




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































60AHO IOKMAATH Hallle TPOCTPAHCTBO Yepes KBaHT nmaomaan. Ipu
STOM BCAKMI KBAaHT IAOIIAAU SABASIETCS HEMPOXOAMMBIM OapbepoM
AAs AI06OTO MaTepUaAbHOro KBaHTa. Takum o6pasom, uToOs! BEUITH
M3 TPEXMEPHOTO NPOCTPAHCTBA BeeAeHHOM; He HAAO HUKYAQ YAETATh
K ee rpaHunaM. Ilepexoabl 3a IpepeAbl TpeXMEPHOTO TIPOCTPAHCTBA
NMPUCYTCTBYIOT B€3A€, TA€ €CTb KBAHThI IOAEBBIX ¥ MEXaHMYECKIX
dopm maTepun. OAHAKO BBMAY MAAOJ MAOWAAM STYEHKH TTEPEX0AR,
NPEOAOAETD 3TOT Gapbep HUKAKOE MaTePHAAbHOE TEAO, KOTOpPOE He
OCBOGOAMAOCH OT PHEPTMM U HE CTAAO KBaHTOM MHpOpMaLMy, He
B COCTOAHUM.

B nepBbix raaBax 3Toi paboThL 1 MCCAEAOBAA TOUKY KaK MUHM-
MaAbHO BO3MOXHYIO CIIMPAAb CXOXKAEHUSA AASL MOAEBBIX GOpPM Ma-
TEePUM MAM MEXaHWYeCKMX Macc. B CBA3M ¢ BBIIEM3AOKEHHBIM TEK-
CTOM HAaAO CAEAATDH BBIBOA: BCSIKasi MaTepHaAbHAS TOUKA He MOXKeET
O6p1TH Menbilte maomasu B 3,14 x 10-°° kBapparasix MeTpos. Ilo
ADYroii MHTEpIpeTALlMM TOT BbIBOA 3BYYMT TaK: BHYTPM KaXKAOi
MATEPUAABHOM TOYKYU HIPUCYTCTBYET AbIPKa», MAOIIaAb KOTOPOI
He MOXeT ObITh MeHbllle BeAnYnHbI 3,14 x 10-°° KBaApaTHBIX MeT-
poB. Pazo6paBumch ¢ AMCKPETHOCTBIO IIAOHIAAEI BCEAEHCKOIO [TPO-
CTPaHCTBa, NEPENAEM K MCCACAOBAHUI0 AUCKPETHOCTHM OOBEMOB.
O6beM nponopiumoHaier KyOy papuyca. TlopcTaBuB pas papuyca
00beMa YMCACHHOE 3HAaYEHNE KBaHTa IPOCTPAHCTBA, MIOAYYHMM, YTO
KBaHT NPOCTPaHCTBEHHOro oGpema paseH 4,186 x 107° xybuye-
cKux mMeTpoB. Ha peAe 5To 03HaYaeT, YTO BHYTPU AI0GO0M MeXaHHUYe-
CKOI MacCChl aTOMHBIX IA€D aTOMOB M MOAEKYA, @ TaK)Ke BHYTPU NIPO-
TOHOB U HEMTPOHOB M AQKE BHYTPU BAEMEHTAPHBIX YaCTUL] BO BPEMs
UX CYIEeCTBOBaHMsI, IIOCTOSAHHO NPUCYTCTBYET KOHEMHBI 06beM
a6 COAIOTHO NYCTOr'0 MPOCTPAHCTBA, PU3NIECKU PABHbBIA HOCTOAH-
HOI1 BeAnunHe 4,186 x 107° Ky6uueckux MeTpoB. IT0 npocipancr-
BO ABASIETCA HEAOCTYNHOM «IYCTOTOM» AASI MEXaHMYEeCKHX MaccC
matepun, ¥ GakTUYEeCKH He MPHUHAAACKHT TPEXMEPHOMY NpO-
crpaHCTBYy Hamei BceaenHoil. B o6beme oTOMl «ByCTOTHI» B3NU30-
AMYECKM MOSBASETCA M MCYe3aeT, He MMeIoINasi MacChl M SHEPIuw,
MHGOPMaALMOHHAA CYI{HOCTD. Besikoe HOBoe mosiBAeHne uHpopMa-
LIMOHHOJ CYIHOCTH BCETAA IIPOUCXOAUT B HOBOY TOMKE BHYTDHU He-
AOCTYIIHOTO 00beMa. DTOT HEAOCTYNHBIA 00beM SABASETCS CPEAOIi
o6uranns nudpopmanuy, rae uHGopmayus He MOXKET CONPUKACATD-
Cs1 ¢ MaTepueli MEXaHMYECKMX MacC, ¥ B TO XXe BpeMs caMa nHdop-
MalUMOHHAS CYI[HOCTDb IMOAB3YETCSI IPABOM IIOAHOI CBOOOADI Tie-
peMenteHus! BHYTPU 3TOr0 3aMKHYTOro 00beMa 1o AI060MY Bex-
TOPY TPEXMEPHOTIO NPOCTPAHCTBA.
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HepOCTYNHBI AAS MEXAHWYECKUX KBAHTOB BHYTpEeHHMIt 00Db-
€M MYCTOTHI B PEAABHOCTH ABASIETCH LIEHTPOM TSDKECTH MUKPO U
MaKpPOKBAaHTOB MeXaHu4eCKuX Macc. [Ipy nosasaeHnu B aToM «Iyc-
TOM» KBaHTe 00beMa, MHPOPMALMOHHOM CYLIHOCTY, MeXaHU4ecKas
Macca CHayaAa Mo dAAMIcCaM 0e30MopHO Nepememaer cama cebs,
4T0GBl B3STh B dHepreTudeckuii Gpoxyc mudopmMaumoHuy cyus-
HOCTD, @ 3aT€M CHMPAABHO CXOAUTCH Ha MUHHMAABHOE PacCTOsIHHE
C HEAOCTYNHbIM 00'beMOM NMPOCTPAHCTBEHHOTO KBaHTa. [Ipn sTOM
npouiecce obpasyerca LHEHTPOCTPEMUTEAbHAasA CHMAA M NMPOABASET-
Csl Macca, KaK 9KBMBAACHT DHEPIMM MAaTepUAAPHOTO MMKPOKBAaH-
Ta. B AManasoHe Macc aTOMHBIX JA€P, OT EAMHMLEBI AASL IIPOTOHA, U
AO 263 eAMHML] MACChi CAMOTO TSDKEAOTO XMMUIECKOTO dAeMeHTa Tab-
AMlibL MeHpeAeeBa, MeXaHNYECKME MACChl TIEPEXOAAT B HUXKHMIL YPO-
BEHB MOTEHLMY PaHbLIE, YeM OHU CKPYTATCA A0 06 bEMa MUHUMAAD-
HOTO KBaHTa NpocTpaHCTBa. [IpumMepHo yepes 0, 86 BpemeHu ot Bpe-
MEH AAUTEABHOCTHM OAHOI'O MIEPUOAA EAVHOM KOT€PEHTHOM YaCTOTH
MEXaHWYECKUX MacC BCEAEHCKOTO MPOCTPAHCTRA, MHGOpManMOHHas
CYLIHOCTb MOKUAQET HEAOCTYIIHBI MUHUMAABHBIN KBaHT MPOCTPAaH-
ctBa. [IpesocraBaeHnas caMoil cebe MexaHuuecKass Macca HauMHa-
€T CIMpaAbHOE PacXOXKAEHME U 3a nepuop 0,14 BpeMeHn OAHOro ne-
PHOA2 EAMHOI KOT€PEHTHOM YacTOThl 00pa3yeT KOPOTKUI MMITYABC
HEHTPOOEKHOI CHMABI OTTAAKMBAHMS], IDUKAAAbIBAs BCI0O MeXaHuYe-
CKYIO HHEpruIo, YTOOB MaKCMMAAbBHO YBEAMYMTDb CBO IPOCTPAHCT-
BeHHBI1 00beM. Bipouem, aToT npoliecc HEOAHOKPATHO PacCMOTPEH
B MPEABIAYINX TAABaX. ATOMHBIE SIAPA TAKEABIX XMMHUYECKHUX JA€E-
MEHTOB NOTOMY ¥ Pa3BaAMBAIOTCS, YTO MHEPLMA MEXaHUYECKMX
KBaHTOB He MO3BOASIET UM UCTIOAL30BaTh BPEMEHHYIO CBOGOAY U
pasbexarncs 0 BHYTpeHHeMY 00beMy aTOMapHO-MOAEKYAAPHOIH
CTPYKTYPbI AASl NOTAOH{EHHSA KBRHTOB NOAEBBIX HOPM M NOAIIMTKH
CcOOCTBEHHOI MeXanuYecKoii aHeprum. [1ocuAeB HECKOABKO MTHO-
BEHUI HA TOAOAHOM TaliKe, TSDKEAble XMMUYECKMe DAEMEHTHI, 3aBep-
HIAIOIME LIETIOYKY XMMHMYECKUX SAEMEHTOB CEABMOTO NIEPUOAd, BbI-
NapaloT M3 Pe30HAHCA €AMHOM KOTeDEeHTHOCTM ¥ UX AaTOMHbIE Apa
PasBaAMBAaIOTCA Ha OCKOAKU. HecKoAbKO MeaAeHHee, HO O TO¥ Xe
IIPUYMHE BBIXOAQ U3 PE30HAHCA KOTE€PEHTHO YaCTOTHI, pPa3pyIHaloTCA
M CBEPXMACCUBHbIE 3BE3ADL, IEPEXOAS B CTAAMIO MAU «YEPHBIX ABIDY,
MAY HEIITDOHHBIX 3BE3A,.

‘Tpu ucMoAHeHMH IIMKAQ BEHTPOGEXXHOro paciiMpeHus: MeXaHy-
Yyeckas Macca, Kak GyHAAMEHTaAbHAs MOCTOAHHAS MaTepUaAUCTHYe-
CKOI1 HayKu, TOAHOCTDIO ucyesaer. O Macce, Kak 0 HYHAAMEHTAABHOM
MOCTOSAHHOI MaTEPUAaAbHOTO MMPA, MOKHO TOBOPUTb TOABKO C IpH-
BsA3KOI1 K mapaMeTpy Bpemenn. Ilo cyru poeaa macca ecTh He IOCTO-

490



;r AHHAS BEAUYMMHA, 3 YCPEAHEHHO€ 3HaYeHUue Cl)YHI(I.WIM, KoTopas 3a-
E‘ BHCHMT B TAKOM K€ CTeIIeHM OT SHEPTrHUH MeXaHU4YECKHUX KBAaHTOB, B
3
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i
i
i
¢
'

{ KaKOM OHA 3aBMCHMT OT COOTHOIICHHA AAUTEABHOCTH BpDEMEHH Aeﬁ-

! CTBMA LEHTPOOEKHBIX ¥ HEHTPOCTPEMUTEABHBIX CHA 32 OAMH ITepPH-
| 0A KOrepeHTHO YaCcTOThI BCceAeHCKoi MaTtepuu. [To Moum HabAlo-
| AGHMWSIM, COOTHOIIIEHME BPEMEHU AEHCTBUS LIeHTPOGEXKHOI CHUABI CO-

' cTaBAsteT '/, 4aCTh BPEMEHM Ae/ICTBUSA LICHTPOCTPEMUTEABHOM CUABL.
- Ho aro cooTHomeHMe He KOHCTAHTA, a MApaMeTP aBTOMATUYECKO-

ro peryAMpoBaHus M ynpasaenms. Ilpy MaaeifiieM M3MeHeHUM 5TO-
ro COOTHOWEHUs GYAET MEHATHCS He TOABKO QM3NuecKas BeAUIH-
Hd MaCChl, HO ¥ CMAa TPAaBUTALIMOHHOTIO MPUTSDKEHNS AU uHpopMa-
L{¥si TIOASI TPaBUTALIMM, CO3AABaEMas MaTePUAAbHBIM TeAOM. B cBA3u
C STUM MOXHO CAeAaTh 0600malomuit Brigos. Bee u3BecTHbIe Hay-
Ke (pyHAaMeHTaAbHbIe IOCTOAHHbIE, HAYHHasA OT I'PaBUTALMOHHOJ,
SAEKTPUYECKO, MATHUTHOM MOCTOSTHHOM U KOHYas1 MIOCTOSIHHBIMY
Ilaanka, ABoraapo, Xa60aa, ®apases n BoabiMaHa, He ABASIOT-
Cs1 aGCOAIOTHRIMM KOHCTAHTAMU, A MPEACTABASIOT co6oit caabo us-
MeHsAEeMbIE MApaMeTPbl AAS YIIPABACHHSA MaTEPMAABHLIM MUPOM.
Temy U3BMEHAEMOCTH PyYHAAMEHTAABHBIX IIOCTOMHHBIX 5 OCTaBAIO Ge3
06CcyaeHUs. JTa TeMa HaCTOABKO TA00aAbHa, YTO ee HEBO3MOXKHO
PacCMOTPETb U BMECTHTE B 06BEM 9TOMH HaydHO-HHA0COPCKOIt pabo-
THl. BTOp0i1 BHIBOA MpPO3BYYMT cTpaHHO. B TpexmepHOM npocTpan-
CTBe HET HY MAaTEPUAABHBIX TOUYEK, HI MAaTEPUAABHBIX AVHMIA. Bce
TOYKU ¥ AMHUM — CYTb HPOCTPAaHCTBEHHbIe 0GbeMbl, KOTOPbIe 3aTTOA-
HEeHBl MEXaHMYECKUMY KBaHTaMM MAM KBAHTaMM FTIOAEBBIX GOpPM Ma-
tepun. Ho HaM HaA0 ONEHHMTH, XOTA GbI NPUOAM3NTEABHO, KAKOB
CYMMApHBIA 00b€M TAKMX YHPaBASIIOIHMX «IYCTOT», KOTOpPbIie 06-
PA3YIOT HEHTPBI TSOKECTEH BceX MeXaHNIeCKMX MacC aTOMOE M MO-
AEKYA, TAKMX He0eCHBIX TeA, Kak, Hampumep 3emas uan Coanne?
TousB ux sHaveHue M OUEHUB BeAMIUHBI AAf COAHEYHOI CHUCTe-
MBI, MOJKHO 3aTeM NepeiTi U K 06061ennio Ha ypOBHe BCero Bce-
A€HCKOTO NPOCTPAHCTBA.

3uasn Maccel 3emau 1 COAHLIA, CA€AATH 3TO HECAOXKHO, ECAM UC-
YUCAUTD CYMMAapHYyIO MacCy aTOMOB M MOAEKYA STUX HeGEeCHBIX TeA,
KOAMYECTBOM IIPOTOHOB, @ 3aTEM YMHOXWTDb 3TO KOAMYECTBO Ha MU-
HUMAAbHBI KBaHT IIPOCTPAHCTBEHHOTo oObeMa. Macca npoToHa Ham
uasectHa. IIpy aTOM B AI0OOM HeOECHOM TeAe CYLIECTBYeT BeCh Ha-
60p XMMMYECKUX 3AeMEHTOB B TOI MAU MHOI NPOTOPLMK. A 3HAYMT,
KOAMYECTBO ATOMHBIX SAEP BCETO MHOXKECTBA ATOMOB M MOAEKYA
3eman nau CoAHLja, BCEIAA MeHble, YeM KOAUYeCTBO IPOTOHOB, KO-
TOpbIe BXOAAT KaK COCTABASIONIME SJAEMEHTHI B aTOMHbBIE SAPa aTo-
MOB M MOA€EKYA. ITpM TaKoi1 OrmepaLyy MbI OIPEAEAUM AQXKe HE MUHU-
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MaABbHBI 06BEM YIIPAaBASIOLIETO HPOCTPAHCTBA, 2 €f0 MAKCUMAABHO
BO3MOXXHBII 00beM, AAsI TAAHETH 3€MAS U AASL 3BE3ADI I10 MIMEHH
CoaHlle. B cTapbix cipaBOYHMKAX A HallleA, YTO Macca 3eMAM npu-
MepHO paBHa 6,6 x 10** kmaorpaMMoB. B cOBpeMeHHBIX MHTEpHe-
TOBCKMX paboTax yueHoro BonpapeHnxko INasaa VMiBaHoBuMYa, 3Ta Mac-
ca NMoYeMy-TO YMeHbIlIeHa A0 BeAuuMHbl 5,977 x 10* kuAorpaMmoB.
A BOT Macca NPOTOHA B CTaphiX ¥ COBPEMEHHBIX CTIPABOYHMKAX He
M3MEeHHUAACh ¥ IPUMEPHO paBHa 1,67 x 107 kuaorpammos. [Tope-
AMB Maccy 3eMan, (AAS AOCTOBEPHOCTH B3ATYIO U3 CTAPBIX CIIPABOY-
HMKOB), HA MAcCy IPOTOHA ¥ YMHOXWB IIOAYYEHHYI0 BEAUMMHY Ha
006beM MMHMMAABHOTO KBAaHTA NPOCTPAHCTBA, MMOAYYUM, YTO OGDb-
eM MH(POPMAIMOHHOM «ITYCTOTHI» 3€MHOTO IIAPA PaBeH IpUMep-
HO 16,54347305 x 10** xyboMeTpoB, uau 16543,5 kyOudeckux Ha-
HomerTpa. [To uaBecTHoit Macce CoAHLa, paBHO npuMepHO 2 x 10%°
KHAOTPaMMOB, OIIPEAEAUM KOAUYECTBEHHBIN 00beM ynpaBAsiouieit
nycToThl U AAs CoAHLA. Y MeHsI BO3HMKAM TAy0OKMe COMHeHus,
B TOM, YTO HayKa onepMpyeT MCTMHHOi mMaccoi CoaHna. Ecau B
peHTpe CoAHlIa HET TEPMOSIAEPHOTO PEaKTOpa, & MAOTHOCTDb IfeH-
TPaABHOTO, OXAQXXAEHHOTO A0 MUHYC 273 rpaaycoB Lleabcus, siapa
COAHEYHOIT MaCChl ITPEBBIIIaeT BEAMUMHY 24 KT/Ha KyOM4YeCcKuit caH-
TUMeTp, TO ¥ Macca COAHLIA AOAKHA ObITh BBHINIE TO4, YTO YKasa-
Ha B cripaBo4HMKax. Ho 06 aToM MBI TOroBopuM 4yTh HUXKE, & TIOKA
AAS HallleTO pacyeTa MPUMEM Ty MacCy, 4YTO yKa3aHa B CIIPAaBOYHM-
Ke. IToayyaeTcs, 4To 06'beM yNpaBASAIOLIeli «MYCTOThI» AASA BCeit
COAHEYHO¥ MaccChl IIPUMEPHO PaBEeH 5 KyOUYeCKUM MUKPOMET-
paMm, uau 5 x 108 kyGomeTpaM. DT BeAUUMHBL 0YE€Hb HUYTOXHbI
Y Ha NepBbIii BSTASA HUYEM HaM He TIOMOTYT AASl PACKPBLITUS BCEAEH-
ckux TaitH. Ho s 6bl Tak He cKasaa.

YTo6BI NOHATH HUINIECKUI CMBICA 3TOM a6COAIOTHOI MHOP-
MAIMOHHOMH NTYCTOTHI, AASL HAYaAA OTMETHM, YTO OHa BMOHTHPOBA-
Ha B TPeXMepHbIf MaTepMaAbHbI MUP BceaeHHOI Yepe3 eHTPHI
TSDKeCTel BCero MHO)KECTBAa ee MeXaHu4ecKux mMacc. Kpome Toro,
Yyepe3 3TM NYCThle NMPOCTPAHCTBEHHbIE KBAaHThI, MHPOPMALMOHHBIE
CYIHOCTH LIEHTPOB TAKECTEN MEXaHNYECKUX MACC, KOTOPBIE 51, C AeT-
KOI1 pyku AeitOHULa, HA3bIBAIO MOHAAAMM, MOTYT CITOKOMHO IIOKUAATD
Hallle TpeXMepPHOe NPOCTPAHCTBO U TAKXKe CIIOKOIHO BO3BPAaLAThCs
obpatHo. IIpy 5TOM Takue TiepexOABI 3a Ipepeabl BceaeHHOI, ocyme-
CTBAAIOTCA MTHOBEHHO M He3aBHMCHMO OT TOroO, B KaKoM MecTe Bce-
ACHHOM HAXOAMTCSA TO MAM MHOe HeGecHOe TeAO MAM OTACABHBIN
aTOM MAM MOAEKYAa XMMMYECKOro 3A€MeHTa. BOoT 3T0 CBOWMCTBO M
BBI3BIBAaeT MO€ YAMBAEHME, IOTOMY YTO HE HAXOAUT CKOPOro o0bsc-
Henust. UTo6b! A06paTbesa A0 GM3NIECKOro CMbICAA KBAHTOB ITyCTO-
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: TO MPOCTPAHCTBA, KOTOPbIMU 3aMIOAHEHbI BCE HEHTPbI TSUKECTel Bee-
| rO MHOXXeCTBa OOABHIMX M MaAbIX MEXaHMYECKMX MAacC BCEAEHCKOTO
MPOCTPAaHCTBA, ONBITAEMCS ONPEAECAUTD, KAKOBA YMCAEHHAS BEAU-
| unHa o6beMa ypaBASIONIel «ITyCTOTbI», AASL CYMMApHOI MeXaHu4e-
{ cKoit Macchl Beeil Beeaennoi? fl nomuua, uto aet 10—15 Hasap Hay-
! Ka OmepMpoBaAa CyMMapHoO! maccoit BceaeHHoi, paBHOM To An 10%
¢ rpaMM, TO A 10* KmaorpaMm. AAst HAAEKHOCTU PEIIVA 3aTASTHYTh B
- VInTepHeT ¥ B TOJ Xe HayuHol cTaTbe ITaBAa MBaHOBUYa boHaapen-
. KO, KOTOpasi TaK 1 HasbiBaeTcs «Macca BeceAeHHOI», 0OHapYKuA yxe
HoBble nudpel. BoHAapeHKo BbIYMCAsIET Maccy BceaeHHO pasHbIMM
crnocobaMy 1 IO CMBICAY CTaTbi AOKa3bIBaeT, 4To 0ba crocoba paoT
OAMHAKOBHIE Pe3YABTATHL TO AM 1O HEOPEXHOCTM aBTOPA, TO AM TIO
KaKUM APYTMM TIPMYMHAM, HO B €T0 OAHOM CTaThe YKa3aHbl ABE pas-
Hbie Macchl Bceaennoit. ITo opnnM noacueram Macca BceaenHoit paB-
Ha 2,174 x 10° kuAorpaMm, a O APYTHMM MOACYETAM BTa Macca B
A€CSATDb Pa3 yMeHbiIeHa.
MeHs yAMBMAO A2Ke He 3TO OTAMYME MACC, a TOT (aKT, 4To yue-
Hble 3a 10—15 AeT «TBOpYeCKoi» paboThI yBeAMuMAU Maccy BceaeH-
HOJA, O KpajiHeit mepe, Ha 10° pa3. DTo ruranTckas wudpa, HO ApY-
'MX AaHHBIX B VIHTepHeTe HeT. KoHeYHO e, 3TU MOMCKM He A0GaBHAM
MHe YBEPEHHOCTH, YTO HayKa TBEPAO 3HaeT XOTsA Obl IPUOAU3UTEAD-
HyIo Maccy Bceaennoit. B To ke Bpems, cam A yBepeH, 4TO 3Ta Macca
KOHEYHa M MMeeT KOHKPETHOEe YMCAEHHOe 3HaYeHMe, KaK KOHKpeTHa
M KOHEeYHAa BCeA€HCKas sHeprusa. Ho Hapo ABUraTbcs Briepes, MosTo-
MY AASL pacueTa 00beMa BCEAGHCKOIT ITyCTOTHI LIEHTPOB TsDKECTeN, Aa-
BalfTe PMMeM B KauecTBe Macchl BeeaeHHOIT camyio Goablyio uyudpy
13 BCETO U3BECTHOro 1 0OHapyxeHHoro. Pasaeaus maccy BeceaenHoit,
paBHy0 2,174 x 10°® KMAOIpDaMM, Ha MACCY IPOTOHA M YMHOXXUB MOAY-
YeHHBIl Pe3yALTaT Ha 00'beM MEPBUYHOTO KBAaHTa, B KOTOPOM OOUTaeT
MOHaAa LEHTPa TDKECTU AI000/ MEXaHUYECKOM MACCHI, MBI TIOAYYMM,
4TO CYMMAapHBIi 06'beM YIpaBASIOIIEH «ITYCTOThI» AAA BCEro Bce-
A€HCKOro NpOCTPAHCTBA IPUMEPHO paBeH 544 rtoicsaun 931 KyGude-
CKHX METPOB. T0 06'beM apa C PAaAMYCOM YYTh QOAblIIe IATUAECH-
T MeTpoB. EcAM MBI ITOACTaBMM B pacyeTsl Ty Maccy BceaeHHOI, KO-
TOpOI1 yueHble onepupoBaau 10—15 Aer Hasaa, To ecTb BeAnyuHy 10*
KMAOTDaMM, TO TIOAYYMM COBEPLIEHHO CMEIIHYIO ¥ MU3€EPHYIO LMdpy
ymipaBAsiolero o6beMa, B pazMepe npuMepHo 250 KyOUYecKux CaH-
THMETPOB MAHU B ABA Pa3a MeHbIIe, YeM 00beM MOAYAUTPOBOI OY-
TBIAKU BOABL BooO01iie-TO, AASL OTPOMHBIX ITPOCTPAHCTBEHHBIX pa3Me-
poB Bceaennoit, 60AbIIOI pa3HULIBI HET, YIIPABASIETCA A OHA U3 00D~
€Ma IIOAYAUTPOBOM OYTBIAKM MAU U3 0ObeMa Iapa, AVaMeTpOM YyThb
60abwe 100 MeTpoB. T'AaBHOE IOHATH, Kak oGecrieunBaeTCsA MIHOBEH-
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HBIJ ITepexop, U3 AI000J «TOYKM» HAlero TPEXMEPHOIO IPOCTPAHCTBA
B MHGOPMALMOHHOE IPOCTPAHCTBO, TAE HE CYLIECTBYET MOHATUS Bpe-
meHm U sHepruu? JTloa «TOYKOM» HAAO NMOAPA3yMeBaTh KBAHT NpPO-
crpaHcTBa B 00beMe 4,186 x 107° KyGuvecknx MeTpos.

CxkaxXy 4eCTHO, YTO AOCTOBEPHOTO OTBETa Ha 3TOT BOIPOC Y MEHS
He MMeeTCs1. MOry AMIIb BBICKa3aTh CBOM «HEHAYYHBIE» IPEATIOAOXKE-
HuaA. [ToyeMy-TO MHe KaXKeTCS AOCTOBEPHBIM, YTO €CAV KAKMM-TO 1Yy-
AOM YeAOBeK OKa3aAcs Obl BHe peaeaoB BceaeHHOM M mocMOTpea Ha
Hee CO CTOPOHbI, TO ee 00beM OBIA GBI CPAaBHMM C OAHUM M3 TeX 06be-
MOB, KOTOPbIE MBI C BAMM TOABKO 4TO paccyuTaAu. Ecan aoocroBepHa
macca Bceaenno#n, ykasanHas ITasaom ViBanosuyem BoHpapeHko, TO
4eAOBeK Obl yBMAEA BceAeHHYIO B BUAE WIApa, AMAMETP KOTOPOTrO 4yTh
6oabuie cta MeTpoB. Ecau Macca Beeaennoit paBHa 104 xnaorpamm,
TO TOTAQ BHEIUHMI HabAIOAATeAb yBuAeA Obl Ha Mecte BceaeHHO
mapuk o6veMoM 250—500 KybM4eCKMX CAHTUMETPOB C AVAMETPOM
B HECKOAbKO caHTUMeTpoB. Kak rakoe Moxer Obrrp? Takoe Moxer
OBITH, €CAM M3HAYAABHO BreAeHHas ObAa COCYAOM B MHPOPMALMOH-
HOM HPOCTpAHCTBE, A€ HET BPEMEHU M SHEPTMM N0 OTHOMEHHMIO K
Haiieif ceropHsmHeit Beceaennoit. S cnenmasbHo ynorpebua Tepmux
«T10 OTHOHIEHHIO», IOTOMY YTO NOHATHE OTHOCUTEABHOCTH HACTOAD-
KO TAODAABHO, YTO €r0 MOXXHO PacipOCTPAaHUTh IO OCH BPEMEHM Ha
npomaoe u OyAylliee, Kak U 3a npepeast Beceaennon. IMpocro Bpems
B MHPOPMALIOHHOM NPOCTPAHCTBE BHE MPeAEAOB Hameil BceaeH-
HOM C)XaTo A0 MPAKTHYECKOTO OTCYTCTBUA 3TOTO NapameTtpa. Olle-
HUTb CTENeHb CKaTOCTU BpeMEHU MOXKHO IO CBEPXOBICTPOAEICTBIIO
MOHAA LIEHTPOB TSDKeCTeil MAM KBaHToB MHbopMarmu. Muasnapabt
CBETOBBIX ACT TPEXMEPHOTO POCTPAHCTBA MOHAABI TIPEOAOAEBAIOT B
IpAMOM M 06paTHOM HalpaBAEHMM, ycrieBas NOOLITh B MHPOpMALM-
OHHOM MPOCTPAHCTBE, OTAGAEHHOM OT Hamel1 BceaeHHolt Henpoxo-
AMMOI AAsI MaTep 060A04KOI. U Bce 3TH FTUTAHTCKME PACCTOAHMA
MOHAABI IPEOACAEBAIOT TOABKO 32 OAMH NIEPUOA EAUHOI KOTEpeHT-
HOI YacTOTbl, TO €CTh 3a BpeMs, paBHoe 1/3 x 103 cexyuppl Ta-
Koe GbicTpopeiicTBIe mopaxaeT BoobGpaxenne. Ho s 06bsacHsm0 2710
CBepX6BICTPOAEIICTBME He dHEpPrueit, a HaobOPOT, HU3KOI SHeprue
TeX KBAaHTOB, Ha KOTOPBIX 3akpenieHa uupopmaums. Ecau poonycruts,
4T0 MHGOPMALMOHHOE NPOCTPAHCTBO, MOAOGHO Hamel BeeaenHois,
TOXE 3aMKHYTO, TOTAA CTaHET, MOHATHA NMpU4YMHA 0Opa3oBaHMs Ha-
pieit Beceaennon. Beskas 3aMKHyTasi cuCTeMa paHO MAM NO3AHO Ae-
rpapupyer. B MHGOPMaUMOHHOM «BHE BPEMEHHOM» IPOCTPAHCTBE
CyIIeCTByeT KaKOW-TO HeU3BECTHBIN CBePX pasyM. DTOT pa3yM XpH-
CTMAHCKMiT MMP HasblBaeT TpueauHoit cymHoctbio Otua, ChiHa M
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Ayxa Casaroro. Msyuus Bubauio, s1 npuinea HeIpoCTO K Bepe, a K
Hay4HoOMY yOe)xpennio, 4To Oteny HeGecHsIit cynmecTByeT B peaAb-
HocTu. VimenHo OH, ¢ nomombio Ayxa CaToro oumijas vHGopmaum-
OHHOE [POCTPAaHCTBO OT BIIIEALIVX U3 CTPOsl KBAHTOB MHpOpMamn
M CKAAABIBaA MX B cocyp 6yaymieit Beceaennoit. Mndopmanms moxer
6bITh paspylieHa TOABKO DHEpruel, BOT dHePrueil M HalOAHAAACD
Oyaymas BceAennas.

4. Pacyem xosgppuyuenma spemenu

U PUUYECKUIL CMBICA 3MO020 HOHAMUA

Mo MHeHMIO OKKYABTHCTOB, STOT IPOLECC MPOAOAXKAACH CTO 60-
JKECTBEHHHIX AeT, uau 30 MuAAMAPAOB AeT. Bot aTo cooTHOmeHue
100 x 30 MurAnapaaM M AaeT aGCTpakTHOE MOHATHE O CKOPOCTH
TedeHUA BpeMenM B MHpopmanmonHom nmpocTpancrse Otna He-
OecHoro, o CpaBHEHMIO CO CKOPOCTBIO T€YeHUs BpEMEHH B Hanlel
Bceaennoit, B TeueHue cTa 60XXeCTBEHHBIX A€T 3TOT MAABIN 3aMKHY-
TBII COCYA AMAMETPOM HECKOABKO CAHTUMETPOB MAM AMAMETPOM He-
CKOABKO AECATKOB METPOB, HAallOAHSACS SIAOM SHEPrUM, HECOBMEC-
THMOM C JKU3HEAEATEAbHOCTbIO HMH(POPMALMOHHOTO IPOCTPAHCT-
B2 M CMepTeAbHO omacHbIM AAf xu3uu Otua Hebechoro. Koraa Ha
AHe COCYAQ CKOMMAACh KPYMMLIA KPUTMYECKON BHEPIuM, AOCTATOY-
HadA AAA HadaAa BCEAEHCKOTO TIpoLiecca, TOTAA U Obla 3amymen mexa-
HM3M OUMIfeHNA OBIBIIMX KBaHTOB MH(POPMALMK OT SHEpPruH, C HO-
MOHIBIO 3aMEAACHNS BPEMEHHBIX IIPONECCOB BHYTPH BCEA€HCKOTO
COCYAQ, B a0cTpakTHOM cooTHomenun 100 60)KeCTBEHHBIX ACT MH-
- ¢opmaymonHoro npocrpancrda Otua Hebecnoro x 30 muaauap-
A3M A€T TPEXMEPHOro NpocTpaHcTBa Hamel Beeaennoit. [Ipu aTom
KpYIMLa pacliMPUAACH Y 3aHIAA BeCh HEOO0ABIION 06beM cocyaa, 06-
pa3oBaB MacCy ¥ TPEXMEPHOE IIPOCTPAHCTBO, AAS PasMeLleHUs STOM
MacChl BHYTPU COCYAA. DTOT NPOLECC 3AMEAACHMS TEYECHUSE BpeMe-
HU B OTAGABHO B3ATOM COCYA€, HayKa ¥ BOCIIDMHMMAET KaK Ha4aA0
ropavero «boAbioro B3peiBa». Mos KpMTMKA rOpsSiYero B3phiBa MU3-
AOXeHa B MPEABIAYIINX raaBax. He 6yay noBropsaTthca. Hayka cuura-
eT, 4To BceAeHHas yxxe CyIIecTByeT OKOAO 13—15 MUAAMApAOB A€T.
C atum s coraaceH. EcTb MHeHMe noKoitHOro akaaemuka S1.6.3eapp0-
By4a (1914—1987), 4To, npocyiecTBOBaB elje 35 MUAAUAPAOB A€T,
ocTaAbHble 50 MUAAMAPAOB AeT BceaenHasi 6yaeT cBeprbiBaThCs. To
€CTb Hayka oTBOAUT Bceaennon 100 MuaanapaoB aet xusuu. C atum
s Kareropuuecku He coraaceH. He Gyay AoKkaspiBaTh, 4TOGBI He OT-
BA€KaTbCs OT TeMbl, HO BceaeHHast 6yaeT cymiecTBoBaTh He 6oaee 30
MUAAMAPAOB A€T, TaK KaK Y)Ke ABe ThICAYM A€T HasaA, COTBOpuB Vin-
cyca XpHUCTa, AOCTUTAA TOYKU Niepurest COGCTBEHHOM 3BoAOLMI. 3Ha-
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YUT, He MeHee TIOAOBMHDI HEPIMM MEXaHMIECKOM Macchl BeceaeHHOM
yke HepepaboTaHo B 11oAeBbie GOPMBI MaTepUU M B Pa3AMYHbIE Me-
PapXuu BHYTPHMBCEACHCKMX AYXOB, HauMHas OT AyxoB Aaaaxa u Ca-
paoda, Axse u Verossl, 1 sakaHuMBas AyxoM locnopa Mspaunas. Oso-
AJOLIMIO AYXOBHBIX MePapXuif i SBOAIOLMIO )XU3HU Mbl B 3TOM $HAO-
codckoit pabore paccmarpupatbh He 6yaem. Ceffyac MeHs BOAHyeT
BOIPOC, YBEAMYMACS AM 00'beM BCEACHCKOTO COCYAR M PACTET AM
00 beM BCEACHCKOIO IIPOCTPAHCTBA B TeUeHUe 04T 15 Muaanap-
AOB AeT CyLjeCTBOBaHUs BceAeHHOM, O OTHOLIEHUIO K BHENIHEMY
HAOAIOAATEAIO, MAY DTOT COCYA TaK M OCTAACH B TeX )Ke pa3Mmepax,
KaK#M OH ObIA A0 HauaAa coTBopenus BeeaeHHOM?

Huxaxas MosroBas aTaka He [103BOAsieT HAWTU CKOPHIN U ACHBIN
OTBET Ha 3TOT Bompoc. B yeM TpyaHocTh? TpyAHOCTH B 001eM cre-
PeOoTHUIIE, 4YTO MBI XXMBEM B pacmmpsioumeiics Bceaennon. TpyaHocTh
B BUAMMOJ De3rpaHMyHOCTH BCEAEHCKOTO IIPOCTPAHCTBA. TPYAHOCTD
B TOM, YTO TIOAE TPABUTALMM, IO YTBEP)KAEHMIO HayKH, HOCUT MOTEH-
UMAABHBIN XapaKTep, ¥ AASL «KPYTOBOTO» TepeMellleHUsi 10 5TOMY
MTOAIO AIOBBIX M2CCHBHBIX TEA He TPATUTCs sHeprus. AGCypa sApaBo-
IO CMBICAA, HO YTOOBI OTOPBATBCS OT 3TOr0 NOPOYHOTO CTEPEOTUIA,
HaAO TIPEOAOAETH TATOTEHME MarepuaAusMa. TpyAHOCTb B TOM, YTO
TeopUsT OTHOCUTEABHOCTH YKa3bIBaeT Ha TO, YTO NPU IPUOAMKEHUH K
CKOPOCTM CBeTa BpeMs 3aMEAASETCA U YYTh AY He OCTAHABAMBAETCA.
WM 5 ¢ atmm coraacen! Ho Torpa Kak ke kBaHTbl MH(pOpManmu, Ko-
TOpHIe 5 Ha3bIBAI0 MOHAAAMU LIEHTPOB TSDKECTel, MTHOBEHHO Tie-
PeMEeAITCA N0 TPEXMEPHOMY IIPOCTPAHCTBY-BPEMEHM M HA HUX
3TOT 3anperT He AeiicTBYeT? B 5TOM BONPoOCe 1 3aKAIOYAETCS FAABHAs
npobaema. Bor s celtyac sarasHyA B MHTepHET U IIPOYMTAA, YTO MH-
CTPYMEHTAABHO HayKa HabAlopaeT BceAeHCKue 0OBEeKTH Ha paccTosi-
HMAX IPUMEPHO A0 13,7 MMAAMApAA CBETOBBIX AET, 4 PACCTOAHME
AO Kpas 1o A106011 KOOpAMHATE TPEXMEPHOro MPOCTPaHCTBA Hay-
Ka oljeHyBaeT 6oaee ueM B 46,5 MAPA. CBETOBBIX AeT. YAUBUTEAD-
HasA To4HOCTh! Ho ecTh AY B Hell UCTVIHA, AU €CTh TOABKO BUPTYaAb-
HOe€ MIPaBAOTIOA00He, HUKTO JKe He CKa)KeT, ITOKa CaM He AOTaAaelllbCA.
Beab ecan «BoAbIIOI B3pbIB» MPOM3OILUEA HE PAaHbIIE YeM 15 MUAAK-
apAOB AT Ha3aA, a Bbillle CKOPOCTYU CBETA HUYTO HE MOXET IrepemMe-
HIaThCS, TO KaKUM 00pa3oM paamMyc NpocTpaHcTBa BeeaeHHOIT AOCTHUT
46,5 MuAANapAa CBETOBRIX AeT? AAa yOeAUTEABHOM AOCTOBEPHOCTH
CKa3aHO, YTO COTAACHO 0011eil TEOPYUY OTHOCUTEABHOCTH, MPOCTPaH-
CTBEHHBII 00beM BceAenHOi OrpaHMyeH CBETONMOAOGHOM riumep-
NI0BEPXHOCTHIO. Bce 5TH BUpPTYaAbHbIe «(paKThi» IPUHYKAAIT Pasym
YeAOBeKa CTaTh Ha CTOPOHY HayYKV Y IIPU3HATD €€ AOKA3aTEAbCTBA KakK
MCTUHY B nIocAeaHel uHcTaHuun. OAHaKo A MpU3Halo Bee 3TH (ak-
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THI AMIIIL KaK HAyYHYI0 BUPTYaAbHOCTh. Hayka He uMeer TaitHOro
YMBICAQ MCKa3UTb MHCTPYMeHTaAbHbie HabAopeHnA. OHa ukcupyer
M aHAAM3MPYET TO, YTO BUAAT HayuHble ipubopst. Ho Bee atu npubo-
Pbl HAXOASTCSI BHYTPU TPEXMEPHOTO IIPOCTPAHCTBA-BpEMEHY 1 HUde-
ro He MOTyT 3apMKCUPOBaTh BHE PAMOK 3TOr0 TPEXMEPHOTO IIPo-
CTPaHCTBa.

Ecau npeacTaBuTh cebst BbleAlnnM U3 BeceaeHHONM CTOPOHHMM
HabAI0AATEAEM, TO HAUMHAELIb OCO3HABATD, YTO HET HUKAKUX IPUYMH,
A2 M HET HUKAaKOT'O CMBICAA M3MEHATDb MAAbI 00beM IIepBOHAYAABHOM
BceaenHoit. Byab ee pasmep BeAnunHoi B 250 Ky6M4ecK1X cCaHTUMET-
POB aOCOAIOTHOM «HYCTOTHI» MHQOPMALIMOHHOTO NIPOCTPAHCTBA MAU
00beM 3TOTO 1Iapa COCTABASET BEAUUMHY YYTh DOAbILIE CTA METPOE,
3TO HMKAK He MellaeT U3 KPYITMLbl CBEPXIAOTHOM SHEPruu, nome-
IGEHHO B «ITYCTOM» 00beM HeGOABINUX PasMepPOB, Pa3BEePHYTh TPeX-
MepHOe MPOCTPAHCTBO M 00pasoBaTbh MexaHU4ecKyw Maccy. U mpu
3TOM, AAA BHYTPeHHero HabAtoaaTeAs cozparhb addekT HapacTanus
TPEXMEPHOTO NPOCTPAHCTBA, KOTOPDIt PUKCHUPYETCA HHCTPYMEH-
TaAbHBIMM HayYHBIMU HabAlopeHMAMU. B ToM uncae u spdexr 3a-
MEAAEHVSI BpeMeHU, TPy NPUOAMIKEHMN MeXaHUYEeCKUX MAacC K CKO-
poctu cBeTa. Kak 3To MoXHO ocymjectBuTh Ha Aeae? TaiHa aroro
NpPOLIeCCa 3aKAKYAeTCH B TOM, YTO Mbl He 3HAeM COOTHOLIEHUA XOAA
yacoB uHopMaLmoHHOro npocrpaHcTa Oria HebecHoro no orHo-
HIEHMIO K XOAY YaCOB BCEA€HCKOTO BpeMmeHM. Koraa OKKyAbTHCT ro-
BOPUT O CTaropax O0’KECTBEHHOTO BPEMEHH, MPONOPLIMOHAABHBIM
30 MMAAMApAAM A€T BPEMEHM OAHOTO BCEAEHCKOTO LIMKAAQ, TO TaKoe
COOTHOLIEHKE eCTb MycTasd abCTpakuMsi, KOTOPYIO HEAb3sl TIpUMe-
HUTb AASL KOHKDETHBIX BeruucAaennit. Hapo npusHaTh, 4T0 MBI He 3Ha-
€M, KaK 00>XeCTBEHHOE BPeMs COOTHOCUTCS C BCEACHCKUM BpEMEHEM.
OAHaKO, OCMBICAMBAs 9TOT (DaKT, 51 TIPUILEA K BBIBOAY, YTO €CTh KOC-
BEHHDBI1 CIOCOD MPUMEPHO ONPEAEAMTH 3TO COOTHoumeHue. Ha Moit
B3TA5IA, PasTaAKa COCTOMT B TOM, YTO (u3Myeckue pasmMephi BCEACH-
CKOT'0 IPOCTPAHCTBA Mbl M3MEPSiEM MMAAMAaDAAMMU CBETOBBIX AeT, a
3HaYUT, TAABHBIM MapaMeTpoM pu3NdecKoro pasmepa Bceaennoii
BBICTYTIaeT BpeMsi. Mbl y)xe npubavrkaeMcs K pasrapke TasiHel. Ma-
Tepusi BceAeHHOI He HATIpacHO MMeeT BEPXHMIT OIPaHUYMUTEAb CKO-
pOCTHU B BUAE CKOPOCTH CBETA. DTOT OTPAaHHINTEAD OAHOBPDEMEHHO
SABASIETCH M OTPAHMYUTEACM CKOPOCTH T€YEHUs] BpPEMEHH,

Ero ¢pusuyeckmit CMBICA MO>XKHO UCTOAKOBATDb COBCEM IIO-APYIO-
MY: €CAM MeXaHK4ecKass Macca OyAeT ABUTaThCA C 6oAee BHICOKON
CKOpPOCTbIO, YeM CKOPOCTDb CBETa, TO OHA MO)KET IOBPEAUTD CTEH-
KM COCYAQ TOTO MUH(OPMALIMOHHOTO POCTPAHCTBA, B KOTOPOM pac-
IIOAOKeH TpexmMepHbIi Mup Hameit Beceaennoii. [Toatomy nipu coau-
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KEHUM MeXaHMIeCKOoM Macchl ¢ 060A0uKOl BceaeHHoit BpeMst BHYT-
PU MEXaHMYECKOro CKOMAEHMS 3aMEAASIeTCS, a AMHENHas CKOPOCTh
nepeMelieH1s U3MePAETCS He THICAYAaMU KMAOMETPOB B CEKYHAY, a
KMAOMETPAMM M AdXKe AeCATKaMu MeTPOB. Tak e Aerko 00bsCHM-
Ma ¥ CHMpaAbHas KPHBU3HA TPEXMEPHOTO HPOCTPaHCTBA: 3TO NMPO-
CTO IIPEAOCTOPOXXHOCTD, YTOOBI MEXaHMYECKash MACCA TPEXMEPHO-
ro MMpa HUKOTAa He IpUOAU3NAACE K 060A04YKe BceAeHHOI U K MH-
thopmanuonnomMy Mupy Ha 6AM3Koe paccTosuue. Ho Bce aTi Mepbi
MPEAOCTOPOXHOCTH KaK pas ABASIOTCA KOCBEHHBIM AOKa3aTeAbCT-
BOM, YTO BBIAGACHHLIN AAS PAa3sBUTHMSA TPEXMEPHOro MHpa Haieu
Bceaennoit 06beM MHGOPMALMOHHOTO NPOCTPAHCTBA OCTAETCHA
IMOCTOSTHHOM BEAMYMHOM M He 3aBUCHT OT TeX POLECCOB, KOTOphle
IPOMCXOAAT B HallleM TpeXMepHOM Mupe. Mbl ¢ BaMM TOABKO YTO
BBIYMCAMAM CYMMAapPHBIN 06bEM BCEACHCKOM «IIyCTOTHI», KOTOpas Ha-
XOAUTCA BHYTPYU BeeAeHHOI U ynpaBasieT MEAACHHBIMY BCEAEHCKU-
MU npoljeccaMM. 3TU MEAACHHBIE NPOLIECChl TOPOAMAM TPeXMepHBI
o6beM MpocTpaHCTBa-BpEeMEHU C MHCTPYMEHTAABHO YCTAHOBAEHHOM
AMHENHON KOOPAMHATOM, NPOTSIKEHHOCTHIO B 13,7 MuaAMapaa cBe-
TOBBIX AeT. HayKa yTBep)KAGeT, YTO TEOPETHYECKU KaXKAASL AMHEeHas
KOOPAMHATa TPEXMEPHOI'O MPOCTPAHCTBA MMeEET MPOTIKEHHOCTh B
46,5 MHAAMApAA CBETOBBIX A€T. Y HaC HET ADYTHX A@HHBIX, IIO3TOMY
COTAaCHMCHA C HAYKOIL.

IpuHUMas MPOTSHKEHHOCTh TEOPETUYECKON «AMHEIMHOI» KOOp-
AMHATH B 46,5 MMAAMApAA CBETOBBIX A€T 3a papuyc BceaeHwoft, no
dbopMyae, uTo 06beM paseH 4/3 x 3,14 x Ha Ky6 papuyca, MOXHO BBI-
YMCAUTD ¥ KOAOCCAAbHBII 06beM BCEAEHCKOTO mpocTpaHcTBa. O6pa-
INal0 BHUMAaHMe YMTATEACH, YTO Pa3MepPHOCTh TAKOro obbema 6y-
AeT BhIpOKeHa B KYOMYeCKHX MeTpPaxX, MMOACACHHBIX Ha CEKYHAY B
TpeTheit crenedu. TakuM 06pa3oM, HapacTaHue 06beMa TpEXMEPHO-
ro IpOCTPAHCTBA TaKXKe CBSI3aHO CO BPeMeHeM, IpU9IeM TPEThs CTe-
TIEeHDb CEKYHABI YKa3bIBaeT Ha KBaAPATUYECKYI0 HEAMHEITHOCTD Bpe-
MEHMU He TOABKO II0 NAOCIIAAM, HO ¥ Ha KYOMYeCKYI0 HEAMHEHHOCTD
no o6bemy. KBappaT BpeMeHM MAM PaCCTOSIHUA Ha MAOILAAU YKasbl-
BaeT Ha KPYTOBYIO CIIMPAABHOCTD MAOWIAAK. 3HAUUT, KY6 paccTOsiHMs
¥ BpeMeHM, YKasbIBaeT Ha CIIMPAaABHOCTD Y cPepUIHOCTD BCEAEHCKO-
TO IPOCTPaHCTBa. ECAM Teneph NOACAUTH O6BEM YIIPABASIIOIEH «IIyC-
TOTBI», IPEACABHAST BEAMYMHA KOTOPOH paBHA AAS TPEXMEPHOTO HPO-
CTpaHCTBa Haueil BceaeHHoM 544 Tricsiyn 931 xyGudeckoMy MeTpy
obbema, Ha 00beM TpexmepHOI BceaeHHOI, BbIpaXKeHHOI B MeTpax
KyOM4eCcKMX, TOACACHHBIX Ha CEKYHAY B Ky0e, TO MBI ITOAYYMM YMCThI
mapaMeTp BpeMeHM 6e3 HAAMMUA AMHENHBIX PacCTOSIHUIT B pasmep-
HOCTM TPeTbeil creneny ceKyHAbl. O6paian BHUMaHUe YATATEAEN,
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YTO B OTAMYME OT TPEXMePHOro obbeMa BceaeHnolt, 06veM ynpas-
ASIIOILEIt «IIYCTOTBI» BBIPaKEH TOABKO B KyOuueckux Merpax. 910 n
yKa3spiBaeT Ha TOT (aKT, YT0 00beM «IYCTOTHI» HE MPUHAAACIKHUT
TPpEXMepHOMY NPOCTPAHCTBY M He MOABep)KeH PakTopy BceAeH-
CKOTO BpeMeHU. UT06bI MOAYYMTD AMHENHBI TapaMeTp 3aMEAACHMSA
OTHOCMTEABHOM CKOPOCTHM TeYeHMsI BPEMEHM B HallleM TPeXMEPHOM
MPOCTPAHCTBE, IO CPABHEHUIO ¢ MHPOPMAHMOHHBIM HPOCTPAHCTBOM
Teop1ja BceAeHHOT, HY>KHO U3 PA3MEPHOCTH TPEThe CTEIIeHU CEKyH-
AbI ¥3BAe4b KyOudeckuit KopeHb. Mbl HOAYYMM BEAUSIHHY, KOTOPYIO
MOXHO Ha3BaTh KosddUHIMEHTOM Hepexoaa BCEACHCKOTO BpeMme-
HM K BpEeMEHY BHEBCEACHCKOro uHGOPMAUMOHHOTO HPOCTPAHCT-
Ba. AAS pacyeToB A B3fA M3 CIIPaBOYHMKOB, YTO BEAMYMHA CBETO-
BOTO Fopa mpuMepHo paBHa 9,5 x 10" m/cek. ITpuHuMasi AMHeHBI
paanyc BeeaestHolt paBHEIM 46,5 MMAAMAPAA CBETOBBIX ACT, MbI HOAY-
YaeM, YTO B YUCACHHOM OTHOUIEHUHM papuyc paBen 4,4 x 107 m/cek.
To dopmyae BouMcAeHMst oObeMa NoAyyaem, 4o o6pem Beeaennoin
npuMepHo paBeH 3,56 x 10%° meTpoB Kybnuecknx, ACAEHHBIX Ha ce-
KYHAY B Ky6Ge. TToaeAuB 06beM BceA€HCKO YCTOTHI, HA MOAYYEHHbIH
PE3YABTAT U, BLIMOAHME OIEPALMIO U3BACYEHMA KYOMYECKOro Kop-
HS, 5l IOAYYHA, YTO K03 PHIMEHT B3aMMHOrO NEPeXoAa BpeMeHH
npuMepHo paBeH 1,1 x 10 cekyHABL DTOT BpeMeHHOI K0ah -
€HT CBA3U TPEXMEPHOrO MPOCTPAHCTBA-BpPeMeHy Haulei BceaenHo
¢ abCOAIOTHLIM MHQPOPMaLMOHHBIM MPOCTPAHCTBOM, ABASIETCA TAO-
0aAbHOI KOHCTAHTO! AASE IOHMMAHMA BCETO MHOXECTBO GUBMIECKMX
MIPOLIECCOB, KaK U AASL TOHMMAHUs TIPMUMH, AAS Hero TeyeHue BpeMe-
HU B HallleM IMPOCTPAHCTBE AOAXKHO MEHATBHCs?

B KayecTBe NMpMMEYaHUs HAAO AOGABMTB, UTO, PAa3SAEAMB Mac-
cy BceaeHHOI Ha CPEAHIOI0 NMAOTHOCTH BellleCTBa, TMPMMEPHO paB-
Hy10 107 xr/nHa MeTp KyGuUeCKuit, Mbl IIOAYYaeM, 4TO 06bem BeeaeH-
HO¥ paBeH 2,174 x 10 ky6omerpos. Beamunna npumepHo Ta Xe,
HO B 1,68 pa3 MeHbllle, K TOMY K€ B Heit [IOTePSH napaMeTp BpeMeHM.
HuxTo xe He 6yAeT oTpUBaTh, YTO pacumpseTcs AM BceaeHHas Am-
HEVHO MAM PACKPYYMBAETCS TIO CIIUPAAM, HO BCE PABHO ee 06bem 3a-
BUICHT OT BpeMeHU, TIOTOMY 4YTO IPONECC «paclipeHusi» He MOXKeT
MPeBbINIATE CKOPOCTH CBeTa. IloaToMy AAs pacyeTa KoadduumeHnra
BpPeMeHM Sl UCITOAB30BaA TOT 06beM BceAeHHOI, TAe YUTeH MapamMeTp
BpeMenu, He yBepeH B NPaBUABHOCTHM PE3YABTATA, HO YATATEAU CAMU
MOI'YT IPOBEPUTD, OIINOCH I MAM HET, B CBOMX BbluyMcAeHwsx. f He
YYeHbli 1 He MaTeMaTHK. Mexs BoAHYIOT He 1udphl, a AOruKa paccy-
KACHMS, a TAKOKe (PUBUYECKHI CMBICA TIOAYYE€HHOTO Ko3dduimenTa
BpeMeHu. [TepBrlit pe3yAbTaT MO3TOBOTO 1ITypMa TakoB: 1. Tpexmep-

499



HOe NPOCTPAHCTBO-BpeMsi Hamleyt BceAeHHOM CKaTo Mo OTHoWie-
HMI0 K uHopManuonHoMy npocrpancTBy. Koaddunuent orno-
IIeHNsl BpeMEHN B TOXKE BPeMA SABAACTCA MMOKA3aTeACM CXKaTOCTH
npocTpaHcTBa-BpeMeHu BceaerHoOlt o oTHomeHu0 K MHpopma-
LIMOHHOMY HPOCTPAHCTBY, YIPABASIOIIEMY BCEAGHCKHMHM MPOLieC-
caM. 2. CkopocTb nporekaHusi (U3NIECKHX NPOLIECCOB BHYT-
pu BeeaenHoit 3amepseHHa Ha Beanunny 1,1 x 102 cexynppl. [Tpu
TIpMOAMIKEHMM K BCEACHCKO 000A0UKe, 3aMeAAeHNE 3HAYUTEABHO
Bo3pacTaeT, UToObi paCcKPBITh MOAHDI PUIMUECKUI CMBICA KOahdu-
LMEHTA TIePEXOAA BPEMEHU, IIPOAOAKUM VICCAEAOBAHME TIOAYYEHHO-
IO pe3yAbTaTa.

S.Bpema u npocmpancmso. CBA3U U B3AUMOOMHOUICHUS

AAs Ha4aAa TAKOTO MCCAEAOBAHMS, BCIOMHUM O €AVHOM KOT€pPeHT-
HOI1 4aCTOTe BCEACHCKOTO IIPOCTPAHCTBA, KOTopas paBHa 3 x 10% repy,
U TIOMBITaEMCS ONPEACAUTD MHHUMAABHBIA KBaHT BPEMEHH, KOTO-
PEIf BO3MOXKEH B IPOCTPAHCTBe Haliell BceAeHHOM AASL MaTepuaAb-
HBIX MacC. AAMHA BOAHBI KOT€PEHTHOM YacCTOTHI paBHA AMHEHOMY
KBAaHTY NPOCTPAHCTBA U COCTaBAsieT BeAnumHy 102 metpos. [Toae-
AVB AAVIHY KBaHTA NPOCTPAHCTBa Ha CKOPOCTb CBETA, MbI MOAYYMUM
BpeMs OAHOTO MEPUOAA BCEACHCKOM KM3HM, B uncaeHHOM ucyncae-
HuM 3TO BpeMs pasHo 1/3 x 107 cexynab1, uan 0,3(3) x 10 cexyn-
AbL. DTO BOKHeNIIUit mapaMeTp AAL BceAeHHO, HO OH He ABAsieTCA
MMHMMAABHBIM KBAaHTOM BPE€MEHU. 3a BpeMs OAHOTO NepUOAA Hpo-
MCXOAUT aCCHMETPHYHOE, B TeUeHUe LIECTH TaKTOB BPEMEHHM, CKa-
THE MeXaHMYEeCKUX MACC, C 00pa3oBanKueM HEHTPOCTPEMUTEABHOM
CHUABI, CHABI THDKECTH, YCKOPEHUSA CBOGOAHOFO IAaACHUS U IPaBUTA-
IIMOHHOTO NPUTSHKEHNA HeGeCHBIX TeA. 3aTeM NMPOMUCXOANT KOPOT-
KWi1, OAHOTAKTHBIN MIMITYAbC paCHIMpeHNs, Macca BPEMEHHO ucye3a-
eT, o0pasyercs eHTpoOe)XHasA cMAa, KOTOpasi FTOTOBUT MeXaHn4e-
CKHMe MAcCChl K IPOCTPAHCTBEHHO KOPPEKTUPOBKE B CACAYIOIEM
NepnoAe TAKTOBON 4acToThi. Takum 0Opa3oM, BpeMs pacuiMpeHus,
FIPOAOASKHTEABHOCTD KOTOPOTO ABASIETCA CYIIeCTBEHHBIM YIIPABAAIO-
muM PaKTOpOM AAS MEXAaHMYECKMX MACC MaTEepPUAABHOTO MMUpa, CO-
CTaBAsIeT AMIIb OAHY CEABMYIO YacTh OT BPEMEHU HEPUOAA EAVHOM
TaKTOBOI1 4acTOThl. B uMcAeHHOM M3MepeHNM 9TOT KBAHT BpeMeHH
paBeH 4,76 x 10 cexynapl. Ho 3TOT pe3yAbTaT He SIBASIETCS KOHeY-
HBIM Pe3yAbTaTOM. AAs 00pa30BaHMs «JEPHBIX ABIP» MOHAAbI LiEH-
TPOB TSDKECTEM UAM KBAaHTHI MHPOpMaivu, cOGAIOAAS TIPOAOAXKM-
TEABHOCTb OAHOTO IIEPMOAA EAVHOM TAKTOBOM YaCTOTH], YBEAUYUBAIOT
TMPOAOAKUTEABHOCTD AEWCTBUSA BPEMEHN CXKATUA Y YMEHBLIAIOT Bpe-
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MA pacuupenus. IIpy 5TOM AOCTHraeTcs acCMMETPUYHOCTD BpeMe-
HU AEHCTBUA NMPOTHBOMOAO)KHBIX CHA, PABHAsE OAMIH K TPMALIATH.
MeHBIINX N0 MPOACAKUTEABHOCTH OTPE3KOB BpeMeHN BO BceaeHHOM
HeT. YucAeHHOE 3HAaYeHNe MUHMMAABHOTO KBaHTa BpeMeHy PaBHO
1,1(1) x 10" cekyHA®BI.

