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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-

—

1rg



‘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

13s7



OH3HKA HEBO3MOHHOTO

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.
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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-
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®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
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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.

——
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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?

-
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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

-

66



®AIEPH W 3BE3NbI CMEPTH

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.

e



@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.

94



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
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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

96 ¢



TENENGPTALUKA

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
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\.’ 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
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®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.

08



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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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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