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Bce npasa 3auwuwienvl. Hukakas uacmo 31eKmMpOoHHOL 8epCULL MOl KHUZU He MOXMcem Oblmb
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IIpeaucaosue

B 31011 KHMre pasroBop noiiaer o BeeneHHoM, napamMeTpax ee IpOCTPAHCTBA, a TAKKe SHepre-
THKE B3aMMOJIEHCTBUSI MUKPO— M MAaKPOKBAHTOB MaTepUaIbHbIX Macc U uX nosesbix ¢opm. Korna-
TO MHE Ka3aJloCh, YTO 51 XOPOIIO MOHUMAI0 BCE TEXHUYECKUE JAUCLUIUIMHBI COBPEMEHHON HayKH.
bBazoBble (hyHIaMeHTaIbHbIe OCHOBBI MATEMATHKH, PA3JIMYHbIC HATPABJICHUSI XUMHUH U (PU3UKHM ObLIN
MOHATHBIMU U HACTOJIBKO MPOBEPEHHBIMU U JIOKA3aHHBIMU 3a NIOCJIEJHUE JBECTH JIET OecTIpeLie/IeHT-
HOT'O Pa3BUTHS MaTEPUAMCTHUECKOM HAyKH, YTO BOCHPUHUMAIIMCh KaK aKCMOMHBIE JAHHOCTH, HE
TpedyIol1e HUKaKoro noareepxaeHus. OJJHako ceifuac COBEPLIEHHO MO-HOBOMY BOCHPHUHUMAETCS
CMBICJT YEJIOBEYECKOM KU3HHU, OOHAPYKUBAETCS, YTO UCTUHHBIE (DU3NYECKUE MPOLIECChl MaTepUasIb-
HOTO MHpa HEe COOTBETCTBYIOT (DyH/JIAMEHTAJIbHbIM 3aKOHaM Hayku. CBOM B3IVIS/Bl HA PESIUTHIO U
NIPUPOIY MaTepHaJbHOrO MUpPa 51 U3JI0KWJI B KHUTE MOJ1 Ha3BaHueM «JlokTpuHa HayyHoro boromno-
3HaHUs», A 3aTEM U B lyXOBHO-aHAIMTUYECKON KHUIe O] Ha3BaHUeM «JyXOBHbIE OCHOBBI MUPOBOIA
ucToprn». JlyXOBHBIN aHAJM3 COBPEMEHHOM 3MOXU s IPOBeJT B aBTOOMOrpaduieckux Kaurax «Kype
B 06e3Hy» 1 «XPpOHHUKA JyXOBHOIO PACTJICHUS».

B nanHO# KHUre paccMaTpUBaeTCsl TOJIBKO MaTepUsi U YCTPOWCTBO MaTepUaIbHOIO MUpa, cle-
JIaHa TIOTIBITKA M3JIOKUTh OOHOBJIEHHOE HAyYHOE MUPOBO33PEHHE, OMUPAsiCh TOJIBKO Ha JOCTHKEHUS
¥ OIIMOKM COBPEMEHHOI HayKH. YenoBeK ¢ BBICIIMM TEXHUYECKUM 00pa30BaHUEM MM CTYJICHT TeX-
HUYECKOTO BY3a JIETKO MOXET MOHATh U YCBOMTH U3JI0KEHHbIE B Hel ujien. Ho 31o He Hayka, a usto-
codust HayKu. YToOBI KHUTA OblTa TIOHATHA TYMaHUTApHUSIM M MOJIOZIEKH HIKOJILHOTO BO3pacTa, cle-
JIaHO BCE BO3MOKHOE: UCKJIIOUEHBI CJIOKHBIE MaTeMaTH4ecKue (popMyJibl U pacyeThl, CAEIaH yIop Ha
JIOTHIKY pacCy:XAeHHs.

YenoBek, 3aHUMAIONIMICS HAyKOH B 000 00acT u cepe, rae TpedyeTcsi NOHUMaHHe TITy-
OUMHHBIX OCHOB (PM3MUYECKUX MPOLIECCOB MAaTEPUAJIBHBIX TEJ OT KBAHTOBOM (PU3MKM U HAHOTEXHOJIO-
I'Mi 0 NOMCKA HOBBIX MCTOYHMKOB SHEPIUi, HaliIeT B 3TOM KHUIe MHOTO MHTepecHoro. Brpouem,
MHOTrMe yOe:k/IeHHble MaTepPUaIUCThl U CTOPOHHUKHU TPAAULIMOHHON HayYHOW aKaIleMUYECKOM IIKOJIbI
MOTYT He TIPU3HATh M3JI0KeHHOTo 31ech. Ho Beap Besikast upes, a Tem Oonee 0000IIeHHAsT HayYHAs
napagurma, JIOJkHa OBITh JIOCTaTOYHO «Oe3yMHa», HeCTaHJapTHA W TapaJoKCcaibHa, YTOOBI TOCIe
00CYX/IeHUsI ¥ SKCTIEPUMEHTAILHON MPOBEPKH CTaTh OCHOBOI HOBOTO HAYYHOTO MHPOBO33PEHHUSI.
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I'naBa I. O0uue Bonpockl 3BOJKONUM BCeJIEeHHOI

Heo0xoauMocTh MOSIBJICHUSI BCEJICHCKOTO YeJIOBEYECTBA, KaK M HEOOXOAMMOCTH IBOJIOIUH
YeJI0OBEYECKHX pac, MOKHO MOHSATh, €CJIM YUTATeM MPABUIBHO MOWMYT, XOTs Obl Ha TPUMHUTHBHOM
YPOBHE, YCTPOWCTBO MaTepHajIbHO-IyXOBHOTO MPOCTPAHCTBA OKPYKAIOLIETO MUPA, a TaKkKe CMBICT
u HazHayeHue Bcenennoi. [Ipu s3tom BeeneHHylo HaJjo paccmarpuBarh HE Kak CaMOCOTBOPEHHYIO
CYILIHOCTb, a KaK INI0OAJIbHBII OOBEKT, COTBOPEHHBII MO MpeaBapUTeIbHOMY 3aMblcily CTOPOHHUM
Hab6monarenem, kotoporo s HasbBalo Otiom HebecHbiM. B cTporom coorBeTcTBUM C IJTaHAMU U
3ambIciamu, bor-Otel| Ha nepBoM 3Tare B 3aMKHYTOM H OTPaHHMY€HHOM NPOCTPaHCTBe, clie-
IHAJbHO BbIJEJEHHOM JIsl 3THX IeJiell, pa3/iesIiil ¢ TOMOLIbI0 ObICTPOIENCTBYIOIMX HH(pOpMa-
LIMOHHBIX KBAaHTOB, MpHHAAJIexkauX TBOpIly, BCIO MaTepuIo Ha OTAEIbHbIE KBAaHThI JOJITOBPEMEH-
HOT'O XpaHEHMs1 SHEPruK, KOTOpble HayKa Ha3bIBaeT MpoToHaMu. Ha 5ToM nepBMUYHOM 3Tarie TBOpeHusI
Marepusi He UMesa MacChl, TIOJIel IpaBUTAIMM, KaK U KaKUX-JIMOO APYrux rapaMeTrpoB. Matepus
HE MOIJIa B3aUMOJIEHCTBOBATh MEKY COOOH, TaK Kak He cofeprkaia B cebe ake 3a4aTKOB MepBUY-
HOH MH(pOpMaLIMKU 1 B HEll He JIeHICTBOBAJIM HUKAKME BCEJIEHCKHe 3akoHbl. Ho BMecTe ¢ nmpoToHamu
MOSIBUIIOCH M BPEMsl, TaK KaK BHYTPU IMPOTOHOB HAYAJICS MPOLIECC CUIIOBOTO B3aMMOJIEHCTBUS 1IEH-
TPOOEKHBIX U HEHTPOCTPEMHUTEIBHBIX CHJI, @ 3HAYUT, YaCTh KBAHTOB IIPOTOHOB OCBOOOXK/AANACh OT
MEXaHWYECKON SHEPrUu U MOKHUJajla BHYTPEHHE MPOCTPAHCTBO IPOTOHOB, IPEBPAILAsCh B KBAHTHI
T0J15 TPABUTALIMY U KBAHThl MAarHUTHOM 3Hepruv. TedeHne BpeMeHHU ecTh (DYHKINsI, KOTOpPast
omnpejessieT CKOPOCTh NMPOTEKAHUA NPOLeCcCOB (hN3NUeCKOro B3anMOAeiCTBUA TeX HJIN
HHBIX MaTepPHAJbHBIX TeJl WM CKOPOCTh H3MEeHEeHNsI BHYTPEHHEr0 COCTOSTHUSI MaTepHaJlb-
Horo TeJsa. Eciu ¢usnyeckoe B3auMoJeNCTBIE He TPOMCXOAUT, TO U BpeMeHH He cyiectByeT. Ho
Ha [IepBOM 3Tarle 3BOMOLMHY BeeneHHo# n3MeHsIoch BHYTPEHHEe COCTOsSIHUE IIPOTOHOB M IIOPOK/1a-
JIOCh IIPOCTPAHCTBO, ITO9TOMY U BpeMsI IPOTeKAaJI0 TOJbKO BHYTPH IPOTOHOB, a 11 BceJen-
HO¥l IOHAATHE BPeMEeHH! He NMeJI0 HUKAKOro (PU3HYeCKOro cMbICJa.
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1. CymiHOCTh IEPBUYHON MAaTEPUN

Marepust npeacrapisier coOOM OIMHAKOBbIE MO (PM3MUYECKUM pa3MepaM, HO Pa3HOPOJHbBIE 10
MH(pOPMATHUKE TPOCTPAHCTBEHHBIE KBAHTHI, B TOM UJIM UHOW CTENIEHU HaJeJIeHHble SHeprueil. Mexa-
HUYECKHEe KBAaHTHI OObEMHEHBI B eIUHbIC TIPOCTPAHCTBEHHBIC IIETIOUKU M YIIPABJISIOTCA KBAaHTAMU
LIEHTPOB TSDKECTEW, B KOTOPBIX BCsKAsl SHEPrusi OTCYTCTBYeT, HO MPHUCYTCTBYeT nHpopmanms. Ha
MIepBOM 3Tare, 10 coTBopeHus [IpoToBceneHHOM, KBaHThI EHTPA TSHKECTH HE TOHYKAAIU TOAYH-
HEHHbIE BBICOKOSHEPIMYHbIe KBaHTHl COBEPIIATh YCKOPEHHs U 3aMe/JIeHusl, a 3HA4YHT, U He
ObLIO CHJIbI, KOTOpas MO0Y:KAaja Obl MaTepPUI0 COBEPIIATh B3aUMO/1eMCTBHS H PacXxo/10-
BaTh BHYTPEHHIOI0 SHePrur. B 3ToM rane mMarepusi npecTaBiisiiia cOOON MIeaTbHBIA aKKyMYy-
JISITOP JUIs1 BEYHOTO XPAaHEHUs BCEJIEHCKOW SHEPIUU.

Ho Croponnuii Habmonarenns He 1711 TOrO TOKEPTBOBAJ COOCTBEHHBIE OBICTPONICHCTBYIOIINE
KBaHTbI, COTBOPWJI MPOCTPAHCTBO BaKyyMa M paseiv MATepUi0 Ha OT/AENIbHBIE SHEPrOKBAHTHI,
YTOOBI BEUHO XPAHUTH TY BHICOKOIHEPTUUHYIO MATEPUIO B CBOMX pe3epBax. 3aMbICes COCTOSL B TOM,
YTOOBI OCBOOOUTH HOBOPOJKICHHBIE KBAHTHI MPOCTPAHCTBA U3 TUICHA SHEPIUU Yepe3 IJITAHOMEpPHOe
pacxojioBaHKe YHEPTUU MyTeM HETPEePbIBHBIX YCKOPEHUN U 3aMeJICHUH U TIOPOXKICHUSI BEKTOPOB
MPOTUBOAEHCTBYOIUX ciil. BeereHHast JOJKHA ObLIA CTATh M CTAJa OTPOMHBIM T€XHOJIOTH-
YeCKHUM KOHBEHEepPOM HEMBICJIUMOM CJI0KHOCTH. DTOT KOHBelep, Mo 3ambicity boxwuio, mytem
MIPOTHBOJICHCTBUS U IPOTUBOOOPCTBA, U3 COOCTBEHHOW MaTepUATbHOM CYIITHOCTH IIPOU3BOIUT SHEP-
reTUYEeCKU HUIIME KBAHTHI, ISl TOTO, YTOOBI HA HUX HEPa3pyIIMMO 3aKpenuTh MH(OPMALIUIO U BbIBE-
CTH 3TH OUMILIEHHbIE KBAHTHI U3 BCEJICHCKOTO MpocTpaHcTBa B JIoHO Otita HebecHoro. OuniiieHHbIN
OT HEPrUM KBAHT BCEJIEHCKOTO MPOCTPAHCTBA CTAHOBUTCS MH(MOPMAIIMOHHBIM KBaHTOM Ayxa. Koraa
s1 yHOTPeOJIsII0 CJIOBO «AyX», TO MO 3THM CJIOBOM HaJ0 MOHMMATH OJMH HJIM HEKOTOPOe
KOJIMYeCTBO KyOMYeCKHX KBAHTOB MPOCTPAHCTBA, KOTOPbIe NOJHOCTHIO 0CBO0OKIEHBI OT
sHeprun. TBopua Beesennoii s Ha3piBarw wim Otonom He6ecubiv nim Croponnnm Haouro-
pareaem. Oteny HebecHplit siBiisieTcst MHPOPMAITMOHHOM CYIITHOCTBIO a0COMIOTHOTO 3HAHUS, M OH HE
MoxeT 0e3 Bpena Il COOCTBEHHOW MH(OPMATUBHOCTH COMPHUKACATHCS C JOOOM SHEprueu, KoTo-
POI HaNOJIHEHA MaTepHsl BCEJICHCKOTO MPOCTPAHCTBA. YTOOBI 3aITyCTUTD MPOIECC OYMITIEHHS AyXa OT
sHepruu, Oter; HeGecHbIl yepe3 3TalOHHbIE KBAHTHI IICHTPOB TSKeCTel Hajean matepuio Bee-
JIEHHOHl BCTPOEHHbIMH B Hee HH(POPMAIMOHHBIMH AJIrOPUTMaMH 0€3yCJIOBHBIX HHCTHHK-
TOB, KOTOPble HAayKa Ha3bIBaeT (PYHJaMEHTAJbHbIMH 3aKOHAMH MaTepHAJbHOI0 MHpA.
Wudopmarysi BCTpOSHHBIX &JITOPUTMOB, HE UMes HUKAKOW BHYTPEHHEW SHEprur, CHavYasIa 3aKperiu-
JIach Ha SHEPTMM MaTePUAIIbHBIX TIOJIEBBIX KBAHTOB, a 3aTEM Pa3MHOKHUIIACh, TPOU3BES SBOTIOIIMOH-
HBI CKa4YOK, U MOJUMHMIIA ceOe Bce Oyaylnye MacChl IPOTOHOB, KOTOPhIE M CTATM MaTepHaIbHbIM
(¢yngamentom Harerr Beenennoit. bojkecTBEHHBIE alrOPUTMBI, UCTIONB3Ysl SHEPIUI0 MAaTEpPUU Kak
COOCTBEHHBIII MTHCTPYMEHT, IIyTEM €€ YCKOPEHHOT'O TMepeIBIKEeHH S, 3aCTaBUIIM Oojiee COBEPIICHHbIE
KBaHTbI IPOTUBOJEHUCTBOBATh MEHEE COBEPIIIEHHBIM, U TEM CAMBIM B3aUMHO OUYMIIATHCS OT U30BITOY-
HOM 3Hepruu. Korjaa npoToHbI cTaan 4acTHIAMI MacChl, TO 3TH YaCTHIIbI MaCcChl 0KA3aJHCh
HE XaoCcoM, a pa300IeHHOIl MaTepHAIbHON CTPYKTYPOM, MO JYHHEHHO MOJeBbIM (popMam
MaTepuu, NOPOK/IeHHbIMU CAMIMH NNePBHYHBIMU NPOTOHAMH U3 CBOUX BHYTPEHHHX HeJp.
B pesynbTare 3TOro0 nporiecca nmpovcxoauia spomonus BeeneHHoM. Bbit 06pa3oBaHbl mpoToraiak-
THKHU ¥ TPaBUTALMOHHBIE TIOJIS, a 3aTeM MPOTOraJaKTHUKU Pa3IeIHINCh HA MUPHAIbl PAa3HOPOJHBIX
3Be3[, U cTasl (popMUpOBaThcs TOT OONMK BeeneHHoM, KoTopslil Mbl ¢ Bamu, n Habmogaem B Haile
BpeMs.
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2. Nudopmanuonnbie (hpailyibl M SHEPrusi MAaTePUHA

Io Mepe HEOOXOAUMOCTH, U B CTPOTOM COOTBETCTBHH C NIEPBOHAYAIBHBIM 3aMbICTIOM, CTOPOH-
Hull HaGmonarenb H0OABISIT U 3aKpeIuIsl HA MaTepUaIbHBIX MUKPO— U MakpooObekTax BceneH-
HOW HecTHpaeMble HOBble MH(pOpMaLIMOHHbIE (paitsibl. PasMHOXKasACh, M HACJIEICTBEHHO 3aKPeIlIssaCh
Ha SHCPIrvuyv MaTC€pru Kak 6€3yCJIOBHLIe HWHCTHUHKTHI, 9Ta I/IHCpOpMaI_[I/IH HaCUJIbCTBEHHO 3BOJJIIOITMOHU-
poBasia BeeneHHyI0 B Hy)KHOM HarpaBJieHUH U C 3aJJaHHOW CKOPOCTBIO BPEMEHHBIX MapameTpoB. B
pe3yJIbTaTe 3TOM HACUIIbCTBEHHOM SBOJTIOIMU TIOPOXKJAIOCH OTPOMHOE KOJTMUECTBO OCBOOOKAEHHBIX
OT M30BITOYHOW SHEPTUM KBAHTOB TMOJIEBBIX CTPYKTYP, KOTOpPbIE ObUIM CIIOCOOHBI Ha JOJTOBPEMEH-
HOHM OCHOBE 3aKpeIuisiTh Ha cebe MH(MOPMALIMIO ¥ C TIOMOIIBI0 COOCTBEHHON SHEPIUM pa3MHOKATh
9Ty UHMOPMAIMIO U TIepe/iaBaTh JAPYTUM, TAKUM K€ HECOBEPIIIEHHBIM KBaHTaM, OCBOOOIUBIIIAMCS
OT M30BITOYHON PHEPTUU UM MOKMHYBIIMM IEPBUYHBIE MMPOTOHBI BeeleHCKol Matepuu. IIpoToHbI
CTaJ| NPapoAUTeJsIMH NEPBUYHBIX NOJIeBbIX (DOPM MaTepuH B BH/e MarHUTHBIX, dJIeK-
TPUYECKUX U TPABUTAIMOHHBIX NOJIel 0JHKHEro U JaJbHero OKpy:KeHHsl.

C TeyeHHeM BpEMEHH IMOCTOSHHO MOMOIHsIEMbIe Pe3epBbl MOJIEBbIX (JOPM MATEPUM U CTAJIH
OCHOBOU 1A (I)OpMI/IpOBaHI/IH BUIUMBIX 1 HEBUIUMBIX T'aJIAKTHUK U BCEI'0O MHOXECTBA 3BE3]/], a TAKIXKE
U Jpyrux O6’beKTOB, KOTOPLIE B HAIIC BPEMA OTKPLIBACT HAYKA U IIBITACTCA M3Yy4YaTb MHCTPYMCH-
TaJIbHO-JIOTHYECKUMH CIIOCOOAMH.

Ha srtane sBomonmu camoii Beenennoit y bora He ObUI0 HEOOXOAMMOCTH COTBOPSITH KU3Hb
Y BCEJICHCKOE YeJIOBEYECTBO, TAK KAK BCE PE3epPBBI MOJEBBIX (DOPM MATEPUH MCIIOTb30BATUCH IS
SBOMIOLIMM ¥ COBEPIIIEHCTBOBaHUs caMod BceneHHo#. ['oBopsi Apyrumu cjioBamu, Ha Tare 3BO-
monuu camoil BeenenHoit Bory He ObU10 HEOOXOAMMOCTH OYXOTBOPATh BceneHHylo u co3maBath
B Hell XW3Hb W BCeJieHCKoe uenoBedecTBO. HeoOxomumocTh B oayxoTBopennu BcesieHHoit
NOSIBIJIACH TOra, KOI1a BCe MeXaHU3MbI IepepadoTKN MaTepUH Macc B MoJieBble (POPMBbI
MaTepuu ObLIN OoTiaKeHbl U BeesleHHas1 cTaja NPOU3BOAUTHh M30bITOK HEUHCTHIX JyXOB-
HBIX KBAHTOB, KOTOPbIE SIBJSIOTCS YHEPreTHYeCKUMI 0TX01aMH M0JIeBbIX (pOpM MaTepuu.
Hayxka nokazana, yto CoHiie sIB/ISIeTCSl MOJIOJOM 3BE3/101 U CYIIECTBYET TOJIBKO OJJHY TPETh BpEMEHU
OT BPEMEHH Havajla COTBOpeHHs1 BceneHHOM. YAMBUTENBHO, HO 9T JaHHBIE COOTBETCTBYIOT peasib-
HOM JieiicTBuTenbHOCTH 1 TutaHam Otia HebecHoro. Xotst ConHile ObUIO COTBOPEHO Ha nepudepunt
Hamie ['anakTHKY TOJIBKO B MOCJIETHIO TPETh )KU3HU HEOAyXOTBOPEHHO! BceneHHO, HO 3TOT yro-
JIOK BCEJICHCKOT'O MIPOCTPAHCTBa ObLT 3apaHee onpenesieH borom. [epBbie [Be TpeTH BpeMeHU CBOETO
cymectBoBaHus Beenennas pabortasia Ha TO, YTOOBI MOATOTOBUTHCS M cOTBOPUTH CoHIle, Kak 00b-
eKT YCKOPEHHOUW BOJIOIMU 1 OyIyIero oayxoTBopeHust Bcell BeenenHont. bor 3apanee HaripaBui
B 3Ty 00JIaCTh MPOCTPAHCTBA BCce (Ppakimu (POTOHOB JIyYeBOM SHEPrvU, KOTOphE HayKa Ha3bIBaeT
«PEJIMKTOBBIM» JIEKTPOMAarHUTHHIM u3MydeHrueM. Tem cambim Bor-TBopen npeponpenenui cyns0y
CoHeuHOH CUCTeMBI KaK MECTO M 00JIaCTh, I/ie BCEJICHCKAs )KU3Hb U BCEJIEHCKOE YeJIOBEYECTBO OyAyT
niepepadaTbiBaTh U MiepepadaThIBAIOT B HAIIE BPeMsl, HEOUHMILIEHHBIE OT OCTATOYHOW SHEPTUH KBAHTHI
AyXa, MOCTYTAIOIINE U3 BCEX MaTepPUaIbHBIX MAcC BCEJIEHCKOTO MpocTpaHcTBa. KBaHTHI cCHavYasa oun-
IIAIOTCS 0 YUCTOTHI «[IyXa KU3HW», & 3aTeM B UHCThIC (PpaKIIK IEPBOPOTHOTO JIyXa JIIsl MOTOJTHE-
nus Llapereust HeGecHoro. B HacTosiiee Bpemsi uepe3 «pelTMKTOBOE» U3Ty4YeHHe U N3TyUeHUsI BCErO
MHOXECTBA BHEIITHUX MUCTOYHUKOB Bcsl Beenennas padoraet Ha COTHEUHYIO CUCTEMY U HalpaBJIsieT
CloJja KBAHTUPOBAHHBIE B (DOTOHBI JTyYE€BOW SHEPTUHM HEOUHMINIEHHBIE (DPAKINHK IyXa, U1 TOTO YTOOBI
3eMHasi ’KU3Hb M 3eMHOE YeJI0BEYEeCTBO MCIIONMHWIN CBOI0 OOKeCTBEHHYIO paboTty. Ypoxkai deJio-
BeUYeCcKOoro jayxa, o koropom ropopui Mucyc Xpucroc B cBOUX NPUTYAX U NMPONOBeEAsX,
9TO He BbIJyMKAa peJINTHH, a peajbHasi CyIHOCTh BeesieHHoi u yenoBeka. [1pu sTom yerno-
BeK, Kak BbICIIee 3BeHO 1 3eMHOI nomonauk Otiia He6ecHoro, momyuns ot Bora rpaBo u crioco6-
HOCTb JKHTh U TBOPUTH YPOXKai YeJT0BEUECKOro JyXa B YCIOBHSIX CATAHUHCKO-OECOBCKUX JyXOB IlIa-
HETHOH MOBEPXHOCTH 3eMHOTO I1apa. BaskHO MOHATH, uTO Bor He MMeeT HUKaKoi SHepruu, HO 3aTO
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BJIaJi€ET BCEM MOTHOTON MH(pOPMAIIMK, KOTOPAasl 3aKperjieHa Ha TeX jke JyXOBHBIX KBaHTAX, HA KOTO-
PBIX paHbliie OblIa 3aKperuieHa SHeprusl. [loHnMaHve 3Toi 60KeCTBEHHOM CYIITHOCTH JaeT IMPaBHTh-
Hoe 0ObsicHeHre BeelleHHOM Kak CTOYHMKA AyXoBHOU rumwm st Otia HeGecHoro u posiu 3eMHOTO
YyesloBeYeCcTBa Kak IJIABHOTO TMOMOIIHKKA bora B fese mepepaOoTK BHICOKOSHEPTMIHBIX HEUMCTHIX
(pakuuit 1yxa 10 UX MOTHON SHEPreTUYECKON HUIIETH U OOKECTBEHHOM MEPBOPOTHOCTH.
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3. llopsanok corBopenns miaHeT CoJTHEeYHOH CHCTEMBbI

CorHile IeMCTBUTEIBHO COTBOPEHO M3 MBUIEBOM TYMAaHHOCTH, MHAYE OHO HE MOIJIO OBl pado-
TaTh KaK 3Be3/a, HO MecTo pacnonoxenus ConHia B Haiel ['anakTuke v B mpocTpaHcTBe Beenen-
HOW He SIBJISIETCS CITyYaillHbIM coObITHeM. [1o 3aKoHaM Teopur BepOsITHOCTEN, BEPOSITHOCTb COOBITHS
paBHa MPOU3BENICHUIO BEPOSITHOCTEN BCEr0 MHOXECTBA COOBITUM, KOTOPBIE TEM MJIA UHBIM 00pa3oM
BJIMSIIOT Ha TIOSIBJICHUE KOHEYHOTO COOBITHS. YMCIEHHOE KOMYECTBO CyYallHOCTel B 00pa30BaHUU
Connna 1 rutaneT COTHEYHOU CUCTEMBI TaK BEJTUKO, YTO MPEBBIIIAIOT BCE BO3MOKHBIE MTPE/IEIIbl MBIC-
JIEHHOTO TIPEJICTaBJIeHUS U AEAeT BEPOSTHOCTh TAKOTO CIIyYallHOTO COTBOPEHHS PABHBIM HYJIEBOMY
3HaueHu0. Ho ecim ObuT IepBOHavaIbHBINA 3ambices1 TBOpIIa, TO HA/I0 MpU3HaTh, yTo Macca ConHila
Morja ObITh MOATOTOBJICHA B KauecTBE IMbUIETa30BOM TYMAaHHOCTH B JIIOOOW OOJIACTH BCEJICHCKOTO
MIPOCTPAHCTBA, & 3aTeM TEeJENOPTUPOBAHA B 3aJaHHYIO TOUKY MPOCTPAHCTBA ellle P COTBOPEHUU
Hamieit [anaktuku. CoHIle MOIJIO HAXOOUTHCS B JIATEHTHOM COCTOSTHMM MAaKCHUMAJIbHOTO CKaTusl, 1
MUWJLTAAP/IB JIET BHEIITHE HUKAK He MPOSIBIISIIACH KaK 3B€3/1a, B OKUAAHUH, KOT/Ia OCTaIbHbIE MacChl
BcenenHoit HapaObOTaOT JOCTATOYHOTO MaTepuaa s ee Oyayien paboTsl. BO3HMKHOBEHME HOBBIX
3Be3[l TaM, Ir1e He ObLI0 HUKAKMX (POTOHHBIX MCTOUYHMKOB M HUKAKMUX TBUIETa30BbIX 00pa30BaHUM,
HE SIBJISIETCS KAKMM-TO Yy/IOM WJIM MarndeckuM jeiictBueM. Takue ciyvan 3apMKCUPOBaHbI aCTpo-
HoMaMu. Ho HMKTO M3 acTpOHOMOB elrie He HaOmoaas1, YToObl U3 MBUIEra30BOro 00pa3oBaHUsI MTHO-
BEHHO COTBOpHJIach HOBasi 3Be3/1a. [louemy ke Hate ConHIle JOKHO ObITh UCKITIOUEHHUEM U3 OOITIEero
npaBwia? OaHaKo 6e3 3Tana NbLIera3oBoro X0J0JHOT0 COCTOSTHUSI MUHHUMAJIbHOI Temo-
BOIl YHEPruy U MOCTENEHHOr0 HarpeBa U MOBbIIIEHHsI YHEPreTNYecKoil aKTUBHOCTHU 3a
cyeT YTHJIM3alHH U cOOpa TeNJIOBbIX KBAHTOB U3 IPABUTALMOHHBIX MOJEH BCEJeHCKOro
BaKyyMa HH O/IHA 3Be3/la He MOKeT CTaTh CAMOCTOSITeJbLHBIM TBOPIIOM I'PAaBUTAIHOHHOTO
10Jisl ¥ (POTOHHBLIX KBAHTOB.

[Nozxe B MaTeprazax KHUTH OyIeT MOKa3aHo, YTO Kaxk10e HeOeCHOe Teslo, CPaBHUMOE TI0 Macce
¢ maccori ConHiga, crocoOHO camo cedsl CKaTh A0 HEBEPOSITHOW IJIOTHOCTH TIOJTHOTO TpeKpalie-
HUS BCeX B3aMMOJEHCTBHIA aTOMOB BOIOPOIA M CBEPHYTb BCE CBOU TOJIEBBIE CTPYKTYPBI, BKJIIOYASI
¥ TI0JIe TPABUTAIIMH 0 TOHKOTO CJIOSI IOBEPXHOCTHOM 000/10YKH. B 9TOM cocTosiHusI Macca MaTepu-
QJIBHOTO OOBEKTA TEPECTaeT MPOSBIATHCS M HEOECHOE Teso, YIPaBJIsAsACh IIEHTPOM TsDKECTH Halllen
[aylakTHKH, B TIOTHOM COOTBETCTBUM C TPEThUM 3aKOHOM Keruiepa, 3aiiMeT METOIOM TeJIeNopTalliK
HY)XHYIO JVICTQHIIMIO OT IEHTpa [aJakTHKu, KOTOpasi CTAHET PaJiycoM €€ TaIaKTHYeCKOU OpOUTHI.
Tpernii 3akon Kemuiepa kak pa3 u yTBep:K/JaeT, 4YTO Macca IUVIAHETHBIX TeJ H UX MoJe
rPaBUTANMY HUKAK He BJMSIOT HA PaAuyC MJIAHETHBLIX OPOUT U HA BpeMsl HX 00paiieHust
BOKPYT I€eHTPAJLHOr0 IJAHETHOrO TeJa. 3aKOH BBIBEJICH M0 OTHOIIEHHUIO TuiaHeT ConHeuHoM
cuctembl kK Macce CoJHIIa, HO KTO MOXKET OTPHIIaTh, YTO STOT K€ 3aKOH HE JIEUCTBYET Ha caMy Maccy
ConHila o OTHOIIEHUH K LEeHTpy Tskecty Hawen [anaktuku? ConHue 3aXKIJ10Ch, KOra 3TO CTajlo
HEOOXOIMMOCTBIO 15 TIEPePadOTKH OTXOIOB MOJIEBBIX (DOPM BCEX MATEPUATIbHBIX OOBEKTOB BCEJICH-
ckoro npocrpadcTa. [lpuyem, TOJIbKO HA IEPBBIX NOPAX B NIPUIIOBEPXHOCTHOM CJI0€ COJTHEY-
HOM Macchl IIJ1a TePMOsiiepHas peaknusi ¢ 00pa3oBaHHeM U3 BOAOPOJA Iejiusi M APYrux
XHMHYEeCKHX BelllecTB N0 nepeyHio Tadaunsl Menjaeseesa. Korja npoueHTHoe coaep:xa-
Hue rejust focturyio 10 npoueHToB U 00pa30BaJHCh Bce HEOOX0UMbIe XUMIYECKHe dJie-
MEHTHI JIs1 COTBOpPeHusl IaHeTHbIX TeJ CosiHeuHoM cucTembl, TO CoJiHIle mepenuio Ha
MOJIHYIO epepadoTKy NPOTOHOB aTOMOB BO/10P0/1a HEMOCPECTBEHHO B PA3HOPO/IHBIN 110
CIeKTPY nmakeT (poTOHOB JiyueBoil dHeprun. Kak nocruraercss Takas MOJHOTA MepepadOTKH
MaTepuH Macc B JIy4EBYIO SHEPIUIO, MbI ITOIPOOHO PACCMOTPUM B CIIEIYIONIMX IT1aBax.

Uepes «pelnrMKTOBOE» M3MyYeHHE U BCE MHOXKECTBO PETMCTPUPYEMBIX M HEPErUCTPUPYEMBbIX
HAyKOW 3JIEKTPOMAarHUTHBIX W3JIyYEHUH W MOTOKOB TOHKMX SHEPrvii, MyXoBHbIM LeHTp ComnHua
OBICTPO HAIIMTHIBAJICS O0XKECTBEHHOW MH(pOpMalueil ku3HeTBoperrs. CaMo MaTepHaJbHOE TeJo
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CouHiia, 0cBOOOKIAsICh OT «HEHYXKHOTO» MarepHasa, MocjaeJ0BaTeJbHO COTBOPHJIO U3 CBO-
€ro MaTepHajJbLHOro JIOHA 3alINTHO-NepepadaThIBAIOIIUI MOsIC HECOCOOHBIX K CAaMOCTO-
SITEeJIbHOMY >KU3HETBOpPeHN0 nATH miaHeT CoJIHEYHOH CHCTEMBbl, OT CamMoro JaJjJbHero
onbITHOro odpasua Iliayrona, 10 cCoOBepHIEHHOIO IUIAHETHOTrO o0pa3na moj Ha3BaHUeM
IOnmuTep. Hayka riyOoko 3a0iykIaeTcsi WM YMBIIIIJIEHHO BBOAUT B 3a0JTyXAE€HHE pa3yM 4YesioBe-
YECKUiA, KOTrAa YTBEpKIAeT, YTo TuiaHeThl COTHEYHON CHCTEMbl COTBOPUJIMCH U3 TYMAaHHOCTEN WU
KaKHUX-TO KOCMUYECKHX OCKOJIKOB, ITyTE€M HX YIUIOTHEHHS TOf JACHCTBUEM CHJI TATOTEHUs JIO TUia-
HETHOTO COCTOSIHUSL. 3BE3/1bl COTBOPSIIOTCS TOJIBKO Yepe3 ra30Bble TYMAHHOCTH, a HUKaKasl IIaHeTa
HECrocoOHa CaMOCOTBOPHUTHCS, HU M3 TYMaHHOCTEH, HM M3 OCKOJKOB. /IpeBHHE MCTOYHHKHM H
BeJIMKHeE NMOCBSIIEHHbIe YTBEP:K/AaI0T, UTO BCe IUVIaHEeThl, HAYMHAS C ONBITHOr0 odpasna
nox Ha3BaHueM ILnyToH, coTBopeHbl HenmocpeacTBeHHO CoJiHIIEM.

Ha ComnHite mporcxoqut MOITHBIA BEIOPOC MpOTyOepaHiia, KOTOPBIN 3aTeM 3aJaHHbIN TIePUOJT
BpEMEHU KaTWJICA MO SKJIUNTUKe 3kBaropa ConHia U cooupai B ceOs oTpadOTaHHbIE OTXO/BI COJI-
HEYHOM KU3HEIEATeIbHOCTU. B 3THX 0TX0/1aX, HEOUHMIIIEHHBIE OT OCTATOYHOW SHEPTrMM KBAHTHI yXa,
ObLI HAJIEKHO CBSI3aHBI B XMMUYECKHUE JIEMEHTHI BCETO MepeyvHst Tabnuiisl MeHeneesa, a Takke B
M3BECTHBIE HAYKe XMMUYECKUE MOJIEKYJISIpHbIE O0beIMHEHUS U COSAMHEHU S 3THX JIEMEHTOB. 3aTeM
Oymy1ias raHeTa otaessiach ot akBartopa CoJHIa U IO CIIUPANIM WM 110 3aKoHY uucia «[1u» Boc-
XOIWJIa Ha CBOIO TMEpBYIO CTarMoHapHylo opouty BOMM3u Connua. IlnaneTsl 3apo:kiannch Ha
COJITHEYHOM YKBATOpe, NO3TOMY, IIO/IHSAB HA 3aJaHHYI0 opouTy, CoslHIle NPO0JIKANO0 HX
yAep:KHBATh B MJIOCKOCTH COOCTBEHHON SKJINNTHKY, ePIeHUKYJISIPHOH 0CH COJTHEYHOT 0
BpameHusi. Kaxgas HoBasi 1iaHeTa mopokaanach TAKUM ke CIOCOOOM, M OTOJBHIAJIA MPEAbIIyIINe
TUIAaHETHl Ha OoJiee BBICOKME HOBBIE CTAIlMOHAPHBIE OPOMTHI, Uil CTAOWIN3AIIMM MEHsISI UX TIepHUO
oOparmenust BOKpyr CoJHIIa U CKOPOCTh COOCTBEHHOTO OCEBOTO BpaIEHHUS.

1 coBepIieHHO yOekIeH, YTO TaK U MPOMCXOAMIIO TIOCTIEI0BATEIbHOE COTBOPEHHE BCEX TIAHET
ComnHevHoi1 cuctemsl, OT caMoi NepBoil rtaHeTs Iy ToH, 10 camoii nocieaHen riaHeTst Mepky puid.
[Tpuyem cpasy ke mociie COTBOPEHUsI 3alMTHOrO Oapbepa U3 Nty miaHet, ConHile OAHOBPEMEHHO
COTBOPWJIO TPU Pa3HOPOAHBIE )KU3HETBOPSILIKE TIIaHEeThl B cocTaBe JIyHbl, Mapca u ®astona. Jlumb
niocste 3Toro coowiTrst Conaiie corBopuiio 3emio. [liianera Benepa 6bL1a cOTBOpeHa Kak HOCH-
TeJb 1 00beKT Oyaymeil }Ku3Hu, KOTopasi BO3HUKHET B CoJIHeYH Ol cucTeMe NocJie BeeJleH-
ckoro Anokasnmncuca. [To Bpemenu, COTBOpeHue TiaHeThl BeHepa npeiecTBoBaio pa3pyeHuio
raneTsl PasToH u nepexony JIyHbI ¢ cOMHEYHOW OpOMTHI HA OPOUTY CIYyTHMKA TUTAHETHI 3eMUIsl.
Takum 00pa3oM, CIOCOOHBIX K *KU3HETBOPeHNI0 IJ1aHeT B CoJIHEYHOM cucTeMe CylecTBO-
BaJIO TOXKe B KOJIMYECTBE MSATH WITYK. B pe3ynbrare BOJIONMN YeTOBEUYECKUX Pac, a paBIJIbHEe
cKazaTb, B pe3ysbTate 3Bomonuu ayxoB Casaoda, SAxse, Meross u gpsasona (Kusaszs Mupa Cero),
KU3HETBOpsiias 1aneTa PasToH ObUTa YHUUTOXKEHA U TIPEBPATUIIACh B MOSIC acTeporIoB. Borpeku
OOIIETIPUHSATON TUIOTE3e CAMOCOTBOPEHH S TUIAHET, HUKTO M HUKOI/IA He COOepeT 9TU acTepOu/ibl B
enrHyIo TuaHeTy. Mapc u JIyHa noTepsii ocTaTKu aTMocephl M CTaJIi HEXXU3HECTIOCOOHBI, a paHee
cymiectBoBagias Ha JlyHe 1 Mapce ku3Hb niepeliia Ha 3eMJTio, U, COBEPIIUB 3[1ECh SBOJTIOIIMOHHBIN
CKa4YOK MO CTPOUTENHCTBY METUTUTUIECKUX COOPYKEHHH, CIMIACh C OCTATKAMH 3€MHOTO YesioBeve-
CTBA TpETel M YeTBEPTOM packl 1 00pa3oBaJjia NATYI0 U MOCJIeJHIOI0 pacy 3eMHOI0 4yejoBeye-
cTBa. Bee 31U ciioxkHble mporiecchl OyayT paccMaTpyBaThCs B CIEMYIONIMX KHUTAX, a B 9TOW KHUTE
MBI COCPEIOTOYMMCS HA SHEPreTUKE U MapamMeTpax BCEJIEHCKOrO MPOCTPAHCTBA U MapaMeTpax Mosie-
BBIX CTPYKTYD, BKJIIOUAsi BCEJIEHCKOE ToJie TpaBuTaiu. UTo Kacaercs miaHersl MepKypuii, To
oHa coTBopeHa CouHileM npuMepHo 60 ThicsY JeT Ha3a/] U He NpeJHA3HAYEeHA JJIsI KU3-
HeTBOpeHus . [Inanera Mepkypuil crabuim3npoBaiia opOMTaibHbIe MapamMeTpsl iaHeT CoTHeuHON
CHUCTEMBI U TIpHJaia UM TpeOyeMyl0 YCTOMUMBOCTh M HEPa3pyIIMMOCTb Ha BECh MEPHO[ CYIIECTBO-
BaHMs OOKECTBEHHOM Xu3HM B mipesenax ComHeuHo# cucteMbl. Eciu Obl M1aHEThl CaMOCOTBOPH-
JIMCh U3 THLIEra30BOTO COCTABA, TO KaKasi IOCTOPOHHSISI CHJIa MOIJIa Obl CIBUHYThH MX OPOUTHI B OHY
TUIOCKOCTD KMNTUKK? Kakast cuia pazaenmia Obl X 1O MaccaM Ha OT/elbHble 11aHeTsl? [louemy
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kosiblia CaTypHa He MPeBpallialoTCs B €ro ClyTHUKU? B CBSI3U ¢ 3TMMM Hepa3pelMMbIMU BOIIPOCAMU
MeHsI BOOOIIIE YAUBIISIET, TOYEMY B TOJIOBBI YUEHBIX HE TPHIIUIA caMast POCTasi U cama eCTeCTBEHHasI
MBICJIb, YTO IUIAHETHI TOPOXkIeHbl COTHIIEM.

Ho s BbIHYyXIIeH HE COIIaCUThCS C BBIBOJAMM BEJIMKUX MOCBSAIIEHHBIX O TOM, yTo CosHile
COTBOPWJIO TIJTAHETHI, TOJIBKO ISl TOTO, YTOOBl UCTOPTHYTh U3 CeOsl 3710 HEYMCTOTO JbSIBOJIBCKOTO
nyxa. Kaxnoe nianeTHoe TBOpeHHE ObLIO IJIAHOBBIM MEpOIpPUATHEM, KOTOPOE IMPEAONpeessiio
JaJIeKO WayIue 1ienu Oymyiero ogyxoTBopennst COTHEUHON CUCTEMBI, a Yyepe3 Hee U Beell BeeneH-
HOW C MOMOIIIBI0 BBICOKOMH(OPMATUBHBIX TesiecHbIX (ppakimid CeiHa boxus — IlepBoxpucra u Cas-
toro [lyxa, KOTOpbI B HauaJle KU3HETBOPEHUSI MPEACTABIISIT COOON TPUETUHOCTh TPEX Pa3sHOPOM-
HBIX MH(OPMAITMOHHBIX KBAaHTOB O0XKECTBEHHOTO AyXa. DTU KBAHTHI HE POXICHBI U HE COTBOPEHHI
B npoctpaHcTBe Beenennoil. OHu HacwiibHO BHeApeHbl B ColHeuHylo cucremy TeM TBOopLioM, KOTo-
phlii coTBOpIII M camy Beenennyo. Hamo 0oco6o moguepkHyTh, 4TO TOJIeBble (hOPMBI MATEPUH SIBJISI-
I0TCS1 IVIABHBIM CTPOMTENIbHBIM MaTepUaioM MaTepuabHON yacTy BeeneHHoM U «CKpernom» Beex ee
3BE3[HBIX U IJIAHETHBIX TeJI, @ TAKKE U «CKPENOM» BCEX M3BECTHBIX XMMUYECKUX 1eMeHTOB. [Torne-
Bble (DOPMBI, KaK NEepBUYHbIE HOCUTENM (pailsioB MH(GOpMAIUK U aHTUMH(pOPMALIUY, TPUHAJIEKAT
HIDKHEMY BHYTpeHHeMy ayxy. Korma B Betxom 3aBete yX roBopuT o ce0e, YTO OH €CTh MEPBBIA U
TMOCJIE/IHUH, TO 3TU €r0 CJIOBA MOJTHOCTHIO COOTBETCTBYIOT UCTHHE.
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4. JBoJoNUs BCEJEHCKNX JTYXOB

XOoT4 51 ¥ 00elal MucaTh TOJIbKO 00 SHEPreTHUECKHUX MPOIIeccaX MaTepUaIbHBIX MacC, HO MHE
HUKaK He 0OOUTHCH Oe3 OMMCaHMsI SBOMIOLIMH BCEJICHCKUX TyX0B. Benb korna nosesbie (hopMbl yMU-
paloT Kak HOCUTENIW SHEPruM U MH(OpPMalUK, TO OHU HUKY/JA HE MCYE3al0T U3 BCEJIEHCKOIO Ipo-
CTPAHCTBA, & CKATUTMBAIOTCS] B BUJIE OTXOIOB MTPOM3BOIICTBEHHOW JESTEIBHOCTUA U CTAHOBSITCSI MBIC-
JISIIIMMHY CYITHOCTSIMU. Tak ke, Kak ¥ OPOJMBIINE UX TOJIeBble (POPMbI MaTepHH, BCEIEHCKUE TyXH
HEOTHOPOIHBI TIO CBOEMY COCTaBY, M 3Ta HEOAHOPOIHOCTh TIO3BOJISIET UM JISJTUTHCS B CAMUX ceOe U
MOPOJK/IaTh EPAPXUI0 BCEIEHCKUX yX0OB. B mporiecce sBomornmu BeeneHHoi 1o 3akoHaM yObIBaHU S
SHEPreTHKH M0JIeBble KBAHTHI MATEPUH MTOTYYAIOT CIIOCOOHOCTD X PAHHUTh, PA3MHOXKATh U HAKATTBATh
uHgopmaiio. Korga KBaHThI MoJIeBbIX (hOpM yMHPAKOT, TO 00pa3yeTcsi MbICIsIas CyII-
HOCTb HH3IIET0 YPOBHSI, KOTOPasi He HMeeT YeJI0BeYeCKOro nojgoomsi, moToMy 4To nopox-
JeHa He oT bora, a oT marepuu.

CoevHEHUE TAaKMX MBICIANIMX CYIIHOCTEH B €IUHYI0 OOIIHOCTh MOPOKAAET OyX IbsBOJIA.
SBOJIOIMOHUPYS TT0 HEOTHOPOAHOCTSIM, JIyX AbSIBOJIA PA3JeUiICs B caMOM cede Ha JIBE UePaApXUU U
MOPOIVJT HEUHCTHIN IyX OoJiee BHICOKOW MepapXuK, KOTOPBI Mbl Ha3biBaeM qyxom HMerosbl. 7KusHe-
JesITeIbHOCTh HEOAYXOTBOPEHHOM BeeneHHol npojorkana u nmpogoskaia HaloJMHATb JyX JbsBOJIA
HOBBIMH MHOKECTBaMH Pa3HOPOIHBIX HEUUCTHIX (ppakimii. Hanbonee TOHKME 13 HUX JbsIBOJ HE MOT
yepxarb B camoM cebe u nepenaBai ux qyxy Herossl. Korma gyxoBHast HeomHOpPOIHOCTh VeroBsl
JOCTHUIIA KPUTHUECKHX TIPEJesioB, TO OH pa3jejiics B caMOM cede M NMOPOJHJ HEeYHCThIH
ayx fAxse. Ilo Takoi ke cxeme ayx fxse mopoaua Beicmiuil BeejeHckuil ayx Casaodpa —
Ajnaxa.

Ha sToMm nporiecc cOTBOpeHH I BBICIIMX BCEIEHCKUX JyXOB 3aKOHUMIICS. XOTSI BbICIIHE TYXU
NOPOKAANNCH MyTeM JeJieHusl, IPUCYIIMM BCeMy MaTepHaJbLHOMY MHPY U JaKe 0HO0JIO-
rHYecKuM 00beKTaM B BH/Ie CTPYKTYPbI KHBOIl KJIETKH, HO B OCHOBE BCEro BCeJEeHCKOro
TBOPEHHS JIEKUT 00KeCTBEHHbII 3aKOH TPOMYHOCTH.

BoT nosToMy umCIO BBICIIMX BCEEHCKUX JYXOB M OTPaHUUYMIIOCH TPEMsl BBICIIUMH TyXOB-
HBIMU cylHocTsAMU. Kaxgas BcesieHcKasi IyxOBHasl UM MaTepHuasibHas €IMHUIIA C MOMEHTa TBOpe-
HUS COZIEPKUT B ceOe Tpu cyiHocTy. Korma npsBot, ICHosb3ysi HeOOKeCTBEHHbIN 3aKOH pa3/ie/ieHUs]
B caMOM ce0e Ha JBe HeOOKEeCTBEHHbIE CYIIIHOCTH, U, paboTas B cyry0o JMUYHBIX UHTepecax Ooxe-
CTBEHHOT'O IPOTUBOOOPCTBA, MOPOAMI OOKECTBEHHYIO TPOMITY BBICIITNX BCesleHCKHX AyxoB CaBaoda,
SIxBe u VleroBsl, To OH IOMHMO CBOEH BOJIM MCTIOJTHIJ OOXECTBEHHBIN 3aKOH. BOT 3Ta MbIC/b SBIS-
eTcsl He TOJIBbKO IJIABHBIM COIEpPKaHMEM BCEX MOMX KHHI, HO U IJIJABHOW OCHOBOM co3/1aHHOI TBOp-
oM He oT Mupa Cero, Bcenennoii. [{a:xe padoras nporuB bora, yejioBek WM cMepTHBIN
JyX AbSBOJIA HE TOJbKO He MOKeT n1o0euTh bora u BLITH IOMHMO €ro BOJIM U3 OrPaHu-
YeHHOro npocrpancTBa BeceseHHOIi, HO CBOMM NPOTHBOOOPCTBOM HEH30€KHO MOPOKIAET
0oJiee coBeplIeHHbIE JYXOBHbIE CYIIHOCTH, KOTOPbIe MOCJ€e COOTBETCTBYIOIIEr0 OYHIIe-
HHS Yepe3 4YeJiOBedeCKue JAylH, CTaHOBATCs KkBanTamu CesarToro /lyxa.

B uem 3nech TaitHa? TaiiHa B TOM, 4TO KepTBa NEPBBIX YETHIPEX Pac, KaK U MOPOXKICHUE MATON
pacsl, IyTeM JyXOBHOI'O CMEIIEHHS1 3eMHOTO M MHOIUIAHETHOT'O YEJIOBEUECTBA, a TAK:KE MOCeaylolIee
cotBopeHre Anama u EBbl, moTpedoBanuch bory kak Hen30eKHbIe STarbl SBOJIOLMN 3€MHOTO Yeo-
BEYECTBA. JBOJIONMS YeJ0BeKa MPOBOANJIACH € YUJACTHEM /IbSIBOJA H C ero NpPOoTHBO/el-
crBueM bory, HO 3akoHUYMJIach He 00e0M AbsAB0JIa, 2 OUHIIEHHEM MOPOXK/IEeHHBIX JyXOM
JbsIBOJIa BeeaeHckux ayxoB Herosol, fIxpe u CaBaoca 10 60:kecTBEHHOI YHCTOTHI U CBSI-
TOCTHU. VIMEHHO 3TH TpH OBIBIIMX JbSIBOJILCKHX yXa, B Ha4aje HOBOHM 3pbl, OObEJUHUBIIUCH B TPU-
enuHocTh Csitoro Jlyxa, u nopomuiu CeiHa boxust Mucyca Xpucra. HaurHasi ¢ 3T0ro MomeHra, yxe
He Tonbko bor Beesbinuii, Ho 1 Cesitast Tpounia Merossl, SIxBe u CaBaoda, Kak 1Mo OTIeIbHOCTH,
Tak U B KauectBe Csatoro Jlyxa, c nomorisio Mucyca Xpucra u connednoro ayxa bora Baana, nporu-
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BOCTOAT AYXY AbABOJIA B €I'0 KCJIAHUH TTOJIHOTO IMOAYUHEHH A 3EMHOI'0 YE€JIOBEUCCTBA CBOEN AbABOJIb-
CKOH BoJIe. DTHX 00'bsICHEHUI BIOJHE JOCTATOYHO, YTOOBI 3/IPAaBOMBICJISIIEMY YeJ0BEKY
NOHATD, JJIsl Kakux nejeil bory monagoouaach CTojb AJUTEIbHAsE SBOJIONNS 3€MHOTO
YyeJIoBeYeCTBA C MePexo0M OT NMepPBoii pachl 0e3rpenrHoro 4eJoBeKa K NsITOH U MocJie/-
Heil pace rpexoBHOro yejosedectBa ? Ho 4yToObl MOHATH TIyOWHHbIE IPUYMHBI BOSHUKHOBEHUSI
KU3HUA W SBOJIOIUN pac, HEOOXOAUMO TIOIPOOHO PaCcCMOTPETh OOIIUE BOMPOCH YCTPOWCTBA CaMOu
BceneHHoli 1 ee MaTepUabHBIX MUKPO— U MaKPOOOBEKTOB.
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I'maa II. YUTo ecTh BCceJieHHAsA?

[Mpesxzie yem oTBeYaTh HA STOT ITIOOATBHBIN BOITPOC, MOMPoOyeM camu cebe 3a1aTh HEKOTOpbIE
BOIPOCHI O CYIIIHOCTY MaTepHaJbHOrO MUpPa U OTBETUTh Ha 9TU BOIPOCH! HE TaK, KaK TPAKTYeT HayKa,
a Tak, KaK AUKTYeT HaM 4eJIOBeYeCKU pa3yM M JIOTMKA MBIILIEHHs. Bo-nepBbIX, nomneitaemcs 1noj-
BEPrHYTh COMHEHHIO Hay4YHBII MU} O JTMHEWHOH OECKOHEUHOCTH BCEIEHCKOTO MPOCTPAHCTBA.
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1. Nino3us1 «0eCKOHEYHOCTH» U JOrn4ecKas
OrpaHUYEHHOCTH peajbHON BeenenHon

UYrtoObl 3TO J10Ka3aTh, HA MOMOIIb MBI IPU30BEM caMy ke HayKy. Bce coBpeMeHHbIe Moeau
BcenenHoit cTposTCsl Ha NPEATONOKEHNH, YTO OHA BO3HUKJA B pe3yJbTate «BoJbIIoro B3pbiBa»,
KOTOPBIY TIPOU30IIIEN PUMEpHO 15 MuwumMapnoB jeT Hazaa. Ecim npennonoxuTs, 4to, 00pa3oBaH-
HbIE B pe3ynbTare «BoJbIIoro B3peiBa» MaTepuabHbIE Tela B BUJIE TPOTOHOB, JIEKTPOHOB U Pa3HoO-
POIHBIX KBAaHTOB JIyYeBOM SHEPruH, MEPBOHAYAIBHO Pa3JIETAIUCh MO WACATBHO MPSIMBIM JIMHUSIM,
TO IO JIOTWIKE YeJI0OBEYECKOTr0o pa3yMa, 3a OrpaHMYeHHOE BpeMs B 15 MWUIMApIOB JIeT, OHU HUKAK
HE MOIJIH YJIETETh B peaibHyI0 OeCKOHEUHOCTh. BOT eciu Obl «BosbIoi B3phIB» pou3olnesn B oec-
KOHEYHO OT/IaJIeHHOE BpeMs, TOT/Ia XOTS Obl TEOPETUIECKH MOKHO OBLIIO TOBOPHUTH O O@CKOHEYHOM
Bcenennoii. Ho naxke TeopeTruecky Matepusi He MOIJIa 3a 15 MUJLTMApIOB JIET pa3jieTeThcs B Oec-
koHeuHocTh. KTO naj nmpaBo padoTHMKaM HayKH FOBOPHUTH O NMPOCTPAHCTBE BHE MaTepUH
BcesnieHHol, KaKk 0 0eCKOHEYHOM NPOCTPAHCTBeE, /1a U ellle NPUHA/JJIeKalleM Hamell maTe-
puaabHoii Beesennoii? Takve MbICTH U BBIBOJIBI SIBJISIOTCS HE HAYKOH, a JIOTUIECKUM a0OCypIoM
Y TIOKa3bIBAIOT HE IIMPOTY MBIIUIEHUS] paOOTHUKOB HAyKM, & UX YMCTBEHHYIO OIPaHUYEHHOCTh U
Oeccuiue niepen ocMbiciieHreM BceneHHo# kak 60xkecTBeHHOro TBopeHust. C Apyroi CTOpOHBI, U3
TEOPUH OTHOCUTEILHOCTH U3BECTHO, YTO TOT K€ MPOTOH HEBO3MOKHO Pa30rHaTh 0 CKOPOCTH CBETa,
TaK Kak JJIs 3TOro norpedyercsi 6eCKOHEYHOE KOJTMUYECTBO SHEPIUU. 3HAYUT, IPOTOHBI IBUTAIIUCH C
MEHBIIIUMH CKOPOCTSIMH, Y€M CKOPOCTb CBETa, U He MOIJIU OTJIETETh OT LIEHTpa «BosbIoro B3peiBa»
Ha OecKOHe4Hble paccTosiHusA. Kpome TOoro, 3akOH BCEMHMPHOTO TSATOTEHHUsI YTBEPXKIAET, UYTO YeM
OoJtbllie HapacTasla Macca IeHTPAJIBHOTO sAapa BeelleHHOM, TeM ¢ OoJIbIIell CHION 3TO IeHTpabHOe
SIIPO 3aMEJISIIO Pa3fieT MEPBUYHBIX IPOTOHOB U JIEKTPOHOB, U HE ITPOCTO 3aMe IS0, a IEPEBONIIO
UX Ha KPUBOJIMHENHbIE TPAEKTOPUU JBUKEHUS 10 PACIIMPSIONIEHCS CIpad. JTO ABUKeHHe M0
pacumupsonecss CnupaJId Heu30e:KHO JOKHO ObLIO NPHBECTH K KOJIbIEBOH CIUPAJIu
CXO02K/IeHUs1, a 3HAYNT, U K BpPallleH!I0 BCcell MaTepuaJbHOI Macchl BeceleHHoI B mpegenax
OrpaHu4eHHOro o0’bema. Ml 3To yrBep:k/eHne cnpaBeJinBo He TOJbKO JJIsI HMeKIIUX KOH-
KPETHYI0 Maccy NPOTOHOB H 3JeKTPOHOB, HO U /1JIsl He HMEIOIHNX KOHKPETHOM Macchl pa3-
HOPO/JHBIX KBAHTOB JIy4€BOil SHEPruM. Yxe He IIPOCTO B TEOPUH, HO U MPAKTUIECKUMH HAOIIO-
AEHUSMH TIOATBEPKAEH (PaKT, uyTo (POTOHBI JYYeBOW SHEPIUH, BKIIOUAsS CIIEKTP BHUIMMOTO CBETa,
OTKJIOHSIIOTCSI B CTOPOHY MACCHUBHBIX HEOECHBIX TeJ U IBMKYTCSl HE TIO TIPSMOH JIMHUH, & TI0 KPUBO-
JIMHEWHOW TpaeKTopuu. Jla U rie HayKa yCMOTpesa B peasIbHOW MaTepuH XOTh KaKylo-HUOYAb Mpo-
CTPAHCTBEHHYIO OECKOHEYHOCTh?

Ecnu 4enoBek MBICJIEHHO MOMECTUT ce0si BHYTPH MPOTOHA, a Jy4llle CKa3aTh, BHYTPH aTOM-
HOTO sIJpa XUMHUYECKOTO JIeMEHTa BOJOPO/A, TO OH IMOMAJAET B MOJTHOCTHIO 3aMKHYTOE MPOCTPaH-
CTBO JIJIs1 HAPYKHOTO HaOJo1aTeN s, a cam ceOs Oy/eT OIIyIarh B MPOCTPAHCTBE OECKOHEYHBIX pa3-
MepoB. Kakoi Obl CUTHAJT 4eJI0OBEK HY MOCHLIAT U3 BHYTPEHHEro 00beMa aTOMHOTO $S1/1pa, TOT CUTHA
Hen30eKHO MOoMNaJeT B «pa3Ma3aHHyI0» 3alIUTHYI0 0O0JIOUKY JIeKTPOHA U B HEW HaBCer/ia UCUE3HET.
DNEKTPOH MOTOMY U «pa3MasaH» 0 MOBEPXHOCTH MPOTOHA B OECKOHEUHYIO 3AIUTHYIO CITUPAIIb, YTO
OH BOJIM3M MOBEPXHOCTH MPOTOHA pachOopMUPOBBIBAETCS KaK MaccooOpasyIoliasi YacTHIia.

Tsxennle hpakiu 1eKTPOHA NePexoasAT BHYTPb IPOTOHA, a Jerkue (ppakiuu Bpa-
IAIOTCA N0 CXOASIUMUCS U PACXOSIIHMCS CIHPAJISAM, CO CKOPOCTSIMHU, 3HAYHUTEJbHO
NPeBbINAIHMH CKOpocTH cBeTa. OHH 1 00pa3yioT BHenTHHE (DpUKCHPYyeMble HAYKOT pa3-
Mepbl aTOMa BOI0PO/1a, KAK H aTOMbI BCeX IPYrux XHMUYeCKHX 3J1eMeHTOB Tad bl MeH-
aejieeBa. Cxonsinuecs CIMpaiyd KBAHTOB «pa3Ma3aHHOIO» JIEKTPOHA 3aXBaThIBAIOT U MEPEHOCAT
BHYTPb aTOMHOTO Siipa «U30paHHbIe» (DOTOHBI WJIM KBAHTHI COJTHEYHOW SHEPrHU, KOTOPbIE TOIITH-
THIBAIOT MEXaHWYECKYI0 SHEPreTUKY aTOMHOTO sipa, YTOObl aTOMHOE SIIPO MOIJIO MOAJICP/KUBAThH
BHYTPEHHHE BEKTOpa IIEHTPOOEIKHON W IIEHTPOCTPEMHUTENIBHOM cHilbl. LIeHTpocTpemMuTesnbHast cuia
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CO3/IaeT CHJIY TATOTEHHUs W 3a0MpaeT SHEPrui0 BHEIIHUX MCTOYHUKOB. DTa CHJIA MPOSIBIISETCS Kak
Macca JacTuipl. JInmmeHHble n30bITKa SHEPTUU U HaJeJIeHHbIe MAaTepUHCKOW HH(pOopMaluen, «ObIB-
111€» KBaHTbI COJTHEYHOU SHEPIUM 3aXBaThIBAIOTCS PACXOASILIMMUCS CIIUPAISIMU JIEKTPOHHBIX KBaH-
TOB M BBIOPACHIBAIOTCS] HA TIOBEPXHOCTh aTOMa B KaYeCTBE KBAHTOB IOJIEH IPABUTAIIMU U KBAaHTOB
MAarHUTHOW U JIEKTPUYECKON MPUPOIBI. DTU KBAHTHI, [10 CYTH JIENA, SBJISIIOTCS «<HOBOPOXKJEHHBIMU»
AETbMH aToMa BOIOPO/A, KaK U JIOOOro APYroro XMMUYECKOro eMeHTa Wi OECUUCIEHHOTO MHO-
KecTBa UX coeArHeHUl. C Apyroil CTOPOHbBI, MAKEThl ITUX KBAHTOB SIBJISIOTCS SHEPrETUYECKUMU
OTXOJIAaMH KM3HEJESITETbHOCTH aTOMOB M MOJIEKYJT MAaTepUAIbHBIX MacC U OOBEKTOB BCEJIEHCKOTO
npoctpaHcTBa. JIloOble aTOMbI XUMHY€CKHX 3J1€MEHTOB, KAK H MOJIEKYJIbI CJI0KHbIX XHMUYe-
CKHX COeIHHEHN, MOIJIOMAIT SHEPreTHYECKYI0 «IHUINY» B Bi/ie ()OTOHOB H KBAHTOB TOH-
KHX SHEePruii, a BbIOPachbIBalOT U3 ce0sl <HOBOPO:KAEHHBbIX» /IeTell B BU/ie KBAHTOB MoJei
IrPABUTALMY U IPYTUX MOJEBBIX CTPYKTYP MaTepUAJIbHOI0 MHPA, YIAKOBAHHBIX B HH/UBH-
JAyaJbHbIe VIS KaXK/10T0 MaTepuaJia nakeTbl. KBaHTHbI 110J1eli rpaBUTALIMY JIMILIEHBl SHEPTUU, HO
3aTO UMEIOT MOCTOSIHHYI0 MH(OPMAIIMOHHYIO CBSI3b C MATEPUHCKUM «JIOHOM» [TOPOAMBLIETO UX aTOM-
Horo sjpa. braronapst 3Toit H(GOPMAIIMOHHOW CBSI3W M oOecrieurnBaeTcss NH(GOPMAIIMOHHOE eTUH-
CTBO U CHJIOBOE JIEHCTBHE 3aKOHA BCEMHMPHOTO TATOTEHUs. UTOOBI HE OTBJIEKAThCS, MBI ceiuac He
OyleM paccMarpuBaTh OOMEHHBIE TIPOLIECCH MEX/Iy aTOMHBIM SIIPOM M BHEHITHUM MHUpoM. [laBaiite
COCPEIOTOUMMCS Ha CXOASAIIMX M BOCXOISIIMX CIUPAJISAX BPALICHUs] KBAHTOB 3JIEKTPOHA BOKPYT
aTOMHOTO $1pa.

31ech Mbl BBIXOIUM Ha TaiiHy uucia «[Iu», KoTopoe BXOOUT B KaYeCTBE COCTAaBHOM YacTH, BO
MHOrHe (pOpMyJibl KBAHTOBOWM MEXaHMKM M KBAHTOBOM (PM3MKH, KaK M MPAKTUYECKU BO Bce (pop-
MyJibl (DyHJAMEHTAJIBHBIX 3aKOHOB HayKU. B HacTosiiiee Bpemsi Hayka paccuuTaia yucio «Ilu» no
COPOK MSATOrO 3HaKa MOCJe 3aMsATOl, HO TEOPETUYECKH U MPAKTHUECKH ITUX 3HAKOB MMeeTcsl Oec-
KOHEYHOe KonruecTBo. Ha fene 9To o3Havaer, 4To Bce KBaHTHI «pa3Ma3aHHOTO» IO OpOUTe aToM-
HOTO sI7jpa BOJOPO/A JBUKYTCS HE 10 TOUHBIM KPYTOBBIM OpOuTaMm, a 1o crnupaism. [Ipu atom u3
cBoiicTBa yncia «[1n» BeITEKaeT Jlornyeckas 3aKOHOMEPHOCTb, YTO KaxkJash HOBas Ciupajb, XOTS U
MpUOMKeHa K MPebIAyInel opouTe, HO 3aHMMaeT HOBOE MpOoCcTpaHCTBeHHoe Mecto. Koraa cnm-
paJib PacXoJUTCs U CTPEMHTCSA 3aHATH MOJI0KeHue Kpyra, To B uncjie «Iln» popmupyercs
HoOBass nud¢pa nmocje 3ansaToi. beckoHeuHoe KoJMYeCTBO 3TUX IU(P U XapaKTepusyeT
0ecKOHEYHOe KOJHYECTBO OPOUTAJbHBIX BUTKOB, KOTOPBIN J0JKEH NPOAeaaTh KaxKbIil
KBaHT 3JIEKTPOHA, YTOObI NPUOJIM3NTHLCS K NpaBuiIbHOI (opme kpyra. Eciu pacnpsamuthb
3Ty CIIUPaJb B IPSAMYIO JIMHUIO, TO €€ IPOTSKEHHOCTb MOKET ObITh OOJIbIIIE TPOCTPAHCTBEHHOM MTPO-
TsDKeHHOCTH Hamed [amaktuku. Kornma ke cnivpaib CXOIUTCS M CTPEMUTCS 3aHATh MECTO BOJHM3H
LIEHTPA TSHKECTH aTOMHOTO siapa, To B umciie «[Iu» uymcia mocie 3amsaToi MocieIoBaTe/IbHO CTHpa-
1oTcsi. MBI IPUBBIKJIM ONEepUpoBaTh 3HaueHneM umcia «[lu» paBubM 3,14. Ho pasBe crimpaneo0-
pasHas (popMa JaNeKrX rajakTHK He MOJICKa3bIBaeT HaM, UTO Yncio «[1u» MOXeT yMeHbIIaThCs /10
enuHULBl? Popmylia TJIACUT, YTO JJIMHA OKPY:KHOCTU paBHA 2 «[Iu», NIOMHOXEHHOMY Ha pajuyc
Kpyra. 9To o3HauyaeT, yTo npu «Ilu» paBHBIM eMHHIE, KPYT BBIPOK/AAeTCsI B Pa30MKHY-
TYIO CIIHPAJib, IePBbIil BUTOK KOTOPOI BHIXONT U3 IEHTPA KPyra v paBeH 10 JUIMHE 1BYM
paguycam Oyaymero mogoous kpyra. Yucno «[Tu» U3 equHMIIBI cpasy mpeBparaeTcs mo 6oxe-
CTBEHHOMY 3aKOHY B TPOHKY, [TOSTOMY BTOPOW BHUTOK CHHMpaJM OyaylIero KpyromnogoOus mpojaoi-
’KaeT TIepBblii BUTOK U IO JJTMHE PaBEH YXe He JABYM, a IIeCTH paauycam Oyayiero kpyra. [Ipu Tpe-
ThEM BUTKE CrIpaiu, yucio «IIu» paBHo yxe (3,1), a 3HaUuT, ¥ AJMHA CIUpaJIM BO3pacTaeT 1o 6,2
Oynymiero paauyca. [Ipu yeTBepTOM, MATOM M CKOJIb YTOAHO OOJIBIIIOM KOJIWYECTBE BUTKOB, JIMHA
OTIEJIbHOTO BUTKA CIIUPaJ OyJeT MOCTOSTHHO BO3PACTaTh. TO 00YCIIOBICHO MOSIBICHUEM BCE HOBBIX
udp B uncne «I1n», Kaxaas U3 KOTOPbIX MEHbIIE JPYroi Ha AECATUYHBIN MOPSIOK, HO Oy/eT Ipu-
oOperaTh Bce HOBbIE M HOBbIE 3HAYEHHS B Mpeesiax OT eIMHMIIBI 10 YKcia AeBsATh. Takum odpa-
30M, MbI 0y/1eM 0eCKOHeYHO NPUOJIMKATHCS K H/1eaJILHOMY KPYTY, HO, Ja:Ke MPoiias 0ecKo-
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HEeYHO 00JILIION MYTh MO PA30OMKHYTBHIM H BCer/1a HOBbIM POCTPAHCTBEHHBIM CIUPAJISIM,
MbI HUKOI'/Ia He JOCTUTHEM HAeaJbHOIro Kpyra.

Mex 1y aTOMOM XMMHUECKOTO JIEMEHTa, OTIEIbHON MOJIEKYJIOH XUMUYECKOTO COEIMHEHUS 1
BCEMHU HEOECHBIMU TeJIAMH U UX CKOTUICHUSIMU €CTh MHOTO MOI00Mi 1 00IIHOCTeH. YTOOB! He 3ary-
TaThCs, BCE MX Mbl HEe OyJIeM paccMaTpuBaTh, OTMETHUM JIMIIb TOJIBKO TO UX O0IIee CBOWCTBO, UYTO
BCE OHM C TOW WJIM MHOU CKOPOCTBIO BPAILAIOTCSI BOKPYT COOCTBEHHOW OCH, Ha KOTOPOW HEU3MEHHO
JIeXKaT IEHTPHI TSKECTe MacC MUKPO— M MakpooObeKToB Beenennoit. He Benmkue mocBsiieHHbIE,
a caMu ke y4eHble YCTAHOBWIIM, YTO M Hama [ajakTuka Bpamaercs ¢ MepruoaoM MpUOIM3UTETHHO
200-250 MMJUTMOHOB JIeT BOKPYT cOOCTBeHHOM ocu, mpu 3ToM CojHevHast ccTeMa He HaXOOUTCS
B teHTpe [anakTuky, a HaxoauTcs Ha ee nepudepun. Onyckas Bce MaJIONOHATHBIE JAJ1s1 IMPOKOTO
Kpyra ydraresieil HayuHble JOKa3aTelbCTBa, HAa/l0 MPHU3HaTh, 4YTO U BceneHnnas, co BceM MHO-
*Ke€CTBOM BXO/ISAIUX B Hee MAKPO— H MHKPOOOHEKTOB 00513aHa BPallaThCsI BOKPYT C0O0-
CTBEHHOM 0CH, Yepe3 KOTOPYIO IPOXOUT ee IeHTP TsKecTH . O TOM, YTO MPOCTPAHCTBEHHBIE U
BpPEMEHHBIE XapaKTEPUCTUKHU BceleHHOW MPUHIMITHAIBHO He MPSIMOJIMHENHBI, & UCKPUBJICHBI, a TIpa-
BWJIbHEE CKa3aTh, MPEICTABISIOT COOOM CITUpaIEeBUIHbIE OTPE3KU OKPYXKHOCTEH, JUIUIICOB, TUTIEp-
6011 wim apado, yueHble TOBOPSAT yXke MOYTH /iBa ctonieTusi. Benmkuil matemaruk Hukomait MiBano-
Bu4 JloGaueBckuii (1792—-1856) emme B 1826 rogy onyOiImMkoBa OCHOBBI HEEBKJIMIOBOW TEOMETPHH.
VI3MeHUB TOBKO OHY akcuoMy DBKJHa, JIoOaueBCKui C TOMOIIBIO COOCTBEHHOTO pa3yMa, JIOTHKH
¥ MaTeMaTUYeCcKOro armapara COBepIIII MEPeBOPOT B MPECTABICHUH O TPOCTPAHCTBE U MOKa3al,
YTO MPSMOJIMHEHAs IBKJIMI0BA TEOMETPHSI HE UMEeeT MecTa B peasibHOil Becenennoit. B nocienyio-
1meM BBIBOIB JIOOAYEeBCKOr0 O KPUBOJIMHEMHOCTH PeabHOTO MPOCTPAHCTBA ObLIHM TMOATBEPKACHDI
TEOPETUIECKUMH pacueTamMy OOIIel TeOPUH OTHOCHTEIBHOCTU U MPAKTUUYECKUMU UHCTPYMEHTAITb-
HBIMH HaOJTIOCHUSIMU acTpOHOMOB. KoHeuHo ke, mpocTpaHcTBO BeenleHHOM UCKpUBIIEHO, HO HayKa
HUKaK HE XOYeT MPU3HATh, YTO 3TO MPOCTPAHCTBO B PeajlbHOM MHpe NpeJCTaBJisieT co0oii,
He TOJBKO JJs MaTepHu JaJbHUX M OJMKHUX rajakTHK, HO M JJs BceX BHA0B (POTOH-
HBIX H3JIy4eHHIi, BKJIYAsl CIIEKTP BUJAUMOIO CBeTa, CTOKPATHO, a MOKeT ObITh, H ThICS-
YeKpPaTHO 3aKPYYEeHHYI0 PACXOsIIyIOCsl CIMPAJb.

[Noguunssch 3akony uncina «[1n», He TOIBKO BCEIEHCKUE TaIaKTUKY, HO M KBAaHTBl BUJUMBIX U
HEBUAMMBIX M3JTyYeHHUH, TBMKYTCS HE 1O TIPSIMBIM JIMHUSM, & TI0 OTPOMHBIM, HE MepeCceKaloIIMUCS
APYT C APYTOM KOJIBLIEBBIM CITUPAIISIM. Bbliis B 6e3001a4HyI0 HOUb Ha MTPUPOLY UM HA YHILIBI HOY-
HOTO TOpOJIa, Mbl HaOMoAaeM Oe310HHOe HeOO, TaMHCTBeHHbI Miteunsbiii [1yTh, M3BECTHBIE CO3BE3-
IMsl, KOTOPBIE BIMSIOT HA XapakTep U CyAbObl 3eMHOTO YeJI0BEYECTBa, M MUPHUAJIbI 3BE3]] U 3BE3[I-
HBIX cKoruieHnid. Co3gaercs monHas WUTIo3Usl, YTO BCS 3Ta Oe3rpaHMyHasi KpacoTa HOYHOro Heba
C MHUpHa/IaMH 3Be3]] MPSMOJIMHENHO YXOIUT B TIPOCTPAHCTBEHHYI0 OECKOHEYHOCTh. MOIIIHBIE J1eK-
TPOHHBIE TEJIECKOMbI, C TIOMOIIBIO KOTOPBIX aCTPOHOMBI IIPOHUKAIOT B YJaJICHHbIE MPOCTPAHCTBEH-
HBIE «YTOJIKW» M «3aKOYJKW» Halleil BcelneHHOW M OTKPBHIBAIOT TaM HOBBIE TANIAKTHKH U ApYTue
TaWHCTBEHHBIE OOBEKThI, HIYETO HE MEHSIIOT ¥ He MOTYT M3MEHHTH B HAIlleM CO3HAHUM MPSMOJIUHEN-
HOCTH OKpyXatoiero mupa. OHaKko, MOBEpbTe MHE Ha CJIOBO, UTO MPSIMOJIMHENHOCTD OKPYKAIOIIETro
MIPOCTPAHCTBA €CTh JIMIIb BUJMMAsi BUPTYyaIbHOCTh. B peabHOCTH, rajJakTHKH, KOTOPbIe, TPU
HaOmoaennu ux n3 CoJHeYHOIl cucTeMbl, OTCTOSIT APYr OT APyra Ha MHOTHMe MHJLIMOHBI
CBETOBBIX JIET, MOTYT HAXOAUTHCS U HAXOJATCS B pPeajJbHON JelCTBUTEJIbHOCTH, IO KOC-
MHYeCKHM pa3MepaM B HeNOCpeJACTBEHHOM 0JHU30CTH APYr OT Apyra. 1ot 3pdeKT oObsic-
HSIETCSI TEM, UTO JIyd CBETa, MPEek/e YeM JIOCTUTHYTh IJ1a3a 3eMHOTO HAOMIOAATE sl MOXET JECSITKH,
COTHH WJIM THICSIYM pa3 OOOTHYTh BCE BCEJICHCKOE MPOCTPAHCTBO MO HUCXOASAIIEH CriUpai. Y MeHs
€cTh ¥ MaTeMaTHU4YEeCKUe pacueThl Mojean BceneHHoM, Kak abCOMOTHO 3aMKHYTOTO MTPOCTPAHCTBA,
MOI0OHOTO 3aMKHYTOMY IPOCTPAHCTBY aTOMa BOAOPOJA MJIM KaKOro-JIMOO JIPyroro XMMHUYECKOro
anemeHTa. Ho B 9T0i paboTe HUKAKMX CIOKHBIX (DOPMYIT M HAyYHBIX PACUETOB 51 IPUBOIUTD HE COOU-
patock. B «JlokTpuHe HayyHoro Bororno3HaHus» s JOKa3aTelbcTBa (pakTa HAIMUUs B HEOSCHOM
MeXaHUKe He TOJbKO CHJIbI BCEOOIIEr0 MPUTSIKEHHS], HO ¥ CUJIbl OTTAIKUBAHMUS, 51 TPUMEHUI (hop-
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MYJIBl 1 TEM CaMBIM OTTOJIKHYJI OOJIBIIMHCTBO YHUTaTENiel OT ee mpouTeHus. Buaumo Te, KoTopsie
MIPOYUTANIM, MaJIO Yero moHsut. Kaura octanack Mano BOCTpeOOBaHHOW. DTO HE MPUBOAUT MEHs B
OTYasiHUE, TaK KaK HOBBIE B3IJISIIbI HA IIPHPOLY MAaTEPUAIBHOTO MUPA UHOT/IA JEeCATHIICTUSIMU U CTO-
JeTUSIMHA OBIBAIOT MAJIOMIOHATHBIMM M HEBOCTPEOOBAHHBIMH, TTOKA HE OBJA/ICIOT Pa3yMOM M CO3Ha-
HUEM HayYHOTO COOOINECTBA.

He s nepBblii 3asiBJIsII0 O 3aMKHYTOCTH BCEJIEHCKOTO NpocTpaHcTBa. COBETCKMI MaTeMaThK
u reopusuk Anekcanap Anekcanaposuy Opuaman (1888-1925), B 1922-1924 rogax Ha ocHOBa-
HUM 3aKOHOB TATOTEHUS OOIIEeW TEOPHH OTHOCHUTEIBHOCTH, MaTeMaTHUYECKU J0Ka3al 3aMKHYTOCTb
BCEJICHCKOTO MPOCTPAHCTBA. DTU pacyeThl ObUIM MOATBEPKAEHb AJTbOepTOM DIHIITEHHOM. A erre
10 3TOro OTKpwITUs, pycckuil (pusuk Jlebenes Ilerp Hukomaesuu (1866-1912), B 1899 u 1907
rofax OTKpbUI U U3MEPWJI JaBJIeHHe CBeTa Ha TBeprble Tena u ra3el. OTKpeiTHe Jlebenesa noareep-
KJaeT (PaKT, YTo MEKTPOMArHUTHASI SHEPTHUS JIIOOBIX KBAHTOB JIyYeBOM HEPIUH, TIPH B3aMMOCH-
CTBUM C (PM3MUECKUMU TeJlaMH BeleT ceOsl Kak MaTepualibHasl YyacThlla onpesesieHHon macchl. [lox
JefCTBHEM BpallieHus CyMMapHO Macchl BeesleHHOM, paBHOM, IO OJHUM HMCTOYHUKAM, IPUMEPHO

JECATH B COPOK YETBEPTOM CTENEHW I'paMM, a MO JPYrMM HMCTOYHMKAM, 2,174x10> KWIOTPaMM,
(MOpasUTENHHO BEIMK pa30poc mapaMeTpoB BCEJIEHCKOM MAacchl!), CBET OT JajleKuX rajlakTHK JBH-
KeTcs B cTopoHy COJTHEYHOM CHUCTEMBI HE MPAMOJIMHENHO, a 10 CXOAAUIMMCS KOJIBLIEBBIM CIApa-
JISIM, MHOTOKPATHO Orubasi 3aMKHYTOe IpOCTpaHCTBO BeeneHHnoi. Bot 3TOT orpoMHbIii My Th, KOTO-
pblii IIpeoosieBaeT (POTOHHBIM KBAHT CBETA, YTOObI MONACTH B IV1a3 3eMHOI0 HAOMIOAATE NS, U CO3AAeT
WLTIO3UI0 OECKOHEYHOCTH BCEJIEHCKOTO MPOCTPAHCTBA.

Takum o0pazom, MOsI THIOTe3a JHMIIb JOBOJAUT [0 JOTHYECKOH OCMBICIEHHOCTH
noHuMaHusi BceJieHHOIT He MPOCTO KaK a0COJIIOTHO 3aMKHYTOI CTPYKTYPbI, HO KaK 3aMKHY-
TOH CTPYKTYPbl 0€CKOHEYHOro NPHOJMKeHHSI MOTPAaHUYHBIX ccep BCeJEHCKOro Mpo-
CTPaHCTBA K H/ieabHOI (hopMe OKPY:KHOCTH 10 3aKoHY unca «IIm». B 3akmounTenbHbIX
IJIaBax 3TOM KHUTH MBI OoJiee IoApoOHO pa3depeMcs ¢ MPUYMHAMYU WIUTIO3NH paciuupsiomeiicst Bee-
JIEHHOM 1 TaIIM MIM peaibHOe OObsICHEHHE.

HarnsaaeiM npuMepoM WILTIO3HH MPSIMOIMHENHOCTH siBsieTcs pazpaboranubiid B 2010 rogy
BUPTYaJIbHBIM TPEHAXKEP JI CHATUS Ncuxonornyeckoro crpecca y conpar HATO, nocne ux onac-
HOI1 /17151 )KU3HHM CITy’)KOBI B OKKYTIAIIMOHHBIX Bolickax Mpaka. [To TeneBu30py nmokasanm, Kak 4eoBeK
BXOZIUT B TOJIYIIPO3PAUHBbII IIap M HAYMHAET NepeMeniaTbes M0 1apy, CTpeiss M0 BUPTYaJbHOMY
HacesieHuo Mpaka 3 BupryanbHoro aBromara. MzoOpaxeHue, KOTOpoe BUAMT IJ1a3 CONJATA, MOJ-
HOCTBIO COOTBETCTBYeET yiuiaM barnazna, co Bcemu UX MPOCTPAaHCTBEHHBIMM pa3MepaMu, HaBepHOe,
U PAcCTOSIHME JI0 YEJIOBEUYECKUX MMILIEHEH, KaKk U caMu (PUTypbl BUPTYaJIbHBIX KEPTB MOJHOCTHIO
COOTBETCTBYIOT peasibHOH AeHCTBUTEbHOCTU. BUIHO, KaK HAaTOBCKMI COJJAT, pean3ysl CBOU TeM-
Hble UHCTUHKTBI, C YIOBOJILCTBUEM «HJIET» BHYTPU IlIapa U PacCTPEMBAET BUPTYaJIbHbIE KEPTBbI.
Habmonatenu co CTOpOHbI BUAAT, UTO HET HUKAKOIO MPOCTPAHCTBA, a €CTh 3aMKHYTHIH 11ap, HO IS
©0€eBOro cosjara 3T0 3aMKHYTO€E IPOCTPAHCTBA I1apa CO3/1aeT MOJIHYI0 MIUTI03HI0 OFPOMHOIO ropoja.
Takue TpeHaKepbl y:Ke He eJMHUYHbI, YTO U SABJISIETCA KOCBEHHbBIM 10Ka3aTeJIbCTBOM TOI0
c¢akra, yTo 1 Hama BcesreHHAsA ABJISIETCS VIS HAPYKHOT0 HA0JII0aTe s TAKHM 7Ke apoM.
PasBe pa3Mepsl 3TOro BUPTYaJIbHOI'O 11apa, KOTOPBIH JIIOAM Ha3bIBAIOT BeeneHHoi, 4y Th Oosbliie, HO
3TU pa3Mepbl HE MEHSIOT CyTH BUPTYaJIbHOCTH NPSAMOJINHEITHOI0 MHPa U PeaJbHOCTH HCKPHB-
JICHHOI'0 H 3aMKHYTOI'0 BC€JIEHCKOI0 NPOCTPAHCTBA.

41 6B cKa3a TaK, YTO HET HUKAKMX JI0KA3aTeNIbCTB, KOTOPBIE ObI MOITBEPXK AN TEOPUIO JTMHEH-
HOCTH BCEJICHCKOT'O IMPOCTPAHCTBA U OITPOBEPraJiv €€ CIIUPAIbHO-KOJIBLEBYIO 3aMKHYTYIO CTPYKTYPY.
OnHO¥i 13 MONBITOK TaKOTO JI0KA3aTeNIbCTBA SIBNIsIETCSl Teopusl pasberaroreiicss Beenennoii. Ilo atoit
TEOPUH, TATAKTUYECKHE CUCTEMBI, ITOJTyYMB IEPBOHAYAJIbHBINA TOTYOK BO BpeMsl «BosibIioro B3pbiBa»,
Kak Obl IPOJIOJIKAIOT MO MHEPIMY JIBUTaThCs B MPSAMOJIMHEHHOM HAIPaBJICHNH OT OBIBILIErO LIEHTpa
B3pbiBa. Ho 1 elne pa3 noBTOpsio0 BONPOC: Iie yUeHble BUAEIU B peasibHOi BeeneHHo npsamonuHei-
Hoe apuxkeHue? Inanersl Bpaiatotcs BOKpyr ColHIa Mo /JUIMNTHYeCKUM opOuTam, a cama CosHeu-
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Has cHCTeMa MO TaKOH e ITMIITUYECKO OpOHTe BPaIaeTcsi BOKPYT YCIOBHOTO IEHTPA TSKECTH
Hauei ['anaktuku.