B 10 xe BpeMA COBEPIIEHHO ACHO, YTO MOHAABI LIEHTPOB TsDKe-
CTel AASL yIIpaBAeHus puandeckumy nporieccamu Beceaennost, Moryr
MEHATh MPOAOAXKUTEABHOCTh KBAHTA BPEMEHHM OT HIDKHEro Ipe-
Aeaa B 1,1(1) Ao Bepxuero nmpeaeaa B 4,76 x 10%° cekynanr. Aaxe
ecau 6bl Y MOHaA LIEHTPOB TSXKECTei MEXaHMYEeCKUX Macc He 6bIAO
APYIMIX MHCTPYMEHTOB BO3AENCTBUS Ha BCEAEHCKME IIPOLIeCChl, OAHA
5TAa BO3MOXXHOCTb Y€THIPEXKPATHOTO U3MEHEHUS NPOAOAKHTEAD-
HOCTH NMEePBUYHOIO KBAaHTA BPEMEHM AA€T MM NOAHbI KOHTPOAD
HaA BceMM Qu3MUECKMMM NPOLECCAMM MATEPHAABHOTO MUPA Ha-
weit BeceaenHoit, QueHb BaXXKHO OTMETHTD, YTO LeHTpobexHas cuAa
obpasyeTcs Ha OTpe3Ke NMEPBMYHOIO KBAHTA BpeMeHM, KOTAA KBaHThI
MHGOPMALM MOHAA LIEHTPOB TSDKECTEN MaTepuaAbHBIX Macc, MpaK-
THYECKM OAHOBPEMEHHO TOKMAAIOT TIPOCTPAHCTBO BceaenHoM.
Marepus BceaeHHOI4, OCTaeTCst, IPEAOCTaBAEHa caMa cebe 1 moAyda-
eT noAHyio cBoGopy or Bora. Ho xak oHa ucnoabsyer a1y cBob0OAY?
OHa HaYyMHAET HEYAEP)KMMO PaCIIUPATBLCA ¥ YCTPEMASIETCS K Xaocy.
TOABKO CBOEBPEMEHHBI BO3BPAT KBAaHTOB UHPOPMALIMH, BCETO MHO-
JKECTBA MOHAA LIEHTPOB TSDKECTEN, OCTaHABAMBAET IIPOLIECC XaoTUde-
CKOTO pacIIMPEeHUst MeXaHUYEeCKMX MAacC ¥ BOCCTaHaBAMBAeT rapMo-
Huio Mupa. He K aToii AN paspymmTeAbHOlT cBoGOAE Xaoca ycTpe-
MMAOCH M COBpeMEeHHOe YeAoBevecTBo? Bee, uTo MBI paccMoTpeAn
10 OLIEHKe MPOAOAKMTEABHOCTH KBAHTA BPEMEHM U BO3MOMXKHOCTIM
€ro BapMalyil, A€ICTBUTEABHO TOABKO AAs Halleli BceaeHHOM u pas
€e NMPOCTPAaHCTBEHHO — BPEMEHHBIX XapaKTePUCTUK. 3aAYMbIBasACh O
dusnyeckoit cymHocTH o6111el ¥ YaCTHOV TEOPUM OTHOCUTERBHOCTH,
s1 APMILIEA X BBIBOAY, YTO €€ TIPMHLMITbI IPUMEHUMbI UCKAIOUUTEABHO
AAs Hailtelt BceaeHHOM. VX HeAb3st HEOTASIAHO M 6e3pacCyAHO puUMe-
HATb AASL TOTO MH(POPMaUKOHHOrO IIPOCTPAHCTBA, KOTOPOE MPHUCYT-
CTBYET B BHAE ONPEACACHHOT0 06'beMa aGCOAIOTHOI «ITYCTOTHI» BHYT-
PM LIEHTPOB TAXeCTell MeXaHUYeCKMX MAcC M 3a TpaHMIlaMM Hallei
BceAeHHOI1. AGCOAIOTHBIM IO OTHOLIEHMIO K Halel BceaeHHol AB-
ASIETCH TOABKO MH(POpMAIMOHHOE NPOCTPAHCTBO, YTO AEXKMT 3a
npeaeAaMy TPEXMEPHOTo MUPA, a TAK)KE YaCTh HALIEro MPOCTPaH-
CTBa, CyHeCTBYOmas B BuAe o6bema pasmepom 544 931 ky6omerp
aBCOAIOTHOI «IyCTOTHI», KOTOpasA 3aHMMAaeT BCe MHOXKECTBO L[eH-
TPOR TSDKeCTel MEXaHUYECKMX MAcC MaTepHaAbHOIO mMupa. B Ha-
IIEM MHUPE AEVICTBUTEABHO HeT abOCOAIOTHOM TOYKM NOKOs, KOTOPYIO
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MOXHO ObIAO GBI IIPUHSTD 32 HEMIOABMKHYIO TOUKY oTcueTa. Ho 3na-
YUT AM BTO, YTO HAYYHBI MUP MOHAA GUMIECKNI CMBICA TEOPUM
OTHOCUTEABHOCTH M HAYYMACS IIDMMEHSTD ee AAS TIO3HAHMS OKPY-
Xaromero mupa?

Sl MHOTO pas CABIINAA, KaKyl0 aXMHEI0 HEeCYT TUTYAOBAaHHBIE pa-
OOTHMKM HayKH 110 TOBOAY BO3MOXXHOCTM HEpEMeLeHuUs YeAOBEKa CO
CKOPOCTBI0, 6AMSKOI K CKOPOCTH CBeTa. MAM MX MaTeMaTH4ecKu npa-
BUABHBIE U3MBIIIAEHMS], YTO MIOCAE MYTEHIECTBI C KOCMUYECKOH CKO-
POCTBIO, 6AM3KOI K CKOPOCTH CBETa, 32 OAMH TOA TIOAETa, Ha 3eMae
TPOMAET AECATOK, & MOXeT ObITb, M LieAast COTHA AeT. Vipes, 4o MoAo-
Able ITyTeleCTBEeHHUKM «CKOPOCTHOTIO 3BE3A0AETa» BCTPETATCS 3A€Ch
CO CBOMMM IOCTApEBIIMMM BHYKaM# U NIPAaBHYKaMU, HE OTNIPOBEpraeT-
Cs1 HU OAHUM CEPbe3HbIM YYEHBIM. A 8TO KaK Pa3 U IIOATBEP>KAQET MOIO
MBICAb, UTO YY€HBIE «HOTPA3AU» B (POPMAABHO NPABMABHBIX Mare-
MaTudecknXx ¢opMyAax TeOpHK OTHOCUTEABHOCTH, HO HE MOHNMAIOT
ee cmpicaa! UTo6bI pa3o6paTbcs € MapapOKCaMM TEOPUM OTHOCUTEAD-
HOCTH, AABaifTe BCIIOMHUM, YTO PeaAbHas CKOPOCTb cBeTa Ha 207,5 xu-
AOMeTpa MeHbllie pacyeTHOi. MBI OIIPEA€AMAM, UTO TaKOe IaAEeHMe
CKOpPOCTH MPOUCXOAUT 32 CYET MPAKTUYECKU OAHOPOAHOM dHEpreTu-
4eCKOil IAOTHOCTY KBAHTOB MOAS TPAaBUTaLUM B 06AACTH PACIIOAOXKe-
Hust CoAHeuHOM cucTeMbL. ECAM MBI pa3rosuM B UKAOTPOHE MEXaHU-
YEeCKYK 4acTHIy, HanpuMep, A0 cKopocTH 290 THICSY KM/CEK, TO HaM
HAAO NPUKASARIBATh K 5TOW 4YaCTULE KOAOCCAABHYIO SHEPTUIO, YTO-
6bI COXPaHUTb NOCTOSHCTEBO €€ BHICOKOM CKOPOCTH, DHeprus Tpe-
6yeTcst He AAST AAABHEIIIIETO Pa3roHa, a AAS COXPaHEHHS IIOCTOAHCTBA
ckopocTi. Pa3Be npoTuB 3TOr0 €CTh BospakeHusa? BoapaxeHuit HeT.
Ho uto 3710 3HauMT? 3TO 3HAYUT, YTO OAHOPOAHAS DHEpreTuYecKas
HAOTHOCTB ¥ NPaKTUYECKast HECKMMAEMOCTb KBAHTOB OAS TPaBU-
TaUMK ABATIOTCS OIIYTHMO¥ CPEAOH TOPMOXKEHMS AAS BCIKMUX Me-
xauudecknx macc. He ToAbKO pa3orHaTh MCKYCCTBEHHBIN 3BE3AOAET,
HO Y YAEPKaTh MOCTOAHCTBO €0 CKOPOCTH H€3 MOCTOPOHHEro UCTOY-
HMKA CUABL ¥ SHEPTMM HEBO3MOXKHO. 3adeM e TOrAa AraTh, YTO Takue
CBePXCKOPOCTHBIE TYTEHIECTBYUS BO3MOXHDI?

Ecau, HanipuMep, 3BE3A0AET MMEET MACCY B OAHY TOHHY, TO AQXKe
€CAM OH mepeBeAeT 99% CBOI MacChl B AY4YeBYIO SHEPIuI0, TO He AOC-
TUTHET cKopocTu cBeTa. HepoBepuMBbie MOTYT NPOBEPUTH MOE YT-
BepxAeHue no GpopMyaaM Teopuu oTHOCUMTeAbHOCTH. EcAm e Koc-
MOHAaBThl 3BE3A0A€TA, HATIPUMED, U3PACXOAYIOT TOABKO IOAOBMHY
MAacChl CBOET0 KOCMMYECKOro KOpabAs, pasroHATCA AO BBICOKOI CKO-
POCTH U He TIOrMOHYT OT NEPErpy30K, TO OHY HEMEAAEHHO MOrMOHYT
OT Ieperpyski TOPMOXXEHMS, KaK TOABKO IPEKPATAT pPacXOAOBaTh
Maccy coOCTBEHHOTO 3Be3A0AETa. Beab O0AMABL, MeTEOpHI, Kak 1 Bce
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HebecHble TeAa ¥ AaXe OTAeAbHble aTOMbI ¥ MOAEKYABI, GU3NIECKH
HE MOI'YT CAaMOCTOATEABHO IIePEMEIAThCA 10 BaKyyMY MOAs IPaBu-
TaLUKM CO CKOPOCTAMM Bbille, ueM 1000 kM/ceK, HOTOMY YTO BaKyyM
SABASIETCS CPEAOI TOPMOXKEHUA AASE BCIKOM MEXaHMYEeCKOM MacChl.
V Hux pAs 60Aee BBICOKMX CKOPOCTEN NPOCTO HET BHYTPEHHEN SHep-
IUMM, U BTHM BCe cKasaHo. Ecan Mudinzeckuit 3Besp0AET pasTOHUTCA,
XOTs1 6bi A0 CKOPOCTH 50 THICAY KM/CEK, @ 3aTeM BbIKAIOYUT ABUra-
TEAb, TO HAYHETCA CAMOTOPMOJKEHUE C HETIEPEHOCUMBIMM TIeperpys-
KaMM AASL YEAOBEYECKOTO OpraHM3Ma. [ToaToMy MA€eI0 ABMOKEHMS ye-
AOBEKa CO CKOPOCTSIMM, OAUSKMMM K CKOPOCTHM CBETa, HaAO CUMTATh
He HayKoi1, a BLIMBICAOM M CIIEKYAALMeEl O 6e3rpaHUYHBIX BO3MOX-
HOCTsX HayKh. HO KTO y4EHBIM CKa3aA, 4TO SHEePreTudecKas MAOT-
HOCTb IPABUTALMOHHOM CPEAB OAHOPOAHA BO BCeM 00 beMe BCeAeH-
ckoro npocrpaHcTBa? Beab rasaktuyeckue o6pasoBaHust BpallaloT-
€S BOKDYT LieHTpa BceAeHHOM, TAe HET padKe «4ePHOI ABIDBI», YTOOBI
co3paTh rpaBUTAyMOHHBIA GasaHc. TIpy sTOM rasakTHueckue o6paso-
BaHMs MepeMelfaloTCsl OTHOCUTEABHO LieHTpa BceAeHHOI He 110 nps-
MBIM AMHUAM, KaK, HalIpUMep, IepeMeniaioTcs KOpIycKyabl «CoaHeu-
HOT'O BETpa», & M0 PacClIMPAIOIUMCA CIIUPAAAM, YTO IIOATBEPKAEHO
aCTpOHOMHYECKUMU HabAlopeHMAMU. BoTt aTo Bpamjenue BeeaeHHnoi
BOKPYT OCH YCAOBHOTO HEHTpa TAXKECTH M HABOAUT HA MBICAB, YTO Ye€M
AQABILIE PACTIOAOXKEHO MaTePUAABHOE CKOTIAEHHE OT LieHTpa BeeaeH-
HOW, TEM TaM Bbillle dHepreTU4YeCcKas IIAOTHOCTb BaKyyMa IMOAA rpa-
BuTauumu. Hapo cumMtaTh AOXa3aHHBIM, YTO AO0O€ BpaljeHue ¥ CIy-
paAbHOe paciiMpeHHe MEeXaHMYECKUX MACC U MOAeBbIX PopM obec-
MEeYMBACTCA TOTAQ, KOTAA UEeHTPOOEKHbIE CHABI OTTAAKMBAHMS He
YPABHOBEIIEHb! H He COaraHCHPOBaHbI L|eHTPOCTPEMMTEABHBIMH
CMAQMM NIPUTKEHUA.

6. CBolicmsa 060A04KIL BCEACHCK020 HPOCHPAHCMBA *

Ho aaXke TOraa, KOTAa 9T CUABbI COAAAHCMPOBAHDI, KaK, Hallpu-
Mep, Ha NA3HETaX M 3B€3AaX, MPOCTPAHCTBEHHbIE pa3MePbl MEXaHU-
YeCKMX MacC KOTOPBIX OCTAIOTCA NMOCTOSHHBIMM, KBAHTBI TIOAS rpa-
BUTaLM BbIOPacHIBAIOTCS M3 TBEPABIX MEXaHMYECKNX MAcC U NIPUHY-
KAAIOT, COBMECTHO C LIEHTpOGEeXHBIMU cHAAMM, aTMOchepy 3Be3p U
MTAQHET BpaulaThcsi ¢ HOA€e BBICOKOIM CKOPOCTBIO, YeM YTAOBas CKO-
POCTB TBEPABIX MEXaHMYECKMX Macc. Mexanuueckue mMaccol BeeaeH-
HOM BpamaioTcsi. 3TOT GaKTOp M ABAAECTCA TAABHBIM AOKA3aTEAbCT-
BOM, YTO C YAAA€HMeM OT ueHTpa BceaeHHOM, TAOTHOCTD KBAaHTOB
TpaBMTAIMM HapacTaeT, a cama nepudepusa BceaenHol npeacras-
AsieT €060l OBICTPO BpAIAIOIYIOCS «aTMOCPepy». TOABKO B OTAK-
4ue ot aTMOoCchep HebeCHBIX Tea, B «<aTMocdepe» BceaeHHOIT HeT U He

503



MOXeT ObITh HY ra3oB, HM NTAa3Mbl. Bpairjaomascs ¢ BbICOKO# CKOpPO-
CTBIO «aTMOCdepa» BceAeHHOM COCTOMT M3 TIAOTHO YHaKOBAHHBIX U
HeC)KMMaeMbIX KBaHTOB MoAs rpaBuTaimu. EcAM McKaTb 1op06ue Bee-
AEHCKOJ «aTMocdepbl» B MUpe MaTepuy, TO 0OAbIE BCETO OHA IO-
X0 Ha 3alUTHbie SAEKTPOHHbIE OOOAOUKU ATOMHOIO SIAPA YCTOM-
YMBOTO XMMUYECKOro dAeMeHTa. 1o KpaitHeil Mepe, OHA COCTOUT U3
CeMM O4YeHb IMAOTHBIX 000AOYEK, KOTOPHIE PEANTMS HA3BIBAET CEMbIO
HebGecamu, Coraacurecs, 410 0 ceMu Hebecax OBIAO USBECTHO B pe-
AVITMM 3a THICSIMEAETHS AO TOTO, KaK HayKa OTKPbIAA «TallHY» O CeMH
SAEKTPOHHBIX 060A0YKAX XUMUIECKUX SAEMEHTOB CEABMOIO MEepHO-
Ad. DTO U IOATBEP>KAAET MOIO MBICAB, UTO ApeBHME 3HaAM 06 ycTpoii-
cTBe BCeAeHHO! 3HaYUTEABHO OOAblle, YeM COBPEMEHHDIE YYeHBbIE.
Ho pasBe Aa)kKe 0AMH DAEKTPOH aToMa BOAODOAQ He CO3AQ€T He-
MPOXOAUMYIO 060A0YKY AAS IPOTOHHOTO aTOMHOrO siApa? 1 pas-
B€ MOXXHO CO3AATb TAKYI0 HEMPOXOAUMOCTb KaKMM-TO APYTMM CIIOCO-
60M, KpoMe BpalieHus, CKOPOCTb KOTOPOrO He TOABKO CPaBHMMA, HO
U IpeBhILIaeT CKOPOCTh cBeTa? PasBe MOXHO 00eceynTb HeC)KMMae-
MOCTb aTOMOB ¥ MOAEKYA, €CAY Obl KBAHTHI U LIEIIOYKY KBAHTOB SAEK-
TPOHHBIX OpOuTaAeit, He GbIAM pacipepeAeHs! o cdepe U He Bpalia-
AMCB C OTPOMHOI CKOPOCTBIO?

3Aech, B MUpe MaTepuM, HEMIPOXOAMMBIIL, OBICTPOBPALAIOLMIL-
¢ cHeponp BAEKTPOHHOM 000AOYKH, YTOODI MOAKOPMUTD IPOTOH
aTOMHOT'O AADa U BBIOPOCUTH TIPOAYKTBI KUSHEAEATEABHOCTH, LIUK-
AMUecKu 06pasyeT BHYTpU ceOst «ABIPKY», 4eM 1 0becreunBaeT Kus-
HECTOMKOCTb aTOMa BOAOpoAA. Ho ecAlt pAaXe He MOANUTHIBATD SHEP-
TMI0 aTOMA MAU MOAEKYABI OT BHEIIHUX MCTOYHMKOB MEXATOMHOIM U
MEXMOAEKYAAPHOM CPEABI, TO MX (U3NIECKHe PasMePbl AAUTEAD-
Hoe BpeMsi GyAyT 0CTaBarbCs NOCTOAHHBIMM 1O 3aKOHAM KBaHTO-
Boi ¢usuku, Ho BeAb 5Hepruio BpalljeHUsi 3AEKTPOHHBIX 000A0Y€EK
HAAO HEpepBIBHO MOANMTHIBaTE! OTKYAA )K€ MOAEKYAbl DepyT aTy
SHEPIMIO, HATIpUMeD, B BaKyyMe KOCMWYECKOrO MPOCTPaHCTBa? ATo-
MBI i MOAEKYABI HE PaspylIaloT CBOU 3alUUTHbIe OOOAOUKHM MpU OT-
CYTCTBUM BHEMIHNX UCTOYHUKOB SHEPTHH, IOTOMY YTO BHYTPHU IIPO-
CTPAHCTBa aTOMOB M MOAEKYA MPOMCXOAMT HempeppIBHAA KOHBEK-
s TOHKME KBAHTBI, KAK OTXOABI )XM3HEAEATEAbHOCTH ATOMHOIO
AApa, BRIOPAChIBAKITCS U3 €T0 HEADP C BHICOKOM CKOPOCTBIO M OAAEP-
XMBAIOT SHEPIMIO BPAIlEHNs LieNoYeK KBAHTOB 3aIUTHO OpOUTAAN.
DHepruyHbie KBAHTHI, KOTOpble 00AAAIOT MHepLMell, Hao0opoT, re-
PEAAIOTCS B ATOMHOE SAPO AASL €TO SHEepPTeTMYecKoit nmoAnmuTKu. Kax
MOXXHO OTPMIIaTh TaKylo o4eBMAHOCTB? EcAM Taxkoi npouecc KoH-
BEKLIMOHHOTO 3HEPreTUYecKoro oGMeHa POUCXOAUT BHYTPH aTOMOB
M MOAEKYA, BHYTPH TIAQHETHBIX ¥ 3BE3AHBIX T€A U BHYTPU MX aTMO-
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cdep, HakoHell, BHYTPU ra30BbIX U 3BE3AHBIX CRONIAGHMIA FaAAKTHK,
TO, KAaK MO)KHO OTPULIATD, YTO 3TOTO HE NMPOUCXOAMT MEXKAY MeXa-
HMYECKMMHK MaccaMu 4 0060A0YKOI BCEACHCKOrO HNPOCTpPaHCTBa?
Kax MoXXHO oTpuLIaTh MAM He 3aMedaTh 0A06us BeeaenHo opHO-
MY M3 XMMUYECKUX 3AeMeHTOB TabAuubl MeHpeaeeBa? Boaee Toro,
IIPU3HAB yTBEPXKAEHUE PEAUTMH O CEMUCAOIHOIM 060A0uKe Beeaen-
HOM 3a MCTHHY, HAAO OTHECTU Maccy BceaeHHON K XMMM4YeCKOMY
JA€MEeHTY IecToro mepuoaa. lllecTUKPATHOCTD €CTh 3HAK HAAMUMA
BO BceaeHHOM HeGOXeCTBEHHOM CYLIHOCTY MEXaHMYECKUX MAcC, U
3Ta IeCTUKPATHOCTD TPeOYeT AASL HAASKHOCTH YIIPaBAEHHUs], CEMU-
KpaTHoro KOHTpoAsi. [TloBepuB actpodusuxy [MaBay BoHaapeHko, s
B35IA AAS CBOMX PacyeTOB MMOAYUEHHYIO UM Maccy BceAeHHoi, B KO-
Anvectie 2,174 x 10°® xuaorpamm. DTa Macca 4yTh OOAbIE MACChI
XMMHKYECKOTO SAEMEHTA LIECTOTO MMEPHOAA «aCTaT», HO YYTh MeHblle
MacChl «PaAOHa», MHOTOKPAaTHO yBeAMdYeHHas B COOTBETCTBYIOUIYIO
cTenedb. BceAeHCKast Nponopims COOAIOAEHA, TIOITOMY ST U IIPHUHAA
maccy [T.BoHpapeHko B kadecTBe sdPexTusHoi Macchl camoit Bee-
AeHHo1. UcTuHHYI0 Maccy He ToAbKO BceaeHHOI, HO M aTOMOB XM-
MUYECKKX SAEMEHTOB, HUKTO He 3HaeT, a paciiudpoOBKY MOHATUA
a¢rPeKTUBHOI MACCHI S AAM YYTh HUDKE.

B cemMucaoitHoi 060A0UKe BceAeHHO BHEHIHUMX MCTOYHMKOB
SHEPIUU HeT, IO3TOMY HeT M HEOOXOAUMOCTH 00pa3OBbIBATD «ABIP-
KK» dHepreTH4ecKoro B3auMoobGMeHa. Pa3 HeT BHeuIHero sHepromc-
TOYHMVKA, TO HE MOXXET OBITh ¥ KBAHTOBBIX 11€PEXOAOB, YBEAUYMBAIO-
1MX 06beM GM3UYECKOro MUPA, a TAKKe HEeT U NPOCTPAHCTBEHHBIX
AVICTRHLIMI MEXKAY CAMMMMU CEMU CAOSIMU BCEACHCKOM 060A0ukH. OA-~
HAKO CyLeCTBYeT popMyAa KBAHTOBOM PM3MKM O BO3MOXKHOCTH 1Iec-
THAECATYI KBAHTOBBIX COCTOSAHMIT aTOMOB U MoAeKyA. Hayka akcrepu-
MEHTAABHO TIOATBEPAMAA HAAMYME TPUALIATY KBAHTOBBIX COCTOSHUIMA.
TpuALaTh KBAHTOBBIX COCTOSHMIA COKPBITHI, IOTOMY YTO MX HEBO3-
MOKHO p€aAU30BaTb B YCAOBUsX MOBEPXHOCTM 3eMHOro mapa. Ho
3TU COCTOSIHUSL PEAAM30BaHBI B TBEPABIX MaccaX HEAP 3Be3A U TIAA-
HeT. OTcIopa CAEAYET, YTO M IEPBUYHOE SIAPO MEXaHMYECKOH MAaCChl
MPOTOBCEACHHOM MPOLIAO 3TM TPUALIATH CKPBHITHIX TANOB 3HEpTe-
TUYECKOTO Pa3BUTHA, KBAHTOBO YBEAMUMBasI CBOJ NPOCTPaHCTBEH-
HbIi1 00'beM 3a CUET MepeBOAA YACTH MEXAaHUYECKOJ MacChl B DHEp-
1o noaeBbiX GpopM. B Haille BpeMs CpeAHSs TAOTHOCTh BCEAEHCKOI
marepun, paBHast 107 kr/kyOuueckuil MeTp. 3HauuT, OHa MPONOP-
LMOHAAbHA MMAOTHOCTU HECYIECTBYIOL[ETO XUMUYECKOIOo 3AeMeH-
Ta, KOTOPBIN AOAKEH 3aHMMATh MECTO B TabAnile MeHpeAeeBa Me-
JKAY DAEMEHTOM «acTaT» M BAEMEHTOM «paaoH». Ilpu sTom sToT
HEeCYIEeCTBYIOLIMIA AEMEHT AOAXKEH HAXOAUTBCA HAa OAHOM M3 BbiC-
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IIMX YPOBHEM SHEPreTHYECKOr0 COCTOSHMS, M HATPET AO BBICOKOWM
TeMIepaTypsl. 3aTASHYB B CTIPABOYHMKM, YTOOBI BBISICHUTD QU3Mde-
CKUeE CBOMCTBa «aCTaTa» U «PapOHa», s ObIA IPUBEAEH B MUCTUIECKOE
nsymaetive. Kak u BceAennas, 06a 3THX 3arapOMHBIX M TAMHCTBEH-
HbIX XMMMYECKMX A€MEHTA HENPEPHIBHO POXKARIOTCSA, «pacliupsi-
OTCSI» A0 COOCTBEHHOTO CAMOYHUYTOXXEHM, HO BHOBb BO3POXKAA-
IOTCA KaK CPUMHKCHI U3 TIETIAQ, IOPOXKAASCh ADYTMMM PAAMOAKTHB-
HBIMM XMMH4E€CKMM D9A€MEHTAMM 3€MHOTO Iapa.

Ecam 3eMasi CymieCTBYET OKOAO 4,5 MMAAMApAQ A€T, a JKU3Hb
Ha Heil CYIeCTBYeT NMoYTH 3,8 MMAAMAPAA A€T, TO NTOYEMYy PaAMOAK-
TUBHbIE SAEMEHTBI, TIOPOXKAAIOLIUE KACTAT» U «PAAOH», He 3aTyOuAH
’KM3Hb, HE IOABEPTAMCh CaMOPACIaAY, a IPOAOAXKAIOT IIOPOXAATH pa-
AMOaKTHBHbBIE M HEYCTONYMBbIE XVMUYECKNE DAEMEHTDI, KOTOPbIMM
ABAAIOTCA «acTaT» U «papoH»? IToka s1 AyMaA Hap 9TO# Hepaspelm-
MOM 3arapkoy, MOe CO3HaHMe KaK MOAHMS NPOH3MAA MBICAb, YTO H
TOXe BNaA B 060AbIIEeHME HAYKH, KOTAA TIOBEPHA, YTO Macca COAH-
[a eXeCeKYHAHO yOniBaer Ha 4,65 MMAAMOHA TOHH, NOTOMY 4TO
NpeoOpa3oOBbIBAETCA B AyYeBYI0 JHEPruio. Aa, BCe 3TO MHOTO MUA-
AMApAHOE KOAUYECTBO BCEACHCKMX 3B€3A, HENIPEPHIBHO BhipabaThiBa-
€T AYYEBYIO SHEPIUIO Y TPATUT COOCTBEHHYIO MACCy, HO TIpU 9TOM Ha
NPOTSIKEHNM MOCACAHMX 4,5 MUAAMAPAOB AeT Macca BceaeHHOM aas
obecrieuenuns COGCTBEHHOIM CTAGMABHOCTM BO MMSI 3€MHOM XXU3HH,
AOAXKHA OCTAaBaTbCA NOCTOAHHOM. Kak 210 MoxeT 6bITH? OveHb npo-
cro! BceAeHHast MMeeT CKPHITYIO MacCy, KOTopasi XpaHUTCs He B Ba-
KYyMe IPaBUTAljMOHHBIX ITOAEI B BUAE «TEMHOI» SHEPTUM UAM AQXKE
«TEeMHOM» MaTepyM, a OTKPHITO XPAHMTCS B TBEPABIX MeXaHHYe-
CKHX TeAaX 3Be3AHBIX cKonaeHmit. Hayka cunraer, yro macca Coan-
1a paBHa 2 x 10% xuaorpamm. DTO Tax, s ¢ aTUM coraaceH. Toan-
KO 3Ta BEAMYMHA OTpaXkaeT He MCTMHHYIO, a 3¢ deKTuBHYI0 Maccy
CoaHna. Jra s dekTBHas Macca 3HAYUTEABHO MEHbIIE PEAABHOM,
HO BPEMEHHO CKpHITO# Macchl. TlosTomy pabora CoAHua M Bcero
MHO>XeCTBa BCEAEHCKMX 3Be3A HUMKAK He yMeHbuaeT 3¢ PpeKTUBHOI
Macchl COAHIIA M 3Be3A Ha MPOTXKEHMHU MMOCAEAHUX 4,5 MUAAMapAa
A€T, KaK M He YMEeHbINaeT cyMMapHoii Macchl BeceaenHoit. Tlo cyrn
Aeaa s¢pdexTUBHaA cymmapHas Macca Bceaensois, pasuas 2,174
x 105 kuaorpamm, u a¢peKTMBHAA YCpeAHEHHAsA IAOTHOCTD, PaB-
Haa 10-% kuaorpaMm/Kybmnueckuii MeTp BCEAEHCKOTO IPOCTPAHCT-
Ba, ABAAIOTCA ABYMS FAOGAABHBIMM IIAPaMeTPaMM AAS YIpPaBAe-
HUSA BCEACHCKUMHU NPOIECCaMM.

AokasareAbcTBO pakra Haauumsa B Macce COAHLIA CKPBITOI Mac-
Chl, KOTOpasi 3HAYMTEABHO IpeBblliaeT 3(PHPEKTUBHYIO pacYETHYIO
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Maccy, BeAuuMHOM 2 x 10% KMAOTPaMM, MBI TIDOBEAEM B CAEAYIO-
uMx naparpagax, a ceiyac oAyMaeM, KTO yrpaBaseT 3¢ dheKTUBHOM
Maccoit 1 adpPeKTUBHOI NAOTHOCTHIO BCEAEHCKOI MaTepumn? OTBeT
Ha DTOT BOIIPOC HAAO UCKaTh B paboTe aTOMOB M MOAEKYA XUMMUUe-
CKUIX SAEMEHTOB, YCTOMYMBOCTh MEXAHMYECKMX MACC ATOMHBIX SAEP
N ARXKE MX KM3HECTOMKOCTDb M BpeMs >KU3HH, 00eCrednBaeTcs KOH-
BEKLMOHHBIMU HPOLIECCAMH, KOTOPbie OPTaHU3YIOT SAEKTPOHHBIE 32~
IMTHBIE 060ACUKM. BOT 03TOMY AMHAMUYECKYIO YCTOMYMBOCTD 3¢-
dbekTUBHOI Macchl ¥ cpeaHelt 3¢deKTUBHOM MAOTHOCTY BeeaenHoit,
obecneunpaer ee 060a0uka. Kak 910 mpoucxoamt, Mbl u GyaeM pac-
CMaTpuBaTh B 3TOM mnaparpade. V3BecTHO, 4TO M3MEHUTH du3uye-
CKMe pasMephl aTOMOB U MOAEKYA, 6e3 M3MeHeHUs UX BHYTPEHHEro
SHEPreTYECKOro KBAaHTOBOTO YPOBHSI, HeBO3MOKHO, TaknMu ke cTa-
OMABHBIMM ¥ HEM3MEHHDBIMU OCTAIOTCS NMPOCTPAHCTBEHHbIE PasMephl
BCEACHCKO 0B0AOYKH, COBAABAS AASL BHYTPEHHEro HabAI0AaTeAS] BU-
AVIMOCTD Y MAAIO3UIO HETIPEPHIBHOTO PACHIMPEHMs BCEAEHCKOTO Mpo-
crparcTBa. Kopoue roBops, Bo Bce Oyayune BpemeHa pusmieckme
pasMepbl CEMMCAOIRON 060AOYKH OYAYT COXpaHATL CBOM HpO-
CTPaHCTBeHHbIC pa3Mephl B TOM JKe BUAE, KAKMMM OHM €CTb B Ha-
crosuee Bpems. [Iponecc 3aKOHYUTCA TOTAZ, KOTAQ CKPbITasg Me-
XaHMveckas Macca BceaeHHOI ycuepnaeT CBOIO sSHepruio u Gyper
HecTIoCcO6HA YAep)KMBATb HeC)KUMaeMble POCTPaHCTBEHHbIE pa3-
Mepbl BceaeHCKoit 06oa04ku. Toraa Beceaennas GwicTpo npoitper
HEM3BECTHOE IMCAO IIOAOKUTEABHBIX U TPMALIATD OTPUIIATEABHBIX
KBaHTOBbIX YPOBHEI ¥ CHOBA NPEBPATUTCA B EAMHBIN CYNEepaApoH,
AVIIEHHBI MeXaHWIeCKO BHeprum.

A KaK >Xe TOTAa NOHMMAaTh BUAMMOe pacumpeHme BceaenHoi?
BCIIOMHMM, 4TO KOTAQ aTOMHOMY SAPY TSDKEAOTO XMMMUYECKOTO dA€-
MEHTa CEeAbMOTO M TOCAEAHero mepuopa Tabauubsl MenaeaeeBa, He
XBaTaeT MUY, TO OHO pa3BaAuBaercs. C yero HaYMHaeTCs STOT Mpo-
tecc? OH HAUYMHAETCS CO CIIMPAABHOIO DaCUIMpEHUst U PasAeAeHMs
€AMHOTO aTOMHOIO SIApa Ha OCKOAKM. HeuTo nopobHoe mpoucxopuT
u B Macmtabax Beeit Beceaennoit. CyMMapHas MexaHHyecKas Macca
HeNnpephiBHO NOPOXKAAET KBAHTHI IPABUTAIMK U POTOHBI AyYEBbIX
sHepruit. KoauuecTBo MexaHndeCKuX KBaHTOB, 00pa3ylomux Mac-
cy BceAeHHOI, HeTIpepbiBHO yMeHbmaeTcs. DddexTusHas naor-
HOCTb MacCChl MAAAeT ¥ MeXaHu4ecKas Macca pacuupserca. Ho aro
COBEPILEHHO He 3HAYMT, YTO PACHIMPAETCS MIPOCTPAHCTBEHHBIN 00B-
€M CeMUCAOIHHOM BCeAeHCKOM 060a04KkM, Kak ToAbKO MexaHmyecKas
Macca Kakoii-AnG0 TaAaKTUKU MAM MBIAEra30BOM TYMAaHHOCTHM HavK-
HaeT npubAmKaTbcs K 060A0uke BceaeHHOM Ha 6AM3KOe pacCTOsTHME,
TaK OHA [OMIAAAET B MOBBILIEHHYIO MAOTHOCTb HEITPOXOAMMOI IPaBU-
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TALMOHHOM 060A0uKHM. DTa 060A0YKa K TOMY XKe BPAIAeTCs B Ty Xe
CTOPOHY, KyA2 ¥ BPalJalOTCS MEXaHUYECKMe MAacChl, CO CKOPOCTHIO,
3HAYMTEABHO IpeBblalonielt CKOpoCcTh cBeTa. EcAn neno4ku KkBaH-
TOB NOA€BBIX GOPM MarHMTHOM DHEPIMMN OOLIKHOBEHHOIO MarHu-
TAa MAM KBaHTbI JACKTPHYECKOI dHEPruM, npeHeGperas sakoOHaMM
TEOPUM OTHOCUTEABHOCTH, BPAIAIOTCA CO CKOPOCTAMM, MHOIO-
KPaTHO NMPEBOCXOAAIIMMHM CKOPOCTD CBETA, TO KTO 3allPETUT KBaH-
TaM rpaBuTanuu 060A0uku BceAeHHONM BpamaThCs C TaKMMH Ke
OTPOMHBIMM CKOPOCTAMM?

HayuHble pabOTHUKM AOAKHBI 3alIOMHUTD, YTO 3aNpPELEHO AU-
HelfHO€ PacNpoCTPaHEHME MAarHUTHOM U DA€KTPUYECKON SHEPIVM CO
CKOPOCTBIO Bbillie CKOPOCTH CBETa, HO AAsL obecrieveHMs 3aAaHHOM
AVHEHHOM CKOPOCTH C BhICHIMM npeaeaoM B 300 Toicay km/ceK, cniu-
PAAbHAsA CKOPOCTh KBAaHTOB SAEKTPHYECTBA M MarHeTusMa He orpa-
HUYEeHA HUKAaKMMM BepXHUMMU Nipepesamu. Haobopot. Uem ToHbIe U
coBeplIeHHee KBAHT, TEM MeHblle B HEM SHEPIMM U TeM Goaee BBICO-
KYIO CKODOCTb OH pa3sBUBAET B LIEMIOYKAX KBAHTOB MAarHUTHO-CHAO-
BbIX AMHMI MAY B 9AEKTPHIECKUX TOAAX. OTAEAMTE Bbl, HAKOHEL], MyX
OT KOTAET U MOV¥MUTE, YTO MOAEBbIE KBAHThI MaTepul, GOTOHBDI, a TEM
60Aee MexaHI4eCKe KBaHThI AaTOMHBIX SA€P 9TO TPU Pa3HbIX YPOBHS,
¥ €CAM XOTUTE, TPOMYHOCTh PasHbIX MEPAPXMil MaTePHMAABHOTO MUpa.
Bes npoBepeHns sKcepuMeHTa HayKa IO TeopeTMueckuMm GopMy-
AaM TIEPEHOCUT «KpacHOe CMelleHHe» YacTOTH GOTOHA, HA AMHEN-
HYIO CKOPOCTb TeX MeXaHM4YeCKMX MACC, KOTOPble U3AY4AIOT HabAi0-
AaeMble Ha 3eMae poToHbl. HaBepHska, o HabAIOAEHMAM Hayky, He-
KOTOpble MEXaHMYECKME MACChl OTAAAEHHBIX YYaCTKOB BCEAEHCKOTO
MIPOCTPAHCTBA, COAMIKAIOTCS MAM YAQASIIOTCS APYT OT APYTa, CO CKO-
POCTDIO, Bbillle CKOPOCTH CBETA. TaKue Pe3yAbTaThl AOAXKHbI HaCTO-
POXXUTb TEOPETUYIECKMX PaOOTHUKOB HAYKH, 3aCTABUTh MX MPOBECTH
BKCIIEPUMEHTHI M OTKOPPEKTHPOBATh HPOPMYABI TEOPMM OTHOCHUTEAD-
HocTH. Kakoi1 akcriepyMeHT s MMelo B BUAY?

Haao nommpiTarbest pasorHare maccy, xorsa 6 Becom B 10—50
rpaMM, Ha KOTOPOM YCTaHOBAEH KOHTPOABHBIf UCTOYHMK «0Opas-
LIOBOTO» CBETa, A0 CKOpocTH oT 1 A0 30 ThIcAY KM/CeK, U 3aperu-
CTPUPOBATh U3MEHEHME AOIIACPOBCKOM YaCTOTHI MAU «KpacHOe cMe-
IieHue» KOHTPOABHOIO UCTOYHMKA CBeTa. 3a0AHO ¥ NOCMOTPETS, MO
KaKoMY 3aKOHy GyaeT NMPOMCXOAMTDH TOPMOXXEHUE MEXaHU4eCKOMN
MacChi B BaKyyMe, NOCA€ TOro Kak BHEIIHAA CHAA pa3roHa Gyaer
y6pana? Huxakoi1 BakyyM He IIOMO>ET COXPaHUTh IIOCTOAHCTBO CKO-
POCTM MeXaHM4eCKOM MaccChl, Ha ypoBHe 30 Tohicad KM/cek. IlaoT-
HOCTb BaKyYyMa TaK0Ba, YTO CPABHUTEABHO GBICTPO CKOPOCTH SKC-
NMepPHMEHTAABHOTO 00pa3La YIaAeT AO CKOPOCTH 1 ThICSIYM KM/CeK,
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a MOJKET ObITh, v MeHbIlIe. Kax MOXXKHO NTOAYMAaTh, 4TO MeXaHU4YeCKue
MacChl MOT'YT YAE€P)KMBATh IIOCTOAHCTBO CKOPOCTH Bblille OAHO ThI-
CAYU KMAOMETPOB B CEKVHAY, €CAU ADXKE AETKMe KOPITYyCKYABI «COA-
HEYHOTO BETpa» ABWKYTCA C MaKCMMAAbHOM CKOPOCTBIO He BHILIE
1200 kMAOMeTpOB B CEKYHAY? DKCIIEDMMEHT MOKAXeT, YTO B CTOPO-
HY, IPOTMBOIIOAOXHYIO OT HallpaBA€HMA pa3roHa, KOHTPOAbHBIA UC-
TOMHMK GYAET PETMCTPUPOBATH «KPACHOE CMeljeHMe», Kak — BYATO
TEAO ABMXKETCA CO CKOPOCTBIO, OAU3KOI K cKopocTh cBeTa. Hayka
TIPUHUMAET, YTO CABUT AONAEPOBCKON YaCTOThI AMHENHO 3aBMCHUT OT
CKOPOCTY MEXaHUIECKOTO UCTOUHUKA. [0 popMysaM Bece MPaBUABHO,
", MOXeT OBITh TaK OHO U eCTh B Nipepeaax Haitreit [aaaktuxu. Ho k1o
YUMTHIBaeT IPOTUBOMOAOKHOCTD CUA, AEUCTBYIOIMX B OKPECTHOCTAX
«YEPHBIX AbID» ¥ B OKPECTHOCTSIX BCEAGHCKOM 060A049kn? B peasbHOM
BceAeHHOM, NPy IPUOGAVDKEHNMI TAAAKTHYECKOTO 3BE3AHOTO MAM Fa30-
BOTO CKOIMAEHUA K 060A0UKe BceaeHHOI, Ha MexaHMYeCKMe Macchl U
(OTOHBI AyUeBbBIX 3HEPTHIT GYAYT A€IICTBOBATh pasHble CUABL IToHAT-
HO, 4TO B 000AOUKe 1 33 ee TIpeAeAaMM MACCHI HET, TOSTOMY TIPUTATH-
BaTbCs He K 4eMy. AMHEIHas CKOPOCTb CKONAECHUS OYAET YMEHbIIATD-
Csl, Vi IEPEXOAUTD B CIIMPAAb CXOXAEHUSA C HOBHIM BO3PacTaHUEM CKO-
pocTi. Tak AeliCTBYeT CHMAA TATOTEHN, M BO3PAXKaTh IIPOTUB STOTO
GeccMBICAEHHO.

Ho atum He Bce cKa3aHo. B ka)kp0if MexaHU4eCKoi Macce cylnie-
CTBYET ABAa Pa3HECEHHBIX LICHTPA CHABI, OAUH U3 KOTOPBIX OPraHM3Y-
€T CHAY TATOTEHUS, & APYTOIl — CUAY OTTaAKMBaHUs. Tak >ke Xak nmpu
COAVDKEHMH C «MEPHOM ABIPOI», IpH COAMKeHuHu ¢ 060A04Koi1 Bee-
A€HHOJ, MEXaHUYeCKHe MacChl HAYMHAKOT AMHEHHO «PacCTATUBATh-
Csi», a PACCTOSIHUS MEXAY 9TUMM LIEHTPAMM CHADBI YBEAMYHMBATh-
cs1. Ta cTOpoHA CKONAEHMsE MEXaHUYECKMX Macc, KOTOpas obpaufeHa
B CTOPOHY TAQBHBIX MEXaHMYECKuX Macc BceaeHHOM (B CTOpOHY Ha-
6A10aaTeAs), GYA€T 11O 3aKOHAM TEOPHH OTHOCUTEABHOCTH HypalH-
Barhb 3pdexTHBHYI0 MacCy 3a cueT CKppITON Macchl. Hapaiusaxue
MAacChl IPMBEAET K 3 PeKTy «KpacHOro CMeIeHUA», Y YCKOPEHHOMY
TOPMOXEHMUIO 3BE3AHOTO MAM TIBIAETA30BOTO CKOMAEHHS [0 paByTa-
LJMOHHOMY 3aKOHY BCEMMPHOTO TATOTEHUA. AaXKe eCAM 3BE3AHOE CKO-
NAEHME OCTAaHOBUTCS MAM HAYHET ABVIKEHME B OODATHYIO CTOPOHY,
HabAI0AaTeAb 3eMAM, aHARAUBUPYS CHEKTP M OOHApY>KMBasg MOIHOe
«KpacHOe CMeIleHue», OYAeT IPUHUMATh OMMGOYHOE pelleHie, YTOo
CKOTIA€HME 3BE3AHO-MEXaHMYeCKUX MacC, C OTPOMHON CKOPOCTBIO
yAaAsieTcs oT LeHTpa BeeaenHolt, a 3HaunT, BeceaenHas pacumpsierT-
cs1. PasBe HEMOHSTHO, YTO 9TO TOABKO 3¢ (deKT, a He peaAbHOCTB? AO-
IIOAHMTEABHYIO CHAY D PeKTa yBeANIEeHUA MeXaHMYeCKOMi MaccChl,
OPraHM3yeT MAOTHasl CeMMUCAOIMHAs, HepasAeAMasi 1 OBICTpO Bpa-
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maromasncs 060A0UKa U3 KBAHTOB rpaBuTalMu. YeM OAMKe MOAOI-
AET CKOIIAGHME MEXaHM4eCKMX Macc K 8TOil 000A0uKe, TeM C OOAb-
et CUAOIT OHa ee O6yAeT OT cebsi OTTaAKMBaTh, IOTOMY 4YTO OOADL-
1ee KOAMYECTBO GOTOHOB OYAYT YBAEKATHCS KBAHTAMM TPABUTALK
B CTODOHY COOCTBEHHOro BpAILlieHWsI U TIOTAOIATBHCA BCEAEHCKOIA
000A04KO1. POTOHBL, KOTOPblE MOAETAT B CTOPOHY TAQBHOI MaCChl
BceAenHOM, 6yAyT MCTIBITHIBATD CUAbHEIIIEe «KPACHOE CMeELeHUes.
3Be3AHOE CKONAEHME MOXKET ABUTATbCA C TOM K€ CYMMAapHOWM CKOpo-
crbio, 1000 kM/ceK, KaK U Mbl C BaMU, ¥ ADKE C MEHBILEN CKOPOCTDIO
AU 0OPATHOM CKOPOCTHIO, HO HAbAIOAATEAb BUAUT TOABKO (OTOH-
Hbie M3AYYEHMS M MOIHOE «KPAaCHOe CMeleHNe» OTAAAEHHOTO CKOT-
Aennst. icnoanaya popmyass Xab0Aa, yueHblil HAGAIOAATEAD A€AD-
eT ommGo4HbIe BEIBOADI, KaK 0 CKOPOCTH, TaK ¥ 0 AMHEHHOM pac-
CTOSIHMM AO 3TOTO OTARACHHOTO CKOIIACHUS,

OH cam 3a6AyXAaeTC M BBOAUT B 3abAyXpeHMe Hac ¢ Bamu.
5 6b1 ckasaa Tak: «B mexaHudeckux maccax BceaeHHoU HeT BHYT-
PEHHUX MCTOYHMKOB CMABI ¥ 2HEPIUH, CIIOCOGHBIX Pa3orHarhb ca-
mux cebs1 A0 ckopocren Bonue, yem 1000—3000 km/cex. TTpu 60Ab-
MIVIX CKOPOCTSIX PACX0OA MacChl OYAET TaK BEAVK, UTO LEHTD TsDKECTH
MacChl CaM CHU3UT CKOPOCTb, A0 cpeaHeit ckopocti 1000 xm/cek, Ko-
TOpas ABASETCS HOPMAAbHOJ CKOPOCTBIO AAS CYLLIECTBOBAHUA MeXa-
HUYecKuX Macc Haiueil Bceaennoit. Passe ckopocts CoAHeYHON CHC-
TeMbl BbI3BaHa pacmupenueM Beceaennon? [AaBHbie cocTaBasionme
CKOPOCTH ONPeAEARIOTCA OpOMTAAbHBIM BpallleHreM aTMOCQephl Ha-
west TarakTuKy, B KoTOpo¥ HaxoAUTCA COAHLIE, ¥ OpOUTAABHBIM Bpa-
HIeHMeM CAMMX TaAaKTMK BOKPYT LeHTpa BeceaenHoir. Hukro e ycra-
HOBMA, 4TO COAHEYHAasA CUCTEMA YAAASETCA OT HeHTpa BceaeHHOM MAM
yAaastercs Hama faaakTUKa. VIcrIoAb3yst BHEIIHVE UCTOYHUKYU CUABL, B
BHMAE CYMMAapHOM CHAbI TATOTEHUA MeXaHM4YecKHX Macc BceaeHHo,
BO3MOXHO, YTO MEXAHUYECKNE CKOTIAEHUA PAa3TOHAIOTCA U AG CKOPO-
cTeil, AeXXamuXx B npeaeaax oT 30 A0 3 ToleAY KM/ ceK, HO 3TO YTBep-
XKAeHHUe TpebyeT sKCIepMMEeHTaAbHOI NpoBepkn. S Aymato, 9TO B
PeaAbHOM MMpPe TAKMX CKOPOCTeil MacCUBHBIX MEXaHUYECKMUX T€A
MAM MX CKOIIACHMIA He cyinecTByeT. KoHeuHo, «uepHas Apipa» u 060-
A04Ka BceAeHHOI TIO-PasHOMY AEMCTBYIOT Ha MeXaHMYeCKue MacChl
YrtoObl MOHATH pasHMLY, BCHOMHUM, 4TO IIPY COAMIKEHMM MeXaHWYe-
CKO MACChl C «4€PHOM ABIPO» CHAA TATOTEHMS BO3pacTaeT Npo-
NOpLHMOHAABHO KYyOy paccrosiins. [Ipy 5TOM 1O AMHETHOMY 3aKOHY
HapacTaeT NPOTUBONOAOKHAA CMAA OTTAAKMBAHUA KOPOTKUX UM-
IYABCOB HEHTpOOEXKHOM cHuABL B ueHTpe TskecT HebGeCHBIX TeA M
KaXXKAOTO aTOMa ¥ MOAEKYABI MMEETCsT ABa Pa3HECEHHBIX LIEHTPA CUABL
PaccrosHue MeXAY STUMM LIEHTPAMM CUAAMM HOA AEVCTBUEM IIpO-

510



TMBOIIOAOXHBIX CMA HAYMHAET YBEAMMMBATBCA, &*aTOMBI M MOAEKYABI,
KaK ¥ HebecHble TeAa AMHENHO pacTATUBAIOTCA. YeM GAMKe K «4ep-
HOIT ABIPE» MIOAXOAMT 3B€3A2 UAM CKOIIAEHME 3Be3A, TeM OoAblre Oy-
AeT KOAWYECTBEHHDIV TIepenaA IPOTHBOIOAOKHBIX CUA. B KoHile KOH-
LIOB, aTOMbL M MOAEKYABI TEPAIOT JACKTPOHHBIE 0GOAOUKHM, KOTODBIE
YHOCSITCSL OT «4EPHOM ABIPBI» B BMA€ (POTOHOB raMMa-U3AydeHMIt, a
ATOMHBIE SADA Pa3sBaAMBAIOTCS Ha OTAEAbHbIE TIDOTOHBI M HETPOHDI.
Ho u ato eme He Bce. Paspymarorcs u caMut npoTOHBL U HEATPO-
Hbl. VI3 HETPOHOB BLIPHIBAIOTCA SAEKTPOHDI, & MEXaHUYECKME MaC-
CBI MIPOTOHOB HabMpPalOT BBICOKME CKOPOCTH M TepsIOT ARKE DAEK-
Tpuueckue o6osouky. Takum o6pa3om, Bce BUABI NOAEBBIX $HOPM
MaTepuH, 3a MCKAIOUEHMEM «OUMIIEHHBIX» AO MOAHON MeXaHuYe-
CKOJ MacChi IPOTOHOB, YHOCATCS B BUAE GOTOHOB PEHTr€HOBCKOI'0
CIIeKTPA, ¥ TOABKO NPOTOHBI, AWIIIEHHbIE dAEKTpUIecKuX o060oA0-
Y€K, CTAaHOBATCS IHEPTeTUYECKOM MUILEH U NMOTAOLAIOTCA B HEAPA
«uepHO# AWPBI». TIpu COAMIKEHMM 3BE3AHBIX CKOMAEHMIT ¢ 060A0Y-
xoi1 BceAeHHOI, TAKMX paspylIeHUH aTOMOB M MOAEKYA HE NPOMUCXO-
AMT, IOTOMY 4TO B €¢ OKPECTHOCTAX CHAA TPaBUTAIMOHHOTO NpH-
TSDKEHUA ACHCTBYET 110 3aKOHY 0OpaTHBIX KBaADAaTOB M Hanpas-
AeHA B CTOPOHY, IPOTUBOIIOAOKHYIO 060A0uUKe BeeaeHHolM. V3-3a
6OABLIMX PacCTOSHMIL AO TAABHBIX PACCPEAOTOUEHHBIX MACC BCEAEH-
CKOro IIPOCTPAHCTBA, FPaBUTALMOHHOE IIPUTKEHIE HE MOXKET UMETH
60AapuMx 3Hauenuit. OAHAKO O NPUYKMHE MOBBHIUIEHUS 3HEpreTH4ie-
CKOJ1 IIAOTHOCTH NOAA IpaBUTaLuyu BOAKM3H 060A0uKM BeeaenHoM, o
3aKOHy Ky60B, 2 MOXeT GbITb, M II0 3aKOHY Y€TBEpTOil CTeneH!, Ha-
pacTalT LEHTPOOEXHbIe CHAbL OTTAAKUBAHUA. AuHeliHble pasMephl
HebecHBIX Tea, a TAKXXe OTACABHDBIX aTOMOB M MOAEKYA TaKXKe BO3pac-
TaioT. IIpUYMHBI AASL TAKOTO BO3paCTaHMA MMEIOT NPOTUBONNAOXKHOE
3Ha4yeHUE, YeM B OKPECTHOCTSX «4EPHBIX ABIP» U HE CTOAb APOCTHBIL
IeHTpBI OTTAAKUBAHMA HEOECHBIX TEA M MX ATOMOB M MOAEKYA, Ha-
YHHAIOT NPUTATMBATHCA K BCEACHCKOM 000A04Yke. Mexanuueckmne
TeAa CTAHOBATCHA PACTAHYTBIMM SAAMIICAMM. Bxpax-mpyxom;ee BO3-
AEMCTBUE mOAeBbIX GOPM MaTepuu Ha MeXaHWYeCKMe MacChl pes-
KO CHI)KAeTCs B HAIPAaBAEHUE LIEHTPAAbHBIX 00AACTEN BCEAEHCKOTO
MpocTpaHCcTBa. PaHee CKpbITas Macca NPOABAACTCA B ABHOM BHAE.
IlpuyeM oHa HapacTaeT TOABKO B HaNpaBAE€HMM rAaBHBIX Macc Bcee-
AEHHOM, ¥ B ABHOM MOPAAKE CTPEMMTCA AOPACTH A0 MacChl «dep-
HOW ABIpbI». Ho 8Ta Macca He MOXKET MMETb OECKOHEUHBIX 3HAYEHMIA,
Y AK€ HE MOXKET CPABHATBCA C MACCOM «4EPHOM ABIPBI», IPOTIOPLMO-
HaABHOM CyMMapHO Macce nepudepuitHOro 3Be€3SAHOTO CKOIIAECHMSL.
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OAHaKO 9TO CBOJMCTBO YKa3bIBaeT, YTO 5ppeKTHBHasi Macca
HebeCHBIX TeA M AaXKe IPOTOHOB, HEHTPOHOB, SACKTPOHOB M TI03M-
TPOHOB BCErAa MeHblle TOM PeaAbHOM MAaCChl, KOTOPasd 3aKAI0YeHa
B MX MeXaHMYecKNX KBaHTaxX. EcTecTBenHo, 4TO oprannsyemoro Bce-
ACHCKOV 000A04KO1 ITepenapa MPOTUBOMOAOKHBIX CHA, HEAOCTATOY-
HO, YTOOBI NIEPEBECTH MEXaHMYECKME MACChl epu(epUITHBIX 3BE3A-
HBIX CKOTIA€HMIT B «4epHBbIe AbIpbI». OHM TaM npocTo He HyxHbl! Ho
¢ oTOHBI, KOTOpDIE UBAYHAIOTCS M3 TAKMX MEPUPEPUIHBIX CKOIIAEHUIA
B CTOPOHY 3€MHOr0 HabAIOAaTeAs, GYAYT MMETb MOIUHOE «KPacHOe
CMelIeHye», Kak OYATO MacChl ABMXKYTCsI, YyTb AWM HE CO CKOPOCTBIO
cBeTa. Ha caMoM peAe MX CKOPOCTb MOXKET MCUMCASITBCS AeCATKaMu
METPOB B CEKYHAY AU MMETh HyAeBoe 3HaueHMe. IToAoKuTeAbHbIE U
OTpMILIaTEAbHBIE YCKOPEHV, BEAMYNHOM HECKOABKO CAHTUMETPORB
3a CEKYHAY B KBaApare, OYAyT BOCHPUMHMMATbCH KaK MOHIHbIE YCKO-
PEHUsE CO CKOPOCTAMM GAN3KIMU K CKOPOCTH CBeTa. TakOBbI TAIHBI
usMUecKHX NPOLECCOB TEOPUM OTHOCUTEABHOCTH, CKPBITHIE 32 Ma-
TemMaTnyecKuMu GopMyAnpoBKaMi. Ko moiMeT BhlIENpUBEAEHHBIE
PAcCy>XAEHUSA O MeXaHM3Me BO3ACICTBUA HA MeXaHWYEeCKHMEe MacCChi
«YEPHBIX» ABIP» Y BCEAEHCKOM 060ACYKHM, TOT HaBCETAA M30aBUTCA OT
MaTeMaTU4eCKOTO HaBaXXAeHUs M GopMasn3Ma TEOpUM OTHOCUTEAD-
HocTu. PasbepeMcsi C BO3AECTBMEM BpPAIAIOLIErOCs IIOAS Ipa-
BHTaM# BCEACHCKOI 000A0uKH Ha ¢oToHsl. Beriomuum, yro 060-
Aoyka BceaeHHOIT T0AO0HA ceMMCAOIHOM 060A0YKE aTOMHOTO SApA
XMMMYECKOTO DAEMEHTA CEABMOTO Mepuopa. XOTsA OHa BpalLjaeTcs B
HeNpephIBHOM pexxume, 6e3 06pasoBanMsl CIMHA BPAILEHHUS, HO AAA
ee BpaieHus Tpebyercs sHeprus. Atmocdepa Benepsl Toxe Bpaa-
€TCSA B HEIIPEPHIBHOM PEXMMe, HO OHa MUTAETCA SHEPrUen GOTOHOR
COAHEYHOTO M3AyueHMA. AAsi 060A0uku BceAeHHOM Takoro BHeui-
HEro MCTOYHUKA SHEPrUM He CYWIECTBYeT, I03TOMY HOCTOSHCTBO
€€ CKOPOCTH, KaK ¥ OYMifeHNe OT yMepuIuX KBaHTOB IPaBUTAUUY,
MOXeT 00ecneYnBaTbCsl TOABKO aHeprueit GOTOHOB, KOTOPbIE U3-
AYHaIoTCA GAMWKAMMMMU M OTAAACHHBIMU CKOTIACHMSAMM MeXaHM-
yeckux macc. ITo sroit npuunune 060aouka BeceaenHoi npubamkaer
K cebe CKOIAEHUS MEXaHUUECKMX MACC, YTOObI CUAOM I'PaBUTAIMOH-
HOTO NPUTHKEHUS TIOTAOTHTH SHEPIui0 GOTOHHOTO M3AYYEHUA U
3aTeM s dekrToM «becnpeseAbHOro» HapamMBaHUS Macchl, obec-
TIEYUTh BO3BPAT DHEPreTH4eCKM MCTOIIEHHOTO MCTOUYHMKA Ay4e-
BOJ 9HEPIMH B HEAPA BCEACHCKOr0 NPOCTPAHCTBa.

