3aHa C OYeHb Cephe3HBIMH TPYA-
HocTAMH. Tak, KPOTOBAaA HOpa MOKeT OKa3aThCA COBCEM Kpoliey-
HOM, HAaMHOTO MeHbllie Pa3sMepoB aroMa. A KOHLEHTpUYeCKUe cde-
DBl BO3MOXHO, MOTpebyeTcs 0fKaTh 40 PACCTOAHMI ILTAHKOBCKOTO
macmraba, 4robbl MOMYYHMTL AOCTATOYHO OTPMUATENBLHOH 3HEp-
THH. U nocteqHee. By cMokeTe BO3BpallaTheA HA3aj BO BpeMeHU
JIMIITE TOJIBKO B TOT MOMEHT, Korja Obl1a co3flaHa JaHHasA MalliHa
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BPEMEHH — BE/ib /10 ITOTO MOMEHTA BPeMA B 0beMx KaMepax LUTO
COBEPILEHHO CUHXPOHHO!

ITapapokces! U 3arajiky BpeMeHu

[lyremecTBus BO BpeMeHY MOPOKAAIOT MHOXKECTBO 1IPOGIEM, KaK
TeXHWYeCKHNX, TaK ¥ COHANbHLIX. Jlappu Mlyaliep nogHUMaeT Bce-
BO3MOXXHEIC MOPaAbHEIC, IOPHAMYCCKHAS U STUYCCKUE BOIIPOCH; OH
rosoput: «(JlefyeT i npegbaBHTL OOBMHEHVA NYTEMECTBEHHUKY
BO BPeMEHH, €CJIH OH TI0OHA caMoro cebd, ToNLKo 6ojlee MOAOACTO
(v Hao6opot)? ECiK myTeliecTBEHHWK BO BPeMEHH COBEPUIMT
yOUICTBO U CKpoeTcd B MPOLUIOM, CleAyeT I CYAUTh €ro B mpo-
IIA0M 33 [IpecTyIVIeHHe, KOTOpOe €My elle TOAbKO NPEACTOUT CO-
BEPUINTE? ECAHM OH :eHWUTCA B IPOUUIOM, TO MOYKHO JIH CYAUTh €TI0
3a IBOEKEHCTBO, €CIH JPYTOH KeHe MIPeACTOMT POAUTBCH, CKAXEM,
4€pe3 IATH THICAY JIET?»

Ho BO3MOXKHO, camble TpyAHOpeMaeMbie NpobaeMbl — 3To
Jloru4ecKkMe MapajfiokCchl, KOTOPhle BO3HHKAOT [IPH MyTEIUeCTBUAX
BO BpeMeHH. YT0 MPOMU3OHAET, K MPUMEDY, eI Mbl yObeM CBOMX
poauTeneii 1o CBOEro PO AEHIA? ITO JIOTHUECKH HEBO3MOXKHO, TI0-
ITOMY NOJYYaeTcd NapajoKe — HHOTAA er0 Ha3eBAaOT «HapajoKC
ACAYIIKH>».

CymiectByer Tpu cniocoba paspelldTe 3TH HapajoKcH. Bo-
NMEPBBIX, HE HCKJIIYEHO, YTO IPH BO3BPAIEHHM B [IPONLIcE BaM
NPOCTO MPHALTCA €LIe Pa3 IePeXHTh BCe TO e caMoe, BOCCTaHO-
BUB TEM CaMbIM MCTOPHIO B Nipe)KHEM ee BHJe. B oToM c/Iydae Bbl
JHMLEEHB CBOBO/BI BOIH M BBIHYKAEHBI MOBTOPATH MPOLLIOE B TOM
BHJe, B KAKOM OHO eJuHOK/IBI Gbino peanHsopaHo. B aToii cutya-
LMH NOIYYaeTcd, 9T0 eCH Bl OTIIPABAAETECh B IPOIUIOE, YTOOH
nepeAaTb CaMoMy cefe CeKpeT MyTeIleCTBHI BO BpeMeHH, TO, 3Ha-
THT, IMEHHO TaK BCe U A0MKHO OuUI0 MPOU3OHTH: CeKpeT myTelme-
CTBUI1 BO BpeMeHM AefiCTBUTENBHO OBIT AOCTABAEH M3 OYAyILero.
TaxoBa cynpba. (Hajo ckasarh, 1pHM 9TOM OCTaeTcA HESCHBIM, OT-
KyAa B3SJ1aCb NepBOHAvYanbHaA HUjed.)
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Bropoil BapuanT. Brl o6safiaeTe cBO60J0H BOIHM M, COOTBET-
CTBEHHO, MOMXETe M3MEHATH NMPOLLIOe, HO B OTPaHHYEHHBIX Ipeje-
nax. Baua coboga Bonu pafoTaeT 40 Tex op, MOKa BBl He co3faere
BpEMEHHBIX TapaJOKCOB. CTOMT BaM MOMBITATbeA YOUTh poauTenei
710 CBOErO POXACHHA, M 3araZlouHas CHla He IaCT BaM CIIYCTHTh Ky-
POK. 3Ty MO3ULIHIO OTCTanBaeT poccHiickuii dpusmk Mrops HoBukos,
(On aprymeHTUpYeT 3To cieAyiouM obpasom. CyUiecTByeT, K npu-
Mepy, 3aKOH TIPUPOZH], He NO3BOMANMI HaM XOAHTh [T0 HOTOJIKY,
XOTS MBI MOXEM 3TOr'0 3axoTetb. [loueMy He IPeAONOKHT, MTO
CYUIECTBYET 3aKOH, KOTOPLIH He JACT HaM yOUTH poauTeneii Ac Ha-
wero poxXAeHuA? BOT MPOCTO TaK, HEM3BECTHANA CHIA HE AacT HAM
CIYCTHTH KYPOK.)

HakoHer, TpeTuii BapHMaHT. BeeneHHas paclienasercs Ha ape.
Jioau, KOTOPHIX Bl YOUIH, B TOYHOCTH ITOX0KH HA BAIIMX POAHTE-
Jlelf, Ho Ha caMOM Jesie MU He ABJIAIOTCA, TTOCKOAbKY BB Y3Ke HAX0-
AuTeCh B NapanienbHol BeetedHol, Tloxoxe, UMEHHO 3TOT BapH-
aHT COOTBETCTBYET KBAHTOBOM TEOPHH; A PacCKaxKy 06 3TOM Nosixe,
xorAa 6yay roBopuTh 0 My/IETURCEAEHHOIA.

Bropoii BapHaHT paccMoTpeH B GuabMe «TepMiHaTOp-3», [e
Apsonra WBapuenerrep urpaet pobora w3 6yaywero, B KOTOPOM
BIaCThb 3aXBATHIHM arpeccuBHbIe MalIMHbl. Ha HeMHOrHX oCTaB-
LINXCA B JKHBBIX J10Z€H MalIMHbl OXOTATCA, KaK Ha 3BepeH; HO Ma-
INKHEL He B CHAAX YHUYTOXUTD JHAepa CONPOTHRIEHHA, ManiHhl
HanpasJIgI0T LeJdylo CepHI0 poBOTOB-YOHIL B MPOLLUIOE, B MOMEHT
He3aloAro JO POXAEHHA NHAEpa, C 3a/laHHeM YHMYTOXHTB €ro
MaTh. HO B KOHIIE KOHLOB, TIOC/e 3TMHYeCKHX CPXeHuH, B puHate
¢rbMa MalIMHEL Bee e YHHUYTOKAIOT YeI0BEUECKYI) IUBIIN3A-
1110, KaK ¥ ITAHUPOBAJH C CaMOTr0 Hadyaja.

®iem «Hasaz B Gyayinee» paccMaTpHBaeT TpeTHI BApHAHT pe-
urenns. Joxrop BpayH usobpeTaer MaiHHy, paboTaiomyo Ha IuTy-
TOHHH, Ha Hasze craporo aBToMobWwIst Delorean; Ha camom Jente 3To
MaIIMHA BpeMeHY I MyTellecTBUA B npounoe. Mapt Maxdnait
(B ucmonxenyy Maiixia Pokca) caguTes B MaLIHHY, OTIPaRIfeTcd
B MPOHUITOE ¥ BCTPEYAETCA TaM CO CBOell MO/IOJEHbKOH MAaTephio,
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NYTEWECTBUA BO BPEMEHH

KOTOpas 3aTeM BI06/geTca B Hero. Bo3HMKAeT ciokHas npobrema.
Ectn Oyayias MaTe MapTu OTBeprHeT ero 6yAYyILIEro oTia 1 OHH He
TNOAKEHATCH, TO repoit PoKca MPOCTO He POJUTC Ha CBeT.

[Tpo6neMy HeMHOrO NpoAcHAET A0K bpayH. OH pUCYeT Ha J0-
CK€ FOPU3OHTANTLHYIO THHHIO, IPEACTABAAOMYIO TeYeHIE BpEMEHH
B HauIel BcelleHHOM. 3aTeM OH DUCYeT BTOPYIO THHHIO, KOTOPAs OT-
BETB/IAETCT OT [IEPBOU ¢ IPeCTaBAAET MApa/UIeIbHYIO BCEACHHYIO,
OHA BO3HMKACT B TOT MOMEHT, KOIZIa Bbl M3MeHseTe mpouutoe. Ta-
KuM 06pazom, CTOUT BaM JABHHYThCA HAasaf 1o peKe BpeMeHH, Kak
OHa TYT K€ pa3BeTB/IIETCA Ha JBa PyKapa, OfHa JHHHUA BpeMeHH
[peBpaaeTcd B AB€. 3TOT MOAXO0A HABECTEH KaK KOHLEIU MHO-
JKECTBEHHOCTH MMPOB, ¥ M OOCYIHM e€ B CIeAYIOUIEH rase.

I9TO 03HAYAET, YTO BCE HAPAJOKCH BPEMEHH MOXHO paspe-
wHTh. Ecm BB yOWIM cBOMX POAUTENel /10 BALIETO POXAEHHS, ITO
03HAYdeT IPOCTO, YTO Bhbi YOWIH NKAeH, KOTOPhlE He ABIAIOTCA Ha
CaMOM [leie BALUMMH POAUTEAAMH — XOTH HAEHTHUYHE HM IeHeTH-
4eCKH, 061aZAI0T TOH e IMYHOCTLI0 U TEMH JKe BOCTIOMUHAHUAMH.

" Vies MHOMKECTBEHHOCTH MHpOE pellaeT MO KpaHHeH Mepe
OfHY Cepbe3Hylo Npob/ieMy IyTelecTBIi Bo BpeMerd. T Gpuau-
Ka npobieMa HOMep OAWH, CBS3aHHAA C NYTEUICCTBUAMM BO Bpe-
MeHY (MOMMMO HOMCKOB OTPHUATENbHOM SHEPrMM), 3aKI0YaeT-
¢ B TOM, 4TO HOCAEACTBHA H3JAydeHHA OyAyT HAKAIUIMBATHCA, U B
HTOre NPOX3OKAET OAHO M3 ABYX: WIM BH YIIAZETE 3aMEPTBO NPH
MOMBITKE BOMTH B MALIMHY, WIH KPOTOBAs HOPA CXJAOIHETCA, KOT-
Ja Bbl OyzieTe yepes Hee POXOAUTS. ITH PaauaiHoHHbe 3QPeKThl
6yAyT HaKaNIMBATBCH, IOTOMY YTO JEOO0E U3IyYeHHE, IIofaBmee
B IIOPTAN BPEMEHM, OTTIPABHTCA B NPOLLIOe; TaM 3TO M3TydeHHe
BBUAZET HAPYXY U Oyaer 6poauTs no BeeneHHOM 10 ceToAHALIHEro
AHA, KOI7Ia EMy HaCTyTIHT BpeMa CHOBa BOMTH B riopTa. [Tockonbky
H3Ty4eHHe MOXeT BOHTH B NOPTan HecKOHeYHOe YUCIO pa3, BHY-
TPH [IOPTAJIA OHO MOKET JOCTHYb HEBEPOATHO BHICOKOTO YPOBHA —
BITOJIHE JOCTATOYHOTO, YTOGH yOUTE 11060T0, KTO Tyaa nonager. Ho
€CTH TOBOPHTb O BEPCHH C «MHOMXECTBEHHBIMH MUpaMH», TO 3Ta
npobiema pemyTest cama coboH. MaryyeHue, nonasinee B MAUIMHY
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BpEMeHH, JeHUCTBHTENbHO OTIIpaBiseTcd B IpoLuioe, HO NonajaeT
B HOBYI0 BCEJIECHHYIO; OHO HE MOXeT BXOAUTh B NMOPTal BpeMeHH
CHOBA, CHOBA M CHOBA. JTO 03HA4aET, YTO CyllecTByeT GeCKOHEYHoe
YKC/IO BCEJICHHHIX, JUIS KAXKAOTO UKJIA CBOS, ¥ B KAXJ0M UHKAE B
[IOPTak BpeMEeHH NPOHHUKAET JHIIE OAMH OTOH M3MyieHHA — a He
BeCKOHeYHO MHOTO,

B 1997 r., korza TpeM ¢H3HKaM YAAI0Ch HAKOHEL| JOKA3aTh,
4TO HaMepcHHe XOKHHIa pa3 U HABCer/ja 3alpeTHTh MyTeniecTBys
BO BpeMeHH HEKOPPEKTHO B IPHHLMNNE, CTIOPHbIE BOTIPOCH CJIErKa
nposcHwinck. Beprapa Keii, Mapek Pazzukoscku U Pobept Yona
NOKAa3aJH, YT0 NyTELEeCTBHA BO BpeMeHU He TIPOTHBOPeYaT HuKa-
KUM H3BeCTHHIM QU3UYECKUM 3aKOHAM, 33 UCKIIOYEHHEM OJHOTO
MoMeHTa. Koraia peun wjeT o nepeBieHnH BO BpeMeHH, BCe Ipo-
GieMbl KOHLEHTPUPYIOTCA HA TOPH3OHTE COOLITHH (PacionoxeH-
HOM BO37I€ BXOZla B KPOTOBYIO HOpy). Ho 2TOT ropH30HT — TO ca-
MO€ MeCTO, /e, COTTIACHO COBPEMEHHDIM NpeACTABIEHHAM, TEOPHS
DUHINTeiHA YCTYTIaeT MeCTO KBAHTOBHIM 3ddextam. [IpobreMa B
TOM, YTO, NBITAACH PACCYMTATH pajualHoHHbe 3(PeKTH Ha BXOAE
B MAIIHHY BpeMeHH, MbI BHIHY#IeHBI HCTIOIb30BATh TEOPHIO, KOTO-
pas coyeTaeT B cebe 0OIIyI0 TEOPHIO OTHOCHTENILHOCTH JHRHIITeH-
Ha W KBAHTOBYIO TEOPHI0 H3nyueHu. Ho, kak 6bI Mbl HH NbITAHCH
HavBHO 00BeJHHHTL 3TH JBe TEOPHUH, PE3yNLTAT MOMydaercst He-
ybeAnTeN HBIM; B HEKOTOPBIX MECTaxX OTBET MOMyYaeTca GeckoHey-
HBIM, 4TO JIHLITEHO CMBICIA.

BOT 371eCh M TPUXOANT BpeM:A TaK HA3HBAeMOH TeOpUH BCETD,
Bce mpofieMer IyTelrecTBUI Yepe3 KPOTOBLIC HOPHI, TEP3AIIue
$u3uKoB (K IPHMEpY, CTAOMABHOCTL KPOTOBOH HOPLI, ONIACHOE /1A
JKH3HH M3/MYYCHHE, CXJIOMbIBAHME KPOTOBOM HOPH MPH HOMBITKE
TPOHTH Yepes Hee}, CKOHUEHTPUPOBAHEI HA TOPH30HTE COOBLITHIH —
B TOYHOCTH TaM, I/ie TepsaeT CMBICT TeOpUsI DHHIITeHHA.,

Takum 06pa2oM, KIOYEBBIM 1A TIOHHMaHHA ITyTEIIeCTBHH
BO BPEMEHH ABACTCA IOHUMaHAe GU3UKY TOPU30HTA COOBITHI —
a ee MOXeT OMUCaTh H OOBACHUTE TONBKO TEOPHA BCero. MMenHo
noaToMy GONBIIMHCTEO GU3HKOB B HACTOALIHI MOMEHT COIMIAcHO
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NYTEILECTBAR BO BPEMEHM

B TOM, YTO €AMHCTBEHHBIH ClOCOO pa3pellnTb BOIPOC iiyTelle-
CTBUE BO BpeMeHH — pa3paboTaTh NOMHYK0 TEOPHIO IPABUTALIMH H
NPOCTPAHCTRBA-BPEMEHH.

Teopus Bcero fomkHa 06beUHUTH deTeipe QyHAAMEHTAlb-
HblX QU3HYeckux p3anMoaeicTBUA BeeeHHON M TIO3BONIMTL Ham
MaTeMaTH4YecKy PacCYUTaTh, YTO IPOM30IAET IPH BXOAEe B MAIIHHY
BpeMeH#. TOBKO TeopHsa BCero MomIa 6bt YCIIEMHO PacCYUTATh pa-
AvaldoHHbIE 3(¢eKTH, co3AaBaeMble KPOTOBOH HOPOH, H pa3bsc-
HUTDb BOIIPOC O TOM, HACKO/IbKO cTabIIbHOM 6yaeT KpOTOBasA HOpa
IIPH BXOZE YeoBeka B MalHHy BpeMeHH. Ho faxe nocie cosganma
TaKO# TEOPHH HaM, BO3MOXHO, pUAeTCA KAATh HECKONBKO BEKOB
WIM J2Ke J0JIblie, IIpeKie YeM NepBad MallliHa BPEMEHH CMOXeET
SKCTIePHMEHTAIBbHO [IPOBEPHTD €€ BHIBO/LL.

3aKOHHI 1IyTelecTByif BO BpeMeHU TaK TeCHO CBA3AHEHL ¢ Qu-
3UKOU KPOTOBBIX HOP, YTO CAMH NMYTELIECTRBUS, OUEBHUAHO, CIEAYET
OTHeCTH KO I Kaccy HEeBO3MOXKHOCTH.



| 3. nAPANNENBHAIE BCENERHME

— Ho Heyxenn Bxl HMEETE B BHY, ¢3]h, — chipocu [Tutep, — 4To APyTHe MBPL] MOTYT
CYIIECTROBATE... ICBCHAY, GYKBANLHO 32 YTIOM... BOT IPOCTO TaK?
— Huuero He MoxeT GbITh BepoATHee, — 0T03BaACA HTpodeccop... Sopmoua npo ceba:
— Hurepecto, ueMy HX TaM y4aT, B 3THX LIKD7AX.

K.C. Jpiouc. JleB, KONAYHbA U HAATAHOHN Wkad

Tlecnymatkire: 31eck, 00 COCEACTBY, €CTh YEITOBCKH XOPOUIAA BCENEHHAN;
noiigemMre Tyaa.

Jnpapy KamMMuUHTC

JleHCTBUTE/IbHO M aNbTePHATHBHBIE BCEeHHble MMEIOT [IPaBo HA
cymtecrsoBanue? B TommmByZe OHH JaBHO CTanMy U3MOOIeHHBLIM
MUHCTPYMEHTOM KMHEMATOrpaducToB; B KaUecTBe NIPHMepa MOX-
HO NPHUBECTH 3IH307 «3Be3(HOI0 NyTH>» NOJ Ha3BaHUEM «3epKao,
3epxaio». Kanutan KMpk cay4aifHo ronajaer B cTPaHHYIO mapan-
NeNbHYI0 BeeleHHY10, e Pegepaliva IaHET ApeACTABAAET coB0k
3/10BeIlyI0 UMNEPHIO, €AHHCTEO KOTOPOH obeciiedHBaeTca wKecTo-
KUMH 3aBOEBAHUAMHY, aTIHOCTBIO H rpabesxoM. B 3Toit BceneHHoil
Cnok HocuT cTpamHylo 60poly, a cam KanuTaH Kupk seaseres au-
AepoM DanAbl XaHBIX TMPATOB, BCEIA I'OTOBLIX 00paTUTL CBOMX
CONEPHUKOB B paGCTBO M MOYOHUBATH COOCTBEHHBIX KOMAHAUPOB.
ANbTepHATHBHEBIE BCeI€HHblE [I03BONAIOT HAM BBOIO HCCITe-
A0BaTh MHP TIO HMEHM «YTC, eCJIH OBL...» U €70 YyJeCHble, 3arajou-
HBIE BO3MOXHOCTH. B KoMMKcax cepuH npo CymepMeHa, K IpUMe-
PY, TPHCYTCTBOBAJIO HECKOJBKO ANbTePHATUBHEIX BCENEHHBIX; B
OfTHOM M3 HUX poaHasa raHerta CynepMeHa, KpUnToH, He BapbIBa-
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NAPARREALHBIE BCENENHBIE

nach; B ApyroH CyTiepMeH B KOHIIE KOHITOB PaCKPHIBAET CBOK) TaliHy
W TIpU3HAeTCd, YTO OH M CKPOMHBIM Kiapk KeHT — ojgno nuto; B
TPETheH OH XeHHTea Ha Jlonc Jleln U y HUX pOXAIoTCs CyNIepAETH.
Ho MOXHO M CYMTATh Hapa/uiebHble MHPbI HCKAIOYHTENLHO BOT-
4YHHOH cepraa «CyMepeyHas 30Ha», WiH AN HUX €CTh B COBPEMEH-
HOH $H3HKe cepheaHbie PeANOChUIKH?

Ha nporsxkeHuM Bcell WCTOPDHH 4eNoBeYyeCTBa, BKJIOYas
NPAKTHYECKW BCe ApeBHHe OOINecTBa, /IOMH BEDHIH, YTO CyLie-
CTBYIOT MHble cdephl, rae o6uTaroT Horu U gyxd. Llepkosb BepUT B
CYmIeCTBOBAHHUE Pad, aZa M YHCTIIMILA. Y OyIJHCTOB eCTh HUpPBaHa
M PA3HBIE [UIOCKOCTH CO3HAHHA. Y MHAYNCTOB — THICAYH MHPOB.

XpYCTHAHCKHE TeONOTH, He B CUniax oObACHUTD, T/e XKe MO-
IyT HAXOAWThCA Hebeca, HepeAKo PacCyKAalT O TOM, uto Bor,
BO3MOXHO, XUBET I7IC-TO B JPYTHX, BHICHIHX M3MepeHMAX. Kak
HH CTPaHHO, ec/iu Obl BBICHIME H3MEPEHHA AEHCTBHTENBHO CYIIIE-
CTBORANU, MHOTHE KayecTBa, KOTOPble MH IIPHIIHCEIBaeM Goram,
MOTJIH GBI CTaTh PeaIbHOCTHIO. CYLIECTEO B BRICHIEM H3MEPEHHH
obperano 6vl ciocoOHOCTD HOABASTHCA Y HCYE3aTh B I0O0M MecTe
116 CO6CTBEHHOMY KeNaHHIO, 4 TAKXKe TIPOXOAUT CKBO3b CTEHH —
cnocoOHOCTH, KOTOPHMH B TIpeICTABAEHUH YelloBeKa 06bIMHO 06-
nagaT 6oxectsa.

B nociezHee BpeMf KOHUeNLMA Hapa/UIENbHBIX BCEJIEHHBIX
ABNAETCA OJHOM M3 CAMBIX TOpAYO 0OCYXJaeMbIX TEM B TEOPETH-
yeckoi duanke. Boofuie, MOXHO FOBOPHTL 0 HECKONBKUX THIAX
napaaienbHBX BCeIeHHBIX, KOTOPHIE 3aCTaB/IIIOT Hac 3aHOBO Hepe-
CMOTPETh HALIY IPEACTABACHHA O «pealpHOCTH». [IpHdeM cTaBKkoi
B TEOPETHYECKOM CIOpe O Pa3iMYHbIX Mapaie/bHBIX BCEIeHHBIX
CIIY’KUT — HY MHOTO HH MaJIo — NPHPOAA CaMOH peanbHOCTH.

B Hayuno#i nuteparype akTUBHO 0OCY:KAaeTcd MO KpaiiHei
Mepe TPH THUIa apa/uviebHEIX BCENIEHHBIX:

a} THOePMPOCTPAHCTBO, WIH BLICIIHE H3MEPEHHS,
6) MynsTHBCENEeHHAT,
B} KBAHTOBHIE Napa/LIeNbHEIE BCEIEHHBIE,
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T'mnepnpoctpancTBo

Camo# goiroil uctopuell HayIHBIX AMCKYCCHH M3 BCEX THIIOB IIa-
payUTeNbHEIX BCEIEHHBIX MOMKET MOXBACTAThCA NapannenbHas Bee-
JIEHHAA BBICIIMX U3MeEpPeHWH. 3ApaBblH CMBIC] M OpraHbl YyBCTR
TOBOPAT HaM, YTO MBI JKMBEM B TPEX M3MEPCHUAX (AMMHA, HIMPHHA
U BbICOTA). Kax 661 MBI HU ABUrany 0OBEKT B IPOCTPAHCTBE, €r0 110-
JIOXKeHHe BCerJja MOXHO ONUCaTh 3THMH TpeMd KoopAuHaTaMHu. Bo-
ob1te, STHMHU TpeMsT YHCTaMH YeJI0BEK MOXET ONPEASIIMTE TOUYHOe
nosnoxeHue awboro obrexra Bo Beenennoit, oT koHUHKa CBOEro
HOCA 0 CaMBbiX OT/JJIeHHEIX FaaKTHK.

Ha mepBrIi B3TIAJ YeTBEPTOE IPOCTPAHCTBEHHOE H3MEPEHHE
NPOTUBOPEYHT 34paBoMy cMbICTy. K npumepy, korza AbIM 3amnos-
HSET BCIO KOMHATY, MBl He BUAUM, 9TO0B! OH UCYE3aJl B APyrOM H3-
MepeHUH. Hurze B Hameil BceneHHOMH M He BHAMM OOBEKTOB, KO-
TOpble BHE3AMHO HCYe3aMH OBl IWTH YIUVILIBAIA B HHYIO BCEICHHYIO,
IJTO 03HAYAeT, YTO BLICIIME M3MEPEHHA, €C/IH TAKOBHE CYLIECTBY-
10T, 110 PasMepy AO/LKHEL OBITh MEHBIIIE ATOMA.

TpH NMpoCTpaHCTBEHHBIX U3MepeHHA 06pas3yloT QyHIaMeHT,
OCHOBY IpeyecKoi reoMeTpHH. K pUMepy, ApMCTOTENb B TPAaKTATE
«Q nebe» mucan: «BeluuunHa, JCTUMAaT B OIHOM M3MEPEHHH, €CTh
JIMHHA, B JBYX — IVIOCKOCTD, B TPEX — TeJ0, H, KpOME HUX, HET HH-
KaKo# ApyToil Be/IMYMHEL, TaK Kak TP [HaMepeHus| CyTh Bee [H3-
mepenss]». B 150r. 1. 3. TIToneMei AeKcaHAPHHCKHIT IPEAT0KIT
MEPBOE «A0KA3ATEALCTBO» TOI'O, YTO BBICIIME H3MEPEHHA «HEBO3-
MOXHBI», B TpaKTare «O PacCTOAHUH» OH PACCYKAAET CIISAYIOUINM
obpazom. [poBegeM TpH B3aUMHO MEPICH/TAKYIAPHBIC IPAMBIE 11-
HHH (KaK JMHHH, KOTOPHE 06pasyioT yroa KoMHare). O4eBUAHO,
NPOBECTH YETBEPTYIO JUHUIO, ePIeHAUKYIAPHYIO TPEM MEPBLIM,
HEBO3MOXHO, CIeJ0BATCAbHO, YEeTBEPTOE HU3MEPEHHE HEBO3MOXK-
Ho. (Ha caMmoM fienie eMy yZaoch A0Ka3aTh TAKHM 06pa3oM TOIBKO
OJHO: HAII MO3T He crocobeH HarIAAHO IPeACTABHTE cefe yeTBep-
TO€¢ usMepeHue. C ApyTolt CTOPOHBI, KOMIIBIOTEPH NOCTOSHHO 3a-
HHUMAIOTCA pacyeTaMy B THIIEPIIPOCTPAHCTBE. )
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Ha npoTsxeHud ABYX ThICAYENETHH M000#H MaTeMATHK, KOTO-
PHil OTBKMBAJICA 3arOBOPHTH O YETBEPTOM U3MePeHHH, PHCKOBA
MO/IBEPrHYThCA HacMemkaM. B 1685 r. mateMaTk J:xoH Yommuc
B IIOJIEMMKE 0 YETBEPTOM M3MEPEHHU Ha3Bal ero «JyI0BHIIEM B
MPUpPOAe, BO3MONKHEIM He Holee, HeXeH XUMepa WIH KeHTaBp».
B XIX B. «KOPOJIb MaTeMaTHKOB» Kapn l'aycc paspaboran matemaTu-
KY 4eTBEPTOro M3MepeHHA B 3HAUUTENLHOH CTENEHH, HO mobosics
My6/IMKOBATE PE3yABTATHL, ONAaCaAch HETAaTHBHOM peakuuy. CaM oH,
OZIHAKO, IIPOBOAILT DKCIIEPHMEHTEI U IIBITAICA OTIPeZeMUTE, eHCTBH-
TEJBHO JIH YHMCTO TPeXMepHas I'pevyeckas reoMeTpHsa MPaBHIBHO
onvceiBaeT BeeneHHY0. B 04HOM M3 3KCIEPHMEHTOB OH MOMECTH
TPEX IOMOITHUKOB Ha BePIIMHAX TPEX COCeZIHUX XOIMOB. Y Kawa0-
O TOMOIHHKA OB POHAPH; CBET BCeX Tpex QoHapel 06pazosai B
MpOCTPAHCTBE THTAHTCKHMH TPeyToNbHHK. CaM ke [ayce TiaTenpHo
H3MepII BCe YIJIBL 3TOT'O TPEYTOABHUKA U, K cOBCTBEHHOMY pa3oya-
POBaHMID, OGHAPYKU, YTO CyMMa BHYTPEHHHX VIVIOB TPEYTOMBHHKA
JedcTBUTeNBHO cocTapiser 180°. M3 3Tore yueHsil 3aKII0YHI, YTO
eCJIM OTCTYTLIEHUA OT CTAaHAAPTHOH IPEYecKol reOMeTpUH H CyIe-
CTBYIOT, TO OHH HACTOMBKO MAJThL, YTO UX HEBOSMOXKHO 0OHAPY>KHUTD
TIO/IOBHBIMHE CIIOCOHaAMH,

B pesynbrare yecTh ONMCATh M OMyOIMKOBATH OCHOBHEI MaTe-
MAaTHKH BBICIIWX M3MepeHUi Brinada [eopry bBepHxapny Pumany,
yueHHKY ['aycca. (Uepe3 HECKONBKO AeCATUNETHH 3Ta MATEMATHKA
IIETHKOM BOIILTA B 0OMIYIO TCOPHIO OTHOCHTEIBHOCTH JHHINTEHHA. )
Ha ceoe# 3HaMeHHTOH TeKUMH B 1854 r. PUMaH 04HHM MaxoM onpo-
kuHys 2000 et BAaAbYecTBa IPeYecKoil reOMCTPUH H YCTAHOBHI
OCHOBBEI MATEMATHKH BHICIIHMX, KDHBOMMHEHHBIX H3MePeHH; MBI H
CEeTOAHA MOAb3YEeMCA 3TOM MaTeMaTHKOH.

B koHue XIX B. 3aMevyaTesbHOe OTKPLHITHE PHMAaHa IporpeMe-
1o 1o Beel EEporne ¥ BRI3BaK0 IIWPOYAUIIMA MHTepec myO/IHKy;
YeTBepTOe H3MepeHHe NPOH3BEJ0 HACTOANYIO CEeHCALHIO CpeH
APTHCTOB, MY3BIKAHTOB, MHcaTencH, ¢uiocodor M XyA0KHUKOB.
CkakeM, HCTOPHK HcKyceTBa Jlnnaa JlanbpuMIUT XeHAepCoH CaH-
TaeT, YTO KyOu3m [1MKacco BO3HUK OTYACTH MO/ BIIEYAT/IEHHEM OT
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OH3HKA HEBOIMOHKHOrOD

4eTBepTOro usMepeHus. ([ToprpeThl XeHWMH KHCTH T1HKacco, Ha
KOTOPBIX 171438 CMOTPAT BIIEPE/], a HOC HAXOANTCH cOOKY, peicTaB-
JAI0T c0OOM MOMBITKY NMPeACTaBUTD YETHPEXMEPHYIO IEPCIIEKTHBY,
Be/lb MPH B3ITHAAE U3 YETBEPTOrO H3MEPEHHA MOXKHO OTHOBPEMEH-
HO BMJETH JIMLO, HOC U 3aThUIOK JKEHIWHEL) XeHAePCOH IMHLIET:
«[lofo6HO YepHOH JEIpe, YeTBepTOE H3MepeHHe 00IaaN0 3araJoy-
HBIMH CBOMCTBAMH, KOTOPBIE He YA2BAIOCh A0 KOHIIA MOHSTh AdKe
CAMHM yJeHBIM. U Bee ke YeTsepToe UsmepeHnue GpUi0 Topasgao 6o-
Jiee MOHATHHIM H NIPEACTABHMbLIM, Y€M YepHBIE AbIpsl WIH Mobbie
ApYyTHE HAYYHBIC TUTOTE3H noce 1919 1., 3a UCKAIYeHUeM TeOPHH
OTHOCHTeNBHOCTH».

Jpyrve XyAOXHHKA TOXe IHTATHCh PUCOBATL M3 YETBEPTOrO
usMepennda. Ha kaptune CanbBagopa flanu «Pacnare» XpHCTOC
PACTIAT Nepei CTPaHHBIM IUIBBYLIMM B IPOCTPaHCTBE TPEXMEPHBIM
KPeCTOM, KOTOPHIH Ha CaMOM Jeie IIPEACTARMAET OO0 pasBepTKy Je-
ThIpeXMepHOTo Kyba. B cBoelf sHaMeHHTON KapTHHE «YTIOPCTEO TTaMsA-
'TH» OH HOMBITA/ICA IPEACTABUTD BPeMA KaK YeTBEPTOE H3MEPEHHE —
oTcroAa 1 MeTadopMa pacrekmmxca YacoB. KapruHa «Q6HaxeHHasn
urypa, CHyCKaloWancs No sectasue» Mapeess Jiomana — noubiTKa
MpeICTABUTD BPEMA KaK YeTBEPTOE U3MCpeHHe Yepes naobpaxkeHne
HECKONbKMX CTAAHH JBHXeHuA. YeTseproe n3MepeHHe TIOARIAETCS
Aaxe y Ockapa Yainpaa B pacckase «KeHTepBIIbCKOe MPUBHAEHHE,
BeJb IPHBH/IEHHE TAM JXHUBET B YeTBCPTOM U3MCPEHHH.

HerBepToe H3MepeHHe GUTYPHUPYET TaK:Ke B HECKOJILKUX TIPO-
uspeAeHuAx lepbepra Yamnca, Baoyan «YenoBeka-HEeBUANMKY»,
«AUcropuic [L1aTTHepa» B «YAHBUTENBHBIH BHU3UT». (B rocnegHem
pacckase, KOTOPHIH € TeX [Op YCIleN CTaTh OCHOBOM JECATKOB roj-
JHBYACKUX QMIBMOB M HayYHO-$AHTACTHYECKHX POMAHOB, HAllia
BceneHHaa KaKMM-TO 06pa3soM CTANKUBAETCA ¢ NapajUleibHOM Bee-
JeHHoM. HecuacTHplli adrel U3 cocefHel BCeNCHHOH Monajaer 1o
CTy9aidHbii BBICTPEJ OXOTHUKA H MPOBASMBAETCA B Hallly Beenen-
HY10. B KOHIie KOHLOB OH, MOTPACEeHHBIA ATYHOCTLIO, MEIOYHOCTHIO
H 3TOM3MOM, UapAlMMH B Hauleil BceneHHOM, KOHYaeT JKH3Hb
caMoybmiicTBOM. )
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NAPAINENBHBIE BCENEHHDIE

PoSepr Xatinnaiid B poMaHe «UHCIO 3Bepsi» ucceqyeT HAE0
0 TIapa/UIe/ibHBIX BCEIEHHBIX ¢ MPOHHE. B 3ToM pomane yetBepo
XpabpeIX 3eMJITH HOCATCA 110 NAPAJUIEMBHLIM BCENEHHEBIM Ha CIIOP-
TUBHOH MalllHHe cymacuieamero npodeccopa, cnocobHoii nepe-
ABHraTbCA MEX/Y H3MepeHHAMH.

B Tenecepuane «CKoAb3ALIME» MaibUHK NOJA BIAHAHUEM
OZIHOH KHHIH pelaeT NOCTPOUTh MAalIHHY, KOTOPAasA MO3BOMIA 6Bl
€MY «CKOJb3HTh» MeXJYy NapaJulebHBIMU BeeleHHBIMY, (Mox-
HO J00aBUTh, YTO Tepoil cepHaa NPOYHTANA MO KHUTIY «[Hnep-
[IPOCTPAaHCTBO>.)

Ho ucTopHYeCcKH CAOXKWIOCH TAK, YTO PUIHKH pacCMaTpu-
BA/IM YETBEPTOE M3MEpPEHHWe JUIb KaK 3a0aBHYI0 AMKOBHHKY.
HHKaKkHX CBUAETeNLCTB CYUECTBOBAHHMA BHICIUHX H3MepeHHH
He 6b110. [loNoXKeHHe Ha9aNno MeHsTECA B 1919 r., Koraa Quank
Teoxop Kanyua nanrncan o4eHb CIOPHYIO CTaThlo, B KOTOPOi Ha-
MEeKHYJI Ha CYIecTBOBaHHE BRICIIUX H3aMepeHHH. Havas ¢ obieit
TEOPUH OTHOCHTENBHOCTH JHHIITEHHA, OH IOMECTHII ee B IIATH-
MepHoe IpOCTPaHCTBO (YeThIpe NMPOCTPAHCTBEHHAIX U3MepeHUs

*M MATOE — BPeMs; IOCKONLKY BPEMS ye YTBepPAWIOCh KaK UeT-
BEPTOE M3MEPCHHE NPOCTPAHCTBA-BpeMeHH, PU3HKH Tellephb Ha-
3bIBAIOT YeTBepTOE NIPOCTPAaHCTBEHHOE M3MepEHNeE NATHM). Ecin
AenaTb pasMep BceneHHOM BAOB MATOrC H3MEPEHHS BCe MEHBILE
U MeHbiie, ypaBHeHU BoJIlueOHEIM 06pa3oM pacnajatoTCa Ha JIBe
vyacTu. OZIHA YacTb OIIUCHIBAET CTAHAAPTHYIO TEOPUIO OTHOCHTE/Ib-
HOCTH JWHDITEHHA, 3aTO Apyras npespalllaeTca B TEOPHI) CBeTa
Makceenna!

JTO CTaJIO NOPa3UTEALHLIM OTKpOBeHHeM. BO3MOXXHO, TalHa
CBETa CKpLITA B MATOM M3MepeHHH! Takoe pellenne WOKUpOBa-
JI0 Aaxke DHHIMNTEHHA; Ka3al0och, OHO 00eCneYnBaeT 3JMEeraHTHOE
00beMHEHe CBETAa H rpaBUTauMU. (DUHIITEHH GbUT TaK MOTpA-
CeH mpeAnoncxenneM Kanyurl, 9To ABa roja pasgymelBa, mMpexe
4eM jad CoTMacke Ha MyOAKKaIlHIo ero CTAThH.) DHHIITeHH mucan
Kanyne: «Haea noayuutd [06bearHEeHHYIO TEOPHIO] NOCPEACTBOM
MATHMEPHOTO LIWIMHAPA HUKOTA He Npyuuia 651 MHE B rONORY...
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OUIHKA HEBOSMOMHOTO

( mepBoro BarlAja MHe Ballla WZes YPe3BHMAiHO NOHPAaBUIACS. ..
dopmarbHOE eAMHCTBO Ballei TeOPHH MIOPASUTENBHO.

MHoro et $H3UKM 3a1aBAXKUCE BOTIPOCOM: €CIH CBeT — 3TO
BOJIHA, TO 4T0, cCOGCTBEHHO, Konebnerea? Ceer criocobeH npeosose-
BATh MIWLUIHAPAE! CBETOBBIX JIET IIYCTOrO IIPOCTPAHCTBA, HO IIYCTOE
IIPOCTPAHCTBO — 3TO BAKyyM, B HeM HeT HUKAKOro BemecTsa. Tak
9TO Ke Kojebnerca B Bakyyme? Teopus Kamyus! mo3Bo/sia BEIABH-
HYTb I10 3TOMY IIOBOAY KOHKPETHOE NIPe/IION0KeHHe: CBET — 3TO Ha-
CTOAIIHE BOAHLL B [TOM U3MEPEHUMH. YpaBHeHNs Makcrenia, TO9HO
OIUCHIBAKOLIME BCE CBOMCTRA CBETA, TIOAYIAIOTCA B HeH MPOCTO KaK
YPaBHeHHUA BOJIH, KOTOPBIE ABHIAIOTCH B IIATOM H3MEPEHHH,

TpeacraBbre cefe pHG, ABAKIMX B MEIKOM Ipyay. Bos-
MOHO, OHH JiaKe He T0J03PeBaloT O CYIECTBOBAHUH TPETHETO H3-
MEpEeHH, BeJlb UX I71d3a CMOTPAT B CTOPOHBL, & IUIHITh OHH MOTYT
TOJIBKO BIIEPE] WIM HA3aZ, BIPaBO KU BIeBO. BO3MOXHO, TpeThe
H3MEPeHMe JrKe KaKeTCd HM HeBO3MOKHBIM. Ho Tenleps BooOpasu-
Te cebe Z0KAb Ha IOBEPXHOCTH MPYAA. PEIbbI HE MOTYT BUAETD Tpe-
Th€ U3MEPEHHE, HO OHU BHJAT TEHH K PAOb Ha MOBEPXHOCTH NPYAA.
Touno Tak xe Teopus Kanyip o6bacHseT cBeT Kak pabb, KoTopas
ABHraeTcA M0 IATOMY U3MEPEHHIO,

Kanyla gan Tarke oTBeT Ha BONPOC, I HAXOIUTCA NATOE
nu3meperue. [TOCKOMBbKY MBl He BHAWM BOKPYI HHKAKHX IIPU3Ha-
KOB €T'0 CYIIECTBOBAHHA, OHO AOTKHO OHITh «CBEPHYTHIM» 0 CTOJb
MAJMOH B@JIWYHHBL, YTO 3aMeTHThL erc HeBoaMoxHo. (BospMmute
ABYMEpHBIN JIHCT 6yMard ¥ TWIOTHO cKaTakite ero B mauHgp. Hs-
Aanexa OUAMHAP 6yJeT Kas3aTbcd OAHOMEPHOW AHHHEH. [Tonyya-
€TCA, YTO Bbl CBEPHYJIH ABYMEPHBIH 0OBEKT U CAELIANN €TO OJHO-
MEPHBIM. )

[Tonavany paboTa Kanyis! npoussena cencanuio, Ho B octe-
AyHOLIHe rofibl HAIUIUCH ¥ CepPbe3Hble BO3PAXKEHUA NPOTHB €0 Teo-
puH. KakoBEI pa3MepBl 3TOro HOBOTO MATOrO MaMepeHud? Kakim
06pa3oM OHO CBepHYIIOCH? OTBETOE He BhLIO.

Ha nporskeHHM HECKONBKHX AeCATHIETHH DHHINTEHH MpH-
HHMaJICA BpeM#A OT BpeMeHH pabotaTh Haj 3ToH TeopHel. Ho moce
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MAPANNENLHBIE BCEREHHBIE

€ro cMepTH B 1955 I. TeopHio 6LICTPO 3abbIIH, OHa TIpeBpaTHIaCh
B 3a0aBHOE IpUMeYaHe Ha CTPAHMULIAX HCTOPHH DH3MKH,

Teopus cTpyn

Bce u3MeHITOCH ¢ [10ABNeHIeM TOPa3uTeIbHOM HOBOMH TEOPHH, HO-
Jy4MBIICH Ha3BaHHe TeopHs cynepcTpyH. K Havamy 1980-x rr. ¢u-
3MKM OGYKBAJIbHO YTOHYIHM B MOPE 3JIeMEHTapHBIX yacTull, Kakapri
pa3, pasfiBad aToOM Ha 4acTH [P NOMOIIY MOLIHOTO YCKOPHTEIS
YACTHL, OHK, K HEMAJIOMY H3yMJIEHHIO, OOHAPY:RUBANM, UTO U3 pac-
IEIVIEHHOIO 3TOMa BEUIETAIOT JeCATKHA HOBRIX YacTHI,. Takoe mosmo-
*eHHe JeJl HacTONbKO obecKypaxuBano, 9ro Pobepr Onmnenreiimep
saapui: HobeneBckylo npeMHio mo ¢HsMKe CIeAyeT OTAATH TOMY
GU3UKy, KOTOPLIM 33 FOA He OTKPOET HH OJHOH HOBOW YacTHIILI!
(OHpuro PepMH, B yKace OT TOTO, KaK He3yAepKHO MIOAATCH de-
MEHTAPHEIE YaCTHMIBI C TPEYECKUMH OYKBAMH B HAIBAHMAX, CKA-
3ai1: «Ecyu 66l st 6bUT B COCTOSIHUH 3aNIOMHHTh HA3BaHHA BCEX 3THUX
4acTul, A ctai Obl 6oTaHMKOM».} JIMIIB NOCTe JECATIIETHH Kpo-
NOTIUBOH paboThl BTOT I'yCTOHACENEHHBIN 300MapK YAAI0Ch Opra-
HH20BATh XOTh B KAKYIO-TO CHUCTEMY N0/ HasBaHueM CTaHzapTHad
MOA€Nb. MWIUTHAP/IEL 1O/UTAPOB, TAXKKHN TPY/ THCAY UHXKEHEPOB |
¢u3nkoB U 20 HobeneBCKHX IpeMuil HO3BONMUIN CIOKHTh MO3aH-
Ky CrangapTHoM Mofend OYKBaJbHO 10 KYCOYKAM. 3TO MOMCTUHE
3ameydare/ibHas TEOPHs, COOTBETCTBYIOLIAA, HACKOABKO MOKHO Cy-
AWTH, BCEM 3KCTICPHMEHTANBHBIM JJAHHBIM Cy6aTOMHOM GUSHKH.
Ho CranpaprHas Mojesib, HECMOTDA HA 3KCIEPUMEHTAIBHEIH
ycnex, 00a3aeT OJHUM OYeHb CEPhE3HBIM HeI0CTATKOM. Kak roso-
puT CTHBeH XOKUHI, «OHa HEKPACHBA U JOCTATOYHO TIPOU3BOIBHA».
B Hel no kpaiinei Mepe 19 cBOOOAHBIX APaMeTPOB (B TOM YHC/Ie
Macca YaCTHLIH M CHIA €€ B3aUMOJICHCTBUA C IPYTHMH YaCTHIAMH),
36 KBAPKOB M AaHTUKBAPKOB, enle TPH BaKHbIe CYOaTOMHBIE YaCTH-
bl ¥ MX aHTHYACTHIBl ¥ MHOKECTBO APYTHX CYDATOMHEIX YACTHI]
€O CTPAHHDIMHM HA3BaHMAMH, TaKHMX Kak DMQOMBL fHra-Mmuiaa,
6osonbl Xurrca, W-6030HBI H Z-4acTHIBL. Xyxke Toro, CraHzapt-
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HaA MOAEIb HHYETC He FOBOPHT O IPaBHTalHH. TpyZHO NOBEPHTD,
YTO [PHPOJA HA CAMOM [I€PBHYHOM, 0a3080M YPOBHe MOXeET ObITh
CTOAb 3aIIyTAHHOH W B BbICUIEH CTENeHH HE3MeTaHTHOH. JTY Teo-
PHUIO MOT OBb1 IOMIOGUTH TONBKO YeNOBEK, BIOXUBIIMIL B Hee CBOIO
ayury. OTcyTcTBUA KpacoThl B CTaHAAPTHOM MOJeN! 0Ka3atioch Jo-
CTaTO4YHO, yToOH GHIUKU 33aX0TeNH 3aHOBO IIPOAHANHSHPOBATH
CBOM TIPEACTABICHHA O IpUpozAe. YTo-TO 3ZecCh GhiI0 HE TaK.

ECnM BHUMATENbHO PaccMOTpPETh pa3BuThe QM3MKM 3a IMo-
CefHHE HECKONBKO CTOACTHH, OKAXKETCAd, YTO OfHHM M3 BaM-
HEHIIMX JOCTHKEeHHH IOC/AEIHEr0 U3 HUX CTAN0 CBEJAEHHE BCex
pyHAaMeHTaNbHBIX GH3HIECKHX 3dKOHOB B [BE BENTHUKHE TEOPHH:
KBRHTOBYI0 TeopHio (MpeAcTaBAeHHY0 CTaHAApTHOH MOAENBIO) U
o0lY1I0 TEOPHIO OTHOCUTEIBHOCTH JHHINTeHHa (KOTOpas OIUCH-
BaeT IpaBUTalHI0). 3aMeqaTeNbHO, YTO BMECTE 3TH JBE TEOPHH
ApeACTAaRMIAIOT BCIO CyMMY QHU3WMYECKMX 3HAHHH Ha dyHIaMeH-
TaXxbHOM YypoBHe. [lepBad Teopusa ONUCHBAET MHUP OYEHB MAJIO-
r0 — CyOaTOMHRIH KBAHTOBHIH MHP, T/1€ YACTHIIH HCIIOAHAIOT CBOH
danTacTUYeCKMH TaHel, BO3HUKAIT U3 HUYErO M TYT e Mpora-
Ja0T CHOBA K K TOMY JKe YMYZAPAIOTCA HAXOAHTLCA B ABYX MECTaX
OZAHOBPEMEHHO. BTopas Teopus OMUCHLIBAET MHD OYeHb BOJBIIOTO;
ee MHTEPECYIOT TaKue NpPeJAMEeTH], KaK YepHble AbpH U Boabioi
B3PbIB; OHA MONIb3YeTCA A3RIKOM IMIAAKUX NTOBEPXHOCTEMH, pacTAHY-
TOTO IIOAOTHA M HCKAXXeHHOrO IIPOCTPAHCTBA, DTH TEOPHH BO BCEM
IMPOTHBOIMOJIOKHEL APYT APYTY, OHHU WUCIONB3YIOT PA3HYIO0 MaTEMa-
THKY, pasHble aKCMOMBI H PazHyi0 (QH3MYECKYI0 KAPTHHY MMpa.
[Tpu B3rnAje HA HHUX CO3AAeTCA BredaTieHHe, YT y MPUPOJLL 4BE
PYKH, COBEPIIEHHO He CBA3AHHLIX APYT ¢ APYroM. Mano Toro, Bce
TOTIBITKY 00beMHHTL 06e TeOPUN He NMPHBETH HU K KAKMM pas-
YMHBIM pe3y/ibTataM. Ha npoTaKeHHH MOMYBEKA Kaw bl PH3HK,
NBITABIIMMCA 1104 AYJAOM IHCTONETA TIOXEHUTh KBAHTOBYIO TEO-
PHIO ¥ OOIIYI0 TEOPHI0 OTHOCHTENBHOCTH, HEOKHAAHHO AN cebd
00HapyXVBail, YTO MPH MoHOH NOMBITKE A0BUTHCA CBOETO TEOPHA
pa3zeTaeTcs B KJIOUbS ¥ AdeT B OTBET HeCKOHEeYHOCTh, IUILIEHHYIO
BCAKOTO CMBICHA.
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MAPANNENBHBIE BCENEHHDIE

Bce M3MEHIIOCH € IIOABIEHHEM Ha CLIEHE TEOPHH CYTIEPCTPYH,
KOTOpasA YTBEPHIAET, YTO INEKTPOH U APyTHe CYBaTOMHEIE YacTH-
bl IpeACTaBAAI0T cobB0il He 4TO WHOe, KaK paziMdHble Koneba-
HKA CTPYHBI, paboTatolleii IpUMepHO KaK KpollleyHas pesMHOBas
NenTd. ECIH JepHYTb 3@ HATAHYTYIO pe3HHKY, oHa OyaeT BMOpu-
poBaTh Ha Pa3HbIE JaAbl — JIPH 3TOM KaXAasd HOTa COOTBETCTRYET
KOHKDETHOH cybaToMHON wacTuule. TakuM o6pasoM, TeopHA cy-
MepCTPyH OOBACHAET CYNIeCTBOBAHHE COTEH CYOATOMHBIX YacTHII,
OOHapy>KeHHBIX YYEHLIMH IIPH HOMOIIH YCKOPHTEAelH. Bonee Toro,
TeopH JUHIITeAHA TOXE YKIAABIBAETCA B 3TY TEOPHIO KaK TIPOSB-
JIeHHE OZHOTO U3 CaMBIX HU3KOYACTOTHRIX KOAeDaHHI.

TeopH1o CTpYH Aaxe [IPEBO3ZHOCIUIM KaK [IPECNIOBYTYIO «Teo-
PHIO BCETO», YCKOAh3aBLIYIO OT JHHINTeHAA nocteanHe 30 jeT ero
KU3HYU. JHHITEHHY HyKHa ObUIa eMHAasA MOHATHAS TEOPHS, KOTO-
pad o6beanHuna Obi B cebe Bce 3aKOHB QU3UKH | TIO3BOMHIA EMY
«y3HATh, 0 YeM AyMaeT bor». ECIM Teopua cTpyH BepHO 00beAWHH-
113 TPABUTAITHIO H KBAHTOBYIO TEOPHIO, TO OHA, BO3MOKHO, IIpea-
crapnder cobod Bemnuadinee JOCTHKEHHE HAVKH 3a IOCIETHHE
2000 et — ¢ TOro caMoro MOMEHTA, KO/ [PEKH BOEpPBBIe 3a/a-
JIHCh BOIIPOCOM: YTQ eCTh BellleCTBO?

Ho y Teopuu eyrniepeTpyH eCTh 0Ha OY€Hb CTPaHHaA 0coOeH-
HOCTb: 3TH CAMBIE CTPYHbI MOTYT K0/Ie6GarhCA TOALKO B IPOCTPAHCTBE-
BPEMEHH OlIpeJeeHHOH Pa3MepHOCTH — a MMEHHO B JeCATH-
MepHoM. Ecii noneratbes cpopMynnpoBaTh TEOPUIO CTPYH i
APYTOr0 YHCTA U3MEPCHHIH, HHYEro HE BBIMIET; MATeMAaTHYCCKHH
anmnapar IpoCTo PasBaIUTCA.

Pasymeetcs, Hauta BeceneHHad deThHpexMepHa (B Hell TPH IIpo-
CTpPaHCTBEHHBLIX H3MePeHHH 1 OJHO BpeMeHRoe). ITO 03HaYaeT, YTo
OCTaNnbHEIE MECTh H3MEPEHUH Jo/ukHEL OBITE KaKUM-TO 0OpazoM
CXJIOITHYTEI, WIH CBEPHYTHI, TOACOHO MATOMY H3MepeHHIo Kaayiet.

B nmocneanee BpeMsa GU3MKY HAYAAH BCepbe3 3a/yMbIBATHC
O TOM, 4TOBB! ZI0KA3aTh WIH, HA000POT, ONIPOBEPIHYTh CYIIECTBO-
BaHWE 3THX BBICIIHX H3MepeHHH. BoaMOXHO, MPOCTENIINH Crocob
yDeAUTHCH B MX CYIIECTBOBAHKH ~~— 3TO HAATH OTKJIOHEHHS OT HEIO-
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®HIHKA HEBOIMOHHOIO

TOHOBCKOTO 33KOHA BCEMUPHOrG TATOTEHUA. M3 WKOALL MBI 3HA-
€M, 4TO CHJIA MPUTSXeHUs 3eMIH yObBaeT ¢ paccTosHHeM. Ecnu
rOBOPUTE D0Jiee TOYHO, CHJIa B3aHMHOTO NPHTAXKEHUA yOBIBaeT
NPONIOPUMOHANBHO KBaJApaTy PAcCTOAHHA, Pa3AeIaIonmero oobek-
Tbl. Ho 5TO BEpHO TOMBKO MOTOMY, 9TO Mbl XKMBEM B TPEXMEPHOM
Mmupe. (Ilpeacrasere cebe cdepy BOKpYT Jemid. Cuaa NPUTAXKe-
HHSA 3eMIH PABHOMEPHO pPaclpefenaseTca o MIOMAAK 3To! ce-
PHI, IO3TOMY YeM Gonbine chepa, TeM crabee CHIA IPHTAKEHNUA,
Ho rwromaab noBepXHoCTH chepH NpoloplHoOHaIbHA KBAAPaTy ee
paguyca, TTO3TOMY M CHJIA IPUTAKEHHA, PacnpecieHHad Mo 1o-
BEPXHOCTH Chephl, JOMKHA YMeHbILATECA IPOIIOPLUHOHANBHO KBa-
Apary paaayca.)

Ho ecnu 651 BO BeenreHHo# 6BUT0 YeTHIPE MPOCTPAHCTBEHHBIX
H3MepeHHA, TO CHIa NPUTKEeHNA Ao/bkHA ObUta 66t yORIBATE IPO-
MOpLMOHANLHO KyOy paccroaHusa. Boobme, ectn 6pl BeeleHHas
HMesa n IPOCTPAHCTBEHHBIX H3MEPEHUH, TPaBUTALUA B Hell YOHI-
Basa 6uI mponopuMoHaasHO (n — 1)-# creneHn paccrosgHust. 3Ha-
MeHUTHIH 3aKOH HBIOTOHA 0 TOM, YTO CHIA NPUTLKeHHUA 06paTHO
ApPOMOPLHOHANbHA KBAZPATy PAaCCTOSAHUA, IPOBEPEH HA aCTPOHO-
MHYECKHX PACCTOAHUAX ¢ GOMBIMION TOYHOCTBIO; UMEHHO MT0DTOMY
Mbl MOXKEM HaNpaBAATb KOCMHYECKHE 30H/bl C TOPA3UTENTbHOM
TOYHOCTHI0 CKBO3b IUeAM B Konblax CaTypHa. Ho go HepasHero
BpeMeHH HUKTO He IIPOBEpAN 3TOT 3aKOH B 1a60paTopHH, Ha O4YeHb
MaJIblX PaCCTOSIHMAXK.

[TepBbiit 9KCIEPUMEHT, TPH3BAHHLIA IPOBEPHTL 3aKOH 0bpar-
HO# TIPOIIOPLHOHATBPHOCTY CHUIBI IPUTSIKEHUSA KBA/IPaTy paccTos-
HiA, 6b11 poBeieH B 2003 r. B YHUBepcuTeTe Konopago. Pésynbrat
IKCIepUMeHTa OB OTPHLATENBHEIM: 110 BCeH BHAMMOCTH, Napa-
7ie/ibHOU BCeJleHHOH He cyIUecTByeT, [0 kpaliHeil Mepe, B Konopago
ee HeT. Ho oTpHUaTeNBHBIN PE3YARTAT JIHLIb PAa3APasHil aNIeTHThI
APYTUX QU3HKOB, KOTOPEIE TeTlePb HAASKOTCA IIOBTOPUTD 3TOT 3KC-
IepHMEHT ¢ ellle HoMbIel TOYHOCTBIO.

