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AHHOTaAMSA

UYro Takoe OTO DiiHinTeliHa, B ABYX CIOBax ? DTO TeOpUsi KOTOpast
MMeeT CBOM TMpeuMyLIecTBa U HEeJOCTAaTKH, WM TpsMas JIMHEHKa,
KOTOPOH MBI MOXEM MEPUTH PACCTOSTHUSA B HAIIIEH BCEJICHHOM, HO OfTHA
MaJleHbKasl MpoosieMa, YTO HACTOSIIIUX MPSAMBIX B TPOCTPAHCTBE HET,
BCE JIBUKETCS MO KPYrOBBIM, CIMPATBHBIM OpOUTAM WM MPUXOAUTCS
BCE BpeMs JieIaTh MOMpaBKy. B 3ToM cMbiciie TeopHsi O4eHb Chipas U
HeNpUMEHNMa B peajibHOM JKM3HH, HO OHA COAEPKUT OYE€Hb XOPOIIYIO
JIOTHKY, MPOTUB KOTOPOW HE MOoiijenb. A UMEHHO, YTO BCE B 3TOM
MHUPE OTHOCHUTEJIBHO M OT MEPECTAHOBKU MECT CllaraéMblX pe3yJIbTar
He MeHseTcs. Tak Bbl CHIUTE Ha CTAHIMM B BaroHe M CMOTPUTE Ha
CTOSIIIMI PSAZIOM TOBapHSK, U BOT OH TPOHYJCA, KaXeTcs, YTO BB
TMoexaJu, a OH cocesl pofokaeT nokoutcs. [lormsaaes B Apyroe oKHo,
YBUJEB HETOJBIKHBINA MEPPOH, BbI TYT )K€ IOHUMAETE, YTO BHI BCE ellie
croute. DTa KHUra yCJIOBHO TO caMoOe BTOPOE OKHO, B KOTOPOM BCe
HOPMAJILHO W HET HUKaKuX UCKaxeHWid. [TyOmukyercss B aBTOPCKOM
PEaKIMy C COXpaHEHUEM aBTOPCKUX opgorpaduu U MyHKTYall|H.
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I'nasa 0.

DTa KHWUra HarvcaHa He JIJIs IIIMPOKOro Kpyra yurtaTesiei, Tak
KaK He BCEM MHTEepEeCHa TeopeTuueckast (pu3MKa, aCTpOHOMMUSI,
TEOpUsl BCEro UTI .

Ho Bpemsi GexuT OBICTPO W MOJIOJbIE yUeHblE HAUMHAIOT,
9TO TaM MOI03peBaTh, 00padaThIBATh MH(OPMAIIHIO C TIOMOIIIBIO
MOIIHBIX CYNEePKOMITBIOTEPOB W paHO WM IO3/IHO, a CKopee
paHblIIIe BBIAIYT C Yepe3UblYaiiHbIM 3asiBJICHUEM O PaIUKaTbHOM
nepeBopote B ¢usmuke. [IpencraBar ucuepnbiBaloye JOKa3a-
TEJIbCTBA M B 9TOT MOMEHT MHE He XOTeJIOCh Obl OCTaBaThCs Ja-
JIEKO B CTOPOHE, OT 3TOI'0 BOJIHYIOIIETO COOBITHA. ..

[Mostomy nanHast uHopMaIys ckopee myoIMyYHas 3asIBKa Ha
MIaTEeHT, YeM oObluHasi KHura. Ho Bce HammcaHo MPOCTBIM SI3bI-
KoM 0e3 ypaBHEeHHH, 4To OBl As1/1s1 Bans n3 MyXoMOpOBKH MOT B
Heil pa3oOparhCs, Ha pa3, 1Ba U paccKa3aTb CBOMM JOMOYaIaM
U COCeIsIM, TTOJETTUTCSI PAJOCTHBIM COOBITHEM.

Jl1a mpodeCcCUOHANIBHBIX YYEHBIX ACTPOHOMOB M CEUCMOJIO-



TOB, 3TO YK€ CKOpee PYKOBOJCTBO K JIEHCTBHIO U TIEPECMOTP CTa-
PHIX JIaHHBIX C HOBBIMU TTOTIPABKAMH. DTO BaXXHO, €CJIM MOXHO
OoJiee TOYHO MPeJICKa3bIBaTh 3eMIICTPSICEHU I, SMTUIEMUH, Ha T10-
J0OUY KOPOHABUPYCA TO Mbl CMOXKEM CIacaTh JIOJIEH OT BO3MOK-
HOM rudeu.

C Harieit miaHeTou, IPOUCXOAUT HEUTO HEXOpoIliee 3TO sc-
HO BCEM, HO KaKOW XapakTep aHOMAJIMU U YTO HaM Tereph Je-
Jarb? HenoHATHO oOT ciioBa coBceM.  MBbI cToMM rniepes mpo-
MAacThlI0 HEM3BECTHOCTU, & YUEHBIX MHUPOBOTO YPOBHSI KOU ObLI
DuHinrTelH, Pesepdopn, bop, nucarens gantact Eppemos, ko-
TOPBIN yKa3aJl HA HEKOTOPblE MOMEHTHI B KOCMOJIOTHH, Y HAC T0-
ClleIHME NEeCSITUWIETUs] He poxkjaaioTcsi. HeT HuKakux nmpopsiBOB
B SIJICPHO Y TEOPETUYECKON (PU3UKE JIeT IECThAECSAT, U BCE UYTO
MBI ceiiyac JIellaeéM 3TO MbITAeMCSl BOIUIOTUTh B KU3Hb CTapbie
3arOTOBKU TPEJIOKEHHbIE YUEHBIMHU €Ille B MSATHIECSITHIE TOJIbI
IPOILLJIOrO BEKa.

Ho BO3 ¥ HBIHE TaM, He HYXKHO OOOJIBINAThCS cCMapTOHAMU
Y MICKYCCTBEHHBIM MHTEJIJIEKTOM, JIO YeJIOBEeKa eMy TIOKa JJaJIEKO,
€IMHCTBEHHO, UTO OH CMOXET B3SITh Ha ce0sl COBCEM IMPOCThIS
MOHOTOHHBIE 3a1a4u. OCTaIbHOE MOKA OCTAHETCS 32 TyMaIOIUM
YEJIOBEKOM.



Hair coBpeMeHHbIii Mup He TOJIBKO CAAeT B UHTEJIEKTYallb-
HOM IUIaHe, JETU MO3IHO B3POCIHEIOT, HE CTABAT KAKUX TO IJIO-
OabHBIX 337124, IPOCTO KUBYT, padOTAIOT, TOMYYaIOT 3apIuiaTy
Y 3TUM JIOBOJIbHBI UJIM HE OYeHb. YesOBeK MPaKTUYECKH Iepe-
CTaJl UHTEPECOBATbCS TEM, UTO BBIXOJUT 32 €ro cepy AesTeb-
HOCTH, Takasi pe3kasi MoJsipu3alus 3a1a4, IoTOMy 4TO MUpP 4y-
TOUKY YCJIOKHWJICS Y BCE OXBATUTh YMOM U MAMSIThIO IPAKTUYE-
CKU HEBO3MOXHO.

IT0o3TOMY MBI )KMBEM B CBOEM OTAEJILHOM 3aKYyTKE, MHOI A YK-
TaeM HOBOCTH, YTO TaM MPOUCXOAUT B OOJIBIIIOM MUpE, HO TaKk
0e3 MHTy3Ma3Ma MMOTOMY, UYTO HAC 9TO Ha MPAMYIO He KacaeTcs
u TobKO B 2020 romy Bce MOMEHsIOCh, IpUIILIa Oefa U JIIoau
CTaJIi MacCoBO 0OJIETh. BOT TYT M BBISICHUIIOCH, UTO JICHBIU TPa-
TWJIM COBCEM HE TyJa, KyJa HaJl0, YPOBEHb HAYKH JAJIEK OT Tpe-
OyeMBbIX OT HUX 3a]a4, a O0TaHWKH He 3ps ST CBOU XJie, ecliu
UM Pe3KOo 00aBUTh (PMHAHCHUPOBAHME. .

B Hame Bpemst ObITh OOJIBIIIAM yUYEHBIM, 3TO HE IMPECTUX-
HOE U HE JIEHE)KHOE HallpaBJIEHUE, Ky[a Kpy4de CTaTh U3BECTHBIM
CHOPTCMEHOM, KYTIOpbE, MOJENbI0O UM MPOCTO YAHOBHUKOM U
NOJTy4aTh CTAOMIIBHYIO 3apIUiaTy.

Ho Bapyr oka3plBa€TCs UTO HAJIMUUE JIEHET U CBS3EH, ellle He
rapaHTUPYIOT BaM 340POBbE U INIAJKOE TPOXOKICHUE MUIEMUU.



TYT Y TaM BO3HUKAIOT ITOABOJHBIC KAMHHK, KOTOPLIC €1IIC I10JI roaa
Ha3aJ HUKTO HE MOT IPEIBUICTD.

Terepp Bce OyaeT Mo apyroMy U peanbHbi ( He (heHKOBBIN)
yUeHbIid B 00IecTBe Oy[eT IEHUTCS MHOTO BBIIIIE BCEX JAPYTUX
npogeccul.

I'nasa 1.

HekoTopble (pU3MKK TEOPETUKU ellle C MIECTUIECITHIX TOI0B
JOMYCKAIOT, YTO (POTOH B MOMEHTE JIBHIKETCS ObICTpee CKOPOCTH
CBETa U MbI €r0 HE BUIUM, HO KOTJIa OH YyTh MPUTOPMO3UT TO
Cpazy MOSBISIETCs, IOTOM CHOBA MCUE3aeT U MOJyyaeTcs Takas
NYHKTUpPHAs JIMHUS, CJefl OT MpoJieTa YacTUIlbl TO €CTh, TO €ro
HeT.

CerosiHsi Mbl pacCMOTPUM MPSIMOJIMHEWHOE ABMKEHHUE I10
CMUpaIi BCeX HYKJIOHOB, MPOTOHOB , aTOMOB, ILIAHET, 3B€3[] U
raJaKkTUK.

[TOHATHO, YTO KAaKHUX TO MPSAMBIX JIMHWKA MO OTHOIIEHHIO K
MPOCTPAHCTBY HUKTO He JeNaeT, Aaxe (POTOH BO BpeMs CBOe-
TO MOYTH MPSMOJIMHENHOTO JBHKEHUST PACKPYUHUBAETCS BOKPYT
CBOEH OCH M JIAJIHO OBl OH 3TO Jiesial POBHO Kak Tpyba orpe-



JEJIEHHOTO IMaMEeTpPa, HET K€ OH 3TO JIENAET TaK, CIMpaJlb TOH-
Kasl IOCTETIEHHO yTOJIIIAETCS JOCTUTHYB MaKCUMAJIBHOTO pa3Me-
pa ( yIMHA BOJIHBI CBETA) HAYMHAET CHOBA CKPYUYMBAThCS ITPEBPA-
TUBLINCh B TOUKY KOTOPYIO MBI BOOOIIE He (puKcupyeMm ( mpef-
NOJIAraeTcsl YTO MMEHHO B 3TOT MOMEHT (POTOH yXOIMT 3a CcyO-
CBETOBOM Oapbep) MpecTaBbTe HOYHYIO THPIISTHAY W €CITU Ha Hee
CMOTPETh U3 AAJIEKA , TOHKOTI'O MPOBOJA COEIUHSIOIIETO JIBE CO-
CeJHME JIAMIIOYKU HE BUJIHO, HO 3TO HE 3HAYMUT, YTO €ro HET OT
CJIOBa COBCEM U 3TO MecTO Jyisl POTOHA camoe ,,0bICTpoe” ¢ TOU-
K1 3peHus] (PU3MKH BOT TYT OH JISHICTBUTEIHHO YXOAUT B CyOCBe-
TOBOU Oapbep.

A nouemy OTOH Tak ceOs BeyeT?

Tyt Mbl BcnoMHrM HblOTOHA, 4TO BCE Majioe MOBTOPSETCA B
OOJIBILIOM.

V¥ Hac ecTb KBapK 3TO MeJIbYanilias perucTpupyeMasi HAMHU va-
CTHLIA, HO €€ CKOPOCTb M0 HEKOTOPBIM pacyeTaM BO MHOIO pa3
IPEBBILIAET CBETOBYIO CKaKe€M Ha MOPsIKY ( IPUOIU3UTENIBHO 9
MWIJIMApAOB KMJIOMETPOB B CEKYH/Ly) CaM KBAapK Mbl HUKOT/Ia HU
BUIMM, TaK KaK €ro pa3Mepbl HACTOJIBKO MaJIbl, YTO €CJIM CPaB-
HUTb Hallly rajjakTuKy 50 CBETOBBIX JIET M pa3Mep 3eMIIM TO ITO
OyZIeT COOTHOLIIEHHE KaK pa3Mep BCero aroma M KBapka. A Te-
Hepb CAAbTE U MOICUUTANTE Ha CKOJIBKO JuaMeTp 12 ThicAd Ku-
JIOMETPOB MEHBILE AUAMETPa HALIEH raTaKTUKH?



A Kax ke MBI ero Toraa BUuaum?

Bce ouensb mpocTo MbI 3aMevyaeM He BCIo Haily ,,3emimio’, a ee
neuctBus B cocraBe COTHEUHON CUCTEMBI M HAa3bIBAEM 3TO TPO-
TOHOM. TO eCTh HECKOJIBKO TIJIAHET — KBAPKOB B OJIHOW 000iMe
Mbl BOCIIPUHUMAEM, KaK MPOTOH ¢ OOJIBIIIUMU pa3MepaMHu.

DddeKT BUIUMMOCTH CaMOro MpoTOHa MOIy4aeTcsi, Korua oH
10 OTHOILEHUIO K HAM HaXOAMTCS ITI0OC MUHYC CKOPOCTh CBETa
WIA JBUKETCSI HAM Ha BCTpedy, HO HE OYeHb OBICTPO, a HUXKE
CBETOBOI CKOPOCTH.

A Kak Takoe BO3MOXKHO?

Bce oueHb npocTto, Halll KBapK BCera ABUKETCS M0 CIMPaH,
KOTOpasi 3aTeM CKpyueHa B TOp, a TOT B CBOIO OYepe/lb PUCYET
ele OjiHy OOJBIIYI0 CIUPaTh W MOydaeTcs: oObeMHas cdepa,
9TO BBIXOJIUT U3 aHAJIN3a IBUKEHU I HAlllel TUIaHeThl. Y Hee eCTh
CYTOYHasl CIIMpPaJib IJie Mbl 32 CYTKH MOJHOCTBIO 0OeraemM Kpyr
JMaMeTpoM B 24 musuMapAa KUJIOMETPOB, HA CKOPOCTH CBETa
U TOZIOBasi OpOUTA TJIe MBI yKe 0OeraemM BCIO Hally TaJIaKTHKY
Ha CKOPOCTH 9 MWJUIMApIOB KWJIOMETPOB B CEKyHIY M 3a 365
JIHE! BCe TaKU MPOXOAUM €€ BCIO U 3aMbIKaeM KOJIbIIO, UJIH 3TO
Kpyr aauHou B 150 cBeToBbIX JieT. CKaxkeM 3TO OUYeHb IPUINY-
Hasl CKOPOCTb U MOHSTHO, YTO MOKA HUKTO HE 3HAET TOUHBIX pa3-



MepoB Hartero ,,Mieuroro ITytu", Bce olleHKH OYeHb MPUOIH-
3UTEJIbHBI, TAK KAaK IO 3TOTO Mbl HEBEPHO BBICUYMTHIBAIA CBOIO
pEaIbHYI0 CKOPOCTb.

Bce 310 XOpoI1I0 BUJIHO IO JIBUKEHUIO 3Be3]l, & UMEHHO UTO
KpOMe, KaK CYTOUHBIX Y TOJIOBBIX CMEIIeHUI HUKaKUX HET, Kap-
THHKA BCE BPEeMs OfTHA U Ta e CKOJIKO OBl JIeT He MpOIio. A
9TOr0 HE MOXET ObITh, €CJIM CO BPEMEHEM Mbl HaXO/IUMCSI CHava-
Jla ¢ OIHOTO OOKa IIEHTPa IaJIaAKTUKH, TIOTOM C JIPYTOro MHOTHE
3Be3/Ibl JJOJKHBI CAIBUHYThCSI OTHOCHTEIIBHO JIPYT apyra. Te ko-
TOpBIE JJAJIbIIIe OHU OYIyT MEHBIIE TIepeMenaThcsi o HeOOCBO-
1y, KOTOpBIe Orke OOJbIIie.

Korna equre Ha moe3ne MUMO T0JIs1, TO OOpaTUTe BHUMaHUE,
YTO TIOCPE/IMHE €r0 pacTeT AePEeBO WJIM MOCTPOMKa, a TaM BJa-
JIeKe 32 HUMHM JIeC ¥ HaM KaXeTCsl, YTO JePEBO CTosIIee B JiBa
paza Oyke, OHO HAYMHAET OBICTPO OTCTaBaTh, a AAJILHHM JIeC He
CIICIIUT 3TO AeJIaTh, OH KaK Obl IBUKETCSI BMECTE C HAMH. DTOMY
BU3yasibHOMY 3(pekty cooTBeTcTBYeT TONIBKO JIyHa 1 ConHile

ApYrYe TJIaHEeThl Halllel cucTeMbl U Bce. Bee manbHue 3Be3bl,
CJIOBHO HE XOTSAT MOMAYMHSITHCS 3aKOHY YIJIOBBIX PACCTOSTHUINA W
TOMY €CTh TOJIKO OJJHO OObSICHEHHE.

M= Bceria BUAUM CBETOBOI UICTOUHMK, HE TaM I1€ OH peaJlb-
HO HaXOJUTCS, & YCPEHEHHBIH 32 OJMH rof] yroj najgeHus ¢oro-
HOB WJI €10 (POKyC. ITO HOBasA (PU3NUECKOE MOHATHE, EIIE CaM B



HEM TOJIKOM He pa30Mpaioch, HO 0Opa3HO TaK pa3 MbI TaK OBICT-
PO IBUKEMCSI B TIPOCTPAHCTBE, TO MBI KaK aBTOMOOWJIb COMBa-
€M KareJbKH J0K[Is (DOTOHBI CBOMM JIOOOBBIM CTEKJIOM U YKe
0e3 pasHUIIBI MO/I KAKMM YIJIOM JIeTe/Id KallUld y Hac Ha CTeKJIe
BCErJa OJJVIH U TOT JK€ yroJl CKaKeM COPOK MSATh IPAJycoB , BCE
pazynyire OHM YTy 10 TIEHTPY Wi Onnke K riepedeppu 0030-
pa, ¥ €CJIM MBI Y4yTh MOAHAKMEM, TO KareJIbKy BOOOIIE MoOeryT
BBEPX MPOTHB 3aKOHA (PU3MKU ( MX TIOArOHSIET MOTOKOM Habe-
TaoINero Bo3yxa) TO €CTh U3 3a OOJIBIION CKOPOCTU JABUKCHUS
HaIllel TUIAHETHl Mbl CMa3bIBaeM BCIO TTyOUHY MTPOEKITUM J1ajTh-
HUX 3BE3]] U KAPTUHKA 3BE3[JHOr0 HeOa Moydyaercs MJIOCKON 1
TUIOCKO3eMEJTBITMKHY HAYMHAIOT IyMaTh, YTO 3TO HAPUCOBAHHBIN
9KpaH WM KYTOJ HaJl HAMU.

HpOCTbIe JIIOAU IIPUAYMBIBAIOT BOT TAKHUC ITPOCTHIC 00BsICHE-
HUA, a Cl)I/I3I/IKI/I TCOPETHUKHU THIIA MCHA PUCYIOT 0oJjiee 3aMBICTIO-
BaTbIC CXEMBI, HO XO4YE€TCA YTO OBl OHU 9yTb 9yTb, HO HpI/I6JII/DKa-
JIU HAC K UCTHUHE.

