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AHHOTaAMSA

JlaHHas KHUTA -3TO CBEKasl TUIoTe3a CTPOeHU Hallleil BeesieHHo#,
KOTOpasi MOCTPOeHa Ha 3epKalbHOIl OCHOBe, 1Mo cpaBHeHUIO ¢ OTO
W He HapyIIaeT JIOTHKH, MTPOCTO cllaraeMple TIOMEHSUIUCh MECTaMH, a
pesyibrar octaéres ToT xe. [IpeacraBbre Hanry COMHEUHYIO CUCTEMY
BBIBEpHYTYI0 Ham3HaHky. [ne ConHile 3T0 Tula3MeHHass 00O0JI0uKa
CBEpXy, a IUIAHeThl JBWKYTCSI BHYTPH, Kak CEeMEeukd B apoyse.
IMonyvaercss camas OblcTpast IiaHeTa 3To Mepkypuii mpooeraert
caMblii OOJBIIUI KPYr 32 CYTKH, YeM BCE OCTaJIbHbIe, a Mbl 3eMJIs
JBWKEMCS TIO KPYTy Ha CKOPOCTH CBETa U 3a CYTKH MPOXOAUM Oosiee
24 musumapnoB KuwitoMeTpos. FOmutep m CaTypH pa3BUBAlOT Tak
€ CKOpPOCTb CBETa , HO MPOXOAAT MEHBIIUI Kpyr MpuUMepHO B 12
MUJUTMAPAOB KUJIOMETPOB 3a 12 yacoB. I'mmote3a mpenckasbiBaeT
CKOpOe H3MeHeHHe OpOUTH 3eMiM, Ha MEHBIIyI0 B JBa paza B
0003puMOM OYIyIIIeM ¥ KaKKe 3TO BbI30OBET MOCIIEICTBU.



Cep CeBan

I'paBUTAIMOHHBIE HENTPHHO

I'nasa 0.0.

Bcex yueHbIX (pU3MKOB MHTEpECYET BOMPOC, a KAKOBA peasib-
Hasl SHEPrusi HEUTPUHO, KaK €€ MOXKHO M3MEPUTh WM BbIUUC-
mTh? CTPOATCS pa3InyHbIe JIOBYIIKY B TOM YHUCIIE TITyOOKO MO/
3emJield, a BO3 U HBIHE TaM, KaKUX JTMOO OOJBIIMX JAHHBIX U3
KOTOPBIX MOXKHO BBIBECTH (DOPMYJTY TTOKA HET, CIy4aloTCs JIUIIIb
peaKue coObITHSI KOTOPbIE MOTYT ObITh MPOCTBIM TEXHUYECKUM
cOoeM B arnmaparype WM ellle Kakol TO HeyUTeHHBIN (pakTop.

A ecnu 1Be pasHble 1ab0opaTopuu pa3HeCeHHbIE APYT OT Opy-
ra, Ha OOJIbIINE PACCTOSIHUS, a JIyullle TpU 3a(pUKCUPYIOT aHO-
MaJibHbIe OCIWIUISIIIMU B TeJle JeTeKTopa, To OyaeT Oojee MeHee
sICHasl KapTUHA, TO KMEHHO TO YTO MbI uiieM. Ho noiimars va-
CTHUILY, 3TO ellle He BCe Y3HaTh O HEH, a INIaBHOE KAKOBa €€ BHYT-
PEHHsIsI CTPYKTYPa, U3 Yero OHa MOSIBUJIACH U TTOYeMY ?

CeromHs1 PEJICTABIII0 KAPTUHY HAICH IaJJaKTUKU KaKoW ee
BIKY M CKaKy 4TO 3TO Korust 6osiee Mesikor COJTHEUHOM ChcTe-
MBI, @ OHA B CBOIO OYepe/Ib SBJISIETCS TIOBTOPEHUEM aToMa B OOJTb-
mreM MacinTade. [ py6o roBopsi, Mbl iMeeM AeJI0 € TOJIOr PaMMOM,
IJie OJTHa MeJIKasi YacTh SIBJISIETCS COCTABHOW OoJiee KPYITHOM, Ta-



KK€ MOBTOPEHUSI WM KUPIUYUKHA MUPO3/IaHUSI.
Yro ectp Hama Beenennasa? OTBeT — 310 SHEPrusl.
A 4TO ectb DHeprus?

OTBeT — 3TO TO, YTO Mbl MOXKEM 4YE€M-TO U3MEPUTh, OIUCAThH
¥ IJIaBHOE — 3TO JAMHaMMKa rpotiecca. K nmpumepy, Mbl Harpeau
KaMeHb MPUIATA eMy TeTUIOBYIO SHEPIUI0, ¥ OH IOMEHSLT CBOU
(puzrueckue CBOMCTBA, 3aTeM OH OCTBUT OT/IaJT 0OpaTHO UH(ppa-
KpacHbIe JIyud 1 BepHYJICSI B ICXOHOEe cocTosiHue. U3 vero nae-
JlaeM BBIBOJL J1I00asi CHCTeMa eclid He MOJTy4yaeT KaKylo-TO MOf-
MUTKY U3BHE CTPEMUTCSI K CBOEMY PaBHOBECHIO MJIM BO3BpATy Ha
UCXOJHYIO.

Yro MBI BUIUM B peasibHOCTA? 3B€3/1bl U IUIAHETH! HAILIEH ra-
JIAKTUKM aKTUBHO M3JIy4aloT SHEPTUI0O MUJUIMAP/BI JIET U HE TO-
pOIATCA OCTHIBATh, CJIIOBHO €€ MOANMTKY NONYy4YaloT OTKYAA-TO
W3BHE, HalIpUMEp OT SAApa Haller BeceneHHoM WM OT BpeEMEH ca-
Moro Bosbioro B3peiBa ( KOTOPBIM €111€ U HE I0Ka3aH Ha BCE CTO
IPOLIEHTOB) MIO3TOMY JIETYE lyMaTh 10 JPyTrOMY, YTO Mbl BUAUM
ceryac 310 Mepexo], KNHETUYECKON SHEPIUH BPALLECHUS Halllen
TaJJAKTUKU U BCETO BEILECTBA B HEM B TEIUIOBYIO U JIEKTPOMAr-
HUTHYIO, a IOYEMY Mbl TaKk ObICTPO ABMKEMCS BOKPYT LIEHTpa
Muneunoro nmytu? nu noyemy rajakTuka 3aKpyTHIIACh?



BapuanToB oTBeTa Bcero asa.

