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1. KTo co3xaxa bora?

boz smo ecée

«1 B Havase 6110 CnioBo, 1 CnoBo 6b110 y Bora, n CroBo 6b110 Borom.

14 CnoBo craJio 4yes0BeKOM U kUJIo cpear Hac. Mbl Bunenu Ero ciaBy, ciiaBy, KOTOpOil HajieneH
Emnucreennsiit Coia OTHA, MOJIHBIA MIIOCTHA U UCTUHEL.» MoaHH 1.

Bnymaiitecs: «CJIOBO crano yenoBekom», T. €. Mucycom Xpucrom-borom Bo miotw.

Urak, B ocHoBe Bceenennoit CJIOBO, T1.e. nagopmarms-nepuaumasi Heripepoiaast CyOcTaH-
IUS1, TO €CTh TO, YTO JIGKUT B OCHOBE BCETO; TO, UTO CYIIECTBYET OJarofiapst caMoMy ceOe U B CaMOM
cede. 13 atoit CyOcTaHIy cO3/1aHO BEIIECTBO, TIOJISI, YACTHIIH U BCE mpouee. Mctopuieckoe Ha3Ba-
HUe 3Tol cyOcTanimu Ddup. D10 U ectb [yx, kotopsiii cioBamu «[la 6yner CBET» Bockperiaer
Bbora-Teopua-CeiHa. CeiH-CBET tBOpHUT Bceenennywo, Beenennas, no cytu, ¢popma xusHu bora.
[Tostomy Bor Hamuoro Beiie, yem Beicimii Kocmuueckuit Pasym. Dt1o u Pasym, u marepuarn,
u3 Kotoporo oH CaM BC€ TBOPUT U BCE, UTO HAc oKpyxkaer-3to OH. Oren- [yx, T.e. ungopmauus,
M3 KOTOpo# coctout Dup, cBoero poaa nruiia PeHukce, BOCCTAIONIMN U3 TIeia CHOBA U CHOBA
B ChlIHe.

Bor Teoperr He BeueH. OH ymupaet u BockpecaeT. «/la 6yner CBET» u ¢ sTumu crioBamut Boc-
kpecaeT bor-CBET u Haunnaet tBopuTh Beenennyio. B konne bor ymupaer Bmecte co BeeneHHOIA.
«[Toka 4 B mupe, 1 CBET mupy». Bockpecars bora nonyxnaer CPEIIA-2¢up 3anonHsiomiee HeKo-
Topbiid 006EM. Dpup ecth CitoBo (nHpOpMarms). Beuen Tompko Dup, BCE OCTaTbHOE POXKIACTCS
u ymupaert, B ToM uuciie 1 bor CBET. iMeHHO 0 TakoM BockpeceHuu ropopuit Uucyec.
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B koHuie BpeméH Mucyc yMpET U BOCKPECHET Yepe3 TpH AHA (AHU MOHATHUS YCIOBHBIE U UX
MPOJIOJKUTEILHOCTh Hen3BecTHa). Tonbko Torna OH npuaeTr Ha oOake K TeM, KOro COXPaHW s
nocieayomeit xu3au. M Oyaet sto B [lyxoBHoM Mupe, a He Ha 3emiie. CBET coznan BeeneHnyio
u3 Dupa, T.e. u3 camoro Cebsl.

Jlionmu (5ku3HB) OBUTM CO3[AHBI BOJIOW HA OCHOBE TOW MH(MOPMAINH, KOTOPYIO el TPedOCTaBIII
CBET-bor-CriH. Boga cunTe3npoBaia Bce opraHu3Mbl Ha 3eMiie U 4ejioBeKa B TOM uucie. Bona
CO3/1aJ1a HaC Ha IOBEPXHOCTH 3€MJIM, [I03TOMY Y€JIOBEK HE BLKMBET HAa IIOBEPXHOCTH APYTUX IIAHET
U B KocMoce. B CBsI3U ¢ 9TUM HyXHO 3a0bITh 1 KOCMHUECKHX MYTEHIECTBUSX, 1 OCBOSHUU IPYTUX
raneT. HeoOXommumo BIJIOTHYIO 3aHATHCS 00YCTPOMCTBOM 3eMUIIH.

Bor, uro Bor roBopur o ceoe:

«Ort NoanHa.

I'naBa 8

12 Onsare rosopun Mucyce k Hapony u ckaszan um: S cBeT Mupy; KTo nocienyet 3a MHoo, TOT
He Oy/IeT XOAUTh BO ThMe, HO Oy/IeT UMETh CBET KU3HHU.

I'maBa 9

5 Hoxkone 4 B mupe, 5 cBeT mupy.

I'naBa 12

36 JlokoJie CBET ¢ BaMH, BEPYWUTE B CBET, a OyleTe ChiIHAMU CBeTa.

46 4 cBet mpuines B MUP, YTOOBI BCSKUI Bepyloluil B MeHsI He 0CTaBaICs BO ThbME.»

W He HyXHO MCKaThb CKPBITHIN cMBICT B coBe CeeT. Hy:kHO moHMMarh OykBasibHO, uTO CBET
u ecth bor.

Bor oqun. Oten nepepoxaaercs B CoiHa, kak D¢pup nepexoaut B CBET. Bo Beenennoii mpouc-
XOIMT TOJIBKO OIUH Tpotiecc nepepoxaeHus (anaurmwisanun) S¢pupa B CBET. Bee ocranbHble sBie-
HUS CITy’KaT JUTsl oOecrneueHus 3Toro nporecca. Tak kak Mbl Ero He MoxeM yBUAETb U OIIyTUTh, TO
st Hac On Jlyx. M3navansHo CeiH Haxoautes B Otie. CoiH 3101 Beenennoit, 6yner OTiiom B Oyjy-
el Beenennon.

«6, 160 Mnanenen poauicst Ham — ChbIH JIaH HaM; BJIabIYECTBO HA paMmeHax Ero, u HapekyT
ums Emy: Yynneiit, CoBeTHuk, bor kpenkuii, Oten BeuHoctu, KHsa3p mupa.» Wcaus 9.

B cnaBsiHCKOM Brubnmuu 10T cTMX umMTaercs Tak: «M0o muageHen ponwics Ham, CbIH, U JaH
HaMm: BiagbiuectBo Ero Ha pamenax Ero, u HapekyT ums emy: Benukoro Cosera Anren, YynHslid,
Cosetnuk. bor kpernkuii, Bnacrenun, Kussp mupa, Otenr Oyayiero Beka; 100 mpuBeLy MUpP KHsI-
3bSIM, MUP U 31paBue Ero.»

[Mony4aercs, uro u B LlapcTBun HeGecHoM ecTh Benmukoii CoBer.

Huuero ne HanoMmuHaet Bam U3 HeaBHero npoiioro Poccun.

KommyHnusm-3T0 Benuyvaiinias uies bora.

CoiH B 3101 BeenenHoi, cranoButhcst OTIIOM B OyyIIei.

N3 kakoro matepuasia co3nana Beenennas?

Bcenennas co3pnana u3 1otu 1 Kposu bora.

M.26:26 U, korna onu enu, Mucyc B3su1 xy1ed u, 0J1arocioBUB, MPEIOMIIT U, pa3iaBas yde-
HUKaM, CKa3aJl: IPUUMHUTE, AIUTe: che ecTh Temo Moe.

M.26:27 U, B3sB yaiy 1 61arogapus, ogall UM U CKa3al: TeiTe u3 He€ Bee,

M.26:28, ubo cue ectb KpoBb Most HoBoro 3aBeta, 32 MHOTMX U3/IMBaeMasi BO OCTaBJICHUE
I'PEXOB.

Bc€, uro okpyxaer Hac 310 Bor. O6 3tom roBopsaT Ero cioBa: «SI B Bac, s1 BbI BO MHe.» [1e
Bo MHe? B okpyxaloiiiem Hac Mupe.

CKoJbKO BpeMeHHM IpojioikaeTcs npouecc TBopeHus?

Bor ycramu E3npst ckazain: «M60 Bek moTepsiji CBOIO IOHOCTb, M BpeMeHa MpUOIMKAIOTCS K CTa-
POCTH, TaK KaK BEeK pa3Je/I€H Ha ABEHAALIATh YacTeil, U IEBATh YacTel ero U MojI0BUHA IECSATON 4acTu
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y’Ke MPOIUIH, U OCTAETCS TO, YTO MOCIIe OJIOBUHBI iecsATor yactu.» 3 Eznpel. 14—10, 11, 12. Bee-
JIEHHOM OCTaJIOCh CYIIIECTBOBATh HEMHOTHIM OoJiee AByX YacTell OTBEAEHHOTO BPEMEHH.

ITo cytn, Hayka u3yuaer bora B Tex wim uHbIX Ero nposiBiieHusAX U eme yauBIsgeTcs, oyeMy
B [Ipupone Bcé Tak MOAOrHAHO U1 BOBHUKHOBEHUS BELLECTBA U KU3HU. [IoTOMy M oorsaHo, 4ro
Bcenennas — 31o BHyTpeHHee HanoiHeHue bora.

*...Mos nyma Bpeinuia! BHadane Bce 3TO ObUIO OYEHb TSKENO, HO 3aTeM s yBUIET OuYeHb
sapkuit cBeT. Kazanock, 4to cHavana oH ObLT HEMHOTO TYCKJIBIM, HO 3aT€M CTaJl MOITHBIM CHSIHAEM.
U teruto ot Hero nepeaBaiochk MHe: 1 YyBCTBOBAJ MYIIEBHYIO TEIIOTY. .. Ml HeoObIUaiiHasT APKOCTb:
OH IOKPBIBAJI BCE U, OJHAKO, HE MEIajl MHE BUJETh BCE BOKPYT: OIIEPAllIOHHYIO, Bpayel U cecrep,
Bce. S1 oTUeTIMBO MOT BU/IETh, M OH He clienul... * ...CHavaJia, KOrjia BO3HUK 3TOT CBET, sl HE COBCEM
noHumai, 4yro npoucxogut. Ho norom OH cnpocus MeHsl, — rOoToB i 1 ymepeTb? CBeT roBopui
CO MHOM, 3TOT TOJIOC MTPUHAJJIEKAT UMEHHO eMy. .. Sl 4yBCTBOBaJI ceOsl MO-HACTOSIIEMY XOPOIIIO —
B 0€30IaCHOCTH 1 OKPYKEHHBIM JTIOOOBBIO. JII0OOBB, UCXOMAIIAS OT HETO, — ITO YTO-TO HEBOOOPA3U-
Moe, Heonicyemoe. *... u3 kHuru P. Moynu*xusHb rnocie xu3Hu™

Kak CBET cotBopun Bcenennyio, unraiite naniee.
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2.BBenenne

JlaHHast paboTa CTaBUT CBOEH LIeJIbl0 MOKa3aTh YCTPOMCTBO OKpYy:Kaolero Mupa u He CTaBUT
LIeJIbIO OITMCaHUe B3aMMOAEHCTBHIA C TOMOIIb MATEMAaTUKU.

MaremaTtryeckoe 0OOCHOBaHHUE MPUPObI TEX WM UHBIX SIBJICHUH TpeOyeT MpOBEICHUS ThICSY
SKCHIEPUMEHTOB, UTO BBIXOJIUT 32 PAMKH JIJAaHHOH pabOTHI.

C nérkoit pyku yBaxaemoro A. DiiHiteiiHa Dpup Obu1 yaaneH u3 ¢pusuku. OnHaKo B mocre-
AYIOILEM pa3BUTUM (PU3UKHU MPUHSIIM Ha BOOPYXKEHUE TaKoe MOHATHE, KaK «(PU3MUECKUI BaKyyM».
Mo, mycToTa, HO HallOJTHEHHAsI MHOKECTBOM YacCTHIL U MOJIEH, B T.4. U BUPTYAJIbHBIX, POKJIAIOIIXCS
u rcuezaonmx. OIHAKO STOro OKa3aaoch HeIOCTATOYHBIM 11 OObsICHEHU s peasibHoCTH. Ha momortis
MIPU3BAJIM TEMHBIE MATEPHUIO U SHEPIHIO, KOTOPBIE, KaK U D(Up, HEBO3MOKHO HAaUTH U UAECHTU(]U-
uuposaTb. Ho u 3T0r0 okasanock HeaoctaroyHbM. [103TOMY Ha oMolIb MpU3BaIM O0KECTBEHHBIH
0030H Xurrca, a BMECTe ¢ HUM U 10JIe, OTBevaroliee 3a Maccy. MarHUTHOMY MO0 IPUIKCAIIA CBOM-
cTBO ocoboi Marepuu. Kazanock Obl BCE, pealbHOCTh MOKHO OOBSICHUTH C TIOMOLIBIO TTPHUBJICUEH-
HbIX cymHocred. Ho Hetr. Oka3anock, 4TO HyXKHO BBECTH €LIE HECKOJIbKO vyacTHll. [la 1 akcHOHHas
Marepusi, BAPYT OKa3anach BocTpedoBaHHOM. Ceifyac JyMaioT BBOAUTD B (PM3HUKY OCOOBII BUJI CTPYH,
OTBEYAIOIIMX 32 BCIUIECKH B pajMoauanasone. BocrpeboBaHbl CTpyHBI /151 OOBbSICHEHHSI YCTPOWCTBA
BerecTsa. Jlymaio, 4to nepedeHs OyAeT MPOAOKEeH, XOTsI Obl IIOTOMY, YTO TpeOyeT OOBSICHEHHS TO,
U3 Yero COCTOST CTPYHBI.

B nanHoO# cratbe-MoHOrpaduu npeanpuHsTa MOIbITKa 00bSCHUTH YCTPOICTBO Mupa ¢ momo-
1IbI0 OJIHOM CYIIHOCTU-D(Pupa.

«OpHa u3 Ipo6eM, KOTopasi C CaMoro Havyajla My4aeT TEOpHIo, 3aKJII0YAETCS B BOIIPOCE O COOT-
HOILICHNUH MEX/ly pealbHOCThIO U popmamzMoM. PusrKa JOKHA ObITH Oosblle, YeM Habop (op-
MYJI, ... OHa JJOJDKHA JaBaTh KapTHUHY TOTO, KAKOBA PEaIbHOCTh Ha CAMOM JIeJIe».

«OnpeaeauTb, MOTYT WJIH HEeT Pa3Jjd4yHble YaCTHIBI, H CHJIbI OBITh 00beJHHEeHbI
B TEOPHIO, KOTOPasi 00bSICHsIET HX BCe KAK MPOsIBJIEHNE eIHHCTBEeHHOM, (PyH/IaMeHTaJIb-
HOU CYII[HOCTH».

Bort 1 nonbiTaeMcs 310 cAenaTh, JaB HEKOTOPBIE ONpeAeIeHHs.
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3.0cuHoBanus Bcesiennon

Adup-uesuaumas HerpepsiBaass CyOcTaHIMs, TO €CTh TO, YTO JISKUT B OCHOBE BCEro; TO,
YTO CyHIECTBYeT Orarozapsi camoMy cede u B camoM cede. 13 stoit CyOcTaHIMM cO31aHO BEIIECTBO,
T0JIs1, YaCTHILIBl U BCE mpoyee. DPUp c:xumaeM, o0aJaeT IIOTHOCTBIO U MTPOYHOCTBIO. KUAKOCTb.
Ero moxHO pasopsare. Bee 3aBucur ot riorHocty D¢upa B Bewectse. [1o cytu, mioTHOCTh Belle-
CTBa OIpeJesIsAeT 3aNoMHAIMNA ero Ddup. B cBaA3m ¢ TeM, 4to Ddup sABigeTcs 0OCHOBOM Beero, OH
spisercss oOMeHHoW CyOcTaHIMel BO BeeX sIBJIEHUSAX, MPOLECCaX, PeaKLUsX.

CBET-Ilepepoxaénnsiii Ddup, Heuaumast Henpepsisaas Cyocranims, Ddup Oyaymieit Bee-
nenHou. CBET npomnon Beenennoit B coBpemenHon Beenennon ects dgup. Ilo cytu, nporcxogur
yepea nepepoxeHus BeeneHHOM.