Bonbmoil agpoHHbIi Koyaizep, KoTophiil 8 2008 1. BBOAUT-
¢A B CTpoM Hejaneko oT JKeHeBbl, OyAeT YIACTBOBATE B ITOUCKAX
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4acTHI HOBOTO THII4 — TaK Ha3bIBAEMBIX CYNEPYACTHL, KOTOpPEIE
IIPEACTABMAIOT coOOH BRICUIME MO KOTCOAHMsA CYyNepCTpyH (Bee,
4TO Bl BUAWMTE BOKPYT, NpeACTaBaser coBo BCEro JHIIL HU3NIHE
4acTOTEl KoneOaHKA cymepcTpyH). Ecnu BAK pelicterTentHo 06-
HAPYXHUT CYIIEPYACTUIIL, ITO MOXKET 03HAYATh HA9aJI0 HACTOA e
PEBOMIONMH B HAlIUX B3MIAAax Ha BeeneHHyw. B HOBOH KapTuHe
Beenennoli CTangapTHas MOZeNb 1ompocTy GyAeT NpeAcTaBaaATh
HH3LUIHE YaCTOTH KonebaHua CynepCcTpyH.

Kun Toph rooput: «K 2020 r. ¢pusmku 6yayT yke NOHMMATh
3aKOHBI KBAHTOBOH TDABUTALMM, M OKAKETCd, 9TO OHH ABJIAHTCA
BAPHAHTOM TEOPHH CTPYH»,

Kpome BHICIIMX H3MepeHHH TeOpHA CTPYH NpPeACKaskiBaeT cy-
I[eCTBOBAHKE U APYTON BEPCUU NapaulefbHBIX BCeTeHHbIX; pevb
HaeT 0 MyJIETHBCEIEHHOM.,

MynbTHBCe/IeHHAA

OnMH BOMPOC N0 IOBOAY TEOPUH CTPYH IO-TIPEKHEMY He AaeT To-
KOst TIOYEMy 5Ta TEOPHA CylLECTBYeT Hi MHOTO HU Ma/o — B IITH
BepcHax? JIeHCTBUTENLHO, TEOPHA CTPYH CIocobHa o6BeIMHUTD
KBAHTOBYIO TEODHMIO M TPAaBUTALMI0, HO CAENAaTh 3TO, KaK OKa3a-
JI0Ch, MOXKHO TATBIO ¢nocobaMu, 3To AOBOMBHO HEMPUATHO, BEAb
$M3MKY B GOMBLUIMHCTRE CBOEM MEYTAIM O EHHONH W IHHCTBEHHOMH
«TEOPHH BCEro», JUHUITeHH, K TPHMEPY, XOTeJl Y3HaTh, «ObUT JIH ¥
Bora sei60p npu coTBOpeHUH BeeneHHOi». OH 6bUT yOexaeH, 4To
¢/TMHAs TEOPHA ITOJIA, WK TeOPHS BCETO, TOJLKHA OBITh YHUKAIbHA.
Tak noyemy ke cerofHA Mbl BUAHM T BEPCUI TEOPUM CTPYH?

B 1994 r. B Hay4HOM MIpPe R30pBaIach eile ogHa 6bomMba. Sasapa
YurTen us MHCTUTYyTa NepCrneKTHBHLIX Hecaenosanui B [IpuHcTo-
He ¥ [Ton TayHceng u3 KeMOpHIXKCKOTO YHHBEPCHTETA BBIABUHYIIH
MpeAIoNoKeHHE 0 TOM, YTO Bee [IATH TeOPHii CTPYH Ha CaMoM Jene
IPeACTABIAIOT COOOM OHY TEOPUI0 — HO TONBKO eciH A0OABUTH
OAVHHa/NaToe HaMepeHde. [1py BarIALe U3 OAHHHAALATOTO HaMe-
peHUs BCe AT TeOPHH combioTea B oaHy! Ioayvaered, ¥To Teopus
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QUIKHA HEBOIMORHEIO

AEHCTBUTEIBHO YHHKAABHA, HO TOJNBKO €CIIH B KavecTBe HabmoAa-
TEJIBHOTO IIYHKTa BRIGpaTh BEPIIMHY OAUHHAAIATOTO H3MepEeHHA.

B 0ZAMHHAIATOM H3MEPEHHH MOXKET CYIECTREOBATh HOBbIH Ma-
TeMaTH4eCKHH 00BEKT, NOAYIUBIIHI HazBaHHe «MeMOpaHa» (K mpH-
Mepy, OHa MOXeT ObITh NoZ0OHA MOBEPXHOCTH chephl). Ho — no-
pasuTenbHOe HAOMoaeHHe — NPY Nlepexoge oT 11 naMepenuii k 10
U3 eJUHCTBEHHOM MeMOpaHbl MOABAAIOTCA BCE [I9Th CTPYHHBIX TE0-
pUil — ¥ OAyYaeTCA, YTO OHH MPEACTABIAIOT BCETO UL PA3HbIE
NyTH iepeBo/ia MeMOPaHEL U3 OAMHHAALIATHMEPHOTO MUPA B JECATH-
MepHHH.

(B xayecTBe HAMIAZHOH WUTOCTPALUH [IpeacTaBbTe cebe Ha-
JAYVBHOM MY C NEPEXBATHIBAIOMIEH €0 [0 SKBATOPY Pe3HHKOMH. [pen-
CTABbLTE, YTO Bbl BO3bMETe HOMHMIIBI M CPEXETe Bech MAY 1o obe
CTOPOHBI OT Pe3MHKH. OCTaHeTCA TOMBKO caMa Pe3VHKA, WIH CTPYHa.
TouHO TaK e, eCTH CBEPHYTh OAHHHAALATOS U3MEPEHNE, OT MEM-
fpaHB! OCTAHETCSH TOMBKO «3KBATOP», OH e CTPYHa. MaTeMaTH9eCKH
CYWIECTBYeT MATH CIIoco60B yOpaTh «MII», WIH MeMGpaHy, (1pH cBep-
THIBAHWH «IHIIHET0» HIMEPEHHA — H COOTBETCTBEHHO B JIECATHMED-
HOM [IPOCTPAHCTBE MBI IOIYYAEM I1ATh PA3HBIX CTPYHHBIX TEOPHIL.)

OxuHBRaanaToe H3MepeHHe MTO3BOMWIO HaM HO-HOBOMY YBH-
AeTb BCIO KapTUHY. BO3HHKIO Takke NpeANoNoXKeHHe O TOM, 4TO
Hama BceneHHan — Toxe MemOpaHa, IUIABAIOLIAS B OJMHHA/UATH-
MEPHOM TIpOCTpaHCTBe-BpeMeHU. Bonee Toro, He Bce M3MepeHHT
TP 3TOM JO/IKHE! ObITE CBEPHYTSI 40 6ECKOHEYHO MaJTBIX BEIHYHH.,
Hao60poT, HEKOTOpPbIE K3 HHX MOTYT ObITE GECKOHEYHBIMH.

A yTo, ecTi Hama BeesleHHadA, BMECTE C JPYTHMH BCRJIEHHE-
MH, CYIIECTBYET B HEKOH eAHHOM MynbTHBCENEeHHOM? [IpeacTaBh-
Te cee MHOKECTBO MApAWMX B BO3AyXe MBUIBHBIX Ny3bIpel, WK
MeMOpaH. Kaxpiil MBUILHBIHA MY3HPE OMHIETBOPAET COB0H Ieyio
BCEJIEHHYIO, IUTABAKILYIO B OAWHHAALIATHMEPHOM THIIEPIIPOCTPaH-
cTBe Gonburero pasMepa. [lyssipH CIOCOOHE! 06BEAUHATLCA APYT C
APYTOM MIH PasfensiThCA HA HECKOJBKO Iy3bIPEil, OHU CIOCOOHE
Bayke BO3HUKATh M HCYe3aTh. He UCKIIOYeHo, 9T0 MEI BCe JKUBEM Ha
0607101Ke OIHOT'O TAKOTO MY3HPA-BCEIEeHHOM.
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MAPANNEABHBIE BCENEHHBIE

Maxkc Termapk us MIT cyuTaer, 4To 4epe3 50 feT «CyIecTBo-
BaHWe 3THX “NlapajuieIbHEIX BCeleHHEX” GYAET BEI3BIBATE He HOJIb-
ilfe COMHeHHH, 9eM CyIecTBOBAKHe HHBIX raiakTHK, KOTOPLIe TOT-
Ja Ha3LBaAMU “OCTPOBHLIMH BCe/IeHHEIMH', BhRI3BIBAIO COMHEHUH
100 net Ha3az».

CKOJIbKO BCeJIEHHBIX IIPEACKA3bIBAET TEOPHUA CTPYH? JOBOME-
HO HEMpHATHOH YepToH TEOPUH CTPYH ABAETCA KaK Pa3 TOT QakT,
YTO BCEAEHHEIX MOXET GBITh MHOXKECTBO — MHOTME TPHUTHOHBI
BCeJICHHBIX, KaX/1as M3 KOTOPHIX BIIOJTHE COTMIACYETCH ¢ TEOpHeH OT-
HOCHUTEIBHOCTH H KBaHTOBOM Teopuelt. CornacHo oHOH H3 OLIE€HOK,
MOXET CYLIeCTBOBATE LEJIbIH I'YTOM TAKHX BeeMeHHBIX, (['yTon-—a3To
eUHHLA CO CTa HY/ISIMH.) )

B OGHIMHBIX YCIOBHAX CBA3bL MEXKAY BCENEHHEIMH HEBO3-
MQHA. ATOMBI Hallero Tejia moZoOHE MyXaM Ha JIMNKo# 6ymare.
Mb1 MOKeM cBOOOJHO [TepeJBUTATLCA B TPEX M3MEPEHHAX Halled
BCC/IeHHOM-MeMOpaHBl, HO He CriocOOHBL «BBIIPHIHYTh» M3 HEE B
rHOEpPIIPOCTPAHCTBO, MOTOMY YTO MPHUKAEEHH K Haled Bcenes-
He. Ho rpasuTauud, koropas npeiactasifeT cOO0M HMCKaKeHHe
IPOCTPAHCTBA-BPeMEHH, MOXKeT CBOOOZHO fiaBaTh B IIPOCTPaH-
CTBE MEXJY BCe/le HHEIMH.

CymecTeyeT TeopHd, YTBepXJAAWIIasn, 4YTo CKpHITAd Macca,
WIH TeMHAad MaTepHsa, — HeKOe HeBHIHMMOE BelleCTBO, OKpyXal-
Ijee Hauly [aTaKTHKY, — BO3MOXKHO, npegcTapnseT coboi obbraHoe
BEMNIeCTBO B NApaielbHON BCe/eHHOMN. Kak roropHtcea eme B po-
Mane [epbepra Yamica «YenoBek-HEBMAMMKa», HabogaTent 6y-
AeT HeBHANM JJiS Hac, ecTd 6yZieT HaXOAUTHCA FPAMO HaJ HaMH B
4eTBEPTOM H3MepeHHH. [IpeacTaBere cebe gBa napaie/NbHbIX J4-
cta Gymary ¥ Habniogartens, KOTOpbI Haxo4UTCsA Ha BTGPOM JIHCTe
H BHZMT 1101 cOO0H MepBHIA.

CymIeCTBYIOT M IPYTHE MPEANOA0KEHHA — K IPUMEpY, 4TO
CKpPBITasA Macca MOMKET Mpe/CTaBaATh cO60H OOBIYHYIO FalaKTHKY,
napAMy0 OpAMO HaJ HAMH B ApyToH BceleHHoH-MeMOpaHe., Ml
OLIYIAEM TPABUTALIMIO 3TOH I'A/IAKTHKA — BE€Jb I'PABUTAIHA CIIO-
coOHa NPOHHKHYTh BCIOAY, AXKe MEXAY BCENEHHBIMM, — HO caMa
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OUIUHA HEBOIMOMHOTO

raJakTHKa OCTAETCA A1 HaC HeBUAMMOM, ITOTOMY 4To M0060i et
3aTePT B CBOeH BcesleHHOH. TakuM 06pasom, Mbl UMeEM HEBHMIH-
MYIO TUIAKTUKY, 0fajalomyio TeM He MeHee Maccoll, 4To BioaHe
COOTBETCTBYET OIMMCAHWIO CKPHITOW Macchl. (Eme oaHa BO3MOX-
HOCTH COCTOMT B TOM, YTO CKPBHITAA Macca npeicrapiseT cobol oie-
AYIOIYI0 MoAY KoseGaHHi CymepcTpyHEL. Bce, 9TO MBI BHAMM BO-
KDYT, TIpe/ICTaRIAeT coO0H He YTO MHOe, KaK HHU3IIYIO MOAY STHX
caMeix KosiebaHuil. He HCKUIIOYEHO, UTO TeMHAA MaTepusa — Habop
CAEAVIOIIMX II0 YacToTe KonebaHHi CYyNepCTPYHEL.)

KoHe4yHo, GONBIIMHCTBO MMApaiebHEX BCEIEHHEIX, CKOpee
BCEro, MepTBLI U NpeAcTaBIAoT coboii HecdopMelHoe cKoreHHE
cy6aTOMHBIX YacTHL, TAKUX KaK SMeKTPOHBI H HEHTPHHO. B 5THX
BCEJIEHHBIX IIPOTOH MOKET OBITh HecTaluieH, NO3TOMY BCe Bemie-
CTBO B TOM BHZI€, B KAKOM MBI er0o 3HaeM, OyaeT nocreneHHoO pa3-
Jarathcd M paCcTBOPATHCA B TIPOCTPAHCTBE. BeposSTHO, BO MHOTHX
BCEJIEHHBIX CJIOKHOE BEUIECTBO, COCTOALEE U3 aTOMOB M MOJIEKY,
IPOCTO HE MOXKET CYLIeCTBOBATD.

B ApyrHx MapasnelbHbIX BCETeHHEIX, HA060POT, CIKHELE Qop-
MBI MATEPHU UIPAIOT 3HAYHUTEIBHO OOJIBIIYIO PO/b, 4EM Mbl MOXKEM
cebe npeAcTaBUTEL. BMECTO 04HOTO THIA ATOMOB, KOTOPEIE CTPOAT-
A ¥13 IPOTOHOB, HEHTPOHOB M JEKTPOHOB, CTAOIIbHOE BEMIECTBO
TaM MOXET CYIECTBOBAThL B OPA3HTENLHOM pa3Hoo6pasun Gopm
1 THIIOB.

Mem6paHHEIC BCeleHHbIE CIOCOOHE! TAKKE CTATKHBATHCA MEXK-
Iy cobol, opoxaas kocMudeckue dperieprepku. HeKoToprie QH3HKH
B [IpMHCTOHE CUHTAIOT, YTO Hawla BeerenHan sapogiiace, BO3MOX-
HO, IPH CTONKHOBEHHH JIBYX THTAHTCKMX MeMOpaH, KOTOPOe IIPOH30-
uwio 13,7 mrpz ieT Hazaz. OHM CYUTAIOT, 9T0,YAAPHAS BOJTHA OT 3TOTO
CTONKHOBEHHA H CTajla NPUIMHOH BO3SHUKHOBEHHMA Halliei BeesneH-
Ho#. MHTepecHo, 4T0 MM pacCMOTPEHHU IKCIEPHMEHTATbHO IIpo-
BePAEMBIX CIefCTBUE 3TOI HeoObIYHON /e [IOMYYaloTCa Peay/IbTa-
THI, KOTOPbIE BIIOJIHE COTIACYOTCA € PE3Y/IETaTaMH paboThHI CHyTHHKA
WMAP, HaxogAIEerocs B HaCTOAIIEE BpeMa Ha OKONI03eMHOH opfuTe.
(3Ta TeopHA U3BECTHA KAK TCOPHA «BOBIIOro BCIUTECKax. )
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MAPARNENBHBLIE BCEAEHHBIE

B mosb3y Teopuun My/JBTHBCENEHHOH TOBOPHUT Mo KpaiiHeil
Mepe oAuH $aKT. Eciv NpoaHamU3HpoBaTh OCHOBHBIE QHIMUCCKHE
KOHCTaHTHI, MOXXHO 6e3 TpyAa 060HAPY:KUTh, YTO OHH OYeHb TOYHO
«HACTPOEHLI» HA TO, YTOOH B 3THX YCIOBMAX MOIVIA CYIIECTBOBATD
#U3HDb. CTOUT YBEAMYKTD SIAEPHbIE CHUIBL — U 3Be3bl OyayT BBIrO-
paTh CAMIUKOM OBICTPO, YTOOB KU3HL YCIlena BOSHHKHYTh W pas-
BUThCA. CTOUT MX YMEHBIUHTE — W 3Be3fbl He OYAYT BCIBIXUBATE
BOOOILE; ecTECTBEHHO, XKHU3HB B 3TOM CJ1y4ae TOXE HE CMOXKET Cy-
IecTBOBaTh. ECIH YBeMUUTE CHAY TArOTeHHd, Haiia BeeneHHas
ObICTPG yMpeT B BOBIIOM CKaTHH; eC/IH €€ HEMHOrO yMeHbIIHTD,
OHA BbICTPO paclIMpuTes U 3amepaHeT. Boobie, A1 Toro, YTo6H
B Hailleil Bece/leHHOM BOBHHKJIH MOAXOAALINE A MH3HHA YCIIOBHA,
HeoOXoAUMBI OBUTH ICCATKH «CTyYaliHOCTEH», HMEIOIMMX OTHOMIe-
HHE K MMPOBHIM KOHCTAHTaM. OueBHAHO, Hallfa BeeeHHAA 110 MHO-
THM NlapaMeTpaM HaXOAUTCA B «30HE KU3HU»; 09eHb MHO[OE B HEMH
«TO4YHO TIOA0OPaHO» A TOro, YTOOH YKH3HL MOL/IA 3apPOAMTLCA H
cylectBoBars. [10aToMy HaM IpuAeTcs cAenaTk BHIBOA JIHGO O Cy-
HeCTBOBAHHHU HeKoero Bora, kKoTOpHIH HaMepeHHO No3aboTHACA 0
TOM, YTO6H Haina Beeneynan nonyyunack Takad, Kakas Hago, 6o
0 CYLIECTBOBaHHH MMWUTHAPAOB MApaJLIeAbHBIX BCeIEHHBIX, MHOTHE
13 KOTOphIX MepTBhL Kak ckazan ®pumen [laiicon, «BecenenHad, no-
X0Xe, 3apaHee 3HaNA, ITO Mbl IOABUMCH»,

Cap MaptxH Puc 13 KeMOPHIDKCKOrO YHHBEPCHTETA CHHTAeT,
YTO Takasd TOYHAA HACTPOWKA BCeX NapaMeTpoB HAaeKHO CBUAe-
TeNBCTBYET B MONB3Y My/IbTHBCEIEHHOH. Bee nATh IaBHEIX QH3H-
YeCKHUX KOHCTAHT (TaKMX, KaK ciia PyHAAMEHTANLHBIX B3aHMO-
JieficTBHi) B Hallel BeeneHHOM Mo00paHb 04eHb TOYHO H TOAATCA
IS XKU3HH, H OH YOeXXAeH, YT0 KpoMe Halllei cymecTByeT Oecko-
HeYHOe YHUCIIO BCENMEHHRIX, B KOTOPBIX QH3HYECKHE KOHCTAHTH He
COBMECTHMBI C XKM3HLIO.

3TO TaK Ha3bIBAEMbIi aHTPOTHEIN NPpUHLAIN. B crabom Bapu-
aHTe 3TOT NPHHLUMII TMPOCTO YTBEPKAAET, UTO apaMeTphl Haurek
BcenieHHOH TOYHO HacTPOEeHBI HMEHHO I XH3HH (M B NepBYIO 04e-
PeAb [TOTOMY, YTO MBI CYIIECTBYeM H MOYKEM CAETaTh TAKOH BhIBOZ).
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OHU3HKA HEBOIMOMHOID

B cJIbHOM BapHaNTe aHTPONHEINA NPHHLIMI YTBePXJaeT, YT Hallie
CYWIECTBOBAHHE, BO3MOXHO, ARMAETCA TOOOYHBIM Pe3yNETaTOM
4pHX-TO [[€JIEHANPABNEHHBIX AelicTBHH. BOIBIIMHCTBO KOCMOIOTOB
rOTOBO COIVTACMTBCA €O C1aboH BepCcHei aHTPOMHOTO NPHHIIWIIA,
HO BOTIPOC O TOM, UTO ITPeJCTABIAeT COBOM caM HMPHHI[HMI — HOBOE
CTOBO B HayKe, OTKPHIBAIOUIEE AOPOTY K HOBLIM OTKDHEITHAM M pas-
paboTKaM, HIH MPOCTO yTBepKAEHHUE OUE€BH/THOTO.

Ksanrtopas Teopus

B ZononHeHKe K BHICIIUM M3MEPEHUAM W MyJIbTUBCeIeHHOH cyie-
CTBYET €lle OAUH TUII TapaLTeIbHON BCEIEHHOM — TOT CAMBIH, 4TO
JOCTABJISUI TOOBHYIO 60/b JUHIITEHHY U YTO MPOAOIDKAET MYYHTh
(U3MKOB M CerofiHaA. DTO KBAHTOBAsA BCENEHHAs, KOTOPYIO Ipea-
CKa3pIBaeT OOBIYHAsA KBAHTOBASA MeXaHMKa. [1apaJoKCchl KBAHTOBOMR
du3MKYU MPEACTARMAIOTCA YPE3BRIYANHO TPYAHOPA3PEIMMEIMH, H
Hobestepckuil naypeatr Pobept eiinman m06UI TOBOPHTE, YTO HH-
XTO Ha CaMOM JIEAC HE IOHMMAET KBAHTOBO TeopHH.

Ja, KBaHTOBAs TeOPHA — caMad YCIeLIHAd TeOPHs, KorJa-
nubo paspaboTaHHAA YeNOBEYECKHM PasyMoM; Ja, TOUHOCTh ge
npejcKasaHlil 4acTo JOXOAMT JO0 OJHOH JAeCATUMHLIHADAHOM.
TeMm He MeHee 3Ta TEOPHA [IOCTPOEHA HA TECKe U NOJHOCTBIO 3a-
BHCHT OT C/Iy4as, yAa4¥ M BEPOATHOCTH. B OTIMYHE OT Teopuwu
HproTOHa, KOTOpad JaeT TOYHble H ACHHIE OTBETHl HA BOIPOCH O
ABWXKeHHH O0BEKTOB, KBAHTOBAA TEODHSA B COCTOSHHUM HA3BATD
TOJBKO BEPOATHOCTH. Uyzeca coBpeMEHHOro MUpa — Jasepst, MH-
TepHET, KOMIILIOTEPHI, Te/leBHAeHHe, COTOBbIEe TenedoHbl, pajap,
MHKDPOBOJHOBBIE 164U U T. 1. — 0a3UpyIOTcA Ha 3pI6yYHX MecKax
BEPOATHOCTEH. '

B03MOXHO, CaMBbIM HaMIAAHBIM [IPUMEPOM 3TOI0 MOXKET II0-
CIY>XHUTb 3HaMeHHTag mpobaema «kowku LIpéauurepa» (chopmy-
JIVPOBaHHAS OAHHM U3 OCHOBATeJ el KBaHTOBOU TEOPHH, KOTOPBIH,
KaK HH CTPAHHO, IIPeIORKWI 3Ty NpobiieMy B HaZex e Pa3rpOMHTD
BEPOATHOCTHYIO €€ HHTeplIpeTanuio). LIpéauHrep o4eHb 3MWICA
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RAPANREADHLIE BCENEHHBE

Ha TaKyl0 MHTEPNpETalHi0 CBOeH TeOPHH;, OH FOBOPUN: «Fciu AeH-
CTBHTENIBHO IIPHAETCA BCepbe3 OTHOCHTBCSA K 5THM YePTOBHIM KBAH-
TOBBIM [IEPEX0JaM, TO 5 [I0XKaJIE10, YTO BoobU[e MPMHUMA yYacThe
B 3TOM Jesie»,

[Tapagoke xomkn lpéanHrepa 3aknoyaeTed B CISAYIONIEM:
MOMECTHM KOIIKY B 3anevYaTaHHbIil AMUK. [IyCTh B AIIHKE HMeeT-
€A 3aPAKEHHOE PYXbe, HalleJIeHHOe Ha KOWKY (MpUYeM CITyCKOBOH
KPIOYOK PYXbd CBH3AH €O CUeTYMKOM [eifrepa, psJoM ¢ KOTOPBIM
HAXOAMTCHA KyCOK YpaHa). B 0ObINHBIX 06CTOATENBCTBAX, ECTH aTOM
ypaHa pacuajercd, cieTqHk ['efirepa cpaboTaeT, py»Kbe BHICTPEITHT,
u komka Oyzer ybura. Arom ypana subo pacnagetcd, nubo Her.
Koika 1160 6yaeT KUTb, MO0 yMpeT. IT0 COOTBETCTBYET 3ApaBo-
MY CMBICTTY.

Ho B KBaHTOBOM TEOPUH Mb! HE MOXKeM 3HATh HaBEpPHHKA, pac-
TaJcs aTOM ypaHa MM HeT. [[03TOMY Mbi JIOMKHBL CIOXKHTD STH ABe
BO3MOXHOCTH, T.€. (JIOKHTh BOJHOBYIC QYHKUHIO PaclaBHIErocA
aToMa ¢ BOJIHOBOH QYHKIHelH Lenoro aroma. Ho 310 03Havaer, 4To
I ONMCAHUA KOWIKW HaM TIPUACTCA CJIONKUTh IBA €€ COCTOSHUA.

. Tak 4TO KOIIKA Y HAC OKKETCA HU XKMBOMH, HU MepTBOM. OHa Oyzer
Mpe/CTARAEHA KaK CyMMa JKUBOH KOLIKY U MepTBO# KOmKy!

DeliHMaH OAHAKABI HAIIUCAN, YTO KBAHTOBO-MEeXaHUYecKoe
OTMCAHME TTPUPOABL «abCYPAHO C TOUKH 3peHHs 34PABOrO CMBICTA,
H 1P 3TOM GHO TOAHOCTHIO COITIACYETCA € IKCIIEPHMEHTOM — TaK
970, 4 HaACKCh, B CMOXKETe [IPMHATD 3TY IPUpoAy B ee abcypIHOM
obpase».

Sitnwreitny u lpéaunrepy Takoil B3MAL NPeACTaBIUICH He-
JIETIBIM. JHHINTEHH BEPHI B «O0BEKTHBHYIO PealbHOCTb», 3APaBHIi
CMBICJT, HRIOTOHOBCKHI B3MIA] Ha MUP, rie 00bEKTH CYILeCTROBA-
JIH B OJHOM OIIpeie/IeHHOM COCTOAHMH, a He KaK CyMMa MHOXKECTBa
BO3MOMKHBIX COCTOAHUM. TeM He MeHee B OCHOBE COBPEMEHHOM
IOHMBIWIMSAIIHH JIEXHWT MMEHHO TAKasid HeoBBIYHAA HHTEpTIpETALHA.
Be3 Hee He cMOITa OBl CYLIECTBOBATh COBPEMEHHAA 3MEKTPOHUKA
(na v aToMBI Hamero Tesa Toxe). (B 06EMHOM MHpe MB MHOTAA -
THM, YTO HEBO3MOKHO OBITH «<HEMHMKKO GepeMeHHOM», Ho B KBaH-
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DHINKA HEBOIMOKHOTD

TOBOM MHPe €10 06CTOUT elie Xyxe. JKeHIIHA B HeM CyLIeCTBO-
BaJa 6Bl Kak CyMMa OZIHOBPEMEHHO BCEX BO3MOKHBIX COCTOAHHIA ee
Tesla: OHA O6bUIa OB 0AHOBpEMeHHO HebGepeMeHHOH, GepeMeHHOH,
ZIEBOYKOH, CTApYXOH, AEBYIUKOM, AeNOBOH JKeHINHO 1 T. 1.}

CywecTByeT HeCKONBKO CIIOCOOOB PA3pENMTh STOT HEPHAT-
HEIH Tapazokc. OCHOBATENMH KBAHTOBOH TEODHH BEDHIM B TaK Ha-
3bIBAEMYIO KOTICHTATEHCKYIO HHTEPIIPeTaluio H CYNTAIH, YTO, KaK
TO/LKO BBl OTKpoOeTe ANIMK, Bbl CMOKeTe NPOBECTH U3MePeHUs U
onpeeNnTh, JKHBa Kollka WM MepTBa. [Tocae atoro — sce. Boa-
HoBas GYHKUMA «3a$UKCHPOBATACE» B OAHOM M3 COCTOSHHUH; IO-
CJIe 3TOTO 3ApaBbiid CMBICA GepeT Bepx. BOMHBL HCYE3a10T, 0CTAIOT-
O OHH YACTUIIEL. JTO 03HAYaeT, YTO KOUIKAa HAKOHEI [IPUXOJHUT B
onpeZieieHHOe COCTOAHHE (KM KUBOE, WK MEPTBOE), H ge YKe He
HeJTb34 OIMUCHIBATH BOAHOBHIMH QYHKI[HAMH.

Takum 06pasoM, CymecTByeT HeBHAUMBLI Gapbep, pasaensio-
IWHH TPUYYAUBEI MMP aTOMOB H MaKPOCKOTTHYECKHI MHP JIOACH,
B aroMHOM Mupe Bce OIMCHIBAETCA Yepe3 BOMHEL BEPOATHOCTEH, U
aTOMbI MOI'YT HaXO/IUThCA B HECKOIBKUX MECTAX OZHOBPEMEHHO. YeM
Gonblue BonHOBaA GYHKIMS YaCTUIH B AQHHOH TouKe, TeM GobLe
BEPOATHOCTb 0OHAPYXUTD YaCTULY HMEHHO 34ech. Ho B Mupe 601b-
KX 06LEKTOB BONHOBHIE GYHKLHMU Vke 3a)HKCHPOBaHH], 1 06beK-
THI CYLLECTBYIOT B OIIPEAENEHHOM COCTOAHHH. B MakpoMupe apur
3APaBLIA CMBICI.

(Korga xk DHHmITEHHY MPHUXOAWIH T'OCTH, OH IIOKasbBAN Ha
JlyHy u cnpammBan: «Heyxenn JlyHa cymecTByeT NOTOMY, YTO Ha
He¢ CMOTPUT MBIIIL?» B KAKOM-TO CMBIC/Ie KONEHTareHCKas HIKoIa
AdBajia Ha 3TOT BOIIPOC NOAOKUTENbHbIA OTBET. )

B 607BIMHHCTBE Cepbe3HBIX YieOHUKOB N0 GpH3HKE C peIurh-
03HOI TOYHOCTBIO M3NAraeTcs TOYKA 3peHIA KOTIEHIare HCKOH KO-
JIBI, HO MHOTHe QU3MKU-HCCTENOBATENH OT HEE YiKe OTKa3alMChb.
Teneps y Hac ecTb HAHOTEXHOMOTHH, MBI MOKEM ONEPHpPOBATH
OTAENbHLIMHA aTOMaMH — M TOIYIAeTcd, YTO ATOMdMH, KOTOphIe
TO BO3HHKAOT, TO HCYe3a0T, TOE€ MOXHO NPOU3BOJBHO MaHH-
IIy/IMPOBaTh, XOTA OBl TIPH MOMOIM TYHHEJABHOTO CKAHHPYIOLIErD
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MHKpockona. TakuM 06pa3om, HeBUAUMOI «CTeHBI», pasaesmoLe
MHKPOMMD H MaKpOMUD, HE CyilecTByeT. MUp eaMH. ‘

B nacrosmee BpeMa Y GU3HKOB HeT eIMHOTO MHEHHA O TOM,
KaK Pa3pelnuTh 3Ty HpobneMy, ASKallylo B caMOM CepAle CoBpe-
MeHHOH $u3rku, Ha KoH]epeHLMAX TPOUCXOAAT XKAPKHE CHOPHI,
CTATKMBAIOTCA MHOTOYHCIeHHEE TeopuH. Koe-KTo Monaraer, yro
JOJDKHO CYILIeCTBOBATh HEKOE «KOCMHYECKOe CO3HAHHE», IPOHH3bI-
Bawouiee BeeneHHy10. OOBEKTH BO3ZHUKAIOT, HAUMHAIOT CYIECTBO-
BaTh, KOTJA [IPOM3BOAATCA U3MEDPEHHS, a U3MePeHHA [IPOH3BOIAT
cylecTBa, obaagaone cosHaHHem. CefoBaTeNbHO, JOIKHO CY-
IECTBOBATL €JMHOE KOCMHYECKOe CO3HAHHE, KOTOpPOEe [POHH3HI-
BaeT BClo BeejleHHY10 U OMNpe/esdeT, B KAKOM COCTOAHMM MLl Ha-
xoaumca. Hexorophle mogobHo HoGeneBcKoMy naypeaTy HOmxuny
Bureepy yTBEpKAAOT, Y4TO 3TO AOKALIBACT CyllecTBOBaHKAC hora
WM, 110 KpalHel Mepe, HEKOero KOCMHYeCKOoro cosHaHus. (Buruep
nucan: «HeBosMoxHO Ob110 cHOPMYNHPOBATE 3aKOHE [KBAHTOBOH
TEOPHH] COBEPILEHHO IOCIEA0BATENBHO O3 CCHUTKH Ha CO3HAHME.
OH zaxe IposAIBWI MUHTEPEC K BeAUIecKOH QHUIOCOPUH UHIYH3MA,
COLJIACHO KOTOPO#H Hally BeeneHHY10 IPOHU3bIBACT eIHHOE BCCobE-
eﬂmom;ee CO3HAaHEHe.)

Euie o/MH B3MIAA Ha TaPaJoKC KOMKH — B «MHOXKECTBEH-
HOCTY MUpPOB», IIpeAIoKeHHaA Xb1o IseperTroM B 1957 . 3Ta Teo-
puA yTBEp¥JaeT, 4To BeeleHHas [IpPOCTO paciienaeTcd HajBoe,
IpHYEM B OAHOH MOJOBHHE KOLIKA OCTAaeTCd JKVMBOH, B APYTOH —
MEPTBOH. JTO 03HAYAET, YTO KayKABIH Pas, KOTAa MPOHCXOANT KBAH-
TOBOE cOOBITHE, MapasUiebHBle BCeJIeHHblE Pa3sMHOXKAIOTCS YIH
BeTBATCA. CyulecTByeT mobad BeelleHHAafA, Kakad TOABKO MOXKeET
CYLIECTBOBATh, YeM IpUUy/TMBee BeeneHHaA, TEM OHA MEHee BEpOo-
ATHA, HO BCE JKE TAKHE BC&JICHHbIE CYILECTBYIOT. JTO 03HAYAET, YTO
CYILIeCTBYET Napa/LleJbHEIH MHUp, T€ HaLMCTH BRUrpanu Bropyio
MHMDOBYIO BOHHY, M MHp, I7le BesMkas MCIaHcKas apMaza He bpira
pasbuTa u BCe Temepb TOBOPAT I110-HUCIAHCKH. J/IPYTHMH CJIOBaMH,
BOJTHOBBIE GYHKIMH HUKOTAA HE CXJIONEBAIOTCA U He QHUKCHPYIOT-
¢ B KAKOM-TO OIpe/eleHHOM COCTOSHUH. OHH NPOAODKAKT KUTh
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CBOEH )XH3HbBID, a BreneHHas U3HEPAOCTHO BETBUTCA M paciie-
iAeTea Ha GeCKOHEMHOe YiC0 NapasfebHbIX BCeTeHHbIX,

Pusnk Anay T'yT us MaccauyceTckoro TeXHOMOTHYECKOTO HH-
CTUTYTA FOBOPHT: «CylllecTBYeT BCEJIEHHAsA, re 3IBUC A0 CUX TIOP
#HB, a Anpbept [op cTan mpezuaeHTOM». Hobenepckuii saypear
®paux Busbiek roBopuT: «Hac Mydaer cosHaHWe Toro, uro Gec-
YUCAEHHOE KOIUYECTBO HALITMX TIOYTH TOUHBIX KOITHi JKUBET CBOEH
ITapaUleJIbHOH KH3HBIO M YTO KK/10€ MPHOBEHHE BOSHUKAET elle
Gonpuie Hatmx Ay6Gaei, yToObl Pa3AeNnTh ¢ HAMU MHOMKECTBO Ba-
pHAHTOR Hammero Oyayiero».

B Hacrosimee BpeMs cpegu ¢GU3MKOB HaOMpaeT mOyasap-
HOCTb KOHLEMIMA TaK Ha3bBaeMOH AeKOrepeHTHOCTH. JTa TeopHA
YTBEPHIAET, YTO BCC IapajUle/fbHBE BCeleHHLIE BO3MOMHBI, HO
Hallla BOMHOBaA QyHKuMA NMoTepsAa KOTEPeHTHOCTE ¢ HUMHU (T. e,
yKe He koebiercs B YHHCOH C APYTMMU BCEIEHHBIMH) B TIOTOMY
He MOXeT C HHMH B3aHMOACHCTBOBATh. ITO 03HAYAET, UTC BHl B
cobcTBeHHOM MOCTHHOH COCYIECTBYETE ¢ BOJTHOBRIMH GYHKIMAMU
AMHO3aBPOB, MHOIUIAHETHBIX NPUIIENbIEB, MUPATOB, €1HHOPOTOB
¥ K&KABIH K3 oburareseit CBATO BEPHT B TO, YTO HMEHHO €ro Bee-
JieHHAasA ABJIAETCA «HACTOAIEH»; HO BCE 3TH COCYIIECTRYIOIHE BCe-
TeHHbie 60Mbie He «<HACTPOEHSI B TOH» APYT € APYTOM.

Hobenesckuii naypear CTHBeH BaiiHGepr cpaBHHBAET TaKyw
CUTYalHIO C HAaCTPOMKOH pajuolpueMHUKa. Bbl MpexpacHo 3nae-
Te, YTO BAIIA FOCTHHAA 6YKBAABbHO 3aTOIIEHA CUTHATAMH JIECATKOB
pasHoOCTaHLUI CO BCEX KOHUOB CTpaHw W Mupa. Ho Baie paguo
HacTpPauBaeTcst TOJAbKO HA OAHY YacTOTY W, COOTBETCTBEHHO, TOTh-
KO Ha O/|Hy cTaHUMK. [IpH 3TOM OHA «TepsAeT KOTepPeHTHOCTL» C
OCTaJIbHBIMH TlepeJalliuMi cTaHuyaAMy. (CyMMHupys, BaitnGepr
3aMeyaeT, YTO KOHIENUHA MHOKECTBEHHOCTR MHPOB — «ybGoras
yjes, HO BCE OCTANbHEIE EIIe XyKe».)

Iloaeeaem uror. CymecTByeT nu 3joBeman Pegepanusa nia-
HeT, KoTopas rpabuT Gosee cnabrie niaHers n ybuBaer bes pas-
Hopy CBOUX Bparos? Bo3MOXKHO, CYLLECTBYET, HO, €C/TH 3TO TaK, MBI
MOTEPAAH KOTEPEHTHOCTh € 3TOH BCENSHHOIR.
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KBaHTOBBIE BCeleHHBIE

Xb10 OBEDETT, KOHEYHO, IIWTA/ICA 0BCYHAaTh CBOK TEOPHIO «MHO-
KeCTBEHHOCTH MHUPOB» C APYTHMU GH3HKaMH, HO [TOTy4an B OTBET
TONbKQ YAHBAeHWe Wau Gespasnnune. OZHH H3 (HU3UKOB, Bpaiic
HeenTT H3 TexaccKoro YHHBEpCUTETA, JaXe BhICTYNII TPOTHR Teo-
pUH 3BepeTTa, CKa3as: «fd NMpoCTO He B COCTOAHMHE MOYYBCTBOBATH
cebn pacmerieHHEIM». Ho DBeperTy Takas peakiMsa HanoMHHIAa
peakUuui0 KPUTHKOB lajiiled, roBOPHBILKX, YTO OHW He OIyIla-
10T ABMKeHHA 3emiH. (Co BpeMeHeM JIeBHTT Neperen Ha CTOPOHyY
OJBEPETTA H CTajl OOHHM U3 BEAYILHX CTOPOHHHKOB 3TOH TEOPHH.)

B TedyeHHe HECKONIBKUX AeCATUIETHH TEOPHA MHOXECTBEHHO-
CTH MHPOB nposabaia s 6e3BecTHOCTH. OHA POCTO KA3AIACh CTHII-
KOM (paHTacTHYHOH, YTOGBI 65ITh BEpHOI. JIKOH YUIIep, IPHHCTOH-
CKHH KOHCY/ILTAHT DBEPETTa, B KOHIIEe KOHLIOB Tpuilies K BHIBOZY,
YTO 3Ta KOHLENIUA TAHET 33 COOOH CIHIIKOM MHOTO «THIIHETO Ha-
raka». Ho B Kako#-To MOMEHT TeOpHA DBepeTTd HEOMHUIAHHO BO-
‘1I1a B MOJY U Ceidac OHa MoJb3yeTcAd B MUpe QUIHKH CEPhe3HBIM
HHTepecoM. Je10 B ToM, 4TO GU3UKY B HACTOALIMH MOMEHT TBITA-
I0TCS NPUMEHKTDh KBAHTOBYIO TEOPHIO K TOCAEAHEH 00IacTH, KOTO-
pas A0 CHX NOp OCTaBaiach «HeKBAHTOBAHHON»: K caMoil BcereH-
HOM. A TIOHNBITKA IPUMEHHTL TPHHTIMT HEOTIPEAETCHHOCTH KO BCeH
BeeeHHOM B LIe10M ecTeCTBEHHBIM 00pa3oM BBI3BIBACT K KU3HU
noHATHe My/IeTUBCENEHHOI,

[ToHATHE «KBAHTOBOW KOCMOJOTHU» HA NEpBhIi B3VIA Npe-
CTABIACTCA TCPMHHOJIOTHYECKH [IPOTHBOPEYHBLIM: Be/Ab KBAHTO-
Bas TEOPUA HMeeT Ael0 ¢ KPOXOTHEIM MHPOM ATOMOB, @ B KOCMO-
AOTMM WAET peyk 0 BeeneHHo B LenoM. Ho noaymaiite BoT o qeM:
B MOMeHT Bosabmoro B3phiBa BeeneHHad ORLTA Topasgo MeHsle
aflerTpoHa. Jlodo# GU3NK COTIACHTCA, UTO 3MEKTPOH CIEAYET pac-
CMaTPHBATH ¢ TOUKH 3PeHUA KBAHTOBON TEOPHH; ITO 03HAYAET, UTO
HICKTPOH OIMUCHIBAETCA BEPOATHOCTHBIM BOMHOBBIM VpaBHeHnuem
(ypaBHeHHeM /lnpaka) 1 MOKeT CYILeCTBOBATL B HeCKOMbKHX I1a-
pannenbHul¥ cocToAHMAX. Ho ecau MeKTPoH WIeyeT KRAHTORAT,
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a BeceseHHasA GbUIa KOIAA-TO MEHbIIE 3ICKTPOHA, 3HauYMT, BeeeH-
Had ToXe JO/MKHA KBAHTOBAThCA H CYLIECTBOBATH B Iapa/UIebHbIX
COCTOAHMAX. 3HAYMT, 3Ta TEOPHs eCTECTBEHHEIM 00pasoM BejeT
K MPeACTARIEHHIO 0 MHOXKECTBEHHOCTH MHPOB.

OzHAaKO KOeHrareHcKas HHTeprperanusa Hiwtbca bopa B mpH-
JOXEHUU K 11eJI0H BeeleHHOM CTATKMBAETCA C CEPbE3HBIMM TPYA-
HOCTAMH. Boofie, KOMEHrarcHckas MHTepIpeTalud, XOTA €¢ U
H3YYaioT B KAX/I0M Kypce KBAHTOBOM MeXaHHKH /15 aclMPAaHTOB,
HYXA2eTcs B «Habmoaarere», HabMoAe ! KOTOPOro, COOCTBEHHO,
H BHI3BIBAIOT CXJONBBAHHE BOTHOBOM (ynku. [MomyyaeTes, uTo
s GMKCAIIHM MAaKpPOMMpa B ONpeJe/eHHOM COCTOSHHH TIPOLece
HabnoaeHua coBeplieHHO HeobxoguM. Ho Kak MOXKHO HaXOAUTBCA
«BHE» BcesleHHOH ¥ HabmioAaTh 3a BeeneHHOW co cTopoHm? Ecnn
BcesleHHYIO ONHCHIBAET HEKAA BOJNHOBad QYHKIMA, TO KaK MOXeT
«BHEINIHWH» HabM0AaTesb ONPEdeMHTh KOHKDETHOE COCTOSHUE
BeesIeHHOM M 3aCTaBHUTE 3Ty PYHKLHWO CIOMHYTRCA? bosee Toro,
HEKOTOPEHIE YYeHble CYHTAIOT HeBO3MOXKHOCTE IPOHAOMI0AaTh Bee-
JIEHHYIO «M3BHE» KPHTHYECKHMM, AaXe (aTalbHHM HEeAOCTATKOM
KOIIEHI'aTeHCKOH HHTEePIIPETAIHA.

B KOHIIENIINH «MHOXECTBEHHBIX MUPOB» 3Ta TpobiaemMa pela-
eTcs O4eHb MPoCTo: BeeeHHasa MPoCTo CYNECTRBYeT OKOBPEMEHHO
BO MHOXECTBE Napa/ieAbHHX COCTOIHUH, KOTOPHIE ONIPEAeIAIOTCH
TTIaBHOH BOMTHOBOH QYHKUMEH, M3BeCTHO! MO HA3BAHHEM BOJTHOBAs
¢yHkuma BeenenHoit. CormacHo KBAHTOBOM KOCMOAOTHH, BeeeHHanA
BO3HMK/IA KaK KBaHTOBasA PIVKTyaLMA BaKyyMa, T.e. KaK Kpolley-
HEIH IY3BIPEK [IPOCTPAHCTBEHHO-BPEMEHHOH NIeHBl. BObIIMHCTBO
HOBOPOX/IEHHBIX BCEJIEHHBIX NTPOCTPAHCTBEHHO-BPEMEHHOHN NEHE
nepexueaer GOMBIIOH B3PLIB, a 3aTeM cpasy — Boubluoe cxarue.
JTO 03HAYAET, YTO AAKE B «IIYCTOTE» KUIIUT HellpeKpallannascsa
aKTUBHOCTb, BO3HUKAIOT ¥ TYT )Ke MPONajaT KPOWIEeYHLIE BCENEH-
HBI€, HO MaciuTa6 sTUx coOBITHIH CIMITKOM MaJT /IS HANIUX TPYORIX
npubopor. OgHaKABE M0 KAKOM-TO NMPHYHHE OJIHH M3 ITY3bIPBKOB
IPOCTPAHCTBEHHO-BPEMEHHOM 1IEHBI HE CXJIOIHYIICH OOPATHO H He
#CYe3 B COOCTBEHHOM BOMBIUTIOM CXKATHH, a MPOA0/ILKAT PACITHPATHCS.
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210 M GbL1a Halla Beenennad. Ecin nocnyniats Anasa I'yTa, To o-
JIY9HTCA, 4TO BeA Hamra BeesieHHasA — ofHa Goibliias Xansasa.

B KBAHTOBOH KOCMOMOIMHM GU3MKKH OGepyT AlA Hauana aHa-
nor ypaBHeHMdA llIpéauHrepa, ONHCHIBAKINETO BOMHOBBlE QYHK-
WY 3€KTPOHOB U atoMoB. OHH MCHOMb3YIOT TAKKE YPABHEHHE
JeBUTTa-YWiepa, AeHCTBYIONIETO HA «BOJMHOBOH YHKIMU Bee-
neHHoil». O6b19HO BonHOBaA GyHxuMaA LIpéauHrepa onpeseneHa
B K&K/J0H TOYKe MPOCTPAHCTBA U BPEMEHH, TOITOMY MEI MOXeM
BBIYMCINTL BEPOATHOCTh OOHAPYKEHHA 3/€KTPOHA B M060H 3a-
JaHHOH TOYKe MPOCTPAHCTBA H BpeMeHH. Ho «BonMHOBasA GyHKIUA
BceneHHoOM» oTIpeAesieHa Ha MHOXKeCTBE BCEX BO3BMOXKHBIX BCeJleH-
HeIX. ECiii oKaxkeTed, 4To 3Ta BOMHOBAS GYHKUHUA 41 KOHKPETHOH
BCEJICHHOM BeNuKa, 3To GyAeT 03HA4aTh, 4TO JaHHad BceeleHHad
¢ BOBIION BEPOATHOCTBIO HAXOAUTCA UMEHHO B 3TOM COCTOAHUIH.

XOKMHT OAAEPKUBaeT HMEHHO 3Ty TOUKY 3peHHA. OH YTBeDX-
JaeT, 4To Hatla BeceneHsan ocoban, oHa yHUKAIbHA M OT/IMYAETCA OT
BeeX MPOYHX BeeJIeHHbIX. Ecnn BotHoBan $yHkuua Hateit BeeneHHoM
BeJIMKA, TO A/1 BOBIIMHCTRA OCTATLHBIX OHA [I0YTH PaBHAa Hy/k0. [To-
JIy4aeTcs, YTO CYIIECTBYeT HeHy/IeBad, HO O4eHb HeOOIBIIAs BEposT-
HOCTB TOT'Q, YTO B My/IBETHBCEIEHHOH MOTYT CYllleCTBOBAaTh 1 APyrHe
BCeJICHHbIE, KpOMe Halllel, HO Hallla BceneHHaA CYILEeCTRYET ¢ MAKCH-
MaJILHOH BepPOATHOCTRIO. Boobie, XOKUHT MBITAETCA TAKHUM 00pa3zom
NoTHYecKM 000CHOBATh ABNEHHE UHQIIALHK, B 3TOH KapTHHE MHpa
BCe/leHHas, B KOTOPO# HauMHaeTcA npollecc MHGIALINY, pocTo Hotee
BEPOATHA, YE€M BCelleHHad, I/e HUYero MoLoSHOr0 He MPOHCXOHT,
MO3TOMY B Hallleii BcesleHHO# Tako# mpoliece UMe MecTo.

Teopua O NPOKCXOXACHHU HamelN BceleHHOH M3 «ITyCTOTEHI»
NpOCTPAHCTBEHHO-BpeMEHHOHN IeHb! Ha MepBblil B3IVIAL MpeACTaB-
JIIeTCA COBEPIIEHHO HeNPOBEPAEMOIl; TeM He MEHee OHa coracy-
eTCs ¢ HECKOJBKHMMH [POCTHIMY HabmoaeHUAMHU. Bo-nepBrIx, MHO-
rie GpUAMKU YKa3blBaNIW HA TOT MOPa3uTeNbHBIA $akKT, YTo cymMMa
TIOIOKMTENBHOTO M OTPHLUATENBHOTO 3NeKTPHYECKOr0 3apAaa B Ha-
me#i BeeneHHoMH paBHAETCA HYIIO — M0 KpaitHeH Mepe B mpegenax
3KCIIePUMEeHTATBHOH MOrpelHOCTH. HaM KaXeTcs ecTeCTBEHHbIM,
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OHINKA HEBO3MOKHOID

4TO JOMUHHPYIOMER CHIO B KocMoce ABRAETCA rpaBUTallMs, HO
Be/lb MTPOMCXOAUT 3TO JUIIL NOTOMY, YTO OTPHIATENLHBIE H MOJO-
AUTEJIbHbIE 3aPAJBI B TOYHOCTH KOMIEHCHPYIOT ApYyr Apyra. Ecau
6B Ha 3eMAe cymecTBOBaN XOTA OB MaNeHKi AUcHanaHc MeKAY
NONIOHUTENBHBIMY 1 OTPHIATE/IBHEIMY 3aPAJaMH, SIeKTPHIeCKHe
CH/IBI, BIOJIHE BO3MOXCHO, TIPEOAOeNH Obl CHIBI TPaBHTALMOHHO-
FO NPUTAXKEHUSA, CBAZHIBAIOIHKE 3eMI0 BOEOHHO, M IPOCTO Pa3o-
pBasd 6b1 Hawly wiaHery. TouHoe paBHOBecHe MeKAY CyMMapHBIM
MOMOXHATCABHBIM M OTPHLIATEIBHBIM 3apAAAMH MOKHO JErKo 06b-
ACHHMTD, B YACTHOCTH, TEM, UTO BCeleHHAsA BO3HHMKIIA M3 «HHYEro»,
a «<HHYTO» 00JIAZaeT HY/IEBEIM 1eKTPUYECKUM 3apAA0M.

Bo-BTOpHIX, Hanra BcenenHas obnagaer HYJIEBBIM CITHHOM.
Kypr Tégenp MHOTO JleT NbITasca A0Ka3arb, yTo Hawa BceneHHas
BpAIlaeTCsA, NyTeM aHalH3a H CYMMHPOBAHHA CIIMHOB pa3INYHbIX
ralakTHK, HO Ha CEroAHAMHUI AeHb ACTPOHOMBI YO©KACHBI: CyM-
MAapHBbIi cUH HalleH BeeleHHOM paBeH Hymo. OnATh ke 3ToT GaxT
MOKHO JIETKO OOBACHUTD TEM, YTO BeeleHHaAa BO3HHKAA U3 «<HUYe-
T0», a «<HHYTO» 00/1a4a€T HYJIEBBIM CIIHHOM.

B-TpeTh¥X, BOZHHKHOBeHHE BCceleHHOIN M3 HHYero moMorio
Obl 0O6BACHUTD, [I0YEMY CyMMapHOE COZIep)KaHHC B Hel BellecTBa-
3HEpPrUy TaK MaJio, a BO3MOXHO, BoODIIle paBHO HY/I0. ECll CIOKUThL
MOAOKUTENBHYIO SHEPTHIO BELIECTRA H OTPHUATENBHYIO SHEPIHIO,
CBA33HHYIO C rpaBUTaLIMed, TO, CYAs 110 BCEMY, OHH B TOWHOCTH CKOM-
MeHCUPYIOT APYT Apyra. CornacHo obileii Teopu OTHOCUTENBHOCTH,
ecnn BeejleHHas 3aMKHyTa M KOHe4Ha, TO CyMMapHOe KOTHIeCTBO
BellleCTBa-3HePrUH B HeH JO/DKHO PABHATHCA B TOYHOCTH Hy 0. (Fomu
BceneHHas He3aMKHYTa M OcCKOHEYHA, 3TO He 00f3aTeNbHO BepHO, HO
HHOAATHOHHAA TEOPUS YKa3hiBaeT BCe Xe, YTO CyMMapHOe KOAMYe-
CTBO BellleCTBa-IHEPTHH B Haltel BcesieHHOH upe3pbyaiiio Mano.)

KonTakr MEKY BCCJIEHHBIMU

Bce 3T0 ocTaBnseT oTKPHITHIM OAWH HHTepecHH Bompoc. Eciu
(l)HBHKPl HE MOI'YT NCKAKYHTH BOZMOXHOCTDL CY!HECTBOB&HHH He-
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CKOJILKUX THIIOB napa.wmenm—lblx BCeJIeHHBIX, TO MOXHO JIU BCTYTIUTH
€ HUMM B KOHTaKT? [loceruTd ux? Mm, MoxeT OHTh, cyiectsa u3
APYTHX BCEIEHHEIX ke ObIBATH B HallleM MHpe?

KOHTaKT ¢ APyTMMH KBAHTOBLIMH BCENEHHBIMH, KOTOPBIE 110-
TepSUIM CHHXPOHHOCTh € Hallled, NpejcTaBasercs BecbMa Majo-
BepOATHHIM. [[pHuMHa TOro, 4TO Hama BceneHHad moTepfna cuH-
XPOHHOCTE C APYIHMMHA BCCAEHHBIMH, 3aKJIHYAETCH B TOM, UTO HAIIHA
aTOMBI [TOCTOAHHO CTANKHBAIUCH € JDYITUMK aTOMaMM OKPYXar0-
wero Mypa. Kaxsii pas npy CTONKHOBEHUH BOTHOBasA QYHKIMA
aToMa CICTKa «COKHMAaeTcAa»; a 3HAYHUT, YUCIO NApAINeJbHLIX BCe-
JIeHHBIX YMeHbllaeTcd. Kaxaoe cTOMKHOBeHUHe YMeHblIaeT YHCIo
BO3MOJHEIX BAPHAHTOR, TPHUTHOHBI TTOZOOHEIX aTOMHEIX «MHHH-
KOJUIATICOB» CO3JAK0T B Pe3yJbTaTe WLTIO3MIO TOTO, UTO BCE aTOMB!
HAIIET0 TeNa MOTHOCTBIO CXIONHYINUCE B 3aCTRUIH B ONIpeeNeHHOM
cOCTOAHHHU. «OObEKTHBHAA PeanbHOCTR» OHHINTeHHAa — BCEro
JTYINb WUIO3WA, BO3HHKAOLAA O1arogaps ToMy, YT IPOMa/HOe
YUQIO ATOMOB B HAILIEM TeJie MTOCTOSHHO CTANMKUBAETCA APYT € ApY-
TOM; M IIPH KaXKAOM TAKOM CTOJIKHOBEHUH YMeHBIIAeTCH KOMUYe-
CTBO BO3MOXKHBIX BCETCHHBIX.

ITY CUTyalIHI0 MOXHO CPaBHHTB ¢ pachOKyCHPOBAHHBIM H30-
bpaxxeHHeM B 06bekTHBe HOTOKaMephl. TOYHO TaK e M B MHKPO-
MHpe Bce BRIINT NepeMeHYMBRIM H HeollpeAe eHHEM. Ho cTout
BAM YyTh MOANpPaBATE QOKYCHPOBKY KaMephHl, H HA H306paKeHNH
MOABJ/IOTCA HOBHIE JETAIH; ¢ KaXAOH MONPaBKOi KAapTHHKA B
I[EJIOM CTAHOBHTCA BCC Pe3de ¥ pesde. Tak ¥ TPWIUTHOHH KPOXOT-
HBIX CTO/KHOBEHWI ATOMOB C COCeZlHUMH aTOMaMH pa3 3a pazoM
YMEHBILAIOT YHCAO BOIMOXKHBIX BCeeHHBIX. TakuM o6pa3om, MEI
TUTABHO TIEPEeXOAHM OT NMepeMeHYHBOrC MUKPOMHpA K CTabHUIbHO-
MY MakpOMMDY.