[TosTomMy onwuiily OfIVH MBICJIEHHBIH OIBIT KOTOPBIA OObSICHSI-
€T MoYeMy MbI He BUJMIM CMEIeHUsI JaJTbHUX 3BE3/I.

Bor y Hac B pyke sa3epHasi yKa3Ka HaBe/IeM €€ Ha 9KpaH U
HayHeM ObICTPO BpalllaTh MO KPYyry, Ha OeJIoM MOJI0THE 00pazy-
eTCs KpYT.



Teneps npoBeieM 3epKaIbHBIN OMBIT, U YKPEMHUM JIA3ePHYIO
yKa3Ky Ha BpaIalIeMcst Kpyre ¢ YKJIOHOM OJIke K IIEHTPY, TO
€CTb OHa Oy/IeT MOKa3bIBaTh B IIEHTP BPAIICHUsI HAITIETO SKPaHa,
JUTSI 9TOTO HY)KHO OTMETHUTD IIeHTp Ha nojioTHe. U 1anee packpy-
yrBaeM OBICTPO OBICTPO, MBI YBUIHMM, UTO My4OK CBETA YKa3bl-
BaeT BCE BpPeMsI B OJIHY TOUKY, XOTSI Mbl KPYTHM KOJIECO, Ha KO-
TOPOM 3aKpervieHa Hallla yKa3Ka OHa TOXe KPYTUTCS, IIPU 3TOM
BCE PAaBHO C KaKOW CKOPOCTBHIO MBI 3TO AejiaeM. JTOT OMbIT T0-
Ka3bIBAET, YTO Mbl Ha 3eMJIe MOXXEM BpPAIIAaThCsl KAK YTOIHO C
KaKO JTMOO YacTOTOM, HO Beeria Oy/ieM JIOBUTh TOJIbKO HYKHbIS
HaMm (pOTOHBI U J1s1 HAC OHU OYy/IyT BBITJISACTh KAaK TOUEYHBIN UC-
TOYHMK CBETa MPUXOMSIIUN U3 OJHOTO OMpee/IeHHOTO MeCTa.

WToro y Hac ocraercs BOIIPOC, a YEro 3TO Mbl WM KBapK Tak
OBICTPO pa30rHAIMCH B ITpocTpaHcTBe? BepHemcs k Hariemy ¢o-
TOHY, KOTOPbIM CKOpEe BCETO €CTh KBAPK JABUKYILUANCS 110 CBOEU
CYTOYHOU OpOWTE U rOI0BOM OTHOBpEMEHHO. BoT ,,cyTouHyio "
MBI BOOOIIIe HE BUAUM, OHA ITPOUCXOIUT BHYTPH ,,[ONOBOM — ra-
JIAKTMYECKOU"' 9TO 3HAYMT, YTO (POTOH MPEICTABIISACT U3 ceOs1 Op-
OuTy Harei 3eMJIr 3a TOfl BOKPYT TAJIAKTHKH, MBI BUJIUM TOJIBKO
OosbImii Kpyr ero pukcupyet kamepa tam auameTp 350 HaHO-
METPOB yJIbTPA(UOJIET U 3TO TOJBKO OJIMH Iepll, a BHYTPU HETO
ecTb 365 CyTOUHBIX BUTKOB.



To ecTb ecii ObI MBI OBUIM BEJIMKAHAMU TO ,, 3eMJTI0 — KBapK"
MBI ObI HE YBUJIEIA COBCEM, a BOT HAIIly TAJIAKTUKY JBHUTAIOITYIO-
cs1 B BUJIe OJIMHA MEPIIEHTUKYIISIPHO CBOEMY BpaIlleHHIO ( KakK ITy-
JIsL JIETUT U BpaIaeTcs) Mbl Obl BOCIIPUHSIIN, KaK ()OTOH U OIMH
000pOT 3TO Bcero ofuH repil. ( a BHyTpu ogHoro ['epra erme 365
BUTKOB TOJre€pLEB)

['py0Oo roBops HalM TEXHUYECKHE BO3MOKHOCTH MO3BOJISIOT
YBUJIETh TOJILKO ME/IJICHHBIE Y TIPOTSIKEHHbBIE COOBITUSI M 3TO YiKe
HE caM KBapK, a CKOpee ero MHBEPCUOHHBIN Clie/l BOMYIIECHU,
9TO KaK 3a CaMOJIETOM OcTaeTcs Oenasi mojioca Oosee sKUpHast
Y TOJICTasl C MEHbIIIeH CKOPOCTBIO Ipeia, BOT 3TH BHIXJIOMHbIE
ra3bl Mbl U BOCIIPUHMMAaeM Kak (pOTOHBI, a caMm JialHep ,,KBapK"
MOKa Pa3MJIsIETh HE MOXKEM.

N nocnennee. A noyemy KBapK BCE BpeMsl HApe3aeT Clupaib
Jia elle U 3aKPy4rBaeTCs MPENeHIMKY/ISPHO CBOEMY BpAIlIEHUIO
( MpaBWJIO OTCTABJIEHHOTO OOJIBIIIOTO Maibila)? TO eCTh Ha MUK-
POYPOBHE Y Ha MAaKPOYPOBHE 3JIEKTPOMArHUTHBIE CUJIbI ICUCTBY-
0T OMHAKOBO?

DTO CJIOKHBIA BOITPOC U YETKOTO OTBETA MOKA HET, HO M0 Of-
HOW U3 BEPCUM CYIIECTBYET CJIOKEHHUE JIEKTPOMArHUTHBIX BOJIH
C UX JaJbHEUIIMM YMEHBIIIEHHEM JJIMHBI BOJIHBI U HAa0O0OpOT
pacTeT 4acTtoTta. ITO B CBOIO OYepeb JaeT UMITYJIbC YCKOPEHUS
WY TIepexo]] ¢ OOJIbIIIEro Kpyra oOpalieHnsi, HA MEeHBIITNIH OTHO-



BPEMEHHO yBEJIMYCHUE IJIOTHOCTU SHEPTMU U IMHEHHOTO TaJlaK-
THUYECKOTO YcKopeHws. To ecTh Bceraa ecThb JBe WU TPH TIOCKO-
CTU BpallleHUsI Pa3HbIX 10 UaMeTpy, U BCS MaTtepust OT POXKIe-
HUS ¥ 10 TUOE/IY TIEPEXOUT U3 OJIHOTO YCIIOBHO OOJIBINIETO Kpyra
B MEHBIIIUI WJIM HA0OOPOT.

To ecTh Tak WM MHaYe yacTuIa OyJeT ABUraThCsl MPUMEPHO
OIMHAKOBO MO CKOPOCTU HO BOT TPA€KTOPUU OYyAyT pa3HbIMU, U
9TO Ba)XXHO TaK Kak JajibHue riaHeThl COTHEYHOM CUCTEMBI BO
BpeMsI podera BOKPYT EHTPA FAJIAKTUKY COBEPIIAIOT OONBIIUIA
MyTb, a OJMMKHUE MEHBIITH.

A Kakue naipHue, a Kakue OMKHUE TUTAHETHI?

Hawm npunercs nepecmarpusath crpoeHre COoTHEUHOH cucTe-
MBI TIOMEHSIB CllaraeMble MECTaMU WM BbIBEPHYB BCe HAW3HAH-
Ky, Tak MepKypuii Oyaer camoid ObICTPO M BHEIITHEH IJIaHeTOM
€ro CYTKH JIOJUKHBI ObITh 96 9acoB M 3a 3TO BpeMsi OH CHeJIaeT
Kpyr B 96 MusumapoB KUIoMeTpoB, BeHepa ee cyTku 48 yacoB
U Kpyr B 48 miipa kM, 3emuisi 1 Mapce no 24 yaca v OIMHAKOBbIE
Kpyru 1o 24 mupa kM, ganee IOnurep cytku 12 yacoB u Kpyr B
npocTtpaHcTBe B 12 mipa km, aanee CatypH 6 yacoB u 6 mupn
KM, 1 T 10 [InyToHa B 1,5 yaca cytku u kpyr 1,5 muipa Km.

[11yTOHY BBINAJIO MPOXOAUTH HAMMEHBILEE PACCTOSIHUE BO-
KpyT LIEHTPA TaJJAKTUKU MO9TOMY OH MOKET HE TOPOIIUTCS, HO



MMETh OOJIBIIIYIO0 BCEX YaCTOTY OOpaIlleHusI, CIIOBHO €r0 YCIIOBHO
JIMHEWHOE YCKOPEHHe, EPEXOIUT Bce OOJIbIIe U OObIIe B YIIIO-
BOE YCKOpEHHE.

MBs1 BHIMM, 4TO Mapc vainie Hac JieJiaeT ToJI0Bbie OOpaIieH st
B UETBIPE pa3a, HO MOKHO MIOMEHSATh BCE MECTAMHM U 3TO Mbl 3€M-
i1 ObICTpee B YeThIpe pas3a mpoderaeM CBOU rojioBor Kpyr, 4eM
OH Y MHOTJIa 3TO BUJHO, KaK MbI €ro 0OroHsieM ( peTporpaaHbIi
Mepkypuii) Bce cornacyercst ¢ OTO DiiHiiTeliHa, rae Bce OTHO-
CUTEJIbHO U OT MEPECTAHOBKU MECT CJIATAEMBIX CYMMa HE MEHSI-
eTcs.

I'maBa 2

Tpyn ¢usrka TeopeTrka CTOPOHHEMY OObIBATENI0 MOXKET TO-
Ka3aThbCsl MyCThIM U OECCMBICTIEHHBIM 3aHSITUEM, HY TTOAyMaelllb
TaM TEOPHsl YTO TO MPEACKA3bIBAET, a MOIU MOTOM MPOBEPh TaK
9TO OBUIO WJIM HET, WJIU MPOCTO Cy4yaiiHOEe COBMAEHUE.

Ceronns Ha paboTe CBOMM KOJUIeraM COOOIIII, UTo (haKTHUe-
CKU MBI )kuBeM BHYTpu COJTHIIA U Hallla CUCTEMA MOX0Ka OO0JThb-
11e Ha apOy3, a Mbl TUIAHETHI KPYKMM BHYTPU KaK CEMEUKHU. . .

[ToHATHO, YTO MEHS COWIM CyMAaIISANINM U MOTPeOOBaIH Ka-
KHX TO 00Jlee BECKUX JJOKA3aTeIbCTB, HATPUMED MOYeMY BHEIII-



HsIsl CBETSAIIAsICS WM paIMallioHHasi 000JI0YKa He BUJIHA Cpa3y
co Bcex cTopoH? Win noyemy He Tak KapKo Kak B HEApax 3BE3-
np1? Kak s Bce 970 BRIYMCTWII? U T TO €CTh 3aKUJAJIA BOIPOCa-
MU U ObLTH MPaBbl, MHE ObUIO KPBITh HEUEM, U 5 CAJICS TaK Kak
MOW pabouuil JIeHb Tjie S YUCTUI MEJIKYI0 KapTOIIKYy BPYYHYIO
3aKaHYMBAJICSI, & OOBSICHUTH BCIO TEOPHI0 DWHINTEWHA 3a MATh
MUHYT, €llle HUIKOMY He y/1aBaJioCh.

HanowmH10, 4TO BCe MOM BBIBOJbI CTPOSITCSI KAK pa3 Ha 3TON
TEOpUH, TOJBKO MEPECTaBUJI MECTaMH CllaraéMble, TO €CThb Mbl
JBHKEMCSI Ha CKOPOCTH CBETa, a (POTOHBI CUMTAN HETOJBHKHbBIE
( IO CpaBHEHUIO C HALIEW peajibHOUM CKOPOCTBIO ) TO €CTh (popMy-
JIbl HE TIPETEPIIENI U3MEHEHUs1, PE3YJIbTaT TOT K€, Pa3Be YTO BCIO
Haury CoJIHEYHYIO CUCTEMY MPUIIUIOCh BHIBEPHYTh HAaU3HAHKY U
CBETUJIO MEPEMECTUIIOCH C LIEHTPa Ha caMylo NepugepuIo U OHO
Ternepb Be3/1e, KyAa HU TKHU NaJIbIIEM.

W HEMHOTO OTBJIEKYCh, B Ka:KAOM TPOJECCUU €CTh CBOU TPO-
¢u, ceituac padortaio B CTOJIOBOIA, HO YPOBEHb MPUTOTOBJICHUS
€/1bl BBIIIIE PECTOPaHa, U Yepe3 MEHsI MPOIILIO JECATKA TPH MOBA-
POB, KTO TO TOTOBWJI JIy4lIle, KTO TO TIOXYXe, TaK 4TO U eCcTh 0e3
M3KOTY OBLIO HENb3s, HO M0 HACTOSINEMY JIesIaTh Q010 MOTJIH
TOJIBKO /IBa Y€JIOBEKA ¥ OHU MTOYEMY TO BBICOKO IIEHSIT CBOH TPy,
TO €CTh UM 3apIliaTa He HPABUTCS CTOJIOBCKAsl, O3TOMY YIIUIU
Ha Jipyrue 6oJiee XjaeOHble MecTa.



U Bor Y KaXI0ro Takoro ymeJjbla €CTb CBOU MAaJICHbKHE CCK-
PETHI, KaK MPpUTOTOBUTD ITHIILY, YTO OBl OHA HE NnoTepsia CBOUX
ITOJIE3HBIX CBOI;’ICTB, n €€ €11b U CIIC OOJIBIIIE XOUETCH. . .

[IOHATHO, YTO KaKakue TO a3bl UM JJAJI B TEXHUKYME, KAKYIO
TO MH(MOPMAIMIO OHKM TIOYEPITHY/IA OT CBOMX OoJiee CTapInX U
OMBITHBIX KOJIJIET, @ KOE YTO OHU Y3HAJIU CIIyYallHO METOJIOM Thl-
Ka, I03TOMY YUYEHUKHU CMOIJIA ITPEB30MTH CBOMX yUUTENIer B MO-
BAPCKOM HCKYCCTBE, [IOTOMY UTO HE CTaJIHA MOJIb30BaThCS TOJIIBKO
HapaOOTKaMU TPOIUIBIX JIET, a JOOABJISIIA YTO TO CBOE OPHUIH-
HaJIbHOE TaK CKa3aTb U3IOMUHKY.

Y (UBHMKOB TEOPETHKOB TOXE caMoe, HEBO3MOXKHO CTaTh
CKOJIbKO HUOYb CEPbE3HBIM YUSHBIM, ECJTU JIOCKOHAJIBHO HE U3Y-
YUTD OMBIT MPOILIBIX MACTEPOB HAIIIETO JIeNa, a IOTOM J00aBIsIs
TyJa yKe HOBYI0 MH(OpMAIIMIO, KOTOpasi CTajla HaMm JIOCTYITHA €
TIOMOIIIBIO MOIIIHBIX TEJIECKOIOB, CITyYailHble COOBITUS KTO JKHJI
B JIEPEBHE 3HAET, UTO BCE JIEPEBSIHHbIE CTPOEHUSI TIOJ TOJia repe-
KallliBaeT B OJHY CTOPOHY, a IOJI rojia B JPYrylo, 3TO MOXHO
cKazaThb s10J10KO Ha rosoBy. M cobpaB Bce B Kydy Ha4yaTh MOHe-
MHOT'Y CBSI3bIBATh B €JMHYIO KAPTHHY.

Boo0biem cinyuaiiHbIX JiIofei B Haiell npodeccuut HeT ( He
MOBApCKOM) U JCUCTBUTENILHO CTOSIIMX Mpodu ypoBHsT Dpeii-
MaHa pa3 iBa 1 o6uescs. ( OH nepBbiid BHIIBUHYJI TUIIOTE3Y, YTO
(poTOH B MOMEHTE MpeBbIIIaeT CKOPOCTh CBETA.)



M BCe uTO MBI TOBOPUM B CBOUX T'MIIOTE3aX MOXKHO CMEJIO JIC-
JINTb [IBA, 4@ TO XU TPpHU, HO YTO OCTACTCA BCC PaBHO TAHCT, HA Ma-
JICHbKYIO CCHCAlIHIO.

CeronHs MOroBOpUM PO PaBHOAECHCTBUE , 51 BOT BCIO KU3Hb
ayman uyro CoJHIIECTOSIHUME 3TO Takas TOYKAa B MPOCTPAHCTBE,
KOTOPYIO MBI ITPOCKAKMBAEM JAKE HE 3aMETUB, U TOJIBKO BUepa
1oJIe3 B pacnucaHue Bocxona U 3axoaa CosHIA 4yTh HE MOTe-
pan aap peun. OKa3bpIBA€TCSl B TEUEHUE IIECTU CYTOK TUTIOC MU-
HYC CEKYH/bl, HO JIEHb JUIUTCA OAUHAKOBO O BpeMeHU. PaszHuia
9YTO MUHYTa JOOABJISIETCS YTPOM, & BEUYepOM OHA YOaBIsieTcsl U
B CYMME OCTaeTCs CTOJIBKO KeE.

Kax Takoe moxeT ObITb? MbI jke Hecemcsl 1o CBOoeit opouTe, Ha
OI'POMHOM CKOPOCTH U HE MOXEM XOTh Ha CEKYH/1y OCTAHOBUTCS,
a 3HauuT 3a HarM CoJTHIIeM BCer/ia I0JI)KHbI JBUTATbCSI 3BE3/Ibl,
a TyT OaIl ¥ BCe MOYTH 3aMUpaeT.

Ho ecnu Mbl BUiUM Tpoe CYTOK WM 72 4aca TOJbKO U300pa-
JKEHHME HAILIEr0 CBETWJIA, TO ECTh OHO YK€ YIIUIO C TOrO MeCTa, HO
paccrosiHue B 72 MUJuIMapia KUJIOMeTpa CBeT Oy/eT Mpeoaoe-
BaTh MIMEHHO Tpoe CyTOK. To ecTb crydaiiHbIM 00pa3oM yaaaoch
YCTAHOBUTDH PEAIbHOE PACCTOSIHKME [I0 BHELIHETO PaAuallMOHHO-
ro nosica Tirna Bann Asniena, ero Ha30BeM BHEITHUM OapbepoM.



A Terepb ClIeIUM 3a JIOTUKOW y HAC €CTh YYacTOK OPOUTHI,
KOTOPBIM HAIOMUHAET METTIO WU 3Be3/a JOJDKHA ITPOMTH Kakoe
TO HEU3BECTHOE HAM PACCTOSIHUE A0 CaMOM JajbHEN TOYKU, HO
TIOTOM 3epKaJIbHO ( pa3 Halia opOWTa 3TO KPYr) JOJKHO WATH
00paTHO U MbI Oy/IeM BUJIETh HOBYIO TPAEKTOPHIO CBeTa WU (ho-
TOHOB TOJILKO C MOJIOBUHBI MyTH. Tak mnipoie CoHile NOBEepHY-
JI0, HO 13 3a OOJIBIIIOTO PACCTOSIHUS MEKAY HAMHU TIOKa (DOTOHBI
710 Hac 100epyTcsl Mbl Oy/ieM BUJETh CTapoe N300pakeHre U MO-
MEHT NOBOPOTA JJIs1 HAC HACTAHET C OMO3JaHUEM. A KakK BbICUU-
TaTb? A OYEHb JIETKO KaK TOJBKO Mbl YBUJIEIU aHOMAJIUIO ( 4TO
JIeHb HU pacTeT HU YOBbIBA€T) MBI €€ JeJUM IOMojiaM, TaK Kak
9TO CepellHa U KJEM KOorja CHOBA CTaHYT BUAHBI U3MEHEHMUSI.
CKOJIBKO pa3 HaM FOBOPWJIM, YTO UyKHE 3BE3/Ibl HAM CBETSAT U3
JIAJIEKOTO TIPOIILIOTO, & B CBOEM CBETUJIe OpeBHA HE 3aMETHUJIH.