Heplaoe MBbI 3aKPYTUIHCH 3a CYCT CBOUX BHYTPECHHUX CUJI BOT
KaK 6ap0H MIOHXFay3eH BLITAIIIMJI CaM ce0s1 13 00J10Ta 3a BOJIOCHI
nu

BTopoe MblI Moy YrIii OPIUI0 SHEPIHIO U3BHE M YCIIEIITHO ee
niepeBapuBaeM, MepeBOIUM ee U3 HEUTPUHO ( TOJbKO OHU MOTYT
niepeiaBaTh UMITYJIbC CUJTBI Ha OOJIBIIIOE PACCTOSIHUE) TIO HOBBIM
JAaHHBIM STH YaCTHIIBl BO MHOTO Pa3 MPEBBIIIAIOT CKOPOCTb CBETa
¥ MMEIOT Ha TIOPSAKK Oosbiiie SHepruo. OHU Kak Obl ABUXKYTCS
B MOJIIPOCTPAHCTBE HE B3aUMOJIEHCTBYIOT C HAIIIUM BEIlIECTBOM,
HO €CJTU BAPYT CTOJIKHYThCS TJIe-TO TaM C JIPYT APYroMm, TO B30-
PBYTCSI M BHIIAYT B HAIll MAP TPEOJONIEB CyOCBETOBOM Oapbep
3aTOPMO3SITCS, TIPEBPATUBIIUCH B OOBIYHBIA KBAPK WM Cpasy B
NPOTOH (TaK Kak KBapK Hape3aeT neriu (popMupyst 0OObEMHYIO
OpOUTY U B LIEJIOM Ha30BEM 3TO IMMPOTOHOM ) TIOHSTHO, YTO JJOJIXK-
Ha OBITh ¥ OOpaTHasi Peakiys, KOrjaa SHeprusi U3 Hallero Mupa
YXOZIUT C yCKOpeHneM B MIOHXTay3eH IJie XO3IHHUYAIOT TOJIBKO
HEUTpUHO. Takoil cuuTall napajuiebHblii MUP C BBICOKUMU TO-
TEHIIUAJIbHBIMU SHEPTrUsIMU, CKOPEE TO U €CTh HaIlll BAKYyM U
OH HE MyCTOW KaK MbI JyMaeM.

O6e Bepcuy pabOTHI HAllleH raTaKTUKK ee TIPUBO/A, BHEIIHSIS
¥ BHYTPEHHSIS, YeM TO XOPOIIH, YeM TO IJIOXU, HO B HHX €CTh
0fIHO OOIIIee, KOTOPOE YK€ OYEBUAHO MM OObEIUHSIOMIU JJ1e-



MCHT.

DTO NEPEXO[] FHEPTUU U3 OHOI'O COCTOSIHUSA B IPYTrO€ WU U3
OJIHOM TJIOCKOCTU BpallleHUs B APYIyio, U3 OOJIbIlel crupaiu
oOpallieHus1 B MEHBIIIYIO C BO3pacTaHUEM 4acToThl. [loaToMy Ko-
IIa POXKIAETCA HEUTPUHO OHO BBUIETAET U3 aTOMa Kak s1pO U3
MYIIKXA CO CKOPOCTBIO 9 MUJLITMApIOB KM B CEKYHAY U MBI €I0 J1a-
K€ He YCIIEBAeM 3aMETUTb, HO (PUKCUPYEM JIbIM UJIM MHBEPCHUOH-
HBI} CJie]] BCTIBILIKY, 9TO HAIX (POTOHBI Y HUX CKOPOCTh U3BECT-
Has M MOCTOSIHHAS, @ BOT OTKAT OpPYyAMs Has3aJ WIXA OTAa4a 3TO
Oy/IeT Hallle TPaBUTALIMOHHOE YCKOPEHHE AeCATh METPOB CEKYH-
1y, HO MOXET U OOJIbIle 3aBUCUT OT OPY:KHSsl, KanuOpa U TII.

['maBHOE, 4TO B MpPUPOIE BCE CTPEMUTCA K PABHOBECHUIO U
SHEPrusl BHITOJIKHYBINAS CHAPSI/ 9TO HAllla MyIIKa U CaMo BbLIE-
TEBILIEE HEUTPUHO CO BPEMEHEM MOMEHSIOTCSI MECTAMM, U BECh
BOIPOC, KaK OHU 3TO Oy/AyT AenaTh?

A oueHb IPOCTO HEUTPUHO HAUHET OOJIbIIIEe MPUTOPMAKUBATH
OTKJIOHSISICh OT IIPSIMOM CBOETO Kypca, OHa Kak Obl HAUMHAET pac-
KPYy4YMBaTh CBOIO CIIUPAJIb OTAAET SHEPIUI0 MOCTENEHHO MTPOXO-
151 4yepe3 pa3iMyHble MacChl BEIIECTBA B OCHOBHOM 4epe3 rasbl,
NIbUTM U TIJTAHEThl PA3TOHSIS UX.

A cam aTom WM nejiad Ij1aHeTa U3 HUX COCTOAIlaA Ha4nHa-



IOT 32 CYET TAKOTO MOCTOSTHHOTO HEOOJIBIIIOTO YCKOpeHUs ( cTpe-
JISTIOT HEUTPUHO B pa3HbIe CTOPOHBI, HO B OJHY UyTh MOOOJIBIIIE)
Bce OOJIbIIIe JOBOPAYMBATD UM U3 TIOJIOTOW OPOUTHI IEPEXOUTh
B Oonee kpytywo. Tak 3emis 3aiimer mecto lOnurepa u cytku
y Hac CTaHyT JJIMThCS Bcero 12 yacos, Mpy 3TOM 3aMETHO MpHU-
OaBUTCS MPUTSDKEHUE TOKE B [IBA pa3a M TaK MbI 9TO Oyaem jie-
JIaTh Jajiee Bce BpeMsi COKpalarh OpoUTY M yBEJIMUMBATH YaCTO-
Ty oOpaitieHuit BOKpyT 1ieHTpa CoTHeYHO! CHCTeMBI ( cefiuac 3To
nenaeM 3a 24 yaca oOerasi roloBylo OpOUTY Ha CKOPOCTHU CBETa)
IIOKa HE JTOCTUTHEM YacCTOTHI ITPOTOHA, a JAJiee CaMoro KBapka
Y TYT Mbl JIOCTUTHEM COCTOSIHMS CyIEPMAarHUTapa ¢ KBApKOBOM
IUIOTHOCTBIO CKOPEE YMEHBUIMMCS B pa3Mepax WM COXMEMCH.
A 4uto naee?