Ora HeOOXOAMMOCTD YAEPKUBATh IOCTOSHCTBO Pa3MEpPOB BCe-
AEHCKO#1 000A0YKH, YIIPYTOCTD ¥ HECKMMAEMOCTb BCEAEHCKOTO IIPO-
CTPAHCTBA, ABASETCA BeCbMa CYIECTBEHHOMN MPUYUHOM, AASI TOAAED-
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YKaHMs 3aAQHHO SHEPIrMM CYMMApPHOTO GOTOHHOTO U3AYUYeHMs. A 3Ha-
YT, U 3BE3ABI FAAAKTHYECKHMX 00pa3oBaHuii 00A3aHbI HENMPEPHIBHO
ropers u paboraTe, TPaTUTh CBOIO Maccy u obpasoBniBarb GOTO-
HbI Ay4eBBIX sHepruit. Koraa b oToHBI Ay4eBOit SHEPr1HM ITOTIAAAIOT B
MAOTHOE NOA€ KBAHTOB IPABUTALMM BCEAEHCKOM 0D0AOYKH, TO MEpe-
aA ckopocTi, paBHblit B CoaHeuHoit cucteme 207,5 xm/cek, 6yaeT mo-
CTOSIHHO yBeAMdMBaTbcs. [1o MAee, BO3MOXKHO HapacTaHue Mepenasa
CKOPOCTYU AO TaKOM BEAMYMHBL, YTO CBET OYAET ABAraThCsl CO CKOPO-
cthio 207,5 KM/CEK U AaKe C MEHblIiei! CKOPOCTbI0. Teopust OTHOCH-
TEABHOCTU TI0 GOPMyAaM OTHOCHMT 5TO 3aMEAACHVE K 3aMEAACHUIO
BpeMeHu. O10 Tak. Ho B peaabHOCTH 3aMeAAeHME BPEeMEHM BBIAU-
BaeTCA B 3aMEAAEHNE CKOPOCTU cBeTa. TeopeTuiecku HOTOH MOXET
OCTaHOBUTBCS M HAYaTb ABUKEHME B 0OpaTHYIO Ccropony. B peaap-
HOCTU TaK He MOXeT ObiTh. KpoMe aHepreTnieckoi oAHOPOAHOCTH
KBaHTbI MOAsI IPaBUTALMHU 00AaAAI0T MHGPOPMAIMOHHON HEOAHO-
poanocThio. Q6 3TOM MbI TOXe ¢ Bamu roBopuan. Ilomapas B o6aacts
CBEPXIAOTHOM IrpaBuTauymy, POTOH He TOABKO 3aMEAASET AMHEIHYIO
CKOPOCTD, HO HAYMHAET OTKAOHATBCS OT MPAMOAMHEITHOTO ABVIKEHUA,
Takoe OTKAOHEHME MOXKET AOCTUIATh BEAMYMHBI 6 METPOB 3a OAHY
CexyHAy. Bpems pacrsaruBaercsi auuib QOPMAaAbHO, B MaTeMaTuye-
cxux popMyaax, MOTOMY YTO B HGOPMyAaX HEM3MEHHBIM OCTAETCA CKO-
poctb cBeta. Ha camoM AeAe kaTacTpoduiecku napaeT AMHeliHas
CKOPOCTb (POTOHA ¥ HAYMHAETCSI €r0 OTKAOHEHME B CTOPOHY Bpaliie-
HU3l KBAaHTOB IPaBUTAILMM, 060AOYKM BCEAEHCKOTO [IPOCTPAHCTRA.
Ho pasBe He TO e camoe MPOUCXOAUT € KopnycKyaamu «CoaHEedHOro
BeTpa», Ha rpaHMLax CoaHeyHOI cucTeMbl? PasBe He 3TOT e mpoLecc
3aperucTpupoBaH aMepukaHckumiu «Bosokepamu»? Takum obpasom,
CUAA rPaBUTALIMM BCEACHCKOM OO0AOUYKM AEMCTBYET KaK CMAa OTTaA-
KMBaHUS AASI MEXaHHMYECKUX MACC, HO SIBASIETCS TAODaAbHOM cuAOi
NPUTSHKEHNA AL GPOTOHOB Ay4eBBIX SHEPIMIL. ‘
(DoTOH HUKOTAQ HE YMPET C I'OAOAA B NIAOTHOM TPaBUTALMOH-
HOJ 060AOYKE, TAK KaK OH B HE¥ CTaHeT «CcoOMpareAeM» TETAOBBIX
KBaHTOB, KOTOpble 0OPa3yloTCs B Pe3yAbTaTe IHEPreTUYECKONM CMep-
TH KBaHTOB rpasuTaiuu. Ho pasBe He HayKa yTBepKaaeT, YTO Ter-
AOTa peolpasyeTcs B yCKOpeHMeE TAa3Mbl M MEXaHMYECKUX MacC,
HanpuMmep, npyu pabore pakerHoro apurareas? 2tot GakT AoKasaH
HE CTOABKO HayYHOJ Teopyei, CKOAbKO ITPAKTUKOH paKeTOCTPOCHMA.
YTo npoUCXOAUT B peaAbHOCTH, MBI C BaMU DaCCMOTPEAU B Bbillie-
MPUBEAEHHbIX rAaBax aToi kuuru, Gakr ocraercsa dpakrom. B 060a0u-
Ke BceAeHHOJ y>Ke He yacCTUIIbI MacChl, 2 KBAaHThI TPaBUTALMH, OCBO-
60)XAa4Ch OT KBAHTOB TENAOTHI C IOMOIIbIO IIONABIHNX B MIX CPEAY
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¢doroHoB, u3AyIaeMbpIx MexaHudecKMMU Maccamu Bceaennoit, no-
AYHAI0T MMITYABCBI CUABI YCKOpeHus. CYyMMapHO€ BO3AEHCTBUE HTHX
MMITYABCOB KOAAEPXMBAET CTaOMABHYIO CKOPOCTb BpPAIleHHs 3a-
IfMTHOI IPaBUTAMOHHON 000A0UYKH ¥ o0ecnieunBaeT HeMsMeHsIe-
MOCTDb BO BpeMeH! BHYTPEHHero 00beMa BCeAEHCKOTO NPOCTPaH-
crBa. CIycTst MUAAMOHBI MAM MMAAMAPADBI AET Y TIDOMAS 32 5TO BpeMst
He 04eHb O0ABILOE PACCTOAHME, U3MEPSEMOE ACCATKAMU METPOB, $o-
TOH HaKOIIUT TaKoe KOAMYECTBO HeaKTVBHPOBaHHBIX KBAaHTOB TENAO-
BOJi DHEPIUH, YTO CTAHET CIIOCOOHBIM IIPEOAOAETDH BHICOYANLIYIO BA3-
KOCTb M IIAOTHOCTb IDaBUTALIMOHHOM ODOAOUKIM BCEAEHCKOTO IPO-
crpaHcTBa. Ha pAeae GoTOH nepesipeT Ha APYroit KBaHTOBRIA YPOBEHD
coOcTBEeHHOM aHepreTMKNU. Ero upeBo mpocTo HamoAHWTCA MUINER AO
KPUTHYECKOTO IIPEACAA, M OH CAMOCTOSITEABHO BbIOepeTcs 13 «IiAeHa»
rpaBUTaLVH, U YCKOPEHHO YCTPEMUTDCS B HAIIPABAEHMM PaCIIOAOGXKe-
HMSE TAQBHBIX BCEAEHCKMX Macc. VIHpopMaLoHHast HEAMHEHOCTD OA-
HOPOAHOTO IOASI TPaBUTALIMK, KaK Mbl YCTAHOBMAM B OAHOM U3 HPEABI-
AYIIMX TAaB, paeT npubasky ckopoctu poroHa, pasHyio 8,5 km/cek.
Ho Kak 651 $OTOH HM YCKOPSAACH, KaK TOABKO €r0 CKOPOCTb CTaHeT
HIKE CKOPOCTH CBeTa, Ha Beanumny B 207,5 kM/ceK, TaK OH mepe-
AeT Ha CTalMOHaPHOEe ABMIKEHMe C IIOCTOsIHHOM CKopocTbio. B arom u
ecTh pacmu$ppoBKa TallHbI TEOPUN OTHOCUTEABHOCTH, KaK ¥ ee (pu-
3MYECKUIA CMBICA.

3aAyMbIBasCh 06 s3HEPreTHKeE, & TAKXKE O IOPAAKE YaCTOT M AAMHE
BOAH (OTOHOB, KOTOpBIe BHIGPACHIBAIOTCA M3 IPABUTALMOHHONM 0060-
AOYKM BceAeHHOI, IPUXOAKIID K BHIBOAY, UTO STUMM YACTOTAMM MO-
IyT ObITE ABAa THUIA «XOAOAHBIX» M3AYYEHMI PAAMOBOAHOBDBIX AMA-
nasoHoB. Bo-nepBhIX, YaCTb CIIAOIIHOTO CITEKTPa «XOAOAHOTO» «pe-
AMKTOBOTO» U3AYYeHMs «M3rOTaBAMBAETCs» HE TOABKO Ha TPaHMIfaX
CoAHEYHO! CUCTEMBI, HO ¥ HEMOCPEACTBEHHO B 000AOUKe Breae-
HO¥. DTO QaKT HMKAK HE OTMEHAET MOM PACCYXKAEHMA, UTO «PEAMK-
TOBOE» U3AYYEHUE «M3TOTABAUBAETCS» Ha rpaHuAX COAHEYHOM CUC-
Te€Mbl, HO PACHIMPACT NOHUMAHUE IIPUPOABL 06pa303aﬂvm «PpEAUK-
TOBOTO» M3Ay4eHMs. ToABKO 3T¥ QOTOHBI, KOTOPhIE OPOXAAIOTCS B
060A0uKe BceAeHHO, MMEIOT AMLIb KOCBEHHOE OTHOLLIEHME K TeM ¢o-
TOHAM, KOTODBIE IKOOBI OTOPBAAUCH OT MaTepyuu Yepe3 400 Toics AeT
HocAe ropsiaero «BoabLoro B3psiBa» ¥ HEM3BECTHO TAe GAYXAAAK U
OCTBIBaAM AO TeMItepaTypbl MuHYC 273 rpasyca lleabcus. Aro6oit dpo-
TOH HAayKa CUMTAeT TOPAYMM He 110 KOAMYECTBY CKPBITBIX TETAO-
BBIX KBaHTOB €TI0 IIEHTPAABHBIX HEAP, A 0 KOAUYECTBY IAEKTPO-
MarHuTHOV SHEPTUH, a 3TO He OAHO M TO Ke. PasBe «xpacHoe cMe-
eHMe», KOTopoe obecneunBaeT BceaeHCKast 060A0YKa Aas poToHOB
A060r0 CIeKTpa, HaM HU O YeM He ToBopUT? COBEPUIEHHO OYEBMA-
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HO, 4TO BCe QOTOHBL, MOObIBaBIIME B OKPECTHOCTAX BCEACHCKOM 000-
AQUKM MAM B ee TIEPBOM 3allUTHOM CAO€, TEPAIOT SAEKTPOMArHUTHYIO
SHEPIMIO M NPUOGPETAIT HEM3BECTHOE KOAMYECTBO CKPHITbIX HEAaK-
TUBMPOBAHHBIX KBAHTOB TENAOBbIX oHepruit. OTcl0Aa HanpamyBaeT-
CA BBIBOA, UTO 4YeM HIDKe 3HepreTnxa GOoToHa «PEAMKTOBOTO» M3-
Ay4eH#s, TeM Ha GOABLIYIO TAYOHHY TaKoit HOTOH MOT NPOHNKHYTD
B 060A0uKy BceaeHHOM, a 3HAYMT, B HeM 00AbLIe HEAKTUBUPOBAH-
HBIX KBAHTOB T€NIAOBBIX 9HEPTM.

B cBsi3u ¢ 9TMM QOTOHBI «PEAUKTOBOTO» U3AYYeHMsE He DAyKAa-
AM HEM3BECTHO TAe 13,7 MuAAMapAa AeT, 2 HAXOAMAMCE B HIDKHUX CAO-
AX BCEAEHCKOi1 060A0YKM. Aa U HaYaAu OHU M3AYYATbCS U3 BCEAEH-
CKO 060A0UKM He CPa3y, a TOABKO ITOCAE COTBOPEHMS 3eMHOM KU3HY,
TO eCTb, IpuMepHO 3,8—4 MuAAMappa AeT HazaAh. A0 aTOro Bpeme-
HU TaKoe usAydeHme Obiao 6bI AMIIEHO BCAKOro cMbicaa. TIpu aTom
MPOLIECC IOPOXKAEHNA HOBBIX POTOHOB «PEAMKTOBOIO» U3AYYEHHA
HMKOTAQ He OCTAHABAMBAACA M He OCTAHOBHMTCHA, MOKA CYIECTRY-
eT 000A0YKa U Macca BCEACHCKOTo npocTpaHcTBa. Ho Beab «xon04-
HBIE» MU3AYYEHHA HE 3aKaHYMBAIOTCA HAa CNAOLIHOM CITEKTPE AManaso-
Ha «PEAUKTOBOTO» U3Ay4eHUs. ECThb ele M «XOACAHBIE» U3AYYEHUA
CBEPXAAMHHBIX BOAH! BOT 3TOT BTOpO# MPOAYKT XXM3HEAEATEABHO-
CTY BCEACHCKOM 000AOUKY HE MeHee BaXKeH AAS CYIIIECTBOBAHUSA 3€M-
HOJ ’KM3HM, KaK M AAS DETYAMPOBaHMA MATEPHAAbHbIX IIPOLIECCOB He
TOABKO B OKpeCTHOCTAX COAHEYHO¥ CHCTEMBI, HO ¥ II0 BCEMY Npo-
CTpaHCTBY BceaeHHOM. XOAOAHBIE YACTOTHI CBEPXAAMHHOBOAHOBO~
TO AMAIIA30HA TAKXKe M3AYYAIOTCH BCEACHCKOI 000A0KOM. AAMHDL
BOAH MOT'YT MU3MEPATHCS AHAMU, FTOAAMM, THICTIEACTHAMMU U AdKe Ae-
caTKaMM ThicAY AeT. Hayka npuHumaeT cBepXAAMHHOBOAHOBbIE (o-
TOHHBIE U3AYYEHMs TPaBUTALMOHHOI 060AcuKM Bceaennoit 3a «be-
Ab1st miym». Ho MHoOr1e yueHbie yxxe 1 6e3 Moeli TOMOIIM AOTaAAAUCE,
YTO MeAAEHHbIEe u3MeHeHus GoHa «6eAoro myma» NPUBOAAT K 3Ha-
YMTEABHBIM M3MeHeHUsM U3MYECKUX CBOVMCTE MaTepuu. B xauect-
Be SKCIEPUMEHTAABHOrO MOATBEP>KACHHS IIPUBOAATCS 3aBMCHMO-
CTH, HaNpHMeEP, DAEKTPONPOBOAHOCTH OT MHTETPAABHON BHepre-
THKH «6eaoro myma». Ho Hapo ckasarb 6oapuie. AloGast KoHeYHas
IIAOLIaAb TPaBUTALIMOHHON 000AOUKY chepuyHa U ABASETCA PAAMO-
AOKAUMOHHONM aHTEHHOJ, C TOMOIIBIO KOTOPOi1 MOXKHO BO3AEICTBO-
BaTb HE TOABKO Ha AOKaAbHbIE 06AACTH raAAKTHYECKNX 00pa3oBaHui,
HO AQXKE Ha OTAEABHBIE 3B€3ABI ¥ TIAAHETHI BHYTPU IAAAKTUIECKUX 06-
pasopaHuii. [pasuTanmonHan o6oaouxa BeceaeHnoit asasgercs rao-
GaAbHBIM PETYAATOPOM, CIIOCOOHBIM YCMAMBATD MAM 33aMEAAATH
¢dusnveckne npoueccs B A1000i AOKaAbHOM TOUKe MAM 06AaCTH
BCEACHCKOTO POCTPAHCTBA.
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D10 yTBepKACHME, @ TAKOKE caMa Pu3nHecKas «IpeACTaBUMOCTE»
chepudecKoit CeMUCAOIHOM BCEAEHCKO 0O0AQUKY B BUAE onalimm-
HOJ aHTEHHbI HACTOABKO OYEBMAHA, YTO He TpebyeT HUKAaKMX HOACHe-
Huit. PasHble chepuueckue «BOTHYThIE» MOBEPXHOCTY MCTIOAB30BAAK
B AP€BHOCTHM ¥ B Hallle BpeMs AAf MFHOBEHHOTO MH(OPMALIMOHHOTO
AAABHOAENCTBUA M IpeacKasanusa Gyayumero. B CCCP «3epkasa Ko-
3bIpeBa» UCIIOAB30OBAAM B OIBITAX TEACTTATUYECKOI MHPOPMALIMOHHOI
cBs13U MeXAY HOBOCHOMPCKOM 1 OCTPOBOM AVIKCOH, a 3aTEM M AASL Fie-
peaauyt TeaemaTuveckoit uudopmanun no BceMy Mupy. PaGoramu py-
KOBOAMA aKapeMuK KasHaueeB. AOCTUIHYTH TOAOKUTEABHbIE PE3YADb-
TaThl, HO TeMa 3aKpPbITa, KaK AKeHayyHasd Ho noyemy «axenaydHasn?
IMoroMy uTO COAMIKAET HAYKY C pEAVTHEI, 2 3TO HEAOIYCTUMO, TIO MHe-
HUIO Y4YeHbIX peTporpapoB. BoT u oka3sbiBaeTcs, YTO MMPOBbIE DEAU-
ruu 6oaee mpaBhl, YeM COBpeMeHHas HayKa. VIMeHHO peAnruy, ewe
AECATD THICAYEAECTUI Ha3ap, OMPAsCh Ha OoAee ADEBHUE 3HAHMA, YT-
BEP’KAAAM M YTBEPXKAQIOT Ceitvac, YTo 60XKeCTBEHHbIE CUABI yIIPaBAe-
HUA HAXOAATCA Ha ceMu Hebecax. ITpuuem dem Bhlilie HeGO, TeM GOAB-
1€ YIIPABASIIOIas CUAA, TOM MBICASIIEN CYLIHOCTH, YTO 3aHUMAET Ipe-
CTOA HeOeCHOTO ¥ BCeACHCKOro yrpasuteas. 06 Toit McTHHE BOIMIOT
anokpudunyeckue ckazanusa EHoxa, HO K10 Mx cAabiuut? B Moeit Kuu-
re «AOKTpMHa Hay4HOro BoromnosHauus», ¢ HEKOTOPHIMY OLIMOKaMH,
TOXeE CKa3aHO 00 yIpaBAsioweif CMAe ceMu HebeC, HO Bpsip A KTO U3
YUYEHBIX A2Ke OTKPBIA 3TY KHUTY.

Ho, TeM He MeHee, IOBTOPI0, YTO MMEHHO IPaBUTAL{MOHHAs 060-
AOYKa BceAeHHONM ABASIETCA TAABHBIM OPraHM3aTOPOM BCEAEHCKOW
TApMOHMM U TEM MECTOM, TA€ PACIOAAralTCs BbICIIME BCEAEHCKUe
Ayxu Aasaxa-Casaoda, SIxee u MeroBbr. HacTuuHo paszobpaBimcs ¢
MAPUMUHAMM «KPACHOTO CMEWEHNUA» Y QUBUKOM TEOPHU OTHOCUTEAD-
HOCTH, MOXXHO CKa3aTb, uTO BceaeHHas CO BceMH ee MeXaHNYECKHU-
MM MaccaMm ¥ MOAeBbIMM (GOpMaMM MaTepuu SBASETCH cCaMope-
TYAMPYeMOIi CUCTEMOl, TAe GPYHKIUN YIPABASIIOIUX PETYAATOPOB
MCOOAHSIOT TpM dakTopa. IlepBbiM U rAaBHBIM GaKkTOPOM SABASA-
€TCS HECKMMAEMBbII M He PAaCIIUPSIOIMIACA, 3 CTPOro QUKCUPOBaH-
HblI1 06beM BceaeHHoit. Bropeim ¢dakTopom sBAsiercsi peryampye-
MBI TapaMeTp, KOTOPBIA HayKa CYATAET PEAAbHON M OKOHYATEABHOM
maccoit BceaenHoit. Ha camoMm AeAe 3TO He peaAbHas, a IPOABAEH-
HaAg Macca. AMara3oH M3MEHEHMs MacCChl MO>KeT BapbUPOBAaTbCS, OT
3HAYMTEABHBIX MACC «YEPHBIX ABIP», [TOPOXXAEHHBIX «HOPMAaAbHBIMMU»
MaccaMy KPYIIHBIX 3Be3A, AO TaKMX )K€ MOILIHbIX IpHpalleHUIl Macchl
3BE3AHDBIX TEA M UX CKOMAEHUIT BOAM3U BCeAeHCKol 060Aouku. Hu-
4ero APyroro He MoKeT MCIIOAb30BAaTh MeXaHMYeCKas Macca AAA
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npupamenun coOGCTBEHHON MacChl, KPOMe pe3epBa BHYTPeHHel
sHeprum. [Ipupaienue Macchl — 3TO HE YYAO TEOPUM OTHOCUTEAD-
HOCTH, a IPOsAIBAGHME TIPH HEOBXOAMMOCTH COBCTBEHHOM CKPHITOM
MeXaHU4YeCKOM Macchl HeGeCHOTo TeAa, YToObl He IOBPEAUTH BCe-
AGHCKYIO 060AOYKY U BEPHYTHCSI B IAPO MeXaHMYECKMX Macc Bce-
AEHCKOro IpOCTPAaHCTBA. IpeTbuM (aKTOPOM aBTOMATHUYECKO-
IO PEryAUPOBAaHUA ABAAETCA CPEAHSA MAOTHOCTb MEXaHMYECKHX
Macc, Koropasi paBHa 10 rpamm/Kybmueckuit canrumerp. Hay-
Ka pacCuMTaAa, YTO €CAM MAOTHOCTb MexaHudeckux Macc Bceaennon
YBEAMUMTHCH A0 BeAMunHEL 0T 10 A0 2 x 10 rpamm/ KyOnueckuit
CRHTUMETP, TO €CTb, BCETO Ha OAVH — ABa TIOPSIAKA, TO MeXaHuye-
cKas macca BceaeHHoM nepeitper x cxaruio. [To MHEHMIO TOKOMHO-
ro akapemuka S1.6.3eabp0BUYA, Bece 15 MMAAMAPAOB ACT CBOEI XXM3HM
BceaenHas pacumpsaaach u OYA€T paclNpATbCA ellje 35 MUAAMAPAOB
A€T, a TOTOM 50 MUAAMAPAOB AeT GYAET MPOAOAXATHCS BCEAEHCKOE
CKaTHe A0 COCTOSIHUA OAHOTO CyriepaapoHa. B csoux npexsnx pabo-
TaX, A2 ¥ B aT0M paboTe, ONMPAsACh HA AAHHbIE PEAUTHO3HBIX UCTOY-
HUKOB, ¥, IPEXAE BCEro, CYUTas poskaenne Mucyca Xpucra BphICIKUM
9TANOM 3BOAIOLIMY HE TOABKO 3€MHOTO YeAOBEYeCcTBa, HO U Bceaen-
HOA, 51 YTBEPXXAQA, YTO CxkaTue BceaenHolt y)ke HauaAOCh, HO TOABKO
HayKa 5TOro He 3aMevaer.

YcTaHOBUB caM AASl cebf HeM3MEHHOCTb M He3aBUCMMOCTb OT
BpeMeHM (Pu3MIeCKMX PasMepOB BCEAEHCKOM 060AOUKH, A OTKA3bI-
BAKOCh OT MPEANOAOKEHH, YTO BceaeHHas nepelnaa K 9TAIy CxKa-
Ths. [ToKa Bo BceAeHHOM IPUCYTCTBYET CKPBITHIN pe3€pB MeXaHuve-
CKOM Macchl, OHa GYAET COXPaHATh MOCTOSHCTBO CBOMX (PU3UYECKUX
pa3sMepoB B HEM3MEHHOCTH, KaK HEM3MEHEH pasMep aTOMOB M MOAe-
KYA IpM HeM3MEHHOCTH KBaHTOBOTO 3HEPTeTUHECKOTO YPOBHA MX 3a-
IDUTHBIX 060AOYeK. PaciMpeHe BCEAEHCKOIO MpOCTPAKCTBA, eCTh
AVIIIIb MAAIO3UA, TIOPOKAEHHASL «KPACHBIM CMEIIeHMEM» U HE TIOHU-
MaHMeM (QU3NYECKOTO CMBICAA (PODMYA TEOPMU OTHOCUTEABHOCTH.
B To e BpeMsi HEBOSMOXHO COTAACUTBCA U C MHEHMEM 3EeAbAOBH-
4a, uTo 50 MMAAMApAOB AeT BceaeHHast OyAeT paclMpATbCS, a 3aTeM
50 MMAAMAPAOB A€T CBEPTHBAThCA. Bo-nepBbiX, 5T0 MHEHME NIPOTU-
BOPEYMT KBAaHTOBOJ/ MEXAHUKE, a, BO-BTOPBIX, HUKAKOTO PEaABHOTO
«paclIMpeHys» He MPOMCXOAUT. Ha nepudepuy npurpaHnyHbIX 06-
AACTelt BCEACHCKON 000AOYKM NPOMCXOAMT PacTATMBaHME MacClUTa-
6a BpemeHu M COKpaljeHue MaciTaboB pacCTOSIHMIA, B TOM UMCAE U
Maciuraba ckopoctu cBera. EcAu MameputeAbHas AMHENKa OT Be-
Anauzsbl 300 000 xM/cex cTaHOBUTCA PaBHOM, HanpuMep, 8 KM/ceK,
TO KaK MOXKHO NIEPEHOCUTDb 3TH PacIIipeHNs U CKAaTUA BHYTpeH-
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Hero NPOCTPAHCTBA Ha camy 060A04Ky BceaenHol, koTopas 06s-
3aHa ObiTh CTAaOMABHOI B CBOMX M3UvYECKMX pa3Mepax, IMOTOMY
YTO COIPHKACAETCA ¢ UHGOPMALIMOHHBIM IPOCTPAHCTBOM BHEBpe-
meHHoro abcoarora? K ToMy >ke cama HayKa npu3HaAa, YTO «KpacHOe
CMeleHre» MOXHO OOBACHUTD AOTIAEDOBCKMM M3MEHEHUEM YaCTOTHI
(OTOHHOIO M3AyYEHUA TOABKO AASI AYYEBBIX MCTOUHMKOB OAVDKHMX
TaAaKTHK M Fa30BbIX CKOIIAEHMIL. AAS AAABHMX CKOIIACHMI MeXaHMU-
YeCKHUX MacC «KpacHOe CMeleHIe» 06pa3yercs paCcCTOSTHUEM U SIB-
Astercst QyHKIuen paccrosaus. Ho MBI ¢ BaMy TOABKO 4YTO YCTaHO-
BMAM, YTO «HEAOTIAEPOBCKas», KaK M AOTAEPOBCKas, COCTABASIOLIME
«KpacHOTO CMeEIleHuA» 06pasyloTCa BoBce He PU3NIECKUM PaccTos-
HUEM UCTOYHMKa CBeTa OT HabAioaaTeAst, a GAM3OCTDIO STOTO UCTOY-
HHMKa K BCEAEHCKOM 000Aouke. Hem OAMIKE UCTOMHUK U3AYYEHHS K
HEKOAeOMMO TBEpAM BCEACHCKOI 000A0UKN, TeM GOABILIE «KpAC-
HOe CMellleHMe» M MeHbllle PeaAbHAsi CKOPOCTD 3BE€3AHBIX CKOIAe-
HUA MeXaHMIeCKHX Macc.

Tlpu 5TOM He3aBUCUMO OT TOTO, OYAET AM MeXaHMYECKOe CKOM-
A€HMe YCKOPEHHO TOPMO3UTHCA Ha MOAAETe K BCEAEHCKOM 060A04-
K€ MAM YCKOPEHHO PAasTOHSATCA, Ha OOpPaTHOM MyTH, KpacHoe cMelle-
HHe OYAET MaAO MEHATHCS OT IlapaMeTpa CKOPOCTH M YCKOPEeHMil Me-
XaHMYECKMX MaCC, TaK KaK 3aBMCUT TOABKO OT OAM30CTH CKOIIAEHUA
MEXaHUYECKUX MaCC K HeKOAeOMMOI TBEPAU BCEACHCKOIM 060A0UKM.
C TOYKM 3PEHUA SHEPreTUYECKMX IPOLECCOB, CKOMACHMSA MEXaHM-
YECKMX MAacC COBEPIHAIOT KOHBEKUMOHHBIN MPOHECC BOCXOXAEHUA
K BCEAEHCKOU 060A04Ke, uTOObI TiepeAaTh eil HapaboraHHble $oTo-
HBbI AyueBbiX sHepryit. OcBob6oAMBLIMCE OT GOTOHOB, MeXaHMYECKas
Macca yMeHbIIAeTCs B IPOCTPAHCTBEHHBIX 06beMaX U MAOTHOCTD ab-
¢eKTUBHOM MAcChI 3BE3SAHOTO CKOTTAeHMst HapacTaeT. Ho, kpoMe Toro,
BOAN3M BCEAEHCKOIt 060A0UKH CHEPOMABI ATOMOB M MOAEKYA M BCeX
HebeCHBIX TEA PaCTATMBAIOTCA M CTAHOBATCHA NPOCTPAHCTBEHHBI-
MM aAAMIICOMAAMM. Macca B TaKMX NPOCTPAHCTBEHHBIX SAAMIICOM-
AAX pacrpeAeAeHa acMMMeTpM4YHO. Macca Kax Gnl epeTekaer U nepe-
pacnpeaeasiercs. Ta 4aCTb SAAMIICOMAQ, KOTOpasi HapaBA€HA K L{eH-
Tpy BceAeHHO, CTAaHOBUTCS CBEPXMACCHBHOM M AEMOHCTPUPYET BCIO
CBOIO CKPBITYIO MacCy, @ B HEBUAMMOM OKOHEYHOCTH BAAUIICOMAQ, Ha-
TIPaBAEHHOMY K 060A0uke BceaeHHOI, Macca KaK Obl OTCYTCTBYeT.
Dddexr «pacTsKenus» 3Be3p 0OHapykuA B Hadase XX BeKa BeAU-
Kuit pycckuit acTpodusux u MaTeMaTuk KossipeB, HO BUAMMO He yC-
neA Aarb 3ToMy 3 dekTy nmpaBUAbHOro 06bsicHeHUs. ITo dakTUye-
CKO€ AMHEHOEe PacTSKEHUEe, PEAABHO Y1 MHOTOKPAaTHO YBEAMYMBAET
3¢ PeKTUBHYIO MacCy 3Be3A U 3BE3AHBIX CKOMAEHMIA, YTO CO3A3ET UA-
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AIGSHIO «PaCIIMPEHMsS» BCEACHCKOIO IPOCTPAHCTBA U OAHOBpEMeH-
HO CAYXXMT NPMYMHON 0OPaTHOro BO3BpalleHNs 3Be3AHOTO CKOIIAe-
HUsA B Heppa BceaeHHOM. 3BespHOe CKoOlA€HHE, YBeAMuUMBaeT (-
dexTHBHYIO MacCy 3a C4eT BHYTPEHHEro pe3epBa CKPBITON MacChl,
0e30 BCAKOM MaTeMaTU4YeCcKoil Maruu Teopum OTHOCUTEABHOCTH, U
BO3BpAILAETCS [0 HUCXOAALEMY KOHBEKIMOHHOMY TOTOKY K TAaB-
HbIM MaccaM Bceaennoit. Hukakux uysec 1 Hudero HoBoro. ITop06-
Hble KOHBEKLMY [IPOTEKAIOT BO BCEX ATOMAaX Y MOAEKYAAX, B TBEPABIX
TEAaX ITAQHET U 3Be3A, B aTMoCcdepax MAAHET U 3Be3A, B TIOBEPXHOCTAX
HeBeCHBIX TeA, KOTopble AK06BI He uMeloT armocdepsl, B Koabljax Ca-
TypHa 1 B aTMocdepe BeHepsl, a Taioke Ha nepudepun Bcex raaakTH-
YECKUX 3BE3AHBIX U IBIAETa30BbIX 00Pa3oBaHMI.

Bce nepndepun MEXaHMYECKMX COCPEAOTOYEHHBIX MAM pac-
CPEAOTOYEHHBIX MACC B TO )K€ BpeMs SIBASIOTCSH U MX aTMocdepa-
MW, MBI, 3eMAsIHE, ITO2THYECKN M AACKOBO Ha3biBaeM Halry armocde-
Py He6oM MAM paxe HebGecamu. TBepAb 3eMHOTO «6e3A0HHOTO» Heba
He AaeT BO3MOXXHOCTY aTOMaM M MOAEKYAaM 3eMHOi1 aTMocheps! rmo-
KMHyTb 3emai0. Ho B 10 e Bpems Halue 6e3poHHOe He6O ynupaeT-
€l B HECOKPYHIMMYIO TBEPAD CeMH HeGec BceAeHCKos 000A09KHu. 3a
TIPEAEABI 3TOI 000ACUKM He MOXKET BRIMTH He TOABKO BCAKOE MaTe-
PHaAbHOE TEAO, HO M AYX Y€AOBEYECKHUX AYHI, KOTOPHIil He 0CBO0O-
AMACH OT 3Aa, HEHABUCTH, IOAAOCTH, (PapuCeiCKOM AXKHM M APYTHX
MHOTOYMCAEHHBIX COOAA3HOB M MCKYIIEHMI1 HAIllero MOAAOTO M ABY-
AMYHOTO Beka, PaccMOTpuM, Kak B peaabHoCTH 000A04Ka BeeaenHoil
OCyIIeCTBASIET yIpaBAeHUe BHyTPeHHUMY o0beMaMy Macc, C IIOMO-
B0 CPEAHEN ITAOTHOCTHIO BCEAEHCKOI Macchl U a¢dexTMBHONM Mac-
cbl BceaeHHo#? 3aech TOXKe HUYEro HOBOro HeT. Mcmoabayercsa TOT
XK€ MPUHLUIT MAABIX OTKAOHEHHH CPeAHEN  TAOTHOCTH B AOKAABHBIX
06AaCTAX BCEAGHCKOTO MPOCTPAHCTBA, a IIPU HEOOXOAUMOCTY U OT-
KAOHeHMe 3¢ beXTHBHOM Macch BceAeHHOI B CTOPOHY YMEHbIIeHUs
uamn Hapactauus. Cob6cTBeHHO, adPeKT pacmiMpeHUss BCEAEHCKOTO
NPOCTPAHCTBA M NOPOXKAEH YIIPABASIIOWIMM BO3AEHCTBIEM BCEACH-
ckoil 060A04ku. PaccMoTpuM TOABKO o6uiue npuniunel. [TpeacTa-
BHUM MBICAEHHO, YTO 32 CUET MEXaHUYECKO IlepepabOTKN BCEAEHCKUX
Macc, B KBaHTbl TPABUTALMY, B KBAHTHI MAarHUTHBIX SHEPTUit U B do-
TOHBI AYY€eBbIX 3Heprui, appekTUBHas Macca 3Be3A HAYHET YMeHb-
aThCsA. A Tak M IPOUCXOAUT, ecAut COAHIIEe €XKeCEKYHAHO IEPEBOAUT
B AYMEBYIO 3Hepruio 4,65 MMAAMOH2 TOHH CBOeif Macchl. Apyrue aBpes-
ABI B CBOEM DeCUMCACHHOM KOAMYECTBE AEARIOT TO e camoe. Ho ecan
a¢ddexTUBHAsA Macca eXKeCEKYHAHO B o6'beMe Beeit BceaeHHOM yMeHb-
IHaeTcsl, 4ero HEBO3MOXXHO OTPULATD A@XKe TTPOABUHYTOMY YUEHOMY,
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TO CPEAHASI IAOTHOCTD ITaAQET M YCKOPSET, TaK Ha3bIBaeMbIi Mpo-
Liecc paciMpeHsa BCeAEHCKOro NpocTpaHcTBa. Ecau 6b1 BceaeHHas
HE MIMeAa HECOKPYLLIMMOI TBepAU COOCTBeHHOI HebeCcHO 000A0YKHY,
TO OHa ARBHO Obl IPMINAA K TRKOMY Ke 6e3rpaHMIHOMY Xa0CY, K KO-
TOPOMY YCTPEMHMAOCh COBDEMEHHO€ YeAoBeyecTBO., Ho B peaAbHoit
BceaeHHOM BOCXoAALME KOHBEKLIMOHHBIE IIOTOKU 3BE3AHBIX CKOTIAE-
HUJ HAIMTBIBAIOT TBEPAb BCEACHCKOM 000AOYKM dHEPIHeil 3Be3A -
HBIX M3AYYEHMI, ¥ €€ «OTTAaAKMBAlOImasg» CHAA BO3pacTaeT mpo-
HOPUMOHAABHO YMEHBIIEHUIO CPEAHEN MAOTHOCTU. HeBUAMMO AAs
3eMHOro HabAAaTeAs 06'beMbl BCEACHCKOT'O NIPOCTPAHCTBA YMEHbD-
LIAOTCs, YTO BOCCTAHABAMBAET CPEAHIOI0 IIAOTHOCTD MaTepUH B KO-
651 HenaMeHHOM BeanumHe 102 KMAOrpaMM Ha KYGUUECKMit MeTp.
Ho 3T0 TOABKO BUAMMAS YaCTh yIIpaBAsioiiero gakropa BCeAeH-
cKoit 000A0UKM. MBI C BAMM YIIOMMHAAM, O MEAAEHHOM W3MEHEHUM
MHTETPAABHOTO YPOBHS «6€A0ro IyMa», KOTOPbI HPOU3BOAAT BOA-
Hbl CBEPXAAMHHOBOAHOBOTO AMAlla30HA, MCXOAALIME U3 BCEAEHCKOM
000A0YKHK. 3a CHeT HMOAHOIO MOAOOMA AGOM OrpaHUYEHHOM TAO-
IAAM BCEAEHCKOI OB0AOUKM aHTEHHE PAAMOAOKATOPA UAU TEAECKO-
113, OHA CITOCOOHA HATIPABUTH YAPABASIOIMIA AYd AAMHHOBOAHOBBIX
BOAH B AIOGYI0 KOHKPETHYIO 00AACTh MPOCTPAHCTBA M AQXKE Ha OT-
AEABHYIO 3BE3AY AU MAAHETY. DTO KACAeTCS HE TOABKO BOAH AAUVH-
HOTO ¥ CBEPXAAMHHOTO AMAllasoHa, HO ¥ CIIAOIIHOI'O CIIEKTpa «pe-
AUKTOBOTO» M3AyuYeHHMA. «PEAMKTOBOE» M3AYYEHME HEHYXKHO AASA
TeX 3Be3AHBIX CKOIAEHUM, TAe HeT >ku3HU. HaM, 3eMHbIM >KMTeAsM,
«PEAMKTOBOE» M3AyJeHMe NPUHOCUT Te KBAHThI TENAOBBIX dHep-
TUH, KOTOphble B CKOPOM BpeMeHU, NMPONAS Yepe3 pacTUTEeAbHbIA
M KMBOTHBIN MUP, CTAHOBATCS MBICAUTEABHOM CYIHOCTBIO Y€AO-
BevecKkux Ayl [ToaToMy st yOexxAeH, YTO BCsI SHEPIUs «PEAUKTOBO-
ro» U3AYYEHUA BIIOAHE OCO3HAHHO, a HE IO CAYYaTHOCTH CAETION Ma-
TEPUY, HANMPABAACTCA NCKAIOUUTEABHO B COAHEYHYIO CHCTEMY, UMes
bOoKycoM HaBeAeHMs, Hally )XM3HETBOPSIyIo AaHeTy 3emast. Hy uro
e «beAblit myM»? KakoBO €ro BO3AECTBME Ha MEXaHUYECKHE Mac-
Chbl BCEAGHCKOU MaTepuu? ¥ Hero MOXeT ObITh LieAbL¥ CIeKTP YIpaB-
ASIIOLIMX BO3AENCTBUIA, O KOTOPOM MBI C BaMM A@XE He IIOA03peBa-
eM. fl CKaXXy TOABKO O raaBHOM. «beabiit mrym» B3aMMOAENCTBYET C
LIeHTpaMH TsDKeCTel HeGeCHBIX TeA, a Yepe3 HUX M C HeHTPAMM Ts-
>KecTeil BCero MHO)KECTBA aTOMOB M MOAEKYA, M 3TO B3aMMOAENCT-
BUe MOAAEPKUBaeT CTabMABHOCTD NapameTpa 3¢ PexTusHOl Mac-
Cbl BCEX HeOEeCHBIX TeA BCEACHCKOTO IMPOCTPAHCTBA U COXpaHSET
BCEACHCKYIO0 TApMOHUIO HeOecHOI MexaHnku. Tak 4to omubawTCs
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Te y4eHble, KOTOPBIE CYMTAIOT, YTO B PE3YABTATE U3AYIEHUs POTOHOB,
KOCMUYECKUX Ayyeil, KBAHTOB MarHUTHOM SHEPruy U KBAaHTOB MOAA
rpasutanuy, adpdexrrpras macca COAHIIA €XKECEKYHAHO YMeHbIlIaeT-
cs1 Ha 4,65 MMAAMOHA TOHH.

VMeHblIaeTCsl CKphITas Macca pe3eppa MeXaHUYECKOM Mac-
CBI, YTO SABAAETCA OOBEKTMBHOI PEAAbHOCTBIO, a 3 deKTHBHAS Mac-
ca CoAHIIa, KaK TPUHsAA 3HayeHue npumepHo 2 x 10% kuaorpamm
eme 4,5 MMAAMAapAA AeT Ha3ap, HHOCAe COTBOpeHMsa mNaaHer Coa-
HEYHOM CHICTEMbI, TaK ¥ OYAET YAeP)KMBATh 3TO 3HAY€HMe MACChI AO
KOHIIa COOCTBEHHOM >XU3HEeAeATEeAbHOCTH. TIpuyeM CpOKM KU3He-
AesiteAbHoCTH COAHLIa 3apaHee COTAaCOBaHbI CO CPOKaMM XXU3HeAesI-
TEABHOCTM Beeit BeeaeHHOI, a HEOOXOAMMBIE YIIPABASIOIIME KOPPEK-
TYPBI BHOCATCS BCEACHCKOIT 060A0uKO0. 0600115251 3TOT BBIBOA, HAAO
CKasarb, uTo 3¢ pekTuBHaa macca BceaeHHOM, KaK M ycpeAHeHHas
TIAOTHOCTb MAaTepuu, 6YAYyT BUAMMO COXPaHATH CBOI0 AMHaMM4de-
CKYI0 CTa0MABHOCTh ¥ HEM3MEHHOCTb BO BCE BpeMEHa CYIIEeCTBO-
Bauusa Bceaennoit. C Takum xe yCrexoM NpocTpaHCTBO Beeaennom
AO KOHILIa BpeMeH OyAeT BUAMMO pacIIUpAThCS, OCTABAACH B TEX XKe
npeaeaax o6beMa, KOTOPOro AOCTUrAa BeceaeHHast, mocae KBaHTOBO-
ro nepexoaa 060A0UKM U MEXaHUYECKMX MAcC, OT MMHYC TPUALIATOIO
SHEPreTUYECKOIO YPOBHSI, AO LIECTOTO MAM CEABMOTO YPOBH: BO30Y-
YXAEHMs, B KOTOPOM OHa U OYAET HAXOAMTDBCS AO KOHLIA COOCTBEHHOI!
>KM3HU. 3aBepUIMB PACCMOTPEHME BOTIPOCa «PaCIIMPEHNs» IPOCTPaH-
CTBa ¥ POAY BCEAEHCKOI1 000AOUKY, MOXKHO NEPENTH K OIIPEAEAEHUIO
pasmepa u oOpeMa Haueli BceaeHHOI, B pa3Mepax abCOAIOTHOTO MH-
¢opmaumonHoro npocrpancra BHenrnero Habalopareast. Ho B atom
riaparpage Mbl C BAMM MHOTO TOBOPMAM O HAAMMMM BO BeeaeHHOI1 or-
POMHBIX pe3epBOB CKPHITOM MeXaHWIECKOI MaCChl, KOTOpasa XpaHUTCSA
He B BUAE TEMHOM SHEPINM UAM TEMHOI MATEPUM, A HETIOCPEACTBEH-
HO B 00beMax BCEro MHOXeCTBa HebecHbix TeA. Pa3 cKasaHO 0 HaAM-
YUY CKPLITOM MEXaHWYECKOM MAacChl, 3HAYMT, HAAO TIPUBECTU pasyM-
Hble AOKa3aTeAbETBa. BOT 5TM AOKa3aTeABCTBA Mbl ¥ PACCMOTPUM.

7. Ckpvtmas Macca 3830 4 UCHUHHAA MACCA

Coanua u Beceaennoii

CoMHeHMs, YTO MeXaHMYeCKMe MacChl 3Be3p COOTBETCTBYIOT
TeM UMdpaM, KOTOPHIE YKa3aHbl B Hay4HbIX CITPABOYHMKAX, 3aPOAM-
AVICb TIOCAE TOTO, KaK 51 U3yUMA TEOPUIO OTHOCUTEAbHOCTH. [Tpu npu-
OAMKeHMY PN3MYECKOTO TeAa KOHKPETHOM MeXaHNYeCKOI MacChl
K CKOPOCTH CBETa, KOAMYEeCTBEeHHasl BEeAMMHA MacChl HapacTaer.
9710 a3bl TEOpUM OTHOCUTEABHOCTU. Ho 0TKyAa mpoucxoauT npupa-
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HIeHMe MACChl, €CAY OHa He CKphITa B caMoM dusnueckom Teae? Co-
MHEHMS YCUAMAMCD, IIOCAE U3YYEHUSI TIPUPOABI «4ePHBIX ABIP». [Ipea-
craBpTe cefe: CyeCcTBYET 3Be3pd, BPOAE HAlEro GeAOro KapAuka
CoAHLIa, HO TOABKO ¢ MacCCOJ, HAIIpUMep, B A€CATH pa3 6oapiue. Ta-
Kas 3B€3Aa, HAAO AYMaTb, €XKECEKYHAHO NEPEBOAMAA MACCY B Ayye-
BYIO SHEPIMIO He B KOAMYECTBe 4,65 MUAAMOHA TOHH, 4 3HAYUTEAB-
HO 60Ablte. Ho BOT 3amachi BOAOPOAQ Ha 3TOM 3Be3A€ 3aKOHYMAUCD.
W uro BBl Aoymaau? 3Be3pa pacchinaeTcs Ha ockoaku? Her. Io yTBep-
MAEHMIO HaYKH, OCTATKU MACCHI 3BE3ABI OOPYILATCA K LEHTPY TXe-
CTH 1 00pasyioT «4epHYyI0 AbIpY». HO BeAb K 9TOi «ItapBIeit» U «yMep-
HIeii» 3Be3Ae He AOOaBMAOCH HUKAKOM MacChl M SHEPIUM OT BHELIHUX
ucTouyHMKoB! OTKyAQ XKe IOABUAACH AOTIOAHUTEABHAN MACCa, YTO-
Obl IPOABUTCA MOLIHOM CHAOM TATOTEHUS «UEPHOM ABIPBI», €CAU
B caMO} MaTepUH >TOM 3Be3ABI He OBIAO. CKPBITOIO peaepBa Mexa-
HMIecKo# Macchl? He Maruueckas e c1aa, a coOOCTBeHHas MeXaHu-
YyecKasl SHEPrus MOPOXKAAET HEMOMEPHYIO CHUAY TATOTEHMS «4EPHOI
AbIpbD». TouHo Tak xe U addekT «xpacHOro cMmelyeHus» obpasyer-
cs TeM, 4TO Macca 3Be3AHBIX TEA HETIOMEPHO BO3pacTaeT, IIPH UX YXO-
Ae Ha NepudepuIo BCEAGHCKOTo. IpocTpalcTBa. Ho BeAb HMYTO ApY-
roe He MOKET M3MEHUTDb X MacCy, KpoOMe COOCTBEHHOI'O BHYTPEHHe-
ro pesepBa. DTO TaK MPOCTO, YTO HE HAAO U 'OAOBY AOMATh, TOTOMY
YTO CaMa HayKa YTBEp)KAA€ET, YTO KOAUYECTBO BHEPIMU HE MeHseTCs
M OCTaeTCsl BEAMYMHOM TIOCTOSIHHOI BO BCE BpEMeHa KM3HU MaTepu-
AABHOTO MUpa. ‘

Tax yemy BepuTh? Maruu mosiBAeHUs1 AONOAHUTEABHON MacCChl
«HMOTKYAQ» MAM BCe-TaKi HAyYHOMY ITIOCTYAATY, YTO SHEPIUIO M Mac-
CY TeAa MTHOBEHHO M3MEHMTb HEBO3MOXXHO? B T0 ke BpeMs dakT 3a-
POXKAEHMS CBEPXHOBBIX 3BE3A, a TAKXKe TEOPUSA SBOAIOLUM 3Be3A, YT-
BEPXKAAET ¥ coBceM 0OpaTHOe. 3Be3ABI MOI'YT MHOTAQ B3pbIBATbCA U
Pa3sAeTaTbCAd HA OCKOAKM, a «YEPHBIE ABIPbI» MCYe€3aTh U UCHAPATh-
Cs1, BpOA€ BOABI M3 3a0BITOTO Ha HAMTe YaitHUKA MAM KacTploaH. Kak
TaKoe MOXeT ObITh, €ECAM B Te€A€ 3BE3ABI UAU B TEAE «UEPHOV ABIPbI»
AEHCTBYET CHMAA TATOTEHUS NPONOPLUMOHAABHASA Macce STUX Hebec-
HbIX 00beKTOB? AapHO, He OyAeM FOBOPUTH O «4EPHBIX ABIpax» U 06
MX UCTIApEHUAX. DTO TEMHOE AEAO, HO BEAD 3BE3ABI MHOTAQ B3PhIBa-
Y0TCs, 4 3HAYMT, IPYU HAAMIMH MACChI, UX CMAR TATOTEHMA NPUHHUMA-
* eT OTPUIIATEABHbIE 3HAaUYeHUs. 3Be3pa — aTO He boMba Teppopucra-
CMepTHMKA, a HebecHoe Teao, Kakas jke BHYTPEHHsI C1Aa 3aCTaBAsIeT
MaccCy 3Be3Abl IPUHMMATh OTPULIATEABHBIE 3HAYEHMSI CUABI TSKECTH
U Pa3sA€TaThCsA Ha MEAKIE MAU KPYIHbIe OCKOAKH? COBEpIIEHHO oYe-
BMAHO, 4TO B 0CO0ObIX (pU3NYeCcKuX ycAoBUAX 3¢ deKTuBHAA Mac-
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ca HeGeCHOro Teaa MOXeT BapbUPOBATbCA B INMPOKMX NpeAeAax.
Hpuvem sty Bapuaiiuy BO3ZMOXKHbI HE TOABKO B CTOPOHY YBEAUYEHUSA
3¢ deKTUBHOM MaCChl, HO ¥ B CTOPOHY €e yMeHbIleHust. CAEAYOmMiA
BOTIPOC HAAOQ 33aAAThb IO TIOBOAY OCHOBHOM (GOPMYABI TEOPHU OTHO-
CHUTEABHOCTH, KOTOPasi YTBEPXKAAET, YTO MMOAHASA SHEPrisA MarepH-
AABHOTO TEAA PaBHA €ro Macce, YMHOKEHHO Ha KBAAPAT CKOPOCTH
cBera. To, 4TO B pOpMyAe MPHUCYTCTBYET BpeMs, 3TO O4eHb XOPOLIO.
OHO MPsIMO YKasBHIBAET, YTO SHEPTUsA ABAAETCHA DYHKIMEH BpeMeHM.
Ilpy HyAeBOM 3HaYEeHUMM BpeMeHM He OYAET HU Macchl, HY DHEprUM.
C aTum 5 coraaceH. B o ke BpeMs KBaApaT CKOpOCTH 3TOI U3BECT-
HOVM (OPMyAB! yKa3biBaeT, YTO IOAHAs SHEPrusA MaTePUAALHOTO
TeAa MPONMOPIMOHAABHA HEKOTOPOH MAOMAAN. DHEPTUA IOAEBBIX
CTPYKTYP MaTePHAAbHOIO MUPA, MOXKET AEIICTBUTEABHO YOBIBaTb AU
HapauMBaTbLCA IO 3aKOHY KBAaAPAaTOB PaAMYCOB OTCTOSIHUS OT LeH-
Tpa TskecT. HO KTO MOXKeT «pacKkararb» B MAOCKMI «OAMH» cde-
PUYECKYIO MEXaHMYECKYIO MACCY IIPOTOHOB, HEUTPOHOB, a TeM Goaee,
MeXaHMYECKYI0 MacCy aTOMOB M MOAEKYA MHOXKeCTBa HeOeCHBIX TeA?
TpsiMo CcKaXKy: A He YBepeH B TOM, 4YTO U3BecTHAs (PoOpMYyAa Teopun
OTHOCHTEABHOCTH OTOGpa)KaeT MOAHYIO 3Hepruio cepnueckoro
TeAa MEXaHMYeCKON MacCChl.

B MHTepHETOBCKOJ CTarbe yueHOro actpodusuka IL.BonpapeH-
KO, Ha KOTOPOTO 5 YK€ CCBIAAACH, BCTpeTHAach ¢pasa, KOTopas Mpu-
BeAa MEHA B NOAHBIA cTynop. OH yTBEpPXKAAET, YTO Macca Mporop-
LIMOHAAbHA KBappaTy paauyca. EcAu «packaraTte» He TOABKO Bce 3Be3-
AbL M TIAGHETDI, HO BCIO MEXaHWYeCKyl Maccy BceaeHHOM B maocKui
«6AMH», Tak OHO ¥ 6yAet. Ho XTo e mo3BoANT BoHAAQPEHKO HAY Ka-
KOMY ADYTOMY Y4EHOMY Aa’Ke MBICAEHHO PaCKaThiBATh MEXaHuIe-
CKYI0 MAaccy B MAOCKuit «0AMH»? PasBe ne TBopey Bceaennort 3a-
KAIOYMA MEXaHMYeCKMe KBaHTBhI MacChl B CpepOMADBL IIPOTOHOB, fi€li-
TPOHOB, AaTOMOB M MOAEKYA U B cdeponabl HebecHbIx Tea? K ToMy xe
M ITOMECTHA BCE 3TO MaTrepHaAbHoe OOTaTCTBO B 33aMKHYTBIV 1 He pac-
MpsoLMICA 06'beM ChepOMAHOIO BCEAEHCKOro POCTPAHCTBA, Ha-
FAYXO OTAEAEHHOTO OT abCOAIOTHOrO MHPOPMALMOHHOTO TIPOCTPaH-
cTBa BHensero HabaiopaTeAn HenpoXoAMMO TBEpABIO BCEAEHCKOM
060A04KK. MoxeT 6bITb, MOM MBICAMTEABHBIE CTIOCOGHOCTH Yyiep6-
HBI ‘MAM MMEIT KaKOM-TO MMMYHHMTET OT HAYYHOro MaTepyaAus-
Ma, HO IPU3HATh yTBepXAeHHe BOHAAPEHKO, KaK U TAaBHYIO pOpMy-
AY TEOPUM OTHOCUTEABHOCTH, 3a UCTUHY B MOCACAHEN MHCTAHLIMHU, S
He Mory. Takxe 4 OTpULal0 HaAMYME KAKMX-AMGO MHOTOMEPHEIX PO-
CTPaHCTB B TpexmMepHoM oObeme Hailleit BceaeHnoit. Matemaruka
MMeeT TIPABO AASL CBOETO TBOPYECKOTO Pa3BUTHUA MPHAYMBIBATD BCe,
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yT0 et yropHo. Ho ¢pusnkm, 4ToOB MCNIOAB30BATH anINapaT MaTeMa-
THKH AAS TIO3HAHUA PU3UUECKMX CBOMCTB, AOAXKHBI BUAETH MEIC~
A€HHBIM B30pPOM (pM3NYeCKUif MPOLECCH U AABATh MM PasyMHbIe
M MOHATHBIE 00bsACHeHuA. PasyMHbIX 0OBACHEHMI CYIeCTBOBAHUA
MHOTOMEPHBIX MPOCTPAaHCTB B Hanlell BceaeHHOM HalTH HEBO3MOX-~
HO, @ BCAKUI «II'THYMIi» A3BIK HETIOHATHBIX Y TPYAHO OOBACHUMBIX Ha~
Y4HBIX TEPMUHOB, He IIPOSACHSIET, a 3aTeMHAET PU3UKY PEaAbHBIX MIPO-
neccoB, ObyAKe 3THMX HENePEeBOAMMBIX HA HOPMAaAbHBIN A3bIK MaTe-
MaTH4YeCKUX 1 GU3NYEeCKUX TEPMUHOB MpeBpaILaeT phiijapeii HayKu B
3aKPBITYIO CEKTY XPEL|OB, MAU B CAETIBIX TIOBOABIPEN CAEIIOr0 YeAOBe-
yecTBa. XOpOIIO €llje, YTO HAayKa HE AOAYMAAdCh OTMEHUTD TapaMeTp
HNAOTHOCTH MATEPMAABHBIX T€A, KOTOPBIH MUMeET Pa3MEPHOCTb KHAO-
rpaMMa MAYM rpaMMa MAacchl, AGACHHOI Ha Kybudeckuit o6bem npo-
CTPAaHCTBA, KOTOPbIll 3aHYMAET TO UAU UHOE TEAO.

CoraacHO QyHAAMEHTAABHBIM NapaMeTpaM 3¢ ¢eKTUBHON Mac-
Cbl U MAOTHOCTH MaTePUaABHBIX TeA, Macca Al060ro HebecHOTo Teaa,
KaK M Macca NPOTOHA, HEUTPOHA, aTOMa M MOAEKYABI, NPOIOPLYO-
HaAbHa 00'beMy, a 3HAUMT, NPONOPIMOHAAbHA KY0Y CpeAHero paAuy-
ca ¢pusnueckoro Teaa. Paspe He Tak? Ilpuyem, B Al060M HebecHoM
TeAe ¥ AQKE B MaTEepMAaAbHOM MMKPOKBAHTE BPOA€E IPOTOHA, aTOMA
M MOAEKYABI, C IPUOAMDKEHHEM K LIeHTPY TAKECTH, IAOTHOCTh BO3-
pactaer. A sHa4uT, M Macca 06beMa B OKPECTHOCTAX LIEHTpA TsKe-
cTH, OYAET Ha HEKOTOPYIO BEAUUMHY GOABLIE MACCHI TOrO Xe 00bema y
ITOBEPXHOCTU AI060T0 MEXaHNYECKOTO TeAd. AAS IPOTOHOB, 3A€KTPO-
HOB, aTOMOB ¥ MOAEKYA, 3TO yTBepXKAeHue oueBupHO. [lpuuem mac-
ca, HaIpUMep, ATOMHBIX AAEP LIeHTPA TSKECTH aTOMOB M MOAEKYA, B
MMAAMOHBI Pa3 MPEROCXOAUT PACCPEAOTOUEHHYIO MAaCCy SAEKTPOHOB,
KOTOpble 00pasyloT BHYTpeHHee IPOCTPAHCTBO ATOMOB U MOAEKYA U
GOPMUPYIOT 3alMTHYI0O OGOAOQUKY AASL ATOMHBIX SAEP XMMMYECKMX
SAeMEHTOB. AAs HEOECHBIX TEA 3TO YTBEPIKAEHME CIIPABEAAUBO B TOM
CAYYae, €CAM MEXaHUYECKYEe MacChl HeBecHOro TeAa BYAYT HaXOAUTD-
€% B OAHOPOAHOM arperaTHOM COCTOSIHUM TBEPAOIO TeAa, JKUAKOCTHU
uan rasa. Ho ecau Bce MUKPOKBAHTBI MACChl HPAYYT CBOIO TAABHY1O
MACCY BOKPYT HEHTDa TSKECTH, TO KTO II03BOAMT IAAHETaM U 3Be3-
AQM MMeTb B LIEHTPaX T/DKeCTeli He TBepAble BENIECTBA, a XKUAKKE
pacnaaBsl MAKM aMOP(HYI0 MacCy NAA3MbI TEPMOSIAEPHOTO PeaKTo-
pa? Kakas cMAa, KpOME CHABI LIeHTPa TSDKECTH, MOJKET OPraHU30BaTh
YCTOWIUBOCTD HEOECHOTO T€Ad, CUAY TATOTEHUS Ha €ro OBEPXHOCTH,
M 06eCTeYnTDb eT0 rApMOHMYHOE CACAOBaHHE 3aKOHaM HebecHoi Me-
xauuku? Kro, HaKoHell, TaKoli CAemoil GesyMell, KOTOPBI IPeACTa-
BUA BHYTPEHHIOIO aPXUTEKTYPY 3BE3ABI, KaK HOAHYIO TPOTHBOIIOAOX-
HOCTb aPXUTEKTYPE aTOMOB M MOAeKYA? [Ae AOrMKa 3APaBOrO CMBIC-
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Aa? V3 Becex MpEABIAYIINX HAYYHO-OUAOCOPCKIX PACCYKAECHMIA ATON
KHUIH CAEAYET, YTO AAR HeOeCHBIX TeA, MMEIOINX B CBOEM COCTaBe
MeXaHMYeCKHe MacChl, OAHOPOAHOCTD aTPeraTHOro COCTOSHUSA 06-
AACTH HEHTPA THKECTH ABASETCS 0053aTEABHBIM YCAOBUEM AAM-
TEABHOTO CYMIecTBOBaHMA. Ho 3TO 3HAYMT, 4TO AASI YCTOMYMBBIX
HeOeCHBIX TeA, MacCa TeAaa HapacTaeT AAKe He NMPONOPLIMOHAABHO
Ky0y papmyca, a ¢ 6oaee BbICOKOI ckopocTbio. S He Oyay nccaepo-
BaTh 3TO CBOVICTBO, MO HEAOCTAaTKy MecTa. Ho TeM, KTO 3axouer uc-
CA€AOBATD 9Ty 3aBUCUMOCTh HAPACTAHUA MACChl OT OAM30CTH K LeH-
TPY TsDKeCTH HeGeCHOro TeAa, Hapa0 6path 3a oOpasel| aTOMBI ¥ MOAe-
KYABI XMMMYECKUX DAEMEHTOB.