A Kak ObITh cO Benblikamu Ha COJHIIE U UTO Yepe3 JIBOe Cy-
TOK JOXOAUT mia3dma’? BOT OHa MpaBUIBHO UJET HECKOJIBKO CY-
TOK Ha CKOPOCTH CBETa, TaK KaK MeXJy HaMU I'POMaJHOE pac-
crosinue He 150 MUJTHOHOB KUJIOMETPOB, a Oosbitie 70 MUILIH-
apaoB. A Bcs ConHeuHast cuctema nosy4vaercst okosno 150 mu-
JIMapAOB KUJIOMETPOB B TUAMETPE.

A Kak ke Mbl BUJJUM BCIIbIIIIKY Ha cBeTujie? PaHbliie yem npu-
XOOUT Tu1a3zMa?



OTBeT 04YeHb POCTO BCIBIIIKA B HAILIEM BHEUTHEM pajualu-
OHHOM Oapbepe pOXkJIaeT O'POMHOE KOJMUYECTBO HEUTPHHO, Y
HUX CKOPOCTh MPUMEPHO 9 MUJUIMAPAOB KUJIOMETPOB B CEKYH-
1y ¥ OHO y/IapuT TIO Hallleil TulaHeTe yepe3 8 CeKyHIl, OHeceT-
cs Aajipliie. A BOT HaM HYXKHO (pUKCHPOBATh KaKUe TO CeCMU-
JyecKre COOBITUS He3a/10JIr0 JI0 TOTO KaK YBUJEHM CaMy BCIIBIIII-
Ky ¥ 3epKaJIbHO 3a 72 4Yaca J0 TOrO Kak Mbl YBUJIENH MATHO HA
Comuize.

B 3TOM ciydae Ha Halled IUIaHETE B HEApPAx IMPOU3OLIEN
B3PbIB, KOTOPBIN MOPOIXJI HE TOJIBKO 3EMJISITPECEHUE, HO U CUJTb-
HYI0 HEUTPUHHYIO BCIIBIILIKY, OHA YIIJIA BCE CTOPOHBI U JIOCTHUI-
HyB CoJTHIIa yaapuia 1o HeMy, BbI3BaB POXKJICHUE MPOTyOepaH-
1a.

Bor ceituac Bce ceficMOIOrM TUIaHETHI JOJIZKHBI TIOCJIE KaX-
J0ro TJIY6I/IHHOF O 3CMIUICTPACCHUA CBA3LBIBATHCA C ACTPOHOMA-
MU U (I)I/IKCI/IpOBaTb HC TIOABATCA JIX TaM YEPHBIC IISITHA YE€PE3
HECKOJIBKO CCKYH.

(310 OyHeT MoKa3aTeNbCTBO, YTO HEUTPUHO UMEET TAKYIO BbI-
COKYI0 CKOpOCTh) Min eciam mocsie CHIIBHOTO 3eMJIETPSICEHUS
BO3HMKJIA yJapHas BOJIHA B MAarHUTHOM IIOJI€ HaIlled IJIAHETHI,
TO yepe3 72 yaca oHa focturaer CosHIIA U yIapuT 1O Hemy (4To
TIO/ITBEP/IUT PeabHOE PACCTOSIHUE JIO HAIIIETO CBETUJIa — BHEIII-
Hero Oapbepa) a MEeKTPOMArHUTHbBIE BOIHBI PACIIPOCTPAHSIOTCS



CO CKOpPOCTBIO CBETA.

Bot takas HUHTCpECHAA I/IH(I)OpMaIII/IH " nejiad NnepCriCcKkTuBa
HOBBIX OTKpI)ITI/Iﬁ MaA4UuT y HaC BIICPCOH, HY)KHO TOJIBKO HEC JIC-
HUTCA.

A KTO U3 Bac 3HaeT ecTh JIM B Poccun testeckor HaOsoaaro-
i 3a Comarem?

JIa ectr Ha Baiikane m OH OOMH BCEro, a JOMKHO OBIThH
HECKOJIBKO U C pa3HbIX CTOpOH Ha KamuaTke ( BUJUM BBICOKHE
mmmpothl ConHna) B KanuHuHrpase v T Toraa Mbl MOXEM BU-
JIETh BCTIBIIIIKY HE TOJIBKO CMOTPSIIIME Ha HAC, HO U OOKOBBIE.

W Ha moco1ok, TyT yBuaea opouty Mepkypusi yueHble He MO-
I'YT NOHATH NoueMy IuiaHeta noaxoAs K CosHily yckopsiercs, a
yAAISASACH IPUTOPMAXUBAET PUCYs TAKYI0 HE MPaBUIbHbBII KPYT,
a oBas? K c/ioBy y Bcex IUTaHET €CTh Takasi CTpaHHOCTb. [1o3T10-
MY OTBET TaKOM.

Bce mumaneTsl IBUKYTCSI TIO TPABUJIBHBIM KPYTOBBIM OpOUTaM,
HUKAKUX OBAJIOB HET, MIOTOMY YTO €CJIM Obl OHU OBbLIM, MBI ObI
9TO cpa3y Ha ceOe MOYYBCTBOTBAJIM O PE3KOMY CKAuKy I'DaBH-
Taumu. Ho BU3yasibHO a, Koraa Mbl cOnmxkaeMcs ¢ Mepkypuem
¥ 000 IPYrov MJIAHETOW OHY TI0 OTHOIIEHUIO K HaM JIBUXKYTCS
OBbICTpee, WM Mbl X OOTOHsIEM, TaK KaK MeX/1y HaMHi MeHbIIIee



paccrosinue u 3¢hp¢eKT 3aaepKKku poToHOB MuHMMaJIeH. Ho kak
TOJIBKO MBI CHOBA PAcXOIUMCs BO3HUKAET 3PeKT ,,ConHLecTo-
SIHUA" WM U300pakeHre U3 MPOIUIOro O YeM muca Boiie. To
€CTh BCE OYEHb MPOCTO OOBSICHSETCS B paMKaX KJIACCUYECKOU
(puzukm.

I'naBa 3.

CoBpeMEHHBIE YYEHbIE [0 CHUX IOP HE IMOHUMAIOT MPUPOLY
MarHeTusma, U JEVCTBUTEIBHO OYEHb CTPAHHO, YTO BO3HUKAET
HEKasi IPUTATMBAIOIIAS CUJIA, KOTOPAsl ICUCTBYET HA MTPEIMETHI,
HO ceifuac BbISICHSIETCS] YTO OHA MOKET OBbITh U OTTAJIKMBAIOIIEH C
TeM ke Pe3yJIbTaTOM, TO €CTh 3TO OObIUHBIE KYJJOHOBCKUE CUJIBI,
TOJIBKO JEWCTBYIOT Ha OOJBINIEM PACCTOSTHUM.

Yro ellie MHTEPECHOTO Y MarHUTOB? A TO UTO OHU YMEIOT CO-
XPaHsATh CBOI0 OPUEHTUPOBKY B MPOCTPAHCTBE, TO €CTh KaK €ro
HE KPYTH, a €CJIM OH HE UCTIBITHIBAET TPEHUsI WU 9TO HAMarHU-
YeHHasl CTpeJIKa KoMIlaca, TO OHa YKaKeT CTPOro Mo CUJIOBBIM
JIMHUSAM TUtaHeThl. To ecTh 3TO Takas MTyKa KOTopasi He XOUeT
MEHSTh CBOE IMOJIOKEHUE B IIPOCTPAHCTBE CTPEMHUTCS PACIIOIO-
JKUTCS PABUIILHO.

A 410 310 03Hayaetr? OTBeT.

JlonmycTrM Bbl PACKPYTHUTE I0JIy W MOCTABUTE IO, YIJIOM K I10-



BEPXHOCTH TUIAHEThl HEMHOI'O HAKJIOHUTE, MOXETe HE COMHe-
BaThCsI, UTO OHA TYT K€ BBIPOBHSIETCS M OyIET KPYXKUTh ITEPIICH-
JUKYJISIPHO MOy, HA 9TOM OCHOBaH 3(P(EeKT TMpOCKyTepa, KO-
12 Bbl HAKJIOHSIETECH BIEPEN MEXAHU3M IIBITAETCS BBIPOBHATHCS
U eJieT B HalpaBJeHuM yKJIoHa. [')py0o roBopsi Tak BemyT ceOst
BCE aTOMBbI HallleW IUIAHEThI, BOT OHA HAaKJIOHEHa Ha 21 rpamyc
TI0 CBOE OpOUTE U NIEKTPOMATHUTHBIE CHIIBI TYT K€ Pa3rOHSIOT
3emMTio BIiepe/i MbITasiCh BBIPOBHATH KYPC U 9Ta CKOPOCTb OTPOM-
Hasl ( CKOPOCTb CBETA) HO JIENAIOT 3TO HE cpasy, a MOCTENEHHO 32
MUJUIMOHBI JIET CYIIECTBOBAHUE HAILIEW TUIAHETHI. A TTOYEMY MBI
HAKJIOHWIKCh OCBIO TIOJTIOCOB B OJIHY CTOPOHY?

OrtBer r1aHeta umeet hopmy IpyIiy i 611rHa ( TOKa Hero-
HSATHO) HO €€ LIEHTP ,,TSKECTU' YyTh CMEILEH OT reOMEeTpHhYe-
CKOTO IIEHTpa, BO3MOXHO YTO BHYTpU 3eMJIM C(DOPMHUPOBAIUCH
HECKOJIbKO OoJjiee TUIOTHBIX SiIep M OHM HApYIIUIM HEHTPOBKY.
Jlanee 3T CryCTKY aTOMOB U3J1y4al0T HEUTPUHO, HO B OJJHY CTO-
POHY OOJIBIIIE YEM B JIPYTYIO U MOTy4aeTCsI peaKTUBHAS CHJIA TOJ-
KaloIasi Hac cpa3y Mo TPeM BEKTOPaM JIJIMHA, IIUPUHA U BBICOTA,
a OOIIMiA pe3yJIbTUPYIOIIMI 3TO ABUKEHUE CTPOrO MO KPYrYy.

W camoe 1r11aBHOE TpH BBIXJIOIHBIX CTPYH HE 1AI0T 3€MJIU MPO-
BEPHYTHCSI BOKPYT CBOEH OCH OHM KakK Obl (DUKCUPYIOT €€ B MPO-
CTPAHCTBE BCErJia B OJJHOM MOJIOKEHUH, ( UMEHHO [MO3TOMY OHa
BCEr/la HaKJOHEeHa Ha 21 °, peakTuBHas TAra TO HE JAET Clie-
JIaTh) XOTsI OHA M PUCYET KPYT, HO JEJNaeT 9TO Kak KabuHka Yep-



TOBa KOJIECA 3aBUCAasi POBHO HAJ MOBEPXHOCTHIO U 32 CYTKH JIBU-
rasch 10 OrpOMHOMY JUaMeTpy 24 MJIpJ KUJIOMETPOB, BBIIED-
’KMBasi CTPOTYI0 OPMEHTUPOBKY 110 CTOPOHAM CBETa U 3TO camoe
BaXXHOE HA JIaHHBIN JJEHb, [IOTOMY KaK BCE aTOMBbI U YaCTULIbI Je-
JIAI0T TOXKE CaMOe, HUKAKKMX BpallleHU BOKPYT COOCTBEHHOM OCH
B IIPUPOJE HET, TOJIBKO BO3JIE HEKOT'O LIEHTPA BCETAA CO CTPOron
BBIIEPKKOM B MPOCTPAHCTBEHHOI OpUEHTALIWH.

A 1ouemMy Tak BCE€ YCTPOEHO?

HorycTuM, 4TO B TPOTOHE camMasi MeJIKasl 4acTulia KBapK, KO-
TOPBIN MPE/CTABIsIeT U3 ce0sl cCaMylo MEJKYIO0 SJeKTPOMAarHuT-
HYIO BOJIHY, KOTOPYIO Mbl MOXEM 3a(PUKCUPOBATh U OHA ABUKET-
sl TOYHO TaK ke, KaK OrPOMHasI TUIaHeTa, HO ¢ OOJIbIIIeH JacTo-
TOI ¥ MEHBIINM JUAMETPOM, OTOUpAsi SHEPTHIO Y APYTUX JIEK-
TPOMAarHMTHBIX BOJIH, KOTOPbIE OTM3KU K HUM IO CBOMM (hU3U-
YECKUM XapaAKTEPUCTUKAM.

[Ipennonaraercsi, 9YT0 3Ta IITyKa OYEHb IJIOTHAS, yUeHbIE
HEJJAaBHO M3MEPUJIH JaBJIeHUe BHYTPU IIPOTOHA U MIPUIILTH K BbI-
BOJIY, UTO OHO Ha MIOPSIIKY BHIIIIE YEM CaMble IIOTHBIE HEUTPOH-
Hble 3Be3/bl ( [IpaBJa He SICHO, KaK OHM 3TO JeJIai KpoMe, Kak
HeKasi MaTeMaTh4yecKasi MOJIeJb, KOTOpast MOXKET ObITh OIIMO0Y-
Ha) HO IO MOMM pacyeTaMm KBapK UMEET CKOPOCTb MUHUMYM 9
MWIIHAPAOB KAJIOMETPOB B CEKYH[Ly U ,,CYTOUHYIO" €ro OpouTy
MBI BOOOIIIE HE MOXeM 3a(pUKCUPOBaTh, TOIBKO ,,roioBy0". To



€CTb KaXAbli I'epI] 3TOro HykJIOHa HyKHO JEJIUTh ele Ha 365
BUTKOB WJIM PA3JIOKUTh HA COCTABJISIIOIINE CIIEKTPBI.

[To GonpIIOMy cUeTy 9Ta YyacTUlla €CJii OHa cama Tio cebde, He
B COCTaBe MPOTOHA MOXKET IMPOXOIUTh Yepe3 JIIo0oe BEeleCTBO
HE 33/IEP’)KUBASICh UIMEHHO U3 32 CBOEM YPE3BbIYAMHON TJIOTHO-
CTH, TMIO3TOMY KBapK MOXET OBITh TeM CaMbIM HEUTPUHO KOTO-
poe Mbl uniem. [ToHATHO 4TO eciiv KBapK BbUIETEN U3 MPOTOHA
TO €ro CKOpPOCTh OylleT 9 MUUTMAPIOB KWJIOMETPOB B CEKYH/Y U
OH YHeceT 0OpYI0 YacTh SHEPIuu.

Ho He Bce KBapKku JBMKYTCS MO MPSIMBIM OpOUTaM Kak ¢o-
TOHBI, MOXeT HaOmonany anuMario COJTHEYHBIX BCIIBIIIEK TjIe
POJKIAIOTCS TPOTYOEepaHITHl M BO3HUKAIOT MOIITHEUIIINE IEKTPO-
MarHuTHble Mojs. Jlymaio 4yTo B TaKuX CIy4asX KBapKd MOTYT
JBUTaThCsI IO KPYTOBBIM OpOUTAM MPSIMO Yepe3 3eMJTIO 3aXBaThl-
Basl €e Kpail WM UEHTP PUCYs BEPTUKAJIbHYIO NETII0 B MUJLTUOH
KMJIOMETPOB ¥ OHM OTBEYAIOT 32 MOSIBJIEHUE HAILETO 3aIlUTHOIO
9NEKTPOMArHuTHOro nosist. CaMMx yacTHIl Mbl HE HaOJTIOlaeM U3
32 UX BBICOKOUM CKOPOCTH U TO YTO OHM IO MHOT'Y pa3 MpOUIyT
MO0 OTHOMY M TOMY K€ MECTY IOKa Mbl UX MbITAEMCS] U3MEPUTb,
HO TI0CJIE X MPOJIETa BO3HUKAET MOJISIpU3alivsl CaMOro BaKyyma
Y BCEX YaCTUI] HAXOASIUXCS B HEM.

To ecThb ceHcalusi COCTOMT B TOM, YTO KBAPK MOXET HOCHTh-
Cs1 HE TOJIBKO 10 MEJIKOMY KpYry B pa3Mep IPOTOHA WJIM aToMa,



HO U 10 OoJiee OOJIBIIIOMY B HECKOJIBKO THICSY MJIM MUJUTHOHOB
KUJIOMETPOB.

DT0 Te camble ,,KOiblla" BHYTPHM KOTOPOIO COCPEIOTOYEH
OMMIKHUN paJMalliOHHBIA Tosic BanH AnieHa Hamen 3eM-
JU. A ecTb ellle BHENIHWN HaXONAIIWICA Ha MECTE Halle-
ro ceetwia. I[lonmyyaercs, uro ,,KBapk — HEUTpUHO" HA30BEM
ee ,,UBapk" ( BBINOJHSET POJIb TE€X CaMbIX TI'PABUTAIMOHHBIX
BOJIH, PaCTaJKMBAET IUIAHETH JIPYT OT Jpyra U odpasyeTr cTa-
OWUJIbHYIO TIJTAHETAPHYIO 3aIWTY. )

Hanpumep 3emis u Mapc pakTHueckd HaxoAsTCsl HA OTHOM
KOJIbIIe OPOUTHI M MOTEHIMATbHO MOIJIM Obl CTOJIKHYTBCS, KOT/a
OJIHA [UIAHETKA YyTh OTCTAET U €€ C3aM IOTOHUT Jpyrasi, HO Ipu
KPUTUYECKOM COMVKEHUH POXKJAIONIecs KpyroBble UBapku Ha-
YUHAIOT CUJIbHEE PACTAJIKMBAThCSl CHaYasla Ha OOJIBLIOM yiasie-
HUY BHEUIHMMHM MarHUTHBIMU TOJISIMH, @ TIOTOM U HaIlpsMyIo,
KOTIa BHIOPOCHI OMHOM IJTaHETHI JOCTUTAIOT JPYrOi U MPOUCXO-
JUT B3aMMHOE pacTajkuBaHue. OCTajloch A€N0 3a MaJblM, 3TO
Kak TO JIOKa3aTh, YTO HEUTPUHO MOXET BJIMATh Ha MPOTOH WJIH
aToM B II€JIOM ITyTeM MPUIAHNSI eMY UMITYJIbCA. ( [yMalo eCIii Ky-
COYEK palMOAKTUBHOIO BEILIECTBA ITyTOHUS IOMECTUTh B HEBE-
COMOCTb, OH HaYHET OTTAJKUBATbCA caM IO cede B KaKylo JIu-
00 CTOpPOHY, 3TO U OyAeT JOKa3aTeIbCTBOM UYTO POXKAAIOIIMECS
YBAPKH JAI0T UMITYJIbC CHJIBI OCTAJIBHBIM aTOMaM M Pa3TOHSIOT
UX B IIPOCTPAHCTBE)



B 1ies10M TpyiHO MOBEPUTD, UTO MEIbYANIIIAST YACTUIIA MOXKET
Tak OBICTPO PA3TOHATHCS JO HECKOIBKUX MUJUIMAPAOB KUIOMET-
POB B CEKYH/1y, HO C APYroi CTOPOHBI €l HUUTO He MeIllaeT ITO
JieJ1aTh, TaK KaK U3 3a CBOEH YPe3BbIYAHON IJIOTHOCTH OJTU3KYIO
K YEpHBIM JIbIPaM, OH He B3aUMOJIEHCTBYIOT C OOBIYHON MaTepueit
nposietas ee (pakTUUECKH HackBO3b. HO B3ammoneiicTBrue Koc-
BEHHOE €CTh, TYT POJIb UTPAET CKOJIbKO YBAPKOB MPOJIETUT MUMO
00BEKTA MJTH Yepe3 Hero, a TOUHee Yepes ero JeKTPOMarHUTHhIE
MoJIsl ¥ B CyMMe niepeaayT aHepruto. [loromy urto anekTpomar-
HUTHBIE TIOJIsI STOT TOXE YBAPKH, HO Takue OoJiee 3aKOIbIIOBaH-
HBIE, a 3HAYUT MeJJICHHBIE, TI0O CPAaBHEHUIO C MPSAMBIMU TOJIBKO,
YTO BBUICTEBIIMMU U3 Help UepHOM AbIpbl. A 3HAYUT B3aUMO-
JIEVICTBUE YACTUI] UAET ONOCPEJOBAHHO Yepes APYT APyra, uepes
B3aMMHbBIE CTOJIKHOBEHHS. A eC/ii OBbITh ellle 00Jiee TOUHBIM I1e-
penaeTcss MOMEHT KpyUeHHs WA YacTOTHI.