BoTr TyT O4YeHb MHTEPECHO, Mbl KOHEYHO MOXEM C YeM TO
CTOJIKHYTBhCSI U B30PBaThCsl, HO 3TO MAJIOBEPOSITHO TaK KaK MbI
npoiieM yepes To0yio OOBIYHYIO IUIAHETY, KaK HOX Uepe3 Mac-
JI0 ¥ JaXe He HarpeeMmcs, a TOT 4epe3 KOro Mbl IPOCKOYMM OH
CKOpee KaK TO Ha4HEeT 3TO 3aMeuarhb, Kakue TO Y Hero Ha4HyTCsI
MarHUTHbIE aHOMAJIHH.

Jlymaio, 4TO MBI paHO WJIM MO3HO B TAKOM IUIOTHOM COCTO-
SIHUM CMEHUM OpOMTY M Kak Obl HAuHEM JIBUTAThCS B APYrOM
IUIOCKOCTH IO OTHOUIEHHUIO K MaT€pPUHCKOW TaJlakTUKE U €€ T0-
KMHeM 1ox yrioM 90 rpaaycoB, 3TO Kak Ham pucyloT YepHas
JbIpa BHIOPOCHIIA KETHI B 00€ CTOPOHBI C MOMTIOCOB, TOTOMY UTO



TUIOTHOCTh OOBEKTA YBEJMUMBAETCS CKAYKOOOPA3HO U IIEHTPO-
OeXHbIE CHJIBI €r0 BHIOPACHIBAIOT CIIOBHO M3 TIPAIIH J1ajiee B OT-
KPBITBIE KOCMOC ¥ OHA HAaUMHAET CBOE OOJIBIIIOE MyTelleCTBUE
MOKa C KEM TO HE CTOJIKHETCS C TIOXOKUMHU (PU3NIECKUMH Xa-
pakTepucTukaMu. To ecTh SHeprusi XOpoIo B3aUMOJICHCTBYET C
MOXOKEU SHEPrUer U MOYTU HUKAK, €CJIM ITO CIIUIIKOM Pa3HbIe
BEJINYMHEI.

Bot TyT Bce cxomutcs, U3 CKOPOCTM HEUTPUHO 9 MuLmap-
JIOB KUJIOMETPOB B CEKYHAY Mbl BUIUM TOJIBKO Y3KUU CHEKTP
Jexanmi B nuanazoHe 300 ThICSIY KWJIOMETPOB B CEKYH]ly BCe
OCTaJIbHOE OCTAaeTCs 3a KaJpoM. A Kak 1 Halllesl 3Ty BEIUYUHY ?

[louemy UMEHHO CTOJIBKO?

OTBeT NpoCT eciu CKOPOCTh CBETa He JIMHeWHasl, a UMEHHO
YCKOpPEHHE BOT KaK I'PaBUTAIIMOHHOE JIECSITh METPOB B CEKYH]LY
yepes [IBe yKe IBalaTh Yepe3 TpU TPUALATh METPOB B CEKYHLY
U T, TO 3HAUYUT €CThb COOTHOILIEHUE OJIHOTO K JPYromy JeiuMm
300 000 000 mMeTpoB B CEKYH/ly Ha IECAAITb METPOB B CEKYH/Yy U
noxyvyaeM 30 000 000.

MoXkHO 1 B 00paTHYI0 CTOPOHY HCKaTh YCKOPEHHE U pasjie-
JIUTh JECATh METPOB B CEKYHIY Ha 9 MUJIJIMAp/OB MOTYyYUM Op-
OUTY IIPOTOHA.



DTO KOHEYHO HE COBCEM TOUHbIE IIU(PbI UX MOKHO YTOUHSTh,
HO HAIpaBJICHUE UCCIEIOBAaHUM YKa3aH BEPHO.

A ecny MpoaHaIM3MPOBATh BCIIBIIIKY CBEPXHOBBIX, KaK OBICT-
po pazberaioTcsi UxX ,,KOPOHbI" WM CYTNEpIKeTbl YEPHBIX TIBIP,
AQHOMAaJIbHOE MOPIraHUE 3BE3] B LIEJION TAJIAKTUKE, TO CTAHET SIC-
HO CKOPOCTb CBETA TaM CWJIbHO MPEBBIIIIEHA U TO YK€ HUYEM He
3aMacKHUpOBaTh, OT MOCTY/aTa DUHIITENHA, YTO HUUYTO HE MOKET
JIBUTaThCs OBICTpPEe CBETa MPHUJIETCS OTKA3bIBATHCS.

TyT Bce y HEro npaBWJIbHO, ITIPOCTO OTHOCUTENIBHO ITyCTOTO
IIPOCTPAHCTBA J1a IBUraThCs TaK HEJIb3s, & BOT HAXOACh BHYTPU
yke JIBUXKYIIENUCS CUCTEMBI MOXHO.

DTO KaK y HAC €CThb MPOTSKEHHBbIM PEbC HECKOIbKO Map-
CeK, Mbl CTPOMM OTPOMHBII KOpal/ib U Pa3rOHSIEM €ro J0 OKO-
JIOCBETOBBIX CKOPOCTEM, @ BHYTPH 3B€3/10JIETA €CTh KOJIBIIO B KO-
TOPOM HOCHTCSI TIO KPYTy ellle OMH MEHBIINN KOpadib U TO-
K€ Ha OKOJIOCBETOBOW CKOPOCTH MTOTO B CyMME IMOJTYYUTCS KO-
I/1a BHYTPEHHUI KOPaOiib ABUKETCS BIIEPe/] OH MPEBBIIAET CKO-
POCTB CBETA B [1Ba Pa3a M KOrna UAET Ha3aj TO 110 OTHOIIEHUIO K
HENOABUKHOM METPUKE OH TPAKTUYECKU CTOMT HAa MECTE.

BoOT 3TOT MBICJIEHHBIN OMNBIT HYKHO Ham Jiepkarb B TOJIOBE,
YTO MBI KaK MaTpellka BUKEMCS BHYTPH OOJIbIIIEN CHUCTEMBI,
TMIOJTHOCTBIO €€ KOMUPYS B TeUeHUe rofa ( copepiuasi rajlakThuyie-



CKUI 000poT 3a 365 OHEl) U HUKAK 3Ty TPOMAJIHYI0 CKOPOCTb
HE OIIYILAeM, 3TO BUJJHO TOJIBKO 110 TOJOBOMY CMEIIEHUIO 3BE3]1,
MIOTOMY UTO BCE€ BOKPYT HAC JIBUXKETCS TaK ke ObICTPO, a pa3HHIIA
B IUTIOC MUHYC CKOPOCTb CBETa 3TO BCE UTO Mbl YCIIEBAEM YBUJIETD
WJIY 3TO Halll SHEPreTUIeCcKrii CyOCBETOBOM Oapbep 3a KOTOPhIM
HUYEro He B3aMMOJICHCTBYET C HAIIIIM MUPOM.

I'nasa 1.1.