Huuero HOBOro B IpupoAe He npuaymaHo. He ToAbko HebGecHbie
TeAa, HO U caMa BceAaeHHas sBASieTCA aHAAOTOM aTOMa XMMMYECKO-
rO 9AEMEHTA, TAaK 3a4YeM JKe NPEACTABASATh 3Be3Abl KaK HEKUX Maru-
YEeCKUX NepeBePThIIEi, B IEHTPe KOTOPIX paboTaeT TepMOsiAePHBINA
KOT€A, CTEHKaMy KOTOPOTO SIBASIIOTCA TBEPABlE MEXaHWYECKHE Mac-
chi? Ko, KpoMe 1ieHTpa TAKECTH, YAEPKUT NPOYHOCTDb 3TUX CTEHOK,
KaK ¥ IPOYHOCTb TBEPAOTO 3Be3pHOro teaa? Bee aTO yKe cKasaHo B
IIPEABIAYINMX FAaBax. A Terepb OT 061el KPUTHKY NepeiiseM K 4nC-
AEHHOM KOHKpeTuke. Bo-nepBpIX, Bce aTMOC(hEPsI, FA€ MTPOUCXOAUT
MpsMasi KOHBEKLUsI MacC, He3aBUCUMO OT TOrO, ABASIIOTCA OHM rasa-
MUY MAM TTAA3MOM, HEe YBEAMUMBAIOT, 2 YMEHDIIAKT YCKOPEHNE CHABI
TSDKECTM ¥ CHAY TATOTEHMs NPONOPIHOHAABHO KBaRAPATY TOALIN-
HEI aTMOCGepHOro cAosi. Bo-BTOpsIX, 10 GopMyAe SHEPTeTUIECKUX
COCTOSIHMIA, ATOMBI ¥ MOAEKYABI MMEIOT BO3MO)KHOCTDb NIePEXOAUTD
Ha OTPHMIATEAbHbIE dHePreTHIECKHue YPOBHM, BIAOTh AO HIDKHe-
IO TPUALATOro ypoBHA. Ilpu 5T0M Ge3 paspymieHMs aTOMapHO-MO-
AEKYASIPHBIX CTPYKTYP, X 06'b€MbI MOTYT KBAHTOBO COKPAl|aThCs B
729 MUAAHOHOB pa3, a 3HAYNT, M BO CTOABKO K€ pa3 KBaHTOBO NO-
BBIIATHCA NAOTHOCTD, B-TPETbHX, HE TOABKO Y MEXAaHMYECKUX MacC,
HO A@Ke Y (POTOHOB AyYeBbIX SHEPIUif BCEIAa MPOSIBASIETC MILb
1toAoBuHa 3(pPeKTUBHONM 3HEPIUY, a 3HAYUT, 1 adPpexTUBHOM Mac-
Chl, @ BTOpasi NOAOBUHA BCETAA CKPBITA OT PErUCTPAalMM U HabAl0-
A€HusI. B-uyeTBepThIX, B OAHOPOAHOI CPEAE TBEPABIX HEADP TIAQHET U
3BE3A, CUAA TATOTEHNSA M YCKOPEHUE CBOOOAHOTO ITaAEHUS HAPACTAIOT
AMHENHO OT HYA€BOro 3Ha4eHMs B TOYKE HEeHTPa TAKeCTH AO MaK-
CHUMYMa Ha TBEpAO IOBEPXHOCTH. DTOMY MEH: YYMAU elle B COBeT-
CKOJL LIKOAe, M HMKAKasi COBpEMEeHHas HayKa He MOXKET IOKOAe0aTh
9TYUX IUKOABHBIX 3HAHMI. PYKOBOACTBYSICb IEPBBIM BBIBOAOM, Mbl Bbl-
YUCAUAM, YTO B COAHEYHOM Macce Ha ray6uHe 139 ThicAY4 KMAOMETPOB,
aTMocdepa IMAasMbl KOHYAETCS M HAYMHAETCA OAHOPOAHOE TBEPAOE
teAo Coanna. Ipu 5TOM yckopeHne cBOOOAHOTO MaAeHKs HA TBEPAOH
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COAHEYHOM ITOBEPXHOCTM PaBHO He 274, a 428 meTpaMm, AeA€HHBIM
Ha CeKYHAY B kBaApare. C yueTOM TpeTbero BoIBOAa, COoAHLE, SAB-
ASIAACH 06001EeHHBIM MEXaHMYEeCKMM KBaHTOM, 0013aHO CKPHIBATH IO-
AOBMHY CBoelf MacChl. YleTBepThIi BhIBOA 00eCIIeuMBaeT AMHEMHOCTD
MpUPALIEHA CUAB] TATOTEHUA HeGeCHbIX TEA OAHOPOAHOIO arperar-
Horo coctoanna. Ha cpeaHuit papuyc semHoro mapa B 6400 kuaomeT-
POB, CMAQ 3€MHOI'0 TATOTEHMS MAU YCKOPEHME CBOOOAHOIO IaAeHMA
IPHPacTaeT A0 MAaKCHMaAbHOM BeAM4YMHBI B pasmepe 9,8 meTpa/ce-
KYHAY B KBappate. Ecan us obuero papuyca COAHIfa BEIYECTb PaAu-
yc ee atMocdepst B 139 THICAY KMAOMETPOB, TO IOAYYHM YUCACHHOE
3HayeHue B 557 THICAY KMAOMETPOB, PEAAbHOT0, TBEPAOTO Y XOAOA-
HOTO KaK KOCMHUYECKMI XOAOA, COAHEWHOTO Iapa, TA€ M PacIoAara-
€TCA LieHTP YIPaBAE€HHUA He TOABKO COAHEYHOM MaccCoi ¥ MPOLECCOM
«FOPEHUsI» ee TBEPAON TIOBEPXHOCTHM, HO ¥ Beelt COAHEYHOM CMCTEMBI
BMECTe C 3¢€MHOM >KM3HbIO ¥ 3eMHBIM YeAOBEYECTBOM.

MpocTras nponopuus (6400 kM~ 9,8 M/cek B kBappate — 557
000 XM — «X») [IOKa3bIBa€eT, YTO YCKOPEeHNe CBOGOAHOIO aAeHMUs Ha
TBEPAON NOBEPXHOCTH COAHLA, HA PACCTOMAHMM 557 THICAY KH-
AOMETPOB OT HEHTPA TAXKECTH AOAXHO ObI ObITH paBHBIM 852,
9 meTpa/ceKyHAy B KBagpaTe. Ho pacyeTHasi BeAUYMHa YCKOpEHUS
Ha TBEPAOJ IIOBEPXHOCTHU paBHa 428 MeTpam/CEKYHAY B KBapopaTe, TO
€cTb NMPaKTUIeCKM POBHO B ABa pasa MeHbille paKTHYECKHX CHO-
COOHOCTEI COAHEHMHOIo pe3oHaropa. TOABKO IO 3TOMy MapaMeT-
py CoAHile eilie O4EHb AOATO, HECMOTPA Ha PeaAbHble TIOTEPU MACCHI
Ha u3AydeHue, 6yaeT CocoGHO yAepXuBaTbh CTaBMABHOCTb YCKOpe-
HMA CBOOOAHOTO TIAAEHMS HA TIOBEPXHOCTH CBoe# aTMoCepsl B pas-
mepe 274 meTpa/ceKyHAY B KBappaTte. Ho ato eme e Bce. Mbl yBuU-
AEAM TOABKO HaABOAHYIO 4acCTb aiicOepra, a 4To0bI YBMAETD €ro Bech,
HaAO MAM HAAETb aKBAAAHT Y TIOTPY3UTHCSA B MOPCKHUE FAYOHHDI, MAM
«00CTPEAATD» €ro IOABOAHYIO YAaCTh TMAPOAOKAaTOPOM. Y Hac Takoro
TUMAPOAOKATOpa, AAA IIPOCMOTPA COAHEYHBIX HEAP HET B HaAMYMH,
II03TOMY O6YAE€M MCIIOAB30BATh B Ka4eCTBe I'MAPOAOKATOpa cobCT-
BEHHbBI MBICAUTEABHbIN annapaT. COrAacHO BTOPDOMY BBHIBOAY,
Hepa3pyIMMasi MOAEKYASIPHO-aTOMapHas CTPYKTYpa COAHEYHBIX
HEAD, MOXKET YBEAMYMBATb CBOIO CPEAHIOI0 000OIeHHYI0 MAOT-
HOCTD B 729 MUAAMOHOB pa3. TpH ITOAXOAQ AGAU PE3YABTAThHI TIAOT-
HOCTH aTOMOB U MOA€KYA LieHTpa TspkecTH COAHLIa, OT 65 A0 28 KuAo-
rpaMm/Kybudeckuit canTuMmerp. TouHyi0 BEAMIUHY PacCUNTATD OUEHb
TPYAHO, IOTOMY YTO IIPU MOBBIIEHUN AQBAECHUA, aTOMBI U MOAEKYABL
IO 3aKOHY KBaHTOBOJ MEXaHMKY NEPEXOAAT Ha OTPULIATEALHbIE KBaH-
TOBble YPOBHU. 3aKOH, KaK HapacTaeT MAOTHOCTb OT 1—2 rpaMM/Ky-
OMuecKUit CAHTMMETP Ha rAyOnHax 557 THICSY KUAOMETPOB, A0 65—28
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KMAOTpaMM/KyGU4EeCKNil CAHTUMETP Ha TAy6uHe UEHTpa TKeCTH —
TE€Ma Cepbe3HOTr0 HAYYHOIOo UCCACAOBaHuUA. SCHO OAHO. «Yem OAMKe
K LeHTPY THKECTH, TEM Bblllle AaBACHMe, TeM Himke OyAeT ypoBeHb
3HEPreTHKM ¥ Bblille IAOTHOCTDb». S He ydeHbIt, a duArocod, nosto-
MY MEHs BIIOAHE YCTPAMBaET, HATIPUMED, CPepHee 3HaYeHue NMAOTHO-
CTH TBEPAOTO COAHEYHOI'O TEAQ B MMHUMaABHOM pasMepe 30 Kr/Kyom-
yecKuit caHTuMeTp. Ho HayKa-To AaeT BeAMYMHY CpeAHEN IIAOTHOCTH
coAHeyHol Macchl 141,6 rpamma/KybudecKkuit CAHTUMETP, a 3TO, KaK
TOBOPAT, ABEe GOAbIIME PASHULIBL

OAHako, ecAy GBI MCTHHHAA MTAOTHOCTb COOTBETCTBOBAAA Hay4-
HBIM AQHHBIM, TO A€ COAHIlE BO3SBMET AOTIOAHUTEABHYIO MACCy, €CAU
€e NMPUAETCA UCTIOAHATbh QOPMYAbI TEOPUM OTHOCHTEABHOCTH, NpPH
npHOAIDKEHMM K BCEAGHCKOM 060AOYKe MAM, Ha XYAOiH KOHell, Npu
COAVDKEHNU € «4epHOT Apipoiin? Ho 3adem GpaTh Takue KpaifHOCTH.
MHorue 3Be3abl, oA0GHbIe Haimemy CoAHLly, Yke BhipaboTaam cBoi
TEXHUYECKMI1 Pecypc, PacibIAMAM B BUAE AY4eBOJ 3HEPriu, KBAHTOB
rPaBUTALMM U KOPNYCKYA KOCMUYECKMX Ayder fecuncaeHHOe KoAMYe-
CTBO COOCTBEHHOM MACChl ¥ IIPEBPATMAMCH B «KPACHBIX ruraHToB». Ho
YTO YAMBUTEABHO! Macca NpakTH4ecKn BceX «KpPacHBIX FTHIaHTOBY,
3HAYMTEABHO GoAbIIe MacC «OeABIX KADAMKOB», KOTOPbie NOPOAK-
AM 3TU «KpacHbIe TMranTh». Kak Hayka MoXeT 00BsACHUTD 3TOT Tia-
PAAOKC, €CAM OTpHUATb, YTO B «DEABIX KapAMKAX» M3HAYaAbHO HPH-
CYTCTBOBaAa CKpbITas Macca, KOTOpas M YaCTUYHO NMPOABUAACH, TIPU
nepexoae «6eAbix KapAMKOB» B «KpacHsle ruraHtoi». Sl nopuepkmy,
YTO «HPOABMAACE» YACTUIHO, IOTOMY YTO Y B KKPACHBIX TUTAHTAX»
TOXKe IIPUCYTCTBYET CKPBITasi Macca. 3Hasl pasMep paauyca TBEPAOTro
TEAA COAHEYHOM MacCChl, paBHOro 557 ThICSY KUAOMETPOB, M IPMHUMAA
CPEAHIOIO TAOTHOCTD, paBHOI 30 Kr/KyOudecKus cantumerp, o dop-
MYA€ 00'beMa OIIPEAEAMM VICTUHHYIO MacCy COAHEYHOTO AApa. Bpimoa-
HUB BBIYMCAEHMA, Mbl IOAY4MM, 9T0 Macca CoAHua paBHa 2,17 x 10%
KMAOIpaMM, MAM npumepHo B 10 Thicsy pa3 Goapure Toi :-)dxbex—
THBHOI Macchl, B pasmepe 2 x 10°° xuaorpamm, Koropas ofipese-
A€eHa YYeHbIMY; KaK KoHeyHasi macca CoaHna. Kcratu rosops, quc-
AeHHbI K0adduiiueHT 2,17 B TOYHOCTH paBeH TOMY ‘KoappuumeHTy,
KOTOPBII BEIYMCAEH AASL CYMMapHOIt Macchi BceAeHHOI, 4To MOATBep-
>KARET IPaBUABHOCTD HAaLIETO MOAXOAQ.

A Ternepb noKaXxeM, KakuM 00pa3oM repexop «GeAbIX KapAKOB»
B KPacHbIX THFAHTOB, YBEAHIUBAET UX MacCy 3a CYET YaCTUYHOTO HPO-
SIBACHMA CKPBITOM MacChl «OeAbix KapAMKoB». Macca CoAHlga 1o 3ako-
HaM TEPMOAMHAMMKM He MOXET «BBIFOPeTb» AO KoHua. Koraa papnyc
TBEPAOFO TEA2 COAHEYHON MacChl MPUOAUSUTCS K KPMTUYECKOH OT-
MeTKe 60 ThICSY KMAOMETPOB, TO OCTATOK MACChl ITAABHO pacCIIMPUT-

527



Cs1 Ui TlepeMeIaeTCs C MAa3sMOl COAHeqHoM aTmMocdepsl. Toanas ne-
pepafdorKa aTOMOB ¥ MOAEKYA BOAOPOAA B AYUEBYIO SHEPIMIO TIpe-
kparurca. Ipu pacimmpenun o6bhema, CoaHize IOTAOTUT BCE TIAQHETHI
COAHeYHOI CUCTEMBI M CTAHET OCTHIBAIOIIUM «KPACHBIM [UTAHTOMY,
I'pu 5TOoM Macca MOAOAOTO «KPAaCHOTO I'MIaHTa», AaKe Oe3 ydeTa Macc
IIOTAOLLEHHBIX MIAAHET, Oyaer GoAbuie Toi Macch COAHIfA, KOTOPas 110
AAHHBIM HayK¥ PerMICTPUPYETCS B HacTosAllee BpeMsi. AeHCTBUTEABHO,
BBIIIOAHMB pacyer 00'beMa, Ha paAnyc 60 THICAY KMAOMETPOB, U YMHO-
JKMB MOAYYEHHBI! 0ObeM Ha CPEAHIOI0 TAOTHOCTD, TIOAYUMM, YTO Ha
MOMEHT II€PEeX0Aa B «KPACHOI'0 IMIaHTa» OCTaToYHasA Macca CoaHla
Oyaer paBHa 2,712 x 10* kuaorpamm. Taxum o6pazom, macca HOBO-
POKAEGHHOI'O «KPaCHOro ruranra» 6yaer, npumepHo B 13 pa3 6oan-
me, coBpeMenHoi Maccel CoAHLa, AaXKe 6e3 yueTa MacChl OrAO-
HIEHHbIX MAQHET, YTO, COOCTBEHHO, U TpeGOoBaAOCh AOKasaTh. Mue
ellje O4eHb MHOI'0 XOTEAOCH CKa3aTh 00 SHEPIETUKE SAEKTPOHA M O €r0
CKpBITOM Macce, HO 00beM KHMrn NpubAskaeTcs K 3 MerabaraM uH-
dbopmaimy, a MHe He XOYETCs «3arpy>kKaTb» YNTATEAEH TPYAHO YnTae-
MbIMM GOAVIAHTAMU GOABLIOTO 0OBbeMa. JAEKTPOH HE TOABKO MMeeT
OTPOMHBIN pPe3epPB CKPBITONM MacChi, HO TAK)Ke CrIoCcoGeH coBepiars
60 ypoBHeH 3HepreTUYeCKNX nepexopoB. He cBssaHHBIN C aTOMHBI-
MM SAPAaMU MAU C 000A0YKAMY ATOMOB M MOAEKYA «CaMOCTOSTEAD-
HBIl1» BAEKTPOH, IMeeT B LieHTPE TSDKECTH MeXaHuYecKue KBaHThi, a
3HAYMT, ABASETCS TOA0OMeM aToma. Ho TOABKO CTPYKTYpa 3A€KTPOHa
He 3aKPhITa HETIPOXOAUMON ODOAOUKOIA, & ABASIETCA OTKPHITOM CUCTe-
Mot c60pa 1 IEPEHOCYMKA OAEBBIX (OPM MaTepuu.

KoAoccasbHasi CKPhITas Macca 3A€KTPOHA COCTOMT Y3 MTOAEBBIX
(OpPM 3AEKTPUYECKMX M MarHMTHBIX KBAHTOB, 4 TaKXKe M3 KBAHTOB
HEHTPAABHOI IPUPOADL, KOTOPbie IPHARIOT LBeT, Gopmy, ouyiieHue
TENAOTHI MAH XOAOA BCEM BUAMUMBIM [IPEAMETAM «KUBOM» U «HEXH-
BOJ» mpupoabl. O0beArHEHHE ABYX-TPEX AEKTPOHOB obecreyuBa-
et o0pasoBaHMe AMHEIHBIX U apOBBIX MOAHMEBDIX 3apAA0B. B 1o ke
BPEMST 3A€KTPOHB! ABASIOTCA XPAHMUTEASMI OrpoMHBIX HbOopMa-
IXMHOHHBIX (ailAGB aATOPUTMUMECKOi MHPOPMAUNK U AQKE CHOCOD-
HBI K 00Y4€eHHI0 € NOMOIIBI0 HACTONYMBBIX HAYYHBIX dKCIIEPUMEH-
TOB U HEYEeMHOI BOAH HayYHOYO SKCIIEPMMEHTATOPA, DTO Mbl U Ha-
bAI0AGEM B ITPOLECCE COBEPUICHCTBOBAHMS TEXHOAOT MM MBI OTOBAEHUSA
MUKPOYMIIOB, KOTA2 (pU3MHECKMe Pa3MeEPB! YMIIa CTAHOBATCSA COM3Me-
PUMEI ¢ PU3MYECKMMM pa3MepaMM 3AeKTpoHa. ITapy CAOB CKaxy ¥ o
mporone. Ecau 651 IPOTOH He MMeA DAEKTPOHHOI 3aUIMTHOM UM Kpa-
HUPYIOIIEN 060AOYKM KBAHTOB PACKTPUYECKOM SHEPruu, TO OH 6Bl M
He MMeA CKpbIToit Maccel. Ho aaekTputeckast 060A0YKa MPOTOHA AB-
asieTcs ero «atmocdepoi». TaybuHy aTovi 060A0YKY 51 He 3HAIO, IGITO-
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MY M OIPEAEAMTDH CKPBITYIO MacCy MPOTOHA HE UMEI0 BO3MOXHOCTH.
Mo aHaAOIMM C «4EPHOIT ABIPOIt» BHYTPU €ro 00beMa HET HY OAHOTO
KBaHTa TENAOBOM DHEPIUMy ¥ TEMIEPATypa paBHa MUHYC 273 rpapyca
1leabcus, pae B TOM CAy4Yae, €CAM BOKPYT MACCHI IPOTOHa (DUKCUPY-
eTcs TeMueparypa B MMAAMOHBI rpapycoB Lleabcusa. OpHaxko u3 Bcex
BBIIIENMPUBEACHHBIX PACCY)KACHUIt HEYMOAMMO CAEAYeT, YTO Y mpo-
TOHA HayKa QUKCUpYeT AUILD ero 3¢ PEeKTUBHYIO, a He TIOAHYIO Mac-
cy. Ilpoine rosops, HayKa He 3HAET NMOAHONM MacCChl IPOTOHA, a 3Ha-
9UT, ¥ HOPMYyAa, UTO SHEPIUSA MATEPUAABHOTO TeAa, paBHa Macce
BTOTO T€A], YMHOKEHHOH Ha KBAaApaT CKOPOCTH CBETa, He OTpaXka-
€T ACMCTBUTEADHONM PEAABHOCTM M He YUUTHIBAeT CKPBITYIO MAcCy M
CKPBITYI0 SHEPIHIO AAHHOTO TeAQ. PacrpocTpaHaa NmoAyvueHHble pe-
3yApraTsl 1o Macce CoAHlla Ha 0006IHEHHY!0 MacCy BCEAEHCKOTO Mpo-
CTPAHCTBA, TOAYHAEeM, 1TO, [10 KPaliHei Mepe, BeAWdnHa 0600weHHoM
Macchl, He MeHbille deM 2,174 x 105 xuaorpamm. Ho ectb eme ckpbiras
Macca IMPOTOHOB M CKPBITas Macca «YepHBIX AbIp». BoT U moayuaer-
¢, 4T0 Macca Bceaennoif npumMepHo paBHa 2,174 x 10%° kmaorpamm,
Ita undpa GAVOKe BCEro K MCTHHE, HO HET HUKaKOM YBEPEHHOCTH, UTO
OHa TOYHa, a TeM GoAee, YTO OHa ABANETCS MAKCUMAABHBIM 3HAYeHMEM
BCEAEHCKOM MacChl. BOT BaM U HEITOHATHASA AAST HAYKU «TeMHAas oHep-
TUA» UAYM «T€MHAs MaTepusi»!

BoiBop opMH: «MexanuyecKasi Macca CKpbITa TOABKO B Hebec-
HBIX TeAaX M NMBIAETa30BBIX CKOMAeHUIX». Ho ecan cyauTs, 4To aaex-
TPOH 00A3AA€T OTPOMHBIMM Pe3ePBAMU CKPLITOM 3HEPIUM TIOAEBBIX
¢opm Marepn, a 3HauMT, U 3PDEKTUBHON MACCOi, KOTOPas MOXET
Ha NOPAAKY OTAMYATHCS OT YCTAaHOBAEHHO HAyKOW MacChl SAeKTPOHA,
TO IIOAHOCTBIO OTPULATh MAEI0 CYIECTBOBAHMA «TEMHOV SHEPIMU»,
Heab3s. Ho HUKakux HOBbIX noAeBsix dopm B npocrpascyse Bee-
A€HHOM He cynlecTBYeT. MexanuyecKas Macca caMa B cebe popmu-
PYET CHAY TIPUTSDKEHUA AAS MEXAHMYECKMX MACC M CHMAY OTTaAKH-
BaHMUA AAS OAEBBIX GOPM MATePHU. ITY CUAY OTTAAKMBAHUS KBaH-
TOB OASI TPAaBUTAINM HAYKA M NPMHIMAET 32 «YEPHYI0 SHEPTHUIO».
Ha aToM, oxaAyit, Mbl 11 3aKOHYMM PacCCMOTPeHME BOIIPOCA CYLIeCT-
BOBaHVsI CKPHITOM MAaCChi i epeiiaeM K paCCMOTPEHMIO 3aBepialole-
ro BOMpoca 0 GPUIMUYECKMX Pa3Mepax BCEAEHCKOTO NMPOCTPaHCTRA.

8. Ucuucaenue Pusuveckux pasmepos

U COOMHOWLEHUIL BCEAEHCKO20 RPOCMPAHCINBA

K aroit Teme 51 npyucTynaio 6e3 4yBCTBa CTPaxa, HO C MPEAOCTO-
poxHocTbo. Kaxkpoe CAOBO cBoell HaydHO-GMAOCODCKOH paboTH
5 TOTOB OTCTAaMBaTbh AOTMKOV YOEKAEHUS M DKCIIEPHMEHTAABHBIMU
HaOAIOAEHVMAMY 32 OKPYXKaIOIMM MaTepuaabHbiM Mupom. Ho xomy
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HY)KHbI YO€KACHUA OAMHOYKH, €CAY OHU HE BOUCHIBAIOTCA B AOTH-
KY ABWKEHNA TOT0 ac¢aAbTOBOIO KaTKa, KOTOPBINA Ha3bIBaeTCs CO-
BpeMenHoil Haykoi? Tem 60Aee YTO 3aKPBIAKM KOAEC 3TOTO achaAb-
TOYKAQAUMKA, Y3KOE CeAEAbLIEe Y BCE MPOCTPAHCTRO CIIEPEAV U C3aAM
I'YCTO YCEesTHO MUAAMOHAaMK MaCTUTBIX YYEHBIX, ¥X TIOAPY4HBIX U -
AOBBIX MOMYTYMKOB. BceM xoyercs xymarn! Bcem xouercss TBopuTb
HayKy u uso0peTarb HecCMBICAEHHbIE CPEACTBA BPOAE PAKET C TEPMO-
SAACPHBIMU 0OETOAOBKAMU AAT «6OpBOBI» ¢ GOAMAAMHU MAM M306pe-
TaTb BETPAHBIE MEABHMLBI AASL COOpA DKOAOrMYECKM YUCTOM BAEK-
TPUYECKOM SHEPIUM, XOTs 3Ty IIPOOGAEMY MOXKHO peluTh B ABa cYeTa
APYruMu ciocobamu. Koxest 4yBCTBYIO, KaK CHABHO 6yaeT OMTb MeHA
HayKa 3a MOM I1apap0KCaAbHble BBIBOABL. MoxeT u npocrto oboittu
Mpe3pUTeAbHBIM MOAYaHMEM, KaK OHa BCETAA A€AaAa, KOTAA ee CAe-
MO MaTepHaAu3M IbITAAUCh OIIPOBEPTHYTH TE€ YYeHble, KOTOPhIE 3a
MaTepHaAbHbIMM BCEAGHCKMMM NpolieccaMy ycMotpeay auk bora. Ho
3aBepnIaTh-TO paboTy HapO! 3HAUUT, IPUAETCA BBICAYIIATh W IIPOYN-
TAaTb MOU 3aKAIOYMUTEAbHbIE MAPAAOKCHL VITaK, YX0As K 0OBACHEHUIO
HOHATVS CKPBITOI MacChl, 51 0CTaBUA 6€3 0TBeTa BOIIPOC O TOM BUAMT
au Croponnmit HabAlopaTeas Hamy BceAeHHy10 npocTpaHCTBeHHO
pacimpsomumMcs 00beKTOM MAM OH BUAUT €€ KaK POCTPAHCTBEH-
HbII 06bexT HensMenHoi Gopmbi? Bropoit Bolpoc ToXe He MeHee
caoxeH. KakoBbi nmpocrpancTBenHbie 00beMbl Hamen Beeaennoin
aaa Croponnero HaGAaropareasns? Aas oTBeTa Ha 3Tu ABa Bompoca
MBI YK€ TIOAYIUAY KO03bODULIMEHT Nepexosa UAU 3aMEAAEHHUS BpeMe-
HM Halllero MpoCTPaHCTBa K npocTpadHcTBy CropoHHero Habalopare-
Asi. DToT KoapdbunuenT uncaento paset 1,1 x 102 cexynamnt. Kpo-
Me TOT0, MICCAEAY# [TapaMeTPbl TOBEAEHUS MeXaHUYECKUX MACC 3BE3A-
HBIX CKOTIAEHMIA Ha IIPEAEABHBIX AUCTAHIINAX HAOAIOAEHNS, B papuyce
13,7 MuAAMapAa CBETOBBIX A€T, MO YBEAUYEHHUIO «KPACHOTO CMelle-
HISD», Mbl OOHAPY)KMAN HENPOXOAUMYIO IPAaBUTALMOHHYIO TBEPAD
BCEAEHCKOM 000A0UKH.

Ha 6An3kux AMcTaHimMax K 060A0uKke BceaeHHOIt, M3MepUTEAD-
Hasi AMHeNKa CTaHAAPTa AAUHBI, paBHast 300 ThiCSIY KMAOMETDOB B
CEKYHAY, CTPEMMTEADHO YMEHBIIAeTCA A0 Pa3MEPOB HECKOABKUX
CaHTUMETDPOB. BpeMs 1o 3To¥ NpuYNHe PaCTATUBAETCA A0 NpaK-
TUYECKOi GeCKOHeYHOCTH, XOTs Y 5TOi mpakThyeckon beckoHeu-
HOCTM BCErAd eCTb KOHEYHbIE KDUTHYECKHE TPEAEABI, KOTOPHIE Mbl
He OyaeM YCTaHaBAMBaTh. B 5TOM HeT HUKaKoit HaA0bHOCTU. AocTa-
TOYHO TIPUBECTH NIPUMEP, YTO MOA3YLIMIL YEPBb, BOAU3Y BCEAEHCKOR
060A0YKY GYAET ABUTATBCS CO CKOPOCTBIO, 6AMBKOM K CKOPOCTH CBe-
Ta. Ho ecAn B MuAAMapAbI pas yMeHbILAETCsI AAMHA 3TAAOHHOM M3Me-
PUTEABHON AMHEVKU B BUAE CKOPOCTH CBETA, TO BO CTOABKO Xe pa3
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CKMMAIOTCA KaXXAO€e Pebpo TpeXMEpHOTO NEePBUYHQIO KBaHTa Hpo-
CTPAHCTBA. ADYTMMM CAOBaMM, CAMHI KBAaHTHI IPOCTPAHCTBA, OI-
peaeAennsie Hamu B 00beme 4,186 x 107° merpa KartacTpodutie-
CKM COKMMAIOTCA U CTAHOBATCH OECKOHEYHO MAABIMKH BeAWYHHa-
mu. To ecTh camo HPOCTpaHCTBO He pacIIUpsieTCs, a NIPeccyercs
M COKUMAETCS A0 HETIPOXOAMMOM TBepaM. ECAM 3TO Tak B peaAb-
HOCTH, TO, O KAKOM PACHIMPEHUN BCEAEHCKOTO NPOCTPAHCTBA BEAET
HayKa peub? BMecTO BUPTYaAbHOTO PacliMpeHus, B OTAAAEHHBIX 00-
AacTAX BceAeHHOI MAET PeaAbHBIA MPOLECC HEMPEPBIBHOIO CHATHA
M ynAotHeHus npocrpaHcTBa. Ho Bepb kpoMme koadouimenTa ne-
pEX0Aa BPEMEHM, MBI C BaMM BBIMUCAUAM TOT 00bEM HEC)KMMAEMO
«ITYCTOTHI», KOTOPBIA HE3pUMO NPUCYTCTBYET BO BCEX LIEHTpax Ts-
XKecTeil MeXaHUYeCKUX Mace ¥ ABAACTCH GaKTUYECKUM U peaAbHbIM
yHpaBUTEAEM BUAMMOTO M HEBMAMMOIO MMPa MaTeEpUM. DTOT 00beM
paBeH 544 ToicsiuaM 931 Kybuueckomy mMeTpy. OKpPYrAMB B 60ABHIYIO
CTOPOHY, NOAYYMM IIPUMEPHYIO BeANUNHY 545 ThICAY KyOOMeTpOB.
Y10 MBI MOXKEM CKA3aTh 06 9TOM MHOXKECTBE KBAHTOB YIPaBASIOl{e-
ro npocrpascTBa? MbI MOKeM CKasaTh CaMOe FAABHOE Y CYH|ECTBEH-
HO€: 5TH KBAHThI He XUBYT IO 3aKOHAM BCEACHCKOro BPEMEHM, a
XMUBYT N0 abcoaroTHoMy Bpemenu Croponsero Habalopareas.
Ecau 651 3T0 OBIAO HE TaK, TO MOHAABI LIEHTPOB TAXKECTEN He MOTAU
6bl UMETh Takoe OBICTPOAEICTBHE, YTOObI 32 OAMH TIEPHOA, EAMHOI
KOTEPEeHTHOM YacToThl, paBHbil 0,3(3) x 1033 cexyHABI, OHM OB ycIIe-
BaAM [TOKUHYTD TIPEAEABl BCEACHCKOro MPOCTPAHCTBA U BHOBb Bep-
HYTbCs Ha CBOE MEeCTO.

Taxum 06pasoM, BpeMsi B STUX «IIyCTHIX» KBAHTAX NPOCTPAHCTBA
CKaTO MO CPaBHEHMIO C BCEACHCKUM BpEMEHEM Ha BEeAMuMHY, obpar-
Hy10 Koo duLMeHTy epexoaa, To ecTb GexxuT B 0,9 x 10% pas 6picT-
pee, YeM B MaTepuaAbHOM MMpe Haiell BceaenHon. Iloaydaerca Ta-
Kast wryka. ITycrpie KBaHTbl HPOCTPAHCTBA, TA€ NOMEWalOTC] MO-
HaABI LIEHTPOB TSDKECTElH BCEro MHOXXeCTBAa MEXaHWYECKMX Macc,
PACTAHYTH [0 KaXAOM IPOCTPAHCTBEHHOM KOOPAMHATE Ha BbI-
[IeYKa3aHHYI0 BEAMYHHY, YTOOBl €OOTBETCTBOBATH HMPOCTPAHCT-
BeHHO-BPEMEHHBIM NapaMeTpaM Hamneit Bceaennoit. OcMbicAMBas
5TM CAOBA, NOHMMAEID, YTO 3TO CACAAHO AAN TOTO, YTo6bl obecme-
4uTb HaraHC 06beMa M AQXKE TAABEHCTBO 00bEMaA MMYCTOFO MPOCTPaH-
CTBA, OTKYA2 MCXOAST MMIIyABCHI YIIPABA€HMsI MaTEPMAAbHBIM MM-
POM, C TeM peaAbHbIM 06beMOM BCEAEHCKOTO NMPOCTPaHCTBA, KOTO-
pbuit HabAaraaeTca CrtopounnM HabatopareseM. BeAb BoIUMCAEHHBIH
06BEM «ITyCTOTBI» B pasMepe 545 Toicsay KyOOMeTPOB, MpeACTaBAsi-
eT co6oit 06beM MHPOPMALMOHHOIO MUKPOUMNA, OBICTPOAENCTBHE
KOTOPOTO CHIDKEHO AO KaKOTO-TO KPUTHYECKOTO 3HadeHus, YTOOBI
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CTaTb COBMECTMMBIM C 3aMEAACHHBIMM IPOLIECCAMM CXKATOTO BCe-
AEHCKOTO TMPOCTPAHCTBA, C AMHENKO CKOPOCTH M GbICTPOAECTRUA,
paBHoI 300 THICSIMaAM KMAOMETDOB B CEKYHAY. AAsi aB6COAIOTHOM Ha-
AEKHOCTH YTIPaBAEHUS C TIOMOWIBIO MAABIX OTKAOHEHMUI 1 0OPATHBIX
CcBAseit, BHyTpeHHee MHGOPMALMOHHOE NPOCTPAHCTBO MMKPOYMIIA
AOAXHO OBITb GOABIIE MAM PaBHBIM 00beMy BceAeHHOI, TAE XpaHAT-
¢ MexaHW4eCKie MacChl MAM OOBEKTHI YIPaBACHUA. APYTUMH CAO-
Bamu, aasa CroponHero HaGAropaTeas, o6peM Halero rpexmepHo-
IO NPOCTPAHCTBA MEXAHMYECKMX MACC AOAXKEH OBITh MEHBIIE UAM,
II0 KpajiHeil Mepe, paBeH 545 ThicsiyaM Ky6udeckux MeTpoB. Kro He
TIOHSIA HUTU PaCCY>KAEHMIT, PEKOMEHAYIO NIePEYMTATh TEKCT U IIOHATh
AOTHKY CBSI3M BPEMEHH, AAVIHB M3MEPUTEABHOM AMHENKU 1 obbeMa
MPOCTPaHCTBEHHOro KBaHTa. He Tak M CAOXKHO pa3oOpaTbes B Tpex
B3aJIMOCBsI3aHHbIX ITapaMeTpax.

ITpopoaxas MpIcAb O CBOMCTBaX IPOCTPAHCTBA MaTepPUAAbHO-
IO MMpa, HAAO CKa3aTh, YTO AMHHS MOKeT ObITh CAGKEHA B HaleM
NPOCTPAHCTEE TOABKO M3 L{ENOYK# KYyOuKoB 06bemom 10-7> Kyou-
JeCKMX MeTpoB. HukaKyio AMHUIO TOHbIIE, YeM 3TH KYOUMKM HEBO3-
MO>KHO TIPEACTaBUTh. 3HAYUT, KaK TAaKOBBIX, AUHEHBIX pa3MepoB
He CYIIEeCTBYeT, 4 B PEAAbHOCTU eCTb AMHENHble pa3Mepbl «pac-
Kpy4ennoro» o6pema. He no a10it Av ipuuyHe B 3HAMEHUTON Teo-
peme Indaropa cymma KBapApPaTOB KaTeTOB NpPSIMOTO YrAa paBHa
KBaApaTy runoteHyssi? O NOBEPXHOCTH TOXe MOXKHO CKa3aTh, KaK O
[apaAAEABHO YAOKEHHBIX B OAVH CAOM KyOUKaX IIepBMYHbIX KBAHTOB
npocTpaHcTBa 06beMoM 107° MeTpoB KyGuuecknx, a 3Ha4uT, HeBO3-
MOXKHO CO3AQTh MOBEPXHOCTH ToHbuie, yeM 10 meTpos. OcMbic-
AVBas M AaAee MPOLIECC CO3AAHMS CITMPAABHBIX M KPYTOBBIX ITAOLYa-
Ael, HayMHaelib TOHMMATD, I0YEeMY HE pelHaeTCs 3apada «KBaApary-
PBI» Kpyra MAHK 3apaua «Ky0aTypei» mapa? VisroToBuB yBeAMueHHyIo
MOAEAb KBAHTOB IIPOCTPAHCTBEHHBIX KYOMKOB, ¥ BHIAOXKUE MX B I0-
A0DMe Kpyra, Mbl IOAYYMM He POBHYIO AMHUIO TIOBEPXHOCTH KpYTa, a
MHOXECTBO TEPIIEHAMKYASIPHO «M3AOMAaHHBIX» AMHUMA. B peaabHo-
CTH AAMHA BTOM M3AOMAHHONM AMHKUK Bceraa 6yaer 6oabmie, ycpea-
HEHHOWM AMHMM AAUHBI OKPY)KHOCTH. AAsI COBMELEHMS HECOBMEC-
THMOTO ¥ CYIRECTBYET 6€CKOHETHOE II0 AAUTEABHOCTH YHCAO IH».
Ho, 31aa pasMepsl KBaHTa IPOCTPAHCTBA, MOXKHO YCTAHOBUTD U pe-
aAbHOE, a0COAIOTHO TOYHOE 3HaYeHue Yucaa «u». Io Tem xe npu-
yMHaM u AI060t IIap B PEAABHOCTM MPEACTABASET COOO0M CAOKHYIO
ApXMTEKTYPY U3 IPaBUABHBIX KyOudeckux KBaHTOB. OH He MOXeT
UMeTb abCOAIOTHO TAQAKOI MOBEPXHOCTH, & 3HAYMT, ¥ 00bEeM INapa
HEABb3s1 BBIPa3UTh B TOUYHBIX COOTHOIIEHHUAX C €ro pasuycom. Bcs
MaTepuA 3a CYeT HelpPEePhIBHOTO CMAOBOTO BO3AENCTBUA NMPOTUBONO-
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AOJKHBIX CHA COAEPKUTCA B COCTOAHUYU CHEPOMAOB AU KPYTOIIOAOG-
HBIX CIIMPAA€eit CXOXXAEHMSL U PACXOKAEHMUSA, IO3TOMY MHCAO «ITH» U
SIBASIETCA «Y4aCTHMKOM» GOABIIMHCTBA POPMYA M 3aKOHOB MaTe-
PHMAABHOIO MMpa.

B cBA3M ¢ 9TUM, MOXHO NO-HOBOMY OCMBICAUTD rumnote3y Ilyan-
Kape 0 TOM, YTO BCAKOE OAHOCBA3HOE KOMITAKTHOE TPEXMEPHOE MHO-
roobpasue 6e3 Kpas roMeomopdHO TpexmepHoli cdepe, Kak U 0606-
ieHHy10 runore3y [lyaHkape 1Mo MOBOAY rOMOTONMUYECKO! 3KBMUBA-
AEHTHOCTH QU3NYECKMX NPEAMETOB pasHOit GOpMBI TOMeOMOPPHOIA
chepe. Taxoke MOXHO YOGeanTbCsa, MpaBUABHO AM Ipuropmit ITe-
PeAbMaH NMPOBEA AOKA3ATEABCTBO TeopeMbl DepMM, AU TOABKO
CO3AQA MaTEeMATHUYECKYI0O HAAIO3HIO ee MPpaBMAbHOCTH? EcAM panb-
1€ 3aAYMBIBaThCA O NPUPOAE OOBEMHBIX KBaHTOB MPOCTPAHCTBA, TO
MO>KHO IOHSATD, YTO aOCOAIOTHO BCe YMCAEHHBble METOABI MaTeMaTH-
4eCKUX MCYMCAEHMIA, OT apUPMETUKM AO BCEX PA3AEAOB BBICIIEN Ma-
TeMaTHKH, & TaKXKe TPaAMLIMOHHAA reoMeTpyus EBKAMAQ U HEAMHEN-
Has TpUroHoMeTpusa AoGayeBCKoro, ADyrMMU CAOBaMM, GpHU3HUKO-Ma-
TeMaTHYecKye OCHOBBI COBPEMEHHON HayKu, TaK UAM UHaYe OepyT
CBOE HaYaAO B KBaHTOBOM IpeACTaBAeHnM (usuueckoro tTpexmep-
HOTO MPOCTpaHCTBa Hameyt Bceaennoit. CBOMCTBAa CBA3aHHOCTH, U
Aa)Ke CBOMICTBO HEC)KMMAEMOCTH IIPOCTPAHCTBA A€TKO NOHATD, KO-
TAa 3Haellb, YTO HPOCTPAHCTBO COCTOMT M3 HEeC)KMMAaeMbIX KBaH-
TOB, B TOI MAM MHOM CTENEeHM 3alIOAHEHHBIX MOAEBBIMM MAM MeXa-
Huyeckumu popMaMy SHEPIrMY MaTepHaAbHOTO Mupa. Ha rpanuuax
BceAeHHOI1, TOA AECTBMEM MOLIHBIX MIPOTUBOMOAOXKHBIX CUA, KBaH-
Thl MPOCTPAaHCTBA HE3HAYUTEABHO C)KMMAIOTCH, YTO BbI3bIBAET pe3-
KOe 3aMeAAeHYe CKOPOCTH T€YeHUsT BpeMEHU U Pe3KO€ yMEHbIlIeHUe
3TAAOHHOM AMHENKY CKOpocTH. OTMedy AAS 3amOMMHAHMA Ha 6yAy-
1ee, YTO BCAKasA 0ECKOHEYHO MaAas BeAM4MHA B IMOHATUAX MaTe-
MaTUKH U QUIMKHK, HE MOXET ObITh MEHbIIE MePBUYHOTC KBAaHTa
dunsmnuecxoro npocrpancrsa. [IpousBoAHbIE IO BpeMeHHM, KaK U Bce
BBICIIME IIPOU3BOAHbIE Pa3AMYHBIX QYHKIVI Y MHTErPaAbHOE UCYIC-
A€HME TOXE MMEIOT TOA CO6O0V PU3MUECKYI0 OCHOBY HEAGAMMOTO M
HEC)KMMaeMoro KBaHTa TPEXMEPHOTO NpocTpaHcTBa. MccaepoBaHue
SHepreTU4eCKUX B3aMOCBA3€EM C y4€TOM KBAHTOBOCTH IMPOCTPAHCT-
Ba MOXXET CTaThb TBOPYECKUM «DABAODPAAO» MAM TBOpUeCKUM «KAoH-
AQIKOM» AAs GyAymux yueHsix. Tema aTa Ou€Hb MHTEpeCHA, HO YCThb
eif 3aHMMAIOTCA YUeHble MaTeMaTUKu U Guaukn. TTpyu 5TOM, UCTIOAB3YA
MaTeMaTU4eCKMil anmnapar, IyCTb y4eHble MaTEMaTUKM He OTPbIBAIOT-
¢ OT (PU3UYECKUX MapaMEeTPOB HALIEr0 TPEXMEPHOFO NPOCTPAHCT-
Ba, M HE BEIAYMBIBAIOT HECYIIECTBYIOIME B PEAABHOM MUPE MHOTO-
MEepHBbIE NIPOCTPAHCTBA MAaTEMAaTUIECKMX MAATO3UI.
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Beab ecan npaBuAbHBI MoU paccyKaeHus, To u TBopen Bce-
ACHHOW TO)Ke )KMBET B 80COAIOTHO MPABUABHOM TPEXMEPHOM IPO-
CTPAaHCTBE, TA€ HEeT HUKAaKUX KPMBOAMHEMHDBIX MAOHIaAEH u oObe-
MOB, M AQ)Ke HET KPYTOBBIX NMAOINAAEN 1 IapOBLIX 00'bEMOB, a eCTb
TOABKO IIPaBUABHASE 3TAAOHHAs KYOaTypa 00'beMHOTO TPEXMEepHO-
ro NPOCTPaHCTBA, B KOTOPOM OTCYTCTBYIOT KaK TaKOBbIE AMHMU M
naom@aau. Ho MOXXHO AM HOAYYMTDb YMCAEHHOE 3HAYEHME Tpexmep-
HOro o0bema BceAeHHOM, Kak M YMCAeHHOe 3HayeHue obuiero Ama-
MeTpa BCEACHCKOTO NPOCTPAHCTBA, €CAM CMOTpeTs Ha Bceaennyio
raasammu CropoHHero HaGatopaTeast ns abcoarorHoro nuopmaum-
OHHOTr0 npoctpaHcTBa? MOXHO, HO AAA HaYaAa HaAO BBIYMCAUTD
o6bem BeeAennoit, rae HAXOANATCA BCe ee MACChl U TIOAEBbIE CTPYK-
TYPBI 3THX MACC, ITo AnHelike Croponnero HaGalopareas, koropas
AAUHHEE Haluel OrpaHWIeHHOM AMHEHKN CKOPOCTH CBETA Ha Nepe-
XopHbI Koaddunuent Bpemenu. Beriomuum, yTo Hayka ykasseiBa-
eT ABa PapMyca BCEACHCKOTO IIPOCTPaHCTBa. BUAMMBIA papuyc pa-
BeH npuMepno 13,7 Muaamappa CBETOBBIX AeT, ITO COBCEM MaAO
aas Croponnero HabAoaareas u AAST MOHaA LIEHTPOB TKECTEN Me-
XaHM4ECKUX Macc, KoTophnie 3a Bpems 0,3(3) x 10* cexyHam, ycme-
Balot «cheraTb» rocoBeroBarbcs co CropoHHuMm HabAiopateaem u
BEpPHYTbCs 06paTHO. DTOT paauyc B 13,7 MMAAMApAA A€T MOHATEH U
00BsacHNM. EcAn ropsramii «BoAbmmioit B3puiB» ACHICTBUTEABHO NPO-
M30IIEA OKOAO 15 MUAAMAPAOB A€T Ha3aA B HEHTPe COBPEMEeHHOM
BceAeHHO1, TO HOTOHBI Ay9€BbIX SHEPIMIt HU HPH KakuX 06CToA-
TEABCTBAX, He MOTYT YAQAUTBCH Ha GoAbIIee pacCTOAHNE, HOTOMY
YTO HE MOTYT NIPEOAOGAETH BEPXHIOIO AQHKY CKOPOCTH B 300 ThICAY
KMAOMETPOB B CEKYHAY. TeM 60Aee Mbl YCTAHOBMAM, YTO YEM AAAD-
fIfe B Aec, TeM OOAbilie APOB. V{3MepHUTeAbHas AMHEKA YMEHbUIAET-
Cfl, @ 3HAYUT, ¥ peaAbHas CKOpocTb GOTOHOB mapaer. Aebpu BceaeH-
CKO¥1 060A0uKM G0Aee rycTHI M GoAee BA3KH, YEM AKYHIAU AMa3OHKM.
AJKYHTAU XOTb KaK-TO MOXHO IPEOAOAETh, paboTas TONOPOM U Ce-
KaTOpOM, TeM GOAee, eCAM 3aXBATUILD C COOO0 AOCTATOUHDIN pesepB
DMLY TEAECHOV AASI SHEPTETHYECKOM noanuTky 6peHHoro teaa. ®o-
TOH He YeAoBeK. OH NOAUMHAETCS He COOCTBEHHOI TOPAbIHE U YIIOp-
CTBY, a BCeAGHCKUM 3akoHaM. HanmuraBmuces B 060aouxe Beeaennost
TEMAOBBIMM KBaHTaMM, (POTOH BOCCTAHOBMUT COOCTBEHHYIO sHepre-
TUYECKYIO KU3HECTOMKOCTD U KU3HECTOMKOCTb 060A0UKY, U 06a3a~
TEABHO BepHETCS B MATEPHAABHBIN MUD B BUAE «PEAMKTOBOIO» U3AY-
JeHUs MAU B BUAE BOAHBI CBEPXAAMHHOBOAHOBOIO AMamna3oHa, Huka-
KOJ1 aAbT€PHATHUBbI y HETO HET.

Takum oOpa3om, papuyc BeceaeHnosi B pasmepe 13,7 muaan-
apAa CBETOBBIX A€T, IOAHOCTBIO OOBICHAETCA runoresoil «boap-
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IHOTQ B3PHIBA» M MOATBEPKAEH SKCIIEPMMEHTAABHBIMY HabAl0Ae-
HusimMu. Ho Hayka AdeT B CBOMX TEOpeTMHYECKUX PacyeTax YMCAeH-
HOe 3HayeHMue papuyca BceaeHHOJt B pasmepe 46,5 CBETOBHIX A€T,
a 9TO, KaK FOBOPAT, ABe OoAbline pasHULBL B uem TyT aeao? Caer,
HU TIpU KaKuX 0OCTOSITEABCTBAX, HE MOT YAQAMTHCS Ha TaKyIO AMC-
TAHLMIO OT MECTA B3PBIBa, 3a 13—15 MMAAMAPAOB A€T CyLIeCTBOBa-
Hus BceaeHHo#. OTKyAQ B3SIACSA, 3TOT GOAbIIe YeM TPEXKPATHBII pe-
3epB BCEAEHCKOro npocrpancTBa? TeopeTyecKknx AOKa3aTeAbCTB s
He BUAEA, HO YMCACHHOE 3HadyeHMe BMPTYaAbHOro papuyca Bceaen-
HOM B pasMmepe 46,5 MMAAMapAA CBETOBBIX A€T, S NpuHUMaw. Buan-
MO, HO MHTYUTUBHOMY YMOAYAHMIO, y4eHEble STOT pe3ePB IIPOCTPAHCT-
Ba B 32,8 MUAAMADAA AET, OTBEAM TIPOYHOCTH HEBUAMMOI TBEPAU BCe-
AEHCKOI1 060A04KK. VI3 KaknX co0BpaXkeHuit CA€AYeT TPUHATE Lugpy
B 46,5 MMAAMApAA A€T, 32 OCHOBY AASL PAcUeTOB 00'beMa BCEAEHCKO-
ro mpocrpaHcTBa? Mou coobpaxkeHus: MPOCTHL ¥ NOHATHBL. KBaHTHI
IIPOCTPAaHCTBAa, Ha paanyce BeceaenHoit ot 13,7 MuMAAMapAa CBETOBBIX
AeT A0 46,5 MMAAMAPAOB A€T, TO €CTh B Auana3ose 32,8 Mmuaanapaa
CBETOBBIX A€T, AAsL 00pPa30BaHNA HEMPOXOAMMON TBEPAU BCEAEH-
CKO# 060A0YKHM, AOAXKHDI GBITDH CKAThI ¥ CIIPECCOBAHBI A0 He3HAUM-
TeAbHOM TOAIJMHBI CEMUCAOIHOM 060A0uKkn. Hanpumep, npu ¢ak-
TUYECKOJ TOALIMHE B OAMH KMAOMETP, 32 CHET 3aMEAAEHUs BpeMe-
HU U YMEHbIIEHUs STAAOHHOM AMHENKM CKOPOCTH, C BeAuumHbl 300
THICAY KMAOMETPOB B CEKYHAY AO HECKOABKMX MMAAVMMETDPOB B ThI-
cAYEAeTHe, HUKaKasl MaTepUaAbHAA CYH{HOCTD, B TOM WACAE M CaMblif
9HePruuHelil GOTOH, A0 KOHLIA CYmecTBOBaHUs BceaeHHOM He npe-
OAOA€ET 3TY CXKATYIO KHAOMETPOBYIO ToAILy. Terepb BaM IOHATHO, B
4eM CYTh pe3epBa NPOCTPAHCTBA PAAUYCOM B 32,8 MMAAMApAQ CBETO-
BbIX AeT? Ho M3 BEAMYMHBI 3TOr0 pesepBa BhIACHAETCH, YTO yBakae-
MBIl MHO¥ IIOKOVHBIN aKaAeMUK 3€ABAOBUY KpYIHO OIMGaAcs, or-
BoAst BceaenHoit 100 MMAAMAPAOB A€T CyliecTBOBaHMA. BceaeHckas
060A0YKa HE PACCYNTAHA HA TAKYIO MIPOAOAKHTEABHOCTD BCEACH-
CKOT'0 CyljeCTBOBaHMA.

IMopoaus Vincyca Xpucra, BceaeHHas AOCTVTA2 BEPLIVHBI CBOE
9BOAIOLINM U CePEAVHBI TIEPUOAA NTPOAOAKUTEABHOCTM XU3HU. 3Ha-
9T, elf 0CTAAOCH XXUTb He GoAaee 15 MuaAnapaoB AeT. [puuem 3a
3TH 15 MUAAMAPAOB AE€T rAaBHbIE SHEPreTUYECKUE PECYPCHI MAaTEPUN
OYAYT BbIpabOTaHBI HACTOABKO, YTO KBAHTOBBLI YPOBEHD BCEAEHCKOM
000A0YKY TIEpENAET Ha 6OACe HU3KYIO CTYTIEHb SHEPTETUKU U PaAU-
yC BCEAEHCKOTO IPOCTPAHCTBA CKaYKOOOPAa3HO YII2AET Ha BEAMUMHY,
MIPOTIOPLIMOHAABHYIO KBaApaTy HOMepa 3HEPIreTUYECKOro IepexoAa.
BripoueM, TOYHO TaK >Xe, KaK OCYIIECTBAAIOTCST SHEPTeTUYECKUE ITe-
PEXOABI DAEKTPOHHBIX 000AOUYEK aTOMOB M MOAeKYA. IIpoBoas aHa-
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Aorvio BceaeHHOJt M aTOMa XMMUYECKOrO SAEMEHTa, CACAYET 3aMe-
TUTD, YTO UAEA «PaCLIMPEHUI» BCEACHCKOTO POCTPAHCTRA TIOAAED-
>KMBaeTCs OWMOOYHOM TUIIOTE30/ TEPMOAMHAMUKHM, BhIPAXXEHHAsA B
TOM, UTO SHEPIUs MaTepuM NpEBPAIAETCA B TENAOTY M HaKaAuBa-
eTcst BHYTpu 06beMoB BeeaeHckoro mpoctpancTBa. AeiCTBUTEABHO,
3HEepreTMYECKME YPOBHM aTOMOB M MOAEKYA 3aBUCAT OT TeMIlepary-
Pbi, HO OT TeMIIEPATYPbl OKPY>KaloMieil CPEAb], a He 0T BHYTPEHHel
TeMnieparypsl. Ecau B mHGOpMaLMOHHOM abCOAIOTHOI Cpeae OKpY-
XeHus Beceaennom noppepkusaeTcs Temneparypa MuHyc 300 rpaay-
coB lleAbcus, TO HUKaKas BHEIHSIA 9Heprus Bo BceaeHHyYIO He 110-
CTynaeT ¥ HUKOTAQ He mocTynasa. C Apyroi CTOpOHbI, ecau Ob1 Ten-
AOTa He IpeoOPa30BBIBAAACD B AYX, @ HAKAIIAMBAAACh B IPOCTPAHCTBE
BceaeHHOI, TO M TOTAQ «MEAAEHHOE» U «HENPEPhIBHOE» pacHIMpe-
HMe NPOCTPaHCTBa BceaeHHOW NMPOTHBOPEYHT 3aKOHAM KBAaHTO-
BOI pu3nKku. PasMepsl BCEACHCKOTrO papuyca AGAXHBI OBITH [TOCTO-
SIHHBIMM, YTOOBI COXPaHMTb raPMOHMIO MMPa M MCIIOAHEHME MeXa-
HUYECKMMM MaccaMy 3aKOHOB HeGecHom Mexanuku. [IpeacraBasiete
cebe, 4TO GBI IPOM3OIIAO, ecAu Obl papnyc BeceaeHHOM KBaHTOBO yRe-
AMYMACSH MPOTIOPLMOHAABHO KBaAPATy HOMEPY SHEPreTUYeCKOTO CO-
crosuua? [To MOMM HempoOBepEeHHBIM AQHHBIM (IIOAYEPKHY, YTO 5 U
CaM B HYX COMHEBaIOCh), BceAeHHas HAXOAUTCS Ha LIECTOM Hepre-
TU4YecKoM ypoBHe. Ilepexoa Ha ceAbMOI dHEpPreTM4eCKMii YPOBEeHb
yBeAanuua 651 pasmepbl papuyca Beceaennoii B 49 pas! Ho aToro nu-
KOTAA He MMPOU30MAET, HOTOMY YTO 3aKOHBI MATepHaAbHOIO MUPA YCT-
poOeHb! TaK, YTO MCTMHHASI MACcCa, SHEPrus ¥ NMAOTHOCTb MeXaHuye-
CKUX MACC, HAAEXKHO CIIPsTaHbl U YKPbITH. CKOPOCTH CBETa 0AHO-
BPEMEHHO SIBASIETCS U OrpaHMYMTEAEM CKOPOCTH S3HEePreTM4ecKnX
NpoLEeCCOB, IO3TOMY HMKAaKO€ PeaAbHOE PACIIMPEHUE BCEACHCKO-
T0 MPOCTPAHCTBA He MPOUCXOAUT, M He NMPOU30MAET BO Bce Oyay-
1Me BpeMeHa CyllleCTBOBaHUA Hamell BceaenHomn.