[To3aToMy BepOATHOCTE B3AMMOACHCTEBHA ¢ APYTOH, OA0OHOM
Halllel, KBAHTOBOM BCEIeHHOM CAY U He PABHACTCS HYJIIO, TO CTpe-
MHTENbHO Ta/3eT BMECTE C POCTOM YHC/Ia aTOMOB B BaIIEM Tele.
Ho aToMOB B KaXXA0M M3 HAC TPHUTMOHE! H TPIUITHOHH, MO3TOMY
HIAHC HATAIHUTE CBA3L C APYTOH BCeeRHOH, HaceleHHOM AMHO3aB-
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OUIUKA HEBOZMOMMHOTO

paMM WK HHOTUIaHeTAHaMH, OeckoHeyHO Masl. MOXXHO MOCYHTATD,
YTO KAATh MOA0OHOTO COGBITHA MPUACTCH MHOTO A0JBIIe, TeM Gy-
JleT CYIIECTBOBATEL BeeneHHan.

WTak, MBI He MoXKeM TOJTHOCTBIO HCK/IIOYHTh KOHTAKT ¢ Ia-
paUIeNbHBIMH KBAHTOBBIMH BCEJIEHHBIMM, HO OYEBHAHO, YTO CO-
GeITHE 310 Gy/IeT UpesBHYMaiHO PeAKUM — Be/lb Hawa BeeneHHas
yTpaTiia KorepeHTHoCTh ¢ HUMH. Ho B xOCMOIOrH MBI BCTpedaem
H [PYTo# THI TapaAelbHOH BCEeNCHHOH: 5T0 MyabTHBCEAEHHAA,
KOTOpas COCTOWT W3 BCeleHHBIX, COCYLIECTBYIOLINX OfHA C ApPYTOH
NnoA0OHO MEBEUIBHEIM ITY3HIPAM B NIeHHOH BaHHe. KOHTakT ¢ HHO
BCEJIEHHOH BHYTPH MYNLTHBCEIEHHOR — COBCEM APYyTas UCTOPHA.
Jt0, He3ycaoBHO, TpyAHAA TpobaeMa, HO He HCK/IIOYEHO, 9TO IUBH-
auzarus [ ThIia cymeeT pelluTh ee.

Kax MbI y2xe 06cy>3xaany, Vi TOTo YTOOH OTKPSITh ABIPY B TTPO-
CTPAHCTBE WIH YBEIHYMTH [POCTPAHCTBEHHO-BPEMEHHYIO TIEHY,
Heo0X0AMMa 3HeprysA, CPaBHHMAasA MO MOPAAKY BEMHYHHDI ¢ TUTAH-
KOBCKOU SHEPTHEH, IPH KOTOPOH PYMATCH BooBIIe Bee H3BECTHHIE
du3rgeckne 3akonbl. [IPOCTPAHCTBO M BpPeMA IIPH 3TOM JHEPrHH
HecTaOM/IbHEL, YTO OTKPHIBAeT BO3MOMXHOCTD IIOKMHYTh Hally Bce-
JIeHHYKO (npesnosarasn, pasyMeeTcs], YTO WHEIE BCEAEeHHBbIE Cylle-
CTBYIOT H Ml He [TOTHOHeM B IIpollecce nepexo/a).

Borpoc 3ToT, Bo0OILC TOBOPS, HEMb3A HA3BATh YHCTO AKAZE-
MHYECKHM, HOTOMY 4TO KOrAa-HUOyAb mepel pa3yMHOH KM3HBIO
BO BceneHHoH o6s13aTesbHO BeTaHeT npobieMa rubenu BeeneHHOM.
B koHLle KOHIOB TeopHa MyJIETUBCETICHHOH MOXKeT OKA3aThCA Ca-
CUTeIbHOU A1 BCel pasyMHOH XH3HM Halllel BeeneHHoi. HegaBHO
MOAYYCHHBIE CO CIYTHUKA WMAP aanHbIe NOATBEpHAAIOT TOT QAKT,
41O BeesleHHasA paclivpseTes ¢ YCKOPeHHeM, M He HCKIIUEHO, 9TO
Korga-HHOyY/Ab BceM HaM OYZeT rpo3uTh rHbesTh B BIAE TaK Ha3hBae-
Moro Boxsmioro Moposa. Co BpeMeHeM BeA BeelleHHas ovyepHeeT;
BCe 3Be3bl B Hebecax noracHyT u Bo BeeleHHOH OCTaHyTCH TONBKO
MepPTBHI€ 3B¢3/b], HEHTPOHHBIC 3Be3/bl U UepHEIe JBIpHL. Jae aTo-
MbI HALIHX TeJl, BO3MOKHO, HAYHYT pacnagatbces. Temnepatypa yna-
ACT NOYTH 40 abCOMOTHOrO HY/IA, H )KH3HD CTAHET HEBO3MOKHA.
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o mepe npubmukenna BeeleHHOR K 3To# TouKe MpojBH-
HYTasd UUBWIK2ALWA, OKA3ABIIAACA Nepell THLOM OKOHYATeNbHOM
rHleny CBOETO MHpA, BIIOJIHE MOKET 33/[yMaThCs O [epeceeHHH
B HHYIO BCCJICHHYIO. BHIGOP Y 5THX cyllecTB 6yAeT HeBEIHK — 3a-
MEP3HYTh HACMEPTh WM NOKHHYTh 3TOT MHP. 3aKOHH PUIHKH CTa-
HYT CMEPTHBIM NPHrOBOPOM AnA 000N pasyMHO# JKH3HH — HO
3TH Ke 3aKOHBI, BO3MOXKHO, IPCAOCTABAT PAa3yMHEIM CyLIeCTBaM
Y3€HbKYIO IA3EHKY.

Takoi HUBUAM3aUMU DpuAeTcs o8y3faTe SHePrHIO PHrAHT-
CKHX YCKOpUTe/eH 1 Ja3ePHBIX IyYeH, PABHBIX [0 MOIHOCTH IIe0#H
COJIHEYHOM CHCTEMe WK Jaxe 3Be3JHOMY CKOIUIEHHIO, M COCPE0-
TOYMTDb €€ B O/IHOH-eJUHCTBEHHON TOUKe, YTOOB MOAYYHTD JlereH-
AAPHYO IVTAHKOBCKYIO SHEPrHi0. BO3MOXKHO, 3TOre 6y/IeT 10CTaTod-
HO, YTOOBI OTKPHITH KPOTOBYIO HOPY WIH YT B HHYI0 BCEJIEHHYIO.
He ucyxmouero, yro nuswnvzauus I THma ucnoap3yeT mofBAACT-
HYI0 €l KOJOCCaIbHYIO SHEPrHio, 4T0OLI CO3AATE KPOTORYID HOPY M
YHTH 4epe3 Hee B JPYTYI0 BCeNeHHYIO, OCTaBUB COBCTBEHHYIO Bee-
JIeHHYI0 YMMPATb K HAYAB B HOBOM /IOMe HOBYIO JKH3Hb.

HoBoposkaeHHas BceeHHAA B 1abopaTopun?

Hexoropble HAEH NpeACTABAAIOTCA NMOHAa4Yany NPaKTHYeCKW He-
OCYILECTBHMBIMH, HO (U3HMKH TeM He MeHee PACCMATPHBAIOT MX
BIIO/IHe cepbe3Ho. Ec/MH, K MpuMepy, MBI NONBITaéMCA TOHATH
IOPUYHHY W X0/, bOMbmoro B3peBa, HaM TNPHIETCA TLIATENLHO
NPOAHAJIM3HPOBATL YCAOBHA, KOTOPHIE MOTIW AATh STOMY fBJe-
HUI0 TEePBOHAYANBHBIH TOAYOK. JpYrUMH CloBamM, HaM NpH-
AETCA 3a4aThCH BOTPOCOM: «Kak H3TOTOBHTE HOBOPOKACHHYIO
Bee/IeHHYIo B abopaTopri?» Arjapeil Jlunze u3 Ctandopackoro
YHHBEPCHTETA, OJUH U3 cO3gaTelel KOHIETMH HHIALUOHHON
BCEAEHHOMN, TOBOPHT, UTO €C/I MBI HaydMMCA CO34aBaTh HOBO-
POXJIEHHEIE BCE/IeHHbIe, TO, «<BO3MOXKHO, HaM Nopa 6yzieT 3aH0B0
onpeienuTs Bora Kak cynecTBo Hoee CIMKHOE, YeM IPOCTO TBO-
penl BeceneHHOM».
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QU3IHHA HEBOIMODHHOTC

Cama 1o cefe uzed He HoBa, MHOTO JIeT Hasajl, Koraa GHaHKH
BBIYMCIMIN 3HEPTHIO, HeOOXOAUMYO A 3aycKa BolbIoro B3ph-
Ba, «TIOAH HEMeJJIEHHO Ha4a/u HHTEPECOBAThCA, UTO MPOU30HET,
ec B 1abOpaTOpPHMH COCPEAOTOYHTh GOJBINOE KOJIMYECTBO 3HEP-
I'HH B O/JHOH TOUKe — HY, CKa)XeM, BhICTP&IUTH OHOBpeMeHHO U3
MHOXeCTBa OylieK. MOXHO JM CKOHIEHTPHPOBATh /IOCTaTOYHO
SHEPTUM JUIA 3allycka MHUHH-BApHAHTLI Losblnoro B3poniBa?» —
cripaiyeaer JIMHze.

Ec/IM BBl cyMeeTe COCPeJAOTOMHTE JOCTATOYHOE KOJHYECTBO
SHEPTHH B O/IHOH TOYKE, TO MAKCUMYM, YTO BbI IOAVIUTE, — 3TO KOJ-
JIaTIC IPOCTPAHCTBA-BPEMEHH H YePHYIO Abpy. Ho B 1981 . Anan I'yr
13 MaccadyceTCKoro TeXHOAOTHYECKOrO MHCTHTYTa H AHAped JInHze
MPeMIOKIWIH TEOPHI0 «MH(IALIMOHHON BCEJIEHHOH», KOTOPas 3a Mpo-
HIeAIee ¢ To MOpH BpeMA NpHBIek/Ia K cebe rpoMazHbiil HHTepec
KocMos10roB. COMIACcHO 3TOH TeOpHH, BOMBINGH B3PLIB HAYAJICA C
¢asbl cBepXCKOPOCTHOTO PacIiMpeHus, ropasio 6oee GLICTPOI, YeM
CYUTANOCEH paHee. (KoHIeniia HHQIAIMOHHON BCeIeHHOH peinaeT
MHOTHe 3acTapelibie mpofaeMbl KOCMOMOTHH — OOBACHAET, ¥ [IPH-
Mepy, nodeMy BeelleHHas HacTONbKO oAHOpogHa. Kyaa, B kakyo 0w
TOYKY HOYHOTO HeHa MBI HM TIOCMOTPENTH, BE3/Ie BUAUM COBEPIIEHHO
O HHAKOBYIO ONHOPOAHYIO BeelleHHY0, X0TA 10c/ie BosIoro R3priBa
MPOLLTO HEAOCTATOUHO BpeMeHH, YTOOR! OTAAIEHHELE ee HACTH YCIle-
/I TOOBIBATH B KOHTAKTe. OTBET Ha 3Ty 3arajiKy, COMIACHO MHIIAIH-
OHHOU TEOPUH, 3aKTI04aeTCd B TOM, 4TO BCT BUAUMan Beenenuad oG-
pa3oBaiack U3 KPOXOTHOTO U OTHOCUTENLHO O/{HOPOAHOTO «KyCOYKax»
TpOCTpaHCTBa-BpeMeHH. ) [THTasch OOBACHHTE HadyaAbHBIH TOTYOK,
['yT npeAmIonoxu, 4To B Hauase BPeMeN CylleCTBOBAMH KPOXOTHEIE
Oy3BIPBKH [IPOCTPAHCTBA-BpeMeHH, OJHH 13 KOTOPHIX Ype3BHYAiHO
CHABHO pa3fynca 4 IPEBPaTICA B CETOXHANIHION BeelcHHYIO0.

Teopust HHQUIALHOHHON BeesleHHOH OHMM MaxoM OTBeTHJIA
Ha MHOXeCTBO KOCMOJOTHYeCKHX BOIIpPOCoB. bolee Toro, oHa co-
macyercsa ¢O BCeMH HOBBIMH JadHHBIMH, TTOMYYEHHBIMH CO CITYTHH-
koB COBE 1 WMAP. 3o, 6eccriopHo, BeZylUi KaHAWAAT HA PONTb
TeOpHH bosbmoro papeiBa.
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NIAPANNENbHBIE BCEAEHHBIE

Ho Teopua uHdasHOHHOH BeeleHHO MOIHUMAET 1 MHOMe-
CTBO «HEYAOGHBIX» BOIPOCOB. [IoYeMy 3TOT My3bIpeK Ha4an pasay-
BaTbcA? [loueMy cBepXcKOpOCTHOE paciIHpeHye [IPeKpaTHIOCh —
a MMeHHO 3T0, BoOOIe TOBOPS, CTaI0 IPHYUHOH BOZHUKHOBEHHS
coBpeMeHHOH BeeneHHOH? ECTH MHOIAIMOHHBIE TPOLIECCH HAYa-
JIMCh OFHAKAbL, HE MOTYT JIM OHH BOSHHKHYTb CHOBa? Kak HU cTpak-
HO, XOTA MHGIAMOHHBIN cueHapyil peicTapaseT cofol BeayIyio
KOCMOJIOTHIECKYI0 TeOPHIO, O NIPHYMHAX HAavya1a M MPEKpaIeHsa
HHQIIALKY I0YTH HHYETO HE H3BECTHO,

[IbITadgch HAWTH OTBET HA 3TH My4uTesbHbie BOIPOCH, AllaH
I'yT v 3aBapg ®axpu us MIT B 1987 r. 3aganu eme ofMH THIOTE-
THYECKHI BOIpOC: «Kak Moria 65l BLICOKOpa3BHTaA UHMBHIH3ALIMS
3aCTaBUThb pa3ayBaThea cobeTBeHHYI0 Beenennyo?» OHU CUHTAIOT,
4TO OTBET Ha 3TOT BOTIPOC [IO3BOAMI GBI, BO3MOXKHO, OTBETHTh M Ha
6oree rryboKuil Bonpoc: «[loyeMy BooGLie Havyanach WHQIALMA
BceneHHOH?»

OHM OBHApYKHIM, YTO, €CAM COCPeIOTOYNTh AQCTATOYHOE
KOJHNYEeCTBO SHEPTUH B OJHOM TO4YKe, TaM CIIOHTAHHO OYAYT BO3-
HMKATh KPOXOPHBIE My3bIPDBKH IIPOCTPAHCTRA-BpeMeHH. Ho ecim
3TH My3BIPbKH OYAYT CAMILKOM MaXeHbKHMH, OHH CHOBA HCYE3HYT
¥ NponajyT B MPOCTPAHCTBEHHO-BPEMEHHOH NeHe. UTOOH UMETh
BO3MOXKHOCTb PA3AyThCA A0 NMOMHOLEHHOH BCEMEHHOH, Iy3bIPeK
A0KeH OBITh JOCTaTOYHO OOMBIINM.

CHapy:xH pOX/JeHHE HOBOW BCelEHHOH BHIMIAZeN0 Ol He
CTHUIKOM BHEYATAAIONIE — BO3MOXHO, HE cTpallHee B3DHIBA
500-kunoToOHHOU AAepHOM 60MOEL Brirsizeno Ovl Bee TaK, Kak Oyj-
TO MajleHbKUH Ny3bIpeK HCYes H3 MMeloLLeHcs Bee/IeHHOH, OCTaBHB
nocsre cebs HeHoIbWOoH AJePHLIH B3phiB. Ho BHYTpH Ny3bIpbKa Py
3TOM Moraa Oel pasfgyrses COBepIIEHHO HOBaA BeeieHHadA. IIpea-
cTaebTe ceOe MBLUIBHBIN [Ty3bIPb, KOTOPBIA PACIISIUIAETCA Ha ABa
WIH MOPOXJAET PAAOM KPOIIEUHbIM HOBOPOXIEHHBIH «I0YepHHIH»
ny3eipek. MHOTAA 3TOT KpOIIeYHBI MBUTBHEIN IMy3EHIPEK CTPEMH-
TEeJbHO Pa3AyBaeTcsd B COBEPIICHHO HOBHIM MOJTHOIEHHBIA MBUIb-
HHH Oy3plpb. TOYHO Tak e, HaXOAACh BHYTPH HOBOPOXKAEHHOH
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BCEJIEHHOM, BBl YBH/ENH Obl HEBEPOATHBIH B3PBIB IIPOCTPAHCTBA-
BPEMEHHU U BO3HWKHOBEHHE LETOH BCeNT€HHOM.

Tocne 1987 r. 6bi10 IpeAnoXeHo MHOXECTBO TeOPHH, NpH-
3BAHHHBIX BEIICHWTB, CMOMET JH ITOATIMTKA DHEpPrueil peBpaTHTh
KPYIHBIA My3RIPEK B LENYI0 BeeleHHy0. CaMoH OGICIPUHATOM,
NoKATYH, ABNAETCA TEOPUA O TOM, YTO HEM3BECTHAA ITOKd YACTH-
1ia Mo UMeHK «HHQAATOH» JecTabIIM3UPYeT IIPOCTPAHCTRO-BPEMs
Y 34CTABASIET My3hIPbKH GOPMHPOBATLCA M DAa3AyBaThCA.

ITocneauee npoTHBOpedre 6bUT0 BelaBaeHo B 2006 r., Kor-
Aaa OU3MKKM HadamH BCEPbE3 PACCMATPHBATh HOBOE MPeTOKe-
HHE «3aIyCKATh» POCT HOBOPOXACHHOH BCENEHHOH IPH NMOMOIIH
MOHOIIOJA. XOTA JO CHX NOP MOHOIIOIH — YACTHIIEI TONBKO C OJHHM
MArHHTHBIM MOJIOCOM, CeBePHEIM HIH I0)KHBIM, — HHKTO HUKOT/A
He BHAEI, CHUTAETCA, UTO IEPBOL BpeMA HMEHHO OHHK HPEOﬁHaﬂaJIH
B MOJIOZ0H BceneHHOH. MOHOIIOMM HACTOIBKO MACCHBHEL, YTO MX
Ype3BLIYAMHO TPYAHO CO34aTk B 1ab0paTOpUH; HO HE MCKITIOUEHO,
YTO HMEHHO MAaCCHBHOCTH TO3BOJMT MM IIPHM 3aKayKe IOMOMHH-
TEJILHOH 3HEPIHH «3alyCTHTh» MPOLEeCC HHPIIMHH HOBOPOKIEH-
HOI1 BceJIeHHO H IIpeBpanleHUA ee B MOJHOLEHHYIO BCEIEHHYIO,

3aveM QU3NKaM MOHAAOOHAOCH CO3/AaBaTh BeejgeHHble? JIMH-
[ie TOBOPHT: «B NepcreKTHBE KX bl W3 HaC CMOMKET CTaTh BOTOM».
Ho a1 cTpeMIeHus HeIpeMeHHO CO3JaTh HOBYIO BCENIEHHYIO €CTh
u fosiee peasbHasA IPUMKHHA: BO3MOXKHO, B KOHIIE KOHLOB 3TO HOMO-
AeT HaM yleneThb [Ipy HeuabexHol cMepty Hamell BeeieHHOI.,

OBOJTIOIHSA BCEJIEHHBIX?

Hekoropbie QU3HKU CKJIOHHB! YBOAHTD 3TY HAEIO e1Ie AaIblile K I'pa-
{iM11aM Hay4YHO#it GaHTACTUKH; OHE 3aJaI0TCH BOTIPOCOM, He IPHIIO-
KW T pasyM «pyKy» K CO3AaHHUI0 HaleH BeeneHHO#H?

B xapruHe Mupa, cooTBeTrcrByrolel teopuu I'yra—daxpu,
BEICOKOPA3BUTaA IUBIIH3ALHA BHOJTHE MOXET €03/aBaTh HOBLIE
BCENEeHHBE, HO BCe (#3MYeCKHe KOHCTAHTH (T.e. MAcCH 3JeK-
TPOHA M MPOTOHA, a TaKkKe WHTEHCHBHOCTDb ueThipex GyHAaMEH-
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TalbHBIX B3AUMOAEHCTBUI) OCTAaHYTCA NMPEXHUMU. A YTO, eCiH
BEICOKOPA3BUTaA UMBMAM3auuA Obuta 6n cmoco6rHa cosgaBarh
HOBLIE BCEJIEHHBIE C UyTh MHBIMH, HeKeH HX COOCTBEHHEIE, 3Ha-
YeHHAMH U3NYECKHX KOHCTAHT? [locne 3TOTO HOBOPOK/ACHHEE
BCEJIEHHbIE MOTVIM OBl PA3BUBATHCA BO BpeMEHH, IPUYEM KaXKA0€e
MOKOJIeHNe HOBOPOXKJEHHBIX BCENEHHBIX C/IeTKA OTAHYAA0Ch DI
OT NPEXHETO.

Ecau paccMarpusath HaGop ¢yHAAMEHTAaNbHBEIX KOHCTAHT
yeMm-To Bpofe JHK Bcenenuoli, To nonyduTted, 4TO pasyMmHad
®H3Hb, BIIOJHE BO3MOXKHO, Hay4MTCA CO3JaBaTh HOBOPOXAEH-
Hble BceneHHele ¢ 9yTh pa3HkiMu JHK. Co BpeMeneM CO3AaHHBEE
BCeNleHHEle OyAYT pasBUBATHCA; MPU 3TOM Pa3MHOKAThCA OyAyT
BceleHHHe ¢ Hawryamed JHK, gonyckamouied BO3SHHKHOBEHHE
H NpoLBeTaHHe pasyMHOM ®U3HH. Pusnk Jaeapa XappHcoH Ha
OCHOBaHMM Npezbylieid uaeu J/lu CMOMMHA BBIABUHYI HEH
«eCTECTBEHHOTO 0THOpa» CPeAH BCesieHHBIX. COIacHo 3TOH uiee,
B MynbTHBCEIEHHQH AOMHUHHDYIOT MUMEHHCO BCEJleHHBIE C HaH-
ayyineit JHK, yTo BnosiHe cornacyercs ¢ Waeeid BOSHHUKHOBEHHA
BBICOKODPA3BUTHIX LIUBIWIN3ALMI, a Te, B CBOIO oYepelb, CO3AALYT
ceayiole HOBOPOXK/AeHHBIE BCeNleHHbIe. «BrhKuBaHue Hanbonee
NpUCcnocobaeHHBIX» NOMPOCTY O3HAYAET BEDKHBAHNE TEX BCEJIEH-
HBIX, KOTOpbIE HAUNYYLIUM 06pasoM cnoco6CTBYIOT MOSBIEHMIO
BLICOKOPa3BUTHIX LHMBUIH3ALHH.

Jrta KapTHHA, eCIH OHA BepHa, 06bACHWIA Obl, MOYeMY OyHAA-
MEHTaAbHBIE KOHCTaHTHl BceneHHOH «HacTpoeHbl» HA XKM3Hb. JTO
TIPOCTO 03HAYANO Obl, 4TO B My/TbTHBCEEHHOM NPOLBETAIOT U «pas-
MHOXAITCA HMMEHHO BCENEHHEIE ¢ KeNAeMBIMH (T. e. COBMECTHMEI-
MM C XKU3HBIO) KOHCTAHTaMM.

(Takas KOHIeNUUA «3BONOLHH BCENEHHbIX» BECbMa MpHBJIe-
KaTeJIbHA, TOCKOJMBKY criocobHa paspelliuTs npobieMy aHTPOMHO-
ro npuHuKna. Ee HegocTaToK COCTOUT B TOM, YTO MogobHasA Haes
HenmposepaeMa U HedanbcudHUMpyema. [l0Ka He MONBUTCA MO
Had Teopusl BCEro, MBI HE CMOXKEM CKa3aTh 06 3Toi Mjee HHYETo
PasyMHOro.)
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B HacToAllee BpeMA HAHUIN TEXHOJOTHH CIHIIKOM IIPHMHTHB-
HEE, YTOGEI OGHAPYKUTS PHCYTCTBHE «PAXOM» MApa/UIeNbHBIX BCe-
JeHHEBIX. [To3TOMY BCe aTo cneayeT oTHecTH Ko Il knaccy HeBO3MO -
HOCTH — HEBO3MOMKHO CeroJHAa, HO He HapyIHaeT HHKaKHUX 33aKOHOB
npupoasl. He nekmodeHo, 4TO 9epes HeCKOABKO THICAY WIH MIUI-
MTHOHOB JIET 3TU PacCyXAeHHA JATYT B OCHOBY HOBOH TE€XHOOTHH
Ana uuslwix3sanui I THoa.



YACTD 1

HEBO3MOMHOCTH 111 HNACCA



|4, BEynbi nBHIATERS

Kaxnas TeopHA NPOXOAKT YeTHPE CTARMH, MPEIKEE YeM GBITh TPHHATON:
1} 310 Gecnonesnan denyxa;
2) 3T0 MHTEPECHO, HO HEMPABHIILHO;
3) 3T0 BEPHO, HO COBEPUIEHHO HE BAMHOY;
4) aa fl Beerjia Tak rOBOHL,

Jx. Xongein (1963)

B knaccnuueckom pomaHe Alideka AzumoBa «Camy 60rH» HHKOMY HE
M3BECTHBIN XMMHK CTy4aHHO HaTaakusaeTcd g 2070 r. HA Be/iMqai-
Imee OTKPHITHE BCeX BpeMeH — JIEKTPOHHRIH HACOC, KOTOPLIH Mo-
3BOJIAIET AAPOM TOJIYyYaTh HEOTPaHWYEHHOE KOMHYECTRO FHEPTHH.
Ero OTKPBITHE OKA3bIBACT Ha JKHU3Hb 4YeJ0BEYECTBa HeMeJIeHHoe
B rybokoe pelicTBre. ABTOpa OOBAB/AIOT BEAHYAHIINM YIEHBIM
BCex BPeMeH — Be/ib OH CyMeJt YTOJMTh IOCTOSHHYIO KKy 3Hep-
THH, KOTOpas BAajeeT Hallell HBUNH3auuel. «OH cTal B Iasax
Bcero Mupa CanTa-KnaycoM nonoaam ¢ 1aMnol Anajausa», — -
can AsumoB. OpraHM3OBaHHasg UM KOMIIAHWS MTHOBEHHO BHITEC-
HAET ¢ pbIHKA HedTh, ra3, Yro/b U SAePHYIO SJHEPreTHKY H BCKope
CTAHOBUTCA OJHOH M3 GoraTefmKX KOPIOpaIHii IVTaHETHL.

Mup KymaeTca B /JApOBOH JHEPrMM H ThAHEET OT HOBO-
o6peTeHHOro MOTyIIeCTBa. B obileM MpasAHUYHOM FOMOHE TOHET
TPEBOXKHEIH BONPOC OAMHOKOTo $HU3HKa, 0OpalleHHBIH K caMOMy
cebe: «OTkypaa xe bepercs Best 3Ta OeclviaTHas 3Heprusa?» Yepes
HEKOTOpOe BpeMsl €My YAAeTCA OTHICKATh OTBET U PACKPLITD TAMHY.
OxkazriBaeTcs, 1ieHa OeciaTHOH SHEPryy YKAacHa, JHeprid IpUxo-
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OUIHHA HEBOIMOMHOTO

AMT K HAM U€pe3 AbIpY B IPOCTPAHCTBE, KOTOPAS COEAMHAET HALTY
BceJIeHHY10 ¢ NapaulessHoH BeeleHHOH, M HeOXKWIaHHBIH IPUTOK
3HEPTHH B Hally BeejleHHYIO MOCAYKWI CIYCKOBRIM MEXaHH3MOM
AN LEMHOH PeakLiMy, KOTopas cO BpeMeHeM YHHUYTOXHT 3Be3JH
 raJlakTHKY, oOparur CoNHLe B CBEPXHOBYIO U IOryOUT 3eMTio,

C HezanaMATHEIX BPEMEH CBAIIICHHEIM rpaajieM BceX H3obpeTa-
TeNel, yueHBIX, 2 TAIOKE IIAPIATAHOB M MOIIEHHHKOB 3eMIH ObLT CKa-
30YHBIH «BeYHBIH ABHraTeNlb» — YCTPOHCTRO, ciocobHoe paboTaTh
HeckoHeyHo 6e3 BCAKOTO pacxosa aHeprun. Eine yuure, pasymeeres,
€CJIH 3TO YCTPOHUCTBO C110CO6HO NPOH3BOAUTE B0IbIle 3HEPTHY, YEM
norpebiser, — Kak 1 efaeT y ASHMOBa 3/1€KTPOHHKIH HACOC, IPOH3-
BOAA 6ECIIATHYIO SHEPTHIO B HEOTPAHWYEHHEBIX KOIHYECTBAX.

B HeaanexoM OyAylleM, KOrja B HallleM HHAYCTPHATH3MPO-
BZHHOM MHpe IOCTEIIEHHO 3aKOHYHTCA JellleBasd HeTh, BOHHK-
HeT HACTOATEIbHAA HeOOXOJMMOCTb OTHICKATD JOCTATOYHOE KOMHU-
YeCTBO HOBBIX MCTOYHHMKOB YUCTON aHepruM, BEICTPRIE B3TET HeH
Ha GeH3MH, NMajeHMe TIPOM3BOACTBA, 3arpssHeHHe OKPyKaoulei
cpe/ibl — 3TH 1 MHOTHe Apyrue GakTophl MOAMUTHBAIT BOIPO/HE-
TIMICA B [IOC/IeAHee BPeMA aKTHBHEIA MHTEPEC K SHEPTETHKE.

Cerogna Koe-KTO M3 uzobpeTaTenel, OCeANABLIMX 3Ty BOTHY,
cHoBa ofelaeT 3HepPrulo HeCIIATHO M B HEOTPaHHYEHHBIX KONHYe-
CTBaxX v NMpeJi/IaraeT NpojaTh cBoe #300peTeHye COTHAM MIWLTHOHOB.
HeCATKH HHBECTOPOB NEPUOANYECKH CTAHOBATCA B O49epeab, IpH-
B/IeY€HHBIE€ CEHCALMOHHHIMU 3arofoBKaMu ¢uHaHcoBeix CMHU,
KOTODHIE 94CTO NIPEBO3HOCAT DTUX [IPOXOAUMIEB U OOBABASIOT HX
HOBBLIMH 3HCOHAMH.

Hnes BeyHoro gsuraress 4pe3sbrdaiiHo nonyuapHa. B oaqrom
M3 3MM3040B cepuana «CUMIICOHEI» Jlafiza Bo Bpema 3abacToBxu
YUMTe/IEM CTPOMT COOCTBEHHBIH BEYHLIH ABHraTenb. JOMep, V3HaR
00 2TOM, CTpOro ofepruBaet ee: «/laifaa, ciymai coga... B 3TOM
JA0ME BCE NOAYMHAIOTCS 3aKOHAM TEPMOJHHAMHUKH !»

B croKeTax KOMITbIOTEPHLIX UTP, TAKMX Kak Sims, Xenosaga |
u IT u Ultima IV, a Tawke B MyfibTcepHaie «3UM 3aBOEBATE/Nb» BEY-
HOMY JBUTaTEIIO TOXE OTBE/IEHa BaKHas PONb.
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BEYHHIA NBHTATENG

Ho ecsiy 3Heprus Tax LeHHa, TO HEJb3s 1M PpeaibHO OLEHHUTh
HAIIIH JIIAHCH] Ha CO37laHHe BeYHOro ABHTaTead? JeticTBuTensHo Al
NoAoOHbE YCTPOMCTBA HEBO3MOMXKHE! WIM MOXHO TPEAIIONONKHTS,
9TO A/ MX CO3JAHHA N0TpebyeTcs IepecMOTPETh 3aKOHb! PUIHKU?

Hcropus B 3epkajie 3HEPTHH

Job0oit HUBWIM3AIIMM KHMSHEHHO HeoOX0AMMa 3Heprus, Bolee Toro,
BCIO MCTOPHIO YEIOBEYECTRA B MPUHLHMIIE MOXHO PACCMATPUBATH
KaK MCTOPHIO 3HepreTHKH. Ha nporsokenu# 99,9% BpeMeHU cylue-
CTBOBAHMA 4e/10BCYeCTBA MPHMHTHBHEIE COO0IIECTBA BETH KOUCBYIO
KH3HD, C TPYAOM JOOBIBas IPONHTAHKE OXOTOM M cOBUpaTeNLCTBOM.
XKu3nn yenopeka ObLa eCTOKOH 1 KOPOTKOH. 113 3Heprum eMy Jo-
CTYNHA ObU1a OfHa MATAs AOMAZHHOH CHIIB — CHIA ero coBCTReH-
HBIX MYyCKY/IOB. MlceiiefoBane KOCTHHEIX OCTAaHKOB HALUTUX OPeAKoB
TOBODHT G TOM, UTO YelOBeKY B Te BpeMeHa, YT0OH BLDKHTD, TIPH-
XOMIOCE BBIAEPKUBATL OTPOMHBIE HArpy3ku. CpeAHaAs oxKHAaeMast
MpOAOIKUTEARHOCTE KHUIHU COCTaRALI2 MeHblue 20 fet.

Ho okoqio 10 000 et Hazad, mocjie OKOHYAHMA MOCASAHETO
MEeHKKOBOTO MEPUOAA, JIIOAY OTKDBLIM AnA ceba demaesenye H
0J0MaIIHWIH XHBOTHEIX, B IEPBYIO o4epe]s JoHajk. [TocTeneHuo
JAOCTYIIHAsA YeJIOBEKY SHEPrya BEIPOCIa A0 OAHOM M JABYX Jolla-
JMHBIX CHJI. ITO NOUIYXWIO TOTYKOM JJ1A epBOii BETHKOH peBo1o-
LU B MCTOPUH 4eI0BeYECcTBA. YIIPMKHOE }UBOTHOE — 0 b HIH
OLIK — [1aBano 4eI0BeKy A0CTATOYHO SHEPTHH, YTO0B B OAMHOIKY
BCnaxaTk Lenoe noae, HPOEXETB 33 JEHb He OJWH ASCATOK MWIb,
NepeBe3TH ¢ MecTa Ha MecTO HeCKOJIBKO cOTeH GyHTOB KaMHeH HIH
3€pHa. Briepeble B UICTOPUH ¥ JTI0/IeH TOARMICA H3OHTOK JHEPTHH —
a B pe3yJbraTe BO3HUK/H [epPBhle ropoja. M3buIToK 3Hepruy o3Ha-
4aj1, YTO OOMIECTBO YKe MOKEeT MPOKOPMHUTD LIeIBIH KJIace crerta-
JINCTOB; PeMECIEHHHKOR, 30/4HX, CTPOUTENIEH M ITUCIOB, Pacuseny
ApeBHUe IIMBWIN3AUHH. B DKYHIVIAX M IIYCTHHE NOAHAIHNCH K HeOY
BEIUKHE NUPAMM/ILL, BOIHUKIN UMIIepHH. CpeAHsas oxHiaeMmas
IPOJDJDKHTENILHOCTD XXH3HH JOCTHITIA TIpUMepHO 30 JieT.
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\-.’ GU3IKKA HEBOIMOKHETO

Oxono 300 sieT Ha3az npou3souLia BTOpas BeIHUKad PEBOJIONHA
B HCTOPHU Yel0BeYecTBA — Ha NOMOIIh eMy Npumen nap. C no-
AB/IEHUEM NapPOBHIX MAlIWH YPOBEHb S3HEPTUH, AOCTYIIHEIH OAHOMY
4eJ0BEKY, TOACKOYM 10 AeCATKOB JOIaguHbX ¢l 06y3nas cuny
rapa M 3aCT4BUB ero BepTreTh KOJeca, YeN0BeK Teneps MOr 3a He-
CKOJILKO JHel nepeceyb nesblif KOHTHHeHT. MallluHb! pacnaxuBaiu
OTPOMHBIE N0JIA W NEPEBO3IIN COTHH NTACCANHMPOB Ha THICAYM KH-
JIOMETPOB; MAUIKHEL [TO3BONMAM HAM IIOCTPOUTE FPOMajHble FOpoAa
U3 BeIcOTHBIX 3gauui. K 1900 r. oxHaaeMan IpoAomKHTENbHOCTE
#K#3HH B CoearHenHHX ITaTax nourH foctHria 50 aerT.

Ceroaus Mbl MOXxeM HaO1104aTh BOKPYT TPETBIO BEAUKYIO pe-
BOJIIOL{IO B UCTOPHH YeJI0BEYeCTBA — HHOOPMAUHOHHYO. B3phiB-
HOH POCT HAaceNneHus, HeHACHTHAA KakJa 3/1eKTpHiecTsa ¥ 3Hep-
THY IIPHBENH K TOMY, YTO Hallia NOTpeOHOCTD B SHEPIMH IOACKOMHIA
1o Hebec, a ee HICTOYHMKY OTU3KY K HCTOLIEHHIO, JHEPTHA, JOCTYII-
Had OTAeALHOMY Ye/I0BEKY, TeNePhb HAMePAETCA ThICAYaMM NOMIaIH-
HBIX ciA. HaM KakeTcA ecTeCTBeHHbIM, YTO OZHH-eAMHCTBEHHBIH aB-
TOMOGH/Ib MOKeT PAa3BUBATE MOIHOCTD, COOTBETCTRYIOLIYIC COTHAM
JomaAMHEIX CHI. He yauBuTeNnsHO, YTO pacTylas HOTPeOHOCTD B
3HepruH NojorpeBaeT HHTEPEC K HeTPAJUIIMOHHEIM H HEUCTOMIM-
MBIM €€ YCTOYHHKAM, BKIIOYad ¥ BeyHBIH JBHIaTeNb.

Beunnlit geurarens B MCTOPUH

TonckaMH BEYHOTO JBUaTeNA JIOAM 3aHMMANHCh ellle B Iny6okoi
ApeBHOCTH. [TepBan AoKyMeHTaIbHO N0ATBEPKASHHAA MTOTIBITKA [0-
CTPOMTBH 3TO YyZ0 TeXHHKH UMena mecto B basapuu B VIII B, Mao-
6peTeHHas TOrga MallMHA CTala Ha ITPOTAXEHHH CeIYIOUIEro Thi-
cAYeIeTHA NPOTOTHIOM 1A DecdncieHHbIX BapHaHToB. OCHOBOH
KOHCTPYKIIHH CTYKU/IO KOECO ¢ TOABENIeHHEIMM Ha HeM HeOo/IbIIH-
MM MarduTamH, HallOMHUHAKIUMK Ka6HHKH Ha Konece 0603peHud.
Camo 5T0 KoJleco NoMellaIH Haj NeXallyM Ha oy ropasao bonee
MOIIHBIM MarHuTOM. [IpeAnonaraiock, 9To IIpH BpalleHHH Koaeca
KaXIbli MarHuT OyzaeT cHadaja IPUTATHBATHECH K HENOABHKHOMY
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BEYHLIW ABUTATEND

6ONBIIOMY MarHUTY, 3aT€M OTTAaNKHBaTbCA OT HETO, 3aCTABLAA KO-
J€CO BPAIllaThCA U co3/jaBas TakuM 0Opa3oM BeTHOE ABIKEHHE.

Eirre onHa xuTpoyMHas cxeMa 6buta naodperena B 1150 1. B MH-
Aun. dwiocod Bxackapa mpeiokul H3rOTOBUTL KOJIECO, KOTOPOE
AOMKHO OBUIO BpamiaThed BEYHO. [IpeAnonaranoch, YTo NoABee -
Hble K 0607y AOTIOMHHTENbHbIE HecOalaHCHPOBAHHEIE TPYabl GYAYT
MOCTOAHHO PACKPY4MBaTk Koseco, Onyckasacek, Ipya NpoM3BeJeT
paboTy 1 MPOBEPHET KOMeco, a 3aTeM BepHETC Ha cBoe MecTo. Bec-
KOHEYHO MIOBTOPAA STOT UMK, YTBEpkAan bXxackapa, MOXHO 3acTa-
BHTb KOeco pafoTaTh HeOTpaHHYEHHOE BPEMS.

BaBapckas cxema M cxeMa bxackapsl, Kak U ApyTHe IPOeKThl
BEeYHOTO JBUTaTe/If, BO MHOT'OM CXCH(H: BO BCEX IPUCYTCTRYET KOJe-
€0, cnocobHoe 6e3 NpunoKeHUA IHEPIHH COBEPLINTE OAUH 060POT
¥ NPOHM3BECTH IIpH 3TOM HEKylo Noje3Hywo paboty. (TimaTeabHoe
U3y4eHHEe ITHX XHTPOYMHBIX MAlI{H, KAK MPABWIO, TTOKA3EIBAET, 9T0
Ha CAMOM Jig/le B KaKA0M HMIUTe Habqio4aeTcs MoTeps SHepryuy. )

3noxa Bo3poxaeHUA NMOACTETHYAa YCUIMs Hsodperatened 1
YMHOXHIIA YUCTO NPEAI0KeHHBIX TPOeKToB. B 1635 r. 6111 BHAAH
TIEPBBIF TATEHT HAa BeYHBIH ABUraTeNs. B 1712 1. Moraux Beccrep,
H3YyYUB NpezBapuTespHO 0KOIo 300 cxeM, IpeatoXuI cobCTBEH-
Hy1o Mozens. ([lo nerenae, ero cyxanka nosxe pasobiadivia ero
MallUHY KaK XHTpoe MOIUIeHHHUYecTBO.) BeyHbIM ABUraTeIeM UH-
TepecoBasICd Aaxe BIWKUH XYJOKHMK K y4eHBIH smoxu Bospox-
AeHHA JleoHapao Aa Bunun. Ha moaax oH pasobiagan NpoeKTh
BEeYHOIo ABUTATEd, CPABHHUBAA [IONIBITKH €ro cO3/aHusA ¢ NOHCKa-
MU dunocodcKoro KaMHA, a TAlKOM pPHCOBAl B TeTPAJH CAOKHEIE
CXeMEI CaMOIBMKYIIMXCA MalliMH, TAKHUX Kak BeHTpobexuslil Hacoc
H CAaMOKPYTAUIMItCSA BepTell.

K 1775 r. 6bU10 nipeAnoyKeHO CTOABLKC BCEBO3MOKHEBIX BapHaH-
TOB, 4T0 Koponesckan akageMius Hayk B [lapiike IOCTAHOBIIA «He
IIPHHKMMATH D0jIbIIe U He PacCMaTPHBAaTh 3aABKH, HMEIOLIYe OTHO-
lleHHe K BEYHOMY ABIKEHHIO»,

Hcropux Apryp Opa-XbioM, U3YYalOIHHA MPOEKTH BEYHOTO
ABUraTens, nucan o GaHATHYHOH IpeAaHHOCTH H306perarenedt
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CBOeit uziee, 00 UX HEBEPOSTHOM YIOPCTBE ¥ CPABHHI HX C APEB-
HMMM aAXUMHKaMHE. HO, 3aMeTH OH, «Ia%e aTXHUMHK. .. IOHUMAJ,
KOT/d Haz|o IPH3HATh MIOPAXEHUE».

Po3wirpsirm u nogaenKu

CTHMYNH K M306peTeH IO BEYHOTO ABUTATe I ObUTH HACTONIBKO CIHIb-
HEI, YTO MOIIEHHHYECTBO H 00MaH B 3TOM BOIIPOCE CTATH OOBIYHBIM
JenoM. B 1813 r. Yapnb3 Peaxeddep npogemoncrpupoean 8 Hplo-
Hopke Malimiy, KOTopas, K H3yMIEHHI0 3pHTe/lel, IpoMaBoAuIa
AapOBYI0 3HEPTHIO B HEOTPaHUYEHHHKIX KosMdecTBax. (Ho Pobepr
dysToH, TIATeNbHO 00CAEA0BAB MALLKHY, 0OHAPYXKW CKPLITYIO pe-
MEHHYI0 Nepejayy, PH MOMOLIH KOTOPOH MAallliHa IIpABOAMIACh
B AmxeHue. Ilepefaya Ila Ha YepfaK, [Ae CIPITaHHBIH JeTOBEK
KPYTHA BOPOT.)

YUeHEBIM M MH;KeHEepaM TOXKe CIYIaI0Ch CTAHOBUTLCA MePTBO
Bceodllero sHrysuasma. B 1870 r. peaaxTopsl xypHana Scientific
American Toxe ObUTH OOMAaHYThl BeYHBIM ABUrateseM, KOTOPEHIH
NOCTPOMI HekHil 3. Yuwumke. JKypHan OMeCTHI CTAThIO HOJ CeH-
CAllMOHHLIM 3ar0/I0BKOM «Belndyaiimiee OTKPHITHE B HCTOPHUH Ye-
JIoBeYeCcTBay». TOIBKO HO3XKe YAANOCh OOGHAPYKHTD, YT0 Y MAIIMHLL
Yunnuca Toxke 6bUT CKPBITBIA HCTOYHUK SHEPIHH.

B 1872 r. nexwuii /ol 3pHCT Yoppei Kesnd nposepHy caMmyio
CEHCAITHOHHYIO M CaMYI0 BEITOAHYIO adepy CBOCTC BpeMeHH; OH 000-
fpan MHBECTOPOB Ha 5 MJIH J0/UL. — rPOMA/IHYIO IIG TEM BpeMeHaM
cymMMy. Ero BeuHblit ABMraTeNb COCTOT U3 KAMEPTOHOB, KOTOPLIE
PE30HMPOBAIIH U, TI0 YTBEPXKAEHHIO aBTOPa, NOAJEPKHBAIU CBA3b
¢ «3¢pupoM». OTTyZa MalKHa U ueprnasa OyATo 651 CBOK SHEPTU.
Kesuty He MMeJl HUKAKoro HayvHOT'O OMbITa; OOBIKHOBEHHO OH TipH-
IJIaliai NOTEHNUATbHBIX HHBECTOPOB K cebe J0MOH M mopaan ux
CBOMM THAPOMHEBMOBAKYYMHO-ITY/IbCALIOHHEIM ABUTaTeneM, KOTo-
DBIiE TPH 3TOM XKYHOKUT ¥ KPYTIACH €3 BCTKHX BHELIHUX HCTOUHUKOR
SHEPrUH. IHBeCTODH, H3yMIeHHBIE BHAOM CAMOABIKYLIeHCA MaIK-
HBbl, CICIIMIH HONOAHATE CBOMMH J€HbTAMH Ka3Hy H300peTaTess.
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BEYHBIH ABUTATEND

[Tozxe Koe-KTO M3 Pa3oyapOBAHHBIX MHBECTOPOB OOBHHI
Kewn B MomeHHMuecTBe; OH Jlaxke MPOBEJI HEKOTOPOE BPEMS B
TIOPbME, YTO He [IOMeInano eMy yMepeTb OGOraThiM 4e/IOBEKOM.
IMocne cmeptu u3oHpeTaTena MHBECTOPHL OTKPHUIM XUTPOYMHBIH
cexpet ero MamvHeL. Koraa goMm Kennu pazobpanst 10 KUPIIMYHKY,
B CTEHaX U MONax oOHapyXuauch TPYO.I, IpH MIOMOIIM KOTOPHIX
K MAalllHHe W3 NoJBala TAaHKOM MOAABAJICA CKATHIA BO3AYX.

Jaxe BM® u mpesugent CIHA manay ofHaXIbI KEPTBOH T0-
AobHoro obmana. B 1881 r. [ixod sMpky u3o6pen MallHHy Ha
KWIKOM aMmMHake. VMicnapeHHe xonoHOro aMMHaKa J0J/DKHO 6buio
BbI3BIBAThL PACHIMDEHUE Ta30B M ABWKEHME TOPIIHA, a 3HAYHT, U
paboTy MalIMHEL 33 CYET — HU MHOTO HM MaJ0 — TeIa 3eMHbIX
OKeaHOB. BOeHHBIX MOPAKOB Tak 3axBaTwia ujed AoOvBaTh Heo-
rpaHUYeHHOE KOAMICCTBO IHEPTHH IIPAMO M3 OKeaHa, UTO OHH 0J0-
OPHIM KOHCTPYKLMIO MAlIMHBL ¥ IOKa3atd obpasell Npe3HAeHTy
Ioxeimcy Tapdrunny. FanHcTBeHHas mpobaeMa cocTosAna B TOM, 4TO
aMMHAaK He XOTeJl JO/DKHBIM 00pa3oM KOHAEHCHPOBATLCA H Tpe-
Bpamarbea 00paTHO B XKUSKOCTb — MOITOMY LMKJ HHKAK HE Y/1a-
BAJIOCh 3aMKHYTh,

Bropo naTenToB 1 Toproseix Mapok CIIIA, Bcerga nomygasuiee
OY€Hb MHOT'O TPOEKTOB BEYHOTO ABHIaTe/IsA, 0TKA3a/I0Ch BLIAABATE
[IAaTeHTH], [IOKa He 6yAeT npejcTapieHa JefCTRYIONmas MOJESb Ma-
WHHEL. MHOIIa — B 0Y€Hb PEAKMX CIy4adAx, KOIAA SKCIEPTH HE B
COCTOAHHH OBHAPYKUTD B IIPE/CTABIEHHON MallHHe HUKAKUX Jle-
({eKTOB, — NATeHT BCe-TAKH BEIAaerci. B npapitnax Biopo ckazaHo:
«3a UCKIIOYEHHEM TeX CITy4aeB, KOTAA Ppeyb WACT O BEYHOM JBHKe-
HUH, Bropo He TpebyeT 06s3aTe/IbHOTO IpeACTABIEHHA MO/IEH A
JEeMOHCTPAITUH paboTOCTIOCODHOCTH yeTpoiicTBa». (Heaobpocosecs-
HbIe M300peTaTeny HHOT/Ia TIONb3YIOTCA 3TOM Ma3eiko#, 4Tobh no-
Ka3aTb HAWBHBIM HHBecTOpaM, 4To [laTenTHOe 610pO OdHIUANBHO
[IPH3HAET BEYHHLIC ABHTATENH; B 3TOM Cydde HHBECTOPHI OXOTHee
duHancHpyioT nogobHble H306peTeHHHA.)

Tem He MeHee c HAYYHOI! TOYKH 3pE€HHA TOUCKH BEHOTO {BHIKe-
HUs1 He OBUTH COBCEM YK GeCTUIOAHLIMH, HANPOTHB, XOTA HU OAHOMY
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M306peTaTeNo He YAAIOCH Ipe/ICTABUTL MHPY BEYHbBIH ABUTATEE,
HeyCTaHHas MOrOHA 3a STUM CKA30YHBIM YCTPOHCTBOM — TPYAHO
MPEACTABHTh, CKOJBKO BpeMeHu U SHepruu ObLI0 Ha 3T0 NOTpave-
HO, — TioMorna $pU3MKaM TIHATEALHO M3YMHTh MPUPOAY TEITOBBIX
Asurarene. (ToYHO Tax xe, kak GecIuoHble IOUCKH GHIOCO(GCKO-
[0 KaMHs1, ClocOOHOTO MpeBpailiaTh CBUHEL] B 30/10TO, MOMOIIH OT-
KPBHITb HEKOTOPEIE PYHAAMEHTANbHBIE 3aKOHH XHMHH.)

K npumepy, B 1760-x rr. [xoH Koxe nzobper yachl, KOTOpble
Ha caMoM Jee cnocobHb paboTaTh BEYHO, MONYYAEs SHEPTHIO OT
H3MeHeHulH arMochepHOro AaBreHUs, I3TH H3MEHEHUA YIaBIUBaeT
6apoMeTp, KOTOPEIH 3aTeM [lepeJaloT IHEPruio Ha BPALCHHE 9aCo-
BBIX CTPENOK. JTH 4achl BMOAHE PabOTOCIIOCOGHEI; TaKHe MOJeIH
CYIeCTBYIOT H cerofasa. OHH MOTYT HITH BEYHO, TAK KaK NOMYYAIoT
IHEPTHIO U3BHE B YOpMe U3MEeHEHHH aTMOCEePHOTo AaB/IeHus.

Beunmie aBurareny, nogobHele yacam Kokea, co BpeMeHeM pH-
BEJTH YYEHBIX K MBIC/H O TOM, YTO MallinHa — mobas MaurgHa — Mo-
#eT paboTaTh BEYHO TONBKO B TOM CIyYa€, eI NOAYIAeT IHEPTHIO
H3BHE; a 3T0 03HAYMT, YTO CyMMapHad YHeprus coxpanserca, U3 aToi
TeopuH GepeT Ha4ano NnepBbiit 3aKOH TEPMOTUHAMMKH; OH COCTOMT
B TOM, YTO COBOKYTIHOCTD BE[ECTBA U SHEPTHH HEBOIMOKHO HH CO3-
AAaTh, HA YHUITOXHTh. [To3)ke ObUTH YCTAHOB/EHE TPH 3aKOHA TEPMO-
AVHAMHUKH. BTOpPOH 3aKOH yTBEPKAAET, YTO CYMMApHas SHTPOIIMA
(komuecTBO Becrropaaka) Beeraa Bospacraer. (I'pybo ropops, atoTt
32KOH TOBOPHT, UTO TEIUIO MOXET CIIOHTAHHO MepeAaBaThCs TOMb-
KO oT Gosnee ropAYux obbexTos K Gollee x0104HEIM.) TpeTHii 3aK0H
YTBEDHIACT, UTO AOCTHYL aBCOMIOTHOTO HY/IA HERO3MOXKHO.

Ecau cpaBHHUTE BeelleHHYIO ¢ HIPOH, a IR0 UTPhl OOBABHTD
U3B/leYeHHe JHEPIWM, TO TPH 3aKCHA TePMOAMHAMUKY MOXKHO
chOpPMYAMPOBATE CIEAYIOMNAM COpaZsoM:

«HeBo3MOXKHO MOAYIUTE YTO-TO U3 HUUETO»
(mepBHIii 3aKOH).

«HeBO3MOXKHO MTOASTUTE IOPOBHY» (BTOPOH 3aKOH).
«HeBo3MOXHO BHIITH U3 MIPLl» (TPETHH 3aKOH).
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BEYHBIH ABATATEND

(q)HSHKH O4Y€HL OCTOROXHDB]; OHH 3aABAAIOT, YTO 3TH 3aKOHBI
He 06583aTeNbHO abCOMIOTHO BEPHBI P MO6HIX 06CTOATENLCTBAX.
TeM He MeHee HUKaKKX OTKIOHEHHH OT HMX 10 CHX II0p He 06Hapy-
xeHo. JlloboMy, KTo 3ax04eT OIPOBEPIHYTH 3TH 34KOHHI, IPHAETCA
BBICTYITHTh TIPOTUB HECKOJBKHX BeKOB TLIATEIBHEIX HAYYHEIX Ha-
6moJeHuit W 3KCIepHMeHTOR. Ml emle 06CyAMM BO3MOMHBIE OT-
KJIOHEHHUA OT 3THX 3aKOHOB.)

Tpu 3akoHa TepMOAMHAMMKY, KAaK U MHOFHE BEICIIHE JOCTH-
xkeHuA Haykd XIX B., OTMe4eHbl He TOJBKO TpuyMmdoM nobes, Ho
M YyeNoBedeckOoH Tparegwed. BeqHUkwii Hemeukui ¢puank JIoaBur
BonbIMaH, CBIrPaBIIMi 3HAYUTENRHYIO POib B GOPMYIMPOBAHHH
3THX 3AKOHOR, MOKOHYMA ¢ c0B0H — OTYaCTH H3-3a IPOTHBOPEYHI,
BO3HUKIIVX B CBA3H C HX TOABIEHHEM.

Jlroppur bonbuMaH ¥ BHTPOMKA

BosbuMaH 6bUT HEBBICOKHM 3I0POBAKOM ¢ 609K006pasHO# IPyAbIo
U rpoMaZiHoM cnyTaHHOH 6opoacH. OgHAKO 33 BHYNIMTENIbHOH M
A&Ke [yTarouiel BHEIHOCTBIO CKPLIBAIACH DAHHMAS AYIa; a paH,
3aIMIIAs HayYHbIE UAEH, €MY IPUXOAKIOCE TOMYYaTh MHOTO. XOTA K
XIX B. IpHHIMOBL HEIOTOHOBCKOH (U3UKH Y€ IPOYHO YTBEPAMIHCE
B HayKe, boMblIMaH NOHUMaJ, YTO HUKTO elle He IHTAICa IpUMe-
HHUTb U3BECTHBIE 3aKOHBI K IPOTHBOPEYUBON KOHLEMI{HN ATOMHO-
r'0 CTPOCHUA BEIECTBA — KOHLEMIHH, KOTOPYIO TOTAa MPHHHMATH
JaneKo He Bce Beflylye ydeHsie. (Mel HHOTAA 3a0BIBAEM, YTO BCE-
O CTO JIET Ha3aj MHOTHE YIeHEIe YIIPAMO BEPHIH, UTO aTOM BOBCE
He pealbHBIM O0OBEKT, a BCEro JAHWillb XHTPOYMHAA YIOBKA. ATOMBI
HACTOMBKO Malbl, YTBEP)KAANH OHH, 9TO, CKOpee BCEro, HX BOBCe
HE CyIIecTBYyeT.)

Hbr0TOH nokasail, 4To ABrKeHHe MOoObIX 06 beKTOB Onpees-
10T MEXaHMYECKHE CHAEL, & He AYXU U HeE XeNTaHHA Jojel. Bomby-
MaH BOCTIONB30BACA 3TUM H 3JIETAHTHO BHIBEN MHOTHE 33KOHEI
JJiA Ta30B IPY MOMOIIE TMPOCTOTO MPEATIOIKEHHA: OH CYUTA, 9TO
rasbl COCTOAT M3 KPOILIEYHHEIX aTOMOB, KOTOPBIE ABKKYTCA TIOAGOHO
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GWIBAPAHBIM LIApaM ¥ NMOAYMHAKITCA HBIOTOHOBBIM 3aKOHAM CHIL.
Ana BoapuMaHa KOMHaTa, HaMoAHeHHaA raszoM, 6ru1a nogobxa Ko-
pobKe ¢ TPWIUIHOHAMM KPOIIEYHHIX CTAALHBIX INAPHKOB, KaX/bIH
H3 KOTOPbIX OTCKaKUBa OT CTEHOK KOPOOKH U OT APYTUX IApHKOB
COIVIaCHO HBLIOTOHOBBIM 3akOHaM ABMXKeHHMA. boavUMaH (M He3a-
BHCHMO OT Hero JDxeiiMc Kinepx MakcBew) cgenan Beandaliinii
Hay4HBIH MPOPHIB, KOT/]a MaTeMaTHYeCKH NOKA3a/, KaK M3 3TOr0
IPOCTOTG NPEANONOXKEeHNA MOXKHO BHIBECTH NOPa3HTeNbHbIE HOBLIE
3aKoHbI. TeM caMbIM OH MOJOXII HAYaj0 HOBOMY HAlpaBleHUIo
B QH3HKe — CTATUCTHYECKOHM MEXaHMKe.
‘ BHeaanHo oxa3anoch, YTO MPH NOMOIM HECKOAbKHX DHazo-
BBIX TIPHHLMIIOB MOXKHO OOBACHWUTL MHOTHE CBOMCTBa BELIECTBA.
MTockombky saxkoHH HeroToHa TpefoBanu, 4ToOK 3Hepris coxpa-
HAJIACh AlaKe B TPHIOXKEHHH K aTOMaM, KaXZOe CTOJKHOBEHUE
MEXJy aTOMaMH JIO/DKHO GBLIO TIPOXOAHTE C coxpaHeHHeM obIei
SHEPTHH; 3TO, B CBOIO OYEPEAb, 03HAYANO, YTO JJ/IA ra3a B KOMHATe,
CO BCEMH BCE €ro TPULIMOHAMM aTOMOB, SHEPTUA TAKXKE COXPAHA-
Nack. [Tonywanoce, YTo 3aKOH COXpaHEHUA SHEPIHH TeNepb MOXHO
He TO/MbKO MOMYYUTh SKCIIEPUMEHTAABHEIM MYTeM, HO ¥ TEOPETHYE-
CKM BBIBECTH M3 Ha30BbIX TPHHLMIIOR 8 UMEHHO M3 HBIOTOHOBCKOIO
JBUKEHHS aTOMOB.