Ecnmu B Teopun DWiHINITeHA TOMEHSITh MECTaMH JBa cjlarae-
MBIX CKOPOCTb CBETa U SHEPrUi0 TO HUYEro He udmeHurcs. To
€CTb CBET OyJIET CTOSITh HA MECTE, KaK CTOsuasi BOJIHA B BaKyyMe,
a BCsl Marepusi ABUraThcsi, Ha orpomHon ckopoctu 300 000 km
B CEKYHIL.

[pu 3TOM, pa3 BMecTe ¢ HaMH OBICTPO IBHIKYTCS EKTPOHBI,
aTOMBbl , MArHUTHOE TOJIE TUIAHETHI, TO MBI 9TOU ,,aHOMAJIMU" CUM-
Tall He 3amedaeM. Jla MHorga BUIHO, Kak poxaaetrcs: GOTOH U3
IEKTPOHA U TYT K€ OTCTAET, HA OIPOMHOM CKOPOCTH. ( IIOKA HE
Oy/1eM Jymath Kak Mbl CBETUM (DOHAPUKOM BIIEpE/] 110 XOAY ABU-
’)KeHHUs1) HO Bce OYeHb JIorn4Ho. [lomyyaercs, 4ro Jioboe ycko-
peHMe Tesa B Halllel JUHAMUYHON CUCTEME , HA CaMOM JIeJie 9TO
(pakTHUECKOE TOPMOKEHME M BBIUMTAHUE U3 CPEJHEU CBETOBOM



TO, Ha CKOJIbBKO MbI Pa30IrHaJIUCh.

Kaxercs Open. Ho Bot Bam (paktuk. Mu mociamu 3087 [ap-
kep K CosHIy 1 Kak Obl HalpsIMYIO, OH HE MOXET JI0 Hero JioJe-
TETh U3 32 TOTO, YTO CUJIA IPUTSKEHUS 3BE3/Ibl MEILIAET 3TO Cle-
naTh. ( BB MOXeTe cebe MmpeAcTaBuTh Takoe? U s HeT, 4To To Ham
HE JOrOBapyBaIOT) HO €CJIM MbI JIBUXKEMCSI B IIPOCTPAHCTBE OBICT-
pee Benepsl, MepKypusi IOTOMY Kak OMUCHIBAEM OOJIBIINI KPYT
1o opbute TO 04YeHb JoruuHo. HyxHO Bce Bpemsi TOpMO3HTCH,
YTOOBI KaK TO BIHCATHCS B LIEHTP, a IO OOJIBIIIOMY CUETy YMEHb-
IIUTh CBOM IIEHTPOOEKHBIE CHITbI, IMEHHO MU Halll ( aMepHUKaH-
CKHMH) 30H]1 BCE BpeMs OTKM/bIBAET Ha nepudeputo. OH mbiTa-
eTcs 3alpbIrHYTh, HA PACKPY4MBAIOLIYIOCS Kapyceib U BCE Bpe-
MsI IPOCKaKMBAET MUMO, TIO3TOMY ITPUXOAUTCS TPATUTH OOJIBIIE
SHEpIuu.

[TornnmatoT i1 3170 HAIIM (PUBUKU?

Hymaio 1a, HO TPaKTYyIOT BCe [0 CBOEMY, KaK UM BBITOJIHO, a
He ecTbh Ha caMoM JeJie. OHu roBopAT, yTo CosHIle HaXOAUTCS B
I'PaBUTALIMOHHOM KOJIOJIE U TY/IA €lle HY:KHO YMETh MONAacTh. ..
To ecTb mpuTSIKEHUE, KaK TO HEMPaBUIILHO padotaer. .. M 6omb-
I1Ie BCE OTTAJIKMBAET OT CeOsl.

KcraTtu ecnu CJICAUTD 3a KOMETAMU, BJICTAIOIMMHU B HAIIly CU-
CTEMY, TO IMOYTHU BCC OHU OTKUbIBAIOTCA HAIIMM CBCTUJIOM 00-



parHo. Kora kak qomKHbI ObUTM BCE TAKY TIPUTSIHYTHCS Oe3 BCsI-
KHX MPOOJIEM U CTOPETh B BEPXHUX CJIOSIX 3BE3IBI.

B yem npoOsiema? Tak cpasy He CKaxy, XOTs ¥ 3HAIO OTBET, HO
HY’KHO YMTATENIs] CHAYAJIO TOATOTOBUTbH, YKa3aTh HA BOZMOXKHBIE
npoOenbl Hamen (pyHIamMeHTanbHOl (usuke. [losTomy murry
LEJTYI0 HayYHYIO KHUTY ¥ 9TO BCEro JIMIIb BCTYMUTEIbHAS [J1aBa.

Ho mist Tex KTo He MoOUT YMTaTh YMHbIE KHUTH, a IMojaBan
WTOTOBBIE BBIBOJBI CPa3y, TO CKaXy KaK BCE BBIMJISIUAT CO CTOPO-
HBI HaOmoaarensi cHapyku COJTHEYHON CUCTEMBI.

WTtak ecam Bce JecATh IIaHET JBUKYTCA, HA OKOJIOCBETOBOM
CKOPOCTH TIO KpPyTy, TO BIEpeau ceOs OHU TONKAIOT MOIIHOE
JIEKTPOMArHUTHOE T0JIE U OHO YK€ PACIIPOCTPAHSIETCS BIIEpeN
HE Ha Napy MWUIMOHOB KWJIOMETPOB, KaK Mbl JyMaeM celvac,
a Ha nopsAnoK nasbiine. Ckaxkem 310 150 MUITMOHOB KUJIOMET-
poB mig 3emin. A s IOnurepa Heckonpko MuyurapaoB. Jlo-
TMYHO YTO MBI nonagaeM B nosie IOnurepa, a OH B Hallle HeT.
A Mepkypuii Nonasaer B 1oje BCEX JEBATH IUIAHET CTOALIMN
32 HUM II03TOMY JBHMKETCS, & TOYHEE TOPMO3UT B PEAJbHOCTU
ObICTpee BCeX M 3TO YK€ OYEeBUIHBIA (PaKT ( TOPMOKEHHE 3TO
OTpMIIATENIbHOE YCKOpeHue) Benepa nomnazaaer B nose § miaHer,
3emuid B 1osie 7 IIaHeT CTOALIMX 3a Hell ¥ cBoe coOcTBeHHoe. 1
1. Io criucky. Camsiit nocneanuit [lnyton. Mimeet Tonbko cBoe
3JIEKTPOMArHUTHOE TI0JIE ¥ OH JIBIIKETCS 110 KPYTy ObICTpee Bcex



Hac. Ero yckopenue cuntail HUUTO He caepkuBaeT. Tak Kak aTo-
MBI U3 KOTOPBIX OH COCTOUT €r0 U Pa3rOHSIIOT.