CosiHeuHasi cucTeMa U BCe FAJaKTHKU SIBJSIIOTCSI cOAJaHCHPOBAHHBIMH CHCTEMAaMHU,
noToMy ux (pusHyeckne pa3Mepsl B HaCTOsilee BpeMsl He yBeJaunuuBawTcs. Ho Bens mpu
CBOEM 3apOXJICHUH OHH ObUTH MaJIbIMU OOBEKTAMHU U, HAITpUMep, Haila ['anakTrka, Beiiesnss u3 ceos
MUpHUaIb 3B€3]1, B TOM uucie 1 Haie CoJHIle, MeJUICHHO BBIBO/IMIIA MX HA CTAI[IOHAPHbBIE JUTUITH-
YecKre OpOUTHI M CIUPAJIBHO YBEJIMYMBAIACH B (DU3UYECKUX pa3Mepax, MoKa He I0CTHTIa OaslaHca 1
He Tiepelia B craiimoHapHoe coctosinve. Cama BeesnieHHas siBiisieTcst Hem3Mepumo OOJTBIIAM OOBEK-
TOM 10 CPABHEHHIO C JII0OOM rajlakTUKOM. M3-3a TOTr0, 4TO ME3K/1y rajJakTHKAMH T0JIe TATOTeHUs (pak-
THUYECKH OTCYTCTBYeT, BceneHHas1, 1o onpe/ie/ieHnio, HUKOTJa He TIPUIET B COATAaHCUPOBAHHOE CTa-
MoHapHoe coctosiHue. Jla u HeHyxHo 310 Bory Beesbinemy! TBopery co3/1aJ1 ee Takoi, 4YTOObI
OHA, Me/IJIEHHO BOCXO/sI 10 crmpasam uncaa «[u» Kk uaeajsbHOMY KpPyry, HCTpaTHJIa BeCh
pe3epB KHHETHYECKYI0 SHEPruHd, TaK U He JJOCTUTHYB AyXOBHBIX rpanul BcejieHHoii.

ITo MouM CKpOMHBIM MOJCYETaM, UMEHHO, B MOMEHT coTBopeHus1 CoiHa boxus NUucyca Xpu-
CTa ¥ HavaJjicst OOpaTHBIN OTCUET BpeMeHH K13HU BeenieHHoM. Bocxosiue criipaiy ABUKeHUs Bce-
JIGHCKOW MaTepuy CMEHWJIUCh HUCXOAAMMY cripaismu. Ilpunyem, 3a cueT orpoMHoii, HaKOII-
JIEHHOM 3a 15 MumapaoB JieT Ku3HN BcesleHHOM, NOTEHIUAJIbHON SHEPruu, CKOPOCTh
YCJIOBHOTO pa3JjieTa rajJakTHK OyJeT BUJAMMO HAPAacTaTh, U IPH 3TOM, 00beM MaTepuaJb-
Hoii Bcenennoi OyayT karacrtpodguueckn ymMeHbmarbes. Ho, 3eMHOe uelioBe4ecTBO M acT-
POHOMBI HUKAaK 3TOrO HE 3aMETST, a €CJIM 3aMETAT, TO CJAMIIKOM MO3AHO. Beap skcnepruMeHTab-
HbIe MHCTPYMEHTaJIbHbIE HAOMOCHU I OyAyT MO-TIPeKHEMY TTOKa3bIBaTh, YTO BeeneHHass BUPTyaslbHO
JIMHEWHO pasinietaercs. Jlaxke CKOPOCTh YCIOBHOTO pasieTa OyleT He yMEHbIIAThCS, a YBeTMUUBATHCS,
HO 3TO U SIBUTCS TJIABHBIM CUTHAJIOM YMEHBILICHHUsI IPOCTPAaHCTBEHHOro oobema BeenenHoit. [anak-
THUKU BC@HCHHOﬁ, 3a CYET BpamaTeanoﬁ SHCPIvMU HEHTPA YU 3aKOHA BCEMUPHOI'O TATOTCHU A, B HA4YaJIC
CBOETO COTBOpEHHMsI, 00s13aHbI ObUTH TEPedTH Ha BOCXOASINME KPYrOBble CIIUPATA W [IBUTaThCs,
coracHO uuciy «[Iu», B KaXJOM BUTKE MO HOBBIM opOuTaM. Kaxaplii pa3 AjavHa KPyroBo# CHH-
panu Obla OoJIbIe UIMHBI MPEABIAYILEH CIUPAIA, U COOTBETCTBEHHO HOBBIN BUTOK CIUPAJIH 3aHU-
Maut 6ojiee BBICOKYI0 OpouTy. HUKTO M3 )KMBYIIIMX Ha 3eMJie JTI0[el He MOKET CKa3aTh U PACCUUTATh,
CKOJIBKO CIIMPAJIbHBIX BUTKOB 3a IMATHAAUATh MUJIJTMAPAOB JIET CYHICCTBOBAHUSA BCGHGHHOfI, COBEp-
IIAJTA CaMble JaJTbHUE ralakTHKU. [la 9To M HUKOMY He HykHO. Beap y uncia «I[lu» HeT npeaesa, u
CKOJIbKO ObI MaTepusi HA CTPEeMHIJIACh JOCTHYD TYXOBHON rpanunsl BeesienHoi n onncatb
NPaBUJIbHBINA HeaJbHbI KPYT, 1S Hee 3TO OydeT HeJOCTUKIMO [0 HeCOBEPIIEHCTBY U
OrPaHUYe€HHOCTH BCeJEHCKOH YHEePrum.
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2. /Ipyrue noka3zarejibCTBa 3AMKHYTOCTH
NPOCTPAHCTBA HecTaluOHApPHON Bcenennon

Benp 1 60JBIIMHCTBO HAOMIONAEMBIX ACTPOHOMAMH TAIAKTUK UMEIOT CIMPAJIbHYIO CTPYKTYPY.
[Mouemy? [la mOoTOMY, YTO OHM TOXE CTPEMHUIIUCH MTPEBPATUTHCS B TIONOOUE 3aMKHYTOTO MPOCTPaH-
ctBa camoit Becenennoii, Ho Oter; HebecHblii pUHYIUTETBHO, HA KAKOM-TO 3Tarie 3Bomonuu Bee-
JIEHHOM, cOaJTaHCMPOBAJT X BHYTPEHHIOIO CHITY TATOTEHHSI CO CKOPOCTBIO IBHKEHUS MepuepuitHbIX
3BE3[1 ¥ TEM CaMbIM IIpepBa UX JasIbHelIee crupaibHoe pacxoxaenue. He tonbko Bory, Ho 1 yeno-
BEeKy yoOHee yrpaBJsTh KaKOH-HUOYJb HECTAIIMOHAPHON pa30aIaHCM POBAHHOM CUCTEMO, €CITH BCe
MHOXECTBO BHYTPEHHHMX 3JIEMEHTOB 3TOM CHUCTEMbI IPUBE/ICHH B COATAHCUPOBAHHOE U CTallMOHAP-
Hoe cocTosiHue. Ha 3Tare HecTaloHapHOTO pa3BUTHs Halel ['anakThKY, MPUMEpHO MATh MUJUTU-
apnoB Jiet Hazaja, CoJHIle ToXe B OAMHOYECTBE MO CMMPAJIM B3OIILIO M3 IIEHTPAIbHOTO siapa [amak-
THKH, 10 TIPUHYKASHUIO MaTepUabHON CUJIbl BHYTpeHHero oobema ['anaktuku. CosHIle 3aHsUIO He
MPOCTO CIIy4yaiHOe, a 3apaHee OINpeAeIeHHOe MOJIOKEeHHe, Ky/la 3aTeM CTali CTeKaThCsl BCe PeJIiK-
TOBBIE M3JIyYCHUsI, KAK AyXOBHbIE HAPAOOTKM BCETO MHOKECTBA IAJIAKTUUECKMX CHCTEM BCEJICHCKOTO
npoctpaHcTBa. Haxonsck B HectarmoHapHOM cocTosiHuM pa3Butust ComHeyHou cuctembl, ComHIle
MIOPOIMIIO U3 ceOs1 ONBITHBIN 0Opasell maHeTsl [1TyTOH ¥ MOMeCTHIIO ero MPUMEPHO Ha CEerofIHAITHEH
opoute Mepkypust. s mIaHeT MaJod Macchl 3Ta ONVKHSAS OpOUTa C PaaMycoM B 57 MUUIMOHOB
KUJIOMETPOB SIBJISIETCS] HECTAIIMOHAPHOM, 1 oToMy [IyTOH cTaj ObICTPO OTKJIOHATHCS OT IJIOCKO-
CTH SKJIMIITUKY ¥ BBIXOIUTh U3 TIOMYMHEHUs CHIIbl conHeuHoro TsroteHus. Ha ocnoBe IlnyTona
camo CoJiHIIEe PacCYNTAIO0 €ro HAYAJIbHYIO JUHEHHYI0 CKOPOCTh TAKHM 00pa3oM, 4T00bI
npu aajbHeiimeM pa3BuTun CoJiHEYHOH cHCTeMbI, OyAy4YH MOCJe0BaTeJbHO yAaJeH OT
NepBHYHON OPONTHI 57 MIJIJIMOHOB KHJIIOMETPOB Ha oponTy 5700 MUIINOHOB KHJIOMETPOB,
OH He BbIIIeJ U3 NMOJYHHEHHSI H COXPAHWJICS, KaK caMasi JajbHsis miiaHera CoaHeuHoil
CHCTEMBI.

3ameTuM, 4TO pajJuyc MEepBUYHON OpOUTHI yBenn4uics npaktudecku B 100 pa3 wim Ha aBa
nopsiaka. [Ipu stom nuHeiHas ckopoctb IlmyToHa, Kak 1 Bcex mocienyomux miaHer ConHevHo
CHUCTEMBI, TIPH TIepeXo/ie C HU3IIEH OpOUTHI Ha OoJiee BHICOKYIO OpOUTY, HEM3MEHHO CHUXKAJach. DTU
JEBSITh CTaJIMH MMOCIIeA0BATEILHOTO Pa3BUTUSI OTKJIOHWIH [1yTOH 4yTh Gosiee 17 rpaaycoB OT IIoc-
KOCTH 3KJIUNTUKH, HO Onarozapst «mpeasuaeHnio» ComHia coxpanuin [I1yToH Kak CTallMOHapHYIO
ruianety. Ceiiuac yueHsle rafaior, cauTath i [L1yToH rmiaHeTHbM TeioM COTHEYHON CUCTEMBI HITH
He cuutath? Ho 3Tu rananus He uMeroT HUKakoro 3HaueHusi. Eciu Ob1 ComHIle «0muoI0ch» B CBOMX
NepBOHAYATIBHBIX pacuerax, To [LmyTon nubo ynan Ha ConHie, npuBess Kk kartactpoge ConHeuHoi
CHUCTEMBI, TMOO Mepelriest Ha ONacHylo KoMeTHyo opouty. He ciyumiocs Hu Toro, Hu apyroro. O yem
3TO TOBOPUT? JTO rOBOPUT 0 TOM, 4YTO CoJIHIIe HETOJIBKO «IpeABHIe]N0» COTBOPeHNe BceX
oynymmx nianet CoJiHeUHOH CHUCTeMbl, HO H YMeeT KOPPEeKTHPOBATh BapHalMsIMH CHJIbI
COOCTBEHHOTIO TATOTEHMNSsI, BO3MYIeHHsI BceX MOJUYHHEHHBIX MJIAHET U UX CIYTHUKOB. bia-
ronaps [Lnytony Connrie paccuutano maccy HenryHa, Ypana, CatypHa u lOnmrepa Takum oopa3om,
YTOOBI OHU CTAJIM «ITOMOITHUKamMI» COJHIIa B TPYAHOM fese oOecriedeHus: CTaOMIbBHOCTH U YCTOM-
ynocTr ComHeuHo# cuctembl. Kcratu roBopsi, ipu 3aBepiiieHnn padotsl CoTHIIA Kak «Oesioro Kap-
JIMKa» W TIepexoie B COCTOSTHUE «KPACHOTO I'MraHTa» JajlbHUM MOsIC TUIaHeT B coctaBe lOmmrepa,
Carypna, Ypana, Henryna u ITnytoHa Oyner morsiomeH M UCTONb30BaH KaK SHepreTudeckast rmoj-
MUTKA JUIs IEPEXOIHBIX MPOLIECCOB. BIoIHE BO3MOXKHO, YTO € MOMOIIbLIO MAaCC ITHX ILUIAHET,
BO BHYTpPeHHeM 00beMe «KPaCHOr0 rMraHTa» OyJayT OpPraHu30BaHbI si/iepHble MPOLecch
00paTHOro mepexo/ia Bcero MHOKeCTBa XHMUYECKHX JEMEHTOB H UX COeJUHEeHHI mia-
HeTHBIX TeJl CoIHeYHO CHCTeMBbI B aTOMbI IEPBUYHOr0 BoJgopoaa. Pa3se Hayka criocoOHa
OIPOBEPrHYTh TAKYIO TUIIOTE3Y ?
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Oco00 oTMETHM, YTO JIMHEWHAsE CKOPOCTb IJTaHET HEM3MEHHO YMEHBIIIAETCS B 3aBUCUMOCTH OT
BBICOTBI OpOUTHL. UeM BbIllie OpOHTA, TEM MEHbIIIE TUHEWHAsI CKOPOCTD IJIAHETHI. DTO CBOMCTBO OIpe-
AeNsieTcs TeM, YTO Ha MPOJBHKEHHE BCEX TUIAHET 1Mo ux opouTam COJTHIIE TPATUT HE TOJIbKO BHYTPEH-
HIOIO SHEPTUI0 CAMUX TUIAHETHBIX TeJI, HO U KOJIOCCAJIbHYIO SHEPTHI0 COOCTBEHHOM COJTHEYHOU MaCCHI.

Bo Bcex yueOHMKaxX 10 (pr3MKe ecTh Hay4YHble JaHHbIE, yT0 COJHIIE €XKeJHEBHO TPATUT 3 X 10" toun
CBOEI Macchl Ha JIy4yeBylo sHepruio. Hago norepsars BCAKUM 3ApaBblii pacCydoK, YTOObI 110J1araThb, 4To
«rmynoe» CosHile OECCMBICIIEHHO PACIBLISAET 3Ty SHEPrHio M0 OKPYXKaloleMy mpocTpaHcTBy Bcee-
neHHO#. ['pyOble, BRICOKOSHEpPruYHble (PPAKIMU 3TO SHEPIUH TPATATCS HA UCTIONHEHNE padOThl IO
nepemenieHnio camoro CoHIIA 10 TallaKTUIeCcKoi opOuTe, M 1O NepeMereHuio raneT ConHeYHon
CHCTEMBI 110 MX JUTMITHYECKUM TUIaHeTapHbIM opouTaM. Kak n3BecTHo, pabora B KOJIM4eCTBEH-
HOM OTHOIIEHHMH MPONOPIHMOHAJIbHA IIOIAAN B3aMMHOI0 U3MEHEHNsI M0JIOKEHHS TeJ B
equHnLy Bpemenu. Ho no Bropomy 3akony Keruiepa, kaxaas maHera, nepemMeniasich Ha CBOen
opOuTe, 32 OIMHAKOBBIE TPOMEKYTKH BPEMEHH ITPOXOIUT OMHAKOBBIE IO CEKTOPOB, OTHOCH-
TeJIbHO 1eHTpa TskecTr ConHua. Pa3Be 310 CBOMCTBO M 3TOT 3aKk0oH Keriepa He sABJISIOTCS MPAMBIM
J0Ka3aTesIbCTBOM, UTO MOJ, JEWCTBUEM COJIHEYHOTO TATOTEHMS Kak/J10€ HeOECHOE TeJIO MCIONHSET
paboTy U TPaTUT OIPOMHYIO SHEPIUIO Ha COXPAHEHUE CBOMX OPOMTAJIbHBIX MTapaMeTpoB?

ConHevHast SHeprus JIMIIb HEOOJBIITYIO YaCTh CBOETO CIIEKTPa Cpasy e MCIOb3yeT Ha HoIep-
’KaHMe 3eMHOro0 ku3HeTBOpeHusl. O CHOBHAs 4acTh COJTHEYHOI SHEePruy ¢ NOMOIbI0 MIJLJINO-
HOB MOJIHHEBBIX Pa3ps/10B, ¢ IOMOIIbIO CMepueil H TOPHAI0 U APYTHMH «HEeH3BeCTHbIMI»
HayKe Croco0amMu, 10CTaBJIsIeTCS B He/Ipa IVIAHETHOI MaTePHH 1 HCIO0JIb3YeTcsI 1JIs1 00pa-
30BaHNsI BEKTOPOB CHJIbI, KOTOPbIEe U MPOJABUIalOT 3eMJII0, KaK H Jpyrue MJaHeThl 110 ee
HeOeCHBIM opONTaM. VI3BeCTHHIN COBETCKMII MOST Havajla MpOIUIoro Beka Bmaguvup Masikos-
CKH, YTBEpKJaJl WJIM BOIPOINAJ B CBOUX CTUXaxX: «Eciu 3Be3/1bl 3QKUraloT, TO 3T0 KOMY-HHOY/Ib
HYKHO». Mupuanpl 38e31, Kak 1 Hame COJHIe, HelpephlBHO, ¢ Hayaja oOpa3oBaHus BceneHHON
TOpSIT M TEPEBOIAT MUJUIMAPABI TOHH CBOEW I'pyOOi SHEPrUHM MaTepUabHOTO BEIIECTBA B TOHKYIO
JIy4eBYIO SHEPruio. Ta TOHKas SHeprus, Mpoias Bce CTaJuy SHEPreTHYeCKOr YUCTKHU Yepe3 Herpe-
PbIBHYIO PabOTy O MEPEMELIEHHIO IaJJaKTHYECKMX 0Opa30BaHUIl U 3BE3/IHO-IUIAHETHBIX CUCTEM, B
KOHIIE KOHIIOB, ITPEBPAIIAETCS B TOT «JIyX KM3HU», KOTOPBIN 00ECIIeUNBAET 3 MHOE KU3HETBOPEHHE
U SBJISIETCS JYXOBHOM IMUILEH AJI 4eloBeYecKuX Ayll. Tak uTo eciu Obl 3B€3/bl HE IOpeNd U He
nepeMeniairch o CBOMM HeOeCHbIM OpOMTaM, MpeBpalas uyepe3 CBOI0 TSIKETylo padoTy rpyoyio
SHEPTUI0 MATEPHH B TOJIEBble (POPMBI, TO HEe ObLIIO OBl 1 3€MHOTO YEJIOBEYECTBA.

3Be3bl ropsT, Ipe:Kae BCero, 4To0bl 00ecrnevynTsh 3€MHYIO KU3Hb U C1eJaTh 0CMbIC-
JICHHOH M 0{yXOTBOPEHHOM KM3Hb Ka’K/J10r0 YeJI0BeKa 3eMHOro mapa. B atom u 3akiaroua-
eTCs1 CMbICJI M IVIaBHAasI TailHa Hameill Becesniennoi. ConHeuHas cucteMa, X0Ts U CTallMOHapHa, HO
HE 3aMKHYTA, [IOTOMY YTO IOJTy4YaeT JIyueBYIO SHEPIUIO OT BCETO MHOKECTBA BHELITHUX MCTOYHUKOB
Bcenennoii. BeenieHHast He TOJNBKO CTallMOHApHA, HO U 3aMKHYTa, TIOTOMY YTO BHELIHUX MCTOYHU-
KOB 9Hepruu y Hee HeT. CaMoe «COKPYIIUTEIbHOE» U «O0e30TOONHOe» JOKA3aTeNIbCTBO 3aMKHYTOCTH
BcenenHoii Oyniet npuBeieHO B MPEATIOCEAHEN IJIaBe STOH KHUTH.
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3. ®eHOMEH «KPACHOI'0» CMeIleHus!

Hayka B kadecTBe 1aBHOrO (pakropa, MOATBEP:KAAIOLIETO PACIIMPEHUE BCEJIEHCKOIO Ipo-
CTPaHCTBA, BBIJBUTA€T HAYYHO YCTAHOBJIEHHBI M IKCIIEPUMEHTAJbHO IMOATBEPKIEHHbI 3(PeKT
«KPaCHOro» CMellleHHs CIeKTpa (POTOHHOW JIyuyeBOW IHEPruM JAajbHUX MCTOYHUKOB. [lo Teopum
OTHOCUTEJIBHOCTH, €CJIA PACCTOSTHAE MKy UCTOYHUKOM JIy4eBOM SHEPTUH 1 HaOIoAaTeieM MoCcTo-
SITHHO HapacTaeT, TO CIEeKTP HaO0oaeMbIX M3JIydeHWid OyleT cMeInathcsl BIpaBo. DToT 3 ek,
U3BECTHBIN Kak 3¢ ekt [orepa, NposBiseTcs U Ha MajibIX CKOPOCTSAX MOBEPXHOCTH Hallled Iia-
HeThl. ['yIOK WM CUTHAUT TETJIOBO3a MMEET MOCTOSIHHBIN crieKTp. Ho Koraa TernsioBo3 npuonmkaercs,
TO CMEKTpP CUTHAJIA TIEPEXOAUT B 00JIACTh MOBBIIIEHHBIX YaCTOT, a MPH YAAJIEHUH — MOHMXaeTcs. B
acTpOHOMUH 3TOT 3p(PeKT u3BecTeH Kak 3pdeKkT Xad0ma, MOTOMY UTO «KpacHOe» CMeEIleHHUe, O
MHEHUIO HAyKH, 3aBUCUT HE TOJIBKO OT CKOPOCTH «pa30eraHusi», HO U OT yIaJI€HHOCTH UCTOYHUKOB
U3JTy4eHus OT HaOmoaaTens. YabTpaduoneToBoe, HeBUIMMOE 3Ty YeHHe ITPEBPAIIAeTCs B BUAUMBIH
CBET, a KpaCHOE BUIMMOE U3JIyYeHHe NIEPEXOIUT B HEBUAMMOE UH(pakpacHoe n3inydenue. Ho passe
JBWKEHHUE CBETOBBIX M HEBUAMMBIX JIEKTPOMArHUTHBIX KBAaHTOB IO CITUPATLHBIM OpOUTaM BOIHM3H
IOYyXOBHBIX I'PaHHUI] BceleHHOM, OMpoBepraeT 3TOT HayYHO YCTaHOBJICHHBIN (DaKT peaslbHOro HaoOJIio-
aeHus? 1o HaOMIoIeHNe TIOTHOCTHIO BIMCHIBACTCS B PEANIbHYIO KapTHHY 3aMKHYTOI BeeneHHol, rae
rajJlakTHKH pa30eralTcs He MO MPSMbBIM JIMHUSM, a MO CITUPATLHBIM BOCXOISIIMM W HUCXOASIIIM
HecTaloHapHbIM opouTtaM. He Oynem ceifuac paccMarpuBarh I0BOJIBHO CIOXKHYIO (PU3HKO-IHEpre-
THUYECKYIO TPUPOIY 00Pa30BaHUS «KPACHOTO» CMEIIEHHSI OBICTPO YAAISIIOIIUXCS APYT OT Apyra 00b-
exToB. [lo kpaiiHeill Mepe, 9TO sBJIEHUE BbITEKAET U3 (POPMYJl TEOPUM OTHOCUTEJIBHOCTH, a 3HAYMT,
uMeeT HayyHoe oObsicHeHre. Ho Benb B 9T0ii (hopMyJie 3aBUCMMOCTH BEJTMUMHBI «KPACHOTO» CMeIIle-
HUS OT CKOPOCTH «pa30eranusi» ecTb OJHAa TOHKOCTb, KOTOPYIO HayKa, OMHUPasiCh Ha JIOKHBIA 3aKOH
COXpaHEHUSs SHEPTUH, OOBSCHUTH HE B COCTOSIHUH.

JleJ10 B TOM, UTO «KpacHOe» CMellleHHe 3aBHCHUT He TOJbKO OT CKOPOCTH, HO 1 OT pac-
CTOSIHMSA 10 KOCMHYeCKoro oobekra. [lonnmaere, B uem aeno? Eciam kocMuueckuit 0ObEKT yaa-
JISIeTCsT Me/ITIEHHO, WM BOOOIIIE He yAAISAeTCs], HO HAXOAUTCS Ha OTPOMHOM PACCTOSTHUM OT 36MHOTO
Ha0oiaTesisi, TO Bce paBHO, (POTOHHBIE KBAHTHI OT TAKOTO OOBEKTa CMEIIAIOTCS BIIPaBO B 00JIACTh
«KpacHoro» cnektpa. Hayka paspadorana sKkcepriMeHTaIbHYI0 (pOpMYITy 3aBUCUMOCTH PACCTOSTHHS
70 KOCMHYECKOTO0 0OBbEKTa OT BEJIMUUHBI «KPACHOTO» CMEIICHHUS W IUPOKO TOJIB3yeTcst 3Tou pop-
MYJION JIsI OTIPE/IeNICHUs] PACCTOSTHUIA 10 BHOBb OTKPhIBaeMbIX 3Be3[ U rajakTuk. Ilpu 3Tom Hayka
BOBCe He 3aJ[yMbIBaeTCsl, YTO (PAKT «KPACHOI'0» CMeIeHNsI CIIeKTPa yAaJleHHbIX KocMHuYe-
CKHX HCTOYHUKOB, IPOTHBOPEYNT 3aKOHY COXpaHeHHs YHepruu. Kak pa3 3T0T ycTaHOB/IEH-
HBII HayYHbIN (DAKT MMOJTHOCTHIO ONPOBEpraeT OOIIeBCeIeHCKUI 3aKOH coxpaHenus suepruu. Ioay-
yaeTcsi, 4TO Jaxke (POTOHBI CBETOBOI0 CIEKTPA U3JIyYeHNsl, YTOObI MPeo10JeTh OrPOMHbIE
PacCCTOSIHUSA, TPATAT COOCTBEHHYIO SHEPTHIO0, U CTAHOBSITCSI MeHee SHePruYHbIMH, YeM OHU
ObLJIH B MOMEHT, KOI/Ja ObLIM MCHOYIIEeHbl U3 JajJbHero KOCMHYeCKOro MCTOYHHKA. Bot ¢
TaKVMU PUHIAITUATBHBIMEA IPOTUBOPEUMSIMU 1 )KUBET COBPEMEHHAsI HayKa. A pa3Be B PeaIbHOCTH
€CTh XOTh Kakue-JIM00 HeOeCHbIe OOBEKTHI, KOTOpbie Obl BEUHO ABHUTAUCH 10 HeOeCHBIM chepaM, a
TeM Oosiee, 0 TPACKTOPHAM, TPUOIMKEHHBIM K MPSMbBIM JIMHUSIM, M HE TPATUJIM BHYTPEHHIOI SHEp-
rvio?

Jlio6as 3Be3na, kak 1 Haie CoHIIe, eXeCeKYH/IHO IMePeBOIUT MUJUTMOHBI TOHH COOCTBEHHOM
MAaccChl B JTy4€BYIO SHEPIUI0, YTOOBI HE TOJIBKO CBETUTh, HO U MPOAABUTAThLCS 10 opoute. 1 atoT mpo-
1iecc ucTpedneHnst COOCTBEHHOM MAacChl TIPOAOJIKAETCS HEMPEPHIBHO, BO BCE BPEMEHa CyIIeCTBOBA-
HUSI TOM WM WHOM 3BE3/bl WM 3BE3IHON CHUCTEMBbl. A pa3Be /il BBIBOJA MCKYCCTBEHHOTO CITYT-
HHUKa Ha «CTAI[IOHAPHYIO» OPOUTY HE TPATUTCSI OrPOMHAst SHEprusi pakeTHoro TorumBa’? Ho BaxHO
MOTYEPKHYTh, UTO, TIOJIYYMB OT PAKEThl UMITYJIbC MEPBOU KOCMUYECKOW CKOPOCTH, UCKYCCTBEHHBIH
CITyTHHK 00s13aTeIbHO caM, Oe3 MOMOIIY YeIOoBeKa, MepeiaeT OT MepBOHAYAIbHON TPAEKTOPUH TTPsi-
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MOJIMHEITHOTO IBMKEHUS] HA KPUBOJIIMHEMHYIO TPAEKTOPHUIO CXOISLIENCs cnvpaid. Besskui nckyc-
CTBEHHBIH CIIyTHHK 3eMJIH, eCJIi B HeM HeT JJONOJHHUTeJbHON HEeProyCcTaHOBKH, He /1BH-
JKeTCs M0 TaK Ha3bIBaeMOM «CTAI[HOHAPHOI» opOuTe. Kaxplil ero HOBBI BUTOK, TIO 3aKOHY
yncna «I1n», Ha Kakue-To MUJUTMMETPbI WJIM CAHTUMETPBI HYKe npenpiayiero. [Ipurom 3a cuer Toro,
4YTO OECKOHEUHBIN Psi/I Yuces Tociie 3anaTor B uncie «[1u» uMeroT pas3Hble BETUYUHBI, TO U (PH3H-
YeCKUe OTCTOSIHUSI OHOW CIIMPAJU OT IPYroi Crupaiy Oyay pa3Hble U COOTBETCTBOBATH OJHOMY U3
yncen yncna «[1u». Hayka naBHO paccunTaiia v MCIOJIb3YeT HA MPAKTHKE HE TOJIbKO MEPBYI0 KOCMU-
YECKYI0 CKOPOCTh, HO M CKOPOCTH 00Jiee BBICIIHX MOPSAKOB ISl CO3/IaHUSI UCKYCCTBEHHBIX CITyTHH-
koB Jlynbl nim ConHia. 3aTpaTuB OrPOMHYIO SHEPIHIO, MOKHO CO3/1aTh U UCKYCCTBEHHBIN CITyTHUK
Hamedt [anaktuku. OgHAKO YeM BbIIIE JI0JKHA ObITh pacuyeTHasl HauaslbHasi CKOPOCTb MCKYCCTBEH-
HOT'O KOCMUYECKOr0 0OBbEKTa, TeM B OOJIBbIIIEH CTeleHN Ha TaKOW UCKYCCTBEHHBIN OOBEKT OYIyT BO3-
JeNCTBOBATh HEJIMHEWHbIe CUJIBI IPABHUTALIMH, U3BECTHBIE U3 TEOPUHM OTHOCUTENLHOCTH. Ecim Obl s
nycan He padoTy ISl IMPOKOTO Kpyra YuTaTesel, a HayYHyIo JUCCEePTALUIO, TO C IIOMOIIBIO IKCIIe-
PUMEHTATBHBIX U TEOPETHUECKUX (POPMYJT TEOPUU OTHOCHTENIBHOCTH JIETKO OBl JOKA3aJl, YTO « €CJIH
MBI BJIO?KHM B IIePBOHAYAJIbHBIH HMITYJIbC CKOPOCTH HCKYCCTBEHHOI'0 KOCMHY€ECKOro 00b-
€KTa BCI0 BHYTPEHHIOI0 SHEPruy Macchl 3¢eMHOr0 Iapa, TO U TOrJa Ham KOCMHYeCKHIl
00bEeKT He MOKeT BBIIITH 32 rpaHuibl Hamel [ajakTHukm».

Ho HuKakux auccepTainyii sl micath He COOMPAIOCh, a STOT BHIBOJL OCHOBBIBAETCS HA TOM, UTO
CaMU TaJIAKTUKK MPEKPaTUIA CBOE PACIIMpPEHHE U BPEMEHHO HAXOAATCS B CTAlMOHAPHOM COCTO-
sHUM. HekoTopele U3 HUX yXe Mepelui K CTaAuy CIUSHUS C APYTMMHU COCEIHUMM IaJlaKTUKAMU
Y TIOCJIEYIOIIErO IPaBUTAIIMOHHOTO CKaTHsl. YTO 3acTaBlisieT MaTepUaIbHOE TeJIO C JTIOOBIM TePBO-
HayaJIbHbIM KMHETUYECKUM HMMITYJIbCOM, UCKPUBIIATh CBOIO TPAGKTOPUIO U MEPEXOJUTh Ha KPYro-
BYIO OpOUTY CIIUPATBHOTO cxoxaeHus? Hayka ommO0OYHO CUMTaeT, 4To MpuirHa KPOETCs TOJbKO B
TOM, YTO BCSI KWHETUYECKAasl SHEPTHsl IEPBUYHOIO UMITYJIbCA IEPEXOJUT B OTEHIMAIBHYIO SHEPIHUIO,
a CIIMpaJIbHOE CXOXKIEHHe O0O0YCIOBJIEHO MOTepsiMU SHepruu Ha TpeHue. IloHsTHE «TpeHusi» BO
MHOTI'OM SIBJISIETCSI MOCTYJIaTOM CaMO0OMAaHa HJIM caM0000JbIIeHNsI HAyKH . VcTrHa 3aKmio-
YaeTcst B TOM, UTO JII000e Mpeodpa3oBaHye SHEPTHU U3 OTHOTO BUJIA B PYTrOW BUJ HEM30EKHO IpH-
BOJMT K HEOOPAaTUMOMY MAJIOMY PacXoily CyMMapHOH sHepruu. M B 9THX mpoleccax orpoMHOe 3Ha-
yeHue nproodperaer napamerp BpeMeru. He ToJibKo B3anMHbIe Ipeodpa3oBaHusi OJJHOT0 BH/IA
SHEPruM B APYroi BU/1, HO INIABHBIM 00pa30M caMo BCeJIeHCKoe BpeMsI SIBJISIETCSI IJIABHBIM
HCcTpeduTe/IeM SHEePrul MaTe pHAJIbHBIX TeJl. JII000i NCKYCCTBEHHBIH CITyTHUK 3€MJIY, HA KaKYIO
Obl MBI €70 KOCMHUYECKYIO BBICOTY aOCOMIOTHOTO BaKyyma He 3aIryCTHIIM, 0e3 SHEPreTUYecKon Moj-
MIUTKH Yepe3 OIpeiesIeHHOe BpeMsi 00s13aTeNIbHO yraaeT Ha 3eMumio. M mpudmHa 3Toro CBOMCTBa He B
TOM, YTO UCKYCCTBEHHBIN CITyTHUK HUCTIBITBIBAET «TPEHHME» BaKyyMa, a B TOM, YTO €ro KMHETHUYeCKast
Y MOTEHIIUAJIbHAS SHEPrusi HeOOPaTUMO YMEHBINAIOTCSI CO BpEMEHEM.

B 1O e BpeMs Mo 3aKOHaM TEOPUH OTHOCUTEIBHOCTH Macca JII0OOro MaTepHajibHOTO Tella
HEJIMHEMHO 3aBUCUT OT CKOPOCTU. Macca ObICTpOJIETAIIEro MaTepUaibHOTO TeJla HapacTaeT 1o oec-
KOHEYHOH 3KcIoHeHTe. Yto 310 3HauuT? DTO 3HAYMUT, 4TO €ciiv MBI B OivkHeM ot CoJHIa Koc-
MOCe WM B IPyroM MecTe Haieil ['alakThKu B30opBeM TepMosiiepHylo 60MOy, TO MaTepuabHbIe
OCKOJIKM SIJIEPHOTO JeJIeHHsI, Onarogapsi OrpOMHOM CKOPOCTH, MPHOOPETYT HEMpPOINOPLMOHATIBHO
oonblryio Maccy. Pasznerasich, OHM HAYUHYT B3aMMOZICHICTBOBATH HE TOJIBKO ¢ 1ojieM rpaButanun Co-
HEYHOM CHCTEMBI, HO U C TIOJIEM I'PaBUTAIMU Haiel [anakTuku. 1o B3auMOEHCTBIE 00s13aTEIbHO
BhIBEZIET MX Ha KaKyl-HUOYIb HECTAIMOHAPHYIO BHYTPUTAIAKTUYECKYI0 OpOUTYy, HOO Mo 0oxKe-
CTBEHHOMY 3aKOHY, HUKaKOMY (pU3H4eCKOMY TeJly, HMeloleMy lepPBOHAYAJIbHYI0 MeXaHH-
YeCcKyl Maccy, HeBO3MOKHO BbIPBAThLCS He TOJIbKO U3 Npeae/ioB BeeaenHnoil, HO u U3 npe-
aesioB Hamel IanakTuku. [TycTs ynTatenm camu nogyMaioT Hajl TUM NeyasibHbIM BbiBOOM. Hy,
a BCce-TaKH, €CThb JIM MaTepuasibHasi CyLIHOCTb, KOTOpasi MOXKET BbIPBAThCS 3a Mpejiesbl Hatel [anak-
TukK? KOHEYHO %ke, eCTh, ¥ 3TOU CYIIIHOCTBIO SIBJIsIeTCs JTydyeBast (hoToHHAs sHeprusi. Ho Tosbko Ha1o
MOHMMATh, YTO B KaKyio Obl CTOPOHY OT Hamieid COJTHEYHOW CUCTEMBI Mbl HE BHICTPEJIHIIH, HallpUMep,
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MOIIIHBIM JTYYOM U3 JIA3€PHOM IyIIKH, ITOT JIyd HeM30€KHO OTKJIOHUTCS OT MPSIMOJIMHENHOTO My TH,
Y PaHO WJIY TIO3/IHO MJIM BEPHETCs1 0OPATHO, WM NIEpPEN/IeT Ha KOJIBLIEBOE BpAllleHHE BOKPYT 3aMKHY-
TOrO MPOCTpaHCTBA Hallel BeeneHHoil.
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4. OTKJIOHEeHNE KAK IVIABHBIN PUHIAII
CaMOperyJupOBaHus U CTA0NIN3AIUN HeOEeCHBIX TeJl

Ecnu roBoputh 00 00111eM MPHUHIKIE YIPaBICHUs, KOTOPBIH MPUCYIIl KaK JJIs1 YeJI0BEYECKOro
coO0IIeCTBa, TaK M AJIsI MaTePUAIBHBIX TeJ, TO MOKHO OTMETHUTh, YTO YIPABJISATh U PETYIMPOBATDH
MOXHO TOJIBKO TOH CYIITHOCTBIO, KOTOPast HEIPEPHIBHO MEHSETCS M OTKJIOHSIETCS] OT KAKMX-TO 3a/1aH-
HBIX WM HJeaTbHbIX mapameTpoB. OcTaBUM 0e3 pacCMOTPEHH I BOITPOCH YITPABJICHU ST YeJIOBEYECKIM
COOOIIIECTBOM M 0OpaTuMcs K MatepraibHoMy Mupy. Co3iaBast Kakoe-HUOYIb YCTPOWCTBO aBTOMa-
THUYECKOTO YIPABJICHUS, YEJIOBEK-KOHCTPYKTOP MPEXk/e BCETO pean3yeT B HeM CBO 3aMbICeJI, OITH-
pasich Ha JOCTHKEHHSI HAyKM, MaTeMaTUYeCKUI amnmapar, a Takke Ha CKOPOCTh U3MEHEHUsl pery-
JIMPYEMBIX TMapaMeTpoB U AOMYCTUMYIO BEIMUMHY MX OTKJIOHeHWi. Ecam mapaMeTpsl cucremsbl
CaMOIIPOU3BOJIbHO He OTKJIOHSIIOTCSI, i He H3MEHSIOTCS BO BpeMeHH, TO U CO3/1aTh aBTO-
MaTHYeCKOe YCTPOHCTBO PeryjipoBaHusl TAKOH cCTeMbl HEBO3MOXKHO. Tak BpeMs U cuia,
oOparHasi CBsI3b, a TAKXke 3aJI0KEHHBIA BHYTPh CUCTEMbI MH(OPMAIIMOHHBIN aITOPUTM, CTAHOBSITCS
00s13aTeJIbHBIMU YYaCTHUKAMU BCETO MHOKECTBA PYKOTBOPHBIX CHCTEM aBTOMATUYECKOrO yIpaBJie-
HUS W PEeTyJIMPOBAHMUS.

Bo3bMem, Hanpumep, aBTOMUIIOT camolieTa. 3aJajuM eMy KypcC, CKOPOCTb U BBICOTY TOJIEeTa, a
TaKke BpeMsl, B T€YeHHe KOTOPOro aBTOIMMIIOT TOJKEH BhIAEPXKUBATD 33/IaHHBIE TApAMETPHBI TTOJIeTa.
C 4ero aBTONWIOT HAYMHAET CBOIO padoTy? C omnpeieieHHOM 3a1aHHOM YacToTol (pakTop BpemeHu ! )
aBTOIWJIOT TIOOYEPEHO CPABHUBAET TEKYIIHME MapaMeTphl BBICOTHI, CKOPOCTU U Kypca, C BBE/ICH-
HBIMH B HETO «HJeaTbHBIMU» 00pa3liaMH STHX MapameTpoB. PeanbHble mapaMeTphbl BHICOTHI, CKOPO-
CTH M Kypca, TI0 MaTeMaTU4eCKOMY CBOKCTBY (PM3MKH MPOIECCOB MAaTepHaIbHOTO MHUpA, HUKOTAA
He OyayT COBMaaaTh C «HaeaJbHBIMU» OOpasiaMu. Ho MoKa OTKJIOHEHHS OT «Hjeasa» He3HAuH-
TeJIbHBI, aBTONWJIOT HE MPUMEHSIET CUJIOBOTO BO3JCHCTBHS Ha PYJIU CaMoJIeTa, a TOJIbKO aHAIU3UPYeT
cutyanuio. Kak TObKO OMH M3 MapamMeTpoB WM BCE Cpa3y, MPEBBICIT 3aJ0KEHHbIE B aBTOMMJIOT
Mpeiesibl JOMYCTUMBIX OTKJIOHEHHUH, TO CHJIOBO€ BO3/eHCTBUE HA PYJH yIPaBJeHHs camoJie-
TOM, He CTAOMJIU3HPYIOT 3a/1aHHbIE NapaMeTPhbl BHICOTHI, CKOPOCTH H Kypca, a ¢ 3aJJaHHbIM
YCKOpeHHEeM MEHSIIOT 3HAaK OTKJOHEHHsS UX PeajbHbIX BeJNYHH HA NMPOTHBOIMOJIOKHBII.
pyroro He gano. Eciu camorneT yKJIOHSIJICS BITPaBO OT 3a[JJaHHOTO Kypca, TO OH CJIerKa «IoABep-
HET» BJIEBO M Yepe3 KaKoe-TO BPeMsI IUIABHO «IIPOCKOUYMT» 3aJaHHBI KypC U HAYHET JIEBOE YKJIO-
HeHue OT Kypca. TOuHO Tak ke MIyIIuil Ha aBTONMWIJIOTE CAMOJIET HEMPEPHIBHO «TYJISIET» TI0 3a/1aH-
HOH BBICOTE U CKOPOCTH MoJieTa. [Ipyroro crnocoda HEOTKIOHSIEMOTr0 aBTOMATHUECKOTO YITPABICHUSI
B peajibHOM (PU3UYECKOM MUpE HET U ObITh He MOXeT. bosee coBepilieHHbIe CUCTEMBI YITPABJICHHUS,
HarpuMmep, Takue, KAKUMH 3aHAMAeTCsl MO TOBApHIIl 10 BOGHHOMY YYMJIMIILY, a HbIHE Tpodeccop
U JOKTOp TeXHUUYEeCKUX Hayk MosxkaeB Anekcanap CepreeBudy, (OH 3aHUMAETCsl TEOPUEN U MPAKTH-
KOW CO3/1aHUsI «KOHEYHBIX aBTOMATOB»), MOTYT OBITh O0Jiee «IyTKUMHU» U 0OECIeunBaTh MEHbIINE
OTKJIOHEHMSI OT 33/IaHHBIX BeqnurH. Ho mpupoay-to He oOManemis! PyHAaMeHTAJbHOH OCHO-
BOIl BCAKOI0 Pa3yMHOI0 yIpaBJeHHUs SIBJSIIOTCSI PUTMHYECKHe W3MeHEeHUsI NpupaneHni
peaJibHbIX NapPaMeTPOB C IUII0CA HA MUHYC U 00pPaTHO.

KoneuHo xe, 1000 MCKYCCTBEHHBIH aBTOMAaTHUECKUI PETY/ISATOP HE TOJBKO 00JIagaeT BHYT-
PEHHMM HMH(MOPMAIIMOHHBIM AJITOPUTMOM TIOBEJCHUSI B TOW WM MHOW CHUTYyallud, HO ¥ CHJIOBBIM
MEXaHU3MOM, KOTOPBI TPATUT HEPTHUIO, YTOOBI BHIPAOOTaTh BEKTOP CHJIOBOrO Bo3zeicTus. Cuia
MOPOJK/IAeT YCKOPEHHE, MOTOMY BCE TPU 3aJaHHBIX MapaMeTpa BBICOThI, CKOPOCTH M Kypca caMoJieTa
B peaJbHOM TosieTe OyayT MPeACTaBIsiTh cOOOW He MpsMBbIC JIMHUK, a HEMpPaBUJIbHbIE CUHYCOHbL.
MosXHO paccMaTpuBaTh aBTOMAaTHUYECKYIO CUCTEMY YIIPABJIEHHS 3aJaHHON MOIITHOCTBIO TIPOMBIIILICH-
HOT'O aTOMHOTO PEeaKTOpa WM CHCTEMY «aBTOKpyH3a» COBpeMeHHOro aBromoowmisi. Ho Besze 3aio-
KEH OIMH U TOT e MPUHIMIT: UH(POPMALIMOHHBIN aJITOPUTM TOTO WJIM MHOTO YPOBHSI COBEPIIIEHCTBA

aHaJIM3UPYeT TeKylllee 3HaUeHUe ITapaMeTpa yrpasJieHus U, IPUMEHss CUIIOBOM MEXaHU3M, 3aCTaB-
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JISIET er0 YCKOPEHHO MEHATHCS B TY WJIH JPYTYIO CTOPOHY OT 33JaHHOTO 3HaueHust. OT 3THX pyKOTBOP-
HBIX aBTOMATHYECKUX YCTPOWCTB MEperieM K PacCMOTPEHMIO IBMKEHHUs HeOecHbIX Tesl. B mikomne
HAC YYWJIH, YTO HeOEeCHbIE TeNa SIBISIIOTCS MHEPIUATIBHBIMU TEIaMH, KOTOPbIE TIOAYUHSIOTCS 3aKOHY
BCEMUPHOTO TATOTeHUs. Kak Moriia OTHOBEKTOpHAsI CHJIa TIPUTSIKEHUSI, KOTOpasi YCKOPEHHO MPUTSI-
ruBaeT HeOecHbIe Tesa APYT K APYry, HOPOAUTH MPOCTPAHCTBEHHO OTPOMHYIO Hallly [amakTHKy WiIu
CoJtHeuHy10 CUCTeMY, OCTaeTCsl Hepas3raJJaHHOM TallHOM. Tako¥ ke TallHOM OCTaeTCst M BOIIPOC O TOM,
Kakas MaTepuasibHasl CylTHOCTb IEPEAeT BEKTOP CUJIbI OT OTHOTO HEOECHOTO Tejla K Apyromy Hedec-
Homy Teny. Ho emie GoJiblneii TaiiHOM 0Ka3aJicsi BONPOC 00 HHEPIUAIbHOCTH 3Be3/HO-IJIa-
HETHBIX U FaJJAKTHYeCKHX cucTeM. Ham B IIKosie BHYIIMIIN JIOKHYIO MBIC]Ib, YTO, HATIPUMEP, HU
camo CosnHile, HY iaHeThl COTHEYHON CUCTEMBbI, HaXO/sICh B HEMTPEPHIBHOM JIBUKEHUU B KOCMUYE-
CKOM IpOCTpaHCTBe BceeneHHoM, He TpaTAT HUKAKOW SHEPTUU U He TIPOU3BOIAT HUKAKOW pabOTHI.

B mikosbHBIE TOAIBI SI MOTYATIMBO TIPUHSUT K CBEJEHHIO 3Ty a0CypIHYIO TEOPHIO JIKH U JTyKaB-
CTBA, MOJYYMJI TPOKMKY MO acCTPOHOMHM, 3a claboe 3HaHMe HHIOTOHOBA 3aKOHA BCEMHUPHOIO TSTO-
TeHUsI U HAJONro 3a0bl1 00 3ToM npodneme. OOyueHre B BOGHHOM YUHIIUIINE, a 3aTeM Ciyxk0a Ha
aTOMHBIX TIOJIBOAHBIX pakeToHocuax CeBepHoro ¢iota He JaBajia BO3MOXKHOCTH OTJISIHYThCsI HA3a/1 U
MIOCMOTPETh, YeMY XK€ HAC yUuIIa IMIKOJIbHAS (PU3MKA ¥ aCTPOHOMUsL. VIHepIMaIbHOCTD Mperosaraet
MIOCTOSIHCTBO BCEX MEXaHMYECKUX MapaMeTpoB HEOECHBIX Tell, IOTOMY si UCKpEHHE ToJiaraj, 4Tto,
HarpuMep, CyTOUHasi CKOPOCTb BpaIlleH!sI 3eMHOTO ITIapa CTONETUsIMU HE MEHSIETCs1, U JIMIIIb He3Ha-
YHUTEJHHO YMEHBINIAETCS OT BPEMEHH, MOoJ0OHO TOMY, KaK MaJaeT co BpEMEHEM CKOPOCTb BpaIlleHHUSI
BOJTYKA MJIM THPOCKoma. TOYHO Tak ke 51 CUUTAT HEM3MEHHON M CKOPOCTh TOIOBOTO TIepeMelleHHU ST
IU1aHeThl 3eMiis, Kak U Apyrux miaHer ConHeuHou cuctemsl, BOKpYr ComHua. Yiias no BbiCIyre JieT
B OTCTaBKY C BOGHHOM CJTy’KObI, y MEHSI TIOSIBUJIOCh BPeMsl, YTOOBI BEPHYThCS K TpodieMam Hebec-
HOU MexaHHUKH. TyT-TO 51 M OOHApyKWJI, UTO BCe MeXaHHUYeCKHe napaMeTpbl HeGeCHbIX TeJl He
cTa0MJIbHBI BO BpeMeHH, a HellpepPbIBHO MEHSIIOTCSI, YCKOPEHHO BO3PacTasi i YCKOPEHHO
CHHZKAsICh, H JIUIIb UX YCPeJHeHHbIe NapaMeTPhl SIBJSIIOTCS CTa0WIbLHBIME BO BpeMeHu. B
MIPOCTON MHEPIUAIBHON CUCTEMe, Oe3 pa3yMHOTo MPUMEHEHH s TIOJIOKUTEILHOTO M OTPULIATENTBHOTO
CHUJIOBOT'O BO3/ICHCTBUSI, TAKOE TIOBE/IEHNE HEOECHBIX TeJl, IIPOCTO HEBO3MOXHO MPE/ICTABUTD.

Ho Benp HempephIBHOE CHUHYCOMIAbHOE N3MEHEHHE BBIXOAHBIX MAPAaMETPOB SIBJISIETCS] OCHO-
BOW BCEX MHTEJUIEKTYaJbHO YMHBIX M TMPOABUHYTHIX COBPEMEHHBIX LM(POBBIX CHCTEM aBTOMATH-
YECKOTO yIpaBJIeHHsI, CO3[JAHHBIX C MOMOIIBIO YEJIOBEYECKOr0 pasyMa U paboTalolMX B PEabHOM
Maciitade BpemeHu. He Oymy mpuBOAMTH MHOTO MPUMEPOB. JlOCTATOYHO CKa3aTh, YTO MpPU TOHO-
BOM repeMenieHun Bokpyr ConHila, 3emisi, BO BpeMsi 3UMHUX MeCSIIEB HEMTPEPhIBHO YCKOPSIETCs,
a BO BpeMsl JIETHUX MECSIeB TaK e HerpephiBHO 3ameryisiercs. CpeHee YCKOpEHHE COCTaBIIsieT
MPUMEPHO BEJIMUYUHY 2 MUTUMeTpa B cekyHay. Ho ecuam yuutbsiBaTh Maccy 3eMiH, TO KaKylo
OTPOMHYIO CHJIy HA/10 NPHJIAraTh K ee HeHTPY TAKECTH, YTOObI M0JIro1a 3aMelNIsITh CKO-
POCTh IBH:KEHHs Hamlell IJIAaHeThl, a 3aTeM ¢ TAKHM 3Ke YIOPCTBOM, MOJIoAa YCKOPATH
3Ty CKOpPOCTh. braronapsi 5TuM HeNpepsIBHBIM U3MEHEHHUSIM CKOPOCTH ¥ TTPOMCXOAUT HE3aMeTHasI
KOPPEKTHPOBKA BpeMeHH oOpaieHus riaHeTsl 3emuist BoKpyr CosHIIa TakuM 00pa3oM, 4TO ThICS-
YeJIeTHSAMH COXpaHseTCsl CTaOMIIBHOCTh 3€MHOTO T0/ja, KaK IJIAaBHOTO MapameTpa Mponuion u Oyay-
el ucropun BeesleHHON 1 MicTOpuK 3eMHOTO YesioBeuecTBa. Pa3Be Takoe eficTBHe BO3MOXKHO
0e3 pa3yMHOro npuMeHeHusI CIJIbI H pacxoja BHyTpeHHeil YHeprun CoiHIA U BHYyTpeHHel
SHepPruu IiaHeTsl 3emJst?

ITpu 3TOM B TeueHue rofga MeHsieTcsl U pacctosinue Mexay 3emieit u ColHIeM, HO He ¢ Tiepu-
OJIOM B OfIUH TOJ, a C MOJYTOJOBBIM MEPHOIOM. ITO 00ycIoBIeHO TeM, uTo COoHIle HaXOAUTCs B
OTHOM M3 TIEHTPOB JUIMITUYECKON OPOUTHI 3eMJTH, U TTIOTOMY ITOJITO/Ia PACCTOSTHUE MEXIy 3emJiei
u CosHIIEM MPaKTUYECKU HEe MEHsIeTCs. 3aTo B APYroe Moyroive 3TO pacCTOSIHUE YCIEeBAeT YBEIH-
YUTHCS IO MAKCUMYMa U CHOBA IPUITH B «<HOpMasIbHOE» cocTosiHue. Yto nonyyaercs? [lonydaercs,
YTO HA HWKHEH YacTH JUIHIICA B JieTHHE Mecsiibl COJTHIIE HICKYCCTBEHHO 3aMeJIsSIeT CKOPOCTh IBUXKe-
HUS 3eMJIM M HAKaIUTMBAeT B Hell JTy4eBYIO SHEPIuio, YTOObI B 3MMHHE MECSIIbI, YCKOPEHHO «BBICTpe-
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JIMTh» €e, KaK Tpally U3 JIyKa, ¥ MOCTaBUTh BIEpean cedsi Mo Kypcy cOOCTBEHHOW OpOHMTH. Uem
J)Ke OTJIMYaeTcs HeOecHasi MeXaHUKa JIBHKeHHs miaHeT COoJTHEeYHOH CHCTEMbI OT COBpe-
MEHHBIX CHCTEM aBTOMATHYECKOr0 YNpaBJeHHs], CO3JJaHHbIX C MOMOIIbIO YeJI0BEYeCKOro
pa3yMa H HCHOJb3YIOIHNX CJI0KHbIe HH(POPMAIMOHHbIE AJrOPUTMBI IJIsl pacdyeTa BeJu-
YHHBI M 3HAKAa CHJOBOr0 BO3/I€HCTBHA HA MapaMeTp ynpaBjeHusi? Takux oTIMYUi HAUTH
HEBO3MOXXHO, 3a MICKJIIOYCHHUEM TOTO, YTO UEJIOBEK CTapaeTCsl MOBBHICUTH KOI(DPUIIMEHT TOJIE3HOTO
JeWCTBUS JIIOOBIX SHEPrOCUCTEM, B TOM YHMCJIE M CUCTEM aBTOMATHYECKOTO yrpaBieHus. YenoBek
OopeTtcs 3a FHeprocOepekeHre 1 IKOHOMHUECKYI0 3((PeKTUBHOCTH CBOMX YCTPOMCTB, a bor crapa-
eTCsl, MIOKa KUBO TEJIECHOE YeJIOBEUYECTBO, MAaKCUMAJILHO MCTpaTh SHepruio Beenennoit, ComHeuHoOM
CHCTeMBI U BCeX ee IulaHeT. M He MpocTo UCTPAaTUTh U MPEBPATUTh ITY SHEPTUIO B TEIUIOTY, Kak
JAyMalOT HEKOTOpPbIC YUEHbIe, a PEBPATUTh €€ B «IyX KHU3HH», B TOM YUCJIEe U B CATAHMHCKO-OECOB-
CKHe IyXH, n00 Kak 0e3 «JIyxa JKU3HU», TaK U 0e3 CaTaHWHCKO-OECOBCKUX AYXOB KM3Hb COBPEMEH-
HOTO TeJIeCHOTrO 4YesioBeuecTBa HeBo3MoxkHa. Tak 4To, CoJiHIle CBETHT HE TOJBKO JJISI TOTO,
YTOOBI JIOSAM H MUPY >KHBOI MPUPOILI OBLIO «TEMJI0» Ha 3eMJe. DTOM e JIydeBoil IHep-
rueii CoJiHIle MOMOraeT IJIaHeTaM BbIpadaThIBaTh PA3HOHANPABJIEHHbIE BEKTOPA CHUIL, J1JIsI
aBTOMATHYECKOI0 y/ep:KaHusa napaMeTpoB ColHeYHON cHCTeMbI B 3aJJaHHBIX Mpegeaax
1 o0ecrneyeHHsI NX CTAOMIbHOCTH, HA 3a/JaHHbII, HO HEM3BECTHbII MOKAa 3€MHOMY YeJoBe-
4YecTBY EepHOJ] BpEMEHH.

VdeHble MOTYT OOBUHUTH MEHSI, YTO, TOBOPSI O HEMPEPHIBHOM M HEOOPAaTUMOM BHYTPEHHEM
pacxone sHeprun COTHEUHOM CHCTEMBI, sl COBEPITIIEHHO 3a0bIBa0 0 (DyHJAMEHTATbHOM 3aKOHE COXpa-
HeHus sHepruu. [la, 3Hao s 3TOT 3akoH! Y 3HaI0, 4TO MOTEHIMAIbHASI SHEPIUs M0 TPeM 3aKO-
HaM MeXaHWKU HbI0TOHA I0JKHA CO CTOMPOIICHTHBIM BBIXOIOM MepepadaThiBaThCsl B KHHETHUYECKYIO
SHEPruio ABMKEHUS WIN BPAIeHUs, a 3aTeM CHOBA MIePEXOIUTh B MOTEHIMAIBLHYIO SHEPrHio. YTOOBI
pa3o0paThCs, MPUILIOCh U3YUYUTh U TEOPHI0 TUPOCKOIIOB, 1 MEXaHUKY MHEPIMOHHBIX crcTeM. Ho
Be/Ib BEUHBII JBUraTelhb HeBo3MOokeH! 1 3ToT (hakT ycTaHOBMIIa cama HayKa, TOTOMY UTO TPH JTIOOOM,
Ja’ke OMHOKPATHOM, NMPeoOpa30BAHMYU OJHOTO BUA SHEPIMU B JIPYrod BU, YaCTh SHEPrUU OE3BO3-
BPATHO TepsieTCs. ITO He MPEeCJAOBYTAasi JIOKb 0 KAKOM-TO MI(PHYECKOM «TPEeHHH», a BCeJIeH-
CKHIl 3aKO0H, /IJIsl peajJu3anui KOTOPoro corsopeHa BeesieHHasi. A BOT UcTpayeHHAs1 SHEPTUsl
1 SABJISICTCS yXOBHOW MHIIEH JIJIS1 3MHOTO YeJIOBeUeCcTBa. JTa TeMa Hercuepraema, Kak Heucuepria-
ema 1 cama Bcenennasi. Ho Ham ke HaJo JBUraThCs JaJibllie K pACCMOTPEHHUIO BOITpoca 00 SHepre-
THKe BceneHHoM, Mo3ToMy repeiiieM K CIIeyoIeMy MOsICHUTETbHOMY BOITPOCY, O CYIIIHOCTH CaMOW
MaTepHHU.
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I'nasa II1. O0mue NpuHIMIBI, WA NIPUPOIA MATEPUH

1. Hepazrajannble TallHbI MaTepPHH

Bo-niepBbix, o Matepueil HaI0 MOHUMATh TaKyI0 CYIIIHOCTb, KOTOpash yMeeT 3aKperuisiTh Ha
ce0e U AJTUTEIbHO XPAaHUTh BCE BU/Ibl U3BECTHBIX SHepruil. OcTaBUM MOKa B CTOPOHE BOIPOC: HA YeM
3aKpeIuIsieTcs YHePrusi, YTOObI NMPOSIBUTCS Kak marepusi? B obiiem Buje, 6anaHc «paBHO-
LIEHHOCTW» SHEPTUU U MaTepuu orpefesisercs: (hOpMyIoit, YTO SHEPrUsl MaTEPUATILHOTO TeJla paBHA
ero mMacce, TIOMHOXKEHHOW Ha KBaJIpaT CKOPOCTH CBeTa, Kotopas mpuoimsuTensHo pasaa 300 000
KWJIOMETPOB B cekyHay. Apyrumm cioBamm, KaxJablili rpaMM BelllecTBa, HE3aBUCUMO OT €ro
XHMHY€ECKOr0 cOCTaBa, (pU3n4eCKHUX CBOMCTB, JIOTHOCTH, Pa3MepPOB H BCEro MHOKECTBA
JApYrux (hu3HKo-XHMHYECKIX MapaMeTPoOB, COAEPKNUT B ce0e CTPOro onpe/ieJieHHOE KOJIH-
YeCTBO BHYTPEeHHEH SHePruM, NPonopuuoHaJbHOE ¢IHHCTBEHHOMY NTapaMeTpy, KOTOPbIil
HayKa Ha3bIBaeT Maccol. [leiicTBUTENBHO, MPU TEPMOSIIEPHBIX PEaKIUsX, aTOMHbIE sipa BOJAO-
poZa WM MPOTOHBI CIUBAIOTCA B OJHO aTOMHOE IIPO XUMHYECKOTrO JIeMEHTa «TeJis», aTOMHBIN
BEC KOTOPOrO MEHbIIIE CyMMbI aTOMHBIX BECOB COCTABJISIIOIIMX 3TO HOBOE aTOMHOE SIIPO, MPOTO-
HOB. Hayka ckpymyse3Ho oAcyuraa, YTo KOJIUYECTBO BbIIEISIEMON MPH TEPMOSIIEPHBIX Mpolieccax
SHEepPruu HaXOAUTCS B CTPOrOM COOTBETCTBUM C KOJIMUECTBOM YMEHBIIIEHHUS] CYMMAapHOUM Macchl MPo-
IOYKTOB TEPMOSIIEPHOro CHHTe3a. B CBSA3U ¢ 9TUM, BCSAKHIA JOITOBPEMEHHO CYIIECTBYIOIINUI MaTepH-
aJIbHBIA KBAHT B BUJE OTAEILHOIO (DOTOHA, MEKTPOHA, POTOHA M HEUTPOHA, a TAKXkKe BCErO «CIIeK-
Tpa» aTOMHBIX SIJIEp U3BECTHBIX XUMHUECKUX COEIUHEHUH, 1 paCCMaTPUBAIO KaK JOITOBPEMEHHbIE
AKKyMYJISITOPbI SHEPIUu.

OaHako BO BCAKOM MaccooOpa3yieM MepBUYHOM MAKPOKBAHTE, KpOMe YHEPrum,
NPONOPINOHAIBLHO Macce, CyIIeCTBYET H CKPbITasi JHeprusi. Yem Oosiee COBEpIIEHHBIM sIBJISI-
eTcsl MaTepUaJIbHBIi MUKPOKBAHT, M YeM OOJIbllle OH MPUOIMKEH K TOJNeBbIM (hopMaM MaTepuH,
TeM OOJIbIlle B HEM CKPBITOM SHEPrUH, KOTOPYIO HeJb3sl OMpPeNeUTh MO BhIIIENPUBEJEHHON (op-
MyJie MPONOPLMOHAILHON 3aBUCUMOCTH MAacChl U SHEpruu. B To ke BpeMs 3Ta CKpbITash SHEprusi
SIBJISIETCS] XPAHWJIMIIIEM HEeOMpeIeIeHHOr0 MHOXKECTBa MH(OPMAIIMOHHBIX (hailyoB, KOTOpHIE yIpaB-
JISIOT TePMOIMHAMUYECKUMU, MEXaHUYECKUMH, SIEKTPOMArHUTHBIMU, (DU3MUECKUMU U XUMUYe-
CKMMU B3aMMOJICUCTBUSMU MUKPOKBAHTOB HA YPOBHE aTOMHBIX $/IEP, ATOMOB M MOJIEKYJI XUMUYe-
CKHX JIEMEHTOB U MX COeIMHEHUE. UTOOBI TOKa3aTh 3TO CBOKCTBO, PUBE/IEM IIPHUMED C SJIEKTPOHOM.
PaznooOpaznbie nHpopMaIMOHHbIE (PYHKIIMU JIEKTPOHA HE HAI0 JOKa3biBaTh. [loBeieHe aTOMHBIX
siep Ipy TEPMOJMHAMUYECKUX U JIeKTPOMArHUTHBIX MPOIeccax, BCsl CTPYKTypa aTOMOB U MoJie-
KyJI XMMUYECKUX JIEeMEHTOB, BCE UX CBOMCTBA U B3aMMOJEWUCTBUSI, KOTOPHIMU 3aHUMAETCsI KBAHTO-
Bas (pU3MKa, TaK ke KaK M BCe pa3HOOOpa3re XMMUUYECKUX HAyK OCHOBAHO HA U3YUYEHUU «YMHOTO»
noBeJieHus eKTpoHa. He mOHHMAaTh, 4TO JI€KTPOH 00J1a/1aeT BHYTPEHHIM KOMIBIOTEPOM,
KOTOPBIN YIIPAaBJISIET €ro NoBe/JIeHNeM B Pa3JUYHbIX CUTYAI[HAX, MOKET JHUIIb TOJLKO TOT
YeJI0BeK, KOTOPbI HUYero He CMbICIUT B (pu3nke U xumuu. CornacHo JaHHbIM (byHIaMeH-
TaJILHOU HAyKH, CBOOO/IHBIN 37IEKTPOH o0naaaeT Maccoi B pazmepe 0,00055 aTOMHBIX eIMHUI] MACCBhI,

WJINA COKPAILEHHO (aeM), ¥ IEKTPUYECKUM 3apsi/IoM B pazMepe MUHYC 1,6 YMHOXUTH Ha 10" KYJIOH
NMEKTPUUECKOro 3apsiga. B cBoo oyepenp, HEUTPOH, KOTOPBI COCTOMT M3 MPOTOHA M JIEKTPOHA,
obnmaymaer maccoit 1,008665 aem, a Macca 4yucToro mporoHa Oe3 snekTpoHa cocrapiser 1,007825
aeM. [Toydaercsi, YTO MEKTPOH CBOMM IPUCYTCTBUEM B HEUTPOHE YBEIMIMBAET ero Maccy He Ha 0,
00055 aem, a na 0,00084 aem. OTkyna B3siack pasuuiia B 0,00029 aem mMex1y Maccoi CBOOOIHOTO
9JIEKTPOHA ¥ MaCCOU TOTO ke JIEKTPOHA B COCTaBe HEUTpOHA?
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VueHsle OOBSICHSIOT, YTO MU 00PAa30BAHUK HEUTPOHA MOIJIONIAETCS ellle M MMEoIas MaIyio
s dexTrBHYI0 Maccy yactuiia HeTpuHo. Ho mouemy toraa, mpu Geta-pacnaje HEUTPOHOB Ha MPoO-
TOHBI, JIEKTPOHBI 1 HEUTPUHO 0Opa3yeTcsl CIUIONIHOW CIIEKTP U3Y4EHHS JIEKTPOHOB, YKa3bIBAIO-
IIMI Ha MX pa3Hylo sHepruio? Korna ere He ObUIO M3BECTHO O HAJTMYMH YACTHUI] HEUTPUHO, Pa3MBbIIII-
JI5151 O CIUIOIIHOM CIIEKTpe JIEKTPOHOB IMpH OeTa-pacnaze HeMTpoHOB, Beankuil reauii Huiabc Bop
B 1931 roay Bbicka3aga uje0 0 HeCOXPAaHMMOCTH YHEPruM MaTepuajabHOro mupa. Tsopel
OOPOBCKO¥ MOJEIN aToMa, ObUT A0COMOTHO TipaB. Ho Apyrue yueHble BBIIBUHYIIN HIICIO O CYITIeCTBO-
BaHUM HEBUAMMOW YaCTHIIbl, KOTOPYIO TIOCJI€ OTKPBITUS HA3BAIM HEUTPHHO, U TEM CaMbIM HayKa
OTKJIOHWJIA pa3yMHyIo uieo Hunbca Bopa v npopomkuna cBoe pa3BUTHE MO JIOXKHOMY IIyTH CaMo-
oOMaHa 0 BEYHOCYIIIHOCTU ¥ HEUCTPEOMMOCTH BCEJICHCKOM SHepruu. [IpoIiio ¢ MOMEHTa TUX CIio-
poB okosio 80 JeT, HO HUKAKOW SICHOCTH OTKPBITHE HEUTPUHHBIX YACTHIl B TpoIlecc OeTa-pacrajia
HEWTPOHOB ¢ 0OPa30BaHMEM CIUIOLTHOTO CIIEKTPA JIEKTPOHOB M BBIXOJIOM HEHTPUHHBIX YaCTHI], OT
9TOr0 OTKPBITUS He 100aBUIoCch. Bo-mepBbIX, Macca HEHTPUHHBIX YACTHI 10 CEr0 BpeMeHH
He O0OHApYy’KeHAa M He YCTaHOBJIeHA. Bo-BTOPBIX (1 3TO BecbMa BaXkHO!), HAyKa ¢ TPYAOM
HAY4YIJACh PerHCTPUPOBATH TOJbKO T€ HeHTPUHHbIE YACTHUIIbI, KOTOPbIE «BbLIETAIOT» U3
aTOMHBIX s1/1ep NPH PaJHOAKTHBHBIX NIPOIeccax, HO He 3aperncTPUpPOBaJIa HU OJHOI Hel-
TPUHHOM YaCTHIIbI, KOTOPbI€ «IOIJIOMIAITCSI» NP PAJAN0AKTHBHBIX MPoIeccax 0 HaYaja
noryomeHusi. HemoHATHO, B KAKOM BHJE CYIIECTBYIOT HETPUHO, KOT/Ia OHU HE JIBUKYTCSI CO CKO-
poctbio cBeta? HenmoHATHO, moyemMy HERTPUHO NMPUIAIOT Pa3Hyl0 SHEPIHIO BbUIETAIOIIMM U3 HEUTPO-
HOB 3JIEKTPOHAM, €CJIA 3TO YaCTHUIIbI IOCTOSIHHBIX WM (pUKCUpOBaHHbIX SHepruii? Io kpaitHel mepe,
HU OAIH Y4Y€HBI! He 3asBUWJI, 4YTO Macca HeuTpuHo paBHa 0,00029 aem.

O napasiokce 1 TaiiHe HEUTPUHHBIX YaCTHI] Mbl [IOTOBOPUM B CIIeAYIOIIKX M1aBax. OTKpbIB HEW-
TPUHO, yUeHbIE 3alJISIHY/IM 32 TEMHYIO CTEHY ¥ CAMU UCITyTaJIuCh yBUIeHHOro. Hukakoro mporpecca B
M3yYEHUH HEUTPUHO HET, IOTOMY UTO JJIsl U3yUeHUsI CBOMCTB HEUTPUHHBIX YaCTHUI] HAJIO OTKA3aThCs
OT Bepbl B HEUCTPEOUMOCTb SHEPIHH, a BOT TOrO aKTa HUA OAMH UCTHHHBIA MAaTEPUATTCT HE MOXET
WCTIOTHUTb.

Kak ToJIbK0 yueHblil IPU3HAET, YTO SHEPrusi MAaTePHH He COXPaHsIeTCsl, a IOCTOSTHHO
pacxo/jyeTcsi 4yepe3 NpUMeHeHUEe CHJbI H PadoThl, TAK €ro TYT Ke BbIOPOCAT U3 KOPIO-
PATHBHOr0 HAYYHOI0 COO0IIECTBA, MOJOOHO TOMY, KAK BHIOPAChIBAIOT «OTIIEeNEeHI[eB» U3
TOTAJIMTAPHBIX PEJUTHO3HbIX CeKT. COBEPIIEHHO OYEBU/IHO, UYTO TAKOE YBEJTMUEHHUE MACCHI JIeK-
TPOHA, MOIJIOIIEHHOTO HEWTPOHOM, MPOUCXOAUT 3a CUET Mepexoja MEKTPUUECKOro 3apsaa dJeK-
TPOHA B peasibHyI0 Maccy. Hayka cuntaer, 4yto (hOTOHBI Ty4eBOW SHEPrUuM He 00JIaJaloT Maccou, HO
OHH TIOYEMY-TO OTKJIOHSIIOTCSI OT MPSIMOJIMHEHOTO Iy TH BOJIM3U MACCUBHBIX HEOECHBIX TeJI, a TaKKe
OKa3bIBAIOT peasIbHOE JJaBJIEHNE Ha MaTepHUasIbHbIE T€JIA, YTO IKCIIEPUMEHTAJIBHO JOKA3aHO PYCCKUM
yueHsIM JleOeneBbM. Bee pecioByThIe /ieMeHTapHbIe YaCTHIIBI AEIEHHUS aTOMHBIX sIep, KOTOPBIMU
TaK JIOOAT ONEpUPOBATh YU€HbIE, 3AaHUMAIOIIIECs SAEPHON M KBAHTOBOM (PU3UKOM, KUBYT KaK Mac-
cooOpa3yIoIIye YaCTHIIB JIMIIH MaJIble 10U CeKYH/IbI, a 3aTeM MUCUe3aloT U 0e3 OCTaTKa MepexoisT B
YHCTYIO SHEPTUIO, B TOM YHUCJIe, U TIOPOK/Iasl KECTKHE KOPOTKOBOTHOBbIE (POTOHHBIE KBAHTHI CLIEKTPA
PEHTTEHOBCKOTO U3Ty4eHHUS.

W3 Bcex 3TUX paccyskAeHUI HAPAITUBAeTCsl OIMH 0O0OITAIONINI 1 IT0OATBHBINA BHIBOJI, KOTO-
PbIi 3aKJII0YAETCS B TOM, YTO B IPHPO/ie He CYIIECTBYIOT HUKAKUX MAJIbIX Macco00pa3yonux
YacTHll, KOTOPbIe NMbITAIOTCSI OTHICKATh B MaTepull COBpeMeHHble yueHble. [Tonck Takmx
YACTHI] — 3TO MYTh JIOKHOTO CaMOOOOJIbINIeHH, U He Oostee Toro. Ho 3a cuet yero ke, oOpa3zyercst
Macca OrpOMHBIX HEOECHBIX MaKpOOOBEKTOB M MAJIbIX MUKPOOOBEKTOB BPOJE IEKTPOHA, IIPOTOHA
Y aTOMHBIX siJIep XMMUYECKUX IEMEHTOB U UX coefiMHeHuit? Kak 3To HU CTpaHHO MPO3BYYHT IS
COBPEMEHHBIX YUEHBIX, HO Macca JI000ro MaTepuaJbHOro KBaHTa HAIIero MUPa, KaKk U Macca
BCEJIEHCKHX MaKPOOO'beKTOB, B BH/Ie BCEBO3MOKHBIX «TYMAaHHOCTEH», rAJAKTHK, 3Be3 /]
U IUIAHETHBIX TeJ, 00pa3yeTcs 3a cueT HeNpepbIBHOI BHYTPeHHell CHHXPOHHOH PadoThI
BCero MHOKeCTBAa MeXaHN4YeCKHUX MaTepPHAJbHBIX TeJl H PACX0J0BaHNUs HA OTH 1] pe3ep-
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BOB BCeJIEHCKOI1 SHepruu. [Tpu 3ToM SHeprust HelpephIBHO PACXOIYeTCs 3a CUST BPeMEHH Y BHYT-
pCHHI/IX CHI/IpaHLHO-KOJIe6aT€)II)HBIX YCKOpI/ITCHI)HbIX Hpouecc013 pa3H0ro 3HaKa, HCHpI/IMeTHI)IMI/I JJIA
yUYEHBIX OECKOHEUHO MaJIbIMU BenmurHaMu. [lepepabarpiBaeTcst Kak BHYTPEHHsISI SHEPTHsl MUKPO— U
MaKpOKBaHTOB BCCJICHCKOI'O HpOCTpaHCTBa, TaK U BCE€ BUIBI ITOJICBBIX CpOpM SHGPFI/II/I, BKJIIO4Uas 110Jie
FpaBI/ITaL[I/II/I. I/I3 MEXaHUYECCKUX MaACC Bbl6paC])IBaIOTCH TOJIBKO KBAHTHI FpaBI/ITaI_[I/II/I, a BCE OCTAJIbHbIC
nojieBble (hOpPMBI MATEPUH, TIPU B3AUMOJICUCTBUU ¢ MEXaHMUECKUMH MAaccaMu, 3aXBaThIBAIOTCS UX
BHYTPEHHUMH CTPYKTypaMH aTOMOB M MOJIeKyJ1. [lociie mpuHyquTeTbHOM BHYTPEHHEH epepadoTKH,
MyTeM KoJieOaHWd ¥ CIIMPATbHOTO YCKOPEHHOTO BpAIlleHHs, perUCTpUpyeMble HayKOM SHepreTuye-
CKUe€ I0JIEBbIE CTPYKTYPBbI, IPEBPAIIAIOTCS B HEPETUCTPUPYEMbIE HAyKOW MH(OPMAlIMOHHBIE KBAHTHI
«yXa KU3HW», KOTOPbIE U SIBJISIOTCS JyXOBHOM MUILEW JJIsI BCETO MHOTOOOpa3usl KJIETOUHBIX 3Jie-
MEHTOB 36MHOW JKU3HU, B TOM YHCJIe U JUIS YesioBeKka. TakuM criocoOOoM OCYIIeCTBIISIETCS BCEJIeH-
CKO€ B3aUMOJICHICTBUE «MEPTBOI» MAaT€pPUU U KUBBIX KJIETOUHBIX 3JIeMEHTOB. 2KHM3Hb, KaK N cam
YeJIOBEK, SABJISIFOTCS MOCJeJHIM 3BEHOM B IlepepadoTKe BCeJeHCKOI YHEPTruM B TYXOBHbI
ypo:Kai TOro WM NHOro kadectna. [1o 3toif mpuunHe B eMHON BeereHHOM cyIiecTByeT OorpoM-
HOC KOJIMYECTBO CXKHUTAIOIINUX CO6CTB€HHYIO BHCPFI/IIO raJIaKTUK, HO CyH_IGCTByeT JIMIb OJHO, €ANHOE
YEJIOBEUYECTBO, TaK KaK IJIsd IIpyFI/IX BHE3C€MHbIX ].lI/IBHJII/BZlLIHfI, HpOCTO HE XBaATUT ILYXOBHOﬁ TN
«nyxa JKU3HW», IJI51 OKOpM)IeHI/IH NX MHOIVIAHETHOI'O YeJioBEeYeCTBA.

Mmuorue (pyH1aMeHTaJIbHBbIE MOJI0KEeHNSI HAYKU, MPUHATHIE KAK aKCHOMHbIE MOCTY-
JIaThbl, He TOJbKO HEOYeBH/HbI, HO U HeBepPOATHbL. Ho, TeM He MeHee, MUJTMOHBI, 2 MOKET
6I>ITI>, nu MI/IHJII/IapI[bI JIIOIICIjl Hay‘{HOFO COIIpy)KCCTBa HpI/IHI/IMaIOT X 34 O6T>€KTI/IBHyIO OYEBUIHOCTH
0e3 BCAKOTro JIOKa3aTe/IbCcTBa. Bo3bMeM, HarrpuMep, MoJIOKEHHE, YTO BCAKOE TEJIO, MOTYIUB UMITYJIhC
CUJIBL, OyZIeT PSMOJIMHEHO ¥ BEYHO JBHUIATHCS MO MPSMOM JIMHUM C TIOCTOSIHHOW CKOPOCTHIO, €CIU
Ha Hero He OyJeT IefiCTBOBaTh HUKaKas Jpyrasi cuia. Kak 3Ty akcuomy MOKHO NPUHSATH 32 UCTUHY,
€CJI He TOJIbKO B Haiel [ajakTrke, HO M B MEXTaJJaAKTHUECKOM MPOCTpaHcTBe BeeneHHoi, Hurjie
HEBO3MOXXHO OTBICKATh JIaKe MAJIOro KycOo4Ka MPOCTPAHCTBA, Iae Obl OTCYTCTBOBaIA MH(MOPMAIHS O
Macce HeOeCHBIX TeJl, a 3HAYMT, U He AeHCTBOBAJIA CUJIa MPUTSKeHUs ? Takas «oueBHIHAS» aKCHOMa
MOTJIa POAUTHCS TOJIBKO TIOM IbSIBOJILCKMM OOOJIBIICHUEM YeIOBEUECKOro pasyma, H00 HUKAKUMU
peasbHBIMU WU JIAOOPATOPHBIMH YCIIOBUSIMH HEBO3MOKHO OOECIeUUTh YMCTOTY HAYYHOTO KCIIe-
pI/IMeHTa, 1 UCKJIIOYUTH IICIZCTBI/IG CHJIbI BCGMI/IPHOFO TATOTCHU . Pa3BC HEIIOHSATHO, YTO, HAXOOACh
BHYTPU 3aMKHYTOW BcesieHHOM, HUKaKoe MaTepuaibHOe TeJI0O HEBO3MOXHO BBIHECTH 32 TpE/Ieibl
3TOro MPOCTpPaHCTBA?

A ecJu 3TO N0JIOKeHHe HEBO3MOKHO IKCIIEPUMEHTANbLHO MOATBEPINTH, TO KaK Ke
MOKHO ObLIO0 MPHHUMATH 9TO MOJOKEeHHE B KauecTBe (PyHJaMeHTAJbHOI aKCHOMBI Beell
COBpPEeMEeHHOIl HAyKHu?

Tot xe ApuctoTesb ObLT OOJiee MpaB, KOraa TOBOPUJI, UTO €CJIM Ha MaTepUaIbHOE TeJIO He JeH-
CTBYET HMKaKasl CHJIa, TO OHO KOT/1a-HUOYJb OCTAHOBUTCSL. DTO TOXKe JIOXKb, HO, TI0 KpaliHel Mepe, 3Ta
JIOXKb y‘II/ITI)IBaCT TO O6CTOHTCJIBCTBO, qTo 663 BH€H.IHCI7I TIOAIMUTKN KMHETUYCCKas SHGPFI/IH MaTCpI/I-
aJILHOTO TeJla HeoOpaTrMo ucTpedisercs u pacxoayercs. Ho ecim u Apucroreas u HeoToH, He
NPaBbl, TO, YTO K€ MPOUCXOIUT ¢ OJUHOYHBIM MATEPHAJLHBLIM TEJIOM, JaKe He Ha Halel
rpemrHoi 3emiie, a JETSIMM, HAIPUMeEP, € MOCTOSAHHOH CKOPOCTHIO B INIyOMHAX KOCMHU-
yeckoro mpocrpadcrBa? YtoOsl OTBETUTHh HA TOT BOIPOC, HAJIO0 BEPHYTHCS K BOIIPOCY, U3 YEro
COCTOMT MaccooOpasyolnast MaTepus, a 3a0{HO U OTBETUTh Ha BOIPOC, MTOUeMy (POTOHBI, SJICKTPOHHI,
HpOTOHbI, KaK 1 aTOMHBIC ;mpa BCEX XUMUYECKUX IIJIEMCHTOB U UX COGIII/IH@HI/II;'I CHOCO6HLI K OJIA-
TEJILHOMY U YCTOMYMBOMY CYIIIECTBOBAHUIO BO BpEMEHU ?
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2. Macca v ee IIeHTP TAKECTH

Ha npumepe nepexona a/eKTpHUUECKOTO 3apsija MEeKTPOHA B MacCy HEHTpOHA, Mbl OOHapy-
KWJIM, YTO YaCTh SHEPTUU MaTepHaIbHbIX KBAaHTOB B BUJIE JIEKTPUUYECTBA, MarHETU3Ma U IPaBHTa-
[IUM HEe PETUCTPUPYIOTCS Kak Macca, HO, TeM He MeHee, Takasi (hpopMa MaTepuu, KOTopasi Ha3bIBaeTCs
10J1€BOM (hOPMOW, UMEETCS B HAJTMUUM KaXkJ0r0 MaTepuajibHOro MUKpo— 1 MakpokBaHTa. Ilos1ieBbie
¢popmMbl MaTepun, XOTSI M He PErucTPUPYIOTCA KaK Macca, HO 3aTO HecyT B cebe uH(Op-
MaluoHHbIe (Pailiibl ¥ YIPABJISIOT MeXaHNYeCKNMH MaccaMi, MOHY K/Jasi X HenpepbIBHO
B3aHMO/1eliCTBOBATH JAPYr C APYroM. DJIEKTPOHHbIE OPOUTATIA aTOMOB U MOJIEKYJI XMMUYECKUX
3JIEMEHTOB U UX COEAMHEHUI, IPEBPALLIAIOT ATOMBI M MOJIEKYJIBI B TPOYHEHIIINE CTPYKTYPbl HEUTPAJIb-
HOT'O THUIA, KOTOPbIE B JIIOOBIX CUTYAIMSX U TPH JIIOOBIX YCIOBHUSX IUIAHETHBIX TeJ UCKJIIOYAIOT BO3-
MOXHOCTb TepMOsIIEpHOTO cuHTe3a. Ho 3aT0, 1O 33/1aHHBIM ajrOpUTMaM, NIEKTPOHBI HA OPOUTAIISX
o0ecneynBaloT HeNPEePHIBHBIM SHEProoOMEH KBAaHTOB IMOJIEBBIX CTPYKTYP BHYTPEHHETO IPOCTPAHCTBA
aToMa WJIM MOJIEKYJIbI C BHEIIIHUM MHPOM, a TaKkke 00eCTIeunBaIOT BCce MHOrooOpasue CBOMCTB XUMH-
YEeCKUX COEJMHEHUH, BIUIOTh JI0 CO3/IaHMS CJIOKHBIX XMMUYECKUX COCAMHEHUH KUBBIX KJIETOYHBIX
opraHu3MoB. [losieBast CTpyKTypa SHEpruu ecTh Jaxe B OIMHOYHOM mpoTtoHe. Korma ydyensie mytem
CTOJIKHOBEHHUS1 OBICTPOJIETSIIMX MaTepHaIbHBIX YaCTUI] CPHIBAIOT C ATOMHOTO sIIpa BOIOPO/A 3aIlUT-
HYIO 000JIOUKY JIEKTPOHA, TO IPOTOH «OJIEBAETCsT» 3AUTHOW 0O0JIOUKON MOJIEBO (POPMBI TIOJIOKH-
TEJIbHOTO JIEKTPHUYECKOTO 3apsia. JTa 3alUTHAST 000J10UKA SABJsIeTCS «00KeCTBEeHHbIM Orpa-
HHYHTeJeM», KOTOPbIil He M03BOJIsIET MJIAHETHOI MaTepUH caMONPON3BOJLHO BCTYNIAaTh B
TepMOsi/iepHbIe PeaKIiu cOOCTBEHHOr0 YHHUTOKeHusl. O00/10UKa dJIeKTPUIeCcKOil SHep-
MU K TOMY 7K€ H CKPbIBaeT HCTHHHYIO Maccy MPOTOHA, 0 yeM OyeT CKazaHo Oolee MoapoOHO
B 3aKJIIOYMTENIBHBIX I71aBaX TON KHUTH.