Ho B XIX B. caMo cylleCTBOBaHUE aTOMOB BCE elle ObUI0 [0 Co-
MHEHHEM; laKe BHAHBIE y4eHble (K npuMepy, dunocod Spact Max)
He CYHMTAIM 3a30PHBIM OCIIAPHBATE U HEPEAKO AaXKe BHICMEUBATD Te-
ODHIC aTOMHOTO CTPOEHHA BelliecTBa. BonbLMaH, 4e10BeK PaHUMBIH
M CKIOHHEIH K Aenpeccus, BAPYT 00HapyXun ceba sTakum ob1muM
rPOMOOTBOAOM, IMIaBHOI MUIIEHBIO A aTaK, HEPeAKO O9eHb 3/1hX,
BCeX MPOTHBHUKOB ATOMHOH TeopuH. JJIA HMX BCe, YTO HEMb3d U3Me-
PHTb, — B TOM YMCie H aTOMBL — JIPOCTD He CYHIeCTBOBaNo. K yHu-
*KeHuio BonblMaHa 406aBAAR0Ch eIle H TO, YTO PEAAKTOP BHAHOTO
HEMELKOro GpU3MYECKOro KYPHaia OTBEPral MHOIHE €ro cTaThH;
PEAKTOp 3TOT HACTAHBAJ, YTO ATOMBI M MOAEKY/Ibl MPEACTARIAIOT
coboli cKopee Ype3BEMaiiHo YA0GHBI TeopeTHIeCkUit HHCTPYMEHT,
qeM peanbHbIe CYLIeCTBYIOLIHE B IPpHpoAe 0B beKThL.
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He BBIZEDXAB BCEX ITUX HANAJOK, B TOM YHCIE ¥ Cyrybo
JUYHBX, B 1906 r. BonplMaK nosecuics, Belbpas Bpems, Korga
ero JkeHa ¢ pebeHKoM 6sUTH Ha Mope. O4eHb NeYanbHo, YTO 3TOT
BBIIAIOWMHACA HEI0BEK TaK U HE MOHAT, YTO roj HasaA Aep3Kui
MosnoZoi GUIUK o UMeHH ANpOepT DHIUTEHH COBEPUTHI HEBO3-
MOXHOE: OH HalMcajl NepBYI ¢TaThio, HAAZHO ZOKA3bIBAOLIVIO
CYIleCTBOBAHHWE ATOMOB.

CyMMapHas SHTPOIIMS BCETIA BO3PACTAET

Tpyar! BosbiiMaHa U ApYrux GU3NKOB MOMOLMH IIPOSCHHTD IPUPOLY
BEYHOI0 JABHUraTesA K JakKe pasbuTh Bce CyIeCTByIOIHe HX CXeMBl
Ha /1Ba TUNA. BeuHBIH ABHTaTe/Ib IEPBOTO THIIA HAapyloaeT [epBbli
3dKOH TEPMOAUHAMUKH; 3TO 03HAYAET, YTO OH NONPACTY [IPOH3IBO-
AUT 6osblIe SHEPTHH, YeM NoTpebndeT. B mo6oM u3 nogo6HbIX Bey-
HBIX ABUTaTEeH GU3HKaM P TIIATENBHOM HCCIE0BAHUH PUBUKH
yAaBa10Ch OOHAPYKUTDL CKPHITHIE BHEMIHME WCTOMHHKM PHEPIUH.
IT0 MOrNO HBITh KAK CO3HATEIBHBIM MOIIEHHHYECTBOM, TAK H pe-
3yNLTATOM OIKOKY U306peTaTens.

BeyHsll ZBHraTe/lb BTOPOTO THIIA — INTYKA Boiee CJIOKHAA.
B 5THX MatiiuHax co6/I04aeTeA HepBbli 3aKOH TePMOAMHAMHKH, T. €.
COXpaHAeTCsA SHeprus, HO HapyliaeTcsa BTOpPo# 3akoH, TeopeTuye-
CKH B B€YHOM ABUraTesie BTOPOro THIA HET IIOTEpPh TeILIa, O3TOMY
oH 3¢pdexTHBeH Ha 100%. Ho BTOpOIi 3aKOH TepMOAMHAMHKH TO-
BODHT, YTO TaKas MallMHA HEBO3MOXHA — IIOTEPH TEIUIa JAOMKHbI
6bITh 06s13aTENBHO, A KOJIMYECTBO HecTopAAKa Bo BeesleHHOH, HHaye
SHTPOMHA, Bceraa Bospactaer. Kakoit 651 3ppeKTHBHOH HH Bbina
MallHH4, YaCTh TEIUTd HEMPEMEHHO TepAeTed, MOBLILIAT TAKUM 06-
pa3oM 3HTponuo BeeneHHOM.

ToT $akT, YT0 cyMMapHasA SHTPOIMS BCETAA BO3PACTAET, Jie-
KUT B CAMOM CePALIE YeoBEHeCKOH MCTOPHH, A3 ¥ MATePU-TIPUPOAL]
TOXe. B CYIHOCTH BTOPOI! 3aKOH FOBOPHT HaM, YTO J1OMATh ropas-
Jo TIpolile, YeM CTPOMTh. MHOTAA TO, YTO CO343Banoch THCAUU JIeT,
KaK, HAIpHMep, BeJIMKan MMNepus alTeKos B Mekcuke, MoxeT OBITh
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paspyIeHo 3a HeCKOJIbKO MeCAHen; MMEHHO TaK IIPOH3OIIIE0, KOT-
Aa IOTpeNaHHas 6aHAa HCTIAHCKMX KOHKHCTAIOPOB C JIOMALbMU U
OTHECTPEIBHEIM OPY)KHEM IOTPACIA OCHOBEI MMIIEPHH H IOTHOCTHIO
pPaspyunIa CIoKHMI MEXaHH3M.

OTMevas IIyGMHHYI0 IPUPOAY BTOPOrO 3AKOHA TEPMOIMHA-
MMKH, aCTPOHOM APTYP JAAMHITOH OJHKABI CKa3an: «MHe KaxeT-
Cfl, 4TO 3aKOH BO3PACTaHHA SHTPOITHH CTOHT BhILIE JPYTHX 3aKOHOB
IPUPOABL... €CTH OKA3BIBAETCA, YTO TBOA HOBaA TEOPHH IPOTHBO-
PeYMT BTOPOMY 3aKOHY TePMOAMHAMUKY, OCTaBh HACHKIY; MEPE
ITHM 3aKOHOM OCTAETCA TOMbKO YHIKEHHO MACTh».

Jaxke cerofHA MPeAIPHUMUYHBLIC MHXEHEPH (M TaTaHT/IUBEE
lIapiaaTaHbl) IPOAC/DKAIOT BPEMS OT BpeMeHH M306peTaTh BeUHBbIN
asuratens. He Tak aasao Wall Street Journal mompocut MeHs BBICKaA-
3aTh CBOE MHEHHe 0 paboTe 0fHOr0 H30GpeTaTeNs, KOTOPHIH YCIIe
yKe YOeaAUTh HHBECTOPOB BJIOKHTD B M306pPETeHHYI0 UM MalldHY
MIUUTHOHBI 10/U12POB. B KpynHEIX GHHAHCOBBIX Ta3€Tax IMOABHINCH
BOCTODXKEHHBIE CTAaThH; JKYPHAIUCTDI, HUYErO HE CMBIC/IALIHE B Ha-
YK€, C IPHABIXaHHEM ITHCATH O TOM, YTO 3TO H300peTeHye crnocob-
HO M3MEHWTh MHUD (H, pazyMeeTcs, IPHMHECTH IONYTHO MHBECTOPAM
CKA30YHYH, HEMBICTUMYIO IPUOHLTE). «[eHuit win Besymein?» —
KpH4ay 3ar0I0BKH.

HHBECTOPH PaACCTHO CIENIHMIH BIOKHUTE JeHETH B HOBYIO Ma-
ITHHY — a OHa, MeX /Ay IPOYHM, HapyInana 6a30BEle 3aKOHBI GU3UKH
H XMMHH, H3y4aeMble B cpegHelt mkone. (MeHs IOKHPOBAIO Jaxke
HE TO, YTO KTO-TO MBITaJACA 00MAaHYTh HEOCTOPOKHBIX ¥ OCTABHUTh
UX C HOCOM — MOZOOHEIMM BEMIAMH JIFOAH 3aHMMAINCH HCIIOKOH
BEKOB. YIUBUTENLHO JIPYTo€: KaK JIeTKO YAaIOCh 3TOMY u300peTa-
Temo o6MaHyTh GOraThiX HHBECTOPOB H KaK ILIOX0 BOJIBIIMHCTBO
mofeH MOHMMAeT dleMeHTapHyt0 (PU3HKY.) S OTBETHI JKypHAaIy
H3BECTHOM NOCTOBHIEH: «/[ypaK Jerko paccTaerca ¢ AeHbraMu» U
mobumeiM adopusmom PuHeaca BapHyma: «Kakayio MUHYTY Ha
demie poxaaerca npocroduit». HapepHoe, He CTOMT YAHBIATHCS
ToMy, 4T0 Financial Times, Economist u Wall Street Journal apyxso
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Hareyaraiy 6ombive peaKLMOHHBIE CTATHY O PA3HBIX H306peTa-
TeAX U MX 3aMeqaTelbHbIX BeYHBIX JBUTATENAX.

Tpu 3aKOHA TepPMOAWHAMHUKH K CUMMETPUS

Ho Bce BoilleckaszaHHoe poxaaeT U 6onee raybokuid BOIIpoc: a mo-
yeMmy, cOGCTBEHHO, JO/DKHBL pabOTaTh 3TH HeTlOTPEIIHMBIE 3AKOHEI
TePMOAMHAMHKN? JTa 3arajxa 3aHMMaiia y9eHkIX ¢ TOro CaMoro Mo-
MEHTA, KOT/]a 3TH 3aKOHH OLLTH BriepBble cGopmynupoBaHsl. He uc-
KIH09EHO, 9TO, 3Had OTBET Ha 3TOT BOIIPOC, MBI MOITIH OB OTHICKATE B
3aKOHaX TePMOAHMHAMHUKM Ja3eHKH U CeIaTh HOBBIE HOTPACAICIIIHE
OTKPBITHA K U306peTeHUA, CnOocobHbIE IEpEBEPHYTH MHP.

B crapuimx xaccax MIKOJBI A UCIIBITAN HacTosAlllee IOTPACEHHE,
KOra y3Haj HaKOHEL UCTUHHYIO NIPHYHHY COXpaHEHHA JHEDPIHH.
Oxa3eiBaeTcs, OMH 13 QYHAAMEHTATBHBIX NPUHLHIOB GU3HKH (OT-
KPBITHIH MaTeMaTHKOM IMMH Hétep B 1918 1) IacUT: €CIU CHCTEMA
obnazaeT CHMMETpHEH, B Hel 00643aTeIbHO AeHCTBYET KAKOH-HHGYIb
3aKOH coxpaHeHHd. V3 IpeAmIonoxeHa O TOM, 4TO 3aKoHb Beenen-
HOH He MeHAIOTCA CO BPEMEeHEM, ClelyeT MOpPasUTeIbHBIH peayilb-
TaT: 3HeprusA B CHCTeMe AO/LKHA COXpaHAThCA. (/lanee, eciid 3aKOHB!
NIPHPOAB! OCTAKOTCA HEM3MEHHBIMH, B KAKOM bl HanpaBIeHWH BbI
HH ABHTAIUCE, TO COXpABAETCA HE TOABKO IHEPTHA, HO H UMITY/IBC B
nM060M HalmpapaeHHH, A eC/TH 3aKOHBI TPUPO/B OCTAIOTCA HEU3MEH-
HEIMH TIPH BpaLlieHUH, TO COXpaHAeTCA ellle ¥ YIIOBOH MOMEHT.)

3ro 6ykBaIbHO OMENTOMWIO MeHA. 5l BAPYT HOHAT, 4TO, aHa-
JU3UPYA 3BE3THBIN CBET, ACMeAHH A0 HAC OT AATEKHX FaAaKTHK
¢ caMoM OKpauHEl BHAUMOIl BceneHHOMH, Mbl ybexgaeMmcs, 4TO
CIIEKTP 3TOTO CBETA HHYEM He OT/MYAeTCA OT CIIEKTPOB, KOTOPble
MOYXHO OOHApYXHTP Ha 3eMie. B cBeTe, poXAeHHOM 3a MHJUIHAP-
JIbI JIET 0 TOABAeHUA U 3emtH, v CoMHIlA, MEL HAGMIONaeM Te xe
HEOCTIOPUMBIE CIIEKTPAJIBHEIE «OTIIEYaTKU» BOZOPOAA, TeNus, yTie-
pOZAa, HeoHa H T. 1., KOTOpbIe BHAUM CerogHA U Ha 3emte. JApyrumu
CJIOBAMY, OCHOBHEIE 3aKOHBI PHIHKH He H3MeHHIHCh 33 MIUTHAD-
Al JTeT W OAWHAKOBHI 110 BeeH BeeneHHOM, 10 caMBIX ee TPaHHil.
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A noHAn, yro Teopema Hétep osHadaer KAK MHHMMYM, YTO
JHEPTHA, BEPOATHO, OYAeT COXpaHATBCA eCIH He BeYHO, TO He OANH
MWIIHapA JeT. Hackonsko HaM B JaHHBIM MOMEHT M3BECTHO, HH
OJWH H3 QYHAAMEHTANBHBIX 32aKOHOB QU3HKH CO BPEMEHEM HE M3-
MEHAICA, U TIOTOMY 3aKOH COXpaHeHHsI 3Heprun paboraer.

Teopema HéTep umeeT Ans coppeMeHHOR GUIUKH BeTHYAH-
1ee 3HaveHHe. Kaxkywo Op HOBYIO TEOPHIO HU IPMAYMANHU GU3HKU
1 0 YeM OBl HH OI7Ta B Hell peyb — O NIPOUCXOXK/AeHHH BeeneHHol, o
B3aUMO/JeHCTBUAX KBAPKOB H 2/IeMeHTaPHBIX YacTHII, 06 aHTHBe-
eCTBE, — MBI 006A3aTeNbHO HAYHHAEM C PACCMOTPEHHA CHMMe-
TPHHU, KOTOPOI IloAINHAETCA cucTeMa. Boobiie roBops, B HACTOSA-
mee BpeMA CUMMETPHA CIHTAeTCs BeAyIIUM GbyHAaMeHTaIbHBIM
NpHHUHMTIOM B paspaborke n06oit Teopuu, B MponuioM Ha CUM-
METPHIO CMOTPEH KaK Ha TOGOYHBIH pe3yabTaT TeOPHH — TPH-
ATHO, HO HE HMeeT B0bIIoTo 3HaueHUus. CeroJHA Mbl TIOHUMAEM,
YTO CUMMETPHA — O4YeHb CYLIECTBEHHAA M JaXe ONpeaeasomas
uepra A1060H TeopuH. PazpabaTeiBast 4T0-TO HOBOE, MLI, QHIHKH,
HAYMHaeM C CHMMETPHH, a 3aT€M y3e BEICTPABAEM BOKPYT Hee
TCOPHIO.

(TlewaneHO, HO 3MMH HéTep, KaK A0 Hee BOMbLMAHY, TPUXOAH-
JIOCh CPKATHCA 34 IPUSHAHHE HE HA XXM3Hb, a HAa cMepTh. Hu ogun
43 BeyIWX HHCTUTYTOB He IOTOB ObUI NPHHATH HA MOCTOAHHYIO
paboTy KeHIKMHY-MaTeMaTuka, HacTapHuk Hérep, Benukuit mate-
MaTuK Jasuz T'uiebepr, pazpApeHHBIA oYepeHOH HeyIaTHOH mo-
OBITKOH YCTPOMTH HETep Ha NpelofaBaTe bCKyK A0/IKHOCTD, BOC-
KIMKHYI: «B KOHIIE KOHUOB, Mbl KTO, YHUBEPCUTET WIH OOIIECTBO
nobuTeneit 6aHu?»)

B CBA3H € 3THM BO3HHKAET TPCBOXHEIN Bonpoc. Eciu aHeprus
CoxXpaHserTcs TOIBKO MOTOMY, YTO 3aKOHB! PH3MKHM He MEHAITCA CO
BPEMEHEM, TO HE MOXKET JIM OBITh, YTO B KaKux-HHGY/ b HEOOBIYHBIX,
PeAKHX OOCTOATENBCTBAX 3TA CHMMETPHA BCE-TAKM HapyIIaeTcs?
Ecnv B HEOXKHAGHHBIX H 9K30THYECKUX MecTaX CHMMETPHA HAITHMX
3aKOHOB JEUCTBUTEIBHO HAPYIIACTCA, TO W 38KOH COXPAaHEHMA
BHEPTHH B KOCMHYECKHMX MACLITA6aX MOXKET HapyILaThCs.
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BEYHBIA ABUTATEND

[loxofras cUTyatiua MOKET BO3HUKHYTL, B YaCTHOCTH, €CIH
3aKOHB GU3NKH M3MCHAKTCA BO BPEMEHH WIH C PACCTOAHHEM.
(B pomaHe AsumoBa «CamMu H0rH» CHMMETPHUA HapyuaeTca H3-3a
[IPOCTPAHCTBEHHO#! J{BIPB], COeAHHUBIICH HalTy BeeneHHy o ¢ mapat-
JIENILHOH BCe/IeHHOH. B oKpecTHOCTAX 3TOH ABIPI 3aKOHB HU3HUKH
H3MEHAIOTCA — M BO3HMKACT BOIMOKHOCTh HApyLIeHUA 3aKOHOB
TepMOAMHAMUKHU. TOUHO TaK Xe, eCiIM CYIIECTBYOT IPOCTPAHCTEEH-
HHIC ABIPEL, T. €. KPOTOBble HOPBI, MOKET HAPYMATECA U 3aKOH CO-
XpaHeHHA SHEPrHH. )

Kpome Toro, B HacTosAmee BpeMs ropaqo obcyxJaeTca Bo-
NpOC, MOMXET JH 3HEPr¥f IOABIATHCA U3 HHYero; STOT MOMEHT
TOME MOKET OKa3aThCi yA0OHOH 1a3eHKOM.

OHeprus U3 Bakyyma?

BOT MyuHTe/ALHBIM BONPOC: MOXKHO JIH U3BJIeUb 3HEPIUK M3 TyC-
TOThI? PHIMKN TN HEJARHO TOHANY, YTO Ha CAMOM JeNe «ITyCTOTa»
BAaKyyMa BOBCE He IIyCTa, B HeH KUIINT HeHUccAKaeMasa akTHBHOCTD.

OzHMM M3 aKTUBHBIX CTOPOHHUKOB U NPONAraHANCTOB 3TOH
Hied ObUT 3KCIEHTPHYHBIH rennit XX B. Huxkona Tecna — goctoii-
Heill conepHuk Tomaca Jaucona. Kpome Toro, oH 6bL1 OFHUM M3
CTOPOHHHKOB «9HEPruy U3 IIyCTOTLI», T.€. WEW O TOM, YTO BaKy-
YM MOKET CO/lepKaTh B cebe HeMMOBEpHbie KOAUYECTBA SHEPTHH.
Eciu 3TO 1papja, TO BAKYYM CTAHET OJHLETBOpeHHeM «becriar-
HOT'O Chipa» — «BOJIIEOHEIM FOPIIOYKOM», CIIOCOOHBIM H3BIECKATD
SHEPTHIO B MIIOOKIX KoMHYecTBax 6yKBanibHO HHOTKYAA. BakyyM, Ko-
TOPBIH paHbllie CYUTAAN IIyCTHM U JIMIIEHHHM BCAKOr0 BElEeCTRA,
oKaxeTcAa Oe3JOHHEIM KIaJe3eM 3HEPTHH.

Tecsa poawics B MaieHEKOM POPOAKe HA TEPPUTOPHH HHIHENL-
Hel Cepbunm u B 1884 r. mpubsn B CoeguHennbie IliTaTei Ge3 enu-
HOI'O LIEHTA B KapMaHe, Bckope oH cTan nomomaukoM Tomaca dau-
COHa — IIOMOIHUKOM HAaCTOABKO OIECTALYIM, 4TO IPEBPATHIICH B
corepHrKa. [[poTUBOCTOSHNE 3THX ABYX 3HaMEHUTOCTEN HCTOPHKH
OKDECTHIH «BOHHOMI TOKOB». DAHCOH CIUTAT, YTO MHP MOMKHO 3JIEK-
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TPHQUIIMPOBATE TIPU MOMOUIM MAIIHH [OCTOAHHOTO TOKA, TOTAA
KaK Tela [TepBRIM BBEJT MepEeMEHHBIH TOK U YCIeMHO NpojeMOH-
CTPHUPOBAJ, YTO €I'0 METOAH! ropa3ao 3¢ deKTHRHEe METOAOB JAM-
COHA ¥ JIONYCKAIOT MeHbLINE HOTepH NPH Nepejate sNeKTPHYECTBA
Ha Gosblilee paccToAHue. CerofHA IOUTH BCA IUIAHETA CHabkaeTcA
aMeXTpHYecTBOM Ha Base nareHToB Tecssl, a He JAuCoHA.

Bcero y Tecssl HacuMTbiBaeTca Gonpue 700 HaobpereHuit
H TATEHTOB, HEKOTOPHE K3 KOTOPHIX ABJANTCHA BAXKHEMMIHMU
HCTOPHYECKUMH BeXaMH COBPEMEHHOTIO JIEKTPHYECTBA. MICTOPHKU
CYMTAIOT BIIOJIHE BEPOATHRIM, UTO Tecna npuayman paguo paHble,
ueM 370 cgenan I'yabensmo MapkoHH, obHUKHANBHO TPU3HAHHLIH
n3obperaTesieM PaZiuo, H paBoTal ¢ pEHTTEHOBCKUMH JIYYaMH ellje
A0 UX 0pHLHANBbHOTO OTKPBITHA BuibrensMoM Pentrenom. (M Map-
KOHM, U PeHTreH noake 6pUH yaocToerdbl HobeneBckol npemuu
3a u3obpeTerud, KOTOpble Tecna, BEPOATHO, CAENAN HA HECKOALKO
JIET padbIne,)

Tecna Tamwke CYMTaN, 9YTO MOXKHO H3BJIEKAaTh M3 BaKyyMa
3HEPTHIO B HEOrPAHUYEHHBIX KOJIMYECTBAX, HO, K COXaNEHHIo, He
NpHBET B CBOMX 3aNMCKaxX JOKA3aTeNbCTBA 3TOTO YTBEPHKAEHUA.
Ha nepBbIif B3MIAA KQ¥KETCs, YTO «3HEPTHHA MYCTOTHI» (MIH SHEPIHs,
KOTOpas COAEPKUTCA B BaKyyMe) HapylllaeT IepBHil 3aKOH TepMO-
AMHAMHMKH. HeT HHKaKHX COMHEHHMH B TOM, ITO SHEPTHA BaKyyMa
HapylIaeT 3aKOHHl HBIOTOHOBOH MEXaHMKH, HO HEAaBHO BOTIPOC O
Heil BHOBb BO3HUK Ha HAyYHOM FOPH3OHTE, HO YK€ ¢ COBEPHIEHHO
HOBOT'O HanpapJeHus.

[TpoaHanM3UPOBAB JJAHHEIE CO CIYTHUKOB, KOTOPHIE B HACTOS-
Iee BpeMA HAXOAATCH Ha opOHTe, B YaCTHOCTH €O CITyTHHKa WMAP,
YYeHbIE NPUUUTH K TOPasHTENBHOMY BHBOAY: He MeHble 73% Bee-
JIEHHOWH COCTOMT U3 TEMHOH SHEPIHH — 3HEPIHH YHCTOTO BaKyyMa.
10 03Ha4aeT, YTO BaKYYM, pazfeiOlMA TUIAKTHKY, HBISETCH
O/HOBPEMEHHO BEJMYAHIINM pe3epByapoM 3HEPrHH BceseHHOMH.
(9Ta TeMHasA SHEPTHA HACTOABKO KOMOCCANBHA, YTO OTTAIKMBAET
FAMAKTUKH MPOYE APYT OT Apyra M MOXKET CO BpeMeHeM pa3opBaTh
BcesieHHYI0 HA yacTu.)
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BEYHLIA RABHTATERD

TeMHas 3Hepria HaNONHAET BClO BeesieHHYo, BCe ee YTOMKH,
B TOM YHMCJIe Hallli JOMa — W HAIlM Tefa ToXe, KorH4yecTsBo TeM-
HOM 3HEPTHH B KOCMOCE TIOMCTHHE aCTPOHOMHYHO Y TPEBOCXOINT
3HEPTHIO BCeX 3Be3] M FATAKTHK, BMECTe B3ATHIX. MOXKHO TaKke pac-
CYHUTATh KOJMYECTBO TEMHOH SHEPIUH HA 3eMile; OKAKETCA, YTO ee
0Y€HB HEMHOT'O — CIMIIIKOM MAaJio, YTOOb! IIOANUThIBATE BEUHEIH JBH-
ratens. Tecs1a ObUT TIpaB: TEMHAA SHEPTHA CYHIECTBYET; TEM HE MeHee
B OTHOWEHHH KOJIWYeCTBa TaKoH 3Hepriu Ha 3emie oH omubaca.

A MOXeT OBITE, HET?

Of1H 13 CaMBIX HENPUATHHIX MpobeaoB B COBpeMeHHO GU3u-
KE COCTOHT B TOM, YTO HUKTO He MOXeT TeOPETUYECKH PACCUHTATh
TO KOJWYECTBO TEMHOH 3HEPrHH, KOTOPOe MBI U3MepAeM IIPH No-
MOILY CITYTHHXOB. EC/IM NPOBOAUTL pacyeT C MO3HIHH COBpeMeH-
HOW aTOMapHOH PH3UKH, TO IOAYYEHHOE YHWIO Pasoifercsa ¢ 3Kc-
NepHMEHTAIBHBIM Pe3yasTaTOM Ha 120 mopagxoB! DTo eMHKIA CO
120 aynamu! be3 cOMHEHHA, ITO caMoe 3HAYUTEIbHOE pacxoie-
HHe MeXAy TeOpHeH H 3KCNEPHMEHTOM 33 BCIO UCTOPHIO GUSHKH.

CyTb B TOM, YTO HUKTO He 3HaeT, KaK [I0CYHTaThb «3HEPTHIO ITy-
CTOTBI». DTO O/JHH U3 BAXKHEHIUMX BONPOCOB PU3UKH (BeAb CO Bpe-
MeHeM OTBeT Ha HeTo onpeZenut cyas0y BeeneHHOI!), HO OKa MEL
He MpeACTaBAsAEM, KaK MOXKHO pacCuUHTaTh KOJIMYeCcTBO 3TOH SHEp-
rvd. Hu oZHa 13 Teopuit He OGBACHAET TEMHOM 3HEPrUH, XOTA 3KC-
NMepHUMeHTANbHBIE JOKA3ATENECTBA €€ CYIleCTBOBAHUS OYeBUAHEL,

HMrak, B Bakyyme JeHCTBUTENBHO 3aKINOYEHA 3HEPTHs, Kak
u mogo3pesan Tecna. Ho IIOTHOCTE 2TOH SHEPrHH, CKOPEE BCETO,
CAMIIKOM Mana, YToBH ee MOMKHO OO U3BNEKATEH H UCTIONL30BATS.
B OrpOMHBIX MeKTajaKTHYeCKHMX IPOCTPAaHCTBAX NIOJAHO TeMHOH
3Hepruy, a BOT Ha 3eMie ee yMEU[aeTCs TOAbKO 4yTh-4yTh. Ho ca-
MO€ HeTMPHUsATHOe, YTO HUKTO He 3HaeT, OTKYAa B3A1ach 3Ta S3Hepris
M KaK MOYKHO pacCYUTaTh ee KOJHYECTBO,

Al y6exaeH, UTo 3aKOH COXpaHeHNA SHepruy o0ycIoBIeH my-
OMHHBIMH KOCMOJIOTMYECKUMH IpHYMHaMH. Jlioboe HapylieHue
3TOro 3aKOHA HEMpeMeHHO 03Ha4ano 6bl cepbeiHble CABUTH B Ha-
XX NpeAcTaBAeHUAX 06 apomonuy Beenenroit. M 3aragka TeMHoH
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OUIUKA HEBOIMOHEOID

JHEPIrHUH 3aCTABIACT (bHSHKOB npeAnpHEHUMATE HOBBIE H HOBBIC IO~
TIBITKH PEMTHTE 3TOT BOIIPOC.

[TOCKONBKY co3liaHue HACTOSIILETO BeYHOTO ABUraTesrd MoXer
noTpeboBaTh HepecMoTpa GyHIEZMEHTANBHEIX 3aKOHOB (PH3HKY Ha
KOCMOJIOTHYECKOM YPOBHE, A CKJIOHEH OTHeCTH BeYHEIH JBUTaTeNb
k [l K1accy HEBOIMOXKHOCTH; 3TO O3Ha4aeT, HA MoU B3IVIAZ, 4TO
mu6o Takol JABHraTenb JeHCTBHTSILHO HERO3MOXeH, TMO0 HaMm
NPHAETCA IIOTHOCTHIO TIEPECMOTPETL HAllK NPeCTAaBIeHHA O (pyH-
JaMEHTANbHOH PH3KKe B KOCMOJIOTHIECKOM MaciuTafe — TONBKO B
3TOM CJIy4ae TaKasd MaliHHa MOXET [TOIYYHUTE IPaBo Ha CYIIeCTBO-
BaHHe. UTo e KacaeTcA TEMHOH 3HEePTHH, TO OHA OCTAETCA OJHOIH
W3 BeIMYaHIINX HE3aKOHYEHHHIX [IAB COBPEMEHHOM HAYKH.



5. neEnBHAERKE 6YIYMERD

Hapanoxc — 370 HCTHHA, BCTABIAA Ha FOMOBY PANK NPHBILYCHRA BHYMMAHHWA.

Hukonac ®annerrta

CyLiecTBYyeT /M TAKasd Belllb, KaK ACHOBHACHHE, HIH TIPEABH/ICHHE
fyayuwero? 3Tta ApeBHEHIIAA KORLIENIINUA HPUCYTCTBYET B KaXAQMH
PEAUIHH; MOXKHO ECIIOMHHUTE OPaKy/IoB ['penuu 1 PUMa H BeTXO-
3aBeTHHIX MpopokoB. Ho o6paTuM BHUMaHHe: B MOAOBHBIX CHOKe-
Tax Aap [ipeJBAACHAS 9aCTO CTAHOBUTCA IIPOKIATHEM. B rpedecKoit
mudonoruu ecrs Mud o Kaccanspe, govepu napa Tpou, koTopas
CBOEH KPacoTOH NPUBIeK/Ia BHUMaHUe COMHEYHOTo 6ora ATTO/LIOHA.
YTo6Hl 3aB0eBATH NPUIVIAHYBLIYIOCH €MY AEBYIIKY, AIIOIOH /1apo-
Ban eif cnocobHoCTh BUAETH 6yayiee. Ho Kaccanapa oTeepriia yxa-
XUBAHHA ATIO/UIOHA, H TOT B IPHIIAJKe APOCTH HCKa3WI CBo ap:
renepe Kaccanapa Morna BUAETh Oyyiiee, HO HU OfMH YeN0BeK el
He Bepui. KaccaHZipa npeaynpesx/ana TPOSHIEE of yTOTOBAHHOIM
HM Y4aCTH, HO HHKTO ee He cinyiuan. OHa npegynpexjana, 9ro Tpo-
AHCKWH KOHb — JIOBYLIIKA, OHa Ipe/cka3aia cMepTh AraMeMHOHa U
Aaxe coBCTBeHHY0 rufenb, Ho moau Tpou, BMECTO TOro 4To6sl mo-
CAYINaTh coBeTa, OOBABWIN ee cyMaclueAuIeit i 3anepnu B 6amHe.
Hocrpagamyc B XVI B. 1 mo3xe Jarap Kefic Toxe yTeepxaanu,
YTO MOTYT IPHIIOAHUMATD 3aBecy BpeMeHH. MOYKHO Hepeaxo yoibl-
IIATh, YTO UX NMpe/IcKa3zaHuA cOBLTHCH (Pevb HET, B YACTHOCTH, O
npejickasaHuy Bropolt MUpoBoH BoiiHbI, yOMiicTBa mpe3suzeHTa
KenHeaU v nageHus KOMMYHN3Ma), HO MyTaHaR a/yieropuyeckas
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OUIHKA HEBOIMOMHHOIO

dopma, B KOTOPYI0 MHOIME ACHOBHALB! OD€KaM CBOH IMpPEICKa-
3aHUS, JIOTIYCKAeT CaMbie pazHble, B TOM YMCIe MPOTHBOpevaiue
ApYyr Apyry, uHTepnpeTauuy. Katpensl HocTpajamyca, kK IpHMEPDY,
M3JI0KEHBl B TakoH obiei popme, YTO KAX/TLIH MOXKET MPOYHTATD
B HHUX BCE YTO YTOAHO (YTO NOCTOAHHO M ITPOMCXOAUT). B ogHOM M3
YEeTBEPOCTHILIHHM CKa3aHo:

Pegem 020Hb U3 YeHMPa MUPA, COMPACAIOUWLITL 3EMMI0,
3emast BOKpy2 HO8020 20p00a Mpenewjem.

Heoe genuxix 6ydym soesams 0020 U OecrIo0HO.
Humda ucmounukos 3acmasum HOGYI0 peKky noKpacHerma.

Koe-xTo yTBep:¥Aal, 4To ITOT KaTPEH MOXeT CIIYXKUTh JOKa-
3aTeMBLCTBOM TOTro, YTO HocTpazaMyc 3Kal o pa3pyHIeHHH HaleH-
6IM3HEN0B TOProBoro uenTpa 8 Heto-Hopke 11 centabpsa 2001 .
Ho Ha npoTaXeHHH CTOMETHH [10 3THM XKe CI0BaM JeNaNHCh AECHT-
KH HHbIX UHTepnpertaiii. Begs o6passl HaCTONBKO HeOTpeaeneH-
HBI, YTO WX MOXHO IOHUMATH KaK yrogHO.

[Ipeasnaenne 6YAyIETo, KDOME BCETO [IPOYETO, ARIACTCH 10
OMMBIM HHCTPYMEHTOM JpaMaTypProB, ONHCHBAKIHX 06peueHHEIX
Kopojie# ¥ MajeHue UMIepHi. B «Makbere» [lexcnupa npopoye-
CTBO C/ly>KMT LIEHTPOM CIOETa H HOKYCOM YeCTOMOOUBEIX YCTPEM-
neHuil Maxfera — Beab TPU BeAbMbl NPEACKA3BIBAIOT EMY BO3-
BoitileHye ¥ TpoH xopoid UloTnanauu. [pesckasanne BeapM eitle
CWIbHEE PamKUraeT ero HojJesHeHHOE TIIeCTaBHe, H OH HAYMHAET
KPOBABYIO U XYTKYIO KAMIIAHHIO, YHHYTOXKAET Bparoe, yOUBaeT He-
BUHHBIX IETEM H XXeHY CBOEro coltepHHKa Makayda.

CoBepIlME MHOKECTBO YXKACHBIX NPeCTYIUICHHH H 3axBaTHB
TpoH, Mak6eT y3HaeT OT TeX e BeJbM, YTO HHKTO HE CMOXeT Io-
Beaurs eTo B cpaxeHHH, «oKa HE ABUHETCA Hanepepes Ha JyHcu-
HAHCKHH X0aM BHpHaMckHii Aec»; KpoMe TOro, eMy coobualeT, 9To
OH «3aIAieH cyAb00H OT BreX, KTO JKEHIIMHOH poxaeH». [Ipopo-
9eCTBO yCnokaueaer Makbera, MOTOMY 4TO JIeC He CocofeH ABH-
TaThCA, @ BCE JIIOAU POKAAIOTCA OT KeHIIHH. Ho B KOHIle KOHIIOR
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MPENBUAEHME BYAYINETD

Bece cOBIBaeTCsi — BUpHAMCKUIM fiec CXOAMT ¢ MECTa, KOorza BOMHEL
Maxkzayda 6epyT B pyKH BETBH I€PEBbEB H CKPHITHO ITOAXOAAT K Na-
repio Max6eTa; KpoMe TOro, OKaselBaeTcs, ITo caM Makayd 6uu1 He
poXKaeH, a BLIPE3aH M3 Ypera MaTepH.

Hrak, npoluise MpopoyYecTBa CIMLIIKOM Heollpe/lelleHHEI, 9T0-
6Bl UX MOXHO OBUIO ZOCTOBEPHO NPOBEPHUTL; HO €CTh OJHH KJacc
NpeACKa3aHNH, OLEHHTD KOTOPBIE COBCEM HECTIO0MXHO, — 3TO IIpejl-
ckaszanusa CyaHoro Aus u Konua cseTa. B Bubiny, B kiure «OTkpo-
BEHHe» NOC/IeHMe AHU 3eMIH ONUCaHH B KPACOYHEIX NOAPOOHO-
CTHX; ARIEHHE AHTUXPHCTA M OKOHYaTeNnbHoe Bropoe npuiecTsue
XpucTa conpoBOKAAIOTCA Xa0COM U pa3pylleHdeM. XpUCTHAHCKUE
MBICIHTEIH BCErAa, C MOMEHTA [IOSABJIEHHA ITUX TeKCTOB, IIHITalINCh
peacKa3aTh TOUHYIO JATY ONMTUCHIBAEMEIX COOBITHH.

OfHO M3 caMHIX 3HAMeHUTHIX NpeackasaHuil CyaHoro AaHsA
610 caenano actponoramMu Ha 20 derpana 1524 r. Ha OCHOBaHHH
nosioxeHuA wianet (Mepkypus, Benepol, Mapca, FOnmurepa u Catyp-
Ha) Ha HebecHOH chepe; BEUIO NpPEACKa3aHO, YTO MUDP IOTHOHET B
BEJIMKOM ITOTONE. EBpOITy 3aX/eCTHY/a MAaccoBad IaHHKa. B AHIIHH
20 000 Ye/IoBEK B OTYAAHUH [TOKUHY/IH CBOM A0MA, BOKPYT LiepKEU
Ce. Bapdonomes Orita Bo3peeHa KPeIOCTh, HAGUTAS TIPHIIACAMH,
niHied ¥ BojoH Ha ABa MecAua. Ilo seewt lepmanuu u Opanuum
JIOLY OPHHAINCH AMX0PaZ0YHO CTPOMTE BoNblune KOBYErH, KOTO-
pble MOITIH 6Bl y1ieIeTs BO BpemA norona. I'pad ¢oH Urrmexahm, K
IIPUMeEpY, BHICTPOMI B IPSAABEDHH 3TOTO CYAbOOHOCHOTO COBRITHSA
TPOMAJIHbIH TPEXBAPYCHBIH KoBYer. Ho B Ha3HaueHHbIIH eHb ¢ Heba
BCETO JIMIIb NOKanal Jerkui foxauk. HacTpoenue Tonnsl pesko
H3MEHWIACh; BMECTO CTpaxa JwJeil oxsatua rHes. Te, KTo yenen
pacnpojaTb BCE UMYLIECTBO M MOJHOCTBIO CIOMAJ CBOIO XH3Hb,
MOYYBCTBOBAH ceba 06MaHYTHIMU, Pa3bApeHHble TOJIIBL HAYAIH
IPOMHTB Bce BOKpYT. [pada 3abwin kaMHAMH, a B JaBKe MOorubno
HeCKOJBKO COT YeI0BEK.

PazymeeTcs, mpopodecTBa KaXAYT He ORHHM TOMBKG XPHC-
Tuane. B 1648 r. Ca66ara¥i LBH, CblH 60raToro eBpes U3 TypenKoh
CMUpHBH, 06BABWI cebs Meccuelt M IIPeJCKa3al, 4To MHD MOrHGHeT
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OHIHKA HEBOIMOMHOTO

B 1666 I. [IBH 6BUT KpacKB, Xapu3MaTH4YeH H XOPOLIO 3HAI MUCTHYE-
ckue TeKeThl Kabbaner; emy yaanoce 6bicTpo cobpath rpymmy daHa-
THYHBIX NOCIEAOBATeNIeH, KOTOpHE PAcPOCTPAHIIH 3TY HOBOCTh
o Beeil EBporie. BecHoii 1666 r. eBpe TaKUX OTAAJEHHBIX MECT,
kak $panuus, lomnangus, TepManus M Benrpus, navanu ckragsl-
BATL BEIIH M coOMpaThes Ha 30B CBOEro Meccuy. Ho 9yTh mosxe B
TOM 3Ke rogy [[au 6b11 apecToBaH ¥ 6polleH B TEMHHITY B II€NAX M0
NPHKAa3y KOHCTAHTHMHONOJIBCKOTO BEJIMKOro BU3Hpd. OKasaBIIUCh
nepes JTALOM CMEPTEIbHOH ONACHOCTH, OH TeaTpasbHO cHpoca
CBOM eBpeHCKHe 04K b, HaAe! TYPEIKHH TIop6aH U o6paTHICA B
UCTAMCKYH0 Bepy. JlecATKY ThICAY ero HpeJaHHBIX CTOPOHHHUKOS T0-
KHHY/TH CEKTY, UCITBITAB CTPAIIHOC pa30YapoBaHie.

[IpeAcKasaHMA BCEBO3MOXKHEIX IIPOPOKOB H CCTOAHA OKA3bIBa-
0T BIMAHKIC HA MOJEH, MeHsA KU3HH AeCITKOB MWLTHOHOB JII0Aei
no BceMy Mupy. K npumMepy, B CIIA Hexuii Yivibam Muutep o6ba-
BWI, 4TO CyZHBINA AeHb HacTyiuT 3 anpens 1843 r. Bects 06 sTom
HPOPOYeCTBE pa3olliachk 10 CTPaHe; COBIABLIee ¢ HUM CIyvaiHoe
cobbITHE — BNCYATIAIOMHEHA MeTeopHeIH Jokab 1833 r., oauH u3
MONIHEHIINX B MCTOPUH, — TakKe OYeHb YCHIWIO BNeYaTaeHue OT
MHJLIEPOBCKOTO IPOPOYECTBA.

K 1843 r. ApMare0Ha OKHAATH YKe AeCATKH THCAY pejaH-
HBIX Noc/AeAoBaTeNeii Muutepa; OHH JaxKe MONyYiJiv HA3BAHKUE MH-
JepuToB. Korja roJ MCImo/HeHud [IpOpoYecTBa Havyascd, a 3aTeM H
3aKOHYMJICA, a KOHIIa CBeTa TaK U He CIyIHIOCh, ABWKEHHE M-
PHTOB PAaCKOJIONOCh Ha HecKobKO GoAbimx rpymi. [ocaesosarenei
y Mutepa 610 Tak MHOTO, 9TO KaXAasd U3 THX IPYIII H CEroAHA
3aMeTHA B PEJIMTHO3HOM KH3HM M 00/1aJaeT HEMAILIM BAHAHHEM.
OaHa u3 6OIBIIHX FPYIII MIWLIEPUTCKOTO ABIMKEHH B 1863 . mpoBe-
JIa peOprasM3anHio H H3MeHIWIa Ha3BaHMe; Telleph OHA Ha3BIBAeTCsA
LlepKOBBiO aABEHTHCTOB CEbMOTO /THS U UMEET B CBOMX PAAX OKO-
JI0 14 MIH OKpelleHHbIX. [JIABHEIM B Y4eHHH AABEHTHCTOB ABASETCA
CKOpO€e H HeMUHYeMoe Bropoe npuiiecTBHe XpHcTa.

Elte 0AMH 0CKOJIOK ABMXEHNA MIWUTEPUTOB TIO3KE CTAJ OPH-
EHTUPOBAThCA Ha TPyAbl Yapabia TeHsa Paccemwna, oTogBUHYBLIETO
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NPENBHAEHME BYAYWETQ

Aaty CrpawHore cyza Ha 1874 r. Korga u aTa gara MuHoBana,
Paccenn nepecMoTper cBOE NPOPOYECTBEO — OCHOBHIBAJIOCH OHO
Ha M3YYeHHH erMIleTCKHX MMPaMHKJ — H €lle pas NepeHec AaTy,
Ha 3TOT pa3 Ha 1914 r. [Io3xe 3Ta rpymnna noaydYuaa HaspaHHe
Ceuzereneid Merorw; B HacTOsAIlee BpeMA B HeH cOCTOMUT Bojiee
6 MJIH YeJTOBEK.

Jpyrue cerMeHTH MHI/UTEPHTCKOTO ABHKEHHA TaKKe MPOI0I-
*aJTH TIPOPOYECTBOBATE — H KaXABIH pa3 PacKadbIBaNUCh, TIOCTE
TOrO KaK ouepefHoe npeackazaHue He cOrBanock. OfHa 13 Hebonb-
KX TPYTIN OBIBOIMX MIWUIEPHTOB, OTKOJOBIIAACA OT AJBEHTHCTOB
ceabmoro guA B 1930-x rr., nosxyyuna HazBaHve Beres Jlasugosa.
Heboapman 061uHa 3Toi ceKThl B Bako, wrar Texac, noanana 1oy
BAUAHHC MOJIGAOTO XapU3MAaTHYHOTO IIPOMOBEJHUKA MO0 UMEHH
Jssua Kopeuw, kKOTOpHIit ¢ HONBIIHM HATIOPOM M THITHOTHYECKOMH
crnol paccyxzan o KoHoe cBeTa. Dta ceKTa NpeKpaTiiia CBOe Cy-
IecTBOBAHUC B 1993 1. B TparnveckoM cToAKHOBeHNH ¢ OBP; korma
PEeBYIIMIA OTHEHHEBIA a/] IIOTJIOTHI TOCENOK, 32KMBO CTOPEITH 76 wie-
HOB CEKTHl, B TOM YlCIe 27 geTeid u caMm Kopetn.

MoskeM 111 MBI BUAIETH Oyuyuiee?

MozKHO M AOKa3aTh [IPH IOMOIIH CTPOIHX HAYYHBIX 3KCIIEpHMeH-
TOB, UTO HEKOTOPHIE JIOAM CIOCOOHH ByAeTh Gyaymee? B rmase 12
MBI BUAENH, 9TO IyTelIeCTBUA BO BpeMeHH B IPUHIUIE He IIPOTH-
BOPEYaT 3aKOHaM MPUPOAH, HO ZOCTYITHBI JHIIb BHICOKOPa3BUTHIM
uernusanyaM I tuna. Ho Moxer Ob1Th, nIpeasiAeHye JOCTYTIHO
HaM H CerogHs Ha 3emae?

COXHBIE U THIATEABHO OPTaHU3OBaHHEBIE TECTH, [IPOBE/EH-
Hile B LleHTpe PaitHa, Bpoge 6l AAIOT OCHOBAHMA MONATATH, YTO
HEKOTOPHIE JIIOAH A€MCTBHTENBHO MOTYT IpeABHAETh OyAyIee; a
UMEeHHO MOTYT Ha3bIBaTh KApTHl paHbllle, 4eM OHHM GyAYT OTKPHITHL.
Ho MHOrouucieHHbIE [TOBTOPHBIE SKCIIEPUMEHThI MOKA3AIM, UTO
adekT ITOT OueHb w1al U HacTo BOOOLIE HCUe3aeT, eC/IH Peay/IbTaT
IIBITAIOTCA IOBTOPUTE APYTHE HCCIeA0BATENH.
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DOHINKA HEBOIMOHHOTO

Ha camom aene npeasugeHue 6yAyLero TpyAHO IPUMHUPHTE
¢ COBpEMEHHOH HayKoH, NOTOMY YTO B 3TOM CIy4ae HApYyIIaeTcs
HNPHYHMHHO-CIEACTBEHHAA CBA3b, WIM 3AKOH IPUYHMHBI K C/IeJCTBHUAL
[Ipy4MHa Jo/DKHA NpeAtilecTBOBATL CAEACTBUIO, a He HAaoGOPOT.
[IpuunHHO-CEeCTREHHAA CBA3b BCTPOEHA BO BCE 3aKOHBI QH3H-
KH, KOTOpBIE YAAJI0Ch OGHAPYXHThH A0 CUX IIOp, H OT €€ HapYIIeHHA
PYXHET BCe 3AaHHe coBpeMeHHOH puauky. Hpl0ToOHOBa MeXaHWKa
NpOYHO Ha3MpPYeTCa Ha 3aKOHE O IPUYMHHO-CIIEACTBEHHBIX CBA3AX,
a 3akoHH HbIOTOHZ HACTOMLKO BCCOOBEMIIIONIH, YTO, 3HAs TOYHEIE
KOOPJHHATEI H CKODOCTH BCEX MOJIEKY/ Bo BeeneHHOM, MO¥HO OBLIO
6Bl paccyuTaTh W Oyaymiee ABIKEHHe DTUX aTOMOB. TakuM ofpa-
30M, Oyayiiee MOKHO PacCYMTaTh. B MPUHLMIE HEIOTOHOBA MEXa-
HHKa YTBEPXKAAeT, YTO, UMes B CBOEM PaCOpKEHHUH JOCTATOYHO
MOLIHBIA KOMIBIOTEP, MOXHO BEIYHCIUTH Bee GYAyIOHe cobbITHS.
[lo HuioToHy, BeesleHHAa NoXoxa Ha MMTAHTCKHE YAcH, KOTOPHiE
Bor 3aBes B Havasle BPEMEH U KOTOPBIE C Tex Top HAyT 1o Ero 3a-
konam. B Teopun Hei0TOHA HeT MecTa NpeJBHAeHHIO.

Ha3zan 8o BpeMeHH

QHAKO eI paccMOTPeTh TeopUIe MakceBena, cieHapKH OKaxeT-
ca Topasfio 6onee cNOXKHBIM. [IpH pelIeHHM MaKCBEIUIOBEIX YpaBHe-
HUH J719 CBETA MBI IOJIy4aeM He OJHO, a ABa PEIEHHA: HE TOJBKO
«3anassbHBAaKLIYIO» BOMHY, KOTOPas IpeACcTaBasIeT coboil o6eraHoe
JBIDKEHHE CBeTa U3 OAHOM TOUKHU B ZIPYTYIO, HO EIIe M «OTIepeka-
IOLIYIO» BOHY, KOTOpas OPeACTARIAET cobO0ii IyY CBeTa, YXOAALMA
Ha3aJ BO BpeMeHH. OTO NPOJBHUHYTOE PEIieHHEe BHXOAUT U3 Gyay-
LIEr0 ¥ IPUXCAUT B Mponuioe!

B Tevenune coTHH JIeT 060 HHXEHEp, BCTpedas 3TO «Onepe-
Kawmlee» pellleHHe, YXOsiLiee Ha3a] BO BPEMEHH, IIPOCTO oTHpa-
CHIBAT €ro KaK YMCTO MaTeMaTHYecKylo AMKOBHHKY. [1oCKOABKY
0OBIYHBIE BOIHB! MaxcBeIU1a Ype3BbIYaiHO TOUHO NIPEACKA3BIBANY
[IOBEJeHHe PadHoOBOJIH BCEX AMAlIA30HOB, IIPaKTHKU 0T6paCbIBaJ'IPI
olepexailiee peeHne KaK HeHyXXHOe 1 3a0piBanu o HeM. OOrI4-
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NPEABUIOEHME bYNYILEID

Haf BOMHA ObLIA TaK XOpolla, KPaCHBa H YCMellHa, YT0 HHXeHephl
TMPOCTO HrHOpHUPOBaNK ee GezobpasHylo cecTpy-61manena: ot jgo-
6pa 106pa He UIIyT.

Ho duznkam onepexalolad BolHa BCE 3TH CTO JIET He JaBa-
jla CTIOKOMHO craTk, YpaBHeHHA Makcgeilla — O/IMH H3 CTO/IOB
COBPEMEHHOCTH, TTI03TOMY K Jil0DOMy UX PEIIEHHIO CIEAYeT OTHe-
CTHCh 04E€HD CEPhE3HO, AAKE €CITH AJIA 3TOrO NOTpebyeTes NPHHATD
CYIEeCTBOBAHKE BOTH M3 Gyayiuero. [I0MHOCTBI0 HTHOPHPOBATh UX
OBLTO COBEPIIEHHO HEBOSMOXKHO. [ToueMy MPUPOJA Aana HaM Takoe
CTpaHHOe, MPUYYAJIHEOE pellieHHe — Ja ele Ha caMoM 6azoBoM
ypoBHe? UTO 3T0 — KecToKas IIyTKa, WIH B 5TOM €CTh KaKoH-To
Ty GOKHA CMEBICHA?

Hrrepec K orepexanoui’M BOJHAM MPOABWIH H MHCTHKH;
MOABHIMCE JaXKe PACCY:KAEHHS O TOM, YTO 3TO MOTYT OKasaTbCs
nocrnaHua M3 6yaymero. Moxer OBITB, eC/IH Kak-HHOYAL 00y3aaTh
OTH BOJIHBL, MBI MOIIM OBl [TOCHLTATE COOOIEHHA B NPOIIIOE H CO-
O6UIATH MPEABIAYIUM TTOKOMEHUAM O MPAAYIIMX coburruax. K mpu-
Mepy, MOXXHO ObUTO 651 TOCOBETOBATD HAIIMM [TpaJeAYIIKaM M Ipa-
Gabymkam b 1929 T. npofars Bee aKUMH, He A0XHAaAch YepHoro
yeTsepra. KoHewHo, onepexalomnye BOJIHHE He O3BOIWIN OB HaM
JIMYHO [IOCEIIATh NPOLUIOe — 3TC BCE JKE HE MalliHa BpeMeHH, —
3aTo NOMOITH 66l OPraHU30BATH OTIIPABKY B IPOLTIOE ITHCEM H CO-
0bIIeHHH ¢ IpeAyTIpexAeHHAMU O KAIOYEBLIX COORITHAX, KOTOPHE
€Ili¢ He POU30IUIH.

Onepexailie BOMHE OCTABAMUCH 3ardiKOH, TIOKa 33 HX W3-
ydeHHe He B3sancH Pudapi PelHMaH, KOTOPOTO BCETIa 3aHHMANA
HJes BepHYTheA B IIpouuioe. [Tocie ygacTa B MaHX3TTEHCKOM TIPO-
exTe, rae Obl1a co3zaHa neppas aToMHad 6omba, deitHMan noku-
Hy/ Jloc-Anamoc ¥ yexai B [IpUHCTOHCKUE YHUBEPCHTET paboTars
oA HavanoM /DKoHa Yinepa. AHaIH3HPYH NlepBrle paboTel JHpaka
1o 3nexTpoHy, Peituman 0bHapyI1 HEYTO O9eHb cTpadHoe. Ectu
¥3MeHHTD Hallpap/leHHe BpeMeHH B ypaBHeHuH Jlupaka Ha obpat-
HOE W OAHOBPEMEHHO M3MEHHTD 3HaK 3apAfja 3MeKTpPoHA, TO YPaB-
HEeHHE OCTaHETCA MPEXHAM. JpyruMH cioBaMH, ¥ Pelirmada nomy-
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OHIHKA HEBOIMOMKHOID

YUNOCh, 9TO 3JEKTPOH, ABIKYLIMKCS Ha3aZ BO BPEMEHH, — 3TO TO
Ke caMoe, 9TO TIO3HTPOH, KOTOPIH JBHKETCA BIEPe BO BpeMeHH!
B 0BBIMHBIX OGCTOATENLCTBAX 3Pe/bild, CIOKHBINHHCA QH3HK MOT
GBI OTOPOCHTD 3TY HHTEPAPETALHIO, IOCYUTAB €€ NPOCcTO POKYCOM,
MaTeMaTHYeCKOH YIOBKOH, He UMEILIeH HY 3HAYeHWA, HU $HU3H-
4ecKoro cMeleia. Boobiie, Ha NepBhIfl B3IV KAXKETCA, YTO BN -
HHE Ha3a] BO BpeMeHH JIMIIEHO BCAKOTO CMBICAA, HO YpaBHEHMA
JlMpaka B 3TOM OTHOIIEHHH COBEPIIEHHO ACHBL. JIDyTUMH CI0BaMH,
DeltHMaHy ypanock 0OHApYy#HThL IPUYMHY, IO KOTOPOH NpHpoAa
paspemraer cymecTBOBaHKe 3THX 00pPaTHBIX BO BpeMeHH PeHIeHui:
OHH TIPeACTABMAIOT ABIKEHHE aHTHMMaTepuH. Byap QeitnmaHn 60-
Jlee OULITHLIM QH3UKOM, OH, BIOJHE BO3MOXHO, BRIGPOCHI OB 3T0
pelileHHe B KOP3HHY. Ho OYZyuH Beero NMHIUb BRIIYCKHUKOM, OH pe-
M MOMTH Ha NOBOAY coBCTBEHHOTO II0OONBITCTBA ¥ HCCIEI0BATh
BOIIPOC JafbIIe.

Tpogomxad KonmaTkCcd B 3TOM 3araZlo4HOM PELIEHHH, MOJO-
AoH QeitHMaH 3aMeTw1 HeuTo eme Gonee crpadHoe. OOKYHO ecTH
37MEKTPOH U MO3WTPOH CTAIKHBAIOTCH, OHH 00a aHHUTWIMPYIOT
OJIHOBpEMEHHHIM 00pa20BaHHEM TamMMa-KBaHTa. OH HapUCOBAN
CXeMy IIPOMCXOAFIIero Ha MicTe: Ba 06beKTa CTaAKMBAOTCH H HC-
4e3aK0T, 3 BMECTO HUX BO3HWKAET BCILIECK IHEPTHH.

C ApyTOH CTOPOHEL, eCIH H3MEHHUTE 3aPA/] TO3UTPOHA Ha IIpo-
THBOTIONIOXHBIH, OH ITPEBPATHTCA B ODBIYHLINA 3/1€KTPOH, ABHXY-
wuiica HasaZ Bo BpemeHH. TorJa OMMCAHHYIO AUATPAMMY MOKHO
OyZleT HAPHCOBATh 3aHOBO — TOJIBKO OCh BPEMEHHU OKAXKETCsA Ha-
npasieHa B APYIyio cTopoHy. Boobine, Bce BHIVIAAUT TaK, Kak 6yaTo
3/IEKTPOH ABUTAJICA BIIEpe] BO BDEMEHH, a 3aTeM HeOXUAAHHO pe-
M U3MEHUTh Hanpaslenne. OH pe3Ko pasBepHy/CA BO BpEMeHH
U Hallpasuics 06parHo, BHICBOGOAUE B MOMEHT Pa3BOPOTA HEKO-
TOPO€ KOJIMYeCTBO 3HEPrHH. JpyrvMH CTI0BaMM, OIYYHIOCh, YTO
3TO OJMH H TOT € 37IeKTPOH, a NPOollecC aHHUTWIALIMY JJIeKTpoHa
H [TO3UTPOHA — 3TO [IPOCTO MOMEHT Pa3BOpOTA €ro BO BpeMeHH!