370 ele OOWH BaXKHBIA BBIBOJI, UTO BCe Tesla BO BceneHHOM
WM MaTepusl pa3roHsieTcs: cama 1o cede 10 CKOPOCTH CBETa, ec-
JIM Ha Hee H14ero OoJibliie He BO3AerCTBYeT u3 BHe. Ho Kak ToJIb-
KO OHAa CKyYMBA€eTCsl MPEBpaIasch B IUNIAHETY WM TYMAHHOCTb,
TO HAYMHAETCS] MEJUICHHOE, HO YBEPEHHOE TOPMOXEHHUE 10 TeX
NOp TOKa He BO3HUKHET c(hepuyeckoe 3JeKTPOMAarHUTHOE TI0-
Jie UM OOIIUiA BEKTOp ycKopeHust. be3 Hero cucrema He Oyner
YCTOMYMBOM.

Ntoro Ha mecre Hamero CosHIIa HAXOAUTCS NIEPEeIHUIN Kpai
0OIIIero 3JIeKTPOMArHUTHOTO TOJISl BCeX TUIAHET. A cpa3y 3a HUM
pacriosyioxkeH OApUIIEHTP WM HACTOSAIIIAS YepHas JIbIpa, Kak Mbl
ee ceOe MpeacTaBiisieM, TONbKO B HEW HET HUKAKOTO JBHKEHUSI
TaM MPOCTPAHCTBO HAXOIUTCSI HA MECTe U JII00O0M JIeKTPOH, WU
MPOTOH B3/AyMail TyJa 3aJIeTeTh TYT XK€ aHHUTHWJIUPYIOTCS U3 32
pe3koro TopmoxkeHus. YTo cOOCTBEHHO MbI M BUIVM Ha Hailie
CBETHWJIO IIAJAeT a3, aTOMbI U AJIEKTPOHBI U TYT k€ HAUMHAIOT 13-
Jy4aTh OOpaTHO, 9TO TAKOH CyNepTOKaMak B JIEHCTBUM, IJIa3Ma
JIEKTPOMATrHUTHOTO TIOJISI UCTIapsieT BCe BEIIEeCTBO Oe3 OcTaTKa.

A TETICPb pa3 KapTUHKA Y HAC 3C€PKAJIbBHO MCHACTCA, B pCaJib-
HOCTH 3B€31 HE CYINICCTBYECT, 4 €CTh CJIOKCHHOC JICKTPOMAIrHUT-
HOC TIOJIC TIJIAHET, TO KaK TOJIBKO IUIAHETBI PA3JICTATCA APYTr OT



Jpyra Wiy pa3o0bloTcs BAPeOe3ru TO TYT ke IMOTracHeT U ,,3BE3-
Ja" BOKPYT KOTOPOU OHU Oeraju.

B006H16M Y HAaC MHOIo€, 4TO MCHACTCA B (bI/I3I/IKe, IJIaBHOEC
CTAHOBUTCS TOHATHBIM ITOYCMY HﬁﬁTPOH, HE MOKCT OOJITO CyLIC-
CTBOBATh caM I10 cede U pacnagacTcs.

Tak ecnmn INEPEBECTU HA ATOMHYIO MOJECJIb, TO KdK TOJIbKO MbI
BBIPBEM BCC IJICKTPOHLI U3 aTOMa, TO AOPO Y€PE3 HECKOJIBKO CC-
KyH[] TOKEC NCYE3HET. Tak Kak Kak TakOBOro Aapa Ha CaMOM JCyie
HE 6I>IJIO, a Obu1a MHWHHUYCPHAA Oblpad, BOKPYT! KOTOpOﬁ HacCJlanBa-
JIUCH IJICKTPOMAIHUTHBIC I10JIA NN ,,I_I_IY6I>I" QJICKTPOHOB.

Kaxercs HeBEpOATHBIM, HO OYEHb JIOTUYHBIM. [{pyroe neino
BBIPBATh BCE JIEKTPOHBI U3 JIIOOOTO BEIIECTBA MYCTh IMPOCTOTO
BOJIOPOZA HE TaK TO MPOCTO, MPUIETCH ,,[IONOTETD. "

U nocneHee, a 4To Takoe caM JIEKTPOH WIIH ero mryda?

BOT MBI ¥ IOIXOAMM K CAMOMY [JIABHOMY, BOITPOCY MUPO3/1a-
Hust pyHaameHTy (hu3uKd. Y yBbI OH OY€Hb 3bIOKHIA, XOTS Ka-
JKETCS1 Ha BUJT TBEPIbIM KaK 9TH MPaMOpPHbIe KaMHH C HaOepex-
HOMH, Ha OOJIOXKKE CTaThH.

Jles0 B TOM 4TO pa3 Mbl IBUKEMCS Ha TAKOW OTPOMHOM CKOPO-
CTU B MIPOCTPAHCTBE, TO BO BCE CTOPOHBI IPOKUT U CaM BaKyyM,



SHEPIUs MepeTeKaeT ¢ MecTa Ha MECTO, TUTIOC OH MOJISPU3YeTCs
TO €CTh KAKMMM TO MOPLUSMYU [IEPEHOCUTCS ¢ MECTA HA MECTO U
cuHxpoHusupyercs. [lomydaercs y Hac ABa BUJa Bakyyma

[lepBbiii HaxoAUTCS B UEpHBIX AbIpax MCTUHHO HEMOJIBUXK-
HBIH.

BTropoil mogBUKHBIN TaKOW APOXKAIIMU WM AperdyIomnuii
BOJIHAMU.

U BOT (pOTOHBI MOKA3BIBAIOT ITH BOJIHBI BO BCEH Kpace ¥ BOOO-
111e JII0OBIE JIEKTPOMAarHUTHbIE BOJTHBI, OHU Ha CAMOM JIeJie BaKy-
yMHBIe. BOT 03TOMY Bakyym IBUKETCS BMECTE C HAMU Ha CKO-
POCTH CBETa, ¥ IOCBETUB (DOHAPUKOM BIEPE Mbl BCE TAKU YBU-
JIMM yOeraloIuii 1yd. A Ha3aj OTCTaloNMil. XOTs Ha CaMOM jiejie
TI0 OTHOIIIEHUIO K MPOCTPAHCTBY OH OCTAETCS HABCer/la Ha MecTe.