DTa MBIC/Ib IPUIIA HE TOJIBKO MHE, & €IE OHOMY MOJIOIOMY
YYEHOMY (PU3UKY, OH HAMUCAT LETYI0 KHUTY, HO K COXaJICHUIO
CBOE MMs HE yKa3aj, U Takoe ObIBaeT B XHU3HU, KAK TOBOPUTCS
BCE MBI JIIOJIN, BCE UEJIOBEKH 3a4eM Xke APYT apyra o03sBarh? Ho
XOJ1 €r0 MBICJIM BEPHBIM.

To 4t0 (HOTOHBI, MUKPOBOJIHBI MEPEJAIOT MOMEHT KPy4eHHUsI
OT OJIHOTO OOBEKTA MJIM aTOMa K Jpyromy. BoT cchutouka Ha ero
paoory.



http://vprikusku.com/prilivnaya-volna/vzaimodejstvie-
vrashhayushhihsya-tel.html

[ToHsTHO YTO MOMEHT Kpy4€HUs €CTb U y HAICTO YBApPKa U
TOJIBKO YCPE3 HETO NEPCAACTCA SHCPIrud Ha CY6CBCTOBI)IX CKOpO-
CTAX.

Hlanee y Hac ocraercsl INIaBHBIM BOIIPOC C TOYKH 3peHus (pu-
3WKH, a KaK pokAaeTcs Jyactuia ,,4", TyT Bceraa ectb JBa Bapu-
aHTa. [1epBblii 3TO KAKUM-TO Uy/JIOM BBUIETETh M3 CBEPXILIOTHOM
¥ OBICTPOI YEPHOI JIBIPHI, KaK Oy/ TO OHAa B30PBAJIach, a MO CYTU
YBAPKH TaK ¥ HA3BAHHI B YeCTh YEPHBIX ABIP , TOTOMY KaK TOJIBKO
OHH Y MOT'YT €€ TIOKUHYTh, He OyIyIr COMTHIMA TEMHBIM OOBEK-
TOM W Hallli aCTPOHOMBI 3TO (PUKCHUPYIOT, KOTJIa BUMIAT JKEThI
BBIOPOCOB BBIXOJIAIIINE C TIOJIIOCOB YEPHBIX JbIP M MOHSATHO, YTO
OHH HE MOTYT ABUTAThCSl MEAJIEHHO, Ha JOCBETOBBIX CKOPOCTSIX.
Jlanee 3TH YacTHIIBI PA3NeTAOTCs PACXOASIIMCS JIYIOM B 1B
NIPOTUBOIIOJIO)KHBIE CTOPOHBI M 3aKPYUMBAIOT YYACTOK KOCMOCA
KOTOPBIA B MOCJIEICTBUM TTPEBPATUTCS B HOBYIO TAJIAKTHKY.

Ecnmu cMOTpeThb Ha crivpasibHble TaJIaKTUKU TO B IIEHTPE Y HUX
Be3Jle yraJplBaeTCsl OfHA CyIiepUyepHas ApIpa C ABYMs KETaMH,
KOTOpBIE U JIAJIA KU3Hb JABYM pyKaBaMm ( ObIBAIOT U YETHIPE Py-
KaBa).


http://vprikusku.com/prilivnaya-volna/vzaimodejstvie-vrashhayushhihsya-tel.html
http://vprikusku.com/prilivnaya-volna/vzaimodejstvie-vrashhayushhihsya-tel.html

To ecTp 3TO NMepBOHAYAILHOE 3JIEKTPOMAHUTHOE IIOJIE U3
CBEpXOBICTPBIX YACTUILL YBAPKOB, M U3 KAkKI0W U3 HUX B MOCTIEA-
CTBUM I10 MEPE 3aMe/JIEHHS BBIPACTET CHAYaJIa [IPOTOH, a ITIOTOM
U LIeJIBIA aTOM, KOrjia B OpOUTY KpyueHusi OyayT BOBJICUEHBI U
JpyTye MPOTOHBI.

B cyxom ocratke ooquH U3 BAPMAHTOB POKACHUS CaMOU MeJl-
KOW Y TUIOTHOM YacCTHIIbl 3TO YepHas Iblpa, KOTOPasi BBIIOIHS-
€T pOoJib TMTAHTCKOIO YCKOPUTENS aTOMOB M IPOCTO BbIKMMAET
YBAPKHU U3 MPOTOHOB, MOCJIE BbLJIETA U3 HETO MOCJEIHUN cpa3y
MIepPECTAET CYIIECTBOBATh, TAK KaK OH ObUT B HEM €AMHCTBEHHBIM.

A HaM CTaHOBUTCSI TIOHSITHBIM TIOYEMY HEHTpPOH BHE aroMa
JIOJITO HE JKUBET U TOXE McUe3aeT, CKOpee BCEro 3T0 yKe, OCTarT-
KM JIEKTPOMArHUTHOM NTyOBI e1rie KpyXkaT 1o opOuTe atoma, HO
YBapKa TaM OOJIbIIIE HET, OH YJIETE)I OCTABUB TOJIbKO WHBEPCHOH-
HBII cries1 ocrnie ceosl.

910 Kak ygamuth U3 COJHEYHOW CHUCTEMBI BCE ILIAHETHI, TO
HUYEro OOJIbIIIE HE OCTAHETCS , BHENIHWUW paJUaIllMOHHBIA Oa-
pbep, KOTOPbI Mbl M BOCIIPUHUMAEM, KAaK CBETWJIO TYT K€ MC-
yes3HeT. Eme TouHee ecm yOpaTh MpokKeKTOp, TO U CBET OT HETO
OBICTPO PACTBOPHUTCS B TIPOCTPAHCTBE.



BTopoii BapuaHT pokIeHUs YBAPKOB, KPOME XOJIOJHOTO CHH-
Te€3a B YEPHBIX JAbIpax, 3TO €ro NoyHas MPOTUBOIIONIOKHOCTD, a
MMEHHO SIIEPHBIA pacnaj aToMoB. TyT poxaatoTcst Oosblie OT-
HOCHTEJIHHO ,,MeIJICHHbIe" KOJIbIEBbIE UYBAPKU C OOJiee 3aKpyr-
JICHHBIMU TPAEKTOPUSAMH U CO3JAI0T 3AIUTHBIE JIEKTPOMArHUT-
HblEe N0 IJ1aHeT. M 3T0 oueHb BaxkHasg MHQoOpMalus Tak Kak
YTO-TO MHE CHAETCS, €CTh HEKOTOpasi HapaOOTKa TSKEJbIX sAAep
B HEJIpax Hallled IUIAHETHl CJIOBHO B TMTAHTCKOM LIEHTpUdyre, 1
pa3 B IECATS JIET CITy4aloTCsl MaJlble BLIOPOCHI, pa3 B CTO JIET [TPO-
ucxoauT Oosiee pe3koe OCBOOOXKIEHHE SHEPIUu U pa3 B ThICH-
9y ¥ MMJUTHOH JIET CITy4YaeTcsl CyNepBhIOPOC UBAPKOB, KOTOPHIH
CKopee Bcero yous1 Bcex Hallux JMHO3aBpoB. Hac mopneit emy He
B3SITh, IOTOMY YTO Mbl MEJIKME, HO XJIOMOT J00aBWIHM, TaK Kak
IIPOUCXOAAT HEBUIAHHBIMU TEMIIAMUA MYTALMU Pa3IAYHbIX BU-
PYCOB MbI 3TO BUAUM OJMH KOPOHABUPYC YETO CTOUT, IIOCTABUII
BCIO IUIAHETY C HOT Ha rosioBy. To uTo cnabast paguanus yBeau-
YMBAET POCT MyTallMil FEHOB, 3TO JABHO W3BECTHBIN (DAKT.

I'naBa 4.
B npupoze ecTb TOJBKO IBa OCHOBHBIX MPOIIECCA 9TO POK/IE-

HMEC aTOMOB M 9aCTUIl K UX pacClial Wil aHHUTWIIALUA. B IIpoOME-
KYTKE €CThb INEPEXOJHBIC NJIN TMTOT'PAHUYHBIC COCTOSAHUSA, UMCHHO



OHH U JIAIOT BCE pa3HOOOPa3usl pa3IMUHbIX SHEPIHid IEKTPpOMar-
HUTHBIX BOJH, 32 HUX OTBEUAIOT MeJIbUaiiiye 4acTulpl ,,YBap-
KM aHaJIOT KBapKa TOJBKO IBUKETCS, KaK HEUTPUHO MO Ooee
CMPSIMJIEHHON TPaeKTOPUH, HA OTPOMHOM CKOPOCTHU U TIOYTH HU
C YeM He B3auMOJIEHICTBYET, KPOME JIEKTPOMArHUTHBIX MOJIEH.

W nanee Bpemsi CyIllieCTBOBaHHsI YCIOBHOTO YBAPKa B COCTaBe
MPOTOHA OT ,,IETCKUX" JIET, KOrja OH OOJbIIIe TIOXOXK Ha BOIO-
POl U TeJTNA, 10 B3POCIION JKU3HM, TJIE OH YXe Ooliee ,,yIliepoy-
CTBIM" , HAM TOKA HEU3BECTHO, U CEMYAC TPYJHO CKa3arb, YTO
0o0BbeIMHsIeT TPOTOHBI B aTOME, TT0YeMY OHM COJIM3UIIUCH U Jjajiee
He pacxonsrcsa. Ho n3HayaibHO OMMHOYHBIN YBApK BBIJIETEB U3
YEepHOU JbIpbl paboTaloIIel B pexXuMe YCKOPUTEIsl 4acTull ( U3-
HavyasbHasl JIMHENHAsI CKOPOCTh MPEANONI0KUTEbHO 9 MUIIAAp-
JIOB KUJIOMETPOB B CEKYH/1y ) IepepOKAaeTcsl B OAMHOYHBIN MPO-
TOH, IyTeM Bce 60Jiee CUTbHBIX OOKOBBIX OTKJIOHEHHWH U €ro Op-
OuTa, Kak Obl paciyxaeT MOHEMHOTY 1 JIMHelHast CKOPOCTb, BCe
OoJTBIIIE TIEPEXOIUT B KPYroBYI0. Tak yCTpOEHBI BCe JIEKTpoMar-
HUTHbIE BOJIHBI, 3TO BCErJa CHayajla BBUICTEBIINI U3 MPOTOHA
YBapK U Jiajiee OH €ClI MOAKpYyUYeH Oojiee CHIIbHO, TO ONMke K
ramMma M3Jy4eHuIo, a eCJii ero OOKoBast opouTa Oosiee mosoras,
TO HAXOAUTCS OJIMKe K pagruoBoiHaM. MITOro oH MoxXox Ha MyJTio
BBIJIETEBIIIYIO U3 MMUCTOJIETA ¥ BPALIAIOIIYIOCS BOKPYT CBOEH OCH.
Ecnmu kpyueHue ciadoe, TO OHa CUJIBHO OTKJIOHUTCS OT TIPSIMOK
TPAEeKTOPUU U B TIPOCTPAHCTBE HAYHET Hape3aTh CIIUPAIH. A ec-
JI¥ TTyJIst OBICTPO KPYTHUTCSI, TO TPAaeKTOpusI OoJiee MeHee IO IeT



POBHO, OOKOBBIE OTKJIOHEHUSI MUHUMAJIbHBIE.

[lonavany gymain, 4to (POTOH 3TO MHBEPCUOHHBIN CIIE]L T10-
CJIE IIPOJIETA YBAPKA, HO UMES HOBbIE PACUETHI, 10 HUM BUJIHO,
YTO YACTHIIA MOKET OTKJIOHSTCS B JIIOOYIO CTOPOHY ITPY 9TOM HU
C 4eM 0co00 He B3aMMOJIEHCTBYs, €CIM OHA HE CTOJNKHYNACh C
npenAaTcTBueM. VIHTepecHO Kak MPOMCXOIUT OTpakeHue (porto-
Ha? [1o uzee yBapk JOIkKEH IPOJIETETh CKBO3b JIDOOE BEIIECTBO
HACKBO3b, HO MBI BUJIUM, UTO YaCTh SHEPTHH OTpakaeTcst oopar-
HO. A 3TO 3HAYUT, YTO B IOBEPXHOCTHOM CJIOE€ BELIECTBA IKPa-
Ha MPOM30IILIO BO3OYKJIEHHUE MPOTOHOB U OHU POAMJIMA HOBBIH
YBapK, TOYHEE COUJIM C KPYroBOM CIIMPAJIbHOW OPOUTHI OIUH U3
npoToHoB. [Tonmyyaercs, 9yTo oTpaxeHHbIi (OTOH, ITO BCerja HO-
Basl YaCTHIIA, a He YacTh CTApOl BEpHYBIeHcs: oOpaTtHO. BeiBox
(poTOH M UBapK 3TO OOHO M TOXKE, MPOCTO BHYTpH onHOro I'epua
YAaCTUUYKU CBETa €CThb elle 365 BUTKOB €ro COCTABJIAIIINX, KO-
TOPBIE MBI YK€ HE B COCTOSIHMU 3adukcupoBarb. CKaxeM Tak
(poTOH 3TO 3aMeENNIEHHBIN, TOAKPYYEHHBIN OIMHOYHBIN YBAPK.

Ortciona HaM CTAaHOBUTCSI TIOHATHBIM, IOYEMY HEJb3s [IOCTPO-
UTh CYyNEpOTpakaioliee 3epKajgo 3aMKHYTb €ro B TOP U IyCTHUTh
TyAa JIyd CBETa M OH TaM OyJeT LIMPKYJIUPOBaTh OECKOHEUHO.

Caer pa3pymacTt Joodoe BEIIECTBO, ITYCTh U OYCHb MCIJICHHO.

VY Hac Tak ke MoJyyaeTrcs MHTepecHash MOJEJb JBUKEHUS



9JIEKTPOMArHUTHOTO TOJIS WM 3JIEKTPOHOB T10 MPOBOIHUKY UC-
XO[Ig U3 HOBOU MH(pOpMaLIHH.

Jlo cerofHsi Mbl [yMaJiy, 4ToO 3TO KojlebaHue OpOUT SMEKTPO-
HOB BO BHEIIIHEM CJIO€ aTOMOB U KaKeTCsl BEPHBIM, HO elle 00-
Jiee TOYHBIM OyIeT YTBEp:KICHUE, UTO U MPOTOHBI B sIpe aToMa
CTaJIi JIBUTAThCSI HEMHOTO TIO JAPYTUM OpOHMTaM U TPOU3OIILIO
NOJISIpU3al|s MeTaJlla OH MTPEeBPaTUIICS B MarHut. Tenepb Mox-
HO JIOMYCTHTh, YTO JIEKTPOMATHUTHOE T0JIe B TPOBOIHUKE, 3TO
OTKJIOHEHHBIE OT MPSIMOM, YBApKH OETYT, KaK CAaMOCTOSITEIIbHbIC
YaCTHIIbI, HAPE3AI0T BUHTOBBIE crivpaiv. M 1o GoJbIoMy cueTy
HUKAKHUX 3JIEKTPOHOB HET, OHU HaM MPOCTO HE HYKHBI [JIs1 OMH-
caHus BceX (PU3NUECKUX SIBJICHUM.

Mo:xHO OBLIO CKa3aThb, YTO €CTh JIAWT BEpCHsl YBApKa, Kak J0-
IIYCTUM ECTb IUIAHETBI, a €CTh KPYITHBIE aCTEPOUIBI U IO CYTH 3TO
OJIHO M TOXe, TOJIBKO MacuITad pa3Hblid, Mbl Tak U gymand. Ho
CKOpEE BCEro IMPOTOH HE TAKOM HEPYIUMMBIH, U €T0 MOKHO aHHH-
TMJIMPOBATh 3aCTABUB JBUTAThCS HYKJIOH U3 KOTOPOI'O OH COCTO-
uT, 10 OoJiee CIIpsMJIEHHOM OpOuTe, U €CJIM OH BBUIETUT TO CTa-
HET OJIHUM IPOTOHOM MEHBIIE, U 3HAYUT CaM M3JlydarTellb CTa-
HET TePATh ATOMBI M HE UCTIAPATCA, @ IMEHHO aHHUTWJIMPOBATH ,
BOT KaK HUTbh HAKAJIMBAHUS B CTEKJISIHHOW JIAMITIOYKE CTAHOBUT-
Cs1 MEHbIIIE, MBI TO [yMaeM YTO XpOM BHYTPU KOJIOOYKM TaK M
OCTa€TCs, a OH Ha CaMOM JIeJIe YHOCUTCS B BUJIE YBAPKOBOIO U3-
JIyYEHHUS 111 KOTOPOTrO HET HUKAKUX ITPErpaj, 3TO TOXKE CaMoe,



YTO U HEUTPHUHO.

I[a dTOMOB B HUTH HaKaJIMBAHUA OYE€Hb MHOI'O, 1 Mbl JOJII'O
HE 6yz1eM 3aMe€4daTb, 4TO 06Luee KOJIMYECTBO aTOMOB Y HAC Kyla
TO UCUYE3ACT.

BeIxOouT, 4TO M3Iy4YeHHUE CBETAa B MPOBOJHUKE, YEM TO IIO-
XOKe Ha MEJJICHHYIO sSIIEpPHYIO PEaKIIMIO, TOJIBKO 6e3 OCKOJIOU-
HOT'O pacrajia ¥ npeBpallieHueM B Ipyrue XUMUUECKUE IEMEH-
Thl. YTpau€HHBIM IPOTOH XpOMa ITOTOM CHOBA BEPHETCS U3 MPO-
CTPaHCTBA , TUIIA CBATO MECTO ITYCTO HE ObIBAET.

Ho ckopee Bcero atom xpoma B3pbIBaeTCs IIEJIMKOM, Kak Obl
CXJIOTBIBAETCSI, TIPU ITOM POKJasi cCpa3y MHOTO YBAPKOB, U OCTa-
€TCsl OfIHA TYCTOTA, a SHEPTHsl MOTHOCTHIO YHOCUTCSI C BBLIETEB-
UMY HYKJIOHAMU.

Hpyroe neno NpoBOJHUKM TOKA, B HUX BXOHAT U BBIXOIST
YBApPKU MEPEHOCST FHEPTUI0 MOITOMY UX MACCA OCTAETCs MOYTH
HEM3MEHHOM, XOTS C BO3PACTOM JII0OOH MeTaJlT YChIXaeT cam o
cebe u3 3a (POHOBOTO pa3pyIIeHUsT IPOTOHOB.

WToro BHIBOJ MIEKTPOHBI — ITO CTapble UBAPKU JBUKYIITHECS
o OoJiee rojiorum opoutam, OIM3KKME K CBOeW CMEPTH U OHU Jia-
JIEKO YXO[IAT 32 PaJnyC aTOMa, COOTHOIIIEHHE TaKOe ke KaK JIua-
METP Haller 3eMJIM U €€ SJIEKTPOMArHUTHOTO TOJISI, 3TO THICSYU



U JIECSATKU ThICSY pa3. B 3aBUCHMOCTU C KaKOW CTOPOHBI CMOT-
pEeTh MO X0y ABMKEHUS HAllle IEKTPOMAarHUTHOE MOJIE CKAaTo,
a XBOCT PacCTsIHYT.