B TO xe Bpemsi Mbl BUMM, UTO BCSI MaTepusi BceslieHHOM, a 3HAUUT, U €€ SHEPrusi XpaHUTCS
eIMHCTBEHHBIM CIIOCOOOM OE30MOPHOrO HETIPEPHIBHOTO YCKOPEHHOTO ABUKEHUS C TIOJIOKUTEIbHBIM
WM OTPULIATESTbHBIM TIPUPAIEHUEM CKOPOCTH, B KOTOPOM OIPOMHYIO U He JI0 KOHIIA BBISICHEHHYIO
POJIb UTpaeT HEHTP MACC WU LEHTP (PU3HMUECKON TSKECTH Tesa. Bhiliie Mbl BBISICHIIIH, UTO TUIAHETAa
3emuist ABUXKETCSI C HENPEPHIBHBIM YCKOPEHUEM, KOTOPOE UMEET He TOJBKO LIEHTPOCTPEMHUTEIILHOE
3HAUEHHE 3aMKHYTON KPYroBOW OpOWTHI, HO U JMHEHHOE YCKOpPEHHE WJIM 3aMejJieHHe 0 Tpacce
ruiaHeTHor opouThl. [Tnanera 3emus He uckmoueHre. JIiOble HebGecHbIe Tea, Oyab TO KaKkue-
Ju60 3Be31b1 win Hame CogHie, a Tak:ke Bce miuaneTbl CoJIHEYHOH CHCTeMbI M UX CHYT-
HUKH, NPEJICTABJSIIOT c000il 0e30MOpHbIe IBHKUTEJH, KOTOpPbIe, MOJbL3YysiCh HH(popMa-
nueil BAKyyMa rpaBuTAlMOHHOIO M0JIs1, BHIPA0AaTHIBAIOT BHYTPEHHHE BEKTOPA CHJI H YCKO-
PEHHO MPOJBUTAKT ceds1 Mo HebGecHBIM opOuTaM. CTaOMIBHOCTh TApAMETPOB HEOECHBIX TeJl
Y BHyTpeHHs1s1 rapmonusi CoTHeUHOM cucTeMbl, Harer ['anakTiku, Kak U Bceid BeeneHHOM, yKasbl-
BaeT Ha TO, YTO «KOMIBIOTEPhI», KOTOPbIE XPaHAT B cede (paiiiibl aIrOpUTMUYECKON YIIPABIISIOIEH
MH(pOpPMAIA aBTOMAaTUYECKOTO PeXrMa BCEJIEHCKOW IapMOHUH, HAXOATCS HE B BaKyyme MOJei
rpaBUTAIINM, 2 B CAMUX HEOECHBIX TeJax. Beskoe aToMHOe spo, Kak IJIaBHbIA HOCHTENb U XpaHU-
TeJIb MacChl, YTOOBI JJIMTENIHHO CYIIECTBOBATh B BU/E aTOMA WJIM MOJIEKYJIbI, BCETIa YKPbIBAETCS, 110
KpaiiHell Mepe, OMHOM, U MHOXKECTBOM 3JIEKTPOHHBIX OpOUTAJICH, B 3aBUCIMOCTH OT MacChl aTOM-
HOTO sIJpa XMMUYECKOTo JIeMeHTa. JTO 3HAYMT, YTO CamMa Macca He UMeeT BHYTpU ceOsi HUKaKUX
MH(POPMAIIIOHHBIX AJITOPUTMOB HE TOJIBKO JIJIs1 B3AMMOAEHCTBHS C APYTUMH aTOMaMH, HO JIaXKe IS
COOCTBEHHOTO CaMOCOXpaHeHHUsl. XOTsI MEKTPOHbI 00JIaJal0T 3HAYMTETBHO MEHBILEH Maccou, 4yeM
Macca MpOTOHA, HO Ha HUX 3aKPerUIeHbl HeCTUpaeMble MH(POPMAIIMOHHBIE (paiiiibl, ¥ 9Ta CITy)KeOHast
uH(pOpMAaIHs TIO3BOJISIET AEKTPOHAM JIETKO OCYIIECTBISTh MH(POPMAIIMOHHO-CUIIOBOE YIIPaBJICHUE
«CJIeTION» MAcCOM aTOMHBIX sIIEp XMMUYECKHUX JIEMEHTOB.

HeOomnbinas nopiws «cienoi» MexaHn4yecKoil Macchl 3aKperuieHa B OIMHOYHOM aBTOHOMHOM
NIEKTPOHE JIJIs1 UCTIOJTHEHHWSI UM OTPOMHOTO Kpyra caMOCTOSITeJIbHBIX 3a1a4 U ods3aHHOocTer. Kak
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TOJIbKO 3JIEKTPOH MePeX0JUT Ha OpOUTAIb ATOMHOTO SI/IPA, 9Ta HE3HAYNTEJIbHAs MOPIHUS
«cJenoii» Marepuu, o0pasyomas Maccy 3JeKTPOHA, NepeXoJUT BHYTPb aTOMHOIO siipa,
a DJIEKTPOH NPEBPAIIAETCA B YHCTO MOJEBYIO CTPYKTYPY, He HMEIOLIEero onpeaeJeHHOro
MOJI0KeHHUs1 H Macchl. TakiM 00pa3oM, HE3aBUCHMO OT Pa3MEPOB MaTEPUAIBHOTO TeJla, UMEIOIIErO
onpeJesieHHyI0 Maccy, Oy/ib TO €IMHUYHBIA aTOM WJIM MOJIEKYJIa MJI MHOKECTBO aTOMOB M MOJIEKYI,
00pasyIolIMX CAMOCTOATEIBHOE HEOECHOE TENIO, B MATEPUAIbHOM TeJIe JA0KHO COEepKaThCs TPU pas-
HOPOJIHBIE CYITHOCTH. Bo-mepBhIX, 3TO «ciemnas» MeXxaHn4decKas SHeprust camor Maccel Tena. Bo-
BTOPBIX, TO MOJIeBble (DOPMBI MaTepHU, KOTOPbIE, OJ1arofiapst HATMYMIO B HUX HECTUPAEMbIX HH(OP-
MAIIMOHHBIX (PaJIOB, 00ECTIEUYMBAIOT TPUHYAUTETbHOE NH(POPMAIIMOHHO-CHUJIOBOE YIIPABJICHUE «Clle-
OW» SHEpPruel MeXaHMYeCKOM Macchl. A B-TPeTbHX, 3TO Ta YUCTO MH(POPMALMOHHAS CYLIHOCTb,
KOTOpasi UMeeT BHYTPEHHUI «KOMITBIOTEP» IJIs1 YIIPaBJIeHUs MOJIeBIMH (hopMaMu MaTepun 6e3 BCsi-
KOTO CHJIOBOTO BO3JEHCTBUS, a TAKXKE M «MOAEM» CBSI3U IS CHHXPOHHU3ALIUK CBOMX Pa3yMHBIX AEHi-
CTBUI ¢ MH(OPMALMOHHBIMU CYIIIHOCTSIMU BCEX MHKPO— M MaKpPOKBAHTOB BCEJIEHCKOW MaTEpHH.
1 nH(pOpPMaNOHHbIE CYIIHOCTHU s1 HA3bIBal0 00KeCTBEHHbIMU MOHAJAMH HJIHN JyXOB-
HbIMHU KBaHTaMH. OHHM 3aHNMAIOT HEHTPHI TsKecTell Beex 0e3 HCKIYeHNs MUKPO— U MaK-
PO0OHEKTOB MEXaHNUYeCKIX MaccC, BKJIKYAasi caMmble MaJjible 4YacTHIbl, KOTOPble PerucTpu-
PYIOTCSI KAaK HOCHTEJIH MeXaHH4eCKOH MacCChl.

34



H. H. ManbneB. «Duepretrka BeenenHoit. @unocodust pyHIaMeHTATBHON (PU3UKI»

3. MaTepuajibHasA TOUKA M ee (pu3nuecKasi mnpupoaa

UroObl MOHATH (PUBMUECKYI0 TPUPOAY LIEHTPA TSKECTH MAcCOOOPas3yoIero MUKpPOKBAHTA
MaTepuH, a 3HAYNT, U KBaHTa OOKECTBEHHON MOHA/IBI, sl OKOJIO TTOJTYTO/1a MBITAJICS HAWTA MaTeMaTH-
yeckoe U (pu3HUecKoe 0ObsCHEHHE MPUPOIBI TAKOTO U3BECTHOTO MOHSTHS, KaK «TouKa». [Ipupona
9Ta Jaxe OoJee 3arajioyna, yem cama BeenenHasi, u ee matepusi. VI3picKaHusI IPUBEIN MEHSI K TOMY
JIOTUYECKOMY TIPEIONOKEHUIO, UTO TOYKA SABJSIETCS OKPY’KHOCThIO, paJuyc KOTOPOIl cTpe-
MHTBCSI K HYJII0, 1 B MATeMaTHYeCKOM NpeJieJie paBeH HyJeBoMy 3HauyeHuro. Ho Benp B Oec-
KOHEYHO MAJIbIX pagrycax, MOKHO BITUCATh OECKOHEUHO OOJBIIIOE KOIMYECTBO CIIMpPasell, KOTOphie
10 3aKOoHY uncia «[Im» mpubnmkaTcs K uueaJbHOMy Kpyry, HO HUKOTJa UM He cTaHyT. Martema-
THUYECKH TOYKa 00s13aHa Oecrpe/ie/TbHO YMEHBIIATHCS /10 HYJIEBOTO 3HAUYEHUs U BOBCE MCUE3HYTh U3
peabHOro nMpocTpaHcTBa Hamieit Beenennoii. Ho Benp uesioBek OONBINYI0 4acTh CBOEH HAYKU CTPOUT
Ha MOHATHUAX PEAJIbHOTO CYIIECTBOBAHMS KaK CaMOM TOYKM, TaK M (PU3MYECKOrO LEHTpa TAKECTU
MaTepuabHOTO Tejla, KOTOPBIH BCAKHMIA YYEHUK WIIM BBICOKOIIOCTABJICHHBIN YUEHBI TOXEe M300pa-
kaeT Toukoi. Toukoit Mo2KeT ObITh B (PU3HMUECKOM MIPE TOJBKO TaKasi CyIIIHOCTh, KOTOpasi
nMeeT MexaHu4decKylo Maccy. Ho kakum Obl MasibiM He ObUla MEXaHWYeCcKast Macca YacTHUIIbI, OHA
MMeeT «KOHEUHBIN» 3anac MOTEHIMAIbHON U KMHETUYECKON SHepruu. Yem MeHbllle MexaHuuyecKas
Macca 4acTULbl, TEM MEHbIIE HUKHUI YPOBEHb €€ NOTEHUUAIbHOU SHEPTUU, a 3HAYUT, U MEHBbIIIE
OyleT paguyc ee HIKHEro noteHiaabHoro ypopHs. Ho Beb B peajbHOM MUpe HET 4acTHI] C
0eCKOHEeYHO MAaJILIMU MacCaMH, 2 3HAYUT H HEBO3MOKHO H300Pa3UTh TOUYKY, BHYTPHU KOTO-
Poii He ObLI0 ObI MyCTOH JILIPKH.

JI71s1 MeHs1 3To ObLIO MOTpsICAIOIINM OTKphITUeM! B npeBHMX MaHycKpunTax Beenennas n3o0-
pakaeTcsi KpyroM, BHyTpU KOTOPOTO IOCTaBjIeHa TOUYKa. S mopaxascs NPUMHUTHUBUZMY U «IJIYIIO-
CTH» TaKOTO M300paXeHUsI OTPOMHOTO BCEJICHCKOTo MpocTpaHcTBa. Ho ecim BHYTpH JI000# KOHEY-
HOM MEXaHMUYECKOW Macchl, (2 OECKOHEYHO MaJIbIX Macc He OBbIBAeT), BCEriua COXpaHseTCs MmycTast
IbIPKA, TO TOUKA M300pakaeT BOBCE HE MEXaHUYECKYI0 MacCy BCEIEHCKOTO MPOCTPAHCTBA, & YIPaB-
JISIOLIYIO «ITyCTOTY» LIEHTPOB TSIKECTEN, BCEro MHOXKECTBAa MeXaHWYeckux mMacc. Korjga yuenslii i
YUEHMK B IIKOJIE CTaBUT TOUYKY U MPUBA3BIBAET K HEM TPU KOOPIMHATH TPEXMEPHOIO IIPOCTPAHCTBA
i rpaduKy OeCYUCIIEHHOTO MHOXECTBA (DYHKIIHIA, TO OH NPHUBSI3LIBAET UX He K MaTepPHaJIb-
HOMY MHPY MeXaHH4eCKHX Macc, a K JbIPKe YIPaBJIsomiell MyCcTOThl, KOTOPasi 3aloJHsieT
HEeHTPHI TsKecTell 1 opranu3yeT padoTy MeXaHH4eCKHX Macc BCeJeHCKOro MPOCTPAHCTBA .
[Tpuuem 3Ta ynpasisomias MycToTa JI0/KHA SMU30AUYECKH «MCUe3aTh» U MOSIBIATHCS BHOBb. Ecam
ObI 3TOro He MPOUCXOINI0, TO MEXaHNYeCKIe MacChl MUKPO— H MAKPOKBAHTOB MaTepH-
aJbHBIX TeJ OJHAXK bl CBEPHYJINCH 10 HUKHEr0 YPOBHSI OTEHIUN N ucde3yn u3 Beesen-
HOM. A ecJii Obl YIPAaBJISIIONIAsI CHJIA IEHTPOB Ts2KeCTel Hcye3Ja Ha KOPOTKOe BpeMsi, TO
Bcsi MaTepusi BeesieHHOIT pacepinajiach Obl Ha dJieMeHTapHble YacTHIIbI, HIIPOU301IIeJ IPOo-
11ecC MTHOBEHHOI'0 TEPMOSIIEPHOr0 CAMOYHHYTOKEHHSI BCell BCeJeHCKO MaTepun. DTOro
HE TIPOUCXOIUT, 3HAUMT, TOUKA LIEHTPA TSKECTU HE TOJIBKO Hcue3aeT u3 BeeneHHoi, Ho 00s13aTelIbHO
TOSIBJISIETCS] BHOBD, M IIPUTOM HMKOT/IA HA TIPEKHEM MecTe, a B OJrKaiiieid OKpeCTHOCTH OT MPek-
HETO TOJIOKEHUSI.

UeM ke oTIMyaeTcs TyXOBHBI KBAHT TOUKH LIEHTPA TSKECTH MEXaHUUECKON MAaccChl, OT MeXa-
HUYECKON Macchl ¥ TIOJIEBBIX KBAHTOB MaTE€PUH, U3 KOTOPBIX 00Pa30BaH TOT MJIM HHOW MEXaHUYECKHUit
0OBEKT, BKJII0YAsI OTAETbHbIC aTOMBI M| MOJIEKYJTbI M HeOecHbIe Tena? ToJbKo TeM, YTO B HeM HeT,
110 BCEeJeHCKHM MOHATHSAM, HUKAKOI SHeprum. Touka [IeHTpa TSAKECTU SIBJISIETCS PEasIbHOCTBIO,
CYILIECTBOBaHME KOTOPO#1 I0Ka3aHO MUJLJIMApJaMU SKCIIEPUMEHTOB, U KOTOpasi UCIIOJIb3YeTCs B HAy4-
HbIX pacueTax. Ho ecyin B Hell HeT YHePruu, TO 3HAYMT, OHA, 110 TeM ke (PyHJaMeHTaJIbHbIM
3aKOHAM HAyKH, He II0/IBJACTHA HU BpeMeHH, HH POCTPAHCTBY. YyBCTBYIO, UTO HE BCE YUTA-
TeJM TIOHSUTM MOoM 00bsicHeHHs. Ho 3Tu mpenBapuTenbHble paccykaeHus, OyIyT MOATBEPKICHBI B
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npoliecce U3M0KEeHUsI MaTepruasia OOIIMPHBIMY MOSICHEHUSIMU M IOKa3aTebcTBaMu. He BoHYMTECH,
BCE CTAHET SICHBIM U MMOHSITHBIM.
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4. NudopmManuoHHO-yIPaBJSIONIas pad0oTa EeHTPa TKeCTH

KBaHT 1nieHTpa TSKeCTH sABJSETCS NYXOBHBIM MH(POPMAIMOHHBIM MEXaHHU3MOM OOXKEeCTBEH-
Horo ynpasienusi. He umest BHyTpeHHell SHePruu, OH MOKeT ¢ HEMbICJIUMOIl CKOPOCTHIO H
OTPOMHBIM YCKOPEHHEM CKPYYMBATBHCS MO CXOASIUMCS CIHMPAJSIM, Bpalasich 1Mo 4aco-
BOI1 cTpeJiKe, 10 NOJHOro Ncue3HoBeHus1 n3 BeesieHHoi. B 310 BpeMst TOUKa 1EeHTpa TSKECTH
MIPEBpAILAETCSl B TOHHEJIbHBIN NEPEX0]] MeXIy IPOCTPAaHCTBOM Haulel BeeneHHoil u nHpopManoH-
HbIM TTpocTparcTBoM Otita HeGecnoro He or Mupa Cero. A Ta, He UMeloIas HUKAKOW SHEPTUH CyIIl-
HOCTb, HO KOTOpast UH(OPMAITMOHHO, C TIOMOIIIBIO COOCTBEHHOTO CIIUPAJIBHOTO U IMTPOCTPAHCTBEHHOTO
MepeMeIleHUs], YITPABJISAET MOJICBOM U MaccOoOOpa3yoIlel SHeprueil MaTepuaibHOr0O MUK pPOKBAHTA,
SIBJISIETCS HEMATePUAIbHOWM TyXOBHOM MoOHaqoi. COOCTBEHHO TOBOpsi, BCE 3TO 51 ykKe M3JIOKHI B
«Jloktpune HayuHoro Boronosnanusi». Ho B 310# pabote mzmnaraercst 6onee riiybokoe NOHMMaHKe
MIPUPOMBI IIEHTPA TSKECTH, KaK JYXOBHOTO KBaHTA, HE UMEIOIIEr0 HUKAKOW SHEPTHMH U CLIOCOOHOTO
CIIMPAJbHO TIO YaCOBOM CTpENIKe CKPYUYMBATHCS [I0 MOJTHOTO MCUYE3HOBEHHS] M BO3HUKATh BHOBb B
HOBOW ToYKe. [Ipy TOM 1py BOSHUKHOBEHNH B HOBOW TOUKE, IyXOBHASI MOHA/1a CIMPAILHO, TIPOTHB
YaCOBOW CTPEJIKM PACKPYUIHMBACTCS IO Pa3MEPOB PEasbHOM KPYronoaoOHON MUK POTUIOITAIH.

dakTHYeCcKH B LEHTPe TSKeCTH MaTepHAJbHbIX MHUKPOKBAHTOB aTOMHBLIX sijiep
XHMHYECKHX 3J1€eMEeHTOB H UX COeIMHEHMII Cyl[eCTBYeT He O/I1H, a ]Ba Pa3HeCeHHbIX B NPO-
cTpaHCcTBe HeHTpa cuiibl. OJVH U3 HUX, C IOMOIIBI0 HE MMEIOIIMX MACChl TIOJIEBBIX (DOpM SHEp-
T'WH, B BUJIE EKTPUUECKOIN, MArHUTHOU ¥ IPaBUTAIIMOHHOM, HO 3aKPENMBIIUX Ha ce0e HECTHPACMYIO
AITOPUTMHUYECKYIO HH(POPMAIIHIO O€3yCIIOBHBIX HHCTUHKTOB, 3aCTABJISIIOT SHEPIHIO MACCH YCKOPEHHO
CKPYUMBAThCS TIO CXOISAIIMMCS UTMIITHYECKUM CIIUPATISM U (DOPMHUPOBATH BEKTOP CHJIBI TATOTE-
HUS$1, CTPOrO MPONOPLUMOHAIBHBIN BHYTPEHHEN MEXaHUUYECKON SHEpruu Macchl MUKpokBaHTa. Ilpu
3TOM MUKPOKBAHT aTOMa HJIU MOJIEKYJbl 0€30M0PHO NepeMenaeTcsi OT CTaporo mHeHTpa,
rje NpouCX0qUJI0 IEHTPOOeKHOe PACX0K/IeHe MeXaHNYeCKOoil YHeprun, K HOBOMY IleH-
TPY, IJ1e NPOUCXOJUT IEHTPOCTPEMUTENbLHOE CXO0K/IeHIe MeXaHU4eCKOll SHePrul Macchl.

ToYHO Tak ke TO JUTUIICaM MepeHOCUT Belien 3a codoit ComHile u Bee TuiaHeThl CoHeYHOM
cucTeMbl, (popMHUpYsl B HUX BHYTPEHHHE BEKTOPA CHJI YCKOpeHHUs U 3amMeieHnst. OIHAKO OTHAX/IbI
paszBepHyTasi CofiHeuHas TUIaHEeTHAs CUCTEMa, CBEPHETCS TOJIBKO TOCIIE 3aBEPIIICHHU T CBOETO JKM3HEH-
HOTO IIMKJIa. BHYTpHM aTOMHBIX siIep HET JKM3HU, IOITOMY MEXaHUYeCKast SHEPrusl MacChl aTOMHBIX
siIep CBEPTBHIBACTCS 10 MAKCUMAJIBHOTO TEePeXo/ia KMHETUYECKON SHEPTUM aTOMHOTO sIpa B MOTEH-
[MaJIbHYI0 SHepruio. B 3ToT MoMeHT o0ecneunBaeTcsi MaKCUMaJbHOE COJIMKeHHe YHePrun
Macchbl ¢ (PU3HYECKHM HEHTPOM TsKecTH. Ho MMEHHO B 3TOT MOMEHT JIyXOBHasi MOHA/Ia IeH-
Tpa TSKECTH CKPYUMBAETCs JI0 HYJIEBOrO 3HAYCHUS U MCUE3aeT M0 TYHHEIbHOMY Tepexoay U3 AaH-
HOM TOUKH nipocTpancTBa BeenenHoil. [TotepsiB 0ObeKT yrpaBiieHus, MexaHIuecKasi Macca aTOMHOTO
SIIpa M ero noJsieBble (hOpMbl HAUMHAIOT YCKOPEHHO PacKpy4rBaThCS.

Bcnencrre HEOMTHOPOAHOCTH MACCHI M TIOJIEBBIX CTPYKTYP, TTOJIEBBIE CTPYKTYPbI IIEPBBIMH OKa-
3bIBAIOTCSI HA IOBEPXHOCTH, & MEXaHMUEeCKasi Macca, 0071a/1asi MTHEPIIMOHHOCTBIO, ME/ITIEHHO PacIupsi-
ercsi, MpeoOpa30oBbIBasi HAKOTUICHHYIO TIOTEHIIMAIBHYIO SHEPIHIO B KUHETUYECKYI0 Hepruo. B aTor
MOMEHT JyXOBHBbINl KBAHT II€HTPA TSKeCTH OTCYTCTBYET, H €CJIi Obl OH He BO3HHK BHOBb
HAa HOBOM MecCTe, TO Macca aTOMHOIO si/ipa pa3Bajujiach Obl HA dJleMeHTapHblIe YaCTHIIbI
U KBaHTbI PEHTTeHOBCKUX H3Jy4eHHii. B cTporo pacueTrHoe BpeMsi U B pacyeTHOM TOYKe, IPHH-
[UIHAATLHO HE COBIA/IAIONIEH C TOUYKON MCUE3HOBEHUS1, OTKPHIBACTCS TYHHEJIbHBIN MIepeXo] M B HAIlle
MIPOCTPAHCTBO BO3BPAIIIAETCSl KBAHT AYXOBHOW MOHA/Ibl LIEHTpa TshkecTH. Ecim mpu ncue3sHoBeHUM
KBAaHT MOHA[bl CIIUPATBbHO CKPYUMBAJICS MO YACOBOHM CTpEJIKe, TO MPH BO3HUKHOBEHHM, OH CITH-
PaJIbHO PacKpy4MBaETCsl MPOTHB YACOBOM CTPEJKH. B 9T0 Bpems noneBblie (popMbl SHEPIUX ATOMHOTO
Spa, KOTOpble HEMCTPEOMMO COXPaHSIOT B ce0e BHYTPEHHUN AJITOPUTM TOBEJCHUS, TIOUUHSSCH
Yyepe3 TOT AJITOPUTM KBAHTY MOHA/IBI IIEHTPA TSKECTH, C TIOMOIIBIO COOCTBEHHOU padoThI (POKYCHPY-
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I0TCSl BOKPYT HOBOTO LIEHTPA, a 320[HO U NEPEHOCAT MEXAHMUECKYI0 KUHETUYECKYIO SHEPIUI0 MaCChI
K HOBOMY LIEHTpY TsikecTu. ITak, BO3HUKHOBEHHE PAaCKPYYHMBAKOIIErocsi NPOTHB 4acOBOM
CTPeJIKH KBAaHTAa MOHA/bI IIEHTPA TS2KEeCTH, IPUBOJNT K TeJIeMOPTAIi SKPAaHNPOBAHHOI
HePruy Macchl K ’TOMY HOBOMY IEHTPY TsI?KeCTH MeTO00M 0e30I0PHOro nepeaBuKeHusl.

[Tpuyem, Kak Tenenopranys, Tak U SKpaHUPOBaHUE 0OecTieunBaeTcst padoToM MoseBbIX (opM
SHEPruy aTOMHOTO /1pa, KOIJa caMa Macca IPUBE/IEHa B COCTOSIHUE HUKHETO WM BEPXHETO YPOBHS
MOTEHLIMAJIbHON SHEPIUHu.

Pacmmpenue kBaHTa MOHa/Ibl LIEHTPA TSAKECTH MPUBOAUT K YIAJIEHHIO MOJIEBBIX (DOPM Ha 3Ha-
YUTEJIBHOE PACCTOSIHUE M0 BHYTPEHHUM MEpKaM aTOMHOIO pa, OT MEXaHUUYECKOW SHEPTUM MacChl.
ITO JaeT BO3MOKHOCTh MEXaHMUECKOW SHEPTUU MacChl EPEXOAUTh U3 HUKHETO YPOBHS IOTEHIIU-
QJIBHOW HEPTUU B YCKOPEHHOE CIMPAJIbHOE PACHIMPEHUE, U CBOOOIHO TIEPEBOJUTH MOTEHIINATIBHYIO
SHEPrui0 B KMHETUYECKYI0 MEXaHWYECKYI0 SHepruio Maccel. He Hajjo 3a0biBaTh, YTO MEXaHHUYECKast
SHEPrus Macchl 00J1a1aeT MHEPLIMOHHOCTHIO, a BOT IoJIeBble (hOPMBI M cama JyXOBHAsi MOHaJa LIEHTpa
TSKECTU HUKAKOW BHYTPEHHEN MHEPLIMOHHOCTH HE UMEIOT. BMecTe ¢ pocTOM KMHETUYECKOU SHEPIUn
MIPOUCXOAUT U CIIPaJIbHOE Hapall¥BaHue (pU3NYeCcKUX pa3MepoB aTOMHOTO S1pa, U3 «aTTo» 0ObEeKTa

C pa3sMepaMu 1078 arommoe SIIPO MEPEXOUT B «HAHO» OOBEKT C pa3sMepaMu 10?. Hano 3aMeTHUTh,
YTO B 3TO BpeMs LEHTP TSKeCTH aTOMHOTO0 s1ipa OTcyTcTBYyeT. Ero oTcyTcTBrE JaeT BO3MOX-
HOCTh MEXaHNYECKOW Macce aTOMHOTO siipa MepPeBeCTH OOJIBIIYIO YacTh CBOEH MOTEHIINATbHOW SHEP-
T'Y HUKHETO YPOBHS B KUHETUYECKYIO SHEPTUI0 YCKOPEHHOTO IBMKEeHU . BerieacTBre MHEPLIMOHHO-
CTH, MEXaHUYeCKasl SHEprusl MacChl HE YCIIeBaeT CpearupoBaTh U PacKpyuuBaeTcs MeJUIEHHO. A BOT
nosieBasi (hopMa SHEPruu, MPOXOAUT Yepe3 SHEPrui0 Macchl, IPUHYXKAsl €€ MPEeKPaTUTh HapalliBa-
HUE (PU3MUYECKUX PA3MEPOB U KUHETUYECKON SHEPIUH, U HAUMHAET CIIMPAJIbHO CKPYUMBAThCS BHYTPH
aTOMHOTO f7jpa, HO YK€ He Y MPEXHEro, a y Jpyroro, HOBOro LEHTpa TSKECTH, IJie OMATh BO3HUK
KBaHT JyXOBHOHM MOHaJa.

B 310 Bpems MexaHuuecKas SHeprusi Macchl aTOMHOIO sI/Ipa HAKOMMUJIa MaKCUMaJIbHBII 3arac
KMHETH4ecKol sHepruu. OHa mpeKkpauaeT paclivpeHre U NMepexoAnuT Ha CIUpasbHble OPOUTHI 110
3aKkoHy 4Mcia «IIn», a KBaHT MOHA/Ibl LIEHTPa TSKECTH, C MOMOIIBIO SHEPTUH TMOJNEBBIX CTPYKTYP,
urpaer posb (poKyca IeHTpa NpUTsHKeHHs. MexaHndecKassIHePrusi Macchl He MOPOsKAaaa Obl
HUKAKOI'0 BEKTOpa CHJIbl H He MMeJa Obl CIIOCOOHOCTH NMepeMemaTbesl Jake Mo Jeu-
CTBHEM BHEIIHETr0 BEKTOPa CHJIbI, €CJIN Obl HOBBIN IEHTP NPUTSI?KeHNs 0KA3aJICsI TOYHO B
reoMeTpH4YeCKOM IeHTPe KPYroBoil CMpPaJii, 0TKY/1a HAYHHAJOCh pacliMpeHne SHepruu
Macchl. Ho 10 OTHOIIEHNIO K IEHTPY OTTAJKHBAHHA, HEHTP NPHUTSKeHHUs BCerja oKasbl-
BaeTcs cJierka CMeleHHbIM Ha CTPOro PacyeTHYIO BeJIMYHHY, KOTOPYIO ollpejeJsieT caMma
ayxoBHast MoHaa. Tem cambIM MOHaZa 1 MaJiasi 10JIeBasi SHEPIrusi, IPHUHYKIAI0T 3HAYH-
TeJbHYI0 HHEPIHAJbHYI0 MEXaHHYeCKYI0 SHEPrui0 Macchl aTOMHOTIO siipa CHHKATHCS H
CXOJQUTBCSA K PeaJlbHOMY LIEHTPY TSI?KeCTH He N0 CIUPAJbHBIM KPYTrOBbIM, a N0 3JUIMITH-
YyecKHM opOuTaM. 3a cUeT 3TOro MeXaHN4yecKasi SHePrusi Macchl BHINOJHSIET onpe/ieseH-
HYI0 IPHHYIUTEJILHYI0 pa00Ty U BbIpadaThiBaeT BHYTPEHHNUI BEKTOP CHJIbI, KOTOPBIii 0€3-
OIIOPHO NepeMenaeT MeXaHNYeCKYI0 SHePru0 Macchbl K HOBOMY LEHTPY TSI?KeCTH.

IToHATH 3TOT MpoLeCcC HEMOArOTOBJIEHHOMY UMTATEJIO JI0BOJIBHO CJOXKHO. JIJ1s1 3TOro Hajo B
TEYEHUE OIPE/ICICHHOIO BPEMEHHU INOCTOSTHHO BCIIOMUHATH M OCMBICIMBATh, YTO XK€ MPOUCXOAUT
BHYTPY aTOMHOIO s/Ipa U Kak oOpa3yeTcsl Macca aTOMHOIO fiijpa M Macca BceX BUAMMBIX Bellei
Haulero Mupa. Kaxjaoe HoBoe ocMbIciieHue OyaeT MpuOaMkaTh pasyM K NMOHUMAHHMIO BHYTPEHHUX
IIPOLIECCOB, a 3HAYUT, M K IOHUMAHUIO UCTUHBL. CaM s He MPETeH IyI0 Ha TO, YTO JI0 KOHIIA MTOHSJI BCe
BHYTPEHHHUE MPOLECChI, KOTOPbIE TPOUCXOAAT BHYTPU aTOMHOIO 5i/ipa, U ¢ a0COIIOTHON TOYHOCTBIO
MOHSJI, KaK U3 MEXaHWYECKOH SHEpPruy aTOMHOTO si/ipa oOpa3yeTcsi BEKTOpP CUJIbl, CTPOTO IPOIop-
LIMOHAJIbHBIA BHYTPEHHEN SHEPriU aTOMHOIO fjpa. Sl 3aHMMaloCh 1yXOBHBIM OCMBICJIEHHEM TaKOM
(uocodckoit KaTeropun, KOTOpble Y4eHble Ha3bIBAIOT MaTeprel, M CTOIO JIMIIb y MOAHOXKMUS I'PaH-
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AVO3HON MUPaMU/IbI 3HAHUIA, KOTOPAsi MOKET OTKPBIThCS 3€MHOMY UYeJIOBEYECTBY Ha 9TOM OJiarojar-
HOM IIYTH NPU3HAHUS AyXa, KaK [NIABHOU CYITHOCTH HAIlIero MUpa.
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5. OTBeTHI HA NOCTABJEHHbIE BOMPOCHI

[pexnae yem aenaTb 0O0OIIAIOIIME BBIBO/IBI, OTBETUM HA T€ TPU BOIPOCA, KOTOPBIE MBI 33JaJTH
camu ceOe B Havyasle TOW I7aBbl. MTak, moOO MUKPOKBAHT MAacChl, HAYMHASL OT JIEMEHTAPHBIX
YaCTUI[ ATOMHOTO JIeJICHU s s1iep, BKJI0YAst JIEKTPOHbI, IPOTOHBI, HEUTPOHBI M CAMHU aTOMHBIE SI/1pa,
a TaK’Ke aTOMBI M MOJIEKYJTbl XUMHUECKHX JIEMEHTOB M MIX COEIMHEHHIA, CoiepkaT B ceOe TpU pa3HO-
POIHBIE CYIITHOCTH SHEPTHH, KOTOPbIE HAXOIATCS B HEMPEPHIBHOM JIBMKEHUHU. MexaHnuecKasi SHep-
rvs, U3 KOTOPOH oOpasyeTcs Macca, o0naiaeT UHEpLUen, OHa SIBJISIETCS «CIIENOi» SHEPruen, Tak
KaK He HeceT B ceOe HUKaKuX MH(pOPMAIMOHHBIX (pailyioB nH(popMarmu. MoxXHO Aaxe cka3aTb TakK,
YTO TOJIEBbIE (POPMBI, XOTS M YNPABJISAIOT MEXaHUYECKON HEPrueil Macchl, HO CTapaloTCs C HEel He
COMPHUKACATHCS, YTOOBI HE Pa3pyIIUTh COOCTBEHHbBIE MH(pOpMAITMOHHBIE (hailiibl. OTBevast Ha BOIIPOC,
IJIsL 4ero MexXaHu4ecKasi SHePrusi Macchl MOCTOSTHHO TPecyIeyeT SHEPruio Moisi M TeM CaMbIM Tpa-
TUT COOCTBEHHYIO SHEPrui0 Ha BHIPAOOTKY BEKTOpa CHJIBI, HAJIO CKa3aTh, YTO y TAaKOTO HETpPephIB-
HOT'O JIBIKEHHSI MOKET ObITh JHIIb JBe HEOJHO3HAYHbIEe H NPOTHBOIOJIOKHbIE I[eJIH, U 3TU
LIeJIM JIeXKaT B OCHOBE YCTPOEHHMS BCEIEHCKOW MaTepuy M uesioBeueckoro coodmectBa. O cHOBOM
NepBoii I[eJIM SIBJsIeTCS JKeJaHne 0CBOOOAUTHCS OT H30bITKA YHEPIUH U NOJIYYNTh HH(OP-
Manuio. Ho a1 MeHs1, Kak CTOpOHHEro HaOmogaressi mpolecca, 3T0 HOpMaJIbHOE JKeJIaHue SHep-
TMYHOTO KBaHTa BOCIPUHUMAETCSI KaK HEHABHCTh K TOJIEBHIM (popMam Matepun. Benp oHM sBs-
I0TCSI HOCUTENSIMU MH(OPMAITMOHHBIX (DaflyIoB, M MUMEIOT OOJBIIYI0 CBOOOAY mNepensrkenus. Eciu
KaKOW-HUOY/Ib KBAHT TOJISI COMPUKOCHETCS ¢ MHEPIUATIBHBIM MEXaHMUECKUM KBAaHTOM MaTepuu, TO
ero nH(opMarus OyaeT pa3pyllieHa, 1 OH CHOBa OOBbEAMHUTCS C Hepa3yMHOM SHepruei Marepun. 5
Mory ObITh U He TIPaB, HO Be/Ib HEHABUCTDb B YEJIOBEYECKOM COOOIIECTBE CyIecTByeT! A oTKyna ei
B3AThCs, €CJIU OBl He OBbLIO ee MoA00rs B MaTepraIbHOM Mupe?

OcHOBOI1 BTOPOH IeJH SIBJISACTCS 3aBUCTh M TallHOE KeJlaHue M30AaBUTHCA OT COOCTBEH-
HOW MH(OPMAIIMOHHOM CJIETIOTHI ¥ TIOyYUTh CBOOOY MmepeIBHKeHHs , KAaKOW 00JI1aJaloT MOoJieBble
dopmbl MaTepun. He nipaBzia v, 9TO HEYTO MOXOXkeEe MPOUCXOAUT M B UEIOBEYECKOM cooOiecTe?
JlyXOBHO SHEpruyHbIe JIOIN TOXKE HEMPEPHIBHO OOPIOTCS 3a CBOIO JIMYHYIO CBOOOIY M JJaKe 32 CBO-
001y 3eMHOT'0 YeJIOBEYECTBA UM BCEOOIIYIO IEMOKPATHIO M TIpaBa YeIoBeKa, HO TaKkKe HelTPEePbIBHO
YHUUTOXAIOT MU 3TOW OOphOe KaK CBOMX MPOTMBHHUKOB WJIM COBEPILIEHHO HEBUHHBIX JIIOZIEH, TaK U
CBOMX CTOPOHHMKOB, B UeM-JIMOO HECOTJIACHBIX C IJIABHBIMU OOpLIAaMHM 32 CBOOOMY, PABEHCTBO M OpaT-
cTBO. TakoBa }M3Hb M TAKOBA BCS ICTOPUSI 3eMHOTO yesioBeuecTBa. Camasi Bbicmasi HHopManusi
3aKJI0UeHa B TPeThell U BhicHIell HepapXuu MaTepuajbHOr0 MUKPOKBAHTA WU B CYLIHO-
CTH KBaHTA {yXOBHOIl MOHA/Ibl, KOTOpPasi 3aHUMAaeT MyCTOe MPOCTPAHCTBO I[EHTPaA TsKe-
CTH. DTOT KBaHT MOHA/Ibl YK€ He MPUHAJICKUT HAIlleMy MTPOCTPAHCTBY, IaXKe €U OH TIOPOKJIEH 13
KBaHTa MOJIEBOY SHEPTUH, MTOCIIE TOTO, KaK STOT KBAHT MOJIHOCTHIO UCTPATHI COOCTBEHHYIO SHEPTHIO 1
MOy 4rJT 00KeCTBeHHYI0 MH(popMaImio. Biarogapst CBONCTBY SHEPreTHUECKOM HUIIETHI, KBaHT AyXa
MOHA/IBI LIEHTPA MOy YT a0COMIOTHYIO CBOOOLY TIepeMellieH s, TOIHOCTHI0 UTHOPUPYS Takue (hpyH-
JaMeHTaJIbHbIe TIapaMeTphl MPOCTPAHCTBA, Kak BpeMs U paccTosiHue. Ho rmaBHOe paxe He B 9TOM,
a B TOM, YTO JYXOBHBbIIl KBAHT MOHA/Ibl IEHTPA MOJIYyYHJ 00:KeCTBEHHOE MPaBO BbIX0Ja U3
npocrpancTBa BeesieHHOM 0 TYHHeJIbHOMY Ilepexo/1y B Hen3BecTHOe npocTpancTso OTua
Heo6ecHoro.

KBaHT MOHa/Ibl LIEHTpa TSHKECTH aTOMHOTO SiIpa M JII0OOH 3JIeMEHTapHON YaCTHUIIbl SAEPHOTO
JeJIeHHs], HU MPU KaKUX YCJIOBHSX HE JOJDKEH COMPHKACATHCS HE TOJIBKO C MEXaHMUECKOM SHEepruei
MAaccChl, HO U C SHEPruei mojeBbx CTpyKTyp. [locnencTBus Takoro HeCAaHKIIMOHMPOBAHHOTO COMPH-
KOCHOBEHHUSI HEIPe/ICKa3yeMbl, HO OHM HMKOTJa He MPOMCXOAWIN U He MOTYT IPOU30MTH. BricTpO-
JENCTBHE LEHTPATbHBIX KBAaHTOB IPEBHIIIAET BCE MBICIMMBIE BETMYMHBI KBAHTOB MAaTEPUAIBHOTO
mupa. 1o cytu nena, nux ckopocts 6e3rpannyHa. OTBET Ha BTOPOH BOIIPOC, TIOUEMY KBaHThI (DOTOHOB,
3JIEKTPOHOB, TPOTOHOB U MUKPOKBAHTHI aTOMHBIX SIJIEp, 4 TAK)KE ATOMOB ¥ MOJIEKYJI XHMHYeCKHX
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3JIEMEHTOB M HX COeJHMHEHHil COCOOHBI K JUINTEJbHOMY H YCTOHYMBOMY CTAOMJIBLHOMY
CYlIeCTBOBAHUIO BO BpeMEeHH, 3aKJII0YAaeTCsA B TOM, UTO BHYTPH HX MPOCTPAHCTBA MocJje-
JI0BaTeJIbHO BO3HHKAKOT /IBa NMH(OPMAIMOHHBIX EHTPa Pa3HOPOAHON Npupoabl. OquH
LEeHTP MOHYXAAeT MEXaHUYECKYIO SHEPTUI0 MAaCChl IPOCTHO pa30erathbcsi, UCIONb3Ysl BCIO BHYTPEH-
HIOIO CUJTY Y MIHEPIHIO JIsI Tpe0Opa30BaHusl MOTEHIIMATBLHON SHEPTUK B KUHETUYECKYIO SHepruio. B
CBSI3M C T€M, UTO BCE JIEWCTBUSI MUKPOKBAHTOB MH(OPMAIIMOHHO CUHXPOHU3UPOBAHBI, B OOJIBIIIOM
MHOXECTBE MUKPOKBAHTOB IPH UX BPAIIEHUU 3TO MPUBOAUT K 3PeKTy 00pa3oBaHus IEHTPOOEK-
HOW CUJIBI.

Jpyroii nH(OpManMOHHbI EHTP, BO3HUKIINIA NOOIU30CTH OT MPEKHEro LIEHTPa, PH-
Hy’KJIaeT MEXaHUYECKYI0 SHEPrui0 Macchl K CTOJb K€ SIPOCTHOMY CXKaTHIO, C MCIOJNb30BaHUEM B
KadecTBe (hOPMBI JIBIKEHUSI HE CIMpAJIel, a CXOASIIMXCS JUIMIICOB. DTO CBOWCTBO 3a CUET BCe-
o01Iell CHHXPOHHM3ALMK MOPOXIAaeT ABa BeKTopa cuiibl. OUH BEKTOpP CHUJIbI OE30MOpPHO Mepeme-
IIIaeT MUKPOKBAHT MacChl K HOBOMY LIEHTPY TSKECTH, a JPYTOM BEKTOpP CHJIbI, HAIIPABJIECHHBIN K
HOBOMY LIEHTPY TSKECTH, B CHHXPOHU3AIMU C MHOKECTBOM JIPYTMIX MHKPOKBAHTOB MacChl, PUBO-
auT K 3¢ dexTy oOpa3zoBaHUsI IIEHTPOCTPEMUTETHHOM CUJTbI UJTH CHITHI TATOTeHUs1. Takum oOpazom,
JII000I MaTepUaJbHbINA KBAHT MAacChl HAXOIUTCS B HeNPEPbIBHOM HECTAlHOHAPHOM Iepe-
XOHOM BOJIHOBOM IIpoLecce IOCJeJ0BaTeJbHOI0 paclIupeHusi, a 3aTeM CKaTHsA U 0e3-
OnopHoOro nepemeuienus. [Ipu 3Tom MaTepuaibHbIi MUKPOKBAHT TPATUT COOCTBEHHYIO SHEPIHIO
Y SHEPTHI0 3aXBaYeHHBIX (POTOHHBIX MUKPOKBAHTOB JIyuyeBOW 3Hepruu 3Be3] wiu CosnHua u JIpy-
TUX TMOJNEBBIX (DOPM MaTepuu, BKIIIOYAS M KBAHTHI MOJSI TPABUTAIMM, ISl TOTO YTOOBI MCTIOHUTD
BHYTPEHHIOI paboTy U MOPOAUTh BEKTOP CHIIBI Oe30mopHoro nepemelteHus. besonopHoe cuiio-
BOe NepeMellleHle BCerja OCylecTBIsIeTCs] B HAPaBJIeHUHU IeHTPa TAKeCTH HeOeCHOro
TeJla WM B HAaNpaBJieHNU 00J1ee MaCCUBHBIX HeOeCHBIX TeJl, €CJIU MUKPOKBAHT HAXOIUTCS
B O/INHOYECTBeE INIy0DOKOIro KOCMOCa BCEJEHCKOro NPOCTPaHCcTBa . YeTKOCTh U MOJTHOTA OTBETa
MOHPABWJIACH JaXe MHE, KaK aBTOPY 3TOW COBEPIIEHHO peajbHOM I'MITOTE3bl BHYTPEHHETO YCTPOU-
CTBA MEXaHMYECKUX MUKPOKBAHTOB, UTO ObIBAaeT OueHb peako. [lyTaHuiel B Moux paboTtax mpeio-
CTaTOYHO. B OCHOBHOM $1 MCHIBITHIBAIO KpaiiHee pa3odapoBaHKeE U ITyOOKYIo Jocay, Korga oOHapy-
KUBAI0 pacxoxkaeHre 3a(PMKCUPOBAHHBIX HA JIEKTPOHHOM HOCHUTEJIE TEKCTOB, C TEMH MBICTISIMU 00
YCTPOICTBE MaTepUaJIbHBIX M TyXOBHBIX CYITHOCTEN BcesneHHOM, KOTOphIe MOIBUIIIM MEHsI Ha TBOP-
YeCcKylo padoTy MO U3JI0KEHUIO CBOUX MBICIIEH IS IIMPOKOrO Kpyra YynTareseH.

OrtBer Ha BOIIPOC, YTO OyeT MPOUCXOAUTD C MaTepPUAIbHBIM TEJIOM HEOOJIBIION MAcChl, KOTO-
pPOMY I10 BOJIE YEJIOBEUECKOTro pazyma OyaeT NMpuaaHa MOCTOSHHASL CKOPOCTh B IITyOOKOM KOCMOCE,
YaCTUYHO YK€ M3JIOKEH B IByX MPEAbIAYIHMX OTBeTaX. Beab n30MpoBaTh MaTepuajbHOE TEJI0
OT BCENPOHNKAIOIIEr0 BO3/1eMCTBHSI MOJsI TPABUTAINH YeJOBEKY He 10 CHJIaM B JIO0bIX
rJIyOMHaxX KocMoca. ['paBUTAIIMOHHOE 071 — 3TO TOHKAsI MaTepUaJIbHAS TPOCTPAHCTBEHHAS CTPYK-
Typa, KOTOpasi HeceT B ceOe Majlo SHEpruM, HO 3aTO yMeeT Iepe/laBaTh M CKJIAbIBaTh M0 3aKOHY
BEKTOPOB MH(OPMALIMIO O Macce Bcex HeOecHsIX Tesl BeenenHoil. Ecii matepuaibHOe Teno cocTout
U3 MHOJKECTBA «M» MHUKPOKBAHTOB aTOMOB U MOJIEKY/I XUMUYECKHX IEMEHTOB U UX COEJUHEHUI,
TO CAMHU KBAaHTHI MOHAJ MX IIEHTPOB TSIKECTEW BBIYMCIIAT U ONPEAEIIST, IEHTPATbHBIA MUKPOKBAHT
WCTHUHHOTO IIEHTpa TSKECTH MaTepuasibHoro tena. LleHTp TszkecTH JiIFOOOro mMaTepHaJbHOro
TesJa UMeeT HH(pOpMaLUI0O He TOJbKO 0 KOJHYEeCTBe «M» MUKPOKBAHTOB (PU3HYECKOroO
TeJia, HO M 00 UX 001Iel Macce. DTo CBOMCTBO He TpeOyeT AoKa3aTesibcTB. OHO JOKa3aHO MPEAbIIy-
MU TTOKOJICHUSIMU YYeHbIX. PYKOBOICTBYSCh TOUHBIMH JAaHHBIMH 00 00IIel Macce COOCTBEHHOTO
(pusrueckoro Tena, 0 NEpPBOHAYAIBLHOM BEKTOPE CKOPOCTH, a Takxke MH(popMalell 0 CyMMapHbIX
BEKTOPaxX CHUJI OTAAJICHHBIX U OJIMKHUX MaTepUajibHBIX MaKpOOOBEKTaX BCEJIEHCKOTO MPOCTPAHCTBA,
JDYXOBHBIM KBAaHT MOHA/IbI OOIIIETO LIEHTPa MEXaHMUYECKOW MacChl HAUHET MTHOBEHHBIMH, KOPOTKUMHU
«CKa4KaMm» O€30IMOPHO NepeMeNIaThCs 110 3apaHee PAaCCUNTAHHOH TpaeKTopuu. Eciii roBOopHTS S13bI-
KOM HayKH, TO MaTepuajbHOe TeJlo, KOTOPOMY YelIOBeK MpUAal MO COOCTBEHHOMY pasyMy M BoJe
MIOCTOSIHHYIO CKOPOCTb, TIPUCTYIUT HE TOJBKO K MCIIOJHEHHUIO BOJIM YElOBEKA 10 MEPBOMY 3aKOHY
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HploTOHa, HO ¥ K MCTIOJTHEHHIO 3aKOHA BCEMHMPHOTO TATOTeHUs. B Kakylo Obl CTOPOHY OT IJIaB-
HBIX MAKP000beKTOB BcesieHHOI HI ObLJI HANPaBJieH BEKTOP NePBOHAYAJIBLHOI CKOPOCTH,
U Kak Obl BeJIMK OH HH ObLI MO CHJie ePBOHAYAJbHOI0 UMIYJIbCA, HO JyXOBHAas MOHAAa
0011ero HeHTpa TSAKECTH MeXaHHYeCKHX MacC NPHHYIUT MaTepHaJbHOE TeJ0 UCIO0Jdb30-
BaTh SHEPTUI0 COOCTBEHHOH MaccChl H BLIPA0ATHIBATH HMITYJIbCHbII BEKTOP CHJIbI, HANIPaB-
JIEHHBIIl B Ty CTOPOHY, I/le PacloJio;KeHbl MacCUBHbIE MAaKPOOO'bEKThI BCEJEHCKOr0 NMpo-
cTpancTBa. [Ipy 5TOM nepBOHAYATBHBIN MMITYJIBLC CHJTBI M CKOPOCTH, KaK U HaIlpaBJIeHUE ABUKEHUS,
OyIyT I3MEHEHBI B CTOPOHY YMEHBIIIEH! S WITH yBermueHus. [IloMrMo BoJIu YesioBeKa U BOIPEKH BCeM
TPEM 3aKOHAM MEXaHHKH, CKOPOCTb IBIKEHH S Oy/IET COIJIacOBaHa He ¢ BOJIEH YeJIOBeKa, a C 3aracom
BHYTPEHHEH SHEPrvH M C HAIMYMEM BHEITHHUX JIy4eBBbIX HCTOUHHMKOB. Pa3Be s1 He mpaB?

O KakoM NOCTOSTHCTBE CKOPOCTH, U KaKOW IPSMOJIMHEWHON TPAaeKTOPUH, MOKHO BECTH pEUb B
YCJIOBUSIX JIEWCTBUSI 3aKOHA BCEMUPHOTO TAroTeHusi? M kKak 4enoBek HayKW MOKET OTMEHUTDb 3TOT
3aKOH, MpeAToaras Kakoe-To MU(puIecKoe paBHOMEPHOE U MPSIMOJIMHENHOE BMKEHHE MaTeprallb-
Horo Tena? Co BpeMeHeM pacCTOsTHUE MeXIy MACCUBHBIMH TeJaMHu BceneHHON M HalluM MajibiM
MaTepuaIbHBIM TEJIOM, 0OsI3aTeNIbHO HAYHET yMeHbInaThesl. [10 3aKOHy BCeMUPHOTO TATOTEHHUS CHJIa
B3aMMHOTO MPUTSKEHU s TIPSIMO MPOIOPLIMOHATIBHA MaccaM Tell M 00paTHO MPOIOPIMOHAIbHA KBa/I-
paTy pacCTOSIHUSI MEK/ly HUMHU. YMEHBIIIEHE PACCTOSHUS YBEJIUUUT CUITY B3aUMHOTO TIPUTSDKEHHUS,
a 3HAUUT, Oy/IeT M MOCTOSTHHO HapalyBaTh CKOPOCTh MX B3aUMHOTrO cOnmvkeHus. Besikoe maccuB-
HOe HeOeCHOe TeJI0 He CTOMT Ha MecTe, a JBUKETCS TI0 CIUPAH, JUIUICY, TunepOosie Wi napa-
6one. Bor u Haile Manoe matepranibHOE Telo OyleT ABUTaThCs B HANIPABIEHUH STOTO MACCUBHOTO
TeJa He MO MPSMOM, a MO KAKOK-TO KPUBOW JIMHUM CIOXKHOW (hOPMBI, KOTOPasi MpH NpuoImKe-
HHUM K MACCHBHOMY HeOeCHOMY TeJy 00si3aTeJIbHO «BBIPOJAUTCS» B CIHHPAJb, THIEPOOTY
Wi napaooJjy. Majomy Tery He JaHO MTPaBo Kak oT bora, Tak v OT HayKH, CTaTh CaMOCTOSITeJTbHOM
TUIAHETOU U MEPerTH Ha IUTUIITHYECKYI0 (hopMy ABMKEHUS. TaKMM MCKITIOUUTEIBHBIM MTPaBOM 00J1a-
JAI0T TOJIBKO CAMOCTOSITENIbHBIE HEOEeCHbIE Tesla, IEHTP TSKECTH KOTOPBIX 3aHUMAaeT He OMH KBAaHT
IyXOBHOW MOHA/Ibl, a IEJIETUPOBAHHBIN yX BCEr0 MHOXECTBA MaTepHaIbHBIX MUKPOKBAHTOB, KOTO-
pble COCTABJISAIOT CYMMAapHYI0 Maccy HEOECHOro TeJa.

[Nouemy s ¢ OMHON yOEXAEHHOCTHIO YTBEPXKIAI0, YTO BCE MacCHBHBIE HEOECHBIE Tella, Opou-
TQJIbHbIE XaPAKTEPUCTUKH KOTOPBIX 00Iadal0T HE3BIOIeMOM CTaOMIBHOCTHIO, OOSI3aHbI JBUTATHCS TIO
IUIMNTAYECKUM opoutam? [la moToMy, YTO STOT YIUBHUTEIbHBIN (DAaKT ABUKEHUS BCeX O€3 MCKIIO-
YeHUsI TUTAHETHBIX TeJl U MX CIIyTHUKOB TI0 JUTMIITHYECKUM opOrTaM oOHapyxui Kerep, a 3ateM u
9KCTIEPUMEHTAJIbHO MTOATBEPAMIIA BCSI MaTepUasTcTHUecKast Hayka. Ho uem BbI3BaH JUIHIIC MIaHeT-
HBIX 0pouT? OH BBI3BaH HETIPEPbIBHBIM 1B KeHHeM COJHIA 10 CBOei rajjaktuaeckoi opoute. Ecoam
0b1 CouiHIle He JBUTaJI0Ch, a CTOSIIO HA MeCTe, TO BCe OpPOUTAJbHbIE IUVIAHETHbIE JJLIUICH
HeMe/UIEHHO «BBIPOJIMJINCH» B cxoasimuecsi cnupann. [logquunssce 3akony unciaa «Iln»
U 3aKOHY BCEMHPHOIO TSroTeHHs, NaHeThbl CoJIHEeYHOH CHCTEeMbI IPeBPATHJIUCH ObI B €e
«HCKYCCTBEHHbIe» CIIyTHHKHU H HEOOPATHMO CTaJu Obl CIUPAJIbHO CXOAUTHCS K «<MaTepH-
aJIbHOMY 4YpeBY» CBOe€ll COJIHEYHOW MaTepH, MOKa He NMPeBPAaTHJINCh B YacTh 3Be3/IHOM
MaTtepuu Hamero CoJuHna. Takum o0pa3zoM, ABMKEHNUE MEXaHUYECKON SHEPTUH COJTHEYHON MaCChl
T0 CBOEH TAJIAKTUYECKOW OpOUTE SIBIISIETCS] HE «BO3MYTHTENIEM», a TJIABHBIM TapaHTOM CTAOMIIbHOCTH
OpOUTAILHBIX MApaMEeTPOB BCeX IJIaHETHBIX Tesl COMHEYHOU CUCTEMBI M MX CITyTHUKOB.

Cxopoctb ConHII2 Ha CBOEH TaJIaKTUYECKOW OpOUTE SIBJISIETCS OIHUM M3 IJIaBHBIX PEryJIsTo-
POB HEOECHOTO MeXaHM3Ma IO aBTOMATHYECKOMY YepKaHUI0 OpOMTAIBHBIX MapaMeTPoOB U Xapak-
TEPUCTUK TUIAHETHBIX TeT B MX 3aJaHHBIX mpeneiax. IIpy 3TOM UCHONb3yeTcsl TOT K€ MPUHIIUI
MaJIBIX OTKJIOHEHHUH OT MJIeaJIbHOro 0Opasiia B Ty WM UHYI0 CTOPOHY. JDTO JBHKeHHE MPONCXO0-
JHT He IJIABHO, a UMIYJbCHO, MAJbIMH KBAHTAMH U (pOPMHUPYET BTOPOIi I[eHTP JKCEH-
TPUTETA JIMICOB IUIAHETHBIX TeJl. [IycTh yueHsle, elie pa3 BHUMATEIBHO MOCMOTPAT, KaKkue
MIPOLIECCHI IIPOUCXOIAT B HEOECHON MEXaHUKE aBTOMATUYECKOTO PEryJIMpOBaHMs OPOMTAIBHBIX Mapa-
MeTpoB TUIaHeTHBIX Tes1? Macca ConHIIa MCTIONHSET 3aKOH BCEMHUPHOTO TATOTEHUs], U (pOpMUpPYET
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[IEHTPOCTPEMUTENILHYIO CHITY BPAIICHHUsI, KOTOPAs MPUTATUBACT TUIAHETY, U 3aCTaBJISIeT ee TBUTaThCs
HE TPAMOJIMHENHO, a 1o cxoasieics crupaii. Ho KasKablil EHTP SKCEHTPUTETa, NHINBHU-
JyaJbHbIN JJIs1 KaXK10i miaHeTbl COJIHeYHOH CHCTEMbI, OTTAJIKHBAET BEKTOPOM I[€HTPO-
0eKHOH CHJIBbI CBOIO MJIaHeTy OT Macchl CoJIHIIa, B 3aCTaBJISIET €€ IBUTaThCsl He MO CXO-
JSAIecsl CMUPAIH, a MO JJUIUICY. A Ternepb MOCMOTPUTE, YTO TPOUCXOAUT BHYTPU aTOMHOTO
syipa MUKpokBaHTa MexaHnndeckoi Maccel? Ilogqo6Ho CoJiHeuHOIl cucTeMe, B KaX/JI0M aTOM-
HOM sIJIpe CyIecTBYeT JABa MeHTPa cuibl. OuH 13 HUX 0Opa3yeT cpasy JBa BEKTOpa CHJIbI: BO-
NMePBBIX, SHEPTUs] MEXaHMUECKON MACChl, M3 COCTOSIHUS BBICIIEH CTETIEHW PACIIMPEHUs, THITAeTCS
CIBUHYTh M YCTAHOBUTH MOHAJIy IIEHTpa Ha MpexHee MecTo, U (popMupyeT B cede JUTUNTUISCKIE
opoutsl cxoxaeHns. Ecim Obl MOHaIa 1eHTpa oOnagaia XOTh KaKOR-TO SHeprue U MOTIMHSIIACh
BCEJICHCKUM 3aKOHAM MPOCTPAHCTBA U BPEMEHU, TO SHEPrusi Macchl, cC(pOpMUPOBAB CBOMMU JLIUII-
caMu TIPOJOJILHBIA BEKTOP CHJIbI, 0OSI3aTeIbHO BepHYJIa Obl TyXOBHBI KBaHT MOHAJIbI HA TIPEkHee
Mecto. Ho Besikasi 9Heprusi, 6ecCHIbHA N3MEHNTH MPOCTPAHCTBEHHOE MOJIOKEHNE TyXOB-
HOro KBaHTa MOHA/bI I[€eHTPa, KOTOPbINl He COAEP:KUT HUKAKOW SHEPruH U MOTOMY He
HCIMOJIHSIET 3aKOHBI MPOCTPAHCTBA H BpeMeHU. He JyXOBHBIM KBAaHT IIEHTPa, a MeXaHWJIecKast
SHeprusi MacChl SJUTMNITHUECKUMH OpOUTAMU TTepeMelnaeT cama ceds K HOBOMY IEHTPY TSKeCTH, a
3HAYUT, U OE30TMOPHO MEePEIBUTACTCS «KOPOTKUMHU IMepedeskkaMu» 0 MPOCTPAHCTBY-BPEMEHHU.
Bo-BTOpbIX, c(hOKYCHPOBABIIUCH BOKPYT HOBOTO TIOJIOKEHU I, SHEPIHsl MACChl HAUMHAET CITH-
PABHO CXOAMTHLCS K MOHAJE IIEHTPA U MOPOXK/IAET BEKTOP LIEHTPOCTPEMUTEILHON CHIIbI, KOTOPBIN

YMEHBIIIAET pa3Mepbl aToMa J10 «(PeMTO» U «aTT0» pa3MepOoB, MOPsIKA 10718 metpa. [Tpu 3TOM J1yXOB-
Has MOHaJIa IIeHTpa TSKECTH, He UMesl SHEPTUu, 00J1ajaeT MOTHOTOW MH(OPMAITUK U TIPE/IBUICHUEM
Oymy1iero, a Takke MH(HPOPMAIIMOHHO CBSI3aHa CO BCEM MHOXECTBOM JYXOBHBIX KBAHTOB MaTepUasib-
HOTO TeJIa ¥ ero OOIIMM LIEHTPOM TsKecTd. B onpe/ie1eHHbIN MOMEHT, He JIOIYCKasi COMPHKOC-
HOBEHHSI ¢ KBAHTAaMH MEeXaHN4YeCKOil YHePruy Macchl, TyXOBHbIH KBAaHT MOHA/IbI IEHTPa
MOKH/IAET N0 TYHHEJHLHOMY IepeXo,1y MpocTPancTBo BeereHHo1l . DHeprust Macchl OOHApPYKU-
BaeT BHYTpPU ceOsl MOJIHYIO MYCTOTY WJIM JBIPKY, M C TAKOH K€ SIPOCThI0 KaK OHA CXOJMJIACh K TOUKE
[IEHTpa, HAYMHAET CITUPAILHO PACXOAUTHCS, cama B cebe MopoXkaast BEKTOP HEHTPOOSKHOM CHJIBL.
D10 Ge3yaepKHOE paCIIMpPEHUE SHEPIUM MACChl, TIPEKPaIlaeTcsl TOra, KOrjaa OHa MepeBeieT CBOKO
MEXaHUYECKYI0 KHHETHUECKYIO SHEPTHI0 B BEPXHUI ypOBEHb IOTEHIIMU U CHOBA OOHAPYXUT BHYTPH
ce0s1 TyXOBHBIN KBAaHT MOHA/Ibl, KOTOPBIN Kak Obl BO3HUK U3 «HUOTKy/a». Ho y:Ke He Ha mpexHeM
MecTe, a B HOBOM TOUKe MPOCTPAHCTBA, PACHOJ0KEHHOI HA pacyeTHOI Tpacce JABUKEeHUSI .
MexaHnueckasi SHEprusi Macchl, He MMesl BO3SMOKHOCTH CIBUHYTh MH(POPMAIIMOHHBINA KBAaHT JyXa
COOCTBEHHO# CUJION, CHOBA MIEPECTPANBAETCS M0 UTUNTUIECKUM OPOUTAM, U TEM CaMbIM O€30TIOPHO
nepeMeInaeTcsi K HOBOM TOYKe IMPOCTPAHCTBA. 3aTeM IPOIIeCC CXKATUsI aTOMHOTO sIIpa JI0 «heMTo»
U «aTTO» Pa3MEPOB MOJTHOCTHIO TOBTOPSIETCS.

['maBHBIA BHIBOJI HAIIPAIIIMBAETCS CaM COOOI: MaTepusi He MOKET CyIeCTBOBAaTh BO Bpe-
MeHH, 6€3 HCIOJHEHHS MOCTOSAHHOM PatoThl H 0€3 HeNPEePLIBHOTO HMITYJILCHOTO MepeMe-
HIeHHs M0 MpocTpaHcTBY. [locTosiHHAs paboTa MPOMOPIIMOHAIbHA MEXaHIMUECKOM SHEPIUU MaTe-
PUAILHOTO TeJjla U TPOSIBIISETCS] KaK BEKTOP CHJIBI (pr3MUecKoro Beca Teia. Maccy, Kak CKaJIsIpHYIO
0E3BEKTOPHYIO BEJIMUMHY, 00pa3yeT SHEPrusi MaTeprUaIbHOrO MUKPO— WJIM MaKPOKBAHTA BCEJIEHCKOM
MaTepur, KOTOpas 3aKJTI0UeHa HEMOCPEICTBEHHO B KBAHTHI ITPOCTPaHCTBA. Maccy Tesia HEBO3MOKHO
BBISIBUTH WJIM OTIPEICSTUTh HUKAKUM MHBIM CIIOCOOOM, KpOMe KaK 4epe3 BHYTPEHHIOK padoTy JUIUTI-
THUYECKHX CIMpaJiell KBAHTOB MaccoOOpasyIolell SHEPTrur, BO BPeMsI UX CXOKICHUS M OE30MOPHOTO
niepeMelleHrsl K HOBOU TouKe (pu3ndeckoro reHTpa tsokect. UTak, B OTIMYAE OT YTBEP K/ 1€ HHS
Hb0TOHA, BCSIKOE MAJIoe MaTepHAJbHOE TEJO0 B IIyOOKOM KOCMOcCe He Oy/1eT JBUraThbCs ¢
MOCTOSIHHON CKOPOCTHIO 1O MPSIMOIi JNHHH, a 0yJ1eT KOPOTKHMH «CKaYKaMi» 0e30M0pPHO
nepeMemaTbCcs ¢ MOJOKUTEJIbHBIM WJIH OTPULATEJbHbIM YCKOPEHHEM 3a CYeT PadoThI
KBaHTOB MeXaHW4YeCKOIl BHyTPeHHEeIl YHePruy u CO3/1aHUs MePEeMEHHOr0 BeKTOpa CHJIbL.
[Tpuyem 3TOT nepeMeHHbII BEKTOP CHJIbI, TPOTIOPIIMOHAILHBIN YCIIOBHOMY MOHSITHIO MACChl M peallb-
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HOMY TIOHSITUIO BHYTPEHHE MEXaHUYECKON SHEPIruy MaTepUaJIbHOTO Tella, BCeraa Oy/ieT HarpaBieH
B CTOPOHY MaCCHBHBIX HeOecHbIX Tesl. O MOBEPXHOCTH HaIllel TUIAaHEThl M TOBOPUThH HEeuero. 37ech
HUKAKO€ PAaBHOMEPHOE U NIPSMOJIMHENHOE JBMKEHUE HEBO3MOKHO, IOTOMY UTO HET MPSMBIX JIMHUIA.
Kak e MOXHO ¢ TakMM HauBHBIM TpezcTaBieHneM CpelHUX BEKOB JIBUTaTh COBPEMEHHYIO HayKy B
IpaBUJIbHOM HarpasieHuu! He opa jim cHATSH ¢ J1a3 IOopbl HAyYHBIX aBTOPUTETOB U IIOCMOTPETD Ha
MHp HE UX, a COOCTBEHHBIMU IJIa3aMH.
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I'naBa IV. Orpannunrejib CKOpOCTH
U Teopusi OTHOCUTEJIbHOCTH

1. Teopnﬂ OTHOCUTCJIIBHOCTA U CKOPOCTb MEXAHUYECCKHUX TeEJ

[TpumeM 3Ty BaxHewIIy0 HHPOPMAIIHMIO O OE30MOPHOM YCKOPEHHOM IepeMeleHU MaTepu-
QJILHOTO TeJla B ITyOOKOM KOCMOCE 3a CYeT COOCTBEHHOIo BEKTOpa CHJIbI, K cBejieHuo. [1o jioruke
PacCyKJICHU! TOJTy4YaeTcsl, YTO YeM Ha OOJIbIIIEM PACCTOSHUM HAXOAWTCS Hallle MaJoe MaTepUallb-
HOE TeJIO OT MACCUBHOTO HEOECHOTO TeJia, TeM OOJIbIIIe TeJI0 UMEET BpEMEHH, YTOObI Pa30rHaThCs JI0
MaKCHUMAaJIbHON CKOPOCTH U MIPOU3BECTH PAa3PYIIAIIUN yIap M0 MACCUBHOMY TeJTy 3BE3/Ibl HUTH TLIa-
HeTsl. Ho pa3Be mynpelil ycrponTesb BeeeHHOM MO3BOUT, YTOOBI MaTepHst BCEJIEHCKOTO ITPOCTPaH-
cTBa cama ce0sl pa3pyiajia ¥ MPUBOWIIA K HECAHKITMOHUPOBAHHOMY sSIICPHOMY MJIH TEPMOSIIEPHOMY
niporieccy? KakioMy IMIKOJBHUKY M3BECTHO, YTO MaTepualibHbIe Tejla He MOTYT HepeMelaTbCsi co
CKOPOCTBIO BHIIIIE CKOPOCTH CBETA WJIM CKOPOCTH MepeMeIlIeHHs TI0 IPOCTPAHCTBY (DOTOHOB JTy4eBOM
sHepruu. /la:ke OTJeJbHBII NPOTOH, B CHIeNHAJILHOM MSITH/IECSITUKIJIOMETPOBOM KOJIbIle-
BOM ycKkopuTeJje nocpeau EBponbl, HeBO3MO:KHO Pa30rHaTh 10 CKOPOCTH CBETa, a JHIIb
MO:KHO NPUOJIH3UTHCA K 3TOH CKOPOCTH. A €CJIM B3SITh HE OTAE/bHBIN MPOTOH, & TPaMM KaKOro
MO0 XUMHUYECKOTO JIEMEHTa, TO JaXe ThICSYa «IKBajlai3epoB» EBpOIBI HE CMOTYT pa3orHaTh 3TOT
rpaMM BelIecTBa He TOJBKO JJO CKOPOCTH CBETa, HO JaXe J0 CKOPOCTH OTAeIbHOro mpotoHa. ITpo-
CTO HE XBATHT BCEH SHEPTUU, KOTOPYIO BBIPAOATHIBAET COBPEMEHHOE YeJIOBEYECTBO, a €CJIM CMOTPETh
ryoke, TO JJIsl pa3roHa OT/IeJJbHOT0 MPOTOHA /10 A0COJIOTHOI CKOPOCTH CBETA, HE XBATHUT
J1aKe TOH SHeprum, KOTopasi 3aKJl4eHa B Macce miaHeTbl 3emJisi 1 B macce CouiHnia. 910
HE MOSI BBIJIYMKa, a Hay4YHbIN (paKT, KOTOPBIN BBITEKAET U3 (DOPMYJT TEOPHUH OTHOCUTEIILHOCTH, U TIPU-
TOM 3TOT Hay4HbIN (DAKT MOATBEPKIACH OCCUMCIICHHBIM KOJTMUECTBOM SKCIIEPUMEHTAIbHBIX JaHHBIX.

W3 dopmyn Teopr OTHOCUTENTBHOCTH CJIE/IYeT, YTO YeM BBIIIE CKOPOCTh JIBUKEHUST MaTepu-
AJILHOTO TeJIa, TeM OOJIBbIIIE B 9TOM TeJie TPOMCXOIUT BHYTPEHHE nepepacnpeneenue macc. Cymmap-
HOE KOJIMYECTBO MAcChl Kak Obl HE YBEJIMYMBAETCS, HO MEXaHWYeCKasl SHEPrsl MacChl B HaIpaBJie-
HUH TPACCHI MOJIeTa YMEHBINACTCS, & B HAIIPABJICHUU, 0OPaTHOM BEKTOPY CKOPOCTH JIBHKEHHS Tela,
MeXaHUYeCKasl SHePrisi MacChl HACTOJIBKO Ke YBEIMYMBAeTCs. MeXaHM4ecKoe TeJIO pacTsIruBaeTCs
B JUIMHY 10 Tpacce apwxkeHus. CoBpeMeHHasl HayKa HecriocoOHa OOBSICHUTh (PUBNYECKUI CMBICIT
9TOTO sIBJICHU S, TIO3TOMY TEOPHIO OTHOCUTEILHOCTH HE TIOHMMAIOT ¥ MHOTHE JIIO/IM HAyYHOTO CO00-
mectBa. OHAKO ¢ ydeToM Hammx oOnmx (puiocopCKUX M HAYYHBIX BBIBOJIOB O TeX IMpOIeccax,
KOTOpbIE TIPOUCXOIAT BHYTPH aTOMHBIX sIZIEp, KaK M B JIOOBIX MUKPOKBAHTAX, 3aKJIIOYAIOIIAX SHEP-
TUI0 MaccoOOpa3oBaHus, Y 3TOro heHOMEHa «CaMOTOPMOXEHUsT» CYIIECTBYET MOHSATHOE (pr3mue-
CKoe 0ObsicHeHre. Bo-mepBbIX, HAJI0 TIOHSATh, YTO MPH CBOEM Pa3roHe B CTOPOHY MAacCCHBHOTO
He0eCHOro Teja Majoe MaTepHAJbHOE TeJ0 He MOKeT HCIOJb30BaTh YHEPrul) MacCHB-
HOT0 He0ECHOro TeJia, HH0 Yepes moJie rpaBUTANNN MepeIaeTcs TOJAbLKO HH(opManus, HO
He nepeaeTcs HUKAKO SHEPrun OT HeGECHOro TeJia MaJoOMy MaTepHAJbHOMY TeJIy. 3Ha-
YWT, MPH OE30MOPHOM CaMOpPa3rOHE MaJloe TEJIO UCIONb3YeT TOJBKO COOCTBEHHBIE OrpaHMUCHHBIC
3arnacel BHyTPEHHEW MEXaHUIECKOI SHEPruH, MPOMOPIIMOHANIBHBIE Macce Tesla. Tak Kak 3arachl BHYT-
pEeHHell KWHETHUYECKOU U MOTEHIINAIBHON SHEPriy, HEOOXOIMMBIE [IsI HEPEPHIBHOTO 0Opa30BaHUSI
TpeX BEKTOPOB CHJI, B KQXKJIOM aTOMHOM SIIpe CTPOTO JO3UPOBAHBI, TO M CYMMapHasi BHYTPEHHSISI
MeXaHUYecKasi KWHeTHYeCKasi SHePrusi CTPOro COOTBETCTBYET Macce TeJia MpH JIIOON ee TUIOTHO-
CTH, XUMHUYECKOM cOCTaBe 1 (pu3nyecKux pazmepax. s popmMupoBanus mynbCUpYIOIETO BEKTOpa
CIJIBI 6€30MOPHOT0 CAMOABHKEHHUSI UCTIONB3YETCs TOJIBKO Ta MEXaHWYeCKast KHHETUIeCKas SHep-
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rusi, KoTopast 0opa3yeT EHTPOCTPEMUTEILHBIN BEKTOP MACChl MUKPOKBAHTA U BCETO MATEPUATBHOTO
Tea.

VBeqnuuBasi BEKTOP CHJIbI 0e30MOPHOr0 CaMoOJBH:KEHHsl, MaTepHsl BbIHY:K/IeHA
YMEHBbIIATH B HANPABJIEHHH JIBHKEHHSI MEXaHNYeCKYI0 KHHETHYEeCKYI0 SHEPTrHI0 Maccoo0-
pa30BaHusl, YTO AaBTOMATHYECKH MPUBOJINT K YMEHBLIIEHHI0O MACChl B HANIPABJIEHUHU JBH-
JKeHHsI TeJIa H K PABHO3HAYHOMY YBEJUYEHHIO IEHTPOCTPEMHUTEJIHLHOT0 BEKTOPA CHJIBI, a
3HAYHUT, K YBeJNYEHHI0 MAacChl B HANPaBJIeHNU, 00PaTHOM BEKTOPY CKOPOCTH IepeMelie-
Hus (pu3ngeckoro teJia. Tesro He Kak Obl, a JeHCTBUTEJILHO PACTATHBAETCS MO TPacce ABU-
skeHus1. Ho uro mpoucxonut Ha camom zene? Ha camom nene, gaxe uaeainbHO MapooOpa3HOe TeNo
MPEBPAIAETCsl B JUIMIICOU/, C AByMs IIEHTpaMM Macc. DTa pa30ajaHCUPOBKaA SIBJISIETCS MEXaHHU3-
MOM aBTOMATUYECKOTO PETYJIUpPOBaHMs, KOTOPBIH, OJarogapst MajabiM YCKOPEHHUSIM U 3aMeIEHUSIM,
a Mpolre roBopsi, Oarogapsi MajabiM OTKJIOHEHHSIM, CTAOMIIM3UPYET CKOPOCTh TeJla OKOJIO KaKOro-TO
3HaueHus. [Ipu 3TOM BesTMUMHA CKOPOCTH OyJeT MOTHOCTHIO 3aBUCETh HE OT MAcChl TOTO 0OOBEKTa, K
KOTOPOMY JIBUKETCS TeJO, a OT BHYTPEHHE! SHEPruy U BEIMYUHBI COOCTBEHHOM MAcChl. DTOT Mpo-
1IeCC MOXHO TIOKa3aTh C TIOMOIIBIO PAOOTHI BEKTOPOB CUJT M MaTeMaTUYECKUX BBIYHUCIICHH, HO S He
6y21y 9TOro JeJjarhb, ‘{TO6I)I HE OTITYTUBATb TEX III/ITElTeHGIU/I, KOTOPBIC XXKAYT OT MEHA HOBLIX MbICJICﬁ, a HE
MaTeMaTU4YeCKUX JI0Ka3aTeabCTB. OCTaBUM JI0Ka3aTeIbCTBA U OTMIPOBEPKEHUSI CAMUM YUYEHBIM U JIBU-
HeMmcs aanbine. Kak pas u3 mateMaTnyecKux J0Ka3aTesbCTB CIeyeT, YTO Ha CKOPOCTSIX, OJTM3KUX K
CKOPOCTH CBETa, POUCXOIUT TOPMOKEHNE MEXaHUIECKOTO TeJla He TOJIBKO 3a CUEeT «Iepepacrpe/e-
neHusi» Macc. HaumHaer pactu camo umciieHHoe 3HaueHre Macchl. He ToJIbKO 00ecneunTh pa3rox,
HO U MO/J/IepP:KaTh CTA0MJIBLHOCTh CKOPOCTH 0€3 MOCTOPOHHEr0 MCTOYHHKA CWJIbl, HEBO3-
MO:kHO. Hayka 1o cux mop He NoHsu1a (pU3MYeCcKUil CMBICT 3TOTO YHUKAIBHOTO sIBJIeHHs. [leno-To
npocroe. Ecim Macca Tena HaYMHaeT pU BRICOKMX CKOPOCTSIX BO3pacTaTh, TO 3HAYMT, Macca TeJia
He sIBJIsIETCSI pa3 U HaBcCer/a yCTAaHOBJEHHbIM HeH3MEHHBIM nmapameTpom. B mobGom Tene
€CTh CKpbITasi Macca, KOTopasi MPOSsIBJISIETCS NP BHICOKHUX CKOPOCTAX. [Ipodiemy CKphITOM
MAacChl MBI PACCMOTPHM B 3aKJTIOUMTEJIHHBIX TJIaBaX KHUTH. A JTaJIbIlie CJSIYIOT IBa BBIBOIA.

IlepBblii BHIBOJ 3aKJIIOYAETCS B TOM, YTO CKOPOCTH MAJOro (pU3MYeCcKOro TeJja
B JajJibHEM KOCMoOcCe [JeiiCTBUTEJbHO CO BpeMeHeM CTaOMIN3HpyeTCs, HO He Ha TOM
CKOPOCTH, KOTOPYIO TeJIy MPHAAJN B MEPBOHAYAJLHBIH MEePUO/ BO3JeHCTBHS CHJIOBOI0
HMIIyJIbCA, a HA TOM, KOTOpasi Oy/JeT BLIpadoTaHa caMHM MaTePHAJIbLHBIM TeJIOM, HCXO0/151 U3
KOJIMYeCTBa MeXaHNYeCKOH SHeprun co0cTBeHHON Macchl. [Ipruem 11s 6e30macHOCTH Mac-
CHBHBIX HEOECHBIX TeJl, BPOIE 3Be3[] U IUIAHET, MaJible Tella, MMeEIoIIre Malylo Maccy, OyayT nepe-
MeIaThCss K MACCUBHOMY HEOECHOMY OOBEKTY C OOJIBbIIEH CKOPOCTHIO, YeM MaJjible Tejia ¢ OO0Jb-
1eit Maccoii. Mou BBIBOIIBI TPOTUBOPEYAT 3aKOHY BCEMUPHOT'O TSTOTEHH S, COINIACHO KOTOPOMY, YeM
Onrke paccTosiHue, Harpumep, Mex 1y COHIIEM 1 METEOpOM MAcCO OJMH KUJIOTPaMM, TeM OOJIbIIe
cHjia B3aUMHOI'O TATOTEHUsS. A 3HAYUT, U CKOPOCTb C6JII/I)K€HI/I$I o1 IICI;'ICTBI/IGM HapaCTaIOH.[Gﬁ CUJIbL
JOJDKHA HapacTaTh MO KCIIOHEHTe Oe3 BCSIKOro OorpaHuveHus U npenena. Ho rie ydeHsle BUOETH,
YTOOBI METEOPHI JIETEJTN CO CKOPOCTSIMU, ONIM3KMMU K CKOPOCTH cBeTa? Ha 3THX CKOpOCTSIX OHU TaBHO
Obl BbIBeJIU U3 CTPOsI BCI0 COTHEUHYIO CHCTEMY.

Kak pa3 Bonpeku 3aK0Hy BCEMHUPHOT'0 TATOTEHHSsI, YeM 0OJIbIIE Macca KaKuX-HHOYIb
OTJeJbHBIX 00JNJ0B H KOCMIYECKUX KaMHel, KOTOPble BO MHOKECTBe «OJIy:KIAI0T» M0
CosiHeuyHOH cHucTeMe, KaK B MOsiCe acTePOU/I0B, TAK U HA OPOMTAX KOMET, TeM MeHbIIIe
UX JHHeHAsA CKOPOCTh. DTa 3aKOHOMEPHOCTh KCIIEPUMEHTAIBHO MOATBEPKICHA aCTPOHOMMYE-
CKMMHM HaOJIONEHUSIMH 32 acTeporgaMu 1 Oonuaamu. Y ata 3aKOHOMEpHOCTb, KOTOpast TPOTUBOpPE-
YUT 3aKOHY BCCMUPHOI'O TATOTEHU A, OIIPEACTIACTCA TEM, YTO, BO-II€PBbLIX, COJIHL[G HE TpaTuT CBOIO
OHEPIryvI0 Ha (pOpMI/IpOBaHI/Ie B HUX BEKTOpPa CUJIbI IIPUTAXKCHHA, a4 JA€T C IIOMOIIBIO ITI0JIA I'paBUTa-
1M JIMIIb MH(OPMAIIMIO O CBOEH Macce ¥ CBOeM TOJIOKeHUH. be3ornopHoe nepeMenieHne B CTOpOHy
ConHiia Takue acTepoupbl, OOIUIB M METEOPhl OPraHU3YIOT TOJIBKO 33 CYET COOCTBEHHOW BHYTpPEH-
HEell MeXaHW4ecKou sHepruv. B CBA3HM ¢ 3THM, SKCIIEPUMEHTHI ¢ Ma/leHueM TeJ Pa3JudHOI
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Macchbl B BAKYYMHbBIX TPy0ax BOJIM3H 3€MHOMH MOBEPXHOCTH JOJKHBI MOKA3aTh He3HAYH-
TeJbHYI0 Pa3HHIy MeK/Y YCKOpeHHeM CBOOOJHOr0 maJeHusi MaCCUBHBIX M JIETKHX Te.Jl.
Takoii SKCTIEpUMEHT MOATBEPAUT HEMOIHOTY Y IPUOIM3UTENIBHOCTD, €CJIM HE CKa3aTh, OIMO0YHOCTD,
TeX BBIBOJIOB, KOTOPBIE clienas reHuasbhblil Mcaak HploTOH, KOra B cajy Ha ero rojioBy ynajo 3pe-
7oe 516710k0. Bo-BTOPBIX, 10 3aKOHAM T€OPHH OTHOCHTEJIHLHOCTH, HA 00JbIINX CKOPOCTSIX X
BHYTPEHHsIsI MeXaHNYeCKasi SHeprusi MaccooOpa3oBaHusi MPUXOAUT B AUCOATAHC U Orpa-
HUYHMBAET UX NMpeJeJbHYI) CKOPOCTh B 3aBHCHMOCTH OT BeJMYUHbI COOCTBEHHOH MacChl.
W3BecTHO, 4TO YeM Oosiblile Macca, TeM OoJbllie MeXaHWYecKasi MHEepIMs MaTepUasIbHOTO Tena, a
3HAUUT, U MEHbIIIe OyJeT CKOPOCTh OE30MOPHOTO MepeMelleHNs] TAKMX MACCHBHBIX aCTEPOHMIOB I10
npoctpancTBy CONHEYHOW CHCTEMBI.
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2. BpameHnne HeOeCHBIX TeJI M 10JIe TPaBUTAMHU

W3BecTHO, YTO Ka)kaA0e CaMOCTOSITENIBHOE HEOECHOE TEJIO BPAIIAeTCsl BOKPYT COOCTBEHHOM OCH
1 0e30MOpHO MPOABUTAET caMo cedsi He MO OKPYKHOCTSAM, a 1o yumncam. Kpome Toro, kaxmoe
HacTosIee HeOEeCHOE TeJIO OMUCHIBAET PaBHBIE IO IO CEKTOPA, MKy HIEHTPOM TSKECTH BEy-
I1Iero HeOECHOTO TeJla M OPOUTAILHBIMY MONOKEHUSIMUA BEJJOMOTO HEOECHOTO TeJla 3a paBHBIE IIPOMe-
KYTKM BPEMEHH WJIM UCTIONHSIET BTOpol 3akoH Keriepa. BoT ToNbKO MPUMEHUTENBHO K STUM TeJlaM
HploToH 1 pa3paboTait TeOpuIo TOJIsI TPABUTALUH.

I'oBopsi ApyruMm cJa0BaMH, COOCTBEHHBIM IOJIEM IPaBUTAUH 00J1aJaeT JHUIIb TO
HeOecHOe TeJio, KOTOpOoe BpamaeTcss BOKPYr COOCTBEHHOI OCH M JBHKeTCS MO SJUIMNTH-
yeckoii opouTe. EcTh U erie onHO ycoBre, 0 KOTOpoM HbIOTOH OTKPBITO HE TOBOPHII, HO KOTOPOE,
0e3yCIIOBHO, MojipasymMeBal. Beskoe MmIaHeTHOe Teso MOPOXIEHO C COMHEYHOro 9KBATopa v rmoToMy
AOJIKHO HaXOOUTLCA BO BpEMA CBOEH IUJIAaHETHOM JKU3HU B IIJIOCKOCTHU SKJIMIITUKH, NIEPIICHANUKYJIAP-
HOI1 ocH BpailieHus1 MmatepuasbHoro tesna CosHiia. [1o cBoeit husrnieckoi mpupoe 3a CYeT paauyca u
YIJIOBOM CKOPOCTH, SKBaTOpuasibHast oonacth COMHIIA B THICSIUM pa3 Oojiee aKTUBHA, U TIOTOMY TJIaB-
Has JyyeBasi SHeprusi, NUTAONIAs TUIAHETHBIE TeJla, BHIOpackIBAaeTCsl MaTepuaibHbIM TesioM ColHIla
MMEHHO B TUIOCKOCTU SKJIMNTHKU. Kpome Toro, Bce MOJIEKY/sSIpHBIE M aTOMapHbIe CTPYKTYPbl Macc
HaJICJICHbI CIIMHOM BpalllCHW A, PABHBIM IIOJIOBUHE CIIMHA BPAIlICHUA (pOTOHHOI‘O kBaHTa. Ilo CyTnu
AeJjia, 9TOT CIIMH YKa3bIBACT HAa TO, YTO BPEMSA IIGIZCTBI/IH HeHTpO6e)KHLIX N HEHTPOCTPEMUTEIILHBIX
MEXaHUYECKUX CHJI BHYTPY aTOMHOTO sIIpa TaK OTPEryJIMpPOBaHbI, UTO 38 BPEMsI OHOTO LIMKJIa aTOM-
Hoe s1/1po noBopaunBaetcs Ha 180 rpaaycoB. A ciie1oBaTeibHO, Ha TAKOM K€ CIIUH, HO B IIPOTUBOIIO-
JIOKHYIO CTOPOHY, JIOJKHBI TIOBOPAYMBATHCS M AJIEKTPOHHBIE 0O0JIOUKH aTOMHBIX SIAEP.