CoBepIvB Kpyr ¥ TOJIETEB C3a1 Mbl COObEM 3TH IEKTPO-
HbI, KaK CTOSIYME U MOJIyYUM JHEeBHOM cBeT. Ho mo apyrou Bep-
CHMU OHU KaK 111y0a Halllei COJTHEYHOW CCTeMbl PABHOMEPHO pac-
MIPEICTISIOTCS U MBI TTOJTYYMM TaKoe MOI00Me KUIKOCTU U BO3-
MYILIEHUE B HEW, MPY NPOXOKACHUN Yepe3 Hee 1IeJION TIAHEThI
Y HA30BEM €€ JIEKTPOMarHUTHOE MoJIe Halleu 3eMIIN.

I'naBsa 2.2.



B 3Toii TaBe MpOmOMKHMM pacCykIaTh KaK MOXKET OBbITh
ycrpoeHa Haia CoTHeYHasi cUcTeMa eCild Mbl JOIMYCKaeM Hallle
JBMKEHUE Ha CKOPOCTU CBeTa Mo Kpyry. [leno B Tom, uto Toraa
He 00s13aTeIbHO UMETh B CAMOM IIEHTPE YEPHYIO JbIPY WU ellie
9TO TO, YTO OBl BOKPYT 3TOTO CJIOBHO BONYEK KPYTUTCS U Ty/a
MPUTATUBATHCA. ( TIOAPA3yMeBaeTCsl YTO HUKAKOTO I'PaBUTAIIM-
OHHOT'O MPUTSKEHUS HET OT CJI0BA COBCEM)

Jllo6omy MaccUBHOMY TeJty OoJiee ToJICTasl IEeKTPOHHAS IITy-
0a pacroyio)XeHHast B TEOMETPUUECKOM IIEHTPEe Halllel CUCTEMBI
OyaeT TOJIbKO MelliaTh Hape3aTh KPYrd Ha MAaKCUMAJIbHOM CKOPO-
CTH.

HOSTOMy €CThb ClIC OJHA MO/ICJIb YCTpOﬁCTBa BCEro 1 OHa MO-
KET CYIECCTBOBATH ITapaJUICJIBHO C nepBoﬁ Cpa3y BMCCTE.

Jlio60e Tes10 Oy/Ib TO ATOM WIIH TieJiast IJIAHETa He TOJIBKO pas-
TOHSIIOTCS, HO U TOPMO3SITCS TaK kK€ aKTUBHO B CBOEM JKU3HU, 110
JPyromMy OHM COBEPIIIAIOT TaKue KoJieOaTeIbHbIe IBUKEHUS BIle-
PEN Ha3aJ UX MOXHO CMEJIO Ha3BaTh MEPUOIOM MJIM YaCTOTOM.
Hanpumep 3emis 12 yacoB JBUKETCS C YCKOPEHUEM MO CYyTOU-
HOW opOuTe, Kak Obl OOTOHsISI CBOH IMOTOK M 12 4acOB IBUKETCS
00paTHO YyTh MPUTOPMAXUBas. Y 3JEKTPOHA TOT MEPHO, I0-
Ka HEM3BECTEH, HO OHM TaK € CEeNapypyloTCs Ha OTCTAIOIIUE U
pasronsoomuecs B npocrpascrse. [lepsbie B utore apenda npu-



Ob1oTCs K 11eHTpY COTHEYHOUM CUCTEMBI ¥ 00pa3yIOT CaMblid IJIOT-
HBIY ITy3bIPb, KOTOPBIA Mbl Ha30BeM COJIHLIEM, a BTOPBIE TOPMO-
3SIIIKE JIEKTPOHBI OTOMTY T K Ieprepru 1 Tak ke 00pasyioT Imy-
3bIpb, KOTOPBII OyIET COCTABIISAThH HAIILy BHEIITHIO 00010uKy. C
BUJIy OH BBIIJISIIUT TOXe Kak CBETUJIO 1 OBIBAIOT JIHU KOT/Ia HaM
Kaxercs, 4yTo 'y Hac aBa CosHIa OIHO 1O spye ,,IeHTpaJibHOE"
BTOpOE Oosiee Orekioe ,, nepudepuitHoe” , yueHbIe 3TO 00bIC-
HSIOT MpeJioMIIeHUEM Jiyuer B atmocgepe. Ho mo moemy korna
MBI JIBUKEMCsI B TIOTPaHUYHOM CJIO€ TO cOMBaeM cpasy o0a BUjia
JIEKTPOHOB MPUIIEIIMX U3 LIEHTPa U ¢ niepudepuu rpasjaa He
J0JITO, JaHHBIA 3(p(PEeKT BOBHUKAET BCErO Ha HECKOJIBKO MUHYT.
[lorom ogHO U3 cBetun racHet! s Hac, TO €CTh Mbl UJEM Ha
pe3epBHOU Konuu 1iesbiX 12 yacoB. Tak Kak IBUKEMCS B IIPOTU-
BOIIOJIOKHYIO CTOPOHY M HE MOXEM COMBATH IIEHTPAJIbHBIE JTEK-
TPOHBI, & 3HAUUT MOTYYaTh CBET OT HUX. ITOro MoxHO ObLIO CKa-
3aTh, YTO T€ KTO FOBOPUJI ITPO JIBE 3BE3/bl WM 1po ABa CosHIa,
TO OHU YaCTUYHO MOTYT MPa3IHOBaTh Modery, (PakTUIeCcKH Tak
OHO ecTb. Ho B LIeJIoM 3TO cKOpee OAMH I'PelKUIl Opex cOCTOsI-
WA U3 IBYX MOJIOBUHOK.

3emuist IBUKETCS HE M0 KPYT'y, KaK KaKeTcsl BU3yaJlbHO, a T10
6onee BHITSAHYTON OpOUTE OHA KaK ObI CTapaercs OT nepugepun
IIPOJIETETh YEpe3 LIEHTP, HO TPOMaXMBAETCs, BBUIETAET C IIPOTH-
BOIOJIOKHOM CTOPOHBI M HAYMHAET BBIMOJIHATD 3€pPKAJIbHBII Ma-
HeBp. [lonyuaercs stakas 3aroryiuHa Oyksa ,,S" B OfIHy CTOpPO-
Hy B TedyeHue 12 yacos, a MOTOM €€ 3epKaJibHasl KOs B APYTYIO



u 3a 24 yaca oOpasyeTcs Hacrosimas ,,8" (Bockmepka). [IpaBia
Ipy NMOJIETe K LIEHTPY CKOPOCTh CHMXKAETCS U Mbl BUAMM, YTO
rogosas AHajemMMa CosHIIa ¢ OTHOM CTOPOHBI UMEET MEHBIIIYIO,
HO TOJICTYIO IIETJII0, C IPYTOi BBITAHYTYIO U TOHKYI0. Ho (pakTu-
YECKHU MBI €€ PUCYeM B MPOCTPAHCTBE KaK/ble CYTKU U yCIIeBa-
€M TpeooneTh Oonee 24 MITMAPIOB KIJIOMETPOB B MPOCTPAH-
cTBe. 3a roji HapexeM 365 BOCbMEpOK.