OAHaKo yMeHBIM CACAYET OTOMTH OT TMIIOTE3bl TopAYero «boAb-
LIOTO B3pHIBa» U NEePelTH K FMNoTe3e KBAHTOBOTO PasBUTHA HPO-
TOBCEAEHHOM U3 EAMHOTO cynepappoHa. O0 3ToM s TOBOPHA U B Ha-
JAAbHBIX TAaBaX 3TOI paboThI, HO CENYAC MPOCTO YOEXKAEH, YTO Me-
XaHMYeCKMe MAacChl POTOBCEAGHHOM COCTOSIAM M3 OAHOTO AAPA,
OXAQKAECHHOTO Ao Temneparypsi Munyc 300 rpaaycoB Lieancns.
YBeAMYMB CHAY PE30HAHCHOM MEXaHU4YeCKOil paboThl, MOHAABI LieH-~
Tpa TAKECTH HPUHYAMAM YaCTh MEXaHMYECKMX KBAHTOB M3PaCXOAO-
BaTh CBOI pe3epB MEXaHUYECKOM SHEPTUM U PA3ACAMTHCS Ha KBAaHTBI
TIOASI TPAaBUTALMM M KBAHTHI MAaTHUTHOU SHepruu. BzaumoaeitcTeue
BaKyyMa KBaHTOB IIOAS I'PaBUTALIVIM TIPUBEAO K MOBBIILIEHUIO TEMIIe-
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paryphl Ha 3 rpapyca IO KaXAOMY ITPOCTPAaHCTBEHHOMY HallpaBAe-
HMIO B CUAY SHEPIeTHYECKOM OAHODOAHOCTM KBAHTOB IpaBUTALMM,
JTO U AAAO MpHpallieHue TeMIepaTypsl BakyymMa Ha 27 rpasycos
IleAbcusi, IO CPaBHEHMIO C 3TAAOHHBIM MH(OPMALMOHHBIM NPO-
crpatcreom Cropornnero Habawpareas. Ha peae To noBrilieHue
TeMIEePATyPhl 03HAYAAO NIEPBBIN Nepexop, CyIlepaApPOHa MeXaHnye-
CKO#i MAacCBI IPOTOBCEACHHOM OT aGCOAIOTHOrO HYAEBOrO, MMHYC
TPMALIATOTO YPOBHS, Ha EPBBI OTPULIATEAbBHbIN YPOBEHD, MAM Ha
MuHYC 29-i1 ypoeHb. HapabaTbiBasi BakyyM KBaHTOB OAS IPaBUTa-
HMM Ha 3TOM NEPBOM OTPMLATEABHOM YPOBHE, MEXaHMYECKas Mac-
Ca HE TOABKO YMAOTHsIAA HEOOABIIOK 00beM BaKyyMa, HO U YIIAOT-
HSIAA BCEAGHCKYI0 000A0uKy. Koraa yacTp MarHUTHBIX KBaHTOB U3-
PACXOAOBAAA CBOIO BHEPTUIO, TO UX 00BbEAMHEHME TIOPOAMAO KBAHTbI
3AeKTpMyecTBa. TeMIiepaTypa MOBEPXHOCTM MEXaHWYECKOIO CyHep-
aApOHa IPOTOBCEAEHCKOIO SIApa CTaAa HApacCTaTh, ¥ BECh CYNIEPaAPOH
BMecTe ¢ 000AOYKOM KBAaHTOBO MEpEILEA Ha CAEAYIOHIMI SHEPreTH-
YeCKMIA YPOBEHb, MTHOBEHHO YBEAMYUB Papuyc BceaeHHOI B yeThipe
pasa. IlpumepHo TaK 1 aBOAIOLMOHKMpOBaAa BceaeHHas, npeBpamas
KOAMYECTBO BHYTPEHHEN! TEMAOTHI B HOBO€E IPOCTPAHCTBEHHOE Kaue-
CTBO M KBAHTOBO YBEAMUMBAs CBOI MPOCTPAHCTBEHHLIN 00beM npo-
MOPLIMOHAABHO KBaAPaTy HOMepa SHepreTM4ecKoro cocrosHud. S ve
COMHEBAIOCh B TOM, YTO U Ccelyac B LIEHTPaX TsHKeCTeH Bcex Me-
XaHMYECKMX MAcc, B 00’beMax YNPaBAsSION{MX KBAaHTOB «IIYCTOThI»,
coxpaHnsercs remneparypa munyc 300 rpapycos Lleabcus. O6 sTom
CTOUT NOAYMATh YYEHOMY COODHIECTBY, KaK M 000 BCEX CBOMX Hayd-
HBIX TYIMKAaX M 3a0AY)KAECHMAX, BKAIOYAs MOAEAb COTBOpeHus Bce-
AEHHOJ C IOMOILBIO ropsA4ero «boAbIIOro BapriBay».

Ho yeAoBeuecTBy He cTouT 06 970M AymMarhb. CTOUT AYMATb O APY-
roM. ITo kpaitHeii Mepe, HAAO HOAYMaTh, KaK YOpaTh MaHUAKaAbHbIX
TOCYAAPCTBEHHBIX TEPPOPUCTOB U3 SAMTHL YIIPABACHUS TFOCYAdpCTB
3aaAHOrO MMUpa, YTOOBI He AATh BO3MOXHOCTHM YHMUTOXUTb MCAAM-
CKWi1 MMP M CHU3UTD YMCAEHHOCTb 3€MHOrO YeaoBedectsa? BoT Ko-
TA2 YMCAEHHOCTb 3€MHOTO Y€AOBEYECTBA CHUBUTCA XOTA Obl Ha MUA-
AMAPA, TOTAQ CAMM CETOAHSIITHUE TOCYAAPCTBEHHBIE TEPPOPUCTHI U MX
TIOTOMCTBO TaxKe HeCCAEAHO MCYE3HYT C AMLja 3eMAM BMECTE CO CBOM-
My xeprBaMit. He MOr'y TIOHATB, I0MEMy OHM 3TOTO He TOHUMAIOT,
pasxurast rA00aAbHBIA KOHPAMKT B3aMMHOro UCTPeGAeHUsA Hapo-
AOB MICAAMCKOT0 MUpa? MeHs HEBO3MOXXHO 0OMaHyTh papUCeiicTBOM
AXM U AByAMuMs. Beab, HaumHasa ¢ Cappama Xyceiina u KoH4das My-
amMmapoMm Kappadu, M3rOHSIIOT M3 MCAAMCKOM IMOAMTHKY HE TUPAHOB
CBOEIO HAPOAQ, A TEX, KTO peaAbHO obecneunBaer CTabUABHOCTD COO-
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CTBEHHBIX TOCYAQPCTB M MCAAMCKOro Myupa. OHM CTaAM HEHaBUCTHBI
3aMaAHbIM AEMOKpaTaM, IIOTOMY YTO He AOIIYCKAAM Ha CBOMX TEeppH-
TOPMSIX PACHPOCTPaHEeHUs TEPPOPMU3MA M ACPXKAAUM CHABL 3Ad B «Ha-
MOPAHMKE» CyPOBBIX TOCYAAPCTBEHHBIX 3aKOHOB. Peub MAeT He 0 pac-
NpPOCTPaHEHUM AEMOKPATHH, & O PaCPOCTPaHEHNH OPaTOyOUItCTBEH-
HO#1 BOJHBI METOAOM TEPPOPA MEXAY CYHHUTaMM M HIMMTaMY, KaK 3TO
IIPOMCXOAMT B COBpeMeHHOM VIpake. Pa3BA3bIBalOT pyKi TPETheil CHAe
TAOOAABHOTO TEpPOpU3Ma B AMIle «(PYHAAMEHTAABHBIX» UCAAMMCTOR
opranmsaumy «Aab Kaifabl», KOTOpbIE HA CAMOM AeA€ SIBASIIOTCS CAY-
ramyl AbsIBOAA M YOMBAIOT Kak CYHHMTOB, TaK ¥ IIMUTOB, YTOObI 110-
CA€ TAODAABHOM «3aYMCTKU» MCAAMCKOIO MUpAa M CaMMM HOTMOHYTH
TI0A YAAPaMU aBUaLMM «{MBMAM30BAHHOTO» 3amaAa. A KakoBO ABYAM-
une! AeCATH AET, C TIOMOLIBI0 BOODY)KEHHOM CHUABI, 3amap Bpope Obl
6opercs ¢ YACHAMM TeppOPUCTUYECKON opranusauun «Aab Kaitapl»,
a cefyac caM Xe MPM3HAeT, YTO OYHT B AMBUYM OPTaHU30BaH 9TOM Tep-
POPMCTUYECKOJ IPYTIIIMPOBKOA. MaAO TOFO, YTO IIPU3HAET, HO M MOA-
KapMAUBaeT OyHTapeif IIPOAYKTaMM NUTaHUA, OPYXUeEM, X OKa3biBa-
€T UM BOEHHYIO IIOMOLIb C OMOLIBI0 60MOapAMPOBOK 3aKOHHBIX BOO-
PY’KEHHBIX CMA U MMPHOTO HaceaeHms. [ae Xe pasyM deaoBedeckuit u
TAe I'PaHMI{bl YEAOBEYECKOM MTOAAOCTH U ABYyAMUMA? M KTO ympaBAasieT
MEXXAYHAPOAHBIM TEPPOPOM, €CAM 3TOTO He AeaaeT 3amap? Ilpocru-
Te 3a OTCTYyIA€HHUE. Sl )ke IOHUMAI0, YTO HUKAKUMM CAOBaMM He U3-
MEHWUTD XOA BBOAIOLIMY 3eMHOTO YeAoBedecTBa. [loToMy uTo 3aBucHT
9TOT MpPOLlecC HE OT NMOBEACHMS KOHKDETHBIX AIOAEH, a OT AyXa Abd-
Boaa. Ho ecau Aopckoe coo01iecTBO BceM MMPOM BBIPasuT MPOTECT
MPOTUB PaclPOCTPAHEHMs Xa0Ca, IPOTUB ABYAMYMA W AOKM, TO OHO
MOXeT ObITh, XOTS ObI 3aAEPIKUT CTPEMUTEADHOE ABIKEHME 3€MHOI'O
YeAOBeYeCTBa K COOCTBEHHOMY CAaMOYHUYTOKEHMIO.

Wrak, Bo3Bpalljasich K MUPY MaTepuu, IPUMEM AAS pacyeTa pe-
aABHOTO 00beMa BCEAEHCKOro IPOCTPAHCTBA CaMblil OOAbBIION pasuyc
Bceaensoii B paamepe 46,5 MuaAnapaa cBeTOBBIX A€T. B nepecyere Ha
CKOPOCTh CBETA B METPaX, 5Ta BeAMuMHa paBHa 4,4 x 10% metpos/ ce-
KyHAY. Byaem nipyt 5ToM NOMHMTD, UTO pakTuuecku 3a 13—15 Muaan-
apAOB A€T CYILECTBOBaHUS, AdXe POTOHBI AYHEBbIX SHEPIUM, HUKAKUM
00pa3soM He MOTAU YARAUTHCA Ha TaKyl AMCTaRLMio. IToaydeHHBHT
HaMy K09 PUIMEHT MepexoAa BpeMeHU OT HALIero IpoCTPaHCTBa, K
npocrpaHcTBy CtopoHuero Ha6Atopareas, pases 1,1 x 10-% cexyn-
ABL YMHOXas1, K0a(duiMeHT nepexopa BpeMeHU Ha papuyc BeeaeH-
HOM1 B MaciTabax BHYTpeHHET0 IPOCTPAHCTBA, IIOAYYUM, YTO PaAK-
yc Bceaennoit pasn CroponHero HabGalopaTeas cocTaBaseT BCero
48,4 metpa. TakoB peaAbHsli1 pasmep papuyca BeceaeHHoit aasa Cro-
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pouHero HaGAroparteas. Bce 5T MMAAMAPABI CBETOBBIX A€T BHIAUAMCH
B KPOLIEYHbI pasMep BeAnunHoit 48,4 metpa. ITo popmyae o6bema
MOAYYMM, YTO 3TOT 00bEM PEAABHOTO PACNIOAOKEHUA BCEACHCKOM
Marepuu cocraBasieT 474 608 KyOuyecKmx MeTPOB, ¥ OH AEHCTBU-
TeAbHO MeHbllle of’beMa yIpaBAsIOmell MyCTOTHI, KOTOPas paBHa
545 TeiCSiYaM KyOuueckux Merpos. HeoO6XOAMMOCTh TaKOro yMeHb-
MEHUsT CBASaHA C HAAEKHOCTHI0O MH(QPOPMALMOHHOIO YIIPaBAECHMH,
0 yeM MbI ¢ Bamu Boilie roBopuau. OTMETMM HEKOTOPbIE CBOMCTBa
KBAHTOB BCEAEHCKOTO HPOCTPAHCTBA.

IMo NOBeAEHUIO BCEAEHCKOM MaTepuu SICHO, YTO KBAHTHI MaTe-
PHAABHOI0 MHpPA UMEIOT BO3MOKHOCTb CO3AABaTh KaKye YTOAHbIe
coo0ImecTBa M0 «KMHTEpECaM» B Pe3yAbTAaTe SHEPreTHYeCKHX B3an-
mopeitcreuit. OHu MOryT 00pasoBsIBaTb AKOOBIE CAOXKHBIE GOPMBI B
TBEpPABIX BelieCTBaX, KaKe TOABKO MOXKET U3MBICAMTD YM UeAoBeye-
cxuit, CKYABTITOP MOJXKET M3TOTOBUTE AI0OYIO pOPMY M3 TAACTUYHOTO
MarepuaAa, YTo6bl BOMAOTUTD B MBAEAMU CBOi TBOPYECKMIA 3aMbICEA.
KBauTH roAeBsix Gopm MaTepum 00OpasylOT KOHBeepHble LETIOMKN
AASL TIEDEAQYHM SHEPTUM UAM UHPOPMaLMK. DTH LETIOUKHM ¥ 00 BEAUHE-
HM TaK )Xe pasHOOOpasHbl, KaK pa3HOOOPasHbi OTKPLITHIE U YCTAHOB-
AEHHbBIE B pe3yAbTaTe SKCNEPUMEHTOB TBOPYECKMMM YCUAMAMY Hay4d-
HBIX PabOTHUKOB MaTeMaTudeckue GOPMYAB! MOBEAEHMA MaTEPUM B
PA3AMMHBIX CUTYaL[UsAX. YyKe MarHUTHBIE M SAEKTPHYEeCcKHe KBaHThi,
MOTYT ABMIaThCA Bbllle CKOPOCTH CBETa 110 KPYTOBBIM MAY DAAKII-
TUYecKuM opburam! Kopoue roBops, oHu UMEIOT BCe CTerneHy CBobo-
ABL B 3aBUCMMOCTH OT pe3epBa BHYTPeHHelt sHepruu. [Tpudem ux mn-
$opMaTHBHOCTD M CKOPOCTD NepeMenleHs SHAYUTEABHO BO3pacTaeT,
a cB000A2 YBEAUUMBAETCS, IO MEPE PACXOAOBAHMSA SHEPrMK M IpU-
oOpeTeHusa MHPOPMALMY, HO IIOKA OHU HECYT B cefe IHepruio Ma-
TEepUH, OHM AMINEHBI TAABHOM CBODOAbI. JTa TAaBHAM CBOOOAA 3a-
KAIOYAeTCA B COCOOHOCTH 00pa3oBaTh U3 ABYX KBAHTOB OAMH KBaHT
TaKoro e o6beMa, Ho Goaee ppicoxoro GeicTpoaeiicTeus, Gy, xo-
HEYHO, OOBEAUHSIOTCA M 110 AB3, U TIO BOCEMb, HO TOABKO OT TaKOTO
o6bepuHennsa GbICTPOAECTBUE He yBeAnuuBaeTcA. OHO MAM CHUKa-
€TCA AAS SHEPIMUHBIX KBAaHTOB, MAM OCTA€TCs HEMSMEHHBIM AAA Bo-
A€€ COBEPUIEHHBIX KBAaHTOB. IIpy 9TOM s MOHMMAIO TAK, YTO ObICTPO-
AEMCTBME KBAHTOB NPOCTPAHCTBA PABHOCUABHO 06'beMy BHYTpeHHeN
HaMATU M MBICAUTEABHBIX CTIOCOOHOCTEIT.

EcTb BTOpOE orpaHnuexne cBo6oasl. OHO 3aKAl0qaeTCA B TOM,
YTO MAaTEPUAABHBIE KBAaHTHI BCEACHCKOTO MPOCTPAHCTBA HE MOTYT
caMH B cefe paspeAMTHCS HM Ha ABe YaCTH MO OAHOM KOOPAMHA-
Te, HA Ha BOCEMb JacrTell 1o TpeM KooppuHaram. Pasmep matepn-
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AABHBIX KBAHTOB BCEAEHCKOrO IIPOCTPAHCTBA Ppa3 X HABCErAa omnpe-
AeaeH Tem CropoHnum HaGaropaTeaem, koTopsiit corBopua Bee-
Aeunyo. OusnuecKuit pasMep KBaHTa BCETAQ OCTAETCs TOCTOAHHEIM,
HE3aBMCUMO OT TOTO, 00PasyeT AM STOT KBAaHT BaKyyM IOAS IPaBM-
TalMM, MAM 3aTIOAHEH MeXaHM4YeCKol sHeprueir HebecHbix Tea. Kak
Mbl YCTAaHOBMAM, MaAejilllee MCKa)KeHUE MPOCTPAHCTBEHHBIX 00be-
MOB KBaHTOB BaKyyma BOAM3M BCEAEHCKO 000AOYKM, DE3KO 3aMeA-
ASI€T CKOpPOCTb T€YeHMWs BPeMeHM U INpeBpaljaeT KBaHThl BaKyyma
' B HENPOXOAMMYIO TBEDAb BCEACHCKOV 000AOYKM. TAaBHDIN BBIBOA
M3 STHUX PacCY>XKAEHUI 3aKAI0YAaeTCA B TOM, YTO B MaTePHAABHOM
MHpe HET HM OAHOr'0o KBaHTa BCEAEHCKOTO IIPOCTPAHCTBA, KOTOPbIN
He Ob1A GBI 3a0AHEH GOABLION MAM MAAOI TOPLIMEN SHEPrUM MaTe-
puaabHoro mupa. Ho ecTb Bearkas 1 HelmosHaBaeMast TailHa KAETOY-
Hoit u3HK. CyTh 9TOIf TaltHbI MOXKHO M3A0XKMTH TaK. Koraa KBaHTHI
MPOCTPAaHCTBA B PacCTEeHMX, 4 3aT€M B PA3AMYHBIX JKMBBIX OPraHU3-
MaX 0CBOGOXKAQIOTCA OT SHEPTHM, TO OHHM NOAYYAIOT NpaBo oGpar-
HOTO 00bEAVIHEHMS B COOTBETCTBUMY CO CTENEHAMHM COOCTBEHHOIO
coBepuieHcTBa. [Tepes HEOOBATHOCTHIO 3TO HEITO3HABAEMOI IIPO-
6AeMbI A 3acTBIBalO B rAy6oKoM uayMaenun. HeBo3MOXHO cKazaTh
O KaKMX-TO TOAPOOHOCTAX. MOXHO TOBOpUTb AMLIb GUAOCOPCKM-
My o6obimeHnaMy. HYepes KusHb, Yepe3 MBICAUTEABHBIE CIIOCOOHO-
CTH XVMBOTHbIX, KBAaHTBI HPOCTPAHCTBA OCBOOOXXAAIOTCS OT S3HEPTUH U
ITOAYHAIOT MPaBo Ha 0OpaTHoe 06beAMHeHNe C yBeAdeHueM cobCT-
BEHHOTO GBICTPOAENCTBUA AO OBICTPOAEIICTBUSL, CPAaBHUMOTO C OBICT-
POAEICTBMEM STAAOHHBIX M HEPAa3AEACHHBIX KBAaHTOB YIPaBASIOLIE
«IyCTOTbI» LEHTPOB TSXKECTEM aTOMOB M MOAEKYA U LIEHTPOB TsXKe-
cTeit HebeCHBIX TeA. M3 HUX U CTPOSITCS AYLIM 3€MHBIX AIOA€H. Aa U
CaMoO 3eMHO€ Y€AOBEYECTBO CO3AAHO AASI TOTO, YTOOBI 0CBOGOX-
AATh OT OCTATOYHOM SHEPIUM KBAHTHI AYXOBHOTO NPOCTPAHCTBA U
riepeAaBaTh MX B BUAE YPOXKasi BHYTPEHHUM BCEACHCKUM AYXaM.
EcAv 3TV KBaHTHI SHEPTUYHEL, COACPXKAT 3A0 ¥ HEHABUCTD, COAED-
JKaT 3TOM3M M 3aBUCTh, TO TaKue KBaHTHI nepeaanorca Kusasio Mupa
Cero. CaMmbie uncThie nepepaiorcs B Llapcreue HebecHoe BceaeH-
ckoit 060a04ky, Chiny Boxuio Mucycy Xpucry. He Menbiueii TaitHoii
06AaAQIOT ¥ Te HeAeAMMbBIe KBAHTBI a0COAIOTHOM MYCTOTHI, KOTO-
pble 3aHUMAKT HEHTPhI TAKECTE AaTOMOB M MOAEKYA M LIEeHTPBI TH-
XKecTeil Heb6ecHBIX TeA. VX oblnee KOAMYECTBO AETKO MOACYMTATD,
PaspAeAMB cyMMapHblit 06beM 545 THICSY METPOB KyOGuMueckux, Ha
06’beM NepBHMYHOrO KBaHTa NMPOCTPAHCTBA. VIX 4MCAEHHOCTB, B
o6beMme Bceaennoii, cocraBaser 5,45 x 10%° eaunnu. Huxro He Mo-
XKET CKa3aTh, ABASIOTCA AU OHU OAHOPOAHBIMM IO BHYTPEHHEH MH-
¢dbopMaTMBHOCTH MAM paspeAeHbl Ha Mepapxumu? S Takke He Mory
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CKa3aTh, HAXOAATCS B LIEHTPAX TKECTEN 3BE3A-M ITAAHET, [I0 OAHO-
MY, XBaHTY YIIDABACHMs, KaK B LIEHTPAX TSDHKECTEN aTOMOB M MOAEKYA,
VA OHM OO'BEAMHEHBI B HEU3BECTHbIE MHOXecTBa? OCMBICAKBAsI TAO-
6aABHOCTD POBAEM, TOHMMAIO, YTO MOJ YEeAOBEYeCKUit pasyM Oec-
CHUAEH TepeA STUMU npobAeMaMy M He MOXET IPOHMKHYTb B TAYOU-
HBI 6oXxecTBeHHOro MupoTBopeHus. Hap pasrapkoil cooTHoueHmii
M NPOTIOPLIMIA IEPBUYHBIX KBAHTOB MAaTEPHMaAbHOIO MUpPa M AYXOB-
HOTI'0 MUpPa YE€AOBEYECKMX Ayl YIIOPHO TPYAUACS LI€ABI COHM Tre-
HMAAbHBIX MBICAMTEAEH ADeBHero mupa. Moxer ObITh, B ux pabo-
Tax M MOXKHO BBIITH HA TallHy, HO TA€ HAaliTM NMOAAMHHUKU APEBHMX
MaHycKpunToB? Buepa si AxopapouHO NepeuntaA pabory ITaaToHa
«TuMeit», HO TaM pevb MAET O NMPONOPLMAX ACAEHUs NPU COTBOPe-
HUM YeAOBedecKux Ayl Sl MaAro yero noHsia. Aa ¥ HET HUKaKOM yBe-
peHHOCTHM, YTO JTAaTOH BAaAeA BceM 06bEMOM MCTHHBI, CKOpee B €r0
paboTax M3AOKEHBI AMIIb MCKaXKEHHBIE OTTOAOCKM KaKMX-TO OoAee
APEBHMX 3HaHMi1. AASL TOrO 4TOOBI YTO-TO OTHICKATh, HE XBATHUT U Ye-
AOBEYEeCKOI XKU3HM, HO MHE HY>KHO 3aBepliaTh cBow pabory. [Toato-
MY A CTaBAIO 3TY IPOOAEMY IiepeA HayuHbiM cooOmecTBoM. [ipumao
BpeMs 00BbEAMHUTD APeBHME 3HaHMA, C COBpeMEHHbIMY HayYHbIMM
AOCTIDKeHMAIMM, TakuM MyTeM MOKHO MPUOAMXKATbCSA K MCTHUHE 6o-
A€e BBICOKMMM TeMIaMU, YEM 3TO A€AAET COBpeMeHHas HayKa.

Ho 06 0AHOM CBOVICTBe yIpaBASIOUIMX KBAHTOB LIEHTPOB TsDKe-
CTel1 aTOMOB ¥ MOAEKYA U LIEHTPOB TsDKECTell HeDeCHBIX TeA, 51 UMEI0
TBEpAbIE NPEACTABACHMSA, M yXKe YIIOMHHaA 00 5TOM B MepBbIX TAa-
Bax aToil KHUTU. CyThb B TOM, YTO B OTAMYNE U B MPOTUBOMOAOXK-
HOCTb KBaHTaM BCEACHCKOTO MPOCTPAHCTBA, KOTOPbie HANOAHe-
HBI Pa3HOPOAHOIA dHEPTUell, KBAaHThI YIIPABACHMA MaTepUaAbHBIM
MHMPOM MMEIOT NPAaBO ¥ CBOGOAY CBEPThIBATHCA B HACTOSIYIO TOY-
Ky. He Mory ckasaTp, UMeeT AM 5Ta HepeAuMas TouKa popmy chepbi
MAM OCTAeTCA MAaAOPa3MEPHBIM KYOMYECKUM IIPOCTPAHCTBOM, HO CO-
BEpLIEHHO 04EBHAHO, APYTO€ UCKAIOUMTEABHOE CBOMCTBO. BO CKOAB-
KO pa3 YMEHbIIAETCSA 00'beM YNPaBASTIOLIET0 HEACANIMOTO KBaHTA
OT mepBoHaYaAbHOro 06bema B 107° MeTpOB, BO CTOABKO pa3 1no-
BBIIIAETCA OBICTPOAECIICTBYE U CKOPOCTDb TeYeHUsI BpEMeHU BHYTpM.
BTOro «IycToro» obbema. Taxum 06pasoM, ecay Obl KBaHT yIpaBAe-
HMA TOKMAAA MPOCTPAHCTBO BeeaeHHOI 6e3 «CBepTHIBaAHUA» B TOY-
KY, TO €My TPUXOAMAOCDH IIPEOAOAEBATh paccTosiHue B 48,4 MeTpa.
CBepHYBIIMCh B TOYKY, KBaHT YNPaBACHHUs HEMEAAECHHO IOIaAA-
eT B uHpopMaunonHoe npocrpaHcTso CroponHero HaGaropareas,
Kak OyATO Halueit rpaHAMO3HOI BceAeHHOI co BceM ee Ge3AOHHBIM
HeGOCBOAOM M MHpHapaMu 3Be3A, BOBCe He cyliecTByeT. Hanom-
H10, uTO U 3¢ deKT mapasokca DitHnreitHa — ITopoabckoro — PoseHa
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TOKE OPTaHU3YIOT CBEPXCKOPOCTHDIE KBAHThI YIPAaBAEHUA. AAs 5TOTO
MM M He HAAO CBOPAYMBAThCA B TOUKY, ECAY IPOCTPAHCTBO KAAUTEAD-
HOCTBIO» B 46,5 MMAAMAPAA CBETOBBIX A€T, IPEACTABASIETCA AASL HUX
oTpe3xoM B 48,4 meTpa.

Hepasapeummori npoGAeMOit AAS MEHsI OCTaeTCA MpobAeMa, Ka-
KuM ciocobom 1 B Kakoit nporiopiymu TBopels AeAnA MAN 0OBeAMHSIA
nepBUYHbIE «HEUCHpPaBHbIe» UHGOPMAIMOHHbIE KBAHTHl M B KaKoi
NPOTIOPLMY HAaNOAHAA MX SHEPIMei MaTepuaAbHOro Mupa? Moker
ObITH, TallHA AEXKUT B «30A0TOM CEYEHUM», UAY B KAKMX-TO yXKe M3-
BeCTHbIX HayKe YMCAOBBIX PAAAX U MaTeMaTudeckux ¢popmyaax? Oc-
TaBUM pellleHue 3TOoM NPoOAEeMbl HOBOMY ITOKOAEHMIO HAyYHOTO CO06-
mectBa. Ho HekoTOpBIe runoTesbl HIAO AOBECTH A0 AOTMYECKOTO 3a-
BEpILIEHMA.



Mmasa XV

FMNOTE3bl COTBOPEHNA MATEPUW
W NPOCTPAHCTBA BCENEHHOW

LITocmanosxa 3adavu

Yrobbl NOCTAaBHTD 3aAa4y MOMCKA TPHEMAEMBIX TMIIOTE3, HAAO
OCMOTPEThCS M HMOHATb CMBICA T€X BEAMYMH, KOTOPBIE YXKe IoAyYe-
Hel. VTak, nepsoe. IlpocTrpancTBo Haweit BceaeHHOM eme A0 CBOero
COTBOPEHMUS OTAMYAAOCH OT a6COAIOTHOTO npocTpaHcTBa CTOpOHHe-
ro HabalopaTeAs: TeM, YTO B HeM yrpaBAAOIIaA MHGOPMALUA U Ma-
TepuaAbHble 0OBEKTHI YIPAaBA€HK OBIAM IOAEAEHB! Ha KBAHTH 06D~
emoM 10 B munyc 75 creneHn KyGu4eckux MeTpoB n o6bem aTHX
KBaHTOB BO BCe BpEMEHa pa3BepThIBaHUA M 9BoAloly Beceaennoin
ocTaeTcs nocroaHHbM. Bropoe. O6veM, B pasmepe 545 Thica4 Ky-
6omeTpoB 1 KOoAM4eCTBO (5,45 x 10%°) MHPOPMALMOHHBIX KBAHTOB
yripaBAeHMs 0BecIieYuBaA OXPaHy MEXaHNYECKMX KBAHTOB M HAYAA0
BCeAeHCKoM sBoaounn. Tperpe. Ao Hadaaa coTBopenus BeeaeHnoid
BeCh 00'peM OyAymieil MexaHW4YeCKOo# Macchl, noAeBsIX GoOpM Ma-
Tepuy, BKAIOYAs IPOCTPAHCTBO BAKYYMa HAM NPOCTPAHCTBA ITOASA
rpaBuTanuy, uMeA 06beM 475 ThICAY KyOOMETpPOB U ObIA mope-
AeH Ha 4,75 x 10% mepBuYHBIX NPOCTPaHCTBEHHBIX KBaHTOB. HeT-
Beproe. VI3 aHaAM3a 9TUX TPeX BHIBOAOB CAEAYET, UTO €llle A0 CBO-
ero corBopenusi Bceaennas 6biaa 3aMKHYTHIM COCYAOM, B IIeHTpe
KOTOPOro XpaHuAach OyAyuas maTepuasbHasg BceaeHHasn B o6pe-
Me 475 ToICaY XyOudecKuX MeTpoB. VI 9ToT 06'beM OBIA OKPYKEH U
OTA€A€H OT NMHGPOPMAUMOHHOTO NPOCTPAHCTBA, KBaHTAMy YIIpaB-
AeHus, B oobeme 545 Teics4 KyOudeckux meTpos. ITaroe. O6bepu-
HsAs 3TU ABa 0GbeMa, ToAydaeM, 4To obbeM Oyayieir BceaeHHoI! co-
cTaBAsiA 1 MuAAMOH 20 THICHY KYOMYECKUX METPOB, U 110 BHYTPEH-
Hell AMHEeKe OHAa MMeAa PAANyC B IIpeaeAax oT 62 A0 63 MeTpoB.
Iocae 14—15 MMAAMApAOB A€T CYIIECTBOBAHNA M 9BOAIOLIVIM, PEAAD-
HbII1 papuyc BceaeHHOI1 AooCTUT pa3zMepoB 13,7 MMAAMApAA CBETOBBIX
A€T, YTO B NIEPEBOAE B METPOBBIE M3MEPEHMA COCTABASET BEAUUNHY
1,3 x 10 meTpos. O0BpeM HabA0pAaeMoilt BeceaeHHoi cocTaBaser
BeAnuyuny 9,2 x 107 xkyGuuyeckux metpos. lllecroe. Hayka ycraHo-



BMAA ¥ BUPTYaAbHBIN papnyc BceaeHHOI, KOTOpSHI/ paBeH 46,5 MUA-
AMapAa CBETOBBIX AeT MAM 4,4 x 10?6 merpos. O6beM BupTYyasn-
Hoit Bceaennoii cocraBaser 3,56 x 10%° ky6nueckux merpos. Kpo-
Me TOro, MBI UMeeM K02 UIMEHT TIepexoaa BpeMeHy, paBHbii 1,1 x
10® ceKyHABI, 1 MMHVIMAABHBIY KBaHT BPEMEHU HAIIETO NMPOCTPaH-
cTBa, paBHbl1 1,1 x 10 cexyHaBl. BoT M Bce MCXOAHBIE AQHHBIE AASL
PasMBbIIIIA€HUS. ,

3a yro e 3aLenuTbCs? 3aLeTIMThCA MOXKHO TOABKO 32 BUPTYaAb-
HBIT 06beM BceAeHHOM, KOTOPOro HUKOIAA He OBIAO B IPOIUAOM, HET
B HACTOsILEM 1 He OyAeT B OyAyieM. YHUKaABHOCTD 3TOr0 NapamerT-
Pa 3aKAI0YaeTCA B TOM, YTO OH MOKAa3bIBAET, KAKKM ObI MOr CTaTh
o0bemM BceaeHHOI, ecau ObI BCsI MexaHM4YecKask Macca, Cpecco-
BaHHas B HeGeCHbIE TeAa U NbIAETa30BbIle TYMAHHOCTH, NiepelAa B
CBOOOAHOE COCTOSTHUE TIOAEBBIX G OPM KBAaHTOB MAaTHUTHOIA HEp-
TMM M KBaHTOB BaKyyMa IOAe#l rpaBuTauuu. ApyrMMM CAOBamu
BUPTYaAbHBI 00beM BceaeHHOM nponopLyoOHaAeH TOMY KOAUYECT-
BY NPOCTPAaHCTBEHHBIX KBAHTOB, KOTOpbleé YACTUYHO Pa3BepHYTHI
B peaAbHOE BCEAEHCKOEe IIPOCTPAHCTBO, 4 YACTUIHO HPOAOAIKAIOT
HAXOAMTBHCS YNAKOBAaHHBIMM B MeXaHMYECKHMe MAacchi HeGecHBIX
TE€A M IbIAETra30BbIX TyMaHHOCTel. [loaeauB 0ObeM BUpTYaAbHOM
BceaenHoii, Ha cdepouaHbI peaAbHbIt 06BEM NEPBUYHOIO KBaHTa
MPOCTPAHCTBA, B pasMepe 4,186 x 107° kybuueckux MeTpOB, MBI [IO-
AYYUM KOAUYECTBO PEAABHEIX KBAHTOB, M3 KOTOPBIX COCTOUT 00'b-
eM BaKyyMa 4 00'beM MeXaHMYeCKHUX MacC BCEAEHCKOI O IPOCTPaH-
cTBa. T2 BeAnyrHa paBHa 0,85 x 10'*° kBanros. Takum o6pasom,
ecAr OBl BCsA MeXaHMYecKas Macca MPOTOBCEACHHOH B KOAMYECT-
Be 4,75 x 10% kBaHTOB, ObIAa paclienAeHa HA KBAHThI MAarHUTHOM
3HEPIMM M KBAHThI BaKyyMa IOAeil FpaBUTALMM, TO M3 HUX ObIAO
6b1 06pasoBaHo 0,85 x 105 npocTpaHCTBEHHBIX KBaHTOB. COOTHO-
ILIIEHMEe STMX ABYX UMCAEHHBIX IapameTpos, paBHoe 1,8 x 107, yka-
3bIBAET KOAMMECTBO «HEUCIPABHBIX» KBAaHTOB MH(POPMAIIMOHHOTO
NPOCTPAHCTBA, KOTOPBIE ObIAM YIIAKOBaHbI B K&XKABI OTAEABHBIN
MeXaHMYeCKui KBaHT NPOTOBCEACHHOM, A0 Ha4YaAa pa3BepTbIBa-
HUS BCEACHCKHMX NPOIIECCOB M AO HA4aAad 3BOAIOLIMM BCEAECHCKOM
maTepun. KoHeYHO, CTUCKMBaHME TaKOI'O0 OrPOMHOIO KOAMYECTBa
«HEMCIPABHbIX» MH(POPMALMOHHBIX KBAHTOB B OAVIH KBAHT U IIpUBe-
A0 K 00pa30BaHUI0O MHEPLMOHHBIX MeXaHUYECKUX KBaHTOB Macc. Bor
TOABKO MBI HE 3HAa€M, 110 KaKMM 3aKOHaM TBopel] IPOU3BOAVIA COEAU-
HeHMe «HEeUCTIPaBHbIX» KBAaHTOB AO COTBOpeHus BceaeHHOM, a 3aTeM
Pa3beAMHSIA MEXaHNYeCKMe KBAHTHI Ha KBaHThl BAKYYMa M MArHUTHOM

544



dHEpruM NOCAe HauaAa BCEAEHCKOM 5SBOAIOLMM? DTU Pa3AMYHbIE TYTH
MOTYT CTaTh OCHOBOM AAf GOPMUPOBAHUSA HECKOADKVIX PUITOTE3 BBO-
AoLMY BceA€HHOM, KOTOPHIE Mbl PACCMOTPMM YYTb HYDKE.

Peaabubiit 06beM Beeaennoit, pased 9,2 x 1078 kyOuueckux meT-
POB, YTO 3HaYMTEABHO MeHbllie BEAUIMHb! 00beMa BUPTYaAbHOM
Bceaennoit, B pasmepe 3,56 x 10%° meTpoB KybuyecKnx. D10 MOX-
HQ OOBACHUTD ABYMsI IpuyuHaMy. Bo-TiepBpIX, CXKaThie MPOCTPAHCT-
Ba MeXaHMYEeCKMX MacC U SHEPIMH, CYIeCTBYIOT B BUAe HEOECHBIX TeA
M NbIAEra30BbIX TYMaHHOCTE. Bo-BTOPBIX, 0CBOOOKAEHHBIE OT OCTa-
TOYHOM DHEPIUM, ¥ OUMIIEHHbIE AO IIEPBUYHOI UHPOPMALIMOHHOI YKC-
TOTHL, ObiBLIKE «HEMCIIPAaBHbIE» KBAHTHI, TIOKMAAIOT Hallle IIPOCTPaH-
CTBO M BO3BPAILAIOTCA K CBoeMy TBopiry. O6 9Toil TaiiHe B KoAMde-
CTBEHHOM OTHOHICHNY MHe HUYero HemaBecTHo. Sl ToAbko Mmory
CKa3aTh, YTO AAST 3TOM LieAM, U coTBopeHa BceaeHHast n camo 3em-
HOE YeAOBEYECTBO, A BCE MBI, CBOUMM ITOAAOCTAMU AU GAArOPOAHBI-
MM MOCTYIIKAMM, CBOUMM TBOPYECKMMM HOPBIBAMY MAM ACHOCTBIO ¥
HpasAHOCTBIO, TaK MAM MHave, OCBOGOXAAEM «HeMUCrpaBHbIe» KBaH-
TBI OT OCTATOYHOI SHEPTUM U HATIOAHsEM UX MAY mHbopManue nan
aHTMMH$OPMALMell OCO3HAHHOIO MAM HEOCO3HAHHOTO AyKaBCTBa
U camooOmana. V3-3a HeonpeAeA€HHOCTH, KOTOPYIO BHOCUT 3eMHas
>XM3Hb Y 3€MHO€ YEAOBEYECTBO B COCTAB M KOAMYECTBO KBAHTOB MeXa-
HUYECKUX MACC Y KBAaHTOB BaKyyMa NOAsI IPaBUTAlMK, BCEe AAAbHe-
HiMe TIOACUETHI BecbMa npnéansureapsss. Ho oHu xopoiu TeM, 4ro
AQIOT HOBbIE METOAVIKM ITO3HAHUA MaTepuaAbHoro Mupa. Ecau vicrun-
Hble MaTEMAaTUKU IIPOABAT UHTEPEC K STMM HOBBIM METOAUKAM, TO MO-
YT GBITH TOAYYEHBI i Pe3YABTATHI, SHAYUTEABHO NPUOAIKEHHBIE K UC-
THHE PeaAbHBIX SHEPreTUIEeCKMX IPOLECCOB.

2. Hpumepnviii pacuem ocmamouHoli maccoe

cospemennoti Bceaennoit .

Hanpumep, 4T00bI NOAYYHTD HOHATHE O KOAUYECTBE OCTATOYHOM
MEXaHUYeCKOM MacChi B KBAHTOBOM U3MepeHNH, NOAEAUM 00'beM pe-
aApHO# Bceaennoit 9,2 x 10”® kyGomeTpoB Ha 06beM NepBUUHO-
ro KBaHTa NIPOCTPAaHCTBA. Takoe AeAeHMe AACT HaM CYMMAapHOe Ko-
AVYECTBO MEXAHMYECKUX KBAHTOB M KBAaHTOB IIPOCTPAHCTBA BaKYyy-
Ma B peaabHOIt BeeaenHolt. 9 1a Beanauna cocraBaser 2,2 x 10'%
OTACABHBIX KBaHTOB. Ho Kak oTaeAnTh MeXaHMYECKMe KBAHTHI OT
KBaHTOB IPOCTPAHCTBA BCEAEHCKOTo BaKyyma? AAs 9TOro HeT Apy-
roro ¢nocofa, Kak MCYUCAUTH KOAVMYECTBO MEXAHUYECKUX KBAHTOB
B TIPOTOHHOM Mcuncaenum. IlposiBAeHHas Macca MPOTOHA COCTAaB-
astet 1,67 x 1077 kuaorpamm. A BOT 110 BONIPOCY CPeAHelt IAOTHO-
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CTH, papuyca u o0beMa NpoToHa, B /InTepHeTe Hapur noAHas pas-
HOTOAOCHIA. AAS 9TOM pa3HOTOAOCMIIBI MUMEIOTCS BeCKMe OCHOBaHMA,
HO MbI He 6yAeM BHUKaTb B 9TM TOHKOCTH. TToKaxkeM MeTOAMKY. [Tpu-
HMMast paAMYC TIPOTOHA B pasMepe 6,5 x 10716 MeTpOB, NOAyUUM, YTO
o6beM NpoToHa paBeH 4,186 x 274,625 x 10 xybuueckux MeTpos.
TToaeAuB 3TOT 06'beM Ha 00BEM MEPBUYHOTO KBAHTA, TOAYYUM, UTO
B HacTosiljee BpeMsa B NPOTOHe Haxoputca 274,625 x 10?7 xpaH-
TOB MEXaHUYECKMX U SAEKTPUYECKMX dHeprmit. Vimes apdexTup-
HYIO MacCy IPOTOHA U NMOACAMB €€ Ha KOAMYECTBO MEXaHUYECKMX U
3AEKTPUYECKHX KBAaHTOB IIPOTOHA, MIOAYYMM, YTO YCPEAHEHHas Macca
OAHOTO KBAaHTa B COBDEMEHHOM IPOTOHE MMeET Maccy, paBnyo 6 x
107 kmaorpamma. Panee Mol )’CTaHOBMAM, YTO KOAMYECTBO KBAaHTOB
MHPOPMALMOHHOrO TIPOCTPAHCTBA, KOTOPble 00pPa3yIOT L{EHTPhI TH-
KeCTeit BCero MHOXEeCTBA aTOMOB ¥ MOAEKYA M BCETO MHOXKECTBA He-
OecCHBIX TeA, He MEHAETCS CO BpeMeHeM. DTO KOAU4eCTBO OBIAO paB-
Ho 5,45 x 10*° A0 HauyaAra corBopenusi BceaeHHOM, U 3Ta YMCAEH-
HOCTb COXPaHseTCA M B Hame Bpems. B cocraBe BceaenHoit ecthb
aTOMBI M MOAEKYABI BCETO TepevHsi TabanLbl MeHAeAeeBa, HO, yuu-
ThIBasA UX MAAOE KOAMYECTBO, YCAOBHO TIPUMEM, YTO BCEAEHCKMI 00B-
€M COCTOMT TOABKO M3 aTOMOB BOAOpOAa. IIpMHUMas ele 0AHO Or-
paHuyYeHue, YTO BCA MEXaHMYEeCKas Macca aroMa BOAOPOAA COCPeAo-
TOYEHA B IPOTOHE, MBI MOYKEM IMOAYYUTh KOAMYECTBO MEXaHUYECKUX
KBaHTOB B cOBpeMeHHOM BceaeHHOM.

OHO paBHO NPOM3BEACHUI0 KOAMYECTBA NPOTOHOB, PaBHOE
5,45 x 10% eAuHML, YMHOXEHHOMY Ha KOAMYECTBO MEXAHUYECKMX U
3AEKTPUYECKUX KBAHTOB IIPOTOHA, paBHoe 274,625 x 10% epaunumiy. Ta-
KuM 00pa3soM, MbI IIOAYYAaEM, YTO B COBpeMeHHOi1 BceaenHoi Haxo-
AuTCs npuMepHo 1,5 x 10''° MexaHM4YeCKUX KBAaHTOB, KOTOpPbIe CO-
CTaBASIIOT MEXaHUYECKNeE TeAad HeDeCHBIX TeA M MBIAEra3oOBbIX CKO-
nAeHni. Mbl yxe OIpeAeAVAM MAacCy OTAEABHOIO MEXaHUYECKOTO
KBaHTa, B pasMmepe 6 x 107 kuaorpamma. [TepemHoXeHMe 9TUX BeAU-
YMH A2€T HOAHYIO Maccy BceaeHHOI, KOTOpasi Ha CaMOM AeAe paBHa
He 2,174 x 10% xuaorpamma, Kak onpeseana ILBoHpapeHko, u paxe
He 2,174 x 10%” KMAOTpaMM, KOTOPYIO S IOAYYMA I[IPM PacyeTe CKpbI-
Toit Maccel. OxaspIBaeTcA, YTO Macca coBpeMeHHoii Bceaennoit
paBHa B IPOTOHHOM McYucAeHrH 9 x 10°2 kmaorpamm, KoHeuHo xe,
47O 9TO He Beca Macca! Ha camoM aAeae daxkTuyeckas Macca nporoHa
CKpbITa SAEKTPU4ECKOV 060A0YKOI U ee KOHKPETHYIO BEAUMMHY 5t He
3Haio. UToObI ONIPEACAUTD MCTHHHYIO MacCy IIPOTOHA HAaA0 O0palaTh-
Cs1 K Macce «4€PHBIX AbIP», KOTOPbIE€ COCTOAT U3 YMCTHIX MPOTOHORB,
AMIIEHHBIX 3AEKTpuYecKoil o6oaouku. Ho s aToro He GyAy aeaars,
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4To6BI HE YCAOXKHSTD M TaK AOBOABHO CAOXHYIO Hay4HO-(uaocod-
cKy1o pabory. TaaBHOe nToxasaHa METOAMKa U JIPOAGXKEHA AOPOTa TeM,
KTO 3aXOYeT MO HEe TOCAEAO0BaTh K BEPUIMHAM HOBBIX 3HaHMN. Bax-
HO ApyTOe. YueHble B Ka4yeCTBe TAGBHOTO AOKA3aTeAbCTBA PACIIUPSIO-
melicsa BceAeHHOM MPHBOASAT €e CPEAHI0I0 MAOTHOCTb Matepun. [lo
MX pacyeTaM CPEAHMA MAOTHOCTh paBHa 103 kr/KyOudeckuit MeTp.
Bort, MoA, KOrAa MAOTHOCTD CcTaHeT paBHOM 10 uau npumeT GoAb-
e 3HaYEeHUS, TOTAA PaCIUMpeHre 3aKOHYUTCA M HAYHETCs «KaTacT-
podudeckuit» mporecc 06PaTHOrO CXOXXAEHUA MPOCTPAHCTBA B MO-
TEHLMAABHYIO TOUKY.

PacueTh! cpeaHelt TAOTHOCTH C Y4€TOM KBaHTOBOM MacChi, ARXKe
AAST BUPTYaABHOTO IIPOCTPAHCTBA paauycoM 46,5 MMAAMAPAA CBe-
TOBBIX A€T, NOKa3biBaeT, YTO NAOTHOCTh Marepuy B 5TOM o0be-
Me, KoTopsliil B 387 pa3 npesbimaer 00beM peasbHoit Beceaennoit
c papuycom 13,7 MMAAMApAAQ CBETOBLIX AET, COCTABASIET BeAUYH-
Hy 2,53 x 10-% kr/ Ky6udeckuit meTp. DTa BEAUYMHA HA ABA MIOPAAKA
BbIllle KPUTHUYECKOM BEAUMMHBI PaCYe€THOM MAOTHOCTH, IIPU KOTOPOIA,
10 MHEHUIO HAaYKH, HAYHETCs CBOpaYMBaHue BCEACHCKOIO MPOCTPaH-
crBa. CnipammBaeTcs, MOYeMy Hayka CO BCEM €€ CBEPXMOLIHbIM Ma-
TeMaTHYeCKMM amIapaToM, HE 3aMeYaeT AbBMHOM AOAM BCEAEHCKOM
MeXaHMYeCKOoJ MACCHl, Kak ¥ He 3aMedaeT CTabMABHOCTH BCEAEHCKO-
ro NpoCTpaHCTBa? Bhillie 1 roBOpUA, YTO, HATIpUMep, B GOTOHE MOAO-
BMHa SHEPIMM OCTAETCA CKPBITOI OT HayuyHOro HabAloaeHus. Taxas
e IOAOBUHA CKPBITOM SHEPTMH, HECOMHEHHO, CYILECTBYET U B DAEK-
TpoHe. Papu HayyHOTO MHTEpeca, ONMPEAEAMM UCTHMHHYIO IIAOTHOCTD
peaAbHo¥ BceaeHnom ¢ papuycoM B 13,7 MMAAMapAA CBETOBBIX A€T,
C Y4E€TOM MeXaHN4YeCKOl KBAHTOBOI MacChl BCero MHOXeCTBa Hebec-
HBIX TEA Y aTOMOB ¥ MOAEKYA IbIACTa30BbIX TYMaHHOCTEH, KoTopas
paBHa 9 x 10°® kuaorpamm. PaspeAnB sTy Maccy Ha PeaAbHBI{l 00b-
eM 9,2 x 107 xybuueckux METpOB, NOAYYMM, YTO PEAAbHAN MAOT-
HOCTb MeXaHU4eCKol MacChl NpuMepHo paBHa 102 Kr/Kybnueckwit
MeTtp. B ueM xe peao? DaxTuyeckas IMAOTHOCTBb, AdXe Oes yueTa Mac-
CbI 9AEKTPOHOB, B AECATH THICAY Pa3 IIPEBHIIAET KPUTUYECKYIO TIAOT-
HOCTb BCEAEHCKOI1 MaTepu. SI Aoymalo, 4To HayKka He B IOAHOM Mepe
y4uTHIBaeT 3¢ peKT IKpaHHPOBAHUA MEXaHMIECKHX MACC TIOAEBbI-
mu popmamu Marepum. Hanpumep, Macca nporona B 1860 pa3 60ab-
1Ie MacChl SAEKTPOHA, HO CIIMHBI ATOMHBIX SAEP aTOMOB U MOAEKYA
XMMMUYECKMX DAEMEHTOB, NMPAKTM4YECKM PaBHO3HAYHBI IIPOTHBOINO-
AOXHBIM CIIMHAM 2A€KTPOHHBIX 000A0ueK. Baara B orBepcTiy cnyc-
Ka BaHHBI MOXET IOA AiCTBMEM ITPOTUBOMOAQXKHBIX CIIMHOB 3aKpY-
TUTHCA KaK B TIPAaBYIO, TaK U B A€BYIO CTOPOHY. Ho Hey)keAM HaykKa He

547



3aMevaer, 4T0, 06pasys LMKAOH, MaTepHUsi aTOMOB M MOAEKYA 3€MHO-
I'o 11apa MOTAOLIAET SHEPTUIO AAS IIUTAHUA AaTOMHBIX SAEP, & C TIOMO-
IIbIO AHTHMIIMKAOHA TIBITAETCA BRIOPOCHTD U3 Ce65L OTXOABI TPOM3BOA-
CTBEHHOM AesTeAbHOCTU? HeyKeAu He 3aMedaeT YTO paBHOBECHE Hu-
KAOHA ¥ aHTMLIMKAOHA 3TO He PaBHOBECHUE MACC, 4 PABHOBECHE MACChL
u ckopoctu? OcTaBuUM éTy TeMY AASI TIOCACAYIOIEr0 BHUMATEABHOTO
OCMBICAEHUA U TIePEMAEM K IOUCKY OTBETA Ha BOIPOC: YTO TAKOEe Me-
XaHU4ecKas Macca?

3. Taiina mexauu4eckoi Maccot 25

Ao Hayara coTBopeHMs BceAeHHON B KaXXAOM MeXaHUYECKOM
KBaHTe copepxaaoch 1,8 x 107 «HeucrpaBHbIX» KBaHTOB MHpOPMa-
IIMOHHOTO IIPOCTPAHCTBA. B COBpEMEHHOM MeXaHUYECKOM KBaHTe
NPOTOHA MX 3HAYUTEAbHO MeHbIlle, HO MbI YETKO YCTAHOBHMAM, YTO Ka-
>KABIif KBAHT TIPOTOHA MMeEET CPEAHIOK MaccCy, paBHyIo 6 x 10" ku-
aAorpamm. KpoMme TOro, Mbl BBIMMCAMAM, YTO B HACTOsLIee BpeMs B
HPOCTPaHCTBe BceaeHHOI uMeeTcs B HaAMumu 1,5 x 10 Taxux 1po-
TOHHBIX KBAHTOB, KOTOPBIE YCAOBHO MO)KHO Ha3BaTh KBaHTAMM MeXa-
HU4eckux sHepruit. Ilouemy s rosopio 06 ycaossoctu? Ilotomy uro
He 3Hal0, KaKas YacTb KBAHTOB B IIPOTOHE SABASETCA YUCTO MEXAHM-
YEeCKVMM KBAaHTaMM MAacChl, a KaKasi 4aCTh KBAHTAMM SAEKTPUYECKUX
SHEPIUif, COCTABAAIOIMX SAEKTPUYECKYI0 000AOUYKY MpoToHA. Y Me-
HA HET MPAMOrO OTBETA, KaKUM 00Pa3soM IIeA NPOLECC IBOAIOLMM U
KaKuM 00pasoM CBepXTsKeAble MEXaHMYECKME KBAHThI IPOTOBCEACH-
HOM, PeBPaTUAMCh B YCTAHOBAEHHOE HaMyU KOAUYECTBO MEXaHHJe-
CKMX KBaHTOB COBpeMeHHbIX 1poToHoB? Ho y MeHA eCcTb YeTKoe no-
HUMaHHe, 4TO TBOpeH COTBOPUA MeXaHW4YeCKue KBaHThI IPOTOBCe-
AEHHOJ 32 CYeT TOro, UYTO BMECTHMA B OAMH MeXAHMYeCKNH KBaHT
1,8 x 10" HeBeCcOMBIX, HO «HEUCIIPABHBIX» KBaHTOB MHGOpMALM-
OHHOTO NPOCTPaHCTBA. 3a 14—15 MUAAV3DACB AeT SBOAIOLIUM BCe-
A€HCKOJf MaTepUM U MPOCTPAHCTBA, YaCTh 3TUX «HEUCIIPABHBIX» MH-
¢opMaLMOHHBIX KBAHTOB, IOKMHYAM IIEPBUYHbBIE MEXaHUYECKUE KBaH-
Thl. OHM 006pa3oBaAy rpaBUTALMOHHBIE TIOAA POCTPAHCTBA BaKyyMa,
MaTrHUTHBIE M SAEKTPUYECKME IOAS MATEPUAABHBIX TEA, B TOM YHCAE U
GecuncaeHHOEe MHOKECTBO (POTOHOB, a 00AerYeHHbIe OCTATKY MeXa-
HUYeCKuX KBaHTOB, B KoauvecTBe 1,5 x 10''° o6pasoBasu mexanu-
YecKHe TeAa HeGeCHBIX TeA U IbIAEera3oBbIX CKOIIACHMIA.

Ho ecAu KBaHTBI aTOMHBIX SIAEP MMEIOT CPEAHIOI0 MacCy, B KO-
anmdecTBe 6x10 B MUHYC 57 (TemeHM KMAOTPaMM, TO 3HAYUT, B HUX
BTUCHYTO €llle AOCTATOYHO MHOTO «HEMCTIPABHbIX» KBAHTOB MHQOp-
MalMOHHOTO NIPOCTPAHCTBA, KOTOPBIE IIPUAAIOT UM CAENYI0 MHEPLIM-
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* OHHOCTH U SHEPI'UIO, KOTOpas B IpoLecce IMKAMYECKMX pacluMpeHui
M CXKAaTui1, PETUCTPUPYETCA HAYKOM, KaK MexaHuyeckas macca. Ilo-
MBITAEMCsT PaCCUMUTATh, KAKOe KOAMYECTBO «HEUCIIPABHBIX» KBAHTOB
VHGOPMAaMOHHOTO NMPOCTPAHCTBA BTUCHYTO B COBPEMEHHBIA KBaHT
ATOMHBIX AAEP, YTOOBI ATOT KBAHT 00A3AAA MEXaHWIECKOH Maccol,
paBHOIt 6 x 107 kuaorpamm? AAsi pelieHns 9TOM 3aaa4un, OyAeM uc-
XOAWTB U3 TOTO, YTO €CAMN GBI BCe MHOKECTBO MEXaHHIECKMX MacC
BceAeHHOI pacIienMAOCh Ha IEPBUYHbBIE KHEUCIIPABHbIE» KBAHTHI
uHPOPMaIMOHHOI O IPOCTPAHCTEA, TO OHU Ob1 06pa30BaAM HEAOC-
TAOIMI 00beM BaKyyMa ¥ 3anoAHMAM pasuyc BceaeHHol He Ha
13,7 MuAAMapaAa CBETOBBIX A€T, KAK B PEaAbBHOM AECTBMTEAbBHO-
CTH, a Ha 46,5 MMAAMAPAA CBeTOBBIX AeT. Ha BCAKMIT cAydait HanloM-
HIO, 4TO ecAM BceaeHHas cymecTByeT He 6oaee 14—15 MuaamapaoB
AeT, (a Taxk OHO U eCTb!), TO B CMAY OTPAHMYEHHOCTH CKOPOCTH CBETa,
HA AMICTaHLMU AQAblile 14 MMAAMAPAOB A€T, HE MOXKET OBITh HE TOAB-
KO MaTepuy NBIAETA30BBIX TYMAHHOCTENM M HeOeCHBIX TeA, HO AaXKe
$OoTOHOB AyyeBbIX 9Hepruit. UYTOOBI ONMPEAEAUTD PEaAbHYI0 BEAUYU-
HY BDTOTO KOAOCCAABHOrO 06beMa, MBI M3 BUPTyasbHOTO 0oObeMa Bcee-
A€HHO#, paBHOI'o 3,56 x 10% MeTpoB KyOMYeckux, BbIYTEM peaAbHbii
o6bem BeeaenHoit, pasHbii 9,2 x 1078 kybnueckux MeTpos. IToayden-
HbIt 00beM GyAET COCTABASITH BeAMYMHY, paBHYI0 3.468 x 108 ky6u-
4eCKuX MeTPOB. ITOACAUB 3TOT BUPTYaAbHBIi 0GbeM Ha 00beM Hiep-
BUYHOrO KBAHTA NPOCTPAHCTBA, MBI IOAYyYMM uucao 0,83 x 1055, Ito
YMCAO B TOYHOCTHM COOTBETCTBYET TOMY KOAMYECTBY «HEMCIpPaB-
HBIX» KBaHTOB MH(OPMALIMOHHOTO NIPOCTPAHCTBA, KOTOPbIE B Ha-
cTosiee BpeMs1 yniakoBaubl B 1,5 x 10'%, MaTepHaAbHbIX KBaHTOB
HeGEeCHbIX TeA U MBIAETA30BBIX TYMaHHOCTEN Hawmel BceaeHHOI.
Ackee ckazaTh NPOCTO HeBO3MOXKHO! [TOACAMB YHCAO «MUPUTECKUX»
KBAaHTOB HE3allOAHEHHOTO IPOCTPAHCTBA, B KoauuecTse 0,83 x 10'%
€AMHMII, HA KOAUYECTBO MEXAHMYECKUX KBAaHTOB aTOMHBIX SIAED pe-
AABHOTO BCEAEHCKOTO MPOCTPAHCTBA, B KoAndecTse 1,5 x 109, Mpl,
TEM He MeHee, IOAYYMM peasbHoe 4ucAo 0,55 x 10 kBanTOB. 3TO
YMCAO HOAHOCTBIO COOTBETCTBYET KOAMUECTBY IIEPBUHBIX «HEMC-
NPaBHbIX» KBAHTOB MHGOPMALMOHHOTO NMPOCTPAHCTBa, KOTOpbIE
3aKAIOUEHBI B OAHOM KBaHTe POTOHHOTO aTOMHOTO SIAPA, 06pa3syio-
IeM MacCy COBPEMEHHOM BCEAEHCKOM MaTepUut.