W kcraty BbIOMBasi BHEITHUIA JIEKTPOH B aTOMe KaK MbI JTy-
MaeM, TO Ha camMOM Jigjie JIMIIIaeM €ro BHEIIHEro 3alldTHOIrO
CJIOs1, BOT 3THX CTapbIX YBAPKOB C ITOJIOTUMU OPOUTAMU, & 3HAYMT
MOMEHTAJILHO MTPOMCXOJUT BTOPKEHUE BHEIIHETO U3TYyYeHUsl U
pas3pyllieHre HeCKOJIbKMX CJI0EB aTOMOB MaTepuaa.

MoHu3npoBaTh MOKHO Ta3 BOAOPO[ U TOTJa €ro HeOobIas
YacTh aHHUTHJIMPYIOTCSI, UICYE3HET HaBCerJa Tak Kak pa3pymiar-
cst ipoToHBl. To ecTh HepYIIMMOCTh MPOTOHOB UX CYIIEPYCTOM-
YUBOCTbH yKe MO OOJBIIIM BOIIPOCOM.

W eciu Mbl NIPOCTO 3apsikaeM CKaxeM c(gepruyecKuil Iap
MOJIOKUTENIBHO, TO MBI IPOCTO PACHIUPSIEM KPYTOBbie OpOHTHI
BHEIITHUX YBAPKOB IPH ITOM UX HE pa3pyiias U He BHIOWBAS.
[Tpoiinet Bpemsi U IO UHEPLUK BCE BEPHETCS, HA MPEKHUE Op-
6uthl. To ecTh MPOUCXOAUT caMOpa3psi]] CyNEPKOHIEHCATOpa.

Ckopee Bcero BO3/EWCTBUSI HA aTOMbI ObIBAIOT OOpaTHMBbIE,
KaK TeYCHHE TOKa 10 MPOBOTHUKY U PACIIUPEHUe OPOUT HYKJIO-
HOB M HeoOpaTuMmble, B TIEPBOM CJIy4yae YBapK BEPHETCS Ha UC-
XOJIHYIO KPyrOBOE JIBUXKEHHUE, 2 BO BTOPOM BapuaHTe, OH MOKHU-
HET CHCTEMY HaBCer/ia M YHeceT ¢ cOO0W SHEPIrHIo.



U roxoxe, 9To eCTh OOpaTHbIH MPOLIECC, KOraa MpsMOIMHEN-
HO MJYIIUI YBApK yaapsieTcsl O MPersTCTBUE B BUIE JIEKTPO-
MarHMTHOTO TIOJIsI, BAPYT PE3KO 3aTOPMO3WIICS WM BBILIES U3
cyOcBeTOBOrO Oapbepa, Mo Hayaiay OH OyleT MMETh OrPOMHYIO
KMHETUYECKYIO SHEPIMIO U MbI €ro 3aUKCUpyeM, KaK OIUHOY-
HBIA IPOTOH, WM KOCMUYECKUii Jiyd. Co CTOpOHBI Bce OyeT Bbl-
IJISIIETh, YTO OH MOSIBUJICS CJIOBHO U3 HUOTKY/IA, C BbIJICICHUEM
TEIJIOBOU SHEPIUU.

N 310 0ueHb UHTEPECHO, TaK KaK BHELTHUH MOSIC 3apsIKEHHBIX
yactul, Bann Anena ( erie umeercss BHyTPEHHUI OMOSICHIBAIO-
MK Hamy 3eMJII0) 3TO M €CTh TO MecTO rae Mbl BUaum ConH-
11e, KOTOPOEe OMOSICHIBAET HAIly TUIAHETHYIO CUCTeMy OOJIbIIUM
Kpyrom oopydem ¢ quamerpoM 150 MUIIMapaoOB KMJIOMETPOB U
TOJIIIMHA 00pYyYa, ero CeueHue MoKa HEM3BEeCTHO.

Bropoe uTo xoueTcs y3HaTh OTKya OepyTcsi U3HAYaIbHO HYK-
JIOHBI — YBAPKH WJTM KaK OHU POXKJIAIOTCS, HET JIM ellle Ooiee MeJl-
KX YaCTHII X COCTABJISIONINX ?

OO0 3TOM MBI y3HaeM ellle He CKOpO, TaK KaK pacCMOTpPeTh Bce
4TO MeJibue OpOUTHI MPOTOHA ( 3TO Kak AuameTp COTHEYHOM cH-
creMsbl 150 muipz KM) MbI HE MOXEM, HO TIOHSITHO YTO TaM MOKET



OBITH MHOI'O YETO CKPBITO, I10 aHAJIOT'MHU C IITaHECTaMU.

SICHO YTO MJET MOCTOSIHHBIN MEPEeX0]] SHEPTUU U3 OTHOTO BU-
Ja B Ipyrou, NpeuMyIIeCTBEHHO U3 KPYTOBBIX CIIMPAIbHBIX Op-
OUT YBapKa B MPSIMOJIMHEMHYIO U 3aTeM CHOBA BO3BpaIlleHHe, Ha
KpyroBylo. OJHaKO HET SICHOCTH, a CKOJIKO 3TUX NMPOTOYACTHULL
6bL10 Beero? Pacrer m ux KonuyectBo co BpemeHeM?. Miu ato
NIOJIHOE HeM3MEHHOE KOJIMYEeCTBO SHEPruu BO Bcell BeeneHHoil ,
€CTh KOHeYHas 1u(pa, a Bce YTO Mbl HAOMIOAAEM, TO ee BHYT-
peHHee nepepacnpereneHue mno yyactkam. O0 3Tom MbI ckopee
He y3HaeM HUKOI[a, TIOKa He M300peTaeM MAaIllMHy BPEMEHU U
HE CMOXEM C/IeIaTh MPbIKOK K MEPBOUCTOKAM MUpA.

Ho ectb Takas Bepcusi, 4TO YBAPKU MOIOOHO PaCTUTETHHON
MOJIEKYJIE MOTYT JIEIUTCS U U3 OJHOTO MIPOTOHA 0Opa3yeTcs 1Ba 1
OHH TYT ke pa3JieTaloTcs HaBcer/a, JIMOO 3TO MOTyvYaeTcs: U30TOI
neiirepuid. To eCTb 1€TH He cpa3y MOKUJAIOT CBOUX POAUTENEH U
MBI BUJIUM, YTO Y OOJBIINX TUIAHET €CTh MAJICHbKUE CITyTHUKHU.
Ho 3710 noka Takast celpasi ujiest HiueM HeroATBEpXkIeHHAS.

I'maBa 5.
VueHble aCTPOHOMBI CIIOPAT C TEOIOraMy O MacCOBOM BBIMM-

paHUU BCETO KMBOTO Ha 3eMJie MPOUCXOMSIEe ¢ NeEpUoaoM 26
MUJUIMOHOB JIET. Bepcuu pasHble, HO HU Ha OJIHOM BapHaHTE



OCTAHOBUTCA HE MOI'YT, IIO3TOMY IIOIILITAIOCh UX IIPUMUPUTDL U
MNOAKWHYTH €IIC OAUH 0oJj1e€ JTOrMYHBI.

Bce cornacHbl B OJHOM, YTO NEPUOIUYHOCTh ITO CKOPEE BCETO
CBSI3aHO C KaKUM TO JABMKEHHEM Halllel MJIAHETHI MO TajlakKTUKe
v TouHee no Beenennon. Tak kak 1o nocnenHen nagpopmanuu
MBI ABMXKEMCS B TTPOCTPAHCTBE, HA OTPOMHOIM CKOPOCTH paBHOM
CBETOBOH MO CBOEW opOWTe U JiefiaeM roJoBOiM Kpyr BCEro 3a
CYTKM, @ BOKPYT LIEHTPa raJlaKTUKHU Yyxke B coctaBe Bceil Coi-
HEYHOUN CHUCTEMbI MbI JIBKEMCS TaK OBICTPO, 4TO 3a 365 mHei
oberaeM MoJHOCTHI0 MIIeUHBIN IMyTh U 3aMbIKaeM KOJIBIIO.

3BYyUMT KOHEYHO BBI3BIBAIOIIE, HO €CJu 3Ta uHpopMarus,
MOATBEPAUTCS TO BCE MEHSIET C HOI' Ha TOJIOBY, TEOPUIO DWH-
HITefiHa MBIl BHIBOPAUMBAaEM HA U3HAHKY W BCE YTO JIBUTAJIOCh
CBET, HA CAMOM JIeJie OTHOCUTEJILHO TIPOCTPAHCTBA TIOUYTH MOKO-
WJICSI, @ BCSI MaTepHsi, OHA HECETCSI CKBO3b TAJIAKTHKY, HA OTPOM-
HOW CKOPOCTH.

[TomeHsMCh MeCTaMM CllaraeMble B YPABHEHUM BEJIMKOTO
YYEHOTI'O U MTPAKTUYECKU PE3YIIBTAT OCTAETCA TOT KE, 32 MEJIKUM
VCKJIIOYEHUEM, YTO HaM MPUIETCS MepecMaTpUBaTh peasibHbIE
pa3Mephl TajlakTUK, 3B€3/1, IJIaHET U TI.

M BOT MBI BO3BpalacMcs K MOJIHOMY BBIMUPAHUIO BCETO KU~



BOTO TPOM3OIIEIIEMY MAUTMOHBI JIET HAa3aJl ¥ BOBMOXKHO B OY-
Oyiiem OyaeT uTo To moxoxee. TyT cpazy OoroBopioch, 4To ymep-
JIM J1aJIeKO He BCE U He Be3[ie, I7Ie TO KTO TO OKOMNaJics B OyHKe-
pe ¥ CoXpaHWJ1 UH(POPMALIMIO O MHOKECTBE KMUBOIO MUpPA, TAKON
HoeB koBuer. 1 Bce mouuio 3acendarcd 3aHoBo. Ho ¢ kaxapim
pa3oM KMBOTHBIE M PACTEHHSI CTAHOBSITCSI BCE MENbYE, TO €CTh
YCKOPEHHME TIJIAHEThI PACTET U BBIKUTh MOTYT TOJIBKO BCSAKAs Me-
JI0Yb My3aTasi MO0 KUBOTHBIE C OBICTPbIM MeTabou3MoM. [lo-
HSITHO, YTO BBIKUBYT BCSIKME BUPYCHI M COXPAHST B cebe Oorblie
pasHou MH(pOPMALIMK, OTHOCUTENIBHO XO35I€B, HA KOTOPBIX OHU
napasuTUpoBaIU. To €CTh UTO AMHO3aBPbl YMEPIIH €Ille HE O3Ha-
yaet, yTo ux pparments JJHK u PHK Het B Hammx reHax u 3to
camoe BaKHO€, Ha JIaHHbIN yac. Tak Kak Mbl IepekrBaeM MUHU
MAHJAEMUIO U JTIOIU MacCOBO OOJICI0T YaCTUYHO YMUPAIOT W HU-
KTO HE MOXET TOJIKOM MOHSATb, YTO 3TO TAKOE, OTKYAA B3SJIOCH?

[TonsiTHO, uTO OHO OBLIO B Hac, 310 PHK KopoHaBupyca B of1-
HOM M3 HaC MYTHPOBAJIO U MOILJIO I'YJIATH 10 tuianere. Ho He mia
TOrO YTO OBl HAC BCEX YOUTh, a CKOpee U3MEHUTh U MOJATOTOBUTD
K Oonee karacrpoduueckum coObTusiM. He To uto oHM 3aBTpa
MPOU30MIYT, HO TOTOBUTCS JIyullle 3apaHee.

A xak oHM y3HamM uyTo nopa? Bor Obina ,,Mcnanka" cto et
Ha3aJ 1 TOrJa YTo TOKE TOTOBWJIMCH, HO K YeMy?

Mos Bepcust TAKOBA, pa3 Mbl OY€Hb OBICTPO IBMKEMCS Yepe3



IIPOCTPAHCTBO, TO JIIOOOE BCTPEUHOE MPENATCTBHIE Oy/IeT PacIibi-
JIEHO HAlllMM BHEUTHUM paJUAIlMOHHBIM ceprudeckuM Oapbe-
pom rae Mbl Habmonaem ColHIle, 1 BHYTPEHHUM JIEKTpoMar-
HUTHBIM ToJ7ieM. To ecTh, HAM He CTpaIHbl KaKhe TO KaMHU
c HeOa, MbUTh U Ta3 BYJIKAHOB, HO €CJIM CIIyYUTCS CUJIbHOE Hel-
TPUHHOE M3JTy4eHHe, Kak Oyl TO psSAOM pa3opBasiach CBEPXHO-
Bas 3BE3/1a, TO BCE )KMBOE HAUHET UCITBITHIBATH ITEPErPy3KHU.

Tak BOT aTOMbl U3 KOTOPHIX COCTOMT Hallla IJIaHETa UMEIOT
CBOM IEPUOJ, MOJIypacnaja, HapuMep BOAOPO WM IPOTOHBI,
KOTOPBIE €CTh B KaX/IOM aTOME PaHO WJIM NO3/IHO HAYHYT MaCCO-
BO YMUPATh, IOTOMY UTO UM IPUILIENT CPOK, COOTBETCTBEHHO Be-
IECTBA, KOTOPBIE X COZIEPIKAT, a TO MOYTH BCS OPraHMKA Hau-
HYT UCTIBITHIBATh HETATUBHOE BO3JIEMCTBHE. BOT mouemMy TyuyHble
JIIOAM XYK€ BCEX MEPEHOCAT KOPOHABUPYC, IOTOMY UYTO B UX KHU-
pe CBsI3aHO OOJIbIlle BCEro BOAOPOJA U OH HAYMHAET MCYe3aTh,
O XOJ1y BbIJIEJSIsS SHEPTHUIO MOJHUMAETCS TeMIeparypa, u B Op-
TaHW3ME MOSBIISETCS OYEHb MHOTO YMEPIIUX KJIETOK, MOYKaM 1
MIEYEHU HE CIPABUTCS MX BBIBOAUTH. Bce 3TO HAUMHAET THUTh
OKHCJIAIThCS, OYeHb aKTMBHO UCMOIb30BaTh CBOOOIHBINA KUCIIO-
PO, BOT MOYEMY Mbl HAUMHAEM 3aJbIxathesi. [ pydo roBopst Bo3-
HUKAET B HAlIEM TeJIe MEJICHHBIN MOXKap MPAKTUYECKU BE3JE.

Ho He Bce xe OoneloT Tskeno? A UM MoBe3Jio Tak Kak B Op-
raHu3Me UMeKT OoJiee MOJIOIOW BOIOPOJ M OH He coOupaercs
AQHHUTUJIMPOBATh, TO €CTh OH eIlle TIOKUBET.



Kcratu BOT nouemy ety He OOJEIOT TSIKEIO KOPOHOM, MOTO-
MY YTO OHM BJBIXAIOT, €ST U CBSA3BIBAIOT B CBOMX KJIETKaX Op-
raHW3Ma MMEHHO MOJIOJIOM BOJIOPOJL, TaK CKa3aTh CBEXMUM. ( 3TO
MOXET ObITh JIOOOW 3JIEMEHT, WM MPOTOHbI KOTOPbIE BXOJAT B
COCTaB BCEX aTOMOB) IIABHOE W/Iesl WM YTO HaM HYKHO MCKaTb,
Ha yTO oOpalarh BHUMaHMe.

B cocraBe Hareit miaHeTsl, U Ipyrux o0bekToB ConMHeuHON
CUCTEMBI, aTOMBI IIPUMEPHO TE K€ CaMble, C TEM XE IEPUO-
JIOM TIOJTypachaja, To €CTh HaC MOXET BIPYT HaYaTh 00IydaTh U
FOnutep ¢ CatypHOM 1 MbI 10r0 He OyJeM HOHUMATh YTO Ipo-
VCXOJUT, TaK Kak 3TO He [ 'aMMa yacTHIIbl M HE JIEKTPOHBI BbICO-
KMX SHEPrui, a4 HEUTPUMHO YaCTULIA KOTOpas MOYTH HE B3aUMO-
JENCTBYET C JPYTUM BEIIECTBOM, HO BIIMSIET Ha JIIOObIE OCOOEHHO
CWJIBHBIE 2JIEKTPOMAarHUTHBIE TOJIA.

BooOmmem BHIOPOCH HEUTPHUHO ( 51 MX Ha3bIBAIO UBAPKH, TIO-
TOMY YTO OHM NOXOKM HA MUHU YEpHBIE JIbIPbI IIPUA CTOJIKHOBE-
HHUU C KBApPKOM €ro BbIOMBAIOT U3 MPOTOHA U MOC/IEIHUN Tepe-
CTaeT CyILECTBOBATh aHHUIMJIMPYACh, CMOTPUTE MOU TIPEIbIY-
1IM€ CTaTb{ U IVIABBI ) IPUBOAAT K MOSBJICHUIO MHOKECTBEHHBIX
Pa3pbIBOB B )KMBOM MaTEpUH, TO €CTb II€ €CTh MHOIO YIJIEPOAA,
KHCJIOpOZIa ¥ BOAOpoJa. B pacTeHusax U KUBOTHBIX POUCXOLAT
OBICTpblE U3MEHEHUS, MyTallii, TAKME MUHU KaTaKJIW3MBbl, Ie
BBIKMBAET CUJIBHEMNIIIHM.



Hanee ecny ypoBeHb (POHOBOM paavaliiy HAYHET 3allKaJiu-
BaTh, TO B )KMBBIX HA HAIlIeW TJIAHETE OCTAHYTCS TOJILKO BUPYCHI,
a 0aKTepru CKOpee BCEro TOXe MOrMOHYT.

OT YBapKOB CHIACTHCH HUT/IE HEJIb3s1 Jake B OyHKepe, ISl HUX
KaK 151 HEUTPUHO TOJIIMHA CBUHIIA B CBETOTO/] HE MPETSITCTBYUE.
Ho M0xHO 60pOThCS € TTOCTIeCTBUSIMH U OTIEPAaTUBHO YCTPAHATh
TIOJIOMKH B KJIETKaX W OBICTPO BBIBOAUTH TEHETHYECKUI MYCOD,
JPYTMMU CJIOBAMHU HaM BCEM HYKHO YCKOPSTH CBOM MeTa00IH3M,
Y MEHBIIIE €CTh MU )KMBOTHOTO ITPOUCXOKICHMS, TAK KaK OHA
camas ysi3BUMasl B TIOCJIGACTBUU U MOXKET ObICTpee pa3pyIIUTCS.

A Kak Mbl JI0oraaemcsi, 4To0 BOT BCE BpeMs MPUIILIO U CKO-
PO CTapblili MUP HAUHET pa3pyllaThCsi, HA ATOMHOM ypoBHe? Mbl
cernyac perucTpupyeM MHOXKECTBO PaIMOBCHBIINIEK BO BceneH-
HOW Y TIOKa He HapaOdoTau MaTepuasia Jjis MOJTHOW KapTUHBI, U
HE MOXEeM CKa3aTh TOYHO KyJa JIBUKEMCS, B TO BpeMsl 1€ 9TU
BCIIBIIIIKYA KOTOPBIE CUTHAJIM3UPYIOT O ruOeny 3Be31 OymyT Ha-
pactath wim yowBath?. Korga kaath mpuxoia K HaM JaHHOW
BOJIHBI?

[MepBoe 310 Ha ConHile OyAyT y4yamarsCcsi TEMHbIE TISITHA WA
HAIll BHEIITHUIA Oapbhep KOKOH HAYHET CAaBaTh, MPEBPAIAsCh B



cuTo 1 OOJIbIIIe He OyAeT CepKUBaTh BHEIIHEE N3TyUYeHHe YBap-
KOB OT JIPYTUX T'aJIaKTUK. ( HAIT COOCTBEHHBIE YBAPKHU OT BCEX
TUTAaHET JIBUXKYTCSI C HAMM CUHXPOHHO U O€3BPEAHbI) MOITOMY
HYKHO CTPOUTh MHOTO CTAHIIMH CJIEXKEHUS B KOCMOCE U Ha 3eMJIe
3a HallMM bapbepom — CBETUJIOM.