Annurnisimus-npouecc nepeposxaenus dgupa B CBET. Ilo cytu CBET 310 BeikaThiil Dup,
€ )KMBIX — 9TO HEUTPUHO. AHHUTWIISALIMA NTPOLIECC OTKMUMa DPUpa, KOTOPbIM OCYLIECTBIISIET BEILE-
ctBo. [lo ¢akry, Bo BceneHHOI MPOMCXOAUT TOJIBKO OJUMH NMpoLeccC-aHHUTWIIsALMsA. Bee ocTtasbHblie
SIBJICHUS CITy’KaT [J1s1 MOJJIepKaHusl 3TOro Ipoliecca (IpaBUTALMSA) WK SABJISIIOTCS CIIEICTBUEM ITOTO
nporecca.

IIpocTpancTBO-dopma cymecTBoBaHuA Dpupa.

Bpewms-npouecc annurmnsanmu (nepepoxaenus) ddupa B CBET. Korga Beck dup neperiger
B CBET, Bpems ocraHoBuTcs, 1 Beenennas npekparur cyiecrsoBanue. ViIMeHHo 3ToT nponecc (pop-
MUPYET BCE U3MEHEHUs PeanbHOCTH, YesloBeKa, BEIECTBA. DTOT MPOLIECC CTApUT ITPEAMETHI, Teja,
YyeJioBeKa, )KUBOTHBIX U TIP.

Bceaennas-popma xuszau dpupa u CBETA.

Cuna-dopma nposienenus apuxenus ddupa. T.e. nepemerasch Ipup BOBIEKAET B IBUKE-
HUE YaCTUIIbl, TeJIa, IUIAHETHI, 3BE3bI U TaJIaKTUKU. ECIM 4TO TO OBMXKETCA, TO 3TO ABUAKET DpUp.

Macca-mepa B3aMMOAENCTBUS WX BO3AEUCTBUSA YaCTHULL, T U Mp. APYT C IPyTrOM WIXA JPYyT
Ha Jpyra. DTU B3aUMOJAEHCTBUSA OCYILIECTBIIAIOTCS TOCPEACTBOM IOJIEN.

AHeprusa-dopma nposiBiaeHue neicTeus cuibl. Eciu ects AeificTByomas cuia B KrI, TO €CTh
U TIepeMelIeHUe B M ¢ yckopeHreM M/cek?2. [1o cyTu, sHeprus — 310 XapakTEpUCTUKA JBUKECHUS.

KBanT (poton) -yactuna u3 ddupa na CBETA. Ksant uz CBETA - 310 (poTOH BuanMoro
n3nydyeHus. KBaHTbI Jpyrux Auana3oHOB U3Ty4YEHUS COCTOAT U3 Ddupa.

I'paBuTanus-npouecc HarHeranus Ddupa B Heapa 1waHeT u 38€31 CBETOBBIMMU noto-
kamu. CBETO2dupHbI IOTOK 3T0 AkeT. VI3 MHOXECTBA TaKMX IKETOB COCTOMT I'PABUTALIMOHHOE
nosne 3emMin. CBeT HarHeTaeT DPup B HeOpa, a JBMKYLIMKCA B Hegpa DpUp NMPUTAIKUBAET Teja
K nosepxHocTu 3emiu. BemectBo B Henpax nepesoaut D¢up B CBET. lanee CBET usnyuaerca
U TIporiecc OyeT MpOIoIDKATCs O TeX Mop, Moka Bech Ddup He nepeiaer B CBET.

IHoas-popmel aBrxeHnsa Ddpupa. O rpaBUTALMOHHOM NOJIE A HaNMCAJl. MarHUTHOE I0JIE€ 3TO
TOPOBOE JABUAEHHE D(PUpa. DIEKTPOCTATUIECKOE U NIEKTPOMATHUTHBIE TOJIS — 3TO IPAaBUTALIMOH-
HBIE TTOJIS1 YaCTHIL] IEKTPOHA WM ITpoToHa. [loss, nMeronye pa3Hylo INIOTHOCTh D(upa, HE B3aUMO-
AefcTByOT. EciM III0THOCTB 1M0J1el OMHAKOBA, TO B3aUMOJEUCTBYIOT. Tak B3aMMOJIEICTBYIOT JJIEK-
TPOCTATHUYECKHE MOJIS M IEKTPOMarHUTHbIE IIOTOMY, YTO MOJISl YaCTHI] IO TUVIOTHOCTH OJJMHAKOBBIE.

HBuzkenne tea-1. Cinegcreue norepu ddupa. Teao HauMTaeT IBUKEHUE TOIBKO B TOM CIIy-
Yae, eCcJIi HAYMHAeT TepsATh DPHUp, T.€. TP MoTepe «MaccChl». [Ipr KaKHX MpoIieccax T0 MPOUCXOAUT?
B ocHoBHOM npy ropeHnu TorumBa. Dgup, Apissack ooOMeHHoN CyOcTaHLMen, MOAJePKUBAET rope-
HUe TorumBa. 171 nogiepxxanus ropeHust pup 06epercs u3 okpyxeHus. M npexe Bcero u3 pakeTsl,
camonéra, aBToMoOmIs. TOJMBKO TIPH TOTEpPE «MaCcChl» MOXKHO STH amlaparhl BHIHYJUTh JIBUTAThCS.
[Ty neTuT He MOTOMY, YTO €€ BBITOJKHYJIM rasbl, IOTOMY YTO OTJaJla YacTh «MacChl» Ha TOPEHUE
nopoxa. J[IBuxeHue He CBOWCTBO, a CJIeJCTBUE BOBJICUEHUS B ABWKEHUE TeJl ABMKYIIMMCS IIOTOKOM
Sdmupa.

10
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Tenuiora-cneacreue annuruisauuu Dpupa B CBET. Bosnbliie HUKaKuX MPUYMH 151 TOSIBIEHUS
TEIJIOTHI HeT. TerioTa npucyia BemecTBy, T.K. TOJIbKO aToM MoxkeT nepeBoauts Dup B CBET. bes
BEIIECTBA MPOABJICHUE TEIUIOTHl HEBO3MOXKHO.
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4.0nmucanne Jdcupa

Cymecteyer MupoBas CyOcranuusa-D¢gup. BronHe camocrosTensHass u pasymHas. OH
(2¢up) NOHMMAET, YTO HECOBEPIIEHEH. B TOM CMBICIIE, YTO HAIOJHEH HEraTUBHOW MH(OpMaLUen,
KOTOpasi BIMsET Ha cymecTBoBaHne CyObeKToB BHYTpH Dupa, HO cocTosAMX U3 Ddupa, Tak cKa-
3aTh, AyxoBHble CyliHOCTU. B KOHIIE KOHLIOB, OH NpUHUMAET pelleHre N30aBUThCS OT HEXOPOILEH
nH(pOpMaLMK NMYTEM CKaThUs €€ U KoHcepBalmy. CHavasla KOHCEPBUPOBAHUE IPOUCXOAUT 3a CUET
(pnykryarmii. HeratusHasa nundgopmanus cocpenoraunsaercs B HeuTpuHo, a CBET cranoBurcs oun-
nieHHBIM DpupoM. Ilotom coszparorca yacTuupsl (BemecTBo), kotopsie nepesogar Jgup B CBET.
I'paButanima (CBETOBBIE noroku) HarHetaet B BemiectBo Ddup, rae OH nepeBoaurcs B CBET.
®nopa u dayHna Toxe nepesonut Ipup B CBET. Bo BeeneHHoM MponucXoauT TOIbKO OIUH IPOLIECC
nepexona d¢pupa B CBET. pup-Oren, CBET-Crin. CBET opranusyer Bce npouecchl Bo Beenen-
HOMU.

Jlnst onmcanus ycrporictBa Mupa nocratrouno onHoit CyOctanimu u 3toit CyOcTaHIuen siBis-
ercst DuUp 3anoNHSIONIMNA BeCh 00BEM O] TBEPBIO.

O cBoiicTBax Dpupa, ¢ TAKUM YCIOBHUEM, YTOOBI BCE MHOrooOpasue (hopM U SIBJICHUI OKpyXKa-
IOLLETO HAC MUPA, SABJISAJIOCH CJIEICTBUEM CYLIECTBOBAHUSA TOJIBKO OJHOM CYyHIHOCTH Dupa.

D¢dup obnasaet onpeeIEHHBIMUA CBOICTBAMU, KOTOpbIE MO3BOJIAIOT EMy TBOPUTH BCE MHOTO-
oOpasue (popM U sIBIEeHUI OKpykaroriero Hac mupa u3 Ceosi-Camoro.

OcHoBHoe Ero cBoicTBO HEMPEPHIBHOCTb U CIIOCOOHOCTh UMETh PA3HYIO INIOTHOCTb, YTO 03~
BOJISIET MCKJTIOYUTH 0OpPa30BaHKE MyCTOTHI BHYTPU 00bEMA, 3aHMMaeMoro Spupom. O6bEM, 3aHNMA-
embli D(PUPOM, HayKa Ha3bIBAET IIPOCTPAHCTBOM, UTO SBJISETCA (POPMOM CyLLECTBOBaHUA Ddupa.
dopmupoBanue CTPyKTyp B D¢upe NMPOUCXOIUT 3a CYET U3MEHEHUS TUIOTHOCTH Dupa B onpene-
J€HHOM obnacTtu. Ddup oOpasyeT BUXpH, TEUEHHS U CTPYH, T.K. SBJISETCS KUAKOU CPEION.

Honyctum, uto Dcup ObLT ObI AUCKPETEH, T.€. COCTOSUT U3 OYEHb, OUEHb MEJIKHX YacTull. CMo-
K€M JIU MBI C IOMOLIBIO €10 OOBACHUTD I'paBUTalini0? CMoxeM. [IBUKETCS B HEHTP 3eMJIM U yBJIEKAET
CBOMM JIBM)KEHHEM TeJla, PYKMMAast UX K MOBEpPXHOCTH 3eMir. CMOKEM JIM MBI C €70 TIOMOIIBIO0 00b-
SICHUTb CUJIbHBIE, ClTa0ble, OOMEHHBIE U MOJNIeKyIIsipHble B3aumozeiicTeus? He cmoxeM. UToObl 00b-
SICHATb 9TU B3aMOJICHCTBUS, Mbl JOJUKHBI OOBSICHUTD, KaK OCYIIECTBIISETCS CBSA3b MEKIY YaCTHY-
kamu Dpupa. Ecim mexny yactuukamu Spupa He OyAeT CBI3U, TO M B3aUMOAENCTBIE HEBO3MOKHO.
Ecnm pa3pesats OyKCHPHBII TPOC, TO CMOKEM JIM Mbl OyKCHpOBaTh aBTOMOOWITL? HeT. 3HauuT HyXKHO
BBOJUTH HOBYIO CYIIIHOCTb, a 3TO ITPOTMBOPEUYMT HAllEMy ME€pPBOHAYaJIbHOMY YcJI0BUIO: CyIHOCTB
TONBKO ofiHa. [ToaTtomy Dup-HenpeppiBHas CyOcTaHIuS.

Mex 1y aTOMaMu ¥ MOJIEKY/IaMH HET BUAMMOM CBS3U, HO BEILIECTBO (JII000€) COMPOTUBIISAETCS,
KaK pacTsKEHMIO, TaK U CKATHIO.

Marepwusi, M HE3HAYMTENIbHAS YacTh BCeslleHHOM, HO MIOTHOCTh MaTepuy OOJIbIIIE TJIOTHO-
cty D¢upa, HAOIHAIOIIETO IPOCTPAHCTBO (HAOIOATENBHBIN (DaKT), 3HAYUT, DPUP JOTKEH BKIIIO-
YaTh B ce0s1 ¥ TAKOE MOHSTHE KaK IUIOTHOCTh. YeM BhIIle IUIOTHOCTD, TeM OOJIbIIe MTPOYHOCTh Ddupa.
Dup JOKEH UMETh CIIOCOOHOCTH YIUIOTHATHCS M CHUKATh ITIOTHOCTD 10 OECKOHEYHO MaJIbIX BEJIH-
YuH. DPUp pa3HOW MJIOTHOCTU JOJIKEH CBOOOIHO IMPOHMKATh JAPYr CKBO3b JIpyra He Hapyllas reo-
MeTpur 00pa30BaHUi (BUXpel, aTOMOB, MOJIEKYII).

Ddup cocTouT U3 IByX KOMIOHEHTOB-TEMHOIO dpupa u CBETA. B Henpax 3BE€371 U TUIaHET
Adup nepepoxaaerca B CBET, 1.e. annurmnmpyer. CBET aktrBHasg komnoHeHTa D¢upa, U3aydasich
BUXPEBBIM ITOTOKOM M3 Heap 3B€31 U 1uiaHeT, CBET Harneraer 9¢up B Heapa.

Annurmanms ects nepepoxaenue d¢pupa B CBET.

Bcé BemectBo Beenennou cocrout u3z Ddupa. Bee nonsa Bo BeeneHHON ecTh ABMKYLIMECS
DcpupHble obpazoBanus. Jlioboe ABMKeHHE MaTepry BO BeeneHHON 00yCIOBIEHO MepeMenieHreM
IIOTOKOB Dpupa.

12



I1. . AxkoBanues. «Bcenennas — ¢popma xusnu bora. Teopus Beero»

5. CTpoeHnue yacruil, Jexaimmux B ocHoBe BemecrBa

Bnauasne 6b110 CioBo, 1 CnoBo 6b110 y Bora, n Ciioso 6b110 Bor.

CrnoBo-310 [lyX, KOTOpBI BhI3bIBAaET ABMkeHUE B Dupe. B nanHOoM cinydae CioBo BbICTYIIAET,
KaK OCHOBA CO3aHus ABUAeHUA B Ddupe. IMEeHHO ¢ nepBoro ABUKEHUS BCE U HAYaJIOCh.

«1 ThMa HaJ 6e371How, 1 [lyx Boxuii Hocuiics Haa Bofo.» Beitue 1 riasa.

Ilepsas piykryanms miuorHoctu dpupa, nossonusuiasg dpupy neperntu B CBET, u ects nep-
BOe JielicTBre BKIouuBILee BpeMs. Dup nepepoanica B CBET, a CBET nauan Tsoputs Beenennyio
C €IMHCTBEHHOM LIeJblo U Aasibliie nepeBoauts Dpup B CBET. B nannom cinydyae CJIOBO BeicTynaer
Kak JefCcTBIE MHULMUPYIOILEe Ha4alo eJUHCTBEHHOrO IpoLiecca

B0 Bceenennoii nepexon S¢pupa B CBET. CoOcTBEeHHO, 3TO A€HCTBUE U TBOPUT BCE.

W3HavansHO Dup 3aHUMAT BeCh 00BEM M IMEJT OIMHAKOBYIO TIIOTHOCTh. OIHAKO B 3TOM 00b-
éme npoucxoauau (urykryarmu miotHocty d¢pupa. Cmorpure Puc.1. U kak cnencreue urykryarnmi
Adupa nonmyunnach JUCKPETHasA yacTula D(pUpa-HEUTPUHO ¢ D(PUPHBIM BUXPEM, KOTOpas MOJy-
YmnJia Ha3BaHUE 3JIEKTPOH (1mo3uTpoH) Puc 2.

Ho onHOro snekrpoHa (Mo3UTpoHa) HEIOCTATOUHO 1S TTOTyYeHUsI BEIIECTBA.

HyxeH npoToH 1 HelTpoH. JIOrMYHO MpeanoNoKUTh, YTO MPOTOH M HEUTPOH ObLIM CO3/1aHbI
YK€ U3 UMEIOLMXCS YaCTUL], KaK MPOJOJIKEHUE YKPYITHEHUS CTPYKTYPbI yKe U3 UMEIOLIerocst Marte-
puana.
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I1. . AxkoBanues. «Bcenennas — ¢popma xusnu bora. Teopus Beero»

OnyKTyanuu IIoTHOCTH Ddupa.