YAUBUTEABHO, HO MBI OTHOCUTEABHO AErKO PEHIMAM OAHY U3
CAOXKHEMIIMX 3aAa9 COBpEMEHHOM GU3MKK. MBI ONpeAeAMAH, YTO
MHepUMA M SHeprusA MeXaHU¥eCKoro KBaHTa oOpasyercs 3a cueT
TOrO0, YTO B HEM OAHOM coBMeweHo 0,55x10 B 45 cTeneHu KBaH-
TOB NPOCTPAHCTBa BaKyyma. “ITOOB AO KOHIJA PACKPBITH 3aTaAKY
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MAacChl, 0 USBECTHOI Macce OAHOTO MeXaHMYEeCKOro KBaHTa, paB-
Horo 6 x 10 kuaorpamMm, OIMpeAEAM MAacCy TOro KBaHTa, KOTO-
PBIJ COCTAaBASIET OAMH KBaRHT COBPEMEHHOTO IIPOCTPaHCTBa BaKyy-
Mma. ITopeaus, 6 x 10 KMAOTPaMM MacCChl OAHOI'O MEXAaHMYECKOTO
KBaHTa, Ha uMcA0 0,55 x 10% KBaHTOB BakyyMa, KOTOpbIE€ BXOAAT B
OAVH MEXAHMYEeCKUI KBaHT, MBI TIOAYYUM, YTO OAMH KBAHT BaKYyy-
Ma umeeT Maccy, pasayio 1,1 x 10'% xuaorpamm. Taxum obpa-
30M, PaBUTAI[MOHHBIN KBAaHT BaKyyMa MMeeT HE TOABKO HEIPEOAO-
AMMYIO YIPYFOCTB, HO ¥ BIIOAHE KOHKpeTHYIO 8 PeKTUBHYIO Maccy,
paBHyo 1,1 x 107°! xuaorpaMM. 3Has aTy BEAMUMHY U 3Has 06beMm,
HanpuMep, COAHEYHOI CUCTEMBI, UAK 06bEM peasbHOl BeeAéHHoi,
MBI MOYKEM A€TKO BHIYUCAUTD 3¢ EKTUBHYIO Maccy UX 06beMOB Ba-
KYyMa, YTOOBI MOACYMTATD MOAHYIO CYMMapHYIO Maccy STMX 00bek-
toB. HO y Hac ¢ Bamu HeT Takoi Hapo6HoCTH. TTocTaBuMm cebe cae-
Ayouyio 3apauy. OnpepeAnM, KaKyl MacCy MMeAa MaTepust Ipo-
TOBCEAEHHOI, AO TOr0 KaK HadyaAcCs IPOLeCC 3BOAIOLMM BceaeHHOI?
HaMu BBIYMCAEHO, YTO B K&)KAOM KBaHTe Marepuu TBopel 3aKAl0-
ymnA 1,8 x 107 «HeucrpaBHbIX» KBAaHTOB MH$OPMALVIOHHOTO NpO-
CTPaAHCTBAa, ¥ COTBOPMA TaKMX MEXaHWYECKMX KBAaHTOB B KOAUYECT-
Be 4,75 x 10% epAunny. ITepeMHOXHUB 3TU BEANUMHBI U YMHOXUB Ha
Maccy KBaHTa BaKyyMa, MOAy4YMM, YTO MepBUYHaA Macca BceaeH-
HOI, ellle AO CBOEr0 COTBOPEHUSI U3MepAAaCh BeAMYnHou 9,4 x
10%® xkuaorpamma. Beiute 6bIAO OIIPEAEAEHO, YTO KBAaHTOBasA Mexa-
HUYeckas Macca Bceaennon paBHa 9 x 10° xuaorpamm. ITpocToit
MponopliMeN 1oAydaeM, 4TO NpUMepHO 5% MacChl IPOTOBCEAEH-
HOJ M3PACXOAOBAHO Ha CO3AaHHEe BCEACHCKOIO IPOCTPAHCTBa, a
OCTaABHAA MAcCCa TaK ¥ MPOAOAIKAET HAXOAMTHCA B COCTOAHMM
MexXaHM4eCKMX MacC HeGeCHBIX TeA M ra3oBLIX TymMaHHOCTeN, ITo-
pa3suTeAbHO, HO paKkT: HECMOTPA Ha POTOHHBIE M3AYUeHNs Oec-
YHCAEHHOTO KOAMYECTBa 3BE€3A, CyMMapHas Macca BceaenHoi,
KaK B IPOTOHHOM MCYMCAEHUHM, TaK 1 B 5P PexTUBHOM 3HaYeHUN,
OnpeAcACHHBIM N0 GOpMyAaM HAYKH, OCTAETCA BEAUYUHONR MoO-
CTOAHHOM, 2 3HAYUT, M SHTPONNSA BCEAEHCKOIO NPOCTPAHCTBA CO
BpeMeHeM He MEeHSeTCH.

fIcHO, YTO MOAHAN DHEPrus ATOMHOTO AAPR MAM COEAMHEHMS
aTOMHBIX SIAEP ONPEAEACHHOM MAacChl, HAllpMMep, OAHOTO IrpaM-
Ma BelecTBa, Gyaer paBHa Toif pa6oTe, KOTOPYIO MCIIOAHHT OAMH
rpaMM BeIleCTBa, KOTAA MIOAHOCTDIO IEpEfAET U3 COCTOHMSA yna-
KOBAaHHbLIX KBAHTOB MacChl B COCTOSIHME 00beMa pacijernAeHHbIX
KBaHTOB IIPOCTPAHCTBa Bakyyma. HeT HMKaKuX oCHOBaHMI1 MoAa-
raTh, YTO NPU IIEPEXOAE MEXAHUYECKMX KBAHTOB B COCTOSHME BaKyy-
Ma, 3TOT BakyyM OyaeT pasMasbIBaThCsi IO TAOINAAM, KaK TTOAPasy-
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MeBaeTcs 3HameHuTol ¢opmyaoit E= mc?. EcAu MOHaab! LieHTpOB
TSKECTEN AOOPOBOABHO MCHE3HYT M3 aTOMOB M MOAEKYA OAHOTO
rpaMMa BelleCTBa, TO STOT IPaMM BelleCTBa [IPEBPATUTHCS B 06eM
MPOCTPAHCTBA, U, UCIIOAHUB paboTy, paspBMHET BOKPYT cebst AI06yIo
Maccy, YTOOBI 3aHATH 5TOT 06beM. 3Hast MacCcy KBaHTa BaKyyMa, paB-
Hy10 1,1 x 10-°® rpaMm, IPOCTOI IPONOPL{MEis OIIPEAEAVIM KOAMYECTBO
KBAHTOB B OAHOM rpaMMe BemecTBa. [ToAy4uM, 4TO B OAHOM rpaMMe
BeutectBa copepxkutca 0,9 x 10%® kBantoB Bakyyma. ITo usBecTHOMY
0o6beMy KBaHTa BaKyyMa, paBHoro 4,186 x 107® Kybuieckux MeTpos,
MIOAYYHM, YTO NPH MEePeX0OAe OAHOTO TPaMMa BelleCTBa B COCTOsA-
HUe BaKyyMa obGpasyercss obnem, pasubiit 3,8x10?® Ky6uueckux
MeTpOB. BoimoAruB npeo6pas3oBaHus, ONIPEAEAUM, UTO 3TOT 06'beM
COOTBETCTBYeT 06beMy HIapa C PAAMYCOM 97 ThICAY KMAOMETPOB.
Ipu 5TOM HaAO NOMHMTB, YTO B MEXaHMYECKMX MACCAX IPOTOHOB
HeT HN OAHOTO KBaHTA TEMAOBbIX aHepruii. IloaTomy cpasy Gyaer
TIOPOKAATLCA IPOCTPAHCTBO BAKyyMa C TeMIepaTypoi MuHyc 273
rpaayca Lleabcus, Uro6bl He 3anyTaThCsi CAMOMY M He 3amyTaTb M-
TaTeAelt, 1 He 6yAy BHIBOAUTb GOPMYAY MOAHOI SHepruu Macchl. Ho
TaK KaK paclumpeHue rpaMma BemjectBa B cpepy c paauycom B 97
TBICSY KMAOMETPOB GyAeT MPOUCXOAUTE CO CKOPOCTDBIO CBETA, TO
B $OpMYyA€e TOAHOM 3HEPrUN CKOPOCTb CBETa HENMPEMEHHO AOAXK-
Ha NPUCYTCTBOBATb. A Temepb MOAYMaiiTe, KaKUM Xe obpasom He-
CKMMaeMEble KBaHThl MATHUTHOM, 2AEKTPUYECKON M TPaBUTALMOHHOMN
IIPUPOABI, He pa3pHIBAIOT HA YAaCTU TBEPAOE TEAO COAHEYHOI MacCCHl,
€CAU TEPMOSIAEPHBIf KOTEA PACIIOAOXKeH B LieHTpe TsoKectu CoaH-
1a? AaTb OIpeAeAeHHbI OTBET, YTO TaKoe SHePru, 1 He mory. [Tyctb
ydeHble TIOMIIYT OTBET Ha 3TOT BOIIPOC HE TOABKO B Moei1 paboTe, HO
Y B CBOEM Y€AOBEYECKOM CO3HAHMUM.

3aBepiuas paccMaTpuBaTh BOMPOC O TaltHax oOpasoBaHus Mac-
CbI, HAAO CHOBA BCIIOMHUTb 00 yAMBUTEABHOM (QeHoMeHe vOpasoBa-
HM3 U3 «<HEBECOMOT0» (POTOHHOTO raMMa-KBaHTa, apbl IO3UTPOHA U
SAEKTPOHA, KOTOPbIe MMEIOT, XOTA U HeGOABIIYIO, HO KOHKPETHYIO Me-
XaHUYECKYI0 MacCy. YAUBUTEABHOCTD (PEHOMEHA 3aKAIOUAETCS B TOM,
YTO MOHAAA LieHTpa (OTOHHOTO raMMa-KBaHTa, UCIIOAB3YsI SHEPIUIO
MaTHUTHBIX U SAEKTPUYECKIX KBAaHTOB (OTOHA, IIPUHYKAAET UX 3a-
XBAaTHIBATb ¥ MOTAOIIATH KBAHTbI TPaBUTALMM U3 OAM3BKOTO OKpyXe-
HMS, ¥ TEM CaMbIM CHOBa «BOCCTaHaBAMBAeT» MEXaHMYECKYIO MacCy
u3 noaepbix popm matepuu. IloucTune 6oxxecTseHHas pabora! drot
HpoLiecC TMOKa3biBaeT, YTO U3 HECOBEPUIEHHBIX KBAHTOB MarHUTHOM
SHEPTMM M M3 KBAHTOB IPaBMTALIMM, IIPUPOAA CAMa CIIOCOOHA BOCCTa-
HaBAMBaTb He MPOCTO CAENble MEXaHUYECKME MAcChl aTOMHBIX SAEP,
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2 BRICOKOMHGOPMATUBHBIE TIO3UTPOHBI M BAEKTPOHBI, KOTOPbIE HECYT
B cebe HecTHpaeMbie ¢aiiabl yrpaBAeHueckou uHpopmaiu. Ecan
HpUpoAa, Aaxe B armocdepe 3eMAn, HenpephIBHO CO3paeT U3 §o-
TOHOB FaMMa-KBAHTOB COAHETHOT'O M3AYYEHWA, IAPbl YACTHI NO-
SHTPOHA U IAEKTPOHA, TO KTO 3aNPETHT el AAs 6€30macHOCTH aTo-
MOB M MOAEKYA, CO3AQBATh M3 OCKOAKOB TsDKEABIX aTOMHBIX SIAED
M HACTOsIMME MPOTOHBI ¥ HeATPOHbI? EcAu OBl 2A€MeHTapHBle Yac-
THILIbI, KOTOPBIE OAYYAIOT YYeHbl€e, PACKaAbIBas aTOMHbIE SApa, 6OM-
6apAVpPOBKaMM IPOTOHOB ¥ HEMTPOHOB, GHIAU HEOOXOAMMBI B 3EMHOM
arMocdepe, To oHM Gbl He «yMUpaAu» Tak Gbictpo. Ho uro o3nava-
€T «CMepTh» dAeMeHTApHBIX YacTuy? OHU NPOCTO MO 3aKOHAM Ma-
TePHAABHOTO MMPAa, C YIETOM YCAOBUM OKPY)KalOLLEVE CPEABI, BEIACAS-
IOT U3 Ce0s1 ONpeAeACHHOE KOAMYECTBO HEPETMCTPUPYEMBIX KBAHTOB
ITOAS TPaBUTALM Y TIPEBPAILLAIOTCS B COBMEICHHbIe KBAHTbI MATHUT-
HBIX SHEPIHiT, KOTOPHIE TAKXKe He PETUCTPUPYIOTCS HAYKOIA, KaK BUAU-
Mas Macca. BBIBOA M3 3THX pacCy>KAEHMIT 04eHb IPOCT. CKOABKO bl
HayKa HM MICKaAa HOCHTEAEH MEXaHNIEeCKO# MACCHI B aTOMHBIX SIA-
pax, B IIPOTOHAX M HEHTPOHAX, 9TH MOMUCKN He NPUBEAYT HH K Ka-
KHM KOHKPEeTHBIM pe3yAbraraMm. Mexanmueckas Macca B HUX €CTb,
HO OHA He MOXKeT CYIieCTBOBATh BHE IIPEAECAOB ATOMHBIX SAED, KaK
MeXaHMYecKas PErMCTpupyeMasi Macca, a TYT JKe TIPeBpaliaeTCs B
HeperucTpupyeMble KBaHTbl MATHUTHBIX SHEPFUI U BaKyyMa NOAst
rpaBUTALUY,

4. Tunome3svt comBopeHUS HPOMOBCENEHHOIL

u 3Boarouuu Beerennoii

INepeunraB oT HayaAa AO KOHIja TEKCT TOI HAyYHO-PUAOCOD-
CKoVi paboThl ¥ COBMelasi MBAOKEHHBIN MaTepuaa ¢ Toi undopma-
LiMell, KOTOPYIO AQeT HaM XpUCTHAHCKasA Bubaus, s oryeTamBo mo-
HAA, YTO OOXKECTBeHHasi CeMEPHMYHOCTh M TaifHA KPECTHOrO 3Ha-
MEHMS, CBA3aHBI C TEMM INPOLECCAMU, KOTOPbIE MPOUCXOAUAU AO
coTBopeHust Bceaennoit. To ecTb TOrAa, KOraa NpOMCXOAUAO HAKOM-
AEHUE «HEUCIIPABHBIX» KBaHTOB MHYOPMALMOHHOIO IIPOCTPAHCTBA,
KaK OCHOBBI OyAyIIeit MaTepyM M BCEAEHCKOTO MPOCTPaHCTBA. Mbl
3HaeM KOHeYHble Pe3yAbTaThl MepeA Pa3BepPTHIBAHUEM BCEAEHCKOTO
npoctpancTBa. OHN 3aKAIO4AIOTCA B TOM, 4T0 TBopen coTBOpHMA
4,75 x 10% mexaHn4eCKMX KBaHTOB, 1 IPH TOM B KaXKABIH TaKoi
MeXaHW4YeCKUH KBaHT BTUCHYA 1,8 x 107 «HeucnpaBHbIX» KBaH-
TOB MHPOPMALMOHHOTrO NpocTpaHcTBa. [IpyyeM «HeuCrpaBHLIX» B
(daxrryeckoM, a He IEPEHOCHOM CMbICAE. B KauecTBe HapCMOTPIM-
KOB MAM AYXOBHBIX «IIACTYXOB» 3a STUM CTAaAOM CAeNbIX MeXaHu-
JecKMX KBaHTOB, TBOpel| BHIAGAMA M3 CBOEro MHPOPMALUOHHOIO
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NpOCTpaHCTBa 5,45 x 10* ncnpaBHBIX KBAHTOB M IPHAAA UM Te XKe
06beMbl, YTO U MexaHM4eCKUM KBaHTaM. Takas MpOCTpaHCTBEHHAs
«PACTAHYTOCTb» OTPAHMYMBAET UX OBICTPOAEICTBIE BEAUIUHOM, KO-
Topas B 9 x 10** pas, npeBpImaeT CKOPOCTb CBETa MAM HA BEAWIN-
HY, 00paTny0 K03pPuIMeHTy Nepexopa BpeMeHY OT peaAbHOTo
NMPOCTPaHCTBa K a0COAIOTHOMY nipocTpaHcTBY TBopia BeeaeHHoi.
Ho oH ocTaBMA 33 AYXOBHBIMM «IIacTyXaMu» IPAaBO YMEHbIUATHCA B
pa3Mepax A0 MCTMHHO MAAOH GeCKOHEYHOCTH M TeM CaMbIM Heor-
PaHN4EHHO MOBLIMIATH CBOe ObICTpoAeiicTBMe. VcnpaBHbie KBaH-
ThL 06ecrnieunBaAn U OYAYT AO KOHLIA BpemeH ofecrieunBarb MHPOP-
MAIIOHHOE EAMHCTBO BceAeHHON ¥ TOT TpoLecc, KOTOPHI HayKa
HasbiBaeT MHGOPMALMOHHBIM AaAbHOAEiCTBMEM. Bece a3T0 mMoppo6-
HO TOKa3aHo B 3T0i1 pabore. Ho orxyAa Basiaach 6oxecTBeHHas ce-
MEpPUYHOCTH, KOTOpasA 6YKBaAbHO NPOHN3BIBAET BeCh MATEPHAAD-
HbIIf MMP M PacHpOCTPAaHAETCS HA MMD KACTOYHBIX OPraHM3MOB
JKUBOM IPUPOABI?

Uto6bl OTBETHTD Ha 3TOT BONPOC, He 000MTHCh 6e3 HeKOTOpOi
Aoan muctuxu. Hudero naoxoro B atom HeT. Kak 6b1 cAyuaitHbiMu,
MUCTHMYECKUMM L paMy 3aMOAHEHA BCA coBpeMeHHast $usmka. U He
TOABKO ¢usnka. HepaBHO B 60ABILION «MOAE» ObIAM MUCTHUUYECKUE Da-
6oT1s1 Bpaua-odrraasmoaora dpHcra Myasamesa. OH 06Hapyxua, 4To
TIOBEPXHOCTDb 3€MHOTO IIapa ¥ APeBHUE MOHOAMTBI IIMPAMUA U APY-
TMX MCTOPUYECKMX apTedaKTOB APEBHOCTM CBS3aHbI IPOCTPAHCT-
BEHHBIMM AMHMAMMY, B KOTOPHIX B OCHOBHOM IIPUCYTCTBYIOT YMCAEH-
Hble 0eCKOHEYHOCTH IEeCTEPOK U AEBATOK, A ToXe ¢ raybokum BHuU-
MaHueM MpoYnTas paboTi MyAapaleBa, HO He HalIeA B HUX HAKAKUX
TIPUEMAEMBIX OG'bSICHEHNI 5TUM MUCTUYECKMM BU(POBBIM coBraae-
HiAM. O6DBsCHEHYE HAMIAOCH TOABKO ITOCA€ TOFO, KaK s IOCTUT MUC-
THUYECKYIO 60XeCTBEHHYIO rayouny Bubannu. Kak ke B uamepenusx
TOBEPXHOCTH 3€MHOT'0 Wapa He GYAyT NpuUCYTCTBOBATb IIECTEPKK
M AEBATKH, €CAM YUCAO «IIECTH», YMEHbIICHHOE HA 57 NOPSAKOB,
oOpasyeT Maccy MepBUYHOTO KBAHTa IIPOTOHA, & YNCAO KAEBATDHY,
YBeAWdeHHOe Ha 53 nopsaaKa, 06pasyeT MeXaHMIeCKYI0O MACCy Bceit
BceAeHCKOM MaTrepuu? BoT, pykoBoaCTByAch Bubauer, s u nsAoxy
CBOIO I'MnoTe3y o6pa3oBaHus POTOBCEACHCKO MaTepuy, baaropaps
YeMy OHa ITOAYYMAA HACAEACTBEHHYIO ceMepMYHOCTb, Kak MHe npep-
CTaBASIETCSI, IPOLIECC IIPOMCXOAMA CAEAYIOIMM OOpasom.

Koraa y TBopija 06pa3oBbIBaAOCh HEKOTOPOE KOAMMECTBO «HE-
MCMPABHBIX» KBAHTOB MH(GOPMAIMOHHOIO MPOCTPAHCTBA, TO OH MX
CKAAAMPOBaA B CHELMAABHOM COCYAe. AAS OXpaHbl HEUCIIPaBHbIX
KBAaHTOB OT «pa3beranusi» sapaHee GBIAC BbiAeAeHO 5,45 x 10% uc-
IIPAaBHBIX KBAHTOB, KOTODbIE BHIIIOAHAAU He TOABKO (YHKLMIO OXpa-
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HbI, HO ¥ ObIAM «MacTepaMu» 110 UBTOTOBAEHUIO GYAYIIMX MeXaHMue-
CKMX KBAaHTOB MaTepuaAbHOro Mmupa. O6mmit 06peM MeXaHMYeCKUX
KBaHTOB OyAyIei1 BceAeHHOI, MSBECTEH U COCTAaBASIET BEAUUMHY 475
THICAY KyOuyeckux MeTpoB. Koraa koAnuecTBo «HeMcrpaBHBIX» KBaH-
TOB pAocTurasa 1/8 o6pema OT 06LIero o6’beMa MeXaHMIECKUX KBaH-
TOB, TO eCTb 00beMa MPUMEPHO 60 THICAY KyGOMETpOB, TO «IacTy-
XM» BOCBMUKPATHO C)KMMAaAM STOT OOBEM U AOBOAVAM ero A0 oGbema
7500 Kybuueckux meTpoB. IIpy sTOM, KaKABI HOBOOOPA30OBaHHBIH
KBaHT CTaHAAPTHOro 00'beMa, BMelaA B ce0si POBHO BOCEMb «HEUC-
NpaBHbIX» KBaHTOB MHPOPMALMOHHOTO MPOCTPAHCTBA. 3aTeM «IIac-
TYXU» YBEAMMMBAAM IIPOCTPAHCTBO CYIECTBOBAHMs COBMELIEHHBIX
KBAaHTOB A0 60 Thics4 Kybudeckux MeTpoB. CoBMenjeHHEIe KBAKTDI
BABO€ PACTATMBAAMCD ITO KAXKA0M MPOCTPAHCTBEHHOM KOOPAMHATE,
a UX 06beM BOCBMMKPaTHO YBeAmunBaAacs. CBoOoAa OHYKAaAQ X
YCKOPEHHO ABUTATbCA, YTOOBI BHIATH U3 3aMKHYTOr'O 06b€Ma, HO Ha-
pPyXHas 060A0YKa «IIACTYX0B» OblAa HOAee MHOIOYMCAEHH], UHGOpP-
MaTuBHa ¥ G0Aee TOABIDKHA. AOCTUIHYB BBICIIEH KMHETUYECKOI CKO-
POCTH, HOBOPOXXAEHHbIE M BOCBMUKPATHO PacTAHYTbie KBaHTHI repe-
XOAMAM HA HWKHMI YPOBEHb MOTEHLMU. B aTOM cocTosanuu BpeMenu
AASL HUX He CyHIeCTBOBaAO. Y MPOMEXYTOYHBIX MEXaHUMECKUX KBaH-
TOB, 00'beM B BOCEMb Pa3 NPEBOCXOANA 00'beM NepBUIHOrO KBaHTa,
HO BpeMs B 3THX KBaHTaX «3aMEAASIAOCh» POBHO B ABa pa3a.
Koraa nmpuxoauao BpeMs, TBOper ¢ IOMOLIBIO «IIACTYXOB», Kpe-
CTO0Gpa3sHO, KPECTHBIM 3HAMEHMEM, ACAVA Bce rpanu Kyba atumx
HOBBIX KBaHTOB NPOCTPAHCTBA Ha YeThIPE YaCTH U ITOAYYaA BOCEMb
UAEHTMYHBIX 9TAaAOHHBIM 006pasLiaM, HO PasHBIX IO CBOEMY 3HAUEHUIO
M MECTY IPOMEXYTOYHBIX MeXaHU4ecKMX KBaHTOB. O6'beM CHOBa yBe-
AMYMBAACS A0 60 ThICAY KYOOMETPOB, a PAAMYC AOCTUIaA BEAMMUHbI
npumepHo 25 MeTpoB. Takum cioco6oM TBopel; AAUTEAPHO CKAAAM-
pOBaA «HeucCHpaBHble» MH(GOPMaLMOHHbIE KBAaHTHI B 3aMKHYTYIO 06-
AacTb 6yaywieit BceaeHHOM, ITOKa CyMMapHOe KOAMYECTBO KBaHTOB
He AOCTUFaAO BOCBMUKDATHOTO yBeAnueHus. IIporiecc cxkarus u Kpe-
CTOOOPa3HOTO A€AEHUSI TOAHOCTBIO TIOBTOPSIACS, Y [I0AYYAAaCh HOBast
ceMepUYHas AMHeKa MeXaHM4ecKux KBaHToB. MHdbopmanmoHHas
HEOAHOPOAHOCTB OTYY)XACHHBIX OT TBOpLIa, «HOBOPO>KAEHHBIX»
KBAHTOB COCTABASIAA CeMb I'PaAaliyii, a BpeMs B HUX IPOTEKAAO Ha-
CTOABKO MeAA€HHee, CKOABKO 3TAIOB NOCACAOBATEABHOIO PacTs-
TMBAaHMA M ACACHHUS NpeTepreBasu GyAylye MexaHnuecKne KBaH-
THI MaTepuaAbHOro Mupa. I1o HalMM AQHHBIM, A0 pa3BepThIBAHMSI
BceaeHHoi1, 66140 coTBOpeHO 4,75 x 10%° MexaHMuyeCKMX KBaHTOB, a
KOKABLI KBaHT BMelfaA B ce0s 1,8 x 107 «HeuCIpaBHBIX» KBAHTOB
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uH}OpMaLMOHHOTO HpocTpaHcTBa. COBepIIeHHO OYE€BHMAHO, 4TO
BHIIIEONMCAHHAasA NMpoleaAypa chopMupoBasa MeXaHUYeCKUI KBAaHT
Takum o6pasom, 4ro Bee ero 1,8 x 107 KBaHTOB NOAYUMAM OTAWYMA
APYT OT Apyra 1 HeKOTOpYyI0 HHGOPMAUMOHHYIO 0GLIHOCTD, & TaK-
e CeMepUYHYI0 TOBTOPAEMOCTh CBOMCTB. OTCIOAQ IPOMUCTEKAET
CeMEepHYHOCTD I{BETOB CBETA, MY3BIKaAbHBIX 3BYKOB, CEMEPUYHOCTD
IEPUOAOB TabANLIBI 2AEMEeHTOB MeHaeAeeBa, KaK M BCS GoXKeCcTBEH-
Hasi CeMepPHYHOCTh BUAUMOTo Mupa. KpoMe Toro, npouecc npespa-
I[eHUA OAHOTO KBAaHTa Cpa3y B BOCEMb pasHOPOAHBIX HO CBOMCTBaM,
HOQ OAVMHAKOBBIX 1O Qpu3MueCKOMy pasMepy u 06beMy KBaHTOB Npo-
CTPAaHCTBA, CBUAETEABCTBYET O TOM, YTO AASI COTBOPEHMS BUAMMOTO
MMpa 6biAa UCTIOAB30BaHA HE AECATHYHAS, 3 BOCbMEePHUYHAA CHUCTe-
Ma CIMCAEHMA. DTO OYeHb BAXKHO AAA OYAYILiEro uccaepoBanus ¢u-
3MYECKHX CBOMCTB, BCEAEHCKOIO IPOCTPaHCTBa.

IMpouecc pacTarMBaHms 1O TPEM KOOPAMHATAM, KpecToobpas-
HOT'O AEACHMS, ¥ MIOAY4YeHMs] CEMEPUYHOM, MHPOPMaLIMOHHO-HEOAHO-
POAHOIT MepapXuM, HO MAEHTHYHBIX N0 GM3NIECKUM pa3MepaM Npo-
CTPAaHCTBEHHDBIX KBAaHTOB, IIPOAOAXKAACS AO TeX TIOp, NMOKa TeueHue
BpPEMEHU B OIPOMHOM KOAMYECTBE HOBOPO’KAEHHBIX KBAHTOB HE AOC-
TUTAO BEPXHETO MPEAEA], PABHOTO CKOPOCTH CBeTa. [ToAYepKHY, 4TO
IPOLIECC AGACHUA U «HAPAIIMBAHUA» BCEACHCKOIO IIPOCTPAHCTBA He
MMeeT HUKAKMX «AYPHBIX» OeckoHeuHocTeil. KoAnuecTBo OTYYXkK-
AeHHbIX oT TBOpLIa HOBOPOXKAEHHBIX KBAHTOB IIPOCTPAHCTBA, KO-
HEYHO U MMeeT ONpeAeACHHOE YHCACHHOEe KOAMYECTBO. DTO KOAM-
YECYBO ONPEACASETCSH €AUHCTBEHHbBIM «OrPDAHMYUTEAEM», U TAKUM
«OTpaHUMTEAEM» SBASETCS CKOPOCTb CBETa B MaTepHAABHOM
npocrpancTBe Beceaennoit. Ecan nepeBectut uncao 1,8 x 10 B Bochb-
MEPHYHYIO CUCTEMY, TO MbI TIOAYYMUM YUCAO, B KOTOPOM BOCBMEpPUY-
Hoe ochoBaHue 6yaeT uMeTsh 82 uAn 83 mopsAaKa. D10 M eCTh peaAn-
HO€ KOAMYeCTBO 00)KeCTBEHHBIX AeT, noka BceaeHHast HaXoaMAaCh
B CTaAMM HellposiBAeHHOro ¢dopmupoBanns. [IpuyueM ¢ KaXKABIM OT-
ACABHBIM IIATOM MAM OOXXEeCTBEHHBIM TOAOM BOCBMHKPAaTHO YBe-
AMYUMBAAOCH «KOANYECTBO» AHTMMHGQOPMAIIMKU 3aMKHYTOM CUCTe-
MBI, @ BMECTe C Heil ¥ BOCbMMKPAaTHO IMOBBIMIAAACHh MEXaHWYECKas
aHeprus dyayuel BceAeHcKkol MaTepuu. I1o sTol npuynHe KoAUYe-
CTBO MEXaHN4ECKOH 3HEPIUM OUeHb TPYAHO BbIPA3UTb B aACKBATHBIX
TIPOCTPAHCTBEHHBIX M3MepeHmsax. PakTdeckn dHeprusi BCeAeH-
CKO#1 MEXaHMKH 9KBUBaA€HTHA BHYTPEeHHeN aHTUMHPOPMALIMH 3Aa
u HeHaBuctu. Ho pasBe MOXKHO KOAUYECTBO 3Aa ¥ HEHABMCTH BbI-
Pa3UTh B YMCAAX? BOT 1 IPUXOAMTCS AASL TIOACUETA DHEPTUM U pabo-
TBI, TOAb30BaTbCA TeMu GOPMYAaMH, KOTOPBIE TIOAQPMAA HAM HayKa.
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TMocAae mocaepHero cxaTus oObeM MexaHMYeCKUX KBaHTOB CTaA pa-
BeH 475 ThICSI4aM KYGOMETPOB, a BHYTPU 3TOrc 0GhbeMa COAEPKAAOCh
4,75 x 10*° MexaHMIECKUX KBAHTOB, M K@KABIA TaKoil KBAHT COCTOSA
u3 1,8 x 107 pasHOPOAHBIX KBAHTOB CEMEPUYHO MepapXuuL.

Eite pa3 BAMMAaTeAbHO 06AyMaeM 3Ty CMIIOTE3y M OTMETHM €€
ocobennocTu. UTaK, B chepe peaAbHOro papuyca, IIpYMEpHO paB-
Horo 48,4 MeTpa, A0 HadaAa pasBepToiBanMs Bceaennoit, 6b140 mo-
menteHo 4,75x10 B 80 crenenu abCOAIOTHO MAEHTHMYHBIX KBaHTOB
MPOCTPAHCTBA, ¥ 06BEM KaXKAOTO KBaHTa COCTaBAsA 107 xybuve-
cxkux MeTpoB. ByaeM Ha3biBaTh 3TO MHOXXECTBO MeXaHMYEeCKUMMN
KBaHTaMM. B CBOI0 0uepeAb KaXAblif MEXaHUYECKUit KBAHT BMECTHA
B ce0s BBINIEOIMCAHHBIM METOAOM BOCBMEPMYHOTO HaKONAEHMA,
CXKATHA, PACTSDKEHUA U AeAeHns, 1,8 x 107* KBaHTOB, TAKHUX XKe 0Obe-
MOB, paBHbIX 107° kybudeckum MeTpam. OpHaKo H6aaropaps ocoboit
METOAMKE KX MPOM3BOACTBA BCE OHU GBIAM «POACTBEHHMKaMM» I10
BHYTPE€HHEl OCTaTOMHOM MHGOpMauuM U aHTUHHPOPMALMK, U B TO
e BpeMsA BO BCEM MX KOAMYECTBe, paBHoM 1,8 x 107 6biaa cobao-
A€Ha ceMepMHHas uepapxus, M1 HEBO3MOXXHO OTBICKATbh AaXKe ABYX
OAMHAKOBBIX KBaHTOB. JTO OY€Hb Ba)XKHbIil BHIBOA. OH roBOpHUT O
TOM, YTO MHPOPMALMOHHASA U SHEPreTUUEeCKas HEOAHOPOAHOCTD
MaTepHasbHOIO MMpa He NMOPOXKA€HA caMoi MaTepuit. OHa ABHU-
AQCh pe3yABTaTOM peaAMsanmy 3ambicaa Teopua. IIpuduem B Me-
XaHMYECKOM MaTEePUM M3HAYAABHO ObIAM 32A0XKEHBI POACTBEHHbIE
KBaHTHI, KOTOPbIe OOPAa30BBIBAAN OrPOMHBIN AMANa30H OTAMYMIA,
paBubit 1,8 x 107 rpapaumii. [TpoaoAXast aHaAM3, CAEAYET OTMe-
TUTD, 4YTO MBI HU4YEro He MOXKEM CKa3aTh ONPEAECAEHHOTO O dusmde-
CKMX pa3Mepax MeXaHWYeCKMX KBAHTOB IPOCTPAHCTBA, AO TOrO Kak
OHU CTaAM «HEMCIIPABHBIMM» KBaHTaMM MHPOPMALMOHHOro Mpo-
CTPAHCTBA, M U3 HUX OBIAM NOCTpOEHBl MeXaHUYecKue KBaHThl. Tak-
K€ Mbl He MOXXEM 3HaTh M UCTMHHHIX Pa3MEPOB TeX UCIIPABHBIX UH-
¢$opMaLMOHHBIX KBaHTOB B KoAnuecTBe 5,45 x 10%, xoTopbie cTaAm
«ACTyXaMu» MaTePMAABHBIX KBaHTOB. B npoctpaHcTse Bceaen-
HOJ OHM MPOSABASIOTCA KAK KBAHTBI aGCOAIOTHOI MYCTOTHI O00'B-
emoM 10 B MuHYyC 75 crenenn KyOMYeCKUX MeTpPOB, HO KaKOBa NX
MCTHHHAA Pa3MEPHOCTb BHE NPEACAOB BCEACHCKOro NMPOCTPaH-
CTBa, HABCETAA OCTaHeTCH OOXeCTBeHHOM TaiiHoM. Aa 5To HaM M
Heo0A3aTeAbHO 3HaTh BO BpeMs 3€MHOM TEAECHOM XU3HU. Mor An
TBopew DpUMeHUTb APYTMe pasmepHocTn? Mor, Ho H36paA Kupnu-
YHKOM BCEAEHCKOrO MMPO3AAHMs KBaHT, obbemom 107° xyOuue-
CKHX METPOB.
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Hicxops M3 CKasaHHOro, MPOTOBCEAEHHAA THPEACTABASIAA CO-
6ot chepuueckoe obpasoBanme. LleHTp 06pasoBaHys 3aHUMaAM He-
CKOABKO «IaCTyXOB», KOTODble M3HYTPU KOHTPOAMIPOBRAU «CTAAO»
MEeXaHW4eCKMX KBAHTOB papMycom 48,4 MeTpa, a TAABHOE MHOXeCT-
BO «TACTyxoB» 06beMOM 545 Thicsd Kybuyeckux mMeTpos, 6bia0 co-
cpeaoToueHo Ha 06o0AouKe cheprl, M co3paBaro chepoup pasuy-
coM oT 62 A0 63 MeTpoB. OyeHp Ba)KHO 3aMOMHUTD U MOHATD, YTO
Ha CTPOUTEABCTBO CHeporAa MEXaHUIECKVX KBAHTOB papuycom 48,4
MeTpa, 6bIA0 M3PACXOAOBAHO CYMMapHOE KOAMYECTBO KBAHTOB, PaB-
HOE TIPOUBBEACHMIO KOAMYECTBA MEXAHUYECKUX KBAHTOB Ha KOAMYeE-
CTBO COBMEII[EHHDBIX KBaHTOB Ka)KAOTO MEXaHMYeCKOro KBaHTa. JTo
npousBeapeHue paBHo 0,855 x 10'*° «HemcnpaBHbIX» KBAaHTOB MH-
dopmanonHoro npocrpaHcrea. Ecan 6b1 MexaHudecKye KBaHTbI
He MOAYMHSIAKCH «IACTYXaM» Hapy)KHOH 060AOYKH, TO, pasAeTeB-
LIMCBH B CBOGOAHOM NOAETE U IAOTHO 3aMOAHUB c000i1 BCIO OKPYTY,
OHU Obl 00pa30BaAM MPOCTPAHCTBO C PaAuycoMm 46,5 MHAAMapaa
CBETOBBIX A€T. ITO BCe, YTO MOXKHO CKa3aTh O KBAHTOBO CTPYKTYpe
MEeXaHMYeCKOM MacChl IPpoToBceAeHHOI. Ho 3To ToABKO nepBas 4acTh
runoTessl. OHa NOKa3bIBaeT, KakuM 06pa3oM, M Ha KaKMX IPUHLMIIAX,
¢opMupoBasKCh MexaHUHeCKUe KBaHTHI IPOTOBCEAeHHOI. Bkpartue
PpaccMOTPUM U BTOPYIO YaCTh TUIIOTE3bl, KOTOPas OTBeYaAa Obl Ha BO-
MPOCHI, KaK ¥ Ha KaKMX NMPUHLIUIIAX MIPOMCXOAMAA B3BOAIOLIMA Beeaen-
HOi1. YecTHO NPM3HAIOCH, YTO OAHO3HAYHOTO OTBETA HA STOT BOINPOC
HalTH HEBO3MOXKHO. MOXHO M3A0XKUTb AECATKM BepCHii KaK IIPOTOB-
CceAeHHas MPEBPATMAACH B COBDEMEHHYIO BceaeHHYIo, 1 Bce OHM OY-
AYT YaCTMYHO BEPHBIMM, a YacTMYHO HeBepHbIMU. Sl He danTasep u
He cobupaloch 060AbIATD ynTareaeil ceoumn danrasuamu. Bor,
BCIIOMHUA, KaK HEAABHO OAVH Y4YEHBIN OODSICHSAA C SKpaHa TEAEBU30-
pa, YTO TaKoe AeCATUYHAS cucTeMa cuncaenmst. Hagaa ox c Toro, 4to
Y YEAOBEKa AECATD [TAABLIEB, U [TOITOMY, CUMTAA CBOM MAABLbL*IE€AO-
BEK M300peA AeCATUYHYIO cucTeMy. C 5KpaHa TeAeBU30pa BCETAA MC-
XOAUT UHQPOPMALIMOHHAS AOGXKDB M 5Ta MBICAb, YTO YeAOBEK M300peA
AECSATHUHYIO CUCTEMY, TOXE ABASIETCA AOXKDIO U TAYNoCThIo. Hu ApeB-
HUE XPeLbl, HU CTOAb JXe ApPeBHue NMudaropeifiibl, HI COBpPEMEHHbIE
y4eHble, KaK M CaM YeAOBeK, Hu4ero He usobperaam Hoporo! Ouu
AUIIDb C TOM MAM MHOW CTENEHbI0 AOCTOBEPHOCTH OTKPBIBAAM CBO-
€if TBOPYECKOI MBICABIO T€ MAaTEMATHYECKUE M MHCACHHEIE 3aKOHO-
MEpPHOCTH, KOTOPbie BAOXKeHbI TBOPIIOM B MaTepHaAbHLI MMD.

Kak caepyeT U3 npuMHIMIOB YCTpOeHMs cOBpeMeHHOI BeeaeH-
Hoit, !/, TaitHpIX MHbOPMaLMOBHBIX QaifA0B MOBeAeHYECKOI UHPOP-
MalM, BAOXKEHBI B MAaTEPHIO emie A0 coTBopenua Beeaennoit. Bo Bpe-
M SBOAIOLIMM MEXQHUYECKOM MaCChl ¥ IPOCTPAHCTBA, AO COTBOpEHNA
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YEAOBEKa, B MATEPMAABHDBII MMP ObiAa BAOXKEHa ouepepHas '/, uH-
dopManmoHHbIX oBepAeHUeCKUX (ANIAOE U 3TU (QAMABl COCTABAAIOT
TIpeAMeT MCCAEAOBAHUS BCEX APEBHUX MBICAUTEAEH M COBPEMEHHBIX
Y4YEHBIX BCEro MHOXXECTBA eCTECTBEHHBIX HayK, BKAKOYas ¢puaocodoB
APEBHOCTHU M Hallleil COBpeMeHHOCTH. Bcsl OTKpBITast M He OTKpBI-
Tasi MaTeMaTUKa M PU3KKa y)Ke BAOKEHA B MATEPUAABHBIN MUD U
He HY)KAQeTCsl B YeAoBeuecKoM usobperenun! Iocaeaurowo '/, un-
¢dbopmarmmonHsix daiiaos TBopey BHeC B MPOCTPaHCTBO BceAeHHOI,
KOTAQ NMOXEPTBOBAA YacTb COOCTBEHHOV MHGOPMALIMOHHOM CYUIHO-
CTH ¥ COTBOPUA BCEAEGHCKYIO XU3Hb 1 YeAoBeKa. OH BBIHY)KACH | 6511\
9TO CAEAATb, HECMOTPA Ha sIPOCTHOE CONPOTHBAECHUE MaTepMaAb-
HOT'O MMPa, TOTOMY YTO TOABKO Y€AOBEK CII0CO0EH M3 OMMIEHHBIX
CAY>XeOHBIX KBAHTOB COTBOPUTH MHGOPMaLMOHHBIE KBAHTHI TAKOM
YUCTOTHI ¥ OBICTPOAEHCTBIA, KOTOPbIE COBMECTHMBI C TBOPYECKOM
¥ MHPOPMALMOHHOM CYIHOCTBIO HacTosmero Teopua Bceaennoit.
Ho yeaoBeueckue Ayniy MOCTpOEHEI 13 OBIBIIMX MaTe€PUAAbHBIX KBaH-
TOB, MOAYYMBLIMX cBOG0AY BbiGopa. [TosTomy nHpopmanyonusie oc-
TaTK¥ MaTEePUM AEAAIOT YeAOBeKa TAKUM JKe IPOTMBOPEYMBLIM U
HEOAHO3HA4YHbIM. B HeM 0AHOBpEeMeHHO XMBeT ¥ AI00OBb M MCTH-
Ha, COBMECTHO CO 3A0M, HEHaBUCTBIO ¥ AOXBIO. Kak 4 Marepuaab-
HBI1 KBaHT, YEAOBEK MEYETCA B IOMCKAX POACTBEHHOM IIOAOBUHKH, U
CHEeMNT 0O BEAMHUTBCS C APYTUMU AIOABMU I10 POACTBEHHBIM MHTE-
pecaM, Aa’Ke eCAM 3TU MHTepechl OCHOBAHB Ha aHTMMH(OpMALMHU U
tapuceitckom AByaAnumn. OTAMYUTD OAHO OT APYIOrO MOXXHO TOAB-
KO T€M, YTO HOCUTEAM UCTMHHON MHPOPMALUM HE arPeCCUBHBI U
MX 00beAMHEHMs, BKAIOYAS, FOCYAAPCTBEHHbIEé MOHOHALIMOHAAD-
Hble MAM MHOTOHAIIMOHAABHbIe 00beAVHEHNA, HE CTPEMSATCA AKO-
6011 LIeHO, B TOM YMCA€ ¥ IIEHOM IPOANTHS YeAOBEYECKOM KPOBH M
MaccoBOTO MCTpeOGAeHUS cebe 0AOOHBIX, TepeaeAaTh MUP IO CBO-
MM 4YepTeKaM M AeKaAaMm.

Takue rocypapcTBa, KOTOpBlE NPOSBAAIOT HACTYIATEABHYIO
SHEPTMIO, YTOODI LIEHOM KPOBM HEBMHHBIX XEPTB IEPEKPOUTH MUP 110
CBOMM AXMBBIM A€MOKPAaTUYECKMM AO3YHIAM, MOAOOHBI TEM aTOM-
HBIM SIAPaM, KOTOpBIE TIEpeA TeM KaK YILTH 33 «TOPU3OHT COOBITHIt»
«4EPHOM ABIPBI», Pa3pbIBAIOT aTOMBI ¥ MOAEKYABI ¥ YHWYTOXKAIOT
cpeAy cBoero oburtanus. Koraa «03BepeAocTb» TaKuX A€MOKPATH-
4YeCKUX NepeKpouTeAeli MIpa BRIPBETCA Ha CBOOOAY, TO OHA YHUY-
TOXKMT ¥ MX CAMMX M 3eMHO€ YeA0Be4ecTBO. ECAM 5TO CAyUMTBCH, TO
A He GYAY COXXAA€Tb O CBOEH KM3HU U XU3HU 3eMHOTO YEAOBEYECT-
Ba. Ho s 6yAy co’kaAeTb 0 TOM, YTO TEAECHOE Y€AOBEYECTBO TaK M
He AOCTUTHET BepIIMHBI CBOH 9BOAIOLIMM M He COTBOPUT Mamuaxa,
KOTOPOTO OHO 06513aHO COTBOPUTD U PAAU Yero CTOUT NPOAAUTD
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JKM3Hb COBPEMEHHOTO Y€AOBEYECTBA, 4 He MOTPY>KaTh MUP B ITy4H-
Hy OpaToyOuiicTBeHHoro xaoca. Hapo ymeTh He TOABKO >XMTb, HO
M YMeTb )KAAQTb. B 91011 paboTe MbI ¢ BaMu He KacaeMcs IpobaeM co-
TBOPEHUA U SBOAIOLMM KU3HU U yeaoBeka. Byaer oocraTouHo, ecan
MBI XOTA OBl 4aCTHYHO MOMMeM, KaK ycTpoeHa BceaenHas. C yyeTom
BCEro CKa3aHHOIO, a TAKXKe ONMPAsACh Ha eBAHI€AbCKME AAHHbIE, YTO
y Uucyca Xpucra 66140 12 y4eHUKOB, CACAYET NPEATIOAOKHUTD, YTO
BceAeHHasi 9BOAIOLMOHNPOBAAA IO CIieHApHIO ABeHaAllaTMKpaT-
HOTO O0BbeAMHEHMS YYeHUMKOB — MeXaHMYeCKHMX KBAHTOB, IOA
yNpaBAeHHEeM OAHOTO MHGOPMAIMOHHOTO KBAHTA M3 YMCAA «Tac-
TYXOB», YUMTEAEH M OXpaHMTeAel. HarmoMmHIO, 4TO M3HaYaAbHast
YUCAEHHOCTb TaKMX MHGOPMALMOHHBIX KBAHTOB COCTaBASAQ BEAU-
ynHy 5,45 x 10% eaunuiy, u Ha 14,7% npeBbllllaAa YUCAEHHOCTD «CTa-
Aad» MEXaHMYECKMX KBaHTOB.

Ipyu TakoM paspeAeHuM Ha 12 TAYNBIX, HO SHEPreTU4YEeCKU MOII-
HBIX MEXaHNYECKUX KBAHTOB, TIPUXOAUACHT OAMH MH(GOPMALMOHHDIA
KBaHT. Tak 6blAa HOPOXKAEHA ABEHAALIATEPUYHAA CUCTEMA CYUCAEHHA,
a BCE «CTAAO» MEXaHMYEeCKMX KBAaHTOB OBIAO ITOAEAEHO Ha ABEHaAL{a-
TepyyHble 3aTOHbL. OPMEHTMPOBOYHBIE TTOACYETH ITOKA3bIBAIOT, YTO
MPY TAKOM Pa3AEAEHMM BHYTPb CTaAQ ME€XaHMYECKMX KBAHTOB MOTPY-
3MAOCh AMIIb HeOOABILOE KOAMYECTBO «IIACTYXOB», a IAABHAs 4MC-
ACHHOCTb «IIaCTyX0B» B koaudectse 5,05 x 10% npoaoaxasa Haxo-
AUTBCS B 060AOUKE BCEACHCKOTO «CTapa» U HECTU HapY>KHYIO OXPaHYy.
Ho BOT TOABKO KOpPMHMTD 3THX OTKOPMAEHHBIX OBel| AOTIOAHMTEAD-
HOJ NUIIell HUKTO He cooupascsa. OHU TYT XKe CTAAU BBIACASITD U3
ce6s KBaHTBI IPaBUTALMYU Y KBAHThI MArHUTHBIX SHEPIMiA, YTOOBI CO3-
AQTb M3 3arOHa MEPBUYHOE MOAE M MEPBUYHYIO CPEAY COOCTBEHHOTO
o6utanus. He 6yay daHTasupoBatb no paabHeimei spoaonuu. Ho
SAICHO, UTO B pe3yAbTaTe MHOTOKPATHbIX NnepedopMupoBaHuil Me-
XaHMYecKue KBAHTBI NOABEPrAMCh U nepedopMUPOBaHUIe IIO Ae-
CATHYHON CUCTEMe, a TaK)Ke «3aNIOMHUAM» B BUAE MH(POPMAIMOH-
HbIX (PaliA0B AATOPUTMBI CBOETO MIOBEACHUS M BCIO HEOTKPHITYIO U
OTKPHITYIO MATEMATHKY 1 GU3NKY. 5 BOT AyMalo, OTKYAa Y HeBepyIo-
IMX YYEHbIX 33A0XKEHA B AYNIAX TAKas MpO4Has Bepa B TO, YTO HAy-
Ka CO3AACT TeaecHO GeccmepTHOrO YeaoBexa? Beab roBopUT xe pean-
M3, 4TO AyX 6eCCMepTEH, a TeAQ CMePTHO. A MM XOTb ObI 4To! OHM Be-
PAT He B AyX, a B TeAecHoe feccMepTie ueroBeKa. Takas Bepa MAET
He oT TBopua BceaeHHOI, a OT TOro Ayxa, KOTODBIl COTBOPEH M3 Ma-
TEpPUH, a 3aTEM CTAA ee BHYTPUBCEACHCKUM XpaHuTeAaeM. [lepBiraHbie
MeXaHMYEeCKMe KBaHThl OYEHb OBICTPO MCTPAYMBAAU COOCTBEHHYIO
SHEPTUI0 M PACH[ENASAUCh Ha MOAeBble GOPMBI MaTepuM, CO3AaBas
MAaTrHUTHO-BAEKTPUYECKHE MOASL U TIOAe rpaBuTauuu. Ecam 651 «mac-
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TYXH» HE HAYYMAM KBAHThI MATHUTHBIX M DAEKTPIYECKNX SHePIuii
06bepAuHATCA B MHPOpPMayKOHHbIE COO0MIECTBA, KOTOPLIE MBI Ha-
3BIBAEM DAEKTPOHAMM, TO OT BCEACHCKOI MaTepuu He 6p1A0 Obl HU-
KaKoro npoky. Mexanuyeckue KBaHTHI BCIO CBOIO 3HEPIyIO NIOTPaTH-
Au 6b1 Ha paboTy «pacIMpeHysi» M IPEBPATMAUCH B UHPOPMALMOHHO
CA€I10¥1 3HEPreTUYEeCKMUi Xaoc.

Ho TBope1 BHeC B MMp BCEAEHCKOM MaTepuyt ouepepHyio 1/3 uu-
¢opMaLMoHHBIX DAAOB 1 IPHAAA MAaTEPHM «IICEBAOOECCMEPTHYIO»
¢opMy aTOMOB M MOAEKYA. AIOAM HAYKV 1 6€3 MeHS 3HAIOT, YTO XMMMU-
yeckue saeMeHTsl TabAuLbt MeHpeAeeBa He GecCcMEPTHBI M pAadKe UMe-
10T pasHble CpOKM KU3HU. Ho pasBe OHM HE 3HAIOT, YTO CPOK KUIHK
CAOKHBIX XMMMYECKUX COEAVHEHMIA eCTECTBEHHOrO M MCKYCCTBEH-
HOI'O NPOMCXOKACHUA B YCAOBHAX 3eMHOI aTMocdephl coKpania-
€TCH OT ACCATKOB THICAY AeT A0 HECKOABKMX pecsiTuaeTmin? Passe
OHM He 3HAIOT, YTO AQKe KOHCTPYKIIMOHHbIE MATEPMAAbI MOHOMOAE-
KYASIDHDBIX CTPYKTYP Hocae 40 AeT paboThl HaYMHAIOT KaracTpodude-
CKU TEPATb CBOM MeXaHW4ecKue CBovicTBa? B KaXAO XMBO KAETKe
YEAOBEYECKOTO OPraHM3Ma 3aKAIYEHO AECATKA MUAAMAPAOB PasHO-
POAHBIX aTOMOB M MOA€EKYA, KOTOpble 06pasyloT CAOXKHbIE 61OAOTH-
yeckMe cTpYKTYphl. CaM Ke YeAOBEYECKMiT OpraHMaM oObeAMHAET B
ce6e 600 TPMAAMOHOB KAETOK, KOTOPHBII paboTaeT KaKk eAMHBI MeXa-
HU3M Y CYILIECTBYET BO BPEMEHM OKOAO CTa ABAALIATU A€T, TOABKO HO-
TOMY, 4TO MHPOPMALMOHHBIM aATOPUTM, BMOHTUpOBaHHbIA B AHK-
MOAEKYAB! KAETOYHBIX CTPYKTYP, HellpPephIBHO NPOU3BOAMT HOBbIE
KAETKM B3aMeH BBIIEALINX U3 CTPOsA. PasBe MOXXHO 4€AOBEKY CTaTb
Boitie TBOpLIa, UBMEHUTD CMEPTHYIO NPMPOAY MaTe€PUM M NIPUAATD €if
6eccMmepTie B TEACCHBIX OpraHisMax deaoseka? CMmepTHas MaTepus
1I0AYYHAQ BPEMEHHYIO HeTAGHHOCTh He IIOTOMY, YTO aTOMBI U MO-
A€KYAbI MOTYT CYHIeCTBOBAaTb, HE NOTPeGAAA 5Hepruy, a NOTOMY
uto TBOpel npeBpaTMA NPocTpaHcTBO BeeaeHHON B GAaropaTHOe
NOAE, TA€ OAHM ATOMBI M MOAEKYADI, YMUPasA U IIPeBpaIasich B 10~
A€BBI€ CTPYKTYPbI, CTaHOBATCHA SHePreTUHeCKON MMINei AASL ADY-
MX aTOMOB M MOAEKyA. VicTpebasisn aHepruio, ObiBiuMe MexaHU4e-
CKM€e KBaHTbl HaKaAMBaeT MHPOPMALMIO, U CAMM CTAHOBATCA «IIac-
TyXaMu». DTOT KPYTOBOPOT HEBO3MOXKEH D3 5Talla «CMEPTH», HU AAST
KaKMX MAaTe€pPHAABHBIX CTPYKTYP. YA€A MaTepuM CMepTh ¥ TACHME.
SHeprusa yXOAMT, @ MHPOPMALIMA OCTAEeTCs, NpeBpalljas MaTepuio B
Te VAU MHble CTaAUM GeCCMepTHOTO Ayxa. JToBTODIO, YTO MarHUTHBIE
KBaHTbi, yMMpasi, 00pasyloT COOOIECTBO BAEKTPUYECKMX KBAHTOB,
KOTOpbIe CTAHOBSITCH «IAaCTyXaMU» ¥ PYKOBOAUTEASMM MarHUTHBIX
KBaHTOB. JAEKTPUYECKasT 000A0YKa ¥ 3aUHINAET MPOTOH, NOTO-
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MY YTO NPOTOH NOPOXAAET KBAHTHI MATHUTHOM SHEPIMM, KOTOPBIE
ARIOT )KHU3HD KBAHTAM SAEKTPUIECTBa! -

3eMHOE YeAOBEYECTBO TOABKO HAYMHAET AYMATh 00 3KOAOTMM U
3alMTe OKPYKAIOIMIECH CPEABL, 4 B MUPe MaTEPUM STOT MEXAaHU3M OT-
AQKEH A0 aBTOMaTM3Ma. JAeKTpHUecKre KBaHTH, yMupasd, oOpasy-
10T DAEKTPUYECKHE HENTPHUHO, KOTOPbIE, B CBOK 04YePEeAb, ABASIOTCH
«MACTYXaMM» M «YUMTEASMHU», KaK MATHUTHBIX, TaK ¥ SAeKTPUIECKHUX
KBaHTOB. KBaHThl rpaBuraumuu obecrneunBaoTr MHOOPMALMOHHO-
SHepreTHYeCcKoe B3aMMOAEHCTBIE He TOABKO aTOMOB M MOAEKYA, HO
u HebecHpIx TeA. OHM TOXKe ABAAIOTCS «IACTYXaMM» MAaTepUaAbHOTO
CTaAR, HO TOXe YMUPAIOT U [IPEBPAIHAIOTCS B KBAHTHI TENAOBBIX SHEp-
ruit. He moBTOpPATH XXe MHe BCIO MOI0 Hay4HO-puaocodckyo pado-
TY CHayaAa. JTa IeNoYKa NePEX0Aa Yepe3 3Tal CMePTH, HeNpephiB-
Ha, HIKAKOMY YeA0OBE4eCKOMY I'€HMIO TIPEOAOAETD €€ HERO3MOXHO.
B Berxom 3aBere Tocnoab Mspauas sasBaster, yto oH Bor Bcex xu-
BYIIMX Ha 3€MA€ AIOACH U ABAAETCS OecCMepTHOM AYXOBHOM CYIHO-
cTbi0. M 3T0 3aABAEHME UCTUHHO, TOTOMY 4T0 Ero Ayx o6pasosan us
JeAOBEYeCKMX AYII BCETO MHOXKECTBA TTIOKOAEHMI 3€MHOTO YeAoBeve-
CTBa, HE3aBUCUMO OT TOFO, K KAKOMY POAY, MAEMEHH U HALMOHAAD-
HOCTH NMPHHAAAEKAA YEAOBEK BO Bpems 3eMHoi xku3Hu. Ho Tocriopb
Vispamas HbiHue OeccmepreH, Kak ObiaM 6eccMepTHBI OAMMITMIACKHE
60rH, cBs3aHHbIE C MAPCHAHCKUM YeaoBedecTBoM. [lorubao mapcu-
AHCKOE YeAOBEYECTBO, ¥ KOHUMAOCH GeccMepTre OAMMIMIICKMX 60-
roB. OHM CTaA¥ «GTHAMU» APEBHMX HMBMAM3ALNHA  PaCTBOPUMAKCD B
3eMHOM 4eaoBevecTBe. Ho KTO pAacT rapanTsio 6eccmeprus Tocnoaa
Mspanas, ecaut mo Ero rmonycTUTEeAbBCTBY 3eMHO€ YEAOBEUECTRBO 1O~
rubHeT B OpaToyOMIACTBEHHDIX BOHAX U HEHABUCTH B3aMMHOLO Tep-
popa? Komy oH mepeaact scradeTy coGCTBEHHOTO beccMepTs, ecan
He ycnieeT coTBOpMTh Mammaxa?