Taxum obpasoM, PeliHMaHy y4aT0Ch PACKPHITh TAWHY aHTHBE-
11ecTBa: 3TC 0OBIYHOE BENeCTBO, ABIKYILEeCs Ha3a/ BO BPEMEHH.
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MPEABWAEHUE BYAYWETO

IpocToe HabaoaeHue cpa3y xe OOBACHIIO TOT 3arajjouHbIt GaKT,
YTO Y KAKAOH YaCTHIIEI HeIPEeMeHHO eCTh NApTHEP-aHTHYACTHIE: STO
IOTOMY, YTO BCE YACTHIIB! CNIOCOOHLI ABMIAThCA HA33aj BO BDEMEHH U
MpK 3TOM [PUTBOPATHCA AHTHBEILECTBOM. (TaKas HHTepPIpeTaLus 3K-
BUBAJICHTHA YK€ YITOMHHABLIeMycA «Mopio Jiupakar, HO OHa mpoie,
M Ha CeroAHANINMI JeHb UMEHHO OHA ARAAETCA OOIIENPHHATOMH. )

Tenmeps NpeACTABUM, YTO Y HAC €CTh KyCOK AHTUBELIECTBA, M MBI
CTANKUBAEM ero € 00BIYHBIM BEHIECTBOM, MOPOXKAASL CHAbBHEHIIMIT
B3pBIB. B 3TOT MOMEHT aHHHIWIMPYIOT MeXAY coD0# TPILNHOHE
MEeKTPOHOB H TPWINHMOHH TO3WTPOHOR. Ho eciiv MBI TOMeHAEM Ha-
[IpaRNeHHe CTPEAOYKH A/IA IO3UTPOHA H TIPEBPATHM €ro TakuM 06-
PasoM B 3MIEKTPOH, ABMNKYINMHCA Ha3a/l BO BpeMeHHM, TO IOAYIUTCH,
YTO BeCh HAlll B3pHIB — 3TO OAWH H TOT K€ 3MEKTPOH, KOTOPHIH BhHI-
IIMCHIBAET 3UT3ArH M MEYETCA BIiepe/i-Ha3al BO BPEMEHH TPWIITHOHBL
pas noAp#Ax,.

M3 Bcero aToro MoXHO OBUTO CAENATh H elle OAUH JToOO0MbIT-
HBIH BBIBOJ: B HALIECM KYCKE BEIIECTBA AOLKCH OBITh BCErO OfHH
WeKTpOH. OZMH U TOT e 3MeKTPOH HOCHICA BIepeA M Ha3a/, Bhbi-
DHCLIBAA BO BpeMeHH OeckoHeuHele 3ursard. Kaxplii pas, pasgo-
PaYyHBaACh BO BPEMEHH, OH NPEeBPALACA B IO3UTPOH; HO CTOMIO
€My Pa3BepHYTBHCA 06PaTHO BO BPEMEHM, KaK OH cHoBa 06opadu-
BAJICA OOBIYHBIM 2/IEKTPOHOM.

(Obwanc, co cBOMM HayYHbHIM pyKoBoguTeseM J[KOHOM
Yunepom, PeiiHMaH paccyAan, 4To Bo Bee/leHHOH, BO3MOIKHO, BO-
o61e BCero OAMH NMEKTPOH, KOTOPHIH HOCHTCA TyAA-CKoAa BO Bpe-
meHd. [IpeacTaBbTe cebe, YTO U3 Xaoca Bonboro B3peIBa pOAWICA
OAWH-eAMHCTBeHHBIH 3neKkTpoH. Korga-aubyas, Yyepes HeCKOMBKO
TPUUTMOHOB JIET, 3TOT JAEKTPOH JOXKHUEBET 10 KaTacTpPodb H rHbemu
BcenenHoM; Toraa OH pa3BepHeTCA M HANIPABUTCA Hasaj, K boabimroMy
B3pPHIBY, [/le ellie pa3 toMeHseT Halpap/ieH e [BHXEeHHSA BO BpeMEHH.
MoXHO NPeANOOAKNTD, UTO STOT 3AEKTPOH IOCTOAHHO My TEIECTBYET
TyAa-ciofa, oT bonpimoro Bapeisa 40 CyAHOTO AHA. A Hallla Beestlennaa
ABa/IATD [IEPBOT0 BEKa — 3TO IIPOCTO BPEMEHHOH Cpe3 MyTelleCTBUH
3TOTO 3I€KTPOHA; Mbl BUAHM OAHOBPEMEHHO TPHLTHOHEI 31EKTPO-
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OUINHA HEBODIMOMHOIO

HOB U II03UTPOHOB, T. €. BUANMY10 Beeennyw. KoHeUHO, 3Ta Teopus
MOXeT IOKa3aThCsA CTPaHHOH, HO OHA 0OBACHINA Obl 0ZIMH JIOOOTBIT-
HHIH GaKT KBAHTOBOH TEOPUH: MIOUEMY BCE SEKTPOHbI OZHHAKOBHL.
B du3tke HEBOIMOXHO Pas3THIHTL NEKTPOHEL. HEBOZMOKHO CYBTATD
O/AVIH M3 3MIEKTPOHOB 3eJIEHHIM, a APYTOMY, CKaxeM, 1aTh HMA Jpxon-
HH. Y 3I€KTPOHOB HET UHANBUAYANEHOCTH. HEBO3MOXKHO «TTOMETUTh»
3/IEKTPOH, KaK yUeHHIC HHOTAA MOMEYAIOT AMKHX *KHBOTHEIX, YTOOBI
HX Ipoine 6bLTO OTCIEKUBATD H H3y4aTh. MoXeT ObITh, IPUYHH KaK
pa3 B TOM, 4TO BO Bcell BeeneHHOH eCcTh OAHH-eAMHCTBEHHBIH NeK-
TPOH, KOTOPBIH IPOCTO HOCHTCA TY/la-CI0Ja BO BpEMEHH. )

Ho ecsin anTHBEIlECTBO IPeACTABAAET co00H 0OLIYHOE Bellje-
CTBO, ABWXKYINeecA Ha3aj BO BpeMeHH, TO HeNlb3s JIU ¢ ero MoMo-
IIb}O IOCIaTh coobiieHue B iponioe? MokeT ObITh, MOJKHO IHOCAATH
ceroAHAIIHMI HoMep Wall Street Journal B npomioe camomy cebe
¥ KaK C1eayeT HKUTBCA Ha BUPKEBLIX CIEKYAALMAX?

OTBeT 0YeHb IPOCT: HET, HEML3AL.

Ec/H MBI paccMaTpHBaeM aHTHBEIIECTEC KaK elC OAHY K30
THYECKYI0 GOPMY BEIeCTBa, a 3aTeM NIPOBOJHM ¢ HUM SKCIIEPUMEH-
ThI, TO B 3TOM HET HHKAKOTO HAPYIIECHHA IPUMHHHO-CIEACTBEHHOM
cBA3W. [IpydiiHa H CAeZCTBHE OCTAIOTCA Ha Mecte. Ho ecan mMal Me-
HAIEM HalIPABIEHHE OCH BPEMEHH /1 [IO3UTPOHA U OTIIPABISEM €10
B IIPOILIOE, TO 3TO HHYEro HE 3HAYWT, MBI BCETO JHIIb BHITOIHAEM
HEKYH0 MaTeMaTHYECKYIO onepaiiiio. Pusnka ocraerca npexHeid, U B
peaNnbHOCTH HHMErc He MEHAETCA, Bee akcIiepHMeHTaIbHEIE Pesyh-
TaThl OCTAOTCA Ha MecTe, MIMEeHHO MO3TOMY MEI HMEeM NOHOe IIPABO
CYUTATh, YTO HNEKTPOH beraeT Tyaa-ofpaTHO BO BpeMenM. Ho kax-
AbIH pa3, KOTAA OH JABHXETCA B 06PATHOM HATIPABAEHHH, OH IIPOCTO
3amonHAeT coboil npouvioe. Tak yto, MOXOXKeE, A8 CYIIECTBOBAHHA
HOCIeA0BATENLHOM KBAHTOBOH TEOPHH JEHCTBUTEABHO HEOBX0IHMEI
oltepeskaroLive pelllerrs 13 Oyaywero, HO MO GONBINOMY CYETY OHM
He HAPYIIawT NpUHLKUNA IpHYHHHOCTH. (Ha camoM gese Bee Haobo-
POT: ec/u 61 He 6bUT0 ITHX CTPAHHBIX ONIEPEKAIOLINX BOJIH, MPHHLKIT
NPUYHHHOCTH B KBAHTOBOH TeopHH Hapymanca Oul. PeltHMaH mo-
K&3aJl, 4TO €C/IM MBI BBEIEM B TEOPHIO [TOHATHA OIEPEXAIOILMX H 3a-
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MPEABHNEHME BYAYILETD

TIa3/BIBAOIINX BOJH, TO T€ BeIHUMHBI, KOTOPHIE MOITH OB BEI3BaTh
HapylIeHne IPHYUHHOCTH, OY¢HE aKKyPaTHO coKpaTtaTes. Takum ob-
Pa3oM, aHTHBEUIECTBO HeOOXOAMMO A COXPAHEHUA IPHYHHHOCTH.
be3 aHTHBelllecTBA IPUYHHHOCTE MOMET PYXHYTh. )

DefiHMaH NPOACIKAN KOIATbCA B 3Toil HesymHOH Haee M
AoOWICA-TAKH, 4TOOB! OHA PACIBENA M MPEBPATUIACH B TIONHYIO
KBaHTOBYIO TEOPHIO 3eKTpoHa. Ero aeTuine, KBAHTOBYIO SAEKTPO-
AMHAMHKY, VAAI0Ch KCNEPUMEHTANBHO IPOBEPUTD A0 AECATOro
3HAKa TIOCJIE 3aNATOH, 9TO Ze/IaeT ee OIHOMH K3 CAMBIX TOYHBIX Teo-
pUH BeeX BpeMeH. B 1965 r. oHa npiHecna PeliHMaHy U €T0 KO-
neram /DxynHaHy llIsMHrepy H CuneuTHpo Tomonare (Sin-Itiro
Tomonaga) HobeneBckyio peMHIO.

(B cBoeii HoOeneBckol nekiy eltHMAaH Cka3as, YTO B JOHO-
cTH BMOOMICA 63 NaMATH B 5TH CaMble TIPOABHHYTHIE BOJIHE U3
GyZyIWero — TOYHO Tax e, KaK MOT 6bl BAKONTLCA B XOPOIIEHb-
KYI0 AeBylKy. CEerogHs 3Ta XopolleHbKas JeBYIIKa BeIpOCia, CTa-
J1a B3pOCAOH KeHIMHUHON U 063aBenack MHOXECTEOM geTeil. Cpeau
3THX JETE — W €ro TEOpHA KBAHTOBOH 3MEKTPOJHHAMHKH. )

TaxuoHbI 13 OyIyIIEro

IloMHMO «Omepexaloniux» BOJH U3 6yaymero (KOToprle CHOBA H
CHOBA JOKa3hIBAIOT CBOK IOJIE3HOCTh B KBAHTOBOH TEOPHH), B
KBAHTOBOM TEOPHH CYLIECTBYET emle OfHA HeoORYHAA KOHIIEIIIHA,
KOTOpas [peACTaBAAeTCA CTOMb JKe Be3yMHOM, HO, BO3MOXHO, HE
CTOJb TIO€3HOU. JTO THIIOTE3A O TAXUOHAX, KOTOPHIE PEryAApHO
MOABJAIOTCH B cepHaie «3Be3JHBIN nyTe». Kaxawelil pas, xorga
CIeHAPHCTaM «3Be3JHOr0 NyTH» TpebyeTcd Kakoi-HUbGyAb HOBHIH
BUJ BHEPTHH A/ HEKOH MarH4eckoi oTepaniy, OHH IPHBAIEKAIOT
TaXMOHEL

TaxnoHBI XUBYT B CTPAHHOM MMpe, Te Bee ABIKeTcA GricTpee
cBeTa. Tepss JHEPTHIO, TAXMOHE HAYMHAIOT ABUTATHCH GRICTpEe —
4TO, €CTECTBEHHO, MPOTHBOPEUMT 3pAaBOMY CMBICTY. MaJio Toro,
TAXKMOH, [I0JIHOCThIO IMINUBIIMACA SHEPTHH, JABWXETCS ¢ GeCKoHeY-
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DKIUKA HEBOIMOMHHOIO

Hoil ckopocTbio, U Hao6opoT, NprobpeTas SHEPTHIO, TAXUOHSHI 3a-
MEJUIAROTCA, [FOKa He AOCTUIHYT CKOPOCTH CBETA.

OcobeHHO CTPAaHHEIMM TAXKOHHI Jeaet TOT GaKT, YTO OHU 06-
najaT MHUMOH Maccoi. ([oBopst «MHEMOH», MBI ¥IMeeM B BHZY,
YTO HX Macca YMHOKaeTcd Ha KOPeHb KBaPaTHHH W3 MHHYC ejH-
HHIIb, WIH {.) ECTH B39Th 3HaMEeHHTHIE YpaBHeHUA SHHITEHHA 1
3aMeHUTh B HUX m Ha im, Dpou3oiigeT yya0. CKOPOCTh YacTHl] BHe-
3alTHO CTaHET DOoMbIIe CKOPOCTH CBETA.

3-3a aTOro BO3HHKAKOT CTPAHHBIE CUTYallHH. Korja TaxsoH
JIETUT CKBO3b BEIIECTBO, OH TEPAET SHEPTHIO, TIOCKOIbKY CTAIKHUBA-
erca ¢ aromaMy. Ho, Tepsas sHepruio, oH yCKOpSeTcsd, OT4ero CToil-
KHOBEHMA TOJBKO YCWIHBAKOTCH U IIPOMCXOZAT Hate. [To uaee 3ti
CTOJIKHOBEHHMSA JO/KHEI BHISEIBATh AAALHERIIYIO [IOTEPIO JHEPIUH
H, Cle/0BaTeNbHO, JalbHeHnee yckopeHHe, Bo3HHKaeT 3aMKHY-
THIH KPYT, X TAXHOH caM 1o cebe, ecTecTBeHHEM 06pa3oM, Habupa-
eT 6ecKOHeYHYH0 CHOPOCTh!

(TaxHOHBI OTIMYAIOTCA M OT AHTHMBEIIECTBA, U OT OTPHIIA-
TeNBHOTO BelllecTBa. AHTUBeNlecTBO 06NagaeT MOAOXKKTEALHOM
SHeprueil, ABIKETCH Me/JIEHHEE CBETA M MOXKeT OBITh TOAYYEHO B
HAIHX YCKOPUTEMAX 9acTUl, COrTacHO TEOPHH, AaHTHREILIECTBO 10/
YUHAETCA 3AKOHY TAPOTEHUA H, KaK TONIOKEHO, [14aeT BHH3, AHTH-
BEH[ECTBO COCTBETCTBYeT OOLIYHOMY BEIlECTBY, ABHKYILEMYCS HA3a
BO BpeMeHH. OTpHIaTeNbHOe BellleCTBo obaajaeT OTPUIATEIBHOH
JHeprueit ¥ Toxe JBWXKETCA MeAJICHHee CBeTa, HO ToJ BO3AeHCTBH-
€M TATOTeHHA NajaeT BBEPX, T. €. IPOYL OT NPUTATUBAIOIIETO TENA
13 06BIYHOTO BenlecTBa. OTpUTIaTeNIbHOE BELECTBO B TabopaTopiH
ene HUKTO He BUfle. B Teopuu B OOTBLINX KOTHYIECTBAX OHO MOXKeT
CTYKUTh TOIUIHBOM JJIT MALIHHEI BpEMeHH. TAXHOHE! ABHXYTCA GBI-
cTpee cBeTa M 00M1aAa0T MHHMO# Maccoit; Kak OHH BeyT cebs noj
BO3[E€/CTBHEM CHIBl THXECTH, HedgcHO. VX oKa TOXe He yanoch
NOMYYUTh B IabOpaTOpHK.)

TaxuoHBI, KOHEYHO, YACTUIIEL 0YEHBb CTPAHHBIE, HO GH3HKH
CepHe3HO MX M3YYAlOT; MOXKHO HA3BaTh, HANPUMeEp, MOKOHHOrO
Awxepanbaa Peinbepra ua Komymbuiickoro ynusepenTeTa i Jkop-
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MPEABUAEHHE BYAYILESD

Axa CyaapiiaHa H3 YHusepcuteTa Texaca B OcTHHe, [Tpobnema B
TOM, YTO HHKTO HMKOT/IA He BUJEJ TAXUOHA B labopaTopuu. Hajex-
HBIM SKCIEePUMeHTaTbHBIM CBHAETENTECTBOM CYIECTBOBAHUA TAXHO-
HOB ObUT0 OB HApyIIEHHe TPpUYMHHOCTH. PeiiHbepr Aaxe npeataran
du3HKaM HccIeoBaTh Ha3ePHLIH Ny4 J0 BKIOYeHHA Nasepa. Ecin
TAXHOHBI CYILIECTBYIOT, TO HE MCKJIIOUEHO, YTO CBCT Ja3ePHOTO Tyda
MOXHO 06HapYXUTb JaXe paHbLle, YeM armnapar 6yaeT BKIOYEeH,

B Hay4yHOM aHTacTHKe TAXMOHBI PeryJApHO HCHONb3YIOTCH
KaK CpeJICTBO OTTPABKH coobllenus B Nponvioe, npeikam. Ho us
¢U3UKK ABIEHHS COBEPIIEHHO HEMOHATHO, BO3MOXKHO JH TaKoe
x0T4 661 TeopeTHYeckH. Peitnbepr, K npuMepy, CIUTa, YTC IMUCCUA
TaXMOHOB, ABHXYVIIHXCH BO BpeMeHH BIlepe/], TOYHO COOTBETCTBYeT
AOTIOLIEHHIO TAXMOHOB C OTPHIATEIbHOM SHEPTHEH, ABHKYIIUXCA
BO BpeMeHH Ha3a/l (aHAJIOTHYHO NOACKEHUI0 ¢ AaHTUBEWECTBOM),
MO3TOMY HUKAKOT'O HapyIIeHH:A IPHYHHHOCTH HE IPOHCXOAMNT.

Ecin ocTaBdTh GaHTaCTHKY B CTOPOHE, TO B HACTOAHTMH MO-
MeHT Pu3HKH CIHUTAIOT, YTO TAXMOHbL, BO3MOXKHO, CYIECTBOBAJIN B
MOMeHT BoJbINOro B3pHIBa, HAPYIAA IPUIHHHOCTE, HO TETEeph UX
Hosbllle He CyLieCTBYeT. boee Toro, OueHb MOKET BbITh, 4T0 TAXH-
OHBI CHITPATH CYHIECTBEHHYIO POJIb B TOM, 4TO BeeseHHan Boobie
B30pBasack. B 5TOM cMbicsie OHM HIParOT BAKHYIO POb B HEKOTO-
PbIX TeOPHAX BOMBLIOrO B3pPhIBA.

Y TaxuoHOB ecTh enle 0AHO 3abaBHoe cRoicTBO. [IpK BBEAE-
HuH B JIF06YI0 TEOPHIO OHU JeCTAOIH3HPYIOT «BAKYYM», T. €. CAMOe
HH3KOIHEPreTHYECKOe COCTOAKHE CHCTeMBI, ECH B cHCTEME TpH-
CYTCTBYIOT TAXMOHEI, 3HAYUT, OHa HAXOAUTCA B COCTOAHHH «JICIKHO-
o BaKyyMar, a CieoBarTellbHO, HecTabwibHa U OyAeT pa3pyllaThbcs
0 COCTOSHUA MCTUHHOTO BAKyyMa,

[IpezcrasbTe cebe INOTHHY, KOTOPAA yAeP)KHBAeT BOAY B 03epe.
3TO ¥ eCTh «IKHBIHA BakyyM». XOTA [LIOTHHA IPEACTaB/IALTCS BIO-
He HaAEKHOI, CYLIeCTRYeT COCTORHME ¢ eile Hojlee HU3KOMH SHEPTH-
ei. M ecin B IOTHHE NoABAAeTCS TPEIUHMHA, BOAA HAYHHAET CTPeMHU-
TEeJIBHO BEITEKATb M3 03€Pa U CTEKATh HA YPOBEHE MOPA ~— TOTAA-TO
CHCTeMa H JIOCTUTAeT COCTOAHNA UCTHHHOTO BaKyyMa.
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‘TouHO TaK e cunTaercd, uto BeeneHHan 40 BolbInoro B3peBa
CYINECTBOBANA B COCTOAHHH JIOKHOTO BAKYYMA, i€ ObLUTH TAXHOHEL.
Ho ux npucyTcTBUE 03HaYaIo, YTO 3T0 He CAMOe HU3KOIHEepreTHie-
CKO€ COCTOAHHE CHCTeMBl, a TOTOMY CHCTeMa HecTabuibHa. 3aTeM B
TKAHH MPOCTPAHCTBA-BPEMEHH HOABUIAch KpOWeyHas «[ipopexar»,
npeAcTaBagOmas MCTHHHBIHE BakyyM. [Ipopexa Hayala yBeauuu-
BaTbes, NNOABKIICA MY3bIpb. BHE My3HIpA TAXUOHH MO-TIPEXKHEMY CY-
IECTBOBAJIM, HO BHYTPH MX He 6b010. C pOCTOM TTy3HIpA MOABHIACh
Ta BcenleHHan, KOTOPYIO Mbl 3HaeM, — BeesieHHasi 6e3 TaXHOHOB. 3TO
4 6bL1 BOMbIOI B3PHIB.

OzZHa m3 TeopHH, KOTOPYH KOCMOJOTHM BOCIPHHHMAIOT
OYE€Hb CEPbe3HO, COCTOHT B TOM, YTO IIepBOHAYANLHEIH ApOLecc
UHQIALHMA Haval OAMH-eJUHCTECHHH TAXHOH, H3BECTHERIHA Kak
«HHGNATOH». Kak MH y)ke ynoMuHamu, Teopus HHGIALMHOHHOH
BeeeHHOM yTBEPXKAAET, YTO OHA BOIHHKR KAK KPOILCYHEBIH Oy-
3bIpEK NPOCTPAHCTBA-BPEMEHH, ePEXUBLUHIA CBepXBBICTPLIN Ne-
pyoA pacuupeHua (HHOAAUUH). PU3HKH CIHTAIOT, YTO IEPBOHA-
4anbuo BeeneHHad CyulecTBOBaa B COCTOAHUH JIOKHOIO BaKyyMa,
rfie HHGIAKHOHHHM nofeM GeU1 TaxHoH. Ho PUCYTCTBHE TaxH-
OHa fecTabMIM3UPOBAIO BAKYYyM, U 06pa3oBanvch KPOIeyHEbIe
My3HPbKH. BHYTPH 0AHOFO H3 3THX NY3HPLKOB UHPAALMOHHOE
II0JI€ OKA3aJ0Ch B COCTOAHMM UCTHHHOTO BaKyyMa. 3TOT IIY3HI-
peK Havajn CTPeMHUTENRHO PAa3AyBATLCA, NI0KA He NPEBPATHWICA B
Hallly BcesleHHY 0. BHYTpHY Hallero ny3bipA-BceleHHOH HHQIALMsA
ucyesna, nosToMY €€ M He YA4eTCa 3apeTHCTPMPOBAaTh B HamleH
BceneHHoii. [Tonydaercs, YTO TAXHOHEI IPeACTARATIOT COBOM TPH-
4yAJHBOEC KBAHTOBOE COCTOAHUE, B KOTOPOM OOBEKTHI ABMKYTCA
GricTpee cBeTa H, GBITH MOXKET, ZAXKE HAPYIHACTCA NPHYUHHOCTD.
Ho TaxHOHEI AaBHO MCYE3NH, JaB MPH 3TOM, BO3MOXHO, XH3Hb
camo¥ BeeneHHod,

HaeepHoe, Bce 3T0 TIOXOKE Ha JOCYXXUE PacCyKAEHUs, KOTO-
pble HEBO3MOXHO NpoBepUTh. Ho neprhIil 3KCIIepUMEHT Mo npo-
BEPKe TEOPHH JIOKHOTO BaKyyMa HaunHaeTcs B 2008 r. ¢ nmyckom
B llIBefiapun, B OKPeCTHOCTAX JKeHeRwl, BOJMBIIOTO AAPOHHOrO
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NPEABAAEHHE bYRAYUIETO

xo/utakizepa. OnHa U3 ocHOBHBIX 3a4a4 BAK — o6Hapyxenue 60-
30HOB XHITCa, NOCTeAHEH 10 CUX 1Op He HAWJSHHOH 4YacTHIbL
CranaapTHOH Mozenn, nocjaeaHeil ZeTall HaydHoi FoMOBONOMKH.
(YacTuia Xurrca Tak BakHa M TaK HEYIOBHMA, UTO HOOEneBCKHIA
naypeat Jleon Jleaepman HasBan ee «qacTuiei-60roM»,)

QHU3MKH CYUTAKOT, YTo 6030H XWrrca Hadan cBoe CYIIECTBO-
BaHHE KaK TaxMOH. B 10)XxHOM BakyyMme HH ofHa H3 CyGaTOMHBIX
4acTUll He HMena Maccel. Ho mpHCYTCTBHe TaxvoHa AecTabuniu-
3HPOBAJIO BAKYYM, M BceneHHadg nepenuia B HOBOE COCTOSHHE, K
HOBOMY BaKyyMy, B KoTopoM 6030H Xurrca obepHynica obnraHok
yacTuuei. [Tocne aToro mepexofa — M3 COCTOAHHA TAXHOHA B CO-
CTOSIHME OOBIYHOH YacTULB — CyGATOMHEIE YACTHIIL IPHOODETA-
FOT Maccy, KOTOPYIO Mul CeTofIHA uaMepsAeM B 1abopaTopuu. Takum
obpazom, obuapyxenne 603012 XUrrea He TOAbKO [IOCTABUT Ha Me-
CTO TIOCHEAHION HEeJAOCTAKYI0 AeTaab CTaHAaPTHOR MOAETH, HO
Y IOATBEDANT, YTO TAXMOHHOE COCTOSHUE KOTAA-TO CYIIECTRBOBANO,
HO Mo3XKe TpaHCGOPMHPORATOCEH B OBBIYHYIO YaCTULLY.

IloaBeaem uror. HeloToHORa (M3MKa NOMHOCTHIO OTBEpTraeT
BO3MOXKHOCTb MpeABuAeHHA byfyinero. KelesHoe npaBHIc npH-
YHMHBEL U CIeACTBHSA HUKOTAA He Hapyluaetcda. KBaHToBas TeopHs
JAOMYCKACT MHBle COCTOAHMA BellecTBa, TAKUE KaK AHTHBEINECTBO,
KOTOpOEe COOTBETCTBYeT OOBIYHOMY BeILUECTBY, ABHXKYIIEMYCA Ha-
3a/] BO BPEMCHH, HO IPHHLIMI IPHYKHHOCTH He Hapyiraetcd. bonee
TOT'0, aHTHEEILECTBO B KBAHTOBOM TCOPHH HEOHXOIHMO A BOCCTa-
HOBJIEHUSI OPHYHHHOCTU. TaXHOHEI Ha NEPBEIH B3I HAPYIAIT
OPHHUMI MPHYUHHOCTH, HO PUSHKH CYHTAIOT, YTO OHH MCTIOMHIIH
cBOe NpeAHa3Ha4YeHHe — 3allyCTHIH MeXaHH3M Bosbmoro Bapuisa
W UCYe3Nu i3 HauleH BeenenHod.

Tak 9To npezBuAeHNe OyAyiIero, NOX0Xe, HCKIIOUAETCs, [0
KpaiiHei Mepe B 0003pUMOM OyAyIieM, a 3TO 3HAUUT, YTO €r0 CJie-
Aayer orHecTH K III knaccy HeBOSMOKHOCTA. EcAn korza-aubyan
yAacTesl J0Ka3aTh [PH MOMOIIM BOCHPOU3BOZMMbIX SKCIIEPHMEH-
TOB, YTO TIPeABHAETE GyAylce BCe Xe MOXKHO, COBPEMEHHYIO QH3M-
Ky UpueTcs NepecMaTpUBaTh 0 CAMOre OCHOBAHMA.
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JNUN0T
bYRYWEE HEBOIMOKHOTO

He CYWECTRYET HRUETO AOCTATOUHO KPYTTHOTO HAIW JOCTATONHO 663yMHOl’0.
YT0 HH OAHO U3 MUIAHONA TEXHOROTHYECKU Y DOIecTs He NOYYRCTROBANO 66 ceba
ofA3aHHBEIM CAenaTh, — €(jH, KOHEYHO, 3TO (I)HSH‘*ECR‘H BO3MOXKHO,

OpumeH Jaficon

Cynu6a ~ 370 BONPOC He C1y4as, HO BEIGOpa. Ee He cefyeT NoMHAaThCH,
CAe/IyeT MATH K HER.

Yuabam JxxeHHUHrc BpaiaH

CywecTBy10T 1M HCTHHBL, KOTOpbie HABCErAa OCTAHYTCH HEJOCTYII-
HEIMH A4 HAc? CylIcCTBYIOT JIH KJIaJie3d 3HAHHI, koTopoie ByayT
HETIOABNACTHE /jaxe NPOABUHYTOH LIMBIIM3aLMK? M3 Bcex TexHo-
JIOTUH, KOTOpBIE MbI OOCYHIH B 3TOH KHHUre, TONLKO BEUHBIE JBU-
raresib M nipeapuAeHHe Gyaymero Npuuwioch oTHeCTH K 11 knaccy
HeBO3MOXHOCTH. CYIIeCTRYIOT I APYTHE, CTOJb e HEBO3MOXKHHE
TEeXHOJOIHUU?

B yucToil MaTeMaTHKe NOAHO TeopeM, AOKA3BIBAIOMIHX IIOJ-
HY10 HeBO3MOXKHOCTb TOI'0 WIH MHOTO cOOBITHA. lIpocToit npumMep:
HEBO3MOXKHO Pa3eJIUTh YTOJI HATPOE MPH [TOMOIIH TONBKO IMPKY-
JiA ¥ IHHeHKH, 2TO AokasaHo eme B 1837 .

Haxe B MPOCTBIX CHCTEMAX, TAKKMX KaK apHOMeTHKA, CYLLIeCcTBY-
I0T HEBO3MOXHBIE AeiicTBHA. Kak 7 yxe yIIOMUHAA, HEBO3MOXHO
AOKA3aTh BCE UCTUHHBIE YTBEPXK/AEHUA B apHPMeTHKe B [pesenax
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anunor

NoCTynaToB caMoit apudMeTHkH, B Heil Bcersa 6yayT cyLiecTBOBATh
UCTHHHEIE YTBEPKIEHHA, KOTOPHE MOXHO JOKa3aTh TOALKO B IIpe-
Jenax fonee KpynHoii CHCTEME, OACHCTEMOH KOTOPOH ABIAETCH
apudmeruxka.

WTak, B MaTeMaTHUKe CYINEecTBYIOT BELIH HEBO3MOKHEIE, HO B
¢H3MKe oueHb OTACHO 3a8BASATh, YTO KaKoe-T0 CoObITHE WIH Aeil-
¢TBHe abCOMIOTHO HeBO3MOKHO. [103B0/IbTe HATOMHHUTE BAM peyb,
KOTOPY:0 poksHec HobeneBckuH naypeaT AnpbepT MalKerscoH B
1894 r. Ha uepeMOHUH OTKPEITUA dH3HYECKOil JabopaTopun Pait-
epcoHa B HUKarcKoM yHHBepcUTeTe; MakkelbCoH 3aSBHII, YTO He-
BO3MOXHO OTKPBITh KaKylo Obl TO HH ObLUTIO HOBYIO PH3HKY: «Bce
caMble BakHBIe QpyHAaMeHTanbHbIle 3aKoHb 1 GaxThl Pusnyeckoit
HAYKM yKe OTKPHITH U TIPOYHO YTBEPAWIHCDH, BEPOATHOCTh TOTO,
4TO WX KOTAa-HUOYAL B pe3yAbTaTe HOBHIX OTKPBITHI CMEHAT APY-
rde 3aKoHHI U (pakTel, Ype3BblYaiiHo Mana... B Gyayuiem HaM cie-
AyeT 0XIAaTh HOBHIX OTKDBITUH JHIIE B IIECTOM 3HAKe IOCIe 3a-
AT,

Ero saMmevanua Npoapydyany OykBadbHO HakaHyHe Besquyai-
KX TOTPACEHHH B MCTOPHM HayKH — KBAHTOBOH PEeBOMIOLIHH
1900 r. ¥ OTKPBITUA TEOPHH OTHOCUTeNsHOCTH B 1905 1. [leno B
TOM, YTO COOBITHA, KOTOPLIE MBI CErOAHA CYUTAEM HEBOZMOXKHEIMM,
HAPYWIAIOT H3BECTHBIE HAM 3aKOHBL GM3HKH — HO BeJb 3aKOHM! 3TH
MOLYT MEHATHCA.

B 1825 r. Benukuit ¢panuysckuit dpunocod Orioct KoHT B
cBoeM «Kypce dunocoduu» 3asBWI, YTO HayKa HUKOra He CMOXeET
OTIpeZleIUTD, U3 Yero C/eNlaHsl 3Be3fbl. B To BpeMd 31O yTBepikae-
HHe BBHILVIAETO0 BIOAHE Pe30HHEM, BeZlb O NPHpOJe 3Be3] HHUero
He 6bL10 M3BecTHO. SICHO BBLTO, UTO HAXOAATCA OHU OYEHb AAJIEKO
H J0OpaThCA 20 HUX HEBOSMOXKHO. Ho BCero 4epe3 HECKOMABKO JIET
nocne sanpneHda Konra ¢usukd y3Hanu (IpU NOMOIIH CHEKTPo-
ckonuu), uro CosHIle COCTOMT U3 BoAopoda. Bonee Toro, ceroaus
MBI 3Ha€M, YTO IIYT€M aHAMKM3a CIIeKTPAIbHLIX JTHHUH 3BE3], H3Ay-
YaBIWIMX CBET MWLAHAPAB! JleT Ha3aJ, MOXKHO OIpeAeHTh XHMHUYE-
CKHi cocTa Gonbliel yacTi BeereHHOI.
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OUIUHA HEBO3MOMHOTO

KoHT 6pocit BHI30B HAYYHOMY MHUPY, EPEYUCIHB €lle He-
CKOJIBKO «HEBOZMOMKHBIX COOBITHI.

+ OH yTBEpXKJAJ, UTO «IyOHHHAA CTPYKTYPa Tew Ha-
BCET/a OCTAHETCA 3a MpejefiaMy HANIUX 3HaHWH». JlpyTu-
MH CJIOBAMH, HEBO3MOXHO MO3HATh HCTHMHHYIO TPHPOAY
MaTepHH.

* OH CYMTAN, YTO MATEMATHKA HEMPHIOKHMA K 6H0-
JIoTUU K XUMHH. OH YTBEPKAAN, YTO STH HAYKH HEBO3MOXK-
HO HU3BECTH JI0 YPOBHA MaTEeMAaTHKH.

* OH cuuTanN, YTo H3ydeHue HeGeCHBIX TE He MOXKET
TIPHHECTH Y€I0BEYECTBY PEATBHOM [OIb3LL.

B XIX B. y dunocoda 6b11M Bee OCHOBAHMA U1 TOAOOHHIX 3a-
SIBJIeHUH, Be/lb GYHAaMeHTANbHAT HayKa TOIYIa TONLKO 3apOXKIa-
Jlack ¥ Mano 4TO 3Hazia. [IoYTH HHYero He ObUI0 H3BECTHO 0 TaliHax
BellecTBa M xu3HHU. Ho cerojHs y Hac ecTh aTOMHAaA TeopHd, OT-
KPBIBINASL HOBHIE TPOCTOPHI /114 HAYYHBIX MCCISNOBAHHMN W M3yde-
HHA CTPYKTYPEI BelllecTBa. MM 3HaeMm o THK u kBaHTOBOU Teopuy,
PacKpBIBIIEH HAM TaiHBI XKU3HH M XMMHH. MBI 3HaeM TAKKe O [IPH-
JIETAIOIIHX U3 KOCMOCA METEOPUTAX, KOTOPHIE He TONLKO OKA3aAU
BJIMSAHHE HA PA3BUTHE XXKU3HH HA 3eMre, HO H, BO3MOXKHO, YUACTBO-
BAJIH B ee 3aPOXKACHUH.

Actponom /IxoH Bappoy 3ameTwn: «MCTOPHKH A0 cHx 1op 06-
CYX/IAI0T, He CTIH /M B3rAAN KoHTa o/HOM 13 IPHYMH MOCIefo-
BaBLIErO BCKOpe YNaAKa GppaHIy3CcKoi HayKii».

Martemarux Jlaua I'uabbept, oTBepras yreepsxaeHus Konra,
macan: «[lo-MoeMy, HOAJMHHHAA [IpHYHHA Toro, uTo KoHTY He yaa-
JIOCh HAHTH HH OJIHOH JeHCTBUTENBHO HEPEINAEMOit TpoGeMel, 3a-
K/TI0YaeTesl B TOM, YTO HepelllaeMbIX TIpoBieM He CYILIEeCTBYET».

Ho cerogHa HeKOTOphIE yyeHble MBITAITCA COCTARUTh HOBRIH
CIIUCOK HEBO3MOXKHBIX COGBITHI: MBI HUKOTZIa HE Y3HAaeM, 4TO IIpo-
HCXOAHNO0 A0 BoapIIoro B3phIBa (WIH, CKAXKeM, YTO IOCTYKWIO €T0
NPHYMHOM)}; MBI HUKOTAA He NOAYUYHM «TEOPHIC BCEro»,
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anynor

Qusuk [DKOH Yrep HamMcas o MOBOAY NEPBOTO «HERO3MOXK-
HOTO» BOTPOCA: «/IBecTH JIeT Ha3a] MOXHO OLUIO CIIPOCHTS Y M1060-
ro 4enoseka: “CMoxeM JIH Mbl IIOHATh KOTAa-HNOYab, KaK BO3HUK-
Jia XHU3HE?” — M yCIbILIATh B OTBeT: “Abcypal 3To HeBosMOMHO!”
Al npumepHoO Tak ke OTHOWIYCh K Bompocy “TlofiMeM I MEI Koraa-
HUOYAb, KaK BO3HWKIA BeeeHHanA? s, A

Actponom Jixon Bappoy no6asmn; «CKOPOCTh CBETa OrpaHu-
YEHHA, TI03TOMY OrPaHHYEHHBl W HAllM 3HAHWA O CTPYKType Bee-
AeHHOU. MBI He MOXeM ONpe/ieINTh, KOHEYHA OHa K 6eCKOHEYHa,
G510 1M y Hee Hauano 1 Oy/ieT 1 KoHeL, O4HHAKOBA /it IIOBCIOAY ee
CTPYKTypa u Boofllle, B KOHIIe KOHLOB, YIOpAAoueHHa Beenennasn
HIH HeT... Ha Bce MpHHIMNHATBHBIE BOIIPOCH O TIPHpoAe BeeneH-
HOH — OT Havyasla ee 1 /10 KOHIIA — OKA3EIBAeTCs, HEBO3MOXKHO OT-
BETHTb>,

Bappoy npas B TOM, 4TO MBI HUKOI/IA He Y3HAeM ¢ aBCOMOTHOIM
TOYHOCTEIO NIOJJIHHHYIO NPUPOAY BeeleHHOH BO BCEM ee BEJHKO-
nenuu, Ho MH BIIOJHE cIIOCOOHE! OTIUMBIBATS [0 KYCOYKY OT 3THX
BeYHBIX HEMCYEPNAEMbIX BONIPOCOB K NOCTENEHHO NMPHUGIMKATLCA
K UCTHHE. YTBepKAeHHA O HEBO3MOXKHOCTH 4ero 6bl To HH OBUIO
CJIeZlyET, BEPOATHO, PACCMATPHBATh HE KaK abCONIOTHEIE TPeAesl
HalIero 3HAHMSA, 4 KAK BbI30OB CJIeJyIOIEMY NOKONeHHIO YYeHBIX,
JTH mpezeisl, NoA06HO KOPOUKe IMPOTa, BOSHUKAOT, YTOGR GBITH
paspylIeHHBIMH,

Jnoxa 10 bonsuioro 3psisa

Yro kacaerca Bo/p1I0ro B3pEIBA, TO B HACTOALIMI MOMEHT CO3Aa€ET-
¢ HOBOE NOKO/eHHe MPHBOPOB, KOTOPLIE, BO3MOXKHO, IOMOTYT HaM
pa3peluTh HEKOTOPkLIe BeUHble BOMPOCkH. CerogHa Hallk KOCMHUYe-
CKH€ ZeTeKTOPbl M3TYYeHHA PETHCTPUPYIOT TOABKO MUKPOBOJIHO-
BOE HM3/MyueHMe, BosHUKWee Yepe3 300 000 ner nocne Bonbltoro
B3PbIBA, KOI/Ia CPOPMHPOBANHC [IEPBblE ATOMEL. JTO H3Iy4€HHE He
B COCTOSHMM NOMOYb HaM pa3ofpaTbea B TOM, 4To G6U10 40 3TOTO,
MOTOMY 4TO H3TyYEHHE [TePBOHAYAIBHOIO OrHEHHOro Lapa GBLio
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DU3IAHA HEBOIMOMHOTO

CIMUIKOM TOPAYHM M CIydaiHBIM, 4TOOBI M3 HEero MOXHO GbUI0 13-
Blle4b KAKYH0-HMOY/b OTe3HYI0 HHGOPMALHIO.

Ho He HCKIIIOueHO, YTO IIPH OMOIIM aHANHM33 IPYTHX THIIOB U3-
Jy4EHHA MEE CMOXKeM NoA0GpaThes K BoMbIIoMY BaphIBY YyTh OTimike.
K npumepy, Maccy HHTepecHO#H HHGOPMALVH 0DelnaeT HaMm U3yye-
HHe HeMTPHHO. HeHTPHHO HACTOIBKO HEYJIOBHME, YTO MOTYT IIPO-
JIETEThb CKBO3b CBHHUOBLIH HIAP pasMepoM ¢ COMTHEYHYI) CHCTEMY,
TO3TOMY HEUTPUHHOE H3JIyYeHHe MOXKET PAacCKasaTh HaM 0 TOM, YTO
IPOMCXOANTO Yepe3 HeCKOMBKO CeKyH/ nocie Bobnioro B3phBa.

OxoHuarensHO ke pasobpaTbest B TaHHaX BoabIioro B3phIBa
HaM, BO3MOXHO, ITOMOIYT «PaBUTALIMOHHbIE BOJHLBI» — BOJHEI,
Gerylue mo TKaHH npocrpaHcTBa-BpeMeHHd. Puznk Poku Konb ua
Yukarckoro yHuBepcurera ropopur: «OnpesendB CBOMCTBA Hell-
TPHHHOTO QOHA, MBI CMOKEM 3aIVIAHYTh B MOMEHT Y4epes OfHY ce-
Kysay nocne Boabioro B3peiBa. Ho rpaBHTalMOHHEIE BOAHBL U3
30HBI MHIALMHY BO3HHKUIM BO BeeneHHoit yepes 10 cekyng no-
CJie B3pbIBa».

IlepBEIM NpefcKasal TpaBUTALMOHHBbIE BOJHH JAHIUTEHH B
1916 r.; BO3MOXKHO, CO BpeMeHeM OHU CTAHYT BAXHEHLINM HHCTPY-
MEHTOM acTpoHOMHUH. O6pamasch K HCTOPHH, MOXKHO CKA3ATh, YTO
¢ obyszaHMeM KaXZoH HOBOH (OpPMbl M3NyueHHs B aCTPOHOMMMU
HauyMHaNach HoBas 3pa. CHavana 6pUT TONBKO BUAMMBEA CBET, NPU
noMollly kotoporo lanwiel uzydan CoMHEYHYIO CHCTEMY. 3aTeM K
HeMy A06aBHAHCH PaAHOBO/IHDL, KOTOPbIE CO BpeMEHEM MO3BOIHIM
YeJIOBEKY 3ar/IAHYTE B iIeHTPH Ta/IaKTHK ¥ 00HApYXUTE TaM 4ep-
HEIE ALIPLL. He HCKIIOUEHO, YTO AETEKTOPHI IPABUTALIHOHHEBIX BOAH
PACKPOIOT U1 HAC — HH MHOTO HU MaJI0 — TaifHbI TBOPEHHA.

B HEKOTOPOM CMBICTIC TPARKTAIMOHHEE BOMHBI MPOCTO 06s-
3aibl CYIeCTBOBATh. UToOH yOesUThEed B 3TOM, PaCCMOTPHM CTa-
PHIM KaK MHP BOIIPOC: 9TO MPOU3OHAET, €CIH BHE3aIMHO UCYEIHET
Connue? Tlo HelOTOHY, MBI OMYBCTBYEM 3TO HeMeJIeHHO. 3eMis
MTHOBEHHO OYZeT BBILIBLIDHYTA C OPOUTH U BBEPrHYTa BO THMY.
JleJIo B TOM, 4TO 3aKOH BCEMMPHOTO TAroTeHHA Hel0TOHA He NpH-
HMMAET B pacyeT CKOPOCTb B3aMMOAEHCTBHA, TIO3TOMY CHABI Ipa-
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anunor

BHTALMH AeHCTBYIOT MTHOBEHHO BO Beeil Beenennoid. Ho, comtacho
OHHIITEHHY, HHYTO He MOXET ABUraThed OicTpee cBeTa, u HHPOP-
manua o6 HcuesHoBeHHH COMHIA JOCTHTHET 3eM/IH TONLKO Yepes
BOCEMb MHHYT. ApYrHMH CJIOBaMH, chepHyeckas «yapHas BoJIHa»
rpaBHTAalMH BhIJET U3 CO/HLA U JIMIIbL YePe3 HEKOTOPOe BpeMs
yaaput no 3emue. BHe chepuueckoli rpaHHIE 3TOH rpaBUTalIM-
OHHOH BOJIHBI Oy7leT Ka3aTheAd, YTo COMHIIE MO-NPEKHEMY CBETHT
H HaXOAMTCHA Ha MECTE — Be/lb MHQOPMAIIHA O er0 HCIe3HOBEHHH
ele He gocTra 3eMnd. OHaxko BHYTpH cdephl TPaBUTALUOHHOM
BonHB! COTHIA Yike He OyAeT, MOTOMY 4TO BOJIHA 3Ta pacmpocTpa-
HAETCH CO CKOPOCTRIO CBETA.

Exre oguH criocod ybeanThes B TOM, YTO TPABHTAIIMOHHEIE BOJI-
HBI JIO/DKHBI CYIIECTBOBATE, — 3TO NPEACTABUTh cebe odeHs OOMb-
My OTpocThHI. CorMacHo DHHITENHHY, MPOCTPAaHCTRBO-BpeMa —
3TO TKaHb, KOTOPYIO MOXHO CBOPAYHBATE WY PACTATUBATE NOA0GHO
NpocThIHE, FCTU CXBaTHTD IPOCTHIHIO 32 Kpail ¥ BRICTPO MOTPACTH,
MBI YBH/IMM, YTO IO II0/IOTHY NOOEryT BOJIHEL, WIH pA6b, — IIPHU-
yeM NnoberyT ¢ oNpeleNeHHOH CKOPOCThio. TOUHO TaK JKe IrpaBH-
TAllMOHHEIE BOAHB MOXHO YIIOAOOHTE pabu, fervineil no TKaHH
[IPOCTPAHCTBa-BPEMEHH.

rpaBHTHHHOHHHe BOJIHLI IIPHHAAACKAT K CAMBIM CTPEMHTENL-
HO Pa3BUBAIOIIHMCS TEMaM COBpeMeHHoH ¢puauku. B 2003 r. Obu1H
BBE/IeHEI B CTPOH NepPBble KPYIIHOMACIITAOHRIC @ TEKTOPH TPaBHTa-
[MOHHEIX BOJIH, TIONyuMBIIHe Hassam#e LIGO (Laser Interferometer
Gravitational Wave Observatory); 3Ti 1eTeKTOpE HMEIOT 4 KM B AJTH-
HY W pacnonoxeHs! B Xatdopae, wrat BalliHITOH, U B JIMBUHTCTOH-
[Tapum, wrat Jlyusnasa. YyeHsle HafewTed, YTo AeTeKTopht LIGO,
oboreanneca HaM 8 365 MIH J0J11., CMOTYT 3aPeTHCTPHPOBATE W3-
JyqeHue OT CTANKUBAKIHXCA HEHTPOHHHBIX 38€3/1 U YePHBIX ABIP.

Cregylomee KpymHoe COOHTHE, BEPOATHO, MPOH3OHAET B
2015 r., xorja HaYHETCA 3ayCK CIYTHHKOB HOBOT'O NMOKOMACHUA,
[IpeAHa3HAYCHHLIX U1 aHa/T3a rpaBUTAIlTHOHHOTO H3JTY4Y€HHA B KOC-
MOCE C CAMOTO MOMEHTA TEOPEHHA. JTO COBMECTHEIH MpoeKT NASA
# EBpONelicKoro KOCMHYECKOr'0 areHTCTBA; HA OKOJNOCOMHETHYIO
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DHU3HKA HEBO3MOHHDTO

OpOHTY NPeANoNaraeTes 3alyCTHTh TPY CYTHHUKA, KOTOPHE BMeCTe
COCTaBAT CHCTEMY ¢ KpacuBbiM HMeHeM LISA (Laser Interferometer
Space Antenna — KOCMHYECKas aHTEHHA C Ja3epHbIM HHTepdepo-
METPOM). ITH CIIYTHUKH CMOTYT PeriiCTpHPOBATE I'PABHTALIMOHHLIE
BOJTHBI, BO3HUKIIIMe MeHee JyeM 4epe3 O HY TPIVUIMOHHYIO A0 Ce-
Ky nocte Boasuioro B3peiBa. [1poxoas yepes ooHH H3 CITyTHUKOB,
rpaBUTAIIMOHHAA BOJIHA BOJBIIOTO B3phIBa, /10 CHX MOP IYLAROLANA
10 BCceH BeeneHHOM, NOTPEBOKUT Ja3ePHEIE JTy4H; 3T H3MeHeHH
OyAyT 3aperucTpHPOBaHHL M H3MePEHBI C MAKCHMAIBHO BO3MOXKHOH
TOYHOCTBIO H JaAyT HAM «KapTUHKY» CAMOTO MOMEHTA TEOPEHHSI.

[To mpoexTy LISA cOCTOMT U3 TPEX CIYTHHKOB, KOTOpHte 0bpa-
HIalTCA BOKPYT COTHIA M 06Pa3yioT TPEYTOIbHUK; OHHU COSIHHEHBI
APYT ¢ APYTOM TP [1IOMOLIM JIA3€PHBIX JIYIeH ATHHOHN N0 5 MITH KM
1 BMecTe 0BpasyroT caMuiil 60/IbiION HayYHEIH UHCTPYMEHT, KOT/Aa-
1160 CO3A3HHBIH HEN0BEYECTBOM. JTa CHCTEMA U3 TPeX aniapaTos
6yzet obpamareca Bokpyr COJHITA Ha PACCTOAHHH OKOJO 50 MITH KM
OT 3eMTH.

Kaxabiid criyTHHK Byzer HCMYcKaTh NasepHBINA AYY MOLIHO-
CTBIO BCETO MOiBAaTTa. CpaBHUBAA JlalepHBIE AydH, pULIeALIHe
OT ABYX APYTUX CIYTHHKOB, K&XABIH M3 CTYTHUKOB ITOCTPOMT CO-
OTBETCTBYIOILIYI0O HHTepdepeHIIMOHHYI KapTuHy. Ecin rpasu-
TallMOHHAA BOJHA BRI3OBET BO3MYILICHME Jia3epHBIX Nydel, WH-
TeppepeHIIHOHHAA KapTHHA M3MEHWTCA — K CIYTHUKH CMOTYT
3apeTHCTPUPOBATh 3TO H3MeHeHUe. (I')paBUTallMOHHAA BOJHA HE
MOTPEBOXKKMT CAMH CNYTHHKM W HE 3acTaBUT UX Kolebarbes. Pe-
3YABTATOM €€ BO3JeHCTBMA CTAHYT MCKAXKECHHA TNPOCTpPaHCTBa
MeXJy TPeMs CTIyTHHKaMH. )

Xors nazepHble y4H OyAYyT Ype3BbUAHO CTAGBIME, OHH I10-
3BOJLIT JOOUTHCA IIOPa3UTebHOM TOYHOCTH H3MepeHH i, CHcTeMA
CMOKET PETMCTPHPOBATh KOJeOaHHA 10 OHOM JOJIH M3 MUJUTHAP/A
TPWLAMOHOB — 3TO IIPHMEPHO COOTBETCTBYET CABULY B 1,/100 xonto
pasmepa aToma. Kaxblil 3 1a3epHBIX Iy9eH CMOKET YIOBHTH I'pa-
BHUTAIMOHHYIO BOJHY C PaCCTOAHMA B 9 MIP/ CBETOBHIX JIeT, YTO I10-
KpbIBaeT OOMBHIVIO YacTh BLAHMOI BeeieHHOH.
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[loTeHIIHANBHO YyBCTBHTENBLHOCTH annapatyphl LISA momk-
HO XBATHUTS /IS TOTO, YTOOBI Pa3/TMUHTE HECKONEKO CLIEHAPHER CO-
6HITHIL A0 Bonbmoro B3peiBa. Ha CerogHA 0QHA CaMBIX «TOPATHX»
TEM TeOpeTHYeCKOH (M3HKH — pacyeT XapakTepHCTUK BceeneH-
HO# f0 Bombuioro B3peiBa. B HacToswee Bpems uHGIANMOHHAS
TEOpPHA AOCTATOYHO XOPOWIo oObACHAET, Kak pasBuBajach Bce-
JieHHad MOoCTIe Toro, Kak nporsoulen boapmoii B3pbis. Ho aTa Teo-
pHUA He B COCTOSTHUH OBBACHUTD, NOYEMY, COBCTBEHHO, 3TOT B3phIB
npousomen. TakuM 06pa3oM, Leas — paccyuTaTh MPH MOMOIH
Pa3MYHBIX [IPUGTU3NTEIBHEIX MOJeNeH 3PHL «/10 BOMBIIOTo B3PhI-
Ba» [APAMETPEI PABHTALMOHHOTO M3NyYeHHs, KOTOPOe JOMKHO
OBUTO BO3HUKHYTh B MOMEHT €aMoro B3pbia. Kakaasa us teopuid
npejcKassiBaeT cBoe, K npumepy, HanydeHue Boisiioro B3phIBa,
npejckasaHHoe TeopueH boibiioro Beliecka, OTIHYAETCA OT H3-
RYYEHHS, KOTOPOe IIPeACKa3biBaloT HEKOTOphe HMHGIALIMOHHEBIE
TeopuH, 1 LISA, BNOJHE BOIMOXKHO, CYMeeT HCKIIOYHTD YacTh cy-
HIECTBYIOIIMX Ha CerogHa reopuit., OYeBHIHO, HEMOCPEACTBEHHO
MIpUBEPHTh MOAEIH NOBeACHUS BeeneHHo# a0 Bosbiioro B3pbiBa
HEBO3MOXHO, [OCKOJIbKY JUIA 3TOTO TpebyeTcs MOHMMATh, Kak
Beja ce6a BeceneHHas 10 BOSHUKHOBEHHA BPEMEHH, HO MBI MOXEM
HOMbITATHCA IPOBEPUTH HX KOCBCHHO, BeAb KAKAAS U3 STHX MOje-
Jied IpeAcKas3blBaeT CBOM CIIEKTD M3NMYUeHHs, BO3HUKAIOLIETO M0-
¢ne BoaeLIOro B3phIBA.

@uauk Kun Topn nueT: «[ne-to mexay 2008 u 2030 rr. 6yayT
oOHapyXeHEl PAaBUTALIHOHHbBIE BONHH OT CHHTYASPHOCTH Boabiio-
'O B3PBIBA. 3TO OTKPLHITHE IOCTYKUT HAaYaIOM HOBOH 3DH, KOTOpas
HPOAJIMTCA M0 KpaiHel Mepe A0 2050 F... OTH ycwina pacKpoioT
TOHKHE JIeTAMH U CBOHCTBA CHHTYIAPHOCTH Bonblioro Baphiga u
TaKUM 00pa3oM IPOBEPAT, KaKasd M3 BePCHIl TEOPHH CTPYH TIpej-
cTasasgeT coboii BepHYIO KBAHTOBYIO TEOPHIO IPABHTAL[MH>».

Ecnu LISA He cMOKeT OTIpeJeTUTECA ¢ BBIOOPOM OAHOM H3 MHO-
WX «0B3PLIBHBIX» TEOPHH, 3TC, BO3MOYKHO, YAACTCSA C/IeNaTh €€ Ipe-
eMHUKY — Habmogateno Bonsmroro s3paiBa (Big Bang Observer,
BBO). Ero 3amyck npezsapUTenbHo TIaHUpPyeTed Ha 2025 r. BBO

389



OUIHHA HEBOIMOMHOTO

CMOXET MPOCKAHUPOBATE BCI0 BeelleHHy!0 B IIOMCKAxX ABOMHBIX CH-
CTeM, BKIIOUAIOIIMX HEHTPOHHBIE 3Be3/bl M YepHBIE JbIPhI MaccoH
MeHee Teicguy Mace ConHna. Ho maBHas ero 1jejb — U3Y4UTh Ipa-
BUTAIIMOHHbIE BOJIHBI, BO3HUMKIIHE BO BpeMs HHOIAIMOHHOH (Hasbl
BoNBIIOre B3prIEa. B 3TOM cMEICIIE MOSKHO CKa3aTh, 9To BRO cienu-
anpHO paspaboTaH A4 NPOBepKH NpeCcKa3aHKi HHQIALHOHHOM
TeOpuH BoNbIIOTe B3PEIBA.