'8
Hmeem obBEMEI IIOTHOCTH B
bonemeM obeéme

Py

§ Pnyrrvainm B obeéme Sdurpa

D

\&:g_f"i I'paunia moesimeHHOA
M
TIIOTHOCTH FQUpa

JoHA paIpoEEHHNT

Ecnu rpanmiia moBsImeHHO IOTHOCTH Jdirpa
MMEeET OTHOPOTHVED TTOEEPXHOCTS (KOHQNT YPALTHED)

}1
b

TO BE MOMEHT, EOTa 3Heprid QIyETyariim
MHHHMAaNBHA, CIeOyeT YIap HIBHe

S X
AL

M TaK poXdaeTcd HeHTpHMHO-9ACTHLIA ¢ CaMoll EBICOKOI

= V  nnotmoctero dupa u xeant CBETA
HE HHO

X Hefitpuno, chopMHpOBaE BHXPE H3
} SfMpa CTAHOBMTCA NISKTPOHOM.

Puc. 1 ®Paykmyauuu naomuocmu Igpupa

Crenyommum 3TaroM B CO3/IaHUH BEIECTBa, ObLIIO CO3aHNe MO3UTPOHMSI, HEOOXOAMMOTO IS
(bopMHpOBaHKS KPUCTAITMIECKOH PEIIETKY MPOTOHA M HelTpoHa. Heobxomumo ObUIO0 COeaUHNTD
3JIEKTPOH M MO3UTPOH B eiMHOE 1iestoe. [Jist 3Toro HeoOXoauMa BEICOKas TeMIlepaTypa U JAaBJIeHHE.
Temmneparypa HeoOxoauMa AJIsl TOro, YTOOB! OCTaOUTh DPUPHbIE BUXPU IEKTPOHA U MO3UTPOHA,
a JaBJIeHUE HYKHO [UIsl UHTErpallii HEUTPUHO IEKTPOHA U MO3UTPOHA APYT B Ipyra.
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DtupHEBLT
EHXpPE

=
l'ﬂ:-_C g_—'l’?r

HDSI’I'I‘P 0H OTIIHAeTCA

ol L
[ TOMBKD HATTPARTEHHEN
Ll |  EpAaNIeHNA EICPA.

7
F

——  HefiTpuHO

IMnoTHOCTs 3HPa E EMEpE 0 Mepe NpHOITHeHNIA K

HefITPHHO CTPEMITECA K MAKCHMYyMY Pamiryc Hirem
He OTpaHITIeH.

DJIEKTPOH

Puc 2. Inexmpon. Ilpedcmasasem codoil uacmuyy-Helumpuno ¢ suxpem Igdupa, komopuwil

ecmb 2pasumauuoHHoe noae 3moii uacmuusl

[Tosutponuii

HelTpHHO

HEHTPHHO
P, AN

P .

Puc.3 Ho3umponuii-uacmuya cocmoawas u3 31eKmpoHa u no3umpona
g cospanua nos3utponnss CBET KOHLEHTpUpYyeTCs B IIApPOBOE CKOIUIEHHE, BBIITYCKAET JIBa
IKETa ¥ HarHeTaeT B IapoBYI0 00JIACTh MEKTPOHBI U MO3UTPOHBL. [10 Mepe MpoIBUXEeHUS TEKTPO-

HOB U MO3UTPOHOB 10 JIKETY CO3AAETCA BbICOKAs TeMIeparypa U jaasieHue. IIpouecc nmpoucxonut

MPUMEPHO Tak: [51]
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I1. . AxoBanueB. «Bcenennas — ¢opma xun3nu bora. Teopus Beero»

Active Galaxy 3C 264 (NGC 3862) Hubble Space Telescope = ACS/WFC

NASA and ESA

1994

1996

5TScl-PRC15-1%a

Puc.4 Komnvromepnas anumauusi npoueccos 8 oiceme.

CHavana opMUpYyIOTCSl AySHEUTpUHO Puc.3, a MOTOM MPOTOHBI U HEUTPOHBI U3 TAKMX 0Opa-

3oBanuii Puc.5:

[TocTpoeHHe KPUCTAINIHYECKOM
PEMETKH IIPOTOHA

f’l:;)

%::73 JEa EMEpA IOSHIPOHIEE
' J:’s:‘} MOTYT VIEp&IEATE

5= .~ MU 3eKTpOH,

§ S FUTH ITOSHTPOH,

FITH TTOSHTP O

. g
~  lozutpomnuii [MoamTpormii
(mysuefitpumo) (mvaueiiTpuHO)

Puc.5 Bzaumooeiicmaue 08yx no3umpoHues 8 Kpucmaniuueckoil peuémke npomona
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I1. . AxosanueB. «Bcenennas — dopma xusnau bora. Teopus Beero»

TIpoToH
KpucTanmideckas pelnéTra COCTONT H3 MO3HTPOHHEB,

AMCKTPOHOB H MO3HTPOHOE.

[lozmTpon 1 ero mone

Pe
w
Binps. 2
Sdupa 3
TMoasrTposmit 6Ly

T paBHMTALIOHEEIE BIXPH J* &
n:lnmmneﬁm_m i "kq,‘{_'
MOIMTPOHHER : L;I_‘M i

P1-30Ha MOHICHEHHOA MIOTHOCTH
BHYTPH MPOTOHA

Puc. 6 IIpomon

[IpoToH B KOHEYHOM HTOre BHINIAOUT Tak: Puc.6. V HeiirpoHa Puc.7 mo3utpoH Haxogurcs
B LIGHTPE U €ro IPaBUTALIMOHHOE I10JI€ HEUTPAIN3YyeTCs 10JIeM /1eKTpoHa. [IpumepHo Tak:
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Heitirpon
KpHCTH.]'I.]IPI‘-IE:CKH_F{ pemé’ma COCTOHT H3 IIOSHTPOHHEE,
JIEKTPOHOB H ITIO3HTPOHOE.

SNEeKTPOH, ITONE EOTOPOTO
Brorpyer mone mosMTpoHa

P1
Buzxps
Sifmpa b
[osuTponmii L
[ paBUTALMOHHEIE BHIDH ' -
B3aNMOOciicTENA -2, & P, 3JOHA BEBICOKOR
MO TPOHMEE | [ : MIOTHOCTH

o e
P1-z0na moHMHeHHOM IIOTHOCTH
EHYVIPH peMETEH

Hefitpou pacniomaeTca Ha IPOTOH KM 3ISKTPOH, JEETPOH TepaeT
9acTe J{pa CEOSro IPAEMTALIHMOHHOTO IT0JE, YTO TPAKTVEeTCH,
EAK BEIDpOC HeHTpHHO.

Puc.7 Ilpumepnas cxema neitmpona

18



I1. . AxoBanueB. «Bcenennas — ¢opma xun3nu bora. Teopus Beero»

ITpuMepHas cXeMa pacriaia HeliTpoHa

[ paemTainioHHoe (BMXpeEOE) E3aNMOeHCTENE

MOZHTPOHNER

TTosuTponnn
PAEMTALIMOHHEBI

- BHXpPB JIEKTPOHA
I paemMTaLMOHHEI

BWXDE [TOZMTPOHA

1 cranuq

Ocnabnentie rpaEMTAIMOHHEIY CEAZEH MY
MO TPOHMAMH B EDHMCTANNINYECEOH peméeTre

Heiitpuao

MecTo snexTpona saHMMasT

MO3MTPOH
3neETpoH TepaeT

qacTe JfHpa BHxpa
Ha3BIEAEMOTO
Hell TpHHO.

2 cTagusA-paspeIB CcBA3eil.

Puc.8 Cxema pacnada nelimpona Ha RPONMOH, I1eKMPOH U HELLMPUHO

Tak ObUIM CO3[AHBI JIEMEHTAPHBIE YACTHIBL. Takoe yCTpOWCTBO YaCTHUIl MOXKET OOBSICHUTH
JIEKTPOHEUTPATIBHOCTh aTOMA, HAJIMYME 3apsJIOB Y TeJl U UX OTCYTCTBUE y JIEMEHTAPHBIX YACTHII.
[TposicHuT cruH 37MeKTpoHa U NpoToHa. [1o3BOMUT pa3oOpaThbesi ¢ OECUMCIEHHBIM KOINYECTBOM

YaCTHII, OTKPBIBAEMbIX HAYKON HA YCKOPUTEJISIX ¥ MHOT'O YEro eIlg.
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6.Co31anme aj1eMeHTOB Ta0JMILI MeHgeeeBa

DNeKTpoH

HpcimH

“AtoM BOOOpOIa

Puc.9 Amom é00opoda. Inekmpon 08usicemcs no nepumempy 2pasumayuoHHO20 NOAsL nPo-
moHa. Imum obdecneuusaemcst HelMpPALbLHOCHL AMOMA, 8UXPL INEKMPOHA ONOKUPYen 8UXPb
npomoHa.

Co3naHue 371eMEHTOB BEILECTBA AHAJIOTMYHO CO3[JaHUI0 MPOTOHOB U HEeWTpoHOoB. IllapoBas
oonacte CBETA BBITTycKaeT JiBa JiKeTa, KOTOPBIe BCACHIBAIOT U3 OKPYKAIOIIETrO MPOCTPAHCTBA JJIEK-
TPOHBI, IPOTOHBI U HEUTPOHBL. [10 Mepe mpoaBUkKEHUS MO KETy U3 HUX (POpMHUpYeTCsi BOAOPOL
u remmii. Ha Puc. 9 nzo6paxén atom Boopoza.

W3 Takux CTpyKTYyp CO3AaHbl BCE aTOMbI XMMHUYECKUX 31eMeHTOB Puc.10.

Co3aHue aTOMOB JIEMEHTOB OIPEIeJIEHHOTO NIEPHO/Ia IPOUCXOAUT B OINPEEIEHHBIN STall pas-
BuTHs Beenennoii. Kaxnomy neprony aToMoB Belectsa Tadiuibl MeHeneeBa COOTBETCTBYET CBOM
stan pa3Butusi Beenennoit. Co3aHue aToMOB BEILLIECTBA IPOUCXOAUT B JIKETAX.

Ha onpenenénHoM 3tane pa3BUTHS IajlaKTUKH, 3BE3/Ibl U IJIaHETHl (POPMUPYIOTCS aHATIOTHY-
HBIM 00pa3oM. [IBa IkeTa BCachIBAIOT U3 OKPYKAIOIIETO MPOCTPAHCTBA XUMUYECKUE IEMEHTHI TIep-
BOTO, BTOPOTO, TPEThEro M YeTBEPTOrO meprosoB Tadmiel MenaeneeBa. B mxerax dpopmupylorcs
3BE3[IBI U TUIAHETAPHBIE CUCTEMBI U BHIOPACHIBAIOTCS B PyKaBa.

Tonbko Ha 3TOM 3Tane NOsIBJSIIOTCS 3BE3/IbI U IUIAHETHI ¥ TOJIbKO Ha 3TOM 3Tarie popMUPYIOTCS
UX TpaBUTALIMOHHBIE 110J151. Kpome Toro, Ha 3TOM 3Tane co3JaHo CI0KHOE BEUIECTBO, T.€. COCTOsIIee
13 HECKOJIBKUX XMMUYECKUX JIEMEHTOB.
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SHEPFETH'-IECKHE YPOBHH aTOMOB
XHMHYCCEHX 3JICMCHTOB.

EpacHemT-opOHTE] 3MeKTp OHOE
CrHEnml-rp aEHTAIOHHEIS TIOTA
TIPOTOHOE I SIeKTPOHOE

IIpoToHE! PACTIONOTANTCA TI0 Hepid epin Anpa,
HeiTTpOHBEI EHYIPH A0pa
. I'paenrammosmele
& -[IPOTOHEI

r
7 ) nona snexTpoHOE
~ | |
@ -HellTp OHEI :

Puc.10 Cmpyxkmypa amoma. Ilpumepnas cxema pacnonoxicenust IHepzemuuecKux yposHeii
6 amomax
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7. Ilpupoaa rpaBuTanusa

B Ilpupoge Bce€ anemenTapHo nmpocro. CymectByot ase cpeabl dpup u CBET, kotopsle ABiA-
101cs1 ocHoBOM Muposnanusa. CBET, uznydasce BUXpEBbIM IIOTOKOM, HarHeTaeT D¢up B HeApa IUla-
HET U 3BE3[. [Bmxymmiica Dhup B HEIpa U €CThb NPUYHMHA NPUTAIKUBAHUA TNl K MOBEPXHOCTU
3EMJIM.

Kak 6b110 paccmotpeno Boiite. [Ilapooe ckorienre CBETA BBIOpocHB JBa keTa HarHETaeT
B 00JIACTh M3 OKPYXKAIOIIETO NMPOCTPAHCTBA PaHee CO3JaHHble 1eMeHTHl. [Io Mepe MpoXokIeHus
IO JKETY U3 3JIEMEHTOB (POPMUPYIOTCS 3BE3/bI U TUIAHETHI, U3 KOTOPBIX B LIEHTPAJILHOM YaCTH CO3/a-
I0TCSI 3BE3/IHBIE CUCTEMBI U BbIOPACHIBAIOTCS B PyKaBa TaJIaKTHK.

PaccmoTpum sKcniepuMeHTaIbHbIE JaHHBIE.

Iurara [69]:

3.4. ®pakTaisl B IUIa3Me.

B pa6ore [10] uccnenoBanuchk HEOObIYHBIE (PU3MYECKHE SIBICHHS B IUIa3Me, MPUBOISIINE
K TIOSIBJICHUIO B Hell (PpaKTaIBHBIX CTPYKTYpP. DbIIo 0OHapykeHO, YTO KBa3MHEUTPaIbHOE COCTOSI-
HUE I1J1a3Mbl CMEHSJIOCh YOpsAA0UeHHBIM cocTostHueM [10]. OOpa3oBaBiimecs: pery/sipHble CTpPyK-
TYpbl UMeJM (PPAKTAIBHYI0 3aKOHOMEPHOCTb, IIPUYEM (ppakTajbl B IUla3Me MPOSBISINCH B MaK-
pockorueckoM MaciiTtade. B Makpo Maciirabe CTpyKTyprpOBaHHasI IIa3Ma MpeCTaBisiia coOon
JBE€ CHMMETPUYHBIE CCTEMbI, HATOMHHAIOIUE 10 (popMe BIIOKeHHbIe KOHYCHI (puc.1). B ¢pakrtasib-
HBIX CTPYKTYpax BU/IHA XapaKTepHasi 3aBUCUMOCTb, IOCTPOEHHAs 10 MPUHIIMITY YIBOEHUS NepHoja.
Ha yHuBepcanbHOCTb CLieHapusl YABOEHHU S IIEPUO/Ia B CUCTEMaX, UMEIOIIUX Xa0THUECKOe NOBEICHHE,
oOpaTii1 BHIMaHMe B CBOMX HccieioBaHusIX BerinienOaym [11].

Takum 06pa3zoM, B IIa3Me, BMECTO XaOTUUECKOTO TTOBE/ICHH 1, HAOIIOIAJICS] COBEPIIIEHHO OIpe-
J€JNEHHBI BUJI OpPraHU3allMi M COBEPIIEHHO OIpe/iesieHHast B3aMMOCBS3b IEMEHTOB CTPYKTYpBHI.
BrisiBIeHHas1 BBICOKAsI CTENEHb YIMOPsIOYEHHOCTH B IJ1a3Me, BCTYMAeT B IPOTUBOPEUME C TPAAULIU-
OHHbIM TOHMMAaHUEM MPOLIEcCOB B Hell. Bce 310 yka3piBaeT Ha MpOLECChl, B KOTOPBIX MPOUCXOIUT
YMEHBIIIEHUE SHTPOIUH TUIA3MBbI.