Ecau b He noimete Betxuit 3aseT, unTaiite ermnetckyo «Knu-
ry MepTBbix». TaM TOXe 06 9TOM HANMCAaHO NPAMO ¥ HEABYCMBIC-
AeHHO. MOXXHO MPUBECTM U ellle AECATOK APEBHMX MCTOYHMKOB, KakK
M3 UYAQM3Ma, TAK M M3 30pOACcTPU3Ma M MHAYN3Ma. Besse narmcano
OAHO M TO Xe, YTO feccMepTie AyXa fIMTAeTCA AYXOM YEAOBEYECKUM
*KuBRIX Aloaeil. Ho ecan ueAoBek cAent AyX0BHO, TO OH Geaoe Gyaer
CUHTATh YEPHBIM, a YepHoe GeAbIM i HUKTO He NOMOXKET eMy npo-
3peTb H YBHAETb MCTHHY. TaK e, Kak TpM THAa HEATPMHHBIX Yac-
TUL ABAAETCA «ITACTYXaMM» U «YIPABUTEAAMU» MArHUTHO-2AEKTPU-
4eCKMX KBaHTOB, TENAOBBIX KBAaHTOB, 9AeKTPOHOB U QOTOHOB, TAK XKe
u Tocriopab Mapanasa ABAAeTCS YIpAaBUTEAEM BCETO 3€MHOIO YEAOBe-
dectBa. TOABKO QYHKIMM YTIDABACHUA B MUPE MaT€PUM TeX Xe Hel-
TPMHHBIX YaCTHI] pa3AeAeHBI Ha TP BMAQ, a B aunte focnoaa VMspau-
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Ast, KOTOpBIH ABAfeTcA U focnopom «Berxoro 3aBeTa» OHM 00BEAU-
HEHBI B OAHO# AYXOBHO¥ cymHOCTH. ECAM KTO ¥ MOXKeT COTBOPMTD
ofpasen «nceBA0GECCMEPTHOro» 9€A0BEKa, TO 3TO MOYKET CACAATD
ToAbkO Tocnioab Mapauas. Ha aToM i 1 3aKoHvy paccMOTpeHue BO-
NpOCa SBOAIOLMM BCEACHCKOM MaTepuy. YToObl 3aKOHYMTD KBAHTO-
Bbifl AaHAAM3, PACCMOTPUM BKDATLie BOIIPOCHI COOTHOLWICHMA BPEMERHU
M MaTepUH.

5. Coomnowenue spemeny u Mamepuu

YroObi NOHATD, O Y€M MAET peub, IPOAHAAMSHPYEM KBAHTOBbIE
NapaMeTphi coBpeMeHHOM BceaeHHO U cpaBHMM MX C KBRHTOBBIMU
napaMeTpaMu HadyaAa BCEACHCKOU 9BOAIOLMM. MoxeT ORITh, M3 Beelt
MoOe€jit KHUI'M, 3TOT BOMPOC HaboAee CAOXKHBIN, HO TIPOMTH €ro HaAO,
4TOOBI MIOHATh HE UCTHHY, 2 BCIO O6E3TPaHMIHOCTD BCEACHCKOM Tali-
Hbl. iTak, A0 coTBOpeHus BceAeHHOM, BCSA PA3HOPOAHOCTbD MMPA MC-
YUCAAAACH 74 AECATUYHBIMU TIOpAAKaMM ducaa 1,8, u BcA aTa pas-
HOPOAHOCTD OBIAA YNTAaKOBaHa [0 BOCbMEPUMHOMY IPMHLUMITY B OAVMH
MPOCTPAHCTBEHHMIM KBaHT 0ObeMoM 4,186 x 107° xyOuyeckux Mer-
pOB. BHYTpH, 5TM PasHOPOAHOCTU OBIAM HAKPENKO CBA3AHBI MEXKAY
co60i4, AMIIeHBI CBOGOADL, IOMENIEHbI B OAHOPOAHLIE KBAHTHI KOAM-
yecTBOM 4,75 x 10%° eAMHUI Y1 OXPAHAAUCH «IIACTYXaMW», IIPMUCTaB-
AexnpiMy TROpIOM AAst Mx oxpanbl. TIpiieM KOAMYECTBO «NACTYXOB»
6niA0 Ha 14,7% 60ABIIE YEM CAMUX OAHOPOAHRIX KBaHTOB. DakTHYe-
CKM MaTepMs HPOTOBCEACHHOM ObiA2 OAHOPOAHA, IOTOMY YTO BCe
ee MHOro00Opasie HEOAHOPOAHOCTelH OBIAO AMIIEHO NPOCTPAHCT-
BeHHOI cBo6oADL. Ilo aToif npyyKHe He CYIIECTBOBAAO HM MacChl,
HU BpemeHn. Koraa «nmactyxu» paspenmimAM HEOAHODOAHOCTSAM IO-
KMAA4Th MPOCTPAHCTBO MEXAHWIECKMX KBAHTOB, TO MOSBMAOCH CaMo
TIPOCTPAHCTBO, @ BMECTE C IIPOCTPAHCTBOM M BO3PacTaAa HEOAHO-
poAHOCTD camMoi BeeAeHHOM. BMeCTe ¢ HEOAHOPOAHOCTAMM TIOSBU-
AOCh B3aMMOAENMCTBME, 4 Yepe3 B3aMOAEHCTBIE NMPOIBUAOChH Bpe-
M31, ¥ TPOABUAACH CAMA MEXaHMYECKAs Macca KaK aKKYMYAATOP AOCA-
rOBPEMEHHOTO XPaHeHMs, a eCAM XOTUTE, TO, KaK 3alepTan TIOpbMa
BCETO MHOrO0Gpa3us HENPOABACHHOW Pa3HOposHocTH. Vi3 mep-
BUYHOM KBAHTOBOM Macchl B cymMe 9,4 x 10% xuaorpamm, 5% 6pia0
M3pacXOAOBaHO Ha (GOPMUpPOBaHME HEOAHOPOAHOCTEH BCEAEGHCKOro
IIPOCTPAHCTBA, IIOCAE YEr0 MeXaHMuecKoe BpeMs 6biao crabuanuan-
POBaHO AMHeNKoi, paBHO# 300 ToICAY KMAOMETPOB B CEKYHAY. JTa
AVIHeMKa HAaBCETAa 3aNPETHAA BCAKME AMHEeHHbIe nepeMelleHNs «OC-
BODOXKAEHHBIX» HEOAHOPOAHOCTEN C GOAee BHICOKOH U AdXKe PaBHOM
CKOPOCTBIO, HO B «TPEHUPOBOYHBIX» ABVDKEHUAX 10 KPYTOBBIM MAM
SAAUNITHYECKUM CIIMPAASIM «OCBOOOKACHHEIE» HEOAHOPOAHDBIE KBaH-
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ThI MOTAY AOCTUI'aTh U AOCTHUTAIOT SHAYUTEABHO GOAee BBICOKUX CKO-
pocCTeil, 4eM CKoPOCTb cBeTa. [Toxa He ObiAa BBEACHA OTPAHUINTEAD-
Hasg AMHeNKa B 300 ThICSY KMAOMETPOB, CKOPOCTh TeUeHHA MeXa-
HMYECKOTO BPEMeHY HAPACTaAa OT HYAEBBIX 3HAYEHMI, ¥ TOABKO
AMHelKa cTaGuAM3UpOBaAa BPeMs, M CAEAAAO €€ OTHOCHUTEABHO
HOCTOSTHHOM,

Ho yeM pocTurHyTa cTabMAM3aLMsA BpeMEHM, TI0 KOTOPOMY Hay-
Ka OCYIIECTBAJET OTCYET BCEAEHCKOrO BPeMeHy, KaK CaMoro Cra-
6uabHOTO nMapaMeTpa, HesaBucumoro or marepuu? Hy, Bo-niepBbix,
CTabHABHOCTS MEXQHHUYECKOTO BPEMEHM 3TO YMCTeNIuel BOAB MUQ.
BruumareabHoe OOAYMbIBAHHME 3aKOHOB TEOPHMM OTHOCUTEABHOCTY,
MOKA3BIBAET, YTO CAMa Macca SABASETCH YNpasAdwmmM daxro-
POM AAS TeueHMsA BpeMeHu BHYTPH ceba M B 6Aikalimedt oxpecr-
Hocti. Ecau Maccy NpMHYAMTEABHO Pa3sTOHATDH AO BBICOKMX CKOPO-
CTel, TO OHA HENIOMEPHO BO3PACTAET, 3aMEAASET BPEMA H CBOAMT
BCE HAIUM YCMAMS K MYCTOMY IUUKY. Bo-BTOpBIX, 3 MexaHUCTHYE-
cKux GOpPMYA BCEMMPHOTO 3aKOHA TATOTEHHS CACAYeET, YTO fIpy CTA-
TMBAHUYM PaAMyCa MEXAHMYECKONM MACCH K MAABIM BEAMYMHAM, KaK
Macca Teaa, Tak U ee CUAA FPaBUTALMOHHOTO NPUTKEHMA MOI'YT Ha-
pacraTh A0 OearpanwuHbIX 3HaueHMit. VI3 Bcero aToro caeayer, 4ro
Macca M ABAAETCS FAABHBIM PETYAATOPOM CKOPOCTHM TE€4eHMs Mexa-
HUUeCKoro BpeMeHn. TIpuyeM peryAsropoM BbICTYNIaeT He MCTMH-
Has Macca, 0 KOTOPOii Mbl HYYETO He 3HAeM, M Ad’Ke He KBaHTOBas
Macca, BHYNCACHHAA B 9TOI pabore, a Ta apdeKTHBHAA Macca Ma-
TEepuK, KOTOpas BbIYMCAEHA HAYYHBIM coobimecTBoM. TOHKOCTD B
TOM, YTO AQXKE KOTA2 pe3epBbl UCTUHHOM MacChl CTAaHYT 3HAYMTEABHO
MeHblile BeANuyHbI 5P PeKTUBHOI Maccht, 3 PeKTUBHAA Macca B CyM-
Me 2,174 x 10" xnaorpamm, OCTaHETCS] HEM3MEHHOI. ITO CBA3AHO
¢ HeOGXOAMMOCTBIO COBAAATL MEXAHUCTHYECKYIO FAPMOHUIO He-
©eCHBIX TeA BCEACHCKOrO MPOCTPAHCTBA U CKOPOCTb HPOTEKaHMsA
BCEX JHEProoOMeHHBIX NMPoUeccoB MaTepHaAbHOro mupa.-Takum
06pa3oM, CTabMABHOCTD MEXaHMYEeCKOro BpEMEHH 0OecreunBaeT-
€5 IOCTOAHHOM KOPPEKTYPOit 2pheXKTUBHOI MEXAHNYECKOI MACCHI U
HMKaK He BAMJET Ha CKOPOCTb B3BOAIOIMM, KaK CAMMX MAaTePUAAbHBIX
MAacC, TaK ¥ Ha CKOPOCTDb DBOAIOLMM 3EMHOT0O YEAOBEYECTBA. DBOAIO-
UM MATEPHM K 3eMHOIO MeAOBEYECTBA OCYmIECTBASETCA MO APY-
roif mKaAe BpeMeHH, KOTOpas HOCHT HEAWHEHbIl xapakTep. B oT-
AMMHE OT MEXaHWUYECKOTO, Ha30BEM €T0 HBOAIOLMOHHBEIM BpeMeHEM.
U, npexae Bcero, oitMeM, 9T0 CKOPOCTD NPOTEKAHMS ITOTO BpeMe-
HM 3aBUCUT OT MHPOPMALUOHHON 1 SHEPTeTUIECKON PasHOPOAHO-
CTH, TeX ObIBIIMX MEXAHUIECKHUX KBAHTOB, KOTOpbIE BBIPBAAMCDH H3
MaTepHM K OAYYMAM TPH CTENEeHN NPOCTPAHCTBEHHOMH CBOOOALI 1
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“HPOPMALTUOHHYIO CBOOOAY CO3AaBaTh MBICASILIIE OObEAMHEHUA
IO POACTBY BHyTpeHHeit uHopmaimu MaAn aHTUMHPOPMALUHK.

910 oueHb Heaerko NoHATh. Ho s rOoTOB AaTb MosicHeHUA. AeAo
B TOM, 4TO, BOIIPEKU MHEHUIO HAYYHOTO COO0IECTBa, PASHOPOAHOCTD
MHOTro00pasisi MaTepUaAbBHOTO MMPA CTPEMUTEABHO HapacTaeT. ITO
BUAHO M3 NOAYYEHHBIX HAMM pe3yAbTaTOB. EcAM A0 corBOopenns
BceAeHHOIT B NAGHY MEXaHUYeCKMX KBAHTOB HaxoauAoch 1,8 x 107
Pa3sAMMHBIX Pa3HOPOAHOCTEN, TO B COBPEMEHHBIX MeXaHM4eCKMX
KBAHTAX, «3aKAIYEHHBIX» PAa3HOPOAHOCTEN OCTAAOCH TOABKO 0,55
x 10% epmnun. ITpuueMm B npouecce pepOpMUPOBaHUS U SBOAIOLIMA
BCEAEHCKOI1 MaTEPUM BCE AO EAMHOTO «I1aCTyXa» IMPOTOBCEAEHCKOTO
[IPOCTPAHCTBA MEPEAY M3 060AOYKM B MEXaHMYMECKMe MACCHl Hebec-
HBIX T€A M rasoBbiX TyMmaHHocreil. OHM obpasoBaau 5,45x10% opu-
HAKOBBIX OAHOPOAHBIX NPOTOHOB. [IpaBAa, caM IIPOTOH COCTOMUT U3
274,625 x 107 MexaHMYECKMX KBRHTOB, KOTODbIE TOXE AOAXKHBE OBITH
HeoAHOpOAHEL Ho aTo 06cTOATEABCTBO MaAo yTO MeHseT. Kak 6b1-TO
He GBIAO, HO C Ka)KABIM HOBBIM THICYEAETHEM ¥ AQXKe CTOAETHEM,
Bce 6oAbme u GoAbIIEe Pa3HOPOAHBIX KBAHTOB TIOAYYAIOT CBOGOAY
M AEAQIOT MATEPUAAbHBII MUP 6oAee pasHOOOPA3HBIM M PAa3HOPOA-
HbIM. BHYTpeHHsIs1 pasHOPOAHOCTD «3aKAIOYEHHBIX», COCTABASIOAs
B Hawe Bpems 0,55 x 10* epAuHUI], NOHU3MAACH, IO CPABHEHMIO C Ha-
4aAOM BCEAEHCKO 3BOAIOLIMY, ITO KpalHell Mepe, Ha 29 MOPAAKOB.
{(VlcxoaHass HEOAHOPOAHOCTH IpyHUMaeTCst paBHoM 1,8x107 eannuiy.)
DTa HEOAHOPOAHOCTD, MOAYYUB CBOOOAY, OT MEXaHMYECKUX MACC, HH
KYAQ He MCY€3Aa, a HaNOAHAET MUP Bce 6oAbmMM HHpOpMALMOH-
HbIM pasHooOpasmnem n 6oAbMMHU creneHAMY cBoOoabl. Kak aTo
ApOSBASETCH B Mupe? YacTUYHBIM OTpa)keHUeM STOT0 MHOroobpa-
3151 B MaT€pHaAbHOM MUpe ABASETCA HaAMuMe 25 MOPSAKOB rpapa-
it GOTOHOB AyueBhIX aHepruii. Ho eille 6oabie sHeprounpopma-
LIMOHHAsT HEOAHODOAHOCTb TMOAYYMBIIMX CBOOOAY KBaHTOB, BAUAET
Ha 3BOAIOLIMIO XKU3HM. [Ipy nMocTOAHCTBE MEXaHUYECKOTO BpEMEHH,
YCKOpEeHHe CKOPOCTH HapacTaHuAa WHGOPMATHBHOCTH U CKOPOCTH
NpOTEeKaHUs dBOAIOLMI TEACCHOM )XKM3HM M 3€MHOTO YeAOBEYeCT-
Ba BUAHA BCAKOMY NMBITAMBOMY B3rAasiay. Ceifyac yxe y HayKu HeT
COMHEHMM, YTO XXU3Hb BO3HMKAA OKOAO 3,8 MHAAMApAQ AET Ha3aA,.
Ho B HayaAe 3BOAIOLMOHHBIE UBMEHEHUS MUPA )XKMBOTHBIX U pacTe-
HUI NIPOMCXOAMAM YePE3 MMAAUAPADI A€T, 3aTeM Yepe3 MUAAMOHBI, a
3aTEM U Yepe3 ThICTYeAETU.

DBOAIOLINA YEAOBEKA CKPBITA B MM(aAX, CKa3aHUSIX M PEAUINO3-
HBIX MCTOYHMKaX, JTO TaiHa 3a CEMbIO NevaTamMu. Ho Bce MaAO-MaAb-
CKHU AOCTOBepHble apTedaKThl ¥ MUCbMEHHbIE MCTOYHMKM TOATBEP-
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YKAAIOT, YTO 1€AOBEYEeCKasl KUIHb MMEeAA NPOAOAKUTEALHOCTE AO
120 ThICAY AeT, M KaKABIi Pa3 CHIDKaAACh Ha NOPAAOK, TIOKa He
CTaAa UMeThb NPOAOAKUTEABHOCTD B 120 AeT. «30A0TOM BEK», KaK U
Ha4aA0 pa3sBUTHS MUPOBBIX 09aroB HMBMAM3AILMM, ITIOKPHITO Mpa-
KOM TaiiHbl. AO HOBOJ 3pPb, TOYTH CEMb THICAYEAETHI, YEAOBEYECTBO
KaK Obi ApeMaAo B cristuke. Ho TeMITsl SBOAKOLIMM HETIPEPHIBHO Hapa-
INMBAAMCh He 10 AMHEITHOMY, & IT0 9KCIIOHEHI{MaAbHOMY 3aKoHY. Hy, a
KaKOH SBOAIOLMOHHBIN OYM YEAOBEYECTBO HEPEXUBAET B HALIIE BPEMSI,
He CTOMT ¥ roBOopuTh. TYT ¥ MUpOBBIE BOWHbBI, M TEPMOSIAEPHOE OpY-
KM€ U OCBOCHME KOCMMYECKOrO NMPOCTPAHCTBA U, B TOM YUCAE, HEBU-
AQHHBI HHGOPMALBOHHBIN OYM pa3BUTUA TEXHOAOTMIf MUPOBOIT MH-
¢$opmaumonHoit nayTuHn ViHTepHeTa u cpeacts MHGOPMaUMOHHBIX
KOMMYHHMKaLMit. Ho YTO ABASETCA OCHOBOI SBOAILMOHHOrO Gyma?
AAA yCHAEHMA TBOPUECKOTO HAYaAA YEAOBEKA AO CTaAMH OBITOBO-
ro 6e3yMus ¥ MOMCKa BCe HOBBIX M HOBBIX BIEYATAECHMIA, DMOLUI
M NEPEeXKUBAHMUIA, APYTOH NIPUMUMHDI, KPOME PacHIMPEeHNs AUANA30-
HA FpapalMii ¥ KBAHTOBOM PasHOPOAHOCTY OKPYaloliero Mmpa,
HalTH HEBO3MOXXHO. IIpyyeM MEHbLIIMHCTBO 3TMX HOBBIX Pa3HOPOA-
HOCTeH, TOABKO YTO NOAYYUBIINX CBOOOAY, Tpebyer K cebe paBHOro
OTHOMIEHWA, A TAK KaK OHM 00AQAQIOT MOBBIILIEHHOI SHEPIUEH, TO UX
aHTUMHGbOPMALMA PACIPOCTPAHAETCS B YEAOBEYECKHX AYIIaX KaK pa-
KOBas onyxoab. [ToHaTHA A0Gpa 1 3Aa He TOABKO MCKaXKEHbI, HO M
BO MHOTHMX CAYYasX IOMEHSIAMCh MECTaMM AO IIOAHOM POTUBOIIO-
AoHOCTH. HocuTeAel «HOBBIX» CBOGOA B MCTUHHBIN BOCTOPT NPK-
BOAMT He cTaGMABHOCTS, a Xaoc paspyuenus. HenaBucts x BHyTpeH-
HeMY CIOKOMCTBUIO ¥ CTAOMABHOCTY TPAAULMOHHBIX FOCYAQPCTBEH-
HBIX 06Pa30BaHMIT OTKPLITO BHIAMBRETCS HE IPOCTO BMEMIATEABCTBOM
BO BHYTPEHHME A€AQ, HO 3KOHOMUYECKMMY CAaHKLIUSIMH, & 3aTEM IOAU-
TH4YECKOi U BOEHHOM arpeccueit. MaccoBsoe sapaskeHHe NCHMXUKH de-
AOBeKa i Y€AOBEYECKUX AYII IA€BeAaMM aHTUMHDOPMany, 1 CTa-
HeT HaYaA0M rubeAu TeaecHoro yeaoBevecrBa. Ho oruansatsca He
Hapo. Mucyc Xpuctoc B cBoeM AuLie SBMA HOBOe YeAoBevecTBo. [1o-
cae Bockpecenust Ero TeAecHslli opraHusM oCBOGOAMACH OT aTo-
MOB M MOAEKYA M MPUOOPEA HE3ABMCMMOCTD OT T€X SHEPrMYHBbIX
KBaHTOB HOBBIX Pa3HOPOAHOCTEN, KOTOPbBIE BBIAEASIOTCS M3 ATOM-
HBIX AP M NIPOTOHOB MEXAHM4YECKMX MaCC MaTePHUAABHOTO MHMPa.
OTa He3aBUCUMOCTDb OYAYIIETO YeAOBEYECTBA OT aTOMOB M MOAEKYA
MaTepMaAbHOTO MUPa, MO3BOAUT BOCCTAHOBUTD HPOAOAXKUTEABHOCTD
YEAOBEYECKON KM3HU AOC 12 THICAY A€T, HO BTO YXE APYras TeMa, Ko-
TOpasA HE BXOAUT B KPYT MCCA€AOBAaHMSI MMPa MaTepUM.

3aBepiuasi TeMy MCCAGAOBRHUA MaTEPUAABHOTO MHUPA, CAEAYET
CKa3arb, 4To 00'beM BeeaenHoit pAan Croponnero HaGaaaTteas paBex
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cymMMme ABYX cocTaBasiionmx. Iepnoiit M raaBHBIi 06beM, cOCTOUT U3
MH(POPMANMOHHBIX KBAHTOB YIIPABACHUA, OXAKAECHHBIX AO TEMIIEpa-
Typnl MuHyc 300 rpaaycos Lleancus, xoropbiit pasex 545 Thicidam
KyOuuecKuXx MeTpoB. Bropoii, BCIOMOraTeAbHBIN ¥ MOAYMHEHHDI
06beM, COCTOUT U3 paCTAHYTHIX Y Pa3ACACHHBIX Ha KOHEYHOE MHOXKeE-
CTBO KBAHTOB BCEAEHCKOTO NPOCTPaHCTBA, KOTOpPble 3aTIOAHEHBI Ha-
TPETHIMU AO Pa3HBIX TEMIIEPATYP MEXaHUIECKMMM YU IOAE€BBIMM KBaH-
TaMM MaTepuy, HO MMCAEHHOe 3HauyeHue 9Toro obbema Aas Cro-
ponnero Habatopareas cocraBaser 474,608 rThicay Kybumyeckux
meTpoB. CyMMHUPYsi 5TH ABa 00beMa B OAHO LIEAOE, MBI M TIOAYYUM
peaAbHblf 06beM BceAeHCKOro cdepoupa aasa Croponnero Habaro-
AaTeAs. BbIMOAHMB CAOXKEHME, MbI IIOAYYMM, YTO PEAABHBIN 00beM
Bceaennoit npuMepHo paBeH 1 MMAAKOHY 2 ThiCA4YaM KyOMyeckmux
MeTpoB. 3Has 06BEM, MOXKHO AETKO BEIMMCAUTD U pasuyc Beeaennoil.
®dakTuveckn papuyc BceaeHHoit aasn Croponnero HabaropaTtean
MMeeT BeAMYMHY OT MAKCUMAAbBHOTO NMPEAECAa B 63 MeTpa A0 MMHM-
MaABHOTO nipeaeAa B 62 MeTpa. Bo3MOXHO, 4T0 3Ta METPOBas pas-
HOCTD SBASIETCA CAMBIM FAQBHBIM NAPAaMETPOM YIIPABAEHUA AAT Ma-
TEPUAABHBIX MaCC BCEAGHCKOIO NMpoCTpaHcTBa. AloGoe yrnpasaeHue
OCHOBaHO Ha MaABIX OTKAOHEHMAX U 00paTHOI cBsA3HU. Maaeiiiune oT-
KAOHEHMsI 00bEMA MEHSAIOT XapaKTEPUCTHKM CEMMCAOMHOM BCEAEH-
CKOI1 000A0YKH, ¥ OT Hee B IIPOCTPAHCTBO MaTepUMAABHOTO MUPA MC-
XOAAT KOPPEKTUpYyIoMe MHPOPMALMOHHbIE CUTHAABI YIIPABACHMS.
Ho ecan yeAoBex nepeaaeT MHPOPManMIo C HOMOWIBIO CAOB, TO KaK
)K€ MOXXHO OTpMIATh, 4T0 CAOBO Bo)KXie MCXOAUT M3 MPOCTPAHCT-
Ba cemMu Hebec BCceAeHCKOM 000A0uKn?

Ho caMbIM TAaBHBIM AASL BHYTPeHHMX HabAlopareAeli sBAsieTCS
TO 06CTOATEABCTBO, YTO Pa3Mep BCeACHCKOH 060A0uxu At CTOPOH-
Hero HaBAIOAATEAS HUKOTAA HE MEHIACA B IUPOKKX NPEAEAAX, KO-
TOPBIe HAM FIPEACTABASIIOTCA KakK 0e3A0HHOe paciiMpeHue HeorpaHu-
9YEHHBIX MPOCTPAHCTB KOCMMYECKOT0 BaKyyMa. OH KaK A€XaA B nipe-
AeAax 62—63 MeTpoOB A0 HaYaAa COTBOpeHusi BceAeHHON, TakuM U
OyAeT BO Bce BpeMeHa cymecrBoBanusa BceaenHoit. Co6CTBeHHO, 5
CKazsaA BCe, YTO XOTEA CKasaTb B 3TON KOPOTKOM Hay4HO-puaocod-
ckoit pabore. Hauaa 5 ee 1 cenTs6psa 2010 roaa, a sakoHuma 30 MapTa
2011 r. [Torparua cemb MeCsLIEB HENPEPHIBHOTO TBOPYECKOTO TPYAQ.
3akAwunTeAbHas raaBa «Duaocodckoro orcrynaenusi» OGplaa Hanm-
CcaHa ellje TAe-TO B poekabpe npomaoro roaa. OHa Bpoae Obl He coBceM
B TEMY, HO )KAaAKO BriOpachiBars. ITycTs ocTaneTca. Mecsn BpeMeHy s
OTBOXY cebe Ha To, YT06bl OTKOPPEKTHPOBATH MaTepHaA v ybpaTs Bce
HECOOTBETCTBUA M usAnumecTBa. [Ipu paboTe Haa 5TOM KHUIOM MeHs
He MOKUAAAO CLIyI[eHHe, YTO H4ero 60Aee COBEPLICHHOrO B 06AaCTH
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[IO3HAHUA MATEPUAABHOIO MUPA CO3AATh MHE He YAACTCH Aa s M He -
[IAQHUPYIO 3TOro AeAaTh. Ecan TBopel He OTHUMET 3A0pPOBbS U pasy-
Ma, TO I HaIMUIY elje HECKOABKO KHMI, HO YK€ He 00 BBOAIOLIMM MaTe-
pum, a 06 aBoaoLM Ayxa. Hapo packpsrrh AyxoBHYI0 nipupoay Mucy-
ca XpuUCTa 1 HEKOTOpble OMOAEICKME TalHbL, a TaKXKe 1TOKa3aTb 3BO-
AIOLIMIO TEAECHOT'0 YE€AOBEKA OT NIEPBOM pachl 36MHOIO YEAOBEYECTBa,
AO 3a4aTKOB LIECTOM pachl, KOTopas GopMMPYIOTCA B Halle BPeM.
Ho BcrioMHuTe, YTO XMMMYECKME DAEMEHTHI IIECTOTO MEPHOAR «aC-
TAT» U «PAAOH», HETIPEPLIBHO MTOPOXKAAIOTCA XMMUYECKMMM SAEMEH -
TaMM 3€MHOIO WIapa, M TaK)Xe HEIPEPHIBHO YMUPAIOT, HE MMESL BO3-
MO>KHOCTH IIPEOAOAETh 3aKOHBI MEXaHMCTHYECKOro Mupa. Bor Tak xe
Y ONBITHBIE 00pasLbI YEAOBEKA LHECTOM Pachl HENIPEPHIBHO HOPOXKAA-
I0TCA ¥ YMMPAIOT, IIPUHOCA 3€MHOMY YEAOBEYECTBY HEMCUMCAMMEIE
Geabl ¥ CTpapaHus Yepeaost BOiH B Goppbe 3a MUPOBOE IOCIIOACTBO
1 3a nopunHeHne Mupa. Ho kak TakoBoi1 TeAecHOI! 1IeCTOI pachl 3eM-
HOTO Y€AOBEYEeCTBA COTBOPUTH HEBO3MOXKHO.



nasa XVIII
OUNOCOOCKOE OTCTYNNEHME

1.ITepsusnocme mamepuy u 8BMOpuU4HOCHb OyxXa

S cHavaAa oveHb BO3MYWAACH PUAOCOPCKMM MaTepHaAU3MOM
SIPBIX aTEUCTOB, MMEIOIIMX AYXOBHYIO CBA3b C HWKHMM AYXOM 3eM-
AM, THIIA AeHUHa ¥ eMy NOA0OHBIX. MHe Ka3aA0Ch IOAHBIM KOU{yHCT-
BOM M AOXKBIO MX YTBEPXKACHUS U )KEAE3Has HEMOKOAEOMMOCTD, YTO
MaTepus NEpBUYHA, a AyX BropuueH. Ho Beab aeficTBuTeAbHO, CaM
Teopey Mupa Cero HUKOrAa He 6biA B IPOCTPAHCTBE MATEPHAABHOM
BceaeHHOi1, 2 HapabOTaHHBIIT ypoXKail 60>XXeCTBEHHOIO AYXa OH TYT Xe
sabupaer B HeAOCTYNHOe Aas Marepuu Llapcreue HebecHoe. Aaxe
KBaHTbI MOHAA LIEHTPOB aTOMHBIX SA€P MAaTEPUAABHOTO MUPA, HE MO-
TYT AAUTEABHO CYHIECTBOBATh B MAaTE€PUM aTOMHBIX AAEP, a MOAAED-
JKUBAIOT XU3HEAEATEABHOCTh MaTepUM AMHIb LIUKAMYECKUM MPUCYT-
CTBMEM B MaTePUAABHBIX TEAAX BCEAEHCKOTO IPOCTPAHCTBA. MBI yxe
YCTaHOBUMAMY, 4TO, €CAM Obl KBAHTHI MOHAA, 33A€PIKAAUCH B MaTepyy Ha
OAHY CEKYHAY, TO BceAeHHass MTHOBEHHO NepeliAa B COCTOSIHME He-
nposBAeHHOM Teaenopraymu. O yeM 3T0 ropopur? 3TO TOBOPHUT O
TOM, YTO NPOCTPAHCTBO BceAeHHO# HECOBMECTMMO C IPOCTPAHCT-
BoMm Orna HeGecnoro no csoeit MaTepaAbHOIA ¥ SHepreTHYECKOH
cytu. B npocrpancree ne or Mupa Cero Her MaTepum K sHeprum,
¥ HeT MOPOXAEHHBIX MaTepuei U dHepPruer BTOPUYHLIX NPU3HA-
KOB, B BUA@ TPEXMEPHOrO NPOCTPAHCTBA U BpEMEHH, & €CTh TOAb-
Ko uadopMaLMsi, KOTOPAT AAS CBOEH BeYHOI TBOPUECKOI paboThl
He HYXAQeTCA B 3HEPTUH, & 3HAYMT, U He TPeDYeT AAS CBOEI KuU3-
HEAESITEABHOCTH NPOCTPAHCFBEHHO-BPEMEHHBIX XapaKTEPMCTHK.
®opMaAbHO MaTepMaAUCThl npaBsi. Bo BceaenHolt Bce MuorooGpa-
311e HEOAHOPOAHOCTE IIOAEBBIX CTPYKTYP, B TOM YUCAE U BCe MHOTO-
0bpasue >KMBbIX KAETOYHBIX OPTaHM3MOB, BKAIOYAsA YEAOBEKA, IPeX-
A€ YEM CTaTb NOAEBOI CTPYKTYPO#i MAM XKUBEIM OPraHusmom, Opiau
MATEepHAAbHBIMM MAacCaM# ATOMHBIX AAEP XMMMHYECKUX IACMEHTOB
VAN OOBIKHOBEHHBIX IPOTOHOB HPOTOBCEAEHHOM. DTO KacaeTcs He
TOABKO TEAECHBIX OPraHM3MOB, HO BCETO MHOTO00pasus ueAoBeye-
CKMX AYHI, BKAIOYAA BCe MHOTOOOpa3us MepapXxmi BHYTPEHHUX BCe-
AEHCKHUX AYXOB, HAUMHAA OT CATaHUHCKO-DECOBCKMX AYXOB ABABOAA, U
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KOHYasA BBICIHMMU AyXaMu Aaaaxa u CaBaoda. Y10 rOBOPUTE, HO He
TOABKO 0BAACTB AACKONi TIPEMCIIOAHEN, PACTIOAOXKEHHON B HEAPAX Ha-
1€ [IAaHEeThl, HO M 00AACTD pasi, KOTOPOI1 ypaBAsIOT Aaaax u Casa-
0o, XOTA 1 HAXOAUTCSA B Chepax HEAOCTYIIHBIX AAST MAaTEPUK, HO NIPU-
HapAexur Hamesdi Beceaennon. Ho, yreepkaas, 4yro maTepus nepsud-
Ha, & AYX BTOpUYEH, He Haao0 3a0biBarh 0 ToM, KTO 3amyCTHA NPoLece
BCEACHCKOM )XU3HEAEATEABHOCTH M KTO MOKET OCTAHOBMTD €I'0 B AIO-
6o Moment no CoOCTBEHHOMY >KeAaHMIO. A TaKke He Hapo 3abbi-
BaTh, YTO STOT BTOPUUHBIA AYX PaHO MAM MO3AHO YCOBEPIIEHCTBYET-
CA M B KauecTBe ypoxas TBOpija HaBCerAa OKMHeT BceaeHHYIO, YTO-
651 cTaTh YACTBIO TBOPYECKOit Mol Toro, KTo coTBOpUA BeeaenHyo
" 3a00THUTCA B Hallie BDEMS O €€ )KU3HEACATEAbHOCTH.

Moxuo orpuuarh Bora-Otna, Tak Kkak Ero HUKTO He BHAea,
M HVIKOTAA He YBHAMUT B MarepuaabHoit Bceaennoni. Ho ecau aro-
60i1 ApbIT MATEPHAAMCT, TIPU3HAET, YTO BTOPUYHBIA AYX CyIHecT-
BYET M AAeT OCHOBY AAS YEAOBEYECKOrQ TBOPYECKOro MblIIAEHUS,
TO IOYEMy Xe OH He 03a00THTCS M He IOAYMaeT O TOM, KaK nopo-
KAQETCS AYX M KaKMe CTaAMM MPOXOAUT, YTOOBI CTATh MbICASILIEN
CYIHOCTBIO YeaoBeKa? KakuM 06pazoM, ¥ Ha KaKuX MaTePUAAbHBIX
KBAHTaX KpPenurcs ta MHPopMaims, KOTOpast AeAaeT YeAOBeKa BbIC-
HIVM MBICASIIMM CYIeCTBOM 3T0ro Mupa? Hy i, HakOHel, OTKYAR, U3
KaKuX MHQOPMATUBHBIX MCTOYHMKOB, YE€AOBEX 4epraer MHpopMa-
1410, KOTA2 OH BBHIABUTA€T HOBbIE MAEM, KOTOPbIE paHee He CylHecT-
BOBaAM B YeAOBeYeCKoM cooluiecTse U He Obiau 3apMKCHPOBAHL! B
MUCbMEHHBIX MAY YCTHBIX MCTOUHMKAX? Bo BpeMeHa COBETCKOTO KOM-~
MYHM3Ma HaC YYMAM AMAAEKTHMKE MAapKCM3Ma, KoTopas Obiaa yKOpo-
YEHHO AMAAEKTUKO Jereasi, u yTBepKAAAM, UTO PAa3BUTUE MAU BBO~
AIOLMS MaTEPUM U YEAOBEKA MIPOUCXOAUT MO BOCXOAAINEH CITUPaAH.
O6oAbILeHHBIN 1 YOaIOKAaHHBI MHOTOYMCAEHHBIMUY HEAOIOBOPEHHO-
CTAMM U YMOAHAHMAMMY, 5 TOXKE MCKPEHHE BEPHA, YTO Kak Mionxray-
3€H MOT cebsi BHTANMTD 32 BOAOCH! 13 GOAOTa, TaK U XH3HD, HATIPS-
TAQCH M BBICKOYMAA HA APYTO ypOBeHb, He aTOMAPHOM, 3 KACTOMHO
OPraHu3saluyM MATepUu. 3aTeM Kakoe-TO HEM3BECTHOE KOAMYECTBO
ITUX HOBBIX GOPM CYLIECTBOBaHUA MaTepyy, B BUAE OAHOKAETOUHBIX
OPraHM3MOB, IIOPOAMAM HOBOE MH(OPMALIMOHHOE KAaYeCTBO, ¥ KU3Hb
MepemAa OT OAHOKACTOYHBIX OPraHM3MOB K MHOTOYUCAEHHOMY HO-
BOMY KOAWYECTBY HAPBITAIOIMX, [IAGBAOIMX ¥ ACTAIOUIMX PEIITUAMIL
1 36MHOBOAHBIX IIpecMbiKalonxcsa. Ho y>x coBceM HEMOHATHO, Hapa-
IMBaHME KOAMYECTBA KAKUX CYIHHOCTEN, IOAEAUAO MUD XMBOM NIpHU-
POABL HA MMp PacTeHuMif ¥ XUBOTHbIX? B To ke Bpems, coBepmieH-
HO OYEBHMAHO, 4TO 6e3 BOZHMKHOBEHHUA I ONEpPeXKalomiero paspm-
THS PAaCTMTEABHOTO MMpPa, HUKAKOro pa3BUTHMA XXUBOTHOFO MMpa
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HEBO3MOXKHO cefe mpeacTaBuTh. PasBe y KAKOT0 Y4€HOTro €CTb Co-
MHEHUs], YTO KUCAOPOA aTMOChEphE MONOAHAETCA PACTUTEABHBIM
MMpoM nAaneTh? V pasBe eCTh COMHEHHMS, YTO YHHYTOXKEHHUE U AQXKe
pe3Kkoe COKpallieHe PaCTUTEABHOCTU TNAAQHETHL MPUBEAET K dHepre-
TUYECKOI HMINETE ¥ BHIMUPAHMIO He TOABKO >XMBOTHOTO MMpa, HO M
3eMHOTO YeaoBedecTBa? Ecam Ob1 Ao2xe MIoHXTay3eH ¥ cMor cehs BBI-
TAH{ATH 32 BOAOCHI 3 60AOTA, TO OH HEM3MEHHO ITAIOXHYACS Obl 06-
PaTHO, eCAM ObI, IIOKA HAXOAMACS B BO3AYXe, He IepeMecTUA cebs Ha
6oaee BoiCOKOe M Cyxoe MecTo. 51 He 6yAy yTPyKAaTh CBOMX YMTaTe-
Aeif TIOAOOHBIMM TpMMepPaMM, HO BCAKAS AMAAEKTMYECKas CIMPAAb
PasBUTHA U BBOAIOLIMH MPEATIOAAIAET, IPEXXAE BCETO, TO 0OCTOATEAD-
CTBO, YTO 60Aee COBepIIeHHbIN MATePUAABHBINA KBAaHT MAM KMBOM
oprauu3M 00sA3aH yMeTh BOCCTAHABAMBATH M NOAAEPIKMBATD YUC-
A€HHO€ KOAMMECTBO TeX HECOBEPIIEHHbIX MaTEePHAABHBIX KBAHTOB
MAM KMBBIX OPraHM3MOB, KOTOPbIe HAXOAATCH HA HIDKHMX CIIMpa-
ASIX MAM CTYNeHAX pa3BuTuA. CoBepmIeHHO 0YE€BMAHO, YTO MMEH-
HO OHM M NOAAEDXVBAIOT DHEPTETHKY M JKM3Hb TeX HoAee coBep-
HICHHBIX MaTE€PUAABHBIX KBAaHTOB MAM XKMBbIX OPraHM3MOB, KOTO-
pble 3aHMMAIOT BepXHHE CIMPAAM 3BOAIOLMOHHOM NPY)KMHBIL

SOra TsOKeAoBecHas dpa3a KaK HEeAb3A Aydllie TIOACHAET UCTUH-
Hble IPUPOAHBIE U )KM3HEHHbIe npoitecchl. Ho He TOABKO 1, AepeBeH-
CKMIA IOHO1IIa, HO U CAMU MAEOAOFM KOMMYHM3Ma B AuLle Mapkca-3H-
reabca-AeHuHa, KaK ¥ YYMTeAs, KOTOpble NMPEeOAABAAU HAM OCHOBBE
MAapKCUCTCKO-ACHMHCKOI GPNAOCODUN, BPSIA AV IIOHUMAAM M 3aAYMBI-
BAAMCD O TOM, KaKMe SHepreTnueckue ¥ MHGOPMALMOHHbIE CUABL 3a-
CTaBAAIOT CIIMPAAb PasBUTUA PACKPY4MBATHCA OT MHPOPMALMOHHOM
CAETIOTHI AO MBICAAILEH CYIJHOCTH YEAOBEYECKHMX AYI U AO OCO3HAHUSA
cobcrBenHoro «i»? Kakum o6pasom u Kakoii HeHOM HecoBeplIeHHoe
KOAMYECTBO NIOPOXA2ET HOBOE KauecTBO? A raaBHOE, ECAM HECOBEp-
IMeHHOe KOAMYECTBO MOPOXKAAET HOBOE KAa4eCTBO M MCYE3aeT, TO
MEXAY COBEpHIEHHbIM KOAMYECTBOM M MaTepuei BO3HHKAeT 3Hep-
reTudeckui ¥ NHOOPMALMOHHLLHA pa3phiB. Fae, HOBOMY coBepieH-
HOMY KOAMYECTBY, OpaTsh sHepruio u mHpOpManuio, 4To6s He «pyx-
HYTb» B CAEITYIO Y arpeCCMBHYIO MAaTEPUIO NTAGHETHOIO T€AA Y CHOBaA
He NPEeBPaTUTLCA B aTOMbl M1 MOAEKYABL «MePTBO#» Hpupoabi? Bean
€CAM MCYE3HET PaCTUTEAbHbIN M XXUBOTHBIA MUP, TO «BEeHEL» NIPUpO-
ABI B AMille 3eMHOTO Y€AOBEYeCTBa IIOTMOHET He TOABKO OT HEAOCTATKA
KMCAOPOAQ, HO M OT HEAOCTATKa SHEpTeTUKU nuineBoro nuranmsa. Kak
MaTePHAAMCThHI HE 3aMeYaloT 3TUX NPOCTHIX M MOBCEAHEBHBIX Bellen
B3aMMO3aBHCMMOCTH M B3AMMOCBS3H GBITHS «CAEMOi» MaTEPUM Macce
M PACTUTEABHOrO M XXMBOTHOTO Mupa? KakAbiit BHA PAaCTEHMIT M KU~
BOTHBIX TOXE ABASIETCA COBEPIICHHBIM TBOPEHNEM HM)KHETO YPOBHSAL.
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Ho B yeM 3aKAI0OYAETCH CMBICA XKU3HM OTAEABHBIX MHAMBUAOB ITHX
COBEpLIEHHbIX TBOPEHMI npupoabi? OHM pemaioT TpMeAUHYIo 6oxe-
CTBEHHYIO 3apauy. Bo-nepBhix, Nopo)KAast cefe MOAOGHBIX HHAMBY-
AOB, TIGAAEP)KMBAIOT KOAMYECTBEHHYI0 YMCAEHHOCTDb CBOETO BHAA.
Bo-BTopbiX, 1 AYXOBHO ¥ TEAECHO, IBASIIOTCH DHEPreTHYeckoM u
MHPOPMAIMOHHOM NMUINEH AAsl 6OAee COBepLICHHBIX TBOPEHMI, a
B-TPETBHUX, YAOOPAIOT NOYBY, YTOOKI He MCYE3AA JKU3HETBOPAMAN
CHMAQ «CACHOM» MaTepu.

2. Omausus Mupa Mamepuu i MUpa JUsoli Hpupoobt

YeM OTAMYALTCS MUD XMUBOH MPHUPOABI OT MUPa «MEPTBOM» Ma-
Tepun? He Gyaem ceituac paccMaTpuBaTh GMOAOTUI0 M CAOXKHDIA X11-
MMYECKMIA COCTAB JKUBBIX KAETOK, 2 BCMOTPMMCS B OTAMWAS NTOBEAE-
HMSL «CAEMOM» MaTepuy M TBOPEHMI XXMBOM npupoabt. Kaxaas no-
AeBasi CTPYKTYPa MaT€pPMAaAbHOTO MMPaA, PEHIAET TY e TPUEAUHYIO
3aAavy, YTO ¥ BCe MHOTOOGpasue BUAOB PACTUTEABHOTO U JKUBOTHOTO
mupa. [pyOsie KBaHTHI MArHUTHOM 3HEpPrUY, YCHAMAMY OoAee coBep-
LXeHHBIX KBAHTOB SAEKTPHYECKOM SHEPIiy, KOAMYECTBEHHO HAKAMAK-
BasCh U3 MacC aTOMHBIX SIAEP BHYTPM NIPOCTPAHCTBA aTOMOB M MOAe€-
KYA, AOBOAATCS AO SHEPreTUYEeCKOM HMUIETH, a 3aTeM OpOMTaAsMU
SAEKTPOHHBIX 000A0YEK BBINYCKAIOTCS B MEXAaTOMHOE M MEXMOAe-
KYASIpHOE NIPOCTPaHCTBO. IToueMy 06beM XMAKOCTE U TBEPABIX Be-
1ecTB HEBO3MOXKHO C)KaTb HUKaKMM AABAEHHMEM, €CAY aTOMHBIE AAPA
3aLMIAIOTCA TOABKO SHEPreTUYECKH CAa0bIMM OpOMTaASIMM DAEK-
TPOHHBIX 000A04YeK? Aad MOTOMY, YTO HPOCTPAHCTBO MEXAY ATOM-
HBIM SAPDOM U 3AEKTPOHHOI OPOMTAABI0 HANOAHEHO OrPOMHBIM
KOAMYECTBOM HECOBEpPINEHHbIX KBAaHTOB MAarHMTHON 3HEpruH, a
CaMM IAEKTPOHHblE OPOMTAAM MCIIOAHAIOT POAb HebecHOl TBep-
AM, KOTOpas MCNOAb3YeT He TOABKO CBOJO DHEPTHIO, HO K dHEPTHIO
3TMX HeCOBepIIEHHBIX KBAHTOB, YTOOLI He AATh MOCTOPOHHMUM CH-
AaM paspyliuTh BHYTPEHHEe NMPOCTPAHCTBO ATOMA UAM MOAEKY-
ABI ¥ BHITYCTMTb HeCcOBepileHHbIe KBaHThI Ha CBOOOAY MeXMoae-
KYASIDHOTO ¥ M€XaTOMHOro npocTrpaHcrBa. Ho coBepuieHCTBYIOTCA
STU KBAaHTHI He yepe3 KOAUYECTBO, a Yepe3 ucTpebAeHue UX dHepre-
THKN. DAEKTPUMECKME KBAHTHI OPraHU3YIOT MX B3aMMOAEHCTBME Ta-
KUM 00pa3oM, YTO OHM B IIPOTHBOAECTBUM APYT APYT'Y, TEPAIOT CBOIO
SHEPreTMKY M TMOHYT KaK CMAbHBIE «BOMHbI». BOT aTux obeccuaen-
HBIX «BOMHOB» U BBINTYCKAIOT HAPYXKY OPOMTAAM 3alIMTHBIX 00OAO-
4eK, OAHOBPEMEHHO NOTAOIasA BO BHYTpeHHee IIPOCTPAaHCTBO aTOMOB
U MOAEKYA PasHOPOAHYIO SHEPTMIO (POTOHOB AYYEBBIX SHEPIMil MAM
KBaHTBI TETIAOBO IIPUPOABL
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BHyTpeHHee NPOCTPaHCTBO aTOMa M MOAEKYABl MCHOAB3YETCS
KaK ITAGAOPOAHAs TTOYBA, FAE€ MAaCCa AaTOMHOYO SIAPA UTPAET POAD IIAQ-
HETHOTO TE€Aa, a TOHKME TeNAOBbIie KBaHTHI OBIBUIMX NOAEN rpaBUTa-
LMl ¥ TOHKME KBAHTH SJAEKTPUYECKON S3HEPIUM UrPAIOT POADb CEMSIH.
TenAoBble KBaHTDI, BCEAMBIIMCH B LIEHTPbl 00ECCMAEHHBIX SACKTPU-
YeCKUX KBAHTOB, IOPOKAAKT M3 HUX GOTOHB M 06ecneduBaioT ¢ Ux
noMobi0 cbop TeX KBaHTOB MOAEH IPABUTALIMH, KOTOPHIE YMEPAU B
MpOCTpaHCTBe BakyyMa. Kak mo-Apyromy cosparp HETAEHHOCTb Ba-
KYyMa, €CAM He OYMIATh €ro ¢ MOMOUIbI0 POTOHOB AYHEBbIX SHep-
Hif? DAeKTpudecKue KBaHTBHI ToXXe He Beunbl. OHM TEpAIOT 3Hep-
TMIO, HO, COXPaHsiA COGCTBeHHbIe MHGOPMALMOHHDIE (PaiABI, BBIHYX-
AEHBI IPOABUTATLCA B T€ CAOM 3EMHOTO IHAPa, TA€ BhILIE AABAEHME U
BBIllle IIAOTHOCTb MaTepuu. [papeHT YIMAOTHEHWUSA MEXKMOAEKYASID-
HOT'O IPOCTPAHCTBA OT MOBEPXHOCTH K LEHTPY 3€MHOrO0 WIapa, ABAS-
€TCA OPUEHTUPOM MX NPOABIDKeHMA. C KaXKABIM METPOM TOrpyxe-
HMS B TAYOMHBI IAQHETHOFO T€Aa SAEKTPHUYECKHE U TENAOBbIE KBAHTHI
BBIHY>KA€HDL OO BEAVHATHCS, YTOOBI yBeAMMUTD cOGCTBEHHYO sddex-
TUBHYIO MacCy U HPOAOAXKATD ABYPKEHHUE K IEHTPY TAXKECTH IIAAHETHI.
IpapuieHT AaBA€HMA B TIAAHETHOM TEA€ 3eMHOTO IIapa HapacTaeT OT
MOBEPXHOCTH AO LIEHTPA, IO AMHETHOMY 32KOHY, @ YTOA HAKAOHA 3TOM
AMHHU OLIPEACAAETCA XMMUYECKUM COCTABOM MAaHeTHOM Maccol. Ho
3TO TOABKQ MAAIO3USA Hayku. KBaHTOBOCTB pacnipocTpaHsercs Ha Bce
aTOMB! M MOAEKYAbI MAaT€pHaAbHOTO Mupa. IToaToMy rpaAueHT NAoT-
HOCTH 110 Mepe NPUOAIDKEeHUS K LIEHTPY THKECTH MEHAEeTCH CKAauKo-
o6pa3Ho, M UCTHHHOE AaBAeHME B 00AACTAX LIEHTPa TAXKECTENR BCex
HebeCHBIX TeA, 2 HE TOABKO 3eMAY, HayKe HEU3BEeCTEH.

Mo TakoMy ke HeAMHEMHOMY, KBAaHTOBOMY 3aKOHY HapacTaeT M
FPaAMEHT CUABI TOAS 3€MHOTO TATOTEHNS, HO TOABKO B 0O6paTHOM I10-
pAAKe. B eHTpe 3eMHOTO 1Iapa CUAA TATOTEHMS paBHa HYAIO, 4 Ha 110~
BEPXHOCTH 3eMAM CHAQ TI0ASl 3€MHOTO TATOTEHUA MAM YCKOPEHME CBO-
GOAHOTO MAAEHUA AOCTMIaeT MAKCUMAABHOTO 3HAYEHWs, U PaBHO B
cpeaHeM 9,8 MeTpa, AEACHHBIX Ha CEKYHAY B KBaApaTe AU Ha CEKYHAY
BO BTOpOI1 cTeneHNn. B kadecTBe AONOAHEHUS NOAYEPKHY TPOTHBO-
TIOAGKHOCTb (PM3UYECKUX MPOIECCOB Ta30BbIX KAM NAA3MEHHBIX M
Ad)Ke BaKYYMHBIX aTMOC(ep, [0 CPABHEHMIO ¢ PU3HMIECKMMM NIPO-
1eCCaMM, IPOUCXOAAIMMHM B TBEPAOM 0ObeMe HebGecHBIX TeA. LieH-
TPbI TKECTE HeOeCHBIX TeA PaboTaIoT Tak, YTO BRITECHAIOT BCAKYIO
TEMAOTY Ha NIOBEPXHOCTb HeGecHoro Teaa. B HopMaAbHBIX HeGeCHBIX
TeAax, K KOTOPbIM, HECOMHEHHO, TpuHaAAeKaT COAHLIE M Halla MAa-
HETa, TBePAbIe HEADPA HEHTPAABHBIX 00AACTE AOAXKHBI OBITh OXAAXK-
A€HBI A0 MuHyC 273 rpaaycos Lleancust v 06AaAaTh CBOMICTBOM CBepX-
npoBoAMMOCTH. [Tpy 3TOM TAQBHBIM HIPU3HAKOM, YTO HEHTP TAKECTH
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OXAQXKAEH A0 MUHYC 273 rpaaycoB Lleabcusi, ABAS)ETCST HAAMUME Y He-
6ecHoOro TeAa MarHMTHOTO MoAsA. EcAM MarHuTHOrO NOAA y HebecHo-
IO TeAa HeT, KaK, Hanpyumep, y AyHbl, TO 3TO 3HAUMUT, YTO TeEMIIepaTypa
eHTpa TsKecTU AyHbI 4yTh Bbile abcoAlTHOrO Hyas. ITo arToit npu-
4yuHe AyHa He BIIOAHe CAMOCTOATEABHA, 2 ee OpOUTaABHbIE TApAMET-
PHI IOAIIMTHIBAIOTCA SHEPIHMEN 3EMHOIO IIapa.

3. Kpyzoo6opom noaresvix fpopm mamepuu

He Hap0 06AapaTh 0co6biM YMOM, 4TOOBI NOHATD, YTO B popMu-
POBAaHUM 3eMHOTO IIOAS TPABUTALIMM, TIDMHMMAET YYacTHe KaXAas
MOAEKYAA M aTOM, COCTaBAIOLIIE MacCy 3eMHOro mapa. Taxke oue-
BUMAHO, YTO YEM AAABIIIE PACTIOAOXKEH aTOM MAM MOAEKYAA OT NOBEpX-
HOCTM 3€MHOTO IIapa, YeM BHIIlie AABACHME U HAOTHOCTDb ITAQHETHOTO
TEAa, TeM MeHbllle, B 06paTHOM HPONOPIMOHAABHON 3aBUCUMOCTH OT
AABAEHMSA U B AMHENMHOI 3aBUCMMOCTH OT PACCTOSHUSA AO LieHTPpa 3eM-
AWM, BBIpabaThIBAIOT KAXKABLI ATOM M MOAEKYAQ, KBAHTOB IIOAEH I'PaBy-
Tauym. YTo 3TO 3HAYUT B PEAABHBIX YCAOBHUSAX IIAQHETHOTO TeAa? ITo
3HAYUT, YTO OBIBIIME KBAHTHI TOASI [PABUTALUN, YMEPEB U AOCTUTHYB
C TOMO1LbI0 POTOHOB, NAAHETHBIX TEA, CTAHOBATCSL GOA€e COBepLIeH-
HBIMU CYIHOCTSIMH, KOTOpBIE B MX 0O'beAVHEHHOM MHOXeCTBe HayKa
Ha3bIBaeT TEMAOBOV aHeprueit. [IpoAoAKas HENMPEPBIBHO TPYAUTHCH,
KBaHTHI TETIAOBOJ DHEPTUY UCITOAb3YIOT MaCCy IMAAHETHOTO TeAa KaK
TOA€ AASL COTBOPEHMS CBOETO HECOBEPIIEHHOTO MOAOOMS M TOAHO-
CTBIO BOCCTAHABAMBAIOT YMCACHHOCTDb TOI'0 KOAMYECTBA KBAHTOB IIO-
A€I1 TPABUTALMU, KOTOPOE «YMEPAO» B KOCMUYECKOM MPOCTPAHCTBE
rpaBUTAlIMOHHOTO BakyyMa. Takum o6pasoM, ¢ HOMoLbio HecTUpae-
MBIX (aifA0B MHPOPMALIMH, B BUAE MHTEAAEKTYAABHBIX pOGOTOB, OHM
YKPEeNASIOT HWKHIOIO CIIMPaAb HPYXMHBI S3BOAIOLIMM MaTepuu U He
ARIOT TPAaBUTALMOHHOMY NOAI0 BCEAEHCKOTO BaKyyMa AerpasMpoBaTh
M HapyLMTb TapMOHMIO MaTepuasbHOro mupa Bceaennoit. Ho, mo-
POXXAas BCe MeHblilee KOAMMECTBO KBAHTOB IOA€I I'DaBUTALNY, [IPH
ITPOABIDKEHMM K LIEHTPY ITARHETHOY'O TEAR, M CAMM TEIAOBBIC KBAHTHI
TepSI0T CBOIO U30BITOYHYIO SHEPTHMIO M YMUPAIOT KaK SHepreTHudecKue
OOBEKTH MATEPUAABHOTO MUPA, HO BO3POXKAAIOTCSE KaK MHpopMaLu-
OHHO-3HepreTuYecKre 00beK T AYXOBHOro Mupa. Tak 4To, B «MepT-
BOi1», Aa M B )XMBOJ NMPUPOAE, HOBOE COBEpPIeHHOe Ka4eCTBO NpH-
o0peTaeTcsa He KOAUYECTBOM, 2 06'bepAMHeHNeM HHGOPMAIIHOHHBIX
Cnoco6HOCTel YMepHIMX MHAMBMAOB M1 BHECEHMEM B HMX AOIIOA-
HUTEABbHBIX (afir0B NOBEACHYECKON MAM TBOpUYECKOH MH(popma-
UM, YTO U TIOPOIKAAET HOBBII, GOAEE COBEPIICHHBIN BUA ITOAEBBIX
CTPYKTYP MAM JKMBbIX OPTaHM3MOB. AASI KaXKAO MeHee COBepIllIeH-
HOJt TOA€B0I1 GOpMBI MaTepuM CyleCTBYeT 6oAee coBepieHHasA, KO-
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Topas 3a00TUTCA 06 yTHAN3ALUMM YMEPUIMX HECOBEPILIEHHBIX KBAHTOB
HoAeBbIX GOpPM MaTepnM ¥ BOCCTAaHOBAEHMM UX YMCAEHHOCTH,

DHeprus ucrpebasercsa, a MHPOpPMALMA C NOMOIIbIO 3HEp-
Ml TIOAEBBIX CTPYKTYP M )XMBbIX OPraHM3MOB Pa3MHOXAETCH M CO-
XpaHsieTcs B HEeM3MEHHOM BMA€ NOCAe 3HepreTudecKon rubean mx
HocuTeAen. Ho 1 Toraa onu camu mo cebe He craHoBsiTca Goaee co-
BepuieHHbIMKU, Haripumep, yMepiue KBaHTbI I'PaBUTAliMM, IPUOHIB B
TIAQHETHble TeAa ¢ GOTOHAMM AYYEBBIX SHEPTMIL, AAUTEABHOE BpeMms
CYHIECTBYIOT B CBOOGOAHBIX SAEKTPOHAX KaK HEMTPaAbHasi CKaAAPHAst
SHEPrus, KOTOPYIO HEeAb3s1 OTHeCTH HM K Macce, HU K 3AEKTPUYECKO-
MY 3apsAY SAeKTpoHa. DTy sHepruio obHapyxuA emme Dapaaei, HO Hay-
Ka AO CHX MIOp He OTIPEAEAMAACD, €CTh B IAEKTPOHE HEeITPaAbHas DHep-
rus MAM ee TaM Her? Celf4ac HEKOTOPbIE YYEHbIE HA3bIBAIOT €€ CKAASp-
HOW MaTHUTHO SHEpPIrue, U MBITAIOTCA SKCIIEPUMEHTAABHO AOKa3aTb
€e HaAuuMe B sAeKTpoHax. B yeMm TyT TpyaHOCTB? TPyAHOCTH B TOM,
YTO HAYKa He MOXKET 0OHAPY)KMTb Aa)Ke KBAHTHI NOAS TPABUTALMIL
Kak »Xe OHa MOXXeT OOHAPYKHMTD Te KBAHTbI SHEPTUH, B KOTOPHIC OHH
IIPEeBPALIAIOTCSA NOCAE CBOEY! sHepreTirdecKon rubean? Ksaursoi ren-
AOBOJ1 SHEPTMM MMEIOT ellje 60oAee TOHKYIO SHEPreTUYECKYIO CTPYKTY-
PY ¥ POACTBEHHbI KBAHTaM IOAEJ FPaBUTALMK, TIO9TOMY TOXKE OCTAIOT-
CA BHE IOAs 3peHMsI COBpeMeHHoI Hayxu. Ho pasBe HocuTeAu noAoxu-
TEAbBHOI'0 3apsiAa IIPOTOHA U OTPULIATEABHOTO 3aPAAA SAEKTPOHA MOLYT
MCYE3HYTb TIDM NEPEXOAE DAEKTPOHA B 3alUTHYI0 OPOUTaAb MpPOTO-
Ha, KOTAQ X COeaMHeHMe 00pasyeT HeC)KMMaeMEli 06beM BHYTPEHHe-
ro NPOCTPaHCTBO aTOMa BOAOPoAa? KoredHO ke, Bce KBRHTHI IAEKTPH-
YEeCKOM 3HePriy OCTAIOTCA B IOAHON! COXPAHHOCTH, HO CTAHOBSTCS HO-
CHUTEAAMM HENTPAAbHO SHEPTvM CKaAAapHOro tuma. Ecau Takoit atom
BOAOPOAA «BBIPBaTh» U3 MATEPUAABHOTO TeAa M 3a0pOCUTD B rpaBMTa-
L{MOHHOE IIPOCTPAHCTBO BAKYyMa, TO 9Ta HEMTPaAbHasA SHEPTUA TYT XKe
obpasyer cobcTBeHHbIE KBAHTHI IPaBUTALIMK.