Bo-nepBbIX, 3TO TOBOPUT O TOM, YTO KaXIbI aTOM M MOJIEKYJ1a UMEIOT COOCTBEHHYIO OCh
BpaitieHrs. Bo-BTOPBIX, /17151 paBHOBECUSI U JMHAMUYECKOTO OalaHca CITUHBI JIEKTPOHHBIX 000JI0-
YeK JIOJKHBI OBITh TPOTUBOIIONOXKHBI CIIMHAM aTOMHBIX si7iep. B-TpeTbux, HeOecHble Tena 00s13aHbl
001a7aTh 00JbBIINMHI MacCaMH, a UX [IEHTP BPAIEHUs U LIEHTP MacChl OOsI3aHbI SIBJISITHCS yIIPaB-
JISIIOIIMM M CUHXPOHHM3HUPYIOIIMM OPraHOM ISl BCETO MHOXECTBA aTOMOB M MOJIEKYJT BHYTPEHHHX
Macc, BXOASIIMX B cocTaB HeGecHOro Tena. Bo3moxkHOCTH 11000 Macchl HeMea1eHHO (op-
MHPOBATh COOCTBEHHBIN EHTP TSAXKECTH, yKa3bIBaeT HA TO, YTO ITA CIIOCOOHOCTb MOKET
ObITh peaJu30BaHa TOJbKO NPHU MOJHONH CHHXPOHHM3AIUH CIIMHOB BPallleHHs OTAeJbHbIX
aToMOB M MOJIeKyJ (pusndeckoro TeJa. /Luist Bcex HeOeCHBIX TeJl 0Ch BpalleHNs SIBJsIeTCs
U OCbI0 ynpaBJjeHHs. B cBs3u ¢ 3TUM, MO JIOTHKe MOJ00HsI, OCH BPAILICHUI BCETO MHOXECTBA
aTOMOB M MOJIEKYJT HEOECHOTO TeJla JOJIKHbI ObITh CHHXPOHU3HPOBAHbI 1 HANIPaBJIeHbI K LIeH-
TPY Macchbl HeGeCHOro TeJjia, 00pa3ysi CyMMoil CBOMX BEKTOPOB OT MOBEPXHOCTH 10 II€H-
TPa TSPKeCTH, CYMMAPHbBIH BEKTOP CHJIbI TSTOTeHHsI JaHHOT0 He0ecHOro Teja. CyMMBbI CITU-
HOB aTOMHBIX siJiep OeCUMCIIEHHOrO MHOXECTBA «JIMHEEK» aTOMOB M MOJIEKYJI HeOECHOTO Tejia OT
MOBEPXHOCTH JIO LIEHTPA TSHKECTH TOKE CyMMUPYIOTCSI M 00pa3yl0T CyMMAapPHbIH CIIHH BpalieHUsI
He0ecHOro TeJa.

[Tpuyem Te «JIMHEWKI» aTOMOB M MOJIEKYJI, KOTOPBIE JIEKAT BJJOJIb OCH FJTH COCTABJISIOT MaJIBIH
YTOJI C OCBhIO BpallleH!sI HEOECHOTO Tesla, B OCHOBHOM Pa0OTaIOT U TPATAT CBOIO SHEPIHIO HAa Bpallle-
HHUe HeOecHOro Tena. «JIMHelK» aTroMOB M MOJIEKYJ, KOTOpble MPUMBIKAIOT K TPOITUYECKON 30HE
9KBaTOpa, padOTAIOT KaK reHepaTopbl (POTOHOB JIyYEBBIX SHEPIUU U KOCMUUECKHX JIy4el 1isl 3Be3/1-
HBIX TeJI, UM KaK MOTpeOuTe I SHEPruu IS IUIaHeTHHIX Tell. [1o mpumepy Harlel riaHeThl 3emils,
COBCPUHICHHO OYEBUIHO, YTO TPONMUYIECKAA 30HA IKBATOPA, ABJIACTCA ITTABHBIM IMOCTABIIUKOM (bOTO-
HOB Hy‘leBOIjI SHCPIvU COJTHCUYHBIX I/IBHy‘{eHI/Iﬁ IJIA IOAITUTKU SHEPIr€TUKU HE TOJIBKO aTMOC(pepr, HO
[JIaBHBIM 00pa30M CaMHX HeJp 3eMHOTO Iapa OT ero MOBepXHOCTH JI0 IIEHTpa TsKeCTH. BaKHbIM
BBIBO/IOM M3 3THX PAcCy:K/IeHUH sIBJsIeTCS olpe/eeHne NPUYUHbBI 00pa30BaHUs IIUKJIO-
HOB M aHTHIMKJOHOB. Ecii mocMoTpeTh Ha 3eMHOM Imap co ctopoHbl CeBepHOro moioca, To
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MOXHO OOHAPYXHUTbh, YTO 3€MHOM IIap BpaIaeTcsi MPOTUB YACOBOM CTPENIKU. SICHO, UTO 3TO Bpaille-
HHE BbI3BAHO CUHXPOHHBIM CYMMHPOBAHUEM CITMTHOB BPAIIIEHUST BCETO MHOKECTBA «JIMHEEK» aTOM-
HbIX sizep CeBepHOro nonymapus. Bo Bpemsi Takoro CIMHOBOTO BPAILIEHUsI aTOMHBIE SIIpa XUMHUe-
CKHX 3JIEMEHTOB, BO-IIePBbIX, 00pa3yloT BHyTPEHHHUE BEKTOPA IEHTPOCTPEMHUTEBHOTO YCKOPEHHS,
KOTOpBbIE MPOSIBIISIOTCS KaK IJIAHETHAsI Macca, a BO-BTOPBIX, CHHXPOHHO TepeMelaioTcst Ha OecKo-
HEYHO MaJIble BeJIMYMHBI K IEHTPY TSKECTU TUIAHETH M 00pa3yIoT BHEIIHUI CYyMMAapHBINA BEKTOP CHJIbI
3eMHOro TsroteHus. [Ipu 0Opa3oBaHUM IIEHTPOCTPEMUTENLHOTO YCKOPEHH S, aTOMHBIE sI/Ipa TMOrJI0-
IIAI0T OCKOJIKM (POTOHHBIX KBAHTOB MEKAaTOMHBIX X MEKMOJIEKYJISIPHBIX TPOCTPAHCTB M CO3/IAI0T pa3-
PsUKEHHE MEXy aTOMHBIM SIIPOM U 3allIUTHBIMUA OOOJIOUYKAMH JIEKTPOHHBIX OpOUTaNel aTOMOB M
MoJteKyJ1. Bce aTomMbl 1 MOJIEKYJTbI XMAMHUYECKHX BEIECTB UMEIOT Pe30HAHCHBIE YacTOTHI opsiaka 10—
100 MuMapnoB KoaeOaHWd B CEKYyHAY. DTH YacTOThl ONPEEIISIOT CKOPOCTh OOMEHHBIX IPOIIec-
COB MEX/1y BHYTPEHHUM 00bEMOM MOJIEKYJI U MEKMOJIEKYISIPHBIM IIPOCTPAHCTBOM BHEIIIHEH Cpe/bl.
IIpoiuge ropopsi, IPUMEPHO C TAKOH CKOPOCTHIO B 3AUIUTHBLIX 000JI0YKAX JEKTPOHHBIX
opOuraJieii 00pa3yrTcsi AbIPKI.

Ecnu naBnenue BHENIHEN Cpellbl Bhlllle BHYTPEHHETO JIaBJICHUsT MOJIEKYJIbl, TO TIPU 00pa3oBa-
HUH JBIPKY BHYTPb MOJIEKYJIbI XJIBIHET TIOTOK OCKOJIKOB (DOTOHHBIX KBAHTOB JIyYEBbIX SHEPTHid U MTPO-
M30MIIET HE TOJIBKO MOMIOUIEHUE U3 TIPUIIOBEPXHOCTHOI'O CJIOSI BO3AYIIHOW arMocepsl (POTOHHBIX
OCKOJIKOB JIy4€BbIX SHEPrHii BHEIIIHMX UCTOYHMKOB, HO M JIOKAJILHOE TajIeHHe aTMOC(epHOTO aBie-
Hust. Takum o6pa3om, noryiomeHue JydyeBoi SHEPreTHKU MOBEPXHOCTHBIMHU CJIOSIMH 3€M-
HOr0 1Iapa CBsI3aHO C NajieHueM aTMoccepHOro JaBJieHNs U HanboJee HHTEHCHBHO MPO-
HCXOJUT B SKBATOPHAJbLHON 30HE, YMeHbIIAsICh MO0 Mepe npudamkenus k CesepHomy u
IO:xHOMY nmoJirocy muianetbl. Eciii Mbl CpaBHUM CKa3aHHOE C METPOJIOTMYECKMMU HAOMIOACHUSIMU
aTMOC(PEpHBIX SIBJICHUM, TO IPUJIEM K BBIBOIY, UTO MOTJIOIIEHUE U TIEPEXO0]] OCKOJIKOB JTy4eBOM SHEP-
ruu U3 aTMocgepsl B TOBEPXHOCTh 36MHOTO IIapa BCEra CBs3aHbl ¢ 00pa30BaHMEM IMKJIOHOB. Ha
CeBepHOM TONYIIAPUU BCE UKJIOHBI BPAIAIOTCS TIPOTHB YaCOBOW CTPEJIKH, TIOTOMY YTO MEXaHH-
YecKre CIMHBI MOMEHTOB BpAIllEHU! aTOMHBIX sII€pP XUMHYECKHX JEMEHTOB ra30BOM aTMOChephl
CUHXPOHM3UPOBAHBI C MEXaHUYECKIUMHU CIIMHAMYU aTOMOB U MOJIEKYJI TOBEPXHOCTU U HEAP 3eMHOTO
mapa. MoJjieKyJibl 1 aTOMbI IOBEPXHOCTH U HeJIP 3€MHOI0 IIapa NPUBsI3aHbl K 0011eii macce
TBEP/0ro NJIAHETHOr0 BellecTBa, H CHHXPOHHAsI CyMMa CIIMHOB MX ATOMHBIX si/1epP BbI3bI-
BaeT BpalleHne 3eMHOro mapa. [Ipu nepesade v nepexoye JTy4eBON SHEPrUU U3 aTtMocepsl B
MOBEPXHOCTD TUIAHETHI, JIOKAJIBHOE Ta/ICHUE JIABJICHUsI BbI3bIBAET TUHAMHUYECKUI IUCOANAHC U BO3-
AyIHAasI Cpesa, yBJIEKasiCh CIMHAMMU BPAIIEHH S aTOMHBIX sIIEp IJTAaHETHBIX Macc, IEPEXOIUT B IIUKJIO-
Huueckoe Bpaiienve. Ilukiaonnsl Ha CeBepHOM NMOJyIIapuu BCerjia BpamaTcs NPOTUB 4aco-
BOM CTPEJIKH, B TY K€ CTOPOHY, KyJa U BpalllaeTcs 3eMHOM L1ap, YBJIEKAeMblil CIMHAMU BpAILEHUI
aTOMHBIX siJep TUIaHeTHBIX Macc. [1o 3akoHaM Teopry OTHOCHTENBHOCTH, IIMKJIOHB! KOKHOTO momy-
mapust 00s13aHbl BPAIIATHCS 10 YacoBOH cTpesnike. OHM Tak M BPAIAIOTCSI HA CAMOM JIeNe.

JevicTBUTENBbHO, /17151 HAOMIOIaTeN s, cTosAIero Ha CeBepHOM IOJTIoCe, 3eMHOM ITIap BpaIaeTcs
MPOTHB YacoBoi crpesku. Hadmomatens Ha KOxHOM momoce Oyaer BIIOJHE OOOCHOBAHHO yTBEp-
KJaTh, YTO 3eMHOM IIap Bpalaercs Mo 4acoBoit crpenke. M obda Oymayt npasel. [loaTomy nuk-
JioHbI FQ2kHOTO noJiylmapusi BpamarTcs 10 4acoBoOii CTpeJiKe, B YeM HeT HUKAKOro napa-
JIOKCA, a eCTh NPOosIBJIeHHEe 3aKOHA TeOPHH OTHOCHTEeJbHOCTH. Takoe BpallleHUe IUKJIOHOB
€CTh OTpPaXEHUE BpAIeHUs] CIMHOB aTOMHBIX SiIep TUIAHETHBIX MacC U B 0oJiee IMIMPOKOM CMBICTIe
OTpPaXaOT HAIPaBJIEHHE OCEBOTO BpaIlleHH s IUIAHETHBIX MacC 3eMHOTO I1apa. PaccMoTpeB npupony
00pa3oBaHMsl IIMKJIOHOB, JI€rKO MOHATH H MPHUPOAY 00pa30BaHUsI aHTUIHMKJIOHOB. Ho nus
TaKOro MOHNMAHHUS HAJ0 YSACHHTb, YTO HeApa 3€eMHOr0 MIapa He TOJbKO MOTPeOJsIIOT
BHEIIHIOK) SHEPTHI0 Jy4YeBbIX HCTOYHHKOB BCEJEHCKOro MPOCTPAHCTBA, HO U BbIOpachI-
BaIOT HA MOBEPXHOCTH IVIAHETHI H B OKPY’Kaloliee NPOCTPAHCTBO KBAHTHI MOJIsl TPaBUTAa-
UM ¥ JApyrue KBaHTbl TOHKUX YHEPruii, KOTOpbie 51 Ha3bIBAK) CATAHHMHCKO-0€COBCKHUMU
ayxamu. HasHaueHre KBaHTOB IMOJISl TPABUTALIMM 3aKJIIOYAETCS B OPraHU3AIMM B3aWMOJIEHCTBUS

49



H. H. ManbneB. «Duepretrka BeenenHoit. @unocodust pyHIaMeHTATBHON (PU3UKI»

MH(OOPMAIIMIOHHOM ¥ SHEPTeTUIECKOU CBA3M C OKPYKAIOIIUM MUPOM, a CATAHUHCKO-O@COBCKHE TyXU
UCTIONB3YIOTCS ISl SHEPreTUYECKOM M JYXOBHOM IMOJKOPMKHM PACTUTEIBHOIO M KMBOTHOTO MUpa
IUIaHEThbl, B TOM YMCIIE U JJIs1 pacT/IeHUs] YeIOBeUecKuX Oyll. Tak Kak KBaHTBI MOJsI TPaBUTAa-
UM ¥ CAaTAHWHCKO OECOBCKUE JIyXU SIBJSIIOTCSI 00Jiee TOHKHUMU CTPYKTYPaMHu, 0 OTHOIIEHHIO
K DHepreTHKe JyueBbIX SHEPruil BHEIIHNX HCTOYHHKOB, TO BHIOPAaChIBAIOTCS HA MOBEPX-
HOCTH IUIAaHEThl OHU He CaMHMH MeXaHH4eCKNMH MaccaMy aTOMHBIX sifiep, a 3alMTHbIMU
OpOUTANSIMHU JEKTPOHHBIX 000J109eK AaTOMOB 1 MOJIEKYJI 36MHOI0 mapa . 3aiuurHbie opou-
TaJIu IOBEPXHOCTEN aTOMOB M MOJIEKYJI TAaKK€ CUHXPOHU3UPOBAHBI 10 MOJIEKY/ISIPHBIM JIMHEMKAaM OT
LIEHTpa TSKECTH JI0 MOBEPXHOCTH, HO HMEIOT NPOTHBOI0JIO’KHbIEe MOMEHTBI CIINHOB 110 OTHO-
IIeHNI0 K CIIMHAM aTOMHBIX siiep MJIaHeTHbIX Macc. [1o 3Toil npuunHe BHIOPOC TOHKUX (Ppak-
Wi TIOJIel TPABUTALMI U TyXOBHBIX CTPYKTYD KHU3HEOOECTIeUeHUsI IPOTUBOIEHCTBYET MOTJIOIEHUIO
aTMocepHON SHEPreTUKU U BBI3bIBAET JIOKAJIbHOE MOBBIITIEHUE aTMocdepHoro nasieHus. B To xke
BpeMsi NIPOTHBOMOJIO0KHbIE CIIMHBI BPalleHUil OBEPXHOCTHBHIX 000J109€eK aTOMOB U MoJie-
KyJI 3¢MHOI'0 I1apa, YBJIEKAKT aTOMbI U MOJIEKYJIbl BO3AYIIHOH Cpe/Jbl M NPHHYKAIT UX
Ha CeBepHOM NOJIyHIapHH BPalIaThCsl M0 4YacOBOM cTpeJike, a HAa OxHOM nosymapun —
NPOTHUB YacoBOM cTpeJiku. Takue siBjeHNs H HAOJIIOJAI0T METEOPOJIOTH IPU 00Pa30BaAHNHU
IVIAHETHBIX AHTHINKJIOHOB.

Ewme pa3 HanomHIO, YTO NEPBUYHON NMPUYMHON BpAILEHUs IUIAHETHOTO Teja 3eMIH, Kak U
MEPBUYHON MPUYUHON 0O0pa30BaHMUsI IUKJIOHOB, SIBJISIETCS] CHHXPOHHOE CIIMTHOBOE BpAllleHHe KBaH-
TOB MEXAHWYECKOW HEPruM aTOMHBIX SI[Ep IUIAHETHBIX MACC, C UX OIHOBPEMEHHBIM IepeMellle-
HHEM B CTOPOHY LIEHTpPa TSDKECTH TUIAHEThl M OIHOBPEMEHHBIM 00pa30BaHHEM BHYTPEHHUX BEKTO-
POB LIEHTPOCTPEMUTENILHOU CUJIBI, KOTOPBIE U MPOSIBIISIIOTCS KaK IJIaHETHAasl MHEpLMAIbHAs Macca.
Crnenom 3a 3TUM LIMKJIOM CJIelyeT CHHXPOHHBIN LIUKJI, KOTJJa MEXaHUUEeCKasl SHEPrusl aTOMHBIX s1JIep
TUIAHETHBIX MAacCC, CTPEMHTENIBHO PACXOOUTCS, NepeMelasch Ha OECKOHEYHO MaJjible BEJUYHHBI B
0OpaTHOM HaIlpaBJIEHUU OT LEHTPA TSHKECTH K TIOBEPXHOCTH TUIAHETHI, M 00pa3ysl BEKTOpa IIEHTPO-
O0exHbIX cul. B 9TOT MOMEHT MexaHH4YecKasi U HHePIHAJbHAsA Macca IJIaHeThl He NMPOosiB-
JisieTcsl, a CHHXPOHHAsl CyMMa BHYTPEHHHX BEKTOPOB IIEeHTPOOEKHBIX CHJ AaTOMHBIX si/iep
YBJIEKAeT NOBEPXHOCTHbIE 000J0YKH JIeKTPOHHBIX OpOUTAaJeil 1 NPUHYK/AAeT UX HCIOJI-
HATH 00OpaTHbIE CNUHbI, KOTOpPble (POPMHUPYIOT AHTHIUKJIOHBI H BbIOPACHIBAIOT B aTMO-
ccrepy NpPOAYKTHI SHEPreTHYECKON 1esITeJLHOCTH 3¢MHOI0 apa, Ba)KHeNIIUM U3 KOTO-
PbIX ABJSAIOTCSA KBAaHTHI MOJISI TPaBUTANMU. MHE NPUIIIOCh HEMAJIO M0JI0MATh TOJIOBY, MPEXKIE
YeM 51 OCMBICJIWII IPUUMHY, KOTOpasi JIEKUT B OCHOBE IPOTUBOIIOI0KHOIO AEUCTBUS, CUHXPOHHBIX
CIMHOB BPAIIEHUs1, ATOMHBIX SIEp XUMUYECKHX JIEMEHTOB IUIAHETHOTO Tesla 3eMJIY 110 OTHOLIEHUIO
K CIHMHAM 3JIeKTPOHHBIX 000JI0ueK. [IelCTBUTEIbHO, aTOMHBIE Siipa TUIAHETHBIX MacC HEMPEepPhIBHO
Y CMHXPOHHO, IIUKJIMYECKH CXOAATCS K COOCTBEHHBIM IIEHTPaM TsDKECTel U 00pa3yloT BHYTPEHHHUE
BEKTOpa LEHTPOCTPEMUTENIBHBIX CHJI U CIIMHOBBI MOMEHT CUJIbI, KOTOPBIN IIPUHYKAAET 3€MHOM 111ap
BpaIaThcsi BOKPYT cBoert ocu. Ho mpu 3ToM HapyKHBIE 0OOJIOUKH JIEKTPOHHBIX OpOUTasIell Mosie-
KyJI ¥ aTOMOB HMKAK HE pearrpyloT Ha 3TO MPOSIBJICHUE CHJIBI U He 00pa3yloT CIIMHOBbIE MOMEHTHI B
HalpaBJICHUY BpaIllEHUs1 3€MHOTI0 11apa. B cieayiomieM 1yKIe aTOMHbIE s1/ipa IUIAHETHBIX MAacC CUH-
XPOHHO pacxonsTcsi, 00pa3ys BHyTpeHHHE BEKTOpa LeHTpoOexHbIX cuil. Ml neHTpode:kHas cuia
00OpaTHOTO ISHCTBUS TIO OTHOIIEHUIO K IIEHTPOCTPEMUTETLHOM CHJIe MPEIbIIYIIEro MKJIa MPUHYK-
J1aeT MOBEPXHOCTHbIE 000J0UYKH JIeKTPOHHBIX OpONTAJell COBEPIIUTH 00PATHBIN CIIUHO-
BbIil MOMEHT U BHIOPOCUTH 3 BHYTPEHHEr0 MPOCTPAHCTBA ATOMOB H MOJIEKYJI POYKTHI
JKU3HEAeATEIbHOCTH B BU/I€ TOHKOH YHEPreTHKH «IyXa KU3HU» 1 KBAaHTOB IOJIsI TPaBU-
Taluu.

Kakum 06pa3om 1eHTpoCTpeMuUTeIbHbIE U IIEHTPOOEKHBIE CHJIBI AaTOMHBIX SIEP TUIAHETHBIX
MacC BbI3BIBAIOT OOPATHYIO PEAKIIMIO TTOBEPXHOCTHBIX O0OOJIOUEK 3AIUMTHBIX JIEKTPOHHBIX OpOMTa-
nei? OTBET Ha 3TOT BONPOC 5 HAllleJl, KOT/ia ONpeesIvl M OCMBIC/INI B CBOEM CO3HAHUU, YTO IJIaB-
HeIINM IapaMeTPOM YIIPaBJIeHHsI MeXaHUYeCKOIl YHePreTHKON aTOMHBIX si/iep M 110JIeBOl
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SHepPreTHKOil BHyTPEHHUX 00b€MOB aTOMOB U MOJEKY. siBJsieTcsi Bpemsi. [Ipexe Bcero s
TMIOHST, YTO, MPUMEHSIsI Pa3HYyIO 10 BPEMEHH BO3JEHUCTBUsI CUITy BpAILCHHUsI, MOXXHO 3aCTaBUTh Bpa-
IIaThCs1 BHYTPEHHIOI MACCY KHMKOTO BEIIECTBA, KaK MO YaCOBOU CTPEJIKe, TaK M B 0OpaTHOM HaIpaB-
neHud. [I71s SKCIiepuMeHTa MOXKET TIONOUTH CTEeKJIsSIHHasi OaHKa C 3aKOHCEPBUPOBAHHBIMU T'PUOAMHU
WM orypriaMu. MBICIEHHO TPEACTaBUB ceOe TOT IKCIEPUMEHT, 51 CITyCTHIICS B TOABAJ M Halle
TaM OaHKy MaprHOBaHHBIX rpuoOoB JieTHero yposkasi 2010 roga. B3siB GaHKy B paBylo pyKy, s CTal
MEJJIEHHO ¥ C TIPAaBUJIbHBIMU IIMKJIAMHU MTOBOPAYMBATH KUCTh PYKH BIPABO U PE3KO BO3BpAIATh €€
B MICXOZIHOE TIOJIO’keHHe. Uepes Tpu-ueThipe IMKJIa BHYTPEHHEe Colep)KUMoe OaHKHU B BUJIE MAPUHO-
BaHHBIX TPUOOB M pacTBOpPa MaprHaJa CTAJIO C MOCTOSIHHOM YIJIOBOW CKOPOCTBHIO BpAIllaThCsl ClIeBa
HAIpaBo, 10 HAIPABJIEHUIO MEIJIEHHOTO TIOBOPOTA KUCTH M HUKAK HE pearpoBajio Ha MOU OBICTphIE
oOpartHble aBrkeHus1. He MeHsis yriia moBOpoTa KKCTH, a JIMIIb YCKOPsisi 0OpaTHOE BpAIlleHue, s JIETKO
M3MEHSUT YIJIOBYIO CKOPOCTb TIPABOTO BPAIIEHUsI COIEPKUMOro OaHKH. YOeAUBIINCH, YTO MOU Tpe[I-
TIOJIOXKEHUSI TIPABUJIbHBI, sI CMEHWJI CBOM JICHICTBHSI M CTaJl COBEPILATh ME/JICHHbIE ABUKEHUS] KUCTH
BJIEBO, M OBICTPO BO3BpaIlaTh ee B mpaBoe cocrosiHue. Copepkumoe OaHKH TMEepenuio OT MpaBoro
BpallleHHs K JIEBOMY BpAIEHUIO, ¥ TaKKe JIETKO PEryJIMpOBAIOCh MO YIJIOBOM CKOPOCTH C U3MEHe-
HUEM BpEeMeHU JEeWCTBUS MPSIMOro U 00OpaTHOro IUKJa. TOYHO Tak ke, yIepKUBas OHOW PYKOH M
UMITYJIbCHO U PA3HOBPEMEHHO Bpallasi B MPSMOM M IIPOTUBOIOIOKHOM HAlpPaBJIEHUH OCh POTOPa
HEOOJIBINIOTO JIEKTPOMOTOPUMKA, MOKHO 3aCTaBUTh KOPITYC JIEKTPOMOTOpPA BMeCTe ¢ 0OOMOTKOM CTa-
TOpa BPAIATHCS BIIPABO UJIM BJIEBO, 110 HAILIEMY XKEJIAHUIO.

9TH dKCINEPUMEHTHI U SIBWIHCH /IS MEHsI OYeBHHBIMH [10KA3aTeJbCTBAMHU, YTO
KBaHT MOHA/IbI I[EHTPA TS?KeCTH aTOMHBIX si/iep HCHOJb3yeT (haKTOp BPpeMeHH KaK IJIaB-
HBIil 3JIeMEHT yNpaBJieHHs SHeprueil Macc aTOMHBIX si/iep. A yepe3 HHX oOecneynBaeTcsi
U CHHXPOHHOE€ YIpaBJjieHHe BCeMH MHKPO— H MAaKpPOOObeKTaMH BCEJeHCKOro MpoCTPaH-
CTBa, OT OT/JEJbHBIX ATOMOB H MOJIEKYJ /10 MACCUBHBIX HeOeCHBbIX TeJl. YTO ke MPOrCXo-
JWAT BHYTPU aTOMHBIX siiep, HalIpUMep, TeX MaTepuaioB, KOTOpble 00pa3yloT IJIaHETHOE TEeJIO 3eM-
Horo mapa? Bo-nepBbIX, Bce OCH BpAIlICHWI aTOMOB M MOJIEKYJI HAIpaBJeHbl K LIEHTPY TSKECTH.
Bo-BTOpBIX, JIsI HEPBOro 3Tana 06pa3oBaHus HEHTPOCTPEMHUTEJbHON CHJIbI U CIMHA Bpa-
1eHNsl, TpedyeTcsi, 10 KpaiiHeil Mepe, B ceMb pa3 0oJiee AJIUTeIbHbIA HMIYJIbC BpeMeHH,
yeM JUIs1 00pa30BaHNsI UMIYJIbCA IeHTPOOeKHON CHJbl. [lelicTBUTENbHO, HA TIEPBOM STare
KBaHTbl MHEPIUAIBHBIX MEXaHUYECKUX SHEPIUil aTOMHBIX Si/Iep NepecTpanBalOTCS HA JUIMIITHYE-
CKHe OpOUTHI, IIepeMealTcsi Ha OECKOHEYHO MaJible BEIMYUHBI TIO HAMPABJIEHUIO K IIEHTPY TSKECTU
3eMHOTO I11apa, ¥ OMHOBPEMEHHO 00Pa30BBIBAIOT IIEHTPOCTPEMUTENBHYIO CHITY MEJIEHHOTO CXOJK/ Ie-
HUs. [Ipy 5TOM KBaHTBI BBICOKMX SHEPrUid MOJIEBBIX (DOPM MaTepuu, U3 HapyKHBIX 000IOUEK MeK-
TPOHHBIX OPOUTANIEH 3aXBaTBIBAIOTCS IEHTPOCTPEMUTEIBHON CHUJION 1 TIEPEXOIAT B HEIpa aTOMHBIX
sanep.

Me:xkay 3alUTHBIMH 000JI0YKAMH IO0JIEBBIX KBAHTOB JIEKTPOHHBLIX OpOHTajell H
MeXaHUYeCKON MHePIHAJTbHOH YHEpPrueil Macchbl aTOMHOIO siipa BO3HUKAET pa3psiKeH-
HO€ MPOCTPAHCTBO. Bce 3T0 U NMPUBOAUT K TOMY, YTO OOOJOUKM SNEKTPOHHBIX OpOUTaell He
pearupyioT Ha JUIMTeJIbHbI HMIYJIbC EHTPOCTPEMHUTEJbHOM cHJIbI. Bo Bpems oOpazoBaHus
KOPOTKOTr0 HMITYJIbCA EHTPOOEKHOI CHJIbI, M3 HEIP aTOMHOTO $1/Ipa BHICKAKMBAIOT KBAHTHI TOH-
KHMX 9HEPrUil U NepealoT CBOM MMITYJIbC Oe3MHEepIMaIbHBIM 000JI0UKaM JIEKTPOHHBIX OpOUTAIEH.
[Tpu 3TOM 3HEpreTMKa HapyKHBIX OOOJIOYEK C KaXKAbIM TAKTOM 0Opa30BaHUs BEKTOpa IEHTPOOEK-
HOH CHJIBI BO3pACTaeT 32 CYET HAKOIUIEHHSI OTXOJOB KU3HEIESTeIbHOCTH KBAHTOB MEXaHMUYECKUX
SHEPruii, U, JOCTUTHYB KPUTHYECKOT0 3HAYEHMHsl, 00pa3yeT CIMH 00OPaTHOIro BpalleHHs C
BbIOPOCOM B HapyKHOe MPOCTPAHCTBO OKpYKawieil cpebl NPOAYKTOB KIU3HeAesTeb-
HOCTH aTOMHOIO s1/Ipa U KBAHTOB MOJIsI TPAaBUTALHH.

Takue MoryomeHrst HapyKHOU SHEPIeTUKH U BHIOPOCH MPOLYKTOB KU3HEAEATETbHOCTH, MPO-
UCXOIAT B 000JIOUKAX aTOMOB M MOJIEKYJI C TIEPUOANYHOCTHIO Topsiaka ot 10 o 100 Munmapaos B
cekyHay. Yacrora Takux KoineOaHW HAPYKHBIX 000JOUEK aTOMOB M MOJIEKYJI COBMECTUMA C 4acTo-
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TaMH (DOTOHHBIX KBAaHTOB U OIpeesIsieTcsl SHEPreTHUECKUM B3aNMOZICHICTBUEM aTOMOB U MOJIEKYJI C
MCTOYHUKAMH JTyYEBBIX SHEPIUN 1 MEKATOMHBIMH U MEKMOJIEKY/ISIPHBIMI OOMEHHBIMH ITPOLIECCAMH.
DTt WHAWUBUAYAJIBHBIC IJIA KaXJ0I0 XMMHUYCCKOro BEIIECTBA YaCTOThl U3BECTHBI HAYKE. Ho HayKa
UHIE(UIMPYET ITH YACTOTHI C YACTOTaMM KOJICOAHWI KBAaHTOB MEXaHMUYECKHUX SHEPruil aTOMHBIX
siiep ¥ coBepIaeT riryoouaiinnyio oimmoOky. Kosie6anust KBaHTOB MeXaHHYeCKHX YHePruii aTom-
HBIX siiep ¢ 00pa3oBaHNEM LEHTPOOEKHbIX U EHTPOCTPEMHUTEJbHBIX CHJI KOTepeHTHBI
JUIsl BCell Macchl IVIAHETHOTO TeJia, U, 10 KpaiiHeil Mepe, Ha ceMb MOPSAKOB BbIIlIe pPe30-
HAHCHBIX YaCTOT HAPYKHBIX 000J1049eK. Eciii 000/109K1 aTOMOB H MOJIEKY.T KOJIEOJIIOTCSA €O
ckopocThio 100 MuIINapA0B B CEKYHAY, TO eJMHAs1 KOT€PeHTHAs1 4acTOTa aTOMHBIX si/iep
IUIAHETHBIX U 3B€3/IHbIX TeJI BCEeJEHCKOro NPOCTPAHCTBA A0 KHA MMETh YacTOTy NOPsIAKa

100 MusIMaApI0B, YMHOKUTDH HA 107 repu.

Takue 4acTOThl HEBO3MOXKHO 3apEerMCTPUPOBATh HUKAKUMH TPHOOPAMU U TIOATBEPIUTh HX
HaJIMYUE TPSMBIMH SKCTIIEPUMEHTAMU, TIOSTOMY HayKa U CUMTaeT UX HecylecTBytommmu. Co3naercs
BIleUatT/ieHue, 4To (hyHJaMeHTaIbHasi HayKa MPOCTO OOMTCS MCCIeO0BaTh 3Ty MpoOsieMy, Tak Kak
Pe3yJIbTaThl KCCICIOBAHUI pa3pyliaT HaAyYHYI0 TapaurMy MOCJIEIHUX JBYXCOT JIET Pa3BUTHSI BCEX
oTpaciiell HayYHbIX 3HaHWIA. [10 3TO¥ MprYnHe HayKa He MOKeT OOBSICHUTD (PU3HMKY CAMBIX TIPOCTHIX U
OOBIYHBIX ITPOIECCOB MaTepUAILHOTO Mupa. Harpumep, KakuM crioco6oM MaTeprajibHOE TeJIO JII000M
MIPOM3BOJILHOM (POPMBI, ABTOMATUYECKH M MTHOBEHHO OITPE/IeIIsIeT MOJIOKeHHe COOCTBEHHOTO IIEHTPa
Tsoxkect? [loBepbTe MHE, YTO HU OJIMH YYEHBIN JOKTOP HAayK U Jake aKaJJeMUK He CMOXET JIaTh Bpa-
3YMHUTEJIBHOTO OTBETA Ha 3TOT MPOCTOM BOMPOC. A CKOJIBKO CYIIECTBYET TAKUX MPUPOIHBIX SIBJICHUM,
KOTOpbIE HayKa MPOCTO UTHOpUpPYET!

Ceiiuac JecATKY U COTHU aBTOPOB M3l KHUTH, B KOTOPBIX COOpaHbl CBUETEIbCKUE TIOKa-
3aHMS ¥ JJOKa3aHHbIe apTehaKThl M0 MHOXECTBY TAKMX HEOIO3HAHHBIX SIBJICHUI U OOBEKTOB pealib-
HOTO MHpa, KOTOpbIE HE BIMCHIBAIOTCS B HAYYHYIO MAPAJUTMy U TIOTOMY UTHOPUPYIOTCSI HAYYHBIM
coobmecTBoM. [TpeicTaBuTeNn BhICIIIEH HAYKHU TEPECTaiv ObITh PHIIIAPSIMUA UCTHHBI, & YIIOJOOWIUCH
CTpaycaM W CIpATaId CBOM Hay4yHbIE TOJIOBBI B TIECOK, YTOOBI M30€KaTh OMACHOCTH Pa3pyIICHUs
napagurmMbl HAy9HOTO MaTepUaI3Ma, a CaMOe IJIABHOE, YTOOBI M30€KaTh OMACHOCTH OTKPITh B MaTe-
puaymsme nipucytctBue Bora-TBopia. Ho uto ke mioxoro B Tom, uro BcesenHnas He siBjs-
eTCs CJHYyYaiHoil cCaMOCOTBOPEHHOI CYII[HOCTHIO, a peajn3anueii NPoeKTa 00:KeCTBEHHOTO
3ambicaa? Pa3Be koMy-HHOYIb OydeTXy:Ke OT 3TOro OTKpbITHsI? UeM paHbllle HayKa HAYHET
OCBOOOX/IaThCSI OT JIOKHBIX WILTIO3UI M COOCTBEHHBIX OITMOOYHBIX YTBEPKICHHI, TEM OBICTpEee Yeio-
BEYECTBO CTAHET Ha ITyTh JIyXOBHOT'O OUYMIIIEHUS OT COOCTBEHHBIX MEP30CTEHl, KOTOpPHIE BEIYT 3€MHOE
YeJIOBEUECTRO 10 MYTH I'PSAYILIETo ¥ CKOPOro CAaMOYHHUTOKEHH . 3aBepiiias paccMOTpEeHHE BOIIPOca
O MPHUYMHAX BpaleHusl 3eMHOTO Iapa BOKPYT COOCTBEHHOW OCH, TIPOIITY YUTATENeH, ISl JIydIlero
MIOHVMAaHHMSI BCEro, 4To OyJeT U3jararhCs B MOCIEAYIOIINX IJ1aBax, ele pa3 MepeunTarh TEKCT ITOM
[JIaBKM M OCMBICIUTH ee cofiepkanue. O MOJETN aTOMHOTO si/ipa U 0 paboTe TUIAHETHBIX Tell, Kak
EIMHBIX KOTEPEHTHBIX ¥ CHHXPOHHBIX CUCTEMaX, 0OECIIeUMBAIOIINX SHEPreTUIECKUI 1 MH(pOpPMAIH-
OHHBIII 0OMEH 1 B3aUMOJICVICTBIE B MHTEpecax 3eMHOM JKU3HU U B UHTEPEcax 3eMHOTO YeJIOBEUECTRa,
s1 e ToBopu1 B «JIokTprHe Hay4yHoro Boromno3Hanusi». Ho B 3T0i paGoTe 3TH e WU 5 CTapaioch
MIPE/ICTaBUThL B OoJiee pa3BepHYTOM M Oojiee JOCTYITHOM Buje. M ienain 310 He B JIMYHBIX UHTEpeE-
cax, a B MHTepecax COBpeMeHHOU Hayku. J1Jist MeHsI OyaeT BeJHKHM 0JIaroM, ecJjii COBpeMeH-
Hble PA0OTHUKH HAYKH XOTsI ObI 3aJ[yMalOTCsI 0 TOM, YTO MAaTePUAJIbHBIA MHP YCTPOEH He
COBCEM TaK, KaK HaM ero npejacrapjiseT (pyHJaMeHTaIbHasI HAYKa.

Hame CornHile paboTaeT He Ha OTpeOJieHre, a Ha BBIPaOOTKY JIy4eBOUM SHEPTUH BCETO CIIeK-
Tpa (POTOHHBIX M3ITyYEHUH, HEOOXOIMMBIX HE TOJBKO VISl CYIIECTBOBAHUS 3€MHOM KU3HH, HO W
TSI COXpaHEHH S CTaOMIbHOCTH OpOUTAJIBHBIX XapaKTEPUCTHK TUIAHETHBIX Tesl COTHEUHOMN CHCTEMBI.
O06acTh TUIAaHETHOW TPOIMYECKON SKBATOPHATIBHON 30HBI 36MHOTO IIapa, SBJISETCS CAMBbIM aKTHB-
HBIM MOTpeOUTENIEM JIyYeBOW SHEPIUU BHEITHUX WCTOYHUKOB U CaMOU aKTHMBHOW OOJIACTBHIO BBIpa-
OOTKM KBAaHTOB TIOJIEW TPABUTALIMK U «yXa XU3HM». Martepus COMHEYHON MAcCChl TOXE MOAYMHEHA
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3aKOHY €IMHOW KOT€PEHTHOCTH, HO TOJIbKO He MOTpedJisieT SHePruio, a BHIOPACHIBACT €€ B OKpYykKa-
Ioliee IPOCTPAHCTBO IS KU3HeoOecriedeHrs TIOMUYMHEHHBIX IUIAHEeTHBIX TeJl. OIHAKO Tak ke, Kak
B IUIAHETHOM TeJie, B COJTHEUHOM Tesie Hanbosiee akTMBHOM sIBJISIETCS] TPOITMYECKas M SKBATOPUAITb-
Hasl 30Ha TIocKocTH KUNTUKY. [lo 3Toi npuynHe Bce miaaHeTbl COJTHEYHON CHCTEMbI, 32
HCKJIIOYeHNeM JBYX «KpailHux» B juie Mepkypus u Iliyrona, pacno/io’keHbl Ha CBOMX
opOHUTax CTPOro B MJOCKOCTH COJHEYHOH SKJIMNTHKHU, U 0Jarogaps 3ToMy NoJy4alwT OT
COJIHEYHOI1 1esITeJbHOCTH MAaKCUMAJIbHOE KOJINYeCTBO SHEPruu.

YroOBl MOATBEPIUTH MOM BBIBOJI, IOCTATOYHO MOCIIATh UCKYCCTBEHHBI KOCMUYECKHUH armapar
noriepek miockocTy kmnTuky ConHia. Kora Takoi anmapar cTaHeT BXOIUTh B 30HBI COTHEUHBIX
TIOJIIOCOB, TO €r0 U3MEpUTENIbHAS anmnapaTypa 3aUKCHpyeT pe3Koe CHUKEHUE SHEPTUU COJTHEYHOTO
u3IydeHus. D10 u OyJeT NOATBEepPKASHUEM TOro (pakTa, U4To TUIAHETHOE TEJIO HE MOXKET JTUTENIBHO
CYIIIECTBOBAaTh BHE IJIOCKOCTH SKJIUNTHUKH. ST TAKMX HEOECHBIX TeJl, KOTOPhIe OTBEYAIOT BHIIIIETIC-
PEUUCTICHHBIM YCJIOBUSIM, 3aKOH BCEMHUPHOTO TATOTEHUs JEWCTBYET B MOJHOM oObeme. [IpumveHu-
TeJIbHO K TutaHeTaM COTHEYHOU CHCTeMBI 3TO O3HAYAET, UTO, HAIPUMED, TUIAaHEeTa 3eMJIsl IPUTSTHBA-
ercsa K CoJHITy KOPOTKMMU UMITYJTbCAMF CHJIBI, YCPETHEHHOE 3HaUSHHE KOTOPHIX BO BPEMEHU MPSIMO
MpOnopIMoHaIbHO Macce COJTHIIA U Macce TUTAHETh 3eMist M 0OpPaTHO MIPOMOPIIMOHAIIBHO KBAJpaTy
CPEeIHEro pacCTOSIHUSI MEKly HUMHU.

A BOT Temneph s 3a/1aM CaMblil CJIOKHBIF BOIMPOC ISl YATATENICH W JIJI1 COBPEMEHHBIX yde-
HbIX. KTO (hopMupyeT 3Ty crily B3aMMHOTO TIPUTSKEHMS, ey TioJie TpaButariuu CoyHIa He Tepe-
JaeT CUy, a MepegaeT ToIbKO MHGopMaIuio o cBoeir Macce? KoHeuHO ke, OTBET HalpalinuBaeTCs
cam coboii. CymMMapHy10 cHJIy MPUTsKeHHsI Mexxay miaanetoil 3emus u Couniem gopmu-
PYyeT TOJbKO U NCKJIIOYUTEJbHO TOJLKO camMa IuiaHeTa 3eMJisl, HCIOJb3Ysl AJIsl TUX 1ejei
COOCTBEHHYI0 BHYTPEHHIOI0 Hepruio u nadopmamnuw o macce CoaHna u nHgpopManmio
0 TeKyIlleM paccTosTHuU Mexxay HuMH. Cpasy ke BO3HHMKaeT BTOpoil Bompoc. OTKyaa *ke Iiia-
Heta 3eMiist 6epeT Hepruio, yToObl padorarh 3a ceOs u 3a ConHile, Oe30MOpHO MepeaBuras ceos
10 JUTMITUYECKON COTHEUHOW opOuTe? i yUeHOro MaTepuaincTa MO OTBET OyIeT Kak KpacHast
TpSINKa JIIs1 pa3bsapeHHOro Oblka. Ho BBICTYIIATh 3TOT OTBET npuercs. MTak, ¢ MOMOIIbI0 KBAHTOB
BCEBO3MOKHBIX U3JTyYCHUN, B TOM YHUCJIe U CIIeKTpa BUAUMOTro cBeTa, COJHIIe HAMMTHIBACT TIOBEPX-
HOCTb TUIAHETHl U 3eMHYI0 aTMocdepy cOOCTBEHHOW SHEpruel, meApo pacTpauuBas Ha T LEIH
€KeCeKYHIHO MUJUTHOHBI TOHH COOCTBEHHOM MaccChl.

Pa3Be M0:KHO MOBEPUTH HAYYHOM JI2KH, YTO €KeroiHoe KoJun4ecTBo B 23 niau 34 MuJi-
JIMap/1a MOJHHEBBIX Pa3psi/IoB, a TAKKe BCe TOPHAI0, CMEPYH H IUKJIOHBI MOP 0K JAIOTCS
3a cYeT BeTPOBOIl Hepruu 3eMHoIl armoccepsl? Bech HEBUIUMMBII CIIEKTp JIyuyeBOW SHEp-
run COJTHITA MOIUIEKUT pa300OpKe B BEPXHUX CIIOSIX aTMOC(epbl HA KBAHTHI TOHKUX SHEPTUid, B TOM
YKcyie U Ha KBAHTHI JIEKTPHUUECKON SHEPIUH. A 3aTeM 3Ta SHEPIrUsl C MOMOIIBI0 MOJTHUEBBIX pa3psi-
JI0B, CMEpYel, TOPHA/IO, TUKJIOHUYECKUX BUXPEH U BCEBO3MOKHBIX OCAIKOB B BUE AOK/SA M CHETa,
00s13aTEJIHO JOCTUTAET 3€MHOU MOBEPXHOCTU MaTeprKoB M okeaHoB. Iloka3aTesieM HacbIleH-
HOCTH TIPUTIOBEPXHOCTHBIX 00J1acTell 3eMHOrO Ilapa TOHKOW SHepruer, 00pa3oBaHHOU B Pe3yJib-
Tare pa30opKu OBIBIIMX (POTOHHBIX KBAHTOB HEBUAMMOTO CIIEKTPa COJIHEUHOW SHEPrUH, SIBJISIETCS
armoccepHoe 1aBieHne. HemocpeacTBEeHHO IUIAHETHOE TEJIO 3eMJIH MOPOKAAET IUKIIOHBI M aHTHU-
IIUKJIOHBI, HO 00 9TOM MBI [TIOTOBOPHM ITO3Ke. DTa TOHKAs SHEPIH S, IIPOU/IS MO TPAHCTIOPTHO-KOHBEH-
EpHBIM JIMHUSM TUIAHETHBIX TeJT OT MOBEPXHOCTH JI0 IIEHTPA, HAIMUTHIBACT aTOMbI U MOJIEKYJIbI MaTe-
PHAIBHOTO TeJla TUIAHeT CHeU(PUYEcKruM, TOJBKO JIJIS HUX MpeIHa3HAYCHHBIM BUJIOM SHEPruu. A
cama ObIBINIAsI JTydeBast SHEPTUsl OCBOOOKAAETCS OT U30OBITOUHON SHEPTUU U MPEBPAIIASTCS B KBAHTHI
HEUMCTOTO /IyXa aJICKOU MPEUCTIOIHEN, KOTOpasi OKpykaeT O0KECTBEHHBIH IyX IIEHTpa 3eMHOT'0 I1apa.
Tak uT0, BCe TPH CyMMapHBIX BEKTOPAa CHJI, KOTOPLIMHI B AaBTOMAaTHY€CKOM peKiMe ynpas-
JisieTcsl Hala miiaHeTa 3eMuisi Ha OCHOBe MH(opMaIu COOCTBEHHOT0 rPaBUTAIHOHHOTO
MOJISI M TPAaBUTAIUOHHOTO0 MoJist CoJiHIa, MPUHYUTEJNHLHO BHIPaA0aTHIBAIOTCA BCEll Maccoil
3eMHOr0 1apa, ¢ NCNoJb30BaHNEM COOCTBEHHOM YHePrun u JydeBoi dHeprun CoJHna.
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Ha nunuu, coenuusiomnenn neHtpsl 3eman u CoNHIA, JIEKUT TOJIBKO BEKTOP CUJIbI MPUTS-
JKEHUsI, KOTOPHI (POPMUPYIOTCS LIEHTPOCTPEMHUTEIBHBIM YCKOPEHUEM BCETO MHOXECTBA aTOMOB M
MOJIEKYJI MaTeprK 3eMHOTO 1apa, BO BpeMsi CHHXPOHHOTO M OJJHOBPEMEHHOTO CXOK/IEHHS SHEPTrUH
MAacChl aTOMHBIX SIIEp K AYXOBHBIM KBaHTaM COOCTBEHHBIX IIEHTPOB TsKeCTed. YCKOpeHHue CBOOO-
HOTO Ma/IeHNsI WY CUJIa TATOTEHUsI Ha MOBEPXHOCTH 3eMJIM paBHA B cpeHeM 9,8 MeTpa B CEeKyHIy 3a
cekyHny. Kak pacimgpoBath (pu3n4ecKkuii CMBICI 3TOro napaMeTpa’? ITOT napameTp 03HavyaeT, 4To
MbI B peajibHOCTH, KaK Macca, epeMeniaeMcsi 0eCKOHeYHO MAJIbIMI BeJJUUMHAMY B Teye-
HHe 0/IHOI ceKyHbI Ha 9,8 MeTpPOB N0 HanpaBJIeHNIO K I[eHTPY 3eMHoro mapa. Korga noa
JieficTBHeM CHHXPOHHBIX U KOT€PEeHTHBIX BHYTPEHHUX EHTPOOEKHBIX CHJI aTOMOB U Mo.JIe-
KyJ Halla Macca ucue3aeT, TO Mbl TAKIMH K€ 0eCKOHEeYHO MAaJbIMH BeJIMYHHAMH «TeJie-
NOPTHPYEMCsI» OT EHTPa 3€MHOr0 1Iapa K ero NoBepXHOCTH. BeKTop 11eHTpoOeKHON CUITHI,
KOTOpbIM 3emutst oTTajkuBaetcsi oT ColHIa, HAKJIOHEH Ha HEKOTOPBI HEOOJBIIION Yol BIiepe]] WK
Ha3aj, 1o JIMHUY JBWKEHUS TUIAHETHl Ha CBOEW OpOUTe. DTOT BEKTOP OMpeessieTcs HIeHTPOOSKHBIM
pacimpeHreM OIHOBPEMEHHO BCEX MHMKPOKBAHTOB MaTepHabHOro Teja 3eMHoro mapa. He Oymy
MIOBTOPATh CaMOPa3yMeIOIIMeCs By, YTO OH UMEET UMITYJIbCHBIN XapakTep, a TUIaHeTa OIIyIaeT
TOJIBKO €ro ycpeiHeHHOe 3HaueHne. Ho BaKHO MOHSATB, YTO MO OTHOIIEHHIO K IIEHTPY 3eMHOTO I1apa,
STOT BEKTOP JISKUT HE Ha JIMHUM, KOTOpasi COeMHSIET HEHTP MiaHeTsl U nieHTp CoMHIIA, a Ha JIMHUM,
KOTOpasi COSAMHSIET «3aIHUI» IIEHTP IKCEHTPUTETA, Tjie MatepuanbHoe Teao ConHIa HUKOTAA He
ObIBaET, C (PU3UYECKUM IIEHTPOM ILJIAHETHI 3eMJIsI.

BekTopHasi cyMMa 3THX JABYX BEKTOPOB, KOTOpPble He JeXKaT HAa OJHON NMpsAMOM, H
JIaCT HaM BeJIMYHHY BEKTOPa CHJbI, KOTOPbINl 0€30M0PHO NMPOJABUIaeT HANILY IJIAHETY IO
ee HeOecHOM opOuTe. PrcyHOK, Kak (hOopMHUPYIOTCS M KaK pabOTalOT BEeKTOpa CHJI MpU Oe301op-
HOM JIBWKEHUH TUIAHET MO CBOMM OKOJIOCOJHEYHBIM OpOHMTaM, MpUBeleH B «/OKTpHHE HaydHOro
Boronosnanusi». Hukakue KoMeTsl, acTepouIbl, OOTHUAB U METEOPbI, U3-32 MAJIBIX MAcC, HE UMEIOT
JAYXOBHOTO IIEHTpa yIpaBJIeHHs], a UMEIOT JIMIIb (PU3nIecKuil HeHTp TsikecTH. He mmest 1yxoBHOTO
LIEHTpa, TAaKHe TeJa He MOTyT NpUaaTh cede ropMy Bpamamerocsi cpepona, KoTopast
00s3aTeIbHA ST KaXKA0r0 He0eCHOro IJIAHETHOIO TeJia, MOPOKIeHHOI0 MaTepPHHCKUM
Tesom CoJiHIa 10 peABapUTeJIbHOMY 3aMbIciy. Korja yueHble HauMHAIOT paccykaaTh o ce-
POMIHOI (hopMe HEOECHBIX TeJl, TO YacTO BBOAAT caMux ceOs B 3a0myxeHue, nonaras, 9ro cepo-
uaHas (hopMa TUIAHETHBIX TeJT TIOPOXKIeHA BpallleHHEM PacIlIaBIEHHBIX MAacC BO BPeMsl CAMOCKATHUS
TBUIEBBIX 00JIAKOB M Apyroi Matepur COTHEYHOW CUCTEMBI B TY WJIM MHYIO TuiaHeTy. Ho KTo %ke pac-
TUIABIJI OyAyIyIo TUTAaHEeTy M ITpuaa e Bpamenue? Kaxaas ucTiHHas MyIaHeTa OposKIeHa U3 Tesa
Connna. CHavasa oHa B BUjIe pacKaJIeHHOTO Iapa KaTUjach MO COMHEYHOMY 9KBATOPY U BIUTHIBAJIA
B ce0s Bce Te TsKeNble XMMUYECKUe JIEMEHThl M COeIMHEHH s, KOoTopble Memamu padore ConHia
u ObUH «3710M» Ui Hee. A 3areM camo CosHIle, BpeMEHHO M3MEHMB BEKTOP IOJIS TPaBUTALIIH,
BBIOPACHIBAJIO HOBOPOXIEHHYIO TUIAHETY Ha MEPBYI0 HUKHIOI OpOUTY, OMHOBPEMEHHO yBEINYMBasI
Paarychl M MOBBIIIAsT BHICOTHI BCeX TMpexke poxaeHHbIX tiaHeT ComHeyHou cructembl. Katast Oymy-
IIMe TUTAHETHI TI0 CBOeMy 3KBatopy, camo COJHIIe ¥ MPUIABAJIO UM OCh BpaIlleHHs ¥ NEPBOHAYAITb-
HYIO YIJIOBYIO CKOPOCTb BpatneHus. [1o3ke oHM cTaHOBMIIUCH ChepOrIaMul BpaIlleHusI, TaK KaK U UX
Matepb-CoHLe Toxke siBisieTcs cpepouniom Bpaenus. Ooumii BeBoI TakoB: «Besikoe camocTo-
siTeJIbHOE HeOecHOoe TeJl0, HMelollee MeXaHNuecKylo Maccy, Oyab TO 3Be3/1a WIH IJIaHeTa,
He MOKeT CyI[eCTBOBAThH B TApDMOHMM C JPYrUMHU HeOeCcHbIMH TeJlamu BeeJieHHOR, eciiu He
OyeT BpamaThcsi BOKPYr COOCTBEHHOMH OCH € TOI HJIM HHON CKOPOCTBHIO».
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3. Hy:kHO J11 c03/1aBaTh PAKETHO-sII€PHbIN AT
JUIS1 3aIUThI 3eMJIN OT aCTEPOU10B U 00JN10B?

[Tpu mporieccax pokIeHUs IJIaHET, KaK «U3JEPKKW» MPOU3BOJACTBA, POKIAIUCH KOMETHBIE
TeJa 1 Apyrue Maisle 00beKThl CoHevuHol cuctembl. [10 3Tol mpuvrHe B UX MaTepUATbHBIX TeJlax
HET OCH BpallleHHsl. A pa3 HEeT OCU BpallleHUs, TO U HeT COOCTBEHHOTO TOJIs TpaBUTAIMK. YacTuyHO
s yXKe MoKasaJi, 4To Jodoe HeOecHoe TeJlo, MMeloliee COOCTBEHHOE T0JIe TPAaBUTAIIMH, 00s13aHO Bpa-
IaThCsl BOKPYT COOCTBEHHOW OCH C TOW WJIM MHOM YIJIOBOU CKOpocThio. ECTh U elne omHa mpodiema
10 MOBOJY TMOBE/IEHUsI KPYIHBIX OOJNMAOB M aCTEPOUIOB. YUeHbIe B MOCTEAHEee BpeMs Bce Ooublie
TPEBOXAT U IMYraloT MHUP COOOIIEHUSIMH, YTO €CTh BEPOSTHOCTh «JIOOOBOTO» CTOJIKHOBEHHS ILIa-
HeTbl 3eMJIsl C HEKOTOPBIMM KpyIHbIMU acteponamu. Yuensle CIIIA u Poccun naxe npeanaraior
CO3/IaTh PaKETHbIE YCTAHOBKHU C TEPMOSIAEPHBIMH OOETOJIOBKAMH, YTOOBI Pa3pyIIaTh TAKUE ACTEPOU/IbI
Ha JaJbHUX MOACTYNAX K HAIlleH IUIaHeTe, T. €. CO3/1aTh OOLIETUIAHETHYIO PaKeTHO-SIIEPHYI0 KOCMHU-
YeCKyI0 0OOPOHUTEIIBHYIO CUCTEMY.

Huyem HMHBIM Kak HAy4YHOIl 4ymIbI0 W OpeoM, TakHe «HAy4YHbIe» MpeJJI0KeHHUsI
Ha3BaTh HeJIb3sl. DTH SIKOObI «HAYYHbIE» MPEJIOKEHUS ¥ TIOATBEPKJAIOT TOT (DAKT, YTO COBPEMEH-
HbIEe YUeHbIe He MPOIBUHY/IUCH 110 JIECTHUIIE 3HAHWIA, a 3HAYUTEIIHHO JEeTPaIipOBAJIH, 0 CPABHEHUIO
c Tem xe Kerepom mim Micaakom HetoroHom. CoBpeMeHHBbIe ydeHble Kak Obl 3a0bUTH, YTO TOBOPUJIA
9TU T€HUH CPEIHEBEKOBOW HAyKU. A OHHM TOBOPHJIM, YTO KaXJO€ CAMOCTOSITEIbHOE HeOeCHOE Teslo
JOJKHO BPAIAThCsl BOKPYT COOCTBEHHOM OCH M JIBUTAThCSl HE TIO OKPYKHOCTSIM, a TIO SJUIUTICAM.
Kpome Toro, kaxaoe HacTosiiee HeOeCHOe TeJIO ONMKCHIBAET PaBHBIC 1O TUIOMIAAN CEKTOPA, MEKILY
HEHTPOM TSIKECTH BeIyIero HeOeCHOro Tesia U OpOMTAIBHBIMU MONTOKEHUSIMUA BEIOMOTO HEOECHOTO
TeJIa 32 paBHbIEC POMEKYTKH BpeMEHH. BOT TOJIbKO IPUMEHUTENIBHO K TUM TesamM HbloToH 1 pa3pa-
6oTtas Teopuio NoJis rpaBuTanuu. Eciy Xopoio nogymars, TO MOKHO OOHApYKHTh /1Ba (pyHIaMeH-
TaJIbHBIX CBOMCTBA COJIHEYHOTO U IJIAHETHOTO TOJIsI TPaBUTALIMK. PacCMOTpUM 3TH [Ba CBOKCTBA I10
OTIEIBHOCTH.

Bo-nepBbIx, Ka:k/10e aTOMHOE SIIPO0 XUMHYECKOTr0 3JIeMeHTA WJIH COeJHHeHHIl XUMH-
YeCKHUX 3JIEeMEHTOB, CyllleCTBYeT BO BpeMeHH 0Jiaroapsi HempepbIBHOMY 00pa30BaHUIO U
HCYEe3HOBEHHIO BHYTPH HX MPOCTPAHCTBEHHBIX 00beMOB /IBYX HeCOBNAJAIOIUX (pusnye-
CKHX IIEHTPOB YNIPaBJIeHHs WU eHTPOB ciJl. OIUH IIEHTP MOPOKIAAET HEHTPOOESKHYIO CUITY, a
KOTJJa KBAHTBHl MAaCChl MEXaHUYECKON HEPTUM MAaKCUMAJIbHO PACHIMPSTCS, TO HOBBIM IIEHTP MOPOK-
JaeT IEHTPOCTPEMUTENBHYIO CHITY, ¥ BEKTOP CHUJIbI OE30MOPHOTrO TIepeMellieHrs. A Tereph JaBaiTe
MBICJIEHHO, CB€PXy BHH3, IO/1 JYXOBHBIM MHKPOCKOIIOM COOCTBEHHOTO pa3yma, MOCMOTPHUM, UTO
MIPOMCXOIUT B aTOMHOM SIpe B MPOIIECCe ero pacXokIeHUs U cXxoxaeHus? Mbl yxke y0eauauch,
YTO BCSKAsi MeXaHHYecKasi Macca MMeeT BHYTPH celsl MyCTYI0 OBIPKY. Pa3 kBaHTH Mexa-
HUYECKON MacChl aTOMHOTO si/Ipa He MPUKPEIUIEHB! K MPOCTPAHCTBEHHOM TOUKE AYXOBHOTO KBaHTa
MOHA/IbI, TO TIPH MEJICHHOM TepeCTPOSHUH Ha JUTUTICHI U MOC/IETYIONIeM CKPYUYMBaHUH, cama Macca
snpa OyIeT Me/ITIEHHO, 32 CYET MHEPLUAIBHOCTH SHEPIMY MAcC, BPAIAaThCsl IIPOTHB YACOBOM CTPEJIKH
1 00pa30BBIBATh HEKOTOPBIA UMITYJIbC CIIMHA BpallieH!sl. 3aTeM JyXOBHbII KBAHT MOHA/IbI HCYe-
3aeT U3 npocTpancTea BeesieHHOI MO0 TyHHeJbHOMY nepexoay. Hu k yeMy He mpuKperuieH-
HbIe KBAaHTBHl MEXaHUYECKOH SHEPTUU MACCHI S1/Ipa MMITYJILCHO U CIIMPAJIBHO PACKPYUIHMBAIOTCS IIPOTHB
YacOBOM CTPEJIKH, TOJOOHO NPYKMHE MasITHUKA YaCOBOTO MEXaHU3Ma, ¥ 00pa3yIoT MPOTUBOIOJIOK-
HBII criuH BpatieHus. [1paBna, B OTIM4Me OT HACTOSIIEH MPYKUHB MAasSTHUKA YaCOBOTO MEXaHU3Ma,
KBaHTbl MeXaHNYeCKUX YHePruil Macchbl aTOMHOrO s1ipa CKPYYHMBAIOTCS IIECTh TAKTOB
BpeMeHH WIH NePBUYHBIX KBAHTOB BpeMeHH, 2 pACKPYYHBAIOTCS 32 O/INH KBAHT BPeMeHH.
UroObl He 3aImyTaThCsl B PACCyKICHUSX O TIOHATUM KBaHTA BPEMEHHU, MbI IIOTOBOPUM B CIIEIYIONIUX
raBax. Macce sijipa MpH pacXokI€HWW, HET HeOOXOIMMOCTH O0Opa30OBBIBAaTh JUIMIICHL, & 3HAYMT,
VMMITYJILC BpAIIEHHUs 10 YaCOBOW CTpENIKM OyJeT, 1Mo KpaiHel Mepe, B CeMb pa3 Kopode, 4eM Ipu
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CKPYUYMBAHUM MAcChl siipa K JIyXOBHOMY KBaHTy MOHa/bl. UTOo MBI OyzieM HaOmioaaTh BU3YasbHO?
BusyanbHo MbI OyeM HaOMoAaTh CAEAyOIIUe SIBJICHUS.

Bo-nepBbIx, HEeNpepblBHOE BpallleHME KBAHTOB MEXaHWYECKON M MHEPLUAIBbHON SHEpruu
MAacchl aTOMHOTO 51/1pa IPOTUB YAaCOBOW CTPEJIKH, C Iy/IbCUPYIOLIUM PACIIMPEHUEM B TEUEHUE OHOTO
TaKTa BPEMEHU U C TIOCIEAYIOIIMM CXKaTHeM B TEUEHUE IIEeCTH TaKTOB BpeMeHH. Bo-BTOpbIX,
MMITYJIbCHbIE BHIOPOCHI K TOBEPXHOCTSIM JIEKTPOHHBIX 000I0UEK aTOMOB M MOJIEKYJT, IPOAYKTOB KH3-
HEJesITeIbHOCTH MEXaHWYEeCKMX KBAHTOB aTOMHOTO sIIpa BO BpeMsl ACHCTBHS IIEHTPOOEKHON CHJIBI
PacxokaeHus1, KOTOpble ¥ 00pa3yloT CIIMH BpaleHus MeKTPOHHBIX obonouek Ha 180 rpamycoB mo
YacoBoil cTpeike. B-TpeTbux, «BcachlBaHHE» U «BTATHBAHKE» BHYTPb ITPOCTPAHCTBA MEXaHUYe-
CKMX KBAaHTOB aTOMHOTO sIpa, OCKOJIKOB (DOTOHOB JIyUEBBIX SHEPIuil, KBAHTOB JEKTPUUYECKUX U
MarHUTHBIX SHEPTUI B KAYECTBE SHEPrETUIECKON MOAMUTKA MEXaHMUECKOW SHEPTUH aTOMHOTO si/Ipa
B MOMEHT IIECTUTAKTHOTO IMKJIa 00pa30BaHMsI IIEHTPOCTPEMHUTEILHOM CHITBI MJTH CHITBI TIPUTSDKEHHUS.
ITOT HUKJ ¥ 00pa3zyeT crnuH BpaieHus Ha 180 rpagycoB mpoTHB YacoBoi cTpeku. Korna ceepxy
CMOTPETb, KaK BOJIa YXOIUT U3 BaHHHI 10 CIMBHOMY OTBEPCTHIO, TO MOKHO HAaOMI0AaTh, KaK BOJa cama
ce0s1 3aKpy4YMBaeT WK MPOTHB, HJTH IO YaCOBOH CTpeJIKe. DTO M €CTh OTPaKEHUE PeaTbHbIX IPOLec-
COB CHHXPOHHOT'O CIIUHOBOTO BpaiieHus1 Ha CeBepHOM TOTYIIAPUH IEKTPOHHBIX 000JI0UEK aTOMOB
Y MOJIEKYJI 3¢MHOTO 11apa M0 YaCOBOM CTPEJIKE, a SKPAaHUPOBAHHBIX aTOMHBIX s1IEp — POTUB Yaco-
Boii ctpesiku. Eciin 0b1 He ObLIIO SKPAaHUPYIOIIETro BIANSIHUSA 3JeKTPOHHBIX 000J1049€K, TO Bce
JKHJIKOCTH MPH NMPOXO0K/IeHUH Yepe3 y3KHe oTBepcTHsi, Ha CeBepHOM MOJylIapuu 3aKpy-
YHBAJNCH NIPOTUB YaCOBOIl CTPEJIKH, B Ty K€ CTOPOHY KYy/ia BPalawTcs U aTMoccgepHbIe
IUKJIOHBI. HO 5KpaH 3MeKTPOHHBIX 000JI0UEK YPaBHUBAET BIMSHUE MPSAMBIX U OOpPAaTHBIX CITMHOB,
MO3TOMY KUAKOCTh Oy/IeT 00513aTeIbHO BPaIlaThCsl, HO HAITPABJIEHHUE BPAILICHUsI MOXET OBITh KaK I10
YacOBOM CTpeJIKe, TaK U MPOTUB YaCOBOU CTPENIKU. B TO ke Bpemsi, ecii MPOBECTH TOYHBIN JKCIIe-
PUMEHT, TO aOCOTIOTHO PaBHbIE U IOCTATOUHbIE OOJIbIINE 0OBEMBI KUAKOCTH UCTEKYT ObICTpEe, ECIIH
OHM OyIyT BpamiatbCsi B aOCOMIOTHO OIMHAKOBBIX OTBEPCTHSIX CJMBA IO HAIIPABJICHUIO BPAICHUS
[IUKJIOHOB, Y€M TaKHe ke 0OBEMBbI JKUIKOCTH, KOTOPOE UCTEKAIOT M3 CIMBHOTO OTBEPCTH S, BPAIIAsICh
B HAITPaBJICHUN aHTUIIUKJIOHOB.

A pymaro, 4To 3TOT (PAKT JAABHO y’Ke MOATBEP:KJeH dKCIEePUMEHTAJNbLHO, TOJbKO
HAYKa CKPbIBAeT Pe3yJbTaThl IKCNIEPUMEHTOB, TAK KaK He HAXOAUT UM HAY4YHOT0 00'bsiC-
HeHMs.

Tenepb nepeiieM OT OTAEIbHBIX AaTOMOB U MOJIEKYJI K TUIAHETHBIM M 3B€3/1HBIM TesaM. [1maner-
HBIE ¥ 3BE3/IHbIE TeNa MPECTABISAIOT COOON CMHXPOHU3MPOBAHHOE 00beMHEHNE KOHEUHOTO MHO-
’KECTBA aTOMOB U MOJIEKYJI, I03TOMY HX II€HTPHI TSXKeCTel, 0 NoJ00HI0 e HTPOB aTOMHBIX
siiep, TaK:Ke COCTOSIT U3 JIBYX Pa3HeCEHHbIX BO BpeMeHH U IPOCTPAHCTBE MPOTHBOI0JI0K-
HBIX HeHTPOB. OJVH LIEHTP OpPraHU3yeT IEHTPOCTPEMUTEIIbHYIO CHITY TJIAHETHOTO MPUTSKEHUS U
BEKTOP OE30MOPHOI0 MepeMeleHu s TUIAHETHI 110 ee OpOuTe, a BTOPOH IIEHTP OPraHU3yeT IIEHTPOOeK-
HYIO CWJTy U BEKTOp OTTaJIKMBaHUsA. B TO ke BpeMs BceoOIas CHHXPOHU3AIMS CUHXPOHU3UPYET U
CIMHBI BPALIEHU I BCET'O MHOKECTBA aTOMOB M MOJIEKYJ1 3B€3JHOro UiH taHeTHoro teja. Ha CeBep-
HOM MOJIyIIApUH HeOeCcHOro TeJa, (Ipu B3IJisiie cCBepXy KOHKPETHO HA MJaHeTy 3eMmis ),
BCSI Macca aTOMHBIX sifiep OyJeT CHHXPOHHO M MMIIYJIbCHO BPalaThCcsi NPOTHB YacoBOM
cTpedku. [Ipu 3ToM 006071049k aTOMOB 1 MOJIEKYJI OyAyT 00pa30BbIBATh IPOTUBOIOIOKHBIE CITMHBI
no 180 rpaaycoB no yacoBoui crpeske. Ha FOxxHoM nosyriapuu, (ipu B3riisijie CHU3Y), 9Ta e Macca
aTOMHBIX siiep OyAeT BpallaThCsi 0 YaCOBOH CTpPeJIKe, a 000JI0UKH aTOMOB U MOJIEKYJI — IPOTUB Yaco-
BOU CTpesiku. A B cymme? A B cymMMe, J1000e HeGecHOe TeJIO M0/i CHHXPOHU3HUPYIOIUM BO3-
JeficTBHeM COOCTBEHHOIO IEHTPA TSI?KeCTH, CTAHOBHUTCS cchepou10M BpaiieHusl, Opo:K-
naet Cepepublii 1 FO:xxHbBIA nmoioca, NOPOKAaeT 0Ch BpPallleHUsI 1 HAYHHAET BPaIiaThCs
BOKPYT 3TOil COOCTBEHHOI1 0CH € TOI HJIU HHOI CKOPOCThI0. Ho 1 3Ta CKOPOCTh TOXKE HE yCTa-
HaBJIMBAeTCsl cama COOOM, a peryampyeTcs IIEHTPOM TsKeCTH HeOecHoro Tena. B ommmume ot Koc-
MHUYECKUX OOBEKTOB, HE UMEIOIIHX CTaTyca IIAHETHOTO TeJa, TUIa KOMET, aCTepPOUIOB, OOTUIOB U
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METEOpOB, B IUIAHETaX, UX CIyTHUKaxX M B camoM CoJHIle, KaK U BO BCeX 3Be3lax BceneHHOM, ux
CHUCTEMa LIEHTPOB OTTAJIKUBAHUSI U MIPUTSKEHHU I BPAIIAeTCsl C OOJIBIION CKOPOCTHIO BOKPYT OCH, TIep-
MeHAUKYJISIPHOM MOBEPXHOCTH COOCTBEHHOM SKJIMIITUKH, JISKAIIEeH B IJIOCKOCTH 9KBATOPA.

Cam TyXOBHBIM HEHTP IUIAHET, UX CITyTHUKOB M 3BE3J1 HE UMEET SHEPTruH, HO HaJesIeH TOTHO-
TOI 0OXecTBeHHOW MH(pOpMaIy. MaHuIyarpysl mapameTpamu MPOCTPAHCTBA ¥ BpeMEHH, OH TIpH-
HYX/IaeT 000JI0UKY KBAaHTOB HEYHMCTOTO AbSBOJILCKOTO JIyXa CIIE/I0BaTh 32 COOOM 1 TOkE HEMPEPHIBHO
BpaIaThCsl BOKPYT OCH 3BE3/IHOTO UJIH TIAHETHOTO TeJa. [IbsIBOILCKHIA yX MMEET OCTATOUHYIO SHEp-
TUIO ¥ C €€ TIOMOIIIBIO, TI0 TEPMHUHOJIOTHH TEPMOAMHAMUKH, «yBJIEKAeT» TOJIeBble (DOPMBI MaTEpUM
B BUJIe MEKTPUUYECKOrO M MAarHUTHOTO TOJISl K BPAICHUIO BOKPYT IUIAHETHOM WJIM 3BE3/IHOM OCH
BpallleHNsl. YUeHble Ha3bIBAIOT TaKOe BpallleHUe LIEHTPA TSKECTU «T€OAMHAMOW» U KapHOJIMCOBOM
cuioi. ITycTh Ha3bIBAIOT, KaK XOTAT, HO MO OOKECTBEHHOMY 3aKOHY BCSIKas (popmMa maTepuu,
KOTOpasi HMeeT MeHbllle SHEPTUH, HO HeceT B ceOe 0oJiblle HecTHpaeMoii uHg opMaluu,
HMeeT MPaBo YNPAaBJIATH U YIPaBJsieT TOl MaTepueii, KOTopasi He HeceT B ce0e HUKAKOM
uHgopMaluu, HO 3aT0 cnocoOHa 00pa3oBbBIBaTHL Maccy. B 3Tom u ecth pacmudgpoBka
TEePMOHHAMIYECKOr0 MPUHIUNA «yBJedeHusi». Macca CojHIla 1 Jaxke Macca IIaHeThl 3eMIist
comepkar B cede KOJIOCCAIBHYIO SHEPIUIo, €CIU OLIEHUBATh 3TY SHEPTHUIO 10 (pOpMyIie, UTO SHEprus
paBHa Macce, YMHOKEHHOM Ha KBaJipaT CKOpocTH cBeta. Ho Kak Macca aTOMHOTO sijpa MOAYMHSIETCS
IyXOBHOMY KBaHTY MOHa[Ibl, HE MMEIOIIeH HUKAKOM SHEPTUH, TaK U Macca 3Be3[] U IJIAHET MOAYNHSI-
eTCsl J[yXOBHOMY IIEHTPY YIIPaBJIeHUsI, KOTOPbIA HAXOAUTCS BHYTPH MX LIEHTPOB TsikecTeil. Bpaine-
HHe /1711 He0OeCHBIX TeJ He00X0MMO0, KaK dJ1eMeHT HHEPIHMOHHONH YCTOHYNMBOCTH NMPH UX
0€30M0PHOM NepeMelieHHH M0 cOOCTBEHHBIM opOuTaM. Bce MBI 3HaeM, UTO BpalllalomIuiics
BOJTYOK HE TaK-TO MPOCTO CTOJKHYTh ¢ MecTa. [IleTdku masbiia o ero noBepxHOCTH OH HE OIIyIIaeT,
TOYHO TaK K€, IUIAHEThI He OIIYIIAIOT U «IaJCHUs» METEOPUTOB Ha 3eMITi0. A BOT OCTaHOBJICHHBIM
BOJTYOK MOKHO C/IBUHYTb C MECTa IPOCTHIM MTPUKOCHOBEHHEM TNabila. Pa3Be He sICHO, UTO He Bpalia-
IoIIMecs: KOCMUYECKHE Tesla, Bpojie KOMET, OOJIM/IOB, aCTEPOUIOB M METEOPOB, HAXOIATCS TI0 CPaB-
HEHUIO C BPAIIAIOIIUMUCS HEOECHBIMH TeJIaMH B COCTOSIHUM «4aCTUYHOW» TeJIeNopTalum?

Ho naxe u 310 He camoe riaBHoe! [J1aBHOE 3aKJTI0YaeTCs B TOM, YTO BpallleHHe HeOECHBIX TeJ
TMO3BOJISIET UX TyXOBHBIM IIEHTPaM pelaTh Be KpaliHe BaKHbIe 3a/1aui. Bo-mepBbIX, MaJIbIM OTKJIO-
HEHHEM OCell BpallleHHsI OT CBOETO TMOJIOKEHHsI U MaJIbiM OTKJIOHEHHEM CKOPOCTH BpAICHUS B Ty
WJIY UHYIO CTOPOHY HeOeCHbIE TeJla YAEPKUBAIOT BO BpEMEHH IMOPa3UTEIbHYI0 CTAOUIBHOCTh KaK co0-
CTBEHHBIX OPOUTAIILHBIX NAPAMETPOB, TaK U CTAOUIBHOCTh OPOUTAIBHBIX TTAPAMETPOB BEIOMBIX TLJ1a-
HeT wim cyTHUKOB. Ho ecTh M BTOpOe ynpagsJisiioniee CBOWCTBO BPAalIalOIMINXCsl HeOeCHbIX
teJ. Ilo smmuncam opout Beex maHeT COMTHEYHOW CHCTEMBI, Mbl BUIMM, UYTO BEKTOP CHJIBI OTTAJI-
KMBaHMs (POPMHUPYETCS WHIUBHUIYAJIBHO JJIs1 KQKIOW TUIAHEThl U3 BTOPOro LeHTpa umrnca. Jlas
Bcex miaHeT Co/IHeYHOH CHCTeMBI CyIIeCTBYeT HHAMBH/AYAJAbLHAS JIUNTHYECKass opOuTa,
a 3HAYMT, CyIIEeCTBYeT M MHIMBHAYAJTbHbINA SKCHEHTPUTET JIs BTOPOro EeHTPa JIIUICA.
Ha nerne sto o3nauaer, yro CosnHiie o nHGopMaIy cOOCTBEHHOTO IPaBUTALIMOHHOTO TTOJISI U TOJIEeH
IpaBUTAIIMM TIOMYMHEHHBIX TUIAHET, MPUHYKIAET UX MPUTATUBATHCS K cede C CHIION, MPOMOPIHO-
HAJILHOM COOCTBEHHON Macce W MHIVBHIYIBHOM Macce KaXIOro IUIAHETHOTO Tesia. A BOT CHITY
orTankuBaHus Macca ComHila (hopMHUpYeT UHAMBUIYATBHO IJ1s1 KaXJ0ro TuiaHneTHoro tena ComHe-
HOM cucteMbl. UeM 0oJibIIIe SKCHEHTPUTET JUIMICA NIAHETHOH OPOUTHI, TEM 0O0JIbIIe CHJIA
ee OTTAJKHBAHUsI. A BeJlb 9TOT BEKTOP CUJIbl OTTAJIKUBAHUS AaXe HE YIOMHHAETCS B 3aKOHE BCe-
MUPHOTO TATOTEHUsI, XOTS SIBJISETCS BaXKHENIIUM (DaKTOPOM JIJIs1 «pa3yMHOI'0» YIIpaBJIEHUs Bpalla-
IOIIMMUCS] HEOECHBIMU TeJIaMU, KaK COOCTBEHHBIMU BEIOMBIMH IIJIAHETHBIMU TEJIaMH, TaK U BCEM
OCTaJIbHBIM MHOTOOOpa3ueM He BPaIAoIUXCsi KOCMUYECKMX 0OBEKTOB. BOT 3TOT 04eBMAHbBIN (hakT
Y HE 3aMeYaeT COBpeMEHHasl HayKa, Myras 3eMHOE YeJIOBEYEeCTBO HEINpeACKa3yeMbiM CTOJKHOBE-
HHE 3eMHOTO I1apa ¢ KaKUM-HUOYb KPYITHBIM OOJIUIOM WM acCTepOrIOM. JTOro He MOKeT Mpo-
U30MTH, eCJIM camMa IUIaHeTa 3eMJIsl He 3aX04eT TAKOro KaracTpognueckoro cToJIKHOBe-
Hus. PazbepeMcs ¢ cutyanueil Ha MpUMepe BHITSHYTHIX JUTMIITHYECKUX OPOUT KOMETHBIX TeJl.
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VX BBITSIHYTBIE OpOUTHI JAIOT OPOMHBINA MPOCTPAHCTBEHHBIA SKCLIEHTPUTET, MEXIY TOUYKOM
LEHTpa JuIMIca, riae Haxoautcss ColHIe, U «3a/IHei» TOYKOW BTOPOTO LIEHTPA JUIUICA KOMETHOW
opoutsl. U3 Toii TOukH, rae HaxoauTcs ConHIe, OCYIECTBIISETCS MPUTSHKEHUE KOMETHI, a U3 BTO-
POro «3aHero» IEeHTpa JIMIICA OCYIIEeCTBIIsIeTCs OTTalKuBaHue koMeThl oT ConHua. Ilo Bropomy
3akoHy Keriepa, paboTa cui1 OTTaIKMBaHKS paBHA TUIONIAM CETMEHTa, KOTOPBIN «pPUCYeT» KOMeTa
CBOEW OpPOUTOH M TOUKOH «3aJHEro» LEHTpa /ummIca. PaboTta cui mpuTsbkeHusl paBHA IUIOIIAIM
CerMeHTa, KOTOPBIN «pUCyeT» KoMeTa cBoed opouTol u nieHTpoM Tspkectu Conaia. CoBepiieHHO
0YeBH/IHO, YTO NIPH NPHOIMKeHUH KoMmeThl K CoJiHIy, 32 c4eT HapacTaHUsl BEKTOPA CHJIbI
B3alIMHOI'0 NIPUTSI’KeHHSs], JIMHEITHAsI CKOPOCTh KOMeThbI 3HAYNTEJbHO BO3pacTaeT, HO B TO
’Ke BpeMsl ¢ elle 00JbIINM YCKOPEeHHEM HapacTaeT BEKTOP CHJbI oTTajJkuBaHusi. baaro-
Jlapsi ’TUM pa3HOHANPAaBJIeHHBbIM YCHJIUSAM, KOMeTa He najaeT Ha CoJiHIle, a KPyTO pa3Bo-
pavyuBaeTcs BIiepear MacChl COJTHEYHON MaTepPHH M CHOBA YXOAUT B NPocTOpbl CoIHEeYH O
cucteMbl. Ho KoMeTsI He 10 COOCTBEHHOM IJTYTIOCTH JIETAIOT B JAJIBHUI KOCMOC, a 3aTeM BO3Bpala-
1otcst K ConHity. OHM UCHIONTHSIIOT HEMTPEPhIBHYIO PadOTy KOCMHUUECKMX MYCOPOCOOPIIIMKOB U yTHIIHU-
3aTOPOB M COOMPAIOT HE TOJIbKO KOCMUYECKYIO TbLIb 1 IOy THIE METEOPHTHI, HO, TJIABHBIM 00pa3oM,
COOMPAIOT U MPUHOCAT K KHU3HETBOPSAIIEH MiaHeTe 3eMiisl OTpaOOTaHHbIe KBAHTHI MOJIEH rpaBUTA-
UM ¥ TIPOAYKTHI )KU3HEAEATeIbHOCTU Ipyrux TuianeT ConHeuHo# cuctembl. [Ipy npuOnmkxeHun K
ConHily, KOcCMHYeCKHe JIyYd ¥ NOTOKH HEeMTPUHHBIX YaCTHI], BCTYAIOT BO B3aUMOJIEICTBUE
C KOCMUYECKUM MYCOPOM U OTpaOOTaHHBIMH (DpaKIUsMHU Toniel TsaroteHust. OdpasyeTrcss orpom-
HBI KOMETHBII XBOCT, HAITPABJIEHHBIN B CTOPOHY, MPOTHBONONIOKHYI0 Macce ConHuia. st paboThI
CorHIta 3TOT MaTepuaIbHBIN «MycOp» KpaiHe OnaceH, IOTOMY UTO MPEJCTaBIseT COOO0M HE TOIBKO
TETUIOBbIE KBaHThI, HAPAOOTaHHbIE TIOJISIMU TPaBUTAIMIA B ITTyOMHAX KOCMOCA, HO U CTYCTKHU KBaH-
TOB NPOAYKTOB KH3He/esITeJIbHOCTH yaaJeHHbIX miaHneT CosHeyHOH cucTeMbl. [lpyrumu
CJIOBAaMH, B XBOCTE KOMETBI MOKET ObITh cocpeioTodeHa sHeprus necsatok HIIO.

VianeHHsle TUIaHETH! UCHONB3YIOT MAaTepHI0 KOMETHl KaK TPAHCIOPTHOro areHTa. [TpomyKTel
UX )KU3HENIEATEIbHOCTH JIMILIEHbl MATEPUAJIBHOM OCHOBBI, HO MIMEIOT BHICOKYIO OCTATOYHYIO SHEPIHUIO.
OtcyTcTBHE B MPOLYKTaX IJIAHETHOW KU3HEAEATENbHOCTH KBAHTOB MEXAHUYECKUX SHEpPruy, Mo3-
BOJISIET UM HE MOJUYMHSATCS CUJIE TUIAHETHOTO TATOTEHMsI M 3aKOHaM rpasBurtaid. Ho oHu umeror
BBICOUANIITYI0 MH(POPMATUBHOCTh, M YK€ CIIOCOOHBI 3aKPEIUIATh HA CBOUMX CTPYKTypax, JJTUTEIBHO
XPaHUTh U UCIOJHATh TakKue MH(OPMALMOHHBIE AJITOPUTMBI, KOTOpPbIE MPOTUBOPEYAT MaTepHalIb-
HbIM 3aKkoHaM. buarogaps tomy, yro HJ/IO ucnoJb3yloT 1uis1 nepemMenieHusi 0 NpoCTPaH-
ctBy CoJIHeUHOH CHCTEeMbl CHHXPOHHYI) HEHTPOOEKHYI0 CHJIY OTTAJKHBAHHUS, a TaKKe
B3aHMO/IeliCTBHE COOCTBEHHbIX MArHUTHBIX M JEeKTPHYECKHX MOoJiell ¢ aHAJOTHYHbIMU
noJisimu miaHersi-marepu, HJIO cnoco6HbI 1 caMOCTOATENHLHO JOOMPATHCS 10 3€eMHOM
armoccepbl 1 NOBePXHOCTH Hamel miaHeTsl. CeugerensctBamu 00 HJIO 3anonHena crieny-
aJIbHAs TUTEpaTypa, KOTopasi HasbiBaeTcs yomnorueid. Ho masno KTo 3Haer, uyTo Oosibiasi yacTh Mpo-
IOYKTOB )KU3HEIEATEIbHOCTU Jpyrux 1iaHeT COTHEYHON CUCTEMBI JOCTaBIISIIOTCS Ha IJIaHEeTy 3eMJIs
He camocTosiTenbHO, B Buje HJIO, a B paccpenotoueHHOM M Ge30MacHOM BHJE, KOMETHOW Marte-
pueii. Ilog neiicTBeM KocMuveckux Jydeill «CoJIHEUHOro BeTpa» M MOTOKA COJIHEYHbIX
HEeNTPHUHO, NPOAYKTHI KU3HeAeATeTbHOCTH APYIUX IJIAHeT U KBAHTHI TEIUIOBBIX SHEPrui
npeoodpasyTcsi B 6e3onacHbie (pOTOHBI H JOCTABJISIOTCS HA IOBEPXHOCTDh U B aTMOc(epy
3eMHOr0 mapa, H 37eCb OKOHYaTeJbHO YTHIN3HPYETCSI B AbSIBOJBLCKON NPEHCIOIHeN,
BOJIM3H HeHTpa TsKkecTH. [locie yTHaM3auy OHY MPEBPAIAlOTCs B PA3HOPOJHBIN JITHOH caTta-
HUHCKO-OECOBCKHX JIyXOB U OTIPABJISIIOTCS] CHOBA HA TIOBEPXHOCTh TUIAHETHI, IS «IepepabOTKU» B
YeJIOBEYECKUX JyIIax.