[Tna3MeHHble KOHYCBI

[lmasMeHHBEEe KOHYCH

[InazMoobpasyouMi KaHaJl

Puc. 11 Cmpyxmypa, nadarodaemas 8 naazme
Iurara [70]:
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Huxe npuBesieHbl HEKOTOPBIE PE3YJIbTaThl HAIIMX SKCIEPUMEHTAIBHBIX UCCIIEI0BAHUM, KOTO-
pble, Ha Halll B3IJIsA], TaKXke MOITBEPKAAI0T 3aKOH yMeHbIlleHus suTponuu [15]. Hamu uccnenosa-
JICh HeoObIuHbIe (pu3nveckue 3(pgeKTsl, oOOHapykeHHble B Tuiazme [15]. B mmasme Habmonanoch
MOSIBJIEHUE PETYJISIpHBIX CTPYKTYp. KBasuHelTpasibHOE COCTOSIHME IJIa3Mbl MEHSJIOCh HAa YHOpS-
noueHHoe coctosiHve. OOpa3oBaBIIMecs PeryjsipHble CTPYKTYpbl UMeNH (PpaKkTalibHblE 3aKOHO-
mepHoctu [15]. Hekotopsie otorpaduu «0TneyaTkoB» Iia3MeHHbIX (DpakTaioB, 3apUKCUpPOBaH-
HblEe Ha MUILIEHSX U3 TYTOIUIABKUX METaJIIOB, MpUBeIeHbl HUke Ha puc.l [15]. B cooTHOmEHM X
LIMPHUHBI TIOJIOC B (PPAaKTaJIbHBIX KOJIBLIEBBIX CTPYKTYpax IMPOCMATPUBAETCs XapaKTepHas 3aBUCH-
MOCTb, ocTpoeHHasi o npuHuuny Y IBOEHW S nepuona. Ha yHuBepcanbHOCTb yABOEHU S NEpUOAA
KOJIeOaHMI B CUCTEMaX MMEIOIIMX Xa0TUYECKOe MOBeIeHHEe 0OpaTiil BHUMAaHUE B CBOMX MCCIIeJOBa-
Husx Peiirendaym [18].
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Puc.12. ®Domozpapuu «omneuamros» @HpaKmarbHolx CMPYKMYp, BG03HUKAIOULUX
8 naas.me.

Ha Puc.13a cxemaTnyecku MoKa3aHbl IVIa3MEeHHbIE (PpaKTasibl, BOCCTAHOBJICHHbIE 0 «OTIIeYar-
Kam» Ha MulneHsx. Ha Puc.136 noka3aHo ceueHue (ppaKkTalbHOrO KOHYcCa U €ro TOHKasi CTPYKTYpa.

[nasMeHHNE KOHY CRH ToHKAaZ CTPYRETYpa

Mnasmoobpasyommui rRaxan

Puc. 13 ITnasmeHHble KaHAIHI 4,0

dpakTanbHble TPOSIBICHUSI B CTPYKTYpax sIBJISETCS BCEOOIIUM MPU3HAKOM JJIsi MHOXECTBA
NIPUPOIHBIX MPOsABIEHUI. PpaKTasbl MPOSABISIOTCA KaK Ha MAaKpPOYpPOBHE, TAK U HA YPOBHE JIEMEH-
TapHbIX vactul] [16, 17]. [lna3ma He okazanach UCKIoUeHueM. [losiBiieHne perysasipHbIX CTPYKTYp
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B IJIa3Me yKa3bIBaeT Ha HAIMYKE MTPOLIECCOB B HE, MAYIIHMX C YMEHbIIIEHUEM SHTPOIUH. Pe3ysbTaTsl
WCCIIeIOBAaHM S yMEHBIIIEHHSI SHTPOIUY T1J1a3Mbl MOTYT OKa3aThCsl KTIOUEBBIMU ISl TIOHMMAaHHMSI TTPO-
11ecCOB B (PU3NYECKOM BaKyyMme, PUBOIAIIMX K POKIACHHIO JUCKPETHOTO BEIECTBA U3 BaKyyMa.

Teopema KiMMOHTOBHYA MpPAaKTHMUECKW CHUMAET 3alpeT Ha BO3MOKHOCTh BO3HUKHOBEHUS
PETYJISIpHBIX CTPYKTYp B KOHTUHYYMe. B paMkax Teopun (pu3N4ecKoro Bakyyma, UCHONb3Ys S-Teo-
pemy KiimMoHTOBMYA, MOSBISAETCS BO3MOKHOCTh OOOCHOBATh BO3HUKHOBEHHE HE TOJIBKO PETYJIsp-
HBIX CTPYKTYP B KOHTHHYYME, HO U TIOPOXJEHUE TUCKPETHBIX YaCTHIl U3 HETIPEPHIBHOTO BaKyyMa.
OpHuM U3 cnencTBuil S-teopemMsl KilMMOHTOBUYA sIBJIsSIETCS BBIBOJ O TOM, YTO KOPHHU JIUCKPETHO-
CTH Clle[lyeT MCKaTh B HEMPEPbIBHOCTU. 3aKOH YMEHBILICHUsI SHTpoNuu KIMMOHTOBUYA JaeT KJTod
K pa3peleHuio (pyHIaMEeHTAIbHOU KOJTU3UM HETPEPHIBHOCTH M IMCKPETHOCTH, KOTOpast IO CHX MOp
HE Hallla cBoero pemeHusa. Konen nurar.

Henpa-BbicokoTemnieparypHast Iia3mMa, KOCMOC (ITIPOCTPAHCTBO) -HU3KOTEMIIEpATypHast
mia3ma, Ho (ppaktaisl popmupyer CBET. Konycheiit morok CBETA Gepét Hauasio B HeApax, Kak
(pakTan, ¥ BHIXOAUT B KOCMOC, BcachiBast Dpup B Heapa. ITo U ecTh rpaButarms. Ko Hu Oyap,
MOXET J1aTh TPE/ICTaBJICHUE I'PaBUTAIINM, OCHOBBIBASICh Ha SKCIIEPUMEHTax? A O MpPHUpOAE JKETOB
€CTh Ternepb y KOoro-1modo comHeHusi? A uyto HanomuHaet 1367 1o BceHenpeMeHHO U paKIIMOHHAS
KapTUHKA.

Puc.14 /Iorcem-euxpo u3z Ceema snympu Komopoz0 popmupyroncs npomonsl U Hellmponol
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Puc.15 /Torcem-suxpo uz Ceema 8 Komopom gpopmupyromest 36¢30bl U RAAHEMbL U U3 KOMO-
pbix ghopmupyromcs 36¢30Hble CUCHIEMbL

Co BpeMeHeM JIKEThl UCUe3al0T U B LIEHTPE TaJIakKTUKU (popMuUpyeTcsl KBazap,

Puc.16 Keazap. Bnympu uépnas mouka-waposas oonracmo u3 Ceema Huuezo He u3ayua-
was, NO3MomMyYy Ka’xcyuasicsi YEPHoOIl, KOMOPpYr CUUMAarom YEPHoLL Oblpoil
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Puc.17 Yzacarowuii kea3ap

KOTOPBIY BHITIOJNHSIET BAKHYIO POJIb B CTAHOBJICHUM I'PABUTALIMOHHBIX TOJIEH 3BE3]1 U IJIaHET.
Ceoumu CBETOBbIMMU notokamu oH HarHeraeT D¢up B CBOM He/pa, HO 10 Mepe MPOXOKACHUS
yepes rajakThKy, Ddup nuraetT HOBOPOKAEHHBIE 3BE3/IbI U TUIAHETHI, IOMOT'asi CTAHOBJIEHHIO UX Ipa-
BUTAIIMOHHBIX NOJIel. HacTymaeT MOMEHT, Korja mpakTH4ecKy Bech Dup, 1Mo Mepe IBUKEHUs K KBa-
3apy, MOIVIOIIAETCs 3BE€3/1aMU U IUIaHETaMu, [I03TOMY KBa3ap yracaeT. IMeHHO 03ToMy KU3Hb KBa-
3apa kopoTka. OT KBa3apa, B IIEHTpe raJlakTUKH, OCTaéTcs mapoBas oonacts 3anonHeHHass CBETOM.
Ona HMYEro He M3JIy4YaeT U M03TOMY He BUJIHA.

Panee ObUIO M3BECTHO, YTO TPaBUTAIMS — 9TO CHJIA, C KOTOPOM BCE MaTepUaibHble OOBEKTHI
B3aUMOJICHICTBYIOT JIpyT C Apyrom. Cujia B3auMOJIEHCTBHS BceMUpHOro Tsrotenust Osuia Y. Heioto-
HOM BbIpaxeHa (POpMYJIOii:

ml-mz
Z

F=G
r

OpHako He OblIa OTKPHITA MPUPO/A TPABUTAINH, U IO HACTOSIIETO BpeMEHU HUKTO IPEJICTaB-
JICHWS1 HE UMeeT O CaMOi TTPUPOJIC TPABUTAITHH.
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MHoI0 TeopeTuyeckd 0OOCHOBaHA Hay4Hasl UJesl O TOM, YTO I'paBUTAlMsI, HE YTO MHOE, KaK
noTok Ddupa K LIEHTpaM IIJTAHET U 3BE3]], TJe OH MepeXoauT B ipyroe arperatHoe coctosinue-CBET
u CBET paBurasich OT 1IEHTPa, BUXPEBbIM KOHYCHBIM TMOTOKOM, HarHetaeT D¢up K LEeHTpPY, 3BE3]
Y TUIaHET.

HayuHble 3HaYeHMs JaHHOM MU 3aKJII0YAIOTCS B TOM, YTO OHA MOJIHOCTHIO MEHSET IIPE/ICTaB-
JIeHUe 0 OKpyXKaroleM Hac Mupe 1 Beenennoi. Biarogapsi JaHHOW Hay9IHOM Hjiee MOXKHO OOBSICHUTD
(opMupoBaHye TIA3MEHHOTO KPHUCTAIJIA, KOTOPBIN ObLT MOTyYeH Ha OpOUTATIbHOM cTaHIMu «Mup»
B TEYEHUM BOCBMMJIETHETO SKCIEPUMEHTA, MOTEPIO MBIILIEYHONM MACChl KOCMOHABTOB, HAXOASIIMXCS
IJTUTENIbHOE BpeMsl Ha OpOuTe, CO3/1aTh HOBYIO TEOPHIO BOSHUKHOBEHHUSI BCEJICHHOM, B OCHOBE KOTO-
poil Oyner He maTepus, a co3HaHre. OHa MO3BOJIUT HAM OTKa3aThCsl OT OOJIBIIOrO B3phIBA M JACT
BO3MOHOCTb 3aIISIHYTh B HAYAJIO HavaJl.

Bnaronapsi ;JaHHOMY OTKPBITHIO, MOKHO OyzieT npaktudecku co 100% BeposITHOCTBIO, IPOCYH-
TaTh BOSHUKHOBEHUE 3eMJICTPSICEHHIA, BO3MOXHO JIa)Ke 32 HECKOJIBKO CYTOK JIO MX Havasa. Pa3zpabo-
TaTh HOBbIE TEXHOJIOTMM U T. 1. U T. I.

I'paBuTanus-npouecc HarHeranuss Ddupa B Heapa rwiaHer u 38€31 CBETOBBIMMU noto-
kamMu. CBETO2dupHbIil 10TOK 3T0 AKeT. VI3 MHOXECTBA TaKuX IKETOB COCTOMT I'PABUTALIMOHHOE
nosie 3emiu. CBeT HarHetaer DPUp B He/Apa, a JABWXKYIIUKCA B Heapa DPUp MpUTATIKUBAET Tesa
K nosepxHoctu 3emiu. BemectBo B Heapax nepesoaut D¢up B CBET. [lanee CBET usnyuaercs
1 Tipoliecc OyaeT MpoAoJiKaTcs 0 TeX Mmop noka Bech Ddup He nepeiaer B CBET.

JlokazaHo, 4TO 3Be3/Ibl U3TYYAI0T SHEPTUIO B OKpYXKalolee MPOCTPaHCTBO B Buae CBerta (B JaH-
HOM city4ae o CBeToM Tojipa3yMeBaeTcs TOJIbKO BUIUMOE M3JTydeHre, KOTOPOe SBJISAETCS APYTUM
arperaTHbIM COCTOsTHMEM Ddupa.)

Kak u3BecTHO, OCBEIIEHHOCTD

g=2=_2
S

4R

I'ne: @ — cBeTOBOM MOTOK. YeM gajblile HAXOOUTCS OT UCTOUYHHUKA CBETA, TEM MEHBIIINN CBETO-
BOI1 MOTOK MPUXOAUTCS HA €JUHUILY Tutomaau. Hayka yTBepkiaer, 4to cuiia cBeTa,
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Jceema — (I)
4-1

U3 Yero CJeIyeT, YTO CHJjla CBETa He 3aBUCHUT OT PACCTOSHUSA 10 MICTOYHMKA cBeTa. Tak Jin 910?
Paccmotpum 310 Ha npumepe: cM. Puc. 18

Puc. 18 Ceemosoii nomok & 3agucumocmu 0m paccmosHust

[o nanHO# popmyre Mbl umeeM: J;=Jr=J3.

Ho 370 cripaBeyivBO JIMIIIb TOJBLKO B TOM CITydae, eCJId Mbl COOepeM CBETOBOM TMOTOK CO BCEl
momanu. OnHako S; <S> <83, 3HauuT AP ;> ADr> AD3 NIPUXOAANTMICS HA €MHULLY TUIONIA/IH.

Ecmm §; <S, <83, 10 J71> Jo> J3.

N yem panbliie OT UICTOUHUKA CBETA, TEM MEHBIIE CBETOBOIO MOTOKA MPUXOJUTCS HA EAMHULLY
ILIOIIAAM, COOTBETCTBEHHO, YEM JIAJIbIIIE OT UICTOYHMKA CBETa, TeM CUJla CBeTa MeHbIe. 3HauuT: J=E
- S.

PaccmoTpum /1Ba UCTOYHMKA CBETa, CBETOBBIE IIOTOKU KOTOPBIX U3BECTHBI U P> D5,

OcBeleHHOCTh OT NEPBOro UCTOYHUKA:
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OT BTOPOIO:

(I)Z
4R,

PaBeHcTBO OcBelieHHOCTH OT @; U @, OyaeT B HeKOTopoit Touke O.
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Puc. 19 Pasencmao 08yx ceemogvix nomokos 8 moukxe O

®,_%. R _P.R_,P
R’ R R} ® R, @,

Eciu Gyner M3BECTHO pacCTosiHME MeX Iy UCTOYHMKamu cBeta L, To R;=L-R;, otciona

ﬂ— |'|IE'W:WR — L »R, = L
D, : D )
R, o, 1+V — 1+V —

2 (I)l

Paccmotpum cutyaruio ¢ rpaBUTanei.
Bosbmewm n1Be maccol m ;> my uznyvawomue CBET @;> @,

Kaxpmas macca OyaeT KOHIEHTPUPOBaTh BOKPYT ceOsi rpaBUTALIMOHHbIE MOTOKH, TUIOTHOCTb
KOTOpbIX OyleT paBHa:
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Puc.20 Paserncmao 0syx Iduproix nomokos ¢ moukxe O

B HCKOTOpOfI Touke O IIOTHOCTh Ir'paBUTAIMOHHBIX ITOTOKOB 6y)1€T paBHa:

m, m

2

4'H'R12 4.1 R,
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R12:m1_ Rl_\/ﬁ

2 ? T
Rz m2 R2 m2

TOorga, €Cjik pacCToOSTHUE MEXKAY MaCCaMU L, 10

L L

R.= ;A R,=

m m
14V — 14V —=
m m,

Ortciona cuity B3aMMOICHUCTBHS IBYX MacC MOKHO OMPeAeTuThb 1o hopmyJie:
F= ‘S.° g
7 Y8 JIs

4.7-[.
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m,
F= 'S'gg

7 “8

1+\/@
ml

rae: Sg — IJIOIIAAb B3aMMOZEUCTBUSA ABYX Macc.

8B — YCKOpPEHHUE B TOUKE PAaBEHCTBA IPABUTALIMOHHBIX IOTOKOB.