[TpoGoBars jieiaTh MECTHBIE CUIIOBBIE JICKTPOMAarHUTHBIE TTO-
JI51, BHYTPHY KOTOPBIX Oy/IeT BHelIHee (pOHOBOE M3ITyUeHHe Ha Mo-
PSIIOK MEHbIIIE.

n OJHa MaJICHbKAaA BBIKJIAJKA.

Jlomyctum, 4To cpeHee KOHEUHOE BpeMsl )KU3HU aToMa BOJO-
pozIa CTo JIET, MOCJIe Yero OH PacnagaeTcs C pOKICHUEM YBapKa,
TOT YHOCUTCSI IOCTUTAsl COCE/IHUX TATaKTUK U TaM BCTpauBaeTCs

B COCTaB HOBBIX TOJIbKO, YTO C(POPMUPOBAHHBIX 3BE3]], IPEBPA-
1IasIChb B HOBBIN BOJIOPOJ, ( aHAJIOTHSI CEMEUYKA — UBAPK U3 HETrO
BBIPACTET SITOfIKA MPOTOH — BOJOPOA) U Uepe3 elle CTO JIET Mbl
3apEerucTpupyeM MOBTOPHBIE BCIBIIIKK CMepTel BOJOPOAA yxke
B T€X HOBBIX JAJIbHUX TaJlAKTUKAaX C HOBBIMU 3Be3aaMu. [anee
9TOT MAKCUMYM C MEPEePOKICHUEM UBAPKA U BHIOPOCOB SHEPTUU
OyzieT HapacTaTh B Halleil BcesleHHOM ¢ BBIpakeHHBIM TIePHOIOM
B CTO JIeT.

Ho ects 1 apyrue aneMeHThl, KOTOpbIe pa3pylialTcs Oosee
PEIKO, CKakeM pa3 B THICAUY JIET, 9TO YIJIEPOA U €r0 aHHUTU-



JISALIMS — BCIIBIIIKA OyaeT Oojiee MOIIHOW U K CTOJIETHUM ITUKaAM
MIPUCOEIMHUTLCST THICSUYENICTHUI, OOJiee TOTO OHM MOTYT COB-
MacTh MO0 BPEMEHU U YCWIIUTD APYT apyra. [loxyuutcs, uyto 3Be3-
JIbl B MOJIOZIBIX TAJIAKTUKAX MYJLCUPYIOT CHHXPOHHO, YBEINYU-
Basi CBOIO CBETMIMOCTb, UTO YKe& HaOJI0AaIN YUCHBIC.

DTa cBexas PEBOMIOLIMOHHAA MOIECJIb MEPECPOKACHUA IHECP-
I'M 1 HaM TOJIBKO ITPEACTOUT €€ OCMBICIIUTD U ITIOCUUTATD.

[oapITOXKMM 3HasA XapaKTep OMAaCHOCTU K HEW MOXXHO IOJrO-
TOBUTHCS 3apaHee, B KOHLIE KOHLIOB HUUYTO HE MEIIAET HaM I10-
KMHYTb Hallly TUIAaHEeTY, KOTopas yke oOpeyeHa HIH epexaaTh B
Jpyroy CIIOKOWHOW T'aJIAKTHKE, ITOTOM IOCJIE YBAPKOBOIO LITOP-
Ma BepHYTbCsI 0OpaTHO U OOJIbIIIe HUYEro He OosATCS.

Moxet ObITh Mbl OyeM XKUTh Ha HOBOW HEYIJIEPOTHON OC-
HOBE, W TIPEBPATUMCSI B CBOETO poAa Pa3yMHbId BUPYC C Ta-
MSTBIO TIPEIKOB U BBIKJIEM OINACHBIN Mepuoj B cristuke. [Totom
IIPOCHEMCS U OCeJIaeM JTI0Oble OpraHU3Mbl, KOTOpbIe Oy/IyT Ha
TUIAHEeTe, CJIy4YaliHO BBIKMBIIME WM 3a0peidive U3 Ipyrux ra-
JIAKTUK W 9TH CYIIECTBA BAPYT CTAHYT Pa3yMHBIMU IO HaIlleMy
o0pazy 1 noaoouIo.

I'maBa 6.



CripaBeyIMBOCTH Pajid €CJIU Mbl B TEOPUM DUHILITEHA TTOME-
HsIEM CllaraeMble MeCTaMy HaM MPUJIETCS IEPECMOTPETh U CTPO-
€HME YEPHBIX JbIP U 3€PKAJbHO BBIBEPHYTHUMX HAW3HAHKY, a
MMEHHO B HMX MaJalolllee BEIECTBO HE YCKOpseTCs, a 3aMe/l-
JISIeTCS U HaM CTOPOHHEMY HaOJI0AaTeNo JBUKYILErocs B po-
CTPAHCTBE, HA OTPOMHOM CKOPOCTH, KAXKETCS YTO MPOUCXOIUT
PE3KOe YCKOPEHME BEIIECTBA. DTO KaK BHIKUHYTh B OKHO Ha XOIY
C roe3/1a CKOMKaHHYI0 OyMaXKy, OHa TYT ke YJIeTUT Ha3a[, XOTs
10 OTHOIIEHUIO K 3eMJIe OHA BCETO JIMIIb Pe3KO MPUTOPMO3HIIA
1 IproOpesa HyJIb CKOPOCTH. A BOT eClii OpPOCUTh KaMeHb TO OH
elle Kakoe TO BpeMsi Oy/leT JBUraThCs M0 WHEPIUH 32 TIOE3I0M
¥ OTCTaBaTh O0JIee Me/IJIEHHO. 3HAYMT €ro OTpUIIaTeIbHOE YCKO-
peHue (TOPMOKEHHUE) TPOUCXOAUT Oosiee MeIJIEHHO.

3HAUNT TSOKETbIe JIEMEHTHI OyIyT MOTIOMIAThCS YEPHOM JIbI-
poii Oosiee MeJUIEHHO, YeM JIETKHE.

Ho ecnu Mbl periiiu MeHsTh 3Haku B popmyiie OTO ¢ ogHoro
Ha JAPYror 3HAYMT YEepHAas JIbIpa HE MOMIOIAET BEUIECTBO, a €r0
BBIOPACBHIBAET C OIPOMHOU CKOPOCTBIO, KaK HACTOSIIUIN YCKOPU-
TEJIb ¥ MbI TPOCTO HE BUIUM TOT'O CIIEKTPa U3JIy4eHUd KOTOPbIT
ee nmokugaer. ( xotrss Y.JI. BHIOpachIBAIOT JKETHI SHEPTUU C TI0-
JIIOCOB) TO €CTh MIPOIIeCC UET B 00€ CTOPOHBI U HECMOTPS HA TO



YTO aTOMBI ra3a MbUIM MOCTETIEHHO B HEe 3aCachIBAIOTCS JIBHIa-
SICh TIO KPYTOBBIM CITUPAILHBIM OPOMTaM, Ha CAMOM e C TOY-
KU 3peHus] (PU3UKM OHM MOJNTYYaloT OTPHULIATEIbHOE YCKOPEHHE.
Kora Kak /10 3TOro oHu ABUTaJIMCh MO KPYroBbIM OpOUTam, 00-
Jlee MeHee paBHOMEPHO, HO Ha OTPOMHBIX CKOPOCTSIX MPEBbIIIIa-
IOIIKe CBETOBYI0. BooOIIie BCsl MaTepusi OCOOEHHO B TAJIAKTUKAX
JBUTAETCs C CUJIbHBIM MPEBBIILIEHUE CKOPOCTU CBETA, HO JIE/AET
9TO OYEHb PABHOMEPHO 0e3 TOMYKOB U TOPMOKEHUN Onaronapsi
yeMy TUraHTCcKasi, HO paBHOMEpHasi CKOPOCTh TIOUTH COBCEM HE
YYBCTBYETCSI.

Ho 4uro OGynet eciu Mbl monpoOyem co CTa KUJIOMETPOB B Yac
Cpa3y OCTaHOBWTb I0€3]1 MOCTAaBUB CTaJIbHOM 010K ? [TpaBrIbHO
OT yJapa BbIIEIUTCS OIPOMHAsi SHEPrysl U PaCIUIIOIIUT TEIIO-
BO3.

A ecnu ckopocTh moe3za OyJieT paBHa CKOPOCTH CBETa U OH
000 YTO TO MJIOTHOE YAAPUTCS WM OCTAHOBHUTCSI TIO OTHOIIEHHIO
K MPOCTPAHCTBY 10 HyJsA?

[IpaBuibHO MOCHEAYET B3PHIB OUEHb MMOXOXKU, Ha SAEPHBIIA
Y BECh Halll COCTaB IMOJHOCTHIO MCIIAPUTCS, Ha COCTABJISAIOIINE
aToOMBI, a TEMIIEPATypa B MULEHTPE JOCTUTHET CTa MUJUIMOHOB
I'PagycoB.

Ha coBpeMeHHBIX YCKOpUTEJISIX Pa3rOHSIOT OAUHOYHBIE aTO-



MBI 10O CKOpOCTGfI OJIM3KUX K CBETOBBIM M CTAJIKMBAIOT C MMIIIE-
HBIO CMOTPAT, YTO MPOU3O0MIJIO TaK OHU XOTAT Y3HATb KaK YCTPO-
€H MOTOP MAIllMHbI CIUTIOINHUBAA €€ 104 T'MIraHTCKUM ITPpECCOM B
METAJUIMYECKHI JINCT TO)'II.HPIHOIZ B OJUH MUJIJIUMETP. A norom
YOUBIAIOTCA, YTO HUYCTO HE IIOHATHO, I'I€ KAKHUC HAXOOATCA 3all-
YaCTH U TaK YK€ MATBACCAT JICT....

YepHble IpIpbl PAOOTAIOT MO IPYyroMy, 3aMe/JIeHH e BellecTBa
MPOUCXOAUT OTHOCHTENIBHO MEJICHHO B TeUeHHe HECKOJIbKUX
JIET, a MOXET U COTEH U THICSY, HAM He BUJHO OTCIOIA.

A Kak OHM 3TO [JEeJaloT, €C/IM T'PaBUTALIMU, KaK TaKOBOM HE
CYILECTBYET, BOJH IPUTSKEHUS HET, HO €CTh MOIIIHBIE BCILIEC-
KM U3JIyYEeHUH HEUTPUHO — YBAPKOB, KOTOpbIE MOKHUIAIOT HEApa
TEMHOTO OOBEKTa U He BCE BBUIETAIOT C MOMIOCOB M YIAJISIOTCS
HABCEI/1a, HEKOTBIE XOMAT 110 BEPTUKAIBHBIM WJIM MEPUAUAHHBIM
TPAeKTOPHSIM, Ha MOAOOUH CHJIOBBIX JIEKTPOMArHUTHBIX TMOJIEH
Haluei 3emim oOpasysl BUJI THIKBbI MM MaHzaapuHa. Jlioboe Te-
JIO TIOTIaB BHYTPb KOJIbIIA HAYMHAET 4yTh IPUTOPMaXUBATh, IO-
TOMY YTO B HEM BO3HHUKAET COMPOTHUBJIEHHE B €r0 COOCTBEHHOM
MarHMTHOM TOJIE, TO €CTh €CJIM Hallla IUIAaHeTa BJPYr IpoUJeT
MUMO YEPHOU JBIPHl U YMPKHET IO €€ YBAPKOBBIM KOJIBLIEBBIM
TIOJISIM, TO TYT € Mbl YBHJJMIM CBEUeHHe Ha roiooru CeBepHOro
CusiHMS, 9TO Hallle COOCTBEHHOE JIEKTPOMAarHUTHOE 110J1€ PE3KO
YCKOPWJIOCH M HAIlli BHYTPEHHHME YBApKU CTalu Oerarsb Mo CBO-
UM BEPTHKAJIBHBIM KpyraMm MHOTO ObIcTpee. DTO Mbl HaOmoaeM



9(eKT KyTOHOBCKOTO OTTAIKUBAHUS U TUIAHETA CKOPEe BCEro
NIPOWAET MAMO OMAaCHOTO 00BEKTa, 00a MosIs cpadoTaloT, Kak Ofl-
HOMEHHBIE TIOJTI0CA MIOCTOSIHHBIX MArHUTOB.

Ho Tak mMosxeT ObITh HEe BCEra, €CM BAPYT HAIll pa3Mep Ma-
JICHbKMM WJIM MBI CTapasl HEaKTUBHAS IUIAHETa, BHYTPU KOTOPOU
yke He MPOUCXOAST MPOLIeCChl 00Opa30BaHUsI HOBBIX YBApKOB,
CKa’kKeM TaK Mbl OJIM3KH K MOJTHOMY OCTBIBaHUIO, PAIMOAKTUBHbBIE
pacna/ipl MOYTH HEe UAYT U 3alUTHOE MOJIe U3 KPYTOBBIX OpOUT
YBapKOB UcTOHYaeTcA. To ecTb HeT (POHOBOU BHYTPEHHEN Pajiy-
alMy, TO MOYTU HET 3aIUTHOrO JIEKTPOMArHUTHOIO TOJA IJ1a-
HETBI. A 3HAYUT OHA MOXKET CTaTh KEPTBOM IPOIUIBIBAIOLIEN MU-
MO YEepPHOU JIbIPHI.

ITO Kak BOJIKM HAMa/IAl0T Ha OCTa0IINX )KMBOTHBIX, TaK 1 Yep-
HbI€ JIbIPBI 9TO CBOETO pojia CaHUTapbl BeeseHHo# 0CcBOOOK 1A10T
OT HAaKOIJIEHHOTO CTAPOro MaTepuasia, 4to Obl ero Mojpa3orHarh
¥ OTIIPaBUTh OOPATHO BO BCE CTOPOHBL.

Hakonerr camoe WHTEpecHOe, KaK TaKOBBIX YEPHBIX AbIP, HA
CaMOM JIeJIe HeT, HUKTO CHEeLMaIbHO HE Kapay/uT 3a YIJIOM, 4TO
Obl CKyILIATh 3a3€BaBIIYIOCS IJIAHETKY MJIM BCIO LIEIMKOM IUIaHe-
TapHYIO CUCTEMY, BCE OUEHb ITPOCTO.

Pa3 rutaHeTsl JBMKYTCS HA OFPOMHOM CKOPOCTH BOKPYT LIEH-



TPa CBOUX TAJIAKTUK, TO KAK TOJBKO OJHA U3 HUX I10 KaKUM TO
IIPUYMHAM IepeCTaHeT (POHUTD, BCE PAIMOAKTUBHOE BEIIECTBO B
HEW pacnajercs U OHa MOTepsieT CBOE IEKTPOMArHUTHOE T10JIE,
U TYT K€ HAYHETC YaCTUYHOE Pa3pyLLEHUE I10 CIIOSM.

Kak mpaBuiio crapele maHeTsl moxoxu Ha IOnmrep, Takue
PBIXJIbIE Fa30BbIe TUTAHTHI ¥ TIPOIIECC Pa3pyIleHust OyaeT Mpowuc-
XOIMTB IO JIByM BapyUaHTaM.

[lepBbiii OBICTPBIT.

CHayaso pe3Koe MajaeT HalpsHKEHHOCTh JIeKTPOMarHUTHO-
IO MOJIsi, OJHUM CKaYKOM, M TOTJIA MOC/EAYeT Pe3KHil B3PbIB
pasJieT BelecTBa BO BCE CTOPOHBI, MbI OylieM HaOMogaTh pok-
JIeHUe CBEPXHOBOW 3Be3/Ibl, KOIJIa HA CAMOM JieJie 3TO IPOCTO
MOHHU3UPYIOIIHE MbUTh U a3, KOTOPbIe OICTPO OCTBIHYT U MOrac-
HyT. CIyTHUKH COCTOSIIIHE U3 O0JIee TSKENIBIX SJIEMEHTOB OyayT
MTHOBEHHO PAaCITbUICHBI.

Bropoii BapuaHT MemJIeHHBI U TOJBKO MPU HEM BO3HUKAET
3(p(peKT YepHOU IBIPHIL.

1) CHavasia Tak ke ocja0eBaeT MeKTPOMAarHUTHOE ToJie CTa-
POl TUIAHETHl TUTAaHTa W OHa OOJbIIIe HE MOXKET YIep:KUBaTh
BHYTPY CBOMX MEPHUIMAHHBIX KOJIEL] CBOU CITyTHUKH, W OHU TYT



K€ OTIETAT MOAAJIbIIE, ITO CKAKEM PAHHUII IPEIBECTHUK Kara-
CTPOBHI.

2) Konbuia Bann Asniena y lOnurepa HauMHAIOT CUJIBHO U3JTY-
YaTh, TAK KaK B HUX HauMHaeTCs OpPOYHOBCKOE JIBUXKEHHE, KO-
nvs korter] CatypHa HO 6oJiee TOHKHe U Menkue. Tak oOpa3syercs
CBETSIIUICSA KPYr cMepTH ( BOT KaK Mbl BUJIEIH JajibHee U300-
paxenue YJI noenatoreit 38e3/1y) X0Ts1 3TO MOIJIa ObITh TIPOCTO
KpYIHas [JIaHEeTA.

3) HauMHAEeTCs BUXPb IO IKBATOPY, ITO BHEUIHHME CJIOM aT-
Moc(pepsl HAUMHAIOT UCXOOUTh B KOCMOC, IIOTOMY KaK MHEpLUs
JBUKEHU S IJIAHETHI BEJIMKA, OHA KaK JBUTaJIach 110 CBOEH CyTOY-
HOHM M TOJOBOM OpOWTE Tak M MPOAOIKAET 3TO Jenarh, HO ra3
Y TIbUIb BOBCIO €€ MOKUJAI0T M OHA IPEBPAILAETCS B IBUIEBYIO
OIPOMHYIO KOMETY.

4) Cytounas opoura FOmurepa 31o Kpyr B 4 MuuMapaa Kuio-
METPOB U 34 JBEHALIATh YACOB OH €T0 MOJTHOCTBIO MTPOUIET MPO-
YEPTUT CBOMM XBOCTOM OI'POMHYIO CBETSILYIOCS IOJIOCY U 3TO
Oynet 60mbIIoN Kpyr cMepTH. KOTophlil yke yBUAAT U B IPYTUX
rajlakTUKax. A ele BMeCTe C HAMU OH 3a IOJl IPOUJET BOKPYT
LEHTpa TaJaKTUKU U IPOYEPTUT KUPHYIO CIIUPAJb COCTOSILYIO
u3 730 Gosiee MEIKMX CYTOUHBIX BUTKOB. BOT ee yxe Oyzner Buj-
HO Be3Jie U3 JoOoro yronka BeeneHHoM.



5) o ueHTpy NbLIEBOro TMFAHTCKOTO yparaHa rje eiie HeJaB-
HO ObuT KOmuTEp MBI YBUIUM IMTAHTCKOE YePHOE MSATHO, IOTOMY
KaK TyJda PUHYJIMCh JIETKUE a3 U MbLIb U BCE 3aMOJIHUJIM, 3aBO-
JIOKJIM YepHOU JhIMKOU. CKOPOCTbh OTCTABaHUSI MOJIEKYJ MbUIN
Y rasza o aHaJIOTUH C JBUKYITUMCS IOE3/I0M M BHIOPOIIIEHHOM
B OKHO OyMaKKOU Ha CTOJIbKO BEJIMKA, YTO OHU YK€ HAM CTaHO-
BSITCSI HEBUAMMBI, CKaKEM T'a3 U aJIee MPOAOJIKAET U3Ty4YaTh, OH
Tak OBICTPO HE yCreeT OCTBIHYTh, HO MbI TOTO YK€ He YBUIUM,
TOJIBKO B YBAPKOBOM JIMaria30He, HO TPUOOPOB 3TO 3a(PUKCUPO-
BAaTh Y HAC HeT. ( KctaTu BUaen oTo ucreyeHus npuid B Y/1 ona
00pasyeT Takoi TYHHENb , OYeHb MOXOkKe HO 9TO BOOOpakeHHe
ABTOPOB, PeAJIbHBIX CHUMKOB Y HAaC HET)

Me:x TeM C MOJII0COB BOPOHKHA HOﬁ)lCT PEHTTEHOBCKOC CBEYEC-
HHUEC 1 MBI 9TO XOPOIIO YBUIUM ITIABHOC HE IMOIIACTh B KOHYC 9TO-
o J1y4a, vHa4e 3TO 6yneT OoCJICAHEE H36JIIOIICHI/IG.