MOoXHO nokasaTb, YTO M KBAaHTHI DAEKTPUUYECKOM DHEPIUM, UC-
TOAb3Ysl MarHUTHYIO SHEPTMIO B KayecTBe CBOe€il 3HepreTH4ecKom
0DOAOYKM MAM «TEAECHOTO» OpraHu3Ma, HeNpephiBHO paboTalor,
4TOOBI BOCCO3AATH TO KOAMMECTBO KBAHTOB MarHUTHOM BHEPIMH, KO-
TOpoe ObLIAG 3aTpayeHO Ha MX COTBOpeHMe. B TO xe BpeMs KaXXAbI
KBaHT BAEKTPUYECKON DHEPIMM CTPEMHUTCA U3PACXOAOBATh SHEPIMIO
MarHMTHBIX KBAHTOB ¥ COTBOPHUTD 13 HUX CBOE «IOAOOME» IyTeM 3a-
KpeNAeHMsI Ha MarHUTHBIX KBaHTaX HOBBIX (AAOB ITOBEAEHUECKO
uHpopmaumn, Hayka Ha ocHoBaHmu ¢opmya MaxcBeAAa ¢ yBepeH-
HOCTBIO YTBEP)KAAET, YTO B POTOHAX Ay4eBOI S3HEPIMM BCS DACKTDU-
Yyeckas sHeprus npeo0pasyeTcss B MarHUTHYIO SHEPTUIO U ob6paTHO.
Ho aTo yTBepXaeHME eCTh He 3KCIEPUMEHTAABHO YCTAHOBAEHHBIN
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dakT, a MAAIOSHA. DAEKTPUYECKUE KBAHTBI HAAGAEHDBI AOIOAHMTEAD-
HBIMM ¢aitaamu ToBepeHueckoi nndopmaimu. Ilpu ABmxennu dporo-
HA 10 TPABUTALMOHHBIM NOASM BCEAEHCKOTO BAKYYMa OHM HAXOAATCSA
B LieHTpe POTOHA B HENPOABACHHOM BMAE M YIIPABASAIOT MarHUTHOI
sHeprueit. OAMH TIOAYTIEPMOA BOAHEI MArHUTHAS D9HEPIUs MCIIOAb3Y-
eTCs Kak cOOpIMK yMeplIMX KBAHTOB MOA€el IpaBUTaLMii, a BO BTO-
POM TIOAYIIEPHOAE BOAHBI, DAEKTPUYECKME KBAaHThHI BPEMEHHO Hape-
ASIOT 4acTh 60A€e COBEpIIEHHBIX MATHUTHBIX KBAHTOB AOTIOAHUTEAD-
HBIM (allAOM MOBEACHYECKOi MHPOPMALIMM M OHU PasBepTHIBAIOTCA
KaK SACKTPUYECKas SHEPIUsL. DTOT BTOPO HOAYTIEPHOA S pacCMaTpH-
BaIO KaK Nlepuop, 06yyeHus, Cioco6CTBy01MI YCOBEPIIEHCTBOBAHUIO
M TIepeBOAY MAarHMTHOM 3HEPTMH B HOBOE KadeCTBO SAEKTPUYECKO
sHepruu. ITonapas B nAaHeTHbIe TeAaa BMecTe ¢ POTOHAMM Ay4eBOil
3HEPrMU MAM B BUAE MOAHMEBBIX Pas3psA0B yXe pasobpaHHbix doTo-
HoB CBY- ¥ raMMa-u3AydeHMit COAHEYHOTrO CIIEKTPa, SIAEKTPHUYECKNE
KBAHTBI PAa3AEASIOTCS 110 CBOEN HEOAHOPOAHOCTH.

BoAbIlIast 4aCTh KBaHTOB SAEKTPMYECKOH SHEPIUM TIOTAOLAETCS
BAEKTPOHaMM TIOBEPXHOCTH 3eMHOro mapa. Ho xak bt cranponap-
HbIA TMIOCTOAHHBIN 3apAA SAEKTPOHA, 3TO He €CTh Pa3 M HaBCErAa
YCTAaHOBAECHHA NPHMHAAAEKHOCTh BAEKTPOHA. DTO «0OMEHHBIH»
doHA U OAHOBPEMEHHO «obyJalomjee» YCTPOHCTBO NoO TEPEBOAY
¢$OTOHOB MarHMTHOI 3HEPTMM B DAEKTPUYECKYIO aHepruio. Sl pac-
CMaTPHBAIO 3apSiA SAEKTPOHA HE TOABKO KaK dHEpPTreTHIecKoe, HO KaK
nrpopmaymoHHoe xpaHuamie. Ecan xoture, T0 3A€KTPOH Hap0 pac-
CMaTpMBATD He KaK 3apsIKEHHYIO YaCTMIFY MAAO MacChl, a KaK MHTeA-
AEKTYaABHOro po6ota, CrOCOGHOIO UCTIOAHATL MUAAMOHBI PasHOO0-
pasHbIX QPYHKLMIA N0 KECTKUM AATOPUTMaM, KOTODbie 3amMcaHbl Ha
KBaHTaX 3AEKTPHUYECKOro 3apsaa sAeKTpoHa. CrepeTs MAM YHUYTO-
JXUTh 3TH AATOPUTMBI HEBO3MOXKHO, TaK KaK B HMX 3amycaHa 4acTb
(PYHAAMEHTAADHBIX TOBEACHYECKMX 3aKOHOB MATEPMAABHOYO MMPa,
ONpPEACATIONMX (bu3MUeCKue M XMMUYECKHE CBOMCTBA, KaK CaMOro
SAEKTPOHA, TaK ¥ 0Opa30BaHHBIX C €ro NOMOLIbIO BCETO MHOrooOpa-
311 XMMHYECKUX SAEMEHTOB M MX coepmHeHui. OAHaKo HacToMn-
BbIi YMeHBIH, MO)KeT HyTeM B3KCHEPUMEHTOB OAHAKABL AOOMTBCA
HY)XHOFO P€3yABTATA U, MOBTOPAA 3KCIIEPMMEHT, 3aKPEeIuTh B oIle-
PaTUBHOM NAMATH DAEKTPOHA HYKHYIO nHopMmanmio. B oTauume oT
3Heprum, A106as uHdpopMauus, 3alIMCaHHAS B ONEPATUBHYIO MAMATD
OAHOI'O AU HECKOABKUX 3AEKTPOHOB, HIOAAEXUT pasMHOXeHu10. OHa
PACIIPOCTPAHAETCA M 3aKPENASICTCSA 3HAYUTEABHO Ay4lle, YeM IIpuoo6-
peTeHHble YCAOBHbIE UHCTUHKTBI )XUBOTHOrO Myupa. ObecneunBaeT-
Cs1 9TO CBOMCTBO TeM, YTO MHPOPMALMs YCAOBHOTO MHCTHHKTA [TOCAE
CMEpPTM ero HOCHUTEAsi PaclbIAsIETCS M McKakaeTcs. Uro0b1 3akpe-
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INATH YCAOBHBIN HHCTHMHKT KaK 0€3yYCAOBHBIH, HAAO OAHOBPEMEHHO
NIPUBUBATH OAHI ¥ Te K€ YCAOBHbIE€ WHCTUHKTHI 60ABIIOMY KOAM-
4eCTBY 0C00eit Ha NPOTHKEHVN CeMH MAW OOABLIEr0 KOAMYECTBa
nokoAeHuit. Takum o06GpasoM U OBIAO IIPOM3BEAEHO «OAOMAllHMBa-
HHME» BCEro MHOrooOpasusa TexX KMBOTHBIX, KOTOPbIE€ CTaAM [TOMOL-
HUKaMK ¥ ADY3bAMU YEAOBEKa,

PasBe kTo-HMOyAb 00yuaa, HanpuMep, AEPEBEHCKYIO AOMalI-
HIOIO KOLIKY [TOKA3bIBaTh NOMManHyI0 Mbilub YeAoBeky? Ho He ToAb-
KO MOS KOIIIKa Ha Aa4€, HO 1 BCE KOHIKM MOMX COCEAEH, TIOHMAaB MbIllib,
TIPEXKAE YeM ee CHeCTb, HECYT €€ I0KA3aTh CBOEMY XO3fAuHY. «Keaa-
HMe» YeAOBeKa OLYIaTh MIOAb3Y OT MPUCYTCTBUA KOIIKM B A€PeBEH-
CKOM AOME U UCIIBITBIBATDH PAAOCTD ¥ YAOBAETBOPEHME OT €€ IIOAC3HO-
CTH, IPEBPATHAO CO BPEMEHEM YCAOBHBIA MHCTUHKT B 6e3yCAOBHBIIL,
B oTAMuMe 0T AOMAUIHUX XMBOTHbIX, MHOTOYMCACHHOE CO00IeCTBO
SAEKTPOHOB MOBEPXHOCTH 3€MHOTO 1Hapa, UMeeT GOABLIYIO IIPOAOA-
XUTEABHOCTD XXU3HM, U TTIOTOMY 06AaA2I0T GOABIIMMU CIIOCOGHOCTA-
MM K flepeAaye ¥ pa3MHOMXEHHUIO OAHAXKABE 3aKPENACHHOM B MX ofnepa-
TUBHOM mamaTH uHdopMaluu. Tak HacTOIMBOE KeAaHUe YIEHO-
IO, IOAYYNTD, HAIPUMED, CBEPXGBICTPOAEHCTBYIOUIYIO NEYaTHYIO
IIAATY AASL XpaHeHus HGOPMALMOHHBIX MaCCUBOB COBPEMEHHBIX
KOMNbIOTEPOB MAM HOBBIH MaTepHaA C 0COOBIMH CBOMCTBAMM, KO-
TOPHIX HET Y IPUPOAHDBIX MATEPHAAOB, peaAn3yercs ObicTpee, yem
T€HETUKH BBIBOAST HOBBI BMA PacTeHMH M >KMBOTHBIX, CBOHCT-
Ba KOTOPBIX OTAMYAIOTCA OT CBONMCTB CYHIECTBYIOIIMX BMAOB pac-
TeHHH M XMBOTHBIX. B ueM 3pech pasunua? Pasuuia B ToM, uTo AAS
M3MEHEHUA BMAA PACTEHUS MAM XXMBOTHOTO HAaAO BHECTH HYXKHYIO
UHPOPMALMIO B TEHETUYECKMI HACAGACTBEHHBIN MEXaHM3M I'eHOMa
AHK-MoAexyA u 3axpenuTh 3Ty MHGOPMALIMIO HA YETHIPEX3HAYHOM
UMbPOBOM KOAE KOHKPETHOTO I'€Ha MAM rpynmbl reHoB. Kro Tam sa
4YTO OTBEYaeT, FeHETUKM ellie HE BHIACHUAY, U HOTOMY BEAYT OMACHYIO
UTPY C IPMUPOAOIL, BCAENYIO ¥ HACUABCTBEHHBIM CIIOCOOOM U3MeHSA
reHbl MAM IPYTIIBL IeHOB M OTOUpast, 0COOM ¥ MHAUBUAYYMBI C HYX-
HOI HaCAEACTBEHHOCTbIO. ECAM HEHY)XHBIE, BpEAHDBIEC M CMEPTEAb-
HO OTIAaCHbIE AASI CYIeCTBOBAHMA 3eMHOMH KM3HM 0COOM M MHAMBH-
ABI He OYAYT YHUYTOXKEHBI M BRIPBYTCS U3 HPOGUPOK, TO 3TO YpeBa-
TO HENONPABMMBIMHU TIOCACACTBMAMY He TOABKO AASL MUP2 XXUBOMH
NPUPOABL, HO M AASI BCET'O 3€MHOTO eAOBEYeCTBa.

IpuinHa Kak pas B TOM, YTO noAesbie Gopmbt Marepuu pabo-
TAlT Kak MHPOpMaLMOHHBIE PpOOOTHI, KOTOpblE HE MMET CBOGOABI
poibopa. Beakas mocTopoHHsAA MHGOpMaLms, KOTOpas He COOTBETCT-
BYeT (PYHAAMEHTAABHBIM 33KOHAM MaTepHAaAbHOrO MMUPA, aBTOMAaTH-
4eCKU Y LIMKAMYECKY YHUUTOXAETCS CAMVMMM Ke MOAEBBIMMA CTPYKTY-
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paMM MaTepuy, YTO U TI03BOASIET A@JKe IIPU HAAMMUM BEPOSTHOCTHBIX
IPOLECCOB, COXPAHATH BHICOYAMIIYI0 CTAOMABHOCTb M TapMOHMIO.
BHOBb OTKpbIBaeMble MaTepuaAbl, KOTOpble M306peTaeT Hayka B 06-
AaCTH MHPODMATUKM M HAHOTEXHOAOTMIl, TOTOMY M AOBOASTCA AO
TEXHOAOIMIT X IPOMBIIUACHHOT'O IPOU3BOACTBA, YTO He IIPOTHBOpE-
4aT (PYHAAMEHTAABHBIM 3aKOHAM MaTePUAABHOTO MUpa. AAA T0sCHe-
HUS HAallOMHIO, YTO BCE BHOBb OTKPBITHIE TDKEAbIE XMMMYECKUE dAe-
MEHTBI, KOTOPbIE 3aBepINAT TabAMIly XMMUYECKMX SAeMeHTOB MeH-
A€AeeBa, HEM3MEHHO Pa3BaAVBAIOTCA B IEPBbie MUHYTHI MAUK CEKYHABI
ku3HU. OHM He HY>XHBI ¥ 6eCroAe3HBI AAS MaTEPUMAABHOTO MUPa, TaK
KakK 00A3AQI0T HU3KOM POU3BOAUTEABHOCTDIO 110 IIPOU3BOACTBY TIO-
AeBbIX popM Matepun. Kak 6bl ydeHbie Hi MCXUTPAAUCE B CBOMX SKC-
[EPUMEHTAX, OHM He CMOTYT ObecreymTh MX >XM3HeCTOMKocTh. Ho
KOTAQ ydeHble M306peTaloT HOBBIN MaTepyaa, KOTOPBIA IOA€3eH He
TOABKO YEAOBEKY, HO U MOAEBHIM $OpMaM Marepuy, TO TaKOM Mare-
pHaA IOCAE AOBOAKM TEXHOAOTMI €70 M3IOTOBACHUS TOAYYA€ET Iy TeB-
KY B XM3Hb M CTAHOBUTCSI AOCTOAHUEM YEAOBEYECKOIo coobiecTna.
B otanume ot moAeBbix GopM MaTepUM, MUP >KHUBOI TIPUPOABI Hape-
A€H TO! MAM MHOIT CTENEeHBIO «CBOGOABI BbIGOpa». UeM BbiIe IOA-
HMMAaeTCst IPUMMTUBHBIA BYA XMBOIO OPraHM3Ma MO Mepapxuyie-
CKOJf AeCTHMIIE K BEHIY IPHPOADL B ANilie 3¢eMHOTO YeAOBE4eCTBa,
teM 6oabmyIo cBoOOAY BbiOOpa oH umeert. He 3ameuats aToro 3Ha-
YUT He MOHUMATD CYIIHOCTM >XU3HU. C ACrKOI PYKM PYCCKOTO Y4eHO-
ro [TaBaoBa (1849—1936) B M3y4eHMM MBICAUTEABHBIX CIOCOGHOCTEI
XMBOTHOIO MUPa BOCTOP>KECTBOBAA MarepuaAnam. VIx xak 61 AMIN-
AU TpaBa cBOGOADBI BbIOODA, a BCe MX NOBeAeHHUEe CBeAn K 6e3ycaos-
HBIM HACAGACTBEHHBIM M NPUOOPETEHHBIM YCAOBHBIM MHCTMHKTAM.
VYueHble M AO HACTOSAILETO BPEMEHM HE XOTAT AAKE CABIILIATh O TOM,
4YTO AASL XPAHEHMS STUX MHOTOYMCAEHHBIX BPOXAEHHBIX U IpHobpe-
TEHHBIX MOBEAEHYECKMX MHCTMHKTOB KUBOTHBIM Tpeﬁye'rca AOATO-
BpeMeHHast TaMATh Y OrpoMHOe MHGOPMALIMOHHOE XPaHUAUINE ofte-
parusHoi uHpopMaumu. B To xe Bpemsa u 6e3 HayuHO-OUAOCOPCKMX
paccy>KAeHu, AIGOMY 3APABOMBICASILIIEMY YEAOBEKY, KOTODbIA AlO-
6uT 1 HabAIOARET 33 TIOBEAEHMEM )KMBOTHBIX, CTAHOBUTCS SICHO, YTO
AQXKe CaMoe IIPMMMUTHBHOE XUBOTHOE, 3TO He 6M0AOrMYecKmit poboT,
a MbICAfILEe CYIECTBO, ¥ He TOABKO 06AapaeT paBoM BbIOOpa, HO M
TTOCTOSIHHO ITOAB3YETCS 3TUM NIPABOM B IIOBCEAHEBHOM XU3HM.

4. Ipynnosbsie dyxu KaK npooorxeHue

KBAHNIOB MAMEPUAADHO20 MUPA

EcAu noBepeHMe TOAEBBIX CTPYKTYP MaTePUU IIOAHOCTBIO TIPEA-
CKa3yeMo M3-33 OTCYTCTBUS CBOOOABI BHIOOpa, TO IOBeAEHME KaXk-
AOTO >XUBOTHOTO OAHOTO BMAQ, B TOM YMCAE M POXKAEHHBIX OT OAHO¥M
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CaMKJ, MHAMBMAYAABHO M MMeeT HIMPOKUI AMANasoH pasbpoca Ha-
CAEACTBEHHBIX TIPU3HAKOB. BOT 3Ta MHAMBMAYaADHAA M3MEHAEMOCTD
HaCAECACTBEHHBIX MPU3HAKOB «IKCIEPUMEHTAABHBIX MYTAHTOB» T€H-
HO¥ MH)XEHEPUH, U ABASETCA IMOTEHLIMAABHOM YIPO30i AASL CYIIECT-
BOBaHMs 3€MHOJ XM3HM M 3eMHOTO deaoBeyecTBa. Kakoit-HMOYAD
HE3aMETHLI, MyTUPOBAHHDIN PYKAMM YYeHbIX MUKPOO, BbIpBaB-
IKCh M3 NPOOMPKH N0 HEAOCMOTPY AaDOPaHTOB, MOCEAUBIIMCH B
KUBBIX OPraHnMsMax, HauHeT ux yGMBaTh ¥ M3MEHATHCA NO 3aKO-
HaMm cBoOoAbL BeiGopa. CBo6oaAa BBIGOpa Aaer BHICHIYIO CTENEeHb
npucnoco6asemocTn. MaccoBas rubeAb MYTaHTOB OT XMMUYECKOFO
IpernapaTa B OAHOM MecCTe 3€MHOr'O 11apa, yObeT UX TeAa, HO He yOb-
€T HaKOMAeHHyI0 uMu uHbopmaumio. EcAM KTo BHUMaTeAbHO YMTAA
IpeABIAYIME TEKCThI 3TOi paboThy, To 06paTvA BHAMaHKe, 9T0 60-
Aee coBepuieHHasi ¢GOPMa NOAEBLIX CTPYKTYP Marepuu obpasyer-
C5 M TIOAAEPKMBAET CBOM CMAOBBIE ¥ MH(OPMaAIMOHNbIE XapaKTe-
PUCTHKN, 33 CYET HENPEPHIBHOIO YMUPAHUA MeHee COBEPIIEHHBIX
noAeBbix Gopm marepnu. Koraa >ke u 3TH COBepLIEHHBIE ITOAEBDIE
¢opMBI MaTepuM B BUAE SAEKTPUYECKUX U TENAOBBIX KBAHTOB, T€PH-
0T HEPTUIO ¥ YMUPAIOT, TO OHU HEU3DEKHO MOCTYNAIOT B LLEHTPAAb-
Hble 06AACTH FIAAHETHBIX TEA ¥ CTAHOBATCS ellle 60Aee COBepIIeHHOM
M HEPErUCTPUPYEMOM CYIHOCTDHIO, KOTOPYIO st Ha3pBal0 MEPBOPOA-
HBIM AYXOM UAM HEYMCTHIM AYXOM AbSBOABCKOM IIpeuCropHei. JToT
AYX IIOCAE DHepreTUYecKo YCTKY U MHPOopMayuoHHOTO 0O bepn-
HeHMns ¥ nepedopmMaTHpOBaHUA, CTAHOBMTCA AyXOBHEIM (yHAa-
MEHTOM BCEro MHOroo0Gpasus 1 BCero KOAMYeCTBa )KMBBIX KAETOY-
HBIX OPraHM3MOB Hallel NAaHeTHI.

Ho xakabIit BUA SKMBBIX CYILECTB Yepe3 KOAMYeCTBEHHOE HAKO-
nAeHue M ymupasue dopmupyert cebe us aroro pyHaameHra cober-
BEHHY10 OTIOPY MAM AYXOBHBIN KaMeHb, KOTODBIIT s HA3BIBAIO IPYINO-
BBIM AYXOM. KoAnuecTBO XuBBIX 0C0beif AAaHHOro BHAA He (opMu-
PYIOT HOBLIE 3BOAIOLMOHHbIE MPU3HAKU M HE BHI3BIBAIOT M3MEHEHUA
HACACACTBEHHBIX CTPYKTYP, ofeciieunBas MPUCIIOCOOAIEMOCTD BUAR
K YCAOBMAM CPEABI 0OMTaHMA. DTHM 3aHMMAETCHA IPYIIIOBOM AYX,
KOTOPBIi HakanAuBaeT HHGopManyio 0 npUYMHAX MACCOBOH rnbe-
AM CBOMX TIOAOFI€YHBIX Y M3MEHAT HACAEACTBEHHOCTDb M NIOBEACHME
BHOBb POXXAEHHBIX 0cobeil TakuM 00pa3oM, YTOOB YMCAEHHOCTD
JKuMBBIX 0co0elf He yMeHBIIaAach, 2 BospacTasa. Ho rpynnoBomy
AYXY AQHHOTO BMAQ TIPOTUBOAEMCTBYET IPYIINIOBOI AYX APYTUX BUAOB
XXMBOTHOTO MMPA, ¥ [I03TOMY COOAIOARETCA IPUPOAHBIN GaraHC U AU-
HaMU4eCKast CTaOMAbHOCTb YUCAEHHOCTH, KaK IPUMMTUBHBIX MUKpO-
OpPraHM3MOB, TaK M XMIIHBIX U TPABOSAHBIX )XMBOTHBIX MUpa AUKOM
npupoaAbl. VicuesHoBeHue Kakoro-Aubo BAa ¢ AMIIA NMAQHETHI SIB-
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ASIeTCSE BEAMKOM TpareAueit AAs 3eMHOro Yenosedecrsa. [lo cytu
A€Aa, CMEPTb BUAR BbIOMBaeT KaMEHb U3 IIMPAMMADI AYXa )KM3HM, Ha
KOTOPOI1 CTOUT TEAECHOE 3eMHOe YyeAaoBeyecTBO. He pait bor, uro me-
CTO 3TOr0 AYXOBHOTO KaMHs 3aiiMeT KaKoi-HMOYAb MCKYCCTBEHHBIV
MYTaHT TEHHO MIDKEHEepUM M3 YMCAA HEU3BECTHBIX B NIPUPOAE MHK-
poopranuamoB. Heo6xopuMo nousTs, 4T0 YeM GoAbLIe YeAoBeK Oy-
AeT ybuBaTh 3THMX MYTAaHTOB XMMWYECKUMM NpemnapaTaMi Ha OAHO
TEPPUTOPUM CYIIM, TEM NpOYHee OYAET UX AYXOBHBIV KaMeHb VAU
rpynogoii Ayx. Hpupoanoe BsauMoaeliCTBIE M B3aMMHBIN GaraHC
M3BECTHbIX MMKPOODTaHM3MOB U OPTaHM3MOB >KMBOTHOrO MMpa
CKAAABIBAaACS B TedeHHe MMAAMOHOB AeT. Koraa He 6b1A0 XuMHUYe-
CKMX NpenapaToB M CHIBOPOTOK AASI IPOTUBOAEMCTBUA PacpocTpa-
HEHMIO SMUAEMHIL, TO MacCOBasa rmbeAb KaKoro-Aub0 BAA KMBOTHBIX
MAM YEAOBEYECKMX COOOIECTB YCHMAMBAAA TBOPYECKHME CIOCOOHOCTH
MX FPYIINIOBBIX AyX0B. He caMi )XMBOTHbBIE MAM AIOAM BHIpaGaTBIBAAN
MMMYHUTET IIPOTUB SMHAEMMUI1 3apasHBIX OOAe3Hel, a IPYTIIOBOI AYX
BMAA BbIPabaTHIBAA COOTBETCTBYIOIMIA pe3yc-hakTop MAM MMMYHHU-
TeT. HoBoe NOTOMCTBO POXARAOCH Y)Ke € BCTPOEHHbIMM B MX Opra-
HHM3M M3MEHEHUsSIMM HACACACTBEHHBIX CTPYKTYpP. JnMAeMuA npe-
pHIBaAaCh M MMKPOOPraHM3M, CTaBIIMA MCTOYHMKOM 3SMMAEMMMH
HMAM CTaHOBHACH 0e3BpeAHBIM MMKPOOPraHM3MOM, KOTOPHIH Npo-
AOAXAA CYIIECTBOBATH B CTAOMADHOM KOAMYECTBEHHOW IONYAS-
1IMH, 3aHAB CBOIO HMITY M MECTO B AYXOBHOM NMpaMHMAE XXU3HH, HAU
MacCcoOBO MOTHGAaA OT BHEPreTHYECKOTO FOAOAA, M €T0 MONMYASHMS
PE3KO COKpPamaAach.

Bropas curyauus 6osee onacHa. OHa aKTUBMpYET TPYHIIOBOM
AYX 60OAE3HETBOPHOrO MUKpPODa MAM MMKPOOPTaHM3Ma Ha TIOMCK Iy-
TeH BOCCTAHOBACHMS YMCAEHHOM nonyAsuumu Buaa. Ecau Muxpoopra-
HM3M He MOrnbHeT IIOAHOCTDIO, A «3aATAUTCA» B AATEHTHOM COCTOAHMMA
B IIPUPOAHOIT CPEAE, TO YepPe3 HEKOTOPDIA EPHOA, BpeMeHH rpynmno-
BOJ1 AYX BHOCHT M3MEHEHUA B HACACACTBEHHBIE CTPYKTYPH 60Ae3He-
TBOPHOIO MUKPOOPTaHM3Ma M OYAT SMMAEMMM UAM MUPOBOW MaHAe-
MMM BCIIBIXMBAET € HOBOM ciAoit. Bee 3T0 51 noApo6GHO pacnuceiBalo,
YTOOBI IPEAOCTEPEYDb YieHOe COOOIECTBO OT NOCNIEHOIC BHEADe-
HMA B paljMOH NMUTAHUA YeAOBeKa FEHHO M3MEHEHHBIX PACTeHMHA 1
’KMBOTHBIX. 36MHO€E YEAOBEYECTBO, B TEAECHOM BUAMMOM MMpe CYIle-
cTByeT B 6uocdepe naaHeTsl, KOTOpas COCTOMT U3 XMMHUYECKUX BAe-
MEHTOB U X COEAMHEHMIT M U3 BCEro MHOTOO6Dasus paCTUTEABHOTO U
>KMBOTHOTO Mypa. B HeBIAMMOM MUpe MBI KIBEM B AYXOBHOM AOME,
tdbyHAaMEHT U CTEHBl KOTOPOTO NOCTPOEHBI M3 AYXOBHBIX KaMHeil
BCEro MHOroo0pasus IPyNIOBLIX AYXOB >XuBoi npupoasl. ITo ne-
KOTOPBIM ARHHBIM AYXOBHOE 3AQHM€E 3€MHOI0 YE€AOBEYECTBA COCTOUT
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M3 ABYX C [IOAOBMHOI MMAAMOHOB I'DYIITIOBBIX AYXOB, MAM COAEDXUT
B cefe Takoe e KOAMYECTBO OAOKOB, KOTOPbIE COCTABASIOT 3€MHO€
TeAO BeAUKOM nupaMuAbl Xeorica. 3a mocaeanue 200 AeT ¢ HOMOLIBIO
HAyYK¥ arpecCUBHOE YEAOBEYECTBO AKTUBHO PaspyLIaeT HEBUAMMOE
3AaHMeE, HapyLias 0aAAHC XUBOV IIPUPOADBI ¥ 3KOAOTHMIO [TAAHETHI PaAU
MPU3PAYHDIX LieA€l COGCTBEHHOTO KOM(OPTa U HOAYYeHUS PUHAHCO-
BBbIX IpUGHIAEl. B AYXOBHOM 3AQHMM 3€MHOTO YeAOBEYECTBA, KAK B
ero pyHAaMeHTe, TaK M B CreHaX 06pa3soBaAMCh 3UsI0N[He IyCTOTOM
ABIPbI, KOTOpbie IPO3AT 06pymMTb M Bee 3aanue. OAHAKO rAaBHasA
OIACHOCTb OT T€HHO M3MEHEHHBIX TIPOAYKTOB PACTUTEABHOTO U XKM-
BOTHOTO IPOMCXOKAECHUS COKPbITA B HalleM OyAyiem.

Tak Ha3biBaeMbie TMO, nocTaBAeHHbIE Ha TEXHOAOTMYECKMIA I10-
TOK MaCCOBOT'O MPOU3BOACTBA, IOCAE UX MOTPEOACHNS B ITULTY YEAO-
BEKa MCYE3aioT B TEACCHOM BHMAE, HO MX AYXOBHAsl 4aCTb HMKYAA He
ucyesaeT. OHa 3aNOAHAET MyCTOTHI AYXOBHOTO 3AQHMS 3€MHOTO Y€AO-
BEYECTBa, HOBLIMM AYXOBHBIMM OAOKaMM IDYIIOBBIX AyxoB. Bee 661
6b1A0 XOpOWIO, eCAN ObI 3TH HOBBIE AYXOBHBIE GAOKM He GBIAM MBIC-
ASIIIMMH CYTHHOCTAMM, a GHIAM OOBIKHOBEHHBIMI MATEPHAALHBIMU
6aokamu mau xuprnmuamu. Ho BCAKMit rpyIinnoBoit AyX BUAOB pacTe-
HUIA ¥ XMBOTHBIX ABASIETCS HAKONUTEAEM U 00PabOTUMKOM TOM UH-
$opMaLMH, KOTOPYIO OH MTOAYYAET OT XKUBBIX, a elle B OOAbLIeiT Mepe,
OT YMEpHIMX OPraHM3MOB CBOETO BuAA. He XuBble OpraHusMel, a MX
TPYHITOBOI AYX CTPEMUTCS YBEAMMUTBCSL B AYXOBHOM 0OObeMe 3a cyer
NPUPAILIEHUA IMCACHHOCTH CBOErO BMAA M «BBIAAQBUTB» COCEAHME
6A0KM 13 PYHAGMEHTA U CTEH HEBMAMMOTO 3A2HUA, B KOTOPOM >KMBET
BUAMMOE TEAECHOE YEAOBEYECTBO. Te BUABI PACTEHMI U KMBOTHBIX,
KOTOpbI€ MPOIAY MHOTOMMAAVIOHHBIN TYTh S5BOAIOLMOHHOTO Pas3BU-
THA, IPUCNOCOOMAUCDH K pAOpe U payHe OKPYKAIOHIEN CPeAbl, U Hay-
YUANMCb B3aMMOAEMCTBOBAaTb B COCTOSHUM AMHamudeckoro 6asaHca
CO BCEMM BUAAMM PACTEHMI M )KMBOTHBIX CDEAbl 0OMTaHUS, He UMe-
JOT HECTPYMEHTOB AAS GOPBHOBI ¢ TEMH MCKYCCTBEHHBIMM HOBMY-
KaMi MAM 9y)Ke3€MUaMH, KOTOpbIe TI0 HEONBITHOCTH YYEHBIX MAM
CAyYal{HO OKA3bIBAIOTCS B UX OKPYXKeHMH. Tak KOAOPaACKMIT XKYK
CTaA BeACTBMEM AAS KaPTO(EABHBIX OAEV POCCUIMCKOM TEPPUTOPYIA.
Ero TpaBAT KpaitHe SAOBUTHIMU BELIECTBAMM, OMACHBIMM AAS JKU3HH
¥ BbI3BIBAIOL{MMM PaxoBble 3a00A€BaHMS B CpEA€ CEABCKOIO HaceAe-
H¥, HO XYK OT U30BITOYHOM CMEPTHOCTH TOABKO YCHAUBAET CBOU Me-
XaHMU3MbI IPUCIIOCOGASIEMOCTH.

B TO ke BpeMsi, eCAU €ro He YHUYTOXATb, TO Y)KE B MIOHE OT Kap-
TOQEABHBIX BCXOAOB OCTAIOTCH OAHM KODeliXH, ¥ KaprodeabHbie
[IOASl IOAHOCTDBIO YHUUTOXAOTCsA. [ToAyyaeTcs 3aMKHYTBIN KpPYT, HO
B NIEPBYI0 OYEPEAD OT STOr0 3aMKHYTOIO KPyra CTpapaer HaceAeHue
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M YCKOPEHHO BBIMMPAeT, IIOTOMY YTO BBIHYXAEHO YNOTpeOAsATh B
oy KaprogeAb, HACHILEHHDIM OMACHBIMIU AAS KU3HM XMMUKATAMIA.
B cBoe Bpems yuenbie CCCP AASL KOPMAEHMSA CKOTA IBITAAMCH NPU-
CocobUTh pacTeHue, KOTOPOE B HAPOAE Ha3bIBAOT «GOPHIOBHMKY.
B HacTosmee BpeMs aT0O pacTeHUe BbIpBAAOCH M3-TI0A KOHTPOAA de-
AOBeKa, IIOTOMY 9YTO CO3A3A0 cebe HEBMAMMYIO AYXOBHYI0 OCHOBY
IpynnoBoro Ayxa. Lieabie HempoxoayMbie TARHTALMM TPEXMETPOBBIX
pacTeHnit «OOPIIOBHUKA» CEFOAHA OKDPYKAlOT MHOTME HaceAeHHbIe
nyHKTH [ToAMOCKoBbsa. HUKTO M3 XUMBOTHBIX He ynoTpebAsieT ero B
IMILY, @ AUCTBS HACTOABKO IAOBHTBI, YTO OT COIIPMKOCHOBEHUS C Te-
AOM Y€AOBEKA BbI3BIBAIOT AAAEPIUMYECKUe peakumu. AAsE TOro 4TO-
OBl YHUITOXHUTD STOT MOIHBIN COPHAK, HAAO YHUYTOKHUTD HOAHO-
CTBIO BCE AO OAHOTO PACTEHWSI, CPa3y Ha Beelf ACIIAAM €ro oOuTa-
HHUA ¥ BMecTe ¢ ceMeHaMM. Hukakast HayKa He CnpaBMTHCSA C 3TOH
3apaauen. Aaxe OAHO pacTeHMe, MPOMAA Yepes3 Y3Koe FOPABIIIKO Mac-
COBOIt I'MOEAHU, AACT M3MEHEHHOE IOTOMCTBO, AASL KOTOPOro OYAYT He
CTPAILHBI T€ XMMMKATHI, OT KOTOPHIX Norubaun mux npeaxu. Bor ato
CBOMCTBO ¥ ABASIETCS HATASIAHBIM CBUAETEABCTBOM, YTO HOBBIE Ka-
YecTBa NIOPOKAQIOTCA He OT KOAMYECTBA, a OT MacCOBOM rubean
BTOTO KOAMYECTBA. BTOPhIM IPMMEPOM CBEPXOKMBYYECTH ABAAIOTCA
KpbICHI. KaK TOABKO BO3HMKAM ADEBHME FOPOAQ, TaK KPbIChI TIOAYYM-
AM MaccOBO€ pacrpocTpaHenme. B Halue Bpems Kpbic MCTpeOUTD He-
BO3MOXHO, IIOTOMY YTO Ha 3alMTe VX NONYASLMN CTOUT OecuncaeH-
HOE KOAMMECTBO YHMUYTOKEHHBIX NTOKOAEHMII KPBIC 32 BCe BpeMs MX
cyuiectBoBaHMA, MaccoBas rmbeAb ycuAMBaeT TBOpYeCKue croco6-
HOCTHU TPYTINOBOTO AyXa, KaK TOro KaMHfA, Ha KOTOPOM CTOUT TOT MAW
MHOW BUA XMBOTHBIX M pacTeHMit. YTOOBI YHUYTOXUTD 5TOT KAMEHbD,
HAAO YHMYTOXHUTD He TOABKO NMOCTABINMKA €ro TBOPYECKOM CHABI,
HO ¥ TIOPBATh UHPOPMALMOHHYIO CBA3H, C MPOSBACHHBIM B TEAEC-
HOM 00pase TOro MAM HHOTO BHAA PacTeHMS M KMBOTHOIO. A 3T0
BO3SMOXHO TOTAQ, KOrA2 GYAYT YHMUTOXEHDI BCE AO €AMHOTO, TeAEC-
Hble [TPEACTABUTEAN ¥ CEMEHA, TOTO BMAQ COPHOTO PACTEHHSA, AYXOB-
Hast OCHOBa KOTOPOTO NMOAAEXUT YHWYTOXKEHMIO. A Terepb pacnpo-
CTPaHUTe STY MbICAb M Ha YeAOBeYeCcKoe CooDIecTBo.

HMoxaAayif, 1 AOCTATOYHO NOAPOOHO U3AOXKUA CMBICA M TaliHy
9BOAIOLIMY BUAOB PacTEHMIA U )XMBOTHBIX, ¥ IIPUIIAQA TIOpa 3aKOHYNTD
3T0 ¢puArocodcKoe OTCTYNACHME. AASL BaHIMX PasMBILIAEHMIL O Bpe-
Ae TMO 1 ormacHOCTHM ONBITOB U SKCNEPUMEHTOB Y4€HbIX, 110 pa3Be-
AEHMIO TeHHO M3MEHEHHBIX MMKPOOPTaHU3MOB 1 6aKTepnit, HaTIOMHIO
ABa MCTOpMYeCcKHX caydas. B ApeBHue BpemeHa, B neproa ot 40 Ao 20
THICAY A€T Ha3aA o4ary 3eMHuIX HuBuAn3aiui lllymepa, Basnaona
u Erunra cynecTBOBaAM NAPAAAEABHO C M30AUPOBAHHBIMYU AHKAA-
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BaMM Y€AOBEKOOOPa3HbIX 00e3bsAH B AMIIE HEAHAEPTAABLEB, KPO-
MaHbOHIIEB M ADYTMX MYTHPOBaHHBIX BMAOB ADEBHEro YeAOBEKa.
OanyaBie APEACTABUTEAN APEBHETO YEAOBEYECTBA XMAM B CaMo-
U30AALMM HeOOABIIMX MAEMEH 1 U36eraAu BCAKMX BCTPEY € NpeACTa-
BUTEAAMM ADEBHMX LMBMAM3allMii. B pesyAbTaTe MX rpynmoBoit Ayx
ObIA He eAMHBIM OAOKOM, a MEAKMMHM KaMyIIKaMM, pasGpocaHHbIMMU
no nosepxHocTy EBpasuitickoro KOHTHHEHTa U OCTpOBaM MUPOBOTo
okeaHa. B npoTuBo6OpCTBe ¢ 3apa3HbIMM M BPEAHBIMY MUKPOOPra-
HM3MaMM TeAeCHbie OPraHN3MBbI I€AOBEYECKOro coobuecTpa o4a-
roB IIMBUAM3ALMM SBOAIOMOHMPOBAAY M BEIPAGOTAAM aHTUTEAR M
pe3yc-GaKkTopsl, IPeBpaTHB BPEAHSIE MUKPOOPTaHM3MbI B OA€3-
HYI0 MMKPO(QAOPY cOOCTBeHHBX KueuHuKoB. Koraa npuinao Bpe-
M#A YEAOBEYECKOro PaccessHUs M MUTPALIMIA, TO KOAOHMSALMA IMBUAK-
30BaHHBIM YEAOBEKOM TpocTopoB EBPONEI U ceBepHOro nobepexns
Yeproro u CpeAM3eMHOro Mopsi IpMBEAa K MFHOBEHHOMY BbIMM-
PAHUIO H3CAUPOBAHHELIX NAEMEH MYTHPOBAHHBIX BETBEl ADEBHEro
4YeAOBeKa B BUAE 4€AOBEKOOOpa3HbIX 06e3ban. OHM BBIMUPAAU He
oT 60eBBIX CTOAKHOBEHMIA, 2 TIOTOMY YTO HE MMEAU B CBOMX TEAECHBIX
OpraHu3Max aHTUTeA U pe3yc-pakTopoB. [To6sBaB Ha MecTe KOYEBbIX
CTOSIHOK IIMBMAM30BAHHOIO 4E€AOBEKA M NMOKOBBIPABIUMCH B KOCTPU-
Iax B MOMCKaX KaKoi-HUOYAb OAecTsInelt Oe3aeAyIKs, oHu 3a6oae-
BaAM, ¥ BECb U30AMPOBAHHbII AHKAAB ITAEMEHU HEAHAEPTAABLIEB UC-
ge3aA C AMlia 3eMAH, KaK onMOOUHbIN OTPOCTOK 3eMHOTO YEAOBEKa.
3T0 NpUPOAHOE OYMIEHHUE OBIAC IPEBPATHO UCTOAKOBAHO AIOADB-
mu Hayku. TIpuaaB MaTepuu MarmuecKue CBOMCTB&, MOPOXKAATH HO-
BYI0 MH)OPMAILIMIO U3 NPOCTOTO SHEPreTUYECKOTO B3aMMOAEUCTBHS,
OHM TPEAAOKMAU a0CYPAHYIO MAEI0, YTO MaTepusi CAMOCTOATEABHO,
6e3 nocTopoHHero MHGOPMALMOHHOTO BMEINATEALCTBA, DBOAICLIMO-
HUPOBaAa M TIOPOAMAA XM3HB, A 3aTEM COTBOPUAA CAOXKHeMLIne MH-
(opmaiioHHbie PaifAbl M 3aKperuAa MX Ha MATEPMAABHBIX HOCUTeASX
B Bupe AHK-MOA€eKYA KACTOUHBIX CTPYKTYP. ITa AGXKD, YTO YEAOBEK
HApou30IIeA 0T 00€3bAHbI, A0 HACTOANEFO BpeMeH! Heucrpebumo
JKMBET B HECOBEPIlIEHHOM YeA0Be4eCcKoM codHanmum. OAHAKO, KaK U
BceaeHHas, 13Hb COTBOPEHA HACMABCTBEHHBIM GOXKECTBEHHBIM aK-
TOM. BOr MpMHYAMA MaTepuio, HECMOTP Ha ee CONPOTUBAEHUE, NTPU-~
HATD )KU3HB, YTO A U OYAY AOKA3BIBATb B CBOUX CAEAYIOUMX paborax.
Huxaxoro sBOAIOLMOHHOTO HEYHHYTOKUMOTO IICEBA0OECCMEPTHA BH-
AOB PaCTEeHMII ¥ )KMBOTHBIX He MOTAO ObI COCTOATLCH, ecau 6b1 uHbOp-
MalOHHBEIe KBAHTHl YMEPLIMX BMAOB He HAKAHAMBAAKCH, a Pacilbi-
ASIAMCH MAM TIOAHOCTBIO YHUMTOXaAUCh, COBEPLICHCTBYA CBOIt BUA,
CaM HEBUAMMBI AYXOBHBII KAMEHb, Ha KOTODbIN OIIMPAETCS eT0 3eM-
HOJ TIPEACTaBUTEAD, COBEPIHEHCTBYETCA ¥ IIOAHMMETCS 110 MEpapXUU
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JKM3HM OT MeHee COBEPLIEHHOTO K Goaee coBepmeHoMy. Ho aro co-
BepIICHCTBOBaHUE NIPOMCXOAUT HE OT TOTO, UTO, HanpHMep, prida Ko-
TAQ-HUOYAD CTAHET YEAOBEKOM, a OTTOr0, YTO pbifa NMUTAET YeAOBEKa
¥ YaCTh IPYINIIOBOIO AyXa pbiObl CTAHOBUTCSH YaCTbIO TEAECHOIO AyXa
3eMHOT'0 YEAOBEYECTBA. B TOM M 3aKAIOYAETCS BeAMKaA TaitHa XXM3HH,
YTO IPYNIIOBOM AYX HU3IIIUX BUAOB PACTEHUN M XKMBOTHBIX, UCTIOAB3YSA
CBOJV BUA B Ka4eCcTBe MUY AAS TEACCHBIX OPraHM3MOB BBICIIMX CTY-
TIeHeil pa3BUTHA, M ofecreunBas CTaOMABHOCTD YMCAEHHOCTU BHAQ,
He pacumpseT A0 6ecKOHeYHOCTH CBOM MH(OPMALIMOHHbBIE BO3MOX-
HOCTH, YTO UPEBATO THOEABIO APYTUX BUAOB. OH NepexXoAuT B Teaec-
HBII OPraHM3M BBICIIETO THIIA, M Yepe3 HEro, a He Yepe3 CBOM BHA,
CTaHOBUTCAH AYXOBHOM CYI{HOCTBIO 60Aee coBepmieHHoro Bupa. Ho
YCOBEPIEHCTBOBAHUE AYXQ, TOAYYEHHOTO M3 MaTepuH Yepe3 rubeab
ee MMOAEBBIX CTPYKTYP AC HEPreTU4eCcKO! YMCTOTHI, U ABAAETCA 3a-
Aaueif BceX 3eMHEIX OpPraHM3MOB, BKAIOYas ¥ CaMOro YeAoBeka. Toab-
KO NOAHOCTBIO 0CBODO)KAEHHBIN OT dHEPruM KBaHT OpIBIIEH MaTe-
PHH MOXeT CTaTh NHPOPMAUMOHHBIM KBAHTOM, AASl KOTOPOTO He
CYIIECTBYIOT: TAKME NOHATUS KaK MPOCTPAHCTBO i Bpems. Bropoit
HpUMep CBsi3aH C FTUOEADBIO TeX YUeHbIX ETUITTOAOTOB, KOTOPbIE HAIlIAU
M BCKPbIAM TPOOHMILY eruneTcKoro ¢apaoHa Tyranxamona. ITpakTu-
YeCKy Yyepe3 HECKOABKO A€T BCE YYaCTHMKU ONEpaLiMi IT0 BCKPHITHIO
rpo6GHMLBI M capkadara ¥ 0OCMOTPY MyMUHM, CKOPOTIOCTVIKHO CKOHYa-
AMCB OT HEM3BECTHOI 60Ae3HU. 3HAUNT, TAM OKa3aAMCh DaKTepUH, KO-
TOpbi€ AABHO MCYE3AM C AMLIA 3eMAN.

JKusup Bo BceAeHHOM BO3HUKAA He caMa no cebe, a Onlaa co-
TBOpeHa borom, koraa He ToAbKO Ha 3emae U B COAHe4YHOI CHCTe-
Me, HO M B camoii BceAeHHOM cO3peAn TaKue SHEPro-AyXOBHbIE YC-
AOBM, KOTAQ O3 COTBOPEHMS )KM3HU AQAbHejllee CyIieCTBOBaHIe
BceAeHHOM CTAaHOBMAOCH 0eCCMBICAGHHBIM aKTOM. MOXHO Aaxe
CKa3aTh, 4T0 6e3 corBopeHus xusuu BceaeHHas ckopo 6 tamo-
PaspYLHIAACH, He APUHECH 3HAYMTEABHON MOAb3bI cBoeMy Co3pa-
TeAlo. COTBOPMB BCEACHCKYIO XU3Hb Y 3¢MHOE YEAOBEUeCTBO, bor He
TOABKO OAYXOTBOpHMA BceAeHHYIO, HO U IIPHUAAA CMBICA €€ AaAbHed -
IIeMy CYIieCTBOBaHMIO. BceAeHCKan XM3Hb M 3eMHOE 1€AOBEYECTBO
ABAAIOTCS MHCTpYMeHTaMu Bora He or Mupa Cero no BripaboTke u3
BCEA€HCKMX BBHICOKOSHEPIMYHBIX KBAHTOB HEYUCTOTO AyXxa, boxecT-
BEHHDIX KBAaHTOB AYXa, AMIIIEHHBIX BCAKOW BCeAEHCKOV sHepruu. Bor-
Oren 3a0upaeT, AOCTHIIINIA B YcAoBuAX BceaeHHOI onpepeseH-
HOM 3pEeAOCTH ypoiKali Ayxa, B o6aactu «pas» u LlapcrBua Hebec-
Horo. 3areM oTOMpaeT M3 HMX CaMble COBEpIICHHbIE, HAAEANET X
TOAHOTOM 00KecTBeHHO undopmaluu U BHBOAWT U3 3aMKHYTO-
ro npocrpancrBa Bceaennoi. BceaeHHas NpoAOAXKaET KUTb U 9BO-
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AIOLHOHM3UPOBaTh, TIOSTOMY CO BpeMeHeM, KaueCTBO, KOAMYECTBO
M CTPYKTYpa AYXOBHOTO MarepuaAa, HapabOoTaHHOTO MaTepuaAbHOM
Bceaennoin, Mensercs, 3eMHoe YeAOBeYeCTBO, KaK MHCTPYMEHT AOpa-
©OTKM AYXOBHOTO MaTePHaAa, TAK)Ke MEHAETCS U 9BOAIOLIMOHM3UPYeT,
4TOOBI COOTBETCTBOBATD HOBBIM [TapaMETPaM BCEACHCKOTO AyXa,

BHYTpeHHMI BCEACHCKUI AYX HVDKHETO YPOBHSI, KOTODBIA S Ha-
3BIBAI0 AbABOAOM MAM KHazem Mupa Cero, cTaA mepBoil AyXOBHOI
CYHJHOCTBIO, POAVBIUENCSI HEMOCPEACTBEHHO BO BCEACHCKOM AOME,
HesasucuMo oT Bora. Koraa Kussp Mupa Cero oco3Haa CBOX0 ¢aMo-
CTOSITEABHOCTD ¥ 3HAYMMOCTD AASL YCTOMYMBOTO M FApMOHWYHOIO CY-
I[ecTBOBaHUA BceAeHHOM ¥ BCEAGHCKOM XU3HM, TO CTaA COMPOTUB-
ASITBCST U MIPOTUBOAENCTBOBATE Bory, BcAyecku AoMas U paspymias
AYXOBHBI MHCTPYMeHT Bora nop HazBaHMEM 3eMHO€ YeAOBEYEeCTBO.
IHouyemy OH 3TO AeAaa, peaaeT U 6yaeT Aeaarb? TloToMy uTO Cum-
TaeT, YTo BeceaeHHas NPUHAAAEKUAT He TOMY, KTO €€ COTBOPHA U TO-
CTPOMA, @ TOMY, KTO B Heil IepBbIM pOAUACS. OH HapeeTCA UBMEHUTD
apxuTeKTypy BceAeHHOM U, mepepOAUB YEAOBEKA, CAEAATh €r0 HE Ay-
XOBHO, & TEACCHO BEYHOCYHIHBIM. AAsi 3TMX LieAC M CIARHVPOBAHO
TIPOBECTHU 3BOAIOLIMIO YEAOBEK2 C TOMOIBIO PU3MYECKOTO YHUUTOXKE-
HHA 5—6 MUAAMAPAOB 3€MHBIX XXuTeAeil. JKuTeAn-To, HECOMHEHHO,
6YAYT YHMYTOXEHBI, HO BOT 6YAET AU HEMEAAEHHO BOCCO3AAQH TEAeC-
HO GeccMepTHBIT Mammax- AHTUXpUCT, 3TO G0AbWION Bompoc. A-to
3HAI0, YTO AHTUXPUCT OYAET COTBOPEH 3HAUYMTEABHO I103)XKe, AASL TOTO
u paborato. Ho crour Au Toponmts cobprrus? ITaaka ucTopum o AByx
KoHax. OHa Bceraa 60ABHO ObET M AKe YHUMTOXAET TeX, KTO TOPO-
IOMT UCTOpUYecKue coObTHs. BipoueM, OT MOMX CAOB cAenble NMOBO-
ABIDU BPSIA AM CTAHYT 3pssuuMU. Ho MoXxeT 66ITB, Mpo3peloT, XoTs 6bi
4YTb-4yTb, YATATCAM DTOM KHUTU?



3aknioyeHme

Ipu pabote Hap MaTepMasaMy KHUTHM MeHs He IIOKMAAAO OMIy-
1feH1e TBOPYECKOTO HOPHIBA. SI B OAMHOUYECTBE ITOAHMMAACA Ha HEBU-
AMMYIO CKaAY, B KOTOPOJT He ObIAY BOMTBI KPIOKM M HE CAGAAHBI YCTY-
MBI, 1 Ha KOTOPYIO He CTYIaAa HOTa ApPYroro yeaoBeka. O3upas Bep-
IIVHBI HETIO3HAHHOTO MMpA, A MPUCBAUBAA MM CBOM HasBaHus. Tak
POAMAACH MBICAD O €AMHOM KOTE€PEHTHOH 4acTOTe MEXaHUYeCKHX
macc, pasHoit 0,3 (3) x 103 cexyHABL. TakuM ke HEOXKMAAHHBIM AAS
MEH CAMOTO OTKPBITUEM, SIBUAOCH OOHapyxeHne $puandeckoro pas-
Mepa NepBUYHOro KBaHTa NMPOCTPaHCTBa BceAeHHO, 06beM KoTO-
poro pasen 107° Ky6uuyeckux meTpoB. Y Bce-Taku Bbicieil TOYKOM
BepLiMHbI, HA KOTOPYI0 MHE YAQAOCh 3a0paThbes, siIBAZeTCA OOHapy-
xeHue K0apPHUMEHTa NIEPEXOAA BPEMEHN MEXAY OTHOCUTEABHBIM
HPOCTPaHCTBOM Halleil Bceaennoit 1 abcoatoTHbIM MHOpMaumoH-
HBIM npoctpasctBoM Cropontero Habawpareas. DTor koadpdpui-
enT paseH 1,1 x 10 cexynapt. [TocTaBus TouKy B pabore, 51 He Ha-
CcTauBai0 Ha A6COAIOTHOM TOYHOCTM YUCACHHBIX 3HaYeHWH BTUX Ia-
pamerpoB. Ho aaxe yrposa cMepTH He 3aCTaBUT MEHA OTKA3aThCs OT
3THX Tpex PyHAaMEHTAABHBIX NOHATHM, HA KOTOPBIX ACPXXUTCS MaTe-
pPUAAbHBIN M AYXOBHbI1 MUp Hamleit Bceaennoitr. Korepenrnas sac-
TOTA HOPOXAAET CHAY, obecnieunBaeT GOpMUPOBAHHE CHA CKATUA U
pacupeHysi, UCIOAHEHME 3aKOHA BCeMMPHOTO TATOTEHHMS M 3aKOHA
$OpMMpOBaHMs CHADBE IPUTSKEHUSL MAM YCKOPEHUS CBOGOAHOTO ma-
AEHMA, a TaKKe Mpupaer GopMmy cdepol BceM HeOGeCHbIM TeAaM, aTo-
MaM M MOA€KYyAaM, Kak M CaMOMY BCEAEHCKOMY MpocTpaHcTBy. He-
CKMMAaeMbINl M HEACAUMDBIN KBAaHT NPOCTPAHCTBA, 3alTOAHEHHDIN B
TOV MAM MHO CTEIIEHU SHeprueit MaTepHaAbHOTO MMpa, obecriednBa-
€T HECOKUMAEMOCTh BCeAGHHOI U AQ€T MAAIO3MIO €FO «BEYHOTO» pac-
HIMPEHN.

Croponnmsit HabGalopaTeAb, KOTOpBHIt ynpaBaseT abCoAlOT-
HBIM MH(OPMALMOHHBIM TIPOCTPAHCTBOM BHE HAIllero MMpa, Hopo-
AMA HAmy MaTepMaAbHYI0 BceAeHHYIO KepTBOM 4acTM 3TAAOH-
H#bIX HHPOPMALMOHHDBIX KBAHTOB COOCTBEHHOM CYNHOCTH. AyXOB-
Hble KBaHTBI TBOpIia BCETAA TIPUCYTCTBYIOT B MATEPUAABHOM MHUpE, B
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npeobaaparouieit MHGOPMALUOHHO-YIIPaBAAIOEN MOIIM U, GyKBaAb-
HO, «TIPOH3AI0T» NPOCTPAHCTBO Hallielt BceaenHon, obecnieunsas He-
IIPEPLIBHBI KOHTPOAb M YHDPaBAE€HUE TE€UEHMEM BPEMEHM U XOAOM
SHepreTUYEeCKUX IIPOLECCOB. ITO BCe oueHb BaxxHO. Ho eme Goaee
BAKHBIM ABAAETCA HAYYHO-PUAOCODCKAS AOKA3AHHOCTD CYMIECT-
BOBaHMA afCOAIOTHOro mpocrpancrsa. Huxakas Teopms oTHOCH-
TEABHOCTH YK€ HE MOKET HOAOMATh M MCKasUTb MO€e CO3HAHME O BCe-
00111ei1 OTHOCUTEABHOCTH M OTCYTCTBUMM aBCOAIOTHO TOUKM OTCYETA.
A6CoAI0OTHOE IPOCTPAHCTRO CYIECTBYET ¥ CYIIECTBYET aGCOAIOT-
HAf TOYKA OTCYETa U 3TOM Toukoi ssaserca Oreny Hebecnoi m
TBopern; nameit Beceaennoit. Hayka, ckopee Bcero, IpoMOAYUT M He
3aMETUT Moeii Hay4HO-ONAOCOPCKOM paboTel. B Ayuinem cayyae Ha-
30BET MeHsI MUCTUKOM U ¢anTacTOM. TOABKO Kyaa Bbl AeHeTeCh! Boi
CKOPO noHeBoAe GyAeTe HCMOAB3OBATD MAaTePUAABI MOel paboTsy,
OToMY 4T0 6e3 HOBbIX MAell raoGaspHOro Macirraba, Hayka ocTa-
HETCsI CAeroil ¥ HenpoAYKTHBHOM. HeAb3s BCIo )XU3HD MATH C 3aB51-
3aHHBIMYM FAQ3aMM, CAGAYS 32 aBTOPHTETAMM CACMBIX MOBOABIPEIL.

IMpaBo npuopurera B paspaboTKe aTUX HOBBIX MAEH s He GyAy
3aIMINATh MEXKAYHAPOAHBIMU naTeHTaMu. OnmyGANKOBaHKE B OTKpPbI-
TOJ NedYaTH 03HAYAET, YTO BCe MAEH NPUHAAAEKAT MHE ¥ MOEMY MO-
ToMCTBY. Ho 2 mpeaynpexaaio 1 CEeroAHAIHUX U DYAYWMX phlapei
HAY4YHOM UCTHHBI. YBaXkaiiTe MEXAYHAPOAHbBIE 3aKOHbI O 3ALUUTE UH-
TEAAEKTYaAbHOI COOCTBEHHOCTH 1 He IIpycBauBaeTe cebe paBo nep-
BEHCTBAa B TOM, B 4eM Bbl He ObiayM niepBrimu. [ocTynaitTe no coec-
TH M CIIPaBEAAMBOCTH, 1 Bbl GyAeTe BO3HArpaKAeHbI He TOABKO (u-
HAHCOBBIMM I[TOOILPEHMAMHM 32 HOBbIE U30OPETEHMsL M OTKPHITUSA, HO U
noompens ot Oria HebecHoro HenmepeaaBaeMbIM 4YBCTBOM PaAOCTH
TBOPYECKOro BONAOLIeHUs coOCTBEHHBIX Maeit. U Bhille aTOro nooi-
peHUs HeT HUKAKMX Harpap B HailleM OpeHHOM Mupe.

TToomockosee. 1 cenmabps 2010 —17 anpers 2011 200a.
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