ITostomy kaccuyeckas popmyiia HeBepHa B cBoeld ocHose. [Ipearnonaraercs, 4ro rpaBUTaLd-
OHHOE TIo7ie (hopMUpYeT Macca, a (hakTideck none popmupyer CBETOBOM notok. KosgdumenT
MPOIOPILOHAIBHOCTH YTOYHSIET CHITy B3aMMOZEHCTBUS, T.K. OOJbIIAs Macca U3TydaeT ¥ OONbIINI
cBeToBOM MOTOK. [ToaToMy y Tes1, MpakTU4ecKu OTCYTCTBYET I'PaBUTALIMOHHOE B3aUMOJENCTBHE, T.K.
CBETOBBIE IIOTOKH U3JTy4aeMble MIMU OYE€Hb HE 3HAUUTEIIbHBI.

Paccmotpum npumep: Puc.21

1

ConHue

Puc. 21 Bzaumooeiicmaue 3emau u Coanua

L= 150 000 000 km.
m.=342 000m,

to: R Oyzer paBen npumvepHo 256 000 km
VaBoeHHas cuiia B3auMojIeHCcTBUs OyeT (hopMHUPOBAThCS 3a CUYET MacChl 3eMuiu, Prc.22.
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F=0F,

Puc. 22 Popmuposanue cuavl 2pagumayuoHH020 8030€liCMEUs. HA Meno

CounHue yepe3 3emino nepekauyuBaeT dpup. 3a cYeT Toro, 4to DPUp yBJIEKAET CBOUM JIBH-
keHreM 3emitio B ctopoHy CoJHIIa, IPOUCXOOUT cMelleHre 3eMiM B cTopoHy CoJlHIIa, BO3HUKAET
outymenue nputsokeHus 3emii CosHLeM. AHAJIOTMYHO POUCXOIUT U ¢ JIyHO#.

I'paBuTanusa — nmorok ddupa u He TonbKO. iMeHnHo u3 D¢upa chopMUpPOBaHbI SJIEKTPOHBDI,
IIPOTOHBI K HEUTPOHBI — OCHOBA COBPEMEHHOM MaTepuu. DUp, aHHUTUIMPYS B HEJIpax 3BE3] U IUIa-
HET, IepeXoAUT B Apyroe arperatHoe cocrostHue-CBET, 4To u ABJIseTCs MICTOUHUKOM SHEPIUH 3BE3 .
VIMeHHO B 3TOM NPUYMHA TOTO, YTO HE/Ipa IUIAHET pacKajieHbl. D(UpHbIEe OTOKU BHYTPYU BELIECTBA
(bopMHUPYIOT MekKaTOMHBIE U MEKMOJIEKY/ISIPHBIE CBS3H.

Ecnu MBI B TOUKY paBeHCTBA IpaBUTAILIMOHHBIX 1OTOKOB CosHIA M 3eMiId, TIOMECTUM MaTe-
pUaIBHBIA 00BEKT, gomycTuM JIyHy, U ecinu HeHTp TsokecTd JIyHBI MOCTOSIHHO OyleT HaxXOAWTHCS
Ha JIMHUY COeAMHSIONIEN LeHTphl TshkecTd CoHua 1 3eMiid, To JIyHa HUKOra He ynaJeT Ha 3eMITI0.
Jlasxe ecrm Mbl IPUJIOKKMM K JIyHE CHUTY, 9TO OBl IPHOIM3UTD €€ K 3eMJIe, TO YeM OJIKe K 3eMile Mbl
Oynem npudmkars JlyHy, To TeM Gorblnee ycuiue Mbl Oynem npwiarate. Ham Oyner kasarbest, 4To
B3anmoyeiicteue Jlynsl ¢ Conniiem OyaeT yBenuuuBathes, a JIyHsl ¢ 3emuield ymeHsliatecsi. B yieii-
CTBHUTEJILHOCTH 3TO HE TakK, MPOCTo YeM Ommke K 3emue Oyner JlyHa, Tem Ooliee TUIOTHBIA HOTOK
mexay 3emuieit u ConmHuieMm OyaeT Ha He€ JIeiCTBOBAaTh, M COOTBETCTBEHHO, OOJiee MIOTHHIN MOTOK
POKIAeT 1 OOJBIIYIO CHITY.

Pa3nombl 1 cIBUTM 3eMHOM KOPBI 110 Pa3jioMaM, POBOLMPYET I'PaBUTALIMOHHOE B3aUMOJEH-
creue 3emiu ¢ ComHiiem 1 JIyHoii. U ecnu rpaButanimonnoe B3anMopeicTsie ¢ COHIIEM BBITHOAET
3eMHYIO KOpY OT LIeHTpa 3eMJIH, To B3aumozencTre ¢ JIyHoit, Hao00poT, MPHKMMaeT 3eMHYI0 KOpY
K LIeHTpy 3emuin. 3eMHasl Kopa IOCTOSIHHO AepOpMUpPYeTCs ¥ 32 MUJUIMOHBI JIET C(hOPMUPOBATIUCH
TEKTOHUYECKHE PA3JIOMbl 3eMHOM KOPBI.
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Paznon aELe

B3aMMOpEMCT B HE
 MyHok

BraMmoLeRcTEME
COnHUERM

Puc. 23 I'pasumavyuonnoe s3aumooeiicmeue 3emau c Jlynoii u Coarnyem
[Tostomy nipu ColTHEYHOM 3aTMEHHMU MTPAKTUYECKH BCET/Ia IPOUCXOAAT 3EMIIETPSICEHUS.
Tenepb HY)XHO pa300paThes, Kak ke ABUxkyTcs Bcrpeunble notoku CBETA u Ddwupa.

Caer ABUKETCA OT COJIHIA B ABYX HAIIPABJICHUAX (HO BUHTOBOU KOHYCHOfI TPACKTOpHUU U CaM

KOHYC BpallaeTcs), 3a CYET STOro M HarHetaercst Iup K UEHTPY 3BE3/, B IPUAEIAX ONPEIEIEHHOTO
TEJIECHOTO yIJIa.
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Puc.24 CBETO3¢upnuwiit nomok
B zpasumayuonnom nose 3emau maxux nomokos, aeposmmo, moicauu. U3 maxux nomo-
K06 3mo noae u cocmoum.

Kak Buano u3 Puc. 24 noroku CBETA u Ddupa He oka3bplBalOT BO3IEUCTBUE JPYT HA Apyra.

UYem Onmuxe K MaTepuasibHOMy 00beKTY, TeM Bbilnie rioTHocTh CBETA 1 Ddwupa. OcHOBHas 3a1a4a
3Be3 Beenennout nepepadorars Sdup B CBET. U 3T0T Mporiecc HOCUT Ha3BaHKME aHHUTVISIIHS.
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JIOKaBaTeJIbCTBa A0CTOBECPHOCTH U3JI0KCHHOI'O

JIs1 ToKazaTeibCTBa IOCTOBEPHOCTH HAYYHOMW UJIeU MOTY TIPUBECTH SKCIIEPUMEHTAIbHBIE TaH-
HbIE, MOJIyYeHHbIE COBPEMEHHOUN HAYKOM.

1.BocbMusieTHUI SKCIEPUMEHT 110 (hOPMUPOBAHMIO TJIA3MEHHOTO KpHUCTaljla Ha OpOMTaIbHOM
KOCMHUYECKOH CTaHLMK. B ycoBHAX, Korga Macca 3eMJIn He OKa3bIBaeT BIUSAHUSA Ha (pOpMUpOBaHUE
IPaBUTALIMIOHHOTO NIOTOKA APYTroi Maccoi (B TaK Ha3bIBAEMOM YCIOBUSIX HEBECOMOCTH), TO TPaBUTa-
1roHHbIe oToku CosHIa 1 3eMJIM MOTYT BO3JIEMCTBOBATh Ha IJIa3MY, BbI3bIBasl €€ IBUKEHUE.

2.CeetoBble cronObl-heHomen [lpupoapt nonrBepkaaer cymectBoBanne CBETO3d¢upHbIX
IIOTOKOB, Puc.25.

Puc.25Csemognbie cmoaovi-nposienennvie CBETOI¢dbupnvie nomoxu

3.BaxkHOe 3HaueHMe B JAHHOM Clly4ae MpHoOpeTaeT KpUTHYECcKas Macca siIepHOro 3apsija.
SlnepHblil B3pbIB HA IOBEPXHOCTHU 3€MJIM, MIPeIioaraeT MUMeTh ONpee/ieHHyI0 Maccy Ypana — 238.
B KocMuyeckoM mpocTpaHCTBe KpUTHUecKas Macca Oyzer npyroil. M ecim ona OyneT Oorblie yem
Ha 3eMJie, TO MOKHO OYyJeT C yBePEHHOCTBIO TOBOPUTD, YTO TPAaBUTALIMOHHBIE TOTOKH, (hOpMHpyeMble
3emJiell, MOBBIIIAIOT BHYTPEHHIOK SHEPTHIO SAEPHOIO 3apsia, YTO U MO3BOJISAET YMEHBIIUTh KPUTH-
YECKyI0 Maccy B ycloBUsAX 3eMiM. Ecim kputrueckass Macca, B KOCMUYECKOM ITPOCTPAHCTBE, Alep-
HOTO 3apsifa OyZeT MeHbIle, YeM Ha 3eMJle, TO TO MO3BOJMT CAENAaTh BBIBOA, YTO 3eMils OTOMpaeT
YacTb BHYTPEHHEW SHEPIUU SA/IEPHOIO 3apsja.

4.B kayecTBe 10Ka3aTesIbCTBA MOXKHO KCIIOIb30BATh U BO3ZMOKHOCTh HAYYHOTO pacyeTa MecTa
Y BPEMEHU 3eMJIETPSICEHUsI, OPUEHTUPY:CH NonoxkeHussMu 3emiu, ComnHiia, JIyHbI U JIp. IJ1aHeT.

5.B kauecTBe JOKa3aTesbCTBA MOXKHO MCIIOJIB30BATh HAy4HBIE JaHHBIE O TOM, yTO FOmuTep
WCIYCKAaeT B OKPY’Kalollee MPOCTPAHCTBO SHEPIUH 3HAYUTEIBHO OoJIbIne, YeM nomydaet oT ConHia,

a TaKXke TO 4TO A4po 3eMJIM UMEET BBICOKYIO TeMneparypy, a CoHLe CBETUT MUJUTMAPABI JIET.
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6.B kauecTBe 0Ka3aTesIbCTBA MOKHO MCIOJIB30BaTh TO, UTO BO BeejleHHOM, HaurHas OT JIeK-
TpOHa U 3aKkaHuuBas [‘anakTukamu, Bce IBUKETCS, a UCTOUHUK jaBrskeHus ectb CBET, T.K. nBurasco
Cawm, gBUXeT Bcé BO BeerleHHOM

7.B kayecTBe 10Ka3aTeIbCTBA MOKHO MCIOJIB30BaTh M (DaKT BHE3AIMHOW MOTEPH BBICOTHI MEX-
JOYHAPOIHOW KOCMHYECKOW CTaHIMel. B MOMEHT, Korjia BRIOPOC M3 COJTHEYHOTO Sijipa OKa3bIBACTCS
Ha JIy4e COeQUMHSIONEeM IEeHTpsl TshkecT ConmHIA ¥ 3eMId, MPOUCXOAUT MAKCUMAIBHBI OTTOK
D¢dupa or 3emun kK CoMnHILy, YTO B CBOIO OYepedb CIIOCOOCTBYET YBEIMUYEHUIO MPHUTOKa Dpupa
K 3emuie, ¥ KaK CJIe/ICTBUE YBEIMUMBACTCS CHJIa B3AMMOACHCTBIS MEX/1y MEkyHAPOIHON KOCMIUe-
cKkou craHimedt u 3emuieil. CTaHIMs COOTBETCTBEHHO MOTEPSIa BHICOTY, UTO U OBLIO 3aperucTpUpO-
BaHO B Jiekadpe 2004 rona. YBenmueHue xe rnputoka Dgupa Kk COHILY ¢ IOMOIIIBIO TUIAHET COTHeY-
HOH CHCTEMBI, TTO3BOJISIET COJHITY PEryJIMpOBaTh CBOIO aKTUBHOCTb.

8.B kauecTBe JOKa3aTeabcTBA MOKHO MCIIOb30BaTh M CJAELYIOLIMI SKcIepuMeHT. B3pecum
OJIHY U Ty’K€ MacCy Ha NPy XUHHBIX BECaX B MOMEHT HAUOOJIBINIEH Y HANMEHBIIIEH COTHEYHOU aKTHB-
HocTH. Bechl 3ahuKcHpyIoT Maccy OOJBINYIO B MEPUOJ] HAMOOJIbIIIeH COTHEUHON aKTUBHOCTH.

9. Haykoii nokazano, uto CBET moxer u TofkaTh U TAHYTh: [52]

Puc.26 Toakarouwas cunra Ceema

[urara: «B cBoém 3kcnepumMenTte JIEOHXapAT M €ro KOJUIETW MPOJEMOHCTPUPOBAIU, YTO
MOBEPXHOCTD KHUIKOCTA MOXHO 3aCTaBUTh M30THYTHCS BHYTpPb, UTO OyJeT COOTBETCTBOBATH TOJIKA-
IOLLIEMY JABJICHUIO CBETa, ¥ C/IENaTh 3TO MPHU MOMOILIM OTHOCUTEJIBHO IIMPOKOTO IMyYKa U3Ty4YeHUs
B OTHOCHUTEJILHO KPYITHOM KOHTelHepe. ITH iBa (pakTopa 3aCTaBJISIIOT CBET (POPMUPOBATH CTPYKTYPY
MOTOKA B KUJKOCTH.

JleoHxapnT 1 ero KoMaH/1a pelivii NOBTOPUTh CBOM SKCTIEPUMEHT U, KaK TOJIbKO OHU UCIIONb-
30BaJTM Y3KUM JIy4 U MaJIblil KOHTEWHED, MPOSIBUIIOCH TSHYINEe JaBJeHUe CBeTa. DTO O3HAYAET, UTO
XapakTep JaBJIE€HUS 3aBUCUT HE TOJIbKO OT CBETA, HO M OT CaMOM UJKOCTH, MOSICHSIIOT UCCIIE10Ba-
Tenan.» KoHerr muraThl.

CBET enuncreennas Cpepa, peTeHayolias Ha 3BaHue «TEMHOW SHEPTrum».

10.06HapyxeHa BUxpeBas cTpykrypa CBETOBOIO IMOTOKA. 6 JIeT s 0 Hel TBepky. [53]
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Puc.27 Bpawenue Ceemogozo ayua (CeemoIgupnozo nomoka)

SnoHCcKMe, YKpauHCKUe, aMEePUKAHCKHE M KOPEHCKHE YYeHble OTKPBUIM HOBbIE HEOOBIYHBIC
CBOIICTBA CBETa. ABTOPHI OIyOJIMKOBAJIN HCCIeoBaHue B KypHasie Nature Communications, KpaTko
C HUM MOXHO o3HakoMuThcs Ha caidte RIKEN, kpynHoro sinorckoro MHcTUTyTa (pU3MKO-XUMUYe-
CKHUX UCCIIEIOBaHUMN.

Hccnenys iuHaMUYecKie XapaKTepUCTUKY 9BAaHECHIEHTHON BOJIHBI, yUeHble OOHAPY KU, YTO
€€ MMITYJIbC U CIMH MMEIOT IOINEPEYHBbIE KOMIIOHEHTBI, KOTOPbIE OPUEHTUPOBAHBI IMOJ, MPSAMBIM
YIJIOM K HAIpaBJIEHUIO pacripocTpaHeHusA. PU3MKH TakKe OTKPBUIM, YTO MONEPEYHAsk KOMIIOHEHTA
CIIMHA HE 3aBUCHUT OT MOJIAPU3ALIAY U ClIMpaIbHOCTU. CBOMCTBA UCCIIEAOBAHHBIX BOJIH, KaK 3asBJIAI0T
aBTOPBI, B HEKOTOPOM CMBICIIE TTPOTHBOIIOIOKHBI CBOMCTBaM OOBIYHBIX BOJH.