[To yerpoiteTBy BBO HanomuHaeT LISA. OH 6yaeT cocToATh U3
TpeX CIIYTHUKOB, COIIACOBaHHO ofpaljaloyxes o opGuTe BOKpyT
Connna u pasgeneHHbX paccroaaueM 50 000 KM (3TH CIYTHHKH
6yayT HAXOAUTBCA APYT K APYTY ropasao Oiuxe, 4eM CIYTHUKH CH-
creMul LISA). Kamapiil cCyTHHK CMOXKeT M31y4aTh Ja3epHHH JyyY
MomHocThio 300 Br. BBO eMoxkeT perHCTPHpPOBATh TPaBUTALHOH-
HEIE BOJIHBI C YaCTOTaMH, IPOMEXYTOUHBIMI MEXAY JOCTYTTHEIMH
Ana LIGO u LISA, u TakuM 06pa3oM 3aTOMHUT BaXHHIH npoben.
(LISA cMOXKeT perHCTpHpOBATEL IPABHTAIIMOHHEIC BOJHBL C YacTO-
tamu ot 10 g0 3000 I'n, Toraa kak LIGO pocTyieH JHANA3S0H OT
10 mxI'n go 10 MI'u. BBO cMoeT perMcTpHPOBATH BONHHL B UIH-
POKOM JMalascHe 4acTOT, BIIOYalouleM 062 OCBOEHHBIX K TOMY
BpeMeHH Arana3oHa.)

«K 2040 1. MBI yclieeM yke BOCIIOAb3OBATHCA 3TUMH 3aKOHAMH
[KBaHTOROH I'PaBHTAIIMA] ¥ TIONYYHTH YE€PEHHHIE OTBETH Ha MHO-
KeCTBO [yOOKUX, CTaBALIMX B TYIIUK BONPOCOB, — nuimeT TopH, —
B TOM YHCAC... YTO OBUIO 10 CHHTYIAPHOCTH Bolblloro B3pHiBa U
BooGie, ObLIO in YTo-HHOYB “A0”? CYIECTRYIOT I MHEIE BCEIEH-
Hble? W eC/IH CYIIecTBYIOT, TO KaK OHU COOTHOCATCS WIH CBA3AHH C
Haie# cobcTBeHHOH BeeneHHoI?. . [T03BOJIAIOT M 3aKOHH (U3HKH
BHICOKOPA3BUTHIM LUMBHIH3ALMAM CO3ABaTh U MOA/ICPXHUBATE KPO-
TOBBIE HOPHI /i1 MeK3Be3JHEIX [TyTellleCTBHI, a TakKe CO34aBaTh
MallMHbI BpEMEHH /I IYTCIIeCTBHA B MpOLUIoe?»

BBIBOJ TAKOB: IIC BCeH BHAUMOCTH, B GmnDKaiiinde AecaTH-
JETHA KOCMHYECKHEe ICTCKTOPH TPaBUTALMOHHEIX BOJIH AaAyT HaM
AOCTAaTOYHO MaTepuaia, 4robbl pasobparbCd B PasIHUgHBIX «J0-
B3PBbIBHBIX» TEOPUAX M CAENaTh BHIOOD MeXIy HHMH.
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Konen Beenennoit

[losT ToMac DHOT 3a71a1 B CBOE BpeMA BOIIPOC: YMPET JU Beenen-
Has B TpOX0Te WIH B cne3ax? Pobepr Ppoct cupammean: 4to Hac
nory6uT, oroHs WM jaef? [locieaHue JaHHBE YKAIBIBAIOT Ha TO,
9TO KOHIIOM BceneHHOM cTaHeT BonbHIOH Mopo3; TeMmIlepaTypa
yrajier noYT4 Jo aGcomoTHOTO HYMA, a pa3yMHadA JHU3Hb HCYE3HET.
Ho mMoXeM n1u MBI YTBep#/JaTh 3TO € YBCPEHHOCTbIO?

Koe-kTo 3a1aeTos emle 1 TAaKUM BOITPOCOM O «HEBO3MOXKHO-
CTH»: pa3Be MOXKEM MBI Y3HATh OKOHYaTe/lbHy cyabby Beemen-
HOI, €CH 3TO COORITHE OTAENLAIOT OT HAC TPH/UIMOHB U TPHLIH-
OHHI JIeT? YUeHLle CYMTAIOT, 9TO TeMHaA 3HEPrHf, WM SHCPIHsA
BaKyyMa, pacTalIKHBaeT raJJakTHKY IPOYb JPYT OT APYTa M 3aCTaB-
JI€T MX PA3/IeTATRCA CO BCE BO3PACTAIOIICH CKOPOCTHIO; TOXOXKE,
Beesennaa moumwa BpasHoc. PacllvpeHHe JOMAKHO TOCTENEHHO
MIOHMXKaTh TEMIEPATYPY BO BeesleHHoH ¥ B KOHLle KOHLIOB IIpUBe-
CTH Hac Beex k boabmoMy mopoay. Ho uTo, ecd aTo pacimHpeHue
BpeMeHHoe? Bo3MOKHO JIH, YTO B OyayuieM HayHercs oOpaTHBIN
nponecc?

K npumepy, bosbiuoii Bereck — ouH U3 ciieHapueB bonbimo-
ro B3pbIBa, B KOTOPOM BeeneHHas BO3HHMKAET IPH CTONKHOBEHHMH
AByX MeMOpaH, — npeAnosnaraet, YTo MeMOPaHEL, BO3MOXHO, CTa-
KHBAaIOTCA NepHOANYECKH. ECIIH 3T0 Tak, TO pacliupeHHe, KOTOpoe
MHI Hab/MIoAaeM B HACTOALIMI MOMEHT U KOTOPOe Bpoe 65l ZOMKHO
TpHUBecTH K BOJBIHOMY MOPO3Y, — 3TO BCEro JIUIllE BpeMeHHoe Co-
CTOAIHME, 33 KOTOPBIM TocieayeT obpaTHeIi npotecc.

HelHemmee yekopeHHoe pa3beraHue BCeJieHHBIX BRI3BAHO TEM-
HOH SHeprueii, MpHYWHOI CYLIIECTBORAHUA KOTOPOH, BEPOATHO, CTy-
WHUT «KOCMOJIOINICCKAA KOHCTAHTa». [I03TOMY IMaBHOE — NOHATH
ITY 3arafiloyHyI0 KOHCTAHTY, HJIH 3Hepruio BakyyMa. MeHsieTcs iu
3Ta KOHCTAHTA CO BpeMeHeM WIH OHa AeHCTBHTEILHO MOCTOAHHA?
B Hacrodinee speMa HUKTO 3TOro HaBepHAKA He 3HaeT. JlaHHEIe cryT-
Huka WMAP, Haxoas1eroca B HaCTOALEE BPeMA HA OKOMO3eMHOH
opbuTe, CBUAETENECTBYIOT O TOM, UTO MMEHHO 3Ta KOCMONOrndecKast
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KOHCTaHTa BbI3LIBAET HBIHEIIHEE YCKOpeHHe pazberaHus Beenen-
HOIA, HO MBI He 3HaeM, OCTOSHHO TAKOE COCTOSTHHUE WM HeT.

Ha camoM gene ata npofnemMa He HOBa U BOCXOAMT elle K
1916 r., korga JHHINTEHH BIePBEE BB B CBOHM YPABHEHHA KOCMO.10-
TMYecKHH wieH, [IpeANOXUB MOAOM PaHbllte OOLIYIO TEOPHIO OTHOCH-
TENBLHOCTH, OH TOTZa pa3pabaThiBal ee KOCMOIOrHYECKHE CeJCTBHA
M 0BHapyX1A — K cOBCTBEHHOMY HEMAIOMY YAUBIEHHI0, — 4TO Bee-
JIeHHas He CTATHYHE, YTO OHAa TMO0 paclIMpseTcs, IM60 OKMMAETCA,
Ho 3Ta MbicsiB, Ka3a710Ch, TPOTHBOPEYIIA GaKTHUECKUM JAHHBIM.

OWHIUTEHH CTOAKHYJICA ¢ MapajokcoMm BeHTIH, Tep3aBIIUM
emle Heiorona. B 1692 r. gocromoureHHbiid Puyapa bentan Hamu-
can HploTOHYy HeBHHHOE TTHCEMO M 3ajai CTPAUIHBIR M0 CYyTH BO-
npoc. Ectd HbIOTOHOBA CHJIA TATOTEHHA CIOCOOHA TOMBKO HPUTATH-
BaTh, CTIpamuyBan beHT/IH, TO oYeMy BCeneHHAs He CXIONbIBAeTCA?
Ecnu BecelteHHaA COCTOMT M3 KOHEWHOT'O YMCJIa 3Be3/l, KOTOPHIE B3a-
HUMHO IIPHTATHMBAIOTCA, TO BCE 3B€3/EI IO HAee AOMKHEL ObUTH Gbi
CNeTeThes B OJHO MECTO — U TOIZIA Best BeesteHHas peppaTiiack Gbl
B OMH orHeHHbIH Map! HEloTOHA 3TO MHCHMO O4YeHb pacCTPOMI0 —
BeAb OHO YKa3bIBA/IO HAa BAKHEUIIHH HeZIOCTaTOK ero TEOPUM: JTI0-
6as TeopHA TATOTEHNA, KOTOPAA TIPeAyCMaTPHBAET TOJILKO TIPUTH-
JKeHMe, TI0 CYTH cBoell HecTabubHa. Jlioboe KoHeYHoe YHCII0 3BE3]]
HeH30eXHO KOJUTATICHPYeT oA AeHCTBUEM CIUTH IPUTKEHHMS.

HbI0TOH HATIHCAT B GTBET, YTO €AMHCTBEHHEIH crtocob co3aaTh
crabunpHy10 BeeneHHylo, — 3T0 CUMTATH, YTO B Hell OeCKOHEUHoe
YHCRO PaBHOMEPHO DaclIpeAeNeHHBIX 3Be3fl; TP 3TOM KaWIYI0
3Be37y THHYT BO BCE CTOPOHBL, H BCe CHUML] B3AUMHO KOMITEHCHDY-
10TCA. 3T0 6LUIO HemTylioe pelreHue, Ho HbIOTOH ObUT ZOCTATOYHO
yMeH, 4To0bl NOHHUMATh; TaKasa cTabuiIbHOCTh o6MaHuuBa., CaMble
cnabble koe6aHUA 3aCTABAT OAOGHYIO CUCTEMY PA3BATHTLCH, KaK
KapTOyHbIH AoMMK. OHa «MeTacTabmwibHa»; T.e. cTabHIBKa A0 Tex
1nop, moka moboe cnaboe BO3MYIIEHME He BLI3OBET ee KOJArca.
HbioTOH 3armyni, 9To Ges Bora B 3ToM fienre He 060iTHCh, UMeH-
HO Bor jomeH BpeMa oT BpeMeHH «[NOANpaBATh» 38e3/bl U CTa-
BHTb MX Ha MecTa, 4ToOb! 13bexaTh Kpaxa BeenenHoi.
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JpyrumH cioBami, BeeslenHaa 110 HeloToHy nofgo6ua rurast-
CKHM YacaM, KOoTopsle 6sUTH 3aBefeHEl BOrOM B Hadane BpeMeH H
Teneph CyLEeCTBYIOT, NOAYMHAACH 3akoHaM HeioToHa. Byayun pas
3aBeieHHOH, Janbine BeeeHHAas UBET cama, He3 60KeCTBeHHOTO
BMelIaTenbeTBa. TeM He Menee, cornlacHO HbioToHY, BpeMs oT Bpe-
MeHH Bor f0/keH TOAPABAATE 3Be37b1, YTOOH He AaTh BeeneHHoit
CXIOTIHYTbCA B €MHBIH OTHEHHEIH Mmap.

Koraa dixwTeliH B 1916 r. HaTKHY/CA Ha napafokc BeHTid,
YpaBHEHHUA NPaBUNLHO NOACKA3aIH €My, 9To BeceleHHas AMHaMHKY-
Ha, OHA WIH pacIIHPLETCA, WIH CKUMaeTcs; cTaTHYHadA BeeneHHas
HecTabuabHa 1 J0/KHA 6bL1a GBI CXUTONHYTBCA 107 AeficTBHEM rpa-
BUTALUXH. Ho aCTPOHOMBI B TO BpeMs# HacTanBajH, YTo BeesreHHas
CcTaTHYHa H HeH3MeHHa. [ToaToMy DHHIITelHH, CKIOHAACH Iepes
HabnrosaTeNibHEIMH JaHHBEIMM aCTPOHOMMH, FOGABHI KOCMOJO-
THYECKYI0 KOHCTAHTY ~— CHIy, IPOTHBONOAQKHYIO TATOTEHHIO H
PacTaIKHBAKOUIYIO 3BE3/II NPOYL APYT OT ApYTa; 3Ta CHAA J0/DKHA
GbL1a KOMIIEHCUPOBATh CHITY IPHTAXEHUA W IPOTHBOCTOATH KOJ-
nancy BeeneHHoH. (3Ta CHAa, MTPOTUBONIONOXKHAA [PAaBUTALMHE, CO-
OTBETCTBOBAJIA HEPTUH, 3aK/II0UEHHON B BakyyMe. MHave rosops,
OHHIITEHH AOMYCTHII, YTO rPOMAaHbIe ITYCThE IPOCTPAHCTBA KOC-
Moca cofiepkat B cefe HobIIOE KONMYECTBO HEBHAUMOI IHEPIHH.)
TIpeAno/naraaoce, 4To 3TY KOHCTAHTY, KOTOpad J0/LKHA TOYHO KOM-
NeHCUPOBATH CHITY PaBHTALMOHHOTO NPUTAKEHHA, CIEAyeT BHIOH-
paTh OYeHb TIATENLHO.

Iozxe, B 1929 1., koraa 3aBuH Xab6a nokasas, 4To B JefcTBH-
TeJbHOCTH BeeneHRas pacliupsercd, SHHIITeAH Ha3Bal KOCMO-
JIOTHYECKYI0 KOHCTAaHTY CBoeil «penuvaitmeii omubxoit». OgHako
Teneps, 70 JIeT crycTa, NOTyYaeTcs, YTo «OlMOKka» JHHIITeHa —
KOCMOJIOTHYeCKas KOHCTAHTa — MOXET BCe-TaKH OKas3aThCq Kpym-
HeAlIHM MCTOYHHKOM 3HEprHH Bo BcelleHHOH; B Hel saruiioueHo
73% Bcero BelliecTsa U 3Hepruy BeenerHod. (Hanporus, Te ane-
MEHTH{, U3 KOTODHIX CTPOATCA HAIllK TEJa, COCTABMAIOT BCETQ JIHIIb
0,03% Beenenuoit.) O4eHr MoxeT ObITh, YTO OIIMOKa DHHIITeiiHA
ONPEETMT OKOHYATENbHYIO CyALOY BeeneHHOM.
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OHIUKA HEBO3MOMHOIO

Ho 0TKyAa B3AsIach KocMoTorHyeckas KOHCTaHTa? B HacTodllee
BpEMA 3TOr0 HUKTO He 3HaeT. B Hayasie BpeMeHH Cila aHTUTATOTe-
HHA ObLIA, BOIMOXKHO, ZOCTATOMHO BeNKKa, yToObI 3acTaBuTh Bee-
JIGHHYIO Da3/lyBaThCs M BEI3BATh TAKUM 06Pa3oM BOJbIIOH B3pHB.
3aTeM OHa 110 HeM3BeCTHHIM IPHYMHAM BHE3alHo Hedeana. (B aror
nepuos BeceneHHas mpogosmkaia pactikpATECA, HO MejlJleHHee.)
A 3aTeM, IpHMEpPHO depe3 8 MApPA JieT nocie boblliore B3pLIBA, CHIA
aHTHTATOTEHUS BHOBb ITPOABHAA cebA; OHA HAYama PacTANKUBATD
ralakTHKW H CHORa yckopHia pa3beranue BeenenHof.

Wrak, aeHCTBUTEIIBHO JIH «<HEBO3MOMXHO» ONIPEACTHTE OKOHYa-
TENBHYIO cyAb0Y BeeneHHOH? MTH Bee e BO3MOXKHO? BOTbUIHHCTBO
YY€HBIX CYHMTAET, 9TO PA3MEP KOCMOOTHYECKO# KOHCTAHTH! OTIpee-
nAeTcd B KOHEYHOM MTOTe KBaHTOBEIMH 3¢ddekTamu. Ho npocTei-
K pacyeT [0 YIPOWEHHOH BEPCHH KBAHTOBOM TEOPHH NOKA3HI-
BaeT, YTO TEOPETHYECKOE 3HAYEHHE KOCMOIOMYecKOH KOHCTaHTHI
OTJIHYAETCA OT peasbHoro B 10 120 pas. beaywIoBHO, 3T0 BeMYaH-
IaA HECTHIKOBKA B HCTODHM HayKH.

Ho ¢w3uky Taroxe CXOAATCA BO MHEHUMH 0 TOM, YTO 3Ta CTPaH-
HOCTb IPOCTO O3HAYAET, YTO HAM He XBATaeT TEOPHH KBaHTOBOMH
rpaBuTalvH. [TOCKONBKY KOCMOJOTHYECKaA KOHCTaHTa BO3HUKaA-
eT W3 KBAHTOBLIX IONPABOK, HEOOXOAMMO IOCTPOHTH «TEOPHIO
BCEro» — TEOPHI0, KOTOPasA MO3BOIHT HaM PACCYUTATH HE TONBKO
CranapTHYIO MOJe/1b, HO M pasMep KOCMOJIOTHYECKO KOHCTAHTH,
KOTOpas ONpeAeTuT OKOHYaTENbHYIO CyAbDY BeeneHHOH.

Takum ofpa3oM, TIpH ONpefe/eHUH OKOHYATENTLHOU CyAbOb
BcenenHoi Ham He ofoiTrch Ge3 TeopyuH Beero. VIpOHHA CHTYauHK
3aKIIOUACTCA B TOM, YTO HEKOTOpPhIe GUIUKK CYMTAIOT, YTO paspa-
60TaTh TAKYIO TEOPHIO HEBO3MOXXHO.,

Teopus Bcero?

Kak a1 y:xe ymoMuHanm, JIyYITHMM KaHAWIATOM Ha POJTh TEOPHUH Bee-
TO ABMAETCA CErOAHA TEOPHS CTPYH; HO ¥ ATOMH TOYKY 3PEHHA eCTh
H IIPOTHBHUKH, CYNTAIOMME, YTO TEOPHA CTPYH He OIIPaBALBAET
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oxugaHui. C 0fHOM CTOPOHBI, TAKOH yYeHbIH, kak npodeccop MIT
Maxc Termapk, nuiet: «f AyMato, yto B 2056 . yixe MoxHo 6yaer
Kyniuth GyT6OMKY ¢ GOPMYIAMH, OITHCBIBAIOIHMY YHHPHIHPOBAH-
Hbie QU3NYecKHe 3aKoHK Haieil BeenenHoir». C apyroit cTopons,
B HACTOALIHH MOMeHT GOpPMHpPYeTCs IpPynna pelUTeNbHEX KPH-
THKOB, KOTODHIE YTBEPHAAIOT, YTO TEOPHM CTPYH elle MpeACTOUT
MHOT'0€ Z0Ka3aTh. He BaKHO, CKOJIBKO NOABWIOCH IO ee NOBOAY
BOCTOPKEHHEBIX CTaTed WM AOKYMEHTAIBHEIX TeleQUAbMOB; He-
KOTOpHIE TOBOPAT, YTO TEOPHA CTPYH I10KA HE JANA HH OJHOTO ak-
Ta, KOTOPLI MOXKHO ObUI0 6B 1poBeputh. CIOPHL O 3TOMY OBO-
Ay pasropeauchk ¢ HoBoOH cimoil B 2002 ., korga CTHBeH XOKHHT
nepemes B APYroi arepe M, CCHIafACh HA TEOPEMy O HEIOMHOTe,
3aABWJI, YTO TEOPUA BCETO BIICIHE MOXKeT OKa3aTheA JaKe MaTeMa-
TUYECKH HEBO3MOXKHOL.

HeyauBHTENBHO, YTO KapKKe CIIOPH BRIHYAWIH OZHHUX GU3H-
KOB [TOWTH IMPOTHB APYTHX GH3MKOB — Belb Iieab Tak 01aropozHa,
XOTA M YCKO/Ib3aeT ¢ 3aBUAHBIM NOCTOAHCTBOM. CTpeMieHure 00b-
€AMHHTH BCE 3aKOHBI IIPHPO/HI THICAYENETHAMH APA3HUIO H MaHIIO
B paBHOH creneny U gunocodoB, ¥ Ppusukos. Cam CokpaT ogHOK-
ABL cKa3an: «MHe 3To NpeACTaBAANIOCh HAMBHICIIHM — 3HATH 065-
AICHEHHE BCEro, MoYeMy 3TO NMoABIAeTCA, IoyeMy rMOHeT, NoYeMy
CyLIecTByeT».

TlepBoe cepresHoe MpeATIoIoKeHHe, UMelollee OTHOUMIEHHE K
TEOPUH Beero, HLUI0 BHABMHYTO OKOIO 500 T, A0 H.3.; cudTaeTcs,
YTO IIPHMEPHO B 3TO BpeMs rpeku-NHParopeHilkl pasrajaiu mare-
MaTHYECKMe 3aKOHBl My3bIKH. [IpoaHainsupoBas yaae u kKoneba-
HUS JIMDHOM CTPYHBI, OHH CYMEH II0KA3aTh, ITC MY3BIKA MOAYHHS-
€TCs1 3aMeYaTebHO NPOCTHIM MATEMATHYECKUM [IpaBHIaM, 3aTeM
MOABWIHCH PACCYHKACHHA O TOM, YTO, MOXeT ObiTh, rapMOHHAMH
JMPHOM CTPYHBI MOKHO OOBICHUTL BCe B npupofe. (B KakoM-To
CMBICNIE COBPEMEHHAA TEOPHA CTPYH BOSDOAMIA K XKH3HH MEuTy
nudaropeines!)

MOHO CMeJIO CKa3aTh, YTO YiKe B Halle BpeMA YyTh JIH HE BCE
ruranThl GpusukK XX B. 1poGOBaH CBOH CHUIH B paspaboTe eHHOM
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Teopuu noia. Ho, kak npepocreperaer ®pumen JlalcoH, «none 60s
$uanueckoil Hayku CIUTOLIB YCHIMAHO TPYIIAaMH YHHOHIMPOBAHHBIX
TEOPHt».

B 1928 r. razeta New York Times BhIIIUIA C CEHCAMOHHBIM 3a-
FOMIOBKOM: «DHHIUTEHH Ha MOpore BEAHKOTO OTKPHITHA; 3AUTCA Ha
HenpouleHoe BTOpxeHue». [JoMellleHHAa 1MoJ HUM 3aMeTKa NpH-
BeJIa cpe/IcTBAa MaccoBoit KHPOpPMaLUHU B HEHCTOBCTBO, BO3Gyauna
BOKPYT TEOPUHM BCEr'0 JKYPHAUTHCTCKYIO CyMaTOXy M JoBeIa Hamps-
XeHHe B oOnlecTBe 0 KPHTHYECKOH TOYKH. 3arOJIOBKH KPHYaIH:
«JHHIITEHH TIOpa)KeH CyMaTOXOH BOKPYT HOBOit Teopun! JepxuT
100 xypHaNMCTOB B HANPAXKEHUH LeTy10 Hepemo!» JecATKH Kyp-
HanucToR GYKBaLHO POWIMCH BOKDPYT €ro A0Ma B BepiiiHe ¥ HeCIn
KPYDIOCYTOYHYIO BAXTY, MeuTad YBHAETh TeHHA XOTA OB KpaeikoM
MIa3a | JaTh MaTe€pUaN nmo3abopucTee, DHHIUTEHH BEIHYXAEH ObLT
CKPHIBATBCH.

ACTpoHOM ApTYp DAIMHITOH IHcan DRHIITeHHy: «Bac, Mo-
KeT ObITh, M03abaBHUT H3BECTHE O TOM, YTO OJHH H3 KDYIHEHIHX
YHMBepcanbREIX MarasHHos B Jlorgone («Selfridges») nomecTin B
BUTPHHE BAIY CTATHIO (Te CaMble WIeCTh CTPaHKWYEK B PAZA HA OHOM
CTeHAe), YTOB bl MPOX0XKKE MOTIIH TPOYECTD €€ OT HaYaia A0 KOHLA.
Y BuTpHHBI cobupatoTcsa GoNBIINe TOMIH, Bee YUTa10T». (B 1923 .
SAAVHTTOH NPeAIONUT COOCTBEHHYIO eAMHYIO TEOPHIO TTONA, Haj,
KOTOpOH 3aTeM HeycTaHHO paboTan Ao camoii cMepTH B 1944 1.)

B 1946 r. DpBuH LIpéAHHTeD, OAXH H3 OCHOBATENeH KBAHTO-
BOIt MeXaHUKH, cobpal mpecc-KOHQEPeHLHIO, Ha KOTOPOH 03BYYMII
CBOI0 eIMHYI0 Teopuio noias. Ha npecc-koHbepeHUUH MosBUACA
JAaxe npemMbep-MHEHCTp Upnanany 3moH ge Banepa. Korga oaus
M3 peNopTePOB CIIPOCHIL, YTO OH OyAeT Ae1aTh, ec/iu ero TeopHs OKa-
xerea ouinboyHoit, [TipéauHrep OTBeTIL: «f yBepeH, UTo npas. Ectu
5 He 1paB, A 6yZy BRIIAZETH NOMHHIM HAHOTOM», (LLIpéaunrep aeii-
CTBHTENBHO NOYYBCTBOBA cebA ockopOIeHHBIM, KoTAa JHIITEHH
BEXKJIMBO YKA3aJT Ha OWHOKH B €10 TEOPHU. )

CaMbIM APOCTHHIM KPHTHKOM BCAKOH YHHOHKAIMH ObUT QU-
3uk Bonbdraur [aymm. OH ympekan DHHNITElHa, nepedpasupys
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Bubnmio: «Htak, yto Bor pasmydrl, TOTO YeI0BEK 1a He CoYeTaeT.
On Hecriomagno rpoMui mobyio He0paboTaHHYIO TEOPHIO, OTITY-
CKad A3BUTE/IbHBIE 3aMeYaHHA: «3TY TEOPHIO HEMb3s AaKe Ha3BaTh
HeBepHOii». TeM He MeHee 110 MDOHHMH CyAbOH BeHuaimuii ckern-
THK [laynu cam sapasunaca Bceobium 6esymueM. B 1950-x rr. on
BMecTe ¢ BepHepo leiiaeHOeproM MpepIoKUI coOCTBEHHYIO elH-
HYIO TEOPHIO ITONA.

B 1958 r. MMayau npeacrasun eanHyto Teopuio [elizeHbepra-
Maynwu 8 KomymGuiickom yurBepcurere, Ha Hinca Bopa, npucyT-
CTBOBABILETrO B 34/1€, OHa He NPOH3Beia ocoboro BnevaTnenus. Bop
BCTaN U cKa3an: «Mbl 35ech, B 3aHUX pAAaX, yOXIEHE, YTO Balia
Teopys besyMHa. Ho Hallu MHeHHs pa3fe/iVIHCE B TOM, JOCTaTOY-
HO JH OHA 6e3yMHa». Teopusa NOABEPIIIACh YHUYMKHMTENBHOH KPH-
THKe. [[oCKOMBKY BCe O4eBMANKE RAPHAHTH €/JHHON TEOoPHH OLUTH
JABHO PaCCMOTPEHH U OTBEPIHYTHL, UCTUHHAA eAWHAs TeOPHA TIOAA
A0/D¥Ha OblTa BHIIIAZETh COBEPUIEHHO HEOKHAAHHO M B KOPHE OT/H-
4aThCSA OT BCeX NPekHUX BepcHil. Teopus [efaenbepra-Tlaynu Gpina
NOHPOCTY CTMIIKOM TPAJAHLHOHHOH, CTUIIKOM OOBIYHOM, CIMITKOM
31paBoii, 94TOBH! OKa3aThCA HCTHHHOM. (B TOM ke rogy [laymu G
OY€Hb BCTPEBOXKEH, Koraa ['eiizenbepr 3aMeTw B O[HOM U3 paguo-
nepe/ay, 4To B UX oblueif TeOpHH He XBATAET IKNIb HEKOTOPHIX TEX-
HWYECKUX AeTaned. [layu oTnpaBun Apy3pAM MHUCEMO C NYCTBIM
[IpAMOYTOJBHHKOM H NOATTHCKEIO IO HUM: «TakuM o6pa3oM A XoUuy
NpoZeMOHCTPHPOBATE MHDY, UTO CIIocobeH pHCOBaTh, Kak THULIMAH.
Moemy pHCYHKY He XBATAeT AHITb TEXHHUYEeCKUX AeTaieh».)

KpuTnka Teopuu CTpyH

Ha cerogHAmHAH AeHb BeAYINHM (M XMHCTBEHHBIM) KAHIWAA-
TOM Ha POJib TEOPHH BCETO ABISETCS TEOPHUA CTPYH. HO BO3HMKIA,
€CTeCTBEHHO, U OTpHIaTe/bHasA peakiua. ONNOHEHTH YTBEPXa-
I0T: TeNeph, YTOOL NOMYYHTE NOCTOAHHYIO AC/DKHOCTS B OZHOM H3
JyYIUBX YHMBEPCUTETOB, Bh AO/DKHEI HelpeMeHHo paboTaTh Hajl
TeopHel cTpyH. Ecii BHI He 3aHMMAaeTech 3TOMH Teopueid, ocTaHe-
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Tech 6e3 paboThl. 310 NOBAIBLHOE YB/IEUEHHE CETOAHALUTHETO AHA —
U QU3MKA, PA3YMEETCH, OT 3TOTG CTPajaeT.

Al Tonpko ymeiGaoch, KOTAa CIBIMY MOAOGHBIE BHICKA3BIBA-
HHA, — Belb ¢u3MKa, KaK J0boe pyroe yenoBeyeckoe 3aHATHE,
nojBepXKeHA yBNedeHuaM ¥ mofe. Cyabbul BeMKUX TeopHil, oco-
feHHO TeX, 9TO pOXKJAIOTCA Ha OCTPHE HYeIOBEYECKOTO MO3HAHHA,
MOTYT HCIHITHIBATE HEOXKHIAHHbIE U Jaske CIydaiiHble B3ETEI M Na-
AeBus. Boofie, cuTyalis NOMEHANACh He TaK YK JaBHO; HCTODH-
YeCKH HMEHHO TeOPHA CTDYH ObLNa M3TOeM, TEOPUEH-OTCTYITHHKOM
M KepTBON MeHHCTpHMA.

Teopus cTpyH 3apogunack B 1968 r., Kora ABa MOAOABIX
CBEXEHCNEUEHHEIX J0KTopa — [abpuens BeHenuano ¥ Maxuko
CyZ3yxu — HATKHYJIHCh HA GOPMYIY, OMHCHIBABIIYIO BpoAe Ol
CTONKHOBeHHMSA cyDaTOMHBIX YacTull. Bexope o6Hapyxunock, 4To
3Ta yyzecHaA GOpMyIa MOXKeT OBITh MOAyUYeHA KaK OMUcaHHe CTOMIK-
HOBeHHA konebmonuxes ctpyH. Ho k 1974 r. pabota Haj 3ToH Teo-
pHel IpaKTHYeCKH 3aMepia. [loABHBLIasca HA FOPH3OHTE HOBaA
TEOpHA ~— KBAHTOBasA XPOMOJAMHAMHKA, WIH TEOPHA KBapKOB H
CHIBHOT'O B3aHMOACHCTBHSA, — NMoJo6HO KonecHuue /xarrepHay-
Ta, JABIIA CBOEH MOIIBIO BCE OCTAIbHEIE TEOPHH. PU3UKK TONTaMHU
Gpocany TeopHIO CTPYH pajH paboThl HAA HOBOIH MHOroOGemaoIied
Teopueil, Bee punancupoBanye, Bce paboyre MecTa U IIpH3HAHWe
JOCTABAINCH YUeHEIM, paboTaBIIMM Ha/l KBAPKOBOH MOZENLIO.

Al xopoio noMHIO Te TeMHBIe r'oAbl. Haz Teoprel cTpyH npo-
AoJKany paboTaTb TOIBKO OTHABJIEHHBIE YIIPAMILI M ABAHTIOPUCTEI.
A KOTAd BBHISICHHIOCH, YTO CTPYHEI, O KOTOPBIX HAET PeYb, CTOCOGHE!
KonebaThCA TOMBKO B JeCATHUMEPHOM ITPOCTPAHCTBE, TEOPHS BooGIIEe
crala o6beKTOM HacMellek. [TnoHep Teopuw cTpyH JbkoH [IIBapi
H3 KanudopHHHCKOro TEXHONOIrHYeCKOro HHOIA CTAKMBAJICA B
mdre ¢ Puyapaom deiinmanoM. GeliHMaH, Beeraa MOOUBLIMIL TTo-
IIYTHTH, 4aCTeHbKO cnpamnpait «Hy, [DKOH, CKOIBKO BK3MepeHMi
B IIPOCTPAHCTBE, I/le Bbi CETOAHA HAXOAHUTECH?» MBI jaxke MyTHIM,
YTO €IMHCTBEHHOE MECTO, TIE MOXKHO HATH GU3HKA-TeOpeTHKA —
CHEeLMAJINCTA [I0 TEOPHHM CTPYH, — 3TO OUepeAb HA OHPXKY TpyAa.
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(Hobenescknit naypear Mroppei l'err-MaHH, ocHoBaTenb KBap-
KOBOH MOJENH, OAHAKAb IIPH3HANCA MHE, Y4TO W3 KAJIOCTH K
TEOPETHKAM-CTPYHHHKAM OpraHu3osan y ceba B Kandopuuiickom
TEXHOJIOTHYECKOM MHCTHTYTE «3aNOBEAHHK /LI BHMKPAIOUIErO
BH/14, CLICLIUA/ICTOB MO TeOPUH CTPYH», YT0ObL Moau Bpoae JkoHa
He AMIMHANUCE pabOTHL.)

[oBoOpA 0 TOM, 4TO CeroAHA MHOTHE MOJOAbe PUUKH CTpe-
mATca paboraTh Hag Teopuedt crpyn, Crus BaitnGepr Hammcan:
«TeopHsl CTpYH NpeAcTaBiaseT co0oit HA JAHHLIK MOMEHT eAHH-
CTBEHHOrO NPETeHACHTA Ha POAb OKOHYATENBHOH TEOpHH, — TaK
MOXHO JIM 0XXHJATh, YTO MHOTHe cnocobHelMe MoIoabe Teope-
THKH He 3aX0TAT paboraTh HaZA HEH?»

JleCTBUTENBHO JIU TEOPHUIO CTPYH
HEBO3MOKHO [IPOBEPHUTD?

OnHO M3 TIAaBHBIX BO3paXeHHH MPOTHB TEOPHUH CTPYH COCTOMT B
TOM, YTO €€ HEeBO3MOXHO NpoBepuTh. Ee NpOTHBHUKH YTBEp:KAa-
0T, 4TO0 AJIA pcaJbHOH MPOBEPKU 3TOH TeopHH mortpebopanca Ob
YCKOPHUTEND YaCTHL, pa3MEPOM C FaflakTHKY.

Ho xpuTHKY 3a6HBAKOT O TOM, YTO 0YeHb MHOTOE B HAYKE Zle-
JlaeTcA OTHIOAb HE IPAMO; 09eHb YacTO PEe3YALTAT Npolle NoAydIHTh
KoCBeHHbIM ITyTeM. Hukro euwe ne nobwisan va ConsHue, 9065l
TIPOBECTH HENOCPE/ICTBEHHBIE M3MePEeHHS, HO ME MOXXEM aHaNH3H-
POBaTh CIIEKTPANbHbIE JMHUH CONHEVHOTO CBETA M HOTOMY 3HaeM,
yT0 CosHIle COCTOKT H3 BOAOPOJAA.

Wi Bo3eMeM uepHbie JbIpH. Teopus YepHBIX ABIP BOCXOJAMT
k 1783 r., xorza /lxkon Mudenn onybmikoBan cTaTbio B «PHAOCOP-
ckux TpyAax Koponesckoro obuiectsa». OH yTBepwaal, 4To 3Be3fa
MOET ObITh HACTONBKO MACCHBHO, 9TO «BECh H3MYYAeMBbIi TAKUM
TEJIOM CBCT BLIHYK/EH OyAeT BEpHYTLCS K HEMY 110 ASHCTBHUEM ero
cobcTBEHHOM rpaBUTaLuK». B TeveHHe HECKOMBKHX CTONETHI Teo-
puA TeMHOU 3Be3abl MHue/sia Bravymna XKalKoe CylecTBOBaHHe,
MOCKONBKY TIPOBEPHUTHL €€ HENOCPeACTBEHHO OhUI0 HEBO3MOXKHO.
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B 1939 r. JiiHmTelH Aaxe HalMcal CTaThio, B KOTOPOH JOKA3bl-
BaJIOCh, YTO 110f06HaA TeMHaA 3Be37a He MOXeT cGOPMHpPOBATHCA
€CTECTBEHHDIM ITyTeM. [TaBHBIM ApryMEeHTOM 6bUIO TO, YTO TEMHBIE
3Be3Jlbl HEBO3MOXKHO 06HAPYXHTH IIG CaMOli MX IpUpoJe — Belb
OHH IO OnpezieNieHNI0 HeBHANMBL. Ho ceroana Gnarozaps kocMmu-
JyeckoMy Teneckony uMeHHu Xa661a y Hac ecTh BeMTHKOJIENHBIE A0-
Ka3aTe/bCTBa CYIeCTBOBAHHUA YepPHEBIX AbIp. B HacTosAmiee BpeMsa
MBI YOeKASHBI, YTO B LIEHTPAX M&/IaKTHK MOTYT CKPbIBATHCA MIULIH-
apzbl YePHEIX AbIp; B Halllelt cobcTBeHHOI ['AnaKTike MOTYT Cylie-
CTBOBATh JeCATKH OpoaAdHX YyepHbIX AsIp. Ho cyTh B TOM, YTO Bee
JlAaHHBIE O YepPHBIX ABIPAX MOMYYeHH KOCBEHHHIM IYTEeM; 8 HMEHHO
MBI ToMy4aeM MHGOPMAUHIO O YEPHOH Jbipe MyTeM U3ydeHUA ax-
KpelHOHHOrO AUCKa, KOTOPhI BpamaeTcs BOKPYT Hee.

Bonee Toro, MHOTHE «HEMpPOBEpAEMbie» TEOPHH CO BpeMeHEM
CTaHOBATCA poBepAeMbIMiL. Ha To, uTo6bI A0Ka3aTh CylleCc TBOBaHHE
aToOMOB, NPEACKa3aHHbIX JleMOKPHTOM, OoTpeboBaioch ABE THICATIH
aert. Eme B XIX B. pu3nka spofe Mogsura bonbuMana, BepuBLIETO B
aTOMHYIO TEOPHIO, MOIVIM 3aTPABHTh HACMEPTh, a CETOARA Y HaC eCTh
BeJIMKOJIENHEIe GoTorpaduy aToMoB. Benukuii ckenrTvk [Tayau BBex
8 1930 r. nOHATHE HEHTPHUHO — YACTHIILl HACTONLKO HEYJIOBHMOH,
YTO OHA CHOCOGHA NpoNeTeTh CKBO3b CBHHIIOBLIN AP paaMepoM ¢
CoNMHEeYHYI0 CHCTEMY M HH C YeM IIPH 3TOM He NPOB3aHMOAeHCTBO-
BaThb. [layaH ckasan: «f coBepII CTPALIHEIHA IpeX; 4 BBeJ HacTH-
11y, KOTOPYIO HEBO3MOXKHO IpoHabutioAaTh». OBHAPYHHUTH HEHTPHHO
BBL10 «<HEBOMOMKHO», IIOITOMY B TEUEHHE HECKOIBKHX ICCSTKOB JIET
HeoObIYHAR JACTHLIA CYUTANACH YYTh I He GAHTACTHKOM. A CeroHA
MBI YM€€eM CO34aBaTh HEHTPHUHHBIE [TYYKH.

Yie 3aIUIaHUPOBAHO HECKONBKO BKCIIEPUMEHTOB, KOTOpHIE,
KaK HaZieloTca GU3NKH, TOMOrYT KOCBEHHBIM 00pa3oM IMpOBEPUTD

TEOPHIO CTPYH.

* Boaslmoit afipoHHBIN KoJUtaliziep, BO3MOXKHO, OKa-
KeTcs Z0CTATOYHO MOWHBIM ZA NONYIeHHA CynepuacTHLl,
KOTODHIE [Pe/CKA3aHbl TEOPUEH CYTIePCTPYH (Kax M ApYTH-
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MH TEOPHAMY CYTIEPCHMMETPHH) H IPEeACTaBAfIOT CoOo0i
BbICUIME MOJBE Konebanuii.

* Kak a yxe ynoMuHan, B 2015 r. B xocMoc Gyger
3amymjeHa LISA — KOCMHYeCKaf aHTeHHA ¢ Na3epHBIM
nHTepdepoMerpoM. LISA u ee mpeemuuk, Habmoaarens
BO/BIOTro B3pHIBA, OKAXYTCR, BO3MOXKHO, AOCTAaTOYHO
YyBCTBHTENEHEIMU JUIA [IPOBEPKH HeCKONBKHX TEeOpHH 0
TOM, 9T0 6b110 10 BOMBIIOrO B3pEBa, BKIIOYAA U Pa3AHy-
HBEIE BeDCHH TEODHH CTPYH.

* MHOxecTBO TaGopaTopHii ceifyac nbiraloTed ofHa-
PYKHTD, ACICTBYET MK B MIJUTUMETPOBOM MacluTabe 3Ha-
MEHHTHIH HEIOTOHOBCKHMH 3aKOH O TOM, 4TO CHJIA NPHTS-
sKeHHA 00paTHO NPOTIOPLMOHANBHA KBAAPATY PACCTOSHUA.
OTIIOHEHHS OT 3TOTO 3aKOHA MOT'YT TOBOPHTE O CYIIECTBO-
BaHWH BbICIIMX HaMepeHHH, (ECIH cylecTRyeT, K IpUMepy,
9eTBEPTOC POCTPAHCTBEHHOE U3MEpPEeHHe, TO CHIA TIPH-
TSKeHHA JO/NKHA YMEeHBIIATRCA HPOIOPIHOHAIBHO Ky6Y,
a He KBaApaTy paccToaHua.) [MocnegHAas Bepcus TEOPUH
cTpyH (M-Teopusa) YTBEPAAIET, 4TO H3MepeHHI Ha CaMOM
Jene 11.

* MHorHe 1ab0paTOPHH [IBITAIOTCA 0OHAPYKUTD TEM-
HOe BelleCTBO, WIH CKPRITYIO MaccCy, BeAb 3eM/IA ABIKETCA
B KOCMHYECKOM IIOTOKe TeMHOro BellecTsa. Teopus cTpyH
No3BOKACT cPOPMyTHPOBATE KOHKPETHEIE MpOBepsieMbie
NpeACKa3aHuA ¢ GU3HYECKHX CBOHCTBAX TEMHOTO Beme-
CTBAa — BeJib 0HO, BEPOATHO, ipeAcTarideT coboil BrcLIMe
xonebanms CTpyH (Hanpumep, GOTHHO).

* EcTh HaZex/ia, 4T0 cepus JONONHUTENBHBIX JKC-
NEPHMEHTOB (K MPUMEDY, IKCIIEPHMEHTH O ONpe/ene-
HUIO NOAAPH3ALHH HEHTPHHO, IPOBOAMMEIE Ha HOKHOM
NoJII0Ce) MTO3BOMUT OOHAPYHHMBATh YePHbIE MUHU-AbIPH H
ApYTHe CTpaHHbIe OO BEKTH MYTEM aHATH3a AHOMANHI KOC-
MHYIECKHX JTydeH ¢ 3HeprUAMM, TPeBOCXOAAIIAMH, BO3MOK-
HO, 3HEPTHH YacTHI B bolbmom agpoHHOM Kojutaiipepe.
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DKCTIEPHMEHTEH] ¢ KOCMHYECKHMU JIy9aMH U ¢ KOLTAHAepoM
OTKPOIOT HOBBIE HHTEPECHBIE TOPH3OHTh!, IoMHMO CTaH-
JApTHOH MOJAETH.

* Hexotopele QH3HKH JACIYCKAIOT, YTC CHIA BOJb-
IIOr'0 B3phIBA MOIVIA Pa3CrHaTh KakKylo-HHOyAL Kpored-
HYIO CYIIEPCTPYHY A0 MOMCTHHE KOCMHYeCKUX MacliTa6os.
Qusuk Anexcasjp BwneHkuH U3 YHuBepcuTera Tadrca
nuieT: «0aHa o4eHb HHTEPecHas BOIMOXHOCTE 3aKJII0Ya-
€TCA B TOM, YTO CYIIEPCTPYHBL... MOTYT AOCTUIATh ACTPO-
HOMHYECKHX MacuTabos... B aTOM CIy4ae MBI MOTJIH OH
npoHabmozath UX B Hebe M TakuM 06pa3oM HANPAMYIO
POBEPUTH TEOPHIO CYIIEpCTPYH». (BepOATHOCTD HAMTH B
KOCMOCE THTaHTCKYH) PEeIUKTOBYI0 CYEPCTPYHY, COXpa-
HHBUIYIOCA ¢ MOMEHTa bo/bIioro B3peiBa, O4eHb MaJa.)

O HemnonHOTe PHU3HUKH

B 1980 r. CTUBeH XOKHMHT BHOBB Pa3Ker HHTEPeC K TEOPHH BCETO;
OH OpoYea JIEKIHIO 07 HasBaHUeM «BaH3HTCA 1M KOHel| Teope-
THYECKOH QH3NKH?», B KOTOPOH cKasar: «Bo3MOXHO, Mbl YBHAHM
MOJHYI TEOPHIO €llle IIPH KH3HH HEKOTOPBbIX U3 MPHCYTCTRYIO-
wux 3geck». OH yTBEPKAAL, 4TO ¢ SO-NPOLEHTHOH BEPOATHO-
CThIO IIOJIHASA ¥ OKOHYATENbHAR TeOPHA OYAET HalJieHa B TedeHHe
6mxaitinx 20 get. Ho koraa Hacrymin 2000 r., a KOHCeHcyca o
MOBOJY TEOPHH BCETO NO-NpPeXHeMy He OBUT0, XOKHMHT H3MEeHWA
CBOE MHEHHUE U IIepeHec TY Xe BEPOATHOCTE B 50% Ha caeayionne
20 ner.

3ateMm B 2002 r. XoKMHT ellle pa3 nepeayMai d 3ad9BHT, 4TO TEO-
pema [€1e/14 0 HeNONTHOTe, BIIOHE BO3MOXKHO, YKA3bIBAET Ha MPHH-
LUNHATbHYI OMMGKY B €r0 NepPBOHAYATBHBIX PACCYKACHHAX. OH
Hamucam: «HexoTopsle 11041 6YAYT OueHs pa3odapoBaHbl TEM, YTO
HE CYILECTBYET OKOHYATENTBbHON TEOPHH, KOTOPYIO MOXKHO CHOPMY-
JUpPOBATL B KOHEYHOM YHC/le NYHKTOB. f paHblle ToxXe NpyHaIe-
¥ajl K 9TOMY JIarepio, HO Ternepb H3MEeHII MHEHHe. .. Teopema ['€ae-
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N4 TApaHTHPYeT, YTO AN MaTeMaTHKOB paGoTa Beersa OCTAHETCA.
A mymaro, uTo M-Teopusa cigfaeT To ke caMoe 1A GU3HKOB».

Ero aprymMeHTH He HOBHL: TIOCKOJIbKY MaTeMaTHKa HENo/MHa,
a A3BIKOM PUBUKH ABAAETCA HMEHHO MaTEMaTHKA, B GH3HKe BCeraa
OyZyT CymIecTBOBATH HEMOABNACTHBIE HAM HCTHHHBIE YTBEPKICHHHA,
a MOTOMY TeOpHH Bcero OHITh He MoXeT. TeopeMa O HeloJHOTe,
yOHBIIaa MeuTy IPEKOB O TOM, YTO6bHI BCE UCTUHHEIE YTBEPKISHHA
B MaTeMaTHKe ObUIM JOKA3aHbI, CAenaeT HeBO3MOXXHBIM K cO3/laHUe
TEOPUH BCETO.

®pumen Jlaitcon 6put Honee KpacHopeuus: «[€aens Jokasa,
4TO MHD YHCTOM MaTeMaTHKH HeMCYeplaeM; HUKaKoe KOHeYHoe
YHCNIO 3aKCHOM H JIOTHYECKHUX IPAaBHI HE B COCTOSHUH OXBaTHTh BCIO
MaTeMaTHKY... Sl HaJleloch, YTO aHANIOTMYHAA CHTYals CyLIeCTBY-
eT ¥ B MHpe OU3HKU. Ecin Mo# B3rmaj Ha 6yayinee BepeH, TO MUp
$M3MKY M acTpOHOMHH TOXKe HewucuepraeM; He BaXXHO, CKOJIBKO
TIPOHZET BpeMeHH, — Ml Beera Oynem HabMoAaTL HOBBIE SABNEHHSA
¥ HOXY4aTh HOBYI0 MHGODMAITHIO; Beeraa OYIYT NOABIATECSI HOBBIE
MHDBI, KOTOPHIE MOXHO MCCNEA0BATh, — IIOCTOAHHO PACHIHPAIO-
HIHecs BAaJeHHA XKU3HH, COSHAHUA U MaMATH».

Actpoduauk JxoH bBappoy Tak 0606IMKI 3TOT TOTHYECKHI
noaxon: «Hayka ocHoBaHa Ha MaTeMaTHKe; MATEMATHKA HE B CO-
CTOSHHWM PACKpPHITh BCE MCTHHBI; C/IEA0BATEIBHO, HAYKA HE B COCTOA-
HHY PACKPEITh BCE HCTHHDI».

Iogo6HEle apryMeHTH MOTYT GBIThH BEPHBI HIH HEBEPHEL, HO
MIOTeHIMATBHBIE HEAOCTATKH Y TAKOM TOYKH 3peHKA uMetoTea. [Ipo-
deccHoHaNEHEIE MATEMAaTHKH IO GoJbLIeif YacTH UrHOPHPYIOT B
cBoelt paboTe TeopeMy 0 HenmonHoTe. Jleio B TOM, YTO TEOpeMa o
HETIO/HOTE HAYMHAeT C aHAIH3a YTREPHICHHH, KOTOPHE CChLTAI0TCA
CaMH Ha cels; B IOTHKe TaKHe YTREPKACHHA Ha3biBalOT CAMOOTHO-
CUMEIMH. [IpHEBeeM NpHMepH! NapaZOKCANbHbIX YTBEPXKACHHI:

3TO BBICKA3LIBAHUE JIOKHO.,
A mxen.
JTO YTBEPRACHHE HEBO3MOXHO ZIOKA3ATb.

403 &



OHINEA HEBOIMOKHOID

B neprom ciy4ae, ec/iv BrICKa3biBAHHE HCTUHHO, ITO 3HAYUT,
4TO OHO JIOXHO. EC/IM BRICKa3BIBaHHE JIOMHO, TO CAMO YTBEpXKAe-
HHE UCTHHHO. ToYHO Tak e 1 BO BTOPOM: eC/TH A F'OBOPIO [IPaBAy,
3TO O3HAYAET, 4YTO A ATY; & €CAM A ATY, TO 1 FOBOPIO Npaeay. B no-
ceHeM CIy4ae, ecId BhICKa3blBaHHe MCTUHHO, TO AOKAa3aTh €ro
HCTHHHOCTE HEBO3MOXHO.

{BTopoe BhICKa3bIBAHHE — 3TO 3HAMEHHTHIM Mapajiokc JUKela.
Kpurckui ¢unocod SnuMeHua 06EIYHO WLIOCTPHPOBAT 3TOT Na-
PajoKC CNEAYIOIINM YTBEpKAeHHeM: «Bce kpuTaARe okeupr». OfHa-
Ko ¢B. [laBen He yn0BHA CMBIt/IA 3TOTO BHICKA3HIBAHMA M HAMHACA
B IOCJIAHMH K THTY: «}3 HHX JXe CAMUX OJUH CTHXOTBOpEI CKa3al:
“Kputane Bcerga JoKellbl, 3mb1e 3BepH, YTpoObl TeHHBbE”, CBUAE-
TEIBCTBO 3TO CIPABEATHBO». )

TeopemMa 0 HEMOMIHOTE CTPOHTCA HA YTBEPKAEHUAX BPOJE «ITO
BHICKASHIBAHKE HENB3A J0KasaTh NPH MOMOIH AKCHOM apudMe-
THKH» H CIVIETaeT CHOXKHYX MayTHHY NoZOOHBIX CaMOOTHOCHMBIX
HapafoKCoB.

XOKUHT, 0/iHAKO, HCIIO/b3YET TEOPEMY O HETOAHOTE, YTOOH 110~
Ka3aTh, YTO TeopHA BCero HeBo3MmKHa. OH YTBepkJaeT, 9T0 K04
k Teopeme Féaesn — ot pakT, yro MaTemaTHKa BoObLLE CAMOOTHO-
CHMa H YTO GU3HKA TOXe cTpazaeT aroii bonesnwio. Habmonarens
HEBO3MOXHO H30JHPOBATh OT IpoLecca HabmoAeHH; 5TO 03HaYa-
eT, 4To $u3KkKa Beerga GyaeT cChUIaThea caMa Ha cefs — Beab MBI
He B COCTOAHUM NOKHHYTH BeesieHHyto. B KoHIle KOHIoOB, Habaoa-
TEJIb TOXKE COCTOMT M3 ATOMOB W MOJICKY/I, & MOTOMY HeH30eMHO AB-
JIAETCS COCTABHOM YaCTbIO M YYACTHHKOM 3KCIEPHUMEHTa, KOTOPbIi
HpOBOIUT.

Ho cymiectsyeTt cnocob 000ATH Bo3pakenus Xokunra. Y1obbi
He CTANMKHBATLCA ¢ MapajoKCaMH, IIPHCYITHMU TeopeMe [énens, npo-
¢eccroHanbHBIe MAaTeMaTHKU CEroAHA MOCTYIAT QYEHB IPOCTO:
OHH 3apaHee UCKIIOYalOT U3 CBOeH paboThl CAMOOTHOCHMBIE BHICKA-
3bIBaHMA. B 9TOM ClTydae TeOpeMy O HETIOIHOTE MOXHO 060HTH. Bo-
0b111e, B3pHIBHOE pa3BHTHE MAaTEMaTHKH cO BpeMeH TéAena B 3Hauu-
TEeJbHOH cTelleHH AOCTHIHYTO 3a CHeT HTHOPHPOBAHUA €T0 TEOPEMBI
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O HEMOJHOTE, T. e. 3a CYeT NOCTYTHPOBaHUA TOr0 GaKTa, 4TO MOCIEA-
Hye pabOoTSH! He JOMYCKAal0T CAMOOTHOCHMEIX BBICKa3hIBAHHH.

To4HO Tak e MOXET OKa3aTbCAd BO3MOHBIM cHOPMYIHPO-
BaThb TEOPUIO BCEro, KOTOPasA OOBACHUT BCe U3BECTHLHIE KCTIEPH-
MEeHTa/IbHEIE AaHHbIE BHE 3aBUCUMOCTH 0T 6eckoHedHoro cropa 06
oTaeneHnH Habilogatend ot HabI0AaeMoro ABleHHA. Ecnu Taxan
TEOPUsT BCETO CMOXKeT OObACHUTE BCe, HaUYMHasA ¢ BoBIIoro B3pH-
Ba H 3aKaH4YuBasg CETOAHAMIHEH BMAMMOH BceneHHoOHU, To 6yger
K€ HEB&KHO, KaK HMEHHO MEI ONHINEM B3aUMOJEHCTBHE MexAy
Habmozatenem W HabmwAaeMeM. Bojee TOTO, MOXHO TOBOPHTh
06 0f/HOM M3 KpUTEpHeB NPaBWIBHOCTH TAKOH TEOPHHU: €€ BLIBOABI
AQDKHBL OBITH COBEPIIEHHO HE3ABUCHMHI OT TOTO, KAK MIMEHHO MBI
pasgenseM Habmogarenda u HabmogaemMoe.,

Cxaxem Sonble. [Ipupoga moxeT ObITh OeclipeieTLHOH H He-
HCYEPIIAEMOH, Ja)Ke eCIH OHa OCHOBaHa BCEr0 HA HECKOTBKHX MPHH-
IHnax. PaccMOTPHM IaXMaTHYIO TapTHIO. [lonpockTe IpHINe/IbIa
C APYTOH ILTaHETH: ONpefenrTh NPaBHia TONBKO W3 HaOMIoAeHHA
3a UrpoH. Yepez HEKOTOPOEe BpeMA MpPUIIEREL CMOKET YBEPEHHO
CKa3aThk, KaK XOJAT IellKH, CIOHH ¥ kopoaH. [IpaBmwia HUrpsl mpo-
CTbI H KOHeuHEl. Ho BaPHAHTOB B Hel NOHCTHHE ACTPOHOMUYECKOE
KOJMHuecTBO. TOUHO Tak Ke 3aKOHBI M TIPABHIA HPHPOJLL, BO3MOMKHO,
IIPOCTHl U KOHEYHBI, HO [IPH/IOXKEHHSA ITHX IPABHT MOTYT OKa3aThCs
HemncyepnaeMbiMu. Hama 1ens — OThICKAaTh 3TH NpaByaa.

B orpefecHHOM CMBICIE ¥ Hac yXKe €CTh TIOJHAaA TeopHA
MHOTHX fBIeHHI. HUKTO HMKOIZAA He Bujes, 9ToObl HAPYINATHCEH
ypaBHeHWA MakcBesna 1A ceeTa. CTaHAApTHYIO MOJeNb YAacTo Ha-
3bIBAIOT Teopuel MouTH Beero. [IpeacTappre Ha MTHOBEHHWE, YTO
MBI MOKEM UCKIIOUUTD TPapUTalMIo. B aToM ciyyae CTanaaprHan
MOZeIb CTAHOBUTCSA BIOJHE HAJEKHOH TeOPHEH BeeX ABIEHHIH, 3a
HCKIIOYEHNeM TpaBHTAlMK, MokeT OBITh, 3Ta TEOPHA HEKPACHBA,
HO oHa pafoTaeT. Jlaxke TeopeMa O HEMMOJAHOTE He MenaeT HaM o6-
71aaTh PA3yMHOH Teopueil Beero (3a MCKIIIOUCHMEM IPABUTAITIH).

Mue npeacTapnAeTCa NOUCTHHE 3aMeYaTe/IEHBIM, YTO Ha OAHOM
JicTe GyMaru MOMHO 3aTIHCATh 3AaKOHBI, KOTOPHIE YIIPaB/IsLKOT BCEMU
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H3IBECTHHIMM QU3HYECKMMH HBNeHHAMH B TpefeaaX 43 NOPAZKOB
10 BeNMUYKHE ~— OT AAJbHUX NpeAesIoB KOCMOCa Ha PACCTOAHHHU 60-
nee 10 MDA CBETOBHIX JIET 10 MMKPOMMpPA KRAaPKOB U HEHTPHHO.
Ha atom nucte 6yger Bcero ge GOPMYNEL TeOpHs I'PaBUTAIHH
OifHmreitna W CranaapTHaA Mogeh. [Io-MoeMy, 3T0 TOBOPHT 06 ab-
COJIIOTHOM NPOCTOTE M rapMOHUM NPUPOABL HA PyHIAMEHTANBHOM
ypoBHe. BceneHHas MOIIa 0Ka3aThCA HEMPABIWILHOM, CIy4aiHOM
WM HEMOCTOAHHOM. Ho MBI BUAMM, 9TO Ha caMOM JleJie OHa eJJiHa,
rapMOHMYHA H KpacuBa.