6) Ilocnennee xorpa IOnurep NoYTH NOMHOCTBIO PA3PYLLIUT-
Csl, OH NIPEBPATUTCS B OIMH OOJIBIION U TOJICTBII KPYT TSKEJION
IbUIH, TaK KaK BCS JIerKas YCTPEMMJIACh K LEHTPY BOPOHKH, U
yIIUIA 32 TOPU3OHT COOBITHIA.

7) Ham TonCThI KPYT COCTOSIIIIMNA U3 TSKEJIBIX 3JIEMEHTOB
OJIM3KMX K eJie3y ¥ CBUHILY, HAUHET Bce ObICTpee pacIiupsTCs
BO BCE CTOPOHBI, KaKk Obl Pa3rOHSATHCS MOKA HE JOCTUTHET BHEII-
HEro nosica BaHH AsieHa M TyT OH HAQUHET CBETUTCS, KaK Hallle



CoJHIle ¥ CTOPOHHUE HAOMIONATENTN YBUIAT HOBYIO 3BE3]1Y.

JlornuHo 4TO OH MpHOOpPETET BUM TOpa, HO Uepe3 Kakoe TO
BpeMsl BBICTPOUTCSI BO BHEITHIOW cepy ( IMoKa He MOHSATHO) U
C BUJy CTaHET MOXOX Ha OOBIYHYIO THIKBY, OHA Kak Obl cdepa,
HO Ha CaMOM JieJie 3TO TOP COCTOSIIIUIA U3 MHOTUX JONeK. ( o
paboTaio B OBOIIIEUYMCTKE U BCE CPABHEHHMSI C OBOIIIAMM).

Heno B Tom uto Tipu paspyiieHnn FOmurepa, Ha OOMBIION
CKOPOCTH JIBUKEHHUSI 110 OpOUTE TIPOU3O0IILIA Cerapars aTOMOB,
CKaKeM BOJIOPOJ1 Y TeJIuid YCTPeMUWJICS K LIEHTPY Kpyra Bpaiiie-
HUsA, a Ooslee TspKesble yiaereny Ha nepudepuio. Tak 4ro Harre
CoJtHLIE 9TO TUTAHCKUU TOP OT HEKOTJa B30PBABLICKCS TJIAHETHI
Y Mbl IBUKEMCS] BHYTPU HETO, BUANM TOJIBKO MAJICHbKYIO YaCTh
10 XO[y JIBV)KEHU S CIIEpe/IM, a BOT Ha3a/l HUYEro U CKOpee BCero
CBET OT JAAJIbHUX 3BE3]] 9TO YBAPKU IMPOIIEAIIe HACKBO3b Halll
BHEIITHWIA Oaphep U 3aTOPMO3UBIIIUE YKe TTOCTIe HETrO MPEBPaTHUB-
IIVCh B OBICTPBIN BUJIMMBII CBET, YTO OH CMOT HAC JIOTHATh C3a/IH.

CKOpOCTh YBAPKOB MPEBBHINIAET CBETOBYIO HA TIOPSIIKU.

I'naBa 7.



¥V Hac ecTtb xyg0 OeiHast MOJIeNTb poXIeHUs BeeneHHow, pedb
0 OOJIBIIIOM B3pbIBE U €CTh TUTIOTE3a BOSHUKHOBEHUE YE€PHOM bl
pbl, Koraa Oosnbinas rianeTa Tvna Onurepa pacnyxaer, a 3ateM
HAYMHAET OBICTPO TEPSATh BEIECTBO JBUTASICh MO KPYTOBOM Op-
OuTe M BOT 3Ta MbUIb HAM KaXETCsl HeITPOHUIIAEMOM, CMOTPHUTE

MPEIbIIYIIYIO TJ1aBY.

Ho HeT Hruero npo posk/ieHue rajJakTukK, Kak OHU CMOTJIU 00-
pa30BaThCsl PACKPYUYMBasi BO3JIE TEOMETPUUYECKOTO LIEHTPA MUJI-
JIMOHBI 3B€3/1 U TUIAHET, YTO UX MPUBOJIUT B IBUKEHHUE?.

He GbUIO JT TaM KaKOro TO B3pbIBa, KPYIHOM IIAHETHI M OHA
BBIOPOCHIIA MHOTO SI/IEp 3arOTOBOK, CJIOBHO CEMEUKH apOy3a pa3-
JIETEJTUCH 110 KOCMOCY U TO3Ke MPUPOCITH BEIIECTBOM 00pa30BaB
HOBBIE IJIAHETHI?

YeCTHO 3TO MOXKET M TaK, HO KaK TO BCE CbIpOBATo.

Jlyurie Bepcusi — 3TO BOBHMKHOBEHHE OOJIBITIOTO MPOTOHHO-
ro o0Jaka, rje pa3JImyHble aTOMbl COOMPAIOTCS B MEKTaJJaKTHIe-
CKMX KapMaHax ITyCTOTax.

To ecTh U3HAYATILHO HUYETO HE B3PhIBAIOCH, €CTh OT/IEIBHO
CTOSIIIME 3BE3/Ibl C IIAHETAPHBIMU CHCTEMaMH, HO pefkue Oe3
Kakoro oo oodiero reHTpa . TouHee nx opOHTH y BCEX pa3HbIe,



CUMTall XaOTUYHBIE KYPChl, KTO KyJa CMOTPUT, TOT TaK W Bpa-
niaercsa. Yem TO Moxoke Ha BBICOKOE aTMOC(PEpHOE OABJICHUE,
I7Ie MOJIEKYJIbI BO3/IyXa MOIBEPKEHbI CITy4ailHOMY OpPOYHOBCKO-
My aBukeHu0. Ho Bce MeHsercs, Korja IJIOTHOCTh BEILECTBA
rasa ¥ mblId, KOTOPblE COBMECTHO HapaOOTAlOT BCE 3TH MHOXe-
CTBEHHBIE KOCMUUYECKHE OOBEKTHI, IPEBBICUT KPUTHUECKYIO OT-
METKYy U oOlllee U3yYeHUE YBAPKOB IJie TO MO LEHTPY HauyHeT
KOHLIEHTPUPOBATBCS BCE CUJIBHEE, A €CIIN CTAIKMBAIOTCA [IBE CY-
NepYaCTULIBl 110 KAcaTeJIbHOM TO OHH JAIOT JIEBYIO WM MPAaBYIO
3aKpPYTKY B IPOCTPAHCTBE U MPOIOIKAIOT ABUTATHCS YKe 10 00-
Jiee KpPYrOBbIM WJIM CIIUPAJIBHBIM OpOUTAM.

Jlanee mpouCcXOmuUT cenaparysi, Korjia yCIOBHO MpaBblie OpOu-
TBl YXOZAT B OJHY CTOPOHY, a JIEBBIE B IPOTUBOINOJIOKHYIO U B
uTore oOpasyercs ABa MPOTOAMCKA BPAIIAIOIIMXCS B IPOTUBOIIO-
JIO)KHBIE CTOPOHBI, HO 110 MEpEe AAJIbHEUIINX NIEPEPOKACHUM, ITA
KOHCTPYKILIMSI HAUMHAET BPALIAThCs YK€ BO BTOPOU MJIOCKOCTH U
TYT IPOUCXOAUT COEAMHEHUE ABYX Pa3HBIX 4acTed B OOHY, Kak
JBE TOJIOBUHKU T'PELIKOTO Opexa.

Tak yCJIOBHO €c/M Halla IUIaHETa HAXOISACh C 9TOM CTOPOHBI
TaJJAKTUKU BpAIAeTCs B OJHY CTOPOHY, TO HAXOHACh CUMMET-
PUYHO C MPOTBOMNOJIOKHOW OHA YK€ KPYTUTCA B Apyrylo. Takou
BOT MApaJIOKC , HO C MO OOJIBLIOMY CUETY JII0O0€e BpallleHue MOX-
HO CIeJiaTh TaKUM, KAKMM HaJ0 W3MEHMB TOYKY HaOMOAeHMs,
KTO HE BEPUT TOT MOXKET MOeXaTh B I0)KHYIO YacCTh HAllleU I1j1a-



HeThl U June3peTh kak CoJHIle XOOUT 1o HeOOCBOIY B JPYTyI0
CTOPOHY 10 YaCOBOM CTPEJIKE U 3BE3/bI TOKE.

Hroro

1) moOble CTONKHOBEHMSI YBAPKOB 110 KacaTeJIbHOM BCer/a 3a-
KPYUYMBaET UX B ABYX IUIOCKOCTSX ¥ MbI B UTOTE MOJIyYaeM OJIMH
BpaLIAIOIIUICA TOP.

2) JloboBbIE CTOMKHOBEHUSI YBAPKOB BBIIEISIOT TEIJIOBYIO
SHEPIyI0 U OHU AaHHUTWIMPYIOT UCcUe3asi, U TYT ke 3a CYET ITO-
IO CHUKAETCA JaBJIEHUE, Ia3a U IbIJIM B 9TOM MECTE CTAHOBUTCH
MEHBILIIE.

Bam 310 HHMuero He HamoMuHaeT? A MO MHE UMEHHO TaK U
HAUMHAETCS yparaH U pe3Koe CHIKeHUe aTMOC(epHOro JaBiie-
HUeE, ellle 0 TOro Kak OH caM HauHETCs paCKpy4MBaThCs 3a 4ac,
3a JIBa.

B namem CJIy4a€ TaKO€ MOXKCT CIIYUYUTCS TOJIBKO B IIJIOTHOM
ra3onbliI€BOM 06.]'[31(6, TaK KaK TaM €CTb KyJld CHUKAThb JaBJICHUEC,
" €CTb YCMY KPYTUTCA.

CamMu yBapKM HACTOJIBKO MaJIbl, YTO MOTYT 3aKPYTUTb TOJIb-
KO 3JIeKTPOMAarHUTHBIE TIOJIsA, JTMOO WX TOJISPU30BaTh B OTHOW



IIJIOCKOCTH.

W 310 camoe m1aBHOE, IOTOMY 4TO Mbl BUAUM KaK BCE IUIaHe-
Thl HaIllEl CUCTEMBI CTPOTO BBIIEPKUBAIOT IIPOCTPAHCTBEHHYIO
OPHMEHTALIMIO, OTHOCUTEIBHO BCEIeHHON OHM HE MEHSIOT CBOE-
IO TOJIOKEHUSI U BCETJja CMOTPST B OJHY CTOPOHY, Kak KaOMHKa
YyepToBa KoJsieca BCEra CMOTPUT BHU3, €1IE TOUHEE Bpallaresib-
Hasl CUJIa, OHA Kak Obl HECET MHEPLMIO cama 110 ce0e U €CJTH €CTh
IUIOCKOCTDb BPAILIEHUsI TO TEJIO BBIPABHMBAETCS BBIMCKMBAsI 00-
IIyI0 TOYKY B JBYX IUIOCKOCTSX. [I1aHeTs oOpamaioTcst BOKPYT
LIEHTpa HAXOMAILIErocs JajeKko 3a npeaenamu. Tak nia 3emumn
9TOT LIEHTP HAXOOUTCA B paanyce 4 MUUIMApPIOB KUJIOMETPOB,
y IOnurepa B panuyce 2 MAUIMApIOB U OHU €TO MPOXOAAT BO-
KpyT Ha CKOpPOCTH cBeTa. MBI 3a 24 4Jaca, a ra30BbIM T'MI'aHT 3a
12 yacoB. CpegHssi CKOPOCTb BCEX IUIAHET M0 CBOMM Kpyram |
MWIIMap[, KWIOMETPOB B yac. BHelHue ruianeTs! Tuna Mepky-
pUsI IMEIOT CaMyI0 MJTyI0 4YacTOTY, ero 000poT AauTcst 96 yacos.
Benepa 48 vacos, 3emisa u Mapc no 24 yaca , FOnurep 12 ya-
coB, CarypH 6 yacoB, HenrtyH 3 yaca, Ypan 90 munyt, [1nyTon
IPEATNONOXUTEIBHO 45 MUHYT. Ha cy€T nociie1Hero Hen3BECTHO
MOXET OH U MpaBJja CIlyTHUK YpaHa.

W Bce maHeTHl OJHOBPEMEHHO HECYTCSl BOKPYT IIEHTpa ra-
JIAKTUKH, €CJId CMOTpPeTh TO HarpapjieHrue H)XHbIM MoIocoM
BIIEPE]] U PYCYIOT TAKKE CIIUPAJIU, TOJIBKO KpalHUE IJIAaHETHI Ta-
Kue OoJiee pa3MallvcThie BUTKH , a OoJiee IIeHTPaIbHbIe YacTsT,



U TaK XK€ UX CKOPOCTh NMPUMEPHO OJMHAKOBA, TIO3TOMY OHHU HE
pasJieTaloTcs Jpyr OT Apyra.

A eciu Obl MBI paccMaTpUBAIIH TEKYIILYIO MOJIENb, TTIe BCe T1a-
HeTbl COJIHEYHOU CUCTEMBI IBUKYTCS C Pa3HBIMU CKOPOCTSIMU,
TO B TeUEHHE TOJIbKO OJIHOTO T'O]a MbI TIOTepsieM Obl U3 BUJA JIPYT
Jpyra HaBcer/a, o3TOMY KapTa 3Be3IHOro Heba He COBCeM KOp-
PEKTHA.

WTOro CKOpOCTh CBETA KAXETCsI OYeHb OOJIBINON, HO MBI U/IEM
CJIOBHO BHYTPU KOKOHA — BaroHa ¥ HUYEro He 3ameyam, Oonee
TOr0, YTOOBI YCIIETh 0OJIETETh BECh IIEHTP raJIaAKTUKY 32 OJIMH T'OJl
( ¥ MBI BUJJUIM 3TO TIO IBWKEHMIO 3BE€3]1) HYXXHO JBUTATHCS eIle
ObICTpee, MPUMEPHO 24 MUJUTHAPIA KUIIOMETPOB B CEKYHITY U 3TO
HaM KaxeTcsi coBceM (panTactukou. C Apyrovi CTOPOHbI JUAMETP
CoJsIHeYHOM CUCTEMBI, KaK €AMHOTrO 1iej0oro npuMepHo 80 MuJi-
JIMApIOB KUJIOMETPOB, TO HaIlll YCJIOBHBIN BaroH Moe3/1a 1 3Ha-
YUT €My HYKHO JABUTaThCsl B CEKYHIY BCETO Ha OfIHY TPETh CBOEH
JUTUHBI.

Mpl 3HaeMm, 4TO BaroH MPOXOAUT BCIO CBOIO IIMHY 24 MeTpa 3a
ceKyHay HaunHasA ¢ 120 kuinomeTpoB B yac. To ecTb 3TO BIIOJIHE
JOCTMKUAMAS LeJIb [Tl TAKUX KPYIMHBIX KOCMHUUYECKMX OObEKTOB
Y HUKTO He pa3BaiuTcs. YeaoBeK MPOXOAUT CBOIO JUIMHY OBbICT-
PbIM I1IaroM 32 OfIHYy ceKyHay. Kpyrom ects nmpumepsl, a TyT Oait
u OoJiee KPyIHBIE Tesla X MePECTalOT BBIIOTHATh, U MTPAKTHYe-



CKH HEIIOABHIKHO JIEKAT B KOCMOCE, KaK KaKHUE TO BAJTYHEI B IT10OJIC.

Hroro O6pa30BaHI/Ie TAIAKTUK YKJIAObIBACTCA B KJIACCUYC-
CKYI0 MOJECJIb 3apOXKACHUS Ia30IbIJICBOIO BUXPS, ITOITOMY HU-
YE€T0 TAKOIr0 MHTEPECHOI'O B HUX HET, @ BOT OTKYa B3AJIUCh 6p0-
YHOBCKHUEC, XaOTUYIHbIC 3B63I[I)I?

3Be3Ja 3TO paJuallOHHbIN My3bIPb, TPEUMYILIECTBEHHO CO-
CTOAILLIMMA U3 TSKEJIBIX M3JIy4aloUIMX JEMEHTOB, 4 BHYTPU pac-
TIOJIOKEHBl CEMEUKHM TUIAaHeTHl. BHelIHe HamoMuHaeT OOBIYHYIO
THIKBY WJIM MaHAapuH. A 3HauuT Ha Mecte CoJHIa Mbl BUJUM
BHEIITHUI Oapbep U 0 Hero 72 MujutMapaa KujioMeTpOB, BMECTO
150 MuIIMOHOB, MOTy4YaeTcst 4To Mbl Haxoaumcs BHyTpu CosH-
1a. TonbKO caM CBET OT BCIIBIIKU UJET TPOE CYTOK M HA TOT MO-
MEHT, KOIZ1a Mbl YBU/IEJIH, HA CBOEM CBETHUJIE YEPHOE MATHO, HAC
yKe MPOH3UJIO CBEPXOBICTPHIMU YACTUIIAMU YBApKaMHu 3a 72 va-
ca 70 3Toro ( MOTOMy 4TO y HUX CKOPOCTb 24 MJIpI KM B CEK).
U 310 MOrI0 BBI3BATh 3eMJIETPsICEHUE, CBEUEHHE Heba Wil ellie
4T0, 0COOEHHO Tiepedou paboThl B HAIlIEH KPOBEHOCHOM CHCTe-
Mbl. Tak Kak UBapKy BO3JEMCTBYIOT HA HAIIIM SJIEKTPOMArHUTHBIE
07151, TO MOTYT HAapyIIaTbCs CBSA3M MEXK]y HEMPOHAMU, KJIETKa-
MU. I MBIl 4yBCTBYEM BHE3AITHBIE MTPUCTYIIBI TUIOXOT'O HACTPOE-
HUs1, TOJIOBA CJIOBHO BaTHasl, MbICJIM HE UJYT, HUKAK HE COCpe-
JOTOUYUTHCSI.



Ho mMb1 oTBNIEKINCE.

3Be3/bpl MOITH ChOPMHUPOBATHCS U3 Ta3a KaK U TUIAHETHI, TYT
yKe Jpyrou BOIPOC, a OTKY/AA B3sJICS IEPBUYHBIN ra3?

Kak mm nouemy oH pacrpeie/uics NpaKTUYECKU paBHOMEp-
HO 110 Bcelt BeeneHHoi 1 e Ob ObLT OOJTBIIION B3PHIB, TJIE TO B
LIEHTpe JI0/KHA HaOmoAaTbes 6oJiee pa3psikeHHast aHOMaTus, HO
9TOTO HET, Be3/le MaTepusl pacrpeesieHa MPaKTHUeCKH POBHO.

[Toatomy Teopus bosbiiioro B3pbiBa HaXoAUTCS MO MaJIEHb-
KHMM BOITPOCOM, a HYX€H Jii OH? B3pbIB.

JlocTaTouHO OOBSCHUTD OTKY/IA B3SJICS CAaMbIid IEPBbIN YBAPK,
a TOYHee [1Ba, Hy YTO Obl OHM MOIJIM JIaTh TOTOMCTBO....

OTMedy 4TO YeM Jajibllie B JIeC U Mbl Y3HAaeM, KaK YCTPOEHO
Hallle MPOCTPAHCTBO, TeM ellle OOJbllle BOZHUKAET BOIIPOCOB, U
ceiluac oOparaio Balle BHUMaHHE TOJIBKO, Ha caMble KPYIHbIS
COOBITHS ¥ JIOTUUECKHUE TIETIOUKU, KOTOPBIE HEJTb35 U JIAJIBIIIE UT-
HOPHUPOBATh, €CJIM Mbl XOTUM Pa3BUBATHCS KAK pa3yMHbIE CYIIe-
CTBa CTPEeMSIIMeCs MOKOPUTh AAJTbHUI KOCMOC.