11. CBer npeBpaTuiid B CBEPXTEKYUYIO KUIKOCTb [72]

Puc.28 Hzoopascenue: Polytechnique Montreal

®uszukn U3 uTabsaHcKoro uccienonarenbckoro HCTUTYTa CNR NANOTEC npeBpatuii cBeT
B aHAJIOI KBAHTOBOM KMJKOCTH, UCIIONb3Ys JIEKTPOHBI U3 OpraHnvyeckux moinekya. Hosas ¢opma
MaTepuu CrocoOHa «00TeKaTh» MPEMATCTBUSA, He co3aBasi 3amesionen ee pssou. CtaThsi yUYeHBIX
omnyonukoBaHa B KypHasie Nature Physics. Kpatko o Heli cooOiaercst Ha caiite Phys.org
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Db deKT cBepXTeKy4YecTd BO3HMKAET, KOTrJa CKOIJICHHE YaCTUIl WJIM aTOMOB (OTHOCSIIUXCS
K 0030HaM) OXJIAXKJAIOT MOYTH A0 a0COMOTHOrO HyJs1. ITockonbKy G030HBI, B OTIMYHE OT (hepMHO-
HOB, MOT'YT 3aHMMAaTh OJJHO U TO K& KBAaHTOBOE COCTOSIHHE, OHU BCE IOCTUTAIOT MUHUMAIILHO BO3-
MOXKHOTO SHEPreTHUecKoro ypoBHs. TerioBoe ABMKeHUe MpeKpaiaeTcs, OMHAKO HAYMHAIOT POSIB-
JIAThCS KBaHTOBBIE 3(PeKTh. B pesynbrare aToMbl HAUMHAIOT «TeUb» O€3 TPEHHsl, MPOCAYNBASCH
CKBO3b Y3KHE I/ U KanWUIsphl. Takoe BEeleCTBO Ha3bIBAIOT KBAHTOBOM KHUIKOCTBIO.

VYueHsle MOKa3ay, 4To (pOpMy MaTepUH C MOXOKUMHU CBOMCTBAMU MOKHO CO3JaTh TIPU KOM-
HATHOW TeMIIepaType ¢ HOMOIIBIO TOJISPUTOHOB — KBa3UUACTHI], BO3HUKAIOIIHX ITPY B3aUMOJCHCTBUN
(pOTOHOB € KOJNEOMIOIIMMUCS YACTUIIAMH KaKOR-TMO0 cpeibl. [1onsputoHsl, TakiuM 006pa3om, mpef-
CTaBJISIOT COOOM BOJIHY, COCTOSIIIYIO M3 IBYX KOMITOHEHTOB — 3JIEKTPOMArHUTHBIX KOJIEOAHUI U BO3-
Oy KIEHWI Cpefbl.

Puc.29 Hzoopasxcenue: Polytechnique Montreal

B xoze sKcriepuMeHTa UCTIONb30BAIACh CBEPXTOHKAS IJIEHKA U3 OPraHNIeCKUX MOJIEKYII, KOTO-
PYIO TIOMECTMJIA MEKIy ABYX 3epKal ¢ OYeHb BBHICOKMUMHU KOI((PHUIMEHTAMU OTPaKEeHUsl. YUeHbIe
3aMyCTHJIM B YCTPOUCTBO (POTOHBI, KOTOPBIE MOMAJAN B 3€PKAJIBHYIO JIOBYIIIKY M KPEIKO «3aren-
JISUTACH» 32 MOJIEKYJIBI, TOPOXKAasi, 1O CIIOBaM CaMUX (PU3UKOB, THOPUIHYIO KUAKOCTh, COCTOSIIYIO
u3 cBeta U Matepun. [locneqHss MOxeT CBOOOIHO Teub, He 3aMeTISIsICh TPU BCTPEYe C KaKUM-JIMO0
MPENSATCTBHEM, TTOCKOJIBKY B HEHl HE BO3HHMKAIOT TypOYyJIeHTHbIE BUXPH.

o cnoBam uccenoBaTenei, MOMyYeHHbIE UMK Pe3YJIbTaThl MOKA3bIBAIOT, YTO CBEPXTEKyuee
BEIIECTBO MOXHO TONy4YUTh, HE TpHOeras K CUJIbHOMY OXJIaXIEHUI0. DTO TMO3BOJUT CO3[aBATh
YCTPOMCTBAa Ha OCHOBE (DOTOHHOM CyNep KUIKOCTH, B KOTOPBIX TPEHUE U COIYTCTBYIOLIUE MOTEPU
Teruia OyayT CBeeHb K MUHUMYMY. KoHelr urarsl.

KuakocTeio MOKeT OBITh TOJIBKO TO, UTO 10 cBoek [Iprporie n3HauaIbHO SBISIETCS KUIKOCTHIO.
VYuénsle mpocto coznanu yciaosusi, mpu kotopeix CBET niposiBuut cBou uctuHHbIe cBoiictBa. CBET-
KUAKOCTb.

12. YdeHble cMOTIJIH CO3aTh CepeOpsiHbIe HAHO UTJIBI ONTUYECKUM BUXPEM

https://ria.ru/science/20170531/1495399543.html [73]
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Puc.30 Cxema o06pa3o8anusi HAHO U2Abl HA NOGEPXHOCMU MEMANNA NOO Oelicmauem onmu-
uecK020 euUXpsi.

MOCKBA, 31 mas — PUA Hosoctu. Yuensie [JanbHeBocTOYHOTO (hefepaibHOrO yYHUBEp-
cuteta U JlambHEBOCTOYHOrO OTIeNeHus] Poccuiickod akageMuyd HayK OOHApyXWJIM HOBOE CBOM-
CTBO BUXPEBbIX JIA3EPHBIX UMITYJIbCOB CO31aBATh METAJUIMYECKME HAHO UIJIbl. BbIsiBIeHHBIN 3(ppeKT
MOKET PACIIMPUTh BO3MOKHOCTH JIA3EPHOW I€YaTH, MO3BOJIUT CO3/1aBaTh MPUHIMUIIUATIBHO HOBbIE
HAHO CTPYKTYPhI C TIOMOIIBIO JIA3€PHBIX WMITYJIbCOB. Pe3ynbraThl MccienoBaHHs OMyOIMKOBaHbI
B CEpUHU CTaTell B aBTOPUTETHBIX Hay4HBIX KypHasax Optics Express, Applied Physics Letters, ACS
Applied Materials and Interfaces.

[TpuHIMT paboTH Ta3epHOTO CIIEKTPOMETPA

Cubupckue yueHble CO3/1aIM KPUCTAILIBI, PACITUPSIONIAE BOZMOXHOCTH JIA3€POB

Kak cooOmmin HaydHblid COTPYIHUK Kadeapbl TeopeTudeckod U sipepHout (usuku IIIkosmsr
ectectBeHHBIX HayK [IB®Y Anekcanap Kyummxkak, rpymmoit yuensix IB®Y u IBO PAH mnpose-
JieHa cepysl SIKCIIEPUMEHTOB 10 MUKPOCKOIMYECKOI MeYaT Ha METAJUIMYECKUX TUIEHKaX U3 30J10Ta
1 cepebpa ONTUIECKUMH BUXPSIMU — OCOOBIMH JIA3€PHBIMH UMITyJIbcaMu. [1o Bo3ieiicTBreM J1azepa
Ha TIOBEPXHOCTH TUICHOK TOSIBISUTMCH KOHYCOOOpasHble (hOPMBI C pa3MepoM y OCHOBaHHSI MeHee
1 MUKpOHa U TOMIMHON «ocTpusi» oT 10 1o 20 HaHOMETPOB.

CxemaTtnueckoe M300pakeHue mporiecca (poOpMUPOBAHUS CITUPATBLHBIX HAHOUTII HA cepedpsi-
HOW TJICHKeE O] ISFICTBHEM BHXPEBBIX UMITYJILCOB. Ha KpaiiHeM rpaBoM nU300pakeHuH, IOy YeHHOM
MIPU TIOMOUIY CKAaHUPYIOLIETO 3JIEKTPOHHOIO MUKPOCKOMA, KPACHBIMH CTPEJIKaMU MOKa3aHO HarlpaB-
JIEHUE 3aKPYYEHHOCTH.

[Ipu 3TOM NONYUYUBIIMECS METATMYECKHE HAHO KOHYCBl OKa3aJIMCh 3aKPyUYE€HHBIMU B HAITPaB-
JICHUH BpaIIeHHs OOTyJaloIero UX ONTHYECKOTO BUXPSI.

«OnTUYeCcKUi BUXPb — OMH U3 HanboJIee MHTEPECHBIX BUJIOB JIa3ePHBIX My4YKOB. OCOOEHHOCTD
B TOM, YTO €r0 BOJIHOBOM (DPOHT IMPH paciipOCTpaHEHUH B TPOCTPAHCTBE BpalaeTcs MOI00HO CBEPITY.
[Tpu Bo3/1€CTBUM Ha METAJUIMYECKYIO TJIEHKY OH IJIABUT €€ B TOYKE MMITYJIbCA U BBITSATHUBAET U3 Hee
MUKPOCKOIMMYECKYIO UIJTY, 3aKPYUEHHYIO B HAIpaBJIeHUU BpallleHus BUXpsl. M3ydyeHuio pusnueckux
CBOWCTB 3TOr'0 IIPOLIecca Mbl OCBATUIIH CIIELIMATIbHOE UCCIIeJOBaHUE», — paccka3ail Ajekcanap Kyu-
muxak. KoHer uTarol.
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B naHHo#t pabote sicHo npezcTasieHo, uto CBETOBOJ noTok MMeeT BHXPEBYIO IIPUPOLY,
Puc.31.

Jemxenne CBETA
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Puc.31 CBETO3gupnwtii nomok
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- Tudpaxmus CBETA.
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Puc.33 I[lpencrasnenvie o nivnHe Bonael CBETA

Yem ommuaercss nzoopaxkeHne CBETOBOI'O mortoka, mpeicTaBieHHOE B HCCIICIOBAHUM
oT Moux npeacTapiaeHuii? Toabko Tem, YTO MOTOK Jia3epa cxkaT

yCTporcTBOM. Bosbliie HIuueMm.

13. YueHble 0OBSICHUIN MIPOUCXOKICHUE «OTHEHHBIX BOJIOC» Ha ComHIle

http://www.astronews.ru/cgi-bin/mng.cei ?page=news&news=9919&utm_referrer=https
%3...174]
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Puc.34 «Oznennvie onocwl» na Coanue
Ecnu mb1 B30IsIHEM jiHeM Ha He6o, To CostHile OyJeT Mpe/ICTaBIAThCS HaM KaK POBHBIN U «CIO-
KOWHBII» CUSIIONIAIN TUIOCKUIA TUCK. B IeHCTBUTENIFHOCTH e, COTHEUHAasi IOBEPXHOCTh MPeObIBaeT

B HEIIPEPBIBHOM, «KUITAMEM» IOBUXKCHHU, I'I€C C€KECIAHEBHO IPOUCXOAUT BO3HMKHOBEHHUE KPYITHBIX
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BCIIBIIIEK (KOPOHATBHBIX BRIOPOCOB MAacChl), ITyTeM KOTOPBIX pacKajeHHAs MaTepusl 3BE3/Ibl,  TOUHEe
€e COTHUA MWUIMOHOB TOHH, KaK Obl «KaTaIyIbTUPYIOTCSI» B OTKPHITOE KOCMHUYECKOE TTPOCTPAHCTBO.

OpHako, COHEYHBIE BHIOPOCHI, & BEpHEe UX IIABHBIA UCTOYHHUK — 9TO He BCHBIIKH. [1o 60sb-
1Iel YaCTU UM SIBJISIETCS] COJIHEUHBII BETEP M OCHOBHBIE 3JIEMEHTHI TOHKOW CTPYKTYPbl XpOMOChEpPBI
ConHna (CrivKyJbl), MHa4Ye — MPOTYOepaHIbl y TIOBEPXHOCTH CBETHIIA, OTKYJA BBHIPHIBAETCS 32 Ipe-
nenbl ComHia ero yckopstiomasicss Matepusi. C O1M3Koro Obl pacCTOSIHUSI, €Cli Obl 9TO OBUIO BO3-
MOXHO, HaM Obl ITOKa3aJI0Ch, YTO COJTHEYHBIH IIap BECh MOKPHIT MIEBESAIIUMICS «OTHEHHBIMH BOJIO-
caMm».

Nwmenno ana uccnepoBanus Conxua, B 2013 rony NASA 3arnyctuia KOCMUYECKUIA CITyTHUK
IRIS (Interface Region Imaging Spectrograph), 4roObl mpoHaOmOnaTh 32 BO3HUKHOBEHHEM 3THUX
BCIIBIIIEK Y TIPOUCXO/SIIMMHE MPOIIECCaMH BO BHEIITHEW 000JI0UKE 3BE3/bl.

[TpoanaM3MpoBaB MOTyYeHHBIE 30HOM JIaHHBIE, COTPYAHMK JlabopaTopuu COTHEYHOM acTpo-
(pusnku amepukanckoi komnanuu Jlokxua-Maprus B I1ano-Ainto — Xyan-Maptunes-Cukopa (Juan
Martinez-Sykora) BMecTe cO CBOMMM KOJUIETaMH BBISICHWIN TPUYHMHY CYIIECTBOBAHUS MOJOOHBIX
«OTHEHHBIX BOJIOC» Ha moBepxHocTH ConHna. ExxecekyHIHO BO BHEITHEW 000I0UYKe CBETHUIIa MIHO-
BEHHO 3aPO’K/IAI0TCS U MTPOMAAAI0T MUJUIMOHBI CIMKYIT. KopoHasbHbIe BHIOPOCH U3 HUX B MUT «HAOU-
paloT» BBICOTY JIECSTKOB THICSY KMJIOMETPOB, TIOCTIE Yero: MO0 MaaaioT 00paTHO, OO «yJIeTy4nBa-
I0TCS1» B OTKPBITBIN KOCMOC.

C noMoIIpi0 CO3JaHHOW KOMIBIOTEPHOW MOJIENU HEJp CBETWJIA, YUYEHBIM YIAJIOCh pasrajarh
TallHy «OTHEHHBIX BOJIOC», cymecTByomux Ha ComHie. OKa3anock, YTO MPUMIOBEPXHOCTHBIE CJIOM
3BE3/Ibl «KHUIIAT» HEUTPAILHBIMU aTOMaMH, KOTOPbIE, KaK ObUIO BHISICHEHO, KapAWHAJIBHBIM 00pa3oM
M3MEHSIIOT [TOBE/ICHHE JIMHUI MarHUTHOTO TOJISI B BEpXHEW 4acTh XpoMocepbl, BHIpaOaThIBAIOIINECS
«KUIISAIEH» COTHEYHOU MaTepyel B Oosiee rTyOOKHUX Heipax CBEeTHUIIA.

OHHM HE «CHETUISAIOTCS» C JIMHUSAMHI MarHUTHOTO TOJIsA, Oaroiapsi YeMy Te C JIETKOCTBIO BBIXO-
OAT «HAPYXKy» BMECTE C 3apsKEHHBIMHU YaCTHIIAMH, TIO3TOMY, CJIOBHO JBIMKEHHEM KaTarlyJIbThl, OHH
BeIOpachBaioTcs B arMocdepy ConHIa ¥ B OTKPHITOE KOCMHUYECKOE IIPOCTPAHCTBO. 32 CUET ITOTO Ke
npoliecca, Kak TOBOPAT yUeHbIe, pa3orpeBaeTcst BbIOpackiBaeMast IjIa3Ma M MPOUCXOJUT BO3HUKHO-
BEHME OCOObIX MAarHUTHBIX BOJIH, CBSI3aHHBIX C COJIHEYHBIM BETPOM.

[peamnonaraercs, YTO MOCIE Pa3raJKu MEXaHN3Ma 3apOKICHHS «OTHEHHBIX BOJIOC» Ha TIOBEPX-
Hoctu ConHiga, 6o1ee TOYHO MOKHO OyJIeT MPOrHO3MPOBATh «COJTHEUHYIO TIOTO/1y» M MTPOJBUHYThHCS
B 00bsICHEHHH 00pa30BaHMsI JPYTUX TUIIOB BCrbIeK. KoHell nuTarhl.