Hob6enenckuii naypear Ctup Baiinbepr cpasuiBaeT Haum no-
HCKH TEOPHH Bcero ¢ nouckamy CeBepHoTo nomoca. Ha nporsoxe-
HHMM BeKOB APEBHHE MODAKH I101b30BANUCh KAPTAMH, Ha KOTOPHIX
CeBepHBIH MOMIOC IPOCTO OTCYTCTBOBANL. CTPEIKH BCeX KOMITacoB,
BCE MapUIPYTH! YKa3bIBAIH Ha 3TOT OTCYTCTBYIOLIMHA KYCOK KapThi,
HO B peaJIbHOCTH HHKOMY He yAaBanoch TaM nobeisars. TouHO Tak
e BCe HalI{ JaHHBIE H TeopHH 0e30MHB09HO YKASEIBAIOT HA TEO-
pHio Beero. Ee He XBaTaeT HaM /151 MOTHOTH YPABHEHHHH.

Beeraa 6yayT cyiecTBOBATH BellH, TeXalilie JaneKOo 3a Ipejae-
JIaMH BO3MOXHOCTeH Halleil Hayky; 00beKTH W ABIEHUA, KOTOpBIE
HEBO3MOXKHO HCCHEN0BATh (K IpUMepY, TOYHOE NOJMOXKEHHE 3/IeK-
TPOHA WKW MHP, CYLIECTBYIOMHH 10 Ty CTOPOHY CKOPOCTH CBeETa).
Ho a1 y6exaeH, 9T0 ¢yHAAMEHTAILHBIE 3aKOHB! TI03HABAEMEI H KO-
HeyHH!. M 6mxaiiniue rogsl MOTYT CTATh CAMBIMU HHTEPECHBIMH B
HCTOPHH QU3HKH — Bellb HaM MPEACTOUT MCCIEA0BaTh BeeleHnyio
[IPH TTOMOCHIM HOBOIO IOKOJMEeHHsA YCKOPHUTeNeH YacTHL], KOCMHYe-
CKHMX I€TEKTOPOB IPABUTAIL[MOHHAIX BOJIH K APYTUX HOBBIX TEXHOIO-
rui. MBl He B KOHLE ITYTH; CKOpee MBI CTOMM Ha IIopore HOBOI (H-
3uKHA. Ho, 4T0 GBI MBL HY OGHAPYIKIUIH, 33 JTIOOBIMH JOCTHKEHHAMH
HENPEMEHHO OTKPOIOTCA HOBbIe FOPH30HTbl. OHH /YT HaC.
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Beepenwne

C. 15: «Takoe NpOHCXOANAC HECKOMBKO pas...» [IpuuuHa Kpo-
€TCA B 3aKOHAX KBAHTOBOH MeXaHHKH. BBO/A B HEKY10 TEOPHIO Bce
BO3MOJXHbBI€ KBAHTOBHIE NOMPAaBKH (YTOMHTEILHBIH ITPOLECC, H3-
BECTHHH KaK «[IEpEHOPMHUPOBKA»), ME HEPEAKO oOHapy:KUBaeM,
4TO AB/MEHHSA, KOTOphIe paHblle (Ha KIacCHIeCKOM YPOBHe) Kasa-
JIUCh 3aNPEILIEHHBIMH, CHOBA NOABAAIOTCA Ha TOPH30HTE H UX Heob-
XOAMMO TIPHHUMATh B pacyeT. 3TO 03Ha4aeT, 410 Mmoboe ABjleHHe,
He 3anpelieHHoe ABHBIM 06pasoM (K MpuMepy, OAHHUM U3 3aKOHOB
COXPaHEHWA), OCTIE BBEACHHA KBAHTOBBIX ITONIPABOK MOXKET BHOBD
NOIACTD B 10JIe 3peHUA YYeHbIX.

2. HesuaguMocTh

C. 44: «B TeopHH 3THKH H Mopanau [L1aToOHA HEBMIMMOCTH
Hrpana masHylo poiab». Bo 2-1 kuure «[ocyzapctsa» [lnaTos mu-
can: «Hu oaun ns Hux [obnagareneil mepcTHA HEBHAMMOCTH] He
OKazancs Obl HACTOMBKO TBEPABIM, YTOOB OCTAThCSA B Mpefenax
CTIPaBEMTUBOCTH M DEIIMTENbHO BO3JEPKAThCA OT IIPHCBOEHHA
YYKOTO MMYIIECTBA M He IIPHTPArHBaTeCy K HEMY, XOTA KOKIbiH
mMest 6B BOIMOXHOCT O3 BCAKo# omacky 6paTh YTO YToAHO Ha
PBIHOYHOH ILTOIHAAM, IPOHHKATE B JOMA ¥ COMMKATBCH ¢ KeM B3Ay-
MaeTcsA, yOuBaTh, OCBOOOXAATEL M3 3aKMIOYEHHA KOTO 3aX0YeT —
Boofie AeiCTBOBATL Cpeay AI0AeH Tak, CJIOBHO OH paseH Gory...
EcaM 4yenoBek, 0BIafieBIIHI TAKOKW BAACTHIO, HE TIOKENAET KOTja-
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Au60 NOCTYIHTD HECIIPABEATHRO H He IPUTPOHETCA K 4yKOMY UMY-
IIECTRY, OH BCEM, KTO 3TO 3aMETHT, ITOKaXeTCA B BHICIICH CTENEHH
KAIKHM U HEPA3yMHEIM. . .»

C. 48: «<Haran Mupsona, 6HIBLINI TaBHBIH TEXHOIOT QUPMBL
Microsoft...» Nathan Myhrvold, New Scientist Magazine, Novem-
ber 18, 2006, p. 69.

C. 51: «Bot noyeMy OH Teleps OTKa3blBaeTcd...» Josie Glau-
siusz, Discover Magazine, November 2006.

C. 54: «TakaA THH32 MO3BOJUT NMOTY4aTh...» «Metamaterials
found to work for visible light», Eurekalert, www.eurekalert.
org/pub_releases/2007-01, 2007. Also New Scientist Magazine,
December 18, 2006.

3. ®aseps! ¥ 3Be34bl CMEPTU

C. 67: «Bo Bpems BTopo# MUPOBOIf BOHEI HAUCTSL. ..» Kpome
TOrO, HALMCTHI HATTPABWIH SKCneAuuo B MTHAMIO A MccefoBaHHA
HEKOTOPBIX MUPOJOTHYECKUX YTREPKAEHUH HHAY3Ma (IpUMepPHO
KaK B CloxeTe ¢uibMa «MckaTenu yTpayeHHoOro Kopuyera»). Hauu-
CTOB OYE€Hb MHTEPECOBAIO OMUCaHHOEe B «MaxabxapaTe» CTpaHHOe
1 BECbMA MOITHOE OPY)KHe, B TOM YUC/Ie JIeTaTe/lbHbIH arnapar.

C. 67: «Opyxue, npeacrapngomee co00i choKycHpoBaHHbIH
CBETOBOH JIy4...» [10706HEe HIBMBI CTATH TAKOKe MPUYHHON pac-
MPOCTPAHEHMA MHQOKECTBA JIOXKHBIX NPEACTaBAeHUH O Masepax.
Ha camom gene nazepHbiit Tyd HEBUAMM; BHAMMBIM OH CTAHORHT-
¢ TONBKO B TOM CJIy4ae, eC/iH pPaccerBaeTes YacTHIAMM IIELTH B
Bo3ayxe. INostomy xoraa Tomy Kpysy B dunpme «Muccua HeBbI-
IOJIHMMAa» NPUXOAUTCH IPOGHPATBCA CKBO3b MAYTHHY Ma3ePHBIX
Ay4eH, mydu 3TV N0 Kjee JO/DKHH 6bUTH Ol OBITH HEBMAMMBIMY, &
HE KpacHBIMH, KaK B ¢piibMe. Kpome TOTO, BO MHOTHX KMHEMAaTo-
rpagMyecKHK CPDKEHHAX C MIPUMEHEHHEM JIYIEBOTO OPYXHS MbI
BUJMM, KaK Aa3ePHBIH AMITYAbC JIETHT Yepe3 KOMHATY — a 3TO He-
BO3MOXHO, IIOCKOABKY CBET Jlazepa ABHIKETCA, TOHATHO, CO CKOPO-
CTBIO cBeTa 300 000 km/c.
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C. 69: «[Lnank mucan o6 ditHinTeiine: “Tor dakt, yTo HHOTAA
OH TIpOMaxuBaerca...”» Asimov and Schulman, p. 124.

4. Teenopranus

C. 90: «CaMble paHHHE YIIOMUHAHHA O TeACNOPTALHHA MOKHO
OOHAPYKUTL...» JIydlle BCEro ONMCAHHBIM CTyyail TenenopTauun
Jatupyetcs 24 oktsabpa 1593 r. B atoT aenp Hexuit I'wib Ilepec,
COMAAT QWIMNNHECKOH ABOPLOBOH CTPAXH, CTOABIINH HA NOCTY B
rybepHaTOpCcKOM ABopiie MaHmIbl, NOABKHICA BHe3anHo Ha [Liaza-
Matiop 8 Mexuko-Cuti. OenoMAeHHbH U OTePAHHDIH, OH H5u1
TYT e apecTOBaH MEKCHKAHCKUMH BIACTAMM, PelIMBIIMMH, YTO
OH COCTOMT B CrOBOpe ¢ caTaHoH. [IpeAcTas nepej CyAoM CBATEH-
el HHKBH3UIHH, OH CMOT CKa3aTh B CBOIO 3alIUTY JMUIb TO, YTO
neperecca U3 MaHwibl B MekcHky «OuIcTpee, YeM NPOKYKapeKaeT
netyx». (Paccka3 06 3TOM MTHOBEHHOM TIEpEMELIEHHH BHIJIIANT
HeBepOSITHRIM; MCTOPHK Maiik /[31I 3aMeTHi, YTO caMble paHHUe
AOCTOBEPHEIE 3AMICH 06 3TOM IPOHCIIECTBHH CAETaHbI IPUMEPHO
yepe3 CTo JeT 1I0C7e OIMMCEHBAEMOTO COOBITHA, @ IOTOMY MM HENlb3d
NOJHOCTBIO ZOBEPATS.)

C. 92: «Csp Aptyp Konau Jloiin, cosfaTtens 3sHaMeHuTOTO Illep-
Joxa XonMca...» PaHHue npouasefienun KoHaH Jloina oTan4alor-
C METOAUYHOCTBIO H JIOTHKOH, XapaKTePHBIMU 11 MCOULHHCKOH
npodieccny; 3HaMeHUTHIN AeAYKTUBHEH MeToA XonMea ABafeTcs
BbIpaKeHHEM UMEHHO TAKOro NNOAX0AA K KU3HU. Tak MoYeMy e 1o3-
sxe KonaHn [loitn pesko 0TOIIENT OT XOJIOAHOH palMOHATRHOH IOTHKA
XonMca H [epekmodHIcsa Ha TONOBOKPYKUTEREHbIE TPUKTIOYeHHA
npodeccopa YesLteHmKepa, KOTOPHIH He Npoub HBUT 3aTISHYTDH B
3allpeTHbIe MHUPH MHCTHIIHAMA, OKKY/IbTH3Ma Y MOrpaHUIHbIX A1
Hayk# obracTel 4e/IoBeveCKOro orbiTa? ABTODP B KOPHE NepeMeHNI-
c nociie rubeny B IlepBoit MMpOBO# BOHHe HECKOIBKHX BIIM3KUX H
POZHBIX €My JIHOAEH, B TOM YHcie Mo6uMoro ckiia Kunrory, 6para,
JBYX 3ATbEB ¥ [BYX ILIeMAHHHKOB. JTHU I1I0TePH HaBCerAa OCTaBHIH
B ero gyue ry6oxHii SMOIMOHANbHBIH HIpaM.,
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[TogaBneHHEH Tparvdeckoi rubenbio 6mmsknx, Kornan Joi ¢
rONIOBOH NIOTPY3WICH B MHP OKKY/TBTH3Ma, yBAeYeHHe KOTOPEIM He
TIOKWJAJIO €TO YIKe 0 KOHIA JXH3HH. BO3MOXHO, OH BEpPHJI, YTO CITH-
PHUTYaJIM3M TIOMOXKET eMy CBA3AThCA € AYLIaMH JHOOUMEIX J0geid.
OH pesko Nepellesl OT MHpa PallHOHATBHON HayKH K MUCTHIU3MY
¥ HayaJl YUTaTh [0 BCeMy MHPY CTaBIIHe 3HAMEHWTHIMH JIEKLHH
0 HeOOBACHEHHBIX ICUXUYECKUX ARTEHHAX.

C. 96: «Telizenbepr cymen popManu3oBars 31oT GakT, npea-
JIO’KHB MPUHIUMIN HeONpeAeTeHHOCTH...» ToYHee, NPHUHIMI He-
onpeaeneHHocTH [eiizenbepra yTeepiKaaert, YTo HeonpeAeleHHOCTh
(cTaHaapTHOE OTKJIOHEHHE) NONIOKEHUA YaCTHIIBI, YMHOKEHHAA Ha
HeoTpe/le/IeHHOCTE ee MOMEHTa, J0/mKkHa OBITh G0bIle WK paBHa
nocTosHHOH [L1anka, JeneHHoH Ha 2. Flti poM3keieHHe Heompe-
AeNeHHOCTH 3HePTHH YacTHIbl Ha Heollpe/leIeHHOCTh ee BpeMeHH
TaKKe AO/DKHO OBITh O0MbIUE MAH PABHO MOCTOAHHOM [L1aHKa, Je-
JIeHHOH Ha 27r. Ec/IH MBI ycTpeMiM NOcTOAHHYIO [D1anka K Hy/1o, To
1oMy4HM 00BIMHYI0 HbIOTOHOBCKYIO GU3HKY, [Ae Bee HeolpeeseH-
HOCTH paBHbI HYJIIO.

TpUrrBH DMWICCOH N03BONWN cebe COCTPUTE 10 MOEOAY TOTO
$paKTa, YTO HEBO3MOXHO OJHOBPEMEHHO 3HATh TOYHOE 3HAUEHHE
KOODAMHATHI, MOMEHTA, SHEPI'UY HIH BpeMeHU 3MeKTpoHa: «HcTo-
PHKH TIPHLIJIH K BBEIBOAY, 4TO ['eiizeHbepr, paspabaTbiBas NpHHIMI
HeonpeJeNeHHOCTH, AyMal O CBOe MHTHMHOM XH3HH: KOTAA eCcTh
BpeMs, He XBaTaeT 3HePr'UH, a KOTJa MOMEHT MOAXOAAWNH, HEBO3-
MOXKHO ONPEASMNTRCA C MO3HUKeH», Barrow, Between Inner Space
and Quter Space, p. 127.

C. 96-97: «Ilo xpailiHeli Mepe o cefe MOTY CKa3aTh TOYHO!
A ybexxzeH, uTo OH He MrpaeT B KOCTH...» Kaku, Einstein’s Cosmos,
p. 127.

C. 99: «Coxpywasack 1o moBoAy GeccrnopHOro aKCnepuMeH-
TANBHOIO YCIieXa KBaHTOBOR TEOPHH, SUHIITEHH THCAT. ..» Asimov
and Schulman, p. 211.

C. 101: «Bce HaMeHwmIoCh B 1993 1., Korza yyeHble H3 IBM...»
[IpeAnonouM Ha MCHOBEHHE, YTO MOXHO TeleNopTHPOBATH
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MaKpOoCKonHyecKue o0bekThl, BIIOYas o ogeit. TIpy aToM BO3HH-
KA€eT HEMANTO TOHKMX QUIOCOPCKIX H TEOMOrUUECKUX BOMPOCOB O
TOM, YTO IPOMCXOANT € «IyIIOH» IIPH TeNeNOpTaliuH Yenoseka. Ecam
BBl MTHOBEHHO HepeMeliaeTech U3 OFHOrO MecTa B JIpyToe, TO [epe-
HOCHTCA JTH BMECTe ¢ BAMH U Ballla yua?

[Tarpuk Kemm B pacckase «/lyMaTh Kak AUHO3aBp» HCCHe-
AOBaJ elle OAMH BOIPOC 3THKM, CBA3AHHBIN C Telenopramuei,
CroxeT pacckasa CTPOMTCH Ha TOM, YTO JKEHIUIHHA TOTOBHTCA K
TENENOPTaLMM Ha APYTYIO IUTAHETY, HO B Npolecce nepeAayu Cur-
Hasa BoaHuKaeT c6oil. B peayakraTe TEMO MYTEMIECTREHHULIE He
YHHUTOXKEHO, HETPOHYTHIMM OCTANHCh H €€ 3MOLMH, a B MEeCTe
Ha3HAYeHHA BO3HMKJIA €€ TOYHAd KOMNHA, KOTOpasd, ecTeCTBEH-
HO, OTKa3bIBAeTCs BOHTH B KaOMHKY I8 TeNenopTalnuu # GRITH
YHHUYTOXEHHOH. BOSHHKaeT KPU3HC, MOCKOIbKY XJIaAHOKPOBHEIE
HHOIUIAHeTAHe, CHAOAMBIIKME YENOBEUECTRBO ATOM TexXHONOrHeH,
paccMaTpHBaIOT NpobNeMy Noj YHCTO NPAKTHYECKUM YTAOM: /s
noAZep:KaHUA PaBHOBECUA OJHA U3 KoMK JOMKHA GHITH YHHYTO-
KeHa. [ToABepXKEeHHBIE DMOLHAM JIIOAM HE MOTYT Tak JIerko pas-
PElIUTD 3TY AWIEMMY,

B GonpmMHCTBE (aHTACTHIECKUX MPOM3BEJeHHH Tenemop-
TalyA NPenoJHOCHTCA Kak 6aaro. A Bor Cruser Kuur B pacckase
«JloATHI IpKOHT» PpacCMOTpEN onacHbie 060YHble ARAEHHS, KOTO-
PHIMH OH MOXET COMPOBOXKAAThCA. B OyaynieM TeAenopTaiis cTa-
na O6BIYHBIM ARIEHUEM W NMONYYMIA Ha3BaHHE «DKOHT». Pacckas
HaYHHAETCH C TOro, YTO OTel] Nepej TeNnenoprauued Ha Mape pac-
CKa3biBAeT JeTAM HMCTOPHIO OTKPHITUA KOHTA. YUeHBIH, NepBbiM
obHapyXVMBIMIHit 3TO AB/NEHNE, TENETIOPTUPOBAT MBIUEH, HO 6aro-
NOJIYYHO ITePeHOCHIH TeNeNOPTALHIO TOAbKO T€ MBIILH, KOTOPHIX
NpeJBapHTENBHO YCHIMHAM, My, GOZPCTBOBABUIME BO BpeMsd
NepeHoca, YMHPaJH CTPAITHOH cMepThio. I1oaTOMY Jogei Beeraa
YCBHITIAIOT Nepes Telenopranueit, aTo o6pIyHas nponeaypa. Eaun-
CTBEHHBIM YeJIOBEKOM, MPOLIeAINHM Jepe3 TeIeNOPTALMIO B COCTO-
AHUM 6OJPCTBOBAHHKA, CTa! NPUTOBOPEHHBII IPECTYIIHUK, KOTOPO-
My 3a y9acTHe B OKCIlepHMeHTe 6bu10 ofelaHo NoJHOE npolieHue.
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DHINKA HEBOIMOKHROTO

Ho mociie Teslenopraniy oH yMep OT 061K pHOTO HHGAPKTA, YCIIER
MPOH3HECTH TONBKO: «TaM BeYHOCTD».

K HecdacTblo, ChIH 3TOrO 4Ye/OBEKa TaK 3aHHTEPECOBAJICH
3TOHM TAMHCTBEHHOM MCTOPHEH, YTO PelIwi 3aJep:KaTh AHXaHUe H
He cnath. PesynnraT okasancs TpardyHeIM. [locie TerenopTaiyun
MaJIBYHMK BHE3AIMHO COMIE ¢ YMa. ¥ Hero nobesenn BOAOCH, [Iasa
TIOJKE/ITE/H, OH IBITACTCA BhlllapanaTs cebe ux. TaifHa packphiTa.
Ecu BeImecTBo MpH TETENOPTALMH NEPEHOCHTCI MTHORCHHO, TO
A7 CO3HAHMA IyTellecTBHe 3aHHMMAET LIENYI0 BEYHOCTh; BpeMsA
HpeAcTaBaaeTcs DeCKOHETHBIM, M YeOBEK JHIIACTCA PACCYAKA.

C. 104: «Kax nosicHWA OAHH W3 ucciefoBaTeneli Errenuti [1o-
3UK, BIepBEle ObLIa MpoBedeHa...» Curt Suplee, «Top100 Science
Stories of 2006», Discover Magazine, December 2006, p. 35.

C. 104: «Peub paeT o nyse u3 mpuMepHo 5000 gacrTui...»
Zeeya Merali, New Scientis Magazine, June 13, 2007.

C. 110: «Eci 1oBe3er, NpH MOMOIIYM MOCIEAHHX TEOPETH-
yecKHX JocTikeHHH...» David Deutsch, New Scientis Magazine,
November 18, 2006, p. 69.

5. Tenenarus

C. 113: «PenyTallig HEKOTOPHIX IPOCAaBIeHHHEX “Te/lenaTos”
6asupomanace Ha...» KpoMe Toro, Ha 3BaHOM 06efle MOXKHO A€MOH-
CTPHPOBATh NIOPa3UTEIbHBIE JOCTHXEHHA TestenaTiH. [lompocuTe
KaKJ0T0 U3 MPHCYTCTBYIOUIMX HAanucaTh Ha ntucTre 6yMark kaxoe-
HUOYIb HMA H cOBepUTe CBEPHYTHIE TMCTKH B IIUIAMNY. 3aTeM JOCTa-
BaMTe KaX/IbIH JIMCTOK 10 OUepe]U U, He OTKPHIBasd, IPOU3HOCUTE
BOIYX HAMWCAHHOE HA HeM WMMsA. AyAuTOopud 6yjeT nopamena —
BeJb Ha MX IMla3ax coBeplIaeTcs HAcToAlee yyao. B caMoM ferne,
HEKOTOPble «Mark» yMyApATes 3apaboTaTs cebe cllaBy H COCTOS-
HME B IEPBYIO Ouepelb 33 CYeT 3TOT0 HECOKHOTO TPIOKA.

(Ha camom gene 3Ta MOpasuTeNbHAA ACMOHCTPALIUA YTEHHA
MBICieH o6 bsaACHAeTCA 04eHb npocTo. Bei BHTATMBaeTe MepBhifi -
CTOK H IPOYMTRIBAETE €TI0 o cebs, a BAIYX o6bABAAeTe, YTO He MO-
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JKETE pasrA/eThb ero COMePHKAHKA H3-3a HEIIOAXOAAIETO COCTOSHHSA
«[CHX03(Hpa». 3aTeM BHl JOCTAETe U3 LIUIANEL BTOPOI JIUCTOK H, He
OTKPBIRAs €T0, TPOH3HOCKTE BCTYX MM, KOTODOE [IPOLIH B HEPBOM.
Yenobek, Hanucapwuit 3To umA, 6yeT NOPAKEH W DEIIUT, YTO BH
NpoYtH HepacleyaTaHHblt BTOpoi MMCTOK. Teneph BEl OTKPHIBaeTe
BTOPOM JIMCTOK ¥ MOJI9a YHTaeTe €0 coaepKuMoe. BhTackiBaeTe
TPETHH 3alleYaTaHHbIH THCTOK H 0O BABIAETE BCIYX MMA, POYMTAH-
HOe Ha BTOpOM. M Tak aanee. Kaxablit pas, Ha3bIBast BCIVX HMA, Bhi
Ha caMOM J€J1€ OIVI3IIAETE COACPHUMOE IPEALIAYNIETO TUCTKA. )

C. 118: «Mrpoku Toe cOCOOHEL. .. YHUTATh YyKHE MBICIH. ..»
TTerxpyecKoe COCTOAHHE YeJI0BeKa MOKHO IIPUBIH3UTEILHO OIIpe/ie-
THTE, €CJTH MPOCISAUTE B TOUHOCTH 33 IBIDKEHMEM ero IVIa3, CKaKeM,
MpH pasrasAbiBaHuK dororpaduu. Eciu HanpasuTh TOHKMA VY CBe-
Ta Ha IM1a3Hoe AGIOKO, TO OTpaXeHHBIH Ayy MOKHO ByAET YBHAETD
Ha CTeHe WM CIelMaNbHOM SKpaHe. JBIbkeHHe oTPaKEHHOTO Jyya
CBETA Ha CTEHE MO3BOJIHT 3aTeéM B TOMHOCTH BOCCTAHOBHTE, KAK JBH-
KETCA [71a3 IPH Pa3IAABIBAHMU KapTUHKK. (K prMepy, NpH pasmia-
EBIBAHUU 4eN0BEYECKOro nuila Ha Gotorpaduu B3 KabniofatTens,
KaK NpaBWIC, CHayasla beraeT 0T 0JHOTO [1a3a K APYTOMY, 3aTeM Iiepe-
MEILAeTCA Ha poT, CHOBA BO3BpaIlaeTcA K IIa3aM -— M TOABKO Mocie
3TOTO MepPeXoIUT K OCTANBHOM YacTH U300paskeHHA.)

Ecau npy pasriagplBaHu# HEKOEro H300pakeHUs TOYHO OT-
CAEKHMBATD PA3MEP 3PAYKOB, TO MOXKHO ONPEALIHTD, KaKvie — npu-
ATHblE HIU HENPHATHBIE — y Y€J0BEKAa BOSHUKAIT MBICIH NPH
CKAHHMDOBAHUM [7A3aMH KOHKPETHBIX YYacTKOB KaPTHUHKU. TakuMm
00pa3oM MOXHO OIIpeZe/INTE SMOHOHANBHOE COCTOSHHUE YeTOBEKA.
(K mpumepy, ecin yéuiile mokasars poTorpaduio MecTa IpecTyILie-
HMA, OH HCOLITaET CHIbHBIE 3MOUMH NIPH PasriAAHBaHUY KMEHHO
TOH YaCT# KAPTHHKH, [Jle HAXOAHIOCh TeN0, — HO Befb TOYHOE ero
II010KEHHE 3HAKT TOABKO caM yOuiila M mosuual)

C. 114: «[TepBhle HayyHBIE HCCAEAOBAHMA TeAENaTHH...»
B O6imecTBO MCHXMYECKUX MCCIEAOBAHMI BXOAUAHM aopa Pasedi
(1obenesckuii naypeat), cap Yiisam Kpyke (M3obpeTatens «rpy6-
ki Kpykca», UCnionb3yeMott B snekTpoHuke), lapap Puime (HoGe-
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NeBCKMM Naypear), aMepHKaHCKUH ncuxonor Yunbam xeiiMe u
npeMbep-MUHUCTP ApTyp Baabdyp. Ob1ecTBo NopepKUBaIK Ta-
KHe 3HaMeHHTOCTH, kak Mapk TeeH, Aptyp KoHaw Jloiin, Anbdpea,
aopa TerHucoH, Jiptouc Kapponn u Kapa KOur.

C. 115: «Joxrop Jxo3ed Barke PaiiH paboran. . .» Paiit nepro-
Ha4a/NbHO XOTeJl CTATh CBAMEHHHKOM, HO 33TEM, BO BpeMs 00y4eHus
B YHKArcKoM YHHBEpPCHTETe, MepeKIIoHincy Ha 6oTanuky. T1o6H-
BaB B 1922 r. Ha siexiuu capa Aprypa KoHan Jlofina, MocBAILEHHON
obmeHuo ¢ ZymwaMK yMepInux, PaifH 3auHTepecoraics nCHXHYe-
CKMUMH fABIeHUAMH. [To3xe OH I03HaKOMU/ICA C KHHIOH capa Onu-
sepaJlomka «BeDKHBAHKE YeNOBeKa», paccKasbiBaiomet o 6yaTo Obl
HMeBLIeM MECTO BO BpeMA CeaHcoB OBIeHNH ¢ YMepIUUMH; KHUTa
elne ykpemwia uHTepec PaitHa. Ero, ojHaKo, He YAOBAETBOPSAIO CO-
BpeMeHHOe COCTOAHME CIMPUTYaNIU3Ma — Ja U pernyTalus 3Toro
3aHATHA OBUIA CWIBHO IOATIOPYeHA HeKPACUBBIMU HCTOPUAMH O MO-
ImeHHU4ecTBe U ofmane. Bojee Toro, coBCTBEHHEIE HCCIEA0BAaHHA
PaiiHa nocay» iy pasobradeHuo 0THOH U3 U3BECTHBIX CITMPHTOK,
Hexol Mapmxepu KpaH/ioH; 3T0 pazobnadeHue IPHHECTO eMy TIpe-
3peHHe MHOrHX CIIUPUTYAIHCTOB, BKIoYas 1 Konad /loiaa.

C. 116: «Takum 00pa3oM, OCTAETCH TOABKO TeleNaTHIECKoe
obbAcHeHKe...» Randy, p. 51.

C. 116: «/JanpHeillide HCCASAOBAHNA IIOKA3AMH, YTO MBIIIH
He 061afal0T HUKAKMMH TEIEaTHYECKUMH CHOCOGHOCTAMH...»
Randy, p. 143.

C. 122: «B yacTHoOCTH, OH 06paTWi BHUMaHie Ha HeOOLHYIO
AKTHBHOCTS...» San Francisco Chronicle, November 26, 2001.

C. 123: «Hekoroprle KpUTHKH YTBEPXKAAIOT Tarke,..» Ha-
KOHENl, AaXke OTPaHHYeHHEIe GOPMBl TeNleNaThu, cTaB B Oyaymem
OBBIYHBLIMH, NOPOAWIH BB MHOKECTBO KOPHINYECKHX ¥ MOPAAbHBIX
npobreM. Bo MHOrHX ¢TpaHaX 3alpeuieHoO 3aliChiBATL TeledOoH-
HBI€ PAsroROPH! 6e3 pa3pelieHs BeAYINEro HX YeloBeKa, TaK UTo B
ByaymeM BIONHE MOXKET HOSIBUTLCA U 3AlPET Ha 3aIHCh PHCYHKOB
MEBICTIEH YenoBeKa 6e3 ero IpSMOro paspelleHHs — IPHYEM 3arpeT
Ge3yCIOBHBIH. A YUNTLIBaA HEYNIOBUMYIO H OYEHB «TEKYIYIO» [IPH-
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poAy MBIC/IEH YelIOBeKa, PUCYHKHM MBIC/TIell, CKopee Beero, HUKoTAa
He 6ygyT HMeTh ciy B cyge. B dunbMe «Ocoboe muenue» ¢ TomoM
Kpy3aoM cTaBurca 3THYECKHH BOMIPOC O TOM, MOXHO JI apecTOBaTh
YE€NOBEKA 3a [IPECTYIIeHHe, KOTOPOTo OH ellie He cOBepIui. B 6y-
AYIIEM, BO3MOXKHO, BCTAHET BOIIPOC K O TOM, SBJIAIOTCS M PUCYHKH
MEIC/IEH, CBUAETEbCTRYIOMHE O HAMEPeHHH YeI0BeKa COBEPUIMTE
NpecTyIvieHHs, WHKPHMHHHPYIOUIMM JAOKA3aTe/lbCTBOM IIPOTHB
Hero. ByayT nu yrpossl, BhiCKa3aHHBIE BCIYX, CYMTATBCSA COTIOCTE-
BUMBIMH C MBIC/IEHHEIMH YTPO3aMu?

BeraHeT BOIIpOC M 0 IpaBUTe/IbCTBEHHEIX OpraHax, o cIyxfax
Ge30naCHOCTH, KOTOphIe GyAYT HOABEPraTh MoAeH CKAHHPOBAHHIO
MO3ra, He CIpalllieas UX COINMAcHA M He OrIAABIBAACH Ha 3AKOHBL
Byaer ¥ 3T0 cYMTaTHCA JOMYCTHMBIM? JIeraabHo M YUTATD MBICTH
TePPOPHUCTA, YTOOH! Y3HATD er0 IIaHkbl? JleraabHo 1 UMIUTAHTHPO-
BaTh I0KHBIE BOCTIOMMHaHUA, 4T0o6H 06ManyTh Koro-r1o? B ¢puibme
«BCIIOMHHTD Bce» ¢ ApHOMbAOM [lIBapleHerrepoM MOCTOSHHO BO3-
HHKaeT BOMPOC 0 TOM, [TOATMHHBI I BOCIOMUHAHMA YeI0BEKA WIH
BHEJpEHb] H3BHE, — BeJb 3TC MOXKET H3MEHUTD CaMy IPHPOLY TOTO,
KTO MBI €CTb.

BeposATHo, aTH ¥ ApyrHe nofobHbIE BOIPOCH €IHe MHOTO Ae-
cATHIeTHH OyZyT OCTABaThCA MHCTO TMIOTETHYECKHMH, HO TeX-
HOJIOTHA Pa3sBUBAETCA, XOTA U MeJJIEHHO, — U 3Ta TEXHOIOTHA
Oe3yJIOBHO BBI3OBET B 6yAyIIeM MOpaibHEIE, IOPHAMUECKHE H 06-
WeCTBEHHBIE pofneMel. K cyacThio, Y HAC elle JoCcTaTo4HO BpeMe-
HH, 4TO6BI MOATOTOBHTBCA K HUM.

C. 125: «Ho ec/M BH XOTHTE IOCTPOUTD TAKOE YCTPOHCTBO. . .»
Douglas Fox, New Scientist Magazine, May 4, 2006.

C. 129: «[Iponecc cbopa AAHHBIX OY€Hb CIOXKEH M YTOMMTE-
JieH...» Cavelos, p. 184.

6. TenexkuHes

C. 137: «Eute a0 nossaenus I'estepa KapcoH npokoHCYABTH-
poeaica ¢ Pauan. . .» YAMBHTeALHOTO PaHaM 3ajeBano, yro npodec-
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CHOHAJIbHBIE H/LTIO3MOHHCTEL, JIOBKO HAAYBAIOIIHE NETKOBEPHBIX
IPOCTaKOB, IPUITHCHIBAIOT cefe ICHXOKMHETHYECKIE BO3MOXKHOCTH
H TeM CaMBIM BROZAT B 3a0/TyKAeHNE HHUETO He NOAO3PeBaoILyo
nyONUKy, H OH 3aHsUICH NpodeccHOHANTBHBIM pasofiayeHueM Bee-
BO3MOXHBIX MOIIEHHHYECKHX TPIOKOB. OCcoBeHHO eMy HPaBIIOChH
NOBTOPATE KaKZBIE HOBBIM TPIOK, HCIIOIHEHHBIH MeauyMoM. Cam
YOUBUTE/ILHBIH P3HAN NPUHAANEXAN CKOpee K TPaJHIJHH BENHKO-
ro 'yAVMHK U 3aHKEMANICA OJHOBPEMEHHO JeMOHCTpatKeil Wino3ui
U pazobiayeHneM 0OMAaHIIMKOR M LIAPAATAHOB, MEITABLIHXCA IIPH
TIOMOLUM CBOMX YMeHMI BBeCTH nyONHKy B 3abayx/IeHHe H 3apa-
foTaTh Ha 3ToM. P3HAYM YTBepKaeT, YTO MOXeT 0OMAHyTL CBOMMH
TPIOKaMH jja’ke yueHEIX. OH rOBOPHT: «f MOTy pHITH B 1aboparo-
PHIO ¥ 3aMOPOYMTH TOJIOBHL JI06BIM Y4eHRIM». Cavelos, p. 220.

C. 140: «...o6cyxzajsach BOIMOXHOCTD CHOPMHPOBATE FHITO-
TeTHdeckui “Tleprriit 3eMHOM GaTankoH™...» Cavelos, p. 240.

C. 140: «Breirog Coseta: “3a 130 aeT uccnenoBaHua He JalH
HUKAKWX HaydHBIX AOKa3aTenscTs... » Cavelos, p. 240.

C. 142: «OH cyMes Hay4yuThb TaKUX JIOACH MEHATb BOJHO-
BOH pHCYHOK paGoTel Mo3ra...» Philip Ross, Scientific American,
September 2003.

C. 143: «...00e3bAHB MOIIM IIpH MOMOIM MBICTEH YIIpaB-
nate...» Miguel Nicolelis and John Chapin, Scientific American,
October 2002.

C. 144: «Toraa s OHAT, YTO 3TC BCE MOXET PAa3BUBATHCH. ..»
Kyla Dunn, Discover Magazine, December 2006, p. 39.

C. 151: «Ho PexBuxa npusHaer, 4TO “A0 CHX TOP AydiMas
KOMaH/Ia B MHpe..."» Aristides A.G. Requicha, “Nanorobots”, http://
www.lmr.usc.edu/~1mr/publication/nanorobotics.

7. PoboTHI

C. 154: «...zKe U3BeCTHHIH Ppuznk Pomxep [enpoys us Okc-
dopaa...» [podeccop [leHpoyz yreepxaaeT, YTO YEIOBEK HE MOT
Ol MEICAHTH Ge3a KBAaHTOBHIX 3QEKTOB, KOTOpHIE, 6e3yCIOBHO,
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JAOJDKHBI TIPHCYTCTBOBaTh B MO3re. BOJLUIMHCTBO CllelKaJIHCTOR-
KOMITBIOTEPIIMKOB CKaXKET, 4TO KAXALA HEMDPOH MO3ra MOXHO
BOCIIPOM3BeCTH IIPH TOMOMIH CNOXKHOrO Habopa TpaH3HCTOPOR; OT-
CIOJa CTeAyeT, YTO MO3T MOYHO CONOCTABHTE € KAACCHYECKHM KOM-
IbIOTEpoM. MO3T Upe3Bpi4atiHO CJI0KEH, HO IT0 CYTH CBOEH COCTOUT
13 Habopa HeHPOHOB, MOBeeHHEe KOTOPHIX MOXKeT GHITH CMOJEH-
POBaHO [1pH OMOLIM TPaH3UCTOpOB. [leHpoy3 He cornaceH ¢ aTHM
yreepxaeHHeM. OH YTBEPKAAET, YTO B KIETKE €CTh CTPYKTYPH, U3-
BECTHBIE KaK MUKPOTYOYIIEL, KOTOPHIE JEMOHCTPUPYIOT KBAHTOBOE
NOBe/ieHHe, a MOTOMY MO3T HEBO3MOXXHO CBECTH K IPOCTOMY Habo-
PY 3/IEKTPOHHBIX KOMIIOHEHTOB.

C. 154: «Konuu MakruHH M3 YHUBepcuTeTa PyTrepca roso-
PHT, UTO MCKYCCTBeHHBIH HHTELIEKT. . .» Kaku, Visions, p. 95.

C. 162: «Ctus I'pang, aupextop UHCTUTYTa KMGepHKH3HH, TO-
BOpHT...» Cavelos, p. 90.

C. 163: «CTyzAeHT noTepIeN HeyAauyy — Kak W s B CBOEH JOK-
TOpcKOH Auccepraumu 1981 r....» Rodney Brooks, New Scientist
Magazine, November 18, 2006, p. 60.

C. 164: «Jt0 He o3Hayaet, 4To Kacnaporp He yMmeeT rayboko
pasMBIILIATS. ..» Kaku, Visions, p. 61.

C. 166: «He yaMBUTENBHO, YTO JeBH3 JieHaTa 3BYYMT TakK:
“PasyM — 3TO [lecaTh MIWLTHOHOB fpaBun’», Kaku, Visions, p. 65.

C. 167: «Mpl BKaJBIBAJIH KaK IMPOKIATHE, METAACH CO3AATh
6iefHy10 TeHb. ..» Bill Gates, Skeptic Magazine, vol. 12, no. 12, 2006,
p. 35.

C. 168: «Po6oTy 4epTOBCKH TPYAHO IPOAEIATh JaXKe TaKyI0
NpPOCTYIO Bellb, KaK OTAMYMTb OTKPBITY0 ABEPb OT OKHa...» Bill
Gates, Scientific American, January 2007, p. 63.

C. 168: «<HuKTO He MOXET OTNpPeAeneHHO CKa3aThk, KOIJa —
WM eC/IM — 3Ta MHAYCTpHus...» Scientific American, January 2007,
p. 58.

C. 171: «Ha ceroauammHMA AeHb HE CYLIECTBYeT MAlIHHEI,
crioco6HOH Ha 370...» Susan Kruglinski, The Top100 Science Stories
of 2006, Discover Magazine, p. 16.
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C. 172: «TaHc Mopagek roopHT: “1101HOCTBIO pasyMHELe Ma-
IIMHBI HOABATCA He pasbiie...”» Kakuy, Visions, p. 76.

C. 174: [loxanyiicra! [Toxanyticra! Mue 1o HeobGxoa¥mo!
2TO Tak BaxHoO...» Kaku, Visions, p. 92.

C. 174: «Bpay-nesponor AHTOHHO Jlamacuo U3 MeUIHHCKO-
ro ko/nefxa YHuBepcurera AiloBsl...» Cavelos, p. 98.

C. 175: «KommbioTepsl 3TOro MpOCTO HE TOHHMAT...»
Cavelos, p. 101.

C. 175: «Kak mucan pycckuit poMamuct Pemop [Jdoctoes-
CKUH...» Barrow, Theories of Everything, p. 149.

C. 176: «<Hamy npeeMHMKHM ByayT NOpaKeHH! KOJMMYECTEOM
HAy4HOH 4YemyxH...» Sydney Brenner, New Scientist Magazine,
November 18, 2006, p. 35.

C. 179: «MoxeT ObITh, MBI CTAHEM AJisi KOMITLIOTEPOB AOMALI-
HUMH mobumMuama...» Kaku, Visions, p. 135.

C. 180: «Korga arto nporsoitjer, Hama AHK oKaxkeTcss HUKO-
My He Hy»Ha...» Kaku, Visions, p. 188.

C. 180: «[losTOMy HekoTopwe yYeHHIe B AOJTOBpeMEHHON
NEepPCHCKTHBE NPEATAraioT ofbeAMHUTD YIVIEPOJHYIO U KpEeMHHE-
BYIO TEXHOMOTHH. ..» TaK 9TO HaIIH MeXaHHIECKHE CO3TAHKHA MOI'YT
B KOHUEe KOHHOB MOCAYXHTH KIIOYOM K HalIeMy K€ BEDKMBaHHIO.
Kax rosoput Mapsus MHHCKH, “MBbI, JHOJH, He KOHeYHAad TOYKA
3BOJIIOLMH, TaK YTO €CIH MBI MOXKCM CACAATE MAallUHY TakKOiH Ke
YMHOH, KaK Ye/lOBeK, TO MBI, BEPOSTHO, MOKEM TaKKe CAeTaTh
MalliyHy ropasfo yMHee yeaoseka. HeT cMbicna cosgaBaTh elle
OJHOTO YeJIoBeKa. X04eTed co3/aTh MallHHY, KOTOpas CMOXKCT Jie-
JIaTh BEMM, KOTOPEIE MBI CAMH JeNaTh He MoxeM”». Kruglinski, The
Top100 Science Stories of 2006, p. 18.

C. 181: «B aanexom OyZyitieM po6OTH WIH Ye0BEKONOA00HbE
kubopru...» O beccMepTHH, KOHEYHO, Ye/I0OBEK MEYTAET C TeX CAMBIX
0P, KOTZa OH, OJMH B XXHBOTHOM UapCTBe, Ha4al QCO3HaBaTh Cob-
CTBEHHYIO CMEPTHOCTE. ['0BOpA 0 GeccMepTuH, ByAu AjUTeH OfHAX-
AbL Ckazan: «MHue He HyxHo OeccMmepTHe 4epes paboty. A Xouy ObITh
NO-HACTOAIEMY 6eCCMEPTHBIM, T. €. He YMHpATh. 5 He XOUy KHTh
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B CEPALIAX COOTEYECTBEHHIKOB. fl nipeanoyen GBI IpOO/KATD KUTh
B COOCTBEHHOH KBapTHpe». MopaBeK, B YaCTHOCTH, YBEPEH, YTO B
JanexoM OyAyimeM MEI COMTBEMCA CO CBOMMM TBOPEHHAMH, YTOObI 06-
pasoBaTh pasyM 6onee BEICOKOTO TIOpaAAKa. [nd sroro notpefyerca
npoay6avpoBars 100 Mapa HEHPOHOB HAILIETO MO3ra, KaxKAbH 13
KOTOPBIX CBA3aH, MOXET ObITh, ¢ HECKOIBKMMH THICAYAMH JPYIHX
HeHpOHOB. [IpeacTaBrTe: 4€IOBEK CHANT Ha CTONE B ONlEPAliHOH-
HOH, a pAAOM JeXHUT NoAroToRIeHHoe Teno pobora. HaunHaerca
onepauus. OFHOBPEMEHHO C yAa/leHHeM KaX0ro HeHpoHa U3 Tesa
4e/I0BEeKa B TeIe pofoTa CO3AAeTCA TOUHO TAKOH XKe «KpeMHHEBBIH»
HeHpoH. HaeT Bpema. HeilpoHs! Tesia 3aMeHs10TCA Ha KpeMHHeBbIe
HeHpoHb pofoTa NoCcTeneHHO, TIO3TOMY BCE BpEMS OIEPALMK YeN0-
BEK COXPaHAeT CO3HaHUe. B KOHIie KOHIIOB MO3T TOJIHOCTRIO Itepe-
HOCHTCH B Teslo poboTa, a 00eeKT onepauuu cliokoitno Habmogaer
3a TporcxopAnmuM. V1 BOT pe3ysbraT: ellle Buepa Ye/loBeK YMHpPAT B
coBCTBEHHOM ITOTPEIIAHHOM OTKA3BIBAIOLIEM TeNe, a Tenepb o6GHapy-
KUBaeT cebA B HeccMepPTHOM Telle, HO 0ONA/AeT [IPH STOM NipexHel
HaMATBIO H MPEKHEN IMIHOCTBI0 — U BCE 3TO He TepAA CO3HAHHA.

8. BHe3eMHLIe IMBWIN3AITHH
U JIETAIOIHE TAPEIKH

C. 190: «Tem He MeHee Cer HlocTak, CTapIHi aCTPOHOM IIPO-
exTta SETI, ¢ HeysAfaloU(HM ONTHMH3IMOM BEPUT...» Jason Stahl,
Discover Magazine, «Top 100 Stories of 2006», December 2006,
p. 80.

C. 193: «“TpyaHO NPeACTaBUTD, KaK *KH3HB MOT/IA OB BRKMTH
B [10406HBIX YCIIOBUAX”, — TOBOPUT Yasepui». Cavelos, p. 80.

C. 193: «CornacHo oueHkaM $paHUy3CKOTO acCTPOHOMA A-pa
Kaxka Jlackepa...» Cavelos, p.12.

C. 195: «MHl c4YMTaeM, YTo XH3Hb B (opMe MUKPOGOB...»
Ward and Brownlee, p. XIV.

C. 197: «Msl IEPBOE NOKONEHHE, Y KOTOPOTO €CTh PeabHEI
maHc OOHaPYUTL XU3Hb HA APYToM IiaHeTe. . .» Cavelos, p. 26.
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C. 208: «Kak 5 yke pacckasblBal B CBOHX NPeJBITYIIMX KHU-
rax...» B Ue/ioM, XOTR MeCTHEIE A3BIKH W KYIbTYDPE OYAYT M Jarble
NpOIBETATL B PasHEIX pervMoHax 3eM/IH, NOABATCA TAKXKe enHbIe
BCEMIaHEeTHbIE A3BIK M KY/bTYPa, KOTOPBIe 0XBaTAT co0f0 BCe KOH-
TUHEHTHL [M106anbHan KyneTypa 6yAeT CYIecTBOBATh Napa/UIebHO
€ MECTHBIMH. Booblte roBopA, B OTHOLIEHWH 3IHT BCeX 0OIUIECTB Ta-
Kas CUTYalis YXe CAOKWIACD.

Ho cymecTBytoT ¥ CIBl, TPOTHBOAEHCTBYIOUIHE ABWXKEHUIO
K eJUHOIT BCeIUTaHeTHOH cucTeMe. TeppopyCcThl, CKKeM, HHCTHH-
KTHBHO TIOHUMAIOT, UTO MpH JBIKEHNH K TUTaHeTapHOM IMBHIH3A-
UMY HeHTPaIbHBIMH B HOBOH KY/IBTYpe CTaHYT TePIHMOCTb K CBET-
CKMP IUTIOPANM3M, a Takan NePCneKTHRA [IPeACTaBAAeT YTPO3Y A
mozeit, KOTOPEIM YAOOHee JKUTh B NPOLLIOM THICAYETETHH.

9. 3Be30JIeThI

C. 219: «<MaremaTHK 1 dunocod BepTpaH Paccesn oiHa AL
nocetoBan...» Kaku, Hyperspace, p. 302.

C. 246: «Hopanu rosoput: “Eciin Lefioe cossesine kopabneit
pasMepoM ¢ BynaBOYHYI0 roioBKy...”» Gilster, p. 242.

10. AHTHBeIEeCTBO Y1 aHTUBCEJIEHHBIE

C. 255-256: «Jlokrop CTHBeH Xay M3 KOMIAHUU Synergistic
Technologies B Jloc-Anamoce...» NASA, http://science.nasa.gov,
April 12, 1999,

C. 261 «OH nucain: “Kpacora ypapHeHUH BaKHee, YeM HX Co-
OTBETCTBHE 3KCMePHMEHTATLHEM AaHHEIM. . .”» Cole, p. 225.

11. beicTpee cBeTa

C. 281: «Kak rosopur om3uik Matt Buccep u3 BammHrToH-
CKOTO YHUBepcHTeTa...» Cavelos, p. 137.

C. 281: «A cop MapTuH Puic, KOponeBcKuit acTpoHOM Besnko-
6puUTaHHH, TOBOPHUT Aaxe TaK...» Kaku, Parallel Worlds, p. 307.
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C. 282: «f nogyman, uto AomxeH OBITh KaKoH-To criocob 1o-
CMOTpETh IPH NOMOIIH 3THX KOHIENMUH. .. » Cavelos, p. 154,

C. 286: «Ham moTpebyeTcs ceprsa reHEPaTOPOE 3K30THIECKO-
ro BemecTsa...» Cavelos, p. 154.

C. 290: «[Ipoiiau ckBo3b 3TO BoeGHOE KOIBLO ¥ — onal..»
Kaku, Parallel Worlds, p. 121.

C. 291: «Buccep ropopur: “/lna atoit paboTsl Norpefyercs
OpUMepPHO MUHYC OfiHa macca FOnurepa...”» Cavelos, p. 145.

C. 292: «<Ho TyT ke BuIisAcHAETCS, YT0 TeXHONOTHA CTPOHTEND-
CTBa KPOTOBLIX HOp...» Hawking, p. 146.

12. IlyTeinecTBus BO BpeMeHU

C. 298: «B pomane “YpaBHeHue flHyca" mucarens CTHBeH
Cnprost uccreayeT...» Nahin, p. IX.

C. 299: <M ecint 611 HACTOANMIEE BCETAA OCTABAROCH HACTOR-
MM H He YXOAWo...» Pickover, p. 10.

C. 306: «ITpocTo Mbl, GH3MKH, MOHATH, YTO NIPHPOAA BpeMe-
HU...» Nahin, p. IX.

C. 306: «“He gymMaro, 4TO BOIIPOC B TOM, MOXKET JH YE&IOBEK,
HaxoAAach B Y4ePHOH AbIpe, MONACTb B MPOILUToe”, — OBOPHUT GHU3IHK
Puuap l'otT». Pickover, p. 130.

C. 307: «T'ort ropopur: “Komnancupylomas cTpyHHasA neris,
AoctatoyHo 6ospiuas...”» Kaku, Parallel Worlds, p. 142.

C. 309: «Ecau oH XEeHUTCA B TIPOLUIOM, TO MOXKHO U CyAUTh
€ro 3a ABOEXKEHCTBO...» Nahin, p. 248.

13. ITapannencHpie BCeleHHBIE

C. 318: «Xeugepcon numer: “Tlogo6HO 4YepHOH ABIpe..."»
Kaku, Hyperspace, p. 22.

C. 320: «C nepeoro B3riaa MHe Balla HAEA YPE3IBbIYaHO MO-
HpaBHJack...» Pais, p. 330.

C. 321: Jupuko Pepmu, B yxKace OT TOI'O, KaK He3yAepHHO
ILIOASTCA 3/IeMeHTapHble YacTHLbL. .. » Kaku, Hyperspace, p. 118.
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C. 327. «Makxc Termapk n3 MIT cunraer, uto yepes 50 jerT...»
Max Tegmark, New Scientist Magazine, November 18, 2006, p. 37.

C. 330: «lllpéaunrep oueHb 3MWICA Ha TaKylo MHTepIpeTa-
LIMIO CBOEH TeopHH...» Cole, p. 222.

C. 331: «...TaK 4TO, A HAAEIOCh, Bbl CMOXETE MPHUHATb JTY
NpHPOAY B ee abcypaHoM obpase...» Greene, p. 111.

C. 333: «Eme 0AdH B3rMAZ HA NMAPAJOKC KOIIKH — Hed MHO-
’KeCTBEHHOCTH MHPOB...» Ellle oiHa IpHENeKaTeIhHAA YePTa TAKOH
HHTEpIpeTalHy — TO, YT0 IIPH 3TOM He BO3HMKAET HYXAH B 0-
NOJHUTEABHEIX TPEATION0MKEHHAX, JOCTATOYHO MEPBOHAYATBHOrO
BOTHOBOrO ypasHeHUA. B aToii ccTeMe HaM He 0683aTeLHO CXII0-
ObIBaTh BOJHOBbIC QYHKUMU WIH MPOH3BOAUTH Habmoaenus. Boj-
HOBag QYHKUMA NPOCTO JeTHUTCH, caMma 1o cebe, aBToMaTHUecKH,
fe3 BCAKOTO BMelIaTe/IbCTBA HABHE MK ZOTIONHUTEIBHEIX YCIOBHIA.
B 3TOM CMBIC/IE TEOPUS MHOXECTBEHHOCTH MUPOB IPHHIMITHANEHO
npole BCEX OCTaNbHBIX TEOPHH, B KOTOPHIX TPeOYIOTCH BHELIHKE
HaOMoJaTe/M, H3MepPeHHs, CXJIOIbIBAHHE BOJH H T.11. [IpaBaa, M
NoNydaeM B HATPY3KY OeCKOHEYHOE YHCIIO BeeleHHRBIX, HO BOJIHO-
Bad QYHKUMA yNpasAfeTcd ¢ HUMH CaMOCTOATENBHO, 663 BCAKUX
JONOJHUTEIbHEIX NIPeANON0MEeHHH CO CTOPOHH.

OaHO U3 00BAICHEHHH TOTO (haKTa, YTO Hamia pusnyeckan Bee-
JleHHadA NPeICTAB/AeTCA TAKOH CTab WIEHOM H HEH3MEHHOH, CTPOKT-
Al Ha yTpaTe KOrePeHTHOCTH; CYUTAETCH, YTO MBI [IPACTO [IOTEPSIH
CMHXPOHHOCTL CO BCEMH OCTANBHBIMK NAapajUle/IbHBIMH BCEJCH-
HEIMH. Ho ITOTepA KorepeHTHOCTH He YHUYTOXAET NapasineibHbie
BCEJIEHHEIE H He OTPHLAeT uX CYILECTBOBAHWS; OHA OOBACHAET
JIHMIIb, TEOYEMY Halna cobcTBeHHas BeeneHHad cpeau 6eCKOHEYHOrO
MHOXECTBA JPYTHX BCEJIEHHBIX KAXKETCA Takol cTabunbHoi. Hueq
AEKOTrepeHTHOCTH OCHOBAHA Ha [IpeACTaBleHHH O TOM, YTO BCeIeH-
HEIE CTIOCOOHB PacIIEnIATECA HAa MHOMECTBO APYTHX BCENCHHRIX,
HO Hala BeentleHHas, 6narofaps B3auMOZIEHCTBHIO € OKPYKAOTIMM
MHPOM, NOJHOCTBIO U30MUPOBAHA OT OCTANBHBIX.

C. 334: «HoGenepckwmii naypear ®psHk BuIbuek roBOpHT:
“Hac my4aert..."» Kaku, Parallel Worlds, p. 169.
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14.. BeuHsblii ABUraTEsH

C. 349: «OH cran B Ma3ax Bcero Mupa Canta-Kinaycom mormo-
JiaM ¢ IaMIToR AnajuHa. . .» Asimov, p. 12.

C. 359: «TeoperHyecKkd B BEYHOM JBHTaTeNe BTOPOIO
THIIA...» BBIIY BO3paxeHud. HeKoTophle ydeHble 3asBIAAH, UTO
4eJOBeYecKHH MO3I— caMoe CIOXHOe, MOXKET BbITh, TROpEHHE
MaTepu-NpHpo/sl B COMHEYHOH CHCTEME, HAPYILAET BTOPOH 3a-
KOH TepMOIMHaMHUKH. Henoreyeckuit MO3r COCTOUT U3 Gonee yem
100 mMApA HEHPOHOB H MPEBOCXOAUT 10 CIOKHOCTH JH0BO0H 06BeKT
Ha paccTOoARHK A0 24 TPIH MHIb OT 3€MJIH, T. €. |0 coceHeH 3Be3-
Avl. Bo3HUKaeT BONPOC: KaK COMMACyeTea 3TOT MolHenmmil yaap
II0 3HTPOMHH CO BTOPHIM 3aKOHOM? Be/lb caMa IBORIOLMS, KAKeT-
4, TOXe HapyiaeT 5TOT 3akoH. OTBET B TOM, 4TO YMEHbIIEHHE
SHTPONHH, BHI3BAHHOE NIOABNCHHEM U DA3BHUTHEM BRICIIMX Opra-
HU3MOB, BKAIOYAA MIOACH, [IPOMCXOANUT 3a CUET POCTa CYMMapHOH
SHTPOIIUU I'AE-TO B APYTOM MeCTe. YMEHBIIEHHE JHTPOTIUH, BHI3BaH-
HOe 3BOJiouMel, 6onee yeM KOMIEHCHPYETCA POCTOM SHTPOIMUH B
OKDYXaloieM MUpe, a UMeHHO JHTPONHU NAZAILero Ha 3eMiIo
COJIHEYHOTO CBeTd. PA3BHTHe YeOBEYEeCKOro MO3ra B pesyibrare
SBOJIONUH AeHCTBUTELHO CHIXKAET SHTPOMHIO, HO 3TO HaJleHHe
Homnee yeM KOMIIEHCHPYETCS CO3AABAEMBIM HAMM e XaoCoM (B IipH-
Mep MOXXHO NPHBECTH 3aTPA3HEHHE OKPYXaIolIeH cpefkl, BHOPOC
Teivia, profanbHoe NoTeIUIeHHe U T. I1.).