A MOXHO MOWTH MO JerpajallMOHHOMY IyTH, yIpolas co-
3HAHAHME JO KaKMX TO HECKOJIbKMX 3a7ad, THIA O, MO,



ocrali, pa3MHOXHUJICA KU BCE XOPOMLIO.

Kak BUI1M 5TO HETOCTATOYHO, YTO ObI BLIKUTh B HAIIIE HETTPO-
CTOE BpeMsi, 00513aTEJIbHO CTAHEIIIb KEPTBOM KAKMX TO BHEITHHUX
00CTOSITENILCTB, CIIOBHO CPE/Ia B KOTOPOI MbI )KMBEM CTAHOBUTCS
XHUIITHOM Y IIBITAETCS OT HAC KaK TO JIIOOBIM CITOCOOOM M30aBUTCH.

BoT MbI Ha paboTe TpeTui rojl TPaBUM TapaKaHOB, & OHU BCe
HHUKaK He UCYE3HYT, M B TIOCIICTHUIN MTPUXOJ] YUCTHUIIBIINKA, YKE
3arpeT B CBoeM KabuHeTe Jieiath 00padoOTKY, MOTOMY KakK pe-
3yJIbTaTa 3TO HE JIAeT, & MHE CAMOMY OT 9TOW XUMHU CTAHOBUTCS
TUIOXO.

Tak u xuBem BMecTe , 00pasys dKkocuctemy. Haneioch oHm

MHE CKaXyT CracuO0 1 He Oy/IyT HaJloe1aTh CBOMM HAa30MIMBBIM
MIPUCYTCTBHEM.

I'naBa 8.

[MocnemHsas TiaBa 3ToM KHUATU OyAeT TMOCBsIeHa 0Opa3oBa-
HHUIO 3Be3/1 Ta3a U MbUM BO BcesteHHOM.

W3Ha4yaIbHO HEMOHSTHO OTKY/A B3SUIHCh aTOMbI, KPOME TOTO
YTO MbI 3HAEM U3 Kypca (PU3MKH, OHU B CBOIO OYEPEb COCTOAT



U3 CBEPXOBICTPOrO M IJIOTHOTO ,,YBapKa’ M eI Obl IPOM3OIILIO0
HEeKoe COOBITHE CIIOCOOHOE MX MOPOJUTh B OTPOMHOM KOJIHYeE-
CTBE, BOT KaK I10JIe 3aCEBAI0T CEMEHAMM TIIICHUIIbI, a TTOTOM OHa
BBIpacTaeT u Kojocutcs. To ecth y Hac mpobiema, Kak 0ObIYHO,
YTO OBUTO TIEPBBIM Kypulla WM stino? Mam kakum oOpazom u3
MYCTOTHI BaKyyMa CMOTJIa 00pa30BaThCsl SHEPIUs?

OTBeT BaKyyM TOYHO HE IyCTOTa, a CTPOUTEJIbHBIN MaTepHal
IUTSI TIEPBOYACTUIIBI YBAPKA M €r0 BHYTPEHHSISI CTPYKTypa, HAM
MOKa HEMOHATHA. Mory MpearnogokuTh, YTO OH TaK Ke MOXOK,
Ha MaKpOOOBEKTHI COCTOUT U3 KAKUX TO 00JIee MEJIKUX U PHIXJIBIX
JacTei, MOJUUHSIETCS TEM K€ 3aKOHaM M €CJIM CPaBHUBATh, TO B
HallleM MUpPe CBEpXIUIOTHAsI HEWTPOHHAs 3Be3/1a MarHeTap 3TO
PaBHO CaMOW MEJTKOW YaCTUIIE YBAPKY M HEYTO TOJ0OHOE eCTh
Ha TMOPsIOK MeHblInee. Ho ¢ apyroit cTopoHsb! 10 6€CKOHEYHOCTH
YMEHbIIATh BCe HeJIb3s U MPEJIOKY APYTYIO CUCTEMY KOITHil ro-
JorpaMmbl BeeneHHoi.

A MMEHHO eCTh APYTUC HCBUIUMBIC HAMU 06T)CKTLI, KOTOpLIC
Ppas3invaroTcAd 1o IJIOTHOCTHU, BEKTOPY ABUKCHUA U BPAIlICHUA.

DTO HaM JIa€T MOBOJ /ISl CYIIIECTBOBAHUS KAKUX TO APYTUX
MHPOB HaxXO[AIIUXCS 32 TOPU3OHTOM COObITHUIA. Eciu mbl Tak
OBICTPO JIBUKEMCsI B TIPOCTPAHCTBE U TO UTO JIETUT BMECTe C Ha-
MU, Ha TaKOW € CKOPOCTHU TUIIOC MUHYC CKOPOCTb CBETa, OCTa-



eTcsl 32 CBETOBBIM OapbepoM U 3T0 99% BelliecTBa WM HEP-
run. [TosTomMy (py3HKH TPABWIILHO MPEATOIOKWIN CYIIIECTBOBA-
HUE TEMHOW MaTepUH, U SHEPrUM MpaBJa OHa TaKas K€ KakK Ha-
1112, HO BPalaeTCs B IPYTrOi IUIOCKOCTH Y MO OTHOIIEHHUIO K HAaM
UMeeT JPYrylo TIIOTHOCTh, C OOBIYHBIM BEIIECTBOM IOUYTH HH-
KaK HE B3aMMOJICHCTBYET.

W 310 11py JOCTUKEHUU OIIPEIEIICHHOTO YPOBHSA HALIETO pa3-
BUTHA JACT BO3MOXKHOCTD IOIACTD B NIAPAJIIEIBHYIO PEAIBHOCTD,
HO C APYTOM CTOPOHBI pa3jIM4Hble (PIyKTyaluu NePEMEIMBAHNAE
MHPOB OBIBAET CITyYallHBIM U OJVH JIEHb HUKOT/A HE TIOXOXK Ha
JPpYroM, XOTs BCera ABUAKEMCH 110 KPYry U IPaKTUUYECKU €0 3a-
MBIKAEM.

A xax xe ConHile, Kak OHO OyJIeT CBETHTh BCEM MHPaM OTHO-
BPEMEHHO, €CJIM OHU 10 Pa3HOMY JBUKYTCS?

Kaxko#i T0 nomkeH ObITh OIMH CBS3YIOIIUNA OOBEKT, TOITOMY
paznmuHble BeesleHHble 3TO pa3Hble JOJIbKY MaHJapuHa, HO T10-
KPBITBI OJIHOU OOIIel KOXYpou, 3T0 1 ecTh Haile Cetuno. OHO
COCTOWT U3 HECKOJIbKUX CJIOEB €CJIM CMOTPETh OT HAC U3HYTPH,
Omke K HaM 310 hoTtocepa cocrosimas u3 0osee Jerkux aro-
MOB BOJIOPOJIa U TeJIvsI, IPHUEM OHU YKe KakK Obl BHIOPACHIBACTCS
6oJiee BHETHUMU TSKEJIBIMU PaJUOAKTUBHBIMU aTOMaMU U TOJ1-
YHUHSISICH [IEHTPOOEKHBIM CHJIAM aHAJIOT EHTPU(MyTu yCcTpemis-
I0TCSl K TIEHTPY BpallleHusi BcexX IuiaHer. [IoOHATHO 4To ,,KOXKY-



pa" umeer ¢opMy TOpa U TOXe OBICTPO BpaIllaeTCsl, U Mbl BH-
JMM TOJIbKO TIOTIEPEYHBIN Cpe3 Halero ,,0yommka” a eciu Oynem
CMOTPETb Ha HEro K€ B JIPYTMX YacTsX, OH IJIs HAC OCTaHeTCs
MPAKTUYECKU TTPO3PAYUEH.

To ecTb BHEITHUM PAJUAIIMOHHBIA CIIOM COCTOMT U3 MEJIKMX
TSDKEJIBIX aTOMOB KOTOpbIE MEPUOJMUYECKU PACHAAIOTCs U AAIOT
HaM BUJIMMBIM CBET, IIPU 3TOM IUIOTHOCTb OTHOCUTEJILHO HE BbI-
COKa 1 Yepe3 KOJIbII0 MOKHO BUJETh APYTUe 3B€3/1bl, ECJIU B3MJISA]L
HarpasJieH 1o npsamMbM yrioM. TommpHa 6yOiamMka Topa Hen3-
BECTHA, HO MOKHO BOCIOJIb30BAaThCS YIJIAMU PACCTOSIHUI BHECS
KOPPEKTUBBI Mexk1y 150 MUJIJTMIOHOB KWJIOMETPOB U 72 MUJUIU-
apna kusiometpoB. To ectb rae To B 480 pa3 ComnHile 60sbiiie yem
MBI TyMaeM TOJTy4aeTcsi TAKOW ruranT oopyd B 600 MUJTOHOB
KWJIOMETPOB B nonepevyHuke U 150 MuummapaoB KUJIoMEeTpoB B
JaMeTpe.

Paccrosnaue no ,,ConHia" HalIEHO MyTEM 3aA€pPKKU CBETA
KOI/Ia Hallla IJIaHeTa MPOXOJUT TOYKU 3UMHETO U JIETHErO COJTH-
LECTOSIHUSL, TaM IIECTh CYTOK JJIMHA CBETOBOT'O JIHSI HE MEHSIETCs
COBCEM, JIMIIIb HEMHOTO CMEIIAETCsI B CTOPOHY YTpa UK Beuepa.
W3 gero ObLT cAeIaH BHIBOM, YTO MbI BUJIUM HAIlly 3BE31y C 3a-
JIEP’KKOM, TO €CTh OHA YK€ MOBEepPHYJIA U JBUKETCS Ha3ajl, a Mbl
TpOe CYTOK BUJIUM ee cTapoe nzoopaxkenue. Har ,,00py4" B OT-
JIMYMe OT IPYTHX IJIaHeT BCeraa HaXOOUTCS B OJHOM TUIOCKOCTH,
a MbI HECEMCS C TAKOM OTPOMHOM CKOPOCTBIO J1a 10 HAKJIOHHOW



opOWTe, COBEPINUB ITETIIIO0 [TOBOPOT, YTO CMOIJIH 72 Yaca cOMBaTh
crapbie ()OTOHBI U MOTYYaTh OJIMHAKOBOE HETIOABIKHOE N300pa-
KEHHUE.

B 1esi0m 310 KJTIOUEBOE OTKPBITHE, KOTOPOE TMOMOIJIO JJOKa-
3aTh, YTO HaIlla peajibHasi CKOPOCTb JABUXKEHHSI B IIPOCTPAHCTBE
He BBIMBICEN U OJIM3Ka K CKOPOCTU CBETA U BCE OPOUTHI IIJIaHET,
Ha CaMoM JieJie POBHO KPYTOBbI€, a BU3YaJIbHO MPOUCXOAUT 3a-
Jepka n300pakeHU U YeM OHU JIaJIbIlie OT HaC TeM OOJIbIIe 3Ta
NIONPaBKa M peaibHO KaxeTcs, uro HenTyH ene ene nuierercs no
cBoeii opoute. To ecTh HUKaKUX OBAJIOB OPOWT IJIAHET HET, WK
YCKOpeHHUsI 0OBEKTOB MIPU NMPUOIMKEHUH K Oapbepy — CONHILY Y
Hac He TIPOUCXOJIHUT, ITPOCTO JIIO0E KOCMHYECKOE TeJIO YeM OJTH-
Ke K HaM U MeXJIy ABYMs OTpe3KaMy BPEeMEHH MBI €70 BUJIUM
ObICTpee yeM Mpeaplymid. Xopouio U3BecTHbI Bcem Jlorie-
pOoBcKHit 3(pPeKT 1 He HY)KHO TYT YEero TO U300peTaTh.

Ho BepHemcs K ,,MaHIapvHy" Halllel 3BE3[E U MOLYyMAaeM,
KaK OHa MOsIBIJIACh?

o BO3HMKHOBEHUS Bcex IUiaHeT? M mocTerneHHo, Kak ux
obmee BHermHee nosie? OTKyaa B3SUHCh PaJiOAKTUBHBIE ATOMBI
WY TIECYMHKH B HAIlleM MTPOTOIHCKE 00pyue?

1) BapraHT 4TO TO B3OPBAJIOCH TUIA OJIHA HEAOCTAIOIIAS TUIa-
HeTa U ee MbUTh ¥ BHYTPEHHEee HApaOOTaHHOE KeJie30 YCTPEMHU-



JIOCh Hapyky ¥ TaM YPaBHOBECUJIOCh COITIACHO CBOEH IJIOTHOCTU
Y CKOPOCTH BpPalICHHUSI.

U ecnu XOTsI ObI OJJHO YCIIOBUE U3MEHUTCS, IPOU30MIET TOP-
MOXEHHE aTOMa TOCJIe CTOJIKHOBEHHMSI C COCE/IOM WJTH OH pacria-
aeTcsl, Ha OoJiee JITKME IEMEHTHI, TO TYT ke COMIET ¢ OpOUTHI
Y YJIETUT BHYTPb K HaM IIJIAHETaM, WM YMEHBIIUT PANyC CBOEH
OpOWTHI.

W BTOpO# BapuaHT, NOCI/IE CTOJIKHOBEHUS C IPYT APYTOM aTOM
cran ObICTpee U Tskesee, COOTBETCTBEHHO OH YJIETUT HAapyxXy B
OTKPBITHIIA KOCMOC WJIM YBEIUYHUT PAJNYC CBOEH OpOUTHI.

Jlanee Bce HaIM BHYTPEHHUE TUIAHETHI TEPSIIOT TSDKEITbIE aTo-
MBI, KaK OOBIYHBIE KOMETHI M OHH YCTPEMIISIOTCS Ha Tieprpeprio
JOCTHTAIOT BHEIITHEro Oapbepa B TeYEeHHE rofa, U BPe3aloTcs B
HEro BBI3BIBASI BCIBIIIKK, POXKICHUS MPOTyOepaHIeB, MarHUT-
Hble OypH UTI.

N ecnu nuieiid oT Halen mIaHeThl TAKOW pacKpy4rBaIOIIUI-
Cs1 CIMPAJIbHBIN, HE OYEHb TOJICTBIM, TO OT KOnuTepa u CarypHa
OH OyzeT OoJiee MOIIIHBIN U HAaKpoeT He TobKo COJTHIIE, HO U HAC
C BaMH TPH JIOCTATOUHOM CONMMKEHUH U TTPOTUBOCTOSIHUSI.

Harmm niaseTsl TepsiioT 1 JIETKHe ra3bl BOAOPOJ U TeJIUil U TE B
CBOIO OYepe/b HAYMHAIOT JBUTAThCSI HA0OOPOT K IIEHTPY HaIleH



OTPOMHOM CHMPAJILHOM BOPOHKH M TaM OH JIOJDKEH IJIe TO CKarl-
nvBathes. [1o xoporemy nomkeH oopa3oBath cpepuaeckoe 00-
JIaKo, KOTOPOE XOPOIIIO Pa3orpeeTcs 3aKKeT 3Be31y, HO 1o (hak-
Ty 3TOT a3 He OyJeT CBETUTCS, TaK KaK B HEM HET TSKeJIbIX Jie-
MEHTOB U sI[IepHasi peaKiysi He MOXKET HAauaThCsl.

BricTpee Bcero Tam o0pas3yloTcsi 3apOABIIIM HOBBIX TUIAHET
WJIM MHOKECTBA , MEJIKMX aCTEPOUJIOB CTPOUTEIIBHBIX KU PITUYH-
KOB OyIyIIUX CIIyTHHUKOB, 9TO HaIll CBOe0Opa3HbIA MHKYOATOP.

Ecmu npugepxuBarbscs crapor Moaean CoTHEYHOM CUCTEMBL
TO ,,J€TU" JIOJDKHBI BBIHAIIMBATHLCA A€ TO BHYTPH 3BE3MbI IIPU
TUTAaHTCKUX TEMIIEPATYPaX U JABJIEHUAX YTO HE OYEHb XOPOILO,
WJIM HaxoauTcs B nosice Konnepa cunTai MojTHOCThIO CHAPYKU.

M BOT HET HM OJJHOT'O OBOIIA UJIM KMBOTHOTO TIe CeMEeHa WU

MIOTOMCTBO BBI3pEBaeT Ha MOBEPXHOCTH TeJjia, TO €CTh KaK Mpa-
BUJIO 3TO TIIyOOKO BHYTPH.

K10 TO MOXAET cipocuTh a nouemy noTpedoBasIoCh BHIBOPA-
YMBaTh TEOPUIO DUHIITENHA HA U3HAHKY ?

OTBET CIMIIIKOM MHOI'O HAaKOIHUJIOCh BCSIKMX HECTHIKOBOK.



Hanpumep Mbl BUIMM XOPOIIO CYTOUHOE BpallleHHe 3Be3/1 1
roZIOBOE MPUYEM TI0 OJIHOMY M TOMY K€ MECTy, KaKk Oy/ITo poiu
HE UTpaeT AUaMeTp HallleH TUIaHeThl U UaMETP TOI0BON OPOUTHI.
[ToHsATHO Aaxe caMoMy MPOCTOMY OOBIBATEINIO UTO YIJIbI MEXTY
HUMH OYyT pa3HbIe, 3TO XOPOIIIO BUIHO IO OJIMKHUM TUIAaHEeTaM,
CITyTHHKAM TJIE BCE XOPOIIO COOM0IAETCSI.

U cnenyromas anomanus 31o Haute CoJHLE ToYemMy TO OTHO-
CUTEJIbHO JPYTUX 3BE3J1 OHO H Ky/la He IBUKETCSI CJIOBHO MTPUOU-
TO B IIPOCTPAHCTBE K OJHOMY MECTY, M MBI 3HAEM UYTO TOTO HE
MOXeT ObITb OT CJI0Ba cOBceM. M JMIb OfHO yclIoBUE MpU KO-
TOPOM 3B€3/1a BCEra YCJIOBHO OCTAeTCs Ha OJIHOM MECTE, €CIU
OHA JIBUKETCS C HAMU CUHXPOHHO. MBI BUZIUM 9TO MOXKET JIE/IaTh
Jlyna To moyemy Obl 1 3Be3/1€ HE TOBTOPUTDH TAKOW TPIOK ?

U1 BOT 0ofHO pelleHue, Kakoe OMucajl YTo 9TO BHEIIHUM pa-
JMAIMOHHBIA 00pPYY M Mbl BUAUM TOJIBKO €r0 Y3KYIO 4acTh, KO-
TOpasi HAXOAUTCS Bcerjia HarpoTuB Hac. OctanpHOe OcTaeTcs 3a
BUJIMMbBIM TOPU30HTOM U3 32 Hailen 605bI110i ckopoct. Ho ecThb
HEKasi aHOMaJIM yUYeHble PaJHOACTPOHOMBI €€ 3HAIT YTO Hall
MuieuHBIl TIyTh pacceKaeT Ha TMOMoJiaM CJIOBHO OyTepOpon uep-
Has TI0JI0ca PaJOHEPOXOANMOCTY U Ha Hee HUKTO He 00paThII
BHMMAaHUSI, TyMalo 3TO ¥ €CTh HaIll BHEIITHUI paIMallMOHHBIN TI0-
SIC WIM BEJIMKUI 00pyY, KOTOPBIH JaeT HaM CBETOBYIO SHEPTHIO.



Ecnu y Koro To BOBHMKJIM BOIPOCHI, MEHSI MOKHO HaWTH Ha
deiicoyk Cep CeBan nm Ha Aunexc [I3en, Cep CeBan pazoOina-
yeHue eiikoB. Tam HammcaTh ¥ YTO TO CIPOCUTD, TIOM JIOOOW
Moel IyOMKalMen Bcerjja OTBevy.