Uro HaM BaXHO 3HATh U3 3TOr0 cooOmeHusa? YTo Takoe CIHKYJIbI, KOTOpPBIE JIeaT B OCHOBE
«OTHEHHBIX BOj10C» CosHia?

Criikynel (OT Jat. spiculum — KOHYMK, OCHIpu€) — OCHOBHBIE 3JI€MEHThl TOHKOM CTpPYK-
Typbl xpomocepsl Connna. Eciu HaOmonats muM6 CosHIla B CBeTe ONMpeesiéHHON CIIeKTpalib-
HOU JIMHWUH, TO CITUKYJIBI OyIyT BUJHBI KaK JIOCTaTOYHO TOHKHE, B Maciitadax ComiHia (quameTpom
ot 500 1o 1200 kM) CTOIOMKHU CBETSIIENCS TIa3Mbl. DTH CTOJOUKM BHIOPACHIBAIOTCS U3 HUKHEW
xpomocgepbl co ckopocThio okoito 20 km/c Ha 5—10 TbIc. KM BBepX. Criukysa KUBET S—10 MUHYT.
(13 Bukn)

Ectb 111 emg uccnenoBanusi, Tak WM MHAYE CBSI3aHHBIE C «OCTpUEéM» ? KOHEUHO, eCTh U MbI €ro
paccMOTpeJH BhIIIIE B IMyHKTE 12 0 cepeOpsHbIX HAHO UIJIaX.

IuTara:
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Puc.35 Cxema 00pa308anusi HAHO U2Abl HA NOGEPXHOCMU MEMANNA NOO Oelicmauem onmu-
uecK020 euUXpsi.

[Tonyuaercs, uto octpué€ Ha Connue popmupytot ayun yazepa? Her. [TonsitHO, yTo mpupona
BO3HUKHOBeHUsI ocmpué Ha CojHIle U cepeOpsiHbIX HaHO WIIT ofHA U B €€ ocHoBe Jiexxut CBETO-
DUPHBIN BUXPb.

14. YueHble IONBITATIMCH OOBSCHUTH CITydand HEOOBIYHOTO CBeUeHHsT HeOa B HOUHOe BpeMs. [75]

Ha npotsi’keHun 1ByX ThICSY JIET Y4€HBIE, (PUIOCOMDI U 5KYPHAIMCTBI MBITAJIUCH Pa3ralaThb pU-
pony peIKkux aTMOC(EPHBIX SIBJIEHUIl, KOTOPBIE NMOTYYUIM HA3BaHUE «SIPKUX Houel». Micropuuecku
K HUM OTHOCSIT CJIy4ar HeOOBIYHOTO CBeYEeHUsI HeOa B HOUHOE BpeMsi B yMEPEHHBIX MIMPOTaX, KOTO-
poe MO3BOJISIET CIIOKOMHO YMTATh KHUTY WM PA3[JIsabIBaTh CUITYIThl AAJIEKUX TOp.

Puc.36 Ceeuernue neoa Houwvro

B camom Havasie epBOro CTosieTusi OHUM M3 NEPBBIX «SpPKUE HOYM» OIHCAJ ABTOP SHLMK-
nonenun «EctectBennas ucropusi» [Inunuii Crapumid. [Ipyrue ynoMrHaHus B ra3etax U Hay4HOM
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ymuteparype otHocaTes K 1783, 1908 u 1916 rogam. CerogHsi U3-3a CUJIBHOTO CBEYEHUS] TOPOJIOB
HaOJTIOIaTh PUPOAHBIN (PEHOMEH MOXKHO ObLIIO ObI TOJIBKO B YAAJIEHHBIX paiOHaXx.

Ho 310 s1BNE€HME HACTONBKO peKoe U JIOKAIM30BAaHHOE, YTO HUKTO U3 COBPEMEHHBIX MCCIIEI0-
BaTeJsiel He BUJIEN «SIpKHe HOUM» COOCTBEHHBIMHU IJIa3aMH, YTO IMOPOKAATIO BIIOTHE 3aKOHHBIE COMHE-
HUS 00 UX PEAbHOM CYIIIECTBOBAHHH.

Tem He MeHee, aHOMasMs ObUIa 3apPErMCTPUPOBAHA MHCTPYMEHTATBHO MHTEP(EpPOMETPOM
WINDII, ycraHOBJIEHHOM Ha MccieoBaTebckoM cyTHUKe BepxHen atmocdepsl NASA (UARS).
Cam anmapar 3akoH4MI cBolo muccuio emé B 2005 romy, HO cOOpaHHbBIE UM JaHHBIE TPOAOIKAIOT
00pabaThIBaTh JI0 CUX TIOP.

Jleso octaBasioch 3a MajibIM — OOBSICHUTh TPUPOLY SABJIEHUS. B3sSThCs 32 9TO periy crenma-
mucts u3 Mopkcekoro yauBepeutera B Toporto Topron Ilermapn (Gordon Shepherd) u Enmun Uxo
(Youngmin Cho).

«SIpKue HOUM IEUCTBUTENBHO CYILIECTBYIOT, U OHU HABEPHSIKA SIBJISIOTCS BAPHAHTOM COOCTBEH-
HOT'O CBEUEeHHsI aTMOC(epbl, KOTOPOE MOKHO HAaOMOAATh CO CITyTHUKOB», — pacckasbiBaeT Lllenmapn
B [IPECC-PENIN3€e YHUBEPCUTETA.

CoOcTBeHHOE cBeyeHHe aTMocepbl Kak TaKOBOE OOYCJIOBJIEHO M3TyYeHHEM CBETa B XOME
XMMHYECKUX PEaKLMi B BEPXHUX CJIOAX arMocepsl. B yacTHOCTH, OCHOBHOM 3€JIEHBIN CBET BO3HU-
KaeT MpH paclIENJIEHUH MOJIEKYJISIPHOTO KMCIOpOJa Ha OT/IEJIbHbIE aTOMBI.

VuéHple Ha MPOTSKEHUH ABYX JIeT BbIMCKMBaIM B JaHHBIX WINDII HeoObruHble mpodum
COOCTBEHHOTO CBEYEHHs1 aTMOC(Eephl, OTCEMBasl MaJIeHUe METEOPUTOB U TOJISIPHBIE CHUSTHMSI, KOTO-
pble UMEIOT CBOM YETKHUE MOANMCU. B utore ucciaenosarelsam yaaaoch BeAEIUTh 11 momxonsmmx
COOBITUT, JTBa U3 KOTOPHIM OBLUTH OITMCAHBI UMH B CTaThe, ONMyOIMKoBaHHOU B m3nanuu Geophysical
Research Letters.

Oxkazanioch, 4T0 BO BpeMsl «SIpKHUX HOYEW» MHTEHCHMBHOCTh COOCTBEHHOTO CBEUSHHS aTMO-
cepsl YBEIMYMBACTCS OT YETHIPEX /10 JecATH pa3. A HaOmonarh JaHHBIA 3((EKT B pa3IuuHbIX
MecTax 3eMHOr0O Iapa MOXXHO MPUMEPHO B 7% HOuell. ABTOpBI padOTHl YBEPEHbI, UTO, Oa3UpysICh
Ha TMOyYeHHBIX UIMU JAHHBIX, JTIOOOW aCTPOHOM PACCUMUTAET, KOT/Ia eMy HaOJI0/1aTh 3a PEeIKUM aTMO-
cepHBIM SIBJIEHUEM.

Ortkpesitue lenapaa nu Yxo nmeet BaskHOE 3HAUEHUE [J1s1 COBPEMEHHOM acTPOHOMUM. SIBjIeHU S
«SIPKOI HOUM» MOT'YT BHOCUTb CyILIECTBEHHbIE KOPPEKTHUBbI B TOUHOCTb JAaHHBIX, [TOJTy4a€MbIX HA3eM-
HBIMH YYBCTBUTEJIbHBIMU MTPUOOpAMHU, U TIPE/ICKa3aHUe MX TIOSBJICHUS TIO3BOJUT U30€XkKaTh Cephe3-
HBIX ommoOoK. KoHer nurarsl.

Hecomuenno, nansbiii penomen cBsizan co CBETO2dupHbIMU MOTOKaMU, U3Ty4aeMbIMU
u3 Heap 3emutu. U eciv 3uMoii ropoacKoe OCBeIleH e MO3BOJISIET MPOSBUTD 3TH NOTOKH B Bujie CBE-
TOBDBIX cTon6oB, TO B TEMIBIE TIEPUO/IBI TO/IA TO BhIpakkaeTcsl B cBeueHnu armocdepsl. CBs3aHO
9TO C HAJIMYKEM BOJIBI B aTMOC(epe B BUJIE UCTTIAPEHUH, KOTOPBIE He YXYIIIAIT BUJUMOCTh, HO Tiepe
M3TyYaloT B aTMocdepe BUAUMOE U3TyYeHUE U3 HEeJIp.

15. Co3paHbl HAHO MOTOPBI, TPUBOAUMBIE B IBUKEHUE CBETOM [76]

https://indicator.ru/news/2017/07/02/chasticy-svet ?utm_referrer=https%3 A%2F%2Fze

n.yandex.com
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Puc.37 Bpawenue uacmuywl noo 8o3oeiicmeuem CBETA

Nuxenepst u3 CIIA, M3pannsa u XopBatuu pa3paboTaiii CHCTEMY, TPUBOAUMYIO B JIBUKCHHUE
OOBIYHBIM CBETOM, a HE CTIeNMaIbHBIMU ICTOYHUKAMH CBETA, KK B JPYTHX MOJOOHBIX KOHCTPYKIIHSIX.
Pabora y4eHsIx onmyOnmKoBaHa B KypHase Science

Bonbliasg yacte Mccae0BaHMA, B KOTOPHIX YUE€HblE MbITAIOTCSA NEpPEeIBUIaTh YACTULBI WJIM
3aCTaBJIATh MX BPALIAThCS, TPEOYIOT JIA3EPHBIX JIyYel U CHElMAIIBHOrO 0OOpPYAOBaHMS, YTO 3HAYU-
TEJIbHO OrPaHMYMBAET BO3MOKHOCTH UX MpUMeHeHHs. «Har momxon coctosit B TOM, 4TOOBI ITOCMOT-
peTb, CMOXEM JI MBIl JOOMTBCS BCEX ITUX MHTEPECHBIX MEXaHUYECKHX 3(PPEKTOB ¢ MPOCTHIM CBe-
TOM», — ITOSICHUJI UCClleIoBaTeslb U3 MaccadyceTcKoro TeXHOJIOrn4eckoro nHetutyta OrabeH Minuk.

I'pynna Havana paboTy ¢ MOAENMPOBAHUS aCUMMETPUYHBIX YACTHILI, KOTOpPbIE OHU Ha3BAJIM
yacTuuamu fHyca, pasmMepoM oauMH MuKpoMmerp. VX mpennosarajgoch M3roTaBiMBaTh M3 OKCHUAA
KPEMHHUS U C OIHOM CTOPOHBI MOKPBhIBaTh TOHKUM CJIOEM 30Ji0Ta. Korza Ha Takylo 4acTuily Iora-
JAeT CBET, pa3HULIA B TOKPBITUY TOBEPXHOCTHU 3aCTABIAET €€ IOBOPAYUBATHCS, IPUYEM BCE YACTULIbI
MOBOPAYMBAIOTCS OAMHAKOBO.

ABTOpPBI paOOTHI PACCUUTHIBAIOT, YTO MPEJIOKEHHYIO TEXHOJIOTHIO MOKHO OyleT IPUMEHSTh
1J1 U3MEHEHHUs TI0JI0KEHHS YacTHIl B TeJle 4eIO0BEKa, YTO MOXET CTaTh OCHOBOUM HOBBIX METO/IOB
tepanuu. KoHell nurarsl.

Bot n npucrynuim ucnions3zoats Hanpsamyio CBETO@upabie Buxpu-noroku. He 3a ropamu
Y BEYHbIE JIBUTaTeIIH.

WNmm ectp npyrue MueHus?

16. I'paBuTaionHoe nose FOnurepa M3MEHWIIOCh U aCTPO(PU3UKHY HAMEPEHbI HANTH PUUUHY
9TUX MeTamopdo3 [76]

bnarogaps annapary «lOHoHa» cnienmancTbl AMEpUMKaHCKOTO KOCMUYECKOT0 areHTCTBa MOJTy-
Y1 1ocTy K potorpacusm FOnmrepa, caenanHbM B nH(GpakpacHOM criekTpe. Hekotopbie ocobeH-
HOCTH CHUMKOB YAMBIJIN YYEHBIM U T€ PELIMJINA U3YUUTh Fa30BOT0O TUraHTa oosnee AeTaibHO. B nepByo
o4epelib, UX UHTEPECYIOT U3MEHEHHS €r0 IPaBUTALIMOHHOTO MOJIA.

Panee armocdepa IOnutepa Obita OueHb pa3pekeHHOW M HEOECHbIE Tella C JIETKOCTBIO Mpo-
HUKaJIM CKBO3b HEE M MaJaJM Ha MOBEPXHOCTh IUIaHeThl. Celvac e acTepoubl HAUYMHAIOT TOPETh
B Ia30BO 000JIOUKE. Y4eHble OTMEYAIOT, YTO B HEW OHU He HAOMIOAAI0T HUKAKUX CTPYKTYPHBIX MeTa-
MOp03, TO3TOMY MPHYHHA TTOSIBJIEHHSI BBICOKOTO TPEHUSI MKy OOBEKTOM M Ta30M CTOHMT UCKaTh
B I'PaBUTALIMIOHHOM TIOJIE.

KpOMC TOro, Ha CHUMKAX BHUIHCIOTCA ITOJIOCBI OPAHKEBOI'O IBETA, OCTABJICHHBIC YITABIIMMU
Ha IOHI/ITCp KOCMUYECKUMU OOBEKTAMHU. O‘ICBI/I,HHO, YTO I'PABUTALIMOHHOE II0JIE CTAJIO 0os1ee CHITb-
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HBIM ¥ CKOPOCTb IIaJICHU I aCTEPOU/IOB YBEJIMYMIIACh, 2 BMECTE C HEW U TPEHHE O IOBEPXHOCTb. Tenepb
30H1y «lOHOHa» MpeaCcTOUT pa3y3HaTh MPUYMHBI U3MEHEHUH I'PaBUTAIIMOHHOTO Mosis. Bo3amoxHO,
Ha HETO MOBJIMAJIA CMEHA MIOJI0COB I1aHeTsl. KoHel nurarsl.

Bor 1 nepBoe 10Ka3aTeNnbCTBO TOTO, UTO MPAaBUTALMS HE 3aBUCUT OT Macchl. Bmecre ¢ ycuie-
HUEM T'PaBUTALIMM JIOJDKHA BO3PAcTU U cBeTUMOCTh fOnuTepa B MH(pPaKpacHOM M BUIMMOM JHaria-
30Hax. Cuiia rpaBUTAlMU 3aBUCUT OT CBETUMOCTH OOBEeKTa. YeM BbIllle CBETUMOCTb, TEM CHJIbHEE
I'PaBUTAIIMOHHOE TIOJIE OOBEKTA.

Camoe MHTEpecHOe B 9TOM COOOIIEHUH TO, YTO U3MEHEHHE IPAaBUTAIIMOHHOIO TOJIsl CBA3AIM
CO CMEHOM TOJIIOCOB IUIAHEThI, HO HUKAK HE C MacCOW. YIUBUTEJIEH MUP OPTOJOKCAIbHON HAyKH.