To, 4To ¢ MosiBJIeHHEM XBOCTAThIX KOMET, CBSI3aHbl MHOTHE TParuyeckue cOObITHS
3eMHOI0 4eJ0Be4YecTBa, eCTh He BbIMbICEJ aBTOPa, a HCTOPHYECKH 3a(hMKCHPOBAHHBIN
(pakT MHOTHX JleTonHCel, MU(POB, KAK U NPSAMBIX CBHIETEJbCTB, JPeBHUX HCTOPUKOB. OT
CaTaHMHCKO-OECOBCKUX JIyXOB IMOBE/IEHUE OTIEIbHBIX MCTOPUYECKUX JIMYHOCTEH M BCEro 3eMHOTO

58



H. H. ManbneB. «Duepretrka BeenenHoit. @unocodust pyHIaMeHTATBHON (PU3UKI»

YyesloBeYeCTBa CTAHOBUTCS Oojiee aKTUBHBIM M arpecCHMBHbIM. HealeKBaTHOCTh TIOBeIEHUS BCeria
YypeBara JBOPLOBBIMH MIEPEBOPOTAMH, BCEOOIIUM 03/100JIeHUEM, BOMHAMH U snuaeMusiMu. 00 3Tom
Y TOBOPSAT HaMm McTopudeckue ceujerend. Hy, a Kak He cBsi3aTh OceHHee 00OCTpeHHUe MOTUTHYE-
CKOI aKTUBHOCTHU HapOJOHACCIICHUA 3alladHbIX CTpaH, C aBI'YCTOBCKUMH MCTCOPHUTHBIMU IIO)K)IHMI/I?
[MocmoTpuTte 1o TeIeBU30pY, C KAKOM SPOCTHIO M AKTMBHOCTBIO OCEHHHE OOPIIBI 32 MpaBa YesloBeKa,
BCAKHNE «HECOITIACHBIC» W MPOCTO JCCATKU ThICAY PAJOBLIX JEMOHCTPAHTOB «BOKOIOT» C HOJIPIHI/I@ﬁ,
CKUTAIOT aBTOMOOUJIM M TBOPSAT ApPyrue 0e33aKOHMS IO JIO3YHTaMH OOPhObI 32 COOCTBEHHBIE KO-
HOMHYECKHE WM TOJIUTUYECKHE TTpaBa U MpaBa CBOMX COTrpaxkaaH. 3a0ecoBeHUE TOJABIISIONIErO
OOoMBIIMHCTBA OACTYIOMIMX I'Pask/IaH, KaK BpeMEHHas1 JyXOBHAs O0JIe3Hb, KOHYAETCS] BMECTE C OCEHbIO.
DHeprus HEUMCTOro JyXa UCTPEOISeTCS U )KU3Hb BXOTUT B HOPMAJIBHOE PYCIIO, €CJIM MOXHO Ha3BaTh
HOpMaHbHOﬁ KU3Hb, B BEUHOM OXHWJAHWU YXYAIICHUSA CO6CTBGHHOFO 9KOHOMMYECKOI'O TTOJIOKECHU S
Y OXHUJIAaHUSI TEPPOPUCTUYECKHX akTOB. QJHAKO OT/AeJibHbIE JHUYHOCTH OCTAIOTCS HaBCerja
3a0ecoBieHHbIMU. IX BpeMeHHas1 1yXOBHas1 00J1e3Hb NepepacTaeT B XpoHHYecKylo a3zy.
TH XPOHHUKH U COCTABJSIOT AKTUBHYI0 YaCTh U IYXOBHbIE IIEHTPHI YIPABJIEeHUs, KAK TeX
NOJUTHYECKUX MaPTHil, KOTOPbIE JOCTHIJH BJIACTH, TAK U T€X, KOTOPbIe He JocTUrau . OHu
OOPIOTCS 32 BJIACTh, YTOOBI YCKOPEHHO MPOJIBUTATHCS K a[ICKOMY ATIOKAJIMIICHCY, YCTHIIAS TY IOPOTY
00OJTBITIIEHUEM JIKU U OJTarMMU TIOKEJIAaHUSIMK, KaK ISl YWIEHOB CBOMX MOJIUTUYECKUX TIAPTHA, TaK U
IJIs1 BCETO 3€MHOT'O YeJIOBEYEeCTBa.

WuTepecHo MOHSATH, YTO SABUIOCH AKTUBATOPOM JIJISI pa3KUTaHus Oe3yMHOH PEeBOTIOIIMOHHOCTH
Y TIOJIUTUYECKOW aKTUBHOCTU HaponoB Tynuca u Erunta, a 3atem u Bcero ucinamckoro mupa? Eru-
niet 1 JIuBus ObutM T1aBHBIMEU cTabmm3aropamu CeBepa AQPUKHM U SKOHOMUYECKH YCTOMYMBBIMU
rocynapcrBami. JIBus 1aBasa paboTy He TOJIbKO CBOMM COTPaskJIaHaM, HO M COTHSIM ThICSTY JKUTENIeH
COCEeJHUX CTpaH. PeBOIIOLIMOHHBII MOPBIB BHEC Xa0C U I'pakJaHCKue BoWHBI. [locMoTpuTe Ha nuna
BOOPYKEHHBIX JI0 3yOOB COBPEMEHHBIM OpYyKHeM MoBcTaHleB JluBuu. VX kecTbl, vIa 1 ria3a cBe-
TATCS Oe3yMHeM U pagocTbio. HUKTO yke He OCTaHOBHUT 3TO Oe3yMue M 3TOT Xaoc. Bot paau atoro
Xaoca U MeKI0YCOOHOTO KPOBOMPOJIUTHS, AJIs1 UCTpeOsieHrs HapoJoB A(MPHUKHN U HAPOIOB UCIIAM-
CKOTo MUpa, ¥ IOTPeOOBAIUCH PEBOJTIOLMH 10 BCEMY UCITAMCKOMY MHPY. DTO HE BBITOJIHO HU OJTHOMY
YeJIOBEKY 3eMHOTO IT1apa, He3aBUCUMO OT TOT'0, Ha KaKOW TepPUTOPUM OH IIpokuBaeT. Ho 3To BHITOIHO
TOMY JyXy, KOTOPbII TPOBOAUT IBOJTIOIMIO YeJIOBEKA 0 CBoeMYy TuiaHy. He cBOOOIHBIE 1eMOKpaTHI, a
IyXOBHBIE PaObl TOMOTAIOT pa3KUTaHMI0 MUPOBOTo KOH(IIUKTA. W 1en1aloT 9To OHM He OT ce0si ¥ He BO
MMsI COOCTBEHHBIX MHTEPECOB, U J]ake He BO MM BCeoOIell IEeMOKpAaTUH, a BO UMsI HIHTEPECOB TOTO
ayxa, KOTOprfI HCHABUIWUT COBPEMEHHOC YCJIOBEYECTBO, KAK 1 HCHABUAWUT CBOUX HEPCIINUTCIIBHBIX U
CJ1a00BOJTBHBIX paOOB. Y3k OY€Hb MHOTO OHH 3aHUMAIOTCSI HE KOHKPETHBIMHU JIeJIaMU, a CIIOBOOITyTHEM
JIKU, TIBITASICh «00eJMTh» ceOs Tiepe/1 JTMIOM HapOJ0B 3€MHOTO Iapa.

Ho m»I ceiiuac 3aHumaemMcsi He (pUIOCOPCKMM OCMBICIIEHHEM COBPEMEHHOro OOIecTBa, a
(unocodckuM OCMBICIIEHHEM MPUPOIBl Matepuu. [1o3ToMy BepHeMcs K uee HayqHOro cooOle-
CTBa O CO3[JAHMU PAKETHO-sJCPHOTO IUTA JIs 3aIlIUTHl HAIEH TUIAaHEeTHl OT KaTacTpohuIecKoro
J1000BOTO CTOJIKHOBEHHSI C acTepornaamMu win 6omuaaMu. COBEpIIEHHO SICHO, YTO TPaABHTAIHOHHOE
noJie 3eMJiH, NpH NPUOJIUKEHHH JIOOOro KOCMHYECKOro 00beKTa K OJMKHell 30He 3eM-
HOTO IIapa, ¢ 0JJHOIl CTOPOHBI, YBEJIHYHBAET €r0 CKOPOCTh, 32 CUET NPUpAalleHUusI BEKTOpa
CHJIbI B3aHMHOTO MPUTSI?)KEHNSI, & C IPYroil CTOPOHBI, <MCKPHUBJISIET» €r0 TPAEKTOPHIO BEK-
TOPOM CHWJIbI OTTAJKHBaHUsI, CDOPMHUPOBAHHOTO UHAUBHIAYATLHO JIJISI Ka’KJI0ro KOCMH-
YeCKoro o0beKkra. [[1s MajibiX METEOPUTOB, 3TO «HCKPHUBJIEHHE» HE3HAUUTEILHO 10 BEIUYMHE.
3emuisi BOBCE HE XOYEeT, YTOObl OHU TPOJIETEI MUMO. 3eMJIs TOTJIOIAeT METEOPUTHI U TEM CaMbIM
HapaIBaeT CBOK SHEPreTUYECKYI0 MOIITHOCTD U MOTOTHSAET Pe3ePBbl HEUMCTOTO yXa, JJIsI TOBBIIIIE-
HUS TyXOBHOW U TEJIECHOUM SHEPIUM 3€MHOIO uyesioBeyecTBa. Benp eciiu y yesnoBeka ecTh arpeccuB-
HOE KeJIaHWe, TIOWTH Ha YJIUITY U CKeub, HAPUMEP, aBTOMOOWITb VJTH «IIPUTIeYaTaTh» MOTUIIEHCKOTO
yIapoM KaMHS WK JyOUHKH, HO HET TEJIECHON SHEPruu, TO OH OyAeT IPOMKO MPOKJIMHATD JICHCTBUS
MIPABUTEJIbCTBA, CU/ISl Y SKpaHa TeJeBU30pa, U He BbI/IET Ha yauly. Ho mpexzae yem npeBpaTuThb
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COXCKEHHYIO B aTMOC((hepe IIaHeThl MATEPUI0 METeOpa B HEUMCTHIN JIyX, KaK MHIITY JIJIs1 3MHOTO Yeio-
BEYECTBA, AyX AbSBOJIA IIPOTOHSIET BHICOKOSHEPIUYHbIE (PPAKIIK MPOIYKTOB TOPEHUS 110 KOHBEHEpY
OT MOBEPXHOCTH JI0 mpeucnofneil. M Tem cambiM oOecriedynBaeT MaTepHio IJIAHEThl HEOOXOIMMON
SHepruen A1 BpalieHus: U 6e30MOPHOro MPOIBMKEHUS 36MHOTO Iapa B KOCMUYECKOM MPOCTpaH-
crBe COJTHEYHOW CUCTEMbI. 3eMHOMY Iapy He OydeT JIMIIHeW, HUKaKasl JOTOTHUTEIbHAS] SHEPTHsl.
A BOT MOTepsBIINI U30BITOK SHEPIMU HEUUCTHIA JyX HaJesseTcsl aHTUMH(OpMAIMed U OTIIpaBIisi-
eTCs1 CHOBA Ha MIOBEPXHOCTh, OKOPMJIATD JTIOJEeN caTaHUHCKO-OecoBckumH nyxamu. [loaTomy 3emuis
[0 KacaTeJbHOW TPAeKTOPHUH BBOJUT METEOPUTHI B CBOIO aTMOc(hepy U B OIaBJISIONIEM
KOJIMYeCTBe C:KUraeT UX Ha 0e30MacHbIX JJIsl 3eMHOM *KU3HH BbICOTAX.

Bce mereoputHble 1oxau, U gaxe TyHrycckuili mereoput, kotopblii 30 mioHs 1908 roma B30-
pBasics Hax OacceitHoMm peku [lopkamenHasi Tynrycka B Bocrounoit Cubvpu, yHUUTOXHB JieC Ha
wiomaau 2000 KBagpaTHBHIX KWJIOMETPOB, TBUTAINCH U OYIyT JBUTAThCS MO HUCHAJAOINIAM Kaca-
TEJIbHBIM CIIMpPaIsAM. MeJKie MEeTEOpUThl He OCTaBJISIOT MOcie cedst HUKAKUX ITyOOKHX BOPOHOK,
MOTOMY UYTO MX CKOPOCTh BOJM3U MOBEPXHOCTH CTAHOBUTCSI CPABHUMOM CO CKOPOCTBIO Ta/IA0IIEH
Hepa3opBaBIeiicss OOMOBI HJIH TOTO ke TMOTEPIEBIIEro aBapuio camosieta. MHOroYHClIeHHbIEe KCTIe-
WA K MECTy B3pbiBa TYHI'YCCKOro MeTeoputa He OOHAPYKWJIM TaM HMKAKHX OCKOJMKOB. O uem
310 roBopuT? Bo-mepBhIX, O TOM, YTO METEOPUT MOT UMETh PYKOTBOPHYIO OCHOBY BEJTMKOTO T'€HHSI
Huxkosnet Tecna (1856-1943). menno B atom, 1908 rogy, Hukomna Tecia mpoBoguI1 SKCIEPUMEHTHI
1o OeCIPOBOIHOM Tepeiave EKTPOIHEPIUU Ha OOJNIBIIINE PACCTOSTHUSI.

B 3Tom cayuae TyHrycckuii MeTeOpHUT NPEACTABJSAI CO00I YHEPreTHYECKHI CTyCTOK
JlecSITKa ThICSAY MOJHUN, 00beJHHEHHBbIX B OJHY I'MI'AaHTCKYI0 IIapoByl MoJHHI0. Ecre-
CTBEHHO, YTO Ha MECTe B3pbIBa HIUETO BEIIECTBEHHOT0, KPOME MOBBIIIEHHON pagualiiii, OOHApYKUTb
HEBO3MOXHO. Ho Bpsi 71 mepBbie SKCTIETUIMN UMENTH C COOOM I03MMETPHI, a B JaJIbHEHIIeM ciadboe
PaIMOAKTUBHOE 3apakeHWE MECTHOCTH U BOBCE Mcye3no. Bo-BTOPBIX, 3TO MOr ObITh M SHEPreTH-
YEeCKUH CTyCTOK HEUYHCTOrO JyXa, KOTOPHI HA3bIBAETCS HEOMO3HAHHBIM JIETAIOIIUM OOBEKTOM HJIH
cokpareHHo HJIO. Takoi MOIIHBIN SHEProCryCTOK MOT ObITh HapaOOTaH TUIAaHeTHBIM TejioM FOmm-
Tepa M CHelHaIbHO MMOCIAH Ha TUIAHeTy 3eMUTs [T YTHIM3ALUHI U OKa3aHUsI TIOMOIIH JbsIBOJY B €0
JYXOBHOM BO3JICHICTBMU Ha 3eMHOe uesioBedyecTBO. Merteoput ynai B 1908 rony, a yepes ueTbipe
rojia Havasach nepsasi MupoBasi BOHa, U MUP COIPOTHYJICSI OT €€ KPOBOITPOJIMTHS,  3aTEM OT KO-
BOIPOJIUTHSI KOMMYHUCTHUECKUX PEBOJIIOIHA.

1 He Gyny B 9TOI KHHUTe pacCMaTPUBATh OECKOHEUHOE MHOKECTBO CBUAETEIbCKUX MOKA3aHUM O
HEeBEpOSATHBIX (peHoMeHax, mpousBoauMbix HJIO. Bee 311 (heHOMEHBI 1 HeTlo3HaBaeMble 11 HayKH
yyJeca JIETKO OOBbsCHSIIOTCS He MaTepuasibHOM, a TyxoBHOU mpuponon camux HJIO. [laxe Te mare-
pUaIbHbIE KOHCTPYKIIMU CIIOXKHEHINel HE3eMHOW TEXHOJIOTUH, KOTOPbIe HAXOAST B BUIE OCKOJIKOB,
nioclie nepexona gyxoBHoi sHepruv HJIO B Hepa 3eMHOrO m1apa, MIMEIOT HEPYKOTBOPHYIO TIPUPOJLY
¥ BeCbMa ONACHBI ISl TEJIECHOTO OpPraHu3Ma M ICHXHMKHM 4enoBeka. ToT ke, HbIHe MOKOMHBbIH
coBeTCcKHil akageMuK Bukrop Beiinnk, 00HapykKnBaJ B HUX TPAHCMYTAIUI0 XUMHYeCKHX
3JIEMEHTOB, YKCNIEPUMEHTAJIbLHO MOATBEPKAEHHYI0 CIIEKTPAJbHbIM aHAJIHU30M OCKOJIKOB
HJIO. Hy, kT0 )€, KpoMe KBaHTOB MEePEXOJHBIX (POPM MEXY AyXOM U MaTepuei, MOXKET MPOU3BO-
IWUTh MyTAIAI0 XMMUYECKUX JIEMEHTOB M HEMBICJMIMbIE XUMHUECKHE PEAKIIH HE TOJBbKO B HEIpax
3eMHOTO0 I1apa ¢ 00pa30BaHUEM YIJIEBOIOPOIHOIO TOIUIMBA, & MPSIMO Ha TIOBEPXHOCTH Hallley Iuia-
Hetol? [IpaBzia, B TeJIeBUBMOHHON peKJiaMe 1o BCEM KaHalaM 1 IECATKU pa3 Ha JHIO, BOT yKe B Teue-
HHeE TO0J1a, CIIBIILY, YTO KaKas-TO HEB3pavHasl yUUTEIbHUIIA 110 XUMUK N300pesia MOpoIiok «PeHHn»,
KOTOPBIY MPSIMO B KEJTy/IKE YeOBEKa MPOU3BOAUT TPAHCMYTALIMIO KUCIIOTHI B BOLY. YUeHbIE BCEil
Poccuu MomuaniBo nepekeBhIBAIOT 3TO «OTKPBITHE BeKa» U HUKAK He Bo3mytaorcsa. Hey:keJm Bce
OHHU OTYNeJH 0 TAKOI CTeNneHH, YTO He 3aMeYaloT PeKJAMHOM JLKH? A eciii 3aMevaioT, TO
novyeMy He oOparaiorcsi B [IpaBUTeIbCTBO, YTOOBI TEJIEBU3MOHHAS PeKJiaMa IIpeKpaTiia BbIIaBaTh
JIOXb 32 ICTUHY U OTJYIUIATD TeJie3puTesieid. [[pyroit pekjiaMHbIi n300peTrarelis u300pen npuoop, u
MpsMO Ha YJIUIIE 32 CUUTAHHBIE JOJIM CEKyH[bl, OOHApYKMBA€T MUKPOOBI B MOJIOCTH PTa YeIOBEKa
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1 oToOpaXxkaeT X Ha KpaHe Komrbiotepa. C TakuM NpUOOPOM HAJO HE PEeKJIAMHUPOBATH 3yOHYIO
nacry, a nucaThb 3asiBKy Ha noiydeHue HobeneBckoit mpemuu. [Touemy, peknamupymommas ce0st Kak
NpelaHHasI UCTMHE, MaTepUATIMCTUYEeCKast HayKa He MpeyiokuT [IpaBUTeIbcTBY CO3AaTh KOMHUTET I10
peKJiamMe ¥ OrPaHUYUTh TIOTOKHU YYJOBHUIITHON «HAYYHOW» JIKU, KOTOPBIE €KEAHEBHO OOPYIIMBAIOTCS
Ha YeJIOBEUECKOE CO3HAHUE U Pa3yM C Ia3eTHBIX MOJIOC M SKPAHOB TEIEBU30POB?

Hy, na nagHo, mycTh MOTYaT, €C/M CKa3aTh HEYETo, U HEeT HayYHBIX apryMEHTOB JIJIsl BO3pasKe-
Husi. Ho u npo6uBaTth B JIIOACKOM CO3HAHHU CTPOHUTEJHCTBO MHOI03aTPaTHOr0 PaKeTHO-
sIIEPHOTO IIUTA MPOTUB aACTEPONI0B U 00JNI0B TOKe NMOPAa NPEKPATUTH. ITO TOT K& MHap
WIM caMOpeKJiama JJIsl TIOBBIIIEHNsI COOCTBEHHOM 3HAYMMOCTH U aBroputera. CaMo 3eMHOe Tosie
IPaBUTALIUN SIBJISIETCS HEMPOOMBAEMOH 3aIIUTON MPOTUB HECAHKIIMOHMPOBAHHOTO CTOJIKHOBEHHMSI C
KpYIHBIMU OOTMIaMu 1 acTepouiamu. LIGHTp TskecTH Hallel I1aHeThl IMeeT MOJTHYI0 MH(OPMAITHIO
0 Macce, CKOPOCTH M TPAGKTOPHUH TIOJIeTa JTI0OOro HeOECHOro Teja, B JIMIe COOCTBEHHOTO CITyTHUKA
JlyHbl, Bcex ONMMKHUX U JaTbHUX MUTaHeT COJTHEUHON CHUCTEMBI, a TaKkKe OOJBIIMX M MAJIBIX OOBEK-
TOB KOCMOCA, KOTOpbIE HE UMEIOT CTaTyca HeOECHOro Tesla, COOCTBEHHOW OCH BpAIlleHUsI U COOCTBEH-
HOTO oIS rpaBuTanuu. Ha mojasere Takux oObEKTOB K ONVMIKHEH 30HE 3eMHOTO TOJIsl TPaBUTALIUHM,
KpOMe 3aKOHA BCEMUPHOTO TATOTEHMs, HAUMHAET Pad0TaTh «3aKOH BCEMHPHOI0 OTTAJKHBA-
HUsT». OIEHUB, YTO KOCMUYECKUI OOBEKT OIaceH M MOXET CBOEH MacCOl NMPUHECTH KaTacTpodu-
YecKue pa3pylieHus TOBEpXHOCTH 3€MHOTO IIapa, HEHTP TSHKECTH 3eMHOTO I1apa 0e3 3aTpathl co0-
CTBEHHOU SHEPruM, BhIpadaThiBaeT YIPaBIAIIIYI0 HHGOPMAIHIO. DTa yrpaBisiomas uHhopMaus
CO CKOPOCTBIO CBETa, & MOXET ObITh U ¢ O0JIee BHICOKOM CKOPOCTBIO, TAK KaK 9KCIIEPUMEHTAIBHO TPO-
BEPUTh TIAPAMETPHI TOJISI TPABUTALIMK HE MPEACTABISIETCS BO3MOKHBIM, IPUHYKIAET IEHTP TsKe-
CTH OMACHOTO KOCMHUYECKOrO OOBEKTa M3MEHSATh HAIPaBJICHUE €ro BHYTPEHHETO BEKTOpa CUIIbI Oe3-
ornopHoro nepemenieHus. acpopmannoHHoe NpHHY:KAeHNe H3MeHs1eT TPAeKTOPHIO M0JIeTa
ONACHOI'0 KOCMUYECKOr0 00'beKTa TAKMM 00pa30M, YTO OH 00s13aTeJIbHO NMPOJETUT MHMO
U 1a’Kke He 3a/IeHeT BepPXHHX cjoeB atMocgepsbl. [1py 3TOM, BCe 3TO MPOUCXOTUT HE TIO 3aKOHAM
Maruu, a B TIOJTHOM COOTBETCTBHM C pa3 U HAaBCErJa YCTAHOBJIEHHBIMHU (DyHAAMEHTATbHBIMU (DU3H-
YECKMMU 3aKOHaMH 3TOTO MHpA.

3a mocieiHue rojibl ACTPOHOMBI MHOTOKPATHO PacIpOCTPaHsUIM WH(MOPMAIUIO O MTPUOIHKe-
HUM K HaIllel TUIaHeTe OMAaCHBIX aCTepOUIOB. PYKOBOICTBYSCH TOJIBKO 3aKOHOM BCEMHPHOTO TATO-
TEHUS1, UX PacUeThl MOKA3bIBAIM HEU30EKHOCTh JIOOOBOIO CTOJIKHOBEHUS, HO BCAKHIA pa3 OMAaCHBIH
OOBEKT MpOoJIeTa] MUMO 3eMHOT'O IIapa HA 3HAUYUTENIBHBIX M O€30MaCHBIX PACCTOSHUSIX. YUEeHbIE OKa-
3bIBAJIUCH JIKELIAMH, TIOTOMY YTO MOJIb30BAJIMCH TIPU KOMITBIOTEPHBIX pacueTax HelpaBHIbHBIM aJIro-
PUTMOM TOBE/ICHUS] MAIBIX U OOJIBIIMX KOCMHUYECKHX OOBEKTOB. VX aJIrOpUTM YUUTHIBAET TOJBKO
CUJTy B3aMMHOTO TPUTSIKEHHMS], T/Ie BEKTOpa CHJI JIeKAT Ha OJHOU MPSMOM, COEAMHSIONIEN LIEHTPbI
Macc. Ho mose rpaBuTaniuy Haiie riaHeThl CHOCOOHO MO COOCTBEHHBIM pacyeTaM OTKJIOHSITh BEK-
TOP CHJIBI TIPUTSKEHHUSI OMAaCHOTO HeOECHOro 0ObeKTa Ha TOT MJIM MHOM yroa M TeM CaMbIM H30e-
raTh MPSIMOTO CTOJIKHOBEHUsI C OTMACHBIMU KOCMHUYECKMMHU 00beKTaMu. MHe MOTyT BO3pa3uTh TeM,
YTO MOBEPXHOCTD JIyHBI, KaK ¥ MOBEPXHOCTH MHOTHUX TUIAHET, YCEsIHbl KpaTepaMu OT CTOJIKHOBEHUS
¢ Oomuaamu u actepousiamu. Eciim mouckarb, TO Takue cjejbl KOCMHYECKHX aTaK MOKHO
OTBICKATh M HA MOBEPXHOCTH 3eMHOro mapa. Ho Benp Kakaas mocienyomas IiaHeTa poxk-
JaJ1ach ¢ IOMOIIBI0 BPEMEHHOTO KaTacTpogruecKkoro nepexona mos rpasutaiyy CojHIa OT TAro-
TEHHUs1 K MOIIHOMY MMITYJIbCy OTTalkuBaHus. [Imaneta Mepkypuil poxaeHa Toabko 60 ThICSY JieT
Hazaj, ¥ npu ee poxaeHnn ColHile ObIIO BBIHYK/ISHO TIEPEeABUHYTh BCE MPEAbIAYIIIE IIaHETH Ha
HOBbIe opOuTHL. JIyHa BOOOIIE poX/JeHa Kak IUIAHETHOE Teso Tpexae 3eMIH, U JUTUTENBHO CYIIle-
CTBOBaJIa B €JIHOM CBSI3Ke, Ha OHOW opOuTe BMecTe ¢ rianetamu Paston u Mapc.

Bce a1 Tpu miaHeTs! Heco Ha ceGe JKU3Hb, KOTOpYIo coTBOopuI He bor BeeBbimHuii, a BHYT-
penHue BeesieHckue ayxu CaBaoda, SIxse, VleroBsl v absiBOMIA, UCTIONB3YS IS €€ COTBOPEHUsT OOXe-
CTBEHHBIE 00pa3iibl 3eMHOI )13HU. KOHeuHO ke, poxkaeHue raHeT Benepa u Mepkypuil, Kak u
paspyienue maHeTsl PasToH ¢ nepexonoM JIyHbl Ha OpOUTY CHyTHHKA 3eMid, ObLIH CBSI3aHbI

61



H. H. ManbneB. «Duepretrka BeenenHoit. @unocodust pyHIaMeHTATBHON (PU3UKI»

¢ KoJIOCCAJbHBIMHU KaTacTpocgamu B npeaenax Bceil CojiHeuHoll cucteMbl. B sToii cutya-
[IUM TaJeHUe MaJIbIX KOCMHYECKMX OOBEKTOB HA TUIAHETHBIE Tesla ObLJI0 HEYCTPAaHMMOW Hen3Oek-
HOCThI0. OfIHAKO JIET MATh Has3al, B VIHTepHeTe psji yUeHbIX OMyOJIMKOBAIM MaTeprasibl COOCTBEH-
HBIX UCCIIEJIOBAaHMI, B KOTOPBIX JIOKa3aHa PyKOTBOPHAsI IIPHPOJIa MHOTHX KPAaTepPOB Ha TIOBEPXHOCTH
3eMHOro 1mapa. He moMHio aBTOpOB, HO TIOCJIE TITyOOKOTO M3yUYeHHsI IPEIBICTOPUY IBOJIOIUN CaMOM
CoHEeuHOH CHCTEMBI M BCEJICHCKOTO YeJIOBeUeCTBa, BKJIOYAsl M MHOIUIAHETHOE HeOOXKECTBEHHOE
YeJIOBEUEeCTBO 3BE3JHO-MAPCHAHCKOTO MTPOMCXOXKICHUS, s IOTHOCTBIO COTJIACHIICS] C MHEHHEM HEeW3-
BECTHBIX aBTOpOB. /leficTBUTEILHO, KU3HDb CcymecTBOBaJa U HA Jlyne, Mapce u ®adtone. U
He TOJILKO CyIIeCTBOBaJIa, HO MMeJa CIOCOOHOCTh HEMOCPEICTBEHHOI0 HCHOJIb30BaHNS
OTPOMHBIX SHEPIruil A cOOCTBEHHBIX HY:KA. Ho 3T HykIbl ObLTM HamlpaBjieHbl HE CTOJBKO
HA [IeJIM CO3UAAHMS M MPUCIOCOOISIEMOCTH K CYPOBBIM YCIIOBHSIM BBIIIETIEPEUHUCIICHHBIX TUIAHET,
CKOJIBKO Ha 11eJTi BHYTpeHHer O0phOBI M 3aBOEBAHMSI 3eMHOT0 yesioBeuectBa. Ho 00 3TOM MBI Toro-
BOPHM, Kor/ia Oy/ieM paccMaTpyBaTh SBOJIOLHIO YeJIOBEKa M, B YaCTHOCTH, SBOJTIOIMIO 3¢MHOTO YeJI0-
BEUECTBA IMSITON Pachl.

62



H. H. ManbneB. «Duepretrka BeenenHoit. @unocodust pyHIaMeHTATBHON (PU3UKI»

4. O01Me BLIBOIbI [10 TEME

A) Mowu paccykaeHns1 HAUMHAIKUCh C TOTO, UTO sl HE BEPIO B yTBEp:kAeHUEe Hbl0TOHA, a Beiies 3a
HUM U BCEW MaTepPUAMCTUYECKON HAYKH O TOM, YTO TOSYYMBIIIEe MIEPBOHAYAIBHBINA UMITYJILC MaTe-
puanbHOE Teso OyaeT OECKOHEYHO JBUTAThCsl C HEM3MEHHOM CKOPOCTBIO 1O MPSIMOJTMHEHON TpaeK-
topun. Hukakoil yejioBeK HAyKH He B CHJIAX U3'bATh U3 BaKyymMa HH(opMalnoHHoe noJie
IrPaBUTALNY, 3 3HAYNT, U He MOXKET SKCIePHMEHTAJIbHO NOATBEPAUTH ITO a0COTIOTHO Oec-
N0YBEHHOE yYTBep:KJeHune. Bcsakoe OIMHOUHOE MaTepuaibHOE TENO B «J100POBOJILHO-TIPUHYIU-
TEJILHOM» TIOPsIJIKE MOYMHSETCSI CBOEMY LIEHTPY TSKECTH M HeTpephIBHO JBrkeTcs. Ho nemaer ato
OHO He T0 BOJIE YeJIOBeKa M He MO ero OeCrioOYBeHHBIM M3MBIIUIEHUSIM, a CTPOTO PYKOBOACTBYETCS
uHp opMalueil, KOTOpYIO MOIyJaeT OT MOJIed IpaBUTALMI MAaCCUBHBIX HEOECHBIX Tell, a TaKKe
pe3epBOM BHyTpPeHHell N0TeHIHAJIbHO U KHHeTHYeCKOIl SHeprun Macc, Bcero MHOKeCTBa
aTOMOB U MOJIEKYJ COOCTBEHHOI0 MaTepHAJbHOro Tesa. [Ipu 3TOM Takoe OOMHOYHOE TEJO
He Ope3ryeT 3axBaThIBaTh U MOIJIOMATH AJIsI TOTIOHEHUs COOCTBEHHOW SHEPriu JIIoOble (POTOHHBIE
KBaHTbI 3B€3/JHO-KOCMUYECKUX U3TyUYEeHUI BCEJICHCKMX UCTOYHUKOB M TETUIOBBIE KBAHTHI TOJIEH Ipa-
Butaimu. [locre Toro, Kak BO BHyTPEHHHX 00bEeMax aTOMOB M MOJIEKYJI OIMHOYHOrO Tena (hOTOH-
Hble KBaHThI U3PACXOMYIOT U30BITOK CBOEW SHEPruK, OHH He BbIOPACHIBAIOTCS M3 MaTepHAaJIb-
HOT0 TeJa, KaK HU HA YTO He cIocoOHbIe 0TX0Abl. OHU NIepEeBOIATCS B JIATEHTHOE COCTOSIHUE
aHabuo3a 1 Oy/yT HAKAIUIMBAThCSl BO BHYTPEHHEM 00bEMe aTOMa MJIA MOJIEKYJIBI 10 KPUTHUECKOTO
COCTOSIHUS TIEPEXO/a JEKTPOHHBIX 000JIOYEK Ha TMOBBIIIEHHBI SHEPreTUUECKU YPOBEHb. JHep-
reTH4eck o0eJHeHHbIII MUKPOKBAHT aTOMa H MOJIEKYJIbl FTeHePUPYeT B MaJbIX KoJIH4e-
CTBaX €JJHHCTBEHHYI0) MaTepPHAJbHYI0 CYIIIHOCTb, H TOH CYIIHOCTHIO SIBJSIIOTCS KBAHTHI
10JIsl TPABUTALMIL.

Jla, KOHEYHO, BCEJIEHCKOE MTPOCTPAHCTBO, KPOME 3BE€3]1 U IJTAHET, HATIOJTHEHO Ia30BbIMU TyMaH-
HOCTSIMHU ¥ ME3K3BE3/IHBIM BEILIECTBOM, a TaKke (POTOHAMH, KOCMUYECKMMH JIy4YaMHy U HeUTPUHHBIMU
YacTUIIAMU, HO BCE OHU TIPe/IHa3HAYEHBI [IIsI TOTO, YTOOBI COOPATh N yTUJIU3HPOBATH TEIIOBbIE
KBaHTbI M OYMCTHUTH I0JIe TPABUTANMH OT Pe3yJbTAaTOB €ro NPOoN3BOJICTBEHHOI JesTeb-
HocTH. TenuioBble KBaHTHI SIBJSIIOTCS IO OTHOIIEHHIO K MOJII0 TPABUTAILMH €r0 MaTepHaJib-
HbIM ypo:KaeM. MexaHW4ecKasl SHeprusi MaCCUBHBIX TeJl OJHOBPEMEHHO MOPOXkIAeT KBaHTHI Ipa-
BUTAIMHU 1 (POTOHBI JTyUEBBIX SHEPTHi U1 cCOOpa ypoxkasi, HO TOr0 HEJOCTATOYHO, YTOOBI COXPAHSIThH
cTaOMIIBHOCTD BCEJICHCKOM SHTPOINH, a PaBUJIbHEE CKa3aTh, 00ECTIEUUTh MMOCTOSHHYIO TEMIIEpaTypy
aOCOJTIOTHOTO HYJISI BCETO BCEJIEHCKOTO MpocTpaHCcTBa. [103TOMy 1 CyITIECTBYIOT ra30MblIeBble TyMaH-
HOCTH ¥ MEKX3BE3[JHOE BEIIECTBO, KOTOPbIE YTUIM3UPYIOT KBAHTHI TETUIOBOM SHEPTHH U MCTIOIb3YIOT
UX JUTIs1 COOCTBEHHOM SHEPreTHUECKOM MOANUTKH, a 3aTeM U [Tl aKTUBAIIMM MEXaHUYECKOW SHEPTrUur
BCEro pa3HOOOpasusl BCEJIEHCKOW MaTepHH.

bB) VrBepxaenus (yHAaMEHTATIBHBIX 32aKOHOB O COXPAHEHUH SHEPTUU U BEYHOM COXPAHEHUH
KaKHUX-JTMOO0 UMITYJILCOB MPSIMOJIMHEHHOTO MJIM BPAIATENIbHOTO ABWKEHUSI He TOJBKO He HAy4YHbl,
HO U He 000CHOBaHbI, C TOYKHU 3PEeHHUsI, COBPEMEHHOIl IOpHINYecKOil U NPaBOBOil 6a3bl.
Kpome coOCTBEHHBIX JOMBICIIOB, HY OIMH HAYYHBIN MaTepUaIiCT, Oonee yem 3a 200 JieT cyiecTBoBa-
HUS TPEX MEXaHUYECKUX 3aKOHOB HbloTOHA, He TOOBLT HEOCTIOPUMBIX M SKCTIEPUMEHTAIHO OATBEp-
KJICHHBIX BEIECTBEHHBIX JOKA3aTeJbCTB UX UCTUHHOCTH. A BOT 9KCII€PHUMEHTAJILHO NOATBEP-
*KJeHHbIX (DAaKTOB, HAIPUMeEP, YTO JeiicTBHE IIPH OTPOMHON Pa3HOCTH B CKOPOCTSIX JABYX
B3aHMO/1eliCTBYIOIHX TeJI, He PAaBHO NMPOTHBO/1EiICTBHIO, HAKONMJIOCH OIPOMHOE KoJIn4Ye-
cTBO. Kakoil xe cyJ MmoBepuT B YTBEPXKIEHHUs, Y KOTOPHIX HET OECCIIOPHBIX KCIIEPUMEHTATbHBIX
TIO/ITBEPK/ICHUI M BEIIECTBEHHBIX J0KazarenabcTB? Kpome Toro, cama ke Hayka, «3ampeTuiia»
u300peTaTh BeUHbINl ABUrare/ib, Tak Kak yOequiach Ha THICSYaX SKCIIEPUMEHTAX, YTO BCSAKas
«XUTpast» cucteMa 0e3 SHEPreTHYecKor MOANHUTKU, CO BpeMEHEM TepsieT SHEpPruio M MpeKparaer
paboty. Ecmm odpunuaisHO MojaTh Ha JKUBBIE YTBEPXKICHUS HAYKH UCK B MEKAYHAPOIHBIN Cy/, TO
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HE3aBUCHMBIN OT HAayKH CyJ 00s13aTeIbHO MPUMET MPABOBOE PEIIeHUE B TMONb3Yy MCTIA, UOO HET Yy
HAayKH HUKAKUX BEHIECTBEHHBIX JOKA3aTEIbCTB UICTUHHOCTH COOCTBEHHBIX (DyH/IaMEHTAIbHBIX 3aKO-
HoB. Hayke Ha/lo qymarh He O BEYHOM JBHrarelsie U He O 3allUTe UCTUHHOCTH (PyHAAMEHTaIbHBIX
3aKOHOB, 2 O TOM, KaK C IMOMOIIIBIO COJTHEUHBIX Oarapeil nepeBoauTb XOTs Obl 80 MPOIEHTOB JTyue-
BOW SHEPruM COMHEYHBIX KBAHTOB BCETO CIIEKTpa M3JIyYeHUH B MEKTpUUecTBO. BbLI0 ObI eme
Jiyulle, eCJIM HayKa 03a00THJIACh HENOCPeICTBEHHBIM cOOPOM JIeKTPHYECTBA U3 BO3/IyIII-
HO¥ aTMoc(epbl Halllel MUIAHEeTHI U 0eCPOBOHOr0 00ecneYeHus JIeKTPUYECTBOM KaxkK-
JI0T0 OTJeJIbHOIO0 KHJININA M KajKJI0ro OTAeJbHOro 4eJjioBeka. Ho noka Hayka aepxurcs 3a
CBOM JIXKMBbIE (DyHIaMEHTAJIbHbIE 3aKOHBI, Y HE€ HET HUKAKUX MEPCHEKTUB MPOJBUHYTHCS B 3TOM
WCTMHHO HayYHOM HaIlpaBJICHUHU.

B) Crnenytonmii ri100aibHBINA BBIBOJ 3aKJII0YAETCS B CYIIHOCTH TEOPHUH OTHOCHTENIBHOCTU U B
©€30MopHOM MPUHIIMIIE TIePEMEICHUsI MUKPO— U MaKPOKBAHTOB MaTepHaIbHOrO MHUpPa, MMEIOIIUX
OCTATOYHYIO SHEPruI0 UM B BUJIE SHEPTUMU Macchl WK sHepruu nons. [1aBHoe 31ech 3aKJroya-
eTCsl B TOM, YTO HUKAKOIl MaTepHaJbHbIil KBAHT €O BpeMeH COTBOPEHNsI MaTepHaIbHOI0
mupa BcesienHoil, He cocO0eH NMPUKPENUTHCS JaKe HA KOPOTKOe MIHOBeHHE K JI000M
TOYKeE CyIIero TpexMepHoro npocTpancTsa. B mectHaaiatoM Beke BeIMKUi (hpaHIly3CKUi yue-
Hblii 1 MbicuTeb ekapt (1596—-1650), kcratu roBopsi, Bepymomumii B bora u cuuratonmii Beenen-
HYI0 TBOpeHueM boxbum, npuaymal 1y MaTeMaTu4eckoro U (pU3nyuecKoro onpeaeseHus Mnojoxe-
HUS TeJl MPSIMOYTOJIbHYIO CUCTEMY KOOPJAMHAT B BUJE TPEX MEPIEHIMKYISPHBIX OCEH, CXOMSIIUX
U3 OfIHOW TOYKH. JlekapToBa cMCTEMa KOOpPAMHAT CTajla MPUYMHOW MOIIHOIO pa3BUTHS Marepua-
JIMCTUYECKON HayKu. § u caMm, Korga OblT yYEHMKOM IIKOJIbI M BOGHHOTO MHXEHEPHOTO YUMJIHIIA,
HUKOI'JJa HE COMHEBAJICS, YTO HayajbHasl TOUYKA TPEXMEPHOW CHCTEMbl KOOPIMHAT HAMEPTBO CKpell-
JIeHa ¢ TeM TPEXMEPHBIM MPOCTPAHCTBOM, B KOTOPOM CYILECTBYeT Marepusi U cama Bcenennas. U
BOT Ha CTAPOCTH JIET MHE MPUIILJIOCh KECTOKO pa3oyapoBarbesl. JlekapToBa cuctema KOOpAUHAT €CTh
JIMIIb WJUTIO3USI ¥ oOosbiieHre pasyma. Ha camoMm Jiesie B HalieM NpoCTPaHCTBE HET HU O/THOM
TOUYKH, K KOTOPOIi ObL1a Obl IPUKPeENJIeHAa X0Th MaJjasi 4acTh BCeJEeHCKOIl MaTepuH, Ha4H-
Hasi OT MacCHUBHBIX HeOeCHBbIX TeJ H KOHYAsi CaMbIM MAJbIM SIIPOM aToMa, MPOTOHOM,
3J1eKTPOHOM H BCEM MHOKeCTBOM 3JIEMEHTAPHBIX YACTHIl. YCIOBHO, IS KaX/I0rO MaTepu-
QJIBHOTO OOJIBIIIOTO ¥ MAJIOr0 OOBEKTa MOKHO IMTPUMEHUTD JIEKApTOBY CUCTEMY KOOPAMHAT ISl YIIPO-
IIEHUs1 pacyeTOB, HO B peaJIbHOCTH TaKasi KOOPAWHATHAS CUCTEMA SIBJISIETCS] HE UCTUHOW, a WILTIOZUEH.
Marepusi B 9TOM IJI1aHe NPeACTABIsAET c000ii OecnpecTaHHO, BOT y ke 15 Muiimapaos Jer,
roHuMoro n3rosi. Hukakoi onopsl 1 HIUKaKOro noKosi He JaHO MaTePUAJbHBIM KBAHTaM €
MOMEHTAa HX COTBOPEHMUSI.

Kak Tonbko Takast onopa B Bujie JyXOBHOI'O KBaHTa LIEHTPA TSKECTU, HAIIPUMED s/ipa IPOTOHA,
BO3HMKAET, TO SHEPrHs BCEW MAaCChl CITUPAIIBHO CXOAUTCS K STOMY KBaHTY, HE jKajies COOCTBEHHBIX
cui1. Ho Bory He HyxHa sHeprus, kotopas 3akperuieHa Ha Ero e JyXoBHbIX KBaHTax. EMy HyXHBbI
CaMU JIyXOBHBIE KBaHTHI, KOTOpbIE OCBOOOXKJAIOTCSI OT SHEPTUH B Pe3y/bTaTe HeMPEepbIBHON MPHUHY-
auTenbHON paboTsl. Korma macca siipa mpoToHa CKpYTHTCS B MOI00KE TOYKH, TO HEHTPAIbHBIA KBAHT
MOHa/[IBI Iyxa OecciieqHo ucdesaert. [Ipukpenurbest He K yeMy! BHYTpu Macchl MpOTOHA OKa3bIBAETCS
WCTUHHAS, 3USI0IIas IycTOTa Wiy Apipka. /la m cama macca npoToHa, CKPyTUBIIMCH B HHYTOXK-
HbIil IOTEeHIHAJbHBII KPYT SHEPruy, CTAHOBUTCS OJH3KAa K a0COJIOTHOMY HYJIIO IO BCEM
MaTepHaJbHBIM IapaMeTpPaM, BKJII04Yasi IPOCTPAHCTBEHHbIE pPa3Mephl U CHJI0BOE BO3/1eH-
CTBHE Ha coce/JHHE NMPOTOHBI, H Ja’Ke HA BHYTPEeHHEe MPOCTPAHCTBO COOCTBEHHOM Cpe/ibl
obouTanusa. Hamo xopolo 3aroMHUTh, YTO B 3TOT MOMEHT, KaK y OTJEJIbHOrO MPOTOHA, TaK U Y
BCEr0 MHOKECTBA aTOMHBIX S1Iep aTOMOB U MOJIEKYJI, HAIPUMEP IJIAHETHOIO TeJla HAIllero 3eMHOTO
mapa HeT HUKakou Macchl! Benb neficTBUs BeeX, 0Opa3yIonMXx BPEMEHHBIH IEHTpP TsKeCcTel KBaH-
TOB MOHAJl KOHEYHOI'O YMCJIa aTOMOB M MOJIEKYJI 3€MHOTO I1apa CUHXPOHU3MPOBaHbI (PU3NUECKUM
LEHTPOM TSDKECTH IIJTAHETHI, a 3HAUUT, ¥ OJTHOBPEMEHHO MCUYE3al0T BO BCEM 00beMe 3eMHOTIO Iapa,
npeBpalliasl Hally IJIaHeTy, B IMyCTYI0 00O0JIOUKY, JIMIIEHHYIO MAacChl U MEXaHUYeCKo# sHepruu. [1pu
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STOM Y MBI C BAMU TIPEBpAIaeMcsi Ha KOPOTKOE MTHOBEHHE B HUUTOKHBIE MTyCThe OOOIOUKH, KaK U
BCE OKPYKAIOLIME IPEJMETBI, PACTEHUS U KUBOTHBIE, BKJII0Uas BO3IYIIHYIO aTMOcdepy 10 nocies-
HETO aToMa a30Ta U KUCJIOpOoAa.

I') HanpammwBaeTcs 1 ouepeiHON BBIBOJI, YTO HUKAKOM MacChl KAK BEYHOU CYIIIHOCTH Peajib-
HOTO MUpa Toxke He cylecTByeT. Slapa aToMOB U MOJIEKYJI, KaK H BCeX JAPYruX MaTepuaJb-
HbIX MHKPOKBAHTOB, C MOMEHTa CBOEro COTBOPEHMs HelPePbIBHO BbIHY:K/I€HbI HCKATh
onopy. B 3Tux nouckax Be4HO Mcye3aoiiasi 1 BHOBb BOHUKAIOIIAS B JPYTOM MECTE «OIOpa» B BUJIE
JOYXOBHOT'O KBaHTa MOHA/Ibl IEHTPA MPUHYKJAET MaTEpPUAJIbHYIO SHEPTUI0 IOTYMHEHHON CTPYKTY bl
HETIPEPbIBHO CKMMATHLCS U pa3KUMaThCs U TIPH STOM BHITIOIHATH Pa0OTY U MOPOKAATh BEKTOPA IIEH-
TPOOEKHBIX M LIEHTPOCTPEMUTEIIBHBIX CUJI U BEKTOp OE30MOPHOTro nepemerteHus. Takum oopasom,
HalpalBaeTcs NapagoKCaIbHbIN 115 (PyH/IaMEeHTaIbHON HayKy BBIBOI: JIs1 co34aHusi dp¢ekra
Macchbl, a B YCJI0BHAX IUIAHETHOIO TeJa, A co3aaHus 3¢ ¢exra Beca Tesia, MaTepHaJIb-
HOe€ TeJIO HellPePbIBHO CKPYYHBAETCs, PACKPYYMBaeTCs U IlepeMelaeTcsi B IPOCTPAHCTBE
B HanpaBJIeHHH I[eHTPa TS KECTHU MJAHETHOro Teja U ooparHo. ['0Bops ApyruMu CioBamuy,
MaTepHaJIbHOE TeJO, YTO0bI c034aTh 3(phpeKT Macchl M Beca COOCTBEHHOIO TeJia Hempe-
PHIBHO pa00TaeT U TPATUT BHYTPEHHIOI0 SHePruto. [ToBepuThb B 3TOT (haKT, KaK UICTUHY, TPYTHO
HE TOJIKO MaTepHaIuCTy-y4eHOMY, HO U BepyolieMy B bora uenoseky. Jla 1 1 cam 10110 COMHeBaJICA
Y AYIIEBHO CTPaJa, MPek/e YeM B3SIThCS 3a IMMyOIMKAlUI0 CBOMX padoT. UTO CKpbIBaTh, s HE CUUTAIO
ceOsl TeHUEM, a CUMTAI0 CaMbIM 3aypsITHBIM, HO BECbMa JIIOOOIBITHBIM Y€JIOBEKOM, U TOXKE TOJlaMU He
MOT TIOBEpUTh COOCTBEHHBIM BBIBOZIaM, CTApPasiCh pa3OUTh UX (paKTaMH MaTepHATUCTUIECKON HAyKH.

A npuctynui K padoTe JUIIb MOCJE TOro, Kak yoeaujicsi, YT0 MOU BbIBO/IbI HEBO3-
MO’KHO pa30UTh C MOMOIIbI0 COBPEMEHHOI HAyKH, a caMH OHH BO MHOI'OM OOBSICHSIIOT
HeINOHsATHbIe, TYMAHHbIE MeCTa U NMPOTHBOpPeuYHs (pyHIaMeHTAJNbHBIX HAYYHBIX 3HAHNI,
KOTOPBIX caMa HayKa Kak Obl He 3aMedaeT. JIuib JUInTe/IbHOE KPUTUYECKOE OCMBICTIEHUE BCEX
unocodcknx M HaydIHBIX (DAKTOB, KOTOpPBIE M3JIOKEHBI B MOMX PadOTax, MOMOTYT YUTATENISIM IO
COOCTBEHHOMY YO@XKIEHHUIO, a He O MPUHYKJEHUI0 MOEH MBICIIH, TO-HOBOMY B3IJISIHYTh Ha Marte-
pUasbHBIA MUp U Ha caMy BcelleHHyI0, Kak Ha 0OOXEeCTBEHHOE TBOpPEHHE, KOTOPOE CYILECTBYET BO
BPEMEHHU M NMPOCTPAHCTBE, U HEMPEPHIBHO TPYAMUTCS, YTOOB OCBOOOAUTH KBAHTHI JyXa OT SHEPIUU U
BepHyTh UX TBopiy Beero Cymero.

1) Ilo cytn gena, Bo BecesleHHOIl, Kak U B JII0OOM IHTaHTCKOM MaTepHAJIbLHOM TeJie
WJIH CaMOM MaJIOM MHKPOKBaHTe NPOTOHA, 3JEKTPOHA M Jake (POTOHA JIydeBOH 3Hep-
UM HeT HUKAKOH MacCChl, a €CTh TOJbKO KBAaHThI IPOCTPAHCTBA, OUHIIIEHHbIE 0 YHCTOTHI
JiyXa M HaJleJIeHHbIe Bcell MOJHOTON HH(opManuu, HJIN Ha/leJIeHHbIe SHEePruil M HeNoJHOMI
uH(popMmanuei. IHeprusi pa3MHOKaTbCsI He MOKeT, a BOT HH(popMalus cnocodHa K pas-
MHO>KEHHIO.

Ho sHeprus HecoBmecTiMa ¢ nH¢opManueil. MeajeHHO 1 HeoOpaTUMO YHUUTOXasi camy ceOs,
C MOMOIIBIO NTAPAMETPOB BPEMEHU U ITPOCTPAHCTBA, SHEPIHsl HEBOJIBHO pa3pyllaeT U MH(OPMALUIO
WIN UCKaXaeT ee A0 NpoTuBonoyoxHoro cmuicia. Ilonessie popmbl maTepun, )OTOHBI JTyde-
BBIX H3JIy4eHHH BCeJIEHCKNX HCTOYHNKOB H BCe MHOKECTBO 3JIEKTPOHOB, €CTh YCOBEpIIeH-
CTBOBaHHAs1 BpeMeHeM H NPOCTpaHCTBOM Martepusi. Ha 3Toii MaTepuy KBaHThl MOHaJ, 1I€H-
Tpa TSKECTU C TMOMOILIBI0 PE30HAHCHBIX TAPMOHUK 3aKPEIUISIOT Hepa3pylIMMble HH(OPMAMOHHbIE
(aiinbl. ITH paitabl M onpeesAOT (PyHJaMeHTaJbHbIe 3aKOHbI Mupa. OHY ypaBJIsIoT MaTe-
pueil, 3acTaBisisi ee BhIpabaThiBaTh SHEPrHIO JaXe TOr[a, KOrja Marepusi HaXOAUTCS B YCJIOBHOM
«TIOKOE», HAIIPUMEDP, JIEKUT BPOJIE NPUAOPOKHOTO KaMHs1, UJI CTOUT B BUJIE 31aHKs1. Martepusi B 3T0
BpeMs paboTaeT M cO3/1aeT BEKTOP CHJIBI COOCTBEHHOU TskecTd. M Ha 3Ty paboTy MaTtepusi TpaTuT
HE TOJIKO BHYTPEHHIOI0 SHEPIHI0 MAcChl, HO U Ty SHEPrHIo, KOTOPYIO OHA IOIVIOIIAET U3 BO3AYII-
HOW aTMOC(epbl IUIAHETHI, B BUAE TEIUIOTHI, IEKTpUYeCTBa WM (POTOHOB J1yueBou sHepruu ColHIa.
Ecnu atoMel niim Monekyibl HAXOAUTCS B HEApaX 3€MHOTI'0 111apa, TO OHU BCE PABHO MOANUTHIBAETCS
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TON TOHKOW SHEPruM, KOTOPYI0 UM JOCTaBJISIOT BCEBO3MOXKHBIE OCAJIKU, CMEPUYH, MOJTHUM U OOIIle-
TUIAHETHBIE MATHUTHBIE U JIEKTPHUYECKHE TTONISI.

Heyxenu He sICHO, 4TO BCe SHEProB3aMMOAEHCTBIS MaTepHUaIbHOIO MUpa, B3aUMOJICHCTBHYS ee
MaccooOpasyIolMX U MONEBbIX (hOPM, HANIpaBJIEHbI Ha JIBe cTpaTernvyeckue uenu? Bo-nepBbix, Ha
YCTOHYNBYIO M CTAOMJIbHYIO Pad0Ty aKKyMyJSITOPOB JI0JIrOBPEeMEHHOr0 XpaHeHUsI dHep-
I'd, B BHJe OTPOMHBIX MEXaHHYeCKHX MAacC rajJakTHYeCcKUX CKOIJIeHHH, 3Be3/1 U MJIAHeT,
B TOM YHCJEe H CaMbIX MAJbIX MaTepHAJIbHbIX KBAHTOB SHEPruu. A, BO-BTOPbIX, HA MO/I-
NUTKY 3THX K€ aKKyMYJSITOPOB J0JI'OBPEMEHHOI0 XpaHeHUsl SHepreTHYecKoil nuuei B
BH/le KBAHTOB TOHKHX YHEPruil MAarHUTHBIX, JEeKTPUUECKUX M I'PAaBUTANMOHHBIX MoJjel
U KBaHTOB TOHKOW HePruM TeImjioBoil mpupoabl. Bo BpeMs npeBpallieHrst SHEPIUM Macchl B
YHCTYIO MOTEHIIMIO MAJIOW TOYKU B 0OJIACTH COOCTBEHHOTO IIEHTPA TSKECTH, B OTPOMHOM BHYTpEH-
HEM IMPOCTPAHCTBE MEK/Ly STOM TOUKON M OPOUTAISIMU JIEKTPOHOB 00pa3yeTcsi ICTUHHAS MyCTOTa
C HYJICBOH TUIOTHOCTBIO U HYJIEBBIM JaBjieHHeM. OpOUTaiy 1eKTpOHAa HA MIHOBEHHE PACXOIsATCS,
IENCTBYS B CTPOTOM COOTBETCTBHHU C BHYTPEHHHM HECTHPAEMBIM JITOPUTMOM COOCTBEHHOTO TIOBE-
JEHUS, ¥ B 3TY ITYCTOTY YCTPEMJISIIOTCSI KBAHTBI TOHKUX SHEPTHid. DTO €CTh SHEPronuina MexaHu-
YyecKoii Macchbl aTOMHOTO siApa. [loromas BHyTpy MOJIEKYJISIPHOTO MJIM aTOMHOT'O MPOCTPAHCTBA,
SHEPrUI0 STHX KBAHTOB, JJISl JIMYHBIX 1eJiell Oe30MOpHOro repeMelieHnst 1 00pa3oBaHusl BEKTOPOB,
HEHTPOOEKHBIX U IEHTPOCTPEMUTEIIBHBIX CHJI, MEXaHWYECKasl Macca aToMa YMEpIIBIISIET UX U 3aTeM
C OIpe/IeIeHHOW YacTOTOW BHIOpAchIBAeT HApPY)Ky KaK COOCTBEHHbIE OTXOAbI M dKCKpeMmeHTh. Ho
9TU Oe3MHEepIaIbHbIe U UMEIOIIHE JIMIIh MATYI0 4acTh OCTATOUHON HEPTUU KBAHTHI MPOJOIIKAIOT
ocTaBarbCsi MaTepueil. OHM HaJesI0TCs MH(OpMAalMel U CTAHOBATCS] KBAHTAMU TIOJISI TPaBUTALIUH.
Nx nn(popManmoHHasi IJIOTHOCTb OT MOBEPXHOCTH IVIAHEThI yObIBAET NMPONOPIHOHAIBHO
mwiomaan kpyra. Ilnomans kpyra, B cBoI0 ouyepe/b, NPONOPIHOHAIbHA KBAAPaTy paju-
yca. Bor u nomyuaercsi, yro uH(pOpPMAIMS O MATEPHUHCKOM TeJie, KOTopasi sIBJsieTcsi 0e3yCIOBHBIM
MHCTUHKTOM JJIsI CO3IaHMsI B TIOCTOPOHHEM TeJie BEKTOPA CAMOJIBUIKYILIEH CHJTbI «B3aUMHOTO MTPUTSI-
KEHHUsT», YMEHBIIIAETCsI IPOMOPIIMOHATIBHO KBAJPATy PACCTOSIHUS MEK/Iy MAaTEPUHCKUM IIAHETHBIM
TEJIOM M MOCTOPOHHHMM TeJIoM B BHje O0Maa, KOMETHl WM acTepouja. Bripodem, 3TH mporiecchl
«OCMBICJIEHHOTO» YIpaBJIeHUsI TOCTOPOHHUMHU KOCMHUYECKMMU TeJIaMH MbI YK€ C BAMU PacCMaTpH-
BaJIN.

N3 riaBHOro BbIBOJA, YTO MaTepusi MacC MUKPO— H MaKPOKBAaHTOB BcesieHHO HH
K 4eMy He NPHKpPeNnJeHa U HAXOAUTCS B HeNPePbIBHOM MOCTYNATEeJbHO-BOJHOBOM JIBHIKe-
HHH, MO’KHO JeJIaTh 1eCSTKH Pa3JnyHbIX (pyHJaMeHTaIbHBIX BbIBOOB. Ho npennaraemas
BaM Hay4yHO-(uiocopckasi padoTa 1 eCTh He YTO MHOE, KaK pa3bsCHEHNE U OCMBICIICHUE STUX BbIBO-
10B. Mou paboThI He SIBJISIOTCS] HEOPOBEPXKUMBIMHU JIOTMaMH, a SIBJISIOTCS CPECTBOM JIsl IPOOYK-
AEHUS pazyMa OT TBOPUYECKOM CIISTUKHU. 1 1 myOnuKyio uX He 3a TOHOpap, a 32 COOCTBEHHbIE (PMHAH-
coBble cpefcTBa. [IpuoxuB ycums pasyma, Bbl CaMH MOXKETE ClIesIaTh COOTBETCTBYIOIIME BHIBOIDI,
KOTOpbIE UJIM OITPOBEPTHYT MOM Hay4HO-(pHIIOCO(CKIE pacCyKASHHS, WM MPOIBUHYT UX 10 CO3/a-
HUS1 KOHKPETHBIX HOBBIX MAaTEPUAJIOB U HOBBIX 9KOJIOTMYECKMX UCTOUHUKOB SHEPIHHU HA MOJb3Y 3eM-
HOT'O YeJIOBeUeCTBa.
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I'naBa V. O6mue NpuHIMIBI COTBOPEHHS BCeJIEHHOM

1. Komy n 3aueM noHaaoomjiach BceJleHHasI?

Cawma o ce6e Beenennast Toxe mpeAcTaBiseT co00i BOTHOBOM MPOLIECC, COCTOSIINI U3 OTHOTO
nepriona. Orenr HeGecHBI AMTENBHO CKJIAJUPOBAT M HAKAIUIMBAI HeHyXHble EMy s nHpopMma-
LIMOHHOTO MPOCTPaHCTBa, rie OH obuTaeT, BRICOKOIHEPrUYHble KBaHTH IyXxa. [IpuurHa B TOM, 4TO
SHeprusi UCTpeOyisieT M UCKakaeT mHpopMaluio, peBpainas ee B antuuHpopmanuio. Henposis-
JeHHas1 BcejieHHast MorJia HAXOIUTHCS TOJbKO B OJTHOM CTAallIOHAPHOM COCTOSIHHH, KOTO-
poe MOKHO Ha3BaTh COCTOSIHMEM MOTEHIHAJIbHON TOYKH. YTO 3TO 3HAUMT? DTO 3HAYMT, UTO
LEHTPAIbHBI KBAaHT MOHA/IBI OOKECTBEHHOTO JTyXa HUKYJa He MCue3al U3 IEHTpa MOTeHIMATbHOMN
TOYKH, KaK OH MCUE3aeT B HAllle BpeMsl U3 IIEHTPOB aTOMHBIX SIEp BCEX MaTEPUAIbHBIX KBAHTOB.
Jlio6ast sHeprust obnagaer uHepiuenn. To CBOWCTBO CHPABEAIMBO U ISl KOJOCCAJBHOM SHEPruu
Oynymieii Beenennoit. OHaKo HauOOJbINEH WHEPIMOHHOCTBIO 00J1a/IaeT MeXaHWUecKasi SHEPIUsl.
Bynymas matepusi BceneHHOM, UCTONB3ys COOCTBEHHYIO SHEPrHi0 M BPAINAsCh MPOTHB YacOBOM
CTPEJIKH, TIbITAJIaCh CKPYTUTHCS JIO Pa3MEPOB MOHAJIBI U COIPUKOCHYThCS C HEH, MCTIONb3Ys IIEHTPO-
CTPEMUTENILHOE YCKOPEHHE. I TOT NMPoIecc MPUBOIUI BOIM3H (hU3NUECKOro IeHTPA TIKeCTH
NMPOTOBCEJEHCKOI0 SIpa K CBEPXMOIIHOMY /IaBJEHHIO M 00Pa30BaHNIO U3 MOJEBbIX (pOopM
MaTepuu HHePIHAJbHBIX KBAHTOB MeXaHu4ecKoi dHeprun . Ho nHeprys Oyayieit Mmacch Bee-
JIEHHOM MOPOXajia IIEHTPOOEKHOE YCKOPEHHE, U COTPUKOCHOBEHUSI ¢ 00KECTBEHHON MOHAIOH T1eH-
Tpa He MPOKMCXOWIIO, JIa U MPOU30UTH HUKOrIa He Morio. B 31o Bpemsi BeenenHast Haxonuiach B
COCTOSTHUM TEJIETIOPTAIMHY, IOTOMY YTO MEXaHHUYeCKHe MHEePIMAIbHBIE KBAaHTHI Oyyiie Macchl Bee-
JIEHHOM OBbLTM 9KPaHUPOBaHBI OT WH(OPMAIIMOHHOTO MPOCTPAHCTBA 3AUTHHIMUA OOOJIOYKAMU TeX
YIIPABJISOIIMX KBAHTOB, KOTOPbIE IPH Pa3BEPTHIBAHNY BCeleHHOM cTasv IIeHTpaMHU TSKECTEH BCEro
MHOXXECTBAa MEXaHUYECKMX MacC.

[Tpu orpoMHBIX pe3epBax SHEPIUU, KOTOPbIE K TOMY € HE YMEHBIIAJIVCh, a MOIOTHSLIINCH
Otom HeGecHbim, Beenennas He nmena Hukakod macchl. [IpoctpanctBo BeeneHHO# Toxke ObLIO
OJIM3KO K HYJIEBOMY 3HaUeHUIO0. BakyyM COCTOUT M3 MPOCTPAHCTBEHHBIX KBAHTOB TOJISI TPABUTAIIUH.
Bce MHO:KeCTBO THX OyIyIIMX KBAHTOB I'PABHTAI[HH ObLIO «BIPECCOBAHO» B MEXaHHYe-
CKHe KBaHThI, a 3HAYNT, U MPOCTPAHCTBA He ObLIO0. Tak Kak SHEprusi He TpaTuiach, TO U Bpe-
MEHU He CyIIeCTBOBAJIO. Bpems sIBIsieTCsl e TMHCTBEHHBIM IapaMeTPOM, KOTOPBIH C IIOMOIIBIO HETpe-
PBIBHBIX BOJIHOBBIX IPOIIECCOB U BHYTPEHHEW WJIM BHEIHEW paOoThl, C TOH WM MHOW CKOPOCTHIO
OCBOOOX/IaeT KBAHTHI JTyXa OT Hepruu. [1o JaHHBIM OKKYJIbTHBIX HAYK, B TAKOM COCTOSIHUM HETTPOSIB-
JIEHHOM TeJeropTanuu 3Heprust BeenenHoit Haxonwiack 100 60:kecTBeHHBIX JeT. Ecim ke ucxo-
JOUTh U3 MEXaHUCTUYECKMX 3aKOHOB M U3 BOJIHOBOH TeopuH (pU3MKHU, TO MEPUO]] CKPHITOH Berera-
UM BCEJIEHCKOH SHEPIrUH J0J2KeH ObLI MPO0JKaThcA 0KoJ10 30 musiiimapaos Jet. Ho Tak
KaK BpeMeHH M NMPOCTPAHCTBA HE CYI[eCTBOBAJO, TO Bce 3TH HU(PbI ABJISIOTCS, B HEKO-
TOPOIi1 cTeneHH, MOJHLIM adcypaomM. Ho kakoBa OCHOBHasi IpUYMHA COTBOpEeHUs1 BceneHHoi?
Yro 3T0: TBOpUECKUIA MOPbIB TBOpIIA ¥ BOILIOIIEHHE €ro 0cOO0T0 3aMbICIIa WJIM 3TO CYpoBasi HE00-
XOIMMOCTbD, CBSI3aHHAsI C pa3pylieHrneM WH(GOPMAITMOHHBIX CTPYKTYP TOTO MPOCTPAHCTBA, KOTOPOE
JIeXUT 3a TpaHuIIaMK Hartieil BeeieHHoi? BbiHyKIeH MpU3HaTh, 4To 00jiee BEpOsITHO BTOPOE YTBEp-
xnenue. Ecim nHpopManyst KBaHTa abCOMIOTHOTO MIPOCTPAHCTBA CTAHOBUTCSI aHTUUH(OPMAIIHEH,
TO BOCCTAHOBUTDb MH(OPMAIIHIO MOXHO TOJIBKO Yepe3 UcTpedieHne NHGOPMAIMU ¢ TIOMOIIBIO SHep-
rui. TBopely 0CO3HAHHO cOOHMPaJ HeHcNpPaBHbIE KBAHTHI HH(OPMAIHOHHOI0 MPOCTPaH-
CTBa M NMPECCOBAJ UX C MOMOIIbIO HENMPEPLIBHOM IEHTPOCTPEMUTEJIHLHON CHJIbI H HEBEPO-
SITHO BBICOKOTI'0 /IaBJIEHNSI B KBAHTHI MeXaHnuecKux Hepruii. Eciu 661 OH 3TOrO He jenal,
TO «3apa3a» aHTUUH(GOPMAINH BbIBEJIA U3 CTPOSI U BECh 00beM MH(OPMAITMOHHOTO MTPOCTpaHCTBa. B
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3aKJIIOYUTEIIbHBIX I7IaBaX KHUTH OyAeT MOKa3aHo, YTO MePBOHAYATBHBIN MEXaHUYECKUI KBAHT Oyy-

et BeenenHoit conepxai B cebe He MeHee 4eM 0,18><1O75 «HEHCIPABHBIX» KBAHTOB aOCOTIOTHOTO
MH(MOPMAIIMOHHOTO MPOCTPAHCTBA, KOTOPOE OKpykaeT Harly BceneHHylo u OyKBaJIbHO HACKBO3b
MIPOH3AET €€ BO BCE BPEMEHA ee SHePreTUUECKOM KU3HHU.

Korga Orenr HeGecHblil mocumtain, 4to sHeprusi Oynayiiedl BceleHHOW aocTHIa HYX)KHOTO
MOTEeHIIMANIA U KPUTHUYECKOro 3HaueHus1, To OH o 3ambicay CBoemy, peli co31aTh 0€30TX0IHOe
BBICOKOTEXHOJIOTUYECKOE MPOU3BOICTBO MO OYKCTKE TYyXOBHBIX KBAaHTOB OT HEHY:XHOW Emy aHTH-
nH(OpMaIVK, KOTOpast MPOTOPIMOHATbHA BCeJIeHCKOH sHeprun. Hamo riry6:xe moHSTH 3Ty IJI0-
0aJbHYI0 MBICJIb, YTO AHTHHH(OPMAIHs MPONOPIMOHAJILHA YHePrun . VicTpednsis sHepruo
B ce0e caMOM, B OKPYKAOIIEeM MUpPE WIH B OKPYXKAIOIIUX JHOSAX, Mbl TEM CaAMbIM HCTpeOIsieM |
yacth aHTuuH(popMarmu. [Ipexkae yem craTh 3aKOHAMHU MaTepUaIbHOTO MHUpa, Bce MHMOPMAIOH-
HBIE AJTOPUTMBI, KOTOPBIM MMOAUMHsIETCS MaTtepusi BeeneHHol, cHavana ObUIM TBOPYECKUM 3aMBbIC-
som Otiia HeGecHoro, KOTOPHI HUKOTrAa He MPHHAJIEXKAT U He Oy/eT MPHHA/JIeKATh He
TOJIbKO MaTepHH, HO U NMPOCTPaHCcTBY Hamel Beesennoi. YtoObl HAYaTh NIpoliecc pa3Bopaym-
BaHus Beenennoit, Otery HeGecHslil mpocTo yOpas u3 HeHTpa NOoTeHUMaIbHON ToukM Oyaymiein Bee-
JIEHHOM TIEHTpaJIbHBIE KBaHTHI CITykeOHOTo jyxa. U konoccanbHast sHeprust BeeneHHol, 3a cuet co0-
CTBEHHOT'0 BEKTOpA LIEHTPOOEKHOM CUJIbI, CTaJIa Pa3BOPAYMBATHLCS MO pacxofsiierics ciimpanu. [Tpu
9TOM CKOPOCTb PACXOXKJCHHUSI, KaK ¥ caMa HapyKHast 000JI0UKa HAXOAWIUCH MO TIOJIHBIM KOHTPOJIEM
Otua HeGecnoro e ot Mupa Cero. CkopocTh pacxosk/ieHus1 Obula OrpaHMYeHa TEM MapamMeTpoM,
KOTOPBIH MOCJIe CTaJl CKOPOCTHIO CBeTa B Bakyyme. Ha Bce BpemeHa, HUKaKkasi MaTepusi He MOKeT
«JINHEHO» epeMelaThCs ¢0 cKOpPocThIo Bhile ckopoct 300 000 kM B ceKyHay. A BOT 1O
CIHPAJH OHA MOJKET MepeMemaThbCsi ¢ JI00H CKOPOCThIO, KAKYI0 CyMeeT JOCTHTHYTh 10
COOCTBEHHOMY COBepIIeHCTBY. Yem y Matepun OyeT MEHbIIE SHEPIUH, TeM OylleT HUXe HEp-
LIMOHHOCTD U BBIIIIE MOJABMKHOCTb. MeHbIlas MHEPIUOHHOCTD MO3BOJISIET MATePUU CKPYUYHBAThHCS B
MEHBIITYIO TOUKY, a 3HAYUT, MPUOINKATHCSA HA MEHbIIIee PACCTOSIHUE K JYXOBHOMY KBAaHTY IIEHTpa
TSDKECTU. DTO U ecTh napamerp Onuzoctu matepun kK Otiry HeGecHoMy 1 r1aBHbINM TapamMeTp coBep-
IIIEHCTBA MATEPUH JJTs €€ HaJleJIeHUsI HeCTUPAeMbIMUA KBaHTaMK OOKeCTBEHHOUN WH(OPMAIVIH.

OpHax b yOpaHHBIE M3 IIEHTpa MOTEHIMATbHON TOUKU Oyayiei BeeieHHON MOHa B! CITysxeO-
HOT'O JiyXa y’e He BepHYJIUCh Ha MecTo. OHM BMeCTe ¢ KBAaHTAMU AyXa 3allIUTHON 0O0OYKY MEXaHU-
YEeCKON Macchl TPOTOBCEJIEHHON OJHOBPEMEHHO BOZHUKJIM B MUJUIMAPIAX TOYEK BHYTPHU SHEPreTH-
YEeCKUX CIIUpasiel U 3aCTaBUIIU Pa3/IeUThCS STY SHEPTUI0 Ha MIJLTUAPABI OTIEBHBIX MEXaHUUECKUX
KBaHTOB. VI3 MeXaHMYECKMX KBAHTOB, 3a CUET 00Opa30BaHUs MEXaHMUECKUX PE30HATOPOB HEMPEPhIB-
HBIX ITPOIIECCOB CKATHIA U PACIIMPEHUIA, CTAJIN BBIICJISITHCS U BHIOPACHIBATHCSI KBAHTHI IPOCTPAHCTBA
nosist rpaBuTanyu. Tak ObLIO MOPOK/IEHO EPBUYHOE POCTPAHCTBO 3aMKHYTOM BeeienHoi,
a 320/TH0 ¥ MIJLTHAPABLI OYYyIIHNX rajJakTHK. B 1eHTpax 3Tux OydyIIuX rajlakTUK CITyKeOHbIe
MoHaabl Otiia HebGecHoro cranu ¢ onpeesieHHbIM CUHXPOHHBIM YacTOTHBIM PUTMOM MPOMNaaaTh B
OIHMX TOYKaX MPOCTPAHCTBA M BO3HUKATh B JIPYTMX TOUKAX MPOCTPAHCTBA, MOPOXKAAs IEPBUYHbIC
KBaHThI BpEMEHHU U MepeMeliasi o CBOeMy YCMOTPEHHIO OyayIfe TalakTHKKY B HOBbIE OOJIACTH IS
BOIUIOIIECHUsI 3ambIciia Boxust. PaboTast Haj| 9TOi TEMOM, s MBICJIEHHO «IIPOUTPaJl» MHOXKECTBO Clie-
HapuWeB pa3BUTHS U pa3BepThiBaHus1 BeelleHHOI 10 ee coBpeMeHHOTo cocTosiHUSA. OHM He BCTYNaK0T
B npoTuBopeune ¢ bokecTBEHHBIM 3aMbICJIOM, HO U MyOJNKOBATh HX He HMeeT HUKAKOro
cmbicaa. Oren HeGecHblid, KOTOPBIN yrpaBiisieT BpeMeHeM U TPOCTPAHCTBOM, U 3aCTaBUJT SHEPIHIO
OymyIieii MaTepur HelpepbiBHO PadOTaTh, CO3/1aBast MPOTUBOIIOJIOKHBIE BEKTOPA IIEHTPOOEKHBIX U
LEHTPOCTPEMUTENBHBIX CHUJI, a TaKKe OE30MOPHO MEPEMEIAThCs [0 OrPAHUYEHHOMY MPOCTPAHCTBY
BcenenHoii, MOT WATH 1O KaKOMY YrOIHO MYTH U clieHapuio. /Ijisi Halieil cOBpeMeHHOCTH 3TO
He IMeeT HUKAKOro CylecTBEHHOI0 3Ha4YeHusi. [ TaBHOe, YTO 3Ta HenpepblBHAS TPUHYIUTEb-
Has paboTa MopoXJajia BHYTPU pa3/eieHHOW Ha OT/E/bHbIE SHEPrOKBAHTHI OyyIel BCEJICHCKOM
MaTepur HEPreTUUECcKyl0 HEOAHOPOAHOCTh. Hayka cunrtaer, 4to 3Ta ke SHepreTuyeckasi HEeOaHO-
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POIHOCTH cofepikaia B cebe U BCo MHGpOpMaIHio o Oyaynmx (pyHAaMeHTaIbHBIX 3aKOHaX BceseH-
HOM, 110 KOTOPBIM MaTepusi cama ceOst CTPYKTYpUpOBajia BO BpEMEHH U ITPOCTPAHCTRBE.

Ho, Bo-nepBbIX, 10 «BoJbIIoro B3ppiBa» He ObUIO BpeMeHH U IpocTpaHcTBa. Henb3s no3Hath
TOT0, O YeM HEeT HUKAKOro MoHATHS. Takoe yTBepkIeHNEe PAaBHOCHIIBHO YTBEPXKEHHIO, YTO PeOESHOK B
yTpoOe MaTepu yKe sIBJISETCs TIOJTHOLIEHHBIM YesloBeKOM. Heykenu He sICHO, UTo Oe3 IOTOTHUTEIb-
HOW MH(OpMAaLIMU HUKAKON MJIaJIeHel] HE MOXKET CaMOCTOSITEJIbHO CTaTh MOJHOLEHHBIM Y€JI0BEKOM ?
Bo-BTOpBIX, cama ke HayKa JoKa3alia, 4To J1o0as yCIOBHO 3aMKHYTasi MaTeprasibHasi cucteMa, 6e3
B3aMMOJICWCTBUS C APYITMMHU TeJIAMHU, SHEPIreTUYECKU U MH(POPMALIMOHHO BBIPOXKIAETCS, erpaau-
pyeT u TepsieT aaxe Ty MH(pOpMaIIMIO, KOTOpasi B Hel HakoruieHa. Kak ke mpoucxoquio HakorieH!e
HecTupaeMor MH(pOPMaIMK O BCEIEHCKUX 3akoHax? Korma qyXoBHBIE KBaHTBI TEPSUIA YaCcTh CBOE
SHEepruu U MHepLIMHU, To bor oTAessan ux OT OCHOBHOW Macchl M IOMEINal BHYTPU 9TUX HOBBIX Mare-
pUATBHBIX 0OpPa30BaHUI CITy:KeOHbIE KBAHTHI JyXOBHBIX MOHa/. Tak ObLM 0Opa3oBaHbl MPOTOHBI,
3JIEKTPOHBI M BCE BU/IbI JIyueBbIX Hepruil. Hamo noHATHL, 4YT0 B MOMEHT COTBOPEHHS TeX SHep-
roo0beKTOB, KOTOpPbIe B NOCJHEYIOIIEeM CTAJH rajJaKTHKAMU, N10Jisl TPABUTAIINU He OBbLIO.
Hy:xHo ObUIO BpeMsi, TO eCTh, OeCUMCIIeHHOE KOJIMUYECTBO MPUHYAUTEbHBIX PACIIMPEHHIA U CKATHUH,
4yToOBI 3Heprusi BeeneHHo# cama B ceOe BbIpadOTala TOHKHME KBAHTHI MMojiel rpaButauuu. I'paBu-
TallOHHbIEe KBAHTHI SIBJSIIOTCS MIePBOM NPOAYKIMeEH BCeJTeHCKON MaTepHH 1 BCeJIEHCKOr 0
NPOCTPAHCTBA.

Pa3 He ObUTO MOJIS TPaBUTAIMH, TO HEBO3MOKHO OBUIO ¥ TIepeaBaTh MH(OPMAIIMIO, OT OHOTO
SHEProoOBEKTA K JAPYroMmy sHeprooObekTy. Jla m He Moo ObITh U (hOTOHOB, KOTOPHIE SIBJISI-
I0TCSI COOUPATeIsSIMH YHEPreTHIECKOr0 YPo:Kas ¢ MoJisl PAaBUTAIIMYU U HECYT B cede 3apo-
JbIIIN TeIUVIOBbIX KBAHTOB. TeruioBble KBaHTHI SIBJSIOTCS Oosiee BBICHIEH HMepapXuel MOJeBO
(opMBbI MaTepru, KOTOPbIE MOTJIU MOSIBUTHCS TOJIBKO MOCIIe MHTEHCMBHOW MMOEJM KBAHTOB ITOJISI Tpa-
BUTAIIMM M UX TOIJIOIIECHUSI BHYTPEHHUMH 0ObEMaMU aTOMOB M MOJIEKYJI BCEJIEHCKOTO MPOCTpaH-
cra. I1o sToii nmpuumnHe Macca OyayIIMX rajakTHUK He OblTa MpOsiBIeHa KaK pealbHasi CYIIHOCTb, a
rajJlakTMKH Pa3BUBAIMCh KaK YaCTMYHO M30JIMPOBAHHBIE OOBEKTHI, KOTOPBIE HE MOIII OOMEHUBATHCS
MeXIy coOol mH(popMallMel Jaxke Ha YPOBHE JIYYEBBIX SHEPIHid CO CKOPOCThIO cBeTa. Kak Oyner
HUKE TOKa3aHO, JJIMTEIbHOE CYIIECTBOBaHME (POTOHOB JIyUEBBIX SHEPTUMI BO3MOXKHO TOJIBKO IpU
HAJIMYUY TPABUTAIIMOHHOTO 1107151. BHe moJist rpaBuTanuu ¢poTOHBI OYyT HENPEPHIBHO TEPSITH
SHEPruio U NepepoasaATCcs B CBepX/JIMHHbIE BOJIHBI. B 3amKkHyTOl BeeneHHol Takast cCBEpX IIMH-
Hasl BOJIHA 00s13aTeNIbHO BCTPETUT MaTepUaIbHBIN OOBEKT M OyIeT MOMIOIIeHa STUM MaTepraIbHbIM
OOBEKTOM.

Hy, a kak ke ObITb ¢ runore30ii «boabmoro B3pbiBa», KOTOpasi IIaBeHCTBYeT B
COBpPeMEHHOIl HAyYHOIl NPaKTHKe KAK OCHOBHAsI THIOTe3a cCaMOCOTBOpPeHusi Beesennoii ?
Ha 310 5 ckasxy, 4To MOgpOOHOCTH TOW TUIOTE3bl MHE HEU3BECTHBI. S1 ee He u3yyvall, onacasch Moj-
NacTh MO €€ BIMSIHUE M BCTaTh HA MyTh HAYYHOrO OOOJBINEHUs U coOna3Ha. Bee, 4to 3z1ech u3io-
KEHO, €CTh Pe3y/IbTaT MOUX COOCTBEHHBIX Pa3MBIILICHUI Ha OCHOBE M3y4yeHus1 bubnum u usyue-
HUsl (PUBUYECKUX MPOIIECCOB B3aMMOJEUCTBUSI MaTepuasibHbIX Tesl. B TO ke Bpemsi pa3Be XOTb
O/IMH sIAePHBbIA WJIH TepPMOsiIePHbIil B3PbIB, OPraHN30BaHHbI HA OCHOBE OCTHKeHMIl
COBpPEeMEHHOIl HAYKH B IpejieJiax 3¢eMHOI0 Hiapa, NpoucxXoAui 0e3 3aMmbIcjia yejoBeyde-
cKkoro pasyma? Bcsikuii MOLIHBIN SIIEPHBINA M TEPMOSIIEPHBIN B3PbIB B Mpe/iesiaX 3eMHOTO I11apa He
TOJIBKO ObLJT CIUIAHMPOBAH YEJIOBEKOM, HO U YIIPABJISUICS U PEryJIMpOBaJICs JIIObMU HAYKU Ha OCHOBA-
HUM UX UH(POPMALIMOHHON KOMIIETEHTHOCTH O BHYTPEHHHMX SHEPreTUUECKUX MpoLieccax aTOMHBIX U
TEpMOsIIEPHBIX B3pbIBOB. BOT 1 TOT «BosbI110#1 B3pbIB», KOTOPBIN ITPUBEN K COTBOPEHMI0 BeeneHHoi,
TOXE TIPOM3OIIIEN He caM 110 cede, a ObLT pealn30BaH Kak 3aMbices TBopueckoro reHusi Oria Hebec-
Horo. [IpocTpaHcTBO 3a epBble 15 MuIIMapaoB JIeT cyliecTBOBaHUS BeeneHHo# HapacTaiio, Tak Kak
C MOMOIIBIO TpoLiecca paclIMpeHrst bor npuBoAUI MaTrepuio B TapMOHUIO M HaJIa)KUBaJ MPOLIECC
HENPEPHIBHOIO OUMIIIEHUsI KBaHTOB ayxa oT 3Hepruu. Ilo cyru nena, npocrpanctso BeesienHnoi
SIBJISIETCS He NPOCTO MoJeM rPaBUTALMM, a MI0JIeM JJIs1 BbIPAIUBAHUS YPOKasl TeMJIOBbIX
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KBaHTOB, C MEXaHU3MaMH cO0Pa M IOCTABKH «ypPo:Kash» K 00beKkTam norpeodJenns. Ho eciim
MOJIyMaTh, TO ¥ HApaIllMBaHUE BCEJICHCKOTO MPOCTPAHCTBA CBSA3AHO C Nepenayei B oonacts Beenen-
Hou 13 nH(popmarmonHou odnactu Otiia HebecHoro Bce HOBBIX M HOBBIX TIOpIni nHGopMarmu. [l
TOTO YTOOBI «O0YUUTH» OBIBIIYIO MaTepUI0 MH(POPMAIIMOHHOMY B3aMMOJICHCTBHIO, ¥ IOTPEOOBAIIHCH
OrpOMHBIE TIPOCTPAHCTBA TIOJIeW TPaBUTAIMU, KOTOPbIE HayKa JIOKHO MPU3HAET IyCTOTOM KOCMOCA.
B koHIIe cymiecTBOBaHMS TPOCTPAHCTBO BeeneHHow OyIeT Mo 3akoHaM KBAaHTOBOM MEXaHUKU
MMITYJIbCHO YMEHBIIIAThCs, TIOKA CHOBA HE MPEBPATUTCS B CTAIIMOHAPHOE COCTOSTHHE TOTEHIIMAIIb-
HoW ToukU. COCTOSTHUE MOTEHIMATBHON TOUYKH OTHOBPEMEHHO OyIeT U COCTOSITHUEM TeJIeTIOPTAIUH.
BcenenHast U3 posiBJIEHHOM 1yXOBHO-3HEPIeTUUECKON CYIIIHOCTU ITPEBPATUTHCS B HEMPOSIBIEHHYIO
CYIIIHOCTb, B KOTOPOM OCTaHETCsI MUHMMYM JIyXOBHBIX KBAHTOB U MUHUMYM 3Hepruu. [1pu 3ToM Best-
Kylo nosie3Hy1o uHpopmanuio bor u3biMeT u3 ObIBIIEN MaTepur, a aHTUUH(MOPMAILIUIO YHUUTOXKHUT.
Bcenennast, kak 00XeCTBEHHbII MEXaHU3M, BHIPAOOTAET MPAKTUIECKH JJ0 KOHIIA COOCTBEHHYIO SHEp-
rui0. DHepreTMYecKy HUIme KBaHTHl Ayxa bor nmepeBener B CBOI0 MH(OPMAIIMOHHYIO 00NACTh U
npeBpatut ux B CBOIO CYIITHOCTh, HaJieJIMB O0KECTBEHHOU MH(popMaruei. BoT 31ech-To 1 3aKkmoya-
eTCsl IJIABHOE PACXOKJICHUE MOEH I'MITOTE3bl C TMIIOTe3aMHU HAYKU M TUTIOTE3aMH OKKYJIBTHBIX HAyK O
cymHocty BeenenHoit. OKKyJIbTHCTBI CYMTAIOT, YTO bor, B Bu/1e BeuHOCyIero nH(opmanu-
OHHOr0 a0CoJIITAa HAXOUTCSI He BHe MpocTpaHcTBa BeeJieHHOI, a «<pacTBOpeH» B caMOM
BCEJIEHCKOM MPOCTPAHCTBE M B CaMOIl BCeJIEHCKOM MaTepuu. B 3101 cutyaiuu, Bcst MHGOP-
Mallvsi O BCEJIEHCKMX 3aKOHAX M3HAYaJIbHO «PAaCTBOPEHa» B MaTepPUU BMeCTe C OECCMEPTHOM CYIII-
HOCTBI0 MH(pOpMaIMOHHOTO abcomoTa. [Ja u cama matepusi oOperaer GeccmepTue, pa3 COIEPKUT
B ceOe OeccMepTHYIO CYIIHOCTh OKKYJIbTHOro 6ora. B 3Tom miane ¢popmanbHoe pasjejieHne
OKKYJIbTH3MAa H HAYKH MOJIHOCTBHIO ncue3aeT. Kak n OKKyJbTH3M, HAyKa MbITAeTCsI J0Ka-
3aTh 0eccMepTHe MaTepuH, a BECh TBOPYECKUIA MOTEHIMAT HayKa Opocuiia Ha TO, YTOOBI SBOJTIO-
IIMOHUPOBATh U30PAHHYIO YaCTh YEI0BEYECTBA IO OECCMEPTHOTO M BCEMOTYIIIEr0 COCTOSTHUS UH(OP-
MalMoHHOTO adcomoTa. [TokaskeM 3Ty OOLTHOCTh HAYKH U OKKYJIbTH3Ma Oojiee IoapoOHO.
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2. Hayunblil MaTepHAJN3M U €ro KN3HEHHbIE 1eJn

MHorue y4eHble-MaTepuaIuCThl TOXKE 3HAIOT, YTO ITOT MUP HE MOXET UMETh BEYHOM JKU3HU U
usnyeckoro 6eccmeptrsi. OHaK B MOPOKAeHHAs BeeneHHas cBepHeTCs B MOTEHIMAIbHYIO HEBH-
auMyio Touky. Ho, onmpasich B CBOMX paccykJEHUSIX Ha 3aKOH COX paHEHHsI MATEPUH U 3aKOH COXpa-
HEHUsI QHEPTUH, TAKHE YUSHBIE ITOJTHOCTHIO YBEPEHBI, UTO TAKOE BOTHOBOE KBAHTOBOE CBOPAUMBAHUE
BcenenHol mpon30MAeT MpH MOJTHON COXPAaHHOCTU BCEJIEHCKOM 3Hepruu v Marepuu. ['oBops npy-
T'MMHU clloBamMH, BeenleHHast HaXOquTCs 10 HEMOHSATHBIM MTPUYMHAM 15 MUWUIHAPIOB JIET B COCTOSIHUM
9BOJIOLIUH, TIOPOKasi B cebe Bce OoJiee CI0XKHBIE XMMUYECKHe COSAMHEHNs, a 3aTeM U OUOoJIormye-
CKHe OOBEKTHI BO I71aBE€ C MBICTISIIIIMM YEJIOBEKOM, a 3aTeM caMa ke UX YHUUYTOXKHUT. [Ipurom yHUUTO-
JKEHUE MBICIISIIIIETO YeJIOBeYeCTBa MPOU30MIET BOIIPEKH ero Bojie. Matepus 1 ee SHeprusl MOAYNHSI-
I0TCSI MEXaHUCTUYECKMM 3aKOHAaM, KaK Obl BCTPOSHHBIM B MaTepHIO 0 COTBOpeHus BeeneHHo. Dtu
MEXaHUCTHUYECKHE 3aKOHBI IIPEIONIPEASISIIOT BOTHOBOH MPOLIECC PACIIMPEHHS U TIOCIIEYIOIIEro CKa-
THSI BCEX BUJVMBIX U HEBUIMMBIX MaTePUATIbHBIX TEJ, YTO U IBUTCS IPUIMHON HeN30eKHOW rudeu
BCE BCEJICHCKOM KU3HM U TOCNIENYIOIIEro cBopaurBaHus BeeneHHol B HEBUIMMYIO TOUKy . B uem
’Ke TaKkHe y4eHble-MaTePHaJINCTbl BUASIT CMBICJI YKU3HHU, €CJIM OHA PAHO WU NO3HO OyaeT
OeccJieJHO YHHUTOKEeHa caMoil NPUPO/10ii, B CBOe BpeMsl COTBOPHBIIEN He TOJIbKO KU3Hb,
HO U MBICJIsIIIIee YeJI0Be4YecTBO?