Jlanee cMOTpUM Ha Jpyrue IUIaHeThl, KaK e TOI/a OHU JABU-
KyTcs?

A TOYHO TakK *e IUII0C MUHYC MbI BCE ITPOXOJUM CBOIO CYTOY-
HYIO OpOUTY Ha OTHOW OKOJIOCBETOBOUM CKOPOCTH , HO Y KaXI0TO
CBOM MO IUamMeTpy Kpyr , Tak FOnurep npoxoaut 12 Musuinapaon
KUJIOMETpoB 3a 12 yacoB. Bce 3aBUCHUT OT MJIOTHOCTH OOBEKTA.
Tak CatypH OoJiee MACCHBHBIN C BUy, HO HE TAaKOW TUIOTHBIM,
OH Y€ HE BBIXOAMT JAJIEKO U3 FEOMETPUYECKOro LIEHTpa KoJe-
Oanuii. Ero opouta BocbMepKa OyJieT CUJIBHO CILTIOIIEHA CBEPXY
u cHuzy. OH rnpeBpaiaercsi B 0ObIYHY THIKBY. A 3eMiisi pucyer
B IIPOCTPAHCTBE BBITSIHYTYIO OyTHUIKOOOPA3HYIO THIKBY.

V Hac nosiBisieTcs nepBoe MpaBuilo, Kak Obl IJIaHETa He JABU-
rajuch 1Mo OpOMTe B IIEJIOM OHA 00sA3aTeIbHO B TEYEHHE roja
( MM YeThIpeX JIEeT, MOKAa HEM3BECTHO) BBIIOMHAT 0OBEMHYIO (PH-



Typy, KOTOpasi B CBOI0 OY€pe/ib COCTOMT M3 OoJjiee MEJIKUX Cy-
TOYHBIX ,,IUIACTUH" BOCBMEPOK. DTO NEPBbIM KUPIUYUK BCETO U
IJIABHOE TaK Y HAaC MOSIBIISIETCA 00beM OPOUT BCeX KOCMUUECKHX
TeJ1, IUII0C YCKOPEHUE B KPUBYIO IPU BBINIMCBIBAHUN BOCBMEPOK
co3naet 3eKT npuTskeHus. To ecTh rpaBUTAIIMOHHBIE BOJI-
HbI, HaM OOJIbIIIe He HYXKHBI OT CJIoBa coBceM. [lanee ectb Oonee
CJIOKHBIM BOIIPOC, KaK € TOrjga JABMKYTCS B LIEJIOM 3BE3JHI ,,
TeikBH" B cocTaBe ranakTUKU. OHU YTO TOXKE PUCYIOT OAHY 00b-
émuylo urypy? Yrto ux nepxurt BMecte? Eciu HET HHUKakoro
IIPUTSIKEHUSA !

Tak ckaxeMm, 4TO OTTAJIKMBAHUE IEKTPOHOB JIPYI OT JIpyra
HE JIa€T UM CIIMITHYTbCS BMECTE, IO TAKOMY K€ IPUHLIUILY BCE
IJTAHETHI APYT OT Jpyra HaXOAATCS Ha MPUJIMYHOM PACCTOSTHUU.
Cunpl IPUTSIKEHUST MEHSIEM Ha JIPYrod 3HakK, HA KYJIOHOBCKHUE
pacTajJKMBaHUE U BCE CHOBA Y HAC OCTAE€TCA HA CBOMX MeCTax,
KAapTUHA MUPA BbIIJISIIUT PABHOBECHOM.

N noxoxe, 4yTo BO BeeneHHoM ecTh MHOTO MEIJIEHHO JBUKY-
HIMXCS TUIAHET, MOXKET MEKIY 3BE31aMHU IJIE Mbl JyMaeM Haxo-
JUTCS ICTOE MPOCTPAHCTBO TaM TOXe ecTh marepus. Mcxoxy
Y3 TOT'0, YTO BUAUMAs YaCTh MATEPUH, ITO TaKasd CKAKEM TUIIEP-
AKTUBHAsA MaJjiasd 4yacTh, KOTOPAA MOCTOSHHO U3JIy4YaeT SHEPIHUIO,
KOrI'Jla Kak Mbl 3HaeM OOJIbllIas YacTh aTOMOB HUYETO HE OTHAIOT
oT ce0s1. AHAJIOTUS C paJMOAKTUBHBIMU aTOMaMH KOTOPBIX Me-
HEEe OHOI'0 THICAYHOIO IPOLIEHTA KO BCEM OCTAJIbHBIM.



Bot 3TM aTOMBI MBI MOXEM BUAETH AAa)Ke B TEMHOTE, MOTO-
My KaK OHU CBETATCS] YePEHKOBCKUM U3ilydeHueM. [TIoHsSTHO uTo
IycTOTHl BO BCesieHHOi 10MKHO OBITh MHOT'O MEHBIIE, YEM Mbl
HaOmogaeM. OTAENbHBIN Pa3roBOp O MPO3PAYHOCTH BAKyyMa, Ha
OOMNBIINX PACCTOSIHUSAX, TTOYEMY CBET OT JaJeKHX 3Be3]1 BCe Ta-
KM IPOPBIBAETCA K HaM HUYEM, He mnorouasack?. Heyxenu oH
UJIET KaKUM TO OCOObIM IIyTE€M THIIa M0 KPOTOBBIM HOpaM Kak
TYT y4€HbIE BbIABUIAIOT TUIIOTE3bI?

He 3Hato, HO MoOXoke 4YTO y BceX ,, [BIKB" OflHA U Ta K€ OpU-
E€HTUPOBKA Ha CBOW IIEHTP MO MOII0CaM, a 3TO 3HAYUT B OIHOM
HaIpaBJIeHUU CKOJIbKO Obl MX HU OBLIO OHU BCErJa MPO3payvHbl.
Boo611ieM 310 IBIpKHM OT OYOIMKOB ¥ OHM COBMETIIEHBI, CJIOKEHBI
POBHO JIPYT Ha JIPYKKY, HO CTOUT UX TMepeMelaTh. . .

Htoro Y HaAC MoJIy4dacTcs €CJIN IJIaHETa HE ABUKCTCA HAa HAC
WJIX Mbl Ha HEC, TO YBUAECTDL CBET OT HEC HE MPEACTABIIACTCA BO3-
MOKHBIM.