17. I'pynina viccnenoBaresnield U3 HeCKOIbKMX HayuHbIX yupexaenuit Mcnanvm u CIIA obHapy-
’K1J1a HOBOE CBOKICTBO CBETA, O KOTOPOM He OBLIO U3BECTHO paHee. DTO CBOMCTBO MOTYUYHIIO HA3BAHUE
«CcaMo-Bpaniaomi MoMeHT cBeta» (light-self-torque), 1 ero OTKpbITHE COAEPKUT OONBINON MTOTEH-
[MaJ TS MHOTHX O0OJIacTell HayKM U TEXHUKH, TAKMX KaK KOMMYHHUKAIIUU U OTOOpaxkeHne uH(pop-
Mallu¥, B KOTOPBIX CBET UTPAET IJIaBHYIO POJib. [86]

Camo-spawarowuii momenm ceema

18. Poccuiickue yuensle u3 Yauepcutera UTMO B coTpynHuyecTBe ¢ KojuleramMu u3 Akaje-
MuM HayK Yexuu mpeasioKiIi UCIoMb30BaTh IS NEpeMEIMBaHUSI KUIKOCTEN B MUKPO EMKOCTSIX
sHepruio cBera. Padora onmyonukoBana B kypHaie Advanced Science. [88]

[urara: Yuensie u3z Cankr-IlerepOypra pazpadoTaiy HaHOAHTEHHY, TTPECTABIISIONIYI0 COOOM
KPOIIIEYHBIN KYOUK KPEMHHS pa3MepOM OKOJIO IByXCOT HAHOMETPOB. DTO HEBUAUMOE TJIa3y YCTPOH-
CTBO CHIOCOOHO YIIPABJIATH CBETOBOM BOJIHOM, KOTOpasi HA Hee TIOMaIaeT.
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«Haria HaHO aHTEeHHa MpeBpallaeT CBeT KPyroBOy MOJspU3allvii B ONTUYECKUIA BUXPb, — IIPU-
BOJIATCS B IIPECC-PEJIM3E CII0BA PyKOBOAMTES HccieioBaHus, npogeccopa Hosoro dusrexa U'TMO
Anexcannpa HlanuHa. — DHeprus cBera 3aKpy4yuBaeTcsl BOKpYr Hee». KoHell nuTarhl.

Iepemewusanue scuoxocmu CBETOM

19. Cger BezieT K KBAHTOBOMY MUPY Y YCKOPEHHIO CBEPXTOKOB: HOBbIE BO3MOKHOCTH J1J151 KBaH-
TOBBIX KOMIBIOTEPOB. [91]

VYckopenue ceepx mokos
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[{uTara: «YueHble CMOTJIM MCIIOJIL30BaTh CBETOBBIE BOJHBI, YTOOBI CO3/IaTh YCKOPEHUE CBEPX-
TOKOB M MOJTYYUTb JIOCTYN K YHUKQJIbHBIM CBOMCTBaM KBAaHTOBOTO MUPA, B TOM YHUCJIE U K 3alpelleH-
HBIM CBETOBBIM U3JTyYEHUSIM.

... BriepBble uccieioBare i CMOIIA TPUMEHUTH CBETOBBIE UMITYJIbCHI C TEPAreplioBbIMU YacTo-
TaMH JIJIs1 YCKOPEHUS JIEKTPOHHBIX TIap, N3BECTHBIX KaK KyTepoBckue mapbl. OHM ObLIH MPOITYIICHBI
BHYTPH CBEPXTOKOB». KoHel 1iuTaThl.

[Mony4uaetcs, yro CBETOBBIE BostHBI BCE 00JIbIIIe HANETSIOTC S9K30THUSCKUME CBOWCTBAMMU.
OHu BpalnaioTcs, nepeMenuBaioT pacTBOphl. Tenepb BOT, YCKOPSIIOT KYIIEPOBCKUE Maphl 3JIEKTPOHOB.
Uyneca, aa u Tonbko. He ciminkom s MHOTO vyaec ajist BoiaH. He mopa nu nogymats, uro CBET-
Cyocranmus. Tonbko CyOcTaHIs MOKET BpalaThCs, MepeMelBaTh U iepeMeniarh.

20. Dxcnepument Ha MKC ykazai Ha cTpaHHYI0 OCOOEHHOCTDb TTayKoB [94]; [95]

IuTara:

Iayxu na MKC

«Mpl HHUKOTAA OBl HE JIOTAJAJINCh, YTO CBET OylIeT Wrparh OINPEeNICHHYI0 pOlb B OpPHEH-
TaMM MAyKOB B KOocMoce», — ropopur Camyaib 3IIOKKE, aBTOpP HOBOro ucciepoBaHus. «Ham
OYeHb MOBE3JI0, YTO JIaMITbl OBUTM MPUKPEIUIEHB B BEPXHEW YacTH Keiica, a He cOoKy. MHaue mMbI
HE CMOIIM OBl OOHAPYKHUTh BIIMSIHHE CBETA HA CHMMETPHIO MTAyTHHBI B HEBECOMOCTH.

Ananmm3 n300pakeHni TakKe TMOKa3al, YTo MAyK! Pacrojiarajiich B pa3HbIX YacTsX MayTHHBI,
KOT7Ia CBET OBbLJT BHIKJTIOUEH, HO 3aHMMAJI MECTO BBEPXY M CMOTPEJIM BHH3, KOT/Ia CBET ObUT BKJTIOUEH.
Panee y4eHble mpearnonaraiy, 4To NOCKOJIbKY NMAayKH MOTYT CTPOMTH CBOHM CETH M JIOBUTH JIOOBITY
B TEMHOTE, CBET HE UI'PaeT HUKAKOM poJv B MX opueHTauuu. Ho oka3anock, 4To 3TH YWIEHUCTOHOTHE
UCIIONB3YIOT CBET KAK JOMOJHUTEBHOE CPEACTBO OPUEHTALIUH.

Konelr imratel.

CornacHo Moell TeOpUH, I'PAaBUTALMOHHOE TI0JIE 3BE3/1 U TUIAHET COCTOUT UX

CBETO3@upHbIX NOTOKOB-KETOB. JIaMIiouka Toxe MICTOUHUK 3TUX NOTOKOB. [TosTomy mayku
B HEBECOMOCTH T107 CBETOM JIAMITOYKH PACIOJIaraloTcsi TaK, Kak Oy/ATO HaXOAATCS B TPAaBUTALIIOHHOM
T0JI€, YTO, TIO CYTH, TAKOBBIM U SIBJISIETCA.
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8.9aekTpocraruka

HamnomHsio HEKOTOPLIE MOMCHTHI U3 PAHEE CKA3aHHOI'O:

WTtak, 31eKTpoH-HEUTPUHO ¢ DPUpHBIM BUXpeM. [IpOTOH-KOHCTPYKLMS, B OCHOBE PEIIETKH
KOTOPOT'O pactoIOKeHbl JySHEUTPUHO. [ paBUTALIMOHHOE T10J1e IPOTOHA U JIEKTPOHA — 3TO D(PUpPHBIE
BUXPU KOHYCHOH (popmbl. COOCTBEHHO, 3TO U €CTh 3apsi] MPOTOHA M MeKTpoHa. OTInume 3aKova-
eTCs1 TOJIBKO B TOM, UTO BpallleH!e BUXpeil UMeeT pazHoe Hanpasienue, Puc.38. Eciu ynanuts amek-
TPOH C OpOUTHI MPOTOHA B KaXKIOM aTOME, TO TeJIO OyAeT 3apsiKEeHO MOJOKUTEIBHO, TPUYEM 3apsif
He Oy/leT LEHTPaJbHO CUMMETPUYHbIM, T.€. OyleT NOBTOPATh KOHTYPHI Teja. Y 1iapa 3apsj Oyaer

uMeTh (hopMy I1apa, Ha TUIOCKOW TIOBEPXHOCTH 3apsi] OyleT MMeTh (hopMy TIIOCKOCTH.

BDduprsiit
BHXPb

etk

;r::-r--t!
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=

L ‘

—  Heiitpiso

DNeKTPOH

Puc.38 Iaekmpon u npomon

(@

e ——

, g [To3uTpOH

F ;
TMozuTpounii & oy lozut

POHMIT

[IpotoH

Bokpyr 3apsxkeHHOro Tenna (popMUpyercs J1eKTpuueckoe nose. B ciyuyae HepocraTka anek-
TPOHOB IEKTPUUECKOE ToJIe OyAeT COCTOATh U3 IPABUTALMOHHBIX MOJIEH MPOTOHOB, MPU M30BITKE

QJICKTPOHOB 2JICKTPUYCCKOEC IOJIE 6y,HCT COCTOATDb U3 I'PABUTALITMOHHBIX roJseu 9JICKTPOHOB Puc.39.
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Ofrpuua';enhmﬁ 3apAq Tena

l_pa.BII‘IEIJJHOHHUE none
H20BITOYHOTO MEKTPOHA
popMUpyrOmes oTPHLATEIbHBI
3apan Tena

T paemTaumonHoe rone anexTpoHa
- DnomMpyromee Mone MPoToHa

[ paBuTaloHHOE MTOMe TPOTOHA

Puc.39 Ompuuyamenvuvlii «3aps0» mena-zpasumayuoHHoe nojae U30blmouH020 3.J1eK-
mpona

DNIeKTPOHENTPAIIBHOCTh AaTOMOB TeJla U TeJl 00yCJIOBJIEHa TeM, 4To D(pUpHBIA BUXpb (IpaBu-
TALMOHHOE T10JIE) IPOTOHA HEUTpaIn3yeTcs: D(UPHBIM BUXpeM eKTpoHa. CMOTpH aTOM BOJOPOAA
Ha Puc.8

AnekTpocTaTka npocta. Ha Puc.40 nzo0paxkeHo B3anmonencrTeue 3apsigoB. Korga B3anmo-
AENCTBYIOT ABa D(PUPHBIX BUXPS JIEKTPOHOB WJIM MIPOTOHOB, TO OHM BPAILAIOTCS HABCTPEUy APYr
ApYyry, HarHetas Mexay Tesaamu dpup. IlnotHOCTs Dpupa Mex 1y TeslaMu MOBBILIAETCS U TeJIa pac-
TAJIKUBAIOTCS

S¢dupHbIE BUXPU JIEKTPOHA U IPOTOHA BPALIAIOTCS B OJHY CTOPOHY, BbITECHSS D(UP MEKIY
ten. [InoTHOCTh Dprpa MexX Dy TeramMu MOHMKASTCS, Tesa COMMKAIOTCS.
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DNeKTpocTaTHKA

I30BITOK 3ASKTPOHOB

= 2ere PO

Pi>>P
a) Tena pacTaIKHBAIOTCA

= —_————

Henmocratok ICKTPOHOB

Tena PaCTAIKHBAKOTCAH

IIpoToH-371eKTpOH

R TN/
Pp< P

Tena npUTATKHBAKOTCA

Puc.40 Iarekmpocmamuueckoe 83aumooeiicmaue uacmuy ROCPeOCMEoM 2pasUMAaAUUOHHbIX
noaeil.

Nwmes 1octaToyHO 4yBCTBUTEIbHBIN JAaTYMK JABJIEHUS, MOKHO JOKa3aTh 3TO SKCIIEPUMEHTOM.
JBukeHue-cieIcTBre Hamnuust D(PUpPHBIX BeTpoB. MHepLus-criecTBrue ABUAKeHU DPUPHBIX
BETPOB. VICTOUHMKOM «CHUJIbl MHEPLIUK» SIBJISIETCS MIPOCTPAHCTBO, KaK PE3Yy/IbTaT B3aUMOJEICTBUS

UpPHBIX BETPOB.
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MepHocTb TpOCTpaHCcTBa (00BEM) TaK ke CIeICTBUE HATMUusl D(PUPHBIX BETPOB.

56



I1. . AxoBanueB. «Bcenennas — ¢opma xun3nu bora. Teopus Beero»

9.91eKTpoauHaAMHKA

DNEKTPUUYECKUIM TOK €CTh HAIIPABJIEHHOE ABUKEHWE 3JIEKTPOHOB. VM JBUXKET MX BUXPEBON
NOTOK Durpa, ABUKYIIMICS 110 IPOBOIHUKY, Puc. 41

DIEKTPHYECKHH TOK

SNeKTPOMarHMTHOE [TONe
.~ IIpoBOIHHEA

SNeKTpOHE

=\ Hanpaeneume nBixeHMa

| " 3IeKTpOHOE

Dup

SIeKTPHYECEHI TOK-IBIGEYINMIicT Zd1p BEOBISKAOMIIT B OBIDKEHME
IMEKTPOHEL.

DneKTpOMAarHNTHOE IT0Ne-IBMEVINHITCE BIXpeM Jdip
rPaEHTALMOHHEBIE IO JIEKTPOHOE

Sdup nprcEeTCd 2a CUET PAZHOCTH IDIOTHOCTH HA KNeMMAay FeHepaTopa

Puc.41 Inaexmpomaznumnoe none nposoonuxa ¢ moxkom. Cocmoum u3z Igupnozo euxps
C 8EPUUHOLL HA 0CU NPOBOOHUKA U 2PASUMAUUOHHBIX NOAEL INEKNMPOHO8, 0BUNCYULUXCS NO SUH-
moeoll mpaeKmopuu no no08epxHocmu NPO8OOHUKA

I'paBuTaliOHHBIE TTOJTST ABVKYIIMXCS, IO/ BO3AEUCTBUEM BUXPEBOro MOTOKA Dupa, JeKTpo-
HOB U €CTh JIEKTPOMArHUTHOE MoJie TPOBOJHUKA MO TOKOoM, Puc. 42
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BJIEKTIJH'-IECKDE H MdI'HHTHOC
II0JIA MPOBOHHEKA.

Hpﬂﬁ c:,u HUE

ﬂ)ﬂpﬂﬂ ooHME bes ToKa

Tox

6) [TPOE OOHHE 107 TOKOM
I paEMTaIMOHHEIE [TONA JMEKTPOHOE -
¥ EMXpE J)Hpa Ha OCH [IPOEOJHMEA-
3MEKTPOMarHMTHOE TTOMe. e

Puc.42 Iaekmpuueckoe u 3nexkmpomazHumHoe nosne npo8oOHUKa 0e3 MoKa U ¢ MOKOM.
I'pagpuxku pacnpedenenus E, H, B. s6okpyz nposooHuka u snympu

Ha Puc. 43 uzo0paxkeHO B3aMMOJEHCTBHE MPOBOTHUKOB. OCHOBOWM CHWIIBI, CTAaJKUBAIOIIEH
WINA pacTaJIKMBAIOLLEN POBOJHUKHY, SIBJISETCS PAa3HOCTb IUIOTHOCTU Ddupa Mex 1y NPOBOAHUKAMU
Y BHE 9TUX MPOBOJHUKOB. Pa3Has IOTHOCTh 0OecrieunBaeT U pa3Hoe JaBJieHUe. DIeKTpocTaTuye-
CKO€ ¥ 9JIEKTPOMarHMTHOE B3aUMOJIEUCTBUE YUCTO MEXaHNIECKOE TPUTATKUBAHUE WM PACTAIKUBA-
HUE TeJ.
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Puc.43 Bzaumooeiicmeue 08yx npoeooHuxos ¢ moxom. Cunra @3aumooeiicmaus 00yc.n06-
J1eHa pa3Holl RAOMHOCMbIO DPupa mexncoy nPoeoOHUKAMU U 3a HUMU

Terepb pazdepéMcsi B TOM, Kak TeHepaTop OCYIIeCTRIIsIeT ABKeHre D¢upa 1o MPOBOTHUKAM.
Kak u3BecTHO, reHepaTop COCTOUT M3 IByX OCHOBHBIX JIeTaJIeli-IKOPsI ¥ CTaTOpa, KOTOPbIe KOHCTPYK-
THUBHO BKJTIOYAIOT B ce0s1 0OMOTKY M3 MeJHOU ITPOBOJIOKHU. M3 10600 Bparmaronerocs tejia UCTeKaer
Ddup paauanbHO OT OcH BparieHus1. Korjga HaurmHaeTcs BpalaThes IKOph TeHepaTopa, U3 Hero heTe-
kaet Dup. [Nononnenune Dupa MPOUCXOIUT 3a CYET (POPMUPOBAHUS IBYX BUXPEH MO OCU SKOPS.
ITo ocut Dup B AKOPH BXOAUT M 1O MWIMHAPUIECKON TIOBEPXHOCTH BBIXOIUT.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

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