C. 363: «OguEM M3 AKTMBHBIX CTOPOHHHUKOB ¥ TpOIaraH-
AUCTOB 3TOM Mjed...» Opnako Tecna, kpome Beero mpouero, 6uLT
¢burypoit Tparuyeckoit; B pe3ysbTaTe NOCTOSHHEIX 0OMaHOB OH JIH-
MIWICH, BepOATHO, JeHer W NPU3HAHUA 33 MHOTHE [ATeHTH M H30-
OpeTeHNHs, MOAI'OTOBHMBLINE NOABNIEHUE PAJU0 H TeNeBHACHUS W
NpHX0J, TeIeKOMMYHHKALIMOHHOH peBomoluH. (TeM He MeHee b,
({H3VKH, 103ab0THIKCH © TOM, YTOOH WMA Tecia He GuLI0 3abBITO.
Mhi HazBalIy €ro HMeHeM ¢IUHKIY MArHUTHOM WHAYKUMHU. Ofux
tecna pasHaercd 10 000 [" v npumepro B 20 000 pa3 mpeBocxogut
MarHuTHOE 110/ 3eMIN.)
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Ceroans Tec/1a MOYTH 3a6HIT, H JUIIb HEKOTOPLIE M3 CaMbIX
IKCUEHTPUYHEIX €70 33ABOK NPEBPATIWINCh B NOOHMYIO HIDYILKY
CTOPOHHHMKOB TeOPHH BCEMUPHOTO 3ar0BOPa U HCTOUHHK CHKETOB
ropofickoro ¢ponekIopa, CaM OH TBEPAO BEPHA, UTO MOKET CBA3ATHCA
¢ MapcAaHaMH, 3aRepUIMTh He3aKOHUEHHYIO SHHIITeiHOM TeOpHI0
€4MHOTO TI0/11, PACKONOTh 3eMJIIO I0I10/1aM, NOA0GHO AGIOKY, H c03-
AaTh CMePTebHEIH IyY, CIocobHEIF yHIYTOXKTE 10 000 camosteTos
¢ paccrosiHua 250 Munb. (PBP Tak cepbe3Ho OTHOCHAOCH K YTBEPXK-
AEHYEIM TI0 IOBO/TY JIy4a CMEPTH, YTO IToce cMepTy Tecsia HAMOKHIO
PYKY Ha 60JIBIIYIO 4acTh €ro 3allkcoK U JaGopaTtopHoro obopyoBa-
HMA; KOe-4YTO ¥ CerofHA elle NeXHUT B CEKPETHOM XpasuiuIIe. )

B 1931 r., HaXoAACh Ha IIHKE ¢IaBkl M M3BECTHOCTH, Tecaa no-
nan Ha obaoKKy kypHana Time. OH DETYIAPHO TTOpaXkan yOIHKy,
CO3AdBas Ha IV1a3aX W3YMIEHHOH ayIHTOPHM PHTAHTCKUE MONHHH,
Hecylide B cebe MIWUIHOHEI BOMBT 3MEKTPUUECKOil dHepruu. Ero
ROTYOHI0 HeOpeKHOE OTHOLIEHHE K PUHAHCOBLIM H IOPHAHICCKHEM
sornpocaM. CTOJKHYBIIUCE ¢ apMajoif I0pHCTOB, PeJCTABIABIIHX
TOJIBKO-TOIBKO BOIHUKIIKE TOTAA GHPMEL, IPEBPATHBIIUECH CET'O-
AHA B HePreTHYeCKHe FTHraHTHl, Teca NoTepsai KOHTPOb Hajl Bax-
HEeHITHMH CBOHMH NIaTEHTAMH. ¥ Hero HOABWIHCE CHMITOMBI TOTO,
4TO MEAHKH CeroJHA Ha3kIBAT 06CECCHBHO-KOMITYILCHBHBIM pac-
CTPOHCTBOM; ero «MyHKTHKOM» cTano Yueto 3. IMozke passurachk
napanois; oH xu1 B begrocty B otene New Yorker, Geran ot kpe-
AUTOPOR M GOSLICS, YTO Bparu oTpaeat ero. O yMep 8 1943 r. B oji-
HOH HUIIeTe B Bo3pacTe 86 Jner.

Suunor. Byayiiee HEBO3MOKHOIO

C. 384: «ActpoHoM /hxoH bappoy samerwn: “Vicropuxu zo
cHx nop obcyxgaroT...”» Barrow, Impossibility, p. 47.

C. 384: «Maremartuk Jlasug I'ninbept, OTBepras yTRepx/e-
Hu# KoHra...» Barrow, Impossibility, p. 209.

C. 385: «/IpecTH JieT Ha3aJ MOXKHO GBLIO CHPOCHTH Y 1060-
ro...» Pickover, p. 192,
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C. 385: «Ha nce npuHUMNHAIbHEIE BONPOCH O mpHpose Bee-
JIEHHOM — OT HayaJla ee ¥ J0 KOHIIA — OKa3bIBAETCH, HEBOIMOMHO
OTBETHTB», Barrow, Impossibility, p. 250,

C. 386: «Ho rpaBuTauNOHHbIE BONHB M3 30HE MHOAAIMH
BOSHMKIM BO Beenenmoii...» Rocky Kolb, New Scientist Magazine,
November 18, 2006, p. 44,

C. 389: «JTH ycwmua pacKpoIOT TOHKMe JeTald U CBOMCTBA
CHHTY/IApHOCTH bobIlloro BapeiBa...» Hawking, p. 136.

C. 390: «[103BOJAIOT /M 3aKOHHl QH3IUKH BHICOKOPA3BUTEIM
IUBIITH3AUMAM. . .» Barrow, Impossibility, p. 143.

C. 395: «“f aymao, yro B 2056 1. yxke MOxHO OyaeT KynHTh
obyTbonKy...”» Max Tegmark, New Scientist Magazine, November 18,
2006, p. 37.

C. 397: «Ha ceroaHsmiHui AeHb BEAYILNM (M € AMHCTBEHHBIM)
KaHAHAaTOM Ha pOJb TEODHH. ..» [IDHYMHA B TOM, YTO €C/IH B3ATH Te-
OPHIO rPaBUTAIIMK SHHIITEl{HA U BBECTH B Hee KBaHTOBLIE NIONPaB-
KH, TO 3TH NTONPaBKH OKAXYTCS He MaNEeHbKIMH, a 6€6CKOHEYHbIMH,
3a zonrue roApl GU3UKK BHIpaboTalH MHOKECTBO YXHIPEHHIA, TO-
3BOJIIOIINX H30ABHTECA OT GECKOHEYHBIX CTATAEMEIX B YPAaBHEHUAX,
HO ¢ KBaHTOBOH TeOpuel rpaBUTaliMH BCE 3TH METOAH He paboTaloT.
A BOT B TEOPHH CTPYH OeCcKOHeYHBIE [T0IIpaBKH BOODMIE PONAJAIOT,
Y TIPUYVH TOMY HECKONbKO. Bo-TIepBEIX, B TEOPHU CTPYH €CTh 0CO-
6r1it BUZ CUMMETPHY, U3BECTHRIN Kak CynepcrMMeTpHs, Gnarogapa
KOTOpOMY MHOTHe GeckoHeuHbIe CIaraeMble yXoaar. Kpome Toro, B
TEOPHH CTPYH €CTh OIpaHHYeHHe — JAMHA CTPYHE, — TOXe IOMO-
rawitee 60poThed ¢ 6eCKOHEYHOCTAMH.

Boofue, GecKOMEYHOCTh B TeOPHM TIPaBHTAMH BOCXOAUT
ellle K KMacCH4eCKoM TeoprH. 3aKoH 0OpaTHHX KBagpaTos Heoto-
Ha [VIACHT, YTO NPH CTPEMIEHHMH PACCTOAHMA MeXAY 00beKTaMu K
HYNIO Ciia DPHTAKEHNA MEXIY HHMM CTAHOBHTCA GeCKOHEeUHOH.
Jta 6ecKOHEYHOCTD, OUeBHAHAA JaxXe B Teopuu HuloToHa, iepexo-
AWMT H B KBaHTOBYIO TeopH10. 1 TOMBKO B TEOPHH CTPYH €CTh Orpa-
HUYEHHEe — AAMHA CTPYHH, WIH IUTAaHKOBCKAA A/IMHA, KOTOpad I1o-
3BOJIAET HaMm DOPOTLCA C PAacXOAHMOCTRIO,
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C. 402: «B 3TOM wiydae Mbl MODTH OBl MpoHA6/IOJATh MX B
uebe...» Alexander Vilenkin, New Scientist Magazine, November 18,
2006, p. 51.

C. 403: «Actpoduauk JhxoH Bappoy Tak 060b601A 3TOT 0TH-
yecKuH nogxod...» Barrow, Impossibility, p. 219.
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mero 373,377
— xoMnsoTepet u 107-110
— OTHOCHTENbHOCTE M 322, 327
-— napazioxc KowmkH [Ipéaunrepa 1
330-331
— napajeNbHBIe BCeeHHBIE M
322-323, 325, 327, 330-334
— IIyTellecTBUS BO BpeMelH H 306,
310, 312
— peBoNWOIMA K.T. 68-70, 119, 260,
383
— pofote u 156, 160, 178
— TaxuoHw B 377, 381
— Tenenoprauua U 93-104,
167-108
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NPEAMETHO-AMEHNOH YKASATEND

KeaHTOBas xpoMoZMHaMHKa 398

Keit, Bepaapy (Bernard Kay) 312

Ketic, Darap (Edgar Cayce) 367

Kettron, Puuapg (Richard Caton) 118

Kesnu, Jixon Spuet Yoppen (John
Ernst Worrel Kelly) 354-355

Kesnn, Tlatpuk (Patrick Kelly) 44

Keno, Juase (Didier Queloz) 196

KensBHH, nopa (Lord Kelvin) 11, 13,65

Kenzmann, Tenpu (Henty Kendall) 19

Kenneam, xon (John F. Kennedy)
367

Kenr, Korapx (Clark Kent) 315

Kemnep, Moraun (Johannes Kepler)
182,223

«Kennep», crryTHux 198-199

Kepamuka 39-40, 49

Kepp, Poit (Roy Kerr) 289-90

Kunr, Ctusen (Stephen King) 136,
411,

Knpk, kanuran (Captain Kirk) 25, 110,
314

Kupursep, Pofept (Robert Kirshner)
21

Ksraiicko# komHaTH Tecr 159

Knapx, cap Apryp (Sir Arthure C.
Clarke) 25, 179, 182, 234, 239

— KOCMHWYECKHe IyTeiecTBHI H
234,239

«Koraa cTaNKUBAKTCA MUPH> (GHibM)
238

KorepeutHocTH notepsa 422

Kowxonu, piysenme (Guiseppe
Cocconi) 188

Kowe, Ixon (John Cox) 356

Kon6, Poxy (Rocky Kolb) 386

Komwuceud no aTomHOH sHeprun 227

KoMmyHMKAMOHERIE chcTeMEl 201
Kommsiorepsr 12, 29-30, 53, 61,
69-70, 72, 97, 107-110, 127-129,
132, 142-144, 146, 149-150, 153,
157,159, 161-169, 171, 174-175,
177, 180, 190, 281, 316, 330, 372
— BHe3eMHaA XKH3Hb U 190, 193
— KBaHToBHe 107-110
— poborel u 153, 157, 159,
161-169, 171, 174, 177-180
— TenexuHes B 142-144, 146,
149-150
Kougencat Boze-3iinmrreiina
104-106
KoumuneHTanbHu fpelid 31
KonenrareHnckan mkona 332, 336
Kongox, 3aeapa (Edward U. Condon)
211
Kowrt, Orioct (Auguste Comte)
383-384
«KouTakr» (punsm) 189
Komnepuuk, Hukonai (Copernicus) 183
Kopeunr, Jasiy (David Koresh) 371
«Kopo», ciyTHUK 198
KocMmuueckie Tydn 194, 258, 402
KocMuYeckHe MyTeIeCTBHA, 35€370-
nerH 10, 17,25, 32, 141, 147, 180,
182, 198, 202, 207, 214, 218-250,
259,273-274, 277, 280, 282,
287-293, 302
— Byaymee u 249-250
— BHe3eMHAA KHU3Hb U 182, 207
— BpeMeHHOE MPeKpaTeHHe XH3-
HEHHBIX GVHKUMHA U 243-245
— H CKOPOCTB CBeTa 273-274, 277,
280, 282
— KOCMUYecKHH nudT u 233-237
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— KpPOTOEBIe HOpH H 17, 287-293
~— neTawiye Tapenky U 182, 214
~— HAHOTEXHOMOTHA U 245-249
~— OMNAaCcHOCTH K.N, 241-243
— penbcoBas Iylika U 239-241
— CO/IHeqHBli napyc u 223-225
— adexr npawm u 238-239
Cr. maioie PaKeTrl, paKeTHas
TEXHHUKA
Kocmiryeckue crpynsl 307
Kocmirgeckuit nugr 233-237
Kocmuyeckuit Teneckon um. Xa66ma
12,284
Kocmuuecrknii vennok 32, 221, 229,
231-233,242-243
— KOCMHMECKHe MYTeINecTsus U
221,242-243
Kocvumeckoe cozuanune 333
KocMonaruyeckan KoHcTadra 391,
393-394
«Koemoc-1», xocMudeckit napye 224
Komrw HIpéauHrepa napagoxc
331-333
Kpayce, Jlopenc (Lawrence Krauss) 20
Kpucramne 47, 55-57, 60, 70, 73-74,
244
— nasepru ¥ 70, 73-74
Kpuctodep, Muabypn (Milbourne
Christopher) 116
Kpresck, Crioapt (Krichevsky,
Sturart) 22
KporuH, Ixeiime (James Cronin) 267
Kpocsenn, Ken (Ken Croswell) 20
Kpoce, kommu (Jommy Cross) 111
Kporoswe Hoprr 17, 280-281, 284,
287-293, 295, 297, 306, 308,
311-313, 341, 363

®H3NRA HEBOIMBHHOTD

— H CKOpOCTb cBeTa 280-281
— obpatummie k.5 290, 308
— 11pobnemel ¢ K.H. 290-292,
311-313
— IyTellecTBHA BO BpeMelM M 306,
308
~— YepHble AP 0 287-293,
311-313
«Kype dunocodmus (0. Kour) 383
Kypuseiin, Peit (Ray Kurzweil) 20, 180
Koppu (Carrie) 136
«Kappu» (C. Kunr) 136
Koppu, xum (Jim Carrey) 125, 135
Kappoma, NTetouc (Lewis Carroll) 287

J

JNaszepw 30, 34-35,41, 56, 63, 65-68,
70-79, 81-86, 89, 103, 106, 114,
127, 141, 149150, 182, 190, 216,
224-225, 232, 237, 241, 249, 273,
292, 295, 296, 330, 341, 379, 388,
390, 401

— BHE3eMHaA Mu3Hb M 182, 190, 216

— 3peagk cmepTu ¥ 65, 76-77

— KAK Ny4EBOE OpyXue 65, 74-70

— xak pabotawor a. 70-72

— KOCMHYECKHE MyTelecTBHs H
224-225,232, 237,241, 249

— HEBHUAHMOCTH ¥ 56, 63

— PEHTrEHOBCKHE C AepHOH Ha-
Kaukoi 82-86

— TenekHHes H 141, 149, 150

— TesnenaTua v 114, 127

— THOBL . 72-74

— TePMOALEDHEIN cHHTE3 H 77-79,
81
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MPEAMETHO-HMEHHOM YHABATEND

— YCKODHTEJTH YacTHIL H 295-296
— ¢MakYecKHe oA W 30, 34-35, 41
Jlazeprl Ha KpacHTenAX 73-74
Jlalitman, Anas (Alan Lightman) 22
Jlamopo, CTuBeH {Steven Lamoreaux)
285
Jaur, ®pun (Fritz Lang) 156
Jlackep, Xak (Jacques Lasker) 193
«JleB, KONAYHLA H IIATAHOA Wikad»
(K. Inrouc) 314
Nesy, Yonrep (Walter Levy) 116
Jlesuranus 3549, 140-141, 146
— marnutei u 35, 38, 40-41
— TeneknHe3 U 140-141, 146
JNepepmian, Jleou (Leon Lederman) 19,
381
Heaex, Anpu (Henri Lezec) 55
JNeibunu, lortdpug (Gottfried
Leibniz) 67
Je#in, Jouc (Lois Lane} 301, 315
Jiemonuk, Ma#kn (Michael Lemonick)
21
Jenar, lyrnac (Douglas Lenat)
166-167
Jeonapao Aa Bunuw (Leonardo
da Vinci) 155, 353
JieTafolHe Tapenxu 210-217
Jea, npunuecca (Princess Leia) 63,
65
Ju, Crae (Stan Lee) 20
Jn Lyuzao (Tsung-Dao Lee) 266
Juzepns, foup JitHurTeiina (Lieser])
274
Juxwen, lxosed (Jospeh Lykken) 20
Nuuge, Angpeii (Andrei Linde)
341-342
Junaen, Credan (Stefan Linden) 54

Juxst, YVivtesam (William Leahy)} 65
Jnotig, Cer (Seth Lloyd) 27
JlomHoro BakyyMa Teopun 380
JloycoHa kpHTEpHE 78
Jyxac, ixopax (George Lucas) 66
Jlydesoe opyame 7, 35, 65-68, 74-75,
89
— B MCTOPHH 66-68
— JlasepH Kak 74-76
JNstouc, Knaiis (Clive S. Lewis) 314
JNaurnebey, Jauden (Daniel
Langleben) 122-123
«JI10AH B yepHOM» (pmem) 206

M

MarHeTHaM, MarHMTHOE 110 9,
27-28, 30,32-33, 35-38, 4041,
4546, 49, 56, 63, 79-82, 88,
107-108, 118-120, 126-127, 130,
140, 194, 215-216, 223, 230,
239-241, 243, 246,252, 254, 259,
344

— aHTHRemmecTBO U 252, 254, 259

— KOCMHYeCKMe YyTeIeCTRHA 1
239-240, 246

— NeTaroimue Tapeaku U 215-216

— CKaHHpoBaHMe Mo3ra M 118-120,
126-127

— TepMOS/CPHEINA CHHTES 1 70-82

— duanveckue noa u 27-28, 30,
32-33,35-38, 4041

MardutHoe yaepkanue 79-82

MarHsTHO-pe3cHaHCHaA TOMOTpa-
dua (MPT) 119-120, 122-129,
131-132, 151

— feTtexkTop oM M 120, 122-123
— pyuHo# armapar s 126-127
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—Tenenatua v 131-132
— dyHriMoHansHas 120, 123-127
MarunronnasMeHHan paKeTa
€ IePEMEHHEIM YASNLHHIM
HMOVAsCOM (VASIMR) 222
Maszep 70
Maiiepc, ®peaepuk (Frederic
W. Myers) 114
Matitkenscon, Ans6ept (Albert
A. Michelson} 383
Mariop, Mumens {Michel Mayor) 196
Marannp, Mxeiimc (James McAlear)
153
MaxBer (Macheth) 368-369
«Maxbet» (V. [llexcriup) 368
Maxrunz, Korme (Colin McGinn) 154
Maxayd (Macduff) 368-369
Makcpenn, Dxetive Knepk {(James
Clerk Maxwell) 31, 4447, 68,
95, 119, 140, 276, 319-320, 358,
372-373, 405
— HCBHAHMOCTL # 4447
— 06 anekTpoMardeTame 31
— o ceeTe 68,276
— TIapaJUTeNIbHBIE BCETEHHBIE H
319-320
— npeapHAeHHe Oyaymero u 372-373
Mawxduraii, Maptu (Marty McFly) 316
Mapwuy, Munena (Mileva Maric) 274
Mapxons, Uyapensmo (Guglielmo
Marconi) 364
Mapc §, 22, 67, 121, 161, 170, 184,
193,221,223, 241-242, 255, 259,
276, 369
— ABTOMATHYeCKHe posephl HA 167,
170
— aHTHBEWIECTBO H 255, 259

OUIURA HERGIMOMHOTO

— BHe3eMHAA U3Hp U 184
— KOCMHYeCKHe TIYTelIeCTBHA K
221,223, 241-242
Mapcron, Yioeam (William Marston)
121
Maprena (Marceilus) 67
Macnrraba sakon 204
Max, 3pHcr (Ernst Mach) 358
«Matunna spemens» (. Yauic) 300
Menna, Gyneera (Fulvia Melia) 21
MesxzayHapogHan KoCMHYECKan
crangua 80, 221, 233
MexAyHapoaHEIT AMHeHHBIH
Konnafgep 293
MexayHapoaHui TepMOAIepHEINA DKC-
nepuMeHTaTLHbIH peaxtop (ITER)
80,82,226
Meiicrepa addext 40, 146
MetamaTepuant 42, 48-49, 51-52,
54-58
MeTteoputet 10, 186, 193-194, 220,
237,242-243, 283-284
«MeTtpononnc» (duasm) 156
MHKpOROAHBI, MHKPOBOMHOBOE
H3Iy4eHHe 46, 48—49, 52, 70, 237,
330, 385
— HEBHANMOCTE M 46, 46—49, 52
Munnep, CTorny (Stanley Miller) 181,
186
Muwrep, Yinpam (William Miller)
370
MuHr Beaxarocrueé (Ming the
Merciless) 44
Muscku, Mapeun (Marvin Minsky)
20,171, 176, 181
Mupanga (Miranda) 135
Mupeosg, Haras (Nathan Myhrvold) 48
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NPEAMETHO-HMEHRON YKASATEND

Murryenn, Dasapy Meitmx (Edward
Page Mitchell) 91
Mutuen, Tom (Tom Mitchell) 125
Muuesr, [xox (John Michell) 399
MHOXeCTBCHHOCTH MHPOE TEOPUA
311, 334, 336
— napawefbHHe BeeneHHue n 311,
334,336
Masr 109, 118~133, 139, 141-146, 151,
154, 160, 162-164, 167, 169-171,
174-176, 181, 202, 245, 316
—poboTEl H 154, 160, 162-164, 167
— CKaHEl M. 118-120, 124
— TeAeKUHE3 B 141-146
— tenenatui B 129-131
MoHomons 215-216, 344
Mopagex, laxe (Hans Moravec) 20,
172, 174, 180181
Mop6uyc (Morbius) 136
Mopuaptu (Moriarty) 92
Moppucot, ®wiun (Philip Morrison)
188
MynsTiscenentag 310, 315, 325-326,
329-330, 335, 337, 340, 345
Mypa 3axkos 53, 177-179, 181
«Myzxa» (punpm) 92
Magaen, Cambloen {(Samuel Madden)
300

H

Habowxos, Baragwvup 136

«Hazapn B 6yaymee» (duapm) 35, 38,
301, 310

Hawup, B.I0. (V.P. Nair) 22

Hanorexxonorua 34-35, 41,52,
55,57,59-62, 75-76, 110, 146,
148-152, 216, 245-249, 332

-— KOCMHYecKHe MyTelecTBUA 1
216, 245-249
~— Jy4eBOe OPyxUe 1 75-76
— HEBMAWUMOCTE H 59-62
— poBoTe 1 146, 148-152, 246-248
—yoepof u 34-35, 41,235-236
Hacronbueiit crpyHHDIT IwiasMe Hubo#i
ycroputels 296
Hayunas daxractika 7-8, 10-12,
17,29-31, 35, 38-39, 4142, 44,
65-67, 70, 74-76, 79, 85, 91-93,
99, 103104, 106, 112, 124-125,
127, 132-133, 136, 139, 147,
154-156, 161, 172, 182-184, 215,
219, 234, 239, 244-245, 249-250,
256, 264-265, 274, 279, 281-282,
285,301, 318, 335, 344, 400
— aHTHBEWIECTBO M 250, 256,
264-265
-— BHE3eMHas KHM3Hb 1 182-184
-— 3Be3spl CMEPTH B 65-66, 76,
79,85
— W CKOpOCTE cBeTa 274, 281-282,
285
~— KOCMHYECKHE MyTellecTBHA K
219, 234, 239, 244-245, 249
~— feTallipe Tapenkd 4 215
~— MyueBoe opyxHe u 67, 70, 74-76
~— HEBHAHUMOCTE H 42, 44
~— TApa/UTeABHEIE BCe/IeHHBIE #
264-265, 335, 344
— MyTeINEeCTBHA BO BpeMeHn 1 301,
318
— pobotet M 147, 154-156, 161, 172
— cunoBwe poaA M 30-31, 35, 41
~— TAXHOHBI H 279
-— TemexnHe3 u 139
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~—TeJlenatTHA ¥ 112, 124-125, 127,
132-133
— TeJICNopTanKs 91-93, 99,
103-104, 106
HanuonaneHoe ynpasiaerne o a3po-
HaBTHKe H Kocmocy (NASA) 170,
188,199, 221-222, 229 231,
235-236, 238, 240, 247-249, 255,
258, 284, 387
— aHTHBelllecTBO H 255, 258
— BHE3eMHadA JKH3Hb U 188, 199
— KOCMHYeCKHE TTyTelecTBUA
u 221-222 227 229 231,
235-236,238, 240, 247-249
~— OTPHLATEABHOE BEMECTBO U 284
HauuceTnl 67, 158, 333
Hesugumocts 7, 16,4264, 327-328,
332-333,393
— aTOMHAA TEOpUs K 46, 47
— B ¥CTOpHM 4344
— rOJIOTPaMMLL H 6264
— Maxcpenn 1 4448
— MeTaMarepyans u 48-52
— HAHOTEXHOMOTHA U 59-62
— mapaUIe/IbHBIE BCEeHHEBIE H
327-328, 332-333
— jepe3 LAASMOHHKY 55-56
Hepo3MoxHoe, HEBOAMOXKHOCTb 9-18,
25,4142, 51, 6466, 68, 75-76,
89, 93,96, 98, 101, 106, 110-111,
115,123, 125, 132-133, 146, 152,
154, 157,159, 178, 192-193, 196,
217,219,226, 233-234, 236-237,
249, 253, 259, 265, 267, 269, 273,
276-277, 279, 283, 286, 288, 291,
297,299, 301-302, 305, 309, 313,

BH3INKA HEBOIMOMKROTD

316-317, 320, 331, 333, 336, 340,
346,351, 356, 359, 366, 373, 376,
380-385, 389, 391, 394, 399400,
403—404, 406
— byaymee 0. 382406
— H3yYeHne H. 12-16
— KaTeropuu B. 16-17
— OTHOCHUTENBHOCTE H. 9-12
— CHMcoK H. 384
— yBaeveHHocTs M. Kaky v, 7-18
Heiirn, Matiio (Mathew Nagle)
143-144
HetiporHas cete 125, 127-128, 132,
169-171
—mo3r xak 128, 131-132
— poboteiu 169-171
Heifrpuno, HeliTpUHHOE H3TYYeHHE
252, 328, 386, 400401, 406
HeitrponHas 3Be3ga 88, 238-239,
340, 387, 390
Heonpeaenennocty mpuuuun 61, 93,
96, 160, 178, 285,335
Hétep, Dvmu (Emmy Noether)
361-362
Husen, Jlappn (Larry Niven) 38
Hoeukog, Urops 310
Hopami, Jxepanba (Gerald Nordley)
246
Hoctpaaamyc (Nostradamus) 367--
368
HeuwoTog, Hcaax (Isaac Newton) 12,
44-46, 68-69, 93-95, 97, 119, 200,
260, 263-265, 274-276, 301, 324,
330-331, 357-358, 372, 381, 386,
392-393
— aHTHBelnecTso M 260, 263-265
— llupak 1 263-264
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NPEAMETHO-AMEHHOR YHABATEND

~— ¥ Byfyinee HeBOIMEKHOIO 386,
392-393

— U COXpaHeHHe dHEpTHl 358

— KBaHTOBasA TEOPHA H 68-69

— o cBetre 275-276

—— napainensHLe BeeleHHbie 1 301,
324, 330-331

— TipeaBHAeHHe ByAyIETo B 372,
381

— TenenopTalua u 93-95, 97

— OiiHwrediH v 265, 274-275

o)

«O6HaKenHat QHIypa,
CIYCKAIMAACA IO TECTHHLE
(M. [Tomaw) 318
OanHHaguars HaMepeHri 325-326
«O3ma», npoexr 188
«Q) Hebe» (ApHcTOoTe R} 316
Onnenreiimep, Pobepr (J. Robert
Oppenheimer) 83, 289, 321
OnTyyecKas MacKMpoBKa 62—-63
«Q) paccroanun» ([Itonemell) 316
Opa-Xsiom, Apryp (Arthur Ord-Hume)
353
«Dpnon», KoCMHYeCKH Kopabap 221,
229-231
«QcpoboxaerHbI Mup» (I. Yamwic) 14
Ocaep, cap Yurbam (William Osler) 14
«Qcofoe MHeHHe» (GHAEM) 38
OrHocurensHocTH Teopua 11,46,
261-262, 278-281
— M KBaHTOBafA Teopus 304, 312
— W Napa/uteNbHEE BCEIEHHbIE
317-319, 322, 338
— nasefixu B 278-281

— abwan 279-283, 287
— cnenianbHasg 262, 279-280, 302
OTpHuaTenbHad 3Heprua 261, 262,
281-282, 284-285, 291,297, 301,
308, 311, 338, 378-379
— KpoToBHle Hoper M 301, 308
OrpunartentHoe selwectso 282-284,
290-291, 378

I

Natix, J:xow (John Pike) 22
[apawienbHsle BeeeHHble 7, 11, 290,
310-311, 314-346, 350, 363
— BeyHHI ABHraTeNL U 350
— rUNepnpocTpaHcTBo H 316-321
— KBaHTOBasA Teopua U 315,
330-338
— MYJbTHBCeNeHHAA M 315, 325-330
— IIYTEelIeCTEMA BQ BPEMEHH H
310-311
— TeopHa cTpyH u 321-325
— THMH T.B. 315, 325, 335, 342
[MapaMarHeTuxn 40-41
«[lapux B XX Beke» (K. Bepn) 11
[Taynu, Bonsgraur (Wolfgang Pauli)
396--397, 400
HeHyuHra noByUKa 255
Nenpoys, Pomxep (Roger Penrose)
154, 160
Mendwng, Yaiigep (Wilder Penfield)
130
Iepezaua Muictelt 129-131
TlepemenHEli yAensHbI vMmynbe 222
Tlepceit (Perseus) 43
Tlepcunrep, Maiika (Michael
Persinger) 130
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[TepcoHaAbHBIA TPOMIBOAMTENE 149
Népcesnn, Yunpam (William Purcell)
257
[Tukapa, Pozannnga (Rosalind Picard)
175
[Tukacco, IMa6no (Pablo Picasso)
317-318
lexosep, Kinddopa (Clifford
Pickaver) 202
Nukonna, Meephkopmxo (Piergiorgio
Picozza) 258
[Mudaropeiiusr 395
Mnasma 31-34, 41, 75-76, 79-80,
221-223, 232, 243, 295-296
— KOCMHYECKUE YTEIeCTBUs 1
221-223,232,243
— TepMOsAepHLIH CHHTe3 H 7980
-— YCKOPHTENH YacTAu ¥ 295
— uayeckue nona u 33-34, 41
[LtasmoHnxa 55-57
[nageTtr 7,30, 65, 36-97, 136,
183-184, 186-188, 191-200, 203,
206,211, 217, 219-220, 222, 224,
231, 264-265, 269, 273, 283, 294,
314, 369
CM. makyce BHECONTHEYHEIE TUTaHEThH
Maank, Maxke (Max Planck) 68-69, 134
TnankoBckas sHeprud 293-295, 297,
341
Mnaron (Plato) 43
[Lryron 230, 233, 259, 276
Hozonsckuii, Bopuc 99, 279
1lo3¥TPOHHO-9MHCCHORRAA TOMOTDA-
$ua (113T) 119
[Tonsuk, Esrenuii (Eugene Polzik) 104
Homynposoaganxy 73, 247-248, 262

DHINKA HEBOSMOMHOIO

-— KOCMHYEeCKHe TYTeMeCTBUA U
247-248
[lotrep, Mappu (Harry Potter) 42, 44,
47,51, 58
[panw addext 238
Mpeapuaenue Gyaywere 367-372,
375,377, 381-382
— BOSMOXHOCTB 1.6, 371-372
-— H olieperxaloye BOIHL! U3 Oyiy-
mero 372,377
—- Cyaubiii ges 369-371, 375
TIpuyATHe peweui 174
[IpnynHL ¥ cneacTByA 3akoH 372,
376-377, 379-381
«IIpomeTtedi», mpoext 229
[Tpocnepo (Prospero) 135-136
[pocTpancreo-spema 46, 279-281,
286-287,292-295, 297, 308,
313, 319, 323, 327, 342-344, 380,
386-387
— M CKOPOCTD cBeTa 279-280, 286
~—— KpOTOBEie HOpH M 287-293, 306
— napajuie/ibHEe BCETEHHBIE H
323,326-327,336-337, 340,
342-344
— neHa H 294-295, 308, 336-337,
340, 342-344
— NYTeulecTBHA BO BpeMeHH H 308,
313, 319
-— paapriB 280, 292-293
— pactarnpanue 280-281, 287
—- YCKOPHMTEH qacTiy B 293-297
TIpoTHBOpaKeTHbI Ut 84, 239
llpoxopog, Asexcanap 70
TIpAMOTOYHAIH TEPMOAAEPHLI
asurarens 216, 225-227, 232
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NPEAMETHO-MMEHHOH YHASATEND

[Tronemeit Amexcangpuiiciuil
(Ptolemy of Alexandria) 316
TyHeo, Hukona (Nicola Pugno) 236
IIyTemecTBHA BO BpeMeHH 7, 11, 15,
18, 20, 238, 298-313, 371-372,
374-381
— Byaymee u 371-372
— H3MeHeHHe Mponuoro 1 372,
374-376, 378-379, 381
— KAaK TIOMHTOH A1 GH3HKOB
303-309
— [apajoKCH .B, 309-313
— XokuHr u 15, 298, 303, 305, 312
ITyrxodid, Taponsa (Harold Puthoff)
17
{ldyrrer, Ockap (Oskar Pfungst) 113
[dyprwennep, Tepr (Gert
Pfurtscheller) 129
Ilaroe uameperne 319-320, 232

P

Pazauxoeckn, Mapek (Marek
Radzikowski) 312
Paavo, paguocHTHANEL, PaAHOBOHEL
12, 30,49, 65, 70, 72, 119-120,
127, 129-130, 133, 184, 187-191,
223, 248, 265-266, 269, 334, 364,
372,386, 397
—— AHTHBEMECTBO H 265-266, 269
— BHe3eMHad KU3He U 184, 187,
191
— KOCMHYECKHE TYTEMeCTBHA H
223,248
—Jasepu u 70, 72
—TelleKiHHe3 H 141, 149
—Tefenatha U 119-120, 127,
129-130, 133

Paitn, Ixosed Banke (Joseph Banks
Rhine) 115-116
Paitn, fiyuza (Louisa Rhine) 115
Paxerrl, pakeTHas TexHuka 7-8,
13-14, 25-26, 73, 8485, 93, 214,
218-250, 254, 256, 259, 281-287,
301-302
— aHTHBeLleCTBO U 256, 259
— ny4deBoe apyrue U 84-85
~- C ATOMHBIM JABHTaTeNeM 227-229
— ¢ gpuraTeneM AibKyObeppe
281-287
— ¢ HOHHHIM ZBHraTeneM 221-223
— € [WIA3MEHHEIM SBHTATEIEM
221-223
— C IPSIMOTOYHBIM TEPMOAEPHEIM
Asuratenem 225-227
— C TePMOSAAEPHBIM HMITYIECHEIM
nBurateneMm 229-231
~— C XHMHYECKHM PEaKTHBHEIM ABH-
rareneMm 220-221, 254
—— YIETBHLH UMIVABC U 3¢ berTHB-
HOCTB AiBuraTena 231-233
— dp3vyeckve noA . 25-26
Crm. makme KOCMHYECKHE TTYTellie-
CTBH#A; 3BE30NETH
Pacnosnasanue oGpasos 126-127, 129,
142, 144, 151, 161-165, 168, 171
«Pacritie» (C. lamm) 318
Paccenn, Beprpak (Bertrand Russell)
219
Paccesur, Yapnbs Teirs (Charles Taze
Russell) 370-371
Peaxedupep, Yapara (Charles
Redheffer) 354
Pesepdopy, cap Spuect (Sir Ernest
Rutherford) 12
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Pexpuxa, ApHcTigec (Aristides
Requicha) 150-151
Peaurus 66, 90, 130, 183, 209, 332,
367,370
~— NapaanejbHeie BeeneHH e # 332
— OpegsuAeHHe Oyaymero 1 367,
370
— TeAenopTauHA H 90
Penpcopas myuika 239-241, 247
PenaTuBUCTCKOE ypaBHeHHe 261
Penrre, Brutbreasm (Wilhelm
Roentgen) 364
Peiwvixatop 147, 149
Pumxcysit, Capu (Gary Ridgway) 121
Puman, I'eopr Bepuxapg (Georg
Bernhard Riemann) 317
Puc, cap MapTuH (Sir Martin Rees) 21,
273,281,304, 329
Po6oTe, pofioToTexHuka 136,
146-181, 236, 241, 248
— KOCMMYECKHE TTYTeIeCTRHA M
236,241,248
— HaHOTEeXHONOTHA U 146-152
— QnAcHoCTh p. 177-181
— CIIHAHHE 9eI0BedecTBa U p. 172,
180
— cosHanue p. 175-177
— TenekuHe3 U 136
— 3MOUHMOHANBHEE p. 172-175
CM. makmee HCKYCCTBeHHBIH
HATEUIEKT
«PoBep», mpoekT 227
Pognenbeppy, imun (Gene
Roddenberry) 93, 136
«PoMIeCTBEHCKAA MeCHb»
(4. JuxkeHc) 300

GH3HKA HEBO3MOMHOTO

Po3eH, HataH (Nathan Rosen) 99

Posendensa, [Tarep (Peter Rosenfeld)
122

Pomanuc, Masiva (Michael Romalis)
126

Popep, l'enpux (Heinrich Rohrer) 59

PorGnar, Ixosed (Joseph Rotblat) 19

Py6uk, Bepepau (Beverly Rubik) 251

Pyzsenst, ®paurnuy (Franklin D.
Roosevelt) 14

Pangann, Naitza (Lisa Randall) 20

Pangu Yousurenpiniil (The Amazing
Randy) 137

C

Cabbarai L]su (Sabbatai Zevi)
369-370

Casykog, Urops (Igor Savukov) 126

Caran, Kapn (Carl Sagan) 8, 17, 21,
187, 195, 219, 225

Cananon, Maiixn {(Michael Salamon)
22

«Camu 6oru» (A. AsHMOB) 349, 363

Cadypo, Mon (Paul Saffo) 22

Caxapos, Auapeit 256-258

CeepxuposogHuky 36-41, 68, 80, 146

— TeleRUHes H 146, 151
— pmaudeckye nonT B 3641

CBepXIyBCTBEHHOE BOCIIPHATHE 126

CeeT 7, 28, 45-59, 62-63, 68, 70-71,
73,75, 85, 94, 100-101, 103-106,
184, 192, 196, 198-200, 207,
210-212,223-225, 227, 229-233,
238,241, 246, 248, 254, 260,
264, 269, 273-297, 301-302, 308,
317,319, 328, 361, 372, 377-380,
385-387, 399, 405406
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— BHE3CMHadA KH3Hs B 184, 192,
196, 198-200, 207, 210-212
— u3rubanue nyua c. 57-58
— nasepel ¥ 70-71, 73
— JYYEBOE OpyXKHe B 72, 75-76
— Maxkcsenn o 68, 276
— HEBUIUMOCTB H 4547, 49-59
— napauienbHble BeeaeHnie H 317,
319-320, 328
— OpH ABHKEHHH Ha3aj
BO BpeMenu 372
— IyTeilecTBre GEICTpeE C.
273-297
— cKopocTb €. 100-101, 277-278,
288, 301-302, 308, 385
— TaxHOHLI B 377-380
— TeNnenoprauus 1 94-95, 131,
103-106
— doToanekTpueckuil adpderr
H 68
CeeTopoii Meu 70, 72, 75-76, 89
CHIbHOE AACPHOE B3aUMOACHCTBHE
31
CummeTpuu 200-201, 257, 267-269,
361-363, 401
CHMMETPHM 110 3apPAAY U YETHOCTH
(CP-cHMMeTpHH) HapYIIeHMe
257
Cpurx, Catimos (Simon Singh) 21
«CHHSS KHATA», IpoeKT 210-211
Cupa, xor (John Searle) 154,
159-160
CHcTeMa TenecKoTIoB Alieda 190
Cxaiityoxep, Jliok (Luke Skywalker)
65,273
CKaHHPYIOILHH 36HI0BLIA MEKDOCKOTE
(C3M) 151

CKaHHPYHIHIi TYHHEILHBIH
MHUKpockon 59-60, 151, 332
Crortit (Scotty) 90
Crpymx, d6enesep (Ebenezer Scrooge)
300
CkpeiTas Macca 284, 327-328, 401
Cnaboe ajeprHoe B3auMogeiicrerde 31
«Ciman» (A. Bau-Borr) 111
Cmut, [pkepanes {Gerald Smith)
254-256
Cuut, Jaewy (David Smith) 51
Csmonum, Jin (Lee Smolin) 345
CHaiigep, Xapmang (Hartland Snyder)
289 _
Comieusnii mapyc 223-225, 246, 259
Cono, Xan {Han Solo) 273
«CoH» (M. Kerep) 223
Countepr, Ctinen (Steven Spielberg)
179
Crox (Spock) 314
Cnpsosun, Crised (Steven G. Spruill)
298
CrauaapTHas Mogens 321-322, 325,
381, 394, 405406
—- 11 GyayIuee HEBOAMOXHOTO 394,
405406
Crpyn Teopua 11, 29, 321-327, 389,
394-395, 397402
— u Gysymee HeBoaMORHOTO 389,
397-399
— K TeopHd Beero 394-395, 397
~- [lapa/lleAbHEE BCeieHHbIe H
321-327
— NMPOBEPAEMOCTR T.C. 399402
Cranopackuii THHeHHLH yCKOPUTEb
293, 295-296
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Cynapuran, Txopax (George
Sudarshan) 379

CyaHbli geHb 369-370, 375

Cyagyxu, Maxuko (Mahiko Suzuki) 398

Cyxynuc, Kocrac (Costas Soukoulis) 54

Cynepnuusa 54

«CynmepMet» (brtbm) 301

Cynepuactina 325

Cumnapg, Jteo (Leo Szillard) 14

T

Tan6ypu, Maiiior (Michael Thalbourne)
138
Tapr, Paccenn (Russell Targ) 117
Taprep, Dxkwi (Jill Tarter) 189, 231
Taync, Yapas (Charles Townes) 70
Tayucena, [Tox (Paul Townsend) 325
Taxuonm 377-381
Teen, Mapx (Mark Twain) 42, 251,
300
TrepaoTennHbie nazeps 73
Termapk, Make (Max Tegmark) 327,
395
Teitnop, Teg {Ted Taylor} 21,229-230
TemexuHes 16, 134152
—wMo3ru 141-146
—Haykau 137-141
— peafbHBIi MUp H 137
— pofioTH 11 146-152
Tenematha 16, 111-133
— AeTeKTOPH Jokn u 120-124
— «3Be3/Kble BpaTa» 0 116
~— KaK TPIOK WUIK3HOHHCTA
112-114
—w™mo3ru 118-120, 127-129,
131-133
— nepefaqya Mpichen ¥ 129-131

OHIUHA HEBOIMOHHOIO

— NCHAHIECKHE HOCNeA0BAHHA 1
114-116
— ATHYECKHE HpoONeME],
cBA3AHHme ¢ 112 125
Tenenoprauus 10, 15-16, 90-110
— Ge3 sanyruBandA 104-107
- KBaHTOBas TeopHa u 93-104
— Hay4Haa (paHTacTHka n 971-93
— sxcnepuMent 1P n 99-102, 279
Temnnep, 3aBapy (Edward Teller) 83
TeMHan maTepua 284, 327-328
CM. TAIOKe CKPLITAA Macca
TeMyas ageprua 364-366, 391
TeopeMa o Henomore 160, 395,
402405
«Tepmunarop» (buneM) 154, 310
TepmoguHaMuKH 3aKOoHET 13, 350,
356-357, 359-365
—ITER u 80,82
— M BeYHBIe ABHTATENH 356-357
— ¥ CHMMETpHH 361-363
— M COXpaHeHUe sHepruu 363-365
— W BHTPOITHA 356, 359-361
TepmoAfepHbIf cutTes 77-82,
225-226
— HHEPUMOHHOE YAEPKAHHE JiA
77-79
— KOCMHYECKHE yTEeLeCTEHA 1
225-226
-— MATHHTHOE YAEPHKAHHE AIA 79-82
Tecna, Huxona (Nikola Tesla) 363-365
Teccwe-Jlaenue, Mapk (Marc Tessier-
Lavigne) 132
Texuonorusa «crenc» 47, 213
Tépubymn, Mapraper (Margaret
Turnbull) 231
Tonwun, Do (John R.R. Tolkien) 44
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ToMonara, Cugsurape (Sin-ltiro
Tomonaga) 377
Top, 6or (Thor) 66
Topw, Kun (Kip Thorne) 290-291,
305, 325, 383-390
Toddrep, Insun (Alvin Toffler) 21
Tpw Hameperun 57, 64, 162, 316, 320,
323,327
Tproxt co mmanodi 113
Tyrmoc U1, gapaou (Thutmose 11I) 210
Tetopuar, Anag (Alan Turing)
156-159
—mamuba T. 128, 156-157, 248
—recr T. 159, 179

y

Yaitnpa, Ockap (Oscar Wilde) 318
Vaiit, Tepewc (Terence H. White) 15
Yrnepoa 34-35, 41, 61, 180, 185-186,
235-236
~— BHE3eMHad KH3HE H 185-86
— HaHoTpyOxu H 34-35, 41,
235-236
— ¢ymnepentt i1 61
VaensHHE pMIynbe 222, 231-233
«YIUBHTenbHuH BH3UT» (. Yannc) 318
Yunep, Mwox (John Wheeler) 335,
373, 375, 385
Ywumac, 3. (E.P.Willis} 354
Yurred, 3asapa (Edward Witten) 325
¥Ynam, Cranvcnas (Stanislaw Ulam)
229
«YMHasg NbLiby 247
YMuwiii Faue 113, 115
YHuBepcalbHbli nepesogunk 124, 126
Yona, Pobept (Robert Wald) 312

Yomnue, xon (John Wallis) 317
Yopx, Murep (Peter Ward) 195
Yorcon, dpen (Fred Watson) 21
«¥TIopCTEO aMATH» (C. Hamw) 318
«¥Ypaenene fliyca» (C. Cupronn) 298
Ycxopurend vacruy 9, 12, 31, 278,
293-296, 321, 323, 341, 378, 399,
406
— aHTHBeIECTBO 1 252-253,
255-256,378
— NapainenbHule BeedeHdHble 1 321,
323,341
~— paspHIBHI IpOCTpaHcTBa h 293
Yazeprun, Jmopmk (George Wetherill)
193
Yannc, Tepbepr (Herbert G. Wells) 14,
44,64, 67,135, 184, 298, 300-301,
318, 327
~— HEBHAMMOCTb H 44, 64
— napajUTenbHBIE BCENEHHRIe B 318,
327
~— HyTellecTBUA BO BpeMeHH 1 298,
300-301
Yamc, Opcon (Orson Welles) 183

o

®Mannerra, Huxonac (Falletta,
Nichelas) 367

®apagen, Maitin (Michael Faraday)
26-29,44-45,239

Daxpy, dapaps (Edward Fahri} 343

Depinbepr, xepansy (Gerald
Feinbetg) 378-379

Detinman, Prraapa (Richard Feynman)
59, 265-366, 330-331, 373-377,
398
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— aHTUBEIIECTBO U 265-366
— H Oflepexaloie BOJHbI
wa Bymywere 373-377
~— KBAHTOBAA TeopuAa H 330-331
«benuke», npoexr 189
®epanuany (Ferdinand) 135
Gepmu, DHpuko (Enrico Fermi) 321
Deppuc, TumoTn (Timothy Ferris) 21
Duanka, dusuru
— AearenbHocTh M. Kaky xax 9, 18
— 3Be3jei cMeptH 85-86
- WTpoBas Wwiomagka ¢. 303-309
— nonHoTa §. 402-406
— pasBHTON IMBWIH3aUHK 207-210
Dusngeckue noas 2541
— ANA 3AMHTHLIX IKPAHOB 34
— MAUHUTHAA JeRUTAIMa 1 3541
~— [Ia3MeHHbIe oKHa 1 32-35
— (dapageit n 26-29
— deThipe hyHAAMEHTaNbHBIX B3AH-
MoAeicTRug ¥ 29-32
dura, Ban (Val Fitch) 267
«Qmam Fopgon» (cepuan) 7,44, 259
Doke, Maitkr (Michael F. Fox) 35,
310-311
Gon Wrrnexaiim, rpad (von Iggleheim)
369
dou Hefiman, xon (John von
Neumann)} 248
— 3oH7H $.H. 48
®ocrep, koou (Jodie Foster) 189
dorepunred, Ixopmk (George
Fotheringay) 134
doronutorpadua 53, 57
Dotou 16, 68-71, 101-103, 106, 264,
312

GH3INKA HEBOIMOHHOrG

— nasepet M 70-71
Porondnd kprcTam 55-57
DoTtoanexkTpryeckuii abdexT 68
DOTOXPOMATHRKH 35
®puaman, Tyuc (Louis Friedman) 22
®pocr, Pobepr (Robert Frost) 219, 391
dynnepenn 61
®yntoH, Pobept (Robert Fulton) 354

X

Xa66n, dapus (Edwin P, Hubble) 8,
393
XaiiMan, Pe#t (Ray Hyman) 140
Xalimawn, Crused (Steven Hyman) 123
Xaitwnadid, Pobept (Robert Heinlein)
234,319
XappucoH, 3asaps (Edward Harrison)
345
Xay, Ctusen (Steven Howe) 255
Xelinc, xou (John Haynes) 125
XenaepcoH, Aunga Janppummn (Linda
Dalrympie Henderson) 317-318
XuMudeckie nazeprsl 72-73
Xorunr, Ctusen (Stephen Hawking)
13, 143, 260, 262, 298, 303-305,
312,321, 337,395, 402, 404
-— ¥ TeopuA Beero 402
— TeopeMa 0 HenlonHoTe B 395, 404
—~ MIApanne/bHbe BCeNIeHHREe U 321,
337
— NMYTEIeCTRHA BO BPEMEHH H
303-305, 312
XonopHas BofiHa 86, 116, 201
Xonae#n, DJrod (John B.S. Haldane)
349
Xomme, Hepnok {Sherlock Holmes) 92
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Xopras, pxon (John Horgan) 27

Xoddman, Dxeddpu (Jeffrey
Hoffman) 21

Xodwrragrep, Ayrnac (Douglas
Hofstadter) 164

Xyceitt, Capaam (Saddam Hussein) 118

1|

UeHTpansHoe pasBesBaTEMLHOE
yupanaenue (L[PY) 108, 117-118,
121,213

UeHrpobexHan cina 233-234, 242

Inpmwmzanun 10, 17, 26-29, 86,
88,90, 112, 180, 184, 187-191,
207-210, 216-219, 266, 292,
294-295, 297, 308, 310, 331, 341,
343-346, 349, 351, 371, 382, 390

— BHE3eMHaA KHaHb U 184,
187191, 216-217, 266

— H CKOpoOCTb CBeTa 292, 294-295,
297

— napamienbHbie BeeNleHHbe B 331,
341, 343-346

— MyTeleCcTBHA BO BpeMeHH H 308,
310

— Tunu 207-210

Lisonkosckuii, Koncradtun 218, 234

q

Yaur-Auac, Opamoms (Franklin
Chang-Diaz) 222

Yanex, Kapen (Karel Capek) 155

YacTHYHOE 3alpelleHHe RAepHbIX
MCNIETaHWH, JOTOBOD 0 228, 230

HYexwrenmrep, npodeccop (Challenger)
92

«Yetopek 63 tenar (. Muruemn) 91
«Hexoper-HeBuuMKar (U. Yanne) 44,
64, 327
Yepune Avpw 12, 18, 88-89, 208,
220, 287-292, 303-304, 306-307,
318, 322, 340, 342, 387, 390,
399401
— H 6yayiiee HEBOIMMKHOTO 387
— HCTOYHHKM T'aMMa-BCIUVIECKOB
87-88
— KpOTOREIEe HOPHL 1 287-292
— CKOpOCTE cBeTa u 292, 295
— Xoxuur o 303-304
YeThIpe U2MEPEHHSA, YCTBEPTO
HaMeperne 44, 64, 316-319,
323-324, 327,401
«Uneno zeepa» (P. Xajiunaite) 319
Yyan-lean 115-116

m

Meapu, Dxod (John Schwarz) 398

lisapu, Ilutep (Peter Schwarz) 21

lIsapuenerrep, ApHoasy (Arnold
Schwarzenegger) 310

Meapiumsg, Kapn (Karl
Schwarzschild) 287-288, 290

Menuarep, oxynuan (Julian
Schwinger) 377

Hlefiku, poboT 162

Mlekcnup, Yurkam (William
Shakespear) 114, 134~135, 368

[Hennon, Knog (Claude Shannon)
160

«llIupa», nazep 78

Wwpau, Jonua (Donna Shirley) 22

[Imadignep, Feprpyaa (Gertrude
Schmeidler) 138-139
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o, Pospkep (Roger Scholl) 22
Miop, Mutep (Peter Shor) 109
Mlocrax, Cet (Seth Shostak) 21, 190
Illoy, Crue (Steve Shaw) 138
litpémunrep, Ipsun (Erwin
Schroedinger) 69, 94-97, 99,
260-261, 330-331, 337, 396
— BOJIHOBOE ypaBHeHue [11. 69,
94-97, 99, 260-261, 337
— TeAeNnopTaiua H 94-99
tpymng, Kapn (Carl Strumpf) 113

2

SseperT, Xpio (Hugh Everett) 333, 335
Inpapac, Maitn (Michael Edwards) 138
danuHrToH, Apryp {(Arthur Eddington)
289, 360, 396
Openman, Jxepanea (Gerald Edelman)
19
Sancon, Tomac (Thomas A. Edison) 363
3itme, Ongpuy (Aldrich Ames) 121
JitHwreitn, Ans6epr (Albert Finstein}
79,12, 14, 18, 29, 46, 68-69, 77,
94, 96, 99-101, 104, 106, 226,
260-261, 265, 274-281, 283,
287-289, 291, 301302, 304, 306,
312, 317, 319-320, 322-323, 325,
330-332, 339, 359, 386
— aHTHBelwecTBO H 260-261, 265
— 1 Gyayiee HeBoBMOXHOTO 387,
392-393, 396, 400, 406
— H CKOpPOCTs CReTa 94, 101, 274, 378
— H TeopHA Bcero 312, 325,
395-39
—KB3wu 104, 106
— KBaHTOBaA TeopuA u 330-332
— o BpeMenn 226, 301

OH3IARA HEBOSMOMHDID

— napasulelbHble BeeleHHble u 317,
319-320, 322-323, 325
— OyTenecTBUA BO BpEMEHH H
301-302, 304, 306
— TEODHA OTHOCHTENBHOCTH 3,
275-279, 287, 301, 312, 317,
319
— YepHbie APH H 288-289, 304
— axcnepuMenT P u 99-102, 279
DiiunrTefiua tuH3a 283-284
JimmrerHa-Pozena mocr 279,
289-290
JKCHMEPHEHIE 1asephl 73
JKcnepuMeHT 10 OPOCAHHI0 MOHETKH
139
SnexrpuuectBo 27-33, 37, 45, 49,
55,57, 60,68, 70-72, 78, 80, 82,
118-119, 122, 128, 136, 140, 153,
170, 178-179, 185-186, 190, 214,
222,230, 236, 239, 246-248, 252,
254, 337-338, 352, 364
— KOCMHMYECKHE TYTeeCTERA H
222,230,236, 239, 296-248
— Nasepu M 70-72
—Mo3r 1 118-119, 122, 128
—pobore H 153, 170, 178-179
~— TepMOAAEPHBIH CHHTE3 U 78, 80,
82
— duamnueckue noaa u 27-33, 37
DnexrpoMarHeTHaMm 28, 30, 4546,
56,63, 88, 119, 130, 140, 146,
239-.240, 246
— Maxcpenn v 140
— TelleKHHe3 n 146
— (H3HeckHe noad u 28, 30
DneKTPOH KaK BONHA 56, 69, 94-96
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3aexTpoanuedanorpamma (331) 119,

141
— TefneKuHea H 141
—Tenenarsa # 119
Anuot, Tomac (Thomas S. Eliot)
391
IMOLUMOHANBHBIE poBoTH 172-175
Dueprua 14, 25,37, 40, 64, 66-72,
74-80, 82-83, 85-86, 94, 105,
119, 141, 186, 207-209, 226-227,
239,245, 253-255, 261-262, 274,
277-279,282, 284-286, 291-297,
308, 311, 338, 340, 342-344,
349-356, 358-359, 361-366, 374,
377-378, 391, 393, 401
— BEVHGIHA gBHraTens 0 349-356
— Mta 3ee3d cMepTd 76-77
— u Sygymee HEBO3MOXHoTO 391,
393, 401
— M3 BakyyMa 363-366
—- WCTOpUA Yepe3 3. 351-352
—— OT BOAOPOAHEIX OoMb 83-86
—— MIgHKOBCKAA 293-296
— coxpauetie 3. 141, 285, 358,
361-362, 365

~— TaxHORB H 377-378
CM, makmce INCKTPUIECTBO;
OTPHLATENRHAR 3HEPTUSL

«JHHIMa», MalliHa 158
Jnrrponus 356357, 359-360
Smumenns (Epimenides) 404
O0IP, skceprMenT 99-102, 279
Iryorep, Tappu (Harry Atwater) 55
Jurep, Mopwuu (Maurits C, Esher} 111

10)

Onuit O6cexeerc (Julius Obsequens)
210

¥Onurep, ronuTeponogobHLle raHeTH
161, 192-193, 196-198, 229, 291,
369

—- BHE3EMHAA XKH3Hb H 196-198
10pu, l'aponny (Harold Urey) 185

A

«H, pobor> (dunem) 153

Anepwsrit pacnay 13-14, 31, 223, 331

flur Ysuphun (Chen Ning Yang) 268

«fAnKH 13 KOHHeKTUKYTa HpH ABOpe
Kopo/as Aptypa» (M. Teew) 300
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CKasbiBaeT CTeneHb BEPOATHOCTU U Bpe-
MA NOABNEHWA TOW UNN UHOW «HEeBO3MOX-
HOCTWU»: B Bnuvkanlem Beke, ThiCAYeneTuu,

a MOXeT OblITb, HUKOraa.
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