CMBICTT KU3HU TaKue yYeHbIe-MaTePUAIUCTBI BUJAT B TOM, YTOOBI TIO3HATH MEXaHUCTUIECKHUE
3aKOHBI MHpPa U U3MEHUTb UX Pa3yMOM YeJIOBEeKa U ero TBOPYECKON CHIJION TaKUM 00pa3oM, YTOObI
BcesneHHasi HUKOT/Ja He NepenlIa B CTaAUI0 HEOOPATHMOI0 CBepPThIBaHMs, a cTajga Oec-
cMepTHOII cymHOCcThIO. [lepecTponB apxurekTypy BeesieHHOI, camo ye10Be4eCcTBO CTaHET
0eccMepTHBHIM YeJI0BeYeCTBOM.

OHo OyzieT BeUHO HACIAXAAThCs KU3HBIO, COBEPIIIEHCTBYS HAyKy, MEIMIIMHY, U yITy4llas KOM-
(opTHBIE ycI0BUS ObITA HOBBIMU SKOJOTMYECKUMH TIPOAYKTaMH MTUTAHMUSI, CTPOUTEIHBIMUA MaTepH-
aJlaMy, aBTOMaTHYECKUMH ITOMOITHUKAMH YeJIOBEeKa, TUIA MHTEJUIEKTYaIbHBIX pOOOTOB, ¥ SKOJIOTH-
YEeCKMMU UCTOYHUKAaMU 3Hepruit. Oco6o Ha/10 MOAYEPKHYTh, UTO TAKOW MATepHATUCTUIECKUI B3IJISI]
Ha Tpupoay BceneHHOW OTpUIIaeT BCAKYIO POJb PeUTuu, oTpunaer bora n 60xecTBEHHOE MPOUC-
XOXkJIEHUE BCEro cymiero. VICTHHHbIE MaTepUaIMCThI IOTHOCTBIO YBEPEHBDI, UTO MOCTIe UX (PU3UIECKOM
CMepTHU He OCTaeTCsl HUKAKOW TyXOBHOM O@CCMEPTHOM CYIITHOCTH, [TO3TOMY OHH LIEHST camMy 3eMHYIO
JKU3Hb, KU3HEHHBIE TEJIECHBbIE YIOBOJIBCTBHS U HACIAKICHHUS, a TaK:ke KOMQOpPT ObITa BHIIIE BCEX
AyXOBHBIX Ostar. OHM JeNal0T CTaBKy Ha HAyKy U BO3BOAST PAOOTHUKOB HAYKHM B CBOMX «KYMHPOB»,
100 HAJEIOTCS, YTO TEXHOJOTMYECKUE TPOPHIBbI HAYKU B 00J1aCTU (PM3UKU U MEIUIIMHBI, TIOMOTYT,
€CJI1 HEe COBPEMEHHOMY YeJIOBEYECTBY, TO CJICAYIOIIUM MOKOJIEHUSIM JIIoAel, oOpecT (uzndeckoe
OeccMepTre, UM MPOUTUTh TEJIECHYIO KU3Hb XOTs Obl JI0 MATUCOT WM Thicstun JieT. Llens Geccmep-
THS BCE PaBHO OCTAETCsl IJIABHOM 11€JIbI0 MaTePUAIMCTOB, HO 3Ta IIeJTb pasjessercs Ha aBe vactu: 1.
C noMomb10 HAYKU, H3MEHHUTD TeJECHYIO IPHPOAY Ye0BeKa, U PEeBPATUTh «H30PaHHBIX»
ynpasureJjeil mupa B 6eccmepTHbIX Ye10Bek060roB. 2. C moMomIbIo TOIl :Ke KacThbl BbIC-
IIUX YYeHbIX, MOJ00OHBIX KAacTe KPeloB, 0oBJaeTh Marueii Bo3elicTBUsI HA MaTepHaJIb-
HbIil MHP, I3MEHUTH apXUTEKTYPYy BcesieHHOM 1 NpeBpaTHTD ee B 0€CCMEPTHYIO CYIIIHOCTD.
Ho nmeer i 3Ta «Onarasi» kapTuHa OyIyIero TeJecHOro oeccMepTusi «u30paHHBIX» YITpaBUTENIeH
3eMHOTO YeJIOBEUeCTBa, Kak u 6eccMepTrs camoi BeesleHHOM, 1o co0oi Kakue-JTMO0 OCHOBAHUS U
MpOYHble (PyHIAMEHTHI?

STUMU OCHOBAHUSMM SIBJISIIOTCS MAaTepHATUCTUIYECKUE 3aKOHBI O BEYHOW CYIIHOCTH BCEJIECH-
CKOM sHepruu u Matepuu. Eciv sHeprusi u Matepusi He pacXomyIoTCsl B IPOIIECCe KU3HEIeSITeIbHO-
cTU Haniedl BceneHHOM, a CyIecTBYIOT BEYHO B BUIOM3MEHEHHOM BHJE, TO, UTO MEIIAeT YeJOBEKY
TBOPUYECKH IBOJIOIIMOHUPOBATH CaMOro cedsi 1O ypOBHSI OECCMEPTHOrO TEJECHOTO IMOJTHOLEHHOTO
X0351MHA, HE TOJILKO IIaHeThl 3emJs, HO U Bceld CotHeUHOM CUCTEMEI, a 3aTeM U Bcel BeesleHHOM ?
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Bort, Hanpumep, KpyroBOpoOT BOBI B TIPUPOJIE, O KOTOPOM HAC YUWIIM B IIKOJIE, IOBTOPSIETCS MUJI-
JMapbl 1 MUAJUTMOHBI JIET, 2 )KU3Hb OT 9TOTO KPYroBOpOTa TOJBKO YCHIIMBAIACH U IBOJIOIUOHUPO-
Bajia. Benb ecim yesoBek BOMIET B MOJTHYIO TBOPUECKYIO CHUTY U TIO3HAET MIPUPOY MAaTepPUH, TO UTO
€My MeIllaeT COTBOPUTh BCEJICHCKUI «KPYrOBOPOT» MaT€pPUU U SHEPIUU U ClIe/IaTh KU3Hb BeeneH-
HoM GeccmepTHO#? Takue JI0KHbIE OCHOBaHUSI BEYHOTO CYIIECTBOBAHUS M OECCMEPTHsI BCEJICHCKOM
SHEepPruv U MaTepyuy MOXHO HAOMIOAaTh U B MaTepraibHoM Mupe. Camblil pOCTON IpUMEpP MOKHO
HAWTHU B TIOBEJICHUU TeX JKe aTOMOB M MOJICKYJI XUMUYECKHX IeMeHTOB. Hayka 1aBHO SKCriepuMeH-
TaJIbHO YCTAaHOBHJIA U TPUOOPHO 3apEerrCTPHPOBAIa, YTO BCE aTOMBI M MOJIEKYJIbl COBEPILAIOT Herpe-
PbIBHBIE KOJIEOAHUsI C YaCTOTOM, MPUCYILIEH TOJIBKO JaHHOMY XMMUYEeCKOMY dieMeHTy. CamMo MoHsI-
THE CEKYH/Ibl KaK «KBAHT» BPEMEHHU UMEET CBOM ITAJIOH. DTUM STAJIOHOM SIBJIsleTCsl 9 MUJUTUAPIOB
192 mwmnona 631 Teicstua, 770 KoebaHMii aTOMa XUMUIECKOro dieMeHTa 11e3usi- 133. Mbl He OyneM
00CyX/1aTh, IOYEeMYy UMEHHO KoJieOaHus aToMa 11e3us- 133 mpuHATH 3a 3TaIoH BpeMeHu. [Tpodiema
B JIPyTOM.

HayuHble paOOTHHKM KCIIEPUMEHTAILHO YCTAHOBWIIM, YTO BCE MOJICKYJISIPHBIC COCUHEHUS
aToMa TOro e TIePBOPOHOTO MPOCTEHINEr0 XMMHUYECKOTO JIeMeHTa «BOAOPO/», KOTOPBIA COCTOUT
Y3 OJTHOTO MPOTOHA W JIEKTPOHA, ¢ MOMEHTa cOTBOpeHusi Beceaennou, a 3naunt, 15 M-
apJIoB JieT Ha3a/] HAYaJu HeNpepbIBHO K0JIe0aThCsl ¢ MPUCYIled UM YacTOTOI, H KoJ1ed-
JIOTCS 10 CHX MOpP 0e3 Besakux m3MmeHeHunil. Kak TyT He moBepuilb, 4TO Ha 3TH KOJieOaHHSI
He pacxojyeTcsi HUKaKasi SHeprusi ? Beip kK ToMy ke 1 Macca aToMa BOJOpOJa CO BpeMEeHeM He
MeHsieTcs. Takue KoeOaHusl COBEPIIAIOT aTOMbI BCEX XMMHUUYECKUX 3JIEMEHTOB Tabmiibl MeHperne-
eBa, KOTOpbIe OBLTM COTBOPEHBI BCEJICHCKOM MaTepuel Ha 6a3e epBUYHOr0 atoma Bogopona. U uaro?
Bce oHM ycrienHo cymecTBYIOT B OrPOMHBIX TPOCTPAHCTBEHHBIX U BDEMEHHBIX paMKaX B MAJUTAAP/IbI
JIeT, a MX KoJleOaHW sl HUKAK He BIUSIOT HU Ha UX BHYTPEHHIO SHEPreTUKY, HU Ha UX Maccy. A aymaio,
YTO 3TO U €CTh CAMOE INIAaBHOE, KaK TOBOPUTCS «O0e30TOOMHOE» JOKA3aTeIbCTBO, YTO SHEPTHsl U Macca
BCEJICHCKOW MaTepuu CO BpEMEHEeM He MEHSETCsl, a OCTaeTcsl BeIMUMHON NocTosiHHOU. Ecam 3To
Tak, To Oyayllee cBopaunBanne BcejleHHOH B MOTEeHIHAJIbHYIO TOUKY €CTh 0€eCcCMbICJIEeH-
HbIIl CAMOYHHYTOKAIONMINI aKT CJIeNoi NPUPoabl. Pa3yMHbIN YeoBeK B 9TOM ciiydae, 00s13aH
MIPUJIOKUTH BCE CBOM TBOPUYECKHE CHITBI, YTOOBI TIOJIOMATh 3aKOHBI CJICTION MPUPOIBI M PETIOTBPATUTD
aKT CAMOYHUYTOXEHHSI MaTepuasibHOro Mupa. Ho Takoi B3Iis/q Ha 1eJI 3€MHOI "KU3HH 4eJI0-
BeKa He eCTh HCTHHA, a eCTh JIO’)KHOe 000JIbIIleHIe Pa3yMa YeJIOBeKa.
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3. B yem npuuyMHa JOKHOCTH HAYYHOT0 MaTepuaan3ma?

Bce 01 310 OBLIO MPaBWIILHO, €CTU Obl MaTepvst U SHeprust BceneHHOW He pacXoloBasiCh U
HEoOpaTUMO He pa3pyIaich OECUMCIICHHBIM KOJIMYeCTBOM BCelIeHCKHX 3Be3/1. Macca ColHia orie-

2
HuBaercs, Kak 2 x 10?7 Ton, IIPY 9TOM €XEeHEBHO 3Ta Macca Ipeodpas3yercs B TyUeBYIO SHEPTHIO B

pasmepe 3 x 10! ToHH co6eTBeHHOrO Beca 1 6e3B03BpATHO pactiblisiercss. 171a3 ueoBeYecK il BUnT
B 0€300/1a4HyI0 HOYb IIECTh THICSY 3Be3]l, @ MOXET ObITh, U OoJbiiie. C MOMOIIBI0 COBPEMEHHBIX
TEJIECKOIIOB yUEHBIE aCTPOHOMBI BUISAT ellle OOJblliee KOJINIECTBO, HE TOJIBKO OTIEbHBIX 3B€3]], HO
Y TAJIAKTUYECKUX 0Opa30BaHUM, COCTOSIIMX U3 TAKOTO ke OECUMCIEHHOTO CKOTIIEHHS 3BE3/1, IEPO
PACTBUISIONIMX CBOI0 MATEPUIO B BU/IE JTyUE€BOW SHEPTUHU 110 OKPYXKAIOIIEMY BCEJICHCKOMY MTPOCTPaH-
ctBy. Hey:ke/iu MmaTepusi Tak Tyna, 4To 6€cCMBbICJIEHHO PAacxoyeT cOOCTBEHHYI0 Maccy, Ha
OecnpepbIBHbIE H3JIy4eHHsI HA NPOTsiKeHuN 15 muwumapaos Jet? Ecnu 3ta 3Be3aHas Jtyde-
Basi SHEPrusl COXPaHsETCsI B KOCMIUUECKOM BaKyyMe IMPaKTUIECKU B HEM3MEHHOM BH/IE, JIMIIb CJIerKa
TMO/IBEPrasich «KpacHOMY» CMEIIEHMIO, TO ToueMy BceneHHast He B30opBasiach OT TEIJIOBOTO Tepe-
rpesa? JIMUHO MHE OTKpBLT I7Ia3a Ha TPUPOAY CUIIBI, KaK MCTpeOuTess BCeJIeHCKoW sHeprud, Jleo-
Hapao Ja Bunun. Ho u gpyrue cpeqHeBekoBble TeHUMM HAayKW, UCKPEHHeEe Bepyloiue B bora, Bpoze
JlefiGHMIIa, HEMAJIO MONOKUIA TBOPYECKUX CUJI, YTOOBI TIOKa3aTh, YTO BCEJICHCKAs SHEPrusl HeoOpa-
THMO yObIBaeT. A MH(pOpMaI¥sl He BHIPAIIIMBAETCS cama 1o cebe Ha MaTepuu, a IPUBHOCKUTCS B HAIII
MU SBOIIOIMOHHBIMH MOPLMSMHU U3 UH(POPMAITMOHHOTO MpocTpaHcTBa bora, KoTopoe oTaeneHo oT
HAalIero MpoCTPAHCTBAa HEMPOXOAMMOW OOOJIOUKOM /1JIs1 BCSIKOM MaTepuaibHOu cymHocTy. [loyemy
yueHble He CJIBIIIAT rooca Bhiaolerocs ¢pusuka Knaysuyca u Jpyrux reHueB 1Mo U3y4eHHIo Tep-
MOAMHAMHYECKUX IpoueccoB? OHM TOBOPUIM U TOBOPSAT O TOM, UTO Ka/Iblil TEPMOJUHAMUYECKUI
MIPOILIECC CBSA3aH C UCHOIHEHNEM paboThl MPOTUBOAEHCTBYIOIIMX BEKTOPOB CUJI, M TIPH STOM HIepBUY-
Hasl SHeprusi HeoOPaTUMO TepsIeTCsl, MOPOKAAST U3 TOH JKe JTyUeBON SHEPTrUM 3BE3]1 TEIUIOTY U SHEp-
TUIO MOJIEBBIX CTPYKTYp. Terutora Toxe He BeuHa. Eciit Obl TeruioBast SHeprusi He ucTpedsiiach Marte-
pUeil Halllero TUIAHETHOTO TeJla, TO 3a MATh MIUIMAPIOB JIeT Haile pogHoe COJHIIe MpeBpaTuiio Obl
3eMTi0 B pacKaJIeHHbIH 11ap.
Ho 3emiis1, Bonpeku 3aK0OHY COXpaHeHHsI YHePIruM, He TOJIBKO MTPEBPATHIIACh U3 PACKAJICH-
HOTO TeJla B XOJIOAHYIO TUIAHETYy, HO U MOpoIuia Ha ceOe KU3Hb BO BCEM ee pa3HOoOpasuu, B TOM
YHCIIe U CAMOTO YeJIOBEKa, KOTOPBI BO3OMHIII ceOsl BEHIIOM IMPUPOLIBI, CIIOCOOHBIM MEPECTPOUTD
apXUTEKTypy BceneHHOW M M3MEHUTh ee SBOMIONMIO TI0 cBoeMy ycMoTpeHuio. Ho naBaiite BMecTe
OCMBIC/IUM, KaK ke 0e3 3aTpaTbl COOCTBEHHOW SHEPruu, TOT ke aToM lie3usi- 133, coBepimaer Homnee
9 MUJUTMAPIIOB KOJIEOAHWIA B CEKYH/IY, U TIPY 9TOM He TepsieT HU COOCTBEHHON MacChl, HU COOCTBEH-
HoW sHeprun? Beab yueHble CBOMMH NPHOOPaMH PerucTPUPYIOT 3TH KoJieOaHusl, a 3HAYHUT,
JUISI IPOU3BO/ACTBA 3THX KOJieOaHuil aTOM 1e3usi-133 npon3BoauT padoTy HEKOTOPOIi CHJIbI
U TPATUT HA 3Ty PadoTy KaKylo-To dHepruro. Ecim Ob1 paboTa He coBepInanach, TO Mbl HUKA-
KM CII0cCOOOM He MOTIU Obl 3aperucTprupoBath KojeOanus aroma. He cienyer 3a0bIBaTh, YTO M Ha
CO3J]aHNe BEKTOPA CHJIBI MIPUTSIKEHUSI K JPYTMM MaTeprajibHbIM TejlaM, TO €CTh, Ha IEMOHCTPALIUIO
COOCTBEHHOUM Macchl, JIIOOOW aToM, B TOM YHCJIe U aToM Lie3us- 133 TpatuT sHepruio, nOO HeJIb3sl
NOPOJUTH BEKTOP CHJIbI, He 3aTPATHB YacTh SHEPTrUH HA €ro Mmopo:kjaeHue. Yrto xe y Hac
nonyyvaercsi? Tak kak macca aroma 11e3usi- 133 He MeHsIeTcsl, TO Wiv aToM 1ie3usi- 133 sBiisiercs reHe-
paTopoM SHEPruu, KOTOPYIO OH TMOPOXKIAET U3 COOCTBEHHOM CYIIHOCTH, WM OH BCE-TaKU MOTPeO-
JISIET KaKyl0-TO SHEPruio, KOTOPYIO HayKa He MOXKET 3aperrcTprupoBaTh. MHOro pa3 JiykaBble padoT-
HUKY HayKW HACTYNaJM Ha COOCTBEHHbIE TpadiM M M300peTan «BEYHBIN OBHUrartesb». Ho Beskuii
pa3 3T rpadbiau OONBHO OMIIM TAKMX JIYKAaBIEB OT HAYKH IMPSIMO B UX «BBICOKOHAYYHBII» J100. B
KOHIle KOHI[OB, (DAKT, YTO SHEPIHI0 HeJb3sl PA3MHOKUTH M MOPOJUTDH U3 «HUYETr0», CTAJ
O/IHUM U3 OCHOBoMoJarawomux ¢pyHaaMmeHToB Hayku. B Poccuiickoil akaneMun Hayk co3/iaH
Jaxe OTae Mo OopbOe C JKEHAYKOW, KOTOPBIH BO3IIABJIsAET HEKUI «reHui» Dayapa Kpyrisakos. Ero
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JIMILIO CTAJIO OYEHb YACTO MOSBJIATHCS HA SKPaHaAX TEJIEBU30pa, a 3HAUMT, C HAYKON HE BCe B MOPSIKE.
ITOT «TeHMIT» U300peTaTesiell HeCTaHIaPTHBIX METOIOB MOTyYeHUsT SKOJIOTMYECKH YUCTON SHEPTHH,
Harpumep, U3 atMocgepsl Bo3ayxa 0e3 BCSIKUX MPOBOJOB, Cpa3y ke «MOTraHoi» METJION BBITOHSET
13 Xpama HayKd, KakK MPOXOAUMIIEB M ITTIapIaTaHOB.

A xaib. Begp MHOTHE HecTaHAApPTHBIE N300pETEHHU S, KOTOPbIE He BITUCHIBAIOTCS B pAMKU MaTe-
puaI3Ma, OCHOBAaHBI He Ha MPUHIIMIIAX TCHEPUPOBAHUS WM PAa3MHOKEHUsI SHEPTUU, KOTOPBIE JIeH-
CTBUTEJIHHO SIBJISIOTCS HAYYHBIM a0CYPIOM, a Ha TPUHITUIAX cOOpa TOHKUX SHEPTUil U3 OK Py XKaIoIIen
cpenbl. MOKHO, HAaIpUMeP, CO3/1aTh YCTAHOBKY BAaKYyMHPOBaHHUS, KOTOPasi, pacxoays Ha
CBOIO pa00Ty OAMH KHJIOBATT SHEPrum, Oy/1eT cnocodHa coouparh u3 armocgepsl Bo3ayxa
10 kusoBarT JjeKkTpuueckoil SHeprun. Ho 310 ke He BeuHblil ABUrareJib! Takas ycraHOoBKa
Oy/IeT He TIOPOKIaTh SHEPTUI0 U3 «KHUUYETO», a COOMPATh €€ U3 TOHKUX IMOJIeBHIX CTPYKTYp. [Ipuyem,
dopmansro KITJI Takoii ycTaHOBKH OymeT OJM30K K HYJIEBOMY 3HAUSHMIO, TaK KaK YCTaHOBKA CITO-
coOHa OTOMpATh JIMIITL MATYI0 YaCTh SHEPTUU U3 TOTO OTPOMHOTO KOJIMYECTBA TOHKOW SHEPTUu, KOTO-
poe MpHUCyTCTBYeT B 3eMHOM atMocdepe. Ho peasbHO, O COOTHOIIEHUIO MOTPeOIIsIeMOi ¥ TTPOU3BO-
aumvoint mortHoctH, KITJT takoii ycraHoBkm Oynet paBed 1000 mporientoB. Ho BepHeMcsl K Haremy
aromy 11e3us- 133. He Oymyuu reaepatopoM SHepruu, oH 00si3aH ObITh MOTPeOUTEIeM SHEPTuH, HHAYE
HE cMOT OBl JUTUTESTBHO CYIIIECTBOBATH, 1A €Ille TIPY 3TOM U «IIeBEJIMThCS» C YaCTOTOM BhIITIe 9 MUJI-
apaoB repil. I3BecTHO, UTO BCSAKAs JKUBAs KJIETKA, Kak U JIIOOOW KUBOM MUKPO— WJIM MaKpoopra-
HHU3M, BKJIIOYask CAMOI'0 YeJIOBEKa, KaK «BEHI[a» M OyIyIIero TeJIECHO OECCMEPTHOTO «ITOBETUTEIS»
3eMHOrO Imapa 1 CoTHEYHOU CUCTEMBI, 8 MOXKET ObITh, M Bcell BcenleHHOM, He MOKET JITUTENTBHO CYIIe-
CTBOBATh 0€3 KMCIOpOojIa 3eMHOU aTMOcdepbl, BOIBI U MUIIHM TejiecHO. HeBepytorue B Bora yueHbie
JIOIM, €AAT 3Ty NUILY, KaK JAaHHOCTb CAaMOI MEPTBOM U TYNOM MPUPO/IbI, HUCKOJIBKO HE JyMasl, O ee
O0XEeCTBEHHOCTH, a BOT BepyIOIlve JOIU Beeraa Onarogapar bora 3a x1e0 HacymiHbii. B MonuTBe
Nucycopoii ckazano: «[la Oyner Boss TBost u Ha 3emiie, kKak Ha HeOecax. XJieO Halll HACYITHBIA Jai
HaM Ha KaX[plil TeHb». KOHEYHO ke, yUeHble MaTepUAIMCThI CUUTAIOT BEPYIOIIUX JTIOICH PeTUruo3-
HBIMU (DaHATUKAMU W HEJIAJIEKUMU TYIHUIIAMHU, KOTOPbIe He BUISAT «OUEBUIHOW» PEAbHOCTH, YTO
XJieO HACYIIHBIN, KaK U BCAKYIO MUIIY /I A0COMIOTHO BCEX KMBBIX KJIETOYHBIX MUKPO— U MaKpO-
OpPraHM3MOB JaeT cama npuposa. [Iprdem JacTh KJIETOYHBIX OPraHM3MOB IMUTAETCS HE TOJBKO pac-
TEHUSIMH, HO ¥ C OTPOMHBIM YJOBOJIbCTBHEM U a3apTOM IOeJaeT Ipyrue KUBbie KJIETOYHbIC Opra-
HU3MBL. JTOKAYECTBO SMU30INYECKOro MOeJaHNsl *KUBBIX KJI€TOYHbIX OPraHUu3MOB, NOCJe
HX yOuiicTBa M CIENUAJIbHOr0 MPUTrOTOBJIEHHUS, PHUCYIE U CAMOMY 4Y€JIOBEKY, KaK BEeHILY
NPHUPObI.

Ecnmu kUBOU KJIETOYHBIA OPraHu3M CJIOKHOW MepapXyu JIMIIUTh KUCJIOPO/a, TO OH IMOTHOHET
B T€UeHUE HECKOJIbKUX MUHYT, €CJIU JIMIIUTH BOJIBI, TO OH TIOTMOHET B TeUEeHHE HECKOJBbKHUX CYTOK,
a eCJY JIMIIATh NPUBBIYHOM ISl HETO IMUIIM, TO )XUBOH OPraHU3M CJIOKHOW KJIETOYHOU MepapXxuu
00s13aTeJIbHO YMpET, CITyCTsI HeMpoAO/KuTeIbHOe BpeMs. Kuciaoposa, Boaa u nuia ectb 60:ke-
CTBEHHAs] TPOUYHOCTH I o0ecredeHNsi BpeMEeHHOro 6eccMepTHsI BCeX BHIOB KHBBIX
KJIETOYHBIX OPranu3moB. [Ipu 3tom camo «OeccMmepTre» oOecrednBaeTcsl FTeHHOM HaceCTBEeH-
Hoctbio [JHK-Monekys, yepe3 ymupanue npex/ie poxkJEHHBIX TTOKOJIEHUI JAaHHOIO MHOKECTBA BU/A
Y HAPOXKICHUSI HOBOT'O MHOECTBA TIOKOJICHUH IAaHHOTO BU/a. PacTeHust OTIM4yaloTcst TONBKO TEM, UTO
OHU TIOMJIOIIAIOT B KAYECTBE OJIHOM U3 COCTABJISIONIMX 3€MHOW MUIIYU YIJIEKUCIBINA Ta3, a BbIIEISIOT
kuciopon. Ho eciu Obl pacTeHust 3TOro He Jiesialiv, TO HEBO3MOKHO OBbIJIO COXPAaHUTh BCE MHOTOO00-
pas3ue KJIeTOYHOM KU3HU, KOTOpast B Mpoliecce KU3HeAeATeTbHOCTH TOTIONaeT KUCIOPO. U BbIJe-
JISIeT YIJIEKUCTIbIN ra3. DTO CBOWCTBO KUBOM MPUPObI, CYIIECTBOBATh KAK KUBOW OPraHU3M 3a CYET
TOTO WJI MHOTO BH/IA MUK, HEBO3MOKHO OCIIAPUBATH.

OHO NPUHATO HAYYHBIM MIPOBBIM COOOIECTBOM KaK aKCHOMa, KOTOpasi He TpedyeT
HHUKAaKHUX J0Ka3aTeJabcTB. Ho eciiu 3ta akcnoma JEHCTBYeT Kak peaslbHOCTh JIJIsT KMBOW Mate-
puu, TO 1o moaoouio boxkwuio, mouemMy oHa He JIOJKHA JEHCTBOBATh 1)1 MaTepuaibHoro mupa’? Kro
«YMEPTBWJI» MaTepHio, OT/AeJHB €€ OT MUPA *KUBOTHBIX U PACTeHUI, U MPUIAYMAT s
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Hee JIOYKHYI0 aKCHOMY, YTO OHA MOJKeT CylleCTBOBATh 0e3 NoTpel/ieHHusI SHepreTHYeCKo
numm? D10 cAenany JyKaBble MaTepUATUCTBI M TEM CAMbIM He TOJIbKO caMu ceOs1 3arHam B «0e300-
’K1e», HO U TPOJIOJIKAIOT MIUTATh 3eMHOE YeJIOBEYECTBO JIOKHBIMU MILTIO3UAMHU, YTO MaTepus He3a-
BucrMa oT bora, 1 MOXeT KUTh BEUHO 0e3 MOoTpeOIeHus1 KaKoH-T1O0 MUY B BU/IE TOHKOW SHEPTUM
MOJIEBBIX KBAHTOB MaTepHalbHOro Mupa. JIo0oil aToM WM MOJeKyJa, Kak U Jio0oe MaTepuaibHOe
TEJO, COCTOSAIIIEE U3 MHOXKECTBA XMMUUECKHX IEMEHTOB U MX COeJMHEHHI, TOJOOHO )KUBOMY CYIIe-
CTBY, )KMBET 32 CYET BHEUIHMX MCTOYHWKOB SHEPruM, yoTpeOssis 3Ty SHEPrui0 B KauecTBe COO-
CTBEHHOW NuINK. [IpruemM Kaxaplii aTOM XMMHUYECKOTO 3JIeMEHTa He SIBJISETCS] BCEMOXKUPAIOIINM
TPOIJIOAUTOM, & BBIOMPAET TOJIBKO Ty MHUIIY, KOTOPYIO OH CMOXET «IIePEBApUTh» U MepepadoTarh, U
OTOpAacChIBAET BCAKYIO SHEPIeTUKY, KOTOpasi eMy HEMPUTrOHA ISl MUIIIH.
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4. ITumeBasi SHePreTUKa XUMUYeCKUX
3JIEMEHTOB Ta0aunbLI MeHaeaeeBa

[Ipexae yeM roBOpHUThH O MUIIEBON SHEPreTUKE XMMUYECKUX JIEMEHTOB, HAJI0 CKa3aTh, YTO
XUMHUYECKHUE JIEMEHTHl POAUJIUCH HE OMHOBPEMEHHO, a B CTPOTOM MOC/E0BATEIBHOCTY CEMH TEpH-
O7I0B BpEMEHH, C TIOCTETIEHHbIM HapalllMBaHUEM aTOMHBIX MacC Ha OJVH WJIM JIBa IIPOTOHA WK He-
TPOHA, TIPU COOMONeHNN OanaHca OOIIero KOJIM4ecTBa MPOTOHOB M HEUTPOHOB B OJJHOM aTOMHOM
SIIpe XUMHUYECKOTro dneMenTa. [Ipu 3ToM o000l CTapIIeKIaCCHUK 3HAET, YTO BCE XMMUYECKHUE dJie-
MEHTBI 00pa30BaHbl TOIBKO U3 JBYX MEPBUYHBIX MaT€PUAIBHBIX KBAHTOB MAcChl, B BUJE MTPOTOHA U
anekTpoHa. Beap uto Takoe HeWTpoH? HeWTpOH ecTh coeqHEHNe POTOHA U JIEKTPOHA, C Y4aCTHEM
YaCTUIIB HEUTPHHO, TOITOMY, CKOJIBKO B @aTOMHOM $1/Ip€ XMMUYECKOT0 JIEMEHTA 3aKJII0YEHO HEUTPO-
HOB, CTOJIbKO TaM HAaXOAMTCS M TIOTJIOIIEHHBIX 1eKTPOHOB. POpMaIbHO aTOMHBIN Bec JII0OOro
XHMHYECKOro 3JieMeHTa MOKHO OLleHHBATh He MO0 KOJHYeCTBY HEHTPOHOB U NMPOTOHOB,
a 110 KOJIMYeCTBY NPOTOHOB H 3JEKTPOHOB. [Ipy 3TOM aTOMHOE SAPO XUMHUYECKOTO JIeMEHTa
YCTOMYMBO, U CIIOCOOHO [UIMTEIBHO CYIIECTBOBATh BO BPEMEHHU, €CITM KaXIblid MOTJIONIEHHbIN SJIeK-
TPOH 00CITy)KMBaeT He OoJiee IBYX MPOTOHOB. [loueMy s MbITaloch N3MEHUTh IIPUBBIYHYIO CXEMY pac-
CMOTpPEHHS1 aTOMHBIX Si/Iep, KOTOPbIE HaM HaBSI3bIBAET aTOMHAs MJIM KBaHTOBast pusuka? [loromy uro,
HE OTpHUIIasi IPYTUX BaKHEHIINX poJiell, KOTOpbIe UTPAET MEKTPOH B CTPYKTYpE aTOMHBIX Sifiep, U B
CTPYKType CaMHX aTOMOB M MOJIEKY/T XUMHUYECKUX JIEMEHTOB U UX COCMHEHUH, B CBOell HAy4HO-
¢dunocodckoii padoTe s paccMaTPUBAI0 YJIEKTPOHBI KAK SHEPreTHYECKNX KOPMIJIbIEB
NPOTOHOB M HEMTPOHOB aTOMHBIX s1/lep BcexX 0e3 MCKJIIYeHHs] XUMIYEeCKUX IJeMEeHTOB.
VckpeHHee ynuBIIeHUE U BOCXUILIEHUE BBI3BIBAET TOT (DAKT, YTO HE CaMH MPOTOHBI ATOMHBIX SIAEP
BBIOMPAIOT, YTO M yMOTPEOIATh B KAUECTBE SHEPreTUUECKOM MUIIH, A 32 HUX 3TO JIENIAI0T JIEKTPOHBI,
PYKOBOJICTBYSICb BHYTPEHHUM HECTHUPAEMbIM MH(OPMAIIMOHHBIM (haiiJIOM aJrTOPUTMHUYECKOTO THIIA.
Eme Gosbiniee yauBiieHHe BHI3BIBAET TOT (PAKT, YTO BECh MaTepHasIbHBIA MUp BeeneHHo!, Bce XUMu-
YeCKHUe IEMEHTHl ¥ OTPOMHOE Pa3HO00pa3re COSANHEHUH STUX JIEMEHTOB OPraHUYeCcKOro U Heop-
raHMYECKOTO THUIA, BKJII0Yasi, OMOJIOTMUECKIe CTPYKTYpPhI KUBBIX KJI€TOK 1 Xpomocombl JTHK-morne-
KyJI, HOCTPO€HbI TOJbKO U3 NPOTOHOB H YJEKTPOHOB € Y4aCTHEM YACTHI] HEHTPUHO .

VueHble MHE CKaXyT, YTO €CTh K€ OCKOJIKM JeJIeHUs] aTOMHBIX sIIep U €CTh NepeyeHb, Mpu-
MepHO B 200 HaMMEHOBAaHUI, BCEBO3MOXHBIX JIEMEHTAPHBIX YACTUL, KOTOpPbIE IMOIYYaloTCsl B
pe3yJbTaTe «0oMOAPANPOBKM» aTOMHBIX siIep OBICTPOJIETSAIIIMMU MMPOTOHAMH WM SIIPAMU PYTHX
XUMHUYECKUX 37eMeHTOB. Yero Tam Tonbko HeT! He Oyny 3a0MBaTh MO3ry yMTateseid ux Ha3BaHU-
ssvu. CKaxy TOJBKO, UYTO BCE OHM Pa3OMTHl HA IPYINITbI, B 3aBUCUMOCTH OT MAacChl, KaXaasi U3 KOTO-
PbIX COOECPKUT YaCTHIIBI M aHTUYACTUIBL. Kpome Macchl, B OCHOBHbBIE XapaKTEPUCTHKH JIeMEeHTap-
HBIX YaCTHUI] BXOAST UX MEKTPUIECKUI 3apsifl, CIIMH BPAIIEH! s, BpeMsl )KHU3HH, a TAaKXKe apaMeTphl 1
MOPSIIOK B3aMMOJIEHCTBUN ¢ APYTUMH YaCTULIAMU ¥ aHTUYacTUIIaMU. MBI He OyzieM MogpoOHO BHU-
KaTh B KBAHTOBYIO U SIIEPHYIO (PU3MKY, & BbIJEJHM U3 BCEero MHOKeCTBA YaCTHIl Te, KOTOPbIe
CNOCOOHBI K UVINTEJbHOMY H CTa0HJIbLHOMY cyliecTBoBaHuw. FIx He Tak MHoro. Utak, no
MHEHUIO YUEHbIX, U3 TeX YaCTHUIl, KOTOpbIe He MPOSIBIISIOT CBOEH MACChl, CTAOMIIbHBI TOJTBKO (POTOHBI
Y TP BUJIA YaCTHUII TIOJ OOIIMM Ha3BaHHEM «HEHUTpUHO». CTaOUIbHOCTh (DOTOHOB HE HYKHAETCS B
noaTBepkaeHnr. CBET OT caMbIX JaJIbHUX TAJAKTHK M 3B€3]] Mbl HaOMoOgaeM, OTOMY 4TO (POTOHBI
cTaOWIIbHBI, HO He OyaeM 3a0biBaTh, YTO (DOTOHBI, MPOABUrasiCh CO CKOPOCTBIO CBETAa OT JAJIBHUX
UCTOYHUKOB B COJIHEYHYIO CUCTEMY, TEPSIOT YacThb CBOEW SHEPruu, 4To orpenensercs 3¢ dexTom
«KpacHOro cMerieHus». Hayka mokazasa cTaOUIbHOCTh «HEUTPHHO», 32 UTO ed OOJbIIoe cracuoo,
HO OHa MaJIO YTO TOBOPUT 00 UX CBOMCTBAX, KOMYECTBE M HA3HAUEHUH, TAK KaK MOXKET 3aperucTpu-
pOBaTh JIUIIL OBICTPOJIETSAIINE «HEUTPUHO». B OTIMUYKE OT BCeX APYrMX YacTHII, OBICTPOJIETSIINE
«HEUTPUHO» TPOH3AI0T 3eMHOM I1ap, HE BCTyMasi BO B3aUMOJEWCTBUSI, OYATO TO HE MaTepus, a IiTy-
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O0Kui BakyyM. Busmmo 1o 3Toii npuyrHe, Kak Obl [0 YMOTYAHUIO, (PU3UKH CIUTAIOT, YTO YHCIEHHOE
KOJIMYECTBO «HEUTPUHHBIX» YACTHUI] HE3HAYMTEIBbHO. 371eCh OHU IITyOOKO OIIMOAIOTCS.

Beab coBepiieHHO 0Ye€BHIHO, YTO KOT/JA si/iepHbIe PeaKIHuH MPOXOJAT ¢ MOIJIoNIe-
HHEM «HEHTPHHO», TO 3TH «HEHTPHHO» HEOOXOAUMOr0 THUIIA BCEra HAXOAsTCs B JI000M
o06JacTH ecJiM He BCcero npocrpancrea Beesiennoi, To, no kpaiineii mepe, B atMmoccepe u
MOBEPXHOCTH 3€eMHOI0 mapa.

Ho ckonbko s He uzyuain crareid IHTepHeTa 1o 3ToMy BOIIPOCY, MHE TaK M HE yAaJ0Ch HAlTH
OTBET: OTKYJa MPOTOHBI M JJEKTPOHbI HAXOJAT HENMOABUKHbIE YACTHIIbI HEHTPUHO IJIsI
sIIEPHON peaknuy Nepexoja MpPOTOHA B HEMTPOH? A TakkKe, MOYEMY 3TH «HEOBIIKHbIC»
HEUTPUHO He OOHAPYKUBAIOTCS M HE PETUCTPUPYIOTCS HUKAKUMK COBPEMEHHBIMU PETUCTPATOPAMHU
«OBICTPBIX» HEUTPUHO WM IPYTUMU HayYHBIMHU MPUOOpaMU U ycTpoiicTBamu? Takoi nH(popMarm
HET He MOTOMY, YTO OHA CEKpEeTHa, a TIOTOMY, YTO camMa HayKa He MMEeT CIIocOOOB 3aperucTpupo-
BaTb «Me/IJIeHHbIe» HeUTpuHO. [IpobieMy Ha3HauUeHUs U BA)KHOCTU HEUTPUHHBIX YACTHUI] MBI OylieM
paccMaTprBaTh B CJAEAYOIIMX IJIaBax, KOrJa NepeiaeM K MPUHIUITY 0Opa30BaHusI JyueBOM SHep-
T COJTHEYHOro m3nydyenus. Kak pa3 mo HHTEHCHBHOCTH peajibHOr0 MOTOKA ObICTPBIX Heil-
TPUHHBIX YACTHI[ COJTHEYHOT0 M3Jy4YeHUsI MOKHO cJeJaTh BbIBOJ, uTo Ha CosHie uaer
He TepMOsiiepHasi peaKusi CHHTe3a «TSKeJbIX» silep XHMHYeCKOro JieMeHTa reJiust u3
NPOTOHOB aTOMOB BO/I0P0/1a, a MOJHOE Mpeodpa3oBaHue OOJILIINHCTBA IPOTOHOB BMeCTe
€ UX JIEKTPOHHBIMH 000JI0YKaAMH M YACTHIIAMH HEMTPUHO B NAKeThI (POTOHOB COJTHEYHOTO
crneKkTpa mu3iaydeHust. POTOHBI COITHEYHOrO M 3BE3IHO-KOCMUYECKUX HM3JIyYeHU 00eCcrevrBaioT
3eMHYIO XKU3Hb, MUTAIOT SHEPruel BpallleHne 3eMHOTO Iapa U 00eCcTieunBaloT Oe30M0pHOe epeMe-
IIEHKe TUIAHETHI 10 ee COMHeYHOU opouTe. Kpome Toro, (hyHKIIMOHUPOBAHKE KOMMYHHUKAIIMOHHBIX
ceTell BCeX BUJIOB CBSI3W, B ToM uucie u MHTepHera Toxe oOecrieunBaercs ¢oronamu. Ho Bce-
TaKH eCJIM TOBOPUTH O KOJMYECTBe, 0 YeM HayKa yMaJuHBaeT, TO HAJ0 CAeJaTh BbIBOJ,
YTO «HEHTPUHHBIX» YACTHUIl B MAaTePUAJILHOM MHpPe CylleCTBYeT HeM3MepHMo 00Jiblile, 4YemM
poTOHHBIX KBAHTOB. [1poCTO M3-32 UX HU3KOW SHEPIUU Y HAYKH HET YyBCTBUTEIBHBIX MPHOOPOB
IJIsI PETUCTPALU MEJUICHHBIX «HEUTPHHO», KOTOPHIMU OYKBAJILHO HATIOMHEHBI BCE MEXATOMHBIE U
MEKMOJIEKYJISIPHBIE TTPOCTPAHCTBA MATEPUATIBHBIX TEll.

N3 tex Gonee 200 3meMeHTapHBIX YaCTHII, KOTOPbIe 00JIAIAI0T MacCOM, CTAOMIIBHBIMU SIBJISI-
I0TCSI TOJIBKO 3JIEKTPOHBI, IPOTOHBI M HEUTPOHBI. OJHAKO 3Ta CTaOWUIBHOCTh TpeOyeT MOsSICHEHHUS.
JeHCTBUTEJBLHO CTAOMIBHOM MaTe PHAJLHON YaCcTUIIEH, KOTOPAs MOXKeT UINTEJbHO Cylle-
CTBOBATH B YCJOBHSX IUVIAHETHBIX TeJI, HA/10 NPU3HATH TOJbLKO YAaCTHILY JeKTpoHa. Mex-
aTOMHOE U MEXMOJIEKYJISIPHOE TIPOCTPAHCTBO BCEX JEKTPOIPOBOTHBIX U JaXe HEIEKTPOIPOBO-
HBIX MaTepUAJIbHBIX TeJI, B TON UM UHOW CTETIeHU, 3all0JTHEHO 1eKTpoHaMu. Kpome Toro, B Kax10M
aToMe U MOJIEKYJIe XUMHUYECKOTO IEMEeHTa IPUCYTCTBYET TO WJIM MHOE KOJMYECTBO YaCTUYHO BUJIO-
M3MEHEHHBIX JIEKTPOHOB, B BUJIE IEKTPOHHBIX OpOUTAJIEN 3aIIUTHBRIX 000104eK. Yem Oorblie Macca
aTOMHOTO sI7Jpa ¥ YeM JaJjbllle OTCTOUT XUMHUYECKHIA JIEMEHT M0 CBOeMY TOPSIKOBOMY HOMEpY B
Tabnuiie MeHzieneeBa OT aToMa BOIOPO/Ia, TeM OOJIbIIIE Y HETO 3alUTHBIX CJIOEB JIEKTPOHHBIX OpOU-
Tajied, a 3HAYMT, U OOJbIee KOJMMUYECTBO M3MEHEHHBIX JIEKTPOHOB Tpedyercs Al oOecrieueHus
IUTUTENTBHOTO CYIIECTBOBAHMS XMMUYECKOTo d7ieMeHTa. bo:kecTBeHHOE Y C/I0 7 NPUCYTCTBYET B
tadaune MeH/eeeBa u onpe/easieT ceMb ePUOI0B, IOTOMY YTO XUMHYECKHe JIeMeHThI
Ka’K/10ro cJeaylonero nepuoa, 1Jisi ypeJuueHus CPOKOB MX *KU3HH, HAJIeJISI0TCS HOBOM
3alMTHOI 000JI0YKOH JEKTPOHHBIX OpONTAaIel. XMMUYECKUE IIEMEHTHI IECTOTO U CEbMOTO
nieprioia UMEIOT CaMble MACCHBHBIE aTOMHBIE SIpa U TOTOMY UMEIOT, COOTBETCTBEHHO, IIECTh U CEMb
3aIUTHBIX 000JIOUEK MEKTPOHHBIX OpOUTAJIel, HO Jake 3TO He JaeT UM TOTO CpOKa KU3HHU, KAaKUM
o0Ja/IaeT IepPBUYHBIA XMUMHUECKUI JIeMEeHT Tabuiel MeH ienieeBa, 1o Ha3BaHuem Boaopos. boib-
IIMHCTBO CAMBIX TSIKEJIBIX XUMUUYECKUX IEMEHTOB J0Jr0O He KUBYT. OHU MOABEPraioTcsl parioak-
TUBHOMY CaMOpacrialy 1 yMUPaIoT, 00pasysl Oosiee yCTOMUMBbIE XUMUYECKHIE IeMEHThI. [IpuanHbl
TAKOTO CaMOPACIIa/Ia TSKENBbIX JIEMEHTOB OYIyT pacCCMOTPEHBI B 3TOUM KHUTE.
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Crenyromast 0cOOEHHOCTb JIEKTPOHOB 3aKJII0YAETCS B TOM, UTO, M BCE XUMUYECKHUE JIEMEHTBHI,
3a UCKJIIOUYEHHEM BOJIOPOIA, BHYTPU CBOMX aTOMHBIX si/iep 00si3aTeJIbHO COJep KaT BHA0U3-
MeHEeHHbIe YJEeKTPOHbI, KOJTUIECTBO KOTOPBIX HAPACTAET IO JIMHEWHOMY 3aKOHY MPOMOPIIMOHAIb-
HOCTH, BMECTE C HOMEPOM XMMHUECKOTO 37ieMeHTa. TakuM 00pa3oM, YCTOMYMBOCTb aTOMHBIX SIAEP,
KaK 1 CTa0UJIbHAS] YCTOMYMBOCTD CAMUX aTOMOB U MOJIEKYJT XUMHUECKHX JIEMEHTOB 00ECTIeUnBACTCS
MIPUCYTCTBUEM B HUX BCTPOEHHBIX M BUJIOM3MEHEHHBIX JIEKTPOHOB KaK B aTOMHOM SifIpe, TaK U B
3aIIUTHON 0OOJIOUKeE.

Buaon3MeHeHHOCTD TeX JeKTPOHOB, KOTOPbIe MOIJIOeHbl AaTOMHBIMH sSIIPaMH, JJIsT
yueHbIX (DU3HKOB BIOJIHE 04eBUAHA. Hu onuH pU3MK-sIepuK He MOKET MOXBaCTaThCs, YTO
OH HaOJIOaeT MEKTPOHBI B aTOMHBIX SIApPaX XMUMUYECKUX JMEMEHTOB WJIM B OAMHOYHOM HEW-
TpoHe. BUIOM3MEeHEeHHOCTD JIEKTPOHOB 3aIIIUTHBIX OpOUTANEl He 00aJaeT MOJTHON OUYeBHIHOCTHIO,
1 motoMy Bo BpeMeHa Pesepdopna n Hunbca Bopa a1eKTpoHbI 3aUTHBIX OpOUTaseil CAMTaIN Ipo-
CTO «IITAPUKAMU», KOTOpPBIE TIEpeluId U3 MEKXaTOMHOTO MIPOCTPAHCTBAa Ha OpOUTAIBbHOE BpallieHue
BOKPYT' aTOMHBIX sifiep. YCHJIMSAMH HOBBIX MOKOJIEHUH (PU3MKOB STOT MPUMHUTUBHU3M Pa3pyllieH, HO
He /10 KoHIa. He BOaBasick B MOgpoOHOCTH, 3aMedy, UTO IJIaBHAsl OMIMOKA COBPEMEHHBIX (PU3HMKOB
3aKJII0YAETCs] B TPEX OUEBUIHBIX (paKTax.

Bo-nepBbix, (pU3MKKU HE JO KOHIIA MOHUMAIOT MH(POPMAITMOHHYIO U SHEPreTUYECKYI0 pOJib
JIEKTPOHOB HA 3AIUTHBIX OPOUTAJISIX ATOMHOTO Spa. DJIEKTPOHbI ABISIOTCSA «IepKaTeJsIMU»
ajaropurMudecknx (paiiioB, KOTOpble oNpeaesIIOT B3aUMOJAeHCTBUSI 1 Bce (pu3nvecKue
U XHMHYeCKHe CBOMCTBA aTOMOB U MOJIEKYJ NOJYMHEHHOT0 XHMU4YecKoro sjementa. Ho
pa3Be (PU3HKHN KOrJa-an00 ynoMHHAKOT 00 3ToM? Bo-BTOpbIX, 3/1eKTPOHBI OopOuTaNei
HAXOASATCSA B BHAOU3MEHEHHOM COCTOSIHHH, MIOTOMY 4YTO MepeJalT COOCTBEHHYIO MaccCy
caMOMy aTOMHOMY SIPY TOTr0 WJIH HHOr0 XHMHYECKOro 3jeMeHTa. B-TpeTbnx, 0cB0060-
JHUBIINCH OT MAaccChl, YJEKTPOHbI NPEBPAIAIOTCSA B HHTEJLUIEKTYAJbHBIX POOOTOB, KOTO-
pble, KOPMAT, (popMUPYIOT (PU3HKO-XUMHYECKHEe CBOIICTBA U 00eperalT aToMHOE sIpo,
KaK CBOIO COOCTBEHHOCTH. Kak Obl 3200TACh 0 COOCTBEHHOM Macce, BUIOM3MEHEHHBIE JIEKTPOHBI
3aIUTHBIX OpOUTAJIEN HAYMHAIOT UCTIOJTHSATH POJIb SHEPTETUIECKUX «CHAOKEHIIEB» BCEH MACCHI ATOM-
HBIX siep. O MHIeBOM CHaOXKEHUU W HETIPEPHIBHOM SHEPronoTpeOeH!H, Kak OCHOBE CTAOMIIBHOTO
CYILIECTBOBAHMSI KaKJIOTO OT/EIBHOrO aToMa WJIM MOJIEKYJIbI BEIIECTBEHHOTO MHpa, HayKa JIyKaBO
yMaJTYMBaeT U He 3aMeyvaeT ero. JTH MOPhI Ha IJIa3aX HAyKH H 3arOHsIOT ee B TYNUK TBOpYe-
CKOM NMITIOTEHIIMH.

CHaOkeHre OCyIIeCTBIISETCS] CAMBIM IPOCTHIM CLIOCOOOM. DJIEKTPOHBI C ONTPEAEICHHON YacTo-
TON OTKPBIBAIOT M 3aKPBIBAIOT «CTBOPKM» 3ALTUTHBIX 0O0JIOUEK Ha CTPOTO YCTAHOBJIEHHBIE JITST KakK-
J0TO XMMUYECKOT0 JIeMEHTa MaJlble OTPE3KU BPEMEHU ¥ BeJIMYUHBbI. 1 5T BeJIMUMHBI, Kak OyaeT
MOKa3aHo B CJIEAYIOIIMX IJIaBaX, HAXOASATCS B JUHENHOH WM 0o0Jee CJO0KHON 3aBHCHMOCTH
OT IUVIOTHOCTH U HAPY:KHOTrO JaBjeHus1. biarogapst 3Toi CTPOroil cOpa3MepHOCTH YacTOTHI U
MPOCTPAHCTBEHHOTO «3a30pa», TMOJ IEKTPOHHbIE OPOUTAIM MPOHUKAIOT B KAYeCTBE SHEpreThye-
CKOM MHUIIM aTOMHBIX SIJIEP TOJIBKO «M30paHHbIe» (hOTOHBI YACTOTHOTO CIIEKTpa JyueBou sHepruu. He
TOJIBKO YUEHBI MaTEPUAJIHCT, HO ¥ KaXK/IbIIl yUeHHK CTapIINX KJIACCOB Cpe/IHel KOJbI 3HaeT,
YTO CHEKTP NOIJIOmeHUsI (POTOHHON SHePrul HHAUBUAYAJIEH s KasK10ro XUMIYeCcKOoro
3JIeMEeHTAa, U SIBJSIETCSI CAaMbIM YYBCTBHUTEJbHBIM OIpe/eJiuTeseM JJisi OOHAPY:KeHUsI B
BelllecTBe /JaKe He3HAYUTEJbHbIX KOJIMYECTB TOr0 WM HHOT0 XUMHYeCKOro djeMeHnTa. Ho
YTO MPOUCXOAUT C MOTIOIIEHHBIMU (DOTOHAMU «M30PaHHOTO» CIIEKTPA U3 TyUYeHUI BHYTPH ITPOCTPaH-
CTBA aTOMa WJIM MOJIEKYJIbl XUMHUECKOTO IeMeHTa?

Hayka monaraer, 4to atomM WM MOJIEKY/1a, TOIIOTUB, HAIpUMep, Tpu (pOTOHA ONpeeIeHHOM
CYMMapHOW SHEprud, pOBHO Ha CTOJIBKO K€ TMOBHIIIAET CBOI0 BHYTPEHHIOIO SHEPreTHKY. 3a cuer
9TOW SHEPreTUKHU MEKTPOHHBIE OPOUTANIN MEPEXOnsAT Ha Oosiee BBICOKME SHEPreTUYeCKre ypOBHH,
YTO TMOBBIIIAET ITOJBHKHOCTb» aTOMa MJIM MOJIEKYJIbl ¥ IaeT MPONOPIIMOHAIBHBIN MIPUPOCT TEMITe-
parypsl. Ho BOT npuTok (pOTOHOB JIydueBOH SHepruy npeKpamaercsi, HampuMmep, Mo Npu-
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YHHe HACTYIUIEHUsI HOYH. [10 MHEHHIO YUeHBIX, aTOMBI HJTH MOJIEKYJIbl XUMUUYECKUX JIEMEHTOB, C
MOMOIIIBIO TPOCTPAHCTBEHHBIX «3a30POB», OPraHU30BAHHBIX YaCTOTHBIMH KOJICOAHUSIMHU JICKTPOH-
HBIX OpOUTaJIel], 0XJIa:K1as1Ch, CHOBA BbIOPACKHIBAIOT U3 CBOEro «4YpeBa» POBHO TAKYIO :Ke
NOPIMIO YHEPTruH, KOTOPYI0 OHH NOIVIOTIJIH B NPeAblAYIleM YaCTOTHOM I[HKJIE JIEKTPOH-
HO¥ opOuTamm. Takoe CBOICTBO BHITEKAET U3 3aKOHA COXPAHEHUs SHEPrHH, HO TO CBOHCTBO HE
COOTBETCTBYET peaHLHOﬁ HeﬁCTBHTCHLHOCTH U MIOTOMY HE ABJIACTCA SKCIEPUMEHTAJILHO YCTAHOBJICH-
HBIM U HAay4YHO TOATBEPKAEHHBIM (DAaKTOM, a SIBJISIETCS] IPYObIM HAYYHBIM JIOMBICTIOM U OOMaHOM.
UYrtoObl fOKa3aTh, YTO (POTOHHBIE KBAHTHI, HAIPUMEP BUAUMOTO COTHEYHOT'O CBETA, CTAHOBSITCS SHEP-
reTUYEeCKOW THIIEH JJIsi aTOMOB M MOJIEKYJl 3éMHOTO I11apa, He HaJo ObITh '€HHEM, a JOCTATOYHO
00paTUTbCsl K COOCTBEHHOMY KM3HEHHOMY OIIBITY U JIOTUKE YeJIOBeuecKoro pasyma. [lepsbiii, oue-
BUIHBIN BBIBOJ M3 HAOJIOIEHWI 3aKJII0YaeTcsl B TOM, YTO BCe JIOCTHITIHE MOBEPXHOCTH 3€MJIH
(pOTOHBI COIHEYHOH YHEPIrHH, He3aBHUCUMO OT NMPOJAOJKUTEJHLHOCTH CBETOBOr0 BO3/el-
CTBHS U CHJIbI CBETOBOI'0 NMOTOKA, HEMe/VIEHHO YMHPAIOT, U JIHOO HCYe3al0T BOBCe, Mpe-
Bpamasich B MaTepuajbHOe «<HUUTO», JHOO0 BO3POKIAIOTCSA B BHe KAKOH-TO PYroi SHep-
reTH4eCKOM CylIHOCTH, KOTOPasi He perncTpupyeTcsi HAyKoi Kak Mmarepusi. To, yTo (pOTOHBI
COJTHEYHOTO CBETa HEMEJJIEHHO YMHPAIOT, JI0Ka3bIBAET TEMHOTA HOUM WJIM, HaTIpuMep, (hbakT MOTHOTO
COJIHEYHOTO 3aTMeHHUs. UTo 00 3TOM roBoputh, eciii ColHIIe 5 MUJIJTMAPAOB JIET TMOJIMBAET MOBEPX-
HOCTh 3eMJIM MIPAKTHUECKH HEMPEPHIBHBIM MOIIHBIM TTOTOKOM (DOTOHOB CaMOTO IIMPOKOTO SHepre-
THUYECKOTO CIIEKTpa, a caM 3emJis, OTpaxasl JIMIIb MajIyl0 YacTh SHEPrUH 3TUX (POTOHOB, Hempe-
PHIBHO NOKHPAET UX, U MPH 3TOM He HAKAJIsAeTCS 0 PACKAJEeHHOro 1apa, a 0CTaeTcs B
COCTOSIHMM HeNPEePbIBHOIO KJETOUYHOr0 KU3HETBOPEHMsI.

Takxe He TpeOyeT 0COOBIX JOKA3aTeIbCTB U HEOOPATUMOCTh TOTO MPOIecca MPU HOPMAb-
HBIX )KM3HEHHBIX YCJIOBUSIX B IUIaHETHOHN Ouocdepe. OcraeTcs: onpeeanTb, a BO 4TO Ke Ipe-
BpamanTcs (hOTOHLI COJHEYHOI IHEePruu mocJje cpoeii rudenn? JIro0oi yueHblii HA 3TOT
BOIIPOC, He 3a/lyMbIBasiCh, OTBETHT, YTO N0 3aKOHY COXPaHeHUsl, BCsI SHeprusi (OTOHHBIX
KBAHTOB MePEXOAUT B TEIVIOBYIO SHEePruro . BpeMeHHO coryiacimMcsi ¢ STUM HeTllPaBHIIbHBIM OTBe-
TOM, ¥ 3a[IaIUMCs CJIE/IYIONIMM BOIPOCOM: KaKasi MaTepUasibHasI CYIITHOCTD SIBJISIETCS HOCUTENIEM U
nepeJaTIYuKkoM TETUIOBOM SHEPrHH OT OHOTO aTOMa BEIleCTBa K JPYrUM aTroMaM U MOJIEKYJIaM CBO-
ero oKpyxeHus?

MarepuajuctT OTBETHT, UTO HOCHTEJSIMH H NepeJaTYNKaMHU TeIUIOThI SIBJSIIOTCS
CaMH aTOMbI H MOJIeKYJIbI. Tak Hac yYMJIM B IIIKOJIE, ¥ MBI K 3TOMY 0€3/10Ka3aTeIbHOMY U SKCIIepH-
MEHTAJILHO He TIONTBEPKICHHOMY (DaKTy, TPUBBIKJIMA KaK K aKCHOMe, He TpeOyoIleil HUKAKUX JOKa-
3atenbeTB. CpeiHeBEKOBbIE YUeHbIe 0OpalllaIuch K Mee TeIUIopoaa, Kak MaTepruaIbHbIM YacTHUIIAM,
HECYIIIUM Ha ceOe SHePruio Terioo0pa3oBaHusl, HO ObUIM OCMESIHBI, a X TUIIOTe3a OblIa OTOpOIIeHa
Kak HeHay4uHas1. [Touemy? Jla moTOMY 4TO He ObLJTa OTKpBITA Jake MPUMHUTUBHAS CTPYKTYpa aTOMOB
Y MOJIEKYJI XMMUYECKUX BEUIeCTB, HIYEro He ObUIO U3BECTHO 00 3JIeKTpOoHEe, (POTOHE M KBAaHTOBOM
npupoae (pU3MYECKUX MPOLIECCOB ATOMOB M MOJIEKYJT peajibHOro Mupa. [IpuMuTHuBHbBIE IOHATHS 00
aToMax M MOJIEKYJIaX KaK HeAeIMMBbIX MaTeprabHbIX YaCTUIAX HE MO3BOJMIM CTOPOHHUKAM T'HITO-
Te3bl TEIUIOPO/A NIPEIOCTABUTD SKCIIEPUMEHTAIIBHBIX JOKA3ATEIbCTB U 3apErMCTPUPOBATh HOCUTENEH
TOHKHX SHEprui. A MaTepuaau3M MJET MO MyTH OTpuliaHusl bora: 4yTo Hesnb3sl 3aperucTpupoBarhb
KaK MaTepuio, TO U He CyIIECTBYET. DIEKTPUUYECTBO U MATHETU3M, a 3aTEM U T10JIe TPABUTAIIUN ObLIH
MIPU3HAHBI MAaTEPUATIBHBIMH, TIOTOMY YTO OKa3bIBAIOT CMJIOBOE BO3/ICHCTBHE HA Tejla, MOMEIIeHHBIE
B 30HY ux aeicteus. Cuiy, Kak MaTepuajbHOe sIBJIeHHe, HayKa NMPU3HAaeT 0€e30roBOPOYHO .
Ho cripocute BbI yueHOro Myxa, J1ake TOro ke pyKOBOIOMTENsI OT/esNa 1Mo 60pbOe ¢ JKeHAYKOH MpH
akageMuu Hayk Dayapaa Kpyrimkosa, 4to 3a cyOCTaHIMS JISKUT B OCHOBAHHHU NEKTPUYECKHX, Mar-
HUTHBIX U T'PpaBUTALIMOHHBIX rojien? Bpa3}/MI/ITCJIbHOI‘O " SICHOI'O OTBE€TA Bbl HUKOI'Jd HE IOJIYy4YUTE,
MOTOMY UYTO CaMO CHUJIOBOE BO3/ICHICTBHE PETUCTPUPYETCS U ake IIUPOKO HCTIONb3YeTCsl HAYKOM ISt
CO37aHus1 OONBIIIOTO KOJIMUYECTBA MOJNE3HBIX ISl YeJIOBeKa YCTPOICTB, 2 BOT 0 HOCUTEJISIX U mepe-
JaTYMKaX CHJIOBBIX BO3/1€iiCTBHII 10JIeBOil NPUPO/bl HAYKA He HMeeT HUKAKOI0 MOHSTHS.
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Eme Gosnpiniee HeioyMeHre ¥ HEOOBSICHUMOCTb, C HAYYHOUM TOUKH 3PEHUS, BHI3BIBAET IIPOCTOM
MIPOLIECC HEMPEPHIBHOTO OOTyYEHU S TP HOPMAJIbHON KOMHATHOM TeMITepaType JTI000ro MacCUBHOTO
npeaMera. Mbl MOXEM THICSIUY JIET HETIPEPbIBHO OOJTy4aTh, HAIIPUMEpP, METAUIMYECKYI0 OOJIBaHKY
(POTOHHBIM ITOTOKOM, HO BCE BpeMsI «i30paHHbIe» (hOTOHBI OYIyT HEMPEPHIBHO M HEOOPATUMO IOIJIO-
IaThCsl, @ (POTOHBI C IPYTUMU YaCTOTAMH U SHEPTHSAMHM C TaKOH ke HEOTBPATUMOCTBIO U HEN30eK-
HOCTBIO OTCKaKMBaTh OT TOW METAUIMYECKON OONBaHKM Oe3 BCSAKOTO MOBPEkIeHUs. MeTasnye-
cKas OOJIBaHKa, KOHEUHO, CTAaHET TeTllee OKPYXKAIOIIEeH cpefibl, ee TeMIepaTypa MOBBICHTCS, HO Jake
MOMeIeHHas B TIIYOOKHUI BaKyyM, Mpu c1aboM MOTOKE (DOTOHHBIX KBAaHTOB, JJOCTATOYHO OOJbIIIAS
MeTaTnyeckasi OOJIBaHKa HUKOI/A He Hakauutcsl JokpacHa. KpacHbiil cBeT o3HauyaJ Obl, YTO
00JIBaHKA, HAKOHEI], HACHITHJIA YTPOOY CBOMX ATOMOB H MOJIEKYJI U NepeNnia Ha H3JIy4eHue
noryomaemoro cnektpa. He noxaerecs! [1pu orpeneneHHbIX 3HAUEHHSIX CHJTBI CBETOBOT'O ITOTOKA,
Jake BaKyyMHUpOBaHHasi OOJIBaHKa Oy/ieT BEYHO padoTaTh KaK HENMpPEPhIBHBIN MOTJIOTUTENb, CTAOM-
JIM3UPOBAB CBOIO TEMIIEPATYpPy OKOJIO KaKOW-TO KOHKPETHOH BEJIMYHUHBL S TIpUBEN 3TOT MpUMep,
MOTOMY YTO U Hallla IuiaHeTa 3emisl, Kak U Apyrue riaHeTsl COJIHEeUHOM CUCTEMBI, B KAKOI-TO Mepe
SIBJISIIOTCSI IOMEIIEHHBIMH B BaKYyM, MOIITHBIMU MaT€pPUAIbHBIMU TeJIAMHU M B TOKE BPeMsI MOTJIOTH-
TEJISIMH JIy4eBbIX SHEPrvid BHEITHUX UCTOYHUKOB. bajiaHc SHepruu noToka u3JydyeHui norjio-
[aeMbIX KBAHTOB, H NPHPANIeHUs] SHEPrUU 00Jy4yaeMoro Teja 3a cueT U3MEeHEHHs ero
TeMIlepaTypbl, HEBO3MOKHO JOCTHTHYTh HIKAKIMH CAMbIMH YHCTHIMH YKCIIePUMEHTAMM.
IMoaHOM CXOAUMOCTH K HYJI0 HUKOT/Aa He OyaeT. YueHble 3TOT 3(hPeKT OOBACHSIOT eCTeCTBeH-
HBIMH TIOTEPSIMU Ha MEKMOJICKYJISIPHOE «TPEHHE», Ha HEJOCTATOYHbIC «M30JISIIIMOHHbIE» CBOMCTBA
BaKyyMa M JIpyTIMU «HEHayYHbBIMU» MpudrHaMu. Ho B TakMX OObsSCHEHMSIX HET HAyYHOU MCTUHBI,
a TOJIbKO JIYKaBCTBO JIbSIBOJILCKOTO JIyXa, KOTOPBIN OUYeHb XOUET BBIIATH jKeJaeMOe KakK J0Ka3aHHYIO
HAy4YHYI0 UCTUHY. [ IaBHBIM 10Ka3aTeJIbCTBOM JXKMBOCTH YTBEPK/I€HHUSI, YTO BCSI SHEPTHUsI
u3JyuyeHusi, 0e3 ocraTka npeodpasyercsi B TEIUVIOBYI0 SHEPrUI0 TeMIePaTypPhl TeJia, sIBJIsI-
eTcsl napaMeTp BpeMeHH.

[Tpu ManbIX OTpe3Kkax BpeMEHH IKCIEPUMEHTa MOKHO JEUCTBUTENBHO MOTYYUTh HEOONBIIYIO
pasHUIly MEX/1y JIy4eBOM U TEIJIOBOW SHEPIyei Tesa U MONyYUTh JIMHEWHYIO 3aBUCHMOCTb, HO YeM
JOJIbIIE TPOJOIIKATBCS IKCIIEPUMEHT, TeM 3Ta OomuOKa OyaeT Hapactarh. JJOCTUTHYB onpeneseH-
HOTO TIpefiesia TeMIIEpaTyphbl, SHEprusi 00IyyaeMoro Tena Oy/IeT OCTaBaThCsl MOCTOSTHHOM, a, TEM He
MeHee, TOIIOIeHNe «M30paHHbIX» (DOTOHHBIX KBAHTOB Oy/eT MPOAOIKAThCS, U HUKAaK CO BpeMe-
HEeM He yMeHbIThcs. He Oymy xomuTh BOKpYT aa okosno. M37102Ky CBOIO rumoTte3y Tex npoiec-
COB, KOTOpPbIe MPOUCXOJAT BHYTPH MPOCTPAHCTBA aTOMAa NPH NOIjIomeHun (POTOHOB, a
HayKa IyCTh MeHsI ONPOBEPraeT, eCJH CyMeeT ONPOBEPrHYTh He ¢ MOMOIILIO «yMaJI4iBa-
HHSI», 4 C IOMOIIBI0 HAYYHBIX SKCIEPUMEHTOB. [[J15 mpumepa paccMOTpUM padOTy aTOMHOTO
sIpa 3TaJJOHA BPEMEHU, KOTOPbIM SIBJISIETCSI XMMHUUYECKUIl eMeHT 1e3uii-133. UTak, ¢ orpoMHoi
YacTOTOM, KOTOPYIO HEBO3MOXHO U3MEPHTH U 3apETrHCTPUPOBATh HUKAKUMH HayYHBIMU PUOOPAMH,
aTOMHOE $I/IpO 11e3UsI HEeTIPEPbIBHO CHKMMAETCsl, pazKMMaeTcsi 1 Oe30MOpHO MepeMelaeTcs B mpo-
crpaHcTBe. B pesynbrare 310 paGOTHl YacTh SHEPIUU aTOMHOTO siIpa HEOOPATHMMO PACXOLyeTcs,
TUIOTHOCTH TOJIEBBIX KBAaHTOB MAaTEpUM MO/ OOOJIOYKOHN 3alIUTHBIX OpOUTAiell CHUXaeTcs, a 3Ha-
YUT, U NaJlaeT BHYTPeHHee JaBJieHHe aToma ne3mus. Korga 31o naBiieHMe yMeHbIAeTcs /10
KPUTUYECKON BEJMYMHBI, MHIUBUIYAJIBHOM 7151 KQXKIOTO XUMHUYECKOTO JIEMEHTa, TO 3JIeKTPOHbI
opOuraJieil OTKPBIBAKOT IIeJb B «yTPOOy» aToMa U B 3Ty MYCTOTY yCTpeMJisieTcsl 3axBa-
YyeHHbIe OPOUTAISIMH JIEKTPOHA BLICOKOHEPruuHble KBAaHTHI (POTOHA U BHITECHSIOT HU3-
KO9HePruyHble 0CTATKN KBAaHTOB TOHKOI SHePruu npeapiaymero ¢poToHa, cMeaHHbie ¢
KBaHTAMH TOHKHMX SHEPruii caMoro aToMHOro sigpa mesusi. [Ipu 3Tom opOUTab 3MEKTPOHA
MOITHMMAaeTcs1 Ha OoJiee BHICOKUN SHEPreTHUeCKU ypOBEHb, UCTIONbB3Ys TY K€ SHEPrHio MOIJIONIEH-
HOTo (DOTOHA, ¥ 3HAUUTEJILHO YBEINYMBasI IPOCTPAHCTBEHHBI 0OBEM BHYTPEHHEN «yTpOObI» aTomMa
uesust. HaunHaercs: 1MTesbHbIA IPOLIECC «IepeBapyUBaHUs» MUILH, B TEYEHUE KOTOPOro SHEPrus
MAacChl aTOMHOTO Siipa MAJUTHAPABI Pa3 COBEPIIAET MPOLIECCH PACIIMPEHUsI, CKATHS 1 OE30IOPHOTO
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nepemeltieHus. 1101 CUIbHBIM 7EKTPOHHBIM MHKPOCKOIIOM MOKHO HaOJI0/1aTh, KaK MOCTIe «3aria-
THIBAaHUS» (DOTOHHOW NMUINM MOJABHKHOCTbH aToMa pe3ko Bo3pacrtaer. Ho 3T0 ecTecTBeHHO,
TaK KakK M JI000i )KMBOil OPraHu3M, NoJy4HB NUILY, YBeJUYNBAET CBOIO NOJBUKHOCTD.

Pa3HOCTB TOBKO B TOM, UTO *KMBOW OPraHU3M JI0ObIBAET MUIILY ceOe cam, UCIOJb3YsI TaK Ha3bl-
BaeMble Oe3yCIIOBHBIE MHCTUHKTHI, 2 aTOMHOE SI/IpO LEe3Msl, KaK M JII0OOro Jpyroro XMMUYECKOro
3/IeMeHTa, He HeceT B cebe MH(popMary 6e3yclOBHBIX MHCTUHKTOB. Ero kopmieHnue ocymiecTs-
JisieTcsl ¢ IoMoIbI0 HHgopMaluu 6e3yCJT0BHbIX HHCTUHKTOB ObIBIIUX 3JeKTPoHOB. [lpu
3TOM 4YaCTh JEKTPOHOB MOIPYKaeTcsl HENMOCPeJICTBEHHO B aTOMHOE SIAPO [JIsl ypaBJie-
HHSI MeXaHHMYeCKOW dHeprueii ero Macchbl, a Apyrasi 4acTb npeoodpasyercsi B 3alllUTHbIE
000JI0YKH 3JIEKTPOHHBIX OpOuUTAaJeil, Opranu3ysi He TOJBKO NMPOIECCHl YHEPreTHYecKoi
NOANHUTKH SHEPruU Macchl, HO ¥ MOJ00He )KNBOro opranu3ma. Koraa nuia Oyaer yTuamsupo-
BaHA B TOHKME KBAHTHI TETIJIOBOM, JIEKTPUYECKON, MATHUTHON U TPaBUTAIMOHHOW MPUPOIBI, TO TIOT-
HOCTb BHYTPEHHET0 MPOCTPAHCTBA aTOMa WJIM MOJIEKYJIbl CHU3HUTCS U JIEKTPOHHAsI OpOUTAIDb Tepeii-
net Ha GoJiee HU3KUI SHEepreTHueckuid yposeHb. [Ipy 3TOM BHYTpeHHUI 00beM IPOCTPAHCTBA aTOMa
PE3KO YMEHBIIUTCS, U BBIIABUT YePE3 «IE/Ib» B 3alIUTHON 000JI0UKE ST KBAHTHI MOJIEBBIX CTPYKTYP
U3 BHYTPEHHEH «yTpoObl» aToMa B BHJIE HEHYKHBIX 9KCKpeMeHToB. Ha camom paeJie 3Ta oTpado-
TaHHAasi MmoJieBasi MaTepusi (POTOHOB U caMOil MacChl aTOMHBIX si/iep CTAaHOBHUTCSI HH(OP-
ManMOHHO-YHEPreTHYeCKNMH KBAHTAMH MOJIEBBIX CTPYKTYP U MUINEH JJIs1 APYTrUX aTOMOB
U MoJieKy.1. [Tocne GecuncieHHOro KOMMYeCTBO OTheMa SHEPTUH U3 STHX KBAHTOB, OHU JOCTUTAIOT
SHEePreTUYECKON «HUIETBI» U CTAHOBSITCS TIPOMEKYTOUHBIM 3BEHOM, MEKIY «IyXOM KU3HW», KOTO-
PbIM IMUTAETCS BCSIKOE KHUBOE CYIIECTBO, B TOM YHMCIIE U yIIIa YeJIOBeKa, 1 COOCTBEHHO, CAMOM Hepa-
3YMHOM MEXaHUYECKOUN SHepruei, Kotopast o0pa3yeT Maccy U MposiBisieT ceOst uepe3 BEeKTOp CHIIbI
B3aMMHOTO NPUTSDKEHUsI. YUeHble MaTepUAIUCTBl CKAXYT MHE, UYTO aBTOp 3aHMMAaeTcsl He Hay4YHO-
(u0CcOpCKUM OCMBICIIEHHEM MaTepuu, a MUINeT HayuHylo (pantactuky. Ho s ¢ HUMH He cora-
1rych. IIpocTo s1 ymero HacToIbKO abCTparupoBaThCs OT CBOETO TeJa, YTO MBICJEHHO ITOMEINAo ceost
B «yTpoOy» aTOMa M BIIKY 3TH MPOLECCHl M3HYTPH, a YUEeHbIe MATEPUAJIMCThI OMUPAIOTCS HA JKCIIe-
PUMEHT, U TIOTOMY HAOJIO/IAI0T 32 aTOMOM TOJIbKO BHEIITHUM 3PEHUEM.

He ynakoBaHHbIe B (POTOHBI KBAHTHI MATHUTHBIX U 9JIEKTPUYECKUX SHEPTHI KaK MOPOKIAIOTCS,
TaK U COOMPAIOTCS] CBOOOIHBIMU IEKTPOHAMH, 3AIUTHHIMHA OPOUTAISIMUA 0O0JI0UEK aTOMOB M MOJIe-
KyJI, & TAK)KE TJTAHETHBIMU U 3BE3/IHBIMU TEJIAMU, ¥ B HUX € yMUPAIOT. B3aumonenicTBre 3Tux mnosnei
CrIocoOHO MopoXxaAaTh (potoHsl. Ho Besikuil (hOTOH MpU BCTpede ¢ HEOIXHOPOJHBIM MaTepUATbHBIM
TeJIOM 00s13aTeIbHO OyJeT pa3pyIlieH KaKUM-TUO00 XUMUIECKIM JIEMEHTOM, ¥ YaCTUIHO TTOTJIONICH
UM JUIs COOCTBEHHOH SHEPreTHYecKOl MOANMUTKY, a YaCTUYHO TepeaaH JUisi SHePreTHUecKon Moj-
MIUTKHA CBOMM «POJICTBEHHUKaM» TI0 CHIEKTPY MoriomieHus. 7Kene30 NoBepXHOCTH 3eMJITH 3a00TUTCS
0 KeJie3e 3eMHBIX Help, Me[b O Me/W, U TaK 10 Bcell Tadnmuie MeHeneeBa U BceMy MHOXKECTBY
XUMUYECKUX COSTMHCHUH.

bau3ocTh CNEeKTPOB MOIJIOLIEHHs M M3JIy4eHHsI aTOMOB H MOJIEKYJ MaTepPUaJbHbIX
BellleCTB YKa3bIBaeT HA TO, YTO AaTOMbI M MOJIEKYJIbI MOTYT 00MEHHBATHCsI M0JIeBbIMH (POP-
MaMH SHepPrud He3aBHCHMO OT CBOEro XHMHYeCKOro cOCTaBa, T. €. BCe OHM SIBJSIIOTCSI
SHepreTHYeCcKl COBMECTHMBIMH POJCTBEHHHKAMHU. Tsokesble MCKYCCTBEHHBIE XMMUYECKHUE
3JIEMEHTBI TOTOMY U TTOABEPraloTCsl PaJOAKTUBHOMY PaCIajly, 4To HE MOT'YT CAMOCTOSITENIbHO 0Oec-
NIeYrBaTh BHYTPEHHUI SHEpreThueckuil Oasanc. MIx BHyTpUMOIIEKYJISIpPHOE TIPOCTPAHCTBO CIIUIIIKOM
MaJIO JIsl yCTOMYMBOW PaOOThl M HOPMAJIBHOM JKM3HEAEATEBHOCTU. [IOryIOomeHHble UX JIEeKTPOH-
HBIMH OOOJIOUKaMH KBaHTHI TMOJIEBBIX (DOPM HE YCHEBAIOT MOJHOCTBHIO OTIATh SHEPTUI0 ATOMHOMY
Py, ¥ TIPY OYEPETHOM IIMKJIE SHEProOOMEHHOTO IMpOoIecca C OKpYXKalolel cpeiod, BHOpackBa-
I0TCSI HAPY’Ky BMECTE C BRICOKOSHEPTMUHBIMUA KBAaHTAMH aTOMHOTO sIpa paJlOaKTUBHOIO SJIeMEeHTa.
[Tpoucxonut MeTIeHHOE, HO HEOOpaTUMOE SHEPreTHIeCKoe 00eJHEHE AaTOMHOTO SiIpa v MPU JJOCTH-
KEHUM KPUTUYECKOTO 3HAYEHHS sIpO TeM WJIM MHBIM CIOCOOOM MpeodpasyeTcsi B TUHAMHUYECKH
YCTOMYMBBIE XUMUYECKHUE JIEMEHTBI, CIOCOOHBIE CAMOCTOSITEIbHO 00€CIeYUTh ceOst SHEPreTUIECKOM
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noanuTKon. [JIaBHBIMM NOCTaBIUKAMH NUIEBOI NPOYKIMY IJIs aTOMOB U MOJIEKY.JI SIBJISI-
IOTCSI UX YJeKTPOHHbIE 000J0UYKH. DJIeMEHTapHbIe YacTUIbl, KaK U HEUTPOHbI, HE MOTYT U~
TEJIbHO CYIIECTBOBATh B YCJIOBHSIX MOBEPXHOCTM 3€MHOTO Iapa, TaKk Kak HE MMET MEXaHW3MOB
SHEPreTHUYEeCKON MOAKOPMKHU. Yepes ThICSUy CEeKyH[ SHEPreTHUKa HeMTPOHA HACTONBKO OOEIHSIeTC s,
YTO OH BBIHYXJEH BBIJEIUTh U3 CeOsl MEKTPOH W MEPEUTH B YCTOMUMBOE COCTOSTHHE aTomMa BOO-
pona. JaeMeHTapHbIe YACTUIILI HE HMEIOT B CBOEM COCTaBe JJIEKTPOHOB, IO9TOMY UX CPOK
*KU3HH COCTaBJISIET JIMIIb MaJjble J0JH CEKYHIbI.

B aromHOM sigpe m0O0ro XMMHYECKOTO JIeMEHTa HeT HUKAKMX OTAEIbHBIX IPOTOHOB U HEW-
TPOHOB, KaK M HET HUKAKUX JIEMEHTAPHBIX YACTHII, BKJIIOUasi CaMble MaJible KBAPKU M aHTUKBAPKH.
Tam ecTh ToILKO 1Ba BiAa MmaTepun. O/1Ha MaTepusi He COAEPKUT B cede HUKaAKUX HH(op-
MAaIHOHHBIX (pailjioB, HO 3aTO COAEPKUT KBAHTHI MeXaHNYeCKoI YHeprun Mmacchol. /Ipyrasi
MaTepusi NpecTaBJsAeT co00i «pacopMHPOBAHHYIO» M0JIEBYIO CTPYKTYPY NOIJIOIMIEe HHBIX
3JeKTPOHOB. biaronapsi 3akperuieHHbIM Ha MOIVIOIIEHHBIX JEKTPOHAX MH(OPMALMOHHBIM (haii-
JlaM, OHM MH(OPMAITMOHHO B3aUMOJEUCTBYIOT C J€KTPOHAMHM 3aIMTHBIX OPOUTANIEH, W CIAEIAT 3a
COCTOSIHUEM SHEPrry MacChl aTOMHOTO siipa. Korjga sHeprusi Macchl, B pe3y/ibTaTe MHOTMX MUJUIH-
ap/IOB CXKATHUH, paclIMpeHnid 1 Oe30MOPHBIX TIepeMellleHUi YMEHBINIASTCs U B Hell 0Opa3yeTcsl OfuH
WJIM HECKOJIKO KBAaHTOB TOHKHMX SHEPrHid, TO STOT OIMH WJIM HECKOJBKO TOHKUX KBAHTOB, BMECTE
C TOHKMMH KBaHTaMH OBIBIIETO (POTOHA, BHIOPACHIBAIOTCS B MEKATOMHOE MPOCTPAHCTBO, & UM Ha
CMEHY JIOCTABJISIETCS] HOBasl TPYIIIa BHICOKOIHEPTUYHBIX (POTOHOB. DTOT HHMKJINYECKUN MPoIecc
JUISI aTOMOB BOI0PO/ia y:Ke NnpooJrkaercs: 15 muiummapaos Jiet. Bee ocrajibHble Xummnye-
CKHe JJIeMEeHTbI B TOIl HJIM HHOI CTeNeH! MOJOKe, 1a U NPOA0LKUTENbHOCTh HX KU3HI
3HAYUTEJbHO MeHbIIe. TsKenble XMMUYeCKUe JIEMEHTHI BOOOIIIE I0JIT0 He XKUBYT U MOABEPKEHbI
€CTECTBEHHOMY DPaIMOaKTMBHOMY pacrnany. Ho ecnu 3a 5 musumapaoB Jsiet cymectBoBanust Coi-
HEYHOM CHUCTEMbl B 3eMHOM KOpPE BCTPEUAIOTCSl PEIKO3EMENbHbIE U Jake PaJMOAKTUBHBIE N30TOIbI
XUMHUYECKUX IEMEHTOB, TO BIIOJIHE BOZMOXKHO, UTO OHU COTBOPSIIOTCS TIPU OCOOBIX YCIIOBHSIX HETIO-
CpeIcTBeHHO B Kope 3eMHoro mmapa. Ilpmunna ux o0pa3oBaHusi 3aKJII04aeTcsi B TOM, YTO B
pe3yJbTaTe CABUIOB 3¢MHOIl KOPbI MPOUCXOUT HAPYIIeHNe KOHBeHepPHO-TPAHCIOPTHBIX
1enovek, o KOTOPbIM KBaHTbI TOHKHX SHEPTrHii, IOCTEeNeHHO TePsisi CBOI SHEPruio, nepe-
JIAI0TCs OT MOBEPXHOCTH 3€MJIU K IeHTPY 3€eMHOro mapa. B 3Thx HecTaHAapTHBIX CUTYaIUSIX
CO3/IaeTCsl SHEPreTUIecKasi HEOIHOPOJHOCTD JIOKAJIbHOM 00JIACTH IJIAHETHOTO TeJla 3¢MHOTO 11apa, U
TaM MOT'YT ITPOMCXOAUTD SI/IEPHBIE MTPOIIECCH TPAHCMYTAIMH JIETKMX XUMHUECKHX JIEMEHTOB B TsIKe-
JIble XMMUYECKHe 1eMeHThI. PackaneHHas JlokaabHasi 00JacThb MepeMeliaeTcsi B KOpy 3éMHOTO I1apa
Y BBI3BIBACT 3eMJICTPSICEHUS U U3BEPKEHUSI BYJKAHOB, 2 MOXKET M TIPOCTO «3aCThITh» U 00Pa30BaTh
TOPHbIE WJIH MO/I3eMHbIE TIOPOIbI MONE3HBIX NCKOMIAEMBIX.