Ecmu ckopocts apeiicda maaHeTsl B TPOCTPAHCTBE HUKE CKO-
POCTH CBETa, TO OHA HE BBIXOJUT U3 CBOETO ( KOKOHA) JIEKTPO-
MarHMTHOTO TIOJISI ¥ SJIEKTPOHBI He TIOKKUIAT ee. Toraa He 00-
pa3yercsi MOIIIHOTO JIEKTPOMArHUTHOI'O MOJIs, KOTOPOE CKUMa-
eTCs M aHHUTWJIUPYET MaTepuIo, HA30BEM 3TO SIBJIEHUE ,,CyOCBe-
TOBOU Oapbep" U OOBEKT OCTAETCS HEBUIVIMBIM JJIs OKPYXKaIO-



X ( MpsIMO KaK HACTOSIIAS YepHas AbIpa MO OMUCAHUSIM Ha-
IIAX YYEHBIX) HO 3TO OObIYHAS TUIAHETA MTPOCTO TEMHAs elle He
pasropeBIasics 40 CTaIMy 3BE3/IbL.

Cy0OcBeToBOI Oapbep €CTh TONBKO y OOBEKTOB JABUKYIIUXCS
Ha OTPOMHOU CKOPOCTH B IPOCTPAHCTBE I10 X0y CBOETO JIBUKE-
HUsl. OH BBINOJHSAET IOMUMO MOJIE3HOM OCBETUTENBHOU (DYHK-
LM e1lle OHY BaXHYI0. B ciyuyae eciiu Ham BCTPETUThCSA 10 Kyp-
Cy Ipyro# Takoi 00beKT pazmepom ¢ JIyny, Mapc u naxe IOmnm-
Tep OH OyJeT pa3pylieH B MrHOBeHbe oka. Co CTOpOHHI Oyaer
Ka3artbcsi Oy TO HEYTO OTOPBAJIO KYCOK U IOHECIIOCHh TIOTOM Bep-
HYJIOCh Y JIO€J1a OCTATKH 3Be3/Ibl. ( KaK HaM MOKAa3bIBAIOT YepHast
JbIpa pa3pyliaeT 3a3eBaBIIYIOCs 3Be3/1y) MOKET UTO TO MOXOXee
€CJIM CTOJIKHOBEeHHUE OyJIeT TI0 KacaTeJIbHOM.

A ecnu 7100 B 7100, TO 3T0 OyneT OOJBINON B3PhIB HACTOSIIECH
CBEpXHOBOU. 3eMJIsl MOKET U YCTOUT, He Pa3pyIIUTCS, HO OILIa-
BUTCSI BCE BOKPYT 3TO TOYHO.

W camoe camoe MHTEpecHOEe, a B YeM pa3HULIA MEXAY IO-
JIOXKUTEJIBHBIM M OTPULIATENIbHBIM JIeKTpOHHOM? [Touemy ogam
ApeidyoT B AMcKe Ha onooum Koserr CaTypHa U TSATOTEIOT Kak
Obl K LIeHTpY. pyrue yxoast Ha nepudepuio?

Tyt Bce poCTO, MEKTPOH KOTOPBHIA HE MOXKET MPEOHOJIETh



COOCTBEHHYIO MHEPIIUIO OH CKOopee Oy/ieT HeBUIUM. ( TaK KaK emy
HE BHIPBATHCSI 13 COOCTBEHHOM JIOBYIIIKH, OH BO3BpaIiaercsi 00-
paTHO M oOparaeTcsi BO3Jie CBOEro reOMeTPUIECKOro IeHTpa )
OH TaKo¥ HHEPTHBIN CO CKOPOCTHIO IBMKEHU I OJIMKE K HallleH, B
HEM IPOUCXOISAT KOJIeOaHHS BCEX M3BECTHBIX HaM JIEKTpOMar-
HUTHBIX BOJH. ( TO €CTh TPSICYTCSl OTPUIIATEIIbHBIE JIEKTPOHbI)
ITO TOT caMblii 3(PUP, KOTOPHIA UCKAJIM HAIIIA yUeHbIe Ja TaK U
He Hanwti. Y camoe r1aBHOe U3 OTPULIATETbHBIX IEKTPOHOB CO-
CTOUT HaIa BHENIHsIsA 000nouka CONMHEYHOW CUCTEMBI MU KO-
koH. [ToTomy, Bce 4TO TepsieT SHEPruio CaMUM HaIllUM JIEKTPO-
MarHUTHBIM MOJIEM BBIHOCUT Ha niepudeputo. Kak menkue mien-
KM NpUOUBaeT K Oepery.

[lonoxuTespHbIE MEKTPOHBI, TO T€ YTO HECYTCSA HA CKOPO-
CTHU CBETa BIIEPEN WIN BO BCE CTOPOHBI, IIOCJIE UX IIPOJIETA OCTA-
I0TCSl YePEHKOBCKHE BOJIHBI KOJIEOAHUI 1 9TO HaM U3BECTHO, KaK
00bIuHbIe (POTOHBI. MIX MHOrO MEHbIIIe YeM OTpULIATENIbHBIX, HO
BOT CYMMAapHO 3HEPruM TeX U IPYyrux cornocraBumsl. [losromy
OHU HE TOJIBKO PasroHsAIoT Bee Tesia COTHEYHOU CUCTEMBI, TIIaHEe-
Thl, ACTEPOMIBI, Ta3bl, HO U MHOTO€ JIpyroe. To ecTb Mbl IOCTOSIH-
HO TofiBepraeMcst 00MOapANPOBKE BHICOKOIHEPIMIHBIMH YaCTH-
amu ( KOCMAYECKUMMU JIy4YaMH, CYATAETCA, YTO ITO €AUHUYHBIC
IIPOTOHBI), HO KPOME HUX ECTh BOT TAKHUE MOJIOKUTEIIbHBIE JIEK-
TPOHBI UX HEPrUs TOXKE OFPOMHA, U €CTb MOAO3PEHUE YTO JIIO-
60e ycusieHHe JIEKTPOMArHUTHOTO TOJIsI, HAIIPUMEP €ro CIIoXke-
HUE C APYTMMHU IUIAaHETaMU ( [Tapaj IJIAHET) TYT K€ yBEJINYUBAET



KOJIMYECTBO JIEKTPOHOB MAJAIOIIMX HA KBaIPaTHbIA CAHTUMETP
IUIOIIAAN 3€MJIM, 3TO B CBOIO OYepeAb HAHOCUT BpEJ HALlEMy
OpPraHU3My YaCTUYHO KPOBb 3aKUIAET, MOSIBJISIIOTCS IY3bIPbKU U
nporcxoaut 3adosneBaHre KeccoHHO# 60ne3HbI0 B HApOJe CUM-
Taroascs ( KOpOHaBUPYCOM).
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