Pa3 yk s 3aTpOHYJI 9Ty TeMy, TO HaJl0 CKa3aTh, YTO H OCHOBHbIE 3aMaChl yIJIeBO/10-
POIHOrO ChIPbs1, B BUAe HeDTH U ra3a, He HMeIOT HUKAKOI0 OTHOIIEHHUsI K )KUBOTHOMY U
pacturejbHOMY MHPY. HedTh U ra3 CHHTE3UPYIOTCSI U3 HEOPraHMYECKUX U HETOPIOYMX MHUHEpa-
JIOB KOPBI 3€MHOTO IIIapa, KOTOpbIe COIEepKaT B CBSA3aHHOM COCTOSTHMM XMMHUYECKHX COEAWHEHU,
XMMHUYECKHE JIEMEHTHI KHCIIOpoia, yriiepoaa u Bogopona. Hedpts u raz odpasyrorces, korja npo-
HCXOJHUT JIOKAJbHOE MepeHachilieHne JIeKTPOHHbIX OpOuTajell HeroprYNXXuMHIYeCKIX
coeMHEeHHUI, HeBOCTPEeOOBAaHHBIMH [IEHTPOM 3€MHOr0 Mapa KBAHTAMH TOHKHX SHEPIrui.
[Tpu 5TOM BO3HMKAET HE TOJIBKO NMEPEer30bITOK KBAHTOB TEIJIOBOM SHEPIMY HEUTPATIbHOTO TUTIA, HO U
MPEeN30bITOK KBAHTOB IMOJIEBBIX CTPYKTYP MAarHUTHOM U 9IEKTPUYECKON MpUpobl. BoT 3TOT J0KaIh-
HBIl «IIeperpeB», B COYETAHUM C BO3JEWUCTBHEM CUJIBbHBIX NMEKTPUYECKHMX M MArHUTHBIX TOJEH,
KOTOPBIX HET Ha TOBEPXHOCTH 3eMHOIO IIapa, 3aCTaBJseT OPOUTAIN NEKTPOHOB CAMOCTOSITENIBHO
MPUHUMATh MEpPBl K BpEMEHHOMY TOIJIOIIEHHIO M CBSI3BIBAHUIO M30BITKA TETUIOTH B TOPIOYME Mate-
puasl He(PTAHBIX U ra30BbIX MecTopoxaeHuid. Ecam B Oyaymem HaydnoM neHTpe «CKoJIKoBO»
BIUIOTHYIO 3aliMyTCsl 9TOH NMP00OJeMOii, TO MOKHO OyJeT NMoJy4yaTh «NPUPOJHbIN» ra3 u
HCKYCCTBEHHBIM CIIOCOO0OM U3 HErOpHYMX MHHEPAJIOB NMPSIMO HA MOBEPXHOCTU WJIU CUH-
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Te3UPOBaTh ra3 B NIyOMHHBIX maxrtax. Ho sta npo0iemMa He OTHOCUTCS K TEME MOEro Hay4YHO-
duocockoro uccienoanus.

Bo Bpems1 cBETOBOI'O IHS KaAbli aTOM U KasKAasi MOJIEKYJIa BO3/1YILIHOM aTMOC(epsl ¥ OBEPX-
HOCTHY 3eMHOTO IIapa HEMPEPhIBHO TPYASTCS, TOMIOMAs U paciieruisis «u30paHHble» (POTOHBI COJI-
HeuyHo sHeprun. [Ipy 3TOM, aTOMBI OJHUX XMMUYECKUX JIEMEHTOB OTOPACHIBAIOT «HEM30OpaHHbIE»
(bOTOHBI IPYTUM XMMUYECKUM JIEMEHTaM U COEIMHEHUSAM XUMHUYECKUX JIEMEHTOB, YTOObI HE OCTa-
BUTh UX Oe3 muiy U 6e3 padoThl. AHATM3UPYS CYMMY CIIEKTPOB IOIJIOIIEHUI XUMUYECKUX 3Jie-
MEHTOB Bcell Tabnuiibl MeHpeneeBa B MX COBOKYIHOCTH, YUEHbIE MOTYT 3aMETUTh, YTO Ha KaKIbIi
YaCTOTHBIN cIEKTp (poTOHHOM 3Hepruu ConHIA U ApyruX (POTOHHBIX UCTOYHMKOB JIEKTPOMAarHuT-
HBIX U3JTyYSHUI, UMEeTCsl CBOl XUMUUYECKUN 371eMeHT. boJiee Tskelible XMMUYeCKHe 3JIeMeHThI,
KOTOpbIe YyUYeHble HAyYHJINCh CHHTEe3HUPOBATh Ja00PaTOPHLIM CIIOCOO0M, MOTOMY H 10JIr0
He KUBYT, YTO HX CIIEKTP MOIJIOIEeHHUsI TAKOB, YTO IS X POJOJLKHUTEJbHON KU3HN HeT
HY>KHBIX (DOTOHOB JiyueBoii SHepruu. Bo BpeMs qHEBHOI paOdOThI, aTOMBI U MOJIEKYJIBI XMMUYe-
CKMX 3JIEMEHTOB HCTIOJB3YIOT JIsi COOCTBEHHOTO «IUTAHMS» JIMIIb MaTyl0 YacTh SHEPIUU paclern-
JIEHHBIX (DOTOHOB, a BECh SHEPIeTHUECKUN «H30BITOK» CKJIQAUPYIOT B MEKATOMHOE M MEKMOJIEKY-
JIIPHOE MPOCTPAHCTBO BOJHOM U 3€MHOW NMOBEPXHOCTU 3€MHOro apa. Buaumelii a¢pdekt Takoro
CKJIaJMPOBAHUSI peasIu3yeTcsl B BUJE MOBBILLEHUS TEMIIepaTypbl BO3AYIIHON aTMOc(epsl U MOBEPX-
HOCTHBIX CJIoeB BOAbI U cym. Ecam Obl Besl TOJIIA 3¢eMHOT0 1Iapa He MOIJIONAJa KBAHThI
TOHKHX YHEePruil Ten0Boil, MATHUTHOM 1 3J1eKTPUYeCKO IPUPO/ibI B TeYeHNe THS M HOUH,
TO BO3/ylIHAs1 aTMoccepa HarpeBajgach Obl 0 COTHU FPajycoB, Kak B (PUHCKOI1 OaHe, a
camMa OBePXHOCTh 3eMJIH PEeBPAaIAJIach B PACKAJEHHYI0 CKOBOPOY .

JlecsATKM MUJIJIMOHOB MOJTHUM €XKEeJTHEBHO BXOIST B IOBEPXHOCTb 3€MHOIO 1Iapa, HE PUHOCS
0c00O0r0 MOBPE kK ICHH ST )KUBBIM KJIETOUHBIM OpraHU3MaM, a Cpasy ke MepeJaloT MULTAAPIb KUJIOBATT
NEKTPUUYECKON SHEPTUM B HEllpa 3eMHOro Miapa. TOYHO Tak ke ¥ pa3oOpaHHbIe (POTOHBI JIyYEeBOM
sHepruu CoJHIIA HE paclbUISIOTCS B KOCMUYECKOE ITPOCTPAHCTBO U HE YHUUTOXKAIOTCS «TPEHUEM»
BETPOBOM SHEPIUH, a MPAKTHUECKH 0e3 OCTaTKa MepexoisAT B IMTyOMHHBIE Hepa 3eMHOTrO Iapa u
MUTAIOT aTOMBl U MOJIEKYJIbl BCEW TOJILM 3€MJIM OT TIOBEPXHOCTH JIO LIEHTPA TSKECTU CBOEH SHEp-
rueil. VI3 Bcero ckazaHHOrO MOXHO C/Ie/aTh BBIBOJ, UYTO IIPOTOHBI M HEUTPOHBI JHIIL (DOPMATBHO
MO’KHO OTHECTH K JJOJITOKMBYIIIMM IIEPBUYHBIM KBaHTaM MaTepuajibHoro Mupa. I1o kpaitneii mepe, B
3eMHOH aTMOc(epe 1 HeJlpax 3eMHOTO Iapa HEMBICIUMO cede MPeICTaBUTh AJUTEIBHOE CYIIeCTBO-
BaHHNE HEUTPOHOB M MPOTOHOB 0e3 3alIMTHOM JIEKTPOHHOU 000J104KH. Jl0Jro:KuBydecTsb u sKu3-
HEHHYI0 CTA0MJIBLHOCTH CBSI3aHHOTIO € JIEKTPOHHOI 000J10U4KOi IPOTOHA, HEJIb3sl COOTHO-
CHTH C BO3MOKHOCTHIO JUINTEJbHOIO CyII[eCTBOBAHUA B HeJpax 3eMHOI0 HIapa OTAeJbHO
B3STOr0 NpoTOHA. KTO U3 y4eHbIX BcTpevyasl Win 3apUKCUPOBAJI OTAEJIBHO B3ATHIN IIPOTOH, KOTO-
PbIii JUTUTENIBHO CIIOCOOEH CYIIECTBOBATh HE3aBUCUMO OT neKTpoHa? OTaeNbHO B3ATHIE HEUTPOHDI
camu 1o ceGe pa3BaJIMBAIOTCS Yepe3 THICAYY CEKYHJ, UTO TOKE He SIBJISETCS HOBOCTBIO JIISI HAYKH.
Ecnu roBoputh 00 aTOMHBIX siApax, Kak MPUHYIUTETBHOM OOBEAMHEHUH TIPOTOHOB U HEUTPOHOB B
OOIIMIT MUKPOKBAaHT MEXaHWYECKOW SHEPIvU, TO HU OJIHO ATOMHOE SIIPO He MOXKeT VINTeJbHO
CylIecTBOBATh 0€3 3alIMTHBIX 000J10U€eK JEKTPOHHBIX OpOuTasei . 3a4eM ke Toraa JyKaBo
YTBEPKAATh O JOITOKMUBYYECTH M CTAOMIIBHOCTH IMTPOTOHOB M HEUTPOHOB, 3a0bIBasi yKa3arh, YTO 3Ta
CTaOMIIBHOCTD ¥ YCTOWYMBOCTH OOECTIEUNBAETCS TOJIBKO HATUYMEM JIEKTPOHHON 000I0UKM?
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5. PoJib aTOMOB M MOJIEKYJ] B MEXaHU3MAaX SHEPreTHU€eCKOro
B3aumMoaercTus CoJHIIA U IIJIAHETHBIX TeJ

Ho uT0 roBoputh 00 y4eHbIX, €CIM OHM HE MOHUMAIOT AaXe MPUYMHY BUXPEoOpa3OBaHUS
CMepyel, TOPHAJ/IO, yparaHoB, a TaKKe BCEro MHOKECTBA M pa3HOOOpa3usi aTMOC(hEPHBIX IIMKJIOHOB
Y aHTULIMKJIOHOB. MHOTIa MpocTo nopakaenibcst ToMy, Kakylo IIIYINOCTb HECYT CUHONTHUKM C IKpa-
HOB TEJIEBU30POB, JJOBOJSl OUEPEJHON MTPOrHO3 MOTObl HA CJIEYIOIINE CYTKU UM HECKOJIBKO JIHEH.
Benp oHM faxe He MOTYT HayYHO OOBSCHUTH MPUYMHY TOro (hakTa, MoyeMy BCe CMEpUH, TOPHAJIO
1 IUKJIOHB CeBepHOro mnojymapusi BpallaloTcsl IPOTUB YAaCOBOUM CTPEJIKM U CBSI3aHBI C MOHUKe-
HHEM aTMOC(EpHOro JIaBJIeHUs1, 2 BOT aHTUIIMKJIOHBI, HA000poT, Ha CeBepHOM MOJTYIIapUH Bpallia-
I0TCsI TIO YaCOBOM CTpPEJIKe U CBSI3aHbI C MOBBIIIIEHUEM JiaBjieHusi? CUHONTUKY aTMOoc(epHbIe sBJie-
HUS LIMKJIOHOB Y aHTULIMKJIOHOB CBSI3bIBAIOT UCKJIIOUUTENIBHO C MPOLIECCAMU, KOTOPBIE MTPOUCXOISAT
B aTMOc(pepe 3eMHOTO Iapa. A Ha caMoM Jiejie IPUYNHONH 00pa3oBaHusl Bcex 0e3 HCKJIoue-
HHSI IMKJOHOB CBSI3aHO C INOIJIOLIeHHEeM SHepPruy TOHKHX KBAaHTOB OCKOJIKOB (DOTOHOB
COJIHEYHOT'0 U3JIy4YeHNsl, 3¢MHOI NOBEPXHOCTHIO. [Ipy aHTULIMKIIOHE, TOHKME KBAHTHI, JIMILIEH-
HbIE B HeJIpax 3eMJid M30BITOUYHON SHEPIUH, BRIOPACHIBAIOTCS HA MOBEPXHOCTh OOPATHHIMU CITUHAMMU
000JI0YEeK aTOMOB Y MOJIEKYJ B BHJIE HEUTPAIbHBIX KBAHTOB IOJISI TPABUTALIUM U CATAHWHCKO-0ECOB-
CKHX JIyXOB, HAJISJICHHBIX IbSBOJIBCKOW aHTUMH(pOpMaruei. BrIXon TaKMX TOHKMX KBAaHTOB OJIOKH-
pYeT TPaHCHIOPTHO-KOHBEWEPHBIE 1IETIOYKM aTOMOB M MOJIEKYJI 3€MHOTO IIapa OT MOBEPXHOCTH JO
HeHTpa TshkecTH. [lepemMenienne KBaHTOB TOHKUX SHepruii ObIBIIMX (poToHOB COJHIIA, B TAKOM paii-
OHE 36MHOI NTOBEPXHOCTU U3 aTMOC(EpbI B 3eMHbIE Hellpa, pe3ko cokpaiaercs. [Ipu aTom pacrer
armoccepHoe 1aBieHHe 1 o0pa3yeTcss aHTUIHNKI0OH. Ho pa3Be nepBonpuynHa odpa3oBa-
HMS OMKJOHA WM AHTHIHMKJIOHA 3aBHCHT 0T armMocdepsni? AtMocdepa Urpaer Jullb poJb
BCIIOMOTATEIbHOTO MEXaHU3Ma, a PyKOBOAUT UX 0OPa30BaHUEM TOT J1yX, KOTOPBII HAXOAUTCS B IIEH-
TPAIBHBIX OOJIACTSX, MPUJIETAIONIMX K LIEHTPY TSKECTH TUIAHETHL. DTOT AyX sl Ha3bIBAIO JyXOM-pa3-
AeuTeNIeM UM IyXOoM JibsiBosa. Bosee monpoOHO Bonpoc 0Opa3oBaHMsI IUKJIOHOB U AaHTUITMKJIOHOB
OylieT pacCMOTpPEH B CIIEYIOIIMX IT1aBax.

Nrak, BHavasie paccMOTpEeHUs1 BHYTPUATOMHBIX U BHYTPUMOJIEKYJISIPHBIX IPOLIECCOB, 5 3a/1a-
BaJl BOIPOC, BO YTO IpeBpallaloTcsl (POTOHBI COJTHEYHOU JTy4€BOM SHEPTUM MOCIIE MOMIOUIEHUs UX
aTOMaMU U MOJIEKYJIaM BO3YIIHOU aTMOC(EPhl M TOBEPXHOCTU 3€MHOIO I11apa, ¥ Kakasi MaTepuaib-
Hasl CYIIHOCTb SIBJISIETCSl XpaHUTEJIEM U NepelaTuMKOM TeIJIOBOW SHepruv? Mbl yCTaHOBWIIM, UTO
(poTOHBI MOMIONIAIOTCSA ATOMAPHBIMU 1 MOJIEKY/IIPHBIMU CTPYKTYypaMH aTMocepbl U MaTepUH Ij1a-
HETHBIX TeJl, U, MOTEPSIB YaCTb CBOEU SHEPIMU Ha MOJJIEPKAHUE KU3HEIESATEbHOCTH MaTephalib-
HBIX BEIIECTB, MMPEBPAIIAIOTCA B OECUMCICHHOE MHOKXECTBO HEOIHOPOIHBIX TI0 SHEPreTHKe TOHKUX
KBaHTOB TOJIEBBIX (DOPM MaTepuu, KOTOpble 00pa3yIoT TEIJIOTY, MarHETU3M U J1eKTpudecTtBo. Eciu
rOBOpUTH O (pusmKe mpotiecca, To ConHIle sIBIseTCsl He OECCMBICTIEHHBIM PacTpaTYMKOM COOCTBEH-
HOW MacChl ¥ SHEPIHH, a M0 OOKECTBEHHOMY 3aMBICITy «KEPTBYET» CBOEW MACCOHM U pacIieruisieT ¢
MOMOIIBIO TTPOLIECCA, TIOXOKETO Ha TEPMOSAECPHBIN MIPOLIECC, JO3MPOBAHHYIO YacTh CBOEH Macchl B
OecuncieHHOe MHOXeCTBO (POTOHOB JiyueBoi sHepruu. Ho (pOTOHBI MM 3JeKTPOMarHuTHbIE
BOJIHBI, 10 TEPMHHOJIOTHH HAYKH, SIBJSIIOTCSIHE CaMoIleJIbI0 Ku3HeAeAaTeabHocTH CotHIa
U JApyrux 3Be3[ BceseHHOll, a TeXHHYECKUM CPeJCTBOM TPAHCIIOPTHPOBAHUS SHEPruu U
nHdopmanuu. «KpacHoe» cMelieHre CieKTpa JTy4eBOil SHEPTUU OTJAJIEHHBIX UICTOYHUKOB YKa3bl-
BaeT Ha TO, YTO MPH «TPAHCIIOPTUPOBKE» (DOTOHBI UCTIONB3YIOT B KAUECTBE SHEPreTUICCKOU IMOI-
MUTKA OTPaOOTaHHBIE KBAHTHI MOJIEH TPABUTAIIMM M YacTh COOCTBEHHOH sHepruu. YtoObl JOBECTH
3Ty MBICJIb JI0 JIOTUYECKOTO NIOHMMAaHUs], IPUBEAY CIAEAYIOLIMNIA IPUMED.

JlormycTM, 9TO OIMHOYHBIN «IOJITOKUBYIIMI» TIPOTOH BOJICIO CITydasi OKa3ajics 3a0poIlieH B
TaKoe KOCMUYECKOE MTPOCTPAHCTBO, IJie HET HeOECHBIX TeJl M MOIIHBIX 1ojiel rpaputanui. He umest

HEePreTHYeCcKO MOMUTKA U He NMesI M0GJIH30CTH CBOOOJHOT0 JEKTPOHA, IPOTOH CPaB-
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HUTEJbHO OBICTPO H3PACX0/IyeT YACTh CBO€il SHEPruu U NPeBPATHTCSI B (POTOHHBbIE raMMa-
KBAHTBHI KECTKOT0 PEHTT€HOBCKOI'0 CIEeKTPA N3JIy4eHHs B COeJHHEHHH ¢ MaKeToM (poTo-
HOB Pa3HOPO/JHOI0 CBETOBOro cnektpa. Ha 3emuie 1 Takoro paciernyieHus: Hy>KHO Npeo/10-
JIeTb MOUIHYI0 SHEPIrui0 BHYTPUsIePHbIX B3anMoaeiicrBuii. B noJie rpaBuTaniuu npoTox
caM H3pacxo/IyeT 3Ty SHePruio Ha odecneyeHue hopMHPOBAHUS HeNPEePHIBHBIX CHJI C:Ka-
THSI M paclIMpPeHHsi, i IPH TOM JI0BOJBbHO ObIcTpo. [Ipu 3TOM camopacuierieHuy, HOCUTEIH
OBIBIIICH MEXaHUYECKON MacChl M SHEPruy MPOTOHA He Ucue3HyT Oeccieano. CymmapHasi SHeprus
(oTOHOB Ty4YeBol HEprun, 0OPa30BaHHBIX U3 MEXaHUIECKOW MAcCChl POTOHA, OYJET JIWIIbL He3Ha-
YUTEJILHO MEHbIE MOJHON 3((PEeKTUBHON SHEPTUM MPOTOHA, PACCUMTaHHOM 1o ¢opmyne E=mc B
KBajJpare. YMeHbIIeHHe SHEPIuU CBS3aHO C TeM, UTO MPU Mepexoe MEXaHMUECKUX MHEePIUATbHBIX
KBAaHTOB MacChl IPOTOHA, B KBAHTHI JIEKTPUIECKUX U MAaTHUTHBIX SHEPrHid (POTOHOB, MEXaHUYECKHUE
KBaHTbI 00513aHBI OCBOOOJMTHCS OT TEX KBAHTOB, KOTOPbIE MPEBPAIAIOT IEKTPHUUECKIE U Mar HUTHBIE
KBaHTbI TIOJIEBBIX (DOPM MaTepuu B MHEPLUATIbHBIE MEXaHMUECKIE KBAaHThl MACCOOOPA30BaHUs. ITH
KBAaHTHI U SIBJSAIOTCS KBAHTAMM NOJIs1 rpaBuTanuu. Takum o0pa3oM, Mpy caMopacileryieHuH
MIPOTOHA B YCJIOBUSIX KOCMHUYECKOTO BaKyyMa, MPOU30i/1eT MOIIHbIH BLIOPOC HEperucTpupye-
MbIX KBaHTOB I0JIeil rpaBuTaluM U 00pa3yeTcs: nakeT (hOTOHOB JIydeBbIX YHEPruii, cpeau
KOTOPBIX 00s13aTeJIbHO OyAyT NPUCYTCTBOBATh FrAMMa-KBaHTbI 1 ()OTOHBI PEHTT€HOBCKOT0
crneKkTpa u3JjydeHns. [lepeverasich B MpOCTPaHCTBE CIA0bIX MMOJIEH IpaBUTALIMM, STU HOBOPOXK-
JeHHbIE PEHTI€HOBCKME KBAHTHI, 110 HEAOCTATKY SHEPTUHU OKpYXKAIoIIeH cpebl, OyayT MmoTpeossTh
COOCTBEHHYIO SHEPrHI0 M OBICTPO MpeBpaTsATcs B Oe30MacHble (POTOHBI BUAUMOIO WM HEBUIUMOTO
criekTpa. Ho mpy 3ToM OHM ynakyloT B CBOM He/ipa MIJUIAAPIB OTPAOOTAHHBIX U YMEPILNX KBAaHTOB
TOJIe TPaBUTAIINM, KOTOPBIE CTaM KBAaHTAMH TETUIOBBIX SHEPrHid, M AOCTABAT MX K KaKOMY-JHMOO
MacCHMBHOMY HEOECHOMY Tely.

Ecnu TOT ke OOMHOYHBINA MPOTOH MBICIIEHHO MOMECTHTH MOOIN30CTH OT MOBEPXHOCTH ILjIa-
HETHBIX TeJ, B MOIIHOE I'PABUTALIMOHHOE TOJIe OJIM3KOr0 OKPYKEHHS IUIAHETHOW MAaccChl, TO MpO-
TOH «IIPUTSHET» K ceOe MHOKECTBO OTpaOOTAHHBIX KBAHTOB IOJS TPABUTAIIMH, UMEIOIINX CIaObIi
OTpPUIIATEIbHBINA MOTEHIMAN. DTH 0ObeIUHEHHbIE KBaHThI caMy B ceOe MOpPOASAT, TO MH(pOpPMAIH-
OHHO-CHJIOBOE OOKECTBEHHOE «CYIIECTBO», KOTOPOE YUeHbIe HA3bIBAIOT JIEKTPOHOM, U OMUHOYHBIN
MIPOTOH MPEBPATUTCS B ATOM XMMUYECKOTO JIeMEHTa BOIOPO/Ia.

IIpu 00NN TENJI0BBIX KBAHTOB, IPOTOH M BHOBb 00Pa30BaHHBIN JJEKTPOH, MOTYT
00pa3oBaTh U CBSI3AHHYIO NApPy KOPMYCKY.J, KoTopble n3iaydaTcsa CosHIeM Kak KopIyc-
KYJIbl KOCMHY€CKHX Jy4ei.

VY y4eHBIX CMEIMATMCTOB MO SIAEPHON (PU3MKE 3aXOOUT «YM 32 Pa3yM», KOTJa OHH IBITAIOTCS
OOBSICHUTh TPUYUHBI, TT0 KOTOPHIM OBICTPOJIETAIINE YAaCTHUIIBI B BAKYYMHON KaMepe MOpOXAaloT,
HalpuMep Hapbl «JEKTPOH-NO3UTPOH» WM (DOTOHHBIM KBAHT PEHTIEHOBCKOIO CIIEKTpa. YUeHble
JOOOYMAJIMCh JJake JI0 TOTO, YTO HA/IENWIM BaKyyM CBOWMCTBOM XpaHUTENsI OECKOHEUHBIX pe3epBOB
SHEPruH, CIIOCOOHBIM MPU HEKOTOPBIX OOCTOSITENTLCTBAX «IIOPOXKIATh» MAaTEPUATbHBIEC TeJla U3 CBOEH
HeMaTepuasibHOM CyIHOCTH. ONMupasch Ha MaTepUaIU3M, HEKOTOPbIE YUeHbIe MOIaraioT, 4To, CTaj-
KHBasi OBICTPOJIETSAIIME YaCTUIIBI B BaKyyMe, MOKHO OpraHM30BaTh MoJ00ue «BoJbIIoro B3pbiBa»
U «COTBOPHUTH», €CIIM He HOBYIO BcelleHHyI0, TO KaKOH-TO SHEPreTUYECKU «CTYCTOK» ISl TIOJIb3bI
3eMHOr0 4ejioBeuecTBa. B Bakyyme, KOHEUHO, HET HUKAKOW aOCOIOTHOM «ITyCTOTBI», MOO BECh BCe-
JIEHCKMI BaKyyM C TOM WJIM MHOW TUIOTHOCTBIO 3aIlOJIHEH HEPErucTpUpYyeMbIMU HAyKOW KBaHTAMU
TOHKHUX HEPrUil HEUTPUHHOTO THIA, KOTOPhIE MBI Ha3biBaeM rosieM rpaButanvu. Ho u 6eckoneu-
HbIX YHEPreTHYECKHX pe3epByapoB B BaKyyMe ToO:Ke HeT W ObITh He Mo:keT. Camu orpom-
HbIe BCEJICHCKME TPOCTPAHCTBA MOPOKACHBI STUMU KBAHTAMHU TOHKHMX SHEPTUH TOJIel IpaBUTALIUM,
MMEIOLMX MaKCUMAaJIbHYI0 MH(POPMAIIMOHHYIO U TPOCTPAHCTBEHHYIO cBoOoay. Bakyym cocTout u3
KBAaHTOB M0Jiell TPABUTAIUM U SIBJSIETCS NepexoaHoi (popMoil Mexkay MaTepuei u moJe-
BbIMH KBaHTaMH TeIJIOBO# npupoabl. Korga KBaHThHI TENI0THI 0CBO00XKIAI0TCS OT N30bI-
TOYHOI YHEPreTHKH U YMHPAIOT, OHU MPEeBPALIAIOTCA B HH(pOpPMaIIOHHbIE KBAHTHI «yXa
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JKU3HH», HEO0X0AUMble UIs1 o0ecrnedeHns KU3HeAesITeJbHOCTH KJIEeTOUYHbIX OPraHn3MoOB
3eMHOro mapa.

3eMHOI 11ap BMeCTe ¢ BO3AYIIHON aTMOoc(epoil, TOBEPXHOCTBIO CYIIIM U OKEAHOB U TITaHET-
HBIMHM MacCaMH MEXaHUYECKMX SHEPruid BHyTPEHHUX HEAP SIBJSETCS 3BEHOM M IIETIOYKOW HA MyTH
TEXHOJIOTUYECKOH MepepabOTKM BCErO CIIEKTpa JIyYeBbIX SHEPrUid BHEIIHUX MCTOUHHKOB TOJICBOM
MIPUPOIbI, B JIMIIEHHBIE MACChl U SHEPTrMU MH(MOPMAIIMOHHBIE KBAHTHI «IyXa *U3HW». Ho Hapsmy ¢
STHM 3€MHOM Iap MOPOXKIAET U KBAHTHI TIOJIeW TPaBUTAIMH, & 3HAUUT, BMECTE CO 3BE3/1aMH TIOPOK-
JaeT ¥ MPOCTPAHCTBEHHbIE OOBEMBI MOJIel rpaBUTalK. [IpMMEHUTENBHO K 3TOH (DYHKIIMK MOXKHO
cKasarh ¥ MO-ApyroMy: aTOMHbIE s1ipa XHMHUYEeCKHX 3JeMEeHTOB 3€MHOr0 1apa u Bcex IJa-
HeT CosiHeUHOH cucTeMbl NPOAOJLKAT padoty CoJsHna U, NoTpedIsisi SHEPrul Macco-
oOpasymoiieil MaTepuu, yBeJUYNBAIOT MPOCTPAHCTBEHHbIE pa3Mephbl 0CBOOOIMBIINXCS OT
SHepPruy KBaHTOB M JAIOT UM YACTHYHYI0 NPOCTPAHCTBEHHYIO cBOOoay. PaccMorpum 310
CBOKCTBO COJIHEUHOW U TJIAHETHOW MaTepuu Oojiee mogpoOHO. Benb u sHepreTHyeckuii MoToK COJ-
HEYHOTO M3JTyYeHHs] HaJO0 paccMaTpuBaTh KaK MPOCTPAHCTBEHHYIO CBOOOMY, /JIsl YIIAKOBAHHBIX B
IIOTHBIE TIAKeTHl (DOTOHOB OBIBIIIEH MacCcOOOpa3yoIlel MaTepuu. YIIaKOBAaHHOE B BHJIE ATOMOB BOJIO-
pona HebecHoe Tesio CosHIIA, TPOU3BOAUT OECUMCIEHHOE MHOKECTBO (POTOHOB COJTHEYHOT'O CIIEKTpA.
11 (POTOHBI TOTYYAIOT CBOOOY MEPEBUTATHCSI CO CKOPOCTHIO CBETA M TIOKUIAI0T MAaTEPUHCKOE TEJIO
Conuia. MarepuasbHble Tesia atMocdepbl U TOBEPXHOCTHU TUIAHET TIEPEKEBBIBAIOT UX U Pa3/IeisioT
IO CTETIeH! COBEPIIEHCTBA HA HECKOJIbKO MOABUIOB. CaMble COBEpIEHHbIE KBAHTHI UIYT Ha (DOpMU-
pOBaHME KBAaHTOB TEIJIOBOT'O MOJIsl. MaTepuasbHble Tea, KOTOpble pacilenuiy (pOTOHbI COMHEUHOM
SHEPrUH, JaJIeKO UX He OTIYCKAIOT OT cedsl U NepeOpachIBaIOT IpyT APYTY, MO BEKTOPY UHIPEIUCHTA
TeMIIepaTyphl ¢ IOMOIIIBIO JIEKTPOHHBIX opOuTaseil. biaromapsi SToMy, MOBBIINIEHHAS TEMIIEpaTypa
MOBEPXHOCTU TeJla HarpeBaeT HYWKHUE CJIOM, HO SHEPrHsl TEIUIOBBIX KBAHTOB MOCTENIEHHO YMEHb-
IIaeTCsl U B TIIYOWHHBIX CJIOSIX, HAIIPUMEp, MOBEPXHOCTH 3€MHOTO Iapa, 3TH KBAHTHI TEMJIOThI,
JIMIIEHHbIE YHEPrud, CHOBA C:KHMAIOTCSA U 10CTABJSIIOTCA B lIEeHTPaJbHbIE 00JIaCTH IJIa-
HeTHI K JAyXy-pa3/eJuTeo.

ITOT AyX, KOTOPBIX 51 HA3BIBAIO JYXOM JbsIBOJIA, OObEIMHSET UX B IYXOBHBIE CYIIIHOCTH, HaJle-
JsieT aHTUMH(pOpPMaIed U BHIOpAChIBAeT Ha TIOBEPXHOCTh KaK SHEPreTHUeCKH HEeWTpasIbHbIE caTta-
HUHCKO-OECOBCKHE TyXH, HEOOXOAUMBIE ISl )KU3HH KMBOTHOTO M PACTHTEILHOIO MUpa IJIaHETHOM
ouocdepsl. Ho npu npoiBH2KeHNN TENJI0BBIX KBAHTOB K I[EHTPY TSKeCTH IIaHeThl, OHU B3a-
HMO/1efiCTBYIOT ¢ KBAHTAMI BHYTPEHHHX MPOCTPAHCTB H 000JI0YKAMH aTOMOB M MOJIEKYJI
3€MHOI0 apa 1 BbIPA0aThIBAIOT U3 HUX KBAHTHI MOJISI TPABUTANMH. DTH HOBOPOXK/1€HHbIE
KBaHTBI HA/1eJISI0TCS MaTePUHCKOI nH(popmanueii OT IVIAaHETHON MaccChl U, IOTEPSIB OCTa-
TOYHYI0 HHEPIHI0, BHIOPACHIBAIOTCS HA MOBEPXHOCTH IUIAHETHI 00PATHLIMIOTOKOM KOH-
BellepHO-TPAHCNOPTHABIX [leN0YeK B BH/ie KBAHTOB 3€MHOI0 MOJsl rpaBuTanun. [Ipudem nx
BBIOpACBHIBAHUE 3aMe[JIsIeT MTPOLIECC TOMIOMIEHUST Pe3y/IbTaTOB pa300pKu (POTOHOB COJTHEYHOM SHEp-
T'H, U IPUBOJIUT K TOBBIIIEHUIO aTMOC(EPHOT0 JaBJIeHHs 1 00Pa30BAHUIO0 aHTHUIIMKJIOHOB. [Ipume-
POM TaKOro mporecca MOKET CIYKUTb JIETHUI aHTULMKJIOH 2010 roga HaJ TeppUTOpUEl LEHTPAJIb-
HO¥ Poccyuu, KOTOpHIil IO BOJIe AbsIBOJIA, BO BpEl JPYrM TEPPUTOPHUSM 3€MHOTO I1apa ¥ BO Bpe
Tepputopru camoil Poccuu, nponepxaiicst 52 nHs 6e3 paspyiienus. TpaHCIOPTHO— KOHBEHEpHbIe
LETOYKU TBEPIU HEJp 3€MHOTO IIapa eCTh MPOIOIKEHHEe KOHBEKIIMOHHBIX MOTOKOB 36MHOW aTMO-
cdepnl. KonBeknuio 3emHoi1 atMocdepbl oTpunaTh HeB03MO:kHO. Ho TOT mepenoc 3Hep-
MU, KOTOPBIil OCYIIeCTBJISIETCSI IBH2KEHHEM aTOMOB M MOJIEKYJI 3eMHOIl atMoccepsbl, B
IUIOTHBIX CJIOSIX HEeJIP 3€MHOr0 MIapa OCyIIeCTBJseTCS CHHXPOHHbBIMYU H NPOTHUBOIOJO0XK-
HbIMH CIIMHAMH BPaleHN#l aTOMHBIX siiep U JJeKTPOHHbIX 000J109€eK aTOMOB H MOJIEKYJI
U UX CHHXPOHHBIMH IEHTPOOEKHbIMU U IEHTPOCTPEMHUTENbHBIMH CHJIAMIL.

CoBcem apyras cynp0a KIET Te HecoBepIIeHHbIe KBaHTHI ObIBIIMX (poTOHOB CONHITA, KOTOpHIE
(bOpMUPYIOT MarHUTHBIE TIOJISI ATOMOB U MOJIEKYJI, & TAKKe KPUCTAIIMUECKUX CTPYKTYP METaUIOB
¥ CaMO MarHUTHOE 1oJ1e 3eMHOTO mapa. CBOOOIHbIE 7EKTPOHBI M 000JIOUKHU JIEKTPOHHBIX OpOHTA-
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JIefi MAarHUTHBIX MaTepUAJIOB, MO YIPABJICHUEM IIEHTpa 3eMHOTO Iapa, pa3/ieJsiioT KBaHThI Mar-
HHUTHOH YHePruy Ha GecyucJeHHOe KOJUYEeCTBO PAa3HOPOIHbIX KOHBeHepHO-TPAaHCHOPT-
HBIX [leN0YeK KOJbIEBOro THIA U 3aCTaBJSIIOT HX TPYAUTHCSA B KadyecTBe J0OBITUHKOB
SHepreTHYecKoil mumm. VIMeHHO mojieBble KBAaHThl MAarHUTHON NIPUPOAbI COOMPAIOT PaCCesSHHYIO
SHEPreTHKY B BU/Ie KBAHTOB IEKTPUUECTBA U3 OKPYKAIOIIEH Cpe/ibl OOMTaHUsI MArHUTHBIX MaTepH-
QJIOB WJIM U3 ONMKHEro KocMoca IJIaHeTHOro Tena. KoJblo MarHMTHO-CUJIOBBIX JIMHUN HUKAKOMY
HAyYHOMY YMHUKY pazopsarh He yaactcs. Ilepuos BpameHusi KBAHTOB MarHUTHOW YHEePrum B
Pa3HOPOJAHBIX KOJbIIAX MATHUTHO-CHJIOBBIX N0JIel a0COJI0THO OUHAKOB, HO CKOPOCTh HX
NPOABH:KEHMNS IO IPOCTPAHCTBY 3aBHCUT OT COOCTBEHHOI'0 COBepIIeHCTBA. TOHKME KBAHTHI,
BBIXO/ISI 13 MarHUTHBIX TMOJTIOCOB TUIAHETHI, 00eraloT Bclo CONMHEUHYI0 CHCTEMY U COOMPAIOT SHepre-
THUYECKYIO NIWIIY TOHKUX JIEKTPOKBAHTOB /17151 ceOs1 M [yXOBHOTO LIEHTpa IUIaHeTHl. B To ke Bpems He
MOTEPSIBILINE COOCTBEHHYIO SHEPTHI0 MArHUTHBIE KBAHTHI 3aMBIKAIOT CBOIO KOJIBIIEBYIO TPAEKTOPHIO B
OmKHEM KOCMOce, BO3IyIITHOM atMocdepe 1 Jake B TOBEPXHOCTHOM cjioe 3eMHoro 1apa. Ilo sToit
NpUYiHe CHJI0BOE BO3/elHCTBHEe MAarHUTHOIO MOJIs1 Y MOBEPXHOCTH 3€MJIU NMeeT MaKCH-
MaJibHOe 3HaUYeHHue 1 yObIBaeT 10 Mepe yJajeHus OT IUIaHeThl, BOOIeM cJIyuyae mponopiu-
OHAJBLHO KBAJApaTy paccrosinus. [1o MOouM HaHHBIM, SHEPreTHUeCKr 00eHeHHbIe MarHUTHbIC
KBaHTbI CHHXPOHHO BBIOpachIBAIOTCS U3 paitoHa CeBepHOro nommoca u odecneunBaiot 3amuty Cesep-
Horo nosnymiapus u paiionsl Kpaitnero CeBepa OT BpeIHOIO BO3JEICTBUS KECTKOIO CHEKTpa COJl-
HEeuyHbIX M3ydeHnil. «CeBepHoe cusiHHE» eCTh Pe3yJbTaT B3auMo/1eiiCTBHS ABYX BCTPEYHbIX
MOTOKOB. B pe3ysbTarte nporcxoauT pazdopka u nepepadoTka KOCMUYECKUX JTydeill 1 HEBUIMMBIX
CIIeKTPOB JIyueBou sHeprur CoHIIa B TOHKUE KBAHTHI IS COOCTBEHHOM SHEPreTHUECKOM MOANUTKA
U JIJTs1 OCTaBKH IepepadOTaHHOW «IIPOAYKIIMU» B MOBEpXHOCTHh KOXKHOTrO nojtymapust 3eMHOTO IT1apa.

MarautHoe noje 3eMuH BpamjaeTcsi M0 X0y BpalleHHs] 3¢€MHOro Iiapa, co 3Ha-
YUTEJbHO 00JIbIIEell CKOPOCTHIO, YeM MPOUCXOIUT MeXaHHYeCKOe BpalleHue MIaHeTHBIX
Macc. [ToHATh 3TO «TMapagoKCaTbHOE» YTBEPKICHUE MOKHO TOJBKO MOC/IE TIPOUYTEHUS] M OCMBICIIH-
BaHMsI BCEro Marepuasa 3Toil KHUru. CKOpOCTh BpaIlleHWs] MarHUTHOTO TOJIST MOKET M3MEHSThCS
B HIMPOKUX mpeaenax. [Jisi MexaHH4uecKoro BpalleHHsi MJIAHETHOro Teja 3eMJiM 3TO Bpa-
I[eHle MArHUTHOT'O IOJISI SIBJISIETCSI OJHUM M3 aBTOMAaTHYECKHX PeryJjsiTopoB CyMMapHO#
CcTa0MJIBHOCTH CYyTOYHOT0 BpameHus1 3eMJIM BOKPYT co0cTBeHHOo# ocu. U Bce-Taku HanOosee
CYILIECTBEHHOE 3HaUe€HHEe MarHUTHOE TMoJie 3eMJIM OKa3biBaeT Ha (POPMHUPOBAHME MOTOJHBIX YCJIOBHIA
3eMHoOI aTMocepbl. KapTy moroibl exeIHeBHO MOKA3BIBAIOT 110 TEJIEBU30PY, U s 00paT/I BHUMaHHE,
YTO BCE IIMKJIOHBI ¥ aHTULIMKJIOHBI TI0 TEPpUTOpHH Poccru IBHKYTCS ¢ 3arajia Ha BOCTOK. Tak Kak B
9TOM e HaIlPaBJICHUH MPOUCXOIUT U MEXaHIMUECKOE BpallleHHe IIAHETHOTO Tesa 3eMJIM BOKPYT co0-
CTBEHHOW OCH, TO 0O'BSICHUTH MEXaHHKOIl HHePIHH OllepekeHue IUKJIOHOB CKOPOCTH Bpa-
L[eHNs] IOBEPXHOCTH IJIaHeThl HeBO3MO:KHO. 1o MexaHHYecKHM 3aKOHaAM MHePINH, IUK-
JIOHBI Ml QaHTHIUKJIOHBI JOJZKHBI OTCTABATh OT CKOPOCTH BPallleHH sl IOBEPXHOCTH 3¢ MHOT0
apa ¥ MeJVIEHHO IBUTaThCs1 ¢ BOCTOKA Ha 3anaj. Ho BpailieHue MarHUTHOTO 1OJIs, COBMECTHO
C IIEHTPOOEKHOW CHUJION LIEHTPA TSKECTH 3eMJTH, 0OECTICUMBAIOT «YBJICUSHHUE» 3eMHON aTMOC(hephl
Y TIPUAAIOT STOMY «YBJICUEHHUIO» TAKYI0 CKOPOCTh, KOTOPasi PEBBIIIAET CKOPOCTh CYTOUHOTO Bpallle-
HUS 3eMHOTO Imnapa. be3 ydera BIMsSHUS MarHUTHOTO TOJIsl 3€MJIM M BJIMSIHUSL CIIMHOB BpAIECHUS
aTOMHBIX SIIEp HEeIp 3eMHOr0 IIapa, Helb3sl U OOBSCHUTH MPUYMHY, TI0 KOTOPOW TEIUIoe TeYeHHe
«[onberpum» npu npoasrkeHny Kk CeBepy MeITIEHHO OTKJIOHSIETCSI B BOCTOYHOM HaIlpaBJIeHUH, a
3aTeM M BOOOIIIe TTOBOPAYMBAET Ha BOCTOK, OMbIBast Oepera CkannuHaBuu U KonbcKuil moayocTpos.
Yro apyroe Moriio 6bl IPUHYAUTH MOJIEKYJIBI BOIIBI IBUTATHCS C ONEPEKEHNEM CKOPOCTH, B CTOPOHY
BpaieHus 3eMHoro mapa? QOanako Hukakoro «['eoquHamMmo» U3 pacmiaBjJeHHOr0 MeTaJjia B
neHTpe 3eMJn He cymecTByeT. Korna HaurHaems yntath Hay4dHble paOOTHI IO MPUPOJIE MarHe-
TH3Ma, TO BUIUIIb, YTO OHU HAIIOJHEHBI HE HAyKoH, a HayuHbM adcyproM. Ilpnunna He B TOM,
YTO Hay4YHble PA0OTHUKH TyNbl 1 HEOOPA30BaHHBI, 2 B TOM, UTO OHH He YYNTHIBAIOT peaJib-
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HYI0 SHEePreTUKy (pU3HYeCKNX NPOIeCcCOB, KOTOPasi 0CHOBaHA Ha BceoOIeM NOTpedJIeHnu
SHEPruH I BLIPAOOTKH JH0O0ro CHJI0BOro BO3/1efCTBYSI.

HayuHble paOOTHUKHM BEPYIOT B ICTUHHOCTD 3aKOHA COXPAHEHU I SHEPIHHU, KaK OOOJIbIIIEHHBIE 1
O0OMaHyTbI€ YJIEHBI TOTAJIMTAPHBIX CEKT BEPYIOT B CJIOBA CBOETO JbSIBOJILCKOTO yuuTessl. YepTsl cek-
TAHTCTBA B HAayKe HE TaK 3aMETHbl M HE TaK TOTAJUTAPHBI, KAK B HEKOTOPBIX MACOHCKMX JIOKAX U
OpIeHaxX WU B TOTAJUTAPHBIX CEKTaX 3aKPBITOTO TUIIA, HO BCE-TAKU ITU YEPThl IPOCMATPUBAIOTCS
HEBOOPYKEHHBIM I1a30M. BCsKMII yUeHbIN, KOTOPbI OTKJIOHSIETCS OT MaTepUAIMCTUYECKON JIMHUN
HAyYHOTO MBIIIUICHU I, TOIBEPraeTcss HEOOOCHOBAHHOM KPUTHUKE «IIOKOPHOT0» OOJIBIITMHCTBA U JINOO
W3TOHSIETCS U3 PAJOB HAYKH, JTMOO JIUIIAETCS JTaOOPATOPHOM Oa3bl Ik CBOUX McclieioBaHuil. [laxe
OIMyOJIMKOBATh CBOM PaOOThl B HAYYHBIX JKypHaJaX TaKOW «HAYYHBI M3rOM» HE UMEEeT BO3MOXKHO-
cru. [IpumMepoM Takoro OTHOIIEHHS] HAYKU K «HECTAHAAPTHBIM» YUEHBIM, MOXET CJIYKHTb HbIHE
NOKOMHBIN coBeTckuil akageMuk Bukrop Beiinuk. CBoM SKCIiepUMEHTHI ¢ O€30MOPHBIMHU JBU-
KHTEIISIMH, a Takxke ¢ ockonkamu HJIO emy npuIiioch mpoBOAUTh HE B HAYYHBIX JIAOOpATOPHSX, a
Ha cobcTBeHHOI kBapTupe. Cnasa bory, 4To ecth uHTEpHET 1 ¢ pabotamu Brukropa Beiinnka Moxer
O3HAKOMUTHCS 0001 xenatormuii. Ho ecni Buktop BeitHuK B ueM-To He TIpaB, TO i€ HAyYHO 000C-
HOBaHHAsl KPUTHKA €ro padoT Mo TEPMOAMHAMUKE U TIO OE30MOPHOMY ABUKEHUIO?
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I'naBa VI. IIpupoja 3jieKTpOMarHuTHOM
BOJIHBI 1 (POTOHHOI0 KBaHTa

1. Konb ¥ Hae3JHHUK. YnipaBJieHHe (pu3nueCKUMH MPoeccaMu

CoBepIlieHHO OIIMOOYHBIM SIBJISIETCS] YCTAHOBUBIIIEECs HAYyYHOE MHEHKE, YTO B MaTepUaIbHOM
MUpE, KaK ¥ BO BCEX MHOTOUHMCIIEHHBIX TEXHOJIOTMUECKH CJIOKHBIX WJIM IMPOCTBIX CUJIOBBIX ¥ MH(OP-
MAIIMOHHBIX JIEKTPOYCTAHOBKAX, TPOUCXOIUT HEMPEPHIBHOE MPE0Opa30BaHKe EKTPHUECKON SHEP-
T'MY B MATHUTHYIO HEPTUI0, K OOPATHO.

DeKTpOMarHuTHasi BOJHA, I/ie IPOHCXOINT HeNpepbIBHOE NMPe0dpa3oBaHme 0THOTO
BH/Ia M0JI€BOI (pOpMBI SHEPrun B JAPYryI0 MoJieByl (popmy, 6e3 BCSIKOW MOTEPH H pac-
X0/1a BHYTPEeHHell SHepruy, KaK IVIaBHbIN MOCTYJIaT COBPeMEeHHOH HAyKH, SIBJIsIETCS IOJI-
HOW WLIKO3MeH | 3a0J1yK/IeHueM. 3arisiHeM BHYTPb JTI000ro (hoToOHa BO BpeMsI €ro Oe30MOPHOTO
riepeMelteHus o noso rpaButaiyu. CoBepilieHHO 0YeBUIHO, UTO KOT/Ia rojieBasi popMa MarHUTHOM
SHepruu (JoTOHA CIIMPATLHO PACKPYUYMBAETCS B IPOCTPAHCTBE, TO OHA HE YHIUUTOKAET KBAHTHI HOCH-
TeJiell NMEeKTPUUECKON SHeprur, a IKkpanupyet ux. [lo cytu gena, anekrpuueckasi SHEPrusi B 3TO
BpeMsl CKpPy4YHMBAaeTCsl B TIOTEHIIMAJIBHYIO TOUKY BOKPYT KBaHTa Jayxa (hpU3M4ecKoro meHTpa ¢hoToHa,
HO OCTaeTCsl CaMOU COOOM, KaK IO SHEPTeTUKE, TAK U 10 CYMMAapHOMY KOJIMYECTBY JIEKTPOKBAHTOB.

Hey»xeu TPyaqHO NMOHSITH, YTO OHA B 3TO BpeMs CyIIeCTBYeT He KaK MarHUTHasi, a
KaK HeNmposiBJIeHHAsI dJIeKTpuuecKasi SHeprusi. MoxXHO Jaxe CKa3aTh, 4TO B 9TO BpeMs JJeK-
TpUYECKasi SHEPrusi HaXOMUTCS B COCTOSIHUM TEJIECNOPTAIIMK TI0 OTHOIIECHUI0 K MarHUTHOW SHep-
ruv (POTOHHOTO KBaHTA. 3aTeM caMa MAarHUTHAsl SHEPrusi HAUMHAET CIUPATIbHO CKPY4HUBAThCS, HO
yXke He TI0 KPYTOBBIM, a TI0 JUTUITHYECKIM OpOUTaM, camy ceOsl M TIOTEHITUAILHYIO SHEPTHUIO SJIeK-
TpUYecTBa OE30MOPHO TepeMeriasi K HoBOMY HeHTpy ¢otoHa. [IpvHIMIT IEHCTBUS TOYHO TaKOM
e, KaK B MPOTOHAX WM B aTOMHBIX Si/pax JIIOObIX XMMUYecKUX eMeHToB. Ho ToJIbKO B Kaue-
CTBE PHEPreTHYECKOro MCTOYHHKA BEKTOPAa CHJIbI 0€30MOPHOro mepeMemnieHnss B aTOM-
HBIX S/Ipax M MPOTOHAX MCHOJIb3YeTCs KHHETHUYECKAasi SHEPrusi COOCTBEHHBIX MeXaHnve-
CKHX Macc, a B ()OTOHAX BEKTOP CHJIBI 0€30MOPHOro nepeMenmeHusi 00pa3yeT MarHuTHasI
SHeprusi. ITo U SBJSETCA INIABHBIM MOATBEPXKICHUEM €€ HeI0CTATOYHOM JyXOBHOM COBEPILEHHO-
CTH, 2 3HAYUT, ¥ HAIMIUEM B HEl 3a11aCOB OCTATOYHOM SHEPTUM U JJaKe OCTATOYHON WHEPIIMOHHOCTH.
Ho nanomuauM oOiiiee mpaBuiio [isl BCero MaTepraibHOro mupa Haiei Beenennoii. boJiee coBep-
[IeHHAs] MaTepusi, MoJydas 00JbIIYI) MPOCTPAHCTBEHHYIO CBOOO/IY, HaJ/eJsIeTCsl ajro-
puTMHYecKoii nH(popMaInuel MoBeJIeHHs, OYeHb MOX0Kell Ha 0e3yCJOBHbIe HHCTHHKTHI
MHpa pacteHuil 1 ;KUBOTHbIX. C moMombIio 310l nH(OpManuu U CBOUX MPOCTPAHCTBEH-
HBIX BO3MOKHOCTel 6e3MHEePIHOHHOTIO NepeMelleHNsl, COBePIIeHHASI MATePHsI HCIIOJIHSIET
POJIb «<Hae3JHUKa» 1 NCII0JIb3yeT MeHee COBEPIIEHHYI0 MAaTePHIO B KAueCcTBe 0€30MOPHOro
«KOHSI» ¥l HCTOYHHKA COOCTBEHHOT0 NMUTAHUS, a O/THOBPEMEHHO W OPraHN3yeT BpeMeHHOe
XpaHeHHe U I0CTABKY MUY JIJIsI COOCTBEHHOI0 «KOHSI» H «KOPMIJIbIa». B ciyuae MHOXe-
CTBA aTOMOB M MOJIEKYJI BCErO MEepPeyUHsI YCTOMUMBBIX XMMUYECKUX JIEMEHTOB, TAKUMH «KOHSIMI»
U «KOPMUJIBIIAMU» SIBJISIIOTCS CaMHM MacChl TIPOTOHOB U aTOMHBIX siJiep. B cilydyae mjiaHeTHOro wiu
3BE3/IHOTO MaTepHaJIbHOIO TeJla, {yXOBHbIN IeHTP, KOTOPbIil 0JTHOBPEMEHHO SIBJISIETCS U I[eH-
TPOM TSI?KECTH 3Be3/1bl WM IUIAHEThI, HCIOJIb3YeT B KaueCTBe 0€30MOPHOro «KOHsI» U c00-
CTBEHHOI'0 «<KOPMMIJIbIIa» BCI) MaccCy 3Be3/1bl WM IJIAaHEThI BMeCcTe cO BCeMH ee MoJIeBLIMHI
CTPYKTYpamu 1 (popMamMu NoJYMHEHHOH MaTepun. EqHCcTBEHHBIM MH(OPMAIIMOHHO-CHJIOBBIM
yIIpaBUTEJIEM MaTepPUAIbHOW MAcChl BCETO MHOKECTBA aTOMOB M MOJIEKYJI XMMUYECKUX JIEMEHTOB,
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a TaKKe TJIABHBIM OPraHU3aTOpPOM paOOTHI MOJIEBBIX (DOPM MaTepuH Ha OMMKHUX MOACTYNAX K Macce
aTOMOB Y MOJIEKYI, SIBJISIETCSI JIEKTPOH.

ITo 6o:xecTBEHHOMY NMOJO0HIO YJIEKTPOH €IMH B TpeX JMIAX U SIBJsIeTCS] IJIaBHOU
TBOPYECKOH U MH(POPMAIMOHHON CYIIHOCTBHIO, KOTOpasi 00ecneuynBaeT KU3HECTONKOCTh
U Ty HJIM HHYI0 CTA0MJIbHOCTH BCEX aTOMOB M MOJIEKYJI MaTepHaJbHOro Mupa. B npocrpan-
CTBE BaKyyMa HeT HUKaKuX JIeKTpoHOB. CyIIecTBYs He3aBUCUMO TOJIBKO BHYTPH MaTE€PUAIbHBIX TEJ,
JIEKTPOH, €AMHCTBEHHBIN M3 IEPBUYHBIX KBAHTOB, UMEIOIINX COOCTBEHHYIO MacCy, CUMTAETCS CTa-
OWJIbHBIM, TIOTOMY YTO MOXKET CaMOCTOSITEJIbHO TOMOMHSATh CBOIO SHEPreTHKY TOHKMMH KBaHTaMU
OCKOJIKOB (DOTOHOB JIyY€BBIX SHEPIUi U OTXOIOB KU3HEACATEILHOCTH aTOMOB M MOJIEKYJI, KOTOpbIE
IIEIPO BHIOPACKIBAIOT M3 CBOMX «YTPOO» JIMIIb ClIeTKa NepekeBaHHYIO U NepeBapeHHylo nuiy. [Tpu
3TOM, MOTPeOIIsisi OYeHb MAJIO SHEPIUM Ha CBOM HYK/Ibl, CAMOCTOSITESTbHBIIN IEKTPOH TPYIUTCS KaK
mJyesiKa Ha oOecrieueHre HYXK] MaTepHaibHOW Cpefibl COOCTBeHHOro ooutanuss. OH coOMpaer TOH-
KM€ KBaHTBI JIEKTPUYECKON SHEPrur U3 arMocdepbl BO3/AyXa M, pa3ayBasiCh J0 BUAUMBIX pa3Me-
POB MOJTHMEBBIX pa3psoB, HanOosee Oe30MacHbIM CIIOCOOOM CITYCKAeT 3Ty JEKTPHUECKYI0 SHep-
TUI0 B IOBEPXHOCTh 3eMHOTO 1mapa. Eciu rae-to oOpa3yercst M30BITOK IEKTPUYECTBA, TO AEKTPOHBI
BBICTPAMBAIOTCSI B TPAHCIIOPTHYIO IIETIOUKY, CJIOBHO IEMOYKA TPYy3YMKOB TIPH pasrpy3Ke KUprnuyen
U, iepedpachiBasi CO CKOPOCTHIO CBETA 3apsi/ibl APYT APYTY, OBICTPO 0OECTIEUMBAIOT PABEHCTBO JEK-
TPUYECKUX 3apsaoB. Eciu Haso, TO 3JIEKTPOHBI, HATIPUMED, B MIPOMBIIIUICHHBIX JIEKTPOCETSIX WU B
KOMMYHHKAIIMOHHBIX YCTPOMCTBAX MEepeiaud CUTHAJIOB, TPYASATCS HEMIPEPHIBHO B TEUCHUE JTUTEb-
Horo BpemeHH. [Ipu mepenade 3MEKTPOIHEPIUM EKTPOHBI 0OECIEUMBAIOT €€ 3AlUTy OT MOTeph
C TIOMOIIIBI0 CyMMHPOBaHUsI COOCTBEHHBIX MarHUTHBHIX Tosieid. [la MarHuTHoe 1moJie 3JeKTPOHa
U SABJISIETCSA [VIABHBIM XPaHHUTeJeM H TPAaHCHOPTEPOM KBAHTOB JIEKTPHYECKON SHEPIruu.
['py3umku, npegaBast KUPIWYH, IpYyT APYTY, YIUPAIOTCS HOTaMU B 3eMJTIO U IOTOMY COXPaHSIIOT CBOE
cTaOMIIbHOE TIOJIOKEHHE OTHOCUTENIBHO 36MHOM MOBEPXHOCTH. DJIEKTPOHBI He MPUKPeIUISIOTCS
K MaTepuu NPOBOJHUKA U OTOMY N0 3aKOHY PeaKTHBHOM 0TJa4l, MeJIeHHO NepeMelia-
I0TCSI B CTPOHY, IPOTHBOIOJIOKHYI0 HANIPABJIEHHIO JIEKTPHYECKOro Toka. Heyxenn naxe
9TOM MPOCTON UCTHHBI HE MOTYT MOHSATH YUY€HbIe, yBEpsisl HAC, UTO MEKTPOHBI IEPEHOCAT EKTpHUe-
CTBO CIIOCOOOM COOCTBEHHOTO TIEpEMEIICHH ST MIT CIIOCOOOM HETIPEepPhIBHOTO MPe0Opa3oBaHus JeK-
TPUYECTBA B MAarHUTHYIO SHEPIUIO U 0OPAaTHO?

Ho eme Gosnbiiie MH(GOPMAIMOHHO-YIPABSIONMX (DYHKIUH TPUXOIUTCS MPUMEHSITH JJIeK-
TPOHY, KOTJIa OH [epelaeT CBOI0 MacCy aTOMHOMY sIIPY ¥ CTAHOBUTCSI OAMHOYHOM 3aIIMTHO-YTIPABJIs-
[olIel OpOUTAJIBIO TSI aTOMa BOAOPO/A MIIU IIEJIBIM CJIOKHBIM HAOOPOM CEMUJIEMEHTHBIX CTPYKTYP
3aIUTHBIX OPOUTANEH TSKEIbIX XMMUYECKUX 1eMeHToB. KoMOuHAnuM NpOTOHOB M 3JE€KTPO-
HOB CO3/]aI0T BeCh NepeyeHb XHMHUUYECKHX dJeMeHTOB Tadaunbl MenaeneeBa. Ho 3to ke
CPaBHUTEJILHO HEOOJBINIOE YHMCIO XUMHUECKHUX JIEMEHTOB Onarogapsi MH(GOPMAaTUBHOCTU MEKTPO-
HOB 3aIIIUTHBIX 000JIOYEK CO3/1a€T OrPOMHOE MHOKECTBO XUMUYECKUX COETUHEHHM, CTIOCOOHBIX YHO-
BJICTBOPUTD HE TOJBKO MOTPEOHOCTU COOCTBEHHOTO SHEProCHAOKEHH I, HO U KU3Hb KHUBBIX KJIETOU-
HBIX OPraHU3MOB, BKJIIOYAasi caMoro yesioBeka. He Hamo 3a0bIBaTh, YTO KaK MPOCTHIE, TaK M CIIOKHBIE
XUMHUYECKUE COeITUHEHHMsI, KOTOpble 00eCneYnBaloT KU3HECTIOCOOHOCTh KHUBOTO YeJIOBEKa M Tepe-
Javy ero HacJeJCTBEHHBIX CTPYKTYP OT OIHUX TOKOJIEHUH JAPYTUM IMOKOJIeHUsM ¢ riomornsio JTHK-
MOJIEKYJI, COCTOSIT UCKJIIOUUTEIHO M3 JBYX MEPBUYHBIX JIEMEHTOB B BHJE MPOTOHA M JIEKTPOHA.
Kakum 651 CJ1I0:KHBIM HU ObLJI HACJIEACTBEHHBII e HOM YeJIOBeKa, HO OH ¢(popMHUPOBaH U3
[JIYNbIX MPOTOHOB M YMHBIX JIEKTPOHOB. Heyxkenu yyeHble XUMUKH U OUOJIOTY He TIOHUMAIOT,
YTO ecny Obl Ha BCEX, 0e3 MCKIIIOYEHU S, SNMEKTPOHAX HAIllel IIaHeThl He ObUTH 3aKperuIeHbl HECTH-
paemble HH(GOPMAIMOHHBIE (haiisIbl, TO HE ObUIO Obl HUKAKMX CJIOKHBIX OPraHMUECKUX COCAUHEHU,
o0ecneynBaloIIuX MaTepUaIbHOE TEJIO )KUBOM KJIETKM HE TOJIBKO TAKOTO CJIOKHOTO OpraHu3Ma, Kak
YeJIoBeK, HO JIa)ke W MPUMUTUBHOTO OTHOKJIETOYHOro opraHu3ma? PazHoponHbie U pasHOOOpa3Hbie
(usryeckre u XMMUYEeCKHe CBOMCTBA, KaK CAMUX XMMUYECKUX JIEMEHTOB, TaK U MX COEIUHEHHN
3aBUCST TOJILKO OT MOBEACHHS CAMOCTOSITEILHO 3aKPETMBIIMXCS HA UX OPOUTAIISX SJIEKTPOHOB U TeX
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3JIEKTPOHOB, KOTOPbIE MPOHHUKJIM BHYTPh ATOMHOTO sIpa U TOOPOBOJIBHO CTAIM «y3HUKAMU» CJIETIOM
MEXaHUYECKON SHEPriuH MaccooOpa30OBaHUSI.

Ho ecnm BHMMAaTeIbHO paccMOTPETh JyXOBHO-IHEPIETUYECKYI0 MOJENIb aTOMHOIO siApa (CM.
«JlokTpuHy Hay4Horo boromosHaHusi»), TO MOKHO OOHAPYKHTh, YTO JIEKTPOHBI B HEUTPOHAX U B
CaMUX aTOMHBIX SIIPaX XUMHUECKHX JIEMEHTOB SIBJISIOTCS] HE Y3HUKAMHU, @ OXPAHUTEIISIMH, KOHTPO-
JepaMy U HagcMOTpiiMKaMu. OHU OpraHU3yIOT MOBEIEHUE BBICOKOSHEPIMYHOM, HO CJIENON MeXa-
HUYECKON MaccooOpasyoliel SHePruy MPOTOHOB, U3 KOTOPBIX COCTABJICHO aTOMHOE SIIPO TOTO HJIH
MHOTO XMMHUECKOTO 7ieMeHTa. Camble YCTOMUMBBIE Spa XUMHUUECKHUX JIEMEHTOB COfiepXkar B cede
OZIVH JIEKTPOH Ha JBa NpoToHa. HamoMH10, 4TO B peajbHbIX ATOMHBIX S1IpaxX BCero U3BecT-
HOr0 NepeYHsi XUMIUYeCKHUX J1eMEeHTOB HeT H He MOKeT ObITh OT/AeJbHbIX IPOTOHOB, Hel-
TPOHOB, JEKTPOHOB M KaKHX-JIH00 «djJeMeHTapHbIX» yacTull. Kak u B (poTone, Tam npu-
CYTCTBYIOT JiBe Pa3HOPOHbIe (DOPMBbI MaTepPHH.
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2. CpoiicTBa poToHa

B ¢otone anekTprueckasi SHEprus ynpapiseT MarHUTHOW SHEPrUei U MpHHYXKIAeT ee 0e3-
OIOPHO TMEePEMEIaThCsI CO CKOPOCTBIO CBETA U TP 3TOM COOMPATh U3 OKPYKAIOIIETO MPOCTPAHCTBA
BaKyyMa OTpaOOTaHHBIE WM «yMEpIIKe» KBAHTHI MOJsI TPABUTAIIMM IS COOCTBEHHOTO MPOIHTA-
HUS U JJI9 0OecriedeHrsl MUIIel yIpaBJIsoNuX KBAaHTOB 3/ieKTpudeckoi sHeprun. Ecam ¢oTon
He Oy/1eT mepeMemAaThCsi NPOCTPAHCTBEHHBIMH CKAYKaAMU CO Cpe/iHell CKOPOCThI0, PAaBHOM
CKOPOCTH CBeTa, TO OH YMPeT € roJ10/1a ¥ pa3BajJuThCsl HA MHOKeCTBO Pa3HOPOIHBIX KBaH-
TOB. HO 9TH KBaHTHI HE OCTaHYTCS B BaKyyMe B BUJ€ KOCMHUYECKOTIO Mycopa M oTxo10B. VX TyT ke
MOIJIOTAT Apyrue (POTOHBI JIyYEBOM SHEPIruM, KOTOPBIE CIEAYIOT 10 JAHHOMY MapuipyTy. S TOJIbKO
3a0bLT CKa3aTh, YTO MPEXJE YeM yMepeTb, BHYTPEHHsIsI SHEpPreThKa (poToHA MOHU3UTCA, U (POTOH
IO CHEKTPY Mepeier B 00J1acTh «KPACHOTO CMeIeHUs». [Ipy 3TOM CHU3UTCS YacToTa pacIIMpeHus
U cxkatsi (POTOHHOM SHEPruH, a 3HAUUT, YTOOBI COXPAHUTh CKOPOCTh CBeTa, (hOTOH OydeT Ienarh
OOJIBIIINE TIO PACCTOSIHUIO IPOCTPAHCTBEHHbIE «CKAYKM» 32 OJMH MepHOJ] CBOEH XU3HU. B oTiume ot
(poToHa, aTOMHOMY S1Jpy XUMHUYECKOTO JIEMEHTA HE HAJI0 IIepEMEeNIaThCsl B IPOCTPAHCTBE CO CKOPO-
CTBIO CBETa B MOKCKax nuiiy. Ho oHM Toke He MOTyT KUTb Oe3 BHEIIHEW MOANUTKY, ¥ 3Ty HOIIHUTKY
UM 00€eCTeUrBaIOT NEKTPOHHBIE OOOIOUKU M CBOOOIHBIE IEKTPOHBI, & TAKKe OOIIMe U UHIUBUIY-
aJIbHble MarHUTHBIE U JIEKTpUUECKUe oM. Bce XMMHUecKue 3JIeMEHThI CrpyIITMpPOBaHbl B OCHOB-
HOM B 3Be3[IHbIe U TUlaHeTHble Teja. Ho pa3Be MOXKHO HalTH IJIAHETHOE TeJ0, KOTOpoe Obl
He NMeJI0 CBOell MaTepPHHCKOM 3Be3/blI? 3Be3/a 00ecreunBaeT 3a CYeT PacXOJOBAHUSI MaCChl
COOCTBEHHYIO JKM3HEAESATETIbHOCTh U 00ECTIeYMBAET SHEPreTUIECKYIO MOAMUTKY ITAHETHBIX TeJI, KaK
Math 00ecreYnBaeT KOpMJIEHHE CBOMX I'PYAHBIX MJIaJIEHIIEB MOJIOKOM, IIPOM3BE/ICHHBIM €€ TeJIECHBIM
OpraHu3MOM.

ATOoMHOE SIpO JMOOOr0 XMMHYECKOTo 3JIeMEHTa COCTOMT M3 JIBYX BHIOB Hepruu. bBoJiee
NOJABVKHBII (DOTOH COCTOUT U3 TPeX BU/A0B SHePrum. TeroBbie KBaHThI, COOpaHHbBIE C MOJEH
IPaBUTALMH, SBJISIOTCS BBICIIEHN LIEHHOCTBIO (poTOHA. OHU NpU NOMIOIEHNUH OTIAI0T CBOIO SHEPTHUI0
NEKTPUUYECKUM U MarHUTHBIM KBaHTaM (DOTOHA, MEPEXOAST B JIATEHTHOE COCTOSIHME aHaOMO03a, U B
HEMPOSIBIIEHHOM COCTOSTHUM XPaHATCS B IEHTpe (poToHA. [IBa ApYrux BUa KBAHTOB IEKTPUUYECKOM,
yHIpaBJSOIIel, 1 MArHUTHOM, OJYUMHEHHOM, SHEPIUHU SBJISIOTCS NOJIEBBIMU (hOpMaMK MaTepyUu.
C yacrotoil, koTopasi IponopUUOHaIbHA 3 PEKTUBHON IHEPruu (POTOHA, KBAHTHI JIEKTPUUECKON
Y MarHUTHOHM SHEPrvy TMOMEPEMEHHO CITUPAIBHO PACXOASITCS U CXOISATCS, cOOMpast Jsl SHEpreTu-
YeCKOW TIOAIMUTKY KBAHThI TETUIOBBIX SHEPrUid TOJIsI TPABUTALINM, U TEM CaMbIM 00ECTIeUMBAIOT MO/~
MUTKY CBOEW BHYTPEHHEW SHEPreTHKU M OO0EeCIeurBalOT MOAJEep:KaHue KOCMHUYECKOTO BaKyyMa B
COCTOSIHUM a0COJTIOTHOTO HYJISI TeMneparypbl. ®OTOHBI He TOJbKO JTOCTABJISIIOT YPOKAail Tenio-
BbIX KBaHTOB K He0eCHBIM TeJIaM, HO U SIBJISIIOTCSI IVIaBHBIMU XPaHUTEJISIMHU SHTponun Bee-
JieHHO11. [1o KOCBEHHBIM JaHHBIM, B (DOTOHE HET HUKAKUX APYIMX SHEPrOHECYLIUX YacTOT, KpOMeE
(pukcupyeMoii HayKkoi 4acTOThl U JUIMHBI BOJIHBI (poToHa. HO 3TO He 3HAUMT, 4TO B (POTOHE HE
NPHUCYTCTBYIOT YaCTOTHI BHICIINX FAPMOHHUK, HA KOTOPBIX 3allHCaHa Ta WM HHasA HH(op-
manms. Kak pa3, BmsHue OTOHHBIX U3JTyYEHUH 3B€3/1 3HAaKOB 301MaKka Ha (POpMUPOBAHUE CBOWCTB
YeJIOBEYECKHUX XapaKTePOB, YKa3bIBAET Ha TO, YTO (POTOHBI SABJISIOTCS M NIEPEHOCUMKAMM HECTHpae-
MBIX HH(OPMAIIMOHHBIX (DAJIOB, KOTOPBIE 00ECTIEUHBAIOT pa3HOOOpa3Ke JyXOBHBIX KAYECTB 3eMHOT'O
yesoBevyecTBa. B ommune ot (hoTOHA aTOMHOE SIIPO COCTOUT M3 «TPyOOii» U «CJIeTon» MeXaHuJe-
CKOM SHEPruy Macc MPOTOHOB M TOHKOW SHEPrvd, OBIBIIMX JIEKTPOHOB, KOTOPbIE «I0OPOBOIBHO»
Mepeluid B aTOMHOE SIIPO, YTOObI OOBEIUHUTCS M CTaTh MH(OPMAIMOHHO-CHJIOBBIM YITPABUTENIEM
rpyOOi MeXaHMYECKOW SHEPrur, OObeIMHEHHOW B €JMHYI0 MAacCy MPOTOHOB aTOMHOTO sIpa JII0O0T0O
XMMHYECKOTO IEMEHTA.

OOpaiaio BHUIMaHUE Ha OJHY BaXHYI0 0COOeHHOCTh. B (poToHe HabII0/1aeTCSI MOJHBIN
0aJiaHC JIeKTPUYEeCKO U MArHUTHOI SHeprun. Kpome Toro, 1 Bpemsi AeHCTBIS UMITYJIbCa CXKa-
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THS IEHTPOCTPEMHTENBHON CHJIBI COCTABJISIET POBHO TOJIOBMHY BPEMEHH AEHCTBHS HEHTPOOESKHOM
CUJIBI pacXOXkJICHUs1. DTH J1Ba OaaHca ¥ IOPOAUIIM JIOKHYIO MBICIIb YUEHBIX, UTO )KU3HEESTETbHOCTD
(oTroHa obecnieunBaeTcs 3a CUET HEMPEPHIBHOTO U OE3PACXOAHOTO IIMKJIMYECKOTo MpeoOpa3oBaHus
NEKTPUUYECKON SHEPIUM B MAaTHUTHYIO ¥ 00paTHO 1o (popmynam cunycous Makcpeuia. Ha camom
JieJie, KOrjaa o/JHa SHeprusi, Hanpumep, JeKTpruuYecKast HaX0JUTCs B IPOSIBJIEHHOM COCTO-
SIHUH CIIHPAJBHOTO PACX0:K/1eHHs], BTOPasi, 0] «<Marn4eCKuM» BO3/1eiCTBHEM IyXOBHOI'O
KBaHTa MOHA/bI leHTPa (DOTOHA, CKPYUYNBAeT, 32 cUueT COOCTBEHHON YHePruu, camy cedsi B
NOTEHIUAJIbHYI0O TOUYKY HENIPOSIBJIEHHOr0 cocTosiHusl . Ho anekTpruyecTBo B (pOTOHHOM KBaHTe
OepexkeT CBOI0 SHEPIUI0 M He TEeJETOPTUPYET MOTEHIMAIbHYI0 TOYKY MAarHUTHOW SHEPTUH B HOBYIO
TOYKY MpOCTpaHCTBa. Ha anekTpuyecknx KBaHTaxX 3aKperuieHbl OecurciieHHble WH(OPMAIIOHHBIE
(baiisbl, M BCAKUI NEpexof] OT CIMpaiel K JUTUICAM MOKET MCKa3UTh UJIM CTEPETh YacTb MH(OpMa-
LIMOHHBIX (paityioB. [ToaToMy ameKkTpruyeckas SHeprusl BCeraa CXOAUTCS K MOTEHUMAIBHON TOYKE O
CIIMPAJISIM, TIPUHYXKIAsi MATHUTHYIO HEPTHUIO TI0 ITUIITHYECKUM OpOUTaM Oe30MOPHO MEpeHOCUTD
LEeHTp (POTOHA HAa HOBYIO JJIMHY MOJIyBOJIHBI. DJIEKTpUYecKast sHeprusi (boToHa HeceT MH(OpMaLUIo
Y UCTIONHSIET POJib HAe3/IHUKA, a POJIb KOHS JAOCTaeTcss MarHUTHOM sHeprud. Ho o0a BHga KBaHTOB
COOMPAIOT U3 OKPYKAIOIIETO MTPOCTPAHCTBA OISl TPABUTAIIH CBOIO MUIIY. KBaHTHI MarHUTHOM SHEP-
T'UU COOMPAIOT KBAHTHI JIEKTPUYECTBA, & KBAHTHI IEKTPUYECTBA — YMEPIIIME KBAHTHI MOJIS TPaBHUTa-
uuu. Kto Biageer uHdopmaiyent, TOT 1 KOHTPOJIMPYET SHepreTuueckuid peeps. [1oaTomy riaBHbIM
SIBHBIM «XO35IMHOM» B (DOTOHE SIBJISIETCS JIEKTPUUYECKash SHEPrusl, HO TaAWHBIMU PYKOBOAUTESIMU
CTAQHOBSITCS «IIPUILLEJIbLIbI», COCTABJIEHHBIE U3 KBAHTOB TEIJIOBBIX SHEpruil. OHM MeHee SHEPTrUYHHl,
HO Oostee nH(pOpPMATUBHBL. Bech MaTepraibHbI MUP YCTPOEH TaK, UYTO OH «KEPTBYET» YaCThIO CBOEH
SHEepruu, YToObl JOOBITH MH(OPMAIIHIO.

Besikyio, 1axke HCKasKeHHYI0 HH(POPMAaLMIO MaTepHaJIbLHbBII MUP cUYUTaeT 0oJiee IeH-
HOW BelIbI0, YeM coOcTBeHHasi Heprusi. KBaHTBHI MaTepnu mojieBbIX CTPYKTYP TIHATEJbHO
XPaHAT U PAa3MHOKAIT HH(opMannoHHbIe (hailiibl, eAPO pacTpauynBasi Ha 3TO Pa3MHO-
’KeHHe COOCTBEHHYIO YHEPruio.

B Bakyyme HeT crpynnvpoBaHHBIX MaT€pPUATBHBIX OOBEKTOB, OOPA3YIOIIMX MACCHI, TOITOMY
NEKTpUUECTBO (POTOHA HE pa3MHOKAET MH(POPMAIIMIO, a TIIATETbHO COOMPAET ee Ha BCEM ITyTH CBO-
ero Cle/IoBaHus K IUIAHETHOMY WJIM 3BE3IHOMY Tesly B BUJE KBAaHTOB TEIUIOBBIX SHeprui. B oue-
PEIHOM CMHYCOMJAJIIBHOM LIMKJIE MarHUTHAsl Heprus (pOTOHA HAUMHAET CIMPATbHO CKPYYUBAThCS
Y NOrJomaTh B ce0s WM 3arjaThbiBaTh B KauecTBe MUINH «yMepiIne», 0OTPpadoTaHHbIe
KBAHTbl MarHUTHOI SHePruu, KOTOpPbIe yKe CTAaJIN KBAHTaMH JJeKTPHYeCTBa. A KBaHTHI
EKTPUYECKON SHEPTMH NOMIOLIAIOT B KAUECTBE MUILY yMEPIIUE KBAHTHI IPAaBUTALIMIOHHOTO MOJI.
B nepuon cBepThiBaHUS SKpaHUPOBAHHBIE KBAHTHI JIEKTPUUYECKON SHEPTUU MOMIOUIAIOT, a BEpHEe
CKa3aTh, MEPEer1ChIBAIOT B ce0s MHPOPMAIUIO «yMEPIIUX» KBAHTOB TOJIS TPABUTAIIUY TSI JJTUTE]Tb-
HOT'O XpaHEHHUs1, @ UX OCTATOUHYIO SHEPTUI0 UCHIONB3YIOT JJIs1 SHEPIeTUUECKON MOAMUTKY MarHUTHBIX
1 JIEKTpUYECKUX KBaHTOB (poToHa. He mpaBja jiu, 4TO 3TOT MpOLIECC OYEHb MOX0XK HA T€ IPOLIECCHI,
KOTOpbIE TMPOUCXOAAT B JIIOOOM yMepIIeM TeJIECHOM OpraHu3Me, B TOM YKCIIE U B TEJIECHOM Opra-
HU3ME YeJloBeKa? YMUpasi, MaTepUasIbHbIN TEJECHBII OPraHU3M pasJlaraeTcsi Ha IPOCTHIE U CIIOKHbIE
XMMUYECKUE COEIMHEHN S, BBIIEISAET SHEPIUI0 U CTAHOBUTCS WJIM MUILEHN ISl JPYyroro opraHusma,
WJIY TIOJIE3HBIM YIOOPEHUEM JIJIsl pOCTa U pa3MHOKEHH S JPYTUX KUBBIX OPraHU3MOB, HO HH(popma-
151, HAKOIJIEHHAsI HA J[yXOBHBIX KBAHTAaX, KAK H CAMH JyXOBHbIe KBAHTHI, HUKY/1a He HcYe-
3a10T U He pasJaraircs. OHH nepexosaT B rpyNIoBble yXH PACTHTEJbHOI0 WU KHUBOT-
HOr0 MHpa JJiA JajibHellero HH(OPMAIHOHHOI0 COBEPHICHCTBOBAHUSA H NOAbEeMa IO
HepapxnuuyecKoil JeCTHHIE 0 COCTOSHHA Y€J0BEYeCKOro «ayxa ;Ku3Hmu». /s mbicasmen
JYIIN YeJIoBeKa (pu3ndeckass CMepTh He MMeeT HUKAKOro 3Ha4eHusl.

JlyxOoBHBIE KBaHTHI, 00Opa3ylolye MPIKU3HEHHYIO YTy YesloBEeKa, BMECTE CO BCEM MHOKe-
CTBOM (pailyoB MH(MOPMALIMY, HAKOIIJIEHHBIX B TE€UEHUE 36MHOM jKM3HU, B aBTOMATUUYECKOM PEXHUME,
T10 TPAHCIIOPTHO-KOHBEUEPHBIM IIETIOYKaM MaTepUH 3eMHOTO I1apa, MOCTYMAIOT B JyXOBHYIO 00JIaCTh
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IbSIBOJIbCKOM TPEUCTIONHEH, KOTOpasi COCENCTBYET ¢ (PM3MUECKUM IIEHTPOM 3EMHOTO Iapa. To0 U
ecTh 00JacTh aja. 31ech MPOUCXOAUT pas3fie/ieHe TyXOBHBIX KBAHTOB 4esoBedecKor aymm. Te
KBaHTBbI, KOTOpbIE HE OCBOOOIMIIUCH OT SHEPIUH, HECYT B ce0e MCKaKEHHYI0 MH(MOPMAIINIO, OHHM OCTa-
I0TCSI B aJly KaK JIyXOBHBIM ypoXkail JbsIBOJNA W MCHOJB3YIOTCS UM Uit Oorodopueckux meneit. Te
KBaHTBHI JIyXa YeJI0BeUeCKOro, KOTOPbIE TIOJTHOCTBIO OCBOOOIMIIUCEH OT SHEPTHHU, TPOXOISAT HEBPEUMO
yepe3 AyX JIbsABOJNA KakK uepe3 IbIpsiBoe cuTo. OHU NepexosT B AyXOBHBIM HEHTP 3eMHOTO Iapa
CKpYUYEHHbIE B IOTEHIMAIBHYIO TOUKY, I10 TYHHEJIHOMY IE€PEX0/ly BPEMEHHO BBIXOASIT U3 IPOCTPaH-
crBa BcenenHoit u tenenoprupyiorcsi B oonactu past Ayuiaxa u CaBaoda, U TOJIBKO MOCIIe OKOHYA-
TeJILHOW YMCTKU Tepexonar B oonacts LlapcrBus Hebecnoro Uncyca Xpucra. Tak uro y J060ro
’KHBOr0 KJETOYHOr0 OPraHu3Ma ecTh JyXOBHbIe KBAHTbI, 00J1ajal011e TOH NI HHOH cTe-
neHblo 6eccmepTus. Ho Bce aTu nceBnodeccMepTHbIe KBAaHTH MH(OPMAIMK XPaHUT B cebe BO3-
ayirHasi atMocepa, BOIHbIE POCTOPHI M IITyOMHBI MOpEW M OKEAHOB 3€MHOTO 11apa, ¥ TOJbKO JyX
yeJioBeYeCKHil mepeaaeTcst Ha XxpaHeHue 6eccmeptHomy ayxy Kusizss Mupa Cero niu ec-
cMepTHBIM ayxam AJutaxa u CaBaodpa. Beskuil 1yx yenoBeuecKuil, KOTOPBIA ITPABEAHON KU3-
HBIO JIOCTUTaeT UCTUHHON SHEPreTHUeCKOW HUIIETHI, KaK BeJIMKask IIEHHOCTh niepeaaeTcs B LlapcTeue
HebecHoe u oOpetaeT He MuduUeckoe, a peabHOoe OecCMEpTHe W CTAHOBUTCS CYIIHOCTBhIO OTia
He6ecnoro. Toro Otiia HebecHoro, KOTopblit coTBOpriI BeenenHylo [11s1 mpeoOpa3oBaHusi SHEPTUM
B UH(pOPMAIIHIO WX 1S TIONOJTHEHUsI CBOEH TBOPUECKOU MH(POPMAIIMIOHHON MOIITH.

WTtak, BepHEMcs OT 3TOr0 HeOOJIBIIOTO MOSICHUTEIBHOTO OTCTYIUIEHUS K TEM IpoIieccam, KOTo-
pble MPOUCXOAST BHYTPHU (DOTOHHOTO KBAaHTA M BHYTPU aTOMHOTO sIIpa JIDOOT0 XUMHUYECKOTO 3Jie-
MeHTa. MBI OCTaBIJI pacCMOTpeHHe (DOTOHA B COCTOSIHUM CIUPAJIBHOTO PACIIUPEHHs] MAarHUTHOM
SHEPruy U CIMPATBHOTO CKPYUMBAHUS JIEKTPUUYECKON SHEPIUU B TIOTEHIMAIBHYIO TOUKY. KBaHTHI
NEKTPUUECKON SHEPTUH, TaK K€ KaK M KBAHTbI MATHUTHOW SHEPTUH, IIPH STOM CKPYYMBAaHHUH 3aXBa-
THIBAIOT CaMble TOHKHME WH(OPMAIIMOHHBIE KBAaHThI, KOTOPblE YMEpJIM KaK KBAHTHI TOJIsI IPaBHTa-
[IUM ¥ BO3POJAMIIMCH KaK MH(OPMAIIIOHHBIE KBAHTHI TETJIOBOM MPUPO/IbI, HAXOASIIIIUECS B COCTOSTHUM
JIaTeHTHOM Tenenoprarmu. [Ipy opraHu3anuy BEKTOpa [EHTPOCTPEMUTETBHOM CHITBI ANIEKTpHUYecKast
SHEPrysi HICTPATUT OCTATOYHYIO SHEPTUI0 3aXBaYEHHBIX KBAHTOB, HO TIOJIHOCTBIO COXPAHHUT UX UH(OP-
MalIvIo, €CJIM OHA OTJIMYAeTCs OT MH(OpMAalIUK TeKTpuieckux KBaHToB. IIpon3oiiieT kauecTBeH-
HOEe H3MeHeHHUe YJIeKTPUUEeCKHUX KBAHTOB NPU COXPaHeHHH 0011ero 6ajganca cooCTBeHHOMN
sHeprun. Ho pa3se He TakuM IyTeM HIET IBOJTIOLHS MUpa KJIETOUHbIX opraHn3MoB? Korna anextpu-
yeckast SHeprusi (poToHa CBEpHETCS B HOBOM Ka4eCTBE B MOTEHIIMAIIBHYIO TOUKY, TO MArHUTHAS SHEp-
W51, TIOJyYMB MOPIMIO TIHIIY, B BUJIE SHEPTUM «MEPTBBIX» KBAHTOB TIOJISI IPABUTAIIMY, CIMPATIEHO
pacImpuTCsl 10 MaKCUMaJbHBIX pa3MepoB. B 3T0 Bpems JyXOBHBIN KBAaHT MOHAbl (PU3NIYECKOTO
HeHTpa (pOTOHA BOZHUKHET B HOBOH TOUKE MPOCTPAHCTBA 10 Tpacce ABkeHus potoHa. YToOsl cho-
KyCHpOBaTh CBOM CIHMPAJIM BOKPYT HOBOT'O IIEHTPa CXOXAEHHsI, MATHUTHASI SHEPrusi OyAeT BhIHYX-
JieHa TIeperTH Ha JUTUIICH U TeM CaMbIM BHIPAOOTaTh BEKTOP MOCTYMATEIbHON OE30MOPHOM CHJIbI,
IJIsL TeJIENOPTAlK TIOTEHIIMATBHON TOYKH JIEKTPUYECKON SHEPIUM B HOBYIO TOUKY IPOCTPAHCTBA
10 Tpacce ABMKeHus1 (poToHa. BOT 3TH amymnTiyeckue yCHiusl KBAHTOB MarHUTHOW SHEPrUU TPH
6e30MopHOM TepeMelieHrH (POTOHA, MOITHOCTHIO JIMINAT UX MH(POPMAIMOHHBIX (haiiIoB.

Ilo 3To0il mpuYNHEe MArHUTHAsI SHEPrusi BO BpeMs NpoABU:KeHHus1 (POTOHA MO KoOC-
MHY€CKOMY BaKyyMy BCEJE€HCKOro MpOCTPAHCTBA, HE COBEPIIEHCTBYETCS U He IBOJIOIH-
OHU3HPYET, a HCNOJIb3YeTCs KaK TPAaHCHOPTHAs1 Jomaaka. Poabs ynpaBureJist 3Toil TpaHc-
NOPTHOM JIOIIAAKHU, POJIb HAKONMHUTEJSI U MOYTAIbOHA BCEJeHCKOH MH(pOpManuu Urpaer
3JIeKTpHYecKasi SHeprusi. HemynpeHo, 4To niapoBble MOJTHUM YacTo BeAyT ceOst Kak KUBbIE Opra-
HU3MbI. He TonmbKOo 1mapoBasi MOJTHMS, HO | JII0OAsi MOJIHMS, TIPEK/ie YeM HauyaTh CITyCK Ha TOBEpX-
HOCTb 36MHOTO I11apa, «3arneyarieBaer» u (pororpadupyer NoBepxXHOCTb, a TAKKE 3apaHee PACCUUTHI-
BaeT CaMylo SHEPreTUYeCKH BBITOIHYIO Tpaccy sl cBoero cxoxaeHus. Iloka MoHneBbIii 3apsajg
He «CO3peJ» JIsl TOr0, YTOObl 00HAPYKUTH 3€MHYIO IOBEPXHOCTH HJIH IPYroe CKoIJeHne
3JIEKTPHYECTBA B I'PO30BbIX 00JIaKaX, OH H OCTAHETCS JHIIb HEOPraHM30BAHHBIM CKOII-
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JIeHHEM JJIeKTPHYeCKHX KBAHTOB. Bo MHOrux ciyyasix, Ipu IMomnajaHud MOJHUU B YeJloBeve-
CKOE TeJI0, Ha KOKHOM IOKPOBE OCTAETCS BbIKKEHHasl (poTorpausi MECTHOCTH C BBICOTHI TPO30BOM
obnmaynocTy. Pa3Be 3Tu (paKkThl HE CBUIETENCTBYIOT O MOTEHIIMATIBHON Pa3yMHOCTH JIeKTpUdecTBa?
CoBepiieHHO 0Y€BHIHO, YTO NOCJ€ BLIPAOOTKH OCTATOYHOI YHEPIruy, KBAHTHI JIEKTPH-
yecTBa He HCYe3a0T U3 3TOro Mupa. OHN yMHPAIOT KaK 3JEeKTPUYECTBO M BO3POKIAI0TCS
KaK «/yX *KU3HH», 00ecrneynBasi BHyTpeHHee HH( opMalHOHHOE B3auMo/ieiicTBHEe MUJLJIH-
ap/J0B KJEeTOK KHBOro OpraHusma.

UYToObl 3aKOHYHTH PACCMOTpPEHNE MH(POPMAIIMOHHO-IHEPTETUYECKUX MPOIIECCOB, IIPOUCXOIS-
IIMX B CAMOJIBUXKYILIEMCS CO CKOPOCTBIO CBETa (POTOHE, HAIIOMHIO, YTO M0 JaHHBIM HayKu (DOTOH,
€IMHCTBEHHBII 13 MIEPBUYHBIX KBAHTOB MaTepUH, 00IaJaeT eAMHUYHBIM CIIMHOM. YUTO 3TO O3HAYaeT
Ha gene? Ha nene 3To 03HavaeT, YTO 3a O/IMH MOJHBIN IIUKJI BOJIHBI (DOTOH MOBOpaunBaercs Ha 360
IpajlycoB BIPaBO IO JIUHUU IBMKEHH . Kax/1ylo 4yeTBepTh Neproza BOJIHBI IPOUCXOAUT CKPYyUMBaHKE
Y CXOXKJEHHUE OIHOTO BU/IA NOJIEBOW SHEPTMU B OTEHUUAIBHYIO TOUKY U CIMPATIbHOE PACXOKIECHHUE
APpYyroro BUja MOJIEBOW SHEPTUU B OHOU SHEPreTHYecKo 1ockoctu. Ho B HOBOHM TOUKe MPOCTpaH-
CTBA TUIOCKOCTD NIEKTPHUUECKOM SHEPTrUM MOBOPAaUYMBaeT cama ceOst BpaBo Ha 90 rpaaycoB Mo JIMHUA
OBVKEHUS Y IPUHYKAAET MAaTHUTHYIO SHEPIUIO TIOBOPAYMBAThH CBOIO SHEPIETUUECKYIO TVIOCKOCTh Ha
90 rpangycos BrpaBo. Takum 06pa3omM, (pOTOH NPOABUTraeTcsi B MOJHOM MOJ00MH IJIEKTPO-
MAarHuTHON BoJIHbI MakcBeJ1a, 1a U elie BKPYYHBaeTcCsl B IPOCTPAHCTBO, TOYHO TAaK JKe,
KaK BKpy4uBaeTcsi OypaBuHMK WJIHM IIYpyH B Kakoe-HHOYIb IUIACTHYECKOEe MaTepHaJbHOe
Teo. Kak Mbl Mo3xe yCTaHOBUM, IIEHTPAJIbHOE SAPO 3eMHOTO Iapa oOJagaeT CBepXIPOBOIUMO-
CTBIO 110 MIPUYMHE HAIMYKSA TaM Temreparypbl MuHyc 273 rpaayca Llenbcus. BuxpeBsle TOkU cBepX-
MIPOBOIHMKA U 00ECTIeYrBa0T (POPMUPOBAHUE U BpPAILICHUE MAarHUTHOTO TOJIsI 3¢éMHOTO 1mapa. Mar-
HHUTHOE I0JIe 3eMJIN peliaeT Ty Ke 3a/ady, YTO U KBAaHTbl MATHUTHOI Heprun ¢oToHa.
OnHu cOOMPAIOT TOHKKE KBAHTHI JIEKTPUUECKON SHEPTUH U3 OKOJIO3EMHOTO MIPOCTPAHCTBA U TIPHHO-
CAT UX B LIEHTP 3€MHOIO IIapa ISl SHEPreTUYECKON MOANUTKY CBEPXIPOBOISILEH JEKTPUIECKON
«IMHaMO-MallMHb». BOT TOIbKO padoTaeT 3Ta 3/1eKTpUYecKasi MAIIMHA He HA TeX NPHHIN-
1ax, Ha KOTOPbIX padoTaeT Muchnyeckas «reoquHamMo» . Ta «reoquHaMo», 0 KOTOPOW y4eHble
TOBOPSAT, YyTh JIM HE KaK 00 9KCIIEPUMEHTAILHO MOATBEPKAeHHOM (pakTe. I e 3Th noarsepxaeHus ?
WHTepHeToBCKME CTAaThU IO 3TOMY BOIPOCY MOJIHBI TPOTUBOPEUYMBBIX TUIIOTE3, @ 3HAUUT, HET Aake
COIJIacOBaHHOM runote3bl. A nouemy? I[lotoMy 4TO yueHble He 0 KOHLIA MOHsIM yyeHue HploToHa
0 posu LeHTpa TsokecT. I1o moBony sHepreTuky (hOTOHA MOKHO CKa3aTh, YTO BCE-TaKu (hOPMYJIbl
MakcBesuia Aa10T JIMIIb TPaBIONOA00HYI0 WILTIO3HIO, HO HEe OTpakaioT UCTHHBL. [lombiTaemcs pazo-
OparbCsi B TOM CJIOKHOM IOCTYJ1aTe 00 JIEKTPOMArHUTHON pupoze (POTOHOB JTyUEBbIX SHEPTHUiL.
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3. Hayuno-¢uaocodckass KpuTuka
3JJeKTPOMarHuTHoN Teopnu MakcseJuia

Benvuaiinmii anrnmiickuil pusuk u matemaruk [xeiimc Maxkcsest (1831-1879) Ha ocHoBa-
HUM U3YYEHHS SKCIIEPUMEHTATBHBIX padoT dapasiest 1o 1eKTPUIeCcTBy U MarHeTusmy, B 1864 romy
C TIOMOIIIBI0 MaTeMaTU4ecKoro ammapara IudQepeHaIbHOro UCYUCIIeHUsI, pa3padOTaHHOTO erlle
reauaibHbIM Mcaakom HetoroHoMm (1642—1727) s 000CHOBaHMS 3aKOHA BCEMUPHOTO TATOTCHUS U
T0J151 TPaBUTALIMM, MAaTEMATUYECKUMU (POPMYJIaMH ONKCAIT JIEKTPOMArHUTHYIO MHAYKIMIO KaK Ipo-
1IECC HETTPEPHIBHOTO MTPEe0OPA30BAHMS IEKTPHUUECKOTO MOJISI B MATHUTHOE M MarHUTHOTO B JIEKTPH-
yeckoe. MareMaTUueCcKuil annapar COCTOMT U3 MATH KpacuBenmx ¢popMyn 1uddepeHInaaIbHOoro
WCUUCJIEHUS1, KOTOPBIE HET CMBIC/IA IPUBOJUTD I10 UX rpoMo3aKocTH. KTo 3axouer, MokeT moCcMOT-
petb ux B Murepuere. B yem ux noxHocts? HauHem oTBeuaTh Ha TOT BOIpOC Mo nopsiky. [ep-
Bbl€ J1B€ (POPMYJIBI CBOASAT BCAKHUE MPUPALIEHUSI U U3MEHEHUS JIEKTPUUECKON Y MarHUTHOM SHEp-
T K HYJEBOMY 3HaueHu10. TO ecTh, HACKOJIBKO, HAPUMED, JEKTPHUUECKasi SHEPTUsl, PUObIBALT,
HACTOJIbKO MarHUTHasi SHEeprusi yMeHolnaercsi. PazodpaBmuch B 9TOM BoIpoce, si FTOBOPIO, YTO
Ha CaMOM JeJie JIeKTpru4yecKasi JHeprusi Bo3pacraer, HIOTOMY YTO M3 HeNPOSIBJIECHHOIO
COCTOSIHMSI NIePEXOUT B MPOSIBJI€HHOE COCTOSIHHE . A MArHUTHAsI SHePrusi yObIBaeT, 0Cy-
1eCTBJsAsA 00paTHbIA nepexoa. B poToHe djeKkTpHUecKne KBAHTHI He NMePeXOsiT B Mar-
HHUTHbIE KBAHThI 1 00PaTHO, a JHMIIb SKPAHUPYHTCS ApYr Apyrom. Ha ¢usnueckom ypoBHe
MaTeMaTvKa NepBbIX IBYX (popmya MakcBesuia 03HayaeT, 4To JeKTpUUecKas U MarHUTHAs1 SHEPrus
MOTYT CYIIIECTBOBAaTh CKOJIb YTOIHO JI0JITO HE3aBUCUMO OT MatepuaiibHoro Tesia. Ho ecom Het nake
BE€YHOH MaTepHu, TO KAK MO>KHO rOBOPHTH O BEYHOM JIEKTPUY€CKOH M MATHUTHOM YHeP-
run? Y KTo B peasbHOCTH BUEN UM PErMCTPUPOBAJ MArHUTHBIE U IEKTPUUYECKHE MO0JIsA, KOTO-
pbie Obl Omyxanu Bo BceneHHOM, He Oyayud NMpUBS3aHHBIMU K TUIAHETHBIM M 3BE3HBIM Tesiam?
®oToHBI TOPOXKJAIOTCA MAaTepUaIbHBIMU TeaMu. Ounilas rpaBUTAMIOHHbIE MO OT TEIIOBOM SHEP-
T'MU YMEPIIMX KBAaHTOB I'PABUTAIIIOHHBIX TOJIEH, CaMU OHM He TMOHYT B BaKyyme, a THOHYT TOJIbKO
IIPU B3aMMOJICHICTBUM C MaTe€pUaJIbHBIMU T€JIAMU BCEJIEHCKOTO MPOCTPaHCTBA. P OTOHBI ABJISIOTCSA
BCeJEHCKHMHU MOCPEeJHUKAMI H UCIOJHSIOT POJb MyCOPOCOOPIIUKOB H TPAHCIIOPTHPOB-
IUKOB HH(POPMAIUH H I10JIEBbIX KBAHTOB MaTepPHaJIbHOr0 MHpPa. A BOT 0 TpeThel popme
SHepruu (pOTOHA, 0 KBAHTAX TEILUIOThI, KOTOPble 3AaHUMAIOT LeHTP (hoTOHA, B popmyax
MakcBeJia jaxe He YIIOMHHAETCS.

Ocranphble Tpu hopMyJibl MakcBesuia cojiepkar rnapaMmerp BpeMeHu U Tpu KoagpuireHTa.
OnvH u3 3TMX KO03(P(PULIMEHTOB MOATBEPKAAET 3aKOH COXpaHeHUs1 sHepruu. To ecTb OH mpearo-
Jlaraet, YTo, CKOJIBKO Obl IIMKJIOB MarHMUTHASI SHEPrusl He MPeoOPa3OBHIBAIACH B JEKTPUUECKYIO U
00paTHO, HAXOISCh B HETIPEPHIBHOM JBIKEHUU U MCTIONHSsS paboTy, KOJTMYECTBO SHEPTUH OT TUX
NepexofoB He MeHseTcs. PacrnosHarh 3/1€ch JIyKaBCTBO OUY€Hb CJIOKHO. [IeCTBUTENIBHO, SHEPrus
(poTOHHOrO KBaHTa JOBOJIBHO AOJIO MOXET COXPAHATHCS B HEM3MEHHOM cocTosiHuM. Ho 3a cuer
yero? 3a c4eT TOro, 4To (POTOH SABJISIETCA OTKPHITOI SHEPreTHYeCKOil KOP3uHOM. B kakoii-
TO Mepe OH MOXO0X, HAIpIMep, Ha COOPIIMKA JIECHBIX SAT0A. [Ipoxozsi 1o Jiecy 1o CTporo onpe/esieH-
HOMY MapIipyTy, TaKoi COOpPIIMK MOAOMpAET Crieible SIrOfbl U CKJIaAbIBaeT uX B KOp3uHy. Koraa
€My 3aXOuerTcsl KyllaTh, TO OH CaM €CT SITOfIbl, HO CeMEHa OT ChEIEHHBIX AroJ] HE BHIOPAChIBAET, a
CKJIQ/IBIBAET B Ty K€ KOp3uHY. BhIiifs U3 Jieca Ha mosne, COOPIIMK SITOf BBICHIAET ceMeHa B OJaro-
JATHYIO TIOYBY, a SIrOJaMHU JIEIUTCS C TPYKEHUKaMHU 3TOro nojst. TouHo Tak ke M (POTOH, JOCTUT-
HYB MaTepHrajbHOTO TMOJIs IUIAaHETHl, NiepeJaeT HAKOIUIEHHYI0 MH(pOPMALUI0 U COOCTBEHHYIO SHEp-
TUIO TUITAHETHOMY Telly. B oTiimume oT cOopuiuka sArof, KOTOPbIi NPO/I0JEKAET KUTh, (POTOH
’)KepTBYeT c000il, YTOObI CTATh YAaCTHI0 SHEPTrHH MaTepPHAJbHOrO TeJa. EctecTBeHHO, UTO
€CJIM Ha BBIIGJIEHHOM MapuipyTe cOOpPIIMK He OOHApYKHUT SITOfI, TO OH OYIeT UCIIBITHIBATH 1yBCTBO

roJIofa v TepsATh COOCTBEHHYIO SHEPruio. YeIoBeK MOKET 1 BEPHYThCSI, MOKET U CBEPHYTh Ha JIPyTroil
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MapHIpyT, IOTOMY 4TO 00JIa/IaeT CBOOOION BOJH, a BOT (POTOH JISHCTBYET He Mo cBOOOE BOJH, a TI0
3aJI0KEHHOH Mporpamme UH(POPMAIIMOHHO-3HEpreTnyeckoro pooora. [lorudast OT sHEpreTH4ecKoro
ucToleHusi, (bOTOH CIeaeT Bce BO3MOXHOE, YTOOBI ClieqyIolIre 32 HUM (DOTOHBI HAIIIM CEMeHa U
SITOIBI, & €0 SHEPreTUYECKU 0OECCHIICHHOE TEJIO UCTIONB30BAJH JJIsi COOCTBEHHOTO MponuTanus. B
npejacrasjaeHun MakcBeJuia u ero nocJeaoBareJieii poTOH npeacTaBJsieT co00il 3aMKHY-
TYI0 CHCTeMY M He TPATHT COOCTBEHHOI SHEPruM NMpH nepeJaBHKEHNH N0 NPOCTPAHCTBY
Bakyyma. O0a 3TH npe/icTaBjieHUsI B KOPHE HEBEPHBI  HE COOTBETCTBYIOT HcTHHE. OIHAKO
0co0oe BHUMaHUe HaJj0 0OpaTUTh B 3TOM CpaBHEHUH (DOTOHA M YeJIOBEeKa Ha MOUCTHHE IJI00ATbHbIN
BBIBOJI, OOIIHIA /17151 MUpPa XHUBOW TIPUPOABI M «MEPTBOI» MaTEepUH.

JlioGast penurust yTBep:KAaeT, 4To y YesoBeKa ecTb OeccMepTHas Iylia, KoTopasi rnocjie pusu-
YEeCKOW CMEpTH 4YesioBeKa MepexXOoAuT B AyXOBHYIO oOnmacTh ajga, pas wi LlapctBust HebGecHoro,
B 3aBUCUMOCTH OT COOCTBEHHOM I'PEXOBHOCTHU. [IpyrMMH CJIOBaMH, YeJIOBEK MPH KU3HU SIBIISIETCS
MHCTPYMEHTOM JIyXOBHBIX CYILHOCTEH JbsiBoja, Asutaxa, CaBaoda mmm Nucyca Xpucra. Hepeako
YeJIOBeK MpH KU3HU padoTaeT OJHOBPEMEHHO W Ha JbsiBosia U Ha Asulaxa u Ha CaBaoda u naxe,
yacTnyHO, Ha Mucyca Xpucra. [locie cmepTy 4yenoBeka BhIIIEHA3BaHHbBIE UEPAPXUU TyXOBHBIX CYIII-
HOCTEH, pa3lessiioT ypokaid JyXOBHBIX KBAHTOB IO OCTATOYHOM SHepreTHke. Kaxmas gyXoBHas
uepapxusi XpaHUT OECCMEPTHBIH /IyX YeJIOBEYECKUX AYII, M MCHOJIB3YIOT €ro Mo CBOEMY Ha3HAUYEHHMIO.
Ho u m060i poToH cogepkuT B cede HeccMepTHbIE KBAHTHI IEHTPA, KOTOPbIe He HMEIT
SHeprum, a HecyT HH(OPMALHIO H 00eCceYnBaIOT Oe30N0pHoe NepemMeleHne poToHAa, KaK
c0OCTBEHHOro podora. 51 ceituac He Oyqy OTKJIOHSITHCSI B CTOPOHY OT CBOMX PaCCyKIEHUH, HO
HayKa cama JoKa3aJia SKCIIepUMEHTAIBHBIM ITyTeM, 4TO (DOTOH 00JIaaeT MPOCTPAHCTBEHHBIM « IIPe/i-
BHUJeHneM». Pa3Be MOXKHO ceOe Tpe/ICTaBUTh, YTOObI MH(OPMAIIMOHHBIE KBAHTHI LIEHTpa (hOTOHA,
MpU HEOIArOMPHUATHBIX SHEPreTUIECKUX YCIIOBUSX Cpeibl, ymMupanu BMecte ¢ poronom? Korna suep-
reTUKa TPaBUTAIIMIOHHOTO TN AOCTHTaeT MpPeAeTbHOU OO0CJHEHHOCTH MEKTIaKTUIEeCKOro Mpo-
CTpaHCTBa, TO OecCMepTHBIE KBAaHThI MOHA/IBI IIEHTPA TPATAT BHYTPEHHIO SHEPruio (poToHa 1 Tiepe-
BOJAT €r0 B HEPErMCTPUpPYEeMyl0 HAyKOW BOJIHY CBEPXUIMHHOTO JAuana3oHa. B 3ToM cocrosHum
MH(OPMAIMIOHHBIE TIOJIEBbIE KBAHTHI U JOCTUTAIOT MaTePUAIBHBIX Tell ouepenHoi rasaktuku. Ilpu
9TOM TepsieTcsl JHePrusi, HO HU OJMH KBAHT HH() OPMauK He TepsieTcsl, U JOCTaBJIsIeTCsI
HAa MaTepHaJibHbIE TeJa s mocJjeaymwueid o0padoTKH U ucnoJab30Banus . [Jymm monei,
Kak OoJiee COBEpIIIEHHBIE yXOBHBIE CTPYKTYpbI, XpaHATCS B 0OnacTyu aja, pas u Lapcreus Hebec-
HOro. A BOT 0eccMepTHBbIe KBAHTHI IIEHTPa (POTOHA XPAHATCS B MaTepPUAJIbHBIX 00beKTax,
OyIb TO OT/AeJIbHBII aTOM HJIM MOIIHOE 3Be3/IHO€ TeJ0, KAK caMOCTOsITeJbHble HH(OP-
MAaIOHHO-IHEPreTH4eCcKue CymHOoOCTH. VX-TO M He MOXKET 3aperucTpupoBarh Hayka. M1 o Hux
He ynomuHaioT ¢opmyibl Makceeia. Ho uMeHHO uis1 X mepeHoca, Aa emne JJisl OUHIeHHs
BaKyyMa OT yMepIIHX KBAHTOB MArHUTHOIl SHEPruM U KBAaHTOB rpaBuTanuu u popmupy-
ercs POTOH, Kak cOATaHCHPOBAHHAS JI0JIF0’KUBYIAsI SHEPreTHYeCcKas CyIHOCTD .
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4. Taiina oopa3oBanusi pU3NIECKUX IEHTPOB
(pOTOHOB U IIEHTPOB TAXKECTEH ATOMHBIX sijIep

Koraa 00bekT MUKpOMUpa, B BUIE MPOTOHA MJTM AaTOMHOTO SI1pa, TTPY CUJIBHOM CTOJTKHOBEHHH C
APYrMMUA MUKPOYaCTULIAMU, BBIHY:KAEH IMOPOKIATh Napy (POTOHHBIX KBAHTOB PEHTIEHOBCKOI'O CIEK-
Tpa WM CIIEKTPa raMMa-U3JIyYeHuH, TO JJIsl SKOHOMHUM OeCCMEPTHBIX KBAaHTOB IIEHTPAIBHON MOHA,IbI
3TOT K€ IIEHTPAJIbHBIN OECCMEPTHBIN KBAHT OJJHOBPEMEHHOTO COITPOBOKIAET 1B POACTBEHHBIX IaM-
MaKBaHTOB. BpeMeHHO rcue3as u3 0qHOro (hOTOHA M 3aCTaBIIsAs €0 CIIUPAJIbHO PACIIUPATHCSH, TyXOB-
HBII KBaHT MOHA/bl IIEHTPA BO3HUKAET B JIPyTOM pOACTBEHHOM (poToHe. OH IpeKpallaer ero Cru-
paJibHOE paclIMpeHHe U MPUHYKAAeT HauyaTh CIMPAIbHOE CKPyUYMBAaHUE B MOTEHUMAJIBHYIO TOUKY.
EnuncTBeHHOE yCJOBHE, KOTOPOe JOJKHO HeNpeMeHHO 00ecnedYnBaThCsl, 3TO YCJI0BHE
NpoTHBO(A3HOCTU. ITO Ke YCJI0BHE NPOTHBO(A3HOCTH ABJISAETCS €JUHCTBEHHBbIM OTJIH-
YyHeM YacTUIbI H aHTHYACTHIHI B MHUPe dJieMeHTapHbIX yacTull. Takum o6pa3om, aBe poa-
CTBEHHbIe AHTUYACTHIIbI YIIPABJISIIOTCS OJJHUM U TeM JKe [{eHTPaJbHbIM KBAHTOM, KOTOPBII
NonepeMeHHO NMoceniaeT 00e YacTHIbl, HCNOJIb3Ysl CBOHCTBA CBOEro JUYHOI0 CBEPXObICT-
poaerictBus. [Ipy 3TOM NpPOCTPaHCTBEHHOE PACCTOSIHUE MEXIY POACTBEHHBIMHU MapaMu raMma-
KBAaHTOB HE MMeeT HMKAKOrO 3HAYeHHsl, TOTOMY 4TO I OECCMEPTHOrO KBAaHTa MOHA/IbI LIEHTPa He
CYIIECTBYET TIapaMeTPOB BPEMEHU U PACCTOSIHUA. DTUM U OOBsCHSETCSA u3BecTHBIN ¢ 1935 roma
napasiokc uHiTerHa — [Tononsckoro — Po3ena. Korjga ofvH U3 Takux poaCcTBEHHBIX FaMMa-KBaH-
TOB JJOCTUTaeT MaTeprajbHOro Tejla M Morudaer Kak (poToH, MpeBpaliasch BO MHOKECTBO KBAaHTOB
0J1I€BOM (POPMBI, TO JYXOBHBI KBaHT CUMTAET CBOIO 3aJayy BbINOJHEHHOW. OH (pUKcHUpyeT Bek-
TOp MOJIsipU3alyu apyroro (otoHa-Onu3Hena, B TON ke asze, Kak U BEKTOP MOISPU3AIMN «yMep-
niero» (pOTOHA, M BO3BPAIIAETCS B JYXOBHBIM LIEHTP TOIO MMKPOKBAHTA, KOTOPBI MOPOAWI POA-
CTBEHHYIO ITapy raMMa-(oTOHOB. TakuM criocoOOM TyXOBHBIN KBAaHT MOHA[BI IIEHTpa (DOTOHA MOKET
MTHOBEHHO Tiepeath WH(GOPMAIMIO O COCTOSIHUM OJHOW «YacTHIIbl» Ha JII0ObIe MPOCTPAHCTBEH-
HBIE PACCTOSIHUSA, W 3a(pUKCUPOBATH 3Ty MH(MOPMALIUIO B COCTOSIHUM APYToM «4acTUllbl». BooOie
roBOpsl, O MIHOBEHHOCTH IepeJauyl UH(POPMALIMU IKCIIEPUMEHTAIIBHON U TEOPETUYECKON (pU3MKe
u3BecTHO ¢ 1935 roga. imenHo B 3ToM rofy coBetckue (pusuku [ononsckuii 1 Po3eH, oOHapyKiu
3(pEeKT KBAHTOBOW KOPPEJISAIMHU, KOTOPHI B 0OIIEM BHUJIE MOKHO C(DOPMYJIMPOBATh TAKMM OOpa-
30M: «HH()OpMaIus OT OJHOM 3JIeMeHTAPHOM YacTHIbI K APYroil, nepejaaeTcsi MTHOBEHHO,
HE3aBHCHMO OT PACCTOSTHHS».

[Mocre Toro, kKak DUHIITEHH yOSIUIICA B YUCTOTE IKCIIEPUMEHTA, ITO CBOMCTBO MIHOBEHHOTO
JAJIbHOAEWCTBUST (POTOHOB JIEKTPOMArHUTHBIX BOJIH MOJMY4YWIO Ha3BaHue mapajgokca (IDIIP) wnum
napaokca diHmrerHa — [Togonbekoro — Pozena. Cam DUHIITERH 0OBSICHSLT CYTh NApaIoKca TAKUMHE
cnoBamu: «[Ipeanonoxum, 4To y HaC €CTh BOJTHOBOM MAaKeT U3 IBYX CBOOOAHBIX MUKPOYACTHII, Pa3-
JIETAIOIIMXCS MOCJIe CTOJIKHOBEHU . VIX /1J1s1 HaryIssAHOCTY MPEJICTaBUM B BUJE ABYX cuHycoua. OqHa
U3 CHYCOM]] HaThIKaeTCs Ha MPUOOP, U3MEPSIONINIA aMILTUTYy Wiu dazy BoaHbL. U TyT ke Tepser
CBOI0 CBOOOIy U MIHOBEHHO «TBEp/EET» HE TOJbKO IepBasi YacTHUIIA, HO U BTOpasi, HETPOHYTas,
Ja’Ke €CIM OHM YCIeJIM Pa3JieTeThCsl Ha pacCTOsSIHUE, U3MEPEHHOE CBETOBBIMHU rojaMu. 3auKCcH-
poBaB nprudopoM a3y OJHON CHHYCOUJIbI, MBI COBEPIIIEHHO OJIHO3HAYHO (PUKCUPYEeM M COCTOSTHHE
ApYroil — OTIeTeBIIEN — MUKpOYacTULbl». Pa3Be qaxke U3 3THX NPUMHUTHBHBIX PacCysKIeHHI
JiiHITEeHA HEJIb351 C/1eJ1aTh BbIBO/, UYTO 002 POICTBEHHBIX (DOTOHHBIX KBAHTA, SIBJISIOTCS
0IM3HenaMH, KOTOpPble YNPABJISIOTCS OJHUM CBEPXCKOPOCTHBIM KBAaHTOM, YCIEeBaIOIIUM
O0/ITHOBPEMEHHO OBbITh B IleHTpe 00eux (poTOHOB, Ja:Ke ecJH 3TH (DOTOHBI Pa3AeJsIIOT NPOo-
CTPAHCTBEHHbIE PACCTOSIHUSI B COTHH ThICAY CBEeTOBBIX JieT ? Ho npusHaTth 310, 3HAUUT, MPU-
3HaTh, YTO HE TOJIILKO B TEJIECHOM OpraHM3Me YeJIOBEKa, HO Aake B MPOCTOM (DOTOHE «MEpPTBOM»
MIPUPOIBI, €CTh OecCMepTHAs YacTHIa AyXOBHOTO KBAaHTA, [UIsl KOTOPOM HE CYIIECTBYET BpEMEHH U
paccrosinuii. HayuHslil MaTeprasmct, octaBasich 0e300KHUKOM, HE MOT OTBEPrHYTh KAHOHBI O CaMO-
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COTBOPEHHMH MaTepHH U MPU3HATh, YTO BCE MHOXKECTBO aTOMOB M MOJIEKYJ1 BcesieHHOI U erie Oosbiee
MHOXECTBO (DOTOHOB, CYIIECTBYIOT HE cCaMM TIO ceOe, a MOTOMY, YTO B HUX BCTPOEHa O0KeCTBEHHAsI
«yactuna». [Ipu3HaBas 3TOT (pakT, MaTEpUATIMCT 00sI3aH TIOMTH U JIAJIbIle K OOIIEBCEIEHCKOMY TJI0-
OasibHOMY BBIBOLY: «MaTepus cylecTByeT He cama 1o cede, a 110 BoJie 6ecCMepPTHBIX HHCTPY-
MeHTOB bora, koTopble NPUHYKJAaI0T (DOTOHBI, aTOMbI 1 MOJIEKYJIbI HCIOJHATH BCeJIeH-
CKHe 3aKOHbI, KaK H 3aKOHbI, BbISIBJIEeHHbIe HAYKOil, B Bi/le (PyHJaMeHTAJbLHbIX 3aKOHOB
camoil HayKH, a CaMHU He MO/ABJACTHbI HU IPOCTPAHCTBY, HU BCEJEHCKOMY BpeMeHM».

B 1949 rony simoHckuii yueHslid By sKcriepuMeHTaIbHBIM CIIOCOOOM TOTHOCTBIO TIOATBEPANIT
Hanmune 3¢ dexrta DIIP, kak peasbHOro «Hay4yHOro» 3akoHa. [Ipy B3aMMOJEWCTBUM YacCTHUIL SJIEK-
TPOHA C MO3UTPOHOM, POXKAAIMCH JIBA raMMa-KBaHTa. PUKcalys Ha MPUOOpe BEKTOpa MOLYJISILIUM
OIHOTO TaMMa-KBaHTa MTHOBEHHO (PMKCHpOBaJla BEKTOP MOIYJISALIMU JPYroro ramMma-KBaHTa, I
Obl OH HM Haxoawicsi. COBEPILIEHHO OYEBHMIHO, UTO MOKA pa3feleHHbIe raMMa-KBaHThI «JIETST» IO
IIPOCTPAHCTBY CO CKOPOCTBIO CBETA, MX BEKTOpa Mosspusauuu omimyaorcs Ha 180 rpagycoB, oHU
CYILIECTBYIOT B MPOTUBO(A3E U SABJISIOTCS TIO OTHOIICHUIO APYT K APYTY YacTHLIEH U aHTHYACTHIICH.
3aguKcupoBaB OVH raMMa-KBaHT Ha MATEpUAJIBHOM TeJle, KBAaHT MOHA/Ibl LIEHTPAa BO3BpAILlAeTCsl
B JIPyroil raMMa-KBaHT U «JOBOAUT» €ro ¢asy 1o (pasbl yke 3a(pUKCHPOBAHHOIO raMMa-KBaHTa,
4YeM U 0OBSCHSIETCS TIOJTHOE COBIA/ICHUE BEKTOPOB TMOJISIPU3AIMI pPa3HECEHHBIX Ha JII0O0E paccTosi-
HUE POJACTBEHHBIX raMMa-KBaHTOB. COBETCKUE yuyeHble AJIeKCaHIpoB M BUrHep ObUIM BBIHYKAEHBI
IaTh XOTb KaKHe-HUOYIb OObSCHEHHSI CYILIECTBOBAHUIO 3TOTO 3aKOHa MTHOBEHHOTO JaJIbHO/ICHCTBUS.
Nx oObsicHeHMs KpaiiHe Hesernbl. Bo-niepBbIX, M0 MX MHEHMIO, JaJbHOAEHCTBUE €CTh Hen30eKHast
0COOEHHOCTh KBAHTOBOW MEXaHMKH, BHITEKAIOIIAsl U3 €e MaTeMaThHyecKkoro arnmapara. Ho npu yem
3[lecb MaTeMaTUYEeCKUl anmapar U pe3y/bTaThl 3kcrnepuMeHTa? He maremaTHyeckuil anmapar
NOANPAaBJsieT Pe3yJbTaThl IKCIIEPUMEHTA, 2 SKCIIePUMEHT NOANPAaBJsieT Moj ceds1 mare-
MaTH4YeCKHil anmnapar, 3acTaBJisisi ero COBepPHIEHCTBOBAThHCA M pa3BuBaTrbces. Bropoe ux
oObsiCHEHHE eltle OoJiee Heserno, YeM nepBoe. Yactuiia (hoToHa 7eKTPOMAarHUTHOTO M3JTyYeHHsI eCTh
SIKOOBI TIAKET BOJIM, KOTOPbI pa3Ma3bIBaeTCsl MO MPOCTPAHCTBY M 3aIONHSET COOOM BeCh MUp, HE
Oylyud TIpUBSI3aH K MaTepraibHOMY OOBEKTY KaKUMH-TUOO MOJSMHM, T. €. STOT MaKeT BOJIM Haxo-
JUTCS BCIOY, HO KOHKPETHO HUr/e. Y TOIBKO CTONKHYBIIMCH C KAKMM-JIMOO MaTepUaTbHBIM OOBEK-
TOM, 3Ta HUIJE HE MPUCYTCTBYIOIIAs BOJHA-YACTHIIA, CHOBA CTATMBAETCS B SHEPTETUYECKYI0 TOUKY
(poToHHOTrO KBaHTA.

MsHe fnakxe He XO4ueTcsl MOJIEMU3UPOBATH C STUMH HEJIETIBIMA «HAYUYHBIMU» OOBSICHEHUSAMU
MPUPOAIBI JATbHOACUCTBHA. OMHAXKIBI PAa300OpaHHBIA U «pa3Ma3aHHBIN» IO MPOCTPAHCTBY (DOTOH-
HBI KBaHT CTAaHOBHTCSI KpaliHE BPEIHBIM 3JIEMEHTOM TOJIsl TPABUTAIMHU, IOTOMY YTO YHHUTOXAET
aOCOMIOTHBIN HYJIb Temriepatypsl. M 711 cbopa ero ocrarTouHON SHEPreTUKU MoTpedyeTcsl OorpoM-
HBII NIEpUOJl BpEMEHU U MUJUIMAPIBl JPYIUX (POTOHHBIX KBAaHTOB, CIECAYIOIIMX MO MAapUIPYTy pa3o-
OpanHoro otoHa. Bosbioe KOIMYeCcTBO TAKUX «pa3Ma3aHHBIX» (DOTOHOB IMPHUBEIIO ObI K TETIJIOBOM
OHOPOAHOCTU U pa3pylueHuio Beenennoii. Ilpu paccMoTpeHnr poICTBEHHBIX raMMa-KBaHTOB Mbl
HEBOJIbHO KOCHYJIUCh (PU3MYECKOU MPUPOAbl aHTUYACTHI], [0 KOTOPbIM CO3/1aHO HEMAJIO HAyUYHBIX
MU(OB M CHIEKY/ISAMNA U151 TOAHSATUSI aBTOPUTETA HAYKH ¥ MHapa CaMbIX HEJIETIbIX HayYHbBIX HCClie-
JOBaHUM U (pyHIaMEHTaJIbHbIX UccefoBaHuid. Sl qymaro, He HallieTcs1 TAKOro YUTaTeJIs1, KOTO-
Phlii He CJabIIAA Obl HAYYHBIX MU(POB 00 AaHTUMATepPHH, AHTUMHPAX WJIHU [0 KpaiiHe Mepe
00 aHTHragakTukax. Hukakoil HaydHOH OCHOBBI B 3TUX Mu(ax HerT. [leso B TOM, 4TO HayKa He
MOHMMAaeT (PU3NYECKOTO CMBIC/IA KBAHTOB MEXaHUYECKUX IHEPTUi, KOTOpble 00pa3yloT MeXxaHHue-
CKYIO MacCy ITPOTOHOB, HEUTPOHOB U BCEX aTOMHBIX $1I6p XMMUYECKUX JIEMEHTOB U UX COEAUHEHUI.
Kak MUKpOKBaHTHI, TAK ¥ MaKpPOKBAHTHl MEXaHUYECKUX MACC CTAOMIILHO CYILIECTBYIOT BO BPEMEHH
CIOCOOOM KOT€pPEeHTHOr0 HENpPEephIBHOTO LUKJIMUYECKOTO 00pa30BaHUsl LIEHTPOCTPEMUTENBHBIX U
HeHTpoOeKHBIX ciil. KorepeHTHOCTD ABJIsAETCA eIMHCTBEHHBIM rAapaHTOM U €JUHCTBEeHHbIM
crnoco00M ynpasJieHUsl MeXaHH4eCKHMH MaccaMil ¢ IOMOIIbIO 001Iero Wjiu HHINBHIYaIb-
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HOT0 I[eHTPa TsizKecTH. [10 3TOl MprYMHEe HU OTHOMY YYEHOMY HUKOT/IA HE YIACTCsl CHHTE3UPOBATh
HE TOJIbKO AHTHATOM WJIM AaHTUMOJIEKYJTY, HO M OMHOYHBIM MPOTOH WJIM HEUTPOH.

XOTH, KOHEYHO, TMITOTETUYCCKH, KOTCPEHTHOCTH KOJIC63HI/II71 MEXaHNYECKUX MACC OTHAJICHHBIX
rajJlakTHK MOXET HaXOWUThCS B MPOTHBO(a3e ¢ KOrepeHTHLIMH KoJie0anusiMu Hameil ['anak-
THKHU. [10 (POTOHHBIM M3JTyYEHHUsIM, KOTOPBIE HE UMEIOT KOT€PEHTHOCTH, ONIPE/IeNTUTh (hazy MeXaHu-
YEeCKUX KOJIeOaHU! OTIAaIeHHOM TAJIaKTUKU He MPEICTaBIIsIeTCs] BO3MOXHBIM. HO KOMy 3TO HYKHO, 1
HJIL KaKou HEJIN OTAAJICHHBIC T'aJIAKTUKU OOJIKHBI pa6OTaTL HE B KOICPEHTHOCTHU, a B HpOTHBO(pa3C
C MexaHn4ecKuMH Maccamu Harreil [anaktuku? O yem 31ech TOBOPUTH, €CIM yUEHBIE ellle He [0
KOHIIA TIOHSUTH, YTO ATOMHBbIE SIAPa XHMHYECKHX 3J1e€MEeHTOB H UX COeIMHEeHMIl CyIeCTBYIOT
0s1aroapsi eIMHOI KOrepeHTHON 4acToTe, KOTOpas, N0 KpaiiHell Mepe, HA ceMb MOPSI-
KOB BbIllIe H3BECTHBIX YACTOT (hOTOHOB JIydeBbIX JHEPruil. AHTUYACTUIIB TPEJHAZHAYCHBI TSI
©e30MacHOro BHIHOCA SHEPIUY U3 MECTa SIAEPHOTO CMHTE3a WM sIIEPHOTO pacnaaa. Ecim roBoputh
0 TIape MeKTPOH-TIO3UTPOH, TO YaCTOTa MO3UTPOHA KOTEPEHTHA C YaCTOTOM MPOTOHA U BCEX OCTAJIb-
HBIX aTOMHBIX sIJIep MEXaHUYECKUX MacC. DTO MOXKHO CYAUTh TIO TOMY, UTO 3apsi/i IO3UTPOHA U MTPO-
TOHA UMEIOT OJIMH M TOT K€ 3HAaK, KOTOPBIA B HAYKE YCIOBHO IPUHSAT IMOJIOKUTEIbHBIM 3apsaaoM. B
9TOM IJIaHe MO3UTPOH SABJSETCS YacTHIel, a SJeKTPOH 0 OTHOLIEHUIO K HEMY SIBJIsIETCSI
anTuyactuieil. [IporuBodaznoe komedaHue IKPaHUPOBAHHON MACCHl JIEKTPOHA, Kotopas B 1860
a3 MeHbIlIe MacChl IPOTOHA, OOECTIEYNBAET €r0 YHUKAJIbHbIE CBOWCTBA U OCOOYIO pOJib B MUpE Mate-
puyn. B 9JICKTPOHE HAXOOATCA TC€ K€ KBAHTLI JICKTPUYCCKUX 9HepFI/II>'I, KOTOpPLIE €CTh U B IIPOTOHE,
HO KOrepeHTHAasi NPOTUBO(Aa3HOCTh OT/1eJIbHOI0 YJEKTPOHA, KOTOPasi HeNPepPbIBHO cOXpa-
HSIETCSI M TeHepHpYyeTcsl [IEHTPOM TSKECTH ISl 9KPAaHUPOBAHHBIX KBAHTOB MEXaHUYECKOH SHEp-
TMU MAaccChl JIEKTPOHA, NMPeBPAIAeT JJEKTPUUECKHI 3aps/l JEKTPOHA B OTpHIATeJbHbIN
3aps. braromapst 5ToMy HEXUTPOMY CITOCO0Y, Kak Obl TOCTOSTHHBIN OTPUIIATENILHBIA U CTAOVITBHBIN
EKTPUUECKUI 3apsi/l JEKTPOHA, BMECTE C MArHUTHBIMU KBaHTAMHU Y MAJIO MEXaHMUYECKOW Mac-
COMi, IpeBPaIIAeTCsA B MOIIHBII «COOMPAaTeb», <YTHJIH3ATOP», HAKOMUTEJb U MePEeHOCYNK
3JIEeKTPHYECKHUX 3apsi/I0B, KPaiiHe He00X0 UMbl /111 SHePreTH4ecKoil NOANUTKHA aTOMOB
U MOJIEKYJI IVIAHETHBIX U 3B€3/IHbIX HeOeCHBIX TeJl.

[No3uTpoH, Kak aHTUYACTUIIA TIEKTPOHA, BOOOIIE HEe CIIOCOOEH K JUTUTEIbHOMY CYIIECTBOBA-
HUIO, XOT$I €ro YacTOTa KOrepeHTHa C 4YaCTOTOH KoseOaHuii MexaHnueckux Macc! OH OTTaJIKUBaeT OT
ce0s1 AMEeKTPUUYECKUe KBAHTHI, MOJ0OHO OAMHOYHOMY MPOTOHY, U BHIHYKAEH MHUTAThCS TOJBKO COO-
CTBeHHOU 3Heprueit. Eciii mo3uTpoH He 0OHAPYKUT PAIOM ¢ COOOM JIeKTPOHA, TO OH 00sI3aH caMo-
CTOAITEJIFHO MPeo0pa3oBaThCsl B TaMMa-KBaHT WM Pa3BAJMThCS HA MAJIOKHMBYIIHE dJIeMEHTapHbIE
YaCTUIIBL. YK€ U3 BO3MOKHOCTH Tepexoyia MO3UTPOHOB M JIEKTPOHOB B TaMMa-KBaHTHI, ¢ Tipeodpa-
30BaHMEM MEXaHMUYECKOW MACCHI STUX YaCTHII B TOJIEBbIE (DOPMBI, CJ1eAyeT BbIBOd, YTO B OTJINYHE
0T (P)OTOHOB, BHYTPH NO3UTPOHOB H JIEKTPOHOB HET 0ajaHca MeK/y 3alacoM WiH pe3ep-
BOM YHEPIruy dJeKTPHYEeCKHX KBAHTOB U YHEPruy MarHUTHHIX KBAHTOB. [lo 31Ol npuunHe
JIEKTPOHBI HE COOMPAIOT KBAHTHI TETLIOBBIX SHEPIHid, a COOUPAIOT U YTUIIM3UPYIOT KBAHTHI K TPU-
YECKUX U MAarHuTHBIX SHCpFI/Ifl. OHHU JI0BKO MAaHUITYJIMPYIOT CBOMMHU BO3MOKHOCTAMU, BCAKUI pas
BOBpeM:I MepeiaBasi N30bITOK MEKTPUUECTBA MM MarHeTH3Ma APYTUM IeKTPOHAM MJIA JIEKTPOH-
HBIM 000JIOUKaM aTOMOB U MoJieKy/1. Tem cambIM o0ecneunBaeTcs1 TOT UM HHON BHYTPeHHHIT
JHCOAJIAHC U IOCTOSTHHAS NOTPEOHOCTD B JIeKTPUUYECKUX HJIU MATHUTHBIX KBaHTaX. UToOb!
HE MOTepsATh HUTh PACCykICHUH, Oosiee MoAPOOHbIE CBeIeHHUs 00 NEeKTpoHe OyAyT JOBEICHBI /10
quTaTesiey B CJIEAYyIOIIMX IMlaBaX KHUTH, a ITTOKa BEPHEMCA K KPUTUUCCKOMY PACCMOTPEHUIO T'MITOTE3bI
Makcsesna.

Kak ¢unocod, s He OGyny onmpoBepraTh rurnote3sl MakcBesia, a TakkKe TUIOTe3bl COBETCKUX
yueHbIX AslekcaHapoBa U Buruepa MmaremarnyeckuMu JoKaszaTeabcTBaMu. Beiiie s cpaBHUBas (pyHK-
1un (poToHa ¢ (PYHKIUSMEU COOPIIMKA SITOJl, B BUE YMEPIIMX KBAHTOB TOJIsI IPABUTALIMH, U TPAHC-
MOPTUPOBHINKA ITUX I/IHCpOpMaLII/IOHHLIX KBAHTOB K IIVIAHETHBIM TEJIaM IJId UX IIEUI])HCI;'IIHCI;’I SHEP-
FETUYECKON YUCTKU U COBCPHICHCTBOBAHM . Ho IJ1s1 KBAHTOB HeHTpa)II)HOIjI MOHAa/IbI CpOTOHOB NN
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aTOMHBIX SIIEp HAIlpalIMBaeTCcsl M JIpyroe cpaBHeHHE. Bo-mepBbIX, 3TW HE MMEIIIME HUKAKON
MAacchl, SHEPTUU U MHEPLUMH JIyXOBHbIE KBAHTHI SIBJISIOTCS HOCUTESIMU MH(POPMAIIMOHHBIX (paiijioB
000 Bcex BCEJEHCKHX 3aKoHax. IMeHHO X CIIOCOOHOCTH CBOEBPEMEHHO «HCYe3aTh» U3 IeH-
Tpa (pOTOHA NJIM ATOMHOTIO S1Ipa M BO3HUKATh BHOBb B HY’KHO€ BpeMs1 M B HY;>KHOM MecTe,
BBbI3bIBAIOT B (DOTOHE WM AaTOMHOM si/Ipe HelpepbIBHbIE KOJIeOaTeIbHbIe MPOIeCChl CX0XK-
JeHusi u pacxoxjaenusi. Ilukanyeckne cMeHbl 00pa30BaHNs LEHTPOOEKHBIX H EHTPO-
CTPeMHTEJbHBIX CHJI 0€30M0PHO NepeMelaoT (hOTOH 3a CUET ero Ke YHePrum K mnjiaHeT-
HBIM TeJIaM WM Y/IeP>KUBAIOT aTOMHOE S1IPO B COCTaBe KaKOro-jiu0o MaTepuajbHOro TeJa,
BKJIIOYAsi U 3Be3HO-IUIAaHETHbIE CTPYKTYpPHI. VX npucyTcTBre mpeBpalaer Kaxaplid (pOTOH,
aToM W MOJIEKYJIy B MOJOOME KMBOTO OpraHM3Ma WM MHTEUIEKTyasbHOro podora. Kak u xuBble
OpraHu3Mbl, (POTOHBI, ATOMBI M1 MOJIEKYJIbl «CJICHIOI» TPUPOABI MOTPEOISIIOT TOIBKO CBOIO Crieudu-
YECKYI0 SHEPreTUYECKYIO IUIIlY U3 BCEI0 MHOKECTBA BCEJIEHCKOM HepreTUky. Ho 0TXo/b! uX jKu3He-
AESITeIbHOCTH SIBJISIIOTCS SHEPreTUYECKOM MULIEN AJ1s1 JPYTUX BUIIOB «CJIETION» MaTepuu, a TaKxKe 715
obecrieyeHus1 KU3HEIeATETbHOCTH KMUBbBIX KJIETOUHBIX OPraHU3MOB PACTEHHI U )KUBOTHBIX, BKJTIOUAsI
yesoBeka. [Ipy 3ToM eciu o Kakum-au00 MPUYMHAM UHTEJUIEKTYaIbHbIA poOOT (DOTOHA, aTOMA HITH
MOJIEKYJIbI, pa30MpaeTCsl U YHUUITOKACTCS, TO MPEKIE ITOr0 aKTa NEHTPATbHBIN WH(DOPMAIIIOHHBIN
MOJIEM HEBPEAUMBIM TIOKUIAET STU YMHUPAIOIIME MaTepraibHble MUKPOOOBEKTHl M BO3BpAIIAETCs B
LEHTPbI TSKECTEN 3BE3]] U IUIAHET, KOTOPbIM paHbllie MPUHAJIEKAINA (POTOHBI, AaTOMBI U MOJIEKYJIbI.

I'oBOpst pyrumu cioBaMu, JyXOBHbIE KBaHTBl MOHA[ IIEHTpa BCEr0 MHOXECTBA (POTOHOB,
Harpumep, (POTOHOB COJTHEYHOTO M3JIy4eHMs, OCTaBUB (POTOHBI 10 HA3HAYEHMIO HA IUIAHETHbIC
TeJja, MOKUIAT UX, YTO MPUBOIUT K CMepTU (POTOHOB, @ CaMM BO3BPALIAIOTCS B MaTepHajbHOE
teso ComnHia. 10 0OMeHHBIN (hOHJ CTPOToro yvera U o0si3aTesIbHOro Bo3BpaTa. Kaxkaplii aTom
U MOJIEKYJIa, TOPO:K/asi (hOTOHBI CIEKTPA COOCTBEHHOI0 U3JIy4YeHHUsI, HA/1eJISIIOT UX U CBO-
UMM MOHajamMu neHTpa. Eciu kakoe-HuOyIb aTOMHOE SIAPO MaTepuu 3eMIU, HallpUMep, B Pe3YJib-
Tare TEPMOSIEPHOTO B3pbIBA MOJHOCTHIO Pa3BaJMBAaETCs HAa (POTOHHBIE FAMMAa-KBaHTHI, TO IOCIE
CMEpTH raMMa-KBaHTa, WH(OPMAIIMOHHBIN KBAaHT MX IIEHTpa 00s3aTeIbHO MIHOBEHHO BO3Bpala-
ercsl B IUIAHETHOE Teso 3eMHOro mapa. Camu ymepiive mMatepuaibHble KBaHTbl (POTOHOB U aTOM-
HBIX YaCTHI] UCHIOJIB3YIOTCSl B KAUECTBE SHEPreTUYECKOM MUIIM MaTepUaIbHBIMU TeIaMH U UX T10Jie-
BBIMH CTPYKTYpaMH JJIsl TIO[/IEPKaHUsI COOCTBEHHOW SHEPreTHKH M ISl 3aKPEeIUIeHUsI Ha TOHKUX
KBaHTaX SHEPruu crenr@uueckor HHOPMaIK TEIIOBOI0, MAarHUTHOT'O, JIEKTPUYECKOTO UJIH Tpa-
BUTALMOHHOTO noJis. VI mocjaeqHuil BbIBOJ 3aKJIH0YaeTCsA B TOM, YTO COIVIACHO NapaJoKCy
IIIP, cama ke HayKa J0Ka3aJja, YTO KaxKJAblil JyXOBHbIN KBAaHT IEeHTPAa aTOMHOIO0 s17pa,
3JIeKTPOHA WM (POTOHA COCOOEeH NPH HEOOXOAUMOCTH /VINTEJHLHO YIPABJSTH OJHOBpe-
MEHHO JBYMsI POJACTBEHHbIMH (POTOHAMM WJH MAapaMH 3JEeKTPOH-NO3UTPOH, KaK U PY-
rUMH 3JIEMEHTApPHbIMHM 4YaCcTHIAMH, KOTOPbIX HayKa BOCIPHUHMMAaeT KAaK aHTHYACTHIIbI.
JleficTBUTEIbHO, (POTOHHBIE TAMMAa-KBAHTHI MTPOSIBJISIIOT CBOMCTBA JaibHOAEUCTBUS napagokca DIIP,
TOJIBKO €CJIM OHU TIOPO>KAEHBI B3aMMOZIEHCTBUEM JIEKTPOHA U MO3UTPOHA. [103UTPOH 10 OTHOIIEHUIO
K JIEKTPOHY SIBJISIETCS €r0 aHTHYACTHIIEH. Y HUX YK€ 1O JIOTUKE 3[paBOro CMbIC/IA JOMKEH ObITh
OIUH JyXOBHBII PYKOBOAUTENb. [IJI 3TOTO AyXOBHOIO PYKOBOJAMTEJISI HE CYILLECTBYET NapaMeTPOB
BPEMEHU M MPOCTPAHCTBA, a 3HAYUT, €CTh CIIOCOOHOCTH MIHOBEHHOTO OBICTPOIEWCTBUS M UH(OP-
MAaIMOHHAsl TOJIHOTa YIpaBisAomux ¢aiyioB. KTo Mox)eT momeiars TakoMy J1yXOBHOMY KBaHTY,
yIpaBJIATh OTHOBPEMEHHO IBYMs (POTOHHBIMM ramMMa-KBaHTamH? §l 3Toil TeMOl crelyalbHO He
3aHMMAJICsI, HO CMEI0 BBICKA3aTh TUIOTE3y, YTO M BCe OOHApyKeHHble B KBAaHTOBOM (hu3uke
AHTHYACTHIIBI SIBJSIOTCS «IIPOTUBO(AZHLIMI» OJU3HENAMHU WIH IBONHIKAMH «HOPMAJb-
HbIX» yactul. [Ipoige ropopsi, HUKakasi aHTHYACTULIA HE MOYKET CyIeCTBOBATh €3 CBOero
HOPMAJIbHOTO IBOMHNKA, TAK KaK aHTHYACTHIIA YIIPABJISIETCS TEM 7Ke JYXOBHbIM KBaHTOM,
KOTOPBIM YIIPaBJIsieTCsI M POJACTBEHHAsi HOPMAJIbHASA YacTHIA.

BriepBbie rumoresy o cyniecTBOBaHMM NO3UTPOHA BbICKa3asl aHickuil pusuk [lons Jupak B
1928 romy. B 1933 roay cynpyru Komo-Kiopn o6Hapy ki, yTo (pOTOHHBIN raMMa-KBaHT C CyM-
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MapHOW Heprueut O6oJbllie SHEPIUH JEKTPOHA U TIOBUTPOHA, TMPH MPOXOKIACHUN BOJIM3U aTOMHOTO
SIpa MOXET MPEBPATUTHCS B TIAPY EKTPOH-TIO3UTPOH. f 0co00 oOpaialo BHUMaHUe Ha TOT (haKT,
YTO AaHTUYACTHUIIBI IOPOKIAIOTCS B TMape ¢ HOPMaIbHBIMU YacTUIlaMu. B Hacrosiiee Bpemsi Hayka
9KCTIEPUMEHTAIbHO YCTAHOBHMIIA, UTO MPAKTUYECKU Y BCEX 3apSKEHHBIX YACTHIL ITPY B3aUMOJCHUCTBUM
C aTOMHBIMH SIIpAaMU WJIM MEXAY COOOM, MOTYT BO3HMKATh QaHTHYACTHIIBI, KaK OJW3HEIbl YaCTHII,
MMEIOILIHX TY K€ Maccy, HO POTHUBOMOJIOKHBINM 3HaK 3apsiaa. CuuTaercs, YT0 aHTUYACTHUIIB He3apsi-
JKEHHBIX YaCTHII, TUTIa (DOTOHA WJIM MU-HYJIb-ME30Ha HEOTJIMUYMUMBI OT YAaCTHUII, ¥ IOTOMY UMEIOT TOJI-
Hoe nogooue. Ha 3TOM OCHOBaHMM HEKOTOPBIE YUeHbIE CAEIIAH MPEANOIOKEHHE O CYIIeCTBOBAHUM
MHTUATOMOB M aHTHMOJIEKYI M JIa)Ke O CYIECTBOBAHUM BCEJICHCKUX aHTUMHUPOB. Bce T1 mpenmo-
JIO’KEHU S SIBJISIIOTCS YMCTHIM BBIMBICIIOM OOOJIBIIIEHHOTO pa3yma. Kak s1 monumaio, rporiecc o0paso-
BaHMSI MIApbl TPOTOH-TIO3UTPOH U3 OTHOTO BHICOKOIHEPIUYHOTO (POTOHHOTO raMMa-KBaHTa, KOTOPHIH
yUEHBIE «IIPUHYIWIN» TPOUTH BOIM3M aTOMHOTO siapa? Takoil (pOTOHHBIM raMMa-KBaHT YTrPOKaeT
Pa3pyIIUTh ATOMHOE PO, ¥ YTOOBI ITOTO HE CIIYUMJIOCh, JYXOBHBIN KBAHT MOHA/IbI ICHTPA TSKECTH
aTOMHOTO sIpa MPUXOJUT Ha TIOMOIIb JyXOBHOMY KBaHTY (DOTOHHOTO raMMa-KBaHTa.

N3 aTomHOro siipa BbIOpacbiBaeTcs aKeT, He HMEIIIMX MacChl H SHEPIruy, a BepHee
CKa3aTh, NAaKeT HEPEerHCTPUPYEeMbIX HeNTPaJbHbIX KBAaHTOB MOJis1 rpaBuTanuu. Yacrora
BHYTPEHHHX KoJe0aHHil raMMa-KBaHTa Bo3pacTaeT Ha ceMb nopsaxkos. lleaTpocTrpemu-
TeJbHasl CHJIA BTSATHBAeT KBAHTHI IPAaBUTANMHN BHYTPb, B IEHTPAJIbHYIO 00J1aCTh, I/1e OHH
B COeIMHEHNN ¢ KBAHTAMU MarHUTHBIX YHEePruil Npeo6pa3yoTcsi B KBAHTHI MeXaHHYeCKHX
SHepruii perucTpupyemoii maccol. /[Ba neHTpa cuJjibl, HeHTP EHTPOOEKHOM 1 LIEHTP 1eH-
TPOCTPEMHTEJbHON CHJIbI Pa3IeJsioTcs MexX/ay co00il 1 00pa3yloT aBe NpoTuBoga3HbIe
apbl YaCTHI] HO3UTPOHA H YJIEKTPOHA.

[NonoxuTe bHbIN 3apsi/i MO3UTPOHA O0ECHIEYMBAET €r0 CAMOOTTAIKMBAHUE OT MOJOKUTETBHOTO
3apsia aToMHOro siapa. Ho Beap B 1I00OM MaTepualbHOM BEIIECTBE, HE3aBUCUMO OT TOro, oOna-
JaeT JIM BEIeCTBO JIEKTPOMPOBOJHOCTHIO WM He 00JaaeT, CyMMapHOe KOJIUYECTBO IEKTPOHOB
3HAUUTENILHO TIPEBBIIIAET CYMMAPHOE KOJIMYECTBO aTOMHBIX sijiep. DTO e M JOKa3bIBaTh HE Hamo!
[o3uTpoH, NPOKKUB KOPOTKOE BpeMs M BBIMIS M3 OMACHOW OMM30CTU C aTOMHBIM SIAPOM, 00si3a-
TEJIbHO BCTPETUTCSI CO CBOOOIHBIM JIEKTPOHOM MEKATOMHOTO MJIM MEXMOJIEKYISIPHOTO MPOCTPaH-
crBa. VIMest MpOTHBOMOJIOKHBINA 3apsijl, TO3UTPOH CaM TMOWET Ha COMMKEHUE C AIEKTPOHOM, U TPO-
M30MJIET MpoLecc, KOTOPbIi HayKa Ha3blBaeT AaHHUTHJISIH e,

OobnymbiBasi mporiecc oOpa3oBaHHMsl W3 (POTOHHOTO TaMMa-KBaHTa TMapbl YacTUI[ SJeK-
TPOHA-TIO3UTPOHA, MPUXOJHIIL K HEBEPOSITHONH MBICIU: KBAHTHI I'PAaBUTALHH, KOTOpbIe
00pa3yl0T NPOCTPAHCTBO BaKyyMa, CIIOCOOHBI He TOJbKO BbIOpachIBATHCSI U3 MeXaHH4ve-
CKHX Macc, pacimpsisi IPOoCTPaHCTBO BcesieHHO, HO 1 CHOBA YNIAKOBBLIBATHCSI U MPeECCo-
BaTbhCs B JIETKUX YAaCTHIAX YJEKTPOHOB M MO3UTPOHOB. Hukoraa He ciblmal, yToObl HayKa
YIIOMHUHAJA O TOM, YTO MTPOCTPAHCTBO CBOMM 0OBEMOM Y4acTBYeT B (POPMHPOBAHUN MATEPUATLHBIX
YaCTHUI IPSMO 1071 HaOmoieHreM Hayku ! []71s1 MeHsI ke COBEpIIIEHHO SICHO, YTO He TOJILKO IIPU COTBO-
peHun MarepraibHON BcenleHHO, HO 1 B HACTOsIIIee BpeMsl 4acTh BCEJEHCKOro MpoCTPaH-
CTBA 0CTaeTcCsl YIAKOBAHHBIM B MeXaHHYeCKHX Maccax MaTepuu . B cienyomux rmaBax OyayT
MIPUBEICHBI U JI0KA3aTeJIbCTBA 3TOTO (paKTa, C yKa3aHHUeM YMCIEHHBIX 3HAUSHUH, CKOJIBKO MTPOCTPaH-
CTBAa BaKyyMa yke OCBOOOIWJIOCh M3 MEXaHNYECKUX MACC MATEePUH, a, CKOJIBKO TaM eIlle OCTaJIOCh.
Pacxomyst MexaHW4ecKylo Maccy, HeOecHbIe Tela 3Be3[] U IUIAHET MOPOXKIAI0T U KBAHTHI MOJIs Ipa-
BUTAIIMH, a 3HAYUT, ¥ TIOPOKIAIOT HOBBIE OOBEMBI BCEIEHCKOTO MpocTpaHcTBa. MaJio 3Toro, npu
HEe00X0IMMOCTH 0OecnedeHHs1 COOCTBEHHOI 0e30M1aCHOCTH, YaCTh KBaHTOB NPOCTPAHCTBA
BaKyyMa, MOKeT ObITh CHOBA YIAKOBAHA B MATEPHIO JIEKTPOHOB U MO3UTPOHOB. JTO yiKe
He MbICJIb, 2 OTKpbITHE. HO eciii Obl KBaHTBI TOJIsI TPABUTAIIMH, KOTOPbIE HAYKA CUYMTAET MyCThIM
BaKyyMOM, B COEIMHEHHU C KBaHTAMHM MAarHUTHOW SHEPruM MOJ JeWCTBUEM MOIIHOHN IIEHTPOCTpe-
MUTEJIBHOW CUJIbl, HE YIUIOTHSUIUCH IO COCTOSIHUSI MEXaHMUECKMX KBAHTOB, TO OTKyJa Obl B3sJIaCh
MeXaHUYecKasi Macca O3UTPOHA U JIEKTPOoHA?
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5. OcMmbIc/ieHHE SIBJEeHUSI AaHHUTIJISIMA 1 napanokca JIIP

VY 3TOro TaMHCTBEHHOTO sIBJIEHUS] KBAHTOBOW (PM3MKHM €CTh MHOTO HAYYHBIX OOBSICHEHHI, HO
s X He Oy/ly paccMaTpuBaTh, YTOOBI HE Meperpyxarhb (puaocockyio padoTy U3NUIIHENH OTBICYEH-
HocThlo. He BiaBasick B HayuHble OAPOOHOCTH, U3JI0KY CBOE MHEHHUE O (bU3HKe Imporecca 00pas3o-
BaHM$1 aHTUYACTULL U TTOCTIEAYIONIEN aHHUTWISALMU, KaK O IJTABHOM METOJIE COXPAaHEHHUsI «HEITPUKOC-
HOBEHHOCTH» aTOMHBIX SIAEP M MPEAyNPEKIeHUs UX HECAHKIIMOHUPOBAHHOTO paspyiienus. Hukro
ke He OyIeT OTpHLaTh, YTO (POTOHHBIN raMMa-KBAaHT TEPEMEIIAETCS CO CKOPOCTBIO CBETA U MEET
YacToTy KoJieOaHWH, MPONOPIMOHATBHYI0 BHYTpeHHel sHeprum ¢potoHa. Haromuio, uto ¢otoH
raMMa-KBaHTa IPU CTOJIb OBICTPOM NEpeMEIleHNH TPUCHIOCOOIEH K TOMY, YTOOBI CBOEH MarHUTHON
SHEpruel 3aXBaThiBaTh KBAHTHI TIOJIEBBIX CTPYKTYP SMEKTPUUYECKOW SHEPrvH, MOKUPATh UX SHEpre-
THKY, 2 CAaMHM TOHKME KBAaHTBHl HAKaIUIMBaTh B ceOe, KaK fArofbl B JIyKOIKe. TOYHO Tak xke pado-
TAIOT ¥ KBAHTHI AJIEKTPHUUECKUX SHEPIUi, HO COOMPAIOT M HAKATUTMBAIOT HE KBAHTHI JIEKTPUYECTBA, a
KBaHTHI TEIJIOBBIX SHEPTUil. B KOCMUYEeCKOM MPOCTPAHCTBE, T/ie HET aTOMapHbBIX CTPYKTYp, (POTOH-
HBIl raMMa-KBaHT 10 OEJHOCTH SHEPreTHKHU BaKyyMa WU MOTepsieT YacTh CBOSH SHEPruy U mepe-
JET B CHEKTp YJIbTPa(HOIETOBOIO M3JIY4YEeHHUs, WIM JOUAET 10 atMocdepsl IJIaHEThl B KauecTBE
ramMma-KBaHTa COJTHEYHOTO M3nydeHus. Ho 00s13aTeIbHO pa3pyIInThCsl B BEPXHUX CIOSIX aTMOC(hepBbI,
YTOOBI HEe IPUYMHHTH Bpe/ia )KUBBIM KJIETOUHBIM opranu3Mam. CoBceM jpyroe jieno, korga (hoToH-
HBI TaMMa-KBaHT MYMTCSI CO CKOPOCTBIO CBETA B MAaTEPUAILHOM TeJje TUIAHEThl MM KaKOro-JM0o
TUIAHETHOTO BEIlleCTBA. DHEPreTUUECKO! MUIIIY, B BUE HEUTPUHHBIX KBAHTOB, a TAKXKe KBAHTOB Tell-
JIOBOTO, MArHUTHOT'O U 3JIEKTPUYECKOT'O 110J151 B JIIOOOM TIAHETHON MaTepUy HaXOUTCS BEIMKOE MHO-
’KECTBO 1 C OTPOMHBIM U30bITKOM. JHepreTuka ()0TOHHOr0 raMMa-KBaHTAa ¢ KaKAbIM Ipo1iec-
COM IHKJIMYeCKOil cOOPKH U pa300pKH CTaHeT CTPEMHTEJbHO yBeJHYHBaThesa. Bmecre ¢
yBeJIMYeHneM YHePreTuku 0yJaeT COKpamaThCs U JUIMHA BOJHBI, TAK KaK YHePrus Joo0ro
¢doTona nponopuuoHaabHa nocrossHHoi Ilnanka u yacTore 3J1eKTPOMArHUTHBIX KoJe0a-
Huii. Ecii 3TOT JIaBUHHBINA MPOIIECC HE OCTAHOBUTH HACHJIbCTBEHHBIM CIOCO00OM, TO (hOTOH
ramMma-KBaHTa OyIeT CHauaJla IOKUPATh IEKTPOHBI 3aIIMTHBIX OpOUTAJICH aTOMHBIX SIIEP, a 3aTeM U
CaMU aTOMHBIE S/1pa. DTOT IMPOLECC MOKET NEPEPACTH B JIOKAJIBHBIN U HEYIIPABJIAEMBIN TEPMOSAEP-
HbII B3pbIBa MecTHOro Macirada. Ho Beab npu Kazk0M TepMOsiJePHOM B3pbiBe 00pa3yloTcs
cBOH (POTOHHBbIE TAMMAa-KBAHThI BLICOKHX YHEPIuii, KOTOpPble NPeBPaTsT NpPoIecc TepMo-
S1ICPHOT0 PA3JI0KEHHSA ILIAHETHOIO Tejla B JIABHHHBIN IMPOLECC HEYNPaBJIsIeMOro camo-
pa3pyumennsi. Kak BaM HpaBuTCcs 3Ta KapTHHKA ?

Bor st Toro, 4toObl 3TOr0 HE CIyYWJIOCh, JyXOBHBIM KBaHT MOHAJBI LIEHTPa (POTOHHOTO
ramMMa-KBaHTa, Ha OIPe/IeIeHHON CTaluy YCHJIEHH S €r0 SHEPreTUIecKoi MoIIu, pa30MBaeT ero sHep-
T€TUKY Ha Napy JIEKTPOH-MO3UTPOH. ITHU YACTHULIBI UMEIOT MACCy U MHEPLMIO, a NIOTOMY, IO 3aKO-
HAaM TEOPUM OTHOCHUTEJBHOCTH, [0 MEXaHUYECKUM 3akoHaM HbloTOHa M 1o 3akoHaM 3JIeKTpomar-
HUTHOTO B3aUMOJICVICTBUS, CTAHOBSITCS OE30MacHBl KaK [UIsl JEKTPOHHBIX OpOUTANIEH 3aIlUTHBIX
000JI0UeK, TaK U AJI CAMUX aTOMHBIX sijiep. [J1aBHOe, YTO MX CKOPOCTb OT CKOPOCTU CBETa HEMEJI-
JIEHHO TMA/IaeT JI0 TeX BEJIMUYMH, C KOTOPHIMU JIBUKYTCSI CAMHU aTOMBI M MOJIEKYJIbI OJTIM3KOTO OKpYXKe-
HUsA. Bo3HHKaeT BOIIPOC, 0TKY/a y He HMEIOIIero Macchl M 3J1eKTPHYECKOro 3apsaa ¢poron-
HOro0 raMMa-KBaHTa, OSIBIJIACh Macca, paBHas JBYM MaccaM JJeKTPOHA, [a elie U JABa
3apsAa NPOTHBONOJIOKHOI0 3HAKA? DTO TAMHCTBO IIPOMCXOAUT HE TI0 BOJIE CaMoro (hOTOHHOTO
raMma-KBaHTa, a 110 BOJIE €ro LEHTPAJIbHOIO AyXOBHOIO KBaHTA WM MOHaJbl LieHTpa. Korga mumHa
BOJIHBI TAMMa-KBaHTa CTPEMUTENILHO YMEHBIIIAETCS, TO JyXOBHBIN KBAHT MOHA/Ibl ICHTPA HA NIEPBOM
JTane 3aJepKUBAETCA M0 OYEPEIU B IBYX COCEJHUX TOUKaX, 0OPa3yIOIIUX MOTyBOIHBI (DOTOHHOTO
raMma-KBaHTa, M TEM CaMbIM pa3fiesisieT UX SHEPTHUIO TIOTOJIaM U CTATUBAET 00€ MOJOBUHKY MarHuT-
HOW SHEpPruM B MOTEHIMAIbHBIE TOYKHU JI0 HEMPOSBIEHHOTO COCTOSIHUS Tejernopranyi. Bmecre ¢
KBaHTAMH MArHUTHOI HePruy NOrJOMAITCS U KBAaHTHI IPAaBUTALMM, O YeM sI y’Ke pac-
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cKa3bIBaJI B npeabiayeM naparpace. Iloriomaercst camo okpy:xaomee NpoCTPaHCTBO !
WX coenuHenune oopas3yeT MHepIMaibHbIe KBAHThI MeXxaHnueckux sHepruii. Ha BTopom 3Tane, Bo3-
HUKasl U Ucue3asi Mo oyepeau B 00erx BHOBb OOPA30BAHHBIX YACTHIIAX, C YACTOTOW, B MUJUIUAP/IbI
pa3 MpeBbIIAIIed 4acToTy (POTOHHOTO raMMa-KBaHTA, AyXOBHBII KBAaHT MOHA/BI LieHTpa (Onaro-
aapsi 3TOM OrPpOMHOM, HE PErUCTPUPYEMO HUKAKUMH MPUOOPaMH, YacToTe), yke He JaeT BO3MOK-
HOCTH BHOBb 0OPa30BaHHBIM KBaHTAM MEXaHUYECKON SHEPIUM 3aHATh OOJBIINIA TPOCTPAHCTBEHHBIH
oOobem. Tak rpyOble KBaHTBI MArHUTHOM SHEPruM OBIBILETO (POTOHHOTO TaMMa-KBaHTa, KOTOpbIE HEe
ycriesiu U30aBUTHCS OT M30bITKA SHEPTMU U COOCTBEHHOW MHEPLIMOHHOCTH, CHOBA MIPEBPAIAIOTCS B
CIIPECCOBAHHBIE BOKPYT AYXOBHOM MOHA/Ibl LIEHTPA KBAHTHl MEXaHUUYECKUX SHEPIUi, KOTOpbIE IPO-
SIBJISIETCS] U PETUCTPUPYETCSl KaK Macca 3JeKTpoHa U no3uTpoHa. Ho TyXOBHbBIN KBAaHT MOHA/IbI
[eHTPa MO3UTPOHA U JIEKTPOHA, IOPOKAEeHHbIX, B Bi/le OpaThbeB-0JM3HE0B, N3 (POTOH-
HOr0 raMMa-KBaHTAa, SIBJSIETCSI TOT 7K€ OJMHOYHBbIH KBAHT JBOUYHOIO0 IeHTpa ObIBLIEro
¢orona!

JI71s1 Hero MrHOBeHHOE TiepeMelieHre U3 IIEHTpa MEKTPOHa B IIEHTP MO3UTPOHA HE TpeOyeT
HUKaKuX 3aTpar sHeprud. OH Kak pa3 U npeojojeBaeT MTHOBEHHO JIIOOble PaccTosIHUsI 0e3
3aTpaT BpeMeHH, IOTOMY YTO He 00JaJaeT HH Maccoil, HM YHepruei, HU NHepuuei. ITo
KBaHT nH(opmanuu. OH HACTOJIBKO COBEPILIEHEH U SHEPreTUYecK HUIL, 4To TBOpel] pa3perui
€My Ha KOPOTKOE BpeMsl BBIXOIUTh 110 TYHHEJIBHOMY NIepeXojly 3a MpeJiesibl BCEIEHCKOrO MPOCTpaH-
CTBA, ¥, MUHYsl MaTepUAIbHBII MUP, MTHOBEHHO TepeMeIaThCsl BHE HAIIero MHpa Ha JIoOble pac-
crosiHus. I BHOBb BXOZIUTH B ITPOCTPAHCTBO BeesieHHOM N0 TYHHEIbHOMY NIEpeX0y, HEJOCTYITHOMY
HU JJIs1 KAKUX MaTepPUAIbHBIX YacTHUI], HE OCBOOOIMBIIMXCS OT OCTATOYHOW SHEPrUM M WHEPLMOH-
HOCTU. B TO ke BpeMsi 3TOT KBaHT NH(OpMaLii He SIBJISETCS HACTOJBKO COBepPIIeHHbIM,
YyTOOBI 10JIr0 NpPe0bIBATH BHE MPOCTPaHcTBa Hamell Beesrennoii. Bee 1o enuHoro kBaHTa 1eH-
TPAJIbHBIX MOHAJ, JOJTOBPEMEHHO MPEeOBIBAIOT U XPAHSITCS B IIEHTPAX TSKECTEN MUKPO— U MaKpo-
OOBEKTOB MaTepHaIbHOrO MUpPA, HAYMHASI OT (DOTOHOB, MEKTPOHOB, ATOMHBIX SIEP XMMUYECKUX
3JIEMEHTOB U 3aKaHUMBasi BCEMU 3B€3/IHO-TUIAHETHBIMU TeJIaMU BCEJIEHCKOTO npocTpaHcTBa. Ho npe-
OBbIBAIOT OHM TaM HE B COCTOSIHMHM ITOKOSI ¥ OT/IbIXA, a KaK MH(OPMAIIIOHHBIE YIIPABUTEIIH, X PAaHUTEN
Y CHUHXPOHHM3aTOPbl SHEPTETUYECKUX B3aUMOIEUCTBUI MaTepuasbHbIX Tel. MOXHO cKa3aTh U Tak,
YTO OHM CBOEW MH(OPMAIIIOHHOM AESTETbHOCTBIO U CBOMMH CIIOCOOHOCTSIMH CBEPXOBICTPO/IEHCTBUS
Y JAJIbHOJEWICTBU S, 3aCTABISAIOT OJHU KBaHThl MATEPUH IIPOTUBOJEUCTBOBATD IPYTMM KBaHTaM Mare-
puM, a KOrJa 3TH KBAHTHI MOTEPSIIOT YacTh CBOEW SHEPIMU BO B3aMMHOM IPOTHBOOOPCTBE, TO HaJle-
JISIIOT MX TIOBEAEHYECKON MH(pOpMalneid, crapasich JOBECTH JO COOCTBEHHOTO YPOBHSI COBEPIIIEHCTBA.
KBantsl MmoHaz ConHila, 4ocTaBUB (DOTOHBI 110 HA3HAUYEHUIO, BO3BpauiaTcsl Ha CosHLe 32 HOBBIMU
(poToHaMu, MCTIONB3YSI IPUHIMIT MTHOBEHHOTO JAJIbHOAEUCTBU S, OTKPBITOIO COBETCKUMH YUEHBIMU
ITononsckum 1 Pozenom. Ilpuyem ecv 3TOT KBaHT MOHA/Ibl TPUHA/IJIEKUT IJITAHETHOMY TeTy 3eMJIH,
TO OH MTHOBEHHO BEPHETCs Ha 3eMITIO U3 JIIOOW TOUKH MPOCTPAHCTRA.

Korna ogHa u3 yactul, B BUe onacHoro (oOTOHHOTO raMMa-KBaHTa CTOJIKHETCS, HallpuMep,
C M3MEpUTESIbHBIM MPUOOPOM U Pa3pyIIMTCs, TO KBAHT MOHA[bl CUMTAET CBOIO 3a/auy CIaceHUs
MaTepuy OT HECAaHKIIMOHUPOBAHHOTO Pa3pyIlIeHHsI BHINOIHEHHON. OH T0BOAUT (DOTOHHBINA OJIM3HEI
B JTIOOOW TOYKE MPOCTPAHCTBA A0 TOTO K€ BEKTOPA MOJISIPU3ALMH, B KOTOPOM ObUI pa3pyllieH ero
JBOMHMK U MOKKAAET €ro, BO3Bpalllasich B MaTepuIo Halllel raHeTsl. [1o MeTkoMy BelpaskeHuI0 DiH-
LITEIHA, JIETSIAsl CO CKOPOCTBIO CBETA POICTBEHHAs (POTOHHAS YacTUla B TOT )K€ MOMEHT «3aTBep-
JeBaeT» B TOH ke (pa3e, B KOTOPOH MOorud u OamM3Her 3Toro hoToHa MPH CTOIKHOBEHUH C U3MEpH-
TeJIbHBIM PUOOPOM. B TaHHOM ciydae «3aTBepieBaHue» O3HauaeT cMepTh poToHa. B cBs3u ¢ aTMMI
paccykJEHUsMHU, BHILIETIPUBEICHHYIO (POPMYIMPOBKY 3pdekTta napanokca 1P MokHO U3N0KUTH
B Oosiee pacHIMPEeHHOM BUJIE, YUUTHIBaOIEM (pU3nKy UCTUHHOTO mpouecca: «Mugopmanust ot
0/IHOT0 MaTepPHAJbLHOI0 SHEPIrOKBAHTA K JIPYroMy llepeJaeTcsi MTHOBEHHO, He3aBHCHMO OT
PaCCTOSTHUA TOJbKO B TOM CJy4ae, eCJIM 3TH SHEProKBAHTHI YIIPABJISIIOTCS OHOI U TOM kKe
MOHA/1011 MX IleHTpa TsKecTel». Kak ciencreue u3 31oil (popMyJIMpPOBKY, TAKUE SHEPrOKBAHTHI
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JOJKHBI UMETh OOIIEro MaTepUaIbHOTO POAUTEINS, CYIIECTBOBATh B BOJHOBOM MPOTUBO(A3e 1 ObITh
10 OTHOUIEHUIO APYT K IpYry YacTULIEN U aHTUYACTULIEH.

Koraa sHeprum yacTuibl 4 aHTHYACTUIBI COAJAHCHPOBAHbI, TO UX B3aUMo/1elicTBHE
NPUBOAUT K JHEPreTHYeCKON AHHUTWJIAIMH, HO BCe KBAHThI YaCTUIbI M AaHTHYACTHIbI
COXPaAHSIOTCA M IePexXoIsT B HeperucTprupyeMoe COCTOsIHMEe HeOJHOPOJHbIX KBaHTOB Hell-
TPAJbHOU NPHUPOJBI.

ITo noruke noeeneHust ¥ (PU3MUYECKUM CBOKMCTBAM OTPULIATEIBHOIO JIEKTPUUYECKOIO 3apsja,
CTAQHOBUTCS SICHO, YTO OJJMHOYHBIE CAMOCTOSITEJIbHBIE JIEKTPOHBI, KaK M JIEKTPOHBI 3aIIIUTHBIX 000-
JIOYEK aTOMOB U MOJIEKYJI XUMMYECKUX BELIeCTB paboTaloT B MPOTHBO(A3e C aTOMHBIMU spaMu
BCETr0 MHOKECTBA XUMUUECKHUX JIEMEHTOB U UX coeuHeHul. [lake ciMHBI 3J1IeKTPOHOB B aTOM-
HBIX s1/1€P, XOTSI M OJJHHAKOBBI, HO HMEIOT MPOTHBONOJIO0KHbIE 3HAKH. [IpucyTcTBIE B TOOBIX
YAaCTHIIAX MEXaHWYECKMX KBAHTOB, MOBBIIIAET UX MHEPLMOHHOCTb, U MX CIMH BpaileHus ot 360
cokparaercsi 1o 180 rpa/lycoB WM CTAaHOBUTCSI PaBHBIM Y2 OT criMHa BpaileHust (POTOHOB U JIpy-
I'MX YaCTUL, B KOTOPBIX OTCYTCTBYIOT KBAaHTbl MEXaHWYECKHMX 3Hepruil. M3 3toro cnenyer BBIBOJ,
YTO BCE YACTOTHI, KOTOpbIE PETUCTPUPYET HAyKa KaK YaCTOTHl KOJIEOAHUI aTOMOB MJIM MOJIEKYJT WJTH
4acTOThl (POTOHHOTO CHEKTPa JIyYeBbIX SHEPIUM, SIBJSIOTCS YaCTOTAaMU KOJeOaHUM TMONEBBIX (hOopM
Mmarepun. KorepeHTHYI0 4acToTy KoJle0aHNil MeXaHHYeCKHX KBAHTOB Macc ellle HIKOMY He
yAaJ10Cch O0OHAPY:KUTH, IOTOMY YTO 3Ta YACTOTAa KAK MUHUMYM HA CeMb MOPSI/IKOB MpPeBbI-
mIaeT 4YacToTy CaMOro HepPruyHOro raMMa-kKBaHTa. TakuMm oOpa3oM, JIEKTPOHBI SBJISIOTCS
AHTUYACTULIAMHM aTOMHBIX S/IEp U MUMEIOT MTHOBEHHYI0 MH(OPMAIIMOHHYIO CBSI3b CO BCEMHM MOHa-
JaMU LEHTPOB TsDKECTel aTOMOB M MoJieKysl. Ho B ommyme oT Bcex ApPYrux aHTUYacTull, CBOOOM-
HBIE IEKTPOHBI SIBJISAIOTCS JOITOKUBYIIIMMUA AHTUYACTULIAMU, BCTPOEHHBIMU B MaTepUaJIbHYIO SHEP-
TeTUKY KaK MOCPEIHUKH aTOMHBIX sIep, KOTOpbIe COOMPAIOT ISl HUX C MOMOIIBIO OTPULIATETBHOTO
3apsiia 1 MarHUTHOW SHEPrUM, KBaHTHI AIEKTPHUECTBA M MarHeTU3Ma M3 Cpelbl OOUTaHUsI MaTepH-
asipHOTO Tesia. Korjga anekTpoHsl IepexoAsT B 3alUTHbIE 000J10YKH, TO KBAHTHI 2JIEKTPHYeCTBa
3JeKTPOHOB H C(heponIHO-CIMPATbHON NOBEPXHOCTH aTOMHBIX si/iep, 10 3aKOHY aHHUTH-
JISIIUH NPEeBPAIIAIOTCA B KBAHTHI I10JIEBBIX CTPYKTYP HEHTPAJbHOIO THIIA.

[Tpu 3TOM HelTpau3yercs U 4aCTb MArHUTHOM SHepruu. M3 3TMX aHHUTMJIMPOBAHHbBIX U HE-
TPAIM30BAHHBIX KBAHTOB M 00pa30BaHbl OOOJIOYKM aTOMOB M MOJIEKY/I MaTepHaJIbHBIX TeJl, KOTOpPhIE
MBI TPOTae€M pyKaMH, kKejasl yJOCTOBEPUTHCS B HAJIMUUM MAaTePUAIbHOIO TeJla U B CBOMCTBAX CaMOro
Martepuasa. DT ke ObICTPOABKYIIHMECS HEUTPAIbHbIE KBAHTHI BHIOPACHIBAIOT U3 HEJP BHYTPEHHETO
IIPOCTPAHCTBA ATOMOB U MOJIEKYJI C(POPMUPOBAHHBIE B HUX BTOPUYHbIE (POTOHBI BUIMMOI'O CIIEKTpPa
JIy4eBBIX SHEPIUM, KOTOPBIE Mbl BUAUM KaK «TBEPAYIO» WM «KUAKYI0» IOBEPXHOCTb TOI'O UJIM UHOTO
(buzmyeckoro BemecTsa nim Marepuaia. Takum oOpazoM, ec/ii Obl IPH AHHUTWJISIIAH JJIeKTPH-
YyeCKUX KBAHTOB aTOMHBIX sijiep H YJeKTPOHOB He 00pa30BbIBAJMCH KBAHTHI HEHTPAJIb-
HbIX SHEPrui, To, N0 KpaiiHell Mepe, 000JI0YKH aTOMOB H MOJIEKYJI, KAK H MOBEPXHOCTHU
BelleCcTB MaTepHAJbLHOI0 MHPA, IPOSIBJISUIN CHJIbHbIE MATHUTHBIE H JIEKTPUYeCKHe CBOM-
cTrBa. K HUM HeJib3s1 ObI ObLI0 NPUKOCHYTHCSI HE TOJbKO PYKOM, HO He ObLIO Obl BO3MOXK-
HOCTH C(POPMHPOBATH U3 TAKNX AKTUBHBIX aTOMOB U MOJIEKYJI /1a’Ke NPUMUTHBHOIO KJje-
TOYHOI0 OpPraHu3Ma.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

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

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